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glxot highly refractory, it cannot be used to
form the interior wall of the kiln, but it serves'well as a4 second laver and has high

croven of the kiln. Since.verficulite

insulating value. Obviously. where structural strength iy r(qunvd \CI’mlCUl.Itl"”lS
not pmthml because of the weak structure of the partxcles .
Another msulaior ﬁlr&l(l\ mentioned is diatomaceous_earth.. This- may be pur-

- chased as a loose material and used to fill wall cavities or placed dbove arches.

" Asbestos, board o1 asbestos plaster is sometlmeb used for l\lln insulation. Like * -
\emnculxte it is not highly refractorv and can “be iséd only for the outside walls
of the kiln. But its msulatlon wvalue is high and if used as slabs ordoards on the out- -
side of the kiln it \\xll serve well as a heat barrier. Fiberglas or fcldspdthlc wool
may also be used in 1rms not sublected to high temperatures. Raw clay itself may
be used for insulation. In the past it was common practice to plaster the outside

- of the kiln with clav, sometimes mixed with (hoppcd straw or grass, This coating
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[ so o insulate. \umuu lmssu)llll\ is a mixture

of clay and ashes ;}pplu‘d to tlu ()u{sl(lv of the'kiln as a plaster; or used as an insu-

dating fill Actually, raw cldy or a mixture of clay and qu works quite well as an

msuldtmg Al but it is not as efficient as vermiculite.” Another possible msmlatmb

material is ground charcoal. T his may scem improbable because of ‘the lll\&;llhOOd

of its burning, but if mixed into a paste with raw clay and used in spots where air.

does not rea ilt it is quite an efficient. instlator, and is of course highly refmctory

¢ Aluminum®il is a useful insulating, nmt(’rnl “Its reflectant surface®will clellect

) ‘u%d throw back radiant feat. If a ld\’(‘r of foil is placed between the_inner and

< otiter courses of a kiln wall,-it will bL‘I\'(‘ to deflect part of the heat bac]\ toward

the inner wall, and will prevent the escape of some of the heat wlnclx would other-
- wise penctratc the wall by mdlatlon L AN . ‘ 2

Firebricks may fail in three ways: .

(1) They may melt or ‘deforin from C\CCSSIVG hcat or he corroded by mqtenals
eoming into contact with them, such as slags or metals; Failure of this kind seldom
occurs in pottery kilns, where the opcmtmg tomperamre is usually far below' the
melhng point of the refractories and wheére no corrosive mdtermls are bcmg fired.

(2) Bnoks may crack or spall. Wherfa brick i is heated more at one end than the -
other, as is usually the case in a kiln, a strain is set up- because “of the greater
etpansmn in the hotter part. This-may cause the brick to break ora portlon of it
to flake off (spall), especially if the heating and coolmg cycle is rapld Since pot-
tery kilns are usually heated and cooled rather- slowly, the bncks are not sub]ected
to severe shock and tend to Kave a long life. : . ’

(3) Bricks may crumble from fatlgue Repe’tted heating and coolmg lmsens the
bond bebween the particles’ and the bricks. gradually l05e their 0r1gmal strength
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THE DESICI\ AND C()\'STP\UCTIO\T OF KIL’\’S R 1

§

ﬁ\ e trmes that amgy nt,, Thrs means that the har:d firebrick can actuqﬂ\" soak up more'

heat and \Vlll&ke that much longer to cool. If a kiln is made of hard firebricks only,

much more heat will be reqmred just ‘to heat up. the kil itself, and fuel costs w1H' A
« be hxgher even disregarding the loss of heat through the wall of. the kiln.

\ . _ “J . .
85. Heat loss and hez‘ivt,s:torage in‘,a 9-inch ulall with hot-face fempe;rature held at 2200° ¥,

: . LA
© , .

_ Til. o HEAT S5 | HEATSTQR,:&E CAPACXTY
| © inB.td df) ) (hr.). _

in B.t.u./gﬂ_ ft. R . Btu per sq ft.

K23 Brick . W . 287 e 6000

' - <0l ; , o
K-26 Brick  * . . o492 © ¢ 8000
€98 Brick - ‘ 507 . 8300
K30 Brick .., . .. 609 <. . 1080 .
Firebrick- o et L ~. 80500
o . ' .’ . ‘ . - v h ) - \‘\ ..

o o o o R

The deqrsron as to whether to use msulatmg bncks for the construction of part'
or the whole of a.eeramic kiln is largely a ‘matter of economlcs The use of insula-
UOQ in no way improves the product being Bred. It is purely a matter of savings

" in fuel,‘and of whether the higher cost of msulatmg bricks will, in time, be oEset

by the lowet cost- of firing. If isulating bricks are used for the inside face of the

kils; an additional . factor. must dee taken into consrderahon ie, the shorter hfe of
" soft bricks relative to hard firebrick, . . col
" " Besides-insulating firebrick, there are a few. other materlals that can be usei.
" fot insulating kilns. Vermiculite, especially, is very useful. It is cheap and réadily ..

avadab]e from building supply dealers. It js-an expanded mica with a very loose

. structure yielding innumerable air spaces which 1mpede the flow of heat, Vermicu:
lite can be used as/a ,1005625% over the arch’ef the kiln, oryit may be P oured i’ﬂto s
nd outer. wall of, the kiln. Another possxbxlxty is to form .

cavities. bétween tlie inner
a piaster of vermiculite and clay which can be built up on'the outer walls or top

of the kiln. A good mixture is 85 parts by welght of vermlcuhte and 15 parts of

ball clay {The mixturé i§ wet just sufficiently to make a thick plaster. Sodmm silicate ™

“may be added to give the material _strength ‘when it dries, About one quarg Qf
sodlum silicate to each 10D- -pounds of dry mix will be em‘)ugh to give s some tough‘ -

ness to the insulationi. Or, bricks can be- formed of \ ver;:mcuhte clay, and sodmm

' sxhcate and when dry, these may be used as backup msulatron on the walls or

1
.
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s9 . l\/(\__. L e Rc’fmaiprj \[atc’rlals*
K-26. K-23, K-20 and K-16_ serviceable af zmo v(aoo~,2300“ 7ooo and 1600 F.
,Uputl\ elv. &
Insnhtmu bnd\\ serve to_increase thL hg,dt* re vnhon prop(rtms of kilns. They

may be used as a. '&'kup lm er be hmd uwuidx hard firebrick, or thv\ may be used

‘ far t‘h(, entire "Kiln' structure Their use has X;\nlutmm/ed the dC\lbn of kilns and

funmces of all sorts: The untml Cur\ts of insdfuting bricks is high, but this initial
investment may be fetrieved in: lowered firing costs-over a period of time.

The table in, Figure 84 shows the relan\e ¢enductivity of \fmous 1nsulat1ncr
firébrick Lompared to flrvbn()\ lt will be nofod thit the lower grades L)f insulating

. “ " - é’ H :
- ; o S~ . ‘ Ea -t
I C : i . _ L °
PROPERTIES OF I;\'SU;"ATING BRICI\! - . ey :
- o ' ER Co T H’xcn ‘HE. \n@'&g’ .
o S © K-23 K-26  ° K-28 v Fingsrick ™
True P()I‘Ublt\‘ E . . S B B 700 <70 oo 232,
Deusity, lbs. f't" ’ 48 1 48 g8 '
Gold erushing st‘rcr_lg(;l‘l, Ib: 'sq. in. 270 330 600
‘l\k!;ixin‘m;n service temperature, "’C‘;” ‘-;%6(!) 1 1430 lS{,i&i’l »
Thermal conductivity ° . . ‘ P ‘A‘ ‘
at mean tempegatyre of ; o
.o 400° € « 1] 213 2.18 2.89
'600° C. , “l.2.37 | 236 | 3.2 g
8Q0° C. . 2.63' 257 3.39
| 1000° C. T 1 280 ] 870
. ®B.tu—in'f.? Ftheot - . e ]
S4. Pro‘pem'es of insulating firebrick. o N T

firebrick, w hlh less refmctor\ are more (-ITe( tive msu]ators As shown in the chart
in Figure 83, tho K-23 brlck has a heat loss of 297 B. t u.'s as (nm[mr(‘d to 609 B.t.u’s
- for the K30 brick and 1675 B.t.u’s for the hard [mbn(k At this furnace tem-
-perature, the K- 73 brick is over five times more cffeetive in msuhlmg property than
the hard fircbrick. Most of the higher insulating pxopcrlu"\ in. msul.\hng bricks.are ‘1
duc to tho presence of Cntmppvd voids in the structure. Heat travels with dlfﬁcults .
in air or gas alone. TJ;LE,JOOSC association of the particles also impedes the flow of
heat b\ conduction. I%latmg bricks are so effective that a brick which is hmted
up to red heat on one ead can easily be plckcd up in the hand at the other endl. .
The chart in Figure S5 also shows the marked «difference in heat storage capacity -
between the various grades of insulation bndx and ﬁrobncl\ Wherens a K-23 brick
has a heat storage def.]t\ of 6000 B 31572 hard firebrick ]ms a C'lpacltv of over




~ Other books by the author:
Clay and Glazes for the Potter
Stoneware and Porcelain
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THE DESIC\‘A_:\D CO\STRUCTION OF hi

It is_a témptmg qdea t’o cast all the- parts oT the Yuln mcludmg trhe‘ arehf but';

cqtarn pr‘ichcal mnsrfrahong usually nﬂ’e this out. The aagregate is rathcr hard =
- ito come. b\ :md ev en if used bneks are av arlab]e for crushmg this will be a dffﬁcult ’

Lob without the prqper m‘ilchmerv Furthermere, ca}cmm alummate cement iy

‘expensive, and {f the formg to be Cast dre bull\y, ‘the cost ‘of:the" cement TRAY be/.’:'

_ contiderable. Another dlsad\’mﬁave is_the ‘great werght of the cast pleces makmg :

~them dlﬂ}cult to mové -and stemble ‘Of course, the parts ofa kllm may, Be cast.

rwh; in place Thé arch, for e\ainple _may be cast.over'a stout wooden fgrm which,”

W heh: removed, will leave -th& arch in place and restLag on - the- kxfn walls. Cust £

monolithic arches-will reqmre Tets bracing than arches m‘ade up of mdlwdunl brrck

umts When-all the factors are. com1dered, the klln bur.lder will usually* decidé oo

conventional ‘brick’ constfuchon But for specml shapes sueh as skewbacks, Pledes v

forming the transitign from squate brick chlmneys to round metal stacks and door
Blocks. cast refractories may be 1deal N SO

Refractory, matrufacmrers sell a p]astrc ﬁrebnck maternl whrch‘ Q'm be formed
into, anv shape and aused for construction Gr répair. Such material is a welh sized
“and mixed- combmahon of gmg and ‘raw clay, sometimes wil‘h sodiumn’ sdicate
added. It is s}upped in waterproof bags. This plastic . material, essentially. sBff,
orovﬂed cla\ .mayv be rammed into molds, or used ;0 Patch parts of the kﬂn whrch
ha\e detenorated from long use”

In addition to the “ha:d firebrick, soft or rnsuIaEmg ﬁrebrlcks are “a-}so avarIabIe

- are’a more recent developmeént,” con ming igto general use dunng the' 1930,

©

ulahuo bricks are designed specifically Tor greater‘heat reténtion, There-are twd

kinds .of soft msulatmg brick, those made from the natural _material, dratomaceousa
earth, or- Fuller’s earth, and those made from clay Dratomaceohs earth bncls aré
made from the natural sdeposns ‘of the diatom, a small sea ammal whose mynad
shells have formed tlhe]\ marine deposrts The materlal is soft light, pbrous and
consists largely of silicon leude Bricks: ‘can be.made ‘frgm quarned diatomaceous

éarth, cut a,nd sized to ahape or diatomaceous earth can be mixed with a littls ¢lay,” -

presseda into bricks and fired. The multitude, of air cells in"the ‘materia] forms an
effective heat barrier. Diatémaceous earth bricks have, the drawbac)k ‘of being’

rathér - wea]\ in structure. and are not highly refractory They are used as backup -

insulatién behmd other tvpes of bricks. =7 ... :

Clay msulahnﬂ bricks are ade from refractory ﬁreclays and kaDlms The clay
's mixed into a_ hea\wshp into which air bubhles .are induced by chemical means.
When the material is set andgdried, it is fired and later cut and shaped into sized
jricks. The entrapped air pockets make a light, porous brick, with high msulatmg
mzxp-erb&s and. if made from the proper clay excellent resistance to heat. Porous -
sricks: are a.lco made by mixing wood fragments w1th thé/clay. Bricks -are graded
\coordmc'r\to “K fact‘ -h'i'd those 'sold as. “K-30,” for example, will w:thstan&

0007 F wathout mel f :matmg or deformation Other common grades are K-25,

- 5 ) . . Li"
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N | - Refractory Materials

.

it tends to crack and disintegrate. Some ‘andstunes called “firestone, "-work-better
than others. The use of sandstone for furnaces was Llrs,e]\ dlsconhnued as soOn
as firebrick became available. ’ ’ )

In America, industrial development was seriogslv h ampcrca until ﬁrebriclvéabeﬂan
to L;e produced in New Jersey about 1725. W 1t‘h the availability of firebrick; the
colonial smiths were no longer dependeat on the mother country for iron and steel.
It might almost be said thdt the Rev olufslon was made possible by ﬁrebncl\—ﬁre—v.
brick in which iron.could be smelted, from which steel could be forged from
which rifles could be made. Colonial potters often made their own bncks for. thmr
first kilns, digging out the clay, forming it in wooden molds .md ﬁnmr fin_ scove
kilns.

Refractorv blocks. slabs, skewbacks, arches or door blocks may be made on the.
job using castable materials. In fact, it is possible to make the whole kiln from a

castable material. Re fm(,t()rv castable niixtures are made from a suitable aggregate,
such as firebrick grog, insulating fircbrick granules, ~ermiculite, or pvrllt(* bonded
W lth LJIC‘mm ;lllu“l”dt( cement. ( dl(lulll dl\””llldt( ceme nt l\ \ln]l]dl to I)()rl]dnd
cement, and when mixed with water will set up in a hard, solid mass. But unlike
porthd cement, it is refractory and may be heated to, red helt or hlbhm without
e(plodlnu or melting. Nlost brdlldb of calcium alummdxc cement may be uscd at
temperatures in, excess of 1300° C. ’ '

To cast a shape, a form must first be made. Forms mav be mada of wood OF-~
plywood, securely fastened at the corners, or in the case of curving forms, of bent
plywood or masonite suitably reinforced. Th(* f\ormq rmw bc glven a light coat of
grease to prevent sticking. The a mr,tgat DaEe :
fth)F:’wd msu]dtmz_’ firebrick. “The J’Bgr(-gatc <hould be made lp Of par-
ticles of various sizes, from about t inch in diameter to grains as small as sand or.
-smaller. The proportion of very fine parhclcs should ot be too great, however.
The aggregate is then mixed dry with § of its volume-of cement. \’ther is added
to this, and the mass is mixed in a mortar box unUth is of plastxc cansmtency It,
should be well moistened, but not so wet as to fow. The f'nuture is then. shoveled’
into the mold and rammed ‘into place so as.to leave no air pockets. The material
will set in a few hours and may then be removed from the mold and cured in a cool
place for seyeral days. When thoroughly dry, cast shapes may be ircorporated into
the kiln structure. N .

In use, cast refractories bex,omc fired on the face which is C\poscd to the inside
of the kiln, while the part which is away from the heat may retain strength from
the chemical bond of the cement. Such cast shapes may give excellent service and
long life. The only dxsadmntage is a zone of wea]\ness between the fired portion
of the shape and the unfired part, which can cause splxttmg, or spallmg To obviate -
this difficulty, thc shapes may be prefired in a kiln to cone F.or 8, in which case
the cast refractory s similar to one made by pressing and firing fireclay and grog

in the usual manner. "
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Author’s Pref ace

—
Of all man’s arts, ceramics deals most directly with earth, water, air and fire—
those elements which the ancients considered the essentials of our world. The fire
is the key. By its action the soft and formless clay is given hardness and perma-
~ nence, and a range of color related to the colors of the primordial igneous land-
scape. Without a knowledge of the action of fire, the potter’s craft would not exist.
Nor would those almost infinitely numerous shards with which we piece together
most of the material and spiritual records of early human history.

Kindling and controlling fire.so as to bring its inferno to bear on objects made
of clay was at first an art practiced without benefit of any well understood prin-
ciples. From the primitive bonfire or pit kiln to the modern kiln a long develop=
ment occurred; which was marked at every stage with experimentation, trial and
error, and, no doubt, much discouragement and failure. Even today, with the
availability of meters, pyrometers, and -other instruments of control, a certain

mystery attends kiln firings. And in spite of the éfforts of specialists, a degree of

uncertainty persists. This uncertainty may account for the fact that potters do not
regard their kilns as other craftsmen might regard their tools; rather-they look
upon the kiln as a place of holocaust, a potential enemy and destroyer as well as
collaborator. By and large the action of the kiln has given rise to considerable
superstition, and firing has not been well understood, even by many who are

" otherwise well trained in ceramics.

There is a surprlsmg lack of literature dealing w1th kilns, and this book is. 0

intended to bring togéther information which is widgely scattered in various spurces
(or heretofore nonexistent) in a form which I hgpe will be useful to ceramists. It
should be of special interest to those who cont§mplate building their own kilns.

rl
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thv heat stress use 15 Iather mild. For klln building. “High Heat Dut{” brfcks

shoutd be chmcn oo T .

The ad \antmtm of ‘hard Hu‘bnd\ mr kiln construction are obvious. Theyv are

r(fr‘utnr\ .md \\111 sefve bevond tlw Iwht\s{ tvmperatures ordinarily used for
cormic \\()rk Tht‘\ are- hard, de mse, and resistant to wear gnd abrasion. Thev
résist spalling and: cmd\lnﬂ and thm do not crumble or dmntf‘i%lte an especially
v;mportmt propértyein the crown of the-kilrt Furthermore they are relativ elv cheap
apd msxl\ “available. and mav be o btiuined -in a number of spe(‘ldl shapes which
.1011‘1&1&\ Llln construction. Firebricks afe good insulators, although theie m\uldtmg
pmp; rties are (()U\ldt rably h( foic thut 'of materials made L’bp(‘(‘ld]l\ for this purlp()sv
I-umrv S3 il lhtr g the various shapes “whith are reﬂuhlrl\ furpished by manu-
‘factureys of firebricks. These shapes are standard. The deL( shape is the "9 inch
straight.” The 9 inch 3éries includes onlv®shapes which are 9 inches long. The

vt atility of this series in‘the constiuction of” “arches, walls and (lnm( s owill lu- evi-

1
»ﬁ:{'(llt. arger shapés are also-furnished! the most vseful of whidds is perhaps: the

U6y 35 Alsizt (nicr\amw of plus or minus 2% s followed I)Klu- manufucturers.

13 a kiln u-m be usedronly for low temperature firing, it is possible to construct

it of wummn r((l brick or bull ht’ul(lm«r lnlck But since the use of common brick

..Imntx thu usefulness of the Kiln, it is adnsablo to use firebrick, and in almost every

Lase the addltloxml’u)st is ]ustxfw

‘“There are a fcw other natural rcfmctnrv materials besides clay bricks which can
F‘H- used for kilns, But eaxh has serious drawbacks u)mpklrvd to ‘clay bricks. High-
41;\111)111(1 matcrm!s such as sllxmdmtv or fused alumina are very refractory, but they

., are gxpensive and urdmmlv are Use 'd only where the chemical proper, lms -of alu-

mina are essentidl, as. m the:flass and cement mdustnoi.Rofractorv brt/cks are also

made from chiromite’ nr mavn('sltv These (h(‘lﬂl(‘l”\' hasic materials are useful in

the steel industry, be Cduq- thev resist the slagging action of molten mc‘tdls How-

ever, they hav = mfua)or insulating properties and tend to crack and spall bccausc'

oF hwh expansion on heutmg Bncl\s made from silica are also used in thc steel
Enduslrn These may bc 90% SiO. and are thus highly refractory, lmt theu expan-
sion and Lonnact”mn an hmhn& and cooling create <instability in any masonry
struchure. - : ‘ . T
W hdl of nzm:ml rocks’ One mtEht think-that thvwm( ks of the eternal hills would
e suitable for kiln construction, but such is not the case. \Lmy rocks are radically
aLtcr.vd l)\ !'wating Limestone, for C\Amp]c breaks down mto carbon dioxide and
qmckhmc at a- very low temperature (about 800 C.) and granite breft}\s down
bec 'mse af the disintegration of the mica as it is (lchvdmtud, and because of the
fusion -of the fcld:pdr Flint cracks up-from excessive exp’msxon Feldspar bcgms
‘about cvne 6. “Shales blow sup -as combined’ wilter vlolcntlv escapes.

Hvsld

huzkhnii mmndstone Sandstone was in fact used in colonial times for iron smelting

ft—nrm.cv.s and to some c-.x\tout for kilns. 1t is refractory, but on heating and- cooling
g K ) S .

lav, thé only natural mineral svhich can be pressed gnto service for kiln

£
It
,




KILNS , ) - ViiI

But those who have no such bold idea may find, mro:ywtiori here to complete and
extend their knowledge of the ceramic art. e

This is written from the point of view of one who has built and fired kilns,
 rather than that of a theorist. My own lack of engineering l\m)\\ledﬂe precludes

techmcal treatments of such subjects as combustion, heat transfer, and thermo-
‘ d\"namlcs buP it is doubtful if the present work is the place for such disc ssion in
any case. Those who desire more lcno“ledoe of the scientific aspects of kilns and

firing w1ll need to supplement this book thh studies in other texts.- —

With some trepidation, I have included some dimensioned drawings for kilmi

as a guide to construction. While I believe these to be practical and workable
designs, they carry no guarantee of success. So many variables are involved in the
construction and operation of any kiln that experience, trial and errar, and experi-
" mentation, rather than a fixed design, must be relied upon for success.

I wish to credit my wife Lillyan for her assistance in planning, organizing, and
writing this book, and for her many insights that have enriched its contents.

I also wish to thank th{)sg who contributed ph()tpgmphs and data. | am indebted
to David Cornell for his thoughtful reading of the manuscript and helpful sug-
gestions.

, . : Da_niel Rhodes
' Alfred; New York, 1968




MELTING POINTS OF REFRACTORY SUBSIA;\?C,ES
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AN ART OF FIRE
' |

perfects !
the m _vsl\hrn’,

completes |
- the life-line of
our mmt\no'n clay.

Potters transfort
like alchemists of old
crude earth into le pierre qui vive
FIRE IN|THE STONE.

They shape their kilns to tongues of flame,
its food and rule,
pacing the flow of fuel, the hold of heat,
the cooling, o )
‘alert to tame the &lemental blaze
into life-vessel for
Aquarian Man.

Self-creation is an \art of fire:

each person
- ‘ forms
}» ~ his spirit’s housing
| and

\ celestial cistern.

, \ Mary Caroline Richards
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83 . Refra\(xz‘\ory Materials

“fulness because they hydrate on_caoling, dissociate to lewer 0\1de's‘.aL t high tem-
peratures. gr are SO scarce as to be | prohlbm\ elv expensive.

Five pure oxides mayv bc considered useful as refractories at very high terhpera-
tures (in/excess of 15007 C.). They are ALO,, MgQ, BeO, ZrOs, and ThO,. These - ¥
pure oxides are scarce, hm\ ever. and refmcton,es for commercial use are made

mostlv from naturally occurring rocks and "minerals composed of them. When we
consider those materials which are common enpugh to be processed commerdaially,
vet are resistant enough to heat to serve as refractories. the list becomes very small
indeed. ‘ ‘

The most usetul and the most available i’éfractor_v material is clay. Pure kaolin
or kaolinite (Al:O;-28i0.-2H,0) has a melting point of - 1785° C. Since almost
all clays in commercial deposits contain impurities such as jron, and at least traces

of alkalies and other oxides in addition to alumina and silica, the melting point of N .
any available clay, no matter how pure,.is below that figure. Even common red- .

burning surtace clay is quite refractory and heat resistant compared to most mate-
rials. Ouce clay has been fired it becomes very stable and may be reheated again

and again with little change occurring. An ordinary red brick, which is us‘uullv fired
at the factory to about 1000° C., will withstand perhaps 1100° svithout. melting,
bloating or deformmg Some buff colored bricks used for building will withstand
even hwhcr temperatures. Early kilns were commonly built of red bricks, and
thcse were entirely satisfactory for low -temperature firings. j

For firings of 1000° C. oy higher, miore refractory bricks made of fireclay or kaolin
must be used. Fireclay may be defined as any clay that will withstand the higher
temperatures. Bricks made from fireclay are usually made with considerable grog

and are fired at about cone 10 or higher. They are hard, dense, volume stable,

resistant to cracking and spalling, and are easily cut and worked into masonry
structures. Firebricks are such a basic necessity to so many industries involving
heat treatment processes that they are manufactured in enormous quanhtle and : ’
may be purchased in any town : i
Clays suitable for thg manufacturv of firebrick are quite common Such clays are
“often found in connection with seams of coal, and may hive a COIISl(](‘I.lbl(' quantity
of iron impurities. They vary u great deal in plasticity. The clay is mined, ground,
" and tempered with enough water for pressing into brick. Grog, made (/‘il‘ the same

2

clay.is added to the mix. Bricks are pressed in a stiff plastic or semi-dyy state.

Desirable properties in firebricks are density, strength, well-graded ,ﬁ:trticle size, A
refractoriness, residtance to spalling and cracking, resistance to acids and slags, and .
exact sizing. Fircbricks are made in four grades or qualities, depending on the ‘
degree of temperature they are able to withstand in service. These grades are
* Superduty (P.CE. 33), High Heat Duty (P.C.E. 31#) \Iedmm Heat Duty (P.CE
29). and Low Heat Duty (P.C.E. 15). (P.CE - here sxgmﬁes ‘pyrometric cone
equivalent,” or the cone at which the brick would soften.) Bricks designated “Low
Heat Duty” are made for use in boilers, fireplaces, and other applications where

s
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Refractory
- Materials

WE HAVE'SEEN how heat may be generatéd and introduced
into the kiln, and must now consider ways of retaining it “there so it ‘may do its
work on the objects being fired. Surprisingly, there are very few materials, natural
or otherwise, which are sufficiently heat resistant to be used for. kllm reachmg '
1000° C. or more. !

An examination of the meltmg pomts of the elements as shown_ On the periodic
tablc will show seven main types of chemical substances with hxgh refractoriness,
or resistance to heat. These are the oxides, carbides, nitrides, silicides, sulphides,
borides, and single elements. “The melting points of some of these refractory sub- |
stances are shown in the chart, Figure 82. The most refractor)-oﬂde Thoria (ThO,),.
has a melting point of just-over 3000° C. Carbon is fhe most refractory element.
The most refractory of all known substances are hafr‘lum and tantalum carbides,
which have melting points of around 4000° C. The; usefulpess. of the carbides,
nitrides, silicides, sulphides, borides, and most single elements, is 'scvere]y limited
by their tendency to oxidize at high temperature when exposed to air. For all
practical purposes, ‘this rules them out for indSEaT n%e unless they can be suitably
sprotected or are used for very short time applications. (Silicon Carbide is some-
whdt of an exception to this; it is a useful refractory material because when it
begins to oxidize at high temperature a glaze of silica is formed on its surface, giving
it some protection from further oxidation.) Strictly speaking, only the refractory |,
oxides can be used indefinitely at high temperatures when exposed to dir. Twenty-
four oxides have melting points of 1725% C. or over. One might think that with this
large group of refractory oxides available there would be many choices for
furnace building, but this is not the case. Several oxides have a very limited use-

ot




Barly Kilns

THE CERAMIC KILN was one of man’s earliést tools, the
primitive form of which dates back to at least 8000 B.c., and perhaps much eatlier.
The garliest kilns, however, were‘little more than modified bonfires. The exact style
of kilns used in prehistoric ‘times is conjectural, but it ean be assumed that firing
methods in the remote past were similar to those practiced by primitive peop]es

today. - . & . -

The method of ﬁnng clay objects or vessels to make them hard durable, and
impervious to water was no doubt discovered accidentally. Perhaps men observed
that the clay soils beneath the-campfire became hardened by the heat. Or perhaps
mudlined baskets were accidentally burned in fires, leaving the hardened liner_ in
the form of a fired ‘\gssel From such dlscoverxes it would only be a small step to a
more controlled management of the fire” to gain concentrated heat applied to
objects fashioned of clay. A knowledge of pottery making and of the technique, of
firing became: \Vldespread among primitive cultures, and was practiced in. a-very
similar manner in areas as remote from each other as Central Asia and South
America. ) \

“There are many local variations of open “pit ﬁ'ring’ as practiced by primitive
potters, but the essential procedure involves surrounding the pottery with red hot
coals and embers, thus raising. the temperature of the clay to red heat. To do this
a shallow pit is dug into the ground, perhaps 14 to 20.inches deep and several
square feet in area. Twigs, branches or reeds are placed in the pit, lining its sides
and bottom. On this lining the,pots are piaced piled together in a compact mass,
with as little empty space between them as possible. Fuel is sometimes stacked in

) and around the pieces. Around and over the setting of raw pots is p]aced a ]ayerf -
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fudness because they hvdrate on cooling, disseciate to lewer—axides at high tem-
peratures, or are so scarce as to be prohibitively c\pcnsn e.

Five pure oxides mav be considered useful as refractories at very high tempera-
tures (in excess of 15007 C.}. Thev are Al:Os, MgO, BeO, ZrO., and ThO.. These
pure oxides are scarce. however, and refractories for commercial use are made
mostlv from naturally occurring rocks and minerals Composed of them. When we
consider those materials which are common enough to be proccssed commercially,
vet are resistant enough to heat to serve as refractones the list becomes very small

mdeed

The most usefulrand the most available refractory material is clay. Pure kaolin ’

or kaolinite (Al:Oy-25i0,-2H.0) has a melting point of 1785° C. Simce almost
all clays in commercial deposits contain impurities such as iron, and at least traces
of alkalies and other oxides in addition to alumina and silica, the melting point of
any ‘available clay, no matter how pure, is below that figurc. Even common red-
llmrnimﬁ surfuce cl;n' 15 quite rcfr;lct()rv and heat resistant compurcd to most mate-
rials. Once clay has been fired it becomes u-x\.‘:l‘lhlv and may be rcheated again
and again with little change occurring. An ()rdll.u.lr\' red brick, which is usually fired
at the factory to about 1000° C., will \\’lthstdnd vahaps 11007 without melting,
bloating or deforming. Some buft colored brlcks used for building will withstand
even hlghcr temperatures. Early kilns were commonly built of red bricks, and
these were entirely satisfactory for fow-temperature firings. .

For firm;_‘s 0f 1000¢ C. or higher, more refractory bricks made of fireclay or ]\aolm

must be used. I“xrcclav may be defined as any clay that wr]l thhstand the higher

te mpcrdturu Bricks made from ﬁrcdavrlr(- usually made with considerable grog
and are fired at about cone 10 or hlg_,hcr They are hard, dense, volume stable,
resistant, to cracking .and Spd“l?g, and are casllv cut and worked into masonry
structures.’ Fucbrlcks are such g/ basic neccsslty to so many industries inv olvmg
heat treatment processes that they are manufactured in enormous quantities and
may be purdmscd in any towr.

Clays suitable for the man;xfadurv of firebrick are quite common. Such clays are
often found in connection with scams of coal, and may have a considerable quantity
of iron impuritics. Th( y vary a-great deal in pldstluty “The cl‘lv is mined, yound
and tempered with. unoug_,h water for- prcssmg into bn(k Cm;_, madv of the same

clay -is ac
Desirable

—k.__‘_’, - e
properties in ﬁrcl)rlck.s are denutv str vngjth well-g gradcd particle size,
refractoriness, resisguhu to spalling and cracking, resistance to acids and slags, and

exact sizing. Firebricks are made in four grades or qualities, depending on the‘
degree of temperature they are able to withstaad in service. These grades are™”

Superduty (P.C.E. 33), Higly Heat Duty (P.C.E. 314), Medium Heat Duty (P.C.E.
29), and Low Heat Duty (P.C.E. 15). (P.C.E. here signifies “pyrometric cone
equivalent,” or the cone at which®the brick would soften.) Bricks desighiated “Low
Heat Duty” are made for use i boilers, fireplaces, and other applications where
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- . 1. Women potters of the Guwari Tribe, Northern Nigeria. A single pot is placed
over a smoldering bed of.coals preparatory to the firing. Photo by Peter Stichbury,

LI 3

' *
* of broken fragments of fired pottery, usually the broken pots from a previous firing,
shown in Figure 3. The fuel in the pit is set afire and allowed to burn rathe
i hile the pottery becomes thoroughly dry. Since the tuel

ith the developafént of émbefs, heat begins to accu-

very |
'f on, and as the fire builds up to a level above the pit it

mulate

R wct leaves; dun

the top of thc_ﬁrc may th(:nJ)(; covered Q; or ashes to retain

the heat. When the fire- has died down ix
pottery is taken from the pit. The broken pieces
saved to use as the outer layer for the next firing.

- is in e cnclosure, noy muchait gets to it and at first the fire does not burn
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WE HavE SEEN how heat may be generated and introduced
into the kiln, and must now consider ways of retaining it there so it;may do its
work on the objects being fired. Surprisingly, there are very few maten'a?, natural

or otherwise, which are sufficiently heat resistant to be used for kilns reaching:

1000° C. or more.

An examination of the melting points of the elements as shown on the periodic -

table will show seven main types of chemical substances with high refractoriness,
or resistance to heat. These are the oxides, carbides, nitrides, silicides, sulphides,

borides, and single elements. The melting points of some of these refractory sub-

stances are shown in the chart, Figure 82. The most reffhctory oxide, Thoria (Thb-_r ),
has a melting point of just over 3000° C. Carbon is the most refractory element.
The most refractory of all known substances are hafnium and thntalum carbides,
which have melting points of around 4000° C. The usefulness of the carbides,
nitrides, silicides, sulphides, borides, and most single elements, is. severely dimited
by their tendency to oxidize at high temperature when exposed to air. For all

practical purposes, this rules-them-out-for industrial use-wdesstey can-brstitably -

protected or are used for. verw short time "applications. (Silicon Carbide is some-
what of an exception to this; it is a useful refractory material because when it
begins to oxidize at high temperature a glaze of silica is formed on its surface, giving
it some protection from further oxidation.) Strictly speaking, only the refractory
oxides can b used indefinitely. at high temperatures when exposed to air. Twenty-
four oxides have melting points of 1725° C. or over. One might think that with this

large group of refractory oxides available there would be many choices for,

furnace building, but this is not the case. Several oxides have a very limited use-
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2. Women potters of the Gwari Tribe, Northern Nigeria. Pots are preheated over

a very gentle fire andthen placed over a bed of corn.stalks and light twigs. In the

final stage of firing, which takes about 1} hours, dry grass is heaped over the fire 2

to raise the temperature of the upper part of the setting. Photo by Peter Stichbury. ‘

)

.3. Open pit firing.




S Fuels, Burners, and Combustion

)

Burners for LPCG mayv be similar to ones used for natural gas. Simple atmospheric
burners work very well. Since the pressure of the gas iy high. the orifice of the
burner must be small, usually smaller than that used for natural (Tzis In operation,
there must be ample t tank capacity for,the intended rate of use, for if too much gas
is evaporated from a given sized tank. the LPCG mav freeze due to the temperature
drop which attends evaporation. For firing an average sized kiln it is necessary to
secure a large tank of 500 gallon capacity or more. or to hook four or five 100 Ib.
tanks in tandem with a manifold which draws from all tanks equally. Suppliers of
LPG will sell or rent tanks of suitable size and thev will advise as to the proper
size of tank and the equipment necessary for connection to the burnerss Suppliers
will know best how to comply with local safety regulations.

A disadvantage of LPG as a fuel is the need to provide storage tanks and to keep
them full, and the relatively higher cost. As to the latter, LPG firing seldom exceeds
twice the cost of natural gus, and this extra cost is nsually not a deciding Factor,
espectally iF oill wath its various drawbacks, is the alternative. The operation of a
kiln burping LPC s similar to one l)u’rning natural gas and the U()nly added con-
sideration is the provision of an ample reserve to see the firing through.

LPC does have one bad feature; it is heavier than air, and if a leak occurs, the
zas collects along tie floor or ﬁnd? its way into a basement where it can ignitédnd
cause an c\plmzon Creat ¢ mrc must be taken to insure that there are no leﬂs in
valves or fittings leading up to the kiln.

[tis dlﬂwu]t to estimate ghe quantity of fuel which any kiln will require because
of the Jl’ldl)f(‘\ involved, A well constructed wood-fired kiln of about 30 cu.. ft.
Czlpaut_v can be fired to cone 8 with about two cords of wood. More will be
required if the wood is damp or imprf)pcrlv split.

An qil burner like the one illustrated in Figure 72 will burn a maximum of about
5 gal 8us of fuel oil per hour. This rate of consumption would occur only at the
helght of firing; much less would be cofisuped durmfﬁ most of the firing. A 30
cu. ft. gas kiln may burn about. 1000 cu. ft. of naturdl gas per hour, and to fire to
cone 9 may require 7000 or 8000 cubic feet.

These figures are approximations. Factors such as construction of the kiln, type
of burners, height of chimney, atmosphere of fmng method of setting the ware,
and rate of firing will all affect the consumption of fuel. .

From the above summary of possible fuels for ccmm.)c kilns the potter’s choice

should be clear. The romantic, or the potter Opuatnﬁ in a remote place, may

choose wood. Those who have natural gas will bé wise to use it. Those who have

“no natural gas must choose between oil.and LPG, and, incre: mnqu the choice is

for the latter. Those who can afford two kilns may choose both g.ls and wood for -

variety. Electric kilns, in some ways the most practical of all, but certainly not the
most versatile or exciting, are discussed in a later section.




4. Preparing for a firing in-an Indian Pueblo in New‘M'exico. The pottery, which
has been polished, is placed on a rack over the fuel. Photo by Laura Gilpin.
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Aspirating or zero-pressure gas burner.
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Zero—pressure gas’ burners or aspuahng burners, employ another prmcrple, as
shown in Figure 81. Gas is led into a diaphragm A, which reduces its pressufe to -
atmospheric pressure. Air from a blower passes a venturi, B, where it entrains the
gas, and the mixture is ejected into the burner port where it if;m'tes. This type of
burner operates on a principle opposite to that of the atmospheric bumner; the gas
is entrained by the air rather than vice versa. The volume of gas-air is controlled
entirely by the volume of air which is fed to the burner. More air passing the
venturi will pick up more gas. Setting the diaphragm for slrghtly more or less gas
pressure will control the gas-air ratio of the mixture. The zero-pressure burner is
seldom used on small pottery kilng, but is useful on commercial kilns where an exact
advance of -temperature can be controlled by 1nterm1ttently achvatmg the blower
-through feedback from a pyrometer. . s . B

Devices for burning natural gas are very simple in design and operation. Almost
as simple and reliable are the systems used for burning liquified petroleum’ gas,
known as LPG. LPG is actually a by-product of the petroloum industry, and is
widely used as a fuel where natural gas is net available. Propane and bu,ttme arc> '
llqurﬁed petroleum gases wuh somewhat differing vapor pressures which are - °
sometimes sold under trade riames. LPG is delivered to the customier in tanks, or is
supplied in bulk to tanks owned by the consumer. Vaporization of the liquid inithe
tank creates a gas under pressure. When some of the gas is drawn off in use, more
is formed as a result of the drop in pressure. The pressure in the line to the burners
is controlled by a diaphragm regulator, and this pressure may be as high as one or
two'pounds per square inch, even from a small tank <~
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6. The fire begins to burn. Photo by Laura Gilpin.

Various fuels have been used in different places and by different potters. Some-
times fine brush or dried grasses were used, sometimes twigs of wood. Some groups -
used dried dung, which had the advantages of burning quite rapidly and evenly and
of holding its shape as an ember, protecting the pottery from too rapid C(L)oling.1
In some cases the firing was done in fairly deep pit,.into which most of the fuel
was placed right at the start with the pottery. But others used only a-very shallow
pit, piling the pottery and the fuel ]drgqu above ground. In either case, firings
were short, and maximum heat was sometimes attained in an hour or even less.
Pit firing has the advantage of requiring no fixed structure of ahy kind, so that S
a firing can be done anywhere and with readlly available fuel. The increase of
heat, however, is severely limited by the open firing, which permits heat to rise
without obstruction. mej temperatures in open pits seldom exceed dull red heat

'William Alexander of Colorado State Unive rslt\ has made “artificial dung” from a mixture of
sawdust, wheat flour, and bentonite, and has used it succe ssfun\ in pr()(lutm;’ pit-fired black

ware similar to Pueblo Induan pottery.
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. 79. Foreed-air gas bumer.

therefore more gas, can be introduced, giving a powerful lame. Another advantage
is that no secondary air entering around the burner port is needed, so it is.unnec-
essary to have a strong draft in the kiln. This may be an important advantage where
connection to a chimney is impractical. The kiln equipped with forced-air burners
may be equipped with a hood through which the cooled exhaust gases may be.
vented through the roof or a window. )

Another type of forced-air gas burner sometimes used for kilns premixes the gas
and’air in the blower itself. As shown in Figure 80, gas is led through valveé A
and directly into the blower, where it is churned up with the air and ejected into
the burner port. The air supply is contralled through a slof valve-on the blgwer B.
A burner of this type is highly efficient, and in some designs, the control of both gas

“and air # linked to one control lever, assuring the correct mixture wat-any given

volume. This makes adjustment for reduction firing rather difficult, however.
Premixed gas and air produces a short, hot flame, which tends to bring the firebox
and the immediately surrounding area to a high tempgrature relative to the rest
of the interior of the kiln. It is perhaps not the best type of gas burner for an even
distribution of heat. Even heating of the kiln is favored by burners producing a
large volume of hot gases, as is the case in atmospheric types, rather than by a
smaller volume of higher temperature gases. ‘

80. Premix gas burner.

¥




ings for the fireés. The upper part, rebuilt for each firing, is a
layer of clay and straw plastered over the pots, with openings left
for draft.

7. A primitive kiln Tjsim'ng of a low circular wall with open- .

&

EY

or about 700° to 900° C. While this temperature is high enough to produce soft,
porous earthenware, it is insufficient to fire hard, impervious pottery, or.to fuse
glazes. But within the limitations of low heat, early potters succeeded in producing
wares that were not surpassed aesthetically by later artisans with more sophisti-

_cated firing techniques at their disposal.

Primitive pottery, although it is usually porous and easily broken, was often .

- made with great technical ihgenuity and skill. In pre-Columbian Peru, for example,

the potters used a variety of hand-molding processes and clay molds in several
parts and- were able to fire with enough control to obtain a surprising variety of
slikp colors. : o ‘
In pit firing, the wares were often subjected to the direct impingement of the
flame, and so were discolored by black or dark areas. Careful managément of

the fire, however, could produce a clear, smoke-free atmosphere, resulting in well

. oxidized pottery.

If black pottery was desired, it ‘could easily be’prod\iced by adding some dense
fuel such as shredded dung at the end of the firing and covering the whole pit to o
prevent the access of air to the fuel. Such a procedure caused a buildup of éarbov( -
in the pores of the ware, making it black throughout. Both red pottery and black -
pottery were made from the same clay by varying the firing process. Since the
firing reached only a relativély low temperature, pottery that was burnished in its
raw state by rubbing with a smodth stone would retain its polish after firing. Such
polished areas were often used for decorative effect.! '

! For an authoritative account of primitive firing methods see A. O. Shepard, Ceramics for the
Archeglogist (Washington: Camegie Institution of Washington, 1956) pp.,74-92.
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- THE DESIC\l AND CO\'STRUCTION OF, KILNS . 78
by hand. enabling the operator to sclew' on orifice caps of various sizes, thus con-
trdlling the flow of gas. By using several sized orifice caps, installed in the burner
at various stages of the firing, a highly reproducible ﬁnng curve.can be achieved
that is not dependent on the operation of valves : ~

Operation of the atmospheric burners described above requires gas pressure of

at least 6 ounces. If available, gas pressure of-hetween 1 and 2 pounds is an advan- -

tage. The pressure of gas furnished for household use is usually 6 to 8 ounces,
ample for good combustion provided a sufficient volume of gas. is-available..
Before installing a gas kiln it is well to consider the gas supply carefully, and to
consult with the supplying utility company. Since kilns burn an unusual amount of
gas the meter at the site may be too small to pass sufficient gas, even theugh the
pressure is adequate. Gas suppliers are usually.agreeable to installing larger meters
if that is necessary. Another difficulty often encountered is the distance between
the meter and the kiln. If this distance is too great, a loss of volume and pr ssure
will occur, and insufficient gas may reach the kiln. If the’meter is set for 6 odnces
of pressure and the kiln is 20 feet from the meter, a line M pipe at least 1 inch in
diameter will be required. If the kiln is more than 20 feetaway from the meter the
line may have to be.of 13-inch pipe or even 2-inch pipe. Consultation with the gas
company is advised to solve these problems before kiln constmctlon begins.
Factors such as the size of the kiln, the temperatures requued and: the pressure
in the gas main all have a bearing gn the problem, and it is difficult to prescnbe

- the details of an installation until ali'these variables are known. For i larger kilns,
20 ¢u. ft. or more, pressures hlgher than 8 ounces are desirable, and if the kiln can be " .
connected as a commercial furnace, the utility company may provide more pressure.

Local practice and zoning regulahons howevet, often-rule out the possibility of
increased pressure. :

Another type of gas burner employs forced air. Forced-mr burners give excellent :

gas-air mixture with good control of the ratio. Forced-air gas burners are seldom
used on smaller ceramic kilns because the refinement of control which they offer
is not really necessary, and because their greater cost and complexﬂ& is not justified
by the job to be done. Figure 79 illustrates a forced-air gas burner. A is a motor
driven fan. Air from it passes a butterfly valve B and enters a tube in which gas is
introduced through valve C. The gas and air are mixed and ejected at the burner
port where they ignite. A U-tube manometer may be provided at D which gives
an accurate relative mdlcatwn of the amount of gas flowing into the burner. As a

burner of this type is dependent on electric carrent, power failure will result in a

heavxly reducing flame. Safety requires careful attendance during the firing, and
a solénoid valve to shut off the gas in case the electricity fails is recommended.
Forced air burners are rather touchy to operate and any slight change of setting

of either the gas or the air may make considerable difference in kiln atmosphere,
and rate of temperature advance. The forced-air gas burner is capable of hlgh .

output, and is useful where a very rapid jheating cycle is de51red More air, and

A
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The first stagein the development of kilns was the improvement of the pit to )
make it retain the heat better and to introduce the fuel in a way which would ’
promote better circulation of heat. A simple but effective improven%ent of the firing
pit was the introduction of holes at the lower part of the pit which would admit
air for better combustion. The introduction of a little air at the bottom of the pit
'may yield a gain of.about 100° C. A further‘irnprdvement over the dug pit is the .
use of a low wall of clay or‘mud which becomes in effect a rudimentary kiln. Such ’

_ 'a wall helps to retain the heat from the embers that accumulate toward the end-of
® the firing. Pit kilns of this sort are still used in Spain and Mexico. Figure 7 illus- .

' trates a kiln, common to many parts of the woﬂd, which is essentially a low,
circular wall with openings for fires. 3

The next step, a crucial one in the development Oflﬁring technique, was to

introduce the fuel at the bottom of the pit or chamber, letting the flames course
« upward through the setting rather than relying on a bed of embers to transfer heat

to the pottery. . T

- 8. Pottery community of Sokoto, Northern Nigeria. Each kiln is 3 ft7 high and
12 ft. in diameter, and when stacked has a volume of about 500 cubic ft. There ‘
are six small fireboxes fed with guinea corn stalks. The firing time is about two . :
hours. Photo by Peter Stichbury. -
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“77. Atmospheric gas burnersmade from pipe fittings. e

Another homemade burner, shown in Figure 78, has come to be called the
“Alfred” burner; 1t uses 2-inch pipe fittings and is stitable for larger kilns A 2-inch
CTOSS ‘fi,,t {ng is attached below to a -inch gas pipe entering through rectucers. This
pipe is tf)ttvd with e drilled pipe g?'.lp,"whi('h forms the orifice, and with a valve
helow. One side of the hitting is r);'i)\'i(lt-(l with a metal flap which can be adjusted
for air. ThHe other side s pr()\‘idvd \\_'itln i 2-1’11(‘]1"{)11110'. The gas-air mixture travels

up the pipti and into the burner port where it ignites. The plug‘czm be removed

o
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78. The™Alfred” burner. . ‘ , .
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Peter Stichbury.

9. Opening thekiln at Sokoto. The pottery has been covered with a layer of
shards, which the potter is seen collecting. The shards are covered with a layer of
dust and straw. Towards the end of the firing, when the top is getting hot, the
potters try to keep the flames from breaking through by adding more dust. At the
end, they heap dry ‘grass on the top, which burns with great intensity. Photo by

10. Kiln in Consuegra, Spain- The method of firing is similar to the Nigerian kiln
in Figure 9. Photo by Tony Prieto.”




THE DESICN AND -‘CONST'RUCTION;OF KiLNS .76
. The 51mplest gas burner is the atmospheric bumer or msplratlng bumer ‘As
shown in Figure 75, it consists of a cast iron tube A into Which the gas is mtroduced

", through a small orifice B. The' flow of gas is controlled bv a valve C. 'When tHe gas
 eriters the tube, it entrains air through the openings D, and the gas and air are mixed

us they: move throuﬂh the tube, hurning at the exit. The mbe is shaped with a
constriction just- bevond the point where the gas exits, and is Feature is @a}led the:

. venturl1 The constnctlon ‘causes an mcrease‘f)f speed in the, ﬂ@\\* of gas and a

fr
s ) o ' .
i - N
& 15... Atmospheric or inspirating. gas burner =i
s, " . .- - - \ i . ‘\! + -h
o8 . I : .
’ S Mgty . . \. L
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76. " Butner for llqmﬁed propane THe, llquzd fuel is. e

efected frem. a small orifice under pressusg. The': sur- : )

rounding ¢ollar becomes heated and. heats the fuel-to- = - -
‘ the uapon.,?ﬁg point as it approaches the. mﬁce T T
through the cozl el .. R ’ .

' - ., .. -

. . . ~

. .ot

as, B K 1 - fq;m - P L
[ T

5lxght mcuum is crea‘ted dmwmg air mto thc bumer The ﬂmount o,f air is con-
. trolled. bv adjusting the pOsmon of the round plate E. The end of.the tdbe ma)' be
hittéd with a heat resistant cast iron tip liustment of air and gas will give the
“desired gxidizing, neutral ar rcducmg Ham 1 "Efrners of this type work well @ven.at
low adjustment, .and the only thing ‘that 3’m go wrong is the. profmg‘mon of the
flame back intd the tube. l;hw@q_,hmg ‘is caused by an excess of air and cap l)q‘ A
prvventt d by decreasing the @i sppply at E. . ,
~ A version of the atmosph(-nc Eus l)umcr ¢an be madé from pipé ﬁttmgs as shown. .
“in Figure 77..4 is™a Hy-inch pipe, mto;.vhlch a 3-inch pipe is fitted with rcducmg "
fittimnyrs at B, A pipe cap with al/ 3%-inch hole drilled in‘it serves as. an onﬁce atC,”
gas . uontrolled through ‘¥dlve D, and air is controlled through lés at E, ﬁtted
with a Perforated sHPping collar, which can widen or narrow théfioles in the tibe
depehding onits positiom: Thig burner lacks the venturi shape and does not entram
air as cfficiently as a factory made burner, but it works quite satlsfactonly, never- -
theless The orrﬁce should be poqmoned "just ahead of the air holes

, . s - . ‘

Ta

X

T The ve ntun prlmlpl( was discovered in 1\791 hv tﬁ( Italmn scie ntlst Ventun
N
ey )
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Primitive kilns of the Near East illustrate this next stage of klln de51gn The kilns
still in operation in Iraq, North Africa, and Crete are no'doubt very similar to those
developed in Ancient chypt and Mesopotamia, the first true ceramic kilns.!

The form of the kiln was essentially a cylinder, open at the top, with an entrarrcer
tunnel for the fire provided at the bottom, as shown in Figure 11. The floor or
\ platform on which the ware was set was perforated with holes to let the fire pass

Y
N

11. Open-top updraft kiln.

‘from the fire passed upward through the ware, escap-

of the kiln could be partially clom}"by\almse—ﬁ}atehl S

i

1 For a detailed study of kilns and pottery methods in Cyprus, Crete, and Mycenae, see Roland
Hampe and Adam Winter, Bei Topfern und Tipferinaen in Kreta, Messenien, und Zypern
(Mainz: Verlag des Romisch-Germanischtn Zentralmuseums Mainz, 1962, In I\ommlsswn Bei
Rudolf Habelt Verlag, Bonn.} / o, .
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75 Fuels, Burners, and Combustion

;In the more cfficient tvpes of oil burners. oil is pumped under _pressure and
ejected throucfh a very small orifice. Higher air pressure or steam prcssure is used
to volatilize' the oil more completely. When an oil pump is used, the oil can be
forced through a very small orifice. which helps to break it up.into a mist, and high
pressure air. relmwd through a narrow opening. will pulverize the mist into a vapor,
putting it into an ideal furm for combushon In some burners a centrifugal device
is used for ejecting the oil into a mixing chamber. These more sophisticated oil
burners are used for industrial and househo]d heating, where the temperature of

the furnace remains relatively low. thus necessitating rapid and efficient combus-.

tion. For kiln firing, however. where the firebox is at red heat or more, simpler
burners are equally effective. Simpler burners are preferable for kilns because there
is less that can go wrong with them. Highly efficient oil burners with complete
safety controls are expensive, often costing as much as the kiln itself or even more.

The kerosene torch has sometimes been used to five kilns, This is ‘dcsigncd for
space heating, melting ioofing tar, and for weed burning. The fuel is supplied. from
a tank kept under pressure with a hand pump and cjected from a small orifice into
a heated mixing nozzle. A long powerful flame can be produced, with ample
release of heat to fire a small kiln. Torch burners are usually given a temporary

mounting outside the burner port. The tendency of the kerosene torch to become '

clogged is a serious disadvantage.

0il fuel produces good results in ceramic kilns. The atmosphere can be easily
controlled. A very rapid advance of heat is possible if desired, and the cost of fuel
is not excessive. But there are serious drawbacks. Oil storage is space eonsuming,
. and there is always some smell and dirt. The noise of the blower is a disadvantage
- in most situations. The oil lame has a damaging effect on the refractories of the
kiln, and in time causes slagging and cracking. The danger of fire must also be
considered. No matter how carefully managcd oil firing is a potential danger.
Another disadvantage of oil is the necessity for constant watching and adjustment

during the firing. And in some cases, the smoke which develops from the chimney |

in the early stagcs of firing may be very objectionable, to the neighbors if not to
the potter. ~ .

These considerations have led most ceramists to choose lnqmﬁcd petroleum gas as
a fuel rather than oil, even though the cost per firing is usually considerably more.
In most respects, gu(is the ideal fuel for kilns. It is safe, easily burned, cheap, and
gives perfect results. Unlike oil burners, gas burners are simple, inexpensive and
foolproof. . 5 :

Natural gas is much to be preferred to coal gas or producer Ne'latter are

manufdcturod from coal and have less B.tu.’s per cubic foot than hatural gas.

Moreover, coal gas contains sulphur, which may be damaging to glazes. Where

only producer gas is available, it may be better to choose liquified petroleum gas -

as a fuel.
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12, Open-top updraft kiln in Ma.rgﬁ’é‘riras. Crete. The potter is making five large
- jars, each of which is turned on its own wheel. The potter works on each piece in
% turn, while the others stiffen in the sun.

13. Updraft kiln in Crete. The single firemouth is below ground level. ‘
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—THE DESIGN AND CONSTRUCTIQN OF XILNS 74
wIn the early stages of firing, a drip feed to the burner ports may be contrived,-
as shown in Figure 74. Oil is fed through a flexible copper tube onto a siall piece
of ‘insulating brick. With this arrangement, the advance of heat can be closely
controlled, and when the main burners are turned on, they work well because the
burner port is already hot.

A homemade oil' burner may be constructed from pipe ﬁttmgs as shown in
Figure 74. This burner works fairly well, especially if the oil tank is elevated to
about eight feet or more above the burner, giving sufficient head to the oil pressure
to cause a lively squirt from the small orifice. The nozzle may be shaped by
cutfing the small end off a 14 to 1 inch bell-reducer fitting. As with other low-
pressure oil burners, the operation is fairly efficient wheq the l?urner port is red hot,

orf

.
bell redvcer

ar from Kowet

74. Oil burner made from pipe fittirigs. |

but not so successful in the early stages of the fire. The position of the orifice. in
the air nozzle is-critical for the best breakup of the oil. It should be just back of
the end of the nozzle. The burner should be placed so the nozzle is slightly inside
the port, where it will be warmed by the fire. Discarded vacuum cleaner blowers
have been used for improvised oil burners. -

*, Since oil burners of the type described depend on a motor driven blower to

supplv the air, a power failure can be dangerous. Without an air supply the burning
oil - ‘may run down the outside of the kiln. Careful supervision of the firing
absolutely necessary. A valuable safety feature on any oil-fired kiln is a solenoxj
valve which will shut off the oil supply in case the electricity fails.

-



14. Lafge updraft kiln at Bab Tisra, Morocco. The walls of the cylindrical struc-
* ture are heavily buttressed. Photo by Nan Sugar, coyrtesy of Craft Horizons.”

7

ing of broken pottery or tiles. This design represents a great advance over the pit_
fire, incorporating all the elements of the kiln as we know it today: a ﬁ'rcplace or
mouth in which fuel can be burned and heat genen:ated; a chamber in which the
ware is placed and which will’ retain heat; and a flue or exit from which the hot
gases can escape, thus Creaﬁng a draft that pulls air into the firemouth and moves
the heat upward through the kiln. Although' there wds much room for improve-
_ment in the design, this arrungement of elements furnished the prototype for most
ceramic kilns used in the Mediterranean arca and in Europe down to rhodern times.!

Early kilns in Egypt, Asia Minor.and the Mediterrancan area were made from
sandy adobe brick, fired brick, or from sandstone. The walls of the kilns were laid
up with clay, and often ezyth was pilcd up around the striichire for better heat
retention and support. The kilns were often constfucted'éghinst' a hill or bank..
At this stage, the kiln becamie a fixed structure, and could withstand numerous
firings. Early kilns in the Mediterranean area were loaded from the top. The pottery

Aceording to lau.];wllg- Chang in Chinese Caoking ‘\In([p‘lfasg/ { Liveright, 1959), kilns of this gen-
eral type have been unearthed near Chengchow, China. Since they are from the Shang period,
thev may antedute the bank or climbing chamber kiln.
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72. Denver type oil burner.

/e

a nist composcd of small droplets. As se -condary air is pulled into the burner pOrt

which may have a conical shape, complete combustion. occurs. By adjusting the
flow of both air and oil, the intensity and mixture of the blaze can be closely,
controlled. A burner of this type requires a blower, which may feed two or more
burners if a suitable manifold is provided. To 015er'1tc two burners, a blower with
a casing of about 16 inches in dlameter running at 3500 rpm and generatmg at
least four ounces of pressure w111 be required. '

73. Drip feed warmup for oil-fired kiln.




/'m;ef ‘fire /A,é e

/ae/ﬂmfeu./ Fbor

15.. Ancient Greek kiln,
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16. . Greek kiln as depicted on an ancient Corinthiancpinax. The poh‘ef is raking ‘
the coals from the firemouth of the kiln. The kiln door with it spy holeand tie
vent at the top of the k’iln are clearly indicated. Frem Techniques of Painted Attic
- Pottery by Joseph V. Noble (New York: Watson-Guptill, 1965) \




’




.
¢
’

.

. controlled and may vary from a low smoldering fire at the beginning to a fiercely

15 ' \Early Kilns

was piled together in stacks or bungs. leaving sufficient passage!for the flames.
Toward the top, a laver of broken shards was placed over the pats, overlapping
like loose shingles to retain the heat. The firemouth was large enoygh to contain a
sizable fire. with bricks or stones placed in it to form a grate and to enable air to
reach the buring fuel. Brush, reeds. small twigs' or branches, or split wood was
used for fuel. With drv brush a fiercely hot flame could be generated in the fire-
mouth. producing a rapid buildup of temperature in the chamber

The advantages of a simple updraft kiln of this type are obvious.|The fire can be

hot blaze at the height of the firing. The hot gases and flame from the fire effec-
tively circulate heat directly to the ware. The walls of the kiln retain the heat,
and as the surfaces of the walls become red hot they reflect heat back into the
kiln. The top of the kiln can be covered during the firing, to retain heat but allow
the escape of sufficient hot 'gases to create a draft.

an

17. Ancient Corinthian pinax. showing the interior of the kiln. The figure at the
left is a restoration by R. M. Cook. The vases in the kiln are clearly shown, but are
probably in a more helter-skelter arrangement than they would hage been in an
actual firing. The perforated floor is shown with its supporting post below. The
embers of the fire are represented with dots. Near the top of the Kiln, two draw
trials are shownszboth with holes in them to enable the potter to hook them out
with a rod. From Techniques of Painted Attic Pottery by Joseph V.INObIe.
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temporary dome

of clay amd Straw 18. A Roman kiln.

e

We know from the ceramic wares produced in Egypt, Mesopotarriia, Crete, and
the Aegean areas that primitive, open-topped, upgraft kilns reached 900° C...and
in some cases were fired perhaps as high as 1050° C. This relatively high tempera-
ture, together with a degree of control over the advance of heat, enabled the
improvement of pottery and the development of ceramic glazes. Once this basic
updraft kiln was perfected, little further improvement was made in kiln design in
the Mediterranean area and in Europe until comparatively recent times.

The design of kilns used in ancient Greece is'quite certainly known from depic-
+ tions on ancient pottery. With their knowledge of how to construct a dome, the
Greeks built their kilns in the s}?ape' of a beehive, as shown in Figure 15. The fire
was introduced into 2 small tunnel leading into the chamber. The draft was con-
trolled by opening and closing a-hole at the top. From ancient drawings we can
be certain that the kiln had a door, a” hearth on which the pottery was probably
placed, and a space below for combustion. The Greek kiln was probably made of
- fired bricks or adobe. Judging from the pe'rfech'on of finished Greek pottery, with
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elevated only a few feet above'the bumer to give an dd(’(]lldt(‘ How. For safety, a
fairly long run of pipe is recommended, so the oil tank will be at least 15 feet away
from the kiln, and preferably outside the bu11d1ng A 200-¢ gallon oil tank of the type
used for household space hcatmg_, is adullnt(- for small Lllns A strafner should be-
provided dt the exit of the tink to prevent clogging. A reasonably well insulated
kiln of 20 cubic foot capacity may m}\( about 50 to 75 gallons of oil to ﬁrc It is
wise to have an dmplo reserve capqutv in the tank.

For drip burners, kerosene or numb(r 2 diesel fuel may be used. Kerosene
volatilizes easily but does not yield qmtc as many B.t.u.'s per Ballon as the heavier
diesel fuel. Oils hea\ ier than number 2 diese] will not bum cfﬁucnt]y_ in drip
burners.

More eﬂicmnt and more m((,hampal]v complex types of oil Burners involve the
use of air under pressure or both aif and oil under pressure. A low pressure burner
of the “Denver” type has proved to be very satisfactory for ceramic kilns. As shown
in Figure 72, the oil is fed by gravity to an adjustable needle valve, escaping
through a small orifice at A. Air feel from a blower enters at, B.and can be adjusted
with a butterfly valve. The air mixgs with the oil as it exists at C, breaking it up into

i
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control and could be made to oxidize or reduce as desired. Greek 1\11/1']5 were prob-
ably not large perhaps no more than six feet in diameter.! /

Most of ohr information on Roman kilns comes from archeologlc,al studies in the
British Isles‘ Roman legions stationed in England maintained 51zab/le ceramic plants
for the proiiuchon of brick, pottery. and-tile. The remains of such kilns have been

“found at Holt in Denbighshire. Here a factory complex has been excavated which
consists of seven or more large kilns. These kilns in essence were sizable perforated

clay floors with a space underneath in which the fires were built. The wares to be

‘fired were evidently arranged on these floors and were mudded: over to form a

temporary “scove” kiln which would retain the heat.

Many smaller Roman kilns have” been excavated at V/anous sites in England
Most of these are of the general type illustrated in Flgu/re 18. It will be seen that
the deslgn is not unlike the Greek kiln except that the ware 1tsolf was set in a
tt‘mpordrv chamber rebuilt for each: ﬁrmg The fire wa's built in a fire mouth which
led into a combustion chamber below the kiln proper. The ware was placed on
perforated clay floor tiles or on clay bars. supported'in part on a pedestal extending
into the combustion chamber from:the back.. The raw pdEs were piled up on this
floor in a-bechive shape, and over the pile of pots several layers of clay and straw
were plastered, leaving enough openings at the top for the escape of the hot gases
from the fire. The kilns were four to six feet in diameter, apd the firemouth was
usually eighteen to twenty-four inches across.”

'Jospph V. Noble, in The Té%lmiques of Painted Attic Pottery (New York: Watson-Gupthill,

1965) gives a definitive account of the techniques of forming, decorating, and firing practiced
by the ancient Greeks. Also in this book is a translation of the poem "Kikln," attributed to Homer.

its refinement of surface decoration, we can be sure that the kilns were under good

]

-For an excellent study of Roman kilns see Phlllp Corder, ¥The Structure of Romano-British. ™

* Kilns,” Arclmologlcal ]ournal Vol. MXIV, 1957, pp. 10—91




68. Drip oil burner.

The problem in l)urningg oil is to break up the liquid into vapor, small droplets
or mist. and to bring air to the oil so it may ignite and burn. Since oil is widely used
as a commercial fuel. a great deal of engincering talent has been devoted to the
design of oil burners. There are innumerable tvpes of oil burners on the market,
most of them rather too complex and efficient for pottery kilns. The simplest oil
burners. though certainlv not the most efficient, are based on the idea of volatilizing
oil on a hot surface. An updratt burner of the “drip” type is illustrated in Figuress.

The oil feeds by gravity to a valve from which it is dripped into a funnel and pipe
leading to a cast iron pan. Here it is ignited. and the flame is drawn up.through a
cast iron collar, with perforations in it to admit air. The air mixes with the volatil-
ized oil, and combustion occurs as the flame enters the kiln. Radiant heat from the !
kiln heats the iron plate so that when the oil drips.quto-it. it rises 1I‘lSt8ﬁﬂ}=”=§S§‘§=" o

vapor and is ignited. /

hid

e

This type of burner works very well when ho.t, but may burn with considerable
smoke in the early stages of firing. Incomplete combustion of oil sometimes causes
~.the growth of a carbon clinker above the burner. This may have to be broken up
with a poker. v
Another type of drip oil burner which operates horizontally and is therefore
better adapted to downdraft kilns, is shown in Figure 69. A steel tube about 6

TISE NIV FRNL ¢

. iljches sgiare and 12 inches long is set into the wall of the kiln. Welded into the
tdb( are two plates set at anglas as shown. Oil enters the tube in a small pipe,
dhppmg onto the first plate, where it ignites. Any oil not burned on the first plate
drips off anto the second, burning therc When the burner is hot, most of the oil is
completelv volatilized in the burner and mixed wlth the air drawn into the end of
the tube. A sliding plate controls the amount of an As in the case of the first drip
burners de scrlbed this device works well whep hot, but will give a rather smokey

A flame during the early stages of the firing. Some device for mixing a small amount
of water with the oil will improve combustion in the drip burner. Although such
burners have given satisfactory service over many firings, prolonged usage will
oxidize the steel tube, making the life of the burner relatively short.

The advantage of drip-stvle burners is that there are no moving parts to go out
of order. The oil is fed by gravity, so no pump is needed. The oil tanks need be

L




| Kilps of the Orient |

.

'ONE OF THE MQST FASCINATING aspects of the history of
ceramics is the development of kilns in the Orient. At an early date, the kilns in
use in China, Korea, and Japan were superior to any in the rest of the world until

comparatively recent times. The high achievements of the Oriental potters were

made possible to a considerable extent by their possession of well constructed, effi-
cient kilns in which a relatively exacting control of temperature and atmosphere
was attainable. The development of porcelain depended on the attainment of very
high firing tel‘r/]peratur_es. Such temperatures were possible in Oriental style kilns,
but werfigoinp}ételiy qut of reach in the more primitive kilns used in the Weést,

~ Ceramic art in China is of suth antiquity that the design of the earliest kilns used
can never be known. It is certain, however, that by about 1000 B.c. Chinese potters
were making wares that were fired above 1100°C., and we can infer the existence
at about this period of 2 kiln that would reach temperatures higher than any
previously attained in other parts of the world. One possible clue to the design of
the earliest types of kilns in thie Orient is the surviving remains of cave or bank
kilns in Japan. Thesc kilns were used in Japan from about tlie cighth century to
~ the thirteenth century, and enough archeological remnants of them still exist to
~ enable us to reconstruct their original form and method of operation..Ruins of such
kilns have been found near Seto, where they were used for the production of the
Sut pottery and for firing early Seto stoneware. Other cave kilns have been found
near Fukui, where the Echizen style of pottery was made. These cave kilns must

have been copied from similar kilns on the mainland of Asia; the knowledge of

_ building and firing them probably came from Korea. It is possible that these

Japanese kilns represent a type which was used for the first high-fired stoneware

of China. ) : y
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3 ' o C
their bundles of wood directly on the top of the kiln to insure dryness. Wood must

be fed in at the proper rate; if not enough is added, the temperature in the kiln
may drop precipitously, especially it*the damper is open and cold air is being
pulled in through the grate. But if too much wood is piled on, the fire may be
temporarily smothered, causing a loss rather than a gain in heat. Steady stoking of
a few pieces of wood at intervals of about 5 minutes usually gives the best rate of
climb. It is seldom necessary to remove ashes from the ash pit during the firing,

" but it may be necessary to rake them smooth to insure the entry of plenty of air

from below the grate. An iron tool similar to a hoe is useful for this.

Firing with wood inevitably produces a great deal of smoke, and for this reason
the location of the kiln should be carefully considered. A well yentilated kiln shed,
standing by itself and with its separate ghimney, is the ideg! situation. Lacking a
reasonably isolated site, one must have tolerant neighbors: ‘

The ash that is drawn through the kiln in wood firing affects the pyrometric
cones. Wood ash contains many alkalies and these fuse with the cone, causmg it
to melt at a tempc rature somcwhat lower than normal. This difficulty can be
avoided by making a little clav “house” or roof over the cone plaque, to shield it

* from the deposit of ashes. In stoneware, the influence of the deposited ash on the

glazes is often esthetically welcome. Accidental mottling of color and texture may
be noted on the shoulders of jars and on thé horizontal surfaces of plates or lids.

If the clay contains even a small amount of iron, flashings of brown to reddish .

brown will be noted where the flames have licked about the pots. The wood fire
produces a long flame, extending through the entire setting to the flues.

It is possible to obtain a clear or oxidizing fire with wood, but if the most efficient
rate of climb is maintained the atmosphere tends to be neutral or slightly reducing.
This accounts for the fact that almost all pottery in China and Japan was fired in
reduction or partial reduction; that was the most efficient and ;economi'cal way of
reaching the desired temperature. .

Firing with oil presents some difficulties and .requires rather more equipment
than other fuels, but since oil is fairly cheap and available everywhere’it may be
the most practlcal fuel.

67. B.t.u. ratings of various fuels,

Natural gas *950—10350 B.t.u./cu. ft.
Butane gas 3210 B.t.u./cu. ft.
" Propane gas 2558 B.t.u./cu. ft., or 93,500 B.t.u. /gallon
#2 Fuel oil 135, 000—-1‘39 000 B.t.u./gallon
Electricity 20.3 K.\W.H.7100,000 B.t.u.
Air dried hickory \vood 24,200,000 B.t.u. cord

Air dried aspen, wood 12,300; ()()() B.t.u./cord

™
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 The Japanese cave kiln was made by digging a cave into a b;ank, as shown in

Figure 19. By present day standards, the kilns \ﬁ;(are not Iérge. The main chamber
was about four or five feet across, three feet high, and ten or twelve feet long. The
cave sloped at an angle of abqut 30°. The entrance to the cave was just large v
enough for a man to crawl through. At the back, a flue hole was cut, leading to
. ground leyel above. The kiln was located in an area-of sandy soil with considerable
clay in it. Soil containing rock would not be sufficiently stable when heated. The
kiln was set by c'ruwling in through the opé\ning‘with the pots, which wgré set on
the stoping floor on wedge-shaped pads of clay to make the pieces stand upright. =
Pieces were stacked one on the other, with no shelves or saggers. The fire was
built in the entrance. Flames traveled upward through the ware, and out the flue.
After numerous firings, the inside of the kiln became fired, and the hard crust of .
burned soil formed a tough and relatively permanent lining for the cave.
These early cave kilns of Japan may seem crude and rudimentary but beautiful
high-fired stoneware was produced in them. ’I:he; represented an advance in design
A over the simple updraft kiln of the Near East. Since the kiln was completely
inclosed and backed up with earth, it retained the heat well. Furthermore, the heat

4




66. Placing saggers inside the Abuja kiln, Photo by Francis Uler.




. .‘ZO‘.Q A Chinese kiln of the type used at Ching-té-chén for firing porcelain. '

3

. was forced into a crossdraft path, ins;ead_of sweeping directly upwards, and thus
was transmitted more efficiently to the ware. The flue hole was only large enough
.~ to produce sufficient draft, and.could be closed off for adjustment. I:fro;r“h the cave
\ kiln it was only one step to the downdraft kiln developed in China. \
Figure 20 shows the design of a modern Chinese kiln of the type used at
Chihg—té-chéri, ancient center oF‘porce]ain production. Its shape is cgscntiully the

same as the cave kiln. The structure is roofed over with-a dome, somewhat in the
shape of a beehive. The crass section of the kiln diminishes toward the back and.
the opening into the chimnéy is at floor level.! The floor slants upward somewhat.
Ware is set in the kiln in such a waiy as to baffle the heat upward toward the dome.!
The flames then pass across and down through the setting to the flue. The rather
indirect circulation through the kiln favors-an efficient exchange of heat to the

| S
! In designing a kiln which had a diminishing cross section towards the flue, the Chinese apparently
hit upon a principle which promoted even temperature. The hot gases as they passed through the
constricted rear of the kiln traveled with increased .velocity and therefore more heat was trans-

mitted to that part of the setting by convection than would be the case in a rectangular kiln. See

Part II, Section 3 below on heat transfer. i .
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65. Peotter at Abuja. Photo by Francis Uher.

temperatures in-excess of 13007 C. can be reached. At that h cat, the roar of combus-

tion and the white hat.intensity of the fireboxes let one know that a firing is really

° in process, and each new picce of wood tossed into the inferno almost explodes
into pure incandescent heat. It is exciting. ‘

- : Management of a weod fire requires some experience and considerable care. The

waod must be split down to picces of the proper sizesand must be thoroughly dry.

If the wood is even slightly damp, the heat required to volatilize the watér as steam

will tend to cancel any gain in temperature. [t is wise to provide a drying rack near

or over the kiln where the fuel can be stored until used. In Japan the potters pile

‘




21 ' Kilns of the Orient
ware? Kilns of this general type were probably in use in China by the beginning
of the Christian era, and perhaps earlier. '

“The Chinese not only were clever designers and builders of kilns, but they also
had good refractory materials to work with. Fireclays and kaolins are quite common
in China and were widely used for kilns, whereas in Europe and the Near East,
bricks of ordinary: red clay were used. The more refractory materials were able to
- withstand high firing temperatures. In some Chinese kilns blocks of unfired clay
were used. but more commonly, regul:ir bricks, made and fired {or the purpose,
were emploved.

The multi-chambered kiln as it developed in China was a near perfect design.
Several chambers were linked together on a sloping site, through which the heat
passed from one to the next, as shown in Figure 21. This design makes use of
downdraft circulation. with the exhaust heat of each chamber being utilized for
warming up the next. When all the chambers are set.with ware and the doors
bricked in, a fire is started in the main firemouth. This is a domed enclosure with
a grate tor holding the fuel and passages to admit air. The fire is kept low at first

21. An Oriental chamber kiln®

g .







. A model of a Japanése chamber kiln. The model-represents a type of kiln
formerly used in the Seto region. There are three separate firemouths, and another .
large firing chamber built below the first ware chamber. This kiln was larger than

any now in use in Japan. Model in the Municipal Historical Museum, Seto, Japan.

23. Kiln in Shigaraki, Jepan. The Shigaraki kilns have an unusually steep slope '




62. Temporary wood Burn{n,g kiln built by students at the Haystack School, Deer
; ‘ Isle, Maine. Photo by Michael Cohen.

B

63. Kiln at Abuja, Northern Nigeria. This kiln wds designed and built upger the
. . - supervision of Michael Cardew, and is similar to one he built for his oufitpottery *
in England. Photo by Francis Uher, courtesy, Nigerian Minister of Information.
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/‘ 24. Japanese chamber kiln.

to drv out the ware, then gradually increased unti] a temperature of 1250° C. or
more is reached. The heat from the firemouth warms the whole kiln and a strong
- draft develops in the ascending chambers. When maximum heat is reached in the
firemouth, the first chamber will have reached red heat or more throughout. Fuel
is then fed into the first chamber thro{ngh openings in the doer. No special grate s
is provided here, but the wood burns rapidly because the air for combustion is '
preheated as it passes through the main firemouth. When the temperature in the
; first chamber rises to the desired degree, firing begins in the second chamber.
Preheated air reaches this chamber from the now cooling first chamber. Thus the S
firing proceeds up the slope. When the last chamber is reached, little, if any, @
additional fuel is required. '
The chambered kiln has some admirable design features. Architecturally, the
structure is quite self-supporting. Since cach chamber serves as a buttress for the
next, no external bracing is necessary. When heated. the expanding domes rise
without undue strain on any part of the kiln. The walls of th\(- kiln arc fairly thin
. and without insulation, in contrast to Japanese kiln walls which are usually about
eight inches thick and made of hard firebrick. Since the firing is quite rapid, the




61. Two-chamber wood [:urmng kiln [)ux[[ by William -Ale xander at Ft. Comn&;m
Colo. The domes were made of cone-shaped brick made especially for this kiln.

]
.

Coal has been widely used in Europe as a fuel for kilns, as it releases a great deal

of heat for its weight and bulk. However, the sulphurous gases released by burning
coal make the use of saggers necessary, and the high ember temperature of coal .

causes grates to deteriorate rapidly. Sawdust, which is sometimes used for space
heating. in tlm Northwuest, might be a g(xxl (ucl for kilns if _a proper burner could
be devised . -

Grass, brush, reeds, leaves, or anv other (Ir\;‘()ri_,;‘liiic' matter can be used; but the

difficulty of gathering, storing, (lr\m" and sl()lxlm_, thusu lighter fuels seems to rule

~

them out on prd(*hcal grounds, - : | i

There has been rencwed interest in wood as a fULI for pottery firing because of
the possible textures which may result from flashing and from the deposit of ash
on the ware. Aside from these benefits, the management of wood burning kilns
offers a sense of participation in the firing process which is entirely Jacking in
electric firing and which may be minimal in the case of oif o fas. Slmplv wood-fired
kilns mav be ideal-for « amp projects or for the amatear \\lm wishes to return to
busic processes. especially if there is a souree of ln(“.‘(p(‘ll.ﬁl\(“\,\ ond at hand.

Contrury to popular opinion. the use of wood or coal instead of gas or oil does
not mean wiy serions loinitation of temperature, and with w well-designed kiln,

A

“-?fki




25. Shoji Hamada's kiln at Mashiko, Japan.

lack of insulation is not a great disadvantage. The heat hardly has tifne to work

itsélf through the walls.

The generous size of the main firemouth permits the rapid burning of a large
quantity of fuel and a consgquent rapid buildup of heat. The firing spaces within

the chambers themselves alsw have ample room for the combustion of fuel. This,

together with the large amount of air that is drqwn in by the ascending gases in
the entire kiln, enubles the rapid release of great quantitics of heat.

In dach chamber, the forward wall of pottery or saggers is arrangdd in such a
way as to deflect the heat upwards. The flame and hot gases then pass downward
through the setting and through the passages to the next chamber. Considerable
contro} of the temperature in various parts of the chamber is possible through the
arrangement of the setting.

Usually provided at the top of each chamber are one or more blow holes, which®
may be opened during the firing to permit some of the flame to escape at that:
point. The upivard slope of the kiln, inducing the rise through the chambers of a
large volume of hot gases, makes a chimney unnecessary at the last chamber.
Chamber kilns in China are large, often having an interior height of 13 feet and



60. Wood burn’ing catenary arch

o

*iln built by qu’;m jcssﬁnan at Coriland;’N. Y.



26. Kiln at Ryomonji, in southern ]a}mn. The l\xh&i shed is roofed with cypress
bark. Z

up to ecight chambers. Such kilns hold many thousands of pots. Japanese kilns are
usually smaller, but some have an interior heiglit of 6 feetr i
is the tendency toward rapid

cooling. All the air for combustion passes throughy charfibers ‘that are cooling, and

One disadvantage of the sloping chamber kil
while this increases efficiency by heating the airj it takes heat from the ware in
ver, if thoroughly closed up after

N

the early stages of cooling. The last chamber, how
firing, will cé{)l slowly. r

Figure 27 is a chamber kiln at Tehwa in the province of Fukien in South China.
The drawing is based on data obtained by Willard J. Sutton in 1935. The kiln
consists of six chambers of very large size. Eachjchamber is 20 feet deep, ten feet
wide. and 15 fc‘c-t high. The floor of each chamber is divided into five steps on

which the rows of saggers are set. The domes afe somewhat pointed and are laid

with brigks sct in a herringbone pattern. The wialls of the kiln are approximately
two feet thick at the bottom. reinforced and buftressed with rock on the outside.

Doors are provided at both sides of each chamber, but the doors are quite low, just

a bit over five feet high.




61 : : Fuels, Burners, and Combustion

B
s

Burning solid fuel usudlly involves intermittent stoking\,'and there must be ample '
flue area to take care of sudden bursts of hot gases. Often 4 blow hele is opened in
the crown of the kiln during stoking to permit the easy escape of sioke and flame.
In general, solid fuel burning kilns need large flues and high, generous chimneys. 7

Soft woods with an open grain structure are preferred for kiln firing. It might be
thought that the hardwoods. which have a higher potential in total heat released £

_per pound of wood, 'wo‘uld be more preferable. Howevgr, the soft woods actually

\a.,
4
B F‘ .>
)
‘ N £
/ -
yield more heat because the heat is released at a faster-rate, an important factor S

in raising the temperature of a kiln. Woods such as pine, fir, hemlock, or spruce
make excellent fuel, and if a source of supply of such woods is available, the firing
cost may be comparable to the cost of firing with oil or gas, or even less. But
constant attendance at the firing and the necessary labor of splitting, storing, and
drying the wood weigh against wood as a practical fuel. * .« ‘
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27. Large ehamber kiln for porcelain at Teivah, Fukien Province, China. Drawing
based on data supplied by Dr. W. J. Sutton.

o
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maldng it again available to plants. The burning of anv carbonaceous materials

ge Hng )

sucll as wood, coal, oil or grass likewise releases carbon dioxide into the air.
Combustion of carbonaceous matter occurs in the presence of oxvgen whenever

- the kindling temperature is reached, and as we.know from practical experience,,

fire is sustained as long as fuel and air are available. In practice, arrangements for .
combustion vary with the nature of the fuel. whether it be solid, liquid, or gaseous.
In each case, the ploblem is to blmcr the fuel into contact with enough oxygen-
bearing air to support complete combustlon All solid and liquid fuels must be
converted to gas before combustion begins..Conversion of a solid fuel to a gas is
brought about through an increase in temperature, and the higher the tempera-
ture, the greater the conversion speed.

Solid fuels are-difficult to burn, because oxygen can onlv reach the surface and
the mass burns onI as it is eaten away or consumcd by fire. Solid fuels burn more
readily when reduced to smaller unit size.

Wood, coal, or.coke is best burned on a grate to hold the fuel up so air can
circulate under, ‘around, ﬁ}nd through the burning mass. Anyone who tends a fire-
place has learned that the secret of a lively blaze is getting the air to the fire.
Grates are made of bars of iron or clay that will withstand the heat. As the firing
proceeds, ash residues drop through the grate to an ash pit below, as shown in
Figure 43. Unless provision is made for the ash to drop away from the fire, its
accumulation will choke off air for combustion and slow down the fire. To insure
a continuous influx of air, a draft is necessary; a strong and steady pull must be
established in the kiln and chimney to draw in air at the point of combustion. The
need for a positive inrush of air in solid fuel burning kilns usually requires a fairly
high chimney.! Adjustable openings to admit air below the grate bar level provide
control for oxidation and reduction. An excess of draft capacity is desirable for
flexibility of operation.

Some; wood burning-grates for kilns are operated on an up51dedown system as
shown in Figure 59. In this system, the wood is piled on the grate and the bottom
pieces burn first.-Ash residues drop through the grate, allowing the pieces above
to drop down toward the grate where they ignite and burn. The advantage of this
arrangement is that a stack of wood can be left on the grate and the fire will feed
itself unattended until the whole stack is burned. Such an arr angement requires a
strong draft and has the disadvantage of not working well until the firing has
reached a certain intensity.

Ample space must be allowed for the combustion of sotid fuels, and even in small
kilns the grate must be large enough to take sufficient fuel to liberate the necessary
quantities of heat. For this reason, very small wood- or coal-burning kilns' are j
impractical, because too high a per centage of the total space must be given over
to combustion. ;

! Oriental chamber kilns, which have no chimneys, nevertheless dcvelnp a stron;‘ dmft because the
entire kiln is built on an upward slope

a




29. Korean potters preparing for a ﬁring..-

These kilns were constructed of very large firebrick, made locally. The kilns at
- Tehwa were used for porcelaih manufacture, and were fired to approximately cone
14'in a neutral or reducing atmosphere. Each chamber was fired for about 24 hours,
and the whole firing opération extended over a w/cJek's time. It is not known whether -
these Tehwa kilns are still in production. .

The Korean kiln,-Figure 28, is also built on a slope, but is not divided into
separate chambers. It may be a surviving type which had been in use earlier in
China, or it may be a local Korcan devclopment‘ The kiln is essentially a long
wbe, partially buried in the cggth and sct on a slope of about 25°. It has been . § .
called the “split bamboo” kiln because of its half-buried form The chamber may be o ‘
six feet high inside and 100 feet & more in length. It is probable that this style of ‘
kiln, still in use, is similar to those in use during the best years of Korean pottery,
from about 1000 a.p. to the end of the Yi Dynasty in 1910. ®

In the Korean s&stem of firing, there were no chambers or separahons in the long
kiln. Each part is fired by stoking through holes in the top of the kiln. These stoking

’ ' %
' Dr. Sutton reports seeing kilns in Fukl( 11 provmcr China, which had very little dividing wall
between chambers. These kilns may be surviving exarmples of the prototype of the Korean kiln.
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Fuels, Burners,
and Combustion

A

ALL KILNS OPERATE through the release of heat-energy
, This release must be achieved” by the combustion of fuel. Electric kilns, an
exception to this, are discussed senarately They -utilize .the radiant heat created
by electrical reSistance.

A distinction should be made between heat dnd tempcraLme Heat refers to the .

quantlty of heat-energy released and is measured in B.t.n’s or calories. The B.t.u.
or British thermal unit is. the amount of heat required to raise one pint ,6f water

one degree Fahrenheit. A calorie is the amount of heat required to raise one cubic '

centimeter of water one degree Centigrade. Temperature, or the intensity of heat,

s measured in degrees Centigrade or degrees Fahrenheit. Ohe degree Céhtigra‘de

is 1/100 of the temperature differential between boiling and freezmg water.
Combustion involves the reaction of a calbonaéeous fuel with oxygen: ‘and the,.

attendant release of heat. The reaction of combr}ustlon may be cxpressetl in the k

HEAT , g

chemical formula: C +4- On = CO,. Thus the carbop d}é converted to the gas carbon
dioxide. N i

The carbon cycle of nature.is an interesting henomenon It is beHeved that in

" remote geological ages, before the advent of life, there was more carbon dioxide

in the air.than at present. Plants learned to fikate this carbon in their strpctures

This is accomplished by photosynthesrs ‘a proéess in which the plant, through the
action of sunlight on its leaves, forms complex hydrocarbons from water, air, and
carbon dioxide. The residues of dead planty are almost pure carbon and isurvive
on earth in vast quantities in the fossil forms/ of coal and oil. Animals utlhze‘oxygem

_from the air to oxidize plants as food, exhaling carbon dioxide as a waste product,

‘ N
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holes are located h)ur or ﬁ\ e feet apart on both sides of the ;l\lln At the start, a fire
in the main firemouth, brings the lewer part of the kiln up fo the dcsu% tempera-
ture. Then each pair of shl\v holes is plu(l with wood. and l(lu* zone of
travels up the kiln. No special grate is provided below the l,toke hole
just tossed in to burn‘among the rosws of pottery. Needless|to sav, some of the pots
are hroken in the process. Since the air coming from ffimshed sections is hot,
“combustion is quick and intense, and the temperature of the zone being fired rises

ghest heat
“the wood is

verv rapidly. ’ i
- l

l

32. Stake holes at the top of a Korean kiln. The clay pluo‘,‘ are removed when fuel

is bfmc' fed into the kx[n Photo by Young Suk Kim.




33 , European and Modern Kilns

Many vamations of the tunnel kiln were tried, -but success had to wait for the
development of ethcient ol and aas burners. One intriguing carly (hw‘ivn patented
m England in 1905 by ] Boult, was a tunnel kiln mcorporating, a “tank ()f wate
below it onavhich barges Hoated the ware through the kiln.

Figure 35 shows a m()dc'm tunnel kiln in schematic ¢ sssentials. As shown in the
cross section. the metal wheels and top of the cars are scaled-aw av from the heat
by a sand seal. The cars are advanced slowly through the tunnel with a hvdraulic
,pusher or ather motor driven mechanism. Above, a svstem of ducts controls the
distribution of heat. Flot air is taken fromn the cooling end by a blower, and sup-
plied to the burners. Excess hotair is pumped to other parts of the shop for.dx\mg
or heating. An exhaust fan at the entrance of the kiln draws w arm air into the
preheating section. Thus most of the heat is utilized. The great advantage of the
tunncl kiln is that no heat is wasted in the periodic heating and cooling of the kiln
itselt. Constant heat also lengthens the life of the kiln, since it is not subjected to
the Afh roating expansion and contraction caused by heating and cooling, The fnmg
evele can be readily adjusted by contralling the speed of thv cars. A further great
advantage of the tunpel kiln is that the se tting and drawing of the cars may be
done in the open. ‘

Obviously, a large and xtvad\ production is needed to justify a tunno] kiln, w h1le
small scale or intermittent production is still hest fired in P(’l’lodl(‘ kilns..

Straight tunnel Kilus are built with a spare track beside them on which the cars

arc returned to the entrance, where thev are resct with ware. Some tunnels kilns

are built on a circular plan, as shown in Figure 58. Although the construction of
such kilns is more complex, there is an advantage in having the unloading.and
loading at the same station, especially in the case of a small kiln operated b_\r".()m-,
man. : . R ’ B

The art of building periodic kilns was: (uite complete by the year 1900, with the
exception of two aspects of the kiln which were more-fully developed in the
twenticth century. These were, first, the introduction of oil and gas for fuel and the
pe rh ction of fuel burners, and, second, the d(\(*]()pm( nt of H]]I)T()\'(d refractories,
c\[n ciallv msulating refractories. It is interesting to note that A. B. Searle in his
book Kilns and Kiln Building, published in 1915 makes no mention of insulation
or insulating refractories. At that time there were no oil-fired kilns in England, and
the ouly gas kins were those few that used producer or coal gas.

Pyrometry, or the measurement ‘and control of temperiture, has also reached a
high stage of development since its beginnings around 1900,

. »

PSearle. AL B Kilng uned Kilwe Building ( LettderrFhe Chovworker Press, 19159,

! -
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The Korean kiln must be considered more primitive in design than the cham-
bered sloping kiln of China and Japan, but it operates with fair efficiencv. It is
loaded by entering either through the firemouth or through an opening in the side
of the kiln just above. the firemouth. The upward slope of the large chamber
gives a powerful draft. Once brought up to red heat over most of its length, it
consumes fuel at a rate sufficient for a rapid rise of temperature. Exact control over
temperature and atmosphere, however, is not possible in a kiln of this tvpe. During
the firing, two men work on either side of the kiln, stoking wood into opposite

stoke holes. Rather long poles of wood are used which burn crosswise in the kilf’

between tiers of pots, Temperature is gauged by color alone, and the effect of
stoking is to raise one rather short section of the kiln to the desired heat. Then the
stoking proceeds to the next pair of holes. Korean kilns of this type are now used
almost exclusively to fire kimchi jars, used by the Korean householder for pickling.

An interesting variation of the Korean style kiln is the type used in Japan at the
village of Tachikui, Hyogo prefecture, for the production of FTamba wares." About
twenty of these kilns are still in aperation. The original design was probably estab-
lished by immigrant Korcan potters about 1600 a.p. The Tachikui kilns are about
150 feet long, and are built on the hillside with an upward slope of about 30%

Like the Korean kiln, the structure is essentially a long tube, partially buried in

the earth as shown in Figure 33. The kilns are made of handmade refractory brick
laid with considerable clay mortar to form the barrel vault. The cross section of the
kiln is-rather small—44 feet wide and about 3 feet hxgh Spaced along the kiln are
seven or eight doors, and the kiln bulges out a bit-at the doeors to form a wider
interior space. At these points, some piers from floor to arch help support the
structure, but there is no division into separate chambers. Between doors there are

8

Cross section
¢ avor

33. A Tamba kiln, Japan. ’ ’ "
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the principle of these early tunnel kilns was the same as those of today, it should
be noted that they were not successful, mainly because of inadequate seals between
_, the-firing chambers and the mechanism of the cars. The first successful tunnel kiln
was designed by O. Bock in England and patented.in 1877. Bock’s kiln had a sand
seal similar to that employed today, but it had the disadvantage of being insuffi-
ciently long to give a good firing to the ware. Another difficulty with the early

to Stgck ' waste heat fo.drer

[_ /bn'/lpal’lu’ a for burners
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58. Tunnei’ kiln.

s

attempts to build tunnel kilns was the combustion of fuel, since c;il and gas burners
had not yet made their appearance. Bock’s kiln was fired by dropping coal through
openings in the crown of the kiln, which then burned among the setting of bricks. °

- , It is probable that no attempts were made to fire qutery in the early tunnel kilrs,

because the controls were not sufficiently, exact for the relatively precise heat
adjustments needed for glazes. - :




Y

4. A Tamba kiln at Tachikui. Japan. . .
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3 - Kuropean and Modern Kilns

chamber and pass it through a horizontal passageway into the air intake for the
firecboxes of the next kiln. The difficulty is the long horizontal travel of the draft
from one kiln to the next. Hence, connected kilns in Europe and.America never
reached the efficiency of the Oriental kilns, whose Wstue lay in the upward slope
of the series of chambers. Connécted kilns have not been used for pottery or
porcelain, except for the veltlcallv stacked kilns described above.

A tyvpe of continuous kiln has been designed for bricks, however, which is very
efficient because it makes complete use of the regenerative principle. As shown.in-
Flgure 57, the kiln is built like'a ring made up of several chambers. These may be

e
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57. Continuous kiln for firing brick.

&

connected to the central chimney by the use of a movable flue. Each chamber is
fired by introducing fuel among the bricks through holes at the top." Air for com-
bustion is"drawn from-the neighboring chamber that is coaling, and exhaust heat
is evacuated throygh the chamber on the other side that is being warmed up. Thus,

the only heat wasted is that which secps through the walls of the kiln. Continuous*
kilns of this type are obviously suited only for very large producticn. At any given
time, one chamber is being fired, one being emptied, and the rest are either heating
up or coohng down. The original continuous kiln was devised by Hoffmann and
Licht in 1858 and was based on a study of the regenerative furnaces then used in
metallurgy.

In industry, the most efficient kiln for large productioh is the tunnel kiln. In
this type of kiln the ware is carried slowly on cars through a tunnel toward a hot
zone in the middle.during the héating cycle and then drawn out at the cooling
end. It is not generally realized how early the first tunnel kilns were built. Appar-
ently the first one was constructed at Vincennes, France, in 1751, and was used
for firing ()\’(%}g]zlze decoration on porcetain. In 1840, Yordt patented a tunnel
kiln in Denmark, and in England one was patgnted by E. Peters in 1858. While

S




36. Tamba kiln. The potter is poking the fire with an iron rod.

.
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ten or more pairs of stoke holes. At the lower end of the kiln an igloo-shaped
chamber serves as main firemouth. The whole kiln, smeared with clay on the
outside, ctacked, and darkened with soot, has a very organic form, more like a
natural object than something man-made. Large flat rocks are laid at the base of
the kiln walls to buttress the arch.

The kiln is loaded through the doors but workérs must crawl back into the areas

‘between doers, dragging pots with them in baskets, The fire is started in the main

firemouth and continued therg for a lonb period, 40 hours or more, at which phint
the lower end of the kiln has reached red he at, and a powerful draft is pushing
up the long tube. Stoking is then commenced at the pairs of side holes, and each
zone is brought to about 1250° C. Top tompcmtm.(*s are maintained only briefly,
and cooling is very rapid. In fact, the first doors at the lower end of the kiln are
sometimes opened while the upper part of the kiln is still firing. 200 bundles of .
wood are required for the initial warmup through the main firemouth, and 20 to
25 bundles are ¢onsumed in each section. { A bundle as made up in ]apan contains
about 8 Ibs, of wood.) Abbut 14 tons of wood are used for a firing, not an excessive
quantity, considering the ]argc capacity of the kiln, over 1000 cubic feet.
Chambered kilns were built in Japan as early as 1600 ap., and were no doubt

designed and constructed at first by Koreans. There are some variations in different
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55. Minton’s two-chamber kiln.

56. Gopenhagen three-chamber kiln.

(Fig. 56). The two upper chambers have fireplaces and are vented throug‘h the
bottom, one into the other. The lower chamber has no fireboxes, but collects the
heat from the two upper chambers, T}\xe upper chamber was used for glost, the
middle one for saggers and bricks, and the lower chamber for bisque. From our
point of view these multiple-chambered kilns may seem primitive because they
burned coal, but in their arrangements for heat circulation they are actually very
sophisticated. ' ‘

Many systems have been used to connect separate kiln chambers built at the
same lével; so that the exhaust heat from one would heat the next. These schemes,
used largely in brick factories, take the heat from the flues of one dowgdfaft
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localities. but in general. Japanese kilns are similar to @nnese though usually

smaller. Japanese kilns are built on a slope of about 20°, and sometimes, when-no

hill is available, an artificial one is ereated by building a mound of dirt and rock. -
The kiln is built directly on the ground. Hard firebricks are used. Most ]apanese .
firebricks are not standardized in size and are generally more square in shape than

our standard brick. The wall of the kiln is usually only one brick thick, about 7 to

9 inches, and no insulation is used e\cept for a plastermg of clay on the outside.

Japanese kiln masons use a trreat deal of mortar, which is made up as a stiff paate of

=




51 European and Modern Kilns

. 2
ot the climney ty)r. bisqque tiring. A great improvement on this i&dca was the two-
staee kiln. in \\'hi(‘h the bottom was fired doswadraft and the upper part was a Simple
updmft'kiln for bisque. "Minton's Oven.” patented in England in 1873, represents
the ultimate refinement of this idea. As shown in Figure 55, the lower chamber

Downdraft kiln with. flues leading from the fires .

is u circular downdraft kiln. In this kiln the collecting flues in the floor lead to flues
in the walls which lead upwards to the upper chamber. The fireplaces are at the
sides as usual and have individual bag walls. An opening in the top of the lower
chamber can be dampered off with a refractory plate, but when this hole is;open*
the lower chamber works as an updraft, which is useful in the early stag;'es of
firing. The draft through the upper chamber is strong, requiring only a short

chimney. A passage leading directly into the bottom of the kiln from the outside -

introduces cold air for cooling. It will be seen that Minton’s kiln made maximum
utilization of the heat from the fires. The ascending gases passing through the wall

" flues gave heat back into the lower chamber by radiation, an arrangement which
prevented the temperature in the upper chamber from rising too high for bisque.
At the old Roval Copenhagen factory, a three-stage downdraft kiln was used-

fa]

54. Downdraft kiln with interior flue.
to the center of the kiln. . :
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38. Unsta.c‘:kingkthe Tambd kiln. o . . ‘ y )

fireclay and grog. Rubble construction is often used for part- or even the whole of
the kiln. These kilns are constructed almost predorn’lll‘?xd—\fbv mode]mg, with a
great deal of clay uSed between brick fragnlgnts e broken bits of brick are
usually saved when a kiln is torn down, and aje mcorporated into the new kiln.
Temporary forms to hold the domes durmg construction are made from bent strips
of bamboo lashed together. The kilns are rather loosely constricted, at least by our
standards of masonry, but they are durable and sound. Possib]y the rather casual
heatmg and cooling. The ]apanese say that cracks in the domes of the kiln,
resembling the designs on a turtle’s shell, indicate that it was well built.

Figure 198 shows the dimensions of a small Japanese chambered kiln.‘Larger .
kilns are of essentially the same design, except for the addition of more chambers,
and the addition of 'doors at bath ends of the chambers instead of at one side only
No external bracing is used, since the domes buttress each other.

To fire, each chamber is set with a wall of saggers facing the COI:nbUStIOn zone.
These saggers, which in effect are a deflection or' bag \gall are placed close® ,

together. Chinks may be left near the bottom, however allow some ﬂame to
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THE DEVELOPMENT OF KILNS 50

. the expense of building several chimnevs. although each may be considerably
shorter than that required by a single chimney kiln. Another variation leads part of
the flame from the fireboxes to an opening in the center of the kiln. thus distributing
the heat more evenly, as shown in Figure 533. This is perhaps useful only in the
case of very large kilns. Another variation is the erection of a flue column in the
center of the kiln, as shown in Figure 534. Here the hot gases enter holes near the

bottom of the Aue, which in effect is an interior chimney. Since this interior chimney
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52. Downdraft kiln with flues in the walls.

is at the same tempe rature as the interior of the kiln but opens to the almosph( re
above, it exerts a strong pull similar to that of the interior of an updraft L)ln

Double draft kilns, combining both the up and the downdraft systems, have
been used Cspccmllv for heavy products that require slow preliminary fmng In
these kilns, a flue hole at the top of the dome is left open during the first part‘ of the
firing. When the ware is hot and sufficiently dried out, the hole is closed and the
downdraft is begun through the bottom flues.

With the complete development of the downdraft kiln, the only other ‘step
needed to put western kilns at an equal level with those developed over a-millen-
nium earher in China was the idea of conne ¢ting several chambers, thus Lonservmg
fuel by utilizing the waste heat from once chamber to warm the next. We have
already seen how the bottle kiln did this by using what was in effect the lower part

! L
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’

cross directly throuz;'h the bottom part of the chamber. The saggers are piled up to
withinr about 18 inches of the crown of the kiln, and sometimes rows of pots are
put on top of the saggers. Flashing may be severe at this point. The rest of the
setting is made up of shelves and posts, some of which are left in place from one
firing to the next. The settings are usually quite loose to permit-easy circulation,
with a great deal of the space taken up by the saggers and other kiln furniture.

Some Japanese kilns are used by one potter only, while others, especially those
in the cities. are used by groups. The owners of the kiln rent out space, charging
in accordance with the demand for various parts of the different chambers. Séfhe
kilns operate partly reducing, partly-oxidizing, and the usual temperature range is
from cone S to cone 11. Many potters fire all their wares in communal kilns, often
transporting the pottery to be fired for miles through the city streets. Other potters
make part of their income by renting out space in their kilns to others not fortunate
enough to own a kiln. Lnrge‘ kilns of six chambers are fired in about six days™ time.*

Unfortunately, the chambered wood-fired kiln is disappearing in Japan, not so
much because' of its inefficiency, but because of the high cost of wood. The
numerous kilns in the city of I\yoto create an air pollution problem. and a city.

~ ordinante has prohibited the construction of new ones.




51. Round downdraft kiln.
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It will be seen that since the downdraft kiln forces the heat downward, instead

of allowing 1(1 to rise as it naturally tends to do, a strong pull is required through
the chimney é

This is especially true if the horizontal runs through the Collectmg
flues are lon

or if the dnmne‘\ must. be at a distance from the kiln. The down-

draft kiln, then ‘will requirg a larger and taller chlmnev than will an updraft or
crossdraft ]\1]11

Besides thp rectangular and rotind types noted above, there are many variations
in the des1grt of downdraft kilns. One variation is the use of several chimneys in
the walls mst\( ad of having one main chxmn(‘v into which all tlie flues lead. C‘hlm-
neys built mtp the walls have the advantage of _transfering some of the chlmney
heat back intb the ware chamber, as shown in Figure 52, thus effecting a still

further cconomy in fuel. This advantage, lowever., may be more than offset by

v]
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In THE MEDITERRANEAN AREA no fundamental improves

ment was mdde in kilns from anticquity until fairly recent times. Islamic potters
from Persia to Spain used a kiln which was essentially 2 round or square chamber,
roofed over with a barrel vault or dome, and heated with wood burning firehoxes
arranged at the lower part of the chamber. Hot gasey c‘SCi‘l[)C(l through holes in the
crown after ascending through the waré. Even if very high temperatures could
have been reached with the fuel burning and draft arrangement, the. materlals of -
the walls and crovin were not sufficiently refractory to resist them

Fxgure 39 shows a kiln used in Spain in the Hispano-Moorish per lnd Itis probublv
very similar in design to kilns used in Persia, Iraq, and Egypt dunmj (hc best
periods of Islamic pottery.! The kiln'is solidly constructed with stmn;, buttressing
to support the arch, and ample firchox area is provided. One curious feature of this
design is the provision of a shelf at the rear of the main fireplace on which the ware
was placed for bisque firing. Since the draft of the kil was npwards, only radiant
heat warmed this part of the kiln, and the temperature here® was lower than in the
upper chamber. The relatively large chamber for combustion permitted ll'l(,j burn-
ing of bulky bundles of brush or small wood. Kilns of this tvpe certainly operated
with creditable efficiency and control, as attested by the beautiful glazed wares
that were fired in them. Unevenness of temperature jmist have been a problem,
however, and it is hard to see how pots in the upper part of the kiln could have
reached temperatures anywhere near that of the bottom of the ware chamber.

! For an excellent description of the methods of Idamic potters, sue Hans B Walll, The Traditional
Crafts of Persia, C ambridge, Mase: MT. Press, 1966,
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50. Old German downdraft kiln.
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equidistantly around the perimeter of the kiln, and each fireplace has its {)wn
separate bag wall. Flue holes in the floor lead to a central collecting flue at| the
center, from which a flue passage leads undergroundto the chimney. Many designs
have been made for Aues #8%kilns of this type. Generally, many small openings in
the floor are used. These may be partially g]oéegl off in spots that are too hot, forcing
more of the hot gases toward other openingsé In very large round kilns, rather
elaborate connecting flues may be constructed under the floor. The principle is
always the same: to draw the heat evenly down through the setting, and then to
gather it up for exhaust through the chimney.
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39, Medieval S;)(‘l{;i.slt kiln.

Figure 9 shows an ftalian kiln of the 16th century as depieted in a drawing

by Precolpasso. Piccolpasso, who wrote the first “how-to-do-it” book on pottery,! is

our best source of information on the pottery methods of the time, and is recom-

mended to réaders who are inter®ted in the development of the craft. The Italian

kiln is somewhat similar to the Spanish kiln. 1t is composed of two chambers, w
fireplace or combustion space below, and a chamber fér the wart above. Arches
support the floor of the ware chamber. Flames travel upward through holes in this
floor and out through holes in the archgd ceiling above. The updraft arrangement
must have made the temperature -neir the Hoor considerably higher than that of
the upper part of the chamber, and perhaps bisque ware was placed-at the top.
The firebox seems unnecessarily Tirge. Ve are aot sure what kinds of bricks were
used, but probably .t]uf_v were just common red bricks. European earthenware
-production from Roman times down to the present has been fired in simple updraft
kitns no difterent in baste design from the carly Italian and Spnhish kilns illustr‘g‘ltad.
Wood or brush was the usual fuel, and-the firing t(‘-mpvr"aLuru seldom exceeded

“about 10007 C. There were,. of course, many local variations. of dosfign and firing

“methods. . » S
Luster kilns were used by the Persian, Spanish, and later by the Italian potters
to fire metallic luster surfaces on glazed pottery, Figure 41 illustrates a luster kiln
from the Medieval Spanish period. It is cuite small, measuring only a few feet
across. Fuel is burned in the firebox below, and flame rises into the ware chamber
through holes in the center and at the corners of the floor of the ware chamber.

! Cipriano Piceolpasso, The Threv Books of the Potter’s Art, | London: Vietoria & Albert Museuns,
14934 . :
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It will be seen that the Cassel kiln is similar in design to the Chinese kilns at
Ching-té-chén, and that no drastic changes are niceded to make it into a dow ndraft
kiln. B .
The Newecastle kiln is an English version of the Cassel kiln. Tt has -its doorway
through the fireplace. and the flash wall is rebuilt \\1th each firing, SubHoor flues
‘carry some of the flame directly towards the back of the kiln, helping to even out

the distribution of heat. The entrance to the chiinncy is through.a-flue at the'

bottom of the back wall. This arrangement gives a partial downdraft effect.

The descendants of the Newcastle kiln in this country were the “ground hog”
kilns used by the country potters of our southern highlands. These kilns, usually
no more than eight or twelve feet long, were partially buried in carth to buttréss
the arch. A short chimney protruded from the mound of earth at the back.

For brick production. Newcastle kilns were constructed of great length, and to
raise the temperature throughout, fuel was fed into the kiln through, holes in the
crown. The coal burned amid the setting which in the case of brick is no great
hazard, especially if variations in color are not tll()i,lght to be ()l)]’('cti(nu{hlu. It will
be seen that Neweastle Kilns of this kind are not different in principle from the old
Korean kilns, except for the npw ard slope of the latter, certainly a good feature,

“since it increased the draft. ’

It should be noted that the improved design of kilns in Europe during the nine-

teenth century had to do entirely with the construction and draft of the kilns
rather than with the fuel. for coal and wood continued to be the only fuels avail-
able for ceramic firing until oil began to be used ‘in' the carlv .part of this century.
Gas came even later, and eclectricity was not used for firing ceramics until after
World War 1. )

Horizontal kilns of the Newcastle type are simple in dvsign'ahd easily con-
structed. The low, horizontal shape facilitates setting some types of ware. They
are economical of fuel. However, temperatures are apt to vary from front to back,
and the position of the fireplace may cause severe discoloration Of‘wures placed
toward the front ef the kiln, since the heat is released from one point only.

The downdraft kiln avoids most of the disadvantages of other systems and may
be considered the ultimate development in fuel burning kilns. The European
downdraft kiln was cither round or rectangular in shape. Fi u4nc S_Q,Is a drawing
of an early German dow ndmft kiln. The fireplaces are arranged at the sides, and
the flames are dleflected upwards and are then drawn down through the setting
to flue'holes at the bottom of the kiln and to a collecting flue below which leads tg
thé chimney. In this svstem, the long pathway of the fHame insures maximum héat
transter to the ware and chimney temperatures are reduced. Furthermere; by
varving the height and permeability of the bag walls, and by adjusting the flame-
ways-through the setting and the size and position of the openings into the collect-
ing flue, the distribution of heat can be closely controlled. :

Figure 51 shows a round downdrift kiln. In this case /the fuvplace are arranged

49. Ben Ou ens, Jugtown potter, with  his ' . S e
“ground hog” kiln. Photo, courtesy North Caro-
lina State Department of Archives und)”ls‘t()rj.
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40. Renaissance Italian kiln. Brawings by Piccolpasso.
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45 ' . . European and Modern Kilns
are started. and the whole interior becomes red hot. Bricks near the fires tend to
become averfired, and those at the outside are underfired. These are placed in the i
next firing. Bricks were fired in kilns similar to this until fairlv recent times at the
Hudson River brick factories around Kingston, New York. In the nineteenth cen-

tury, brickmakers in the Midwest traveled from town to town making bricks for
local demand and ﬁring in-temporary scove kilns. )

A -

e A e
Flue beneath floor

% A
=== The Cassel kiln; popular in Germany for brick production, and its cousin, the
: Newcastle kiln in England, represent a break with the usual updraft systems. The-
o ' Cassel kiln, Figure 47, consists of a rectangular chamber from 11 to 35 fect long
and 8 to 12 feet high, with an arched roof. At the front of the kiln one or more
-~ fireplaces are provided. At the opposite end of the kiln is the doorway and above.
this is the chimney. Two or three feet from the front of the kiln a flash wall is
erected which protects the setting from the direct impingement of flame and gives ’
better heat distribution. In the bottom of the flash wall are three or more flues
leading almost to the far end of the kiln and serving to convey some of the hot gases
directly to the rear. The upper part of the flash wall is built of check®r-work so as
to admit the gases readily. The Cassel kiln is a crossdraft arrangement, and its -
advantage is a thorough transfer of heat to the ware and also the possibility of
diverting or directing the hot gases, as desired, as they pass thrgugil the ware.

€
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41.. Medieval Spanish lu‘s'fcrakiln.
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The flu€ at the t‘(‘})p yents into a hovel type chimney. The luster kiln was fired with
a heavily reducing atmosphere, and its design differed from the regular pottery
kiln mainly in the size of the flue. A similar luster kiln illustrated in Piccolpasso’s
book is also a small updraft oven, but it incorpor:ites a perforated muffle in which
the ware is placed, and has no permanent top, the kiln being closed over at the
top by chips or ffagments of broken pottery. It was loaded from the top.! ‘
Great advances in kiln design and construction were made in Europe during the
Industrial Revolution, and by about 1800, kilns were in service in European fac-

. tories which were the equal of Chinese kilns. Improved refractories, better arrange-
- ments for the circulation of heat, and the introduction of coal for fuel enabled the

v

" 1 Piccolpasso, op. cit.

_ attajnment of 'higher temperatures. -

Porcelain was first made in Europe in 1710 by Boettger in Germany, and no
small part of’ his échie\{ement was the development of a small kiln which would

reach the necessary 1300° C., an unheard of temperature among European potters

of the day. Boettger and his followers ysed bricks made of refractory clay, and
introduced well designed fireboxes with cast iron. grate bars. The kiln was elon-
gated upwards into a bottle shape with a chimney at the top. This greatly increased
the draft and fuel burning capacity. Coke and coal were used for fuel, and with a

f
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46. Scove kiln.

p for, escape of the hot gases. Goal fires

»

gure 46 shows a “scove” kiln for firing bricks. Actually, it is not a kiln but a

.

Early brick kilns in Europe were primitive structurés, often built without any

which provides ﬁrep]ace§ at the base of the structure and passageways for flame
47. Cassel kiln.

leading from the ﬁres to the top. The outside of the pile is plastered over with clay

method of firing bricks without a kiln. The raw bricks are piled up in a manner
mixed with strawj with.chinks left at the to

roof. Fi

s g




41 European and Modern Kilns

strong draft through an open firebox and grate, sufficient heat could be released
for very high temperatures.'

Figure 42 illustrates a tvpe of kiln which wys widely used in various parts of
Europe for pottery production. It is a round structure with several fireplaces at the

e Aoles 7 )
s

¢

Ffire place with grte
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42. 'E\uropean ﬁp(lraﬂ p()ttery“kihl.

bottom. The Hames travel upwards through the setting and thmu’gh holes in the :
crown, the general plan being not too different from the kiln of Piccolpasso.

b A great deal of secrecy surrounded the early manufacture of porcelain and exact data on the early
kilns is lacking. In Diderot’s Encyclopedia, the article on porcelain is so inaccurate as to be mis-
leading, probably because its author had no wayv of determining ¢ \uc(]\' how porcelain was made,
and could only speculate.
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43. Grate for burniné coal. ’ ‘ 44. Bottle kiln.

However, a chimney has been constructed over the kiln, and’ the’stmnger draft
which this creates makes for higher temperatures and increased efficiency.

The development of cast iron grates for fuel burning brought about 4 consid-
erable improvement. Figure 43 shows % schematic design of a fireplace and grate.

The coal or wood is held on the iron bars, and air for combustion enters frgm below.

Ashes drop through the grate and are collected below, where they can bé raked

out from time to time. This arrungemgnt is similar to the disposition-of elements
“in any coal burning furnace or stove. It brings the air to all surfaces of the fuel.

The updraft pottery kiln grew to become a high, bottle-shaped kiln with a bisque
chumber above, as shown in Figure 44. In this design, part of the flame is diverted
to the center of the kiln through passages under the floor, while the rest of the flame
rises directly upward behind low bag walls. This distribution of flume spreads the
heat more evenly over the cross section of the kiln. The bisque chamber is entered
through a door which usually coincides with the second story of the pottery factory.

Carefql management of the fires and a long firing cycle gave fairly even tempera-
tures in the lower chamber. This type of kiln was wi(lel_viused for earthenware and
porcelain manufacture. /)(Vhre was set in saggers to protect it from the direct
impingement of flame. ‘



| " Heay netention
< and Transfer o

.

t

.

As IT DEVELOPED HISTbRImLL&, and as it essentlallv exists®
- todav; thc kiln is a box of refractory ma¥erial whichy' utumulatos and retains the
he at directed into it. A conslderanon of how heat Ls\transfened from one body: to’
“another will help to clarify the operation of the kiln. * 3
. “Heat may be transfersed by one of three mcch}mxsms Conduchon convection,

or. mdmtmn In the conductlon ()f‘hmt ‘throngh & solid th(’ m(lmwd molocular

dchvm caused by tempe ratnfe elevation is transferréd from one’malecule to the -

,lotlwr thus spreading through the b()d) that is l)cmgj heated. In@ solid heat travvh
from regions of high temperature tp regions of low tunpcmture As noted:insthe
section” above, different substances differ greatly in their abllm to conduct heat
The quanht\ of’ heat that passes by canduction throug’n a bamer deends upon’ 1

several variables: © . . L . . >

1. The area of the conduc[mg, thw Thv drg('x the area thc- m.()rc heaf that 152
carried. - : S : e
2. Thc thlcknoss 6f th( c()nduchng7 m‘\tcrml ' b o

3. The difference in temperature, between the two sides of thc conductmg solid.

4. The time allowed for transfer. S

5. The nature of the.material. R s r h ‘

The factor of conductivity is e\pl’LSSEd by the. yalue K, whlch equals Btu's
trangmitted per hour through a thickness of oné in¢h and gaarea of 1 square foot
for a temperature difference of 1 degree: Fahrenheit. The K facfor of silver, for
example, is 1715. It is one’ of the best conductors But the factor of an insulating
firebrick is only about 3. There is a vast dlffcrence in the ability of lhese two mate-
rials to transmit heat by conductmn -

The second way in \Vthh hoat can be transferred s by convcchon “In tlm case .

iy
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93 - Co ,, Heat Retention and Transfer

a litpuid or Qs moves because it had become heated, and transfers. its heat to

something else \n actual movement of matter takes place In the case_of kilns,
convection oceurs when hot gases travel through a kiln, transferring some of their
heat to, the surfaces contdcted. ‘

The third way in which hedt is transferred from one body to another is bv radi-
ation. Heat m nefates electromamwha waves W h\(h travel through space by mech-
anisms as vet llttlc understood. . - :

All three of/&hew mechanisms by w hich heat is trdnsferred frém | one substance
to anather have impottant appllcatlon in kiln design. The" rate of conduction_
thiough- the w alls of the kiln governs the rate 'of heat loss, and hence the ability -
of the kiln to serve as a reservoir of hedt Even if metal were sufﬁ(.‘lentlv refractory

‘fa"“lth\hlnd high temperatures. it w “ould be useless as a material for- the walls of
\L\ns because 1t would transmit, heat too rapidly“to’ the outside. Insulating fire-

bricks. on the other hand, are lnﬂhl\ cfficient and retain heﬁt r('nmtkabl\' well.
Hon."WWhen

fued is burned in a kiln, a How of - hot gases is induced, passing tlnough and f!m]J)ﬂ

Heat is spread through the interior of the kiln l))n convection and 1‘1('.11‘1

out of the kiln. These hot Zises consist of unburned air, carbon dioxide (CO.),
- . 5= .
carbon monoxide (CO). and nitrogen gas. As these hot gases ‘course through the

ob,](ctx in the kiln, thev Ul\t‘ up some of their heat by contaet with the cooler sur-

faces. The fmtnr the ﬂases travel over cooler mrfaces thesmore heat they ar‘e able

‘ »
~Obviously, if the kiln is to extract the maximum amom]t of heat bv ole nve’ction

of the hot (mscs originating in combustion, thorc must be good circolation to all

parts of the kiln, and.the ware clmm‘bcr and 1ts contents must not be too far from -
the. source %f heat. \
Y hlie convection is the most 1mportant mcclnmsm of heat transfer in’ kdns heat

is also‘.tmnsmlttud to all parts of the kiln inside by radiation. When the areas near

“the source gf heat become, incandéscent. these areas give off heat by radiation to

other surfaces. Heat travels from one surface and from on object to gnother in thls
manner. The presence of ware 1131(10 the kiln, with its many reflectant surfaces,
facilitates radiation. Kilns which; are filled with ware, may heat up more cvcnly and

J,efh(lentl\ than when emptv Smooth, white surfaces will radiate Heat more effec-

twe]v than dark colored, rough surfates. S ‘ e

It mlght be thoughhtha.t thicker-walled kilns’ would be more cfﬁucm T}m is not
necessarily the ‘case. The walls, of the kiln absorb, quaptltles of heat and if the
firing is not of ‘excessive-duration, ‘it is completed before the walls of the kiln have
become heated to-capacity. In this case, thicker walls serve no purpose and only_

“slow down ; goolmv But for-extended firing, thick walls mlght be desirable. Fori
most. pottery firing, a 9-inch kiln wall of hard firebrick is adequate, and a wall 43"

thick may-be sui‘ﬁmont if K-23 or K-26 insulating bricks are used. Japanese chamber
kilns are often o more than 6" thick and vet serve efficiently in the short firing

S 3 ‘ [ I '
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SINCE POTTERY KILNS are: ﬁnrly sinfPle structures, usual]y
no great difficulty i cneountert& in their cqnstructlon A little common sense, and
some knowledge of bricklaying’ teclmi‘que i all that is reqm,rd

Like alt building: structures, the kiln must have a smtabl(*&foundatlon “If built
indoors it shpuld have a reinforced concrete foundition af"‘,ﬁleast 3}” thick, or.be
 built on a solid floor. If constructed outside in northem latitudes where the ground
freezes, it should have footers going down below the frost line. These can be con-
structed of concrete, concrete block, or- stone. Foundations need be built only for
kearing walls and for the Chlany If the chlmney is to be large, a good founda-
tion is especially important to prevmt leaning. While a “leaning tower of Pisa” in
the backyard might excite interest, it would be a’hazard, especially daring - ﬁg\ng
Foundations must be leveled.off true for the start of masonry construction:, '’
Small kilns are often- built on’a platform to bring the door hclght up to-d mére
convenient level. This. understructurc ccap be built of concrete blockss red bnc :
or stone, using regular ‘cement mortar. In sofhe cases, small kilns may be built on

+ steel frames provided. thh casters for mobility. Firebrick walls are built by laying

up the bricks with a thin layer of fireclay mortar between them. The best mortar

for kilns is composed of about two pats fireclay and one part grog or sand, prefer-
ably grog. This is mixed with. water.with a hoe in a mason’s woodenginortar box,

P and should be the conSLstency of soft mud 'ﬂmoq{ soft enough to flow. For be{'ter

 mortar.’ Commeruallv prcpared ﬁrecla) morhrs u‘;ually contain soé
but it j§ not peal}) necessary ili most cases. These are carefully prep
portioned and give good resulfs but homemade mortars will serve ju
are cheaper,




95 ‘ ) . S ':Z(ffason‘ry Construction
The important thing in building a brick wall is to keep the structure level and
plumb. To achieve this, each brick must be carefully placed and maved, or fappe'dr
“with the hammer or trowel until it lines up perfectly with the rest of the structure.
Axputeur'fbri'c.k]a_vers invariably allow little irregularities t¢ éreep into the work,
thinking that théy can make. sufficient adjustmeht with the next course to 'make
thirrgs true. But usually, the' farthef one goes the more irregular the wall becomes.
Although a professional mason may seem finicky in his attention €0 the position{ﬁg _
of each brick, this manner of working proygs to' be the most efficient in the long
run. The sum’of many well layed briok ;iwill be a well made structure, straight
‘and true. .| ' ’ S S oo
Bricks are layed in alternating patterns so that joints are “broken.” This gives an
effective tie between bricks because of the overlapping and i)revents_the alignment
of joints. Figure 86 shows some wof the possibilities. In a wall only _oneibrick thick, -
the joints are staggered. In a wall two bricks, thick, stretcher courses are alternated

. : . & =

Strescher covrse

A"ﬂlfr Coufse
A e

W
L R
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) ‘ 86. Construction of brick walls. Y
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with hc;radef' courses, rhaking a solid \_Vzill.fSQrgie“'é;n’agépps: ‘fear to build a Kiln
ﬁecaus_e:they can find no plan that gives the position- of edgh brick, but_such’
. detailingis entirely unnecessary. Comman sense will guide the mason to-lay the .
Jbricks so that the joir'its coinclde as little é's"POS_siBleﬁana_‘ 50 tﬁe,brick's,pverlap- for
A maximumstgength. That is the Basié:p}iéciple_for a good brrok wgll.,}_ ’ '
It will bg_ geen that breaking the joigritsg‘:jlfgﬂeéessita‘tgxhg1'1333 of half Bgicks ip
+ some places, or even smaller pieces, and fually it is necessaryito out some bricks.
Professional Tnasons use a power brick siw. for”this'.pupose, byt cutting may be-
satisfactorily-done by hand. To cut a hard ﬁréb‘riék;ﬁt";% scorcfdhe;rou‘nd by@éha‘:‘p
taps with the claw of the brick hammer, especially at_t'rié;;‘corng‘r”s,f_‘fl‘llé brick may -

. .
A b




/87. Method of cutting a firebrick. .

and broken with a sharp blow’f. the brick: set and Hammer as shown'in Fi ligure 87.
" In laying firebricks, only-a small amount of &lay mortdr is used. The purpose of

vthen be placed on a soft surface, -such .as a prece of »ld blanket ora bed f sand ,

the mortar is not to stick. the bricks together but ratlier to level them up a dto *

prowde a solid bed for each bnek The mortar also serves to fill the cracks and

* makes for a more airtight structure. 'I‘he mortar can be applred either by dlppmg'
‘the bI'leS into §, or by application with the trowel. At the job, mortar is kept ond

mortar board, from which it may be convemently lifted with the trowel. The bncks

should be dampened If the bncl(s are layed dry, they will suek the- water ‘out -of -

the mortar quickly, and-it will be impossible to p the brick nto. posmon Most-

amateurs have a tendency to work with mortar whxch is too stiff, and they conse-

quentl%l have great difficulty'in tappingthié” bncks 1;nto alignment. Dampened bricks |
.-and a
" Firebricks dre relatwely “uni¥orm in size, 56 there is no néed to use, thick layers of *

oose mortar makes the work of corredtly plaomg each brick: muck’ easier.

mortar to compensate for u:regulanhes in the brlck, as is thé case in constructlon

. wrth common red- bmldmg brick. © ' ‘ : 3

Expansxon joints must be provided in the brrckw‘ork of - lalhs If no expansmn

3

\i

space is provided for, the kiln will bulge ¢ and swell on heatmg due to the expansion’

- of the bricks.’'In praetme a space of about } inch jis allowed between the ehds of
. every thlrd or fourth brick: Thrs space s sho\lld not be filled with mortar. More SPace .

than tHis is sometrmes allowed ]ust to be sure that the wall. wrll not Be too hght

M li

\




Method of leveling corners. ’ ’ ", . B , @
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- 89. Using the level to check for plu'mb. ) ~—

. . A
In kiln building it is much betterto have a loose structure than a tight. one. For
this feason the amateur mav have a slight-advantage over the professional mason,
because his bric kLan is apt to be somewhat loose and not hght]y focked togcthcr
[ Hive seen kilns lnddc l)\ pm{cwondl bricklayers which in use suffered severe
cmckmu and swe”m{; due to the overly tight and piecise workmanship and the
Idd\ of C\Pd[lbl(]n joints; . . -

" To make a w(tanﬂular strieture of- bnck lev e] corners are-established first, It is -

espc(mll\ nmpbxtant to get the corners level from the start. Qne layer of hyick is
then laid at the cornérs, as shown in Figuré 88: After the corners are established,
bricks are addtd to compléte the course-all aronnd Stnng mav be 5lrctched from

“one corner to the other to rrmdc the diuﬂnment of bricks, or the Ievcl may be used.

- The next~ courso is, started in the same way. This second course is chcckod for

Lare §inch narrower than firebrick’ and 1 inch shorter, bt this difference c‘n,yBe

p[umb as shown-m Figure 89. It is important to check each brick for plumb as'it
is laved, dnd it id-better to use the level rather than a‘t’purfd on the eye, Brlcl\]avmg'
is like plaving with bloc 'ks..although sorhewhat more complicated, especmllv when
it comes to ‘doqrs. nponmgr and arches: Ifs the d(swn is conceived .in terms of the
multiples of the size of bricks the actual work is facilitated because there-is less
brick tutting. If a firebrick inner wall is backed up en the outside with red bricks,

the red bricks can be laved up at-the same timé, using ¢ement mortar. Red bricks

e

mad de up with a thicker mortar joint, which is nmma] in common brick wil }s An

s

o
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PR " 90, Kiln btxilt by Don Réitz‘in-Spring Green, Wisconsin. The wall is completed . . ,
, ' .fo a point above the burner ports and flues. . ) ‘ ' . - e
. 4 ¢ " A




91. Do
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n Reitz kiln. The arch form is removed.
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93. Don Reitz kiln firing on liquified petroleum’gas. A second Iayer( af brick has T
been added to the side walls and arch. . . 4 - , -
i
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. occassronal tie with a ﬁrebnck extepdlng into the red brick will bmd thc two walls

together Sometimes a double wall of. thls kind is made allowmg fora narrowsspace

_of aboyt one inch betwéen walls. This is packed full of ‘Vermiculite as construction

‘proceeds Qr, a sandwich of 1nsu]at1ng brick between hard ﬁrebrlck and the red
brick may complete the wall. - \ .

While straight walls are easy to'build, arches over flue hofes doors, and crowns
are more of a problem. To bridge over, s'maH openings such as burner ports, a brick -

- , T B 04, 'Linté_l,ar:'xc'i corbel arch.

2 . . : G
s Cond . k
R A >

is used as a lintel. This will serve to bhdge over holes up tQ six inches across. For
larger openings, the corbel arch _may be, wsed, as shown in Fxgurc 94; Here, the .

opening is narrowed a bit with each eourse, until it rrf'dy be spanned with.one brick.
Corbel ‘arches are not practical for openings more than about 18 inches across. *.
Sometithés special shapes Ionger than nine inches are ‘used to form a lmtel over

'ﬁpenmgs R 5

‘The arch is a beautiful structure and a pleasure to build. Figure 95 shows its
features: A is the span, B is the rise, C is the radius,-D is the skewback, and E Is
‘the buttress. Although the arch is self-supporting, it exerts a tl‘&]st against the
.skewback which must be countered‘ by a buttress or a brace.

" The mast stable arches for cerani kilns are of fairly low rise. The barrel vaulta‘
or round arch is"not recommendgd. There is no hard and fast rule governing the’
relahonshlp of the rise to the span of thc arch, but Jnost arches used in kilns have

N P . g
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103 , N ~ Mason ry Construction

a span which subtends about 60 of the circle. The rise may vary from about one

inch per foot of span, which is a flat drch. to about two-and-one-half inches rise per -
foot of a span, Prehmmdr\ to construction, the arch can be laid out on a large sheef

~of paper. With e rise and span determined, the radms can be determined’ experi-
mentally with a compass made from a pencil. string, and a pin. Extensions of the
.radius lines determine the slope of the skewback.

95. Fegtures of the arch.
. T ‘ ' ‘ ‘ R c

To determine the number and shape of brick to span the arch, cardboard tem-
plates ean be ‘cut the size of the various arch bricks, #1, #2, 6r.#3 (see brick size
chart). These cardboard templates are then tried out on a full size drawing of the
arch, and a combination of the various shapes, including straights, is found that
will form thé arch. It may not be possible to get-an exact fit, but the mortar between

the bricks will compensate. Straights and splits should bg uscd as little as possible,,
~ because, not being keyed in, they tend to.drop dasn with repeated firings. Figure

96 shows arches of various span. and rise and the number and kind of arch brick

" needed.to build them. Arches may be.either four-and-ane-half inches thick, in-

which case arch bricks are used, or they may be nine inches thick and made up'of
wedge brick. Skewbacks can be bought ready made, as,shawn in Figure 97, but
it is not hard to cut them to the proper angle thh thg brlck hammer. Small 1rrogu-
larities are made up with a bed of mortar plastered on the skewback, - -

To determine the number and kind of briek Yo complete one course of an arch of "+
anv given span and rise, the following calculation may“be used.

1. Determine the mcloscd angle 6 and the radius, R, as shown in Flgurc 98

2. From the mdlus calculate the circumferance of the mrcles C— and C-2;

‘ usmg the formula C = 977H.

e “

:"f’ '
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4?} ARCH THICK\IESS——IJ; INCH RISE PER FOOT OF SPA\

Number of bricks required per course,

/"

Sean RISE INSIDE R:;Pms ‘No.2 Ancrr | Na.1Anca | Srmlxcrg'ri Torar. |.
1 u 1y N e 1 }0"?‘
E 9’0" 3" "3:_—1_5" T gy L 1|
2—6" 3g 2’_——-75”4 L ) ‘12’“ 8 _1'5 L
e s e “ 19 5 7
36" si7 | g—sgr | i 12 8 20
£—0" 6" 43" T 12 10 22
y_g" 63" _93 ' . 12 13 25
. I . i - .
50" 74" 5__351" SR 12 15 27
P oy ] 103" 12 18 a0 ‘
0" 97 BL{" T g | .20 32 .,'. .
L
9"'ARCH THI(EJ(NESS 254" RISE PER FOOT OF SPAN. L

S
T

‘v

" Number of bricks reqtired per course ,

Span

~| INstbE Rap1us

No. 2 WEDGE

No-1 WEDGE |

HI\_{o.1'-_x~=vw:ﬁ<;’;; -

Totar

16" s154,” | r—1154,7|  \14 “ “ 4
20" 4194," | 1—515/17 9 7 xE 18
‘3';4)’»;' 6?%#:" ‘2’"—122%2"- " "1 2l 3
o 814" 2:;71%2'j_" E 20 4 o4
o 97/32 2';11?‘/5,."?" “ 18 g»-"; 27 .
48" 10y ~ 3—43" A 16 }:"';13 T '
5o 113" 5:—827/32"' . 14 =y ) 321?1
5'—6" lft—oé%z;' 4‘f1;1/3,2f'; R 13 -2
T o ] 98 |

o=o [ Trmny,

4'—513/ "

. Note: No. 1-X Wédge' Brick measures 9* x 4%’ x

(25"29%""),

6. ‘Table aof bricks required to form arches of various spans.
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.8 9( Skewbacks made from &tandurd firebrick shapes
“4” accommodates a 41-xnch thick arch with a rise
of 13 inches per foot. “B” accommodates an-arch 9
‘inches thick with a rise of 25 inches per foot.

.

If the kiln builder does not feel up to this calculation he ¢an proceec‘l w1th the X
cut-and-try: method using cardbmrdrtempldtes as-indicated '1b0ve

~ found above by the cucumferencc

e .cn‘

=16
~

911

| B
Y .

Divide 360 into 0 This gives the porcentage of the Clrcumferencc occupied

' by arcs A-1 and A-2

Find the actual length of A-I and A2 bv mulhplvmg the Percentage ﬁgure
and,e the le sngth of A-1 by 21. This gives the number of bhck\ requlred
Subtract A-2 from A-l. T}ns glves the total taper required.

Divide the taper of a{\smg]e brick into the total taper. This gwes \the number

of tapered brick reqmred The rest of ‘the brick 'may be stralgh‘ts
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99. Two-chamber kiln designed by Paul Soldner. The kiln is fired with burners
entering a firebox under the door. The second chamber, a tall parabola form, func<
tions as a stack to tnduce draft in the first chamber. CoL : -
t‘ B ’ . ) x’ n ‘ . Ht' ’
2 & - .



100. Kiln d(’ﬁ)’_{n[’d and built by Michael and Hdtriet ,Cohen at New Ipswxch

- H. The kiln is a catenary arch form. i :



T

«

“ - 101. Harriet Cohen setting the car.

102, Michael Cohen adjusts the buyrners of tir

e kiln. Each burner has a pressure
gauge which gives an accurate reading of the a

mount of gas being used. . Lo




é
103. THe catenary arch.
* o
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A formamiust be built to-holtt up the arch dur‘inyg construction.; This calqu "n}hd(f R
. of wood, as shown in Figur‘e 104. The top of the forin is propped up in the kiln,
" ! - - T i § * . - ; . - e Y \b.\
usimg wedges to raise it to just the proper height. Then the arch is builg; starting -
- from the two sides and working toward the -middle. As-in wall construction, joints
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. 107. Angle iron braces ’(mii tie rods.
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111 i S M asonry Construction

. are brol\en as shown in anure 105. The center course*should ﬁt'%nugly Enough

" mortar is used fo give a good beanng on all the bricks. The center course is tapped
down into place with a-brick hammer and a piéce of wood. When the arch is com-

pleted, the wooden form’ may be withdrawn.

To absorb the thrust of.the arch, metal bracing 1s used on the outside-of the kiln.
+ A-steel angle iron is inserted just behind the skewback to hold it securely in place,

as sliown in Figure 105. Angle irons-are placed at the corners to hold the skewhack

support. Metal tie rods are used to hold the corner braces in place. For small kilns,
2°x 2 inch angle iron ‘is sufficient, and 4 inch tie rods are suitable. Tie rods are
“secured as shown in Flgure 107. The metal bracing on small kilns is intended only
to carry the thrust of the arch and 'is "not needed to hold the walls in place It need

" not be scre\\ed up tightly. Sometinfes lock-puts or springs are used to ta}(e up

expansion whlch occurs when the kiln is heated. In large kilns, channel iron braces
called buckstays are placed upright at the sides of the kiln to couriter the thrust of
the arch, and these are usually tied together with rods s passing over the tgp of the kiln.
" The catenary arch, Figure 104, is a beautiful structure and very uséful in kiln
building. The catenary is related to the parabaloid curve, and cart be calculated
athemanc'llly but in practice it is determined by, hanging.a chain on a wall
suspended from two points, allowmg it to drape down naturally in a curve: The
curve of the chain can be traced off anto a large piece of paper and usedas a- guxde
 for making the arch form. If the catenary arch is too wide, or too tall, it will be.

- relatxvely unstable. An arch which is about as high as it is wide is the most stable.

. The great, advantage of the catenary arch is that it exerts its thrust downward and
. reqmres no buttressing. In kiln building, this means that - there is no need. for

exterior bracing or support. There is also an advantage.in the catenary arch’s being '

one comp]eteq?tructure embrading walls and crown. Less surface is required to en- 7

o dlose a given volume than is the qase w1th a structﬁre composed of walls and arch. .,

e

- When expansion occurs, the.stress is evenly divided throughoxft the arch. The »
'shape of the arch.is easﬂy adapted to various kiln. de51gns The end walls that -
complete the enclosure may be built eitlier und'er the arch, or outside the arch.

_-The former system s better, because walls built- outsidé' the arch must be pressed_ -
" against it by some sort of external ‘bracing. Catenary arciie\may be made from
.. arch bricks if a 43-jnch thlckness is adequate, or from wedge brick for a thickness

of 8 inches. Or, a 44-inich catenary arch may be toppéd with: & layer of insulating
"bricks 2} or 43} inchés thick, It is not.advisable to buxld catenary arches of two’
distinct layers of hard bricks, hecause the } upper mvch instead of. adding strength

wilt mereI) rest on the lower ong when the hatter is expanded from heat Catenary .

" arches may, be built enhrely of straight br1cks the crevices at the outsxde being -

filled with c}av, but whﬁ'rever possxble shaped brick should be’ used for per-: N
manenc’e ’

Corner braces of angle iron ard He rogs are usually a]] thzgt are requu‘ed to .
stabilize the structure_ of the lu-ln and to* mm1nuze~the eﬂects of | iexpansxon Expan-

SN e e [ N
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108. F;_laslﬁng_ betibeen the chiﬁznéy and roof.

A

sion cannot be prevented, but it can be allowed for. If the Jbr\ick\-vork is: provided
with expansion joints and the masonry is not teq, tight, there is an op(porh'mity for
"each brick.to move a little, independentlyg and't'hca,entfre structure will not be
sub'ject to undue strain, o '. N _ -

. .-The sides and jambs of kiln doors should: be built with hard firebrick. It is best

to arch over the door. This is done in the Same way us the main arch is Dbuilt. A«

wooden form is constructed to hold up the\archBdur:{nghcons‘;trﬁction, and skew-
backs are' prepared. The thrust of the door \arch is slight compared to the main
arch pver the kiln, and the mass of the walls furnishes sufficient buttress. Lo
Chlimyn-‘eys are built using the same masonry techniques. It is well to dimenéion
the chimney in multiples of Bricks.hThus the outside might be 134 x 134 inches. or

. 18 x 18 inche§. Firebrick should be-used for the chimney to a height of at Jeast 12

feet. Beyotid that, fireclay fug liners with red brick outside.rpay‘: be used. .
- Where chimneys go thropgh the roof, careful attention must be given to the,
design of the sleeve.or flashing. Figure 108 shows a sdtisfactory and safe design,_’

The hole in the roof is kerger than the chimney by at'fjlgast 8 inches on all Sides, -

and the brickwork of fhg':%:hhnney does npt come in contact with wood at any point.
A coppe o&_galvanm@d iron roof Jack gives a weatherproof closure. To solve the
problen of the, pgssage of the' chimney through a roof it is § good idea to call ina.

Qrofessi_on;ﬂ zoofer or tinspith. This is not'a good place to practiceetonomy )si_n‘c'e -
- the safetycof the building is at stake. Wood-fired kitns wil develop a higly chimney

o . . b .-
temperatire, and’ special care must be given to the flashing» ‘ .

4 ‘times Yiged, 'vihg’é bwall thicl{ﬁegs of only 2} inches. Two grades of irisulating brick ‘
‘maRe a good wall, or hard firebrick backed up with a low grade insulating brick.

* For most small kﬂns_ a wall thickness of more than 9 inches irl unnecessary, but

somé kiln builders prefer to give the kilr an outer jacket of red brick laid up with -

o

,cefpent mortar. This cef;ainly makes a permanent lgoking structure,

T

. . * > | A .
“« . . S
.» I | , R o "

Fighre 1(;9;1%8\»5 some@@ssﬂﬁle wall designs for small kilns. Eveu 1f insulating -
ki a;\’*‘%(\l,'the wall i'é?brdinarily at least 44 inches thick, However; for smal] : » _
test-k yfor kilns for low ﬁr'ing or for Raku, fnsulati‘ng brick laid on edgq ﬂre‘sqme- o

-
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109 Some possxble kzln wall combmatiom
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Soft 1nsulalting brick ;may be handled dlﬂerentlv from hard brlck and in most

respects building: with them xs easier. Smce insulating brlck are made in exact -

shapes, -

ttle or no mortar is requxred to lay them into wa}ls If mortar is used, it

should be verv thin, about the consistency of malted mﬂk The brick can be dlpped

into mortar and set in place. If no mortar is used, the brick are just piled up like
blocks. Structures of lvose brick can be built very quickly. Insulating bricks can be

: aslly cut. The best tool for this is a.pxun;ng saw \Vllth large teeth. Smc,g the- br1cksA ’
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< retain heat ’efﬁcientg-y, they cool down quité rapidly because of the low: heat
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110. S;yépenmbﬁ of insulaﬁngg'b‘ﬁc[(&q) form kiln'roofs.
. \ o , .
) - \‘.9 1
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are eaéy_ to shai)e, arches can be made by cuttmg each brick to' fit r_éther than Hy
buying arch bricks already shaped. o e R s

W

o .fnsu_lating- bﬁcksare so light they ¢an be suspenci_e&’to form;ﬂat roofs. Figure 110 .

shows a roof made of insulating brick which have been drilled and hung on steel”
_rods. The rods are threaded and bolted to exert.inward. pressure against angle irons .

- . which hold ke mass.of brick together. This style of roof may be used:instead of-
_ the harder-to'build arch. It is, supported by the walls and can’be easily removed

for repair. Sm%\ll flat roofs can be made by clamping together a number of insulat-
ing brick with the tightened steel strap used for reinforcing shipping cartons.
“Brick ‘held together this way, howéver, have a_tehdepcy to become loose. The
suspended roof may seem like a simple solution. But in-use the suspended. bricks
tend to break off a“xd drpR downward into the kiln. The arch structure is ac_tually ‘
much more durablé. Insulating brick may be used to build semipermanent-kiln’
structures, and if no mortar is uséd:l;be.kﬂn can later -be- taken Zapart and erected

) . - . 3 !v Lo "'-r T YRRl T I Y " . * . : .
- -again in another location if desired. Or, revisioiis in size- or design may be -easily -

made..l';i some situations, thi_s Hexibility is very desirable. If the kiln is used for any

- length of time, however, it will be found that tearing it flown results in a pile of "

‘mostly brokgn"brﬂicks‘,_ and rebuilding will entail cénside;ablé fur@thef expense. ,
* Kilnis nade entirely-of insulating brick have some disadvantages. Although, they.

w7 .
P




115 RN . Masonry C onstruction

éapaoitv of the material. Compareci to a hard firebrick, an insulating brick will,

. "not soak up nearlv as many B.tu’s durmg the fire. If a kiln does ‘cool too fast,

a small amount of heat ¢an be fed in from one or more burners durmg the ﬁrst part
of the cooling cycle. A more serious dlsadvantage of msulatmg brick kilns is thelr

relatively poor durab1hty Because of their soft porous structure’insulating brlcks ‘

will, in time, crack and crumble.' Every refraetory is subject‘to fatigué, caused by

the e\pan51on and contraction which attends repeated hedtmg and Coolmg Insu- | '
lating bricks hald up well for many firings, but they reach a point at which much .

of their original strength is gone. Hard firebrick will outlast them many times over
', The life of msulatmg firebrick can be prolonged by'coating those surfaces wh1ch
faee inside the kiln.with a kilfi wash. This seals the pores and prevents combustion
gases. from entering the structure of the brick. Some commercial sealing coatings’
are available for this purpose and may be obtained from the manufacturers of the
bricks. Aycoating also improves the reﬁectance of the surface and thus’ ‘the transfer
of radml]t heat during firing. /

\ '} .
Before, dec1dmg to build a kiln W1th msulatmg bnck many factors must bé

considered, such as the initial cost, the permanence of the styucture, ease of con-

struction, and even appearance. More and more, builders of small ceramic kilns

are’ decxdmg in favor of insulating brick structures, even though' the iriitial cost is
usuallv much hlgher Ease of construction 15 usually the dec1d1ng factor.* -
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thg next time, when I tried to prevent such an accident 1 would burn it behingd and the

yfro'nt‘u;ould not be baked; sometimes it was cooked on the rightand burned on the Teft;

- _sometimes my glages were put on too thin, and sometimes foo thick: which caused me

* heavy losses: sometimes when.I had plazes of various colors in the ki n, some wereburned

before the others had melted. In short, I blindered thus for fifteen or sixteen yéars: when

I had learned to guard dgainst ong danger, I encountered anoﬂi'é;"that I would.never have
- thought about.” * .*. : , ; oo

»
I -

-7 i “« v ’ C
at one time gy work Wwas baked in front and not behind; -

Proportionsand =~

Lo ey - Bernard Palissy—1584°
- s

THe design and proportioning of kilns is mere of an art,than'a scienée. There are
" mysteries and -umcErtainties about it, but existing sucéessful kilns are of sa_many

-~ “varied shapes that it would seem that almost any shape would work, Actually, there "~

s a»wi“dé’-toleraf)ce of design in kilns, and if a few hasic princip]és aro followed
the kiln is apt to work well. -~ ' oo /

o

The b'estk general 's;hapg for a kiln is somethi'rf"g ap’proaéﬁng a;’!cube..l'nrhé cube -

eficloses more space per area of wall.than. any other rectilinear shape. Obviously,

if the kiln,were‘madg very narrow or_very flat’ in shape, more: wall area would be

required per cubic foot of content. A compact shape also favors the cirdylation of

heat, and the, exchange of heat through radiation. The kiln may. be a bit higher
fthan it is wide, or longer than it is high, but in genq’ral, it is best to 'hav\e\ these
dimensions somewhat equal. Kilns are built in rectilinear shapes mostly for cont
- venience in planning and construction, bit the cylindrical shape with a-domeéyis
perBaps a better shape for the circulation of heat. However round kilns or beehive

" °The Admirable Discourses .of Bcfnard Palissy, edited .by'aA"ure]e LaRoEELué,(.LUﬁrbam: University

- of lllinois Préss, 1957). . Y T ;
' : . . i - ’ . e L N
" PR . . i ' oo : A,
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- be allowed for. Wood takes still'more space for proper combustlon @

2

117 e Proportions and Design of the Kiln
‘ e e S
designs are seldonm.built except in the case of very large kilns because of the awk-
wardness of building curved structures with rectilinear bricks.
Most atmospheric gas burners used on Lllns are rated about 150.000 B. tu s,

‘Asa rule of thumb, each cubic foot of kiln sp'ice requires at least 30,000 B.tu.’s

heatma capacity. In updraft kilps it is better to use more burners of less capacity,

/ And in practice it is ahways best tofha\ e’'some extra Capdut\ in bufners rather than.

too little. The number of burners to use is a problem It dcpends on the reserve
power of the burners. A kiln of 10 cublc feet;;s u
and ane of 25 to. 40 cubic feet with six. \Iore Jurners give a better distribution of

ally fitted w 1th four gas burners,

~ heat by introducing it at several points. While qne oil burnﬂr will.be enough to heat
a 10 cubic foot kiln, two will be better. With wood or coal ﬁrmg -pne large bO\ is *

preferred unless the kiln is quite large.
Space must be “provided:for combustion. In the case of &as (.uh burper’ nceds

an area of about 500 tubic inches ahead of itn which the gas can burdd. This means*

pla(mg, the deflecting wall .1b0ut 44'inches from the wall of the kiln and providing

an empty space where the gas can ignite. Oil will need a somewhat larger space.

Since it burns in a longcr flame, an unobstructed space ahead of the burner should

-

Another critical area, is the flue. Here it is better to over engmeer " #and prov1de

& flue large enough to accommodate any foreseeable need: A small gas kiln of 10

cubic feetwill need a flue hole of about 40 square inches. Tlns dimension is depcn-
dent on the number of burners and the height and. pu]l of the stac]\ Kilns up to'40’
cublc feet are usually grven a.9” x9” flue, \vhxch seems ample in’ most cases. For
burning wood, & larger flze must be provided. "The chimney height may vary from

3

6 or 8 feet to 30 feet, dependmg on the size of the kiln, number of burners, hori-

zontal trivel to the chimney, and degree of draft: requlred by the downdrnft
arr:mgement The eross section of the¢ chimney should beé at least equal tq that of

the fue. As a rule of thumi) each fod of horlzontal flue must be compensated for .

by 2 additional feet of chimney. e - o

Some authorities have tried to give exact ﬁgures for the drmcnsmns of t-he wmous ‘

parts of the kiln, but since each design is something of-a- law ‘unto itself,sit scems
best to generalize. Wherever possible, flexibility.is desirable s0 that crr‘hcd dnnen-
sighis can be adjusted after the kiln is. tried ‘out. Thus lat&e flues can b cut down
to smaller énes, bag walls can be moved or ralsed and ehrmnevs made }ngher if

a

necessary.

Bernard Leach, in A Potter’s Book ventures some rules on the proportlon of kllns

In general his estimates seem far over on the generous side. For example; he recom-

mends that the chimney diameter be 1 to } the diameter of the kiln.: That would:
make the chimney for a 10-foot kiln at least 2 feet in.diameter and a maximum of
24 feet, a really hage chimmey. Furthermore, the heightof a chimney; according to

Leach, must be 25 times its diameter. Thus, for our 10-foot kan we wou]d have a .

[~

50- to 75-foot chimney.! - o N ol
! Bernard H. Leacl’x A Potter’s Book (New York: Tmnsatl.mtlc Alts, 1948 pp 190—‘)1

)
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THE DESIGN AND CONSTRUCTION OF KILNS 118

"To summarize, the rxnmple rules of ‘kiln des1gn are: (l) a simple rectangular
*+ar cylindrical shape, {2) ample barners or fireboxes, and room for combustien to
<e place, (3) good circulation, (4) adequate flue, and (5) a suf‘ﬁuently large and
1 chimney.:Obviously, there are too many vmables involy ed.to make it possible
to specify.all of these. aspects of the design exactly, but Fi igure 11 estimates: the

<

) CRI'l;ICA.L DIMEﬁSIONS IN GAS FIRED DOWNDRAFT KILNS -
S - ;NU-):IBER ) AREA oF | Cross SECTION : HEIGH’r
- SrzE oF KN ,,OF;’BTURNE,RS FLuE OPErrmG F).F Cm»m}ay "‘_O)F ijrmy .
10 cubic feet . - . 4 - 45 sq. in. ‘ 9' x 90" e 12 ft.é’ T
"90 cubic feet ‘| 6 : 65 sq; ’in. : ’t;)"'x 9 v | , 18 ft. .
30 eubic feet TG ‘ 8].@(1 in. - 9"'_,( g e : 20 ft.
50 cubic feet 1. 8. » : . 150 sq.in. | ‘131}" )_(?}3{; ' 90 fr. )
111, Critical dimensions of gas-fired kilns. \ L v o :

_ sizes for flues, chimney, and the numbers of burners. for varigus 51zed gas ‘burning
kilns. Many variables such as wall construction, klnd ‘of burners and-the propbr-
tions of the kiln are not ta]\en 4into account however and such a charf should be
used only as a general guide. < - C

- As indicated in the!descrlptron of the hlstorlca] development of the kiln, thereJ
are only a limited number of ways of crrculatmg heat through the chamber. Each
has its advantages and drsadvantages The updraft krln is the simplest arrangement

Figure 42 in the previous chapter on the historical ‘development-of the kiln_is an
example of an updraft arfangement. Three firemguths are provided at the Dbase.
The flame enters the chamber, passes up through the settmg and out th the
chimney at the top. It is'a sxmple structure. The only difficulty i is that the lower part
of the chambér tends to;f;re hotter than the top. -~ = =

anure 112 showy a srmple hpdraft arrangement for gas ﬁrmg There may besone’

" or mark burners, epfering holes at the bottom of the kiln. The flamie is deflécted by

a hOl’lZOl’ltgll bafﬂ ‘or floor, and passes upwards along the walls and out.a flue hole.
at the top. By ppsitioning the burners mostly toward the ontside, an excessively
hot bottorn may, be avoided. Small kilns-of this. design work quite well but tend to
have cool §pots either toward the top or the middle of the setting. An advantage is
 that, sincef;the draft is upwards no chimney is required, and the exhaust gases can
be collected in a hood. Since the escaping gases from the lfiln are mixed with cool

t
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112. Updraft circulation. E
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air from the room before entering the hood, the hood can be made of metal, and _
may be vented through a window or simple roof vent. In such an arrangement no . TR
Rermanent brick chimney is required; often a considerable advantage.
» " Acrefinemént of the design is shown in Figure 113. Here the burners are posi-
re ‘e tx e . . . s . .
4 tioged at the $ides and a baffle wall is provided. This protects the ware from direct
w
%13. Updraft circulation : - ‘ . o
dith partial muffle. - : h
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114, Types of lids for top loading kilns.
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116, Shittle kiln manufactured by the Denver I:‘irl,’clay Co.

. impingepdent of the flame, and if the space between the bafle and the wall is
somewhat consrrrctcd at the top, more heat is released toward the top of the kiln.
In this arrangement, the bottom of the kiln'is apt to be cool, but this can be
adjusted to some extent by letting some flame go under the baffle and enter helow
thre setting: These updraft style kilns may be loaded through a door in the side, or
thruugh the top. Hinged lids, as shown in Figure 114, have been used, or lids
moved an and off the kiln with a small mechanical lifter or crane.

In designing updraft kilns it is well to provide plenty of burners. Several small
burners, while thev are inconvenient to operate, help to distribute the heat. It is
also well to nml\g the flue fairly large; it can always be closed down during opera-
tion by slqugJ: brick or tile plrtm]lv over the opening. Kilns of this type are
logically heated frum the bottom, rather than the sides, and the whole structure
may be built up on an angle iron frame so the burners and valves may be opuated
below, Bunsen or Fischer butners of. thv type usul in chemical labomtorus are
sometimes used for smaller kilns, and they work ve n well, provldcd there is -suffi-

Crepit i prt‘ssurc,
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117. Updraft circulation, with flames passing under
or. . '
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An updraft kiln may be no more than a squarish box of bricks with a hole in the’ C e

top, a door in the front and some burners entering below. Fauly [_,ood results can
be obtained in such a kiln. The difficulty of .Iclncvmg perfectly even heating,

however, makes the updraft kiln a less-than-perfect. solution. Furthermore, if

reducing conditions are desired, gpdraft kilns are rather unsatisfactory because of v .

the difficulty of circulating reducing flames évcnly into all parts of the setting. e

The path of the flame is too straight up. ‘ ' i E
Another version of the updmft kiln passes the flame under the setting. Burncrs

are arranged at the sides, and flame goés under a ﬂoor tile, passes up along the wall,

and out, as shown in Figure 117, Staggering the position of four burners gives four

flame channels beneath the floor. The hazard of this design is a “hot bottom;” buf
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THE DESIGN AND CONSTRUCTION OF: KILNS 124

4
g

if reducing fire is being used, the gas tends not to burn ,‘compl‘(-‘té]‘v until it has
passed under the foor tile and up on the wall. making for -better heat distribution.
~ Updraft kilns are sometimes provided with a mufﬂe‘-‘mm,;%ct the ware from
direct flame. A mufle is an inner lining or box which is set insi”(f&n_thc kiln. The
.flames from the burners are directed outside the mufHe, and the ware inside it is
4 . exposed neither to flame nor.combustion gases. The muffle 'way first designed to
© avoid the use of saggers, which are space conguming and have a relgivelv sRort |
* - life. Many kinds of pottery need to be prot(‘bttiff from the direct action of the fire!
" Included are lead-glazed wares, wares glazed. irr ¢olors which are sensitive to $light
e "~ reduction, and wares being fired with overglaze enamels. ) .
‘ e - MufHes present séveral.prob]ems of construction and op('{ra,tioin. The muffle itself
must be made of some materiil which’conducts heat reasonably well; otherwise
it would be difficult to heat the interior space. Thin plates of fireclay refractory-
have been used, ar plates of a silimanite refractory. The best 'muh-r@ul,,h()\\(vvur, is

silicon carbide. Mutles of silicon carbide are made in different sizes and designs, 2,
and are usually C;impo.,\'v(l of interlocking plates for floor. walls, and arch. Gomplete

muflles of this kind are expensive. Obviously, the kiln nliist be designed With the . a
proportions of the n\mﬁlc taken into consideration. ’ . A

A complete mufHle will have a floor, walls, and archlcomplaetely sgaal'ing‘_o'ff all . .
Hames, as shown in Fi\gure 119. Partial muffleg are frequently hscd,«howovor, and ’
“these have been found sufficient for most types of pottery. One design for a partial

muffle consists of side plites-on an updraft kiln to baflle off the fire and keep it - -
from the ware until it reaches the upp(:f pzii‘t of the kiln; When coke or’pcat‘ﬂrc_f R
, . . i . : /
A ® ’ - : .
k »
& N .
. B

119, Plate fuffle Kiln,
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B used for fuel, as issometimés done in Hollan Fand Bc]gium,( a muflle is built on the
“inside of the kiln to hold the ware, and the ?ucl is burned in the cavities between

the muffle and thé outer wall. - : v :
A tube muffle kiln isgshﬁwn in Figure 120. In this system‘, the heat from the
burners enters a lower fifebox or ‘combtustiort chamber, and is then led upwards
through a series of refractory tubes arranged around the perimeter of the ware
chamber. A collecting chamber above leads the hot exhaust gases to the chimney
"Portable kilns of this type, in spite of -their bulk and rather high' cost, formerly
enjoyed considerable popularity, and they work well. Because of the large surface

area of the numerous muffle tubes, heat radiation is rapid and “efficient,/and the
14 = <

3

- : . . .~




be rep]accd

121, Tube mr;[ﬂq kiln manufactured by the Denver Fireclay Co.

ware is well protected. As with all updraft kilns, however, the botton tends to be
hot. Another disadvantage of the tube muffle kiln is the tendency of the floor of the
kiln to deterjorate from continued usage. Thc tubes aTre fraglle but thcse can easily-

All muffles tend to impair the efficiency of the kiln because the heat must pene- ,
trate to the interior of the kiln by conduction and radiation only, without the
Rl -
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% ' _ 127 " ‘ " Proportions and Design of the Kiln
Denefit of transfer by convection to the ware, and the cost of hegtiﬁg a muffle kiln =~

will be somewhat higher than an open fire-kiln. Evenness of heat is a moze serious’
problem. Without the How of-hot gases through the ware chamber th,erf;‘is no way
of directing or altering the flow to adjust heat differences, and the owner of a muffle
kiln is quite helpless to cure any unévenness that may exist. These'drawbacks must .~
be balanced off against the benefits of protection for certain kinds .of glazes. But
since the advent of the electric kiln, there is much less need for the mufle kiln,
since electric ﬁ"re performs approximately the same function, that of furnishing a
clean, flame-free atmosphere. The completely, muffled kiln is obviously useless for
reduction firing. ' . N

The downdraft kiln mightsbetter be calfd” the” “circuitous draft kiln.” " As
.described in the section on historical development, it came about first,from a cross-
draft arrangement that was later modified to produce a more roundabout pathway
for the flames through the interior of the kiln. This circuitous pathway serves to .
(a) transmit more heat from the fuel to the ware and to the inside of the chamber,

therefore letting less heat escape ‘fr()mvthc' Chil]‘ll}(!y‘ and (b) chables an even
distribution of heat throughout the ware chamber because the Hame may ‘be
directed by baflles. S o

- There are many different possible: arrangements of burners and flues for down-
draft firing, and several possibilities For the .circulation of heat inside the kiln.
Perhyps the best arrangement for small kilns is shown in Figure 122. Here the‘-
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1230 Burner ports’directe‘d parallel to the bag walls

 124. Crossdraft circulation. .
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Qurners are -arranged at the side of the- klln and the flame is deﬁected upwards :
b\ a baffle or “bag” wall toward the top The flames are then pulled downward °
throuUh the setting, collected in a flue at the bottom of the kiln and drawn back
.into the Chunnev \Vhl(‘h is behind the kiln. There is reall) no flaw in this arrange- )
" ment, and perfegtl\ even heat distribution can'be obtained in a kiln built with this
type of circulation. For small oil burfing kilns, the same design can be used, except
that two burhers are directed into the kiln the long way of the combustion spaces,
as shown in Figure 123. This gives more room for combustion, a necéssxty for -oil.
One burner may enter from the front of. the kil[ﬁ%nd one from the bacl\, or both
may be mounted in the front. ' R e
" In-another arrangemient, burners maw be place‘ &7 one sxde of the hln only, as
shown-in Figure 124. In this case, the chimnéy laczd on the opposnte “side of -
the kiln; and the fames pass up over a deflecting w aIl dg%vn through the ware and =

ont a flue at the bottom. It will be seen that this, design'is simikar to one unit of an
oriental chamber kiln, Hghas the flaw of bung cold near the flue, but this €an hc
cured. at least partially, by pfovidinb a channel that draws some of the flame
directly across under the setting to the area near the flue, as in the Newgastle Kilns.
This arrangement is often used for wood fired kilns where it is very ‘desirable to -
have only one ﬁremouth - ’
“Other variations of the downdrszt, nnc1ple have been tried. One. possd)lhty is
to place flues in the walls of the klhT This has the advantage of yleldlng some addi-
tional heat from the products of combushon But in small kilns it is difficult to
collect these separate flues into an effective chlmney of sufﬁcwnt helght Or, the::
flames may be led under the setting first, as shown in Figure 128, then deflected
upward and through the setting and out a flue hole near the burners. This gives
very good circulation, but there is considerable stresson the floot, and there max
" be some difficulty in gettmg the top of the kiln as hot as the bottom. ‘

All downdraft or crossdraft kilns require a chimnéy to furnish suﬁclent draft or
pull to'draw the gases downward or across through ‘the settinig. The hot productst
qf combustion will only travel upwards unless induced by a draft to ‘do otherwise.
Therefore, the demgn and constnrchon of the: chimney is 2 critical factor. The '
chimney should; in fact, be consrdered an integral part of the design. Cenerally

‘speaking, the flie hale into the chimney must be of generous size, and the chimney
must be ample in cross section and hexght Unfortunately, there is no easy formula -
for determining these dimensions:’ :

In all too many cases, it'is difficult or 1mp0551ble to buxld a chlmney for a pro-
posed kiln because of the plan of the bulldmg Exlstnag ch,lmne)(s will seldom serve, '
because more likely than not they are built for less severe heat condltlons than kiln
exhaust. If no chimney can be prov1ded a true downdraft kiin will besruled out, -
and the choiee may be nirrowed to an electric kiln or an updraft gas kdn w1th a.

L]

hood. - . : . vy /
A valuable feature of downdraft or. crossdraft cuculatlon .15 the ease. w1th wh)ch
o e, % /
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. 126. Back view of Ralph Fast's kiln. The high level of workmanship is evident. : .
e T . R . s ‘
7125 CGasfired kiln built by Ralph Fast at Falls Church, Va. The arrangement is o
crossdraft, with the burners at one side of the kiln and the flue at the other - '
: i : o //
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127. Stack. A burner is provided to} warm the stack and induce a good draft for T
; the early stages of firing. . -4 : .
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the How of heat can be changed or redirected to secure more even temperature.
If the kiln fires too hot in the lower part. this may be overcome by raising the
height of the bag walls. forcing more of the flame directly toward the top of the- e
kiln. On the other hand, if the kiln is firing too hot in the top, the reverse remedy ‘
is tried. i.e.. lowering the bag walls or making larger openings in them so more of
the flame will pass directly into the lower part of the setting. Adjustments can also Y
be made to direct the flow of hot. gasses either to the front or the back of the kiln. ‘
This is accomplished by changing the size and the position of the dpen.ings which
lead from the ware chamber to the fue below. :

P

»

Kiln setting is discussed below, but it should be noted here that the setting vitally
affects the path of How through the kiln. ¥ the shelves and ware are too -Ltightly set, N
or if there is one area which is~tighlly set and another whigh is very open, abnormal -
firing may result. : , : ; : S

Figure 129 illustrates the possibilit_v of coml')i"ning updraft 111‘1d'_.(10\\:11dra‘f_t sys-
tems in the kiln. The kiln has a flue hole in the top which connects to the chimney .
by a luteral flue. It also has a flue at the bottom. Either one-of these m:;y Be closed .

S Aeip e
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by a damper. Thus with the bottom damper closed, the firing will proceed updraft.

. A kiln of this type may be useful for firing biscuit updraft with less chance of

flashing. o -

The idea of a double kiln is temptings because. in any kiln a great deal of heat v
goes up the chimney and is wasted, Another chamber can be tacked on at'the back

of the kiln. or the chimney can be enlarged and given.a door so it will hold bisque. |

Before building such a double kiln, however, the ceramist should consider some of

the difficulties. For one thing, the addition of a second chamber usually cuts down
on the draft, and unless‘f}klere is a considerable chimney, a downdraft alrrzlhgex‘11eht
may not work. Another trouble is the control of temperature in the second chamber.
When the main ware chamber is up to glaze maturing temperature, the bisque
chamber may be Seriousl_\j; overfired. One answer to this problem is'to provide a

- -by-pass from the first charhber to the chimney, with suitable dampers for control.

3

circulation

129, Kiln adapted for.bgfh' updraft and downdraft
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But this may make the structure more complex than is justiﬁed by the small savings

in fuel. What is worse, sthtmg over te. the by-pass may mtermist th&iem.pex’atme :

rse in the first chamber:

Every kiln must have a dampgr to adyust the pull of the chmmey and to seal-the

kiln at the end of the firing, preventing a rush of cold air through it and up into the
chimney. The damper may simply be a brick placed across:the top opening in a
small updraft kiln, or it may be arranged horizontally or vertically as a damper

plate, as shown in Figure 131. A horizontal damper plate in the lower part of the:

chimney is very practical because it stays in any position. A kiln shelf may be used.
A vertical or “guillotine*damper is,usually made of steel and is_held up by a pin

through- one of the holes in the plate. Metal damper plates tend to warp -and to

swell from the oxidizing effects of the heat, so a wide slot must be provided.

Kiln doors present no problem. On small kilns, the simplest arrangement is to
brick in the door with loose bricks for each firing. Insulating bricks are usually
used for this purpose. l\tfractbry blocks.to serve as kiln d may be made from
ed together with a

mortar made of ﬁreclay and’ considerable sodium silicate.
are sometimes used to tie the brick together, but even when both wire and cement

are used, such door blocks tend to come apart after repeated firings. -

The door should not be on the side of the kiln supporting he arch, and it should
be high enough so no dead pocket is formed just above the;
can be set. Often, the whole front of the kiln is considered
without an arch or lintel buttress and is bricked up each ti
For conv emence doors are often built in steel frames hing
the klln Or doors may, be lifted vertically by counterwelgh
as shown in Figure 116.

" When a kiln fails to perform properly, the reasons are sel/
the difficulty can usually be corrected, If a kiln will not reac;

which it was designed, the bumers 'may, be at fault. Eithe

oor, or the door is
past the main arch,
‘the steel braces of
guillotine fashion,

' hard to find, and

than offset the loss of heat through the walls of the kiln. Even a very poorly insu-
lated kiln will heat rapidly if the burners are sufficiently po werful. If the'burners

are not generating sufficient heat, it may be that there are toofew of them, or that

they are not getting enough gas préessure or volume. In the of oil, a malfunco

tion in the system may Timit the force of the burners.

Another source of failure is poor circulation through th klln This may be.

caused by the flues or the chimney being too small, or: by sonstrictions in the

‘flame-ways or in the setting that inhibits the flow of hgat hrough the kili. The-

symptom will be failure to achieve high temperature, or very
cure is to enlarge whatever constricting area is causing the,
Perhaps the most common shortcoming in ceramic kilns i

: heatih'g. Many

L

of ni-chrome wire.

or where no ware . .

e temperature for

8re ‘are not enough

burners, or the burners are not generating enough heét. To assuré a normal nteof—~ e
' climb in temperature, there must be sufficient reserve power in the burners to more

vy

f‘."
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130. Design for a.wood bummg kiln lu!h double crossdraft clrcula!lou The. .. . .
bottom section is used for “Bizén” effects where a lot, of flashing is desired, while
the upper section is relatively free of direct flame and fly ash, and can be used for’
regular glazed wares. g .

e . . 3
- ' - M g

N *
2y

AN ' 7 ceramists-accept thiy m"mmcthmg’rhr'y have to-tive with;-and-use’ differont-glazes————
in various parts of the kiln to avoid baving underfired ware. Tn updraft kilns, un- ’
* even heating is common, and there may be little that can be done about it in the
wiy of adjustment of either kiln or setting, But in downdraft kilns the problem can
usually be solved by adjustments carried out over a number of firings: A kiln which
can-be heated throughout with no more thdn one-cone-difference’ 5hould be con

sidered g success.
In designing a kiln, a great many Factors must be taken into Lomldcmtlon 1t is

somewhat like designitig a house where site, function, budgét, and style twill all _

enter into the design. \Iany pcople are hesitant to design and build a kiln for fear L

that much labor and expense will end in failure for unforeseen reasoms and in fact

there is some justification for such fears if the-project is not well ed. A good

startmg point is the' emulation of some C\lStlnB luln which opcmtcs suc(,(,ssfully,-

L]
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and which, in type, ﬁts the new situation. But such models may. ot be easy to find.
It is hoped that the drawings and plctures in this, book will be of he]p to the kiln, -
s designer, but it is almost certain that the prospechve buxlder will have to make
some changes and adaptatlom to suit his own particular needs. Some of the factors
which- wnll influence the desxgn may be listed as follows™ ®
1. Size of the space avmlable The kiln should be in a room whxchmllows some
work space in front, and plenty of room to walk around it to get at the
"burners and operate the damper There should be ample \room above and
- good ventilation. - & )\ :
Size of kiln desired. In’ general, it is good to have a kiln w ich is ample in
size for all foreseeable needs. But if the kiln is, too big,. the tlme lapscs be- .
. _tween firings may he too great. '~‘ ¢ .
3. Tenfiperature and atmosphére desired. Versatility - 15 dc&nmblc 'md if a kilnm
' will do both high and lot temperature work and will om{llm or reduce, so
much: the better. A
4. Availability of a chxmney, or the possnbnllty of buﬂdmg one. If no chlmney
can be provided, the design. choices are severely limited. SN
5. Availability of fuel. A ‘decision mnust be made for gas, oil or bottled gas -
depending on the local conditions: .
6. Fire regulations or zoning laws in effect at the kiln locahon

Lo

o

SRR

\"

7. Budget. Theré are some ways in which corners can, be cut on expenses.
. 8. Kind of ware to be fired. If large and heavy sculptures are to be fired, for
’ instance, a car kiln might be-almost a neceSSlty
9. Permanéence. If it is known that the kiln will be in use for only a short time,
a different kind of struéture may be mdlcated than if the kiln is mtendqd
to be permanent. A :

3
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If all of these factors‘ are carefully weighed, the prbﬂpcctfl\'e kiln builder br'na\'
find that the kiln has almost designed ltbt’lf A architects often find, the program
and its necessities largely- dictate the slnpv of any new strubture, .
Problems of design. construction and operation become more difficult in larger

L

qulns Errors of construction, proportlon cireulation: ht‘n.lt mput 1nsulat10n. and
draft will become greatly magnified ir a large kiln of, say, 50 cubic foot “capacity
aor more. as against smaller kilns of less than 20 cubic foot c.lpacxt\

|V 4

Even when all factors involved have been carefully considered and allowcd for,
when the construction-has been carefully done acckord{r_lg to the best methods,
and when well chosen burners and sifficient fuel are emploved: it may be found
that the new kiln does not perform sntisfactoril_\?. When this happens, it is well to

- : look to variables in kilo setting and firing technique as possible causes of failure.
- Many a kiln has been declared a failure when in fact it coudd have functioned

perfectly under tlnfnnn'u_,vmvnt' of an experienced ceramist. Subtle and seemingly
unimportant things such as the ‘m.uu,umnl of the shelves, the density of sctting,
the control of dainpers and sec mndm\ air purts the amount of m(luctl(m and

5 oxidation, or even the weather may (lr wstically aflect the performance of the kiln.-

At Alfred Uniyérsity we have two car kilns of idontféa\l»design, placed back to

back and using the same flues. In spite ef the fact that these kilns are twins, they

.
< coe T R =
-

134. A dumrwy in Japan made of cﬂma’ncal tiles 3(’(‘urcd with a Izgflt stcel frame-
work. Kiln of Tokuro f\um near Seto, Japan.
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. o
seldom fire the same, and often it is hard to determine the factors that make one
kiln fire more slowly than the other, for example, or more unevenly. If a klln is
not performing well, it is advisable to call in someone w ho has had e\pcrlence in
firing various kinds of-kilns. tvith a view to eliminating opcratlonal mistakes first
before*attempting to alter thie design or proportions of the kiln. :

If the kiln has been built with a somewhat over-generous size of flue, chimney,
combustion space and burner capacity (and all new Kilns should be so bu1lt), it is
quite ‘easy to make certain adjustments to improve the fmns_, if necessary. Flues
may be diminished in size, bag walls made higher, lower, or morc perineable, the
path of the flames may be redirected, the chimney made taller, and as a last resort,
more powerful burners mav be installed. A kiln should riever be written off as a
failure until every remedy has been trled and more often than not, unsahsfﬂctorv
performance will be found o arise from some detail of.a not too serious nature.

A new kilo should be thoroughly dried out before firing. This can be accom.
plished by leaving a smmll Hame at orie or-more of the burners for a few h()urs
It is a good idea to limit the first firing to bisque temperature, allowing the new
structure to settle, Durmg, this initial fire, the potter will learn a little about the
temperament and mdlﬂduallt_v of the new kiln, and will have a better idea of how

to manage things on the glaze fire. The first glaze fire should be statked with pieces

for which one has little hope anyway. This will mitigate the- dissappointment that
so frequently marks the initial firing of any new kil,n High ex
be indulged in. During the first fifings it is wise to*place numerous cone plaques
throughout the kiln to determine the evenness of fire.

The kiln seems to mellow with age, and after a dozen or more firings most-

tations. must not

problems will usually disappear. -

2
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. Electric and
- Portable Kilns

THE ELECTRIC KILN is a relatively modern invention. A-few
electric kilns were in use in' the 19207, but it was not until the J‘é\*@l@pn)ent of
improved insulating refractories that the use of electricity for hrmg became really
practical. This occurred during the thirties, and by about 1940~ pormbl( clectrie
kilns were widely used, especially in schools. With lls_'htwug_'ht insulating refrac-
tories, electric kilns could be made that were light in weight and thus casily
portable. Morcover, kilns could bv mace mv\pcm)vclv because of the ease of
shaping the pleces of brick for various constructions and for 5upport1ng_, the heating

elements.

The aduntdgcs of electric kilns over fuel burning kilns are + obvious. 'lhc electric -

kiln is truly portable, being not only relatively light and compact but also requir-
ing no chimney or vent. The kiln merely needs to be wheeled into the room and.
plugged in. Portability has en: ibled kilns to be used in thousands of situations
where the installation of a fuel burning k)lnbwou](l be impassible. T .

Not only is the electric kiln portable and adaptable for admost any sp.lc( but 1(
is vasy to operate as well. No special skill or’knowledge is 1((lmr0d to fire, one-

necd only turn on the switches at thé right time. Firings tend to be uniform, withs

little variation in result, certainly a gPeat advantage for schools and for the aniateur
who does not want to risk firing failures. Electric kilns are also very safe to opcrate
because the heat is completely (()nflm d to tf\w firing chambcx And even if, through
neglect, the kiln is not turnied off at the nght time the \\ orst that can lnppcn is
damage to the heating elements and over fired ware.

Since no combustion is involved, clectric firing .wmdg the dangers. involved in
the burning of solid fuels. While these hazards ‘can be reduced to a minimum by

3
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sound design and careful operation, they nust be considered where the bperation
- of the kiln is turned over to persons not trained in the work or not interested in-it,

L]

as is often the case in schaols. The fire itself is clean and uniform with no danger -
oI damage to the pottery by ﬁash.mg, accidental reduction or uneven atinosphere.

With such an impressive list of advantages it might be asked why the electric
kiln has not completely supplanted all other types. One reason is the expense.
Flnng with electricity usually costs-about twice as much. as ﬁrmg w1th gas or oil,.
This faetor is perhaps not of critical importance, because firing costs per piece of
pottery are very small in any case. The cost of electric power varies considerably
from place to place, and in some places, such as the Scandinavian-countries, electric
firing is cheaper than oil and has consequently become almost universally adopted
there by ceramists. Another more serious disadvantage is the size limitation.
Electric kilns do not perform too well if the 1n51de measurement exceeds 2} feet
across. This is because the intetior of the scttmg mqst be heated entirely by radia-
tion from the elements at the walls of the kiln. Theoretically, a kiln could measure
2 feet by 2 feet across and be very tall. This would increase the capacity, but still
would not permit the firing of really large pieges.

Larger electric kilns are very expensive, and the initial cost pf even ‘moderate
sized ones is high considering their capacity. The cost of refractories, elements,
switches, and the necessary metal case brings the total up, even for a homemade
kiln. Ordnarily, & gas fired kiln can be built for less than half the cost of an electric

- ome, and a homemade gas krln may cost about a \thu-d as,much as a similar sized:

factory built electric. ,
The life expectancy of an e]ecfnc k11n is also rather low as compared with a gas
kiln. This is because the réfractories are of the insulating type, and sub]ect to wear
and fatigue, especrally the channels or grooves that hold the elements:. The ele-
ments of the kiln give out sooner or ?ter, necessitating. repairg and’ expense. It is

. difficult to generalize about the probable life of elements, but a good Kanthal

element might last for five years provided no accident in the kiln occurs. Usually

\elements must be replaced ina shorter hmc The lower ﬁrmg tcmperatures cause
° less Stress on them and mdke, for longer life.

In addition to-its practical dlsadvantages the electric kiln has a serious limitation

" in the types of céramics which can be fired in it. Since the atmosphere in the firing
l‘*chambers is constant and ~rather"heutral all eHects involving reduction .or. partial

reduction are ruled ouf. In many. situations, this is not a serious limitation, buit the~
potter who wishes to work with stoneware will néver be quite satisfied with electric
firing. Many potters also find the uniformity of firing in_the electric kiln a hard
thing to work with. They crave the accidental and often beautiful variation$ in
color and texture which may result fyom the action of gas or oil ﬂame

The electric kiln is simple in princrp]e Electric current, is run to resrstance :
elements inside the kiln, and radranq heat is gmerated This heat 1.transferred to

€ ® »
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the inside of the kiln and to the ware by radiation and conduction. The walls of ' A

the kiln are built of insulating material which impedes the transfer of heat to the
outside and permits the temperature inside the kdn to approach that of the heatmg

elements . L
FElectric current can be conducted through various substances. A conductor

the application of a high potentra.l Gases  and fluids may be conductots under

_ substance which permits the current to pass through it with relative ease, w1thout

- special c%ndmons but metals are the best conductors. Meta,ls can’carry a current

of electricity for an indefinite period without being changed in any wayexcept for -

_ a tise in temperature. In the atoms of silver.and copper 'the outer’ electrons of the "
shell account for their conductivity. These “free” electrons are in the interatomic * B

spaces and. move with extremely high velocity. ‘When an electric field is set-upin =

Y

the metal and current is passing throughiit, the vélocity of the electrorg. Teases 4

The drift or motion of these hrgh speed’ electrons is thought to constitute e cur- :

rent. Collisions between the rapidly moving electrons cause the conductmﬁ'_metal
to heat. Heat in the conductor causes an increase in electror colhsrons and tmpe"%‘s

" the flow of current, and for this reason even the best conductor {s not perfect.

-

silver is cooled almost to absolute zero-it will become almost a perfect cond
In poor conductors the electron flow meets with resistance that may greatly’ élow

or stop the current. A sort of electrical friction may occur, whlcbgs ]ust the oppo-

site of conductivity. Some non-conductors are sulphur, glass, mlca quds ,f_j rubber
and shellac. . . e

. Means have been devised for measurmg conductlvrty In practxce however, it
is the resistance of & substance w}u(;h is measured rathér than its opposite, con-
ductivity. The unit of resistance is the ohm. The ohm is deﬁned in terms of the, ur(

"~ of electrical potential (volt), and of current (ampe;e) An ohim is a resrstancewch

that a-potential of one volt causes a current of one ainpere to flow throughtit. The

resistance of a body expressed in these terms xs.mdependent of the amount of

in cross'section. Thus a very 1 ﬁne copper eré wﬂl have a rela!rvely hlgh resrstance

but a thick bar or wire will- have a low. resistance.” »
- Current passing through'a conductor in the form of a wrre varies. dlrectiy with.

Law: I = —I-Pi— where I is amperes, E is volts and R is.ohums. In other words the mten-

"sity of current is equal té electromotive force or potential divided by resistance. .

be measured. The resistance of any appliance, for example can readﬂy be deter-
mined with an ammeter and a voltmeter to measure the amperes and volfs:”

‘Conduction can be improved by cooling; far example, if a.metal such as copper or

' the voltage and mversely with the resistance. ThlS relatronshlp is known as Ohms -

a

By using Ohm’s Law, one can determme any one of the values if the other two can.”
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¥ As an e\ample of the application of Ohm s Law suppose that'a toaster is bemg
" designed that will draw ab,out 10 amperes of current. What leng‘th of resistance .
., wire will be requrre;d’ . .
If the current is 110. \égtts t_he equatlon would be: o .

. 110
. o H5TR= —O or 11 ohms re51stance o .
10— e 3
TIf the wire of ribbon elemen’t*bemg fised had a resistance of 1. 5 ohms, ft it would \\‘

-« o
'r,

requn'
If there were a perfect conductor no work would h'we to be done to maintain a -
flow of electncrtv in it because there would be no. resistance. But in practice,. all
conductors offer some resistance, and the energy needed to overcomesthis resistance. _
is cpnverted into heat. When electricity is to be used as a source of heat, an element
is chosen which will offer enough tesistance so the flow of e]ectnc\ty through it
T - will generate heat. In the case of electric kilus, ¢le ments which have a high resist- |
ance mdst‘ be used in order to bnng, the tm1per‘1turc up ta thc hlgh temperatures |
needed. . ) g
F‘br krlns to be used '1: modest temperatures of 1100° C. or less, clcments made
_of alons of niekel and Chrome have been used. Elements of this type .are inexpen-
- sive .and give good service provided the upper fimit of temperature is neyer
“exceeded. For hlgher ﬁrlng Kanthal elements are used. Kanthal is a patented al]oy
" and the top rated Kanthal A-l is. serwceable at temperatures, up to 1310° C. The
. superior performance of Kanthal elements an?tﬁemusefulness at. hlgher tempera-
“tures has-made them opular for all types of electr¥e: kilns,- Iargely drscpiggmg the” AV
""\; ni-chrome elements. Kanthal elements are distributed by the-Kanthal, orpomtlon N
(Bethe] Connecticut), which furnishes a handbook glvmg the p,ropcrtles of the |,
drﬁere\nt available a'lloysfFlgure 135 shows the probable }xfc of vanou,s ‘,types of .o
elements Ihe supenonty of Kanthal even for bow ’temperture work# is clearly ;
demonﬁtrat . . ! ’
All elements grow in length w1th use, especmHy m~chrom Kanthal grows less, .

3t

P ~; ~and caJuses less trouble in “bulging otit. of the ,;xhannoL provnded for it in the kiln.
; Howeyer Ranthal has the dlsadvantage of bem[, very soft at hngh temperatures -
anc very bnl;tle when cold. . A0 B ‘
=~ 5 = - j . [
.8 1000 1/ 22T\ N3\4 IR I3 N The gmph nt lcft 5h0\u the compnmtive &
s - \L 1 NATAN : number of firings that may be*@xpected
£ 800 ) ‘ : from each of four diffeent -alloys under 2
= g | \ \ \ o ; * identical conditionis. Cuive 1 represents a |
£- 61)0/ f X\ - }+  Nickel-Chromium allgy; Curve 2 repre- i
! R W/ \ . . - sents Kanthal D; Curve 3 represents Kan-
i 5 ] N RN N -s«thal A; ahd Curve 4 rePreGan Kanthal
{ : 400 |— - \#‘ Y N E— A-1. Read vertlcal]y to compare alloys: for ..
; ' E / \ AN examnple, if every firing is to 210Q°,
: = 200 I - . “will lagt over 1000 Brings, A will last 950
X s i . s B ‘ ~3 D will llast 00 and Nickel-Chromium on?/ :
4 @ g / e = _ . tfl50 » m;lmu]m tempz’aturedf?r e\'{l\lﬂl ]]ll
: ‘ - . - ts rom eych alloy may bé rea horizbntally.
L 18?/)0 1900 2000 2100 2200 2300 24@ Larger! wire V):"lll glvc longer hfc th’m
: / '_,"If'rhn’wc TJEMPERATUHE °F. o shown o
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‘ ' 185. Ltfe expectancy of ‘elements in electric kilns. .
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Th,b size of wire mg;St commonly used varies fropt” B&S gauge 14 to B&S gauge
1S. The choice of wire size is optional. but the lalfgc’r Sizes are known teo have a
longer life. In practice, the larger sizes art’ more -expensize, because larger pauge
wire has less resistance and more length is needed to produce the desired heat, For
clements of 1500 watts or more. wire smaller than 15 gauge should not be used.
qupended in air. a smailer gauge. element reaches a higher temperature than a
laracr vauge t]t’llltl]t of- the same \w‘ttaue Floure 136 shows the temperatures

"‘~ e
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136. Surchb temperatures of various gauge elemenfs ES'uspendctl in air. .
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e

reached, suspended in free air, by ten 1000-waty elements of different gauge. The

largest wire is heated to onlv a little above the bonlmg_, point of water, while A'

gauge wire attains a temperature of nearly 1800° F. Each of the elements gives off
‘the same amount of heat, but in the case af the smaller’ gauge wire the heat is being
generated-in a smaller mass'and is radiated from a mueh smaller surface. When

¢lements are heated in free air much of. the heat is carried off- by . convection

currenta of air. and radiation is high' because: of the difference in temperatures -

bet\veen the element and its surroundings. Figure 137 shows the relationship

between kiln temperature and vlcment temperature as a firing proceeds. At the

hc‘ﬂmnm(f there is considerable differ ence. A% heat builds up;in the kiln, the tem-
- perature of the elements is raised bec ause less heat is radiated from the element.

A hotter element in turn radiates more heat, and thus the temperature of -both kiln
and clement advances. F inally, the advance of heat in both elemerit and kiln lj\‘e]s

N
x N . N
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137. Relationship between element temperatures and klln temperaturé

off as heat loss through the walls pf the kiln or the storabc of heat. begms to (qual‘
the amount being generated. * « ( ~ ‘
The amount of wattage, and thus the number of ‘resrstance@nd elements requrred

o heata given kiln requrrés a complex engrneerrng calculatlon There are a good

many factors to be considered, such as size and shape of the kiln, the materials .
used for the walls of the kiln and the backup mstalla n, But as a general rule, if

“stoneware temperatures are to be reached, each*cubic inch of kiln space requires .

1.2 watts. This;#a kiln 18” x 18” x 18” inside would contain close to 6000 cubi¢ .
inches and would require 7000 watts. Five or six crrctuts would normally be use(fl
for a kiln of this size, since for srnall kilns elements of 1000 to 1500 watts have beeh
found satlsfactory ‘When the type of element is decrded upon, and itg resrstan&e "
gbtained from the manfacturers data, the length of each element can be easlly*‘
cilculated by using Ohm s Law, - ' :

Flgure 138 shows a wiring dlagram for a kiln with six eléments. Each Llcment l

4controlled by a separate switch, and the desired advance of tampcrature is achrevetl

by turning on one element at'a time.! -, - : l
The elements are’coiled by wrappmg the wire around a rod of suitable dlmerl
sions and installed in recesses in-the kiln wall.as shown | in Figure 139. The recesses .~
are cut into the soft insulating brick with an angular tool operated in a drill press. o
THe grooves in the brick should be pamted with a mixture of aluminum and kiolin *

 to increase radiation and to Tessen the reaction between the elemments and the brick

at high temperature. Refractory element holders are ‘sometimes used. These havi
the advantage of not breakmg and crumblmg, but they make repa“irs very drfﬁcul

if glaze becomes melted in them. ' . P
v . v:; s
! For a detailed working drawing of an eléctric kiln see Kiln melngs and Matenal Lists (State
Umversnty of New York, College of Ceramics, Alfred Umversrty Alfred N. Y., 1965).

i
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138, Wiring diagram fc;r a small electric kiln.
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- Figure 140 shows some different stvles of electric kilns. Access may be either
through a door in the front,-w hich can be hinged and may ‘contain heating ele-

* - ~ments, or from the top. The’ top loader has certain advantages. its uulstrn‘(tl(m is |
simpler and if the lid deteriorates, it can easily -be repaired. A scctional kiln is
another possibility. In this sty le, separate sections are stacked on top of cach other .+
to the dcsued height. Each section has its own independent element and 5\\1{( h -

v

fop loading

140. Types of electric kilns. Ggé‘i}'ona/ M -

L]
S

Except for the problem of supporting the clements, there are no gréat construc-
tion difficulties involved in building an electric kiln:-K-20 refractories may be used .
for kilns designed for low temperature work, but Detter kilns are made “of K-26
brick. The wall is usually made with 41 inches of insulating brick backed up wlth -
a thinner ldyer of block insulation. Soid insulation made of dmtomau ous earth and

- asbestas fiber is the best material for backup insulation hecause it will not: pack or
settle. Front loadmg kilns arc-made with a roof formed, of a low arch or jack.arch,
or, in the case of small lulns with a 5lab roof. The exterior of the kiln is usuallv‘ ‘ .

~




149 Electric and Portable Kilns
made in the form of @ metal case, The only function of the case is to hold the kiln
together for shipping, and a homemade kiln is just as satisfactory if finished with
sheets of asbestos cement board held in place by a light angle irep frame.”

. Thicker, more highly insulating walls do not negessarily make a more efficient,

kiln. If the walls are too thick, too much heat will be stored, a peration of the
3

141, Washburn kiln.

o
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kiln WLH not be as econorruca-l as would be the case if the walls were thrnner Some
loss by conduction through the walls and radiation frpm the outside is actually
useful in slowing down the advance of heat toward the end of firing.

Another. type of heating -element used in electric kilns is known by/the trade.
name Glo-bar. Glo-bar elements, are made from carborundumin the form of rods.
The rods are run through the kiln, close to the side walls, and are connected to the
current on the outside. The great advantage of this type of element is that it makes
higher temperatures possible, up to 1300° C. A transformer is required, however,
the cost of which usually: exceeds that of ‘the kiln, and this factor\s{ very hrgh
mrtlal cost has in. most.cases prevented the use.of Glo-bar kilns. -~ -\

Many exceHent. electri® kilns are ‘on the market, and competition har\ brought
prices into line for comparable models. Frgure 141 shows a Washburn krln, whrchv

is furnished in various sizes. It is a very- well made kiln with ,no unnet\essary.'

external stylmg, : ,

There seem to be fewer incentives for burldmg_, clcctrrc kilns than gas kilns, SInC(.
the homemade clectric kiln is in no way superior to onc purchased from a manu-”
facturer. But if the cost of one’s own labor is dlsreg'lrded some savmgs may be
made. ' % :

" The first portable gas or oil fired kilrds on the market were the Revelatron and
Denver tube-muffle kilns. The Denver kﬂns are still being made, and in spite of
some obvious disadvantages they have given good service. Thl\!x"pe of kiln -
requires connection to a chimney, which rules it out in’some situations"To avoid the

"chrmney problem, most portable kilns are designed-to be used with a hood that

collects the exhaust gases after they age sufficiently cooled to be evacuated through
a window or opening on the eerhng or roof. Since this system precludes any positive
draft, such kilns must be.of the updraft type. Portable kilns are invariably made of
msulatmg refractorigs hergt together in some sort- of metal case. Some have front
doors, usually with hinges or other devices ‘for eady closing.” Another type is top

loading, with a small opening in the lid for a flue. Mn.ﬁie or semr-muﬂle krlns as -

well as open firifig types are available.

Portable kilns are expensweJhe initial cost is usually more than twrce that of
a stationary kiln of the same size, even without takmg shrppmg costs into con-
sideration. In spite of this greater cost, portable kilns dre in no way superror to
those built on the spot. They may, in fact, be deéidedly inferior, in both pegfor-
mance and durability. But in’ spr e of the drsadv*dnt.ages there are situations wHere
a portable kiln is the inevitable ¢h01ce These include schobls or institutions which
are unable to contract for bmldrng a unrque appliance like a krln or individual®
‘who do not feel competent to build a kilp or supervise the building of one. Or, an
mdrvrduaMnay nat wish to'build a kiln en rented propertv and therefore prefers to

" invest in equrpment whlch can be moved.

“ . . . .
1 Washbum kil_'ns are distributed by Ceramic Specialtit:s Co., Alfred, N. Y.

Y
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. as for the regulation of fire, it cannot be compared with
mechanical measures. For you must know that in order to make a successful batch of
work, especially whm it is glazed, the fire must be regulated with such careful skill that
if it is not well done, ¢ you are often disappointed.”

: Bernard Palissy 1584

From a technical point of view, the firing of ceramic objects.is a very simple’
process, and the kiln is not complex, cither in construction or operation. We have
scen how heat ran be generated t,hro'ugl; the combustion of fuels or by -radiant
electrical elements, and how such heat can be directed into a chamber and con-
- fined there to bfing about elevated temperatures. The advance of temperature in
" the kiln is controlled by a few factors, the most important of which are the relation
of input to loss, and the design of the kiln as it affects circulation and hedt transfer
by convection, conduction; and radiation.

The temperature of an object at any given moment is a perfcctly natural attnbute
of matter. From a chemical point of view, heat is an indicator of the degree of
mole Luldr activity. While atoms themselves do not change with temperature, the
'r(']dtlonshlp befween atoms does. Ihg,hcr temperatures may be thoughit of as an-
increased vibration or movement within molecular structure, ; —

Depending on temperature, a substance may be in the solid, the hqmd or: the

gascous state. An increase in temperature loosens the molecular bonds between -

atoms and permits the increased flow and mobility noted in liquids and gases com-
pared to solids. There is no such thing as a “normal” temperamre This is a concept
. which we have gained by our experience as organic living beings, and hence our
need for an ambience restrlcted to a certain temperature range in order to; Survwe

. ‘




OPERATION OF CERAMIC KILNS R

But water is just as “comfortable” in the form of ice or water vapor as it-is as the

"more familiar liquid. Chemically, all three formsare the same substance, but the

physical state varies according to the temperature. If the world were lrmrted to
temperatures in excess of 100° C., water and ice would be as forergn to it as vola- )
tilized: silica, for instance, is to our environment.! . r h
Whett we raise the temperature in a kiln, the material 1n51de should not be
thought of as belng urider some sort of stress, sub]ected to a sort of Hades. Fi ire-

. bricks, for all we Lnow may “feel” better at 1350° C. than the\’ do at 30° C

But in one sense, high temperatures could be regarded as “abnormal ” Heated

bodies will transfer their heat to cooler bodies, and in nature the operation of this ~ -
. law means that concentrations of heat, whether on- the earth or in the solar system

or outer space will be dissipated or transferred to cooler. matter bv conduction or -
radiation. If the energy (and heat) producing reactxons f substances is regarded
as finite, then— the entire universe must. be thought of \as runn.ing down, and
approachmg however slowly absolute zero, a kmd of mol ,cular death.

To achieve elevated temperatures within the kiln, it is nec ‘ssary to put in more
heat than is being lost. We have discussed the generation of t%at" by various fuel.

‘burners, and the transfer of‘this heat by convectron and radiation to the msnde of
the klln Some-of the heat so transferred escapes through the flue §nd some through

the walls, floor, and roof of the kiln. Since gases must pass through the kiln to brmg :
in the heat, some heat is inevitably lost through the flue. And since no insulating
material, even & vacuum, is a perfect heat. barrier, some heat is boun to be lost in

-and through the walls.

Actually, a penodlc kiln, from, an engmeermg pomt of vigw, must e regarded :
as a very inefficient machine because so little of the fieat energy expended is usggl/"_
in heating the ware itself; the greater part of the heat goes into heating the kiln, or
out the flue, Accordmg to:Norton,* the heat balance in the most eﬂ'icrent kiln is as -
follows B N b : '

o
y - L]

Useful heat apphed to,the ware ~~ 20% ' B

Heat lost in cooling” . 18%
- Heat lost through the flue -~ 36%
: Heat lost through walls and crown 18%
: > ’* Heat stored in walls and cr"bwrr C14%
Heat used in vapormmg morstﬁrc 8%
Incomplete combustlon of fuel 6%

An increase in temperature is dependent Jn the input capacrty of the bumers,

. they mungenar&te and transmit.to the’ luln moreheat%harrﬁhemg stored—ortost——

1 See l\orton F H., Refmctones (New York: McCraw-Hlll 19497, Chapter IV for an excellent
brief account of some. fundamental concepts of matter. . \\ o

2F. H. Norton Elements of Ceram(cs (Cambndgc Mass Addlson-*Wesley, 1952}, p- 138
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A general principle of kiln construction is that there needs to be plenty of reserve
power in the burners to overcome heat 16sses and to eleyate the temperature at a
satistactory rate. li\\thv burners are weak Cor if the'kiln is lacking in insulation ). the
gain of heat will be too slow or nonexistent. For flexibility in firing schedules it is
uwtul to be able to heat the kiln rapidly, although it may not always’ l)(‘ deﬂmblc
to do so.. o

The process of firing ceramics ordinarily-involves gradually heating the kiln
up to the degree needed to do the desired work on the ware. then cooling it; again :
gradual l\ to room temperature Seldom is any prolonUed holding at one tempera-
ture necessarv. as in the case of cake baking. Cooling is usually accomplished by
shutting ‘off the fires and al towing the heat to escape naturally through the walls
and Hue. A proper firing cvcle, or schedule of ddvancing and receeding tempera-
ture, is determined by the nature of the materials being fired and the changes
desired in them. For a discussion of the heat treatment of clays and glazes, the
reader is referred to this-author’s Clay and Glazes for the Potter.!

Ordinnri]y, ceramics require a rather slow heating schedule. Time is required
for the varivus reactions to occur which change raw clay and unfused glaze
materials into the Bnished, lirvd.pivu'. Slow cooling is o necessary to prevent
damage to the ware from shock and suddenscontraction. The kiln must also be
heated so that the temperature advances steadily, without any erratic gains and
losses. These™rregularities in hc*uting-éun' be damaging to glazes and may cause
pyrometric cones to give an inaccurate indication of the end point of the firing.

Not only should the kiln heat up and cool down evenly and to the desired degree
of temperature; it should also heat up evenly in all-parts of the ware chamber.
Many kilns that are satisfactory in every other way fire unevenly. Almost all kilns
fire with a difference of at least one-half cone from one part of the kiln to another,
but this difference is casily tolerated. Much ingenuity in kiln dcubn and construc-
tion has been directed toward the ideal of an even fire, ‘

The ideal kiln is also one in w hich the atmosphere can be controlled from oxida-
tion to reduction. Many kiliis that fire with ¢ gas or oil work well in reduction but
will not fire oxidized ware, such as lead- glazed potterv, without flashing and
partial reduction. Such kilns are as lmited in their way as the clgc‘ha.c kiln which

can produce only’ ()\uh/v(l ware.

! Daniel Rh(.)d_cs, Clay and Clazes for the Potter ( Pi,liln(h-lphin: Chilton Book Co., 1957 )8
) . ; ] _ Sy
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: - _ ' As for the right method of flling the ktln it requires a special
geometry.” - . - Bernard Pahssy

In the old days, most firing was accomplished without benefit of props or shelves
in the kilns. Kiln furniture is a relatively modertr invention. If pottery is unglazed, -
and if the firing falls short of vitrifying the ware, making it subject to warping and

- deformation, pieces can be piled up in'the kiln rather haphazardly. In the primitive *

bonfire style. of firing, the pottery is just piled together in a closely packed mass -
without much regard for how the pieces fit together.

With the advent of glaze, however, an arrangement had, to.be dev1sed to- keep
the pots from sticking together. This has been dope in various ways. One way is to.

‘stack the pots one.on anocther, but }iﬁve them ‘fouch nly at points which are .

unglazed, or to separate the pots with small wads of clay which leave only a small
scar in the finished gldze. Figure 142v-illustr51te,s how this -is accomplished. Bowls
may be stacked one on another, with the foot of the bowl resting on an unglazed
circle of the bowl below. Or bowls may be set in a column, rim to rim and foot to
faot. Smaller pieces may be put inside larger ones, and lids-of jars or teapots may -
support pieces above to form stacks of similar shapes. It will be seen’ that where

== *&m‘e@ﬁh&ﬁ‘ﬁ‘ﬁ?ﬁﬁhoﬁﬁérenfﬁapes can be set with great mgenuxty 50 -

that the kiln is packed closely. Stacks of pots must be somewhat limited in height
because of the possibility of the bottom picces breaking under pressure from a}bove :
Ear thenware plates are sometimes stacked on their rims and leaned. against each
other }mth smaH clay wads between, but this arrangem(:nt can be done only if the

1 0p. cit! : s .




157 W ~ Kiln Settingand Kiln,Furniture

clay body is in no danver of warping from the fire, as.in the case of very soft
- earthenware. . o . -
In the ancient kilns of ]apan the pots were set dLrectlv on the ear\bhem ﬂoor To T
accommodate the pots to the sharply sloping angle of the ﬂoor a wedge shaped pad
of clay was placed under the pot: The degree of slope in the kiln cap’ be recon-
structed froni an examination of surviving pads, even when no other t‘race Qf the
. kiln remains. Some old Japanese pots have a glaze that runs down th? wall in a .
o diagonal direction, a sure sign that the\ were fired on a slant. . ,/ .
. The sagger is a protectlve box made of clay, which holds the ware in the kiln.
Its purpose is to support the pottery, making it possible to fill the lgln to any haght ."’ ‘
and to protect tHe ware from direct contact with the flame anﬁ/hot gases from the ‘
fire. In the case of kilns fired with wood or coal, saggers aj/e practically a necessity o
if uniformly glazed and colored ware is desired “Ware ﬁred m"t—he open s qtmosphere
of the wood or coal fired kiln will be sub}ect to ﬂashmg dlsc‘olorahon and unfore-

142, Methods of setting various pottery forms in the kiln.

)
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145, Unstacking a Japanese kiln.-The small f(ll‘S have been fired inside Hle Iarger
. flowerpots which serve as saggers. . .

seen deposits of ghaze or partial glaze from the action of ash \thlc these accidents
lﬂlL'ht be courted ln' the art potter, they are not weleomed | in industrial productlon
Saggers are cspc(mlh important in the coal-fired kiln because if sulphurous fumes
come- into direct contact with melting glazes, they may cause bubbling or pitting.
Figure 144 iflustrates various kinds of saggers. The saggor-fmy be round, oblong,
square, or “bianjo” shaped depending on the shape of the ware. Rings without
boffoms are used to exte 'nd the hm&,}lg for taller pieces fluli(* nggors are stacked on
each other in the kqin with-wadding in between for a 500(] ‘bearing and to seal the
umdv from the kiln dfllﬂ()\[)}lt‘l‘(‘ Old Chinese-pottery \\’(lH often fired with'a sagger
prO\ ided for each picee, like the bowl with its individual Box shown in Figure 142.
These saggers could be stacked toge ‘ther to form fall columm or bungs.

= Saggers, aresmade of phshc fireclays, prefe rablv thost \\’1[’}1 a geod resistance to
/ theripal shock In the 6ld davs saggers were made by kand, ‘and each pottery of any-"
size had o sagger shop. Now, they are usually produced by pressmg or casting.’ "

Saggers have a telativgly short life, often no more than about 25 to 30 firings, and

“therefore represent a vonsiderable expense for theypotter. To keep crumbs of clay
froi sh‘edding; the inside of tll("saggcr is frequently mvcred with a whsh of some

vitrifving combination of clay, flint, and flux. - o ‘
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_ Saggers consume a great-deal of space in the kiln, and if the potter tries to set a
small kiln using saggers he may be able.to get only a few glazed pieces in. One

"¢ reason for the relatively huge kilns in the Orient was’ the use of mg‘g‘crs to support o

il

" the w are. C
The use of saggers is declining. With the advent of gas and oil; a cleaner oxidizing’

.+ fire became possible, elmunahng the need for saggers for many types of ceramics. -
For lead-glazed pottery and.for ov erglaze enamelb electric kilns and muffe kilns.
are generally used. The studio potter who uses reduction firing obviously has no
-need of saggers, for he seeks the very effects which saggers were designed to prevent.

.. The average pottery student tng}’ miay never have heard of a suggcr, and probably -
has nVer seen one. . : :

Shelves and posts are the most effictent furmmre for semn& thc kiln. With them .
the space can be packed like a kitchen cupboard Shelves may be of fireclay. Clay
bhelves are inexpensive, but their st‘rength is not great, so they must beemade quite .
Jthl(k to avoid breakage: A cldy tile 127 x 24”“must be at least 147 thick, and pr(f
P dl)ly thicKer. Such shelves are heavy and awkward to bandie.

- The potter with o bent toward self-suflicie n(y can make his own she l\'(‘s A
uu\tur( of half fireclay and half well sized grog, mized to a stiff plastic consis-
tvnc\, is pounded into a wooden mold with a mallet. Dense packing is important. * 9
The green shelves should be bedded in sand or grog and fired to at léast vone 11,

" preferably higher. While shelves are hird to make, and not wholly satisfactory,
good posts can be easily made by rolling oyt the fireclay into heavy snakes and-
cutting to the desired Tength. A thml\uung at bath“ends gives'the post better
btdbl]lty. Nine-inch firebrick soaps make excellent posts; and ifsa brick saw s o
available, the soaps and splitﬁ can be cut into ségmcxité for shorter lengths.

Factory made shelves are of two general types. One is made from high- -alumina’
materials- such as_silimanite, kyanite or aluminum oxide honded with clay.. Such
shelves are highly refractory and give satxsfacfory service, especmlly in smaller
sizes; But the ideal material for shelves-is silicon carbide. Silicon carbide 'is made.
by fusmg coke and sand. Electric arc furnaces are used, and a-very hxgh tempera- -
ture is required for the reaction. The fused material is ground, sized, bonded with
clay, pressed into the desired 511.1[)05 and fired to form a hard, dense body. Silicon.
carbide is highly- r(fmct'ory and has excellent hot-load strength. Its thermal con-
ductnvxty is approximately 10 times that of firebrick, »which makes it an ideal
material-for muffles. This high conductivity also favors even heating in the ¢ casg, of
+ kilns set with numerous shelves. Silicon carbide shelves-are rather brittle and must
‘be handled with care: Slow heating and coolmg \\’1” greatly prolong” the life of
k‘lln shelves. Thc shock of raptd coolmz’, espeually at or about red heat, causes

«early fallure In most cases the high initial cost of silicon carbxc,le shelves is ]ustlﬁed
By theLrglong life. T

+ - Kiln shelvesare commonly glven a coahng of kl]n w*lsh This prevents any glaze

that might drip onto the shelf from sticking permanently. A good kiln wash is a

- . )
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146 Spur, pin. and points. O ' ' O ‘ o
mivture of equal parts of tigt and kaolin, mixed with water to the consistency of
thick paint. New shelves m;\“\' be given two couts of wash, just enough to cover them o
thoroughty. Any glaze which drips onto the thelfrcan be l()()svnc(l\with the chisel
or brick set. Frequent renewal of the kil wash is ztdvisublc, but care must be taken
not to let too much’ wash Ll(‘(‘LlIl'ﬂu].illLf ‘on the shelf. An occasional scraping of the .-
shelf and eleaning with a wire brush will prevent heavy deposits of wash from
making the surface rough and.uneven. Kiln wash is upplied only to the uppér
surface of the shelf. L ' : '
In addition to s;\ggcrs, shelves and props, sther aids to kiln setting have been
= developed. Figure 146 illustrates spurs, pins, and points which are used to hold the
ware up oft the shelf, thus preventing the glaze on the bottom of the picces from '
sticking. Spurs touch the glazed surface Suly with a sharp poingt}'leaving a hardly

Tile setters.

147.

.




148. Cﬁina :'plates stacked for bisque fire.

notiuaiil( scar in the glazed surface which is casily grounpd off. The small points
c¢an be made from kaolin and fired in a glaze kiln prior to use. These props are
made for pieces which are to be glazed on the bottom. [hcy are unnccessary when
the foot of the piece is "clean of glaze. - -

_Tiles are usually set in special tile furniture as showh § m Flgure 147. Each setter

may be used for one large tile or for several small ones. They are stacked on top of ~

each other. Another type of tile setter uses refractory rods supported in a frame s
with the tiles placed on the rods for firing. ' -. : -

In the manufacture of china, spécial supports are necessary for the blsque firing,
which is done at high temperature to v1mfy the clay body. Since the pmces becpme
soft at the height of the fire, they must be supported to prevent warping, slumping
or distortion. This is especially true of plates, saucers, and other flat shapes. Plates

rhay be fired in a stack, as shown in Figure 148. The bottom plate is supported on a
refractory setter, shaped to receive the form of the bottom of the plate. The spaces ’
between the plates are packed with sand or with a mixture of sand and kaolin. This
packing, which must be carefully done to insure even densnty holds the plates in

shape during the fire. Thin china plates may be fired upside down on cranks, as
shap g P 3 . I .

shown in Figure 149. Each plate has its own support, and the cranks are designed

A

149. Cranks for holding china in the bisque-fire. *
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ates ' 2 ‘ to stack one on the other with the plates in between. The curve of the crank, which
on 4 I is made.of a refractory material; is designed to allow thé plate to shrink upwards o
ag?s ~ o during the fire. These setters take up a great deal of space in the kiln and are used - - '
lfh.xs . -. only for expénsive china. In china manufacture, hollow ware such as teapots, . '
S 1n C pitchers, and covered bowls require nd special furniture, because the form of. :
, as | such pieces makes thenrself-supporting, even when the clay body sd‘lftens in the fires B
,nevd\‘ , China plates are supported in the glaze fire on racks and pins or iin’saggers with :

pin supports, as showfi in Figure 150. Since the glaze fire is cbmidérably lower in; -
* temperature than the vitrifying bisque fire, there'is no danger éf the plates warping,.
and they can be supported from only three points.. The pins make @ slight scar in
the glaze on the back of ‘the’ plate, but this is_ ground off, and'bfzcom(zs hardly ..
noticeable. . ' v o S v
Pottery manufactyrers have developed Varieties of kiln supports and furniture
for mariy special shapes and to fit the particular needs of their prodction. Such
special supports, designed for specific jtemsof manufacturé, are obviously feasible
. only for mass production. The studio‘//‘pot-ter who makes one-of-a-kind pieces will '
Aisually need only shelves and props/ - S
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. 165 Kiln Setting and Kiln Furniture
La.r«u Cur: m‘ll(‘ pu ces, such as scu pture or very ldrcre pottery forms. may requlre
special treatment in wttmﬂ and firing. qure 151 shows a shrmkade platform,

which allows “the piece to shrink during the fire without cracking. Grog is spread
COmpOblthﬂ as the

i

on the kiln shelf and on this is placed a slab of clay of the same o

- piece to be fired. The piece is plated on the slab., atmm n with grog used as a lubri-
cation between them. During the fire, both slab JHd piece shrink inwzrds.

Some forms may require props to keep them in shape during the fire. Figuré 152

shows a form with extreme overhangs which are supported by posts of the same

134. Temporary kiln built by Ronald Brown in"lowa Cxt_/«to fire a large sculpturc
The kiln, built of insulating firebrick, is adapted to the sha;)e of the piece, and
burner ports are provided as needed. After firing, the klln is dismantled. Photo by

Ronald Brown. . J R
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lay as the object. Such posts may be quickly made as hollow cylinders on the
potter’s-wheel. They are put in place when both the piece and props are bone dry.
It will be seen that by using sufficient props in the right places, a form of almost
any shape or Comple\lt\ can be fired without slumping: The piece and its props

shrink together; making for continuous support duung the ﬁrmg The props are
discarded afterwards.
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167 ) o Kiln Setting and Kiln Furniture
Moving large, heavy pteces into the kiln presents a problem. In a s;stem which
[ worked out for my sculptures, a kiln shelf with a large piece on it is moved into the
kiln on rollers, as shown in Figure 153. The rollers are 3-inch dowel sticks.. Ifsthe
sculpture is made on a table the same height as the foor of the kiln, the piece is
. easily rolled from the table ta the kiln. The™table is provided with casters so it can

T ' “be wheeled right up to the kilp:dbor. Thg dowels, which are under the kiln shelf.,
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may be left there to burn out durmg ‘he fire. Another method of mong large
pieces is to place them. ox greased panels‘of masonite, which permit ea\sy shdmg
from one place to another. The masonite panel is left there to burn out Large
pieces may also be built on plywood and moved\mto the klln whex‘e the: plywood
burns away dusing the firing. : :

“In fuel burning kilns the arrangement of shelves ware and posts must be open

‘enough and loose endugh to permit the circulation of heat, If there are two sets of -
shelves, it is a good-idea to stagger their height, as shown in Figure 155. This
-permits more circulation between the shelves, The kiln, setting should be solidly -
built up, with all shelves well supported and all posts reasonably vertical. All kiln’

_shelves should be supported on only three postsy limed up:one over the other; Wads
of fireclay are often used to secure a firm‘structure of shelves and posts: The expe-
rienced potter learns to utilize every cubic inch.of available space and it is alway
a’source of wonder how many pots “can be packed into a given space. Provide
circulatian spage is allowed, kilns generally fire much better when fully pagke

> with pots. .
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S  Oxidation and
.- . \Beductlon

In FUEL BURNING KILNS the atmosphere can be msnly con-
trolled. Y’arlous ahltoaphcrvs have an importarit effect on glaze and body colors and
textures. ( For information o reduction effects, see Clay and Gla.,es for the Potter
by the puthor.! ) X N - -

In omdmng fire, plcntv of.air is let into the burncrs ‘to oxidize or burn the fuel
thoroqghly This air, which enters the burners- dnd mixes with the gas before
(ombhshon is called primary air. Air that enters’ through the burner ports, not
through the burner itself, and adds’ oxygen to the flame is called. secondary air.
It is pulled or sucked into the the kiln. by the pull of the draft. The sign of a clear or
oxidizing fire is a clear atmosphere in the kiln, everything being sharply visible,

) »  Thére will be a total lack of visible flame at the damper or coming from the spy
' holes The flame at the burners should be burnmg w1th a predommant]y blue color
with' little yellow flame appearing. ‘ '

If too much air enters the kiln from the secondary air accesses, ‘there may. bo a
coplig eftect that prevents the kiln from gaining tcﬁxpuaturc Only enough air
for proper combustion should be allowed to enter. Even in the case of the air which
supplies oxygen for combustion, the fr'lctlon of nitrogen* mlust be warmed and
passed through the kiln. Sy

[f the kiln appears to be oxidizing, yet no temperature gam is noted, it is prob-
able that too much air is being admitted? :

Perfect oxidation is hardly dttamable in ceramic kilns. An analym of the flile
ga.ses will'always reveal the presence of some carbon dioxide. Bul for all practlcal
purposes, if the kiln is burning clear without ﬂame or smoke, an oudmng effect
\H“ be achieved. . ~ . -
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. COLOR SCALE FOR TEMPERATURES =~ -
‘CoLOR DEGREES CENTIGRADE | APPROX. CONE RANGE
" Lowest visiblered . -l | 475° -, . | - -Nene~
— | Lowest visible fed to darkred - | | 475650 . . 022019,
...} Darkred to cherryred -~ ] 7 650-75¢ 018-018"

* Cherry: red to brlght ‘cherry red “. 750-815. . 0153014~
Bright cherry red to orange .- 815-900 - 013010 «
Orange to yellow _ 900-1090 0903
Yellow to.light vellow ~ ° A 1090-1315 .02-12
Light yellaw to white 1. 1315-1540 o 1320
White to dazzling white® . | - " 1540 and higher | 20 and above

o
.y

156. C;olor‘scale for temperataré.

If the kiln is oxidizing, a satisfactory rate of climb u'su;lvlly results. To advance:
the temperature, either the valves are turned up from time to time, or additional.”’
burners started. The damper is ordinarily left open, but if the kiln is pyling in too

*much air, the damper/may be parhally closed to diminish the draft. To advinte

the heat, xtpxs good t follow some, sort of schedule for a regp]ar pattern of tem-

the-desiredrate of THmb: Eegmsgﬁmout cone l carbon

burners to main

in the wares (and there is_always some) burns, and there 'is 'an endothermrc -

reaction that Ay cause a rise in temperature not attnbutable to the burner set-
tings. Also at out this heat radiation frorq one. surface to another seems to mzﬂce

for a more rapld climb. -

To reduce, the air supply is curt back. Exther the primary ¢ airior the secondary air.,
supply may be- diminished, or both may be.cut back’ until the flames begin to.burn.-

- with a yellow color. The damper should b closed somewhat ‘until a back pnessure- ;

develops in the kiln. This will be evidenced' by some ﬂame at the spy hole Flame
be observed af the damper. = * o ‘
gmely heavy reduction does np good. It is qmte unnecessary to have great' _
ing clouds of black smoke coming from the spy holes and ‘Ghinks in the kiln.
> eternal questions are when to reduce, and how much to reduce. As a general
rile aheutral to hght reducho‘mgwes a good color and texture It w1ll be necesmry,',s

suﬂiment reduction are. Once’ a satlsfactory Bring pattern is arnved at, it-can be .

1 repeated successfully.

Since reduction involves an excess of unbumed carbon in theﬁrmg chamber, too _

" much reduction is a waste of fuel. Heavy reduction will u ually halt the advance
of temperature, ‘or even cause a lbss of temperature. If%theL

mperature in the kiln
is not advancing, admitting more air at the primary or secondary sources uf air Wlll

sornetimes bnng about sansfactory rate of chmb

LY
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= S 5 U .  Oxidation and Reduction

»

‘ Reduction in the earlier stages of firing, from about 750° to 900° C., will cause
] ‘ ‘a dep051t of some carbon 1n the clay bemg ﬁred the so-called “body reduchon

)i
1

reduchon at this stage, however, mziy cause bloahhg or crackmg especnally if the
later stage of the firing is rapxd -
Heavier reduction toward the end of the firing tends to slow the kiln dewn and .-
give some J'soaking”, usually beneficial. At this stage, reductiori may also favor the
“development of celedon and copper Ted glaze colors. d
Kilns always tend to re-oxidize on coohng because they are not really au:tlght
enough to keep oxygen out. Clay colors are developed*toward warm brown by the

- Y . /

' REDUCTION EIR‘FNC SCHEDULE - . _
: o'C;' . " " i\ - . = —o—
N - ) . , .
1 . et C/9 C/10
, ] S . \ : \\ 1
) N | . . C/s\_ \ : \\ :/
i 1300 —— S S i S— : ——y X
: —“‘L— = ST I T —-: v = —-~. ,~~~—;~—--A———~
1 - . 1 T §
- € ‘
e 1000 C
C/012 *| Cool less than 509 per hour
_ \ for first 4 hours,. ~
2 L \ N
i ’id? / . _ S\ - Slow kiln égain'.‘
,j/ /' | \ L Slow kiln slightly | | | .

: Oxidaﬁbn/ / ' L Some glaies vso.fteAn e | .' .

% - \u T~

‘ : / -1 . p~“1T:Commence partiaf rgduction R
g o ; g .

' /1 . ‘ R . e

N1 2 3 4 5 68 7 8 9 10 11 12 18 14 15

v Time in hours

Codrtesy, James McKinnel

157 .4, Reductiort firing schedule.
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eHect of this re-oxidation on.the iron of the body. Some potters gn e the kiln a brief
——period of sharply oxidizing fire at the end ta“LleanJLquJ)ut it ierather doubtful
that this has any real effect. :

For reduchon firing, best results are obtained in a’ downdrdft luln that mrculates
gases to every part of the setting. Figure 137'is a typical reduction firing schedyle.
Kilns burning wood can be reduced by adding. an excess of fuel. To.maintain
temperature advance, and to bring about a pattern «of intermjttent reduction, this
overstoking: must be alternated with hghter \tokmg Reduction firing may be
damaging to the firebrick of the kiln/ especm[]\ if-the brick contains considerable
iron. The iron may mtal\ ze the deposition of carbon within the pores of the brick,
causing a tendency ta disintegrate. In prd(tl((‘%rthl.\;ils nothing to worry about -
because in all ordinary reduction firings there is ample opportunity for the earbon
to burn during the long cooling period under oxidizing c()n‘(litio_ns‘ ‘

a
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= THE coror oF the inside of the kiln gives a good indication
- of its temperature, varying from a dull cherry Ted as the color ﬁrst appears to
almost white heat as it reaches high fire. . - - S -
- With experience, the kiln fireman usually knows when to shut off the ﬁres More
exact temperature indicators are available, however: The draw trial has been
widely used. Small trialg are set up at the spy hole, sometimes shaped like rings.
As the ﬁrmg nears completion, the petter hooks out the test with an iron rod, cools
it in water,, and examines it to. tell If th,e firmg has melted the glaze sufﬁcxently
of draw trmls usually is not indicative of what the glazed ware w111 be hke but the
fusion of the glaze is precisely revealed. Draw trials indicate the actual change in
the pattery being fired, but do not of course, indicate temperature..

Josiah Wedgwood worked out an ingenious refinement of the draw trial. This
was a small disk made of clay, which of .course shrank as the firing proceeded.
When the disk was taken from the kiln and cooled, it was placed in‘a measuring
device. The amount of shrinkage was an indication of the progress of the firing.
In some brick kilns today, the finish of the ﬁrmg is gauged by measunng the
shrinkage’of the mass 6f brick in the kiln. '

The most widely used device for medsuring the temperature in kilns is the pyro-
metric cone. A cone is a smadl pyramid made of ceramic material which will melt
and bend at a certain degree of temperature and can be observed inside the kiln.

' through a spy hole. The pyrometric cone was invented by the noted German ’_
ceramist Hepman Seger and first described in a paper written by him in 1886. At
that time the exact measurement of the’ higher temperatures was impossible,

I .
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1538. Pyrometric cones.
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red heat or more. Ceramlsts knew that chHerent cerdmic compositions had d1fferent

melting points, ds.in the case of: glazes byt no one before Seger had Hit upon the”

- idea of using the melting of ceramic matenalq thelu%elves as a temperature .indi-

cator. He expenmented with dlﬂerent mlxtures ‘and thh the proper shape for the .

24

cone. He called the cones “kegel” or “bowling pins.” This has: been translatf.d as
“cone,” even though the shape is-2 trincated trigonal pyramid. :

Seger did not calibrate his cones with temperature and lqdeed hg had no means

. of doing so. But he sought for a series of compositions that would fuse at regular

.

'~ cone 42, which fuses at 2015° C. Cone 42 is made of pure aldminum oxide, while
cone 022 is a lead- borosmhcate comp0und The largé sized cohes‘are 24 long, and
the small size-are 13" long 'I:he larger cones-bend about 25° lower than the small ,

* The e.mplncal formula for cone 4 is: K"O $\j "03

X . . ‘ \ . |
T L -t . to N . i

irtervals in the scale of temperature He startéd with what i is now known 'as cone 4

. which he fofimulated by finding the lowest meltmg comp051t10n of clay potash
.fe}dspar and lime.. He cal}ed this. "cone four ‘because the \molecular formukl don-
tained 4200, mols of SIO» ) He then workcd on the series from cone 4 upw:uds At
“later time, lhe lower series was worked out, and the numbers below 1 wereaassxgned '

a zero in front, which accour}ts for the somewhit confusmg numbering system for
the cones. The series now gods from conc 022, whxch Jis just above red heaf;: to

series. The small cones are, used where space m the kil is hmxted
45102

toryconell glazeu.v - Ca0'7 35, & OO o L]
. 3 . ; . \\ o . ;2:. % %
i

-

o

_ because the thermocouple, although known had ot been adapted to withstand .

Th,Ls eomposmon makcs a satﬁfnc- ’



END POINTS OF PY RO\IETRIC CONES WHEN HEATED
AT 20° CENTIGRADE PER HOUR
Co~NE NUMBER Exp Porwt Conve Nuaser, |~ Enp PoiNT
012 , 840°C. ’ 1 1125
011 875 2" 1135
010 890 3 1145
0§ - e 930 4 1165
08 R | - 1180
07 975 - Y6 1190
06 1005 - : 7 1210
05 1030 8 1225
04 1030, 9 1250
03 1080 10 1260
02 1095 (D 1285
01 1110 L2 © 1810
LT3 1350
L4 © 1890

159. End points of'pyromet’ric cones when héat&d at 20° C. per hour.

1

The pyvrometric cone has the grmit advantage qf measuring both the effects of

temperature and the le ;ﬁfsth of fmn@7 on'the ware in'the kiln. If the firing is slow, the
¥ to cause the cones to S()fll( nat a lower temperature. “The-

effect of the }om_,vr tuv
same thing h appcm to “the cerapmic ware’ bun;ﬁ Iu(d the complex re actions of

_ntrlﬁuman may be completed at a lower temperature if sufficient time is allowed.
““The ceramist is adviied to put more trust in cones than.in pyrometers as far as the
actual condition of the fired ware is.concerned. The ceramic industry continues to
use cones, even though the exact temperature ir the kiln is conveniently recorded
by the p\romLtLr o

Cones are set in a p&aquv of fireclay. The cones should be placed so t}u wy ean
about 87 buried in the: pl.uiuc no more than 2 mm. The cones are best placed close
toL,Lt}u r on the plaqu( so thev will take up l('sl\ rcomand be visible through a small
SpY “hole. The cone phqud should 1)4 set in thy kiln some distance back from the
spy hole.

Since cones melt-and deform sloul& the queshon ma\ arise as to when is a cone
down. Technical ly, the cone is cormdere(l down w]n:n the tip reaches the level of
the base, as shown in Figure 158 Other posmons durmg., the softening of the cbne
have been u)mpdrud to the positions of the hand of a clock.-Thus a cone at “3
o'clock” woul Id be one which had bent over to a point w here the tip could be

considred to’ ]Ltn reached 3 o, tllc clock face. o .
The pyrome ter‘came into use in thv ceramic m(lustl\ at about the turn ()f the

‘ L : . . F
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’ ‘ centurv', It is based on the discovery. in 1521 by Seebeck, who observed that if
two wires of copper and iron were fused together at one end and the fused end
heated. electromotive force (e f.3 was generated and A current \\()u]d flow from’

| . the copper to the iron at the hot end. The Hosv of current varies directly with the

e ) oo 'thpg rature, which enlb sthe th"rmocouple as it is called. to Be used for the

measurement of temperature. The parts of a pyrometer are shown in }‘Wurc 160.

The thermocouple A is connected by lead wires B to a galvanometer C,w hu,h is

calibrated to indicate the temperature. The thermocouple, which is inse rted’ into

v

the kiln. must be protected by a porcelain sleeve. .

I3 i

. . ' ‘ - i ' / ) 160, A pyrometer.

Mgl ot LB ool G U SR n N\ s
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For lower temperature ceramic firing, thermogouples OFC]][OIH‘C;}::I
and are serviceable up to about cone 5. The chromel wize is the peéitiyﬁwiré.:lt.w‘;
an alloy of approximately 90% nickel and 10% chromium. The alumel, which is the
negative wire of the couple, is an alloy containing appronmatclv 94% nickel, 2% .
alumingm, 3% manganese, and 1% silicon. The large amount of nickel. in the alloy
used in the couple aids in reducing the susceptibility of the couple to oxidation and
corrosion. For high temperature ﬁrmg a thermocouple made of p].ltmum dnd
) e - platinum-rhodium is used. It is made of a positive wire, containing 90% platmum '

and 10% rhodium, and a negative wire of pure platinum. The twoe wires are fused
.together by means -of an electric arc or an oxygen-illuminating "gas fHame. This -
thermocouple has a high resistance to 0\|(Lmon, and will indicate accurate terfi-
peratures up to about 1650° C. Platinum- rh()dmm thermocouples are (\pum\'(‘
The gulvanometer used to measute the carfent from the the nu()coupl(- must bc
a sum(m instrument, becanse the em f. produced by thie hot junction myory_
stmall. Usuallv o millivoltmeter of the d’Arsonval type is used. This is B stardard -

:hunml mewsuring instrument used for many purpeses i r the eleetrical field.

Since the instrument is very delicate and must rcsp(,md to a luld] (l( ctrical power
’ of as Tow as 3.nidlivolts, care must be dl\(ll not to subject it to ‘vibrations or shock,
e . if accurate rm(_lmgs‘ are expecte d. A more rug,‘g(.,,(] mdlc(mng instrument is_the
, o ’ . .
! For an excellent discussion of instruments av.ulah]e for the measurement of high temperatures, -
see Thomas ]. Rhodes, Industrial Instruments-for Measurement ard Control (New York: Mc-
- -+ . Graw-Hill Inc,, 194}), pp. 100~185. , : ‘ .
f - . v . %.%,I

e




161. The kiln rooms at State Universit

y of New York College of Ceramics, at Alfred
Universify: '

.
potentiometer. which amplifies the actual current coming from the thermocouple.
Recording pv_\'rmn('t'(-rs use a potentiometer and a device that 1'(‘c<')rgtl.~;k the tempera-
ture in the form of o pen line on a linuf-‘twnpcruturgchzu‘t’.

A pyrometer is valuable for indicating the temperatures reached at all stages of
firing. The ceramist can control the advance of temperature with due regard for
critical points where the firing must proceed slowly, such as the stage of firing from
3700 Coto 6500 Cowhen quartz is changing from alpha to the beta form. It is also
very usetul in ;{amgmg the cooling of the kiln, of which the cones tell nothing.
Several thermocouples may be used with one pyrometer to obtain th(f temperatures
i various parts of the kiln, 7

For extremely high temperature measurement the optical pyrometer and the
total tuuiiutun'x pyrometer have l)c(-n,dv\’ul()}(‘g‘ul, Theseare based on the obscervation
or mewsurement of the light or radiation coming from inside the kilu, with no part

-
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of the instrument, being"subject'ed to heat. An electrical filament is placed inside a
telescope with an eye-piece. The filament is heated with a baktery until its color
matches the color of the inside of the kiln. as observed by pointing the instrument

at the spy hole. The dial indicating temperature is calibrated to the amount. of

currént gomg to the filament. Optical pyrometers are little used in pottcrv Hrmg
because of their expense and because the temperatures involved are usually well

below the upper limits of the noble metal thermocpuple. Moreover, the cloudy | '

atm.osphere of a kiln firing in reduction will give an inaccurate temp( raturc readmg
on the optical pyrometer. - . .

advance of temperature is noted, hour by hdur, from pyrometer readings, and the

In order to (XJPL icate firings, most ceramists keep a kiln loL_ In the log, the,

_final part of the firing is carefully logged by noting the time at which the various

cones go down. Cl\zmges in burners, damper settings, and atmosphere should also
be recorded.

et .
—— '
- et oot




Special Firing
Techniques

Ix apprrion 1o the oxidizing and reducing fire, there are a

number of firing methods which.are of interest to studio potters. Crystaline glazes

and luster glazes both require special treatiment in cooling. For crystaline glazes it
is necessary to hold the kiln at @ certain temperature during the eooling cycle .to

allow-the erystals to form in the glaze. The pr)’()mvtor‘ﬁ; almost a necessity if good-

_results are expected from every firing,

Luster glazes are reduced during the cooling eycle. Any kiln that makes a dense
reducing atmosphere is suitable, whether fired with gas, oil, or wood. Reduction
is usually continued until the kiln just goes dark at around 580° C. For good lusters
the reduction has to be quite heavy, and the damper should be kept. almost closed.
Electric kilns have been successfully ‘used for luster effects. In this case, some
carbonaceous material, such as oil soaked bandage rolls ar moth balls, is introduced
into the ware chamber durm;7 cooling. : .

The popularity of Raku firing has brought about a good deal of 1nl(’rcqt in Kilis
for this particular kind of pottery. The term “Raku” is.somewhy at confusing biecause
of its several meanings. In a strict sense it refers to the pottcrv made by the Raku

family in Japan. This line of potters originated with Chojiro, a Korean immigrant
of the time of Hideoshi in the latter part of the 16th century.

Chojiro gained the patronage of Hideoshi and of the tea master Sen Riku. He was
given a seal with the Chinese character “Raku” which means roughly, ° ‘happiness.”
From that time on he used Raku as a family name, and he and his descendants
made tea wares-and especially tea bowls; which were largely hand modeled rather
than thrown, and which were fired at lower tcmperatures,g@han the usual stoneware
of the time
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" the kiln while red hot. The

" the original Raku, and the
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Raku bowls are of two types. The red Raku is'made from a reddish ezirthem?are

clay and, is glazed with a lead glage. The soft glaze over the redhclay. gives a warm-

brown to the salmon color
glaze is thick. These red 1

or texture and may have ori

ofter with blackish markings ormilky. opacity where the

aku bowls were sometimes, but not alwws pu]led from

quick cooling. in any case, has Httle to de with the color.
riginally been a technique to spc]ed up the firing process.

“The other type of Raku is the black glazed pottery. It is made from a buff stone-
ware clay, and the glaze is made up largely fromi kind of stone found in the Kamo
River near Kvoto. These black pieces are fired to a highgr tvmpvmture than the
red, and are always pulled from the kiln hot. The quick copling in-this case favors
the rather leathery 5ur£au‘3‘tc.\mre which is an nnportaﬂt feature of the ware.
Traditional Ruku red and black wares are still being madd by the descendants of

Ces are mgm'd with the ()rli_’lﬂdl seal. In Japan, many
picees are also made w lnclsw:ﬁ"ﬂ\Qu{_,h not from the hand of the Raku line 6f potters,
scarry on the original style as c,lowlwkpombl( and one may buy a Raku picee in a

Japanese department store for,a fow dotlars. It may, in ﬁl( H‘ be a very good picce.

The firing of Raku bowls has nothing to do with the tea deremony, although the
bowls certainly are made to be used for tea. The widespread misconception that
Raku making is. somehow a part of the tea egremony no doubt originated from.
‘Bernard Leach’s account, in A Potter's Book, og how he attended a party in Tokyo
at which a potter fired bowls decorated by the guests in a Raku kiln in the garden.
Leach indicates that the party went on “in the tea-room,’ bul\ of course, he did not
mean to imply that a tea ceremony, was in progress.' L ‘

The term Raku is also used in Japan to denote earthenware i m géneral, cqu‘cmlly
glazed wares used for the tea u;ﬁrﬁony Ogata Kenzan (1663—174‘3) in the dmncs :
recently discovered and attributed to,him by Leach and others, mgntions Raku
production as signifying all of the work he did at low fire.* It is not clear whether
he pulled many of his pieces out of the kiln whlle hot, but this process, in any case, -
is not reallv the essence of Raku in ]apan In Japan, Raku cou!d be defiged as
potterv made at red heat and covered with soft glaze or an enamclylll\c du.orahon
and usually consisting of tea bowls or other shapes associated with the tea ceremony .

Warren Gilbertson, who worked- as an apprentice for several Japanese potters,
beginning in 1938, must be credited with being the first potter to bring first-hand
information about the Raku process to this country. lebcrtson exhibited his own
Raku pots at the Art Institute of Chicago in 1940 and wrote an, c\cellerﬁ article:
on Raku for the Bulletin of the A\meucan Cemmlc Souety 3 Bdrnard bcach 5 book

‘

D ?

' Op.cit. . _ e e, e

? Berhard Leach, Ken:&n and Hx's Tradilion (London: Faber.ﬂnd Faber, 1968).
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IWarren Gdbertson, Making Raku Ware, Bulletin of the 'Ameri

'an Ce{ramic Society, Vol. 22
(Februﬂrv.,,1943) p- 41 LT
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162. A Japanese Raku iln.

3

which also appmrvd at this time, stimulated interest in Raku, but it wils, not until
the middle fifties that making Raku becime really popular in/this country.

As-qné might expect, the technical side of Raku, and espécially the feature of
quick cooling, has become the main preoceupation of practitioners of Rakuw in this
country. The original meaning -of Raku has almost beeh forgotten. The more
immediate response from the fire has speéded up the process of pottery making
and brought a new exciterment to it. Raku, which was originaily ah aspect of a Zen-
inspired tea cult, has become a vehicle for the sudden’ fhrust of ‘intuition and the
playing of hunches: the power of-Zen still at W()rﬂ perhaps. The' process lu‘
yielded exciting effects and brought to (mrthcnwﬁw # liveliness of surface, which |
was entirely absent in the usual electric kiln produc {. The flaws of Rﬂl\u-——ll": soft-
ness, h‘d&,llltv and permcabxht)———c.m be gvercome Yo some extent by careful body
formulation and sufficiently high bisque firing. Pa Soldner, who has done a great ‘
deal of work in, Raku, has developed oratlve processes based on the" iy

o "‘“"LOW“ Are and on car SO 0

ith a 11d that is rerﬂm ed to take: out

lebcrtson [t is nnde up of an inner mufﬂe'
to ‘use because of the. necessﬂy‘for ’ o

the fired pot' It is a very mconvement ]uJ
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constant stoking with wood during the process. Much more suitable are kilns
burning gas. Almost any gas kiln can be used for Raku.. A section of the door is
reserved for acceess to the pots inside. and is temporarily closed with insulating

e=Eagnre 197 shows a Raku kiln with two chambezs=saeh with a swingitzdoer.

nec et TR Iy

This is a very good kiln for class work, because if both chambers are used, two or
more students can work at once. The swinging doors.can be rapidly opened and
closed. with a minimum loss of heat. In another design, Figure 164, the kiln is built
bv lining a metal drum with refractor}: material and suspending the drum in a steel
frame with a counterweight that enables the drum, burner and all to be raised off
the hearth or bottom of the kiln. When the drum is raised, the fired _pot is removed -
and a ;new one is placed. The drum, which has not lost much of its heat, is then
lowerad again. Another pogsib‘i].i&' is a small car kiln, ‘as shown in Figure 165~
“this kiln the pots are drawn out of the kiln owa shuttle when they are finished, and
;u‘no‘thqr set pluccd@zm('l pushed back into the kiln. .

13
' |
\ v 3

164.1i A Raku kiln wﬁt’ch cad be raised o Femove the

pieca. Bused on a design by Ronald Boling. .

B

183. Raku pot, by David Tell. The pattern of
craze lines has been controlled by basting the
pot with 1water soon after taking it from the
kiln. The body of the piece has been blackerted
by surrounding it with straw while still red hot.
Photo by Dgvid Tell. . ) : N
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S pe;ial Firing Techniques
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Shoji Hamada's salt kiln at Mashikao, ]dj)drj.'

166.

-
165. A small shuttle kiln for Raku firing.
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167 Salt kiln at Alfred, N. Y. Built by Richard Wukich in 1967.

~
'

The electric kiln can be used for Raku, and it is very convenient because of thé
easy control of temperature. When the door is opened, however, the sudden change:
of temperature is hard on the elements. Electric kilns which-have a bricked in door
are better for Raku because in this case.only a relatively small opening in the door )
is used, just big enough to*get the pots'in and out: ®

The carbon treatiment of Raku pots is riot done in the kiln, but may be considered
part of the firing process., The red hot pot l:p‘fhﬂ\(ﬂ from the kiln and put directly®

’ i
B ‘ ! ,
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OPERATION OF CERAMIC KILNS - - 186
into a metal container filled \\;ith sawdust, excelsior, leaves or grass, and then the
lid is closed. Strong reducing conditions develop on the surface of the piece in

L R ,,mfaeg“q%eeem%uﬁrb}%maeefmwﬂw effects off this treatment are-to blacker - -

the body, sométimes erratically, and to produce luster effects in glazes contammg'

’ ; copper. Craze marks are greatly emphasized by the carbon.

i . “Salt glazmg should be done in a good downdraan]n that will mrculate the salt'

‘ " vapors thoroughly threugh the setting. A kiln of 15 cu. ft. capacity or more is
recommended. The best refractory material for a salt kiln is hard firebrick. Before
the first ﬁnrlg this should be washed over with aluminum 0\!(.1( to prevent an exces- -

- sive buildup of a salt glaze on the inside of the kiln. Ports prox ided for introducing
thetsalt should be positioned so the salt will fall into the combustion area ahead of .
the barners.. An ample flue and chimney is required to carry off the unpleasant
‘vapors, which are dangerous if allowed tg accurmdate indoors. The problem i insalt
glazing is the buildup of g 5laze on the kiln and the kiln furniture. Shelves, particu-
larly, have a short life. Silicon carbide shelves should be washed with aluminum
oxide to prevent slagging, Pottu)} should be placed in'the kiln on platforms or pads
made of pure kaolin, wlnch will prwcnt picces from sticking to the shelves, or the ‘
whole upper surfuce of. the shelf may be dusted with flint: before plucmg the pots

Hamada uses litte sea shells stuffed with clay, under his salt glazed pieces. After
' . firing, the shell hydrates and dxsmtegrates, but durmg the ﬁre it l\eeps the bottom
. « of the pot from sticking. - . g R
Salt kilns should be- built, if possnble in some outdoor shed or other locahon.,
\yhue the fumes will not be dbjectionable, and the location should be such that the - , |
' exhaust fumes from the ci\mney do not conshtute a nuisancc for nclghbors . |
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" entire kiln, an unlxkcl ; 7 ' ‘
. of the heat of .the Lxln Obnously kilns - meed to' be bullt in ways that totallv .

Saf ety Precautions

.
"

R
v

12

A TR~ SETTING rooks like a srlfe '1ct1v1h but the ugt of llf?

ing heavy shclves into the kiln has caused mahy back injuries. It is nnporhnt not to
attempt to lean into-the kiln with a heavy shc]f in-your hands. Better to craw! into
the kiln, if it is large vnoug_,h and have someone hand in the \]u]f ‘
Although kilns operate at a high tvmpcmmrc thvv need not be fire hdmrds
In fdct surprnsmg,lv few hrvx on{_,m.xu from ceramic k1lns 'Ih(- hmt W lnlc inter ns(-

'ce woukd mb]UCf t S=

precludc 'the pOSSlblllt‘y of their collapse durmg firing.

-'Certain safety precautions must be takén. Fspcuailv 1mp0r.tant is the hlmney
and the manner in which the chimney passes through the roof! %)1 other parts of as
bunldmt., Mast-of the:fires which have started from kiln firing 11.IV( been muscd
by faulty construction of the ﬂushm;_, around the (*hnnnvy Th(' masonry construc-
tion of the chimpey should be wp.lmtul from the wnod rafters, roof or c¢ filing by at
least 8 inches, and preferably more, and some ve ntllah(m around thc c]nmnw is
necessary to l\(ep it cool dunn& ﬁrmg, 2,

When lighting gas burners, it is important to- erte the ﬁrc br torch agnnst f“hc

“opening of the burner hefore turning on the gas. If burners go out, plcntv of time

must be allpwed before trving te relight the klln to he sure th(‘rc is no gas in the-
chamber.- ‘ ' ) .
It is adyisable to have a shutoff valve on-the gas line at some dist;mc-mb from the
kiln. Thert, in case of fire, gas to all the burners may be cut off. at once. Another
sensible precaution is to have a 51@1‘)](- fire m.tmgmsher handy:- m the klln room.
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< QPERATION OF CERA;\:[IC KILN'S L ss

AN Too many kilns are (‘rdmmed into spaces w thh”er mdduluatv Tt s, lmpormnt
ki 'z to have enough room around the erp to work.and thc 're should be plenty of space
' . esper;mllv around the burners. But kilns are usually buflt in a‘?rmd) gxisting spaces
that .were nat planned ‘for, them, w here this prescription cannot be followed.
! Gertalnlv low Ceﬂmgs and w alls too close to the l\lln constitute a fire hazard, -
R entﬂaboﬂyﬂs another 1mp(5rtant consideration. Fuel burnmg kilns always glv
) * offa certain amount of ¥ gas even when the\ are fired in 0\1dat10n Even electric
- kilns emit dgases originating from the changes. i’ the warg bomg %red. In reduction *
- . firing, cons‘lderable amounts of carbon monoude and carbon dioxide are sure to
escape into the room. Carbon smonoxide, which is odorless. is a- lethal gas, anglq
breathing even small amounts of it is consldered unhealthy. A window far or roo
vent with a fan will draw off the fumes and bring in frésh air W ith re duction firing
thoro is always a cvrmm mn()unt of smoke that m.lwbldd\cn walls and u:'llm;_,s ‘md
a fan helps to prvvvnt this as well as ev acuntmg undesirable gas.,
. Therc are a few pcrsonal mforv precaiitions to tuke whe n workmg dr()und kllnj ‘
: " Loose clothing, scarves, and the like should be avoided bécause of the danger- of
 their catching on fire froni burner poﬁs or spy holes. Care-must be taken peering
into’ spy holes to avoid ‘the denger ’Of flame injuring the, eyes or fage. ‘Dark glasses
= should be worp to 4void eye injury from radiation from the inside of a kiln heated
-to I200° C. or more. In any case, dark glasses make it easler to see the cones in high ’
ﬁrmg Care must also be taken that plashc spectacle, lenses or contact lenses aré not
damaged by erp@sure to the. radmnt heat of the spy holes or burner pofts.
. The most usual accident in the. klln room is a burn suffered from plckmg up a.
'i\]ll‘ . :\,vhxch is’ Stl“ toe hot. In view of the eagemess with. whxch potters get
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the are will quickly cool and be easy fo handle with a pair of m@bestos mittens:
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The ,Potte_r
and His Kiln

-

“Fire is the ultra- -living element. It is intimate and it is umuer-
sal. It lives in our heart. It liges in the sky. It rises from the depths of the substance and
offersitself with the warmth J?f Tove. OF it can go back down intothe substance dand hide
there, latent and pent-up, like hate and vengeance. *Kmong all phenomenon, it is reully

-

the only one to which there cant be so dcﬁmtely ut‘tnbuled the apposing ‘values of good

and evil. It shmes in Paradise. It burns in Hell

Caston Bache]ard1 '

For potters, the. ﬁnng process has always been a matter_ of intense concern, per-
haps because of the uncertainties attending it.'In the Past many superstitions grew
_up about it, and in China and Japan, the firing was frequently - tugned over to
specialists. In som¢é Japanese pottery villages, women were not allowed to go near
the firing kiln. In"every culture, we may be sure, divine power has been invoked
for the; ﬁur.cess of the firing, and kiln gods, prayer sticks, and offerings have been
commat! Pllcolpasso Yescribes the lighting of the kiln as follows, . . . invoking the

name of God, take a handf of straw, and w1th the sign of the cross llght theA

fire... "% y . ..

r

Todav, while we- may curse the results of a firing, we seldom pray for its success..
But firing retains its mystery and its power. Placing one’s pleces in the kilnis,a kind
of surrender a giving up to the metamorphic forces of the fire, In the early stages .
_of the fire, the pot suffers a kind of death; its substance undergoes at first '@ .

deterigration and weakemng of structu}re/'Wlth his best efforts in this hmbo the

4

! Gaston Bachelard, The Psychoanalysis*of Fire' (Boston: Beacon Press, 1964) p. 7. Trans. Alan .

C. M. Ross. . i

= Pi‘ccolpaﬁ%.'é'p. cit: T .
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OPERATJON OF CERAMIC KILNS 190

A the one hand a sénse of estrandgement from his work. and on the

otherTkeener identification with it As the fire advances. he may sense a participa-
tion i the action of the intense heat. The tours during*which the kiln is firing may
be spent m routine tasks or in a kind of reassessie n of \Aluvs and directions. The
firing gives a natusal periodicity to pottery makirtg, a tnm when one (vck is ending -
and anothernot vet begun. All ceramists feel a sensg of excitementiwhen the kiln
is opened. but most also e\penence a feehng of letdown ;md dcprc ssion after the

‘pwcea have all been remoud from the kiln and 1mputed 1t is the same feeling:

which comes over children on Christmas night, when there is’ nothmi1 more to look
forward to. Expectation has been rt‘plaud by certainty and possession.
Undoubtedly the most uuportant skills in p()tt( ry making havé to do with”

'\hdplnﬁ Uhumﬂ, and formulationof the materials, hut the importance of thc firing

&)
process and its relation ta creative work should ot be undere mphqsxzed \1any
potters expe riencd a great improvement in the qudht\ of their work and in the

it done for them by teachers or by eollaborating groups. F 1rmg., is critical, and when ©
it-is successtul the fruits of "l the othes processes are reapégl. But l)v the sume
token, if it fails all ¢lse is cancele ¢1 and counts: for nothing. It is the nmko-or bruk
phase of the whole process.. . . : .
Firing can be reduced to a more/or less fixed rouhne- so that ach firing is exactly
the same as the one before. In this case, typical in industry, the:.re would seem to be
little in it that is creative. It is.then merely the repetition of a fixed methad or firing
cycle which was ongumlly found to give good results. If firing is roptinized, the -
only surprises on opening the kiln will be thc failures. But for the individual potter
making relatively small quantities of ware,"liring can seldom be reduced to a
repeatable system. Many variables work against the complete regd}.mznhon of
firing. 'Among these are the differences in setting, in the shelf arranwment in thc
variety of the pieces:in size and shape and even in the weather, which may affect

the dmft Because there 1s much at stake, potters ‘the world over ha?/e strl\;en for ’

umformltv and prcdlctaghtv in hrmg l)ut thcv have, at ‘least until rpodcrn times,
achieved it in only a limited. way. ‘A stoty is told-by Bernard Palissy, the famous
French potter of the 16th Century, of how he tore up the floors of 'his house for

fuel to finish a firing. Surcly something hul gone wrong to require thxs unc\pectcd
RS

nccd fon Jnere fuel. : <
The many possible v varinbles, and the hkcrhood of unfortun'rtc acudents to the

ware have brought considerable anxiety to the firing proccss Evenl where anxnety .

is alla)ed by confidence or, 1nd1ffp1{nce the ‘suspense remains. The suspense of
aw;utmg the final results of oné’s fabors with the opening ‘of the kiln is the central

Firl] - conveys this feehng 1In-the film, the pottery village is overrtn by/ﬂn mvadlrfg

- argy just when the | potters aré firing agghare bringfng their, hugﬂfln to its climax_
of temp(,rqture The potters ﬂw fcarml_, that all is rumed«(ncc ﬂwv were. unab'le .

)
h sy " . B ‘y
P - .

“satisFaction in it when they take over the unuLlctv jols of fmng riither than Imvmg —_—

v

|

e\pcncncc of the ceramist, A wonderful scene in the Japanese film Ugetsu powel/
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169. Old" Tamba jar. Japanese. Muromachi - = L,
‘wperiod (1336-1373). Collection, National Mu- . B o e T t? .
seum of Art: Kyoto, Japan, .\'ul}urul ash (l("pn.‘;i( " , d _-"
) glaze. The clay tabs toward the hottom were . o ] )
- added by the kilnsexer to make the picee fit . S ' Co- 7
snuggly tnto-the one below. : . PN




* . 1

) LT - : o ‘Kysto, - Japan. Nafural “ash deposit plaze ~The
© ot Usears on thevpitce resulted from_being stick to

- " another pag during firing Tlee roughnessy
e » shoitlder was (‘(m.'w"([ by fragments dri Wing

: Jvontir the piece from.thé-ceiling of the kili.

E “ , ¥

’ . R 170. Old Tamba _jar- Japanese, j\?uromafhi.
: - pgriod . (1336-1573).  Collection, Dr: L Seiki,







17). Tokoname jzxr‘v,]u;mne.w‘ Kamakuyra FPe-
riod (1192-1573). Collection, Tokoname Ce-
ramic- Center. A natural ash deposit glaze has
run down the sides of the picce. '

172. Old Bizen jar. ]apanc}.'s({., " Muromachi
Period §1336-1573) . Cellection,\National Mu-
seum of Art, Kyoto, Japan. Thetbesatifua] mark-
ings result from the print, of straw imwhich the
piece was set during firing




i
!
§

173 Ceramic, “Untitled,” by Karen Karnes, From the e'chxbxt “The Ob;ecf Trans-
formed,” Museum of Modern Art, 1967. A kiln accident has resulted in a-work of
art of compellmg power. Photo, Museum of \Iodern Art. .

v

L to gi:/o'the -kiln its last. “so’z’tking' of heat to’ bringj‘o’ut the 'l)(-d‘utif (;f the glazes. Thé

- soldiers' poke at the hot kiln but do 'not really m()lcst it. The next day, after the

soldiers have mqved-on, the potters open the kiln m an agony of suspense. A

miracle! The ware has got been harmed by the mtcrruptcd firing and is, in fact,
‘much more, beauhfu[ thaf thty liad hoped. . .

All potters try to »vgsuah/e their finished work,as they peer througb the spy holcs

.into the incandescent é{lt(,rl()r of the kiln. The fusing heat, bathing cve rythmgj insa
-+ uniform light, is like some generic force, the more to be respected beca

: ils ways
are not perfectly understood. :One might think that the potter’s drmm of his
,H’mshvd work would excel in bmut) “and interest the plcccs ‘which he actua]]y takes
from the kiln the next ddV But often the kiln confers graces on the pot which
éxceed even'the potter’s dréams. Thc greatést pots are those one’ mects coming
from th(, kiln as strange Ob](}LtS thev may - seein, m texture and co]o? qu1te-
~ beyond oncs power to visualize o predict. :
To be a ceramist is to not‘only understand but to feel this transformation of the
fire, and to be able to live with jt, to work with it, and to collahorate- with it The job
- of firing the kiln is actually quite complex. »lt requires knowledge and ]udg:’(,ment,

B
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197 L ¥.  The Potter and His Kiln
. ) s s"
and only experience will enable the kiln watcher to cope with the une\pected and
to make those small.adjustments that may mean the difference between failure and .
success, or between suecess and triumph. To wor]\ with the fire creativ ely requires . ‘ ‘
an understanding of its action. Every phase of pottery nmkmg is enriched by such” * ‘
©oan UJ](.[( r\tdndm" In fuct. the potter is working with.the fire even as he designs =~ A
pieces to withstand its hedt and ds he gauges the thickness and character of slips

and glazes, with théir tendency to run, to How, to rev ca] to Lonceal Such 1n51&hts
into the wavs ()f the fire make pottery the art that it-is.
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'~ Kiln Degigns -

-

- Ex »osT cases kiln designs must be adapt’ezl to a particular
location and"to.specific needs, buf it is hoped that the designs given here will help -

, as a general guide to various possibilities. The designs are all rather easy to build. - -

No attempt is made to give an estimate of cost, since local prices may vary |
considerably. To estimate the number of bricks required for a_given design, the |

: volume of the floor, walls, crown, and chimney is calculated in cubic inches. This

figure, the total volume of brickwork, is then divided by 100, the approximate. .
number of cubic inches in one 9-inch straight brick. ‘About 10% should be added
for loss in cutting, etc. = - : ‘ N o N B N
Most of. the designs can be :changed in size with()g'tjfgar' of impairing the effec- -
tiveness of the kili, provided thz}t the geperal propqrti_bns are held to, a’pd 'Proyidt_ad
sufficient burner capagity is installed. Except for the wood burning kilns, all: the
de'signs are intended for gas, either natural gas or LPC, .but any of the larger k-ih}s o
could be fired with oil. . w o
Before building a kiln one first should. look at and study other exigting kilns, if
possible. Much can be lgarned from first hand inspection, and copying an-existing
kiln which fires \.'bellf giveél'sd}ﬁe@séuran'c'é of success. Since.the investment required r
to build a kiln is’féogsidefable, many. prospective kiln builders are deterred by:feia)r “
of failurq(,ﬁ \%}ﬁk‘a{ce:tam aTount of anxiety is justified, it i§ the author’s experience
that most kilngp#ferm satisfactorily provided they are designed with consideration

for a féggﬁésic;"cpmmon sense principles, and provided there is sufficient fuel

&

‘burning capacity.

There.are two reasoﬁs for buildihg a kiln rather than buying one. One is the

: . _ .
- savings in‘money. A do-it-yourself kiln will cost only a fraction of what one must

o
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174.. Rudimentary wood burning kiln,
) . ; G "’ ’ "' i..‘- W S
pay to buy, ship, and install a portable kiln. The other reason is the great amount,of
satisfaction to be derived from building a successfal kifa. - - 7 ., - " -
L. . , . o T A R X ?
E}gMe 174 is a simple updraft kiln suitable for a camp or class project. It is very |
¢ similar to early‘Medit‘erranean kilns such as are still in use-in Creté. The drum * "}
* shape of the kiln can be made of red brick, ‘firebrick, or sandstgne. smeared with ;"
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203 - : - "" : Kiln Designs -
‘vcla\ inside. The bncLs Y be layedﬂfm a cucle for each course and: the wedge-
' 'sha.ped M betwe&p’hﬂslled with clay. The kiln‘can be built right on the %
' -~ ground, Mth-some sand@Wded T the bottom before firing. The fire mouth is fade - . "
from a fue liner sél‘ 3 "‘prard slope. Ths;b’ottom part of the kxln may be g

\

partially banked up 4 fﬂéior additional insulation. "y »
The pots-are set up dn a’ She[f arrangementgto allow the ﬁ: 'i‘p SWeep t ﬂle
_ bottoin of the cylinder. Plenty of space must be allowed for thie u 7zu'd cirg alatidn ‘
- . of the fire. The top of the kiln is «closed over by corbelmg n; vera?}‘ courses of -
- bricks; with-a hale left at the top. A length of galvamzed Plpe p‘fa@éd over. the hofeh .
forms a chithney to inerease the draft. S -
A kiln of this sort will reach emrthenware temperature mﬂ; ease, although the
= bott-om is satre to fire hotter than the top. It is.cettainly rot good for exacting work
with glazes, but a simple fritted glaze far cone 04, used, perha;gfover slips, should
work reasonably well. The' kiln could esily be built in one day, and if scrap
-materigls are used, the cost-will be next to nothing

’ "Figure 175 is-a mo;e e!aborate outdoor kiln, also for wood ﬁrmg It.is based on
. -he principle of the Kotean kiln, that is, a sloping trénch-with fire introdiiced at_ the ™
" bettem and along the sidegA. hﬂ151de with an mchne of about 20 to/25. degrees is
 required. The length is s [)&gwhat thxdnal but a tunnel of about is feet in Jength
wﬂl give an excellent dr t“iAttached to the lawer part of the kﬂn 1s the main
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.+ 177. Starting the walls of the trench and the firebox. The bricks are placed dzrectly A
‘ " on the ground. . o o -

176 Digging the trench in.the hillside. Photo . ' S ’ s T ‘1
bj Ed Custer. . ‘ '
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178. Constructxon of the firebox and, ware chamber The notches unll hold the

metal grate rods.

firebox. It is bullt in the form of a sunple rectangle‘ with a. suspended roof of .
msulahng brick, as shown. It may be built with an arched roof. The gratg bars are
steel rods. The ware chamber is a trench lined on the sides with bnck and rooEed
over with kiln shelves. An alternate construction is a corbeled structure closed over
at the top with one 9-inch firebrick. A short chlmney is built at the end of the
chamber. One or two additional, stokeholes along the tunnel are, pded with’ wspd~.

during the firing to increase the témperature in the upper part of the kiln. A group,
of students working ‘with me‘at Alfred huilt a kiln of this type hnd fired it success-
fully to cone 9, in the lower third of the kiln, with. lower temperatures above We
used dry bass wood and hemlock for fuel, completmg the firing in about 12" hours
The pots near the firemouth were heav1]y encrusted with fly-ash.glaze* and/closely

resembled Japanese Bizen wares in color and. tekture. More protected piecés

developed: successful celadon glazes Rather heavy Ieducmg condmons pre&axled

in the lower half of the k11n, -










K

'The top of the kiln is covered over with dirt: Photo by Ed’Custer. N ' C

The kiln takes quite a few bricks to build, and can hardly be ]ustlﬁed as a demg‘n
unless scrap bricks are available. It is essenhally a temporary kiln, fun to build and _ o
‘very exciting to fire. . - - ) :

To4oad the kiln, sand is placed on the floor, and the pots are set in rows, smaller _
pl@(.‘es staolu d one on another.. The covering slabs are thén put in place and earth * X

- - N q

7 Ll

180. Setting the kiln. Photo by Ed Custer. A | o~




'3
182. Opening: the kiln. The supple-mentar_/ stoke holes can be secn at the right of
the chamber. Photo by Ed Custer :

¢

.is‘heaped uf) bver the whole structures- About two inches of dirt over the slabs®

provides ample insulation. Additional draft can be induced by adding a section of
galvanized iron pipe to ‘the chimney. For lower temperature work .this is, not.
necessary, becguse the upward slope of the chamber makes for a good draft.

o a
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" - Figure 183 is a small updraft kiln. It is vented directly into the room;or, if it 15
'~ being fired in a confined space without adequat ventilation,'a hood is provided tq. )
carry, off the waste gases. The kiln -is built o;\f&%” insulating brick, mortared
- together with thin fireclay cement. The skews and axch brici\gre shaped ‘f)yrhand. -
2 The kiln is held together with a light angle iron frame; and theNgottom rests on a
e piece of asbestos cement board. A metal plate coqldibé used for t .
gas burners are arranged_at the sides. They §hould be securely fatened to the vy -
frame of the kiln. The whole front of the kiln.is considered a door and is bricked :
' in each time. The first kiln shelf is held up off the floor on 24-inch\props. The °

. %

8 ;‘ A - 183. C“a-i;ﬁféd' updmft kiln,
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burners are baffled to send most of their flame up along the walls, but some of the .
. Hame is directed to the hottom of the shelf. This-kiln is vinexpengi\"e and very gasy.

to build. It will fre rapidly if desired. Some unevenness of temperature is to be
.c‘.\fiected between top and bottom, and reduction may be spotty, especially towards
the center of the setting. A kiln of this type must be set rather 8penly and. the

- interiof r-fpa'c\e not choked off too much by the kiln shelves. In spite of the compact |

over-all size of the kiln, it has a verv good capacity. It is extremely easy to lpad

184. Ca.k‘-ﬁred downdraft kiln.’

—
e ———

sidewalls = 9" g 26

back wafl and arch = 43 K26
" Floor gnd chimmey s firebrick

base - concrere block
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i the floor tiles and damper I ;

- vermiculite Hn(l(ld\- can, be nmd( to fll the spdge An occasmna]

213 o o h . Kiln Designs

and to fire. The dmft ma\ be mcreased by bu1ldmg a short chxmnev of ﬁve or six

- courses of brick on top of the klln

The virtues of this updraft desrgn are its ease of buxldmg and the large amount
of -usable space per “cubic:inch. of kilm strueture \'1anv commermallv produced
porta—bl'e kilns are of essentlall\ the same demgn The dlsadvantages are uneven
heating and rather uncertain reduction, but both of these drawbacks can be more *
or less overcome by jptelligent setting “of shel\es dnd ware. ‘

Shown in Figure 18fisa downdraft kil built mostly from msul‘atmg brick. It is

a faxrh good sized'kiln with w dlls 9 inches thick. The kiln is built on a platform.of
cancrete block over which are lald two thncknéséés of firebrick. The ‘walls are made
of K-26 brick laid in thin mortar. The skewbacks and shaped brick for the arch

- can be easily cut by hand, A light steel frame is provided to take the  thrist of the - -

arch. The front of the kiln'is left open, and is bricked in for each firing. The bag
wall, made of hard firebrick, is, formed from brick sét on edge. Ample chinks are

Ieft between the bricks of the bag wall, which can be parhally filled with fragments -

of insulating brick after e\penmenhng with the flame pattems of the kil. Four
burners, of 150,000 B.t.u. per hour rating,’should be sufﬁcnent . o
A kiln of thxs type should producc perfect re sults m"roduchon ﬁrmg and’ qan be
made to fire eunl\ by prop(r adjustments of - the henght and permeablhb, of thc
bag walls. The capaclt\ is about eighteen cubic feet.-
Figure 185 shows a larger kiln, designed for permanent mstallatlon and }ong life”
The mtenor of the kiln is made enhrgl\ of hard firebrick, backed up by a layer of

_ insulation and ari outer case of red brick: The ﬁmshed“structure is handsomge and’
may be cleaned of soot from'time to time to give a good’ appearagce in ‘schools or’

studio. The. colba(.tmg flue is set in a trough’ e\tendmg from theé. front to. the Back
of the kiln. The arck is 9 inches thick, made from wedge br}é‘)k A frame of angle
irons and tie rods furnishes, the exterior bracirig. : -

The base is made of concrete block or red brick, with a channe]’ prowded for« th¥ =
flue. Next, a layer of firebrick is plaged for the. floor of the kiln. The walls are ”

" started, and the hard brick course inside ang the red brick autside are’&wed along
“at the same time. The side.walls are brought up to the level -of the skewbacks;

while the back and the front walls ; are stilF uncomple'ted The skewback- is, set,

together withe its anz.,lt iron backing. Next, the arch support is putin pl.rce and the _

arch is made. Then the back wall is cmpleted. “The* areh form for the dor is put
i place and the front wall is finished. With, the- main part of the kiln o,ﬁnpleted
the'chiponey is chstructed next. The exte rna} bracmg of the kiln ¥s set in place and
tightened. The final’ step is the construchon of the bag wa]ls and the Qlacmg of ~
_The insulating lay or*betwt’tn the two brick walls of the kiln may be made by

slicing K-20 bricks in two lengthwise: making a laver of }§ inches. Or; a paste of
tie between the

5
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two walls, formed by. extending a firebrick over into the red brick layver. helps give = —

stability to the walls. Fireclay mortar is used for the inside of the kiln, qnd'regula; .
cement mortar is used to lay the red brick outer laver. The eourses of‘ﬁr’gbn’ck and . *
red brick sho.uld be kept level at all times. The chininev is made of an inner liner

“of hard firebrick and an outside laver of red bfick without anv jnsulation_between =
them. After the kiln is finished. the red brick exterior can be brushed with a weak -
solution of muriadic acid to remove smears of mortar, a’n:d to freshen up the color

of the brick work. ; I ' .

o on -
AT

185, Ldrge gas-fired cjbwndraﬂ kiln.
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915, Kiln Desig%';
e ‘ Figﬁr;e 186 shows a small catenary arch kiln which uses a minimum of insulating -
i, bricl:s and: s, therefore, quite: jngxpﬂmive to build. As shown in théphotogi‘aph&, A
d the arch is constructed on a base of coneggte, blocks topped with two layers of hard _
4 brick. The back wall is buil?;\inder the 'archj The front wall is bricked in for each v
- " firing. except for some bricks 4t the side which may be left in pla‘c'E,J more or less %7
k- perr;lanent‘l_\'. A 4§-iﬁch ila'ver of insulgting bricks is used over the upper part of the
x arch, and a watérproc’;f coating is applied te the exterior. L0 , “
This kiln has a tvpical catenary arch design, and could be-enlarged withgut
R . T 186 -Small carena;y arch gas-fired dog;ndraﬁ kiln. i
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‘ 190\ # Construction of the damper slot. o o
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183. Catenary arch gas-ﬁred car kiln. Des-xgned and built by the author at Alfred

in 1961. : .

changing the general arrangement of parts, except of‘course for the addition of
more burners. The design is very fhrcct and simple, with no unnecessary conces-
.« 7 sions to appearance'or tradmon “and the fact that exterior bracing is hot required
- makes for lower cost, as well as slablhtv and a long life.

Figure 193 shows a car kiln incorporating a catenary arch. This desngn is identical
to a kiln that I built in my studio in 1961, in which [ have since fired both sculptures
and pottery. It is fitted with 6 “Alfred” burners, similay to'that shown in anure 78,
which operate on 7 oz. of prcssure R = ¢

The construction of this kiln is very snmllar to that of the smaller c:f!’enary klln
described above. The concrete base in this case is built in a “U” shape to admit the
car. Steel channels are set into the structure to form a sand seal Wlth a sku‘t on the
car, as shomnn the dnwmg ‘ ‘ '

-

S

192. The ﬁmshed kiln. A waterproof blanket. of c:ement has béen apphbd to the
exterior. Built by Ellis and Janina Jacobs, Cupertino, Caltf from a design by the
authgr. Photos 18/ 192 by Janina Jacobs. o ‘
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The kiln can be finished first: making sure that the opening where the car enters . ¢
is ajrue rectangle. The under part of the car. with its wheels and platform for thé . . ¢
) ‘brick fleor can then be designed. For the car I used wheels salvaged. from an old - 3
saw mill cargjage. The car has a layer of asbestos cement board over the metal S , 1,. it
framework and two layers of insulating firebrick on top of that. The wheels of the : LN
car ride directly on the concrete floor. Two guides of strap iron are fastened, to the o
floor to guide the car into place. Since there is no track. the car can be wheeled S
about in the studio, which is very convenient if large sculptures aré to be built in . - n
. place on it. : ’ , - ' ' Po- ot
Figure 194 shows a kiln built of K-26 insulating brigk laid without mortar. The 1 . ;’F b
kiln has a roof of suspended insulating brick. ‘Four ‘burners are provided, and the
L v a . vt
194. Gas-fired kiln constracted of insulating firebrick? - .
. ‘ : L] . f
. | - \ ;;. ‘ a
- -~ .
y/// K .
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circulation 1s essentially, crossdraft. A small baffle is set ahead of the burnérs to
deflect the Hames upward. Some experimentation with the setting and “with the

. baffling of the flame will be necessary to arrive at 4 good heat distribution, A hood “

- is used to colleet the exhaust gases from the short chimney. ’ ' '
_ One of th# virtues of"\th}s stvle kiln is the ease of building. The whole kiln '(gan
be erected and ready to use in a dav's time. Another advaritage is that changes can

" bereadily made—a few courses, for instapce: can be added to the top to secure
“more.interior capacity if desired. In use. the bricks may move somewhat. The usual
tendency is for the structure to grow outwards, in which case the bricks are pushed
back into position.  * _, . o )

A kiln of‘ this sort can easily be revised. in case it does -not work satis\factpril'v.;'

'-/ . r
% | . o . | \"~
185. Catenary aréN wood bumlng kiln with two fireboxes: ..
. : R -
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_For example, more burners ca’g be added; or the pogiﬁori of the flue and chimney

;  changed tvith only minor inconvenience. This is not a cheap kiln to build, however,
" " because of the large number of insulating firebricks required. K

“Shown in Figure 195 is a catenary Kiln, designed to burn wood in two fireplaces

at the'sides. It is similar in construction to the car kil described above. Fireboxes at

either side make for a very even distribution of heat. A relatively tall' chimney i3

indicateid to assure a good draft; \yithout it, there is not muc:;h, prospect.'of reaching

r

196. Catenary arch wood burning kiln with ‘one firebox.
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higher temperatures. "It is not advisable to add any more }lorizo;lial flue than is
shown in the drawing. The shape of the kiln is well adapted to the ﬁr(‘boges,gnd to
the circulation plan, o d

" If this design has a Haw. it s the nuisanice of tending two sepurate. fireboxes
during firing. :

- Figure 196 shows a smialler wood-fired kiln, also of Cutenar_\'»ar‘cﬁ design, having

one firebox. The ('irculati()_nAi.s* essentiglly Crossdruft: and some cool spots may be* )
Y.
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A98. Three-chambered wood burning kiin built for the Kyoto City Collc.ge of Fine
Arts, Kyoto, Japan. Although rather small in size, this esign has dll the typical .
features of the Japanese noburigama, or chambered climbing kiln. It was built in
i963. ‘

199. View during constructidn.




- . 4

" ¥ )
, 200. Work ha.s started on the firemouth. The holes leading into the first shamber
] are clearly evident. The wood brace funmhes a buttress for the first chamber until

the firemouth is complete. - e
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202. Back wall of the third chamber, with flues. The construction of the arch from
. cylindr 9a l'bri.(,j]\: can be seen. ST
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, e\pected near the ﬂue side of the kiln. Tth is perhaps the smallest size luln whlch
* should be built for.wood firing. )

'Flgurt’ 197 shows a kiln designed speCLﬁcall\ for Raku ﬁnng It has a'substantlal
“angle jron frame and two swinging doors opening into the two chambers which
can be fired sepa.mts‘h or simultanecusly. “This kiln was desfgned bQ David Tell.

Figure 198 is a dimensioned drawing of a smali chambet kiln Built in Kyeto, |
Japan. It is bullt rlght on the ground with ng fbundation, and no msulatlon s used.
The pictures’ “of cgnstruction glve some mdlcahon of the' rather casual brick work
common in ]apan rd b : :

@

. R
Bt
e “ ¥ - i -LL
e > ; ;3 . e o
R P Eijen if I used a thou.sand redms of paper. to write down gll

. _!he accidents that have happened. to ‘me_ in learnmg this art,
you must be assured that, however good a.brain you may have,
you will still make a thousapd .mistakes, which c,*anno! be
learned from writings, and "even - f} yau had them ‘in wntmg
you wouldn't believe fhem until practtée has gwm you ‘a
thousand aﬂbchons . * _

S —Bertmrd Palissy
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Daniel Rhodes:

DANIEL RHODES currently Professor -of Ceramic Art
at Alfred University, is a leadmg potter, sculptor and writer. He is the author -
of numerous articles on ceramics, and his two books, both published by -
* Chilton, Clay and Glazes for the Potter and Stoneware and Porcelain, have
become standard reference sources. -for potters throughout the world ‘

The carly, vears of Mr. Rhodes’ career in art were devated to painting. -
He attended the Art Institute of Chicago and the University of Chicago, and
later the Art Students League in New York. While working at the Colorado .
Springs Fine Arts Center, however, he became interested in ceramics. In ¥
1941, Mr. Rhodes came East to'spend a ve ar studying at the New York Statg
College of Ceramics at Alfred University. He became a member of the
“faculty of that school in 1947 Following - this; his. reputatxmms one of the ,'
country’s leading cer ramists spréad. He was givena I ulbright Research Grant
to study the arts of japan in 1962, the posmon of Editorial Coq,su]t’mt on
ceramics for the national craft magazine Craft Horizons, and most recently,
~a place'in the annual sculpture exhibit of the Whitney Museuni of American
“Art A one- man show of his works was held at the \Iuseum of Contemporarv
Crafts in 'New York in 196/ - ' :

Mr. Rhodes and his wife Lillvan, Ltlso a scqutor live and work near Alfred,
New York, in wooded: acreage ov erlookmg the foothills of .the Alleghenv

Mountains.
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