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In a recent survey of the refractorics field with ;articular re-
spect o the Pyromeiric Cone Eguivalent of ifferent clays it was suggested
that s difference in the P, C. L. walue of clays might be found .ue to 4if-
ferent stages of heat trestment that these slays had previously undergone.

At present there is considerable apparent lack of informstion ra-
gariing this gronblem. It is ev}.«;:lengeai largely in the samples of clay sent in-
to cqmercia.l testirg anl research iaboratories by manmufacturers who are at-
tempting to levelop Jdefinite propertics from a given clay or clay body. There
iz 2 large difference in the type of samples sent into these laboratories.
Whether 1t is lack of more definite iaformation or ‘ieregarl for the srrors
that may result from this ' ractice iz ot rmown howsver stanlariizstion of test
samples is not  racticed, but should be if the errors introduced are sufficient
%o make any differsnce in the P, C. 3. value o the samples submitfed., Some
manufacturer: wighing a cone Tusion tegt run on thelr preodnct or on a natural
elay will send in a sample of the &lay or the product that has already heen
vurned, while others will submit samplos of the raw clay or body for tho ftest,
It is j;ossible that there may b a grent 2ifference in the P, €. 5. valne of
the same clay or body under the two condikions plven.

It was with the hore of finding more information regarding this
sub’sct that the following efforts were prompied.

Po stady this prodlem it was decided to smelect three clays which

would give & more or less representation of the field of clays.



With this in view a high re ractory Tlint clay, s ball clay ani
a low grade plastie fire clay vere golestodl four stody.

The object was to caleine a 'g;‘o'z*tion of the samples of each ¢lay
and to use the other cortio: of the zample row and to determine the P. C. B.
of each clay under each condition ani delternine the Jifference, if any, in
the smount of heat treatuwent they wo.ld stan az ovidenced in the staundard
cone fusion test. |

The three difforent clays selectnd vere, one a low fusing fire
ey of the Tenitian Fire Clay Co pany of EKanuas Clity, Hiscouri, and cne s
flint fire clay refractory froum a d ssjpore it north of Rolla andi the third
a plastic ball clay being a # 9 Tennessee 3all cisy of ¥andel Porter Co rany,
Paris, Tenncsses.

the selected samples wore put through a primary crusher of the
Blake type, the jaws anl the receiviag pan of the crusher being thoroughly
gleaned to prevent contamiqmtion from lrmyurities in the crusher. After being
erushed to about one-eighth isch aximmm size the snmples were put through
a set of Stustevant laboratory rolls having eight inch :rushing rolls travel-
ing at 150 R,.P.M. The ball clay =nl flint clay were found a little damp =o
that several passes vwere made on each of theze clays. From the roll crusher
ﬁxe gamplen were tran: ferred to a Braun Fulviszer vhere the grinding disecs
were glaced as far apart as possible %o avold extreme fine grinding of the
materisl. After the pulverization the +hole of each sample was quartered and
half of the originel sarple wss reserved for fubure reference, |

After the samples had been cusrtered and half the original sample
reserved the remaining half w®as quertored unkil about 800 grams of each sample
was left. The 800 grams was to be the portion of esch clay that was to be

saleined.



T™he sauples io be calcined wers then prepared as follows:

Bach clay was tempercd with water unt{l a plastic state of the
mass was obtained. Rars were then molled in & hanl press mold twelve inches
long and -ne inch scuare. These bars were then cut in two making four bars
67 x 1" x 1. A dirts block was usaed in forcing the clay in the melds and
it is believed that little specks o7 Toreign clay (possibly fieldsiar) may
hare been become imbedded fn the top surface of the samples. This was oy~
idenced by seeing some white apecks on the surface of the dark burning fire
clay after calcination. The sawples to be calcined were dried rather hur-
riedly in orler to start calcination as rapidly as rposcible. "he bars vwere
placed in the bottom tray of a thermostet dryer whose temperature was set
at mpo ¥ and were allowed to stand half an hour. The bars were them placed
near the top of the dryer and allewod to dry at 100°F for five hours. The
temporature of the iryer was them increased to 275°F and the bers permitted
to dry st this temperature for nine snd one-hal £ he rs. No ill effect of
the rapil irying was evidenced nnd the flint clay vhile it developed small
halr eracks 1id not crumble bu* ept the shape of the bar,

The firing of the bars was done in a standard "ureau of Mines
experiment kiln of the iown iraft type. The bars vere placsd in the kile
with & rather open bottom to facilitate the creation of a draft in the firing
chamber. Considerabie trouble was o perienced in the begiming atages of the
firing ne to lack of draft, the atmosphere being highly reiucing for some
tine.

The preliminary heating was dons with gas until the kiln had ob~
tained sufficient tempersture to fgnite the oil which was forced froam a
storage tark by air under fifty-five pounds pressure genge. The sil was



atomized by air from a cetrifusal fan in & Jenver Fire Clay Company burner.

The gas was started nt seven thirty A. I, anl at cleven forty-rive
the oil was turmed on and both oil and gms were them used until the temperature
of the kiln was sufficient to suprort cordustion of the oil alone. The oil
wes fed into the xiln as rapidly as it was ;ossible to fire without producing
rodacing conditiong.

At Phree-~fifteen cone ten was just Jlown nnl cone eleven was ractical~-
1y down thers Veing very little tifference in the time in¥erval beotween the
two standard cones.

At this peoint the bars of the venitian fire clay were withdramm
because previous esperience with this clay had shown it to be of vory low
fusing properties.

The four bars of vonltfan firc ¢lay were then allowed to cool
in air until reaching room temperature. The bars were ciamined and two of
them whiich werc of rogular size had spiit along the longer axis showlng an
mnoxilifzed core ani a considersble accumulstion of fused irom on the fael
that had split open. Two of the bars were of rmuch emaller size being about
three-eiphth insh thiok. These two bars were found tobe oxiilzed clear through
and were ap;arently well calcinel semplss. The #wo larg:r bars were discarded
as being of little value and the two small bars used as the samples for the
problen.

The firing of the other t-o clays was continued as rapidly as
poasible until cons -ixteen was fikt on the plaque. Cone sixteem was down
at fifo~7ifteem P. M. and the kiln was then alldwed to scak until five fomiy-
five when the oil was shmt off and the kiln allowed to cool over night., Upon
examinatson of the flint and ball clay bars it was found that there wers

aprparently well calcined and made good samples.

The sample of rav clay not used for calcination was guartsred



until the remaining sanple was of a good size to determine n scrcen analysis.
Lach of the rew cloys were quartered in this wanner and the screen analysis
was determined. After determinciion of the screen alnalysis the sample was
consi lered representative of the whole and vas then discarded.
The screen analysis of the clays follows:
Tenetian Fire Clay

200 Gram Sarple.

Thra 60 on 80 20,16
" 80 ™ 100 2E.38
* 100 v 150 35,80
* 150 ™ 200 22,06
T 200 97,33

198, 13

Tennessee Ball Clay

Thru 60 on 80 33.23 ermas.

* 80 ™ 100 $8.27

* 100 " 150 27.26

* 150 " 200 38,18

TOROOT 40,11
197.05

Flint Pire Clay

Taru 60 on 80 26426

» 80 "™ 100 68.62

" 100 ™ 150 38,56

= 150 " 200 24,15

- 200 40,17
LR

The ealcined samples of each of the clays were them groad in



the same manner was was used for the raw clay. The crusher and rolls eto,
were theroughly cleased bet.ocen each sample to avoid cortakination. The
calcined sauples of e ch of 'I;hej samles vere rround until approximately the
same amount of finess were in thc calcined ag vere in the raw clay.

The analysis of the calcined clay was as follows; |

Venitian ¥ire Qlay

365 thra 200 mesh.

Tennessee 3gll Caly 337 thra 200 mesh.
334 thru 200 mesh

Flint Fire Clay
257 thru 200 nesh.

This clos ly mpproximated the screen analysis -§ the raw materisl
and wag consiiercd sufficient $o elinlw:te any errors thut mieht arise due
to differencs of grain size.

Cones were then ade of the different samples of clay and as it
was necesgsary to use s Jdexirie solution $o bond the caleined material it
was also used in making o -cs of the vaw naterisl to eleminste possible
errors due to any fluxing sction ‘hat mlght Lnve beem caused by the dextrine
golution binder.

After the cones were mwlded and Iried thoroughly plajues were made
in which a calcined cone ani a raw cone of the some sample were plaéed with
sevoral standardi zones in order to observe the difforence, if any in the
heat t{roatmwent which the coues would glagple

e firing was done in a grananular carbon resistauce electric fur-
nace as shown in the ac ompenyinz luc priant. This furnsce is run on singhe
rhase 4. C. 110 volt current sup iied from a syncharonous convertor, which
converts from three phase which is %mi current supplied in the lines %o one

phase which 1s sup; lied to the furasce,The prodedure of the firings and the

currents showing the rate of heating follows:



FITEY "UN OW U I 72AN 10 OLAY
The furnac: wes sterted at 10107 aad the voltoge increoased as
repiily ao pos iblec 1o erid heat.,
The Plecie veo seb vith siyn coros, four being standar . cones end
one tring & ra uninovn and one boing o calcined unkmorn. The gtaniar’ cones
in the platue vere 173, 14, 15 ani 16 und were pinced in the following man-

ners . Baw Un Ko
C'a /cl;’G J

Grkngrn =N s b

A% 11:00 the alls of thealundun tube had racched & red heat. At 11315 the
high series voltege was thrown in and the volteges get a2t 37volts-.75
smpercg, 5t thia tlae the tomperature was 1652 derreecs P, At 11130 the
tomperature was ugs to 1760 degrocs F. amd hed an anmster re-ding of.380,

At 11235 the temporature vas 1745 degrees F. vith an ammeter reading of 578
The voliaspe was them incrcased to 40 volts and 8 amp.

At 11545 the temper:ture of the come ;lacue wop 1988 degroes F. with an am~
moter reading of 416.

A% 11: 58 the tomporature was SG70 dégreea P.

This “oating was & little fmst ss the volitage was retarded a 1ittle $o 88
volts.

4% 12300 the temper ture weos 1966 degrecs F.

The wltage :as slightly iasreased to 39 volts.

A% 12:05 the teparsture was still a little down being 1231 degrees F. 80

the voltage was agnin increased to 41 volts wnd .8 amp.



A% 12310 the temperature was 1966°F,

At 123 11 the voltcge wos increcsed to 42 voltis.

£t 12:15 the tempercture was 2020°F.

At 12:20 v » 20300 o

The voltcge Wus incressed to 44 volts and .9 amperess

At 12125 the 't-émgeruture was 2050°F,
The voltage was increased to 47 volts and 1 ampere.

At 12:30 the; temper: ture was 2187°F.

At 12238 tﬁé temjerature was 2306°F.

The volto e ws cut down fto 44 volise

24 12:47 the temperasture was 2306° at 48 wolts.
Lt 12350 the voltage wes Iincreased to 48 wolts,
At 12:55 the tcmper:ture was 2384° 7,

A% 1300 the tempercture wos 2305°F.

The voltage wns increased to 50 volis.

At 1328 the fwnce was shut down.



FIRST RUN 04 FUSION ACINT OF
VIR AN FIRE CLAY

Temperature Time
1988 11845
2070°%F 11252
1966°F 12100
1931°F 12:05
1966°T 12:10
2020°F 12115
2030°F 12520
2050°F | 12325
2187°%% 12:30
2306°%F 12:38
2290°F | 12140
2306°F 12148
2346°F 12150
2384°F 12156
2405°F 1100
2468"F 1105
2520°%% 1310
2555 F 9 1315
2603°F 1320

2691°r 1327



PIRST RUN ON TENN. BALL CLAY

The plague consisted of four stondard coies and two
unknowng. oneé unknown & ruw sample and one a caleined sample.
The standard cones were 30, 31, 32, and 33, The plicing of the

cones in the plague waes as follows:
Casw Unknown

(d’/tla: C‘/(jn/fna.w'n

The current was turmed on at 11130, but due to o loose
connection in one of the termincls of the corbon elements it was
<300 before the furnoce becare red.

At 12:10 the temperature of thc wall of the furnace was 1669°%
At 2320 * " LA L B B " * 1745°F
The voltage was then adjustcd to 45 volts and .85 amps.

At 2¢30 the temper:tiure was 1816°7.

The woltage w s then increascd %o 48 volts and 1 amp.

rt 2340 the tcmperature wos 1988°%%

At 2¢50 the voltoge wis increased to 49 voltis.

At 3300 the wvoltsg e woo increased to 53 volts.

At 33l2 the wolt-ge w s increased $#o 57 volls and 1.15 amps.
At 3:20 it was found t:nt $the tenmperature was laging and the
yoltzge wne ingreosed to 60 volts pnd 1.20 amperes.

At 3325 2 loose comnection wes found in one of the terminals
which prob:bly caused the trouble in heating.

The temperature rose rapddly afterfiring teemiial so that the
voltage was eut down at 3:30 to 57 volis..



At 3:57 the voltage was raised to 63 volis 1.3 amperes.,
A% 4:25 the calicined unknown is tipinge.

FPIRST RUN oX TENN. 3°LL CLAY.

Tenmperature Time

1669%%, 2¢10
1746%p 2320
1816°F 2130
1988°% 2140
2030°%p 2350
2080°F 3800
2140%% 5410
21607 3120
2398°%p 338
2435 F 9832
am@nl” 3140
2570°F s¥82
2731%% 402
angu? 4310
2861% 7 4315
2991%F 4820

$2
5166“? 4: 5



FIRGT RUN ON PLINT CLAY.
Furnace started 1300 P, M, with voltsge of 20 vwolts.

At 1315 voltoge wus increased to 23 volts.

At 124 ® . " *25 ®
At 1335 v o u "o2g
At 1154 7 v " " 30,5 ¢
At 23512 " " n "3g

At 2:15 the aides of the alundun tube were red kot and had
a temperature of 1656°F ~905%9C.

At 2122 the volt ge wes increased to 35 volts f?éﬁ“df

' A no'n

La /eluc d/

At 2¢37 the voltage was increzsed fto 38 volis Faw Gnfinorw's

At 2140 the tempersture was 1734%2.945°C k2l
At 2150 the tewperature was 2035°F‘1112°G
At 2352 the voltoge wos reduced to 35 volts
At 2157 tic temperature wus 20457 F-1120°C
The volto e wan rgrin incressed to 38 voltss
At 3305 fhe temperature was 2055 ¥ and the volta.e was

increased to 42 voltias.

't 3:10 t e terperature wos QIOSDF“llﬁﬂQC'

At 3120 ° " + 2161°7.1185"C.

At 3:25 the voltsge wos increased to 45 volts.
At 3830 the tenperature wso 2235“3b1240°ﬁ

At 3340 the iemperature wasa 252?a?~1275°c

At 3240 the voltage was inerecscd to 48 wolts.
A% 3350 the temper ture wos 2576°F=1450°Ce
‘Voltage cut down to 45 volts.



At

5355

Yoltugze

At
At
At
At

4300
4210
4320
4330
4340
4349
4355
53100
5305
5:10
5115

the

cut
the

the
the

the

®
L H

]

temsers ture woe

to 43 volts,

femperature was
teperature was
temper-ture was

temperature was

»

n

1

]

*

i

LL

3]

*®

2642°%-1450%¢.

2603°F-1430"C.
06420P-1450¢,
2797%8-1535°¢,
28819F~1585"C.
2041°F-1618°C.
3009°F~1655 Ca
3032°p-1670C.
3032°%=1670°¢C.
3124°r-1720°C.
3125 ¥-

BEnd of Rune
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HESULTS:

In All sswuples anu trials run in which scveral of the
rung vere duplicated it was found that there wes about one half
eones difference in the hest trestment th-t the unknown cones would
stamd, It was found in ewver. czge thnt the calcoined cone arma
down before the raw cone although it was difficult to tell exactly
what tue difference was, lut it waa rostly found to te a.out the
one half core &5 stoted auove. Yie nost representotive result obe
tained fro. the runs was thnt gotien from the Venetian fire elay
plague. 7The culcired cone was elear down ot the end »f the run
while the raw cone was in 2 two ofclock position. While in the
case of tile Lennessee ball clay not as sharp » differcnce was ob-
served it e¢ould be seen that there was techhmiecally s:er-king a
difference i the P, €. Tis value of the two cones cnd iikewise
sirilay resuits were obtaived frox the flint cones vhish were
fired to ai mich higher terperature. There was serha s no come
mercicl difference found in the two sarpleg, but for lcborsfory

and scientific purposes the difference found ean be significant.
4 Jka?‘cé o>[7‘/re Corac //cz7a¢a IS gevews © M7 S e Pfera Pz fPege.

QG BT HEs

it can ve diastinctly seen frow the rcsults oblained
thet there ig ¢ difference in the P. C, Fs vaiue of the twp
sarples of the same rvterial. In trying to explain and account
for this difference it peers that it com most logicelly be based
upon the fact thut a given clay will stand a certuin amount of

heat trestment. This treatment my be administered =t one time
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or estended over a period of firings as is characterized Ly
the clacining ceriod of those samuies which were calcined. If
the sarmple in quesilon ia receiving its first fire, then fron
thesc results it is uermissable to vessume that it will stand s
slightl; idgier temperature for a short fime thon will »n & mple
t:ct hos had an initicl firiag, snd is receiving subseguent heat
trentrent.

Tris is perha .8 coused Ly ithe fact that there are cer-
tain chernicol chonges and reactions which ecenr within the clay
due to the hect treatient and the wore : dvanced these renctiions
the leps resistant to heat the body bocores. From this it might
e fair to zssume that eutectice arc formed which give r gslightly
lower P. C. £, value than the uncori:irned constituents of the
raw clay. Jihe longer the sample h s been suhjeect o the heat
trectrent {he more adwanced sre these re ctions and the leas able
is the clay tv withstand the action of hesat. fherﬁ ig s 1lindt te
this however for it is evident that the P. C. Y. vslue would not
continue tu wvco:€ lower snd lower but would more mecrliy &.uprosch
a constant point sorewhat lower than the originsl raw clay.

It nay we that there is cven & gres ter differcnce in
the P. Cu He value of the tvo samples then ws siown in the
results of this probliem. This mey be proven amd would nake an
excellent prollem to b« worked upon ot soue later tire, but due
to lock of tie the writer did not find it possible to go inte
this phase of the problem. It was noticed that the size of the
raw gone after drying was considerably less them that of tha

caleined cone due to high shrinkage of the planstie portions



of the raw eclay which wes congiderably rore thon thet of the
ezleined clay. Both corés were molded in the plastic state
fron the some mold :nd sfier drying, the thinkness of the cal-
cined cone woe considerably greater than th t of the raw. If
the raw coune were as thick #1 the time of Tiring as the caleined
cone it nizht Joseibly stand s elightl, L[dgher fenperaiure than
the amall cones would and thus rcke :n cven greater difference
in the ». C. e value of the twe t)yves of clays.

1vig is a very possible setion and it ia recommended
thet so. e student investignte the prollem to find whot facts
may Le obtoired.

Another possible noint of sttack in which additional
inform tivr mi bt be obtail ed and which lack of tirme now pro=-
hitite is the obtaining of » mineralogical snalysis of the ghays
before and after ealeinstion and obtainm such informmiion cone
cerning the transitions of the different minercl fragments as
ray be obtsined and additional 1i.ht may be shown upon the sub=
Jject and the true cause for the difference in the P, C. B. value

obtained,
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