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Charascteristics of pPyromettio Cone Equivalent
Test Furnaces

I. Introduction

Though the method of determining the Pyrometriec Cone
Equivalent of vericuas ellicate materials used in the refrag-
tories industiry has been standardized by the smerican Soo-
lety for Testing materials (A. S. T. ¥. Designation: (24~
35) as to the rate of heeting, method of preparation of
sample, mounting of test cones, and the interpretatien of
resultes, thers still remains some vartation in the resclts
obtalned by different operators uaing different types of
P. C. E. furnaces.

The three types of furnsaces mosl generally used are;
the Fulten-Courgen Granular Resistance Furnace, the Denver
Fireclsay Furneace developed by the american Refreetories
Icatitute using gas, and the General Refractories' Oxy-agce-
tylene Furnase. The aharacteristics of these furnaces may
influengs the results obtalned in testing., IV 1s the pur~
pose of this paper to study ocuch effeot.



II. geview‘2£ Literatuge

According to Fairchild and petersd the factors
that control the deformation of cones which may be var-
iable with the teochnique of the user are; (1) mounting
and poaltion} (2) oxidation of the organic binderj (3)
relesse of water and carbon dloxide; (4) rate of heaging;
(B8) furnace atmoaphere., The firat twe factors have been
stafidardiged by the American Scclety for Teeting Materials
in Deaignation: (CB84-35 by standard procedure for mount=-
ing and prepsring the cones, Rate of heating is control-
led by 2 standard schedule which has been adppted by the
same euthority (see gFethod).

It ia desirable to contrel the rate of heating be-
csuse in addition to the effect of the cons absorbing
heat fror the test furnace, there 1s 2lgo & heat of re-
sction produced in the coune dus to the pyrochemical re-
actionas which result between the fluxing compounda added

in the cone to0 control the melting and deformation point.z

1 *Characteristicoe of Pyrometric Conesv, Fairchild & Peters.
jour. Am. gor. gee., vol, 9, No. 11, p. 708,

2 "Nelting Chareecteoristics of Pyrometrie Cones®, %w. J»
¥cCanghey. Propertiogs and Joes of Pyrometiris cones, p. 34.
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The melting and deformation call fer ebsorption of heat.
It ie necesaary, therefore, thet this heat be sucplied

at the same rute upcn each subssguent test if the resulis
are to be comparszble. Thie requires a standard and uni-
gorm rate of temperature rlse.

The at: osphere of the furnacec used has not been
standardized by the A. 3. T. ¥., but the pesignation
merely etatee that a neutral or oxidizing atmosphers
should be the condition of the test and that excess re-
ducing conditiora should be avolded.® Fairchild and
Peters state that the contamination of cones by geaees
free from aulphur is not serious beceuss there ia a
large excess of air in the furnace, and that even slightly
reducing atmospheres 4o not effsct the deformation of
the conos.‘ A eentinuous and strong reducing ctmosphere,
however, will allow the deposition of garbon en the sur-
face of the cone forming az refractory ekin.® This should

affect the deformatlon of cones even if the comdition is

3 sgtendard Wehhod of Test for P. G. E. of Refractory
Baterials®, genual of A. % Z. K. Standards on Refractory

Naterials, Jan, 1G4 p.

4 nCharacteristics of Pyroametric Cones®, op. c¢it., p. 724.

5 wCorreet Cone Usage", Properties amd Uses of Pyrometric
cones , p. 23, -
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only elight when precifsion results are desired.

A8 courss, Other factors which affeoct the selection
of & P. C. E. furnace for the routine plant or laboratory
testing are the cost, convenience, and portability of the
apparatus, <tThe range of temperature of deformztion
which the furnace must handle will sleo be a fagtor to
consider, particularly in the ¢ase where the furnsce is to
be used in plent testing work.

R. S. Bradley, Director of Research at A. P. Green
Flre Brick Co., Mexieo, Mliasaouri, has compared the three
types of furnaces on the basis of plent adaptlabllity and
co:t.s Acoording to him ihe Denver Firsclay furnace of
the type developed by the american Refractories Institute
is the best adapted to plant conditions because; (1) esae
of contrel; (8) uniforwity of resultsj (3) low eperuting
coests praticularly when naturel gas 1s available. The
furnace wlll hold eixteon stendard and test conee and ia
equippedwith an arrangement so it can b%e fired with elther
natural or manufactured gae. ¥%hen fired with bottle ges
it aan de made pertable. It is equipped with a blower asnd
pro-mixer for mixing the gas, oxygen, and air. Temperatures
Qap t0 cone 40 cen be attained by the wse of exygen} without

6 *The Principal gleal Tests for Fireolay Refractoriesn,
Rs 8+ Bradley. rick und Clay Recerd, April, 1940, p. €7.
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oxygen, oecne 32 can be reaoched,

Mr. Bredley aleo polnts out thet thowvgh the Qeneral
Refractories® Oxy-acetylenme type of furnace will reach
cone 29 and higher sand 1s partable, the cost of opere-
tion 1e bigher and mere expericnce 1is reguired te oper-
ate 1t.

The only drawback t¢ the FultoneCourgen type fur-
nace is the high initial coet of electrical controlling
equipment required, though the furnsce 18 lower in eost
than the other two. Operation of the furnace above cone
34 witheut excessive wufrle maintainence 1g Aiffionlt
with the alundum type muffle used,

He gives comparatlive coalts as rolle'sx7

gas~fired Denver Flrsolay, A. R I. Wype: §lL78.00,

Oxy-acefylens, Gensrel Refractorles type; 1including
furnace, torches, and geges, $260,C0.

fFulton-goursen Granular Resistance type; £780.00
(2680.00 for the furmace and $700 for the eleotric gemntrol
equipment, )

Data collected on tha ecost Of operation of the Cxy=-
acetylene furnace by L. J. Trostel of the Genersl Refrac-

toeries Co. Laboratories was as fcllows:

7 nrhe Prinaipal Physical Tesls for Fireclay iefracteries-,
Op. ﬂ-’.tc. pc 68‘

8 Letter of December 30, 1940 to Doo. P. G. Rerold, Mlesouri
Sochool of ¥ines and Wetallwrgy.
3
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Total runse: 3
Determinations 136
Oxygen uaed $ 3780 cu.ft.

cost ¢ $44,88
Acatylene uged 2691 cu.ft.
cost geB.62
total coat 2 $113.60
eost per rum t S.54
const per determination; 83

The protection tube used in the furnsce is made
128" long and out in four 37 lengths. &bout 15 runs
vere made per sgch I" gection snd the cozt aversaged
$5.10 per run.

It 18 avident from these figures that the ocost of
operating this type furnasce is not exoessive when the
sax=ples to0 be determined are of the same P. . E. range
within one or tee cones, or When the P. C. R« 18 dclere
mined merely to acel speciflicstiocns wharc the value suet

be greater then a given cons,
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IIX. Baterleaels Used

The c¢lays used for the comparison of the P, C. R.
values in the three types of furneces were of the
renge: oons 29-~34, which covers the refractery range
of clays. Clays from cone 31-34 were obtained from
A. P. Green Pire Brick Co., Hexloco, iasouri, and wers

deslgnated az follows;

Ladlae eone 31-3g
280 " 324-33
330 n Fh=34

A light-colored *isgouri plastle flreclasy having

& Pe Co Bs Of vone £9=-30 was also used ln the cemparison.

Iv. Bethods

In the preparailon of ths test cones the A. 8. T.

K. Designation; C24-3E was followed. The 3ry clays were
screened through Ro. €3 Tyler standard soreen (equivelent
10 A. 3. T. 2. §o. 70 acreen), pre-calcinec to 1000°9¢, and
nizxed with gum &redic snd water to the propsr degree of
plasticity. (ones ef the standard slze were forwed; tetr-
hedrons %/16* on the siden at the dase and 1°* 1ln helight,

They were dried in eir at room temperature.
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The plag:es for the Fulton-Coureen and Oxy-acety=
lene furnsces were made by plasing four elay and five
stendard cenes of P. C. Y. slightly higher and slightly
loser than the repute? wvalue in a circle, imbedded to
about 3mm and get at an unzle of 82€ to the vertical in
sueh a manner that the conea would bend tangentially
outvard,

Plagues for the Denver Piraclay furnace were made
23" in diameter, the conss imbeddied ihe seme amcunt and
got at the sume angle, but set in such a manner that they
would bend lnward toward the center,

The plagues were fired on the standard P. C. E.
schedule acoording to A. S. T. ¥. §Specificalion, peos-
ignation; (C£4-35;

To reach cene 20 4% sinutes

Pime interval to;

oone 23 £0 minutes
2é 6
Y 4
£8 4
29 10
30 4
31 12
33 -]
224 9
33 9
34 6
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End points were noted when the clay oconss bent
down and the tips touched the top of the cone plague.

Rate of heating wes controlled with a platimm,
pletinus-rhcdium theriaccouple celibtreted with & Leeds
and Nerthrup Potentlometer vp to cons 20, when this
tempersture waa reached (the couple’s limlit) 1t was
removed and covered with {ine-grelned greoyg Lo protect
Vhe tube from heczt shoek breakege. Above cone 20 the
rete of healing was ebserved with & dlgsappearing fil-
antent type optical pyrometer. In the Cuxy-acetylend
furnsce auxlliesry control wag fucllltated by placing
cone 20 in « small wad of diaspor next to the oone
plegue.

pnalyels of the stmosphere in seckh furnace was

made at various temperaturss with a portable Craskt ap-
paratus after the samples had been taken in sawmple bottles,
(ses rig. 6.) The vamplos are cocllected In the bottle

A by inserting the esillca t.be B inte the the furpace,
opening the pinch ccaks D, starting the vacumm pump D,

and then openinz the velve R. The vate of flow of gas
from the furnsce wae obgerved by the rate of flow of

thg buibles in the water trap P. The water trap 2lac
tends to cool the gases am they pasa through the water

and reduce all detcrminations t© the samne conditionsg.
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Absorption of the gasee is nejlipadle, since
the water in the trap is eslightly adidified with a
few drops of sulphurlec acld. After tha ges from the
furnece hae been allezed to flowm through the system
for two or three minntes, the valves are all closed,
the pinchcecks on the sample bottles closed, anmd the
eample set up with the Orsat appearatus,

The pressure of lhe gas in the seuple bottle is
not sufficient %o cause the gas to diffuse inte tlhe
graduated tube in the Oresat apparatvs, so the ges is dis-
plecad 1nto it by allewing slightly sdidified water
from & consiant pressure heed G to run into the botils
after it hae been connected to the inlet of the appar-
atus.

Onece the eample 1s in the tube, the stopcock on
the inlet is closed. The gas sample, new in the appara=-
tus, 18 forced into the bulbs conteining the absorbing
solutions by ralasing the bottle H. It is exbausédd beck
into the graduated tube by lowering ths bottle ggain,
Upon each subseguent abeorption the difference in vol-
ume is read, If 1lCOce is the volume of the orliginal
sarple, the volume losa In each ceee vill be the perecent
of the gas abaorbsd. The absorption must be repeatsd
until a constant reading 1s obtained three tiwmes in euo-

csasion.
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The solutlens in the bnlbe are composed of the
following;:; for COp absorptien; 404 solution of KOH
in water; for Op absorption: potassiuva pyrogallate
golutien maedec by welghing 5 grams of pyrogallol and
dissolving in 100c¢ of KOM solutlen which has been
ma@e by dissolving BOOg XOH in a liter of water;) for
CO absorption: ouprous chleride solutien made by
filling a bottle containing sbout 3/8" layer of Cuo
in the bottom with concentrated hydrochleris aclid. A
bundle of copper wire 1s kept in Lhe solutlon to keep
it reduced. The cleer asolution on top is used for the
analysis.

The absorption ie carried out by ebserbing carbon
dioxide first, then oxygen, and flilnally carbon maaoxlde,

In the case of the investigation of the drafd re-

quired to furnlish necessary air for the combustion of the
gan in the Denver Fireclay furnace, the setting of the
manifold and the rebostat for each !capereture was zarked.
After the furnace had cocoled, thess settings were made

and the Xllisen atandard pDraft gage attached Lo the opening
in the top of the furnaes end the draft produced by the

fan read as inochea of oil in the gage.
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The effect of varying the grain sizes en the

operation of the Fultom=Coursesn Resistanee furnace waas
studied by operatlng the furnsce on the standard P. €.
B. sohedule and noting the voltage and ocurrent supplied
to the clrcult by the motor geansrator set &3 the tem-
perature roge. Before start of the run, the granules
vere packed closely togsiher to give tae minimus cur-
rent, (1. o., increase resistance and decrease éurrent).
control of the current througnhn the carbon grannle re=
sistance was facllitated by en external resistance pro-
vided on the awltch board, Three grain sigzes of carbon
were used:
Thru 8 on 10 meah carbonr granules
» l0m® 12 e " "
» 12 % 14 n ® "



Page 14

V. Data and Resulta

Cley Falton~Cour-  Oxy-acety- perniver Fire-~
sen furnace lens furnsaoe clay furnace

Ladle cene 31 eone 31

330 F 34 acone 3% . 34

220 " 33 » 33

Mo. plastio

fireclay 5 30 scone 27 B 28

# Stendard ceones hed frezen, close obscrvetion
shoved & thin refractory skin en the conea, light gray
in color.

The data for the atuogphers ¢f the furnacea &t var-
icuse tenpératurea 1s ploited on the curves in Figures
1, 2, and 3.

Draft required to operste the Denver Firsclay fure
nace is plotted in Fig. 4.

Fig. § shows the results of varying the grain aixe
in the Ful ton-Coursen furnace and observing the voltle
smperes requlred to follow the standard schedule,

.eﬁé_ represents the change i{n volt-amperss per unit
ehange in tempersture snd is found by plotting the av-
erage curve through the points and finding the slope of
the tangent to this curve where the rate of ehange be-~

comes constant.
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Results are as follows:

_C grenule sise N3 7/N's
10 0.78
18 0.84
14 1,07

From the International Critical Tebles, vol., II

P. 86 the eleotrical resistivity of carbon 1s as fol-

lows:
Teup, 9¢ Resistivity
25 4.6 x 102 ohme/on®
1000 3.7 » "
1200 7T n
1400 3.7 ® L

2000 3.6 = .
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VIi. piscussicn of Results

Ful ton-Couresen Carbon granular Reslstance Furnsce ;

It will be noted from the curves in Fig. 1 that the
almosphere of this furnace is reducing. The percent of
carbon monoxide, however, tends to decrease s8lightly
witil at 1600°% it ie gegligable. Oxygen decrezsas
with the cerresponding rilgse in carben dioxide, reeunl t=

ing from the ceidation of ths carben reslstor.

Though the current supplied by the wotor-gensrator
get la alternating current, the follewlng may be sald te
be trues

I sor ratker is propoftional to

W

where E ia the voltege supplied, Ry 18 the reslstsnce ef
the alumdom muffle, Ry 18 the resistance of the carban
granules and the carbon electrodss combined, Hl ig the
resistance of the line, and I 18 the ourrent threugh the
furna¢e %0 whiech the temperature is proporticnal, This
zay be sald tec be trues since the capucitive and ilnduetive
reastance in the cireult are comparatively small end re-
main gconstant, The resistance of the llne is z2lso com=-
etant, The resistance of the slundum muffle ls not con-

stant, but decreases pidpidly with temperaturs. It le,
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however, natill & mon-conductor at 1600°C where its re-
sistivity is about 180 ohms/cnd,’

Carbon is & conductor of the ocurrent at eny tem=
perature, but offers enough resiatence to the flew of
current to cause heat to be dlsmapated, the amount of
which will be preporticnsl to the current flewing threwgh
it. 1Ita resistivity deecrcases with tempsrature, bwever,
(Sce data for table) and for the seme woltege g, the
current I will rise due to the decrease 1in realstance
Rge A% 1030°G the resistivity becomes oconstant snd a
rise in current aust be accomplished by an incresse in
voltage.

Thus in epersting iLiile type of furnace, an exter-
nal resistance is provided to compensato for the decrease
in resiatance up to 100O°c and the rate of imcrease of
the temperaturs le eontrolied by the use of thle resle~
tange.

Fiz. B shows the variation of the volt-amperes

(propertional te ihe power supplled) required to follow

o Properties of Alundum*, Norton Refracéoriea, Oct. 1538,
(““108) Ps &,
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the rate of heating on the standard pP. C. E. schedule.
The effect of the gegallve coeffiolent of resistivity
of carbon is shown on the curve from B0O0-900°C where

the volt-amperes required is almost constant or even
decreases 8lightly. This 18 due to the faci that the
veltage may be cut down Lo give enough ourremt for the
degired heating rete as the resistance of the carbea
granules decreases. ¥vhen the resistance of ilie carbom
bacomes oonalant (above 1000°c). the rate of increasae
of" the volti-amperes becomes constent with the stande
ard tempsrature rise. It ie here thet the effect of
variation in grain slge is noted. when the granules ara
smeller, they pack closer together, more carbon is pre=
sent, and consequenitly mors rosistance is offered to the
flow of the current. This regquires thaet the rate of in-
crease in the power supplied be greater,

Caomparison of the value of a4 EY/AT, howsver, for
the various graln eizcs ghown that its value does not
vary greatlyl Per praotical purposes any of the three
graln sigees could be uged with 14ittle veriatien in ef-
fislency.

general Refractories® Oxy-scetylene furpase: It was
rnoted that te Lold the temperature down to the required
rate, an excess ¢f acetylene was essenitlel because of

excess heat when the acetylene wes complately Burned with
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oxygen. This gevc rise to ¢xcesslve reducing conditions
in the atmosphare of the furnace (see Flg. 3).

Reduclng conditions are esay Lo produce becausa of
the nature of the cempound, acetylens. Being an unsat-
urated hydrocarbon, it readily decomposes at 700-800°C

accoerding to the aquationzlo

Cglp = BC f Hp # 65.3 kg. cal,

It can be seen from this squation, that if ineuf-
ficient oxygen is supplled in the torch te burn the
carben as fast as 1t ie formeod, 1t wlll be deposited on
the cones 1ln the furnace, Heat will etlll be furniashed
by the reactien as above and the hydregen formed will
burn to glve more than enough heat %o follow the stzndard
schedule, aven when the oxygen is net suffislent to com-
pletely furn the scetylene.

That le exactly what happened in the case of the
Ps Co Es's determined in this furnace., Exallnatlion of
the plagues revezled that the standard conss had frozen
due to a thinm skin of refrectory mnaterial on the surface
conalsting of carbon impragnated in the partially fused
cone materiel. This gave rise to low results in compar-

sion to results ablalned in the other furnaces.

10 wowara j. Luces, Qrgenic Chemistry, p. 79.
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At higher temperatures in the furnmce (above 1200°C)
the rate of hsating required wlll permuit more oxygen to
be used and thus provide a more complete oxidation of the
cocetylene. The curve shows the increaszs ln the oxygen
from the tenk end the decreese of the carbou dloxide and
moncxide. The combustion i{a stiil not cosplete since
the carbon dicxide is deorcasing rapldly znd ¢arbon
mecnoxlde is atil) present 1ln excess. Jeabl im produced
precbably by the oxidation of the hydrogen formed by
the incaomplete combuszstion of the acetylens. (8See pre-~
ceeding eguation.)

To save on Puffle sost it ias suggested thet a c¢ut
could be made longitudinelly acroses the wuffle about
1/8» wide. Thie vould sllow the muffle to contract and
expand upcn heating and cooling and lessen the tendsncy
for 1t to¢ craek.

penver pireclay rurnace, A« R. I. Lypor Fig.
showas that the atmosphers of thic furnace is somewhat
aimilar to that of the Fulton~Coursen furnace-=slightly
reducing. This #4l11 depend upon the nature of the ges
used. Carbon monoxide does increase rapidly from about
1000-1400%¢, but the amount et its maximum is still only
lese than 1l%.

The cones have a slight tendency tc be blewn down by
the swirling actien of the gasas in the furnace due to the
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gharp {noreass in draft from 1000-1809°c regulred to
farnlsh the oxygen for combustion of the yas (see Flg. 4).
The temperature is ralsed by lnoreasing the flow of gas
and thus Increasing the flow of alr to burn 1t. If oxy-
gen were used, as R. S. Bradley suggesis (see Review of
Literature, p. 4) lhe amount of draft required would
poaslbly be less and the swlrling sction of the gasscs
in the furnace decreased. The use of oxygen would elso
tend to cause the atmosphere to become lees reducing and
even oxidiging, since carbon wonoxide present would ke
tgnited at ebout 600°¢.1L

The gas used in this furnsce was a type produced
by pessing steam over gasoling and causing carbonization
toc take place. The gae wam alsc passed over a condenser
to remove water vapoer present. It consieis chlefly eof
pentune (CgHip) and emall smounts of butene snd hexane.
The heating value was set at 500-800 Btiw/pound.

All of the cones ere effected in the same manner

in thls type of furnace, so the results of the P. C. E.

Mope temperature of lgnition of 00 is 637-658°C in
oxygen acoording to: Hapdbook of Chemistry, Lange,
ps 579.
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determinations are gtill reliable. The effect is mind-
miged by placing them ferther apart In the plessue and in
such a manner that they deform itnward.l2 ppe of some
sort of muffle as in the Oxy-acsiylene furnace would

further msinirlze this.

VII. gencluslons

(1) The atmosphsre of the Fulton~foursen Granular
Reaistance P. C. E. furnace is slightly reducing, but
has little effect on datermination of the pP. C. E. of
elays in the range 0f cone £9«35 and greater.

(2) A decrease im the gruin szize of the carbon resis-
tor in this type of furnace will caeauss an inoresse in
the volt-=amperes (proportienal to power pupplied) per
degree rise in temperature reguired te follow the
standsrd P, Ceo . schedule as set Acwn by the L. S. T.
H, 10 or 12 mesh carbon may be used with practicslly
the ssme results, however,

(3) The atmosphere of the Denver Flreclay furnaas of
the typs develaped by the A. R» 1. i8 2lightly reducing
above 1000%C depending upon the type of zss used in fir-
ing {t. <Thie doem nodt affeet the results of P. C. B«
deteraination.

12pg-00ted by A, S. T. He: "Standard Method of Test
for Pyrometiric Come Equivalent 0f Refractory Metcriala®,

gamual of 4- 5o I- §. SSndards on Refrastory usterisls,
p. [ 3



(4) Action of pwirling gases In this type of furnsce may
be excesslve, tnt does not affect the valua of P. C. F.
determinationa,

(5) The General Refractoriest Oxy-acetylene furnace
tends to have a very sirencsly reducing utumesphere 1f the
patandard P. $. E. schedule ie sdhered to and ancetylene
is not cempletoly dburned.

(6) The reducing atmoaphere of this type furnesce may
cause the cones to *freege dus to the formatioen of s
refrectory skin on the surface and ceuse P, C. L. re-
anlts 3o be erroneocus.

(7) considering ecll the factors inveolved, lncluding
coat, satisfactory perfermance, uniforsity of re-
sulta, and plant adaptebility, the Denver Fireclay
furnece is recommended to be used with the following
modificationss (1) low cost bottle gas contalnlng
saturated hydrocerbons (butane, propane, ets.) with
oxygen ae e&n suxllery gas for preclec resnlts et high
temperaturesj and (R) xmodification of the furnsce 10
centain a protecting muffle of high sluminm refrectory
saterial.
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