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THESIS
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A 3TUDY OF CNROME AKD DIASPORD NIXSS.

The high refractoriness of both shrome and diasanore
make them very valuable to the refractary‘industry. Chrome
ore hag been exXperimented with silnce l&?Sl and used Iin
brick form since 1lE286. Tlasnore or ;aie other hand, has Just
receontly bean recopgnized sg & refractory material.a

After going through &11 the available literature on the
subJect I have been unable to find any mention of any work
cerried on in whieh mixtures of chrome &nd diassore were used.
In "Dana‘a lanual of ‘ineralogy,” by Tord mention is muade of
the use of Bauxité in the manufecture of Chrome bricks. This
howover is in small amounts and i3 used as & binder.

The high refractory nature and reaistance to acid and
baasic 3lagé are the maln valuable nroperties of Chrome shipes.
Their main disadvantaes sre thelr sensitiveness to rapid
'tharmal chanse and thelr inability to support loads at high

temperature. The melting noint of Chrome bricx as determined

by Xanolt is 2060°C.%°

Footnotes:-

1. Perd. Gauthler, "On a Neutral Lining for Metallurgical
Furnaces," Jour. Iron Steel Inat., 28,151 (1886) '

2. D. C. Wysor. "Diasvore clay of Arkansas and Missouri," Jour.
Amer. Ceram. Soc., 6,501-509 (1925) '
3, G. H., Brown, "Natgs on Load Test made on Magneaia, Chroms,

and Silica Brick,” Trans. Am., Ceram. 3oc., 14,391 (1912)



" Chrome brick are shiny blauekx In color tnd the gtandard 8"
brick welghs 10-11 pounéa. Their bulk snecifle gravity is
therefore apnroximately &.1. Chrome briek awve greut strength
in the cold condlition. ¢n flat they run as high as thrue to
five thousand pounds per square inch at room temperature,
However when set on end and heated at standard rate in loud
testing furnsce they will fzil under B0 sounds per squere inch
prenssure at 1450°¢.1 ‘

The experiments of Bodin indlcate that the crushing strength
of chrome brick is practically constunt from reoom temperature
1p to QEQOC., falling off ranidly above the 3oint.a

Mineralogy:-

Chromite ia Pelrpl4 or FeQ.CrpOz and ls mude up au Lfollows:
Chromium seaquioxide 68,0, lron protoxide $2.0. The lron may
| be replaced by magnesium and the chromium by alumimum and
- ferric iron. Its structure {8 commonly masslive, granular to
compact and is iron-black to brownish dblack in coler. Chromite
streak on poreelsin body is dark dbrown.

Dooursnce:—

Tound only speringly in U.8. in Pennsylvania, Karyland,
California, North Caroling, Oregon, Wyoming and Alaska, Rhodesia,
Hew Calcedonis, Turkey, India, Greece, Canuda, Cuba, and Bragil,
have deposiis of one kind or another.

Footnotes:~

1. ©G.R. Brown, "Notes on Iload test made on Magnesia, Chrome
and S{lieca Brick," Trans. Amer. Ceramic Sooc., 14,391 (1912)

2. V. Bodin, "Tests on refractory produots under load of
different temperatures, "Trans. Cer. Soo. (Britiah). 21,
(1), 43(1921~22)
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The most important procucerz at the present time are Turkey,
lew Calcedonia, Xhodesia, Oreece and Canuda,

Tlaspore deposits are limited to iiszouri mainly in this
country. Iis charaecter is tiaken up in the vocompanying abstract
by 3. M. Phelps in, "A satudy of the shrinkage ol Dlasnore clays."

ABSTRACT QF, "A& 57UDY OF THD JURINTAGE OF
DIAGPOEE CLAYS." by 5. M. SHELS.

Diaspore-~ bearing clays suon &8 found in the lissouri
district run from 50 to 80% in slumina ocontent, They vary in
texture\from a fine-grained plastic clay like substance to &
coarse, gritty shortAmaterial. The diaspore ia pressnt in this
material princoipally as "oolites." These oolites dre small

nodulea and are imbedded in & matrix of refractory clay.

The big trouble which arises when this highly refractory
material is used in making brioks and shapea for refractory use

is the hiligh and continued shrinkage in service,

Phelns nroves by experimental data; That the shrinkage
of the various tynes of Diaspore {lays under given conditions

of time and temperature is inversely in order of alumina content.

Tne durstion of firing 1ls of great importance in the csus-

ing of maximum shrinka,e to take plsce.

The state of dlvision 18 of importance in effsotling
ghrinkage, i.0., Tine material hus muoh greater volume shrink-

age than coarse for same amount of firing.



The firing properties of the bond or plastiec portion
and the grain portion are vaatly different; 1. e., the
plastic portion huas about one-third porosity and three
times volume shrinkase that of grain nortion after reheating.

Phelps points out the need of sufficient heat treat-
ment during the manufacturing procesas to approximate a
permanent volume. Unless thls is done, shrinkage will®
poour in service as result o? continued high temnerature

uge and the time element,



Data to accompsny absiract of 3, M. Phelps' rejnort

"a Study of the Shrinkage of Diassnore Clays." - Part 1.

Analyses of (Clays Teated:-

on

A B c

Fusion Polnt Lbove 36 Above 36  Above 36
water of “lasticlty 26.7¢ 2%.6% 14 .504
Drying Shrintage | 9,20 11.60 3,90
VYolume Shrincage after
5 hours at 1400° C. 24,3 24 .4 15,20
Porosity after
5 hours at 1400° C. 27.70 28.00 45,20
Soluable saltis .04 «03 03
Chamical Analysis:-~

Ignition lose 13.46 14,32 . 14.20
Silies 28,36 9.40 2.56
Alumine 53.64 72.23 78.71
Iron Oxide : <56 59 1.58
Titania 2.80 2,98 2.78
Lime . «12 o1 .28
Magnesia <26 «R3 o4
Alkalis «97 ‘ .93 «R9
Miascsllaneous;w

Plastic propertias Quite Plastie Short and Mealy

less 2lastic
"Healy™

Scraén analysis

On &0-mesh 17.%5 21.56 1l.1

Through 100-mesh 56,30 b4.10 58,30

Remainder on intermedinte meshes.
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PLAN OF WORK.

In making & study of chrome und dilaspore I shall first
determine thé softening point of various mixtures. 1In this
way it will ahow whether or not an eutectic reaction between
diaspors and chrome will lower the melting point of the materials.,
Should a8 low melting eutectic be formed it would be of no use
to continue experimenting with the idea of profucing a suner
refractory.

The next matter to be taken up will be to determine the
workability of the mixtures and thus find out the best way to
form ware. This will ve done by zoft mud, stif?r mud and dry
press operations.

After the beat forming oonditions are fetermined ané the
cone fusion test run for softening points of mixtures & series
of tests will be 1run to glve porosity, sﬁrinkage on firing and\
reheeting. Also a comparative slag action and spalling test

will be undertaksen.

Iaboratory Procedure 1.~ 3oftenlng Point.
The softening points were determined with representotive

samples of chrome and diaspore in the following mixtures:

(504 Chrome
.(bﬂﬂ Diaspore
(754 Chrome (68 2/2% Chrome
.135% Diaspore n.(ﬁé 1/3% Diasnore
c‘(%ﬁ’s Chrome . (33 1/2% Chrome
- (75% Diespore .{66 2/2% viaspore

See Plate I.



The results of this experiment are renorted in terms
of Orton pyrometric oones. As the idea was to find the lowest
malting sutectic I ground the samples to pass 100 mesh ruther
than 60 mesh as the standard test oalls for. 3ince the parti-
cles would be more finely divided it is reasonable to expect
reactions at lower temperature if any chanze at all occurred.

The test mixtures were thoroughly mixed, dextrine solution
added and moulded to conform to standard test procedure.

The results given by these two runs were highly satis-
factory inasmuch &8 none of ;he mixtures melted down at the
temperature attained. Cone 33 was completely meltel so it is
safe to say that cone 34 would a4lso be down. As it was not
considered safe to use the furnace at a higher temperature than
oone 3¢ the actual determination of the cone fuslon points
had to be abandoned.

That the mixes would stand cone 33~34 without any signs
of failing puts them in'the elags of super-refractories.

The temperature was taken at Tive minute intervals
throughout the run with & Leeds and Sorthrup Optieal Pyro-
meter. The highest temperature taken wes 1750%°Centigrade
which is a fair check on the melting tempsrature of cone 32

which is 1790°Centigrade.
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Inboratory Progeedurs No., 2,

A study of the forming conditions and determination of
Modulus of Runture.

I made up bars of chrome and diaanore mixtures by soft
mud and 4ry press methods. It was impossible to meke any by
the stiff mud process due to the extremely low plasticity of‘J
the material,

The bars made by soft mud method, i. e., tamping wet mix
in bar mould, were hard to make and u3 results show are very
weai in green state.

Ho trouble was experienced in the dry press method héwever
and the bars show high enough strength in green stats to be
made a3 & commercial proposition.

The bars were fired in & frit furnace under very unfavor-
able conditions. The tempsraturse could not be kept constantly
inoreasing due to small area of combustion chamber and type of
burners used.

Cone 16 was brought down at the end of & six hour fire and
a temperature near 1400°C was meintained for the last hour of
the burn.

The bars were well cintered &nd as the results tabulated
show were strong enough for Sommerclial use as 8 super-refractory.
The bars were fired at a rapid rate and then ¢ooled in & period
of 8 houra yet no oracks or checks appeared. This makes it

appear that they would be fool proof in any mamufacturing process.



Results of Isb. Proceefurs Ko. 2.

Mixture KHodulus of Rupture Process Condition
average of

Diaspore-Chrome four bars

50 50 12.4¢ /8q.in. Soft mud green

75 25 12.2 ™ ™ ‘v m "

25 75 unable to mould " . "

50 50 81.9¢ /8q.1in dry press "

75 25 117.1 " " " " "

286 76 5.0 " " " w ®

50 50 1549¢ /eq.1in. Soft mud fired to
sone 16-17

75 25 1197 ™ n " "

25 78 - Kot made n " "

50 50 1848# /8q.4in., dry press fired to
cone 16-17

7% 25 2047 " mooow "

28 78 1729 v ® nooom



Laﬁoratory Proceedure No. 3. Prom laboratory work unﬁer(
proceedure fio. I. it was found that the combinutions would

be super-refractory. TFrom proceedure No. £ it was found that
it was most praoctieel to make ware by the dry press method.
The modulus of rupture of specimens mude wus sufficiently
high to warront their use in the commercial fileld.

4 geries of mixtures of chrome and diaspore were nude
up in order that 4 study could be made of their abgorption,
shrinkage, spalling, end slag sciion charascteristies.

The chrome and diasporse were ground to paaa 20 mesh, pro-
portioned as deslred, thoroughly mixed and dry pressed into
pars 1" X 1" X 8". fThe press used was & hand operated screw
type made by the Patterson Cley Vorking MNachinery Company.
Three thousand pounds per sgquare inch nressure could be
applied with the nse of this nress. .

The burs were fired in a direct fired furnace using oil
burners. The bars were firef in a slightly oxidized atmosphere
and taken up at & gradusl rete. {3ee Tirings schedule on Pree
16.)

The bara were marked for shrinkaze and absorption was taken
after the initial fire and again after a reheat run of 1400°C
for five hours. The results of this can be found on pages 14
and 18,

The bars made in this firing were free from oracks, well
eintered and perfect shaped.

Phe absorption is highest at a mix of 75% diaspore and

lowest on 80114 chrome bar.



There is however no great change throughout the mixtures. ?ha“
lower ebsorption of 90% dimspore and 104 of 100 mesh chrom;
is low, as to be expected because of the finer ground chrome
addition.

The perceant linear shrinka;e curves (sce page 14) are ex-
cesdingly interesting. The greater the proportion of diaspore
the greater the shrinkage as would be exnected. However the
change i3 much more rapid on the dlasnore end of the curve,
This means that to eut down excessive gshrinkage of dlaspore
products in service chrome ore can be used about 50% of each
would give maximum effect. A more thorough study would give
& definite mix which would undoubtedly be nearer the dlaspore

end of the line diagram,
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Procedure No. 4. 3lag Actlon Test.

It was desired to muke a study of 3lag Action on the
serles s named under nroccedure No., 3. Bars were mude
up 1" X 1" X 8" on the dry nress as before excent that
three semi~-oylindrioal lugrs of wood wore nleced on the
surfuce elong the eignt inch dimenslion. Cuvities were thus
formed 1 142" long, 1/2" wide and 3/8" deep. These bars
were fired to cone 17 down, &lons with bars Tor linear
shrinkapge and absorntion tests. Three tynes of glags were
used: namely, Blast furnsce, acid onen hearth, and basie
open hearth. Tne slag was crushed to puss 20 mesh and
placed in the cavities made by the wood lugs, The burs
were fired to 1400°C and held at thut temperature for
naarlﬁ two houra. By insvnection the sluag could be seen
and when 1t was sufficiently melted the furnace was shut
down. )

The Blast furnuce slug which was furnished by St. Lauiav
Gag & Coke Co., Granite City, Ill. was the first to melt.

It melted at sbout 1340°C. The furnace was cooled down after
having been held at 1400°C for two hours.

All of the bars containing over 257 ehrome had absorb-
ed the entire sample. There was no annarent effect on these
pleces except to make then denaer near the slag exposed sur-
faoe.

The test pleces containing 904 20 mash diesnore and 104
100 mesh chrome had less penetration with about one~half of

the slag etill on the surface, However a fluxing action had



broxen down & small amount of the body.

The 100% diaspore triel nud the lemst penetrution but
as in the case of the 90% diasvore - 10% chrome piece &
fluxing action had taken place.

The commercial diasnore sample, made up of 40% raw
diagnore, 109 plastlc fire clay and 507 caleined éiaspore,
had the mont vigorous fluxing &ction and would indicate that
any of the other nixtures would be superior in the resist-
ance to slug metion of the blast furnace tine.

The Basic Open Hearth 3lag from Jenilin Steel Co.,

St. Louis, ifo., finely ground when it arrived and so wus
placed in slag holes in 4 much finer state than the other
slags used., This slag nenetrated £;t0 the bars in varying
' degrees, greatest in the 100 ohromse bur and least in the
1004 diasnore.

The more diaspore in the specimen, the less was the
penetration, but greater was the decomposition of the speci-
men itself. The alumina of the diuspore evidently went into
the slag which osused it to become more visocuous thus loﬁerv
ing penetration.

The trial made up of 907 20 mesh dlaspore and 10% 100
mesh ehrome showed least penetration of any of the regular
mixtures, This was no doubt partly due to the denser nature
of the speocimen.

As 1n the ocasze with the Blast furnace slag, the same is
‘true of the basic open hearth in regard to the commercial dia-
spore mix. That is, the fluxing action of the slug is more pro

nounced than on the straight 100 % diaspore. This cun be



accounted for by two things; Tirst, by the addition of 1008
plastic fire clay which may be more eamsily fluxed, and second,
by the more porous nature of the body due o the 50% of caleln-
el diaspore which sets much the same as 4 grog in ordinary fire
briek. '

The acid open hearth slag furnished by American Steel
Foundry Co., Indiana Harbor, Indiens, was of & higher melting
nature and consequently G1d not melt thoroughly at the temper-
ature of 1400° C. which was reached in the firing of the trials.
If the temperature had been tuken up &8ny higher the other two
slags would have been completely absorbed., The slag appears
to have attucked the 100”7 diasnore bars much more vigorously
than the 1009 chrome, yet there was no brsaking down of any of
the intermediate series.

The most useful noint brought ocut in the slag test run
wag that & small percent addition of finely ground chrome ore
to diaspore cut down the slug action considerably. 1In no
place, however, was the slag sctlon apparently detrimental to
the chrome samples nor the samples containing as little as 25%
chrome. They seemed to adsord the slag into the surface which
would undoubtedly form & practiocally impenetreble surface upon

exposure to further slag action.
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Proceedure No., § - 3paliing aetion.

Due to the luck of raw materials ond faeilities for
making 9" shapes on & dry press it was necegsary to use
bars 1" X 1" X 4", Burs of this shupe 4id not reguire thres
minutes to cocol down in running water therefore the dipping
time was reduced to two minutes. The steaming interval was
also leusened from five minutes to three.

The bars were heuted on one end up to 850° Centigrade
by placing one end in the dooxr of & Hoskins Electric HMuifle
type furnace. As spalling sction caused by thermal shook
is most effective below red heut the tentative test standard
of 850°Centigrade was used.

The results of the spalling test gave a very definite
curve varying from eleven dins for 100Y ohrome to twenty-
three @ins for the 100Y diasnore bars.

The addition of €iasnore to the chrome in every case
ineressed the resistance to spalling action.

A point of Interest 1Is brougnt out in the special mix
of 90% - 20 mesh diasnore and 109 - 100 mesh chrome. This
group of four bars averaged 31 dins which is 8 more than
the average for the straight 1007 raw dimsnore bars., This
indicates that & small addition of chrome ore does not
decrease the spalling reaiaﬁanoe of tne disapore.

The diaspore used in the above mentioned tests was
raw diaspore as it oume from the mine., The commercisl mix
bars thaet were run in eonjunction with this test d4id not

in any case spall over 104 in thirty-five dips.



il w

It was not thought worthwhile to continue the run for this
partioular set since all of the members of the series had
flready failed. The reason for the commercisal mix being
more resistant is due to its make up of 504 ocaloined die-
spore, 40% raw diaspore and 104 plaatie fire olay. The
oaloined diasnore acts much the same &8 & grog Iin & fire
olay brick and in this instance inoreased the porosity of

the apecimens Approximately & peroent.



o/

(P07 20
yo 7o (00

est L) . ot
w Q.mﬁ%«%ﬂi«ﬁii

!

|

i
_—t |
NI 1
- | |
————— e

!

-
|
!

M[«@:Tu‘wﬂl
IU.OT.D
2137
8 7
. R TR o REEEE
3 RN o
*Sona E
3 - !
= 58 =
Sl 8p B
IM..um.vm & |
f w T O
: o o+ |
muo& e
4M.ur1°a|m.rkwl
m.o_.msn i
m Mn_ Ran
1 %_m.. B m
nuwa _..up (s
=
Slady g fa
TR =1
.. Iawa_ e
g 00 o
AL i W nw (e}
o 3
b o (5]
| ek LA =
Ty o
H
LF (o)
- L
) __
4

“.&u&.h

72 Clgrar

|5
@
‘1

_"z_.



COTSTAEDING RUSULTS

1. No combinations of diéﬁnare and chrome could be found
which have & cone fusinn point below cone 34. It may be
several cones above this.

2., The &ry nresg method of forming ware made from mixtures
of chrome and dilagnore is anparently the beut.

$e. The uze of L0 chrome ore osuts down the shrinkagce to
&bmutlone third that of 100% raw dlaspore.

4, Chrome sné disspore have very nearly the same absorption
and when mixed this figure does not change materially.

5. The addition of 8 smill amount of finely around ohrome
cuts down tne action of s8luy on dimspore.

6. The addition of diasiore to chrome inoreuses 1its re-
silatance to spalling aetion also the addition of finely
ground chrome to diasjore increasges its resistance to

spalling action.
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course of the research.
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