MISSOURI

S&l

Library and

Learning Resources Scholars' Mine
Bachelors Theses Student Theses and Dissertations
1931

The effect of small amounts of chrome ore on dry press diaspore
refractories

Allen John Reid

Follow this and additional works at: https://scholarsmine.mst.edu/bachelors_theses

b Part of the Ceramic Materials Commons
Department: Materials Science and Engineering

Recommended Citation

Reid, Allen John, "The effect of small amounts of chrome ore on dry press diaspore refractories” (1931).
Bachelors Theses. 137.

https://scholarsmine.mst.edu/bachelors_theses/137

This Thesis - Open Access is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Bachelors Theses by an authorized administrator of Scholars' Mine. This work is protected by U. S.
Copyright Law. Unauthorized use including reproduction for redistribution requires the permission of the copyright
holder. For more information, please contact scholarsmine@mst.edu.


https://library.mst.edu/
https://library.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/bachelors_theses
https://scholarsmine.mst.edu/student-tds
https://scholarsmine.mst.edu/bachelors_theses?utm_source=scholarsmine.mst.edu%2Fbachelors_theses%2F137&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/287?utm_source=scholarsmine.mst.edu%2Fbachelors_theses%2F137&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsmine.mst.edu/bachelors_theses/137?utm_source=scholarsmine.mst.edu%2Fbachelors_theses%2F137&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsmine@mst.edu

THEZ IZ
T Oadd
My \d\

~-THESIS -

THE EFFECT OF SMALL AMOUNTS OF CHRCME ORE ON DRY PRESS
DIASPORE REFRACTCRIES.

PRESENTED TC DR. li.E. HOLMES,
HEAD OF DEPARTMENT OF CERALIC ENCINEERING

MISSOURI SCHOCL OF MINES AND METALLURGY.

BY = ALLEN J. REID.

AFRIL 2%, 193l.

44435



1/-12-97

N L
#INDEX -

Page
INtroducticn - =—=e-m-=mmmec e e e e e — e ———————m e — e 1.

sbstract, "4 Study of Chrome and Diaspore Mixes", by
He G. JOnes, J.A.CeS. November 1929, ==~-cvc-wcme—aao Se
Cutline of Investigation =~-ceccccmmmmm e e 8.
Laboratory~Procedure ----------------------------------------- 10.
Tablg 2, Porosity, Modulus of Rupture &nd Spall Test ==-weew=e- 16.
Table 2, Rinear Shrinkage e m e m e m e 1l6.
Discussion of Data e mmm e e m e 18.

Conclusions ~w-e= mmeemecccccm e e e e e 34.

Acknowledgments =--=emmmemme e e 35.




6.0

i o
’?"J} i’f i

e (1)

THE EFFECT OF SMALL AMOUNTS OF CHROKME ORE ON DRY PRESS

DIASPORE REFRACTORIES.

- INTRODUCTION -

DiasEore:

The term "Diaspore" as used in this paper will be used
to mean the diaspore elay from which refractory bodies are made.
The pure mineral Diaspore (AlgOz ¢ HgO ) has an AlgO3 content of
857, while the best grades of diaspore clay run from 76% to 794
diaspore. Diaspore clay cbﬂsists of a varying percentage of

diaspore, ranging from 607 to 794, and the remaining percentage

- as clay. The most objectionable impurities which occure in,

-diaspore eiay'ape%alkalies.‘

The chief source of dlaspore is thé central part of
Missouri, It occurs in pot hole formations accompénied by
"flint" and "burley" clays, which are nothing more than clays of
lower Al203 content,

The high refractoriness of diaspore products, alongyl
with its resistance to spalling and slag action makes it a veryj
valuable materiél to the refractories industry:‘ The one big
disadvantage which must be contended with in the use of diaspore
refractories is their tendency to continue to shrink in service.'/

The P.C.E. value fof commercial diaspore products is
from cone 36 to 39, They show no subsidence under 40 pounds per

square inch load at cone 33 ( 1350°C.), and are very resistive to

,ahr&zﬁmaiggtian._,umhﬂaefproperties; along with a low coeficient
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of thermal conductivity, make them very suitable for rotary cement

kiln liners, which is chiefly the . use to which they are put.

Chrome Cre:

Chrome refrcctories are madé from the igneous mineral
Chromite (FeCr204). The chemical composition of the pure mineral
is 32% FeO and 68% Crg03z. The common impurities are magnesium,
alumina ané silica. For ﬁse as a refractory the chromium content
must be at least 404 and not over 60%. Chromium ores contalining
over 60% chromium are too valuable to the chemical industry to be
used in refractories, The general properties for commercial
chromite are; black, massive, granular, compact; hardness - 5.5;"
specific gravety - 4.3 to 4.6; luster - sub-metalic¢; streak - dark
brown; tenacity - brittle; magnetism - slight; melting point - 2180 “
degrees Ces It is a neutrzl material, neither reactive to bases
or acids, which makes it y ite valuable as « refractory.

Chrome refractories will nop stand up under load at high
temperatures, have a poor resictance to spalling, and will not con-
fine heat at high temperatures. They have a high mechanical
strength at roép temperature, but very low stirength at high temp- ¢
eraturese. Chrome is neither reactive to basic or-apid slag under
nearly all conditions.

Some common forms of chrome refractory products are:=-
brick, metal case brick, parts and bulkheads of met.llurgical fur-
naces, cements for laying brigk and patching, etc,

Most of the chromite used in this country is imported.

The most_impdftant'depégits are found in Cuba, Rhodesia (Africa),
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and Greede. Other deposits are found in, Russia, Norway, (uebec,

Wyoming, and Orggon.

A carefull survey of all the available literature, which
might contain publication pretainihg to the subject, was made and
the féllowing abstract is the only article which delt with the mix- -

ing of diaspore and chrome in any mannere.

- Abstract -
A STUDY OF CHROME AND DIASPORE MIXES.

By Harlow G. Jones. J.A.C.S. Nov. 1929,

Plan of Investigation.

1. Softening point of various mixtures.

2. Workability of the mixtures by soft mud, stiff mud,
and- dry press, operationse.

3. Determination'of porosity, shrinkage on firing, shrin-

kage on reheat, slag action, and spalling.

Results:

1. Fusion: All the mixes of chrome &nd diaspore stood
cone 33 - 34 without any signs of feiling. This puts
all of'them in the class of super-refrc.ctories.

2. Workability; Bars of chrome and.diaspore mixes were
made of soft mud and dry press methods. Was imposs-
iﬁle to make bérs-by the stiff mud process duefﬁo ex=-

tremely low plasticity of thefmaterial.
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Soft mud bérs were very hard to make and very weak in the green
state, |

No trouble experienced with making of stiff mud bars. Viere
of high enough stirength invgreen state to be feasable as manufact-
uring process.

Bars fired in frit'furnace, Unfavoruble conditions, ane
16 down at end of six hours firing at 1400°C. 1400° C. held for
at least one hour at end of firing.

Bars were well sintered and strong enough for use as super-
refractory. Bars were fired at rapid rate and cooled in eight
hours, yet no cracks or checks appeczred, This makes it appear
that manufacturing would not be a delicate job.

The chrome used was goundd up chrome brick.

3.Absorption and Shrinkage:

The chrome and diaspore were ground to pass 20 mesh, propor-
tioned, thnuoughly'mixed, and dry pressed into bars 1" x 1" x 8",

Were fired in oil furnace; firing gncrease of gradual rate.
Shrinkage and absorption were taken after the initial fire and
again after a reheat run of 1400° C. for -5 hours. Bars made in
this firing were well sintered and in good shape.

The absorption is highest in a 75f% diaspore bar and lowest
in a solid chrome bar. However, there is no great change through-
out the ‘mixtures. The absorptionAof 90#% diaspore and 10%, 100
mesh chrome is low, as expected, due to the finer ground chrome
addition. “ H

4, Percent Linear Shripkage: 

The percent linear shrinkage curves show;- The greater per-
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centage of diaspore the greater the shrinkage. The change is
much more rapid on diaspore end of curve, or above 50% diaspore.
Showing that chrome ore tan be used to cut down diaspore products
shrinkage. A 504 combination of each would give about the max-
imum effect. A more thorough study would give a definite mix
which would undoubtedly be nearer the diaspore end.

' S5.8lag Action:

Three types of slag were used. 1. Blast furnace, 2 acid
open hearth, and 3 basic open hearth. The slag was.cruShed to
pass 20 mesh and placed in caveties in the test pieses.

«.Blast Furnace Slag:

All the slag had melted at 1340°>C. All bars containing over
25% chrome had absorbed thg entire,sample. No effect on these
pieces except it madé them denser on ﬁhe slag exposed surfacee.

The test pieces containing 907, 20 mesh diaspore, and 107,
100 mesh chrome had less penelration with about one half inch of
slag on the surface. A fluxing action had broken down a small
amount of the bodye.

The 100 diaspore trial had the lezst penetration, but flux-
ing action had taken place to some extent.

The commercial diaspore sample, made up of 407 raw diaspore,

50% calcined diaspore and 104 plastic fire clay, had the most

vigorous fluxing action.

Basic Open Hearth Slag:

This sleg was more finely ground than 20 mesh. This slag
,penetrgpgqi;ntq_thg;bqrs in verying degrees, greatest in the 100%

‘chrome bar.and least in the 100% diaspore bar.
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The more diaspore in the body the less was the penetration
but the greater was the decomposition of the body itself.

The trial made up of 907, 20 mesh diaspore and 10%, 100 mesh
chrome showed ﬂhe least penetration of any mixe This was, no
doubt due to the denser mixture of the specimen.
lilost vigorous slag action in the case of the commercial miX.

This may be accounted for by; 1. the addition of the plastic fire
clay which may be more easily fluxed; 2. the more porous nature of
the body due to the 50% of calcined diaspore which acts much the
same as grog in an ordinary fire brick. |

Cpen Hearth Slag:

This zlag was more refractory and consequently did not melt
thoroughly at the tempersture fired to, (1400° C.).  The slag
seemed‘to attack the 100% diaspore more vigorously than it did
the 1009 chrome, yet there was no breaking down of ahy of the inter-
mediate series.

The most impertant point brought ouﬂlby the slag test was that
small percentages of finely ground chrome cut down the slag action
considerably.

Spalling:

Bars 1" x 1" x 8" were used for the test.  The dipping time
was reduced to two minutes and the steam interval was ‘reduced to
three minutes. The bsrs were heated in a Hoskins Electric [urnace
to 850° C. |

The addition of diaspore to the chrome in every case increased

the resistance to spalling action.

A point of interest is brought out in the special mix QON, 20

mesh diasncre and iﬁ%‘ 100 mash:chrOme. This group of four barﬁ.

?;Lthe average for atraightﬁtaek
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diaspore, This indieates that a small amount of chrome ore does
not cecrease the spalling action of the diasporee.

The commercial mix, 504 calcined diaspo.e, 404 raw diaspore,
and 107 fire clay, did not spall over 107 in any case on 35 dips.
At this point the test was discontinued since all the other bars
had failed, o

Conclusions:

'l. No combinations of diaspore and chrome were found having a
cone fusion below cohe 34, It méy be several cones ébove bhis.

2. The dry press-method of forming ware mzde from this mixture
of chrome and diaséore 1s apparently the best.

3e The use bf 509 chrome ore buts the shrinkage down one third
of that of 100% diaspore.

4. Chrome and diaspore have very nearly the shme'absorption
and vvhen mixed this figure does not change materially.

5. The addition of small amounts ®f finely ground chrome cuts

down the action of slag on diaspore.

6. The addition of diaspore to chrome increases its resistance
to spalling action, The addition of finely ground chrome to dia-
spore also increases its resistance L0 spalling action,

Acknowledgments’
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- OUTLINE OF INVESTIGATION -

In making an investigation on the mixing of chrome ore
and diaspore it 1s necessary, due to the broadness of the subject,
to confine the work to one specific problem, as a general inves-
tigation would be far too largé a problem to complete in the limited
time available for research work. With this in mind the fdllowing
outline of investigatioh:was drawn up and will be strictly followed
throughout the research procedure.

First; two conclusions drawn by Harlow G. Jones in his
paper on,"A Study of”éhromeAanHDiaspOre Mixes"j‘were accepted as
true and were usedJas'a'bésis’on which to staft’furiher reéearch;
The:e conclusions are:-

1. No comﬂinations of'diéspore and chrome could be found which
 have a cone fuéian'péint below cone 34. |
2. The dry press method of forming ware made from mixtures of
chrome and‘diaspore is épparentiy the best.

A high grade Missouri diaspore, ground to pass 20 mesh,
will be used in every mix. A series of three grades of chrome
ore will be ground to 60 mesh and added to the diaspore mixes in
quantities of ten percent. Special mixes can be made in vhich
the size of grinding of the chrome may be varied but the 107 add-
ition will be constant. One lot of pure diaspore will be made upe.

Then for a comparison of the two extremes 0f chrome ad-
dition, a lot of each chrome ore will be made up in which 20%, <20

mesh chrome will be mixed with 10%, 60 mesh diaspore.
l. See abstract, page 3, "A Study of Chrome and Diaspore Mixes",
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No softening point tests will be run on these materials
as the work of Jones proves that any mixture of chrome and diaspore
has & cone fusion point above cone 34, and no eutectics are dev-
eloped.

All test pieces will be made up by the dry press method
as this method is proven by Jones 10 be the beste. A deperminatidn
of the correct amount of méisture required for pressing of the
mixes will be made.

The following physical tests will be made on the standard
number of test pieces and the average values taken:- Drying shr-
inkage, Firing Shrinkage, Reheat Linear Chapgé,'?ercent“Pérpsiiy
on FiredwTrial Pieces, Percent Porosity on Réheat, Green Modulué of
Rupture, and Fired Nodulus of Rupture. In addition a comparative
test onfﬁhe sPalling‘and slagging characteristics will be run.

'If the tiwe permits; after the abové procedure has been
completed, the chrome ore‘giving the best}proPerties to the dia-
spore refractory body will be mixed, in varying small amounts, with
the diaspore and akmofe'complete series of tests will be run on it,.
This will’inciﬁde a complete series of tests on commercially fifed

nine inch straights. This will include standard tests for, hot «

load, spalling, and slegging.
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- LACCRATORY PROCEDURE -

Materials:

The diaspore used in this investigation wCé a high
grade llissouri diaspore, the Ales content of which is approx-
imately 767 to 79ﬁ. The chemical com0031t10n wzs not determlned.

The chrome ores used were furnlshed by the Research
Department of General Refractories uompany, Phil&delphia, Pa.

The typical chemlcal analyces of these materlals were furnished
with the ores, and are tabulated belowe

' Chrome A.  Chrome B. Chrome Ce

__Cuban Grecian African
Ignition Loss —1.11% - I1.18%  — I1.0&7;
Silica 3.72 : 6.82 3¢42 .
Ferric Oxide 15.73 15,95 . 1775
Alumina - o 27«39 - 184,95 - . 10.16
Calcium Oxide Trace 0.81 Trace
Magnesia . . = . 17.9% C17.27 15.66
Chromic Oxide ' 34.10 39.62 5195

A small amount of calcined diaspore was required forV
use in a special commercial mix. This material was furnished in
lump form by the A. P. Green Fire Brick Company, Mexico Mo. This
material was ground to through 6 mesh and used as grog in the above

mentioned commercial mixe

All of the raw diaspdfe and chrome ores were ground to

pass 20 mesh, except the amount used for the 10% additions which

was ground to pass 60 mesh.

Forming of Test Pieces:

All test pieces were made up into bars 1" x 1% x 8% on a hand

operated dry press machine. This machine is manufactured by the

P%@#gggon,Foundry_énd Machin§:y“Companyg East Liverpool, Ohio.
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This press 1s cuzpeble of three thousand pounds per square inch
precssure. It would berhard tc estimate the pressure applied in
meking the test bars but as uniform a pressure was applied to each
bar as possible. .

Ten percent moisture was found to be the required amount
in dry pressing the 10% chrome - 909 diespore bars, and 6% moisture
was required by the 907 chrome - 109 diaspore bars.

A series of bars of each lot were marked to determine
the drying and firing shrinkage.  These barsfwerE'alSO*uséd in
determining the volume reheat shrinkage and the fired and reheat
porosity; ’ : .

A series of bars were made up with a cavity in the top
at each end ofjihe bar, te'be%ﬁsed‘in the slag test. These
cavities were madefbyvplaqiﬁg semi-cylindrical lugs of'WOod‘along
the surface of the bar before pressing.

A series ©of bars were made up for the determination of
green and fired:modulu3~o£~ruptureedk

| In pressing the low percentage chrome bars no bonding a
- agent was necessary and the bars had sufficient'strength to with-
stand fairly rough handling without chipping. However the high -
percentage chrome bars would not bond without the addition of a
bonding agent.  The bonding agent used in this case was dextrine.
Even with the bonding agent, care in handling the bars was requifed
until they had dried for several minutes. Upon drying slightly |

they were quite strong and gave no trouble from chipping or break-

ing upon hendling.
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angular, down drafi, 0il fired, Kkilm to cone Z0 . ovwr. Pyrometeric
cones were placed at the front and back of the setting and the fact
that cone 20 on each plaque was just down when the {iring ceused is
a pood indication that the heat distribution throughout the Kiln was
fairly even. The rate of tempercture increased rather fast up to
1050° C¢. due to the fact that the bars were very dry when placed

in the kiln, there wes no dehydration period to slow up for, and
there was very little oxidizable material in the body. From 1050°
until the e¢nd of the iiring schedule the temperature increase was
slowed down «wuite a bit. The firing diagram on page 13 shows the
exact rate of temperuture increase, and the iime required to com-
plete the firing. A Leeds and Northrup thermocouple pyrometer

was used to control the temperaturee.

The fired pieces were well burned and in awery good

shape, excenting a small amount of warping due to the unevenness

of the kiln Tloor which allowed the setting to sag slightly under
its own weight during the heavy firing. It was noticed that the
bars containing 90% chrome showed a tendency to subside at the
points where the setting rested upon them.

There was very little loss from breakage but several of

the burs developed some small cracks. These cracks were probably

due to the warping.

Reheat Firing:

After the fired shrinkaée and porosity date was taken,
the trial pieces were subjected to & reheat firing in which they
were heated at 1500° C. for a period of five hours. This firing

was done in the same kiln in which the test pieces were first fired.
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The tmmperature was increased as fact as possible, approximately
100 degrees an hour, until 1400° C. was reached. A Leeds and
Northrup Thermocouple Pyrometer was used to regulate the temp-
erature. The kiln was closed up tightly at the end of the firing
and allowed to cool.  The cociiﬂﬁVtiﬁe*Waé*a day and a welf. No
signs of cracking or.warpiﬁ§5%%5%f§éVelbped in this firing.

Slag Test:

The method of forming the test pieces for this test is
discussed under “Forﬁing“bf}%%ﬁt?PIeﬁéé*Q 4 / |

The slaQS‘uSéd‘ﬁéfﬁ; écidﬁdﬁéi hearth slag, from the Amer-
ican Steel Foundries, Indiana Harbor, Indiana, 'and a blast furnace
slag from the St.Louis Coke and Gas Company, Graniﬂ'City I1l. Both
slags were groﬁna:to”pasélzb'mééhf??ﬂThréé'trial*pieces from each
lot for each éléé‘wefé”ﬁééﬁ’for4thé test.

The firing temperature was intended to Dbe 1400° C. for
two hours but due to the 1ooseness’of the setting the tempera@ure
could not be increased above 13%0° C. This temperature was held
for approximately two hours but the blast furnace slag failed to
completely meltb. Fnough mell was obtained, however, to get a

fairly representative set @f data on the penetration,

Spall Test:
Due to the lack of material with which to make standard

nine inch straights, bars 1" x 1" x 4" were used for this test.

The ends of the bars were placed in the door of a Hoskins Electric

o} : . .
Iluffle Furnace and were heated 10 850" C. The dips were made in

running water and the cooling time was two minutes. The steaming

interval wés,fi?e @iﬁﬁ$”§i 
B FrTY & not recommended as

“~ET§55*}§ﬁéltﬁfthe |
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fact thet it was necessary to place the greater part of the bars
inside the furnace in order to0 maintain a temperature of 850° Coy
which resulted in the bars becoming quite hot throughout their length
‘and thus reducing the thermal shock to some extent. However, it
serves the required purpose in that it gives a comparative figure

on the spalling characteristics on each lot.

A series of three bars were run for each lot and the
averages were taken.

It was not possible to get all the bars in the door of
the furnace at once and lots 7 , 8 and ‘9 were hgﬁd out until there
was room for them due to failure of other l;ts. This accounts for
the fact that complete spalling data was not obtained-pn lot 8, aé
it was not considered worth while to continue the teét after-ail

the other 1ots had failed, -



TABLE NO. 1.
SHRINKAGE CHARACTERISTIC: OF EACH LOT.

&
%Lin. Drying %Lin..Firihg % Change on Reheat 1
. Shrinkege.  Shrinkage, . Linear Volume
4, Chrome - 907, Dia.-10%. 468 . .56 N R 1.27
Chromé - 904, Dia.-10%. ‘048 . .26 ~ (.61) | (.95) - Expansion;
.. Cu Chrome - 907, Dis.-10%. .4 s (.20) (.50) - Expansion.
4% A.. Chrome - 107, Dia.-907. .51 . 6.86 | 5520 16,12
‘Be. Chrome - 10%, Dia.-90%. - #57 . 6.46 4.30 13.42
+ Chrome - 104, Dia«-907. 200 - B.23 4.60 14.70 H
T+ B.. Chrome - 10%, Dia.—eofi.z .00 . 7.83 5.50 16.42
8. B.. Chrome - 10, Dia.-40%, o | | N
" % Calcined Diaspore - 507, «00 4,00 4.50 14.53
' j;m RaukDiaspore 1004, - 20 mesh. «20 8.56 3.80 11.35

| Ebte.~ All 904 additions are ground to pase 20 mesh.

“All 107 additions are grognd to peass 60 mesh, excepting lot 7. which contains 10,
"B Chrome through 100 mesh.

,1. The figures for Volume Change on Reheat were obtained in the lab. and the Linear Change
values were calculated from them.
8. The Chrome addition in this mix was gpound to, through 100 mesh.
8. The Calcined Diaspore was ground to, through 6 mesh.

(91)



TABLE NO. 2.

SPALL TEST? FCROSITY? AND LICDULUS CF RUPTURE DATA OF EACH LOT.

PERCENT POROSITY MODULUE OF RUPTURE SPALL TEST

ROT  MIXTURS  FIRED  REHEAT GREEN  FIRED  NO. DIPS; 20% loss.

igﬁ.th.~Chrome - 907, Dia.-104. 23.49 20.95 S 2,408 | 21
}zQ’EB. Chrome - 90%, Dia.-10%. 24.11 21.29 L omma- 2,503 B 19 .

3. Chrome - 907, Dia.-10%. 26.37 23.39  am—— '1;706 | 32
' Chrome - 10%, Dia.-90%. 23.04 10.15 ©o11z2 4,498 35
Chrome - 107, Dia.-90%. 28.99 12.76 110 3,509 31
‘Chrome - 10%, Dia.-90%. 27.33 13.27 1 4,088 32
Chrome - 10%, Dia.-907.1 27.09 9.28 = ----- 5,229 g

8, 'B. Chrome - 107, Dia.-40%, o ' | No sign of
2 Calcined Diaspore = 50%. 41.81 35,99 = =e-=-- . 934 20 -failure.
9. Raw Diaspore - 1007%,20 mesh.33.85 19.48 em=-= 2,885 22

%, See foot note 2 on Table 1.

2+ See foot note 3 on Table 3.

(LT)
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- DISCUSSION OF DATA =-

SHRINKAGE.

Linear Drying Shrinkage:

The bars which were marked for shrinkage, in each lot,
were measured upon drying and the average values taken. 4as the
shrinkage curves on Plates 2, 3, and 4, show, this figure was quite

low in every case, if not zero.

Linear Firing Shrinkage:

After the bars were fired to cone 20 (1530° C.), the
shrinkege‘marke were meaeﬁred’again and the averages taken. From
this figure the firing shrinkage wae calculate@. The curves for |
these values, Pletee i and 2; ehow fether‘ihtefeeting results.

Lot 1, whicﬂ ihe low peréentege chrome ore (Cuban), gives the high=-
esﬁigelue for shrinkage. Lot 3, which contalns the highest per-
centage chrome ore (Afrlcan), gives a slzghtly lower shrinkage
figure than lot 2 and much lower flgure then lot 1. Th1c is
probably due to the higher refractorgness of the material.

Lot 9 100%, 20 mesh dlaspore, gives the hlghest firing
shrlnkege flgure of all, which would indicate that the addition of
10? chrome ore reduces the shrlnkage con31derably.

Lot 8, 507 grog mixture, has a much lower firing shrink-
age than any other body, which is to be expected.

The 1om B. chrome addition in Lot 5 produces a body with
the 1owest shrlnkage when compared with the 107 additions of 4. and
Be. chrome to Lots 4 and 6 respectively. Thls indicates that small -

£

"ameuﬁt;gaf B, chrcme added to a dia8pore mix ‘would reduce the shrink-
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aZe Lo o sreati:r extent than either the 4. or Ce. ehrome, The
”

Ce chrome addition in lot 6 gives a figure so0 slightly under that

of rure diasrore that it would be of very little use commercially.

Linesr Change on Zeheat:

The linear change on reheat was so small, in some cases,
that it was necessary to determine the volume chunge and calculate
the linear change from it.

This set of data is exiremely interesting due to the fact
that Lots 2 and 3, 907 B, uzund C. chrome bodies, gave a slight exo-
ansion figure instead of a shrinkage. The expansion was the great-
est in Lot £ and Lot 1 gave a slight shrinkage figure. Slight ex-~
pansion expansion of refractory brick, on reheating, is a very
desirable quality as it tightens the joints between the brick and
increases the stirengih of the setting.

Of Lots &,5, and 6, the 107 chrome additions of chroumes:
L, B, and G, respectively,; Lot 5 agailn gives the dloweslt shrinkage
figure, Lot 6 compares favorably with it but Lot 4 is consider-
ably higher than both of themn., ) L//

It is surprising at first to note that the 1007 diaspore
mix, Lot 9, gives the lowect reheat shrinkage figure of all but
when the absence of a 107 addition of 60 mesh material is tuken
into consideretion this condition is probably to be expected.

The fact that the shrinkage will incr-ase with the fine-
ness of grind is proven by the shrinkage figure of Lot 7, Lot 7
is of the same compositicn as Lot 5 excepting that the 10/ E.

chrome addition is gpound to 100 mesh instead of 60 mesh.
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Graphic comparisons of these shrinkage values may be

seen on Flates 2, 3, and 4.

- PZRCENT PCORCZITY -

Fercent Fired Porosity:

The commercial mix, Lot 8, gives by far the highest
porosity. The raw diaspore mix, Lot 9, gave the next highest figure
which is considerably above all the other mixes., The rest compare
fairly closely, showing that the porosities of chroue and diaspore
are practically the czame.

The difference between the pure diaspore porosity and that
0of the diaspore mixtures is explained by the addition of 107, 60 mesh

material to the latter. This, of course, tends to increase shrink-

age and decrease the porosity.

Fercent Porosity on Reheat:

By referring to Flate 3, it will be noticed that Lots 1,
2, and 3, have approximately a 2.57 decrease in porosity on reheat.,
This small decrease is to be expected in bodies containing 907 chroue.
However, it is rather interesting té note that Lots 2, and 3, btoth
expanded slightly on reheating, and at the same ti..e they had a de-
Crease in porosity. If a True Specific Gravity deterwination were
made on these muterials, before and after reheating, it would
probably be found that the total closed pore space had increased.

In comparing dots 4,5, and 6, the 107 additions of 60 iuesh

A, B, and C, chrome respectively; Lot 4 gives the greatest reduction
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in porosity which compares with the greate:st shrinkage on reheat.
Lots 5 and 6 compare very closely in both resvects.
Graphic comperisions of these porosity values may be

seen on Plates 5, 6, and 7. (Pages 23 and 24)
- MODULUS OF RUPTURE =~

Green Liodulus of Rupture:

Green modulus of rupture was determined orly on Lots 4,
5, and 6, the 10 additions of A, B, and C, chrome respeciively.
&n organic bond was necessary in the case of the high percentage
chrome mixes and such data would be of no value.

Lot 6 had the gresatest strength and Lot B hag the

lowest strength with Lot A. clightly =bove it.

[hese values are plotted on Flate 8.

Fired RJodulus of Rupture:

In comparing the three hiih vercentage chrome mixes, Lots

[

1 «nd £ compare very closely in strength, Lot 2 being slightly

strohger. The modulus of runture fizure for Lot 3 is approxinately

one half as great as that for Lots 1 and 2. This indicates that

T
CCLiu

joR

the firing temperature was not high enough to develop & stirciug

in this body. the fact thut the porosity 6f this body is somevhat
hirher than the other twc bears this fact outl. Another evidence

which indicates that little melt had been formed between the grains

of this body is the fact that the test bars, when briken on the
testing machine, did not break in a brittle manner, as did Lots 1

and 2, but gradually feiled and did not breakgpart.

Lots 4, 5, and 6, all show high enough strengtih to indicate

that they had received the necessary heat treatment to develop a

good bond. Lot 4 has the highest modulus of rupture figure,
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Lot 6 ha- the &owest, and Lot 5 is about an average of the two.

Lot 7, shows guite an increase in strength over Lot 5
'which.is due to the addition of 100 mesh chrome instead of 60 mesh.
The commercial mix, Lot 8, shows by far the lowest strength due to
the 507 addition of 6 mesh calcined diaspore.

Lot 9, the raw diaspore mix, shows a low strength as
compared with the other mixes,. This is due 1o the fact that there
was no addition of fine grained material to the mix and consequently
a weaker bogd was formed.

The modulus of rupture figures for thece mixes are plotted

on Flates 9 and 10, Pages 26 and 27.
- SLAG TEZT -

Acld Open Hearth:

This slag melted at about 1300° centigrade and due to the
fact that this temperature was held for about four hours in the
atﬁempt to increase the témperature to 14000, all the slag had been |
absorbed by the test pieces, and considerable fluxing action had
taken place.

Lots 1, 2 and 3, had been penetrated deeper than Lots 4,
5, and 6, due to the more open texture of the chromium. Lot 2
showed the least penetration of the three, Lo£ 1 showed slightly
more and Lot 3 showed the most. A clearly defined outline of the
slag penetration could be seen as it showed up as a very dense
vitreous body. Although the high percentage chrome miXes readily

absorbed the sleg there was no evidence of any corrosive action

having teken place.
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Lots &, 5 and 6, showed much less penetration than the
first three lots and they compare very closely with each other.
Lot 5 showed slightly less penetratioﬁ than Lots 4 and 6, and 4 and
6 showed the same venetration. All three lots showed a considerable
amount of corrosive action. Lot 4 showed the least amount, Lot 5
showed the next, and Lot 6 showed the most., However, there was
not much difference in penetration. It may be said that Lot 4 is
more resistant to slag action than the other high percentage diaspore

mixes, however this is not true to any great degree.

Blast Furnace Slag:

The melting point of this slag was some place close to
1350° centigrade as this was approximately the highest temperature
that was held for any 1ength of time, and at this temperature the

slag had only partially melted.

A1l lots showed virtually the same amount of penetration
which indicates that there wass not enough liquid slag formed to0
give a‘true vaelue of the slagging characteristics. It is éssumed
that the penetration in the high chrome mixes, Lots 1, 2, and 3,
was greater than was recorded as the depth of penetration was not
clearly defined and the figﬁres recorded were therefore nothing
more than estimates.

The black slag gave a very clearly defined line of pene-
tration against the brown body of the high percentage diaspore mixes,
but the depth of penetratlon was the same in every case. Thus, no
valuable information was obtained in regards to the depth of pene=-

tration.“x
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I
The high chrome mixes showed no sign of fluxing action or

decomposition of the body. However, in the case of the high dia-
spore mixes, there were slight signs of fluxing reaction. This was
greatest in the bars of Lot 57and was hafdiy”ﬁOticeable'in Lot 6.
Thus it might be said that a IOZ addition of C. chrome to a diaspore
body produces a body more resistant to slag action than the same

addition of the A. and B. chrome ores,.
- SPALL TEST - .
The data obtained from this test is very interestinge. In

the first three Lots, which are the 90%, 20 mesh chrome bodies, Lots

““withstood 21 and 19 dips before loosing 20%. However the

c. ;gstoodAﬁz dips for a 204 loss, which comoares

veryrfavorably with the high diaspore content mixes. This high
spalling ®esistance quality is explained in the following manner.

The modulus of rupture figure on this lot was approximately one half
as great as that of Lots 1 and 2. The bars broke in a sodden manner
indicating that a.small_amountaof melt had formed to bond the grains
together, thus the body was of a less brittle nature and less subject
to thermal shock. The porosity of this body was greater than‘that
of either of the other two high chrome content bodies, vhich tends to
increase the resistance>to spalling. %hen subjected to the spall
test, this body did not shatter and crack off in large pieces, =a&
did the other bodies, but became friable. This iodicates that the
bond was being broken down and that there was not enough of it

present to cause cracking and spalling'wﬁen subjected toorepeated

thermal shocks.
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Lots 4, 5, and 6, all gave comparative figures for spal.ing
resiztance which vere considerably greater than the results obtained
from the pure diaspore body, Lot 9. A direct comparison of these
Lots cﬁd the diasvore,Lot 9, cannot be made as there was not a 10/
addition of 60 mesh material in Lot 9 as was the case in the Others,
However it is sale to say that, additions of small amounts of 60 mesh
chrome to a diasvore body will increase its spal.ing i esistance.
There is a liwit to the fineness of (rind of this chrome addition and
the increase in spulling resistance still maintained. This fact is
proven by the spalling figure obtained on Lot 7. The comnosition of
this body is the same as that of Lot 5, @&xcepting that the 107 chrone
addition is ground to 100 mesh instead of 60 mesh. There 1s yuite a
contrust in the spalling characteristics of these two Bodies. Lot
5 gives a figure of 31 dips for a 20% loss as compared with 9 dips
for 20,0 ioss ior Lot 7. The explanation of this being that a wuch
grecter guentity of glassy melt is formed in the ceose of the 100 wmesh
eddition and thus the resistance to thermal shock is much 1less than
in the cuise of the 60 mesh addition,

Lot 8 oroves that the eddition ¢f grog to the body _re:tly

increascs the resistance to spalling. This lot is of the - ame

2 - r'f « 3 - 1 a4 3 a4 11 = )
comosition as Lot 5 excepting that a 507 calcined dlaspore (6 mesh)

addition takes the place of part of the raw diaspore. This Dbody
shoied no oss on 20 dips and there was no sign of fallure. ihere

wes no sigh of the slightest breaking down of the bond and no differ-
ence could be noticed between the strength of these bars and bars

of the same lot which had not been subjected to the spali test.

After all the othef baré héd failed it was not con:idered worth while
to conﬁinue the tesﬁ’for Lot 8 as it gave promise of lasting for a

great meny more dips.
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- SUMMARY OF CONCLUSIONS =

In Regard to Selection of lost Desirable Chrome Ore:

- After a thorough study of the data, the indications are
that the C. chfomé (African)pis:by faf the most desirable of the
three ores for small addiiioné/to‘a high grade diaspore refractory.

The following éfe”tﬁe:factory upon vhich this decision is
based. 7;' | | . |
1. It has‘théigréatest‘initial‘shrinkége, which ié desired.
Z, It has the lowest percentage reduction in porosity on reheat.
3. It has the property of expansion on reheat to a smail degree.
4, It has the greatest strength in the green condition.
5. The low modulus of rupture figure, and other factors which were
discussed in the "Discussion of Data", indicate a much higher
"P.C.E. value than either of the other two,
6. It compares favorablvaith the other ores in regard to slag
action,

7. It has by far the best resistance to thermal shock.

General Conclusions:

1. Small amounts of 60 mesh chrume ore in a high grede diaspore
body increases the resistance to spailing.

2. Small amounts of 60 mesh chrome ore in a high zgrade dias ore
body appreciably decreases the shrinxage.

Z. “mall amounts of 460 mesh chrome ore in a high grade diaspcore
body increases the strength of the fired body.

4, The 50% addition of 6 mesh calcined diaspore greatly increases
the resistance to spalling but reduces the mechanical strength.

S. Small :amounts of 100 mesh chrome ore in a high grade diaspore

body greatly,lcwers%hﬁtfrgsistance to‘spal;iag;,,;npredsé

‘strength, and lower thi
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