


















































































































































62 GEORGIA GEOLOGICAL SURVEY 

dum-kyanite, the strength of the Georgia calcined lumps was 
excellent. Splits and cracks formed in both foreign and do­
mestic samples, but strong cohesion and toughness were com­
mon to both, and durable large particles were obtained 
by crushing. 

Preparation of Kyanite for Brick Tests. The treatment of 
the two shipments was similar but differed in minor details. 
The boulders were washed, but the washing was more 
thorough for the second shipment. It was necessary to use a 
hose and scrub brush and then to dig the clay out of holes 
with a pointed tool. Representative 30-pound samples were 
selected from among the smaller lumps or broken from the 
larger and heated to a series of temperatures from 1300° to 
1500° in the electric furnace, and to 1600° C. in an ·oil-fired 
furnace. No difference in the fired properties was noted be­
tween rounded lumps and the more irregular shapes. 

After the first 260-pound shipment had been calcined to 
1400° C. and 29 pounds of red-brown and black fused ma­
terial had been chipped from the calcined boulders, an at­
tempt was made to remove the iron constituents by magnetic 
separation. •The high-intensity magnetic separator removed 
onty 80 grams from the minus 8-mesh product. The non-mag-

. netic portion remaining was 89 percent of the original sample 
but contained a large number of the dark grains. 

A second batch of large and small lumps gave 82.5 per cent 
recovery. Pictures of this batch in the kiln after calcination 
and the best, medium, and poorest lumps are shown in figures 
15, 16, 17, and 18, respectively. Although the photographs 
show considerable dark areas, in most cases the discoloration 
was not over lh. inch deep and represented the slight iron 
oxide penetration from the red soils, but occasional basic 
cohering minerals produced dark semimelted areas of l-inch 
depth. 

On heating, a rather surprising cleavage occurred with_ 
most lumps along th,e joint planes. The major splits were 
parallel. to the length of the lump, but diagonal ones plus 

numerous ragged te::tr cracks of a few inches in length ran 
in .all directions. Although a fracture along a joint plane 
showed pure white mullite without apparent (megascopic) 
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glass or other indication of fluxing, cantilever portions were 
found bent out of shape or had fallen off completely due to 
their own weight (See figure 19). This action indicated the 
presence of a colorless flux probably sericite, between the 
original grains or of a melt similar to the eutectic between 
alumina and silica which formed during the heating process. 
The presence of glass was later confirmed by microscopic ex­
amination.. This deformation did not reappear when th•o 
crushed fragments from these same calcines were united with 
a kaolin bond, refired, and reheated with and without a load 
to 1600° C. 

Each sample of calcine was crushed in a large jaw crusher 
and passed through opened rolls in successive passes to pro­
duce the largest amount of coarse particles finer than 6-mesh. 
The cumulative screen analyses are given in table 4. 

TABLE 4. Cumulative screw analyses of calcined kyanite 
retained on screen, per cent 

Temperature of calcination, oc. 
Screen 

size 1400* 1300 1400 1500 1600 

6 0.0 3.1 0.9 1.8 2.8 
8 0.0 25.3 16.8 23.3 21.8 

10 5.7 46.0 36.1 44.8 40.0 
14 14.9 58.5 47.5 56.5 50.4 
20 25.6 67.1 55.9 64.6 57.9 
28 36.2 73.0 62.1 69.8 64.0 
35 44.9 77.5 67.2 73.9 69.2 
48 53.8 81.6 72.7 77.9 74.6 
65 62.2 85.4 78.4 82.1 79.8 

100 71.8 89.2 84.4 86.6 85.5 
150 78.9 91.7 88.6 90.2 89.7 
200 84.7 93.9 91.8 93.0 93.0 

Total . .100.0 100.0 100.0 100.0 100.0 

*First shipmf,nt ground to pass 8-mesh. 

Based on the cumulative amounts coarser than 35-mesh, 
the calcines-arranged in order of increasing fineness-are 
those fired to 1300°, 1500°, 1600°, and 1400° C. This or-
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der may not be significant due to possible errors origi­
nating in the selection of the lump samples. The coarseness of 
the 1300° calcine was probably caused by the residual tough­
ness of the original kyanite remaining after heating, since the 
inversion to the high temperature form of mullite was only 
partially complete. A microscopic examination showed that 
practically all of the kyanite heated to 1400° C. had inverted 
to mullite with some glass present. 

The screen analyses show that a relatively coarse grog 
was obtained from the massive Georgia kyanite. As far as 
known, this has never been done with other domestic kyan­
ites (with the exception of fibrous kyanite from a small d_e­
posit, now exhausted, north of Phoenix, Arizona) without 
the use of fluxes and hardening agents. The coarsest Appa­
lachian kyanite concentrates of similar purity are finer than 
35-mesh size and these fragile particles produce even more 
fines when calcined. The Georgia massive material, on the 
other hand, produced a tough coarser particle which resisted 
d~gradation during preparation and power pressing of full­
size brick. The massive kyanite produced almost 70 per cent 
by weight of particles coarser than 35 mesh. 

The chemical analyses of the different calcines are shown 
in table 5. 

TABLE 5. Chemical analyses of calcined massive 

Georgia kyanite, per cent 

Temperature of calcination, °C. 

1300 14..00* 1400 1500 

Si02 39.7 38.8 38.5 39.0 
A120s 57.6 60.1 60.1 59.6 
Fe203 1.2 1.2 1.1 1.0 

Total 9'8.5 100.1 99.7 99.6 
Calculated 

kyanite 91.5 95.6 95.6 94.6 

*First shipment. 

1600 

38.3 
60.2 

1.1 

99.6 

95.7 
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Figure 16. One of the best lumps after firing , showing 
a minimum of staining. Two patches of quartz inclusions 
are seen at the left. 
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Composition and molding of test brick. All brick mixtures 
contained 10 per cent of plastic, refractory Florida kaolin with 
90 per cent of crushed kyanite grog. The temperature of grog 
calcination as noted above varied from 1300° to 1600° C. It 
was then separated into two particle sizes: A, From the first 
shipment, calcined to 1400° C. and ground to rass 8-mesh; 
and B, from the second shipment, calcined to variable tem­
peratures and ground to pass 6-mesh. 

'The brick batches consisted of weighed portions of the 
dry grog and dry, fine, air-floated Florida kaolin. These were 
tempered with 5 per cent water and 2 per cent organic binder 

·for a better dry strength and mixed thoroughly by hand. The 
brick were pressed at 5,000 pounds per square inch in a 
hydraulic press. ·After drying they were fired to various 
temperatures. 

In tables 6, 7, and 8 the expression "weight of standard­
size brick" refers to the calculated weight for a volume of 
9 x 4.5 x 2.5 inches or 101.25 cubic inches. 

Heat treatments. The original firing (called preheat) con­
sisted of a total heating time of 12 to 13 hours including 4 to 5 
hours holding at the maximum temperature. The reheat treat=­
mertt followed the "Permanent Linear Change After Reheat­
ing of Refractory Brick" test method of the American Society 
for Testing Materials, A.S.T.lVI. C113-36 for superduty fireclay 
brick. This is similar to the U. S. Navy test, but the require­
ments of the two organizations for the highest refractoriness 
are different as follows: 



SILLIMANITE AND MASSIVE KYANITE 67 

U.S. Navy Department Specification 32B Zc, March 1. 1941 

Class A-60 per cent alumina-diaspore brick.­

Alumina-The alumina content shall be not less 
than 57.5 nor more than 62.5 per cent. 

Pyrometric cone equivalent-The pyrometric cone 
equivalent shall be not less than cone 
35 (3,245° F.). 

Permanent volumetric change-The permanent 
volumetric change after reheating at 
2912° F. (1600° C.) for 5 hours shall 
be not more than plus 3 nor minus 
1 per cent. 

Spalling loss-The spalling los§l':affer the simu­
lative service test shall not exceed 8. 
per cent. 

American Society for Testing Materials, C 2 7-41 . . 

Superduty Fireclay Brick. A fireclay bric:k hav!ng a pyro­
metric cone equivalent not lower than cone 33 on the fired 
product, not more than 1 per cent linear shrinkage in the per­
manent linear change test, (1600° C.), and not more than 4 
per cent loss in the panel spalling test (preheated at 1650° C.). 

The variable high-temperature load test differs from the 
A.S.T.M. load test, which was designed to classify different 
,manufactured products into general groups. In the variable 
load test the brick, standing on end and subjected to a load 
of 25 pounds per square inch, was heated on a standard 
schedule* beyond the temperature of maximum expansion to 
that temperature where rapid shrinkage occurred. The linear 
changes were measured during the heat treatment. In this 
way each brick was given a special treatment to determine 
its maximum temperature of good resistance. The "tempera­
ture range of constant maximum expansion" (plus or minus 
0.1 per cent linear expansion) gives the maximum temperature 
of stability and usefulness. The "!em perature of the 45 o tan-

* McVay, T. N., Galbreath, W. W., Jr. and Allen, Dan: "Substitution of 
Kyanite, and Synthetic Mullite-Corundum for India Kyanite: IV", Jour. 
Amer. Ceram. Sec. 27, (9). September 1944, p. 281. 
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Figure 17. A large lump with about the a'!'erage amount 
of slag or discolored spots. The expansion during heating 
has caused the typical splitting into one longitudinal crack 
with six croas splits and numerous small cracks. 
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gent" which occurs after the expansion is that where the 
tangent to the plotted standard curve of linear shrinkage is 
approximately 45°*. Here the shrinkage under load has be­
come dangerously rapid. 

The standard pyrometric cone equivalent test gave a P.C.E. 
of cone No. 36-37, which again indicates a composition and 
refractoriness close to pure kyanite. 

Results. The data on the heat tr.eatments of 15 full-sized 
brick are given in tables 6, 7 and 8. Tables 7 and 8 are con­
tinuations of table 6 with respect to the successive treatments 
of the brick. For example, brick numbered 8 and 9 were 
molded of grog which had been calcined to 1400° and fired 
as brick to 1€.00° (table 6). These brick averaged 7.5 pounds 
with 29.4 per cent pore space. Number 9 was reheated to 
1600° (table 7) and because of 1.1 per cent volume shrinkage 
and a decrease in pore space, the equivalent weight of 101.25 
cubic inches of this structure increased to 7. 7 pounds. Num­
ber 8 was given the high-temperature load test (table 8). 
Where two or more brick have been given the same test, the 
data are averaged. Brick 4 was given a second reheat before 
its load test. 

TABLE 6:. Properties of Georgia massive kyanite and India 

kyanite-corundum brick after preheating 

Temp., oC. .;hdnkclr~e 

Porosity, Volume, Lh1ear, 
per cent per cent per cent Wt. std. 

Brick Grog Brick Particb fired dry dry brick, 
No. calc. preheat size volume volume length lb. 

1,2 1300 1600 B 35.7 28.31/ 10.51/ 6.7 
3,4 1400 1475 A 32.0 3.8 .21/ 7.2 
5,6,7 1400 1600 A 29.6 3.1 1.2 7.5 
8,9 1400 1600 B 29.4 5.6 1.2 7.5 
10,11,12 1500 1600 B 28.9 4.8 1.5 7.5 
13,14,15 1600 1600 B 26.2 3.4 .9 7.8 
India com. 2

/ 1500 A 24.8 .22 8.7 
India"; average grade 23.0 8.7 
India best grade 20.0 9.1 
India poorest grade 25.0 7.8 

l.jExpansion. 
2 ;Commercially calcined grog, brick of Norris manufacture. 
3 ;Six grades of commercially manufactured brick from four companies. 
*op. cit. 
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Figure 18. The worst slagged lump in the second or 
800-pound shipment. The black slagged portion was about 
l-inch deep. 
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TABLE 7. Properties of Georgia massive kyanite brick 
after reheating to 1600° C. 

Porosity, 
Shrinkage 

Volume, Linear, 

71 

per cent per cent per cent Wt. std. 
final reheat rchP.at brick, 

Brick No. volurn.e volume length lb. 

2 34.8 1.2 0.3 6.8 
3,4 28.2 4.9 1.2 7.6 
5,6,7 28.4 1.3 .2 7.6 
9 28.7 1.1 .3 7.7 
10,12 28.4 1.0 .4 7.7 
14,15 26.8 1.0 .2 7.9 

TABLE 8. Variable temperature-load tests on Georgia 
massive kyanite and India corundum-kyanite brick 

Brick Temp. range constant Max hot exp. per cent Temp. 45°, 
No. max exp., °C. reheat length tan., oc. 

1 1140-1290 1.3 1390 
4'/ 1230-1480 .7 1540 
6 1080-1480 .6 1540 
8 1230-1450 1.7 1570 

11 1190-1460 1.8 1510 
13 1215-1420 2.0 1570 
India• I 1420-1480 .08 1550 

" average'; 1180-1360 .08 1420 
" best 1170-1440 .05 1525 
" poorest 1150-1260 .19 1315 

ljHigh temperature load test after a second reheat test to 1600° C. 
2 ;Commercially calcined grog, brick of Norris manufacture. 
3 jSix grades of commercially manufactured brick from four companies. 

Discussion of Results.-In general, satisfactory "super-duty" 
refractories were made from the Georgia massive kyanite 
samples. 

Thorough scrubbing and cleaning of the original Georgia 
lumps did not remove the brown iron oxide stain or all the at­
tached low-melting minerals. Calcination was the best ap­
parent method for clearly distinguishing between the' kyan­
ite and associated flux material. With the preparation method 
used for these tests, 20 to 33 per cent loss can be expected 
from the calcined lumps in rough commercial sorting. The 
loss was greater with the small lumps having greater exposed 
surfaces than with the larger. It may be possible to so learn 
the original appearance of the impurities that hand cobbing 
of the boulders will remove a larger percentage of the im­
purities before calcining, but crushing to a certain size may 
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be necessary before cobbing. H~nd cobbing after calcina­
tion, although easier due to the softening and fracturing of 
the lumps, will probably lead to a greater loss because of the 
penetration of fluxes at the high temperatures. 

A coarse, compact, sturdy grog was obtained from the, 
Georgia mineral and was similar to that furnished by the·: 
fibrous and coarse. crystalline grades of India kyanite but not 
equal to the best India corundum-kyanite. Grog of the Geor­
gia massive quality has never been obtained from other do­
mestic kyanites by direct calcination of the original lumps. 
A coarse grog is desirable for quality of ware, ease of _manu­
facturing, and production of spall-resistant refractories. 

The Georgia massive kyanite grog was well bonded with 
10 per cent plastic Florida kaolin. The fine domestic kyanite" 
concentrates require a greater amount of clay bond with a 
consequent loss in refractoriness. 

Standard-size brick made from Georgia kyanite were light­
er in weight and had higher pore space than those made from 
the India corundum-kyanite. 

The sample brick when :fired to 1600° C. met the A.S.T.M. 
reheat specifications for superduty fire brick and it 1s prob­
able that they can be made sufficiently volume-constant to 
meet the Navy specifications. 

The load resistance of the Georgia kyanite sample brick 
at high temperatures was very satisfactory. 

Laboratory work to be done.-Brick firing or preheating to 
temperatures between 1400° and 1600° C. may be satisfac­
tory, but these tests have not been made yet at Norris. Com­
mercial brick are fired to 1600° C. (nearly pyrometric cone 
26) only for a few special refractories because of the diffi­
culties and cost in reaching this temperature in quantity pro­
duction. The India corundum-containing kyanite has a dis- . 
tinct advantage by attaining lower porosity, a greater weight 
per unit volume, and stability at lower firing temperatures. 
Tests should also be made of the spalling resistance of the , 
Georgia material. More brick are being prepared for the 
U.S. Navy tests at Philadelphia and for commercial firing and 
commercial service tests. 
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Figure 19. One-half of this lump split and fell off during 
firing leaving the white interior exposed. The top left por­
tion has fallen away in a pyroplastic fashion from a p osition 
of alignment with the central p innacle. 
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Recommendations. Although the above tests showed that 
the selected Georgia massive kyanite samples did :p.ot equal 
the best corundum-kyanite from India, they have indicated a · 
superiority to the domestic kyanite concentrates in manufac­
turing refractory shapes, and a stability at high temperatures. 
If such high-quality brick can be manufactured on a commer­
cial scale a desirable superduty product can be placed on 
the domestic market. The commercial development depends 
primarily on whether commercial quantities of selected, high­
grade, massive kyanite can be obtained. In the meantime, 
laboratory and commercial manufacturing tests should be 
continued. 
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