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IIlTRODUCTI01T •

This thesis, presented to the Facv.lt;y of the School of

Mines and :Metallurgy of the University of Missouri in partial ful­

fillment of the work required for the Degree of Master of Science in

Metallurgy, oontains a description of a part of a general investiga­

tion on the subject of the refractories used in the distillation of

zinc. This investigation has been in progress for the past eighteen

months at the llississippi Valley EXperiment Station of the united

States Bureau of Mines, Department of Commerce, in cooperation with

the School of Mines and Metallurgy of the university of :MissOtlri.

The first phase of this investigation had for its theme

the determination of the properties of the fire clays and body mix­

tures now used in the manufacture of zinc retorts.

The second phase deals vnth the co~ar~tive value of vari­

ous grog materials presenting possibilities of use in the rnanufacture

of zinc retorts.

The purpose of the third phase of the investigation is

the comparison of the properties of bodies made ~rom various clays

whiCh present possibilities of utilization for the manufacture of re­

torts for the dis;tlllation of zinc.

This thesis covers that part of the experimental work

which :has been completed on the third phase of the investigation.



BEd\SONS FOR THE IlnTESTIGATIOTI.

The co st of ret orts is a very important item in the dis­

tillation of zinc. The life of these retorts is very short in compari­

son to the life of refraotories used in other branches of metallurg7;

it varies from thirty to seventy-five days, and depends u~on many

factors, among vb.icn are the quality of retorts used, the properties

of the ore smelted, the kind of fuel used, ~ the type of retort

furnace.

A retort is about eight inChes in internal diameter, has

walls about one inch in thickness and is from fifty to sixty inches

in length; it is supported from the two ends only. It carries, be­

sides its own weight, a Charge of a hundred pounds of reduction fuel

and zinc are, distributed uniformly throughout its length. It is

heated to a maximum temperature of about 1400° C. on the outSide

(corresponding to a temFerature of 12500 to 13000 C. on the inside).

During Charging and disCharging the retort is subjected to meChanioal

shocks B.Ild strains of no small magnitude and to thermal changes due

to the fact that a stream of water is used for cleaning, and a cold,

damp cbarge is introduced into the retort wllen it is still at a yel­

low heat. In the distillation process more or less corrosive slags

are produced. and the retort must be able to resist their action at

high temperatures. The refractories used must produoe a non-porous

wall at elevated temperatures to prevent as far as possible the es­

cape of zinc va};X)rs and the entrance of furnaoe gases. Since it is

- 2



not likely that the absorption of zinc can be prevented, the retort

should be of &~Ch quality that this inevitable absorption will be a

minimum. The average zinc smelter contains from four thousand to

five thousand retorts, which are in continuous use when the smelter

is operating to full capacitji'.

The life of the retort has additional importance aside

from its initial cost, due to the fact that the absorption of zinc in

new retorts occasions an inwortant loss, and because of the loss in

cap, city that results during the first twenty-four hours after a new

retort is in the furnace (in some plants} before it is Charged.

Because of the rigorous conditions that zinc retorts

must meet and because of the large consumption in all zinc smelters,

the importance of high quality retorts at minimum cost is apparent.

MATERIALS USED •

The bond clays used in this investigation were collected

at the advice of Mr. G. A. Bole, Superindentent of the Ceramic Experi­

ment Station of the United states Bureau of Mines. In a general way

they are representative types of bond clays from clay producing dis­

tricts, located near the zinc smelting centers. However, no attempt

was made to secure every possible gradation among the various types

of clays because of the experimental difficulties that would be en­

tailed. A description of the olays us-ed together with the standard

grog which was used throughout thi s phase of the investigation is given

in tabulated form below.

- 3 -



I~boratory Number

1

2

3

4

5

7

8

9

10

11

12

1

o 1 a y s.

Descri-ption

ttA.tt Grade sagger clay from Hiclwry, BY.

Fire cl~ from salina, Pa.

Dilled Cheltenrlam fire clay; used as
a standard of comparison.

Plastic fire clay from Hayfield, Ky.

St. Louis fire clay

Black gumbo China clay, Poplar Bluff. Mo.

Fire cl~ from ;rellsville. Mo.

~iddle Vein fire olay from Joliet. Ill.

Grade 3 fire clay from Gordon, Ga.

Fire clay fram Trenton, N. J.

Fine blue clay from I:etuchen. N. J.

G r 0 g.

Broken saggers.

-4-



Body IvIixtures.

All body mixtures are based on percentage by weight of

the clays and grog used. Three body mixtures were made from each

clay with an increase of ten per cent in clay content in each Inixture

over tl~ lowest multiple of ten per cent that would mold successfully_

Two exceptions are to be noted, n@nely, with Clay No.2 whose plasti-

city was so low that the mixture of highest clay content would have

contained seventy per cent clay, Wl1ich was considered impractical,

and with Cl~ No.7 whose plasticity was so gre~t that a twenty per

cent mixture could be molded, but was also considered impractical.

A desoription of these is given below in tabulated form.

Laboratory Number
of Body :Mixture

1 - 3

1. - 4:

Laboratory Number
of Cla..y used

1

1.

Percentage of Clay used
(Difference is per cent grog)

30

40

1. 5 1. 50

2 - 5

2 - 6

3 - 3

3-4

:; - 5

4 - 3

4-4

4 - 5

5 - 3

2

2

3

3

3

4

4

4

5

- 5 -

50

60

30

4:0

50

30

40

50

30



5 - 4 5 40

5 - 5 5 50

6 - 3 6 50

6 - 4: 6 ~O

6 - 5 6 50

? - 3 "1 30

'7 - 4 '1 40

8 - 4 8 40

8 - 5 8 50

8 - 6 8 60

9 - 4 9 40

9 -.5 9 50

9 - 6 9 60

10 - 3 10 30

10 - 4: 10 40

10 - 5 10 50

11 - 3 11 30

11 - 4: 11 40

11 - 5- 11 50

12 - 3 12 50

12 - 4 12 40

12 - 5 12 50

It Will be noted tbat in the laboratory numbers of the

body mixtures the number preoeding the dash denotes the la.boratory num­

ber of the olay used and the number following denotes the per oent of

olay in the mix. the final zero being ~1tted•

... '6-



TESTS l~DE.

Unless otherwise noted all tests were made in accordance

with the standard methods outlined in the test oodes of the ..':lnerican

Society for Testing liaterials and the American Ceramic Society.

Chemical Analyses.

The material from vihicr.L the sample was taken was cruS-led

in a jaw crusher to pass a 6 mesh sieve. The sam.ole was coned and.

quartered to the amount desired and ground in ·an agate mortar to pass

a 65 mesh sieve. It \Va s then coned and quartered again; one-half was

reserved as a sample for the determination of the cone deformation

value and the other ha.lf was ground in an agate mortar to Juas a

100 mesh sieve and used for chemical analysis. On all the clays and

the grog the following was determined: Ignition loss, silica, alumina,

iron oxide, titania, lime, magnesia, NasO, and IraQ, as shown under

experimental results.

Cone Deformation Value.

The sample, :prepared as above noted, 'WaS molded into test

oones in steel molds to the size and Shape of the pyrometric cones as

manufaotured by Edward Orton, Juni or. The te st cones and pyrornetri 0

cones were mounted on a circular plaque of convenient size to insert

in the furnace used. Thi s mount iug was such that the troweled faoe

of both the test and pyrometric cones made an angle of seventy-five

degrees With the horizontal. The cone plaque composition was as fol­

lows:
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50 per cent - Nurnber 2 st. Louis plastic fire clay

25 per cent - Oalcined flint clay

25 per cent - Alund-mn cement.

In the deformation value determinations, Fulton's

grananular resistance furnace was used, a draVii.ng of which appears

as Figure 1. This furnace was operated by a motor generator set,

which permitted very accurate voltage control up to 125 volts. A

hole drilled in the bottom of the furnace pe~~itted, by means of nat­

ural draft, a. circulation of air, which was sufficient to maintain an.

oxidizing atmosj!here wi. thout appreciably cooling the furnace. The

cones were set on a cylindrical support, which held them approximately

in the middle of the tube, and which served to preheat the air before

it c&~e in contact with the cones. This air at the temperature of

the f'urnace passed around. the l:Jeriphery of th.e plaque. The rate of

heating was approximately ten degrees per minute after 8000 C. was

passed. The deformation value of a cone is indicated when the tip

bends over and touehes the plaque and is reported as the serial number

of the standard pyrometric cone which concurrently deforms.

Drying Shrinkage.

All body mixtures were pugged to a soft, plastic con~is­

tency in a laboratory pug mill. The pugged mixtures were allowed to

rot for about two weeks to inorease their workability. They were then

allowed to dry until in a condition to be properly molded. The fir­

ing behavior, transverse strength, sag, and spall tests were molded at

the same time. The test pieces for drying shrinkage were formed in a

- 8 -



Figure l.

Fulton's Grananulsr Resistance Furnace.
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steel mold; the size was one and one eighth inches by one and one-eighth

inches by one and seven-eighths inches. The .t?lastic volume was deter-

mined in a Schurecht overflow volumeter to the nearest 0.1 cubic centi-

meter; kerosene was used as the immersion fluid. ~fter determining the

plastic vo11une the pieces were dried with a cloth to remove the film

of kerosene and allowed to stand at room te~perature until air dry,

twenty-four to thirty-six hours. They were further dried at a temQera­

ture of l~Oo c. until constant weight \~s attained. Cooling v~s done

in a desiccator. The dry piece.s were then soaked in kerosene for twelve

hours and the dry volume obtained in a mercury volumeter, designed by

Prof. R. O. Jackson. This volumeter is shown in Figure 2.

In this volumeter a steel piston, carrying a rubber ring,

makes a mercury tight fit in a steel cylinder. Lugs fitting into sLots

provide for loCking the piston always in the same position. The dis-

placed mercury is forced up into a burette, which is fitted in a hole

in the piston. This burette is partially surrounded by a protective

brass cage. The bottom of the piston is cone-sb.a:,Ped to prevent the

trapping of air bubbles. The burette of sufficient height to contain

all the mercury displaced by the test pieces. Zero readings were taken

after each test piece was removed, rather than before its insertion,

so that any error due to mercurJ entering the pores would be eliminated.

This apparatus is suffioiently acourate, and the manipulation is simpit:e

and. rapid.

The per oent volume shrinkage was calculated as follows:

Per oent volume shrinkage = Plastic Volume - Dry volume
Dry Volume

- 10 -
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Figure 2.

Mercury Vo1umeter.
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Water of Plasticity.

The test pieae:s were identical in size and made in the

same manner as those :tor the drying shrinkage tests. The plastic

test piece was weighed on a balance to an accuracy of 0.01 gram,

dried according to the method outlined for the dr,ying shrinkage tests

and re-weighed with the sarre accuracy as before. The water of plas-

ticity was calculated as follows:

Per oent Water of Plasticity = Plastic weight - Dry weight x 100
Dry weight

Firing Behavior.

The test pieces were formed and. the dry volume was deter-

mined as desoribed under drying shrinkage. The test pieoes were then

plaoed in a kiln, a view of whioh is shown in Figure 3. This kiln bas

provisions for both oil and gas firing; gas was used for temperatures

obelow 1000 C. The temperature distribution was sufficiently uniform

throughout ~he kiln. The temperature was oontrolled by both Orton oones

and by nOQle metal thermocouples, but reported in degrees Oentigrade.

The heating rate was 50° c. per hour. Test pieces were burned at

800 0 C., 1000° C., 1100° C., 1200° C., 13000 C., and 1400° C. After

burning they remained in the furnaoe until 0001 enough to handle;

they were then plaoed in a desiooator. After oooling to room tempera-

ture the fired weight was determined. to an accuracy of 0.01 gram on &.

balance. The weighed test pieces were then boiled for two hours in

distilled water and,atter cooling to room temperature in the water, the

saturated weight was determined on a balance to the same accuraoy as be-

fore.

- 12 -



~igure 3.

Test Kiln.



The fired volu~e of the same test pieces was then deter-

mined on the mercury volumeter as described under drying shrinkage.

The following data were then calculated as indicated:

Per cent Porosity = saturated fired weight - Fired weight

Fired volume
x 100

Per cent Volume Change = Dry volume - Fired volume x 100
Dry volume

Per cent Absorption = saturated fired weight - Fired weight x 100
Fi red we ight

~ransverse Strength.

The samples used to determine transverse strength were

formed in a steel mold and measured one inch by one inch by seven

in~1as. These test pieces were dried by the standard method desoribed

before; oare was taken during the air drying period to turn the test

pieces every twelve hours to prevent warping. The test pieces were

broken on a machine as shown in Figure 4. For this test the pieces

were supported on knife edges ot one-fourth inch radius and measuring

five inches f'rom oenter to oenter. The beam, on which the load was

applied, carried a third knife edge, also of one-fourth inch radius,

which rested on the test piece midway between the other two knife edges.

Shot was used to supply the weight for breaking and was slowly fed in-

to the container carried on the end of the beam. The depth and width

ot the piece at the break were measured, together With the breaking

load in pounds. The modulus of rupture was calculated as follows:

.. 14-



Figure 4.

Transverse Strength Testing Machine.
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II'lodulus of Rupture :: Breaking load :x: Span of knife edges x 3
Breadth of bar x Depth of bar x 2

Soreen Analysis.

The screen analysis of the standard grog used was deter-

mined as part of another investigation and is given under experimen-

tal results. lro screen analysis vvas run on the clays which were all

crushed to pass a six mesh screen.

EXPERINI.EN"TJ.L RESULTS.

On the following pages will be found the tabulated results

of the tests made on the various clays and body mixtures, together

with curves, whiCh were plotted from these results.
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Table I.

Analyses And De:f'ormat ion Points of Clays and Grog.

t Cla.y Ignition Deformation

Number loss 3i02 Al203 Fe20s TiOa caO MgO ~Ta20 K20 Point (Or-
ton cone)

1 11.18 53.14 31.32 0.76 2.31 Trace Trace 0.0 0.25 32 - 33

2 t 10.66 48.81 33.03 1.10 2.51 Trace -0.75 0.22 1.70 30

3 11.18 53.07 29.56 1.96 1.42 0.79 .63 .16 .25 28 - 29

4 7.81 66.02 21.84 .76 1.86 Trace .15 0.0 .47 29

5 9.09 62.92 23.46 1.87 1.31 Trace .33 0.0 .25 28

7 17.07 160:..29 19.37 .94 .92 Traoe Traoe 0.0 .32 29 - 30

8 10.63 55.18 21.89 1 2.87 1.41 Traoe .30 .16 .95 30 - 31

9 9.36 59.16 25.10 2.08 1.36 Trace .61 .13 1.43 27- 28

10 14.0'1 45.9'1 36.79 1.24 1.22 Trace .34 0.0 Trace 33 - 54

11 9.30 62.18 24.13 1.44 1.21 Tra.ce .36 0.0 1.24 30

12 12.79 49.91 32.68 2.30 1.62 Trace Trace 0.0 .10 32

Grog
~To. 1 .21 62.66 32.34 1.35 1.S7 .56 .23 0.0 .55 30 - 51
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Table II.

Chemical Analyses of Body IJfixtures.

J-,aboratory Percentage of
Chemical

Number of Grog Analyses

Body content,
~~R~-

f

Mixture Balance clay 8102 AlzOs Fe20s TiOa Ca.D MgO Us-aO KaO

1 - 3 I 30 3.71 59.80 32.03 1.17 2.00 0.39 1 0.16 0.00 0.46
1 - 4- 40 4.88 58.85 31.93 1.11 2.05 .34 .14 0.00 .43
1 - 5 50 6.45 57.90 31.83 1.06 2.09 .28 .12 0.00 .40

2 - 5
f

50 5.44 55.74 32.69 1.53 2.22 .28 •49 l .11 1.13
2 - 6 60 6.48 54.35 32.75 1.56 2.29 .22 .54 .13 1.24

3 - 3 30 3.50 59.78 31.51 1.53 1.74 .72 .35 .05 .46
3 - 4 40 4.60 58.82 31.23 1.59 1.69 .74 .39 .06 .43
3 - 5 50 5.70 57.87 30.99 1.66 1.65 .77 .43 .08 .40

4 - 3 30 2.49 63.67 29.19 1.17 1.86 .39 .21 0.00 .53
4 - 4 40 3.25 64.00 28.14 1.11 1.86 .34 .20 0.00 .52
4 - 5 50 4.01 64.34- 27.09 1.06 1.87 .28 .19 0.00 .51

5 - r.z: 30 2.67 62.74 29.67 1.51 1.70 .39 .26 0.00 .46v

5-4 40 3.76 62.76 28.78 1.56 1.65 .34 .27 0.00 .43
5 - 5 50 4.65 62.79 2.7.89 1.61 1.59 .28 .28 0.00 .40

I

7 - IX 50 5.27 61~95 28.45 1.29 1.59 .39 .16 0.00 .48v

7 - 4 40 6.96 61.71 27.15 1.19 1.49 .34 .14 0.00 .46

8 - 4 40 4.38 59.. 67 30.56 1.96 1.69 .22 .26 .06 .71
8 - 5 50 5.42 58.92 30.12 2.11 1.64 .28 .27 .08 .15
8 - 6 60. 6.46 58.17 29.67 2.26 1.59 .22 .27 .10 .79

1
9 - 4 40 3.87 61.26 29.44 1.64 1.67 .34 .38 .05 .90
9 - 5 50 4.79 t)O.91 28.72 1.12 1.62 .28 .42 .07 .99
9 - 6 60 5.10 60.56 28.00 1.19 1.56 .22 .46 .08 1.08

10 - 3 30 4.37 57.65 33.68 1.32 1.68 .39 .26 0.00 .39

10 - 4: 40 5.'15 55.98 34.12 1.31 t 1.61 .34 .27 0.00 .33

10 - 5 50 7.14 54.32 34.57 1.30 l 1.55 .28 .28 0.00 .28

11 - Z 30 2.94 62.52 29.88 1.38 1.67 .39 .27 0.00 .76
11 - 4 40 3.85 62.47 29.06 1.39 1.61 .34 .28 0.00 .83
11 - 5 50 4.76 62.42 28.24 1.40 1.55 .28 .29 0.00 .90

12 - 3 30 3.98 66.a5 32.44 1.64 1.80 .39 .16 0.00 .42
12 - 4 40 5.24 57.56 32.48 1.73 1.77 .34 .14 0.00 .37
22 - 5 50 6.50 56.28 32.51 1.83 1.75 .28 .12 0.00 .33
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Table III.

\Vater of Plastici.ty and Drying Shrinkage of Body :ri:ixtures.

BoQy ll1ixture jDrying Shrinkage Water of PlaS[city
(Per cent)(Per cent)

1 - 3 6.96 17.06
1 - 4: 7.97 19.50
1 - 5 10.97 20.24

2 - 5 6.81 16.16
2 - 6 9.28 16.83

3 - 3 3.40 14.69
3 - 4- 8.50 15.17
3 - 5 8.86 16.28

4 - :3 5.47 14.68
4-4 8.25 14.30
4-5 8.51 16.82

5 - :3 2.37 12.18
5 - 4: 6.68 13.50

." - 3 7.19 14.57

." - 4 7.17 19.56

8 - 4 7.73 14.18
8 - 5 9.65 15.78
8 - 6 9.04 16.01

9 - 4 7.55 15.55
9 - 5 10.24 17.38
9 - 6 9.22 17.92

10 - 3 5.58 19.74
10 - 4: 9.57 20.65
10 - 5 10.64 22.55

11 - :; 6.43 18.19
11 - 4: 9.35 18.10
11 - 5 10.71 20.74

12 - 3 5.56 18.76
12 - 4 11.07 22.30
12 - 5 11.84 24.02
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Figure 5.

Wa.ter of Plasticity and Drying Shrinkage of Body Mixtures.
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Table IV.

Firing Behavior of Body Mixtures.

{LabOratOry Temperature
~Yumber of of firing, Volume Shrinkage Porosity Absorption

Body Degrees (Per cent) (percent) (Per cent)
Mixture Centigrade .

800 0.00 30.00 16.39
1000 1.30 30.31 16.47

1 - 3 1100 1.20 29.37 15.90
1200 2.00 28.84 15.50
1300 2.94 27.70 14.82
1400 5.78 24.11 12.49

I 800 0.15 31.15 17.34
1000 0.72 31.40 11.77

1 '- 4 1100 1.51 31.45 17.67
1200 3.76 29.08 15.78
1300 5.22 27.83 14.81

t 1400 8.71 22.97 11.76

800 0.00 33.11 18.63
1000 1.58 32.67 18.29

1 - 5 1100 4.45 30.89 16.85
1200 6.69 29.04 15.54

I 1300 8.10 27.98 14.15
1400 14.93 20.81 10.10

800 0.00 29.14 15.84
1000 1.14 29.36 15.81

Z - 5 1100 2.71 27.98 14.74
1200 4.08 25.17 13.00
1300 4a95 20.87 10.70
1400 5.60 16,.91 8.62

800 0.00 29.24 15.86
1000 2.06 29.13 15.68
1100 3.83 27.90 14:.60

2 - 6 1200 6.37 23.29 11.78
1300 6.67 18.78 9.49
1400 6.12 14:.91 7.57

800 0.00 27.10 14.41
1000 .67 27.27 14.31
1100 .27 27.02 14.18

3 - 3 1200 .83 26.16 13.65
1300 1.03 26.09 13.61
1400 4.12 22.06 11.42

(Oontinued on next page).
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Table IV (Continued).

L::1boratary Temperature
AbsorptionINumber of of firing Volume Shrinkage Porosity

Body Degrees (Per cent) (Percent) (Per cent)
Mixture Centigrade

800 0.00 28.15 15.00
1000 1.06 28.46 15.07

3 - 4
1100 1.00 27.97 14.81
1200 1.52 27.04 14.23
1300 2.09 25.47 13.18

I 1400 4.24 21.86 11.16

I 800 0.00 28.53 15.27
1000 1.02 29.44 15.75

3 - 5
I 1100 2.35 28.28 14.88

1200 3.30 26.98 13.99
1300 I 4.78 24.49 12.56
1400 7.04 21.22 10.64

800 0.00 25.30 13.28
1000 .40 24.40 13.27
1100 .07 27.20 14.02

4 - 3 1200 .68 25.41 13.26
1300 1.48 25.09 12.92
1400 4.03 22.04 11.01

800 0.00 27.00 14.22

I 1000 0.00 27.85 14.58

4 - 4
1100 .47 27.36 14.26
1200 1.73 25.42 13.10
1300 2.41 24.41 12.48
1400 4.81 t 20.63 10.23

800 0.00 28.56 15.32
1000 0.00 29.37 15.63

4 - 5
1100 1.17 28.51 15.08
1200 2.91 26.72 13.87
1300 3.24 25.95 13.44
1400 7.37 19.65 9.66

I 800 0.13 24.84 12.76
1000 .47 25.99 13.45

5 - 3
1100 .07 24.82 13.03
1200 .41 25.16 12.87
1300 1.33 23.28 .11.78
1400 3.82 19.93 9.85

(Cont inued on next page J•
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Table IV {Continued}.

Laboratory Temperature
l'Tumber of of' firing Volume Shrinkage Porosity Absorption

Body Degrees (per cent) (Percent) (Per oent}
Mixture Centigrade

t
800 0.00 25.39 13.07

1000 .33 25.34 12.94

5 - 4:
1100 .39 24.70 12.52
1200 , .93 24.87 12.63

f 1300 1.93 22.65 11.37
1400 3.69 20.09 9.93

800 0.00 26.44 13.75
1000 .60 26.66 13.76

5 - 5 1100 1.55 26.16 13.46
1200 1.89 25.31 12.93
1300 3.30 23.02 11.55
1400 5.28 20.44 10.06

800 0.00 32.66 18.60
1000 .33 32.49 18.33

7
1100 .57 32.20 18.14- 3 1200 1.00 31.00 17.40
1300 2.19 30.12 16.68
1400 4.56 26.44 14.33

I 800 0.00 35.60 21.15 I
1000 .88 35.80 21.18

7 - 4 1100 1.08 34.86 20.42
1200 2.19 32.65 18.97
1300 3.61 32.14 18.27
1400 6.09 29.77 16.63

800 0.00 26.28 13.69
1000 1.00 26.63 I 13.79
1100 1.44 26.08 13.40

8 - 4: 1200 2.57 24.17 12.28
l 1300 3.23 23.40 11.81
I 1400 6.06 18.78 9.18

800 0.00 27.09 14.19
1000 1.15 28,,51 14.99
1100 2.69 27.18 14.17

8 - 5 1200 4.36 24.68 12.51
1300 5.56 23.22 11.60
1400 8.46 17.41 8.46

(Continued on next page).
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Table IV (Continued}.

lLaboratOry \TeIlIPerature
Volume Shrinkagel ?orosityNumber of of firing, Absorption

I Body Degrees (Per cent) I (Per oent) (Per oent)
I Mixture Centigrade

800 0.00 27.98 14.84
1000 1.80 25.58 15.00

8 - 6
1100 3.09 27.12 14.07
1200 I 5.19 24.39 12.29
1300 8.08 20.07 9.83
1400 9.35 15.69 7.54

800 0.00 28.56 15.45
1000 .94 28.82 15.37

9 - 4
1100 1.20 27.78 14.69
1200 3.43 24.94 12.83
1300 4.46 22.08 11.23
1400 7.38 18.10 8.98

800 0.00· 29.75 16.20
1000 .93 29.80 16.05

9 - 5 1100 2.56 2S.40 15.06
1200 6.16 23.99 12.22
1300 6.46 22.09 11.19
1400 9.39 16.78 8.26

t 800 6.00 29.36 15.90
1000 1.65 29.33 15.61

9 - 6
1100 3.45 27~68 14.48
1200 7.28 22.72 11.44
1300 9.45 lS.05 8.87
1400 11.23 14.60 7.05

800 0.00 33.65 19.47

I 1000 1.03 34.22 19.64
1100 1.51 32.60~i 18.45

I
10 - 3 1200 2.64 31.14 17.36

1300 4.64 29.98 15.75
1400 6.08 25.18 13.46

800 0.00 33.87 19.69
1000 1.31 34.44 19.84
1100 3.31 31.59 18.01

10 - 4 1200 5.00 30.49 16.81
1300 6.51 29.73 16.20
1400 8.02 27.55 14.75

(Continued on next page).
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Table IV {Continued}.

Laboratory Temperature
Number of of firing, Volume Shrinkage Porosity A.bsorption

Body Degrees (Per oent) (Per cent) (Per oent)
1'.Iixtare Centi~rada

800 0.14 35.75 21.38
1000 1.18 36.34 I 21.52

10 - 5 1100 4.'12 34.04 I 19.58
1200 6.11 31.21 ! 17.44
1300 9.38 29.75 16.25
1400 10.92 27.26 14.68

!
800 t 0.00 30.29 16.69

1000

I
.40 30.98 17.03

11 - 3 l 1100 .. 67 50.43 16.69
1200 1.65 28.08 15.16
1300 2.78 27.25 14.62
1400 7.04 21.36 10.88

800 0.00 31.48 17.69
1000 .51 32.37 18.08

11 - 4:
1100 1.55 30.S0 16.00
1200 3.05 29.06 15.'11
1300 4.99 25.91 13.65
1400 7.82 21.74 11.14

800 0.00 32.84 18.71
1000 1.37 33.58 19.06
1100 2.78 31.42 17.36

11 - 5 1200 5.40 28.07 15.12
1300 8.25 25.67 13.60
1400 9.81 23.54 12.14

800 0.00 32.60 18.48
1000 .44 32.72 18.47
1100 1.37 . 31.68 17.67

12 - 3 1200 1.66 31.32 17.34
1300 2.-4.1 30.37 16.'18
1400 5.10 25.84 13.80.'.

( Continued on next page).
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Table IV (Continued).

I

IPorosity /Absorption
,LaboratOry/ Tem.perature

number of f'iring. Volume Shrinkage
1 of Body I Degrees (Per cent) l·(Per cent) {Per cent}
~1axture i Oenti~rade

I
800 0.00 34.84 I 20.50

1000 1.08 35.49 20.81

12 - 4 1100 1.51 34.28 19.87

I 1200 3.45 33.49 19.17

I 1300 4.50 31.60 15.77

I ( 1400 8.32 26.96 14.59

1
I 800 0.00 36.15 21.55

I 1000 1.65 36.04 21.24

12 - 5 I 1100 I 3.03 34.95 20.32

I 1200 6.16 I 32.70 18.35
1300 6.62 31.85 17.83
1400 10.45 28.43 15.26 !

I

- 26 -



Table IV (Continued).

I

IPorosity /Absorption
,LaboratOry/ Tem.perature

number of f'iring. Volume Shrinkage
1 of Body I Degrees (Per cent) l·(Per cent) {Per cent}
~1axture i Oenti~rade

I
800 0.00 34.84 I 20.50

1000 1.08 35.49 20.81

12 - 4 1100 1.51 34.28 19.87

I 1200 3.45 33.49 19.17

I 1300 4.50 31.60 15.77

I ( 1400 8.32 26.96 14.59

1
I 800 0.00 36.15 21.55

I 1000 1.65 36.04 21.24

12 - 5 I 1100 I 3.03 34.95 20.32

I 1200 6.16 I 32.70 18.35
1300 6.62 31.85 17.83
1400 10.45 28.43 15.26 !

I
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Figure 6.

Volume Shrinkage of Body 11ixtures.
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Figu.re 7.

Porosi ty of Body Mixtures.
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Figure 8.

Absorption of' Body Mixtures.
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Figure 8.

Absorption of' Body Mixtures.
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Table v.

Modulus of' Rupture of', Body Mixtu.res (pOunds per Square Inoh).

Body Temperature of' Burn

Mixture 800 0 C. 1000° c. 1200° c. 14000 c.

1 - 3 254 541 1034 1251
1 - 4 262 571 1046 1256
1 - 5 326 615 1062 1477

2 - 5 252 803 1094 1473
2 - 6 246 810 1243 1698

3 - 3 340 794 959 1136
3 - 4 331 630 931 1015
3 - 5 368 720 1062 1127

4 - 3 273 711 1133 1372
4-4 257 693 1109 1367
4 - 5 264 601 1245 1361

5 - 3 357 712 1033 1407
5 - 4 350 606 1004 1289
5 - 5 3'10 595 988 1244

7 - 3 80 225 502 570
7 - 4 91 181 595 839

8 - 4 308 626 1339 1875

8 - 5 359 667 1568 1782
8 - 6 367 501 1432 1841

9 - 4 258 615 1488 1900
9 - 5 269 603 1344 1708
9 - 6 303 771 1672 1959

10 - 3 217 499 764 796

10 - 4 261 487 801 809
10 - 5 236 439 673 698

11 - 3 185 361 899 1149

11 - 4 184 437 836 1089

11 - 5 203 444 997 1358

12 - 3 169 271 589 842

12 - 4 186 368 700 824

12 - 5 189 362 813 930
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Figure 9.

Modulus of Rupture of Body Mixtures.
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Figure 10.

Modulus of Rupture of Bodies.
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Table VI.

Screen Analysis of Grog.

92.64

90.54

2.10

3.15

Mesh Number Per cent Cumulative
Per cent

On6 mesh 0.58 0.58

On 8 9.59 10.17

On 10 17.30 27.47

On 14 14.27 41.74

On 20 10.37 52.11

On 28 11.30 63.41

On 35 8.50 71.91

on 48 6.37 78.28

1
On 65 5.17

\
83.45 t

1 II On 100 3.94
1

87.39
I

I
\ On 150

I On 200

~hrOugh 200
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The results o~ the tests that have been described may be

summarized under the heads of clays and body mixtures.

CIa y s.

Chemical analyses of the clays investigated show a Wide­

ly varying alumina-silica ratio, but very little variation in the

other constituents. There is no apparent relation between the chami­

oal analyses and the defornRtion values. The latter range between

Cone 27-28 and Cone 33-34.

The plasticity of seven o~ the clays permitted making

the body mixture of lowest clay content of thirty per cent clay.

Clays No~ 8 and 9 possessed a slightly lower plastioity than the aver­

age. Clay No.2 possessed very little plasticity, necessitating

fifty per cent of clay in order that the mixture could be successfully

molded. A body mixture made from twenty per cent of Clay No. 7 could

be molded but was considered impractical.

Body Mixtures.

There was oonsiderable variation in the water of plasti­

city reqUired. In the body mixtures of highest clay content it ranged

:tram 14.5 to 24 per cent. Experimental results did not show a propor­

tionate decrease in the water of plasticity for body mdxtures of lower

clay content in all cases.

The drying shrinkage in the body mixtures of high clay oon­

tent varied from 8 to 12 per cent with the medium clay content mixtures

closely following. However, the drying shrinkage of the body mixtures of

low clay oontent was considerably lower,being between 2 and 8 per oent.
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The modulus of rupture of body mixtures fired at 1400° c.

ranged f"rom '700 to 2000 pounds };er square inch. The values for the

same body mixtures fired at 1200° G. t 10000 C., and 8000 C. were very

nearly proportionately lower. The fired modulus at 8000 C. never ex­

ceeded 400 pounds and averaged about 250 pounds per square inch.

Variation of the clay content in the bodies had little effect on the

fired modulus of rupture.

The volume shrinkage of body mixtures fired at 8000 c. was

neg1igible. Shri:nkage became neasurab1e at 10000 c. and increased

gradually through the temperatures of 1100° C. t 1200° C., 1300° C. and

14000 C. The greatest increase in most cases was between 1300° C. and

14000 C. The values at 14000 C. ranged from 3.6 to 11.2 per cent.

One value of 14.6 per cent was probably erroneous.

Porosity and absorption for the 'farious body mixtures

followed each other ver.y closely. Both were a minimum on the test

pieces fired at 1400° c. and the maximum value came a.t 10000 c.

Porosity at 1400° C. ranged from 14.3 to 30 per cent, while the ab­

so~tion values at the same temperature were between 7 and 16. 5 per

cent.
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COMPAi1ISONS.

Since this thesis covers only a part of the investiga­

tion--the comparison of various cl~s for zinc retort manufacture-no

conclusions will be drawn. However, several comparisons may be made

on the basis of those properties, which have already been determined.

Clay :To. 3-St. Louis Cheltenham-,due to its widespread use for zinc

retorts, was used as a standard of comparison.

1. The defomation values of all clays tested exceeded

tba t or the standard., except Clays :Jo. 5 and 9.

2. The water of plasticity of body' mixtures from Clays

}!o. 4, 5, 7 and 8 is equal to or slightly lower than

that of the standard. Body mixtures made from

Clays No.9, 2, 1. 11, 10 and 12 require more water

in .the order given over the standard.

3. The drying shrinkage of body mixtures made from

Clays No.4, 5, and 7 is less than those contain­

ing the standard clay, while the remai nder of the

bo<\v mixtures have a greater dry'ing shrinkage.

4. The modulus of rupture of body mixtures fired at

either 800 0 c. or 10000 O. admit of little com­

parison. However, when fired at 1200° c. and.

1400° c. the modulus of r~pture of body mixtures

made from Clays ]\fa. 7, 10, and 12 show a value

lower than the standard, from Clay Iro. 11 approxi­

mately equal, ani from Cl::ws lTo. 1, 5, 4, 2, 8
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and 9 higher values in the order given.

5. The volume shrinkage of body mixtures made from

all clays with the exception of Clay 1:10. 5, in

gener.al exceeds that of the standard.

6. The porosity and absorption of body mixtures made

from Clays l~o. 4, 9, 8, 5, and 2 are approxi.­

rnately equal to or less than the standard, while

the body mixtures made from Clays No.1, 11, 7,

10, and 12 are higher than the stand.a.rd in both

porosit.y and absorption.
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