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PREFACE.

This thesis is presented to the faculty of the School
of MNines and lletallurgy of the University of Illissouri in partial
fulfillment of the work required for the Degree of lletallurgical
Engineer. It describes experiments carried on at the YMississipel
Va.ley Experiment Station of the United Ltates Bureau of llines,
coopersting with the School of Mines and letallurgr of the
University of lissouri, which had for their purpose the develop-
ment of a "granular briguet resistance furnsce" for the electro-

thermic dry distillation of zine ores.

I am greatly indebted to Lr. Charles H. Fulton, Director
of the School of iines and Metallurgy and Mr. B. M. O'Farra, Acting
Superintendént of the Bureau of l'ines station, under whose direction
the work was carried on, for thelr permission to make use of the

data obtained.



A GRATULAR BRIQUET RESISTANCE FURMNACE FUR THE
ELECTROTHERMIC DRY DISTILLATION OF ZINC OREZ.
By

William Xahlbaum.

INTRODUCTION.

The work here described had for its purpose the develop-
ment of a granular brigquet resistance furnace for the electrother-
mic dry distillation of zinc ores.

The history of electric furnaces for the reduction of zinec
ores dates back to 1885, at which time B. H. and A. H. Cowles first
sngoested a design for an electric furnace for that purpose.

Their attention was soon directed to other uses for their furnace
and nothing further of importance was done in thne electrotnermic
smelting of zinc ores until about 1900. Since that time experiments
have been made with numerous types of electric zinc smelting fur-
naces with little success. There are, however, furnaces operating
in Norway and Sweden on & paying basis; their success is partly due
to their naving very cheap power available. It is doubtful if they
would be commercially successful in America;wnere power is much

more expensive}because their power consuwmption is high. In America

lU. 5. Patent M¥o. 319,795.




the Fulton? process 1s the only one whicihh gives promise of develop-
ing into a commercially successful process. Briefly the Fulton
process consists of the following steps: Oxidized zinc ore and
crushed coke are briguetted witn coal tar pitecih as binder. The
composition of tne briquets varies with taoe nature of the ore;

as a rule tiie composition is 100 parts ore, about 70 parts coke
and 18 to 25 parts of piten.

The briguets are baked at a temperature of 500°t0 600° C.
to drive off volatile hydrocarbons; the baked driquet is an elec-
trical conductor, but only to such a degree that it can be used
as & resistor by making it a part of an electrical circuit. By
using it as an electric resistor in this mammer it is heated by an
electric current and the zinc is distilled. During this operation
the briquet charge is covered by a movable retort and the zinc

vapor and carbon monoxide are conducted to a condenser.

zFulton, Chas. H., Electric resistance furnace of large capacity
for zinc ores; Trans. A. I. ¥. ., Sept. 1919.

Spor a complete bibliography on the electrothermic metallurgy of
zinc and a description of the most important electric zinc fur-
naces see: Q'Harra, B. Il., Bibliography on the electrothermic
metallurgy of Zinec; Bull. Iiissouri School of l.ines and IL.etallurgy,

Vol. 6, Lio. 2, Laren, 1922; See also, O'Harra, 3. IL., The electro-
thermic metallurgy of zine, U. S. Bureau of iines 3ull. 208, 1923.




REASONS FOR UNDERTAKING THE DEVELOPMENT OF A GRANULAR BRIQUET FURNACE.

In the Fulton process large cylindrical or prismatic
briquets o: uniform size are used, being set up end to end to
form a continuous resistor of uniform cross section. These large
briquets must be made in a hydraulic press, and their setting up
to form a comtinuous resistor requires considerable hand labor.
The experiments described in this paper were undertaken in an ef-
fort to develop a furnace that would make use of the same principles
as tihe Fulton furmace but that would enable small egg-shaped or
similar small briquets to be used; such briquets can be made in a
"roll presst, such as is in common use for making coal briqguets,
more cheaply than the large briquets required in the Fulton furnace,
and, with a furnace supn as those to be described, can he charged

to the furnace and discharged from it with a minimum amount of labor,

EXPERIVENTAL INVESTIGATION.

The Briguet:

In briguetting roasted ore, reducing agent and binder,
an intimste mixture is formed. The ore particle is in contact with
a particle of reducing agent and both are surrounded with a film of
binder, thus forming & coherent mass of all the particles. The
briqﬁet thus made will preserve its form and be practically of the

same volume after the extraction of metal as it was before. Should



the briguet collapse during the distillation process the fines
formed will sift to the bottom of the furnace, causing a region
of very low resistance. This causes the upper part of the charge
to cool and tends to condense the zinc vapor therein and allow
only part‘cf the zinec vapor and carbon monoxide to escape into the
condenser.

Enough excess reducing agent {coke) must be used to re-
duce all of the reducible oxides in tne ore and leave an amount suf-
ficient to give tne briquet the requisite stability and electrical
conductivity.

The size of the ore used in the briguets, within a reason-
able limit, has little effect on the strength of the briguet or on
the extraction of the zine. Ore that passes tanrough a 10-mesi screen
and 86 per cent of which is coarser than 35-mesh shows practically
no difference in the results, as compared with ore all of waich
passes tarough a 200-mesh screen.

The size of tne coke has a strong influence upon %he
strength of the briquet; fine coke making a muca stronger briguet
than coarse coke. Coke that passes through a 10-mesh screen is a
very satisfactory size for making strong briquets.

The character of the coal tar pitch is very important.
The chief points to be noted in selecting a pitch for briquetting

purposes are, the character of the ccke left after the distillation



of the volatile matter, the percentage of coke remaining after dis-
tillafion, and the melting point of the pitch. In general, a high
melting point piteh, 170° to 200° C., leaving 50 to 60 per cent of
good firm coke is best.

Size of Briquets:

The size of the briguets used in tne charge of the fur-
naces, for the most part, comnsisted of approximately one-inch cubes.
Due to the lack of apparatus for making briguets of the reguired
size, large briguets were made and then crushed to the size desired.
In most of the experiments all material which passed througn a one-
half inch screen was rejected and constituted the sample for chemi-
cal analysis, while that which remained on a one-half inch screen
and passed through & one and ome~half inch screen formed the charge.

lletnod of llaking the Briquets:

The composition of the briquets used in all of the experi~
ments was 100 parts roasted zinc concentrate, 70 parts of minus
10-mesh coke and 25 parts of coal tar pitch. The method employed
in making the briquets was as follows: The ore and coke were first
mixed thoroughly, then heated with the pitch on a large hot plate,
to between 175% and 200° C., or until yellow fumes appeared from
the pitch. Tie ore and coke mixture was spread on fhe hot plate
and the pitech placed in the center of the charge. After the pitch

had melted the entire mass was thoroughly mixed. It was then



moulded into briguets 3" x 4" x ™, the material being comuwressed
by means of a large screw jack hand press shown in Figure 1.

This press was later replaced by a hydraulic press shown
in Figure 2. ©The pressure varied from 500 to 1B00 pounds per
square incn; & 1500-pound pressure per square incun producing the
best briguet.

Baking the Briguets:

The purpose of baking the briguets is to coke the pitch.
The raw briquets were placed in the carbon resistance furnace
snpown in Figure 3, and gradually heazted for a neriod of eight hours.
A%t the end of this time the briguets had attained a temperature of
about 500° to 600° C. The briquets must be kept from oxidizing
d&ring the baking; that is, taey must be under neutral or reducing
conditions. The baked briguets were then crushed to the desired
size by hand or by putting them through a Blake crusher set to

crush to a very coarse size.

Description of Furnaces ond Results Obtained:

Furnace A: The first furnace was hurriedly constructed
for the purpose of ascertaining, in a general way, whether suffi-
cient current could be passed through a granular charge of briyuets
to furnish enough neat to distill the zinc. The furnace had two
12" x 12" x 1" carbon plates placed twelve inches apart. Into the

center of the face of the carbon plates two-inch earbon rods, of the



Figure 1. Hsnd Briguet Press.
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Figure E. Hydraulic Briguet Press.



Figure 3. Carbon Resistance Baking Farnace.



proper length, were screwed, so that they would exténd besyond the
brick work. On the ends of tne rods the electrode holders and

coolers4

were clamped, to which the cables from the current trans-
formers were fastened. The sides and bottom of tihe Turnace were
laid up of fire brick. The walls were laid up so as to extend one
ineh above the carbon plates. The outer faces of the carbon plates
were protected by a wall of fire brick to prevent them from being
oxidized. Into one of the furnace walls, between the electrodes,
an ordinary zinc¢ retort condenser was fitted and the entire farnace
surrounded witn a wall of insulating dbricke A fire-clay slab, on
top of which insulating brick was placed, was used for a cover.

The furnace was charged and discharged tiorough the top opening.

In the first run made, tne charge consisted of briguet
matericl which would all pass through a one-half inch screen. In
order to start the current through the cold charge it was found
necessary to distribute a small amount of powdered graphite through-
out the charge. This charge was allowed to operate for eleveﬁ hours
and forty-five minutes with an average power inmput of 14 K. V. at
25 to 35 volts. Some liquid zinc was obtained, the greater part of
the recovery was blue powder. Upon opening the furnace, after dis-
tillation, it was evident that the charge was too fine, as indicated

by not spots, due to the unequal distribution of the fine material.

4Jackson, R. 0., U. S. Patent No. 1,242,554.

= 10 -



o zinc recovery data was taken four this run, but it
proved that a granular charge of briguets could be distilled. Two
runs followed, the charges consisting of one and one-half inch and
one-inchn cubes respectively, with zll of tie minus one-half inch
material .emoved. These charges were allowed to operate for eight
hovrs and thirty minutes each, with an average power input of
15 ¥ /. at 60 voltse ¥o trouble was experienced in meintainiung
& constant flow of current. The two runs operated very success-
fully and showed that small briquets, free from fine material,
could be made to work successiullyv. The results obtained with this
furnace are given in Table I.

It was decided at this Jjuncture that all charges would be
mzde up of minus one and one-half inch plus one-half inch mesh
briquets and the briguets used in all of tae following experiments
were of tuis size unless otherwise specified.

Furnace B: The results obtained from these two ruans led
to the remodeling and ernlarging of the furnace, the carpon plates
being placed 24 inches apart in the new furnace. The furnace was
charged with one-inch briguets, but the power available was not suf-
ficient to operate the furnace successfully and no results of value

were obtained with it.

- 11 -



Table I.

Results for Furnace A.

Run ITUMDEY seeecaessotosssescnssncrsssscsassases
weignt of Charge, POMIAS svesccsccsnacsscasnccane
Zinc in Charge, OUNCES esecescsccssssccsnrsssnsven
wWelght of Residue, DOUNAS .ececcsercsonessnsnsas
Zine in Residue, OCUNCES ceessccctsccsccsscesanna
Zinc Recovered as iMetal, ounces ............;...
Zinc Recovered as Blue Powlder, OUNCES, eescsssans
Total Zinc Recovered, ounces Cecesesssacacccnann
Total Zinc Accounted for, OUNCES escescscssscace
Per cent Zing Becovered ecessessscacssscaccsscans
Per cent Zinc in ReSidUE eesessssnsccoccencsccanse

Per cent Zinec Accounted fOIr ececesesccscsncssasensce

Dur&tiOn Of Run in HOU.I‘S SeQOBOENSO RSBSOS GEOESIR LR

Size of Briquets {cubes), inches .ecececccccccece

- 12 -

8¢

65

287

81

185

247

64.50

21.60

86.11

8.25

1.5

33.5

12

140

59

199

211

65,40

4.20

69.60

10.5

1.0



Furnace €C: The next furnace was of a different design.
It was constructed so that it could be mechanically discharged.
Tne two 12" x 12" x 1" carbon wlates with the two-inch carbon

rods secured into the center of tne face of the ylates were

m

placed 16 incies &part and inside of a one-fourtia inch thick

20" x 26" x 10" sheet iron form, resting on two 16" x 36" x 4"
fire-clay slabs mounted in an angle iron frame 17" x 28" x 14".

A hole 12" x 18" was cut in tae center portion of the fire-clay
slabe to correspond to the inner dimensions of the furnace, allow-
ing the carbon plates to extend two inches below tne upper surface
of the slabs. Sufficient space was allowed in making the sheet

iron form so that the walls of the furnace could be laid up of
four-inch fire brick on the inside of it. Thne walls were laid up

to exterd one inch above the carbon wlates. In one side wall, be-
tween the electrodes, a hole was cut in the sheet iron form to &al-
low for the setting of the retort condenser. Openings were cut in
the short walls of the iron form to allow the carbon rods to extend
out for electrical connections. The furnace was surrounded wita in-
sulating brick. The angle iron frame was provided with extensions
at the wupper corners with whicn to pick the furnace ur wien it was to
be discharged. A fire-clay slab was used as a cover. The furmace
was charged through the top opening and discharged througn the open-

ing in the bottom. The angle iron frame rested upon an iron table,



having a top made of fire-clay slabs. Charging and discharging
of the furnace were accomplished in the following manner: A
ridge of fire-clay luting material was placed in the center por-
tion of the table top, to correspond to the size and shape of the
opening in the bottom of the furnace. Tne furnace was lowered,
by crane, onto the ridge of luting material, thus sealing tne
furnaqe,an& was then ready to receive the charge. To discharge,
the furnace was raised by crane Jjust enough to break the bottom
segl; it was ther moved toward one of the long edges of the table,
allowing the spent charge to drop into a wheelbarrow which had
been placed there for tnat purpose. The results obtained with
this furnace are given in Table II. The average power input was

13 K. W. at 60 volts.

‘- 14 -



Table

II.

Results for Purmace C.

Run HUWIbEYr ceececevecresassnsena
Weight of Charge, pOUNAS eincene
Zinc in Charge, OUNCES eaesssese
Weight of Residue, poundsS .seees
Zinc in Residue, OUNCES asecssces
Zinc Recovered as lietal, ounces

Zinc Recovered as Blue Powder,
ounces

Total Zinc Recovered, OUNCES s..a
Total Zinc Accounted for, ounces
Percent Zinc Recovered .ceasececes
Percent Zine in ResidUe eececsacs
Percent Zinc Accounted for e.ec..

Duration of Run in HOUrS ecececee

60
264
33
10

140

16
156
166
59,10
3.80
62490

11

69.5

416

36.25

70

124

106
230
300
56.50
16.80
73.30

10

1408

69.25

&8

84

216

301

52.90

20.90

73480

10

69
407
41
51

201

98
299
350
72.08
12.57
84.65

12

69
420
45
76

183

102
276
361
67.60
18.13
85.73

11.25

70

420

|29

18

195

125

320

338

76.21

4.32

80.63

13

72
426
33
18

177

135
312
330
75422
4,31
77 .54

15

~ 15 ~




Furnace D: This furnace was of the stationary type and
was designed to be charged and discharged continucusly after the
manner of a blast furnace.v The briquets were charged into a hopper
on top of the furnace and the spent charge drawn out of an opening
in the bottom of the furmace. The internal volume of this furnace
was the same as that of Furnace B, but the dimensions of the carbon
plates were 18" x 8" x 2". The carbon plates were placed sixteen
inches apart. Two-inch carbon rods were secured into the center of
the faces of the plates for electrical conmections. The walls and
base of the smelting chamber were laid up of fire brick. Into one
wall, and in between the carbon plates, and two inches below the top
of the smelting chamber, an ordinary retort condenser was fitted.
Below the condenser an opening 6" x 8" was left, extending through
the furnace wall. The bottom of the opening was on the same level
with the bottom of the smelting chamber. The fire brick walls and
carbon plates were surrounded by a course of insulating brick and a
course of red brick. The furnace was tied together by means of tie
rods and angle irons. On top of the smelting chamber walls a hopper
fifteen inches high was built of brick with a top opening 6" x 16".
The opening in the hopper just above the smelting chamber was

" x lé".

- 16 -



Une run of twenty~two hours and thirty minytes was made
in this furnace with little success. “rouble was experienced in
getting the material in tihe hopper to feed dovn into the smelting
chamber., The region in the lower part of the hopper sintered to-
gether, due to the condensation of zine in that part of tle charge,
forming an arcn waich would not zllow tne material to feed down into
the smelting chamber. !To trouble was experienced in drawing the
spent charge.

It was decided that the chances of developing a successful
continuous furnace were not promising, therefore the work on tais fur-
nace was absndoned.

Furnace Ii: To form rurnace I tne nopper was removed from
Furnace D and another condenser added. A fire-clay slab was used for
a cover. The internal dimensions and discnarge opening remsined the
same. The construction of this furunace is shown in detail in Figure 4.
The results obtained with tnis furnace are given in “Yable Ill.

Furnace : Tne construction of this furnace is sinown in
detail in Figure 5. The two condensers were built into one of tae
walls and tie discharge opening into the opposite one. 1%t vas ob-
served, during the first run, tnat tue condensers were not heating up

,,

as ther snould. After tie run tae iusulatiag drick were removed from

around and telow the condensers and laid vy about a foot from tie fur-

N

nace wall, in order to allow more heat to radiate to tie condensers.

- 17 -
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Table III.

Results for Furnace E.

Rm 1Imber LA AL A B B BRI B B B I IR B I N N A B N A B S N B S R AN A A A A Y ‘?l 5
welgnt of Charge, POUNAS eeesescacosnsconsscsane 78 78
Zine in Charge, OUNCES sesescascccssnsasssncnssse 404 459

welght of Desidue, DOUNAS sececescecccsscnnscasa 38.5 37

Zine in 3esidue, OULCES eeesesccsscnsrsscassnsass 73 26
Zinc Recovered as lietal, OUWNCES seeessssavaseass . L83 159
Zinc Recovered as Blue POWder, OUNCES sesececsns 114 194
Total Zinc Hecovered, OUNCES sesaccsse . seccesess 297 353
Total Zinc Accounted fOr, OUXCES casescrssocssss 370 379

5]

Per cent Zinc Recovered R R R R TR TP 63599 76.90
Per Cent Zinc in liesidue LR IR K IR B I B I N I I I B N B BB ) 15.75 5.66
Per cent Zinc Accounted FOr sececesescoscascssers 79.72 B8R.55

Duration 07 Kun 1D HOUYS seceeescscanvsnscnssnse 12 12

~19 -
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Pigure 6. Furnace F.



A two-~-inch fire brick was fitted, in a vertical posi-
tion, into the condenser inlets in order that the smelting cham-
ber could be completely filled with the charge, thereby avoiding
the condensation of zinc on the surface of the charge, which, up
to that time had not completely filled the smelting chamber
around the condenser inlets. These two changes proved very bene-
ficial. The results obtained with this furnace are given in

Table 1IV.

- 22 -



Table 1IV.

Results for Furnace F.

RUN HilDET covececeorcecescsascnnecsasns
welgnt of Charge, POUNAS ecesecsescarsans
Zine In ChRarge, OUNGES scesesevsssccces
Velght of Residue, POTAS sesceccacssee
Zine in Residue, OUNCES eecsvescasssnes
Zinc Recovered as hietal, OUNCES ceveses
Zinc Recovered as Blue Powder, ounces

Total Zine Recovered, OUNCES cacecrcres
Total Zinc Accounted for, OuUNCES ececa.
Per cent Zinc Recovered .svecesvscsscas
Per cent Zinc in‘Residue esecscescersas
Per cent Zinc Accounted fOr seeescceces

Duration of Run in HOUYS eecesccecscsen

7.5
457
3945
88
144

104

336
54.25

19.25

397

71l.21

1Z.70

85.01

12

77
457
35
20
288
84
372
392
81.56
4,39
85.95

16

91

1g4

35

219

310

60432

25.06

85.38

14

11
80
493
36
59

310

370
429
75.05
11.96
87.01

18
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Table V.

TYPICAL DATA SHEET TAXEYN DURING A RUIN.
Run Number 7 Hbvember 7, 1924.
Welght - 77.5 pounds
Analysis of Charge -~ 37.04 per cent Zinc

Zinc in Ciharge ~ 29 pounds and 3 ounces

Running Loge.

Time VoltsjK. W Remarks
5:85 A N 264

. 6:00 280 Gas ignited
63130 228 : Very good flame
7:00 208 Very good flame
7:30 164 Zinc in flame
8:00 140 12 Zine in flame
8:30 120 13 Good flame
9:00 105 13 Good flame
9:30 1056 13 Good flame

10:30 90 13.5 Good flame

11:00 93 13.5 Good flame

11:30 89 14 Good flame

12:00 P & 84 | 14 Good flame

12:30 76 14 Good flame
1:00 78 14 Good flame
1:30 73 14 Good flame

2:15 73 | 13.5 Good flame

2:20 &7 12 Strong zinc flame
2450 70 | 12.5 Strong zinc flame
3:15 L 69 | 13.5 Strong zinc flame
3:3b 70 13 Good flame

4.:00 70 12.5 Good flame

4:30 66 12.5 Good flame
5:00 63 12.5 Good flame

5:10 63 12.5 Power off

Weight of Residue -~ 38 pounds

Analysis of Residue - 10.57 per cent zine
Zinc in Residue - 4 pounds

Loss in weight of Charge =~ 50.65 per cent
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TY?ICAL DATA SHEET TAKEN DURING A RUN (Continued).

l’etal Recovered:

North Condenser:

Zinc B O & % N e T OP NS EOTROESTS 91)0-and.s
Blue Towder in Condenser 1 pound 12 ounces
Blue Powder in Prolong 1 pound 1 ounce
Soutinn Condenser:
ZING eesesesesscaccnssss H pounds 2 ounces
Blue Powder in Condeuser 2 pounds 13 ounces
Blue Fowder in PIrolong 1 pound
ToTAL
ZINC eseresecesccccesess 14 pounds Z ounces
Blue FOWHEY ceoevsccncsse & pounds 10 ounces
SULTIARY
Zinc Recovered veight Per cent|Accumulative
: per cent
Zinc ® 90 5 888 s 0 %S O8O NS e 14.‘ lb. 202‘ 4‘8.4 48.40
Blue vowder in Condenser 4 1v. 9 oz. 15.63 64,03
Blue Fowder in Prolong ... 2 1b. 2 oz. 7.28 71.31
Zinc Accounted fo Veight Fer cent Accumilative
inc e r Jeig per cent
Zine Recovered eeceeceeeses [20 lbe 13 0z, 71.31 71Le31
Zinc iy 3esidUE eeececanes 4 1bv. 13.70 88.01
i
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- SUMMARY AND CONCLUSIONS.

Although the work described in this thesis cannot be con-
sidered complete until larger furnaces of the same fype have been
tried, and operated continuously over considerable periods of time
unter semi-commercisal conditions, thne results of the exveriments
indicate that the gramular briguet resistance furnace has consider-
able promise as a furnace for the distillation of ziunc ores.

Tne recoveries cbtained in the experiments that have Deen
described may be criticized. It must De remembered, nowever, that
o muber of different furnaces were worxzed with, under a variety of
counditions. In many cases only one or two charzes were distilled
in & given furnace; if these runs indicated that changes in the fur-
nace design were desirable tie chanzes were made at once and the new
furnace tried. Under these conditions there was little opportunity
to standardize operating conditions or to ascertain the time neces-—
sary to distill tne charge completely. Enough charges were distilled
to completion to prove that with proper operating conditious all but
three to five per cent of the zinc can be distilled. For the same
reasons not 211 the zinc distilled was condensed, in :any of the runs;
this fact, togetner witix the fact that nomne of the furnaces were
operated for a sufficiently long time for the walls to become satu-
roted withh zinc, explains the consideraple amounts of zinc unaccounted

for in all the runs. The proportion of zinc condensed to metal,
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rather than blue powder, was very saticfactory, especially in the
later types of furnace. |

As the power consumption in a small furnace, because of
the large radiating surface as compared to volume, is very much
larger than in a commercial sized furnace, no attempt was made to
obtain any data as to power consumption. Reasoning by analogy, it
seems that the power comswintion in the granammular briguet furnac;
should be about the same as in the Fultom furnace.

The laboretory furnace that has been develaped would neces-
sarily be changed in many respects in enlarging it to commercial
size. Various possible forms for a commercial furnace suggest them-
selves, but as they have not been worked out in detail they willi not
be discussed here. It seems ﬁhat there should be no difficulty in
designing a iarge furnace so that it could be charged from a hopper,
or by crane, and discharged witi 2 minimum of labor. The condenser
for a furnace of large capacity would, of course, be entirely dif-
ferent; the same type of condenser that is used for the Fulton fur-

nace should be satisfactory.
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Switch Board for Controlling Current to the Furnaces.

,?.

Rigure
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