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PREFACE.

This thesis is presented to the faculty of the School of.
Kines and Metallurgy of the University of Missouri in partial ful-
fillment of the work required for the degree of Master of Science in
Metallurgy. It describes work carried on at the Mississippi Valley
Experiment Station of the United States Bureau of Mines, Department
of Commerce, cooperating with the School of Mines and Metallurgy of
the University of Missouri, which had for its purpose the study of
"RElectrothermie Dry Distillation of Zine" in order to perfect a

process thzt would be sultable to conditions in the United States.

Acknowledgments are due Dr. Charles H. Fulton, Director of
the School of Mines and Metallurgy, whose process was used; Mr. He M,
lawrence, Acting Superintendent of the Mississippi Valley Experiment
Station of the United States Bureau of Mines, for his advice and
supervigion; Mr. Willlam Kahlbaum, Research Metallurgist of the
Missouri School of Mines and Metallurgy, with whom the writer was
associated in the investigation; and MNr. O. W. Holmes, Chemist of
the staff of the State Mining Experiment Station, for the analytical

work in commection with the investigation.

- iv -~



ELECTROTHERMIC DRY DISTILLATION OF ZINC.

- By -

Ira Nathan Goff.

INTRODUCTION.

The zinc market of the world is controlled today by the

United States and therefore zinc may be called an American metal.l

lNotes from Dr. Fink's ocourse in electrochemistry at Columbia
University, New York, N. Y.

In considering the production, the three processes for obtaining zine,
in the order of their importance, are: (1)} Retort, (2} Blectrolytic,
and (3} Electrothermic.

Retort Process.

A large percentage of the zine recovered todsy is by the
retort process, which in principle ls simple as it depends upon the
reduction of zinc oxide by carbon, earbon monoxide, or both. How-
ever, in actual practice this process is complicated. In splte of
the fact that progress has been made in late years in the design
and thermal efficiency of the zine smelting furmace, the type of re-
torts, recovery of zine, and in treating low grade and complex ores,
the chemical and physical properties of zinc are such that this pro-
gress seems small compared with the advancement msde in the metallurgy

of such metals as copper and leed.



Before smelting, zinc ores, if carbonates, are calcined
to remove carbon dioxide and water and to disintegrate the ore,
while sulphide ores are roasted to remave the sulfur. Sulfur must
be eliminated as completely as possible, usually to less than one
per cent, and this requires high temperatures for a long period of
time, which means additional costs.

In smelting the ore is mixed with approximately 50 per
cent of its weight of coke, anthracite, or non~bituminous coal for

red.uc’cion.l This mixture is charged into clay retorts set nearly

1 .
O'Harra, B. M., The electrothermic metallurgy of zine, U. S Bursaun
of Mines Bulletin No. 208, Page 1.

horizontal, which are from fifty to sixty inches in length by eight
inches inside diameter andé hold about one hundred pounds of charge.
The limiting factors for the size of the units are the physical pro-

perties and the time elememnt for heating the charge.z In regard to

ZO'Harra, Bes M., Outline of investigation for the development of a

granular briguet resistor for the electrothermie distillation fur-
nace.

the physical properties, the zinc retort must possess high tensile

strength, resistance to deformation, and resistance to shoek at high
temperatures. The retort is supported only at the two ends, carries
besides its own weight about one hundred pounds of charge distributed

muniformly throughout its length, is heated to a meximum tempersature

of about 1400°% ¢, on the outside whioh eorrespends from 13509 to

1300° C. on the inside, and during charging and discherging is sub-



jected to mechanical shocks and strains. In discharging, a water
pipe is inserted &t the back of the hot retort and the charge is
blown out by the steam which is generated when the water strikes
the hot retort. While ths retort is still at & yellow heat a cold,

wet charge is added.l At high temperatures the slags are more or

10'Harra, B. Iley Ope cits Pages 1 and 2.

less corrosive so the retorts must be able to resist chemical ac-
tion and pemnetration of the slags. 4 non-porous material prevents
the escape of zine vapor and the tendency of the retort to absordb
zinc is lessened. Coal, coke or gas is used for heating, depending
upon the local conditions. As the zinc volatilizes the gases pass
into a condenser where the zinc vapor is condensed to a liquid metal
and blue powder. Zinc smeliting is an intermittend process, the units
are small, the cycle is twenty-four hours, the life of the retorts
is from thirty to sixty days, the life of the condensers from eight
to fifteen days, while the heating efficiency even in the most mod-
ern plants is only about twelve per cent. Zinc losses are heavy,
usually at least ten per cent. Careful control of impurities 1is
necessary to prevent excessive corrosion of retori walls. Because
of the above facts the retort process cannot handle low grade or
complex ores and is also lnefficient both in labor and the recovery

of zine.



Electrolytic Process.

The disadvantages of the retort process acted as an incenw
tive in the development of the electrolytic process, which is based up-
on the usual hydrometallurgiocal steps up to the time of purifying the

0 )
zinc sulphate solution.l The ore is roasted at about 600 to 650 C.,

1Prof. Hanley's course in advanced non~ferrous metallurgy at the
Missouri School of Mines and Metallurgy, Rolla, Missouri.

manganese Gloxide is added, if sufficient is not present in the ore,
to aid in the oxidation of the iron. If the tempersture in roagting
is too high, ferrite of zinoc forms, whivch is much less soluble. Af-
ter roasting, +the zinc in the ore is in the form of the sulphsate,
oxide, ferrite, and sulphlide. The ore is then leached with sulphuric
acid solution, iron is precipitated, and gelatinous silica is coagu-
lated and made granular. The impurities in the leached solution in
the order of thelr injurious effects are antimony, cobalt, nickel,
and arsenic. The keynote of the purification system is, that in the
re-leaching of basic mmd by dilute sulphuric aeld, the re-solution
of impurities does not equal the amount of impurities thrown out at
first. Zinc is deposited by electrolysis using pure lead anodes and

aluminum oathodea.z One of the more important factors contributing

ZLiddell, De M., Handbook of Chemical Engineering, Vol. 2, Page 801;
McGraw-H4ill Book Co., New York City, 1922.

to the success of this process in recent years is that flotation pro-



cesses now give a relatively clean high grade ore, while previously
work had been done with low grade impure run of mine ore.

The essential conditions for successful electrolytic de-
position of zinc are: High degree of purity of the electrolytse,
anodes, and cathodes. Costs for the deposition of the zine in addi-
tion to the roasting, leaching, purifying, melting, etc., meke the
electrolytic process expensive. These costis must be offset by
superior advantages in other respects, such as purer product, higher
extraction of zinc, and the recovery of other metals in the ore, es-
pecially silver. ZExtraction of zinc by electrolysis even though the
smelting method is crude can only compete with the retort process

when ore and power are cheap.l

lO'Harra, B« Me, Op. cit., Pages 2-32.

Eleetrothermic Process.
The first electric furnace for the distillation of zine
ore was patented by Cowles Brothers in 1885. However, other uses for
this furnace offered a more promising field so nothing of importance
was accomplished along this line until about 1890. Since that time
there have been numerous experiments with various types of electrie
furnaces for the production of zinec. The more important of these are:
De Laval's Cyoclone Furnace, Casoretti and Bertani Furnace, experiments
by Stansefield, Salgues Furnace, Johnson's Process, Imbert-Thompson-
Fitzgerald Process, Thierry Furnace; The Taylor Shaft Furnace, Cote

and Plerron Process, Gin Induction Furnace, Snyder Furnaces, Pouvrier



Furnaces, The Quensau Furnace, electrothermic zine smelting by the
Canadian Government, e@erimen‘cs'at MeGill, experiments at Nelson,
British Columbia, Peterson's experiments, Fulton's electrothermic
dry distillation of zine, The Nathusius Furnace, the zinc plant of

the Elecktrometallurgische Werke, Horren, G«arma.ny,1 Bain's continu-

IO'Harra, Be ey 0Ds cilt., Pages 33-5b.

ous electrothermic furnace for complex ores,zand Be Go T Gustafssonz

2Ba.:lz;t, Te Mo, Jr., Continuous elegtrothermic furnace for complex ores,

B&MI-P, Vol. 119, Pages 244-6, 1925.

sBrit:lsh Patent No. 215,004, April 25, 1923.

and H. C. Flodin Process. Other miscellaneous processes and furnaces
have received llittle recognitione.

Heat can be produced in the electric furnace without the
necessity of blowing air into the charge so the atmosphere can be
made reducing and the volume of gases leaving the furnace should be
about the same as that leaving the retorts in the usual retort pro-
cess. Due to the fact that heat is produced, electrieally, in the
midst of the charge the furnace may be made of any convenient size;
this reduces the labor costs, and the furnace walls nay be made more
permanent as the heat is not transferred through these wall; conse-

4
quently anather source of expense will be eliminated.

4
‘Stansfield, A., The electric furnace, page 310; X¥cGraw-Hill Book Co.,
New York, W. Y., 1914.




Electrosmelting of zine up to the present time appears to
have reached & commercial success only in Scaniinavia and this may
be due fundamentally to the very cheap power rather than metallurgi-
cal superiority. There are large plants in Scandinavia at Troll-
hattan, Sweden, Sarpsborg, and Glomfjord, Norway besides a few

smaller plants. 1

111ddell, D. M., op. cit., Page 800.

In comparing the three processes, assuming practically the
same existing eonditions, the eleotrothermic process may be sald to
have the advantage over the retort process in reduction fuel, labor,
metal recovery, abllity to treat low grade and complex ores, first
cost of plant and cost of retorts and condensers, while the advan-
tages over the elecirolytic process may be considered to be in power,
labor, metal recovery, first cost of plant, and its adaptability to
small scale operation. However, each of these three processes has

its own particular field, influenced largely by local conditions.



THE FULTCN ELECTROTHERMIC DRY DISTILLATION PROCESS.

Among the various processes and types of electric furnaces
for extracting zinc from its ores, one that offers excellent possi-
bilities of commercial sucoess, especially in America, is the Fulton
electrothermic dry distillation process. This process is an economi-
cal user of power, recovers a high percentage of zinc in the form of
liquid metal rather than blue powder, can readily treat low or high
grade and complex ores, and the resulting residue contains an in-
creased percentage of other metals that may be in the ore, which can
be easily treated for their recovery.

The roasted zinc concentrate is thoroughly mixed with ebout
seventy per cent of its weight of l2-hour by-product coke orushed to
pass through a 10 mesh scereen, and twenty per cent of a melted coal
tar pitch of high fixed carbon content, or material of a similar
nature to act as & binder. This mixture is made up into briguets in
a hydraulie press at a pressure of about 1000 pounds. The briguets
are then heated in a baking over at a temperature of about 5000 C.
for a few hours to drive off the volatile hydrocarbons from the pitch.
The coke base left unites the by-product coke and the ore particles
into a coherent mass, which is electrically conductive. The import-
ant features of these briquets are that they retain their strength,
original form;, and volume during and after distillation of the zime,
while the intimate mixture of coke and ore a2ids in a rapid and complete

reduction of the zinc without forming a slag, which will corrode the



refractory linings. The spent briquets are practically high ash
coke, since they contain the unconsumed carbon of the charge and
the residues from the ore. The amount of ash varies with the
character of the ore. The residus may be re-crushed and again
mixed with fresh ore for the manufacture of briguets, thus concen-
trating the amount of lead, copper, and noble metals that may be
present and leaving the second residue in an excellent condition
for the recovery of these metals in the blast furnacs.

In 1914 experimental work on the Fulton proctas;sl was

1Fuli:on, C. He, Trans. AIME (1921}, Vol. 64, pp. 188-226.

started at Cleveland, Chio, and in 1916 a plant was erected at Rast
Ste Louis, Illinois, to work out details on a commereizl scale.
This plant was in operation until January, 1918 when operations
were suspended due to conditions created by the war, in splte of
its promising commercial possibilities.

Cylindrical briquets 9.25 inches in diameter by 21 inches
long, weighing approximately 90 pounds, and containing 50 pounds of
ore were made by mixing the ore and coke, then heating and adding
melted coal tar residue and mixing in a pug mill. This mixture was

mede into briguets in a hydraulic press with a pressure from 500 to
1000 pounds with the temperature of the mold from 75 ¢. to 90° c.

It was found that the strength of the briquets after the

extraction of the zinc was l1ittle effected by the size of the ore

particles as practically the same results were obtained with ore that



passed through a 200 mesh screen as that which passed a 10 mesh
screen with 86 per cent remaining on a 35 mesh sereen. Howsver,
the strength of the briquets was affected by the size of the coke
particles; a fine eoke making a much stronger briquet and requiring
more of the tar as a binder, thus increasing the eost. Coke which
passed a 10 mesh screen was found to be satisfactory in regard to
strength and the amount of pitch required.

All the reducible oxides of the ore must be reduced and
an amount of coke left sufficient to give the briguet stability and
electrical conductivity; the coke used smounted to from 60 to 85 per
cent of the ore. If an infusible residue is left the briguet has
more strength after the zinc is extracted than when fused globules
are formed. The best results were obtained by adding 10 to 15 per
cent of piteh with a melting point of 170° C. to 200° G. and & fixed
carbon content of 55 to 60 per cent. Experiments using coking cosl
to replace a part of the piteh gavé less satisfactory results.

In baking, twenty briquets were set on end in a sheet steel
cylinder, which was placed in a car, oxidation being prevented by
Pilling the space in the c¢ylinder with crushed coke. The car was then
run inside a baking oven where it was left for six or eight hours
with a temperature of 450° to 500° C. during the last few hours. Up
to 300° G. the briquets passed through a soft stege, inoreasing in

strength as the temperature became higher.

- 10 -



At room temperature the raw briquets had an electrical
resistance of 26 to 30 ohms per cubic inch, which gradually decreas-
ed until from 450° to 500° G. it fell off sharply to 0.6 to O.7 ohm,
whilte at 9002 to 1100° G. it was only 0.015 to 0.04 ohm per cubic
inch.

The charge in the furnace at Bast St. Louis consisted of
36 briquets, 12 colwms of three each, arranged in a c¢ircle, and con-
nected to a 3~-phase circuit, four columms to a circuit comnected in
a delta formetion. One charge contained about 1,700 pounds of ore
and required six hours for distiilatlion. As two hours were necessary
for charging and discharging, three charges were run in a 24-hour
day, which gave a capacity of 5,100 pounds of ore used.

The power consumption for a number of runs at East S%.
Louls varied from 1237 to 2270 kw. h. per ton of ore, depending upon
the kind of ore treated, and per cent of zinc distilled from the
charge. One thousand, three hundred seventy-two kw. h. was caloculat-
ed as the theoretical power consumption for a sixty per cent ore in
the form of briguets, not including radiation losses. Four hundred
twenty~-one kwe. he. was required to preheat the charge to 920° ¢.
Considering the energy in the carbon monoxide produced in extracting
the zinc, this would amount to 154 kw. h. and the cooling of the
spent charges from 1200° to 25° C. would be 378 kw. h., part of

which may be utilized.

- 11 -



In the experimental plant in East St. Louis the only diffi-

culty experienced with the condenser was the disintegration of the

fire briek lining in the region where the temperature was about 500° 0.1

lpuiton, Ce He, Op. cit. and Trans. AIME {1919}, Vol. 60, p. 298.

This appeared to be caused by the deposition of carbon am specks of
iron oxide in the lining; the latter were reduced and carbon deposited
at these places. This deposition of carbon came from the decomposi-
tion of carbon monoxide— 2 CO —— CO= + C.

The Pulton process ig radically different from other electro-
thermic methods of obtaining zine from ores, for it is not a2 smelting
but rether a distillation process. Most electrothermic processes mix
the ore with & certain amomnt of reduction fuel and smelt by heating
with an electric current, usually a buried arc type. This heating
does not give uniform temperatures so carbon dioxide and water vapor
are present with zine vapor and carbon monoxide, which makes conden-
sation to a liquid metal difficult and produces a large amount of
blue powder. Slag is also formed as the residue of the ore smelts
and this slag may not only attack the refractory linings but contain
an sppreciable amount of zinec. In Scandinavia, where electrothermio
processes are in commercial operation, no attempts are made to eon~
deunse zinc as liquid metal in the primary smwelting; the blue powder
formed is re-treated to produce metallic zine.

The following are the chief advantages presented by the

elestrothermic dry distillation of zinc from ares:

- 12 -



1. Mechanically operated large umits.
2. Low labor costs.
3. Nearly complete extraction of zinc.
4, High recovery of zinc with 2 large per cent of this
a8 1iquid metal. '
5. Economical user of power—less than the electrolytic
or other elsctrothermic processes.
6« lMore complex ores may be treated.
7. Low first cost—Iless than the retort or electrolytic
processes, if electric power is purchased.
8. Simplicity—simpler than the elec¢trolytic or retort
processes.
9. No regular comsumption of fire clay.
10. Small units may be built wherever power is cheap,
11.’ Low operzting costs-—less than the eleetrolytlc or
retort processes.
12. It may be used in conjunction with the retort{ pro-

cess for re-treating blue powder.

- 18 -



PREVIOUS EXPERIMENTAY. WORK AT ROLIA.

The following experimental work along the line of electro-
thermic metallurgy of zinc for 1923-24 and 192425 was carried on at
the Mississippi Valley Experiment Station, United States Department
of Commeroce, Bureau of lines, Rolla, Misspuri:

In order i;hat zine ores could be smelted more efficiently
and cheaply than by the retort process, and that complex ores might
be treated economically, a study was made of the electrothermic dry
distillation of zinc ores to perfect a process suitable for conditions

in the United States.l This study included an investigation of the ef-

1 OtHarra, B, M., and Wheeler, B, 9., Bxperiments on the distillation
of zinc from complex zinc-lead-silver ores. Bull. Missouri School of
Mines and Metallurgy, 1923, Vel. 6, No. 4, Technical Series.

feot of temperature and time of distillation on the relative rates of
volatilizing zino, lead, and silver from briquets of ocomplex zino-lead-
silver ores. The purpose was to determine results that might occur

in the treatment of complex ores by an electrothermic dry distillation
proocess. These results also applied to briquets distilled im a retort
furnace, and had some bearing on the results occurring in the ordinary
retort process.

In 1923-24 a complete experimentael electrothermic dry distil-
lation zinc smelting plant with a capacity of a few hundred pounds of
ores was started, using the Fulton precessa.

In 1924-25 the development of en electrothermic dry distilla-

tion zinc furnsce whioch used as a resistor small briguets in bulk,made

- 14 -



from zinc ore, was completed with satisfactory results.

The complete experimental dry distillation zinc plant us-
ing the Pulton process, started in 1923, was finished in the fall of
19256. This consists of equipment for orushing ore and coke, & hy-
draulic press for making the briguets, an oven for baking the raw
briquets using the waste heat in the spent charge, and a three retort
distillation plant with a common condenser. This plant is of a semi-
commercial size with a capacity of a few hundred pounds of zinc pser

day, and is designed to be a model or demonstration plant.

Detalled Statement of Object of Investigation.

1. To study the electrothermic distillation of zinc ores
with the purpose of perfecting 2 process that will be suited to condi-
tions in the United States, and which will enable zinc ores to be
smel ted more efficiently and cheaply than by the present retort pro-
cess; also making possible the economical treatment of complex ores
which cennot be commercially worked by present processes.

2. To make a practical demonstration of the Pulton dry dis-
tillation process for the production of zinc from ores, using the new
experimental electrothermic dry distillatlon zine plant as a model unit.

Detailed Description of Process.

Materials Used:

Qre: Roasted Joplin ore containing 69 to 70 per cent
zinc and one per cent of sulfur was used in this investigation. The
ore was crushed to pass through a 10 mesh screen with a minimum of

fines.

- 15 ~



Coke: The coke consisted of ordinary 1l2-hour by-pro-
duet coke (fixed carbon 81.07 per cent and ash 15.07 per cent), which
was crushed to pass through a 10 mesh screen with a smell amount of
fines. '

Piteh: The character of a coal tar pitch used as a
binder in the briquets must be carefully studied, especially noting
such properties as the melting point, type of coke left after the
distillation of the volatile hydrocarbons, and the percentage of
coke remaining after distillation. In genersl a high melting point
pitch,between 170 and 200° C., leaving a high percentage of good
firm coke between 55 and 60 per cent, gives the best results. The
high melting point is essential as the briquet i1s molded hot and
taken from the mold while warm and weak. Thus the lower the melting
point of the pitch, the weaker will be the briquet, while the higher
the melting point the stronger it will be and the more handling it
will stand when taken from the mold. Two functions are performed by
the piteh in the briquet: It acts as a binder in its original condi-
tion for the raw briguets and, after baking, the residual coke binds
together permanently the particles of ore and charge coke. For the
latter there must be a rather large amount of fine residual coke.
The pitch, which appeared to be most sultable for this purpose, was
Barrett Manufacturing Company's "Graigola", which has the following

analysis:

- 16 -



Pixed ocarbon 52.70 per cent
Free oarbon - 37.18 per cent
Ash - 0.38 per cent
Melting point - 298° ».

Manufacture of Briquets:

One hundred parts of roasted Joplin zinc ore and seventy
parts of coke were mixed in a revolving mixer. This material was
then transferred to an electrically heated hot plate and twenty-
five parts of pitch were added. The entire mass was then thoroughly
mixed; the temperature maintained just above the melting point of
the pitch. Four and fourteen-hunireths pounds were put into the
mold of the press, and the briquets formed at a pressure of 1000 to
1200 pounds per square inch. The size of the briquets was three
inches by three inches by six and three~fourths inches. In the
pressed briquets a film of piteh surrounds the ore and coke parti-
cles, forming & coherent mass that will have the same form and
practically the same volume after extractlion of the zinc. To obtain
the desired stability and electrical conductivity there must be suf-
ficient coke besides reducing all the reducible oxides present.

Baking Briquets:

The object of baking the briquets was to drive off the
volatile hydrocarbons and to coke the fitch, which makes them a con-
ductor for the current. Charges of briguets were placed in the baking
oven, Pigure 3, which was held at & temperature of 500° %o 600° C.
and baked for six to seven hours; a neutral or reducing atmosphere

was maintained so the briguets would not oxidize.
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Apparatus.
Hot Plates: '

Figure 1 shows the electrically heated hot plates upon
which the ore, coke, and pitch were mixed for maeking the briquets.
A horizontal layer of granular graphite acted ag a resistor for the
current. which supplied the heat. The surface of the hot plates con- '
sisted of half-inch carbon plates placed above the resistor and in-
sulated from it.

Hydraulic Press:

Pigure 2 shows the hydraulie press used for meking all bri-
quets. The operating léver, plunger, movable mold guided by four
vertical solumns, and the sliding head-block, against which the mix~
ture is pressed, can be seen in the picture. The pressure used was
from 1000 to 1200 pounds per square inch.

Baking Oven:

Pigures 3 and 4 show the baking oven from two different
angles-~Figure 3 with a green charge and Figure 4 with spent charges.
The oven is six feet by six feet by twenty-seven inches, and is sup~
ported by four posts of two and one-half inch pipe. A course of
Sil-o-cel brick on the outside acts as an insulator, while fire brick
on the inside, set end-wise, forms four rectangular chambers, eighteen
inchss by eighteen inches by twenty-three inches in which the raw bri-
quets or spent charges are placed. The four chambers are divided
into two units of two chambers eash with a large opening near the
top connecting the two chambers of each unit which ensures fairly

uniform temperatures, while a fire brick wall with & smell epening
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Figure 1.

Eleotrically Heated Hot Plates.
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3.

Pigure

Baking Oven Witk 4 Raw Charge.



Filgure 4.

Baking Oven with Spent Charges.



separates the units. A two and one-half inch pipe comnects to a hole
in the top of the baking oven and carries the fumes out of the build-
ing. Clearance between the briquets and the lining of the chamber
is about two inches, while the distance between the colwumms of bri-
quets is about three-fourths of an inch. Four hydraulic 1ifts, which
raise twenty-one inches, with base plates twenty-four inches by
twenty~four inches and set thirty-nine and one-half inches from the
floor, lower or raise the charges into the chambers. Guides of one
inoh angle iron control the truck location in charging or discharging.
Temperatures are indicated by two base metal (chromel-alumel} thermo-
couples, one set in the top of each unit and connected to & Leeds and
Northrup recording potentiometer.

Base Blogk:

Figure 5 shows the base block. This consists of a solid
block of refractory material, 24 by 24 ﬁy 8 inches, with places on the
top for six briquets and holes eomnecting with a tap on one side of the
block to carry off amy liquid zinc that might form. The graphite
electrode holders are two and three-fourths inches in diameter, arranged
to form a delta conmection in a 3-phase eircuit. RHEach phase is con-
nected to the graphite electrode by a two-inch graphite rod seven
inches long tapered for two and one-half inches from & snall diameter
of one and one-half inches to a larger diameter of two inches. The
above plug is held in a water cooled electrode holder as designed for

1
this service by R. 0. Jacksan.

1. 5. Patent No. 1,242,554.
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Figures 5.

Baee Bloock on Charglng Truck.
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Charging Truck:

Figure 5 shows a charging truck, which is made of 2 by 2 by
lﬁ4 inch angle iron, three-fourths inch and one and one-quarter inch
ripe. The top is twenty-seven inches by twenty-nine inches and the
frame stands forty-one inches above the floor. This truck is quite
suitsble for transferring charges between the baking oven and retorts.
Retorts:

Figure € shows a view of the three retorts. Xach retort
consists of one-eighth inch eylindrical steel shell, thirty-eight
inches in diameter and thirty-two inches high, with a one and one-
half inch gngle iron at the bottom, bolted to the shell. One course
of high grade fire brick, set end-wise against the shell, forms a
circular opening, eighteen and one-half inches in diameter by twenty-
two inches high, for the charges. The top is insulated with Sil-o-ocel
brick covered with loose Sil-c-cel, an opening being left for a ther-
mocouple. The clearance between the briquets and the lining of the
retort is- about two inches. A clay mixture consisting of three parts
clay and two parts of powdered coke on the base plate formse a tight
Jjoint. About eight inches from the top of each retort is a short
welded connection to the common condenser, consisting of a2 nine inch
pripe, fourteen inches in length. The distance between each retort
and the common condenser 1s four inches. These connections ars in-
sulated on both the in and outside, leaving & hole of about two and
one~half inches for the vapors to pase from the retorts to the conden-

ser; a graphite stop-cock eontrols the flow of geases. The retorts
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Retorts Showing One Baked anl Two Spent Charges.

-~ 26 —



rest upon two and one~half inech by three inch angle irons placed
seventy inches from the floor and supported by eight posts of three-
inch pipe. Three hydraulic 1ifts of the same type and size as those
used in the baking oven, lower or raise the charges in place, while
one-inch angle iroms for tracks, guide the trucks when placing the
charges in position.

The Condenser:

Figure 7 shows a view of the condemser and retorts. The
condenser 1s made of the same sheet steel (one-eighth inch} stock
as the retort shell with a diameter of forty-nine inches by forty-
four and one-half inches high. The shell OOnQists of two pleces
bolted together, one thirty inches high and the other fourteen
inches, while the bottom is welded to the edges of the shell. About
seven inches from the bottom is a tap hole, five and one-half inches
by four and one-half inches. Two ecurses of two and one-half ineh
Sil-o~cel brick act as insulation and one inside course of, two and
one-half inch, pure silica brick practically free from iron, serves
as & lining. One of the essentials of the condenser lining is a
refractory material free from iron as the presence of iron oxide
Particles leads to its destruction by carbon depesition from carbon
mbnoxide gas. This reaction is very active at about 500° Csy & tem-
perature which exists in some regions of the condenser. The inside
diemeter is thirty-five inches and the depth is twenty-two inches with

& number of two and one-balf inch partitions acting as baffles as shown

in Figure 8.
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Condenser and Retorts.
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In Pigure 7 the condenser is shown in position suspended
from a double A-frame constructed from two and one-half inch pipe,
supported by two adjustable pipe hangers on a two and one-nalf inech
horizontal pipe across the two A-frames. The bottom of the condenser
is fifty-three inches above the floor. The drawing on the right in
Figure 8 shows only one, two and one-half inch course of Sil-o-cel
brick with an air space and an inner stesl shell, while in the drawing
on the left is shown the inner steel shell snd air space replaced by a
two and-one half inch course of Sil-o-cel brick. The arré.ngement of
the three retorts allows a continuous flow of zinc vapor to the conden-
ser and with this combination the volume of the condenmser should be mot

less than twice the volume of = retort.l
1

Fulton, C. H., 4 proposed plant for the electrothermic dry distillation
of zine ores, B&MJ, (1922}, Vol. 1ll4, pp. 8-14.

Temperatures were shown by two platinum—platinum-rhodium thermocouples,
Oone set in the top and one in the side of the condenser near the bot-
tom. These thermocouples were comnected to & Leeds and Northrup record-
ing potentiometer.

The charge is shown in Pigure 3, which consists of thirty-six
briquets, or sixz columns arranged in & rectangle and commecied to a
three-phase circuit, four columms to a cirocuit in a delts formation.
The bottom course consists of six briguets placed horizontalily as
shown in Figure 9, the next two courses of twelve briquets each are
Pblaced vertically on the bottom course, while the top layer of six
briqueta is arranged horizontally in the opposite order to the bottom
row. A charge weighs about one hundred forty-nine pounds and requires
from six to seven hours for distillation. The average length of cur-

rent travel is 80.25 inches per phase.
- 29 ~
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Figure 8.

Top Views of the Condenser.
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Figure 9.

Top View of Base for Electrothermic Furnace.
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Desoription of First Rum.

The first trial run of the new experimental electrothemmic
dry distillation zine smelting plant, using the Pulton rrocess, was
started on November 28, 1925 with the heating of the retorts, con-
denser, and baking oven by gas to an operating temperature.

On the afternoon of November 29th, the temperature of the
beking oven reached 700° ¢. so the first charge of raw briquets, con-
sisting of 148.5 pounds, was run into beking oven chamber No. 5 at
5:25 P M and baked until 8:45 A M on ths 30th, or fifteen hours and
twenty minutes. Affer baking the charge was placed in No. 1 retort
at 9:00 A4 M. As the temperature of the condenser was still low, pre-
heating was continued until about 2i30 P M when it reached 800° ¢.
The current was turned on at 2¢40 P M and continued until 9:00 A M
on December lst. Most of the zinc was distilled from this charge,
although the lower half of the bottom briquets after distillation
contained more zine, due perhaps to absorption of metal, which had
condensed on the cold base.

After distillation the ourrent was shut off and the spent
charge was transferred to the baking oven to furnish heat for baking
fresh charges. A similar cycle was followed with the other charges
treated in this run. Seven charges were distilled; the time of dis-
tillation varied from six to twelve hours. As mechanical troubles
were interfering with the operation and as the temperature of the con-
denser was below the melting point of zinc the run was stopped on

December 3d, 1925.
A surmary of the results for this run are shown in Tables

1, II, and III, following:



Table 1I.

Analysis of Residue and Condition of Spent Charges.

First Run - December, 1925.

Charge
Number

Per cent Zinc

Noe 1 | Yoo 2| No. 3| No. 4

No. &

OO

0.71 | Trace| Trace| 0.92
2.14 | 0.92| 2.24] 2.45
3.16 | 2.24| 2.75| 12.24
0.92 0.51| 1.02| 1.12

2445 1.63] 1.73] 2.24
Re24 1.02] 2.04| 1.78

20.50
2774
3713
13.46

8463 | 11.22| 28.26 24.48

22.13
17.54

Condition of Spent Charges.

Charge
Number

Condition

B B B O )

Badly oxidized; part of charge fell on

Badly oxidized
Slightly oxidized
8lightly oxidized

floor

Good condition; top briquet crumbled

Gooad ocndition
Good condition

No.
No.
NOoe
Noe.
No.

Legend of Sample Numbers.

- Top horizontal briquet
-~ Upper vertical briguet
- Lower vertical briquet
- Upper half of bottom briquet
- Lower half of bottom briquet

P mn




Table II.

Weight in Pounds of Spent Briquets in Charges Nos. 6 and 7.

First Run - December, 1925.

Charge

5 Loss in
Number

No. 1 0e 2 . . .
N No. 3iNo. 4}No Weight

85.75 pounds
6 .75 20.0] 20.0 4.0} 8.50 or
i 57.9 per cent

85.25 pounds
7 10.75| 20.5; 20.5 4.0 8,00 or
57.2 per cent

Legend of Sample Numbers

No. 1 ~ Top horizontal briquet
No. 2 -~ TUpper vertical briguet
No. 3 - Lower vertical briquet
No. 4 ~ Upper half of bottom briguet

No+ B = Lower hailf of bottom dbrigquet



Table: IIX.

Summaery of Charges Nos. 6 and 7.

First Run - December, 1925,
Charge | original Charge Residues Weight lost and zno distilled
Number
Weight Weight
in Percent {Pounds 118111 Percent [Pounds Wielght Z1ne
péunds | %inc Z1ne (pounds | 2inc ZIne |pounde|percent [Pounds |Percent
6 148 35.9 53.1 | 62,85 4.43 | 2.8 85.75| 57.9 50.3 | 9%4.8
7 149 35.9 B35 | 63470 J.69 | 2.4 85.25| 5%T.2 5l.1 | 95.5
Residues.

Average assay not

including lower section of bottom briquet:

Charge No. 6

Charge No. 7

-~ 1.63 per cent zinc

- 1l.69 per cent zinc.

Average assay including lower section of bottom briguet:

Charge No. 6

Charge No. 7

- 4.43 per cent zinc

~ 3.69 per cent zinc.
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A Discussion of First Rum.

Table I gives the analysis of residues and condition of
spent charges showing each charge number, the sample number, legend
of sample, and per cent of zine in each sample. These results are
fairly uniform with the exception of charge No. 5. The lower part
of the bottom briquet showed a higher Percentage of zine in all cases.

Table II gives the weight in pounds of spent briguets in
charges Nos. 6 and 7 for each of the five samples taken per charge,
and the loss in weight per charge in pounds and per cent. These re-
sults check remarkably well both in pounds ard per cent loss.

Table III is a summary of charges Nos. 6 and 7 showing the
original weight in pounds, per cent zine and pounds of zinc. The
residues are given in pounds, per cent of zine,; and pounds of zine,
while the weight lost and zinc distilled is shown in pounds and
rer cent. Charges Nos. 6 and 7 agree closely in original eharge,
residues, and welght lost and zinc distilled.

A smell gas machine, using gasoline, furnished & rieh gas
which was used in preheating the retorts, condenser, and baking oven.
This was a rather lengthy operation and while slow heating of this
nature would be less injurious to the refractory linings, it was de-
cided that gas heating was too slow and therefore unsatisfactory for
this work.

The baking oven temperature ocontinually decrezsed, parily
due to the loss of heat in transferring the hot spent charges from

the retorts to the oven chambers and partly to the radlation losses.
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The clay seal at the bottom of the beking oven leaked and allowed
air to come in and oxidize the briquets that were being baked.
However, the charges of raw briquets were sufficiently baked to
stand being transported to the retorts; the baking was completed in
the hot retorts.

When placed in the retorts, the charges took the current
fairly well. 2Zinc distilled satisfactorily from the entire charge
but some condensed in 2 metallic state on the cold base of the re-
torts and was partly absorbed by the bottom briquets, thus causing a
large increase in the zinc content of the residues, and occasionally
short circuits.

As the electrical transformer equipment permitted only one
retort to be operated at a time, the volume of the hot ga8es generat~
ed was not sufficient to maintain the condenser at the required tem-
perature. The condenser, which was preheated to 800° C., steadily
decreased o about 350° €. at the top and 240° C. at the bottom,
which temperature was maintained nearly eomstant for the balance of
the run. ©Practically all the zinc vaper oondensed in the form of
blue powder as the temperatures were largely below the range at whigh
metallic zinc could form. Therefore the connections betwesn the re-
torts and the condenser amd the mechined graphite stop-ococks clogged
up frequently with blue powder and oxide. Stoppages of this nature
caused back pressure in the retorts, whieh in turn leaked around the
bottom, expelling a smell amount of metal that had condensed on the
base blocks. It was necessary to ream out frequently these graphite

cocks and oonnections between the retorts asnd condenser.
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This was the first time in the elsctrothermic metallurgy
of zine that carbon top and bottom connectors were not used. The
charge was built up of briquets and in this case the briquets used
for connectors were the same as those of the rest of the charge.

411 briguets retained their size and shape during the run, conducted
the current well, and the zine distilled off in a satisfactory manner.

On opening the condenser after the run, and removing the
mixture of blue powder and metal, seventy-seven pounds of metal of
various sizes and shapes was recovered, and one hundred eight pounds
of blue powder, which contained small particles of metelllic zinc, was
obtained by screening. The metallic zinc was melted and cast into
'ingots. The lining of the sondenser was in exeellent condition,
some of the brigks were removed and examined end apparently the gases
or vapors had no detrimental effects. Between the top sheet and
the brick lining around the inlets from the retorts, a small amount
of blue powder formed.

The retort linings were in good condition, a light flaky
scale that crumbled easily and which was probably zine oxide formed
on the side walls, while a small smount of crusting was noticed

around the bottom.
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Improvements iiade in Equipment Between Runs.

As 8 number of mechanical defects in the apparatus were

evident during the first run, several changes and improvements were

made in the equipment before comsidering another run. The inner
steel shell and air space in the condenser was replaced by a course
of Sil-o-cel brick as shown in the left hand drawing of Figure 8.
An 0il burning apparatus was installed in place of the gas burners
for preheating the retorts, condenser and baking oven. Holes were
ecut in the top of the base blocks conmeeting with & tap on one side,
which allowed any liquid zinc that might be formed to be drawn off,
thus eliminating & chance of short circuiting. Sheet steel covers
seventeen inches in diameter by twenty inches high were made of
one~-thirty-second inch stock to fit over charges in the baking oven
in order to prevent oxidation of the briquets. A4 half-inch hols

in the top of the covers permitted the fumes to escape from whence
they were conducted out of the building by a three inch pipe con-
nected to the top of the baking oven. Two lugs on opposite sides
near the top of the covers permitted them to De removed by a chain
comnected t0 an overhead crane. The clearance between the bri-
quets and the covers was about one inch at the top and one inch on

the sides.
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Description of Second Run.

The preheating of the retorts, condemser, and baking oven
was started at 1;00 P M on April 5, 1925, using the oil burning ap~
paratus which proved to be far more efficient than the gas burning
equipment used in the previous run. After heating for z2bout twelve
hours the first two charges of raw briguets were placed in baking
oven chambers Nos. 6 and 7 at 1:12 and 1:50 4 M, respectively, on
4April 6th. Raw briquet charges were placed in baking oven chambers
Nos. 4 end § at 11:00 A M on this same day. At this time the oil
burners were shut off and from then on the baking oven was heated by
the spent charges taken from the retorts.

The first retort was charged on April 6th at 4:00 P M, as
the retort temperature had reached 1312° G.; this charze was allowed
to bake until 5:30 P M when the current was turned on. Retort No. 3
was charged at 5:30 P M and permitted to bake until the echarge in
No. 1 retort had been distilled. As soon as a charge was finished
it was placed in one of the chambers of the baking oven and a baked
charge placed in the empty retort.

A totzal of nine sharges were run, eight of which were com-
Pletely distilled. The time of distillation varied from five and
three-gquarters hours to eight and three-quarters hours. Retortis
Nos. 1 and 3 were used alternately, only one retort was in operation
at & time due to the lack of sufficient transformer equipment.

When the current was turned on the first charge in retort
No. 1 the temperature of the condenser was 580° C. at the top and

704° ¢. in the center near the bottom. These temperatures were not
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maintained but gradually dropped from ten to fifteen degreas per
hour for the first day, then from five to ten degrees per hour until
the top of the condenser reached = temperature of about 290° ¢. and
the bottom about 240° C., at which temperatures the condenser re-
mainder throughout the balance of the run.

Three samples were taken from each of the distilled
eharges, one brigquet from the top, two from the middle vertical TOowWS,
and one from the bottom course. The remaining briquets on the base
block were run into a baking oven chamber without using the sheet
steel covers which allowed them to continue burning slowly and gave
of f sufficient heat to hold the baldng oven at a temperature between
550° ¢. and 650° (.

Discussion of Second Run.

Table IV is a data sheet of the baking oven showlng the
time, charge, weight, and chamber in which each charge was placed,
length of time the oharges were baked, condition of baked charges,
and the retort to which they were transferred. fThe time of baking
in the oven varied from six hours and twenty-five minutes to nine-
teen hours and thirty minutes, and all charges were well baked.,

Table V is a data sheet of the retorts and shows the time,
charge, and retort number into which each baked charge was placed,
together with the time when the power was turmed on and off, the
length of time the charge stood in the retort before the current was
turned on, time of 4discharge, condition of spent charge, and chamber

in the baking over to which the spent charge was transferred. The



Table 1IV.

Data Sheet of Baking Oven.

Second Run - April, 1926.

mime Charged |Weight Time Discharged Charged
of Baking : Condition| into
Date Hour Charge |Oven Date Hour of baked |Retort
in Kumber charge Number |
vunds
| Ome bot-
4-6-26} 1:12 A M | 149.5 7 4-6-26} 5:20 P M|tom piece 3
crumbled*®
4~6~26] 1:50 A M | 149.5 & 4-6-26| 3:55 P M| Good 1
4-6-26| 4305 P M | 150 6 4-6-26{10:30 P M| Good 1
4-6-26| 6:15 P M | 1580 7 4-7-26]| 5:35 A ¥| Good 3
4-6-26}11:10 P M | 150 4%% 14.7.26111:30 A M| Good 1
4-6-26|11:35 P M | 149.5 prex 4. 7.26] 7:05 P M| Good 3
4-7-26{12:30 P M | 149 4 4-8~26| 2:55 A M|Excellent 1
4.7-26| 7T:50 P M | 149 7 4-8-26|10:45 A M|Excellent 3
4-8-26| 4:05 A M | 149.5 4 4-8-26| 7:12 P M|Excellent 1
4-8-26111:40 P M | 149 7 4-9-26| 2:25 A M|Excellent 3

* The bottam briguet was replaced, and the charge put into the retort.

** fmrgnsferred to No. 6.

*%% Myansferred to No. 7 at 7:00 A M on 4-7-26.




Table V.

Data Sheet of Retorts.

Second Run- April, 1986.
Time Charged Power Time Condition Spent
Retort Discharged jof spent |[Charge in-
Date | Hour |Number| On 0ff | Date | Hour| charge to Baking
Oven Num-
ber
4-6=-26] 4400 1 4:15{10:00|4-6~26}10:40|Excellent 6
PHM PM|PM M
4-6-26 5:40 3 10:50| 5:30|4~-7~26| B430| One leg 7
PM PM|{AM A M | erushed
4-6-26] 10:40 1 5:37111:20{4-7-26]11250 Good 4
PM AM{ AM A X
4-7-26] 5:45 | 3 |11:27| 6:55[4-7-26| 7:12] Good 5
AN AMIPM PM
4-7-~-26] 11:45 1 7:00| 2:40|4-8-26{ 3:05|Bxcellent 6
AM PM | AM AM
4-7-26 7:20 3 2:50{10:10]4~8-26|10:50 Good k4
PM AN [ AM A X
4-8-26 3:10 1 10:20! 7:05]4-8-26| 7:20 Good 4
AN AN PM P M
4-8-26| 1Ll:10 3 7:07[ 2:28]{4~-9-26| 2145 Good 7
AM PM|AM AM
4-8-26] 7:26 | 1 2.40| 7:25]4~9-26|Distillation incomplete;
P M AN | AN left in retort.
4-9-26 2;5]35,1 S Not distilled.
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time of distillation varied from five hours and forty-five minutes
to eight hours and forty-five minutes, a2nd in all cases the spent
charges were in good condition.

Table VI is a typlical power sheet during the distillation
of charge Ho. 4 in retort No. 1 and shows the time the charge was
started, control meter readings in kilowatis, total kilowatts, volts,
arperes, and watt hour meter readings. The total time of distilla-
tion, the way the charge took the current, and the total power inmput
may be noted from this table. This charge happens to have been the
longest of any during this run, and consequently the kilowatt hours
were the largest.

Table VII 1s a typical tamparatuzze sheet during the time
charge No. 4 was distilling in No. 1 retort. The temperutures of
the retorts, top and bottom of the condenser, and baking oven, were
recorded every half hour from Leeds and Northrup recording potentio-
meters. The gradual increase of the temperature in retort No. 1
from 644° to 1200° C. end the slow decrease of the temperatures of
the top and bottom of the condenser are importaent points to be noted
in considering the results.

Table VIII gives the time of treatment and power consump-
tion for each charge, showing the retort and éharge numbers, time of

baking in oven and retorts, time of distillation, and total power

consumed during the treatment of each charge.



Table VI.

Typical Power Report; Charge No. 4 - Retort No. 1.

Second Run - April 8, 1926.
Time Pow?:.Input Tg:-:l volts Amperes Waf:tgzur
, N0.1i{N0.3jN0o.2|Noel|[No+3{N0.2
10:20 AM} 11 8 19 77.5] 656 | 90 | 140| 140] 150{ 0490
10155 8 7 15 |43 42 | 48 | 210{ 170| 180| 0498
11:30 12 6 i8 |44 41 | BY | 290} 1¥0| 170| 0509
12:00 PM| 13 6 19 |47 48 | 52 | 00| 150( 250{ 0518
12:30 12 7 19 (40 42 | B2 | 340 170 260| 0534
1:00 10 6 16 |36 41 | 43 | 290| 170| 240| 0539
1:30 10 9 19 |36 46 | 51 | 320| 190; 230| 0549
2:00 12 8 20 |35 46 | 46 | 380} 800| 260f 0561
2:30 10 7 17 |35 | 44 | 45 | 340| 200| 230| 0569
3:00 10 8 8 |34 41 | 42 | 320| 200{ 260| 0561
3:30 9 iR 21 |33 41 | 40 { 320( 350| 340| 0590
4130 9112 | 21 {33 | 41 | 42 | 310| 330| 10| 0614
5:00 10 | 13 23 |%b 44 | 45 | 340| 340| 326f 0626
5:30 10.5} 13 23.5|36 46 | 45 | 840 300} 310| 0638
6300 95| 16.5] 26 |3b: 4Y | 45 | 330} 380{ 370| 0655
6:30 g 16.5| 25.5{356 48 | 45 | 320} 360| 350f 0668
7:05 8 11 18 |33 41 | 40 | 280| 250[ 300| 0680
Average
of Read-
ings 19.94{59.2{44.9|48.7| 314 238| 266
Total powLe”l"Tﬁput 190 kw.b.

Pime of distillation period

- 8 hbura and 45 minutes.

-

45 -




Table 7VII.

Typical Temperature Report; Charge No. 4 - Retort No. 1.

Second Run - April §, 1926.

Temperatures degrees Centigrade
Time
Retorts Condenser {Baking Oven
No. 1 {No. 3 |Top|{Bottom}4 & 5l6 & 7
10:G0 A M 644 1287 |295] 243 | 560 | 688
+ 30 644 1147 |292| 241 | 558 | 682
11:00 665 1085 |291] 241 | 558 | 680
+ 30 697 850 |290| 238 | 652 | 649
12:00 718 838 [285| 238 | 588 | 632
130 P M 776 810 |27b] 233 | 530 | 628
1:00 800 800 (272} 230 | 5% | 613
130 8l8 | 7956 |275] 232 | 593 | 646
2t00 863 780 (275 228 | 593 | 645
+30 880 763 |273] 221 | 600 | 645
3100 900 748 [264f 221 | 600 | 640
130 935 T27 [272] 217 | 605 | 640
4:00 Not taken
+30 980 710 [275] 220 | 600 | 632
5:00 1000 700 (278} 215 | 603 | 635
$30 1040 | 680 [283] 210 | 603 | 633
6300 1100 670 |283] 210 | 630 | 630
130 1150 660 [283] 210 | 630 | 625
7:00 1200 640 {278] 210 | 620 | 600
NOTES:

Power on No. 1 Retort at 10:20 A M.
Power off Fo. 1 Retort at 7:06 P M.

Baked charge from No. 7 Oven to No. 3 Retort at 10:45 A M.

Spent oharge from No. 3 Retort to Noe. 7 Oven at 10:50 A M.

Spent charge in No. 5 Oven removed at 11:15 A M.

Spent charge in No. 7 Oven transferred to No. 5 Oven at 11:20 A M.
Green charge into No, 7 Oven at 11:40 A M.



Table VIII.

Time of Treatment and Power Consumption.

Second Run -~ April, 1928.

Retort | Charge Time of Baking rime o | conmup
Number |Number{In Bake Oven | In Retort Distlllation | tiom in
Hours |Minutes [Hours |[Minutes {Hours [Minutes k. b.

1 1 14 5 - | 15 5 45 112

3 1 16 8 5 | 10 6 40 177

1 2 6 PAs 6 57 5 43 135

3 2 11 20 5 42 7 28 160

1 3 1z 20 7 15 7 40 174

3 3 19 | %0 7 30 7 20 176

1 4 14 25 (i 10 8 45 190

3 4 14 55 7 b7 i 21 160
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Table IX is a summary of temperature readings giving the
retort and charge numbers, retort temperstures when eharged, when the
power was turned on and off, the condenser temperatures for the top
and bottom wher the current was turned on and off, and the average
temperatures when these charges were baked. In esch case the retort
temperatures fell off after the charges were Placed in the retorts,
then increased when the current was turned on while the eondenser
temperatures, both top and bottom, showed a gradual decrease.

Teble X is & sumsary of residues giving the retort and
charge numbers, Va deseription of samples from spent charges—a top
and two vertical briquets were taken for one sample. Two samples
were made of the bottom briguet, one from the upper part and one from
the lower part. Thsse samples were weighed, analyzed for zinc content
and fixed carbon, and the results tabulated. There is a fair degree
of uniformity shown and in all cases the lower half of the bottom bri-
quet has a much larger per cent of zinc than the other samples.

Table XI is a suwmmary of charge No., 4 in retort No. 1 and
charge Ho. 4 in retort Ho. 3. These show the original charge in
pounds, per cent of zinc and pounds of zinc; the residues in pounds,
per cent of zinc and pounds of zinc; the wédght lost and zinc dis-
tilled in pounds and per cent. These results show a marked uniformity
in the distillation of the charges.

The changes and improvements in the equipment proved to be
very satisfactory. The oil burning spparatus for preheating the re-

torts, condenser, znd baking oven raised the temperatures to the de-
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Table IX

Summary of Temperature Readings.

Second Run -~ April, 1926.

Temperatures degrees Centigrade

Namber [Tumber| _ Retort Condenser Beking Oven
When Power |Power Top : Bot o Average
charged on | off |Poweri|Power |Power|Power

On off On off
1 1 1312 { 985 | 1240 612 { 540 702 | 649 593
3 1 1030 830 | 1142 530 | 458 649 | b56 591
1 2 925 | 740 | 1198 | 458 | 427 532 | 506 601
3 2 898 | T06 | 1174 | 427 380 505 | 450 671
1 3 870 650 | 1200 | 380 350 455 | 280 573
3 3 880 | 670 | 1237 | 350 | 295 270 | 243 637
1 4 845 | 644 | 1200 | 292 | 278 | 241 | 210 585
3 4 850 | 640 | 1232 | 278 | 265 210 | 199 635
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Second Run

Table X.

Sumary of Residues.

-

April, 1926.

Sample Deseription Weights Percent Fixed Carbon
ko o Rl oot e B Il e
veﬁtgcal L;Zi: gzﬁzr veizgcal ;:::r gﬁﬁ:r vEEEi-,L;::: gzizr
1 1 3.22% — -— - -— | - 78.44%| -- -—
3 1 ,9.32 — - - - - 69.70 - -
1 2 3.42 19.68%| 3.42| 5.25*% [1.51*| 0.81| 59.75 74.90° 61.30
3 2 3.11 34,08 | 8.60] b5.57 [l.81 «87| 76.00 [76.75 [45.75
1 3 3.63 113.36 | 4.35f b5H.12 |l.12 «87| 75.20 [66.85 [75.75
3 3 373 34.71 |18.96f 5.19 |2.56 15| 70.55 }45.45 [75.55
1 4 3.21 4.56% 4.94 1.81 75.00 74.30°
3 4 373 2428 5.12 1.87 76.15 78460

* From top briquet only.

2 Ope-half of bottom briguet (base seciion}.

3 Entire briquet.




Table XI.

Summary of Typical Charges.

Second Run - April, 1926.

Original Charge Residues Weight lost and
zinc distilled
Charge |Weight|Per | Weight |Per
Number in centjPounds| in |cent|[Pounds Weight Zine
ounds| zi i i
P zine| zinec {poundsjzine| zine Pounds Per Pounds Per
lcent cent

Charge 4 149.0135.,9f 53.5 | 62.5 {3.47| 2.17 | 86.5 {58.0151.5 1{95.9
Retort 1

Charge 4

Retort 3 149.5135.9} 53.7 | 60.3 }3.15} 1.90 | 89.2 }59.7!51.8 196.4

Power Gonsumption.

Charge No. 4, Retort No. 1 - 190 kw. hours or 3.70 kw. hours
per pound zinc distilled.

Charge No. 4, Retort No. 3 -~ 160 kw. hours or 3.09 kw. hours per
pound zine distilled.



sired points much faster than when gas was used and with less burner
ad justument. Practically no difficulty was experienced with short
circuits in the base blocks and only a small amount of zinc was tap-
ped from the outlets in the side of the blocks. The sheet steel
covers placed over the raw charges to prevent oxidation while baking
were very successful as none of the briguets showed any sign of oxida-
tion. The baking sufficiently cemented together the brigquets so that
no trouble occurred in transferring the charges from the oven chambers
to the retorts. As a rule the briquets tock the current readily.

The added row of insulating brick in the walls of the condenser, as
snown in Figure 8, probably decreased radiation losses. However, the
small volume of hot gases from the retort did not msintain the desired
temperature range in the condenser. Zine as blue powder,condex;sed
and choked the commections between the retorts and condenser Just as
in the previcus run. The connections had tc be frequently reamed

out, and while this reaming was in progress a slight explosion of
gases in the condenser caused the top brick-work to cave in and ended
the run.

After the current had been on & fresh charge for a short
while the three phases were very uniform and although there were
signa of local heating at times, the briguets held up remarkably well.

During the run no zinc vas drawn off from the condenser.

When the furnace was shut down one hundred twélve pounds of metal and

one hundred seventy-three pounds of blue powder were recovered.
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DISCUSSION OF THE CONDENSATION OF ZINC.

The usual gas laws apply to the condensation of zinc from
the vapor phase. In an atmosphere, containing zinc vapor only, zinc
will condense as dust, when the temperature is below the melting point
of zinc— 419° ¢. In a chamber where the temperature range is from
419° to 9300 C., zinc will condense to liguid metal from an atmos-
phere containing zinc vapor as long as the vapor tension exceeds the
maximunm tension of zinc at the temperature of the condensing chamber.
As the temsion of zinc vapor decreases the temperature must also de-
crease t0 continue the condensation of liguid zinc. Purther, at any
temperature within the range at whieh zinc is molten, some zine vapor,
corresponding to the maximum vapor tension of ziﬁc at that temperature,
will remain uncondensed. When other gases are present zinc vapor sus-
tains only a part of the pressure, hence condensation cannot begin
until a lower temperzture is reached; at this temperature the partial
pressure of the zinc vapor in the mixed gases equals the vapor tension
of zinc. Also at this temperature condensation to liquid metal may
commence and continue as the temperature decreases, until the melting
point of zinc is reached. During condensation the gas mixture is al-
ways saturated with zinc vapor. This is similar to the precipitation
of water from air as the temperature of the air decreases. The tem-
perature at which zinc vapor begins to condense depenis upon the vapor
tension curve of the metal and the amount of other uncondensable gases,

with which it is mixed. These other gases reduce the pressure of the



zinc vapor. An exact amlogy my be seen to the phenomena of the dew-
point of moist air, the temperature at which water forms.

In the condensation of zine vapors, certain amounts of blue
powder are formed. Two kinds of blue powder—chemical and physical
or mechanical-—are generally recognized and their causes are different.

The chief cause for the formstion of chemical blue powder
is thought to be oxidation, either by carbon dioxide, oxygen, or wa-
ter vapor in the gas mixture. Ais the oxide is lighter than the metal
it probably floats on the surface of the liquid globules and forms a
brotective coating over them. In order to minimize the formstion of
carbon dioxide from the decomposition of carbon monaxide
(2 C0 = €02 + C} with consequent oxidation of zinc vapor, rapid
condensation is desirable. Chemicsl foroes other than oxidation may
contribute to the formation of blue powder. The presence of cadmium,
arsenic, antimony, tellurium, selenlum, and sulfur is detrimental to
efficient condensation. Small dust particles may act as nuolei around
which zinec vapor may condense and increase the amount of blue powder
formed.

Blue powder produced by physical or mechanical causes is
largely due to condenser design and improper temperature regulation,
but atomic and molecular, and mechanical forces may have some effect.
The force expressed in heat units required to overcome atomic and
molecular forces which hold zinc in the ligquid state is a direct
measure of the force that tends to condense it. On condensation, the

same smount of heat is given out as 1s absorbed when zinc metal is
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vaporized. It is essential that the separate particles be close
together for the actlon of atomic and molecular forces to take place.
From an atmosphers in which the zinc is much diluted by gases, either
inert or oxidizing, more blue powder is formed. The condenser wsalls
and baffles,dissipating the heat given out and also their location
with reference to the gas flow, are important factors.

In electrothermic zinc smelting in the past certain amounts
of blue powder have been produced. The blue powder formed in some of
the campaigns in the Fulton elesctrothermie dry distillation process
in Xast St. Louis was very smell. In the experimental work covered
by this thesis considerable blue powder was formed, but this could not
be avoided, as the temperature of the condenser was below the melting
point of zine—419° C.—for muck of the time.

The forces that act on the zinc globules and gases to bring
the zine atoms and molecules within the range of intermolecular forces
are gravity and mass action. Mass action is due %o the change of vol-
ume by the addition or subtraction of heat. Gravity is constant but
opposed by several resistances. A rapid evolution of zine vapor from
the retort chamber is not necessarily a disadvantage, but an irregular
flow of gases is detrimental. The condenser governs the velooity and
direction of issuing gas currents.

The temperature range within which condensation is possible

cannot be varied and must be between the melting and bolling points of

zine. The vapor should graduslly cool from entrance to exit. A rapld

and uniform rate of distillation should decrease the heat loss by radis-
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tion. If the loss of heat in the condenser is too rapid or too lo-
cal and cannot be prevented, external heat must be adaed; if the re-
verse occurs, cooling with air or water must be used. Regulation of
the condenser temperzture consists of three parts: (1) Obtaining
heat sufficlent for the start, (2] Conserving the heat during the
normal working so the cdndenser may be as large as possible, and

{3) Supplying or removing heat as desired.

Condensation is a complicated phenomena. In liquids with
low boiling points the liquid globules increase rapidly when their
presence in the gas is indicated by a nebular zone, Solid parti-
cles or neuclel throughout the cooling gas, around which condensa-
tion occurs, ald in the formation of the liquid globules. At a cer-
tain size these globules fall by gravity at a measured rate and col-
lect as a liguid. Zinc vapor probably acts in a somewhat similar
manner and to thoroughly understand condensation it ls essential to
be familiar with the laws of diffusion, viscosity, vapor tension of
gases, surface tension, capularity, and adhesion and cohesion of
liquids, as these forees are involved in the formation of the liquid

globules and their union with a liquid nmass.
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SUMMARY .

Although the work described in this thesis cannot be con-
sidered as complete, until certain mechanical changes have been made
and the furnace operated continuously over a considerable period of
time, this electrothermic dry distillation process for the extrac-
tion of zinc from ores offers excellent commercial possibilities.

The literature has been reviewed, the process that was used
at Bast St. Louls described, and results of work at the Mississippi
Valley Experiment Station of the United States Bureau of Mines, De-~
bartment of Commerce, Rolla, Missouri along the line of electro-
thermic metallurgy of zinc considered.

In the Fulton process the runs in November, 1925 and
April, 1926 both showed that the briquets baked in a satisfactory
mammer in the baking oven; the zinc distilled off readily in the
retorts &nd the briquets maintained their original form ani volume
after treatment. (onsidering the fact that the temperatures in the
condenser for about fifty per cent of the time were below that at
waich zine could possibly condense as a metal, an unusually large
amount of metallic zinc was obtained. In the first run seventy-
seven pounds of metal with one hundred eight pounds of blue powder
were recovered, while in the second run one hundred tweive pounds
of metal with one hundred seventy-three pounds of blue powder were

obtained from the condenser. This is an average of about forty per

cent in the form of metal.
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The per cent of zine distilled in Charges No. 6 and No.
7 of the first run was 94.8 and 95.5 per cent. In the second run
Charge No. 4 in No. 1 Retort and Charge No. 4 in No. 3 Retort showed
95.9 and 96.4 per cent, respectively, which are excellent recoveries.

The work described in this thesis was carried out in a
small model plant. This furnace is of unusual interest from a com-
mercial view polnt, as there is a real need for a properly designed
electrothermic process in which the furnace would have a daily capa-~

1

city of from five t0 ten tons. The power consumpticn~ from the

lEulton, Ce Hey Iarge electric-resistance furnace for zinc ores,
Trens. Am. Inst. Min. & Met. Engrs., Vol. IXIV, p. 222, 1921.

tests in the model plant are not indicative of the results of actual
operation on a large scale, but will vary with the grade of the ore
treated and will be higher for low grade ores. However, the differ-
ence may be compensated by the subsequent recovery of other metals,

if any are presente.
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