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PREFACE. '

This.thesis is presented to the faculty of the School
of Mines and Metallurgy of the University of Missouri in
partial fulfillment of the work required for the Degree of
Metallurgical Engineer, and consists of excerpts from Bull. 211
of the Bureau of Mines, Department of the Interior, entitled,
"The Chloride Volatilization Process of Ore Treatment," by
Messrs. Varley, Barrett, Stevenson, and Bradford, copy of
which is attached hereto, for reference as to history, purpose
and scope of experimental work carried on by the Bureau of
Mines, and the application of the chloride volatilization
process to various orese. The extracts from the bulletin
gover a portion of the work conducted by the author on the
ochloride volatilization process while he was attached to the
Intermountaln Station of the Bureau of Mines at Salt Lake,
and include laboratory experiments and plant operatioﬂs
carried on by him personally or under his direction during
1918, 1919, and 1920. He is indebted for their assistance
and cooperation to the members of the Bureau of Mines and

cooperating companies interested in this investigation.



EXCERPTS FROM
"THE CHLORIDE VCLATILIZATICON PROCESS CF CRE TREATMENT"
BY
Thomss Varley, Edward P. Barrett, C. C. Stevenson,

1l
and R. H. Bradford.

Bull. 211, U. S. Bureau of Mines, 1923, copy attached hereto.



THE CHLORIDE VOLATILIZATION OF SILVER AND LEAD

FROM ZINC CCNCENTRATE.

BY

'WARD PHILLIP BARRETT.

SILVER AND LEAD FROM ZINC CONCENTRATE FRCM GOODSPRINGS, NEVADA.

The Yellow Pine mine at Goodsprings, in southwestern
Nevada, yields an ore néé.rly free from gangue constltuents.
The ore as mined contains 8 to 12 per cent lead, 8 to 12 ounces
silver, and 30 to 35 per cent zinc, and is milled in a gravity
concentration plant where separation of the lead and zinc is
made . The ore is nearly all carbonate, except & small amount
of galena, and the lead concentrates contain considerable zincg
the zinc concentrates contain lead and silver in quantities
ranging from 3 to 7 per cent and 3 to 7 ounces, respectively.
The lead and silver in the zinc concentrate is a total loss,
as well as an expense; on a basis of 35 to 50 tons per day

the loss becomes serious. The following tests were made with



the object of recovering this lead and silver.

Muffle experiments.

The first preliminary testson the chloride volatili- -
zation of the silver and lead from Yellow Pine ore, on 100-gram
charges, were made to determine the conditions that would give
the highest volatilization of these metals, the varying factors
bei:ng temperature, time of heatihg, fineness of crushing, and
the kind and amount of chloridizing reagent. The results
cbtained with calcium chloride were slightly better than those
with sa2lt, but the higher cost of calecium chloride prevented
its use on a domercial scale. Avout 90 per cent of the silver
and lezad were volatilized when salt was the chloridizing reagent.

The charge was heated to 1,000° C. for 30 mimtes.

Laboratory experiments.

Following the muffle tests, C. C. Stevenson carried
out five experiment's jn the 3-foot kiln, equipped with a screw
feeder and & calcium chloride injestor, as described on Page 37
of Bull. Z21l1l. During some of the tests calcium chloride was
injected into the heated part of the kiln. A4ssays of products
made from this series of tests indicated that high percentages
of the silver and lead can be volatilized in a rotary kiln

using salt or both salt and calcium chloride.
2



Semicommercial experiments.

Two series of tests were made on 200~pound samples
in the 20=foot kiln. Salt alone was used in some tests as the
chloridizing agent; in other tests both salt and calcium
chloride were used. Here, again, is evidence that an increase
of temperatﬁre inoreases the percentages of the silver and lead
volatilized, and that calcium chloride causes somewhat higher
percentages of metals to be volatilized than does salt alone.
Tables 1 and 2 were compiied by Mr. Barrett from data on these
tests,.

"Je Cs Morgan and C. C. Stevenson made in the 20~foot
kiln tests in which calcium chloride was injected at the firing
end of the kiln. During these tests some caleines were dis-
charged whioh carried small amounts of silver anci lead, indi=-
cating that to injeot caloium chloride into the hot end of the
furnace was more efficient than to add it with the feed. 9Saltl was

mixed with the ore before feeding to the kiln.



Dats of tasts on Nevada zinc

TABLE 1,

concentrates in 20-«foot kiln.

‘Test | . Weight Time ; Volatil= Collected Loss
{ No.| Date , Tem= : ized
f ; ; { Min= ' peras= E i
Ore NaCl! CaCl, Hrs. utes |ture  Ag. = Pb, @ Ag. | Pb,  Ags  Pb.
; , ; ! 4 i ; ; :
1919 Lbs. Lbs,.. Lbs, : ( 9Ce i P.cts P.cte Pecte P.ctel Pects’ Pocte
1 July 13%210l....‘ 12.6 1 ' 15 : 800 21,9: 50.8 23,8 31l.6 =2.0  18.2
2 16 300 13¢5 eoes 1 1 15 850 ° 32,9 : 25,8  20.5 16,8 - 12.4 @ 9.0
3 17 208 seee| sooa | 1 ¢ 15 | 850 1 8,2 13.6 101 3,2 ~1.9 10.4
4 18 210 4.2| 844 ; 1 | 15 850 @ 35.3 . 49,1 . 3843 3646 | =340 12,5
5 22 2000 6.0 4,0 1 | 15 | 950! 64,1 39,0 28.3: 41.2  35.8  =2,2
) 28 200: 940 aeee | 1 : 15 950 i 49.2 | 47.2 4l,1 i 29,6 8.1 . 17.6
7 | Auge 1 200, 9.0| eeee : 2 | 00 | 950! 47.6, 48.6 | 34,8 30,8 12.8 17.8
8 | Nov. 6 475 28.5| 28.5 % cee | «. |1000| 48,61 53,3 29,1 22,7 19,5 30.6
: i
Average (omitting test 3)ecevecscecescessacenss 42,8 44.8 | 31.9 . 29,9 11,9 . 14.8
Average, NaCl only, 4% pPer CoNtecececcscccccess 43.2 | 40.5 i .....}......,......%.........i
i - i

L
5
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TABLE 2,

Data of tests on Nevada zinc concentrates, based on assays of first discharged
calcine and on average discharged calcine,

| | Weight First discharged cale | Average discharged
E | E of . De-: Heading ¢cine calcine f
Test | Date | con= | crease assays Assays | Volatilized| Assays | Volatilized
' Noo . cen= in - i A f
| trates| weight; Ag. | Pb. ;| Ags ©Pb, Ag. % Pb., | Age ! Pb. | Ag.  Pb. .
‘ 1919 ; Lbse. P.Ot. Ozs, ;PoGtQEOZSQ? P.cte. PoCtofPQCto 0zse P.ct. Pocto P.ctO%
"1 July 15, 210 | 5.7 | 7.34  6.58|5.64. 3.10| 27.5 55,6 | 6,32 3471 | 2042 46.8 |
P2 161 300 | 14.8 é Teld | 6.30/6.20. 4,92 25.1 (33,3 [5.76 5,21 | 3142 29,5 !
4 18 § 210 17.5 6440 © 6.19/4.14. 3.68! 4648 51,1 4487 3,87 | 37.4. 48,5 .
) 22+ 200 12,3 6458  6.39/2440. 3.46] 68,2 %52.5 2.36| 4422 | 68,5 42.2 |
6 28 . 200 21.0 | 6458 | 6,39|5416: 4434 3840 4644 [ 4498 | 4457 | 4042 4346 :
7T T Auge 1 g 200 16.2 6458 | 64393458 2486| 5445 62,5 | 3,87 | 3,37 | 50,7 55,7
f i : i '
3 : Avex‘age................nu.....................“.4-5.4 50e2 | voneeeccnsns 4103 44 .4
. s




Experiments in the 20«foot kiln.

A careful test was made to check test 5 (Page 70 of
Bull. 211) and to obtain data from which extractions could be
calculateds The nose ring in the end of the enlarged part of
the kiln was removed to prevent the ore from forming there a
thick bed. The speed of the kiln was one revolution per min-
ute, and the ore was fed at the rate of about 150 pounds per
hour.

Forty minutes was spent in getting to the Junction of
the, furnmace, and 20 minutes in the/ enlarged part of the furnace
where it is assumed that most of the volatilization takes place.
The ore was mixed with 10 per cent salt, and was fed into the
cold end of the furnace., The following schedule shows the time
of the different operations:

QdMe
11,30, Fire started.
Peme
12,30. Feeder started.
m 1.10. Charge at junctiom 980° ¢,
1,30, Discharge began 933° ¢,
2.00. Feed all in 1,037° C.; 40 pounds overflow refed to
kiln.

2.15. Temperature, 1,021° C.
6



2.40+ Grab sample taken Jjust as charge reaches Junction.
3.20. Temperature, 953° C.
3.45. Shut down; all discharged.
The average of the series of 12 tests later made in
the 50=-foot kiln at Goodsprings was approximstely the same as

the average of 7 tests in the 20-foot kiln at Salt Lake City.

Comparison of tests made at Goodsprings and at Salt Lake.

Amount volatilized.

Item. H
: Silver. : Lead.
~ : Per cent : DPer cent

At Salt Lake City, 20=f00t KilNeeesesssesus 42.8 : 44.8

At Goodsprings, 50=fo0t kllNesesesossasee: 413 : 45.1
The average of three tests in the Britck- ; :
ner furnace on 140, 187, and 195 : :

Pounds of OrQe¢evsvessssscssctssssssoscnscal 639 H 85.4
The average of the above three tests : H
in the Briickner, computing the values : :

in the grab samples as being the same : : _

as the material left in the furn&Ge...: 7.6 : 97.9
In the thin~bedded test in the 20~f00t : :

kiln.-..-...............-...-.........: 40.6 2 6046

Here, again, the amount of metals extracted was close
to that volatilized in thiockwbedded tests, and in the 50«foot
kiln at Goodsprings. Experiments were made to determine the
difference in metals volatilized with thick and thin beds of

ore in the kiln. In the thin-bedded test the time of heating

?



was mach shorter = only 20 minutes in the enlarged section
of.the kiln -« and the grab sample showed that the silver cone
tent, as the charge entered that section, was 4.3 ounces;
this amount was reduced to about 2 ounces by the time the ore
was discharged. In the last run the metals in the fume col-
lected accounted for all the metals volatilized.

In & rotating kiln, therefore, the greatest amount
of metals is volatilized when the charge of ore and salt is
heated iIn a thin bed in the furnace fdr about 45 minutes at

1,000° ¢,

. Plant tests.

The smallwscale and semicommercial volatilization
experiments by E. P. Barrett on the silver-lead-zinc ores
from the Yellow Pine mine, Goodsprings, Nevada, gave such
favorable results that the Yellow Pine Mining Co. offered
‘to the Bureau of Mines the use of their plant at Goodsprings,
Nevada, in which to maske volatilization tests on a commercial
scale. (See Plate 1.} This offer was accepted, and repre=
sentatives of the Bureau of Mines carried on a series of tests

in cooperation with the Yellow Pine Mining Co.



PLATE 1.

General view of Yellow Pine Mill, Goodsprings, Kev.



The Yellow Pine Mining Co. operates a 75«~ton mill
and calecination plant at Goodsprings, Nevada; the plant is
equipped with a complete concentrator. The ore is all high
grade, containing little or no gangue material, sc that the
mill produces zinc concentrate, lead concentrate, and a slime

product that can not be separated into zinc and lead concentrates.

Microscopic examination.

Microscopic examination of a representative sample
of Yellow Pine ore showed it to be a typical oxidlzed ore, the
sulphide content being practically negligitle. The zinc and
lead are present chiefly in the carbonate form, although minor
amounts of zinc and lead sulphides, together with a small amount
of pyrite, can be identified in conoentrate; obtained by careful
panning with a horn spoon, The_gangue is largely siliceocus in
nature, but contains some lime carbonate and is stained with

iron oxide.,

Although the usual microscopic methods were used in
examining the Yellow Pine ore and products, positive determina=
tion of any silver mineral in the low-grade ore has not been
reached. Careful scrutiny of panned concentrates of scoreen
products failed to get visible evidence of the presence of
silver; hence several firs assays were made upon samples of

10



the products examined in order toc determine approximately the
location of the silver. The results of these tests indicated
that much of the silver was carried by the residual sulphides,
probably as finely disseminated argentite, the remainder lying
with the balance of the ore. The puzzling feature was the

relatively high silver content of the gangue, careful examina-
tion of which in the crushed condition failed to give aﬁy clue

to the presence of silver,

Calginin nt.

The zinc concentrate made in the mill, which was
originally shipped to zinc smelters in Kansas and Oklahoma,
assayed about 33 per cent zine, 4 to 6 per cent lead, and 4 to
6 ounces silv.er. The silver and lead in the zinc concentrate
was & total loss, as neither of these ﬁxetals was paid for by
the purchaser of the concentratse.

¥Mr. Kirk installed a calcining kiln, 50 feet long and
6 feet in diameter, to dry the ore, which contalned &pproxi-
mately 20 per cent moisture as it left the mill, and to heat it
simmltanecusly to about 800° C., in order to drive off the
carbon dioxide from the ore. By this procedure the grade of the
zine concentrate was raised tc approximately 38 per cent ginc.
A1l material calcined and treated in the kiln was'ung'radad,

the meximum size being about one-fourth inoh.
S § |



Volatilization experiments. = The procedure in the

Goodsprings tests was to mix the zinc concentrate and the requi-
site quantity of salt before feeding the material into the 50-
foot kiln. The temperature was raised to betweén 800° and 1,000°
C. in order to volatilize the silver and lead.

In most of the experiments conducted at Salt Lake both
salt and ocalcium chloride were used for chloridizing. In the
first experiments at the Goodsprings plant both calcium chloride
and salt were used, but the high cost of calcium chloride and the
extreme difficulty in preparing it and in mixing it with the ores
made it prohibitive for commercial use, hence the other tests were
performed with salt alcone as a chloridizing agent. The tests were
begun at the plant in February, 1920, Mechanical difficulties
were encountered with the blower and the oil burner, and eonsumed

much time before they were finally overcome.

Operationsg of rotary kiln.

It soon became obvious that the ore did not remain in
the kiln long enough at the proper temperature to effect complete
chloridizing volatilization of the silver and lead. The speed of
the kiln was decreased somewhat, with better results. Several
times, when the kiln was shut down, the ore was sampled at
intervala of 3 feet along the length of the kiln to determine

the rate at which the metals volatilized. After the kiln was
12



cool emough, an examination was made which showed that the
first 20 feet of the kiln served only as a drier, and there

the ore hardened somewhat and adhered to the sides of the
furnace. In the next 20 feet the ore and salt were brought

up to the required temperature, only the last'lo feet in the
kiln being available for volatilization. MMany expsriments
mede to determine the time necessary for the ore to pass
through the kiln showed it to be usually between 40 and 50 mine
utes, s¢ that the ore remained in the heated zome only 10 or 12

minutes.

Screen test of ore from sonveyere.

A screen test of a sample taken from the conveyer

feeding into the kiln showed the following percentages:

Screen test of Yellow Pine ore being fed into rotary kiln.

-
S

: : Cumilative

+ Veight weight

: Per cent : Per cent
On 4=mesh SCre6Nesscccssccesccssses 42.0 : sexes
On 8-meSh SOreeNeeccscccsssssscsssel 21eb H 69.6
On 10-mesh SCreé€Nescsscscssccacscss 5.4 : 76.0
On 20-mesh SCroeflecscssccsccscssseel 6.0 : 8240
On 48-mesh S0reeNeccsscssscncsences 5.8 3 88.8
On 65«mesh SCre€Necssescscssssscanes l.4 : 90.2
On 100-mesh SCr'eéeNessssccscessssses  Le8 s 92,0
Through 100-mesh SCreéNeccsseccsset 7.8 : 99.8

13



Demcngtration treater.

The Western Precivpitation Co., Los Angeles, Calif.,
in order to demonstrate the efficiency of the Cottrell electro=-
static precipitator in collecting chloride fumes, installed at
the plant, under the direction of Mr. H. V. Telch, a six-pipe
treater complete with a 1l5-kv.a., 220-volt, alternating-current
generator, 220 to 100,000 volt transformer, rectifier, and
switchboards The Yellow Pine Mining Co. furnished motors and
fans to complete the precipitation plant. The treater was
erected beside the concrete base of the stack and was so commec=
ted with a fan that 300 cublic feet of gases a minute could be
drawn from the flue and passed through it. See Plate II. The
average volume of gas passing through the main stack was about
5,000 cubic feet a minute. This small treater worked very
satisfactorily, only a2 slight haze being seen above the outlet
at the top of the treater., Plate III shows comparison of
densities of fume passing through the main stack and through the

treater.

First plant test.

Test 1 was made over & period of three hours during

which the feed was 6,000 pounds of wet ore, 15.6 per cent mois-

14



PLATE 1I1.

» Goodsvrings, Keve.

Plant

Cottrell treaters, Yellow Pine

15



PLATE III.

Chloride fumes escaping through stack, at base of
which is a small unit of a Cottrell precipi-
tator, Yellow Pine Plant, Goodsprings, Kev.

16



ture, plus 300 pounds of salt an hour. The salt was added to the
ore on the pan conveyer feeding the kiln. The temperature in the
hottest part of the kiln was about 1,000° C,, at which point
there was a slight tendency for the ore to fuse and "ball up,"
and the calcine was discharged at a temperature Jjust below the
fusion point. The consumption of o0il was about 25 gallons an
hour, or 8 gallons a ton of feed. The gases entered the treater
at about 185° C. at a veloaity of 6 feet a second through the
pipes. There was visual clearance from the fume at all times.
The fume, which was almost white, was analyzed by Mr. Restell,

analyst for the Western Precipitation Co., who reported as

follows:

Analysis of fume from Cottrell treater, test 1.
Al,,.00...0unce... 0.04 | Keeeoosssesoper cent... 0455
ABueieaee0unces..28.80 HBeeoansesassedOeceaees 8e62
Po,.....per cent..42.40 304...........do....... 634
CleeevncesadOsenee <44 CleceeccsonsaelOeceesselfal?
ZNecesenoesdOaasee 5430 HoQeveernonoesdOoennnne 3e24

Fe..‘-‘...ldo'.l.. 1079

17



The amounts of silver and lead volatilized in this

test were 42 per cent and 4l.8 per cemnt, respectively.

Second plant test.

The speed of revolution of the kiln wzs re&uoed in
test 2 to one r’evolution in about two and one-half minutes in
order to increase the length of time necessary for the ore to
travel through the kiln. The charge was heated for a longer
time, and thus a greater amount of the sllver and lead was
volatilized. The charge was 4,600 pounds of wet ore, 18 per
cent ﬁzoisture, plus 225 pounds of salt an hour. The salt was
added on the pan conveyer and wzs mixed with the ore in the

upper part of the kiln. Assays of the products of this test

follow:
Assays of products of second plant test.
Item : Ag- Pb. Zn. Cl.
Cunces Per cent Per cent Por cent
Feed......‘...lll..lsléo 5.90 36‘4 LR NN ]
Calcine.............I-SB 2,00 44.3 1.86
Fumeo'-ogncoc¢-¢.--34072 57.90 6.2 ' 50.27

The loss of weight was 18 per cent, and the amounts of

silver and lead volatilized were 62.3 per cent and 58 per cent,

respectively. 18



Third plant test.

The speed of the kiln in test 3 was one revclution in
about two and one-half minutes. The mill hz2d been shut down,
thus allowing the ore in the bins to dry out and reduocing the
moisture content in the feed. The charge was 6,000 pounds of wet
ore, 5 per cent moisture, plus 360 polnds of salt an hour. A
temperature of 1,000° C. was maintained in the lower part of the

kiln throughout this teste. Assays of the products follow.

Assays of products of third plamnt test.

Item Age Au. Pb. Zn. €1.
Ounces Cunce Per cent Per cent Per cent
Feed.....l!'ll...4loo * s a0 4.00 37.5 [ ]
Calcine.....-....2.58 enes 1080 45.0 ssse
Fume.-“‘l'....’ss.zo 0008 30.80 7.2 53‘5

The loss in weight was 16.7 per cent, and the amounts
of silver and lead volatilized were 48.2 per cent and 62.5 per

cent, respectively.

19



Fourth plant test.

Test 4 was made to determine the possibilitiés of
recovering by volatilization the silver and lead in the mill
slime. The charge was avout 4,000 pounds of slime, 20 per
cent moisture, plus 240 pounds of salt. The regular feed to
the kiln was shut off for 30 minutes, allowing the ore burden
in the upper part to pass down the kiln, so that only a little
mixing of the slime with left-over concentrate was necessary.
The charge dusted much more than the regular charge cf concen=-
trate, but not as much as might be expected with material
practically all finer than 200-mesh size. Assays of the pro-

ducts of this test were as follows:

Assays of products of test 4.

Item Ag. Pb. Zn. Cl. Insoluble
Cunces Per cent Per cent Per cent Per cent

Slime......;..0...5.43 6.00 32.00 [ B I O ] a8 o8

Calcineooolonco¢.¢4l20 3.60 39.70 -.-OC‘ s e s 08

Fme..-..........zs.eo 31050 14050 19.6 6020

The reduction in weight was 16.8 per cent, and the
amounts of silver and lead volatilized were 35.7 and 50 per cent,
respectively. Test 4 gave better results than were expeocted.

The percentage of fume from insoluble matter would =8 a matter

20



0of course be higher than from concentrats. The higher zinc
content was undoubtedly due to mechanical losses through duste
ing of the charge, rather than to higher volatilization of thé
zinge. This test shows that the slime could be dewatered and
mixed with the coarse concentrate and the mixture fed without
difficulty into the kiln. The daily tonnage of slime repre-
sents about 15 per cent of the concentrate tonnage from 9 to

10 tonse.

Losses of metal as dust.

In order to determine the losses from dust being
carried up the stack in the usual operation of the calcination
plant, a test was made passing part of the flue gas through the
treater., The gases in the stack were at 200° Cey with 2 veloc=-
ity of 12 feet a second, their volume being 5,040 cubic feet a
minute; 297 cubic feet, or 5.89 per cent, of the flue gas was
deflected to the treater, entering it at a temperature of 187° C.
wiph a velocity of 39.23 feet a second. The dust collected at
a point 10 feet from the base of -the stack amountedlto 0.0586
grams & cubic foot of gas. The loss from the top of the stack
may be somewhat smaller than this figure. The treater was
operated at 45,450 volts and gave almost perfect visual clear-
ance at all times. The feed to the kiln was 5,400 pounds of

2l



ore per hour, and the duration of the test was four hours. A4n

assay of the dust follows:

Assay of dust takem 10 feet from base of stack.

Material Ag. Pb. ZN. Insoluble

Ounces Per cent Per cent Per cent

Dust from stack 11.9 8.4 39,6 13.4

The loss per eight-hour shift was approximately 2.38
ounces of silver, 33.6 pounds of lead, and 158 pounds of zinc.
The fume from the volatilization tests assayed about 1 per cent
of insoluble matter, a quantity much less than the insoluble
matter in the dust. Hence, dusting was probably decreased by

the addition of salt to the charge.

Conclusions from experiments.

The experiments tabrzlated and described above are but
a few of those made at the plant of the Yellow Pine Mining Co.,
at Goodsprings, Kev. Tests tabulated as laboratory experiments
are btut a few of many made at the Intermountain Experiment Sta«

tion of the Bureau of Mines. The results recorded here prove
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that the chloridizing volatilization process can be applisd to
this type of ore. With proper machinery and with right plemt
conditions a higher extraction of the silver and lead can no
doubt be obtained.

The equipment used at Goodsprings was not perfect;
moreover, the tests were made during the regular operations of
the calcining plant. The greatest difficulty in effecting high
extraction seemed to be that the ore was not held long enocugh
in the part of the furnace maintained at the desired tempera=
ture to effect complete volatilization, In addition to the
present kiln or the substitutimfor it of a Brtickmer kiln was
suggeste& to the management of the Yellow Pine plant.

The silver and lead in the calcine shipped to the
zinc smelters is a total loss to the mining company. The
recovery of only 50 per cent of each of these metals would
more than pay the cost of operating a volatilization plant.

The fume collected in the treater was assaygd many

times, a fair average being as follows:

Average assay of fume in treater.

GOldo csesOUNCOS. .« 0,08 ZiNCecesses «per ceNteosee Dol

SllvereieicsedOesee34.8 ChlorinGecsesd0eseeessse28e2

Lead.....per cent.. Ins0lubleeseedOsescsscess 10
3546 .
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Laboratory experiments in reducing similar fume have
easily yielded silver=lead bullion and caleium chloride slag.
The latter could Be used again as a chlor@dizing'agent. Unfor-
tunately, not enough fume was made toc conduct semicommercisal
experiments. Similar fume is sold in Utah to the lead smelters,
and is smelted to base bullion after admixture with lead and
silver ores.

Salt alone should be used as a-chloridizing‘agent; it
can be procured very cheaply at the plant and can be handled
without difficulty.

The general depréssion of the metal market and the
high freight rates forced the Yellow Pine Mining Co. to sus=
pend operations in the autwmm of 1920, about the time the final
report ﬁas made covering the foregoing experimemtal work. On
the resumption of activities this company might well install

a plant designed especially to recover metals now being loste
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Brlickner furnace thin-bedded experiments.

The Brlickner furnace at the Intermountain Experirnént
Station was used for a series of 100=-pound tests, in which a thin
bed of ore was maintained at the desired t;amperature for any
convenient length of time. Grab samples were taken every 15
minutes, and from the assays of these samples curves were drawn
showing the amounts of silver and lead left in the calcine in
the furnace. four tests were made, the curves in Figure 1 show-
ing the averages of the series. The ore treated was the zine
concentrates from the Yellow Pine mill, Goodsprings, Nevada.

No attempt was made to determine the actual quantities
of silver and lead volatilized. The only fsotor considered in
these tests was the length of time necessary to heat the charée
of ore and salt in order to reduce the amounts of silver and
lead in the calcine to a minimum,

The data show that by heating to 1,000° C. for 165
minutes the amount of lead is reduced to 0.1 per cent end in
195 minutes the silver to l.1 ounces. Thess results lead cne
to believe that length of time in heating was the important
faotcr to consider in the volatilization of silver and lead
from this material. But comparison of the above results with
those obtained in the muffle whem cover 80 per cent of the silver

and lead was volatilized in 15 minutes by heating to 1,000° C.
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shows that time is not the most important factaor.

The author believed that conditions anproxinating
those in the muffle could be obtained by heating in a BrHckmer
furnace a thin bed of ore mixed with chloridizing reagent, and
that high percentages of the metals could be volatilized in
the same length of time &s in the muffle tests. Three
experiments were made with cores, 100-pound tests of which had
previously been made in the Brickner furnace, 150 minutes
heating being required to volatilize quantities of metals
that could be volatilized in the muffle in 40 minutes. ZXach
test showed high percentages of metal volatilized and compared
well with muffle testse.

In order to determine whather or not consistent
results could be obtained by this preocess, a series of four

tests was made, as follows.
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Test 1 with thin bed of ore in Br@ckner furnace.

Lovember 22, 1920.

Tem=

43sa
Time Cperation pera- 4
ture n
a . OC Agn :l:bl ;;10
allle . CZ., "D 0

3.45 Pire started
10.45 Ore charged plus 10% KaCl 1,021 4.02 2415

10.55 fuming 940 ..., teee cves
11.00 Dense fumes, grab 1 1,000 Sedd 1.25 4.85
11.05 Dense fumes, grab 2 1,000 2.64 «70 cvee
11.10 Dense fumes, grab 3 1,000 2.34 50 2435
11,20 Shut down, grab 4 9275 1.88 «35 1,35

Tast 2 with thin bed of ore in Brilckner furnsace.

Tem- Assay
Time Operation pera-
ture Ag. Pb. Cl.
Pella © C. OZe % %
1.25 Cre cherged plus 10% NaCl 990 4,02 2.15
1.35 Fuming 920 cveee cees PP
1.40 Dense fumes - 950 oo P eoese
1.45 Dense fumes, grab 1 1,021 3456 1.20 4445
1.50 Seetesacasscscanser 950 cees ceee coee
1.55 2000 0B 0EBI B es NI 975 L NN ses e es e
2,00 Dense fumes, grab 2 975 2.24 «55 seee
2,10 Dense fumes, grab 3 975 1.82 «30 1.75
2.25 Shut down, gradb 4 ens 1.80 +45 1.60
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Test 3 with thin bed of core in Briickner furnace.

Kovember 23, 1920,

Tem- Agsay
Time Cperation pera-

ture Ag. Pb. Cl.
DemMe °g. 0z. 4 %
1.15 Fire started
l1.45 Cre charged plus 10% ¥aCl ... 4,02 2.15 6400
l.55 Dense fumes 965 ceae ceos veee
2.00 Dense fmes, grab 1 ‘ 980 2.84 1.05 cese
2405 Dense fumes 1,005 coes cons saca
215 Dense fumes, grab & 1,000 2.70 45 cees
2.30 Dense fumes, grab 3 965 2.18 +45 3405
2440 Shut down, grab 4 981 1.92 + 45 2450

Test 4 with thin bed cf ore in Brlickner furmace.

- Teme Assay
Time Operation pera-

' - ture Ag. Pb. Cl.
a.m. og, 0z. A %
3.00 Ore charged plus 10% NaCl ... 4,02  2.15 6.00
3.10 Dense fumes 933 seee cons PR
3.15 Dense fumes, grab 1 993 3.72 1.45 4,55
3.30 Dense fumes, grab 2 1,000 2.50 75 2.15
3.45 Fuming, grab 3 1,000 1.30 «55 1.40
3455 Shut down, grab 4 1,010 1.04 +50 1,00




In order to determine the relative effects of slow
and rapid heating, a test was made in the 20-foot kiln, using
about 150 pounds feed an hour and one revolution of the kiln

in 18 seconds.

Test 5 made in 20~foot kiln with rapid heating.

Tem- Assay
Time Operation pera-
ture  Ag. Pb., Cl.
Sellle OC. OZe % %

9.20 Fire'started.
10.15 Ore feed started, 10% NaCl,fire box 900 2¢75 3.48 ...

10.40 Ore at Jjunction 980 seee sese sses
10.45 Feed all in

10.50 Very dense fumes, grab 1 1,010 .84 .55 sese
11.00 Very dense fumes, grab 2 965 1.08 70 1,05
11.10 Very dense fumes, grab 3 980 1.12 .45 .95
11.20 Shut down, grab 4 W70 W30 .40

~ The purpose of these runs was to detemine whether or
not the amounts of silver and lead in the calcine could be
consistently reduced to small percentages in duplicate tests
in which the charges were heated for approximately the same

time « 30 to 50 minutes - as in the muffle.



At the time of making thin-bedded tests, it was
thought that this method had not heen heretofore understood.
Later, however, attention has been called to the following

statement by Hofman: 1

- s e wm A e e we e AR @Y an R YR N e SR AR AR e En e gm e @R em wn e ew am

- W em e SR MR W S e S e W e wE me e BE aw WR ke e Gs ew am e e e M mm e e

"The logical consequence of the above facts (a high
heat indirectly causes a larger loss of silver by the
expulsion of larger quantities of volatile chlorides,
etc.) is that the operator, while he endeavors to obtain
a high silver chlorination, should at the same time be
careful to expel as little as possible of the volatile
chlorides. He will be greatly assisted in this endeavor
by keeping the ore in & thick layer and by using low
heat and plenty of air."

And to the following from the same source:

"If a amall charge is thinly spread over a large
hearth, more volatile chlorides will be expelled, and
the ore will lose more in weight and in silver than
when a larger charge is roasted in the same furnace.
This is the reason why, as a rule, the loss in weight
and in silver in a large BrWckner furnace, in which
the ore lies 2 feet thick, is less than in a rever=
beratory, and why small samples roasted on a roasting
dish in a muffle show so much greater loss of silver
than the same does when roasting on a large scale in
the furnace."
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2
Blamey Stevens writes in the Mining and Scientific

e e TR e MR m e o Er W e e e e e am o e em e e em em e e

EStevens, Blamey, The chloride-volatilization Process: Min.
and Scl. Press, vol. 119, 1919, p. 45.

e e I . T i,

Press, July 12, 1919:

"Apparently good results, usually obtainable in the
lavoratory, are due to the facility of excess of air to
the thin layer of ore in the muffle."

. 3
Stuart Croasdale states, 2uzust 9, 1919:

- aw s W e MR e o M MR e e E mm wE e W R e MR W e e e we e we e e
- -

Croasdale, Stuart, The chloride~volatilization process: Min.
and Sci. Press, vol. 119, 1919, p. 183.

"The vclatilization of the metals cam be completed
in 20 to 30 minutes and better results cam be obtained
by passing 2 thin stream of ore through the furnace at
this rate of speed than by carrying a heavier bed of
ore and roasting a longer period of time."

Pebruary <1, 192(),4 M¥r. Croasdale further states:

"1 desire to call Mr. lLayng's attention to my paper
on the 'Volatilization of metals as chlorides' (Eng.
and Min. Jour., 4ug. 29, 1903), where my original
experiments on time variation showed that the maximum
commercial volatilization was reached in 30 to 40
minutes after the cold ore was charged into the furnace.
Our 25-foot furnace was not a failure se far as actual
volatilization was concerned, but when it was charged
to capacity with cold ore it was not long enough to give
the ore more than 10 or 15 minutes roast at the volatile
lzation temperature, When fed with & small stream of
ore, 8o that the cre was heated to the proper temperature
soon after entering the furmace and had nearly the full
length of the furnace, or, in other words, 20 to 30
minutes exposure to the volatilization temperature,
the results were all that could be desired.” .

W ar e e e WP W A s wr EE B e am an W s em W e e ev W @ W W W W & w W

4'Croé.sdale, Stuart, Chloridizing process: Min, and Sci.Press,
VOla 120’ 1920, p. 259.
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Curves are given (Fig. 2) showing comparison of
assays of grab samples taken during vclatilization tests in
the Brilckmer furnace with assays obtained in a muffle test on
an oxidized silver-lead-zinc ore.

Curves a and b represent the average assays of grab
samples taken during four rﬁns in the BrHckner furnace on 195,
187, 140, and 110 pounds of ore, respectively. Ten per cent
salt was used in each test, and the temperature was about 1000°
C. The thiciness of ore bed was about 4%-inches. Curves ¢ and
f, terminating on the 40-minute line, represent assays of grab
samples taken during a rum in the BrHokner furnace on 20
pounds of ore; 10 per cent salt was used in this test and the
temperature was about 1000° C. The thicimess of the ore bed
was about 1—3/4 inches. Curves 4 and e, terminating on the
30-minute line, represent the aésays obtained from one of the
best muffle tests made on this ore. Six per cent salt was
used in this test and the temperature was about 1000° C.

The thickness of ore bed was about one-half an inche.
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Parallel-flow volatilization furnacs.

Description. - The above experiments on silver and lead ores

in the Brilcknsr furnace indicated that when the charge in the
furnace formed a thin bed only, and was gquickly brought up to a
temperature high enough for volatilization, higher extractions
were made of the silver and lead than with a heavier feed in
the furnace, or with a thick bed that required a2 longer time

to bring the ore up to the desired temperature. In other words,
the thin-bedded charge, quickly heated, showed decided advantage
over a slowly heated thick-bedded charge.

The BrWskner furnace could not be operated continu=
ously, and ideal conditions could not be obtained. A parallel-
flow furnace was designed by M. P. Kirk, and was installed on
a Briickner furnace at Harbor City, California. This furnace
had a scoop feeder to admit the c:'udé ore, previously mixed with
salt, into the heated end of the furnace. (See Plate IV) The
ore, when heated, passed through the furnace, flowing in the
same jdirection as the flue gas, and discharged continuously
at the opposite end of the kiln. The furmace was 7 feet long,
10 inches internal diameter, and had a slope of about one-half

inch to the foot. It was provided with a variable speed drive
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PLATE IV.

Rotary kiln, showing scocop feeder at fire end
of furnace, built after Kirk's design.
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and could be revolved from one revolution in three minutes to
three revelutions in one minute. The maximum capacity was about
75 pounds an hour.

The kiln was fired with the same burner used in the
20-foot kiln, and the gases evolved in this kiln were passed
through the other kiln and into the Cottrell treaters for
preciplitation of the fumes. The feed was introduced through
an opening in the side of the furnace, Jjust inside a ring of
brick, which prevented the charge from overflowing at the end
of the kiln. «

To the kiln was riveted & scoop which, revolving through
a sheet-iron hopper, ricked up the charge and émptied it into the
kiln. The scoop practically cleaned the hopper during every
revolution, so that the charge in the furnace was controlled

by the quantity of material placed in the hopper.
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Tests with the 7-foct kiln.

Test 1. -~ Test 1 was made May 27, 1921, by E. P.
Barrett to try out the new kilm in which the ore entered at
the fire end and was heated rapidly to maximum temperature.
The charge was 50 pounds of ore plus 5 pounds of salt and was
fed at the rate of 50 pounds per hour. The speed of the kiln
was two revolutions a minute, and the discharge began 13 minutes
after the feed was started.

As the run was made to test the mechanical features
of the furnace, no data were collected except assays of the
heads and the discharged residue. The feeder gave satisfaction
in every respect. It was expected that the charge would remain
in the kiln for a longer period of time. OCwing to the small
diameter of the kiln and the high pressure of the gases from
the burner, the finer material was frequently picked up and

carried through the entire length of the kiln and caught in the

dust box.
Assay of feed and discharged residue of test 1.
Assay
Material Ag . Pb.
0z. %
Feed 3.82 2.19
Residue .98 «64

The above assays indicate that the 7-foot parallelm
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flow furnace should be satisfastory for this ore.

Test 2. =~ This test was made on May 28, 1921, to
check results obtained on the previous run and to collect data
on the volatilization of the silver and lead. The charge was
50 pounds of Yellow Pine ore mixed with & pounds of salt.

The speed of the kiln was one revolution in 42
segondse. The feed was at the rate of 60 pounds per hour, and
the temperatare was about 1000° ¢, The depth of the charge
wag about 1—1/4 inches. lMaterial began discharging in 20
minutes after the feed started. The metal in the product was

distributed as follows:

Distribution of metals from test 2.

Ag. Pb.
Material “7eight A A
1b. 0z. total % total
Heading &0 3.82 100.0 2419 100.0
Residue 45 1.00 19,7 64 21.9
Volatilized . tese 803 soee 78.1

Abvout 2 pounds of dust collected in the pipe conmec=
tion between the kiln and the flue. This dust was not sampled,
hence the datum on the metals volatilized includes the silver
and lead in the dust. These results are very satigfaectory,
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and further work will be done to pérfe@t the mechanical
operations of the 7-foot parallel-flow furnace.

Tests with ring in kiln., -~ This run was made May 30,

1921, by E. P. Barrett, after a ring had been placed in the
discharge end of the kiln to cut down the opening to about 3%
inches, and thereby decrease the velocity of the gases in the
kiln. It was thought this feature would eliminate part of the
dust losses. An opening was also cut in the side of the kiln
Just back of the ring, so that scme residue would be discharged
at every revdlut ion of the kiln. The ring prevented discharging
over the end of the kiln.

Difficulty was experienced in heating after ﬁhe ring
was installed, as the products of combustion frequently remained
inside the furnace and prevehted the gases frcm traveling away
from the burner. The supply of oxygen to support comtustion of
all the oil vapors was thus cut down.

In the run made cn ore from the Sultam mine at
Goodsprings, Nevada, the charge was _50 pounds of ore plus 3 per
cent saslt. The time required in the furnace for the feed to
discharge was 13 minutes. The temperature in the kiln was
about 1000° C. The rate of feed was 50 pounds an hour. The
distribution of metal in the product was as follows:
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Distribution of values in product from test with
Sultan ore.

: . Agl Pb. Zn.
Material : Veight 4 % 4
' : 1b. oz. total % total 4 total
Heads : 50 8410 100.0 3.68 100.0 20.30 100.0
Calcine M 31 4.58 3304 1071 28.7 25080 76.8
Dust : 4 5,66 5.6 1.62 3.b 20,30 8.0
v01atilized . 6100 es e 6708 LR W 15.2

The percentage of zinec volatilized in this test is
thought to be due to reducing coniitions inside the furnace
caused by the prevention of free circulation of gases through
the furnace by the ring. The extraction of silver and lead

was alsc reduced.
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Partial list of patents relating to the chloride

volatilization process.

The follcwing partial list of patents relating to
the chloride volatilization process deals with the chloridizing
of the valuable metals and their subsequent volatilization and
recovery and with the apparatus used in the process of treatment,
including apparatus for electrostatic precipitation and other
mechanical devices for the recovery of fumes.

Methods pertaining tc volatilization in
treatment of ores.

693,982, Feb. 25, 1902, Gaz. vol. 98, p. 1556, MoKnight, Robert,
Philadelphia, Pa., assignor to Metallic Condenser Co., a
corporation of Delaware.

741,712, Oct. 20, 1903, Gaz. vol. 106, p. 1826. Pohle, Edwin C.,
and Croasdale, S., Denver, Colo., assignors to Metal Volatil=
ization Co., Philadelphia, Pa., & corporation of New Jersey.

811,085, Jan. 30, 1906, Gaz. vols 120, p. 1251, Pohlé, Edwin

Csy, Reno, EKev.

Process of recovering values from
sulphide oress

927,046, July 6, 1909, Gaz. vol. 144, pe. 115. Hogel, Hascal

A, New York, K. Yo
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Method of treating ores.

1,111,976, Sept. 29, 1914, Gaz. vol. 206, p. 1256. Titus,

Court C., Helena, liont., assignor to Montana Metallurgical

Co., Helena, }ont., a corporation of }Montana.
Process of treating complex refractory ores
of silver and gold.
1,169,530, Jem. 25, 1916, Gaz. vol. 222, p. 121ls Clawson,

Seldon I., Salt Lake City, Utahe.

Process of velatilizing ores.
1,192,037, July 25, 1916, Gaz. vol. 228, p. 1136. Clawson,

Seldon 1., Salt Lake City, Utsh.

Process of volatilizing metals.
1,264,586, Apr. 30, 1918, Gaz. vol. 249, p. 1119. Vigton,

George H., Bureka, Utah.

Method of treating silicecus ores.
1,305,327, June 3, 1919, Gaz. vol. 263, p. 19, Wigton, George

H., Eureka, Utah.

Method of treating siliceous ores.

1,338,271, Apr. 27, 1920, Gaz. vol. 273, p. 691. Welch, Harry

V., Los Angeles, Calif., assignor to International Precipi=

tation Co., LOs Angeles, Calif., a corporation of California.
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Process for recovery of metals from their ores.
Fume-~arresting devices.

731,003, Aug. 25, 1903, vol. 105, DP. 182l. NcKnight, Robert,
Philadelphia, Pa.
Apparatus for condensing fumes formed in
volatilization processes.
796,956, Aug. 8, 1905, Gaz. vols 117, p. 1754. Clawson, S.I.,

Salt Lake City, Utah.

Fume arrester.
880,506, Mar. 3, 1908, Sp. Pe 29, Dr. pe 7, Gaz. vol., 133, p. 8.
Clawson, S.I., Salt Lake City, Utah,
882,073, Mar. 17, 1908, Sp. p. 3197, Dr. pp. 679=5680, Gaz. vol.

133, pe. 582, Moffitt, John R., Denver, Colo.

Fume-condensing apparatus.

895,729, Aug. 11, 1908, Gaz. vol. 135, p. 1233. Cottrell,
frederick G., Berkeley, Calif., assignor tc International
Precipitation Co,.,, San francisco, Calif., a corporation of
Caiifornia.

907,379, Dec. 22, 1908, Gaz. vol. 137, p. 1808. Laurent, Louis
Ce., Denver, Colo.

922,260, May 18, 1909, Sp. p. 4464, Gaz. vol. 142, p. 774.

Clawson, S.I., Salt Lake City, Utah.

i
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922,516, May 25, 1909, Sp. p. 4975, Gaze. vole 142, p. 885,
Rockliff, W. A., and Booth, J. W., Salt Lake City, Utah,

13,090, Mar. 8, 1910, Sp. p. 2700, Baz. vol. 152, D. 466,
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