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NOTES ON THREZ LEAD REPINERIES.

U.8.8.Lead Refining Plant at Eagt Chicago - Betts Zrocess.

A.S‘& R-" " L

Omaha

- Parkes and Betis Process.

Anaconda Lead Products at Zast Chicago - Sperry FProcess - "hite Lead.

BETTH PLANTS FARKES
Itonis East Chicago Umaha mana
T more than
37000 tons 16,000 tons 200,C0C tons

Production per yr. Lead
n ¥

"  gntimonial 2,000 tons

" " Silver 5.000,000 02Z28.
" : n Bismuth 70.000 lbs.
Analysis of Anodes Lead 97 .8%
! Silver 100 to 200 0zZ8.
Gold 1/2 oz.
Bismuth g-ggﬁgo 0.30%
Copper ’
Arsenic ©0+073%
Antimony 1.60
Analyeis of Cathode Lead 99.9
4 Bismuth ©.0015

Silver j

ton 1gad 8 lbs.
10 to 12¢ per 1b.
$26.00 ton

" Fluorspar $40.00 "
Composition of Acid 4200 lbs. spar
5500 " 66% H, 80
1<)

Pops BRr3101808a tenk
of pure sand until
satursated with
gilica

(12) Composition of Electrolyte %

Loss of 100% aecid per
Cost of 100% acid
” 1" H2804

"

(13) Glue ushkd per ton lead
and odgt'
il

11/2 lbs.or
equiv. goulae,
& paper pulp
byproduct

b to 6 gals.
per min.per
tank

26,000,000 ozs.
220,000 1lhe.
98.4%

1.6%

99.9%
0.020

¢
7 lbs.
15 to 80¢ per

10% lead
11% total aecid
of which 7% com-
bined with lead and
4% free

2 1bS-U 15¢ lb‘

b gals.




(15)

(%)

(30)

(31)

Size of Tanks 2'6"x11'7"x3'9" deep fmaller
concrete 4" coating but will
3/8" asphalt asbestos be en-
gee blueprint larged

Concrete tanks are first primed with a sticky sizing paint made

by Johns-ianville concrete primer. 4 pail of asphalt is heated in

& kettle and an equal weight of flake asbestos is stirred in and

the mix trowelled 3/8" all over the priming coat on tank while gticky
enough to bind the asphalt-asbestos mix firmly to the concrete.

#hen cool and hard this 3/8" covering is trowelled smooth by heating
gurface slightly with blow torch. This coasting is allowed to harden
several days and is then ready for use. It is considered a very
important discovery after many years of gsearch. The flake asbestos
ig #4 3 grade -carried by V. liikesell Co., Chicago. The asphalt is
gold by Asphal$ Producte Co., Chicago.

Size of .nodes 2'x3'x1 1/2 at Smaller but
; top tapering will be made
slightly larger
Wt. of anodes 470 1lbs.each
Spacing of " 1 think 4" centers 4 1/2" centers
size of Cathodes 2'2"x3'2"x3 /8" thick

weight 125 to 15 1bs.
Power required for

electrolysis 1 K3#H per 16 lbs.lead 1 X%H to 11 to 12 lbs. Ls

Current density 16 anp. per sq.ft. 15 amps. 5
Voltage C.48 per cell 0.66 per cell il
Days in tank anodes 8 9

W8 gsathodes 4 41/2
Leed loss less than 1% Less than 1% -
Silver " lone on commercial Hone on commercial

assays agsays

Water wash and

Gvaporation : 100 cu.ft. per day

eanch - one replaces
- the other

Bumber of monthly men 35 65 Inecl.rarkes plant
average rate " . $185.00 s &
Estimated monthly payrollsb300.00 %
Number day paymen 160 390 = - ”
Average rate day pay men £100.00 % or
Estimated payroll $16000.00 ? =
Estimated payroll all  $6:50t07:00 per ton lead \,

g power & l¢ plus gz.oo . " 1¢ plus i

. acid loss 1.00
Supplies &c % $1.00
Genl.Exp.,Ins.mlaxes &c b
Lepreciation %
Losading By trolley trucks

36-100 1lb.bars Also very efficient
One man load
90 tone per day on ry.cars




Some of the points that impressed me were as follows:

(A) The acid loss of 7 to 8 1bs. and the cost of acid 10 to 20
cts. per 1b. is less than I had understood. I was told that
at Trail the loss is only 3 to b 1lbs. per ton of lead.

(B) Losses of acid are considered to be largely mechanical,not éue
to decomposition. HNo gelatinous silica in slimes. Tank construe- i
tion and lining very important in cutting down acid losses. i

(C) Glue is a very essential constituent of the electrolyte. It is
required in increasing amounts with impurities in bullion. At
Hast Chicago they use goulac with the glue and say it is more
efficlent. Trail uses French glue - Omaha uses Cudahy glue.

(D) Lead produced at Omaha contains 0.02 bismuth because the
anode contains 1.54 bismuth.
Lead produced at Hsst Chicago contains 0.0015 bismuth because
‘anodes contain only 0.06 to 0.30 bismuth. '
4+ high bismuth anode gives a high bismuth cathode.

(E) Both Betts plants soften bullion to remove arsenic &and ant imony

before Bettsing and at Omaha they alsoc zinc off the silver as

they consider it cheaper to Farkes rather than recover silver from
Betts slimes. Also say the tie up of silver in slimes is three
times us long as when recovered by Parkes.

It costs Omaha $1.00 per ton of lead to zinc off silver but

they get back 84¢ of the dollar by making zinc chloride and selling.
They use one tank for thie chloridizing with chlorine gas .

Omaha has very efficlent softeninz furnaces 13' x 30

inside lining - treating 300 tons of bullion per day. They con-
sider best practice not to soften below 0.025%.

(F) lir.Betterton was of the opinion that a 96 to 97% bullion could
not be treated by Betts process because of high acid lose and
high costs for glue and other abnormally high expense. See ir.Adcicks |
letter o7 Jan.3C for comments on this phase of matter. |

In striking contrast to these two Betts plants is the Ana-
conda electrolyte plant at East Chicago. There the dperry process P
is used to produce about 2¢ tons per day of what they claim i=s a £
superior quality of white jead - a basic lead carbonate having the i
formula 2 FpCOzPb (OH),. This is s0ld to paint makers to be mixed gt
with ore for sale and ﬁistribution.

The electrolyte used in this process is & mixture of sodium
acetate and sodium carbonste. The process i® described in detail :
in attached reprint of the Transactions of Am-Tnst. of iing.Fngrs. f
Sept.19256. e



This process may be of interest to the Cerro Corp. for
the reason that it is claimec that an impure anode may be used without
affecting the quality of thewhite lead produced. The slimes resulting fron
the decomposition of the anodes are sent to the U.S. refinery at East
Chicago for recovery of bismuth, silver and other elements - so that the
process itself would have to be aapplumantod by a bismuth recovery plant
the same as a Betts plant.

lio definite costs could be securec at any of these refineries
but I got the impression that the U.S5. plant could operate at lower
figures. That too would depend upon what Omaha iarkes Dept. charges
:hei: Be:ta plant for desilverizing as compared to U.S.costs for slime
reatment .

. The cost of electrolysis at both plants should be more or less
the same congidering grade of bullion and bismuth contents.

I am indebted to the following men for courtesy of plants:

Uit il ~ Abaconda Omaha
East Chicago Zaat Chicago

Supt . J.J.Mulligan G.E.Johnson J.0.Betterton

agst.Supt. E+W.Merrick R.G.Bowman
Chief Lng. O.Langley
Research Eng. F.H.Donshue
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81 Maiden lane.

Hew York, H. Y., Oct. 4, 192%.

Mr. Co Ve Drow, V. P.,
o c"’i,

Cerro de Pasco Coppe
44 Vall St., New York, N.

Dear Mr. Drew:

1 give below, in some detail, such data as I have at
hand bearing upon the probable cost of treating your lead bullion
by the Betis process.

" fhere are only three plants to be considered -
Grasselli, Omaha and Trail. Below are assays from several sources
as to the character of bullion handled at various periods in
these plants:

k@iﬂlr- Frail.
Vith | a0 ! |
! ,. - :
Po. ’c i 97.8 I 98 94.4 97.3 ?’.' 98.5 l?&.’
Ag.oz.p.t. 125-150 | 200 75 167 119 100 120
ﬂ.ﬁ&pot-i il { | -~ 1.4 2,0 1«.3 0.5 . V.4
Bi. 1.00+1.25| 0,10-0,15! 0,13 o.sﬂe.a 0,01 | ==
&'_o e.‘ leu O.m Q&“ § u O.M ‘ 0.38
. | 0.8 0.5 0.33 | 1.25 | 0.7 | 0.28
cu. | o |o.8 0:22 | 0.07 | 0.04 0.2 | 0u08
! i 2 H ]

lhmuna:rumm.nmtymmm:l
operated not on a work lead, but on the high bismuith material

resulting from Pattisonizing.

tims e reached 37 and that it averages about 1.5%.

=
I understand the bismth has at b

The Trail plant




Mr. C. Vo Drew, = - - Sheet #2, -~ - A-153. - -~ Oct. 4, 1927.

represents the other extreme - electrolyzing a bullion with
insufficient bismuth to yield a byproduct.

The principal point about your own lead is that it is
uncomfortably high in arsenic. There is no metallurgical
difficulty in handling this, but it meams the production of a
certain amount of arsemical hard lead as a by-product which has
at times a limited market. Grasselli has produced such a
product rumning 857 lead, 137 antimony and 27 arsemic, sold for
coffin trimmings. ZEast Chicago (Anaconda) is now shipping
Mafhdnrmhh sheets for lining tanks at the
Potrevillos leaching plant. As your flue dust is very high in
arsenie, I take it that your estimated assays are subject to some
correction if flue dust is omitted,

Your bullion, therefore, is suitable and with mimor
corrections 'tc impurities will be treated at costs comparable
with those obtained elsewhere.

-Sources.
I have beem in intermittent comtact with the Betts

- process for over twemty years. Vhile some of the figures given

below reached me while in the employ of others, so many years
have gone by that I believe the figures may be disclosed without

‘harm to any one.

I was responsible for the staff at Chrome conducting

the research work, checking up the results obtained at the first




Mr. C, V. Drew, = -~ - Sheet §#3 ~ ~ A-153. ~ - Oct. 4, 1927.

Trail plant. Ve built a section of a Bettis plant and treated
about 150 toms of U. S. Mining Company lead before the Grasselli
plant was built. )

007,

In 1909 I was afforded an opportunity to study a
careful comparison of costs between Parkes and Betts, made by
Ernst F. Burich in 1907 for 100 tons a day of a bullion rumning
98.297 lead, 60 ozs. per ton silver, 0.017 bismuth, 0.50% arseniec,
0,507 antimony, and 0.50% copper. His conclusions were $4.52
per tom Parkes and $5.75 per tom Betts, including 10%
depreciation and 57 interest on metal tie-up. The invesiment was
$175,000 for Parkes and $304,000 for Betts. The difference in
favor of Parkes was reduced to $0.30 after he allowed for metal
recoveries.

1909,

In 1909 Arthur L. Walker made a similar comparison for
80 tons a day of Torreom bullion for which we were considering
building a lesd plant at Chrome. The analysis was about 233 ozs.
per ton silver, 2 ozs. per tom gold, 0.0187 bismuth, 0.75% antimony.
He figured $4.50 to §5.00 Parkes and $7.00 Betts and a Parkes
investment of $120,000 to $150,000, built as an addition to the
existing plant already possessing land, offices, shops and silver
refinery. He did not estimate on the Betts investment.

I studied the question as a basis for plant recommend-
ations, using the actual costs being obtained at Grasselli at the




X

¥r. C. V. Drew, = - Sheet “a = = A=]183, = =« Oot. 4, 1927,

time, which were $7.00 operating and $9.00 including metal loss

and depreciation on 80 tons a day of lead rumning 175 oszs. per

ton silver. The acid loss was rumning about 30 1bs. per ton inm

those days, and the cause of much amxiety, but was later reduced
to about 7 1bs., as I remember.

~A910 = 1915,

I was quite active on the committes of the A. S. T. M.
which was Muwmn:tuummrmmmumm
complete analyses of lead in my files. The great difficulty in
htuxmianmmmmumuumtm.

rmln?ulm1mm1ﬁuclmrum

Burme. Corporation, which owns ome of the great lead-silver-zinc
mines of the world, and while studying their problems I visited
most of the lead plants of the country, including Grasselli and
Trail. The former plant at that time stated that their costs
had been "reduced.”

A918.

I was talking the other day to a man who was in a
responsible position at Trail ten years ago. He said that during
ﬂcmmmhdatimhryhdm\mmwnﬂmry
costs were around $25 a Mﬂhamuuarlotom.aw.
but that in 1918 the situation was attacked by putting laber as
nrumnuammsthmwmucnmmm
mmwhnt.mgmumu.mhuamm




¥y, 0. V. Drew, - - Sheet §6 -« A-153. « - October 4, 1927.

pounds per toa. y

In 1918 Hofman published his revised "Metallurgy of
lead." On page 588 he says:

YAt present this cost (Parkes process) hmmu the

mrnuortm products, ranges from $3.256 to §5.00
ton, -u- of plant and the facilities for
&dnu ma’ overhead charges, such as interest,

salaries, nrhtiu. gte., are taha into account, the above
ﬁm: will have to be doubled.”

Averaging and doubling we obtain $8.25 as the Parkes plant cost.

On page 636 he says: "The cost of electrolysis is 50
percent more than that of zinc desilverization.” This would
make Betis $12.38 per tom.

292
In 1921 I was asked some questions regarding the Betts

process by a foreign client and in connection with that review
I was given a glimpse at the cost sheets of the Omaha plant by
one of the A. S. & R. efficials. The omly niu I have retained
of that interview are to the effect that the cost at that time
was $11.50 a ton and that the plant was not used for bullion

rumning less tham 0.35% bismuth. As to the tonmage, I do not
thigk the plant has been changed in size for a long time;
Hofman's "Metallurgy of Lead"® states 11 treated 18,000 tons in
1917, vhich would be an average of 50 tons a day. Nr. Blayloch
told me the other day that th: m.Md loss is 17 1bs.

This brings us to the present investigation. We have
first the Colcord estimates of $1,000,000 investment and an

R



Nr. C« V. Drew, ~ = - Sheet #6. ~ ~ A=163., ~ - Oct. 4, 1927.

overall cost of §23.57 for 50 tons a day of bullion rumning
1.25% bismuth.
Wext, in o chat with ¥W. C. Smith, he stated such
costs did not correspond with his experience at Grasselli
where he held a responsible position for many years, and further
he Imew az a later employe of the A. 5. & R. that Orasselli had
bid Jower terms than this in trying to get their bullion to
treat. b
Then we have the statements of S. 0. Blayloch, the
general manager at Trail, that a 100 ten plant could certainly
do $12 and indirectly that the Trail 400 ton-a~day plant was
e ~ mot over $1.50 above present Parkes costs (or about $8.75).
I summarize this scattered information as feollows:

Plamt.  Date. $ p.t. Tons Acid Iess  Oszs.

"Surich” 1907 5.75 ﬁ?m—%‘-ﬁi‘
"Yalker® 1909 7.00 80 0.02

Grasselli 1909 8,00 30 (‘ ) 1” 0.21 500,000
Trail 1918 11.00 3 100 0.01 -
“Hofman" 1918 12,38 - —— - ——
Omaha 1921 11,50 17 (100?) 1.50 o :
*Coloord® 1927 23.57 9.4 200 1.25 1,000,000

(a) later reduced to 7 1bs.

g8g1us

Ia_ addition w have the following comparisons between

Parkes and Betts:
' Pe ton : ' r ton

~Batip.
Burich 1907 4,52 5,76 1.29

Waller 1909 4275 7.00 1.47
Hofwanm 1918 8.25 12.38 1.50
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Hr. Co Vs M, - « = Gheet ﬂ. - A-183. = - Oet. " 1927,

At Tirst glance these Tigures seem to indicate that
the Colcord estimate is surprisingly high. Ve have to comsider,
however, 1mﬁu. time, composition of bulliom and size of
plant before mking comparisoms. First of a.ll it will be well
to Mu the Coleoord repert to see just how it has been
built up. '

I have at hand the detailed ceost sheets of the
Grasselll plant (now kmown as East Chicago) for 9 monmths of 1909
and the structure is jdentical with that used by lr. Colcord,
showing that he has taken the cost sheets of this plant and made
such modifications as he considered mecessary for your capacity
and composition. The Americem Bureau of Metal Statistics for
1926 gives his capacity as 40,000 tons per ammum. which is 109
toms per day. He hns undoubtedly taken his present cost sheet
and seen what he could eliminate in cutting down capacity. The
tendency here would be to figure high. '

We have no reason to believe Urasselli is treating
bullion with any considerable amount of bismuth. The “maximum"
in 1iddell's "Hand Book of Non-Ferrous Metallurgy,” given by
Smith in his article, is 0.37%. The Mineral Industry for 1926
states the tetal uw. of bismuth to be 300,000 1lbs., coming
wholly from Omaha and Grasselll. Taking a teotal lead output of
60,000 toms, the average bismuth recovered would be 0.25%, or
say 0.3% in the bullion, snd we know Omaha treats high bismuth

&
=
:
L=
14l
i
e



¥r. C. V. Drew, - - - Sheet #8. - ~ A-153. - OQct. 4, 1927.

material. We can safely say, therefere, that M, Coleord scaled
up his figures to youwr 1.25% bismuth from cost sheets for about
0.2/ bismath.

in the latter commection I note he figures on 40%
anode scrap and a cathode production of 14 1bs. a XWH, while ifr.
Smith in his article gives as an average for fifteen months at
Grasselli 19.657 sorap and 18.1 lbs. per KWK, These differcnces
would account for $0.25 and $0.35 a tom respectively, presumably
chargeable against impuritiess

Parther we can parallel the estimate (omitting lighter
handling) with the 1909 Grasselli costs with the following results:

1927 1909

Hand Casting,  3.16 1.31 2.4
mmg 6.25 2.83 2.2

e i e e
4,78 L3 3.4
0.87 | 0.9

i

It is noticeadle at once that the silver building has
been heavily increased and if we reduced the impurities to the
regular Grasselll grade we could deduct about $1.80 a ton.
Examining General ixpemse for its heavy increase, the item of
$1.42 for taxes seems excessive, but we can let that pass for the
moment as well as the depreciation. We have, therefore, $0.23
+ $0.35 + $1.80 =§2,38 to deduct for bismth and can take $23.06
= $2.38 = §20.67 as a comparable basis with Trail.




It‘. 5. Vs m.", . - Mg\he - A‘mc e .- “t. " lﬁ’- ‘

el Iooking mow at the question of size of plant, we can
R take the“estimte”, Trail 1927 and each of the nine months of
N 1909 for which I have Grasselli figwree. I believe if we multiply
the latter by 1.75, to allow for the change in prices, we shall
be near encugh for our purposes. While common labor is now three
times s high, commodities are only 1.5 and there has been a
- great increass in the productivity of Jahow as Wil as fhe
introduction of much labor saving machinery.

In this way we arrive at the following table:

—thants, ~ions por day, __1909. _ 19397,

Mm. : 67.8 10.63 18,70
" 77.0 9.28 16.20
" 78.5 9.06  15.80
. 80,1 .04 15,80
» 81.7 9.31 16,30
» 8345 9,36 16,30
" “l’ i De42 ”M
iy 86.7 8,45 14 .80
. 88,3 . 920 16,10

Trail, 400

-- 8,75

These figures are plotted in the accompanying diagram |
and the results are quite siriking. I have imcluded & companion
line for copper from a report I worked wp last year. The
processes are very similar, &twmmmunlnﬁ. due
to its mmoh higher melting point and lower electrochemical
equivalent.

Of course you will ask how I explain the low 1918 figures
for Omaha and Trail. In the firet place I suspect they do not
include depreciation and metal loss, and in the secomd, in both




Mr. C. V. Drew, ~ - Sheet #10. = = A<153. = ~ Det. 4, 1927,

- ¢ases a small Betts plant was on the ground of a large metallurgieal

aggregate and the gemeral expenses were as low per tom as if the
Betts plant had been large. o

I believe Mr. Coleord has built upom a present Grasselli

cost of around §13, adding for impurities and taking a much smaller

tonmage divisor. At amy rate it is evident that for ecomomical
work a plant should treat at least 200 tons a day if 1% is to stand
on its own feet. No doubt & much smaller ome will suffice if built
on to an exieting plant. :

Similarly in investment, the original Grasselli plant
stood at $500,000 for 100 tons a day, or $5,000 per daily ton. Nr.
Coleoord estimates 1,000,000 for 50 tons, or $20,000 per daily tom.
This seems too much.. Probably he would get 100 tons a day by
adding $250,000, making it $12,500 per daily tom, or 2.25 times as
much as building inm 1907. 7This seems possible.

Tours very truly,

'

R e
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Uo S. Mining 137 7500 .13‘99.35 .0079 oﬂﬂsg 3542 015‘ -39 \ :r;
Luna Lead «03 32.3 +18 99094 _ +19% <375 .061




DE LAMAR'S COPPER REPININE COMPANY
Synopsis of Lead Exriments.

B0 Exioud Ex.os8  Dxoio.8  Ex.io,S Ex.iogh Bx.oed  Ex.d0,8 Ex.io.8  Br.0.8 Bx,lio,8  Br.io.G  Bx.do,y BRI
2507 Ano., 1st Crop 2nd Orop 1lst Crop 2nd Orop 1lst Crop 2nd Crop 1st Crop 2ond Orop 3pd Orop lst Oxop 2nd Orop lst Orop  2nd Cxop
| 4004 Ano 4507 Ano. 480" Ano . 450/ Ano. 4507 Ano 4507 Ano. 4507 Ano. 4254 Ano. 4867 Ano. 485" Ano, Anode
Wght, good modes charged 96,484 42,341 | 46,285 6,776 . 48,080 58,720 44,901
Wedght of Scrap 10,189 8,679 18,764 13,870 8,489 10,808
| . *  gathodes 17,23 19,221 14,394 15,498 17,622 15,871 19,077 18,176 16,522 B,406 18,804 13,090 10,108 15,790
v v Stertiw Sheets 1,708 1,685 1,416 1,568 1,650 1,768 1,500 1,650 1,508 1,486 1,720 1,486 1,684 1,598
% Qethodes Depm ited 15,680 17,508 13,008 15,050 15,078 15,005 17,517 14,646 15,014 4,070 15,094 12,834 8,570 14,898 |
Avor.days in efrouit 5.08 6.80 4,58 5ol 6.57 5.0 6.25 .87 5,04 1.4 2.07 4.80 2.91 4.78
-Averece Anperes 3,080 5,986 4,009 5,968 4,008 3,981 4,038 4,058 4,488 4,885 4,050 4,456 4,068 4,285
v YVolts | 1470 1,48 1,58 1.4 1,88 1,10 1,07 1,28 1,16 1.9 1,87 1,10 1.0 1,05
v Tomprature °F g8 g6 98 80 81 82 86 82 o8 88 8a o e
‘Gallons por Minvho 8 ¢ 4 & A v 5 6 6 5 6 5 5
Bfficianey 8¢ 8v.4 85.8 79.8 76,7 5.7 85.1 0.9 = 82.4 88 93,7 84.5 880 86.5
| Lba, vor kv, Howr 1,6 808 80,0 ¢ B5.% 81,5 B4 SN0 851  BAd 854 5.6 SAY BG5S 88,4
| 4 ano, Sovayi(aneas) = .3 - 7 - 405 - 5 - - 19 s m» - -
4 v % (cathode) 66,5 M X .l M. 2 - - - 59 - -

WMW Solution 3* x2' 3¢ xa*'; Sz Pxpt Pxa Pxa xp Mx s-*; St xg St x2 SRR B xa Fxa 3z
v Cathode " w S'19xR'2% 311vxatae 3119x30Re 3110x202e 31exalae S13vxase siduxorg srhexarge zrdexgege 3rlexgege selexprge gilexseae srlexgige grlexaege

| Thieknoss of Anode e ¥ o+ | 3 Mol M e | - - 1sfsar - 13fsae -

. Highest Volts Recw ded i ORI 2.6 1.8 144 1.6 1.6 Lot 1,43 1,40 8.4 1.46 1.60 1.4 1.8

| Lowest ¢ @ 1.2 1.8 1.2 £ e X TR Y TR Y AN
 Highest Terperatuve 94 04 om en e DS a8 e 90 88 88 8c o
| vowest v ot W8 " " iy o BT . n " ) - o1 i
| Highost Gallons S ke 6 5 6 s CERNN AR R R 4 e 6 v
e e S  #y ] 5% s} | & 6 4 3 8 4 4 4 5
| Acld at start | 15,80 | 1380 18,67  18.06 11,87 1,67 16,18 15,00 14,00 18,98 15,00 14,00  1%08 -
;_,__! * ginish ; 12.67 12,67 12,04 11,67 11,50 11;.';;#; 15.10 15.19 12.98 - 15,19 12,98 18,06 - zﬁm
 Density Oatnods base = 11.6 . 11,6 TR S W P L e W 15.4  11.90 13,6 L4 15.00 ‘10.00. 11.804
. % anede * 18.7 190 186 186 15,8 18 189 183 1520 M8 150 M8 14 mny
. silver in catnhodes .37 A 4T 5 .40 B A 1.01 o .52 0 e
‘goaa v . 008 e .01 01,0087 005 .01 o LT T R e SR -

" Volts por tank Tl 84 48 50 .27 @ 507 R R R N
‘Load contents ot art 5.04 5.04 5.28 4.97 5.8 5+28 5479 568  5.86 6419  B.68 5.8 6.9  B.9%
G *  finish 5.8 5.88 4,97  B.28  5.80 B.80  6.51 4.8 6.9 | 6l a3 WMl e

_ Aver. Veisnt Catholes 159 oy 151 145 168 145 168 11 188 Qv 11y I

) 1o, catnodos por tenk - - - - - U e " .. 80 a7 s 29

| v gnodes * - - - - - & 26 , 8 25 ORI 28 28
| Devostt - - - vl - - Soft and Pair; Tough  Fairly - Tl Toum
{4 s, u . : porous Slightly Tough Yodumlated Smooth

3 | Hodulated Hodulated
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Be it l:pown thtt I AUGUSTUS E. KNORR, a citizen of the

United States, rdsiding 'at mizaboth, in the County of Union and

.J‘.Ar,l.“r;‘ Py

State of New Jersey, have 1nvanted cortain new and useful improve—
ments in the

g
E 4oyt ¥
&

o o o - o iy
#BOAYAEIAY & g iy 0 N v ile
» .

Process of M&tmg Metallic Mixw:res,
rariable sme gf (2 or 5 pET CeniEgEs)

of which the foilowing is a spociﬂcatiqn. SRR N

e | %14 --'?‘ "‘"“‘-"

In the manufacture or refining of lead elootrolyticany,
there occurs a slime or mud which forms at the bottom of the
electfolyte and remains separate therefrom. This slime, while |
varying widely in cemposition, uswally contains metals of three |
classes, namely (1) one: or more billioh-forming metals (that is
forming a bulllen-or mixtuve of pure mstals imdsr the bonamon‘{
hereinafter referred to) such as zeia«~~sﬂvbr, ‘bismuth piatimm,
which are comparitively difficult of oxidation, (23 one or more matts-

forming metals such as-silver and 6opper, WHieh rorm a matte with

sulphur, and (3) one or more comparatively easily oxidizable
metals, such as lead and antimony. Similar mixtures are found 1n
the flue dust occurring 1n other processss of manufacturing or
refining lead, in the slime resulting from the electrolytic'"”'
manufacture or refining of ‘copper, and in’ eonnootion with other - S
metallurgical processes. ~Bimilar mixtures may be completed LR
artificially from materials lacking one or ‘more of the é.esired .
metels or classes of metals, or lacking the "desired percentages of
such metals or classes. Lugon s

The present invenition provides a process “of aoparating
such ‘elasgses of metals or the individual metals or deairable
mixtures or alloys thereof from the orlginal mixtures containing
all or less than all the ¢lasses stated, and containing "t each '

class :a greater or less muiber of metals than those speci_fied--
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I An-example of a.mixture adapted for treatment by the . .
process ‘of this dnvention is a slime from.an electrolytic lead
| spparatus is pSllveny i 90-POR QORE- OB MOPAy sooius wnd washesd 1o
recovar tho k=00ld4ion APERCMMEL4»o1n he onsrisa therein o e
mixing of the BiSMWRN4:6:50,10:DER1QONE, 0niive & thopoush blendis
by first powdc0OPPery (6 10 .7,per IS et th Bt tn & siniies
mille A good thmy%rzgﬂlfadqu:ggnﬁ% & procn- 2limew comtains 1
weight Prom s50008dys 1el0.40.12.ver 08Nk, .. . o14ue

glivie. I havs,

WEVer, ob :“i‘&“m”;{.ml} gmti‘bﬁ in (Jg JQrZ 3 pgr Gﬂl:l‘tlmzq ,

the extent of poanff,Sulphur,.and fractional percentages ",

ded, Selenium, Tellurium, Arsenic and Silica.
such pixtures. have been previously treated by fusiom

- procegses, additional fluxes such as. 5,94&.~nigrg..\.wﬂi.sillé;g,.,b.e-il}s...

added, to cause the entry. of all metals except the silver a;;si B91e. ..

into.the slage .The operation of such fluxes comnences after the . .
ting of the mixture, and their effect. is only slowly. distrivuted
tprw the mass, until which distribution the, separation of | =
the silver and gold from the other metals is, incomple $0901 2081 1 nat 1on 5
netals. other than,silver. and,£0ld and, copper. aTe, uSUALLY, 198% ik,

i th8, SJ8Beircoly Fecoversd in the riue @ust by collsoting the latter
| Acmm;.ms to the. ,.pmmt process. nat only the ng.d and
silvez, pub, also the hismith (constituting a oonsidereble *vaiuer in
the mixture), copper antimony and lead are recovered, and Ay, ...
selenium or $ellurium presents  The mixture is made self-fiuxing 8o
that the smelting requires but a fraction of the time needed with
the old method of adding thg. §qleet1ve sla_gging 13 made L e
| possible, the lead and antimonsr being .pxefgxgb;e,ﬁ,lﬂsged m °f the
& - nixture substantlally to the. exelusion of other rqotals. ‘ |
| o & .+The, mixtura is reeg:.ced ’t.o auitable cond.ition for this
ready ,self-—fluxing and selective slggging by oxidizing the 1ead and

antimony, as by :l:oagting the sl:l,mas, or by mix:!.ng suit.able =
slitne or by

percentages of ::oaated and green (or raw, unroasted.)

addition of suitable. oxidizing, agentse By the aadit
green slime . ,,t@np,=_'9‘1§mqt,h__aqd _qpppo;e which were oxidized 1n tha fab i

:Lon of the
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Poasting operation are reduced back to the metallic stats by the
metallic antimony: and lead of the green slime, which of course "*az-e
thereby. oxidized. . The:slime as it “comes -from the “ofoéﬁofﬂté

t apparatus is preferably filter<pressed and dried ‘and washed to
i recover the Xi portlon of the electrolyte carried therein. In the
mixing of the slimeedtidsadvisably: vy ‘seoure & thorough blending

_ by first powdering aaaw a 1;111;10 aii:n ;t;. then ;hixn'fgj in a similar
u mill, A good mixture of such roasted and green slimes contains by
i weight from 50 0. 70 pex:cent of the. t'oaa'bod mme,ii"‘ I have,

B e et
*

"1\‘“’ ,IJ.

however, obtained successful rebui’ss usinz only tho roasted slime,

the extent of roasting being less than wheve green slime.is:to:be:

ad.d&ﬂ.o a s g < e T T T P
each zZome is 68 _1GL10WE,

The mixture thus oxid:l.zod and mado solf—-ﬂuxing is next

r melted down in a a noﬁ-@o&émé‘,‘ praforably a neutral, atmosphere
as fo:’:“"éxmﬁle 1n a closed omibie fmaoo, or in any rumaoe with

‘1'}(‘!‘,}

a covering of slag adapted %o isrotocf; 'eho oontants rrom the reduciu

653 4 B
atmosphere or ‘“from the flame, or 18" a closed electr:lc mmag% of the
¥ Py @ 3 5 & &
induction or Gther suiteble type. Thore is volatilizat:lon of
3 : gy 3

cunsi&erable qumtitios of aniimonv and lead and 1oaa vol&tiiization_

a

of biamuth, ootppor and silverp These pass Off 1n the ftmes and
may be largely movorod in the flue dust by collecting the latter
and adding 1t to the charge with substantially the same effect as

S Tt

an addition of roasted slime. But such volatilization should be
minimized by stopping the eperation as soon as fusion is ‘complete,
and the meady fluxing.and fusion of the mass is an advantage in

3 Tamamm TAMEMmE MY
¢he ftares TUSSD :

this 208PeAY . oured and allowsd to olidify ¥
2 Jhe, m%mmmma into three zones. The lower
J e 5 bullinnar mixture of substantially pure metals, conteining
| nearly all the silver end bismmth and suostantially 211 the gold,
and usually negligible .or very: small quantities of the other
metals. The next zone is & matte containing a small portion of ;

the silver and nearly all. the-covpers The top zone 1is a slag
containing substantlally all the antimony avd stsaafand”f'sméil“”"
quantities of ‘bismuth , eopper and silm. -~ ‘For the purpose of
subsequent treatment we may consider the lLowest zone to be a “puliion
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: o%’ old,{_‘ silver and bismuth, the next a matta of gsilver and
mesaly 17 & button iz the bottom of the ves
copper, and the third a slag of aatimony ana 1oad. A table
he matte may e haanemavicsd 18 2 sony ""I‘.“* i

__showing an ac'e};al analysis of a moli, giving the percuntages
'(" a0l Ar 7\.1-, 0 ":-'.'57 GO0 } par B "-..\ !TWFQ ‘-l' Ljui b r" n“.\e E‘»@Mﬂ;; 3
_of each of the principal metals in the different zones, is as
SAow _: DCeE 4':4;{-:’ EI", t" 43 “’Lj gL“a -".-i-.j-j *ﬁ:-f. R (‘--q{ #i 1 1% pan L"ﬁ 4
fQ:i.lows. ' :
he sulphur and glleoy with sasch othar.. ARy mtinesr and 0 :
Table of Zone contents for each metal. g ‘l
srpenic swe volstilged AMe IBdanlOme, Fle 45 rﬁllmu‘ i
7 Bullions-— 95.3 100 8‘7.6 2 0.6 1.2 ;
partially volatilized sad partdally t”}’iulam and H.._Lu s 0TF, :
|

1
i Uatte—— 6.4 0 i .7 0.2 ;

I 54
i -Ja

b Prom the bBulilos the silver, pold asnd bismuth nay .
ST, Slﬂt"""““"" 003 0 12.4 - i E 98 v? 98,6 |
il all De CURaLA8. ldﬁ.ffﬂ" '%0 T 100: 100: q00: T00: 100: whedantial

;ﬁ A £ ...,:; & " * " B

‘ quani 01335 sulphar, pyritas or the like may ke plungsd unden

Poas po’ghgr table. showing approx:!,maiolx the ‘%31! ongg ?f

the =DF

3--*“‘-.&-% e, i %sf;ﬁ%lzl-.‘,o'@?ﬁfﬁ.. nay. be, krested as, sDOVNe.  IhsS

zennlnl Popgyfe of c&m ‘$6% Fdoh Fomes iue clostroliiic
%1‘201.‘3 silveay being W&& dspoalted at mtm node,
i 'ﬁf‘ Eollpgnd g l8Tge. DAF 3.‘ %0 r:é@; math £ Gzﬂﬂ% £ ?‘}gglm end
| pagg of Ippdiemil 50ing gglic fRIHGLCE in $he gy o¢ip400
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The th;'oe zon,es or elgsgps of moia], may be ae;garated

u:uv iappinq or pom;ins ‘them. sepg.rg;;ely. 0T the. ant::;_e charge

1010(;{ to golidify whon the three zones bY

ay e _poured and allow
reason of their w:Ld.oly d;fﬁgring spec:q.fic ﬁgrav;uﬁea gma their

. different q@“@fﬁng tgmpemtma and @iff:e:ont coqffiaient.s

198 thrac‘bing in aglidityinz, may be raadily aep&ratgg.% .
‘,E':qm ma thrge zZones 2% classos of motals thus

ni ‘.)

vy 28

..g_qrmgated, the individual ma'gq,],s or des

_may_he obtained by various, known or awguable

The slag may be smelted to cormercial ant

. £ the more valuable metals, by maintain—

after previous rermoval O
mosphere ymtil the more velu

ired. mixtgres thoreof

1meth0dﬂ ®
imonial lead,

i
ing it molten in a reducing at able
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partially volatilized and partially oxidized and.slagged off,

| E: e }:02’@@8% %@ 3 ~@'§&M¥°r’ gold and bismuth may .
| all be obtained.. . .If aopperand lead are. present. in substential |

quentitles, Sulphur, pyrites, or,the like ney be plinged undemcd

| L SMM%J%M%R%% 89 85 bo, separste themci
1in the form of a mabte,.Which,pay; be.iTeated ae. abONe«: 1 The

remaining, mebals may, be, separated by.ihe Moebius.eleotrolytic |

method, .the, silyer being sapEzaks, devosiied,at. the: cathods,

the gold and.a, large, part, of the m"m}i& forming a slime, and.

pert of the bismuth, going, inko solution in.the, electrolyte . . |
(8 silyer nitrate, solution)s., The blsmith. ey pogsmm |
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©oiemiio. o-The imventsion imcludes broadly the forming of a
substant1ally. self-fluxing mixture of bullios-fomming metals
;aﬁ&;?ﬁiuﬂl‘:@f:ﬂma&?'&ﬁ&l'!ss 05%“!&21‘ metals, the mixture . . .
peing-such as will.when fused.readily soparate and with
r:.=.l‘athiﬁﬁﬂh&ﬂfwaﬁgazﬂﬁévﬂﬁdifi"aUiﬂiﬂhtki&ﬁm:iﬂ'!’!3:0‘
there may be meny variatioms im the individual wetels and in
2the zones dinto. whichoshey: sepaTabescing indicaied at D, the
vaite ot 7, Arvaluable method of obtaining a suitable mixture

for faxsimg fusing is by the addition of copper slime (obtained
© priof the eleotrolytic Tefining of copper) o the,above descrived.
rlead slimes o mgmu;nmﬁﬁmsmwr @%ﬁ:ﬂ@_ﬂ@?ﬁm

* yeudally im having all the metals exeept. silver and gold and
a more Oor less oxidized state and in
d tellurium and

part of the copper in

carrying substantial qmti’sies of solonium an

more sulphur thm lead alm. By reason of this difference in

m:l.xtm of mon coppor slime and green lead
sh the amount of roasting needed or 10
process; although the

cqapositio: a
glime serves to dlm:lni
climiaate the roasting step from the

‘copper slime alome is not readily self—fluxing by reason of

its high copper content.
A particular advantage of the use of such a mixture

and tellurium may be recovered DY 2

n they have a similar effect 10

The selenium sometimes

and is a valuable product ,
first means bY

is that the selenium
converting process in whiec

sulphur and pass off in fumes.

occurs in considerable percentage

that this imvention provides the

and I believe
recover it and the tellurium.

which it has been practical to
vVarious apparatus may pe uvsed for carrying out the

Process.
¢ drawings,

Fig. 1 shows moreé oOr jess dlagrarmatically the
and Fig. 2 the blowing

Referring to the accompanyin

of the mixture in a crucible,

melting
ally heated retort O collect the

of the bulliom, in an extern
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solonimn or tollurium.
£ detall u«xrmi“i fﬁvc"if‘aw grocefses embodying the invenbdlon,
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o 13 18 BOT B0 he Wdsrsio nerefras that the iaventl 3" 1

mixture to be melted., and ia eonrod. The flurnace B is simply
rosbricted Yo.the pertioular processes dsgoribed. Vgphous

a chamber, closed except for an opening at the top =mf,the
pdifieat iong- thersof uay be made Py thopse SKil ied in The a2, |
exit of the flame gases, and into whioh ﬂm from an @il

t devarturs. from the invanilomn.

bh&;cq&{}d w et

- burner C is introduced. The mixture melts and settles in

about the position ‘shown, the slag being :mdicaiad at D, the
matte at ®, and the bullion at F.

- Por the comverting of the bulliom, the same furnace
B and 011' bmor ¢ may be used. The bullion is earried in a

That T elisinm isl=
retort c, into which air is blown by means of a pipe H, and

the fumes are collected im a condenser J. asintas oiives
The process of treating lead ft”““-‘ containing siiver,

o : " it w53 vhich
gold,. blsmiih, Sepper, grtimony. laad snd sul phur, Waiea
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tn. invention,
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of detall-certala specific processes embody:
yet 1t 1s mot to be understoocd therefrom that the invention is }

restricted $o.the particular prooesses deseribed. Various |
mmm thereof, th'nm&' by, jh%gwit. 111.9%% E th'é:%grt .
Iiimiamam Wﬁu?s@gi@!ﬁfnlm sueh ae io Porm Yhrse

ssparave zomes when Tussd, and fusing sald mixture under non-~

reducing ﬁﬁ)‘lﬂ.i‘hifsi%é 0 form & melt in ithvres zomes containing
EERIOCAATEAE the olasmes of metals pefsrred §4 i the Tom of
builien, matte, axd slag, which ave Peadiiy WepaFable frecu’
ox .,w&z!hat I claim isi-

v

The progess of txeating lead slime containing siiver,

gold, hism ,l ur, which

s R4 7 rﬁm &WWJ?QSQ} 0%*3 Zabie taﬁam? ghileh

=

mﬂsﬁs - mﬂ“ & ‘7, RRILON of fm.mw%mmg r‘:etmﬁ, and
on of slime,

mixture of -such Toasted portion with a green Portion oFf STTRS
the. roasted portion constituting approximately 50 1o 70 pe¥

cent.of the mixture, and the slimes being finely ground and

intimately blended, melting such mixture in a neutral

atmosphere whereby.a melt 1s obtained in thr Wzggs__ 331?5;

lowest a bul ‘of gold, silver and ‘nim% t‘h& ;oﬂ a matte
t OJIY and

. of silver and copper, and the third a slag Oof anuimony
- 1ead, sevarating sald zones ¢ ,ang t,;coa‘ﬁng thom fu.‘r‘ﬁnor to i
megover WMWJW‘MH ng asld sizture whersby ihs -

of metals occenpy Aiffersnt zonss I -flhe mell,
ating slime from the electrolytic
consisting of a bullion—

differsnt classas

production of lead, copper, &Ce, and
forming mo?%&glg? “"’“‘*Mﬁﬂﬁ&ﬁ, ‘and more readily oxidiz=
‘};‘:;1; rﬁé%\afg ,Awhié‘h comsiei% ‘in poasting & { ‘portion of 'such slime,
"Imixug the aamé with s’ poruan ‘of green ‘g1ime; emd“fusing sald
in & noareduclng ‘imosphere, Whereby the’ ‘mixture is
para‘ias 1nto ‘{hree zones ‘of 'buliion, matte

3
which are % geparable

£

amixturo
S 1%,

readilv ftmod a:d se
and slag respectively,
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: from each other and from which the 1nd1v1m1 metals or
[ fa The process of s 5
- : sompousds SheHs0r Hiy be Seihk Ji} AHEREE of diemth end
: cther bulliom-Ferming metals &aud move vesdlly oxidizabls webais
f which consists in sm r- 11
| 5 The process which iﬁt Mﬁt Qm
¥ qu% -4 g F Q'_"fg‘_., t‘*ﬁ?‘f}"“fs %= 1L 7 S 3, F3
bullion—forming %‘ajia"; g’bui' ', matte forming metals, and ..
gxtermal 19? heated e s 74 A u'a'?r o Py £ =
oxided of more readily A EE e mﬁ%d’ such as to form three

|
F

¥ : collecting “he My
1

separate zones wiau fused, and msing sald mixture under non-— :

; reducing conditions to form a melt in three zones containing
L 2 The method of ot 1
respectively the classes XS %d% in' the form of
comtalaling it, which const 36 $h
pullion, matte, and slag, ‘Which are readily separable from

an externally heated retort producing s of bioun s ¥ i de
each other. producing fumes of bisumidh oxide,

end collseiing =ald fumes,

4. The process of separating bullionmfomng metals;

i mttrfoﬁggﬁzﬂgﬁg,eg Tﬁ%ﬁﬁﬂgﬁfﬁ%ﬁmﬁfo%mi§§rwhioh
";éi‘;iie.“é‘:i“‘%u;ﬁ?S“’ﬁii—%u;:f3%6%‘5::%}2@&&%5&%%& and
U oxides of the more readily oxidizable metals, whereby tne

off in funes.
three classes of metals occupy three separate zones in the melt,

and separating the zones from each other.

14, The process of Sreatliaz a mizxture f)’o metals of the

.....

| éepcribad class, which caomsis e o
/ 5. The process of separa%i " %ufl‘ioi—fo%g” ihe’ta‘ifsi‘l
3 meiais, gsulpiay ne padtta-fows met

fron more rua.dfily oxidizable meiaia, whien ¢ ﬂm‘% in

readlily oxidisable metal

auﬁ'iciently oxidizing “the §1:3,%'::'»1:.* ‘o ‘Form & sel .

Yo o

?g‘"

i X “ 'ﬂ" ‘s; ¥ 3 £2¢ I a 2 ‘1 £ &

E § mixtura of the bulliom—forming metals with oxides of the more
readily oxidizable metala, fusing said mixture wheroby the

ii. '. "1'.@ 'i:'(_‘{wv:_:_ﬁ e ._; ih \J( .’,._ o k‘ & - C“&
d:l.fferent classea of metals océupy df’fferbn’f 8 in the melt,

3 bismuti niginl sopper ard lead wiiieh :qﬂéiﬁaﬁ in
and aeparat:l.ng said zo:ea. !
introdmeing sulpagr imto ts bulliom while the latte &“ in
6 & voiter The proeess which #m,}ltaan I,om;.l.ng a sl ‘q%ta;tially

: _ﬂ_v,a;g*mo_ oxides
sing said mixture

-gelf-fluxing mixture . ‘«afwlléﬂn"ﬂm%"?@“

of comparatively readily oxidizable metals,

whereby the differemt classes of metals occupy different zomes

in the melt, and separating the zones from each other.
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The process of treating a mixture of bismuth and
other bullion—~forming metals and more readily oxidizable metals,
vhich consists in zemparazixs separating the bullion~forming
metals, and bessemerizing the bullion formed thereby in an
externally heated retort reducing fumes of bismuth oxide, and
collecting the fumes. ' |

The method of extracting bismuth from bullion ‘
containing it, which consists in bessemerizing the bullion 1n
an externally heated retort producing fumes of bismuth oxide,
and collecting sald fumes,

The process of treating copper slime or a aim;l.lar
mixture, which comsists in recovering selenium or tellurium
therefrom by comverting the mixture so that these elements pass
off in fumes.

The process of treating a mixture of metals of the
described class, which comsists in melting the bullion—forming
metals, sulphur, the matte—forming metals, and oxides of the
readily oxidizable metals, with a covering of slag adapted
40 protect the contents.

The process of treating a bullion of silver, gold
and bismuth cdataininz also copper and lead whiph consiste in
introducing sulphur into the bulliom while the latter is in
the molten condition, so as to separate the copper or lead
from the remainder of the bulliom in the form of a matte.
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~_mors silver, while bismuth and atlll another p

Angust 23rd, 19086.
Mr, Addicks:i-

I have carefully gone over Ir. Betis lebther of July 25%h,
and in compliance with Mr. Prosser's requesi submii the following
commentary:

It mayv be thait the presence of glue had something to o

- with polarization in case of Mr. Betis' experiments, but the trouble

wa had was not attributed %o that cause, since we worked with an
electroivie preparsd from straight iron sulphate, copper sulphate,
and sulphurie acide In fact it sesms t0 me instead of giving rise

to pelarization, glue should aet as a depolarizer like any other
readily oxidizable organic wuhmiumme or Inorganic substance. However

that may be, the slimes should he properly waeshed and filtered
before treatnent in order to prevent fouling of the ferric solution
with lead electrolyte, whiech at the same time would effectually
remove this cause of Lyouble 1f such it bhe.

Mr. Betis then speaks of 3 Turther wethods of freating
sllmes.

1., ROASTING WITH SULFIURIC AQID:

This is not new to us from our experienee with copper
glimes, wherec we know that drying thom with adhering electirolyte
(free suilphurie acid) will cause soluble siiver fo'be Tommed. It
is perfecily frsamif:le t0 thus convert all silver into soluble
gulphate. An objeetion %o consider in this mode of extracting
silver is the very low solubiliiy of silver sulphaie in water, which
ig sbout 1 in 100. In the practice of parting this 1s overcame
by working with coneenirated sulphuric acid in very large excess, in
which miiver sulphate readily dissolves; and treating slimes direct
in this way would hardlv be practicable. Mr. Betts, by following
the HgSG4 tpeatment with hvdrofluorie acid, removes antimony and

ortion of silver &
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remaing in the residue. Thus he seatlers hls siliver in three
different portions, each again to he separately treated for iis
recovery, which sesms 46 me an wmecessary complication.
1, FUSING SLINES TO AN ALLOY:
In this we have also anticipated My, Betis. It might be
worth while, however, when we have exhausted other more dirsei

methods in view, to try Mr. Beitts' scheme 0f electrolyzing this
alloy,

111, TREATMENT WITH ANTIMONY PENTA~FLUORIDES
This scheme looks very good and is along the sane lines I

have experimented on in finding a solvent which will attaeck all of
the base metals at once, {silver also, which is then cemented out)

thus effecting at the first stev a separation of the values from the
cther hoavy metals. My. Betts! smiwkism Sb.Fs solution acts very
much like my ferrie flue silicate mentioned in reswné in Betts'
process Anguet 22nd, 1906, In faet I have come t0 the eonclusion
that the solvent power of that solution for antimony is due to the
proesence of ferric fluoride derived from decomposition of the

fluo silicate. | ’

The obstacle in the way of using this antimony penta-
fiuoride is again the same as I found; namely, the excessive
corrosion of the earbon alectrodes in regenerating the oxidizing
solution.

Regarding Mr. HeKab's theory that the aeild loss in lead
refining is due %0 deposition of silica and escape of hydro fiuoric
acid into the air, I cannot agree, sinee hydro fiuoric acld, one

of the most powerful aeids known, would certainly not escape, bub
would merely displace fluo-silicle aeid from its lead sall, forming
lead ﬂmo
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That this should take place seems quite plausible, in view of my
recent experiments in oxidizing ferric fluo silicate solution

either chemiecally or hy electrolysis. The fact that in these
conditions dissociation of fluo silicic acid might take place, throws
‘an entirvely new light on the question of acid loss, which accordingly
would be due 1o leeal anodic action, caused perhaps by stagnation of
the elsetrolyte in the interstices of the slimes adhering to the
anodos .

Hre Betha' remarks on ¢xidation by nitric aeld calls for
no fMrther comuent as that question was coneidered by us some itime
ag0 .

In eonclusion I would point out that Mr. Betis no longer

appears o have entire confidence in his ferric sulpimte process
~as originally lald down by nim, which he virtually acknowledges by

subinitting a mmber of altogether different provosltions. As long
as he does notvstand pat®, therefore, it sesme falr to me that any

further propositions he may have to make should not take vroeedwre
over over now lines suggested by our ¢wn work and which are the
result of our own experlience.

If Mr. Betts had consistently stood by his firat process

I would fesl inelined 1o attribute ite appsrent short-comings 10

s lack of gomprehension on my part of its proper working conditions.
Rut, mder the eireumstances, I feel that I have done my heat with
1%, and that I eould do bettdr with one or the other of the more

direct methods suggested,
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August 22nd, 1906.
Mr. Addicks:-

/
RESUME ON BETTS' CHAIN OF OPERATIONS FOR TREATING SLIMES
WITH PERRIC SULPHATH.,

et e

- 4 PRELIMINARY ¢ Slimes must be carefully washed from lead electrolyte

in order to prevent precipitation of lead sulphate with the glimes.(Also

\

to remove glue according to Beths. |

2 PERRIC SULPHATE BOILING: To obtain the full benefit of ferric

=
sulphate oxldation an excess rust be employed, taking silver into
solution. I find aleo that much antimony and some hismuth go int O
golutlion, partly separating out on standing and cooling.

solution after standing: 8Sh. 066%

Bi. .018%
Gement Silver:

from ferric sulphate boliling:- Ag. 87429
Phe« 1.95
She 133
Bi. I54
Ju, Trace
Se. u

3 ELEGTROLYSIQ! 10 FERRIC SULPHATE: Our experiments show that this,

with propdr attention, is wuxkk a working proposition, with recovery of
copper and regeneration of' the electrolyte. The antimony and bismuth
accumulating in the solution appear to have no influence on the oxidation
of ferrous salt. 7The electrolysis can be safely run at a density of

10 amperes per square Foot at from 1.4 to 1.8 volits,

4. FILTERING AND WASHING OF SLIMES: Filtering and washing of glimes

from
fuxm ferric sulphate treatment must be very thorough in order to prevent

fouling of the ensuing antinony sclution., At this stage I find that the
slimes and solution filter and wash very badly indeed.
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5., HYDROFLUORIC ACID TREATMENT:

Thie ig done cold and in concentrated solution and seens to
present no special difTiculty

BISHUTH: agoin, however, goes xa&s into solution along with the

antinony.
FLECTROLYTT: gb.  9.65%
Bi. +52%
CII * L 67 i

The presence 0F copper can be largely avolded by #~more careful
washing., For depositing antimony a high current density ean be employed,
say 100 to 200 amperses Der square foot.

6. FILTERING AND WASHING:

The slimes from this treatment are easlly filtered and washede

7. TPINAL SLIMES:
The final slimes show a great conceniration of lead, while all

other constituents (exeept gold) have been eliminated in part at least,

or entirely, as shown by comparison with the original slimes.

ORIGINAL SLIM¥S: FPINAL SLIMES.
Age 21l.94 12,36
Clue 547 e
Pb. 9 .43 53437
Bi. 9!?1 3!22‘
Sh. 32.67 1.14

Accomding to these results the process does not appear bo work
out ss intended by Mr. Betts. The weak point seems to be that instead of
successively eliminating the differsnt constituents and concentrating the
values in a final product, there is a scattering of all ihe elements at
each suceeeding stepy and the final result is a coneentration of all the
lead with the gold and only part of the silver. To be sure a preliminaxy

treatment with an oxidizing fluo silicate such as copper O ferric fluo
gilicate would remove most of the lead, but at the same time taking out
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gome bismuth and antimony, thus further adding to the compllcatlon.

T have indieated how a dry process would effect a coneentration
of values on the one hand, and a separation of base metale into non-
volatile slag, (copper and lead) and flue dust, (volatlle oxides of
bismuth and antimony ).

Under the impression that a wet proeess would prove more
poceptable to the management, I have made some experiments with a view
to separating the slimes constituents,by means of a golvent, into a
solution containing all or moat of the base metals, and a residue
containing ths values.

T found & powsrful solvent in ferric fluc silicate, but 1t
unfortunately turned out that regenerasion of ferrous to ferric fiuo
ailicate by chemical means Was accompanied by partial decomposition into
fluoride and silica, whtc#ﬁﬁy electrolveis the same difficuliy was
encountered, the carbons belnz very severyy attacked at the same time,

T than twrned my attenbion to perehloride solutions, such as,
for instance; perehloride of antimony. I found that with a strong
gsolution of Sb Glil?‘%ﬁii? practically completely dissolve the slimes,
and by eautious at%a#%éen of more slimes xmxzxiik repr&axpitatqﬂ the sllver
py which means I obtained a residue of the following composition:

AZ 53,08
Pb. 16.08
Sbe «40
Bi., Se., Te., Trace.

The slimes resldue from this treatment contains practically
nothing but lead in the form of sulphate, in addition to the values,and
smelting the same to dore would be a very simple proposltion.

On cooling lead chloride crvstallizes out of the solution of
mixed c¢hlorides, and 1f desired can be more completely precipitated by

T
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addition of suwlphuric aeid

_,'This leaves a solubion of the chlorides of copper, bismuth

and lead, from whieh copper cean be cemented out with met. antimony,
or plated out by eleectrolysis, by which latter means at the same time
Sb Clg is regeneraisd to bs usad over again. Bismuth may be allowed
10 remain in the sointion until it has concentrated sufficienily 10
warrant separation from antimony. This separation might be effected
in several different ways; Cor instance, by mselective electrolysis;
or by taking advantage of the different volatility of the chiorides:
Sb 0lg bolls at 3200 0., and BiClz at 450° C., just the same as I
separate antimony and arsenic analytisally. Or they might be
geperatad sccording o Borchers by electrolysis in an alkaline
sulfide electrolyte in which bimmith is not soluble

Another line along which the problem of slimes treaiment
could be attackad, is hased on the Observation that slimes, when
they are dried in muk, undergo syontaneous oxidation, the heatb
thershy developed being surficient $0 bring the mass %o the point
of ignition. It then burns very mueh like tinder, the combustion
gradcually proceeding through the entire mess with the formation of
very little fumes. Analysis of such oxidized slimes is now being
nade. I find that these slimes are soluble to the extent of
nsarly 60% in hydro-chlorie acid, 200 grams of such oxidized slimes
was digested with 200 c.c. of sirong hydro-chloric acid filtered
and washed with hot seidulsted water, The dry resldne weilghed 83
grams and showed the following composition:

<5 45a84" 1,95%
B 19.29% Trace

Bl. Trace




These slimes residue was fused witn one-nalf its
welght of & mixture of 3 parts sodium carbonate and 1 part niter.

A silver buston was obtained weighing 38 grams and assaying
94.41% Fine Ag.

Slliver in siag from above fusion:

Another method which would at once glve a separation of
antimony and bismuih, (and arsenic if present) on the one hand,
from gold, siiver, lesad, and copper on the other hand, 18 by direct
dry chlorination at a tvemperatire above the bolling point of
bismuvh chloride (450° C.) whien is away below a red heat and
perfectly safe és rogards silver chloride.

Alﬁogsthar I would 1like verv much to turn ny entire
attenticn 4o following some of the lines above Indicated, and would,
therefors, like to be relisved, for the present at least, from
further work on the Reits proceas, which thus far does not appear
w0 offer a couplete and satisfactory sciution of the problem in hand.
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NOTES ON TRAIL SLIMES TREATMENT.
June 4%h, 1907,

(ee Craphiec Schemel, Slimes slush is baled out of
tanks with pails and seoops direectly into copper cars provided

with a drop hottom rubber rlug.

Six (8) of these cars do the work, and 15 to 16
‘fillsd carscoonstitute a day's produét. Thay are raised shout
17 feet ahove tank room floor and run on iraek over sliimes
washing tanks and contents dropped. Wash tanks are f{illed
one-half full with a slush and left tec settle foxr one hour;
the solution is then decanved infto sattling tanks previous
to being put hack into the electrolyte,

6" of weter orxr dilute wash water from pravious
washings are added and the operation repeated, Then 12" of
water are sdded and the solution hoiled and agitated for one-
half hour with live stesn, introduced into the tank through a
1-1/2" gopper pipe perforated with 1/8" holss, then let seitle
and decant into settling %tank, provided for the different
routes the solution is to take, These are as follows;

Solution above Eog e to ﬁlautfolyta

Solution below 20" Ba and shove 50 Be %o avaporators

5% to. 0 bank %to Llrst slimes washing.

Washed s8limes are dropped inte wooden filter tank,
provided with cotton duck cloth filters and arranged in the
manner of sucking ftubs, Suction is prodhced by a small bhelt

driven Rand Air Compressor with double pisfons 4-1/2" in

diameter. In these ftanks the aocidity of the alimes is asgertained
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and & sufficient amount of caustic soda solutionis added for
neutrelization., This is done spparently to prevent the formation
of Hgb on the subsequent Nap5 treatment. The next etem is to
shovel slimes into the iron leaching tanks, where they are treated
with & solution of sulphide e¢f =oda, freshly made up, or from

electrolyte returned in an improved state from the subsequent

~eireular procees. The smount of fresh solution thet has to be

made up contains approximetely 2400# of commercial sodium sulphide,
gtrengthened by the addition of 25# of brim-stone. Iresumably
this is the amount to compensate for the sulphur loss by forming
copper, silver, lead, bismuth, sulphides, etc.

The lesching tanke are filled with 3" to 4" of
glimes to esch bateh and boiled for twe hours with a closed iron
pipe steem coil, the slimes being egiitated with a wooden paddle.
Sulphur is added agein during this operation. When solution shows
to be 19 degrees Be, it is dropped in storage tank, from which it
is drawn into eireulation through the electrolytic tanks as
regquired. '

¥Mr. McNabb states that the solution contains about 9
grams of NasS and three grems of antimony per 100 ece. The
temperature of the solution in the electrolyte tanks runs from
45 to 60 degrees C. At the end of the run the degree Be is about
16, the drop being 3 degrees Be.

Ten (10) electrolyte tanks are provided, arranged in
two cascades of 5 tanks e&ch, 19 electrodes per tank, approximately
of dimensions of 25" X 36". The cathodes are of iron or steel
1/8" thick; the anodes are of sheet lead, made on starting sheet
table, weighing approximately 40#



each,

" The voltage per cell is about 1.5 volt, varying according
to amperage, which runs from 2200 %o 3000 amperes. The ampaere
density per square foot is 10 %o 14 amperes. Impoverished :
solution from electrolyte tankﬁ goes into evaporator and is

{
boiled up again to 19 degrees Be, from there part of it poes

back ixkm to the circulation and part of it to the leadﬂing tanks,

yr, McHebb stated they had circulated the solution as
much as 35 times, but he was not quite certain as to how to
dispose finally of the foul liquors, or how to regenerate them.
I understand thet the recovery of antimony was about 70% of that
conteined in the bullion, which would amount to 700# per day on
a bagis of 50 tons of bullion at 1% Sb. The deposit is brittle
and hard; & thickness of 1/8" to 3/16" is deposited in four or

five days. The cathodes are drawn out of the tanks periodically

and the deposit knocked off by slight taps with a mallet. I
understend that the deposit contains a few percent of arsenic,
whieh is to be expected, and so far the Trail people have not
been melting any of their antimony into commereial bars, and

ere sceumulating thelr material for a clean up. They were
experimenting at the time I was there, to get the star on their
ingots that the trade demands. I understand that the efficiency
is extrasordinarily low, which is apparent when 800 to 1100 KW

hours are spent daily in the recovery of 700# of antimony.

The slimes residue from the sodium sulphide leaching is X

then transmitted to two iron filter tanks, arranged as sucking
tubs, and is from there put into drying pans arranged over a
return flue of the slimes roasting furnace. From there it is
directly dropped through & hopper on the roaster hearth.

a6V -_._,;;_____..-..."_..’..,1
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The inside dimensions of the roasting furnace are ashout 40°
long by 6' wide. The fire flue is constructed under the
hearth and the roasting i1s therefore altogether done with
heat radiating from the arch under the hearth. As by the
time they reach the roaster; the slimes should have lost
about 25% of their original weight, the total qusntities
treated in roaster daily should amount to little more than

a ton. The material is worked by hand from one side of the

furnace only, towards the fire place and attains a cherry
red heat near that point.

The roasting operation is, of course, oxidising,
having for its purpose & change of the sulphides into
sulphates. The finished material is hoed into 1a;ée iron
buckets set under roaster doors, and has the appearance of
calcined anhydrous sulphate scale. The roasted slimes are
then leached in dilute sulphuric aeid (?) (Do not remember
whether water is first added and acid afterwards), which
dissolves the sulphates of copper and silver and any Cu.
oxides bresent. The success of.this leaching depends largely
on the successful previous roasting operation. ‘Ehe Trail
people have been widely varying results ss to the percentage
of the copper and silver extraction, and I could not proeure
any definite data on this matter. While they expect to reach
e very high percentage of copper extraction, only rather a
small percentage of the silver is recovered as sulphate. As
& proof of the very different results obtained, I may mention
the Silver House Foreman's statement, that it took anywhere
from 3 $o 7 days to blow & charge of dore’.

The solution from the last leaching operation goes
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to the silver cementing tanks with the bulk of the silver
sulphate stélution from the dore' kettle, while the slimes are
charged in the dore furnace after being accumulated on an
inelined drying bench.

To the slimes in the dore! furnace, coal dusi and
gsilice are added; the coal dust apparently for the purpose of
reducing the lead sulphate. Silica is added pariicularly to
slag the lead. Blowing with high pressure air at different
stages of the melt, is also resorfed to, furnished by & litile
Rand Compressor, which takes its air mostly from the space
in hgttom of the filter tanks. The blow pipes do not enter
ktﬁgimetal bath. The first slag has the eppearance of litharge
and ailicate of lead, said fto be very low in valueé. The
second slag produced, after the metal bath shows & clean face,
iesembling very much the type of sleg we used to produce at
Chrome, and which we ealled silver matte, disclosing its copper
conteﬁts by a pink, reddish hue. This slag is said to run
from 80 to 100 ounces of silver, and all slags from the
reverberatory, if low enough in values, &re delivered to the
Smelter.

The dore' bars cast are exitraordinarily thick,
being about 2", with & few heoles cast in them.

The parting of the dore' has no unusual features.
The siphoning arrangement is very neat, the siphon being
started with steam, connection being made to steam pipe with
a rubber hose. I believe this apparatus was introduced at
Chrome. Time for settling in settling pot, about one hour.

The silver is melted in a water-jacketed furnace,

consisting of five pieces, four sides and bottom, being held




e
together by buck stays and clamps. This furnace is exactly
the same size and construetion as the dore' furnace bath,
having their outlets into the same flue. The gases are

conducted through & system of chambers, which are separated,
the cooling being effected by up end down takes from one ohamb&r
to amother; these are made of sheet iron pipe, approximetely
5' in diemeter &nd running abou’ 20' above the roof of the
chamber. The flue is epproximstely 300 feet in length and
about 14' wide, but I understend this has been short circuited
to about one-helf, as the draft was insufficient. B
wr/EJ

(signed) Th,




Gragselli, Ind., June 15, 1207.

L.R.8.R
WT-2084 TRAIL.

Mr. H. A. 5roeser. Gen. Manager,
508 Dooly Block,
Salt Lake City, Utah.
Dear Sir:-

Trail Silmes Tre&atment.

Enclosed pleese find &nslysesg on samples teken at
different stages of Trail Slimes Process. The samples, of
course, do not represent the same batch of slimes and are for
that reeson only to be considered as en approximate guide.
However, the percenfage of entimony extraction is about as
stated by the Trail people. Assuming that the original slimes
ran from 25% to 30% entimony, it would in this case be some-
wheres about 75%. The Copper extraction is apparently not as
good, being only about 55%, but as the roasting operaiion
‘seems to be & hit or miss affair, befter results may be
frequentiy obtained, similar %o my experiments with roasted Cu.
glimes at Chrome, which gave a nearly complete extraction.

If it takes them on an average of four days to blow
the stuff to dore, it strikes me that cupelling with additional
lead could be used to advantage at that stage of the process.

I must ask Nr. LeBarthe if he ever considered this. A good |
deal of litharge would, of course, be produced, but the prodasa
is so much faster that it ought to receive some consideration.

Some silver extraction is noticeable, comparing the
. veriation of silver contents with the increasing ratios of

gold and lead as & guide.




i
 semple of eleetrolytic sntimony showed. 20.22 ounces
of silver, and .235 ounces of gold per ton. I could not vsﬁme'
any @pinien- as to how thie happened, ’m:t‘ that yﬂbab.lj the
solution from the leaching vet contained a good deal of
suspended slimes. However, the gold is twice ae high as its
retio to s-ilﬁ_r in‘t_ho slimes. '
Te will run a %test on a bateh of slimes at Grasselli
a8 goon &s possible.

Very truly yours,

we/BJ
(signed) Wm. Thum.
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Grasselli, Ind., June 7, 1907.
WT-£063
Mr, H. A. Prosser,
508 Dooly Block,

Salt Leke City, Utah.

Dear Sir:-
Trail Zilmes fYreatment,
Referring to your 4410, May 29th, Bnclosed please

find notes on Trail Slimes Treatment, also graphic scheme af
movemenis of slimes. :

I algso prooured the following samples of proeess
products, on which determinations are as yet not made. The
results should throw some light on the present work done at
Trail:

\
= 1. 8limes after sodium sulphide leach,

2. Olimes after coming from roaster,

3. B8limes after leaching Cu. and Ag. snlpha%aa.

ad{ for Dore' Furnace,

4. HNetallic Electro-deposit of antimony.

The Trail slimes process is working quite satisfactorily
now, as far as I could observe, and should be successful if
all difficulties involved by the numerous deteil have been over-

conme. |
; The most favorable feature of the process, in my
opinion, is the separation of the Sb and slsc the As as the
first operation; any process that accomplishes this besi&dﬁ o
recovering the Sb in & fairly pure uﬁste ghould be a good.one.‘

As weak points, may be mentioned that As, Te, So
and 5n will be dissolved with the antimony and %o what extent

it will go into the deposit will be disclosed by the analysis
of the sample of electrolytic Sb. However, I consider the
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method superior to ours, unless the 7% Ag (Mr. Addicks letter
#2?55 of June 3rd, eddressed to you) can be recoversd as e
button from the slags.

The‘eost of chemicals for sodium sulphide , brim-stone,
ete., is qqite high, and In our c¢ase should smount to

3000# NasS at l.44 per 1h, $42.00
5Of Brim-stone at 1.2¢ per 1b .75

or approximstely $28.50 per ton of slimes. Thers is also

some expense for caustic soda %o neutralire the acid in mt%
glimes previous to leaching with Rag8S, but this depends largely
on the way the glimes have heen washed, and I understand that
they frequently run in the neighborhood of 1% of acid.

I do not know, and I do not believe that they know
fully at Treil to just what extent sny such metals as Bi, Ph,
ete. enter into combination as sulphide when leaching with
NagS. I aasume, for insfanoe. that lead will be aovered with
& film of sulphide. Copper, of course, will be acted wupon
best of a2ll, and the separation of this metal should be the
most satisfactory. l

The roasting mmmx needs most skillful handling, and
I do not believe that the three men who divide the days shifis
between them, sre turning out a very uniform produect.

The solution from the Cu and Ag leaching tanks has
the greenish blue color, & mixture of Cu and Ag would have,
but this may be due to other impurities.

The dore' furnace workvaries very much according
to the success of the preceeding treatment, and it is of
course evident that if the slimes contained only Pb, Bi, Ag
and Au, the operation of bringing seme to dore' would be &

very simple one, which apparently it is not.
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Unfortunately I did not bring along with me a line
of samples of the different stages of the dore' furnace slag,
but I was assured that they are low in silver. I could not
ascertain whether this low silver is due to & greater amount
of slags, but the accumulation for & charge that was nearly
finished, looked To be & reasonably small amount. I intend to
take this subject up with Mr. LeBarthe by letter.

In this connection I would like %o be advised just
what poliey you would suggest %o be followed with Trail
regarding some further information on slimes treatment., They

have a fairly good process, which they will ao doubt protect

by patents as soon as they have brought it on a hasis satisfactory

to them. We also have & process, which I agsume will be
protected by patents. It really appears to me that our
process is more suitable for them thah it is for us, and vice
versa.

We produce slags and other furnace produets, which
would be more eesily handled in comnection with a lead smelter,
while they with their leeching process, &re under heavy
expense for chemicals, which cost them nearly twice as much as
they would cost ua. Prom the data zo far obtained, we could
experiment on similer lines us ftrail, and probsbly find a
combination which would be an improvément on their methods,
and would not be considered an infringement, whiech the Trail
people would no doubt regerd as such, if they have furnished
us with all the detail of their process.

Kindly advise me whether you think it advisable that
I shouid ask for further information from them on this subject.

Very truly yours,

WT/Ej. 51 d Wm. .
méL (Signed) Wm. Thug




June 14%h, 1907.

Mr, Thum:- . . _
Analyses as per your directions of Slimes Semples

frou Trail, B. C.

e ot 1111

ke mw .1mnm wth -+ aws.ss + 40.95 §.58 1.00 6.52
3- lﬂe:r going through com- . | _ _
* bination cdrysrs and + 8%44,15 + 33,00 5.80 .83 4.63

roasters. j M - e

3 Ready for Dore! Furnace. + 8793.40 # 47.06 8.90 .70 2.84

+ Fire Assay Uncorreched.




et

UFFEL J‘san cqlﬁnw;omﬂao. aaad-

- R 1

SEDEEEEREER

bt r b







Au.3
Trail
"

Monteroy lMex 29.1
Mexican

n

Trail 180,33
" 81,99
Rieh Pb. Parkes.
Trail

]

E. L. Docter
.D. R. ¥s 51.05

LEAD

SLIMES,

Ag.
28.15
23,05
32.11

407

3.9
31.62
32.21
78445
29,20
31.90

2.44
15.35

Cu.
8.83
22.36
1.90
9,30
6,38
1.40
6.60
12.56
7.10
7.70
7.82
6.45

Sbe.
27.10
21.16
29 .51
25432
50.16
35,71
24.60

4,12
30.50
37.60
75.34
29.82

As.
12.42
5,40
9.14
44,58
15.23
4,91
2.80

6.10
2.80
24
«15

Pb.
17.08
10.62

9.05
10.30

5,30

9,57
12.60

3.00
10.20
12.60
12.23
14,95

Bl
No
"
Tr
.58
19.74
1

.88

1.95
8.52

Fe.
1.27
1.12

042

o

51 02




THE MINING DIGEST

ELECTROLYTIC REFINING OF LEAD IN

FLUOSILICATE SOLUTION
By HANS SENN

N view of the interest which has been
aroused by the successful refining of
lead as carried out by Mr. A. G. Betts, in

fluosilicate solution, the author conducted a
series of experiments in order to ascertain
whether the improvement in the quality of
the lead deposit is due to the lead fluosilicate
electrolyte employed by Mr. Betts, or whether
it is only to be attributed to the influence of
the small addition of gelatine which is made
to the solution. He further endeavored to

find out the best conditions in regard to
current density, temperature and concentra-
tion of solution, at which to carry out elec-
trolysis. An interesting description of the ex-
periments, with statement of the author’s
conclusions, appeared in a late issue of the
Zeitschrift fiir Elekirochemie. He conducted

his experiments in glass vessels with about
450 cubic centimeters of electrolyte, a
cathode being located between and parallel
to two anodes in a vertical position. Of 100
grams, the electrolyte contained 8.3 grams of
lead and 11.3 grams of free acid.

He found that without gelatine, with a
current density of 1.07 amperes per square
decimeter, a very irregular deposit was ob-
tained ; while under the same conditions, with
an addition of 0.1 gram of gelatine to the
liter, the deposit was quite smooth and of
metallic luster. Further experiments also
showed that the addition of gelatine had quite
a decisive influence on the quality of the de-
posit. The author next endeavored to study
the influence of varying the current density,
the temperature and the concentration of the
electrolyte. He found that differences of
temperature had no action on the character
of the deposit, while the influence of the gela-
tine was quite marked.

He also endeavored to ascertain whether an
equally beneficial result could be obtained by
the addition of gelatine to a lead nitrate and
a lead acetate solution. Under ordinary con-

ditions, without the addition of gel4tine, the -

lead deposit from a lead nitrate solution is
very irregular. It was shown that the quality
of the deposit was decidedly improved by the

addition of the gelatine to the electrolyte.
The quality of the deposit, however, is not
at all comparable to that obtained from lead
fluosilicate solutions, since the material is
brittle, falls casily apart and does not show
the property of bending easily, which is typi-
cal of lead. The addition of gelatine also
acted favorably in the case of the lead
acetate solution, but the quality of the de-
posited lead was still worse than that ob-
tained from the lead nitrate solution. The
author concludes that while the addition of
gelatine prevents the formation of larger
single crystals in the deposit of lead, yet, in
the first place, the use of a lead fluosilicate
electrolyte is responsible for the excellent
condition in which the lead is deposited by
the Betts method. The gelatine in the latter
case only prevents the last tendencies for the
formation of single crystals which also exist
in this electrolyte.

A further series of experiments made by
the author bore upon the subject of electro-
Iytic refining of cadmium in fluosilicate solu-
tion, during which he obtained fine-grained
deposits of the metal. He comes to the fol-
lowing conclusions: (1), It is possible to
electrolytically refine lead and cadmium in
fluosilicate solutions, so that coherent me-
tallic deposits are obtained; (2), an addition
of gelatine to the electrolyte prevents the
formation of solitary crystals or trees at the
cathode; (3), with increasing dilution of the
clectrolyte or increasing current density, the
good properties of the deposit decrease, but
even here an addition of gelatine improves
matters; (4), the conditions to be chosen for
obtaining a good lead or cadmium deposit
are as follows: Electrolyte: contents of free
hydrofluosilicic acid, about 11 per cent.; con-
tents of metal, 4 to 8 per cent.; of lead, 25
per cent. of cadmium ; current density, 0.5 to
1 ampere per square decimeter; addition of
gelatine for lead, 0.1 grams; for cadmium,
0.3 gram per liter of electrolyte.

The second part of the author’s investiga-
tions bore upon the refining in lead fluosili-
cate solution of lead and copper, lead and
bismuth, lead and antimony and lead and
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platinum alloys, and upon the changes of
a lead fluosilicate solution during use. He
comes to the following conclusions:

(1).In fluosilicate solutions, it is possible
to refine anodes consisting of a copper-lead
alloy, which contains the maximum of copper
soluble in lead, with current densities of 0.5
to 1.5 amperes per square decimeter, with the
production of a deposit of pure lead at the
cathodes, while a slime remains at the anode
which still contains about 10 per cent. of lead.

(2). An alloy of lead and bismuth, which
contains 12 per cent. of bismuth, can be elec-
trolyzed with the production of pure lead at
the cathode and a slime at the anode which
still contains about 20 per cent. of lead, the
operation taking place at a current density
0.5 to 1.5 amperes per square decimeter. If
the contents of bismuth are increased to 26
per cent., the electrolytic refining only suc-
ceeds with current densities of 0.5 to 1 am-
pere per square decimeter. If a current
density higher than the above is used, bis-
muth is also dissolved at the anode and de-
' posits together with the lead at the cathode.

(3). It is only possible to work antimony
lead alloys with 10 per cent. antimony for

pure lead at current densities of 0.5 to 1
ampere per square decimeter. In this opera-
tion about 30 per cent. of lead remains in the
antimony slime. When a current density of
1.5 amperes per square decimeter is used,
antimony goes into solution at the anode and
is deposited with the lead at the cathode.

(4). Alloys of lead and 10 per cent. plati-
num furnish during refining in fluosilicate
solution at the cathode pure lead, at the
anode a slime which consists of the crystal-
line compound PtPb,. From the latter no
considerable quantities of lead are dissolved
anodically.

(5). Hand in hand with the electrolytic
refining of lead "alloys, there goes a gradual
decomposition of the electrolyte, inasmuch as
PbSiFls decomposes'at the anode with the
formation of SiO. and PbFl., which are
present in the anodic slime.

(6). The yield at the cathode is on an
average 98 per cent, but the quantities of
lead which go into solution at the anode are
always somewhat more than 100 per cent.
when pure lead is used, which fact occasions
a slow consumption of the free hydrofluosi-
licic acid in the electrolyte.

ZINC MINING AND SMELTING IN SOUTH-
WESTERN VIRGINIA

By EDWIN HIGGINS, JR.

R. HIGGINS, in a recent article, run-
ning through two issues of the Eng.
and Mg. JI., gives a concise descrip-

tion of the present condition of the zinc indus-
- try of Virginia, with short notes on its his-
tory. Lead mining was begun at Austinville
by Colonel Chiswell some time between 1750
and 1776. The Bertha mines were opened in
1879 and the Delton in 1902. - Of these three
important properties, only the oldest is now
producing. The Delton mines have produced
in all about 8,000 tons of carbonate and sili-
cate of zinc. The mine run at first was con-
centrated four into one, but later six into one.
The finished concentrate ran 40 per cent. zinc,
0.5 per cent. lead and 5 per cent. iron.

The Bertha mines, which were long worked
by the Bertha Zinc Company, have been often
described. They are not now worked except
by open pit for limonite, but the methods de-

veloped may be of interest. The ore occurred
under a heavy cover of residual clay in pits
and around pinnacles produced by the erosion
of the Lower Silurian limestone. The ores
were carbonates and silicates of zinc. The
deposits ranged from 1 to 25 feet in thickness
and averaged per acre 15,000 tons of un-
washed ore, containing 26 per cent. zinc.

The mine was first worked by open-cut after
the removal of the clay. A system of under-
ground mining was then introduced, the ore
being reached through shafts of 3} feet
diameter, sunk in the clay. They were fitted
with removable iron castings, bolted together
in sections. Plank shafts 38 inches square, in-
side measurement, were also used, being sunk
to the lithestone bottom at its deepest points.
Timbered shafts were then driven in the ore,
following it around the chimneys, and when
the latter were encircled, the second drift was




SAMPLING AND ASSAY
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A SAMPLING:
The lead pigs as received by the refinery are shaped thus:

\
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They are placed five in a row, facs up, and sampies are 1o be taken oub
of each bar by punches indieated in the dilagram, taking ¥o, 1 for the
firat bar, No. 2 for the second and 8o on. The punch is ved half way
nrougn tns bar. Thie punch is made to take out the core 3/16% sguare
and half the depth of the pig. ,

=" |

The bars are now turned over and punched ths same as before, using the
template of the lower face. :

The coras aye now roady to be cast inte a sample bar, whose
dimensions must bs 9% X 3% X 5/8%, The corss of a car loed of plg lead
18 enongr t¢ make two such bars, and is out down as follows: A graphite
crucible hiz enough to hold all the oorves is heated rad het in the
furnace, taken out and the lead cores puit in, whieh soon melt, stlrred
gx}igkg with a graphite siick and east inte & double mould, engions

The bars are now sawed lenztlwrise and half of each put back into a

red hot cyucible sgain, stirred and cast into a bar which will ba 9% X 3% .

X 5/8%, This bar is pawed exactly in half, lengthwiso, and one half
gent to the seller and buyer.

 The melting of the cores in a red hot crucible does away with the
meking of any drvose, excepi what is actually contained in the copes, and
heate the lead hot enough to pour mo can get a compact sarple bar. The
bar rust Lo mads by pouring fast enough to £111 the mould and making no
over lap., All the contenis of the crucible must be poured out, and 1if
there is any dross, rmst be sarpled separately and calculated.

If the lead cores are very dirty another method of sarpling ean De
resorted to, Velgh the lead and melt under a covering of finely
powdered chareosl, and when completaly melted slow off the fine charcoal
with mg% ( tak:glo?iy hﬁ a minute) and pour the contents indo
SR Ret BY% Taed klas to o iy mm- emptied out. The fine carbon
: N ad ighed assays
mtﬁg to the welght of the emﬁfﬂ e o

From one of the halvos four assay pieces of one half assay ton each
are 1o be cut abt the pointe, and of the general dimensions indicated in
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the g&aﬁr&m, the cuts to be parallel snd to ge threugh ihe entire bhars

i TP

Theass four pieces are pared down 4o exachtly ono-half aszsay ton, and
ars $5 be cupelled at as low a temperature as will gilve a leoad fyee
Prom load and coppers The brightening is Lo be done at a rising, not a
falling temperaturs. The average of tho four beads obtained from the
agsay 1s 4o be tne assay of the lot. Should one of the bubions be lont,
4t wiill not be advisable 4¢ take the average of uhe remaining three, oY
to Tun on assay to roplace the one lost, but four new assay pleced,
gimilar 1o the original ones, rust be cubl out and aspayed, and wne
average of the four butions obtained will determine the assay or the 1ot
If the lead bulilon is wnelean, the four assay pleces mist be peorified
with 40 gr. test lesd and yesulting bubttons cupellsd .

‘ Atter welghine the bubtiongy the four ave placed in test tubes and
16 ec of TNO 5,1/8 added, place in beszker of water uand bedng o & bodi,
continue boiling until solution ie cleary, decant off solution, wash once

 with distilled water, add 10 cc of HNO %,81, 48, and boil slowly for 20
minutes, again deoan% of £ and wash gold three timea with distilied watar,
£111 test tube with distilled water. Invert test tubo into a porcelain
cracible, allowing gold to settle down inte orucible. When gold has all
settled Lake oub Lest tube very carefully so as not to disturd the gold,
dseent of” wabter from crucible, and allow same io becono thoroughly ary;
then ammonl crucible and gold by heating to a red healB., Aftor same has
gooled, carefully put mMmmExmm gold ¢n scale pan and weigh, Deduct weight
of gold from welghi of beads, and difference ropregents tho oilver.

For the detemmination of lead, saw the sample in many pileces 10

. gbiain en average of the bar, and mix the sawings together.

No. 1. Weigh out 6.831 gr. of the sawed sample into & 400 ce beaker
and add S5 cc hot water, 5 cc tartaric acid ( 50 Sol) and 18 ¢¢ Conce
TG 5. Set on a hot plate, and when dissolved fill beaker Lo aboud
half full with bolling water, and add 5 cc dfluto H 2 8 ¢ 4 (1-1). Beil
for & minute deeant into & 600 cc inbilsdmemdglegy flask, and wash twice DY
decantation using about 75 ec boiling water each timel Set ihe beaker
aplde and vender the solution in the flask alkaline with X Na O Hj add
a5 se ¥a 2 folution ( 5 1bs, Ha S3in two galloms). Digest on the bath
antil the precipitate has setiled about an howr , filter and wash wiih
de with boiling water (In this way it is possible to wash the
precipitate well dowmn into the apex of the Tilter so that when it - f
dried it can be removed very elearly and, thereiora, will be no aeecd of
incinerating filter). Transfer the precipitate after drying to the beaker
containing the PbS0 4 %o which 1t belongs and add 5 ¢ ¢ cone HHO 3 and e
5 ce cone H 2 80 4, Set on a plate and mmhd r»un to EXeamam dense white
fumes, Remove; let cool; add 75 ¢c cold water, boil for a minute, let
stand for a few hours and filier into a tared gouch crueible using
suction; bring the precipitate into the crucible and wash once with water
containing 10 Hn SD4. Wash two or three times with d@plute xXmkaknX
aleohol, and once with absolute alcohol. Dxy on hot plates and heat
finally over axfemixse Bunson burner with wire gauge and thin sheet of

< ggbgg:ulvggggg%'enterpane, cool in a dessicator and weigh each gram of

} — .olbe - . f .
' No« 8 - Pive gr. of the sawed bar is introduced into a 250 cc beaker
and dissolved in 25 cc H 2 0 5 cc of 50% solution of tartaric acid 10 ce
HNO 3 free from Sujpmric acid. This clear solution is diluted with hot
water (50 cc) and precipitated by addition of 10 ec H 2 80 4 diluted to
50 coy boil a fow minutes. The solution containing As. Sbe Ag. and a
1ittle 10@% 1! ¢15»;a;a on a 12-1/2 em f1lters, the insoluble lead
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'phatl) iz then stirred with 50 cc hot H 2 0 containing a 1litile
“sulpharic acld { 285 cc per liter) Let 1t asttla a few minutes and again
deeant filter and so thres times. The washinge united are neutralized by
Na OH and digested until clear with 85 cc Sodium Sulphide.

The lead sulphids 18 collectod on the 7Tilter used for the filteration
of the washings, washed with ceold water till hardly acid reaction can be
detected in the washings and Tinally washed with dilute aleohol and
dried in the hot water oven,

The alkaline solution of As b 1o separated from the lead, copper
and sillver sulphides by filteration, the filter nsed being reinforcsd by
a small cloth filter at the apex, and 1f Ap and Sh are 10 Le detexmined
they will be Found in the filterate., The sulphides collected in the
filter are dried in a porcelein dish, burned at low temperature, treated
by Nitrie acid, Sulphuric acids and the small amount of lead sulphite
thmue obtained 1s collected in a small filter. The porcelein crueible

‘having bean tared, the filter containing that emall amcunt of lead

sulphite 1z gontly heated t111 1t chars, then the erucible ia brousght to
a hizher tomperature on the Bunsen Burner $1ll the combustion of the
carbon is completeo. Vhen crucible has gooled, treat by fow drops of
diinte EWO 3, evaporate on hot plate, add one drop of sulpnuric aeid and
svaporate Lo dryness, Tha wmain partian of the lead sulphate, which has
od in the meantime, 1s separated carefully from Zkm its Tilter, slither
on glagad paper or in a well @ried wateh glass. The paper containing some
lead sulphite im introduced in xxmemmikts the erueible and treated as was
told for the small filter. An alternate way is burn both filters
together and make only one acid treatment; but, of course, there iz rore
ash and carbonate 4o be taken eare of, At any rats we have now the
grucible with a small percent-f; T lead sulphate, and in this emwcible
we introduce with the ald of BHE“MmEdn portion of lead sulphate Caleine at

& low heat for about 5 minut@s, cool, welgh, and calewlate as Phb.

J The scparation of As Sh 1in solutlon in the alkaline selution is made
in tre ordinsry way, viz. acidulate Tilterate, let sulphides separate,
filter, treat sulphides of As and Sb according to what method preferred,

Generally use the separation of As and Sb by digestion with ammoniwm
carbonate.
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