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v Along the liQGS,Qﬁ,thP Hydro-metallurgical extraction, chief-
'ly of commercial metals from.mineral.matter and the like, in a11
pProbabilities the unexpected has happened' in review1ng metallur-
gical practice and advancement up to the close of the year 1912
_especially in that.of,copper, smelting operations held first posi-
tion, as same has;Apossibly,_since.such.operations first became a
matter of commercial enterprise.v:t o A b-, i »

To the uninitiated, possibly a slight apology was proper for
giving Hydro-metallurgical advancements the place of honor over the
advancements recorded. in the time honored dry process, in rev1ewing
and recording the status and achievements 1n the recovery of the
metals. of this. particular class up. to and including the end of the
year 1913 to the Hydro-metallurgist possibly the slight excuse was
read without being noticed the emphatic position given his class
was expected as a reward for 1ong and careful experimental study,
thought, hard work, egpenditure_ofumoney,‘and many:disappointments.

_ ihe prominence given to the exponents oiﬁthe metvmethods.of
metallic_extraction\is?well:deserved, the immense amountbof eiperi-.
mental work done in ‘the past. two years and“the gratifying_results
obtained especially during the past year, together with the im- |
mensity of thekprojects\contemplated by this particular branch of
metallic extraction,,bears ample testimony to the righteousness
of this deserved notice.

- It can be well said that this new Hydro-metallurgical devel-
opment is the first;chapter in the new metallurgy of copper and
wWhich in all probabilities will prove to be the'greatestfcopper
» metallurgy period that the world has ever ‘seen. o |

Some idea as to the reason why wet extraction particularly
as to the winning of copper, has so suddenly come to the front and
eccupied the attention of so many experimenters when attention is
drawn to the fact that immense bodies of low grade silicious ‘copper
ore carrying from .6% to 24% in copper and from almost nothing in
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:gold and silver in some cases to 1 oz. .in silver and possibly 25
cents in gold in othexs have been developed and proven. Tha
..Bradén,Mine_inuchile,:South America has developed 100,000,000 tons. of
low grade oxidized ore. The Ufah Copper Co. has, at Bingham Gan-_
yon, Utah, U.S. in the neighborhood of 40,000,000 tons of silicious -
- oxidized ore capping. averaging .6% copper and -from 10. to 25 cents
per ton in gold and silver; other‘minagqutably in Arizona.and Nev-
ada, U.S. also have opened up large tonnages of similar ore.

The o0ld term "rebellious orésﬂxag,appliedAto smelting ores in
the past in certain cases, is practically eliminated from the pre-
sent miner's vocabulary, however, ‘in attempting‘to épply flotation
or congentrgtionxmethods to fariouq,oxidizg@,pqpper~qres, especl-
ally such as oxides, Qérbpnates,and:silicates,~the above term "re-.
bellious" may possibly be still applied. - T

1st. In the case.of the attempted.application of the Flota- .
tion_P;qqgss to oxidized,gresy_it‘was found that the tension be-
tween the oiidized ore _particles and those of the gangue was sueh .
that a’'separation by this method of the ore particles from the
gangue, was not satisfactory.

2nd. Concentration. Under this heading. two divisions can be
made. |

A. Dry Concentration.
. B. Wet Concentration. . o

» A, Upder the division of-dry concentration no great progress .
or lerge installation can be recorded, though some little success
can be recorded to its application in dry plaéer g0ld mining such
as, at the Dull Placer Camp at the mouth of Coppér Canyon, eighteen
‘miles South West of'BattleEMountain,.Nevada,.and in»othe;;;gcali- .
ties in New Mexico and Arizona. : _ _

B. The wet method has been the ghief factor in the applica-
tion of concentration to the recovery of métallic Vaiues.from var-

_ious ores, notably the immense plant of the Utah Copper.Co. at..
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Magna and Arthur near Salt Lake City, Utah whe re at tlmes as much
as 24,000 tons of low grade 81licious ore are subjected to wet con-
centrationnmetho@s;~peihtwéntyéfonrlhburs;ijhe;metallic contents
of the ore treated averaging = '
N . Cl_‘o‘pper Cr e b an -1_125%‘:_.. L

i Gold and Silver .20 cents per tom. -
The produet in the form-of: concentrates averages 17.31%-ébbpéi:»fmhe
recovery of copper from the raw ore corresponds to BRI
_ an average of = . 63:78% at the Magna Plant . _ . .-
snd - R RS S 64.18% Arthur % Ui
Average recovery of - - T"éthB% o L e
Gold and Silver Tecovery % v/ 50,00% in round numbers. = .-
Total namber of tons treated during year, Magne Plant, 4,142,700.
P Borsto L i poto Apghay - " 000 B BT6 698
Lo farecd o L omamer o w 'J.'otal S e g "5'5].’--9"3',-"_,39:2‘.

»

With an average for' the .raw ore of 1.26% ocu.

R

This gives s'‘total ‘copper contenmt:of “~~ -~ = - ° 187,984,800 '1bs.

Less the ‘amount of ‘copper Firally recovered = fw>?@119;959g809}1bs.
Lbéé'of“cobpér"in'tailing;'étc. B LY 'éé "044,991 1bs.
At "the Nevada Consolidated Mining Co.,” ‘Nevada, 3, 419,178 ‘tons of: -
copper ore was treated ' LR ’

Assaying 1.597% = total copper contents of - - 100,558,225 1lbs.
Less the amouﬁtiof*éoppef»finally*récdveredﬁa“~»ﬁf'"564,972,829>153.

Loss of copper ‘in ‘tailings, etd. .= - R 85,583,594 1ba,
At the Miamu Copper - Co., Arizona 1,058,784 tons of copper ore -was

- treated Poen T |
Assaying. 2.3% = total copper contents of - - -H~'"f48;704j0é461bs.
‘Leéss the smount of copper Ffinally ‘recovered = 32:867,666 1lbs.

Loss of copper in tailings, ete, =i Ve o ie 16 836398 1bs.
At the ‘Ray Consolidated Copper’ Coe Arizona 2,366 ; 007 tons of ‘cop-
per ore was treated” R R e

s

Assaying 1.72% = total copper content of - ' 81,390,641 1bs.

8.



Less the amount of copper finally recovered 54,158,309 lbs.

Loss of coppér in‘taiiings§ ete. = T T ?27,%32£332*lbs;

]

Losses of Copper in Wet Concentration and Smelting.

In summing ap four of the largest producers we find at the
Utah Copper Co. a. loss 1n tailing and in smelting the concentrates

- etc. of copper of L o L - _;ﬁ L 68 044 991 lbs.
At. the Nevada Consolidated a 1oss of _‘“!ipp k;:” 4i55 585 394 lbs.
.. ;.,". Miami ,Qoppﬂe.r Coo . . - 15, 856 394 1bs.

" " Rey Com. Go. . 27,232,552 1bs.
A grand total yearly loss of copper of l;;:;;;..m 146 697 lll lbs.

Y

up is appalling.,, | dw,pl,n_H;.ﬂ,“.. e f C o aansn
It is well known that the best possible mill methods are close-

ly followed consistent W1th financial conditions :nevertheless A
the best: possible saving under these conditions is from 63 78% te”
71 06% of the c0pper values of the raw ore in the form of concen—
trates and that these concentrates have to be smelted for the pro-
duction of the metallic copper in which operation vsmehing 1osses
| must be allowed for so that here is to be found a problem wherein
chemists _and . metallurgists oan find ample material for mental re-w
:flection .and the profitable spending of 1eisure moments.k__ o

In 1ooking around for a process that might be available to re-
cover the losses of metallic copper in the afbrementioned exampli-
fications also to avoid future ones oil flotation owing to its
»successful application to zino ores notably at Butte City, Montana
'has attracted the attention of copper producers and is at present
'being experimented with quite extensively, notably at the Braden
Mine in Chile South America, where & plant treating 600 tons _per
day has been installed additions to same are under construction
whereby the total treating capacity of the enlarged plant w1ll be
.increased to 5 500 bper day.



By way of exemplifying the advance'nade in:saving the metallic
copper values of the raw ore by installing the 0il flotation process;
the recoveries made during one month hy oil flotation = 81.6%
while that in the wet concentration plant = c 61 %.
Laboratory test by flotation showed a possible recovery of 95% though
'it is hardly expected to maintain this high percent of recovery in
actual working conditions. It is thought possible that a2 minimum
of 85% recovery can be maintalned.

The Utah Copper Co. at Bingham Canyon Utah land other copper
interests at Butte City, Montana, are at present experimenting ex-
tensively with the o0il flotation process with the view of adapting
the process for reclaiming past wastes and to prevent future ones.

. Modifications of "oil flotation" are being tried out and 1nstalled
| 1n various parts of the world, with great success as compared to
the older wet concentration method in effectiveness -and cheapness.

Having briefly reviewed the losses incurred in wet concentra-
tioh of low grade sulphide copper ores, along with a comparison of
what extra savings may be effected by the introduction of oil flota~
tion, the winning of metallic zine from its ores, principally that
of the sulphide, will be considered.

-, Taking that of the Butte Superior Plant at Butte City, Montana,
as affording the best example of efficiency and high recoveries
together . with possibly the largest tonnage per diem of any oll flo-~
tation zinec plant in America.

Here, a little over 1,000 tons per diem of zinc lead ore is
treated. The head ore entering the mill assays from 17% to 21%
zinc, and an intermediate lead product is secured by means of wet
concentration, which concentrates sre shipped direct to “the: lead
smelters, by»this preliminary treatment 12% of the crude ore is' .
eliminated, so that of the original but 88% 18 in reality treated

by 0il flotation. |
‘The "heads" entering the "flotation plant"-assayed‘as follows: -

5.



Zine LT Ul wmrd I lnioig Louare, % 15._9-1.' R
’Lééﬂ WO T mUnyes owm oGS UL e Ui tarmes o
éOPpef ‘ P TR TR :191.‘
iron° B VI T T P S T TN S :2.7535
‘Msnganeése - -~ S ,4a
-Silica (insolubie) : | . 68.87
Silver . = ozssiper ton ;‘7.757ﬂ
Gold ' - ©o.02
o T Concentrates. B
‘Zine T % 50.71
tesa e R 5 admi
‘COﬁﬁér | ' , % Lis
Iren R T ST Lx:.7f?ﬁf+?:“h%':~i:i.é§:
“ﬁangahéSe' R A S 14 e T A B VS hé;vé.ﬂ”
‘Silver . 7. v lgzgipertton’ ¢ CTpELBE T
Golda - e w o <05

S - S I ) Ta.ilings. S R S IR N L
‘Zige . . ,t”ﬁﬁﬂ,ﬁt_ e B 2.06 . ...
Tesd. .. as
Copper . . . L oL ST S
Iron . o . ;‘w‘ S e, e9%
“Silioa (insolableT ce e L. . .. 91.80
Silver - . -~ . 02zs, per ton . 1.62 s
- Gold o L _ ﬁ vr.oo" ﬂ. . .004 - .
Thus a saving of 90 67% of. ths total values of the ore was ef-

'fected at a cost of treatment of. $4 225 per. ton, .g S .
with the. average sav1ng of 60 to 65% by the wet concentration sys-
~tem alone. In the . Joplin zinc districts in Missouri we find that
"flotation" recovers an extra. 25 to. 30% ginc as in the .case of

- Butte 21nc.orss,_and“that, from a nopvprofitsble_toAa_moderats_pro—
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fit,makingwmining;éndrmilling-Yentnre,.a»very profitable one: has
evolved. Heretofore:at Butte City the finding of considerable -
amounts of zinc-ore waS“aimost,generally;a‘sign to stop.

In comparing the. results in. the district we find:. -

Butte concentrates averaging - .. . - . zinc,.%; 25071 -
Joplin ™ " | " % 54. to 63.
’Butte tailings .- . - . . M % 2,067 -
Jopiin: " % . 2:to 3.
Butte recoveries % 90.67.
- Joplin . " . % 60 t0.65.. - .
Butte lose in tailings. . G, 9.23-
Joplin " . .. . ..m %. .-25 to B0. .

So“that,gn;exgpinqtion'Qi &he;figgresggiven will;prote,gpite,cléar-
1y, that the: Butte Superior: from aanon—préfitumakerfto a ‘moderate
one under wet concentration system of metallic:value .saving:as:
aforementidne@tghas by the-addition of oil flotation, been- turned
into . a. splendid profit:maker,.. , oo o .
mhe,sepgratipnhofymetalliQ:sqlphti‘ore particles;by oil flo-
tationy.consisi8~in;agitatinsuby air;or-otherwise.a mixture:of. ..
finely-grqqnd.orepwith}water together with. the predetermined re=--
quisite,quantity,gf,qgl;wdue-to;the,affin;tyfbetweenwthe:oil:and
valuable metallic sulphide ore particles, .especially when assist-
ed by the:buqyant;effect~of4air;ubyghydrggenqandipqssiply“other;+~-
gases,,the_flotation4effeqt»ofuggid metallic-particle is effected
on the surface of thezwater;gndnsameiean»be,easily.skimmed off and
reeovered;zwhereaSzthe gangue and non-sulphide particleSﬁarevnotm
effeqted_and sink to:the bottom of the tank in whieh the separa-: .-
tion»is;Being efﬁeeted,'andeean bentherefrom;suitably eliminated.

. How.simple, efficient.and -well. ‘known scientific. knowledge that
could ea811y'and efficiently be applied to the -conservation of nat-
ural . resources and . the.. betterment :0f conditions-in life in. general
can be permitted- to -lay dormant -and unused for . .years, nay even ecen-

turies, is:well exemplified by the oil'flotationgprqpess;'though'
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the Romans of o0ld were aware of the affinity that existed between
metallic sulphide particles and oil, 1t remsined for an Amerioan '
schoOl mistreSS td‘reaiseover'and patent"same: even then the paté
ent rights ran out ‘before advantage was taken of the principle for
the treatment of various ores and the recovery of metallic values
. therefrom. . ' co R |

4 Doubtless metallurgieal establishments ‘heve effected a small
savlng at a great loss iﬁ:refraining from”carrying on the résearch
work in the past that they should have done though at present this
condition is somewhat changed nevertheless in ‘the meantime mil-
1ions ‘have heen permitted to go “to ‘absolute waste barring what
may be recovered at an’ expensive rehandling, together with the loss
represented by 1abor and money invested in the partially treated A
material. “Modifications’ ‘of the" oil flotation process are being '
constantly introduced the latest being a comblnation of flotation.
without oil and with electrolysis of’ the pulp ground from twenty
to forty mesh; 1iquif1ed w1th water in proportion of ten tons of
ore to:which:twelveﬂtons of:watér;is"added,ralong with a small’
amount Gf scid (for the purpose of ihcreasing the conductivity of
the ‘solaution) together with somé salt. Thé sélution is electro-
1yzed at a'low'voltagetmeanwhile'being‘agitated'byﬁaicurrent of
compressed air. Under this trestment watér is decomposed and s -
stream ‘of" hydrogen is’ evolved which assists in buoying and bring-'
ing to the surface of the solution a black scum of metallic sul- '
phides,.which is suitahly skimmed off, recoverediand sent to the
smelter to bé smelted to metallic coppet. ‘It is c¢laimed thet in
erushing the'ore,;that crushed to forty mesh, contains more sulphur
- than the.ore crushed to twenty.mesh,iso;that'in this way, the sul-
rhur contents of the concentrates”canﬂheﬁsomewhat=regulated to suit
the purpose of the smelters, Where a.emall amount of salt is con-
tained in the solution, decomposition is effected by the electrical
current, and chlorine gas is libersasted which has a solvent effect ‘

on the sulphides, but principally on the oxides, carbonates and

. .8.



silicates of copper, the ultimate ‘effect of which is, that the cop-
per is deposited in metallic form on electrodes suitably plaoed-in
the solution; the recovery of the metalliec copper contents of the
ore is ssid to be high, in the neighborhood of 97%, while the ‘con-
centrates made, averaged over 18% in copper, it is thought that -
- metallic copper cen be produced for 5 cents per“pouhd;‘v L

- Some advantages of the flotation process are,;that it can. treat
slimes successfully, in fact in:most cases the ore is ground to a-
fineness of 80 mésh, so thatﬁthe'proeeés-beéomeswalmOSt'eesentially
a slime process.  Obviously, the reason why & better extraction. can
be obtained by a combination of the two', can be- expléined by the
faet ‘that the best of the* two processes can be’ used- in conjunction .-
with one another; as much’ as»possible of the comrse and fine rich
particles  of metallic’ sulphides;- being recovered: b;% ‘wet concentra~
tion in-the preliminary stages of coarse erushfng;Fas4iffis fohno'
profitabie,vby*determinations made>in4eachféartiehlar'caSe; to re-
cover. ‘As an ‘example of this practice, it may be cited that the - -
Butte'gﬁperior Mill-treate'12%*of”thefcrude ore by wet conceﬁtra--f'
tion and’ the balance 88% is treated by flotation. - : R

;The'baiance*of‘the-orudeJOre*ekcebtingfthatIWhioh~may have-been .
re jected in the preliminary treatment-by'Wet*cdncentratibﬁ”'ES“WOrﬁh—
less, is ground to the proper degree of fineness and’ subjeeted to
flotation treatment.  The amount of o0il used, ‘though generally giv-
en as about 1%, varies more or less from this stated ‘amount, in ac-
cordance with the nature of the ore;'the proper amount of o0il hav-

ing been experimentally predetermined.

, » o Hydro-metallurgy. ' v
Hydro-metallurgy may be deflned as the profltable extraction
of metals by the solvent action of water or water solution of dis-
solving reagents, followed naturally, by the recovery of the de-

sired_metal.



In looking back under the heading of Losses of Copper in_Wet
Concentration and Smelting we find that at the plants of the Utah

Copper Co., Nevada Consolidated Miami and Ray Con. that the year-
1y 1oss of copper in wet concentration followed by the recovery of
metallic copper by smelting amounts to 146 697 »111 lbs., equal to
‘a loss of 35% of the total amount of copper contained in the. ori-
ginal ore, at 15¢ a pound this means in round numbers $22 000, OOO
and by no means represents the total amount 1nvolved a8 there are
several other plants in different parts of the country such as at
Anaconda Montana the Inspiration Plant in Arizona and several
others of lesser importance further the yearly loss would have
‘to be multiplied by the number of years that the various plants
have been in operation respectively, deductions in case that some
recovery could be made by subsequent "flotation treatment" or re-
treatment by wet concentration would have to be made- neverthe—:‘“
less the re-handling and the capital tied up in the unextracted )
metal in the large accumulations of tailings in some cases extend-
ing over 8 number of years back amounts to an immense sum of money.
At the present writing it is not even very certain that "oil flo-
tation" will successfully re-treat tailing in every case nor even
raw ore when first hanmed in every case as it is just announced
at present writing that "flotation" experiments at the Burro Moun~-
tain Copper Co. at Tyrone have been unsatisfactory but that before
discarding the process, another modification will be experimented
with, so that the success of.oil flotation in the case of copper
ores is not so pronounced as, with that of zinc ores.

With the above losses in mind, other expenses connected with
4the refining and selling of the copper must also be considered.

In the beneficiating of zinc ores, that step involved in wet
concentration entails a loss of‘BC-357 of the original zinc con-
tents of the raw ore, in reducing the concentrates by smelting to

-metallic zinc a further loss of 10-15% must be sustained 80 that
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as- noted;. an-.average- 50% 0f the original‘:zinc:valies-of the ore is:
lost; "flotation”™ has:decreased: the:wet concentration losses by in--
creasing: the recovery. from 60%65%'tOhQO%fih,someTcéées;ﬁstilljthe
smeltingslessesﬁréméin; alongaWithuthe;heavyzf;eightxcharges ig—
currednin:haulingﬁthe*coneentratesétoatheizine;smelter;iforﬁexample;g
~the-concentrates of the Butte Superior Mill in Butte City, Montana
‘arephauledytoqoklahomaifor treatment; a distance of séveralﬁhuﬁdred
miles, r likewise various: zine~ores from:Utah and' Nevada, are haunled
ardisxance of 700.%o0 1,000-miles @o Colorado, to be smelted.
For the purpose of more clearly setting: forth the losses- that
the: zinc miners and. millmen:havé to.suffer in sddition to the mill-
ing losses abovesnoted, may:be mentioned the deductions in the form
of:freighttand smelting charges; handling, smelter déducfioné:éh&
'IOSsés;asellingbcharges and other forms of arbitrary deductions -
which are not specifically mentioned in the:above but nevertheless .
included;:we may take:for our’ example~the:concentratés. of one:of:
the“large<npntana PrOdncersﬁas‘iteisuquite:propé??to:assume?thatsa“
large p?oducerwwhoseuoutput exceed:=6;000: tons: . of concentrates 8. :
month;fwillwgéf'thezbestmpossiblevrdtes; the ore:being not out: .of:
the'brdinary for smelting  purposes. JHeie:againﬂmaytbe_found“ano-
ther item:of loss, in the case of the: small ‘producer who -becanse
, hevis.arsmall:producertfinds&himselfadbliged~tO-either accept a.
heavier discount;fhan~the‘largeép;oduéer,tor>torstoP production, i =
The concentrates above mentioned assayed as follows: .
- Zine . - 50%
ToLeadlt L 2.4
~Copper: - [ .5
;Iron.:<' e T S O
“Manganese.: 2,7: :
. Insolutie 11.
LavL s i oo Silver L 26.3 028. per - ton.
Gold " . n .05 M - .M s om

At the current price at that time, the metaliic contents of

L 11.



the concentrates:were worth in the neighborhoodlof:$80.00ﬁgross per
ton, however, the settlement*price;received‘Feo B. cars at the point
of delivery was $23. 80 per ton; a further ‘loss.iof" $56 20 or in
round numbers of 70% of the value of the concentrates.

In summarizing, we are enabled to: tabulate -the« following losses-
_Where "flotationﬁis used | -"; ’ ) - h 10 % )
Transportation and smelter deductions "::P"f I 65.% -

Final Recovery of the merchantable mineral 1n the crude'

ore by the miner and millman '.;iLf t B v:;; o éf.%ﬁi

In ordinary wet‘concentration of crude ore T e e

‘ 30-35% say an average of H}f B 52 5%

Transportation and smelter deuuct;ongﬁx£ii e qf.?ﬁ- 47 25%

Final Recovery by miner {t_”ifhf tum ?twwg - 20. 25%
L o R R I AN S To'ba,l R AR e R 100‘% L

ST Wl e !

In“averaging thezrecoveries of both processes we find that the zinc
operator recovers but 25 63% of the original values of the ore ob-
Viously, when studying over the losses in both the copper and zinc
1ndustry; it is seen at once that there is great room for methods:
that will reduce this loss whether due to unavoidable natural o
causes such as may be enoountered in concentration and in smelting
the concentrates to metal or to artificial ones .such as ‘exorbit-
ant freight charges 'manipulation arbitrary charges and deductions
on the part of the smelters and other well ooncealed ways whereby,
under one pretext or another in.the one case the middleman suc-
ceeds in taking 65% of the gross value of the ore and in the other
47 25% 'The 1osses may be divided into two divisions.ti S
l. Those occurring in concentration of the crudevore.

Ri'z. Those occurring in the reduction of the concentrates ‘o

metal.A T P N U

Diagramatically expressing these losses we have under

' A. By wet concentration - loss 30-55%

lz2.



1. Concentration. . __ - ;By oil flotation - loss. = 10%. .

' :jFreight'aﬁd hanling:

2. Reduction to Smelting losses and ehar-

metal. - “ges-‘and- handling ‘of ‘the R
o metal . ).47.25%
_F_Manipulation and arbltrary . %o
“ deduetions - “~53 % -

v Analysing -Subdivision A under: -division a, we find ‘that the "Toss
of 30 to0 35% of the value of the cradé ore in wet concentration ‘does
nét "give promise “of being ﬁateriaiij“ﬁetterédVin“the‘neér*futnfe,

_ apparently ‘in this particular,-thé maximum of- éfficiéncy has ‘just
about beén ‘reached, ‘in és*mﬁéﬁ“és9no“neﬁ“liﬁéidf“thdngﬁt-dfidpplii
é&tfdﬁ#bf“méeﬁdniééiwddntrivéneésThés‘béén7dpéned”up,théﬁ”wbuld‘in-
dicate ‘marked ‘improvement ‘over “the ‘prewént" ‘practice: whereby the =7+~
heavy Losses ‘would be’ materiallyicdt s downy ‘v e o T e

- 'Unde¥ Subdivision ‘B of aivision I oil “flotation when uséd in
connec tion ‘with preliminary wet -concentration of the ‘coarser parti~
cles or raw ore, has in all PossibiTities, effected, where 1t can
be used “the ‘much needed - improvement in- eoncentration, and - the - sav~
ing of - 90% ot ‘the' contents ofithe ‘Taw ore as ‘now exemplified" by tHe
performance~of'the-Butte~and'Superior Mill at*Butte~City,“Montana;=
bears ample testimony ‘of the high efficiency and valuable ‘improve-
ment given to“the'éind'dperatdrs;‘by”the'use“df‘thisfbrocess'where~
ver it can be applied to the orew. | o

Reduction ‘to- Métal.

In subdivision €, freight arid hanling such as described Ffrom "
points in Montansa “to Oklahoms or from Utah and ‘Nevada to Colorado,
don't admit of ‘much chance in effecting e saving, at least no ‘great
one, nor ‘one that -‘lies ‘within the power of the“operator’te'over-'
come. ‘ . '

Under subdivisionwDifsmelting”IosSes  charges . and- handling of
the metal are so blended in with thdt of the following subdivision
B, namely,_manipulation.and_arbitrary dedunctions, that it is prac-

tically useless to attempt sn analysis. ' The facts remain, that:
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‘under :the ‘heading .of :Reduction :to. Metal, :that the :zinc .producer: .-

as the difficulty is practically beyond his power to.overcome, and
,apparently:purposelywshroude&-inﬂa,mazefdf:technical~argmmentsfthat
serve well the. purpose of giving no satisfactory explanation -for
this unwarranted loss nor a tangible problem even, thqt.the-produc-
er might undertake  to. solve. Having reviewed in a géneral way the
losses . both in copper and;zincrprqduqtioﬁ;;together,with;aamore
specificwdiscussion,ofuthdserlargé1loSSeé.af metalwtbafuare}apparﬁm
‘.ently;unavoidable;.anduthe;other heavyslosses.fhatwOCQur-underr#he~

heading of Reduction to Metal, :and :Eq'r' ‘which.mo: good: reason seems:

o exist together with the fact that. the point:ofwa@taakingrtheeprobé
1em;nisgbeyond*réach%ofvthe aforenamed producers; it éan easlily be .
understoq@;ﬁpyggaqy;Eggqqggqﬁhat has any merits along the lines
above,indiqa$e&;fis:réadily;givenwmucthériousxéonsiﬁeration.uﬁmﬁnﬁv
_ . Hydrometallurgy. -«
nootoHydrometallurgy with its: .peculiar féseinatien, due, in a -great
measursrto;thejease~withuwhich léboratorygtests~andiexperimentémcana
be made,swhsrebj:proaesseSﬂandgtheir necessary;modifioationwcan'be,
with reasonableadeapatchwevolyed;¢thﬁt§-apparentlyasgemutp:aasurew
immediate;success~on:the coﬁpletion‘of a plant: when bduilt. in ac-:
cordance: with the results:obtained in the laboratory tests.. -~ °
Bearing ianina,the;heavyrloSSes.in.weticOncentratﬁonwthatxas‘
yet have;not:been‘complstely:avercom&;'togetheruwith;thehotherfapfﬂ
parent1y~useleSSHandpheavy'aeductibnswinwbonverting into eash; the-
products of - the conoentratingvmills,’asféxplainédrabove;va"further
excellent reason can :be seen  for the great interest, as evidenced -
by the immense-ambuntaofwexperimental;work:aﬁdrmoneyathatniSzat oo
rresent being-expende&;'1nmtheudevelopment.ofthisfbranchabf met=-
allic extraction. sThe~adVantages,eaﬁ'beJenumérate&mas¢fbllows;f

1. Completeness of Process.

It'is»qnitejpoasiblq;togext;agtuthqygreﬁgpd produce the mar-
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ketable metal on the spot, which in a1l probabilities 1s the great
goal which a)1 metal producers are- striV1ng ‘to-attain.  Theé: beauty,
completéness and efficiency of the cyanide process, acting‘aSﬁe‘
moael vlikefwhicu“éhémists;aﬁd~metaiiurgistefare‘striving:toafind
some ‘application “of ‘wet ‘éxtraction: thatxwill suecessfnlly treat

zinc' snd ‘Gopper ‘oreés. . =L

--2. Elssaticity of ‘Produets. -

- Though “the metsl 'in ‘sueh -a state ‘of .purity as to be able to ‘be
'edld7difectly5toithe‘ééneumer~With6ﬁtteny further refining, is with-
out doubt, the ultimate -object of the preseént day hydrometallurgist,
the ‘possibilities of this method i$ such, that verioﬁskproducts can
be produced in Tieu of the meta¥, should it be desirable for any
reason that 'SudH be ‘domeyt o EL S G sl Ll e :

e gyt -Fréedotitof Operations

or at ledét whén :they-can ‘do it ‘theniselves, we' ‘may > look ‘to “the iin= """
dustry developing-to theé fullest possible éxtentfiwithitheﬁbenéfits
that aré- to be derived from an iﬁﬁustry that is thriving strictiy on
its own merits, whereby eVery -person: that is entitled to reward by
virtue of their connection: with ‘the: existence of ‘said industry, re-
ceives the full-amount~o£»suchwreward‘asathey are»entitled to0; as
egainst the unjust and detrimentsal preferentialdistribution of: the
fruits of such labor, duneto. artificial conditions that have been..
brought sbout, by Whichgﬁthedmiddlemen‘manage to absorb from 47,26%
to 63% of the ore valiués. The exact meaning can be very simply il-
lustrated by citing the case of the gold'miner; who after paying

all the-naturaliandfnecéseéfy5expenSeS*iﬁfconnectibn”withfproducing
his gola; " -can ‘sell same  to the 'mints" for what it"is worth, less ex-
pressage andxpossibly;akveryﬁsmall coinage charge, certainly a strange

contrast ‘to  the''condition that“now eéxists- in the’ zinc ‘and< coppér:’

Torec

metal markets, V' ¢ Bl vea mhe *72 CES TR L 5'9“ S T
‘4. Developmént of the Particéular Industiy: - i~ o0

- A8 renewed asctivity has been‘noticed in a:gréat many ‘zinc . prop-
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erties;-especially”in“the*WésternTSection of the United Statés and
evenfupvinzBritish Columbia, due principally to +the introduction of
"oil flotation" wheréby zinc losses in concentration have been re-
duced from an average of 32.5% to 10%, thereby enabliriz the mines
and mills to -ré-enter the list of" active producers 'so‘wiiiﬁa reduc-‘
tioniof the'loss of ‘from 47.25% to- 63% to the’ middleman stimulate’"'
a . still gréeater activity in’ opening up ‘and’ operation of mines and .
mills that carnnot be: profitably operated due to such excessive de-i
ductioris ‘on the part of the middlemen: - R

s The disadvantages of- Hydrometallurgical Processes can be summed

up as follows: = .
- 1. 'Méchanicsl Difficulties.

The handling of large amount of acid solutions, together with
the necessary large amount of wash water and in some cases the evol-

ution of noxious gases are difficulties that are. often Qverlooked. -

in the laboratory.. Pollution of streams by foul solution being . per-

mitted to escape 1s a source of annoyance that eventually‘has to be

remedied, L ;e,u._ﬁ et er e

Though these troubles beset a certaintplant here in Utah oper-'

eeeeee

ating along the 1ines of 1eaching,land a&l Zh. the objectionable

features were quite eas1ly eliminated nevertheless the little.

-

operations of hydrometallurgy dan be Judged from the fact, that the
plant in question only caused the nuisance to be abated When Several
1awsuits had been filed in the district court and other suits were
in preparation. . R - S

. The handliné of comparatively 1arge amounts of. dissolved met-~ .
als and saltsis ‘no. small or 1nsignificant problem._

2. Chemical Difficulties.p,m“bﬁ,

In the cyanide process the metals sought are precious ..being .
worth in the case. of silver about $60 per oz. and gold #20 per.oz.,
and the total output at the end of the month being expressed in
terms of S0 many hundred or thousand 0zs. of gold or silver bullion,

16,



in glving this statement some little cons1deratlon it will'be read~
ily seen that gold and 81lver alone are extracted almost to the com-
plete exclusion of. the other metals not so with the general leach-
1ng processes for the recovery of baser metals such as copper ’zinc,
etc.,ﬂfor example the output of The Mbrro Velho Mlne yielded for

the year 1915 97, 208 ozs.'of builion worth $2 057 540, Wthh result-
ed from the treatment of 174 000 tons of ore, whereas the output of
‘the Butte Duluth Copper Leachlng Plant near Butte City, Montana ’was
represented during one month by the production of 2?% tons fine cop-
pper and 20 tons of hlgh grade cement copper from the treatment of
110 tons per day, the cement copper produoed 1n various places as-

says from 50 %o 92% pure°.‘hu._;

so that, ‘even the ‘large amount ‘of impurities that have :to- be-reck=
“6ned with-in the ‘refining 6f .this cement copper; besides those tak-
en up ‘by ‘the ‘s61utién  from ‘whieh' the copper:.is récovered by elec-
'trolysrs;*are an’fﬁdéx*efﬁthe*différent dissolving powers.of the
leaching'mediums“emploped‘infhyarOmetallurgy;vwrth?thrsyfact in
mind it may be readily ‘seen how the solvent power of.the leaching
‘medium nsed, may be similarly almost as: great in the case:of dis-
solving the-sought‘for“metallas“inAthat‘of undesirable ones.:

" 4., Consideration' of Solvents.

The choice of a solvent must receive careful attention, sec-
ondary reactions that in the laboratory may not be thought to:be a
menace, may on a commercial scale prove to be one of the main caus-

‘es that will lead eventually to the discarding of the.process. This

may welllbe'exemplifiedhby*the‘Sulphite Process for leaching oxi-.
' diZe&’or”Sufficientlyf:-ﬁtiiHSulphideﬂoressf-

In ‘the laboratory'tes%smmade“befOreﬁthe,process;waSvinstalled
on & wOrking‘scale;'apparently little*orxno‘great importancenwas

- attached ‘to the formation of the réd cuproso cupric sulphite pre- -
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cipitate; in a weak sulphur -dioxide -solution, .especially with the
application of heat this precipitate readily forms, and when once
f&rmed,it is practiqéllyiimpossible_to-dissolve,it.- Of the several
reasons given for the failure of the sulphite process, when tried
on a working scale in Northern Arizona, to the formation of this -
pfeéipitate,may be. attributed the chief cause of the failure of the
Process and finally the abandonment of the Bnterprise. .Other aiffi-
culties may. be encountered in using»ieaching mediums in.ﬁhigh cal~
cium or other ..alkaline earth metals are ;the base, in the presence
of iron a precipitate is apt to form that mey be a source of much
annoyance, so.thatcin-both~casesiqither.a;solyant shouldgbe"chosen,;
that fails to produce a secondary réaptiquordthe solvegt.should‘“ 
be so modified as to avoid this danger. .. o '

o Natural Resources.q

Hydrometallurgical operations are such, that in their appli-Q
catlon to metallic extraction, notice must necessarily -be taken of
the natural surrounding in the center of which it is proposed to
carry on-such operations, as the natural resources in one section:
of the country,tﬁat'were tried to make a wet extraction;prpcess
successful at that point, those same resources found at some other
Place, would require a modificatioh of the process to be employed
in order to preclude the total failure of the same general process.v
For example in a smelting center where smelter fumes are in abun-
dance and a nuisance, the manufacture of sulphuric acid would in-
volve a one step higher degree of oxidization qfrthe original sul-
Phur contained in the ore, at an enormous.expendituresof-new capi~-
tel, and also heavy operating charges.in addltion to the capital,
outlay in building the plent, for the production of the acid, where-
a8 utilizing the sulphurous fumes as they are evolved. from the smel-
ter stack, with such expenditure as might be necessary for the re-.
quired degree of rurification of such fumes, would be, thé proper

method of utilizing natural. or artificial resources as found in such
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a district. As sulphur deposits are to be found in various parts
of the Westr sulphur dioxide gas could be readily produced by sim-'
Ply burning the sulphur and so manipulating the chemistry of the
process as to recover with nom1na1 losses the sulphur dioxide
gas for re-use in extracting more metals from other ore. This pos-
sibly might be found to be better practice than evolving Soz_from
useless pyrites and would be absolutely necessary in some parts of
the country. The necessary gas could even be evolved from pyrites
.0of almost any grade if the same pyrites contained sufficient values
to make their use a financial object. . ’ l ' "

Deposits of high grade lime rock to be used for neutralization
and precipitationAshould be considered 1ikew1se a ready prepared
leaching medium afforded by salt water or mashezs such as are to
be fbund in various parts of the West notably the Great Salt Lake
in Utah.l Special mention of the advantages to be derived from the'
use of such waters w111 be seen later under copper leaching. B

o o Metallurgz T

Accepting the broad definition that Metallurgy is the Art of
AExtracting Metals from their Ores it may be stated that possibly
the most commonly and universally accepted understanding of the"
.term is that it means' o ‘:' S A"v'ju o

. The Application of all necessary chemical and mechanical means

whereby metals and their compounds are prepared on a commercial
basis from their ores.> In the commercial pursuit of mining and
metallurgical operations, an ore means a mineral which will at
-1east pay the cost of extraction and reduction but most generally,
it is understood that it must be "Pay Ore" and that means,a profit"
besrdes the cost of mining and other expense involved in the final
production and marketing of the metallic content sought.

It might be well to point out: that the definition of Metallur-
&Y given above is well adapted, and is: the best definition that it

is possible to give the art up to and 1ncluding the early part of
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the nineteenth century, the overthrow of the phlogistan theory, and
the birth of modern chemistry together with its establishment firm-
1y on 1ts correct principles by the Master Mind Lavoissier, may
in all candor be said to be the close of the period during whichv_~
Metallurgical Operations mey strictly be regarded as an art. It
must be admitted nevertheless that 1t took several years before
the new light in which Lavoissier made chemistry appear was to be
thoroughly understood and accepted, so that the actusal applidation
of this modern chemistry& to metallurgy, likew1se,took additional
'time and we will find that such applications date back into the.
‘early part of the nineteenth century. . ‘WH ’

From this time dates the present time ccmmonly accepted de-
finition of Metallurgy in its restricted sense, wherein chemistry
now evolved and placed on its correct ba81s as a science 1s applied
to and assists the Art of Metallurgy.. L o o

. From this time on we find‘chemistry entering more and more 1nto
the domain of Metallurgy, until now. the New Metallurgy of Copper
presently called Hydrometallurgy,which is slowly dawning, as evi-~
denced by the greatest activity ‘the world over, in wet methods of
metallic extraction, will usher in the ‘next greatest Metallurgical -
Period that the world has ever seéen, -wherein the profitable extrac-
tion of immense low grade ore deposits; the untilization of the acid-
ity of Smelter FumesTwitheut‘previouSvoiidization, together with
other local-natural‘rescurces, Rroblems in-fact that have hereto-.
fore baffled the skill of chemist and metallurgist the world over
and have come to be regarded as unsolvable, wiil elevate, the pres-
ent day Metallurgy to the ranking title of "Metallogy" the Science
of Metals. ' -

Metallurgy may be divided intO‘three=parts:

1. General Metallurgy. .“vA Historical. T

. . B. Physical Properties..
‘C. Chemical " s
D. Processes. ‘
E. Mechanical Appliances.
F. Fuel.
G. Refractory Material.
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-2.. Ferrous Metallurgy.

Wherein iron and steel alone are considered.

3. HNon-Ferrous Metallurgy.

Embracesmthat of all the metals and metalloids both common and Tare
excepting iron and steel.

‘Metallurgical Operations are_carriediongbvzhw.u;:f R

' 1st. Dry method.
2nd. Wet " . .
.The dry way contemplates chiefly various smelting operations such as:
dr,Reverberatoryhor‘English,Process,(neutral).“.A,uzw»-
- B. Blast Furnace.or Swedish = " ... (reduecing).
C. Byritic O?:AmeriQ;,r} vome Moo (oxidizing). o -
.-D. Converter Smelting (Experimentsl as yet) (reducing).
E. Pyro-electrie. . . .. " . . .. .m n (neutral)
. The earliest authentic knowledge that we have- :concerning. meta1~
1urgica1 operations dates back to the first. -century A. D and.in all
possibilities the credit. for such -knowledge . is due to dry methods.

L S

Wet Method.

The first knowledge of some “form” of process under this heading
appears to have been ‘known to Vitruvius B. C 15 who was aware ‘
of the fact that gold was taken up or amalgamsated by'Mercury, and
gold was thus extracted in the 11th Century and silver in the 16th '
.Century. Natural cementation was practiced in the 14th Century.
The birth ‘of the real practical wet methods of metallic extraction
took place in 1835-1856 when Beoquerel in France evolved a pro—
cess for the treatment of complex ores containing copper silver
and lesad, whereby the. chloride and sulphate produced were soluble
in a solution of salt, and used various metallic couples such as
lead, iron copper and zinc to recover the silver copper and’ lead.

Becquerel published later plans of a one ton plant for the
treatment of ore. " 'An account’ is’ also given of the successful treat-

ment of 20 toms of ore" in Paris"Becquerel was 36 years in advance
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of his.time, the cheap means.of producing-electricity, the dynamo,
had not beenAinvented,.so-that~therreeovery~of the_métals from.their
solution in salt, by means of electricity was not practically used.

<. In theyBecquerel-Prqcess,-welhave all the,élementslof;the:Aug~-
ugth~Process-for!the‘1eaching”of"silver;ores, whi;hpwas;introducgd
in;1840:at,Mansfeld,.Prussia,~to supersede~amaigamatipnAfor‘the,ex-'
ttadtion of}silverhfrom matte.;,In~the:AugustinaErocess the‘silver
is recovered by means of copper, no use of electricity being at-
-tempted. . B S T B S PR ETETETI ST

igmhe,Ziervagel:Process*wasgintroduce&;inaleél.at;Hettstadt and
displaced the Augustin -Process at Mansfeld in 1844, -

. _In,th&;year:18585theavon*Patera,Prodéssuwas;intrbduced;;and~.
inrlBéOzthe Kiss “Process. - . : ‘

V;Yaiious modii&cationsﬁand*improvements‘havedbeeﬁ proposed and
introduced; notably‘in;califOrniaiin.1874'by:xﬁstelyfinnmexieo,thé'
Patera 'Process was introduced as early as 1868. At the present N
time in;therﬂnited~states.therexq:e~no.lixiviating-plants*in oper-
ation,;. ﬁéing.Patera-Process;Jthe plantﬁat_CQrtez,»Nétﬁda’using_a‘
modification known as the Clark :Process, having shut down some few
years ago; the;tailingSTat1preéentrafe being treated by the cyanide
process. . o . : |

- Lixiviation is defined -as !the‘abstraction~by water of the
soluble alkaline or saline matterlpresent;in earthly-adﬁixtures;
for example that of quieklime:aﬁ& rotash to make potash lye, from
that of.éffloreseedvalum»sch&st to make-glumigons liquors™,

To Lixiviate means to "impregnate with lixivium or. lye, alka-
line™”. .Lixiviummmeans "water:impregnatéd‘with alkaline salts ex-.
tracted“hy lixiviation of wood ashes™. . Leaching means "to be sub-
ject-ﬁoipercolating:water,vto‘take'away-from,%outw<by~percolation;
to 1ixi#iaté. . Apparently, lixiviation has been applied to such
processes as the Patera, ‘Kiss, Augustin, Ziervogel, ROSzner Paters,

Russel, and other modifications; pioneer hydrome$allurglsts,.suchu
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as Kustel and Hofman have used the terms in such a way that 1ix1-
viation practically means the equivalent of leaching. Kustel says
“To lixiviate or to 1each a soluble metal out of ore -— that is
to filter a liquid through the ore ‘so that 1t dissolves and car-
ries out the metal in a clear solution — is the process called lix-
iviation or 1each1ng process" ) Nevertheless the use of the term |
-“1ixiviation" as above mentioned 1n reference to the Patera, KlSS
and other processes, is to be noted together w1th the further fact
that the cyanide process and the extraction of copper ores, are
-spoken of as leaching processes; the reJuVenated Augustin Process
at Park City, Utah is spoken of as "Chloridizing Leaching".

The fact cannot be denied that at the present time very few
amalgamating or 1ix1v1ating plants are in operation° chlorination,
proposed by Percy as a result of some experiments performed by him ‘
in 1846 and 1ntroduced into California by Deetken in 1857 made
some little headway both 1n the United States ganada and other -
Parts of the ‘world. _ ) ' T ”:-

The Bromine Method of extraction gave promising results for ‘

a time at the Nellie Bly'Mill in Colorado U. S., nevertheless all
these processes seemed to have their limite whether due to exces-J
81ve costs or mechanical difficulties the facts remain that they
did not give to metallurgists at large the latitude of metallic -
extraction that wes apparently needed'and the more intense appli-
cation of Chemioal Science to Metallurgical 0perations in the form
of the cyanide method of gold and silver extraction patented by
John Rae and others in the United States and put into practical
*operation by the Mac Arthur Bros..of Scotland may well be stated
as the commencement of that intense period of chemical application
to the art of metallurgy, desired both on account of the apparent
exhaustion of valuable workable deposits by the known wet methods
and the discoveries of immense deposits of 1ow grade ores that could
not be worked by such processes. | T "

So that soon ‘we find these new efforts bearing fruit and 1o'
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like tﬁe hand of magithpe;pevaygeess“not-only displaces practi-
cally.all-otheraknown,wet-methodsjbut even is~applieﬁ~to.the extrac-
tion-of values from bodies of ore, thought to be impossible of met-
allurgical treatment owing to their small valuable. tenor. Well may
-this-indicate_awnewymetglluzgicalLperiod; and -well may it be. termed
Méﬁéllogy, the Science, of Metals. . - - -~ . . ] _

- The Wet Method of -Metallic Extraction is-divided asffo1iows:

“Hl.-qurtaraand~Plate'Process.;f
1 B Barrelzrrocess‘_
A. Amsalgamation. a;quf,Ha;;.washoegfrocess.'
&4 . Arrastra
5. :Patio AN
_ -6« Hydro—electro-~amalgamation.

1. Mortar smalgamation +in ;hewed stones was.the.primary way.
in which.:gold .was -first won in the earliesﬁgknéwn;machines;,and;;xu
with -the additions of plates -and other improvements'used -in connec-—
tion w1ﬁh concentration and .cyaniding, is treating the bulk of all .
ores that - ‘are smalgamated today.,,v, R e

.. Bae Barrel-amalgamationtwas devised ;in-Europe -in.1790 and used .

there for many yearS° at present it -is nowhere in use.

3. The Washoe or Americam Process, excepting in possibly one.
or two places 'in foreign.countries, is not :.in use any more; the . ..
rich silver deposits having been apparently mostly found -and ex-
hausted, so that at present,therbulk_of»the.silver~iaéqbtaineduin;.
connection with the recovery of other metals, -chiefly lead.

4. The Arrastra process, chiefly for e-xfrac:t.ing;,gol_d-.f;c-i:s. still
used inzﬂgygéa;andwothergmlaees;whgre»small mines-.are +thus worked,
by prospectors and miners. PR I

5. The Patio Process,  in Mexico .and South America,. isiyeing
aged toﬁsoﬁe extent, -principally .-for :silver q:es., _;;,ﬁn,

6. . Hydro-electro-amalgamation processes-have not thus far come
intO»practical and congtant use.  .At Delamar, ;Idaho and in - Colorado
experiments with same were dlscontinued.~~,



‘By Y v 7 rikiviation and Leaching:

The annéxed table gives the divisions and subdivisions of this

-

class. -

The most important processes only will be discussed, either on
account of their present use or seemingly importance, and also be-
cause -of their past_importance and.possibility’of their re-uge —
particularly in the case of the Aﬁgustin Process which is the old-~-
est and father socalled of lixiviating methods, and{which has been
‘Arecently revifed and again put to ﬁse on low grade ores, that, in
the early days of the Ontario Mine at Park City, Utah, were consid-
ered too low grade in value to be treated at the'mili by amalgama-
tion, and were used as stope filling in the mine.

The following classification has been adopted because it is
thought to be the most scientifically correct one, and even so, com-
bingtions of various précesses are being used to meet.the require- -
ments exacted for the ;eparation of various metals,that are beginning
to play an important role in the metallurgy of the second period or
"conservation of natursal resourcéé", that is shown dawning on'oﬁr
RNatural Existencé;‘to the effect, that it is well nigh impossible in
some cases to strictly place a'certain process under a certain hesd-~
ing, in which case, when possible, the first part of the name of the
prodess that tends to chemically classyfy'it will be used as an index.

Hydro-electro processes have been given s place on the list, |
both on account of their redent great strides in metallic benefici-
ation and to the fact, thatsthough they are combinations mostly of
leaching methods, and recovery of metal by eleﬁtricity, cogmon con-
sent, among mining men and metallurgists has designated them by such
names a8 "Electro" — "Recovery by Electricitj" -~ "Wet Electric™,
and "Hydro~Electrie”, so that to avoid confusion, and to simplify
the classification as much as possible, and not overlooking the fact,
that the possibilities of the modificationé of this élass will most
assuredly win for themselves a most deserved Place on the list of
processes; has induced the writer to depart from the striet chemical
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classificationvwherein such a process would be classified as a sul-
phuric process wherein the metal was recovered in case of copper,

by cementation or by electricity.
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- :DIAGRAMMATICAL ILLUSTRATION OF ORE TREATMENT:-

: NON—-FERRONS METALLURGY:-—

- 7Smelting
?QI 1Refining v L )
i T;PIY Deposition ;
r‘ -
' 1. Mortar and Plate Process
2, Barrel
- &5 = 3. Washoe "
= 4.Arragtre "
5.Patio n
; 8- Hydro—-Electro Amalgamation Process.

5 10re In Place Method . ) .
E | 3Dump and Tailings Method '

i.Using the Acid as the Solvent
™ 4 2.Using the Sulphates as the Solvent . _
HpS04J 3. Using a Combination of the Acid and Sulphates‘
as the Solvent
4. Using a Combination of the Acid and other

Solvents.
. 1.Using the Acid as the Solvent
- 8.Using the Chloride -
gj ' 3.Using a Combination of the Acid and Chloride.
o HC1 .4.Using a Combination of the Acid and other ’
< ‘ Solvents.
i Hie Reid aa Hir JiJwavf
. 2.Using the Nitrates as the Solvent
. HNOgz 3.
. 4
Q‘_ .
=
(&
=
.1. Using the Gas SOz and Water
§§ 1-S0; | 2.Using the Sulphites -
&3 1. .
' 4. A Combination of the Acid and other
Solvents.




1. Gaseous Chlorine

R

EM
- HALOTDAL SOLVENTS

E

' 2.Liquid Bromine
.

Slal | 3. BNz
Sl | 5. Alkali
£ 6. Haloidal

"By

2 Purification of Solvents.
3 Precipitation of Metals.
4 Recovery of Metals.

5 Refining

6 Electro Deposition.

.

o
= .
o (~
o w
= 8.2 1, Using KCN
3 —
: 4| © - . .

5 431 M : :
, S @l | 2, Using KCN with other Solvents.
S
—
[
<t [¢2]
— E
= =
- =1
b =
— o
= o _ _

x.g 1, Ammonia Cyanide.Process.

EE . .

=~

= 2. Ammonia Carbonate Process

l:Percy-orrPlattner Process
3.Barrel "

3. Vat’ : : "

Specially Considered under each Pro—
cess, together with other Considera-
tions pertinent in each case.



- WATER LEACHING. -

Hm»emHzm ORE IN wbbom.g

Hsmempumﬁwos.;

Place.. Time, - Metsl. .. Tonngge, = At Present . Recovery of Metal.
Medle r-Famous Chese Creek Can- {1906-| cu.. 1 carload | Abendoned. By iron,; etc. .
Process. | Yyon near Clifton,|1908. of 52,04 . and coke iron couple.
S . ‘»uumoum U.s. L Poez. cu. A
. produced.
LEACHING DUMPS, TAILINGS, ETC. _ .
Red Metal Plaent. U 200,000 Working., Serap iron end tin,
” doum dump . a . :
\ m to be -
fﬁixrtr : leached.
¥oemiwnd Ore Pur- But te c»dw. Eou: m o
chasing Co's dumps.| tena, U.S.. : R :
Butte & Boston : E¢mmoa<wwwa. " ou. 90 tons cu. " e nm woom
Plent. Montana, U.S. ver month,
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LEEHNS .

—_— e
1, mmmOA.ﬁeswm USING emm »oHU AS THE mowdmze
Humdmwwméuou. wwmam. euso. vgoamw. Tonnage. At Present. Recovery of Metsl.
. esm Arizone oown Ciiften, Ar- 1893. | cu. 315 By iron.
" per Co. , izona, U.S. ,
@sa¢mn A Guiseshelsky g»um. Russia. 1727. Closed 1871. | By ‘iron.
~Southern Tyrol. Spein.-. o as w50y,
- - Kedabeg. Rus sisa. L By ironm.
Leist Process. .. Ansconde,’ eu.ag. 80 "Experimentel.| By H2S.
- | ‘Montansas :
Majdanpec Process. | Majdsanpec, cu. Working
: Servisa. scale.
-Vitriolization " Freiburg, . cu.. _ " iromn.
Sexony. .
" " Oker-Hartz. cu. 5 tons As cu.804.
. SR per day. )
" " Chicego Refin- cu. working- gpomoo
ery, :Chiocsago. scale.
. " Hoffmen " |® Conc.Kanses cu. "
. oHdw mswwduum
Co.
Argentine, .Abandoned, [ " "
A - Kemsas, ‘U.8. | p
- Stadtberge " mﬁmmedmama. cu. Abandoned.
- Vitriolization- Lautentheal - gine. working S ine mo*
Pfort Process. Works, Lauten- ‘scale. S
thel.
Vitriolization Altensm. cu.ag.ete. t o " Cu.564.
Process. ,
Vitriolizaetion "  Hemixem, :Ant - o " "
: wery.
. Germen Gold & " A "
- Silver wmueuum
Works. ‘ ' -
Frankfurt-on- " au. “
~ . the-Maine. e
2. H2S04. LEACHING. USING THE SULPHATE AS THE SOLVENT. . .
Millberg Process. Basic sulphate.
Elliott n By iron.
Cementation. . Rio Tinto,Spein{ 11th | eu. . working " "
, : Cen- | : steady. :
st . . n _tury.|

390




Instellation.

ne, - Metal,

Plage. Time, __Tonnage, At Present. wmoo<ouMJow Metel,
Tharsis. Thersis. cu, woxking w% uuou.
I F . steady. .
<mu ‘Arsdsale mwooomm. i ou. ! n mmm.
: _ as smmmwuuo cu.
»moumo Zoppi " Agordo,ltaly. S CU. working
: scale, wz iron.
Kedabeg " Kedabeg,Russie. . CUs." - o n
Fodal - Fodal, Norway. | eu. o .| abandoned..
Wickslow " wusHQWmHos. Humu. U, " 1
. HQH—@.. : : '
Balan oo Seibenbllrgen, " eu. "
Trensylvenia,
Ziervogel mette " Gottesheloh- . 8g. n ag. by ou.
nungshutte, cu. by Fe.
, Hettstadt. A ”
" " Argo, Denver, 8g. , "
L oopoummo. o N
" n Hafod Works, ag. "
mamumom Wales, 1.
13. H2S04. LEACHING. cmHzo A congz>aHoz OF THE ACID AND mcawm>eMm.
Cananee Conc. guuu omumuom gmmpoo Hmoq. cu. - By iron.
ing Go. S c
4z»dwo Cake mwooomm. Hwoo. cu.zn. experimentell, cu. by Fe.
. zn. 88 oxide.
4, mmmom. HM»omHzmq USING 4 COMBINATION OF THE ACID AND OTHER SOLVENTS.
~Snowstorm g»wm Pro- wmumou Hnmwo. cu.au, 2560 as,cu. by iron.
cess. 5. -
Hunt and Uosmwmmm Argentine, Nmuu cu. working &s oxide or sodmw.
Modification. sas, U.S. . . |- secale.
Schemitz Process. 1897. | Tellurium Te. pp. by 50y
"Chenheall " 1913. | Tin,Fe.A8.W. Sn. by H2S,cu.by Fe.

Fe as oxide. .
W. as Tungstie acid.
ds. as oxide.
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1.

HC1 LEACHING.

deza emm >cHu >m THE mOH<mz$.

Instelletion,

Ours.

wwmom. eusm. gmﬂmw. Tonnege. At Present. Recovery of Metal.
Chiquicameta o:upzuomsmﬁm 1906] cu. As black oxide.
Process. . Chile, S.4. : :
aﬁmmﬂuoumo wuooomm. mﬂmmdwmumm. “Abendoned
| g/¢ sul- |
Twiste Process. Waldeck. " CUu. Practicel | Abandoned ,
S _— scale. - too much- : -
o . .o e . R - ) . H.MEQ.
-~ - Stadtberge " Westphelia. sen,” R .Abandoned
D . . in favor
. : of H2504
. . Process.
Account of
X sulphides.
2. HC1l ILEACHING.- cmnzo_emm omaowHum AS emm SOLVENT. - -
-Doetsch Process. " Rio euueo.4 eud 106, -°| .Abendoned -
- Spain, L : . in favor J
S . of ferric
sulphate
o L . process, o
Longmei d-Henderson Bede lMetsl 186564 cu.- Practicel | By iron.
Process. Works, Heb- : . scele.
: burn mumwmum.. o . S
" " Oker, mmusmua. 60 tons. noom o
Longmeid-Henderson~- mumpmum. ag.eu. Practical " " and lodides.’
Claudit Process. . ~ scale. A
Longmeid-Henderson |  Heléingborg . v
Process. Copyper Mo&ﬁm
" n ”wmus. Salt Co, 200 tons. rom
Natrona, Pa. . :
G_ m ’ B
Vaygourney Experi- - Tonopgh, 2m<-u 19044
ment s, adg, U.S. el |
John A. Greenwslt Uou<¢u oopo- 1900. .
Experiments. redo, , S _
Augustin wuoommm. - Mensfeld, Prus+ 1840{ eg. Working Abandoned ag. by cu.
o _ sia. _ _ scale,
Augustin mpddmmbmuwa - Kapnik,Hungary. w S tons. By iron.
Process. _ : er 24 .
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Colinsd

Instellation. “Place. " - Dime. Metel. Tonngge, At Present. Recovery of Metal.
Augustin-Bittsenszky | Tajows,Hungsry.. ) Working By irom.
wuoeomm. . mamuo.
S Kosska, Japan. [ .uil, | wih. o, MM
: bﬁm:mduu-m°H¢JUmuu Park cud%.cdmu 1914. | ag.8u. wwoo ﬂoum. " " and copper.
. Process. . _ b cu.bb, : Cl
. Augustin~Chr istensen _ R BTN noon
‘Process. Silver City, 1914, " 100 &@um
Utsh. per day.
B mop HubomHzo. amHzm A congz»EHoz OF emm ACID bzu THE amaowHum.
” qmeuqsm cwHou»mo ,Umdm Hu Humdmu»‘ .aouw»um By ironm.
: wuoocmm. burgen. . -Scale.
; C " Rochlitz in the - Abandoned.
m _ Riesengebiege. . . '
. Stadtberge " Westphalia, Praeticel | In use. e
o . . . . -'scale.,
4. HC1 LEACHING. USING 4 COMBINATION OF THE ACID AND OTHER SOLVENTS.
Doetsch Process Neya, Rio Tinto. cu. 106. Abendoned.
Modification. o .
Proelich Process. _ cu. By iron.
Hunt & Douglass Ore Knob, North cu., Produced w By iron or by Cel
Process. Carolinsa. 400,000 as a product end
. 1lbs. cu. smelted.
- " Argentine, Ken- eu. On Work- " Also by electricity.
sas, U.S. ing scale, As cuprous oxide -
treating and smelted.
cu.matte.
" " Modification by cu. n Abandoned
Hof finan. account of
making blue
. vitriol. :
Felum. - Pelum, Sweden. 57 tons Blue vitriol.
) ) Qm,u..u.%.v
Bredley " Ansconda, Mon- | 1911. cu. Bxperi- Abandoned, as oxide.
tena, U.S. X ment g1 . . . :
Black-Etard Process. Dunedin, New gold. Working
Zesland., scale.
Sulphur Chloride " gold. " by charcoal.,
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’

NITRIC' ACID LEACHING.  USING THE ACID AS THE SOLVENT.

Installation.

Place. . Time. etel. aosﬁmm.” At Present. .Recovery of Meteal.

1. Renklin-Westling o 1914. | @g.Bi.As. Experi- - | 4s metal or oxumoh.

Process. - | Fe.cu.co.N. mental. , : -
2. USING THE NITRATE AS THE SOLVENT. -
~ The Perrino Pro- | . au.8g.
” cess. . cu.etc.

' | S

w . “., ™



SULPEUROUS AGID LEACHING. USING THE:GA® SOp WITH WATER.

Humﬁmwumaﬁou.

wwmom?

Time.

.Eoemu.

_eobswmm.

bﬂ.wammmuﬁ.

Recovery of Eo«@ua

.

z»u- wwoommm.

gouamdm Ore wnuww

chesing Co.
Neill Process.

Coconino, Ar-
izonsa.

Butte City, -
Montana.

- eu.

. cu.

Practicsal
scale.

verimental
run.

35 tons exd

Abendoned.

1"

a8 oxide or sulphidm.

as a product amd by
iron.

.dmuzo THE SULPHITES AS THE. moh<w25.

.mwwomzpwwuﬂm of

sodium,

Stromeyer wwoowmm.

wmﬁmwm L

Numm oo

w&ﬁp Emm mo&.
man Process.

Xiss Process.
Paters.

" Russel Process.

1

;qomowusu¢wmwh

. Boheple..
Schmollnitz,
Hungery.

Sen Francis-
co del Oro,
Hexico.

Negybanya.

Melrose, Cal-
ifornisa.
Bertrem Mill,
Nevads.
Cortez, Nev-
ada.,

Cerro Gordo,
Chile.
Cusihuirie-
chic,Mexico.
Yedras Mine,
Mexico.
Sombrerete,
Mexico.
Marsod Mill,
Park City,Uteh
Holden Mill,
Colorsdo.
Sala, Sweden.

" Blue Bird,

Butte,Montana.

'1858.

1860.

qup.
Hmmmr

Wmm«

n

_ copper.

in

-n

"

@g.Pb.

d”souwMum
mmmpw.
|}

"

Experimen-
tel.

Abandoned.

"
n
]

n

"
n
n

n
n

a8 sulphide.

by sodium mﬁpww»mmL
sodium sulphide.

by omuouzs mﬂvww»mmt

" o .oon

s a sulphide.

n " n

ag. as sulphide.

Pb. as carbonates.

'53{_«
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&v

F§M\@§

w&ks&? ?ﬁw

Agm

Instellation. Place. eusm., Metal . .vaouummm. bd wuomoua Recovery of Metel.
~Patera Russel " Sombrerete,Mex- o ,mwwmu- Abandoned.
Process. icé. : usmuamp
Patere " osmuwsuwumcwuo "
_Process. Mexico., -~ . . :
Patera " Broken Hill, " "
. Process. . N.s.W. - N
~ Patera Roeszner Hungary. = . .8g.8au, working
- Process. : . r scale.
#. USING A COMBINATION OF THE AGID »za OTHER SOLVENTS.
Vadner Process, - S8lt Lake OHaw.A 1913, | cu.zn.Fe. Experi- cu.es metel by iron
. Uteh. : m ag.eu., mentel . .or electricity, .
8g. 8s metal by iron
‘or electricity.
, Fe as Fe203. :
) , Zn. as oxide or met- \g
- el by electricity. M-
gu. as residue. ;



mewozm >HN>HH H@»omHzm.

deza X o z >m amm mow<mze

3o

mental,

Hamdmpwmﬁuou., ;wwwco. z;eusm. zoﬁmwm.;,.;_aouummmn .be;@u0Wmmd. ,wooo<ouw of godmwm.
1.Chloride Point. Chloride Point, | . working ebandoned. | by zinc.

"t _ - Uteh, U.S. - ag. scele. _ .
Homesteke Eﬁum Dakota, U.S. 1904/ siul.ag. 4,000 per in full | " Mg amelgeme-
Co.. : ; mmw. operation. tion.
eouowmw g»u»sm Co. - Tonopeh, 2¢<: 19134 sau.ag. 500 per- " : . " " & concentra-~

QQQ. U. S. ,. @WQ. AL - : dMOHw.
Pelmae jo Mine. - Chihuehue ,Mex~ 19054 ag.eu. 60 per dey. " wown "
. _ - ico. : s . : ,
mowwuummu_= " Porcupine,. Cen-' | 1914J au. A " woom
. mm.mo ,\ W,...” N : .- :
McIntyre " : " " 19144 au. ; " o
Goldfield Con. g»um Golafield, Nev- | 1913. au. 1,000 per - " moon Acouo. cyen-
. . ade. , . nmw. . . - -ided).
@mﬁgomagﬁﬁoﬁﬁaagg?
aodma cwmmum% mao- waoamuzewmmuma._ 75 tons. Ccg. by iron.
ommm. K 1 . Mine, Cobar,N. au. " zine.
m-” Asmu..mm.p R
mﬁwamu Teed =~ " - Canada & Aus- working "
R . trelia. . - scele.
Dale Process. - Dale,Cal ifornia. working . L n
, : o gscele. . L
Bagdad Mining Co. - Camp Rochester, cu. cu. by zinc dust.
: , . . buumoam. au. au., " " threads,.
1.WEAK ALKALI b@»omHzox. cmHzm AMMONIA AND omszbw
Moshe r-Ludlow-am- au.ag. cu. by boiling, as
monie~cyanide pro-- aowwmw. oxlde. au. & ag.
cess. B 1 B by zinc dust.
Bertram Hunt. gilver, - Proposed. - by zinc.
_ ) gold. - .
2.USING AMMONIA CARBONATE AS THE SOLVENT, |
>sscu»m Carbonate. | ‘Leutenthel. zino. working superseded. gs basic carbonate
C : - e . , _ scale and Nuso oxide.
Schnabel -Process, Hoboken, Antwerp.| " " "
Bretherton " Cel ifornia. " exper i-




0.

PERCY OR PLATTNER PROCESS

_ELEMENTARY HALOIDAL LBACHING: = USING-CHLORINE AS THE SOLVENT,

Installation. Place Time Metal .Tonnage At Present Recovery of metal
l. | Alaska Treadwell. Algska, U. S. 1884 au.
Utica Mine. Californis au.
. ' U. S.
Plymouth Conec. Min~| California au. 100 tons Pb. as sulphate
ing Company U. 8. pbe. per month Au. by FeS304
. Au Cu by Fe.
Colvert's method- Ag Ag. by Cu. plates
_ ' Cu Au. by FeS0,
9. Barrel Process
. U. 8. Smelting & Ref Colorado
fining Co. ‘Springs, Colo. 1912 gold 400
Newbery Vautin Pro-| Mt. Morgan,
cess. | Australia 1887 " working Replaced by
. scale vat process
Mears " Dolora, Canada
Thies " No. Carolina " " Au. by FeS04
. " au " . Cu by Fe.
Golden Reward " Deadwood, Dgkota " 90 toms per Au by HgS
_ day . :
Doloro " Canada " working scale Au by HpS
3. _Vat or Munktell Process
Mount Morgan Mine Mt. Morgan 1898 gold -400 per day A
Australia : :
Black-Etard Perman-| Bethanga Mill
ganate Process Vietorai 1900 n 2000 per day abandone
ELEMENTARY HALOIDAL LEACHING.. USING BROMINE AS THE SOLVENT.
Hinnman Cassel Pro-| Nelly BLY gold abandone
cess : Mine Colorado
Bromination Mill Pro- : " , B g
cess _ wmmwmmmpew bdmunoum_ By B2
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mwuwo mﬁmoewo H@bomHzm

H2 mo?Eemou

i am&mwwr

Humﬁmpumdwgu. wwmom. _euso. Tonnage, At .Present, waao<¢ww ow Emdwu.
Laszcznski wuoommm. smnaumswm on: - copper & 225 to b00 mw¢oeuuomuuw.
L o mam. - -zinc, lbs. pure
S t : _ . cu.per day .
Intercolonisl Cop- Nove: mao&um - .copyper. 1 ton pure "
-per Co. ‘| Canegda. s W o cu.per. day
Siemen's Halske wuou Southern eawou oo uf:mop. <»¢uuowu
cess, mwm»u. izetion. -
Tosizza Process. " _ 4 : Electricity.
Braden o wummmu, aﬁ»po. L " Proposed. _ "
Marchese matte" _mﬁopcmum " Working Abandoned.: "
o . ,momwm.. . “ ;
" 1 " QQSOQ. . " S " n
Gunther oo Mensfied, mmu: " "
_ : meny. , oo . "
Sjostedt-James" “| _niekel, " L
o . : . . oon cu. . L
Hybinette " Canadian Nickel " eu. s=rtinwwl eloc-
, . o Co. St.S5t.Metie, S trolysis. - -
-Canada. . . L
Cermichael - " ‘Dorchester,N.B. " 1 ton cu. Electricity.
R -Canada. per day.
Thum " ‘Balbach Co.New- " 3 tons "
ark, N.J. o nickel. per | -
R day. .
mapdw and msﬁoumoss Milsn, London & C tin, Working " "
Process., :Prance., N . scale, .
Siemens mmHmWQ Zine | Berlin,Germany. 1896. | :zinc. Exye rimen- "
muoommm. R ) tal.:
Illewserra, N. 1898. ", Working " "
e S.W. _ y scale. .
Cooper Cowles Zine Hayle, Cornwall. | 1896. " Experimen- "
Process. _ . _ : tal. : :
Selem:Lead Process. Wﬁmmmum Falls, lead. . n
Y. :
Leétrange Process. St .Denis,Frence. .zine. n
R Romily. o :
Rosings " Tarnowitz,Sil- 1886. " y Working "
S esis. _ scale.
Andre- " _ 1877.] ecu. i, .
Siemens- Halske" C tin. - 6 tons "
o : L scraps -per
week., "
Gutensohn " tin.
,ka | 'y N :,BE?ELLb}
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HYDRO-ELECTRO LEAGHING. .

H280, METHOD ~ confiniied,

Installation.

Deligexy "

1881.

- Place. - Time. :-Metzls. Tonnsge. At Present.. Recovery of lietel.
Bohne's Process. Robertson & Bense tin. Abandoned. Electricity.
o . Tostedt ,Hasmburg ST S
Saléom " _ Electrical Lead | = ,
SR v Co. z»mmmum Fells,| 1902. | lead. "
Marchese Process Awouﬂo mmﬁ Emnduau 1882.. | copper. .2 -tons cu. " "
matte. . -0,Piedmont, Cas~ |..: . | -l  per day.
arza, mwmewu.MOur .
- : : ente, Genos, S :
Marchese - " Actien Gesell- ‘1200 1bs. . .
. : gcheft, von Stol- cu.per. day "
S “berg:und - West- :
SR A phalia,- Prussia. |
Butte & Duluth Butte City,Mon- | 1914. |.copper. 500 tons ww mwmaﬁuuouda and
s tanea., ! yer dey. iron.
mmqu|ubmoewo am>cmHzo. mmmmmxzmﬁmow. cmHzm emm mcwmm»esm. v
mumsmum mmHmW¢ Pro- ao@umu. Electricity.
cess.
Siemens - " " : zine .- Experi- "
. . R oo ‘menteal, .
Remen o 1909.( " . , : "
Farmer " 1888. nickel. " _
Rickets " 1894, - Electricity and
o R e = precipitaetion.
Bischoff & Tiegwann 1895, - " & co. Electricity,
Process. _ . o
Eugel Process. " i "
E. Wohlwill Experi- " & ol n
ments. } , HE .
Borchér's o = o™ & Fe. " & precipi-
. , o tetion.
Lenge & Kosmen. | zine. "
Brandenburg & Wey- 1901.| tin. "
lend. : ‘
Quintsine. 1900.| tin.. "
Placet-Bonnet Process} 1890.| chromium. N
De@hand & Gaultier. - 1846.( c¢opper. ; By iron,copper couplg
Cobley Process. . 1880.[: " Bxperi- Electricity.
mentsl.
~ n "




HYDRO-ELECTRO LEACHING. H250, MRTHOD.

“USING THE SULPHATES. - continued.

Ingtallation,. - .. . Place. . Time. . Metals. - Tonnage. At Present. ~-Recovery of Metsl. |
Blkington mette Pro-| C .
68ss., . . 1871. | copper, Electricity.
Bles & Miest " 1882, " . o :
Barnard Mohr " : 1899, zine. "
Nehnsen " | S8ilesian Co, " Experi- Abandoned. "
Keith " Arlington,New :11902. | copper. 125 tons. e
R PR R - | Jersey, UsS. | Tl T
Siemens Halske : . o Experi- Not in use. "
" " M. de¥o Thompson Ex- . 11904, o " "
&y . : T periments.:™ SR
Ray Mines. Rey,Arizona.U.S. i " n "
Asheroft Zine Pro- Grays - Essex. 1895. | zine. . A
cess, AU S Lo T ‘
New Caestle, N. -1898. " Working Absndoned. "
S W.e - : m scale.
Titus Ulke " Constable's Hook,| 1897. | nickel. . ) n
New Jersey. “ :
Strap " A 1893. v "
LeVerrier . " 1898, LR o ‘ "
Classen " 1882, "& ‘Experi- . n
" . | copper. ments.
Forster's " 11897, | nickel & " "
: ~ |icopper. .
Becquerel " 1836, | Lead & 1 ton "
Lo - == 1. silver. plant,
experi-
- L mentel.
Cowper Cowles " : cu.zn. "
m ag.au. 4
Md1ller & Street" 1898. | chromium, "




HYDRO-ELECTRO H@banzm.

mxuwocmaowHa boHu METHODS.

USING THE AGID.

wr.. .

tion zine process.

Humﬁmwpm&»os. wwpom. ensa. zmdmww. ‘Tonnage. At Present. Recovery of Metals,
1 1.Lambot te-Doucet Bleyburg Mine. | zine. -~ Bleetricity., -
Process. . o _ S ; . A
gmwnu. ) Aix-la-Chappelle,| . tin. "
,dmuam THE CHLORIDE SOLUTION. .
R:Body Process. - 1883.| cu.zu. Electricity.
Hoepfner " - mossmwdnmsumummu' 1891-| copper. | Working - Abandoned. .
" o ;“mpommouums ampmu,..wmmmu copper., | " -
" 1" mHmmoﬂ. i
R Brunner Mond & ;| zine. | 6 tons per _aoewuum M
Co. auuu»umaou. o day of ,mﬁmmmuwa.,
_.wampmu@.m .zinc and ,
_ 18 tons of
. C : “bleach. . -
" n Buesshan,Austria. u T " n
" " Papenburg, Ger--|- -nickel.-| 3,000 1lbs. -
meny. : nickel per
: ﬁ.m%c 5, .
Brown " Cleveland, Ohio, | 1902.4 " 1,000 1bs, Purchased "
. U.8. nickel by trust
o daily. and shut
Canedien Copper Co. 1908. " down.
Gunther-FrapK-Pro~ u Exyperimen~ "
cess. NS R tal. »
Oxford Copper Co. Bayonne, New - Working "
Jersey, U.S. scele,
Brown-Neil Tin Pro- Amer ica. tin. " "
cess., : .
Bergsoe " Copenhagen ,Den- tin. " "
mark. .
Vortmenn " 1894. | nickel, a8 oxide and hydf-
cotoll. oxide.
Sanderson " 1890. | Antimony Electricity.
Kopp " "
- SiemgHs Halske " " " precintbrtiTmr
. electricity.
Swinbourne-Ashero £t
anhydrous chlorina- zine, cu,
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m&uwocmﬁwaewo HmbomHzm.

m&&woomboch boHU EwemOUm.

cm;a THE CHLORIDE - continued.

. _Recovery of Metals.

Humdmpwmauou. wwmom. ‘ awaa. gmdem. Tonnage. ‘At Present
Feree's Experiments. - 1901.} - Chromium. < | Electricity..
Glaser's " 1901. o H "
goommmu Process. W Uranium. i "
Bunsen's Experiments. -1854.1 lMenganese : "
Asheroft Process. Cockle Creek, 1897.| zine. Working not in use. "
N.S.W. M : scele.
Sionen's mﬁas Pro- , Hmmm. zine. : "
Ommm. : )
».dmmzo A COMBINATION om THE ACID AND OTHER m0H<mzem.
eummumsmud wuooomm. . Hmuo. cu. 10 tons. exporimentel.Precipitet jon and
, o A N S electricity. .
F. mmdmdwouwa =., 1910.| tin. 60 tons abendoned. : "
. m o 1 = ] in all. I !
Garcia " London,Englend. | 1891.| tin. = - -| working e "
: D scele.
Frasch " Canediesn Works, cu. w-. o . "

Cansada.
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oo .0 . NITRIC ACID MRTHQDS. . '

memdeHmmnou. Place, Time., Metals. - Tonnage. At whmmmuﬁr wooa<mﬂw of Metsls.

2. USING THE NITRATE

SOLUTION.

- “Blas snd Medst
~Process.

Louvain,
Belgium.

Hmmmnodo.
- | and sul-
|- phur..

1862;

Labora-
tory ex-
peri~ -
ments.

Not wz&.
into use.

Electricity.

USING A COMBINATION OF THE ACID AND NITRATE,

3.Dietzel.

| su.ag.cu.
Lo ete.

Y



HYDRO-ELECTRO LEACHING.

ALRALT METHODS.

Tonnsage.

Installetion. Place. - Time. Metal, At Present. Recovery of Metal.  °
Tin Alkali Eleetric’ | Essen, Germany. Tin. Treating Elestricity.
Recovery, - . o . 13,000 ton
ew. oowmmauswme & Co.l- . - _moumw &uu
opmzm wuoommm. .London, mumwmum.._»Nmm4 : T
-Bootle, T . 1900. | Tin. . 100 tons |Abandoned. "
, o , S in 811, .
Borcher's " L -] Antimony. | = "
Lelande's " ‘Birminghém, - 1886.} Zinc. Working
S . Englend. o o scale, "
C.A. Burghardt. : , 1880, Zine. . -
Tin Alkali mHmoeuuo. Electrochemische Tin. 10,000 "
Recovery. - [ Febrik, Kempen- C -tons serap
on-the-Rhine. tin per
year.
Tin Alkeli Electric H.W. von der Tin. . "
Recovery. Linde-Crefeld. ,
Iudwig, fastian 1880.| Antimony. "
Hgaumos. " . " n n
Clessen, . " "
USING A COMBINATION OF SOLVENTS.
M.E. Hermit Process. | Rouen. Nickel. Practiceal. "
<oH¢smuDM. llercury. "
Engelhart & Nettel. 1896. " "
Bratson. 4 1892. | Tin. "
. Price & Coleman. 1884. " "
Oruikshenk, 1899.| " "
Watt's Process. 1887. | Zinc. . "
Basse Selve " 1891. | Nickel. "
Santa Rosa " Sen Sebestian
: Mine, Santa
Rosa, Salvsador. Gold,cu. "




HYDRO-ELECTRO LEACHING.

HALOIDAL METHODS.

Ingtsllation. Place, Time. Meteal, Tonnage. At Present. Recovery of Metel.
H.R. Cassel Pro- Glasgow, Scot=- 1883- | gold,etc. | working Eleotricity.
cess, R land, : 1885. scale, .
Stolp's " : 1886. | golad. : "
Luckow _ 1880. | zine. "
Bles & Miest Broken Hills, * | zinc and ton. n
. S . _ | sulphur, . .
Beker-Burwell ) 1907. | zinc. - " and precipi-

tates.
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In summing up the present hydro-metallurgiecal
pProcesses in use, we find that the various modifications
of the cyanide process have displaced all forms of silver
and gold recovery under this heading, with the exception of
a possible few'ehlorinating plants and miners’ arrastres ;n
the United States and Canada, and possibly of a very few
.plants coming under this general heading in other parts of
the world, mortar and plate amalgamation be ing excepted. A
recept exception may be nqted in the revival of the Augustin
Frocess at Park City, and in the Tintic Mining Distriet, Utah,
‘where a 75 and a 100 ton plant, respectively have been installed;
in thecase of the former,to treat stope £illing froﬁ‘the Ontario
Mine, and in the case of the latter, regular ore from the mines
of that district. ’
A second mill is being constructed at Park City
at the American Flag Mime. Aﬁ present Writiﬁg none of the'
mills are in operation. At Eérk City new forms of roasteré
are to be installed, and in the 7intic District the mechanical
Teatures of the plant are to be remodeled.
The Compania Minera de Oguro at Oguro,.Bolivia, South
Americs is contemplating installing thié procesé for the treat~.
ment of their ores which carry’ ' |
Tin 3.9
Silver 35 oz.
Copper .57
The present methad in use iﬁ treating the 100 tons
per diem which the mine produces, results in a heavy loss of
silver through dust and volatilization.
In the recovery of base metals, copper and zinc are the
only ormes that need to be considered. Cnly one wet zinc eXtraetipn

process is ih operation at present writing, and thst is the Hoepfner

Iydro-=ledtrolytic Prodess at Brunner lond & Co. at Winnington in
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Ingland and HRYschaun, Austria.

It is 2 notable fact that the oldest wet c opper ex-
traction processes still survive, namely at Rio Tinto, Spain, where
an immenee tonnage is worked; at'Hatrona, Pennsylvania and in
England the Longmaid'Hendefson Process is still in operation on a -
scale of 100 or more tons per day.

The newer hydro-electric pradtice of soiqtion in
-sulphuric acid and recovery by means of electricity, though not
absolutely new, has.ﬁot in the past been absolutely successful,
though heralded as an accemplished fact in various parts of the
world, the fact'rémains that it has . fallen in diéuse wherever
"installed, for various reasons or other. An exception to this
statemeqt can be made in twe case of the Arizona CdppergCo. at
Clifton, Arizona, where a 300 ton plant has been ' in successful
operation for a few years past. In Montana, two hydro-electriCy-
recoﬁery units have been erected, the Bullwhacker Plaﬁt of 60
and .the Butte Duluth of 110 tons cara01ty. Sulphuric acid was
used as the- solvent in both cases. . . |

At the Bullwhacker Plant the expected results were
not realized and same was shut down sbout July 1914. The Butte
Duluth plant has been somewhat successful, so. that it is proposed
to increase the capacity up to a 500 téns_or more per day. The
ore assays 5.01% Cu. The output in January 1914 béing 55,000
1bs of electrolytic and 40,db0 of high grade cement copper. |

The moral effect of the preliminary successes, especially
in liontana, has beendf an electrifyiné dature. A 2,00C toéon plant
with the necessary sulphuric acid generating apparatus in connect-
ion therewith is being erected at Anaconda. A 10,000 tén: plant
is’ being contemplated by ﬁhe Utah Copper Co. to. be.erected for
their Eingham Canyon ﬁines, near Salt Lake, Utah, while the world's
greatest 1eéching plant with a capacity of 20,000 toné daily is .
beingrapidly completed at Chuquicamata, Chile.
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CAUSE OF 3SUCCESS

If we enquire into the reasons for the success of the
successful plants we find that at Rio Tinto,'Spain,-that it is
principally due to taking advantage of natural advantages and re-
'.sburceé,_and that these conmditions have either not:heen found or
developed elsewhere.

The operations of the Hoepfner Process, for.a long
time thought to be imq&rative, are due to the utilization of the
chlorine gas in making "bleach" and also to the u?ilization of a
waste pnaduct,'calcium chloride,of the ammonia—soda.process.

In Montana, success will doubtléssly come from utiliza-

tién of the sulphur in the ore for the production of the necessary -

sulphuric acid, cheap hydro-electric power at Great Falls and large
scale operatipns. o :

In Chile the ore has beecn found to be brochantite,
CuS04. 3Cu (OH)p with a small.gnount of atacamite Cu(0H)C1,
Cu(Oﬁjz . ‘The presence of sulphates yields, in subsequent op-
erations the necessary acid; the metallie values being in the
friable portion of the ore, is broken sufficiently fine for sat-
isfactory extraction, by coarse crushing. At the same time the
interfering metals chiefly iron, etec. afe le £t in'this coarse
portion, and are but slightly acted upon by the sélvént. |

The absence of golé, silver, arsenic, antimony and bis-
muth should also be noted.

The se advaﬁtages, together with an immense plant and
over.BO0,000,000 tons of ore in sight (by 1915) should reasonably
insure success, The factythat ntilization of natural resource s
and advantagesbhas so apparently been the cause -of success in the
above cited cases, has been the object of thought and experimen-

tation on the part of the writer for a long time, béing especially

directed toward the utilization of the waste product and nuisance,

sulphur dioxide gas.
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Sme 1ting centers the world over have felt the influence
of the nuisance in the form of injunction_and~damage suits, to
their great expense. :.Attempts made to utilize these fumes have
not resulted in any ﬁhiﬁg but failure thus far.in the United
States, where metallic extraction was the object sought to ﬂe
attained. . |

The principal attempt was made at Coconino in Northern
~Arizona where a 100 ton plant was erected to treat oxidized ores
found in that district. The”yéntgre Waé a failure, the reason
given for such being that:

1st. The attempt to saturate the water by simply blowing the -
gas through it. ' ;

2d. The poor agitation obtained and the consequent iength
of time required to leach a comparitively small amount of ore.

%d., The dilute solution obtained, 1% being the maximum .
amﬁant of copper which can be held in solution by'an excess of
SOZ.‘

- 4th. The ease with which copper SsSeparates from these solutions,
both in the leaching tank, the pressure tank and the fiiter tank,
forming the cupro-éupric precipitate throughout the mass of ore
and which it was impossible to redissolve with sulphuric acid.

5th. The difficulty of treating the remgining 40% of copper
in solution as sulphate after. the 60% had been precipitated.
Scrap iron was not cheaply available.

As sulphur cannot be oxidized directly to sulphuric
acid but must be first o=midized to S0s, and that this step of
oxidization is a cheap one, and in fact where sulphide ores are
being treated, SQs gas is a nuisance, and is to be found as a
natural resource for he that can utalize it, as against the higher
step of oxidization of SO0y t& sulphuric acid; a 500 ton acid
plant at the Tennessee Couper Company ét Dudtown.cosﬁing

$L689,925.00§2it becomes guite evident that a great saving in
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capitél invested and operating expénéeéiéan'be effected, if a
process can.be evolved that Wiilvu%ilizé-ﬁhe‘raw SOg.ggs; The
matfer of doing away with the salpﬁurous_gases nuisance, ., will.
also be a mea sure of advantage. :

With these several points in view the experiﬁentér'
'ﬁndertook to discover a method of effecting thé solution of
Copper Ores by means of SOg gas and moistqre; wherein fhe.éolution
of the copper so obtained would be comparafively stabie. Low grade
coper ores toward which the beneficiation of the metallic contents
thereof these efforts are empecially difected, generally contain
some 1little valués in gold and silver,-ﬁhieh gtAthé.present state
of the hoped for advancement of the art of;metéllurgy $o thét of
the science of metalogy could not be oveflooked; likewise the
recovery of the iron contents or at least a sufficient pér—
centage of same for use in predipitating the. copper,‘or for -use as
a flux for some nearby smelter that is purchasing iés iron from‘
afar, or for use in the arts ete. as may be.

- - After performing a 1afge number of experiménts,it-'

was found that if oxidized or properly Régted sulphide ore of
copper was sprayed down a tower, up wich a current of sulphurous
gases was made to pass, in the presence of moisture containing
from 10 to 20% of a soluble chloride ori&f a mixture of same, that
the copper from such a solution. was held.in solution with sufficient
stability as to enable the operator to manipulate said solution
almost at will, and in any event without danger of fhe red cuprose-
cupric precipitate of copper forming. . |

For the purpose of testing the efficacy of soluble
chlorides in preventing the. formation of the above referred to
precipitate, a one 1b. sampie of oxidized copper ore was used;
upon careful anslysis the sample was found to contain as per the
following snnexed results. After a numﬁer of tesfs it was fbunq
tiat érushing the ore to npasc a 100 mesh.screen_gave the best re-
sults, treating the pulp for an haur. h
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1 1b. sample

Silicious 0Oxidized OQre

Heads - assajed cu 2.9 %%
. CaQ none "
Fe 2 % i
-Au .02 ~ 40¢ a ton.
Ag. trace :
Experiment #1.
After 1 hour treatment’ 1 1b. lot
. Tails assayed Cu .08 % - Extraction 96%5, .
‘ Fe 1.00 ™ ou 54,77
Ag - . .
Au w01 o0=%. = " 50%

P

Experiment #2. -~ 1In grinding

Tails awsayed -

gsample to 150 mesh

Cu. ~ trace - absolute extraction

A

"

” " -

Experiment #3 - 1 1b. sample - 1 hour trea tment

Head --~ sampled as fore-mentioned

Teils - Cu. %.15 = Extraction % 93.48
Au. 0z. 015 = 30¢ "™ " 25,00
Fe % 1,00 = " 54,77
Ag ———— ~———
Experiment #4 - 1 1b. sample.
Head --~ sampled as forementioned
Tails - Cu. % .07 = ZExtractiom = % 96.06
~ Au. oz, 012 & 24¢ ¢ % 40,00
Ag ——====
Average Extraction - Cu % 96.48%
Au 53 7
Ag "“total
Fe 54,77
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The results ha%ing,been proven successful beyand ex-
rectation, the possibilities.of applying this solvent %o cﬁpper
ores on a large scale, became apparent, and further confirmatory
any comparative ﬁests were undertaken with fesﬁlts as below'réaorded.
The Utah Copper Carbonate Gapping ore is an oxidized coé—
per bearing ore carrying low values in Gold and Silver. - The
Agangue consists.principally of silicious material, interstrati-
fied and forming a matrix with small amounts of bases such as
lime, magnesia, alumina, and oiides of iron. The copper exists
mOstly as carbonates with minor amounts of the silicate and sul-
phide of coppér. Taken as a whole the ore is a thoroughly oxi-
dized material. | |
In view of the fact that the Utah Copper capping ore i§ 
practically free from sulphides, it has been selected.for ex-
yerimentat ion to determine whether ﬁhe Vadner process possesees
merit for treating okidized copper ores for their contained metals
of value. The ore, howéver,-has been claiméé to be perfectly
ameﬁ;ble to the process, |
The experiments conducted on the ore were more in the naturéf
of pfeliminary ones, that is, to determine whether sulphur-dioxide ;
in the presence of a saline solution has a solvent action on the l
copper, gold and silver as ocqurring in such oxidized material . J
The experiments vere conducted by leaching the ground ore
whth.a salt solution of sul?hur diozide, the solution containing
187 sodium chloride and 3% sulphur.dioxide; The ore and solution
were agitated from time to time, then filtered and washed with an
187% selt solution. The extraction of the metals were ealculated

from the heads amd tails matetial.

For the purpose of comparison, aupliéaté leaches were nmade
with a saline solution of sulphuriec acid containing 18% salt and 3%
sulphuric acid and an equivalent of 1 1b. chloride of lime per ton
of solution for dissolving the gold. ?he sulphuric acid leache s
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weré“made to note the relative effects-of the two acids on treat-
ing the material for the contained metalsof value.

The material experimented on showed on assay and analysié,
the following: A '
| Au 0.016 ox. per ton.

" Ag. 0.21 do.
Cu. 1.03%
Pb. traces
Siog 89 .7% ’
Fe.’ 2.2
Zn 6.1
S. Q.2
Al 2.3
g2 0.2
Experiment #1 - With

h Sulphur Dioxide’

Ore ground to pass four mesh.
Time leached o .~ 6 hrs.
Composition of 1each1ng solutlon - 18% NaCl and 3% S0

Analysis tails

Au.. 0.015 Oz. per ton.
Ag. O 1O n
Cu O. 55
- BExtractions
Au. ' 6.25%
Ag. 52.38%
cu. . 66.%

Exp. #1-A - with sulphuric acid.

Ore ground and leached same as in Exp. #1l.
Composition of solution 18% NaCl - 3% H2SO4 and CalOClpg

Anglysis of Tails.

Au. s 0.012 oz per ton.

Ag. 0.1l6 do. .

Cu. 0.34% :
Extractions

Au., 25%

Ag. 25%

Cu. 67%

Exp. #3 - with Sulbhur Dioxide.

Ore ground to pass 20 mesh.

time leached 6 hrs.
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Composition of s lution - same as in Exp. #1.

Anglysis Tails.

AN, | Au, : 0.01 oz per ton.
: Ag. 0.085 do
cu.- 0.12%

BExtractions.

Au. B7.50%

Ag. 60.00%
Cu. 88.35%

Exp. #2 - A with sulphuric acid.

Ore ground and leached same as in Exp. #2.
Composition of solution -~ 18% NaCl and 3% H2So04 and

Analysis tails.

Aa, 0.006 oz. per‘ton.
Ag. . : 0.11 Do. ;
ca. ) 0.11%

Extractions.
Au, o | 62.50%
Ag. : 47.62
Cu. 89,32

Exps #3 - with sulphur dioxide.
are ground to paés 100 mesh.
Time leached - 6 hrs.
Compositio n of solution - same as in Exp. #l.

Analysis'of Tails

Au, , O;OO6$'oz. ver ton.

Ag. 0.08 do
Extractions

Au, 62.5%

Ag. o , 61.9%

Cu. 91.2F

Exp. #3-A with sulphuric acid.

Ore ground and leached sgme as in Exp. #3.

CagClz.

Composition of solution 18% NaCl and 3% H2S04 and CadClZ.

Anglysis of +tails.

Au, ' 0.006 oé. per ton.
Ag. ‘ 0.07 Do.
Cu., 0.10%
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Extractions

Au, , 62.5%
Ag. 66.66%
Cu., 90. 30%

All of the above experiments are outlined in a2 tabulated
form in the last sheet of this report. The results show, for
éxample, on grinding the material to pass a Bo'mesh screen, .
that the extraction of the copper is approximately the same,
viz. 88.35% ext. by SO3 and 89.33% Ext. by H3804, while the ex-
-traction of gold is greater for the H3804 solution but a lesser
extraction of silver results with the H2804. For the loobmbsh
material the extractions for all the three metals are almost iden-
tiéal, the results being over 90% for the copper and byer 60% for
both the Gold and Silver. | |

- As stated before, the ore containse a few per cent of bases.
From this, the result would be that appreciable amounts of sulphurie
acid would be consumed by those bases. For example, on the solution

resulting from the treatment on the 30 mesh meterial the following

consunmption of acld was found:

Pounds Hz80, consumed by Fe. ' 18.0 pounds per tomn.
Do Alz03 14.0 Do
Ca 3.0
MgO - 1.0
Total acid consumed by bases | ' 36.0 n
Quantity of acid actually used 65.0 "
Leaving acid to combilne with Cu. 29.0 "

On using sulphur dioxide, for example from smelter waste
gases, the consumption of the gas would not be an item of account,
and in the measure would be superior to the use of sulvhuric acid.

Since sulphur dioxide is fully as efficient as sulphuric
acld for the treatment of oxidized ores, it would jollow that

the Vadner process is one of considerable merit on such oxidized

materisl ..
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aosuwuwm.ou of Sulphur Dioxide and Sulphuric Acid Leaches on Utah Copper

omw..mgm ore
, - ag.
Exp. No. Mesh Ground to pass Solution used Ratio Sol. to Ore  Extraotion Cu. Extraction au. Extraction
. 1 a _
#1 4 mesh 3% S0p 1 of ore to 1 sol. 66% 6+25% 52.38%
#1 4 " 18% Nall
3% HoS0,
...........l.....l......l..ll...... Ca0¢ wmuﬂoulllmo.llllllllllo§||ll. . _BB0% _ _|_ _25.0%_
5 s " 1 P -
#2 20 mesh : w m 88.35% 37 .5% 60.0% |
- 8% mmmf I
. S
- BAL 8o |1 ool .m.i.@.--J_T!------.ﬁ.&--L.-.am%:---&. % _ "
#3 100 mesh am mom. 81.26% 62.5% 61.90% \
Na X
3 A do 1# Ca0Cls per ton " 90.30% 62.5% 66466%
wo_o :Pmo* _|




It was found that while the proportion of solution to
that of pulp could he as 1 : 1; it ves also determined that a pro-
portion of 1% to 2 parts of solution to 1 ~part of pulp gave the
best rosults, and was to be recommended for use on a working scale.

The results of the confirmatory tests so plainly demon-
"strate the commercial possibilities. of this solvent, that further
laborious experiments were carried on for the purpoée of mérging
same into a working method whereby copper ores, the wlue of which
was so low as to preclude the reéovery of their metallic values
by smelting methods, could be treatéd by utilizing waste and harm-
fal gaSes from smelters, for the purpose of extracﬁing and recovering
said values. Therefore the general outlines of such a process wss

evolved and merged into a United States Patent, a copy of which is.

hereto annexed.
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. 4 C. S. VADNER.
PROCESS FOR THE TREATMENT OF COPPER ORES AND THE RECOVERY OF THEIR VALUES,
APPLICATION FILED DEO. 9, 1813.

1,111 ,874; " Patented Sept: 29, 1914.

HEAT AND 502 SOLUTION TOWEB

NA GLAQ: + Hz0 +ORE PULP

s SOLUTION "AND SEPARATION 'rlnns i TAILS .07 % CU

+ .
S0, BLOWN OUT AND RETURNED ) TO WASTE DuMP

HEAT-AIR AND CACOy OXIDIZATION ~ HEAT-AIR AND COGO3 +Ca

)
FE203 TO SMELTER ) |
OR WASTE DUMP ‘

COLD - AIR AND CA CO3

BASIC Cu, cmsoJ’ns AND AG,

LIVE sren‘m l I} ,
CUO TO SMELTER 7O SMELTER SOLUTION RETURNED

SOLUTION

502 BLOWN' OUT AND
RETURNED

S
o

METALLIC FE . ELECTiilcm' So. ./L»Z:,w.sg
METALLIC FE .

3
Cu, cu.
SOLUTION RETURNED °

- B Vadrnesr
—Freverotor”

MNE NORRIS PETERS CO.. PHOTO-LITHO.. WASHINGTON. D. C.
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- -CHARLES S. VADNER; OF

SALT LAKE CITY, UTAH. .1 i -t i

L ‘ o N R T . :
PROCESS FOR THE TREATMENT OF COPPER ORES AND THE RECOVERY OF THEIR

. VALUES.

To'all whom it may concern:

Be it known that I, Crarues S. Vap: ; tz
a citizén of the United States, a resident o

“Salt Lake City and Salt Lake county, State.

of' Utah, have discovered-a new and- useful
‘Process for'the Treatment of Coppér ‘Ores:
-and the Recovery '6f Their Values.: '+ * !

- Itids a‘well known' fact that the recovery’

‘ol :¢opper’ aiid’ other values from ores ‘by:

*hydro - metallurgical “methods presernts ‘se-’
‘Tious difficulties with the final result that the

ultimate cost of the copper ‘and other ‘valies'’
‘Tecovered is very high,‘excépt in one’or'two,
: 4 leaching’ 'with:
‘sulfiric’acids and theé’ subseéquént recovery:

‘ot the copper ’by‘precipit'z‘i'ting'-'Witl}'ii‘Qq and;
“by, electrolysis'is followed. ™' = 1! v i

By medns of my discovery, low gradeé:ores;
“carrying ‘too little. values to "be,“éﬂt;ces,sfful._ly?
‘Teduced cam''be treated at‘a small costi® " -
' Th' my specifications where I refer. to ores!
of 'copper ' I''intend ' t6" includé oxids, ‘car-!
‘bonates and sulfids. However the treatment
of heavy sulfids would' beso 'slow that it:
would be necessary to roast them sufficiently |

. ‘before applying my process for the s_tbstraq-
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. values -~ such ' as gold, silver, 'and “iron)

35

‘tion of their values. ** S . A
- In my process hich"is diagrammatically
represented in’ the accompanying drawing, '
naturally ' oxidized - or' sufficiently “roast-.
ed ores’ (which -may 'also contain'other :

are ‘crushed to the necessary fineness either .
dry or' in ‘a solution of ‘sodium, chlérid. :
The strength of the solution 'depends ‘on the
‘amount’ of .'copper that, the.ore contains.

. The crushing in a salt solution is necessarily

40

applied only in the final stage of the fine
crushing. ' This can be done in a ‘tube mill
or other similar device wherein the ‘use:of
iron'is excluded théreby avoiding the ‘dan-
‘et ‘of precipitating .any copper dissolved

" by the ‘solvent action of:'the’ salt solution

in the crushing of the ore. 'By.crushing
the ore'in'a salt solution, the solvent action
of thé same materially reduces the time of .
exposure. of " the ‘ores to the “final’ solvent,
thereby ‘effecting a saving of time and ex-
pense of ‘treatment withotut materially in-
creasing the cost of crushing. . Where no ad-

scribed in the salt: solution, or where ,ores
dry and then made into a flowing pilp with
a .solution of sodium- chlorid .or: any soluble
chlorid. This solution can He .of from. 10 to
20 Eer -cent.-and .is placed-in: any ;suitable
tank. The liquid pufp is'then showered. or
sprayed down a tower up which a -current
of sulfurous gas is ca.usec%J to pass. The.op-
eration-is <re£eated if:necessary until the ex-
traction of the copper and other.wvalues con-
tained in the

ores.is completed. The
and. the solution'fall into,

P L0 nto a sump at the bot-
tom of the towe Where it isitested and if the
extraction is not satisfactor

s not satisf; ry the pulp is ré-
turned to the top'of ‘the tower, or, in case
that more than onetower is used and the
force of gravity can ‘be,utilized, it is led by
1:gravity to the top of a second tower.In a

4casé, where the extraction is satisfactbﬁ‘;'%&the

undissolved pulp. and -solution is.led to a

settling ‘tanlk and allowed to setil,

ted to drain. The bottom of the treitment
tank may.either be.made.with.a filter bot-
tom or the pulp may.be,filter pressed. . The

been extracted as far as it is found: profit-
able to so do,.is xejected.. The. solution of
copper ores’'by means of sulfurous gas and
water is by no means new, but’ where said
treatment has been -attempted on a large

'| scale without .the..use of salt, has been a

miserable, failure for.the reason that the
splvent action of the solution is hastened by
the use of 'hieat ; the'resulting solution readily
‘décomposes and' precipitateés the red cuproso
cupric sulfite {Cu,SO,—Cu . . . 2H,0)
‘éven’ in 'the’mass'of pulp and ‘when said
precipitate i§ once-formed it ‘is practically
impossible :t6' redissolve  shme by a "solu-
tion of sulfiir dioxid in water. Again the
solverit ‘action of 'such 4 'solution on' the gold
and silver values contained in’ various ores
is'not sufficiently completed. '~ " '

. X make use of heat in'my }:

I malke my process to hasten
it.". The 'presence of an excess, of salt,or other
soluble’chlorid in"the solution’ precludes the
danger of ‘the:above red precipitate form-
ing and should a slicht precipitation form

from the chilling 6f the solution a little live

vantage can be derived by crushing as'de- 1

steam will Teadily-clear it up.

clear solution'is then ‘decanted and permit- -

N Sﬁeéiﬁé@tiqn of Letters Patent. Patented Sept. 29,1914, -
- - Application filed December 9, 1913, _Serial No. 805,540. EURRE
X . E . . T .

have'to be roasted, the ores areé first crushed .
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Copper ores are not especially soluble in
salt Solition’bjit, 3 salt solution Ahipregnated
with-sulfur- dioxid*ghs Becomes a~powerful
solvent of copper. ores and the values con--

D e e
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oy v Isaleacking solution it . sED
XNaCl+XH:0+X80s=X(NaCl aq)+H250;
2. Dissolving various ores. R
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A. Mualachite (as orthocarbonate.)

) B Spaikiciron gré

t omposes
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Precipitation of ferriéionid.:
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1154 Formation of black oxid'of copper.: "

ol P I A L. L e ey SPTRPIEY e i
»CiC0q=CuC 0+ Cu(QHn) - H20 +heht=fCuo it CO L 2M.0 ' |
. 'Bgl:ﬂot;?ﬁlfm?'c’;z% ,';':-':3)':_!;:’(\' ; ".’n.>1§{llnckd.°1;:‘ hivey

. S +oxid .

[ FRRS TR i veopper - .
i Caia wn v !
8. ‘Recovery of copper by electricity. ;

0805+ a0 elegirielty ~20u+ EuSOst0- ...*
- Vot (HeS0sm802+HA0 -

©1 2. Recoveryof copperiby iron.
sl ! CllsSOs+Fo-8H;0=2Cn + FeSOiSHL0 -
T R T R S S8 U RS B aRST E KO R EE A
:‘The, advant

sbig FO
antages of using: sulfur  djoxic
gas in. connection with the salt solution. are
as. follows: = | CRE Ty eyt
- {a) The gas in a dry, state has little or,no-
acid xeaction, but owing.to the presence.of
water in.the salt solution, it imparts to the
same a strong acid and quick solvent:action.
.. (b) The ease with, which sulfur dioxid is
driven out ‘by heat.or a current, of com-
pressed air from 4 solution rof same.in salt
enables the wuseless, acidity ‘due to the [pres-
ence of excess ‘of dissolved sulfur dioxid
gas, to, be easily and cheaply gottén rid-of
and recovered ‘for the subsequent-treatment
of otherores.. - "y o=
", c) "The cheapness 6f.salt’in general and

- | pulverized : calciym ‘carboriate . whereby: : the

{ -|othe;

1,874

readily ‘obtained by burning cormeon sulfur 65

Forfrom the ropsting ofiores by jany suitable
“means; - ¢ v -t \_..':.: L S .

(d) The fact that in smelting sulfur di-
Coxid 'gas-is 4 niisdncé and its useful appli-
gation to low orade ores for the extraction 70
-0P’itsvalues’is certainly thié practical “appli-

‘f*cation of scientific chemical metallurgy.

"_ (e) The slight solubility of sulfur dioxid

e gas ‘as above used amounting -from -one to-
[rtwo.:per eent..whereby the cost of heat or 75

-ecompressed air used later on to rid the so-
lution of the excess of said :gas.is.propor-
tlonately:small. .. = ... :

. [\.. The:clear solution decanted, in the- treat-

-ment tank as.above mentioned is.treated as 80
idollows: . If it .is .desired. to -separate; any, ,

.iron the-same may. contain, from the.copper

the soluition is-treated while.hot, with finely

(- -
o

Aron.is eventually, precipitated. as (Fe,O,)
-ferric-oxid, By mot completely. neutralizing
-solution, gwith , calcium carbonate, . the
-amount,.of, iron..precipitated can be, regu-
:lated .to-suit the purpose, of the ‘application
Before precipitating the 90
- the, excess :of sulfur:di- .,

‘|1oxid, can be, gotten; rid .of, either by heat-or

by blowing compressed. air; through the so-

- i|-1ation. . . The,ferric oxid.,so ‘precipitated is
oj:granular .gnd readily, seitles to the bottom 95
Aif-of;the tank and, is, ensily:separated. by, de- .-

cantation from the copper solution the iron
;can be entirely precipitated by.adding finely

» || .pulverized calcium carbonate: until the, solu-
|| tion ;is neutral .angd  then theating, with live 100

steam. .Any. .arsenic present will also ‘be .
-precipitated,.along wvith the iron as:ferric

| arsenite. ,; It is .not necessary-.before -using

this process to oxidize :the .iron from .the-

ferrous to the. ferric. condition.. By, using 105
| heat the complete precipitation of the iron
-can be readily:obtdined.’; In:case it.is found
-desizable, to previously oxidize the Aron it

¢an be weadily. done by compressed air. or'a
small, current of chlorin gas. The oxid of 110
iron thus obtained, can;be used as flux for . ..
smelters or for the production of me-
tallic. iron. The Tresulting solution is  al-
lowed to cool and upon addition: of more
pulverizéd calcium carbonate together with 115
the. use.of a ¢urrent of.compressed air blown ..
‘through .the solution, the-copper :in the said
solution is readily and completely thrown
down as a green basi¢ carbonate which can

be readily separated by.anysuitable means 120

Arom the. remaining ‘solution; ' Any silver ..
containg in_the solution is precipitated at '
the same time. Tf it is desired to. récover
the .copper. from the above jgreen. precipi-
tate: by smelting then this. precipitate’ is 125
washed -with water;and liye .steam, whereby ...
the said. green precipitate is reduced to the

also ‘the sulfur.dioxid,.gas. which can be |

Black oxid of ‘copisri—~CuO—which is of
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- comparatively small bulk and 6f high values

-in: copper and-also’ contains the' precipitated
silver.  The mother liquor from the precipi-
tation.of the copper can be allowed to stand;
whereby any excess of calcium sulfate in so4 "
lution formerly present as caleiumsisulfite
and oxidized to calciumiosulfate’ds above
mentioned either in: the process:of; oxidizing: -
the iron from ferrosum to ferricum, or_in_|
the :precipitation.-of the.copper:is alloyved to;|
settle out of the solution. The now cool.solus-
tion can be again used in connection with
sulfur dioxid gas as a solvent for more ore.
If it is desired the iron and the copper can
be precipitated as above described and re-
covered together. In either case the silver
and the gold contained in the ore will be
precipitated with the copper and recovered.
If it is desired for any reason to precipi-
tate the copper before the iron, same can be
accomplished by allowing the solution to
cool and precipitating the copper as above
described whereby little or none of the iron
will be precipitated. I also provide in my
process for the recovery of the copper by
the use of iron or electricity where cheap
iron or cheap electrical power can be had.
Where it is not desirable to smelt the copper
precipitated as above described, the same is
made into a pulp with water and exposed as
before mentioned to sulfur dioxid gas; the
resulting_solution is freed of the excess of
sulfur dioxid as before mentioned and the
copper can be recovered where cheap iron is
available by ridding the original solution of
sulfur dioxid by air or heat and assing the
solution over iron in any suitable manner. ‘
By this treatment the iron displaces the cop- |
per yielding ferrous chlorid and metallic
copper which is recovered and cast into pigs.
The ferrous chlorid can be used in connec-
tion with sulfur dioxid for the further solu-
tion of copper ores. The absence of free
acids "and ferric salts would minimize the
amount of iron consumed to the very lowest
point and at the same time regenerate a
solvent ferrous chlorid which when used by
itself would hardly be considered efficient as
a solvent of copper ores, but which when
saturated with sulfur dioxid is very efficient.
The recovery of the copper by electricity
where electricity is cheap is accomplished
as follows: The copper precipitate is dis-
solved in a solution of sulfur dioxid in any
suitable manner and the copper is recovered
by electrolyzing the said solution in any or-
dinary way at a low voltage. By this means
little or no oxidization of the sulfur dioxid
Zas occurs, a greater part of it being driven
off in a free condition especially if the solu-
tion is heated. What is driven off can be
used for the subsequent solution of more ore.
If the slight oxidation that does take
Place is confined to the calcium sulfite, con-

[ tained inthe solition bsing exidized to cal- .

-cium’: sulfate; - it- "béing “quite insoliible; it
18 precipitated and:sinks to the bottom6f the
“electrolyzing tanki . 1 . L
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RECOVIRY OF ZIIC

For reasons mentioned on Pages 6,7,12,13 it is evident
that the treatment of various zine ores and the recovery of the
metallic values therefrom is a matter of no little importance, both
on account of economy and the loss of industrial pursuits to the
'éeople of the commonwealth wherein such producing mines are situat-
ed.’ ' —

In testing various zinc ores by the method described
under copper, a product cglled Bag House Liud" was used, This
represents the mechanical impurities that are found in smeltef
fumes, Which have had their sulphur trioxide neqtraiized by oxide
of lime or zinc before the fumes containing such and.other impurities
are passéd through the bag house and voided into the éﬁmosphere.

The Bag House Mud analyzed:

Zinc 258 4
Silver 4,33 ozs per ton
Gold 0.35 " '
Lead 10.00%
Copper - 1.06%
. Iron 9.1 -

- Lime 0.55
" Silica 5.6
Arsenic 6.9

Neduced to pass 100 mesh and ﬁreated_as mentioned helow
an extraction of 80% of the zine contents was readily obtained,
Purther treatment with the solvent failed to abstract anything but
insignificant amounts of zinc;. an ipspection of the puip gave rise
to the belief that wssibly undedomposed sulphides were present, so
the pulp was roasded and further treatment with the solvent yielded
an extraction of 93.8% of the zinc.

The danger of forming difficult‘ &oluble zinc ferrites
etec. was not in evidence in these experimentélswasting.aﬁd extrattion
tests. Roasting of zinc ores followed by satisféctofy hydro-met-
allurrical extraction of their coptents Yas been recorded iﬁ Califor-

nia anm follows:

59.



'Flﬁe dust without any preparation, yielded by the
ammonis carbon dioxide process, 72 to 78% of the zine. In properly
roasting sulphide ores frdﬁ the mine, it was Found possible td
obtain (by the same method) an extraction of from 80 to 94%.

These results agree élose'enough_with those of the author tb indicate
the read¥y solﬁbiiity of zinc ores in other than strong acids,
vand.further that in view of such results, thg danger,atténding the
ﬁwasfing of zinc ores offers no serious,problems.

| Experimental work tending to utilize sulphurous gases
for the extraction of zinec etc. from ores, is described and
embodied in the form of a United étates Patent and hereto annexed.

_ The uw e of calcium carbonate presents nb.difficuity as

the delivery of such an article running 97% to 98% iﬁ.purity is
nothing @ncommon at Smelting Plants both in Utah and California, at

3

a cost of 75 to 92 cents!per ton.

. 60
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' cHARYLES §; VADNER, OF SALT LAKE CITY; UTAH: .

PROCESS FOR -ARRESTING SULFUROUS! GASES: AND FUMESUAND UTILIZING THE HEAT
cie Dol U AND GASES CONTAINED THEREIN,: © o Wil /0 i oni me

1,110,660, = -
\No prawﬁig'.( ERS

o o et RN
Zo all whom it may concern:. . :.

.Be it known that I, CaarLEs S. VADNER, a
citizen.of the United States, and a resident
of Salt -Lake City, -Salt Lake :county, :Utab,
have invented a-new-and useful Process for,
Arresting;.-Sulfurous .Gases and. Fumes
and : Utilizing: -Heat. and Gases Contained
Therein.: i wico o i o D

It iis well.\known that in various smelting
operations, |in. roasting .ores . and. in. various
other operations that ' produce: sulfurous
gases . that -a large. amount -of obnoxious
fumes are emitted.into the air and that these
fumes and gases are.a: source of annoyance
and: injury: to:animal .and -,yggeta,ble,_];fe.
‘While. the mechanical impurities. contained
in these fumes-can be.fairly well arrested
by the baghouse s stem and. by- the use of
long flues.and: baffles, the sulfurous.fumes
and gases:are but. partially; arrested:.or ren-
dered innocuous: by them. ...l i
. «The “object of my :invention: then is to
utilize: these sulfurous fumes:and the con-
tained heat and to-render them harmless;to
all-forms of life. . '.© ... o .o
. ‘Another object of my: invention is to. pro-
vide sn' effective and inexpensive method of
recovering zinc from:ores containingit. - .
- To accomplish these objects I make use of
the ‘heat and sulfurous gases contained in
fumes, subjecting oxids, carbonates and suf-
ficiently’ roasted ores containing -copper,
iron, zine, lead, arsenic, antimony, cadmium
lime and bismuth, in-the presence -of a suf-

ficient . quantity - of -water, ' to ;the .action :of
these su ous- gases. - By this means these.

metals are extracted and recovered. from ithe
ores and the fumes arrested:and rendered
harmless. B RN LIRS TV
It will be understood that if desirable;in
cases where smelter fumes are not available,
sulfur can be burnt in order to provide the
necessary sulfurous gases for the réduction
of ore. - C Col
. Oxids, carbonates or. sufficiently roasted
ores are: ground to :the  proper size and
showered or sprayed in water down through
the. first of a series of purification towers.
These towers are of suitable size and height
according to the quantity - of ore: to:'be
treated ‘and the length of timethe ore.re-
quires.to be exposed. ~The sulfurous fumes
are led into these purification towers and

mingled with:the sprayed ore pulp. By

i

' Specifichtion of Letters Patent: ' Patented Sept. 15,1914,
eyt e ; - R N 7S B F e B R ST
. Applcation filed October 29, 1818, SerialNo.797,949.. . ., ... . .. .i...0.

means. of - this. spraying, every . particle: of
ore:is.subj ected. to the action.of the sulfurous
gases; which, in-the. presence of water;. ef-
fects::the. solution of the:copper and:zinc,
some, of; the- iron :and. arsenie: and’: other
metals: contained as:aforesaid.in:the. ore.

This solution falls to the.sump, at-the:bot- -

tom. of the- tower ,while: the :unused igases
pass; on: to the;next;!tower.:. These .towers

55

are .interposed.: between ..the -points :in ithe . .

flues where the sulfurous gases are:all:unitéd

65

and: the point..from. which they .are finally .

voided. :The: sulfurous. fumes. are: drawn
either, by natural.or artificial.draft:from: the
main flue:in.the base of the first purification
tower. and: by &:suitable;fiue-led: down: into

the base-.of . a- second  tower, thence . up - .

through -the /tower:and: down-:agdin.'to:’the
base: ofthe third:tomeér.and so. onrthrough-

out. the 'series-of -towersi-anid- finally. out:'of ., .

the stack.’ In each tower the fumes come in
¢ontact with the sprayed.ore pulp so-that the
sulfurous:gases.may-have: a chance: to. unite
with ‘the metals;-and;fall-to.the sump atithe

bottom. . As many ‘towers can;:be'infeérposed -

in :the path. of:the sulfurous:fumes as ma;
be-found necessary in-order; to. expose-suf-
ficient. ore reéquisitely; long to. take from the
fumes, all- the -sulfurous gases and:'rendeér
them harmless enough to:be voided into the
air.. ;Where the smelter stack-is built on an
elevation ‘with ‘the flues leading thereto and
with towers; interposed. in succession in - the
path-of the flues, the sprayed: ore.pulp can be
fed again to the successive towe'rs-Il)a
otherwise it can be.drawn up by.pumps: . As
‘s precaution;against.voiding: fumes:contain-
ing. appreciable iamounts -of: sulfirous: gases
an..absorption: tower: containing :boulders of
lime- rock. ‘over.;which trickles. s solution -of
milk-of lime is interposed between the last
purification’; tower :and;-the stack: :through
which. the fumes are finally voided into.the
atmosphere. . The :solution of milk of lime
is-.returned: to the;'top: of :the absorption

tower: by .any suitsable: means as long as it

is- found.efficient in neutralizing the-traces
of sulfurous acid that mhay escapefrom.: the
last: purification tower. ; The resultant; cal-
cium
oxidized::to. calcium ‘sulfate: which: can-be
dried or dried and calcined and used:in the
arts. - The  purification .‘towers -.are . built
over sumps into ‘which.:the solution of -ore
_,.{"f' - o .. o, PRI R . I r
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65 of sulfurous gases blown out by air.

5 settlésitosthe, bottom;: wheticite
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and dissolved sulfurcus vapors and imdis-
solved ore falls. If the.settled and undis-.

- nde L2

solved portion of the ore is found to con-
tainzrsufficient: walues-ityis; remoyedufrom; the:

sump and sent to the smelters:yhereonzac-..
count of the lead, iron, gold, and silver it_is_

veny,desinable., .If the splution is found.to.;
éontain' Coppér, it is now._ passed in any

suitable manner over n¥éfailic°iroil*#nd“the |

copper in the solution is precipitated and
_ ! 6rieity iy ber rith-
dravwn! snd:purified and $6 beeoie 4l mavlket:
able produdt. sAjrunderipressurelis foreed
throughtthessplationlintthisfgniloardithe ex:
cess ‘of 'sulfurows gashiathereby bloww cutiof

i the solution.DiWhedsthe éruliesfiing: fopns

the! so!lfdtionqha!saoﬂlly af flint odod)or nishle
atall Jobusulfatousliolys, ‘furthep dif ctrowt?
menbis stepPed. o tharsolusion ds fourid:te
contain .copper dtiis mow passedein @y swit-
ablenmilnmer overs metallibsdron. o The droh
dibplaces copper ihvithe solutiotnarnd thié dops
perisottles: toothetbhettonsiWlrerfodJit hayibe
withdrawi sand s purifiedoands Soubeéomes i
mitkelable prodads. i Instdxdi oftithel usésof
thei metallieoironiithei sbaked cpvdrrmuyrbé
remowed: ldndi‘the cdppemarecovered by  axny
sditableiélectrolytic thathody A fter the cop:

pés isiremoved €hessokubkorh is«then loxidized
tvithi oxyligen|! chloringas oroany rothed isiit:

ablerexidizing odgenty/ uhtidsalli fof - thet-irer
cdntgihedr i thersdiutions fslinl | thel ferric
conditiom :: The »: oxidized solution:: s How
cooled Gand tieated i othe!cold. »Fuiely
groundicdleitime carbondte risrmew. addedito

+ then sofutions until fulrther! addition; oflsthe

samescauses o effbrvescence:-- By thisiméans
tH¢ wholesofithe ironl isipyecipitated dsfer:
ri¢ hiydrate: which: wilbredct:-with anly arsenitc
preseirti foolprecipitate] thessame)aiong with

- gny‘coppet, dadmiumoand bistiutly €Hdt may

have escapetd:iprevious iiprécipitation: i +The
solution:issnowiallowddtocsettle srid-the sedi-
mient-drawmnoffy-washed: 'and: filter pressed
ands ifzfounds to' bes of any- use for-itsiroh

. contentsiissent o tlversthelter; ox twotled: iip

ifti :desiredyfors itd inrsénier tontentsy : or; if
vahieless thidowr raway. ' Thel ¢léar golution
is now!treated witholive steam: and-fimely
eround:éatcium! darbontte! untils thd solution
bedonres meuttall dndothelzine inithé covtrse
of kwd:tol fioar hidursttregbmentis) all pre:
eipitdtedlin the £omiof carbomates ifogetHer |
wirth somBilimey (The solutioh is.setfled and |
decantedl: The ‘precipitate iy washedrand |
decanted ! and -drawnooffor toia "draining |

1,110,860

| Patent is;— .
z0 deriLhe,,process of recovering,.zing, ~and
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_solution. may be then electrolyzed by any
-suitable dneans .and. the, zinc recovered as
metallic zinc. T

2.2 Havingrdescribedr myprocesswhat: Iclaim
rigones androwish to secure by Letters

metals from naturally oxidized -and

Qother metals from ; . ,
ST Iy PoistedAsulfid ores -ébittainRTe

"zinc and other metals which consists in

spraying the finelyground pulp of Said ores
inte! sulfurons pises, Slimingting thé copper
conitained: thereiad by paksink sthel solution
overliron;oxidizidg’ [the . sohitiely tréating
$arngsin th coldkAvith: Anelyrpilverizedsonls
R "carbonate; wherebyothsl ferric Hydrate
FeMctywith gPsenic and dlirdinates:gdmie from
the solution as ferric arsenite, reheating-thie
solFien-and precipitutiagithe ziné as aibasic
ciFbonate by imentiv of aidditiond]  fively: pul-

verized: calciumn carbéndte. v itso o i
7 !242;’3}*1&'@("3&%@@ wliichogondists im:recover:
iy zine s dudp stherlimétdlbofiom nmturally
o¥idized’ or sufficiently rodsted: sulfidi-ores
dontainiwér apic and otherimethls by ispray-
188 tHe Bnely prstnd ,E'l ueif gaid iores ihto
Swelters fiitest containing: salfurous- ghses;
liratfiatibe thel copperieonteined therein by
jg;dé‘siﬁgaiﬂhéfsﬁlﬁtiqm ovelitmethlic iron, joxi!
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with finely pulverized -cdleiuny carbonate

whetelsy thetférien hydmte: formed xddcts
with tHe nivenferutideeliminates-samerfrom
tHezwoluitioh us fertib rerseniides: 170 f‘):’;l.l%!;)
3. The process which .cébsidts imrécos
erinensincianidrothew mdbals: frdmn naturally
oxidizbdop rsufficientyl: roasted sulfid ores
contiii®iniss zineardrother: metals by spray-
ingthefinely groudd palp ofibaid ores-ifito
stelter: fumes contaiming i sulfurous: gases,
| elithiha ting the coppeb ieontainied; theren by
pasging the:sekubion over metallic irém; ox:
1dizinks: thensolittion: i sndr efiminating.  the
otiver: Metalssexceptizivic (Dyrprécipitating
donre inrthel rcold by meams/ o'f:'za sisufficiéntt
guahitity-of firelydpulwevized: caléium. . cafs
béhate;: 1 hewting the: solution :and:preeipis
tatirignblie zimc bsixcbasic-earbonate byrmeans
of additional finely pulverized calcimhcart
beormdtarti=>h 1i isnd1 {u.o i Db 37
-oid;;{Dlve: process whiehi ecotsists -inirecover-
¥rig Zincrand: other metads: from naturally
oxiftizéd ori sufficiersly voastad:sulid- ores
containing zinc and other metals exceptzihe
byﬂ;sprqyi%gdﬂméi fmely ground-pulp-ofzsaid

ores into ‘swnelter -fitmes domtarming::sulfu-
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floor:"amé dried]swhen the!rzind! calyi bel re- |
eovered by ‘any suitabléei smeltingmethod:
By effecting acgolutionvofs saids catbongte-of
zitle by ‘expesing ‘samier i thesaction: of: sul-
firous gasesvin anyof thei purificationi tow- |
edld, ;théprecipitated éarbomateoofl zinc, maly |
Ye disselved ard thergolution drawhioff fzsto |
aty lsuitableltzeatiheht: tanks and the A-ex%elfs i
(]

Hons ghsesy élimmstingh the: coppef-therein
gﬁ ‘g;SSin'g»l thé rsolutionsever métalliciiiron,
oxidiZihg «thei:solution- dmdo eliminating. the
ofhert metalfcbw iprecipitatingcsamei in;the
cold byodneans: ofr ol sufficient guantity. of
fimely pulvetized ccilciutp:earbopate ‘and ire-
hesting the solotidm :and-precipitating the
zihe agtacbasic chvbonate byt means of finely

pulverized calcium carbonate, and dissolv-
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ing the basic zinc carbonate in sulfur dioxid
and water and electrolyzing t]ge soluthn
whereby the zinc is recovered in metallic
form, .

5. The process which consists in recover-
ing zinc and other metals from naturally
oxidized or sufficiently roasted sulfid ores
containing zinc and other metals by spray-
ing the finely ground pulp of said ores into
smelter fumes containing sulfurous gases,
oxidizing the solution and ridding the solu-
tion of the other metals contained therein by
precipitating the same in'the cold by means
of a sufficient quantity of finely pulverized
calcium carbonate.

6. The process which consists in recov-
ering zinc and other metals from naturally
oxidized or sufficiently roasted sulfid ores
containing zine and other metals by spray-
ing the finely ground pulp of said ores into
smelter fumes containing sulfurous gases,
oxidizing the solution, and ridding the so-
lution of the other metals contained therein
except the zinc by precipitating the same in
the cold by means of a sufficient quantity
of finely pulverized calcium carbonate, heat-
ing the solution and precipitating the zinc
as a basic carbonate by precipitating the
same from the hot solution by means of
finely pulverized calcium carbonate.

7. The -process which consists in recover-
ing zinc and other .metals from naturally
oxidized or sufliciently roasted sulfid ores
containing zinc and other metals by spray-
ing the finely ground pulp of said ores into
smelter fumes containing sulfurous gases,
oxidizing the solution, and ridding the solu-
tion of the other metals contained therein
except the zine by precipitating the same in
the cold by means of a sufficient quantity of
finely pulverized calcium carbonate, reheat-
ing the solution and precipitating the zinc
as a basic carbonate from the hot solution
by means of finely pulverized calcium car-
bonate and dissolving the basic carbonate in
sulfur dioxid and water and electrolyzing
the solution whereby the zinc.is recovered
in metallic form.

8. The process of recovering zinc and
other metals from naturally oxidized and
sufficiently roasted sulfid ores containing
zinc and other metals which consists in
spraying the finely ground pulp of said ores

a8

into sulfurous gases, eliminating the copper
contained therein by passing the solution
over iron, oxidizing the-solution, treating
same in the cold with finely pulverized cal-
cium carbonate, whereby the ferric hydrate
reacts with arsenic and eliminates same from
the solution as ferric arsenite, reheating the
solution and precipitating the zinc as a basic
carbonate by means of additional finely pul-
verized calcium carbonate, dissolving the
zine carbonate in sulfur dioxid and water
and electrolyzing the solution whereby the
zinc is recovered.

9. The process of recovering .zinc and
other metals from naturally oxidized and
sufficiently roasted sulfid ores containing
zinc and other metals which consists in
spraying the finely ground pulp of said ores
into sulfurous gases, oxidizing the solution,
treating same in the cold with finely pul-
verized calcium carbonate, whereby the fer-
ric hydrate reacts with arsenic and elimi-
nates same from the solution as ferric ar-
senite, reheating the solution and precipitat-
ing the zine as a basic carbonate by means
of additional finely-pulverized calcium car-
bonate.

10. The process of recovering zinc and
other metals from naturally oxidized and
sufficiently roasted sulfid ores containing
zin¢ and other metals which consists in
spraying the finely ground pulp of said ores
into sulfurous gases, oxidizing the solution,
treating same in the cold with finely pul-
verized calcium carbonate, whereby the fer-
ric hydrate reacts with arsenic and elimi-
nates same from the solution as ferric ar-
senite, reheating the solution and precipitat-
ing the zinc as a basic carbonate by means
of additional finely precipitated calcium
carbonate, reheating the solution, precipitat-
ing the zinc as a basic carbonate by means
of additional finely pulverized calcium car-
bonate, dissolving the zinc carbonate in sul-
fur dioxid and water and electrolyzing the
golution, whereby the zinc is recovered.

In witness whereof I have hereunto set
my hand in the presence of two subscribing

witnesses.
.CHARLES S. VADNER.
Witnesses:
Marros J. JACOBSEN,
Evva OsBoRN.

Copies of this patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
. Washington, D. C.” .
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RECOVERY OF IRON

~

_ The recovery of iroh from ores and various products’
that are finally rejected as slag or otherwise in various smelt-
ing operations, and the possibility of working large deposits of

low grade copper ores containing more or less iron, together

. with little or no silver and gold, provided some physical assis-

tance or financial reimbmrsement could in some way, finally be
derived from such a recoyery,"would‘certainly be atwelcomed ad-
dition to the metallurgical practice of the eount;y,

It is well known that & 1arge‘tonnage of iron is
daily used as a flux at the various smelting concerns throﬁgh-'
out the United States, and that such iron is finally thrown away
in thé'form of a slag, eontaining, besides the.necessary‘iron
purchased either in the form of "scrap" or &s high grade iron ore,
some little copper, silver,'zinc, possibly a very little gold and
in case of lead smeltérs a small percentage of lead; other metals

such &s arsenic, cadmium, bis@uth, ete., may also be found, sO

- that any percentage of recovery of the above named metals that

could be madé at a profit ei@her from slag dump, as above mention-
ed, or from low grade ores containing copper and iron and

possibly some other values, would necessarily be worthy of met-

aliurgical attention.
Phe feact that it is pfoposed to treat slag dumps

.'.. 6=
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anﬁ low grade oopper or‘eopper iron deposits - materiel, in
fact that thus far ﬁas been rejested or thought impossible to
utilize - nesessarily means, that ways and means heretofore un=
known or mnused mmst be epplied or such ways and means mast be
used in combination with the reclamatlion or utilization of
waste products that have heretofore been permitted to go to
wastey whether such waste products were merely a source of
waste, that no method was lmown Whereby & saving of same could
be made 8t s financlal proflt and no further damage was sus-—
tained by its loss; or whether aaid waste, besides being a
loss in itself inflieted serious 1nconvenience and damage
upon the person and proPerﬁy of unwilling vietims, Specia1'
reference is made to the emission of sulphurous gases from
various smelting opeiations and theﬂné.ncial losses that are
being sustained both_by'thé smelters in question,;who are pérﬁ
mitting these noxious gases to escape, and by the unwilling
victims in attempting to defend themselves and their property,
- The extraoction of other values contained ih a slag

of the following eompoéition:' o

Siliea a7 "

Zinoc Be7 ™

Lead  .7-14"

Copper 12"

Silver - <5~ 0%Z. poer ton.
becomes, within the possibilities of such a prooess, a8 bslow
described while reoeovering iron from slegs. AY the X
Smelting Plant in one of the western states of the United
8tdtes, the purchase of iron flux costs Iin round mumbers in the
neighborhood of $6,000.00 per month; other operations for the
supression of 80lids in-smelter fumes before voiding seme in

in the air, eost $4,000,00 per month making a total of $10,000.00

per month or $120,000.00 per ennum; the S0z g8s in the fumes 1s

not however eliminated.

63.
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Wherefare, I propose ntilizing the sulphurous gases
emitted from smelting works or any industry that produces sul- -
phurous gases or even the produc_‘bién of sulphurous gases bﬁ '

burning sulpbur or otherwise, for the reclamation of iron from

"slag dumps or other ores, as m&y bee. I do not merely w:Lsh $o

limit m;vself $o the recovery of iron, as other mekals are :Ecwad
asgsocisted - more orx 1ess with iron such as gold, silver, copper,

lead, bismuth, cadminnm, arsenic, antimony, zinc, lime, in fact

. all the present known metals that can be resovered by the pro-

posed process and the recovery of which would be & soures of

p:t"ofit'in addition to the objective en&s of the 'é.pp;ication of

 the BTrocess.

Various switably Pulverized smel ter slags, and ores
containing geold, silver, lead, bismath, casdmium a.né. antimony,
are exposed in the presence of heat, which 1s either .a-rtif,i;-:-
cislly generated or .abstracted from the sla._é by using same while
in a hea.t_;d' condition, bo ho¥ sulphurous geses aeither from
smelters or artificislly generated.

The suitably pulverized slags and ores are. preferably
showe:t;ecl or sprayed down towers up which the sald gases are
msde to pass, or etherwise e xposed @9 the solvent actien of
seid sulphurous gases in the presence of heat anc‘u zmoisture a
sufficiently long period of time for the purpose of effectingﬂ
the solution of the metel and metals that it 1s desired ¥o '
extract. A

This operation can be perfb‘tmd. n»ygﬁ.a sump, 80 tha?
the solvent ac't.:j.on_ ecan be prolonged until. the desired re-~
sults are obtained, sny method of sarrying on this operatisn
as will best sait in essh particular case will -neeassari;y

be installed.
In eertain instances, particularly whereo conper, zim,

. 64_ |
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milver-and gold are sought to be extrasted, the addition

of soluble echlorides, one or more, the presence of which

favors the soln-tion of the above exmmerated mei;als in the

sulphurous sol‘ation. elther ‘by their own. solven‘b powers or
due to their presence :ln preventing seoonﬁary reactions

from taking pla.ce that would tend 'bo render the operation of
the process more expensive, ox in same oases, prohibi’cive, is
desirable, and when ‘found to be neeessary, is mades., I would
not desire to :u.mit nryself 1;0 the above . enumerated metals,
but would use a sol‘ation of the solnble chleri&ea containing
at lesst one of the ¢ ommon chlori&es ea:pable oz reaoting with
the metals, such w,;so.dim‘ eh;lori&g.? ,mgmg;&m shlerids,

caleium chloride. ferrous ‘éuzid féi'rie cmbride a;nd' éuprous

| and cupio chlorida i.n opera‘aing bhe proaess eithe:r in the com=-.
.mene ement o:t sa.me or at any state where the use of Baid chlaride

an:l chlor:ldes eould he ad:v&ntageously nsed in the extraction
of any and all of the aforesaid metals :fram their ores.

. I intend %o use any« one of the soluble chlorides‘. elther
singly or in. comb:lna.tion, tha.t are capable of reaating with '
the metals for the purpose of preventing 8 seoondary rea.otion
and & precipitation of metal.. o

The solution of the ore as may be. heving: been satisfao-'-v?"

torily accomplished by means of sulphurous ges a.8’ afore mentiona& a

elther with ox withou:b the use of one or more of the gseluble ohlor-

. 1des mentioned above, is separated from the insoluble residue by

decantation or filtration into. suitable eontainers anq. the e xcess
of sulphurous gases are gotten rid-’of, ei#&her by ,-heat, steam or
air, and the aurpms acidity of the solntian dune to acid salts.
free scid or othervise. neutralized,partially or wb.olly as may be
necessary, with the carbonmates, oxides or yydrates of caloiunm,

magnewium, sodsum, potassium or with a mixtu.ré of same &s may be

poBsible.
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When iron is present, the solution i§ first partially
neutralized and oxidized or not, as desired, with air, chlorine
any other suitable oxidizing agent. The solution, hot or
cold, is then exposed in any sunitable manner to the action

of air or oxygen; the iron contained in said solution can

thus be partially or wholly precipitated as a brownish red

pulverulent powder Fe 503 (ferric oxide) at will by the oper-
ator, simply by regulating:
lsteee.eeoThe acidity of the solution:
" 2nd.......The length of time of the treatment
of the solution with air or oxygen; ~ .
|  Brd.......The degree of strenmgth of the solution of
the soluble chlorides, especially whHile using sodiud chloride,
calcium chloride or & mixture of the soluble chlofide; 7
4th.ve....The temperature of the solution; ‘
5th.......The condition of the irom after it has been
leached out of the ore apd while in the leaching medium.
Thus, "2 FeSOz + SO0p + 0 = Fe, (S03)z ’
Ferrous Sulphite = FerPFic Sulphite.
Fep (803)3 + Fe, 0, + 3 50,
The neutralizing agent added takes no part in the reac-
tion, merely reducing the acidity of the solution thus:
S0g + Hy0 + CaCoz = CaS03. + COg + H20
Freshly precipitated fexrric oxide is soluble in moderate -
ly strong acid solution, hence the necessity of reducing the

acidity in order to obtain the precipitate.

PHENOMENON OF HYDROLYSIS

Hydrolysis = (/3 wp = water

Aveis = act of loosening= AW/W

by means of water.

Here, applying one of the rules laid down in the fore

part of this thesis, (that natural resources must be made use of

etc.) comes the problem of cheaply recovering the iron from

66..
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solution. Having gotten the iron in solution by means of a cheap
solvent, SOg gas and water, and admitting that water by virtue of
its hydrogen ion concentration may be regarded as able to play
the part of an acid, and that dilution is not & factor of the

degree of hydrolysis of the combination of a :weak base and

- a :weak &acid, and that S0g is volatile and osan eésily be elimineateéed

from its solution, and; that ferrosum can resadily be oxidized to

ferricum in a sulphitg solution without'oxidizing the gsulphite to

‘s sulphate in apprecisble guantities;

HYPQTEESIS

The hypothesis is-edvenced thet between & wesk scid
like (SO5 4+ Hp0) and a weak base like Fep Oz (that we hope to
produce) that there will be practically no combination, excepting
that of the solution of-nascent Fep03 in SOp and water, buﬁ whétvcan:
‘be easily and readlly distupted by water and thé iron rscovéred '
in the form of an oxide, om elimination of excess of the volatile
radical SOg '

EROCF |

By simply blowing air -through the solution of ferrous
sulphite (F@;Os) as above obtained, the excess SOz gas is
quickly eliminated. The iron is quickly oxidized to the ferric
condition (the time of the :r:ea.ction/ s well as the character of
the precipitate can be regulated by the addition of & neutralizing
agent, such &s calcium,carbonate and the l1ike) and ferraus sul-
phite becomes ferriec sulﬁhite, thus: '

2 FeSOz + SO2 + 0 = TFeg (S03)3
aq. T a

gq. g
and the ferric sulphite thuas formed is és"quickly decomposed into
ferric oxide and SOp gas. Thus:
Feg (303)5 aqe. A: 'E'_éz,{)s ag. -+ 3 SOg '
The precipitate oxide of iron settle8 quickly and easily

and the SO0g ges is eliminated.

%
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DEDUCTION

That the correctness of the above advanced hypothesis is borne
out by the results of experimental déta recorded.

CONCIUSION

That the practical applicatlon of this method, for the recovery
of iron from ores sand solutions, is feasible, and when applied
with due regard to economic conditions should become a valuable
process in metallurgy, and another step that is slowly but
surely raising hydro-metallurgy to the ramking title of MBt-
allogy, the Science of Metals.. ) '

In case that the ores used contain arsenic and it is
desired to eliminate and‘recover the arsenic, a different form
of precipitating the iron is used. The solution of the ore
is effected and the excess of S0g gas is gotten.rid of as
above mentioned and the solution is oxidized or not, as may
be desired, by & suitable oxidizing agent and the liron is
precipitated as ferrie hydrate Feg(OHjg by the asddition of &

sufficient amount of neutralizing agent or'agents (ox a combin-

‘ation of same) such as the oxides, carbonates or hydrates of

barium, calcium, strontium, magnesium, sodium, potassium or

& mixture of same can also be used. - When the iron is precip-
itéted in this form, the ferric hydrate Fegz (0H)6,fnrmed has -
the powér of uniting with.the arsenic p:esent and forming either
ferric arsenite or ferric arsenate as may be, which is precip-
itated and removed by filtration and other muitable ways from

the solution.
Antimony, silver, gold, lead, hismuth, cadmium and

.other kmown metals that would be found dissolved in such a

solution, depending of course on the contents of the ore and

ores being treated, can be precipitated as above described and

recovered, if found to be desirable. This method of eliminating

and purifying the solution of any and all'undesirahle metals as
. 69.
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aforementioned, ean be used, whether the iron is. oliminated and
recovered by the first or second mentioned method, and.also when
8 combination of the two methods is necessary to effect an
eliminstion of the above mentioned metals for the purpose of
purifying the solutlone .It is well un@erstbod/that any and
8ll steps im this process cam be carried out in the presence
of heat or cold, &8s may be most advantagedus. Copper can also
be eliminated by passing the solutlon, hot or cold, in any suit-
able mannér'over metallic iron. The conditionm of the solution
as to the amount of free acid and state of oxidization can be
regulated to suit the best purpose of the application of the pro-
cess. The copper and silver can also be precipitaﬁea ss & basle
carbonate by the suitably pulverized-cdrbénates of the alkalies,
alkeline earth or e mixbture of same with or without the use of °
air and in the colde

The precipitate is separated by filtration and other
suitable means, and the copper, silver and other contained met-
als as may be, are reeovered»hy-eleetrelyzing the ot oxr cold
solution in suitable contalners« The exoess aeidity of the
solution, due t0 the decomposition of the sulphites, is gotten
r1d of both by heat and also by the carbonates of the metals,
alkalies, alkaline earthe or a mixture of same used in eifectiné
the precipitation of the sopper. Sulﬁhites are formed which may
precipitate out of the solution and which can be separated, and
S0z ges and their valiuable basis o ontents rseovered therefrom.
A ocurrent of airﬂg§1§ a1so'assist in reducing the acidity of the
solution. The formation of calcium sulphate due to oxidation
is effective in reducing said.aoidity,.and'&ny such sulphsate
formed can be separated and recovered for NS

It is my intention of affecting the fnnotioning of this

process for the purpose of cheapness of operation by:

6. -
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1stesecslU8ling SOp gas and water;

28 sssesUsing S0, gas, water and heat;

38 eeessUsing S0z gas, water and & soluble chloride;
or a mixutre of soluble chlorides as aforementioned, along with

heat when necessary; or using the above means in psrt, together

or in combination, 8lso using the soluble chlorides mentioned

in part, together or in combination for the purpose of extract-

ing the metals aforementioned.
The strenghth of the solution in solbble ohlerides will

vary from 5% to 20% as may be.
The solution being freed from the aforementioned metals

. as may be snd in the ina.nner deseribed for the best purpose of

the application of the process, the zme is preeipitate& £rom

cold solution by the means of 'bhs suitably pulverized neutralizing
agent, such 83 oxides, cerbonates, hydrates of barium, calcium,'
strontiam, magnesium, sodium, potassium. A mixture of same sen be

used, and the basis precipltate of zinc is separated by filtration‘“-" '

or 6'1;herwis‘e> and ©alcined to the oxide, smelted or dissolved in-any’”
suitable manner in a solution of S0, and water with or wlthouﬁ-“"“"
heat and electrolyzed in any sultable manner. whereby the =z ne
is recoversad in metallic ferm. ‘

The precsutions for theremoval of the scidity of the
solution and recoveries of the by=produets, as in the elimina-‘
tion of copper, should be duly observed.

Copper, arsenile, antimayy, bismnth ‘lead, cadmium,
mercury, tin, gold and silver can 8lso be preeipitated Zrom an
acid solution, as & 'su}.phid_e, by & suiltable precipitant, such as
HoS and the like. Copper &nd sllver can also be p:reo.:_l.pi‘hated by
passage over iron, the precipitated metals being eliminated, the
solution containing the iron, zine, nickel, cobalt, ma.nganese. etc..
that are not precipitated as sulphiaes from scid salu.tions is .

treated as aforementioned.
. "0,
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Whatever method :is employed, the precipitaied metals
are elimineted, the solutlon is neusrsalized as before-mentioned and
by the &id of heat and air the zinc can be precipitated as 8 hasie
carﬁonatet to be recovered as mentioned under sine redoverys it
being possibile to precipitate copper as.a Basie earbonatg‘h& mesns
of air from & eold solution: contalning cne. cf fhe common. chlorides.
The SQg gas is elimi nated as noted,: &nd- re-used along with- water or
with barren Bolution in regenerating the solvenw for the " leaehing
of: more ore, and repeating the eyele of aolutieng prec;pitatien

and - fegeneratien.until the metallic sontents..of the ore. is suffi~

| cien ly . exhaustea~ it Veing wcll under too& that the applicatlon

of the methods ‘herein described, being applieﬂ in eaah individual.

case, guided by the neaessary expezimen#al wnrku,pmeviouslypcare*"”*“

fully made.

Resﬁeétfﬁlly submittéd,

ni



