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Iatrodustion

in the present-dcy trestment of complex zine sulphide orss
by meens of differemti-1 or selective flostetion, or grevity concentre-
tion, we secure & product; relstively high in zinc. which, thru ussge,
hag come %0 be Inown es zinc concentretes, Hence, in the present die-
sertetion, the term zinc concentrate will be nsed to designate th:ot
product secured by aifferentierl flostetion or grevity concentrstion,
of the mux lesd-2ine, Iaad—ironf-zine. and lesd-iron-copper-zinc
ores (moast of whieh contein e2leo varying smounte of both gold 2nd
silver) e8 ere mined 1in the Park City, Tintic, end Binghem districte
of Utah, sné subsequently trected to separste ep for se feeslble econ-
omicelly, the verloue valuszble metals from esch other :nd from the
gongue matericls. The ore 80 tre ted ie umeally of such low grsde as |
to render it valuelese unlese milled, and the metals {usuelly present
82 the pulphides) s0 intimstely intermixed thet =2 complete sepcrationm
by ﬂu*tation or gravity concentration 1s, precticelly spesking,
impos:=1ble, Todsy, the majority of these Ores sre trected by ﬂo\ta-
tion, end the tremd ip definitely 2wey from grsvity comcentration, so
this trestise, vhile recognizing the pregence of gravity concentrstion,
will concern 1tself with floq‘tation products primerily. Flogktation 80
concentrates certein portions of the ore 8s to give one of the metels a
Predominent percentege of the total, sné thie givee rise to the term

*concentrate’ s aprlied to that metel, this concentrete being en

economic source of thet particuler metel.
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In the concemtration phese, complete seperation ies not secured,
owing to the intimecy with which the verious veslusble metsls ere intermized,
end algo due to the feet thet floststion is not 2 perfect mesns of separ-
aetion of the metele. 4 glence st Teble I, pege 9, or h&a‘:) will show
the usnel impurities; in sbout representetive guantities. On the whole,
however, these impurities mey vary between very wide renges.

However, we sre concerned only with those lmpuritios which ere
harmfal in the zine during the reduction, or when it is present in the
metsllie ging--memely sulphur, cedmiue, lesd, iron, ond sluminum, The
gulphur 1s troublesome in the retorting process, esch gram of sulphur
holding ¢wo prems of zinme from reduction, while specificstions for
spelters cover the other impurities. For these specifications, I refer

you to ﬁm?‘

Other impurities 2re present in negligible gusntities,

but due t0 the pecnli-r pyrometallurgy of zine, only leaéd and csdnivm

sre troublesome in the retortinmg process, the irom sccumlsting from im-
proper hendling, socording to Seﬁu‘?) Aluminom wee added %0 the speci-
fiostions, es JO1¥ of that element me¥kes certain grades of bross ucelon(.‘ﬂ
Iz the retorting process, sluminum hes no chance %0 be found im the
spelter, oo its voletilizetion is very low, 2nd coke reduces it under only

very epeclsl sonditions. 7The sluminum in spelter usmelly cowee from the

(1) Buagen, W.7, Codmium, its Fetallurgy, Properties, ond Uses, pd.
Lippincott & Co, Philadelphis. 192¢.

@ &#&no E.0, Hetellurgy of Zimc and Cedmium, lst edit. p 14.
lebraw-Fill, §.Y, 1922,

(3 mia, p 29,

) Stone, G.Ce; Bossett, WH., end Price, H.N. GCGrades cnd Usee of Spelter.
Tng. & ¥in, Jour. v.102 p 331 (1916)
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alumipum cathodes used in tha elactrolytic process. In the electrolytic
Process, only cedminr gives much difriculty(‘: however in both the lesching
for the electrolytic proceedure, =znd during the retorting proces:, the
presence of wrgte moteriel is detrimental.
Fifteen yeors 240, the only procese of zine rednction wae
the retorting procese, snd that process seemed to be secure in its future,
Ingalls(goices his opinion thet the electrolytic process wag o negligiﬁle
fector, in 1915, During the ¥World Ter, however, the necessity for exceed-
ingly pure zine for smsll =yms smwonition arose, and with this -8 e nurse
to the electrolytic procese, with ite exceedingly pure product, it reached
the first stages of msturity, =nd hee continued @uring the following yeers
to grow stesdily; meenwhile the retort processes ere iserelg holding thelr
own, snd increeeing but little, #g the 4=tz glven by The ¥ineral Induastry
during 7928 will reveail(? Todey, the electrolytic plants sre producing at
full capacity, while the retort plants ere using only one-hslf to two-thirds
of thelr roted capacity(z) slthough the retort rrocesrs ips stiil the dominent
producer in tre Uhited Statez!ﬂ
The merket today is being flooded by zinc ze 2 by-product from
the differenti:l ﬁo*tation frow lené end copper Ores—-both of t. ese metals —
being wuch in demend, while zinc 1g more or less s drug on the market, '

This will be produced se 2 by-product = s long ae lexd =nd copper cep dbe

merkoted st 2 profit, 20 rese-rch ie needed to erxpend zinc utilizetion,

() Liadel1, Dy, Hendbook of Non-Ferrous Metallursy, lst edit. p 1116
!OGra'-Hill, ‘.1'. 1926.

(@ Ingells, ™.R, Flectrolytlc Zinc. Yet, & Chem. "ng. v.l4, p 264-5 (1916), -
() Hiners1l Tndustry auring 1928 v.37 p 624. LoBrew Hill, K.Y, {1929).

@ Croesdale, Stuart. Hyardmetallurgy ot the Advent of 1929, ¥in. Cong.

Janw_  w 1€ »n o0 [v0ead
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herees befors 1915, the retorting industry wes well content
with ite process, today, due to the pressure from the exceedingly pure
electrolytic zinc, mot imfrequently romming 99.95% pnro(’,wi?hq sre begin-
ning %o cest sbout for methods of meeting this purity, or face the nltimate
poseidility of being forced out of the merket. For this ressom, they womld
probably weloome even 2 radiosl revision of thelr procees in order to meet
the competition of the elsctrolytic zine producers.

Too, the purer grodes of zine command e premium, eversging
sbout 4.5% of the price of Prime Vestern Spelter during the yesrs 1924-28,
ealculeted from dste on prices given in the ¥inersl Industry Guring 1928 .,3)
This premium is not enmough %o cover the coste of 2 second distillstion,
but might be u.seﬂ to yield 2 gool profit if mesne of purificetion of the
ore or epelter conld be &ufueﬁ. that wes relstively chesp. Too, the
demend for pure glme will contimme to incresge, o#2 the market lesrne th-t
the pure metel yleldsg itself to febricaetion mwore eseily then tre lees pure
spelter to which .!t hes been accustomed, the .rlnnl composition of its
weree being lese verisble, ,m‘ the resulis therefore more certeing while
in alloying, the desired 2lloys com be produced with more certeinty, snd
greater sasursnce of gnccess.

Cadmiom is todey begimning to loow se = valusble by-product, too,
Tithin the lset three veers, its production hag resched the proportions of
e million dollar 2 yeer inimtryv. Btatistiu,‘l:deeaed by the U,9, Buresm

() Tainton, U.0. The Sulliven ™ectrolytic Plant, Tng. & ¥in, Jour.,

(2 4 =, wigein end BB, Caples, Flectrolytic Zine Prectice st Grest Fells,
~ Womt. Tag. & ¥in, Jour. v. 128 p 315-324 (1929).

O1oe. o1t p 624.
(")Iﬂcn c’.tc P ’1. G&M| ‘1 Dt . Roush,
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of Minés show thet In 1928, 1,875,896 pounds were produced in the United
Stetes, valued ot $1,144,297 00, or sbout §0.612 per pound. This cedmium
is entirely s by-product of the zinc snd lesd 1nduatrieaf)’gdmimn 8lwsys
being present in gzinc orea to rn smount of a8 few hundreths of one percent,
and is found In the fume frow leed srelting operations. There are no com-
mercially worked deprosite; the only ore, Groenmockite (C438) being sn exceed-
ingly rere rsinei"al{:9 The greenockite la 80 intimately intermixed with the
ephalerite in the mative state to defy microscopie detection, Hofmsn(®?
atates that the cedmium i p%esen‘?: in the ratlo of zbout 1 pert of csémium
to 200 parts of zinc——a stetenent my experiencee indorses. (Table I},

Cadmium is employed in alloys, to meke them more mslesble snd
ductiles in dentistry, for smslgem fillings; some of its salts sre used in
medicines, moet of its soluble sslts delng very poisoncus; in pigments, =s
cadmive yellow or cedminm sulphide; 2nd of lIste, e22 & protection against
mnt.“

Cedrium plating hes come into prominence becsuse of its conmnection
with the sutomodile rnd radio industries, end this fector is the reegon that
the sbnormel growth since the wsr hee teken plaee? Y Yrperimentes updn the rust
reslgting propertice of steel plated witk sz thin coet of cedmium ig rerorted

4
by ¥d. V. Feldmyan/s In experiments upon the comparctive resistence of nickel,

(V wichman, P.¥, Cadwium, its Cherscter end Uses. ¥in, feview, Bov. 15, 1929,
M Buagen, H.F. lec. Cit. p 8,

@ Ingells, ¥.F. Ioc. Cit. p 584,

(P Bofmen, HD. Loc. Cit. p 318,

$)Mitchell, ¥.". Tlectrolytlc Cadrium Plant of Ansconds Copper »ining Co.
£t Grest Falla, lkont, Tech, Pubo #520. oncucaago

(t) Foldmen, *d, V.3 Metellwaren-Ind, u. ¢alveno-Tech. v.26 p 8- (1928),
Algos Jour, Inst. lletals. V. &9 P 589,
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gine Tznlsa(l ce8mium, rust wrs produced on the nickel-rlated articlees after
two houre; on hot ginced :rticles after 650 houre, but not on the
cedmium pleted z;rtic.‘;— eg after 1860 hours. Cadmimwn =lloye zrz somevhet
lmportant. Crlef smong these i# the alloy with copper im telephone snd
trolley wireg. In proportions of .5 to 12%, codrium 2dds waterially to
the strength end weering qualities of the wire. 4

The leed in the zinc concentrstes ie more likely to be present
for rersong of wechenliosl ocolusion, ratheor then the seri-chemicsl cordin-
stion In which the cedwium ip held ty the zine. In tresting s complex
vlead—zinc ore; 1t is eesily seem thet mechanicel occlueion 2nd incowplete
separetion by floatstion vor eeglly sccount for the low percentsres 0f “eed
present. Its presence in retorts is undesiradle, due to the elegeing action,
Thie 12 noticesble sbove 3% le=d 1f the retorts sre herd-driven, snd above 8%
in sny case?’ Lend is not a serious ma2ztion to the elestrolvtic production,
8s sulphuric ecid precipitatee insoluble lead sulphate, -nd the residues
from the leach 1s subsequently trest~d for leed. Lesd 1» 8 well-kmown
comnerciasl metal, with & definite market at al*ﬁimea.

In the separation of zi'nc from lead and crdmium, without cowpli-
catlng the proceedure beyond somwerciz1 lirits, the poesidility of volstil-
igation of these ar the oxlidesz 1n the rosetimng procesc prior o elther the
retorting process or electrolytic precipitstion, sné the subsequent collect-
ion of these metsls in the fume presente sn slluring possibility., Volstili-

zetion ig the reising of the wapor pressure of the metsallic compounde %o &

terperzture where the vepor pressure becomes high, =nd removing this vepor

(! Migohell, Loc. Cit. D 3.

[ mgel1s, Loc. Cit, p 503,
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by convenient meems. In thile wey, the entlre compound can be ramoved im
. . )
a definite time. R. Eoi‘fmn@gives the following data upon the temperatures

of volatilizetion of variong compounde of the elenents under considerstion:

Table IX,

Voletilisstion Temperstures of P, 0d, s2nd Zn Compounds.

Oxides: Znl Ca0-Cas0, PHO-Por @0,
Voletiliz-tiom Temp,  1400%C 70000 a80°¢

Sualphidas: InS Cas s
Yolstilizetion "enp. 11809 980°¢ ' 1085°¢

Flementss I ca ™
Boiling Poimt 930°0 . 776% 900°¢ (?)
Yplting Point 419 ,4%¢C 320 ,9% ‘ 827 A°C

Aeeuming the sbove tadble to bde correct; snd that we huvs only
the oxldes end sulphides present, end thet we cap msintain a tespersture
20 thet its veristions will not be grester them 100°C, =11 of whieh cond-
itions oen be meinteined or proven in practice, it would seem thet :t 2
teaperature of 1100°C, it shonld be entirely fessible $0 voletilize most
of the lesd, o2nd gll of the cadwium from & given semple of sphalerite.

From another viewpoint, the roessting and volstilizstion of the
sulphur, leed, csémive, =nd edhering woisture would reluce the welght,
and hence the freight coste sbout 25%, thus seving e considersble amount

of money if the distence of shipment of the concentrstes t0 the plsce of

{) Boffmen, ®, The Teelz Process, Tech. Pub, # 69, Trens, of the A,I. M. H,.T,
v.76 p B37 {1928},
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smelting or precipitetion is grest. Too, considersble value cen be ob-
toined from the fume In the form of lead end cedmium, which in other

events would bs lost to the producer.

It 1s, therefore, upon the comsiderstion of (1} cheapening
the freight rates, (2) ecollection of & valuable by-product, ené
(%) improving the guelity of the primsry prodmot, thet the experi-
mental work of this thesis is besed.



Table I,

Analysis of sinc econcentrates.

J
i1

2 2 f | 3 1 i 5 N s N e
3 A 3 A : -|. & 3 A 3 B 3 -y D 3 B 3 F 3 G
: : B s : s $ L) : s :
Zine 3 BB8.26% 3 59,008 29.00%: 48.80%s 51.2% 3 66.1% s 48.8% : 44.4f : 63.17% 3 B3.42% 3
s 3 8 N s : 3 s N [
Cadméum ¢ o804 3 «0568 3 0430 3 0,05 3 o19 3 o35 3 Bl 3 o1l 3 - 3 - H
3 3 $ : : ] 3 ' [ g 8
Lead 3 «700 2 o298 8 trace 6.12 3 3.0 1 1.86 3 6.54 3 Red0 3 5.0 3 6.3 3
: 8 ] [} 3 [} 3 8 N s 8
Iron 8 2280 3 1.900 3 15.80 3 8,556 3 6.0 2 1.06 3 6.0 3 - 3 3.0 3 4.0 3
3 s 3 3 [} 3 3 $ s s 8
Copper & _ 049 3 +064 3 2.18 3 083 3 0.60 ¢ 1.56 3 $ t +683 54
3 s $ $ $ : : s P 3 :
mm t 80.42 310“ 2 31.10 3 27.30 3 31.856 3 B0.69 ¢ 81.06 3 27.24 3 28,7 : 29,7 3
3 s 3 3 : 3 8 s 8 : :
Insolubles 5.96 s 6.97 3 1.75 6.30 3 8.8 8 . RJIR [ 1.79 s B.l 3 8.8
3 . 3 B : P 3 : 3 3 3
Silver (pse) =~ 3 =~ 3 - 3 - 3 4.0 3 - 3 = 3 = 3 18,6 1 201

: f} : [ 5 3 s 3 s

Gold (oz.) - 3 - 3 - 3 - 3 «03 3 - 3 - 3 - : 028 31 .02

Sonrocvf)' A, from Hofman, Loc. Cit. p 51. B. U.S. Smelting & Refining Co. Local analysis.

C. International Concentrates, local analysis. D.
E. Looal Concentrates, origin unknown.

P and G. Copper and Zinc Ores Treated by Selective Floatation, by B.S. Morrow. E.idl.J.

v 128 p 296.

Local Concentrates, Midvale.
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Theoreticrl sprecte of the Probler,

Roesting 18 tha hesting of & metel or metellic compound to sn
olev:ted tempersturs, in contset with =2ir, coke, or other re-gente, %o
elimin-ts one or mors chericel componente present, thru volstilizstion
8 8 gr8e FRoppting g subdivided into & grest meny porte, such ap Ople
cinstion, oxidetion, reduction, #nd chloridizing ro:rstings. At the off=-
set of thia theele we :re eeﬁcerneé only with oxidizing rocsting——ros st
ing In contect with oxygen or cir; but leter we brench into reducing
rorsting in contaot with co¥e, cerbon monozide, Or the mlpﬁide ore.

Voletilizetion ig sceomplished by he-ting the metal or‘ rets1lic
compound to such o terpereture thet its vepor rreesure 1e sufficliently
high, wb‘m the vepor ie constently removed by pome mespes (such 2s e
currant of air) eo the vepor pressure never resches 1ts equilibrivm point,
and the corpovnd or retsl will de entirely removed in s stst'ed time, Hence,
to accorplieh vol:tilizetion, we woet coneider (1) the eompounde preeent,
end the probebility of thelr occurrence, (2) the effect of high temper-
‘oturee upen there comreuﬁda. e to (o) thelr relting, or fueion points,
(b} their dlesocistion =t tre terperstures involved, (e) the varor pras-
euree of these compounde, end {4} dlscover frow the litersture the ewper-
lencee of others in the volstiliz tion of the compounde previously deter-
wined + g likely to be present,

The roreting of zine concentrstes reculres high temperztures
¢t the offeet of the rrocees, but once lgnited, the oxidstion of the

gulrhides present fornish pr-oticelly ell of the hest needed to complete
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the process. Bray gives the ignition temper:tures of severrl miner-ls,

smong which e e the three chief emlphide materiale present in the zine

memtratesx(”
Ta‘ble ?II.
Ignition point of fulphide Ores, Centigrsde “¢csle.

¥iner-1 Gr-in 1 mm Crein 1-2 Grain sbove

in size mm In aize 2nm in size
Pyrite 325% 4035°¢ 472%
Sphalerite 647 - » 810
Galens 584 ‘ - 874

b the sverege zinc concentrzte used w:s 95% ~100 mesh, or
meeller then 148 mm., 1t cen safely be assumed that the ignition point
of the ore w-s in the neighborhood of 650°C, This tempersture mmet be
attained by supplying he-t from exterior sources; howevef. once ignited,
the sulphides of zine {the predominent constituent) resct ss followss"

28 § 30, = 2mbd 4+ 280,
Z88 ¢ 20, = ZnSO4,

Considering the thermel reesctions of the s2tove compounds, we

have the following results: ‘
mS + 30 = 200 4 80, - 114,580 cel

6), 2]

@ =
L]

@ Bray, J L, Principles of Hetellurgy, p 57. Ginn & Co. Boston. 1529,
WHomman, 8.0, ILos. Clt. p 73.
@hgalle; WeRe Loc. Cit. r 40,

#)Getmwen, FJ. O‘utlines of Theoretical Chemistry, p348. 4th ™ait. 1527,
Viley & Soms, N.Y,
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These reactions will spupply the heat to reduce the enlphide sulphur to
8-10%, sfter which it is necess:ry to 3dd hest from exterlor sovrces,
or sinter on 2 Iwight-lloyd einter, to complete the reduction of the
sulphur down to 1-2‘}:5?, Bray)atzztes th-t it ie common presotice to use
one ton of corl to & ton of concentrstee during the rossting procees,
During the oxidizing roaets, therefore, 1t wonld peem thet

650°C will be the lower 1limit of possibilitles for roasting. Fowever,
"o complate 2 theory of the voletlligstion poseidilitiecs of both lesd
and cezdmivm, we muet study their re-ctions in the oxidlzing ro=ste:s

Cas ¢ 20 = 30 4 Nz - 101,210 e-1,

Cas 4 40 = (480, - 185,550 oal.

0480, = Cad 4 20 4 61,700 cel,

or Ca2 4 40 = gd 4 S0 - 123,850 esl,

The heats of resction in the ebove list of renctione w:-s celounleted from
the Handbook of Cheristry and Pbygice(f'vhﬂe Bnegeéq)umeeee the renctions,
Similarily, lezd reascts in the following mannerfﬂthe therr:1 values gleo
being computed from the BE-ndbook of Chemistry =nd Phyeice&e)

P2 4 30 = 0 4 205 « 99,200 c:l.

e 40 = ?bS94 = 195,900 ee2l,

P, = Pp0 4 Rz 4+ 74,000 erl,

or P8 4 40 = P 4 Wy - 121,900 cel.

(V118de11, DM, Loe. Cit. p 1203,
{()Bray, Jolo Loc. Clt. p 2€8.

(3) Hendbook of Chemistry csnd Physles, 9th edition, pp364-82. Chericel
Rubber Co. Clevelend. 1922,

¥ raagem, Loc. Cit. p 12,

@ﬁellor. Trertise on Inorgenic rnd "hysicsl Chemistry, v 7 p 497,
Lopgrens, london, 1927, )
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A lsos @l

Zaf0g = Zn0 + gz 4 52,900 esl,

or m8 4 40 = Zn0 4 S0z - 134,820 eel.
From the -bove equetione, we cen ecslly sec thzt we rre concerned with
nine principle prodvete in the oxldstion reset--Zng, Cd%, Pb%, MWy,
Ppf0gs CdX04, 7nd, Ca0 :nd PbO. While recognizing the precence of
#1licrtes, nnd other compovnds, the ones mentionad sre undoubtedly the
principle ones. Ae the sbove resctione ghow, trerendous quentities of
hert sre 1liderrt~d during the rocstine proceee.' *hile coneider-ble
amountg of thig hect is otherwise vtillized, it should be possidle to
utilize the excegs %o volrtilize ount & portion of the irpuritice,

That will be the phreies]l ~nd chemicel ef fects of he ting the
adove cmnpoimds to above 87°09C? Of the physiez]l effects, the ones
woet commonly encounterad -re the relese In veror-rressure, aprrosching
the melting-point, eublimetion-rcint, 2né even the bolllng rolnt of the
corpounds. The chief chemic:l effect lg digeocistion of eertain of the
corrovnds sbove the temper-tures noted, Let ug; therefors, concider
esch of these affecta on mach of the individe 1 eomcounds noted sbove.
It might slso be of intorest to discover the recorded fzcte upon the .
voletilization of the various corrounde.

The relting poirt or fueisn roint of the m-terizle in gquestion
will be piven the first coneiderption, If the cherge is allowed to fueq,
the rra- exposed to voletiliz-tion ¥will be lowered, which will m-terielly
effeoct th~ rate »f vol«tilizstion., Too, the probebility of the intere

resction of the verions gleg-‘orming compounds within the cherge i@

() Ingalle, Loc. Cit. p 29.
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fsciliteted. Tor these re-eomg, we must ¥eep the mess below the fusion
point, or et ths gre:test, at a point of incipient fuelon., The follow-
ing teble hee been gecured from the liter-tures

| Tebls VIIi,

Pagion Pointe of Compounds Formed During Ro-sting,

Compound ¥oltirg=Point 3. Compound Malting-Tnind
(» P>]
Ppo 880°¢C - SQ’K%(B) ' Zn80, Decomposed o
P8 1080 -~ %OG 3 cao Fot Fecorded,
Pty tbove 11000 13 CaNg Dac. 1000°
Zn0 Wot Recorded ¢ 0G4S 1750 at 10009
Zns 19{"3 et 100 Afrop, Atmos. Pressure

H
Pressure s

,ﬂellorwstﬂtes that both Ca0 ~nd Znd ~re highly refrsctory.
Twelvoating the ebove teble, it fg ecell meen theot we will
have no troudle with tre zinc eselte, but lend oxide umvolstilized is
likely to cruge trouble. “yperierce upon thie polnt; howevery hope ghown
the averrge peint of incipient fusion to be in the nelghborhood of nm%;
while the meltin =point of the mess 18 in the neighborhood of 1300°C,
(See Test B8, experimentzl dst-) |
Ge%manmahews thut every 20118 hag o definite presere tending

to bres¥ it uwp into eiwrler covrovnds, celled the discoeclztion precev}e.

() ¥ellor, Loc. Clt. V.7 p 647e
M mvia, ver p 807,
V1v1d, v7 p 786.

(#ma, v.4 p 597 (1923 vait.)

(Ortnar Tycy Bye Rugrigrets v Shgtes i, Hims wnd Cotla,

(| etmen, Loc. Cit. p 3584,

IW#ellor, Log. Clt. p 512, veds

- ‘é

x

¢
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Aprlying this phenomons to the problem st hend, upom esch of the oom-

ponents noted zbove, we find:

The eulphates -re the ones most quickly droken down with heet.

w '
The Internstionel Criticsl Tables stetee thet at 7409C, the folloving

reaction tekee places
ZnSQé = Za0 4 05,

W
Hofwen giver the disintesration perier g folloves

o LY
a0, R0 762°C

Kglluz?)givea the diesociation rreseure and terperstures of Zn304 ass
% = 676 690 720 750 775 800
Pem = 5 6 24 61 112 182
ﬁelloruélso states thet the dissocirtion terper ture of zine sulph:te
i1a lowered 1f zinc oxide ic precent. '
According to Bus en?.)caa-.imn mlrhste decomposesxes followss

52720 878°0

a0, = 50AC.Xg o0 4 W,

@
0ldright notes thet lerd sulphete beging to decompose to the oxide around

900°C, while ﬁelloxy)puta the renge of tarrerstures 24 900—100000.

In the roscsting of lerd sulphide, severel oxides have =n

1) Internetionsl Criticel Tables, v.6 p 118,
MHofmen, F.5, Lloc, Cit. p 41,

U lellor, Loc. Cit. ve& p 602,

WIvia, v.2 p 619,

(YBuagen, loc. Cit, p 12,

(Claldright, G.,L. Lerd-Zine Sepsration by Vol:tille-tion. Weports of In-
veetig: tion # 2544, U.S. Pur. ¥Yines., 1927,

("Tﬁellor, log. tite v7 p BO7
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opportunity to formPy0, 5504 nd Po0p being some thet might under
ordinery or extrrordinsry conditions be preseut. Assuming these present,
we will determine thelr behavior towerd heatlng: ¢
(1) g0, = PO 03
)
gccording to i‘ellor&.' who gives the following table on the dimsocistion

prespiree of this oxides

% = 4.8 464 .4 511 .2 37 o6 558 o3

Pom * 84 32 ot 76 155, 270,

Ag the partiel preseures of the oxygen in the stmosrhere at 760 wm,

_ is sbout 159 mxr., 1t cen be egeen that this oxide will ceasre to exist
sfter the tewper-ture bes been meintained sbove 540°C for -nmy length
of time, Eelloxwalso gives the formuls for the discociation %o der

Logiop = =7.8595 77T

{2g) 20, = 2 Fd ¢+ Op.

4 11.8976.

I'41e?uc>:¢-(~z):¢‘-a;~tn"'te that the a2bove reaction has & pressure of 21 stw-evhere

(Purtisl pressure of the oxygen in the stmosphere] zt 3949C, I'rom these

two facts, Pb0, of those, slone, would probebly exist »¢ the omlde above 580°C.
%‘ello:-(S)r-eportn the presence of the suboxides of both ¢-dmium

snd zinc, but the consensvs of opinion ie thset 1t ie & wixture of both

the metel end the oxide, rether tih:n = deflnite cowpound. These would

be immediately oxidized in conteet with the zir to the full cxides,

The dissoclstion preesure of zinc oxide ia:w

() ¥ellor, Ice. Cit. v7 p 675,
@Ibid, ve7 p 684. |
(? 1b1a, v.2 p 505,

Wivia, v p 512,
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% = 2y 1207 1727
pm = 0,0g51223 ("001655?9 0035489

which ~t once shows thie to be » neplikidle foctor, 1, Colsanmstate:
thet Ca0 dissocictes below £00°C, #nd the vol-tilized film of 04 forms
In trensritisd light 2 violet—blue £ilm on the welle of : glanms veseel,
but Budga}seugges*a trot thie ig true only in the presence of the metsl,
Pb0 does not dacorpoge below 20‘75"0(?)

Cadriom sulphicde diecociztes ot GOQ‘}C{:’] Tpon the other sulphides,
I hove no dats.

From the above conslderstions upon the dlesoci=tion rreesures
of the verioue minersle, i woulé seer that sbove 1000°C (the rsnge in
which moet of the experimsgtel work wee corried on, due to vepor pres-
sure considerstions taken up leter) the smlrhete compounde need no
eonsideretion, ¢ trey are doubtless but treansient compounds. ¥e will,
thersfbre limit ourselves to the conclderstion of only the smlphlides
rnd oxides of the wetele in guestion, both of which -re present through=-
out #n oxidizing roset: end turn ocur sttentlon to the vavor preseures

of these cowmrounde, t0 determine st what terver-tures volztilligztion

way take plece.

")Hellor. Lloe, Cit, v.d P 512,
() Budpen, Ise. Cit, p 11,
(3 ¥ellor, Loes Cite ¥o7 D 6484

4 1pia, v p 597
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Studylng the sulrhides, it wop found th:t the vepor pres-
gure of leed sulphiée 18 -t different tmparetureasw
% = as0 917 940 978 o8n 995
Pan = 2.0 40 60 11,9 1340 17 0
*. Biltz founé csdmive svlrhide subllires .t 98000, en’ rinc sulphide
at 11'/‘5;&200.9’ Toeltz end Gr&umannwfmmé zine tlende slightly volet-
1le at 1090, but coplorely eo ot 3200%C, Thie volstilizetlon of zine
sulphida ig spprrent tut once in my work. (Test %#22)

Pogeing to tre oxifes, Jengch ctatepr thet cedriur ~xide i
velértilized to €167 by roceting zinc ores. Budgm‘g)givee a greph ghove
ing the i'eletive voi<tility of rirc ovide ongd cxdriur oxide ot different
temperstores., vie’elf}or( ste"tes tret both zine +nd cedrium oxidee sre vole-
tile ¢t 2 vhite heet, ‘éu{ reltver ot ¢ red he - teo Féiqer(xg);ivae 2 very
completr treetige vron tre vsrér rresgurce of zire, lezd, snd cedriom
oxidee, én& fror kie ;:rephe‘ heve been congtructed the composite Grork I,
It ehowe' ¢ very plluring poesibility of pepsretiop »f the oxldee by terpe

.
er-ture reuger betwaen 130 and 1200°¢, Telser £lgo glvee the vapor

presmireg of litharce frowm 750 to 14?006, the bolling-point of the oxide,

¥ ellor, Loc. Cite ¥vu7 p 706,
(DT0id, ved T 537,

@Buagen, loe. Clt, p 11,

H Bellor, loc, Cit, v.4 p 511,

OrPatser, 10c. 1t pp 269-6¢; Figuree ¥95, 100 sné 101,
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By own experiences in the exparimentel work has eorrosponded to Felser's
results much more cloeely t¥-n to the other suthorities menticned.
Upon the cusntity of materi=1 volstilized 5t -0y one tempers-
- fure; coneldersble &:t- cen be obteined from the literature, but =t ite
brosty = l-rger portion of it ie contredictory. §sllcz'(,}giv«as the followe
Ing quentitis-s of leed oxido woletilired during the periocd of ~re hour
at different tempersturee:
oc 700 800 900 950 1000
4 Voletilizes o1 2 20 5.0 10,0
and further atat-e th-t the volrtiliz-tion rete is lowered by eflles or
hematite. Feiser())sZee glvae the rrovnt voletillzed in 30 minvtep-- :
100 percent sbove 120090, slec checkrd in thie work, | |

' £
) Upon the rete of volstilisstion of gzine oxide, Fellor gives
the following dsts,- however no tirme 1imit is specified:
S 1000 1203 IXYY 1490 1700

£ Voletilized Vory Besins 1% 137 Very
Little Repid

Feisezwgives the qu ntity of cadmlum oxlde voletilized in 20

mirutes Trow 123,‘\1:& grome, 30 em? purfece axposed; ogt
ec 200 1000 1100 1200
Om. Volt. HO01 L0168 0121 H876

' © Seemingly, this r-te is materiz1lly lowered by the presence of hematite,

[ HMellor, Loe. Cit, v.7 D 647-8,
(JFeimsr, Ine, C1t, p 279,
Buellor, I0ce Cit. P 597, Vol

Wreiger, Toc, Cit. p 27% 4
s P



20,

"hen we consldar the affect of 2ddition of eske to the rosst~d
ora, in order to volstilize further smounts of both codrim =nd lecds
we eancounter the follewing reecetione in thé 1iteretures v

ca® 4 6 = ca 4+ 0.

Cad 4 0 = 0a 4 (g, o

200 4 € =208 4 g
Those resctions stork chout 580°C, end over 1% of cedmium ie volstilized
et 700%, %n!n(z;tatu th-t in prectice, the flpures sre from 702 to
813 for the reductiop.of cedrivm to the metal by coke, 30&%8!?!?»3’!
the following veections: ;

0 4 € = Zn 4 0O,

00 4 00 = " 4 0,4

o, 4 ¢ = 200,

270 4 © = 22n 4 00y,
heve » precties] renge of 1022 to 10889C, The boi) wi‘nﬁ of cadminm
1a 778°¢, ond for zine, 920°C, eo we heve a precticel renge of 1500

3)
in which the sopcretion wey be carried ovt, ﬁ'aara( finds thet ¢ ,bon

éfoxide in comsentrotions of 10% preoticslly reoxidized the gine =t 750°C,

¢

¥ellor yaports thet the recotion:
™ 4 00z = M0 4+ 00
heve their equilibrium points ce follows:
oc = 1000 1128 15°0
€ oo, = ol o2 75

&

(V Buggeny Zoae Cite p 38,
wﬁbm& loe. Cit, p 220,

-

Wo'Rersy Ble Cxid-tion of Zine Vepor by Csrbom Dioxide. Bur, Mines
Teche peper £ 236, 1924.

‘("Honer. Ioe, Cit, fA P 413,
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€0, Maler of the Berkely Station of the U.S, Pureem of Mines hes
kindly e¢=loulated for this work th-t the reeotion:

| Cd + €0y = €0 4 0
is pﬁnnteé by over 95% of csrbon wonmoxide, % 780°C,

The presence of sither corbon monoxide or coke with lesd
oxiaa would Iwredictely refuce it to ite metellic stete; earbon mone
oxide refucing it st 300°0, sna 1itharge 1s redusced st o ¢ull red
hest by charcoal or eon.w Lerd, however, would not volstilize, se 1%
hee = boiling-point of 1525% "

The effect of coke upon the enlphides is =180 marked, l!ellor@

firds thet whem gine emlphide 14 heoted with coke, 1% volstilizes ~

altogether, with the probeble reaction: iy &Uﬁbﬁx
2708 4 C = 2% + \%.f" L'W;:z v,«(

This bepgins =t ma-:-m’o. however my own exAp‘érlcnen ghow = lower poini

then this. Cedmium sulphide diesoclates st 60°°C':)but no indications

egre given for 1%s resction sg 2bove, !leua:!'%lce indicates that -t 750°C,

the resction:
In® 4 g = Znd0 4 00 ¢ 8

ocours. Leed gulphide ig umeffected by coke, cerbon monoxide, or carbom

dioxide except ot white hests.(")
There ig 2180 the poeeibility presented by the lesd, thot there

3 (s

might be en Interresction between the emlphides, oxides, end mlph-tess

(Jiellor v7 p 655.

(? Bandbook of Chem & Phys, loc. Cit, p 107,
(dxel10r, Loe. Clt. vet p 605,

M mia, va7 p 792,

Wivia, v.7 p 297,
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P 4 2Fbd = ITb 4 ge
Bowever, »n geccreh of the litar-ture reverled no interrecctione batveen

tha selte of crdmlur end zire,

Swmrorizing the cbdve d:te, we see (1) that the fosion point
of r roset 1g between 1150 end 1200%C; (2) th.t mlphetes ore but of
socondery importances (3} th:t the vapor presmirsse can be ntilized to
 aifferentiste lecd ond cadrium oxidee from zinc oxides between 1000
2nd 13009C; end {4) th:t =t cbont 1200%C zime sulpnide begine to
(theoretic:1ly) veporize, while c:.dmwiur gulphide begine to volatilize
below 10009C, »nd ti- % lesd svipkide bzg sn apprecisble veror pressire
at 1000°C, From the d.t-, the oprortune temper-tures for vol:tiligetion
of lerd snd osiwiur sslts from zinc covpounds would secw to be in the
neighborhond of 1170%C, Towerd experimentslly testing tris point,
thie thesle ip sived., Of the offect of reducin: sgents, it would seem
that temiseratnree balow 1000°C should be utilized, becaume of the vols~
tiliz-tion of zine oxide thru reductirn. Typerimoutslly, however, thile

temperaturs wee netrer 1100°? o
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Hathods of *nslvsis

The sn-lysis of the met-ls rerorted in this thesis wers mede
by the followins metheds:
(1)

Cno~half gr:m of the semple wee dlseslved in 10 ce, of HCL

3]

inc,

and 10 ce '. of HEC,;, =nd t-X¥en t6 drynegs, The residue w:zs t-ken to
dryness with snother 10 oc, of BC1, :nd then to¥Xenm up in 10 co HC1 and
180 gc of wstere This w-oe boiled, ~nd then WELOH vee added 40 pree
gipit:te the iron, 5 grome of armoniur chloride #nd ¢ smsll pinch of
swmonium persulphcte being pdded to the -mmonisc:l solntion, the former
to keep the zine in solution, the latter 0 oxidize =ny meng-nese prosent,
Thie wne bolled, ond filtered. If ¢he preciritcots w-m loarge, it wee
diserlved in HC1, rnd the iron reprecipit-ted with NH,O0E -8 sbova, This
wsg filterad, +nd the swmonincsl snlution mixed, 5 cco 0f excess HC1
wop - dded, 3 to 5 grame of test lasd - dded, the solution dilates to 300
6¢ ey 20¢ the polution boilad until the coppar preciplteoted. The zolution
wes cooled to 70°C, »nd *+itrsted with » steud: rd ferveeyrnide solutiom,
using amrwonium molybdcte or wreniom nitrste o¢ oubelde indie-ters,
(2} Leca,
Keelor's volumetric chrom:te method wre use&.«m
{8) Salphur,

One-helf prom parple v-s molstened, .5 gn. potzssium chlor-te

2ddad, end then 10 ec. of nitric scide Thie was ficred slowly to dryness.

Ten co of Hydrochloric rcid were added, end the solution =2-in token

() Xeofar, Robert. Nethods in Nop-Ferrous Metzllurgic:1 Anslyels, lst vait.

1928. P 1500 ﬁcgfl'a?-?ill' NOY‘

Y
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to éryness. Residue wes trken up in 5 cc. hydrochlorie scid snd
140 cc. of woter, boiled, end the irom precipitsted ut by the sddition
of excess smmonium hydroxide. The iron hydroxide w-a Piltered off,
the solution hested to boiling, 5 cc. exces: HC1l added, :-nd the sulphotes
formed precipitsted by a=dding excess BeClp. The berium sulphste wre
digested on the hot-plste for one-half hour, the soluvtion cooled, £ ltered
thru o herd, eshlees filter, and the reeidve ignited st - red he-t. The
product, pure, white barium sunlphste, wos weighed s such.
£ Sulphur = Weight BeSO, x 1373 x 200,
(4) ©Sulph=te Sulphur,

The HC1 method described by Keefer was nployed.m

- (8) Cedmium,

This determinstion, with the desired degree of sccurscy, wes
very troublesome, Deceuse of the high gzine content =8 compared to th-t
of the cedrium—50 to 60% of zinc belng presemt to from .1 to 5% ced-
mium, The methods employed in various texts on qualit:tive enalysls
were tested -nd found to be very umsatisfootory. The proceedurss of
peverrl Western Smeltore were #l80 tried, snd while botter suited to the
problem =t hend, ¢14 not prove entirely satisfzetory, =8 they were design-
od for higher percenteges of cedmium then were present here.

The chief difficulty in sny of these determinstions wee the
length of time required for the deterrinstiones, -né the nurber of sters
teken in the snelysis. Too, the degree of seourzcy wee deeigned to bVe )(.4{13

within 2% of correct~-end 2 lerge portion of the work covered snslyeie o{ y S

- ¥
m-terisle holding less then thie limit of error, After =bout four monthe @.(F

Lo

U)Keefﬂrg Ioc, Cit, D 243 &
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of experimentation, it beceme evident that 1f the prodblem wes to be
setisfectorily solved, ¢ method wonld heve to be evolved thet would
ghorten the time, but primerily give n szcceuracy of not Iéss then O5%,

The seprretion of cadmiuwm from copper <nd gzinc caused the most
trouble; especislly the zinc~cadriom sepsr-tion. 41g0o, the 2ctusl
evalu-tion of the purified cedrium polution ceused some difficulty.

In most csees cited in the literzture, zinc was separated
ﬁom cadrium in & slightly scid solution, dbut this w:s especlelly time-
congaming, esnd required coneldarable equipment, An 1des m:y e gathered
from the feot thet 1t required from one to two hours constsnt gesing
with hydrogen eulphide to be ressonsbly sure thst sll the czdmium wes
precipitited; quite often even them, I rether think thot the cadmium
wes not precipitzted, due to the presence of emmonium selte, which
mrterielly effect the precipitstion of cedmium esulphide. Directions
were rather vague 2s to the renge of =2cld concentration over which
cadmive sulphide wes preecipitoted, snd inexpert menipul:-tion would
probebly give erroneouns reeulte for this recson,

The sepzretion of csé@rium from coprer w-e the szource of the
most rendily detected errors. Cever-1l methode were tried: The first
dependgaz! vpon the s0lubility of ccdmivm sulrhide in boiling 1 ¢+ B
sulphuric ecid, snd the Insolubility of copper sulphide in the acid
of th:t strength; however, as demonstreted lster, the probebility is
thet cedrivm sulphide le not qnantitg}rely soluble in even hot, concen-

trasted sulphuric scid. tnother method tried woe the preciritetion of
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oopper sulrhide from the solution while boiling with ¢ eolution of sodium
thiosulphete, " 1thin my own expériencpe. I find thet ceérivr sulphide
1s precipit-ted 1n thie eolvtion. The following experiment showe thimm
Mesolving 1,2886 .grame of pure stick cxdmium in nitric zold, tsking o
evlphur trioxide fvmee with hydrochloric :nd sulphurie -olds, dlssolving
the ceémivr eulph-te in 187 cco of w-ter, Introducing 25 cc. of o 25%
hypo sclution, : precipit-te w-g formed -fter bdoilling 5 winvtee. From
this precipitete, 1t wes cslovlsted th-t 1.5% of the ccérium hsd been
preciriteted. ellor ip incorclueive on thie pointy st one plr,-eewho
ptrtee thet 1t will preciritete nelther ceérium or zinc from thelr e:ltes
in smethez?)he etet-2 thet i1t will cuentitovely preciritate czériumr gol:hide
in en rcetle <016 eolvtion. For wy purpoene, however, i1t wag relected,
tnother wethod pugreete’ wes the precipit - tion »f ¢ ériwr suipbide In
en cemroniecel polution, with potugaium oysnide presemt to keep the corper
in solution, bjr the use of hydrogen sulphide. Pot.;auium oyvenide 1p »
reagent to de u‘seﬁ oni;‘:: the moet stringent » ' i;ciona. beceuee of the
1irlihore of the solnticon scalé@tly being mad- peid, -nd the desdly
fowes of prussic scid evolved.

The sctu:l ev:luption of the osdmium wse snother gquestion
vhich confronteé me. The etsnderd prectice Je electrolytic precipi-
tetion, but the ledbretory d4id not rossees the needed equirrent. Thne
ovelustion by welghing e¢g ccérium snlphste In = pletinum dish, 2fter
t-Xing the chloride down to drynege In eulphuric -o0ld, woe & long

Proceedure, very 8ifficnlt to perform, éue to the hebit of the scid

(V¥allor, Loc. Cite P 454, vol. 4.

21018, p 586, vol. 4o
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of erupting violently when hested in » concentreted forem, rnd s1so
fue to the pletinum were needed for the detervinstion. Jne other
gstandsrd method fc the titration with potassivm ferrooysnide, -g¢ In
the woethod of zinc dotermin:tion, but this 1s never succeszful, even
the smelier wethods cdvising sgoeinet 1t. The Seterminstion of ceodmium
a8 the eulphide hze been proven to de ermnous.m
Pleirly, the stend-rd wethode hed been tried, ond thege met'rlode
é1d not work on this problem, "e were f:eced with the fsots=-we would
heve to develop s method for the determination of the cadmium, or absndon
the problem, The former plen wsie sdopted, 2nd the liter-ture aeércheé
for new wethode, or perts oF methode end hints thet might leed to =
sstisfectory rrocesdure. In thip manner, = setisfactory, though not
entirely perfect method wes evolved, with 2 degree of zoturscy on low
e¢-@riure thet wee In Xeeping with the neture of the work. TFach Fhase
of thie meth & will be taken up in detail velow, followed by & resume of
the proceedure z2e it wre fin:1ly strnd-rdized,
The usual method for the eoluti~n of sulphide ores wes cmployed;
no trouble wee experienced from this source. The detells of thie etep
will be te¥en up in the resvre, |
(1) Sepzration of cedrivr from copper, srrenlc, sntimony end lesd.
Helloz{-ﬂgivee e prortion of the electromotive series of the metele in the
following order: MNengenaese, zine, codmlwm, irom, codalt, nickel, tin,

lead, hydrogen, antimony, blemuth, areenic, copper, mercury :nd eilver.

() H1ldebrend and lundell, Aprlied Inorgenic inelysis, 1929, p 204,
Wiley snd Fona, §.Y. : .

(DMellor, Loc. Cit. v.l p 1014; 1927 “dit.,
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Foch metal In thie list will displ-ce 21) metele following it from
golutions of thelr szltes The gecond step Of the determinetion wes

to repove the merbere of the seld sulphide grovp {lead, digmuth,
coppers ond ergenic) by precipitetion with iron turninge. In order

to have the sbove dlsplecement tave place comperstively reapidly,

th&a met be @ gep of four or more membere of the geries between the
two elementeg concerned, therefore, in thie cree, lead coulé not be
reduced repidly, eo thet 1t wrg removed by precipitetion with ewlphurice
tcidy 28 the Ingoluble leséd sulphete. Tim is seldom trovblepome, 28

it precticelly ip never found in spprecisble smounte In the zine concen-
tr-tes of thig digtriot, s0 thie objection ig removed. However, it
wovld recet gimil-rily to the lesd. Copper wee present in the largest
ag".w.nta. with sreller smounts of arsenic, entimony, -nd bismuth; 211
of theee elements sre eselly znd complctely' renoved by precipit-ting
with iron.

Codmimm, evidently, would mot be precipitcted dy irom, snd
would remein in solution slong with the zine snd such quantitles of men-
genece ¢ wee contelned In the zine concentrates.

(2) Sepsretion of cedmium from rine, iron, end mongenese.
rmwon um mlpbiaomvu‘_nlccted, e8 the precipitating resgent becsuee
e high concentrstion of gviphide ione can be obtsined gquickly with

¢)
the peve, Yellor stetes thet cedwium pulphide g speringly ecludble

Y Texen from a emelter method
Duellor, Ioe. Cit. ve4 p 589,
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goluble in smmonimm svlphide, is les: soluble in the cold then im

the hotsl)and in emounts g0 emll sg 0 be n negligivle fector In

‘ qméf;tive snalyeis(’) Hevertheless, cedmium sgulpride is sparingly
soluble In ell squeous eclutions of mmoniom laltec?ao th:t the
eoncentr-tion of the seve ghould be Yept =2 low ¢ popsidle,

The seperstion of cadrlum fror the other slements in solvtion
- {iron, wengenese :nd gine) end zine especially, depends upon g e-reful
control of hydrogem ’hm concentretion of the solution. Blasdsl/f}ststee
that the solability product of codvivm sulphide 1g 5 x 1‘3’29 snd that
of zinc sulrhlde ie 1,1 x 10~24, In order to ¢:refully Investig:te
the optimum hydrogen ion comcentr-tion, J.e.s the smoumt of scid thot
should be added for the best seper-tiom of crdmlum frow zine, the
following tests were m=det OCne grem of zine wes diseolved in 100 ce.
of solution, neutralized, :nd then quntities of acid were added ss
notad in the followlng t:ble. ! solution of ceérium wae made up and
trested simils-rily; 0,517 gw. of cadnium wee umed per 190 ce. of eolution,
Five oc of emroniom sulphide were sdded t0 the hot solution, followed by
cooling =nd then filtering 07f the precipit-ted sulphide. The zipe
precipitcoted wre determined by the ctsnéard ferrocyceide method; the
cadmium by the pyrophosrhote method desoribed lster. Xote thet the

zine wea determined seper:tely from the c:dmiuwr; the solutione were

not mixed., Toble VIII gives the resvits of tre tests.

(1 %ellor, Toc. "it. vel D 559,
(¥ Toig, ved P 605,
@ 1via, v p 604,

z
H)Blssda-le, Fundimentale of Quentptive Anelyels, r 122, *rd ™dition,
Ven Boetrend Co. FJ, 1922,
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Pable VIII,

-

Rfect on the proeipitetioﬁ of zine #nd codrmium, of the nddition
of v-rying ~mounts of HCl to newtr=l golutions of zine {1.0 gm. zine
Per 100 oc, of solution) #néd cedmivm {0,517 groms per 100 ge. of solution),
Constent :mount of precipitating resgent, 5 co. of emwonium muliphide {light),

Tegt BC1 -dded t 0w, °n in precipitete 3 Om CA ir golmtion,.

1 1 drop $84 £025
2 1cCe 2582

) 2 cC. +481

4 Z ¢cco, o419

5 4 cce ; 223

6 £ cCo 21182 $£18

7 6 cCe 068 AN

8 7. 8Cs ~000 #2038

9 8 cco L0158 9008
12 9 coe £01¢ £ 917
n 10 ge. L0000 £018
12 11 cce. $010 _¢113C
13 _12 ¢cc, Q218 1128
14 13 che £010 82338
15 14 coo _sR3EB8

16 35 cce 2470
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After experiment tion h- @ shown that 21 cn. wes too strong
en zoiéd concentr: tior to uae in setuel prrctice, vhenm preciritsting
crdmive in 200 oc. of polution, 1t wse rerlized th:¢ smmonior sulpbicde
wonlé heve ¢ nevtrelizing sotion upon the zcid, conetent in ite effect,
p0 the cxperiment trbtuleted in Tsdle I¥ -g wede. Codmivem (0,421 gm.)
wee 8leeclved in 300 ce. of eolution, nd verying crovnte of 501 wen
pdd=¢ to the nevtrs) eedrivm eolution, Vext, & c¢o 0f mmoni>r snlrhids
were r8ced to the kot golution, followed by repié cooling, the preci-
rtc-te filtored offy ‘nd tie ctdrivr eontent of tha riitmte deternined,

The following tedble yivee the dat- upom these tegtes

Teble IX,.
“ffect on the precipit-tion of esdminr, »f the ~adition of
verving erounts of 9C1 to the nevtral goluting of e-drive (0.,4311 om
of cedpium per JO coo of eolution)s Conetent -mount of precipitoting

rgenty T ¢ 400 0F mronivr suiphides

Teet ce HC1 =dded Gm e-driue in esolvtion,
1. | 14 . L0011
2. 18 $S014
3. 16 L0038
4. 17 L0008
Be 18 L008
¢, 19 1020
7. © 026
8. 21 £ 578
L 22 L462

10, X 180X
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Teste 3, 4, #nd 5, of T-ble IX indicated thrt the presence
of from 16 to 18 cc. of hydrochloric -cid per 300 oo of solution w-s
the prorer concentretion for the nearly complete precipitztion of
cedrivm s crdmiow eniphlde, Therefore this concentration wis uneed
in £11 pubsequent work.

i ) 1

The next step of the proceelure wes the dipeolving of the
e dnium gulrhide, yellorwatates tk-t cadmiume sulphide is soluble in
boiling 2°%4 svlpburic aoid, dilute nitric scld, =nd In lerge cxcers of
hydrochloric reid. The molubility of cadmium sulphide in snlphuric’
¢c1d voe tested In relstion to thie vn-lytic:l proceedure. The st:-ted
smount of ordrive wetol wee wolpghed ot ~nd Clesolved In concentrated
nitriec scid, the eolviion pevtrelized, snd the cedwimm precipltstes
with five ct. of srmoniwm suiphide, in ¢ 2% HC1 eolution. The preci-
pitazte w-» flltered off =nd dipested in boiling 20% malphoric geld
solution for 27 winutes, follow=¢ by DPrecipitstiom of the dissolved
csdmivm ra the swmonium phoeph:-te, igmiting snd veighing =8 the pyro-
prosphete, The dste scoumml:-ted recorded in teble X,

Tadle X.
\mounte of ocedmium sulphide dlssolved by digesting im 20% \

sulphuric rcid for 30 minutes. Comp=rison on the bagis of grems of //

0:=@niuom, Codmium determined by the pyrophosphete method, \
Teet Cd Teighed in .Cd Recovorad.
1, 3356 gm, 2042 pm,
2. | w2 L8661
2. 22108 2932

(’) ﬂ’llor' Loc‘ Cito 704 P 492. 7
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The =Wove work shows thot for this proceedure, 209 sulphurie
seid ie sn unestisfactory solvent. This may be due (1) to the method
of finsl precipitation, but most likely (2) thet sulphuric 2cid is not
% quengetive ,“;olvent for cedwivm sulphide. DTilute nitric acid (257 by
volome] wee next tried in excetly the some wey thet the 207 gulphurie

gcid hed Veen tested. The reenlte s2re ghowm in Teble X1,

fe/ble X1,
Felative smounte of cedmivm sulphide dlssolveéd by digesting
in & bolling 25% nitric ccld zolmtion for 30 minvtep. Comparison on

the beels of greme of cedmivm, Codriom determrined by thé pyrophoephate

method.
Test (8 Weighed in Cd Yecovered.
1. 5969 3045
Re 6097 oE917
e «5808 S5746

The results of this test vers somewh-t better thon those of
the preceefing ore, but the seme were mot accuraste emough for z quent-
etive enelyele schere., The geriee of teete were repected with e sol-
ution of one velume of nitric ecid to two volumee of weter; two were
tsken to nitric oxide fumes, the ot or to drynees. Conditions othere
wise the seme ge in the preceeding teste, Teblee X snd XI, The results

are given in Teble XII,
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Tedle XI1I,

Feletive emounts of csémium sulphide dlssolved by digesting
in & 228 (by volume) solutiom of nitric ecid for 30 minutes. Compor—
igon on the boegis of gremg of cadnipe, Codwium determimed cg the
pyrophogphate. '

Test Cé Teighed in Cé& Pacovered Femarike,
1. ST7ET g ” 3628 gm. Taken $o dryness.
2. 4126 4153 Taken to W0p fumes,
3. <5756 5770 e & ®

The lset two results of the teble (XII) gives the required
golubility, 21tho elightly high, Therefore, this proceedure woe u&opteﬁ
ae the standerd m digeolving the precipiteted cedrium eulphide.

With the purificé cadmium golution, various methode for the
sotuel eveluation of the cedrium were noted in the litersture. Of these
only two will be touched upon, though some others were tried and rejecteds
"lectrolytic precipitstion of the cadriom undoubtedly 1o the méat 80CUYr-
ate methods for & diseription of the proceedure snd comwp-retive :ceursoy,
ua‘; ¥iller end Pm.wu sltern-tive method is the precipitation of the
codmive -g codmium swmonive phosphete with secondary smmoniom phosphate,
(Wig)gBEPO,4, followed b: ipnition to cedmium pyrophosphzte -nd weighing
the httm-(.) To test the pyrophosphate method, smounts of stick cedmium
s¢ steted below, were weighed in, dissolved, and then trested ss noted

in the preceeding sentence. The resulte of these tests follow im Teble XIII,

(J¥11ler snd Pege, Columble School of Mines Querterly, v. 22 p 291, 1900,
(2)1p14, p 298,
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Toble XIIT, :

Ageursey of the pyroprosphete method for the determination of
cedmiume Cuentities of codmium metsl, se steted, @lesclved in ENOg,
precipitsted oe o:@rivm smmoniux phosphete, 1gnlited to co@nive pyrophoe-
vhates

Toet ¢a Telghed in & Found
1. _ o5264 gm. 45258 gm.
2, «3960 (3955
3 2470 «2465

T™he ebove resulte were quite gatiefretory. The proceedure s
e vhole wee now spprlied to synthetic mixturee of the elemente whicdh

oceur In zine concentretes., The resulte ere givem in Teble XIV,

Table X1V,
in-lyele of codwium in gynthetic mixtures; 4.9110 gme Cd,
4,962% pme Mny 10000 g, ¥m0p, 50038 gwe ferrove emmonium eulphate
snd 5.,0004 gm, copper foil were conteined In one liter of solution;

25 cc, rortions of this solution wee used.

Test ¢ in fewple Cd Pecovered.
ie «1226 pr. «1240 gm,
2. J1226 1255
E «1228  J1263
‘e 1228 «1267

The cadwium found wee slightly hicher than the smouvnt prasent,

due t0 zine, #0 the resesrches on scid concentrstion recorded on pp =31
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wore mede (Tebles VIII cnd IX). Tith the seld concentration controlled,
the reavlte recorded in Teble "V were obtrined,
Teble XV,
tnelyeis of ecsémivm in eynthetic mixture of 0,9110 gm Cdy;
8 gm, ferrous sulphete; 80076 gme Cug 30 gm. zine swlphate, 10 gm,

lead peetrtey per liter of solution. 10 co, semples takon,

Test ¢4 in Sswple ¢4 Found.
. 38 LH001 £092
2. . H091
8. . O096
4, . H097
tverege L1091 094

These logt regulte were of & e,eér.e of sceursey which wae
sstief-ctory for the work =t hend. The wethod wog them spplled to
zine concentretes, =néd compered with ccreful enalyses by troined
men in smelter leborstories. In three cosee, this method checked
within 017 of their resulte, The proceedure vﬁ therefore conpidered
sstigfectory for the investipgstion. As noted ot the beginning of thie

ci.sunton, 2 resuvwe of the procees would be mede, for experimentsl work,

Velgh out 2 five grer powple, if the celmium content of the
ore ie lese ther &%, plece In ¢ 470 cc. besker, 248 § co. woter, 20 cc.
nitric ecid, and 6 ge. poteseiur chlorrte. Tvoporste to dryness 244 10
co. HC1, te¥e to dryneses. 248 5 cc. of sulphuric scld, =ud dilute to
200 ece.; heet to boiling, snd boil t111 ecdmiuvm ceke @lssolves., Terove

froe hot-plete; 2dé@ 67 sm. of cleen iron filinge, coerse. 'llow vigorous
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evolution of hyérogen to ceeee, et on the hotplste, sngd b.(;il until
the hydrogen ie eypelled. Coo0l the golution, filter.' ¢ nd wih well
with weter. ‘

184 to the filtrete 15 ce. of BC1, snd dilute to within 15 ec
of 300 co. Foil, :né 248 %o boiling solution 10 ¢c of -mmonium
sulphide. Cool re quickly 2e poecible in & etresm of running weter,
filter off the precipiteted €45, and wesh thorouvghly. At this point,
the filtrate should de tested for codmiur In solution dy the slow
sddition of smmonium hydroxide, o drop at » time, watil the zine besine
to permenently precipitste. If 0% formws, filter off im originel psper.

Place the filter peper and precipitzte in original besker, »
2dd 80 ce of 1 5 2 ENO, solution {(by volome}y breek up the peper, snd
tare to fumes of 0z on the hotplate, dut take exceeding cere not to
let 1t go to drynesa. DTilute to 15? 0eey D0il, enéd filter off the
@igested poper. Hemtrslize with smmonis, or bdebtter still, sodinm hydrox-
ide, ueing 1ityus 28 the indiestor. *d&4 17 ge. HCL (@QM‘PE) snd
dilote to 300 coe Bect to bolling, -nd while boiling; 288 five ceo,
of smmoniom gulphide, Cool quickly ze¢ before. The C4€ will de glow
in precipiteting thie tire, ‘nd the sdition of not to exceed 2 ce. of
ammonivm hydroxide can be resorted to, if the precipit=te doss not
come down, Pilter, end test the filtrate with smmonium byéroxide, to
feint opelescence (0f In®, but ne perm-nent precipitate); allow to stend
for 1015 minutes. ﬂtts precipitetion hee been found to be the most
troublesome of rny of the stepey snd 1t would be well to weteh the

lossog here rether clogely. The glowness of ths preecipitetion econ be
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laid »t the door of the smronium gelte pregent, :nd for thies reseon
it ig gtrongly retommended t0 uge slkali hydroxides, for the previous
peutrzlizetion. Plsee the filter peper znd the Cé® in the orlglnai
besker, cover with 8 cc. of 237 BWO;, end digest to brown fumes zs
before. Dilute to 125 ce. (fairly sccurste} boll, =nd filter off the
peper. b

Po the filtrite, 2dd 2 few drope of methyl orenge, end teke
to falnt el linity with ommonium hydroxide. '4d HCl, & drop st 5 time,
until feintly ecld, and them & érops in excese. Add 2 grems of (NH ) HFO,
end =1llow to stand evm!fﬁ; filter off the precipitated codminm swronium
phosphete on sshless ﬁitaﬁru wegh thoroughly with wster, =nd place in
& crucibles Iénite the peper <t low hez::f-. snd finigh off st 2 red heste.
The pyrophosrhste formed e steble to sbove 800°C. Telgh es the
pyroyhogphete of csdmiumg CDgPplye

Tho Clghgly x 56365 = wh, Cde

In peseing, certzin notes should be made upon the prvaodlrﬁ
se & metter of helping once who try the method:

{1) The irom filinge should be felrly cosrse; otherwise the
reactiong will proceed with alwost exyloeive violence.

(2) Then sdding the eomonium svlphide, stir vigorously.

[3) Wever let the nitric scid eolutiom of the eulphide go
%o drynees, es the filter is reduced to & peety mese which occludes
considercble codrium,

{¢) Cooling quickly 2dds meterielly to the gquickness of

filtering the sulphidee, ¢e it seeme to gvoid the welleknown colloidel
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e
gtste so troublesome when filtering metellie sulphides.
{8) Them the codrivm is present In less then 37, the
color of cedwivm pviphide cruon~t be detected in solution, but wey

be detected om the pepers. The solviions of this comcentration of

cedrium gsevme o milky 'sppcarmce in the gecond precipitation,

"hile some festures of the method sre not entirely s-tis-
fectory, the method cen be relied upon to from 02 to Daf, Tee
puthor of this theeis hes weed it for 21l the enelysie of cadnium
figures reported in thie thesie, 2nd upon thie point, the thesis
gtande or felle. Above 8ll, sp sversge of 15 to 20 esdmiom deter-
miretions ¢sn be mede per dey, end thig epeed could repdlly be increse
ed by arparimethiml use of the method. '



Tha cpperetus nged In 211 but twe of the experiments lg sketoh-
ed in Fignre 1, As this figure showe, & gee-fired sgesyer's nuffle wew
ared for the henting #uf rorsting the chorge. The waffle-bottom hed 8
totel erez o 204 pquorc inchee, 17 inches deep by 12 inches wide. The
maffle-botior wep protected from the gslegging 2cticn of the zine ores
by e tipht-fitting cormdum sled, loted iu with fire-clsy., Thic held up
well, evem at 12000C, Upon this bottom wes spresd evemnly the 6000 gram
ere-ch-reeys which mode 2 depth of eprroximetely oune inch,

The fure snd g:pep woere drewn from the bsck of the muffle thm
8 1.25 inoh pipe, 7 fert long, into the beghouse, Tha sir peossing over
the mags wee reroved 8t & r-te - et onough to prevenmt the oxcespe of -
fume, but wop orrefully regulated by walves ~dmitting cold =2ir into the
beghoupe. This cold blasi served two purporest (1) it cooled :nd pree-
ipitsted the fume ot the entrence o the baghouse, snd (2) 1t cool d the
bsghouse en apprreciable axtent. “specislly In the refncing ro-sgts, dne
to the oxtd-tion of zinc wapor ab ve the bed, the b-ghouse ususlly wes
hented guite hot, necessitzting this cooling action of the stresm of
cold air,

The bog wen medo of asbesrtos cloth. Typeriments were carried
out with cottom boge, dut the :¢id, formed during the re=ctione,
quickly destroyed theee bags, The sshegtos bage were then substituted,
snd formd to be very efficient, especielly sfter the first ron, whem
they becrme co-ted with fome, wetted somewhet with the scide in the gases,

end rendered elwost weleretight. The bepe losted for o consliersble
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length of time, snd without the nesesssry hondling £o ramove the fume,
s;gnm have lssted wuch longer. The bups - fter slx or more yuns heceme
zlmoet ripid, snd opening them to regnove the fume crzcked Open eprces
In the slder =nd bottom, ma¥ing necess:ry repaire, and ultimetely 2 new
beg bécsne 2 necerslty. Three begs were uged during the entire geries
of datermincstions,

The beghovse wnp exheucted by the blower, copadle of handling
1000 coble feet of -ir per rinute, but rpeeded down tO ome-third of thie
eep-eity. The geses, after rseeing tiya the reletively l-rge bashovse
wers guite 00le-not over 40°9C ot eny timee—rnd for this resgom d1¢ not
sariourly sttsck the interior, After o few runs, the oxhsust frng wore
00eted over with fume =né oll, from the frequent clling of the blower,
?rqn the holwer, the gussp wers condveted thra & 2 inch pipe to the st-ok,

tfiar charglng the ore Into the muffle, the fum-ce, honted by
natur 1 gre, wep 1gnited, end *he ore cherye hoated to the =piroxim-te
" temrer-ture pre-srrangad fHr thet prriticul-r deterrinztion, or wmtil the
fireg* fume mude ite eppe rsnce bove the bed of tv 2 nra. The exheustar
fsn wag then st:rted,y snd the time recorded in the oyperimenis token ss
zero -t thie roint, The mese wos repulerily rabbled et Seminute inter-
vels with = hoe-chaped ﬁabb‘le, g=re belns ts¥em thet the crlcine wus of
ag congtant compoeitinn se possible, snd no ‘de-d’ portions present,

Terper-tures were mesgured to 1100°C by a stendsrd Chromel P-
Alwrel thermocouple, 28 ramufsctvred by the Joskine Compeny of letroit.
The resulte were recorded by # Loeds-Horthmp rotentiometer-indicstor,

T™a thermocourle wirees were protected fror the hishly escld g:=p by 2
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fased 21lioc: tube. "he potentlometer wer stendsrdized sgeinst the
bolling-point of enlphur, cslenlsted - 433.,89C from formular %0
correct for berometric preaeure{”snd z*ﬁ?ialé the me}tinr;’-paint of
silver, glven ce 955"0.(

Tenperatures sbove 1107°C were dotermined by oz opticel pyro-
meter, menufectured by the Leede-Northymp Co, of Philadelphis, the
ourrent belng deterrined dy ¢ Teston williswmreater, The Instrument
hed been stend-rdized by the ™mited “tztes Buresu of Stemd-rds,

The run wee contimied, ~g 2 vevsl proceedure, with constent
rebbling, mtil the fuming beosme =lwoset nerlipible., Venrlly, foring
reached 1ts waximum sbout 1,5 hoore 2fter the deterrin-flion w.g comrena
cedy rud declined, until <t sbovt 3.5 houre it had cppsrently cenmced.
The tixe of the runs were extonded beyond thie due to smlrrur olimin-tion,

After the run v+-e eompleted, the boghouge wes orened, -nd the
fowe crrefvlly reroved with ¢ fine brush. The ripes 2lgo were cerefully
brushed outy re 2 coneider ble arount of fome wss dapreited In then,
The fume from both were crmrefully scresned, to remove foarelem motter,
wixad, «né thoroughly rolled, welghed, =nd srwpled.

"he muffle :né eo=leine ware allowed $0 000l overeniskt, the
ctlcine revoved, and the loat vort agersped out (c=s = comelder-bls :mount
r6hered rriher flimly to the welle of the muffle), and weighes, The
calcine ver reduced to -2C megh, rolled, =nd gsrpleé, The semple was
then reduced to «100 mesh sn@ rolled.

For the cavelopwrsnt of the -pparstue ond mathoé of procesdure,

(IJ Intem:ztionai Critica-1 T‘;bl&s, loc, Cits v3 P 2478 o

() ¥.m Wostremd's Chemicsl imnmu:1, 5tk "dit, p 274. Vsu Foetr:nd Co.
Y. 1926,
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I rm prrtly indebted to Ny, PO, Bocom of the ¥idvele Plent of the
Upited Steoters Smelting rnd Pefining Compeny.

For Teet 8, ¢ 780-prem grephite crucidle wo2p veed. The col-
oine weg pleged in thie, #nd loopely covered with ¢ gcorifying dish, hav-
‘ing o hola in ite center, which s1lowed the fomes to epcope. Thie wee
placed in o cersmic rot formcce, *nd hected for the usuel time, the
tenparstvre belng determined by resding the terpersture with the .pyro;
retar, #ighting thrv the hole in the cover.

Tor Teet 21, - epecle] sprarstue wos utilized, -e sketched in

m 2. The ges, ® mixture of 5% commereizl corbon dloxide, =né
85% of corbon monmoxide, wes stored in 45-1iter corbovs, snd the pse
gredurlly foreed thrm the furnrce frow the cerboys by water diaplocement,

L constent pressure wog gecured by eiphoning the wstor from
s contsiner into the bottom of the osrboy; this pressure wop Xept st
about one-half Inch of rt;.vr. meseuring the pressure drop eeroge the
chevge of ore, |

The esrbon wonoxide wes prepsred frow the =ction of sulphurié
pcid upon formic seld =t rbout 100%0:

HCOOH 4 EBp0, = 82304.330 + 00,
sccording to directione from ﬁel!csr.w
: The cherping, or resction chember woe duilt by Er, 00, Ohrne
‘g noted in Pigvre 2, & 4 inch pipe weg flsttened to the dlmenslong,
TL2B" y B85, ond tuilt secording to egpecificetions in Pigure 2. Thie

chember fitted suugly into & erell electric cgesyer'e muffle,

VUyellor, loc, Cit, v.8 p 911, longmsn & Co. Londom, 1924, 1et "¢it.
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provided with o rheostst to regulete the current, sné thus the hest, .
L gpecicl exit for the evhsust pipe woe drilled in the beck of the
muffle. The muffle wes turnad with the door upwerd, supported on
bricke, ené the recction chember ingerted. 4 layer of prlus 10 wesh
casrtz wes placed over the gereern for the depth of ome-helf inch,
1800 groma of the csloine (28 mesh) placed on the top of this,

the 112 tightly elewped om, end the syster finally mede gee-proof

by Ivting with fire-clay.

The mees wee hested to the desired temperstore, the goees
turned into the furmrce, #néd the detervimetion cormenced. The pree-
gore drop scroee the esleine wee one-h: 1f inch of weter, ce messured by
the wrter wenometer. The zeges from the resction chewber were led
thre » beghovee, similer to thet gkotched in Figure 1, dut 14 inches
in @lemeter end 28 inchai ﬁ.tll. L cotton beg wae used to ceteh the
mﬁ." AM reesing thru tiain brgs the exheust funes were cerefully

conveved %0 » chimney by weeng of ¢ 75 inch pipe.
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Experimentz1 Work,

A. fuddlivigions of the Wxperiment,

‘g ghown #bove, eeversl pogsibilitiesg present t}ienulvee
upon which teo develop methode whereby the voletilizetion of lesd sné
esdmiom from zine concentr:tes or ores cen be brought sbout, They sre:

(1) The cowbinstion of the volatilizstion process with the
necesgery roseting of the zine sulphides to the oxldes, preliminsry to
refuction to the metsl by either the retort or the electrolytic process.
Parrmount in Importence in this wethod ig the eliminction of eulphur,
but compled to thie muy be the eolution of the prodbler by utilizing tlu';
qusntities of heet libersted during the procese, or extrsneous hest
suprlied, $0 relge the vepor preesures of the lesd snd csdnium oxides
end sulphifdes to » point ihere trve volatilizetion, se defired on puge.
10 mey teke plece. 7

(2) The ceconé poecibility ig the rorsting of the zine concen~
tretoe to the oiidea. either with or wiﬁwt volntﬂha;ion of & portion
of the Jesd rnd cadmine by methode described under (ﬂ =bove, ond eubse-
quently trecting the oxidee with reducing sgents, coke, c:rbon momoxide,
or the rew eplrhide ore, in on sttempt to further oilnlnah the impere
iti0sn, upoehﬁy cedmivnm, by reducing it to the metallic stote, and
boiling 1t off. Too, the boiling-point of cadrium is 71_'!'6(."'!::19 that
of lesd ig wuch higher-—lszs"(“»:) go it might be fercible to separste the
le~¢ snd eaérhm‘by this methoed. The theories of reduetion have been

dlecuseed on prge 20,

(1) Ve Fostrend's Chemic:l Annuely loc lit. p 198,

‘171&1!, P ”’.
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(3} The thlird possidility tried, w s rossting ¢ mixture of
the sulphide ore with coke., “hile the litercture geve no strong b:ok-
ing to this, -2 cen be seen on pege 22, during the preliminsry determin-
stiong, it wee found th:t csédriuve in the fume from ¢ roset of thia xina
w-g unexpectedly high, 80 ¢ gerier of taestp were mede with this : @ = |
b ckground,

B, Aiims of the Pxpsriment,

Swmorizing, the rims of the experirent wewe:

(1) Complete elirinstion, e f-r =s fessible, Of 8ll the sulphur
from the ore, end 8 etudy of the finsl forms in which the sulphur remsine
in the celoine.

(2) & mexizum recovery of the zinc im the o:lcine, =& tie oxide,
+nd & ptudy of the compounde formed durlng the rozsting.

(%) A meximur woletiliz-tion of the cadmium from the coleine,
end s weximum recovery of the mat:l In the fume. “1p0 5 study of the
forme in which the cedwiur rerzined In the czlecine, snd the form in which
1t w:p voletilized nd collected,

{4) 4 mexiwom volotiligstion =ud ccllection of lead -8
fume, 8 Incidents1l to the volstiliz . tion of the csdwlum, Thias phase of
the question bh: s elreacy beem t-¥en up by C.L, Oldright, who hee definitely
proven the rroceedure of commercisl valwe(.” dr. "ldright svggested thie
experiment In & lett-r to ¥r. 4 .C. Pleldrner, +120 of the U.8, Bure-u of
Hines, during 1923, e ¢ continvc-tlon of his work upon the wol-tilizetion
of lecd from zinc. The problem, of course, rt once resolves iisalf into

the ereciel study of cedmium, and the heat effects upon its compounde.

(1101laright, G, Lepd-Zinc Sersr-tion by Volctiliz:tion. Reports of
Investigetion #2544, U,%. Bure:u of Vinee, 1923,
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Between Ur, Cldrisht's work snd this experiment, there exieste : fondi-
mwental difference in thest hip experiments vrere conducted uron concentra-
teop of woch higher lerd content then thoee with which I contended.
"ldright =1go atatee thst the terperatures he redords is probedly consid-
er:bly 1ow.('l)a conclueion in ¥eerline with oy own experiencer,

(B} & determin:s'ion of the proscibilitler of seprration of lesd
end cpdmine within the fume itself, or during the voletiliz-tion by =ppli-

castion of different veesures for preferential volatilizestion of one.
Ce Oxidizing Posating Teste.

Ve heve geen thet & merked Gifference exlated in the veper rreg-
gures 0f the oxider of lesd crd cedmium from those of zine betwe-n 1030°
end 1300°C (Grepk I). Thue, 1t should be possidle to volatilize both
the oxides of leed end cedriom, withont even sppredisble voletilizetion
of zinc oxide between these temperstures, provided the lesd oené cadrium
gulvhides were firet roreted to the oxldes: th-t the ¢ lelze did not fuse
ow einter, 80 thst the sres oren to volstilizestion s not 80 low 28 to
pPreclude commerci-1 poseibilitier; or thet chericrl resction with other
ingreedients in the csleine prevented the volastiligztion of the oxidee,

te to the poseibility of chericel vesction, thie ie very elight,
"he formetion of silicstes vould be the one maet likely to ocevr, ¢duve to
the low fueion rointe ~f thege compovnde, eapeéisny the lerd zillceotes .(2)

Eowever, the concentrates ren very low in silice, 2-—3"?. ag ¢can be seen in

Tedble Iy els0 the 11¥1ihood of the zine m-eklpg the resction is very hish,

{) 01aright, Loc, Cit. p 7.

Dmwia, p 2.
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Mas to the lérgc\ excens of this oxide, #nd the sprlicztion of the
lew of mass cotion. Too, the oxides of lesd tenmd to volatilire s
soon rs they sre formed, especlelly if there l¢ » runid eclrenlstion
of gal.(” Thie same can be sseumred true of the cedmiuw prodicis,

The sgglomersting stape wss reached on eseh different
congentrate ot 1150-1200%C, but true fusion begsn st ebout 1250-1307°C;
this waa noted in only Teet 8. To secure the maximum wolatilizetion, the
mo s ah‘oum not de ginta m*“. 8 the maas occludes large quantities of the
materisl thet wovld otherwise be volatilized., Hence, it would sgem th t
the preetierl lwmite rre 1000 to 123000.

| Other fectore rlse bagin to enter into commercizl possidvilities
¥hen we £0 cbove 12009C, The first of thege is holding the tempersture
for any length of tire involves the expenditure of large smounts of fuel,
Fedistion end conduction losses berin to be 8 predominent factor. e 2lmo
heve the guestion of providing eunitsble equipment to withstand the very
high tewper-turee, end the svidity of =11 pudbstences for slsgging at
thesze tewperstoree 1g well knmown,

218right ghowse th-t the volatilig-tion of Pb® begins st 602, :nd
raschee - mayiwmm ot 950°C .(2) For the triplie purpose of determining the
print best suited for the roessting of the concentreotes, for the lower
pointe on the oxide wolatilizetion curve of lesd oxide :nd eszérionr ~xide,
and moet importsnt, to devomstrete the poeslbility of eep-reticn of lecd
oride end cedrium oxide between 700 =24 1700°C (igeuring the vupor pressare
curvee of lecd oxide in Creph T ge too low, snd ldright's resalte e¢

correct), three deter~inations were m:de. The complete 42tz upon these

W 0laright, "oo. Cit. T 4

@ Ibidg r Ge
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deteoreinstions ere included under Teete 14 2, #nd &, Toblee III, IV, V,
end VI, ; ' | |

Teet 1: Cherges €900 groms of "1", T:eble I. Temperszture kept
at 700 4 259%C for 6 hours. This csleine wes ssmpled once each hour, to
deternine the sulphide mlphur in the o2leine, '#eight of caleine, 5342
gremse Velght of fume, 34.5 grewe. For ’eouphte date, gee Test 1,
Tebles IIX, IV, V, VI, 2nd XVI,

Teet 2: Cherge, €700 gramwe of "I, Table I. ¥ept ot 300 120°0
for 5 hovres 20 mimutes. Coleine s-wpleéd hourly. Velght of celeine,
5297 grome; weight of fume, ?2.6 grems,

Test 31 Oherge, 6000 grewe of "B*, Tsdle I. Fept et 990°C for
5 hours, 4C minutee, with congider:ble veripgtions in tewpersture. ¥eight
of celoine, 4655 growe; welght of fume, 92.5 grevws. :

: be cen be seen in Tsble XVI below, the ettevpted seperation of
lexd sné cedmive by thle wethod wee fruitlese, snd thie is even better
brought ﬁ’ by Grepk III,

Te heve therefore definitely proven the fruitlessness of wany
attenpte ¢t either the volstilizetion of, or seperstiom of, le:d and
ca@nium minersls up to 900°C, by vol-tilizetion.

Therefore, wve turn our sttentions to etill higher temperztures, ‘
heven proven thet the vepor pressures of lesd snd cedmium oxides cre
too low for definite voletiliz:t om up to 900°C, The following serles
of oxidizing rosete were cerried out, ror further development of the
'theory of oxide vol-tiligzstion.

Test 4: Cherge, 6000 greme of "B" pswple, Teble I. Aversge
temper: ture, 265 & 25% for 4 houre, 20 mimutes. The tempersture
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= Teble XVI,

w(vm;rrture\gffact;b vpon the volr-tilizostion of Ie,« dy crémium

bealling im0 oo :
end zinc-odhdw from zine concentrotee e ux!dulng,\nrﬁg.

‘?m%agaturq ;w. chmtsce of ericiml : Percentoge of originel

W ca:;muznaﬁa

|

70008 w{ 98 7 90,0 924 25 499 106 There
800 5‘5( 9% 7 90,8 95,5 S 9 &
L 80 7 681 18¢ 2,76 140 &
085 427 914 52 46 9% 102 1198 2 8.8 o
1050 kf”f 91.4 60 o6 6742 180 23,6 11.25
wo 4 ses  s64 _ TORRNE PX N T 20,26 {%
o  wfles  ws o2 109 zs&-{m

mwentioned ebove is sprroximetely the point vhere the vopor pressuree of
c=dmivm end leed oxides becomye m=rked on Greph I, Yeight ef‘ealcino.
4855 grems; weight of fume, 11%.5 greve. For total d:-te, see Test 4,
Tebles III, IV, ¥V, VI. '& can be seen in Graph IXI, or Table XVI, both
the leed snd codmium sre being voletilized t0 2 noticesble extent, while
the percentsges of exch of these elements, in the éalohm, sre beginning
to ehow & decifed drop., Greph IT,

Test 5: Chorge, 6000 grems of "B", Teble I, iversge tevpersture,
1050°C; time of run, 4 hours, 0 mimutes. The oollection of both lesd
end csémive In the fume is Seginning to rgsume commercisl poseibilities,
while the fell in the ezleine percentages (see Greyh II) is still stroung,
indice‘ing the triel of gtill higher temperatures. Seec 2lg0 Teblee III,
IV, V, ond VI, Test 5. '
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Tost 6: Cherges 6000 growe of "B”, Teble I. iver:ge temper-
atore, !100°03 time of run, 4 houre. ‘g yet the coleine remsined lesrgely
& looees porus wees, with very 1ittle gintering, Indiceting that ihe
formstion of lend elege with the £ilic: hed not occurred. The crloine
curvee (Graph I7) gtill ghow the»‘ steedy drops while those of the volstile
fzetion ?m&uete vovnte (Creph TII) spprecisbly. 111 indic-tione sre
tow:rd the vee of #till higher terperstores,

Teet 7: chzrm. §000 gravwe of "‘;”. Table I, iversge temper:-
tore, 1190 = 25°C, time of yum, 4 hou_xi. 156 winotes. Thie wee ﬁhe syore
aée wexivvr tenper tvre ctteinedle w;’th the sprerstue sketched In Plgure
1. The celeine wee buély einte-ef, “né nodulation or sgglomerstion wes
vary sppPsrent, Km;r. the eleine ovrves still drop steedily, dDut
the collection rete shows some tendency to drop off, both ee to the lesd
end crémivm, !5:' enelyeie, see Todblee ITT, IV, V, end Vi, “neovresed
by the fr1l of the ecleine rercenteges, we Pepe to Tept 8,

Test 8: ‘g we deglrod to tegt gtill higher tenperstures, snd
the limit of the original rpravetve hed been resched in Teet 7, we dot-
ervined to try the offecte of roceting in the grephite erucidble deserided
on pege 4%, 'p thig wae intended to be the highest temperzture tosted,
i1t wee decléed to vee enleine frow Teet 1, Imowing thet the cadnium
end lecd were 0till precent in represent:tive cuentities, end tiwe s-ve
the poecible trouble of the snlphides fusing or otbtm.ue migbehaving
below the meximum terpersture. S"b grewe of this celcive v ¢ rlceed in
the crucibles *nd trested for 5 hours ot 1n aversge tempersture of 132000,
o fuwe collection wee mede, or even feceible with the spreretue used.

The celeine sprumed ¢ periefluié ptate of fuelon; st the end of the test,
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the fuelon wee complete. 'nelyels of the remmlting celeine geve the
1:et pointe on Craph II, Welght of c-lcine, 420 grams., ¥e find thut
volatillzetion is well-nigh complete ot this tempersture, while but 1ittle

of the zine ig lost. Feemingly, zine oxide weroriz:tion 18 sporoximetely

. e# low pe thet Indlecsted by Graph T st 1200, for very 1lttle zine wes lost.

Intrepeting the re-glt: obteined, the following foote looe lorges
(1) The higher th temperstore, the grester the volstillzetion, with 1004
voletiliz-tion poseidle of sccowplighment in 4-5 hovrs between 1300 sng 138500C,
(2) Ihve exceedingly eppsrent relstionshipy between the voletiliz-tion curves
nd the vapor presrare ocurv-g of the oxide of the metsl st thet tempersréure,
:& comparisone between Oraphs I, IT, snéd ITI will reveel. (3) The fact
that le:d and ce@rlur ore imy’pfeciebly volotilized vnder 1000%C, in this
series of ietm!uticna. .

Teking o slightly different viewpoint, thet of commerci:1 valne,
my improgeion of the work is the teuibiliey of volatilization st <prro®-
imately 1100°C, with no sintering of the c-leine, snd <e discusced later,
the nice solphvr eliminetion ot $hig tempersture, coupled with whet would
seem to Indicate complete voletillzation of both metale from the caleine
in from 15 to 20 howrs, cssuming the rete of voletil i'ue‘ion e constant.,

% ie surpricing, no doubt, thet little zine is volatilized
during the whole process, =g revesled by Greph III, Thet volatilized
i beyond = shedow of a doubt &ue to mechemicel dupting. It i to De
remanherad thot the ore veed wee floststion concentrates, 95% =100 mesh, -
cnd & Poir percentage finer them 200 mesh. The frequent rsbbling would
seeount for the zine voletilized; o comperisom of the gine, lead, :=nd

codrivm volstilized ot 800% (Psble XVI) ghows thet these sre -lmost
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a emetent. The recovery vof the zine in the orlcine wee very wniform,
eiso. and gives no rise to the question ce to"ﬁze’cher we need worry sbomt
the volatilizstion of zinc oxide below 1300%°¢, The percenteges lost ere
éue to other comses=—pg sempling of celeine =t intervals; some sdsorption
of zine inte the muffle welle (2lweys 2 noticeeble feetor in the retorting
of zine, sbout 1.27 -t one !meric:n plent{:) The sverage recovery lg ss
good or better then good retorting prrectice, 8ltho the temperstores la
erproximetely the sere. However, little volatilizotiom of zine ie to be
cxpeetéé from Crapk I. One mejor point wee eceomplighede~the moximum
ziﬁc weg retelned In the esleine throvghout thie geriu of teste. (Graph II),
Viewing’ the percentege of lesd end &emim voletilized -aéd ¢ol-
lected in Oraph III, we ot once reslize thet st -ny one temper-ture, o
definite relstionship exiets between the totel lesd snd the totel eadriuw
percantspges collected in the fume. In fret,the r?lationnh!p ig very :

gimples ~
H88 X = ¥

There ¥ lg the percentege of leed volstilized ‘snd ¢ollected,
and Y the percentege of cofminm voletilized and oollected. Thie i
obteined by eversging the dst: obt«ined from 900° ¢5 1100°, Tenile xvVI,
This relationship holde with but imspprecisble error ~ver the whole renge.
The graph obtalned for thie veleturiz«tlon-eollegﬁm renge Goes not
follow the vspor pressure enrve (Greph ) very exsetly, but it Is to be
reelized thet it is very flexible, dne to the efficiency of the baghovee,
spparently in the nelghborhood of 60%, judzing from the percentsge of the
met-le thrown out of the celeine %o the percent:ge fovmd in the fume,

(/| Ings1ls, loc. Cit. p B40-41,
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5 /
;‘ ' Bowevern this feotor wes one hsrd to memage ot the beat.

Viewing the relstionshin of the lesd to the codwium in the
e¢cleine, 1t woul@ geow thet the percentofe of esdmiuw voletilized
rone in the nelghborhood of 157 lese them that of the leede—whlch le
tc be expected from Crerh I, givce the e-drnium oxide curve ilg slmwogt
the leed curve lese o constent feetor. The rel-tionxhip betwesn
Grophe I +n@ II ghows very well th t the lesd ond cednivm sre volstilized
from the celoine os the oxides, » steterent lster verified =& to czdmium,

tnother, end the mejor oblect of thig series of experimente vog
the complete eliminstion of the evirbur, sz fer re poeeidle, Tovsrd thie
oblective, 2 atna,y w:s made of the percentere of sulphide #néd pviphate
guiphur In the cealeines @vring the progrese of the rocate, both in the
sbove geriecs, sné in the rosete prelimincry to the l-ter work tn.reeua-
tion ané wvolstilizetion of the cslriuve,

stenor'"repoﬂn th:t the beet tevpercture for rossting zine blemle}
ie sbout 960°0. 2 ctoterent In which I ow In secorde The resulte given
below (Teble XVII) were rscert-ined by thoroughly mixing the esleine,
in the vuffle, with the rebbley snd then to¥wing s "greb” sswple, éaoung
quickly, ené determining the sulpbote sné totel eulpbor, from which the
sulphide gulrhur wee determined by g¢ifference. "hbla S!_II below g we
the resulte et éifferent terpercturece for the ~xidiring roagts, ce dotere
wined from Teete 1, _2. 11, 12 #nd 16.

(' vellors Toce Cit. ved p 602,
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Table Xvriz.

Rete of Pvlphide "ulphur “liminotion frm Calcine.

e e -

Salphide Sulphur content of the cslelne =t different

Time : pariods of roaet -t the saveral temper:tures:
X %0%¢ 200% 950°¢ 975°C _1300%
Beginming 27 469 26 47 — 278 24 .53
130 _ 21,29 24,74 20 779
1:00 19027 24480 17 61 18 .85 18 .51
1130 18.64 16,75 17 68
1145 17 38
2:00 12 .68 10,08 12.24 10,88
2170 : 2,50 7.2 7 86
2:45 10,22
3100 10,81 8.6 480
3:10 N - 1446
%:30 52 W51
5150 43¢
4100 421 | 20 K7 o8
5:00 2 21 a5
5136 . F
6:00 ¢10

PRSI

The rosulte given in the sbove t:ble ore plotted in Greph IV,
From this grerh, it ie resdily seen th-t the rote of elimin-tion of
slphur ie fzeteet In the nelghborhood of 9509C, -nd th-t thie rate of

elimination is uniforwly e straight line until the caleine ip reduced to
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less then 19 of sulphide sulphur, This is reduced t§ tﬁe theoretic-lly
perfect roset, =8 Hofinen sces itY

tg gtated ~bove, the rete of miphur eliminstion is 5 stralght
line grarh, hence It ghould it into = strelght-line formls. Such,
indeed, ic the ceee. Using the two-point forr of the equation of the

al

gtr-ight line,
Y =y = x - x (1)
Al X" - x
It X 18 taken szg the percentage of sulphur present, snd Y the time in
hours, substituting the d:i2 from 1.0 honrs znd 060 hours in the zbove
tadble, we have the equstion:
T ® 25,5 = 7,7Y {2},
Bot this Torm iz for & particul:r csse. Letting C represent
the originel percentzpe ¢f sulphur {» constent), 2nd X, the percentage

of sulphlde sulpher left in the celcine efter e given pumber of hours, T,

we havet

with littie 8rTroT. by solving for T = 0 in {2), we hcve the probsble
originel composition of the ore 2zt the deginnins of the deterninstion,
which would corrosrond to C in equation (5); sgsoming {3) to be correct,
it is tharefore theoretically poseible to eliminste 211 of the sulphur in
8 307 zine sulphide ore In 4.5 hours from the time of ignition of the
sulrhide, whon the zvercge temper-ture of the rosst is 950"6, It was
due to thie ocomsiderstion thet :11 ro-sts were carried out fex; 4 to 4.5
hours, ofter it wzr discovered in Test 4 and Test 5 (it belng under-

gtood that, =8 revesled by the liemres in Teble XVII, the smlphur wae

() Eofman, Loe. Ci%. ¢ 73,
W gengbook of Chemiztry end Phyeics, Loc. Cit. p 20,
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refuced below 50% by heeting to the tempercture in guestion, when the time
wes recorded c8 zero hours,) Ag gteted om pege 42, the lessening of the
fuming et sbout thie period of time w-g 2lso teken Into conelderstion se

s eriterion of the completion of the test, ‘

One question wight De releed here, will this equotion hold from
the beginning of the rozet? Yes, if the ore ip hested to the tempmtire
st & rete oe fret oo pogeible., T% tskes sbout ome hour to ralse the
celeine from room tempersture to 950°C, end the sversge composition was
sbout 527 sulphur. e the solution of the sbove equetion (2] shove, st
the beginning of the determinstion (after one ho r of préheating) the
compoeition of the celcine wee spproximestely 25% sulphur--sbout the 7.57
hourly eliminetion indicated by the equstion,

One otiaer guestion of interest is the form in which the zine
remeing in the ezleine, Prominent swong the compounds of intereet during
the reduction process ir the formetion of zine ferrites, which i dve
to the intimete contsct of the oxides of irom esnd¢ zines in which the resction:

m0 ¢4 TFe 0z = TmPeOs e
which begine et sbout 650°C, ‘ ,

Conpidersble work heg been done upc.n thig compound at the Utash
Tngineering Txperiment St tion by "ldright, Niecomoff, ond Hultgren. Their
resulte tend to show thet the composition ls conetent uwp to 950°C, but

have not extended thelr results beyond this tempersture.

("Hoﬂnl. Ioce Cit. P 44
G Inpelle, loc. Cit, p 32.



'e the ferrites -re ¢ source of Ioie both in the electrolytle
process, due to thelr r-oletive insclubility in éilute sulphdric fcmf)zfnd
thelir comperetive difficulty of reduction in the zine retorting proceu,@
for this rescom 1t would bs well to find out just wh-t effect the very
high terperstures used in these expesriments hed upon the form:tion of
ferrites. The :nclysls upon the de:d-roested product wee conducted dy -
lerching 2 houre, vith constent sgit-tion, = ssmple of the c-lcine fm,é%<~€ 2
Low's Solution, =t 27°C, by methods deviged by 7.¥. Keck gnd others \/Q/t
of the Tteh Yngineering “yperiment “tstien. but 58 yet unpabnshed,.)

The formul:, 7n"es0, (or ZnO.Feg%) cells for 1 grem of zine
to esch 1,71 grome of iron held Ingoluble., The results in Tedble XWIIX

were obt-ined upon testing for zing ferrites in high tempersture cslcines,

Teble XFIIZX,
Composition of Zine Perrites, 900°.12000C,

Pep. : Parcent Insoludble Zine : Percent Inscl, Fe t Patio Zn &t Fe
H § 3

$00%¢ 3 .68 6.1 1 &+ 1.66
985 5 .55 v 70 1 5 1.3
1080 5.26 64 1 3 1.22
1100 B W27 S 1 1 1,29
1190 5422 | 7 .68 1 1 149

() Method to be published.
@11ege1l, Loe. Cit. p 1102,
® Bray, Loc. Cit. p 277,
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Viewing the rbove rerults, it seeme thet comsidersbly more them
the theoretlicsl -mount of zine is held insoluble; however, =t 500°C, the
corrogpondence to the formul:z is very good. In f-ot, the firet tends to
show thet the formle, ‘nFegly holde to :bout 950°C, -nd then the resulte
tend to lend smprort to Hofwens stetement thot 27m0.FegOsz snd compounds

higher in zino cre fomeé.(‘)

The formstion of ferrites la, indesrd, one of the most -dverse
feotors in the fincl esolution of this prodlem; end 1t will prob:bly de
the predominent fector eprinet the ro-sting st these sdvenced temperztures
to secure mexiwom volstiliz-tion. TFsreci-lly ie thie true with the elec-
trolytic industry, shoulcé they decide to adopt volstiligetion, ¢ the
ferritee dem:nd e long snd coatly rroceedure of treatment RS

g to the forme In which the 2eérive cocurs in "oof;h the fume

and the celclne, you rre referred {0 p-res 77 to 80, trie thesis,

| Hofreng Loce Cit. p 444

2 P inton, UeC. Loce Cite Togs & in. Jour. v. 126, p 856. 1928,
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D, Reducing Tests Uron Oxidized Semples.

Ap stated st the decinning of the experimental work, thie
division im subdlvided into three mein olsssees (1) Tref:’tz.nent with coke,
{2} Trootment with eﬁrbon. ronoxide, +nd (3) Trestment with the raw
sulphide cre. "hile e.ch of these w=¢ provpted by s different motive,
the generel :im w.c the seme-—Cerending upen the reduction of both oud-
mivm and lesd oxides to the metallic‘ etote, snd boiling off the codrium,
but not the lecds The gemerel purpose of eourse wes to secure the mex-
fmum volatilizotlon of the osdwiom, with little or o sttontlon velnms
peld to the lerd, thie :lrerdy lsvivg veen taken orre of by the oxidiz-
ing rozetm digcusped in divielon ©,

Preliminary to esch run, the ore wse ealeined for ¢ time
culeul-ted from the fisures riven in Table XVIIew.qd hours. From Sreph
IV it ocen de seen thet the oprortune terpersturer for roceting the ore
are between 980 ond 110(""6, snd thege two terperstures vere sdopted

r# the preliminery tre:twent for thie seriez of doterrin-tisne,

‘ 1. Teets with Coke.

Thie serlies of rwng wae provpted by the roesting preetice of
8dding cosl to the lset one or two hesrthe of the Yedpe furn=cas used
in the roseting of zine cres, Frir:rily, the re‘gscn. for the =841tion
of coke 12 to meintain the highest terror-tures st the ané of the rosst,
but the possibility of reducing ~nd £2 vol ¢1lizlng some of the Imruritiaes
is eceily seen. idhering to the 1de- of the Tedge rosster, which the
app:ratug wore or l-ge reeerdleos, e gerles 2f teete vere made 2t various

temper-tures uron rreviovely ¢.leined {4 honre =t 950-975°C ) body of
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ores adding a definite arount of coke {B00 grams) while the ore wss
atill et thie temper.ture, and the roeat continued st the texpersture
until the fume produced by the coke plackened.

Thile it wae rezlired that the ooke would exert s reducing
zction upon the zinc, It wus hoped thet 1t would »lso stteck the coé-
rium, which, eccording to Hoften, ie reduced from 702 to 513°C, whnile
ginc ie reduced from 1022 to 1088%C i"

Buch, Indeed, proved the ¢rree¢ "hile consider:bvle zinc wee rede
woed below 1100°%C (the zine dletilletion usmally begen srownd 10609C) the
qusntity of the cedrivr in the fume grew gremtly to thzt In the csleine,
Aeta-lly, e oconcentration up t2 10 to 1 w: 2 effected ¢¢ for '8 the
cadrivm content of the fame wee concermed, when oowpered with the origlmal |
ore. Tith it, however, wop volatilized up to 167 of tie zinc. The
following tsble pivoe the mexiwum recoveries, in sctusl 8pg:y Parcent:ge
of the element present in the fume - nd o«lcine, 5nd the corroeronding
volztiligrtion of the zine:

Teble X1¥,

Comp:srieon of C-@nlum Farichmert of Puwe, snd Zinc Volstillzed,

Temp o Percent Cd Heedeo. : Fercent Cd, Reducing 1 Percent of tot:1
fame sinc volatilized,

1000% 51 2 .28 3.61

100 35 %61 1,10

1200 o35 3.98 2 83

Wote: Columne 2 -nd 2 -pery velnes; Colwm 4, zinc preeent is 100%,

) Bofmrn, Loc, Cit, p 320,
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Teble XI¥ gives the resulte obt:ined in thelr most fevorsdle
light; however, the sction of the coke wze too uzncertein for steody
recoveriss such re these,

Iuring 2 portion of thespe rone, the orléizing fume wes kcpt.
gseparste from the reducimg fuwe; however, in the final five {ir roint
of time of determinstion) the oxidizing snd reducing fume wee ¢ ught
in the ssme beg, Bince 1t wriegppmmed thet previous teste vere conclu-
sive enough to deronatrete thot the :moumt of ccdwium voletillized up to
9850°¢ w-8 ebout a constent, & greome of cadminm, Gerrying sleo 3.6 groms
of lecd, ‘8 ¢ ptudy of the following figures will ghow (Teken frow T:bles IV},

Pable X,

Orema of lo-4 oné Cedminm Vol-tilized -t 950°%C,

Om, Cd. Gm, Pb,
Tect 16 5,8
Teet 12 7 37
Test 1S o5 20
Test 15 . 6 sS4
tverags 8 3.6

Hereefter, therefors, nse wae mede of thie frot, rnd the cod-
mivm +nd lead of both the oxidizing -né redvecing fume csught togetier.

¥ith the becikground dlscuesed sbove, tripls were bepun:

Test 91 Utilizing 6000 grems of the "C" Semple, Teble T,
roeeting for 4 hovrs o2t 9759C; edding 500 grame of coke, thoroughly
miying, #nd r:-ising the f;emperature to 1000°% Por 1.5 houre, the results
embodied in Tgble XXI, Test 9 wee obtoined, Ceeo -leoc Tebles III, IV, V,

and VI for complete sn:lysie of thie determinstion. This rum was purely
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projective, ottampting to loerte roints from which to vegin :rnother
gerles of toste, rnd, if possible, to secert:in whether the experiment
ghould be carried out st & higher or lower terpersture. Too, it wss
hoped to reduce the sll-too-high tewpercturee needed in the volotiliz-tion
in the oxidlzing rorets. T"hile relztively one-third of both the c-dmium
and locd were voletilized (Toble ¥XI) 1t wrs thought best to make another |
determination under the same conditions, except to let the reineing action
go for e short time lomger, Teipght of Calcine, 5760 grems; welcht of
oxide fure, 17 grors; welght of reducing fume, 4 grams.

Test 10: This detercin-tion wes osrried out on 6000 grame of
"I, Tuble I, The sulphur wop eliminzted im # d-hour, 975°C ros.t, 500
grams of coke sdded, 2nd the terperstvre reised to 1000°C -pd held there
for 2 tours end 5 wirutew, Teight of calcine, 5159 gromes; weight of tre
wixed oxide-reducing fume, 258 g:swa. Teviewing T-ble XXI, it ¢zn De seen
thet 45% of the c:dniom w. g vol. tilized from the osleine, whils 91% of tne
zine rewrined, The celcine figures in both Teste 9 and 10 for both the
rezs inlne persentege of lasd 2nd zine In the cz2leine s suyprisingly close,
The gresteet effoct lr upen the degirad péi_nt—-the cadrivm, Indications ‘
ware for higher terreratures, so. Teet 11 wag wnde.

Teet 11. Oharge, €000 groms of "I* Semple, Teble I, Opleimed
st 9’?5°$f0r 4 hoares then 520 grams ~f coY¥e sdded, and the ro:-st finighed
for two houre end 12 winvtee +t 1100%C, The resmlte sre pmawhot better,
but et the cost of eon:iriera'bly wore zlae, 2: cen be seen in Toble XXI,,

Teet 12, Thinking to rednce the zine volaxtilizetion revealed in
Peast 11, rnd 2120 reduvce the evirhur content of Teet 11, 2 6000 grem s-mple

of "C", Teble I wee celoined for € hours st 975°C, then 500 grare of coke



addéd, ond tha reducing rosst corried on for 2.5 houre longer, rt 1060%,
The resilte were dvublions: in foot, the o éniuvm content of the c:leline
- wze higher th:n th-t of Teat 10,

Test 13. It wee then determined to try etill higher terpers—
tureg on the raducing rorete, ° 6300 grar powple of "C", Teble T wee
c&lciﬁed for 4.25 houre -t 955°C, the customzry 570 grams of ocoke sdded,
snd the terper tures r-ised o the moximor obtzin=ble, 1293%,, 2nd held
there for 1,27 hovre., The foring wee exGeedingly profuse; hovever the
cndrinm content in the c¢rleins droppec only 26%, but & lose of 20% of the
zing occured in the ¢-leine, Mring the reducing roget, the b:g Lecame
ovorhe tedy shd we ralned, vegessitating the repetition 0f the detervine -
stion. “ne very rrowieing fretor developed--the caémiﬁm eontent of the
fumre in the pipes w-e the highest rescorded throughout the whole serles
0f testp——a"., Thie euggestod the possliiility of collecting the crémium
in the pipes, vnd cotehing the lerd in the b:igs, c=nd in thls wey ecepur-te
the two. Leter rtterpte ot thig eereration, however, rroved to be futile.

- Teet 14, The rewe proceedure wis followed 2g in Tept 13, except
thet the redncing ro-st wee prolon-ed for ¥ hours rué 47 minvtes. JOwever,
resuite rre compereble with those of Tert 13 {See tedle XX}, Two-thirds
of the ced-lum weg teXen from the c:lcine 5t the expense of 22% of the
zine logt from the ¢slcine. From thig letter facicr, therefore, it would
gpre:zr that theee sdvsnced t@peraturée gre commergicliy undegir:dle, end |
0 I turned to cther experimemts.

Test 15, Re lizimg thet prerbcpe Test 11 :nd Test 3 wight present
8 ?as§ibi}ity of eliminetin- the sulphur at 9‘75°C, then removing the w: jor-
ity of the cedrmiwm by streisht oxidiring rossting for 3 hours =t 1109%,

snd finlehing the cedrium eliminetion dy the promieing elimination =t
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11009C with B0 preme nf coke, this axperiment wee fried vrom 6700 greme
of "C" gemple, Teble T. Foe Tsble YXI for reemlts, 777 of the codrium

w:e elixineted, t » coet of 25% of the rinc from the eslcina. This tre-
renfong zine volstilizotion dictetad Imvediet~ -Dondonment of this ebfoth

Test 16, 6000 grems of 0" eemple, Toble T wee oxi61zed for
Z noure, F) mimutes -t 1125°C, followed by » refucing roset »t 1100°C for
one hoar, 27 minmotee. Torty-pix poreent of the calriur vae vnlatilized,
snd the Ja:d percent.pe of the celeine cut to 48%€ of the orizln:1, eo
thie deterrinstion geve snotrer opening from which to stert ot or wory,
87% of the zinmc remeined in the celcine, one of the kighesgt of all of
this s-riee of refueing rorete, 0 ¢ check Getermin:tior wee v do to
find out why thie wie true,

Teet 17: Checking Teet }é. 6000 grame of "C" mowple wop 095l
oined for & houre -+ 1390°C, followad by 1.5 hours of redvcing rosst ¢
1100°%¢C, with 500 grems of coke =3 the rodoeling sgent s Velght of celeline
4630 greme; welght of wixed fume, 444 grove. This detorrin tion ehowe
thet «t o coet of 10% of the zine 0 the ¢ laine (retrer ¢ low luse, -8
comprrod to the loesser In the oxidizing tests, 1 to 8}, the ceédrivm in
the celeine orn be cut to 277 of its ~rigin 1, :nd = lerge portion gsught
in the bxghovee. ™necursged by these reomlte, 1t w-r dJetermined to try
the mexlmur redveins terpersturee obtrlncdle, zlthousk w:rped by previons
tests ‘het 1% would f£:11:

Teet 18: Teing 6000 grime of "T* g-wrle, the chergze wze celcined
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for 4 hours et 11009C, 500 gremg of coke ndded, snd the ro=st continued
for two bours =t 1200°C, Teight of eeloine, 4003 preme; weipght of fume,
942 prewe, Ve hove here plwogt 2 emall.gesle digtillation plont for
zines 16% of 1t wee geoured in the beg. 's for se precticel purposes
are concerned, this determin-tion wee nselese, slthough 297 of the
ca@mivm plone remeined in the esleine, end over 53% of the le-d wee
volatilized and collected, elomg with 457 of the cr@niwm—-both of these
fume recoveries belng very high. »

Viering the sbove geries of determinetione, one feet is very
spprerent--the sction of the coke ig for from uniform, and therefore we
cannot rely to & grect extent upon the results obteined thru ite use. . T

Bowever, 1t seeme th:t the c-drlum can be volotilized down to \
eprroxinetely 30% of the originel (im the celcine) by the use of coke st
11009¢ for 2 hours, following :n oxidizing roset -t 11009C for 4 hours.
Thig ts 207 more of the cedvium teken out of the celeine then wes taken
out in Test 6, g0 for thig ressn it would seem thet it h-g some commer-
cis]l pogeidilities. However, tmﬂhrﬁ sbove 1100°C sre llnﬂf«i.
voletilizéng frowm 7 to 16% of the zine, »nd 40 not heve » corrosponding
effect on the lerd rné cedrivm,

The determinstiong et 10000C hold the grestest commwercisl v:lue,
however ., Thie terpersture lg not mch' bove the terperstures used in
commereinl preetice, end ee Test 10 :bly demonstrctes, 1t would be o
glmple metter to add coke or cosl to the lest m hezrthe of the rosster,
reise the terprer:ture to '1000°C, -nd volatilize precticclly half of the
cedrive off. PReducing rossts =t thle terpersture, 21s0, hove ¢ beneficial

effect in breéking éown zine ferritec.
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2. Teste Using Slphide Ore =& the Reducing Reagent.
In the smelting of lecd ores, the repcticmn'm
mE 4 BB, = 2P 4+ 20
2P0 4 P8 = 3P 4 S0
end 1f en oxidizing condition is meintoined, the lesd will rescts
2™ 4+ 0, = 2m0
end the le=d oxide voletilize as such, o2 vnder the oxldizing rocsts
of thie cerles. As hee slresdy been erphasized, the lead wonld not
boil off in the met-1lic stste, s¢ the boiling point is 1525°%C, but
the vapor prescure i prest enough to 2llow rapild oxidetion, snd there-
fore sublimation of the oxide. Thie has slresdy been discﬁusd on Page 22,

The litersture did not revesl any guch reae‘biqu for the zine,
=ud upon csdmiuvm undergoing thig reaction, the litmt’ﬂia wos entirely
eilent, though intimcting thet the zine resctioss would mot procesd.

4% ¥r, 6,1, Oldright'e suggestion thet thie resctlom wight be
extended to codmiom, snd ehould easist meterielly in the volstil izstion
of the le:zd, two experimentg were cerried out, both In the nature of
projective experimente.

Considering the faet thet two parts of the oxide rezet with
one pert of the sulphide (by moleewlsr welghts) in the sbove lesd equa~
tione, the proceedure wre decided npons 4000 grere of the solphide ore
w2e ¢:lcined for 5 houre, 15 ninutee} 2t 980°C, Thie wee s1lowed to cool,
and then thoroughly mized with 2000 grere ~f the rew sulphide ore. It is

[l) ;u’, m. ci‘g P ”‘O
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read'ly seen th:ot the ~zidetion proceee slmply pleced the oxides in the
proper retio for the enlphidee, without complic-ted chemieel meneuvers
to convert ome to the other, "ith the mixture -8 sbove, the determin-
stione were mede: »

Teet 19: The mimture deescribed w:g of the "I" gewple, Table I,
It wea heated to 1100"0. end Kept et thie tempersture for five hours. The
m-88 fumed well for ﬂm_ firet 3.5 hours, then the fuming graduslly died
ewsy ot the ends The colleeted fuore welghed 9% grems; the celeine 5115
gremgs ! very low net recovery of the cedmium 1s recorded for this deter~
minction (Teble IV) though the cedmivm wee redueed to 53.8% ia the cel-
cine, which is very me:rl- identiesl with the 51,17 c-dnium In Test 6,
g0 it must be concluded for this run th-t sny cedmium expelled ip due
only to the oxidizing ros:t, #nd not to suy effect due to the zddition
of the rew sulphide ore. The lesd, on the other hend, w:¢ edversly effect-
edy when the comperieone between Test 6 cnd thig tee’ le mede., In the for-
mer teet, only 26.4%0f the le- @ reveined in the osloine, while here 66.27
rerained, &ou‘btleu ¢oe to the lerd recctions piven sbove. It wust there-
fore be eonclvded thet the yun reve negetive resvlts, see Table XXII,

Teble XXII,

¥ffeet of Sulphide-Uxide Fedveing Tocete on Zn, Pb, ond 04,

Teet 1+ Tercent ¢f eloment In the ume 31 FPerceat of TMement In Calelne

- P

. B | i & N g S - W
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Tost 20, Although Test 19 hed turned out adveraly, 1t wes
decided to try one roest on the series ot 1200%¢, The aa;:u mixture, one-
third rav sulphide ore, two-thirde ccleine from Sowple "I", Table I, w-e
hested to 1200°C, :na minta!neﬁ et this tespersture for 4 bours. The
furing wee very profuse during the determinstion, 2né the e¢sleine resched
2 highly plastic gtege, ‘.geeeming rock-like when col@. This wze undoubtedly
due to the enlphide e; Azinc welting, or faesing, ot ebont 1180, Mumes
esccped plentifully, indic:ting - very rspid reduction, :né perhops bolle
ing of the ccleine in the farmeces ' very poor celeine recovery wes
recorded-~3125 gremeg; 4%? grome of fume wos collected In the beghouse,
end 212 grems in the pipes. Tndoubtedly o yortion’ of the fume w:s due to
the volatilizotion of ZnS, which burned to the oxide before deposition.

‘The test st 1100°C showe no poesibilities st all——thst st 12000,
the mess beceme olmost fluid, »nd whils 21l of the le-d snd 2 grest major-
ity of the eaeaiui wee voletilized, the mere fzet that the calcine became
fluid dlectctes an ehondonmant of this ides in sny normsl rozsting prectice.

Yy concluslone from this series of determinatione is therefore
thet the riaet-ion hered to develor i@ obseured by more sdverse f-ctors tham
adventeges, viewed from & gommereisl liight. The probebility is thet tpe
cedrivm, belng 2lmost o cherical twin of zine, does not follow the lecd
resction in the leset. This geries of determinstions, for thet reszcon,

hee therefore prover unfruitful.
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8. The C-rbon Vonoxide-Oxide Tests
 tg mentioned sbove, one test wes ecarried out veing cerdon mon-

oxide 2g the reéucing agent, ¥r. C.C. ¥aler of the Perkeley Station of
the United Stetee Pureen of ¥ines kindly celeuleted thet the cerbon monoxide-
esrbon iioxi&e for equil ibr{a with zine end with cedmlum over 5 cot;aiderablo
tempersture renge, ond found thet 957 e?rboi wonoxide end 57 eerbon dloxide
gee wonld be strm;g}y refucing to dadmium oxide between 750 =nd 80090, but
still :trmly’%ta zine vepor. Lis cadmium boilg st ??8’0, the vopor
pxlesnre woulé be high enough to éeporize the metal, -specielly If 2 stresm
of gee swept every the metallic cedwivm slresly smapended.

U$ilizing the epprer: tus sketched in Pigure B, the following run
ves meder 1800 gremg of the caleine of Teet 2 wee used. Thie %2 held
in the melghborhood of 750 o 800°C for S houre, with =n sver:ge ges
cireuletion (mﬂﬁwiug My, ¥aler'e suggestion of = low gee eirml;tien)
of sboat 100 ce, per minute for 7.5 houre, snd then the rete w:g speeded
up to 800 ce. per minute for I.5 hours, to completely eweep out :ny
vaporizéd cedriuw present.

The celeine from thig detervin-tion weiched 1267.5 crare.
The explenetion of thig trerendove lose of :eight--ls% of the Initiel
weipht—-ipg hard to &cmt for. Ve have s loss of only 40 graws of
selphor, 17 grome of pine, 2nd 7 grems of cadeium, with 20 greme of
lesd; although the lrom weg reduced from the ferric to the ferrous
oxide, Judging from the color chenge from red $0 bleck. Thie cannot
be = mistake in welghing, for berrely 27 of the zine 12 lost,.

The feet rem:ing--the cadwinm disepresred; only 14.5% of it
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revained in the e2loine, o2 cen be seen in Table IV, Test 21; dut none

- of 1t wes collected in the deghouse, due prob:bly to incorrect app-retus
for the fure collection, Thie is the point where the next experiment ig
to be pimpd-~the gollection of st lencst o portion of the codwium inthe
foma .

Thie test wre profective, end hog no farther proof o bagk it
up, dve primerily to the necessity of completion of this thesis defore
the determin-tion comld be made. TPoture experiments will be conducted
2long this lina %0 determine fngt why the cedmiom wes volotilized, snd
mo!;e iwportent, where it diseppearsd afier it wes volatilized. I do not
beliave my =nmalvele wrong; it w e tried out in triplicete, 2nd the
checks were 200d. However, thig ie s=n oxceedingly promising field for
foture explorstion, to which the door hee Jugt been opened.

'e to the commareiz1 poeeibilitier of the process, they are not
Snet now sppsrent, re thie wes 2 purely scientifie experiment, towsrd
the collection of fundimentsl dat:. ¥oreover, futare work msy prove
thet somewhere in the determinstion, something wes in error, 2nd thot

the experiment wee fruitless, the sn elluring mirsge for 2 times
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¥, Snlphide-Coke Redveing Tects.

Daring tha preliminery rmme, 9 tept wic made updn a mixture of
10% of eoke ond $0%7 of the eulphide ore, eince cedmine bohevop glmilerily
to zinc, #nd zinc is reduvced fror the sulphide to some extent by ocket

270 4+ C = 2'a +4 CS:.

A surprising thing wes diegcovered ir this preliminery &etémination——tho
fume collected in the beg sec-yed ebout 27 gedrium, conelderstly more
then the sver:fe content of thies fume, -né for thie ressom, the folliowing
seriee of 8etermin-tions were wedes

Tept 221 EOD0 promg of "D peeple vap thoroughly wixed with
1000 prems of ocoke, the reemlting wixtore heated to 100090, 2nd the
reeet continued for 6§ houre st thig tewrpersture. The resulte zre
tsbuleted In Tebles TII, IV, ¥, 2vd VI; the composite resulte upon the
zine, le=d =nd e:-émium in Table YXIIIZ, The crlcine weighed 4761 grams;
there weg 197 grerma of fure, It paerg thet the ecdmiow snd lead :re both
trXen ovt to ¢ notice:"le axtent by thip treatwent, but st 3 consider-ble

coet in zire.

| o Teple XXIXL,,
Roraanl gfwf by Ao ging Dot oo, 777 L8 s gyt it

Pevame of mmﬂxpmae-cake Réductng T4
e . . _

Test 1 Time : Temp-:1 & Co¥e : Fercert totel eleront 1 Fercent totcl element
hoall) Yoy o0 gt in the fame 1_in the ¢-lcine,
shewsy 3 SO Gl&ead o Py . rg o T o3x Po 3 O s B

g2 5 Hr, 1000% 1000 g, 22,7 11,45 1.22 353  43.4 8% .4
25 5,27 1190 1900 26,1 26,5 207 49.3 38,7 910
ge 5.0 1200 1000 ' 58,8 26.2 12,7 4.8 47,2 62.8
" 90,3

ﬂs 5,08 1100 oo 7,7 24 .2 2.8 27 8 67 o3
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Test 231 ’dveneing the temper-tures to 1100°C, = duplicete
ro-st of Teet 22 wee crrriad ovt. Hers, we cet 65% of the csdwium snd
80% of the lerd volutilized, with only 9“: lose in zinc to the colcine.
Compericron with Test € shows th-t consldersble leed lg retzined in the
o:lcine, due to the releotively nonevoletility of the met-1lic lesd formed
during the rerction:

2P0 ¢ C = 2P 4 00,.
but thet the c:dmium content hee been reduced 15¢ below thet of Teet 6,
Conclusions ere therefore that the sotlon of the coke retsrds the vols-
tilization of 2ead, but scoelerstes the volatilizstion of the esédrivm,
end effects the overrll recovery ~f zine dut little.

Teet 241 Thile the gerer:l inefficiemcy of thre 1200%C ro-ste
hed become firmly rooted in ouvr minde, It wapr Getermined to make = trisl
st this temperzture, viewing the f-vorsble conditione =t 11009C, The
conditions ere the ssre -8 in Test 22, srve th:t the temper:-ture w:s m in-
teined ot 1200°C for 5 hovre. From the viewroint of the zime, the results
were dieceterone. Almost 40% of the zinc was lost, 5s revesled by the
csleine recoveries. Otrengely, though, the lerd wes reduced to 5% of
the originel content, but the celcine retsined 477 of the origin'l cad-
mium, Thie detervin-tion ie sutometic:lly rejected becouee of the excess
gine volatilised,

Teet 26: Drewing the experimentel york to 2 close, it w:s
thought beet to secure s ecomperison ¢0 the other runs by using = lower T
coke cherge. 4is 1100% ghowe up 20 favorshbly before, thisg temperzture

w-e chogsen, 6000 graswe of the mlphide ore was trested with 530 grome

of coke (the smount utilized in the oxide- coke reduction tests) snd
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held =t 1100°C for 5.8 houre. The leed In the celcine drope; the crdmium
tekes o decided raise. To gat the general icer of the relstionship between
the whole series of deterrinstions, we take the 1100°C determinstions from

esch (Tests 6, 11, 23, rnd 25) snd plsce them in Teble XXIV,

’\j*t"' ﬁ&%e{ 4‘6 ‘z‘ z““!“ EF ?3;9&&?“ ."4 «; ?P < ﬁ@ g 4{— w, if £ »"t;:fhﬂ
Peletionship of the Oxide, Rodse M
e 9’. Mw -t sbout 1100 c 52 Mm\ 421147 lete
v’&f— ' o Tima

T
Crams Fure; percent:ce of Total C lcine, percentage of

- -

-

Coke Flement E_z:gggt Tots1l Tlement present, )

os o oo Yoo
o joe = gy

I 5 - i Cd 2 Pb 3 CRA 3 En M!’
.__‘”" g s 36.5 20 25 1.2 26 .4 51,1 94 .8 4'
Iy o»d-ﬂ)‘
/ﬁ\: et Y 19 .25 25 8 6 .38 56 0 51,7 82.4 4 U
Cofke ahdiy %4...1000 28,1 26 .5 307 49,3 5,7 a1,0 = K
Hon 5')3 . 530 7.7 R4 o2 2 08 37 8 6% 7 20 X _ ’S
>,1»,

i J_/‘
Reviewing the t:ble zbove, it is eeen th:=t the redueing rossts

have o tendency to elimin:=te posaibly e plight bit more ¢-&mlum, thot
the zinc recovery is delow that of the oxidizing ro-sts os showm in
Teble XVI, +nd thet the le-d volstilizetion is definitely checked by
the presence of coke. Ve must, beceuse of the facts se presented sbove,
conclude thet, in geperasl, coke when added to either the rew sulphide
ore or to the oxidized semple hzs some little effect on the cadmium,
- and hee 2 reterding effect upon the leed.
I hea been evident throughout this series of zttempted red-

ucing tests: (1) Thet gome cadrium has been reduced by the coke, end
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volatilized ¢ {2) the expemee of consider:ble retention of the le=d

In the celoine. The coke; ot the best, le therefore «n uncertsin fsctor,
adds dbut 1ittle to the propertiece of the volstiliz:-tion of the cadmimm,
berely 5% more csérivw belng volatillired, néd hire = negative effect on
the leed, holding in the meishborhood of 15% more of thie element in

the oolcine {Teble XXIV), Ve sre therefore holding the two elements

¢n the prne of e belrnce~-when one goec down, the other goes up, with
the uge of coke.

A9 between the eulphide znd oxide reducing ro-ste, Tadble XXIV
showe more volstilizetior of the lend during the sulphide roost, but
thet, omounts of coke equ-i, less cadnium remsing in the celcine of the
oxide reducing roc:zte. The zinc dalence 1s very much In faver of the
sulrhide roest, ‘s 2 very lerge percentage of the zinc is sccounted for
at the end of the determimstion,

The sulphide ore zs 2 reducing sgent 4id not develop the
hopod-for re:ction, =néd wight be rightly classified sg » modified
oxldetion roret, clthough comnsidersbly more zine wes vol-tilized than
in the oxide rosste, ond the o-Omium results 2 toss-up, while the

lec @ woe negstively effected.
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F. ' Study of the Forms in which the Cz@rium Occurs in Fume end Caloine.

Y& heve denongtrated th-t ¢ &riom czn te voeletilized from zine
concentretee In e veriety of weye, b2t 2t the lest, consldersble
remeing in the celcine. The question n-turelly ericee (1) In what form
fe the cedmium vol-tilizeds ond (2) Tn whot form doee 1t remein in the
eelcine? Thile thie queetion i not directly in line with the problenm,
some work hep been done uron these two snestions, tb;vits

(1) The form in which the c-émium occure in the fume, and ip
volastiligeds From the theoreticsl conelderztions, we heve gom th ¢
only two volrtile constitvents of czdmivm re presente—csdmiue sulphide ’
sl c2dwivw oxide. Thich of theege is present, in the fume, snd to wh-ot
extent?

Lo cen be seen from psge 30, ceémiom sulphide 1p 1nsoludle in
2 5¢ golution of HC1l, while ecdrium oxide 1z soludble In the scld ot
any concentrat-ion?) Fences the following trestment wss evolved: To
10 grems of the fume, 8dd 100 cc. of 57 HC1 golution, hot, snd let
recot. Tilter off the reeldue, -nd trest with smother 100 oc. of hot
5% HCl3 ~ere t notil 0o more zine ccn be detected in the filtrste with
potasgsiunm ferrocyenide, inmalyze the residue for Cd4, snd figore - & CAS.
Teble XXV pivee the reslte obteined upon one oxidizing snd two reduc-
ing roeets, te¥en sg sverege semples 0f the fume.

Teble Y¥V very conclogively proves thet the fume cont:ins the

cadmivm in the oxide form to 99.9%, nd since the similarity of the

0] E.gllor' Loc.Cit. ved P 515,
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T_be.‘ m.
Porcont:gee 0f Codrivm cr the Oxide 2nd Tulphide in the Ture,
Pest 3 Orawe : % C& : Orems : CregCés $ 03 1+ % Ca
: Feeds : Verds : 0d Herds : Tepidng s G238 1t pp C@0

it A s WO S T s - P i, TN O M MR -

7T(1) 10 1,50 +160 L015. 10 99,90
(2) 1 1.5 150 »024 o186 99 .54
() 10 1,8 I8 Do17 o1 99 .89

1z (1) 10 498 598 H019 ¥ 99 .95

(z) 10 . 8.98 798 H020 N8 99,58
(8) 10 3498 S »020 PS5 99,98
22 (1) 10 2.2¢ 224 0020 09 99.91
{(2) 10 2.24 224 HOr1 09 99,91
{3) 10 224 224 o021 L9 99 .91

T IO Tt vt wgms Ao V% < L e

curyrg 0f the vepor pragsmre 9f csdrnivm oxide, and the r<te of volotile
izetion from the erleine sre 20 neerly identical, it i¢ therefore slmost
conclueively proven thet the cedrium Ix vol tiliged onder all conditions

a8 the oxide.

The sbove teble does mot take into conciderstion the formatiom
of sulph:tes or sulphit g in the fuwe =fter it hep Dern devozited, <ltho
Pudgen gives 407 of the fawre ¢ scluble mlphate.m Apparently, $09,
gadmium la v_olatnized from the 12 @ blest farnsce & the mulphlide,
due to the color of the Megz) It hre :lreséy bBeen deronatrated (psge 15)
thet the voletilizstion «¢ the gulrhate i3 probably impossidle, due to

the decompogition of the svlrhste.

) Budgen, loc. Cit. p 13,
@ Inia, p 1.
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{2) Turning to the composition of the cadminm in the ¢ lcine,
the questlon of cadmium ferrites comes up, Te find them reported by
Henley rnd othera.w

In sttempting to finéd : method wheredy the poeeidbility of cadmium
ferrite covld be determined, it wze found th:t cedrium eulph-te is very
soclvble in both woter rnd suiphurice fciay)that cedmiﬁm mlphide ig 20lw

f’) né cedmium oxide is soluble in

4)
smmonis, woter, and seroniuve ehlm-i&ef Apsuming the repidune pregent

uble in smmonium chloride golutione

cg cadnivm ferrite, which wonld be infoi-tile, the other formg being
volatile under normel sircurstances, I lezgched 10 grame of the calcing
in 200 co. of Low"s solution fr two hours st 35°C, with const-nt egi-
tation, snd amlyged the residue for osdrium, and asmed it presant
o8 oo dmive fei‘rite_ + The results in Tabla XXVI were obtained:

%va’b\ﬂ4 At A hle XXVI,

7

Crémiun In Crleine =2 Cd-mimm Ferrite, by Anslysls ‘boves

Test. O His, % 0a Bde. Om, Ud. Fde. Om.0a Teile € Cd -2 Ferrite,

“? (1) 10 a0 H10 2018 14 0%
(2) 10 10 H10 LHog0 20,
(3) 10 .0 010 £HO15 15,

12 {1} 10 16 £L16 S4E 27
(2) 10 o6 916 L$O28 175
(%) 10 olé D16 S0%4 21,

() Banley, Clsyton & "nlgh, Tormation of Insol. “n compounds during
roepting, Tech. Pub, # 2203 AJ A H R,

(J Mellor, v.i p 527-28,
(3 1614, vot p 605.

(¥ 1b1a, v.4 p 553, 518,
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Prom the figures given In Tedble XXVI, 1t would seoen thrt :prrox-
imetely 20% of tho cedwium left in the czleine is lmsoluble in Low's

solution—-—or is prob-bly present =s the ferrite.

G. The Sepsration of Lezd :nd Cedmium in the Pume.

Thile congiderable work w:e done in sn effort to -ccompligh
the seprr:-tion of le - d end cadriur by volatilizstlon, 11ttle was accom-
plighed towerd thie end,

{1} The differmntial geperction 'Sthoen 700 and 1000°C wes =
failure {pege 49).

(2) 8 le-d wng given in Test 17, when it wes found ths! the
pipe dust alone sn-lyzed 3.98% codrium, smd 6.6% le:d, In the reducing
fure, while thet of Test 14 held only .87% cadrium in the totsl baghouse
fome, to 4.47 lezde This w-# &lsproved by Test 20, when the 4322 gresms of
baghouse fume held 2n sver -ge 0of 1.:26% cadmium, while the pipe duet
welghed 212 groms, snd ssecyed .B4% codmium, It ip therefore definite
thzt thim method of gepsr<tion {or rather, p-rtisl separstion) is futile.

{3) ¢ elizht effect mirht be gecured dy the use of coke to
kesp the metrllie lesd in the calcine, s1é sllow the metsllic cedmiom
0 voletilize off, buvt =¢ meen on pp 75-76, this would not =pprosch
even & regcemblence ¢f @ oomwercicl procers.

T4 ig therefore seen th-t no method of separstion of the

lead snd cpdrium during the volstilizetion proces: hss been developed.
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1+ That the optimum temperature for the slimin:tion of salpmmr
from zine concentretes ie obout 950°%,

2s Thet lead 6:n be volatilizad frow zine concemtr-tes, and
thet the rate of volstilis-tiom closely follows the vepor pressare
curve of lerd oxide.

| 3. That the voletiliz-tion of lead from either oxidized or

sulphide concentretee ig reduvned by the addition of reducing sgents.

4, That ¢ qusntztive method of deterrining csdrium h-s been
developed thst ie soourste to from .02 %o OB% of the cedmium content
of zny zinc concentrate, fore, or czlcine,

52 Thet cedminm cen be volatilized from zime concentretes,

end thet the rate of voletilizetion clogely followe the vepor pressure

curve of cedmium oxide.

“§e Thet oczémive lg voletili-ed slmost ocompletely ae the oxide,

7s Thrt the presance of reducing resgents incrercer the volae
tiligetion of o @nlum from the celelmes, dut thet thie i not msrked
enough when s01id materislp sre nped =g reducere, but that the resction
is lorgely mecked by the Overwhelwming prepomderence of zine,

B, Th:t the higher the terreraturesr of oxidizing roscte,
the greater the voletili::-tiom of both the lead end cadriuw, both
aprrosching complete volatilizsticon betweon 1320 -ndé 1350°C withia

four houre after this tempersture ig resched,



9. Thst for comrercisl purpos-s, oxidizing ro:ets st shout
1100°C 1 the moet fesgible vethod of ramoving the greater portions of
gzlphur, le- 3, 2nd caéminm from the calcine, but that the formstion of
zing fgrritee g grestrr <t thig terpersture, and thzt mors zine than
the theoreticel ratio is held ingoluble By the iron in the high-terper~
sture rosets,

0. Th:t there sre grest possibilities in the weporizstiom of
cadriom ae the element fror previously celcined meterisl, when treated
between 760 ené 800°C for e lomg period of time with  miyture of 95%
earbon monoxide end 57 cerbon diozide, with 2 low gee circulztiem, but
that hasty conclosions ehouléd not be re ched upon thie point, zné thet
foture Investigriione ahould de w-de upon it,

11. Thet zine oxide i dneppreciably volstile below 1320°C,

12, Thaet no fecs!ble method for sepor-tion of lead 2nd

cadmiom hep been develored in the prodlem.
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