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Conditioner 

Pi lot tab I e 

Mill ore from railroad or truck 
weighing and feeding platform 

10· X 7R Blake crusher to I" 

Plunger feeder 
3' x 6 ' rod mill 

Dry reagent feeder 

JW IIIIIIIIIII 
2~" x I~' r ake class ifi er 

~ Wet reagent feeder 
~'\J--------

o 

Tai 1 ing 

Rougher tails 
F I ot at ion ce 11 s 

tai 1 i ng 

Concentrate 
thickener 

Tab lp. concentrate 

o 

Return water 0 

Thickener 

o 

Sump ] r 
----L-----...l1 

Tailing to waste 

Figure 2.- Flow sheet I. 
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'l'he ~tea wr.a.ltH With colct-bIIariag ~ 

nux 1n 8D . ,I_trio ~ • . a.n _tteproduood,. A portSoll 

;0£ tbe ·eonoent.ntea 'Were .~rad on the mMhiDe .ho-. ill Fi&­

ure No .. S 'before _lting. 'tMa Jl!":U'ti .. ,. ~.1l'U .baD­

aone<i &8 the &kg 10 .... o£ "»pel' ad nl.-obl w:re too high 

.nan .inter ... ~ in$~ ot r_ eoDO~ __ • The Oft ... 

aelte4 .. d the .. t. .~ p&.ureQ tram the bath .. nl~ 

in Ftg.uN No. 4 • .-n. p1aM4 on· the _til u4 the .tunaee t1~ 

peG 'bMk In'te 'e.omw.rtbg po.d.tld u4 blOd Wi 1m an ~_ 

lOb:tuft.. .. OZfge~lobed .. it' ft. U8e4 ~ et nor.ol 

"'&1:r' ""'0", ~ bath •• . ..u and dlt1'1oul.ty ... aGOUD'teNd 

in _SDtdnag ba'th ~ auUlole:ltl;y high 1r11ob air &loM 

_big 'the ~ at hta,d. nw OtJaIfeJ"tM _'tte .. ·out tate 

&DOde .~ . • . 1~ 'With er1Jl:tho:Id> ·~ Ivp .. "'ar"",_ 

~ itQ -.tt;e-. to .. ~ ..... -'a1 .... . - ". 

8"." .~~ _4 ~·to ~ .l:eftrcfqte f'or-a.· 

oGpp.h" ~_1la. 1rablelfo-. s gt .... . ~p-1oa.l ~ 

4ate Oil the ... Je_ ~_. CIOO\II'1t.t'_ ta. tuon dNntng 

ud .. l't:bg ...... u.... 



1'ABlJl No.3";' ~lr.ft8 of Jf&tttria.ia Inv:olv84 ill. Eleot:!"io 
'l'be~l ~tment of Nickel-Copper Orea 

10tr Float liILt.te eon-. . 

Analysis, Gl"ade Concen- Float Pomaoo .Ua'tte vertar 
pgrofjnt Ore t:mt&8 !el.ls 't'iaate: tte 

... , Sl&1 

i 0.,$1 4 .. 66 0.01 0.10 9.15 2th42 

Cu .5'2' 6.12 ;'()4 .15 11.61 44.01 

Fe 9 . 63 2$.85 .- lS.36 47.' 2.95 

S .... 1'tr65 .- ..:S~ 32.4 21.'15 
f 

cao 7.20 1~4Q .... . .2$ -', Nil 

AlaOa 5...so 2.,90 - 3.44 Nn 

}.fgO 22 .• 0 13.00 - 22.44 - }lil 

SiC 39 ... 0 2.1 •. 2 46.60 .21 

Os·ftplO 
Ib .. 

Ag ... .29 ... - ... 1.93 

Au - .001 - ,. .1.12 

pt - .U5 .. - ... .. 65 

N ... .192 -, ...... 1.~ 
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ELEC,tROUTIC PRODUCTIon OF Nl"CKru. AND OOPPER 
. - . - . . 5 

~ are 1:'iwG . indlUrtrial proc '&6.8: by 1Ihieh e1&obQ­

lytio oopper and n1ekol are r o~ ered ~ nopper-nlokel . sul­

:tid. ores,. ~ly,. tha, stanI$Y"·and tbe Byb1nette pl"()4&8$es. .. 

!I 
Bristly}1 th tanl :Pl'OO&d cntIAdsts of su1f1d1z1ng c-ompl.otely 

.1'1 6<,. a:nd o.llowi tt~ melt te 80111111)' in pot{;. The lll&lt 1s 

:allotred to:f're.&Z'C ~ .N~n it ~parate6 ~to t ~ kyers, the 

'top rioh 1%1 OOp,pfaJ" -.nd ~ 'bottom r1eh in niQbl. Vhe, tope ue 

bl 'to bliater in a e~lee of convel'te'rs.,t. and thl ~ 18 

cast into Gn0d. s,. Whi'O:h a · retined e1eotrolyt1oa11y. A portion 
. :S 

of' the preo.ious-matal.-lime 18 ~l'ed here ..... / Tbe bG~ 

:En tbe 6GCcond U ~ the topa' fU' not n .~ b eopper 

-be be oonYerled dtreot:.1y, •• 0 thq are n.turu~ 't;to, th. fift't­

tr.e&tment po't$ and ~-Jne wttb 'thtf.,... OO:a:Wl1:;et" _tal .. - the 

'. 3 

!I Peek~ R~l.,.~ Jt'Befln~ lltcpl-C1)ppe1" ~tte .. ~ Port. CoDo 
_. aad Via. JoutBl,. · 110. 482.488 (19SO) .. 

'" 

Y A14l":ich,. C.-a., _d .~, 4 .. 1£.,. .,~ Bri:uch ~!t. :tar­
gea't Ceppo.-nat'1nfl'y,· Eilg .. all1l Mia. Jounjal~ 1$0. 4.8t­
d2 (1~1O). 

,. 



bottoms" ~r, .reoolll.pU'&tlve·~7 puft· niokel 6Ulcie OOB­

+:a~'t.ed with only .. emiIlll ~ o~ • .opper .u1tio ud 

some sodium ttultide. The .-odium suUu. 1., re!l'lOTe4 by leaon-.. 

lug with bot: ..-l". The copper auUlde 1. remoft<l by ahlod­

.. t~ with .a1't at a big)l ~~tuN and relaoh1Dg with hot 

.... t-.. rlt !hia produot i.e then c&lo1ned with aoda .sh 8l'ld n­

Ieubed to obtain 'blaok ntcikel ox1.u. contamlnated by only 0.1 

p8l"Cen-t OfJpper. Thtt orl,de. 18 ,ame'lted n th c-vbonaoeG'U 

A. 
f'ue1Md 40al aa ... r9duo1nga.gent in en opren-hearth ~, and 

tile D:1okel O);1de is re<lu«ed. to, metalUo nl-ekel. !be, I18talllo 

Jrl..kel 1. oaat into' &nod .. _0 ref's:m.d e1eetrolytl-.1l;y in • 

nat:ral borl.o acid-nickel sulfate eleotpqlyte. A portion .t 

the pl"eOi. ....... ta1 .11m.. 1. I'e.COft,l"adheN. 
'. J!I' 

. tn the Bibb1ettfi ~ the .... rind _tt. 18 fiz-at 

wsed to. MIlOT. 1;._._ 0,£ ·oGpp.tr .tJw1 'the 1l1o-1 .1eotro~ by 

re~t end ~1p1t.a~bmt4 'eemmt oO~~ aftN' whloh it 

i -a roa1ltad to' a .."", 1..- .uUt.tr eonteat.. ~ l'ONt.ed _"-

1& thh. !e&Obed .... ith 8ulhrl4.aid -to provide. eleet1lOqt:e tot' 



the lnaolu1>le-anod. J c.opper-elHtJ"D1Finn1ng oath. th1 .•• 1H~ 

troqte h .1ecrt:ra~ .. d 1d.t.h lead , .. d •• , ,e1eott'olytlo o~r. 

n1f'ur1e -.oJ.d" and Meal .ult.atft bB'ingtt. fI"OGUOq Ctt the 

.1eo't.~oq.ia" .n. IIOlutlon 1. """'t.d., the Ilickel eultate 

c'rydalllHd out., aad the wlt\lr1e aoUretl2l'lle4 to 1be .• oppel" 

l-.h~.. The l_h Fesld,.." 1IIdoh 1. uh lowl" in eo".!" 

. 'tbaz1 tIw Ot-lginal ~"f'U"'t&F lIB""_" 1 .... 1_0 wl'th coote aDd 

1IUitab1. tlUda and 8'01111>1. h1gh n1~ ... lDtr OOpp.t1" anCJ4e. G&8't 

f'rem the nwlta:r1t metal.. ThNe ,~ ...... re:t~ .len.,.., 
lytioal17 !n .. ~t .. 11t ·the ~l uta_l sulfra-te­

berio Mid e,l~lyte 1e lcept .fne o~ oopper 4iool .. <1 tfta 

the ano&tSi by eont.act w1~ r .... onfeJ"bed _tt. _d ;~ aoap 

In ....,fat'ion taDb. Bleot:relyt1e utoka! and ~1ou~ 

du.. 6ft tile· _4 produot. of thia.leetrolysk. 
. 1!/ aJ , 

LG", ,1:G1o_~ .. npwted the ~ .r~·oke blut-

~. , at. _0(1 .. ~or eopptr .leotro17a1. -.ttha plant of' 

'the lliUeurlCObalt ~ .. in "...~* Jll .. ourl.tbea. 

~. wen· tar lDbe --.1es 'tbIm thN • ..a in "- preHJ1t 



.~k# but were used in .. tamler -.1milal- to that reported 

:in 'thls 1*,."'.> lJmIeve"l the Mi._ours. Coba.l't (J~ did 

not re60Ye.f' the a1o'kel in ti1eBp6J'1t -copper electroJqte 'by 

eleo1;rolY8u b8C&WJe of the h1gh oObalt oo-ntent. but. .. ~ 

rated it t ... .mtb:e oolMllt a,nd !won by a oomplex ".rla8 of 

preolp1'tationsand p.ur1fiOAt1ena. lIto.kal oxi.de.... pre­

cip!ta:tcJd and ceithe.!" l"e:d:u.e-ed 1n an oil-f'ired reverba:'tary 

.f'umaee or • .old as an 0%1<1&'... Cobalt exide wa. marketed 

as au."", 



.~ 'WORK ON ElBC1'lWLTSI'S OF MATTE ANODES 
FROl! BCBKERVILIa . ORES 

metallVN· ground thl'ou:;h 2&-Ine.h, ldxed with wlt&ble 

aggl.om&ra~·,. .malntel"ed to ~de,8 on tlle la'bol'&tOZ"Y 

smterl:ng mao-hiXla s ana. Fegr.ound.. ~ fl.lnter .. tllell 

loac;bed w1th !1o-perMnt sulfurio. &.o,ld to p.rori4e ~­

trol~.' for the· ,enpper-e-lreo1l'rowlmt'hg Q:elh.. In ptant 

pr'ae'tlc:e. too leae.:h residu&1iJOuld bo ohargH dnt.o the 

electrlc: e.O.l1"IEWt-6I". The'.s'& n1ekel-oopper s.ul:fi-de a..'lOde.e 

were used: in the copper eel • The copper &lect~ 

oells .' re eonventi1:Jnal mul pl-e-syriem tanks as used by 

the: "jorivot COIIJl3&l'Cul copper ret'1ne:r~e. (}Blthodtf8 

N the regular aoppel' .-ta.rt1ag sheets.. 'the e~per1 ... 

. atal. cQppe~tnge iI,s ~: 1I&de of p1&. All 

jotnt'. at O'Ot'.ners were ha.1f-lapped and acr~ .1n pl&ee 

-tlghtl)" as poaalbl'G. Af"ter 'the cella weft' Maomb1ed: 

i;hezf were line-ii w1-th a thin -oea-ttDi o£ aoftrubber. '!l» 

~,1od,n>l.yte .... 8 ted b.v g1alr.s 'tubing, widch JQ$ed ~ 
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Figure 5.- Copper refining cell. 



electrolyte was conducted from t he cell by a simUar set ot 

pipes. The main bus bars and the anode C.l"OSS b&re were 

triangular sections of copper. Cathode crOBS bars were 
. 

rectangular in cross section and were soldered to the start-

ing sheets. Fieure 5 i a drawing of one of the cells .• 

Durh"'\g ~16ctro sis copper sulfate,. 

nickel sulfate, e3amental sulfur, and sulfuric 80id tormed 

at the anodes. Ina8llluch as the rate of copper dissolution 

from the anode was considerable slower than the rate of 

copper deposition at the cathode" the solution _s constant­

ly being depleted ot copper and at the same time was being 

buUt up in nickel sulfate and sulfuric acid. When the solu-

tion had reached a copper concentration BO low that the cathode 

deposit would not adhere, a portion of the electrolyte was re-

turned ~o the (\oppe,r leach tanks and again built up in copper. 

By this method of alternate leaching and ele'ctro1ysis) the 

nickel and the copper concentration was reduced to below 5 

grams per Uter. The low copper solation was then electrolyzed 

with lead anodes in a separate series of cells to free the 

solution of oopper. The copper produoed in the ceUs in which 

-16-



thtl ,soluble anod ... were used .foJ."'llWd t1na .~c&t.hod .. , 

but tlat formed. in the ee:U. nth.ad _edree dropptd to 

the 'bottaa ... "ott ooppet" .. u 

~ the lead __ •• 1eetrO~.1all the .olat1eooa­

t:dned 1. ... than 0.05 paaoopp&r Per liter. 1'he R1VUOD 

1IIIM t",eatfi hoi; with ~. __ p tt"CPl the nr.t urt .. at 

eepper re1'~ .. ·11<8 or Y1th __ l11o nickel powder, lIbleh 

eement.d out the .. U amount f4 o.o~ reaiu1Dg in_1u­

tiea.fhe ~.8ulf'urio .aoi.d .e ~11&ed with i.Jal0'1um. 

CMrbonate. ad the pree1-p1t.&"te of oalo1ua nua_ .. 
filtered ot£ and __ bed n-e. of' nloke1 nlta_., ~ .all-

blga were· oom'blwd with the t11bate. the .~lU't1on ... 

heat:e4 aa4 held ." ·about SO-e., whUe -:1.1.1& agltatedtmd blown 

with al... *~ til tima:a c:hO':i»g t.h1. b~ .PJ'00H8 the 

aelll"tiEm • .as hlOfm.~ · • .i:th preo:iplu..te« ni~ 0&l"b0lI&t.. 

11M ... aMed. to tbe ~!. ~ "be ooua .. o£ thU· 

'trea't:imetl;~ the ~ .. 1ron,.. osic.U.secl t8' ~. tvr1oa1&w 

·and preo.1pJ._tR .. eddeor .. 10 _lfa'te. A ~ td 

the u1ekal ~ oUmioa1:q.",lWlleat W the 11'011 p,..... 

Qtpltatd ..-t. toto -.lut'i-. 1he tnm preolpitate ._ 



tiltenJd '0££, and the- nickel ..... pno:tpi-tated from part 

ot the filtrate u. ba • . lc :dobl e_~to:a by trQ.otment 

with. aa'bunted. -8.1uii1cm. or .o~l_ oUboD&-te. -The niekel 

OU'bcm&te .... tl1'te1'-M o:tr and ... ahM t'I!w ., .• okbl. alt. 

with bet water. !he -.hinga "1"e ~bea with ~ til-

1o:rate, Gael aodlUll auU'.'te ... cU"Y.tal1ked theretrcm. The 

prec.1pitateQ· U1.<Okel Gu'bcma'te... of the eompee:1:tion given 

in iaa·le 4. .. 

WLE " -Anar'i'Ir ('J.t ~iokel O_boI:at& tne.i.pitate 

PeI'Oent 

}1100 • . -to- ........ _. - ... ... 73-
NiSa . ...... . 
RaO ......... • 

. ""' _. 7 .1 
.......... 19..$ 

, 

'rhat portion of the iron-free 801utien that was iM>'t 

treated With sodium earbo;;ua:te· 1'as made up lnto pure lll4ckel 

oatholyte by the ,add1t1on or b-oricaoid &!!ld sod __ :t1uorw-.-

lytic niCkel by 8-1eo~ro1y8is ba ~ eol1. 

!h& o&~ '-8 plMed h1 a .lotted d1e.~ frame 
__ ..... .4, • .-.... ,... "1t_1-d- _A __ 

_ ._SI\"~ .~' ~". _._* 
. separated-from:-thecathode by these,· canvas qiaph:rca.gms ,~ . The 

-18 ... 



purU'led nlekeleleotro~ .*b11oroduoed into the to, of 

thfJ oathodf> oompa.rt.ment t~h f'low tube£ drilled in th. 

fi'aine, paa_d down the taoe of ~he oatbode" out through • 

like systa or n. tUbs. d.r111ed in the bo-&tom ot t ·M 

.trame. and into the anode cGmpBl"'tmemt. rhs auo.qte flowed 

patrt the face of the anode. and out mw 'the 4no.lyte aump. 

Theaot.d lU1O~ __ thEm t ·reated to . ntY\lt-ral1ty wlththe 

precipitft.'te-d niokel carbonate, filtered:. ;an(t TetUl"Dld to' 
" . 

the pur1tleQ..on1i)k~l estbo1yte tank.. Figure 6 1,& ·a d1~~ 

llIltia fto. ah$et 18~ 'the -seq~e -o£ tne- ~8ea .. 
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~ tift .... t aMd.e oompoatU._ ..... . u .. d b 

the ,~J'W~,oelk. ".,... ~a1.1 ... _re ... 
ahow:n J.n ' !.ole S. 

. . . '. . 

t'OIB S - ~rAnodee~t1 ... Jc .p.~ 

Anode l!fO .. e. Ii .. ,. ovAri 
I c 

1 '* • , . • • H ·.Ol 16M 2.9. J1.~ 1M. 
I .. ... .. ... '" .. dO 2B.e8 •• a .1i 1.58 
·1 ' . . .,.. • .. .. Mdi .'dB dO U.u 1 •• 

-, 

ouaou .rr iicm of 2,000 lba--. 
. . .. . 

A.a ..... .. ... ...... ....... . . . 
M ............ ' ....... P •• 

ft '. '. : .... ,., ... ' ..... ' ... .. .Pd.' .-.' .. . ' ... ........... .. 
'. to • I •• 
. • • 1,.,. 

., ' .• . .. .1" 

with -.lIuF a.4 ~ aM 'h __ u ....... l ~rprao­

"- _kg the. :P3TUrle.ultur .. nte. ·or t,ba Oft W~. 

fe· PNfN'e' t1da &'iIC!MIe.~l of .IIIIi:lNiIt 0GIIP0a1t1ol1Io,. 1 .. 

ehldlad Cd ~ wlthal't.l'- to ___ t.be 1nm,. the .lag 

betag~.. Db: _1ft«.- ... tuM with ,. ~p ..... 



of tJUl.t'Ur and o&&i; tn'to anode.s. This anode metal __ :pre­

puod for at.-io'tl¥tbeond;ica.l rfts0B8,aS it was desired 

to .~ 'the .tfect of var!A'tton in 8ltur 'O"tn'itat lilpm .. 
I 

anode el_troly't$o , ~t8-r18tlos. Voi--t&g-s' ae.l"e8 8 the 

CGpper-ne~ 911 'ftl"'led with an()ae~~:1tl.Jl q abnn 
i 

1n Table 6.. Gopp$1" conoenm.tlol'I &t .el~.1yte 1MB SO 

,raas ,.]1' Uter, .8lUi ~pera:btu'e ·or e:t.e.tJ:olyte .... .65- to 

'or- the ~$O o£ t his di8CUASien,. "he pe:roeatage 

'Of . .ult\Q- saturation tva • . ldule.ted on th$ •• aumption that 

a110£ 'hbesulf'!dea pnti5$Ilt were tn solid 8Olu.t1tm.. iaS~ 

(JuaB, ad "*S:., 

?Am 6. ':" : ~~~tion ~ 0.11 Vol;So. ~ t:hft . ,SU~ Content 
. . ~r the AaocIH 

kDriJd-e 
COlQO"a1tion 

~1'ri" 
. COpper ... .. 
'lie. 8- .... .. 
'No.1 ••••• 
No • . 2 .".., .... 

1 -sUDiii' I f;&;i t t" . ~ 
f s.a.tun~ t Ve:lt.g. t B ·Dftp' BI»p; R .D.roJ 
l'bloa t~bl.It tu • . ~ 
I pJ'OGt ,: ~.11 l ~ t ~~ t · Sol'lltlOn 

o 
5l.4 . 
N ;d 

120.0 ' 

0.48 
· ..... 5 
.50 

1.-
'. i 

0.13 
.,1$ 
.20 

l .dO 

0.10 
.. 10 
40 
.25 

o.ao 
.20 
.20 
.2'0 



C-OlIlPl&te ~ of the> GOde _t~l with sulfur 

oauae4 exeeaa1.ve anod. polarlc.tlon-and hlgh JIOW'r costs 

per poWld ofO;opper pla'Qd. The 'ftlt.ge 1I,O.mp' the .el1 

.. s eo h lgh when ~ • .2 .. ueed that the ~J" 

plated did n~ f • .rm 11m a.~ eJAthodetl ... cd\: .a ,..,.. 

produoed 1ithen tbe o.1;MT' anode ,oompogt1en. ....... ued-. 

RGduct10n of .sul.fu:r etmten't gtWe an · ... de tbat e.PPl'MChed 

the voltage df.!'op. ot ·oonduo:ti:vitN eoppM"' uod.&s., 

!be ~ being 4tmpesed o£ a $011d eolution 0.£ 

copper 8dl niokel eul£!des: ~ the n.tio be:'bwJe.'fm oQpper '1Uld 

alebl 1a 'th tIJ'.lGde gr.ea.tly affect" the e.node f'eG.¢t1enc. 

!he. effeot ot variation of 1ilieooipt»l"....m.okel patio on 

&lmde. ~luttlon ohat1'&O'tel"iatice s..~ice4 1ti ab17. 

In t.bN:.ins~. 1Ihere t.b$ 118t ~, ~oJ.utJAm .ttt­

e ,ieey 1& lOU than .011& hundred per' , 

ecouned~ au® ' ,. ~ orldatlo.n I divalent< ~ to ~, 

_1en>b snlfur it the ow,lut:101l ·of oq-pn. 



Con<iuntirity 
Copper 
)1& . 1 
No. 2 

00 
1~55 

. !1 ... 1Z 

. tOO ~;. :.. .. 

5.2.. 1' 13-.2$,,4 
.424 48..5 1 .. 5 

100 
69.s 
9~ .. e 

iii/ii 
hom 
A;nod. 

00 
4 .01 

. 00& 

file ef"f"oct of a:n.ode composs. ticm .. GV'e·~11 .eo.pper... 

:refiniQg--eell ~~r1JJtio-ti is pr&&el1ted . griph1e'a11y 1n 

Figure 7 and 8 .. 

Ta.ble e presents Wi~l operating da-ta i"o-r the 

oOpPet" ce-ll;fh 

Acoo1"dtng to the results tabulated under e.nodG com­

po-sition . .. $,. 94.D poreent of the eO:pper prodllCed will be 

1Uth& ~cmnof adherent-cathode '. and 5.1 peroent J.n the 

fOftll ·ot 80ft copper... 11; is in:te..re.tiDg to DOW th.t all 

Of tbe moOke.! ;\n .~ • .ott eopper i '. a .. s Dioal-.ndf.t_ .• which 

0fQ1 be 'water-leflohad and fttul"J184 t& -the eleotroqte. 



WtB 8 - !'lp-tcalOpeft1dng Data tor C!fP!~ 
L&!ira Cilt. 

. . 

Curnmt l!»nalt)r 
Ampere El'f1cleROY 
SOlution I$ •• y (:P/11i;ez): 

en '. .. '. .. .. • .' ,. .• .. .. 
1Ii. .- .. • .. * .• ' .... ... :. '- • 
!'e . ........ .............. . 

¥O"'. • • ..... ;eo '!II- • 

Voltage aero •• oel1 • .. •. 
Co: per _.""lit'., lb. '.' __ .. 
XIr.-br. per lb .. Cu .. .. .. lit 

Oa.thod-essay (percent): 
. ee • • ' ... ~ '. .. ... • ... • .. 

111 ... ..... " ..... At- ,. ' '. -

F ••• · ......... . 
A.g; • '. .. .. • ... .. .. • ,. . '. 

t . 'Al'lOi!. 
:. .... 1-.S .... · -.,-, t .... · --l~. -' ----'10"'-.-· '''1--
t : 

11e-tamp! .. -n. 
98ft .. 

10 Ulp/.q.ft. 
95$+ 

'53 to 1-9 
16 to 1.0 

5 to6 
S2to 68 

0 .50 
5.24"7' 

.lSG 

45 to 4,.:5 
Q iio 10 
o to 0 ... 5 
86~26 
0 .. 61 
5.115 

.. 118 

99,.77-
.00& 
.-0014 

"'Soft" Copper .a.pay (pecrcent 
ft. \1IaIIIUIh-.d bad.e):: 

..OOG7$. ttl:" 0.22 oz./! 

W&"tor inao·luble .. .. ... .. '. 
.'tel" aohb.1e .. .. .' .. eo .. 

a :ter-J,naolubl;e poriiQnt, 
C:tl ,. ... " .. ... .. .. .. .. • • • 
Ii " ..... ... fit .. -. ' .......... 

v • • : ....... ,.. '.' . -.; .. 
fotal .. .. .. e ' .. ., '" ...... 

_~aolubl. pertlen:. 
euso ... 6HsP • ~. .. .. .. .. 
lIlS.0. __ 6¥ .. ' ..... ...... . 
F .. (Sa,.) • ..:fm.O .... ,. . .. « 

R.sD • .., .... ' ..... " .. '. 
¥ •.. ' ...... ..... . ff fI,t 

'!o:tal '. .. .. lit .. .., .. ,. '. .. 

92.65 
1.35 

99,.10 
..0632 
.0048 

99 .. 1015 

4'2.0 
:J'1.S 

8.9 
ad 
&_8 

140 .. 0 
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AttM beg'lzmhlg Gf the~l.eotl"&1781a tabUlated 

a.bo., 1lDder AnodeCGtllJilO8J.t1on No . i" the 1xempere.turs of 

the, electrot,te .... ft.J"1ed ,O"MJ' a wide ~e. and .R1t­

abl. -voltage .. ~at • .,Fe lQad.. Since thu_ 

measuremem.t. _zoe Dld:e at the- 'begS:nuimg of theelMtrel,.­

ala-, when the .. ~.r oon..n~t1on ~ the electn>l,yte 

... ·at ita blghelft and 'her-ore eno~h slime .bad eol1.~ted 

OIl the 1'&oe- -of the ·amde to ·af'fdGt 'the 't'Oltage,. tn. ... 

maaaur-e'm!Nl'ts do .n(')t; ret1eet ·the&'V'e~ opeNtmg 0011-

<lit1on "t the.1eo'trol,y~8 but. are 0.05 1:0 0 .. 1 -.ol'b 

lwertbatJ tobs __ vo1~. tor the _tt. l.o.day nat. 

The ..... ~t8 an gl'tl1n in tal. 9. 

~;;pe;;tur:e ~t El~~t : 'ii ~ 
! :1 "" '- .. 

ad 
• 46 
n 
.$$ 
,U 
M 

Y01-' AO,"," o.l1a , -

o.n 
.a 
." .5-6 
..it 
.48 
.4'7 



Su-ltabl-e- .atartixlg s.h&etcs 'Wl"e produo.ed uaing the 

·ooppe-r-rdekel sulfide anodes: OV6!" a oom.parati,\r'ely wide 

f'&l:lge of o-peratblg _Mittens. Aeld oo~t:rat1on at 

the· beginning of -eleotrolysis was ;1$ to 45 g)"atnS sul­

tur1.eacld per U;tel". GurrEtllt dwl.e1ties of. t .O 10 

&mpe'ftS per sqUAre foot ... ~ uM.l.t$:ed.. Copp&l" COD.eCl. ... 

tra.~1on of -to to 50 gnae. per 11.teJ'" at the beg,1nnbg 

ot the elec~1ysi8 produQed .flrm&r etal"'thg abeeta. 

thant.ho •• produeed at towel' oOPPH' eon.eetratlO11. 

Starlillg 3beeta of 48 llCur.·dep9-t~lon.tJme could .". 

etripp*i 090811,- f"l"&1Jl the hlank8.~ The· s:ta!"t!.ng-Qheet 

bblnks lnl'J'e eonductlvi ty Q'opper plates 1/4 inch 'thi-ok,. 

the 8UJ'f!'~ being poll.shed gO that no scratehe's were 

Tis·ibl,.. .. 

Bef'o:re use, the blanks were pd.nted 1r1:th a coat 

ot- gJ'aphit. pablt~ c~unded especially 'f,e"r this .se1:'-

viee. The I.lB.:IJrl; was' eunpo'Sed o"t ODe pound of tine flAke 

grapMt& per pUonot 3~.5-~'bodied linseed oil.. The 

pe.1n't was applied &to a temperature Qf'50·C and, .tter 

bang pa.1nted" 'the blarik ..... • ~ b a warm. pl&oe tor 



thin du~d "tilth flake gnphite •• ,hat tto ~U tmb .,~nt 

on {'b. TblJ bluka _" 'U..,<t bJrmedt.at.ly -.fte-JlI -l<ne elu.ted 

with gnpAt'te. Fll.tJtl'O".. olHu)at1on .t ~he -alM~ e;t 

el ... trol,wl .... q~te .10 .o ,. -a nO't to ._h ~_ pa~t hoa 

tM ,.Uf'tt; • 01 'the- ba-tt. .Atte~ rur.1ng to .... PJtDldatolu 

t;W hoUJ!'lh the p.tnt .as OOV$red ftth tU. ·01 ~.owe:r, ud 
I . . -

.'t tb8;t 'tl_ ihGo1rQ\l1 .. iilol1 of .1~1)"b ... ta.,....a 
_~1 .t.,. ~_1 opel*tJ.ilc a_t. tt;JI .... ~bi8. 

ehe"o.,Xlt .ft -. ab - . in '.b1- 10. 

fA8ll.i Wo., -.0'" ~t.~~¢l!'. ~t,a!pr $;~!5 ;~e~. 

c .. ~ nwusli?y .... , • ".. .,./a,q. tt. , 

111l.ot'!'Ol~ '1~1N"' ._., ve,JoQ.ilC. If 

~1wo~:ro~ to .... ILY' 

C.41¥ol .... . " ., .- .. . • • Volt. 

Gun:.i1t: ItltolcD.qti' ., .. .... h~I_' 

1~2 

41. 6 

O.Ja1 



The .l.ot~ of .lekel bOle. n1ob.~ eulfate 

.01u*10».8, 'bY ~ tit In<<01Uibls -.¢)d •• 4~peina. ' ' 'hll)" ell 
" 

obcdPil '~1 • .r th ' p1!ot 'bl')e, ,c.'ho2yte. U th& 
, 

_thel,. ~ " . ba,dc ~" • preot.pitate of do.l 

~;d4. 0 .. b •• io n!Qk.l 'ftlf.a.tes Wll1 tOJ'.\\1 b 1St. 

o.tho'l~ '.t , PaT to a.., on th othe ha:Dd. U' thlt 

.atho.1~ be-o'qUJ$ _hi imClugb. ;: hydroge 1 • .vol.,. •• t 

the "atb4<le la, P"te~fjJ&' to n1ck41~. !he .... olutlou o£ 

hydiog_ beQ ..... -.1or dtttloUlty at pi 4 O~ un __ ,. 
ll.! ' 

~~ oorn~~d 'tbt pJf '. ,' ,n1".l tl.tro"kt_ 

batha u.1ng •• lu'bt. Jd •• l ~.w1th ~ .'tru.~. 

*D4 ~.il!u~' Qha_otoI"1~10 f:ft t:~ de:po*l_d tlt'Oltfl and 

•• ' £cmn4 ~kt _e,. .~ 'elWte raa .. in whlch QIt"'l 

ottl" 0 ' . :t1e.ws Gecto' 1n Jd.Gkf'1 ple.te, lle ~ 

lnd 'blle. ":suit, ot 9I\l"etullr ~_JP41 .. ' 144t~ '-.t. 

b11rbbh th~ ba'bh ,H .. 1t&J"1_, . '. 1'o),l;mr" , 

t J . ; . ... ' r , 

1!/ ,~; : .~i '. ·t~ Acid'" .. It fllo~l tMP"'t .. e"l1Jfs"f).,-~ .. . . Bl-"to.~. 30o., Al, 
llill> ,'II "--U._ ' " ' 

2 . i, J ,' ,! i 5,. 1 ) JI .. ' ; .p • ' " " -tr ) , • • • • .,............, 



1. .1'he oathodt .ttlo,1bOy _~ b. bleHUM .1the~ 

'by l'abing the, curl"O$1ii ~rud:tv or 1:b;e It! .. oJ! by' ,,'.bg 
'b.t1Ul. 

2. Iu -the ~, o£ ,1! 4;" .,. .. b • .,.~ the tAlJ1ront 

dena'lV __ . lit'tI_ tOJ'QO . ,ffHt -.tbod • • ttlo~. 

3. 1M1_ .Pli a : Ii ' P 'to "j. .. pSt. Mel .t ,·, . , 

1!Ihl.h aft , , l~ att;1"1but.4 to. ~d.rogen tJV(>1~tJ.Qbt a, ... 

'ftri Pl"cm~. aHe~ .. - PHlt.us f>I tM _po.s.ta 

,pe~rulJ '.o(')_~4 m thh ~ ' . ~ nlot.l 

Qpo8,i<t 1.' : ,117 ~tMr bl"l ~f 

. ... ~ pH o~5 _d 6.5 f' &J " ,it. ell *:tft;a,b 

q., tOQild oaq ~lJ'. Above P. .$. bU~ ~_ Uto@­

be,. Md e~~ ve: .1n llb-l1 to QOc\W, &1#0 "b~ 

'~'" ,of t $ d~Glt ~ aba'Fl' e.4f&9$, ,ape.S.ll1 nth 
hI~utJ"a:lt ,.," 1~1e$,. fbi,. t .. ~te~l.4td lq ~ 

or blae bgd , r .. toMah ,."., .t<t.,l aPl* ... I~r 

lJ) t>1()., I ' ",e" A.q ~ bluhh .~ tb U~l' l ' 'b 

oE _.. Abo .. J'Ir 6~,. s.t __ • " ltl.hJult: to get ~po'd" 

Soil _'t1ll "l\lt~A bl. '. It&~ .,.~ .cl'Q't~ 

GOd .1". DAy 'b.- ()~~a lJP to , ~17 _'.0. 
~ P"J'~ • .,t l>Qni:. " in t. aU_I '.,..<t. .... 

~ ~"'" the .~~l'k1it •• 0' ~ ,._1 .. 

,..t't .. to ' ........... lWted ~ _1M~ ot ~. 



sulfuric ao1d present or1g1l'lal17 'or to'I'Jued in t.he 

el$ctrolyte. 

trol the pH e£ the oatllelyte d,ulmg the c-o'Ur&e' 'Of 

elecrt:roly.k. Some of thEl'SA!I were (1) rapid olrcul:&t1on 

of electrolyte, the OAt.ha~ feed to the oell be-i%lg at 

all t1me1)J s6tu:rated w1lth and e£\~r-ying in suapeaa10n 

ni'ck$l oarbonilte~ (2) the :1ntmdooUon o£ alka1i len Sn 

the form ,of aod.ium sul.!'ate .. together \!ith ·8 SOl'II!twnat 

slower ~j.rcuiation. Cd (3) the ill.'trouuO'tiGn of ~ium 

lon ea ammoldum BU,tt'at-e.. JIeep1sg the eatho."..tyte :teed 

atu.,..,t8'd with nickel -cat"bona~ ,av .atlafa~ mokel 

deposits, but thie .ehe was no;; deemed _tie. a1)'to~. 

as t.he us c.~ 8ueh .. method would fG'l"Ce ilia pnctp.ita­

tion o~ all the n1ek 1 '.8. nj,cke 1 oarbon&t. beJ'O:l'I 

eleotrolysl:a.. The add1tion ot· .odl1l11l len to t 

oleotJ"Q!yte. 'When at .11 e£feetiw ,eau. .. d tao high .. ' 

pH to 'be ua1.ntaind in t.h.e eatholyte, e-~'t. 

Addition or ,8lIlllU)Bium ion~ while at nnrt s~ 1nciea­

t\\on. cOf d.e&lJoable etfata, W8:sfo.und to he inett6~tlve 

=~ 
~ 



baths with Cfoluble nickel anod~8 have been ,studi-ed by 
ry 

the Bureau 'f!1.t StandardS and reported to b"EI the only 

nickel bathe thalt 'lrere · buft'ered etf:ect1vely. !l~tJtro­

lytle '~OIl\POalttoll8:1n lhe 1J'1tb thafl6 baths w.re trud; 

it . s found ~t theB:e8ulfate-nu()b0rat"O~leo~lytes 

gave d_pon'hs of soatl,..faotory physical ()han.oteristios 

and wre. • .ffe.oti va in the li1n1t."Uoh of lo"dl"O.geu evolu­

tion owr a " ddQ liB ranges and that cell oond;ttlou -.ould 

atay i n. eQulUbrl.m'ioi sndet'tnl.t. Period.,. thua maJdog 

po.Bibl the depo-.1.U1m .t t.l'l:& ~k o-a."tllod:. depc:us-1tj 

d."lndln .1eo~Jro":£1n~ 01' cttleetl"OidlmiDiS CJf ~ .. 

T'ht; n!okGl de.P08ita tOl"U"d fJ'-()l!Jl niemel sulfa'te-tluoboraw 

e-1ck:ttro.l,.t-es had lh tend-enGy tn6.p11 t , peel, pit, end 

true than dtd those d~pGSits formed in -other ,&leotrolytes,. 

.. 1 ' I • ,."'" . • l 

l!tlum:r 1I'U,11am, "The ua $ of Fluo~ide. in SOlutions 
~9" lf1.cbl ~t1on. it 7D1l11_ .lJl. ·Ineoi:roch4Im. 
$00 .. " .$9, ~ World, 17, 121 (1921).f- p-. 45:9-401 .. 

. . 



b it 1a ne __ At7 to ccnt.ro.l thepil~f'h'he 801u .... 

tio. f'r'om which the· nUkel,.. deJllC).tt&d .... o:ompal"tuliOt 

eel1 ... used rcor all experimental -..rk. '!'he oonatru­

tlOll ·efthe oa;thod. ~ utili_a in th~8&' experil:ltemt. 
_. '. . l!l 

hatl been d • .,cr1bed by S.. ll. Shelton ad CQ .... rke-nL~ . 

The ~·Ut.d e,leetreqte wu h1t~e4 into th& 

top ef' the e .. thGd.e~rtm&nt, tlo'W'd dom 'th$fa. itd 

the· (l.thodo·~ ettd eut o-f tbe etL·thode~t biio tho 

ano.l,.t& oompartment. 1'he "."thode tt"8lll9 was e~te4 

0.1 ...bJ.gle p~eee 0f pMllol;'t41"IPaldeb;yde plaet1e keri-" 

..,bu H uaed -f4t attohboard _:rt'1et9. The ~J.-

w1rm1Dc _111 like .tb4t o.~ -ll~ -~ -.de up 

of ~ 1-.. Wi. th • thin ·ooat1:ng of 80ft !'Uober. 

I_~ ... -t_ 81'"dof' o.1l'Oulat1.eu 0f the .. leo­

'tnllrte •• f '.na-d to be, • ..ry JapoJ"tClt varkble . in 

nl&t.ton ·W tile· _thode ~ ctaaf.t,r au to tbe mvul 
oOlbMllt8tion of' the' oatholJte .fwd. _.t.hod ..... tng 

Fate '01£' no., ·ta1dDg mw ~ , __ .tlwr ftrlabln" 

II • ' j .. t , . I " 

' ; f ~ 



was evolved.. By de£1nltlo:;l" the tJnow number" is eqUQ;l 

to· 'the ratS-o between the n!.ekel in solution actually 

introduced into the oel1 in the :catholy"t.$ te in a wit time 

and the amount of mom! that oould the-oreti-c Uy be plated 

.tr&m tlw . ol.ut-1on by the current thr6l,l~ the- ,oal1 in t eame 

unit -ttma... 1'his mrq be expre-s,sed :thematically by tOO· 

equ tj.om 

Flow J:JtlmbS'r - Gnuna of lckel Int~duce,d !:l" hDUl' 
lJiiPfit'age 'f'liroiigli ce11 , xlU ',ro- . 
cbamioal Equlvalentof Nickel.. 

Ua1ng. niekel sulta:tf)""Ilicekel 1'looborA~ elelbt!'olyte 

~ the :tollowillg oo1!1p081t1on: 

~j:t1ter 
. - 1ft 

Xi ~ • • • • • • • • • • a • ~ 4 

• • • - • • • • • ~ • « • • • 

If.:allOe . .. • ... • *' . ' • • • • .. • • ., 
pH c.tholyte Feed. • ., •• • • .. 

~ -..riatiou 1» .ou:rrent den8it,y __ 

r.ported. In 1'.-blEf .11. 

UItLE 11 ~ 13~t of Curnm.t . ne:~ ,011 ,cell 
!o!g ¥¥! J¥erji ~ Gm8l~lJ; 

~ t. '1Oi~"t tOlls liO~S8. l &:Hil'iili!' ~ 

~S! t Umber 'f Cell .. Nim.'"'e'l -, 
" 

, 

20.6: $ 4 •• 1 .. 
lad 6 4'- 1.74 
9..$ .e ,3.2 1 •• 

.. ; a i J 1- " 



"the catholybe pH -.. ma.1nt&1ne:d at &l1ch .. pomt as 'to 

pt'8vent th~ 8YOlutitm. 0'1' lwdrngen. The $1"041t. 

toftled a.t higher currer:t.t Qnaj:tie$ WEtft t~gnilil$d 

of' this s1tries are gj.ven in Figures '9. 10 arul 11. 

lnaslnuch as it 'WU cieeireod 1;.(,1 prec)"i,plt&te t.t. 

,anallsfJt posa1'bl--e proporta01'l &£ the: ai.kielu ~bo­

%late, an erl:ended"r~ 'WaS made of tile ·.t.feo.t ot ~ia­

ti.!>n of the :fJ.o. m.UIIl>el" on '~he v.vmu'8 eba.lacteri.tic8 

~ the' Jilick:el .l~ing cells_ The _thc-~ 

feed. t_ these ~tc was the n10kel &ul£a.<te 

fl'lW'borate elootrolyte .. which hIa.d g iVQ1l the 'ba$'t re­

wIt. of ~ (a'lsetml.yte used in the co\U:'ae of t.he, 

expe~al werk.theolM'trolyt ... ~.ttio» •• t 

Qrala/1J.Wa" 

Ni • • ~ • • • ~ • • • 
~ .... " . .... '. ,. ... . 
'~ .... ,. ..... ... ,. -.... - " ....... -. , . .... .. 
El<e'~ror~ ~tuvE1 ... . 

~"ItA._ 
~ 

30 
4.2 

20 . .. .. . . .. .. .. 
5.85 
as-e. 



Figure 9.- Mickel deposit at .50X; current density, 9.25 amperes per square foot. 



Figure 10.- Nickel deposit at ISOX; current aenslty, 18.5 amperes per square foot . 



Figure 11.- Nickel deposit at ISOX; current density, 20.5 amperes per square foot. 



Carei\tlly s1;anda.rdiz..d~ :floating e-lpbtma yen 

und to teed t.be puNl nicbl eatholyto ~ the U'bhode 

oompartment ~ta conatat rate. As (ij.()ru!li<iehbl.e tt.me 

_5 needed for the eell to reach equil1brlU1ll operating 

condi t.1oil$, .. 11 testa _" oonduct" 80 'that pla:t-btg 

·conditions are lI&tnta.hed~(Jr at lea$t. I> hour-s . r. 

sorne :1:nat.n-eea plating oond1tl-cms waft maJ,f}:t-.in" t;O.r 

24. houra OJ" ~el". 80 tM.t any diso~o1e.8 o.:twoe. 

loug and .ahoJ't..o.time <0011 open-tlon. would ho d1:.el"O..-d. 

1'he result .s sf' the8e riud.!es ·are ~.ri.%ed and Fe­

,sented graphically in 'the, OUl"'VN or Figure 12. It ca. 

be rewU),y __ . tha"tat fairly' h-igh values of flow 

~:r, a. oatb&lyte pH of 6 . 3 wn.s mainta1n.ed.. in -con .. 

_eque-lUMt" the .sm:pere &ft'1o1en-oy was 100 pi'reen'b, nth 

.. CGI"l'etlpood:tng m:n1mnm 'V't'due for the eDe.J'QT ~uu-e­

~8 pel"' pound ,0£ nickel or 1.14 kvt.-hr. pel!' pound 

of n1ekel plated. 

As the fl_ thJ.'iougb. the cell -..redueed. t:be pH 

.~ thecathol:,vte aolutt1on was lDwered· .. · n~ reet;dta ·of 

tilis .'f!e rodueed UP" eff'io1snoy due to ~d.n>geli.eY(l­

lutloll. ~tlon of 'Vb l'tage tlOcroaa the. eell ~ ~ 
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lower.e:d re&tatanQ~ of' 'tha 4atho1,yte, and Mghe-r eMrgy 

r8q~nte pe,.- pound .of' Bickel d~1ted. Howv&r, 

In apite o£ the ,Heming tec1mloald1ead11m:tP-ge t;4' oper­

&'ting a't .. loW flew n;1i1!IIIbctr _ there &ft6Conom.o ad'ft.r.l-· 

tage_ bl 110 dob)g. J4' higb l'-lwntilJ!ibers only" :GlIItll 

peroentage of the noDi 1Diire~duoed in_ the _11 in the 

e&'tholyte .fleed 1e depoaf:ted. OD: the_thoele'. but· .t low 

now ~ rl.rtuallyall of' titEt nlek»l intl'o4uced ia 

pl..ted. \lbezl opel"&ted ate. 1.- tlow-~ of -wron­

-t.17 0.75.,. the :anolyto diftllu&- .tnna 'the n!okel .. 1 ..... 

trcnrt.nnblg .. 11 would contain 5 g~ .• ntekel perU.tel" 

~ of tile 19 gnma ~r l1i>er oontabed in the pure: 

'l!liok&l ~tholyt. ted tc· the oelll tht· 2$ gl"U1a Jer l1l\ar 

~ted e:leotrolwt:1eal~ hom the _t.bolyt_ aa4 de­

po*lted on th4J ,..tbod. mmld baYe bee. replaeed with .. 

• heD:dc(taleq~l_lsn:t of" .au1tunc acId • .rt1Dg 'the &4114 

o~~lon of' the 0.11 dlelarg. 4.2 pt.roed aalturi. 

&old. '!J1b. dUute nlfUl"lo a"W.ollltlon tb&a oould 

be r~~ to· t:be oopper l.eaeh ta:nke ·after ~ boeo 

_de up to the 100 gJ'4W!I pEl'" ltte-I" tmlfuru' &o;i.d re­

f.lU'1wId '1a ' t.be leMhbg Qp$',.ts..JI:. 



Photomiorographs at UOX showblg the ftl"1ance in 

.truotQrec of' the nieol deposited during thNe testa under 

di.f'f~nt pH conditions and different flow numbe .. a e.re 

llluetratedin Figures 13, 14, 15 and. 16. 'the grd.n. size 

o.t ths Jdckel produc d in the more acid solutlou 1s finer 

~ t.bat of the nickel de-po-81~ f'rom themor-e warly 

neutral eo1u.tloD8 . 

maamnch fl.. the purpGH o£ this p«rt of the WOl"'k 

w... t& deY.lop an woll:lb~de, eleo1:rn1:nning-n11)lte.l 

proc .... ~ it "as neMa8U7 that the d<&!'O'llitlQ2l COJ:!A1~ 

beauoh tha.t the o.U .• uid .t. m. .-qtd11b,lqm 1""«1" .8»-

'tended PGF1cds '" c!h1tJ In. 1WO.":f!ar;y ;&B ~ a..na: • 
• 1eotftlyt1;o nickel ·cath&de of' ,o:erta1& dethtte nUnDam 

thl;o,ltnesa. It 18 als.o quit _xpelllJln to rsmov. 8$l. 8'trip 

the cathodes lII'On o:.ttentlJa.n 18 abaolute'ly neoO.thu,u'Y~ 

CDnse~q,. pla..ttng oond3:t1.bIllJ .. re mainta1nH tor l2G 

llouN.. At .. 11. end of a l2O-hbur depositlon period. 'bo 

ple.tQ of Dtoal .. Fe stripped froIa tn. u,thode.,OD& tr6m 

each 8.10... '!he plat.. were more t'haIn 1/8 !nch 'thick .. wh1ah 

u · ao.oeptabl. tc lnd~.. There ft __ tecim10al reason 

-.by the t1meo£ ~ai:t!on 'eOUld not have been .~". 



Figure 13.- Nickel deposit at ISOX; pH of catholyte, 1. 95. 



Figure ,~.- Hickel deposit at 'SOX; pH of catholyte, 2.25. 



Figure 15.- Nickel deposit at ISOX; pH of catholyte, 5.~O. 



Figure 16.- Nickel deposit at ISOX; pH of catholyte, 6.08. 



!"a.ble 12 giTes 'typieal Gperating data on eleotro­

lytic. lI1lokel cells .. 

TAllIE 12 - yYp1.cal Operat!!l§ D&"ta en Blokel Cell. 

Current Density .. .. .. ........... Alnpe!lIq.ft... 18.5 

Vol'tage AOl"'Otl8 G1l11 .. .. .. * ... . ' .. Vo-lta 

Ampere Ef£101ency __ ...... " ...... p&ft8ut 100 

Flow' iUlIlber .. • .. .. .. . ........ .. 

!fi. ... .. .. .. .. • ... .. • .. .gram.a/l1te1" SO 

, lI.'.F • .. ., ..... " .. .. • . ' • 40 

,., . .. • .:e: ..... 
Temperafun e£ El.c-trolyte .. .. ... 

pH Characterurti.o&': 

eathoqt& Fee4: ' .... ' ••• , '. ' . ' .... ." .. '" '" .. 

C,atbel}"t(t ........ • ........ ,It . ' . ' ...... I> .. 

..A.no lyte .. • .. .. • ... ., .. .. .. ., .. • .. .. .' '. .. 

4.2 

20 

27 t o 35 

5.5 -to 6.1 

1.4 ~ 1.6 



'" r i 
FJ'I$lIl Bunk~rv111eore .. 
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