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CALUMET AND HECLA CoNSOLIDATED CoPPER CoMPANY 
CALUMET. MICHIGAN 

Ur. W~ J. Harsha•, President 
The Harsha• Chanica! Company 
1945 East 97th Street 
Cleveland, Ohio 

Dear Ur, Harshawa 

January 7, 1946 

I thou~t y011 would be interested a t. t his t.irn.e in a brief re
port reeaJ'd1ng t he progress ot t he construction work tor t he 
La.ko Chemical Canpany. 

Construction at TamaraCk seema t o be proereaaing satiatacto~y 
and t here is fiVery indication at t hla date t hat t horo wUl be 
no del.ay in installing equipment as received. The l ower tloor 
is completed and alJ. foundation• tor supportin~ t he reaction 
tanka and the r~action tloor are r~ to, receive steel colu~a. 
Fabrication ot steel i s under Yflq 1n our ahope and all material 
for the noor is either on hand or en rou,te. 

Construction schedule calla tor ccmplet1on ot thil ll.oor by mid
Febru&r7, at which time installation ot reaction tanka mq be 
started, These tanka are being constructed in the Calun1et shops. 
Shipaent. and installation ot teMpora17 trta7 dryer• ! rom Harshaw 
can be scheduled t or t he aam.e date. 

Doli very of equip!lent traza raanu.tacturer• is delayed and mos t o.t 
the ori~al procl.aea have been r evised backlf&rda. Electrical 
equipnent, especially 25 cycle Motors, 111 particularly sl ow movi nJ , 
but we are hopetul. t hat wo can subatitutt1 t emporary, thou_:h poaaibl)t 
i n&t.t1c1ent lized lmite, .tor t he very l~.te delive:riea. 

Pbysical t.raneter ot equipment used ! or t,he development and ma.nu
t acture of copper H;ydrate w1ll be made as1 foundations become avail
abl e t or permanent location ot t hese uni t .s. Accurate r ocord waa 
kept by Calumet O"! t he cost 1 and Iinancia~ transfer to the account 
ot Lake Ch.Ucl\1 Company can be made at ail\ appropriate t.ime, alter 
approval by The Harshaw Ct oniea.l Coc.1pany. 

lour a ve•ry tl"Ul)-, 

ERLih#Jl 
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Ji~ ve-· 
We should have • buildinl t~r 4a~dl1na seoon4ar7 an4 it · 

C?Ugh~ . really to be attaohe4 to ~om • o~h.e~ ., _ '' ~o ~~a_t han411n& : 
. will- not ha'fe to be done twi oe. :ro:r th1 i '" t ~. ~ ve not._ plan~ 
_ nacl OD doing an,J. et_ripk)1ng to ilpeak of" but. that cannot go on in- · . ·. · - · 
sc~SJf1n1 tely. All _ o . our ope,ret1one will have to ·be carried on ~~ -· 
. fil ·- ·tt ~ *•~ - - -~J. a in BWDDuar • . Under the pre•ent oond1 tion• w•- -· _ 

OS;tpOl . - ~- P:..:~:f'B pment• eep_er•te4 sutt1o1ent~y well DC)l' cen w• al.a 
way•- tln4 material when we waut_ 1 t. _ We hav• a plan ot -the yar4 
showing t 'he looationa ot sll- p,1l.e8 bU~ ••oa ao w• oannot alW.7a 
reola1a thea eepeo1all7 when the worll haa- to go ou dur1n8 snow 

· atq~•· 

To avo14 r•handl1ng it ta ·act-.tee:bl• to store seoondary 
ooppe .. in 9an8 or 1a soae other au1 table reoeptaole - that 1a; • · 
container convenient tor oharging. We will nee4 many mora than. 
we· now have •. 

You know- that tor some time I have been obaesse4 with 
the idea that. we should have. our. leao~1na plant e.~jaoer.rt to the 
smelter ao that all hendlins whethel- of material smelted- Ol' ot 
material leached ooul4 b• d9ne b-y th4t sam~ crew. The -pre$ent 
method is deo1dedl7 wasteful'. We oould n9t 1; however, · hope to 
pay for a new leaohina plant on the baete or saving• mad•- b~ 
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i 

Mr. A. H. Wohlrab •••••• 2 •••••• 1/29/46. 

more ettioient bandlingJ tbe~e would need to be some other oonatd- · 
eratlon to make 1t profitable. The tao~- that we oo~l4 4ea~gn a muob 
more compact lee.ob1ng building. lower than the preeen~ ,_ __ t7J)e, an4 
that we oould _1natall square lea~ hi~ ·~ta~a. 1p_at~a~ ..,.ot: · roUJid · <;>ne• to 
use apace more etteoti·vely would sav• ? Cfoll•t4e~bl: -mone7 both in . 
heat- and in . handling. The still hous•• ot course-, wo.uld be part . or 
the s_ame building. 

't·rou:-.:.-· .t ,. 
;. : ,.~ 1_:; , ::'tn ), :.: -~ 

,.i ~ o.:z n dn :: .. · ~t ~i ~Ji"i 

t, !J: W Q r'.: ·' :~ ~-? ~? . ;.~ ·_~t" Jt · .. ,f. • 

., . tJ' . ,.., 1~)-~ ~·p;ll ·~ ~i .r :~ ·• · ,{ Jc 

~cp p . 1 /~ ~ ' ~ "lft 0; j_ __ 
~. t7:. :·" ~ 4 , i t-1 .. ~ ~ co n J! '"--3 t , .. ~ ~ .. i ~, c .:r -tt · ~ j ,. ~ ~r,'t ·; '"J;: ·~ .. ,. 

'(';· _, ;~ ~;~ ·:~i. 1' ~ . 

-.t t.,.A ~ ..... 

!:1 l '; t ·~.-~(~' ~.:;~) 

~:·, r. • .. eJ l" t C 1 
.-~; !~h d ~ 

:~ 1 ::.. ··~ ·.., ;~ ~- ··, 

7.i _, , 
. l 

-.A 
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February 7, 1946 

Mr. A. B. Wohlrab, General Manager 
Calumet & Hecla Cons. Oopper Co. 
Calumet, Michigan 

Dear Sir: 

Tamarack has now started to dry copper oxide. 
Within the next ten days the dried oxide will be packed 
in 100-lb. bags and stored at the Tamarack plant. Since 
the Tamarack stock will no longer be a part ot the 
smelter inventory Mr. Jones. in order to get the dried 
oxide into secondary production, will carry an inventory 
ot dry material at Tamarack 88 a part ot the ~econdary 
copper accounts. Mr. Oxnaa will pick the material up 
tor hie monthly recorda tTom Mr. Jones' reports. 

Shipments ot oxide in begs will be made trom 
the Tamarack plant and the data will be reported to tbe 
smelter by Tamarack. The smelter will do the billing 
aa betore and will also take orders tor dry material 
trom the New York ottice. 

It there is any reason tor changing the above 
schedule will you please advise me a8 soon as possible? 

HCK/C 

oo: Y.r.E.R.Lovell v 
Mr.W.W.Lynch 
Mr.J.G.Bennette 
Y.r.W.A.Oxne.a 
M.r.W.F.Jones 
Mr.R.K.Pou11 

~ /~tat. £ .;f' <'- £ /( 11 

-r)tj..; ~ ' 

Yours very truly, 

H. C. Kenny 
Superintendent 
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CALUMET AND HEcLA CoNSOLIDATED CoPPER CoMPANY 
CALUMET. MICHIGAN 

Ur, w. J. Harabaw, Presldtnt. 
~ Barabaw Cbc111c&l. Coop3Jl7 
194, Eu\ 97t.b Stre.t 
Cleveland 61 Ohio 

Dear Ur, liarahawt 

Jul¥ ,, 19t.6 

Pollowina 1• a condensed repor\ COftrlrlB progresa be1nB Mde at the 
t.ake Chai.oal. CaDp.anyt 

.QQQ~t 
The oral.y nd.:saing equi;:ment u ot tbt.a date 1e 1n oonnectJ.oo W!.th the 

Oliver tllter and we have pl"'OD1ae o~ full ah1p1aent b7 e:xpren troa OaklAnd, 
C&l.Uonna, co Jul:/ ' eo .. ar. juat1lied in ant1o1pat.in8 d.U.veey ~July 12, 
and w have a:lked that J om Ponunik be here 1~ that date t.o make l1nal. ad
just..mmta Dond ae\ the plant into productlcn. ,rhe raw mat.erlal.a1 aal.\1 aul
pl1ui.o acid1 IUIIDGI\1a and oopper are here and in ample quant.itr, We u-. 
hoping that Ponasn1k wUl t1nd all the equi~mt. and piping in f!OOd order 
and th.a\ be 'WUl ban no di.t.N.oul\7 1n lll2ki1'la' 1~be neoesaary adjuat.Denta and 
br.ak1.ng 1n the operating ~ 

CQPPEB HrDMDL 
. ProductS. a\ toY' the 110\th 'W.8 21,000 lbs, 1 Which Gbauated the ~ 

ot cauat1o aoda, Operaticma were nooeeear1)3 ~lnett1o1c:nt and the plant al10Ul4 
at1l.l be oonG.derod u ~g 1n the devel.opn<mi~ at~. The ~d dryer 1• 
not a.a yo\ 1n GaiLlisdcn and the trq d..z7ers Wlare used to 800<l a.dvant~, blt 
unpl.eaaant and moderotel¥ henV7 dust loaaea «urued whc the dry product •• 
pul:nr1aed nnd p:l.ak86*ie The baaeinlf machine :La now opernting eat.ietactorl.l¥ 
and the Ra:/mond d.ryer :UUS oege.mtll wUl go in'bo c~aa1cn on the nett batch 
ot ~t.e eo that. dust loaeea wUl be nomal .tor th. CCX!lplete equip:klll\ u 
at p~aent in.talled. There 1a no proviaioo f1t>l' eat.chinB tb8 dust. leavina 
the oyal.anea. 

Yours 'hJ"7 t~, 

Proaidct 

ERL/P 
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CALUMET AND HEcLA CoNSOLIDATED CoPPER CoMPANY 
CALUMET, MICHIGAN 

~tr. w. J • Harshaw a President 
TM ltarahaw Chead.oal. CaDpaey 
194, Eas\ 97th st.reet 
Qlevel.Mld 6• Otdo 

Dear Kr. Harahawa 

~ '· 1946 

Foll.Ol'd.ng ia a repon ocmtri.na progr.taa beinc made at the Lake 
Chmcal Compaav. 

~ Product.1on ot coca begm on July l' u s chedu1od. 'l'her. 
1lfeN no m.eohanioal. defeo~ nor dittiet.U.tJ.ea el'lCOuntored, and o~at1ona 
are renarkably -.ooth, with the n .. operator•• hitt.J.ug t heir etr1~ rapid
~ unc1o.r t he able tutel.at.• ot Jom Porva.:mik •)f 11&rahaw. A oopy o~ Kr. 
Porvaan11c•a report en oper r ties1• t o date ia ai~tacbed hereto. 

You w.Ul note that. tor tbl tJ..m. the jNl,ticipated monthl.7 pro
duot.1tm 1• no\ 1n ax:••• ot f:IJ ton•• t he crur~mt bottlmoc:k be1nc the 
capacitq ot the tra, dr.yen, a ~ inatlill.atlone The a1.x rttao\S.on 
tanka and two elUJ"17 t ank• are tu 1n axe•• cot tlw ant1o1patecl .tinal 
output of l,c) tona mont~, b1t the Oliver ~l.ter product. 1• barely up 
to present dryer capaal.ty. Jom Porvasnik 1a -.orryi.na more about tld.• 
than hie repon indica tea nnd 1ft 1e, ot ooure••• . too early to wal.uate 
poaa1bi.llt1oa ot il:lprovunen\ 1D procedare, b.l1b lOC\C inoreaae 1n output · 
1a not goh14t t.o be eaq to ge~ with presen~ t!Uter equip:ilalt• 

Cgnper tlvdr!\!1 Operation• were ~Lted b7 1nabil1t.,y to obt.a1n 
cauatlc soda, wt an ample suppq 1• pralli.!Je4 tor a good J'\ID begt.nninc 
about. A,uaun 10. 'l'he ~d dryu 1• schedu.:Led to go into operaUm at 
that time and the preemt pUot plant unite ~m be givcm a aoocS t1'7-0U\ 
tor o.pacity on a continuoua run. We are CMilidering uain4r the no1-tb 
(apare) coca alurry tonk &8 a ~t· al.urry 1t.anl(. wh1oh 1ld.l.l permi\ 
continuowt rune on the hydrate tuter, dr;yer HU'Id hnauinl lmits, independ.,t, 
~ the producUcn r ate o~ the J"Motion tanka. 

We hnve had no adverae reaoticn ti"C10 any ot the cuet.c::mer& u to 
qual1t7 ot pl"'<hlat end are trett.in&' some ropea'' order.. We have not u 
ye\ ahlpped to the tluodex CaDpanT• 

Youra Viery t.ruly, 
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THE HARSHAW CHEMIC~AI:. COMPANY 

I 

Mr. E. R. ·tovell 

llr. 0. L. Cn.i1 1 Director ot S.Maroh, 
C&lu.t. aD4 Heola Co.naollda ted Copper Cc.pa~ • 
Cal..-, M.1Gb18110~ L f 

, -.-~ n 
DeU 1ft • Cra..._• ,.. , ' ~~ "' c u 

l 
I' aa aorrJ that. ., d.eacl"ipt.10D ol t.bl~ propoaecl C\4)r0Qa oxide 

proc••• baa q~ bMo. clear eo 1 •~1 t.r.r ~o • f' ~t. a~D .ill laDft detail. 

• We ha•• aW tA4 witfi ibe driecl aiad1'ax1de u tUI"n!Ahecl b7 ~. 
Tb!• aat•r1al. 1a a&&J.CIIIIratad and - hava toUDdl it. necea•J7 to f1.rat. ball 
aill it.. lfat.vall7. at. Cal~\ we would at.an witb t.he mi.acl oxicle before 
dr71n"' WMt.tier it WO\Wl b&.,. t.o be baU m1.ll.tiCI or not. will han to ta 
det.el'lllnecl but. iD •it. her cue u. ia nO\ 'YeQ Jt"~" l o\41! .t.ep. 

Th1• material ia thea 1-.ched tdt.b d.il.ut• aul;b.w-1o ao14. &noqb 
a&&lphur:t.o 1• a.dded to onl.7 ruct. ld.th tbl cupric o.xl.de ta"• •eft\ iD tJw mixed 
oxidll. It. will react w1 tb tn.ia o~rl.o ax ide pr·-te,..n.t.1al.J.7 to the cuprou 
oxide. I\ 1.a ben that. .. gat. aou cop~r a'Cll.pbate aoluu.on. 'lb• aulphw'io 
acid leach 1• 1A sq m1.ncl better than the aoet.io ao14 l•ach u we lboulct be 
able t.o diapoae ot the copper aulpb.at.e Uqgore 1n OUI' coca operat.iona. u 
an excu• ot copper sulphate salut.ioD 1a ~oduoed abcrn •bat o&D ta uaed 
1.n. CCC.S there are two or three methode ot diepo1e..i.ng of ..- .. hicb we caa 
dlaou11 wtwtn 70" ara heJ"e • . 

Alter leaching with 1Ulphur1o the copper aulphate GU.aat. be r~ 
an4 the aterial be watered. It. 1• then turnaoect and a aaall &li!Oun't. ot 
acetic acid i1 .adxecl 1D betore teec:lina t.o the tumace. 'ftle aet.lo ao 
intl'Ocluaecl le loat but. it. doea naTe a Vll'f benetia1al ett•ci un the quaUt.J 
of t.be old.C:S.. 

There ia ""' a ver, ~1( dulan4 tor coppw acetate and it would 
... t.o • t.ba\ t .hia prochlc:\ 1l we clealde to •ka it. could beat. be •de 
tl"oa e1 ther your regular ad.xacl oxide or a talr~r hi~ axidi•cl .U.d 
oxide. 1 do tbillk u. would be adY1•ble, ho•n•r, to keep the candclerat.ioo 
ot tbi• Mp&l"a\41 !roa the aanataoture ot ouprou.a oldca beauae it S.. alaoet. 
sure that the a.ou.a\ ot copper acetate ,.. can a.U •ill not. be 1ft balance 
with .the .->lmt ot cuprou oxide •• om a.U.. 

tnu11111ch aa JOQ are pl.alll'lilla to be twre aarlf in No.eaber w cu 
di•cuu the 'tlbol• atlbjeet. 'ftr'7 t.horougbl7 an4 I thiok •• can olU'11'7 t.be 
deaoript.ioa ot the proce••• and I bellew 7ou w.nl lind our reaaonin& i• 
q\dte aound. 

• 
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b. o. t. Cn.la. Oot.ober 1'• 19M. 

If 
_., 

.. . .. . • ~u • 

'r. . . r \!h , 
" t \ ' 
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REVISED PRELDliMARY PLANT SCALE QUANTITATIVE 

FIDW SHEET FOR THE PRODUCTION OF CUPROUS O.KIDE 

FROM CAJ..tn.!ET AND HECLA MIXED OXIDE..S 

Calculations by: 

E. A. Blaine 

Report written by: 

E. A. Blaine 
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INTRODUCTION 

tive flnt.; sheet i'ozo tho production 

Heels mixed orldes. :t!o pilot. sc.1L~ 

Cua() and 20j~ 'Ju), 

£rom tho ·&bi.ckm1cr drops :J.nto ,~. 

~}UAN'J.'ITATIVE 

OF CUPROUS OXIDE 

Jl.ID:ED OXIDES 

j-~,c::.rod to plarit ~ale quant.i.t.a-

cuprous oxide f'rom Calumet and 

bGen done upon this pro-

~xporimants in gl.a81nftU"e 

200 ~OlX> lba. of' OuzO per 

:?..'ld IIocJ..:c rdxed oxides 
1 

so1>. 

'' '~:mc:Ung ll•920 lba. (dry 

The 

bovtl cla.soifier and sont t.o the 

( siEo, h. 5 ft. in diameter and 

-::,llo Hydro rake elaae:t:f':ter, 

to tbo mill, 1'he m:ill i.e 

cvb, or <'n inert gas u t.o be 

()/ tlm euproUD oxide. 

which it is ptmped back 
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into t.h9 clasaifier. 

The- sn.lftce:te (:d.d t\"•'"·'-· ·l'_-_,_ ~-· •• , -----)~''["' ·1, 66 do,; Be (9.-.df) ~--.... --~~,_. tJ.: ........... _. ,,:,. ... u• ~ .;)/", 

and ia ste.,~ad J . ..n ::\ stosl '(,&.nk. rEhz C:>'D P!lt req'Lu.rod ia 3136 lbs. per 
day, whieh :i ~:: d:i.J..?..~ctcd. tO h&"!-. ?h::: (jJ.r.:.:.l·.)'~} ter>..k is an 8• X 8• lead 

tank, 

40 deg. C. 

.'LY.;iJ iE:.o tha te:nk through the 

trough. ...... , ~. 

•• ·~,! . ~ := 

to be about S hours. 

it must not r:'.se above 1;0 deg_ C, T:·, c:.m bo ccnb."Ollsd by 1) circu-

lating cao1.:i.nc; ;.n~ar through a l.~ ·.d co5.1, ;n ·:Jmlt;.•ol tho rata o£ feed 

-~----
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acid to some val.ue 

so that e.t a npec:Lfiecl rate oi' .feed the ·Gempc1-:·.::~t.-uT0 vdll nevar :t"ise 

Be.fore the x•st:.i.ct~-;nt.o ::2,J:':'J :],ddcd to tbe t.c?..nk, there must be 

a dilu·!~(-': copps1:· uu1i'<:..t,:J r;oJ.-;·.~·~·:_:Jn pi1C38'TG,. rl.'he 801ut.ion is 1,650 lbs. 

containing P!.P"i):t'O·X_ibtc:\~t~ly ?06 lbf;'" (}c.~~;D},.~ 5H~O,. It. ham.1 o t been deter-

;i:,eh, 3) o, omallel" amount of 

filter .. 

tank must be het:.ted and have a side mou.rrt.ed a.gtt.etor. 

'rhe so.l.utior.\ f"r•olli hcr"B ls p1.nnped to thG COCS production 

department, "'hich :is to be eharged Hit.h ?,425 lbs. Cu.S0,..5H20 per clq, 

It is necesss.r.·-y to rHcircuJ.~r:t,e copper suJ_i'G~te solul:.ion containing 
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I 

I' I 

The cake from the •mcuuJ!l filt,c~x· to t1•ansi'el•red to the 1o1ash 

tanks by means of a conveyor. 

Cuprcus ~ ~ehlr.'J: 

The cupY.'OUIJ oxide cake :i.s convoyod to one of the three wash 

tanks, Three '"v.uh tanks o.r•c YlC()c"''-""'X';)T: one toa.nk is baing filled, one 

is being emptied and in thCJ tb:L:·d tho cuprotm oxide j,s being washed, 

Tho f!.ltr.st,o fl!cmt thl13 etcp c"ln be sent to the copper sulfate 

storage or to the smmr, The '''"'flh I•Jatm• !':t the end of the washing 

effect of any oi1 Pe<sldue rm~rd.n1ng in the t.ar1lc may adversely affect 

(this has not bson checked) tlw <Je.uhlng of the next batch, In which 

case, the oil addition t;Jlll rW.'JC to b.e done in a separate tank. 

The thick slur·ry from these t.1nks is then transferred by 

means of a neopren.e diaphragm pmnp to [l, ,second va.cumn filter, 3 .rt. 

in diameter and ;~ .ft. J.ong. No 11ork has been done to determine the 

feasibility oJ~ capacity of thill typcJ of filter, The filtrate is dis• 

carded, The filter cake ls trr;.n~.Jfer:·ed to the vacuum drier. 

~ ,:!;.Q~ .f_uprou:;: Oxi~ 

The o:l.l coai;ed cuprous ox.i.do from the vacuum filter is con

veyed to a Devine No,, !,. vacuum rott;ry dr:\.er. '!.'he rotary is 4 ft. in 

diameter and 12 ft, long e.nd ts to be steam heated to 80-120 deg, C. 
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Two driers are needed, one t.o be n.l:Ung 1.rh1l•" the seconct is drying 

the cake and being emptied. It :Ln ti.Bs1.med t-hat a 24-hour filling·, 

To obt~~in the best potlslbl.e p!'oduct, a calcination step is 

necessary. '!'hs product pr-lm· to caJ.cdna.tlon tll'-.lY !lleet the standards 

set by sales,. 'J.1h~ ca.lcilv.:~r:J arL~ :; ft ~ ::Lr1 d:tn.meter and 8 ft" long 

and to be he;;.tcd to 500 'kr;. G. 1'1-:·3 c!-mr-g" b t.o he heated to the 

the calciner is on :.:1 2l}.·"'hou:;: cyc1-:_;<' 

1·rh.ich no vrork has been done 
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reached, the conversion from cuprous hydroxide 
to cuprous oxide begins, as evidenced by a change 
in the color of the slurry from yellow to red, and 
as further water is evaporated and the caustic 

metallic copper in the form of scrap sheet, wire, 
clippings, or other form presenting a relatively 
large surface area. Circulation of the copper so
lution is induced in this tank by a pump or other 
mechanical means 12 communicating with the 
tank I 0 through pipes 13 and 14. The net result 
of such treatment is the production of a copper 
ammonium carbonate solution containing 50 per 
cent or more of the dissolved copper in the re
duced (cuprous) state. Although I prefer to 
work in the higher ranges of cuprous content 
(e. g. 85% to 99% or if found practicable, which 

5 concentration is increased, the reaction proceeds 
until at about 300° F. the conversion appears to 
have been completed. A temperature of 300° F. 
however, is not a critical upper limit, and heating 
may be continued further (with consequent in-

is hardly likely, even 100% of the copper in cu
prous form) the reaction progresses satisfactorily 
in the lower concentrations down to a minimum 
of 50 per cent. A solution of this type <I ow cupric 
content) might contain 40 grams per liter of C02, 

10 crease in temperature) up to say 600° F. or even 
higher. Alternatively the conversion may be ef
fected by prolonged heating at temperatures be
tween 200° F. and 250° F. The cuprous oxides 
produced at different temperatures of conversion 

60 grams per liter of NH3, and 60 grams per liter 
of copper, the increase in copper over that in the 
starting solution being due to the dissolving of 
metallic copper by action of cupric copper during 
its reduction in the starting solution. Such a 
solution should contain from 30 to 70 grams per 
liter of C02, 35 to 75 grams per liter of NH3, and 
20 to 100 grams per liter of copper or even higher 
up to the limit of solubility of copper in said solu
tion. This wholly or partially reduced copper so
lution from the first step in the process is then 
conveyed to a suitable dosed vessel f 5, preferably 
having a cone-shaped bottom. Prior to the intro
duction of the cuprous copper enriched solution, 
I introduce a solution of caustic soct2. ('i-Therever 
caustic soda is mentioned herein, KOH might be 
used but caustic soda is preferred) into the tank 
in calculated amounts as previously described ap
proximately those which are just sufficient to 
combine with the C02 content and precipitate all 

15 have somewhat different physical characteristics 
with respect to particle size, color, etc., but tem
perature does not appear to affect the cuprous 
oxide content nor the total reducing power. 

After the cuprous hydroxide has been converted 
20 to the cuprous oxide, water may be added to pre

vent crystallization of the caustic alkali, and the 
material transferred to any suitable vessel 2(! 
where the cuprous oxide is washed free from 
caustic. It is then filtered, and dried by any suit-. 

25 able method. 
My preference is always to work with solu

tions in which the greater part of the copper is 
in the cuprous form, and when solutions contain
ing more than 85% of the copper in the cuprous 

30 form are employed the product is always of excel
lent quality. In cases where the solution contains 
only 50% or 60% of the copper in the form of 
cuprous ammonium carbonate, it is sometimes 
desirable to boil the final product in an excess of 

,).) caustic soda to dissolve out the cupric oxide and 
thereby improve the product. It is, of course, 
preferable to avoid this step by treatinO' the ini
tial solution to convert the cupric ammo;;_ium car
bonate to the corresponding cuprous compound. 

or nearly all of the cuprous content of the solution 

,1 q For example, note the following experimental re
sults. 

as a yellow precipitate of cuprous hydroxide Cor 
hydrated cuprous oxide) but insufficient to pre·· 
cipitate any large quantity of cupric copper. Al
though I prefer to introduce the reduced copper 
ammonium carbonate solution into the caustic, 
the reaction proceeds satisfactorily when the so
lution of caustic soda is added to the solution of 45 copper ammonium carbonates. The reaction be
tween the caustic soda and the copper ammonium 
carbonate solution may be suitably carried out at 
room temperature, but some degree of heating, 
such as that resulting from the contact between 
the caustic alkali and the ammoniacal solution, or 
external heating, facilitates the rapid coagula
tion and separation of the precipitate. In either 
case, the precipitate is permitted to settle and the 
supernatant liquid is removed by decantation or 55 
other suitable means. The values in this liquor 
may be recovered as hereinafter stated. The 
yellow precipitate of cuprous hydroxide may be 
washed, in the absence of air insofar as practi
cal, by any convenient method to remove from it 60 essentially all sodium salts, ammonia, and cupric 
copper. 

50 

The resUlting yellow cuprous hydroxide in the 
form of mud or thick slurry may be treated in 
this same vessel or transferred into other suitable 65 
equipment, such as a furnace 16 having a recep
tacle I 1, a stack I 8 and fire box opening I 9, where 
additional caustic soda is added. The concentra
tion of caustic is not critical, but concentrations 
of 50 per cent or more are preferred in order to 70 
reduce the period required to eliminate essentially 
all of the water. Heat is applied to effect evapora
tion of the water, and with increasing tempera
ture the concentration of caustic is built up. 
When a temperature of approximately 200o F. is 75 

Table I 
------r---.------.-----~--------------

No. 
Reducin Reducing Powrr 

Total Cu, Per Cent p f of Product Aftrr 
Gm./L. Cuprous powder 0t Reboiling with 

ro uc NaOH 

=~~==~~ --5-9-~---92-~ Per9f.e;i ~= Pc;~,~----
2----------------- 60.75 55 90 ----il8 ____ - -

In another series of experiments, sufficient 
caustic was added during the initial precipita
tion to precipitate all the copper, both cuprous 
and cupric. 

No. 

}_ _______________ _ 
2 ________________ _ 

Table. II 

Total Cu p c Reducing Reducing Power 
0 1 ' er ent Power of of Product Aftrr 

m. L. Cuprous p d t Reboiling wii h 
ro uc NaOII 

60.7 
44.8 

55 
35.5 

Per Cent Per Cent 
56.5 r.s. 4. 
35.6 ---- --------

. In each o~ the above tables, reducing power 
IS expressed 1n percentage and is compared with 
pure cuprous oxide as 100%. The first two 
columns .refer to concentrations in the solution 
from Which the hYdroxide is precipitated The 
last colu~ns i~dicate the result when th~ oxide 
was reboiled With an excess of caustic soda. The 
al?ount actually used was about equi-molecular 
with the Cu20 in the product. 

From ~hese tables it may be concluded that 
the caustic not only converts the initial precipi-
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tate <CuOH plus Cu<OH) 2) to oxides but also 
acts as a solvent for the cupric copper contained 
in the precipitate. This effect of dissolving cupric 
copper compounds takes place to some extent 
when the process is carried out under normal, 
favorable conditions; that is, during the con
version of the hydroxide to the oxide, and this, 
as well as the effect of selective precipitation of 
cuprous hydroxide, contributes to the excellence 
of the product. 

The recovery of the values from the decanted 
liquors containing cupric copper, ammonia, caus
tic, and carbon dioxide, is not essential to the 
operation of my process, but is economically 
desirable. This recovery might be accomplished 
by various known methods; such as, distilling 
the ammonia, precipitating the copper as cupric 
oxide or carbonate, and evaporating the mother 
liquor to obtain soda a~h. These products are 
not all immediately returnable to my process, 
but may be utilized in related industry and it 
is possible to utilize the caustic liquor from the 
conversion of the hydroxide to Cu20 in precipita
tion of further quantities of hydroxide. 

The following specific example will serve to 
illustrate the invention: 

Example 

One cubic meter of copper ammonium car
bonate solution was prepared containing 35 grams 
per liter total copper, of which 30 grams per liter 
was in the cupric state and 5 grams per liter in 
the cuprous state. The solution contained 40 
grams per liter of C02 and 60 grams per liter of 
NH3. This volume of copper ammonium car
bonate solution was then introduced into a cylin
drical tank I 0, having a capacity of 1% cubic 
meters, which had been previously filled with 
copper wire scrap. After closing the tank to ex
clude essentially all air, the solution was circu
lated through the bed of copper by pumping in 
closed circuit 12, 13, 14, for 20 hours at room tem
perature. At the end of the 20 hour period, the 
solution assayed 55 grams per liter cuprous cop
per, 5 grams per liter cupric copper, 40 grams per 
liter C02, and 60 grams per liter NH3. The solu
tion was then pumped into an adjacent tank 
15 having a capacity of 1~ cubic meters and con
structed with a cone-shaped bottom, into which 
a solution of 50 per cent caustic. soda, containing 

6 
which the supernatant liquid above the precipi
tate was drained off and discarded. The result
ing cuprous hydroxide weighed 150 pounds. The 
washed cuprous hydroxide slurry was introduced 

5 into a cast iron caustic pot 11, into which had 
heen added 150 pounds of flake caustic soda 
(76% Na20). The pot was supported in an oil
fired, well-type furnace 16 and gradually heated 
for about one-half hour to avoid excess frothing 

10 and boiling. During the initial heating the 
greater part of the ammonia was expe!led. When 
the solution reached a temperature of 250° F. 
conversion of the cuprous hydroxide to the cu
prous oxide bec9..me evident as the color changed 

15 gradually from yellow to red. The temperature 
was gradually increased over a period of 2 hours 
to a maximum of 350° F., although the reaction 
appeared to be complete at 300° F. The slurry 
was then diluted with w:--.ter to approximately 50 

20 per cent caustic and removed to a cone settling 
tank. The cuprous oxide was allmved to settle 
for 2 hours, after which the clear caustic solution 
was decanted from the precipitate and placed in 
storage for further use. The cuprous oxide pre-

25 cipitate was then washed free of solubles, filtered, 
and dried. The red cuprous oxide recovered 
weighed 136 pounds and was of a bright red color 
with an extremely fine particle size. 

Having thus described my invention, what I 
30 claim is: 

1. A process comprising the steps of m1x1ng 
with a caustic alkali of the class consisting of 
sodium and potassium hydroxides an aqueous, 
ammoniacal copper carbonate solution, said so-

35 lution containing per liter on an analytical basis 
from 30 to 70 grams C02, from 35 to 75 grams of 
NH3 and from 20 grams per liter to saturation of 
copper, said copper being present in cuprous 
form in a major amount but also comprising a 

40 substantial amount thereof in cupric form, the 
caustic alkali being present in such concentra
tion and such amounts that cuprous copper is 
precipitated as cuprous hydroxide and substan
tially all of the cupric copper remains in solu-

4o.3 tion, and separating the precipitate of cuprous 
hydroxide from the reaction mixture. 

·2. A process as defined in claim 1 further 
characterized in that the amount of caustic al-

50 kali is from 0.8 to 1.5 times the molecular equiva
lent of the C02 content of the solution. 

185 pounds of NaOH (76% Na20), had been 
previously introduced. In order to intimately 
mix the copper-bearing solution with the caustic 
solution, and to avoid any oxidation, the prepared 
copper ammonium carbonate solution was intro- 55 
duced near the bottom of the cone under pump 
pressure. Precipitation of the yellow cuprous hy
droxide occurred almost instantaneously, and 
after all of the copper ammonium carbonate solu
tion had been introduced, was allowed to settle 

PERCY J. ROWE. 
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1 
This invention relates to ·the .production .. of 

cuprous oxide and has for its principat object to 
provide a process . .for recovering cuprOtJs .oxide. 
from solutions containing copper ammonium car--. 
bonate. 5 

Prior to my invention a. number. of methods
have been proposed for the production of cuprQa~
oxide. but so far as I am aware none.of theoo has·: 
proved completely satisfactGry and no one has . · 
to my knowledge disclosed a process suitable .for! 10 
recovering cuprous oxide from. the commercially 
available copper .solutions ·which· I propose to 
employ. 

I have now discovered a process for producing·. 
cuprous oxide (or. optionally·. cuprous hydroxide) 15 
from solutions containing· copp~r in the ·form of 
cuprous runmonium carbonate or both cupr.ous
and cupric ammoniwn car-bonate~.: ·-I preferably 
treat the solution ·(usually'.! :mixed:. because-: of ~ : 
the difficulty in obtaining :a solution in which ·20 
the ·copper is entirelY: cuprous) .· if it contains 
more than about 15% of the copper in cupric 
form. to reduce the amount of cupric· copper and 
increase the amount of cuprous cGpper· in solu
tion. I have found that I ain able'to precipitate 25 
a cuprous compound which I believe to be cuprous 
hydroxide <CuOH) from solutions containing 50% 
or more (preferably 75% or more) of the copper· 
in solution in the form of cuprous ammonium 
carbonate (the remainder being in the form, of :::o 
cupric ammonium carbonate) and without pre
cipitating an excessive-quantity .of cupric hydrox
ide, and by a separate step to convert ·the cuprous 
hydroxide into cuprous oxide and ~dissolve out a ;~:; 
part of the small proportion of Cu ( OH) 2 · pre
cipitated. 

I first. contact an aqueous· solution, containing•, '.;::· 
cuprous and cupric ammoniumcal'bonateslitr:suitot.,(~ 
able concentrations with metallic copper: in the-~~~) 
absence of air whereby , to obtain a solution 
wherein at least 50%, and preferably 75% or more, 
of the copper is present as cuprous copper and 
then treat such solution with!an amount of alkali 
sufficient to precipitate substantially all the ,13 
cuprous copper in solution but insufficient. to pre.
cipitate any. substantial proportion of the cupric 
copper. (The reduction ·of cupric copper ·to 
cuprous copper may be omitted if the desired pro
portion of cuprous copper is already present in .;o 
the starting solution); I then ·eonvert··the ·pre· .. ·· 
cipitate to oxide by treatment with· strong caustic. 

The amount of alkali ·required· for the· ·prefer.:..· , 
entia! ·precipitation step can · be ·determined by · 
calculation. Thus. the ·cuprous ammonium car• ;,.) 
bonate and ammonium carbonate content .of tn.e· ·. 
mixed copper solution being known from exper
ience with a closely- controlled solution . or . by : .. 
analysis. the stoichiometric quantity.· can .be cal"'!'·· 
culated according to the following: reactions;... uo 

2 
Cu2C03.xNHJ+2NaOH ~2CuOH +Na2C03 +xNHJ · 

(NH4l2C03 + 2NaOH ~ Na2C03 +2NH3 +2H20. . 

Less than the amount of caustic thus calculated · 
will give :satisfactory results, that is, will precipi
tate. substantially all the cuprous copper~ and a 
greater .quantity can be tolerated, that is. will not 
precipitate any great quantity of cupric copper. · 
The amounts· of cupric copper precipitated when, · 
greater amounts .of caustic are employed depend 
not only. upon the .concentration of cuprous am- · 
monium cs~rbonate and ammonium carbonate but · · 
also upon.·the concentration of cupric copper so 
that for solutions containing above 85% of the · 
copper in cuprous form, it is possible to utilize 
greater' proportions of caustic soda without pre
cipitating a great deal of cupric copper.· In any 
case; the practical limits are more or less a matter· 
of choice since the considerations which actually 
determine the limits are on the one hand the 
amounts of cuprous copper which it is decided can 
be allowed to remain unprecipitated and on the 
other hand ·the amounts of cupric copper which 
can be allowed to be precipitated. I prefer to 
use from 0.8 to L5 times the calculated proportion 
of caustic. required by the above formula. . Stated , 
in terms. of the fina:J product, I prefer to use from 
1 to 2 pounds of caustic· soda <or the molecula:
equivalent of KOH) for.each pound of Cu20 pro
duced .. 

In the accompanying drawings .. the .figure is a 
flow .sheet. illustrating the preferred embodiment. 
of the .. invention. . 

The initial .copper -ammonium carbonate solu
tion preferably. normally is one containing ap-· 
proximately· 40 grams per liter of C02 .. 60 grams 
per .lite.r .of Nlh,.and 35 .to 40 grams per Hter .. of 
copper.,~a large. part of which may be in the ox-·, 
idized. c.ondltion; . i. e.. cupric ammonium. car- . 
bonate ... A solution meeting these general. re-. 
quir.ements .is now .produced commercially in a 
process forodissolving. copper from various types of 
copper .. bearing. materials. This commercial com-.
position. may be expected to vary. within ·limits as 
follows: .C02 from 30 .to 70 grams per .liter:;. NH3: 
from 35. to 75 grams per liter; and copper. from 10 
to 50 grams per liter. Any of these solutions, and,· 
others- of similar.composition,. however produced.· 
are .suitable._as starting, solutions for my -process. 
the only restriction being that they-must be sum .. 
ciently ·low in copper to permit the subsequent.· 
addition of copper in amounts· sufficient to reduce · · 
a large: part of the cupric· copper, initially in solu
tion. to cupro.us ·copper before this, reduction i3 
inhibited by the limited solubiHty ·of .aoppex in 
sol uti on •. -

As -shown: in the accompanying 'flow· sheek the. 
copper-ammonium carbonate starting solutionds
run into a,closed.tank or vessel tO ~prqv:ided·with- .. 
a cover ·H wher-eby· to exclude air) .. containing :. 
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1 

This invention relates to the preparation of 
cuprous oxide and more specifically to the separa
tion of cupric oxide from a mixture of cuprous 
and cupric oxides. 

It has long been known that cupric ammonium 
carbonate solutions containing an excess of am
monium carbonate, will dissolve metallic copper 
forming cuprous ammonium carbonate. Theo
retically, it would be possible for a solution con
taining one pound of copper as cupric ammonium 
carbonate, to dissolve one pound of metallic cop
per, and form, in solution, two pounds of copper 
as cuprous ammonium carbonate. In practice 
this rate of solution is never attained, but by ex
ercising painstaking care it can be very nearly ap
proached. This solution, containing most of the 
copper in the cuprous state, on being distilled 
to recover the copper value as the oxides, and, 
barring any oxidation in distilling, yields an oxide 
which is a mixture of cuprous and cupric oxides, 
the proportions of each being approximately the 
same as the cuprous to cupric copper ratio in 
the solution before distilling. 

For several years attempts have been made at 
various times to produce a commercial grade of 
cuprous oxide by the distillation of solutions of 
copper ammonium carbonate that had been 
highly reduced to the cuprous state by contact 
with metallic copper. A satisfactory product has 
never been made by this method. 

I have now found, that if the mixed oxide pro
duced by the above method be treated with cer
tain water-soluble organic acids or water solu
tions thereof (for example, acetic acid) under 
controlled conditions, the cupric oxide will be 
dissolved forming the cupric salt of the acid used, 
and leave undissolved, or practically so, the 
cuprous oxide. The cuprous oxide may be sep
arated by filtering, washed free of acid and salts, 
and dried. The cupric salt may be recovered by 
conventional crystallization processes. The ex
cess organic acid may be recovered by condensing 
the vapors evolved in concentrating the filtrate 
for crystallization, or by diluting it and placing 
it on fresh mlxed oxide and allowing it to dissolve 
cupric oxide until practically all of the acid is 
consumed in forming the copper salt. 

As commercially practiced, the solution circu
lating in the leaching system is an aqueous solu
~jon of copper ammonium carbonate, with an 

2 
excess of ammonium carbonate. The copper in 
this solution when used for leaching is oxidized 
to the cupric state by air in an absorber tower. 
This solution is then percolated through tanks 

l5 containing copper-bearing materials. The cupric 
ammonium carbonate solution dissolves metallic 
copper, thereby becoming reduced to form 
cuprous ammonium carbonate. Theoretically, it 
is possible to dissolve one pound of copper metal 

10 for every pound of copper already in solution as 
cupric ammonium carbonate, but this limit is 
never completely attained. A portion of this rich 
solution from the tanks, containing copper in 
amount equivalent to the metallic copper which 

15 was dissolved, is distilled to decompose it into 
copper oxides, ammonia and carbon dioxide. 
Ammonia stills are used for this purpose, steam 
entering at the bottom, and solution entering at 
the top. The mixed copper oxides are discharged 

20 at the bottom with waste liquor <water with a 
trace of ammonia) . The ammonia and carbon 
dioxide with water vapor go to a condenser where 
they are cooled to form an ammonium hydroxide
ammonium carbonate solution (distillate). The 

25 undistilled portion of the rich solution, and the 
distillate are combined, water, carbon dioxide and 
aqua ammonia are added as required and this 
is oxidized with air to make up a new leach solu
tion. 

30 A typical leaching solution would contain 10 
to 60, preferably 30 to 40 grams per liter, of cop
per (90 to 100% oxidized-that is, in the cupric 
state); 30 to 100, preferably about 60 grams per 
liter, of ammonia; and 20 to 60, preferably about 

35 40 grams per liter, of carbon dioxide. The rich 
solution might in a usual case contain from 20 
to 100 grams per liter of copper, with about the 
same concentrations of ammonia and carbon 
dioxide as in the leach solution. The amount of 

40 copper dissolved determines the amount of copper 
in the cuprous and the cupric state in the rich 
solution. 

In practice it is possible to obtain solutions con
taining up to about 95 per cent of the copper in 

45 the cuprous state, which on distilling yield a 
mixed oxide containing up to about 92 per cent 
of the copper as cuprous oxide, the balance being 
cupric oxide. This oxide is not stable unless it 
is immediately dried after filtering, as the pres-

60 ence of m·oisture and a trace of ammonia prob ... 
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ably accelerates the gradual oxidation of the 
cuprous oxide to cupric oxide. To prevent this 
oxidation, the oxide, after filtering, is immedi
ately dried and ground in a hammer-mill with 
flash drier apparatus. The cuprous oxide con
tent of the dried oxide changes to cupric oxide 
but slowly, thus being suitable for various com
mercial purposes, and it is this oxide which, un
less otherwise stated, has been used in preparing 
cuprous oxide of a commercial grade by dissolving 
out the relatively small amount of cupric oxide 
with organic acide or solutions of organic acids. 
Other mixtures of cuprous oxide and cupric oxide 
containing predominantly cuprous oxide can be 
successfully treated, suitable mixtures containing 
at least one mol of cwo for each mol of CuO. I 
prefer to treat mixtures of higher CU20 content 
such as those indicated above containing 70% or 
more by weight. 

I have found that acetic acid, and various 
strength water solutions of acetic acid will dis
solve cupric oxide from mixtures of cupric oxide 
and cuprous oxide leaving most of the cuprous 
oxide unattacked. The cuprous oxide is but 
slightly affected by dilute solutions of acetic 
acid, but considerably more so in more concen
trated solutions, and in glacial acetic acid, the 
action of concentrated acetic acid on cuprous 
oxide being to precipitate one-half of the copper 
as finely divided copper and to dissolve the other 
half as cupric acetate. Practical strengths of 
solutions are from 5 to 50 mols of H20 per mol of 
acid, anhydrous basis. I prefer to use solutions 
of from 10 to 20 per cent (by weight) acetic acid 

4 
the cupric acetate that is formed; otherwise 
the cupric acetate will start to crystallize, and 
on filtering will contaminate the cuprous oxide 
and prove difficult to wash out. This can be 

6 overcome by diluting the acid liquor with water 
near the end of the reaction should crystals start 
forming in the mixture. 

Other organic fatty acids were used in the 
same manner as acetic acid to determine whether 

10 they had the same effect in preferentially dis
solving out the cupric oxide from cuprous and 
cupric oxide mixtures. Those used were formic, 
propionic, butyric, caproic, caprylic, and lauric. 
While it was found that all of these acids dis-

15 solved cupric oxide quantitatively before react
ing with cuprous oxide and this latter reaction 
taking place only very slowly, there was a de
crease in their effectiveness with an increase in 
the number of carbon atoms in the acid. Formic 

20 acid gave the best results, and lauric acid the 
least satisfactory. While it iS possible to produce 
a fair grade of cuprous oxide from the higher 
acids with the necessary time and pains, it is 
felt that only the water soluble acids are of 

25 economic importance in· producing cuprous oxide 
by this method; viz., formic acid, acetic acid, 
propionic acid, and butyric acid. Butyric acid is 
less desirable due to its lower solubility in water, 
and because of the lower solubility of its copper 

30 salt. To make cuprous oxide from mixed oxide 
with formic, acetic, or propionic acids, the pro
cedure is identical except that the amount of 
acid necessary for solution of the cupric oxide 
will vary as the molecular weights of the acids. 

Organic acicl.s other than the fatty acids were in the process, this being optimum for fast dis- 35 
solution of the cupric oxide and inexcessive at
tack of cuprous oxide by the acid. These 
strengths are based upon the idea that such solu
tions will be added to the dry oxide mixtures. 
Adding part or all the water to the oxide mixture 
and then adding a stronger acid solution is an 
equivalent procedure. 

also tried; namely, benzoic, oxalic, lactic, gallic, 
tartaric, succinic, citric, and salicylic. Of these 
lactic acid was found to produce a fine grade of 
cuprous oxide by dissolving out the cupric oxide. 

-lO Oxallc acid had the same effect, but the prOduct 
contained cupric oxalate which had to be re
moved. Tartaric acid showed the desired pref
erential solubility for cupric oxide, but proved 
less desirable because of a considerably slower 

Although the cupric oxide is dissolved and a 
satisfactory grade of cuprous oxide may be made 
by allowing the reaction to proceed at room tem
perature, I prefer to perform the treatment at 
from 70° C. to the boiling point of the solution. 
This greatly accelerates the dissolving reaction, 
gives a cuprous oxide product having brighter 
color, and increases the solubility of the cupric 
acetate in the solution so that less volume of solu
tion is required. The solution in this case must 
be separated from the product while hot to pre
vent crystallization of the cupric acetate which 
would occur on cooling. 

The amount of acetic acid necessary to treat a 
given amount of mixed oxide should be the 
amount necessary to combine with all of the 
cupric oxide present, plus an excess of at least 
20 per cent. I prefer to use an excess of from 
100 to 200 per cent or more to produce a good 
grade of cuprous oxide in the minimum time. 
The excess acetic acid also assures the recovery 
of the normal cupric acetate from the liquor. 
The excess acid may then be recovered in one of 
two ways: < 1) By condensing the acid when the 
cupric acetate solution is concentrated by evapo
ration; and (2) by diluting the solution with 
water and applying it on fresh mixed oxide to 
allow the excess acid to dissolve more cupric 
oxide until it is practically all consumed in form
ing cupric acetate. 

The volume of solution used for the solution of 
the cupric oxide is of importance in that enough 
solution must be used to retain 1n solution all of 

15 rate of reaction. 
The cuprous oxide produced by this method is 

a brick red to orange color, depending on the 
fineness of the particles. Most of the tests were 
~ade ~sing oxide that had been dried and ground 

.:;o Immediately after filtering, and so retained its 
high cuprous oxide content. Samples of freshly 
precipitated wet filter cake oxide were also used. 
It was found that with freshly precipitated oxide 
the cupric oxide dissolved out more rapidly and 

55 gave a product of slightly higher cuprous oxide 
content; however, it was a darker red color, pre
su~a?lY be?ause of the larger particle size. on 
grmding this material it was found that the color 
could be changed from brick red to lighter red 

60 or to orange, by finer grinding. ' 
In practicing my invention, a solution of acetic 

acid ( 10 to 20%) is placed in a vessel equipped 
with a reflux condenser, agitator, and a source 
of external heat. To this the ·mixed oxide is 

65 added and the mixture agitated and heated and 
~llowed to reflux until a sample taken fr~m it 
Indicates that all of the cupric oxide has dissolved 
and the remaining cuprous oxide is brick red in 
color. Sh_ould any copper acetate crystals be 

70 ap~r~nt In the sample, water is added and the 
agitation and heating continued until th 
tals h d. 1 e crys-

.ave Isso ved. The solution is then filtered 
hot (In the absence of air)' washed with warm 
water un~U free of acid and cupric acetate, and 

76 1'1nally Wlth oold water to· cool the oxtde before 
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discharging from the filter. The oxide is then 
dried at 60 to 70° C. in air, or preferably in a 
vacuum. 

The filtrate is evaporated to concentrr.te the 
cupric acetate, the vapor being condensed to re
cover the excess acetic acid. The cupric assta+e 
is recovered by crystallizing. 

The follovJing specific example will serve to il
lustrate the invention: 

Example 

One kilogram of mixed oxide, 83.95% total 
copper, 78.81% cuprous oxide, was treated as fol
lows: A solution made up of 750 ml. glacial acetic 
acid (99.8% HAc) and four liters of water was 
added to the oxtde, the :;.nixture stirred and grad
ually heated to a maximum temperature of 64° 
C. and kept at this temperature for two hours 
with intermittent stirrh,,g. Toward the end of 
this period, crystals of t '1Pric acetate started to 
form on the surface of the liquid, and water was 
added just sufficient in 8.mount to keep the cupric 
acetate in solution. The oxide after two hours 
was a bright red color, and was separated from 
the liquor by filtering en a Buchner funnel, 
washed free of acetates with warm water, and 
dried in air at 60-70° C. The oxide produced had 
a total copper content of 87.63 per cent, with a 
total reducing power as cuprous oxide of 98.30 
per cent. The filtrate assayed 13.63 grams per 
liter copper, or approximately 39 grams per liter 
cupric acetate. 812 grams of cuprous oxide was 
obtained, or 81.2 per cent of the original mate
rial. The filtrate from the test was evaporated 
and the cupric acetate separated by crystallizing. 
The crystals assayed 31.76 per cent copper. 

Having thus described my invention, what I 
claim is: 

1. In a process for producing cuprous oxide the 
steps of treating a mixture of cuprous oxide and 
cupric oxide containing at least one mol of Cu20 
for each mol of CuO with a low molecular weight, 
water soluble organic acid of the class consisting 
of formic, acetic, propionic, butyric, oxalic, tar
taric and lactic acids in aqueous medium, the 
amount of acid being in excess of tl1e theoretical 
required to react with the cupric oxide present 
by at least 20% and the amount of water being 
from 5 to 50 mols per mol of acid, anl1ydrous basis, 
until the cupric oxide has been dissolved and then 
separating the liquid portion of the reaction mix
ture from the Cu:;O wh!.ch rernai.ns undissolved. 

6 
3. In a process for producing cuprous oxide the 

steps of distilling a mixture of cuprous ammo
niwn carbonate and cupric ammonium carbonate 
in which the copper is not less than approximate-

5 ly 70% in the cuprous state at a temperature to 
rem~:ve a~mmonia and COz, filtering the resulting 
mixture of cuprous and cupric oxides and dry
ing the same immediately after filtering, treat
ing the resulting mixture with a low molecular 

10 weight, water soluble organic acid of the class 
consisting of formic, acetic, propionic, butyric, 
oxalic, tartaric and lactic a,cids in aqueous me
dium, the a.mount of acid being in excess of the 
theoretical required to react with the cupric oxide 

15 present by at least 20% and the amount of wa
ter being from 5 to 50 mols per mol of acid until 
the cupric oxide has been dissolved and then 
separating the liquid portion of the reaction mix
ture from the Cu20 which remains t;ndissolved. 

20 4. In a process for pro.~i.ucing cuprous oxide the 
steps of treating a mixture of cuprous and cupric 
oxides containing at leRst 70% by weight Cu20 
with acetic acid in aqueous medium, the amount 
of acid being from 1.2 to 3 times the theoretical 

25 quantity required to dissolve the cupric oxide con
tent of the mixt1.Jre and the amount of water be
ing from 5 to 50 mols of water for each mol of 
acid, until the cupric oxide has been dissolved and 
then separating the liquid portion of the reac-

30 tion :mixture from the Cu20 vvhich remains un
dissolved; the treatment with said acid being car
ried out at a temperature between 70° C. and 
the boiling point of the mixture and the separa
tion of the solid and liquid phases being carried 

~5 out at a temperature above that at which crystals 
of cupric acetate would form. 

5. In a process for producing cuprous oxide the 
steps of .contacting a mixture of cuprous oxide 
and cupric oxide contEining from 70% to 92% of 

40 Cu20 by weight with a low rnolecular weight, wa
ter soluble organic acid of the class consisting of 
formic, acetic, propionic, butyrlc, oxalic, tartaric 
and lactic acids in aqueous n1edium, the amount 
of acid being from 1.2 to 3 times the theoretical 

<15 quantity to react with the cupric oxide present 
and the amount of water being a number of mols 
of water per mol of acid sufficlent to produce a 
10% to 20% solution by vveight in the case of 
acetic acid, until the cupric oxide has been dis-

!iO solved und then separating the liquid portion of 
the reaction mixture from the Cu20 whi·ch re
mains undissolved. 

6. The invention according to claim 5 wherein 
further during the first recited step the tempera-

55 ture is maintained between 70° C. and the boiling 
point of the solution. 

LAWRENCE C. KLEIN. 

REFERENCES CITED 

2. In a process for producing cuprous oxide the 
steps of treating a mixture of cuprous and cupric 
oxides containing at least 70% by weight Cu20 
with acetic acid in aqueous medium, the amount 
of acid being from 1.2 to 3 times the theoretical 
quantity required to dissolve the cupric oxide con
tent of the mixture and the amount of water be-
ing from 5 to 50 mols of water for each mol of 00 
acid, until the cupric oxide has been dissolved 
and then separating the liquid portion of the 
reaction mixture from the Cu20 which remains 

The following referenJces are of record in the 
file of this patent: 

Mellor, "Comprehensive Treatise On Inorganic 
and Theoretical Chemistry," Longmans, Green & 
Co., London, 1923, vol. 3, page 125, lines 3-8. undissolved. 
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3 4 
solution in the foregoing manner as in this wa:y 
I have practical control of the NH3 to C02 ratio 
and it is less expenm.ve. I then add copper to 
the ammonium carbonate solution and finally 

from aoe~ F. to i40° F., a range from 100° to 
120° F. being preferable. The length of time 
during which the precipitate is allowed to re
main in contact with the mother liquor exerts a 
small but substantial effect on both the yield 
and the density. Standing for less than one 
hour, the yield is substantially lower than other
wise, and the apparent density is substantiall;y 
higher than when the slurry is allowed to stand 
for a longer time. However, if the precipitate 
remains in the mother liquor too long, the appar
ent density again increases. The time of con
tact is not particularly critical, but when a prod-

5 add oxygen to form the cupric salt. The copper 
may be added by contacting the copper metal 
with the ammonium carbonate solution in a 
suitable tank or vessel and then bubbling in a1r 
or oxygen. Sufficient oxygen should be added to 

uct having an extremely low density is not re
quired, the time of contact may be reduced to 

10 convert all or nearly all the copper which is dis
solved by the ammonium carbonate solution to 
the cupric state. Some cuprous salt can be 
tolerated but I prefer to use solutions contain
ing as near as practicable 100% of the copper 

15 minutes or less, but under these conditions 
the yield is slightly less, but where coarser crys
talline material "is required a longer period of 
contact is desirable, say, 1 to 8 hours. A very 
substantial lowering of density in a combination 

15 in the cupric state. Various concentrations of 
cupric ammonium carbonate can be employed 
but for good yields and a satisfactory product I 
have found it desirable to use those in which 
the copper content approaches saturation. To 

20 state the desired concentration in another way, 
it is desirable to employ solutions in which the 
copper concentration varies from about 50 grams 
per liter to about 100 grams per liter, C02 and 
NH3 varying from about 31 to 63 grams per 

of conditions, making for satisfactory yield with 
respect to copper, can be obtained by adding the 
cupric ammonium carbonate solution to the 
sodium hydroxide solution instead of the reverse. 
The speed of addition of solution to alkali like
wise exerts some effect on density and yield; 
viz., when 500 ml. of cupric ammonium carbonate 
solution containing 52.7 gpl of copper is added 
immediately to 150 ml. of 30% NaOH solution, 
stirred for 5 minutes, then allowed to settle for 30 
30 minutes, the product has an apparent density 

25 liter in the case of C02 and from about 47 to 95 
grams per liter in the case of NH3. This would 
represent a mol ratio of Cu to C02 of about 1.0 
to 0.9 and a mol ratio of Cu to NH3 of about 1 

of 46 grams per hundred milliliters; whereas, 
when the same volumes are added slowly over 
a period of 5 minutes, stirred and allowed to 
settle for 30 minutes, the apparent density of 35 
the product is 40 grams per hundred milliliters. 

The copper for the preparation of the copper 
ammonium carbonate solution can be obtained 
from various grades of copper, either virgin or 
secondary, also copper clad and copper-contain- 40 
'ing materials including the cheaper grades of 
scrap. For some purposes the cheaper forms of 
scrap are entirely satisfactory while for products 
of high purity it may be necessary to use selected 
scrap or even pure metal. Some types of copper- ·I;, 
containing materials may contain valuable 
metals other than copper which are insoluble 
in ammonium carbonate solution and according-
ly are concentrated in a residue from which they 
may be readily recovered. 

To prepare a cupric ammonium carbonate 
solution suitable for precipitating cupric hy
droxide according to the invention I require first 
a suitable solution of ammonium hydroxide. I 
may use various concentrations but prefer to f>;J 
produce, by dilution of aqueous ammonia or by 
absorption of ammonia gas in water, a solution 
containing about 30 to 100 grams per liter of 
NH3. I then add C02 gas to such ammonium 
hydroxide solution either by bubbling in C02 gas 60 
or by mixing in a tower the ammonium hy
droxide solution with the C02 gas as contained 
in flue gas from the combustion of coke or in any 
other feasible manner. I may use ammonium 
carbonate solutions containing any amount of 65 
C02 up to saturation, but I prefer to use solu
tions containing a ratio of about 2 parts of COz 
(grams per liter) and 3 parts of NH3 (grams per 
liter); for example, an ammonium carbonate 
solution containing 40 grams per liter of CO::. 70 
and 60 grams per liter of NH3. While it is pos
sible to make use of an aqueous solution of am
monium carbonate such as might be commer
cially available or produced by dissolving am
monium carbonate in water, I prefer to make my 75 

to 3.5. 
In respect to the concentration of the sodium 

hydroxide solution used as a precipitant, the 
optimum conditions are indicated in Fig. 1 where 
it will be seen that satisfactorily low density is 
attained when the solution of sodium hydroxide 
runs between 15% and 50% while a very satis
factory concentration is between 20% and 30%. 
If the concentratiton is too high it becomes 
somewhat viscous and accordingly I prefer to 
operate in the range of 20% to 30%, that is, in 
about the upper two thirds of the density curve 
as seen in Fig. 1. In respect to reaction tem-
perature, its very important effect is illustrated 
in Fig. 2 where the apparent density curve is 
seen to drop from about 75 to about 35 grams 
per 100 cc. as the temperature increases from 
80o to 140° F. At the same time the yield in-
creases somewhat so that it is quite feasible to 
take advantage of the lower density resulting 
from the elevation of temperature. 

In Fig. 3 I have shown the results of a study in
volving the time during which the precipitate is 
left in contact with the mother liquor. It will 
be seen that a standing period of from 1 to 8 
hours is beneficial both as to yield and lower 
density while the maximum benefit is achieved 
where the standing period is from 1% to 4 hours. 
By reference to Fig, 4 it will be seen that very 
material advantages in lower density of product 
can be obtained by adding the copper solution to 
the caustic precipitant instead of the reverse. 
The heavy lines indicate the yield (using a solu-
tion containing 49.5 grams per liter of copper, 31 
grams per liter of C02 and 50 grams per liter of 
Nffi) and since it is desirable to obtain a yield of 
85% to 95%, only the extreme upper ends of 
the heavy lines can be considered to indicate de-
sirable conditions of operation. Considering 
the highest point on the heavy line indicating 
the addition of copper solution to the sodium 
hydroxide solution, it will be seen that the yield 
is in the order of 90% which is satisfactory and 
that at this point the corresponding density is of 
the order of 32 grams per 100 cc. whereas if the 
precipitant had been added to the copper solu
tion, the yield would be somewhat below 85% 
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5 
while the density would be in the order of 50 
grams per 100 cc. 

Properly prepared solutions of cupric am
monium carbonate mixed with the proper amount 

6 
to 95 gallons of the sodium hydroxide solution at 
a temperature of 120 F. with violent agitation, the 
addition being completed in 90 seconds. The 
precipitate which formed was allowed to stand 

5 in contact with the mother liquor for two hours 
and then was removed by filtration. The pre
cipitate so produced was dried at 120° F. for 10 
hours and then at 160° F. for 3 hours until there 
was no further loss of weight. The product was 

of caustic soda under the optimum conditions as 
above indicated will yield about 1.1 pound of 
cuoric hydroxide for each pound of caustic 
(76% Na20). The amount used is essentially 
that required to combine with the C02 present. 
The precipitates formed can be filtered from the 
solution and washed to remove sodium and am
monium salts. They can be readily dried at a 
moderate temperature lower than would convert 
any of the hydrate to the oxide. However, if the 
drying temperature is allowed to go too high some 15 
of the hydrate will be converted to the oxide. 
The temperature best suited for drying is a vari
able depending on the contained moisture, the 
density etc. It can be stated generally that the 
drying temperature should not be allowed to 

l o found to be a cupric hydroxide having an appar
ent density of 35, that is, a 100 mi. graduate filled 
to the 100 mi. mark with the material as tightiy 
as would result from tapping the graduate on a 
table top weighed 35 grams. 

Having thus described my invention, what I 
claim is: 

1. A process of producing cupri-c hydroxide in 
the form of a finely divided, light fluffy powder of 
apparent density less than about 65 grams per 

20 100 cc., said process including the steps of ( 1) 
preparing an aqueous solution of cupric am
monium carbonate containing from 50 to 100 
grams per liter of Cu, 31 to 63 grams per liter of 
C02, and 47 to 95 grams per liter of NH3; (2) 

go materially higher than 160° F. and at the be
ginning of the drying it should preferably be 
considerably lower than 160° F., for example, 
preferably, not above 130° F. As the moisture in 
the material is driven off by the drying, the 
cupric hydrate becomes powdery, and when dry 
is entirely suitable without further grinding for 
use in chemical processes and for other purposes. 
Where extremely fine particle size requirements 
must be met, the powder consisting of agglomer
ated particles of finer cupric hydrate crystals 
may be further broken up by grinding in suitable 
equipment to the ultimate crystal size required. 

After the precipitation, the mother liquor will 
contain sodium carbonate, a small amount of 
copper, ammonium carbonate and water. It 
can be treated by heating the solution sufficiently 
to drive off the ammonia and any C~ in excess 
of that in stoichiometric proportion with the 
Na20 content which may be present in the solu
tion. The ammonia and C02 gases along with 
water vapor can be condensed, fo~ming aqueous 
ammonium carbonate. The residual copper can 
then be precipitated as a compound such as 
cupric oxide which can be filtered off. The re
sulting solution, containing sodium carbonate 
and water, can be treated by adding calcium hy
droxide to reform sodium hydroxide. The re
sulting calcium carbonate precipitate can be re
moved and burned to produce C02, which can 
be absorbed in NH3 solution, and calcium oxide, 
which, ·when slaked, reforms calcium hydroxide. 
It is seen that all reagents, except copper water 
and air, entering the process are recoverable in 
a form such that they may be directly returned 
after suitable adjustment of concentration to the 
process. 

The following specific example will serve to 
illustrate the invention: 

Example 

25 adding said aqueous solution to an aqueous solu
tion of NaOH containing from 15% to 50% 
NaOH by weight, the quantity of NaOH solution 
employed being from 80% to 120% of the quan
tity theoreticaly required to precipitate an the 

30 copper from the cupric ammonium carbonate 
solution employed, the temperature of the re
action mi~ture being maintained within the 
range from 100° F. to 120° F.; and (3) separating 
the precipitate from the liquid portion of the re-

35 action mixture. 
2. A process of producing cupric hydroxide in 

the form of a finely divided, light fluffy powder 
of apparent density less than about 65 grams per 
100 cc., said process including the steps of 0) 

40 preparing an aqueous solution of cupric am
monium carbonate containing from 50 to 100 
grams per liter of Gu, 31 to 63 grams per liter of 
C02, and 47 to 95 grams per liter of NH3; (2) 

adding said aqueous solution to an aqueous solu-
-15 tion of INaOH containing from 15% to 50% NaOH 

by weight, the quantity of NaOH solution em
ployed being from 80% to 120% of the quantity 
theoretically required to precipitate all the cop
per from the cupric ammonium carbonate solu-

50 tion employed, the temperature of the reaction 
mixture being maintained within the range from 
100° F. to 120° F.; (3) allowing the resulting pre
cipitate to stand for a period of from 1 to 8 hours 
in contact with the liquid portion of the reaction 

55 mixture; and (4) separating the precipitate from 
said liquid portion of the reaction mixture. 

PERCY J. ROWE. 

REFERENCES CITED 
60 

An ammonium carbonate solution was pre
pared by adding COJ gas to an ammonium hy
droxide solution containing 67 grams per liter of 
NH3. The gassing was continuPd until the solu- 65 
tion contained 40 grams per liter of C02. The 
resulting ammonium carbonate solution was con
tacted with copper metal and air was blown in 
until the copper content was 64 grams per liter, 

'l'he following references are of record in the 
file of this patent: 

UNITED STATES PATENTS 
Numher 

1,867,357 
Name Date 

Furness ------------ July 12, 1932 

OTHER REFERENCES 
J. W. Mellor's, "A Comprehensive Treatise on 

Inorganic and Theoretical Chemistry," vol. 3, 
1923 ed., PP. 143, 144. Longmans, Green and Co., 
N. Y., publishers. 

an analysis at thts point showed 64 grams per 70 
liter of copper, 40 grams per liter of C02 and 60 
grams per liter of NHJ. A sodium hydroxide 
solution was prepared containing 252 grams per 
liter of sodium hydroxide. 264 gallons of the 
cupric ammonium carbonate solution were added 7G 

McPherson and Henderson, "A Course in Gen
eral Chemistry," 1927 ed., p. 618. Ginn and Co., 
N. Y., publishers. 
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2 Claims. (Cl. 23-147) 

1 
This invention relates to methods for prepar

ing cupric hydroxide and has particular refer
ence to processes involving the preparation of a 
solution containing cupric copper, ammonia and 
carbon dioxide (herein for convenience called 
cupric ammonium carbonate) and the precipita
tion therefrom, by means of an alkali metal hy
droxide precipitant, of cupric hydroxide in con
trolled physical state, especially in the form of 
a product of low apparent density suitable for 
fungicide use, the manufacture of copper naph
thenate and the like. 

I have discovered that by suitably controlling 
the concentration of the copper in the cupric 
ammonium carbonate solution, and also suitably 
controlling certain additional factors, I am able 
to produce a finely crystalline cupric hydroxide 
of low apparent density without sacrificing the 
yield to any extent. That is, I am able to pre
cipitate a suitably high proportion of the copper 
content of the cupric ammonium carbonate solu
tion in the form of a cupric hydroxide of low 
apparent density, the material being in the form 
of very fine crystalline particles and not as a 
more or less continuous gel, which is the general 
conception of cupric hydroxide. 

This cupric hydroxide is superior to the copper 
carbonate formerly used as a raw material source 
of copper in chemical processes for the manu
facture of copper compounds because it is as 
reactive as the finest of copper carbonates, par
ticularly with organic acids, and in all cases is 
superior in that no foaming due to evolution of 
C02 attends the reactions. It has, therefore, 
distinct advantages in the chemical process 
industries. 

It has also definite high fungicidal action and 
relatively low phytotoxicity, and has high value 
as an insoluble copper fungicide, and because 
of its basic nature can be used as an adjuvant 
to other fungicides and insecticides. 

Certain specific examples of the effect of con
trolling such factors are illustrated in the ac
companying drawings, wherein Fig. 1 is a 
diagram showing the effect of varying the con
centration of sodium hydroxide precipitant on 
the yield and apparent density of the product; 
Fig. 2 is a diagram :3howing the effect of tem
perature on the yield and apparent density; 
Fig. 3 is a diagram shovving the effect on the 
yield and apparent density of the time during 
whieh the precipitate is left in the mother liquor; 
and Fig. 4 is a diagram showing the effect on 
yield and apparent density of the method of con
tacting the copper solution with the precipitant 
and also showing the effect of the amount of 
precipitant u-sed. In this connection, it i:s to be 

2 
understood that when I refer to apparent density 
this takes into account the various factors in
fluencing apparent density; such as, fineness and 
uniformity of particle size and degree of aggre-

6 gation. 
The other factors referred to which are effec

tive at optimum copper concentrations to reduce 
the apparent density of the product without 
rendering the yield unsatisfactory are as fol-

IO lows: first, the concentration of the sodium hy
droxide (or potassium hydroxide which may be 
used in equimolecular proportions as a substi
tute for NaOH) which is used as a precipitant, 
second, the manner of adding the precipitant, 

11 that is, whether the cupric ammonium carbonate 
is added to the precipitant or vice versa, third, 
the amount of precipitant solution employed, 
fourth, the reaction temperature, fifth, the time 
consumed in completing the mixing of the cupric 

20 ammonium carbonate solution with the precipi
tant, and sixth the length of time the product 
is left in the mother liquor. I find that it is 
desirable to select conditions which will result 
in the precipitation of most but not all of the 

25 copper in solution. I regard 95% precipitation 
as perhaps an optimum but in practice I may 
operate very satisfactorily on lesser yields, for 
example 85% to 95%. In order to obtain a high 
yield, I find it desirable to utilize a copper con-

30 centration approaching saturation. This may be 
varied as will be indicated below. I find 'it desir
able also to maintain in these copper solutions 
a ratio of essentially two parts of carbon dioxide 
(grams per liter) to each three parts of NH3 

35 (grams per liter). This corresponds to a mol 
ratio of 1 mol of C02 to 3.88 mols NH3. 

Working in the range approximating the 
optimum concentrations of Cu, C02 and NH3 
<which will be defined below), I find that the 

40 concentration of the sodium hydroxide Rolution 
used as a precipitant has only a slight effect 
on the yield with respect to copper, but has <.1, 

more important effect on the apparent density 
of the product. The sodium hydroxide solution 

45 should be fairly concentrated for obtaining the 
lowest apparent density. It may, for example, 
vary from about 15% to 50% NaOH on a weight 
basis and preferably is kept within the range 
of from 20 to 30%. The quantity of NaOH 

50 solution employed may be from 80% to 120% of 
the quantity theoretically required to precipitate 
all the copper from the cupric ammonium car
bonate solution employed. The reaction tem
perature has a substantial effect on the yield 

55 with respect to copper and a very profound effect 
upon the density of the resulting product. A 
desirable temperature range for the reaction is 
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PLAN VIEW- RECLAMATION OF ALLOUEZ SANDS 

North End 

Calumet Mill _ 

Calumet Divi•ion - Calwnet &c Hecla, Inc. 

Research Department 

A. B . La.nd•troDl March 12 , 1956 

I 

Pumping Details : 

Elevating of Fines Pwnp at A 
Elevation of Pipe ·Discharge Line at A 
Static Pumping Lead 
Elevation of Pipe Discharge Line at B 
Elevation of Pipe Disch arge Line at C 
Horizontal Distance A to B About 
Horizontal Distance B to C " 
Hori zontal Distance C to 0 11 

Leaching 

Pla.nt 

c 

I 

95' 
1361 

41 1 

128 1 -6" 
123 1 -1-1/2" 
370 1 

260' 
2.00' 
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CALUMET DIVISION 

Products of the MiD.ea Toll 

t t . 
Poor Rock Primary Ore 

• Stoc!tpile • TaUiD.ga 

+ Was te 

t 
Concentrate• 

t t • Sljs Refined Copper 

Waete 

Cake a 
Ag Bearing 
Arsenical 
Prime Lake 

Billeta 
bLP. 
Phoaphorized 
Li-innoculated 
Tough Pitch 

t 
Refined Cu 

I I 

Ingots It Ingot Btra 

Calumet Division- Calumet • Hecla, _Inc. 
Research • Developlnent Dept. 
May 1, 1959 · • 

Seery 
Lake Chemical 

TBCS 
cocs 
Cu Hydrate 

t 
Bx Products 
Copper Oxide 
Steel 
Lead Carbonate 
Hi ·Lead Reaiduea 
Caat Iron 
Nickel 
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To Mr. L. F. Engle 

suBJecT Co ·er Carbona~• 

., 

We have. rene.wed interest iti coppar carbonate from Harshaw Ph4!!inic 
Company and our mate_rial is being compared with that_ of Tenn:e ssee 
Corporation. Tennessee 1s specificationfJ· are as follows' ~ 

4oppe.r 55. QOo/o Miri~ ._ _ _,_......._ 

v;SulRhlJ1' • 30% Max • 
./ Iron • 30% 11 

./Zinc .. "• 05% 11 

./'Nickel • 1 O% . 11 

/Lead • 0 3o/o . 11 
- --""" 

.,/.Manganese • , 03% '' - - --
/Chloride& • 005% 11 _ _ ...._ 

:..-1nsolub1e in HC1 ' ." 1 0~ 11 

~s~riia -. 001% " - -
.I"Inaoluble in. Acetic Acid: , • lZ~ ' ' 

Water •olu:ble salt 1. 50~ " 

They have asked that we suppiy them with the level o£ these ingredients 
in our production. 

Please adv ise when~· iDformatiou will o~ ayailable. 

0\S--~ 
'Bo')( lU.O 

Pc;, ~ MJ-
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ffi), 

&x 

A. C. B OORMAN, JR. Way JJ, 196) 

Copper Carbooate 

Tbla ie to reply to your mem.oraoclum ol May 9, 196) reque•Uoa tbe aaalyela ol ouw 
copper carboaate. Copper • •ulpbu. boa &Ad calckel wae reported verbally to youw 
clepar&meca& oo ~ay U la orcler to ~rovlde Har•baw witb c:rLtLcal &D&lyele ~ro~nptly. 

Coppel' 
Sulphur 
lroa 
Zlac 
Nickel 
Leacl 
wuaaae•• 
Cblorlclea 
la•ol\&ble i a KCl 
Areelllc 
ID•olubl• la Acetic Aclcl 
Water aoluble eah 

55.16 
o ... , 
O.JJ 
o. 096 
0.01 
O.OJJ 
0 . 0017 
0 . 0)5 
O. OJI 
O. OOJJ 
o.oa• 
o.o•• 

May we remiu you aaala that tllla la the aD&ly•t• of the procl\l.ct of laet aea•~· It la 
c:ocac:elvable that mhaor eleme11& cocate11ta wa\icl vary la the futu.re a• acSclltloaal l'va• are 
a-.acSe. Thl• woulcl be a fuoctloa ~~ tne •yatem'• cle&llll11e•• &A• feecl material. 

Way we al•u aclviae Chat tiM late•& Uterature •uppll•• by Te~:aa••••• C orporatloa for tbelr 
chemical product •how• their aoalyela ol copper carbocaate ae followa: 

LJ'£/bY 
CCa KFF 

RVJ 

COPPEll CARaONAT £, LIOHT 

Cta 
T o talS 
KzO Soluble s ... 
Za 
Nl 
}J~ 

Wa 
llleol . la KCl 

55.10 
O.J9 
O.ll 
o. zo 
0.0) 
0.06 
NU 
NU 

0.0. 

L . F . £Dale 
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--- CALUMET 
~------- 0 1\1 1 S I ON ------CALUMET , MICHIGAN 49913 

For Tnur· Offiet Corrtsf>OTidencl Ordy 

To Mr. B . C. Peterson 01214 August 24, 1964 

Porm 0120 10 sUBJ ECT Trip Report- August 18, 1964 

Niagara Chemical Div. of 
Food Machinery Corporation, 
Middleport, New York 

Persons contacted: 
Stewart Bear, President 

----~~~!'racy Baxter, Pur ch. Agent 
R. R. (Dick) Heinze, Chief Chemist 
Mr. Duckworth, Mgr . of Ag Products Div. 

Mr. B. C. Peterson and I met with the above-named individuals on Tuesday, 
August 18, to review our respective positions and interests in Lake Chemi
cal -- Lake Chemical having recently been purchased by Calumet, and 
Niagara being the chief customer of Lake Chemical. Prior to our purchase 
of Lake Chemical, Harshaw maintained, for all practical purposes, sole 
contact with personnel of Niagara. 

During the conference several items were discussed as follows: 

1) Niagara will continue to place orders for C-0-C- S bags. When an order 
is placed they will send us a copy of the order , and when delivery has 
been made and when Niagara has been billed for the bags they will send 
us a copy of the invoice and we, in turn, will issue a credit memo, as 
in the past. 

Z) They asked that we do all we could to insure availability of cars on :rush 
shipments. Could our Traffic Department make some arrangements with 
the railroad on having a car or two on the siding available for C- 0-C-S . 
shipment, particular! y during the peak season? 

Mr. Heinze, Chief Chemist and Quality Control Manager , was called in to 
discuss speci!ications and analysis of C-0-C-S. They want us to i nclude 
Maraspe rse to the extent of l o/o in our formulation, unless we are already 
doing so. 1£ we are. we are to increase the additive to a total of 1%. 

hile we were at Middleport they had two complaints relating to lumpy 
material from the field-- one from the Middleport .area and another from 
the Jacksonville, Florida, area. Mr. Heinze supplied me a sample of 
material from Jacksonville which contained lumpy material, for examina
tion by our Quality Control and Production groups . Every effort should be 
made to insure that lum~y material is not present in the bagged product. 
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CALUMET p------ DI VIS I 0 N ------
CALUMET . M I CHIGAN 49913 

For Inter· Office Corrcspond~e OnJ~ 

To Mr. B. C. Peterson p. 2 August 24, 1964 

Potm 0210 IO suBJECT Trip Report - August 18, 1964 

Niagara Chemical Div. of 
Food Machinery Corporation, 
Middleport, New York 

I gave them a copy of Lake Chemical specifications for C -0-C - S dated 
January 1, 1964, for their examination and review. Mr. Heinze asked 
specifically if the specifications and test proced~res dated 2/?.5/5?. and 
revised 6/22/53 were being complied with. A copy of these specifica
tions and test procedures is attached. 

Provisi on is made on the C - 0 - C-S b ag for a batch number on the lower 
right-hand face of the C -.0-C-S bag. They have asked that we devise a 
coding system to indi cate the production or lot number so that the lot 
number, etc. appears on the bag. From this, of course , details of the 
production could be traced on any complaints received. Further, 
Mr. Heinze asked that we forward to Niagara a 1# composite sampl e 
of our daily,.:production of C-0-C-S, appropriately marked with batch 
number, etc. 

6) We were cautioned again to be sure not to send any of our invoices to the 
end-user or to Niagara's customers. This has happened in the past, 
but very infrequently. 

During the course of our visit we had an opportunity to tour their R&D facili
ties. I was tremendously impressed with the .nature of the work undertaken 
in the area of pesticides. Over a 2 - year period they have spent approxi 
mately $?., 000,000 for their research building and equipment. They employ 
in this facility approximately 115 men, including about 50 PhD's. They 
screen approximately 2500 organic chemicals a year for biological activity, 
and have as a target the development of one chernical for commercial pro
duction and sale, as a result of this work, each year. 

A. C. Boorman, Jr . 
ACBjr:hek 
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LAKE CHEMICAL COMPANY 
Calumet, Michigan 

SPECIFICATIONS 

PRODUCT: Copper Oxychlor ide Sulphate (C-0-C-S) 

DESCRIPTION: 

.. 

Copper Oxychloride Sulphate, a light blue free flowing powder 
corresponding to the formula X(CuClz) y CuS04 . 5 Cu{OH)z. 

MANUFACTURING METHOD: 

Reacting metallic copper with sulphuric acid, common salt (NaCl) 
and air. Control of pH with ammonia and sulphuric acid. Fine 
solution pH 7. 3 - 7. 4, Product designed to carry 9. 0 - 10. Oo/o Cl 
and 6.0-7.0% so4 • 

CHEMICAL PROPERTIES: 

Soluble in acids and ammonia 
Insoluble in water 
Copper 

PHYSICAL PROPERTIES: 

S. G. 
Pounds per gallon 
Bulking Value 
Bulk Density 
Average Particle Size 

TYPICAL USES: 

56.0% Min. 

3.3 
27.49 

0. 0364 gallon@ per pound 
30 - 35 lbs. /cu. ft. 
2. 5 microns 

As a spray for the control of foliar diseases and as a component 
of dust and' spray formulations. Not recommended for use as a 
dust in concentrated form (55%). 

MANUFACTURING AND USE HAZARDS: 

Poison - corrective measures shown on label. 

Date:. _______ ~l~-~1-_6~4~----------
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Original Date: 7./25/52 
Revised: 6/?.2/53 

June 22, .1953 

SPECIFICATIONS FOR PURCHASED MATERIAL: 

Trade or Common Name: 
Chemical Name: 
Manufacturer: 
Code No: 

PHYSICAL SPECIFICA'nONS: 

Physical State 
Bulk Density (Vol. in cc o£ 

27. 7 g. in 100 cc cylinder) 
Col or 
Odor 
Screen Analysis -

W e t through 325 
Solubility of active ingreld

ient in water 
pH at dilution used 
Dis per sibility 

CHEMICAL SPECIFICATIONS: 

Assay 
Otbe r ingredients 

Moisture 

Method of Assay 
MetbQds of Analysis 

C-0-C-S 
Copper Oxychloride Sulphate 
Lake Chemical Company 
557 

Fine, free -flowing powder 

80- 100 cu. in. 
Celestial blue 

None 

99-l/2o/oMin. (Note 1) 

. 0006 - • 0001 lbs/100 gal (Note 2) 
7 . 5 to 8 . 5 (Note 3) 
97o/o Min. ( Note 14) 

56. 5o/o Met. Cu. Min. {Dry Basis) 
(chlorides 9.0-10.0 
{sulpbates 6. 0-7. Oo/o. 

217/o Max. ( 4 hrs. @ 105°C) 

Conventional Hypo titration 
Methods for chlorides & sulpbates 

to be supplied by Harshaw 

Authority: Letter from W. W Harris , Harshaw Chemical Co., to 
J. F . LesVeau.x, dated February 2.1, 1952. Revised authority: per 
Letter W . W . Harris to C. 0 . Eddy dated June 12., 1953 

(All signatures were not legible) 
(Signed) John F. LesVeau.x 

J . F. LesVeaux 

(Signed) J . R. Warren 
11 J. R. Jones 
11 C. A. Me Donald 
" F. s. Black 

JRW/mb 
cc: NV -SHB-EKH-VGA-FKC-EDB-MLT-JRJ -CAM-JHH-HW D-JFL-FSB-HW -EPB-CC 

CCC-JLP-OC-CMT-JR~JF -DADE-ALLEN-DUCKWORTH-ALDEN-WILI...aN 

• 
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Note 1 - Wet 32.5-m screen test. 

10 g . sample is stirred into 300 cc tap water , 
thoroughly dispersed, poured through grease-free 
32.5 - m screen, washed through with running tap water 
using soft brush to break up aggregates. Residue is 
filtered in tared gooch filter and weighed. 

Note 2. - 4. 8 grams COCS is soaked in 1 L . distilled water 
with occasional shaking for 2.4 hrs. Filtered, 500 cc 
aliquot taken, 1 cc cone. sulphuric acid added and 
evaporated to fumes of HzS04. If residue is discolor
ed., add few drops of HN03 and digest to clear residue. 
Dilute to a b out 2.0 cc, make strongly alkaline with 
NH40H, filter into Nessler tube {slight iron ppt may 
be filtered out, make to 100 cc and compare with stan
dard copper solution treated in same manner. 

Note 3 - 6 g. COCS is thoroughly soaked in 1 L. water for 
5 minutes with shaking. Aliquot is taken and pH 
determined with glass elect rode. 

Note 4 - 15 g . COCS is put into 2.500 ml tap water and allowed 
to wet, stirred for 1 minute and poured through a clean 
32.5 - m screen, washing with slow-running tap water with
out brushing or other mechanical disturbance. Residue 
is washed into tared gooch, dryed and weighed. 

--
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Mr. Tracy Baxter 
Nlaaara Chemical DIY. 
FMC Corporatloa 
Middleport, New YoTk 

Deu Tra~yt 

( ~ / 
I ( 

We ha,. now c:omp~tecl a r•rl•w of the aeveral polnta d!aC'\&aaell lao~ AuiU•• 
meetin1 Alallreat&t.ecl in yo~U l•tt•r ol Aul\lll 19. 

Item l • Muaaperae 

Muaaperle baa not tMe• added to c-o-c-s. Tbe COD.allla\ll lYre Ia 
that O\ll' e q\llpment layout Ia not coaclu~:lve to acc:uat.e ad.d1Uona of thla ln· 
1r•d!enl. S~tem modlflc&Uoa eoata would be la exc:aae o1 $30,000 to aecom
modat. Maraaperae. Flauea I aa4 J u• attachecl, ahowlllt a) the c:\lrr•AI 
layout, ad b) that layout wblc~ woalcl ~ alce .. uy U M&raaperao ... r• added, 
Probably a mor• important c:oaalclerattoa thaa coati 11 tbat a lift adclldoa 
woW.cl recmco 0\ll" copper coatllal by approatmately that amoGDt ancl lt would 
be dlHlcull, U not hnpo .. lble, to malataia a S611t copper analyala. 

1.~ n~&terial ocC\ll'l 1Dfraqu1atly and pr1aant coalrol t. iood. Damp 
rnatel'lal from tho clryer or a clalnqecl pu.l,...rh.er acreea 11 the caute. The 
£ornwr oc:c\ll'l wbh w. att.mpt to pu.ab tho aql&lpmtnt beyon4 ttl capacity, 
A clamqecl acraea 11 clet.ctecl lmmedlat•ly by 1owad ~ 11 raplac;ecl u ucea
auy. Tb.e b&J, AD4 tha praced1A1 ba1 wh.lcll waa bolac loaclad wbaa clamap 
oc:cura, Ia clwnpecl bacia mto the c:irc\llt ancl rerua.. Wa wUl aadeavol' co 
acbian &dclltlooal dzyiat a& th• fUt.r. W• now u•• a bank of b•at taa.pa but 
WI c:ou.lcl poaalbly uraoae £or air c:bculaUoa lA thla ar•a to aet acl4Uional 
evaporattoa. 

Item 11 - Taat Methode 

We do not analy.&e for the phyalc:al apec:a other than d!apeuUJ£Uty, ho ... ver 
we do run all th• chemical t.ata. Methode ol aaalyala d.iHel' Ia aonw c•aoa. 

Tho I&J:Dpllna procedu•• coaahta ol a apooDiul frolll eYory Well bal. 
Thera an forty SOt baa• to a pallet and l palleta or 6. 0001 to a lot. Copper ia 
detorm.lnecl 01a each lot by u-. attached nwthod, whlcll dlller1 fl'om tbo method 
atvea iD the epecUicatioa, &ad alvea more accurata but allahtly b!Jb•r reeulta. 
The 'ft. copper le reportecl oa aa aa-ta baaia ancl 0\&1' apoc calla fOI' S6. Sift C11 mlo. 
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Mr. Tracy 8-.-t.r, p. 1 SeptemMr 18, 1964 

OQ achy baele. T~refore, tb8 peat fialU'e• ehowtl be divi~Mtl by 100 minus OfoHz 
to IP,. Uw actual copper percutaae oo a by baela. 

The ataadarcl ~Mriatloa ( f") for ll compoalto eamplee ol culoa• lot• ebippecl 
betweoa 3-8-61 aGc1 J-17-64 wae utermiJ:Ied. Valpee uo alvea la Table J. Aleo 
ebowa lD Table 1 uo tho val~• at ~1r, ~zr. ancl ~3cf", ow ~15.161!.. ta. Zl11t 
and ~o. 135,... TbJ• me au that wttll copper for example. the val"• at -so 11 
56. 58'!11 IUid oaly o. 1l51t ol 31 c&l'loa.cle woW. be eJrpoctetl to fall below 56. Si1ft 
copper. 

We defbUtoly m"t the apocUlcaUoa u.ai.Da O\U' attached nwtho4 ol &Balyele. 
With U. locllometrto tltraUoa raetholl whlcllal••• low roeW.te, eorrw material 
may be allptly lo" thaa tho epecillcatloa of 56. 5ft. Tho et&&Satlcal clUforoaco 
betweea tho two m.thocla of aaalyela coul• be determiAell ll required. 

Cblorlclo 

Althouah tho a,...raao 1t Clle 9. ·U. abo\&t l01t ol the material .fallo outalde 
the apeclllcatloa r-ae ol 9 to 10. A more r ealietlc raaae would be I to 11. 
0.1' meth..& ol aaalyela for chl.nt4o la c-o-c-s cUller• from the method 1pecl
fle4. Wo rua a il'&vimetrlo c:hlorl~M cletormiAatioo whit aUv•• c:hlolrlcle. wb.ere• 
•• tho Hal'ehaw mettho4 la a tltzoatl .. wldl morc:.ulc Alh'ato. TM aravimetrlc 
metholl eltCNW be more accurate. 

Tb.e averaao la 6. 181- with aaata abo\&t 301ft ot produ.ctioa outelcle tho r&Dae 
of 6 - 7. M01to reallatlo raa,e would M 5 - I. au. motho4 of aaalyela la baal• 
oally tho •am• aa called fo-, but with eltcwl-cu.t•. whlcll c:CM&ld bo r•••••ulblo fol' 
eome of the apread •ltowa la tho aullate val~•· 

We coa•l•tently are below 1, 9~ HzO &Del the •pec:lflcaUoa c:alle for Z. 0"' 
rnaximw:D. Metholl la aame •• epecUte•. 

Dhpenl blllty 

Tlte epecWcaUoa ull• fo1r 97ft mlnimWD. Only 0, 1151!. ol CNW protl"ctlOD 
la below 91. 1. Tbla le a,...,, ao0411 teet to pick~ lwnpy ma&orlal .... ita u.a• 
c ou.lcl bo •1CP&Dd•4 il nec:eaaary lor c:oa&rol p~arpoeoe. Method of &Dalyele le tho 
eame .. atvea la tb8 epee • 
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Mr. Tracy Baxter, p . 3 Septeanber 18, 1964 

In aenoral, our product Ia -u withiA apec1ilcatlon. It would appear tha& 
1l the ~vlatlon in chloride ancl ·aul!ate content wa. c:dtical we would haY• had 
c:omplalnta on performance in the put. 

Item W ~ Lot nwnber• 

Lot number• wtU be •tamped on each b.,, etartios wiU. the next ahipment, 
alnce we do have owr cu.rrent inventory reaordetl by lot number. Future pra. 
duction wUl, llkewtae, ahow lot nwnbera. 

Item IV • Sampl .. 

A If aample ol each day'• procluctioa wtU iM marked with the appropdat. 
lot numbera and will be forwardad to Mr. Hetnae lor analyda. 

We expect to atart production the week ol Septel1\ber Z l lew the com1111 aeaaon. 
Alur we ve UDder way, I woul4 enc:our&i• a vt.alt by Mr. Hei••e ia Calumet. 
He coulcl thell obaerve ou.r operaUoa &DII talk about lt with owr Produc:tioD, 
<..""u&Uty Control, &Del Development peraODDel. 

ACBJr:hek 

enca 

Very truly youra, 

CALUMET DlVISIOH 
Calumet • Hecla, lnc. 

A. C . 8oormaa. Jr. 
Director of MvketiA1 

• 
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CALUMET a. HECLA, INC, 
Calumet, Divl•lo11 

,J.NALYTlCAL FROCEJ>URE FOR 'ft COPPER IN C·O·C-S 

Woljth 2 i I C·O·C·S lnto lOO ml t.aU Corm beaker. 

Autl 35 cc atock aolutloa fl. 

Heat UDtU dluolved and dilute to approximately 150 cc. 

Plate out copper on platlnum electrode at 0, 25 amp•. for approximately 18 houra, 

Check •olutlon for remahdna copper by adding 1 drop to a apot plate containing 

1 drop of HzS •olutlon, B1'0WA color huUcatee preaence of copper aad platlcag 

muat ba conthaued untU no brown color h obaervec:l. 

Welgb electrode after w&ablna and drying. 

( Wt. alec!_rode ~ copper) - wt. electrode 11 100 a '- copper 
Wt. aample 

Stock eolutlon fl 

1500 ml diatUled H2o 
800 m1 COliC . HNOl 
800 ml CODC,, HaSOt 
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DATE: 

TO: 

cc : 

SUBJECT: 

February 18 , 1966 

Dr . C . P. Stanford 

Celaw ... 
Messrs. R. W. Johnson 

R. R . Allen 

m5-ooa 
'Box 558 
Fotcle.c rcl 

Some Considerations for our Future in the Agricultur~l and 
Industria l Chemicals Business 

Review 
In addition to our supplying of copper oxides, carbonates, and 
hydrate s to the industrial complexes involved in marine paints, 
ceramics, Petro-Chemical catalys~s, and other applications; we 
are furnishing the agricultural trade with copper oxides for trace 
mineral additives in fertilizer and animal feeds, and furnishing 
other copper chemical (tribasic copper sulfate, copper oxychloride 
sulfat e, nuetral copper dust base) for fungicide. 

Present developments involve the possibilities of our production 
of Cuprous oxide for marine paints; a copper dithocarbonate fun
gicide; a "water" soluble copper concentrate for "immediate need" 
sprays; and a copper algicide. 

Limitations o f our Present Product and Marketing 

1. Few of our chemicals are in the form of final use 
a) industrials require further process before 
end use 

b) agricultural& require a dispf,sement media 
for fctilizer and fe e ds a nd require a mixture 
formula of other products (sulfer-DDT etc . ) 
prior to fungicidinal use . 

z. Distance from our raw m a terials source 

3 . Distance from our markets 

4. Little marketing follow-up to testing progrants 

5 . D ependency on very few customers for the total v oluzne 

6. The specific end market is unknown (who, why, what price) 
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Dr. Stanford -2- February 18, 1966 

7. Location of the sales office at Calumet handicaps travel 

8 . Ineffectual and incomplete advertising brochures and 
media distribution ,. 

9. Lack of product "Glamour" 

10. Lack of essentially related products 

Program for Improvement in Product and Marketing 

In preparation for a more encompassing line of products :wtling 
eventually to a "Chemicals" Division of Calumet & Hecla, Inc. 
might: 

1. · Establish a Chemical Marketing Section in Chicago, 
perhaps housing at the corporate office witli complete 
marketing autonomy. 

we ., 

a) Assume control of all Chemical Marketing ' 

b) Remain under the Calumet Divisional command 

2. Create a broader market base for our chemicals by; 

a) Determining the end user, his use demands, 
and the competitive situation 

1) Reply card contest in our· agricultural 
product bags 

2) Assign a :man to work closely with 
Traylor Chemical to determine his 
market and operational advantage 

b) Soliciting the large fertilizer manufacturers, 
coops, area ":mixers," and animal feed producer 

1) Determine potentials for copper and 
related trace minerals 

2) Create a :mailing list and establish 
the credit responsibility 
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c) Expand ouz industrial market 

3. Create a "Glamour" image for our products 

a) Redesign bags and rename the products 

b ) Revise all brochures for appearance, name, 
and completeness of technical information and 
usage recommendations 

4. Ascertain possible related products a nd extensions of 
our pre sent line during marketing solicitations 

5. Ascertain the prospects of a complete and ready mixed 
product 

6. Inaugurate a detailed freight cost study of the product to market 

a) P ossible gimick on advantage:fshipping fon:n 

b ) Prospects of "2 way" freight aa•s 
c ) Contract carriers 

7. Coordinate marketing and testing programs to assure 
follow-up of and product availability to new areas of tests 

8 . Examine the prospects for total trace mineral mixes 
based on purchased materials 

a ) Test market the "full" mix 

1) Form a contest on a package "Test 
Plot" success trial 

2) Grass roots promotion in the test are 
with mixer and/ or coop 

b) If successful determine feasibility and priority 
for becoming basic in the additional trace minerals 

9. Plan a research program toward the goals desired 
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Dr. Stanford -4- February 18, 1966 

10. Begin an analysis of the raw material source points 
for all materials ultimately desired , 

a ) Freight consideratora 

b) Availability considerators 

11. Detail a search into the necessary equipment to 
accomplish the planned goal 

a} Costs (capacities-expansion needs) 

b) Productivity desired 

c ) Physica l facility and location 

12. Chemicals Division Creation 

The assignment of all chemical sales to a new office would allow the 
development of the prospective Chemical Division to proceed toward 
reality and at the same time iznprove our current profitability and 
market vulnerability. 

J. n.-14 . 
-1£. N. Hartwell 

ylw 
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Gladwin 0 Read Co. 
/1;()1{ Cltica'/OQve. EIJOrlslon. 91/. 

GOZO I 

COPPER OXIDE vs COPPER SULFATE 

1. Dr. Harry W Titus: ncopper sulfate, or bluestone, was the first 
copper compound to be added to c ommerc i al mixed feeds. In the past 
few years, however, it has been, and is being, replaced by copper 
hydroxide and copper oxide." -- 9 ' April 1956, Terre Haute, Indiana. 

2. Dr Harry W Tit~s: "Compounds of iron, manganese, copper and 
cobalt that are soluble in water are not suitable for use in mixed 
feeds because the ions of these four elements catalyze the oxidative 
destruction of the fat - soluble vitamins, A,D and E." 9 April 1956. 

3. AI len T Ralston: •copper oxide is recommended where supple~enta
tion of copper is necessary." --Washington Beef Cattle Day 1960. 

4. Drs Buescher, Griffin and Bell: "There was a greater amount of 
copper carbonate excreted via the urine than of copper oxide or 
copper sulfate. The availabilities of the three forms of inorganic 
copper compounds f or swine were sim i lar ." -- Journal of Animal Science 
Vol. 20, No. 3, August 1961. 

5. Dr H D Ritchie: "The use of copper sulfate in these trials gave 
poorer performance than copper oxide, possibly indicating toxicity.• 

Journal of Animal Science, 21, 4, 1010. 

6 . Dr R J Bunch: "Copper oxide fed at the same level (250 ppm) also 
improved gains and feed efficiency to nearly the same extent. Because 
of the hemoglobin interfere nce using the sulfate, it may prove pre
ferable to use the oxide." -- FEED AGE, J a nuary 1961. 

7 . Drs Bunch, Speer, Hays, Hawbaker and Caton: "The feeding of copper 
oxide resulted in smal I increases in c opper c ontent of the tissues, 
whereas the feeding of copper sulfate resulted in marked increases in 
tissue copper content." -- Journal of Animal Science, November 1961 . 

8 . John W Megown: "The water-in s oluble compound, copper oxide, is 
the preferred sotrrce of nutritional copper." --Western Feed, June 1964. 

9. Or. Virgil W Hays: "Feed manufacturers and researchers in Great 
Britain have accepted 200 to 250 ppm of Cu from copper sulfate or copper 
oxide as a routine feed add itive and are success fully using it in their 
swine rations." FEEDSTUFFS, Apri I 14, 1964. 

AND--in comparing costsr it is wei I to r e membe r that 1 pound of BROWN 
COPP 75 supplies the same amount of copper as 3 pounds of copper sulfate 
-- currentl y s e l I ing at about 20¢ per pound. 

* * * MAY1966 

rn.s- o:)~ & x558 
• 
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/ 

f()S--oc~ 
Bo")( ~~4 
fo\del ~ 

H. E. Da7 
co I LOS ;/'·' 

LRJ 
Reading File I 2 

·~ 

J&nUUT 22, 1968 

The screen sizinl• and chemical anal7Bia of nrioue C I& K produota that 

)'OU requested are aa tollowaa 

, ert111ser n 50" 

Fertilizer "75" 

Feed 1175" 

Hi Cu20 with ohiPJ>ings 

Hi Cu20 without chipping• 

Hi CuO with chippinge 

SCREEN SIZINg 

f!-325 Mesh. 

90.4 

98.4 

97.6 

97.6 

98.8 

93.6 

!-200 Meeb, 

Hi CuO without chipping• Sample not. aT&ilable t.hia month. 

N.C.D.B. "8'.3" 

Ill Cuprio 

o. o2Tf, P002 

o.os~ re 

98.8 

9~.8 

CUPRIC OXIDB (BLACK) 

N.O.D.B,-8] 

Solubilit7 72 hours at pH 1.0 uainl HCL. 

Total. cu-----83 .ln 
Cu diaeolved-------)0.9~ 

-
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------------------------------------~-~~----~~ 

Page 2 
H. E. Dq 
J&DU&17 22, 1968 

COPPER HYDRATE 

Composite s&mple covering one mon~h~production. 

Total Cu--------63. 590.C 

OH-- • ·- --· ·--33.75o,C 

Na- -- .. -- ------ 0.23~ 

NH3-----· -···------- o.o84:C 
· C02 • ------- 0.19~ 

. so4 - o.2,o,e 

N03 Nil 

-CL=-·---------- o.o2o,e 

· HNo3---in.ael11bl.e--- o.oo~ 

, Ca aa Ca & Mg- 0.016% 

F... ---..:--- 0.013% 

· H20. -- ........ -- 1.200,C 

"B" CIRCUIT COPPm OXIDJ 

Cu~----.. --6,.2'f1, 

cue---- --2s.~ 

·Met. cu--·------ o.u~· 

In.ol in HN03--- - Nil 

co~--- ---------- 1.93~ 

. 'm~-~ ).6~ 

Poo--------- 0.1~ 

.NiO • -· ··--- --- 0.13~ 

.1'•20,----·----- 0.1~ 

NH3------ -~ 0.61. 

Moisture --~----- o. 9o,C 

Chloride••------------- O.lO!f 

98.7U 

Cu ... -78.53~ 
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Pagel 
H. E. Dq 
Januar,r 22, 1968 

In addition spectrographic anal7sis indicate• -'820, CaO, M&<), ~. N10, sn02, 

Na20 and Li20 ~ trace amounte lese than o.Ol%. 

14liSTURI COCS 

Datt !H,O 

Lot 370 1-3-68 3.6 

Lot 371. 1-4-68 3.6 

Lot 372 1-S-68 4.0 

c. J. Ba•tian 

CJBaa.ap 
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ff'S-o::Q 
&x. H._ol1 
Fo\d~ ~ 

calumet D.:; 
&Hecla 

PROJE;C T Tl TL E 

CALUMET 

-------I;)IVISION -------
RESEARCH "PROJECT PROGRESS REPORT 

Chemical Proce.ssing - CD-1916 
TECHNICAL OBJ IEC Tl V&: • _ 

~ORM 150043 

PRO.JitC T NO •. 

27-20-6 
R&PORTINCI PERIOD 

!Lst Qtr. 1968 

Process improvement to reduce costs and improve product qualityG 

PROJECT LEAOER 

L. c. Klein 
PROJECT 

<!dh~fz'i11Ifig 

'

AMOUNT AUTHORIZED I' EXPENDED I REPORT AUTHORIZED av 

$19,728 15 I L. G. Stevens 
PROC:RESS ACHIEVED 

Slight changes were made at the Tamarack Leaching Plant to adapt the equipment to 
the .production o£ Cal-cop-10. Approximately 15 1 000 gallons of material was produced 
during the last week in March. Time required for production of the material has bee~ 
reduced to less than one quarter the time required to produce the material at the 
Lake Linden Plant, and ammonia losses have been reduced considerably. Additional 
savings will be made in packaging and handling the material at the Tamarack Plant. 

Because of the work in disposing of the barium carbonate precipitate from the Lake 
Linden Leaching lead removal circuit--about si~ barrels a day--the possibility of 
reducing the amount of residue was investigated. Instead of filtering all of the 
precipitate formed, somewhat more than half of it has been re-introduced into the 
System to determine whether it would collect more lead, and the amount of barium 
chloride used to form this precipitate has been reduced from 500 to 250 pounds per 
day. It has been found that this practice is working satisfactorily with no loss 

~ 

I 
I 

in lead removing efficiency. The. amount of precipitate taken from the process has 
been reduced to two barrels per day, and a saving of $21.qo per day is being realizea 
from ·reduced reagent consumption, plus the labor saving in mixing reagents and 
handlingthe sludge. The possibility of selling this sludge, which contains about 
10% lead, up to 5% tin, copper, and barium carbonate is being investigated. 

Preliminary equipment layouts, building design, equipment lists, and inventory lists 
for a new chemical and leaching plant were developed during the _quarter, and will be 
reported on during the· first half of April. 

A process for making COCS which derives most of its copper content from copper oxide~ 
was developed in the lab and a full scale run was made at Tamarack. The balance of 
the copper content in the product comes from scrap copper. The product was satis
factory, and the process is simple and straightforWard. The copper oxide used was 
#1 Cupric but still chippings can also be used. 

ACTION PLANNED NEXT PERIOD 

Additional work on new chemical·and leaching facility. 

Technical service on manufacture and packaging of Cal-Cop-10 and as required for 
other chemical operations. 

Complete testing of process for making COCS to thoroughly evaluate it in order 
to prepare a production procedureo 
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('fl "'' uu~ 
'be x ll.o '-\ 
fold-er 5 

JC. Saade~aoa 

- -.... RC:csrv ED AT 
(- ALfr'.r!:'T _\ (\ 

-'t··~ DIVISION 
'--~ . 

. ::. '3 z !. 1969 

HfSErt.~..;, · · -~. 
·~ ~nvL.""- K•9\L'-4v 

-·- .~PM£NT 
~ 

: B~eak-evaD aalea oa Tamarack 
Leachtna ~odacta 

ID o~del' to W.te~mlDe 'break-evea aalea oa prociuct llDea, cel'tala facta aacl 
aaawnptioaa muat be macle. ne baala for the brealt-evea aalea oa Tamarack 
Leachlaa pl'ocl11eta h the 1969 p~oflt plaa p~oductlon, coat. aa1ea data aa4l 
profit ta~aeta. Ioaclclttloa. la'bol' waa ueatecl aa a perlocl espenae. 

The bl'eak· eve a aalea p<M&Ada we~e precllcatecl upoa the above atatemeota aa4& 
are aa foUowas 

Hydrate 
c.o.c.s. 
T.a.c.s. 
Cal-Cop 10 

OEL&a'-
ccs CHS 

OL.C 
LOS ~ 

.File (2.) 

Break·eveo 
Salea PCNAda 

116.201 
430,450 
llJ, 539 

1S,621 
684,819 




