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Foreword,,

This thesis is based on a metallurgical report submitted by
the author to Mr* W« G,, Woolf,, Superintendent of the Electrolytic
Zinc Plant of the Sullivan Mining Company at Kellogg, Idaho* In
it are given the experimental data and the original research
performed during the period from June to December 1957*

In the ordinary course of zinc hydrometallurgy the zino sulphate
solutions must be purified of copper, cadmium and cobalt before
being subjected to electrolysis® The resulting precipitate containing
these impurities is known as Purification Residue® This precipitate
is worked to extract the copper and cadmium them from, and to pro-
duee zino sulphate solution of sufficient purity to allow it being
returned to the main solution circuit* The copper is recovered as
cement copper and is shipped to a smelter,while the cadmium IS pro-
duced as high-grade (99a,95%) electrolytic metals It is in the purif-
ication of the zino sulphate solutions that a residue similar in
character, but different in grade than the fTirst named purification
residue is made® Because it is the result of purifying mainly for
cobalt (“the bulk of the copper and cadmium having already bean
removed) it is called locally, "Cobalt Residue"®

To date this residue has been stored awaiting a time when
economic conditions would warrant a retreatment campaign® The
recovery of the amount of zino, cadmium and cobalt tied-up in the
residue, although i1t is considerable, 1is not imperative at the
present times However the problem will become more acute as the
storage pile continues to grow and is one which must eventually
be met® In anticipation of that day when the amount stored is worthy
of recovery and favorable conditions prevail this Investig™tion of
the reworking possibilities of the Cobalt Residue was undertaken®

The small quantity of residue which is periodically available
doe3 not permit continuous metallurgy and precludes the construction
of a plant requirking large capital outlay® The problem must be met
by treating large batches of stored cobalt residue in short time
intervals in order to keep labor costs within reasonable bounds*
Unless some other resldue,oapable of being reworked,were purchased,
the plant would remain idle far more time than it was used, and
consequently take far too long to amortise itself*

The Iogicaf?ggg%s to be to rework the cobalt residue with the
machinery and equipment that is already installed at this plant,
and to employ hydrometallurgioal technique with which the operating
crews are fTamiliar® With these two premises in mind the entire
investigation was conducted*



Report on the Proposed Metallurgy for the

Retreatment of Cobalt Residue

OBJECTS To develop a metallurgical procedure whereby the cobalt

residue might be retreated profitably for the recovery

of cobalts cadmium and zinc.

GENERAL
CEDUREs

In order to conform with electrolytic zinc plant prac-~
ticO and technique9 this problem was attaoked from a
hydrometallurgical standpoint only, No procedure in™
volving pyrOmetallurgy was investigated, so that it is
not known to what extent controlled roasting of the
cobalt residue would have affected the recovery or costs.

The scheme outlined on the following pages was designed
to meet a particular set of conditions, and while it 1is
not submitted as the ultimate, it does possess the ad-
vantages of being suitable to the machinery and equipment
found at this planto

PLAN; Expressed in the simplest form the plan involves,

(1) Leaching the material, followed by filtration®
(@) Purification of the solution,

(3) Addition of zinc dust to recover sponge cadmium,
{4) Precipitation of cobalt with sodium hypochlorite.



A more elaborate outline of the plan is given below:

(1) Leaching the air-oxidized Cobalt Residue with 25% - 35% sul»
phuric acid to produces, after filtrations

(@ Solution containing the extracted Co, Cd and Zn;
with Fe, Al-, Mn as the maih impuritiesO

(b) A leach residue containing the Sb and most of the
Cu, (depending upon the leach procedure), which

probably could be sold for either its Sb or Cu
content»

(2) Purifying the solution (,1-a) to remove the Al and Fe9 this
process to yield upon filtrations

(@) Pregnant solution containing Co, Cd and ZnO

() A purification residue containing AI9 Fes MnOg"™ and
zinoj the latter iIn sufficient quantities to justify
it being fed back into the regular zinc plant leachO

(3 Agitating the solution (2-a) with zinc dust for the recovery
of sponge cadmium, followed by filtration to yield,

(@ Solution containing Co and Znc
(b) Sponge cadmium for cadmium electrolysise

(4@ Precipitation of cobalt from solution (3-a) using sodium
hypochloritef to yield, after filtration,

(@ a marketable product containing mostly cobalt hydrox*-
ide with some cobalt oxideO

(0) Solution low iIn oobalt and relatively high in zinc
which might be sold as zinc sulphate or used as a basis
for,

(B) Manufacture of calcined pigment or unoaloined raw material for
Rinmann* s Green®






us object O: leaching iIn this plan 1is to obtain maximum extrao
?-PQ mh® cobalt.., cadmium and zinc from the. cobalt residue,, leading as
uch as possible of the antimony and copper in the leach residue

Kepeated attempts to use the leaching process for solution purif
jation purposes (other than copper removal) were unsuccessful. The

principal elements to.be eliminated from the solution were oopper, iron
[anganese and aluminum.

The removal of copper was accomnlished by the addition of zinc
[ust to the slightly acid leaoh, before filtration. Despite the fact that
.Is procedure affected the cadmium extraction adversely, it was thought
lest to eliminate the copper at this point in order to avoid an extra filtra
on. The problem of copper removal is not a hard one and the question of
[ether to throw it into the leach residue or make a separate cement copper
eelded during plant operation . In all pro):
ity the high antimony leach residue can be 3old. |If purchasers insist on
laving this residue substantially copper-free, then the production of high-
e cement copper might pay for the extra filtration

Ip. the case _x T"cron and manganese both elements required oxidation,
xe extreme “reducing power” of the leaoh pulp caused it to consume oxidizer;
fast as they could be added - probably due to the action of SbgOg going

SbgOg. No leach was carried to.complete oxidation; that is, unti
[ling present had been converted to the higher valanoes. They were carried
it enough, however, to 3how that oxidation in the leaoh was an uneconomic
eocess. Even blowing air in a continuous stream through the leach from
tart to finish failed to oxidize the iron or manganese. The iIntroduction
air, in those cases where very little oopper was dissolved, did iImprove
ie extraction of cadmium to a marked degree.

The case of aluminum presented a new problem. The discovery and
mfirmatibn of this element in the cobalt residue will be discussed under
trification. Suffice to say here that attempts to run the leach basic with
sed, in order to eliminate aluminum, were unsuccessfulo Some Al was precip-
;ated but the amount removed did not justify the loss iIn extraction. The

ocedure of adding zinc oxide (calcine) to the leach to precipitate Al was
Lscarded for three reasons; (1) It made the leach filter poorly, (@) tied

the zinc iIn an unrecoverable form, and (3) diluted the leach residue with
[nc for which a penalty might,be charged when the residue was sold.

Practically no antimony or arsenic gets into the leach solution,
I ) the removal of these elements is not a problem. Considerable niokel
1 ssolves if it is present in the feed. Some of this will come out with the
[daiuia sponge - the re3t will go through to the barren solution. None gets
I ito the final cobalt oxide product,,

On the following pages will be found the leaching experiments and
1: e results. In each case the log of the leach and other significant data
fe given. All leaches were run on the same general plan of adding the dry
sidue, ground to pass ten (10) mesh, to the meahanically agitated acid
lution until the final acidity was low enough to allow filtration,



Laach No8 1

Straight Leach Run far extraction data.
Using 200G ec  1Zinc Plant Electro3,yte at 269 gr. acid/L & 52.0 gr* Zn/h.

Tim Wet Residue later
Acid added added QO
Time Gr/L in "Tfras in cc O
o9*15 A.M.' 269 100 o5
100 47

M3

9*4% 100 72
1GsOO 100 80

100 100

10*15

10*30 100 . 100

10*45 100
11*00 100
11*15 100 100 82
11*30 100 o
11*45 100

12*35 P.U. 9*0

12*30 25 100

1*00 40

1*15 15

1*45 2.0 100

2*00 1C 100 0
2*30 0*5

. ifi i i 1.478 (Filt9red

3*00 Specific Gravity of Solution » i (Filt9red)

Leaching time .« « 5 hrs* 45 rain.

Laach No. 1 Balnffcc,

Product % Gr % Gr % Gr % Gr % Gr % Gr
Zn Cu cd Co Sb Al

eod 1150 gr 30,4 350 1.5 17.2 2.4 27.6 3.4 39«1 izn z 1.05 12.1

asidue 254 gr 1.8 47 7.2 133 "3 579 013 03 382 97 005 1.3

lectrolyte 2000 cc 52.G 104

olution 2640 cc 170 448 *020 #053 9#o *3.7 14.45 33.2 0.31 0.82 4.2 11.1

ITRACTIONS ST . 73 gt 99-3n

smarks* Good extraction for 2n and.Co but Cdextraction is disappointing. Note that
most of Cu and Sb remains in the residue.
Laach filters well#



Attempt to precipitate Fe during leach, using KG10, is acid solution, then
adding CaCQ,

Start Leach with G. p. Sulphuric acid instead of electrolyte. "(1j>00 sc)

gr/L
Time Acid  Feed TOC KCIO3 CaCQj Fa gr/L
8*30 A.M, 250 100 50
8*50 100 75
9*10 100 30
9*30 100 3R
9*50 100 100
10*10 100 100
10*30 65 150
10*50 50
11*10 50 100
11*30 25 50
11*50 50
12*10 P.Mo
12*30 25
12*50 25
is10 1 25
1*30 30
1*50 - 25 1.25
2*10 25 100
3*3C
3*45-
Let aiiand overnight-
Acid
Spot
9*30 100 100 75 2 3 1.25
10*00 3
11*30 3 1.25
1tOO P.M. 30 2 3 1.25
.3*30 Acid
Spot Filtered « fair,
Sp Gr 1.430
Leaching time 7 hr*. 15 rain.
Agitation for Fe 7 hra- 0 min.
Loach No», 2 Balance
Zn Cu Cd Co
Product % -gr. n_ :—g, J . -—SL o
Feed 975 gr 3064 296 1.5 146~ 2.4 23*4 3*4 332
Residue 297 gr 5*6 17 4.2 12.5 1*9 5*6 0.73 2.2
Solution 1450 ee 156 226 0.3 1.1 11.0 16.0 18.9 27*4
(Eat.) Wash
Water 1000 cc 53 1.0 1.8 4=k
EXTRACTIONS 94 .# ?6.Q% 93»%

:Remarks* Unsuccessful for precipitation of Fe*
The addition of 4 gr KGIO3/L had no-effect on the iron, indicating that the

oxidizer is being consumed by something other than ferrous ion«

Cz Extraction is poor. Filtration is poorer than #1* Using 2% 0 P HgSQ®
instead of electrolyte gives a-solution a ljlttle higher in cobalt but weaker tis



Leach No. 3

An attempt to precipitate Fe and Mn during the leach by adding, as
oxidizer* sodium hypochlorite containing sufficient excess sodium hydroxide
to satisfy the acid liberated by the Fe and Mh sulphates. Leach neutralized
mwith excess feed before oxidation# Start leach with 1000 cc zinc plant
electrolyte®

gr gr/L | cc

iTime Feed Acid WNiator T °C
110*15 A.M. 100 271 45°
10*30 100
10*45 100 100 80°
111*00 100
111*15 100
111*30 .50 100
11*45 25 1
0.2*00 25
11*00 P.M. 25 F.A.
11*30 15
i 2*00m 10 @ 100
| 2*30 10 %
i 3*00 10 " 100
J3*30 10 Neutral
1 4*00 J0 1
Stand overnight on steam table (hypochlorite used contains 120 gr
NaOH/L and 43,4 gr GI2/L}
00 r” t
Solium hypo°® gr/L gr/L gr/L
. CGhlorite |, Fa Mh Al
3*00 A.M. H 1,03 1*74 High
9*00 115 GG
2*00 P.M. 0.30 1070 Approx
5%
removed
Stand overnight on steam table
9*00 A.M, 100 GG
1*00 P.M. o.ui 1,20 nil
1*30 25 ce
2*45 0.05 0®20 nil

3*00 Filtered - very poorly, ) )
Add wFilter-aid” in attempt to speed filtration

Remarks* The leach is successful from a standpoint of Fe and Mh removal but th
procedure followed is impractical from an operating point of view
because*

1. Filtration is very poor® (see below)

Zo dilution by oxidizing reagent is Z5% of the
original volume.

3. Fa and Mh oxidid&tion requirements for this
solution are 2.95 gr of Clo but their removal
took 10®4 gr GI2 - only 28% efficiency - again
pointing to the consumption of-dxidizar by the
leach pulp®

4. Fe & Mn basicity requirements for the solution
are 4.76 gr NaOH but their removal took 29 gr -
only 18% efficiency, (see below)



Leach Ro. 3 (Goat)

This leach ms the first to point to the presence of Al iii the
leach solutions.. The fact that it was difficult to run neutral indicated
that some element might be precipitating upon the addition of the feed end
liberating sulphate ions* Also it did n,t issem reasonable to attribute
the very poor filtration to the 1.08 gr Fe and 1.74 gr Mh that®were precipi-
tated. The slowness suggested some gelatinous substance such as silica, or
perhaps beryllium or aluminum hydroxide which might be precipitated upon the
addition of the excess caustic- in the hypochlorite.

By analyzing the reserve samples of leach solution, and observing
the decrease in the bulk of the precipitate formed when successive samples
Were made ammoviacal, the aluminum was estimated. Precautions were taken to

eliminate the possibility of confusing the precipitate with manganous hydrate.

apIX0 11Bq0)



Atti st > rove 6 / a of Ad by ilcuXty; ,-ir turu leach.

6* 4 &5 v-ic-  "m« si. p<|c to d4t n iv~ the effect of
waing cjoes 2 ..uF*

Key» 3 irv »w fcaiile a; poeaL < using foedj the drop In Al
.is';-; . sol-tioh noted# Leash staged with 2000 cc e.P. HgSutm
foT T~ [ UOTT . oot -
later &/L gr/L Igr/L!
t Jn ) H4 vh Mn
pFC
12 100 100.
(Y ioo
100 ioo
100 ioo
100 100
100 loo
53 100 100 i--O
100 100
100 100 100
100 100
\ 25 25,
100 15
Rone High 110 Higl
F.M, FA 10
2]
. 15
u J
filtered I*50 »350 15
LetlSt:rx
Ovn.i ht 1400 *370
10
All d.v esii-ation with air bluvdnr thru solution’
.1 0 Pdk Filtered 1.600 .522
i&hly
r-m -
.Product i il CE » przj. it
1140 r 304 347 3*£ j-3=> X.05 12.0
Residue 35 1 Q*>m ; 1*0
2113  44.C KA 11.4
WIMR— V' *55 I - $7'4t

m Air turned on at this point ® continued until filtration,
m All solution essays given in gr/L*



Co
Product -We qc
X 1225 gr 3C.4 > 38.4 2n4 3.4 _ 404
sgidtiy 4*7 2.4 0.56
2200 co 170 12.0 26.2 21,0
fractions; 96i# 01.8#
iOTtarks* Filtered well. Successful for improving the Cd extraction. It is
difficult to run the 'letch basic with feed -a pH of 4.7 is about the

Unsuccessful for precipitation of iron » all day agitation; with ah air
stream blowing, thru the hot solution failed to lower the iron.

Even though $5 had 7*4$ more feed than $4, thie excess failed to drop
the Al appreciably. The small drop in Al doss not justify the loss of

G&d & Co extraction®

Al

i1.05

It A\



jTiise

B.*45 p.m.

| to

Kt05
P s00

m |00 A.M.

pTio
fe; 10
Ei 15
E i45
it 00

fcsGG

is 00

fcsOO

Leach Noa» 6 & 7

Attempt to precipitate iron and manganese during leaching process with

K& as oxidizer plus ZnG. Used 2000 cc G.P. acid at 265 gr/L, and air to get

maximum Cd extraction.

P.M.

M- u

gr gr/L = gr gr
Feed Acid T °G  Water Kiln04 Zno gr/L Fe gr/L Ml Al

~TO|T” 55

lodo Neutral 80 ..300
Let

Stand

over

r&cfat 1.75 0.600 High

“Ho™ ~T~

Sampled 1.65 1.560 Lower

H 1.40 k 1.560 Verylow

10
10

Let

Stand

over

eight

Asit.

Sampled 0.350 2.56
Filtered, vol.s 2050 cc

Remarksl Poor filtration.

UnsacessfUl* Iron is removed fairly well after 27 gr ZnQ/L have removed
most of the Al but too much oxidizer is consumed for the results achieved.
The manganese continues to climb instead of being eliminated, pointing
again to consumption of oxidizer by the leach pulp. The permanganate is
being reduced to MnSO"

Leach ih

As a confirmation, Leach No. 6 was repeated, using 110 gr zinc plant
calcine in place of G.P. ZaO. This exnibited the same trend. Fe ended
at 0.350 gr/L and manganese in solution ended at 3*26 gr/L.



V,, 5

pi ;C ns'sis.: t.:a a&a: for purification of . h solution beford precipitation
of cobalt»

aecsoapaayiag ele”est with sodium hypochlorite®
Start-with 2000 ee C*Pe a2S04 at 13% acid*

tost -added to precipitate copper with 1?aeh pnlp® W, ww bate=e of

feed (2)
ITime Water Acid Zn Oust
gr
I3*30 ACM 76 350 400 Turned air on at start
R 5) 400
lil0O 400
9ilo.
11243
gr/L
p*50 250 23 Add Zj, dust to precipitate Cu
2»30 P»M® Filter
2900 o«
Spe grg, 1,7440
hQoCh:.rg ti @ 2
® b KEEn

Product wt wt % CYYs i

29-5 2=>0 32,4 2-5 40-5 2.7 43.7 1.38.,22-4 341 118
Residue 5-2 22a olJ 1777
pelru 15T~ 3.1 9.0 10,5 .020'
pust
I» Water
LM,0.,,. i0°Q gc L il 1,0 - A0

L".irastian 97.5 30.<% 98a*



mUp* 8~ i1,

The precipitation of cobalt will be discussed under cobalt oxide pro--
duetioa®

This leach brings out some interesting points in regard to what might
be encountered in re-working residue of this character which is not uniform as
to metallic content or degree of oxidation®

A new batch of feed was used, taken from different portions of the ator”®
age pile«. Unlike the first batch, this material yielded a solution very high in
copper. It is not known whether this was due to the effect of air blowing in from
the start, or whether the copper would have dissolved unaided, because of the high
CS50 gr/1>) acid at the start,,

Despite the high copper in solution the cadmium extraction is disappoints
tuga This nmay be due to not haring allowed enough time during the leaching period
for the cadmium to dissolve® It is barely possible that the Zinc dust addod pr@=
cipitated Gadmi’aa, mi this cadmium was not allowed time enough to displace copper®

A theoretical quantity of zinc dust is not sufficient to completely pre-
cipitate all the copper* Aiding 23 gr dust m the basis of 1*03 gr 2n duet precip-
itating 1 gr copper, still left over 3 gr copper in solution®

Almost all the Al dissolves &d will have to be removed f-om solution

Practically all of the Sb stays with the residues



to cempletsly precipitate the copper,.

Start with 2000 cc C P ELSO.; at 357 gr/L - air blowing in fro®

gr Zn Dust
_ } 117
JL.U 200 —
200
LTt
..... 30 250 200
liiog 40
11:15 100
11*10 100
- 30
2200
65 . ....30
4500
5¢00 . ..To _ T
10*00
10*15 1 )
10*45
11*00 5
11*30
3

BALANCE LSACH

x 3b in solution aQl5

xxX Sol'n assays always given in grams par liter*

1*6

Turned off air
Filtered 100 cc
sample of leach
sol'n and pulp

Let stand owver*
night.

Filter

Filters dell
Leaching time*
2 hrs« 45 tain,
Cu ppt, time, 5
hoursa



Loach No. 9 (Coat)

This leach would indicate two things*

1. A short laach of 3 hours is sufficient to extract th©
greater portion of the cadmium.

2, The additions of zinc dust, to precipitate copper, are
responsible for the poor cadmium extraction”.

Notice that the 1st residue (bofore the zinc dust was added) contained only

Cd. Assuming that the main residue would nave weighed 420 grs. had the
zinc dust not been added nor th® 1st residue removed, then the cadmium extrac
txon, calculated on a Q75> Cd basis, would have been about B/W®

This material seams to take about 50% dust in excess of the theoretical to gat
all the copper. This excess, over what was added in No. 8, did not effect the

cadmium extraction adversely @ an 3l,4/i on No* 9 compares favorably
with an 8Q.Qf on No* 8.

The Leach' solution Mo. 9 was given a treatment dth calcine to remove Al. The
data and discussion will be found under "Purification”.
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Lae.gNo 10 (coatl

:_iia leash demonetratss again (Saa No* 4) that it is impossible t© pre-
cipitate Fo during leaching preenas using sir in neutral solution so long &* there
i® &y &1 present9 The Al assays given on solution are approximations only< ®sti«*
mated from the observed bulk of precipitate formed in an ammoniacal solution* As
much at 'JO gr Calcine/L were net particularly effective in removing the Alt, The
filtered solution was given a treatment with C-»P» ZnO and air vfaich did remove most
@RE the iron -md all of the aluminum., (see under <Purification'*)

This material would give a high copper solution without the use of aix»

las* surprising thing ©bout the calcine addition is that it removed over
59?7 ®f the copper from solution* probably as Gu(OH)20

Unfortunately it also ruined the Cd extraction*) As shown by the 1st
residue assay ®f QB3? Cd if we assume the main residue weight would have been 400
grams without the addition of the calcine* then the Cd extraction Can be calculated to
be about .997® Those residue assays were carefully checked and found te be correct®
It is not known in what form tbs cadmium was precipitated, but it is known that it
was not due to tho formation of a capper-cadmium complex* Tho residues from the cal-
cine treatment of leach solutions No's. 9 and 10, far the removal of Al, were care-
fully tested for cadmium and found to be *nil% although No* 10 had a high Cu content®
Evidently the additicn ®f ZnQ to-those cadmium bearing solutions will not precipitate
Cd when the ZnO is added away from the leach pulp*

It dees not seem advisable to add the calcine before filtration* From the

assays ©f Leach NoO $ it is reasonable to assume that the amin z'esitlue has been
raised in 2» content from 3% t® 1007? by these additions* It is estimated that 50"

©f the 118 gr of Za added with the calcine want int® the solution as ZnSoO;»

The leach filtration was poor*
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Leseptla,- 41

T. iseeis -,.s run mai.-ly in eeBriar is lain sal- ties frof. a :Ortior» CE
original hsitah residua used, is lathed 1 ; r _ nal*# ai]> blown on freia.
this material.. Run ,in & le?d pat instead it a glass lIsaakart

S'i: r? with 6 litres of O P H"SG™ & 310 gr a d/L/

Tiliec ML ]

................ . . — Mstiks
ios."5 w ; * 3io
5Q0 a
XOA4S
n<i5
_500. 1
It QU P*M*
64
ii3Q
Filter* Vqg: m7000 c® incl* mxy W
Sp« Gs™ 1*450* Leading tim© » 4
hours - 45 minutes-.
BALMC&
St
% T i
1 3" gr 30*4 1140 15 55*5 2*4  88*8 3.4 125*8 8*5 314 1,05
lidua 830 £.0 1? 54; 0 1*4 Hi6 0*5 492 38,0
160*0 1120 Go2 120 SliL-
iragtiqns 98,.6£ 86.# 96*8*

ra



taken from the'storage bin under the Shriver press-i

It was thoroughly dried

in the

air for two weeks at an oven heat of 30°C to 35°C, then crushed, railed and sampled*
t differs from the other batches in being ouch higher in Gu end Go t low in Al

cc
Tima Water
9*30 a.if.
10*00 500
10*10
10*45 500
io*5c
n*30 1000
12sQQ Moan 500
1fO0 P.M.
-1«3P. 5CG
1*40
leduct
: 9900 gr
pidue 334Q gr
liutien
pel
ftor) 15330 cc
RACTION3

The leach was run to obtain solution which was high in cobalt*

Start with 8 litres of 350 gr G P H2SO4 in a lead pet.

x Solution .assays in grams per litre.

3 gr
Temp. Feed 1
2500
78 2500
1000
81
100c
500

Balands Leach Ns, 24

In Gu

19.5 1930 14*2 1408

1,1 34 420

gr/L
Acid

240

140

60

25

REVARKS
Me air®

Turn on air.

Start filtration * gsod
Leaching time * 6 hews.
Vel® ef Sel'n plus wash watt

Cs

cd
jTh wt T it T w

2,2 218
0*2

1*x3 723 0.24 3.8
0.6 4 0.10

13c 1965 65 12 148 22 452 700 1*34 2076

97 -%

Very little espper dissolved using belch No® 3

21k



[OBJECT* T# leash «ith plant eleetrslyte inatead of CJP. HgSQ™.

Used snother hatch (#4) of eolw.It resided from storage bin, thoroughly
dried* high in. cobalt®

I Time E’ = Fasd Slactrslyte
| Jffikb— -SsA — cs RKIttRKS
P %10 A*&> 1000 230 10000 Turn «n air®
r\ 1000
EliiOO 70
500
ir 100G 3t<r
o
o o1
30 500 1
500
20
1000 1000
3.1*00 KOMf. 40
SE7\5 f.m. 1000 500
*
1*00 ‘is
20
i e 1000
i1*30 :
2000
1 -
<40 a- i L Filter c e

Filters falx's
Vel, s 17700 e«
Sp,, Gr® S 1.45C

(F* 1.3
(Mo 1*49. Leaching tin;
5 hours.
BALHSCS LBICH NO 25
Za Cu a A »
T ——--(yo_, ft Zl. M ft
” Bob2 1UsSO 1407 13.01 2*1 239 M™ Is* jA 234
e.strol. 12000 se 4903 592 =
41.5 1200 6.7 20 QCC 4 1 3*3 0.1 2.8
cliiisn 1770C 5«75 13ai 4~ I'M
‘ash Water 2300 £i 45 .
Otismiedli.
| OTRAGTIONS n 2% 97«5E

X Solution at'says in grass par litre.
Considerable copper diessires using batch #4*



Run to determine the feasibility sf leaching the fresh cobalt residua before
X has been oxidized* Taken directly from top of storage bin * meet recent residue made,

(14478 gr wet feed at 37 1%

10;QO A.M. Start with 3000 cs of G P HpSO™ at 356 gr acid/L, 60°C

10s00 A.M.

to 3 P M+ Feed in 14473 gr of wet residue by mulling small portion® with water in
iron mortar then adding to leach as paste*
moisture equals 9000 gr dry feed)

1Is10 P.M. Acid 35 #TI1T bPc -~ , . m

3*2Q P.M* Add 2000 cc Water

340 P.M. JTki.3L.zul

*50 PcWk Add 10QQ eg Water-

1]0£NF, Acid 31 gr/I*

9iQ5~PJItT "M¥ 2600 of Wat:

fno ghangs* in_aadity af@—Sm;_athatlonT

9*10 P.M. Samples ° obtained 1st residue put solution back into leach.
I*2£ P.Mc Turn on air and let agitate overnight
hOO A .Me Acid 30 gr/L (I gr/L drop after Ilhrfi. agitation with" air)
At this point it was considered impossible to neutralize the leach, with
feed, dowmn te a» acidity acceptable for filtration* Further additions
, of the paste would result in a pulpy mas which would hardly g-:itate.
9*00 A.M. Add 610 gr zinc plant calcine te neutrals,za leash* (ket added to pre-
cipitate Al) ,,
10*00. A.M. Acid oTS"gr/L
Filter* Filters well* Sp Gr “ 1*400* Yol 15200 cc
Balance Leach No* 30
oo w 0T T i Zn . 1 ou cd Go Sb
1 Product - $ i ..m uJL_ Wt o ofwt fc
i 9000 gr | 1705 Ifl5 22.iT 2040” irr 162 iw 42
lloina 610 cr  55c3 0o2 1 0*3 1.8 ..-J
6 residue 297 ex ! juLsSL/vm ,.0.1$" 11.2 y L ‘17
fin Residue ' 4335 2.5 107  43*7 1390 Q.05 2a 8*1 351 T aT
fcon.-Inclc Wi
Itor.......... MSgEQ_ec_U L jm Co08 jHsl. lie 26,0 Wy 0 005 |

X Solution assays in. gr/L

Not successful for cobalt extraction.:

This cobalt residue sample, perhaps, does not reflect the analysis of the
usual fresh residue made, but it is representative of the type of uuaxidisie& material

which would be encountered*

The poor cobalt extraction {$1$}. 'is probably explained by the residual activs
zinc dust present in the feed. As the leach approached low acidity the dust precipitate

cobalt from solution*

The 1st residue, before the air was admitted, was 1.1,2% Cc, and after all

agitation and neutralization with calcine the main residue had 8.1% Ce* Bata of these

products are too high to discard, so s-ttempts to retreat the leach residua $30 were no.uex

night

ATngos



Start with 1000 c© C F HgS04 at 250 gr ecid/La

for plaxst operatiera because of the high Cu content
CE the swlwtlan. The problem of Gu removal from
the seluticm will be considers® um « leach Ko* 4€u



Leach Ng» JO B

Retreatoeht of leach residua 30 with hot water leach*
Start with 2000 c¢ water.

Temperature Feed

m-££.

9*gg 62 100
10*00 72 100
11*00 75 100
12*00 60 100
1"GQ n73 100

4:00 Filtered,. 7ol« 1700 CCe

B&lanee
L«&ah Ng e. 30. B

Cu Ce
I wt n
WL

Faad 500 gr 43*7 219 8.1 40,5
Residue 490 gr 43«6 213 7.0 34*3
SOI'n (Incl,
Wash Water) 2000 c« 300 6 3a3 6.2
EXTRACTION 1308"

Unsuccessful for Ce extraction.



& 10)
Start with li |* 4 at 4*8 gr/L»
e - rih REMARKS
Temp. Feed Acid
200 148
-9»P0.......L M ~ j 200
200
9iQ _ 72 . .
JH3® 2 £ sco T
?*40 200
JLiiP 210 r - ~ ~
10s G 200
10*10 200
10*20 200
150 170
150
10*50 500
11*00 XL..J
11110 15CL . “«
. — L= T
JAISIL 8 41 BO
Uo L. L i&.
500
JL50_,,
12*00 Neon m
12*10 P.B. 17JQO. ..
12*30 200 " 500
1*00 71
Is 10 L.... 3f..._ Turn on Air* -
1 1s20
1*2? 500
Li*ip _ 100 14
*M35] _ 50
1*40
1*45 4 ,500
1*50 Neutral 1000 Filtered well* Sp.Gro* 1,446.
Vol 8900 cc including wsBh water
Balance
Loach Noa 40
Zn Cd
e P wt 0% fft % .
295 1372 2d ~79°?T 2*5  116,2 2.7 125»6 1-33
* 1115'gr 2.0 22  2*1 23*4 1*0 11.2 0.18 2*0 1.6
8900 cc 152 1352 | g«x /96 11.3 101.c 13.8 123.0 5.2
JITHAGTIOHS 1TM

Leach Noc 40

Object: Ts obiin a loach aclutian high in copper,
for purificcttic" «'p<?rbnontp.-
2

Solution assays in grams par litres

1 _— 1_

17 ;1
46.3 1



was obtained, blowing in air to help Cd extraction, then

, finishing

otx wxtfe feed to an acidity low enough for filtration (about 2 gr

acid per litra,

L Volume gr/L
fH®.P.H9SOA 2000 252 504
2000 ..249
2700
2700 262 708
& 5400 275 1485
3000 846
7000 2079
: Elect 4000 IM L

or less)

Total Feed Batch No

1040

1450
1450
2150

4300
3600

1

2200

2700

~200

Solution Assays gr/L

10066

.1.52

10416

1450

1*460 ' 1,5
3440 ,U fW z27?
1412, 1*5

1 460

15*8

12ML.






Purification

The term "Purification” iH this plan refers to the precipitation
;F aluminum and iron from the filtered leach solutions, Manganese may be
removed, as desired, and some oopper, if present is removed incidental to
bhe treatment for Al and Fe.

The need for purification is three fold. First, and most import-
ant, is the necessity of removing aluminum. The removal of Fe, Mn or Cu ifi a
question of economics but the precipitation of Al into the purification resi <
due is absolutely essential if the plan is to be workable- If the solutions
ire not first purified of Al, this element will be precipitated by the
subsequent additions of sodium hypochlorite and render the final cobalt
hydroxide product unfiltera“ble. Secondly, Fe, as well as Al, 1is precipitated
sy NaOCl, so that if both these elements are not removed they contaminate the
jobalt hydroxide. The final product, being relatively high in impurities,
is unattractive to cobalt oxide consumers. Lastly, there is no way to stop
the Al or Fe from consuming the reagent intended for cobalt precipitation
so nothing In gained by not purifying previous to adding the~NAQCIo

Aluminum was first suspected in leach No. 30 Again in trying to
urify leaches No. 1 and No. 4 {pi, p4) and again iIn the cobalt precipitation
of leach No, 8 (Prece No. 1). Its behavior in the solution analysis for Fe
vas responsible for its discovery. When solutions were oxidized, made
unmonlacal and boiled, they were later centrifuged to facilitate"the separation
Jjetween the ferric hydrate and the liquid. The Al present would precipitate
ilong with the,iron and form considerable bulk in the bottom of the tube
ifter centrifuging. By observing the decrease in this bulk on samples taken
ifter addition of basic reagents such as ZnO or NaOH, the first clue to its
presence was had. At fTirst thought to have been beryllium, or some similar
element, it was later confirmed as aluminum by the Gooch and Havens test
hich consists of passing gaseous hydrochloric acid into a cold, concentrated
1%Iution of the metal chlorides, In a mixture of ether. Beryllium remains
oluble while aluminum is precipitated as A1C13 ,, 6HgO.

The removal of Al from the leach solutions necessitated the addi-
tion of some basic reagent to precipitate A1(H)3. The basic reagent most
suitable was ZnO, as i1t was cheap, did not precipitate cobalt, nor lose
the sulphate ion as an insoluble coupound. The sources of ZnO available
to this plant, other than commercial ZnO purchased in the open market, are
zinc plant calcine and zinc melting furnace dross. |If the final zinc sulphate
solution is to be sold or used in the manufacture of some product it 1is
advantageous to oonserve the sulphate ion iIn the solution, which it would
be according to the reaction:

Alg(S04)3 + 3Zn0 4 6 HgO 2 A1(OH)3 + 3 ZnS04 + 3 HgO
(precipitate) (sol’n)

As the 1iron is usually present In the leach solution in the
ferrous state, it requires oxidation before it can be precipitated. There
are very Tew oxidizers vdiich will work in neutral or basio solutions. The
important ones are:. Gig gas, hypochlorites, chromates, persulphates,
lydrogen, peroxide, sodium peroxide and permanganates.

It was thought best not to consider the Clg gas because of its
Insolubility in the leach solution and its offensive”properties when set
free in the air on a large scale. Hypochlorites were tried and found to work,
but 1t was kept in mind that the residue might be returned to the main zinc



Purification - 2

plant leach. Hence the hypochlorites were not particularly desir teable.
Ihromites were not tried because of the slimey, difficultly filterable
lydroxide formed when chromium salts are precipitated by bases. The —Jet*
sulphates were discarded because of their costs.

Sodium peroxide was found to be a good oxidizer for iron but
mpoor for manganese. Hydrogen peroxide was only tried as manganese oxidizer
Ruud was found tfo be unsatisfactory.

Potassium permanganate was found to be a dependable oxidizer for
miron, never having failed to precipitate iron under a variety of conditions.
I » must os remembered, however, that KM1104. does not have the 3ame oxidizing
power 1in basic solution as it has in acid solution Whereas in acid solution
tie manganese iIn permanganate undergoes 5 units®"of reduction 1in basic aol™n
i“ undergoes buu 3 units, going from KMnO. to MnOp. Thus, the oxidizing

powe{sof permanganate in basic solution if but 60% of what it is in acid
solution

Manganese can be eliminated during the purification process, 1if
lesired, but unlike 1iron, this element is not oxidized with NaoOo or HpOp
inder the conditions found iIn this process. It can be eliminated down to
7° 100 mS Per litre by permanganate, according to the well known reaction

3 MnSO™ + 2 KMnO4 2 HgO — ~ 5 Mn02 + KgSO™ + 2 HgSO~
provided there be sufficient zinc oxide present to neutralize the acid.

Repeated attempts to clean the solution of manganese were unsuccess-

Sul. In some cases, by adding the theoretical amount of KMn0O4 for both Fe

md Mn, the manganese could be dropped to a low figure (75 mg/L). However,
thien an unsufficient amount of KMnO4 was TfTirst added and the remaining: Mr
etitrated” with KMn0O4 the results were far from satisfactory. If a drop 1in

fa occurred at all 1t did not proceed along stoichiometric lines despite the
Ifact that permanganate was being consumed. Analysis of the purification
residue confirmed the belief that the cobalt was being precipitated by this
reagent - probably as a cobalt manganate - and being lost in the residue,
ffne KMn04 which was added for Fe only did not precipitate cobalt,

It was later found out that consumers and processors of cobalt
JDxide did not regard manganese as a very harmful impurity, and would acoept
& product, without penalty, which was relatively high in this element,
mfter that, the purification for manganese was considered to be of secondary
Importanceo It should be pointed out that leaching with commercial EoSOa
gave a solution which ran approximately 0.4 to 0.7 gr Mn/L; an amount which
Ir:.il not 3how up over 2% In the final product. IT zinc plant electrolyte is
useci for the leach, the resulting solutions are between 1.0 and 3.0 gr Mh/L
jfed will run the Mn in the final product up to 3.0% or 5% Md..

incidental to
tae treatment for Al, by ZnOO This amount becomes apprecable if the copper
Ls not removed before the purification in those solutions which assay 5 gr
yU/L or higher. IT a few hundred milligrams of copper are left in the leach
solution to insure a good Gd extraction, then advantage can be taken of this
Basic precipitation to further clean the solution of Cu before sponging



Attempt to precipitate Fe by addition of hypochlorite as exidiaer using
C&EO™ fox basic reagent*

Use all of solution from Leach t

Hypochlorite contained 120 gr NaOH/L and 50 gr CI2/L.

Hyp*
Seld T Chi.,;..,itt CaGQj
Tune m. * G 8&& of . Fe un
9*30 A*Ho 2460 60 160 ce 16 1*20 2.24 effervescerr ©
10:00 SpoGre
1.478 la 20 1.26 H
10:45 4 u
I 15 2 >
12*00 RJICGe 2 «
' 1.:00 2 T
2:00 H
2*15 3j1 H 2 M
2:30 Go70 Ira20 F
Lim . 4 N
a wW
0i5. 60 4 I
Let stand overnights
,0sDO Add 55 0070 | s26
200 ©c
fetor
W530 _ 50 .
J& ZULJL o060 3 3 o0
Filtered
poorly
Fo1* 1920
9:30 AoMvs Add fo
300 Cc
W&t ar
10»3C OoOT 0,37 s e
Hill . 35
2100 Filtered
po;rlir

This purification is based oa the principle that sodium hypochlorite will
oxi.'iisc iron to the ferric state? and precipitate manganese as UnOgo in basic solu
tion,

It was run before the presence of aluminum was determined It was thought
a few grams of calcium carbonate? sufficient to care for the acid liberated by
the iron and raang&sieae sulphatess would be enough to render the solution basic , F®r
additional basicity there were present about 10 gr free NaCH in the hypochlorate added
{By "fraa" caustic is meant that which is in excess of the amount necessary to satisfy
tha GX2 in the hypdchlerit 0)©



A the teniparaturj of this purification there is an incipient reaction
between salciua. carbonate and. sinc.sulphate to yield salcUu* sulphate and, baai-t
$isii carbonate As this ration prscipitatss both sine ?nd sulphate i“ns it i >
ua<-j9-Li‘ib18; but far 9 first trial it was thought that most of the basie <«r|«iat«

report to aln.t sulphate oper the pr .wipitation of tfc« i-on

Svary sd”ii ion of GrOSj p?edw?>1 violent effervescence shining rdgr *eus
v u and In the light a? «h?": v3»:w the "eaation is bslie”cd t®’V*ave
bsons

+ + > t 1

The reeofal af Al sight havs pj**s-sdad according to the foil ring ee3.
salationsl

Al Precipitated by 42 gr GROG f',54 gr
* » »  Trsf} <vacstf4 in 1st
mo-idHi-w. of hypochlorite p o
H free caustie in 2nd
ad itim m hyerc}1l -;;

i$i+]j
I* is kaawu that the leach solution aantainsd 11®1 gr &U

The purification was not successful from 9, practical viewpoint-, The QG-
weuM 'tail— mrar’’ crory pmifiation on a plait scales Soma other, basic reagent b®-
sid20 Cx30-) is necessary0 The frse caustic in the hypochlorite is not only too s<~
paasive for Al Purification purposes but « sligit, excess rould precipitate Zn(QH.V
a substance rosy difficult to fTilter®



This purs.fication was on the same priceApia as Purification 0- >
?23d" ca hyps .-hlopite we 1 sd to oxidize Fs -«d preeijWi.®» M., A jO% I -t
k.. A/8r the oxidation requirements for Fe and Mn wag added to insure soes?
piste mamovalo

It \-ifera from in that ZnO was used to precipitate the Al and. make the
solution basic before fee addition of the N&OCX

W*Q. 4%
Agql-JO gr CP, ZbO a* a thick gaulslon ia water* '
Md 2s 08 NaOCl obtaining "ay Cle/L and 120 jap Na(S7LV "
11800 i agltatiag the 3elution turned brownl
to
-1ti2-L'k.

Sanpled,,) >Fe nil™ Mh nil, Al very low,. ff¥ f.s
Filtered « With difficulty a Necessary to add 20 gr filter aid to epeed

Roeidue 74 gr total (54 gr without tha filtsr aid)* Total residue
contained 200Af, Co9 (or 1*51 gr Co3)

Discussions The purification accomplishes its purpose but is impractical not only
because of its slow filtration but because of the high percentage of
-obeli lost in the residue»

gr ?-bait contained In Purification residue 1*51

gr cobalt available in 1 liter Solution 1% cf avail

able cobalt lost

To account for this loss is not difficult* It was probably due to the .excess
hypochlorite added,* Considered in tha simplest terms Fs ia oxidized from a valence of
t oto three and manganese from two to four* Therefore stoichiometrically

34 gr Fe /ill require 35 46 gr Cl (or 1 gr Fe requires 90633 gF CIl)*
54*94 gr Ms will require 70*9 gr CIl (or 1 gr Mn * 1*29 gr CI)

1*5 gr in 1000 m solution x Co633 0/54 Gr Cl2*
03 g2\ * e« o w x 125 g 331 gr Cl2o
Theoretical CI9 requirements for Fe A 1341 gr CI2®
Added 26 ®@ NaOCIl containing 76 MgClg/I 1 m. gr Gl2o

Excess Chlorine added

1 g; Co requires .6ct
et fe v/ ov fexle 2j-edpfeats atwfels fef.b."7/
60* precipitated by AI(OH)®,, using the avers
#2 & #3, of Dol2 gr Ce precipitated by every 1 gr Aluvinu.”,
1*76 gr C &iehs might have pre ipiiated«

That only !'.fl gr Cc precipitated instead of |-76 pyebably means that th*
hypochlorite ms not 1*J% efficient-.

In plant practice it might be possible ia control the hypochlorite additions
®*; » closely thereby tvoiding losers of cobalt held in the Py, ification reaidus Haqv.
cvor; both Puri? >#1 and- #4 indicate that the additions of Na(OH)j even in slight
e*4w result in an undesirable precipitate» vary difficult to filter,.,



i3 ba .oapared with $4 & Run on leach 1000 ce solution 8117 at 15 3 gsrOo/I*«

Use SnO and Sodium Hypochlorite sobtaining 120 g? NpiQH/L & 43,4 g CL,/b»

*'® hypochlorite addaa on a caustic basis that is, tha theoretical amount

NaOH to satisfy the acid formed by tha liberation at the Fe & Mn sulphates was given
£ ®a h addition and the CI2 allowed to oxidise at random™

Is10

550
s710

1 gr Fe requires 2®1% gr MeOHy
gr Mu " 146 w *®

Add 2 gr C&FO
Filtration improved & little.,

Add 1 gr Glue-,
Fi Itratios possible but aleR,.
Obtained 20 gr residua at 4c,73% Cc

Q. MK & (tm wf available Cc held in Purification residue.,
1508



T:> be. compared with # 4 and #5 Run *»a 600 -=¢ leash solution #11 & 15,
g Co/lto

]
little free eaustie in this Ixvr.hlo.’iia).

to added on the chlorine basis that is, the theoretical amount
-i N2 3fP-12*ary to oxidize both Fe & Ma was giveh at each addition and the caustic
"1 1 t o precipitate whatever it would®

1 gr Fs requires 0"633 gr C.W

‘'m3’ Mu * lo2% R4
% po He Mh
; 0
n? Q m k. _£FA.
300 AcVi» 'msET oT&T Ac
It/
13
101i0 M-C
«0130 20
a4 lower

o 10
i»i$ p/m/ nil 0,050 Ait?

Filtration impossiblea

Add 2 gr CaFg®
2*40 Filtration impsoved slight1/,

Add 2 gr Glue*
3*00 Filtration possible but slow,.

Obtained 13 gr residue at ORSSJE G
* Al ' - H n 111 H H H H H H
C{éPaI* ava}/i(altglve' o5 M ijj €E available Go held in Purification Residue

«in 600 as solution

Purification 4%~ 5 and 6 shoe that it is possible;, but not particularly
desirable to remove the Fe and Mr from solution by means of oodiura hypochlorite®

It might have been possible to speed the filtration of No** 5 and 6 by said
ing enough ZnO to completely precipitate the AI® However* this improvement is doubt
?v! as the free caustic had probably precipitated sufficient ZnQH},> or some other
hydrate, to ruin the filtration.



ivfeiS2ps;, to preoipit -tm F from he”trs? solution usi-is* Air as oxidise**
4&?te&ny» removed by use of ztm plant saining

leic* _St_ahrt v, \iR 308 of eol xtion from Leash ., Aid calcine as thiaF
ewleis* "iih waier»

) g Calcine F m

Tima - ~~M/k__-. i A

-315 Alh m* 2/ Lte il e Turn on air,, _

1S?,. — _

SI2SL 2®00 hivh

JA&I -Jo . 1.90 1.0

12*ih ,, ®75 . Qo2

1*00 40 !

Its 00 Noon "nil" Agitation until 4*00 P, M,
with air blowing thru
neutral solution, Then
stand overnight on Steam
table®

?7*GOIM®,  m ... 14C "nil" Turn on %, r again -

U5o "nil"’
12*00 UK'S® Flitora

Filters wall -mvery lar?;*
«volume of precipitate®

Purification residue obtained 260 grams®

Assay? on Residue* Zn  35% Co - 0033£» Cd - lees than 0.3%.
Cohalt held in Purif. Residua _gsj - of available Cobalt,

Rsmrks# This purification would Indie ate that-,

1 *%» Aluminum aan be successfully removed from solution by the use of sins
plant -calcine.*

2 » The eir blowing thru a warm solution, made basic ae possible with cal
nine, doss not appreciably oxidise iron®

3 =Tbs A{QHK tends to occlude cobalto The washing of this filter cafcr
required considerable water.



Furif1;irl.L >n 453

Trn.g was run on leach solution jflo to ©O®»psrs

- - *f *ir woul-d oxidize Fe in a solution made neutral with C.P ZnO in»
stead of calcine, and

2 » If the filtered leach solution could be cleaned, of aluminum
Temp Zr.0 Fs Cu
] « 0 __9rA .. srJk
. 3 £ JIX - 2»3 20l 4*7 Tum on air*
SZij
jm 0.7 0,2
.0*30 10
Islp P M, . 0*1..
] w 75 10
do05 Ad.
4*00 Filter-

Filters vary well,,

Residua obtainad 71 gr»

Assays anm Residues Zn - 2#» Co I*03jC8 Cu 15«#s Al Cd » mnil'l®
Cobalt held in Purif, Residua * 044 =« 1,3% available cobalt.,
41«4

This purification shows that Fa can be oxidized in a filtered leach solu
byairs provided ZnO is used in glass of calcinoi andf that leach solutions can
be cleaned of Al if first separated from the leash pulp-,

Cobalt was again occluded by the RICOH), precipitate,,

Is Purification #2. the ratio was 0*115 gr cobalt occluded per gr of Al
precipitateds

In Purification #3 the ratio was 0&129 gr cobalt occluded per gr of Al
precipitated..

Hotiea the amount of copper removed by tha 2nQ treatment©



Furifiiation #1 and #S

OxLiizs Fe in aid solution with NaClO”

Us&d ocmerca.il aodium chlorate screened thru 60 mesh; dissolved in water
efore adding to purifi ation®

90 QO Gui . ZnO for basicity requirements®
* * 0 ) Zine Plant malting furnace Dross,, its place of ZnO.

Run on 1000 .xs of Leach Solution O acidified to 1 gr HgSOY/Liter*

aWNaMiiM RIRUB- ML i - XattarHUIKNK

. Py ""TC9r— Dross
is© I Tem| ZnO  Nsoioi Fe i jg < Time Tsohp  _ gy
2-M-MSL2SL
10
10
too Filtered » slowly 3*00 « Filtration impobsibiw

Add 10 gr Filter aid8
4s00 ™ Filtered « slowly

Iron cm be Cadd ed with NaClO3 in asid solution and precipitated with znO-
Iroc vuirh has been oxidized cannot be precipitated with Dross-

This dross contains 1007% metallic aich acts as a reducing
atallies are responsible for its inability to precipitate the Iron as they not only



‘meris purification is based on the principle that XlfaO4 will oxldis® Fa in
.olutlon, aad tM nfer fayor.Ua aondittaaa, MM 4,«1U praaipitata Ib aa

1000 ec leach solutioh #13 at 17,5 gr Ce/L
KWw04 and CP ZnO

KMNnO4 dissolved in water before addings
Zn0 emulsified with water before-adding*

lemp KifaO4 f Vi @) m Fe M-

. al
Time C U— oo _J3* .. gr/L gr/L
ao lo5 0522 T 51
y i,JEr
.MP .
*1lio. ..
. nil 0 740 1 lew
© 5o 5
>
12*10, _ 0«26
Ou24 -1. 1
—1135 I-- do
0,16 .
0,10

. Pi-*ered*_slow but fast enough for plant operation
£ Gould not filter a sample*

4? gr Purification Residue at 283" Ge and 32e<$ Za*

JL255 % 55% of available cobalt held in Purification Residue*
17 5

This purification demonstrates that Fe can r eadily be oxidized with KMsIO*
in basic solution and precipitated as the hydrate by 2nd The reaction may be rep-
resented as follows*

3
On this basis 1 gr Fe would require 0M47? gr XifcOQ4 for bxidtfcion®
The axidation of manganous sulphate may be represented as
2KHa04 + 3«nS04 +a 27ZnO 2H2Q K2504 4 5Mn02 4- 2ZnS04 4~ 2H20
On this basis 1 gr Ib would require 1*92 gr KMnO4 for oxidation.

The oxidation can be made preferential for Fe* aS witnessed by the fact that all
the Fe dropped out even thou$i there was only enough KMQ4 added to take care of about
30% theoretically*, The higher Mnh assay at 11*86 probably means that the solution was
not basic enough for the formation of MN0O2 and that the KMnO4 added went to «nS04*
iThis would explain the oxidation of Fe with less than calculated mount of reagent.

The KMnO4 has a higher oxidizing power in acid solution)*, With the addition of mere ZnC
manganese started to come eut<#



Purification #9 ° continued

The oxidizer was purposely added in small increments in an attempt te
titrate the manganese* Theoretically KMO® requirements ares

(Fe) 1*5 x 0*947 S 1*42
(to) 0852 x 1e92S 1,00
2*42 Total KtoO4«
(Shea this amount had been added the purification was stopped®

The percentage of available cobalt (total Co-in the solution”) held in
the purification residue is disappointing®



Purification #1Q

Same principle & #9 hut using sine pleat celcine in place of C.P, zZnQ*

1000.ee ef leach solution #14 at 17,3 gr Ce/LO

i Lerrg KMSO4 Calcine Fa Mh Al
Time « o — — JE.... J-........ g? $&A sr/L erA
SIQOAJK__ W * Te o505 er
3122 i 75
9*10

10130 r . 026 .
10*40 — 040
e Oel5
s 030
1*AS5 . 1o
12*00 Keen 0«20
1*00 PoM,, s

83 gr Purification Residue at 132$ Ce and 31«1$ Zrk,

IN1L « 6 4% #f available cobalt held in Purif® Residues
173

The theoretical quantity of KMhO"™ te satisfy both Fe and Mh requirements was
added at one time® Netice that the 030 gr added in excess was inefficient~lowering the
only 10Q mgs and that the cobalt loss in residue is rather high©



Purifications 11 a 12

Attempt to develop a purification technique using KSd4 and ZnC (or ‘alcine)
Use luOO cc for each purif., from Leach Ho. 13, acidified to Z gr HgSO"

1. Make solution acid.

Z, Add theoretical amount of KiiinC® to oxidize Fe.
(in oicid solution.7

3. Add theoretical amount of ZnO for Fe and Al.

4. Agitate.

5. Add theoretical amount of ZnO plus 10% excess
to take care of Mn.

6. "Titrate'*manganese with Kdn04 to precipitate
MO.2.

Both attempts were fairly good purifications, but filtered very badly; too
slow to be practical for plant operation. The technique is not successful. Notice
that the manganese does not "Titrate" very well. As shown by #10, 11 « 12 the perman-
ganate does not react stoichiomstrically with the last 0.2 or 0.3 gr manganese in
solution. It is being consumed by something else; probably precipitating Cobalt.



To be compare™ v.ith #11 av., #12.

1. Use 100c, ee le ch solution #13 - not acidified.
Aid tneoritical amount KMWO4 Tor Ft and M-. in basic solution.
A'd en"i8 B po covt.r total Fe, Mh < Al requirements

4, Observe filtration.

5, Aad more KMO4 & EnO if necessary.

J f ) . » gr/L ? gr/L s gr/L s a
i Time s Temperature t KMRH 3 EnO 2 Fe « WMn J A1l : Filtration s
i 5 it .
s 9s00 AM. s 85 . * 15 : 0.eo t 45 s J
_ t- 24-, . : t : {
LillSL - ! 25 : ?
f 10520 [ ! t ¢ 5 s limpossible - 3
f t I . : 3 S tCould not fil -?
* - .1 S 3 LS iter a samale. ;
— £ t o
Ip : 3 3 3

111745 t ; s nil £045 t 0.5 :Fair~but not 2
{ t S & E t tgood enough. *
? t ; J sCould get sant-?
S t : t L d *
Ji2140 P.M. u h37 s ° 5 s s

112i45 i - 3 51 t *
s 1745 t 3 : nil s 058 * very 3 <
! - E e * low e f
Ii 2?30 I - S ? : ;Filtered very 5
t : ! . 5 well. t

This purification establishes the ®ct that a "theoretical” quantity
of ENO or KMeO* is insufficient for purification and-filtration. It seem possible
to obtain ,.n excellent filtration, on a purification vhich in unfiitsrabl*. by
.urely adding SnO |xi excess.

rerhapg a :one~adiitionH purificat~or would be better. For .x&mple, if
- whole oi the $rO had been Adaed at oni -.nme, the efficiency of the Kin0O4, \ith
respect to iin mighf, have been improved.



Purification No*s» 14$ 15

Hub ® 10b I'Ltsrs of laash solution $24 at 4532 gr Co/Lt To be compared

with $16.
/0 :0 . m
cT Calcine plus theorotica!*requirement for Fe» only,.,™
(Manganese not considered)®
« is-
Tawp Calcine Fe Mn Al KMnO4  Calcine Fa Ito 41
Tima Oe f1L. js/k.. xr/L . ar ... gr pxA  Sr/! gr/L
Mo # - _laz2_ 0CB0  1x34 1.75 0.60 1* 34
IsilL « 2,50" °
30 .Cl
9*30 T4 .. 1.70 060 da - nil @sr ~0T4-~
,0*00
.1*15 nil 0*60 0.1
12*00 Noon Filtered well Filtered well

Obtained 27 gr Pur,. Residue
at 2*05$% Co*

Q.56 3 0®S2$ available
67*3 Co held in Port, Res®

Obtained 32 gr Pur. Residue at
I'"7n$ Co.

0*56 ¢ 0,32% available Go held
67»8 in Pur. Res®

The comparatively lew Al content of this solution (o34 gr/L against the
usual 4 or 5 gr/L) results in a residue which alloaa fast filtration®

The addition of KknQOj for Fa only does not seem to precipitate cobalt®



Purification f 16

To be compared with. $14 and $15. Use KIMOM4 and calcine. Run on 1®5 liters
of leach solution $24*

Add KM4 until Mh Is below 100 rag/L - obsarve the effect of this excess
KXIA. in regard to cobalt held in Purification Residue®

% P Kvno4 Calcine Fe Mo Al
Time O i Y S gr..... gr/L gr/L er/L
12*00 Noon 75 - 1.75 0«600 1.34
12*15 P.M. 30
12*20 2.6
TT AT nil 0.744 0.1
2*i5 h X.0
2%45, 0 J nil! 2oSed o.i
........ 3.4
0.075
4*15 Filtered wall®

Obtained 37 gr Purif® Residua at 6»34£ Goe

67*3N S 3.7” available Cobalt held in Purif. Residue®

The KMnO. added in an attempt to precipitate the manganese is responsible
for the high cobalt loss in the residue®

With respect to Mhthe KMhO™ was vary inefficient”™ for plant practice this
procedure would be too expensive® Te loser the Mh from to 0®0?5 gr/L required
47225 gr KKnO. per liter®



Sdit L) ad'iy-s i ' oit-. NagO; ,

mv uo on 2-5 liters of loach solution jfi24* Add Ne.gOg m dry

noa?

INOT

gr Pur. .Hoa* it 6

« 3@3j{ available cobalt

Purification Residue® in PurifNation .Residue

axons a? me jfIS demonstrate that Fe can be oxidised by NagOo,. but that
a not precipitated under these conditions*

-star to HgOg, might lose a considerable portion of its oxygen from the .hot solu»
a gas* faeri us noticeable effervescence when the NagOj was added*

HftgOg in water forms the system

d2 o+ TR 2N&SH +

po om0 ity il not he&ovn* A 1
e S’ Y on the f:w ' Edition of the hnO the iron started coming out nicely ana s

large excess of NagQg had no affect on the mm in & definitely basic solut ..
seems tp have precipitated sons cobalt-.

likely that* if purifying for iron only, better efficiency on the M&«Q«
«® Obtained by adding sufficient 2n0 to care for the Aluminum at the start and trim



Purification #19

To use NagOg aa oxididant for Fe*

Thsn U39 H202 for precipitation of Mn, (3% solution)
/nQ for basicity.

Run on 1£ L of leach solution #24 at 45»2 gr Co/L.

r

_ 0q gr gr cc fir'A gr/L gr/L
Time. Trenmp 2nd Na202 Fe Mh Al

H2°2
8*00 ;
b i : . 0.60 1.34

320 _ 15 1.75

kM — “TT ~ “nivilel

9*00 5 i L

10*00 - a 0.050 0,60 0.1
10*30
10L21— 30 " :
11*15 0.6Q 14
3271 30 [ |
Jd3p 1

dasp - 1 1 _ _ r o70 1

2*05 &0”

........ 30
3*00 " 0.60” 1
3*30 Filtered very well AT ™ 060

obtained 54 gr Purif. Residue at 4.?8 % Co.

2.58
6]1U “ 3*8 % available Co held in Purif* Residue®

Hydrogen peroxide will not oxidize two valent manganese end precipitate it as
MQg under these conditions®

Sodium peroxide oxidizes the iron satisfactorily



Puri.fiaction 2L

This is the first large scale purification - run in a lead pot, Use
7000 ea leach solution #21 at 3.7,2 gr Go/L»

U36 KM/ and calcine,
Md calcine first, in one addition, (Sulphide sulphur “ 0*3%)

idw k;,!n0O" sufficient for Fe and Mh requirements plus a 75% excess*

ST r/L n s * -

Time Tenrp * KMNOA  cCalcine gFe AN gr/b

9500 _ 4y _ " 1*10 0*500 5.3
Jjlio _ 600

9s4i-, 24*1

:%% _ nil 0,200 low

mzsL. | -

100~ L Qi 200

2*00 Filte "ed very well*
Obtained 6850 oe Sol& at 10470 Sp* <3re

740 gr Purif* Residue at —— 1*37% Go
0*50% Cd
0*13% Cu
32,0 % 2n
gr Co in Residue - 8*4% of available Co held in Purify Residue®
gr Co available 121
in sol*n

Successful for filtration purposes*

This purification, like Noss, 119 12 and 13, shows that it is
difficult, if not impossible, to precipitate the last few hundred snilli*
gram® of manganese, even with a substantial excess of KVhO'w

The (Osina used was chosen because of its low sulphide sulphur
content .in order to minimize the consumption of oxidizer*

loaa of cobalt In the . Residue again indicates
that this element is being chemically precipitated as well as occluded $
probably precipitated as a cobalt manganate by the permanganate*



Oxidizer for manganese purposely omited.

Compare tills large scale purification with P. No. 15.

°c
Termp. KVINO4 Fe
0.60 e
10:45 132
11:00 li-0
1:00 65 0.60

1:30 Filter e e e e
“m.rxei 800u cc at 1.410 sp. gr. (including wash water’
-d 157 gr. Purification Residue at |fZ% Co.

Gr Co in Residue

Gr Co in 7.5 L Sol'n = 0.55% of available Co held in F

Gr Al precipitated ~ 0.186 gr Co precipitated per gr of Al.

This purification confirms the results of P. Nd. 15. Notice the small
amount ot calcine (20 gr/L) necessary to clean the solution of aluminum.

0 31eqod



This is :.nothlarge a-"ile purificatian run pa 12®? lil -:es >f leach sol'*-
lan #25* To be compared with P, No« 21«

Used zinc plant calcine and KMnQ©

Used only enough KMNO" to oxidise iron in basic solution, No
attempi made to titrate manganese©

Temp KMNOA Calcine Fe Mn ja
ferre ©C . SSL- - . __ JSF.. . .. KrA. . £flk -
i0s00 &M
EooT SN}
fd200 . _ 17
11*30 nil 0*5
Lidi-p PM® “ B5” 29-
t*15 —, —
>s00
2jO liters of wash water®
Obtained 325 gr Purif® Residue at 181438 Co
9*8 % Cu
33»5 £ 2a
gr Co in Residue O>86/£ of available Go held in Purif® Residues,
gr Co available in
9oI*n®

This was a very successful purification from the standpoint of oxidizer of®
[ieieneys filtration* and cobalt held in residue©

e It is another indication that the KMnO" added for Mnh precipitates cobalt® When
the reagent id purposely left out* the tfbb&li held in the residue is only that which is

iQj added -forthe Fe seems to hav?
the cobalt®

The amount, of copper removed by the calcine treatment is noteworthy®

cf
Copper la 12091 liter® of solution at 5»75 grA 3 7*2 gr«

* 325 gr Purif© Residue at 9€3% Cu s 31»3 gr»

31®8 3 43" of (sopper in solution removed by calcine treatmentt



Run on 4 8 liter of leach solution #5&> To he compared with P© No* 25»
Use KMNO™ and calcine*,

xn this case the KMhO™ will ha added ia increments less than the theoretical
irosi requirements in an attempt to titrate the iron# No attempt made to oxidize the
manganese”

Add 104, st iGN HR . witwrir e -rmnj»
Add 3020 gr KMNnO™ yTj5% of
the theoretical requirements
for ?80

Aid 1300 @s of evaporated wash
water from P 25* having Fe eon**
tent of 1I®0 gr/Le P 26 now has
jpluma of.6al liters at 1*5 er Fe/
JNCISSI gr ..oalsias ~

add 22 tosrsE sz n '"fflrx V,..
theoretical requirements for ?e

A m >H mia.e Mw-w* 1Tf % Awe
Filtered wells,
Obtained 6045 liters of solution
at 1e43Q Sp, G

Obtained 130 gr Purif» Resa at
0&T5% Go
8e3$ Cu

e — emee— e 31,0Q< 2m

g? Cobalt .in Purif Res© Gi2L “ 0,44» of available cohsii held in Purifs Res©
gr Cobalt in Solution 21?

Susisesaful purification©

Disregarding the wgeh water addeds the KM3Y requirements for the Fe
M this purification were 5#8 gr« The only explanation offered for the excellent of®
* ZIlmy stained fz‘om*hQ oxidizer is that some of the Fe might have been ferric to

start with® Notice the amount ©f cobalt held in the Purification Residue*,

The copper removed in this easew as 39£ of all clipper in solution©



Purification: " #40

Th® series 40 Purifications were run to obtain information as to the posai-®

biliti93 of treating a high copper leach solution.) if such should be encountered in

the plant®

Th® objest is to eliminate the Gu and Al, and Fe if possibly without suffer-
ing an undue loss of ed and Oo»

The procedure will be to use metallic zinc to displace the Cu, and some form

of zinc oxide (calcine) to precipitate the Al.

Run on 2000 ce leach solution #4Q9 kept acid during Gu precipitation..

Time
9*00

9*40
_2*£C ]
10*05
10*10
10*25
ias™a.
10*40
10*50
11*00

11+15.
iiJii-
12*05 P*M»
Igjle...
s

2*45

NI
4*45
KtOC IMHoy.

water)

0..S7

Temp g1 gr gr <3eid
°G dust Calcine Added
1.45
2
1.45
2
1*45
2
1.45
2
2
2
1.45
2
1
120
J5L
40
20
LA %I
obtained ISC gr Residue at 0*51% Co
Q.&5f Cd
%0 f Gu
23*0 % Zn
gr ©r available Cobalt held in Purif«

Gu
gr/L

“a.5

1.7

1.0

Residue®

No attempt made to remove iron*

5.2

XT

G.5

o.i
rr~ rrsr-f

onN47 gr or 2,d% available Cadmium bold in Purif© Residue®

This purification demonstrates that it is possible to eliminate both Gu

ean. Al without, an excessive less of Gd or Go* by carefully adding Zn dust to
arid solution® The cobalt precipitated, if considered to be entirely due to
occlusion by AI(OH)”s is ir. the ratio of ©094 gr Co per gram of Al,,
Purification $3.)

(See

2.0

2.0



Purification #41

To observe the effect of using zinc malting furnace dross for removal of
Cu and Al»

This dross screened thru 60 meahs contains 69% 2n as ZnO, and 51?2% total
2n0 The metallic zinc content is about 11% or 12%a In this purifications the
amount of dross added will be based on the removal of Al by the ZnO content* toy
Cu, Cd and Co removed by the metallic,a will be so”ine.i&ental with this treatment*

Run on 2000 cc loach solution #40n

Temp Al Cu
Time oc Dross sr/L et/L
10100 40
10*15 100
68 ~ 2*0 5«0 poor filtration
11*20 -1Q ...
12530 P.M. Zip Oi,l 0*015
1*15 good flitration®©
Vol* 2550 (includ-
ing wash water)*
Sp« Gr« 1®A46
Obtained 285 gr Residue at *2$% Co
4*6 % Cd
6*0 % On
32*0 % Zn

3d66 B c' -3% available cobalt held in Purife Residue*
13*1 gr or 6<% * cadmium * * * »

This purification was successful for the removal of Al by ZnO in Dross
but the loss of Go and Cd due to the metallic Zn was prohibitive* A better scheme
would be to use the Dross to remove Gu and some Al, then finish the Al removal
vdth calcine* (See Purification #42«)



To be cromparod with #41,

It this purification the copper will be removed fey careful additions of
sine melting furnace so aa to minimize the locs of Co said Cd fey metallic pro-
ipituticng When the copper in solution is low enough, the remainder 'of the Al will
[be removed by additions of calcine. -

Run on 1000 ©s of leach solution #40,

Temp Dross Calcins Gu *1

Tibg °G gr ~JE 71

Xm ll__o/(Sl —

iQiin o m u z

nas 1.2 IH Z filtered poorly
1H50 //EZ

12»3C P.M. £EE£L high filtered poor3fiL
“ia5 _ IS1 JO_ _

h do M | filtered better
*2s15 20
Col filtered well

Obtained 1630 cc solc at 1.324 Sp. Gr»
(including wash water)

Obtained 130 gr Purifs Residue at 1&($ Co
GO# Cd
70% Cu
34.2j£ Zn

163 gr Go or 9.4n of available Cobalt held in Purification Residue.
Ool3 gr Cd or 1®1% of available Cadmium held in Purification Residue-.
Net a desirable purification.

The cadmium loss is not excessive but the Go less is prohibitive® Evidently}
the solution xauet be kept acid during the copper precipitation period if eobait losses
are to be avoided®



Purific-fetion #41

In this purification an attempt will be made to oxidize and precipitate
iron with. KSjra45 after the Gu and Al hare been removed similar to the procedure
of Pc AO.

Run on 1000 cs of leach solution $40.

_ Temp Zn Dust Acid Calcire KI&04
Time °C SL. Jsa JSE- JoL
8s40 AcM
ML. 5*2
M L
1*o0 _
9810 JL oq
9120
1*25.
ilISL
M .. 41
9«45
10800
JZ
lolTo ToT
61 2.0
ijloo 1.0 1.2
1*15 20
1120
12«00 Noon 0,3 1*0
Fair
filtra-
tion
IfsJC F.M, 10 1.0
Li 36 12
good
filtrse
tion
2100 10 3.0
M
M L 1,0
M_ M L.
JiJL . -S*2 L

&00 Filtered. well. Vol
Poor filtration..

Obtained 121 gr Purif* Residue at 0.7$ Co (0«85 gr Co)
Not successful for removal of iron.
Theoretical requirements for iron are about 1*$ gr KMnO",

As it took 4*5 gr KI&&A to reduce tho iron from 2.0 gr/L to G35 gr/L, it
would seem that the metallic copper present in the pulp consumes most of the oxidizer,
thereby preventing the KMaO™ from, oxidizing the Fa, JThe last gram of KMY4 had no
effect whatsoever with respect to Faj



As, ;"% utilisation cf the sponge cadmium was considered
cc - proDlem *.n cadmium metallurgy, not much attention was
paid to the process of removing the cadmium from the purified solu-
vion u.ur..ng onis campaign. The usual procedure was to assay for
va, acji iy -0 acid spot and add the calculated amount of zinc
aust” nsuffioient for complete cadmium removal the solution
was again acidified™and hit with zinc dust. No trouble was
experienced m getting all the cadmium or in producing a floculent

The only element investigated in relation to the sponge
Invariably it was found that the zinc dust ldded for
cadmium removal would precipitate only a portion cf the

complete,
outkbi Til8 5a;r®ea action (after the Co had been taken
out by NaOCl) averaged between 1.5 to(2-5 gr Ne/T° and "9 the pr

had been dropped to below 1 gr/L, would.ha« a green eilor. ?he

Sponges averaged about 2,0% NI,, It should be pointed out that as
copper or any other element precipitated by zinc dust will find
el heAl’VEﬂ*E’G sJ?nge A is_gesirable to eliminate such elements
either 1in e leac |n8 or purifrcation process






COBALT OXIDE PRODUCTION

The recowry of cobalt from the purified sulphate solutions
is based on the principle that alkaline sodium hypochlorite will pre-
cipitate cobalt as CO(OH)5e The reaction might be represented as
follows:

(D 2C0S04 * NaOGIl 4 4NaOE 3HgO — > 2Go {OH)3 + 2NagS04 + NaCl 5H20

Although this equation gives a picture of the reaction”™ and
truthfully shows that 1 gram moletua&lar weight of hypochlorite will pre-
cipitate 2 gr, molo wt« of cobalt0 it does not adequately show the chlo»
rine or the caustio requirements for the cobalt« In order to explain
all the factors involved i1t iIs hast to start with the manufacture of
the reagentG

The reagent is prepared by bubbling dry chlorine gas into a
cool solution of sodium hydroxideO The chlorine gas and the caustic
react according to the equation 2NaOH + CI — > NaOCl + NaCl + HgO« T2)
ThuSj for every molecule of MaOCl formed, there is formed one molecule
of water and one molecule of NaCl which9 although inert3 nevertheless
consumes chlorineo If equation (1) were to be used without accounting
for this inert salt in the hypochlorite a serious error would be made
in calculating the theoretical chlorine requirements for cobalt. When
the inert chlorine is included i1n the total i1t will he seen that,
stoichiometrically, 70091 gr Clg are required for every 117e88 gr
Cobalt8 if sodium hypochlorite is used as the precipitant0 This same
relationship between Clg & Co may be arrived afe by considering the
problem from the standpoint of oxidationQ

@) 2CoC12 + Clg —-4 2CoClgo (Here the chloride radical is used, instead
of the sulphate, for simplicity)o

According to equation (2) it will be seen that 4000 gr of
NaOH are required to react with 35,45 gr chlorine. This means that 2 gr
molecular weights of caustic are required for every gram mol, wte of
hypochlorite or at least 1,13 gr of NaOH must be present in solution
for every gram of Gig that is expected to be dissolved; otherwise some
chlorine will escape into the air and be wasted® For purposes of oobalt
precipitation there is always an amount of caustio present which so
exceeds the theoretical requirements for chlorine that if simple pre-
cautions are taken, practically no chlorine is lost in manufacturing
the hypochloriteo

The caustic requirements for cobalt precipitation may be
considered as follows: In equation (1) it appears that two gram molecular
weights of caustic are required for every gram mol 9 wt, of Cobalta
Howeverone-half gram molecular weight of hypochlorite is also re-
quired and as equation (2) shows that 2 gram moles of caustic are neces-
sary to make 1 gram mole of hypo8 it therefore becomes evident that to
completely satisfty the cobalt requires a total of three gram moles of
caustic. This relationship between the caustic and cobalt may be de-
termined in a more simple manner by considering the (OH) ion require-
ments It is known that the cobalt precipitate is mostly Co(OH)58
therefore three NaOH moleculeswill be necessary to supply.the three
(OH) ions for one molecule of cobalt

Thusc In the precipitation data presented with this invest*
igation an hypochlorite solution containing chlorine and caustic in, the
ratio of I/E gr» mole wt. Clg to 3 gr mol wt6 NaOH is taken as the



ALT .OUT

standard,, a» that. Is the solution which will theoretically precipitate
I grc mol wt of cobalt. A solution containing 240 gr NaOH per"” litre
and 70.91 gr Gig per litre was found to be a satisfactory standard
concentrationo

By lexcess” chlorine in the hypochlorite is meant the amount
of chlorine over that which Is necessary to produce the gr mol, wt?*
re™~0 _ Gig to 3 EaOH, For example a 40% excess chlorine solution,
inJw® saf®, tn9 Poetical standard given above n would be 240 gr
BaOH/1 and 100.gr Olg/L .99 ,27 exact), The excess is 40% of 70<,911
added to the standard concentration. The reason for the excess
cnlorine is to hold the zinc in solution so that the zinc content of
the cobaxt oxi.de product will be within reasonable limitsO In pre-
cipitating cobalt with hypochloi“ite it is absolutely necessary to add
the caustic requirements simultaneously with the chlorine, otherwise
i,lje chlorine escapes from solution unused3 1t is fundamental to have
i,,e (OHS 1ions available at the 3am® time the cobalt is oxidized in
order to Obtain a precipitate of Co(OHS3, 1in a pure solution of GO0SO4.-
eile preoipitation proceeds in an orderly manner when using the standard
solution previously described (71 gr GI/L and 240 gr NaOH/L)o Un-
fortunately, the presence of zinc, especially in a concentration from
fear to ten times the concentration of the cobalt, complicates matters
by entering into a side reaction with the caustic;

BNa(OH) + 2nS04 > Zn(OH}R + Na2s04

?G+®SJ, thif zinC hydrate is decomposed with an acid it finds i1ts way
;n - tm TFinal product6 sometimes in very substantial amounts. The"
easiest way to maintain an acid condition in the solution is to

""excess” chlorine, along with the hypochlorite, For®purposes
of illustration, let it be assumed that 1 cc of hypochlorite containing
100 mg </Ig and 240 mg HaOH are added to a zinc sulphate, cobalt sulphate
solution, atoicnoimetrically 71 mg of CI2 and 240 mg Na(OH) should b®
used In precipitating 117,88 mg Co, while”29 mg of CI? are set f ee
a portion of the free chlorine dissolves to fom HOI7 the?ely creatine
an acid condition and tending to prevent the formation of Zn(0E)2® ~ &

During this investigation it was found iImpossible to con-*
pletely prevent the zinc from entering the final product, even IHlen
large excesses cft chlorine were tried. There is a practical limit to
the amount of chlorine that can be added because of the human fTactor.
The high ®xcess chlorine hypochlorites liberate so much chlorine during
i h™ eCi?iJfbiOn pf°?efs as tO_create hazardous working conditions,

sol~tian containing as high as 40% excess chlorine9 however,
can be used with perfect safety and without creating a disagreeabl4
atmospheree provided it is added to the cool solutions {25-40°G) and
at a reasonably slow rate. 1

It was found that even when, calculated on the caustic basis
+ °£ J p ochlorit« was never sufficient to completely”
I f cobalt* For Practical purposes an additional amount
at ? 5?2~ °f hypO was usuaHy necessary to get the cobalt down to
range before filtration ( about &05 gr Co/L), This"is
dSe t~"th1® the two/ acbs bhat the hypochlorite is not 100$% efficient
tbc z\nc consuming (OH) 1i1ons, and that all the manganese 1is pre-~
cipitated as Mn02 by the hypo. Any traces of iron or aluminum are Sso



COBALT OXIDE PRODUCTION Page 3

precipitated by the hypoO

The maximum percentage of Cobalt in pure Go(OH)3 Is 530-7$0
"During this investigation some unoalcined GofOHW material was found
to run as high as 54% Co o”en when zineO iron ama. manganese were
present as additional impuritiesO This was due to the drying period?
at 110°CO previousJo ...ssayingn which caused some of the"hydrate to
decomposep giving the higher cobalt assaysO The material is designated
as Co (OH)3 in order to distinguish it from cobalt oxide (00304} which
can be prepared from the precipitate by calcining it as 750-800*0»
Calcining a material of 50%~53% to obtain a 60 to 65% cobalt content was
not uncommon o

The impurities in Luo Co(OH)* product will be =zinc,, irons

manganese& chlorine & sulphuro No antimonyO arsenics nickel, or cal-
ime even iIn traces8 was foundo It is interesting W' note that

co sumers of cobalt oxide or fTirms which buy cobalt bearing material
for reworkingO consider chlorines sulphur8 iron and calcium to be
the most undesirable impuritiesO The iron in this product is as low
as that which is usually found in high-grade commercial cobalt oxide,
wh le chlorine can be kept down to the range of 0c5% or lower merely
by washing the precipitate thoroughly9 in the pressO with cold watero
The sulphur in the Co (OH) 3-frequently runs as high as 206$% but this can
be removed by calcining the material at a temperature slightly higher
than the decomposition temperature of zinc sulphate,, On one sample
a calcination at 750°0 for 1/2 hour reduced the sulphur from 20S$ to
Oo26%0 Consumers were unanimous in stating that zinc in very sub-
stantial amounts could be tolerated one said as high as 10% Zne
The reason given was that zinc is a non-chromogenic material and the
only effect it would have would he to dilute the cobalt oxideQ



Run on 2900 sc of Leash 3olya $8.* tmpuriflsdU
To determine the needs if any, for purification of solution before pro
c&pitation of cobalt®

Sodium Hypochlorite used contained 115 gr Cl2/L and 300 gr SaO~L,
(a 30% eases* chlorine solution,)

T*3» Co HaOCI
m?L-, , ~ — m/h~ e®
8*45 Aum,, 40 I5ob Added HaOCI rery slowly
10*20 440 Maintained a slightly acid condition
due to excess Clgo
Brown precipitate obserrsdo
persistant light froth.
1030 ...... e 2*%0 ..eell
10*45 35 lio ?
2% oYor the theoretical hypo for 100$
cobalt preciDitationo
QpJdL- ... Solution went neutral or basic»
11*10 Filtration practically impossible

tAru,filter in 3 hra*

0Oo(OH)™ products  Setimeiad 140 gr should be obtained*
Actual assays of product9

00 weooca 308’\$
6*9%

Fe —

M v (45

X =3 1A%

Ki nil

The need for purification is clearly demonstrated in this precipitation,.
Firstg the final product is undesirable from the standpoint of buyers of cobalt
oxide because of its high impurity and low cobalt content* Secondly* the presence
of Aluminum results in the fermatiofe of £1(0% making the precipitate impossible
to filter on & plant operation basis*

The remoral! of Fe m? Mh is a question of economies but the purification

of the solutions to eliminate aluminum is absolutely essential if the process is
to be practical*



ime
32*45
ii£2.

W

iaa

impurities and filtration

content of the product© The amount of cobalt left

Cobalt

Oxide Production

Pr~ipitation No”sJZ~dJS

Each Run on 500 < of Leach Solution #12 unpurified©

Use hypochlorite containing 43=4 gr GI/L and 120 gr NaGH/X»

(a £2% exeeae chlorine solution)
#3 at 40"CO

#2 at 89 O to 85eC
la
Hypo
Tenmp -J & -
¥
2&
2»n4
r — — ] -

Very difficult to filter

Obtained 19«0 gy Co{OH)g product

at 36 $ Co
2,8/C Za
6@3% Fa
1*34$Mn
207% 41
0*0%$ Ki
006$ Sb

Co
Tamp
40
40
21?
11
TT
14
40 i

Very difficult to filterl

*Add hype

Obtained 15s6 gr Co(OH)3 product

at 380# Co
2*5$ Za
7*0% Fe
| 649%3fa
1*5$ 41
0*0$ Hi
0«8% Sb

This confirms the results obtained in #lj product ia low in Cobalts high in

is impractical;

even at high temperatures*

The low temperature precipitation seems to give a little better efficiency
of the hypochlorite* as would be expected due to the better retention of chlorine in
a lower temperature solution*

A more dilute solution of hypochlorite than that used in #1 did not improve
the purity of the final product* appreciably®©® An excess of 20$ over the theoretical
required for complete cobalt precipitation instead of 25%s plus the fact that this
excess was added more slowly than In #1 sight account for the low zinc and aluminum

in plant practice.:,

in solution would be uneconomic



Cobalt Oxide Production
_HE£:8 £ and j>

Each run on 1000 cc of Leach Solution #13 purified of Fe and A1 with KMnO,
nd calcine*

Oae hypochlorite containing only 13$ excess chlorine; SO gr ClI2/L and 240 gr

NaOH/L.
To compare relative efficiency of hypochlorite when used in acid or basis sol™n*
To compare final product with those obtained in Noes 1, 2 fnnd 3*
_ 0 hypo gr/L
ime Termp cc Co Acidity Temp Hypo Co Acidity
_10:90 A.M. Q I 40l Acid Snot -10 1 gg NaOH
io=i5.... m H I
11:30 68 3*6 Acid Snot 80 pasi t
i » ) 2 et Do comi22 S 16 0, RRE
1:00 PoM. lo2 Neutral
Spot 0.8 Basic spot
1:45 5
2:00 .Neutral Add 1,5 gr
Spot H2304
7720------- 1*0 AddlIgr
3»15 Filtered well 777777 | 2504— Filtered Well Actd: Spot
146 cc Hypo to precipitate 13*1 gr Co* 139 cc Hypo to precipitate 13,3 gr Go
0,898 gr Go per cc NaOCl 0»945 gr Co per cc NaOCI
Obtained 24 gr Co(OHK at Obtained 25 gr Co(OHK at
49*9% Co J 47*9 $ Co
88 $ Zn 10°8 $ zn’
1*1 $ Mh 1.2% Mn
tr Fe tr Fe
nil Ni nil Ni
nil Al nil Al

. Precipitation of cobalt from a basic solution results in a slightly better
efficiency of the hypochlorite but raises the zinc content of the final product. There
is not enough saving made in reagent to favor a basic precipitation.

A *irOct comparison Of #4 to Nos 1, 2 and 3 show that it is possible to make
Pr°duct approaching and perhaps surpassing 50% Co content, with good filterabilit
if the leach solutions are first purified of Al and Fe®

_viu n

Tils hig8h ZInc content of the final product could, perhaps, be lowered if a hypo

all?thrtimetalninS & great® exc080 of chlorine were used so as to keep the solution a*id



Coba.lt Oxide Production

fir&ejj>itEtion #6_

Run on 10"0 &s of Leash Solution $14;, Purified with K&SQ™ & calcine..

Use hypochlorite containing 21% excess chlorine? 90 ga' (To/1 811
240 gr NaOH/Lo

Keep solution acid by additions of small amounts of dilute HJ30* wheneyex
neeessaryo

Compare product with #40

(] (00—
Time Temp Hpo ecA . Acidity.....
ill 30 60 140T acid spot
P »4 L . 30 ___ bigfe ) M
1*00 P11~~~ 30 lower d ™M
2100 S 30 = W K H
2130 15 105 ec Hypo represents the
theoretical weight of Clg
for complete cobalt pre-
cipitation (Still deficient
in caustic)
3*00 il » « u
3*15 . _.... - "T ~ M f
- M H 8
-1*30 . .
-3MQ ! —5'—138'“"
JUL"o. 5 « D 135 ©« hypo represents the

4*00 ... lo5 H theoreticalweight of caustic
necessary to supply the OH
ions for complete cobalt pre
cipitation®

Obtained 1210 e« barren solution at 10390 SpO Gra

2300 gr Co (OH)o at 54 % Co
5*35/*Za
QoO$MnN
QeOlpa
000 fill
00O %A
0,0% Sb

Very little acid was used to keep this precipitation on the acid side* The
higher the excess chlorine in the hypochlorite the less tendency for the solution to
go basic,, Perhaps a 40£ excess chlorine hypo might keep the precipitation acid with-
out, any aid from dilute HgSQ*,

Precipitation on the acid side seems to yield a much more marketable products.

The Ic5 gr Oo/L left in the solution was done purposely to see if a zinc-
free product could be obtained™ Evidently it is impossible”by the use of sodium hypo-
chlorite to precipitate cobalt from a solution in which the zinc concentration is from
six to ten times the cobalt concentration, without co-precipitating some of the zInc.>



Cobalt OxM# Froduction

PrecipJiet™oM

Duplicate precipitations run on 1000 ee of leach solution 8N$ purified
with KI&O4. m& calcine*

#7 differs from $8 only in the rate of adding hypo®

Sodium hypochlorite used contains 70$ excess chlorine
120 gr Qlg/L and 240 gr NaGH/L.

#7
_ °G gr/t’ a®
Time Temp JStEfi-. Go e mQTA A
10*00 ABMD 40 150
12134 — —go . 50 7/
48 28
iii2L~ . . '1J6 L 26" ' - m
12*00 Noon il hich 006
1*00 64 = -
55 . 10
0.9 20«5 er GofOHI-> at 52*5 1 Ce
2*15 10
2*30 0.7
3*00 .o 5
JAEL . 05,

4*00 Filtered wall
20€0 gr Go(OH)3 at 53*5$ Go and 3*9% 2nM®

These precipitations show that* even with 70$ excess chlorine in the hypo~
chlorite™ which keeps the solution acid all the times it is impossible to get a zinc
free producto Precipitations of this type would be impractical in the plant because
of their disagreeable character. When this 70% excess chlorine is added to the
purified solution so much chlorine is liberated as to make the surrounding &tzncs«
phere unbearable.*

The additions of hypochlorite to #8 were stopped at 128 c« as this amount
contains, the theoretical caustic requirements for complete cobalt precipitation* In
a20 € of hypo were 15.3 gr CI? or 66$% more than the theoretical requirement for Go.



Cobalt Oxide Production

Precipitation Nos, 9 10

Object? To observe the effect of NaOdL containing very little excess chlorine,

#9) Use h pochlorite containing IC% excess chlorine é78 gr CI™/L

240 gr MaOH/L

#10) Use hypochlorite containing 20% excess chlorine 1 °

(240 gr NaOH/L

Both rim on 2 L,of corajinei Purifications f leach 24 at 10°C
(During manipulation and storage -the original solution has

been concentrated, about 12%)

I #8 #10
gr/L gr/L
lime HVF)() Co Hydo.
ps 50 521 Basic Soot igio;
Ik:45 12:10
i to to
bis. 885 Basic Soot 12:65 885
[1:45 m lower Basic Soot -JJx0 lower
boo 180 -1:50 180
1?7:15 lower Basic Sdot 2:10 lower
[2:20 180 2:20 180
fe:40 lower Basic Spot 2:55 lower Basic Soot
K:45
ey . JLI&L .. 90
‘ . lower Basic Soot 1L05. lower Basic Foot
%5518 45 | 3:15 ., 45
= ower Basic Spot .31 25 i
jo: 50 50 — o Basic Soot
1540 0.3
. 3:50 Filtered-Sol'n at 55.0 'gr Zn/h
Obtained 230 gr Co(OH)* at 35% Co Obtained 262 gr 00(0,) 3"at 59.6$ Co.
0.6 M
tr Fe Etr Fe
Used 59% excess NaOCI Used 56% excess NaOCI
Total reagent used contained a -5 Total reagent used contained a 56%
NeOB excess and a 75% Cl-excess NaOH excess ana a 07$% Clg excesE
. . .niThese precipitations show that neither a 10% or 20% excess chlorine solution of
I&QUuUi will keep toe precipitation cid or cause it to become .cid. The .'ill not -d Id
good o(OH)3 product, even on a purified solution.
B _ No. 10 might be compared to Free. No. 6 which gave a good end product.
figner zinc in Prec. No. 10 was due to the fact that it was basic throughout, taat it was
N + Defore filtration, the coball in solution was brought lower, and m

--r amount of NaOCI per litre was used then in No. 5.

(690 cc/againsi 15



Precipitation Nos. 9 & 10 (Cob)

At this point attention should be called to the fact that t .is preclp~
xtation acted differently than an. heretofore. The high concentration of Co
(52.1 gr/L or roughly o times the usual amount) resulted in a precipitate best
described as "nodular**. Whereas the lower concentration of Co (15.-20 gr/L) gave
a soit precipitate which buld agitate in the solution, this high cob It solution
gave a precipitate which would float on top, and by attaching itself to the walls
O tae vessel, remain stationery while the solution revolved beneath ito It contained
email nodules, probably 2n(0d)j relatively hard in texture. It was cob
tenacious enough to support itself and would build up as the reagent was addedc It
had to be pushed back into solution with a stirring rod.



10 m 685

Acid Spot,
11: O 45
12:00 0.4 Acid Spot,
1:00 Filtered 79 gr Zn/L
at 51.0% Co.
1.056 Mo
tr Fe
nil Ni

Used 25% excess NaOOl.
Total reagent used contained a 25% NaOH excess and a
7% Clg excess.

_ NaOCl containing 40% excess chlorine will keep the precipitation
acia all the time and will yield a good Co(OH)5 product. There is a definite
Saving in caustic where a high chlorine NaOCl is used. |If added slowl a 40%
excess chlorine NaOCl does not liberate enough chlorine from the precipitation
to oe disagreeable.

The "nodular" precipitate was again observed but did not build ud
to same extent as in Nos. 9 & 10 nor did the particles seen so hard.



Cobalt Oxide Production

Precipitation Nos.

12 & 13

To observe the effect of using a more concentrated NaOCI.

Object:
Contains 125 gr Clg/L and 500 gr NaOH/'L
(a 40% excess chlorine solution)
#12) High temperature at start-Run on 2 L of Purif, 24.
#13) Low temperature. throughout-Run on 1 L of Purif. 24.
Both precipitations made acid at start.
ac gr/L T T A r/L
Time  "tenp idi i 9 -
Acidity Time  Temp Hypo Acidity
10:00 75 Acicj. 1:.00 27 Ked '‘Acid
10115 1:15
to
10:55 - _ fiiSQ.
11:00 Basic Acid
. -,-Ja.pt *Spot,
11:20 140 P 2:45 70 P
11:4p 4,0 @ 5.0 f
12:45 > _Ju2 I\glé/clg 15 e
12:50 -is ) , * g
_ _ o 4:PO
15Sp Filtered-Solution at 75.0 gr zn/L 4:15 Filtered-Solution at 81.0 gr Zn/L
Obtained 2 Co(OH)g at 46.4 % Obtained 88 gr Co(OH)*. at 52.5 9% Co
9.5 % 2n
0.9 % Hn 095 M
tr Fe tr Fe
NI nil  Ni

Co(OH), prd* tT

5/ excess NaOCl used.

Total reagent

d contained a 25%

NaOH excess and a 7/% Gig excess.

e

#13,was very stmcesaful_

was so hot at the start .that ithLiberated enough chlorine t-

25% excess NaOCI used.
Total reagent used contained a 25%
NaOi, excess and a 77% Clg excess.

make

»wmme «*t t.e precipitation went

chlorine U
u

the NaOGI added slowly.

"Nodular?1 precipitate again observed.

reflected in the relatively poor

Evidently a solution containing as high J§
precipitation is performed in t.e cold,.

and



Cobalt Oxide Production
Precipitation #14
Run on 10500 cc of purified solution from Leach #50, in a lead lined
agitator.

Used sodium hypochlorite containing ioo gr Cl-./L and 240 gr NaOIll/L
(a 40a excess chlorine solution)

Objects To observe the. relationship between cobalt and zinc
in the final product,, a3 the cobalt is precipitated
from solution*

ac cc gr/L  Co(OH) 5 Product

Termp Hvdo Aciditv -Co .. %Co Zn REIARKS
9?50 £3 Basic
Soot .-24.5
im 500 if
mm - 61 _ 500 )
mw ~ 400 .
65 300 T
1Ifff) 200 Acid
\1. m. Spot
12100 60 820 it
12:30 _ i
IfTO0 49 4.1 53.4 3.2 2170 cc represent the
theoretical hypo
requirements for com
) plete Co precipita-
olIsSL 210 Acid tion.
47 2.9 52.8 5.5
M M --11,0 f
-ioL 45 52.6 6.8
210 . o
S?45 g -0.6 52.0 7.7
SIM... 105 I
3215 0.2 49.0 9.8 2905 cc represent

34$ excess hypochlo-
rite over theoreti-
) cal.
.3330 Filtered well

This precipitation demonstrates that a high grade cobalt oxide iroduct -ould

be msaeI if Px precipitation were stopped considerably short of complete cobalt
remova

The final additions of hypochlorite to get the last few grams f cobalt are
ver,. inefficient - only 56% so. The first 2170 cc were 83% efficient. Both
eificiencies figured on a caustic basis of 2.04 gr NaOH per gram of Co.

This precipitation was run too hot during the initial addition of NaOCI.
aau Jt Deep performed at 40°C or lower the first 2170 cc would have dropped the*
cobalt to under 3 gr/L.

No trouble was encountered .ith a "nodular” precipitate such as in P «c
HO3. 9 co 13.



Cobalt Oxide Production

Precipitation No® 15

Run on 9*6 litres of Purif. No. 25, unacidified at

startc
Routine precipitation with NaOCl containing 100 gr
Gljyk 240 gr NaOH/L« (a 40% excess

chlorine solution)
Used commercial caustic to make NaOCI.

) . CC g rA
Time Temp - Hypo Go Acidity

*30. . 30 4000 Basic Spot
1:45
to
2:00 . - 1100
.2:15 _JL Acid Spot
2*15
to
3s00 900
6,0 Acid Spot
3:10
to
3:20 .. 260
3.0 Acid Spot
3*25

a% 130
40 2.0 wcid Spot
3*40
to
-4*41 - 130
-JL. 1.4 Acid Spot
4*00
to
4:05 . 130
4*20 35 IT" Acid Spot

Obtained 12700 cc at 1.340 sp.gr® Zn 5 102 gr/L
Obtained 686 gr 00(011)3 at 50.8% Co

400% Zn

2.38% Mn

0,05% Fe

nil Ni

The high Mnh tin the final product was due to the leach (#25) having been run with
sine plant electrolyte unstead of G® P« "SQ/ B

The commercial caustic makes a clear hypochlorite having a sllghtly darker color
than that made with C. P. NaOH. °r

"Nodular" precipitate again observed but no so coherent as is Prec Nos- 9, 10 &
X1. Dropped back into solution on agitation. '



gobalt Qxi.de Prodnotion
MeiNitjation £ 21
Large seals precipitation run on 6850 ee of Purification $21, in a leasU
lined agitator*.

Use hypochlorite containing 4C$ excess chlorine
100 gr G3/L end 240 gr NaOH/L,

©c Ce gr/L
Time Temp -JKEO Go. Acidity
"ESTulu 45 . 15»4 Acid spot
9*00 ,.5P0 « «'....
»3Q . _ . 200 v
10*00 100 R«
1020 I H S
10%45 4 3*0 w
11*00 .. 50 900 cc hyp° roprs”
11*10 2«7 ft © sente the theoretical
11*15 ---5Q . caustic requirements
11*30 2,0 « for complete cobalt
11*45 25 preeipitation«
12*45 PcM 1.2 ?
1*00 45 25........ o -
1*15 1’2 « »
---25.
2*00 25 . Total hypo added
-i*00 0*8 « « represents a 14$k&0H
3*20.__Filtered well excess and a 69%
chlorine exeess*.
Obtained 6950  H¢j'u et Sp6 Or *— in =1c? 4r/L
Obtained 175 gr Go (GK)3 at 53,0 % Go
50 % Zn
GCa.37™ WMn
oa$ fs

A 20C excess chlorine hypochlorite keeps the solution acid, does not liber-
ate enough chlorine to make conditions disagreeable, and gives a reasonably high-
grade cobalt oxide product*



Cobalt Oxide Production

Precipitation Hog 40 and 41-

Run on Purified Solution #40 to determine the grade of cobalt oxide product
obtained when the solutions are not purified for Fe or M®
1200 cc at 1*9 gr Fe/L, 0«$2 gr Mn/L and 10 4 gr Co/Lc

#40) Use a 30% excess chlorine NaOCI, 115 gr Clo/L and 300 gr NaOH/L
#41) Use ft 400 excess chlorine NaOCI, 125 gr Cl2/L and 300 gr NaOH/L

#40 #41
°C cc gr/L o ac cc gr/L
Time Tenmp Hypo Co Aciditv Time Temp Hypo Go Acidity
10*00 40 10,4 Acid Spot i*30 40 i '
oo 10,4 Acid Spo
to 1o
11*50 108 11*45 108
12*00 » 11*50 1,2
12*15 12*00
to to
12*30 10 12*15 10
1*00 1.3 Neutral 1*00 008 W t
Spot 1*00
1*15 to
to :
10
1*20 40 10 5558 0,3 —
T30 O0®  Basic Spot  2*20 Filtered well R
2*20 Filtered well
Co(0H)3 42,8 % Co Co(OH)3 45.0 % Co
6,8 % Zn 5.8 % Zn
7«1 f Fe 7.1 % Fe
1,5 % M 1.6 % Mn

In both cases the NaOGI used was 51” in excess of the theoretical cobalt
requirements, instead of the usual 20" or 25~ The difference represents the
amount of NaOCl consumed by the Fe and Mn,



Co(OH)3 Retreatment

This short investigation was undertaken iIn an attempt to show In what
m *orm the zinc occured in the Co(OH)3, anc* the possibilities for removing
mlame from the product if it ever became advantageous to do so.

1 The re-treatment consisted of agitating some wet Co(OH)* (about 50%

moisture} jJust as it came from the suction filter funnel, in 500 cc of

égffeﬁgnt strength solutions containing ammonium hydroxide plus ammonium
oride,

CO(OH)r5 before 500 cc Sol’n Co(OH)r5 after

gr- Wet Treaz;ment "gr/L " gr/L Treasment Dis
_ solved Tem
\io. COOH} % Co T z T NHAOH m 4ci T~Co“ % zn Co~grams °Cp
A 100 49.0 5.7 10 20 50.2 4.2 0.1
. ; . 30
B. 100 49.0 5.7 50 50 55.0 1.7 2,6 60
c 10c 49.0 5.7 100 100 56.8 0.4 115 30

These re-treatments show that the zinc.is present as Zn(OH)?Tas basic
:ino sulphate, as It Is soluble In KH4Q{I - NH4Cl1l solutions/

roon temperature?8'™*n™ iS diS301T9d If the ~treatment Is carried out at

I , Obviously it would be uneconomic to leach with a solution such as was
bed in C, especially if the solution were discarded after one leach. How-

h purehaseds ot the product made it attractive enough to eliminate

sa?ur??el millhrbrLvel?}la?fdthe rePeate4 USe °f tde Same SOlution-



Production, of Rinmann®s Green

This investigation was undertaken in an effort to provide a
possible outlet for both zino and cobalt, should an overproduction of.
zind -sulphate solution result from retreating the cobalt residue. It
is shown here that a paint pigment could be manufactured from our
solutions without involving much manipulationO

Rinmann s green in a solid solution of cobalt zincate in zinc
oxide; corresponding the formula ZnO x GoZnOga depending on how much
cobalt is presenta In this oa3e it is produced by co”™-precipitating
with sodium carbonates basic zinc sub carbonate and basic cobaltous
carbonate from the zinc and cobaltous sulphate solution according to
the reactionsa

5ZnSQ4 * 5Na2C03 <« 4H20 e {5Zn002C02 *4fi20) + 5Na2S04 "+ 3CO02
500S04 & 5Naf£C03 + 4H20 — — (C5C0002G02g4H20) + 5NagS04 + 3COg

These co-precipitated carbonates are filtered, washed and
dried0 This product, which has a pale rose color, is subjected to
calcination at 750°C for 1/2 hour during which process it loses both
HgO and 002 ; the zinc going to ZnO and the cobalt to CoO, This
final mixture is a definite green, the exact shade of which depends
upon the amount of cobalt present in relation to the zinc,



RInmann{s Green Production
No, 1

This preliminary precipitation was ran to determine a
Zn “ Co ratio, which would yield an acceptable green color upon
[calcination of the carbonates.

The procedure was to subject £000 oc of Purified solu-
tion to the action of fixed amounts of NaOOlo Samples of solution
were taken at each stage during the cobalt drop, and these samples
were then treated with sodium carbonate to produce the raw pigment
material. After calcination the color of each Zn » Co ratio was
recorded.

NO. Pigment analysis
ireo % Zn

1 967 52=0 Green with gray blacko
2 708 52 06 dull dark greenO

3 705 52 9 good looking dark greene
4 7.4 59 ¢5 dull dark green.

5 7cl 60 =1 7 b ft

6 608 61 cO w n n

7 605 6i05 n n ES

8 6.3 63.5 s

9 502 63 08 brilliant light green<
10 4.3 68.8 lighter Green,

11 2=8 69 00 very faint green,

12 0c3 69 o7 incipient green.

The one chcsen as
a Zn < Co ratio of 1Z to 1 by weight.



RInmanngs Green Production

No 2

A purified solution was subjected to NaOCl until the Cobalt
At this point the Zinc was 9000 gr/Lo Enough puri«
fied ZnSO”™ from the zinc plant was added to make the Zn - Co ratio

[was Sol gr/Lo

12 to le

Start with 4«62 liters at 94 gr Zn/L and 709 gr Co/L

Stoiohiometrically 1 gr Zn requires 1062 gr Na2C03
1 gr Co rt 1s80 gr Na2C03

4062 x 94 x lo62 « 704 gr NagCOg to ZnoO

4062 X7Q9 x

1080 + J5 gr NagCOs to Ooo

Total to solutiono

Add Na2C03 as solution - 350 gr/Lo

To determine when enough Na2C03 has been addedB the solu«
tion will be tested on phenolphthaiein spot paper, A deep red spot
shows an excess of reagentO

Time

2:30 Py M1
2T3o0T “

to }e
5:10)

3;15

3:25" 3s35
3:40

u45* +*3750-
3:55

Temp co
oc -NoegP-a. -
50

2000
Ilsmll
Toy

£:15 Filtered very wells

Dried

gr
Spot Nap.Con
acid
700
neutral
T75
TeutraT
TO5
neutral Notes This last addition
(basic) was probably unnecessarv
"e phe _Ip a
was being destroyed by
the ohlorine in the solu-
tion® A filtered sample
which had been boiled a
minute showed a deep red
spot,
basic

Calcined at 750°C to a brilliant green.

No trouble was experienced iIn making this pigment. Care must
be taken to add the Na2COs slowly iIn order to avoid getting large curds

which hinder agitation.

No violent effervescence was observed and

the filtration and washing were extremely. easyO






RECOMMDATIONS

Leachings It is recommended that the Cobalt Residue be allowed to oxi-

daze in the air before being leached with. H2S04% Leach 30
demonstrated the podr extraction which may be expected with fresh mat”
erialj, while NoO 30A showed that a serious copper problem would be
encountered 1t the leach residue from fresh material were to be ren
treatedo In connection with copper removalO it is suggested that in
plant practice fresh material might be added at the end of a regular
leach on thoroughly oxidized residueg in order to precipitate copper*.
This not only would save zinc dust but might raise the cobalt concen-
tration of the solution*. A concentration of between twenty and thirty
grams of cobalt per litre is advised, as no trouble 1i1s had in precipi-
tating this with hypo and the higher the cobalt concentration the less
percentage loss in the purification residue*. To obtain the desired
concentration the leaoh could be started with old residue and finished
with more recent material of higher cobalt contentO

There should be a lead-lined tank equipped with sturdy agitating
mechanxsm as r.he leach pulp is heavy and requires thorough agitation*,
Steam coils are desirable to keep the leach warm during the filtration
period*, During the leaching process considerable heat is generated~
when the residue is dissolved - enough so that the leach would keep
itself sufficients warm to obtain good extraction. Mulling in a ball
mill is desirable but not essential. All leaches on this campaign
were run by adding the dry feed, after it was dry ground to pass 10
mesh. The stuff iIs very soluble and does not require grinding - merely
a reasonable separation of one large particle from the other.

Purifications The purification should be run on the warm filtered

leach solutions, in a lead lined tank equipped with an
agitator and steam coils. Calcine should be used as the basic reagent*
-his calcine should be thoroughly emulsified before adding to the
purification, either iIn water or in solution. To accomplish this a
stout barrel equipped with a portable motorized propeller could be set
on top of the tankO If the calcine is not added as an emulsion but as
a dry powder, it agglomerates into hard balls upon hitting the solution
and is mostly wasted*. Potassium permanganate should be used as the
oxidizer,, and then only enough for iron*. The best technique is to add
all the calcine and KMnO* together, adding a little less KMnO<i than 1is
theoretically necessary for i1ron requirements*

Spongingt This should be done on the filtered purified solution

before the addition of hypochlorite so that the re-
suiting sponge will be chlorine fre*. The solution should be adjusted
W a good acid spot and the calculated amount of zinc dust added*,

Precipitation of Cobalts The manufacture of sodium hypochlorite must

, be carried on in rubber-lined steel or wood
tankso A lead-lined tank on a steel tank will not stand the action of
the solutiono Chlorine producers recommend steel tanks because of
thelr superior heat dissipating qualities. During the reaction between
-niorine and caustic much heat is generated and it is desirable to have
cooimg coils in the tank thru which cold water can be passed. The
rubber lining of the tank and the protective coating on the coils could
De a relatively Inexpensive commercial coating supplied by Specialists
In Gbat line - something that could be applied on the job*. The tank
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eed not have an air-tight cover - merely a lid to keep whatever chlorine
scapes confined to the tank,, Not much chlorine is set free if the dry
as is bubbled thru a fairly cool solution of caustic®O To introduce the
hlcrine into the caustic a hard rubber tube? plugged at one end- and
rilled with small holes will make an excellent dispersing nozzle. The
hlbrine may be measured by weighing the cylinders beforehand after
eing discharged® The solution may be checked by assaying i1ts oxidizing
ower (chlorine content) either by the ferrous ammonium sulphate method
or the sodium arsenite method® No stirring is necessary as there 1is
abundance of caustic present to catch the chlorine. A concentration
of 240 gr caustic per litre is acceptable®© The sodium hypochlorite
olution should be admitted very slowly into the purified solutions thru
dispersing tube similar to the one used for the chlorine gasO The
recipitation can be conducted iIn a lead*=lined tank equipped with steam
oils as the concentration of hypo is so small that there is no danger
destroying the lead® The process should be done in the cold (25~35°C)
t the start and enough hypo addeds on the caustic basis, to completely
recipitate all the cobalt. IT any additional hypo is necessary it
hould be added in 5# excess additionsuntil the cob-alt is 005 gr/L or
ower8 On a plant scale it is estimated that 10% to 15% excess will
e sufficient. At the time of the last addition,, steam should be turned
on and the solution heated to 60™650Cu This is not absolutely necessary
ut heat seems to bring down a little cobalt which persists in reg-
aining in cold solution® However, if steam is too expensive this last
operation can be omitted and a longer period of agitation substituted,
ood filtration will result either way,

anufaoture of Rinmanngs Green; The cobalt and zinc ratio should be

adjusted and a solution of 3odium
carbonate added slowly until precipitation is complete®© A lead-lined
ank may be used and no particular technique is necessary to obtain an
exg;;lent filtration. The calcination furnace will not he" discussed
ar



Equipment,

T ®be equipment installed in this plant and ready for use with
this retreatment scheme i3 that which is used for cadmium pro-
duction. It would be necessary to suspend cadmium operations
and store the cadmium feed while cobalt oxide production was
going on, but this would not be particularly objectionable as
the cadmium plant has a capacity far in excess of the feed
furnished i1t by normal zinc operation so that, on a yearly
basis, cadmium production could be maintained.

For getting the dry cobalt residue into the plant there are
suitable conveyor belts and the necessary storage bin3. Follow-
ing the bins is a ball mill which can be used, if desired, for
mulling the feed with wash water stored from filter press oper-
ations. A launder runs directly from the discharge of the ball
mill to the leach tank. The leach tank is lead lined 15”- 0” in
diameter and 11"- 0” deep equiped with a sturdy agitating
mechanism consisting of a horizontal cross-beam above the solution,
with vertical arms extending down into tte solution. The agitator
is lead covered and revolves 10 times per minute. The motor drive-
ins the line shaft is a 25 hp, For discharging the tank and
forcing the solution through the Shriver press a Ooeur d"Alene
Hardware centrifugal pump having a z" inlet and 2" discharge, and
making 1800 rpm, 1is used. Pump is furnished with a 15 hp motor®
The Shriver presses an ordinary industrial type filter press, a
description of which may be found in any good work on metallur-
gical machinery. This one, constructed entirely of acid resisting
copper-base alloy, has 41 frames and 42 plates each having an
effective filtering area of 9 sqg.ft. (3® x 31} and capable of
withstanding a maximum Ffiltration pressure of 100 Ibs. sqg.in.

The companion tank to the leach tank is the same size, is lead
lined and has a similar discharge pump and motor. However the
agitating meohanism consists of a long vertical shaft with a
horizontal arm suspended eight inches from the bottom of the tank.
The shaft and arm are made of steel, lead sheathed, and driven
from the same line shaft which drives the leaoh agitatorO It cakes
17 rpm. The cadmium spongeing tank is 14°- 0" in diameter and

9s- 0” deep, lead lined. It is equiped with a wooden paddle-type
agitator with i1ts own 5 hp motor, revolving 7 times per minute.
The discharge pump and motor are the same as for tte leach tank.~
There are two storage tanks of 15°- 0” diameter and 11°? 0" depth
which could be used for storirg either pregnant or barren solution.
There are two additional tanks of 11*-S" diameter and 11°-0"depth
which could be used far commercial sulphuric acid (for the leach)
ana/or wash water fTszom the press. All tanks are lead lined and
hold in excess of 20 volume tons. The plant is fitted with a
system of valves and pipes so that solution from any tank can be
pumped to any other tank in tie plant*



Proposed routine for daily operations.

The following routine end time schedule can he used as a
basis for plant operation. A 20 volume ton leach would have
to be run each 48 hour period iIn order to utilize 5 tons of
feed per £4 hours*

0 Time

Leach, adjust specific gravity, 10 hrs,7am to 5 pm
remove copper.

Filter leach solution, wash cake, 6 hrs,5pm to 11lpm
drop cake, reset press,
(will have to be done twice
for each leach)

Purify for Fe and Al 6 hrs, 11pm to Bam

Filter purification, wash cake, 6 hrs, 5am to 1lam
drop oake, reset press,
(only once for each purif-
ication hut allow ample
time for possible slow
filtration)

Sponge for cadmium. 3 hrs, 11am to Spin
Filter sponge, wash, (one press) 3 hrs, £pm to 5pm
Precipitate cobalt hydroxide 10 hrs, 5pm to Sam
Filter cobalt (One press) 4 hrs, 3am to 7am

The aboue schedule i1s for over-all time and is ample for all
washing and cleaning operations. Of course it is understood that
as soon as one tan iIs empty another operation is again started.
For example when the leach tank is discharged, more "acid is drawn
and Manother leach is put in progress while other plant operations
are carried on. The same is true of the manufacture of the sod-
ium hypochlorite} a batch for precipitafi.on shouldhe started about
the time the leaolt is one-half Ffinished. This allows plenty of
time for the chlorine to bubble through the solution slowly
fhereby dissipating the heat of formation and minimizing chlorine

osses.



50471040
49871040
70571450
70871450
148573150
846/1720
207974300
55071140
1860/3700

70071620
714/1640
71471580
208874650

280079900
106873600

2760/8852

COMNILEDNDATA FOR ESTIMATING__COSTS

«r acid/ftr feed

*

»

00484
00479
00486
00488
00472
00492
0e483
00483
0 000B

00432
00435
00451
00449

00283
00292

00312

Batch NOo 1

220071040
201071040
270071450
280071450
6200/3150
320071720
760074300
206071140
7000/3700

Batfh NOo £

290071620
300071640
3000/1580
890074650

Batch NoO 3

15330/9900
6650/3600

Batch NoO 4

17700/8852

cc Soln/gr Feed

*

»

2012
1094
1b87
1093
1097
1086
I1s77
u&l

1e90

1079
1083
1090
| €92

1®56
1084

1099

rt calcine/Liter

75/1 » 75

50/1 - 50

600/7 « 86

240/3 - 80

18072 * 90

30/105«20
133/6al1-22

284/t1S09022
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COST ESTIMATION - Pag®©.1

Reasonable Assumptions

That 1 gram of feed will consume
slightly less than 005 gr acid,,

Sulphuric acid will cost #23-#26
per ton®
That 1 gram of feed will produce

slightly less than 2 cc of leach
solution®

That grams of calcine per liter
for purification will not exceed
90e calcine will cost #35,00 per
ton0

That KMn0O4 requirements will not
be over 3 gr/L, (This i1s equiv”?
alent to 3,1 gr Fe/L)O

That KMID4 will cost 207V/Ib,

That Chlorine will cost 117V/Ilb.

That Caustic will cost 4,720/1bo

That a 15# excess of hypo will
be ample to preoipitate the co-
balt ,

That the feed will average9 if
mixed* approximately 5# Co,l1

That a leach extraction of 95#
of the cobalt can be made.

That at most* 1# to 3# of the
available oobalt will be held in
the purification residue.

1# of available cobalt will
in the Gd, spongeO

That
be held

D

2)

3)

4)

5)

S}

7}

8)

9

10)

11)

12)

13)

Figures Used for Safety Factors

1 gr of feed will oonsume 0*5
gr acido

Acid will cost #30,00 per ton

1 gram of feed will prod ce 2
oo of leach solution,

100 gr calcine per liter will
be necessary for purification,
Calcine will cost #40000 per

ton®

KMn04 requirements will be
4 gr/L,

KMhO4 will cost 257/1b,

Clp Will cost 110/1Bo

NaOK will cost 5~/1b,

A 20# ©loess of hypo will be
addfcd.

Feed for this illustration at

306# 0Ooo

A leach extraction of 90# of
the cobaltO

5# of the available cobalt
will be held in the Purify
ication residue.

2# of available cobalt will be
held in the Cd, sponge.



*

Figures Used for Safety Factors

That no more than 20 gr of 2n - - * -
dust per liter will be required Al g Zn dus*eper L.T.r is
to precipitate both the cooper

and cadmium from solution

That solution can be cleaned to 15) Solution will be taken to 0C5
005 gr Go or under« gr Co/Lc

That in plant practice 35%

excess chlorine in the hypochlo- tiom will be usedo
rite will suffice to give'a good

producto

An over-all recovery of 85% of -

the Cobalt can be consistently 1) gxgrzﬁéélzgcovery of 803 of
madn ,» -

That the final product can be 3.8) Cobalt sold at #1000 per Ib:

sold from f1dO per Ib0 to $1r55
per Ib of contained Co!

That 5 tc 10 tons of Cobalt resi- -

. t f k
due {feed) could be put thru prox -9 5 tons feed per day worked,
,ces3 per dayQ

L ?d! ®V? £} anfl?ion concerning the "reasonable assump-

. b +61 n*at this tlIme°® The metallurgical relationshigsS
iys taken from the data of the iInvestrgation The oost?if

°;uadJi® ar® the quotations of a Tacoma electrochemical
~T-ifo«™ m?n+rialmJaid fown iIn Kell°$S< (freight included) _ _in less
0 S0 Taere 1Is a substaatial savvoxin Treigght 1T car«
12 S+aJe ondenedo The cost of KMhO40 caicine,, zinc dust gp(g
are taken from past experience., 4 - " *

mr, £inalA? 57 Product stands an excellent chance of being
£ than t1-00 P®r Ito of contained fepbalt0 The lowest direct

RipestretisrSUigde wis ™ 868750888 15%%0r 483 ESmdRErThuePRNEs AN
K was8?7omr A {42205 050088 1B 8t L8REaTRE 1R T+ CaRBANAing BE eT

J S | ® very consumer contacted wanted all the material that
1 ;" supplied, some as much as 1007000 IbsO per yearg



GOST CALCULATION

Cobalt Balance

Lbs.. Co.
s ton of Cobalt Residue @ 3.5% Co 70.00
m0% remaining in leach residue 7.00
malt extracted by leach (.90%) 63.00
fo of available cobalt in Purification Residue 3.15
[alt in 2 Vol. Tons of Purified Solution 59.85
of available Cobalt in Cadmium Sponge 1.20
[alt in 2 Vol. Tons - Solution to P>ecipitate 58.65
fo left in 2.65 vol.tons of barren Sol’n at 1#/V.T. 2.65
frecovered in final product 56.00
(an over-all recovery of 80%)
Reagent Cost
) Unit Cost Total _Co
3 ton of feed (Co Res.) consumed 1000 Ib. acid $30.00 ton $15700
11 ton feed produoed 2 vol. tons - sol’n requiring';
200 Ibs. Caloine/V.T. .02 Ib. 8.00
8 Ibs. KMnQ4/V.T. .25 Ib,, 4.00
50 Ibs. Zinc Dust/V.T, 06 1Ibo 6.00

3 ton feed yields 58.65 Ibs. Co to be precipitated
by sodium hypochlorite at, 23.275~/Lb.Co. 13.70

Figured as followsi

Lbs. chlorine-theoretical for 1 Ib. Co 0.6013 lbs®
40% excess fTor Zn(OH)g
retardation 0.2445 "
0.8458 "
20% excess of total for
inefficiency 0.1692 "

Total chlorine per Ib, Co 1,0150 x ilpf»1l.i65tf
Lbs. caustic-theoretical for 1 Ib. Co 2.036 Ibs.
20% excess of theoretical
for inefficiency 0.407
Total NaOH per Ib Go 2.443 x 5£ » 13.210#
Total cost of hypo per Ib. of Co»l1l1.1657+12,2107"*23®375"
tal cost of reagents per ton of feed, thru plant - - - - - - — - $46.70

ranue from cobalt sold at $1 per Ib. - - - - - - - - - —-- -- - 56 .00
23N ton of feed, to apply on labor,power,maintenance etc.-~
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Cost calculation using 500% Cobalt in Feed

One ton of Co residue © 5.0% Co

10$ remaining in leachbresidue
Cobalt extracted by leach (90%)

5fo of available cobalt in Purification Res.
Cobalt in 2 vol.tons of Purified Soln.

2$ of available cobalt in Cadmium sponge

Cobalt in 2 vol«tons solution to Precipitate
Cobalt left Iin 2«52 vol tons Barren at lebs #/vt
Cobalt recovered in final product

Reagent cost

One ton of feed consumes 1000 0Ib acid
One ton feed produces 2 vol tons sol’n
requiring; BOO Ibs calcine/vt
8 Ibs KFffIO, /vt
50 Ibs Zinc dust/vt

One ton feed yields 83,79 Ibs of cobalt

to be precipitated by sodium hypo-

chlorite at 23.875 cents per Ib of cobalt
Total cost of reagents per ton of feed thru plant

Revenue from cobalt sold at $1 per Ib.

Margin per ton of feed, to apply on plant charges



SUMMARY

Theie has been developed ahydrometallurgical procedure
xot VD rOtreatment of coba.1l/ residue in order to recover the
cobalt cadmium and zinc therefrom. This procedure 1is entirely
practical, ana with very little additional equipment“could be*
put into effect using the machinery and equipment already
instaXLe&at this plant.

The eoonomie success of the plan, if the entire cost Iis
to be borne by the cobalt, depends upon keeping the grade of
feed reasonably high (6# Co) and getting at least fll-per Ib,
for the cobalt. Neither of these should be hard to dot

The first oost sheet was iInserted” to show the very min-~
IEixm Co in the feed that could be successfully worked.
The 1;050 per ton of feed would barely pay labor and power.
The second cost sheet shows more nearly the return which could
be expected by practical operations. A margin of $27*50 per
ton of feed,on a 5 ton per day basis,allows ample for labor,
power, taxes, depreciation, etc®,and far an attractive profit.
In axl fairness it should be pointed out that a3 the cobalt
in the feed is raised, and the extraction improved, the hypu--
chlorite cost also goes up. The 23.375%/ per Ib. of cobalt is
inescapable. Also, no charge is made for the feed to the plant,
the cost of this item having been charged,previously,to zinc
production. This oost omission is balanced by tie fact that tl0©
cadmium and zinc content of the cobalt residue iIs recovered
without charge.



