CHAPTER IV

The reaction gf cobalt Xpressed by:

Co™ +

where RH is a mole - . . the extraction equilibrium is
expressed by:
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and the stripping equilibrium is expressed by:
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Since the driving force of this process is the concentration gradient of the
cation H', the H™ concentration in a feed solution should be as low as possible in order
to be capable of loading up with the permeable hydronium ions. Therefore, despite

the feed pH about 4, the feed pH about 6 was studied. In the experiment in which the

initial pH of feed solution were b | ne_amount of sodium hydroxide solution
was added in order to adj H. | ﬁrge amount of sodium hydroxide
| —

solution was added; th » ot 7.0, but a large amount of
precipitate occurred. . ~. \\ \

roxide exists in two allotropic

forms: a blue a-Co( The'hydroxide is usually prepared
by precipitation from a ali hydroxide such as sodium

hydroxide. ~ When the al pink B-form is produced. On the

contrary, the blue a-form.is prodiced w * gobalt lt is in excess. Both the

_ \’ ble in mineral and organic

|
acids [Considine, l9‘g,_ In all the expenments the cobaltous ion was in excess;

therefore, thﬂqu mﬁjnﬁ weﬂq'ﬂiss amount of sodium
hyd“"ﬁ ‘W“fﬁﬁ ﬂ‘iﬂJ URIINYIA Y

The equilibrium constants, extraction factors (EF) and recovery factors (RF)

hydroxide is insolublafin w

for the batch experiments were summarized in Table 4-1 below.
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Table 4-1 The results and the analyzed data for the batch experiments

Batch I (Oxalic acid) II (HCD I (HCh
Data pH about 4 pH about 4 pH about 6
[Co*] extracted (ppm) 572.5 363.0 1,464.0
[Co*] recovered (ppm) 138.1 1,143.0
Extraction factor (%) 3.04 12.30
Recovery factor (%) 2! i 13 9.62
o) e 2.9x107 5.6x10°
K () 8ot 365.9 7369.2
Difference in [Co®"] (% ‘- ?v_' 1.91 2.68
Difference in [H'] (%) : a?.- 1.92 -3.13
Note: See AppendixC fi ‘?}:”‘ of Extraction factor, Recovery factor,

and Difterence. _ ,‘-E/:-‘?i Z/

equilib@xm constants at the different

pH values, nauﬂvﬁﬁ?ﬂﬂﬂiﬁaﬂcﬁnﬂrﬁﬁthe third batch at pH 6

approximately; 'H was found that pH was an influencing factoryin the extraction of
cabalt% ﬁm m:j mru m’] Emﬂ’lﬁ EJas the more the

cobaltous ions were extracted; as pH was increased from 4 to 6 approximately, the

From the Qraction .

extraction factor was enhanced four times. This is because as the forward reaction,

i.e. extraction process, occurs; hydronium ions are produced — referring to Equation
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(4.1). If the feed solution initially contains some amount of hydronium ion, namely at
low pH, the capacity of receiving the hydronium ions — a product of the reaction — is
reduced. Thus, the amount of cobaltous ion which are extracted also reduced due to

the equilibrium of reaction.

solutions were employt : u line \ salt. In the second and the
third batches, if the tee 7 : \ d in a double volume with the
same concentration of loﬁ ar « e extraction experiment, then

split this solution into tWo ; '_ o/ ‘, ipping experiment, the identical

S L —

~ solutions were prepéi -----fn------n—---------n--------w separately Nevertheless,

X
One maﬂerror might be caused by the

[ ‘o Qs
unequally lnltlﬁummtgm lwmm 3-3). Therefore, the

recovery factoaj and the percent (differences were also snmll‘ Moreover, the
equnhbmflﬁghn ‘; mlu\m ’] fa ﬂ ﬂ r] aﬂere in the same

order of magnitude. In other words, the types of acid serving as strip solutions had no

W

the extraction factors gre resuited

effects on this system.
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In comparison with the cobalt recovery method invented by Ohtsuka
(1990), more than 80% of cobaltous ion were extracted, from feed solution containing
cobalt and nickel, by employing D2EHPA as an extractant and oxalic acid as a strip

solution. However, in his experiments, the pH of feed solution was maintained within

the range of 4.5-5.0 for the best:result’of separating cobalt from nickel, and the

g T Y | /
experiments were carried out-at the con r&ure of 45 °C.  As a result, his

system shows the better pe

In these batchyéxpé " tsh H and the temperature of feed

solutions were not maini \\ Its as the references for the
experiments on HFSLM. #Neve 5, aintaining pH of feed solution

on cobalt extraction were studied LM experiments.
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l. Effects of Cobaltous-Ion Concentration in Feed Solution

The feed solutions with the different cobalt concentrations (5,000, 8,000,

and 10,000 ppm) at the same pH (about 4) were studied. =~ The other parameter was
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the acidity in feed solutions. These experiments were carried out at the volumetric

flowrate of 500 ml/min with circulating mode operation. The experimental conditions

and the analyzed data were summarized in Table 4-2.

Table 4-2 The experimental conditions and the ahalyzed data for using oxalic

acid as stri 1 @M experiments

Conditions™* / pH abou pH about 6

Data I p® | 10,000 ppm | 10,000 ppm
Initial pH of feed soluti f ZET AN 3.58 6.57
Initial pH of strip solution 4 : : d I 1.41 1.39
[Co*] extracted (ppm iﬁf ig : 1315 2,959
Extraction factor (%) 2 l:‘ 3 12.23 27.63
[Co*] recovered (ppm) | ~281 f TR 03 3.594 14.75
Recovery factor (% 2l gy SOaS. 4.  0.03 0.14
Difference in [Co® ,I ; 12.20 27.49

W
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H about 4, the amount of cobaltous ions Wthh were extracted
mcreaai w ’1 a ﬁ ﬂnﬁ m;gl w f]:; %1! EI f]na ij of” extraction
factor, the extraction factors decreased as the initial cobalt concentration increased.
This is because at this pH, the amounts of cobaltous ion extracted were limited at

about 1,000 ppm according to the chemical equilibrium. Referring to Equation (4.2),
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the equilibrium constant decreased as the initial cobalt concentration increased.
Therefore, the amount of cobaltous ion remained in the raffinate increased as the
increasing initail concentration of cobaltous ion. As a consequence, the extraction

factor decreased as the initial cocentration of cobaltous ion increased.

However, in th mounts of cobalt recovered were

very low. This is bec xalates were accumulated at the

shellside of fibers due to | e agul strip solution.  Therefore, in

comparison with the ba Fusing “vfy C c Iutlon as a strip solution, the

,.—4

extraction factor at | \ - feed solution was increased

. | ;: \
approximately twice du N flowi g, of feed solution for 5 hours.

Whereas the recovery factor

B ing to the accumulation of cobalt
e

oxalates on hollow fibers.

A

Z
)

2. The Types of§ Solution

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂqﬂﬁ

Hydrochlonc acid solutions — as stnpsolutlons - wmlld then be studied

since theqcobalt ch@nde was mlsmEIe in the :!lc SO non In order to compare with

oxalic acid. the experiments using hydrochloric acid as strip solutions with the same
acidicity were carried out.  The initial cobaltous-ion concentrations were 5,000 and

10,000 ppm with pH about 4.  Again, at the same cobaltous-ion concentration of
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10,000 pp;n; the feed solutions with different acidicities, i.e. pH about 4 and 6, were

studied. The experimental conditions and the analyzed data were shown in Table 4-3.

Table 4-3 The experimental conditions and the

analyzed data for using

hydrochloric ”/) tions in HFSLM experiments
W /u

Conditions - pH about 6
Data ; e ) ppm 10,000 ppm
Initial pH of feed solui /5P NN 6.98
Initial pH of strip soluti _ v b4 | ‘i'\,i : 1.40
[Co®"] extracted (ppm 14070 I 66 2537
Extraction factor (%) ‘ 534 AN 21.23
[Co®"] recovered (ppm) i 9 50 697.85 1,367.30
Recovery tactor (°/f 2o 6.2 5 11.44
Difference in [Co® 5 9.74
Difference in [H'] (%) 3 1.88

ﬂUﬂ’JYIW]‘iWH’]f
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These expenments conﬁﬁned the effeets of initial cobalt concentration that

at the same p[—l the extractnon tactor c;e.(!reased aq\e lmtg‘

ion in feed solution increased because of the equilibrium of

concentration of cobaltous

reaction. Furthermore, it

was seen clearly that the recovery factors depended mainly on the extraction factors;

that is, about half of the cobaltous ions which were extracted tfrom the feed solutions



46

were recovered from the liquid membrane by using hydrochloric acid solution. Some
amount of cobaltous ions remained in the liquid membranes owning to the limitation of

chemical equilibrium.

Referring to the results in the /tch experiments, the systems with oxalic

’ﬂsn a little amount of cobalt was
#

recovered in strip soluti seusing oxalic acid.. Furthermore, the accumulation of

crystalline cobalt oxalates ide of ere high because the cobaltous
ry » Side o g

ions that diffused throu i mefibrane *~. he crystalline cobalt oxalates

which were not miscib " acid solutio 0. Consequently, the membrane

clogging had occurred at thg she “whie made the hollow fiber module reddish.

Therefore, the oxalic acid was nof st : sed as a strip solution in this system.

-

3. Effects ol

Thﬁeﬂﬂﬂ\% Eﬂw ﬁwﬁlfo’llﬁﬁwith two different pH

U ; .
values (about 4 and 6) were studied. The results, were shown in/Table 4-2 and 4-3
using oﬂliﬁ:i’(]ag $dgl:;or;clzéi;;]sm;lo:gtiu,ﬂs;lcﬁavelgl Like the batch

experiments; it was found that the extraction factor was increased as the pH of feed

solution increased due to the increasing capacity of loading hydronium ions in feed
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solution. Therefore, the amount of cobaltous ion extracted increased as the amount of

hydronium ion transferred increased resulting in higer extraction factor.

In comparison with the batch experiments using HCI as strip solutions, it

was found that the extraction factor w anced four times at pH about 4, and it was

enhanced twice at pH about raction and stripping process.

Even though eael ¢ ent | was ed out until the steady state was
reached, the extractiondid 0 1/a¢co g BN i that the elifaction fiot
depend on the stead)-l- ate steady state, the amount of
cobalt extracted and recovere Conversely, at the beginning

of each experiment, i.e. hi ' : . S the extraction and stripping factors

were very high. T - “the pHof fee n was still high throughout the

by
. ?’F ild be high. Therefore, in
It

the next experiment, it w predetermmeUmt the pH of feed solution was kept

ol @ummmnmm
RGN TTEAFAE e

Strip solution: Hydrochloric acid solution with pH 1.53

experiment, the extractic

Volumetric flowrate: 500 ml/min
Basic solutions: 0.01M NaOH for the first 135 minutes, and 2M

NaOH for the others
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Figure 4-2 The recovery factors for the experiment on the pH of feed solution
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The feed and the strip solutions were sampled periodically to measure the
pH. Some amount of basic solution was added when the pH of feed solution dropped
below 2.5. Whereas 10 ml of 0.01M HCI was added when the pH of strip solution
exceeded 1.55. From this experiment it was found that both the extraction and the

/t/ the maintained pH of both feed and

tua an processes were not limited by

recovery factors increased as ti

strip solution. Therefore,

the chemical equilibrium. ' orn rocess referring to Equation

(4.1) — the forward e to the disappearance of
hydronium ions during he experiments on HFSLM

using HCI as strip solution 15 found that -‘ xtraction and recovery factors were

lution, were maintained.

pped ,_,»3 largely and quickly that
d
ou%to adjust the pH to 6. The

amount of soleT ‘ﬁjrﬁ ﬁ %nﬁ] iﬁ %ﬁw«g ;] ﬁnﬁh otherwise, the cobal

concentration infeed solution mlght be diluted by the large amount of basic solution

added. m ’1 @ﬁoﬂ ﬁ mu m’] %m& 'lﬁe %lle raffinate then

loaded up with plenty of hydronium ions which made the acidity dropped largely. As

sodium hydroxide prqﬁe was

a result, for a circulation-mode operation, the pH in feed reservoir dropped according

to the drastically decreased pH of the circulated raffinate. If the raffinate was not
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circulated into the feed reservoir, the extraction would increase.  Otherwise, a pH

controller might be employed to adjust the pH in feed reservoir.

Therefore, the further experiments were once-through-mode operation for

both feed and strip solutions. Still, the stri solutions were hydrochloric acid solutions

with pH about 1.

ied out by once-through-mode

operation. The pH adjusted to 6 by adding some

-

07
Experimeiital ¢

il |
W

Volumetric tlowrates: Q ml/min

Fe@fu"g" "] 7] EJ ‘ng wrﬂ '.Lﬂ js ion with pH about 6.5
QT T LTI e

Organic solutions: 20 V/V% D2EHPA in toluene
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Figure 4-3 The effgects Aii-*p; 5f circulation at the volumetric flowrate of

the feed solution after, pH was adjusted to about 6. & extraction and the recovery

factors mcreaﬂ ﬂﬂﬂeﬂ'ﬁ ﬂw mn ?rthermore in the first

pass through the module, the extragtion factors were much greater than the recovery
factors. m’].ea]uﬂi n.j MM ’lfa ng\tllg (&1 ions in the feed

solution; as soon as the feed solution was brought into contact with the liquid

with repeated circulating

membrane, the extraction of cobaltous ions occurred. However, the stripping reaction

did not started simultaneously since the diffusion of metal ion-extractant complexes
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from interface i to intertace ii took a period of time. In other words. if both feed and
strip solutions was pumped simultaneously into the module countercurrently, both
solutions would reach the half way of modulé at the same time. The extraction had

already occurred as the feed solution passed that half way of the module, while the

stripping would occurr as the stri ys d the remained half way. Therefore,

&ction had occurred already while
T—

the stripping reaction jl( ./ But the ne .ulanons the stripping reaction

occurred immediately i nid membrane already loaded up with the cobalt

complex th adjusting the pH of feed
solution to about 6 for ea ifce tion. 3 , k! 4 cobalt was extracted and cobalt
recovery could be high as 23% within the ireulation.

Along with effects of number of cireulation, eifects of volumetric flowrates

of both feed and strip Eution W

Ayan Fﬂwuf NYINT
amaﬁnimum'sﬂmaa

' The experimental conditions were the same as those of studying effects of
number of circulation, but the tlowrates were varied from 100 ml/min, 100 ml/min with

the circulated strip solution, and 500 ml/min The results were shown in Figure 4-4.
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The recovery factors as a function of volumetric flowrate
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It was found that in the first circulation, the extraction factors were not

different significantly. But in the second circulation, as the flowrate increased from
100 to 500 ml/min, the extraction factor was enhanced approximately three times.

That is as the volumetric flowrate increased, the amounts of cobaltous ion which were

extracted and recovered increas

\\ ‘ yjause the extraction reaction occurred

roppmg of pH in feed solution.

Then the reaction hardy 0 / \ passed through the remained

part of the module sig ng the flowing path of the

mostly at the beginning 0

module. Thereforef it @ag , " , finate remain in the module.
Moreover, it was found th ion had no effects on extracting
and stripping cobalt since | 1 50 much hydronium ions that the

transfer of them did not affeet the acidity o olution.

6. The Effects of Extra

@,ummmwmm
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Feed solutions: 500 ppm with pH about 6.5
Strip solutions: Hydrochloric acid solution with pH about 1
Volumetric flowrate: 1,000 ml/min

Operating mode: Once-through mode
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Figure 4-7 The recovery factors as a function of extractant concentration
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It was found that the higher the concentration of the extractant, the larger

the amount of cobalt extracted and recovered. Referring to Equation (4.1) and (4.2),
since the concentration of extractant was increased, the forward reaction was enhanced

resulting in increasing the equilibrium constant of extraction reaction. Also, the

”/r ferring to Equation (4.3) — was also

equilibrium constant of strippin

enhanced. As a result, the reactl interfaces were increased. Hence,
d

the amounts of’ cobalto( and rec ' ere enhanced as the increasing

However, t 'iﬁ; sentration of D2EHPA has limitation.  Since
D2EHPA is a branched, ‘,. fes sferri Lo quation (3.1), when a metal ion

forms the complex with two mofe

L

CHPA, the molecule is very large. As a

consequence, the molecular diffusion is abstructed by thelm lecules of D2EHPA.

Vemer <

y . 0

7. Eftects of Types,of Solvent

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂi
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Organic solutions: 20, and 25 V% D2EHPA in n-dodecane
Cobaltous ion concentration: 500 ppm, approximately
Initial pH of feed solution: 6.5, approximately

Initial pH of strip solution: I, approximately



Volumetric flowrate: 1,000 ml/min

Operating mode: Once-through mode

The extraction factors and the recovery factors were shown in Figure 4-8

and Figure 4-9, respectively. ted that toluene is abbreviated to T and n-

dodecane is abbrievated to
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Figure 4-8 The extraction factors as a function of the types of solvent
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oncentration, n-dodecane —

ecause at 25 °C n-dodecane

was insoluble in water wJpereae toluene was soluble in water as 0.0492 wt% [Stephen

i sipen 1301 0 a mm AVEADT s i
TORWTRIAT O TR e

Hence, the losses of solvent and extractant due to the shear stress and the solubility in
the mobile phases when n-dodecane was used as solvent were less than those when

toluene was used, resulting in longer lifetime of liquid membrane.
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