CHAPTER V

RESULTS AND DISCUSSION
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The objective t ctig n

Effect of Carrier Concent

d a suitable concentration of
carrier that for co tion ~ y ‘emuilsion liquid membrane. Di(2-
ethylhexyl) phosp ' 4 d as a carrier. The suitable
concentration of \. nducting experiments with
variation of carrier o 20% by volume D2EHPA.
The results of this st -1 and 5-2, indicating that
the remaining solution (external phase)

depends on concen

Figure 5-1 shows : ( ier concentration on the copper

transport.  As ‘the ler concentrs ceeded 10%(v/v), additional

-
significant incre: ‘mot yield significant increase

in the final ext@mal o1 Ly on.m It, however, resulted in
significant enhanceinent in initial ﬂux rates. This demonstrated that

s S0 DM B Y o o st

condition of}jthe system, but it affected how {fast the equilibrium was
reac .SI 1m ent among the
comEﬂ ﬁﬁﬂm ﬁﬁaﬁ‘]a Elst be chosen
conservatively. Therefore, the 10%(v/v) carrier concentration seemed to be

optimal for this system.

Figure 5-2 shows the effect of carrier concentration on copper
transport under the same condition, to confirm the result of previous study
shown in Figure 5-1, except surfactant concentration. The surfactant
concentration was changed from 5% to 7% by volume Span 80. The results

in Figure 5-2 were relatively the same trend as those in. Figure 5-1.
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Therefore, the optimum concentration of carrier maintained 10% by volume

D2EHPA.

Figure 5-3 shows the concentration of copper in the internal phase

various carrier concentrations. It was

highest concentration of copper in

&imately twenty folds of the
,—#

Arious carrier concentrations.

D2EHPA was used but the

during the extraction of copper
d
found that 15% of D2EHFP.

the internal phase

concentration of cop

Figure 5-4
The maximum initaél
initial rate at 10%
15% of D2EHPA. ‘LB

tly lower than that of the

‘»N' and 19.258 ppm./min.,

respectively.
Figure 5-5 shows' thgielféct of partier concentration on swelling in
the emulsion liquid me pbrane, - /8 e end of the extraction time, the

-'H" 20% to 40%. These

1{-? A, is a cation exchanger
the aqueéous phase. It -@s both a hydrophobic and
hydrophilic group. ’lhﬁ, is, the strueture of D2EHPA seems to be similar to
a surfacta.rﬂ Hng %%lﬁ M1§ qu ﬂ'lﬁhas the possibility of
transporting "water. Therefor‘e, the incr'gise of the c&n'ier concentration

= QRARIN TR RN TTNEIR

ﬂase increase so
the volume of internal phase was increased. But the effect of the carrier

swelling percen: _-
results can be .ﬁ“' :

which is insolubl

concentration on swelling was not significant because there were small
differences of the percentages of swelling at various D2EHPA

concentrations.
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Effect of Surfactant Concentration

The objective of this section is to find a satisfactory concentration of

surfactant for copper separation by emulsion liquid membrane. These

oom temperature and atmospheric
pressure. Span 80 w

concentration of surf: evaﬁ

surfactant. The satisfactory
é conducting experiments with

tration freim_0% to 15% by volume Span 80.

experiments were conducte )

variation of surfactan

The results of this sHowh in Figute.5-6 and 5-7, indicating the
/00—

effect of surfactant mgcopper in the feed solution.

oncentration on the copper
transport. As the s agt concent i asiincreased from 0% to 5% by
: ‘ ort rate increased. Inversely, the
\ surfactant concentration was
further increased from 5% at: %o olume Span 80. This phenomenon

can be explained-thatgthé increasé of* ant confered higher viscosity of

= 5 - - .
oil phase which P BTt IASStra » s For this reason, when

the Span 80wasi'e ; y@

rate decreased. On ihe other hand, when the Span 80 concentration was
very low, th though the amount
of copper anspmmmmmiuaﬂy increased, the

o increased. The
resu‘a ﬁjﬁaﬁﬁmﬂmﬁmﬁﬁa crease. In this

partlcular system, a Span 80 concentration of 5% by volume seemed

lume, the copper transport

optimal.

Figure 5-7 shows the effect of surfactant concentration on copper
transport to confirm the result of previous study shown in Figure 5-6 under
the same condition, except carrier concentration. The carrier concentration
was changed from 10% to 7% by volume D2EHPA. The results were
relatively the same trend as those in Figure 5-6. Therefore, the optimum

concentration of surfactant maintained 5% by volume Span 80.
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Figure 5-8 shows the concentration of copper in the internal phase
during the extraction of copper at various surfactant concentrations. It was
found that at the 5% of Span 80, the extracted copper concentration can be

maximized up to twenty folds of the concentration of copper in the external

Figure 5-9 shows 1 Qous surfactant concentrations.
The highest initial rat ;258 ppme/min. when 5% by volume of Span
80 was used. : | ,

phase.

Figure 5-1 actant concentration on

swelling in the e it the end of the extraction
time, the emulsion This phenomenon was
illustrated in Chapt suggested that swelling is
mediated by hydrated glirfa€ — s ctant solubilizes water of the
external phase into the oil (membranefphase. The hydrated surfactant then
diffuses to the intgrnaliphasé. Fins atergs released in the internal

phase. And the ] :ﬂ that water is transported

by reversed micell ! Stla’ by surfactant aggregates

(reversed micelles) 1r|1r the oil phase. The reversed micelles transport water
=1

iﬂ;ﬂﬁuﬁﬁﬂﬂ‘ﬁ A LA
RN IUANINEIAY



1
0.9
0.8
0.7
& £
Lo 06
O,
E‘ 0.5
1<)
0.4
0.3 ; ' ‘ %\5
0.2
0.1 . ’
‘ _\9'\
; £ -~-~;a— SEE
- 50 60
—8— 0% —pss = 5 . 7% —a— 10% —m— 15%

Figure 5-6 Effe b ) ’ traction of 100 ppm.
coppe ons DY er Tuid merane at 10% D2EHPA.

Experimenta
External phas g’J %H w § w an §HCI acid solution)
Membrane pha orgamc solvent (Kerosene)

endsfon surfactant ddfcentration

QW'\&Nﬂ?@I&%ﬁTAWEﬂﬁH

surfactant (Span 8 various concentration
Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase 1N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution 50:450

Agitation speed 350 rpm.

57



0.9
0.8 118

0.7

0.6

0.5

[Cli/[Clo

0.4

0.3

0.2

i1}

0.1

7% —&— 10% —8— 15%

V : Y :
Figure 5-7 Effec : n*eXtraction of 100 ppm.

coppe ns o) 1| quid -w rane at 7% D2EHPA

Experimental
External phas lﬁ‘g ’JI%H m § w &'(qﬂ §HCI acid solution)
Membrane pha orgamc solvent (Kerosene)

q wr] a q ﬂ §m%ﬁ ’ﬁiﬁyﬁuﬁcﬁlt g’ltratlon

surfactant (Span 80) various concentration

Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase 1N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution 50:450

Agitation speed 350 rpm.



2000
e — A
= =
__ 1800 |
T8
E, 1600 -
]
g 1400 -
(]
owd
*® 1200
-
T
o 1000
0
g 800
(&) = =
= 600 o _d
=}
8 400
&=
|
200
0 f
50 60
—8—0% Span 80 —o— 1% Sparr 8¢ 3% Span 80 —A— 5% Span 80
7% Span 80 0% Span ¢
\Z
Figure 5-8 Co (g)tratlo of coppe the -“ al phase during

extractbpn of copper at vanous surfactant concentration.

—— UYINYNITNYINT

External phase 100 p m. Cu. at pH 3.00 (adjust by HCI acid solution)
Memb olv;
TRIANT DElL ik TR

carrier (D2EHPA) 10%
surfactant (Span 80) various concentration

Membrane preparation Homogenized at speed =8000 rpm. 10 min.

Internal phase 1N HCI acid solution

Membrane phase : Internal phase 50:50

Emulsion phase : Feed solution 50:450

Agitation speed 350 rpm.

59



25
] | ¢ 19.258
ovd
g
=
g 15+
=]
&
(]
®
8 10 ® 9.7066
I
.5
'a 6.19
- 51

O f

0% 15% 20%
Figure 5-9 Ini’ ot vy copper ions by
emul; L' 1quid le'at va # s surfactant

concen}ratlon (at first 5 minute in erval)

wemﬂumwmwmm

External phase 100 ppm. Cu. at pH 3.00 (adjust by HCl acid solution)

IR SRR

carrier ( DQEHPA)

surfactant (Span 80) various concentration
Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase 1N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed soluticn 50:450

Agitation speed 350 rpm.

60



100.00
90.00
80.00 -
70.00 -
60.00 -
50.00 A
40.00 -

30.00 | & \\ el
.1- 1 W, A

20.00 -

% Swelling

i

10.00 -

0.00 dmmadsod £ 28 : :
50 60

—8— 1%Span80 0 —8— 7%Span80 —— 10%Span80

Figure 5-10 Ef ;r hl:"'l’ swelling on

extr 0 by ulsion
liquid'membrane. 15
""‘”"““‘“ﬁ‘ﬂ‘ﬁ“ﬂ BENINLNDS
External phas El m'l Il justiby HCI acid solution)
Membrane pha orgar'c solvent (Ker: sene)
entration
ARIANN TUURTINGTHE:
surfactant (Span 80) various concentration
Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase 1N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution 50:450

Agitation speed 350 rpm.

61



62

Effect of Initial Feed Solution Acidity

The objective of this section is to find an appropriate initial feed
solution acidity for copper separation by emulsion liquid membrane. Initial

feed solution acidities were adjusted by hydrochloric acid. The appropriate

initial feed solution acidi n\ by conducting experiments with
variation of pH from Z . e.shown in Figure 5-11 to 5-14.
They indicate that eilicie ' ppe eparation by emulsion liquid

membrane process dg initial fe solution acidity.

of' initiz ed solution acidity on the
LA

..% pH was decreased from 6 to 3,

§

0
4
L
‘r‘

the copper transpo \ , the copper transport rate

decreased, when pH 40 i3 fo t can be illustrated that the

decrease of the initial fegd setidt i pifenhanced the solubility of copper salt
in the distilled water. st - alt dissolved in the distilled water,

the less ions it ienize e the. transport system, carrier

was used to o'#{—<--—--ﬁ —————————— an Sy'Tihe membrane. By this

method, the solutefinus olute is transported across

the membrane by re%cgng with carri:; and forming a complex as described
in chapter fgIL. i mm not react with the
carrier. Fom(js{‘ ﬂ:?mm 1 ity o o?:er salt increased, the
amount ofiionized co i r‘s | ] ﬁfzf;rrrate. On the
otheﬁﬁﬁia ﬁﬁmﬂ%ﬁﬁjﬂﬁe from 3 to 2, the
copperqtransport rate decreased due to the excess of hydrogen ion in the
external solution at the pH 2 condition. This resulted in the small difference
of hydrogen ion concentration between the internal phase and the external
phase. The driving forces of the facilitated transport system of emulsion
liquid membrane process is the difference of the amount of hydrogen ions
between two phases. Consequently, though the solubility increased, the

driving force decreased, thus, the mass transfer rate. In this particular

system, initial feed solution acidity at pH 3 seemed optimal.
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Figure 5-12 to 5-14 show the effect of initial feed solution acidity on
copper transport to confirm the results of previous study in Figure 5-13,
under the same condition, except carrier concentration and surfactant
concentration. These experiments were divided into three conditions. In the

first condition, carrier concentrat was changed from 10% to 7% by

volume D2EHPA and surf: “;} ofncel i’on was kept constant at 5% by
volume Span 80. : ' 1 " surfactant concentration was

pan & d carrier concentration was

] % d in the last condition, both of

Yo, by volume D2EHPA and

changed from 5% ta
kept constant at 109%
carrier concentratig ion were changed, carrier
concentration was .
surfactant concentra ‘ ‘- ‘.\. to 7% by volume Span 80.

The results shown \ y ) e relatively the same trend as

those in Figure 5-11 Thefe Jie Optimum initial feed solution acidity was
at pH 3.
Figure 5-15)s . concent gpper in the internal phase

during extractio y: 1;'"-‘ bf external phase. It was

found that at a @ of 30 =gme fracted c@per concentration can be

maximized up to twenty, folds of the goncentration of copper in the external

ﬂumwﬂmwmm
| mmm A AR e

at tlme interval that copper in external phase suddenly decreases. It was

found that, the highest initial rate of 15.988 ppm./min. occures when pH

was 3.0.

It can be concluded that at the initial pH in external phase, 3.0 was

the most appropriate for extraction of copper in this process.

The effect of initial pH of feed solution on swelling is shown in Figure

5-17. The swelling started about 4 to 5 minutes after the extraction. As pH
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was increased from 2 to 6, the swelling decreased. At the pH 2.0, the
swelling was highest 70% in 60 minutes. Obviously, as the swelling was

increased, the pH of feed solution was decreased.

d
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Effect of the Initial Acid Concentration in the Internal Phase

The objective of this section is to find a optimum initial acid
concentration in the internal phase for copper separation by emulsion liquid

membrane. Hydrochloric acid solution was used as the internal phase. The

optimum initial acid _cence: as evaluated by conducting
experiments with vari entrations from 0.01 N to 3.0

indicated that the rema@inufg’ copp \Q‘ the feed solution (external phase)

tration

As mentiong ¢ " iffe: e im hydrogen concentration

between the extern the driving force in this

emulsion liquid mempra : o e copper transported at various

hydrochloric acid concet NS 1T intetnal phase is shown in Figure 5-
FTdeiis -

18. As hydrochloric acid comcentiatioi*Wwas increased, the copper transport

rate increased. In thedfirst period (at™ inutes) there were, however,

almost no ;",1'1;;,,.;,__"“\-____:;,.;.._ esUits -“"“':; and 2.0 N hydrochloric

acid concentration; ongentration was increased to

3.0 N, the agitation rarely occured because the membrane was subjected to
high swelli 1t ‘n i - d high mass transfer
resistmce.ﬂumoﬂﬂﬂimns ncreased, the osmotic
pressure, differenc e internafphase and %he external phase
incre%ﬂrﬁiﬁﬁﬁﬁfﬂm l}Lg fgcngll;lﬂ%,lsport across the

membrane. The water transported to the internal phase via a hydrated

surfactant.

Figure 5-19 to 5-21 show the effect of initial acid concentration in
the internal phase on copper transport to confirm the result of previous
study in Figure 5-18, under the same condition, except carrier
concentration and surfactant concentration. These experiments also were
divided into three conditions. In the first condition, carrier concentration

was changed from 10% to 7% by volume D2EHPA and surfactant
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concentration was kept constant at 5% by volume Span 80. In the second
condition, surfactant concentration was changed from 5% to 7% by volume
Span 80 and carrier concentration was kept constant at 10% by volume

D2EHPA. And in the last condition, both of carrier concentration and

Figure 5-18 to 5-2 d as those in Figure 5-20.

Therefore, the opti n in the internal phase was

Figure 5-2 L coincd tration opper in the internal phase

during the extrac coppler“at var internal hydrochloric acid

copper in the intern YESE. OVECE  hydrochloric acid which was

concentrations. ‘ st 3 difference of the concentration of

approximately twenty fold ncen ion of copper in the external phase.

Figure 5- h&- He int ""*c us internal hydrochloric

s

acid concentratior te of 19.258 ppm./min.

occured when 1.0 N 9ydrochlor1c a01d was used.

Flgurﬂs‘Uﬂ’JwYI&lm i Bhel Bledar nyarochioric acia

concentratlon on swelling in the emulsiopyliquid membgane. At the end of
o BT U TR B v
acid W s 20% and 30%, respectively, it was not significantly different but
the swelling at 2.0 N was 80% which is significantly different while
compared with the lower concentrations. This effect occured because the
internal pH was decreased while the internal hydrochloric acid
concentration increased. The decrease of pH in the internal phase
enhanced the system driving force. While the copper ions was transferred
from the external phase to the internal phase the molecules of water can

also be transferred.
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Emulsion phase : Feed solution 50:450

Agitation speed 350 rpm.
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Experimental conditions:§

External phase ﬂ u EJ ’Iﬁﬂ ﬂn ]ﬂﬂﬂjﬂ TCI acid solution)
Membrane phas rga 86%

carrier (D2EHPA) 7%
Membra%oma q ﬂ jmu;ﬁglq nma Ej
Internal phase HCI acid solution various acid concentration
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution 50:450

Agitation speed 350 rpm.
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Experimental conditions:¢’
External phase ﬂ u EJ fJ ﬁﬂ mﬂﬁ:ﬂ (éTﬂ ﬁHCI acid solution)
Membrane phas ﬂ 83%

carrier (D2EHPA)
Membragpﬁa’] a ﬂ ﬂ ﬁm\uﬁﬁq m)ﬂn’]la\ H
Internal phase HCI acid solution various acid concentration
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution 50:450

Agitation speed 350 rpm.
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Experimental conditions:¢

External phase ﬂ u Ej ’J ﬂ‘p&ﬂ ﬂiﬂﬁ‘ HCl acid solution)
Membrane phas j TOS ﬂ 5 85%

carrier {D2EHPA)
Membraﬁjgafr] a ﬁ ﬂ i‘mmcigmﬁr] a"‘t'
Internal phase HCI acid solution various concentration
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution 50:450

Agitation speed 350 rpm.
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External phase ﬁ u El q ﬁ ?l ﬁe A-Iuﬂbﬁ-lCI acid solution)
Membrane phas ol 85%
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Internal phase HCI1 acid solution various concentration
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution 50:450

Agitation speed 350 rpm.
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Effect of Emulsion Phase to External Phase Ratio

The objective of this section is to find an appropriate ratio of emulsion
phase to external phase (feed solution) for copper separation by emulsion
liquid membrane. The appropriate ratio of emulsion phase to external

phase (feed solution) was evaly ‘-4 d by conducting experiments with

variation of ratios, from 1: results are shown in Figure 5-25

to 5-28. They indicated_t ion phase to external phase
(feed solution) affected the _elli e arat10n by emulsion liquid

membrane process.

The effect of hase ratio on the copper

transport rate is s the emulsion phase to
), 1:9, there were almost no
differences in the cop ansp tirate. | But at the higher ratios, the
swelling phenomenon oc e ethan at the lower ones. At the
ratio of 1:1, the swelling phe n occurred almost 100%. When the
ratio decreased, the swellifig . J Vhe 't was further decreased
from 1:9 to 1:19, Vf VPPCL UatisSpULL 1atc o \‘
range swelling occurred ut #he breakage phenomenon
nd And the systems with

Antly decreased. In this

highly occurred ins

ot 111 121 (L L S
YRR P BEANAIIG B o e

phase rdtio on copper transport to confirm the result of previous study in

igher emulsion phase to

Figure 5-25 under the same condition, except carrier concentration and
surfactant concentration. These experiments also were divided into three
conditions. In the first condition, carrier concentration was changed from
10% to 7% by volume D2EHPA and surfactant concentration was kept
constant at 5% by volume Span 80. In the second condition, surfactant
concentration was changed from 5% to 7% by volume Span 80 and carrier

concentration was kept constant at 10% by volume D2EHPA. And in the
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last condition, both of carrier concentration and surfactant concentration
were changed, carrier concentration was changed from 10% to 7% by
volume D2EHPA and surfactant concentration was changed from 5% to 7%
by volume Span 80. The results of this study in Figure 5-26 to 5-28 were

rather the same trend as those in Figure 5-25. Therefore, the optimum ratio

&& copper in the internal phase

during extraction of co yaribus emulsion phase to external phase

of emulsion phase to external ph

Figure 5-29 shows tk
ratio. It was found tha -:- o external phase ratio was
1:9, the concentration o#

\\ ase can be maximized up
D4 e.

to twenty folds of its Cong

Figure 5-30 sho ratios of emulsion phase

to external phase. This ig cd by using the extraction

\\

:3 offered the highest initial rate

of copper at the first external phase suddenly

decreases. It was found

of 19.819 ppm./min. ded from the results that the

emulsion phase .-'v-c)'F-lH.lnl_’llﬁh‘__“l.l'_":h“-;:ﬂ“. t]:le mOSt Satisfactory

i 1"
condition for extractia sss.. In addition, the initial

rate was up to 19.258 ppm /min at this ratio

e G A BT WA 0 e

(feed solution) t10 on swelling en the emulsmn liquid membrane At the
end of Qzﬁt%ﬁnq ﬂwul% 6-1 %ﬁﬂﬁ?ﬂﬁ to over 95%.
When th€ emulsion phase to external phase ratio decreased, the total
amount of copper transported across the membrane decreased and so did

the amount of water transported. Therefore, the swelling decreased.
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Experimental conditions: ‘

External phase ﬂ u EJ I'JUﬂEI ﬂnﬁiﬂﬂﬂ]ﬂ TCI acid solution)
Membrane phas 5%

carrier ‘DQEHPA)

e b I T TUURIANLNE. EJ

Internal ph se 1N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution various ratio condition

Agitation speed 350 rpm.
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External phase . . ab .00, (adj Cl acid solution)
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Y carrier (})2EHPA) 7%
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Internal pﬂase 1N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution various ratio condition

Agitation speed 350 rpm.
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Experimental conditions: & &

o
External phase ﬂ u EJ ’Jl ﬁﬂnﬁ(ﬁﬂﬂﬂ ﬁHCI acid solution)
Membrane phas q o o . 86%

carrier (D2EHPA) . .}%

WAANT TR M2 e
Membrar%:ﬂ:a]jﬁ tispeedi=8 s i
Internal phase 1 N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution various ratio condition

Agitation speed 350 rpm.
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Experimental conditions:§’ = 'y

External phase ﬂ u El ’Iﬁﬂﬁl ;ﬂﬂ(ﬁﬂlﬁ-{CI acid solution)
Membrane phas “ rga o fol 83%
i 2EHPA
carrier (P ) .

. AA0H N TRANAANUNAD

Internal phase 1N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution various ratio condition

Agitation speed 350 rpm.
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Membrane phase 85%
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Internal phase 1N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution various ratio condition

Agitation speed 350 rpm.
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Emulsion phase : Feed solution various ratio condition
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Experimental conditions: "

External phase ﬂ u El flmﬂn ﬂ\ﬂlﬁ[CI acid solution)
Membrane phas 85%

carrier (EQEHPA)
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Internal phase 1N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution various ratio condition

Agitation speed 350 rpm.
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Effect of Agitation Speed

The objective of this section is to find a proper agitation speed for
copper separation by emulsion liquid membrane. The proper agitation
speed was evaluated by conducting experiments with variation of agitation

speeds from 200 to 700 rpm. The results of this study are shown in Figure

5-32 to 5-35. They indicate ‘ ‘ ning copper in the feed solution

in Figure 5-32. Whe s Inereased from 200 to 500

rpm., the copper tra

\\:\ yut there were almost no

differences in the copj gitatien over 500 rpm. As the

AN

phase film and the surfa M the eémiilsi n g obules increased. On the

efﬁments of the external

other hand, the breakage memb: also seemed to increase due to
the increase in shear. The in€fease SE eakage seems to offset the mass
transfer coefficient and the 15 34 -7 his particular system since the
external copper *"Dm-vmmm=5i e diffusivity of the

> &llect of increasing mass

o be small.

. v.J
carrier/copper comp

transfer coefficient in™tl e external phase appeared

e ﬂau&%ﬂ,q,g PIWL UG specd on conper

transport to co 1rm the result %f previous study in Flgu e 5-32, the same
condltldal wq &ﬁ ﬂeﬁﬂ wq éﬁnﬁxﬂ% %li surfactant
concentrdtion. These experiments also were divided into three conditions.
In the first condition, carrier concentration was changed from 10% to 7% by
volume D2EHPA and surfactant concentration was kept constant at 5% by
volume Span 80. In the second condition, surfactant concentration was
changed from 5% to 7% by volume Span 80 and carrier concentration was
kept constant at 10% by volume D2EHPA. And in the last condition, both of
carrier concentration and surfactant concentration were changed, carrier

concentration was changed from 10% to 7% by volume D2EHPA and
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surfactant concentration was changed from 5% to 7% by volume Span 80.
 The results of this study were relatively the same trend as those in Figure 5-
#92. The agitation speed which gave the highest of percentages of extraction
was 700 rpm. But the optimum agitation speed was in the range of 350 to
400 rpm because of more power of agitation requirement and the breakage

of membrane.

copper in the internal phase

at vaﬁtaﬁon speeds. When the

during the extraction gL CODPE!
‘mentratlon in the internal

agitation speed was ;
LS

phase increased. A #40C 0 \\ ed copper concentration in

NN

\ olds of concentration of

Figure 5-36 shows

the internal phase

copper in the externa

Figure 5-37 s

..\u agitation speeds. It was
found that, when the

eased, the initial rate also

increased. But there wer€ smalkdiffere of the initial rate over 500 rpm.

when compared with under _,ur w was significantly differences.

Figure -f' ~the effect of ; ed on swelling in the

emulsion liquid memﬂan.
the emulsion was bet\a;een 25% to 35% in 60 minutes. As the agitation

speed 1ncreaﬂ ﬁﬁ\ﬁhﬁ g f‘ﬁ)ﬁﬂ reased. Itoh et.al
membrane.

(1989) explaingd the breakage of the ey found that the
AT A R
the inc a gx E there was no

breakage of membrane phase and the swelling effect was considered

tion time, the swelling of

significant. While at high agitation speed, membrane can be broken by the
increase of shear then the swelling effect was considered small because the

water would be back transported into the external phase.
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Membrane reparanon Homogenized at speed =8000 rpm. 10 min.
Internal phase 1 N HCI acid solution

Membrane phase : Internal phase 50:50

Emulsion phase : Feed solution 50:450

Agitation speed various speed condition
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Internal phlse 1 N HCI acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution 50:450

Agitation speed various speed condition
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carrier PQEHPA)
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Internal phase 1 N HCIl acid solution
Membrane phase : Internal phase 50:50
Emulsion phase : Feed solution 50:450

Agitation speed various speed condition
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Internal pﬂase 1N HCI acid solution
Membrane phase : Internal phase 50:50
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Agitation speed various speed condition
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Continuous Operation

Figure 5-39 shows the results of the 240-minute continuous
operation in one stage mixer-settler. Run A was the volumetric flow rate of
feed solution at 1.8 liter/hour, which was 9 times of the volumetric flow rate

of emulsion phase. Therefore, lumetric flow rate of emulsion phase

was 0.2 liter/hour. At the ction time, the average of the
removal of copper from ‘ | 6.28%. And the remaining
copper concentration in € as higher than that of the
\~ - Run B was the
\ ' ‘hour, which was decreased
N

\ \ fion in the raffinate phase

batch operation beca
volumetric flow rate o

from previous conditig ' \ c flow rate of emulsion

phase as Run A. T emai S0 ol
eventually became les 2 " of iR A ‘asi the effect of the residence
hour and Run D which 0.2

of Run B. That is, under

time increased. For
liter/hour were likely thg'same 1

constant volumetric flow r‘P en phase, the remaining copper

o 1

concentration in /8§ ré yhase dec inf"corresponding with the
decrease of volu ';‘: :' Therefore, extraction
increase. This phen@eno frated th%when the volumetric flow
rate of feed solution df eased, the c actlng time between feed solution

and emulslorﬂn%ﬂr{} ‘ﬁ B W‘ﬁ wm ﬂ‘jextractlon occurred

better at lower ¥blumetric flow ra:’ce The table 5-1 summanzes the results of

add1hoﬁlﬁ1 mmmw%ﬁ?mjrtﬁgentm reactor.
In all Ruas etric flow rate of emulsion phase was Kept constant at

0.2 1/hr.
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Table 5-1 The remaining COppein the raf phase and % extration

at various voluir // \\\\\\\\\

Test | Volumetric flow

%9 \\\k\ emaining copper % Extraction
of feed solution \ (ppm.)

Run A 1.8 4 j’[ ﬁ* é’\\\\\‘ 23.72 76.28

Run B 10 A S F0k W\ 1048 89.52

Run C o5 A4 -::.!& M\ 7.20 92.80

Run D 0.2 2.64 97.36

ﬂUEJ’WIEJVIﬁWEJ’]ﬂ‘i
ammmmwnwmaﬂ
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Comparison of Copper Loading Capacity between Solvent Extraction

Process and Emulsion Liquid Membrane Process.

For a direct comparison of the copper loading capacities of the two
processes, three sets of experiments were run to compare the solvent

extraction loading capacity of copper in kerosene containing 10% active

D2EHPA with the loading capagity mulsion containing 10% D2EHPA

in the membrane phase. The emuls ere made using two different

In the tests, a_gi 61 f organic phase consisting of D2EHPA
in kerosene or emulsigf sfrépeatédly contacted, with an equal volume of

fresh solution containi p P = CC ‘ pH 3.0. In each step, the

. : N
raffinate was drained ¢ gh sol was, added. The experimental
results are given in Fi : 0 )\ ,' o the frend in the stepwise decay of

extraction for three cases. ﬂ;y;{ £y

In the case of solven on (Case I), the extraction efficiency

decreased drastically after feps. The percent copper extracted

six steps the loadingjw e rmer extraction took place.
The total loading capagigof copper per cubic centimeter of active D2EHPA

wetoma s FARIHALENTNY 1N T

case of an emuldion contaiming low acidainternal aqueous
phase ‘ﬂ Mamm bt k| Bt [ @laink capacity for
copper Was 0.15 g/cm3 of D2EHPA. This was twice the loading achieved
with D2EHPA in kerosene.

In the last case (Case III), whereas emulsion containing high acid in
the internal aqueous phase (1.0 N hydrochloric acid) was used, the copper
extraction was much better. Figure 5-40 give the results of 17 repeated
cumulative loading tests using a high acid internal aqueous phase. The

percentage copper extracted in each of the first 10 steps was more than
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percentage copper extracted in each of the first 10 steps was more than
00%. The extraction efficiency of copper from solution decreased gradually
as the hydrochloric acid in the internal aqueous phase decreased and the
copper increased. In 17 steps, the total copper extracted per cubic
centimeter of D2EHPA was about 0.37 g, a value of about five times higher
than that of D2EHPA in keroseney | It is expected that extraction can be

continued for many more step , be ¢ teps. Thus, the total loading

he above results indicated

that the loading capacity.eia tuls \-\.\‘:\:-.:u uch higher than that of
kerosene solvent in terg POEHPA uti zation.per unit volume of reagent.

1
T
iF |

AULINENINYINT
RINNIUUNININY
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Extraction Equilibrium of Copper

For the liquid equilibrium extraction of copper in the presence of
D2EHPA, it was found that Cu?+* ions formed a complex with D2EHPA in the

oil phase which existed in the dimeric form as follow:

Cu?+ + m(H—R)z < - (5-1)

(5-2)

where (IE?-)Q is the digd€r embrane phase and m is the

o 1] %= . .
stoichiometric coefficienf afdfCuR(FHR)sm: is the Cu?*/carrier complex in the

md“ _
membrane phase. - .

The distribution coéffigiens

gieT e ion form is expressed by:

TR
TS T ) o

D ' ) | (5-3)

From equatimES-Q),

S NTENLINT

¢ [Cu?*]eq
ARSI INANIN N Y
D* =  Kef(HR)oJ"eq (5-5)
[H*Jmeq
logD* = log Kex[(HR)2Jmeq - log [H*|meq
logD* = log Kex[(HR)2Jmeq - m log [H*|eq (5-6)

logD* + log [H*Jmeq = log Kex + m lOg[(ﬁ)]eq
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log( D'[H|meq) = 10g Kex + m log[(HR)zJeq (5-7)

Based on the assumption that Copper reacted with D2EHPA, the

following mass balance equation can be obtained :

[(HR)z]eq = (HR)2m-1)eq (5-8)

[CuR (HR)2m 1 (5-9)

From the above"€quads mx, D’ and [(HR)z)e; can be

\¥\

calculated. Figure 5 ship between distribution

coefficient of Cu?’,(D \ at graphs of initial pH
varied from 2.0 to 60" wete/ __lines “the slope of -1.9873 and -
1.9278 which consideg€d

(5-6), the slope of the eq

an\be seen from the equation
orresponding to this curve.
Therefore, m in equation as found that , when [H' Jeq

diGédis,
was decreased, the [D’ Jeqg wasdnere

The graphs . flog (D']
43 and 5-44. Acco

Jleq) are shown in figure 5-
A graph of log (D'[H' Jm)eq
versus log [(H—Ie)Qjeq I m. In this case, the valuelof slope or m is 2, It was
found that one moles 8f#€u?+ reacted with two mole of dimer of D2EHPA to

form compleﬂnwxgnme%} %]1§ W‘%}e’f}lﬂ ﬁe total equation of

copper extracti¥n with D2EHPA gshould be _
ANAINIUEEINYINY

Figure 5-45 shows the calculated value of individual experiment data
points and a change of the values of Kex with respect to the values of

[(I_-I_R)Q]eq. It was found that, there was a slight change in Kex values.
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