CHAPTER V

RESULTS AND DISCUSSION

could be performed b Aowextraction of ten types of
extractant. The resuits A Wbie 5.1 indicated that the
extractants giving percent; 8l extraction and K value being
greater than unity were fanit and diammonium hydrogen

phosphate. These extractants =2 s . axperiments. But the limitation
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of using ammonium > ¥ Pxtractant in continuous

process. Because it Bpuld cOMmoe $oaung afilator of equipment of the
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percentage of extraction and K value occured at 8% wtwt of diammonium
hydrogen phosphate concentration. It was concluded that the extracting solution of
this system was 8% wt/wt of diammonium hydrogen phosphate in aqueous solution.
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Experimental conditions

Initial zinc concentration : 867 ppm.
Agitator speed : 600 rpm.

Phase ratio : 1:1
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Table 5.1 K value of various types of extractant.
The initial zinc concentration was 867 ppm.

Types of extractant K value
Magnesium sulfate 0.04
Sodium thiosulfate 0.06

Sodium sulfate - \/ I
|

% T WISl
Ammonium dihycisae w-/ 0.08

e ———

Aluminium su

Ammonium 7 %FM

Sodium me ‘5//// ‘ ‘
Disodium "*'/ / / ? ,

K value at vafou; ---fu»." ( WniMonium hydrogen

Table 5.2
phosphate. ~ # {EEEL -2
The initial zinc co LN
Conce e
]
2¢ & 0.63ak
4 0.53
] NAINYINY
9 -5 |

8 2.11
10 1.30
12 129
15 1.02
20 0.75




In further study, four types of anionic surfactant such as sodium lauryl sulfate
(SLS), sodium dodecyl benzene sulfonate (SDBS), Sodium diotylsulfosuccinate,
and disodium laurethsulfosuccinate were performed. Owing to the micellar property,
anionic surfactants had known that they gave micelles which their negative charges
of hydrophilic head group directed toward the aqueous solution, so micelles of them

could bind cation of metal.

From the results as L ainfic /ﬂtﬂeﬁ.&ﬂ?ﬁ?mhmﬂm
percentage of extraction, g = of fhe slSssofactant given approximately

f 0.16 to 0.33 when the
dicated that using only
. -‘-:\5 g oil in low percentage of
extraction. This could efpl-Jf- Fay % -~ -‘.‘ cetrostatic attraction between
micelles and metal ions W ‘ cSntents of metal ion could be
free from micelles. It induced re in lubricating oil after the extraction
and then decrease(l_}h cariace g8 #ihce surfactants caused

emulsion suppressi 34 -f'" elion and oil. So SDBS

."
J.N |

being faster phase s ;. ﬂ‘muﬂ‘rarswfmm 2% chosen as a represent of

e A I PP = =

emactammuld shumanﬁgme§,4 andtahlaﬁ# Inaddihun the results from

e ﬁsﬂ VR AR TR Bipfocsnces

From figure 5.5 and table 5.5 demonstrated that when using any types of
surfactant and ammonium persulfate as extractant in extracting solution, percentage
of extraction and K value were higher than those using only ammonium persuifate
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Table 5.3 K value of various types of surfactant.
The initial zinc concentration was 902 ppm.

Types of surfactant K value
Sodium lauryl sulfate 0.33
Sodium dodecyl benzene sulfonate 0.24

Sodium dioctylsulfosudein’ t 0.16
Disodium lauretig 0.19

Table 5.4 Kvaluea t extractant.

The initial
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Experimental conditions

Extractant : 5 % wtiwt of ammonium persulfate
Initial zinc concentration : 884 ppm.

Agitator speed : 600 rpm.

Phase ratio : 1:1
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Table 55 K value of extracting solution consisting of
various types of surfactant and ammonium persulfate.
The initial zinc concentration was 884 ppm.

Types of surfactant K value

no surfactant 0.21

Sodium lauryl sulfate 0.41
Sodium dodecyl & ‘ 035
Sodium dioc -.:__': na | 036

—

—— e W
Disodium la : T "

Table 5.6 K value of caffedl f £ ko M\arious SDBS
concentratiorgfagll Fomei JWtigsh ohosphate.
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as extractant in the solution. This indicated that the surfactant was able to increase

zinc extraction.

From figure 5.6 and table 5.6, an increase SDBS concentration varied from 1

to 8% wtiwt concentration inoreased percentage of extraction and K value. When

ammsolumnmns:shngnf , ,Wy anium hydrogen phosphate could

remove all of zinc from QE TEse at. 10 to 12% wtwt SDBS

removed.

From above resuits #FUi JF ©j Tt LK axtmcnng solution was a

aqueous solution of 8% an phosphate and selected

surfactant was SDBS.
5.2 Chemical reactic ;

In this system urn hydrogen phosphate and the

solute was znuﬂ uﬂgwﬂﬂmﬁ Pholebe b aghoricant adtves in

mmw LTV T

asﬂminﬁqumﬁ.?mpmpoSQdWColdwumwﬂs}.
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(NH):HPO, —  2(NHJ)"+ (HPO)* (5.1)
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solution. AgitaﬁmwuuldbmakbondsbatwnmzimimandﬁgandsufZDDP and
therefore zinc ion was free in mixture of oil and extraction solution. HPO,* had an
affinity to bind zinc ion to complex forms. These complexes would gradually
precipitate after settling system for a moment. For this mechanism, zinc ion was

transferred from oil phase into aqueous phase. The reaction between zinc ion and

Zn®* + HPOZ (5.2)
and/or
3zZn*" + (5.3)
From ionization of Jih gEphats & \ ionization and ionization
constant of each step could b

‘”El,"ﬁﬂ"a fiEnsigng”
o TR TRV

jon since it had very low ionization constant. So the equation 5.3 had rarely an

occasion to occur. Thahypomwstm'mamacﬁmbatwaanziminnandminnnf
extractant was shown in equation 5.2. The structural mechanism of the extraction

reaction written from above assumption was shown in figure 5.8.
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5.3 Effect of agitator speed

in batch process, figure 5.9 was a plot between agitator speed varied from
400 to 800 rpm and percentage of extraction. It seemed that all agitator speeds

gawrﬂaﬁmmnstampercentageufamacﬁnnbeinginmamngaofsamaa%

extraction. In the liquid-liquid extractinr 2sS, mass transfer depended upon the

interfacial area. Agitation 444 # #reak large drops into small one
which might increase inte | tt ceimmess transfer was increased
Obviously, experimental e SRSSbending to this principle. But it
could be explained by thgExigs JF FNETad B8 oagtion. Since mass transfer of
this system arose from cfin g J& & o h uCidn and hydrogen phosphate

ion which the rate of reagfo /& P aby % ; M effect of interfacial area, It
was found that the rate . .. s entirely controlled by the
kinetics of the reaction, thef it it on the interfacial area and
hence of the degree of agitatitsa=&i & action occurred more quickly by
degree of agitation. ] —_“.: «_ constant contact time

varied from 400 to :-l'zl vas - ke ‘IHnixed system, then the

It indicatéd’that agitator speed at 600 rpm which

in vafigusd Borditiéhs ﬂmm&mﬁmwﬁrmﬂcﬁm
= IRTRINIUUNINYINY

Inmmm.ﬂﬁwmﬁmﬂnﬂIHMMHinm

batchpmcassasshminﬁgures.m. The percentage of extraction was around 20
to 30%. ummmmmmmmmmwmmm
extraction column because of practical operation especially in the system which
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Table 5.7 K value at various agitator speeds in batch process.
The initial zinc concentration was 873 ppm.

Agitator speed K value
(rpm)
400 1.44
500 WWTRES

Table 5.8 K value at var, ¢ S e ey WNoUS process

The initial zinc §

AT '
M 2,

Agitator speeds
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emulsion occurred. At higher agitator speed, continuous process could not be
operated because of error condition that was oil feed could not flow up in column
-am:l the aqueous solution could not flow down to the bottom end of the column.
This condition was occurred from improper characteristic of agitator .

Table 5.7 and 5.8 indicated that 2 related to variation of agitator speed

From figure 5.11 4 . n hercl iageef extraction of the process

without surfactant proce 3 SRR 3 the addition of surfactant as
a promoter of the extractio Boeitaicads al % increased to 80% at 1% wt/wt
SDBS concentration and to 99 =C4 concentration.
oA )
Effect of SDBS Efncentiate , surfmnmusedas

promoter of the extractiorfokzine complex iaps from lubricating oil. When surfactant

e cmonca 4 Erd LELILAINEL L2 e corarion
T DT

N
respectively. The micellization of anionic surfactant gives profit for the extraction as

mmmmmﬁwmdwmmmmmm
aquauussoh:ﬁnn.mmumpmﬁposiﬁwdwgadzincion. After oil phase and
mmﬁmmnm,ﬂmﬁmhnmmﬁmmmwm
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force was interacted at the surface of micelle and transferred to aqueous solution.
At below critical micelle concentration, surfactant molecule could interact with
cationic ions but this ability to capture was lower than that at above critical micelle
concentration because micelles had been higher charge density than surfactant
mmmmhmhwmmmmmhm, When

micelles bound zinc ion was transferradjiion oil phase to aqueous phase, hydrogen

phosphate fon dissolved in aquatis el 4 be interacted to zinc ion, due to

The other importa gl r \"u system was solubilization.

This property occumred ‘e promoted the percentage of
extraction. When oil was fonfiaad. -0} #iella8 solution, it would apparently
dissolve into the interior o 4 hydrophobic portions. ZDDP

dissolved in oil co y T T : ‘elle by this way. This

phenomenon led zinc i the U Wea atjlhe interface of two liquid

iF |

AN INNINgN
T

ion was bound to micelles, it preferred high percentage of extraction. But when
mrﬁahﬂdmfm&im,hmuﬁmmhmaﬁmmm
wmmmdm.minmmw. Thisef_fasct
had been most considered especially operating in the column.
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Table 59 K value at various SDBS concentrations in batch process.
The initial zinc concentration was 845 ppm.

SDBS concentration |K value
(% wtiwt)

1.21

alplale

Table 5.10 K value at var] | s iNUOUS Process

The initial zific

SDBS concen
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In continuous process, the results gave agreement with batch process as
shown in figure 5.12. In addition, we found that using a large amount of surfactant
made problems to operate the extraction column. Since viscosity was increased
due to emuision property. It might oppose the flow of the oil from the bottom end to
matopmdandtmﬂcwoftheaquauussnluﬁmfmnmatopandtomahannm

m' meis i!ﬂn.lﬂw o i ’ Wi ‘,‘: ST mmhﬂl&&}'ﬁtﬂlﬂ+

concentration of SDBS in & Conbridnug orocess. These results had

The word, phase 0, A -sieiiy the ratio of volume fraction of
extracting solution to tha it 20 Jalae iR sses s and defined as volumetric

flow rate of extrach w; ,.FH processes. The

Fit

effect of phase ratio in bijitch 2 Sfocess fibre shown in figure 5.13
and 5.14. Eﬁ with volume portion of the oil feed.
The line of gmﬁ n nmal w;‘llm«! percentage of
extraction
portion of

extraction fixed at 1 W,mmmdﬂmmmm
amount of ZDDP increased in the system. Due to this system controlled by
chemical reaction and capacity of micelle to capture zinc ion at the surface and in

nsm,nﬁm“mlinﬂed.snmammpaﬁalpuﬁmufzimmwhimWamt
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Table 5.11 K value at various phase ratios (extracting solution volume : oil
volume) in batch process.
The initial zinc concentration was 845 ppm.

Phase ratio K value at various
SDBS concentration (%)
1% 2% 4% 8%
1:1 3. .26 | 133.25
12 6.56
13 1 _2.85
1:4 ' ) K€ 00
1:5
Table 5.12 K value at var \ : on flow rate : oil
flow rate) in ;
The initial zin %
'..;:‘
A2
1: % o N 1.56y
EIFRNE 11
+ o




mpﬂuﬂaﬂsﬁﬂmmm&wm. In addition, at high concentration of
SDBS, percentage of extraction was higher than that of low SDBS concentration. It
mpruperwmnnmdvﬁmmemaasmgqumﬁtyomeimam.
Similar results could be seen in table 5.11 and 5.12 which showed relationship

between varous ratios and K value.

The effects of the jifflaLd £/ Pr. pastant SDBS concentration
was shown in figure 5.1I5. : At low zinc concentration
about 100 ppm, the p ‘ Nost 100%. As initial zinc
concentration increased , t# \ sad a tendency to decrease.
This could be explained by SipEIZET) serties of surfactant. When a
small an'muntnfzincmuld hex eos/s e by micelle, so zinc content did
= oil were larger than
capacity of ' ';; nt of zinc remained in oil
phase. In figure 5.16, ﬁmulncco ncentrafign and initial zinc concentration were

plotted, this umﬂmdq%mm% from lubricating

SR e
3 gﬁﬂeinlh&ﬁnal

ﬁmmm.lnm,immmmmmmw
percentage of extraction. At 8% SDBS, zinc was not remained in the oil when initial

zinc concentration was about 100 to 800 ppm.
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Table 5.13 K value at various initial zinc concentration in batch process.

Initial zinc K value at various
concentration SDBS concentration (%)
(ppm) 1% 2% 4% 8%

113 83.50 a0 a0 ®
239 ® 92.89 0 0
499 \ 4 oo oo
27 .

1057

1287
1544

Table 5.14 K value at var:
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