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ABSTRACT

I. Title
An Investigative Study on Recovery of Valuable Metal Ions

from the Plating Wastewater.

II. Objective

Electroplating constitutes one of the major operations in
the industry. This process is used to improve the surface of
a basic material, resulting in discharge of the wastewater
containing various heary metals. Because these materials are
potentially hazardous to human health, terrestrial and aquatic
life, the government set the criteria of the limitation in
discharge of wastewater. 1In nature, the wastewater treatment
process becomes essential to the electroplating industry.
Although the chemical precipitation process is well established,
installed and operated in most of the plants, the cost of treat-
ment by this method is continuously increasing. If the heavy
metals could be recovered and reused, not only the pollution
problem would be solved, but also the manufacturing cost would
be decreased. Therefore, it is necessary to investigate status
of domestic wastewater treatment, status of its operation, as
well as the methods of materials recovery before doing a main

research of material recovery. The purpose of this study is to



provide the basic data and information, which may be used as a

fundamental basic for a main resgsearch.

I1I. Content and Scope

Discharge limitation for the heavy metals is investigated
through the domestic and the foreign regulations., Waste water
sources from the electroplating operation are classified accor-
ding to how they are generated. Also, wastewater chemical treat-
ment technology is shortly reviewed. By visiting the electro-
plating plants, the following informations are obtained and

analyzed;

1) types of the wastwater.
2) concentrations of heavy metals in the raw wastewater.
3) consumption of raw materials per vear.
4) methods for wastewater treatment.
5) handling capacity of wastewater.
©) operating cost for wastewater treatment.
The literature survey on the material recovery is carried out
through the technical reports and the journals. Since there are
many kinds of valuable metals, the work scope is limited within

copper, nickel, zinc and chrome.

IV. Result and Recommendation.
Most of the domestic electroplating companys employ the
chemical treatment technology to treat the wastewater. The

requlation of discharge limitation is getting strict.

_6..._



Although many kinds of research work have been carried
out since 1970, there are not so many electroplating plants
where the newly developed techniques are utilized. Because
they are not economic at this time compared with the chemical
treatment process and they are not certain in terms of
performance.

In the future, new processes should be developed which
can overcome such shortage. In particular, the reverse oOsmosis

technique and the liquid membrane process are attractive.
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Table 2.8 Principal Wastewater Constituents in Waste From

Processes for Plating on Zinc Die Casting*

Constituent 1 2 3
Fe*?
Cu*t
Cu*? X
Ni*2? X
Cr~e X X
Cr*? X X
Zn*? X X
CN~! X
S0, 2 X X X
cl-
co;? X X X
$i0;? X X X
PO 73 X X X
B,
NH, SO, ™!
NO, !
NH4+1

Organics X X

* Process ]| : Decorative Chromiun Plate
Process 2 :© Decorative Chromiun Plate

Process 3 : Protective Finish

g} o

P

x1 2l uk4] ( Continuous Treatment Yy g

Batch Treatment ) o & HRuEFTH & Hg wwo



Table 2.9

Copper
Nickel

Chromium,

Composition of Raw Waste Streams From Common

Total

Chromium, Hexavalent

Zinc

Cyanide,

Total

Metals Plating

Cyanide, Amenable to chlorination

Fluoride
Cadmium
Lead
Tron

Tin

Phospherus
Total Suspended Solids

Table 2.10

Silver
Gold

mg/l

0.032-272.5
0.019-2954

0.088~525.9
(.005-334.5
0.112-252.0
0.005-150.0
0.003-130.0
0.022-141.7
0.007-21.60
0.663-25.39
0.410-1482

0.060-103.4
0.020-144.0
0.100-9970

Composition of Raw Waste Streams From

Cyanide, Total

Metals Plating

Cyanide, Amenable to Chlorination

Palladium

Platinum

Rhodium

Phosphorus

Total Suspended Solids

x0nly 1 plant had a measurable level

of this pollutant.

mg /1l
0.050-176.4
0.013-24.89
0.005~9.970
0.003-8.420
0.038-2.207
0.112-6.457
0.034*
0.020-144.0
0.100-9970

Precious
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concentration; mg/tL

Metal

100
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| In Cd
- Cr Ni
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| | | ] | ] |
2 3 4 5 6 7 8 9 10 11
pH
Fig.2.6 Solubility of heavy metals of hydroxides
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Table 2.11 Solubilities of Hydroxides and Sulfides of Heavy
Metals in Pure Water

Solubility of metalion, mg/L

Metal As hydroxide As sulfide
Cadmium(Cd**) 2.3 x 1078 6.7 X 10”10
Chromium{Cr***) x8.4 X 107¢ No Precipitate
Cobalt(Co**) +2.2 x 107! 1.0 x 1078
Copper(Cu**) *x%2.,2 X 1072 5.8 x 1078
Iron(Fe**) 8.9 x 107! 3.4 x 107°
Lead(Pb*") #%2 .1 3.8 x 10°°
Manganese(Mn**) 1.2 21 x 1073
Mercury(Hg**) +3.9 X 107¢ 9.0 x 107%™
Nickel(Ni**) +5.9 X 1077 6.9 x 1078
Silver(Ag*) 13.3 7.4 x 1072
Tin(Sn**) xx].1 X 1074 *3.8 x 1078
Zinc(Zn**) 1.1 2.3 x 1077
SOurces :

“Handbook of Chemistry and Physics,” 5H0th ed,, Weast, R,C,,ed.,
Chemical Rubber Co., Cleveland Ohio, P, B252.

»

*“Handbook of Analytical Chemistry,” Meites, L., ed., McGraw-Hill

New York, pp.1-15 to 1-19, 1963.

”»

xx“Ionic Equilibrium As Applied to Qualitative Analyses,” Hogness
and Johnson, Holt Rinehart & Winston Co., New York, pp.360-362,

1954.
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of BHE Jhiou o oy Am g5 BiRsUS. A& 4
F HY @gel o Wee aoksE oo Table. 2.129 Tk

Table, 2.12 Status of Wastewater Treatment for Domestic
Electroplating Companies
& w2 BF | OA B W o2rH 4
S I I S e o Caa
A Cr,Zn 100 10 13,000 52,000
B Cr,Ni,Zn 300 20 80,000 427,000
C Cr ,Ni 500 20-25 60,000 5,000
D Cu,Cr,Ni,Pb 30 29 80,000 30,000
E Cr,Cu,Zn,Sn 100 10 40,000 25,000
F Cr,Cu,Zn,Sn 120 110 1,000,000 102,000
G Cr,Cu,Ni,Sn,Zn 500 10 1,300,000 240,000
Table 2.109 F 9 G5 o YA7L ofd =7 2 EF -
o gA 57hAE WA 64 AA TEe WAHEE HA4E F
o2 Huldd #FHFdm Yok HAM B OF A% G g A
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Wy A AAE T~8%M zAE 200%7A AFEz Ads Ao
2 OUERS 854 oo Iy Ha 500 ppm  7bAl YERUET
9lel  Table 2.8¢] UEld Fxe HFAG @g 2 ‘S’J-%% o4 T
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Process Principal Salt

Copper Plating

Copper Cyanide, Copper Sulfate

Nickel Plating

Nickel Chloride, Nickel Sulfate

Chromium Plating

Chromic Acid

Zinc Plating

Zinc Oxide, Zinc Cyanide, Zinc Sulfate
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HIE Z@AN A e g4 A oddel ow #ME A
dle ¥4 el &2 ( Sludge ) § Ml Hn, o] S@x =
AP PR Egeas mE FAHe @AWY Ty @F
WAA Y o, £F Y8R ALHE F4, S XU oE o
FE T QAMEY 45, AsAM FPAAn Y= HHe Am
FE FAG To2 Ase AW 3099 B M DA AEx

sty Mz g e A

e

Al Be EAYG dF7 Asgel g
o 53 uSe A, AW A¥e sEsle] Q= #AN ( Enviro-
nmental Protection Agency )& & Q¢ wWx Zo oA He] 9

LS

W AN A e ( Closed-Loop Zero Discharge Y 2 @33 £x
2 Fu deom, oy AWL A & me Ave z2usd god
BAAA ZdelM 100% 3 ABLEGE A @ AlPAA 2ot
T s, Féol N8 FEel W AASR D, A Holu
AMFACl AZEdd gWd HAN2E APy 4+ UL HAo=
AT gtk Fulz sz Ade HEE TSy Ys wE A
2% #3" Ado=m HZAsd e Aoz, HE My pop) =
Abdte HEBMEE M5 @ Hu e, BEHe wadiE gL ol

AY gldle Re Ade zmz 97a 9@
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= o vl AHAE FA As A3 HAwled ssete A
ola, A< F4ZF (Rinsing Tank ) F 7}4 Zdoleeo =Tyl =

wHew Aeste] s4sdE emA Fig. 3.2¢1 2

S WA bol wstel o 3u W A

T A
flit
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i
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¥
20
e
=

FAE e o 2,58 e Rom ¢
7859 e 0% FEZ Uy gdon, FaF 29 =

A7bA FEH oF 99 %71A B4 Zled Aoz dExa Qo

THel Bt AAAdel Holy ZHom dym 9l meld Qu
T WS Mgy dald APsx B2e omHev dagmz o)
& o 24 Al & ool gtk
T7b w59 He PHede dHAl RRIom of&Hum Yk ol
W& ( Ton Exchange ), &4by ( Evaporation ) o} of 4+ &9t ( Rev-
erse Osmosis ) o= & FTiHe I$ol AlmEort ofxye i
98 wAel oex %a ez wa4n dg® agnq az
Helg e s 359 ( Electrolytic Recovery ), ol & H g
H ( Ion Floatation ), &nu)] &% ( Solvent Extraction ), %A g
( Activated Carbon )e}i} @ &uwji}( Alumina ) 58 o £ a4

( Adsorption ), 1527 ( Polymeric Membrane )} & o] &3 A7=A
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Chemicals Lost Through Drag-Out



# ( Electrodialysis ) a} Fhefo a4 ( Ultrafiltration ), Wy Zhe (Fr-
e€ezing Recovery), &3 =x] 2] ( Cementation ), 18| 5 up x| uto 2
A (Liquid Membrane ) ol Qlup o9 o] w@e wwz
1 Hele g w4Ey Yl it o 4gsiygel ol gy

woAer FeAa o, gol ewng Ada waSo o st

S oAEAe 9A 2@ ddeln o443} pe we wwese sy

B 02 X@%

ol mIYe &2

°bw & ( Hydrometallurgy oA Qe = =g

AHeEel g\ A 9en 2d B 29 suoln. mw oun
EF AFE 288 2o MY Az HE AAdE duy we
Ho2 AAHE 2 g 3487 dad o2 wawWe o o

el Aok K9 wrtel g, o gean $awd pe 2a se
ole ¥ Wl eofs) 4 Mol gHol Ytk AF TH ol oo o
bl Thefd S ( Resin ) Eol A wEol glow, olg pe s
o SAHe A wHEel Yy o) 7] ( Ionic Group Dol o 7
BEY v S ool sol Wi ol m@ o Amg
Mooelerlel el abel Wy el MWEs e FHu ore| o
( cation) 3 & wn® 4 Y 4v) (Acid Gr-
oup ) F i glew, Mrle] Riatro] i 44 ool gy

of SAldle £ oo WMo zA  FEoled MA B FL



Aot T4 o) 2oz A7} 3} ( Saturation ) = o] & 3
THl gloldne, w4y gdem FAE AUsSE FHe Wase
olE AHESE Al gl e g YMom s gad e
T AN, AL We F& ol BERUE me o el ol o,
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Fig. 3.391 =7 44 s Adsts oe wawe sgdgs
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Table 3.1 Application of Ion Exchange to Electroplating
for Used Rinse Water Processing

Number in Operation (Additional Units Ordered)

Replacement In-Place Cyclic
Application Service Redeneration Operation
Chromic Acid
Recovery - - 15 (5
Nickel Sulfate
Recovery - At least 8 4 (1)
Gold/silver
Recovery - At least 20 -
Phosphatizing
Recovery 1 At least 1| -

Mixed Plating
Wastes With Rinse
Water Rense 1 At least | -

Mixed Wastes,
End-of -Pipe | At least § -

sl A4 Aadel H gmnz AAMHAE BE EA4E fdsx
el e, oted, yml Fe waa sZHel AUE wF FAdE A

£ 5 A B Aol

4

AW RBE
S %W ( BEvaporation ) 2 BAo2¥EH Eg FuAzozd g
dotalAl s 838 Fxg dsE WAAK el A AgEs

otk S Wy FrhA #¥o eon, AME WY shel



AL, S5 ME2 A AesAR 9 SAE 2w oo
HEonAd AsE exdd s BAd: A olew Wy =
WoWHoln, FWE 4%k eZAC AALEA HUp o9 2
& FWHA @ HSE AAYe MARtY Hdez SN
ZE TAT F b on awa WMot g4 Axyel DA
SE diF¥HR flemR, Rgs e MAWE SiMzz HE
ste ®F s Syl o wWuwel os s4mHn e g g
FUHEe HYAAN 7 2ol # UYL Pwozw. Wn g
o] AxgAEe T4 A+ HAE 22 Hode QwHow Az
#oistu Rle Aom eld Ao ool po] @ ormA g =
W 1978WAA wFU 100 AMAN A s em st
5 %9 oz gad aa a4y zwwe gen ge w
e B e F4 A$Y w%, 5§ 4o wwar, Drag- out
£E Fg 4 wdse He n4Wom Musa @

L. %8s 2o o we o

2. 719 stAol wmmF Eow, B 4 v Lo =u

3. 984 nR= Su" 2o uasg

4.8 slw $3A BaRo A4 wAmy

5.odudg duds apsn

6. S5 Fws uiel o4 ( Fouling Yo ¥As o

13T ge BE WY =AFlE Eystu, A% BagAd &
bBES HEE 4 A= Yol WEe me w@ Tadqa A
A 7bE Folth FuelAd AAAA §71 F& HEE gasn 9
E OEFTFe 24 AAF % @ dadon, of Yadd A9 o
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Table 3.2 Application of Evaporation to Electroplating

Number Operation (Additional Units Ordered)

Submerged Climbing Wiped

APPlication Atmospheric Tube Film Flash Film

Chromium Plating 21 (3) 1 8 7% -

Nickel Plating 6 (1)

Copper Plating 2 (2) 1 - -
Cadmium Plating -

Zinc Plating 1

-1 = ] (D
|
[+
O
*
|

Silver Plating -

Brass or Bronze - - - - -
Plating

Other Cyanide - 3 - - -
Plating

Chromic Acid - (1) - 4 (1) - -
Etching

End-of-Pipe - - - - 9

other, Unknown - 1 (D) 14= -

xEstimated by manufacturer

SHyel o3 "dygAe =g #Hs o He wRlg Fig 3.5¢ e
Hdes o] wye] ot fAG HA 2 FHEE WS Fig,
3.6 =4tk dMAHe R, AE&HE FUIl & Double Effect E-
vaporator A1 SF749] Swr| 7l #@u AFEEY S A WA Sy

Aorad FE SEA Fwslel ddoz sgud oW FuA



oI EAEH T Frle) ¥e A Surlz RE N E o

21T v zste, AwA Fwsle RE 42 S/: Sus)

o[\

% 7]

G

Ztd st Yzt s o 57 =l uekA]  Single Effect Evapo-
rator o ©ldted ol AZ v pod watel, FAH I o &

A= "l s =z s

- _QVERFLOW _ _ _ _
|
PARTS PLATING FIRST LAST PARTS
— EE—— SE—— F————
BATH RINSE RINSE
| I !
| | |
| | |
i OVERFLOW ,
i |
| i
| CONCENTRATE - \
_______ EVAPORATOR HEAT SOURCE
—————— 1
[ !
I ]
WATER VAPOR | |
TO ATMOSPHERE -=-— — — — — — — — 1
IF NONCONDENSING i i
SYSTEM : |
|
|
COOLING —— = —_ = !
WATER CONDENSER |— —— — — —
T CONDENSATE
Fig, 3.5 Application of Evaporation to Metal
Finishing Waste Treatment
EMNE YPRFJE

19621  Loeb ¥} Sourirajanof ols A Hzxz 349 ctigl
FozA &3 JMEAHol e HMEzm= oly o] E ( Cellulose Ac-
etate )} o JHE vl ( Reverse Osmosis Membrane )£ wwajul o —?—GD

olE AE337] Hs) v el U F A ( Department of Interior ) g



4 yConcentrate hold tank

Distillate hold tank

l Condenser

Vacuum jet

_ {)'4_

C.W. out
Rinse water [T =3 — C.W. 1in
I holding tank Separator
(_ v | _Reboiler
e
- Recirculation concentrate pump Steam
= e Distillate pump
—*=condensate
Fig. 3.6. Representative Closed Loop System



Feo 2 UOP, DOW, GE § DuPont o} sgfdl padA @e

A7 eAHAT 1970 A0 E2RE AF LA G oAA B

Zen AgRe sggss AAAE A FEAA A Hsge of

A
AEAMEE Ao ez My g7EEd FUL4E dgsn
b s A7t 248 "o shvdel 2Erel? 9 T4 ( Ontario
Research Foundation ) 2] Golomb 2 U# T3 4 # 4 ( Rinse Was-
tewater ) ] 2lo] Eastman RO-97 A Faz= ol o]lE o4 Folgs
AbEEtel ddd REaAd AR SertEA AFE su9s 7
99% oldel uYAHel AAHC FY&F HE HLE HG F
RAom, FMHF] TR mAdy Ydsxel 50HAME olge] g

Zeole #e ddz1 (600 pS1-1000psi )i M= ALY 4 g2

= gge glov o Y FAgel ol EalFo]l USL AA Yt

-

S Azl Hagel wok g EAEEs AL @it FAT B

12)

25 ) 9}‘:}.( 1972 de] w3 Osmonics ¢ Spatze] o] 3y

FEE A gel o @ YAz st MU F4 AE A, 7

AAAY Auye v Aol guss we =gg®d
e

=Y
1.

blo

o A

slol Fhubdel  Sourirajan @ HH R APH Aoz A
S #Hey Hegd AR oL sxAHLe =8k
el e HHg3=r 1973 Loz n)FEe Rock Island Ar-

senale] #a¥ol =& 9 TYsas Heda an ao D

Osmonics Alel 4}t HA71E ALde = 538,000 %S =Y

A3t en, Rybrid AlA®Sg FAHEGaAd sEFoz Ags] gt ol @



g FAY, FHgGel @4 ol gHe] &8< Hgw molu o
100% HAAs=2 F42 sl 4718 wep o] e & i
ol AFEHAZ wEe]l FAMAE A saldo]l g = oz A}
S8 ol % o)y @¥e& FEsr 9fs) w e FPA ( Environme-
ntal Protection Agency )9 Fglale] wme o 7y} TaAsEAon ¥

L

R

>

d5E Fael BEAHel Raly, oA sdstelor & A
R17bel  thEle =&Ytk EPA SN WHE opmoua s =g dgsl
W Table 3.3 3 zu}

AFRuM mad 2 waAe AAAZIH FYASE ] =
Cellulose Acetate i gte} it Polyamide o Eubg o] 83 w I
A H2Ae A4 gol olgdn Y ;e WrAdel r%E
23 ARlER, ol JFY F Yt A2 TR Auo] o

Folzlck @dtn FFsn Uk GelM, ol EY AFE Faz g,

dRAT BAAME ARE S Ym, 29 ojds dEHSe Unpy
ToAE qaTel AW g egel FTHS FUnh

oJshge w7 Table 349 35004 2 & 9 Fe me
Fol @Y Fo w@a o4Evel AWHAG S8 Alae 1980
ol SelAelA agd Bgme Aol we M2 oo o
L Clyolgd AY 4 Aow, ofF We Woe Aw (pH) o A
= WTHel En Eg nedAR Zee] sve 2gu A4S
A s o o, 10

EEAde] AAATE A8 L Mo Mm @uws dedsa o
dAdelth 1976 2] QR B8 400 E wIH4 = Hasisqg

BT ohAltlels QaFn ZANE g sgaom (D aysug



Ao AEsy 9 88, WP4FD sl ohya use A2 5§
el wpe wxd o 9u™ aw mydaz ssas  gac
2 coage s - e (19
2% =349F Hzy a7 amw 2 ok,
Table 3,3 EPA Projects for Development of Reverse Osmosis
Membrane
- A L=
SIS P STl agaa 4 7oA
2R

Ultrathin Membranes for Tre-| 1971 NSRI N/A
ating Metal Finishing Efflu-
ents by Reverse QOsmosis
New Membranes for Reverse 1973 " L.T, Rozelle
Osmosis Treatment of Metal et al
Finishing Effluents
Treatment of Electroplating 1976 | Abcor, Inc. R.C, Donnelly
Wastes by Reverse 0Osmosis et al
New Membranes for Treating 1976 | Midwest Res. |R,J., Petersen
Metal Finishing Effluents by Institute K.E. Cobian
Reverse Osmosis
Reverse Osmosis Field Test 1977 | Abcor, Inc, K.J, McNulty
Treatment of Watts Nickel et al
Rinse Water
Reverse Osmosis Field Test 1977 | Abcor, Inc, K.J, McNulty
Treatment of Copper Cyanide et al
Rinse Water
PBI Reverse Osmosis Membrane| (978 | Celanese Res. H.J. Davis
for Chromium Plating Rinse Co. 2t al
Water




Table 3.4

Homogeneous Reverse Osmosis Membrane

Material

Trade Name

Manufacturer

Cellulose Acetate ROGA Gulf General Atomic,
(Recently, UOP)
SC-3200 Toray
HR-3110, 5110 Toyobo
MOLSEP Daiseru
NTR Nitto Denko
LTC Romicon
Dowex 250,4K, 20K Dow Chemical
Fastman
Ahcor
Hydronautics
Aromatlic Polyamide Permasep B-9, 10| DupPont

TW /BW/SW Film Tech (DOW)
HR--95 DbSs
ZF-99 PCI
Aryl-Alkyl Polyamide
/Polvyurea RC-100 UoP
CPA Hydronautics
SU-410, 720 Toray
NTR-7197 Nitto Denko
Cellulose Triacetate | Hollosep Toyobo

Dowex LP, SP

Film Tech (DOW)

Polyacrylonitrile Solrox Sumitomo Chem,

Polybenzimidazolone PBIL Teijin

Polypiperazineamides | NF-4{ Film Tech (DOW)
NTR-725() Nitto Denko
SU-210 Toray




Table 3.5

Heterogeneous Reverse QOsmosis Membranes

Polysul fone

Material Trade Name Manufacturer
Sulfonated Polyfuran PEC-1000 Toray
N5-200 NSRT
Sulfonated Polysulfone PSRO Millipore
Desal Plus DSI
CTA on Cellulose Ester N/A DOW
Polyurea on Polysulfone N5-100 NSRI
Polyether Amide on PA-300 Jop

Aromatic Polyamide on
Polysulfone

FT—SOQ FT_4O

Film Tech(DOW)

N5-300

Aromatic Polyamide on NSRI

Piperazine
Sulfonated Polyphenylene JEPDM-127 GE
Oxide
A4brtel BA A TR SR Aozt uE F Sl of
MR e dxg A F ogde Fmsh elxHn sE Aol
doel, AAden Frr e Ze gzt wEHTe Bsl F
7 e %oz o|FsA =i ogye grle oFS IF A
4 (Osmosis )olet Hrh wEyl B Zel gd& slahu Lo
JlE&NE W Al He, Us ¢EE stsE ol #yd A
8 gme olEdgel gt wagdel wwat olw Fshelwn
A4S A9 ( Osmotic Pressure )ole} st} o] AlH A © L b




qe e 8l nex A Fozr HEH AEE %oz oFd

12

A H3, By wFExEe] &4 0L F2HE afvh dehge, F
FE &9 Fro Audes sAMHA g odze fu A 7|
T& 945F (Reverse Osmosis ) gatolot FaEY, siFdsst F&
=g e Me]  S&®o

THHer od HYNES F FHSn I FH mdeo] oAy F
7 ey 2% 7 NHESEAME REHogw Bol ARHm Ye
gdo] glvl, Solution-Diffusion Model &4 &wje} 882 zpzt ut

Faute]  gal® e, Chemical Potential =}elo] 2] oz &

4 olEdye) DY Fum HYIL F Sy FAHASEE
Jv = Pe (AP = AT ) ceersiesmiiiiims . (1)

Aoz HEy

L
ob
1)
lo
4
o
B
i
rr

Js = Pa /A C crreeererreraiontieiatnietnemieeratnrrensiarsseerasersrianraras (2}

&rjel 82 FAESEE, Peo W (FE ¥ )

ly

dolth olw v
FAA S, AP Axe zhzh wbEaiet xpolel hal ob® ke 4t
SgatE e

(2) 48l 3= BWe FaEmeln|, Bt g FapAsolm AcC
< &S AT duidez d4¥d HtETe AHeE 8AF
A9l P& g (zZero Yol A der A AzxAe ¥
Aete] Agote @dad gy A9 o) sgch makd A1)
ofsl AFEYRTE xo HEE vt dd E5E S (E)E

U Asryd PaEsrt vhsEA @t ddder s %9

— 70 —



go1e ©8 SaHwmz GFdel EelAA Hu, wed A Yxel
An &Y olgel =@ o eldel ¥Fe BrE siach
quaEgte] o4 TULSY N4 L HFFPS Table 3.69 U

By A Rel oy AHEg x sk @EA ge dFvt dAgH
AN WaAsel fon AF A3Ae FUFPoR EFR A
o] ®j9 &=

qaFTe wHsd FEHFE ude A AAT FEVNLERM &
g wessd Ay Fodsi: 0.00-0.1 o FA o3y e
b2 g AXse FA 1 - 100 gme] A Ze] FA O EAR FAHE
wroleh, Az ( 1960 ATk 1970 ddi ) o] HAFEHe FE oo 9

ge gAY FHo|lPorn, AL Rz B KE3 Table 3.4 of

e
Il

L} gl &o] Cellulose Acetate 2} Polyamideo]RQ ALY, E& o]
e BRSO o HEed HH FHE oAUk =H = vdEE &
tetezM gawe Ad%& mok AdEs fste 1970d FEREH
AdEz Asdo gy 2o Uy AMNE HFE AsdAME
22, Zdstdel A9 4 sleleok e, & L2Z (40 Told ) ol Al
AgE & gdelob @

ol At we zAL Fu§ ©}TA  Polysulfone,Polyethylene, &
e PIFE F& AxAmA aAgstn oA ggel ols gdet &
Aol #s we sy e e wEd WU YoM NFe o
AFEu g Axdgd ZF, Table 3.5 uEhY 2 Rel o Fi

of uol Auwgel @@, AR el we dAFAM APt R

iRt dgjdow ogar fHMEL Ged ze oA 8



Table 3.6 Characteristics of the Membrane System

Advantage Disadvantage
* Simple System Design *  Fouling
* HKase of Operation * Material Sensitivity
* Straight Forward Scale Up *  Economy of Scale
*  Modular Design * Cost

* Wide Range of Capacities
* Fast Start-Up/Shutdown

* Low Maintenance

* Low Operator Labor

* Energy Efficiency

* Compactness
(Small Space Requirement)

re
o
K
%3
ol
o
a8
J2
oz
-
i
-
o
2
>~
ik

AA el o} gy,

2. & E2 A A4 ( Sherwood No, )
d.¥8 28R A A 4w
4. 71 E

Figure 3.7¢) @474 AwE oiFue] WAe wARoz 4
s de Heldua s gAle BeAHGH 548 melad w4

oA TAN U o wg WUY 4 gen %

oft

ge A

F2 Hdlo] AAdstder & Mogm AlE¥ vl Figure 3.7¢)x B 2

lxel ge I8 ( Tubular Membrane ) , Az 7] & ( Spiral Wound
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Table 3.7

Ligquid Membrane

Metal Ion

Carrier

Diluent

Cu

LIX 54, LIX 64N

SME 529

Kerosene + 0il

Co, NL

KELEX 100, LIX 54
DEHPA, LIX 64N

SI-51

Kerosene

Cr207

Alamine 366

Trioctylamine

01l

Zn

LIX 34, TBP
MIBK,

Trioctylamine

Kerosene + 011

AR gGo2r gy

basln Qou, 2ustns

e FRde el g HAde HuUdHT £ Pz
o &del WPl AATY M Zo Ayuva F 4+ jiTh
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Fol dgHez gdRa Y A2 H% wge IHE F 9
= A= @3 eimiwel AAEel &aba wlimel Rzl A &
€% B 3o ( Sengupta et al., 1988 ). &, Fig .3.15¢ =Alg u}

sho]

01-},!

el FAAE R FEde FaaaA Agstn o
Atele]  dmbg Elstmas cdfHew gre oubg FAAZIY, o
e T ARNARE o Ld NHAZFEY RAAAM 7 =3 9
=2 ZElg2Fdie] Sirkar wsAdTEel od) F;E v gl oo,
ATAF e wFrele AAZ Fe Aoz Wuddo( Majumd-
ar et al., 1988 ). Fig.3.15014 #4 g1¥ol, Fig 3.14 ojAE =
Fol gol FHslder & AxArTel F FA F HHe] gl ub
Rl, 25 9 Al s o FAZ WEsr EaH, ol F
ERY GEdd WA wESE Fo ANd £ USxE AMAEH
b 2ok ( Majumdar et al., 1988 ). o] g2 AAT FHE AtE
stal FE 8 o2 dAFt ofF 8w v glovn, o9 e A
S EYstan, #EEA 2 Fgy4Az FH"E 492 Agsid F

ol EHE staxt FAAuy s At sz 1), 2) AN AFF

B
N,

uhel go| we BaHel EAdtm oW olF sdst: Wge o7y
Adsolo} @ Aot 5 %W FAAY Afe wd Fzdel HA
¥l Boundary Layero] o3t g, Adelde] fded el F&Hoid (e
B, ool Ao Basy So els| oS WA Ho], o &olg o
Ayl olstdl  wwatelol gk &3 A%E Al U =AH
ol a®We Fig 3.169 yuyR o, ol ol &a wxole pel

2xE Fig 3,176 A&



Table 3.8

Microporous Polymeric Membrane Supporter

G om o w g o o | AT A = o
Cellulose Poroplastic Moleculon, U,S5,A
Triacetate Ma - 70 N/A| 70 |14 A '
(crTa) Ma - 85 1" 85 |25 A

Ma - g2 " 92 (60 A
Polytetra- Filinert 150-| 70 |0.2 | Nuclepore, U.S.A
fluoroethylene 200 85 [0.05
(PTFE) 85 |1.0
Goretex 1000 75 |2.6 W.L.Gore, Japan
and U.S A,
Fluoropore 60 | 60 0.1 Sumitome
Electric, Japan
80 73 10.45
Nitto No.§ N/A | 65 |2.0 Nitto Denko,
Japan
Polypropylene Celgard X-1( 25 20 10.03 | Celanese, U.S.A,
(PP) X-20 25 40 10.03
Accurel 600~ | 75 0.5 AKZO, U.§5 A,
800
TMD N/A | N/A [N/A | ENKA, W,.Germany
Polyethylene N/A 55 70 10.3 Mitsubishi
Rayon, Japan
Polycarbonate Nuclepore 10 10 [0.01-{ Nucleopore, U.S.A,
10
Cellulose Acetate - 10 - 20- i0.01~| ENKA, W.,Germany
1000 | 80 50 | Millipore, U.S,A,

Amicon, U_S.A,

etc,”
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