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Abstract

In this study, ion exchange resin for heavy metal removal from
wvaste water is synthesized by 4 step-reactions. Firstly,the uniformly
nicrobeads is formed by the copolymerization of styrene nonomer and
5% divinylbenzene (DVB). Secondly, the PS-DVB copolymer is functiona-
lized by using chloromethylated resin. Thirdly, this resin is reacted
with thiourea in order to change the functional group into isothiouro-
nium group. Finally, the isothiouron}um functionalized crosslinked
polystyrene is treated with sodiumhydroxide to obtain mercaptomethyl
resin which selectively use for mercury and gold removal.

The adsorption of metal ions by Amberlite IRC-718 is quantita-
tively determined by packing this specific resin into the column
and then introducing the sample solution of metal ions especially
mercury, lead, nickel and cadmium ions into the prepared column.
After that the concentration of effluent is calculated by making
standard curve of absorbance and concentration of standard solution of

each metal ioms by usiné atomic adsorption spectrometer.



-

After introducing the sample solution of cadyium, nickel,
.lead and mércury jons, it’s shown that the concentration of
effluence were 0.029, 0.06;; 0.030 and 2.513 ppm. respectively
whiie the concentration of influence wéfé;l.slo,_0.899,~0.32§ and

44.300 ppm. respectively. From the experiment, it’s proved that

Amberlite IRC-718 could absorbed metal ions effectively.
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3.1 {17184

3.1.1 nauatua§ﬂ1a?u (styrene nmonomer)

3.1.2 uauatua%1a11ﬁasuuﬁu (divinylbenzene monomer)

3.1.3 gwﬂgu 3 REQ (deionized water)

3.1.4 N17IUTATLAR (nitrogen gas)

3.1.5 TuuadiTausdatiiavs

3.1.6 TAiaenldaTantdaiiuiy 10 uas 25 wafifwicw/v)  (FeindaTdantu
10 uwaz 62.5 n¥n azatraluinduliningaT 100 uar 250 dadaaTarts
10% NaOH uas 20% NaOH ®1u&1AU )

3.1.7 AaaTsiufia ufiadisad (CH,OCH,CD)

3.1.8 tuainaaalia (FeCl)

3.1.9 Lun1uaa (CH_OM)

3.1.10 iaa7z18TaTWMTR (tetrahydrofuran)

3.1.11 TnTaEL?a (thiourea)

3.1.12 Amberlite IRC-718 aavui¥niaimatiind

3.1.13 §19aca18u1RT3MAALNaTAIINAASTTE (Std. chl;)tﬁuﬁu 1000 ppn

3.1.14 &17aza1ANTATEIUIAUARLNENTULATA (Std. CA(NO),) 1IWdu 1000
ppn

3.1.15 d17asA18NTATZMIANGALAATULATA (Std. Ni(NO,),)ifiudu 1000 ppm

3.1.16 &17azaranIaTzIusavianiuiaTe (Std. Pb(NO,) ) Lin34 1000 ppm

.



'
3.2 alnTau

4 a
KRS LATANUE

3.2.1
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3.2.3
3.2.4
3.2.5
3.2.6
3.2.7
3.2.8
3.2.9
3.2.10
3.2.11
3.2.12
3.2.13
3.2.14
3.2.15
3.2.18

3.2.17
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Lsiuu1u1unaa1z151aigu1u 200 NAAART  WINUTENIM 40 uIN TAANIUAAAALIAN
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° {da o 4 a aa 4
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da v w N . e
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4.1 #aN1TNRAAY

d t a 1
A1774N 4, 1. ﬂﬂ?ﬂﬁuﬂﬁqaﬁqulKﬂ;hﬂ80ﬂ1733318ﬂ9u333“aQﬂﬂu1Tauuﬂﬂ1ﬂaﬂu

. o 4 ' ' &
Amberlite IRC-718 Tﬂﬂ1§ﬁﬂaﬂUﬂu1ﬂL§UQ1u§uﬂﬂaqﬁ 1.1 lﬂualuﬂ1 ﬂ11ﬂ§¢

[~
2894738 20 LHUALUAT

-

< v v
1UaEaY A71H L INARIRIR1TALRE (ppm)

1aaaw

i)
AaUNTITHIBLTRY | wEennTW UL TR [ UndeaneL 13| % nﬁigaﬁunaqtiﬁu

2%

cd 1.910 0.029 0.001 98.4
.24

Ni 0.899 0.067 0.003 92.5
pb** 0.325 0.030 - 0.004 91

24

Hg 44.300 2.513 0.005 94




<4 o ‘
A1T19N 4.2 A1TINUFAYERTINTTINAAA@1TAzANaaaauTancuAas1ua

a 4 ' -
fuagavlaaan J2821L 1A IME1TALA8 NN (RAT) #a7017Ma (cn”/hr)
cd®* 2 w1 55 Jun 391.8
.24 <4 Y o
Ni 2 ¥4I 50 wIn 404.4
pb>* 2 uIn 45 Juan 414.0
Hg"" 3w 379.8

<
#1774N 4.3

] d ' 1 J ,f 2
ﬂﬁ?ﬂ@LUTEULﬂﬂﬂﬁﬂizﬂﬂﬂdﬁﬁﬂﬂﬁ151%%1ﬂ@ﬂﬁﬂ11€01“%ﬂﬂ1ﬁﬂiiu(

28)

BAZAINL TNTUZAIA1Tava 8 aaauTanewAeW 8 Anberlite IRC-718

W v
AINLANIUABIR1TALAE (ppm)

fuazavlaaau
éﬂuﬁﬂiﬁﬂuﬁqﬁﬂﬁﬁﬂTTQQWNQQﬂWWﬂTTN ﬂ11azaﬂau5Qﬁwutiiu
cd** 0.03 0.029
Ni®t 0.20 0.087
Pb** 0.20 0.030
: P 0.005 2.513
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5.1 d7UduaniTneasy

a1nn11En31ﬂw1gaiu1aaauiawzwﬁn 4 diaAataaauuaaiiian (cd>"),lanau
wnina (Ni%*), taaaussiin (Pb®")  uazlaasaudsan (Hg®") 11avi193u Anmberlite
d £ o o < . . . . [
IRC-718 iqﬂizﬂaua1au§auu1u1aaziaﬂLa?a (Iminodiacetic acid) uuia3999
1 Y { o ) Y ‘d fe Y . W o o
A1118784TAWAA LA TWARRTATU A 20a | UuTY Taanwgﬁ«niuuaznﬂuuwngaﬁuTawsuun
° 1 <f
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AadulMaAYL T8 Amberlite IRC-718

- ar d d 4 . oA
L7914 Amberlite IRC-718 LUuLTiua N uidn 2atRatiind 47fe ARy
o ¢ " ¢ ad ] e fob
a1u11a1un11gaiu1aaauiaw=aanw1au uaz 3aA11awLATN Liiuuuiznauauaugﬁqniu
a 4 £ f o
Utzian  audiwlaasianiada 37Upa9L TRuF L ATIERINuBAF TATUTAWAA L HA THY
£ a ° |74 % f arsy ° ﬁ H -
Talatyuan n1tuwg U TWIUNINUE deuuauazm‘suﬂm nauﬁuud‘gﬂaq

R179 W-1,W-2 Uae w-3

Appearance Hydrated, opaque becdj~ B
Shipping Weight T s2isst Naform)
Screen Grading (wet) - 16 to 50 mesh

(U.S. Standard Screen_]__m o
Moisture Content MT ) "62 fo 68% [Na ioini L 1
Swelling ' 40% H — Na o
Cation Exchange Capacity A 14 meq/mi wet res;h

A58 W-1 uﬂaqqmﬂuﬁanaqssﬁu Amberlite IRC-718

oH 15 10 14.0 i
(minimum pH depends on application) 3
Maximum Temperature 190°F. (90°C) (Nq)
160°F. (70°C) (H)
Service Flow Rate 1.0 to 4.0 gpm/ft3
(8010 3208V/hr)
Regeneration 5 10 15% HCIl or HySO,4
0.25 to 0.50 gpm/ft2
(2.0 to 4.0 BV/hr)
6 10 12 Ibs. acid/ft.?
Neutralization 1to 3% sodium hydroxide
(if necessary) or ammonium hydroxide o
0.25 to 0.50 gpm/ft.3
(2.0 o 4.0 BV/hr)
2 fo 4 Ibs./ft3
Pressure Drop See Figures 1 and 2 .
Hydraulic Expansion See Figures 3 and 4

During Backwash

A1T19 -2  udaddnN28n17199143894 78 Amberlite IRC-718
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pH = 2 kM

Metal ion Ca

' Fe+++ 325,000
Cu++ 130,000
Hg++ > 43,000
Au+++ > 8,00
Agt 4,600
Nit++ 3,200
Cd++ 620
Fe++ 190
Mn+ + 120
n++ 120
Al+++ 50
Mg+ + 20
Ca++ 10

SRS

" pH =4

Metal ion K,(\:Aq
Hg+ + 2,800
Cut++ 2,300
Po++ 1,200
Ni+ + 57
Int+ 17
Cd++ 15
Co++ 67
Fe++ 40
Mn+ + 12
Ca++ 1.0

) 4 4 :
. R1719 W-3 uﬁa«1aaau1awznt1?uﬁ1u11ngaiu15nanﬂ1zn1a—Lud A9 9
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3ﬂua=an11q
@ fixed 2nion - 50,7 ete.
® counter cation © Na* etc.
= sTyrene
Zrxrx, cresslinkage agent (DVB) :
{::::::::, hydrating water.
v
Tl u-1 udavTATIATI92894 THY
Company Trade name Manufacturing locationts!
Dow Chemical Dowex \idiand. Michigan
Svbron Chemical lonac Birminghat'n. New Jexsey‘
Rohm & Haas Amberlite Philadelphia, Pennsylvania
Duolite Redwood Citv. California

Y

1 4 - L d
AT W-4  UHAVLTIUAIY 7 nwAaTudTzindanTsaiuing



Comzany Trade name Location
Chemolimpex-Nitrekemia Varion Budapest, Hungary
Dow Chemiczl Dowex Fombio, Italy
Stade, FRG
Farbznfabriken Baver Lewatit Leverkusen, FRG
Mitsubishi Chernical Diaion Tokyo. Japan
Permutit. AG Permutit West Berlin. FRG
Purolite Purolite Pontyciun. Wzles
Svbron Relite Sinasco, [taly
Rohm and Haas Amberlite Jarrow, UK
Lauterbouryg, France
Mozzanica. Italy
Tokyo, Japan
Duolite Chauny, France
Jpolek pro Chem. 2 Hutni Vyrobu QOstion Usti n'Labem, Czechoslovakia -
Wofatit Wolfen. GFR

VER Chemiekombinat Bitterfeld

. 4 a
AT W-5  UFAYLTTUATY nuaa1uq11uuaz§ﬂu
q

Special metal

Active structure Manufacturer Trade names selectivity
iminodiacetic Duolite International Duolite ES-466
acid Dow Chemical Dowex A-1
Mitsubishi Diaion CR-10
Rohm & Haas Amberlite IRC-718
Unitica Unicellex UR-10
Bio-Rad Chelex 100
Veb Chemie Kombriat Wofatit CM-50
Bitterfeld. GDR
Bayer Lewatit TP-207
1sochiovronium: Avalon Srafion NMRR Au, Pt metals at
low pH
Sybron-Chemical Division Ionac SR-3
amino Duolite [nternational Duolite ES-467 Pb, Cu. Zn
phosphoric Sumitomo Sucncheiate MC-90 Ca. Mg
carbamate Nippon Soda Nisso ALM-5325 Hg, Cd, Zn, Ph. Ci
cyTidine tynes Sumitomo Sumichelate CR-2 Mo, Au
Dow Chemical Dowex XF-4195 Cu, Ni, Fe
Dowex XF-4196
polyamine Mitsubishi Diaion CR—0 Cu
Liaion CR-20
thiol Akzochemie IMAC-TMR Hg
Duolite Icternational Duotite ES-465
phosphoric acid Duolite International Duolite C-63
Duotite C-63
Duolite ES-246 U

amidoxime

Duolite International
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fons Chelating group Refs.
atkali metal crown ethers 50.81
aluminum 8-nydroxvquinoline P 13
arsenic fluorone 21
bervllium diallyl phosphate 82
bismuth pyrogallol, thioglycolate $3.84
horon N-methyiglucamine (C» 85
salcium diallyl phosphate. iminodiacetic acid (C)* 12,82
sesium resorcinol—formaldehvde &6
chromium 3-diketone, casein-formaldehyde 30,87
cubalt 8-hvdroxyquinoline, iminodizacetic acid (C)® 12,12
copper S-hydroxyquinoline, iminodiacetic acid (Ci® 12,13,29,73
aminomethylpyridine 1C)*, aminomethyiphenol
zermanium pyrogallol-formaldehyde. fiuorone 21,88
goid polyisothiourenium., polypyrrolidine 16.99
iron hydroxamic acids, oxamines, aminomethylphenol 18,32,50
lead pytogallol (C), thioglycolate, dithiocarbamate (C)¢ 17.83,84
maznesium alginig acid, phenyldiaminoacetic acid 55.91.92.
mercury thiol (C)?, polyisothiouronium (C¥, dithiocarbamate 17,23.76
(Cyr
molybdenum diphenylphosphonate—aldehyde g3
nickel ‘minodiacetic acid (C)°, thiol (C), 8-hydraxyquinoline 12,13.23
nalladium aminophenol and nitro groups, guanidine, - 13.78
) polyisothiouronium (C)*
olatinum polvisothiouronium (C)°, guanidine 16.76
potassium dipicrylamine 94
ruthenium bipytidyl 25
silver aminocarboxylic, polvisothiouronium iCY¥ 76.96
strontium diallyl phosphate, resorcinol-formaldehyde 82,86
sulfate polyamines (C)* 97
thorium arsonic acid 83
titanium chromatropic acid a8
tungsen S-hydroxyguinoline 13
aranium amidoximes. imidoximes, phosgphoric acid, 19.20,74
polvhydroxamic acids
vanadium nolvhydroxamic acids 99
zinc anthrantlic acid, phosphoric acid 33.100
zirconium paosphoric acid. | 1.8-naphthylenedioxy diacetic acid 101,102

«iC) indicates commerciaily available resins.
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T et inetals

Palymer backbones

Ligand Active structure

~Conunents

-

iminodiacetic ucid Cl1,CO0H moest mullivalent metaly mainly pulystyrene very nuportant commercial
derivalives —N/ vesms, bat relatively
\(‘“ COUIL sunseleclive
WM
# S
8 hydroxyquinoline K)l( )l Cu, Ni, Zu, Co mainly cundensation many experinental
W \ﬁy polymers have been
’ on produced’
pol)l‘uum\es NEACILCH NI, CHLCHLNEL, Cu, Ni, Zn, Co polystyrene, commercial and
complex metal anions polytaceyhe acidis, experimental resins with
f polyothiyleneimine many structural
i vurintions
thiourea NI, A, Ry, and platinum polystyrene commerciil resins have high
g meluly selectivity und cupuacily in
! ‘ \Nll ucidic sulutions”
uu::nhliuu /Nll platiomn welals pulyslyreno conunercial resins have hagh
l‘ —N-«C/ selectivity and capacity in
: N N actdic sulutions”
] 4
dililniucurbumute . /b'll by, Cd, '_Lu. (RN polycthylencimine connneraris)ly available
—Nll--()\\ resing
5
hydruxumic acid Ol Ie, U, V pulzerylates niinly experimental resis,
- U/ high sclectivity
X,
N—Oll
amidoximes /N-'Oll Cu, Au, U pulyucrylonitrile sume very stable complexes
-—C/ formed’
N
Nil,
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crown ethers PRe (O alladi netals mainly polystyrene viriety of experunental
resing
» -, ‘p
Q) O
‘"’ olt
aming phosplric — G~ NG .,p\ i'b, Cu, Zn pulystyiene commercrinlly availuble
ol resing
merenpto groups Sil 'L, g polystyrene and mainly experimental vesins;
. pulycondensation conlensation polymers;
resing ’ many structural
S variutiony”
1 l{ -
cyclic pulyamines, /N\ Fe, Co, Mg pulyud(ﬁ!,i(m aned sume very stuble complexes
eg, porphorins — &N NI polydbndensation formead
\ / resing
N
14
1,3-dicurbunyl TN Cu, U, Ie, Cr polystyrene mwany experimental
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. ) polyncrylates
-y - oA

(B8) 8-M BPLLLE

9¢



10.

11.

12.

13.

14.

15.

16.

17.°

) -y
tand1e9angayg

Farrall,M.J., and Freichet,J.M.J.,J. Org. Chem.,41(24),3877-3882

,1976.

Dardoize,F., Gandemar,M., and Goasdone,N., Syn. Comnm., August

1977. 587.

Warshawsky, A., and A. Deshe. J. Polym. Sci.:Poly.Chem. Ed., 23,

1839-1841, 1985.

Warshawsky, A., U.S. Pat. 4,568, 700 (1986).
Basavaiah, D., Syn. Comm., 18(12), 1988.
p. 4111-1414,

Amato,J.S., Syn.Com., p. 970-971, 1979.

Wright, M.E., Macromolecnles. 24, 1991. p. 5879-5880.

Sparrow,J.T., Tetrahedron Letters. 52, 1975. p. 4837-4838.

Hodge,P., Polymer. 1990, vol. 31. p. 140-144.)
Morris,J.,and Fritz,J.S.,Chromotogr,J., 602 (1952) 111-7.

Sullivan, M.J., and ¥Weiss, R.A., Polym. %ang. Sci.,

1992, 32 (8). 517-523.
Kenichiro Arai. J. Appl. Polym. Sci., 38, 1989, 969-973.

Lanth, M., React. Polym., 13, 1990, 73-81.

Ritter, J.A., and Bibler, J.P., ¥Wat. Sci. Tech. 25 (3), 1992,

165-172.

Lanth, M., React. Polym., 13, 1990, 63-71.

Lin, W., U.S. Pat. 5,028,259 (1991).

Macromolecules. 1991, 24, 6365-6366.




18.

18.

20.

21.

22.

23.

24.

25.

28.

58

Ajayaghosh,A., and Das,A.,.J. Appl. Polym. Sei., 45,1992,

1817-1622.

Alexandratos, S.D., and Quillen, D.R., React. Polym.,,1990,

13, 255-285.

Kobayashi, X., and Senna, M., J. Appl. Polym. Sci., 48, 1992,

24-40.

Zou, D., J. Polym. Sci.:Part A, 28, 1990, 1909-1921.

Ching, Q., Polym. Bull., 28, 1992, 569-576.

Ugelstad, J., Elsevier Science Publishers. B. V. Amsterdam,

1990, 1-9.

Zheng-You Ding,et al.J. Polym. Sci.:Part B., 30,1992, 1189-1194.

Schneider, H.P., U. S. Pat. 4,895,905 (1988).
g 4 e
ﬂ1sn1ﬁ11ﬁnﬂangun31 7 @aun 33 (auuuLdY uauniwﬂﬁaﬁwgtun&1) 5

q »
dUIAN 2525 w1 7-12



10.

1J‘§‘?§ﬂ'11é71‘534

4 L) a ’f l: [
WTIA gnﬂtdna1, n11ﬂ1uﬂﬂ1uu11uaaﬂﬁun71uuazu§a1au1, Tﬁ1¢n11duud§utnﬁ

a [} Q 4 <4 Q ¢ 2 4 v
uﬂqaﬁﬂun11uan1ﬂuﬁ«ta1uLnaTuTaa (1na-m4u),nEQanﬂ,wuunien 1, 2526,1u1
185-252.

"Encyclopedia of Science and Technology", McGraw-Hill Inc.,(3),1971,

p. 363-381.

"Encyclopedia of Science and Technology”, MeGraw-Hill Inc.,(8),1971,

p. 341-393.

Mellor, D.P. and Dwyer, F.P., Chelating Agents and Metal Chelates.

Acadenmic Press, New York, 1964. P. 283-333, 95-141.

. Rieman, W., and Watton, W.F., Ion Exchange in Analytical Chemistry.

Pergamon Press, London, 1970. P. 1-53.

San Tokh S:LABANA,Chemistry and Properties of Crosslinked Polymers.

Academic Press, New York, 1977. P. 59-83.

Inczedy, J., Analytical Application of Ion Exchangers. Pergamon

Press, London, 1966. p. 1-130.

Abelah, A., and Moet, A., Functionalized Polymers and Their

Applicatiohs. Thomson Press, New York, 1990. p. 5-11.

Hava Hornung , Estuarine, Coastal and Shelf Sciences ., 29, 1989,

43-58.

u‘( ' o q
g9fa  witadidA.  AunalLATISMENLAE. duﬂnuaﬁnnsaqu1a§au1na,ngqxnwﬂ,

Q & ¥ 4
wuwaign 2, 2535, p 118-157.



