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Synthesis of Cation Exchange Resin from Water Hyacinth

Chemically Modified with Citric Acid
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Abstract
In this research, cation exchange resin was synthesized by esterification reaction
between cellulose in water hyacinth and citric acid, for used to ion exchanger in agueous
solution. The temperature and reaction time were investigated to obtain the maximum total ion

exchange capacity, in term free carboxylic content. The experiments were performed at 110 to
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140 °C and reaction time at 60 to 600 min. The results shown that the average total ion exchange
capacities of four experiments were 5.1044, 4.7377, 4.6285 and 4.4229 meq/g, respectively.
However, ion exchange capacity does not increased progressively with increasing of reaction
efficiency because of the present of crossing structure in resin when using high temperature and
reaction time. Determination of swelling value and moisture content have found that the swellings
were between 1.13 to 1.33 and the moisture contents were between 3.16 to 5.18 percent. The
adsorption of copper ion in aqueous solution (pH 5, 24 h.) by four synthetic resins was
investigated. The adsorption efficiencies were in the range of 55-82%. The resin which synthesis
at 130 °C, 240 min and 140 °C, 180 min offered high adsorption efficiencies of copper ion. From all
of the result concluded that the temperature and reaction time were influence on total ion
exchange capacity, swelling and moisture content of resin. Three factors are all effect on the

exchange of copper ion in aqueous solution.
Keywords: Cation exchange resin, Water hyacinth, Citric acid
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A197197 2 mmquamﬂﬁﬂuvlaaaumaaLssTjuLﬁaé'qme:ﬁdqmﬁgﬁumnm@me] (InRmuyadde

NTULITH)

ANy aNauanila g laaawuaIlsDw (meg/g)

() 110 °C 120 °C 130 °C 140 °C

60 1.1361 + 0.13 1.6522 + 0.02 1.2240 + 0.25 1.1867 + 0.04
120 13795 + 0.08 13576 + 040 14043 + 0.06 1.4667 = 0.09
180 14082 + 0.09 16152 + 0.38 1.4947 + 0.02 4.4229 = 0.12
240 24218 + 010 3.3479 + 053 46285 + 0.35 4.1420 = 0.12
300 3.1156 = 0.20 4.5714 = 0.05 4.4467 + 0.08 3.9097 * 0.15
360 3.8607 = 0.01 4.2951 = 0.09 4.1086 = 0.14 3.8091 + 0.13
420 3.7448 + 0.00 4.5756 + 0.04 3.9622 + 0.14 3.7848 * 0.11
480 3.9868 + 0.04 4.7377 + 0.08 3.8491 = 0.07 3.6344 + 0.11
540 5.1044 = 0.03 4.4356 = 0.07 3.8811 + 0.03 3.8364 + 0.03
600 46533 + 0.02 4.7222 + 0.02 3.7941 + 0.01 3.6689 = 0.05
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NN 5 LfiaLﬁﬂuniwmzmwmmmgLLamﬂﬁlﬁu"l,aaaumaaLif’EuLLa:L’amﬁlﬁuﬂ'ﬁ
My itevesudazamimasainudn lugasusnuesdjisem mwm;u,aﬂLﬂﬁ'yuvlaaamﬁw%umu
panfiindu udideudeebiugAsendiiudlunsuium lituasiinieanasagnaiuldda Tasaag
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Vl,aaamﬁluifumuﬂs:ﬁ‘n%mwmnﬁ@ﬂﬁﬁ’%mﬁﬁuifu IudIINT 540 WMl

Lwiﬁmfuﬁqm%qﬁ 120, 130 uaz 140 aseiwafoaiu dvisseaduldlufiemadoariu
wnzlutaunuanljisinfAefinawestjise 60-300 wi ‘mé’ummfw,t,ﬁdﬂﬂﬁﬁ%msm'inm?@
s'fm’%m,l,amgvlaman%maaLmaQIaaLﬁ@mnifu (ﬂi:ﬁﬂﬁmwmnﬁﬂﬂﬁﬁ%mgﬁu) I GRGPREE
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nwiliasnananedemdudusiliifnl jisenemneSiiadunazildnsadasn
wasulhidudesnuenlsles dntmnlianafeulusinaunniiwly vinsldgungiganiar
UgAsondunamnu wmsvendandssslusdu (38w 1) ezl §Asedumy laesendfiday
annanluiaaglaw WL AnMsL NI (crosslink) dululassaing rlingansuandindaszlms
Tuaaad (Wing, 1996; Zhu et al., 2008) aaaumslunnd 6 (L3T% 2 uae 3) s’fmmwmmimyjﬁﬁw
wihfiuanilaouleaauansitiwas uananiianufeudsnifwld i liiRanmad douuias
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4 . - .
(depolymerization) TsvhlilassainsasiaaglasfianIaaiue

0

H2C~COOH HzC—Ci/ H,C—C- O-Cel H2C—C— O-Cel H2C—C— O-Cel

A | O Cel-OH | A 6’0
HO—-C—-COOH ——> HO~-C-C —> HO-C-COOH ——> HO-C-C~ ——> HO-C-COOH

H,0 | Y H,0 | o ceton

H,C—~COOH H,C—COOH H,C~COOH ”20‘%0 Hac-—ﬁ— 0-Cel

0
NIATAIN Insnuaulalas L59u 1 139U 2 159U 3

nwi 6 mafiad fAsensznitmyanivandandaszlwaBuuazny laasenduasiaaglas (Cel-OH)

aauladann; Robert E. Wing (1996)
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A o a da A ' a 4
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ARz UTNI AN VT UN LI IANAAILRAIIANT197 3 lasusdusiian 2 In1TuluauazUSum

mw%ugaq@
A151971 3 MIVIWAILAZANNTUDBILITUEN AT NTFS ATl
BRALIT NMTLINAT (1N1) Y ouAzUBIANMND
1° 1.13 4.88
2° 1.33 5.18
3° 1.20 4.59
4° 1.20 3.16

a duazngunnil 110 °C laan 540 wafl, b Faamzifigunnd 120 °C 18iaan 480 wfl, ¢ AN
gaenndl 130 °C 1F1aan 240 w1l uaz d Fuazwnganpil 140 °C 1iaan 180 wifl
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8ane8 (Waen, 2547; 83/, 2553; Ibrahim et al., 2015)
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o

= @ 2+ H a A 1%
AN 4 ﬂ']i@@]‘ﬂuvlﬂaauﬂaﬂl,l,@\j (Cu )Iumiaza’m%’madLi‘nuﬂmLﬂi’l:%ﬂl@l

BRALTTH 3a10 cu® Y3anm cu® 7t FouazN1INATY
Léuéf% (mmol) C;]WEU (mmol/g) cu”
1° 0.79 0.56 +0.04 70.6
2" 0.79 0.43 £0.02 55.1
3° 0.79 0.65 +0.03 82.3
4° 0.79 0.65 +0.01 82.1

a ﬁatﬂiwzﬁﬁqmﬂqﬁ 110 °C 1%17a1 540 w17, b é"dmﬁ:ﬁﬁqmﬂqﬁ 120 °C 1180 480 wfl, ¢ &9LAI1zHN

ganndl 130 °C 1g1aan 240 w1l uaz d FuaTzingunnil 140 °C 13iaan 180 wifl

Lﬁaﬁmimﬂwmsﬁaﬂa:m‘sgwﬁ'uwud%ﬁuﬁa?mﬁﬂmmmLLamaJﬁsJu"l.aaawnaaLLmVL@T
PINNINTBYL 50 lauianizat19d9IguThon 3 way 4 ﬁfugqﬁﬁaﬂa: 80 WRAIIALAWINITUN
FILATH A aIu1In I le 93 LL@iﬂi:ﬁﬂ%mWIumiQWﬁhﬁaLLamﬂﬁﬂu"l,aaaumaﬁmVL&i
- ¥ & XY o o 4 .
duldanuniamessst netiduegrivdSanaweslasaulussazmsuazannizaltlunigady uaz
Lﬁaﬁmimﬂmmmmmsl,umigﬂ%’uﬁammamﬂﬁqul,aaaummmuﬁﬂuﬁ'umm’mgLLamﬂﬁﬂu
losauvasisGunuimanldliidulilufiemadediu nande funddanuguaniioulosau
gpﬁqﬂvl&ivlﬁﬁi’aya:ms@@%’ugzaq@mﬂﬂﬁm aaugasmItSouneulilua1sen 5 laosgusian
1 ﬁﬁmmm'«g‘mmﬂﬁmu‘laaaugaq@né’uﬁ%aﬂa:mmamﬂﬁﬂuﬁaUﬂins%u“ﬁﬁ@ﬁ 3 uay 4
dmiuisdun 2 wullanvuanildoulasaulivandrenuadnidinddynuadusion 3 uas 4

1 e v A U 1 Qq: lé v 1 = U dl [ I lﬂq’
ngmsﬁu"l,aaaummmvlmwmsaﬂa: 55.1 Wit Darkeuninaneuiasaz 30 tnaidulsui
stﬁzuaﬂmﬂmm’mﬁgLLamﬂﬁﬂuVLaaauLLﬁ's FNLANIIMBNINDKY 1% NMTVINAUAZUI U
ANNTUVDILTTU NRNAFAANITLANIUADW a0 WLTUNK LIHaINNNIRDINIINTLAaTUBNDINIT

™ a ) 1 v a & 4 v Qo v I}
P8Iz UTUIT09719 11l TIETIIVDILITU T NUITINUNIT MARLT108NVBIRITRZAIL NI

A y e A a o A ~ v & o o a \ . AV

awranasnesueliludan 3 (915199 3) AIRUIATINTUINGILAZUSNIUT B IT19N b

wanzandansInadalszantnwlumsuanidonlasanlussazanuiin

A a o 2+ by A L4 . a
139N 5 ﬂ']iLLaﬂL‘]JﬂElu/ﬂ(ﬂ"'ﬁ‘].lvl,aaau"ﬂaﬂLL@N (Cu ) l%ﬁqﬁﬂf‘-ﬁﬂ’]ﬂ%’]"ﬂaﬂLisﬁu‘ﬂ\‘iﬁﬁu@

BRHALITH quuamﬂﬁiﬂu MUIWNG B8Rz 3DRZNINATY
Toaawwaslszw (meq/g) (1) AMNTY cu”
1° 5.1044 1.13 4.88 70.6
2" 4.7377 1.33 5.18 55.1
3 ¢ 4.6285 1.20 4.59 82.3
4 ¢ 4.4229 1.20 3.16 82.1

a duaznguwnnil 110 °C lfiaan 540 wifl, b duaTzdngunni 120 °C lFiam 480 wfl, ¢ FuATIEHN

aaennd 130 °C 1%iaan 240 w1l waz d éfomm:ﬁﬁqm%gﬁ 140 °C 11781 180 w1
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uananleaaunaduasuds laoilisdunidnyaniuandindaszamaniauanilasulasan
o A A A o ' A 3+ o 2+ A 2+ < o
nu'lesaulansAddszauinaug o wiu landlow () azia (Po) uazuaaifina (Cd”) iludu
o o Aa . a + A va v o
wazdsmansngatumnfidezauan u wenludlowlasau (HH, ) uazniaazdlulddndan a4
A Ao o A wa o ' ° P Ao X
ARuWlusansuIdenansaty Sannguentadindnimusniisdulinaurnnnnuwids
lddszgndldnulunaodu wu umigedulansninluiuds iWwedudinamslumaduany
\induvadlaaaulans (pre-concentration) n3alumiusnmwaufiddszauanaananasazas 1w
dw lapdszansainlunislsauatswandrsnuliausiaveslasandratng USunmmloaowln
AR NH] LLazﬁm’leumiQﬂﬁJ (Gurgel et al., 2008, Sharma & Pant, 2009; Li et al., 2010; Yu et al.,
2013 Altundogan et al., 2016)
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