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FEQFE 19804 % Foiaed? 24W 2 AFIgeyeh Fargddd Byt

B iEEEQ) BRSSO T silica gel & M= A83tz 2 KMEe coupling agent &
A28 3 polyethyleneimine 3} tolylene-2, 4-diisocyanate & RIEAA 3 KkTiES Zalol
E BSFE ARAZ Ao EflgY Pbt, Cd** ¥ Hg**ol &3} 22 EEEl 25l o
3 BEHES K, 429 B KRGS THHE corncob & JFRE 3tef o] & o8
7hx 2 b2y B 3 e Ao EFSTE KA AE EEAT A EEN
Zole)ste] Pb*Y, Cd** @ Hg''ol 253 7 ELEI2EY RELS BTt

Silica gel & #a4 2 3ol wlE o] Effs= Pb** 2 Hg*vo] 29 A& dzo] dAAT
Bpee) LRGEST B35 Cattol 29 A oL EAMES AEHA gerh
Pb++o] 26 &A= B 7HA] coupling agents & Ar-§-3F 2% pH 3.3 o] Aol A thzte] 100%
2 WmERES YUz 2l o o]E coupling agents o] & y-methacryloxy propyl trime-
thoxy silane %9 EH#ES 713 A4 (€ pHEES H&KE =), Hg*toled A&
methacrylate functional silane %9 coupling agent 7} 7} £-& ERHRE ez glow,
pH 4.501 A HAfiE(100%)E el o 2

KRRES T EHER)A corncob 9] 73 K#IEE corncobs HiRel WFgE-S Hg''>
Pb**>Cd**9] 4ol 20 ppm 4 5.9 KKl A PEI &} TDI 3-8 s Aol B
STE Aoy |ELEe 24 ket zEy corncobs & Aol KEEHESF
oz A5 WEKHEe 24 wkhss pHE 8RS 75 Hg*' ok Pb*ro] 24 7 ¢ 7
7+ pH 33} 4~55-Zol 4] ALl 100%e] o] 2+ WHhES Vel

Abstract : Chelate resins were prepared using the heat-resistant inorganic polymer such as
silica gel as a carrier, which is treated with several coupling agents and then polyethylene-
imine (PEI) with tolylene-2, 4-diisocyanate (TDI) stepwise. Their adsorptivities to the heavy
metallic ions such as Pb**, Cd** and Hg** ions were tested and compared each other.

Other kinds of chelate resins also were prepared using cellulose series natural polymer as
the carrier instead of silica gel mentioned above and their adsorptivities to the heavy me-
tallic ions were also tested.

In the case silica gel carrier was used, the chelate resins showed remarkable improvement

in adsorptivities to both Pb** and Hg** ions, but not to Cd** ion.
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It showed 100% adsorptivity toward Pb** ion above pH 3.3 for all the cases of the

coupling agents used in this study, and y-methacryloxy propyl trimethoxy silane was found

the most effective agent among the coupling agents examined.

The chelate resins of methacrylate functional silane coupling agent showed the best

adsorptivity improvement toward Hg** ion, and the maximum (100% adsorptivity) was

chserved at pH 4.5.
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A; : N-B-aminoethyl-y-aminopropyl trimethoxy
silane(1% KHHS A4)
(CH40)3Si(CH,) s NHCH,CH;NH,

Ag: Methacrylate functional silane
AR KFEE A8)

O
Cl-
CH,= (‘T C O0—(CHy) z’—/N+ (CHy)s-
CHS CH3 CH3
—Si(OCH3),4
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(1% oM BB S A3
(CH3)3SiNHSi(CH3) 4

Ayt y-Methacryloxy propyl trimethoxy silane
(KBM 503)
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CH,
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AP olupit PEL 9} TDLE A= slget. &, 0.67
%°] PELAEHK wol 1454 BEA2E:
105°C ol A 304550 ZipAd o o] &S o4 0.5
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HEpFol 25 ek WmEEsS HEd BRE
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agent & {i[fis}~] %Lf. A¢-d= REERLS Y
il pH LA -t &e] Bigio] HkE o
pH 3.3 LI koA = 01 » coupling agent & A}
L8 4y ZF 100%9 ®EES vEhiz
itk pH 1~20] 48] & RE 8K RS IR+
coupling agent 2] ;P8f2 HRE o

AA> A A
2 vebd 4 Sl (Fig 1),
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wAL R J!ﬁfi

A > A >A A
2 vehtx i (Fig. 2),
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Figure 1. Adsorption rate of Pb** ion with the
variation of pH to silica gel-chelate resin
treated with coupling agents.
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Figure 2. Adsorption rate of Hg'* ion with the
variation of pH to silica gel-chelate resin
treated with coupling agents.
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Figure 3. Adsorption rate of Cd** ion with the

variation of pH to silica gel-chelate resin
treated with coupling agents.
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Figure 4. Adsorption rate of metallic ions with the
variation of pH to silica gel-chelate resin
treated with coupling agent A;.

Methacrylate functional silane %3l A, coupl-
ing agent Z ffifigl 7 %+ pHd4. 504 Pbt+ 2
Hg**o] 2ol w3t thzto] 100% 2] ®AERES
et Hgtrol &8 A9-& pH4.5 LlEoAE
pH % met o Eol MA3t= el = Cdiro) &
o el 7H e BEES ez e
(Fig. 5).
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%3 pH 3.5 LI koA 100%9] %ERES e
A uk Hgt+ 8l Cdttol 2o ti gt BEFES WA
Aoz wri(Fig.6).
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Figure 5. Adsorption rate of metallic ions with the
variation of pH to silica gel-chelate resin
treated with coupling agent A,.
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Figure 6. Adsorptiona rate of metallic ions with the
variation of pH to silica gel-chelate resin
treated with coupling agent Aa.

oF A A o2 Fsht 2 pH fisgel A Pbr*
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etz ol ek (Fig. 7).

o} s}zke] coupling agent EHIE & 72 5 #
Fra] 2w Cdtrel o) sl A& A9 miEHE k
AHEE % 7 glov Hgtvo] 2o} Phito] &
of sl RES LAWHAS BasA =+
53] Pbtrol 29| A% M4 = 45HR7F AA pH
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Figure 7. Adsorpti on rate ofmetallic ions with
the variation of pH to silica gel-chelate
resin treated with coupling agent A4

Corncob &] 7 $-+ corncob {E#E F 18] HAHHE
2o} PELS} TDI9 Zslo] EMIES corncob #
ol coating A7) o2 A W ERES] L&
&z 9tk &, Hg*to]&e 49, original
corncob @] 89% Bl fhal corncob-chelate
resin -2 97. 8% 9] WEHES e A, =g Pb*T
0] .&0) 1} Cdtte] 28] A $-% original corncob 2]
G Efgol 2+7k 91.9% 9 64 %9l ®] Hhsl corncob-
chelate resin @] BHE-S 77 100% 9+ 93.5%
E vepl )k

pH ##{ko w2 corncob-chelate resin ©] B3
4eS HEtet f5EE Fig 8o e gich Heg'™
o] Lo Wk EHES pH LA ol o] Binst
o] pH 33zl A Hzgh& vehlls = o] Aol
A 7k WASE HfS Bolx A% =%
Pbt+o} 9] 7%= pH4ell A 3 zk-g vehiy
Hgtto] &9 A9} e AR} g
B g

Corncob & #fso 2 |8l pentosan o] ¥
e R0l kSt RAKES °l2A
furfural o] 4R A ohe FEHES 2 48 A et
ol Nt AW A A E obd A ofA EALE AE
o] oz o) furfural o 4RE RER)
g}t Azt KEmel BES #tAA REE
< #33 ERE Fig. 9o vepiidlel el g
Kpe gErl ®inds§ Hgtrol 2oy Pb**
o] &o WE M-S AWM FEFE 2

2o A 54 A 35 1981 6¢¥

5F

///\_“\‘.\\* .

-6-o— ¥g" 1on

o
T

-oo—-Pb" ion
-0 -Cd" ion

Metolic jons adsorbed immaetrspt)xi0)

£ P 3 oa
. / T
n/ -
o3 L & &
1 2
pH

Figure 8. Adsorption rate of metalle ions with
the variation of pH to corncob-chelate
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Figure 10. Adsorption rate of metallic ions with
the variation of pH to sulfuric acid treated
corncob at sol’n concentration of 20 ppm.
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Aol E #lRl K HEBA A

X 1079 mmole/g o) 4] 1.3X107® mmole/g 0. 24
oA A5 Cdtre] &9 7Lk 1.3X107
mmole/g o4 1.4x107® mmole/g o2 <k} 18
stz glvk
KEBREUEES BEESE corncobF 7 gl A
Aol EHIRE ARAT A BEES HEdE
R ZF %E A7t g Btz ok
Z, Hg'to] &2 7 47.9X 10~ m mole/g o} A
43.4X10m mole/g 2 2, Pb*to] &2 155X
10~®m mole/g ol A 11.9X107® m mole/g o2,
Cd*+o] 22 28.8X10™%m mole/g o A 21.1x107°
mmole/g o 2 “tebviz gloh 2¥ A% LB
o] &9 |EL 20 ppm}éiﬂ% KB A = ol
Aol EMIEE A3 A= 98% LIk £
< WASHES B Jonmz 5% Folvh o
ZE B A BHS ze A ¢
et Aol Mg HtkS A A =
ﬂ%ﬂa Fishs el A= 2338 Aol
B2 A Ae] v HHE Aoz AL,
Corncob o] t&F Pbt*, Hg™* & Cdtto] £59]
Wl e fpadle, WA @43 corncob
& ZFHg2 Ao RBEE Rprcde o7
PEI-TDI % Zdlo]l sy T5 EEI Zel ¥
A FE REES HeER A g, g2 2 corncob
S #EBA st AY E‘igﬁﬂ:‘/}.‘f_ oz Ay
b++‘+ Hg*to]l &9 7% RS ®&AGhEe] /K
Bige) BEE sz 2 AR M@ﬁ:b}zwg
AW W7t o 2tk o] &9 'ﬂﬁﬂ corncob
#Fmel Aol i g ARAE Zelol Ef
ferel o Zx ow ol E W R KBV ER
BEBE corncobol] A EEFSTE AKA A
S5 RG-S g "ol A ok 2y Cd
o] &9 A9 HHESE corncob-Z # o] E 555
FrRoE EREAHS Zlo] 4 ®ERE] Fol
E3 KEMEUYEES A8l § A2 corncob-Z &
ol rRTE o FE WAES vez
ot} ol EE e Eoly JHEERE
corncob %9 pentosan % F7T-7F HHIE (2
BEY %X ), HeoE HBEARE
corncob H§F R /7% hexose & fiir o] Mk
b (fatgfbz 53 dZd)E =3es Ae

gejoy Al54 A 3% 1981 69

#gA00 BT/ (EAE &R Hxdot

74 BEREC] BF T Hgtto] 2o w3t o
LHEHRS BEE 20 ppm(100%%#E corncob-Z
ol EFS T B$)es FH 100 ppm o2 &
ol corncobAHJEEFFY AF 80%9 ®
HRES Holsd E®AEWE & corncob &
300 ppm ol A =. 77 % (3. 5X 10 °m mole/g) &} H.B:
B ¥ BEES Holed KBMEYEEFS A
2)g AL M 5 ®EES Jdehiz o
400 ppm 2] °] & BEEH A X 80% (4. 8X107°
mmole/g)d] BHFYF FEE ez ¢

4 #& B

Silica gel & &%= A}43}3 coupling agents
F A& 3 PEI o TDI & HEAA 3 KTHE
ise] Aol Efs g A2 st RS Lo
ERffReE RR# 5 T4 B corncob & fLEAN 0
2 EEsLAY g7 Aol Eds T AEst
o Bk A o] =g dete] Pb, Cd++
Y Hg++°] L5 BFES Bid g 2

1. Coupling agent & HHT A=A de
2 BAEY 2 EADR7 #ES AP,
Hgtto]l &), mM&mol-ol et 238 |&
FRgel IEFsE = BT Bil= o (Cdtie] £9
B,

2. Pbtto] 2o o3 MKRES ©| % coupling
agent ] JEHZIRIE Hejvhy pH3.5 Ll koA
+= o]x agent & A3 A thzto] 100%9
& WUERES etz 3 coupling agent &
ol 4] == r-methacrgloxy propyl trimethoxy silane
FoF 7 F& HRE ez

3. Hg'to]2-9] A 9- 94 coupling agents <]
BIE WS 34 RS ol & agents 5
o]l A == methacrylate functional silane %7} 7}4
Mol o] A pH4. 5014 100%2] HAHES
bl o},

4. Cd**o] 29 %+ coupling agents9 B
2 BatEee] ERSES RESEX ged A

gl 34 2 Asun 93]y ok HWAssE
S vehd o



BEER - BB - RN - AEE

5. koo 2 HH3) corncob S HLB
o] &5 3t WAL Hgt >PbH>Cdte]
oz viehvie) RIREE (20 ppm ¥H) o) A PEI
st TDI % 8ol EmSFF corncobell A2t
AL WAGHEe) S w9 ok

6. Corncobell 5% w9 oyt 422 B
S 79 He™ 9 Pbto] 2o oidt WHFHEE
F E5 A 5E Cdtre] o o] 3F KRS A e
9 gk ETFET o)A corncob o] HE
BRFEE 3b pentosan 0] PakE 3 d: hexose
REoFrt Bks RE HEE ez zd==
HER #HEET)

7. Corncob 8] W i5EE-S
dnwl Hetrol 2o 49+ pH3 Y
% Cd+e] A9 pH 4vbol A RS
a Qe

8. Molvt Ze) @RIESE corncobd] Ao &
wasr FE EpA g Aol EEEEE 20 ppm B E
A= Ao il TE AR eA ¥ ARt
2813 Wiifee] MAstE @il BRsiv 2
ppm B 0] (CIRES] T4l ol A= 98
%LLESl E2 WRES YEllowm %’J“Wﬁbﬂ
A ol E#iiRe] HiteS Abul FlHe]l WHET R
o= itk o}

pH 88(kel whi} it
Bzl A Phtt
ehy

ru{o
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