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E# . Polyethyleneimines} tolylene-2, 4-diisocyanate2 XA 3AITHESY BT
ol EE BEN A GRLEY R ERECILE BET o= HRY silica gel 9 ¢
%] polysulfoned #E#8= e 2 FKol o] HATAAIEE £RAZ A== gl
Pb¥, Cd* g Hg¥c] 259 ERECl &5 g REKES Bifstg =z, g2 = polysulfone
e B3l 7 FH] polyethyleneimines} tolylene-2,4-diisocyanateS FEA 7 &4
FAd ol EE 4 A T membraned A1-g3 o] reverse osmosise] o# A ELF] & (Pb¥,
Cd* 9lHg") 3 HRLEHGIE)Y BREERS 1733

RA Kk Ao EfESY 74, silica gel-chelate resino] polysulfone-chelate resing]
Ases o F2 WitEE vepl o] Po*>Cd*>He*e) 29 Jjio] z Pb*ol£9] A% 30
4F curingA 7 A3 o] EAHfE7L 90% (0. 17mmol/g resin) o] Wik vhehil gl

pH#E{ o] ulelA &= Pbho]l 29 79 pH 2¢] A4 silica gel-chelate resin @ polysulfone-
chelate resin o] 7<) 100%9) WSHEe hehigor pHEME et 2we moe
v, Cd* 5 Hegtol&o] 9% dAldos WiE#ke Halxe Phioleste K%z pHRM
o wek v Frheke @A ez g

Reverse osmosise] ¢ 3t polysulfone-chelate resin membraneg A}&3F frkERA A=
5000 ppme] ER{FE SUKERS 600 psidl Al #IFE 2% 95% 9 rejection(ZZ) & vehd
A=, EEEolLE 9T rejectiong Cd*~Hg*>Pb*e]2-o 7 golglov], 300~500 psi
oA Cd¥ gl Hg*el2o] A% 97%9 F& BEFS vl g

o] membranee] 23t 339 RIEE A& 100 ppme] feed solutiong A}£3t=z 300 psi
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Abstract: Polymer chelate of three dimensional network structure was obtained in
the reaction of polyethyleneimine with tolylene-2,4-diisocyanate, and in order to
remove the heavy metallic ions such as Pb*, Cd*, and Hg* ion by adsorption, silica
gel and bead polysulfone carriers coated with above polymer chelate were used, and
furthermore to reject the organic compound such as phenol and the heavy metallic
ions (Pb*, Cd*, Hg* ion) by reverse omosis, polysulfone membrane coated with polymer
chelate formed by the reaction of polyethyleneimine and tolylene-2,4-diisocyanate
was used at the same time.

In the case of bead type of chelate resin, silica gel-chelate resin showed better ad-
sorptivity than polysulfone-chelate resin and the order was as follows:

Pb#*>Cd*>Hg#

In case of Pb* ion 90% (0.17mmol/g resin) of the ion was adsorbed to the chelate
resin cured at 110°C for 30 minutes.

To Pb* jon both silica gel-chelate resin and polysulfone-chelate resin showed 100%
adsorptivity at pH 2, but the adsorptivity decreased suddenly as pH increased.

In rejection experiment by reverse osmosis using polysulfone-chelate resin membrane,
5000 ppm of sodium chloride feed solution was rejected to 95% at 600 psi, and to the
heavy metallic ions the rejection rate showed following tendency: Cd#*=~Hg#*>Pb*. In
the pressure range of 300~500 psi, toth Cd* and Hg" ion showed high rejection of
97%.

In rejection of 100 ppm phenol feed solution, the rejection rate increased with pH
increase and 100% of phenol was effectively rejected at pH 11.5 using polysulfone-

chelate resin membrane by reverse osmosis when operated at 300 psi.
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olul & EA{yF =4 Manecke$5¢& polyvinyl-
amine$ 1, 5-hexadiene-3, 4-diol& 4 Z2#A] A
Cut, Ni#, Co*, Zn#, Mgt 52| £ Eo]2E59 &
#L #H3tsta 9l 1 poly(t-butyl-N-vinyl carbo
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Reverse osmosis(3#&iErk)d] ¢ g+ 458 FHmem-
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43 EEESA Bigese] gt 29t cellulose
YR 2259 polyamidef?27k —E IS
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o 2% gEsty REES pHElR A fEHE
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o] e PEIe} TDIE RIEAIZ 3T TS
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o] reverse osmosiss] &4 HEHE 2 B4
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Polysulfone2 2 UCCht#l Grade P-1700
(sp. gr. 1.24, Tg=190, brittle temp=—100°C)
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Tolylene-2, 4-diisocyaoatel= HIG{LIX T#E#E
K@it RIE 1% g Akl T, poly-
ethyleneimine-2- Badische Anillin-& Soda-Fabrik
(BASF)fite] Poiymin P grade®] 7% {#ifFsts]
t}  2utel dithizone, N,N-dimethylformamide,
AL, Frexz, n-¥ 4 9 EEEH, SRS
B, EMKES-S FRAERLGH RE 1%
o A& FASE =

2-2. HURZO[ERIES] 86E

1) Silica gel-& FE=E #HPsI= ik

K 0.70~1.20mm 2] silica gel-s carrier(J&
gy g 21235t H.H.H. Fang 2 E.S.K. Chian]
Fi#kae| =hzl PEIsh TDIS Aelebdcy, = 4
ke silica gel$ 0, 67% PEDK& KA 150 2
FEA 712 110°Ce] BRLETAA w2l ks
0.5%<] TDIs) Ayl ohAl 14 H ZiEA 7
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3 110°Ce BE LSBT A curingr] 7] o} (Fig.dl]
= o] Ao EMIEE SRE BRI,
2) Polysulfones &= HANE Hik
Polysulfone pellet-g- N,N-dimethylformamide

(DMF)el] ¥#RA A 15~18% IS vk T
o] LGS H3l4) 7] 3 separatory funnel& A}
-%6}01 o] S 100°Ce] B 52 BT
AlA e Qo] mepo® mbET A &
Ao) 2 AL AHEHA BT 2B EEER
A A KR 2 2mmiZEe] KIik polysulfone H
sty ek, o] ¥4k polysulfoned- iE¥E= 83}
d Dell A & Fror Ao EEES HiE
stgl oh(Fig.ol 4 PS2 ERRET).

2-3. E£MOI22] BRARR

Cd#, Pb#* & Hg'e] & (% EEE-& A1-8)9] 20 ppm
iy 30mlE 2 sl1 silica gel-chelate resine] 73
oL 0.5g2, polysulfone-chelate resing] 7 $-&
0.2 4% A7 mMIE T 48R EiReA
HEA DT FHsted ek

2-4. AWMHE

Shimadzu-Bausch & Lomb Spectronic 202 fi#
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ol &, SamEEs pwes BEHRCFE DE
{EREt %éﬂm%rﬂ g W3 HEBETS) &
glo] HEHd oA BES ket

2-5. Reverse Osmosisf§ Membrane2| $ii&

Polysulfone& DMFe| ¥ 15%FHES =&
I FiR ‘T'] ol 4 castinggl F FHFell 1E[HE
. RIS Al AT d3R] Afeld

o] @A %3t membranes] T 0, 035~0.
Q4mmo] itk A EHE4] 7] membraneg 3.0%9
polyethyleneimine(PEI) K%l 1450 =& F
EHEMENA 155 BEY PEIE AAT F
0.54%¢] tolylene-2, 4-diisocyanate®) AHAHK A 1
S B A KEAZ F 105~115°Ce ER
28 el A 105 BEhAA FEA ZHo=
H#H57F s membraned HLiEsgl o}
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2-6, ELRH
Reverse Osmosise) ¢| 3} membrane$ F|FI%H
FHEEB = Batch®, HAKEE WiEstd 7

stainless steel-%-

shglot. EBA celld] HE

100k
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Figure 1. Calibration lines,

HFAsY T RS Teflone & liningshgd ok, &
- 500mlel= FREE vlele 27 36cmPo]r}
celld] ¥ 2 flow diagram-¢ Fig. 24} Fig. 3¢
77+ vheh g1,

Cellg ¥ HAHe2 ol dos, 932
o] = magnetic stirrer?] barE 4o} magnetic
stirrerz 4 #7024 BESES Bkl
2% gz 2ifsdl e porous plates]o] 150
mesh®] stainless-steel 2 % 27k porous plateE
¥-2 % supporter2A A3XE Fx 7 9]
membraned Fot 7 F{H5e AR F 4
2o A3 Xl Teflon O rings FIAHSE
o] sealings}e] o cellej] feed solutiong =&
ZF #FAEE FASHE st HRe2 EA
EES frebglch. gk BEJI-& 300~800 psio] i
permeate flux(FHARE)E BHEAA e HE
FEs FEIG

2-7. B4 E0|=22| Reverse Osmosistl| 2|5t

BRERR

Cd¥, Pb* %l Hgrol£5& B s
Fstg e % EL£Bol &4 1000 ppmiFE &
atE & celld] A9 —EEBHE T F per-
meate flux7} FEFREEA =3t & FAKY —
EBES FHstY —~FEHE  FA st Spectronic
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Figure 2. Cell for reverse osmosis.
S : static cell
B : bar(magnetic stirrer)
0 : 0 ring -
M : membrane
PP : porous plate
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Figure 3. Flow diagram of reverse osmosis.
N : N, gas
P : pressure gauge
S : static cell
M : magnetic stirrer
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o x100(%)

{B Cp; H4RFEWES BE
Cp; HEESY BE
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2-8, H{LLIEBS| BREKH

BWAHEE 1g€ o o} 1000 ppme] feed
solutiong =hE F cello] # 9 —FEHS FA
3 a Bpfo] =hE rejectiong HIEHY of.

EVES EEe ElES Bantam Deminera-
lizer || Model BD-1¢] Conductivity MeterS
Fshe] ERMBMES] Fwes HEHS oS ol
o] 2] A 3s}ed permeate flux2] EES HEsHE
o,

2-9. #H =2 FERER

s & 100 mg-& KPR ¥ 1000 m/¢] = ZF e}
230 dol Fell 9 F EAAZA T A
100 ppme] feed solution$ =51 KEELUIEERE
L2 pHE ZAsld EREERS T3kt BN
& 300psiz —Esl slg n EBEMEA =]
7bA) o B 1FRIo = shgten of Befale] 7
e F RqEE —EE A4 dss s
oh, oL mA —EES N/10 Br g
#S el F3 conc HCLE pnsh =l &3k FHEA

5
3z
T
KX
2

7z e 8RS Brg Kl el LE 42
A7 F N/10-Na,S,05ite i 0 = st shed )

_“]3_‘_
SES HEsS rejectiond kaky o},
3. MR Y E%

Polyethyleneimine(PEI) 2] ZB#ER E45HET &
BE ol Mgh, Ni%, Cu¥, Zn* o] 2&3lo WY
RBFol o sl RS 1 ¥, ik polyethy-
leneimine(LPEI) 13 4#% polyethyleneimine
(BPED) &9 &Bol2&=e SWHRK =3t
o] = ThieleE3o] a4 EHEIL U+t dH 5
3] #%%e] BPELY Cu*e]e 3 Nito]2d] ®%t
stepwise stability constant k;(i=1~4) % over-

all stability constant K& =7 vh-gat Zo] 3§

Feh9 o,
Cu*; log £,=4,6~5,0 Ni*; log k=4, 2~4,5
log k,=4.05 log k,=4.0
log 23=3,95 log £3=3.9
log 4,=3.80 log £,=3.5
log K=15.8 log K=16.6
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Silica gelg i = sl 3 PEle} TDIS KIEA|
A 3% WG Ao BEEAE AKE 7
© > silica gelizi# Hisol o] PEI & TDIs}
RIE= BEexs 4asA gor silica gelRE
o kit HEiEel Aol ERET £REd de
Aoz nlefA et o] o] g KA o
o4 ELBoleEde KEEEECF ML =
3 SRl L BRI RS AslelE £
K-S Heye 2 110°Cel) 4 curing timeol] of 3t ##

o

o BAERS AT HEE Fig 4 el
ek,
Pb¥o] Lol o ¢ Wtke] 3 For 05%

o} curing+] 7]

< o REae ek 90%(0.

S

Figure 4. Adsorption rate of metallic ions with the
variation of the curing time to silica gel-
chelate resin.
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17mmol/g)¢] Pbte] & HESIY = L LIEY
curingell A = vt& BA 3= S Vb 2 gl
o}, Cdto]2e] widt HERE-S Pbte]gd digt
Ax vt Hoix= HgWo]dl ozt HaEtkel 7t
Z ey Cd¥ojol] ol gl HEFMS 12059 cur-
ingoll 4 74 F& BAEME JeRH 2 Hgtol2
o A% 054 Fngks delz 9
o] 9} & 4)Bol & Eol T WERES EREE %
B9 e o) EfREeHS SR Ao A9
%%f&%%{ﬁl #ol silica geliEfgol % &8
<59 e E/h & mEE BB #B
el BRI
Polysulfone$ 82 = s}1 PEIst TDIZ X%
T ki ® o] EREE 7% curing timeol] = g
WAERES W 55E Fig 5o Jepi ik
2Ry BERES silica gel-chelate resin?
73 -1} oz} curing time 807713l o # &

pICH 4

Al

seirhn

U

Figure 5. Adsorption rate of metallic ions with
the variation of the curing time to poly-
sulfone-chelate resin.

< Pb#*>Cd~>Hg"*9] o]z silica gel-chelate
resine] 73 9-¢] uwpxlsbx]olvk 2 L) 9 curing
timed| A} = 7 ko] w2l HI Pb¥o].2 @ Cd*
o] 25l W3t EERES HAS WAt A
+ veEbH 2 glov Hgtel 2o diai A= WA
Kol vhx| Blls A vl o] ebgbe] curing
timeo] Z& A9 FE Y= =o EREE
ol PEIs} TDIS] 3k mEMIEER &Bel-&&d
o g EEBR BARS JeP T 2 HARe =k
7}=] o] x| u} curing timeo] 7] o] x| ZKE[Hjel] coat-
ingsl o] EfEifES] MM =& FEst
AL 1EHES £Bol 5ol o WERES (ERC
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WA Ader HA WFRES patterns]
#7F vebd Zoz2 g

pH##{oll o 3} silica gel-chelate resin(SR)=}
polysulfone-chelate resin(PR)¢] HERES T
g &R Fig. 6,7,84 JeRA glel, Pb#o]gd
gk \EFRES pH 2414 JBF £ BRERES Y
el o] SRE A-$+= 100%%] B’ERES, PSe] 73
$E 97.5%°] X5k pHLERI & EHAsE=
#Hiae ez 3 2 fHE-S PSY A%t
v} 82| 8}, Pb¥e]-g-¢] 719 pH 5.35L) kel A
£ pptERRe 2 B A flEe] E#Esde 2
B} Cd¥o]l &el it WEEL pHERS o &

100F
SR
g
e
2 80p
- PR
= 7o
2
. Iyt
:3 sl Pb** ion
)
=
50 1 L 1 ) .
1 2 3 4 5 6

vH
Figure 6. Adsorption rate of Pb* ion with the
variation of pH.
SR : silica gel-chelate resin
PR : polysulfone-chelate resin

G jon

oty adsorbed 70

Metallic

0
i
Figure 7. Adsorption rate of Cd* ion with the
variation of pH.
SR : silica gel-chelate resin
PR : polysulfone-chelate resin
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Figure 8. Adsorption rate of Hg* ion with the
variation of pH.
PR : polysulfone-chelate resin
SR : silica gel-chelate resin

o jnste pH 6 =l A gt vEb
eh(Fig. 7). 30 Hg¥o] 2o gk HAERE
pPHE kel vl Eol FinskAvk pH 4o] 5= A
Bt BRE R oech(pH 70 RS S
< &BKEmte etz HAA  JiEer
EEsked o) (Fig. 8).

o] o} 2t-& pHEMol] o3t PoEREMIE 2 BIh
ulel 7Zeo] pH 2o A= Pb¥e].gel] wiefA A
100%el 7H7h-g WERES WeR Rl ak Cd*e]

o3k HES A ¢lx Hghel2o wiallA
FA2d Frod o oz A= o] EME
H 2z 243 Bfadl4 Agsisd Pbro] 2
EEmez BEY T o e ERIEE
o HfEs A BES + Atk
FELHE) L 2 BH{LE&Ye) reverse osmosis
o] ©% EES HEY. 23 membraned A xd}
I 7 membrane?] HEEE FeBislrlYel Al =
polysulfone?] #EWIE ¢ -& BEE =HET oA
Fot 2= 23 (Fig. 9)3 o7l PEle} TDIE
Fmel KEAZ @< B membrane)s] st
fa= e (Fig. 10)¢ ®adstad ok

PEI¢} TDIZ KfEA 7] membraneg 1, 690cm™?
o Fh2usd BEBS = ' Rt Blls
m o] AL el A B whel& 3R THEED

(”)
o REHES —NH—C—NH—f<] s}2 % d Ko
BEs e Ze] R
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Polysulfone membranes)] PEI¢} TDIZ [KKE
Al FEMe 3KT HREES Ze o EEEE
4 KA & membraneg A}-£3}¢] Fig. 2] e}
Wl cellef] &)@ 4] reverse osmosis(flow diagram,
Fig. 3)ol <&} 4 1000 ppmife] NaCla] = gt
rejection(fr%%) & 600 psiol 4] #aEf3 #ERE
Fig. 11of] el ol e}, #BF saAlH o2 EF
WRHEE Eolzk 1BERIBd 80%< rejectiong )
EpR ol o 2WpfE], 3FERTe] A bl wheb A AR
LEHF T MY =y AL —E:= 3 90%9
rejection-g& Jel . glv} NaCle] EHEY BE
£ 5{Z2 &jn4l A 5000 ppme 2 Ix mkakvhA|
2 600 psiol] 41 9] rejection(Fig. 12)-& 4BF[Hjw]
95% % 1000 ppm¢} 7wt o] F& BREZFE
e o gl

v}3l7kx] membrane$ {f fgled Pb*o] 2ol o
3} rejectionz} Bz kA E Fig. 13¢] e}
Witk Pigel 4l o 4 9% whsl o] 300 psi
ol A 89%¢] %-& rejectiong ERH A uE BN
et o 2ol A=) k=l 800 psic] A & 66%
72 BT vk ol ok EEJEMe] wHE

rejection] A HH-S cellulose acetate memb-
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Figure 9. IR spectrum of polysulfone film.
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Figure 10. IR spectrum of polysulfone film coated
with chelate resin formed by the reaction
of PEI and TDL
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Figure 11. A plot of rejection rate against time
(1000 ppm NaCl feed solution, at 600 psi).
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Figure 12. A plot of rejection rate against time
(5000 ppm NaCl feed solution, at 600 psi).
ranel~3¢]1} 7uke] membranet~8d] 4 = BlE =
—frigel 7% —Ecshe Alo] = 300~800 psi
Ao EEHWike] =& permeate flux(EBHE
B)E Fig. 144 vepigleh,  —fEayQl Eiask
& —Feted EAEMme o Ee EHNLE B
Hilz ot} 800 psiof 4] 10 g/hr 23,76 cm?]
flux& Jep = glef,
Cd*o] 2ol w3k EEN#La] =& rejection
300 psiel] 4 97% ] F& & Jep T glod
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500 psizh=] &= 1eba] @ikrh ¢l 600 psibh b
ol 4 Zsl WAske e Jebiz v
(Fig. 15).

©] 1000 ppm2] Cd*e]-gel of 3+ BEJjs{La] =b
£ permeate fluxZ Fig. 16o] Vel t} o 4
EJEmst o5 Efiez LRtz gk

Hg*el 2ol o3 BSF)#fkel =2 rejections}
permeate flux& Fig. 17 2 Fig. 18q)] vle}ul o},
Rejection®] 74 300~500 psi2] #Fike] 4] = Cd#
ol 2] A E 97% A L9 L rejectiong 1}
Ebl o A el #Fe] gl 500 psil) foll 4= F
A8l Bbekn 2 A ER-S Phro] & 9 Cdbol
22 AS2oE 3 @ s

Permeate flux: o4 o HEme Jehy
vk AT 300~500 psie]  EEFIAE S 4] 2]
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Figure 13. A plot of rejection rate against pressure
to Pb* ion.
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Figure 14. A plot of permeate flux against press-

ure to Pb* jon.

274

€0

80

Rejection (%)

i A ' i 1 A 1 L 1
300 400 300 600 700 80t
P psit

Figure 15. A plot of rejection rate against pressure
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Figure 16. A plot of permeate flux against pressure
to Cd* ion.
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Figure 17. A plot of rejection rate against pressure
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Figure 18. A plot of permeate flux against press-
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L4 f#FERAN A FAG TS veRR o] A
A Al FwFo]l A —FKstx ek, el reverse
osmosisel] €3k d 2 frEelE o] Lo 2 A
fREEL doluk o] 2fY WERAM REBRF A
w3l 2A fERSEL Y Aoz FESo

4 B @

Silica gelsl polysulfone$- iE# = sle] FEHE
PEI¢} TDI% [KIEAIZ] 3xkTcHES Lol =4
S 4RAT BmoFAelelEd ofst Pb*, Cd¥,
2 Hg* 59 E4£Bol-&59 ®EHS HTA
2 polysulfonefge] PEI¢] TDIEZ R sle] fEFHR
Hell EE Hal o] EEEE ARAZ
o 3t o] & HE4H/Bo]-&E2 reverse osmosisd]
o8 prEzEs S EY BRERS AT HER, o
&3} 2 gHE

1. Silica gel-chelate resin¢] Pb*, Cd* o Hg*
o] &5l ol g WHFHE-L Pb*>Cd¥>Hete] e
2 vehye e o] ERIRRLER curing timed]
wel FEEI Aol E W gdeom Pbre A4
110°Cell 4 3047H] curing] 71 &= 2] 23k¢] 90%
(0.17m mol/g resin)¢] WEHE-S- VFEb 3 glv),

2. Polysulfone-chelate resing] 7 -$- silica gel-
chelate resing] 73§ Wl RFERE] Hex|H
curing time 805}77}21-1—:’Pb*->Cd*>Hg*9] Mgl
R uk 90575 Aol = Pb*>Hgh>Cd*e o= uf
# = curing timed]| =z} ELHFol Lo ol
fEad £ JeEb s BEEET JdSE ¢
T ek

3. pH#fpo] w18 AR Pbte]2d] o3l
A= silica gel-chelate resin @ polysulfone-
chelate resin t}zte] pH 22314 A9 100%
o] WEES Vel 2 pHER =le} A A @A
X uk, Cd*e]-& 9l Hghe] 2ol wisiAe tizt
o] pH R =g} bt Hinste @S Vehy

@ g

membrane

4, Polysulfone-chelate resin®] membrane$-
A}4-3}e] reverse osmosisel] ¢] g} NaClel] = 3} re-
jectiong- #5f3t 2 3+ 1000 ppm & 5000 ppmfE #E
©] 600 psioll A&} Bfifiell =& rejectiong 5000

ppme] 7 %7t o] F& BREFRS e o 4R
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5. Polysulfone-chelate resin membrane-& 4}
£-3l¢] reverse osmosisel] 2| §F E4Fo] -o(Pb#,
Cd#, Hg*o] &) &9 BREERR A v BrEzd g
o] 4 Cd*=~Hg*>Pb*2] 7 gke] =, EES7H ol =
£ rejectione] 4 BB et o £o WA= A
FFolvk 2 WAMEA-- Heto] 2ol wiah 4 7F 743
¥ = 5ke}, Cd* gl Hgto] 2o v )4 300~500 psi
M A= 97%¢] E£-& rejectiond Vel T
sloh,

6. BEFE L FE (compact effect)Z fEfsl-] 9
3tod 1000 ppme]  Cd#o].2o] o sled 860 psiel] 4]
Fgfdlo]l =} 2 permeate fluxE 433 Z 3= 18%
el ol HsiAl 4psRe ol = A ¢ 50% 2 fluxs}b
WA gre] BRI,

7. dlEY BREZFL 100ppmERES A&k
300 psiell A #{E3 7% pHifIno} of 2o LR
3l3 pH 11.54 4 100%% £-& rejectiong -
EFH 2 gl eh,

A9 —5E3 rejection(95%)S el
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