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Abstract — Poly(4-vinylpyridine) resin beads with 3%,
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5%, and 10% crosslinkings were prepared, and then the qua-

ternization by alkyl halides was investigated. The quaternization rate decreased with increasing the degree of crosslinking

and the size of alkyl halide, however, increased with increasing the dielectric constant of solvent. Particularly the reaction

rate steeply decreased as the quaternization more or less proceeded and this phenomenon could be interpreted through the

proposed model.
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Fig. 1. Effect of average particle size on quaternization of 5%
crosslinked poly(4-vinylpyridine) with 1-bromobutane in tol-
uene at 102°C.
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Fig. 2. Effect of degree of crosslinking on quaternization of poly(4-
vinylpyridine) with 1-bromobutane in toluene at 102°C(r=
0.008 mmy).
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Fig. 3. Effect of substrate size on quaternization of 10% crosslinked
poly(d-vinyl pyridine) in toluene at 102°C(r=0.008 mm).
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Fig. 4. Effect of temperature on quaternization of 5% crosslinked
poly(4-vinyl pyridine) with 1-bromobutane in toluene(r=0.008

mm).
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Fig. 5. Effect of solvent on quaternization of $% cresslinked poly(4-
vinylpyridine) with 1-bromobutane at 92°C(r=0.008 mm).

ol n3 Ax ol Aoz RE Ak 5 glong

3 (lay= oh5-3t 7Fo] st

-G, (1b)

dC, (1  3m[ CR,1
Ve w ““”EE[ P

C,(0)=C

hu
7]l A Cunz S 5-8-Gela] adzigdeloli=e] 7] Fxolv, he
AN BAARASF, b BulAlS, 28]y me Felnid ekl
Bagoloh w ol Azl WS SEAL chg} et
AC,(r, Y v
ot ‘
C,(r, 0y=0

(I¢)

si7]ol4) C,= 43k3kRl Tejelzie) Eoln).

b W ell ole dAEete| el Bl AAzd 2 =

HWAHAK KONGHAK Vol. 34, No.4, August, 1996



474 2% - 5 - YA

7) ZAE chg 3} o] Fojxlc). 4713} gl Felsleld PaslAe) 3= gofe) ¥3uc)
w9 27 Wl W 27] ART AZEE Asleh s S

E%t_) = ﬂ acg 0} (1d) o EAASY & & AP (quasi-steady-state)Z 7HH S 5 3ok

o 998(79 — pgC(x, {1 - C, (x, D] (4v)

C(r, 0)=0 ?1; dc(;’r(r) =B [C(1, - C, (7] (4¢)
oJ7)oll4] D& TRAMel A 2] fESAASo e, A sher 7 C,0)=1

st

4313} uhg-ol £ wAbS= uhgo] Al ol et HElm g 9le|9
Aebgold k-4 E 2] vheSEr} k, 287 wheS e Es)
Z AHgg joll A S E kE FolAl o ol F ukSre] W4t
2.2 op&7 Feol male]ch

a-j+(1-a)C, /C
v =k = ¢ ) PP C(1-C,/Cy)
=k, =5
=K'C -C,/C,y)

a=k, /K (1d)

ANl Cuiz FATAA 2719 2715 ehick

chew} o] BAUTL Welsie] gle) A5 Halsha olhst
2},
_ C, __C _ C,
Ch - Cbl) C_ b()z' Cq N C“I
r D.t Rzki
XZT{_ = R2 ¢= D,
., Rk _ Gt _hR ‘
0= v=g B =5y ®
mA
v=
v.p
C,(7)
T == MBC,(0-C(1, 7] (3a)
C,(0)=1
aC, (x, 7) .
ar =y C(x, T)[l - Cq (x, T)] (Sb)
C,(x, 0)=0
k1Y _1 9 ( ,0Cx, D) 1 9C(x
a7 X 0% k ax Ty at
ac,n 1 460 30
9x  3v dr i
3C(0, 1)

=0 L0)=0
™ Cx, 0)

3070 $2) el thew) ek

etz mH343 H4Z 19961 83

C(X, 0)= Cq(X, 0): -a—c-gl’—r)— =

Frank-Kamenetskii[23]7} Al A1%F 33 (lumping) 8hH-S 2 83}

319 Ale Aelsid ches) 7k,
ZC, (0 - O] - ¢2C(D1 - C, (9} =0

"C 8 _ yyiiop - G,

dC,,(r) v 4G,
dt ~ y dr

feos{=(1-B)sin+{; 0< CS%IE

_ C 2+C ( ]
L gy
de S B g e
a-j+(1-aC,
ol & A ¥3ha
Aln-(:JrBln[Clb_ }Dmr‘ ;jwzgzvr 0

aq=1-0
Bi=(a—-D+A-o)v/y-1)
o,=(1-o)¢y/v

B =1 -w/ vl -a)+(a-j) $y/v
H=(a-}v/y-1)

=0 - )+ ¢(1 - w/via-))

- ﬂ] * Jﬂz - 4a1ﬁ1
1
_ b g ®htBAY
h 2’1(’11 - 2“2)
po 2t Bhty
A’:(z‘z - A’l)

(52

(5b)

(59

®)

™

ae|a Zeluldieltle) 438kl A e ok o] £

e
ll_v( Ch)



7bal PVP 4313} o

(=3

—
o
(&)
~
O
/N )
Z “3rh
o
=2
o o = 01
g
= — -
C L6+
o
Q
© 3
o ~
© I
w J4r T 03
» : e ]
2
n I
c
Q ~.. -
= e 10
a TT—
e 30 1 L i R
3] 20 40 60 8¢ Q0

Dimensioniess Time
Fig. 6. Change of dimensionless bulk concentration with dimension-
less time(¢=3.0, j=0.67, v=0.0127, y=0.00655).

4]
—_

° i
O o
~
8
\C’ 28N

N

o N 1= 34 -
S o5k — e =
2 2/3
< oskb

©

Q =

S °er R 172
S N T S

o CU .

n e .
© 4. —— M

= 03 -
[e]
w02 F

=

L

E St
o Oy L i 1 i

3 0 af 60 80 100

Dimensioniess Time

Fig. 7. Change of dimensionless bulk concentration with dimension-

less time(0=3.0, a=0.1, v=0.0127, y=0.00655).

12

ke

olul 4bshal wlelxl7|
3 2 sl olel o

e

il
[+]
1

Jelxizlo] 4xjs) whggeol 3
v 3

x

Gi
10
N

Fel AN T*W M a9} jo] wke
vebhd g qlch 3= whEE 5] A 8] = Al A4 2] kg
olv], ai= HFHF joll4]2] J—%—t.i%%‘—ﬂ 171 uh-S-4 5 A2 1
olch arb ZAda-E, j7b Erleka-2 4xpslx] Aedr)rh 2 F
2lelz)e) 4abs} ubgell £ o3y A "ot Fig 62 731 *zi;?
ool stel] mE AAsteleh ark 2 S u gk kel 2w
uhop v} s wiels 718 o 4 olrh 43baks Fgl sl {_luol
°ﬂ Q= HElxlz)e] 4kt whg-driiis 274k 5] 0.1-0.360)
9y gl wopee] 9] 0 v (8 9] Fig 78 a= (.18 alo] 3]
4] | el ubd Al telch HEHgo] j LellM AR o]l

47k FASA IR 7 2k 4 alek Figosh 7 kel

ol Wslel whe} 27] WRSEEls WeER] iz e 9 4 vt
Flg.Sv\; Thiele modulus 3ol & 2414 3o} Thxelr: modulus
wsel wel 7] dwsl whEE Wshs A 9 4 vk

Thicle modu]ux'i’} Zobebyl 2r] BR7) uhedeis ashA ok
o) wabeate] whdol A @ & Ak Pkl o
olck. wrew Fig 25 3ell4] 2 & o] share} kg
S5 B eehi
Zrbste] Ayl g iz qhashl Kok
Fig 0t 7hansot 579 Eehuluislelels] 443k wrg el 4e 4

z7|7b ZriEked Thiele modulus<=

-~

A -

g e » = 10

U T T

S e R

IS . —

2 by - 3

5 07H .

2 \ .

= s —

5 oSl —

[&]

o (SIS SN

4 N <1

& : BN

w 2% N\ e !

o LR

= 03f e |

o T i

B 02 !

. H

L i

2 o

£ - i

= |
o0 L 1 ! L J

s 20 4G [ RO Hite)

Dimensionless Time

Fig. 8. Change of dimensionless bulk concentration with dimension-

less time(a=0.1, j=0.36, v=0.0127, y=0.00655).

) vedlismin
A =0 008mm
a

entration(C/Cy)

sl .

27 A0
@ 0N
P L RN W
© Al
= "
o
w 05 F
o
&
£
g 1

Time(hr)
Fig. 9. Correlation of experimental data(Fig. 1) with calculated re-

sultsia=0.27, j=0.36, v=0.0127, y=0.00655, B=1000, D,=2.28 x
10 " cm*/sec, k=9.8 < 10 *sec ").

—~ ]
o
Q A 0% crosshnking
~ A\
O N 4 a 5 ssshnking
~- -
I .
Q [
e RN
o g2 A
5 .
2 L
< N
S . [N
W . - O j
w < N e
0 ~ -
o b
I R
o i
w CEE
oy I
v i
S i |
= o5 ! A i i i
o 1 z z
Time(hr)

Fig. 10. Correlation of experimental data(Fig.2) with calculated re-
sults(=0.27, j=0.36, v=0.0127, y=0.00655, r=0.008 mm).

vbe} el o]gh AlARg % v gl Zelu). Alale] Al skgkoln l,‘
A io] Aglgto|ch Ay AL HE v=127%10 | y=655x10

HWAHAK KONGHAK Vol. 34, No.4, August, 1996



476 S L

o|3 WMHEEr} 277] wjiel B=100022 Fic} ¥9] gEL =
Aol dis)ale] Al4bsld D,=2.28% 107 cm/sec, k=9.8% 10 *sec”’
o]} H3Hgo] 036 W vEgEE A4E 27| USG5 A5
027912 3ll-& of AT A U slsdc). afely 433t w2
717t Q2 Hejdrie] 4345} ukgol A & J s Tl A
£ o % 9lgich. Fig. 108 7las wisel ul2 AY 77 (Fig. 2)o}
2ol o3t A4lghe vyt agec) Zlaers) uheSEol 3
S FoE FE HHASE "HARAL. 7t Tt 3%, 5%, 10%Y
o §F HAH45S 45%x1077, 2.28%107, 6.0x 10 *cm’/secE 31
£ o) Ay A skl

4. A 82

R UEEEDLES S UEREDEREERPEL RS
=& 2855} 7hz Seiu) g2l el 4xts whgella gule] 3
Ho) 245, AWPeI=Y £} TP} A4S EEEE T
ot W A ol we} S E AL Wk AZE B
W9g A9 FhaL Feluld e eis) P 2ote] = whgol A g3l
S A3t w279 of 13 Amo} whee] B F MEAEE 2
7] w49l 142 asisch 28 g 334 FRE 2E 7l
Zeulduizie] 433} w4 o)nl 4xistE MR} AT
Helel)e] 4318} thgol mlAl e dpo] wh$ Ache A & 4 2
Ak,

NE= k-1

C,  :alkyl halide concentration in the bulk
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B, : Biot number

C : alkyl halide concentration within polymer bead

C,  :concentration of qauternized pyridine groups

C,, :initial concentration of pyridine groups in polymer bead

C : dimensionless alkyl halide concentration within polymer bead
C, : dimensionless alkyl halide concentration in the bulk
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k :reaction rate constant

k; : initial reaction rate constant
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m :mass of poly(vinylpyridine) used in the reaction

T : radial position from center

R : particle radius

t : time

v, :local quaternization rate
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V., :volume of bulk solution

b : dimensionless radial position

aglola 2xt

P :density of crosslinked poly(vinylpyridine)
(] : Thiele modulus

o :ratio of k; to k;

A : partition coefficient
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