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Influence of pore size distribution on adsorption of caprolactam by

crosslinked resin
CHEN Si-xing, CHEN An-tong, ZHANG Peng, ZHAO Hao, ZHAO Xian-guang "
(School of Environmental Science and Engineering, Nanjing Tech University, Nanjing 210000, China)

Abstract: A series of hyper-crosslinked resin is synthesized from chloromethyl polystyrene ( CMPS) resin through
controlling the conditions of Friedel-Crafts reaction ,and used to adsorb caprolactam in aqueous solution. Results show that
A-8-12 resin exhibits exceptional adsorption performance for caprolactam, its adsorption capacity to caprolactam is 1.4
times that of the widely used H-103 resin.The adsorption capacity is not affected by changes in pH or interfering ions.
Even after undergoing 5 cycles of adsorption-desorption, A-8-12 resin remains consistent and excellent adsorption
performance.lt is indicated from adsorption kinetics analysis that the adsorption of caprolactam by A-8-12 resin and H-
103 resin both conforms to the pseudo-first-order kinetic model. The intra-particle diffusion rate of A-8-12 resin is 1.8
times that of H-103 resin,which is attributed to its large specific surface area and pore volume within the pore size range
of 2—4 nm. It is shown from adsorption isotherm and thermodynamic characterization that the static adsorption of
caprolactam by A-8-12 resin conforms to Freundlich model,indicating a spontaneous physical exothermic reaction.
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3 A-8-6 AlCl, 353 6
4 A-2-6 AlCl4 293 6
5 A-5-6 AlCl, 323 6
6 A-8-12 AlCl, 353 12
7 A-8-18 AlCl4 353 18
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B BRI R B mg/ Ly €. N C N BRI T 114 SF- 17
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GRS, Y p/py<0. 2 B N, B IR 6 e L 3
I, R E AL AIAEALE , p/p,>0. 8 I W FiF i 5 1
O, I H S 14k, 26 B g 2 i 77 46 AL
ShERR) A A IERY BET MR LR
SRR 2 BR
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®2 BEXENENSEHSE

i BET HER AV L&/ LR/
! (m?-g™) (em®-g™) nm
CMPS 20.70 0.241 46.57
7-8-6 35.30 0. 150 17.03
F-8-6 950. 70 0. 896 3.77
A-8-6 982. 50 0. 891 3.62
A-2-6 49. 47 0. 029 18. 65
A-5-6 826. 40 0. 846 4.09
A-8-12 1023. 50 0. 846 3.30
A-8-18 955. 40 0. 853 3.57

iR, N T MR R, A W I B BET 3% i AR 1
KB RRBEIEZE 12 h 20T, S SR ISR BET L
Eip s iRl VA R [E R B ST N a0 [V o |
12 h i, BET e BUk ok,

AT i — 2 S AR i Eb 2R TR I R RE D B 5
Wi, VEHC R AR S H-103 BTG AHITH) A-8—12 A
NE RGNS | LB — 35 LA A 25 i SR )52 i)
mk3 iR, NERIPATUEE, £ 1.7~2.4~
6 nm FLARTEFE N A—8—12 WA Y bk 38 T AR RN 4 FR
H H-103 WS 2N {HTE 2 ~4 nm AIFLASTE A A-
8—12 B g iy b i AL FMA R L J& H-103 /9 1.7
W, XSS R S B A-8-12 WE S H-103
REHE XS L PN P e O o R 22 S g B 2 S I

#®3 A-8-12 %1 H-103 #fg 1. 7~6 nm FLIZH %

FLA%/nm

24 Wl

1.7~2 2~2.5 2.5~3 3~4 4-5 5-6
BET LR  A-8-12 217.44 486.09 134.34 85.54 27.77 13.%
(m?-g™") H-103 255.15 272.80 69.74 67.85 31.14 16.16
LA/ (em®-g™') A-8-12 0.095 0.254 0.088 0.071 0.030 0.019
H-103 0.114 0.148 0.049 0.057 0.033 0.021
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W5 H-103 A AEXTC P IERE 1 W B3k 2, 45 2R n
K 5(a) B UGS ENE 4 Bk, MES5(a) F
4 RET LA R YE R E, E— SR sh J AL A-
8—12 WIAES H-103 A5 W B P mt e i e AR A5
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PR HEATSE (D3R 3) A e R AR U5 1T, A -8~
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1—A-8-12;2—H-103

K5 A-8-12 Rt & WBLAE 3 h F A

R TIRAT fFFLAR AR 25 T e B A v i 52
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F445511 5

F4 A-8-12 HEER M C BRI N FRE SR

BN BINE S
WE—HJh ¥ R UKL B
ky/ (g k;/(mg-
s b/ 2 : (1g 2 l (1 ’ 2
. R mg R g R
e min~") min~"?)

A-8-12 0.0241 0.993 2.05x10™* 0.975 k; 13.660 0.993

ki 0.500 0.932

H-103 0.0606 0.995 0. 001 0.985 k; 7.440 0.962

ki 0.094 0.908

WG Zh 1 2304 7 OF5E, 45 R I 5 (b) s, Q,
52 iy i e 2 B B R HARA I L 5 R
TURE N O S ME— I BR AL R A-8-12 B
it H-103 BREA 30m &y, fH, 2R A-8-12 Wi LE
H-103 B [l B 0RE 3 47 B 32 3l I 1
A-8-12 MR L H-103 M FHAELH) 2~4 nm 1Y
FLES XA FLAS (2~ 4 nm) RPRURL N4 HIGE D e 7
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F ] Langmuir fl Freundlich 55 £ A58 T
A-8-12 REAEXT BI04 W B AT o, 25 SR Il 6
R A SR 5 PR,

140

120} =1
%100 3
80
£ sot
o
60 Freundlich
a0k - - - Langmuir
200 800 1000

4(I)COE/(m;'(l)l(a)“‘)
1—298 K;2—308 K;3—318 K
K6 298,308 f1 318 K T T W BLAL £ A-8-12
it fl b B T R B 4 R 2
#5 A-8-12 M2 A ELEZ Langmuir 1 Freundlich

HEGUESH
Langmuir FEAR Freundlich £ %
/ K./ K/
WHE /K Qu L F
(mg- (L- R? (L- 1/n R?
g mgh) mg™")

CNMERE 298 161.05 0.00316 0.971 6.828 0.4241 0.997
308 156.31 0.00283 0.992 5.581 0.4443 0.995

318 150.70 0.00207 0.992 3.228 0.5043 0.997
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ME 6.3 5 ] LLFE ), Freundlich 5% g
U MR A—-8—12 WA XT L PN T e 1) Wi RfF ot 2,
] A-8-12 WJIEXS C N A fiE 2 AR 51 i 2 )=
Mz RS

T AR IR A 3 — DT BRI 25 S 00
§& 78 (AH , kJ/mol) 35 15 i A HHBEZE (AG, kJ/mol)
FUEAS [ AS, 1/ (mol - K) |, AT =22 I6) A4 75 e ¢ &
B2

In C, =~ 1n K, + AH/RT (7)
AG = - nRT (8)
AS = (AH - AG)/RT (9)

R T oMYA TR, K R O HAR SRR 8, 8. 314
J/(mol-K) ;n A Freundlich % %(; K, 4 Clapeyron—
Clausius H%%,

In C, %f 1 000/7T #EATLAELE, WK 7 s,
BRI 2E BB AG AH AS Q13 6 it 45
R TE 298 ~318 K WY JE ™, Fr A W B o 72 19
-40 kJ/mol<AH<0 kJ/mol , 13 B W Ffi i # J& — 4> A
S B AR 0

7

1

InC

47315 320 325 330 335

10007-Y/K!
1—80 mg/g;2—90 mg/g;3—100 mg/g
K7 A-8-12 #fflf %I &L W BLAZ In C, 3F
1 000/ T #7304 #h %

Rx6 A-8-12 HEERM D NBLRRRNESH

0./  AH/
(mg- (kJ-
o) molh) 298K 308K 318K 298K 308K 318K

AG/(kJ+mol™") AS/(Jemol™'-K™1)

80 -24.04 -5.841 -61.08 -59.10 -57.24
90 -22.08 -5.763 -54.76 -52.98 -51.32
100 -20.35 -5.242 —=50.70 -49.05 —47.51

3.2.5 pH at T M BRI 09 %
VU pH X A—8— 12 g W B . PR Ik e 9 5 i
WKl 8 fimn,
M 8 ] LI pH X A-8—12 44 g
P BRI AT

130

T 120 T )
£
S 110t
00— % 6 8§ 10 12
pH
K8 A pH *F A—8—12 g R
o N BLRL %

3.2.6 THRHE T TABIEMG A
TS X A—8—12 W B L P ok e 5 e G 5% 7
Fis
x7 FHEFX A-8-12 R HELRR SN

ToHLER W/ (mol-L7")

W Rt/ (mg-g™")

KCl 1.0 122.93
NaCl 1.0 122. 49
(Na),S0, 0.5 122.05
(NH),S0, 0.5 121. 84
= H 0 123.32

M7 A LLE W, 7E K Na® \NH; . CI™,SO7
TETET , A-8—12 W AEXT L PA ok e 1) i o i 6 A
FAL, WEW] A-8-12 W A BRI T 1Y
BT,

3.2.7 EHALA ARG IR
A-8-12 REAGHFAERE QIR 9 7R
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L9 (a) AT LA H, 2 FH B 50 50N 10%
ETEE 70% ), W R LR B RN 20.31% | T 3
96. 92% , Uk SLAE = Mt BB FEY It 43 50 B o A
R A THE . R, 2 8F 709% W BT A N I
FEVERR . A 9(b) HaT LUF Y, 280 5 IRIG A I
B, A — 8 — 12 4 g 1 W Bt o 75 AR ¢ 7€ 115 mg/g
VI L

4 it

LA CMPS 4, i 2o f6 1k il £ 2% 14 L ) b
Tl T — R Y = SR AR . Hod A-8-12 MR
FHH TR AKM BET RE AL (1 023.5 m*/g) MWK
ig=e8

(1) A-8—12 F 5 X U P Ik e 17%) Wi o 2 H -
103 WS 1.4 £%,2~4 nm AL B N 19 L R TH
FRAVAT S H-103 B RHY 1. 7 1%,

(2)A-8—12 FEFI H-103 A5 X 0 PN Ik iz %)
W R34 G U — G By ) 2 AT | A -8 — 12 A iR AR
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