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1.1

Table 1 Characteristic properties of XAD-4 . NDA-100 and ND-9 resin

Propernty XAD-4 NDA-100 ND-90
Structure Polystyrene Polystyrene Amido group modified polystyrene
Polarity Non pelar Low polar Moderate polar
BET surface area {(m’/g} 780 934.0 819.1
Average diameter (nm) 5.83 1.7 1.5
Average particle size {nm) {mm) 0.4-0.6 0.4~ 0.6 0.4-0.6
Surface area of micropore (m’/g) 3.1 561.3 463.3
Color White Brown Light brown
Contents of oxygen ( mmol/g) 0 2.9 1.5
Contents of nitrogen ( mmol/g) 0 0 1.51

* 2003-06-11 Y185 ,2003-08-4 B EFERPERAELEBHW AL LS 20274017) ; »» ERBE A

471



472

® a

?.

# 2004 4F

=2

Table 2 Physical properties of 2-thiopheneacetic acid

Selubility in water * (mg/L)

Adsorbate Structure pKa®
288 K 303 K 318K
O
2-Thiopheneacetic acid [| rl CH, EOH 3.85 1540 7580 8560
* Measured according to the Ref.[6]
1.2.2  pH {8 X3 0% B F 8 79 & o 91250 HR.BENSEHRANEEERREETAERE

mL BE CTBEM A, 4 BIANA 100 mL ¥ B 39 800 mg/L
AR pH {H{H] 0.01 mol/L B9 E B AL FBE W 0.01
mol/L & HC %3 855 pH {H) 9 2-HE M} 7 BE KT
BAO.1 g THRIE ARG —FRE THERKRSH
L ISCT AR E A 200 /min &% £ %M
W, W5 & B R B R B, T B % R Y T
W& .
1.2.3 55 3 0 Bt 9 5 el f£ 5 4~ 250 mL &
ORM A, 7 58 ABAE 100 mL pH H ¥ % 4
0.01 mol/L iy S AL BT #8117 pH {H) FO A Wl 3
EH2-ERZBKBERLLEZ 0.1 g A THAE, R
E—FEFERERZSF P, KKE 15C.30C,
45CF, AR BUE 4200 v/mindE 5 5 W% B 74,
7€ & B 80V & W Bk B, 3T 550 1 A9 S 4 TR
=3
1.2.4 2-WEwy Z M TE WA - R B 3h 2 B o
A 250 mL BB OHRA, A S 100 mL
e JE 4 800 mg/L 2-BE WY 7 MUK PSRN 0.1 g [ #F
FHAE, 45 E I5C0CF, UESHEET R
200 v/min{fk % EA RN 20 EBERAKE,HE
Xt o B MR Y AL
1.2.5 SrHrhk 2-HEWY 7R M B ROl
MEEM(HPLO B E , SN 255 - B B W
=44:56(EFR L) ¥ iE | mL/min, &9 K & 225
nm.2-BH) L BRIEM iR - YR M & B8 g. = (e
—e)VIWIHE K o) e, B0 2-HEW Z B K
VR ) B TR R B S 2-mE e LB K
BEWH R ERE (mg/L), V REBEHWER(L), W A
WISER(g).
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NDA-100 F1 ND-90 #i 5 F R M EHE B #
pH A A3 X Tm /N, 3 W pH H B /N AF AT 2-
MRS TEFE, XKEARTHEEMEM
W B, 44 pH 3% A F] 4.0 /5, pH 18 X TR B 69 5 06
HER BERBEERTEEL 2EHRZIEET
MR (&ons) BT (5 M B B &ions = 1/(1 +
10770 ) B pH {4 3% K &7 18 hn L [ T 4%
RE3d 2- My Z BRI R Bt =MD MR ER
TR

Fig. 1 The adsorption capacities of 2-thiopheneacetic
acid on three types of resin al different pH

2.2 2-EMIEEE I HMBEE LA RERERTK
F

W FRERERERNT TP HRMESHE
BRYPERENXR B 2RIMARBET 2-8
M2 BEAE 3 FFAS IR AR b R R AR A e 3R
T Langmuir (¢/Q, = ¢./q, + UK q..,) FI
Freundlich{Ilng, = InK, + 1/n Inc, ) B HEXE 2
BEME, BRIE.

HE 2 alLAE W 288 O RE IHWIE LM
R BAT B8 Bl % P ot JBF 60 FF 0 T R EK L BB O L T



4

BEES .20 LM 3 BRI L R AT N R

473

BN LBENER T W ERUKE T,
SR B HER BN, B AE b R T R R
AABRGEL 23 PTHER).BENASSH T
R AT, KA 2-BM 2B 3 B RBE LR
B A P 7 BE S R P B R T/

mE 2 MEIH HREHT 22BN ZBE
XAD-4 NDA-100 Fil ND-90 # i _ f W5 Bt &t 4 v 3
K. MHEBEKHIEREKT 15%, M 3 IR
REBEBEHENF AKX, FLUERRHEE N
FERAFARELREBR KA, W2 3 B HE
g BN FRIAEH. EXdE1T4H
XAD4 $f% £ B 2 K fL, NDA-100 F1 ND-90 # fig
AL S TRX 8B4, MAAR r AR ERR
B A E A EAENE TR BERNR

5001 A
'y
— A s o =]
'?h? 400+ a4 o
£ o *
= o s *
D 3001 . 4 ND-90
a NDA-100
¢ XAD4
200 | 1 1 1 1
0 200 400 600 800 1000
¢ {mg/L)

Fig. 2a Equilibrium adsorption isotherms at 288 K for

2-thiopheneacetic acid on the three resins
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Fig. 2b Equilibrium adsorption isetherms at 303 K for

2-thiopheneacetic acid on the three resins
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Fig. 2c  Equilibrium adsorption isotherms at 318 K for 2-thiopheneacetic acid on the three resins

Table 3 The regression equations for Langmuir and Freundlich isotherms

T Langmuir isetherm

I K Freundlich isotherm

Adsorbents R? . R
(K) e/ Q.= v an+ VKL 0 (mgfg) (Limg) InQ, = 1/nlnc, +InKe
288 c/Q,=0.0025¢, + 0.2408 0.9939  400.00 0.0103 InQ, = 0.1678lne, +4.7594 0.9672
XAD-4 303 ¢ /Q,=0.0078c, +1.0254 0.9921  128.21 0.0076 In@, =0.2668lnc, +2.9374 0.8866
313 Q.= 0.0125¢, + 1.9059 0.9850  80.00  0.0065 In@, = 0.2699nc, + 2.411 0.8662
288 c Q. =0.0021c, + 0.166 0.9991 476.19 0.0126 In@, =0.18t5Inc, -~ 4.373 0.9244
NDA-100 303 e/, =0.0007¢c, +0.4255 0.9999 270.27 0.0087 Ing, =0.2028lnc, +4.1272 0.9827
318 e /@ . =0.0111c, + 1.5857 0.9931  90.09 0.0070 In, = 0.2345lne, +2.774 .8781
283 e /(. =0.0019¢_+0.1357 0.995% 526.32 0.0140 In¢}, = 0.147Inc, +5.2271 0.9673
ND-90 303 /@, =0.0034c, +0.3298 0.9998 294,12 0.0103 Ing. =0.187Ine, +4.3295 0.9581
318 /0, =0.0012¢, +0.854 0.9999 138.80  0.0084 [nQ, = 0.1972lnc, + 3.478 0.9679
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SR B B AE RO S K T In, {B2 ND-oo B AR5 2-
WY Z M A SRS EIER, BT 318 K
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ND-90 W} B U B 8 {73 48 B & ok BT A 38 KT 4
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iR XAD-4,NDA-100 51 ND-90 # g Xt 2-2E 0y £
B R TE B (R A F 0.98), Langmuir 55 & 7 A2 HY
g, CEN B K MR BB R K, BACE IR 89 T & T
AN, % 435 B R BE T M A X 2-mE ey 2 R Y IR B
e hm/ EESKRKELEEA FESEFREIR
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el B E R VR B R AR B R X TF XAD4 R
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e fERI A, L REREREHBRMEE K RE
HEE 2N LRI KRR E R, B
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ok A 24 K B R, BT A SFL O RS IR T AR KA
YEF WAL YRR R A R R R R
W, FEENREEASTEENBILESTE
A
2.3 2EMZBREIRBELRMORNZER
®

Langmuir ST R HRK 25 K, HRE
MR WA HEXARZRXH n(K) =n(K) +
(- AHIR.),BHi% ATt i FR24R Hh, AH B F
BEH A, R 2SR H(8.314 kJ/mol-
K),TREMBE(K),AH it In (K ) X UT
VEE M B ML 2.8} 285 XAD-4.NDA-100
FHIND-9 WESH In(K) X UTHXFEWHE 3.
HEARAFTTEESBRE B HREERN AC
- RTnK, AP K REFHERMAR. EAZR
F % Langmuir R 5 BHORM R K, SRR
#5£ B9 45 A5 61T LU 3 Gibbs-Helmholtz 75 8 t
BEAMAS = (AH -AGHT. HEMEER

Megas AREERBEIITEA.
4.2
44}
L 46k

%

= A8F 4 ND-9O
50 o NDA-100
e + XAD4
-5.2 1 ] 1 ]
0.0031 00032 0.0033 0.0034 00035

17T (1/K)

Fig. 3 Determination of isosteric enthalpy changes of the adsorplion

of 2-thiopheneacetic acid on the three resins

Table 4 Isosteric enthalpy changes, Gibbs free energy changes and entropy changes of adsorption

AH AG(k)/mal) AS{J/mol-K)
Adsorbents
(kJ/mel) 288 K 303 K 318 K 283 K 303 K 318 K
XAD-4 -11.78 -17.45 —17.%4 -18.19 -19.70 -10.23 - 18.09
NDA-100 - 14.99 -17.71 - 18.06 -18.48 -19.45 -10.05 - 18.05
ND-90 -12.98 - 18.05 - 18.25 -18.73 -19.73 -10.25 - 18.0%

BB MR RE, RARL -THALE,
FATKBKME <40 kifmol, RAR—YHEK
B IR B B e B 92 fL R TR MHOE PR AR R MR
4FER, AmEMELEERTLELEN,
R T IR M A BB AR W A AR S

B BE R B TV B SR 4T 17a) T WA R o R R 300 O B
A9 2 W . XAD-4 .NDA-100. ND-90 % 5 U fft 2-
BEWZEE00 B B BE AL O M T AR R I K, R
XAD-4 .NDA-100. ND-90 ## 5 T 2-ME by £ B B9 5%
& FARKHEE . AR Y 2-B M Z BRI B B4
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B — 3 1 %" (Lagergren 77 & In(q, - ¢,) =
Ing, - K,t, K, WE—REH NEFBEEZETEON
W_FE h#FE#RA (1/(q, - q.) = Vg, + K1,
K, WEZRHA¥ T ERERTEH)HITHRE.

4 7T LLE H, XAD-4 W A5 W B 2-mEmy 2,
B ¢ WA RF —1F &, HE NDA-100 #1
ND-90 ¥4 5 1% B} 2-RE 0 £ BRHY g-: BNZR B A P 1>
RAZHES  RIDARER B IELEX DA
Rl A, R 1 8 XAD-4 WAE M LRSI
Fol LA BEE MR AL EE R AFLAIP L, AL
REK, BT LAAG [ BH 7 A8 /N, R R 3 R, 5 1
XHE K, T NDA-100 # ND-90 # s ML K B0 |
LEF & B E AN 50% L L, 7] B NDA-100 1
ND-90 ¥ Fg 8 4LER T KfLAn fLAAE M Y — 8 o
WAL, ISR M s R E s XKL ILX K
LA FLER# A I EE, AL P4
I BH 0 AR T ), R R S K A R K, LK
& P A, R B g A/, BT L 2B 2
B2 7E NDA-100 F1 ND-90 # i5 - /9 W% Bff = /™ £ i
FE.E2-NTEEIEEMERXILMFILE MR
Bt ECANE S B R X A 30 B
PR TR B AT M H#EAT T s T E MBS W8 —
ME g BRPEHESMMNE BENIhES
BRES.

HESHEL,2EWZBIE 3 FRE AR
FEE R & HE—RB 1% (R >0.98), IR i 2
EER K BHEREASTMHE L HHREAS
R EFEEL AE4 BT UEEREATXE
SRR AR K458 . B Arthenius A3 K =
Kyexp{ - E/RT) [ K AERHE MW (/min), K, S
BEAXMNSE (Vmn), E N RH X WELEE
(kJ/moL), R TR S {A ¥ ¥ (8.314 kJ/mol*K), T
BAIHRE (K) 1T B8 3 3 Ff w15 E 2-m
ZRHERMIECBER K, MM 210 R 3 2 58]
5REMAEX(FITFFES). A& 5 7 A XAD4
L R L Y pu ki 0E S U R R A 8
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Fig. 4a The graph of adsorption rate of 2-

thiopheneacetic acid on XAD-4 resin
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Fig. 4b The graph of adsorption rate of 2-

thiopheneacetic acid on NDA-100 resin
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Fig. 4c The graph of adsorption rate of 2-

thiopheneacetic acid on ND-90 resin
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Table 5 The parameters of adsorption kinetics for 2-thiopheneacetic acid on the three resins
In(g.-g)=lng, - Kyv V(g - q)=lg. + Kt
Adsorbents Temperature { K) K (1/min) x 107 K, (g/mg* min) x 10* K, = Kgexpl{ - E/RT)
R? R?
288 1.25 0.980] 5 0.6185 .
XAD4 K; =1.57 x 10°exp{ - 61.2/RT)
303 4.43 0.9491 136 0.5063
288 The first flat 2.44 0.9813 8 0.7728
K, =1.39 x 10Pexp( - 37.2/RT)
303 The first flat 5.27 0.9889 53 0.5883
NDA-100
288 The second flat 0.48 0.9358 0.4 0.5921
K, =1.54 x 10%exp( - 57.9/RT)
303 The second flat 1.59 0.9381 9 0.5%1
288 The first flat 1.85 0.9818 3 0.8202
Ky =1.38x L0Pexp{ — 37.9/RT)
ND.% 303 The first flat 4.05 0.9824 21 0.6099
i 288 The second flat 0.48 0.9394 0.3 0.6837
K, =6.24 x 10'expl - 39.2/RT)
303 The second fiat 1.08 0.9749 2 0.614

Gf b ARk, 2B W Z B FE XAD-4 g L B9

PSR MG Langmuir F iR H &, BRER
Bif B SRS RSB N FRIE TR, -8
T XAD-4 BifiE F R B ER M, fF 5 Langmuir
SEWHM R, R T RS R NFRR
HE L2 Z B AE NDA-100 I ND-90 #Bg b/
T B L BE AT Langmuir B I F BRA,BHA
HEBERMMEEREMEAEREMBLERL

VR 15 B I4 . TR B S R AT 2 oA K AL A e AL X AR
i LL B L IXC B0 O 9 B B, P B B AR AT
— R W TR - E LR 3 RS E
I R B B A I O P A S T RS, 3R A O
KRR, B AR EEERENA &
MK, X ERRERTHEE. AN SRHEANNEL
R
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STUDY OF ADSORPTION OF 2-THIOPHENEACETIC ACID ON
THREE ADSORBENT RESINS

WEI Ruixia, CHEN Jinlong, CHEN Lianlong, FEI Zhenghao, LI Aimin, ZHANG Quanxing
( State Key Laboratory of Pollution Control and Resources Reuse , Department of Environmental Engincering . Nanjing University, Nanjing  210093)

Abstract Studies on the adsorption thermodynamics and kinetics of 2-thiopheneacetic acid by XAD-4, NDA-100
and ND-90 resins were carried out through static experiments. The resulis showed that the adsorption of 2-
thiopheneacetic acid on XAD-4 resin was a Langmuir monolayer type one, and the adsorption rate implied a first
order kinetics . The adsorption data of 2-thiopheneacetic acid on NDA-100 and ND-90 resins were alse discribed well
by the Langmuir isotherm, which was caused by the capillary condensation and the volume filling of micropores
besides the monolayer adsorption . The adsorption of 2-thiopheneacetic acid on NDA-100 and ND-90 resins is carried
out in two regions the macropore/mesopore region and the micropore one . The adsorption rates in the two regions both
fulfill the first order kinetics,

Key words 2-Thiopheneacetic acid, Adsorption, Resin, Thermodynamics, Kinetics



