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1 XBES
1.1 ¢Sk
1.1.1 {X& HIRIR S 2% (THZ-82, L7 & i%

WEFE ) SO g (HPLC, Waters
600, Waters Corp., Milford, USA) H 3% H 8l & 1%
{ Micromeritics Chemisorption Controller, ASAP-2010,
Micromeritics Instrument Corp., Norcros, Ga.) #I %}
I 7 A% { Nicolet 170 SX IR spectrometer, USA).
1.1.2 i 1,2,4-B (AR %, b= Hfifb¥
ik 7 I~ ) Amberlite XAD-4, XAD-7 ( Rohm-Haas
Company, Philadelphia, USA) #8 & % ¥k & Bt # f5
NDA-100. NDA-150 (B 2 K% ) 55 W % J§ ND-900
(A AEEE ST e S AR T ) ootk 8 7 38 K TR B W Als
AL-8(H AL KF) .

1.1.3 HBREICH RN g 898t #£ 2000 mL
ZAEETOMA-—EATBEREBLEKEEL
A5 TR R AR L P I A B R R KR R (40% ), B
FERLIN 4 b BUIE S RS R Ak B, FH K PR R
T

1.1.4 ¥ f5 foi b it 1 o A T 57 A 7R R 4
28 h LA L, LAEBRERETEM L IE B R AL
BHEARBABETEEES THRET T 60T
TS,

1.2 XBHZE

1.2.1 t4 Ji5 7 3 55 5 HEBFREL 0.100 g Y
Amberlite XAD-4, Amberlite XAD-7 .NDA-100 . NDA-
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150 .ND-900 \AL-8 6 F# 5 T 250 mL H E R H#
A, A 100 mL ¥ BE 59 400 mg/L 19 1,2,4-88K
BEHRAOl ml/LWRAMMATHER pH ), A
FHREHIMBEEEETERESSTHRE R
EARTEH 293 KM 33K, FHITEN 130/
min. AR B FHES WM EBRPRR 1,2,4-1
MM BE (e, ). W[ A8 o TR BT MW E 4.
{ mmol/g) :

g. = Vl{co — ¢ JMy (1)
co Moo, AR X RBF BT EHERMFRPH
W E (mg/L), VRBBENERL, W 2TH
PEER(g), M B 1,2,4- BB RFE(239.3 g
mol) .

1.2.2 BETHRMELE HE B PR L2 Ak
M FHEEERN ND-900.AL-8 FFRH50.100 ¢
F250 mL $EFE M h, RIS A 100 mL ¥ ¥ 43 31
A 100 mg/L 200 mg/L 300 mg/L 400 mg/L.500 mg/
L& 1,2,4-BKH M . 7r % 4E 288 K.303 K #1318
KT, EfiBiRFaSPREY 24 h LLE, DLIHHHEE
B B 7 B 10 pL E S S WA HPLC A3
FEEHEE o, BELAX(DHTELERHE ¢, . F
HWH SR, HITEREA I ESR.

1.3 SHFE*

5 2 5 A1 35 Waters 600 4% #04E 4b 79 38,
Waters 600 & 1 Waters %8 #} Ui 4= K& 31 #% . HPLC
ElE +H % R 0DS (Octa Decyl Silica) ¥, I s 4
70% B AE.30% 0.017 mol/L B§ B /KIFH (pH A
2.27),FiE A 1 mL/min, 8% £ % 230 nm.
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PR sc e s S A LIE H, AL-8
1 ND-900 i Fh 44 Al A4 W Bf & 3 3 A F BT P9 b
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EMXHHEER I BERENA T MR, H
& R T A A TORM . BRI T AL-8 B MR B 14
RESF T ND-900, F &2 M TH A W Ak &REH
Xt 1,2,4-B249F P IB R M A STk . TAE P A&
HF.fEBREMN TS ND-90O 8 W M fEF T
AL, FTEEM FMAE XN BRMABLHRE
B AmMERFEFNERTE ALK 1,2,4-85
F. AREENPFERLE L.

313K
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Fig. 1 Comparison of adsorption capacities for 1,2 ,4-acid by
different adsorbents

1) XAD-4; 2} XAD-7; 3)-NDA-100; 4) NDA-150; 5} AL-
8; 6) ND-90O

2.2 BERMESLE

hik AL-8 1 ND-900 B fp &g, I 53t 1,2,
A-BMFBERHMERL, A3 A L BEREE%
MR T AR FEBE T B R IR AT 1,2, 488 9 £ 2 IR
i 2 . HBA A R O R B R O, R TR AR

Table 1 Physi-chemical properties of AL-8 and ND-900

Properties AL-8 ND-900
Structure Amino-modified, Hypercrosslinked, Weakly basic, lon-exchange, Polystyrene
Polystyrene
Polarity Weak polar Strong polar
BET surface area {m” g ') 819.1 38.2
Average pore size (nm} 1.2 4.5
Panticle size (mm) 0.4~0.6 0.4~0.6
Residual chloride content (% )~ 0.85 4.5
Weakly basic exchange capacity (mmol g~')""' 1.51 4.90
Strong basic exchange capacity (mmol g~ ')"" 0.05 0.35

* Following the method of volhard ' ; ** By chemical titration
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Fig. 2 IR spectra of AL-8 and ND-900
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Fig. 3  Adsorption isotherms of 1,2,4-acid onto AL-§ and
ND-9%00

MR, FEEEAN1,2,4-B0 THIBRRE
SRR b oY 55 B R 55 e Bt P = 8] 9 A eB A D 3
K.MEERGHKREMERETEERRANRS,
T — S TR AR A A 50 L BT 69 R B
P BV B P9, ND-900 35 1,2,4-RR AR Bt 2 BR B

45.21% ~97.28% , 1 AL-8 Xt 1,2,4-B8 MR Bt} %
BREEH 62.11% ~ 97.25% . (K ¥k F¥ BsF 9 b 4% B %
ERARMERREMERAKN, T EIRNZE T
o0 ey R RS SR AETE . T TE B2 R T, T AL-
8 B9 H & T BLL 1 K F ND-900, H 0K #it fir 21 89 4
TR AR 4 #l, PR T R B T [T AR A TR B R A AR R 4z
HAARHTAUNFER, FEAX R R EE S .

Vr 2R DU [R) B B A %) S O R R
Sitfrilg. RPN AR Z 88 Langmuir 77
ﬁ:”: F1 Freundlich ﬁﬁmz :

Langmuir 7#: ec./g. = c/M+1/MK,_ (2)

Freundlich A #: lg(q.) = 1g(K,) + nlg(c.)

(3)

Hep M. K K il n H¥FAEH 2. Langmuir 7 #%
FEFE M(mmol/g) K RBHESFESNER
W REER R FEHINERE KR, K, (Vg)
7 7~ W e A R A5 3o R B I8 4 B IR BRHAE RO R
/N Freundlich B K, 277 TR B 8 594 Xt K
AN TTHE B o T 124 3% RH W2 B 50 3 1T 0 AN 2 5] AR A0
W% A 5 FBE A AR RN

MR 1,2, 4N BEHEFERER
Langmuir 1 Freundlich % i Jr ## 15 287, K
B/ANZHREBINWRIFAEERRMEXRE L
BtF+k2.

Table 2
adsorption data of 1,2,4-acid on AL-B and ND-900

Fitted results by different isotherms for the equilibrium

AL-8 ND-900

Isotherm  Parameter

288 K 303K 318K 288 K 303K 318K

K¢ 8.00 12,46 24.82 229 6.31 19.17
Langmuir G 1.30 1.54 1.83 1.20 1.87 2.27
r 0.989 0.983 0.987 0.997 0.995 0.995
Freundlich Ke 1.47 2.36 4.50 0.88 2.48 6.39
n 2.21 1.99 1.85 1.83 1.72 1.63
r 0.999 0.998 0.999 0.996¢ 0.999 0.999

AIES EFMTRNEERNEETCEA,
Langmuir # Freundlich W #5718 #F BE 45 18 I
ik ND-900 3t 1,2,4-BBMR S RL X
Bor 3T 0995, A T ¥R T BMFE.
T Langmuir R 7 B A R M 14 AL-8 X
1,2, 4- MBS VFEERMER HERE r T
0.99; 182 A Freundlich % i 7 B#ATHL A KX
FEIEH4F, r > 0.998, " WF AL-B 3f 1,2,4-BR LAY
R B O T AR BRHARAE

4% 7 2, Freundlich B B o T



664 =1 5

%

%

i3 2004 £

BEHBETEATF 1, #5050 % 6 g
T2 A R B B . B S oh RE R 0 TR R OF B 1 A
st (B R ND-900 — B i B FEERE M T
R B TR, IR B OB T S, 1 B R B R B
HWEERGER) ;B — @, L RARBHAES
EEREK.TEEATFESREES FHEGRR
BHEAEHGS NE4NAERNMETUE
WO FALS MEREMAS ., n W THEEEE
REESTEMPE- LU ERMFLAE X,
LSRR T R R B A Y R B A9 18 hn & e T RE S
H—EE .

F 2 Freundlich ¥ RF ¥ K. B, EEHE
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Fig. 4 Influence of temperature on the Freundlich parameters

a) B ALB, n =3.6353-0.0127,r =0.992; @ ND-900, n =
3747 -0,007T, r=0.998

b) B AL-8. lnky =11.274lnT - 63.492, r = 0.995; @ ND-%00,
InKg=20.011InT - 113.442, r = 0.999

2.3 EHARAFE
WA RAERIST A BHEET AC I

EAS, AT LARE R FEH AR SN RE Van't
Hoff 77 %2 7] LA B8 i IR FRHAS AR
AH = - R, InK/d(1/T) (4)

AP . KRFPHAEH. R EBEAETH, T B4R
;-3

2 B A A8 PR R M R B T AR G, R & 1A
EREE, S HREO BB AIZREWEA
A5 ( Tsosteric enthalpy change ), 55 B 1§ Bff £5 27 38 1L
TR ERL.,

AH

muJ=—MKQ+ﬁ: (5)

Af,e, BESXMNBE THHNE T -ERNE®
BRABRABREE K, AER. HB¥KiE, Bk
FREMBEOTHEALHAER, EHAEHES
AEPRRFERME SEEXX, BiENR
HE5%EFRENM—TMEEE.

A M BEE T LU i Gibbs RS 75
- RTJ;q%g (6)
P ,AGC RFPAIM A AWM A BREDE, X
REBREBFRIPHER T, ¢ WEMERS
B O R R aE AW SR 7 &0 .

% F Freundlich S H A ERMA L $ q

o HEFHECRRENRMAEHEET AC S 4
K

AC' =

AG = - nRT (7)
H i, n % Fueundlich %8, 3 # Powell %\ 25
5 R AR R B R 2 1AL HE S A AIAR S UM
WA D AE, B A ML AC kB TR
MHES KN B EMTIERE—/.
0% b 48 7 L 5% B Gibbs-Helmholtz 77 #2- i# 17
HE:

AH - AG
— 7 (8)

B s £ 1,2,48 7 AL-8 F1 ND-900 % Fh#i f
55 AR A B X In(e, ) AT 1/T B9 3%
FE. BSHPEUSHELRRALRFMEREX
FE(r>0.9920), #FB R (5B FITEMHATRH
FEMEFRBRMIET AH.

BERX(5), FRWHMAE AF ATLUA In
(CHX /T HEMEGEELXNARITES S HR
ER (DX B)ITE KR AR S HEET
M pEE HEERFNAERI .
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-0.5F
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gj -25F .
= )
-35¢ =
4.5} AL-8 ND-900
L . 1 . 1 -5.0 1 1 L L
0.0031 0.0032 0.0033 0.0034 0.0035 0.00310 00032  0.00330 0.00340 0.00350
a) ® g, = 0.4 mmol/g, SD = 0.1427, r = 0.9920 b)) m g, =04 mmolig, SD = 0.06685, r =0.9995
e g.= 0.6 mmol/g, 5D =0.1338, r = 0.9941 o .= 0.6 mmol/g, 5D = 0.06807. » =0.9995
A g,=08 mmol/g, SD=0.1278, r = 0.9952 A g.= 0.8 mmol/g, SD= 007017, r =0.9995
¥ g, = 1.0Ommol/g, 3D = (1233, r = 0.9957 v 9.~ 1.0 mmol/g, SD = 0.07048, r = 0.9993
& g.= 1.2mmol/g. SD=0.1197, r = 0.9964 & 4.= 1.2 mmol/g, $D=0.07139, r=0.9995
Fig. 5 Determination curves of isosteric enthalpy change for 1,2,4-acid onto AL-8 and ND-900
Table 3 Thermodynamic parameters for the adsorption of 1,2 ,4-acid by AL-8 and ND-900
qe AN AG(k]/mol) AS(kJ/mol-K)
Resin
{ mmol/g) (kJfmol) 288 K 03 K 318 K 288 K 303 K 318K
ND-900 0.40 78.09 -4.38 -4.33 ~-4.31 0.286 0.272 0.259
0.60 80.11 -4.38 -4.33 -4.31 0.293 0.279 0.266
(.80 Bl1.62 -4.38 -4.33 -4.31 0.299 0.284 0.270
1.00 B82.76 -4.38 -4.33 -4.31 0.303 0.287 0.274
1.20 83.68 -4.38 -4.33 -4.31 0.306 0.291 0.277
AL-8 0.40 40.18 -5.29 -5.02 -4.88 0.158 0.149 0.142
0.60 43.92 -5.29 -5.02 -4 .88 0.171 0.162 0.153
(.80 46.57 -5.29 -5.02 -4 .88 0.180 0.170 0.162
1.00 48.63 -5.29 -5.02 -4.88 0.187 0.177 0.168
1.20 50.31 -5.29 -5.02 -4.88 0.193 0.183 0.174

P AR R B IR B R e BT
Eyh g, 8 TR A B A WR 1 R
HEZATH/HAD I rEsHARAL. &5
Gokmen &' HOIRE & M. FEFHEE 1,2,4-
B4y T #1639 (147.0 mL/mol )T K F 7K 4 T 19
(A1 (18.0 ml/mol) ,BHH 1,2,4-B 5 FEBIH L
W B, R KA 8 B AEBAAEPEE AN
IE B0, T 3R B IE R T B R L T H R B R R
K ORHETERC, XS EEMBERER"H
S XD B AR 8 N TR R
AR R R, R B T ¥ A R R 4k 2 5 B IR e

TE R, Bl A B i o Bt 3 @9 TR BFF 37 65 53 A R AN 2
SHE. WS R R EE, R T R AR M T
B AW TS RIE SR TR &6
0 B R

PR AR XS 1,2, 4-BRAG TR B 48 ST £ MRt 77
H#IRAME S, FTEEIMAE ND-900 #) T fff 43 &
(78 ~ 84 k]/mol) L L K T AL-8(40 ~ 50 kJ/mol ) K
WMAR T KR EHF LI ¥R ETMEE LY
HREAENKRMOILE XE5EBREES L —
THEBREAEBALEDERAE VIR
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COMPARISON STUDIES ON THE STATIC ADSORPTION PERFORMANCE OF
AMINO-NAPHTHOL-SULFONIC ACID ONTO WEAKLY BASIC RESIN AND
MODIFIED HYPERCROSSLINKED POLYMERIC ADSORBENT

LIU Fugiang, CHEN Jinlong, LI Aimin, ZHANG Quanxing
{ State Key Laboratory of Pollution Control and Resources Reuse, School of the Environment , Nanjing University , Nanjing  210093]

Abstract Weakly basic resin ND-900 and modified hypercrosslinked polymeric adsorbent AL-8 were selected to
remove 1-amino-2-naphthol-4-sulfonic acid {1, 2, 4-acid) from aqueous media, and the comparison study on the
static adsorption performance and thermodynamics was developed. Both of the tested adsorbents exhibited an
endothermic and favorable adsorption process.The Langmuir and Freundlich equations both can give well fits 10 the
adsorption data of 1,2,4-acid on ND-900, while only the latter can be used for AL-8.The negative value of AG
indicates the spontaneous nature of the adsorption process, and the positive value of AS shows the closely
relationship to the phenomena of “solvent exchange” ,and the positive value of A H proves the presence of chemical
adsorption . The much larger values of AH for ND-900 than those for AL-8 inform the predominant adsorption
mechanism:a chemical adsorption for ND-900, whereas a physical one for AL-8.

Key words Modified hypercrosslinked polymeric adsorbent, Weakly basic resin, 1,2,4-Acid, Static adsorption

pedormance, Adsorption thermodynamics



