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Adsorption of salicylic acid on KIP210 resin
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Abstract: The adsorption thermodynamics and kinetics of salicylic acid in aqueous solution were studied by
anion exchange resin as adsorbent, Series of resin selection experiments were carried out and the strong base anion
exchange resin KIP210 showed the maximum eyuilibrium adsorption capacity in terms of the removal of salicylic acid
from aqueous solution. The effect of various factors such as oscillation speed, resin dosage, pH, initial salicylic acid
concentration and temperature on the adsorption were investigated by static experiment. The regeneration of resin
KIP210 was also cxplored. The results indicated that the effect of external diffusion was eliminated at 160 r/min and
the best solution pH was 5. The remaval efficiency of salicylic acid increased with an increase of the resin dosage,
temperature and a decrease of the initial concentration of salicylic acid within a certain range. The adsorption of
salicylic acid on KIP210 agreed well with the Langmuir isotherm and the adsorption of salicylic acid on KIP210 was a
spontaneously endothermic adsorption process, Furthermore,the adsorption of salicylic acid on the resin could be well
described by a pseudo-first-order kinetic model and the activation energy was 13.9 kJ/mol. KIP210 was successfully
regenerated using the 8% (mass fraction) sodium chlorideand and 6% (mass fraction) sodium hydroxidesolution.
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Table 1 Basic characteristic parameters of the used resin

WREE 25 i) B4z g T AR/ (mmol - g=1)
KIP209 R e s REZB _ZHREE 412
KIP210 B E2 ¥ BEZB ZEERE 4.54
CT269DR ()4 e W BRZB_IHER 5.25
HND-315A15 [1::4¢3 R BELB_ZHER 4.34
CTI100E B T A BEZLB_HRESE 2.45
2GBK001 WM R BEZBR _ZHER 3.48
Bt hEmsl ¥, EETREGEE . REHE. mg/L.
pH.MBEREMBELSFEMNRHIEYER, I 1.4 BLWER

RITT W RGO TR AE G 0 A VR BR kv BB K K A
RIBHLRSE .

1 XLBNE

1.1 &AM ERE

SLu BT fF O BY W OBR & . KIP209, KIP210,
CT269DR.HND-315A15.CT100E Hi 2GBK001, H;
EABMEEEME LR, KGR 2K AILmm
SEAMBY AN, FEMLSBOE BE KRR
BEH (4B 0.1 °C) . 752 B8R Ah—T] I Ar Yok B it
SHA-B ElEB/KBIRZ 4 .
1.2 #EEdHLE

WERGE P AT AT T AL TR B R WIRR
WEZEEKT 24 hEZROEK, ZEEHHEE
HKBE: REEMIEHETE 40 (RS BOERE
24 h, EERBEVES P A AR THRIER
FE2NURERBO SE LGB E 24 b, ZJ5E H
BEHHEEREN L REHE RS EBHIEE
FHRBEALHEEFR.
1.3 BWEB

BHABETHRIEREERALOELEMR
h BRAZSNMLREAGTHKERBRE. K
ERBEAEBKBRESEFRRM LR, €0
BREAY T K G R YK, HE WM X B F 4, %X
(LAR @) DR E LN R & (g, mg/g) 5
3R AP 7O

N
g =2, —c) XV./m (1
=1
r=(c°+“)x1oo% (2)
[

R, Mo 551K ¢ B 20 A0 AT —BF 2 8k B

PRI B Wk & , mg/Ls ¢ S W BB ], ming N 29 BORE

KBV Rt HRABBEER.Lim AMERHE, g

co M .35 0 2 R BRSP4 B K A BR B B VR
. 1384 -

MRAGSEIBEN

FAZEMBK Ve ¥ B % M i R0 B B L 2 U5 P LA
T TR MA—ERR—EREHAHNER
1 BRTE A f B B R B AR G B T iR A
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A LA YR FE K 295 nm T U KGR
VR PR AR M 2R T AR (RP 2 0.999 DT
HARE.

2 #RE5iR

2.1 HHERH it

S RIFSEL 100 mL B ¥ 100 mg/L#gK
BB, BT 6 1 250 mL W EHIBIE S, Bl
A 010 g & ¥4 3 A KIP209, KIP210,
CT269DR,HND-315A15, CT100E #1 2GBKO001 #%
fig. BERAE303.15 KRG EE 110 r/min, R F
W HE 5 h, % 6 Rt g %F K45 BR 00 TR B B X 1 . 4
B EBURE I B 7K A7 BR YR I , 3R 31 B 45 oW BB i B TR
W& (g.,mg/g)  FEHBHEE S,

LR, 6 FRIEXT KB ERA R MNR
7 /N 3. KIP210, KIP209, CT269DR, CT100E,
HND-315A15,2GBK001, X 57 i 7K 4% B& - & "R B
B435)% 85.20.80.22.3.89,3.12,0.39,0.25 mg/g,
P55 R B8R KIP210 # | X K 47 R B 7 45 R By &
BB WM R R, B R ER MR
KIP210 #4T L BRMARTIE.
2.2 MAEER ST
2.2.1 RGAEAFEMR M

Ay BIVERFE B 100 mL fE BV E K 100 mg/L
B BGBREW T 4 4 250 mL A LM+, &M
A 0.10 g 274 B iy KIP210 W 8. H =R E
303.15 K, s Ar (B /K B R ¥ 25 iR 37 3 (40 3l B
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Fig.1 Effect of shaking speed on adsorption
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0.70 g £ ¥ 4k BB 4y KIP210 M fig. 7EHR % & 160
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Fig.2 Effect of quantity of resins on adsorption
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R, e R AR 0.40 g B, KRR BB ST 24k

KIP210 AR AT W bt . 2449 B8 FI &K F0.40 g B, H A
BRI PRI RE BN . A5 ERRENE
LB A, F LKA R AR E N 0.10 g,
2.2.3 pH®ZEMW

A ERB B 100 mL & ¥ E A 100 mg/L
MK GBRIEWR T 14 4~ 250 mL # EEBH P RE
AEBRMEEAME AR o H. BEHEMA 010 g
LA KIP210 W AE. R #EE 160 r/min.
R 303.15 K T #A7T R M 3058 , W Best ) % 5 h, it
i B B 74 , BURE 2T, 3B 1 KIP210 i Xt 7K 4%
BRI PR R, R ILE 3.
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Fig.3 Effect of pH on adsorption
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B2 Y 7 £ I B B A R, IR R Bt . X pH<S
i, KIP210 B g X K 4% B2 i - W Bt =L b8 pH A9 3%
RITHER; 24 pH>5 B, KIP210 g 4 7Kk 4% B& )
FERMERE pH B RMEK. X5/K58RAERK
FHPREERABNRR . X pH<I 1), KBK
hAKGRUASGFREESRNE; Y pH N 1~5 i, BH
M TFRHEAB T Y pHZ W, UBEBFNE. o
FRESRKGRAF TR KB B FREEN
KGBRA R T8 734, it 0y KIP #F f5 % H K F 4
BEEER. B2 pH>=5 5. W& pH A&, K
BRERPTHEERBEFRESEM, FERER
B, 8 KIP210 B iR X3 7K A5 BR Y - 45 T B B F I .
2.2.4 KGRI IE R W

43 B HE B B 100 mL S8 ¥ B4 100,150,
200,250,300 mg/ LI K BGBRERTF 5 4 250 mL #
EHEEHRP RAEEMA 0.10 g 23 H A H K
KIP210 #%fg. 7EIRT H/E 160 r/min B EF 251N
293.15.303.15,313.15 K B9 £ F #e 47 % M 50 56,
W R BT B R 5 o, ot B R B F 4, BURE AT L T E
RE i 1 P-4 5 B 8 L 2 4% 7K A TR 0 4 Tk B X A R
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Fig.4 Effect of initial salicylic acid concentration
on adsorption
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BEMETImEA XEHRENRSAEMN TR
BRCE2, RO o O AR R — D IR A .

2.3 BARFRXK

FEE R AT, W B 5T 7 IR B VR A0 R R 77 7 A
22 V) % At Tk B S 7 esf , OB R J5R A X A P R BE = T Y
KRR, PR R SR K, AT A Langmuir 77
B ULR 3)f Freundlich 7 (L 4 X Bt Z#
HFAEE.

Ce _ Ce 1
Z_q—m gnKL

(3

1
lnqe=;1nce+anp 4)

A g A FE W&, mg/g; KL Langmuir -
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Fig.5 Isothermal adsorption curves of salicylic acid
on KIP210 resin
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£F W% T 45038 B8R 4 i AT () Ak () AT AL
gigank 2 Bion ., M 2 A0, R TRIR BE T RO % Bt
B f ] Langmuir JTRESLA # R ¥ KT Fre-
undlich 7758 . X B0 KIP210 % A Xt 7k 45 B8 i T B
B4 Langmuir R >0.99, KU A ML W
Bl 6 Fiam, i Langmuir J7 B & HK&E T 293.15,
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PR E .25 E212.70.215.62,217.14

0,8[
0.7
06|
.05
< 04
e ® 20315K
03¢ ® 303.15K
o7k 4 313.05K
0.1
0 30 60 90 120 150

¢/(mg - L™

B 6 Langmuir FERMEER
Fig.6 Fitting results of Langmuir equation
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Table 2 Fitting parameters of adsorption isotherm models

B Langmuir 5 #& Freundlich 7 #

/K Kip/(L- mg™") gm/(mg - g™ 1) R? Kr/(mgl~Vn « LV « g71) n R?
293.15 0.025 7 212,70 0.998 8 21.55 2.35 0.985 7
303.15 0.031 7 215.62 0.999 4 25.82 2.48 0,975 9
313.15 0.037 2 217.14 0.997 9 29.96 2.62 0.981 6
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FHES  KIP210 B B x5 Ak 45 B i W 1 8 w1 52

mg/g, LA A, R BE X K B AR B IF B =B
B, EHRKRAELENAME. F b, Langmuir ¥4
WHCHIEHE , RPRE— MU BRI,
2.4 BAMHAYE

M BT EWHRXRSHEERBE (AH,
J/mol) HAS(AS,]/(mol - KD FIHERIT A BEED
(AG,]/moD ™1, Al IR IER G RIX () HE,

__8H aS

AG=AH—TAS (6)
KT AR ZRE, KR IS EEHWS8.314
J/(mol + K),

PLInK 5 1/T #4751, AW nK 5 1/T Z
EERRIFMEEXRR, EENURIRMEES I H
—1 689.6 F1 8.017 2,R%Jy 0.996 4, E A E T H
B ABENARLZEM S BOEE HEURR
BT 85 A 4 A B ReAs , 3k 3 iR,

MR 3 ATH, AH 4+ F 0~42 k]/mol, #F— 4 EB
IET KIP210 % fi8 X 7K 4 B2 ) ¢ B — 4~ IR #4ad
By ABREEMNTFRMAET, A5 REHEBET
KIP210 # fig & i /K B R R 09 AG Bk . BLFE
ERBER LA TZESZ /N, XA T %NS RR
BRHAGTH. FHREBESEREEREAS>0
R B R O AR R IR sh T AN R A R B

£33 KIP210WIBRAFROBHARNESY

Table 3 Thermodynamic parameters for adsorption
of salicylic acid on KIP210 resin

T/K AR aS aG
/(kJ » mol™?) /(J+mol™t« K1) /(kJ- mol™1)
293.15 —24.75
303.15 14,05 132.3 —26.12
313.15 —27.40
2.5 WBWHAF

W Bk 3l g 2 32 B SR B o IR R ) VR O R R K
R, BV B o R P R B R B A R B AR AR, B R
ARAE—RENIERR T RE R 28
B RS (8)) SR H R BB # R [ 2 72
In(g.—q.)=Ing.— ;¢ )
r

1 1
—=—s+—

(8)
q. qe kZQe

AWk AUE— R H R E R, min™"  k, NUEZFE
FEH,e/(mg + min),

AR ET KIP210 % jg X 7K 47 BR &4 W% it 30 H1
FREMNELSTRMNT : SR HEFHBE 100 mL FE
WER 100 mg/LH)KBGBRER T 3 4 250 mL #f
ER/RTEEP . FMA 0.10 g 2T AL F i KIP210
B . BE k% #EE 160 r/min, B 248 B B (293.15,
303.15,313.15 K) #EAT R M SE 56, 8 I BRORE I € 1%
WP KA R BIVE BE » TH I IS X K A7 B G R A L
B 7 BN AR — R G 3h R
B EARNE S FHE, B A BB XS
AR,

90
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70
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30 —a— 29315k
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Fig.7 Adsorption kinetics of salicylic acid on KIP210
resin at different temperatures

MR AT LUE M, A RRE T 030 5 S8R
AR N EFEELD AN R KT SRS N
A, U A KIP210 44 f8 X /K 4% TR 64 W B 58
TEHE— R B FHER L R >0.99, Kl AL mE 8
Frim . WE—REETEBHEERE N AW Z L
Ko2XBHT KGR BEEEEREN AT
hndR. N TOAR#E © WM B9 347, B T WM R
HHED,

PAInk 5 1/T #474EE. 23 Ink, 5 1/T fd)
AEBHFNAE EXRNOFERMBEINN
—1 674,271 1.929 0,R%% 0.980 9, ##& Arrhenius
7,3k 8 KIP210 4 i 0 Wi K A BR B 15 AL BE R 13.9
kJ/mol,

2.6 #RBEFL

R4 KIP210 WEERH K GEHHZ H ZERSH
Table 4 Adsorption kinetic parameters of salicylic acid on KIP210

T/K HE— R R b a4
ge/(mg - g~ 1) k1/min"! R? ge/(mg' g~1) ky/(g* mg~!+« min~1) R2
293.15 102.71 0.023 1 0.990 4 141.94 5.474 1X10~% 0.960 0
303.15 107.53 0.026 7 0.991 2 125.45 9.852 4X 1075 0.972 9
313.15 134.13 0.033 3 0.9911 129.50 9.941 5X10°° 0.957 5
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Fig.8 Pseudo-first-order kinetic model for adsorption of
salicylic acid on KIP210

DAL S AL IR A BT X 2 1% R AR R
AR B SEAT R o BRRHIELEE 30.0 °C . JBE R B R 3
h, BEEA AT 3R T K B BR 1 LR 36, 45 R LR 6
M 5 BT LU i, 24 8 B O 800 (B 4r B0 F AL
B 6% URE S0 S BB IR S W, K
TR 4 B B S B 1k B1098.6 4, 33 130 B 40 & Jd PR 39 T K
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Table 5 Desorption effeciency of KIP210 resin by different
ratios of desorbing agent %
EE-0IE FUk R 2 A
FE B 7 2 1 6 8

2 62.2 74.4 88.5 96.5
4 67.5 78.6 95.8 97.6
6 76.8 87.7 96.5 98.6
8 82.3 90.7 a7.7 98.8

3 & #

(1) YIFHEE KT 160 r/minf5 , S BT R
MR e EA N, pH="5 i 0% M4 e &
£, KIP210 ##4 g X0 7K 4 B8 A4 R B 38 KA L BE A A
& VBER EFTH A, A BRYI BB EF
T/

(2) KIP210 #f & % 7K % 8 B9 W M AF & Langmuir
HHR, R —MRAKEERS A RN RITEE.

(3) KIP210 #f i % 7K 47 BR Y M B o 7282 T LATR
o o PV — B Sy A R R AT R W R L BE R
13.9 kJ/mol,

(4) FA8%Eg S s XN R AR S H W
i B 3 7T 5 28 SE B % KIP210 4% A8 &9 i Bt F 4
KA BR B L B 2 T 15 ) 98.6 4
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