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JDW-1.JDW- 2.IDW-3 MR R B BE (B
#1) ; Duclite S-761(# 0 7 & ) , sk A (4 L&A,
AR, XAKZE. RH. PEE (AR, X
fhFi 3R — 1) . 81 5 BET M3 i 8 M e {3 ; 754
ARG NE T (EBE=MNET ) HL-2
EHRFE(EEBPANET); AW ESR (BSZ-
100, E¥EiP (L 8%) ), THZSs-1 S X L AfER R
(LA RN AR ) HE THRE(X
HALB{LH ) DT-100A B X F (bR
B EIEE
1.2 kBHZE

RIS BAL B 2 5 B W ® IR JIDW-1, JDW-2,
JDW-3 FHE 5 Duolite 5-761 Y KERBTAA
MWL 3B KASTFHE 2L RN EK
B GB5757-8o Wi MV MEEN ST REX
B[S E . RAMS M BET (XM ERIEMH L&
ﬁﬁm .
1.3 BESBRMETBEAHE

#0.100 g THIBEEMA 100 L R EH#E
M, 20 mL — 2 ¢ BE o i B K P R e ek B R
FIBREE K mHEE M P B KB RO B R
WIEMT SR EAEMME 298 K WERBZBE
LR —EnfE, E® 110 voin. B FHE,
272.7 nm &b B 58 O B 3F o B ok B 69 - ok
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v, BadEEBFEAEB(L), W ETHRIEH
Bi(g),co RMBERBBRAEEHRE .
1.4 WHHEENME
¥ 1.000 g THIRESEINA 250 mL B E#$TE
L, 150 ml. 100 mg/L BN MEE 7K 35 3 00 2] R 2 4
EHb HEAEEERME 298 K WEHREKRLE
=L ¥ 110 o/min. W R E B EEERNR
FE (DX HHABHE 4.
1.5 HEWMM EHEXBAZ
H—ERMTRIEEAENEN 10 mm HEIE
WHER, AEBTU—EREFTHESRMR
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BE 503 Wk, Bk AR W b o ik 25 AR 9 BE L W E 3h
A5 B 2 1k R T £

2 SRS

2.1 4Bl MEER

3 f B 1R A% JDW-1,JDW-2, JDW-3 1 Duolite
5761 MMM L EZE R . SKERHEES R
R EL RN 1. JDW-1, JDW-2 R, 77 Bk
BREROHIEEG, XIS RARHEEES
RyEAMR Kb JDW-1 FHER: FRE(EBERE)
F1:1.8,TMIDW2 S - ERFBAR L)
#1:0.58.JDW-3 MR, 2RO, RABBRS
EEAW KX & R LFE IDW-1,3
b H WA A B R OBALA, R
MURANEETER SRR AR 1TLE
H3RBEHRENEERR . SKEABERES
BAHBKHER H5, BRI HBBERKIEH
7K B % T Duolite S-761. BY B #4f I (0 1t 3%
R ESKEEARBESBAWIBHRMIEEEEA
—EHER, BEKEEXKREE, HRMHEE 8
W, T R SR AT LA — 2B

Table 1 Characteristics of porous condensate adsordent

Duolite
JDW-1 JbW-2 JDW.3
5-761
Specific surface area{m’/g} 196.9  60.9 10.6 71.7
Moisture retention{ % )} 60.8 41.7 38.8 36.8
Phenolic hydroxyl
yeeRy 1.95 3.72 2.98 2.37
capacity (mmol/g)

Mzh AR AT LIRS 3 # B &R SR
HEA/NEFN IDW-1 > JDW-2 > JDW-3, A&
I Duolite $-761 #, JDW-1 £ 45 min BliX 3] 93%
%K OH 4, IDW2 N 65.11%, JDW-3 £
53.0% ; i Duolite S-761 £424 47 % B Mt A 2 % .
#IDW-1,)DwW-2 Bl EFT LI ), R A ENTH
KB EH Duolite 5-761 X, H JDW-1 B L @
A Duolite S-761 H. R E R 2.74 £5, 1M JDW-2 #
Duolite $-761 B WK I #1#3 , JDW-3 tE Duolite S-
761 BN MR FR A EARENBEES
BHEKES,FRE AN EES T 856
8% BEF s . A T {58 L 98 BRE 3 32 %5 T Duolite S-761.
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Fig. 1 Rate of Caffeine from water
Initial concentration of solution 100 mg/L; Temperature
298K ; Resin loading(dry} 6.67 g/L
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K, o BoTE: AP LERMEBHY Ak, £
PP BERAEERY.

MFFBRQEBT &, , B % EE R
PHT A SRIERREREELX. A In(1-a)% ¢
EEBAE 2, hE 2 TED, IDW-1.JDW-2 |
JDW-3 . Duolite S-761 B FFammE H 53 HAE o« H 0~
0.51.0 ~ 0.41.0~0.39 H 0~ 0.32 FH AT
WREHAZF(EWIHHEMBRNITBRERER
REREEXR), X—UWEY BB R H Ak
By a, B8 L TR ESHEEN « BN
B 28 1 O 25 R el T VIR B i e R B R 9 T RLPE BB
fiX TRB M B, R T B (2) Mt
FEK.
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ARy sEsERRER c, SEREAHR
B B B e R L AT i PR AE R R 4 BE P 9
XTI ## (Relative diffusivity) 7] EA M k, {HitHE,
HEGHNFER 2P, TUEHFREAOWHEE
IDW-1 # f 5 BUHE B K, T #E Duolite S-761 L
£ JDW-1.JDW-2 . JDW-3 $F KK I #H, X
EH ¥ Duolite $-761 2 HAR , H 5K 8K (20 ~ 30
H),&8KBB/N ATNSBEMHRAEL P H
B/, JDW-1,JDW-2 2R, HREB /(30 ~
60 B), SkBAEEARSES, BitmukEAE
Hbgd #iE BT, )DW-3 AFHEM BB SR
SRTAKE, BBHE/N(30~60 B), FUY
B4 Duolite S-761 MK .
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Fig. 2 Test of Eq. (2) for sorption of Caffeine on

different resins

Table 2 Sorption rate coefficients and relative diffusivities of Caffeine in

resin

Sorbate/ sorbent Kp(h'l ) Relative diffusivity"
Caffeine/JTDW-1 3.535 1
Caffeine/ JTDW-2 1.630 0.461
Caffeine/JDW-3 1.252 0.354
Caffeine/ Duolite 5 -761 i.010 0.286

* Relative to sorption of caffeine in JDW-1

2.2.2  BYREERAE ot on e B O PR A0 4 IR £R
B 3 % 4 B B RN B E K B 8 b X o e R A TR
B&me, A 3 A0, BERBOREAEM, 4
Fo et amnlk B 0 R B B AR R K, I EIORE &
14F , & 47 o ah e B A R B R 44 K/ WP AR K A
JDW-1 > JDW-2 > JDW-3 > Duolite 5-761 . ZE 0 HF (5
¥ BE £ % 4000 mg/L DAJG .4 Bhi A EE K B WA
MR B R TR 4 R RS R R B R T e
HER WK SRS ETH S Langmuir 78, RAT
T LT OIS, F iR Langmuir TR

c./q, = 1/K,A, + c./A, (3)
K, g c, TR (1)R; A, BEMHGEE

(mg/g dried resin); K, & & W B (L/g).

HE 3 MHXEERANTE P, BEE4
S5 B Langmuir 28 ¢ B1H & . 1 B 4 8 3| s 10
BB R A, HERHE K FITES.
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Fig. 3  Sorption isotherms for Caffeine sorption from water:
Equilibrium period 24 h; Equilibrium temperature 298 K; Resin
loading (dry) 5.0 g/L
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Fig. 4  Fit linear of the Langmuir isothem ( Eq. 3) were
detemined by least squares fi1.

MWHE 4 3 AT LFE K P MEERE 4
Fhoat B o i R B B S A S Langmuir 77 &, A3
EBR 0.9 L LB, 4 BRI EKER
v 0 B o ek R U 3 4 F 2 R B, JDW-1 0 o i B
B4 N R B R B KO8 255.8 mg/g, T JDW-2 A
JDW-3 Bt A IR B & 55 JIDW-1 8B, BN AR
0 B 2R A4 B Duolite ST61 BRI 2 5. BEMNFESR
E¥ K HERERBROBK A TFE, R
g o By 2 B Ao mE B 4y TP AR e SR AE
AhMmEE.

2.2.3  pH {1 R EE BB i UK BE oo ek R 4 BE O R
i B 5 HAEEPAR pH HEMHT .4 Bl
BRI R OE R LR AR ATLUR Y, %
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EH pHEEENM S, 7 pH 2N 0 i, RIS
FRARAK, BEAE pH HIM X, MEEAMEW K. HFA
pH IS, 3 # & § 6 g % oim w285 64 0% B & 09 kb
WEFF 2 JDW-1 > JDW-2 > JDW-3. H JDW-1,
JDW-2.JDW-3 3 # BRI IT A B A HEL, ™
5 Duolite 5-761 H —E M X H| . Z BT pH EH K
IO B b ER R R R B AT, o B A 0
SFEL EETIHFTFERE, A TFEREH
SRR, IR FF A HESD ) BUEEIR , BT DUR M B R
& .

Table 3  Parameters of Langmuir isotherm (Eq. 3) for sorption of

caffeine on different resins

Sorbate/risen A (mg/g}  Ky(L/g) Correl. coeff
Caffeine/ JDW-1 255.8 3.051 0.99445
Caffeine/JDW-2 2457 2.128 0.99047
Caffeine/ JDW-3 232.6 1.604 0.99001
Caffeine/Tuclite 5-761 120.5 2.533 0.99314

\

Duolite $-761

\

IDW-3

Equilibrium sorption
{mg/g dried resin)

Fig. 5 Effect of pH on the sorption of caffeine on different resins;
Equilibrium temperature 298 K; Equilibrium period 12 h: Inital
concentrations 500 mg/L; Resin Loading(dry) 5 g/L
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Fig. 6 Effect of the sorption of caffeine in different

concentrations methanol-water solution { V: V)
Initial concentrations 500 mg/L; Resin loading (dry) 5 g/L;
Equilibriom temperature 298 K; Equilibrium periord 12 k
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Fig. 7 Breakthrough curves of caffeine column; 1.5 g dried

resin; BY = 5 mL in 10 mm I. I column at room temperature;
Flow rate 3 BV/h; Initial concentration 3000 mg/L
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Fig. &
hydrochliric acid in 40% aqueous methanol: BY = 5 mL in 10 mm

Steipping of caffeine from JDW-2 resin with 1 mol/L

1.D coulumn at room temperature; Flow rate 1.5 BY/h
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2.3 BHEXR

2.3.1 HERHMMR B 7 2k JDW-2 W B am
HEE A sh 25 MR B i 2R . A B 7 BT I, 3000 mg/L ()
kR BB RL 1.5 THRFE JIDW-2 # 5 mL B AR
KIS L 1E 16 AR A FR ) S 3 e, ik 3 12 B £ O 160
mg/g, 1R BB R 183 mg/g TR (DT
Langmuir BB &) .

2.3.2 PEERHMER 8 A 1 mol/L HCl )
409 Fy B B T ¥ 1 5 R A mm ik BRI . iR 4B R0 JDW-2

TR R B % LR B A I pHE (B B 2% 4 TF W 6 ofm i
B KRB 1R/, H X 26 5 B 7E 40 % 0 B B 75 0 0t
m e RO B R B, R LR TR A 1 mol/L
HC1 #1 40% i B B9 R 5 6 W 15 39) >f ok 1N 0% B mim
HERE A HA IDW-2 RS . A 8 AT AL, 2
REEAER, £ 4 TR B NI # L 88.47%,5
AEREBENERE LT 902.61% BARTEH.ES
EEREABRTRRES THRANP BRI
TR EERMAHEE S FE A S8, AT T 5K

FEERE REVEAEMBAMIERKNGE A THERAFEDFEEN.
W RN, EREBS LR THNOMHAL
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STUDIES ON CAFFEINE ADSORPTION PRORERTIES OF
PHENOLIC RESIN ADSORBENT

WANG Zhong' , SHI Zuoging’, SHI Rongfu®, FAN Yunge’
(" Shenyang College of Chemical Technology, Shenyang 110021)
(? The Staze Key Laboratory of Functional Polymer Materials for Adsorption and Separation ,
Institute of Polymer Chemistry , Nankai University, Tianjin 300071}

Abstract
JDW-3, prepared in the laboratory and a commercial product Duolite S-761 under static and dynamic conditions . The

The adsorption of caffeine was studied by using three phenolic resin adsorbents, JDW-1, JDW-2 and

experimental results show that JDW’ s are superior to Duolite $-761 in adsorption of caffeine. A semi-empirical rate
equation adequately fits the sorption rate data of caffeine in the initial period till about 32% ~ 51% of the
equilibrium sorption. The results confirm the particle-diffusion control mechanism of the sorption process. The
equilibrium serption date for phenolic resin adsorbents /caffeine systems can be described by the Langmuir isotherm
equation with a correlation coefficient larger than (.99 . It implies the monomolecular sorption in these systems.

Key words Phenolic resin adsorbent, Adsorption, Caffeine



