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Adsorption of Phenol on Amphoteric—Cationic Modified Bentonites
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Abstract : Modified bentonites have been used as an adsorbent for environmental remediation. An experiment was designed to examine the
adsorption of phenol on bentonites modified by a mixture of amphoteric modifier, dodecyl dimethyl betaine (BS—12), and cationic modifier,
hexadecyltrimethylammonium bromide (CTMAB) as influenced by modifier ratios, ionic strength, temperature and pH. Adsorption capacity
of phenol on bentonites was in order of 100BS+100CT( 100%BS-12+100%CTMAB )>100BS+50CT( 100%BS-12+50% CTMAB )>50BS+
100CT(50%BS-12+100%CTMAB )>100BS+150CT(100%BS-12+150%CTMAB )>50BS+50CT(50%BS-12+50%CTMAB )>100BS+25CT
(100%BS-12+25%CTMAB )>50BS+150CT(50%BS-12+150%CTMAB )>50BS+25CT(50%BS-12+25%CTMAB )>100BS( 100%BS-12 )>
50BS(50%BS-12 )>CK (unmodified soil ). This revealed that the adsorption of phenol on modified bentonites increased with increasing
CTMAB ratios at 0~100% of CEC, while decreased slightly at CTMAB ratios greater than 100% of CEC. The phenol adsorption was reduced
by elevated temperature and pH, but increased with ionic strength at low concentration ranges. Henry equation could best describe the phe—
nol isotherms. The adsorption of phenol on amphoteric—cationic modified bentonites is a spontaneous physical adsorption process character—
istized by both enthalpy decreases and entropy increases.
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Table 1 Basic physical and chemical properties of bentonites

CEC/mmol- kg™ K% Swelling capacity/mL-g”"  pH

N % & Ethane blue adsorption/g-100 ¢ ZZ/liiA )57 435X Montmorillonite content/%

1 003.3 98.5 9.59

38.9 88.6

T : CEC W2 R LR M- KB 1 s SR B i 43500 SR FRIVR A0 5 pHL LN A R P B8 A s DA 4 X MRt (0 2 D v S B SRR (11

Note: CEC determined by sodium acetate —flame photometry ; Montmorillonite content measured by ethane blue adsorption;pH analyzed by glass elec—

trode ; Swelling capacity and Ethane blue adsorption by the methods in references!
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Figure 1 Adsorption isotherms of phenol on modified bentonites
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Table 2 Results fitting Henry model of
phenol adsorption( Temperature ; 30 °C)

TE I, B PIYEAE AR BS A8 Ui L 491 k38 o, Wit o

3 Tcr;atment 098; - 51;5 K WIS, & CT ZEE i L6 T 342 50BS<
SOBS 01994 e 1'9.5 128 100BS, Fl BS F—Ab B &4 L A1 1 52 ) 5 AT — 2K
100BS 0.999 5k 491 8.25 ‘Hﬁo ﬁi“%% CT 'ﬂ%fﬁﬁ HC'WUTZE ON]OO%CEC BTJ‘ s alé\'ﬁgj:i

50BS+25CT 0.999 2+ 86.53 14.54 K CT 85 BS (A L A5, 052 s 28 1 g Wi o6 s 338 o
50BS+50CT 0.998 G+ 122.79 20.64 2% 2 A Henry B BIHL S 00 S8 K (H T LLE
50BS+100CT 0.999 32 136 2286 AR K AR/ I B 258400 1 B 2 13 Wi
SOBSHIS0CT 0999 9% o784 1044 B L (K, )5 P 145363 - A 0 2520 8 4 5 1R I
100BS+25CT 0.999 g+ 109.99 18.49 R B b T AL T S R A TR
100BS+50CT 0.999 9 160.23 26.93 R T K L - W B ) Fy 2
100BS+100CT  0.998 6+* 184.62 31.03 ATHLAR Zh HE -
100BS+150CT  0.999 §#* 129.02 21.68 HAWI AR

Tk FORLE P=0.01 KA RS, XA M /=8, WEMAKT
P=0.01 i ,r=0.765

Note: **indicates that the correlation coefficient is significant at P=
0.01 level (r=0.765 when the degree of freedom f=8 and the level of signifi—
cance P=0.01.
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PR 2R R A 45 SR B, 72 R T 0] e vl B9 L P (5~
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Fo B BALAE 9.29% ~15.15% , T P o — & 16 + #F
100BS XJ 7K FR 2813 1) K BR2RAE 52.66%~56.79% , Wi
5 WE A g2 1= FE 100BS+100CT £ 1% J 550 SR e
EBRFAE 78.92%~82.56% , 3 H AAE M L4 Fifi e ff 7%
P e 5 AR A L B AR b 22 TN R M R AR Tk B
7E 200~500 wg-mL™ 35l A, BS+CT & FLAE M 4= A Xt
R ) 2 o R e g, 2 B PV &2 T B - R i
il A 2 A BRI e e

Meng ZFMF5E T PIPEE M BS BR—1& 11 38 4= %)
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Table 3 Effects of initial concentrations of phenol on its removal rates from water by modified bentonites (% )
JbFR Treatment FIAYRE Initial concentration/pgmL™

5 10 20 50 100 200 400 500
CK 15.15 10.53 11.44 14.21 11.61 9.29 12.87 13.64
50BS 24.98 26.72 32.71 27.22 27.51 28.09 33.97 33.07
100BS 53.32 56.79 53.24 52.66 54.11 54.11 54.65 55.62
50BS+25CT 62.12 63.58 63.53 64.08 65.54 67.73 68.80 68.39
50BS+50CT 70.89 72.71 72.85 72.30 73.03 73.76 75.47 75.84
50BS+100CT 71.62 7235 75.04 74.67 75.95 76.50 77.02 77.67
50BS+150CT 63.58 70.52 70.11 70.29 70.47 70.84 70.90 71.10
100BS+25CT 71.54 71.25 71.38 71.93 72.11 73.03 73.28 73.51
100BS+50CT 78.19 78.92 78.51 78.69 79.05 80.15 80.12 80.01
100BS+100CT 78.92 78.92 79.17 81.06 80.70 80.70 82.13 82.56
100BS+150CT 74.18 74.18 74.53 76.13 76.13 76.50 76.20 76.43
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Figure 2 Effect of temperature on phenol adsorption on

modified bentonites
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Figure 3 Effect of pH on phenol adsorption on modified bentonites
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Figure 4 Effect of ionic strength on phenol adsorption on

modified bentonites
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Table 4 Henry and thermodynamic parameters of phenol adsorption on modified bentonites

L RE R Henry R BHE-AZ48 Fit results of Henry model FWIN S5 250 Apparent thermodynamic parameters
Temperature Soils r K AG/K] -mol”! AH/KJ»mol™ AS/J+mol™-K™!
20 °C CK 0.997 9%+ 423 -3.52 -10.29 -23.12
50BS 0.996 7+* 17.43 -6.97 -6.73 0.79
100BS 0.996 7++* 48.66 -9.47 -6.33 10.70
50BS+100CT 0.998 8+ 130.11 -11.87 -6.20 19.32
100BS+100CT 0.999 9% 178.7 ~12.64 -4.77 26.84
40 C CK 0.998 7#* 3.23 -3.05 -10.29 -23.12
50BS 0.998 7++* 14.61 -6.98 -6.73 0.79
100BS 0.999 9+ 4122 -9.68 -6.33 10.70
50BS+100CT 0.999 5% 110.59 -1225 -6.20 19.32
100BS+100CT 0.999 6% 157.7 -13.18 -4.77 26.84

TE:** FORTE P=0.01 K EARDCIZE , 2 [ /=8, B MK P=0.01 I, r=0.765,

Note: **indicates that the correlation coefficient is significant at P=0.01 level (r=0.765 when the degree of freedom f=8 and the level of significance

P=0.01).
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