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Abstract: Natural zeolite modified with N, N, N -trimethyl-N-abietyl ammonium chloride ( TAAC)
was used as an adsorbent to remove Congo red (CR) dye from aqueous solutions. Its features were
characterized by Fourier transform infrared spectroscopy ( FTIR), X-ray diffraction ( XRD),
scanning electron microscopy, and N, adsorption-desorption isotherm analysis. The effects of particle

size, loading amount, pH and sorbent dosage on the adsorption properties of CR on TAAC modified
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zeolite were investigated in batch experiments. Experimental results show that TAAC modification on
natural zeolite improved its CR sorption capacity significantly. The adsorption capacity of CR on
TAAC modified zeolite decreased with increases in pH and temperature. The isotherm equilibrium
process of CR fits Freundlich model well, and its calculated maximum monolayer adsorption capacity
was 78 mg-g~" at pH 6.0, 20 °C. The adsorption of CR followed the pseudo-second order kinetic.
Thermodynamic calculations show that the adsorption of CR dye was a spontaneous and endothermic
process, which is mostly attributed to electrostatic interaction, hydrogen bonds, and hydrophobic
bonding. The CR adsorbed on the TAAC modified zeolite could be desorbed and its desorption
efficiency could be greatly enhanced by addition of sodium hydroxide.

Keywords : cationic surfactant of rosin-based quaternary ammonium, modified zeolites, congo red,

adsorption.
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Fig.4 Effect of different TAAC loading amounts Fig.5 Effect of adsorbent dosage on the adsorption
on the adsorption capacity of CR capacity of Congo red
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Fig.6 Effect of solution pH on Congo red adsorption and zeta potential of SMZ5
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Fig.7 Adsorption kinetics of Congo red on TAAC modified zeolite.
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K, q, M g, 3 SRR ¢ B 20 1 W BFE s RSP A7 1 B 2 (mg - g7 ) ey A T — 2Bl ) 2 R 3R R
(min™") .k, A E 2 3l Iy 27 AR K3 AR 0 (g » (mg - min) ™) Lk AL N BB BIOREBY A 2 A0 B
C(mg-g™") 2y 5 W B 570 2 THI AR 1k A DG 1 S 4
1 TAAC B AT X 7K A WIERZDE B 20 ) AR S E A B (W3R 1), 5 — 23l ) AR A Al
Ll HE 23 ) A AR R S B A AUL 5 AR OC R B, O HL T R4S B o (N R SE B E 1Y g, fE T
WA R ME 98l 2R S — 3l A AR L T3 A TR R TAAC BBtk A X 7K Hr R
TRLT B Bt AR A, BT A AR R AL, MR 2155 B i R 245 K T AT ik K*/Na* i 5
TR A K RUEE LI MELATE FLIE PN 7™ AR Y 22 5 HIOT IR A A7 G548 N DRI IR BEE s g 3 2 A
TES R B TAL Y, LN HICE TR Ay 52 e W2 52 vy 3 4R 1 32 2 PR 2R

e 3 W I PGNP it
Table 1 Kinetic parameters for Congo red adsorption on SMZ5

¢y W HE—gh ke BT R LYo
(mg:L™")  (mgeg™) ky/ Gecal I ky/ e ca h R kv c R
(L'min™)  (mgeg™) (grmg ™ min™)  (mgrg™) (mgg " min""2)
30 30.1 0.011 20.7 0.977 0.0016 30.5 .53 0.999 0.99 128 0.930
40 37.5 0.009 26.0 0.959 7.7x107* 38.4 .14 0.999 1.44 117 0.939
50 43.2 0.008 33.1 0.979 5.7x107* 44.4 L13 0.999 1.63 123 0.983

T b AR BRI b=k
2.6 WERMAF IR
I3 BRI R E A 10,2030 .40 .50 .60 .80 Al 120 mg- L™ AR SR L0747 W BHA G, 315 — £ 51
W 01 A5 Ak TRT 8 A ST A 0 I SR 27 R P G R S5 IR 2 181 8 T DL A ) B L T B A5 P T SMIZS 2K
T A X TR VAR IR SR T %) A B0 B VR D SR 1)~ T2 T 9 DR 1 L SR T W o s o T 1Y)
S REEAT.
DA kA o DO SR 21 PR G o 455 9L 2% BT A Langmuir , Freundlich #1 Dubinin-Radushkevich ( D-R) Dl
HKAE.
Langmuir Y% Bt =0
C. C 1
g, qu i 4. K, )
K, C (mg- L") R PR BE | g A esetE s A 7 A I M 28 5 (mg g 7') L g, (mg-g™") S KL F
JEW i K (mg e g™ ) F2 RS 2 IR 50 W o 25 it T T 8 3 O 3 R v B G S22 110 O oA AL
Langmuir 2560 T LR AW B B W77 R, F
1
=17k, (8)
K, Co(mg- L") SRR AGYBHA L K (L-mg™") 2 BIRE B R W4, 5 B RE AR OC. R (H TR 2 SF IR 2 2K
R ARHIGRER (R, =1) A FIAI(0 < R < 1) , AA[HERI(R, = 0)".
Freundlich %W {45 i = .

Ing,) =In(K,) + ~In(C,) (9)

Kb, K[ (mgeg™) « (Lemg )" 1Ml n (g L7") 20 54 S 0 B 255 o 0O BFF 3 38 5 AR AR 4005 EL R AL SR AN
BEETFEASE] 1/n A1 K 1/ AT 0—1 U B WG FRF e 2 Ja 100 e
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Fig.8 Adsorption isotherm of Congo red on TAAC modified zeolite

PIAER BRSO T3% 2 v, it i RAME, W BB AT A Langmuir 55 75 0% FEACRY. iy 3¢
2 A%, Freundlich 253 M IS4 1/n (64 0.420—0.464 4+ T 0.1—1 Z i), 53X S Ui B 1 el 47
X7 e MR 2T W A T P B B, A, KL B R ek B A i T ARG, Xt B TAAC S0P A W)
ST W BT 7 07 I S I T B (%) 1 I A 78 S T B 293,303 i 313 K 25 T SMZ5 %P3z B 1F Fr
BEAT M 12.9 12,7 11.8 k] -mol ™" fii T 8—16 kJ-mol ™", #F— 35 A K b WIS 21 (g W RRERIL S b B 381 55
FL i A DG A 81 5 FRL TR 5 )

T2 oA XK e SR A W B R 2

Table 2 Isotherm parameters for adsorption of Congo red on SMZ5 at different temperatures

o 2 /K
293 303 313
¢,/ (mg-g™") 78.0 75.5 72.5
Langmuir 25 i W% Bt #5551 k/(Leg™h) 0.33 0.14 0.11
R? 0.991 0.994 0.993
Ke/[ (mgeg™') « (Lemg™') ] 26.85 17.47 14.54
Freundlich 45 W fFH#5 I/n 0.28 0.36 0.38
R? 0.904 0.943 0.928
G/ (mmol - g™1) 0.88 0.68 0.59
D-R 45 il W% Bt A Kpp/ (mol>kJ72) 3.0x107° 3.1x107° 4x107°
Epp/ (kJemol™) 12.9 12.7 11.8
R? 0.983 0.975 0.974

5 SR T 2R T A 1 W ) P A B 22 o A L, R SO % R R - (35.84 mg-g ") Y REMETE
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Table 3 Thermodynamic parameters for Congo red adsorption on SMZ5

AH°/ AS°/ AG°/(kJ-mol ") -
(kJ-mol™") (J-mol™ K1) 293 K 303 K 313 K
-31.4 -31.9 -22.1 -21.9 -21.4 0.994
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P A X5 VA TR T R SR L R B R R AT R AHCZE JE o —31.4 k] - mol ' FE— 2B BT TR R — A
TG R T ASOMEL A 7, 3K 156 BH PS5 21 85— g o ) sk ek oy v i ek 1 IS S o g R A R AL
HINA AHOTE-40—20 kJ - mol ™' YU 1Bl P J& T3 >4 3=, il AGo#E-20—0 kJ - mol ™" . [l P Aisf . J2: 4y 2
W B ) B B 22— 2 AR S ek A X CR A W2 5 T TR o (2 LA B oy .
2.8 FERRIIFSE

S BT W BRI SR LT SO A ) R R BB S I AR R I SR SR AR SR T NaOH i
WA R N 9 iR, S I LA ) NaOH ¥ FE i 0.01 mol - L™ B N E] 0.1 mol - L™ B, TAAC
O Ay TR R ISR 21 B R R 329% 34 T XE TN E) 90% , SRkt %5 NaOH ¥ BE (0.5 mol - L") i —20 3
KRR I BT (91.5% ) SEEG 45 U0 TAAC 2ok W BH R SR 2105 1) P A 1 A R . ad i
XTI 865 P PO S0P s A R A A A ) S 3 485 SR i IR, G o3 A A, P DAHE T st A %k ol 2 1)
W2 A 40 BRI B A0 T, 08— 2 O e e O R AIL ) %) A 7

100 |-
—
80 - —
&
3 60
=
=3
40 |-
20 |-
0 1 1 1 1 I Il 1 1 1 1 1
0 0.01  0.025 0.5 0.1 0.5

NaOH % & /(mol-L1)

9 NaOH X W BRI HEET S TAAC-3 A1 Ak 3 4 52
Fig.9 Effect of NaOH on the desorption of CR from TAAC-madifiedd zeolite
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