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Abstract: Solidago canadensis was modified with epichlorohydrin, sodium hydroxide and
triethylamine for the removal of hexavalent chromium from aqueous solution. The modified Solidago
Canadensis (MSC) was characterized by element analysis, scanning electron microscopy (SEM) ,
X-ray diffraction ( XRD ), infrared spectroscopy ( FTIR ), nitrogen adsorption and X-ray
photoelectron spectroscopy ( XPS). The adsorption of hexavalent chromium from aqueous solutions
with MSC which contained amine groups was investigated under several conditions in batch methods.
The results showed that the hollow shape was formed along the longitudinal cellulose strongly, and
nitrogen content in MSC was increased. Batch adsorption experimental results indicated that
adsorption behavior of MSC was significantly depending on pH, contact time, and initial
concentration of Cr( VI). The adsorption equilibrium time was about 3 hours, and the proper pH

range was 1—7. Kinetic data were best fitted with the pseudo-second-order kinetic model. The batch
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equilibrium data was fitted well to both Langmuir and Freundlich adsorption model ( R*>0.95).
Maximum adsorption capacity of MSC for Cr( VI) was 29.62 mg- g™ at 298 K. Thermodynamic
parameters such as standard Gibbs free energy ( AG’), standard enthalpy ( AH"), and standard
entropy (AS’) were evaluated by applying the van’t Hoff equation. The obtained thermodynamic
parameters showed that the adsorption of Cr( VI) onto MSC was a spontaneous and endothermic
process.

Keywords ; modified Solidago Canadensis, Cr( VI) , adsorption, isotherms, kinetics, thermodynamics.
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Fig.1 The reactions of cellulose from Solidago canadensis during modification
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Fig.2 SEM images of SC and MSC

2.2 ZLAMETERAER XA H 5B

MR/ S5 IR — BB AR A MSC B Cr( VD) J5 B9 LLAMG3E W&l 3 f7.SC #E 3300—3500 cm™
AEAT > B TR A W SO0 3 R —OH B R A 4 4k 31 ; 76 2800—2875 em™ Z [H] AR i R C—H
ARIR BN ; 7F 2365—2380 em ™' Z [A]AT — > HL AL S B A MR AT | Ay AN AR sk i B 1) 4o 4 T WS 0. MISC. 7E
1054—1067 cm™'AbH P T HEEE C—O PR3N, Ui £F 4k K kA T BEAL SN 5 1E 1615 em ™ 2045 S BH 8 1)
C—NEE PR B W e , B RH MSC R 1T 5 | T 7 1E F ey i 2B . ML Ah MSC 19 A T Rt i e AL A 0 ot
Eb SC A s , MSC MR Cr( VD) Ji5 WO i BE AR X MSC A5 FTisi s , 1 B Cr ( VI) BB 7E MSC 1)
A

Transmittance

™~
el
=

S(I]O IIO(I)O I ]5I00 I 20I00 .ZSIOO .302)0 ‘35(I)0 ‘40(I)O
Wavenumber/cm™!
3 BHRLSC MSC SMHECr( VI) J5 LTSI 4]
Fig.3 FTIR spectra of SC and MSC before and after Cr( VI) adsorption
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Fig.4 X-ray diffraction patterns of SC and MSC before Fig.5 XPS spectra of SC and MSC

and after Cr( VI) adsorption
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Fig.6 Effect of solid-liquid ratio on the adsorption capacity Fig.7 Effect of pH value for the adsorption capacity
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Fig.9 Adsorption isotherms with Langmuir model (a) and Freundlich model (b)
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Table 1 Fitting parameters of the Langmuir and Freundlich models

U it SH

298 K K 18 K
Isotherms Equation Parameters %8 308 318
Q,/(mg-g™") 29.62 28.53 31.49
C. 1 C.
Langmuir — = + — K./ (L-mg™") 0.013 0.016 0.016
0. K0, 0.
R? 0.968 0.998 0.952
Ky 0.465 0.571 0.605
1
Freundlich lgQ, = IgK, + —IgC, n 1.178 1.212 1.195
n
R? 0.994 0.997 0.991

WA (4) 2 (5) M (6) KRG EARIT ) =250 T 3R 2. A3k 2 AT LUFE H, MSC W Fff Cr( VI) /9
Gibbs [ HIAEZE AG 435128 -2.92 ~3.10 . ~3.16 kJ - mol ", 5y £ {136 B 12 W FfF oot A5 02 1 R R4 T 1, O L
W25 5L B9 FH 75, Gibbs B REAE S /N, Ud AR 9 4 8 A R SN 1) 1 B 7 [l A5 02 K A8 S A,
VEH 122 W BFF 52 97 A W 4R SR, H AH = 10.43 kJ - mol ™' < 40 kJ - mol ™", 4 B8 I N7 A4 %% A8 — fit /N T
40 kJ-mol ™", FE UL B 3222 LU BRI 56 Sy T B A8 AS ¥R IEAE, BABH Cr( VI) 55 MSC 3% T8 A4 35 14 1% fff
P RS A MSC—Cr (V) IR AR 28 109 TR WL W 1338 in . 2 1 Fr ks, MSC. MR B Cor ( VI A9 52 1 2 — >
TN B & B G AR

&2 MSCWHICr( VD) (R TIF S5
Table 2 Thermodynamic parameters of Cr( VI) adsorption on MSC

T /K AH/(kJ+mol™") AG/(kJ+mol™") AS/(J-mol ™ K™1)
298 10.43 -2.92 44.80
308 10.43 -3.10 43.93
318 10.43 -3.16 42.73

2.9 WERftCr( V) ()8l J12EmkoE

T LI 8N ) 2 AR O] LAAR G M AR AEL S0 o R T B R AL, R B 2 ) 2 S B N o — 2 8
J1 AT FIAE — G5 1 R AU 1] 100 mL ¥ FE R 10 mg- L' Cr( VI) S P INA 0.2 ¢ MSC, 4351
A 298 K308 K 318 K MYfE IR IR o TEIR IR , T 4545 10 52 30 208 >k H LA _E AN 3h g2 07 #R k47
PG PLE 15 20 B W 20 1 2 S50 3R 3 iR,

®3 MSC MG VD) B3 G 25
Table 3 Kinetic fitting parameters of Cr( VI) adsorption on MSC

HE Model 75 72 Equation ZH Parameters 298 K 308 K 318 K
k/ (min™") 0.015 0.016 0.016

W—REH % 1g(Q, - 0,) = 1g0, - 2.];‘03; Q./ (mg-g™") 0.820 0.720 0.685
R? 0.9334 0.9792 0.9490

ky/ (gr-mg'emin™") 0.144 0.160 0.178

W Rsh 112 QL’ = kzl()f + QL Q./ (mg-g™) 2.278 2.490 2.678
R? 0.9994 0.9990 0.9996

MR 3 WL v sl g O RS ROCR B FE R R B RP R T 0.999, B 8 T — 23
T3 AU HOAH O 2R T LB IR T ME S EOT RO W Ak, A 0.144 g mg e min”! YA A
0.178 g-mg "min™" A7 Bf it Q LW A, PR He A — 5 YU Fl A T ol B2 2 i v B i el 5 LA )
FLE AT s S F AU A AR Q. 2.278—2.678 mg-g ™', I ZE FARSTF , 107 th fE— Gzl 12540
B PSR Q ASSE AR 22 B AT DAY, Ce( V) 72 MSC B RN 3l )27 58 AT 5 1 — s 2 i il



4 14 TR B P I R — A B AE K BRK b Ce (VD) 9453 HT 781

Vi BT — gl )y 2 AR A S W BT A T AT S R AN SR A 2 T R R AAURL N S, RE A T 4x T
BELSCHL R Cr (VD) 7E MSC_E 1 W L3 22T

3 %5 ( Conclusion)

(1) InER—B R AU 27 4 28 ™ A i K, & I T 329% , R Cr( VD)
AE ) W] S v

(2) Cr( VD) FEBC PR ISR —A AL L A I BRI B B R, 180 miin 7 A BRIV ik 211887 182 o aod 7t 52 1A 2%
pH {ELRZ WA 25, Foetd pH (N 3. AP AN G2 R — BB AEXT Cr( VL) 14982 B 5 B 5 4198 L e 394 DR T k) B
6 JRE TS I Y T e T K.

(3) ZE TR Freundlich 77 4 AE 4 M At i O N 45 K — B8 AE X Cr (VL) YW BFAT . 2
PN R — A AEXTCr (V) BB TR AY 8 W pd A | W BREBIL ) 3 22k g B Ff

(4) WEZZegh Iy B N A SO I = R — B B AE MR Ce ( VD) 130 0 2 i A 9 i AR AR, DL B
PO IR IR B 55 S SR AR AT
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