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Preparation of hydrophobic humic acid ester ether (HAEE) and

its mechanisms of the remediation for chlornitrofen

MA Chong-Di, LIU Qian, LI Yue, SHEN Yue-Yue, ZHAQO Shi-Lin
(College of Chemistry and Materials Science, Sichuan Normal University, Chengdu 610068, China)

Abstract: Chlornitrofen is a diphenyl ether herbicide, which is a typical persistent organic pollutant and
has been widely used in 70-90 years in twentieth Century. Although it has been banned for 20 years, ch-
lornitrofen still exists in water and soil systems, which has the potential threats to the agro-ecology sys-
tems. In the present study, humic acid ester ether (HAEE) was synthesized via regulating the dosage of
glycerol triglycidyl ether while humic acid ester (HAE) was uniting as raw material. HAEE was ana-
lyzed by the analysis methods of Fourier transform infrared spectroscopy and contact angles. The results
indicated that hydrophobic HAEE has the structure of humic acid and the characteristic functional
groups of HAE. The adsorption characteristics and mechanisms of HAEE to chlornitrofen were investi-
gated via a series of batch equilibrium experiments. As the results showed, the hydrophobic angle is in-
creased from 30 to 96 degrees before modification. The degree of hydrophobic of HAEE is positively cor-

related with the adsorption capacity of chlornitrofen, and equilibrium reached after 2. 0 h. The kinetics
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of adsorption is described well by the pseudo-second-order model, and Freundlich models are more suit-

able for the sorption isotherm. The adsorption capacity reduces gradually after 5 cycles. The removal

rate is still above 78%. The adsorption mechanisms are n-x interaction and hydrophobic distributional

effects. Adsorbent prepared by this method may provide a novel approach for remediation of chlornitro-

fen in aqueous-soil environment.

Keywords: Adsorbent; Humic acid; Hydrophobicity; Chlornitrofen

1 5]

N~ 1 0 D ST 0 22 = )
i B 551 o 2 2 — R B i A B R R S
B0 22 A B R T 5 F A A Al AR 3
(€23 N 0E NP - N E o DINE W
Pl E BT 7E 68 P R 2R B BRI 9 A SRR
B Tk 2 o T S A L R R R IS
PRI e B0 EL A SO0 T T4 Lk AR e R, — S R Gk
) % tho B i T A G B B PR B AR DL A
ik 1) 43— 235 46 v 5 A PR A R BE L A A5 A Tk K 0
JIN B R T W S Bk R A BIL SR B L M T A
TR A T ST iAW)
TRPY e LE A N S 6 A ) B AR U
B OB TEEUSE XN W TPt AR R AE
H 2 A9 7K A B R FH K F 24 G 00 A A
PRI, A 2004k BB 5T v R ik 5 e L R IR X 2
R 25 R G 5 L B B IF 9T Y 3 ) .

A1 - B N A 56 T R0 i A B 9% = A v e
Xt N K 54 i 35 T 1 b 0 b Y A L RS AN AR
ST R R AT 5 AL L LA RGO G 2 BT
S5 0T & 0 X A Tk 119 22 4 1k Ak 3L A5 A S AT 9 A e
AR, B A ik AR K Y R B R AR, A A
Bl 45 ) R0 1 L 285 4 0 ol Tk 10 8 7K 5 M e S 1
LA HEADUAE V4 D5 L 114 IS R W 700 % 7K e ) A Tk
PEAT W B A L LA B4k 25 BR A0 R SR E i
e 0 S TG W B 551 K 22 2 R 0 A D i 26 9
TR T LR e T et A O SR W B R L A
B RE AR B X bR 2 B R R R BR AR
AL HB A A B AR R e M 25 D T LS
T R R TG Y S R

JEE R R (HA) J&:— Rl KSR 7=y, & 95 B % K&
BRI RIS T REAY B R w4
A 5 kR A A A R T D R —
FLN AT S e ). {2 HA 7 pH & F 3.5 B
SRR ELEAE WL P, A SCHLE
LA 2 300 ) 5 8 R R TR CHAED SRy JEORY L DL 45

T

AKCH AT Ak 2 ot 51 B K PEAE L &S B
SEFRAE o T I EE AR 2 v 0 B K
765 FE R e ik (HAEE) , 2% 2 20 S5 19 5 7K 24 44 8}
HAEE X F Al ik i) W B 45 24 o O % & 22 W 4 Ja 1Y
FA Bk AT O Ak 2 B AL DL B B K P AR
HAEE X} 7K r B2 A ik o 25 75 L & 52 HLTHI ok 2
ik A 24 75 G 1 36 B 5 05 52 1 4k 30 K 1% B
HA.

2 HB5HE

2.1 RKFIE5NE

T = = 4 K H kL NaOH . IE & %2 TG K
Na, SO, 4k 53 H7 &1 5 AR it b5 o Fh (98%6) s UPT-
1-20 L 8 4l 7k A% ; FTIR920 % HL 0 21 &) 5 33
s JGW=360 F2 fisk £ 100 7 4% s D7900P <AH 4 35 4%
2.2 HAAE HJ#l &A%

WO B A R (CHAED AR 48 UL 8 20 iy 191 F 52 45
U IR HAE 17 BE L. B 1.0 g HAE
T 100 mL =Hipe )i . n A iE &K e 1.0 h,
st 52 38 B R 60 °C L Bk A P A 0.2 mol .
L' NaOH %% ) pH k5. 0,70 25 % ~100%
(HAE Jit & o) 09 73 = 5 = 45 7K H i Bt Fn 2D 5
[UEIYr ARV SR VS S SR | I RIINN  B
B 50 °C Mt BF B i 100 H 6. A5 2 W B
HAEE.

2.3 HAEE My &1E

K LA 1 2 fil £ I A K A R HE K-+
PR T 08 53 A 6 4 R E AT 43 BT
2.4 XWHZE

FREL 0.02 ¢ HAEE ££ 5T 100 mL H ZEH#: T
AL A BN A 50 mL LA 46 /K e /Y 30 mol -
LAY SRS Bk W, IR 0.1 mol « L' i NaOH
0.1 mol « L' HNO, ¥ pH &4 51 K
7.0, 20 C N R B 7 W B s, 43 ) 0. 25,
0.5.1.0,2.0,4.0.,6.0.8.0 h Bkt Fra scu 4%
2 AFATRE R L.

AR AT HAEE X 55 ik 0% B 1) 52 i - 5



824 Wl K FFERCA KA F R

% 54 %

By HIFRE 0. 02 ¢ HAEE #£ i T 100 mL HZEHEIE
R BRI EE O 10 mol + LT 45858 pH X
i Tk 119 45 R W B L pHL 4331 D 4.0.5..0,6..0,7. 0,
8. 0,20 ‘CHEELYR 7 Wt 2. 0 h; 58 HAEE X %
FRF ) 52 B BT 3 B 4301 SR 20,2530 °C L W ER MR BE
10~50 mol « L', pH K 7. 0, KW 2.0 h;Ei K4k
T X 2 R ) 5% i s, BRI 25 %0 HAEE #1100 %
HAEE 73514 0. 02 g, ¥ 1A & 5 10~50 mol «
L ',pH K 7.0,F 25 Cpi 2.0 h.

HAEE B #24: « PR R Al 5k A Bg %5 PR A LY - 52
Bk ] @ Wit HAEE #E47 /145, 4 W A AL
Hilit ) HAEE 57K 4085, H 10 mL 9 & W e 78
25 CTFEY 1.0 h, 5B 45 G 850 43 8 A
I A VR — U B R L A RERE T B AR
HAEE. ##4:1 HAEE H] T 50 Ak i A 400 % 7K 1Y
W BRE I bR R R R A 5Ok

TR T ) 42 4 Ak Ab B R IR AL N 2 A SR
P B bR B L Y A TR T PR A ] R Fe'/
F-TiO, 2§ Fenton-SGAE AL 76 7T LGN 47 KA
TR L B 5 it 25 A 35 Sl B AR RS BRI S2 5%
J5¥EN FREC 0. 05 g Fe' /E-TiO, # K, i A 3| 5%
A B OGS L FE R WO TE (B R AT
JE 2L 420 nm DR 540 50D #EAT S A O, B B
— B[] 2 BORE 43 A1 o 00 50 A5 ot 35 P 1) A Tk ok
FE I TR R AR R
2.5 HEmKN
2.5.1 H&aE S LLIE Ok A BN R
T Ab B B RE 25 4000 1+ min 'R B0 2 min, B 5
mL BT 10 mL .08 W, imA 0. 20 g & ik
LR 2R W ME A 2 mL EC S B ZR
¥ 5 min, #8250 )2 8 LEEBOR % E 10 mL
VRS 25 v 5 H 5 A I =K 2 UM 28 T 7K R A e
KEZ R 10,0 mL, FIH — R M E G880, 45
pem A HLAHE IS, B S A A Zh /NI R
2.5.2 &ELEM RS OISO B T
DE A B, KI5« H Al AR A DU 4 ECD; 354 .
AeF% M FHE s AN 5 FEFEFREE 260 C 5 K
Al B 300 Cs #FFEER 1 pls FHRFET W46 IR
B 260 C,f#$F 13 min.

2.5.3 FHEEAE FHEHE . (mgg D)
e R
qe:(fo_fe)V/m D)

Koo veo AEMBEYIER P HHOE (mg « L5V
O FER EEAAR R e Ay O R R T ()

WM sh J1 27 K ] Lagergren — 2 3h /122 5 &
1 Lagergren — 48 Jy2g i #e oy w17 9l &, Hi
IR 53R (2 RN (3)

In(q.—q,) =lng.— k¢ (2)

t/q.=1/ kyq2+1t/q. (3
Kok H—HHEBEFHH h Dk o RHERF
g/ (mg « h)sqe Mg, 23 50 W B 11685 AL TE] ¢ i
Xof N7 P et 1 W B mg e g

W BfE 4 J7 2% % ] Freundlich #5551 3547 0L &

Ing.=1/n In ¢. +1nk, 4
s covqe O BERG E A4 SF 7 He RE L F- B A5 1/
n,ks ¥k Freundlich 14 % %k.

3 GRSiTE

3.1 HAEE WR1E

JE M HAE Rl HAEE (28506 il dn el 1
Jios. JEFERR & A FE B REE], o, 3400 em !
BRF AT F R e X B T R RS O 1 45 4 5y U
2926. 43 Fl 2852. 43 em ' J& C-H 4 i 4% ¥ 3
- 1719, 51 em ™ A i W YOI 32 A L C=0O
Mg R 30,1102, 87 em ™' N fi S5 C-O iy fi
AR shige ) B EcrE iR HAE BB I6 51627, 13
em ' EBOE IR C=C R4 R s Wl i £ Ah G
W E AT LAY HAEE f£ 8 A HAE /9 RRAE T2 Uk
I, {H 3401. 05 ecm ' Ab By EEHE O-H & 3 B 18 ik
/N, R B HAEE (5K ¥ 7] fig 58 T HAE.

f

11627.13
1719.51

T(%)

!
I

1102.87

(340105 . : : : .
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm'l)

B 1 HA.HAE # HAEE #9455 H
Fig. 1 Fourier transform infrared spectra (FTIR)
of HA, HAE and HAEE

— BT AR 5 KR e R R R, HG SR TR
KBRS 5 Y 4 filh A KT 90° IR, 1R R RL 1 B K
PERE R B KA R PR HAE Bk B 22 95
BRI 25% F1 100% HAEE 43 31 47 6 B, I &



i3

% 4 #

ot

I Zad, A BKOM R L BR Bl B AG ) & K At AR EBOR 25 KT B 0h 5 AL 825

HE5KMEMMA. WA 2 i, HAE 897K 8% il /8
37 30. 6°, 25% HAEE # fik f1 & 96. 0°, 100%

DS R I e ) O ) N S S I 7 B S |
73« AT 18 58 H X 775 G v A7 B #6) I Bf

HAEE il o 1077, X ik—EW T HAEE 1y

a b c II

B 2 HAE(a).25% HAEE(b) = 100 % HAEE(c) 55 7K 8 3% fix /A ] 3% & %
Fig. 2 Contact angles on hydrophobility of HAE (a), 25% HAEE (b) and 100 % HAEE (c¢)
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Fig. 3 Photograph of HAE (a) and HAEE (b) in
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Fig. 4 Adsorption kinetics of HAEE on chlornitrofen
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Tab.1 Regression parameters of HAEE for the adsorption of chlornitrofen

%\ N W 1% EOEE ‘
LR /mg « L1 o (FHR{H) /mg + g7! : ®2% Er%
ki /h™! RY g./mg+g ! ky/g+mg !eh! R}
30 64. 3504 0.5995 0. 9956 65. 7030 0.1232 0.9997 2.059

AR 22 Er %= qc CASEME) —q. GHEED 1/ g GHAAD
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Fig. 6 Effects of pH on the sorption of chlornitro-
fen on HAEE
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Fig. 7 Adsorption of chlornitrofen with different hydrophobilities of HAEE
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