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Adsorptive  Stabilization of Soil Cr(VI) Using HDTMA Modified

Montmorillonite

JIANG Ting-ting'*, YU Kai*" ,LUO Qi-shi'*,JI Min® ,LIN Kuang-fei'

(1. School of Resources and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China;
2. Shanghai Academy of Environmental Sciences, Shanghai 200233, China)

Abstract; A series of organo-montomorillonites were prepared using Na-montomorillonite and hexadecyl trimethyl ammonium bromide
(HDTMA). The organo-montomorillonites were then investigated for the remediation of Cr( VI) contaminated soils. FT-IR, XRD,
SEM and N,-BET, CEC, Zeta potential measurement were conducted to understand the structural changes of montmorillonites as
different amounts of HDTMAs were added as modifier. The characterization results indicated that the clay interlayer spacing distance
increased from 1.25 nm to 2. 13 nm, the clay surface roughness decreased, the clay surface area reduced from 38.91 m*-g™' to 0. 42

1 1

m’+g~" | the clay exchangeable cation amount reduced from 62 cmol-kg ™' 10 9.9 cmol-kg ™' and the clay surface charge changed from

-29.1 mV to 5.59 mV as the dosage of HDTMA in montmorillonite was increased. The TCLP ( toxicity characteristic leaching
procedure) was used to evaluate the leachate toxicity of Cr( VI). The effects of the initial soil Cr( VI) concentration, montmorillonites
dosage, reaction time and HDTMA modification amount were investigated, respectively. The results revealed that modification of
montmorillonites would manifest an attenuated physical adsorptive effect and an enhanced electrostatic adsorptive effect on Cr( VI),
suggesting electrostatic effect was the major force that resulted in improved Cr( VI) adsorption onto HDTMA modified montmorillonites.

Key words : organo-montmorillonite ; soil; chromium; adsorption; stabilization
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S L YA R R B TR A0 Si R AL 238
(SIS pTve= AWT TR G o e Y (G R A S T O
H AR AR A W —26 40 Na* | K| Ca® " S5l
PHES 7. i B 1 Se e FH ik 26 4 Jag P 25 1l
DA SE I AT N TRt i n, i A HLBH S
TRIGRIE AT O R A% 1 ik JHOX 4 s 1 R B4R
e Erdemoglu SEUTIREGE R 3-(2-R I 2 B
BE) N L HY R B R S R 52 0 0 ) AR Tk R Dl 20
mg-L ™" AYPb (II) W it R =315 95% . Tuzen e
TR 2R A JE B R E R B
Ja I 5 B+ X Cu(Tl) . Cd(IT) , Ph(I), Cr(1D) F0
Ni (D) B B R AR 73K 95% . Wang 25 RIFSE R HH I
FIJLSE AL B A HDTMA 2R Y 85 55 52 I 1 )22 8] i
B, X TR G Rk B W R R BE A B W2 4R T, B
HDTMA (2 HERICRAR T 0 R R Ak S 1 e PR ASCR
He %Y HF5E R AR HDTMA 2ok & 88 i, 52 i
B Z RIS R, He R AR, AL TS
LSRRI JCFF AL AT FF. Krishna 56020 & Bl
it HDTMA 2P S5 552 B - W52 B o0 <6 g 124 W BT AR
T, ELWER AR vl A Langmuir LS. HE, &
IRIFTR 22 RO SO , A LSO S B S5 0 T+
e g m A e nORT ST HiaE B> A TR
D5 T T A 2.

ARBFFEH £ T AR HDTMA Bl 09 52 i 1, O

K X BHRB RIS (XRD) | B A8 0 4T )Y
W (FT-IR) | Zeta HL 0\ ( Zeta-potential ) | 1 H 5%
(SEM) DKM B (N, -BET) 55 73 A1 - BOW ik
PEAPRHIEAT AL, LASEER 2 Be il (9 2 Cr( VI) 34K
U2 FRT5 Y+ SEAFSE HDTMA 252 i + % 3 rh
Cr( VD) MR ARASCR S AL, I X6 I 3 2 5% 1
T TE .

1 MRS

1.1 SEEp R

KRG AW T ENS, FERT NFEA
(>90%), HIH®E FZ AR (CEC) N 62
mmol+ (100 g) ~', lLRHAN 63 m*-g~'. FE L
WA 8K« 61.54% Si0, | 19.88% ALO, .
2.08% Fe,0,. 3.96% MgO. 2.8% CaO. 0.02%
Na, O #10.32% K,O.

HDTMA ( >99% ) WF [ ik uz i Ak 430 A 7l
Afb 8 (NaCl), K & B (C,H,04) . i M2 4R
(AgNO,) | B EREP (K,CrO, ) 410 40 B 4l 7], W F
FEI 2GR0 S8 K 2 B oK.

B RS (— AT 500 o) IRAT)E, I
SYIEARSY R 100 g HRAT)E M ERES AR KT )R BR
MR A T RSIEYRIASE Y. TR ED 2
mm JE S0 (B2 2 mm LA BOVVRR ) FRA5H47 /3L
() 3 ERE . R - PR AR AN 1 .

F1 TERRHELER

Table 1~ Physical and chemical properties of the soil samples

PEBT 2R /% b1/ % Bt/ % TRIE/ %
W 1.4 14 64 22 12

PE R pH TR/ mg kg ™! P /g-cm? HHLRR/ g kg ™! S/ mg-kg !
MR AE 7.6 41.2 1.26 5.43 80. 5

BEAACr( VI) 5 5 BRIl 45 8 — 2 B 1 3
JRFES Cr( VD) R IR &, AR T 0 =, 42 B
Cr( VD) ¥ B2, 4547 4 Cr( V) #& B 43 90 R 200,
400, 600, 800, 1000 mg-kg ' LI Cr( V) V5 YL
+HE.

1.2 #45 HDTMA StES2m+

PRI — 5 HE 1 R AR S+ 43 8T 2 B ok,
R 12 h, R B L 6 min J5 BRI R AR KT
2 wm P EARRURL, PR R RO, B R B
LY.L 15 min (5000 remin ™) J5 2B FIEW, ¥
JEEBAYSE M+ B T s R ML rp s TR T
(50°C) , R 28 Ji5 il A P 4l i S I £ K kg Al s

ISEME LRI T 1.0 mol - L™ S84SR W b, ZE P+
(G OL T A TR FACH LI, 18 h J B0 0 85 MY [
Wokn, B4 FIRIERE 3 R, HZRIBK R LA 22
S 2 1A ) S - (DS A B VA YRR 0 v 1 52
JI - RSB TR A VER) 5 1E 60°C N HETF
JE ARTFANEE S ML . 43 W HE 5 1 CEC 1Y 50%
75% . 100% . 125% . 150% . 175% F1 200% Fr Bt
HDTMA %5 T7K (¥ B2 A 8 2ok 1 57 15 o v B8 ) T At
T ARG A — 2 B AL S 1 IR TR )
18 h, Zead B0, JKUE, ML S JS, Hil A3 A A Y
HDTMA 2 1 5¢ B ., 43 5l Br i . HO. 5, HO. 75,
H1.0, H1.25, H1.5, H1. 75, H2.0.
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1.3 EfF HDTMA #iESe)ii+

FT-IR ( Thermo Electron corporation Nicolet 380
) JE PR AR LT 500 ~ 4000 em ™, 4 HER Ny 4
em ™' PRINER Ky DTGS BRIES , MR B S 2 ( ~
25C) MIXHREE R 35% ~45% . K F XRD( H A3
“# D/MAX2500 ) X ¢ s dEATHIAR 70 B s KA1 an
T ARGHECN S B R 40 KV, HLT 40 mA; 26
SR 1° ~30°, 5 E (260)2(°) /step,DS/SS
RIS FE S IR O R ( ~ 25°C) AR
JETE 50% ~60% Z ). KA SEM ( H 57 S-4800) Wi
S5 T RO LS 5 FE L AR ACIRZS T IR 7E
S b A RS TR S (T Sk
IR 3h) BT HEIE. SR Zeta HLAL A0 BT AR (& Eh R
3C Nano-ZS ) I 7 5 Mt - A R i M 5 R AL 5 SRR
—E BRSNS mL B0 L A 3 mL 7
TR 4L 10 min , I (AR B BRI E 0. 3 ~
10 000 nm Z[a]. RS A B2 - £ BR B e vk s I 5¢
JI58 - AP T T AT S A ) B B T R, SR IE
Z 1 fL 42 M =2 1% ( Surface Area and Porosimetry
System, N,-BET, Micromeritics ASAP2010N %) X} #£
i EAT AT
L4 FHERIBSTE

>R 56 PRI (R 47 2 48 5 1 T 4 J BRI 3
v 77 ¥ TCLP ( toxicity characteristic leaching
procedure ) PPAR ECMESE I £ HHECe (VD) A FR 2 1k
ROR. LR R AR 2 g BTG 3 LRI A —E it
RS L IRA SIS A 0. 48 mL ZE K, #HK
RES). TEAMXHREER 25% | IR 20°C | ot
WA S5 T SR — g ). 2 bR ey ik ] pH =
2. 88 FYTERRYA WA = 4251, 2 MR T R L (Joi A4
FALL) 2 1:20 YRS 18 h. BLARIGHY L3 i
JH Analytik Jena AG 2\ 7] %) novAA400 % i I i
AL (AAS) KL Cr (VD) ¥R EE. BT SE 5015
B3 TR

2 HR5ITR

2.1 HDTMA git:5% i+ #AE

1 AR e M50 4 (HO) A HO. 5, HI1.0,
H2. 0 FILTAMGIE. Rl LUK B 4 452 i 1 FF
FERESCIX [ T T8 AR AL, 58 0 4 1) A 45 4 A8 fb R
KA HO, BT A ML 5 0 52 B R i
PP T 3 AbErig .1 474 2 928 F12 850 em ', A5 —
ANEXT R A CH, 14 SO FRAS T 9% 8 06 | J PR A i
S CH, 1 26k Bkt B A 45 41 2 06, U B HDTMA

B ke S+ 1. 54 HO. 5| HILO A
H2. 0 FF A AT i B 3 /05 G 04 58 38 SR 7 44 08
VERHBE S SO S P g HDTMA e B 388, e v
SOt A rf HDTMA #9512 673 8 o 7 52 W .

H2.0

H1.0
V—w

4 000 3500 3000 2500 2000 1 500 1 000 500
i ¥/em™

1 7T[E HDTMA MESRRE + 4 LS i B
Fig. 1 FTIR spectra of differently modified HDTMA-montmorillonites

K2 JyARTH HDTMA otk 52 0 + i XRD &%
(FEMZRIBEC AR bR ). el LA 1 B
# HDTMA 2P 38 m, HDTMA S0P J5 i 58 i 1
JZ AL A W3 K, BT B 1. 25 nm 3G 0 E] 2. 13
nm, B HDTMA 2> FREA T #5216, S 8UZ M
BN, SRR AR AR R 0. 99 nm,
1M HO. 5 FYJZIAIEH 1. 50 nm, & Z 24 0. 51 nm,
X5 A~ HDTMA K & 5> F # )2 B 0.51 nm 4
A ATHED HO. 5 th HDTMA J2 DL 2 P4 1 7
XA ZFAHEZ R, 24 HDTMA B9 2crE & 0520+
CEC 1 100% B (H1) ,JZ[EIEEAE 4 2. 01 nm, [F]#E T}
Bl 2 A S PR R 1,02 nm, IE &5 W A4
HDTMA 43 JE BEAH ] , 2 B L i HDTMA 7T
DIy F 20 U &AM £ 2 E . Y
HDTMA 1% 8 i & P aF — 20 18 fin B )22 8] e A7 3
K, X AT RESE PR . O—#84r HDTMA 43FJ2 3 i 1
IKAE FER BRE 208 b, I B A7 W B 30 28 )2 18] 4
TR AT, DT AS 25 568 5 J2 1) 3l Bl 5% o 227
Q@HDTMA S FTESE B+ 2 [ FT RETE B T —Fp <1 3
=N AN ) = = i s = 1 Al = = e
Ay AR ARSI, Y HDTMA #5538 /N i,
HDTMA 43 F LA “ 47" 19 7 =X ik A 2 18], B &
HDTMA B i3, )2 A WL 7220 12
SEFHEAD SR T SN 2RI BE.

B3 AR HDTMA 2Pk 52 B+ 4 4 p e iR

AT 3
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2.13 nm
H2.0
2.12 nm
H1.75

2.08 nm
H1.5
2.07 nm H1.25

M\NIHN o
e -
1.91 nm HO.75

HAY 58 JE

26/(°)

B2 7F[E HDTMA BUHESHE TR R X & ATSTE
Fig. 2 XRD patterns of differently modified HDTMA -montmorillonites

Fr. B HDTMA #2008 (3% #7248 K, 52 1+ ks
FEI IR LG A U AN S 320 3 7 o P-4 LRI 520
= FtR A T 0T R 0SS (&1 3) . WA B 5
W4 (HO) fyFR T E 2 AR E5 4, 25 HDTMA #hn &

HOMEZE L WAT CEC I (H2) B, H R R &5 A8 15
BN 4.

XA HESE R g HDTMA 3E A 252 i+ )2 18] fif
JREBEY5) HFE 433 K, 5 350 TR LR B BRI
HEZEWi A R 2SR ALK a0 AR 2 806
BN GRS 40, AT B J& R oM B % HDTMA
O BRI, 266 UK 2 18] B A T R R 4
T A A 2 ][] [ 322 et B A R LSRR R R
UikTe

HDTMA 2i0t: 52 i A it 9 Lo 3% T R R LA 47
Bra Range 2 s, B HDTMA B s i, s
PESE M A 1 L 2% T RUOR B R B, FLAR AT BT, iX
AlBESE T HDTMA #F A 210, 4 T 50
AR B HDTMA #0938 hn | B 7
JZETER T “h 3 2" S5, S350 4 2 H fLE
B HDTMA £ 5, J Y Rl A JZ B SR i,
AR I S I 4 L R T BURWE N RE. [RIE,
26 0k 2 (8] W] g & A= AR (181 3D) , Bl 45 1A
RGN 3R AR R LR TR 51—
J7TE , B T XRD W45 R Al 0, fE HDTMA $5
SB[ B A 2 I . SR
LR BYIG AT R TR - A HLBHR A R
ZEPEH R R IR, BRIt A, R B
JUANRTH T 3R A ML B B A B S HE 12, T AR
B = 4 JF AL, DT B ek v 52 B Yo 4 AL

B,

A. HO; B. HO.5; C. H1.0; D. H2.0
E3 AE HDTMA EMERMTHABBRERR
Fig. 3 SEM images of montmorillonites with different HDTMA contents
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%2 KF HDTMA MESBi t R RE b REARALE"
Table 2 Specific surface area and pore size of

differently modified HDTMA-montmorillonite

Ed W iiES HO HO.5 HO.75 H1.0
R M A/ /m? g ! 38.91 14.43  2.55 1.57
FL#%/nm 6.20 11.8 11.97 15.50
EJIERIES H1.25 HIL.5 HIL.75 H2.0
LR R /m? g ! 1.02 0. 64 0.42 /
fL4#%/nm 16.45  24.01 / /

1)“/” Fm AR

Kl 4 R T AR SPESE R ) CEC {5 Zeta
HLA7 B HDTMA S0P & A8 fh. A ek 1 52 0 £
(HO) i CEC A 62 cmol-kg ™', Bfiz5 HDTMA it =
RGN, S PES2 I+ 1Y CEC W/, 24 HDTMA
eI BRI AR S+ CEC A BRY S (H2) |, H
CEC ME{EE FFEHN 9.9 cmol-kg™'. 1T HDTMA
55 A AR EAE R TR 4R Y )2 R] 43 s BH S
T, T AZED &35 4 CEC {ERS , HDTMA AH X 58 XfE 4%
SR B B Rs e e B SRR - CEC HI T
R 18 BH 2R 1T 1] 22 96 114 4 i PH S -8 HDTMA BRAR 17
B 5 FTIR B 45 R —3. Zeta HLRAL
SRR WA S SR R A - 29. 1
mV, 4 AR ) HDTMA 2k )5 5206+ (HO. 5)
f) Zeta B A7 H2 2 - 15.3 mV, 4kZ234 il HDTMA
et HLL 0 J5 , o Zeta HUALE TG th 628 1F , %
Ji H2.0 1Y Zeta A FF 2 5. 59 mV. X AJRES KN
B HDTMA B (38 A HL5rF FF i A LLA
BT A AN Ry I — R B s T LA SE A H At 4n Y
1A Ty B AR AR ] & O AW B 2 43R0, B
X5 HDTMA 43 F 2 LIS F 804 TR 2,
AT A AR 26k - 0RE 6 1 FL ). CEC 5 Zeta 95
Bras R, Bl 520 HDTMA eiot: = i3 im

10

- 60

-4 50

P

“10 b - 40

—{— CEC - 30

I:I*-—--.h_‘l:l\l:|
-—-___D_.,___‘DHHH
O

1 1 1 1 1 1 1 1
HO  HO.5 H0.75 HLO H1.25 HILS5 HL75 H2.0

Zetaffii/mv
CEC/cmol-kg™!

=20 F

E4 7[E HDTMA iR L4 M ET Zeta BN CEC &
Fig. 4 Zeta potentials and CEC values of differently
modified HDTMA -montmorillonites
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