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Fig.4 XPS spectra of B-Fe/Ni before and after being reacted with TCE and Cr( VI)

AR AL F 1 B, Fe” 2R 25 L T4 AL AR Fe
(ID) , [l S e ke v 7 JE Fe A o e, U4
PR PRI ™ A ik & i, TCE £
SR AR L o8 2 i s o T BA M S
JEREARATAE R =R B iz PR G - B
IO I AR Al A T 00 AT, 3T 2 2R R 5
Ll — R K U] T B - Fe/Nixl TCE %
i oE MR A N =

g 12 dosg
10 5
B g 1063
i :
® 6 £
# 10.4
ﬂ_ 4
i% 2 10.2
= ~
09 1 1 1 1 1 T\-~.
0 2 4 6 8 10 12 14 16
I il (h)
Pl5 TCE Faefiad Birb i i Sl B8 -1
Fig. 5 Variations of chloride ion concentrations during

degradation of TCE in solution

2.5 B -Fe/Ni [FlZdfx TCE H1 Ce(VD) BLEIRHT
HISEIRZE A (18] 2) T, B — Fe/Ni ZLBRCr( V1)

()R AN TCE A7 B52 ), (H I A AR TRl ik
FERY Cr( VI) X} B — Fe/Ni [ figt TCE Sz )vj #3547 B
WA, Cr( VD) Wk B2 8 55, TCE [ £ 32 3] 1 40 i i
W SO E AR R AR, AT LA a6 R R
PIHAMLH . Cr( VD) thF A R R 1w 45 A 1E A,
DA P o B 25 5 W B 21 B — Fe/Ni |, — 3 4%
Cr(VI) % B - Fe/Ni H#A8 0 Ce (M) , 55 —#B4)
Cr( VI) % B — Fe/Ni 57KJE A iy Fe (1) if i
A Cr(I0) ,Cr( ) 5 Fe (1) HHETE ML UTTE I &
F B - Fe/Ni Ffii, [FH},B - Fe/Ni fF JH P4k,
fifi TCE 2252 fi, 7 DA & A 38 5 e S Al . (H2,
Fregpin Cr - Fe 2 59 . Fe ALY EERT
B — Fe/NiZ& #4318 PE A7 o5, 5 BUG KW B i TCE
5 B - Fe/Ni [l iy 2>, TCE [ B fife ol % F [
B - Fe/Ni gk i & @ 8 AU FE 24 T4 H,
AIZRAAR B T VR AR e E Hy F H ) 5+ H )
FEAR FIXT 5 4K A2k, BE Nk TCE Ff#

3 4k
18 AR TN BRBOR REA BB IS LB S 3R K
155 (BB AT 05 3l A7 7R 9 55 75 e Rl 2018 52 it
FEEAZ W, o ASCHERTH G U £ 0 RN KRR
AR SE A L G G S5 Uk 52 TR 2 98 0K Bk A R
— 545 —



HoO

iy

ot

B5H http; // www. ykes. ac. cn 2018 4
R-H+CT R-H+CI immobilization via nanoscale zerovalent iron[ J ]. Journal
\R-Cl f of Hazardous Materials,2018 ,344 .698 —706.
! H' R-Cl [8] Fu F,Han W,Huang C,et al. Removal of Cr( VI) from
Nio‘t I wastewater by supported nanoscale zero-valent iron on
Fe-Cr 44LY — H,0 granular activated carbon [ J]. Desalination and Water
Fe &4ty —L Fe* Treatment 2013 ,51 (13 - 15) ;2680 -2686.

Pl 6 B - Fe/Ni ]2 5Bk TCE Hl Cr( VD) R WHLHIA
Fig. 6

Mechanism diagram of simultaneous removal of TCE

and Cr( VI) by B-Fe/Ni

B — Fe/NifiE Al m A B 5K i TCE #1 Ce (V1) B 5
153k, WFFER W], B - Fe/Ni GEXS TCE 5¢ 42 Jii S 1
fifpF AR LBk Cr( V) (R IAF—E WA Cr (VD)
5 B - Fe/Ni /1, A2l Fe - Cr JLPLIE I 36 T
TG PR 5, 2R AR TCE B R 5, 1 6 i ot
TIRRIF VAR B AR BB 4 52 BRI AR, LA
FARPGSE PR 7K I A7 5 Yy ) ALl B e 5 [
TR IE AR AR 8 R LS A oK Bk S O
B AT B Hir, RAREESH T L.

4 ZECH

[1] Lefevre E,Bossa N, Wiesner M R, et al. A review of the
environmental implications of in situ remediation by
nanoscale zero valent iron ( nZVI) ; Behavior, transport
and impacts on microbial communities[ J ]. Science of the
Total Environment,2016,565.:889 -901.

[2] Gillham R W,0’ hannesin S F. Enhanced degradation of
halogenated aliphatics by zero-valent iron [ J]. Ground
Water, 1994 ,32(6) :958 —967.

[3] Magdalena S,Patryk O, Yong S O. Review on nano zer-
ovalent iron (nZVI) : From synthesis to environmental
applications [ J ]. Chemical Engineering Journal, 2016,
287.618 - 632.

[4] Zou Y D, Wang X X, Ayub K, et al. Environmental
remediation and application of nanoscale zero valent iron
and its composites for the removal of heavy metal ions:
A review [ J ]. Environmental Science and Technology,
2016,50:7290 —7304.

[5] Zhao X,Liu W,Cai Z Q,et al. An overview of preparation

zero-valent  iron

and applications of stabilized

nanoparticles for soil and groundwater remediation [ J].
Water Research,2016,100:235 —266.

[6] SuY,Adeleye A S,Huang Y X,et al. Simultaneous removal
of cadmium and nitrate in aqueous media by nanoscale
zerovalent iron ( nZVI) and Au doped nZVI particles
[J]. Water Research,2014,63:102 —111.

[7] Qian D X,Su Y M, Huang Y X, et al. Simultaneous
molybdate ( Mo ( VI )) recovery and hazardous ions

— 546 —

(9]

[10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

Pang Z, Yan M, Jia X, et al. Debromination of deca-
bromodiphenyl ether by organo-montmorillonite-supported
nanoscale zero-valent iron: Preparation, characterization
and influence factors [ J ]. Journal of Environmental
Sciences-China,2014,26(2) :483 —491.

Choi H, Souhail R A, Shirish A, et al. Synthesis of
reactive nano-Fe/Pd  bimetallic  system-impregnated
activated carbon for the simultaneous adsorption and
dechlorination of PCBs [ J]. Chemistry Materials, 2008,
203649 -3655.

Lin C H, Shinh Y H, MacFarlane J, et al. Amphiphilic
compounds enhance the dechlorination of pentachloro-
phenol with Ni/Fe bimetallic nanoparticles[ J]. Chemical
Engineering Journal ,2015,262 .59 - 67.

Zhao D,Cheng J,Cheng ] W. One-step synthesis of ben-
tonite-supported nanoscale Fe/Ni bimetals for rapid
degradation of methyl orange in water[ J]. Environmental
Chemistry Letters,2014,12.461 —466.

Wang S H,Han Y T,Cao X, et al. Enhanced degradation
of trichloroethylene using bentonite-supported nanoscale
Fe/Ni and humic acids [ J ]. Environmental Chemistry
Letters ,2016,14 :237 - 242.

Weng X L,Cai W L,Lan R F,et al. Simultaneous remo-
val of amoxicillin, ampicillin and penicillin by clay
supported Fe/Ni  bimetallic nanoparticles [ J ].
Environmental Pollution,2018,236:562 —569.

BRSO, I, A IOOT, AR TR AR TR R A A B R
CMC - Fe" K i fif /K h TCE (058 [1]. SR BT,
2015,36(6) ;2161 -2167.

Fan W J,Cheng Y, Yu S Z, et al. Preparation of coated
CMC-Fe’ using rheological phase reaction method and
research on degradation of TCE in water [ J ].
Environmental Science,2015,36(6) ;2161 —2167.
Rajajayavel S R C, Ghoshal S. Enhanced reductive dech-
lorination of trichloroethylene by sulfidated nanoscale
zerovalent iron[ J ]. Water Research,2015,78:144 —153.
Gu M B, Farooq U,Lu S G, et al. Degradation of trich-
loroethylene in aqueous solution by rGO supported nZVI
catalyst under several oxic environments [ J]. Journal of
Hazardous Materials,2018,349 .35 —44.
F, I, AN, 4. AR IR K AL BB AT
[J]. FEERl2E 55K ,2013,36 (A2) :150 - 156.

Wang Q,Li Y, Sun P, et al. The treatment technology

and research progress of hexavalent chromium-containing



X8 H R, 45 < BT - R AAORBRER R B M T oK =R LM RN i S T e

B3 %

[19]

(20]

(21]

(22]

(23]

(24]

(25]

wastewater [ J |. Environmental Science & Technology,
2013,36(A2) :150 - 156.

Fu F L,Ma J,Xie L P,et al. Chromium removal using
resin supported nanoscale zero-valent iron[ J ]. Journal of
Environmental Management,2013,128 .822 —827.
SRERRE, E38, T A R HL B 5 45 B TR B TR
TEG ARG SRR # [T ] A5 I, 2013, 32
(4):568 -571.

Zhang B K, Wang L., Ma S F. Quantification of Cr in
natural sparkling mineral waters by inductively coupled
plasma-mass spectrometry [ J ]. Rock and Mineral
Analysis,2013,32(4) :568 —571.

Mayer K U, Blowes D W, Frind E O. Reactive transport
modeling of an in situ reactive barrier for the treatment of
hexavalent  chromium  and  trichloroethylene  in
groundwater [ J ]. Water Resources Research, 2001, 37
(12):3091 -3103.

G ME, RS AR, 45 ShADLBUN HOR R AR
MERINA HLBAETE T 0K T 8k i A R [T,
L ,2016,35(6) 634 —641.

LiZ X,Han Y T,Xu Y Q,et al. In situ measurement of
aggregation effect of nanoscale zero-valent iron in the
presence of natural organic matter based on the dynamic
light scattering technique [ J ]. Rock and Mineral
Analysis,2016,35(6) :634 —641.

IR RAES. I U AOR R L BRI K PN
W EsR ()], BACHI T ,2012,26(5) 932 - 938.

Li C H,Chen J] W. A study on bentonite-supported nano
iron for removal of Cr ( VI ) in groundwater [ J ].
Geoscience ,2012,26(5) :932 - 938.

Shi L. N, Zhang X, Chen Z L. Removal of chromium( V)
from wastewater using bentonite—supported nanoscale zero-
valent iron[ J]. Water Research,2011,45.886 —892.
Chen J] W,Xiu Z M, Lowry G Vet al. Effect of natural
organic matter on toxicity and reactivity of nano-scale

zerovalent iron [ J ]. Water Research, 2011, 45 (5):

[26]

(27]

(28]

(29]

(30]

(31]

1995 -2001.

Li Y,Li X Q,Han D H,et al. New insights into the role

of Ni loading on the surface structure and the reactivity of

nZVI toward tetrabromo- and tetrachlorobisphenol A[ J].

Chemical Engineering Journal ,2017,311.173 - 182.
Sahu R S, Bindumadhavan K, Doong R. Boron-doped

Ni/Fe

dechlorination  of

reduced graphene oxide-based  bimetallic

nanohybrids ~ for  the  rapid
trichloroethylene [ J ]. Environmental Science-Nano,
2017,4(3) .565 - 576.

B, AR K AORTN RS E R R
BL: K% — 72" S TE B R BR R RIL) . fusoe
#,2017,75(6) :529 —537.

Huang X Y, Wang W, Ling L, et al. Heavy metal-nZVI
reactions ;: The core-shell structure and applications for
heavy metal treatment[ J]. Acta Chimica Sinica,2017,75
(6):529 -537.

Fu R B,Yang Y P,Xu Z, et al. The removal of chromium
(VI) and lead ( I ) from groundwater using sepiolite-
supported nanoscale zero-valent iron (S — NZVI) [ J].
Chemosphere ,2015,138(3) ;726 —734.

BREL VMRS, i g, 55 BRI OR BRI ] 4 K
HREf =R ORI TERET ST [ ) ], PREE 4k, 2014, 34
(12) :2985 -2990.

LiY Q,Xu J G, Zhou H R, et al. Preparation and
application of encapsulated nanoscale zero-valent iron in
the degradation of trichloroethene [ J ]. Acta Scientiae
Circumstantiae ,2014 ,34(12) ;2985 -2990.

BPE Y, A, T, A R L BR R BTSN
K Ni - Fe JURLAS DU S AL PROE B B HLER LT ] 5
M3, 2015,34(3) ;342 - 352.

Huang Y Y, Wang Q, Han Z ], et al. Kinetics and
mechanism of carbon tetrachloride rapid reduction by
Ni-Fe particles
microscope[ J |. Rock and Mineral Analysis, 2015, 34
(3):342 -352.

nanoscale using scanning electron

Simultaneous Removal of TCE and Cr ( VI ) in Groundwater by Using

Bentonite-supported Nanoscale Fe/Ni

DENG Ri-xin'*, LUO Wei-jia® , HAN Yi-tong'*, LI Zhi-xiong'*>, CHEN Jia-wei'>*
(1. State Key Laboratory of Biogeology and Environmental Geology, Beijing 100083, China;

2. School of Earth Sciences and Resources, China University of Geosciences ( Beijing) , Beijing 100083, China;

3. School of Environment and Energy Engineering, Beijing University of Civil Engineer and Architecture,

Beijing 102616, China)

— 547 —



55 1] E N R ==+

2018
http; // www. ykes. ac. cn F

HIGHLIGHTS

(1) Coexisting TCE and Cr( VI) were simultaneously and efficiently removed by B-Fe/Ni.

(2) Fast Fe-Cr co-precipitation occupied reactivity sites of B-Fe/Ni and inhibited TCE degradation.
(3) TCE degradation by B-Fe/Ni was completely dechlorinated.
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ABSTRACT

BACKGROUND:; The injection of nanoscale zero valent iron particles (nZVI) into groundwater has been recently
developed as an in-situ groundwater remediation technology. Most researches focused on how to remove a single
type pollutant and the related mechanism. However, cases on the coexisting multiple pollutants in groundwater
should not be ignored.

OBJECTIVES: To synthesize the bentonite-supported nanoscale Fe/Ni bimetals ( B-Fe/Ni) , in order to remove
typical pollutants of trichloroethylene (TCE) and hexavalent chromium [ Cr( VI) ] which exhibit high reactivity and
are more stable to remediate contaminated water. Also, to assess the performance of B-Fe/Ni on the removal of
coexisting TCE and Cr( VI) and to determine the reaction mechanism.

METHODS; B-Fe/Ni was synthesized by one-step method and the batch experiments were conducted on the
removal of TCE coexisted with different concentration of Cr( VI) by B-Fe/Ni. The samples of B-Fe/Ni were
characterized before and after the reaction, and the contents of TCE and Cr( VI) were also monitored.
RESULTS: B-Fe/Ni can efficiently remediate Cr( VI) and TCE in water. B-Fe/Ni (1 g/L) could completely
remove Cr( VI) (50 mg/L) in 2 h in the presence of coexisting TCE (0.1 mmol/L). However, the degradation
rate of TCE by B-Fe/Ni was decreased with increased initial concentration of Cr( VI) (0, 10, 30, 50 mg/L).
According to TEM-EDS and XPS for B-Fe/Ni before and after reaction, it is shown that Fe-Cr co-precipitation from
the fast interaction of B-Fe/Ni with Cr( VI) occupied the reactive sites on the surface of B-Fe/Ni, mitigating the
degradation of TCE. According to the final products of TCE degradation, it is shown that TCE was completely
dechlorinated.

CONCLUSIONS: B-Fe/Ni is suitable for the remediation of groundwater combined pollution. In practical
applications, it is necessary to consider the mutual influence of multiple pollutants and select the appropriate
reagent dosage and injection method. The proposed method has important theoretical significance and application for

the development of ZVI repair technology.

KEY WORDS: bentonite-supported nanoscale Fe/Ni bimetals; trichloroethylene; hexavalent chromiumj;

coexisting pollutants in groundwater; groundwater remediation
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