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Preparation of Coated Iron Nanoparticles for Reduction of Trichloroethylene

LIU Bing-jing' > JIN Zhao-hui', LI Tie-long"?s AN Yi', LI Shu-jing', WANG Wei'

(1. College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China; 2.Tianjin Key Laboratory of Environmental
Remediation and Pollution Control, Tianjin 300071, China)

Abstract: Nanoscale a-Fe particles with size of about 80nm were prepared with a microemulsion-coated method. The results demonstrated that
this kind of iron particles could exist stably in the air for 7 d compared with nanoscale iron particles prepared by liquid-phase and microemulsion
methods. The removal rate of trichloroethylene with an initial concentration of 10 mg*L™" can reach 90% in 700 h. The reduction kinetics was
studied under room temperature; neutral, and anaerobic conditions. Experiments show that the reduction process of TCE by nanoscale iron
particles conforms to pseudo first order reaction law. The apparent rate constant ( %, ) is proportional to concentration of nanoscale iron
particles. The k., values 6.49 x 107*,6.64 x 107*,7.10 x 10™*,7.43 x 10™*min™", are corresponding to concentrations of 87.5, 175,
262.5,350 mg*L™" respectively. In the reaction, nanoscale iron particles provides electrons and forms an inner film of Fe;0,» on the surface
of which an outer film of Fe, O, is formed together with water. TCE is degraded by electrons. The principal degradation products were ethene
and ethane, and smaller amounts of other chlorinated degradation products were also founded.
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P NI LA K BE U, 3R /KA 81 5 H
an M E TG g AL T, N KA S B AL
GEREPLANYS B (R Fh 28 IE AWK TCE 45 AU
S5 G B AT 0 T M R 0 1, 5 e A A B
24, P LUK AR T @A DL 195 e Ra BE — A
ABROGIE (1 e B AR P SRS P A SRR, 3L
HL B 5 O Bl A RO SRR, BT L R
A A P SE A VEAR A FE AR B, T A ) 4 R B
LIPS/ UL SN SR AN T s NV Sl
SEB AR A — T R B Tk, B Bkt
AR S S 5 AT )2 R AEVF 2 1%
DU S 2 P BORLEA T 380 Ji 1 5, A R A AT L
) i) S () — FfeA g AR o) BB T BT R W, 2 Ok
RIAR LG RGN, A2 2 FLA 5, T4 X e A
RERI2 S ATITAR R AR /N, Al Wis 3 (Faz )il &
SAEF BRI, AN 5 2 ST s A Bl CPRBD » 40K Bk
UKL R LT S 21 32 1 e (1 L 58 PIRUZ A5 K =

FIF AR (1 SR A A R, LA T 3 qH 2
G 3 g 7V ) 6 B L SR TR A U ) 98 K B AE
AR, AR AR ) ERTS, Sz RS2 SR K I
B A

N T ARG K R 25 5 AR T, SR
BIFRT 28 90 R kL 3~ AT R, B AT 5
(R —ANE BN KR 10078 ) K oL
MOEL dntr 2 Z AU R JZ AR, e AT gk
PR T I A 56 A BT 1R AU . Dale 2557 A ML TH
TG PR DK BRIEAT T A, (E A% S 2%, T
WA 8 B ¥R AT IR 98O SR o A
LB PR RN 2 oK R ORL 5~ BEAT B 1, (HIX A DR B
BN BGHL T I A e B0 IE BT 144G . H AT R R
Y= B 83 2008-03-20; 1& 1T H #A: 2008-04-17
EE&WE: HEQARREREGTH (204770190
VEB TN XU 1983 ~ ), T, W HAF 9025, B 5L T7 [ k3R 855

PBivA 5B, E-mail: liubingjing @ mail . nankai.. edu. cn
% JEIRIKER A, E-mail: jinzh @ nankai. edu. cn



134 KA 55 - L7 TR A KRR P 1 5 BT = G L 045 ) AR T 5 141

T, GooKbL TR T BB S W& — P A
T A YT KR T P R
TEYR PR TR Y AL, T AR iz &

Fe G, AF AR AT B 24 A i i, A
FRAS B 1 T 9 KBk 7 1 AL, T HX e R A
MBI, X AT D75 A AR L IR R
HREf BT N 275 Y i R K R85 5k ) PRB
(R IEL 7S AL, S5 AR AT, I FH A 340

ARSI R FH 2R PR RS TR 045 12 P ( PMIMLA)) £ 755 1

FHYUORERL T, 322 H IR 2 % 52 R 2 A gl K ik
(AR I AN TCE 1R 38 JRUBE S0 T, 098 17 AN
WG BE KRBT TCE 18 2 B R« N 3 g 2% A
K AL, DL 4 3 7K o TCE 19 R A48 B B 1%
=

1 #MR57AE

1.1 W/0 TR & R i

PA-F /S bi gk = H LR AR CTAB(Ar B4, KK
B 7)) ARG R, 1IE T BECH B4, Rt 2%
RO B RS PR, F ke (o prall, Rk
XA D A, BL0.05 mol*L™! FeSO, * 7H,0
(99.0% ~ 101.0% , YLBHTH IR =) ) % 10 mL A
0.1 mol* ™" KBH,(96% , Fd JT K24 K A4k 24 S5 T )
IR 10 mL R K AR AIEC IR R AVB, R )F
T3 ) 1] BN R R DA TR IS MIMA (40 7
g, bRt T) D2 mL MR FIMBAE — 5 T/ AIBN

g, At 1)) 0.02 g W 1.
F1 HIAKREOER

Table 1 ~ Compositions of microemulsions system

A R I
oT -1

BOUKR A CTAB+ ETH R¥k 0.05 mol*L”

FeSO, *7H, O # ¥

MAMAR B CTAB+ ETEE ¥4 0.1 mol*L~' KBH, ¥
JiUE 5 45 %% 28 41 31

1.2 ThFLAE B ARk i 2%
¥ AB WL R AE 2R 0 (99.99% » K
TP AR R A FD R R R A T R e i
Hr, FLR AL 2 A8 R A, BBl B FE (2000 reminT! )
30 min, VAR
Fe’* + 2 BH; + 6H,0 — Fe + 2B(OH); + 7H, A
SRJG 65°C KU INFAIGL 4 h, T B il £ (1) 44 K
PRUAT A, B 5 MR 73 B A= 10), 2y I 25 5
T K TGIK SR IR, AR AR R e, B
73 It T LA AR S I A oK ok 1

1.3 =R R AE

FHWRAE N RN 245 D B3, 25 B ORAEAE /D
WA, R AE IR O A, R TEM
( PhilipsEM400ST, i == FEI 2~ 7 ) Xt Fe Fi 44 75 Hif
JERDRERE S TESEAT 23 B . 0 Bk S5 10 R £ [ A4
AMEVE R Z RS NEATO X P AT X
(D/MAX-2500, HAHE2E)HEAT XRD #505E , M 5E 4%
124 CuKa» 40 kV.
1.4 AR SO

YHKER PRI e B A0 TG A5 T AT, AT
B B IBAE AL T 2 P A OB B A, AR R
T L 2 (8691656, 5 1H Synthware %35 X 2% 22
A DK TE R

SN AE 100 mLL L 24T , M2 10
mg* L' [0 TCE ¥ 30, K 4h K Bk AN 3L wp, R
pH, FH Y 58 DU G50 2 475 MO (1% 0 5 455 o 11 % 48 4, SE 0
HLZE . N R RE G, 7E Z IR R T AU 1E R R A
(THZ-82 B, ALK AR 28 W) ) 4 95 N, %33 O 250
remin ' ARG — 58 B A EOKRE, L IE Cbe A< BUK B
) TCE, TS AH 1% A C Agilent 6820, i 2 4E 48
D EHEAT I ) I HEAT 3 3 9 A 3 A
TICFL B ) 2% 4 KR IR X B ARG

2 HZR5UE

2.1 77¥) TEM 7 b4l R

EISBICPRINNELP/S ¥ VA X NN SR
— BANYIR R T I A R BRI, IERIAR 2 80 ~
90 nm. Bl 1(h) 7 G Kk 1, 5 E 48K
BRAH LG, B2 5 9 KR R AR AR K, A AT —
75 )7
2.2 XRD 4%

2} BT £ AR BRRL R b 1R XRD o 18] 7E
30° ~ 80°1K] 20 FABE P, FE S AL 447501 I T B S
(RIAT SR U, RF . T AR AL TT a-Fe HICTIO AT (d =
0.2027 nm), [ B8 I T 54K0 327 a-Fe 1
Q00 FTH(d =0.143 3 nm) I 65. 16°KT 5T, AT %0
JITA3 2 IR ¥ 2N a-Fe.
2.3 AR IESI& 9K 8L J: B TCE RO H

REKH TCE WEEN 10 mge L™ W, [
SN IRAIIANHEE R 175 mge L™ )% I 4 K kAT
B fift 52 I, A6 AH (7] 2% A 8 SR F VAR V2 ) & g oK
BRHST LB ) # TO AR S L A R s %
(R 2l KA T I S8 AR, 25 SR 3 BT

M3 0] CUE H LA v LR v R i



142 7N 58

B 30 %

() 1058 fy 2K 4

100 nm

1 BBARNKRKENBEE

Fig.1 TEM spectra of nanoscale iron particles before and after coated
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Fig.2  X-ray diffraction( XRD) pattern of nanoscale iron particles
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Table 2 Comparisons of nanoscale iron particles by different preparations
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Fig.3 Reaction of TCE with nanoscale iron particles

by different preparations
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LR MAGIL 80% » 5 5115 90% .
2.5 MBS

YUK TCE ¥ WA S N A A8 290 K k3% 1 2E
AT 2 M 3R T s N . K 2 B3R e B ik A2 AT
Langmuir-Hinshelwood 2/ /] 2% A5 4 K 4 ®wH

de  Kbe
Cdt T 1+ be

A o R S IR s KR 71N ] AR S T (10 Jse b T 4%
G b ORI R AL

MR NI PEARMCIN S be << 1, 1 3R BLfR
W

v =

_ de
VET

X k= Kb, OIS, N 13746 0 #E— 2 ) 3. BLIE] 4
PR, o SR — de/de TAE, SRS FELA = deld
XF e MEEL P REPE R, R | RIGR U A5
Bk, .

HE S ATELEH - de/dt 5 ¢ BT RIZMER
Zo 0] WYX TCE 1R118 J5 i FE 47 A v — S
3775 [N S 4k BOE, 9Kk
WREN 87.5+ 175+ 262.5+ 350 mg* L' &, fH 73
H6.49 x 107, 6.64 x 107*+ 7.10 x 107*. 7.43 x
10 * min~" . AT BAIA K ke, Bl A0 KA R 2 110 448 K iy 184
NS PSLSE P SR i 4B N R P S 7RI
b 2 TR L, 38 K, R B R S5 8 4% 2 7 48 22, TRT T e Y.
AR DL A H ke, 0T A K R T R AR 4k
PERLG, 45 R LE 6.

Kl 6 W, k5 AR R I R U 1R 2 AR
Sk I ke, 5 KBRS K IE B . Gillham 25580 %
FZ 0 s Dt o A 7 T4 S D N B ke, 5 R

= Kbc = ke

0012 - L g75 mg-L! v
® 175 mgL! R=0962
0010 - 4 262.5mgL!
v 350 mgL! -
0.008 - =098
3 L
‘? 0.006
0.004 -
0.002 -
0 -
0
TCE¥ & /mg-L™!
Es5 REMERET - de/dt 5 c FIRFR
Fig.5 Relationship between — dc/dt and ¢ under
different nanoscale iron particles initial concentration
0.76
0.74
_om
g
£ 070
9
S
X 0.68
8
-~
0.66
0.64
0.62 L 1 L
0.1 0.2 03 04
cFe[ g'L_l

B 6 kySHREREKERNXR
Fig.6 Relationship between £, and nanoscale

iron particles initial concentration

TR S CRAS AR S 7 2k ) 3 TR, Az 4
m’ e L~ DR, B

ko = kP, = ka,p,
A, b Ko B s P, AR Bk R T AR R
(m’* L™ s a, BREM [:lﬁi%[ﬁjff‘/"{(mz'gfl ); Om TR
BRI TR (e 7).

PUAERILER AR @, & — M5, FTEA ka, 2%
OB Ry SRR o, AELE . DA ST &5
W5 Gillham S 45182201
2.6 SV HLHIRTS

AR BRI i A L TCE WAL A HLH
AT ZBEIE. A T TCE AR R 1) s AR R IH 4
A gt

TCE + n*e + (n —3) * H — products + 3CI
Cn FAE R T TR B 740



144 2.

B o 30 &

H'+ e —H" — 1/2H,

Fe’ — Fe** + 2e”

(E), =-0.447 VD

3Fe’ + 4H,0 — Fe,0, + SH' + 8¢~

[ESC-0.085 - 0.059 1 x pH)V]

Y TCE #JEN 10 mge L™, R TCE 4> b

iy, i Lo MAEKERN 8.10
mge L™, SN 45 S5, AL 1 (0 1% (DX-100, 74 [H

DIONEX 22 @) 4% C1- MK %N 7.38 mge L' 514
THIREICR ) 91.11%, 45 R R W AR = h bk T
SRR TS, A AT S E =, A T e X
PR, N B JE I B P AT S 0, 0 5 R UERE
XTI, RIS AR DRI 1, 1- =" M1, 1-
DCE), 1M 58 &M (VOO I &8 D, ek, an il 7
(TR, X5 Sivavee 2572 HUBIE ST 45 SRAHTT M A
SFARIE2), TCE (0 Bl 7= 4 8k 0 ke Tl
I 3 A7 T A /D s 1) B U, i R IR L0

5.323

(a) TCE A aif <A (235 18 TCE

EcH

(b) TCEWM# J5 S M A )

4.292

7 TCE &R R SERIEE
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