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Abstract

Groundwater pollution is becoming more and more serious, so it is urgent to explore efficient
pollution removal technology to adapt to groundwater environment. Nanoscale zero-valent iron
(nZVI), as a new environmental friendly material for in-situ pollutants degradation, has been
widely used in the removal of organic chlorides, heavy metals, organic dyes and other pollutants.
In recent years, continuous research on nZVI has shown that it can form Fenton-like system, effi-
ciently remove organic pollutants, and degrade into non-toxic and harmless inorganic small mo-
lecules. Based on the development process of Fenton-like system composed of zero-valent iron for
the degradation of organic pollutants, the effects and mechanisms of ZVI/0; system, ZVI/H,0; sys-
tem and nZVI/H;0; system for the treatment of organic pollutants are introduced, and the devel-
opment prospect of Fenton-like system based on zero-valent iron for the treatment of organic
pollutants in the future is prospected.
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1. 5|8

Hb R KR K R A G 4y, R E B IR AR —[1]. SR, BEESMPuERRE, A
AT S AR R, M DS R K YR Y5 Y B4 H 23 ™ 5 [2] [3]. FRE 90% 3 i b R 7K 35 52 31
ANFEIFEFERITGSE, Hor 60%3h /K 32 3™ 5B i5 4[4,

2K 8 (Nanoscale zero-valent iron, nZVI) & —Fh & €4 JEAT B35 M IR T AT BIMTRLS] [6] [7]. 24E
KWEFERH, nZVI XK EEJE8] [9] [10]. AHLGLE11] [12]. Z5[13] [14] LA IENA[ 1515539 H
BRI R BRACR, AENISEGURM BHE L T /KT5 Y8 F U8t O 12 R . nZVI B E @R, 5
TAS M AR P A SER LIS IYR, T2 REE nZVIXEEE . [ RA 5L
JEVER[16] [17]. JTE4ER, ENAMEST nZVI IABI FUR I, 7E Oy & FEA NIRRT,
nZVI AR BRIF A R, PR A SRR R 18], SEIUA HLYE Sl B AR 19], B LA TN/ 7201
1996 4, Tratnyek 2 N\t R T MRV ] FIH A AEH BB MG (211 R SRR AT A
Wi @ 7 ZVI 3R AL A R 0 S T , 606 T 7K DA R 357 30 35 eV 1A A B ot A 1 S 222 [23 ]

AT B UG IIZ RPN FEAR, B4 T RN ERSEIF R R B Ad K A LA 5 T AR R
FEHE R, BN 5 SAH S I Bl R /KIS Y I R R R 22 Sk
2. BRBESHER

ZVI BN A AE Tratnyek 5 A 78 H X = 5 4 HFi(TCE) B 2 S0 K IL[21]. 75 O, f71EHT,
ZV1 RHESRPIL RS WM =N S PR 52450, NIRRT, XA R R AN
RAFIT ZVI [ RFH[24]. SR1 Tratnyek W78 ZVI F#ff TCE HI45 R, A FAM F 1R A 25 BU
HT R, AW AT R, ZVIO, R R TR B TR, fE AL o —
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R E

BB TR SR 5 A R R (210, JREE— RAIWF TS T ZVVO, R RIFUESL T ZVI il A b 1E £
BLAI[25] [26]. ZVUO, 1k &R g E AW = AR 1 1 FR .
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Figure 1. Formation mechanism of active oxides in ZVI/O, system

1. ZVI/O, kR AR SR F=EH 18

ZVI/O, 7K B S T S AT BaR 2 AT e NP R @42 — (& 1(a)) ZVI 38X A5 A A U
MIEEGE RN, 5B DA H0, [25] [27]. &4 W (& 1(b) TRk = 7 0] BLRT O, [ M7 A
TR N, AR HyO, [26]. FEPIFIR BLEE S, 724 ) HyO, S A RES T2k 1T 55 i
S ST BN B RS e, R R NIRRT ZVI PEAE I HoO, #0271, (HXTT ZVI AR
SN FE HE T S R I S UESE, N R SRR I AR A TR AR

3. B/ EUS R

T ZVI 7 A5 Pl = A i 8y, §7 T ZVI KIS, S E AN 6 R ZVI 25
SRR N I RTAT I, ORI ZVI W AE A GeaF s SRR, R RS A R, SEILX H AR A LTS B
IOEER &S

Tang 55 AN[28]70 4T T 2kA A HyO0 RHE R GBI LB BER . 24 pH EAE 2.5 BUTE, fHE SR 3 28
IR IR B 2268 BN HoO, AN AR AR BRI = — i, ZFRFE KT 90%. Takemura
SEN2910HFE T ANFEFIZE ) ZVI 1E HyOy 174E R X YR ZM(PCE) IR A DL, AR RAE S 24 h N AT
¥ PCE WKJEM 100 mg/L (4% 0.1 mg/L LA'F, RFGEFEF pH E T#EHI7E 5~9, Jol BERIIAMY =L,
Bergendahl 25 \[301#R1T T ZVI 53T B MTBE)FIPERE, 45 R EKWHAE pH A 4~7, H MTBE 5
H,O, HI5 & by 220:1 I, B 10 min 55040 R EBRZF IS 99%LA b, YR, AN H,0,
KK X MTBE [ F#ff 203 . Boussahelab 5 N [3 1R T 45 R AL 25 Bro% 255 DDT J5iii,
ZVUH0, i R RCRWAR B2, XF 2,4-DDT B ZBRFF4ERFLE 60% LA b, Xf 4,4-DDT H)2:FrF L nlik 3|
50%ULA . Shen %5 N[321°KH ZVI Fl H,0, B T2 AP 2,4- —HFEIRIG A F= KK, SRR, HHIFH
MU B R R ik 77.2%. Kallel 25 N[3310F 5T T ZVI/H,0, 76 R4S R K BEATACFE, 4550, 7 pH
N 2~4 WY SRYI BT AT B A FR L ER, R COD M) BRBWATIAF] 92%. FRWIFEIR, ZVI/H0, K &R
B 1 SR NI pH & NG

WERXT ZVI A AE AR S Lok A BT R B « VRS N[3418R 1T T ZVIH,0, R R4 4-58) 1)
e A2, BN ZVI 80 HyO, I, 4-SUE A A EBRBCR, TR ZVIHO, 74 R I 4-5005 Ik
TP AR . X [ [351E T IS EAL S VDAL BRI BIE At — B “ AR - AN Bk Fenton” MG HIR, SKIRZ, R
KW, ERIERMNFEMNT, HETFRGEDIEE LR, UVyy 5 TOC B —ERE MK, Bk
Ah, hbF S R /K ) BODs/COD {8 545 T T
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Ry %

ZEA B W AN ZVI/H,0, R RWF SR E(GE D) R[EI, ZVIH,0, 7R R EAE 15K L2 R R iR
MLA 3 i 2o B R, H ZVI #on e, pH {E A Z0E 2 42 iR e SRR Va [, 6 T2 o
SR LR K TS G 2 B N R A — i B R R

Table 1. Removal of organic pollutions by ZVI/H,0, system
% 1. ZVUH,0, R R BHMHI ERRIER

H A5i5 54 LR (%) TOC ZEFRH (%) pH & ZVI ¥ & H,0, N
(RS >90 - 2-3 1.0gL 0.001 mol/L
VU 20 99.8 325 5.9 10g 0.05%
FH L AUT Ik 99 84 4-7 250 mg/L 220:1 (MTBE: H,0;)
A H7) DDT >60 - 2 BEIREE 8:1,4:1,2:1,1:1, 1:0.5
2,4- TR 772 >30 3 0.014 mol/L 0.216 mol/L
4-F 100 >20 3 1gL 4.75 mmol/L

M 0y H,0, 2RI AEE T IREE I, 154 ZVI [MAAEE BN E M B, HX R
SUMAHLEE AN BRA[36]. LAERIWE R IL Oy fINGE ZVI AL AT B, (RIS 0] A3, 76 VR 451
B T L R R (FesO,) FIET ™ (FeOOH)ZH & [37], 11 JE pluis F2 £ v A K B I I R ZVIL AT 52
Wi ZVI FEJEYERE, BRAR RS G 2 B R [38]. SR1 O, I7E ZVI {EH FEAL LK H,0,, fE1E
Ehl FIER ZVIO, R R 5 FAMIIN Hy0, B ZVIH,0, 7R R, BT S L B HLT5 % - H,0, 1IN
N ZVI U FRAR R, R IE mT DA s ZVI R BT, A d i 1 ZVI R Ak AR R 4 e 45
TSR EBRBAR . ZVIH0, 1 R AAGISJEAE RN 2 fizs . ZVE 55840 2 AL S5 ik R4 s v]
AR 0 SO0 4 8 25 BR AN WL e, ke — 2 g AR A58 T DL 3B 3 S 30 i S A A AT SE B e 44 25 Tk H
f1[39] [40].

<z, EE)

Figure 2. Oxidation and reduction function in ZVI/H,0, system
& 2. ZVI/H,0, it R F ST RIEA

4. MAENF/ T EUSHR

ZNTAE SRR SRR TE B ZVIH0, 1R R CAAGE] 1 — IR o S fad S R R, — 2
PRI IRIRFERAT /N nZ VI BEAT SF UM o X EEAR GEAFBERT R, nZVI BAREUINGE R Y 1~100 nm),
U AR, MR PRk A S N i A A v o
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Moon 55 A [4118F5E T nZVI/H,O0, 7R R LA 11 Jukl, MM H nZVI B TOC £BRFRAC, MhnA
H,0, /&, TOC 2RI KIEE R & . *F A Hr 85 R LW EP M nZVLL H0, M RTINS A T 1Y
TOC EFRER, LBRFED TN 39%H 53%. FHJFEFE LA nZVIL 8] UG St e ST B2k 2
FUNGY T2, N HaO JG TR SRR R, #E—0 LBR{5 Wi . Shirazi % A [42]f# | nZVI/H,0, 14
RIEMBRDVEF, 2R ERZE RN RGP LERREAL 98%LL |, RIS min 54 R4 TOC [ LBR%
WAL E] 78%LA Lo Yao 55 N[431 KM HI nZVI 5 H,0, IR SF iR RALFAHEE AL . [N 240 min, 2
BREIE 91.9%, FFodth 75T nZVI RSESFWA 2 0 [F 4 H B r] Re Ll ARIEEESE N[44 ZE0 st b A
WA HT T HT nZVI BIZE5F A R LR LR R, 4R EKM, /£ pHEN 6.5, nZVI#INEH 1.0 g/L
i, & Z (100 mg/L)AI7E 4 h P %% 98.8%, TOC 7E 30 min PRI AT SEIL 78% K L BRI . Xu 55 A\ [45]
() SEEGRE 7E & BLAE pH oA 6.1 B, M 60 min Ji5, nZVI/HO, 1A 5% 4-50-3- F 32K ) S S 2 B TOC 19
RORN 63%. 5= B2 N[46]LAHF RSN AT R, 9T T nZVI/H,0, PR R4 H 225, <8 120 min
Jei, B JLSFAn 2Bk, SRR X TOC I EBR N 45.87%. BEAh, AT /KK, nZVI/H,0, 1k &5%F +
B i) L EUORR 25 R AR AR B35 (47

2545 nZVUH 0, R R XML I B BREAE AT HI(ER 2), RVAR RTESRIR S 5908 26 11F 1 24 m St 45 4L
RN =B, ST ZVIHL0, R R 11 pH & VG HEA W28 K,  [FI T nZVI 35 1 50 s O %
B L PRI

Table 2. Removal of organic pollutions by nZVI/H,0, system
F 2. nZVIH,0, F Z 3 BRI LR IR

H 4515 44 YIUEIR ¥ (mg/L) LBrE(%) TOC FRZ (%) pH 1# nZVI/H,0, # & (mg/L)
B 1L Het 100 98 53 3 20/200
L 5 >98 >78.5 3 10/25
T2 40 91.9 - 4 150/340
+E% 100 98.8 >80 6.5 1000/-
4-50-3-F R 2Ky 100 100 63 6.1 500/100
FH i et 80 100 45.87 3.02 500/550

nZVI 25 W AR 7~8 Z [8][44] [48], #AERST nZVI F T AL Bl i nzvI BA “#% - 5%
ghke), RO E B MBI R, 21262 G B DT TE GE A5 R 3) . FEK 5 e R A
FegE AL AT LAIE I R R A RN R B S A R R B e, RS R RN A A, RS i
I8 J5AE £ BR[49] [50] [51]. TLE nZVI/H,0, R R, 254 Th 2N R IR I AR ik R P 2RI, B
) Fe* 5 Fe* M 2 5 A5 R N, 38t 2E BRI 1 AL PR 5 e A 5 (R 1~7)

Figure 3. TEM of freshly nZVI particles [5]
B 3. #iEHI A nZVI BRI TEM $35[E[5)
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Fe+2H" - Fe’* +H, T )]
2Fe+0, +4H" — 2Fe*" +2H,0 )
4Fe*" +0, +4H" — 4Fe™ +2H,0 3)
Fe+H,0, — Fe** +-OH+OH" 4)
Fe’* +H,0, - Fe’* +-OH+OH~ 5)
Fe’* +H,0, — Fe’* +HO,-+ H* (6)
Fe+2Fe’" — 3Fe™* (7

£ nZVI/H,O, R AR, W] LA I 55 W5 B il P2k ] Eh 280 75 Yemdb AT e, 8 S S A oy
(Srze JENsB T UE MWL N ERREA c AR S R LS 5 8y Al 2t AR VAV R (EVAESE R UL
AL IR, HAMSE AR R b Fe? R Fe® (R ERIE, TR RN I FE D Fe® IR AE, nZVI/H,0,
P R P AE [RD HEAT Fe? A i8R — 250k SR U0 P S (X 6) Fe B SR AR i Fe?, 1848~y nZ VI
(K TN R A AZAE A Fe IR TR R B4 A i Fe™ (30 7)o S B B0 24 F S B 28 S5 WAk 2 2 kY
MBS R, T HE N F b (1 Fe W BB 55 Hy0, #4) BRI AR S5 B (] 4).

I AE ST S Fe>'
| H0, ® r
5 UH /yimi ” @ =hm
O

"0 SIHAZR R

5 BN UL
@

Figure 4. Reaction mechanism of nZVI/H,0, system

4. nZVI/H,0, I R BY  RLHL T8

5. Zit5RE

R ZV1 EAAE 22 BB LTS e B Bewl A SR A I, B4 G IR AL TE B ZVI/H,0, HIZR%F
Wik R, FHEEEEER nZVI B4R ZVI ) nZVIH0, K550k &, LBl T LBRZCRIET . pH EHTEHE
#m, CARZFIEINE D = A .

BT RN RIS UA R0 H N B AR AR BOR, I HAE— @R b ya iR 114250 ) 5 pH
ERYE A BRERAN HLO, M2 7B IS RS T, TE 2R LS G 1 [ B AT SE I R A A
bk, IXUERRAE Y RO T AR R AKYS PAER 1 S B R R A S

J& SR A T — 2B A M AN BRI UA R R nZVI 1 H0, FIEINEAE L, 5 nZVI & H,0, K| H
Rege, B BRARRAS, (T4 5 R0 R s sk nZ VI SR RO 8 7125« FHTH RN LA K S kit
JE iR RO FRFF 9, AT S 7 T b 32 412 nZVI/H,0, 74 2R By s eV i/ A LER
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