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Abstract; The photochemistry system of Fe-oxalic acid is ubiquitous in nature, in which H,O,,
Fenton reaction and -OH can be formed in sitw. In this paper, during the photodegradation of
pentachlorophenol ( PCP) in hematite (a-Fe, O,) and goethite ( a-FeOOH) system with oxalic
acid, the variation of oxalic acid and pH were determined ,the distribution of various Fe species were
calculated and the critical factors of system were explored. The results showed that the distribution of
Fe species and pH greatly influenced the activity of system by regulating the iron redox cycling. At

the same initial pH and different initial concentrations of oxalic acid, the proportion of high activity
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Fe( II ) was different which greatly influenced the efficiency of the iron cycling and the activity of
system. At different initial pH and same initial concentration of oxalic acid approaching the maximum
amount of adsorption, the dominant species of Fe ( II ) and Fe ( I ) were all high activity, pH
influenced the efficiency of the iron cycling and the activity of system by influencing the reduction

rate of Fe( Il ).

Keywords : hematite,, goethite, oxalic acid, Fe species, iron cycling.
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1 #B5S 5 ( Materials and methods)

1.1 SEEG R

PR (A3 Aral) W T REUAH] —), HAE T Sigma-Aldrich 23 7] (98% ) , I EEIA T Merk 24 7] ({4
wEal) e (o pral) B0 T Ak
1.2 FAEARY 0 A AR AE
1.2.1  BHEE" (a-FeOOH) Ay &

el 50 mL 1.0 mol- L") Fe(NO,) ¥ ¥ F1 90 mL 5.0 mol - L' i KOH ¥ , 76l ZUTEFE1% 0 T ks
KOH i PH M A Z] Fe (NO, ) 33 I BHIRA EWAE B2 1 LRSI 76 B IR I AET0 C KR
HRN 60 h, 78RN AR B RN 3—5 IR, 19 B B A UTTE s U8 PR 2 U8 A pH b
70 CHEF LT B ES IR B RITS o-FeOOH.

1.2.2  JREH (a-Fe,0,) B9 %

16 g FeCly4H,0 .22.4 ¢ (CH,) [N, F15.6 g NaNO, 4} #i% T 400 .80 .80 mL £ & /Kb AR 24
R IR A BEFE S min (AR A 4 AR E R GV IRCE T 60 CARIET RN 3 h 55 BIR B AUTTE.
I UEATES R B TR 3 1K, 95% ) S EEBEG PR, ELENE W JC Na*  CL R ML) VR I 5 B TIT
JETE 60 °C T4t 48 h, FhHG AR A AT 248 BT @R R, Bl y-FeOOH K5 LY y-FeOOH 7 420 °C I Jfi
FRBERE , FHE R A 2 °Comin™'  JBEKE 2 h, BIFS a-Fe,0,.

1.2.3  BREMY R RIE

X SRR I ( Rigaku K/Max- 1l , Japan ) X il £ (4% S AL WD S5 M EA T A, B B 2R AR AL P AT 5
I 5 o-FeOOH \a-Fe, O (BRHEATT St T ARDOT I , 36 UE 2K A0 1Y) S AR 2544
1.3 eAb2Emgf e g
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( Luzchem Research,Inc.,USA) , 5% I1=1.2 mW-cm ™, 31 365 nm.

\

1 K AIr

2 fEiE K Water

3 £8HMTUV lamp

4 $2) 28 Timer

5 PEFESsStirrer

6 1% N4 Quartz jacket

B 1 Otfbea i aeie

Fig.1 Schematic diagram of photo-catalytic reaction system

FH 1% (V:V) B ZEERC ] 0.075 mmol - L' PCP 74851k , ™8 HECARAE.

VAR R R 0 S IR 35 R 0.4 ¢ L7, ROR I ) 4 Tk B AR B0 2 I 25 R 4% 57, PCP 4] 1R
WL 0.0375 mmol - L™ CKEBCAT 9 52 N R FH A0 A Ak a8l s SR T 2 BT TR 91 46 pHL, BIA i AR Ak
YISk RN A, SeBE R 30 min, (544 28 3 AR 1K 5] W -k WS- 48, SR I TF R KT R 4R 6 R
T Py — 2 B TR | RS ORAA AN (24 b ITNZE ).

1.4 SyHrksi

FEA MR 2EBUL S, HA2 ] pH (82 A3 Sartorius ) Il %E pH.

FER (I A i S g B S, 83 O AR B B 3 TR R A AR . R ph S T (4 (1C) T E
(IC Dionex 1CS-90,USA) , (i A B 25 F A1 K PEE 4 1.0 mmol - L™ NaHCO, 1 8.0 mmol - L™" Na,CO,,
P 1.0 mLemin™" KRR A 0.046 mg-L7".

BRI R FHABIE RS ok b (53 K K 510 nm , 28 wP A i 0.22 mol BSBER AN TN 19% BS BR 40 1%, 2
IR 0.5%1 1,10 RIERT Ik (WA VrEhm Bhigs ) BAR I T .

(1) A Fe MM RS IBOR JS |, FH 0.45 wm SRR 8 28 8 20 B 43, — 3B K uoin A2 whis
W5 mL, AW 2 mL, B4, B A2 40 min 5 IR, AHEMRS Fe™ & 57 —FB M 10% (1) FR 2 i
1 mLAEAE S ) Fe® R Fe™ | FEINAZE MR B, A Bk & i, Bk S Fe M &2 22, I
HEEIRTS Fe® & h

(2) MBS Fe DN IBOH AR SOMA R RRIR R AL 55 SRRV W VR BE N 0.1 mol, # i 55 R 7R
B EBR 1:4(V/V) RAEETTE] 30—40 min, RHETEEE 25 C, FEFRIR T DL 180 v- min™" (15 HUEE 32 R i
17 RIS R 0 (1) #84E , mT 20 545 20 W A8 S5 A A B0 Fe™ Rl Fe™ 15 3k, I 7 ot 55 06 1 A ik A 2k
Bz 2% BN S Fe( 1) Al Fe(IN) (7.

2 R 51718 (Results and discussion)

2.1 ALY RAESS

F X BT O il 28 Bk A B AT T AR S5 M A, QB 2 iR, & B AL P i 5 0 55
a-FeOOH | a-Fe, O, BYAREANT S RIS AR XS N, 2 B i 25 Hi R i 2k A8 A9 73 5918 a-FeOOH | a-Fe, O, Y Fi.—
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Fig.2 The XRD patterns and d-spacing values (nm) of a-Fe,0; and a-FeOOH
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PSRBT AR R S50 3k e A S I AL ) B 2 S 8, PR Ry B R Wk B B pHL TR T AR 2R v 4% RE TR R TBC 14 19 )
FPEEBI M HE (W 2.4 749) .

WE 3 Frs, Wik pH (Eh 3.5 (45 SO AR 2R i B R ik B 2 BB A 27 S g 19 3464 71T 8 25 1 B AN T
BRI AR Z BB UR BE (T ARSI WAL T S5 A 22 9 B G2 (4 I ) 7E ] — BR A AL 1A &
AN CO A F R T—8H, 3T a-Fe, 0,1 a-FeOOH 1K £ , 435 & E7E 25 min £ 15 min, 1% 5882 %
TR 2 EL BRI PCP A il 28 AR s [ A — 500100 R A A0 2% %) JB IR 7 12 S | AR IR 8] 2 0, i
BLRIIHAE S pH T (AR A R AR BUE PRI 1 Bl DA | 3 B8ORS R 2R 194 S g o R I 2 AR 1 T e
fiff A BT TR 455 0 — 350, D8 A B R 55 A A AR A 12 2 03 DR 7 (] — WL, B - ORI Mk
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Fig.3 Oxalic acid degradation at pH, =3.5 under different C°_ in iron oxide systems

SEE R B A BA R Y FIAE 0.4—2.0 mmol - L™ 2Z 8] | B3 Wi SR EHE£E 30 min, i 5 R 15
R AW - 11 W B — i I AR TR BISPA  SR T IR KT IR T L 6 I 7, 6 S g el R w8 s — 2 1sf [, K
dn B B 5 B VR I S T PP PR A X R R e R s W T AN [ B R A AR MR TS
Zoad W BFHRTES O, R B A AR (L 22 5 45 IR R X T a-Fe, O, il a-FeOOH A | WK Bl 5| 2 14 7 i vk i
BRI HTE-10.6%——5.8% F1-9.5%——5.0% Z [8] , 3X & B 15 25 FHA T B Bk BE T 5, A K IR
FEFAPEHILE 10% LA, #2453 BTl i ol 4232 35 FE 22 9.
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BRAALYIAZR D pH B PCP FEfFIAZ (LU 4 FR JCR RN, pH B AR K A BRI, pH T i
LR TR R IHFE R, REBUAR T H 825000 B A R IR R b pH L B
AR AR : — 2 pH B0 0 5 e R 14 g S AR EL P IO, B R PR R AR DR, pHL T i DA, PR i
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AR R pH 22 Al P B PR A [ e s S T 2, pHL 728 52 (4 IR 1) 453 5 e I i 728 2 14 I 1] 453 it — 35
1E a-Fe,0, fll a-FeOOH &R, 435 & 4 7E 25 min 1 15 min.

a-Fe,05 o-FeOOH

—i— (.‘?,X:O mmol-L™!

—O— (.‘?,\:0.4 mmol-L™!
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== (% =12 mmol-L!
—k— (% =1.6 mmol-L"!
== (% =2.0 mmol-L!

-—

.l_.—l_.l/ IR
0 20 40 60
t/min

4 RFFERBI AR T A F pH 21
(pHy= 3.5)

Fig.4 The variation of pH during PCP degradation at pH,=3.5 under different C°_ in different iron oxide systems

2.4 ANRIFEFRYILGHREE T R 4 il

TESEAH R RRGAR R b, =0 LU R IR 4L AL . Fe™ FeC,0] Fe(C,0,); Fe(C,0,)T FeHC,03";
Wkt LA R IR Fe® (Fe(C,0,) 3 Fe( C,0,) % 3 SuEMfh 13 M 22 SR, IRH AR 25 rp A 2k 40 ol
SYBE AR AR ZR BTGP/ IN BRI R A3 IE 9 T 5t — B AR5 o BRSO C Ak 2 R AL A T B 4
T HIARZR | O A BGRB8 2 B A3 H 5, W0 ACUCHEM \MINEQL'  {HX} F R AR R, =
AATY A FE AR R A AT DA .

Panias %" RGUMFIE T B BRE AR E ALY L R IR LR A I S B O T R R
BERYIRR IR pH K BRI P AR A T35 2 232 2 21 7 A7« T T A %) e B8 R %o 1
PR S VAR SR U AN JE TE . T 53 I T AT DX 43 4 ol A L S AR 28 v ) LRI 2 IV e 245 sl R e
A, A SR A £ RS T S TS RS

FRARE 2.2 7 H A X I R AT 2, 7 G Ab 2 RN HR T 9 0 R MR B YT (0.4—2.0 mmol - 1L71) |, BLFR
P4 R B AR B 3R AR 7 R R A VAR B 1 109 AP TR R T AR, R 2R F T ol P R B A IR B S /N )
PR E T AR Panias 250928 SNaE AT 8 F 4 B A9 480, ik 2 5075 50 P 01 g 7 e 8 b 2 1) 9 5
pH B, A AT A, Ho kb —k AR SRR (1 fb 271 85 50, K AR R FRR I 0B T 8, 4K
BHAREES WL SCER[9].
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[Fe (Czo)z_]

A= =AKKK, [C,07]°
_[FBHCZO?] _ [H+] [Czoii]
v CFe3+ o Ka2
(2) 4 Mgkt Fe (D) 4 Be LU A =X
b :[Fez*] B 1

CFez* B 1+K; [ Czoi_ :I 2+K5K6 |: Czoi_ :| }

[Fe(C,0,)3 ]
=#zl)oKs [Czoi_]z

: Cl"ez*'
[Fe(C,0,)% ] i
2:%=D0K5K6 [Czoi ]3
Fe2+

MRYEARSCAZ, FIH 2.2 1R RREEE AN 2.3 55/ pH i i+ 8 3046 pH = 3.5, M8 CL &1 T,
FRRAACYIIR R AR PCP R rh 2Bkl B4 23 TC L 491 B8 S 17 I 18] B9 7284, &l 5 B .

a-Fe,03(A) a-Fe,03(B)
100 0-04 =08 12 ¢ =2 100 Co04 o (08 o (012 o o2
° jomm————— /l X : '
2 80 - - - 2 80% - H L
2 / 2 T -
§ oo | R ) 2 ; :
2 " ——=- | FeC,0 ~ h
= 60, - - el 60} L - -
§ L — [Fe(C,04); 56 / — | Fe** .
= -~ | Fe(C,0)3 = - | Fe(Cy04);~
S 40 L L L FeHC,03" S ot L LFe(C,04)3
S 2
=20+ \__/ ) - =20k = -
eoelooboome]l boooelo—oboea]l boooelo—oboea]l focoelooboe sl 0 I L 1 I L 1 I L 1 |L||
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LRk Y i Y [ A PP 10070 04 [ 008 [oommms T [Fom----
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3 s ] T2 | sls | A2
g | =12 A=16| =2 8 / © o o
2 60 - = - - 2 60 - F - -
E] SR B = 1 Fe**
T . — + g —
E I | fReO = \ I - [P0
s 40 r Fe(C,0y), S 40 r .
= i g Fe(C,04);
2 T Fe(G0h57 8
3 FeHC,0}" 2 A
£ 20r \_’ : 2 3 £ 20 - r - 3
0—¢i---l—-r4 e -poodo-eq obodp-ed poo-bod-o] boe-b odo-oi 0 ! ! 1 ! ! 1 ! L 1 Il 1 1 ! L 1
0 20 40 600 20 40 600 20 40 600 20 40 600 20 40 60 0 20 40 600 20 40 600 20 40 600 20 40 600 20 40 60
t/min t/min

5 a-Fe,0,Hl a-FeOOH {R EZ ) 4h pH 3.5 AR FEREVI AR BE T M 2kPFh 4B ( €2 BT 24 mmol - L")
(A) Fe(Il') species; (B) Fe( II) species
Fig.5 The Fe speciation during PCP degradation at pH, = 3.5 under different C°, in @-FeOOH and a-Fe,0, system

FEICRE Y SEAR AR R b T M 3 4k 1) S A TR A0 A 8 2 . — T T, — A e TR Ak A el R
FESRSEACY) L AR R A B, I BLAE GRS T IR R A i i R AR A, A3 — R B L A %6 (C,0,7
CO,™ .0, »O0H) A& Ay B Iz by bRk i 23 & A 55 — 5 T, M SRR ERBCIRTE IR R P AL S 0 F

-OOHJ W A= 1 H, 0, , 1T H 5 H,0, N A AL - OH, [A] i A0 B = M0k 7 45 b = gk A, LA Ak
(Fe(C,0,);) MI=HAR(Fe(C,0,)7 ) BA MM Gtb = im b  7E & M Bk Fh b Fe (C,0,) 5 Al
Fe(C,0,)% 5 H,0, A AL - OH 3 5 Y Fe™ SO % 3 ANBUR ™ IR I, SRR e R A ol
O it EAE R A R RGP .
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ME 5 AT LIE L TE a-Fe, 0,1 a-FeOOH K & %t F =M EFh (A &) ,Fe(C,0,); Ml Fe(C,0,)7
SRR AT A RN A R P Y =R FR i Fe™t \FeC,0; 1 FeHC, 03" W] LLZ W AN Bl &
Co WIS, Fe(C,0,) 3 MILLBIIE N, M Fe (C,0,); M HBIREAR. XS C), = 0.8 mmol - L™, #& A S i ot 72
W, Fe(C,0,) 3 MONEERIPIF (FLBIRT 50% ) T Mgt (B &) ,Fe* Fll Fe( C,0,) 3 AR A
RSB B MR E A WS C) RN, Fe (C,0,) 5 W LB, 1M Fe™ (Y L BIREAR. X C), <
0.8 mmol - L' I}, Fe* E 3 I Fh 11124 €°. = 0.8 mmol-L™",Fe(C,0,)% IS FEHIYIRD.

FRE AR XTI AMA 2R A = 0P Fe (C,0,), 8/l Fe( C,0,) % BAEFIZE C° JEH T 1Y
SR TR X AR A TR A AR T A B R, A2 €0 = 0.8 mmol - LTI, G PERY
Fe(C,0,)5 AREBURMGIEER Fe* B MR HI YA X 57 €)= 0.8 mmol - L™ [, BFRHLA [ 7]
AR A b 8 B0 (0 RS R X 07 A 7 33 2 PR Ay R ok B4R AT, A B AR R A 2 (0 L Fe (C,0,) Y
JER =N RIF RIS TE UV OGIE F IR FA R Fe( C,0,) 5 A ER Mkt L, 721t C° &4k
FREIEE , A 2 b e 1 1 1) — AR R AN R P i) 43 B LU BB AR &5, 1R 3R AR IR R, B8 A il &2
) H,0, f1 - OHZEIG PESAp A0 i T RR L 23k - OH, L, X4 C° e gk e et | i Z iR S
PCP S+ {H#E - OH , el 2 FBUR R 1Y SN T . R L, 1R R 1) e A R RR ) v B /0.8 mmol - L™

M LTI 3B o0 0, AR TRIR 4 pH, AS [R5 R ) AR Tk B2 T, 42 il IR 2 06 e 100 DX A DR 28 2 A b 1) 4
B, 4 R R A e vk B AR 0 A A 3k BRI B ), AR R i Fe ( ) M Fe (1) 3920 &5 16 R M Bl A
FI TR A 22 Hp k() AR JRAE IR, AN A B 2 1% - OHRE R HAn®, i Tl 2R 2 5 B 5
GHIHFE - OH, PRI, 1A 28 S A o i e 3210 91 A 0 3 ) R W IF 19 e B o 3 1 5 40 i i 52 oz ot 2
PR A B O, T LA X0 ) ARk A 4 A 552 i) 4 o A A 2R 1) SR R 3R i R AR R AF AR et 2,
FIE B, I — RS T Z BTG AR ERET (y-Fe,0,) -H R R AR A I 245 51
2.5 AIE pH 44 T R o i

[FEE X P ARFIRIAG pH 508 T A R A B2 , T AR S o R R B g A pH B AR fE B, T3
i AR R Rl R o B 0. T B A L OE ST pH X R A 0 IBC B 52 W T RE R ) 4 vk RE O
1.2 mmol L™ ZERX AR EE T, SRR AE PRI A AL 1 X BER 2 i A B, DAHERR I B vl B R 1) 0 4y
Bi2s 5 A4 R 6 fis.

o-Fe,05(A) a-Fe,04(B)
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L . 2 7L ) L L
S ek —FeC0i B 5 eolt P B B
F b RGO i Z b - - Fe(C00 i
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o 2% L 1\ 2Y4)3 L L
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g r E - -
] — S e — B S E— oo 1 i 1 1 L [T 1 1 1

B I — T § I N I 1 1 1
0 20 40 60 0 20 40 60 0O 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
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Fig.6 The Fe speciation during PCP degradation at C? = 1.2 mmol-L™" under different pH, in a-FeOOH and a-Fe,0, system
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