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W OE MR YA IR A 70 43 S [l R Y ) A, SR IRV RS R A T AR Rk R R B A I A
1L 8k (PFSC-FeOOH). FI M X & fit fF (XRD). 4 f F 53 4% (SEM) LA Kz B iy 728 8 21 41 6 3% (FT-IR) 545 R
FBX AR BEAT T RAE . LURB N BARIS 39, sl E 8 T bR A& . B0, & AR . 2R 16k
J& 1 pH X PFSC-FeOOH fi#: {k H,0, L BR R Wi 80U R fy 52, 4858 T AT R S i WL o 25 SR 3R W . 7 I N T 6]
40 min, pH=4. H,0, #hn+d 4 297 mmol-L™' . 41k 3| PESC-FeOOH ¥ I+t g 3 gL', S iR BF % IR ((25£1) C)
PSR, R AR SRR 90.48%; N AT G G RV sl 1%, SEHHR 0.0415 min'; A AR L
(O FTAEH, KMo Fa A Ay REE, MRS TUHESE, JiEEE S 0.1 mmin'.
DL W5 45 SR AT R SEBR A AL K B A R S 5

KHIR BB A IR Mk R E R

A % R B R AR B fEE AR A ALY, SEE PR E (EPA) il @ AR SR, 3.5 mg LT AR B AT
Xf AR TE B S P R, A2 SE— A A T A A B I R K o Fenton AL B BT 2 1
W RS T2 e R EHL AT 5 2RO kB, 7R KA BT 2 A5 B 7Tz A
o ABGE R BIARZF 0 T2 il ] Fe?' (Fe™) AR R HEALR , (B8 1 Bl IR W Hh 19 Fe® (Fe™) TILvE , T
WAIUNBRYE (PH<3), X A& 1 B — & M J ke, 17 EL R S B R AT, 27tk R ke, Iesh, fi
AR T 5 ik AR i B S W AT L T 12 Il , B K R TR, R KA B A &y, X SN FI R R
BRI T SRt Al I S B o R s I DA BB S, AR Y9 AH S Fenton #4671 1 BIF & 1WA T B 5E A
ST R IR SRR F ] Cu #22% MIL-88B-Fe il # I 4 A0 28 Fenton i Ak 77 B A 195, AT 255 T MIL-
88B-Fe ML A . LUO %5 LIS L ZSM-5 73 11 S M4 il 4 FeCu X4z J@ AL ), HAE AL TR
PEOL T 521 o AL R, H Cu Fl Fe 22 8] B AH AR 45 3] 7 sk . ZUBIR 45U 5% JY 00 0 v i 2%
Fe,0,-GO 5 G A BHE AL SUR K BEAR B A G RE, BT GO 5 Fe,0, Z IR UM FEIVE T, A8 A ALkt e fig
R Al 355 99%.

A ALK (FeOOH) A 4 BRI e R TR, H AR & A KR R B AL AT, HAT AR 58 1 W BR A
fEAEPEREN Y B LR ST SR AR BOE S BOR B AR R, AERTETY pH BIE LR, W DL BRI L
s BHA: 2020-06-08; A HHEA: 2020-10-26
EEWE: ERARBFEEFEITHE (51278418)
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PEOK I E] . BRE T AR, LW BR P AR L T W R R . gk T v AR U SR A il A FeOOH f# 4L
H,O, M fie B8, BEAFRIAE] 97%, H KRBT h R A h RS T EEaEN . (HERE
AALPON B AR, AN UK, HHEXMELLR . REREER (PFSC) & — M B G & 22811, H R
R R R R L A AL R 4 A T DA & Rk ik £h 158 2 S SL AL Bk (PFSC-FeOOH), 1 T RS R K 5
e AR L, BORKMNRE TR UTREERE . REREEL 1B 2258 31 S P fb R A L bR
AL Yt RE R A, (EAE Ry 28 IR0 AL 7 4 Ak H,0, Ik LA B 53 38 K WA

PG, A SCR LTI A il 25 T RERRESL B AR L S fb ik, FHAE R I A7) W5 g ok i, )
F X B4 5T (XRD) . 494 L 8 8% (SEM) D J il BE i AR 40 21 S S 3% (FT-IR) %5 7 R F= B i A
SEN . RESE S R R T A SR AR M R EAT T RAE, JEEH AT RN B pH. ®IARRE
N TR LB R AR, BRIV T 0T BEAY S N HLEE o AR AR ST AT A 28 IS0 AR A AR B o A S H S B
N LS
1 SEE#HRFGE*E
1.1 55

fil§ iR 4k (Fe(NOs);). fif R 441 (Na,SiO;). & %A fk £l (NaOH), R (C,H,OH), #h & (HCI), H Bz
(CH;OH) K AU T BE (TBA) ¥R o tirali, 14 A & 2548 Mk 2= ik A IR A vl . i H AR (H,0,) 4l E R
30%. S50 9 25 85 /K HUBH R 18.0 MQ.
1.2 EHFIHIE

# 0.60 mol-L™" AY Na,SiO, ¥ 2% 18 il A % 300 mL.0.20 mol-L™' Fe(NO,), iF# ', F LA 200 r-min™
() 3 B AW B K, B pHIE TN 7, R 1 omol- L NaOH ¥ U2 i AR A W0h, V815 & pH>12;
#HUT 15 min 5, 7E 60 C BERG G AL 24h, B TR B EE ZE FIE KA pH L & 308 128
b, BT 80 °C MYMEAE T 48 h, FT 45 B IR 28 ff % Ji5 45 2] PFSC-FeOOH.,  XJ fE AN fill Na,Si0;, H:
A BRE L, fe)n 15 FeOOH,
1.3 EUFINFRMES R

R PFAR I AL FR 2 7l XRD-2000 A X 526771 5 A (XRD) 43 HrkE i 19 b AH 2544, Cu Ko 5
4. HHIEHN 36KV, HHIL A 20mA L AEHR 0.02°; K H HA JEOL A ) ISM-6700F % Hi
FHIHLBE (SEM) 2 Mk i () R IE A0 5 SR FH 18 [ 4 6 5 28 ) 19 Tensor27 U B A5 460 2T 71 S i
A (FT-IR) 43 A1 B it 2 1 B AT
1.4 [ERESCIG

100 mb 28 M A 40 R K T4EIE R, A — & = 96 R 5 309% T & ik B2 /Y H,0,, 7E 25 C
TEEIRS . RNE—EREE, A 0.50 mL F LR SA AR N, UEE, B 0.50 mL L iERCE T 50 mL
Feeidh, ALK E R 2 S0 mL, R 4-%0 3 2285 HU AR He 6 0k 000 5 2 1y e i 1)
2 LWHER5IE

y v FeOOH

2.1 fELFIRIRLE v

1)XRD Z3#7. E1 }FeOOH } PFSC-FeOOH
) XRD & % . 1 & 1] W, FeOOH 43 %Il 7¢
20=21.2°. 33.2°, 36.6°. 53.2°. 59.1°F1 61.4°H '“Mm' v Py CFe00H
PRAT B, 43 0 % B FeOOH 1 (110). (130). T ror
(111). (221). (160) F1 (002) {1, Ao Jir 4 15 20 25 30 35 40264;?0)50 55 60 65 70 75
5% (4 A (110) & T, 5 4% i JCPDS 3C 14 (29-

1 FeOOH #1 PFSC-FeOOH Y XRD [&
[17-18] _ . A B 4% 20N b (UGN =} )
0713) B, RPSOESRBINT M, X LT A A Fig. 1 XRD patterns of FEFOOH and PFSC-FeOOH

Yv FeOOH
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gh SWBERSGT . JCZ4 . PFSC-FeOOH i ¥ FeOOH (AT 5%, i T- B ek ak £k (PFSC) WL &Wy, 1if
SR R BE VRS, X BRI A T PFSC-FeOOH.,

2) SEM 43 #71 . FeOOH #1 PFSC-FeOOH 1) SEM FAE 45 R an &l 2 s o i & 2(a) 7 W, FeOOH
EIEDIRSIR G BRI s —, ERA/N, HEZI TN, A5 Uik, BE 200) AL, Rk
54 FeOOH 2, JE 1) PFSC-FeOOH &£ 5% iy ¥R, Z RAEMRM £ T80 2 R ek, 2 HK
fift =W I . B A A R AR R UR R, 5 REERR 2 18] A A VR R AER Ay, A RS A
KPR, & TUIRE

(a) FeOOH (b) PFSC-FeOOH

2 FeOOH # PFSC-FeOOH fY SEM [
Fig.2 SEM images of FeOOH and PFSC-FeOOH

3) FTIR 4} #7 . FeOOH Fil PESC-FeOOH ] | ~200H
FTIR ARG R 4NE 3 s . 1E FeOOH H1 PESC- W
FeOOH [ FTIR 3%, 3000~3300cm 13000~
3600 cm™' AbAT 5 E e, A R TR B (—OH) 1Y PFSC-FeOOH

1 5 055 20U i, 1350 e b i I R ¥ Y W’V\
T A1 25 i W g 14 U921, B PFSC-FeOOH Y I %5

FeOOH 7%, 1t H] PFSC-FeOOH /) 3 [fi—OH %

4000 3500 3000 2500 2000 1500 1000 500

JEHE R KA, mE 3 aii, 886. 790 1623 cm™ PoH/em
b}y Fe—O fil Fe—OH—Fe [ HFHFEIG , M RIZS E 3 FeOOH #1 PFSC-FeOOH f FTIR & [&
g5 H o6 BR 2221, #F PFSC-FeOOH 1 FTIR 3£ & Fig.3 FTIR spectra of FEFOOH and PFSC-FeOOH

1, 940 em™' bk Si—O—Fe 25 i R gl W i e, 3X 5 W] PFSC Al FeOOH i it Si—O—Fe #4554 .
R, FTIR FRAESE S NG FIESE T PFSC-FeOOH H 3l 74k B8 7 FK fift 46 & 485 7l 537 1 3R
RERR & AR B A B, dEI AR R T REY .
2.2 ELFIHTEMSEIFEMN

FEHEAL SR ik 3 gL' HLO, B2 297 mmol-L™', VR K 100 mg-L™' . pH=4.0. I
JEh 25°C AT, AP 8 T sl H,0, 404k . SR £ 55 RN Ak R+ HLO, X AR B 1 2 BR AR
SRR 4R o FEAUMA H0, B, R ZBR 2R AE 40 min PR B F &, R 47.47%. RN AT G ifE—
9% ]2 N B 1% (RP=0.9667), W H ¥k 0.012 1 min'. 7ELUMMAEALFI B, BT FeOOH #l PFSC-
FeOOH H A3 — & MWL B PERE , W BF 5 28 Wy 1 25 5% 5% 53 51 Oh 19.62% F11 23.42%, PFSC-FeOOH M fff 14
fE4f T FeOOH. FeOOH i 1k H,O, A AL A My, 4% My 1) 2 B 8 Bifi 5 i o7 %) i2F 47 S 18 KF s/, 78
10 min I 22 B Rk BB K, N 49.4%, X 3% W] FeOOH ] Uik H,0, A AL 4 W, (H7E 10 min LA ,
AR R BR RN TR RN, BEE RN AT, RSP0 T FeOOH i, FEALT
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FeOOH MY LR A, H. o fa] =Py e 5% i A v 10or
SR SRR, NIRRT LR,
L4k, 38 AT fE 5 FeOOH 2 M 1Y & 44 il & [ b

—a—PFSC-FeOOH+H,0,
—e—FeQOH+H,0,

) B 2% (R < —H0,
AR RBLATEME— P BB J1 % (R*=0.9874), £ e gy WA
R H B H 0.013 6 min', PFSC-FeOOH/#: 1k G —&—FcOOH R

H,O, IR, A 25 BR R BEE S i UEAT ﬁm
AWk K, FE 40 min Bf £ BRR K F] T 90.48%),

FN AT W — 2 B 12 (R*=0.991 6), 3K mtrj:::::j:;jzzj

BN 0.041 5 min', 5 1L 7] FeOOHA [t ,

VIS VA R AN, R T R A R * 2 \rwamg 7
PFSC-FeOOH 4 1k H,0, [ fif 75 By %0 S 5% 4 EWFIEEMITESN
U, BRER AT RE R Ak R RS R AR SR 4 R Fig.4 Evaluation of catalyst activity

R PR RE I ARG AR REY, 6
JR R R PO E A, BERR 43T LAl 45 A J7 AT R G, TR SRR . FOIRAY L RRIR A = 4T
R REY, BT MR EER, AHRAE SR RS AZKE 75, TS5 R
P2 (R4 IR L PAIR 43 i 1) SRR R AT 4% G RIS S BELIT T SR BE R A BE RS AL, DT AR K 4 R
Y, FEBERRELAAY)E, M T AT RER, R TEZSMERLEL, WinT R,
AL T AR, X HTAE R A 0 R R R B AR A A L R T R 309.01 m¥g!, AT
B SAA AL R AR 3 4%, R IL B 4,58 mmol- L™, 24y i B 5 i A Ab ik 2 T R i R
) 445 . R, 78 A 5256 op W 22 3] PESC-FeOOH [T W% 1k g W W 4 T FeOOH, 1JL [ 3 & oy 0.1
memin', 33 TR A DR A
23 REEHREN

1) pH (540 o FEMEALFI BN 3 gL' H0, BUME -~ 297 mmol- L™, K[ 5 4 100 mg-L'
TN 25 °C Y21, pH XA B L BR R AR Qi &l S fir s . i & S Al AT . Bl 25 2K B A5 480 7K
pH B 38 A, A Y 25 B R B KRk /N A fb a8, 78 pH N 4 1, 2R 1 25 B Rk B B
(90.91%); 4 pH<4 I}, KBRFCREAML, XEH TR IELMFT, O, kM —4 i F4MH05, X
S3HESR H,0, MREEE, ARG P74 -OH; 4 pH>4 I, BE% pH YK, BRWfh £ T8 ORI 09 52 2%
“ ¥ ([Fe(H,0)((OH),]*". [Fe,(H,0),(OH),]*" Al [Fe,(H,0),(OH),I")*, # JC i% # & H,0, 7 4= -OH 7,
R, %N A e pH A 44 X 528 BH S PIAG A 9T 245 R — 3

2) H,O, 5 il & 19 52 Wil o 78 4 £k 5770 5 n &= 100 100
H 3 gL CIREREE A 100 mg L', pH K 4.0, ool o - o
11 9 25 2CHY S AT, H,0, 9 B0 Fxt < ol // 1 -
LERARBZANIE 6 Prs o Wk 6 nIH, FEE s . ) o B
HLO, F I K, AR B 22 B A A AT %”' - =
A . 24 H,0, F At 297 mmol-L™ i, HE R () g lo %
R A 15 90.63%. X &t T E H,0, I & sof o F
fosahn, &4 W L 601, 12, iof &K wl \_/.\. L
H,0, & RWEBR RO, =l (1) s, FIA R “ . . . | )
AL HE (HO,), % H R A RE J1 I
18, FECEBEERERET. Wik, RERE Bs pH XEE AU RO

H,0, #hn 44 297 mmol- L™, Fig. 5 Effect of pH on phenol removal
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H,0, +-OH — H,0 +-HO, (1) 100 55
3) fiE Ak R A B I . A6 L0, 0 ol —
A 297 mmol-L™', KR 100 mg- L™, pH N o =
4.0, WK 25 °C B 41 F, PFSC-FeOOH el . TORBAIAR {35 B
B BT 22 R O T 7 B R . T = o RS a0 2
R, WAL R 0 R, 22 R % oo} |23
% B2 W 1. 4 PFSC-FeOOH i) 4% il fit ol s %
3g L AE, B ERACR B, IR Rk F NI a 3 w il
88.62%, Z IR AW FWe. X 2N, 15 HO, L Vs G
f R o B R B B R G B 2 o
i -OH e, A+ 5 19 Fe?' 5 -OH = il & % 4 B o6 HO,H%MMExKEEBRYRNF T

E W g B0 ( 7+ ) W Fe M OH ., 534/t Fig. 6 Effect of hydrogen peroxide dosage on phenol removal
Ji% Fe(OH); LUE « PRI, i di A A 1k 500 45
wHh3gL!,
Fe** +-OH — Fe** +OH~ 2

4) ZR ) Jh v BE B B2 R FEAEAR R BOIN i N 3 g L H0, B A 297 mmol- L™, pH 2 4.0,
WL 25 °C W PET , AR W0 IR o B2 2R I (9 25 BRASCR B2 ma an 18] 8 Firzs o ih 181 8 Wl D, B K
My BE S, ORI ) 22 BR i RARVERGC, T RBRA AR AS L . TEARBRILGEREZ N 100~300 mg L™
W, KERREEARNAL, 20 85%, 1MikEE A M LA SE N, KRR RGBS Kixrikia il
30 v e JRE 2 13 R K Ak B PP CR B

100 90 100 60
[ ]
90 180 I
e e o8 450
80 - 470 £ .
5 %[ .
$ 70F 160 & < Jao £
Lol < g4 1
% 150 = & &
050 140 ¥ 0 92 130
£ — R 0 Z = . 5
a0r —o— T H ke 130 Z # 90 #®
30+ % s 120
ol 1% 88 - —a— S R
d T~ 10 —— kM ERE
L. 10
10 . . . . . 86
0 1 2 3 4 5 : : : - -

100 200 300 400 500
W (mg - L)

8 FHEYKEX KB ERBRNOFM

Fig. 8 Effect of phenol concentration on phenol removal

PFSC-FeOOH# it /(g - L)

[ 7. PFSC-FeOOH % /il & %I % B 2 BR 49 2
Fig.7 Effect of PFSC-FeOOH dosage on phenol removal

Sy R FEREAE IO E R 3 g L. H0, #&INE A 297 mmol- L', AREMK A 100 mg- L™,
pH R 4.0 BYSAETT , S il BE X R By R BRSCR 09 52 ma an &1 9 B . B I 9w, Bl S 0 i B Y
FhiEry AR ) L BRI T AR, 25 C A BRACR EAF o X RUIBEE ROV IR E R R, OH /Y
WK, SR FRIZIREE, AR T RNV IEm#17; HEEER 25 CF%EHARE, &S558
H,0, 73 f# i O, F H,0,, ek APERE, HAZ W A s by, B il v 23 0 92 I R %6, DT B
PR B 2B, L4585 TONY 458" (58 45 A AT .
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24 MBS 100 60
1) AR N T S T R R s} o 1o
oA B, SR TAUT B2 (TBA) HE4T /\ 2
SRR T . AR MR35 — 1.2
H,O, # /il & & 297 mmol-L™", 2 M ¥k £ & 100 % 70 1 %
mgL . pH W40, HIEH25CHMANT, 55 2 | A 3
Wo gk BN 10 BF 3 . TBA M Jy—Fh £ 1 2E 5 . 0 %
K, FI5-OH %k, ik R A WS .
[ P L 1L R L T 10 T ) S s S
1A TBA J 4 By (10 W fif 32 1 T 191 5510 40 1 i
HE R AOR IR ES . X W R R B9 R AR B R a0

FEEBAERRY T N -OH, RS 5N Fig. 9 Effectof reaction temperature on phenol removal
M RBETE AR — B

100

2) 4% K 53 BT . PFSC-FeOOH fi# 1k H,0,
SR 9 3 1 S SN 1 PP 11 0% ! -
L LT, A TR Y W M E 270 nm A\
i, fHAENA H,0, #l PESC-FEOOH J7 , 270 nm £ ot / .
b B W SRS I MK, 230 m T 1 0, R T Sl f A
g8 cs SoR el A L SR i i *w// .
7 B ) (8K, 230 nim A2 % 168 55 3 R A1 . X S
] A ZE R . AERT S0 1)L 7% 0
SRHRAR R o KW & A AL &Y O R 30, 10 20 30 20 50
PR W, RBRAE), o — LR AR Fif[F)/min
TEROkE ., HiE, ZMMER, &L 10 ERFIMNKEEBRERAZI
Wi co, I H,0. o AT A% B A Fig. 10 Effect of quencher on phenol removal
IR (1) 535235 Fa) 2 7 0 1 e i 40r
3 g -l

1) 2k I PUUE 15 il % T PFSC-FeOOH 11k w2
L, B RAFR LR o AH L FeOOH, #87% Zi 20t
R ekt L5, 4% T PFSC-FeOOH Y U1 [ 1 L5t
fie, DUREHE R 04 m-min', fH T84k 7] 6 [l Lo T
We R s TRl ) SRkt £R 8 24 s R T Ak 051
B He 2% T RRURER L Y B, DT G i A b or . . . .
; 200 250 300 350 400
R .

2) f£ PESC-FeOOH fi# 1t H,0, [ fift 7= Iy 1) 11 S MR AR EY 55 AN IR Sk 3

WRT, BN A SOV ] 40 min., Fig. 11 UV absorption spectra of phenol oxidative degradation
pH 2 4. SN EER 25 °C. H,0, Bl 297
mmol-L™', PFSC-FeOOH #& finf& >k 3 g L' K MW LA M BE A 100 mg- L™, FEULAMF T 2K B LB
H] 3K E] 90.48%

3) PFSC-FeOOH f# 1t H,0, J b £ A 1 — G W 8l 2%, BURF K 0.0415 min's 78 & ) 72
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Fenton-like catalytic oxidation of phenol by polysilicate ferric doped iron
oxyhydroxides
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Abstract To solve the problem of difficulty in the separation and recycle.of heterogeneous Fenton-like
catalyst, polysilicate ferric doped iron oxyhydroxides (PFSC-FeOOH) was prepared by the co-precipitation
method. The catalyst was characterized by X-ray diffraction (XRD), scanning electron microscope (SEM), and
Fourier transform infrared spectroscopy (FT-IR). Using phenol as the target pollutant, the effects of PFSC-
FeOOH and H,0, dosages, temperature, the initial concentration of phenol solution and pH on phenol removal
by Fenton-like oxidation with PFSC-FeOOH catalyzing H,O, were investigated, and the reaction mechanism
was explored. The results showed that the phenol degradation efficiency was 90.48% at the reaction time of
40 min, pH of 3, the H,0, dosage of 297 mmol-L™", the catalyst PFSC-FeOOH dosage of 3 g-L™' and room
temperature ((25+1) °C). The reaction process conforms to the Quasi-first order reaction, and the rate constant
was 0.0415 min". The hydroxyl radical (-OH) played a major role in the reaction process, and the molecular
structure of phenol was destroyed. After reaction, the catalytic was settled and separated easily with the
sedimentation speed of 0.1 m-min'. The Fenton-liké oxidation with PFSC-FeOOH as catalyst can effectively
treat phenol wastewater which provides some references for degradation of organic wastewater.

Keywords polysilicate ferric doped iron oxyhydroxides; Fenton-like; catalysis; hydrogen peroxide; phenol
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