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Abstract

Iron phthalocyanine (FePc) modified W03-H.0 composite (FePc/W03-H,0, FPWH) was successfully
SEHIEE

XEF|F: FEE. FePc/WO;-H,0 B AP EHIHI 2 KOG SRR RS JeWi)]. MEFRL2E, 2024, 14(5): 632-645.
DOI: 10.12677/ms.2024.145070


https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2024.145070
https://doi.org/10.12677/ms.2024.145070
https://www.hanspub.org/

EEE

prepared by hydrothermal method and mechanical agitation method. The catalytic activity of the
composites for the degradation of acetaminophen (APAP) in the photo-Fenton system showed that
the activity of the composites increases first and then decreases with the increase of FePc content.
And the optimal composite ratio of FePc is 5%, and the activity of the composites was significantly
improved. The degradation activity of 5% FPWH on APAP was 14 times higher than that of single
component WO03-H;0. The results of ultraviolet-visible diffuse reflectance spectroscopy (DRS),
photoluminescence spectroscopy (PL), transient photocurrent response tests (i-t test), and elec-
trochemical impedance spectroscopy (EIS) indicated that the modification of FePc not only broa-
dened the photoresponse range of the material, but also reduced the carrier recombination rate,
improved the carrier migration rate, enhanced the carrier transport on the surface of the material,
and enabled more photogenerated electrons to be consumed by H,0;, thus improved the activity
of the material in the photo-Fenton reaction.
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1. 518

R JLAER, SRS FE I 2P0 RGBS AN ISR IT B, (R I A1 A Bk Bk 22 (1 25 ) ot
FEfT AR, AR gt th B 1 PSR 2% 0035 e [1] [2]. 245 AnAS N9 31 5 (PPCPs) 1 —
TG, HTHIBENAESEE. PUAERIAS R w7, 51 TR 2 (1 2RI 5T
MK, PPCPs ] LLERE AR sk NAKAEIRES, I BA K. BEI7 IR KRR KA HE 23] [4] [5]. 2
1 28 2L 9 (Acetaminophen, APAP) & —FiaE R BUR BT A 25, | 2 H TR 7 RGN S EE. BT
APAP [{ifii i & ik 1.45 x 10° Wi/4E, 20°CHIE/KH I MRE R 14 o/, HLZEMR A RTRICRAR (L)
5%~15%), At KB 1) APAP BB TS 31 R AR /KA H [6] o 3, APAP FE R SR 7KAA o (13 B2 i i Dy ng/L~pg/L,
TE 1 24 17K AR AT REAS N 21 B R (IR B o 0, 8 SN BT 3 A IR B IR B 33 ng/L, i [ 5 /K AbER Tk
K HAar I F (1% B2 s 8.8 g/l [5]. APAP IR T 1.8 pg/L B X KA ARV HA A et 7] 48
WA, WAV SRS Z 2 r] Re 2 S BN WA R LA M (8], I B R A i 2L
EHRESBEG R B, T B AR A FE R, QIR EA S LRI APAP
SOE SR R

WL, Ot - SFERIEN AOPs [)— MR AR, FOGREASF A B R EE &, AL
AR EAR TR YE, SEI SR E AR AR, BRI R AN A B AR 2 [9] [10] [11] [12]. %
A —Fp n-BY AR GE LI SARRORE, AT DRGS0 T WL, (FDRRERI A m, B SHAE
FHXPABRRUR, AT - S E SR, SUPMASEMGRT LR TSEREE, Fit
SEEEA A B RA LTS S SR A S, el Re R E i — DRt

Bk 75k (FePc) FH A HLBE 5 Fe AR Rk B8 4L, AT DARE 2 Fe® RS PR A0, FER T AR ARS8 e — 25
ATORAA, BEEAAEAIARG - ZP iR RO AL, SUORER T ARG - ZR iR R — 208, ol 2 — iR
HHNE IS5 SRR [13] 0 B — PRI TS BRSPS AA,  TELLAMRTAT DL [X 35532 T HE 5 1 s 1 o 12,
FePc [ HOMO fEZt5 WO; [f) CB #zii[14], HIAE/KIAEEF 5 RE, FHIHLEMKME. SFHEREZE. 1§
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PR RS A A A, 7 E R T CSRBRR A, BT DA LS A R R A AN AT DLk S Rk 4T
AT AR EA R AR e I, R R A MRS SF L S B BRI 1. #ilhn, Zhang S5 E R
TG AR T2 Dl 2% 1 PR 2k 9K S (FePe)/i i 2 FL AL B (UPCN) K & G A1 kL, £/ 5 (10 pL)
A (H0,)F1E R pH 214 R, 1%-FePc/UPCN 4 KA AL T B 8 R B 47, 60 min N TC K BRFRIA
F| 99%; ZAKE A MR TR 2 TR R L UPCN A RefEfb e b RO AT EL FePe AT
Fenton B HC I HRRIFERI[15]. Xu & NRH— P EGEME T —F# 2 FePc/g-C3N,(CNFP)/H,0,
- SRWR &R, LE W] DG R IEPE R R, 60 min PIXT OTC [ 2:FR&n] ik 88.48%; &4 5 (1) JE X & FePc
£ g-CoNg b1 BE A B A RE b6 1 e SR B S 800 B B, T ELSR At 1 58 2 i M P [16] . Qian 28 A
T RE VLN T ZnO@FePe EAMEL, X ARIE ST PRI R AP - ZFB0E At e v, 7EM
FARHYE R 10 min P FEAF R KT 90%, 1% F ZE H T ZnO@FePc HIXUR N HCr 2 18] (i B [/ I [17] -

BT UL EFE &, AR TR K HGE RN B G R T RTIE M FePe 1) WOgH,O #4
(FePc/WO3H,0). it XRD. FT-IR. SEM F1 EDX-mapping 25T B bR VIR S5 /33047 T RAE, E5E
T HIIFWERE APAP (S E . XTEPERALRIRE ST TR S AL, T 7 3R 70 S8 X
Ik R R P A VR AR AT AT . B, BT T MR R TSR I B pH SRR PR AR
MIE2IE . I RAEFRIIEI 250 20 B T MR 8 14 B

2. SLRERSY
2.1. Za5it

KA RN (Na,WO 4 2H,0) . — KA R (CeH100s)« ZhER(HCI). FEEZ4A(SO). RAEE(IPA). fLEA
ZX(MG). A (H0,, 38%). /K LEE(CoHeOs 99.5%) 30 [H 25 L AL 2 ulGi A PR 2 ] o BREk
(11) (CaoH16FeNg, 98%) 14 H i 4.2 « FLIAMLER(VC)E H i3 i kA LR A BR A 7] - 2,2,6,6-PY FJE
RIE(TEMP, CoHaoN)I H [FA- A %% . PL KA TG FRdt— DA BRI v B A . (il g eI B i 52 5
AR A RA A .

2.2. MRAER

(1) WOzH,0 K& He: RA/K#GE, 1 0cEmiFRE 0.9896 g 1) Na;WO,2H,0 1 1.0086 g CsH100g, 5t
Ja ¥ AT 60 mL 2 B FK PR IRA A REHA—E BRI, MERN pH EEE 1~2. %
RIS RE 30 438k, #4100 mL VYA SME A ROV R, FFRAE 120°C TR RS 3 AN . REA TS,
BLOWCERRIA, HEB TR RS, 25 R B OUER 1k, 60°CHZ TR 12 /N, i i Bl
N WO3-H,0.

(2) FePc/WOzH,0 EEMEHN Gl KRNI HEE, FRE 0.3 g WO5-H,O #4543 B #E 30 mL TGk
g, TR RS 1 /. SR)E H BRI In N — 2 &1 FePc, JIZIEE 2 /N )5,
£ 80 CHIRIZAFE N, LB 56 228K, WEREFRIAR M AR A, 45 2R 5 i 44 24 n%FePc/WO5H,0,
He n%EIR FePc 5 WOsH,O i & H(2.5%. 5%-. 10%. 20%. 40%). V£: EAXHEEEH
n%FePc/WOs-H,0 i} n%FPWH.

2.3. MRIRIE

T S B A 5 A 4 R K R X B R ATAH(XRD, Bruker axs D8 Advance, i [E)if47 R4, Hi X
SHERVEA Cu Ka BT2E(1 = 0.15406 A, & JE: 40 KV, & ¥i: 40 mA), HHiP KR 0.02°, FH5#E N 10°/min,
TGy 10°~807 . it A HLIH- AR 21 AR SO HE A (FT-IR, Bruker Tensor 27, f [ ) %] £ it (114 27 i i3k
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AT5r T o HF i ROV 25 F 2o it 3 Sk 43 4 Pl 1 S AUBE (FESEM, - Hitachi SuB010, HAR)RAEAFH. ¥ i
(28 R a] L8 S S i m i 2R Ah - w] 1436k 2 H(DRS, Hitachi UH 4150, HA)WIE, I Hidid 544
T AT BURE S (281 B8 FE (] BaSO4 1F 9 PN S A i) o B it 1R 5 1% 8 53 H A Hitachi F4600
R HOCEETHINAS, WUR KN 250 nm, 467G EI Y 300~800 nm. K HH HLAL 2 T ARG (il R4 CHI
760 F)MRE A (06 Fa Ak 2P, BB RS 6 F A o AT E A B TR

2.4, S4B

N T BTGRP AL PR R, DAAS B BOFE S e T IO T FE AR APAP (Rl A T
A % LED (4> 400 nm)[¥) PCX 50C Discover £ i Y [ b & G5 (Perfectlight, JbE)EH TS5, 8T
TEAA BRI HIREE N 20°C . BAAERAED . FREL 0.010 g FEAH T 50 mL A i, g
30 mL 10 mg/L APAP V¥, /- E5), K HAEBDG &AM FRFERHE 30 2 ih, UK B A AN G
YIWiE R IR - R T8, Z 5N 3 mM H,0,, FEEBFHR A5G, FTHHGIE TR, Bk
HAF MR N . fERREF I RE A, AR 30 /B UEE 1 mL BV, B3040 3 5 15 2 1 B3SO 0.22 um R
BR/K R ERE I8 . 38 & ROBH (a3 HPLC Agilent 1260 Infinity 11 JURA MUK E, fid & V0o G1311X
N2 A ER A AT WSS %8 DAD-G1365C Y. (1141164 ZORBAX XDB-C18 (4.6 x 150 mm, 5 um),
KRN 25°C o JRBNAHIERE KR HF BE(80/20) /R &, Ytk 0.8 mL/min, Al K 254 nm.

2.5. ¥HIRFISCIE

IEPRERREN(SO) . PR MER(VC) A A EE(IPA) 7 HIE 22 (hY) B4 H B2 (.0, )RR HE B (e
OH) I #1571
3. &R5i1T1ie
3.1. PSSR

& 1 R BRI X Bk RATHT (XRD) I K . 54 R 8.4l WO5-H,0 #E S AH L, BT ANE FePe
TR n%FPWH & &M EHATI G 5T THEX ), SIELHER WOsH,0 ks 1ICDD
#84-0886 [MAFMEATHT G4, H %A W55 FePe [FI4, XA GESE T FePc 7> 1 & B AR(GE H ¥ £ i il
W PR A FE 8, ASBERE XRD A& H .

JL . 40%FPWH

20%FPWH

I _l ™~ 10%FPWH
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Figure 1. XRD pattern of WO5-H,O and n%FPWH samples
&l 1. WO3-H,0 F1 n%FPWH #5489 XRD iEE
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E2E, BRI

WO3H,0. FePc H1 n0bFPWH H¥ i FI 40 2% S i i A L it AR e 2T SRRSO G AY (FT-IR) iE 47 3R AE . 4]
2 fi7, #£739. 1082, 1122, 1336. 1419 F1 1493 cm S BB L T JUANR TG, 3 m] BEIH IR T Ak 7%
HRAN G REARIRE) . 1600 cm ! AbFIMR IS o ¥R O-H 25 3R 5, 3100~3700 om ™ i i3 HE Y ol
Wt ST K FRIRIE O-H 4Rz . XERHPZE O-H £ WOz-H,0 Il n%FPWH K [IF77E. HERKE
O-H 45 BT WO5H,0 Fl FePc [ H:[18]. n%FPWH E&#BHIWE &, WOsH,0 Hl FePc 31447
RIGAE, KRB SR AEE WO5H,0 1 FePc. #£ 3100~3700 cm ™t e B3 H N, WO4H,0 Hr ) O-H fii
YEIREN B T SR FEBR MK, W FePc 5 WOs-H,0 @il S8 E#2[19] -

BE S T30 2 70 2540 A B I 44 H 7 S A8 (SEM)BEAT R AE . t1 4] 3(a), 4] 3(b) i, 4l WO5H,0
BES NGRS ERIRGE K, Wy R e i . 245\ FePe &, Wild 3(c), K 3(d)Fimw, RIEAE
PEBORRE, oM R A IR .
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Figure 2. FT-IR pattern of WO3-H,0, FePc and n%FPWH
samples
2. WO3-H,0. FePc 1 n%FPWH ¥ &) FT-IR i&[E

Figure 3. SEM images of WO3-H,0 (a), (b) and 5%FPWH (c),
(d) samples
[l 3. WO3-H,0 (a), (b)F1 5%FPWH (c), (d)#£5H9 SEM

T B BRI A 22 A, R EL 5%FPWH #E(T 7 EDX-mapping #1E. 4584 4 Fior,
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5%FPWH R &+ EHHT W O. Fe. N WURICERAHRL, XEITTRAR MRS, FEARMWE I L 1
FIRIM S, Wonth REFI8E. B FePe BUA 5 B TE WO4 H,0 AR .
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Figure 4. The EDX-mapping of W, O, Fe, N in 5%FPWH sample
4. 5%FPWH #£f5 W, O. Fe. N i EDX-mapping i[El

3.2. FEMROH

KT IRNRTE FePe Tl it e AR, 6 BTl & i B AR s = AR, 34T 7 &40
- ] W8 GG RR . & 5(2) TR, 5%FPWH 54 EHE B2 iy WO3-H,0 GRS B /1 S 488,
B R SCA %, L AT WYX G IR RE 11, A R el s B kAT . @it Kubelka-Munk 2 #(3
1) 5%FPWH SHIEALFIA RN 1.3 eV, & WOz H,0 K-S 7K KR (2.14 eV) B SB35/ (]
5(b)). LAEZERERE, FePc MBI IR TE T WOsH,O [1 56 M. 75 F
3.3. JefEfiE MM

MR T ASIF] FePe & 1) n%FPWH & &1 8H(2.5%. 5%+ 10%. 20%- 40%[1) FPWH)Jt: 251 % i
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Figure 5. Ultraviolet-visible diffuse reflection spectrum of WO;-H,0, FePc and 5%FPWH (a) and the plots of function ver-
sus light energy transformed via Kubelka-Munk formula of WO3-H,0 and 5%FPWH samples (b)
5. WO4H,0, FePc 1 5%FPWH # f B £5h - AT I8 K 53 1% (a) F1 42 Kubelka-Munk 2 HAFHREITHBE S5 L BE &R K (b)

APAP [f)iE 1, S5RUNK 6 Bz B FePc DR g, ARG UL R Ys, FlJE 29
59 H 1 59%FPWH JEIL e G ML B A s 1k . Li 55 N [20]0F 7R ], 38 4 1) FePe 21 41T WOsH,0
FA R 73 125 o D24 FePe & B my iy, i1 T3 5 PSR /- Bk 1, 3350 FePe H 5 O B RR G5 A AR MER 4T A
SR A DA T S A O AR PRI BEAT B 15, AT BRAER 1735 G B (R R
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Figure 6. Photo-Fenton catalytic degradation of APAP by n%FPWH with different loads (a), (b)
6. TREITAEE R n%FPWH # &% APAP MU (LIEMRIMERE(R), (D)

N T BE— PR T TF WA F G G R ) DG B DR 2R, IR AN IR R PR B 1Y 5%FPWH B R T —
RO, SR 7 fios. @Itk Im, B—FEL Bl HO, HMOEIRER H,0+ G BAETE T
%} APAP [ MRBR L] ZBE AT, SR 180 2040 % APAP P& AR G A% 10%. 5%FPWH/H,0, 14k %
JEHE 180 4r4h X APAP AR Ak H 35.6%, WAL NE A EHH FePc (Fe*)Fl H0, JEFIAF1E S
KT ISWEA N, A APAP P24 343 B iR [21]. 5%FPWH/H,0,/Vis 14 2618 180 438 J5 %t APAP [ %

fRFAIESF] 95.7%. LA LZERFI, ARSI APAP 53 WIE S &M, ESAouib7l. 8. H.0,
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Figure 7. Comparison of APAP degradation by 5%FPWH/H,0,/Vis
7. 5%FPWH/H,0,/Vis {4 4% APAP Y %fBE SCL0

RN T AL 5B%FPWH/H,0,/Vis 1 2% APAP [ B3 14 , 78 U AL & H,0, W FE . APAP
WSS — RPN FIRAHN M, g5 R 8 Fion. Ml 8(a)rl %, 7E H0, 3K E N 3 mM 414 T,
5%FPWH F& F 0.25 g/L 35N E] 2 g/L i), APAP [FIB&f#E2 N 83%Ie T+ A 95.7% LA H] 74.9%, [EfR%
I e A 7 AR 5 3 o S I 38 5 AR e 3, BefE P &2 0.5 g/l H 151 8(b) mIT %N, TEMEALTTIIRE v 0.5 g/L
ZAT T s H O W E M 2mM 3912 3 mM, APAP (1[4 fi# 2 )\ 65.5%32 T+ 2 95.7%, 4RSI H,0, Wk JE &
4 mM, APAP [JFERZF LT IEAk, UL HO, IR FEXT BT — e M, (HIAS]—EIRESE, H,0,iKME
B BRI AN K. B 8(c)rI %N, TEAHIFIKIFE MRS ], 5%FPWH ¥#KEZ N 0.5 g/L, H,0,#JE N 3 mM
iF, 24 APAP JKJEM 2.5 mg/L 3 INZ 40 mg/L, APAP B2 N4, 24 APAP IKE KT 10 mo/L J&,
P il 2 R RE, 1X 0T RS IR AR R TEPE B EH AR ECEAS DL APAP I LR AR =Rt v F B L 3%
Gr K [22] o LA DA LSLIR s B, B AV IER 2R, SLB0R H AL R B4 0.5 g/l H0, W FE R 3 mM,
APAP %75 10 mg/L.

e A
1.0-“ 1041 % o/ \
0.8 0.8 A\
J 0.6 ’ s 0.6
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Figure 8. Effect of catalyst dosage (a), H,O, concentration (b), and APAP concentration (c) over the degradation of APAP in
5% FPWH/H,0,/Vis system

8. HEALFIAE @), H,0,RE (b)F1 APAP SKE (c)XF 5% FPWHIH,0,/Vis 1k Z&PEkRE APAP BYS2H

3.3. BUEMHRSH

T IRNIRTT 5%FPWH S VES 1) A LERL, X AT 16 A A Ag e BTk, &5 3w 9 B .
Hi 9(a)mI &, 5%FPWH S& M BHIDE UG A B B350 T 414 WO4'H,0 #ll FePe. 1X—45 4% H, FePc
(5] N REWS 225 1 58 5%FPWH (12 1 FLfer 2 B2, TR 0 2 3R T2 5 B3R M s S, Mg -3
WEPE. HIE 9(b) AT N, EEAEL 5%FPWH I FHFTIE IRA2 /N T B 20 473 1) WO4-H,0 1 FePe. BT B 5T
RN, ULIARA RHEAT BE /NI SN A BEURH B R (6 AR B T IE RS 2R, At s B & B T RE S R
IEREMELRE, WS 5k RR . Fik, FePc iG] NREWS R HEE AR T - 2/ A K.
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Figure 9. Transient photocurrent response (a) and electrochemical impedance spectra (b) of WO3-H,0, FePc and
5%FPWH samples

[ 9. WO3-H,0. FePc F1 5%FPWH BYUBRZZS ¢ B 7 N 7 3 (a) FNEE. 1L 2 BRATTIE (D)

3.4. RIAIEDHT
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Figure 10. The photoluminescence spectra of WO3-H,0
and 5%FPWH samples
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Figure 11. Scavengers experiments for APAP degradation under 5%FPWH/H,0,/Vis system (a), (b)
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Figure 12. Effects of different anions (a) and pH (b) on APAP degradation performance in 5%FPWH/H,0,/Vis system
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Figure 13. Cycle degradation of APAP by 5%FPWH/H,0,/Vis system (a), XRD (b) and FT-IR (c) patterns of
5%FPWH before and after cycling
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