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Photothermal catalytic degradation of methylene blue in
culture solution by Prussian blue
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(1 College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
2 Ningbo Institute of Materials Technology & Engineering, Chinese Academy of Sciences,
Ningbo 315000, China)

Abstract: [Object] To explore the promoting action of photothermal conversion effect of submicron Prussian
blue (smPB) on its photo-Fenton catalytic degradation of methylene blue (MB) pollutants. [ Method] Using
sodium ferrocyanide and polyethylenimine (PEI) as main materials, smPB with photothermal and photo-Fenton-
catalytic degradation was prepared by hydrothermal slow crystallization method using amino groups on PEI
chain to control the process of PB crystallization. The structure and morphology of smPB were characterized by
SEM, TEM, FTIR, UV-vis and XRD. The photothermal conversion effect of smPB in aqueous solution was

tested by sunlight from the solar simulator. The catalytic degradation efficiencies of smPB Fenton, photo-Fenton
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and photothermal-Fenton were tested under different catalytic conditions. [Result] The results showed that the

photothermal conversion rate of smPB was about 90%. The temperature of 100 mL aqueous solution containing

20 mg smPB increased by about 8.8 C at the condition of sunlight power irradiation for 1 h. Under the

photothermal condition, the degradation rate was more than 99% within 40 min when 100 mL MB(p=20 mg/L)

was degraded by 20 mg smPB in photothermal-Fenton catalysis. [ Conclusion] The preparation method of

smPB is simple and has many functions such as photothermal conversion, photo-Fenton and Fenton. The

catalytic degradation efficiency of smPB photothermal-Fenton is greatly improved compared with Fenton or

photo-Fenton, and the photothermal effect has a promoting effect on photo-Fenton.

Key words: Aquaculture wastewater; Photothermal catalysis; Degradation; Prussian blue; Methylene blue

WF H 2§ (Methylene blue, MB) Ji& 1 B2 25 [
PRLERUEY . fERKBERFFET, MB X K%
T~ ZLWE T« /N T HU S5 3 K AR DL % 0 A
U () TR ARG 9T RS (H Bl A el TR TR AT
PR & g, A T & A K E MBI IR 5E R
K, TR BE ) MBI B A — e M, X E
SR IR N A4 Ak e 3514 7™ B 1 52 e B, R b xof 7
FE R K H H MB #EAT A A B B AT 0 N H
W&+ ¥ (Prussian blue, PB) & — F AL K &9,
JETENIEEES &R O WA ZS5PRERAL
g K AN BC A 2 O AR R B % B R . B A
P HE 28 25 44 1t A A RHO T R S R R R
T AH AR Bk I 2 FhOAS [F] A0 25 Fe' AT Fe™, 3F H.
5H—CN—— B E A YLE R . 2 Fe'/H,0, iR
& Ja R I, Fe" 1] DAL H,0, 43 i, 7= A8 S AL 1
BRI R H A (¢OH), " HLIT G2tk
Ao fR, R Fe' % A8 i Fe'', [A Ik 25 i
(Fenton) f# 44 % fiff il Jy — B v6 B 20 858 1 v 2007
w5 E R R, Fe'"' B SR (Photo-
Fenton) f# 1k R, Fe"'/H,0, IR & & & # 6 [
SEIE, Fe'" 786 0 1E H F i 4K H,0, 53 i 7= A
«OH, X ¥5 WA AL B g AR, I B Fe™" #%
R Fe'™ . PB ZH ot &= HE & Fe'' il Fe', 4
PB/H,0, & & %2 2GR4T J5, PB 1 () Fe''/H,0,
KAESFWL Fe'"'/ HyO, KGR, %0 12 Hh 1Y
2 PR S N A A, i Fe' 5 Fe" M ELIE A i 4k,
AR T «OH 7= 4, & m 7 A Bl G 11 B i i
S0

FE A B i R oGk Rk, T RS M
ARNESTE R . BERETT DLAE i B i 2, (HA0
A5 HIETR 2% B AR TR, AR T T RR SR K
JE o 38 AL AL R 6 RN St i 3t 1 A B i 2
SR — R EZE TR 7N PB MRS R A
HUHE B 25 W 72 30T 2141 X 380 25 R e, iz

AR ROR . Fang %" B 5L KW, 2%
18 48 L B ST 7 R T PB DG S AL 3R 4 B
73.9% . T iR ORI FH K BH R, R Ak 21 77 58 1 W
H MB X WG G, AR SO 4 O ROR RS 28
BRI &+ ¥ (Submicron Prussian blue, smPB), Jf
X smPB HHAT T iR ALERE IO 70, DAHIE—25
PE 7T Y1 B s 2 K B e B R 2%, (RN
LRI H 1
1 MRS
1.1 8

AR BN 30% 1) HyO, W 2R (HCL)
R ORI NE (PEL) X1y W4, Wy 5 b [ 24 48 [
e RFE R A A (P E, L), HKETSFRL
Bl [NayFe(CN)g- 10H,0) 1 H iR+ T A AL RH
B IRA R (HE, B, a2kl —5
aifbfl B . FH BT BB (SEM) 1E Hitachi
S4800 {1 &% EMHA (77 B H A LR RIFAHR L
BW&EARAR, P E, Lifg); B HET2ME
(TEM) 7E FEI Tecnai F20 1 &% ENK (77 H 92 E; 4t
M :FEI & HMKRAA, #E, FH); XRD
7t BRUKER D8 ADVANCE X & T4 4% 1l 5
" BAEE RN A S R R AR, hE, b
310), 20 TN 5°~50°; ZLAMGIEE Thermo NICOLET
6700 ZLAMGIEAC BN (7 B 26 [ AERIR: FEER K
HRBHE A R A A, F &, Jb50), WTEHE 4 000~
400 cm ', KBr J % BEF L L IR 7E Bruker
A300 it (77 B AR HERL RS A0 B e BHECA TR
], HE, JbRl) WH R E MO ELE TU-
1810 ik (7= B A s BERL R - 730 38 07 AN 3 1%
HAWRAR, i, TN AT WG A
LAMBDA 950 il (7 F 3 s LR R - 31835 K
AR AR~ A], E, Fi#g); KA SAN-



44 HaEg L K224 (hitp://xuebao.scau.edu.cn/zr/hnny_zr/ch/index.aspx)

43 %

EIELECTRIC LS (77 B H A R : B %
HAWRAF, HHE, Lx).
1.2 TRHKRTHRFEEE LT ENHE

KK G 18 45 di i) £ smPB. £ il % 21
T, BREX 0.3 g () NayFe(CN),- 10H,0 W& f#fE 100 mL
ZE K B, VSRR 0.1 g IR 406 W%
(Polyethylenimine, PEL, #HXJ 73 ¥ i =41 000), $i
F£ 10 min J5, AW ETE I 6 mL IR ERFR (AR5
BN 5%); 4, 1F 60 C iR a8 BNk 6 hs SRS,
87 2025 il e B WSCER DTUE D, I 53 KR
IR (AR HON 50%) B T I )a, 72 60 C
() LA HEAE TR 4 he
1.3 xREFLRE

I 20 mg [ smPB % T 100 mL 17 %5 77K
o BB AE R FHGELALES R, A 1 AN KB )
R BT 1 h BRESS, BEB% 2 min 05k 1 AR
IR . smPB 7E 200~2 500 nm 3 K 76 Bl Y )0 e
WRE () HE AR WF:

~ ZAiﬂi
Z i

W, A; RRFFE WK T RIBOLER, %; n, RNFEE
WK FRIBER: i =200 ~ 2500
1.4 3. SEFWLAR AT LRI

B 20 mg 1 smPB & T 100 mL ] MB & X
(p=20 mg/L) #, M F i+ 30 min, {f smPB 1A E
WG B VR RO P AT o S5 0 A A0 B AR T, Tl R N
1 mL ) H,0, W (T & 75 8N 30%), & k&
5 min HUH 4 mL 338, & MB 3R B 6o B b
B A B, g A R BT 38 N 2R K 16 BUE B Af
TRFFVE W 26 C 1H &, 75 1 AN KFHE T R I
SR, mfE RPN 1 mL # H,O, &, &8

n x 100%,

5 min B 4 mL 3, D& MB WK BE s D B i
PO B T, Rk RE T RBHGE A N, H 1A
KBHG ) Dy ZE M 55, SR 5 R R i N 1 mL 1)
H,0, /& W, 5 min BUH 4 mL % W, Wl &
MB ¥ & .

MB & B2 & 7 7% D= A, B el 0. 0.1,
0.2.0.4.0.8.1.0.5.0.10.0.15.0.20.0.25.0-
30.0 mg/L ] MB ¥, 73 Al#E TU-1810 Ll &
MB A~ [ o7 8 FE IO BE, I ARG BE R AL Fr,
MB 5 594 5 A AR AR 2 1 bR 1 H 2R o 8 1h B i
MB i, /£ TU-1810 Ll & H MB 26
AR E 2R3 B MB SER iR . MB KRR
K (E) %R A5

E=""%100%,
Lo

K, po RARVIUE MB IR E, p, Kon t BT Z
MB i =K, mg/L.

KAl — 2 s B 287 B0 MB R A S Bt
TR R BB 73 5 A7 o3 #r, D — esh 1w A X
LUIE

Cy = Coet™,

KA, C, AR ¢ B MB il &R EE, Cy NP
45 MB Jl SR E, mg L5 k P8 — 2 Bl 55
2, min'; ¢ AKFA], min.

2 RS0

2.1 FERSRAE

R HE SCHR AR I ) A B Fey[Fe(CN)gl5 ML 5
PRTYORL 1R 7321, 191 5 ) 8 I PELL 7E PEI %% L
M2 FIE R R, 360 PB 145 & i 72 T
smPB #L 1. W& 1a s, smPB KL H 4% ¥ [H
£ 200~300 nm . [8], TES . RSP RN —.

1 T#kEet%a SEM E (a), TEM & (b) FITTESTE (o)

Fig.1 SEM image (a), TEM image (b) and element distribution map (c) of submicron Prussian blue
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Fig. 7 EPR spectra of submicron Prussian blue
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