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Preparation and Photocatalytic Properties of Nano TiO./Polyfurfural Composites

ZHANG Liying, LIU Zehua, WANG Xiaoyong, WANG Huowang
(State Key Laboratory of Bio-Based Fiber Materials, Tianjin Key Laboratory of Pulp and Paper, China Light Industry Key Laboratory of
Papermaking and Biorefinery, China Textile Industry Key Laboratory of High-Performance Fibers Wet-Laid Nonwoven Materials,
Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract : Using furfural as a raw material, polyfurfural was synthesized via self-condensation under acidic conditions. A
nano-TiOz/polyfurfural composite was obtained by physically grinding and mixing polyfurfural with nano-TiO2. The photocatalytic
degradation performance of the composite was evaluated using methylene blue aqueous solution as a model dye wastewater. The results
indicated that after 30 minutes of dark reaction and 90 minutes of xenon lamp irradiation, 50 mg of the nano TiO2/polyfurfural composite
achieved a degradation rate of 83.60% for methylene blue at an initial concentration of 20 mg/L. Under visible light irradiation for 90
minutes following 30 minutes of dark reaction, the degradation rate reached 63.26% under the same conditions, whereas pure nano TiO2
only achieved a degradation rate of 12.71%. The conjugated unsaturated bonds formed after the polymerization of furfural impart
semiconductor properties to the polymer. When compounded and modified with nano TiOz, it addresses the constraints on photocatalytic
performance caused by the wide band gap, low utilization of visible light, and high recombination rate of photogenerated electron-hole
pairs in nano TiO2, thereby enhancing the catalytic activity of nano TiOz.

Key words: polyfurfural; nano TiOz; methylene blue; photocatalytic degradation
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Fig. 1 FTIR spectra of polyfurfural,nano TiO2/polyfurfural
and nano TiO2
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Fig.2 ' H NMR spectrum of polyfurfural
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B, H M 3 B
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Fig. 3 Reaction formula for the self condensation of
furfural to produce polyfurfural
2.3 UV-vis ER 94k
AR TiOz FIghK TiOo FMREER] UV-vis i &l n
K4 Fior.

4 oK TiO/ BRAREEFILNAK TiO2 B UV-vis F i
Fig. 4 UV-vis spectra of nano TiO2/polyfurfural and nano
TiO2
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Fig. 5 The bandgap of nano TiO2/Polyfurfural and nano
TiO2
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Fig. 6 SEM images of polyfurfural, nano TiO2 and nano
TiO2/polyfurfural
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Z5 R 7R, Diov Dso Al Deo 73109 1.31, 17.81. 70.47
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REAAAE— R ARSI, X EZEIFE T M
TR FEVN BRI BT LI BB 257, 4K TiO, MUK
W= S BIR, R VEIESY, BA
BB, PR Ty B TR A 2 R
MK E G . 4a HARIES R, "k 1B

REXFARIM I G A5, R ERLIE 144
K TiO BRI ECH B, i 172 R ER,
REIRTE T 9K TiOo FERREE (RIS 1L

7 4K TiO/ BRARBERVRLIZ 73 T
Fig. 7 Particle size distribution of nhano TiO2/polyfurfural

2.6 SetEfLERE
2.6.1 RAELIERMIE PR ER LN F

A RTTK Tio, SRR R ELL, RGN0t
7 50 mg RFEIE A HFI(2:1. 1:1. 1:1.5. 1:2)fgK
TiO/ SRR 55 AP RL AT B SROBE % (0: 1) £E MG [ M. 30
min. T ISR 90 min 2544 % 20 mg/L MB R
JCHEALFEMEERE, SCIRLE R NIE 8 Fr.

8 TREIR ALK TiO/RAREEAN S L IERE MB 2L
Fig. 8 Photocatalytic degradation efficiency of nano
TiO2/polyfurfural with different mixing ratios
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P, X MB [R5 BR R MKy 44.15% . 62.34%.



-6.

83.60%Fl1 71.18%; 44Nk TiO, 5 FMERE 0 5 & LN
1:1.5 i, SEMERIH &R MBEFEERE, X5
KT iZ LB R FI4K TiOo FMERE = &M R 7%
AR TR BEEITESE. AT HRREL, 5
S TR AR TiO, SRR i LN L15 I E A
PARMR T FE R AL 1) S 1t BE AL AL S S

K H Langmuir-Hinshelwood 3l /] 2455 R %} A [7]
R LK TiO/ MRS 2 A4 R B 1L % fif MB
SRR AR R )T LA 0T, SRR ATH
HERRBITFE N — BB J15FFE . A A &= L
YK TiO/ RAREEI ML B AR MB BEARS) 1% 1% k
Wl 9 FioR. BOMUROBR I R VLE Z H L k v 0.0052
min, 9K TiO, 5 R & L7 2:1. 11,
1:15 F1 1.2 B, HERMHEZEEE k KK 0.0056
mint, 0.0091 mint. 0.0138 min 1 0.0095 mint, }
H1:1.5 EAMRI k B&m TIHAR IR R, x—
BB B T Ak TiO, 5 TR I B L
9 1:1.5 i BA st S e A

(a) FEfizl 152k (b) k %k
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Fig. 9 Photocatalytic degradation Kinetics curve and k of
MB for nano TiO2/polyfurfural with different mixing ratios
I I T YR A 5 AN G SR A A AT I
JERR & F, TR RGTAE 50 mg 44K Tio,
AIZK TiOo/ SEMERE E S M BLAF 20 mg/L MB ¥ 1)
JefEACRERRVERE, 253 nIE 10 Fros. £ 30 min [
KBB4k TiOo Xt MB (1 Bt 2 m] 2B A i,
TAAK TiO S U 230 B 2 R P 38R . A
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SR L FH T T

ARMELEE R

[E 10 AIOLESEHELLT MB RIFERRRIZ
Fig. 10 Degradation curve of MB under visible light
photocatalysis
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Fig. 11 Degradation Kinetics curve and k of visible light
photocatalytic degradation of MB
WA SCE R 5 A SCIRIRIE 10 2 & 44 BHE 7T 0L
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Tab. 1 Comparison with other visible light photocatalytic
degradation of MB
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Ak TiO, 4K TIO TS 393 A%
Zno ZnO@G-50 (E & A SIGaKA) 202 Cik[24]
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TiO, TiO/PTFE fiit 157  3CHk[26]

TiO, 1ZnSNIfTiO.(Bheh. S E) 294  CHR[27]
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Fig. 12 Effect of initial mass concentration of MB on
photocatalytic performance
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Fig. 13 Effect of catalyst dosage on photocatalytic
performance
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Fig. 14 Effect of pH on photocatalytic performance
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Fig. 15 Effect of the number of catalyst cycles on the
degradation rate
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