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Prepar ation of polyurethane loadedd binary oxides composite
nanofibrous membranes and their oxidation for formaldehyde
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Abstract: Titania (TiO,) and y type manganese dioxide (y-MnQ,) were prepared by sol-gel and hydrothermal
techniques, respectively. Polyurethane (TPU) composite nanofiberous membranes with different doping
amount of TiO, and y-MnO, by electrospinning using TiO,, y-MnO, and thermoplastic polyurethane (TPU)
as solute and N,N-dimethylformamide as solvent. The composite nanofiberous membranes were used to
oxidize formaldehyde when the air was filtered. The morphology, structure and oxidation performance of
composite fiber membranes were characterized by SEM, TEM, XRD, physical adsorption and desorption
instrument, FTIR and UV-Vis. The results demonstrated that the composite nanofiberous membrane
containing 8% (mass fraction) TiO, and y-MnQO, nanoparticles had the best oxidation activity at 40 °C, and
the formaldehyde conversion reached about 90%. The oxidation of formaldehyde could be efficiently
catalyzed by a composite nanofiberous membrane loaded a little amount of oxides under low temperature
air filtration.
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Fig. 1 Schematic diagram (a) and device diagram (b) of air
purification of formaldehyde




E R

FIEEHL, 4% MR 08— In A S & 2F 4R A0 ) 45 ST B A SRR PR <97

1.5.2  F 44 4F Y At W BRI ik BAL AR R

AR T A £ 2 T I ) SR AR LR, HE
PREF YRS DEME T, FUE A Mo il s L 25, 5
MEFRYE GB/T 15516—1995 #EAT TIRWIA R T A
JEHREHR] . R AR AL AR R
5150 MR B . AR A TM/TPU-8%4T 4 i
BHT 500 mL B =8Eeb . mbamHiEA
5mL 0.1 mg/L AYH WKW, 2EBBRICTE, Ikl
W oE e K, TRl i R MU LT RESRE ) s g e
0. 10, 20, 30, 40 °C. &ANFEHE)E, A
=HBEH TP EAE MK S0 mL, #E 30 min )5,
HEGDE WA ROR P A . PR 08 imA 2
mL FCHI4F 1 CBE B WS #250, E T 60 °CHEIR
KU FEE 20 min, REE TSR0 0T LA B
THE 414 nm KR WOERE , HKHE 2 BN A 43560
JE AT B R AR U B e R TR AT IOk
WERFE] Y TiO,. y-MnO, il TM/TPU-8%ZT 4k JiE 43 1]
0N TiO,-Y. y-MnO,-Y Hl TM/TPU-8%-Y, Hrh v
FpCRARE] (A R,

1.5.3 B4 4F e L e 1A 2R A ST M AR ) 5K,

FPBEAR TR A 1.5.1 7 R SRR &k 5 1
S, B 0.4 g, 16 cm?® ) TM/TPU-8%ZT 4k it
B TR —uw, MUK R, 78 40 CRYFREE
HELER N 10 R, FIRIEH 5 he BRRSEE5E UG 1]
BEMR T ED BT A S I AR . AR A R AR
SR A SN IS FR R A o e vk B O A LR

2 HREWE

2.1 RIS
2.1.1 FHHHoM

AN[A] TiO, Fil p-MnO, 824 it & & £F 4E 1Y) SEM
EPE 2 s, miE 2 a] WE 3 2 4 JE ik 2238 X
BRIR, FREAIXS OGN . TM/TPU-0, TM/TPU-3%.
TM/TPU-5% 5 TM/TPU-8%ZT 4k JIi v 2T 4k 145 43 A
BYgE), KRZ)°h 290 nm; {H>4 TiO, #1 y-MnO, Y 1
HEWING, TM/TPU-10%E &4 4prh B3 17 8
R EREREE R, ATREZEH T TiO, il p-MnO, #8444t
Hy G I FAELF e N R AR R, S8 eF 4
AL, SRR ST RE TR,

AN[A] TiO, Fil p-MnO, 872 i 52 G £ 4E 1) TEM
I 3 fir. fIE 3 AT%, TiO, il p-MnO, (#5244
HRET, KA TEA G N B4, (BHE
TiO, Fl p-MnO, $8 4% &2 1Y% A5 BE N, KL 1 75 21 4 DY
PRI, T2 AR, ARy, Hit,
TiO, Al p-MnO, A5 A4 Xt & & £F 2 it % F s 1
BOCRSEMEE K, B4t D, AR B BEAR A BRI ;
Bt L, NAMHAESENHE, ST EL
J N B AT o

a—0; b—3%; ¢c—5%; d—8%; e—10%
Kl 2 A TiO, Hil p-MnO, B2 i S 24 SEM K]
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Fig. 3 TEM images of composite nanofibrous membranes
with different doping amount of TiO, and y-MnO,
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Fig. 4 XRD images of TiO,, y-MnO, and TM/TPU-8%
composite nanofibrous membrane
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Table 1 Performance of composite nanofibrous membranes with different doping amount of TiO, and »~MnO, filtration and
removal formaldehyde after 2 h under visible light irradiation
i P EL vk [BF By BE e AL 2R /%,
TiOy. yMnOy i S iy S R J2 L B R I UERICR /%
(ng/m’)  (pg/m’)  (mg/m’)  (ugm’)  (pg/m’)  (mg/m’) - 5
0 45.60 32.46 46.14 2.00 0.013 0.005 0.07 99.96 99.99 96.5
3 44.02 32.46 46.14 2.00 0.016 0.009 0.06 99.95 99.98 97.0
5 45.21 32.46 46.14 2.00 0.019 0.014 0.04 99.94 99.97 98.0
8 46.09 32.46 46.14 2.00 0.016 0.009 0.02 99.95 99.98 99.0
10 46.77 32.46 46.14 2.00 0.019 0.014 0.05 99.94 99.97 97.5

TE 2 UBROE Yo=(1- 1 N5 BT ik 4 /S O T B R ) <100,

2 1 /%0, AE Tio, fil p-MnO, B4 EAE
B £ Y FE G U 4 ) 2 ECR YIR B 99.9% L I
i UERH 1R 45 Pa ZiAy, HATA ERRXTE N EE
R AR T 8x10°° g/L Y BRI TM/TPU-8%
82 A L A PR R B O e R B e, i — 2B B
TiO, Fll p-MnO, Y574 i, i IERCRA W55 T et
B, AEEE T TiO, Al p-MnO, 76 4T 4k i v A 58
SECGR LB ZE WS T B AL YA i uE T RE
L, 8% 4 N E+
23 ESFHEREBERIRALERTEN

AN TR AT UL S RESRF B (B] L s IR EE R, TiO, .
7-MnO, } TM/TPU-8%% 1 £F 2 JEEXT H i e A 3 1)
R 7 B .

TiO, 7E A WOE S5 P AE AL S . Rk, 4o%hg
ARIE R A, 2 3 EE 2R TS 0, Al H,0
Fee RAEAER, AR R HA i e ) R A
MMEETAREEZ, EBARK LR,
St HR A [) 79 S e R 3 B ) T i i TiO, 32 T AN W A=
A3, PR T XHEAFER—OH MG M & W Fh i b
7t o IR} X2 1A A2 7 p-MnO, ¥ 55 2 1056 A 115 ik
F| TiO, M4 |, ff TiO, 5 y-MnO, Z [A] (1) P [F] fiE
HEVE ISR, HEsh T N RS T .
24 EEFEBEMNBERTEEERE

TM/TPU-8% % 5 £ 4 i 1 38 Ko 25 B W T 1) 70
et mE 8 frn.

100
100 90 r .___'___.___._““'———0-——0———0———0———0
—TiO,-3 —o TM/TPU-8%-2 80 L
NOF « 5 Mn0O,3  —+ TM/TPU-8%-3 . ob
80—« TM/TPU-8%-1 N
e 70t M 60}
= 2
M 601 ¥ 50
S 50t # 40r
& B 30}
@40
B 30} 20
20 10 -
10 [ 0 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11
0—5 0 5 10 15 20 25 30 35 40 45 i R BAR
TREE/ °C Kl 8 TM/TPU-8%%K A £ 4 iz i 25 ik FH I i 1 1 Ak
7 R[EW] LSRR GET ] R TR TiO, . p-MnO, & TM/ EMERE

TPU-8%Z & £1 e /I A AL HY S B A0
Oxidation efficiency of formaldehyde by TiO,,
y-MnO, and TM/TPU-8% composite nanofibrous
membrane at different time and temperature under
visible light irradiation

HRA SCHRZR B TiO, 76 S84 F A e 1Y)
AL ERES! H i 7 AT, BA—1 TiO, 5 y-MnO,,
FE AT UG 21 R AL R AR SR 5 22 IR Bl 40 °C
i, FEEELAL RN 14%H1 27%. p-MnO, BEMZ I AT
OGP RV P A SHE T, JRE AN LAY
HL - BRI 2] TiO, iS4l L ff e T TiO, Toik
WeRT WOE BTSN AT, S B EAYH
FHIKEKGT 2 5 L R IEMEAER R E, i

Fig. 7

Fig. 8 Cyclic stability of filtration and removal formaldehyde
by TM/TPU-8% composite nanofibrous membrane
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