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Preparation and performance of modified SiO, gel coating filter material

LI Qing, QIAN Fuping , XUE Zhiyi , DONG Wei , HAN Yunlong, LU Jinli
(School of Architecture and Civil Engineering, Anhui University of Technology, Ma’ anshan 243032, China)

Abstract: In this paper, from the perspective of surface modification of filter material, how to improve its stability

in high humidity environment has been studied. Using polyethylene terephthalate (PET) filter material as the sub-

strate, ethyl orthosilicate (TEOS) as the precursor, and methyltriethoxysilane (MTES) as the low surface energy sub-

stance, the sol-gel method was used to generate in-situ on the surface of the filter material SiO, nanoparticles to pre-

pare modified SiO, gel-coated filter material. Then, FESEM-EDS, FTIR and a contact angle measuring instrument

were used to analyze the changes in the surface chemical composition, wettability and surface morphology of the

PET filter material. The results show that SiO, nanoparticles are formed on the surface after finishing, and the sur-

face is covered with hydrophobic methyl groups after MTES modification treatment. Thus, its hydrophobic prop-

erty is significantly improved, and its surface water contact angle reaches 154.11°. At the same time, the SiO,

particles are evenly distributed on the surface, and the gel polymer is only deposited at the intersection of the fibers,

which ensures air permeability, and the filtration efficiency increases from 97.0595% to 99.2028%, and the filtration

quality factor increases by 30%, from 0.02124 to 0.02761.

Keywords: polyethylene terephthalate (PET) fiber filter; superhydrophobic property; filter performance; high

wet viscosity particles; sol-gel method
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iz £ W5 (TEOS) Ak, HA RIFHEHENRZ .
ERFE R T &R, U A B
I FL 3 5 NI A FE 0, wu 0 %k
Jie-BE ek, DL TEOS i 9kAA , il 45 1 M B K |
B H ) 2= R A IR R o TR T AR DL
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T 3 A M - I T il 2% T B K Si0, R BENK . Latthe
UM LR T T B K 1 Si0, 98 K Uk 2 BT
Cobe i B T, BSR4 B
KPES H IS ARE J1 . YangE 7R fit 4 e 1A F A
AELE A R, A5 2] —Fh FH T30 7K 43 25 0% i
KARAELUE AR, PG AR AU B B A5
KM o

EXLETEMR AT, &I —FME RS

Jr R VR TC R . 2 [ A K TR 2 R R
AR SCR U I -BE vk, FES BB L B ARELE
AR AR R OR W R L B
fiss (PET) 8 A6k ) 3% 17 i 57 2 1 0 40 oK &5 #4 SiO,,
W2 2 E R R MTES X 98 2 i ik 17115
T BB, FAF TR A K IER, R T HER
K BERE Bt A, TEOS 5 MTES A [A] it b %t i
KYERERYFE IR, 43 M T 32 HL5 PET 8K 10 19 1k
SRR . K VG B ik 8 e AF 1 AR AL A

1 LMBEAE
1.1 E#e

Jo/K S BE (EtOH), Zrtral, W H b i 58
0% A8 A B A PR A 7], NH3-H,0(25%~28%) . 1E
RERZ . 1iF (TEOS), H 3 = Z A 3 ik b (MTES), ¥
F oA, W R RL T A AR B B A BR A
Al , FLIEFF (OP-10), Zr#rad, Wy H KHETH Sk s
ETHBRAR, KETFKRNLEEAH, BXHK
TR & RS (PET) 38 B R V195 28 J5 D 4% 1 0y
ARA R BEHE, 0 E BT R 550 g/m®, R
A 0.436 mm,
1.2 KIEHZE

¥ H EtOH X PET U8 Bl #i 75 75 ¥k 20 min, X
JEHEBEFAREERZIER R ZE Y, 60C HET
Ja e H .o

¥ 100 mL EtOH F1 50 mL 2= 8 77K IR &, A
1 g OP-10, {#i /] NH,-H,O 5 %5 1R & A W pHE &
9~10, K iE Ukt 1Y PET JERHE A LRIB AW,
K FHAE R WO 2, L 13 /s 1Y R % i TEOS,
£ 40°C FiELLHEDEFE N 3 h, i Si0, 44 K kL F
78R JFAL A . L 0.5 /s AR B AE bk
R R N MTES, 75 40°C R 444 3h, Bl
e, KB FKPEE, 60°C IR E T T /% 30 min.
TEOS. MTES FCL U5 1 frs .

®1 REMME S0, BAMEREIR ZEE (TEOS), RE=Z \EREL (MTES) ALt
Table 1 Ratio of ethyl orthosilicate (TEOS) and methyltriethoxysilane (MTES) of different modified SiO, gels

Test number RO R1 R2 R3 R5 R6 R7 R8 R9
TEOS/mol 0 0.022 0.064 0.072 0.064 0.072 0.022 0.064 0.072
MTES/mol 0 0.042 0.064 0.058 0.058 0.042 0.058 0.042 0.064

1.3 MiX5RAE
% F§ NANO SEM430 #1137 & 5f 14 v, 7 o 1B
Jic 45 RE 3% {Y. (FESEM-EDS) it £ (3 E FEI 2% 7)) X%

PHT S 1Y PET U8 R 7 R WE 5 3 s AL
Nicolet6700 7! e H - 75 46 21 70 5 3% A (36 [ e &
J145F)) K FRET S PET U8 Rk 10 4k 24 5k A VR 47 4y
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HHOR . g IR A s
Ap=p>—pi (1)
Kb Ap uEpt iyt s Ty (Pa); py Ry it BE AL K}
9 1E THT BT 52 30 AR 1 5 (Pa); py A ad BB R 75
Tl T 32 i 1A 1 5 (Pa).

1 % BH 7 Bt Ao D8 A5 A G i s, E R
Rl 0T R Q RPN DRRL A S DR R R, Q fHBRK,
ER} B RE W A2 e A 1 A R e 8 B ) i 20K,
Ik D8 B R B Q TR A R R
Q=-In(1-n)/Ap (2)
e Q Uk ki ik i BT K AL (Pa™); n A Bk
3t IR AR (%)

2 #R5ie
2.1 4K Sio, I FHI & X

LL TEOS M i 9K 14, >k H Stober % il 5 SiO,
Kok 7o 8 A pH K R IR B R 4
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Si0, Wik: i KD, ToikME 9k Sio, 4 Bk
FRYA RIS . 24 MTESH it £ ), MTES /K f#
B F= e ke A Ae A OB, B2 —CH I HERSCR -
2.3 PETERIHIRMAM R
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e, F 4 v R B 0.2085 g 2 . BiK AL
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SEAUTARYY, e IO B B R 3 o 3 1
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MTES/TEOS 4 1 B4 FRJS ) PET 3K} (R2) 54
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Ab R Si—CHj F — CHj 1Y % FR 728 3k 3 W i i
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Fig.1 Schematic diagram of TEOS hydrolysis condensation reaction in alkaline environment
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Fig.2 Contact angle on the filter surface when MTES/TEOS

changes under fixed MTES concentration
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Fig.4 SEM images of fiber filter with different modifier addition amounts (R0O~R9)
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Fig.5 FTIR spectra of filter material before and after modification
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Fig.6 EDS images of modified filter material surface

2 MEREMRATETERE
Table 2 Content of main elements on the surface of
modified filter material

Element C (0] Si

Content/wt% 82.05 16.71 1.24

®3 WEATREERHE RN
Table 3 Change of filter performance before
and after modification

Untreated PET filter material R2

Filtration efficiency/% 97.0595 99.2028
Filter resistance/Pa 166 175
Quality factor 0.02124 0.02761

(1) 4 SEM, EDS 4347 : SiO, 44 K iki 1 5] 4
RFEUE R R, FELF4EE R R DU, T s gl
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Fig.7 Contact angle of filter changes with abrasion cycles
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Fig.8 Contact angle of filter changes with different pH values
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