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Abstract: To study the effect of high-temperature flue gas on the performance of filter bags,
acid-base interaction aging tests were conducted on polyester filter media at three different
temperatures (45, 75 and 130 °C). The results revealed that polyester filter media exhibited poor
resistance to hydrolysis in high temperature acid-base coupled environments, and when subjected
to alkali followed by acid corrosion, the filter media experienced significant degradation. The
tensile breaking strength and surface peeling strength of the filter media decreased from 1 638. 8
and 143.1 to 1 100.8 and 19. 1 N, respectively, after interactive aging in alkaline and acidic
environments at 130 °C, FT-IR showed that the C—O absorption peak was weakened, indicating
that the macromolecular chain of polyethylene terephthalate was broken during hydrolysis, which
was the main reason for the occurrence of hydrolysis and performance degradation.

Key words: polyester needle felt; iron and steel industry waste gas; high temperature acid-base
interaction; mechanical properties; surface morphology; chemical structure
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Parameters of polyester filter material

Table 1
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Fig. 1 Acid-base interaction corrosion process at high temperature
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Fig. 3 Mechanical properties of filter media under different degrees of aging
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Fig.4 Surface density and breathability of filter
media under different degrees of aging

2.3 HFHEREEIEST
TE R IR IR, R R AR IR BRI IR T 34



% 6

RS RS R R A BN E B R A IRBE T 0 AT A 4T 887

WAy KA K I B AT YRR IR . A
5, & 6 43 S AN A] EALFE L R 98 R 1 Y SEM &
1G5 2 5 RS- 2 EAS . R R, AL RTET 4k
SERE ROCH , FILT4E AR R, 1 16.94 pm,
WK 5a, 18 6a T 7R ; 76 45 °C BRI W FNRR I W58
HIZUT 4 h 5, WA B £ 4 3% i AT /0 1 2 e VT4
Y AR S AREARTAHIT, 9 16.47 wm, WA Sb, &
6b T 7R 3 4R T =5 3 75 °CHi, 1 4 3 1 A8 15 0L
it D B A B SR T AR

VRV )42 R T AR, R — 2D TR K i A R | S I
Y AR SR AR BRI 76.4%, 4 12.95 um, Q1A
Sc, Bl 6¢ 7 s M EE T 5] 130 °CHY, 2R 4R 1
B R R | 2% 1T A YD, 7T B SR R AR
AR, BB A 4 B AR R R B AR 9 56.7% , R
9.61 wm, £ 4k ELARE/IN , 25 Y 5 7K 4342 fk i AR
PR/ IN , TSR 7K Al T RS I s N i R 22—
Bl 25 Vi B T, £F A /K SRR B I, £ 4 EL AR
NS ECT BRI R SR PR RE T R

E5 SEMEGRRFHREMIE
Fig. 5 SEM images showing the fiber surface morphology
(a)—P-0; (b)—P-2; (¢c)—P—4; (d)—P-6.

20
sl 1694 1647

FHFEER/ wm

6 SEMERH 4 HIXHE M FHER
Fig. 6 Fiber diameters corresponding to the four
groups of specimens in the SEM images

2.4 FT-IRS#
73R T AR ACREE T IR ) FT-IR

I T X 4 5% il £ 78 AR [R] 9 407 B ER A AN TR
5 BBE 9 0, SR ITE = IR PR B A BE T R £ 4T
WA A B BRI IR IR R AL 2E L5 TR
YR ZHR O e, —BAE LT L 7E 3 420 em™ [
PR O—H B 4 iR sl 06 76 1 718 em™ i ilr
X C=0 i i fift 4 41 2l e 7E 1 243 om ™ [} i
XTI C—O—C i 14 fif 4 4 20y Ve . 2F 4K fit 2 Ak
J& , 7E 3 420 em™ A0 WLEE B O—H H i) i 4 i sl 1
B, HBEE TR 0 T, A 46 4 2l W 20 Vi 34 i
P Y e A KA, LK gt 5ot 5 i 3 P88 1 T s
R 7E 1718 em™ H1 1243 cm™ b W82 5] C=0
HEAN C—O—C Bt (1) 1 4 B 2 W sl 55 , HLBE 25 iR
JBE B T v A 4 41 2 06 28 T U 5, 3 I SRR
FH R 0 B K 3~ W 284 752 R o Ok B8 1 v

K.



888 AR FFR(ERAHAFIR) % 45 %
128 et 1718 e 13 420 cm” 2.5 MmEHESHT
N Y X7 P_;' ANRIEACTR B B £ B 7E B IR A B

BER/%
N

(=1

T

|

|

= |

=3
-<

| ? !
Ll

s 10 15 20 25 30 35 40 45
PeFrx107/cm™
E7 AEZNEETIREIFHELIIN G
Fig. 7 FT-IR spectra of fibers of filter media
with different degrees of aging

P8 R TR W R £ BEAE BRI A
BRIREE T 10 RN 25 AR B R AR R —
PR TR P T A OV — R RN & B, E
PEIRRE T Az BV R R BN A 2, B AE AR R
BT, 7R FREE R S0 PR Bl 2 I A
Fhim , BT R £ WA R M A A PR PR BT T
B9 S I JAT M ERE 24 9 B 408 v T VR AR R
B SN (R E GBI IR T YERE S 58 2K i .

H,S0,

0
__COC O C +
o

o O H NaOH
—C-
oo Am mo

I I
gt

|

%”O

R 0 o
H H
@

(1) % 5 %8 TG A K 8 3 % DTG 2 an & 9 s
FH 1l 9a AT & HY , 4 ZH i5URF A ASigE H 22 R S5 AT 0L, A
fi it BE o> =B B 4 dHAREETE T B Be il 2k 8
R Fa , I5 7l 25~380 °C, LB BEAY I 45 Ik
B A kA B R U0 B 2 AR R IR R A
380 °CUAF , LIS [a] N AN 2 e A= A 5 T B B2 U4k
20 B OB A R 2 B Y B, TR R 380~470 °C,

W el R AR 1) T2 BB B U2 B R A T 9 Bt
P ot 4, i A S R A JF B A AR
W . K ob ] B, K E K FEAE
435.5 °CH 2k B HUR e K, AR I FE Y R
o 23R Y WA 1 2 A B, L DR (G 7 ) 2 B R
o, B AL S ERHE /N T 435.5 °CHERP AT A
) F o AR (B, HLBE 2 AR B A 3G i, 0
(BRI A 25 T R A 8 58 B A B (4 8 Y
i $APE BB AR 25 . R 28 IR BHE B — I IR T | it
PR RE AT, Ab RS B B8RS IR R A L, 7
11 B B9 2 B s e e, 7 T B B A B it DX

0 0
ofr W | o,
H,0 OH,
lj_o NaiO
>—< >—< + HO
%' 0 Na* o ~oH

O Na

E8 & HEHE
Fig. 8 Molecular chain breakage structure diagram
() —TERRIE W 5 (o) —TERRIE W .

120

470 C

100 |

80

60 -

TG/%

40+

20

0 100 200 300 400 500 600 700 800
t/°C

(b) 4355 <C
ol
~
T:: -Sr ! A/"‘/“ /
g — P-0 i LE-16
-10F - P-2 S
O . P-4 i 5-18
°© | Flis
5 -15t o A
' 1400 410 420 430 440 450360
20 i B
_25 1 1 1 1 i 1 1 1 1
0 100 200 300 400 500 600 700 800

t/C

E9 AREZNIEETIREIA AR
Fig. 9 Heat resistance of filter media under different aging levels

(a)—RERTGhZ; (b)—RHEHEADTG k.



% 6 H RS RS R R A BN E B R A IRBE T 0 AT A 4T

889

3 4 7

1) ZE AL S DB B L o W 2 5 o AR T 22 R

5 7R R B, 3O R T RO L L L

PRVERRE S R4 21 4™ K fif 2 Ak, 2 4Evi

DI R £ 4 22 6] B G 58 0 35 ki /)

2) BERUERH R EAHE LR E &R

JE B T i G R, 24 2 A i B A AR, BR B2 .

NGE 7 % 7K i 2 Ak R B 5 i A /0N, > U B T i )

130 °CH, 5652 I PR 22 A X g 2 K
3) AL ARG AR E RS , P A 2 M

IR, H2F 4 AR /N ™ SR R Rk ) T R

FE S BEIG A LA
4) FT-IR 7R, AR 1R C—O—CH#EY

i i i S 55 , AR T SR X PR W R £ ZRERY

g7 F 5 A W L W SRR R B U BE Y T o

LN
5) e L PR R A 58 %o VA 28 AR O BB BE

T AR 2 2 R0 118 532 T 5 A, 224 T 8 v I, PR T 52

LR R 2 AR BE S AR K 2R DL IR

BRAR MY 53 A B, 1 4 A AU B B Ak 8k

1145 8 DL SRR b e SRR B

SE K

[ 1] B, - r AT, 4 R Tl — () 935 e

FROEAE A B AR 7 [T ]3R5, 2022, 43(8) : 3990~
3997.
(Yang Yan-yan, Xie Dan-ping, Fu Jian-ping, et al.Pollution
characteristics and emission factors of PCDD/Fs from iron
and steel industry [ ] ]. Environmental Science,2022,43(8) :
3990-3997.)

[2] Kumar S S, Muthuselvam P, Pugalenthi V, et al.
Toxicoproteomic analysis of human lung epithelial cells
exposed to steel industry ambient particulate matter (PM)
reveals possible mechanism of PM related carcinogenesis
[J].Environmental Pollution,2018,239:483-492.

[3] Mk, BT, P, 45 FRIERERAHOR D R 5 &
LR LT ] TP E A, 2022,2022(1) :47-58.
(Liu Jing - xian, Mao Ning, Sun Xi, et al. Review of the
history, current situation and development trend of filter
materials for dust removal in China [J]. China
Environmental Protection Industry,2022,2022(1) :47-58.)

[4] Tian J Q, Li Y Q, Zhou X, et al. Overwhelming low
ammonia escape and low temperature denitration efficiency

MgAl layered
of Chemical

via MnO_x-decorated two-dimensional
double oxides [J]. Chinese Journal
Engineering,2020,28(3):1925-1934.

[5] Leng H,GaoJM,He M Y, et al.Parameter optimization on

[6]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

experimental study to reduce ammonia escape in CO 2
absorption by ammonia scrubbing [J]. Journal of Harbin
Institute of Technology,2016,23(1):75-81.

MR, A, BT . I NI [R] PR3 X SRRk K A R
SR ()], 2 SRR, 2022,22(4) :2123-2130.

(Liu Jing - xian, Tang Jia-1li, Mao Ning, et al. Influence of
temperature and time on the hydrolysis characteristics of
filter media [J].Journal of Safety and Environment, 2022,
22(4):2123-2130.)

Cai M, Zhang X, Sun B, et al. Durable mechanical properties
of unidirectional flax fiber/phenolic composites under
hydrothermal aging[J ].Composites Science and Technology,
2022,220:109264.

Yan Z F,Lian J,Li M T, et al.Deeper insight into hydrolysis
mechanisms of polyester/cotton blended fabrics for
separation by explicit solvent models [J]. International
Journal of Biological Macromolecules,2020,154:596-605.
Rostami R, Zarrebini M, Mandegari M, et al. A review on
performance of polyester fibers in alkaline and cementitious
composites environments [J]. Construction and Building
Materials,2020,241:117998.

Rostami R, Zarrebini M, Mandegari M, et al. The effect of
concrete alkalinity on behavior of reinforcing polyester and
polypropylene fibers with similar properties[J]. Cement and
Concrete Composites ,2019,97:118-124

Mamalis D, Floreani C, Bradaigh C M O. Influence of
hygrothermal ageing on the mechanical properties of
epoxy
composites[ J]. Composites Part B: Engineering,2021,225:
109281.

Kini M V, Pai D.The ageing effect on static and dynamic
of fibre
composites under marine environment-a review[ J]. Materials
Today,2021,52:689-696.

Farhan K Z, Johari M A M, Demirboga R. Evaluation of
fiber reinforced GGBFS-based
geopolymer composites in aggressive environments [J].
Construction and Building Materials,2022,345:128339.
Pan Y, Yan D. Study on the durability of GFRP bars and
carbon/glass hybrid fiber reinforced polymer (HFRP) bars

unidirectional carbon fibre reinforced powder

mechanical properties reinforced  polymer

properties of  steel

aged in alkaline solution [J]. Composite Structures, 2020,
261(12):113285.

Jia H C, Chen H X, Sheng Y P, et al. Effect of laboratory
aging on the stiffness and fatigue cracking of asphalt
mixture containing bamboo fiber [J]. Journal of Cleaner
Production,2022,333:130120.

Jesthi D K, Nayak R K.Evaluation of mechanical properties
and morphology of seawater aged carbon and glass fiber
reinforced polymer hybrid composites [ J]. Composites Part
B,2019,174:106980.

Carra G, Carvelli V. Ageing of pultruded glass fibre
reinforced polymer composites exposed to combined
environmental agents[J]. Composite Structures, 2014, 108
1019-1026.

Huang W Z, Zhang B, Abeer A, et al. Effects of alkali
solution on the durability of sewing thread made of modified
polyphenylene sulfide and polytetrafluoroethylene [J].

Textile Research Journal ,2021,91(7/8) : 778-789.



