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In this study, the influence of hydrogen chloride (HCI) gas and water vapor contained in HC1 gas on the chemical
and mechanical properties of polyphenylene sulfide (PPS) filter media at a high-temperature of 200°C were investigated.
Exposures to HCI gas, with or without water vapor, hardly changed the elemental composition and elemental ratios of
the PPS fibers, nor induced any chemical structural changes. In contrast, the crystallinity of PPS fibers slightly increased
by exposure to HCl gas, whereas this increase in the crystallinity was suppressed in the presence of water vapor.
Consequently, PPS filter media exposed to HCI gas provided consistently lower elastic modulus and tensile strength
than those exposed to HCIl gas with water vapor. These results indicate that PPS filter media exhibit a high chemical
durability against HCI gas and that with water vapor at high temperature, and that which is comparable to against inert

gas atmospheres.

Keywords: Hydrogen Chloride gas, Polyphenylene sulfide, Bag-filter media, Mechanical property, Crystallinity.

il

1. #

KEFGRZB LT 5 720121%, Tz o sh
BEENAED ZEGHET AT LA ZSE - B
TRUENHD LD, ELAEBOMEHIARKT
Hbho WTTANY VAT NIZ, AAi &IN5 A KA
rHOCH T 5HZT ) XA BELAKBETH S,
DY AT 2 1E 100~200°C & W2 WEIE W i 6 PR ¢ i
WHET, NOx, SOx, Cl, 2 L OB AN A2 E&LEETT
DRELTCEETELZ N0, BOEEz2AT 5
FKUAREE LUK SINTWAS[1,2, $72, HA
IKEGHT A2 & THET A oli#EEBREL, ¥4+ F
VUHOAEREWRHITE LI ERS, FAFF T UHED
FERFEANTH D THBEHMIC BT, JFICNT T 4
WEYATADS o &b —BIIZHEAH SN TV 5[3-6]0

ENT7 7405 ELTHoBAHWLENTWS
A2HELT, BV 7xz=L 47574 F (PPS) #llg%
MAHEIL L CERL S 7 PPS WA SHIT BB o A—/%—

By R T AR5 2025 AR BEARMIARZRSE R &, 2025 4E5 H21 H, 774 L
A Mit, BP HZH
JE RS REERAERE S BT RB AR ZERE (L L7 a7 &
(F 739-8527 i S WL HUL S i 10 1-4-1)
Chemical Engineering Program, Graduate School of Advanced
Science and Engineering, Hiroshima University
(1-4-1 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8527, Japan)
* Corresponding Author  kfukui@hiroshima-u.ac.jp

Vol. 63 No. 3 (2026)

IV TY YT TITAF Y 2 ThbHPPS BRI, i 2
PE, WEESPEICER, I AT A= VAL, O
D7z, PPSBHIEE 7 4 5 —CTufb L& FHI BB
B, ETERA, MLz % EOMRIE WA Tl ST
W79 LA L, Sk FEkiE Tk 2 7z PPS HAH
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Fig.1 Schematic diagram of the experimental set-up

DO—FiTH D HCl AL X ORIFIRELAIEINL S
ED% v, LA L, HCIKEIZH S % PPS A 4i Diiif
P T 285 1EH 25 DOD[19], TS T AT HE
IREREE T C PPS A K OHIIZ G 2 B 58I 141213
LM ENTW ARV, Z 2 TAIZETIE, PPSEALD
EHRA & X b 200°C 1I2BWT HCl HAB X O HCL &
A DIRZERDS PPS A A ORI - (L L2882
5.2 BB % NG L7z HCL AT A B L UKL &
5 PPS A DHILRA N Z XL EFWHSEMNIZT HI LT,
FEEROREEBIC BT B PPS ®AAT O - IR
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PPS AN A A5 (HEER113E Procon; HAY 500 g/m?, &
S 1.76 mm) ZEHE LT L7z, PPS MO EAE L
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1SO16891:2016 (ZHEHL L TR S 7= 08 8 3 Bk i O
W% % Fig. 112, FEERSGM % Table 1 (239, ARV A 1,
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Table 1 Experimental conditions

Gas I HCI; 1000 ppm, O,; 10 vol%, N,; Balance gas
Gas II HCI; 1000 ppm, H,0; 20 vol%, O,; 10 vol%,
Test gas
N,; Balance gas
Reference  O,; 10 vol%, N,; 90 vol%

Temperature 200°C
Flow rate 0.5 L/min
Exposure time 0-200 h

FIWRFE L2 BETF v o= 0 S 7 A3,
HAGRE W Z MU TR 7 bAE PR L7zo BEBRRERIE
0~200 e & L7z,

B, HBDD, 0, 10 vol%, N, i 90 vol%n:
SRR S N2 RE A A % Reference A & L CHW23E
B & b¥Tiro 72,

BB TR, N, HADORE | BEHEE L CREEEN
YW LSO ERE CHEISNIAAEEID L, D
TORHETHIEE L 720 JTTREHHIET A F— 5
X #8E (EDS, =¥ v 7 I %73, Genesis XM 2) T
TV, ZEAMIZOWT 4 WERNOTFIETEHE L 720
72, CHNS Z#r2&iE (/¥—F > )bv—, CHNS/O 240010
FHOCTHICEMEE R Lz 5 TS O I3 4K
SHGED: (ATR ) 12 & 25900 0t (FT-IR, 4 —
E7 4 v ¥ % —, Nicolet Summit X) %MW, &AMHIZD
W 4 EEOFIMEE LRI L7z Rz sas]
(DSC, HINA 72, EXSTAR6000) % H\\T, N, /A
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SEM, HINA T 7, S-5200) & M\ 7z A A0 ORI
FEVE (DIRBREEDS X OEEER) 13, BESEAM0 11
IZOE 2R L TR L 7230 (200 mm x 25 mm)
T, Dl (BH, SBL-500 K-350) % VT MD
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Fig. 2 EDS spectra of the PPS filter media exposed to the different test gases for 200 h: (a) The original specimen,

and those exposed to (b) Gas I and (c) Gas 11
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BEFEATOA ) T F VD PPS A4, sRERA AL, 1112 200
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THOAAiH PPS OWMILE THS C L SOE—IhEh
Z10.27 keV B L O 2.30 keV OALE I HAFEICHT Sz,
F72, BREROAMIIE PPS R ILETHRVWO DY -2
H30.52 keV OB H S 7z S AUEsHE T
HUZIRA L 7= o S R R ALPIFN RN 2 L& 2
5N 5, NO, W AIEFTE L72 PPS AHHIZBVT O DY —
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T2 00DY—7EAK 04512 F TET S PPS D
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F72, 2.62keV ODMNETHRINENS ClOY -2 %, W Bk
HAL NICREL-WTOAHATORB SN G572,
PLE XD, RBFEREIZB T HC &A1 PPS MR
W2 LT Cl O IR R B S 2 5 & e 2 S v 2
&, EHITHC A DKELDIEAED PPS A AiD T
SIS EEZBIIZIRWVWI EHIRENT, Thbb,
HCl 7T A B L UKL % & HClL 7 A% L C PPS A1
1% 200°C IZBWTH BV LA AR S5 2 & D5HE
BENTz, ORI, 90°C T 37%D HCl KIEH A~
HL7Z2HA T PPS A OREICRILSIZT L A EZILL
W Z &% CHNS 511 & o TRERE L 72 64T (14 &
HEEMIZ—FK LT3,

Table2 |24 ) Y F V@D PPS AAiB X OHERA A 1, 11
12 24 W] & 721% 200 g RWE SR L 7= A4 % CHNS 4047 L7z
R AIICHB LRI 2R3, 2B, wind,
PPS DR ITCH TH B (C), AFE (H), E (S) @
3ILEDOYHEEEGDOATI 100%IE L kb olzZ k&,
Fig. 2 {Z/R L7z EDS ST OR R EHDETHELE TS &,
100%72° 5 O LT B S ICHEFHE (0) ILHEROEEITHY
THEMEIND, Lo T, iRz iKE (0, KE
(H), % (S), MFE (0) O4MEEMMEL, e (S)
1 & LCmEMRIE 25 L7, BERTO PPS A4 D
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Table 2 Result of CHNS elemental analysis of the PPS filter media
exposed to the different test gases

Exposure

Test gas Cl- HI[- S [- o[-

g time [h] [-] [-] [-] [-]

Original - 6.08 4.08 1 0.06

24 6.08 4.08 1 0.06

Gas I (HCI)

200 6.09 4.07 1 0.08

24 6.09 4.09 1 0.07

Gas II (HCI+H,0)

200 6.09 4.09 1 0.07

JEHIIIZITIZ CH:S=6:4:1 TH Y, FEH 7% PPS OALK
K& —F U720 NO, HAIZ 200 BEHIBEFE L 72 A4 C:H:S
DOILHEILIE, JTTOPPS LIFIFHLL 64:1 KL F
F, OOIHILHI 041 LVIBNMEETHNT LI L%
HESIITTICHELTWA[16] —F, REF AL 1

IR L 72 A 401, NO, M ARFZEDOMR L KX CRL Y,
RERAT AR OKRGOEMIZ L 5T, 24 BERH, 200 FERJ W
FThOBERHTY CHS=64:1 Z2HFL72FF, 0o
TEILOBER D 0.06 £ 1ZIFHE Lo 22 TEDS
ST LAAE R O ADTERIERZ FHNT 2 DITR L,
CHNS AT i3t BRI S s e HH G2 EH L
TWhb, RBEFEIREICE VT HCL A A% PPS #HEPIER D
MEHER S BILT 52 L3, EBITHCI T AFOK
HEADHAED PPS HAD N HBLKISIEEZ B LT
BNV EAIRENT,

Fig. 3 (ZHEFETT & & 2R ER A 212 200 W[ WEFE L 72 PPS
BAFDOFINFINA R Y bV ERT o TRTOREO FT-IR
AT MVIZBWT, 7 2= VB C-C RPN HIEE O
WY — 2 231397 em™, 1481 cm' B L UM 1579 cm™! T,
Ny EKO C-S HNMHEIRE & C-H IREY IS5
LY =7 NBENEFN1092em™ B LU 830 cm™! THIZE X
N72[20-22]c SIS E— 213 PPS 2S7C3KA LT %Ki
WERKNT % HDTH S, Reference WAL L URERH A 1,

WIEFE L7onwshoidkBicd, hs Ditofiz 2k
HHRILA R 7 M VIS SN e o Tz Lo T, BEME
HA%ET R VELEE, HCl T ABLUOKELAEST
HCl 7 A%, PPS AAiDEZLEZTI S E vk

DS PIZ 5 720 THUE, EDS Z0HF B & OF CHNS Z5#F
IZBWTDH PPS DREBICHKITEALDFRD H N o 7ok
S'Ek H—H|LTWnb,

Fig. 4 (245 A A ICIE#E L 72 PPS A A O&G ShLEE & 15
TR OBFRE RS0 FTIR OFEHED 5, BEFERERIHES
PPS @’*?f%if@”“ﬂ:ﬁ“t:m: LR S NIz 728, AAi

OFERALEE, seaihi b PPS ORlfiEEL (146.2 J/g) [23]
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BHA OFERLEE L 184% TH - 720123 L, WI oK
BRAT AN R U 72 S MERE AT RS Sl AL EE 25 Sl 1
mL, ZokiEsBbh—EDHE R L7z, REBRA AT
WEE L 7= A4 O EZ# 25.3%TH 0, Reference 4 A
(ZBEEE L 723 E O W) 24.0% 5 0 b3 HhITE
72 £ 2T, 200°C &\ 9 Hilas PPS A A OfG L %
ByITHINs ¥, SEEEICBIT S HCL A A DIETER
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Fig. 3 FT-IR absorbance spectra measured by the ATR method
of the PPS filter media exposed to the different test gases
for 200 h: (a) The original specimen, and those exposed to
(b) Reference gas, (c) Gas I, and (d) Gas 11
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Fig. 4 Changes in crystallinity of the PPS filter media with expo-
sure time for exposure to the different test gases

PPS OFEEALEZ S HIZHIN S5 2 L AVR S 7z, EDS
HHB L FTIR OFRE2 S, HCl A AFAET Tk, W
LSS OHEATIIMER CTE R o72b DD, HCL Y
A DFFAEZ PPS 7 TSHOM BN 2 b 32 TfEf L, JE
EBIRO A HEHI LR 3352 LICXD, Hidh
EOLAZDTPIEET L2 LRI SINA[24], &
t ﬁ%ﬁznu@%bt%%u,ﬁ%ﬁxlmﬁﬁb
DFERALE X D HK <, Reference 7'1\\} (2SR L 72
tﬂhﬁf%otomsiswcwm RETH LD
7# KRG EWAETH T t#ﬁiéhfkhzs KRG
THSPPS B4 T-8MICA D At Z & THRIYIZH T8 D

MR T4k
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TW7=DIZH L, Fig. 5 (b) D Reference /" A IZWEEE L 72
ARB 2B EICEIL L7z 2512, Fig. 5 (o), (d) 1R
FRRERA A 1, I ICHEEE L7230 H1d, Reference 77 A1
BREL-ZNIDDEERBOEE L. 72, BT
A2 &) BB A TIZESE L2 B 025k iat
ERELZ, 2oZdiE, SiREEB X CEBT AT
HCI, KZES A PPS A AT DFFZAL % 5] &2 2§ n] etk
ZRLTWDH16,17], HiHET/R L7z & 9 2 EDS 4347,
CHNS 775 L O FT-IR W D#ER S H1E, HCI AR &
PPS & O AL PRI WGBS 5 2 LI TE b o7z,
L7235 T, ThoAAmAMROMEIX, HIBE TR
FECIEBN R VIT E OB SIS OM#ITIERT 2 b D
ThbTPlENhD,

HiRBR A A VRS L 72 PPS A AT OMkMED SEM i %%
Fig. 6 (27”3 o BEFERT O PPS OMAEIZ IR 15.0 um T
—EOMHEETH Y, o1 EE%2AHL T, NO,
HANWES L7, AR & oW 2 R ERE
VB IN-Z ERHE I N TV B 0% LT[16-18],
RERA A1, I ICBEFE L 72 PPS #kHE X Fig. 6 (b), (c) 12F
NZIRT XD, BIEL S L OfHEIC BV THiiER
HISERWARRSBE SN, FOREIKELADOH K
FLaho7e LML, ZofZUESI, B NO, &
ZNZWEEE L 72 WE[16-18113 LA G ICIEE > Tk
Mol LX), BEBEREICEIT S HCl A A DA,
NO, 7 A3 L 7 PPS A 45 WM E D H L2 5] &
RETDHDOTIERWAY, HIBEOHLEZFETLL
VRSN D[16-18]c F 72, Bl HCL 7 AH DO KIELD
FEIE, PPS MR M OBIGICITEEEZ G X T &8
RENTZ[10,11]6

Fig. 7 (25 EBR A AN OBEFE R & PPS A A D Hiik=R
DOBfR%E MD & TD IZDWTIRT . 4B, HEREOR
KL 6% Tdh o720 MiHEH T OFMESLRN T & % 5
MD, #EHERH DK RAE A IRTEA LI H T & 2 5 TD
DTG, HAORMMIEE LTEETH L7290,
W5 1R L 72[26]0 5RBR A ZHHIC & 53 MD OBk
FIIBERZOHNHINL, Z0%IFIT—E MR L,
Reference 4 A & a4 2 1 \CEFE L 72354, B fEi38
130 N/mm TIEIFEE Lo 72DIR L, BT 2 1IChE#E
L725E0#HEEIZR 137 N/mm TH Y, Zhd kbbb
TR CHRL %R L7z L72A%> T, HCl AR DKk
HKADIAEZ, HCL 7 A2 X A5 SR o B hn 2 3] L 72
LWz b, OB Fig 4 1R LR RLE O &
FAELTBY, BRI # Lo EITHY PPS Otk
AT PR RICHG L2 E 2 5N 5[13,24,27]0
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(@ (b) (© (d)

Fig. 5 Appearance of PPS filter medium: (a) The original specimen,
and the PPS specimens exposed for 200 h to (b) Reference
gas, (¢) Gas I, and (d) Gas 11

Fig. 6 SEM images of the PPS fibers: (a) The original specimen,
and the PPS specimens exposed for 200 h to (b) Gas I and
(c) Gas 11
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DFEAEIL, Sl X 2R b E s 5 2 iz,
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Fig. 7 Changes in the elastic modulus of the PPS filter media exposed to the different test gases with exposure time for

(a) the MD and (b) the TD
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Fig. 8 Changes in the tensile strength of the PPS filter media exposed to the different test gases with exposure time for

(a) the MD and (b) the TD
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DKL A, RERF A1, 1112 200 BEHBEEE L 725400
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Ao 72 AT L7 R A S Lt 720 SRER
AL, TICHERE U 72356 & 0l B 1M 00 IS — R L AR
L7212 L, BRaEIE ) 50 BER LURE CILEIZ— 2l
L7z 015, HCl WA ELHRABA A1, T IChE#E L7
AHAT DHRJE L Reference M AR L72E X 0 LI
BWliZ/Rg 2 & AR STz, PPS A AT OF | IRIREE 134
sALEFT I X D BIN$ 5 2 (28], A DRSS,
FEBEAR L DAL & WAE DR IC X 2 MEEIKT oMW 12
LoTHIERZIEINSL ZEFME[1417]ENTVE T L
Mo, BEEWHTIE PPS O# M LDHEITIZE ) PPS A4
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L TAHMDGIREBEII—EHETHER L EZ NS,
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VIFNVDAMDENI D b BBLRAED» > 2. EHO
WY, NO, M AZEEE LA OB MD, TD Wit
LIREFERFR & & BT LT z[16-18] £ > T, PPS
AAEE HCl A A B L OKZELE D HCL A AITK T 58
BRI ATEDSE N 2 & AVR SN2,

L72%%5 T, HCl B X OIKZAESAHY PPS O L BRAEH HEE
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4. # 7

PPS B4 A O ffi Y BR AL 200°C 128\ T, PPS B ARG
DMWY - ALFA IO HILB BN G- 2 5 HCL A A B X
O HCL 7 AR DR G> O seBa et L7z R, LT oMk
DB NT,

1. &5 HCl #7213 PPS AAilZx LT, Cl ARG =
AL POG R R % B3 AL 2 b & 5 2 e o 72,
$72, HCl AP OKELZDHFEEIZI NS FUSICIEE A
CRBR G52 o7,

2. BImERBEIC X V) PPS A i OfEMALEE B X OV L
BN EHE L, Zoh—EMIZ#lhE L7z, HCl AR
FINSZbT IS E7225, HCl B A OKRIER
DAFAET S OB Z 0 L 720

3. @i NO, # AT EHHE TIE LR WD DD, Hif HCI
77 A% PPS #kAE RN — SR EE OB 2 52 720 F 72,
HCl 7 A DOKELRDHFAEIZZ OEBICITE A L HEY
'—?‘f_&ﬁ‘o 725

4. BEFER O PPS A4 &L D b HCl AL L OKEREH
HCl 7 ACWRETE L 72 A DS R B IRBE 2R L7z,
%72, HCL A X ) b IRZESEH HCl A A ZHE#E L 72 PPS
DATD T HE ARG [BRIREE 2R L7zo 5 Rz 021t
1Z, KL OHET B X BRI X % W R
& MkHE OGS X B AN T OBIFRTHBIT X 72,

(] A7, (—th) HABRISERANH 2B CA
P ER SO —M3 ke 272 L THEEZRT .
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