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=5: 4Ry 98 7HE 7t 7hse +Est Zepilzo|n|tE(SPBI) Malld EAE Sl FAHel ¢
ato] Hlo|EY dFHu AS flol] Exste] FRAXEA 548 AT HESHE SR E(Me,NY) FE| €]
SPBI= 3,3'-diaminobenzidine(DAB), sodium 2-sulfoterephthalate(2-STP) 2 sodium 5-sulfoisophthalate(5-SIP)Z4-E
AR FEAAMEA fold =¥, =2 A=k Y G 5 AT APl £ FFEE HAFU
Me,N-SPBI #5 E&9] 7twe} Al 71Aeke] AZHAE 53 F22 A ysAS IA SXAH.
DAB/2-STP/5-SIP=100/20/802] BHIE}HE4=H ¢ SPBI 52 AUiFE 20-95%RH ool T2 H44& B
AFRNOH AF2 4.91 MQ-2.12 kQ AtelollA] wstsidnt. gk X o] thadd dFru 7147 oS Xk
AT AZHAR A2 =QA7] Wl 25 Z52 7hst SAlol Z1Ael] FgElo] ol A Al 24087 o] A,
/A% B T2/AE A B A7) 8] HoldE & 4 AT 33-94%RH AtelelX F5HEe] SEHER
= 9F 75%0|9, 7taslE Me,N-SPBI ZE52 55 a7 AAT & A= vl$ T84 UFAlse|t)

Abstract: Thermally curable sulfonated polybenzimidazole (SPBI) polyelectrolytes containing tetramethylammonium
(Me,N") were prepared by dip-coating a SPBI solution onto comb-shaped electrodes on alumina substrate, and their sen-
sor properties were investigated. The SPBI in Me,N* form derived from 3,3'-diaminobenzidine (DAB), sodium 2-sul-
foterephthalate (2-STP) and sodium 5-sulfoisophthalate (5-SIP) was the most suitable for the humidity sensor from the
view points of easy fabrication, high conductivity and improved adhesion property between film and substrate. The cross-
linking and anchoring of film to substrates with a coupling reagent significantly improved the water durability and the
stability at a high humidity and a high temperature and long-term stability for 240 h. SPBI films with tetrameth-
ylammonium salt of DAB/2-STP/5-SIP=100/20/80 film possessed linear response and showed 4.91 MQ-2.12 kQ
between 20-95%RH. The response time between 33 and 94%RH was about 75 s, which affirmed the high efficiency of
SPBI film for rapid detection of humidity.

Keywords: sulfonated polybenzimidazole, humidity sensor, water durability, polyelectrolyte film, crosslinking.
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slo] HEZ o] 3}3HE2A] 3,3-diaminobenzidine(DAB) L
23 £E715 7H H7HEA] S 24T sodium 2-sulfo-
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Alef 9 717]. 3,3'-Diaminobenzidine(DAB, Sigma-Aldrich

Chem. Co., LTD, USA), sodium 2-sulfoterephthalate(2-STP,
Tokyo Chemical Industry Co., LTD, Japan)®} sodium 5-
sulfoisophthalate(5-SIP, Sigma-Aldrich Chem. Co., LTD, USA)
= DMAc/ethyl acetate &3 Smljoll A A2 sled AME-3FS
t}. Bisphenol A diglycidyl ether(BADGE), polyphosphoric
acid, tetramethylammonium hydroxide, (3-aminopropyl)tri-
ethoxysilane(APTES) % ethanol> &5 AldrichAle] A]oF&-
AES U2 AFE-3FA . N,N-Dimethylacetamide(DMAc)
9} dimethylsulfoxide(DMSO)= Dean-Stark separatorE A8
ate] E2F49] ghRel oJate] 1xR S AASL Ty
z70X SRl oste] AAsAT

diEEel] WE FEAM O A ek 323571 (TH-NFM-
L, -20~100°C, 5~98% RH/20 °C, Jeio TechA}) H LCR-meter
(EDC-1630, 0.0010-99 MQ, ED Lab)2 AR&-3le] =483},

3ol EMXME|. Figure 16 YER vie} Fho] ulo]EY
FAFE]: 0.15 mm; F7: 8~10 pum)©] 10x5.0x0.635 mm
=719] tha/d LFHY 79l A= QlAE A5 AREet
Atk A= & 2 N NaOH &fol] 3417+ Z22]3L 1 N HCl
ol 3AZF S 72 "ol v dFrY 2uS &
dselal w2 FRARe] Al ate] L sEH|
A71e] FAE golaAl silnh. A=71e] aHAEe A
=& 1 wt%2] HCl 228322 1 wt%2] (3-aminopropyl)triethoxy-
silane(APTES)S SllehE/2-(95/5 viv¥%) ol &allato] 54]
7k & wnkste] FE3] 7k EaA) AL, FEAM e A5
712E A sl A3 ASHAE XA 60 °CollA] 2417
& 2P AL 130 °CollA 1AIZF &Rt 7HE st AT

=E3lEl Z2|H=0|0|CIE(SPBI) Z& 289 M=. 3.3-
Diaminobenzidine(DAB, 6.43 g 30 mmol)< polyphosphoric
acid(270 g)oll g-3llskar 1A17F &< 140 °CollA 2HdsHAl &
a3kt 5-SIP(4.02 g, 15 mmol)e} 2-STP(4.02 g, 15 mmol)
£ XA A7kl 170 °CR 23] 2417 &1t 9 &
et 471 Wh 8-9E 200 °CollA 12417 F<F o Wt
St whgo] eHd Aol e veES SFT(1.5L)
off Fol IS AA LRAES Bsidint. oA 38 1L
BAE eHA3] AIFSIAL 10%2] Na,CO; & EoflA] 12417k
B9F wHtste] Jolel= polyphosphoric acids $H13] A A
ST olFA Lojl wEAE SHTE 28] AFSL 2 M
HCI &9 Solla] 12417 wtato] 4 Fel= ebds] Agt
skt Aol Afde] A RAE A A FEE de
T U3t} 5-SIP9}F 2-STP| thE A9 & WS 7= ¥
SHA SPBIE2 22 el ¢fate] 9/ 5k3ith. DMSO
(20 mL)°ll tetramethylammonium hydroxide(0.47 gy &3l 3t
gl A7) TAE SPBIR.0 )= a8k 70 °ColA 124]
7+ FRF wwkste] S whg-S xIgste] HEZWE dEg
3} SPBI <5 &2 Axsieh. ol Al T74] s &
No] Tf HAEE 1.27-1.52 dL/gS HoFt}.
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SPBI(DAB/5-SIP/2-STP=100/50/50). FTIR (KBr, cm™):
3448 (N-H), 2990-3050 (aromatic C-H), 1780, 1680 (C=C),
1630 (imidazole ring C=N), 1460 (plane deformation of
imidazole ring), 1055 (S-O sym stretching of SO,H). 'H
NMR (500 MHz, DMSO-d¢) & 13.35 (2H, NH), 8.50-8.51
(s, 3H of 5-SIP), 8.10 (s, 1H of 2-STP), 8.05 (s, 1H of
DAB), 7.85 (s, 1H of DAB), 7.72 (d, 1H of 2-STP), 7.65
(s, IH of DAB), 7.18 (d, 1H of 2-STP). “C NMR
(DMSO-d¢) & 152.5, 141.2, 130.1, 1295, 127.2, 1229,
116.5, 113.8, 148.5, 143.5, 1342, 132.6, 131.5, 129.6,
129.0, 128.7, 128.4, 125.9.

Me,N-SPBI(DAB/5-SIP/2-STP=100/50/50). FTIR (KB,
cm™): 3350-3500 (N-H), 2950-3050 (aromatic C-H), 2850-
2950 (aliphatic C-H), 1780, 1680 (C=C), 1628 (imidazole
ring C=N), 1455 (plane deformation of imidazole ring),
1057 (S-O sym stretching of SO,H). 'H NMR (500 MHz,
DMSO-ds) & 13.30 (2H, NH), 8.50-8.55 (s, 3H of 5-SIP),
8.12 (s, 1H of 2-STP), 8.06 (s, 1H of DAB), 7.85 (s, 1H
of DAB), 7.73 (d, 1H of 2-STP), 7.64 (s, 1H of DAB),
7.19 (d, 1H of 2-STP), 3.51 (s, 12H).

HE 289 == A SXHMo| MII1H S =AL 94
gk 2EFE (20°C, 60%RH) 271014 7144 SPBI 353
A &N30g)ol 7k A Z A bisphenol A diglycidyl ether
(0.90 g5 F7lsle] Balsiditt. HFH R 308 &<t A<
|Hg Tgsto] ARSI 20009 FEAIAN AFS A2
(igell TR o= o} al7tabd 187 HAS A48 $oll &
o] &8 Aol XAt X E A= HE FEHS §
A|SFHA] 60 °CollA 5E7F A5 2 T 120°CE 52
ste] 2417 7HEEE &, FHF 160 °CollA 2417 wEe-& %19
SkaL 20°C 2 70%RHOIA Haste] HE FEAAE Ax
siom 714 BEs AT

AisE #ste] wE Aol 4L F-daxe] &%
7} 25°C7F H9S W] 2/ 1V 2 1 kHzolA LCR-meters
AME3le] 20%RH—95%RHS] 7155393 95%RH—>20%RH
o] AlFg-& 43t SZHENAE ST $9E
TE MgCl, 23} 893} KNO, X389 o] 7Hzt &7l
Aol Z73HATE MeCl » 23178925 °C, 33%RH)}
KNO; Z3=84(25 °C, 94%RH)S o|8-3la 7153Hd <] 3
HEEE MeCl, 23) &o] @71 oA HP& ol
FEAM e A3e S5k o] FRAXE 4143] KNO; &
shglo] @71 AHE §A AFo] 3
o] AZHE SA AT @580 SEHEEE 79 W
S 9O slo] SAsITE W 3782 20°C B 80°C
oA 24 B 480A7F A § AF2elA] HAxg & SA5)
ATk FEFE Aol A 71 120 °CollA 2407]7F WA

sjo] Zsiirt.
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Scheme 1. Preparation of tetramethylammonium salt of SPBI copo-
lymers.
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Scheme 2. Mechanism of the crosslinking reaction of the Me,N-
SPBI membrane.
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DAB/5-SIP/2-STP|
—=— 100/80/20

—o— 100/50/50 |3
—— 100/20/80

Resistance ()

1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100
Relative humidity (%)

Figure 1. Dependence of resistance on relative humidity for the
humidity sensors obtained from crosslinked DAB/5-SIP/2-STP=
100/80/20, 100/50/50 and 100/20/80 at 25 °C, 1 kHz, and 1 V.
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Figure 2. Hysteresis of the humidity sensor obtained from DAB/5-
SIP/2-STP= 100/80/20 at 25 °C, 1 kHz, and 1 V; absorption process
(solid symbol) and desorption process (hollow symbol).
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Figure 3. Response and recovery time of the humidity sensor
obtained from crosslinked DAB/5-SIP/2-STP=100/80/20 at 25 °C,
1kHz, and 1 V.
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Figure 4. Dependence of resistance on the relative humidity for the
humidity sensor obtained from DAB/5-SIP/2-STP=100/80/20 after
soaking in water at 20 °C for up to 120 h.
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Figure 5. Relationship of R vs RH for the sensors of Me,N-SPBI
before and after exposure to the saturated water vapor at 85 °C for
240 h.
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Figure 6. Changes of resistance at 60%RH after exposure to the sat-
urated water vapor at 85 °C.
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Figure 7. Relationship of R vs RH for the sensors of tetrameth-
ylammonium salt of SPBI before and after exposure to dry air at
120 °C for 240 h.
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Figure 8. Relationship of R vs RH for the sensors of DAB/5-SIP/
2-STP before and after the heat-shock test of repeated temperature
cycles between 80 and -40 °C.
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