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Synthesis of Aminated Poly(ether sulfone) as Anion Exchanger and its NO Gas Adsorption
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2 ok o135 poly(ether sulfone)(APES)E poly(ether sulfone)(PES)E A4¥3t Z1HZw))e) 402 UEZ 83 poly(ether sulfone)(NPES)E ofwl 3}
st AZHYU. FT-Re £4 23 1537% 1351 cm 'olA NOpol vlthg A7 gy 4225 o8 5932 UEat 580 Bogg
o E§ NPESH] ofglsh= NO»| 918 F43 37t AlghA s 34705 3374 cm "ol A NER7lo) o8 vjohd A&253 gl A28 Fo5ag g
HUth. PESG g 2155 mmol)ol Wi UEESY HH 2L WA 1247, #HSLE 120 T, 349 ¥E 2800 mmol. 344 =% 5200 mmol.
oJ9th. APESSY dAEAZTH §hEGT 089719 okily|7t EYHAT AU SAdAET FRHEEE 22y NOo| te FR=o] Load
2, 39 FA4TE 2Ed FAEERT Y, 88y Fadge] BEd 4% ug 28 AL & 2 9t

Abstract: Aminated poly(ether sulfone)(APES) was prepared by amination of nitrated poly(ether sulfone)(NPES) after poly(ether sulfone)(PES) was
nitrated with mixed acid of nitric acid and sulfuric acid(sulfuric acid is a catalyst). As a results of the FT-IR spectrum analysis, the nitration of
PES was confirmed by the bands of asymmetric stretching and symmetric stretching of NO, group at 1537 and 1351 cm’, respectively. Also when
the NPES was aminated, it was disappeared to absorbance peaks of NO; group. And It was confirmed by the bands of asymmetric stretching and
symmetric stretching of NH, group at 3470 and 3374 cm™, respectively. The optimum condition of the nitration on PES(5 g; 21.55 mmol.) was 12 hr
of reaction time, 120 C of reaction temperature, nitric acid of 28,00 mmol. and sulfuric acid of 52.00 mmol. As a result of the elemental analysis of
APES, reapeating unit per amine groups were induced to 0.89. The adsorption rate of NO gas was lower than that of silica gel and active carbon.
But the adsorption capacity of NO gas was higher than that of these. When the APES was absorbed to NO gas, the chemical adsorption rate was
lower than the physical adsorption rate. But the chemical adsorption capacity of it was higher than physical adsorption capacity.
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1.4 = M e 2NE2A A53 £ 4F 33 wr)st29 Rsie 5
T R FEFY AFFAEL F F 9= 7154 AAo T
Aze A719) AAE £ F1 Y= AT AA Z2E ot 59 FAeIt AeA5e wrlkad gie @A dRe
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TZE 874 AsHoz wasol i BYYL AZATE of W EAX =29 9% AN & ppmel 2ok RE T3]
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g Fagct adla 5 AA iron(ID-ethylenediaminetetra-
acetic acid (Fe(I)-EDTA)9] §&4olx NO7H Fe(l)-EDTAS
A28 YT 4 9. At/ Fe()-EDTAY 4492 NO| o
3 B FR5Y B ohigd NO% SOE A9 AAT & d
o] 251 gtk aeut Fe(ID-EDTAY F8d4L #Eo| 44
2o £3)8 1, Fe(l)o} L5 B28AY Fe(l)o|LERZ A 43}
57] W&o wE A8317] 9% Fe(l)-EDTA &89 35 4 2
o] glojd vdL AR Yk 2YEE HZ 1RAFAE A
A A2 0|43 chelating resin(CR)el Fe(Do]&<& 1AHAA NOE
AAE F A= FAAS AL g A7 Fol2nd FHA
2 23 NO9 AA thg AF7t 23] o]FoA IrH8IL
ol= CRY o] LLeFA 7}t 35e WEALE o] ojdtx, A3},
Az Bol yg 12A WEH2H OF FEIEE BEY 5
Ade FHE NI Yok

H. Hirai[11-13] 5< divinylbenzene® styrene ¥% &l
iminodiacetic acid®] 2H&7]1% 7} chelating resin-Fe(D& &<
olgste] NO9| F&ol thal A7 vl glon, o] LuBFAZA
polyacrylic acid®h ££38 polystyrenes] Fe(l)o]2g& LEAA
NOS E&EAd ts A7 ¥ gk £F Y. C. Nhol1415] &
o Zozzgd 22T styrened WA JFEZE FFA &
olg IFAET AT F Fr4 FFEAS 97 v At

agy gutdog o481 Yt o2uBFAE FHoEE
obAdsh} 150 T ol E AHEE & Atk 53] AFAY T3
o) ze wr)7tzd ¥ uFe NOx 7ha: Fd g7l gd
oz AAzAel st FAF Fol AVIHZ Yo HEA o2
A 9] sie] AAs aFHx itk aHag F4d JdrE
2 494 o LnFFAE TG LA B =Ho] deH,
%239 poly(26-dimethylphenylene oxide)E ¥|F3te &Estd
ZEstadolEg, ZEdaHE, Eojus Fo] I F¢ TR
HAE #olr16-201

WRE GE 7|22 & odF 7HX WaA 1EA FolA poly
(ether sulfone)(PES)E €7, 81818 AgAe] Hojvtz 7|AH A
Ho| ¢-48te] HZ B BAE Tx gtk B B dFAdAE
ydA dojendses £E3+5 PESS poly(phenylene sulfide)
2 st 93 2 o) 2nEAE A7 v AH2,22).

ggpe B dFdAE polylether sulfone)(PES)E ©]8-3t4
YA golea@FFAE FA&r 8 UE=RS BHeE F
nitrated poly(ether sulfone)(NPES)2 @4 F ofulssid
aminated poly(ether sulfone)(APES)E @43ttt o|d YEZ3
Hhgo] AHZAL Lolry| Y wEeE, AT, AR F
T 9 A EE A AN e S dHE FAY
Fz2 A% 98 NMR 2 FT-IR 29E3 ¥4¢& 3z, o}
g ALE golny] & d4EHE 3Hen, APESS NO9
FHEHNE golEgth

2.4 ¥

2.1 Y o o3

Lolengdsg FAs] A AAAMZA AldrichAte] poly
(1,4-phenylene ether sulfone)® AAYel AH&3AL, UEZS
Hr22 37 g8l HARAbel nitrobenzene, ZEEA 2 S A
Aol AHgatgch =5 o}wdE ¢35t Hayashi Pure Chemical
Co.d SnCh 53AN%E iz AMgdtaed, @43 NN-
dimethylformamide(DMF)& 18 Al¢g U2 A& 5 o] ¥
o weg, e, 94, dRYE T AFL SFWA dFA
g a2 AMEEtgT

3dss, A108 Al 6 3, 199

HNO3 / H2S04

NOo n
SnCl o / HCI
soz—@o
NH» n

Scheme 1. Synthetic mechanism of aminated poly(ether sulfone).

2.2. Nitrated Poly(ether sulfone) (NPES)2| &4

i), 24, 4434, 283 YA R 47 FF:
3te] PES 50 g(21.55 mmol)$ nitrobenzene 100 mLel =<1 ¥
Ak 97 dolA 24 20 mL(2800 mmohe #FA 30 mL
(5200 mmol)¥) E2& A3 Ak 22T 90 TolA M
Foh WA F ALk WZee WA el Hatsta
383 awstd Aol A7) dh FWES HF F R
23 334 FFH5E 474 28 AHEI, soxhiet FAE |3t
e v BeEd 2EES 4N FEPT 282 150 T
A 24N T A7 A=
yezste HAHzAE dotny] s wgE, WA, F
2 Ay FES UHAA FAT F R FAEE ol BE
o HHz2AL TR

2.3. Aminated Poly(ether sulfone)(APES)2| &4

27, LEA, 28 ¥4yt AEd 37 Eekeagte] NPES
10 g& NN-dimethylformamide(DMF) 25 mLel %9 ¥ AA¥
917] 3olA SnCl 22 g3 olg2 25 mLY EFEAE A=
Brlgt vheES wualdA 70 TR fA8 1 347 B9 38
A7 ¥ WZae 10%9 g4 dge 94 AAANA AHEY
t agn 2 gAsgdes AYd ¥ & FAJUEE &
g0z Hastgrh wA o g soxhlet A& o] 43ty 33 F
F42 v BgER BLES UAD FE33, WEEE AF 4
#Ag F 100 CToAA AF AF39 APESE AU ol #&9
W7} &-& Scheme 19 YeERAIT

2.4, 717124

A" A9 £2E FUsy] Y8 MIDAC FT-IR Spectro-
photometer(USA)E AM83td FALES R 3n RS 4
cm''2 9 B3P ZE AZE KBr pelletios (A%
KBre H: 1/100)2.2 &33tgon, F3E9 W3lE dolury| 9
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Figure 1. Apparatus for gas adsorption.

3 Alset KBr& 1:109 w2 A&3 Aésld & 288 &
A ol EFA S} KBrg 1:1002 &8t R8s 1:100
o 2 g3AY. 223 pelletd) FAE LASA 7] 48 1:
10022 E3d AEE 9AF FHejo dAS gHoz Az 3
F3=E 2439 H-NMRS DMSOE 412 39 BrukerA
9] Model DRX300 FT-NMRZ Z43}¢th. £ APESY ZA &
dotry] $13) olgelol CEALY EA-1110 948478 AL48%
oo, olu He’lA% A4E 247 180 mL/min¢t 150 mL/min &
£0 7 sto ZAFAT

2.5, YNSEL B

FA7N Eoleng FAAY APESY g AxstdL pro)
A FFNEL Figure 191 EA)3 Brunauer-Emmet-Teller
BET)H Y HH3 SHLAE Algate] ALoA =A3gon,
FAg nAE AL Jlasry ZHE dolwy] 93t
50, 100, 150, 200 mmHg 59 47 & ¢goz 2434l &
O] 2AHFAE -OH forme 2 WES7] 93 5% HC Fgo3
NH,OH #8902 335 w2 AHg 3 FAo) € w7z 33 =
T2 AHAAoH, 50 CAAM 48X7F F AT Azxsl ALg
sttt 2 ARY FAS Y F F3 A7 slre oy
of et FAFE 2QsA. £3 24, gtz THTL do}
271 &) 2 Azbe] whel dastALst F&39 ARE 30 ColA
9 ol FAME g& WA B Az F ZAE 289
. 221 o5 FF A -39 FARZ oty FH2L AN
e, #eh Az A Fo A @R 2gd Fygom
Axrstsi e,

3. 2ot ¢ nF

3.1. APESS| &4

$o12ig FAAE PN At PESE ezssol
NPESE @4 @ ¥ clulsisld APESE @4akath 193 ol
o T2E BU3) 989 FT-R 242 24L 59 Figure

Transntittance

s

) ‘Wavenumbsr {om-1)
Figure 2. FT-IR Spectra of (a) PES, (b) NPES, and (c) APES.

2 YehTh (bl BE ule go] #eE 244 NO
719 o vy AZAEY A7t 1537 em A A
Yetts g AEd%d 9% 59301 1351 em o)A UeRd
T 9em, 01 ecm'elA C-No| N=AEo] o F43a7 U
BUE o2 Hol UEZFHYUSS & F At 2 (o)A
BEnls o] oflglatd e A9 NOol 9@ 15378 1351 cm'*
oA g% F+u9azt 25 AL NHo 93 8y A2AE
o] 3470 cm "N AN EAF0| 3374 em M F4¥ A7} Y
stom, 16287 928 cm ')A WEE olvle]l NH W9 2Ed 9
# FFIIT JEdE RAoE Hol omsly} HYSe o
F

3.2 HER3|o| X=xA

PESY UEZ3 w89 HHzAL 7987 dste weAz
I} BHELEE wsA7e AYY T FT-IR 29EYS B4
Z3E Table 1] YehAITh olm) NPESS) 357t 94§ SO,
of g FF93Q 553 cm e V1FOR 3 base line' 02 F
BEE A Table 1914 BE ule} Zo] vtg 2w =7}
ol w1537 cm” YGAM Y YEZI)S o3 FFEE 120
CTAAE F71ht 2 oM E A dFEL o & g} =3
HHEAIZEe] kgl whEl 12A174A UERZ7]Y 9% FREE
S7HY 2 oM E o ol FA4eA @k AL g & 9ut

E3 PESHl tid Ao 3 FAo g @A EAN 2
& ¥ FT-IR 2¥EAS B4F ZFE Table 20] Yehigeh
Table 2014 BE uieh Zo] dAF AN ¥% 20 mLolAd Y
EZ3 98] Ehlg AlgHE 4o FEE MRS 0 30
ml7HA FBE7E FHAE AL ¢ 4 9on e ke
30 mL2 4A3A fAlss A TS HSAS 9 2 mL
AE F7HR oY I ol AdME A dFH AL & & ok
°lf A2 UERZ e HH2AL WL 12 C, v
SAZ 1247 A4 BE 20 mL, 28T FA4Y %% 30 mL
4& ¢+ AU .

Figure 32 PES, NPES% APES®] H-NMRE Uehd Rojoh
(@)= PES® H-NMR =24 phenylel £0I9% protono] &
A7t 7.233~7.260 ppm¥ 7.971~8000 ppmol A UE}E RS
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Table 1. The Absorbance of NPES for Reaction Temperature
and Time; HNOyH,S04 (280/52.0 mmol)

Absorbance for reaction Absorbance for reaction
temperature; reaction time (3 hr) temperature; reaction temp. (30 T)

Temperature ~ Absorbance Time Absorbance
(T (Pisz7 : NO2) (hr) (Piszr © NO2)
30 0.444 1 0.208
80 0.510 6 05%
120 0.862 12 0.640
150 0.931 18 0.614
170 0.799 24 0.619

Table 2. The Absorbance of NPES for Sulfuric Acid and Nitric
acid Concentration; reaction temperature: 90 C, reaction time: 3 hr

Absorbance for nitric acid
concentration;
H2S0; : 52.00 mmol

Absorbance for sulfuric acid
concentration;
HNO; : 28.00 mmol

Sulfuric Acid  Absorbance Nitric Acid Absorbance

(mmol) (Pisz7 © NO2) (mmol) (Piszr © NO2)
865 0.172 140 0681
173 0.202 21.0 0.682
34.7 0.448 280 0.693
52.0 0681 35.0 0.426
60.7 0.658 420 0.406

& 4 9k (b)E NPESS H-NMR Ha2A NG9 @Al
w2} phenyl®] protondl &J§ =7} 7.374~7475, 8220~82013
8668~8766 ppmolAl ERT, NOp7t X&=A ¥2 phenyld
proton®] 9J% 37} 7.223~7.299 ppm¥F 7.971~8.000 ppmoilA
Uelhd Aoz Bol NOyt A" A& A8 + Atk (o=
APES®} H-NMREZA NH¢ protonel €3] 5664 ppmoiAl ¥z
7} vepdon, NHy7b X 8% phenyl® protond] 9§ 337}
6.604~6.164, 6.771~6.9043% 7.024~7.047 ppmol A Yeh}i, NH,
7t A#HA &L phenyld protondl &g A7} 7.278~7.3%6
pom3} 7.835~79% ppmelA UEld Ro2 Bol NHyt X#€
A& FAd £ U

3.3 #4EH

A¥zAoz JEZE w33 NPESS ojulstg APESS A4
& dolryl 93 AAEHHHE Table 39 Yehfigich. Table 3
oA Hi Hls} o] YAENAAE 100 wt %2 B3, 7 94
o dAFo 2 YroRA HE AlE 100 goll T ¥29 dAF
o HE AN § gk 23 7 A5 HETHT gho] FE
usl ggos ANY g$A5E HEAde gafz XA
a, UmA g B2 vz F3to 7 949 4A5E A4S
%th Table 3914 ( )Z BEANE RE o]2Fo2 AH Fz9
A golt}, 0|59 AFZHE NPESS APESY 24 9AFE
HhE g9l Zz 08929 0.89070e] UEZ7]9 olwlyst EYUH
ALe ¢+ e 23 HFzxAcs YEEH s ¢ 3
olRlgIA 7| T Ho] ojuly|2 WsleE AL ¢ & glen R
24 di9s 3 dAse AL ¢ £ v ayEE o)y
FZo] 3836 mmol/gd) APES/} ZAHEJYSS ¢ + Atk

3.4 ustEs B3
Aoz FolLAHFFAE NHOH #89e2 AFeA H

438, 4104 Al 6 &, 199

rd
&
+r
i,

(c)

)
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N
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1] ¥ ¥
9 7 8 5 4
Figure 3. H-NMR spectra of (a) PES, (b) NPES, and (c)

APES.

Table 3. The Elemental Analysis of APES and APES

Elements
Sample
C H S N
wt % 52913 2631 11.772 4587
NPES wt %/AW. | 4405 2610 0.367 0.327
NA/RU 12.003 7.112 1.000 0.892
ST 1 (12,0000 | (7.109) | (1.000)
wt % 56.192 35% 12.487 4862
wt %/AW. | 4683 . . .
S R TR TR T T
NA/RU. ' ’ ' '
(12.000) | (7.889) (1.000)

*wt %, Weight Percentage, AW.; Atomic Weight, N.A; Number of
Atoms, R.U.; Repeating Unite

A -OH formo 2 "t} NOE #A4o| A7) fFd F7F5d U=
FE23} w¢-2 st HNOH HNOsZ BHEA 9t} o582 ugy
£ Bke I EL 58 Lol HEFA T35 A Aoi23]

A
o
o

R—OH + HNO, -R—NO, + H,0 3

714 RE ol2x#FX9 matrixE JEhlY, -OH: So|&
Z{5A7 OH formo 2 HolgE AL gujdith

Figure 4= %9714 &ol&m@4x¢l APESo} did NO 712
F43L 7129 FHAQ g4 Astd 53 vmsiy e
d Ao|nt. Figure 494 HE vie} o] Ag|7tdoly &4e
NO 7t2& 0% FFAZ 4% 47 26105 3511 mmol NO/g¢]
FAES YepdH, 24 7HA] A9 HE7t gl AoE Bl 308
oldd ¥3HE AL & & Atk 2 APESY A$ 08 F
NS W 4566 mmol NO/g9l F23FE vehlid, Azt
2NZAA ZF7Hge] we} 6196 mmol NO/g AEA A&Ho=
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Figure 4. The comparison of NO gas adsorption capacity
belwen APES. carbon black and silica gel at 200 mmHg.
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Figure 5. The NO gas adsorption capacity of APES for NO
gas pressur.

Aol 37kt RS & 5 Yok 2EE 59 AR
APES7} Aejstdolv g4girt} NOo| d# Fid& s} wa
T FF5ol 5% AL ¢ & A

EF NO 7k29] 4] me F33e W3S Figure 50 g
WA 242744 NO 728 F3A4E 4$ NO 729 9
° 50, 100, 150, 200 mmHg2 Z7}gel wet 227 5149, 5537,
5850 R 6196 mmol NO/gd F&%F& Yehuiith. =3 Figure
504 Hi= upsh Zo] NO 7h29) o] Z7h3to] whe} wejAz
T FAFE F7HeY, $RAR0 A4l we FR&EE
RolE A & 5 den, Hagdol FAgel ue waAg ¥
8 TPl =23tE AL ¢ & Aok o5 AH2RY NO 7}
29 o] Vg AL 99 NG FHFLE AAW FFAL
Foldel Bet FAATL A4 NSHE AL ¢ 4 ok

8
—a— Total
—e— Chemical :
—a— Physical
S ys /./.
o
s
E
E
c 4}
% e
2
2 s
o d A . a
z L, /
Vi
0 " 1 A 1 A i 2 1 A i L
[s] 20 40 60 80 100 120
Time (min)

Figure 6. The comparison of physical and chemical adsorption
capacity of APES NO gas at 200 mmHg.

Figure 6 A|7te] Wislo] w2 223 3}8H4 Faao] Wl
Uetd I9o|tt. Figure 6914 RE Hig} o] 284 F3&
2l 2420 mmol NO/g9 F&3#e vehlion saaq Fa
< 2276 mmol NO/gS Yehiith 23y FFA|7te] 2718 o]
02} 224 FAFE A9 e goy 5tge FRFe 24
2o 3776 mmol NO/g2 2 A4 ZF718E AL £ AL ¢ 4 ¢
ooz EEAA 9 A 0E ojdd I FFL x4

ot &3

\ﬂ,

A3l FHe B4 A AgHoz FRAAES Yehe
€ ¢ F Utk 27] 0 A9 A HAA FHYo| 2
AL FAFRG S AL & F gov, IR o)FelE 2H

B} 38Ae FAFel & Ae & & Uk ayuZ o
o) ZHZ5FH APESY 2549 FALTI) B2H FHSER

=gthe A% ¢ & Atk T APESY FRA0) 2412 Bt
200 mmHge] NO 7}agigoz FAAZE o % F3qe
242 mmol NO/gelx 33t F&%#L 3776 mmol NO/go2 3
G4 F4Fo 294 FFFRG 15689 ¥ AL ¢ 4 90
olg ZH2RH %H7I14 Fol 2w+ A9 APES7F NOo| thg
5 F45S 21 8L ¢ 4 gk

Lo

ol ool o W
By
ofl

4.2 E

FH71Y Fol &2 9 APESE #45H7] 918 PESE YE
23 WS 3] NPESE $4# F ofst w82 sto Aok
323 FT-IR 29E3 2X& Esto] NPESS APESY @49
& gde9y, YERS W HY2AL do} ngton 9
2E4S T YERS 2 opvg AxE dopr gtk TF APES
oA ¥ NO 7h=9 EHEHS dol2 A g e ZEL
Ak

NPESS] FT-IR 2¥EY B433 NO7|o) o4& dAg ujg)
3 AFAF 549327 42 1B1% 1537 cm'IA 2aA uE
U, 01 em oA C-NoJ A52%e] 948 F49a7 Yehjs
Aoz Hol UEZS HYLL & & Uik T3 APESY A9
NO©I 9@ &9 27 7 ALl 2 NHeol o8 vlgi o of3
AEZES] F59 327} 34709 3374 em ')A YEY Aoz Mo}
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obigt HAES BAT 4 AN UERI 989 HH2AL
weeE 120 C, 9 ]7L 12A412), AAe] F& 20 mL, 181
el BE 30 mLYE & 4 AT APESY dAHA 0
3999 089719 o077l EUARNEE T F A AEe)
349 Acbaen) B4RART FASEE ot NOA o

@ g0l $aagon, 7hag o] F7d Het BNt
% AR Z7ha, gl ¥e AT Aue) BE FREEE
FAANT. HHHA FAEE BYA FRAEERT =, 2

Az F9 200 mmHgel 7tagEog FAANRAE AF A% F

Zagol A FAFPHG 156U 22 RS ¢ 5 AR o€
A7 R APES7F NO 7t tjd ¢58 §35¢ 2ta e
< ¢ F 9t
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