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Acrylonitrile is adsorbed on dehydrated zeolites Beta and ZSM-11 and, subsequently
polymerized using either azobisisobutyronitrile (AIBN) as initiator or gamma radiation. It is
shown that polyacrylonitrile is present in zeolite’s cavities, except those ZSM-11 where,
polymerization is initiated by AIBN. Encapsulated polyacrylonitrile are evidenced by Thermal
Gravimatric Analysis (TGA), Differential Scanning Calorimetry (DSC), and Fourier Transform
Infrared Spectroscopy (FTIR). Amount of encapsulated polyacrylonitrile inside zeolite Beta are
found to be relatively higher than those in zeolite ZSM-11.
topology and pore size limitation, result in a reduced decomposition temperature and stretching

vibration energy of C-H bond in polyacrylonitrile inside zeolite Beta, as compared to those in

ZSM-11.
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Weight

Size:

Method: PAN 10 KGY
Comment: N2 50 ML/MIN

i8.4470 mg Kcell: 4.0000 - TGA Operator: JEEP 3/3/44

100 " . -
ﬁ\z . PAN 10 KGys
30
3
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60 I8
et / -~
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200 o 400 600 - 800 1000
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Weight

Size: 23.4860 mg Kcell: 1.0000

Method: BEA 2
Comment: N2-50ML/MIN
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Weight

sxze:-éa;asoo_mg, Keell: 4.0000 —r.CB.Z\
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Weight

Size: 22.0160 mg
Method: BEA-PAN
Ca%gent: N2-~50ML/MIN

Kecell:
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Weight (%)

SiZer —22-0440-mg Kcell: 1.0000

Metho

Comme
100

d: ZSMii1 40KGY EX T G A-

nt: N2-50ML/MIN
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Size:

22.8720 mg Kcell:
Method: ZSM411 RBAY BIG EX

Comment: N2 50 ML/MIN
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1.0000 TGA

Operator: JEEP 3/3/41
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Weight
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Weight (%)

Size: 23.2500 mg Kcell: 1.0000 | (5 A

Method: ZSMi4i 20KGY EX Operator: ARTIT24/2/44
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Weight (%)

Size: 20.8300 mg Kcell: 4.0000 “T'CS /\ .

Method: PAN RAY
Ciggent: 02 50 ML/MIN
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Weight (%)

Size: 23.7760 mg Kcell: 1.0000
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Operator: JEEP-20/03/41

3
PAN/BETA 12.5 KGys
N
90~
.2
I
-rd
J F_
. : / " éio:
80 } 1 / 8
i : i
| |/ A\ 3
[
70~ | : [
- “\‘ho
60—t—t— ——t = . -
200 400 600 800
Temperature (°C) DuPont 8000

o =Y $ o o o
mesdluunsuuenodezaslalulasdnwludlolad Beta Ainnuduvesda@unuun 12.5 Alansd

melusinie

S9



Size: 46.9820 mg Kcell: 41.0000 TGA
Method: ZSMi41 RAY BIG EX Operator: JEEP-20/03/41
Coinérgent: 02 50 ML/MIN
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TILITPANICR. 600 MCDULE TYPE:DSC SAMPLE NaME:PAN 10 KGY  DATE:03-83°41  SAMPLING: |

====== THERIAL ANALYSIS REPORT ====== PAN 10 KGys
03 63 41

FILE NAME ~<PANLOK. 006)»
¢ TEMPERATURE PROGRAM §

LaTEiv/m-dY @ 03 03741 dTdt T{hold) T(hold) 6T{add)x n(repeat)
SAMPLE NAME @ PaN 19 RGY Lo 20 350 0 o] [o]
SOMMENT : N2 50 ML:MIN 2: =20 40 0 0 0
SAMPLE Q'TITY: 7.% mg 3: [¢] 0 0 ¢] [¢]
MODULE TYpPE @ DSC 4: 0] 0 0 0 [¢]
KAl ING NT.: 1 sec 3: 0 0 0 e 0

- 20, 000n% div

[
co

T 1Y

~1

- 53¢ 7 L ™

“EFHR 3355.664
173.3
e, : ; : J
ay N 150 246 299 345
ey
TUTENPL D eme e o TEUP ) =—Heat Flow (i -mmmmmmms
! 173.3 -5. 2204
2 282.7 166. 9365
DHEAT [ -—--- T Cr—==mTf (0o Heat (mdd-=—
203.2 253.9 3235.664
2 136. 6 169.3 -63.66

& a a oS Y] o o a o
maiTmmiu‘umwaaazﬂiTa"lu"lﬂsawmmwmmsammum 10 ﬂIﬁlﬂiU



====== THERYAL ANALYSIS RERORT ======

FILE NAME <KBEA2EX.000>>

DaTEL;

SaMPE NAME
COMMENT :
SAPLE Q' TITY: 7.
MODULE TYPE
SAMPLING INT.: 1

6802 09

2EA 2 EX
N2 30 ML MIN
7.3 mz

psr

sec

Vd= W1 —

69

PAN/BETA 10 KGys

98/02./09

0 TEMPERATURE PROGRAM ¢

dT dt T{hold! Tihold} {T(add)x nlrepeat)

20
-20
0

0

¢

250 0 0 0
10 0 0 0
0 0 0 0
0 0 0 0
¢ 0 0 0

1)

. 000mW/div

~207. 260

-1.9339
-11.4333

B Heat (md}—-—~
3 =707.26

i~——Heat Flowi{ml)————=

—
[val
<o
(18]
—
o
A=
gl

wosluunsuveanedoznslalulasaneludlolad Beta

= @ a o
ﬂﬂ')']ﬁl‘%ﬁlﬂﬂﬁﬂﬁ“ﬂllﬂ'] 10 ﬂialﬂﬁﬂ




FILE Jule

‘LDEABIE. 00D

70

MODULE TYPE:DSC ~ SAWPLE NAME:BEA RAY BIG EX  DATE:0303 41  SAPLING
====== THERWAL A\ALYSIS REPORT ====== PAN/BETA 12.5 KGys
0303 41

¢ TEMPERATURE PROGRAM ¢

DATE !y a d) 03 93, 1l dT dt Tthold) T(hold) &T(add)x nlrepeat)

SAVSLE NaMe BEA RAY BIG EX 1: 20 230 o] 0 0

AL N2 30 ML MIN 2: =20 40 0 0 0

TULWPLE € OTITY: 6.7 mz 3: 0 0 0 0 0

MCDLLE Ty, ¢ DSC 4 0 0 0 0 0

SAMPLING INT. 1 sec 5: 0 0 0 [¢] 0
2,000, div

285.3

181.8
&l 130 150 230 286 336
o y
———————— TEMP (" Cy ——Heat Frow{aV)—=mm-———-
181.8 -5.531
283.3 1.3603
————— TH O =T " Cl————-Heat (m] 1 ——~
303. 2 2426 367,127
297.6 174. 4 ~130.743

mes luunsuvsaneodezas Ta'lulasdneludlelad Beta

a 9/ o = a d
NANVIYUVDITITUANNN 12.5 ﬂimﬂﬁﬂ




-

KOG MCDULE

TASEN. 0003
98 G2 u%
AVE REAR EX
L AMENT :ONZOFL N0 OMIN
SAMFY D O TITY: . i
TTOINEE L DET
SN 1 sec

71

TYPE:DSC SAMPLE NAME:BEA3 UMK EN DATE:98 02.0%  33HPLING:

THERYAL ANALYSIS REPQRT ====== PAN/BETA 15 KGys

Ut = W1 =

98,0209

¢ TEMPERATURE PROGRAM §
dT dt T(hold) Z(hold) 6T{add)x n{repeat}

20 230 0 0 0
~20 10 0 0 9
¢ 0 ) o )

0 0 0 0 0

¢ 0 0 9 0

!

2,000V dIv

174.6

2 150

TTUD, - em—e—- —=TEMP O --—Heat Flow{milt)

1 13,2 -3.8443
2 A -8. 7404
5 RETO! 2.1661

Lo = Te T SO0 e memHeat dud e
1 1L9.5 203, ] ~151. 262

199 TS

.
.
(6]

mo3 luunsuvesnsaszas lalu'lasénmeludle'lad Beta

d‘ 9 o a '3
PANVIBUDITITUAVVT 15 A lawnsd
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Ty ARIAY MNOT e
====== THRY, ANALYSIS REPORT ====== PAN/BETA 20 KGys
R It ORI ¢ 1] LOILLE TYPE:OSC SaMPLE NAME: £A—PAX 26RGY BY-020Q82:35 02 ¢8 SiUPL}
NGl osec .
CILE Sl C4BE2UCX. GO0»D

§ TEMPERATURE PROGRAM ¢
0O 02 o8 dT ‘di T{hold) Tihold) éT(addix nirepeat}

BEA-PAN 2UR5Y EX 1: 20 258 0 0 0
N2 3¢ ML MIN 2: =20 40 0 [¢] [
6.2 mg 3: @ o} 9 0 0
DSC 1: 0 [¢] 0 0 9
1 sec 5: 0 9 9 0 0
- 7,630V, div

164 136 160 165 220

fe

]
-1
(=)

== ==TEMP T, ——Hga (WRLIw V- GRg 5T
> 3. 1894
~7.9995
5

-

L3274

(VARSI

T € PR Rty

)

30,193

w3 luunsvreawodszas lalulasdneludle lad Beta

- @ - = L'4
AANUITNYDIS FUNUL 20 A lainsd



FiL

sceces THPRAS: INAL SIS BERGRE emematay £

DATE:69.02 '¢8

SAUPLING:

1

. B —————T ¢ c
fEAT —=—==T oy] T C
i hib 1834

Pow il mm e

L47iS
TR

Jrm—— Heat (m.f)———

-171. 67

mes luunsuvemedozns Ta lulnsdneluslolas Beta

TagldduSue ludalo ot ls lu'lasg

1
09.02/98 PAN/BETA AIBN
SONAME <LEATEN. CBOYD
e EHESC ¢ TEMPERATURE PROGRAM #

22 92 98 dTdt Tihotd) Tihold) 6T/addix nlrepeat:
BEA AIBN EN 1: 20 250 o 9 3
N2 RQ My OMiN 2: =20 10 6 0 0
5.6 mg 3: ¢] [o] o] & 6]
DS 1: 0 o o 0 0
1 ser 5: 6 0 0 0 9

- Tt T T 7006w, div

229.6
ielk. 2
a0 o 126 135 180 210 249
18) )
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F1i¥ . ZSIAEN. 009 MODULE TYPE:DSC SAMPLE NAME:2ZSMI1 10 KGYS EX  DATE:99.02 68 SaMpi!
NG: 1 sec

e THEH\H,’_ _X\.‘&USIS BEPOPJ ====== PAN/ZSM-11 10 KGys
09.62 938

FILE NAME (<ZS10EN. GO0O>>
4 TEMPERATURE PHROGRAM 4

e vemfdy r 39,02,.98 dT/dt T(hold) T(hold) 8T(add)x n({repeat)
ee o \MME o ZSMIET 10 RGYS EX 1: 29 250 0 o} ¢}
COWMENT X230 MLAMIN 2. =20 40 o] [¢] 0
TE O TITY: 6.9 mg 3: 6] [6} [¢] 0 [¢]
oA LE TYPE o DSC 4: o] 0 [¢] 0] 6]
SAMFLING INT. 1 sec 5: 0] 0 0 0 o}

oo 2.C00eY div

228.6

40 70 168 130 166 190 229
s

TOTEMP, D mmmmmmm e TEMP{'C)—=-Heat Flow{mW)-—=——m——
1 217.9 -2.3878
2 223.7 ~+.6997
3 228,06 1.8332

CPEAT D -eem T Ci- =T O - ———Heat (ad i -
i 217.9 2414 -78.024

0= =S o
medluunsuveanonozas lalulasaneludle lan zsM-11

P o a o
'Vlﬂ')']?Jl‘l%J‘Uﬂ\ﬁQﬂllﬂnln 10 ﬂIﬁlﬂiU



[ RER
\G: | sec
FILE NAME

et o

====== THERMAL ANALTSIS REPORT ======

75

228 fEN. 000 MOULLE TYPE:DSC SANPLE NAME:ZSMI1 RAY BIG EX  DATE: 03 03 41 SaMeL]

PAN/ZSM-11 12.5 KGys

03703 41

{{Z8B1ea, vuod>)>
R ¢ TEMPERATURE PROGRAM ¢

e B30340 dT dt T(hol!d) Tlhoid) 3T (addix n(repeat)
ME - JSMEI HEVEE ST N I: 20 353 0 o} 0
. © M2 R0 UL MIN =) 49 ¢} 0 0
WLT ( i ™. TAr'g 3: 0 0 0 0 Q
Lt D?; 4: o] [¢] 0 0 ¢]
S <es 3: 0 6 0 o] 0

y & : 300Gy div ]
—“___’_’/,_4._
___,______,_,_-—»~——~""——’~'

N ————

187.2

284.7

T T '
. t B
o JER 150 240 290 348
e
I TEMR (P Cr~——Heat Flowmil)=——-m———v
1 187.2 48123
z ORELT -2.2029
T REAT [ -- - T Com=-Tf ' Commmmm tHeat (md)-——
! 265 263.8 63.2%2
2 2i0.0 18¢.9 ~90.8531

medluunsuvemeaezaslalulasdneludlelod zsMm-11

~ v A =S o
Aanuduvessidunuu 12.5 A lansd



o= TUCEVY
saonaal

SILE NAME <KZSMisE. 00052

CATENVEwadM13E, 909 02 U8DULE TYPE:DSC

v

SNAYSIS REPGRT

19.02-98

¢ TEMPERATURE PROGRAM ¢

76

PAN/ZSM-11 15 KGys

SAMPLE NAME:ZSMTIhDIKOY TBY 0| dDAPT (pAd0I $repSaMBL ING
0

med luunsuvosweaszas lalulasanieludlolas zsm-11

P 9/ @ o =y o
NANUVUVBITITUANN 15 ﬂimﬂﬁﬂ

;o besebT \RE ZSHIL I3RGY EX 1: 2 250 0 0
COMUENT N2 50 ML-MIN 2: =20 10 0 0 0
SIMPLE Q' TITY: 6.5 m3 3: 0 0 0 0 0
MCDULE TYWFE LSC 4: 0 0 ¢] 9 6
S NG NG sec 5% 0 0 0 0 0

T T T - 77000 div
45 T3 192 138 160 129 229
e
TEMP T —mmme - TENP O Cim—~Heat FlowiqgW)——==—mm—-
-2.39%,
-1.8269
FEAT Bt B Gt IR O Ee et b Heat imfj-—-
1832 29801 -79.303




77

====== TR ALNSIS REPGRT ====== PANIZSM-11 20 KGys
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£ ONAHE U ZSZGEX. 02600
¢ TEMPERATURE PROGRAM ¢
Q5 02 98 dT 'dt T(hold) Tihold) 6T (add)x neirepsat)

Z3Mi1 26 XG'OEXN 1: 20 250 0 0 ¢

N2 3@ ML OMEN 2. =20 10 o3 0 [

Ty 6.1 m3 3: 0 0 0 0 0

MGDULE 7 B 4: 0 o] 0 ¢ 4]
saMpLD L L osee 5: o] [¢] 6] 0 0

39 150
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i
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3
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- e
...... TTT . T T ==
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FILe . ZSAl12:.000 MODULE TYPE:DSZ SAMPLE NAME:ZSMI1 AIBN PAN 2-2  DATE:9802 20  Saur
LING: | sec

c=zees THERUAL JALISIS REDRT === PANZSH-11 AN
98702/20

FILE NAME <<ZSa022.0005>
¢ TEMPERATURE PROGRAM ¢

DATEdy @ .. : 9892 20 dT-dt T(hold) Tihold) 8T (add)x n(repeat)
SAMPLE NaME @ ZSMIl AIBN PAN 2-2 i: 20 250 [ o] 0
COMMENT N2 30 ML,MIN 2: =20 10 0 0 0
SAMELE Q' TITY: ¢ 4 mg ¥ ¢} o} 0 0 5}
uortL IyFo @ DSC i: 0 0 0 0 0
S wowanl INT.: 1 sec 5: o] R 0 <] 0
- 0. 300m% - div
. J
N— — _
G RN 139 158 155 215

=y o i
medluunsuveanesosas lalulasameludlolas zsM-11

L a’ =Y a A L4
Tagl s Jydale i s lulasa
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