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Fig.1-1 Changes in fatality rate of automobile occupants during traffic accidents [2]
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Fig.1-2 Disc-type inflator

Fig.1-3 Sectioned diagram of a disc type inflator
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Fig.1-4 Construction of this doctoral thesis
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salt, CMCA), V¥ AF L m—AF K7 A (carboxymethyl cellulose Sodium salt,
CMCNa)BXUAF L -7 H T 7 A (Styrene-butadiene latex, Latex) O 4 flifEz3EL
Teo ZNHDORIY—IAFENEG ThD LI, AR G I OKES R DD\ NI E 72 55 ok Ao
BTE ATV —RIATHEL TD, F2, AN ZDBUHRMEDMEL | EIoilffE 2 esd | 27
—FIAIZED AN E—RIE T 22 ENTENE, AN OUGRZ I TE D FTREMED DD,

A% R O JEREM MR E LT S KRINE A E MBI L OBER . uE T
A I LT, Fo. PTAAIEE L ANIPN KL -3 KTV AN/PN/Polymer K7 1 2R A L CH A3 A4 %
AL PREEM 2R LT,

12



VaporescenceT

Ooo

3. Integrated
Particle

1. Materials
dissolved in water

2. Spray drying

Fig.2-1 Diagram of particle generation by the spray drying
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2.2 FEREE

AN/PN/Polymer ¥+ DAL T, AN (FOGHIZE T3 (BR) 8, SRR R) B LTV PN (Rl
MK T3 (R AR, SRR & Ve, AV~ —R5r &L CL Fig.2-2 (2R LTz PVA (FIEHfisk T
¥ (RS, Foye—k, EA 400, 1FAALEE 96 mol%), CMCA (Fiytflisk T2 (KR)+HHL, {1k
“FH). CMCNa (FiyefidE T3¢ (BR)+L8L, {5 H). Latex (EALRK IV (BR)F2HE) 2 V-,
AN, PN, iR ~—% 9:1:0.3, 9:1:1 BLO 9:1:0 OE&EITARDIDNTRA L%, 4 FED
milli-Q KIZIEfRES AT L —RTA HOKIE R Z TR 7=, FELOFRK I Table2-1 |Z/R9@Y T
oYaR

CH,COO'NH,"
@)
n
OH "H,N- —
HN'OOCHC—0 O—CH,COO'NH,*
CMCA
PVA
CHzoNa
o o
NaOOCH,C—0Q O—CH,COONa
CMCNa Styrene-butadiene latex

Fig.2-2 Structural formulae of polymers
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Table 2-1 Compositions of experimental samples

Sample (weight ratios)

AN (weight ratios)

PN (weight ratios)

Polymer (weight ratios)

AN/PN

AN/PN/PVA (9:1:0.3)
AN/PN/CMCA (9:1:0.3)
AN/PN/CMCNa (9:1:0.3)
AN/PN/Latex (9:1:0.3)
AN/PN/PVA (9:1:1)
AN/PN/CMCA (9:1:1)
AN/PN/CMCNa (9:1:1)
AN/PN/Latex (9:1:1)

9

© ©O© O ©O© O O O o

1

L T e

0
0.3
0.3
0.3
0.3

L
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2.3 #URHF

Fig.2-3 IT/RLIZHE BT 2 (BR)HHD A 7L —RF A% (CNK-P-SDD-0 %!, x> /34 A X
@1100 mm x H650 mm, "EFE SR T A A7 T h~AH 950 (i) )& AT, 2.2 THELIZAKER
DAL —RTARIRAEAT ST, [RIZEE T, KSR — 2 —R T KOAR LG
T ARG ~—TERE TGS, TAAIDDT ¥/ SN ETH TEZIND, 25BN EVE T
ElRE > TR, EFZESNIEEIRIT— B CRZBEL | 258 TR ORI 23BN S 41D, KRR K
D/INEURL AT A7 m AP BIEIE DD, ABFFE T, FZELTRIE NEMALREI S VDR
FAEFEH L THWTNWD, AAFIEOD FEBRZAT 1L, KBS OHAEH L 2.40 kg/h, ZVRUREE 170°C,
TEENEBIEEE 90°C —@ELL. TAAZ[Al#AE T I L LT 18000 rpm., IR DKEE N EWGA T
24000 rpm & LTz, 7235, BEAE D FIE[LNC LY, RIFEBRSAC B DK DAL T B Z R ELT2&
25, EOREAICIK ST 47 um HDHZ LRS-,
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=]+ Spray mist

800 mm

4 1100 mm
i}

Cyclone separator

Fig.2-3 Picture and diagram of the spray dryer
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2.4 WyMEREA

241 BRBLOVEKHE

XTI ANIPNRE 133 KUV AN/PN/Polymer k7 - D[RR & A JIE L, INREH B LZ, F7-,
TROMEAR S EE (7 RVERFFERT (KR)HL. FD-230)% VN T, A7 L —RIA B &I BT 530kt
DENRBEPE Uz, BARFRREZ, 3R K5 g MBVEEE 120°C, FHIKR] 20 53 D5 T
Fh L7,

2.4.2 SEM (2 & DR 82 L UKL TR D H

AN/PN K-35 LT AN/PN/Polymer Bi-DZK ik iE2 &AL 1 BAMMER (Scanning electron
microscopy. SEM, JEOL DATUM Ltd.#:8, JSM-6060. N33 £ 10~ 15kV)F L OMENE# I+
SEM (ZEISS #-# ULV-SEM ULTRAS5, M 0.7kV) & VW TEIZE LT, $£7-, SEM E) 5
LR ORI 1 500 HOBEREEZWEL , ATV —RIATHRBILIRL ORI E A& FH LT,
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2.4.3 JLFHRL

AN/PN L35 LT AN/PN/Polymer FZ- Dt 3 53 a1 — 43 B8 X #1347 (Sceaning
electron microscopy/ Energy-dispersive X-ray spectroscopy., SEM/EDX., SEM #47:FEI L,
Quanta FEG-200F, EDX #B43:EDAX -5, XL30)(Z kY Efii L7=, MEEFEIL 10kV EL. K&,

ZBHFR WE, FTRIT L VT LD 5 ITLRITOW TN EITo72,

2.4.4 PRIGERAIR

ATV —RZ Ak (AN/PN/Polymer 71 (9:1:0.3)55\ % AN/PN ki1 )afEle s 7 =
(Guanidine nitrate, GN) 35 J O LA AE RS (Basic copper nitrate, BCN)EIR A L CH AR A A%
TR | BRBEMEZ R LT, T AR AANT BETEDOMIZE[2,3]122 B 1L T, AF L —RI AR+,
GN BLUVBCN DiREY) 3g (&L 7:3:2) 2 RUT A L, N R T VA I EREARA L CRRELL -,
NURTVATEMET DERZIE XUl 15 MPa TIEMEL7-1% ., A 3K LT 30 MPa T
BRI LT, Fig.2-4 1, JERERRIL L 7= AR AR DI T D, JERMERR A | RITERR BRI 25
HRBES T BT-01, B AT AR TR RS HIZ AT L, 60°C THELSHE T2,

IRBERRBRICI Fig.2-5 (TR $F AT BERRA IV Vo, ZO3EE 1T, 258 T DE R A%
BEAL, KT TH T NRZR (Fig.2-6)\ i B LT-H A AR PR TE S| MR e ik o 4
ZHETHIEETHD, 2 EEO T A MIZIEA V7 A AR EOAHT O TRY,| EHET A £ 230
I DHTLTRR A 2T T CORRBEZR B 2 BIE2 T 5L TED,

AWFFETIL, WA AICZERZZ WV, £ 1~9 MPaDNNE Tkl F2 6 L7, [ H%%
HEHH Ay 7V —ICXVBEL T=ra b a RS T AJE AR O _ LG 2 & K LTz, #
IRBEHEE X, WATIE B LT L AU A IEAOF L CRIE L7z, B 1L, BRBEE il i o8l 42
ARLVIRBERFDOER 7% 30-500 fps (2 CHATHREZ L IRBEI I 25 LT 9~ D G DR BE R 4
BT 2HIETHD, thE 1L, TOTAFAERNRERIZEL 7o 8 2 RISTHIR O 2 B # % CE
JEZFIINU TR E, mMKBITA A BRI T DR 22 &7 A Y 8] 0D BRI ~ S AR e o B A B H
THIFETHD,
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2.5~3 cm

1.0 cm

Fig.2-4 Appearance of the prepared gas generator
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Exhaust air T
<+—Filter
m— Orifice
[ ? Sagety valve
‘ Window
s

Nitrogen gas h Pressure meter

é Sample stand

L

Fig.2-5 Diagram of chimney-type strand burner
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//_Mﬂlmm&um_

Sample

Combustion direction

Sample stand

Fig.2-6 Diagram of sample stage in the chimney-type strand burner
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25 fE R B L ONEL

251 WRBLOE AR

AT V=R I IR SIVIRL A DI 3 TOVE K B OHERE R Table 2-2 1R 7, A7
—RIAY THE (Fig.2-3) DRI L 7RI DU R T 40~60% Tl 7z, ABFFETHWZAT L —F
TAY T, A7 MDHHRFBEUCTED A, ZORL 125 DT84 OILFEIL, 50~80%C
bole, Flo, BKRITT RT LRI THY . 0TI 2R CE =283 o7,

Table 2-2 Yield and moisture content of the prepared spray dried particles

Sample (Weight ratio) Yield [wt.%] Total yield [wt.%] Moisture content [wt.%]
AN/PN (9:1) 55.9 81.3 0.42
AN/PN/PVA (9:1:0.3) 61.6 62.0 0.73
AN/PN/PVA (9:1:1) 50.1 81.3 0.66
AN/PN/CMCNa (9:1:0.3) 54.2 73.8 0.36
AN/PN/CMCNa (9:1:1) 476 58.5 0.84
AN/PN/CMCA (9:1:0.3) 48.0 68.6 0.37
AN/PN/CMCA (9:1:1) 43.4 52.4 0.50
AN/PN/Latex (9:1:0.3) 53.5 81.3 0.31
AN/PN/Latex (9:1:1) 53.3 no data 0.37
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2.5.2 HHBIZ

ATV —=RIABERZIL, R~ — DO EICBEDOL T EOILE LI HAORLf- D R ST,
LLZRAD Fig.2-7 IR 398, A7V —RI41% 7 HRIRBREME T 5L R~ —Z 5 ER0
AN/PN FI 1% AN OUIREDRBICIVEETLIIEN roTe, —FH R~ —%2 5T
AN/PN/Polymer Fi 13T ivh BEEE TR AR D Z LD R STz, AT L —RI A28, AN &
WAL DARUNRY = — LA LB 2 — IR A S4L, KL R i O 3 L O il S h o2&
IZED, BHEL R o7 B 2 b5, TR B LONIEOFELVRIEBIZ DWW TIE 3 BIZTELET
Do

Fig.2-7 Appearance of spray dried particles
Left: AN/PN, Right: AN/PN/Polymer (AN/PN:CMCA=9:1:0.3)
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2.5.3 SEM (2L oK @l e LU O HE

AN/PN K35 ZUF AN/PN/Polymer i D Z ik #E% SEM (JEOL DATUM Ltd. #E%E, ik
J£ 10k~15kV)IZEWBIZ LT, TN E DG % | skl GU3E AN)O 5 E361Z Fig.2-8 12
sRUTZ, Fig.2-8a 3L TN Fig.2-8b 705, 383K AN 8L TN AN/PN R+ Tl /NS08 LT
WDEE - MBIECE%— 8, Fig.2-8¢c~f [Z7”L7= AN/PN/Polymer 77 Cid, 1ZEA CEEEITBIZ
Ehieinot-, £z, Fig.2-9 (2783 X912 AN/PN/Polymer i+ 0ki+-F fld, AN/PN ki Hik
LTHLMNTHY, BERITEWEIREL Qz, ZOZENE, RU~—RIMCED AN OWLIE, Kk
DNZ DTS E% SEM BlE b il T& iz,
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188

188mm 81

Fig.2-8 SEM images of AN/PN and AN/PN/Polymer (x100)
a: AN (commercial product), b: AN/PN,
c: AN/PN/PVA (9:1:0.3). d: AN/PN/CMCNa (9:1:0.3).
e: AN/PN/CMCA (9:1:0.3). f: AN/PN/Latex (9:1:0.3)
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10 pm Mag= 100K X EHT= 0.70 kV Signal A= SE2 ESB Gridis= 500 V Date :11 Dec 2012
| — WD= 32mm Aperture Size =60.00 ym File Name = AK_700V_x1k_se2_291.tif

10 pm Mag= 1.00K X EHT= 0.70 kV Signal A= SE2 ESB Gridis= 500V Date :11 Dec 2012
| | WD= 34 mm Aperture Size =60.00 pm File Name = AKC_700V_x1k_se2_277 tif

Fig.2-9 Particle surface observed by the low acceleration voltage SEM (x1000)
Upper side: AN/PN (x1000), Lower side AN/PN/CMCA (x1000)
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Fig. 2-8 LV HEIZEEHIZL T, AN/PN/Polymer Fif- DR ENRREZ AN L 72 R~ —fZ HRi L
7z, Fig.2-10a 3 L1 2-10b 12753 £H12 AN/PN/CMCNa k7f-35 L U8 AN/PN/PVA i+ Tl #ii—
ORI DR NN DD | ETZNERDHF 22 THLORL 70, WEBIZSHIZHI B2 SRS
AWTWDRLFBAEET DNy holz, — 7, Fig2-10c B XL 2-10d 128 T X912,
AN/PN/CMCA 7> AN/PN/Latex Ki¥-Tid, FIL TWDRLFDOWr I HFIZ 2R ST RS
A2\, ARV~ — D PEDBE N ISR EE A 720 | ZOFER L TR IRITEV DR b
7L,

28



J

LN

18Ky HSBE

1akuy

Fig.2-10 Comparison of surface conditions for each polymer type
a:AN/PN/CMCNa (9:1:0.3). b: AN/PN/PVA (9:1:0.3),
c: AN/PN/CMCA (9:1:0.3), d: AN/PN/Latex (9:1:0.3)
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HIE L= SEM Bt ATl AT 0 500 {H DR 1Dk R &H H L7, Fig.2-11, 2-12 12 AN/PN
B35 LT AN/PN/Polymer i1~ 3V E DRI D 734 % 7~ L, Table2-3 (2B KL F DAV T 4L
E—RNEEFLDT-, ZNHOREERLD, ANPN K138 AN/PN/Polymer bi-1-i%, BEiahifk
20~40pm THHZ LNy o7, F72. ANPN Ki1-1%, AN/PN/Polymer i 1- & LB L T 77T
RIRES R EME M 2 O, F72, AN/PN/CMCNa K1~ DRI, oFEDE /NS M)
(2D, ZIUTAT L —R T A LLERRED AN/PN/CMCNa ZKIFIR DR FE A i< sk RIT 7
4 A7 [AEREL (18000rpm) CILIERL TEZRM 72728 [AldEEE 24000rpm (i 722 EITHE A3
5HEEBZ D, ENLSNORLAIZ DN T, R~ —DFEH-LTHMEDE NI LD | KR DO B fife
IRFEN TN DT,

AN/PN/PVA (9:1:0.3) AN/PN/CMCA (9:1:0.3)
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Fig. 2-11 Particle size distributions of AN/PN/Polymer (9:1:0.3)
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AN/PN/PVA (9:1:1)

0.6 100%
s )
> mm Number of particle /All | g9
g 0.05 number of particle
g 80%
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2 o0
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g
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E | 60%
g
=0.03 | 50%
<

O
] 4 40%
o - 30%
5}
_E - 20%
£0.01

3
Z 4 10%
i | P i

0.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00

Particle diameter (um)

Fig. 2-12 Particle size distributions of AN/PN/Polymer (9:1:1) and AN/PN (9:1)
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Table2-3 Particle diameter of spray dried particles

Sample Median diameter [um] Modal diameter [pm]
AN/PN 38 40
AN/PN/PVA (9:1:0.3) 29 29
AN/PN/PVA (9:1:1) 23 20
AN/PN/CMCA (9:1:0.3) 29 21
AN/PN/CMCA (9:1:1) 33 33
AN/PN/CMCNa (9:1:0.3) 25 16
AN/PN/CMCNa (9:1:1) 19 11
AN/PN/Latex (9:1:0.3) 30 38
AN/PN/Latex (9:1:1) 29 27

32



2.5.4 JLFHEARK

SEM/EDX (SEM #B43:FEI #L8L, EDX 5y EDAX #1:8)%& VN Chr 13 1l O 7t 0 Ah 2 I E
L7z, #iiR% Table2-4 (Znd, P OBEGRIEIL, ML —IZ 53 L TODERE L TR
WD EF AR LN DHER LT ThH D, Latex D3RRI Th 72728, Latex HAD T
HFo3Ai% EDX TRV, ZOMEA JTICHER LTz, Table2-4 7136, RU~—2EEN TR
AN/PN ki1 Th B EI1, AN/PN/Polymer K1~ ThIAIERIZ R FEOEIA DEEFR L &
WIZEN DD, ZHUE, MIEREOE — L0 B2 —H E L TR, b2 B ICEE 357
DI LT — AR T =7 HRORFED RSN b D LTINS, ANPN/Polymer H7--0D

fRFEE [Mol%]2 5, AN/PN Rr 1 CEIEES - IR FE & [mol%]z 2L 51<E, 2 TORE TR
BERR B ST\ M2 7R -2 &0 5, AN/PN/Polymer K71-1% AN, PN BL ORI ~—2¥—I2—K(k
LTWAIRREBIZIEWEE 2 HiD,

33



Table2-4 Elemental distribution of spray dried particles observed by SEM/EDX

C N 0] Na K
Sample
[mol%] [mol%] [mol%] [mol%] [mol%]
Experimental
8.2 39.3 494 0.1 2.9
value
AN/PN
Theoretical
0.0 38.4 60.0 0.0 1.6
value
Experimental
11.8 38.3 47.4 0.1 2.3
AN/PN/PVA value
(9:2:0.3) Theoretical
2.2 37.1 59.1 0.0 1.6
value
Experimental
11.7 34.0 47.6 0.1 6.5
AN/PN/CMCA value
(9:1:0.3) Theoretical
1.6 374 59.5 0.0 1.6
value
Experimental
8.5 42.1 47.0 0.3 2.1
AN/PN/CMCNa value
(9:2:0.3) Theoretical
1.6 37.2 59.5 0.2 1.6
value
Experimental
9.1 42.1 46.8 0.1 1.9
AN/PN/Latex value
(9:1:0.3) Estimated
3.2 37.3 58.0 0.0 1.6
value
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2.5.5 RPERAR

AN/PN K7+-33 L0 AN/PN/Polymer K7+ Z 4 GN F5L T8 BCN ZiE A LTI AR AH %
FHELL | R BERRBR 2 i LT, IRBERRBRES D, AL -2 ToH AR AANT, I SE S
1~9 MPa DNE FC BABEA kT L 7=, 7z, Vieille D (2-1 2)IZFEV N, FOATIRBERFE L
FHKENDORRE 7 1y L, Fig.2-13 IZRLT,

r=aP" (2-1)

r:burning rate, P:ambient pressure, n:pressure index, a:constant

AN/PN =& AN/PN/Polymer %77 A58 /LRI DRRBEIR L 2 Fel 5 & AR~ —OFSHITIKD
3 AN/PN/Polymer $i1-% & T o UBH IR BER 23 R < 72572, Table2-3 X AN/PN/Polymer i
1% AN/PN RL - LOH BRI/ NS Z ED S, AN/PN/Polymer Ki1-& GN 35 XUV BCN D #%fih
FEDSEE USRS FE DS MU 7= 2 E MR O — D EHEZR LT, FT-, AN/PN/Ponmer KD

AVAN LR~ —BE—ITRA L TODIEND, TIE D BISED | BRIEE 2 8% b
2 TWHATREMEL 85,

Fig.2-19 OZ 77 DIHENDEHEE (n)ZH L, Table2-5 IZF LD 7=, AN/PN %1% 2 MPa
V2t i AA LIZ720 . P=2 MPa~9 MPa @ n bHH L, (M OEHThIE DT
n=0.8~1.0 it THY, R~ —IRNNZ LOMRBERE X BT 223, EAQfREIRIZEAEZ L
IRNZED Dol
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Fig.2-13 Burning rate of gas generator containing AN/PN or AN/PN/Polymer
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Table2-5 Pressure index (n) and constant (a) of gas generator containing AN/PN or AN/PN/Polymer

Sample n[-] al-]
AN/PN 0.88 (1-9 MPa) 0.42
AN/PN 1.20 (2-9MPa) 0.24
PVA 0.96 0.83
CMCA 0.88 2.79
CMCNa 0.90 2.22
Latex 1.03 0.66
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2.6 L

ARETIEATL—RIAEIED, AN, PN 3L0%R)~— (PVA. CMCA, CMCNa, Latex)7—
AL LR AR U7, FRBL 7RO 5 KR IR, REREE, BLONARAI LR A LB
DIRBEMEZ TN L7 R5 3 DL T O F BAEHT-,

M)

)

®)

(4)

AN/PN 773 X OV AN/PN/Polymer %7 7-OHRi£81% 20~40 um THY, 5EIOEKFITLTL
WL.YAT# Tdo72, AN/PN/Polymer H7--13, AN/PN Hi+-& Hei U CRESR DMl S 4L, AR~
—IIND Ay MR LN TET,

AN/PN/PVA Fif-3350Y AN/PN/CMCNa Rif-1Z—Fooki 1R il ZikiL il o3 Blggsi, N
AR ZE ORI MBI RS2, —J7 . ANIPN/CMCA Fi-35 T AN/PN/Latex 712 13Al
NZRETBREINT | B2 AL T,

SEM/EDX Z3#r D H 10, FHHRIL 72 AN/PN/Polymer ¥7 3L A 1 K7+ —25y
B QWD EAVRIBS T,

PRBERBRCId, AN/PN RL1-35 08 AN/PN/Polymer i1 F U 7= 7 A58 A Al RIGE I8
FTHZELEDR L TRBET D LD MR E NI, FTo, AU~ — IR KO BREABES L 3
[F] B3 5708 OZEE N b, TAFAEFRLSE L TR TEL BRI S RB S LTz,
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53 AN~ —EAMHEEREEET T =0 AOWIR I KON FeIE
3.11IEHIT

glE 7T =" 2 (Ammonium nitrate, AN)IEEWIEMEEZ AL 65 %rh LL EDOJRFHA T Tl
il Ui L7202 % IR L7 B BB T Xy 7 I ARG AR EL TEDEEA T —FTH
ENTGE BOVIAREGIZINA 7L — NI ZERARALIZSGEF BN TUL A
AFEAEF Ry FOFREAME T LT, OOFINCBIRIL T2 TREMEDR B2, Fo, BriRIb LIz 2
BAERNCEKRTDHE, BEEOYE | BRI T IERA7REE 5 X 2T /I REEAHYD . AN &
T AFEAERIE L COFIHT D86 . Wit 36 KO TR T~ _REEO — 225 b,

8 2 BEOMIETIE, IR AR SRS Z0IZV AN KL T2 52 0%
HEYEL T, AT —RIAEIZED AN, FEZLE(LA] (Sl L Potassium nitrate, PN)F LY
RY~—PN—RIEL72RIF (AN/PN/Polymer Fif-)Z 3RS 7=, A HUBLEE S04 A 1 WM
(Scanning electron microscopy. SEM)% Iz &K #BLEL DOFG R . RV~ —IRINOERIZIY | BT
B RO o TR Z D1 B D EREE S I Ay W d6 KON ME AN B L D T REME
DIRBENT,

ARBFFETIE, WIR MR IO A2 LM ICFE M T 222 HAEL, AL
AN/PN/Polymer Hif-%—E G NICHTERL . BRIt C 3T &A1 b, ML LB LD
KA TR DZE IOV THRF LI,
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3.2 Fzhalkt
%5 2 B CHHHRILZ AN/PN Kif-385 0 AN/PN/Polymer ki (Table 2-1)&f# L7, FE%Z
90°C DIEIRAHNIZ T—IBAK 18 IFRIFREE LB L . FE/ | HEBES 7% . DABR D EBRIT IV,

Table 2-1 Compositions of experimental samples (Reshown)

Sample (weight ratios) AN (weight ratios) PN (weight ratios)  Polymer (weight ratios)
AN/PN 9 1 0
AN/PN/PVA (9:1:0.3) 9 0.3
AN/PN/CMCA (9:1:0.3) 9 1 0.3
AN/PN/CMCNa (9:1:0.3) 9 1 0.3
AN/PN/Latex (9:1:0.3) 9 1 0.3
AN/PN/PVA (9:1:1) 9 1 1
AN/PN/CMCA (9:1:1) 9 1 1
AN/PN/CMCNa (9:1:1) 9 1 1
AN/PN/Latex (9:1:1) 9 1 1
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3.3 EBRFIA

331 SRR T ICk T o EELA(

FEORTLELL LT, Table2-1 (278 L7z AN/PN HRi-35 T8 AN/PN/Polymer i 7-ZfH 812722
FCRBICTRIEGIR LT, 5 UI2R T 200 mg 2758 2.0 ml OF T ARIZRZHEA LT,
Fig.3-L IR T I T v —# NI Tz, SR KIS OFET DB SN ZE Tl — &
OFEHIE LA BD ZENFNHIVTND, ARBFSETIE, JISB7920 (23T, REEAY T I (FiJEhl
K ()Y, SRS B FK IR L OMEAE R A (ROERISE (BR) Y, SRERAER) Aufn ki
et EhT o r—2OEHICEE L, #Z2 L TR 40 %rh 38XV 70 %rh ([CFFHELT-, — &
REEICH TAREGEROH L, B KE (=— 774 ()8, GH-252) TEHEZA{vE
RELT=,

Fig.3-1 Conceptual figure of moisture absorption experiment
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3.3.2 MR PHE Pl DR IR 2L

AN/PN K713 OV AN/PN/Polymer k7 7723 i iR 9~ 2 i B2 4 | B2 5% il 10 AU 78 1 A % B
(Environmental scanning electron microscopy. ESEM, FEI %  Quanta FEG-200F, Fig.3-2)%
WTBIE LTz, ZOAEEIT, TN AZ LRI HKZRIBSEH 281280, -20~20°C FE O
PHCIRE RIS P RE T D, £z, 1BH D SEM Tl WAFE FCIEEEINGH AL ZIKE
DEGELUIRFE ZATHIZEMNTEIRNAY, ESEM Tl Fik7e “IRE AR IC R (REZ2 KRR
(HAFAE F) CORENTEREBLOEN 2T 52 LIS IVEROIRE T To SEM #1242
DNATRE T D,

ABFFETIE, RN OTRPHRE 1% 400 Pa, 2L{ENIRE%-3.3°C IZHHHEL | 1L 84%rh D5
PN TIT o7, B TP NAZ R A A% IR E LT RF 2 IR 0 43 & AT D IRe ) L iR
- ADyR

Low vacuum

Fig.3-2 Conceptual figure of ESEM
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34 MERBIOEL

341 WM TICB T o EEL

AN/PN Hi+-33 LT AN/PN/Polymer K. DWili &4 3.3.1 O FIEIZIVRIE LT, W 40 %rh
(BT HEEORNZE(E Fig.3-3 17, ZOKEY IZEE 40%rh DS T Tld, EERBALE 2
R £ CORICE &M DI, T LIEOE &I/ NSH -T2, AN/PN/Polymer K711,
FEITHL DT ANPN KL F-JD HBZEAV NS R~ —DIRINZE>T AN OUGRPEIME L
DRI LD,

Fig.3-4 &N 3-5 13, Fig.3-3 DEERBALG 8 B2 ZI 1T 2 H B INRZABMEICELD b
DTH%, ZNHDKING, HlE L7z ANPN FZF35 LY AN/PN/Polymer ¥2+-D5% AN/PN/Latex
ki DEBEI L /NS, R~—%EF20 ANPN K10 1/10 FREE CTHHIEN DD,
ARIEA LR ~—D55 PVA, CMCA #5108 CMCNa 13K THHDIZHL, Latex 1ZR
W (=~ vvar ZATORR) ChHIz  KOWBMENMELS oo/ b HER LT, — 7
AN/PN/PVA Fi{I1%, ZDfhd AN/PN/Polymer hi1-& bl 2L H &AL KEMENIZH D,
ATRCL72 SEM # (Fig.2-10)TiZ, AN/PN/PVA KiD—HRi R\ TIZILABHY ., £/, b
N NESUWDRLAFDFEL TOD ZED RS TN D, 272D ANPN/PVA KL-1E, £ DAt
@ AN/PN/Polymer $77-J0H R HEFEN KEINWZENTAEZIL, ZOZEMFIA TR EA K ELR
ST-AREMED DD,

R~ —OUMENZ N ANPN/Polymer i1 (9:1:1)I2-2U T AN/PN/Polymer H7 -1
(9:1:0.3) LERRI CAH R Th 7223, AU~ —RINED D720 AN/PN/Polymer #71- (9:1:0.3)D )5
DA U THEEZ D/ NS WRMEIIARY ~ — I &®IZ > TH 2 T 2 AT REME DS RIE S AT,
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Weight changing ratio [g/g]

0.05

0.04

0.03

0.02

0.01

0 2 - 6 8

Time[hour]

~AN/PN (9:1)
=AN/PN/PVA (9:1:0.3)
=AN/PN/PVA (9:1:1)
+AN/PN/CMCA (9:1:1)
~AN/PN/CMCNa (9:1:1)
< AN/PN/CMCA (9:1:0.3)

~AN/PN/CMCNa (9:1:0.3)

+~AN/PN/Latex (9:1:0.3)
+AN/PN/Latex (9:1:1)

Fig.3-3 Time change of samples weight under 40%rh humid condition
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Fig.3-4 Moisture absorption amount after 8 hours (40%rh, AN/PN/Polymer (9:1:0.3))
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Fig.3-5 Moisture absorption amount after 8 hours (40%rh, AN/PN/Polymer (9:1:1))
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WITILSE 70 %rh (23R HBLALORRL(LEZNE LT, Fig.3-6 (TR T IO, B
70 %rh DG A TOREHI BT A INUSET | T 528 8h o7, 3BHE
(I A LT & TR 40 %rh R &IERRIC. AN/PN/Latex ki~ BB ZELHS/ NSV ME ] 3
FOA WL RIRZARD IR T Z LR D | ARy "OFR AP ZENTEL WIS
%, —747 T, AN/PN/CMCNa ki¥ (9:1:0.3), AN/PN/CMCNa ki¥ (9:1:1)FLT% AN/PN/CMCA
kit (9:1:1)DHE1ZIE, ANPN K706 R &3 2\ ME M DS -7, @IRE FCik, RU~—
H & OWAT. D FF 546 KEIRD ARENED B D,

0.15

~AN/PN/CMCNa (9:1:1)
+AN/PN/CMCA (9:1:1)
—~AN/PN/CMCNa (9:1:0.3)
~AN/PN(9:1)

-+ AN/PN/Latex (9:1:1)

=

—

[\
T

=
o
N

=
=
N

+AN/PN/Latex (9:1:0.3)
+AN/PN/CMCA (9:1:0.3)
=AN/PN/PVA (9:1:1)
=AN/PN/PVA (9:1:0.3)

Weight changing ratio [g/g]

Time [hour]

Fig.3-6 Time change of samples weight under 70%rh humid condition
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3.4.2 MRS FIZRB TR ZE b

3.4.11ZRBITHEBRTIL, AN/PN K13 LT AN/PN/Polymer K10 f &b S 142 7T
L7z, — 7 RED B TR AL, REKSCEFIRBEOBLEI G, AT AN LI
FHER TIZB O THRBE L LRV ERED RO DD, ZD72 ESEM % VT, 84 %rh @
WL IS DR MBI L A B LT,

FERIZL0IEHTZ SEM 4% Fig.3-7 IZ7R L7z, AN/PN R Cld, FEBREAGA B IfEL . 5
O3B\ RIS 72 o7, — 77 . ANIPN/Polymer Ri+ Tl ki TR A D RY~—FRM
[CEDENMEDRENT-EE 2 HD, ANIPN/ICMCA Fi+ (9:1:0.3) ki -sME 2 K5 fE (120
VBRS UT- G % Fig.3-8 1R, NIRRT LI EBRBHAA 60 /0 £ T, R raMBUITIZEAL
AL LI o772, 60 F7 ARRIE—EFR SR L7203, I EREIN CIEL, AN/PN R 1D EHIZiK
N EeAN YA Ry
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AN/PN(9:1)

100 um , Psmin 100 pm . " omin 100 um

g :
L/ o

J00 M " 5min

AN/PN] (.MCA(Q 1:03) ©

D% 1.8
Omin h_ . s Do 100.pum Smin

Fig.3-7 Time change of particle shapes under 84%rh humid condition
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10min .

EANT 4 B\ 3
Det |Pressure; Scan HV | O |Spot|Mag| WD Det |Pressure| Scan | HV |
189.40s[10.0KV[ 3.0 1800x!10.9 mm|GSED|400.0 Pa|89.40 5| 10.0 V|

30min . @& 60min
pol Mag| WD Det |Pressure $c1n HV Spoti Mag| WD Det |Pressure| Scan HV 1’JO Upm
3.0 |800x10.9 mm| GSED| 400.0 Pa|89.40 s/10.0 kV/| 3.0 |800x/11.0 mm |GSED|400.0 Pa|89.40 s/ 10.0 kV|

Fig.3-9 Time change of particle shapes under 84 %rh humid condition (AN/PN/CMCA (9:1:0.3))
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3.4.3 Fli # @ Latex % V7= AN/PN/Latex Bz D Wit 35 L ONd ik

341B IR 420 FEHE R 2 TE XD L AWFETHWZAN/PN/Polymertz D H1 Tl
AN/PN/Latexhi - DU AR PEAMETNE B L7z, Jil B ETOMFHIIB W T L7z Latexid, ik
IV A (RO AT L -7 H P R Latex Tih A28, LatexiT, BLUEL TWOBA—HIZLD
Bk TR DB DA D, ARTE CTIXHARESE D Latex FI VN TAN/PN/Latex ki 1% #7217l
UL | 2 ORI LOWIREMEIC DUV THEIR FT LT,

AMFZETHITITIEE LT Latex & Table3-1 |73, AIFEHE TOMGHIFW T LB bk
IHNAID AT L o -T BV % Latex (SB-1)WZNZ., AT AMRRE SN BRI % 2 D AT L
-7 B % Latex (SB-2 BE N SB-3)AIRIE LTz, W T AU mUIAT LT XY T 3G
THEDTHY, WAL RPN E WL DIEEAT LA E D Latex Thd, RUATF L Latex
(PS)i&, AF Lo D HNH725 Latex ThD, 7o, {LFHEED RS Latex L LT, 3fDT /=
NIv-7 52 3% Latex (NB-1, NB-2 3L TN NB-3)bhiEE L TV D,

ZHO Latex DT~/ a(Z, AN/PN/Latex = 9:1:0.3 O E&EIZ7251912 AN BLOVPN
RS, 2.3 LRICRIFICTAT L =R IA%&1T 572, 7285, NB-1, NB-2, NB-3 I5L U PS 12D
Wi, AN/PN/Latex =~ L g OF R T oD Latex %43 DN e EE AL Z L2720 I ED R
HEMEA] (10w/iv% Polyoxyethylene (20) Sorbitan Monolaurate Solution, Gl (#R)HL, 45+
W)L,

Table3-1 Physical properties of Latex used in the present study

Mean particle diameter Glass-transition point

[nm] [°C]
Latex made by Asahi Kasei chemicals corporation (SB-1) 200.0 41.5
Latex made by JSR corporation (SB-2) 225.0 -9.0
Latex made by Zeon corporation (SB-3) 250.0 50
Poly styrene made by Magsphere.inc (PS) 196.0 100
Latex made by Emulsion Technology Co.,Ltd (NB-1) 250.0 -30.0
Latex made by Zeon corporation (NB-2) 110.0 -27.0
Latex made by Zeon corporation (NB-3) 40 26
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Fii 2 > AN/PN/Latex b7~ O Wi 36 L ORI A2 5 9572012, #0EH 200 mg 2>+ —L kiZ
[BEX, 70 %rh [ZFEE L7277 —2MNIZ 20 IREfE TR L 72, ATTRct% . OB OSMBIZ T 2V 1 AT
(# A7 :Panasonic #E%L. Lumix DMC-GH2H, L2 X:Olympus #1:# M.Zuiko Digital ED 60 mm
/2.8 macro)iZ CHRE LTz, £z, [AFUEH AT 2 L7= 1%, SEM #1%5% (JEOL DATUM Ltd.,
JSM-6060)&1T-7-,

Fig.3-10IZ BT % OB O SEM % | Table3-21Z BT OB S Bl A R L7, Table3-2C
1. B OB LR A~EICHTEL TOD, AIZETERT TOMBLOZAL 3 22 Bk A o ek,
BIZHTHEL ISR DNB TR BEIC 22 5508, CIE— RIS LU A RUE, DIZRUEH IR )3 iz
L —_y MRIZE(LT 5308 BIXsE 2T LIRIL 32808 Th 2,

Fig.3-10 8 L Q' Table3- 2D e, AF L -7 & Latex 6 D AN/PN/SB-1KL 13 LY
AN/PN/SB-3iF D6 Ryjkilitc Ch A TR D ZALNEE A EIRNZED G335, Fiz, 3418
F B4 2THFL7-AN/PN/PVAKL T~ AN/PN/CMCAKL T35 J TMAN/PN/CMCNak 712U T
[ CRTI 328504 F2 0 L T D A%, AN/PN/SB-13 L UNSB-313Z b L0 il i A 3l - 22 A3
W, — 7, 77Va=RL-7 2 Latex sk O AN/PN/NB-1KE 7-. AN/PN/NB-2KL 135 LY
AN/PN/NB-3K77-1%, BT (ZI3WIfiE L CHsY (Table3-2), F7-, JoE a8tk (I IhL 1 [ L A3EE
HEHLTEHROFE ST LTS (Fig.3-10), ZOZEEh T, R ~—% 5 F22OAN/PNKL1-&
FELLL TR, R EmH] D0 MR E S 25, AN/PN/SB-2K11-, AN/PN/PSKL 1%, Z D
M OYEMEZ R L, #INL7- Latex DFEFAIZ LD | IfRIEIZE WD O ZE LN R o T,
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Fig.3-10 SEM image of AN/PN and AN/PN/Latex

before and after storage under 70%rh humid condition
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Table 3-2 Appearance of AN/PN and AN/PN/Latex

before and after storage under 70%rh humid condition

Sample | 0 00 || ST | On 00 | eiment
AN/PN E CMCNa D

SB-1 } A CMCA ' D

SB-2 D PVA & D

SB-3 A

PS > c

NB-1 E

NB-2 ' E

NB-3 ¥ E

(A: Powder > B:wet > C: slightly deliquesce >D: sherbet > E:liquid)
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3.4.4 Latex OVEE LW 3 OV gt & D B AR ME

3.4.3 |28\ T, Latex OFEFEDIENZLY AN/PN/Latex 71D W3 L ONIMEE L ZE O
R, B, AFL -7 20 % Latex O ANPN/SB-1 K735 U8 AN/PN/SB-3 47D Wi
PR3 TR PEDMERNZ & 030D o7z, Latex DFEFADIE M LD 7EHIT, Latex H RO BLBKME
[ZBFRL QWD EHEER LT, ZOHEER A HER T 57~ & FE Latex =~ L a (AN BLOVPN 1T
G FIRUNIH T A E NN CT 4T a—T 47 L, EFEAL LT Latex OFEfilfg (AR R 52
(k) #L%L, Drop Master, DM-301)% I E L7=, ZDfE R, Table3-3 (2779 LH1Z, SB-& Latex 1%
KU TERMEN EL, 60°LL LDl 2 H 3523 bholz, —J7, NB % Latex %, stkEHIX
> T I8 B e > Tz,

LatexD#fik £ & AN/PN/Latex i D W i % D AMEL (Table 3-20 3 A5 5) DR % Fig.3-11
T, ZORIMNG, Wi ORINZITAHEBEBIR 1 HH L3537 . AN/PN/Latex i1 DU iEMEE .
Latexfif 53 DBBKPEIAKEL TODBDEB Z HiIVD, LALZRD3H NB-UZ DU VTl 4 23
REW—TF5 T, WES m<ABEN GO oT, ZOTEND, Latexik /O BB LIS
B OB MR B A B 2 DB RS HDHEE X T2,

Table3-3Contact angle of Latex films

Sample Contact angle (°)
SB-1 80.6

SB-2 62.1

SB-3 91.3

NB-1 88.4

NB-2 34.7

NB-3 6.7
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Fig. 3-11 Comparison between contact angle of Latex films and appearance of AN/PN/Latex after

stroage under 70 %rh humid condition
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ZOERELT, MERFZI1T HDANELatexif /7 EDOBIFINENE 2 Hivd, B, AN/NB-1=~ /L
YariR AR EIRFEIZ A0 CIT MBS 5 & | Latex [E ¥ 73 28 BE 5 3% (Fig.3-12) 728 |
AN/PN/NB-LKI D56 A7 L —R A HIZANE Latex s — #8457 BlEL Cikz s, AN/PNAREF-&
RIERIZHEIE L= b DEE 2D,

AR D IMNEGRER A2 Z DO LatexiZ DWW THEIEL 7L 2 A, 77V =R /L-7 X T |atex
VL B XD Latex[E T A 2y 03 0 BiEd DAEIA 2N A= — 7 . AF Lo -7 XY FlLatex 13,
ML LG 72~ Ny al OREE RO IEN o7, ZOZEND, Fig.3-131ZRLIZEIIC
AN/PN/NB-1, NB-233 X ONNB-3% & £e /KIEIRIZAT L — R T A REIZAN/PNAL 1~ & Latex 3 55 BiEL
TCIERLS LD ZE TANPNKLF- & [RIFR BE Ol 2 R LT AT REE 23 80 %, SORHIZ . AN/PN/SB-1,
SB-231 L USB-31%, AL —RTA R ATBEL 2228055, ANPNELatex 238 ¥ — R L L 7=hE
T ARSI, IR IIHIS T2 EE 2 DD, L LR BSB-2133.4. 4R IDITBUK D &
W2, SB-18B L USB-3L 0% i W Wi 2 /R LT FIREME D B D,

Fig.3-12 Appearance of AN-Latex mixed dispersion heated at 90 °C by constant temperature oven

(a:SB-1, SB-2 and SB-3. b:NB-1, c:NB-2 and NB-3)

@

AN and Latex were well mixed Well mixed particles were gained
A
AN-Latex aqueous dispersion é{/
£ /lf&
2
£l 4;@
k3
'
AN and Latex are Separated Almost particles were separated
Phase 1 Phase 2 Phase 3

Fig.3-13 Conceptual drawing of a drying process of AN/PN/Latex
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35 F&
AFTIE AN/PN/Polymer #7¥- (Polymer:PVA, CMCA, CMCNa 3 XU Latex)hz 1D Wi 35

FOWR R E A AL | RV~ —ORENWARMEIZ 5 2 DR BT DUV TRRETLTE,

(1) 40 %rh OFRPHS T Tidk AN/PN/Polymer 77 DU &% AN/PN R 1-LOHIRLS AU~ —IR
TN ER IR DD LD b7,

(2) 84 %rh MIFFA T TIiL AN/PN KL -1 ZHTIEEL 2\ ZifiE L 7=, AN/PN/Polymer ¥i7-13, Wit
ERAYNC ARy Wl

(3) AN/PN/Polymer Kif-?5 %, AN/PN/Latex i DU IRIHEAMENZ A3 hoT2, FRIZ, KA
HRIZUTZBRD AN EDIRGMEN L, SHITEE A D RKRENWAF L7 Z T Latex (SB-1 8
LUV SB-3)& & T» AN/PN/Latex Hi 1 DWIBIEN BRI IR D EN 3o Tz,
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4 RN~ — BB ML ECIEEET =0 LD EN
41Oz

27 &= (Ammonium nitrate, AN)/Z, Tablel-1 279" &512-18, 30, 80, 125°C ffit
THEABFRARESS S 20 | RRAZAE T D[1-2], AN % H BT /3y 7 0 AFE AR & LRI
T OBRTIE, 3 FITTHRFTL7Z AN OIRIZMEIS JOWIFFIEICINZ . ZOMEB LRI L7220,

— AN AFEAEFNT ALy MRICHT BE R ST TS D72 RIS, FRESREIC Lo TR
FENZEALT DL Ry MO U AT IRIEL TUED, R sk k35 L i
HANKRBRICEAE L K UTZER, ABE AR DI IERIZRIRBEN S [ S 2SN D, Fo, ZhiZdh=
T TAREDPARL IR EICIVIERE DG E T LN DD, LT2A->T, AN &
BB/ 7 I A AN O RIS 258113 BFEOHENEE ISV 100°C F2E
FCORE I BV TR NEZSRNIOMEE T 20N B D,

AN DOFHZLEAIZBE T DR EOMFZETIE, 27V 2 (Potassium nitrate, PN)% o HEREHE <2
FRLER (Cu0)D LI 724 B LM EIRINTH5Z8T AN OFFRRE A IHISNAZ ENHE SN T
WB[3-9], Fo, I DWIFETIX, T BT DA AT WI T AL B A RO MR A AN &
BETHE, BEIRLTER T 228280 MBI IHl SN D 2N ESILTND[10],

AIEETOMF T, A7 L —RFZA412LY, AN, PN BLORY~—nN— KLk 1
(AN/PN/Polymer K1) DA Z  WEFEAORE R . RU~—EIOENRIZLD | Wlm At Fs &
ONHFEIEAME N 35 ZE DR ST, AFFETIE, AN OB — DO CTH HF0 2 E M7l
T 5HZE% HRYEL T, AN/PN/Polymer K712 5 FAL DML EALA PN 0 ~—73 AN OFHERR
N RIE T B OWTEGHT I KON X #RIEHT (X-ray diffraction, XRD)Z IV THEEF L7,

Table 1-1 Phase transition temperature and volumetric change ratio of AN (Reshown)

Phase V v i I I

Transformation point [°C] -18 32.5 84.5 125 165 (melting point)
1 | | |

Volumetric change [cc /g] -0.016 0.0221 0.008 0.013
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4.2 F2EREOR)

o5 2 B CHHRIL7Z AN/PN BZ ¥~ AN/PN/Polymer 7§ (Table2-1), BX N, thlgadktE L <, H
HRD AN (FIEAESE T3 (M) 8L, SRIRRHR) B L OV PN (FIoBMiE T3 (BR)AAL, SR AIR) &
F=, [AEUEH% 90°C D IEIRME NIC T — 7R 18 FERIFR B L, AT ICHL S 7-1% . LU
FEERIT 2,

Table 2-1 Compositions of experimental samples (Reshown)

Sample (weight ratios) AN (weight ratios) PN (weight ratios)  Polymer (weight ratios)
AN/PN 9 1 0
AN/PN/PVA (9:1:0.3) 9 0.3
AN/PN/CMCA (9:1:0.3) 9 1 0.3
AN/PN/CMCNa (9:1:0.3) 9 1 0.3
AN/PN/Latex (9:1:0.3) 9 1 0.3
AN/PN/PVA (9:1:1) 9 1 1
AN/PN/CMCA (9:1:1) 9 1 1
AN/PN/CMCNa (9:1:1) 9 1 1
AN/PN/Latex (9:1:1) 9 1 1
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4.3 FZERFIE

Table 2-1 (Z/RL7-aBt D FARMNMEV FIZ BT 2B 8 4 | R A2 E & B EEL (Differential
scanning calorlmetry, DSC., EA=—A> 2V L (£R)H DSC200)(Z L0l E L Bt FREiE R 268
I U, FRIEEE T 2 Kimin, JE R &LPHIE 25~150°C L L7-, #lBHEI3H 1 mg &L, DSC
HIE R OREEZHL, BAa—A AL (BREIDO AT L AR BARGUR A 2 (B & 15 ul)
Wz,
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4.4 FERBLOBLE
4.4.1 PN IZEoHZ E SR

AN/PN Ki¥-F5 OV AN/PN/Polymer ki1~ 35 L OV AN @ DSC Il E RS % Fig.4-1 l5 L1V 4-2
(T, Hill AN D354 TiE. 30, 80, 125°C (2 IV-IIL, TI—II 385 [T-I FH o0 [E 4R AR L
IZ R — MR ST, A L — R I T 72 AN/PN BRI -4 Tl #iflk AN T
Blgishrz 30 BEUN 80°C DB — 278 b 727 > T2— 75T, 110°C AT icHiz /et — 28
Blgzsihiz, 125°C OWEAE — 713, T AN ERIERICEIZ ST,

ZOZEBOEAGIT PN IRINIAKDH D EE X BILLHD, FHERNCEfE T 5728, ANIPN LD #7022
HAEFHO AN/PN 235 (AN/PN 7K % TEIRAE TS [E S HZ LI KVFHE) L, DSC #liE
ZEfELT, ZORER, Fig.4-3 [T JOITTHiR AN TRIZES Tz 30°C OB — 277372720
80°C DWLFAL"—Z7 1% PN OIRIENEINT 2T LIC@mIEMNC > 7 Uiz, F7-, 125°C O EAE—
Z1%, PN % 10 Wt9%iR L T2 < | TR AN S[RICIRE CRIZiS Tz, 2O T8 6, PN T
IV FEER Z0HI L TSI AR 2 SR~ 7 RS TR R HEE 2 Bis,

AN/PN/Polymer ¥7¥- (9:1:0.3 BE N S L:1)DAHEREZEE L, Fig.4-1 B 4-2 B30 %80
(2, 72 AN/PN K77 (9:1)DZEEHNEAEREI L THY, ANPN Ki1-E[R DL EEE /T HE
DHERS Iz, Fo, BBV HENEOIRERIFACHD 100°C LU T OHFA CHEsB MBI S
7eled | BBV T Ny 7 T AR EFN RO OO EZENE AL TWDHEF 2D,
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l: 1 mW/mg

Exo. T
— N AN W\
20
£ AN/PN (9:1) V" V/
B | :
£
= | ANPNPVA (9:1:03) VTV
S —
= AN/PN/CMCA (9:1:0.3)
Q
AN/PN/CMCNa (9:1:0.3)
[ ————
AN/PN/Latex (9:1:0.3)
25 50 75 100 125 150

Temperature [C]

Fig.4-1 DSC curves of spray dried particles AN/PN/Polymer (9:1:0.3), AN/PN (9:1)
and reagent AN (Heating rate = 2 K/min)
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AN |:
1 mW/mg

Exo. hAl\\I/ Y V\

= | AN/PN (9:1) W

g e N -

% ~ AN/PN/PVA (9:1:1)

é - AN/PN/CMCA (9:1:1)

5

T - AN/PN/CMCNa (9:1:1) VT T
N
~ AN/PN/Latex (9:1:1) \/j/“““
25 50 735 100 125 150

Temperature [C]

Fig.4-2 DSC curves of spray dried particles AN/PN/Polymer (9:1:1), AN/PN (9:1)
and reagent AN (Heating rate = 2 K/min)
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M v

Exo. | [ —
| AN r V
a0 N
g1 - —~
;g AN/PN (9.7:0.3) V
gL

SN
%;' AN/PN (9.5:0.5) b/f
=
§ L
o

AN/PN (9.3:0.7)

[ L AN/PN (9:1)
25 50 75 100 125 150
Temperature [C]

Fig.4-3 DSC curves of AN/PN containing a difference amount of PN (heating rate = 2 K/min)
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4.42 RV~ —IZLHMREE T

EFEL72d91Z, AN/PN/Polymer Fi-1-1& AN/PN Hi1-EEalF U @A R LTz, L)L
R, Fig.d-1 BE N 4-2 2 R5HE, ANIPN/CMCA Hif- (9:1:0.3)F8 LT AN/PN/PVA Kt (9:1:1)
TR RRZBE DRI TODIEN DD, T7205, AR LIZEZ, PN OFINTIE M-I
BLO - ORI ZHIH SFU720 A3, AN/PN/CMCA K- (9:1:0.3)F KT8 AN/PN/PVA ki
F (9:1:1) TIX 100°C fHF 12 7 e — R B — 7 A3 5D A C -1 B L O -1 FHERE H kD
BN — 7 MBLEES U2V, ZORERDG, PVA 721X CMCA OIRINICE > T, AN O %
BN ZEALT DA REMED B D,

ZOBIGE FOFEMIZRFET 5725, CMCA 5L PVA OUINED #7225 AN/PN R 3 LT
AN/PN/Polymer itz CRI4kD DSC PIEZFML . AN ORI KIE TR ~—&D
WA OWTHRTLTZ, Fig.4-4 33X 4-5 (2, AN/PN/Polymer K71 CMCA BLUPVA &
HRLEHENL AN BEE Y 70 ORBEVE (110~125°C OIREHRIPHICHHE— 7 DI EE) LD BIfR %
RLT=, ANIPNICMCA R D356 NTVENREND RI~—FHHN 3 %DEXITIEBEL
BB N IR DAR A R D2, — 75 ANIPN/PVA KL 1~ Tk, PVA & A SR8 7~10%0D L & |2
BRI N7 oT2, ZOIHNT, IRINENZ Lo TR RIT R 722503, Wl 3 LU O I % B 1Y
LLTHEINLTZ CMCA B L T PVA 1T, AN OFRZZEALAIE L TORERED & D ZEDFERRS LT,
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Heat amount [J/g]

20 F

10 F

o HO O

0 1

0 2 4 6 8

Additive amount of CMCA [%]

Fig.4-4 Relationship between addition amount of CMCA and endothermic amount
by phase transition of AN
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Heat amount [J/g]
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70‘
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SO—A

40
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10 F

> P>
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0 2 4 6 8 10 12 14

Additive amount of PVA [%]

Fig.4-5 Relationship between addition amount of PVA and endothermic amount

by phase transition of AN
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CMCA BLU PVA HEDPHRLEZNREA T D REMEAVRIZS T2 PN 28 E2
AN/CMCAKIF (9:0.3)BLTNANPVA KL T (9:1)Z AT L —RIALHEIZ I Hi7- ISR . DSC
BEZFERLTZ, ZDHE R, Fig.4-6 12332512, AN/ICMCA Kif- Tl 30 38X Tr 80°C DAL
— 2703, AN/PVA Fi+TliX 80°C DRI — 7 NBIEZ SR o T2, ZD78  PVA 3L CMCA
(X IV BROYEZE M-I AHO G AR 2 T2 R HLE A BND,

F72. CMCA B LU PVA DAL EALEN IR AT L — R T AR L5 Fe BERD 720 DD LD BEfH]
ZRRAET %72 ANICMCA = 9:0.3 B3XTY AN/PVA = 9:1 DOFHEDD 722 KR % 15 IR A
(90°C)IC THEMESH | 2K HZ[E WD DSC MIEAF ML=, ZDRE R ZRFHE M D6 Tl
Fig.4-7 129 L9012 AN H D54 LRIERIZ 30, 80 35108 125°C AHTIC B\ — 7 MRS
72 ZOZEME, AN (ZX]T5 CMCA 3L PVA O ELB R, A7 L —R I/ 2k0 | R
U — R I — IR A SN2 IT VTSN WL D LB 2 6D,
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Exo.

g).
= | AN
£

| NS
%= | AN/CMCA(9:0.3)
i
E I

-\
AN/PVA (9:1) V
25 50 75 100 125 150

Temperature [ C]

Fig.4-6 DSC curves of AN/CMCA, AN/PVA and reagent AN

(Heating rate = 2 K/min)

71



|: 1 mW/mg

Exo.
E“ I
- [ [
= [ AN
2 |
=
< | ANCMCA(9:03) V
D]
an i
'_\/f N
AN/PVA (9:1)
25 50 75 100 125

Temperature [ C]

Fig.4-7 DSC curves of AN/CMCA and AN/PVA dried by constant temperature oven
and reagent AN (Heating rate = 2 K/min)
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4.4.3 AN/CMCA Hi1-33 LU AN/PVA Hi1-0> XRD JIlE

4.4.2 T _7=5512, CMCA LU PVA 1L AN (ZH T DR ENLNREH/ T DA REMEDN S5
728 AL —RIAIZLOFAHL 72 AN/CMCA B+ (9:0.3)F T8 AN/PVA B+ (9:1)7> XRD
FEWAHZ BREL, Rint2400V)Z21T7\V >, il AN OfE &l U7-, HIESMEIL. X £ CuKa (50
KV/180mA), AXx A —K 5°/min, #/E&IFH 20 = 10.00~50.00°, > 7V 7iE 0.02°L L7,
F2, ER R ERBI O —5 —IZ I FFAKIRE ZHEL . 20, 60, 110 551508 130°C D%
TRIREE CHEAE L=,

Fig.4-8 12Tk AN OFIREIZIIT DT/ F—2 %7, T AN Tl 20, 60, 110 BLO
130°C (2RI D —7 DAL BN 4 TR TEY, DSC CRIEESIV-W B — 7 ORI CThti b
EREALL TOD I ED MRS,

AN/CMCAKL - (9:0.3)Tl, Fig.4-9 1ZRFEIIT, T CTOWRMEH T 20 = 28°fF LI — oM
BIN572E Ml AN £ XRD 73— 38720 CMCA OIRIMC LS db & 3 2L TS ]

REMEDVRIB ST, 2, —H O —27 (213 20 = 22°fF3T) ZBr< & 20, 60, 110°C CTHIBEDAL
Y — BB SN 7o | ZNOOIREH THERRE T2 2L B LR diida A LT
HEFZZBID,

AN/PVA K+ (ITFUNTH, Fig.4-10 (23T LOIZ AN Bl b |3 5720 XRD /3% — U D3 42
iz, oL REROELE R DHE, 20~60°C T — A E N AL Uik iGN 2Bk 95— 5T,
60 #5110 110°C TIERICAZLEICE — 7 DB ST, D728 PVA IE -1 A Of s 2
T2 ERHDEEZLND,

AN/CMCA Hi¥- (9:0.3)FBL T AN/PVA ki1~ (9:1) XRD i i, 4.4.2 Tik~7= DSC &
FERICBET DR THY, CMCA BLUVPVA 13 AN OFEEREIC 2L KIEL QDT LA AT
TLRERTHD,
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Fig.4-8 XRD pattern of regent AN at different temperature

74




Intensity [a.u.]

100

50

100

50

100

50

100

50

AN/CMCA (9:0.3) 20C
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Fig.4-9 XRD pattern of r AN/CMCA (9:0.3) at different temperature
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Intensity [a.u.]

100 F AN/PVA (9:1) 20C
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Fig.4-10 XRD pattern of AN/PVA (9:1) at different temperature
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45 FLH

AHFFETIEL. AN/PN/Polymer Ki 112 & FNHMZZEA PN 0~ —73 AN OFFHRE 2K H)
(ZRAE T O W TENHT B L O X #REH T (XRD)E AW THETLTZ, £ D% 5, L F % A,
BB,

(1) AN/PN/Polymer 77 Tid, 20~100°C DfiPH CTHIEAE kOB — 75l S, PN O
HRIZEVHL ELSIL TS ED RSV, B BN O P CTHD 100°C LA T
DOHPH CHESB DN BIEINR D o7l BEIE T Sy 7 AR EFNRO BN L
EMEALTVDEE 2D,

(2) AN/PN/Polymer %i¥-1D5%, AN/PN/CMCA i1 (9:1:0.3)F 5 T8 AN/PN/PVA Hi- (9:1:1)
DG TlE, 20~100°C DIREHFO A 725, 125°C FHF ORI M| S v 2 E
EHTDHAREMEARIBINT, 2D, PN Z& £720y AN/ICMCA i 7 (9:0.3)BI W
AN/PVA i (BLIZKI L THEZEMEZFML72EZA, AN O—HOFEBE A IR S D2
EMDN PN 7211 T72<, CMCA BL T PVA HAEZLE(LAIE L THEREL TV D ATREMED R
BTz,
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%553 RN~ —GGHEENHEEET T =r LAOENE TEME RIS
5.11ZLHIC

HE B O AT, 12.384F (—RMEEN, BB ARG Rk 27 45 3
HARDRFE) THY, BRI R BELEANESNLTCND, BB /Ny 0 A%
AEFNZONTHBISCIEad, BHIMZELLRWRAR EER RO LTS, BEIHEZT /Sy
FAH 23 AR OB ZE EMIZBIL T, SAE International @ #i4%(SAE/USCAR-24)731 ., 107°C
T 400 REEFRHA IR U7 BRI R AT 1% OO T A8 A Al D B 8 25 b 73 B LN THH LN KDL
WD, ZAULH IR CH AR AERNERTE LIZ35A1H 15 RO EVHRIETHY ., &
KRz D EAEZ )T T HMENHD,

A= X TOMBTIL, EE7 > E="72 (Ammonium nitrate, AN). f5EE U7 2 (Potassium
nitrate, PN)35 Z OVRY ~—3—{R{L L7=Ri 1 (AN/PN/Polymer 7 1)ZFH3IL . i aTA oo 5,
AN OREATHLWIRNE, WM LU AU ES N T D e MBS, — 77, ikt
D AN BEUPN IZE LA THY . RV~ —FEIX AR DO G Ch DT | B R INR L 725,
HHNT FTESPEEIINZ DN BRI LW EOG S E 255 AN BAEDE RN ELT 5 AT RE
Mt 5[2-9],

DT ARWFIETIL, TAFAEFNT KD HIDFEANEFE TH D ANIPN/Polymer ki1~ D EVZ TE
PER L OB AR EE R 2 3Pl 5282 H 9 ELCL BV, SR ATE T o 2 E B =
HEE . POV VR BRI L O R B e E i L7,
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5.2 FEER7UE

9% 2 B CHSIL7Z AN/PN KZi7-, AN/PN/Polymer }if- (Table 2-1), BXON RN L TR
Lo AN (FIEMIZE T3 ()R, SREERER) I K ORI 1Bt ORY ~ —% i, [Fakkkz
90°C DIEIRIFNIC TR LEL | Foor TRl S 7o th | LIEO EBRIZA =,

Table 2-1 Compositions of experimental samples (Reshown)

Sample (weight ratios) AN (weight ratios) PN (weight ratios)  Polymer (weight ratios)
AN/PN 9 1 0
AN/PN/PVA (9:1:0.3) 9 0.3
AN/PN/CMCA (9:1:0.3) 9 1 0.3
AN/PN/CMCNa (9:1:0.3) 9 1 0.3
AN/PN/Latex (9:1:0.3) 9 1 0.3
AN/PN/PVA (9:1:1) 9 1 1
AN/PN/CMCA (9:1:1) 9 1 1
AN/PN/CMCNa (9:1:1) 9 1 1
AN/PN/Latex (9:1:1) 9 1 1

80



5.3 EBr T

5.3.1 Bt

FHRLL 7= AN/PN R7 133 KT8 AN/PN/Polymer i1 F-IENINEN T3 2By fR 2k B A R 22
AEVEGT (Differential scanning calorlmetry, DSC, A2 —A A V)L (BR)RURZEAEBTIZ GG
DSC200 BIW~v 7 A A (KR)4EHE DSC3100) 3+ L OV 2 A - B E &[] By ) o 2 3
(Thermogravimetry-differential thermal analysis, TG-DTA, A2 — A2 XYL (k) H4
TG-DTA220)IZ K0 ZLT=,

DSC HlE T, #BHEAK 1 mg &L, sBEERRIZIT, Bra—1 20 (BR)fHo SUS #
B PARGERI A g (& 15uL)& W e, FHREEIE L, 2, 5, 7 BX V10 Kimin &L7z, 7z, SUS
HOBRABAESR (BAa—Ar200 ()2 W, B a 7 O FNTAT (AT
Panasonic f1:f¢, Lumix DMC-GH2H, L. X:Olympus #1:# M.Zuiko Digital ED 60 mm /2.8
macro)a Tz Lz, ZORRO FIRME AT 2 Kimin &L7Z,

TG-DTA JIE TiZ, B4 10 mg &L, A ST RO 7 /L SRBIOMEUE AR (&
& 50uL)a e, EITE R RIS T TITV, AHRIEEE 1, 2, 5, 7 BXV 10 K/min L7z,

SR D B2 55 THRIE LT DSC #53% | Kissinger %35 0" Friedman (&I E0fEHT L=,
Kissinger 513, B4 7 -5 B CHRIE L7 BT 7 — 2 20 5-1 RUSHSE In (BIT) vs.
UT,2 DIEEDS RN OIFEVEAL =L —E, Z R BT )71 T b,

o AR E,
InTﬁz: In[— f (a)E—j- RTPZ (5-1)

p

5-1 R UZHVT, BIEDSCHRIEIZIITHAIRAEE | TlIe —7 by 7R RITRUEKEE THY,
In [-f"(a) (ARIE) || L EHHH TH D,

F7-. Friedman #£13, 5-2 RUTHEDSEMT 2715 THD, #2727 RIEEE 2351725 DSC #lE
IZBWT, A — DB LR o (IZOWTHHEE | In[(A f(o) IZERIHAL2DD T, In(daldt) vs. 1T
DIEENS B, 2 RDHZENTED,

da E
In— =In[ Af -2
dt LAf (@)] RT

(5-2)

ZOREMNLZETEEDIREHBI OB LRIZBITD dodr 5t H T HIENTEHI20,
RO FERITR R DR O BR LR A TS 52 LN TED, AWFFETIL, Friedman fEHTIZIE,
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B AT~ k=7 AKTS (Advanced Kinetics and Technology Solutions)z i CHi#tT 217>
7
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5.3.2 RGN Tick 2 EEE L

FHELL 72 AN/PN BZ+-35 LU AN/PN/Polymer Fi-7-Z 75 & 2.0 ml 77 7 A UGS 25712 200 mg
AL, Fig5-1 OIDNCT v —HIli e, BIZT v — 2 &R EIRM (v~ M7
(R84, DH-411)IZ3F AL T 107°C (2 THEIRATIK U 7=, ZDRs, U7 ARGUBI A s I E OB %
(EASI) EEELORS BHBERM O 2 FEA W, —ERMI LT v r—Fnb T2
REB AR A IO L . B2 7R TEEEMABIE LT, o, B ENLRY~—ORFEH]
#OMEEZ L% FT-IR (PerkinElmer Inc.®, Spectrum One. KBr iE)NZX0EIEL7-, sl A1
KBr My RERY~—2 ALk TIRA L, JEMERA L CRRILL 72,

Fig.5-1 Diagram of the sample of the thermal stability test
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5.3.3 Y& DV VR FRER 6 ORISR AR

TEOVEEABRIX, 12 mm OMEZAOBIZEEM Fig.5-2 DI FBHZMA»>T 5
kg DOEFEZEE 2 2@ &b H B P, BB R T 58S 2T RIE Th D, ARIFFET
1. Fig.5-3 (TRUIZEDVRE B (S FRYERTIL, 11 )20, JISK4810 (KFAHMERER
BRIENCHEL C 16 1Rl GREIDMBLRDHESRN 16 L7 b8k BEDE ) A H UT-, 7ok, 18- RIg
O E FHEIT Table 5-1 (R LTZ8BY TH D,

PEE PR R R 3 R AR R SRR D RN SR e 7 | Fig.5-4 D IDITRAUBHIER % 22 4if B A7)
FIR RO EEEGEB AT\ BB OIEF A A N353 BE Th D, AWFFTIL. Fig.5-5 12
IRUT R AR ((RR) B P e ik R ERT L. BERLIN21)Z V>, JISKA4810 (K HHHMERE
FRBRVE)NCHED T 16 SR AR L 7=, 18 - RIROH E SN Table 5-2 [Z/RLIZIEY THD,

Cylindrical roller
Specimen

Tin foil
Cylindrical roller

Fig.5-2 Diagram of the sample of the drop hammer sensitivity test
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Specimen location

Fig.5-3 Experimental apparatus of the drop hammer sensitivity test
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Table 5-1 Critarion on explosivity in the drop hammer sensitivity test

X5y i HHE
TEME: BT AL, NI AR5, AIRE F R ZADEITBR ALY
A TEENTHENR
1 A BE AL, EHIZ D, BRI CADEIBIADIERY | A
TR SN THEAZRY Y,

rfil: MEL TS a7, BBHIT LA LIRS, SR MR ZAD I F
BRIRDIEZ A D3 HNTFRY | A TESS WD THERILZRN,

N AN BT AT T SN &R D 72, [ ZADEIRVOERIRD
JEZ A DI DNFRDHEEDDHDDY, A1 T S ERIND,

Friction rod

Sample

Friction plate
@l ) B

Fig.5-4 Diagram of sample of friction sensitivity test
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o e ik IR TiCtion plate
Friction rodgs

y

Fig.5-5 Experimental apparatus of the friction sensitivity test

Table 5-2 Critarion on explosivity in the frection sensitivity test

B 72 S

e BEERETD.

fa
TGN BEEFIXERD LIRS, R XTENFROHND
—_ WAL B AER I BT, B - R EREITRRO LR,

HERS: BT - R R T RBHT AR L,
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5.4 fERBLOEL
5.4.1 DSC HIE & H—~AN/PN/Polymer K- L7383 AN OBV iR 258 0D Lhiig—

DSC % JHV T, AN/PN/Polymer %7+~ (9:1:0.3), LT, bzl L TElIED AN D EV il 258 %
BE 7o, FEHEE 2K/min D4 T I2k1)5 DSC #ifiz Fig.5-6 12, 4H DSC /X7 A—4 (&
—Ihy IR (Tp), FEE (Qpse)BROVEMEAL T /LF — (E,)% Table 5-3 {Z/RLT2, Eol,
BRI (1, 2,5, 7 BEOY 10 Kimin)iZ 31 HHE RS Bz KT Kissinger {EIZEVE Lz,

R~ —%E £720 ANPN K13 L ORI AN Tl 264°C U112 AN OBV iR k5
A — 7 NBERSNT-, — 7T, AN/PN/Polymer ki Tl 190-245°C (35 1 B —2)BX W
272~291°C (5 2 ©°—2)IZ 2 DDOFEE — 7 MBS, R~ —DERINT I 53§ HIR L
PR TFL TSz AN OBVZ EMEDME T L2 ZEDR RS LD,

F 2 =213, iEE AN OJE TR SN BE B — 7R IR E R B L O E, 23 N2 e
5 AN BT OB RIZ R T 2B 2 b5, — 07, 8 1 E—21% AN B cldisianienze
5, TWHIILIZRY~—& AN ORJSIZH KT HEE 2D,
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- L2 mW/mg ‘/\
T
Exo. - AN
™~
AN/PN /\—
g‘) [ AN/PN/PVA
=
Igl |
3 ;____J\
@]
o
- AN/PN/CMCA
S L
:E V_———dk’-—_/\
~ AN/PN/CMCNa
| 4/\_—/./\__——
[~ AN/PN/Latex

150 175 200 225 250 275 300 325

Temperature [C]

Fig.5-6 DSC curves of spray dried particles AN/PN/Polymer (9:1:0.3)
and reagent AN (Heating rate = 2 K/min)
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Table 5-3 DSC parameters of AN/PN/Polymer (9:1:0.3),
AN/PN and reagent AN (Heating rate = 2 K/min)

First peak Second peak
Sample . .
Tp Qosc Ea Tp Qbsc Ea
[°C] [J/g] [kd/mol] [°’C]  [Iq] [kd/mol]
AN - - - 264 1920 112.0
AN/PN - - - 266 2082 1114
(9:1)
AN/PN/PVA 223 471 163.9 291 1570 110.7
(9:2:0.3)
AN/PN/CMCA 190 288 82.0 272 1580 119.9
(9:1:0.3)
AN/PN/CMCNa 201 399 105.0 272 1746 103.8
(9:1:0.3)
AN/PN/Latex 245 ” 97.9 285 21477 127.8
(9:1:0.3)

“ Calculated by Eq. 5-1 from DSC runs at heating rates = 1, 2, 5, 7 and 10 K/min
™ Qpsc could not be calculated because the peaks overlapped.

" Total Qpsc for the first and second peaks.
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5.4.2 DSC & & F—Polymer FRINEIZ LA L ig—

DSC % AT, AN/PN Kif-3 LT AN/PN/Polymer ki+ (9:1:1)D B iRk Eh 2 BlIZ2 L T-,
DSC HIEREH% Fig.5-7 12, &ff DSC /37 A—4% Table 5-4 (Z7~xL7=, AN/PN/Polymer i
Q1) DOHAITBWTH, Ak AN/PN/Polyme K1 (9:1:0.3) & [RIEEIZ, 185-246°C B LY
272-311°C |2 2 DOREAL — I PRSIz, R~ — OB LAF B O Z LA LG
%7z, AN/PN/CMCA i+ (9:1:0.5)3 51" AN/PN/CMCA Fi¥ (9:1:0.7)&#H7-IZR%IL | [FRIkR
® DSC IEZF/ LT, TDFEF, Fig.5-8 BL5-9 (TR TEHIZ, CMCA IRIMNELSH 12 —7
D Tp BED Qpsc &L DL, CMCA DIRIEN NN DI O T, 5 1 E—2D Qpsc 1334
U, Ty idAd Uiz, — 05, 8 2 B—2 X2 Aoz, 7, ANPN/PVA Hi -,
AN/PN/CMCNa }i¥-35 1 U AN/PN/Latex }i T D A2 380 Th Table 5-3 3508 Table 5-4 Dt
S AR O A3 B CHLD, R~ — DI RSN T 5 AL F Bimfil IS,
AN ERY~—DRUSIZHRT D5 1 E— 27 Tl SOSEMRIELIZEE 2 B, — 7, 2 —7
TIEANDRE LE—2IZB W TR~ — RIS THZE THBR SN2, 52— 27128175 AN
DEGHREDINHIS T FTREME Y DD,
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Exo.

Heat flow [mW/mg]
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[~ AN/PN/CMCNa /\
B \_
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1 1 1 1 1 1 1

150 175 200 225 250 278 300 325

Temperature [C]

Fig.5-7 DSC curves of spray dried particles AN/PN/Polymer (9:1:1)
and reagent AN (Heating rate = 2 K/min)
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Table 5-4 DSC parameters of AN/PN/Polymer (9:1:1)
AN/PN and reagent AN (Heating rate = 2 K/min).

First peak Second peak
Sample

Tp Qbsc Tp Qbsc

[°C] [J/g] [°C] [J/g]

AN - - 264.3 1920

AN/PN (9:1) - - 266.0 2082
AN/PN/PVA (9:1:1) 217 ) 287.8  3458"

AN/PN/CMCA (9:1:1) 185 1352 305.5 649

AN/PN/CMCNa (9:1:1) 189 756 272.1 1112
AN/PN/Latex (9:1:1) 246 ) 311.3 2802

“ Qpsc could not be calculated because the peaks overlapped.

“Total Qpsc for the first and second peaks.
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Fig.5-8 Relationship between addition amount of CMCA and Qpsc (Heating rate = 2 K/min)
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Fig.5-9 Relationship between addition amount of CMCA and T, (Heating rate = 2 K/min)
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5.4.3 DSC HIEH5H—~AN/PN/Polymer Ki+-&7 FE415 Polymer DEN 3 fi 258 oD b~

Table 5-4 {2/~ 3"£912, AN/PN/CMCA %Ki 335N AN/PN/Latex ki D% L & —27 0D T, 13%
NZFL 190°C BET 245°C THY, Ty 1TRY ~—OHFRIZ Lo THEH) KR EREW D H D, 2D
i R0 AN/PN/Polymer BRI DENVZ EVEIZITE £1HRY ~—DEWPEDBIRL TS TR
WD FENDRY~—HM (PVA (FOGHEE T3 (BR)AEE, Fot—#k, EAE 400),
CMCA (Feflis T3 (BR)FERL, {L52 ). CMCNa (Replisk T38 (MR A8, (L% A). Latex (JH
BRIV (BR)FEAE)) D DSC MIITE ATV Y, AN/PN/Polymer i Dk &bl L7z,

RV~ — Bl DSC HIlERE K% Fig.5-10 12773, PVA T, 206°C TR EL — 7 BlEis iz,
SR OANBLAE D AT LT-E 25, Fig.5-11 (B (R X912 PVA 1349 200°C TRtz
FTHIL L COBZEND, WEAE— 71T PVA ORlS ThiEE 2 HD, R ~— (CMCA.
CMCNa LU Latex) Tk, WENIBIZE ST AlfF 52 872< 214~245°C OHPH TR ELT,
SMBLO—FI LT Fig.5-11 (R %) IZ CMCA OEBDHEF &R LT,

RY~—HlD DSC /37 A—4#% Table 5-5 {ZF LD 7=, AN/PN/Polymer i1 & Lblg 3254, RV
~—HHO T, (PVA DLEITMAEE—27IRE) & AN/PN/Polymer K7D 55 1 £ —27d Ty i34
KL THEY, F7z2, Fig.5-12 (TR T X2, Kissinger {EICEVREH LAY~ —HMO 3D E,
B I OGRS OB — 7 )RR ST T D Ex & ANIPN/Polymer Fi1-D% 1 £ —2 D
Ea EDORNTIFAHBIRBIR D ZEMN 57 oT=, ZDZED, ANPN/Polymer Ki+ D% 1 ©—2 0
FEENNIARY ~ — DRl fig 3 LUV gD BAFR L T | flf#L 72 PVA %721Z CMCA. CMCNa 3.5
O Latex D434 pliné AN O SUSHBIFRL TV DHEE 2 Hivd,
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Table 5-5 DSC pareameters of polymer alone (Heatin rate = 2 K/min)

Polymer T, [°C] Qposc [J/0] E, [kJ/mol]
PVA 206 -0.054 416.0
CMCA 214 0.46 26.0
CMCNa 242 0.46 105.0
Latex 245 0.065 72.0
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Exo.

Heat flow [mW/mg] %

150 175 200 225 250 275 300

Temperature ['C]

Fig.5-10 DSC curves of polymer alone
(Heating rate = 2 K/min)
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Fig.5-11 Appearance of AN, PVA and CMCA during heating
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E, of AN/PN/Polymer [kJ/mol]
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Fig.5-12 Relationship of E, between polymer only and AN/PN/Polymer (9:1:0.3)
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5.4.4 TG-DTA Il & F

TG-DTA Z T, AN/PN/Polymer 71 (9:1:0.3) DB R ZF BN 2B 22 LT, fik A Fig.5-13 12
T, #AHE AN B KUY AN/PN K- DHIE Tl 200~260°C 3T I B i) 2 AEO R B — 7773
BRIV, ZOWEN— 2713 DSC HIE TIIBIZE ST BAIREGRMHCTHEMEL T 5 TG-DTA HIE
DIHTBIEEII TN, AN DZEFESIRIZH T HEH 2 Hv5H, — 77, AN/PN/Polymer i
DFERTIZ, AN O AR OBAGRANC, AN BEORI~—DISIZEDEE 2 bnHREL
— 7 MBIER S, DSC fE R AL — 8L T, —J5 T, DSC MlE S, T, S —HL THELT,
B, 6 PSR D DN B R B L COD FTREMED D,
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Fig.5-13 TG-DTA curves of AN/PN/Polymer (9:1:0.3), AN/PN and reagent AN
(Heating rate = 2 K/min)
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5.45 iR TR bHEES L (FAKM)
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HEEITIFEAETD L TR0 —T57C, AN/PN/Polymer $71-Cld, 9~ CORE CEHEEN WD
LTW5, iz, Fig.5-15 IR T I, R~ —BNRLZWIGEITIE, SHICEEJRD ALV, Lz
735 C, AN/PN/Polymer $i % 77 AFE A H LU TR T DERIZIE, AV ~— &I D73 o400
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Fig.5-14 Time change of weight of AN, AN/PN, and AN/PN/Polymer (9:1:0.3) during isothermal

storage at 107 °C (sealed condition)
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Fig.5-15 Time change of weight of AN, AN/PN, and AN/PN/Polymer (9:1:1) during isothermal

storage at 107 °C (sealed condition)
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5.4.1 |ZFEH L7z DSC MIERS Rz AWT O ERmMENTY 7y =7 AKTS 1240, 107°C i,
S TIZEBITD ANPN/Polymer Rit- (9:1:0.3)ki DML 3R % I21—hL7=, Fig.5-16
IR LTEvRab—varfERe Fighs-14 ([ORLEERTHELN - HER D RE2 LB T 5L,
AN/PN Fi 73 L OFRIED AN TIERUSBIZEAEHEITL TR AR ANPN/PVA K1 B LY
AN/PN/Latex ¥ 730t AN/PN/CMCA KL T UGS DMIEREL T s 5B IS I Te 1B 23— £
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Izl —hUi, ZORER, Fig.5-17 (R X512, H B EOM HHIH 15 FOBMEL =13 0.1%
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105



- \\%%“%MQMK
99.0 s =
L \\¥
— [—
= 98.0 =
= L
2
2 970
>
=} -
Q
2 96.0
%’ i
95.0 — —AN/PN AKTS
L —AN/PN/PVA400 (9:1:0.3) AKTS
940 }+— —AN/PN/CMCA (9:1:0.3) AKTS
S —AN/PN/Latex (9:1:0.3) AKTS
93.0 1 1 1 l 1 l 1 l 1 l 1 l 1 l 1

0 250 500 750 1000 1250 1500 1750 2000
Time [h]

Fig.5-16 Time change of heat conversion during isothermal storage at 107 °C simulated by AKTS
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Fig.5-17 Time change of heat conversion under the average temperature in Tokyo simulated

by AKTS
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5.4.6 FiRE&ME TR pEES L (BkE)
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Fig.5-18 Time change of weight of AN, AN/PN, and AN/PN/Polymer (9:1:0.3) during isothermal

storage at 107 °C (unsealed condition)
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Fig.5-19 Time change of weight of AN, AN/PN, and AN/PN/Polymer (9:1:1) during isothermal

storage at 107 °C (unsealed condition)
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Fig.5-20 FT-IR spectra of CMCA befor/after storage at 107°C
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Fig.5-21 Time change of heat conversion during isothermal storage at 107 °C simulated by AKTS
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Fig.5-22 Time change of heat conversion under the average temperature on the Tokyo simulated
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5.4.7 Y& DUV J6 LUV SR

Fig.5-6 |Z7/rRL7= DSC JIEIZFR\ T, AN/PN/Polymer Fi7-OEiEREZ AN HHBH DT
AN/PN B7 1 CIIBIRS IO BV — 7 WIS N2 D R~ —R RIS b ZET
AN DB L EPED F725T | BRI X 2 2 EMEDME T LTS RTREMED DY | B
DINRFIZ IS DI K RGBT RN HDH, 2D ED D, ANPN/Polymer Ki1D¥%
DUV 35 L OB 3R B A FEfta L 7=,

TR BR DA R A Table 5-6 (273, BBROFEF. AN/PN CTi, 1/6 18513 56.6cm LA
ETHY, NS ISR RIL 8 fhEHIESNTZ, — 5. AN/PN/Polymer i 1/6 1,
40.0cm~56.6cm DEIFHIZH D DHEL, RY~—DOIRIMZEVERE N EH DA oz,
LOLZ2DS, R TORBIOERIL, 7~8 MROFPAIZHDLILND, EBHVKE TR R~ —if
Mz &% ANPN/Polymer Bi- DI DUVVEEE D EFIT/NSWEE 2 HBRD,

BRI FRBR O FE A Table 5-7 1Z/R U7z, BEEUREBRDIGEHVE DV E DL A LIRIERD
FEFRTHY, ANPN i 7-LEig LT AR~ —IINC KA T 16 [BERME T T5b00, 27T 6
EFIESH, R~ =TI LD BT NSO LT LT,
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Table 5-6 Result of drop hammer test

Sample 1/6 Explosion point Grade
AN/PN Over 56.6cm 8
AN/PN/PVA (9:1:0.3) Over 56.6cm 8
AN/PN/CMCA (9:1:0.3) 56.6~40.0cm 7~8
AN/PN/CMCNa (9:1:0.3) 56.6~40.0cm 7~8
AN/PN/Latex (9:1:0.3) 56.6~40.0cm 7~8

Table 5-7 Result of fliction sensitivity test

Sample 1/6 Explosion point Grade
AN/PN 36.6~32.4kgf 6
AN/PN/PVA (9:1:0.3) 32.4~16.0kgf
AN/PN/CMCA (9:1:0.3) 32.4~16.0kgf 6
AN/PN/CMCNa (9:1:0.3) 36.6~32.4kgf 6
AN/PN/Latex (9:1:0.3) 32.4~16.0kgf 6
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6.11ZLWIC

HIFEETOMIETIE, A7V —F I A5 O TEERT =7 . (Ammonium nitrate, AN),
T2 17Ut 2\ (Potassium nitrate, PN), 7RU~— (PVA, CMCA, CMCNa 33X O Latex D5 1 FiE%H)
MR L7k (AN/PN/Polymer Ki¥-) ZFHELL . B EhEL T /o7 ]IT AR AEAIE L TR
THERDOHETHD AN OWIRYE #IFNET KO S O WP BGEZ A A T, WR e LY
) g B Al o0 5 . AN/PN/Polymer K- H1 DAY ~ —pk 5y & LT Latex % & €0 kL F
(AN/PN/Latex $Z1-)A3 M0 EE S U231 DU S MRV | > AN/PN/Polymer ¥if-£0#
ENPERHDRE RN EONT, £, ANPN/Latex ki 113, AHZZELH] PN OZIFRICLD, =ik
~100°C DO AREL A THZEML TRY, £z, BVZEMEICBEIL Th AN/PN/Latex Ri-DHHAKL
EEAY 9:1:0.3 DA ITIWT, F P, B D FEFRFAFITI DT SAE/USCAR-24 D FEHEAili 7=
FERMNMELNTWD, LIZA3> T, Bl ANPN/Polymer ki H1C, AN/PN/Latex 713k
BT AN BT AT A% A FIRL A T D SR LT,

AN/PN/Latex Ki--% H AFAEFNTHH 3 DB, [FR IS IS ATRAI S 20N L TRk Ry
(ZH AFEAEFN i T H 212 702%, LTedi> T, nlBRFI 23 INL 72 AN/PN/Latex Rz D¥) 4
RT3 BB D, T8 ARFIETIE, AN/PN/Latex Fi1-(Z Al BRI %% N2 CH AT AA
DOREEFRBI TR | AL 72 0 AR A FN O W I A | IR | BAEE TEME F6 L OV IEME 2 R L
7=

6.2 SRR

3AIITFE LI NEALRR IR (RO AT Lo -7 2V FLatex (SB-1), JSR (BF)ft
WPOAF L -THY TR Latex (SB-2)BLONHAKEA Y (RO RTF L -TH T R
Latex (SB-3)&7RU~—jk%y &L T e AN/PN/Polymerii % 5 IV, 72, gt L <,
AN/PNRL -2 FH L 72, FEBRICHE JH L7z Latex D¥ 1A Table 6-112F &7z, FRELL 72AN/PNAL -
F L OVAN/PN/Latexhz 4 90°COTEIRAE NIZ T— B HE L e /0 IS 7%, 2.4.41RL
7= FNEIZHE, ffEE 2 7 = (Guanidine nitrate, GN) 33 J OV FEME Al E&#  (Basic copper
nitrate, BCN) %2 7:3:2 D HI & TR A L HAFEA] (SB-1-GG, SB-2-GG, SB-3-GG & L W}
AN/PN-GG)ZHHLL 7=, AN/PNKL -3 L TNAN/PN/Latexhi 136 KON A3 A=A DLk IE., Table
6-23 L U6-3IT R IEY Th D,
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Table 6-1 Physical properties of Latex used in the present study

Mean particle diameter

Glass-transition point

[*C]

Sample
[nm]

Latex made by

200.0
Asahi Kasei chemicals corporation (SB-1)
Latex made by

225.0
JSR corporation (SB-2)
Latex made by

250.0

Zeon corporation (SB-3)

415

50

Table 6-2 Compositions of oxidizers

Sample (weight ratios) AN (weight ratios) PN (weight ratios)  Polymer (weight ratios)
AN/PN 9 1 0
AN/PN/SB-1 (9:1:0.3) 9 0.3
AN/PN/SB-2 (9:1:0.3) 9 1 0.3
AN/PN/SB-3 (9:1:0.3) 9 1 0.3

Table 6-3 Compositions of gas generators

Sample AN/PN AN/PN/Latex GN

(weight ratios) (weight ratios) (weight ratios) (weight ratios)

BCN

(weight ratios)

AN/PN-GG 7 0 3
SB-1-GG 0 7 3
SB-2-GG 0 7 3
SB-3-GG 0 7 3

2

2
2
2
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6.3 R FIH
6.3.1 IERBAS Pl Hak B Bl Bl 22

AEORTLERE LT, Table 6-3 (ZRUL7oH AR A KA 1H 12722 5 FE TR CRIE B L7,
H MR LT- 0 AFE AR 200 mg AT AR v —L BICEE, Fig.3-1 1R TINST A — 2RI
Ao, AWPZETIFHAL T T L (FOGRiEE (BR)RL, SORRrR) fafikKisikezhens v —
ZDEFICALEL . AL T 70%rh~IZFHE L7, SRIRICT 20 AT | BPkaiits o S8l
DR % T VX IVH AT (F A7 Panasonic £L#L, Lumix DMC-GH2H, L2 X: Olympus 1
M.Zuiko Digital ED 60 mm /2.8 macro)(Z T L7=,

Fig.3-1 Conceptual figure of moisture absorption experiment (Reshown)

6.3.2 TR NiZRITHERELAL

AEIORILEEL L C, Table 6-3 |Z/RLICH AR AR A E &I/ DECTEIRIC UL LT,
HEMRUTo T A AN 245 8 2.0 ml DA T ARGURIAERIZ 200 mg HA L%, 737 — 22~
7z (Fig.5-1), BIZT v — 2% EEERM (v~ M7 (BR)%, DH-411)I238 AL T 107°C (ZT
ST Tz, ZOR, BRI AT BN ZORSE (BRI EERLORS (kS
D 2 FEEEE AW, —ERRI ST =B AT ARG B L, EREA %
BEL,
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Fig.5-1 Diagram of the sample of the thermal stability test (Reshown)

6.3.3 BABERER

Table 6-3 (TR U7 AFE AN U CRABERRERZ FEhi L 72, SRR J7 1513 2.4.4 LRI TH D,
FTo. 2.4.4 LRIRRD TTHE T A AN FEAERAIL | BRI L7220 A58 £ % 6.3.1 T 9k L 7=kt
EERERIERD J7 1B TR S| WL AT O BRRBE R A & L=,
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6.4 fERBLOEE

6.4.1 M FRPAS FIZ B Dal kMl Bl 22

TET0 %rh, IR TH A AR ITRR LT BE O H AR KOSV A Table 6-4127RLT-, LBk
DFES . AN/PN-GGIE, 20 eIk (238 PHANARE - Dkk 3Bl 22 STz, — /7 C. Latex%x
G AFAERNL, 20 BRI THRPRA RS | FFIZSB-138 L USB-3% [kt L L 7o T A8 4=
BRI R EOREPNFLAEZL TEL T, RIBMEIMRNZEAVRESN T, ZNHOFEHT,
BIFITEITHMET (Table 3-2)IZHB W Theb IR EZ 7R LT3 B Chh o722 &, UK
TN D FEFE T AFEAFOWARMEZ S IRL TNDHEB X BIVD,

Table 6-4 Appearance of gas generator before and after storage under 70 %rh humid conditions

A
Sample 0h 201 ppearance
after experiment
AN/PN-GG C
SB-1-GG A
SB-2-GG B
SB-3-GG A

(A: Powder > B:wet > C: slightly deliquesce >D: sherbet > E:liquid)
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Table 3-2 Appearance of AN/PN and AN/PN/Latex

before and after storage under 70%rh humid condition (Reshown)

sample | 0 DN | oy exporiment] ST | 00 D0 | o gerirnt
AN/PN : E CMCNa D

SB-1 & A CMCA ' D

SB-2 D PVA & D

SB-3 A

PS W% c

NB-1 E

NB-2 ; E

NB-3 ®ou E

(A: Powder > B:wet > C: slightly deliquesce >D: sherbet > E:liquid)
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6.4.2 SRSM TR T2 EEL L

107°C i NCRIT DT AR AR OE EOMRKEE Fig.6-1 1T, EROFEE, BHAR
WG AT EENIEAEEDET ., GOBZEMEEZ AL TWDHI LIRS, 400
RFE R D DY 1 %A LN LT3, SAE/USCAR-24 D ELHETH S, 107°C, 400 FHE
[ CHyIB L7 BRI E D B Y 5% LANEWD FE AL TV Zen s, BB BT Ny H
T AFEAFNEL COMERICEL TWD S TE s,

— 05, BB B A R CIE, EBRBAAT: 100 RERILLNICE &S 4 %Ll Bl L, 20
#, TRTORB CHEHENED T RGO, ZOTEND, BRSAMETIX, TAFEAAIK
FRICLTESEIZEB N TS AN O FIEFEDBELZ T HIENRIBEI I, ZOZEMD, Efl R
(ZUIH A EFNDUAN B #R D SE BRI AR LB B[ R T D,

0 < ° T
100.0 - T g 100.0 —AN/PN
i >
» § SB-1
98.0 98.0 T
< : < ; ©SB-2
> : = .
E‘ 96.0 } v E 96.0 \.\
= —AN/PN = &,—\ +SB-3
2]
940 | eSB-l 2 940 S
0\
g |- T2 92.0
«SB.3 Sealed container | Unsealed container
90.0 — . . . 90.0 : . . .
0 100 200 300 400 500 0 100 200 300 400 500
Time [h] Time [h]

Fig.6-1 Time change of weight of gasgenerator during isothermal storage at 107 °C

(left: sealed condition, right: unsealed condition)
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6.4.3 JAHERA

WA L 7= 855 0D I AFE A AN DRRBERIEAATIR T 5720012 IR TH: TO M AL A OB HER
B STz, TS ) SRIRIERE OBARE Fig.6-2 12, RIS /) IMPa IH5 1 BHRIAKE
A Table 65 \RLTZ, ERROFR, Wi FBRAIO Latex % & Lo AR AL FTVHIREES
HEEL L ANIPN K7 722 JURHE L7358 RO BMIRBE DS I3 ~ LA RS I, Vieille D
(21 R)CHTDENRHETEH a % Table 6-6 (LD, EHIITT < TORETH
0.75~1.0 2 Th o7,

WA A2 133 CORBL CHUABERFE AT T L7223, SB-1-GG 35UV SB-3-GG & & o AJE /L
FICI . W BTL OB R FE DI 32 NS T, T OREHT ZZ N 3 B CERLE
BRAHC B TOAMBO BN R LA L BRSNS TR Tl D, 2O TR IR
PN AFEAFNL, B Rl 1B W ThAMRBER E AL LIZN LB 2 B0,

r=aP" (2-1) (Reshown)

r:burning rate, P:ambient pressure, n:pressure index., a:constant
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10

[ @ AN/PN-GG Before 0 AN/PN-GG After

| @ SB-1-GG Before 0SB-1-GG After

" @ SB-2-GG Before 0 SB-2-GG After

[ A SB-3-GG Before 2 SB-3-GG After

[ ]
é
~— A .
E .
g A
[5] | [ ]
§ 1 (]
&n D
g A
§ o ® °
[aa O
0.1 '
0.1 1 10

Pressure [MPa]

Fig.6-2 Relationship between burning rate and pressure of the prepared gas generators

before and after storage at 70%rh
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Table 6-5 Burning rate of gas generator before and after storage at 70%rh

Sample Before [mm/s] After [mm/s] Change ratio of burning rate [%]
AN/PN-GG 0.57 0.51 11.1
SB-1-GG 0.80 0.74 6.95
SB-2-GG 0.99 0.78 21.67
SB-3-GG 0.75 0.68 9.23

Table 6-6 Pressure index n and constan a of gasgenerator before and after storage at 70%rh

Sample Pressure index n [-] Constant a [-]
AN/PN-GG 0.87 0.42
SB-1-GG 0.92 0.69
SB-2-GG 0.77 0.85
SB-3-GG 0.95 0.72
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6.4 £

AREETIL, ATEETOER T RAF/2PERE% /R L7 AN/PN/Latex 7112 GN 331U BCN ZiE5H
U THAFAERI R WO, R BV EME TS JORBEME AR L 72, ZORE R, LT
DERPEBIT,

(1) AN/PN/Latex ¥if-ZJiBtE L7z AFAANT ANIPN KL% iU U720 AF8 £ LD B K
Wl 2R L, 70%rh DOSAE T C 20 IRfEIRTE L 7= % BNk T o7, KT Latex 5isr& LT
SB-1 3L UN SB-3 &5 te W AFE A AN TR D £ FETHYRIBNEDMEKA -T2,

(2) HEASMET CIIAAREROEEITIEFLAL DT, USCAR-24 O FE#E (107°C, 400
IRE[H]C 5 %LLN) O BB ) S A 7 3 M DAL=,

(3) RBERBROME A, AN/PN/Latex Hi1% 5 To 7 A% A ANFSRBEAS -9 ke L 7=, F72.
AN/PN KI1-% & TeplBh L0 BRI BER FE 2SN U 72, W AZ X~ CORUEH ORI
MR LTz, BRERBESE DI 31T, B2 57- AN/PN/Latex Rz DU ML A7 LT
BYARBIENEZ R LTz SB-1 F8 U8 SB-3 %5 T 4 AFE A H OMUERIGE IR BE I8 D 413 10%L4
W Th-7-,

L Eo#E R X0 . AN/PN/Latex Bi—% AV = 0 A58 AR FN T 2 & D3 i < USCAR-24 H K& 2T 7=
L CWAEHIWTCE5, £72, ZEWNTIREEL . WIB IR DERRBER E D2 bt /S, L EXD,
AT CAIBLL 7= AN/PN/Latex Ki+1%, =7 o7 BT A ERIOFEIE L CTEN-HEEZ2 A9
Az A,
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7 KREE

fEfe 7 E=v 2 (Ammonium nitrate, LA AN EF7975) 13, JEEFCREEERIBIEORLAILL
TILSHOWSNLZA /2 E THY LT T 7 T AFEAR O L THIER ST
%o LML, AN 1@ ORI E W2 A 3570 FIRCHE THEEEL, SRS TS
BT DL AR D, FTo, SIRITITWSAF T THIEER 5720, A A% IO
OEINB b DB D DD, =7 /3y AT AFEAEANTIE, RHIMNIZ D720k IR D2 b
LZRNZEDRROBILTZD AN BT Sy 7 FHAFEAF| L hEU TR T 5720 121%, %
Wi, - WHARVE 36 L ORISR IRIR -~ SR TH D,

INHDORBEFIZOWT, AN 12, HEBZIH 722N MO TWDIHB YT A
(Potassium nitrate, PN)EWIRMEZAR TSR~ —Fa— b T 5L TEAUTRIE - ik
SARIER & (AR ] 3 22 L8 CELDTIRRV LW E D T, MELERE (AL —FF1
N EOFAR I S — IR LR 72 U7, R~ —Z3RV e =L 7 /ba—/v (PVA), LR
XL AF LB O—RT L E=T L (CMCA), HLARF Y AF Lt La—ZF R (CMCNa)ks
FOTT v 72 (Latex)% Iz, fBL 7RI BL TR A T o 72,

F1ETIZ, AN BLOHE BT T 7 A 23RN BT A0 5E15 SRl 4z >\ T
BL ., AWFFED H A Lam ST RIS DWW Tl 7z,

B2 ETIE AT L —RIAEEZHNT, AN, PN BLEORY~—0 —(R{bL L7k 1
(AN/PN/Polymer F71-)ZiHH L7z, SRBLLIR O EKEEZRELTER, WTIhoR)~—%
FWT5E1TH, BKE 1 W RH ORI - Tho7o, =/ — 208 X #rotr Ofk 5, 75
L7oRI 1% AN, PN BLORY < —R Y — I L TR - Ch AT EnvnS i, L7
Wr -2 B A BRI KB 5 L BRIRDKL - THY | KifEIE 20~40 pm Th o7z,
PRBEMEDHETRDT-8 . AN/PN/Polymer K71 ZElE 7 7 =2 L B L OME SLE g IRd S 1R A L. B 8)
BT Ny R B LT CRRBERR B2 E i L 72/ R, W hoRY ~ —% 5 ealBrb Rt
HINTIRBE T DT EMFER STz, R~ —IRINC LA E DO BTS2 —J7 T,
IRBER | T AR B LT,

%5 3 BT AN/PN/Polymer L1~ DOW I F2 B 2 S L7z, 40 %rh O FRHH IR L7225,
AN/PN/Polymer Ki{-H1D AN 1 g 47-0 DU &IT AN/PN K1 &gl Th7elipotz, R~
— DY T LW B XL FIBIFR 1213 72< . AN:PN:Polymer = 9:1:0.3 DRI T b W IB 2 ) 2 Haviz,
Wl Bl E AN/PN/Latex B3 b AR<, FRICHZR U BROFEA A 73 K& Latex &Rkt L7-
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AN/PN/Latex i+ D IEMEIME ME ) 233 D2 ERBHBNE LTz, — T, IS e L TAT L —RT
AKFD AN & Latex DIR A MEAMEOEEHI AL A O R ESITISTUIBMEDRN F W EA B ER

>7,

5% 4 FETIX AN/PN/Polymer i DFHEAEREIEIZ DWW TR ZERAEVENE (Differential
scanning calorimetry, DSC)35 LY X # B4 W CRHiL 72, AN Tl 30, 60 3518 120°C £+
T FRERRB T ORI DB — 7 NN S LTz, — 05 T4~ T AN/PN/Polymer ¥ T | & E
5 PN 1Z&Y 20~100°C O#iPHT AN H RO 23] STz, FRloR)~—&L T
CMCA BLT PVA & W= 55E8121%, PN OUFINTIIANHISHZ2y y 120°C FHE OFRERE 23 1
STz, AN/ICMCA T8 ANIPVA IZOWTRIBRDHIEZ L7/ 5. £ 2 DR < —I3
AN [T L THEZ BRI RE A THZE0 RSN,

55 5 B CIL AN/PN/Polymer Ri-1-DEVZ EVE | FrIZ B i MERS L O RE D B B 312D
WCRE L 72, DSC HIE DA R, 272~291°C (2 AN DRI RICH KT DR BBl STz,
AN/PN/Polymer 71 Cl& 190~245°C |Z AN ERY~—D UG B KT DHT- 72 BN BIZ S
7o ZORIEDIEMEAL =RV — b B ENDRY ~ — B sy HAM O g - 53 i SO OTE b1
LR —TIEAHBDBIRIZHY | TEME L= 0¥ —DIRWRY <~ —% & T AN/PN/Polymer 113
& 190~245°C D RIGDIEMAL TR F—IMENZ EDREN T, ARFFETHZARY ~—CTldfs
IZ CMCA DOEVZEMEMEL PVA BEO Latex OBZEVENEOZENRIBS Lz, —J7 T,
AN/PN/Polymer ¥7-Z % PG T, 107°C THysk L7-fE 2 . 400 FRFfH C 1 %A O B &b 3¢
dolz, T 400 KT 5 %LIN O E S RIS EE LN ESND USCAR-24 DU A2 L
TNDLZEND, R~ —IRIMC LD SRR EE T 260 O BB =T /3y 7 [0 A58 A A O U}
L TIFR CTELEEEMETHLEHIWT L=, DSC JIE TEHI7 190~245°C FEEE — 7 (D /3T A
—4)5 Friedman 5% W TEMEL A L 2L —r a7 58, ST O E &R O g’
BEda—E L, EATECIEEIC AN ERV~— ORI IV E &R D LTS AR RSz,
L72>L, AN/PN/Polymer $7-1-% B A g5 CHPER L 72 & & BPAR R FIZH T AN O F-HEDME
SN CEED D THEEDHHIEND, HARAERIOBEIZ OV UL+ ER T 540
EWHRHD,

% 6 T Tl 5 EEE TO IR TUIRIEIMEL DN EMED BV MEREZ 7~ L 72 AN/PN/Latex ki
TFTRER Y 7 =2 B RO MRS EESR 2RI CH BB 7 Ry 7 W AR A F A fitse LT- 38

BHai Bl | Wm ik, BV E M JOVRBEME 2 A L7z, W FZBROKE K. AN/PN/Latex k7%
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JEUREE LT 7 28 AR A1 ANJPN RE 1% JFUEFE LT T 238 £ #1173 70~80 Y%orh ~C 20 REFIETER 3%
LIRS 5 — 07 TR O EETHOIR B IED RS-, F72, JFERO AN/PN/Latex oW i
DRI AFEAFNTZE | BIRMEDMRL 2R o7, BVZEVERBROFE R, & D A3 A A% H &
FR|% 107°C, 400 KHIT 1 %Ki THY, BBV HTT Sy 7 AR AEAEL T 2 THHIEN
REHTZ, ANIPN/Polymer 7 & [RIARIZBHASAT T CIEEDEED D Uz, BREREBR DR
U0 ANIPN/Latex Kz % FHUN T2 T AFE AL AIS WA BEE TR BE T~ Z &M fErd S LTz, Wit
SEERFITH4 D H A% AEFN ORI E 2 LB T D& | W% 0O A% A D MR BEE FE 13
W3 5—07TC, Jix WARMEDME Y Latex 27 10 AN/PN/Latex K% JFUBFE U727 A58 A= AN AR
PRBEHE DD D NSNZEDP RS,

97 ETIERERE L TRRRSC ORI OV TEED T,
DI, AT —RIAZL0FHLT- AN/PN/Latex i1~ Cid, AN ORIEES VTG
NI CE, F72, 100°C LA F OFHERB A Il 352N TE 7o, MURBEERE LM EL, JEJ1485
HEAC LR TeZ e n, BT Sy 7 AT EARLRS ) &L CTRO L MEREZ 57
HIENWTEEEZBND,
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ATE

AR D5 1O RIS E LT B OB BB S | IO MRS 06, it
SRR OIS RO R LET,

/- DFRERLR BN x OB B TS E LI ST Je A b DN P2 ek, SR
L7 L e T O SR T S LT AR B D O BB EE Sk AR S oo )
A NS TR A BRI ORI 1k, IRACAR Y S0 R HOREA B, A
SEHRA LD BRIC, LPBOBILE L LT ET.

Tk 2843 A AL
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