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Abstract — The thermal decomposition characteristics of blowing agent azodicarbonamide(ADCA) was investigated by
using the differential scanning calorimeter(DSC) and the accelerating rate calorimeter(ARC). Experimental results showed that
the exothermic onset temperatures were about 2022®§ DSC and 136-15°C by ARC. The decomposition temperature
acquired from ARC was about 55-85 lower than that from DSC. Exothermic heats were about 144-150 cal/g by DSC and
274-296 callg by ARC. The exothermic onset temperatures were lowered and exothermic heats were increased with decreas-
ing the particle size of ADCA. Exothermic onset temperatures and exothermic heats were increased with increasing the heat-
ing rate. The activation energy was about 37.29 kcal/mol, which were obtained from the heating rate and the maximun

exothermic temperature.
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Fig. 1. Heat-wait-search logic operation.

ststa 8l M40H 4% 20024 s

olzg)

o= A%se 4B 2357 9 T4 1in FEsb GHas st
Aslo} ek AT BGL KA 5] ok 2 S
[e]

AR GARG FATH AT AR LEMSE AR
QATE FH] AR, AR
HRAAR(QF o838l RAATHI).

=
T,

il
o¥
DU
Q‘L
9,

e

10144

o
®

>

2

lo

=
>, 0,
=)
)

o rlo
1
2
2,

I
)
Q‘L
9,

2 N 28

i

2-3. dEey

DSC| 23 294 £& £2E 10°C/min, Al 5% oF 1.0 mge=
stel AFE 718kl SA S OiS-LU% ol EH7IA Y fHEFS

50-60 mimir2 31t} DSC] A 5-8-7]%= ¢Fv=(A)A1E2] hermetic
pans encapsulating pregs= 255l AFE-3519132, indium metal(m.p
156.4°C, 83)4 781 callmotg o838l G&FS BASH] ARESISATH10].

ARCE= A& °F 1.0¢% 79 hastelloy ¢ bomB{Al 20-21 g, W54
7 1.0inch, 87 8.6 ml, 57 0.032inch, 3t 1,020 kg/criG)l] 2
o] F7|EY A 27|44 &% 50°C, EE-2L 400°C, A7|EA
Z7=(slope sensitivity) 0.02C/min, heating step %, tl7]*] 7 (wait
time) 15%9] Ao = &4t

3. &y & o
3-1. AlB = st

= 2-3, 6-7, 14-16, 2Bm ADCAZ DSCHY ARCE
A 49l 2g 293

]85}
A& Fig. 2} Fig. 3 VeI 2 25

A1

10

] DSC Heat flow (mW)

[

-10 . . .
175 200 225 250 275 300

Temperature ("C)

Fig. 2. Influence of particle size on the DSC curves in the decompc
tion of ADCA.
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Fig. 3. Influence of particle size on the ARC curves in the decompc
tion of ADCA.
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Table 1. Comparision of thermal decomposition results of ADCA by DSC and ARC

Particle sizagm) Onset temperaturéC Exothermic maximum temperatuf€,  Exothermic final temperaturéC Exothermic heat, cal/g
article sizg{m
DSC ARC DSC ARC DSC ARC DSC ARC
2-3 201.4 136.2 229.4 187.6 237.0 210.7 148.0 295.9
6-7 203.8 141.1 230.3 182.1 239.0 210.6 149.7 287.8
14-16 204.9 151.0 232.6 207.7 240.0 222.7 145.6 275.3
23 206.4 151.2 233.9 2155 241.0 233.9 143.7 273.6

Z Table ¥ £k v|wslgct. 7 Az o)shd

d A EYAE] 277 A4 & DSCHAL A25o= o)edrt &, YL/IN2=(T,), TEAH
oS DSC EEFH0] ALSHo2 olgetal 3om(Fig. 2), ARC

C
E(T) D HAFRSE(TYE 58 S5/ 4252 Ut %S on

d ofg dEa) A9 Al7H Ul 2= A= ]E‘“X}-A =717} =2 o]Fdl] F& £} 2.5°C/mind W T EA2=(T,)= 191.8°C
Zold P8 A7 EE Br) w2 L] AR E A o9} 7o g H& 2571 10.0°C/mind #} 205.9°CE 14.1°C Z2Z%0 7 o]
Qe %§7HA1%E(T) Bk o, Ha‘%‘_ém% =( m) 9 gEE F %}C’it‘r DSC3l] A9 Tdsy 3 52 S50 JFS WA He
SE(TY)IME el g, Sd/|A =9 7%, 2-3um ADCA7} g 2 A4 5 &5} 2,5-5.0°C/min H§)oA = 2 ko] gle
23um ADCAET} DSCZ&4 A] 5°C, ARG A] 15°C W& 250 Zo= yetort 10.0°C/ming 7A-3-dle wd o] ok 10 callgd =
A drge] AFEo A Al BYA 2T FLehE 71 tEiA] [ A VYERITE HEEELE(T)e o+ £/} 2.5°C/mird v} 224.0°C
st 22 vehdin). 019 28 Axe BEA v BES RS 2 58 £571 10°C/mind W] 242.1°CE.T} 18.1°C WA el
EAME AR Ao R vEl Sl A Z=(T el 14, 1°CHE} B & Zol & Ho|W It} dykEo

DSCH o]22}l 7} g5 0] Ee25E 5 gid) Ao Tdw 2 BT (T)e YEEELE(TYRT 5 £ 38 AA
(Qosd= ADCA®] Y=r} 22 Zlo] & AR} ZA Vet Sl WA Hed), the 18] v-gol MOVLA o]} 72 o] o= 7
2-3pm ADCA?] 7% 148.0 cal/@E*] 23pm ADCA2] 143.7 callgit} 7} g, wheba] SG/PA L (T )S DSCY DTAY 2Ja) %7@%} A
4.3 callg=A VeRta Stk dEzAselA Gitslol o] AFed ol 7Fedt 3 v £25 =gl she Zlo] Al 52 £55
2E(AT,)¢t ADCA] H|E 2R 3k 3B (Quro™= U= 22 W ZURA S5 wlo]agil o 28 938 9 E ¢ gle oy

Zlo] & Zrrt =24 Veh}a Y 2-3um ADCAS] 79 295.9 callg +°] 2
© 24 23um ADCAY] 273.6 cal/glt} 22.3 callgEA vehtz v},

olg} 2 AE & W) ADCAE Y=/t 2S5 R Al veht 3-4. g4sjolix|
£ 9ge o A Yea gtk @ 4 gl FLATA 71 B o] el WeEma e 4 (1
Aol VEhd 5 9ITH12]. 9171914 ddis WS, X W E, ne
3-2. Erds
WG YA DSC Y3t SAHAFAR] ARC é@%bﬂr-‘ﬂ 127
Aol BEEAR ERITE DS 9 WBAMALE(T, psd
ARCZ79]] 213 WA7NA|L5(T, )itk =7 vhehthar ME* (To,0s0 1.0 1

slope=-8.5714x10°

ok (T, ard®l Aol 65°C(2-3pm), 63°C(6-7um), 54°C(14-16 um)
28] 55°C(23pm)=A] ARSIt 22 E Aol ﬂﬂl viehuar
At} o]9} ke G A= WHHT LT (T,), SIS RLT(TY)IM= 0.8 1
Ao fAP Vel e T,8l A9 2040°C 1817 Tl
10-25°C= Ve T T8l A9t Re] T, 3% TelHm Aein
o] 277} 2248 BARIE A veltby itk dd Bdge) 7
= ddade A e A0 Qupe®t Qosc Aol 148°C
(2-3um), 138°C(6-7pm), 130°C(14-16um) 28] 32 130°C(23 pm)°] %A 0.4 1
o o) S B A BAte] 7707t 2SS FA YRR 9tk

log

0.6 1

02 1 L 1

3-3. S2&29| YEt 1.94 196 198 2.00 202 204 2.06
AE7} 6-7umel ADCAS A|E oF 0.5 mg, 27 1719 591715 (1/Tm) x10°
oM & £=5 2.5, 5.0, 10.0C/min®.= tﬂﬁr"]ﬁ” tq]4 DSC = Fig. 4. Relation between heating rate) and exothermic maximurr
AAFNE Table 2] 89815t 2 AFe] sl 58 H27f Hgp temperature(T,,) in thermal decomposion of ADCA by DSC.

Table 2. Influence of heating rate on exothermic onset temperature and exothermic heat in thermal decomposion of ADCA by DSC

Experimental conditions Experimental results
Onset temperature Exothermic max Exothermic final
Heating raté}C/min Sample weight(m ' Exothermic heat,Q(cal/
g ratetc/min) ple weight(mg) 0 ) temp., T.(C) temp., T(°C) Q(cal/g)
25 0.52 188.2 191.8 215.6 224.0 144.6
5.0 0.47 191.4 202.5 225.8 232.7 145.4
10.0 0.53 193.7 205.9 234.4 242.1 156.7
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Table 3. Influence of sample weight on exothermic onset temperature and exothermic heat in thermal decomposition of ADCA by DSC

Experimental conditions

Experimental results

Sample Heating Onset temperature Exothermic max. Exothermic final Exothermic heat(Q),
H H o o
weight(mg) rateCC/min) T,(°C) T°C) temp.(T,), °C temp.(T), °C callg
0.51 5.0 1925 203.0 226.2 233.7 136.4
0.96 5.0 194.1 208.1 226.4 2355 1414
2.07 5.0 1974 214.3 227.7 239.3 150,7
kg X} Ax #lE212H(Arrhenius frequenc facter, mif), B @43} 4.4 B
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