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Energy of Activation for Oxidative Pyrolysis of Several Plastics

Takashi KoTovorr**

For the purpose of estimating the behavior of plastics for heat and oxidation, applying so-called
Kissinger’s method, which is well-known in DTA techniques on endothermic pyrolysis, to exothermic
pyrolysis reaction, energies of activation for oxidative pyrolysis, besides frequency factors and specific
reaction rates of Arrhenius equation were determined on 11 representative thermoplastic resins in
oxygen, air and nitrogen at atmospheric pressure.

The instrument used was Thermoflex type 8021, a differential thermogravimetric analyser, developed
by Rigaku Denki Co, Ltd. All samples were kept for more than 2 weeks in a desiccator, in which a
saturated water solution of K,CO3-2 H,0 were present. This solution is said to be in equilibrium with
a relative humidity of about 409;. As combustibles must come into contact with oxygen current in
the case of oxidative pyrolysis, samples were not mixed with reference substance, but only laid on it.
a-Alumina was used as reference, being ignited for 30 min in a crucible before every run. About 500
runs of DTA procedures were carried out on 11 kinds of materials. Kissinger’s plots obtained in each
atmosphere are displayed in Fig. 7-1~7.3. Table 3 shows calculated values of energy of activation E,
logarithm of frequency factor In A and specific reaction rate k based on these plots.

Main conclusions gained are as follows : —

(1) Resins containing hydrogen as a.constituent, in general, give rise to dehydrogenation (scorching)
reaction and begin to decompose at a temperature little less than 200°C in the presence of oxygen.
Their E values are mostly ranging from 10 to 20 kcal/mol.

(2) With regard to In A, so-called compensation effect is observed that In A increases with an
increase in E. Furthermore, it is concluded owing to this effect that specific reaction rates of pyrolysis
of most polymers are nearly equal at temperatures at which individual pyrolysis takes place.

(3) As factor which affects the rate of pyrolysis, one should mainly consider oxygen concentration
rather than specific reaction rate.

(4) In the case of such materials having very low vapor pressures at elevated temperatures as
plastics, it has been revealed that an occurrence of ignition is not due to the process that proceeds
through stages of pyrolysis followed by evolution of combustible gas and explosion, namely, the
general and conventional concept of ignition process, but due to an initiation of oxidation (behydroge-
nation) reaction and self-heating phenomena on the surface of molten polymer. )

(5) with plastics, normally supposed to be highly hydrophobic, coexistence of trace amounts of
water, contrary to usual sense, be able to play a part in lowering energy of activation for oxidative
pyrolysis. However, specific reaction rate, the essential value, is evidently larger with drier than
wetter sample.

(6) As' it has definitely been indicated that the value of energy of activation expresses pertinently
the relationship between molecular structures of the materials and their behaviors to heat (oxidative
pyrolysis), there is no doubt that this value would become an important guide in the search for heat-
registant polymers. :
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Table | Calculation for K-plot, based
on DTA results for polyethy-
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K7 vy b OcdDEEG
heating rate t T, 3 ( ¢ )
CCjmin) | (&) | @& | 1Tm (T

31.4 303 576 1.736 5.976

15.3 274 547 1.828 | 5.710

7.5 248 521 1.919 | 5.441
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EFRFTIE, PCRELEOWH 1/3 b DiTHEED
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X, BRPICET 3 ERBREFTRIT 285
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5.1 AEERCOLTORIENEE

@&m,KmhtKléﬁﬁm;$w¥—M%ﬁ,
L BAABSERENESY LR TW5DT, T
o THWEOCEE, TihbbbtEREOEREIW
BMED 7 5 ARG NAEEECAH B, Table 4 B S i
Itk sic, MIERGRE - 1l O TFAFw Z71L
Fh b OB LEEEST ST 5B RRERET X
D 4D N—FT BT HNRB. ‘

Table 4 Temperature range of oxidative
pyrolysis of plastics tested

7T AFy 7 OB R A
i
Pyrolysis
Plastics| temp. Remarks ; Use
(°C)
First PTFE heat-resistant
group | PC 450~550 plastics
Second PA 6 textile fiber in co-
Froup CA 300~400 | mmon use and sa-
PETP fety film
Third | PS : .
group | PAN ~300 | molding plastics
- | PE
Fourth . '
group PIB 200~250 | packing film
PP

Mitda 550 4 Owed % PC,PTFE 113l L LT,
RAMESHIHBEESY X v BB(CSRCI. in
B Th PAN, PS 0 X5k, Mg ks
Lish, HORBEREMEEL LD 5 HEEELLO
WA V74 VRFAFAF 208 ERO X 51T
WEESYWTHD PA 6, PETP i Xix, HAOHHE
M LT, KENEVCARLSBREEY D -

T5. Table 4 X »C, HEFFEKPTE DS

WHDORBKENWSDANERTEAEB L, TOX5 )
25 (PVC 11k <).

EETLWRFHERE

RIIS-RR-19-4

a) in air. PAN, PIB, PP, PE, PA 6, PETP;
PS, CA, PC, PTFE

b) in O,. PA 6, PAN, PP, PE, CA, PS, PETP,
PIB, PC, PTFE

¢) in N,. CA, PAN, PP, PIB, PA 6, PETP, PC,
PE, PTFE o
oo THIED D, 7T AT v 7 OURBERCET 5
D 2 >DIEER D\ TOJEFIL, Table 5 BiF Tk
Q. TR, 3oDIEEE TR INAIEFIE, T
P TnBZ Ehdodb.

Table 5 Other data on thermal chara-
cteristics of plastics

7 I AFy 7 OEWIEE BT
LEDMPDT — &
M . Oxygen M1n1mum
aterial Index!? 1gn11%on
energy® [m]]
Polyethylene 19 ~23 10~30
Polypropylene 17.4~20.2 25~30
Polyacrylonitrile 21.4 20~30
Polystyrene 17.8~19.5 40
Polyvinylchloride 31.5~45 NI
Polyamide PA 6 24 ~28 20
Cellulose triacetate 18.1~21.9 15~30
Polircarbonate 25 ~42 25
Polytetraﬂuozc& Flene 95 NI

NI means no ignition of material.
2T, FTMEFET CTORSBOBE I HRTH
», PC, PTFE 350# & LC/0 8D 7 5 A F
v ZIZEDfEL LT& T 10~20kcal/mol ORFICED
EoTob. KBELEETHERYOBE, BKRL
Tof Fet—FdF4f FVeBRT 5 LBV BER
RO TH S LT TCREH IR THBEL
TIenb®, ZhbD 8D FIFAFy 2 (BL
5 PC %) 0BBMLHBOE—HFL, TTZOD
B R RS S 0L TFHIN, Lk THERLI»T
KEOREEOAEFCESOBLI LD B L LTE, £
RBAMELA LML 5 R EDERE - TWHTE
W, BRI TFS. Fhed, EOfER PAN,
PA 7 ¥ —HOFN B TSRO HRE LR
DIEFF L 72 Tcn—3 LT, Wil T\w5. PAN,PA
K EBERTTAFy 7OBE, Tn BBV LHDP
HLFEDEIPNZ T LIDWTIE, 5.5 TEEL
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It B o LnRbRE. Tinbb, EXRKETIL
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nsation effect MLbLRBLZ &L, EDOEE LA
FRE. ¥, BEIETO In A OfFE PTFE
FBTIRL A Y 10~20 OB Y, WBELS 7 AF
v 7 LEROBME L O REOBE, RERE 6.2
LHEEL, FIAFy Z7OEEOCHALI DT =
v e —BREEw I W—BEELDRDBT LD,
BRDHHHEETH 5.

X, BEDRL Y - TESMORIGEREEH k
13, Table 3 OBEEECARS X3, ThEhid
FEORE HRETHE LSS, TNTOHECO
CEFEELNC EAEDANE. IHRVWHX DT
Hif, —BESEIBRE LY, WEOVWHARLL

Bfﬁﬁﬁﬁﬁﬁﬁﬁﬁbwﬁﬁmﬁﬁéi5ﬁﬁﬁ_

ThBH, s bieirs. Lvl, HEOBHECX
o ThTmicERZbh, PAN, PA 2084, E
AR Ty 3B RS b bR O RIGE
EERIMDOT T AFy 7OBECHLTHEWT L
RS TE L. BEINEILR, EFFRBTFD
PTFE "~ A FOFBRIBED B REFCRELS
BEEERERTL L THS.

5.2 77RFv Y ORKIEEE FERILR
el

EREOTELILLTIhEY, PIErEDLER
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Thebb, FIAFyIDL5E, RIEDENY
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R TGA
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Temperature
‘Fig. 10 DTGA curves for polyethylene
in N, and in O,
EBERE L OBEPCRIT S RY
=51 vo DTGA HiE i

5 Fue AL bRKCELLLT T ARE (DEDR
HEBOWY) #MEbEFhERDRR. ’

Fig. 10 ©h3 X 51, BFEFLBEESEPLE
HARTRIBE, A—-REFRCEEIBE L.
LLb, B, WhPLAREESETE-Sh, 2
WTm RN F — SN E IS T L RBKDOLES
BTH BB, RS ADREERE L0 DX
HEOFELEOEHRLTEHRTH-T, FFAFYID
HBORIBEDOLRICEL s THRE ST BT ERRD,
Lo TEFRTHA S LBEVNFEL IS LRE
A & BB EEHECREDBHBENALNTIVIZT T
b5,

HE3 PE 04, Fig 10 425 X3k, %+
T1% 450°C DAk by & BEBAOIIAE SR
—7F, BEIEETL L, RENBEEHHUHO 180°C
B b REFIAD, H£1DOFEEHY — 27 (230~250
Ly RRERBETS. ‘

75 AFy 775 ERKEOBECYEE, KEXIL
Ba, PC Ior%E, vl 2000C LIF ORE
CREETEDD. IhHOERY, BEIFETLHS
&, BAALCTOBEL LIhLRER (X T80
T, WEEEC KT 5 BLRG (a sort of
heterogeneous reaction) 7%, FEERE&MEE LD Fk
DEE criterion LB AR TEOE LTI
v BREDToTE, EFERCBRERE (KR
Rt BRI b, FOBRBREENEL, BELRL
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WETSECORMEE LTRETES | R 0mR
3, RAOWMEICIIERRIG L RERESAE <BEF
THREEXRELTCHBE LTIV dbHA,
100°C pEE#E CEMEHL LTEEL T LR
ESFEIEOBY Tl L, & A BRBERkEE O B
wh o TE, KRR OB 5 F—> T TRET A%
EDOBENFELRRELETHZ EIXBARTHAS.
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, E
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(5-1)
DL 3ELLILLE, OBZERE (5F) HREW
38, FREEL=RZAF—ENIEE, RER
ERAEL B EREND. B L CA—WER
AT, BEFTIIZESF L U CRESGREND
Tiel, BEptoidOEREL=RAF-L (TS
DTHAH5h. ZOREALHET S Z L1k, BFR
KEESFCET HRBEOWEDOR#BOTHDO—F &
Th35L0LEZLND.
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Fig. 11 K-plots for polyethylene in
air and in O,
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Fig. 12 Effect of oxygen concentration
on oxidative pyrolysis of polye-
thylene
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T T100% Bk &L 25 L O CTHREREYE 2 CE
BESETHNLLS5E LI Fig 12 cXx 5k,
BERRE 60% I ClRERPRTAB&5LACHEE
THBD, ZhEMzs P LUFolHERnEoks
L3, THEBY OBTFAERLRE.

7s¥s, 100 BFRRENE, % Y BESE latm
LBV C ORISR, BEOEE CIRTETSS
2, GECIEREE DTA EEYHEFKEL T hEF
T BEEFFCTHS.

—77, DTGA curve %% 3% &, KH T TR~ 7
I3, BRPFTRARELEIY— 2L L RESY
BitAL, TOY— 7 TABSBSMLTLE 5 DK
L, ZRATEE IO -~ 273/ X — 7% BET
BIZLAEEERSTS, B2 —20BEh LI eE
BB, ZOFECEBAL, BEEE 60%
HETH-T, ChIVBERENEEL L
11— 7RRRERKEL 5.

DEDEEM»L, 5P R RINKERE (&
) DRETEN, BEFTRRARRIES 24TH
5L LUTHEDRELE - EREENKRE VDI, 3L
A LRI IRBR DB REY b FRT 5 RIEHERNE £
bhs.

FRMMDOF I AF v 7OV THTE, BEFOE
. DEIDPEIHFOLNE DTk E . oL,
BRo In A LErOWMEHECLD, f2& 24 PE
oW 250°C ¢ & (in air) & %k (in 0p) L% K
BTsL, MBIBLALEMTILZ ENHELR
5. Lasligdih, Table 3 mwxsi, vt o
FFAFy 2T R DET TS, EEs
CRTHEDIFSBRENC ERLENS.

Lo T, MEEEVvERETRTELUL, 4%
B-BoBARIGEEERII—EE LT, BEE
EDZEZETEI W LD, 20z Enb,

— 17 —

Jo& 2I¥ Satm OZEgK L latm DOEEEN BOR DR
BRECRIZTEEL, 3ITFEMTHD L5 F=4
HRETH T, & FTEAINLEHETDKEREE
HERZ DO LY TRT5ORBERE-. L, R
B—HTORBEC WL, FREMEOERIEEAR
DR ERE~DBRDOIBEAHREC L b, BEF
TOR PEKFERTBE IV EANTHS - i, +
STHEENDERETH 5. '

54 EEOH R

TTRANICL 5, BOBKERETS L Lk
NTWBFFAFy 7 DEETY, FOBBMILH R
BET5ESl=R L F - Offiy, KGOEFIE 5T
BT L bd 12D T, L0 PE %%t
QB b= X ¥ — CRETHMEE R.H) o
BR% 100, ~80, ~40, ~20 & % KIS\ TIN
fo.

FERL Table 6 IR+ X 5Kk, PE 0Bg, K4
DEEDDS L CEREWER L 5EACHS & & 2383
LHTHB. b, PP ronTi ACEET S
LERNELTRY, BB - 7BELLTHTRS
HERADNI., D X, KBEYETLZ L
— ATz ¥, SR~y } order CRIBT 5 ARKDOEIE
HEWEDOHE, KFDOEFECL > TR kBT
EXEBDZ LRBTHAERBCHBERL, FFAF
v 7 DEE, ESREDOKS OEEND X » TEEL
SR ET B ERE b= A F - DERET IR B
MDPZEERLTWS. L, FLORGEEER
kEOECOWTE, BLNRBIEDODIGE 5 ik &
WEWS Z IR L TR EL.

Table 6 Effect of relative humidity on
oxidative pyrolysis of polye-
thylene
Y =F Vv ORISR RIZ
THANBE DS

Saturated

aqueous |Relative| #,,°C| Act.
solution offhumi- |at5°C | Energy|ln A
salts (at dity| /minkcal/mol
about 20°C) [

— 100 241 | 10.9 8.83 0.16

[min~1]

NH,C1 80 245 | 12.6 |10.5| 0.18
K,CO;y-

2 % H,0 43 250 | 14.7 | 12.7| 0.21
CH,COOK 20 252 19.3 |16.8| 0.25
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Energy of Activation fer Oxidative Pyrolysis of Several Plastices
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For the purpose of estimating the behavior of plastics for heat and oxidation,
applying so-called Kissinger’'s method,
on endothermic pyrolysis, to exothermic pyrolysis reaction,
for oxidative pyrolysis, besides frequency factors and specific reaction rates of

Arrhenius equation were determined on 11 representative thermoplastic resins in
oxygen, air and nitrogen at atmospheric pressure.
The detail of discussions will be described which comprise quantitative compa-

risons among these values and considerations of

them.
(6 Tables, 12 Figures, 25 References)

O

which is well-known in DTA techniques
energies of activation

effects of various conditions to



