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Some Studies on Combustion of Irradiated Polyethylene

by S. MORISAKI*

Vicat softening point determination, differential thermal analyses and thermogravimetries were carried
out for the purpose of investigating the thermal stability of polyethylenes irradiated with electron
beams up to 100 Mrad. The softening temperatures for the irradiated low density polyethylenes much
more increased with increase of radiation dose than those for the irradiated high density polyethylenes.
From the results of thermogravimetry, the irradiated polyethylenes decompose in three stages in air
but in one stage in a nitrogen atmosphere. Those irradiated polyethylenes decompose easily in nitrogen
as it has also been shown by the calculation for activation energies, and begin to decompose at relati-
“vely low temperature in air with increasing radiation dose. The irradiated polyethylenes, however,
are less combustible than the unirradiated polyethylenes, since the initial temperature for the second
stage degradation, which probably shows an ignition point, and the residue after the degradation
increase with increase of radiation dose. In addition, the differential thermal analysis was also carried

out to investigate the mechanism of thermal decomposition of the irradiated polyethylenes.
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Table 1

Variation of Crosslinking Index and Softening

Points of Irradiated Polyethylenes
BERY =5 vV DF SR, BEEREBERN

LR D%
Sample I\R/ﬁii;tion dose, Gel fraction, 9 | Crosslinking index Softenirgg point,
Unirradiated — o 93.4
2 0.5 0.6 96.5
5 41.5 1.0 98.0
DFDJ-5505 10 58.8 1.5 98.6
20 75.1 2.7 99.6
50 83.1 4.9 101.8
100 90.1 23.3 108.0
Unirradiated _ _ 127.7
2 0.1 0.7 129.3
5 9.3 0.8 129.8
Sholex 6050 10 38.3 1.2 130-1
20 52.1 1.6 129.9
50 65.8 2.8 132. 4
100 80.4 14.7 133.2
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Table 2 Thermogravimetry of irradiated polyethylenes in air

ZEE A BT B RETAR Y =5 Uy OBE B S

Initi. temp. | Initi. temp. | Termi. .
Sample Radiation for 1st sta- |for 2nd sta- temp. for Weight loss, % Residue, %
y - /O
dose, Mrad |ge de%)mp., ge deozé)mp., decogrép., first stage | third stage '
Unirradiated 254 373 554 2.9 3.9 0
5 242 .375 557 12.9 10.0 0
‘ 2 16. 2.0 0
DFDJ-5505 10 39 376 559 6.2 1
20 232 390 563 19.4 13.2 0
50 230 400 559 17.6 12.4 0
100 228 408 561 18.2 13.0 0
Unirradiated 261 393 537 5.6 5.0 0
5 259 388 545 5.2 5.1 0
- 1 24 3 552 11.0 8.1 0
Sholex 6050 0 8 387 .
. 20 242 390 560 14.5 9.9 0
50 236 397 563 21.9 12.7 0
100 231 400 567 25.8 15°1 0

() SBREE, 2EEL3EEHRLET G RN DFEARY, ThbOFHEY & -7



— 8 — EXReWEimegd  BRIIS-RR-20-3
270
{ 30¢
2607 ~~___
> \\\\o °
0 ~
< a50F S \\\
Iy ~ e}
E \\\ o
© - 0o
§ 2400 ~a. X 200
)
- o 3
= o \ \o » 5
.\.: "gn .
: 7
220 ! 1 1 1 1 ®
0 5 10 20 50 100 o ///////’//
Radiation Dose, Mrad 10 N
Fig. 10 Initiation temperature for lst stage degra- ' o
dation of irradiated dolyethylenes in air ;
(O high density polyethylene, (@) low §IoITimmIiooog
density polyethylene '
e AT BT 5 B R Y =F Vv ORI
ﬁg 0 N 1 1 il T 1
TOE—REMCETRETBHAOES, REO o " 5 10 20 50 100

BEEE T THERLCnb, ok zi¥, 100Mrad o
BEHEOR Y =F VY OBE— RSO FAE N A BT
KBHO L OCHERT, BEERY =F VvV T 6,
BEERYV=F VY TRSBLER-TED, BRENA
F AR TEEBEOSMBYNFBELTCNB LR
tho B—UHRC BT ERRIEOELOERAIX,

20}
O
RN / \o-/ ©
<
o (o]
3
- [ ]
= 9 ./ -\6_./.
B /
o
B 10 -
;L e
/7 -
v
7 //
e
&
/,'/

‘D://

o}

0_,__‘)(} 1 S 1 1 !

0 5 10 20 50 100

Radiation Dose, Mrad

Fig. {1 Variation of weight losses with radiation
dose at each stage of degradation for ir-
radiated low density polyethylenes in air ;
(O) first stage, (@) third stage
EEHRORSEFE AR Y =F v v OS5 RE
M 35t % B OFL

Radiation Dose, Mrad

Fig. 12 Variation of weight losses with radiation
dose at each stage of degradation for ir- .
radiated high density polyethylenes in
air ; (O) first stage, (@ third stage
LS OBHEEERY) =F Vv OXSRE
sl s EERDOEL -

Fig. 11 85X Fig. 12 0L RH THBH, BEHESE

EXY=F vy 0BT, BEOEMCIGUTHELRL

TWHDER LT, BEEEEARY =F VY OBRER

t%, 20Mrad fE-CHEAEY & B ERCH S,

HEDX 5 w0 BBIcs v TREARY =5 1Y

NESMLULTWEEE LT BBl > TERLE

SHRERTOEME ¥ = vy R A OFEC X

5H0E%E2bh5Y, BEBEOHMCAH > BILS

fRovginss 20Mrad L RS LICERERY =5 Vv

VTRLBREVOER, BHEHCHSENFEEER TS

CEBRLTWAEEbh 5,

HoROGRYBET HRER, BTHRAKEE
w35 & Bih b, Fig 13 Rt X s ik

FBEAY =5 VOB brBENHINT 5

EOohTERAME TR TEY, BALE ko Th

BrBbhb, —F, REBEERY=FVVOBE

i, R 20Mrad ¢ SWE TR g - TREBSHDO D

DX EL B EAERL, 50Mrad & HWLL_EDOR

Bl TRBHOBDIDREK LKL Lo T5bo



Rt RY =7 v vOREERCHT 5 B% — 9 —

410

o
o
S

&3
(=]
<

Temperature, °C

&

[+

fe=]
T

P T T T

Temperature, “C

£ 1
3700 i

5 10 20 5 100
Radiation Dose, Mrad

Fig. 13 Initiation temperature for 2nd stage degr-
adation of irradiated polyethylenes in
air ; (O) high density polyethylene,

(@ low density polyethylene
AR BT EBHRY =F VvV DEZRS
IRBRIRTRE

¥h, BRSBOBMBERE, 20Mrad < B E
TREBERY =5 LY O 5 PMEBELY =51V
E0EL, Fh EOBEBCD L KACEBER Y
Z2FVVDIEINEL S THAKLILLS LS tsT 5
CEEZ BB,

BRGROBMR LEZROGEVIRELHE T
DREFH, Tichb, REOCREREL, EBESR
Y =F L v G 370~500°C, ZEERY =5 v T 390
- ~B00°C THbh, FOBREEDRIE, Fig.8 L Fig.9
Pobhrb L ICKRBHOLDEBHINZEDET
R STBETFERL T3, ThhbbREBHOAY
=2F VYT, FoED L2000 —-2E2FLTNT,
REBRIC RN T DD R » B LS BOME o &
HLTWBDORF LT, 20Mrad D3 DTl —2D
ATk, 100Mrad 0 DIcind & — 2D
BN~ 7T o TN CEBRCRER B2 R
LTwbe —7, RBKEEPD 380~430°C ShHuv ¥
TOEORERBIC BT, RBHOEY) =F VY
RBEIRREY) =F Vv LD EERIRIKE L,
Vg FUERBHOR Y =F L v DRI R DL
SBRBES B EHHETE B,

RS RIVET THRET, R TORIEN
KTTHRE, 500C iEEE LIt THY, 2R
FRCBHARY =F VR BGR IR L FiiE, 500°C
P ket »Ch e b @i s THRRRERD 5o
COBEIGRT HEERGMREE, WThoBE
b 480~500°C THY, ELHEZRGMOK TEE,

570

560

5 10 20 50 100
Radiation Dose, Mrad :

Fig. 14 Termination temperature for degradation
of irradiated polyethylenes in air ;
(O high density polyehtylene, (@ low
density polyethylene

2SI BT BBHRY =F Vv OGERT
R

COBRBEORBCLEELC, BEBERY =F 1LV D50
Mrad & 100Mrad o % pizfle$+5% %, Fig. 14 ©
ERDBHBEOMMCIE CTH MR TRERE
HoTish, BRI 7o 7o b @ A% 550~570°C ff
FEETCRTESTHRBLTCW A LT B BT
SfEs oD Bz, Table 2, Fig.11, Fig.12 5
bbhs X 5 ICRIEHERNS R Y =F LG E S
eBBEARTRLTERY, $EROSEC KT 57
ADNEL T\ B, BEZRD SRUTBBE T T
S5 RIRD RICYID R 2 CBESR LT 5 D LR
bhb, REKTEOBREDEN S\ Z &1L, BREED
M Efe 2 L X ERLTED, Lok, H
CHEEEE D 5 TWD EELTIV, LA ST, B
HARY 2F UV iEonT, BEERY =5 VY OSE
X, BEISWIEY, FREEERY=F v VTR
20Mrad L ECRkEEACHEEXD - T3 L
5%

P EnZeghrsds TG OFERrbW 2B &
i}, B—ROSRC BT, WThOBERY =5
VYLRBHOL DX VGRLLTVA, FEKBRBED
B DREBERY =F v VYOBAKE 50Mrad <&
BULL O BESED L D TAE LEERED B ER
L, ¥EBELRY=F 1 vofarit 20Mrad <
BB ERE Licd o X » BRI h s 2 &0 iR
Ihbde



- 10 —

8.4 ZRAICHITBIRERST (DTA)

S BT BBHR Y =F v vOBEE L 45 F D
DT AR, Fie. 15 88X Fig. 16 AT TH B,
T GHifED 3 B0 MRS Ut E T Sy — »
Bdbo Tihbb, #10RMISETHEROBL
CX5H0, FH20RBILHTHRAKCIDLEDEID
REIREEREOBLTEC I B DTHBLEEZD
hz, ‘

100Mrad

50Mrad

20Mrad

Unirradiated

~—Endothermic AT Exothermic——

200 20 300 350 400 450 500 550
Temperature, °C
Fig. 15 DTA curves of irradiated low density
polyethylenes in air.
PR EAEEER) =F LV O
D T AR

100Mrad

50Mrad
20Mrad
10Mrad

~Endothermic AT Exothermic—

200 250 300 350 400 450 500
Temperature, °C

550

Fig. 16 DTA curves of irradiated high density
polyethylenes in air.
ERPC T REAREERV=F Vv v O
DT A Hi##

CTRODOFBEIMBOBAL Uik, F1FHDRSH
¥ — 7 BB EOEINC SR TERAK TR TR D,
#2BRAORSY — 7 3HCHRIC, 4% 3E
BoZFE#e — 7 MERACTR W5, 2hbor &
BT GOBRC—FKLTWb,

EEREPRIERS

RIIS-RR-20-3

3.5 BRPICHITS TG

EFER)=F U VEBIVEBERY) =F L VRO
W, KBHOLD, BEHE N 20Mrad s L O
100Mrad @& 0O BRSO ERRIE (%)
LEE L OEGREYFig 17 & Fig. 18 WD EIh T
o D HLORMNLHLNRRI I, WTFhDg
BLEIBRETETLTRD, BEER)=F1 VD
B, SREGREN Table 3 © L 3k 0 RBHO
3, o 396°C, 20Mrad o 4 o ¢ 390°C, 100Mrad
DH DT 385°C LFEOHEMCONTERRI F h
Tbo Fh, 465°C S HLWE TR, —EREC KT
LPEEFVRLBPEOREVSDFLEE TR,
BEAY =F vy MEBERCIRRBHA) =5 vy X
DHBLRTW EEERL T %, 475°C HETE
BRABRICThORBCIRAL-THY, KR

201
o]
£
/Y
g
15¢
J
g
§ b
"3
g [,
|
= 10-
® / i
=
Iy
qs /
° A
o
& A/o
5k /
4k
A/ | a
A
.A/° \o
a'g”S
/A/ D/
0._?) 1 égﬁg—;g:i(/g 1 1 L %
0 380 400 420 440 460 480 500

Temperature, °C

Fig. 17 TG curves of irradiated low density po-
lyethylenes in a mnitrogen atmosphere :
(O) unirradiated ; (@ at 20 Mrad ; (&) at
100 Mrad.
ERP BT BEBEBERY =F v v O
TG g



RHARY =F v v OREE BT 5%

T

25

> ¢80,
o’ \8

[y
o
T
p— ]

..
o T
.

—
<
T

¢

Rate of Weight Loss, % /min

-3
—~—g

5
A//s//O/
/ o/
r%;‘é /O/
(| L B0

1 1 ]
0 " 380 400 420 440 460 480 500
Temperature, C .

Fig. 18 TG curves of irradiated high density
polyethylenes in a nitrogen atmosphere :
(O) unirradiated ; (@ at 20 Mrad ; (A) at
100 Mrad.

EBERFEETHBHEFEERY) =F 1 v D
TG g

DL D 18.7%/min, 20Mrad o D¢ 18.0%

. /min, 100Mrad ©% OT 16.0%/min & 75T b,

— 11 —

BEERY =F Vv OBELRAERZ LD LR,
SEEFRRREN T Ch 428°C, 419°C, 410°C L {E{E
BT LTV, EBEERY =51y X hidsh
CABLE W T e vx b, ~EREC KT HER
BAROEL, EEERY =F Vv OB LIZIER
CThar, BROBEERIERIOLOBOREL
WTRLE L oo TEY, KBH OB O ©22.5%/min,
480°C, 20Mrad @ % o ¢ 20.19%/min, 477°C, 100
Mrad © % 0-¢ 19.8%/min, 475°C Lic T\ B,
L L, WhOSa s SR o#K TREL 500°C &
oo Thde ZDIXSERERNDEBHEINAEY =F
vk, SRERBRENIRBHORY =5 v gk
TEWC L, BEEFAENIREVCEBIVEARDE
ERARYFRTEEMENZ EMLERBEDOID LD
BRPFTESBLLT VL E b5,

R FROBSIBH Lic B Y =5 vy OoREHE,
BE T2 TR BT H o b O TH
B0, BECIVAERLLIAR=AREREDOHE
Ahenwd o Bbhsh, BY=F L v EEERT
BHH LB TI A LENER LT L
{%, Schmacher'® &k o THEINT\bH, BEHRT
BT BEV R L Tk, BBk XU TN X
o TER LEERRERFR IO Y= v v RS
O, bR Y =F U VREBERELTWEBRET
L VBB LI VR = A EF BB YO FET X
D, BEAY=F v VIRRBHORY =F 1L D5
BL2FTLmAbDEEL BB,

3.6 EEFICHIBHAMOFEMETRIL
FOR®E

ERPCRTHRGMOTERIL=F ¥ L, TGH
85 Freeman ¢ Carroll o W 2B WTHEL 720

Table 3 Thermogravimetry of Irradiated Polyethylenes in Nitrogen Atmosphere
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Sample Radiatién dose, Decomp. temp., | Activation energy, Residue,
p Mrad ° kcal/mole %
Unirradiated 396~496 -84 <2
DFDJ-5505 20 390~494 69 o
‘ 100 385~500 64 "
Unirradiated 427~499 125 1
Sholex 6050 20 420~497 96 N
100 | 410~496 88 - K
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The softening temperatures for the irradiated low density polyethylenes much
more increased with increase of radiation dose than those for the irradiated high
density polyethylenes. From the results of thermogravimetry, the irradiated
polyethylenes decompose in three stages in air but in one stage in a nitrogen
atmosphere. Those irradiated polyethylenes decompose easily in nitrogen as it has
also been shown by the calculation for activation energies, -and begin to decompose
at velatively low temperature in air with increasing radiation dose. The irradiated
polyethylenes, however, are less combustible than the unirradiated polyethylenes,
since the initiation temperature for the second atage degradation, which probably
shows an ignition point, and the residue after the degradation increase with
increase of radiation dose. In addition, the differential thermal analysis was also
carried out-to investigate the mechanism of thermal decomposition for the irradiated

polyethylenes.
(22 Figures, 3 Tables, 12 Reperences)





