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Assessment of polyethylene stability using the standardized 
O IT  procedure by DSC method

S u m m a r y  —  The stan dardized procedure for determ ination  o f oxidation  in­
du ction  tim e (O IT) u sin g  the differential scanning calorim etry (D SC ) m eth od  
has been described. A  P erkin-Elm er D S C 7 instrum ent w as u sed and  it w as  
calibrated w ith  in d iu m  and tin certified reference m aterials (C R M s). M e a ­
sured valu es o f m eltin g tem perature w ere consistent w ith  the certified valu es  
w ith in  ± 0 .3  °C . The procedure w as validated u sin g  com m ercially  available PE 
sam ples. Relative standard deviation  (RSD) valu es w ere calculated and  co m ­
pared w ith  the p u blish ed  data. The valu es obtained w ere low er than those  
q u o te d  in literature for particular PE grad es. T h en  ch em ically  m o d ifie d  
(grafted) PE m atrices and  com p osites w ith  a flam e retardant filler w ere in ves­
tigated. OIT valu es w ere m easu red at various tem peratures and  the o p tim u m  
m easu rem en t tem perature for m o d ified  PE com posites w as determ in ed. It 
w a s equal to 220 °C  as com p ared  w ith  200 °C  for u n m o d ified  PE. T h u s, it has 
been fo u n d  that the therm al stability o f investigated com posites in th erm ooxi- 
dative degradation  conditions is higher than that o f u n m o d ified  PE m aterial. 
K e y  w o rd s : therm al stability, p olyeth ylen e m aterials, flam e retardants, oxid a ­
tion induction  tim e, relative standard deviation.

O xidation  induction  tim e (O IT) is a param eter u sed  
for assessm ent o f therm ooxidative stability o f so m e p o ly ­
m eric m aterials, their lifetim e and  quality in practical a p ­
plications. O IT  valu es are u su ally  m easured for p olyeth y­
lene (PE) and p o ly p ro p ylen e  (PP) u sed for the ducts, 
pipes and  fittings, as w ell as an electrical insulating m ate­
rial for w ires and  cables. In this case the procedure o f O IT  
determ ination u sin g  the differential scanning calorim etry  
(D S C ) m e th o d  is d escrib ed  in stan d ard s [1— 5]. O IT  
m easurem ents are applied  not on ly  for routine testing of 
p olyolefin  products, but also in research w orks. In such  
cases, various techniques o f therm al analysis (ТА) can be  
applied , includin g D S C  m eth od  [6, 7].

Recently, the O IT  m eth od  w as applied  in our Institute 
for ch em ically  m o d ified  PE and its com p ositions. The  
m eth o d  w a s checked and an exam p le o f application for 
m o d ified  PE m aterials is g iven  in this paper.

EXPERIMENTAL

M a teria ls

The fo llo w in g  PE m aterials w ere u sed in this w ork: 
—  com m ercially  available variou s types o f PE, listed  

in Table 1;

T a b l e  1. Investigated commercial PE samples

PE type Symbol
Density
kg/m

Producer/
Supplier

PE-HD HE3366 945 Borealis
PE-MD ME1244 934 Borealis

ME6032 928
ME6060 934

PE-LD Malen E KAPC33 928 Orlen
Malen E KGAP27 922

PE-LLD LE8707 920 Borealis
LE6040 920
1. "Stamylex 1026F" 919 DSM
2. "Stamylex 08-026F" 910
3. "Stamylex TMX 1000F" 902

—  P E -L L D , ch em ically  m o d ified  (grafted)**;
—  m ixtures o f grafted P E -L L D  w ith  flam e retardants. 
A  typical co m p ositio n  con tain ed: grafted  polym er,

flam e retardant filler, processing aids, and antioxidants 
in am oun ts o f 1 0 0 ,1 5 0 ,1 1 , and 0 .6 parts.

** Preparation of grafted PE-LLD and its compositions, and investiga­
tions of their selected properties were supported by the State Commit­
tee for Scientific Research, research project No. 3 T09B 041 16, and 
were described elsewhere [8].
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Instrument

D SC  7  P erkin-E lm er differential scanning calorim eter  
w ith  G S A  7 Perkin-E lm er autom atic gas flo w  sw itch w as  
u sed  for OIT m easu rem ents. A  com p uter program m e  
w a s ap p lied  for data acquisition  an d  calculations for 
OIT.

T h e in stru m en t w a s calibrated u sin g  tw o certified  
reference m aterials (C R M s):

—  S R M  (standard reference m aterial) 758 In diu m , 
N IS T , d elivered  b y  P erkin-Elm er, Tm = 1 5 6 .6  °C  and  
AH =  28 .45  J /g ,  and

—  SR M  2200  Tin, N IST, Tm =  231 .92  °C  and A H  = 
60.21 J /g .

Procedure

The procedure w as checked for com m ercially  avail­
able PE p o ly m ers, and thus it w as validated usin g the 
precision param eters for com p arison . Routinely, at least 
3 replicates w ere m easu red  for each sa m p le  u sin g  stan­
dard op en  A1 sam p le  pans; N 2 p u rge gas and O 2 gas  
contained less than 5 p p m  and less then 24  p p m  o f im p u ­
rities, respectively.

Fig. 1. The calibration peak of indium CRM as an example: 
conditions —  sample wt. 5.100 mg, scanning rate 
20.0 °C/min; results —  onset 156.44 °C, peak 158.15, AH = 
28.23 fig

°C . The calibration peak is sh ow n  in Fig. 1 for in d iu m  as 
an exam ple.

RESULTS AND DISCUSSION Procedure

H arm onization o f  OIT  procedures

T h e rou tin e procedu res for PE, described in stan­
dards [1— 5], w ere checked and h arm on ized . In the case 
o f PE the fo llo w in g  crucial conditions are recom m en d ed : 
(1) m easu rem en t tem perature 200 °C , (2) calibration o f  
in stru m en t w ith  in d iu m  an d  tin at the h eatin g  rate 
1 d e g /m in  near the m eltin g  point (i.e., above 145 °C  or 
ab ove 220 °C  for in d iu m  or tin, respectively), (3) inert 
gas (nitrogen) flo w  50 m l /m i n  ± 1 0  %  and oxygen  gas 
flo w  50 m l /m i n  ± 1 0  % , (4) heating rate 20 d e g /m in  d u r­
ing flu sh in g w ith  nitrogen from  50 °C  to the testing tem ­
perature, (5) m aintain ing the m easu rem ent tem perature  
constant w ith in  ± 3  °C .

Calibration results

C alibration results are g iv en  in Table 2. The results 
are consistent w ith  the standard recom m en dation , i.e., 
that the tem perature difference sh ou ld  be less than 0.30

T a b l e  2. Calibration measurements

CRM
Melting temperature, °C Difference, °C

certified measured
(onset)

measured allowed

Indium 156.60 156.37 -0.23 ±0.30
156.44 -0.16

Tin 231.92 231.60 -0.32 ±0.30

T h e repeatabilities o f param eters o f precision, i.e. the 
standard deviation  (SD) and the relative standard d evia ­
tion (RSD) are sh o w n  in Table 3.

T h u s, the RSD valu es obtained in our laboratory are 
consistent w ith , and even  low er than p u blish ed  data [5]. 
Therefore, our procedure con form s to the actual regional 
(A S T M , E N ) and international (ISO ) standards and  to 
requirem ents for m easu rem en t quality.

A pplication  for PE-LLD and com positions o f  grafted 
PE-LLD w ith  a flam e retardant

In the case o f other than "p u r e "  PE p o ly m ers, ad e­
quate testing conditions h av e  to be fo u n d , the testing  
te m p e ra tu re  in  p a rticu la r. OIT o f  c o m p o s i t io n s  o f  
grafted P E -LLD  w ith a flam e retardant, prepared in ICRI
[8], w as m easu red  according to the reco m m en d ed  proce­
dure, w ith an exception concerning the testing tem pera­
ture. Various testing tem peratures w ere applied  (cf. Ta­
ble 4) to ch oose the o p tim u m  testing tem perature for 
investigated type o f com p osition s. A  typical OIT m e a ­
surem ent curve is sh ow n  in Fig. 2.

It has been  fo u n d  that the testing tem perature 200 °C  
can be ap p lied  for m atrices, i.e. the sa m e as u su ally  re­
co m m en d ed  for PE. In the case o f m ixtu res, h ow ever, 
the tem perature o f OIT m easu rem en ts has to be higher, 
n am ely  220 °C . A c c o rd in g  to E N  an d  ISO  standards  
[4 , 5 ] , it is r e c o m m e n d e d  that te stin g  tem p e ra tu re  
sh o u ld  enable m easu rem en t o f  OIT v a lu es high er than  
10 m in .
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T a b l e  3. Repeatability of O IT  measurements for various types of PE at temperature 200 °C

PE type
Results of this work, OIT, min Round robin test [5]

sample mean SD RSD sample mean SD RSD

PE-HD HE3366 157 2.6 1.7 PE-HD 163 8.3 5.1

ME1244 192 6.2 3.2 — — — —
PE-MD ME6032 105 6.7 6.4 — — — —

ME6060 68 2.8 4.1 — — — —

PE-LLD
LE8707 165 3.9 2.4 PE-LLD 120 7.8 6.5
LE6040 108 1.8 1.7 — — — —

PE-LD
KAPC33 41 2.9 7.1 PE-LD 24.0 2.8 11.7
KGAP27 98 2.9 3.0 83.4 9.2 11.0

T a b l e  4. O IT  results for PE-LLD and modified PE-LLD compo­
sitions

Sampl Measurement temperature, °C

type No. 190 200 210 220 230 240

1 50 28 13 7.6 — —

PE-LLD 2 83 24 12 4.7 — —

3 30 11 5.1 2.8 — —

lk 79 32 12 5.7
Composi­

tions
2k — — 70 32 14 5.9
3k — — 70 30 13 4.4

Fig. 2. DSC thermogram of OIT determination: conditions —  
sample wt. 4.800 mg, start temp. 30.0 °C, scan rate 20 °C/min, 
testing temp. 200.0 °C, final time 65 min, result —  OIT = 
46.5 min

CO N CLU SIO N S

T h e p roced u re o f OIT determ in ation  w a s checked  
and validated . It has been fo u n d  that the procedure is 
co n sisten t w ith  re c o m m e n d a tio n s  o f  actual region al  
(A S T M , E N ) an d  international (ISO) standards and w ith  
requirem ents for m easu rem en t quality.

C o m p o s it io n s  o f  c h e m ic a lly  m o d i f ie d  (g r a fte d )  
P E -L L D  w ith  the flam e retardant filler w ere investigated  
u sin g OIT m eth od . The o p tim u m  testing tem perature  
220 °C  w a s fou n d  for com p osition s. So, it w a s confirm ed  
that therm al stability o f com p osition s in th erm ooxida- 
tive degradation  conditions is h igher than that o f m atrix  
PE m aterials (200 °C ).
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