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The stabilization of polyethylene with two-component 
stabilizing system

S u m m a r y  —  The results o f investigations o f P E -L D  stabilization w ith  tw o - 
-co m p o n en t system  consisting o f com m ercial stabilizers: "Irg a n o x  1 0 1 0 " and  
"U ltra n o x  6 2 6 "  are presented. T h e effect o f m olar ratio o f com p on en ts on  the 
system  efficiency has been determ ined. Stabilizing system  efficiency w as esti
m ated  on  the basis o f induction  tim e valu es (t;) o f P E -LD  oxidation  process at 
tem p. 2 1 0 °C  and 2 20°C . Induction tim e valu es h ave been determ in ed from  
D T A  m easurem ents. O n  the basis o f interaction coefficient ( 0 )  valu es calcu
lated from  equation (1 ) it has been fo u n d  that the com p on en ts o f chosen  
stabilizing system  sh o w  interaction synergism  ( 0  >  1 ) w h ich  significantly  
d ep en d s on m olar ratio o f the com p on en ts. The optim al ratio is equal to 0.5. 
K e y  w o rd s : p olyeth ylen e, tw o -co m p o n en t stabilizing system , "Irg a n o x  1 0 1 0 ",  
"U ltra n o x  6 2 6 " ,  interaction synergism .

T h e d e v e lo p m e n t o f p o ly m e r  chem istry, in c lu d in g  
p o ly e th y le n e  ch em istry , an d  search in g for n ew , tech
n o lo g ic a lly  a n d  e c o n o m ic a lly  a ttra ctiv e  sta b ilize rs  
cau ses that the fie ld  o f scien ce co n cern in g  p o ly m e r  
o x id a tio n  a n d  sta b iliza tio n  p ro cesses is still in p ro 
gress.

D u rin g  the processing at the h igh  tem perature p o ly 
ethylene can u n d ergo  the reactions o f chain disruption , 
crosslinking and oxidation , w h ich  all m a y  lead to the 
change o f the en d -p rod u ct properties [1— 3]. The a d d i
tion o f antioxidants prevents these reactions.

Scott d iv id ed  antioxidants according to m eth od s of 
their w o rk in g  [4]. N a m ely , antioxidants inhibit the pro
cess o f the plastics oxidation  through:

—  the reduction  o f a lkyl-p eroxid e and alcoxyl radi

cals,
—  the h yd rop eroxid es decom p osition ,
—  the redox reactions in clu d in g  the alkyl radical d e 

struction stage in m acrochains b y  m ean s o f the acceptor 
form  o f the antioxidant, as w ell as the a lkyl-peroxide  
radical destruction  stage through the donor form  o f an  
antioxidant.

A  lot o f n e w  anti-ageing agents that h ave a com plex  
structure and  u n k n o w n  w o rk in g  m ech an ism  appear in 
the m arket. S om etim es their industry applications are 
econ om ically  u n fo u n d ed . A n  application  o f m u lti-c o m 
p o n e n t s ta b iliz in g  sy s te m s , w h ich  p rotect p o ly m e rs  
against sim u ltan eou s action o f tw o or m ore destructive
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factors, is the cheaper m eth o d . W h e n  the stabilizing sy s
tem  contains at least tw o com p on en ts, w e  can distin 
guish  the fo llow in g  possibilities [5]:

—  m u tu al attenuation o f the action efficiency o f co m 
ponents —  antagonistic effect,

—  m u tu al strengthening o f the action o f particular 
com p on en ts —  synergistic effect,

—  su m m ation  o f com p on en t action efficiencies —  ad

ditive effect.
The 0  param eter, w hich  can characterize the action of 

tw o com p on en ts in the stabilizing sy stem , is defin ed  as:

0  =  - ^ -  (1 ) 
fi, 1 +  ti,2

w here: tip —  the induction time determined at temperature T 
for the stabilizer 1, at concentration Ci; f;,2 —  the induction 
time determined at temperature T for the stabilizer 2, at con
centration C2 ; tip +2 —  the induction time determined at tem
perature T for the stabilizing system containing stabilizers 1 
and 2 , at concentrations Ci and C2 .

D ep en d in g  on the valu e o f param eter 0  w e  m a y  deal 
w ith:

additive interaction effect —  0  =  1

synergistic effect —  0  >  1

antagonistic effect —  0  <  1

From  the point o f  v iew  o f the action m ech an ism  o f a 
stabilizing system , Scott d istin gu ishes betw een  tw o v a 
rieties o f sy n e rg ism , h o m o - and  h eterosyn ergism  [4]. 
H o m o sy n erg ism  refers to stabilizers acting according to 
the sa m e m ech an ism s bu t w ith  different velocities, or on  
various stages o f p o ly m er destruction process. H etero
syn ergism  concerns the action o f tw o  stabilizers acting  
according to different m ech an ism s.
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The tw o -co m p o n en t stabilizing system , discu ssed in 
the paper, con tain s "Irg a n o x  1 0 1 0 ", w h ich  com prises  
p h en ylh yd roxy-d i-(tert-b u tyl) grou ps and is classified as 
a peroxide radical deactivator, and "U ltra n o x  6 2 6 "  —  an 
organic ester o f a p h osp h orou s acid com p risin g  p h en yl- 
-d i-(fert-b u tyl) g ro u p s. The p h osp h o rou s acid 's esters 
b e lo n g  to the a n tio x id a n ts ' g ro u p  reacting w ith  h y -  
d roxyperoxides. In short the m ech an ism  o f polyeth ylen e  
oxidation  processes [6 , 7] and the influence o f the ana
lyzed  antioxidan ts' types [8— 1 2 ] inhibiting them  w ere  
presented in Schem e A . T h e system  containing "Irgan ox  
1 0 1 0 " +  "U ltra n o x  6 2 6 "  and sh o w in g  strong interaction  
syn ergism  w a s the subject o f our earlier research [1 3 ,1 4 ].

its action efficiency and econ om ical substantiation o f its 
application.

D ifferential Therm al A n a ly sis  m eth o d  (D T A ) is one  
o f the m eth od s a llow in g  to determ in e the induction  tim e  
ti [5, 15— 19]. T h e m eth od  allow s to determ in e the tim e  
in w hich  the plastics oxidation  velocity  is ch an ging from  
extrem ely sm all to b ig. This tim e is n eed ed  to initiate an 
autocatalyctic oxidation  reaction in isoth erm al co n d i
tions. The U valu e is the tim e o f the first s lo w  stage of 
inhibited oxidation  reaction, d u rin g  w h ich  the essential 
am ou n t o f antioxidant is u sed . [2 0 , 2 1 ]; ti is a lso the tim e  
o f stabilizer depletion , from  the stabilizer initial concen
tration (Co) to the critical valu e o f the concentration (Ccr).

-'■wCH2-  CH2— CHyw 

energy

'ЛЛ/'СЬЬ— CH- CHvvm

excess СЬ

^ C H 2-  CH- CH2/W' ^ C H 2-  CH- CHyw- 
â CH2— CH- CH>/W' о

jwCH2— CH- СН2ЛЛ/'
ОН о* о

jwCH2-  C H - CHyw' + Р((Ж')з ----- ► аллСН2-  C H - C H y ^  + OP(OR')3

energy

O’I
(R O '^C H ?—C H -C H y^  + *OH

^ C H 2- c f  + -СЬЬ (R'l)
H

That tim e the interaction syn ergism  o f the com p on en ts  
existing in equal w eig h t proportion  0 .1 :0 .1 %  as w ell as 
the stabilizer con su m p tion  kinetics o f tw o -co m p o n en t  
stabilizer w ere an alyzed . In present paper the research  
results o f "Irg a n o x  1 0 1 0 " +  "U ltra n ox  6 2 6 "  m olar ratio 
influence u p o n  the indu ction  tim e o f the oxidation  pro
cess are d escrib ed . U n fo rtu n a te ly  w e  h av e  not com e  
across the sim ilar research results in available literature. 
The k n o w le d g e  concerning the optim al stabilizer co m 
ponents concentrations is crucial from  the v iew p oin t of

Scheme A. Mechanism of polyethylene oxidation processes in
hibited by the influence of the analysed antioxidant's types

Ccr is the concentration at w h ich  the stabilizer does not 
sh o w  the protective abilities against oxidation  processes, 
at a g iven  tem perature.

It has been reported [5 ,1 0 ]  that for the proper evalu 
ation o f antioxidant action efficiency in variou s tem pera
ture it is beneficial to exam in e the d ep en d en cy  o f the 
induction  tim e ti on tem perature.

T h e analysis sh ow s that one o f the m eth o d s im p rov
ing the action efficiency o f anti-ageing agents is the ap
p lication  o f sta b iliz in g  sy ste m s p ro tectin g  p o ly m e rs
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against sim u ltan eou s action o f several destructive fac
tors. Such a m eth o d  a llow s to select a stabilizing system  
that is econ om ically  advan tageou s.

T h e subject o f the present w ork  w as the analysis of 
such system s. T h e U valu e o f oxidation , determ ined b y  
isotherm al m e th o d  D T A  [16, 17], has been adopted  to 
estim ate the stabilizing properties.

EXPERIMENTAL

M a teria ls

T etra  (m e t h y le n e  3 -[3 ,5 -(d i-te r f-b u ty l)-4 -h y d r o x y -  
ph en yl]propion ate)m eth an e i.e. C (R )4 [R see form u la (I)] 
—  "Irg a n o x  1 0 1 0 " prod u ced  b y  C ib a -G eigy ; b is[2 ,4 -(d i- 
-fert-butyl)-phenyl]pentaerithritol d iphosph ite (form ula  
(II)] —  "U lt r a n o x  6 2 6 "  p r o d u c e d  b y  B o r g -W a r n e r

C(CH3)3

R = HO О - CH2-  CH2-  C - OCH2

(СНз)зС

С(СНз)з

(I)

С(СНз)з

3 b - O C >
(И)

С(СНз)з 

С(СН3)з

C h e m ica ls  Inc. an d  lo w  d en sity  p o ly eth ylen e  P E -L D  
(MFI =  0 .3  g /1 0  m in ) —  "P oly eth ylen e  G G N X  1 8 -D 0 0 3 "  
prod u ced  b y  P oli-C h em  K ęd zierzy n  K oźle  w ere used.

S a m p le  p rep aration

The P E -L D  m ixture w ith  stabilizers w as prepared in a 
heated rolling m ill at tem perature 160°C . A fter the as

T a b l e  1. Characteristics of the stabilizing systems

Concentration in PE Molar
Sample Stabilizer component 1 * 

wt. %
component 2 5 

wt. %
ratio
1:2

i "Irganox 1010" 0.1000 — —
2 "Irganox 1010" + 

"Ultranox 626" 0.1000 0.2051 0.25
3 “Irganox 1010“ + 

"Ultranox 626" 0.1000 0.1026 0.50
4 “Irganox 1010" + 

"Ultranox 626“ 0.1000 0.0256 2.0
5 "Irganox 1010" + 

"Ultranox 626" 0.1000 0.0128 4.0
6 "Ultranox 626" — 0.2051 —

7 "Ultranox 626" — 0.1026 —

8 “Ultranox 626“ — 0.0256 —

9 "Ultranox 626" — 0.0128 —

* Component 1 — "Irganox 1010", component 2 — "Ultranox 626".

su m ed  rolling tim e (5 m in ), the h ot m ixture w as placed  
into a form in g fram e. N e x t it w a s p ress-form ed  into 2 
m illim etre-thick plates. The sam p les for the further re
search w ere prepared through the g rin d in g  o f the earlier 
form ed  plates, thus obtaining 0.1 m m -th ick  chips. The  
stabilizer concentrations and  m olar ratios o f the exam 
ined  P E -L D  d u a l sta b iliz in g  sy ste m  co m p o n e n ts  are 
sh ow n  in Table 1.

M e th o d s

T h e in d u ction  tim e ti w a s  d eterm in ed  w ith  u sin g  
U n ip a n  T h e rm a l m ic ro ca lo rim eter  D S C  6 0 5 M  ty p e , 
w h ich  w as p rogram m ed  for a read -ou t o f the induction  
tim e in oxidation  process.

T h e influence o f the com p on en ts m olar ratio on  the 
d u al stab ilizin g  sy ste m  action  efficiency w a s investi
gated for m ixtures o f tw o stabilizers "Irg a n o x  1 0 1 0 " +  
"U ltra n ox  6 2 6 " . The m easu rem en t o f the oxidation  in
duction  tim e w a s carried out for the 3— 6 m g  sam p le  o f  
the stabilized P E -LD . The a lu m in u m  m eltin g  crucible 
w ith  the sa m p le  w a s  p laced  in the m icrocalorim eter  
cham ber, at the proper tem perature, in air atm osphere. 
D u rin g  the m easu rem en t isoth erm al con dition s w ere  
kept. The oxidation  induction  tim e (ti) w as d efin ed  as 
the tim e after w hich  the exotherm ic effect o f P E -LD  oxi
dation becam e visible , at the fixed tem perature.

RESULTS AN D  DISCUSSIONS

The influence of the m olar ratio o f the com p on en ts at 
the stabilizing system s consisting o f "Irg a n o x  1 0 1 0 " and  
"U ltra n o x  6 2 6 "  w a s  stu d ied  at tem p eratu re 210 and  
2 2 0 °C . T h e stabilizers concentrations w ere  sim ilar to 
those w h ich  are u sed  in traditional trading p olyeth ylen e  
applied  for lon g -tim e exploitation  products. The valu es  
o f the oxidation  induction  tim e o f P E -L D  stabilized w ith  
single stabilizers and d u al stabilizing system s are pre
sented in Table 2.

T a b l e  2. Results of the measurements of the oxidation induc
tion time (ti) of PE-LD stabilized by single stabilizers and dual 
stabilizing systems

Sample 
(ace. table 1)

Molar ratio 
1:2

Temperature of oxidation

210°C 220°C

ti, min ti, min

1 — 22.65 7.9
2 0.25 64.2 50.4
3 0.5 73.2 60.65
4 2.0 67.8 52.15
5 4.0 45.3 18.05
6 — 6.0 0.0
7 — 0.0 0.0
8 — 0.0 0.0
9 — 0.0 0.0



716 POLIMERY 2002,47, nr 10

W h e n  the "Irg a n o x  1 0 1 0 " (com p on en t 1) concentra
tion w a s 0.1 w t. %  (sam p le  1), at the tem perature 2 2 0 °C  
the indu ction  tim e o f P E -L D  oxidation  ti w as 7 .9 m in u 
tes. In the sim ilar conditions "U ltra n o x  6 2 6 "  (com ponen t  
2) u sed  in concentration 0 .01— 0.2  w t. %  (sam ples 6— 9) 
d id  not stabilize P E -L D  (the oxidation  induction  tim e  
w as zero). H o w ev er , in the case o f po lyeth ylen e sam ples  
con tain in g  0.1 w t. %  o f "Irg a n o x  1 0 1 0 " an d  variou s  
am ou n ts o f "U ltra n o x  6 2 6 "  (sam ples 2— 5), the oxidation  
indu ction  tim e w a s in the range from  18 to 60 m inutes. 
Therefore, at tem perature 2 2 0 °C  the addition  o f "U ltra 
nox 6 2 6 "  influences the increase o f the "Irg a n o x  1 0 1 0 " ti. 
W h e n  the m o lar  ratio o f "Irg a n o x  1 0 1 0 ": "U ltra n o x  6 2 6 "  
increases, the oxidation  induction  tim e rises at the b egin 
ning and  decreases afterw ards.

A t  tem peratu re 2 1 0 °C  ti v a lu es ch a n ge in sim ilar  
w a y : at the m olar ratio 0 .25 U is equal to 64 .2  m in utes, at
0 .5 ratio it reaches the h igh est valu e ti =  73 .2  m in  and at 
the further grow th  o f m olar ratio u p  to 4 .0 it drops again  
to 4 5 .3  m in . O n  the basis o f these results the optim al 
m olar ratio o f "Irg a n o x  1 0 1 0 " "'U ltra n o x  6 2 6 "  w as estab
lished as 0 .5  for the range o f stabilizers com positions  
investigated . W h e n  the m olar ratio o f 1:2 exceeds 0 .5 , ti 
becom es shorter.

T a b l e  3. Values of Q coefficient for "Irganox 1010" + "Ultranox 
626" systems at temperature 210 and 220°C

Sample 
(acc. table 1)

Molar ratio 
1:2

0  at temperature

210°C 220°C

2 0.25 2.2408 6.3797
3 0.50 3.2318 7.6772
4 2.00 2.9934 6.6013
5 4.00 2.0000 2.2848

Interaction syn ergism  o f exam in ed  dual stabilizing  
system  w a s d efin ed  on  the basis o f the interaction coeffi
cient ( 0 ) .  T h e valu es o f 0  coefficient calculated for tem 
perature 210  and 2 2 0 °C  according to equation (1), are 
presented in Table 3 . K n o w n  from  chem ical literature 
interaction syn ergism  o f the com p on en ts o f the d u al-sta 
bilizin g  sy stem  "Irg a n o x  1 0 1 0 " +  "U ltra n ox  6 2 6 "  w as  
con firm ed. V alu es o f 0  >  1 prove it.
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