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Mechanical properties and resistance to oxidation tests of cable 
polyethylene modified with plasma carbon black

S u m m a r y  —  The n ew  kind o f cable polyeth ylen e w as p rod u ced  by m o d ifica 
tion w ith  p lasm a carbon black, w h ich  can be use as an antioxidant and  p ig 
m ent. T h e paper presents m echanical and oxidation  induction  tim e tests of 
cable po lyeth ylen e m o d ified  w ith changeable content o f p lasm a carbon black  
from  0.1 %  to 1.0 w t. % . T h e m echanical tests enclose Brinell-Vickers hardness  
num ber, m elt flo w  rate and static tensile strength. T h e results sh o w e d  the 
increased oxidation  induction  tim e, 57  m in , for 0 .5 w t. %  o f p lasm a carbon  
black in the com p osition . The results w ere com p ared  w ith  those concerning  
com m ercial cable polyeth ylen e m o d ified  b y  furnace carbon black.
K e y  w o rd s : cable p olyeth ylen e, p lasm a carbon black, m echanical properties, 
oxidation  indu ction  tim e.

A n  increase in a p p lica tio n s an d  u sin g  o f plastics  
products in variou s branches o f industry all over the 
w o rld  creates the n eeds o f fin din g the n ew  additives, 
like p lasm a  carbon black , w h a t cou ld  guarantee eco
nom ical and  profitable production  o f ecologically  safe  
products sh o w in g  better properties and stabilities. That 
is w h y  there is necessity to elaborate the h ig h ly  efficient, 
econ om ically  frien dly  process o f carbon black p rod u c
tion and its use for m odification  o f special u se plastics, 
like cover plastics [1]. The goal o f the investigation w as  
to w o rk  o u t and d ev elo p  the com p osition  o f cable p o ly 
ethylene w ith  p lasm a carbon black as p igm en t and anti
oxidan t agent.

EXPERIMENTAL

M a teria ls

The a m o u n t o f p lasm a carbon black used for cable 
p olyeth ylen e m odification  w a s 0 .1— 1.0 w t. % . The ap 
plication o f g lid in g  discharge for the preparation o f car
b o n  black from  p rop erly  selected  hydrocarbon  gases, 
like m eth a n e, ethane, ethylene or acetylene as source  
g ases, a llo w e d  to p rod u ce the m aterial o f stable and  
regular structure [2].

T h e  c o m p o s itio n  co n tain ed  p o ly e th y le n e  (P E -L D , 
M a len  E p rod u ced  b y  Polish O il C o m p a n y  O R L E N  [3]),
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eth y len e -v in y l acetate co p o ly m ers (E V A C , E V A T E N E  
2 8 0 3  p r o d u c e d  b y  E X X O N  C H E M I C A L  B E L G IU M  
C o m p a n y  [4]), th erm al stab ilizer (Irgan ox  1010  p ro 
du ced  b y  C ib a -G eig y  C o m p a n y  [1]) and  p lasm a carbon  
black concentrate w ith  E V A C  prepared on  the basis o f  
carbon black concentrate (produ ced  b y  C abot Plastics 
C o m p a n y  [5]).

M e th o d  o f  sa m p le s  prep aration

T h e co m p o sitio n  o f cable p o ly e th y le n e  w ere p re

p a r e d  b y  m e c h a n ic a l  m ix in g  o f  th e  c o m p o n e n t s :  
P E -L D  (8 7  w t . % ) ,  th erm a l s ta b ilize r  Irg a n o x  1010  
(0 .12  w t. % )  an d  p lasm a  carbon  b lack  con cen trate co n 
tain ed E V A C . T h e  a m o u n t o f  p la sm a  carbon  black  co n 
centrate ch a n ged  d e p e n d e n tly  on  the p la n n e d  con cen 
tration o f p la sm a  carbon  black  in the total c o m p o si
tion.

M e th o d s  o f carbon  b la c k  a n d  sa m p le s  
characterization

Scanning electron microscopy

T h e surface structure o f p lasm a  carbon black w as  
stu d ied  in C entre o f  H ig h  P ressure Researches "U n i
p re ss " o f Polish A c a d e m y  o f Science in W arsaw .

T h e tests w ere carried out u sin g  L E O  1530 scanning  
electron  m icro sco p e  p ro d u c e d  b y  O x fo rd  C o m p a n y , 
w hich is a type o f electron m icroscope, w h ere the elec
tron b eam , focu sed  on  the sa m p le 's  surface to the speck
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w ith  diam eter to 0.1 n m , sw eep s the chosen rectangular  
field b y  scan n in g m otion , line b y  line. The electron beam  
is accelerated in the electrom agnetic field o f potential
0 .1— 30 k V  and focu sed  b y  the electrom agnetic lens and  
the deflection  coil g ives to it the scan n in g m otion . The  
electrons penetrate into and  com e back from  the sam p le , 
w h a t is called backscattering. The SE M  im age is the sim 
ple ratio o f the figurative m on itor screen size and the 
scan n in g field  size.

Adsorption measurements

The ad sorp tion  o f prepared plasm a carbon black w as  
m easu red  in respect to nitrogen (BET m eth od ) based on  
P N -I S O  9 2 7 7 :2 0 0 0  S ta n d a r d , io d in e  (IA ) b a se d  on  
B N -7 9 /6 0 4 8 -0 2 .0 7  o n e  a n d  d ib u ty l p h th a late  (D B P ) 
according to B N -7 9 /6 0 4 8 -0 2 .0 9  Standard.

Bulk density test

The m easu rem ents o f the bu lk  density  o f produced  
plasm a carbon black w ere based on B N -7 9 /6 0 4 8 -0 2 .0 6  
Standard.

Particles size measurement

T h e size o f particles o f prepared p lasm a carbon black  
products w ere m easu red  u sin g  A L P H A P H O T  2 M icro 
scop e, Japan. JC C-8201 C C D  C olor C am era w ith enlarge
m en t 415x  and  n on p olarized  light w as u sed.

Brinell-Vickers hardness number

The m easu rem ents w ere based on the P N -E N  ISO  
2 0 39 -1 :20 00  (U ) Standard and m a d e  w ith  u sin g  Brinell- 
Vickers W P O -2 5 0  apparatus (G erm an y). The sam p les  
(1 5x25 x4  m m ) w ere prepared b y  p ou rin g  out the gran u 
late to the form s and pressing u sin g  h ydrau lic press. The  
sam p les w ere tested b y  153.2  N  load  o f the ball w ith  
diam eter o f 5 m m .

Melt flow rate and density

T h e  m e th o d  b a se d  on  P N -E N  IS O  1 1 3 3 :2 0 0 2  (U )  
(P N -E N  ISO  1872 -1 :2000) Standard. M easu rem en ts w ere  
m a d e at tem perature 190 °C  and load o f 2 .16  kg  using  
"C E A S T ' M e lt  F low  Tester apparatus (Italy). The m ass  
m elt flo w  rate (M FR ) and density  at tem perature 190 °C  
w ere m easu red .

Static tensile strength

T h e  te s ts  w e r e  d o n e  a c c o r d in g  to  P N -E N  IS O  
5 2 7 -2 :1 9 9 8  Standard u sin g  Z M G i-5 0 0  testing m achine  
(G erm an y) and d u m b b ell sam p les w ith the m easure part 
o f 25  m m . T h e un it elongation , y ield  poin t and breaking  
stress w ere determ in ed .

Oxidation induction time test

The m e th o d  o f oxidation  induction  tim e (OIT) deter
m in a tio n  is b ased  on  A S T M  D  3 8 9 5 -9 4  Standard for 
p olyolefin es and P N -E N  728 Standard.

RESULTS AND DISCUSSION 

P lasm a  carbon  b la ck  in v estig a tio n

T h e h igh  adsorption  capacity (Table 1) indicated a 
g o o d  absorbability, a llo w in g  m olecu les o f various su b 
stances, for exam p le stabilizers, easily drive into and set
tle on  carbon black surface. A s  can be seen  from  Table 1, 
the kind o f a source gas in p lasm a carbon black p rod u c

tion  h ad  n o  essen tia l in flu en ce  o n  the prop erties of 
plasm a carbon black.

T a b l e  1 .  R e s u lts  o f a d s o rp t io n  m e a s u re m e n ts  o f p la sm a  carb o n  
b la c k  s a m p le s  u s e d  as a m o d if ie r  o f p la st ic s

S o u rce

gas

S p e c ific  su rface  —  
n itrogen  ad so rp tio n  

(B ET  m eth od ), m 2/ g

Iod in e
ad so rp tio n  (IA ) 

m g / g

D ib u ty l p h th alate  
ad so rp tio n  (D BP) 

cm 3/ 10 0  g

C H 4 18 3 15 6 12 5

C 2 H 2 16 6 94 12 6

C 2 H 4 18 7 94 12 5

C 2H 6 235 15 5 12 6

T h e ex a m p les o f the structures o f p la sm a  carbon  
black are sh o w n  in Fig. 1. The structure is atypical for 
carbon black and  the particles look  like fu z zy  flakes con
nected very closely together w h at is com p lete different 
an d  o rig in al in  c o m p a riso n  w ith  trad ition al furnace  
carbon  b lack  structu re, w h ich  s h o w s  the tradition al 
rou n d particles.

Fig. 1. The surface morphology of plasma carbon black made 
from: a) acetylene in argon plasma; b) methane in argon 
plasma (50 OOOx enlargement)
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T h e m iscibility  o f additives w ith therm oplastics and  
rubbers finds the applications e.g. in car tires industry, 
and can guarantee better tire adhesion  to the road sur
face. T h e a verage b u lk  den sity  o f our p lasm a carbon  
black is abou t 10 g /d m 3, w h ich  is over 10 tim es low er  
that the average bu lk  den sity  o f the com m ercial carbon  
black. This va lu e  m akes possib le to use fe w  tim es low er  
a m o u n t o f such p lasm a carbon black in the com p osition  
o f the cable plastics than in the com m ercial com position.

Fine-grained carbon black w ith  sm all particles sizes  
(0 .01— 1 m m ) cou ld  act as strength filler and  w h en  u sed  
in therm oplastics it cou ld  also  act as antioxidant [6] and

Fig. 2. The image of plasma carbon black (415x enlargement)

p igm en t [7]. The size o f particles o f p lasm a carbon black  
obtained, equal to 1.2 m m  (Fig. 2) can qu alify  it to use as 
a filler for therm oplastics, especially for cable PE. There  
is a possibility  to u se this p lasm a carbon black as an  
ad ditive for plastics w ith particles sizes exceeding the 
lim it, becau se o f its atypical structure.

C a b le  p o ly e th y le n e  in v estig a tio n

T h e results o f the studies o f com p ositions prepared  
b y  us in com p arison  w ith  com m ercial cable p o ly eth y 
len e L E 6 0 2 2 , p ro d u c e d  b y  B O R E A L IS  C o m p a n y , are 
sh o w n  in Table 2 [8].

A  lot o f Standards concerning cable PE require the 
m e a su rem e n ts o f  the p rotection  again st d eg rad a tio n  
process, like OIT. OIT d ep en d s on the kinds o f m e d iu m s, 
like type o f p o ly m er stabilized , the m eth od  o f p o lym eri
zation  and  characteristic o f the antioxidant. The require
m ents for p o lyeth ylen e, m o d ified  by carbon black, are 
specified b y  A S T M  D  45 6 5 -9  Standard.

T h e  resu lts  o f  OIT stu d ies  o f cable p o ly eth ylen e , 
m o d ified  w ith  m o re  than five tim es low er am ou n t of 
plasm a carbon black as an antioxidant in the co m p osi
tion, sh o w e d  m u ch  better (57 m in ) properties than those  
d em a n d ed  from  com m ercial cable p olyeth ylen e (>  22  
m in) w ith ou t any significant differences in m echanical

T a b l e  2. Mechanical properties and OIT values of different 
compositions of cable polyethylene

Property

Commer
cial cable 

PE
LE6022

Cable PE + plasma carbon black

Carbon black content, 
wt. % 2.6 0.1 0.25 0.5 1.0

Density (at 190 °C), 
g/cm3 0.733 0.759 0.756 0.772 0.758

MFR, g/10 min 0.30 0.43 0.42 0.31 0.31
Hardness number, 

N/mm2 21.7 17.94 18.43 23.4 20.10
Break stress, MPa 16 13 11 15 13
Ultimate elongation, % 700 437 329 459 391
OIT, min >22 20 21 57 30

strength. The detailed data o f com m ercial L E 6022 cable 
polyeth ylen e properties w ere based on  B O R E A L IS  C o. 
producer's specifications [8]. There w a s observed , that 
the ultim ate elongation  o f the com p osition s o f p o ly eth y 
lene m o d ified  b y  p lasm a carbon black decreased. Break
ing stress and hardness n u m ber valu es com p ared  with  
com m ercial cable p o lyeth ylen e properties sh o w ed  that 
the addition  o f p lasm a carbon black to the p o ly m er did  
not ch an ge the m echanical resistance o f com p osition . 
Even 26 tim es low er a m ou n t o f carbon black in a co m p o 
sition did  not cause essential w orsen in g  o f the properties 
and let keep resistance to oxidation  on the sa m e level. 
The best properties w ere observed  for the com p osition  of 
cable p o ly eth y len e  w ith  0 .5  w t. %  o f p lasm a  carbon  
black. It w as fou n d that this is the o p tim u m  content of 
plasm a carbon black, w h at can guarantee g o o d  ultim ate  
elongation, breaking stress as w ell as the low est density  
and the best result o f oxidation  indu ction  tim e o f the 
com position. First tw o  com p ositions w ith  the am oun ts
0.1 and 0.25 w t. %  o f p lasm a carbon black sh ow ed  that 
these contents o f p lasm a carbon black are not en ou gh  to 
achieve the better OIT results than for com m ercial cable 
PE. The am ou n t 0 .5 w t. %  o f p lasm a carbon black gives  
the possibility to obtain the com p osition  o f cable PE w ith  
the highest OIT value. The low er OIT va lu e  o f the cable 
PE m o d ified  w ith 1.0 w t. %  o f p lasm a carbon black w as  
ob served , w h at is unclear. In our o p in io n  m ore than  
0.5 w t. %  o f p lasm a carbon black m ig h t to be too m u ch  to 
create g o o d  m iscibility  o f all additives and  to obtain a 
h om og en o u s com position.

CONCLUSION

The p lasm a carbon black, obtained from  gaseou s ali
phatic hydrocarbons, can be u sed  as a m od ifier o f ther
m oplastics, like p olyeth ylen e, and  can act as an antioxi
dant and p igm en t. U sefu l valu es o f den sity  oxidation  
induction  tim e and  m echanical properties g iv e  possibili
ties to p ro d u c e  cable  PE, w h ich  is e n v iro n m e n ta lly  
friendly, and characterized b y  p ro lo n ged  tim e o f use.
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