
60    PAK vol. 54, nr 2/2008 
 
Paweł AKSAMIT, Dariusz ZMARZŁY, Violetta BEDNARSKA 
POLITECHNIKA OPOLSKA,  INSTY TU T ELEKTR OENER G ETY KI 
 

Influence of nanos t r uct ur e ad d i t i v es  on d i elect r i c p r op er t i es   
of ch os en h y d r ocar b ons  
 
Mgr inż. Paweł AKSAMIT 
 
A b s ol w e n t  W yd z i ał u  E l e k t r ot e c h n i k i ,  A u t om at yk i   
i  I n f or m at yk i  P ol i t e c h n i k i  O p ol s k i e j  k i e r u n e k  
I n f or m at yk a ( 2 0 0 7 ) . O b e c n i e  j e s t  d ok t or an t e m   
w  I n s t yt u c i e  E l e k t r oe n e r g e t yk i  P ol i t e c h n i k i  O p ol s k i e j . 
J e g o p r ac a n au k ow a k on c e n t r u j e  s i ę  n a d i ag n os t yc e  
ol e j ó w  e l e k t r oi z ol ac yj n yc h . J e s t  au t or e m  i  w s p ó ł -
au t or e m  p on ad  2 0  p u b l i k ac j i . 
 
 
 
 
e-m a i l :  p a w el a k s a m i t @ g m a i l . c o m   

 
 
D r h ab . inż. D ariu s z  Z MAR Z Ł Y  
 
A b s ol w e n t  W yd z i ał u  E l e k t r ot e c h n i k i  i  A u t om at yk i  
P ol i t e c h n i k i  O p ol s k i e j  ( 2 0 0 0 ) . S t op n i e  d ok t or a n au k  
t e c h n i c z n yc h  ( 2 0 0 2 )  or az  d ok t or a h ab i l i t ow an e g o 
( 2 0 0 6 )  u z ys k ał  n a W yd z i al e  E l e k t r ot e c h n i k i ,  
A u t om at yk i  i  I n f or m at yk i  P ol i t e c h n i k i  O p ol s k i e j . 
Z aj m u j e  s i ę  z ag ad n i e n i am i  d ot yc z ą c ym i  e l e k t r yz ac j i  
s t r u m i e n i ow e j . J e s t  au t or e m  p on ad  1 0 0  p u b l i k ac j i .  
J e s t  s t yp e n d ys t ą  F u n d ac j i  n a r z e c z  N au k i  P ol s k i e j  
( 2 0 0 7 ) . 
 
 
e-m a i l :  d a r i u s z @ z m a r z l y . c o m   

 
 

A b s t r a c t  
 

T he  p a p e r p re s e nt s  t he  c onc e p t  of  m odif ying  die le c t ric  p rop e rt ie s  of  
hydroc a rb ons  b y t he  a ddit ion of  C 60 b u c k m ins t e rf u lle re ne . T hre e  liq u ids  – 
t olu e ne  ( C 7H8 ) , he x a ne  ( C 6H1 4 )  a nd c yc lohe x a ne  ( C 6H 1 2 )  w e re  e x a m ine d. 
T he  m e a s u re m e nt s  of  c a p a c it y, die le c t ric  los s  t a ng e nt , re s is t ivit y a nd 
t e nde nc y t o e le c t rif ic a t ion w e re  p e rf orm e d on p u re  a nd dop e d liq u ids . T he  
inf lu e nc e  of  C 60 a ddit ive s  on m e a s u re d p rop e rt ie s  w e re  de t e rm ine d. 
 
K e y w o r d s :  die le c t ric  liq u ids , nonot e c hnolog y, na nos c ie nc e , na nop a rt ic le s , 
f u lle re ne s . 
 
W p ły w d om ieszk owan ia n an ostruk turam i  
n a właś c iwoś c i d ielek try c zn e  
wy b ran y c h  wę g lowod oró w 

 
S t r e s z c z e n i e  

 
Pra c a  p rz e ds t a w ia  k onc e p c j ę  m odyf ik a c j i e le k t ryc z nyc h w ł a ś c iw oś c i 
w ę g low odoró w  p op rz e z  dom ie s z k ow a nie  f u lle re ne m  C 60. Prz e b a da no t rz y 
c ie c z e  ( t olu e n, he k s a n ora z  c yk lohe k s a n)  p od k ą t e m  p ods t a w ow yc h 
w ł a s noś c i die le k t ryc z nyc h ora z  t e nde nc j i do e le k t ryz a c j i. O k re ś lony z os t a ł  
w p ł yw  dom ie s z k ow a nia  f u lle re ne m  C 60 na  p rz e b a da ne  w ł a s noś c i. 
 
S ł o w a  k l u c z o w e :  C ie c z e  die le k t ryc z ne , na not e c hnolog ia , na nona u k a , 
na nos t ru k t u ry, f u lle re ny. 
 
1 .  In trod uc tion  
 
Hy d r o c a r b o n s  a r e  o r g a n i c  c o m p o u n d s  c o n s i s t i n g  o n l y  o f  

h y d r o g e n  a n d  c a r b o n .  T h e i r  g e n e r a l  m o l e c u l a r  f o r m u l a  i s  C xHx.  
A s  t h e y  a r e  m a i n  c o m p o u n d s  o f  c r u d e  o i l  t h e y  a r e  w i d e l y  u s e d  n o t  
o n l y  i n  t h e  i n d u s t r y  b u t  a l s o  i n  e v e r y d a y  l i f e .  
S o m e  h y d r o c a r b o n s  a n d  h y d r o c a r b o n  m i x t u r e s  a r e  u s e d  i n  

e l e c t r i c a l  a p p l i c a t i o n s  a s  d i e l e c t r i c  l i q u i d s .  A  w i d e l y  u s e d  
t r a n s f o r m e r  o i l  i s  a  r e f i n e d  b y -p r o d u c t  i n  t h e  d i s t i l l a t i o n  o f  
p e t r o l e u m .  I t  i s  c o m p o s e d  o f  m a n y  t y p e s  o f  h y d r o c a r b o n s  – 
m a i n l y  a l k a n e s  a n d  c y c l i c  p a r a f i n e s  b u t  a l s o  s i g n i f i c a n t  a m o u n t  o f  
a r o m a t i c  h y d r o c a r b o n s  [ 1 ] .  D u e  t o  t h e  w i d e  u s a g e  o f  h y d r o c a r b o n s  
a s  d i e l e c t r i c  l i q u i d s ,  t h e i r  e l e c t r i c a l  p r o p e r t i e s  a r e  o f  a  v e r y  
i m p o r t a n t  m a t t e r .  
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T h e  r e s e a r c h  p r e s e n t e d  i n  t h i s  p a p e r ,  s h o w s  t h a t  i t  i s  p o s s i b l e  t o  

s i g n i f i c a n t l y  i m p r o v e  s o m e  c r u c i a l  d i e l e c t r i c  c h a r a c t e r i s t i c s  o f  
h y d r o c a r b o n  d i e l e c t r i c  l i q u i d s  b y  t h e  a d d i t i o n  o f  C 6 0  f u l l e r e n e .  
 

2 .  Nan ostruc tures an d  f ulleren es 
 
N a n o s t r u c t u r e s  a r e  s t r u c t u r e s  w h i c h  s i z e  i n  a t  l e a s t  o n e  

d i m e n s i o n  i s  l e s s  t h a n  1 0 0 n m .  T h e  n a n o s i z e  i s  n o t  t h e  o n l y  c r i t e r i a  
t h o u g h ,  a s  g r e a t  m a j o r i t y  o f  c o m m o n  p a r t i c l e s  w o u l d  e a s i l y  m e e t  
i t .  N a n o s t r u c t u r e s  a r e  a l s o  c h a r a c t e r i z e d  b y  p r o p e r t i e s  t h a t  d i f f e r s  
s i g n i f i c a n t l y  f r o m  t h e  a n a l o g o u s  s t r u c t u r e s  k n o w n  f r o m  t h e  m a c r o  
w o r l d .  
D e f i n i t e l y  t h e  b i g g e s t  b r e a k t h r o u g h  i n  t h e  f i e l d  o f  

n a n o t e c h n o l o g y  a n d  n a n o s c i e n c e  w a s  t h e  d i s c o v e r y  o f  f u l l e r e n e s .  
T h e y  w e r e  d i s c o v e r e d  b y  R o b e r t  C u r l ,  R i c h a r d  S m a l l e y  a n d  
Ha r o l d  K r o t o  i n  1 9 8 5 .  F o r  t h i s  d i s c o v e r y  t h e  s c i e n t i s t s  g o t  t h e  
N o b e l  P r i z e  i n  C h e m i s t r y  i n  1 9 9 6  [ 2 ,  3 ,  4 ] .  
F u l l e r e n e s  a r e  a r o m a t i c  c o m p o u n d s  o f  c a r b o n .  T h e  m o s t  

c o m m o n  a n d  t h e  m o s t  s t a b l e  f u l l e r e n e  s t r u c t u r e  i s  C 6 0  c a l l e d  a l s o   
a  b u c k m i n s t e r f u l l e r e n e .  I t  c o n s i s t s  o f  6 0  a t o m s  o f  c a r b o n  
c o n n e c t e d  b y  9 0  c o v a l e n t  b o n d s .  T h e  s h a p e  o f  t h e  C 6 0  f u l l e r e n e  i s  
o f t e n  c o m p a r e d  t o  f o o t b a l l  b a l l  b e c a u s e  o f  t h e  2 0  h e x a g o n s  a n d  1 2  
p e n t a g o n s  t h a t  b u i l d s  t h e  c l o s e d  s p h e r e  o f  f u l l e r e n e  ( f i g .  1 )  [ 5 ] .  
 
 

  
F i g . 1 .  F u l l e r e n e  C 60 s h ap e  v i s u al i z at i on ;  n od e s  r e p r e s e n t s  t h e  c ar b on  at om s ,   

e d g e s  ar e  t h e  c ov al e n t  b on d s  ( s ou r c e :  i m ag e s .g oog l e .c om )  
R ys . 1 .  W i z u al i z ac j a k s z t ał t u  f u l l e r e n u  C 60;  w ę z ł y r e p r e z e n t u j ą  at om y w ę g l a,  

k r aw ę d z i e  od p ow i ad aj ą  w i ą z an i om  k ow al e n c yj n ym   
( ź r ó d ł o:  i m ag e s .g oog l e .c om )  

 
S i n c e  t h e i r  d i s c o v e r y  f u l l e r e n e s  h a v e  b e e n  w i d e l y  r e s e a r c h e d  

f o r  t h e i r  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s .  
T h e  s h a p e  o f  t h e  C 6 0  f u l l e r e n e  w a s  e x p l a i n e d  b y  t h e  E u l e r ’ s  

t h e o r e m .  I t  c o m e s  f r o m  t h i s  t h e o r e m  t h a t  C 6 0  i s  t h e  s m a l l e s t  
p o s s i b l e  c l u s t e r  o f  c a r b o n ,  t h a t  c a n  f o r m  a  c l o s e d  s t r u c t u r e .  T h i s  i s  
a l s o  t h e  r e a s o n  w h y  C 6 0  i s  t h e  s m a l l e s t  s t a b l e  f u l l e r e n e  [ 6 ] .  
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Some of physical propert ies of C60 fu lleren e presen t ed  in  t ab le 1  
[ 7 ,  8 ] .  
 

Tab. 1.  P h y s i c al  p r o p e r t i e s  o f  C 60 f u l l e r e ne  [ 7 ,  8 ]  
Tab. 1.  F i z y c z ne  w ł as no ś c i  f u l l e r e nu  C 60 [ 7 ,  8 ]  
 
M as s  d e ns i t y  1, 7 2  g / c m 3 
M o l e c u l ar  d e ns i t y  1, 4 4  x  10 2 1 / c m 3 
O u t e r  d i am e t e r  1 nm  
B u l k  m o d u l u s  14  x  10 9  P a 
D e by e  t e m p e r at u r e  18 5  K  
Th e r m al  c o nd u c t i v i t y  ( 3 0 0 K )  0 , 4 W / m K  
B o i l i ng  p o i nt  S u bl i m e s  at  8 0 0 K  
S t at i c  d i e l e c t r i c  c o ns t ant  4 , 0  – 4 , 5  
R e s i s t i v i t y  10 14  Ω m  
 
 
I n  C60 fu lleren e each at om of carb on  is b on d ed  w it h 3  ot her 

at oms b y sp2 hyb rid ised  cov alen t  b on d s.  C60 is elect ron eg at iv e an d  
d u e t o pu re elect ron  d elocaliz at ion  it  is n ot  a su peraromat ic 
compou n d  [ 9 ] .  E lect ron eg at iv it y an d  a lack  of 1 2  π -elect ron s 
n eed ed  for closed  shell con fig u rat ion  are t he reason s for a C60 
t en d en cy t o acq u ire foreig n  elect ron s [ 1 0 ] .  V ariou s researches 
show n  t he π -accept or propert ies of C60 fu lleren e [ 1 0 ,  1 1 ] .  O t her 
su g g est s t he ab ilit y of C60 t o act  as an  u n iv ersal accept or of 
elect ron ically ex cit ed  st at es en erg y [ 1 2 ] .  
Apart  from t he pu re fu lleren es charact eriz ed  short ly ab ov e,  

t w o ot her classes of fu lleren es are d ist in g u ished .  F u lleren es w it h 
ot her compou n d s b on d ed  t o t he ou t sid e of t he fu lleren e cag e are 
called  ex ohed ral.  O n  t he ot her sid e,  t he spherical shape of 
fu lleren e g iv es t he possib ilit y t o t rap ot her molecu les in sid e t he 
cag e.  Su ch st ru ct u res are called  en d ohed ral fu lleren es.  O n e of 
t he most  sig n ifican t  applicat ion s of en d ohed ral fu lleren es is 
prob ab ly t he su percon d u ct iv it y of fu lleren es w hich w as achiev ed  
at  t he relat iv ely hig h t emperat u re of 1 1 7  K  u sin g  C60 / CHB r3 
molecu le [ 1 3 ] .  
 

3. F u l l e r e n e -d o p e d  d i e l e c t r i c s  
 
Alt hou g h t he su b j ect  of u sin g  pu re fu lleren es for syn t hesis of 

u lt ra t hin  d ielect ric films is w ell k n ow n  an d  researched  [ 1 4 ,  1 5 ,  
1 6 ,  1 7 ] ,  on e cou ld  hard ly fin d  an y researches an alyz in g  t he 
in flu en ce of fu lleren es on  d ielect rics.  O n e of t hose few  w ork s are 
Su b ocz ’ s researches on  t he in flu en ce of C60 an d  C70 fu lleren es 
ad d it iv es on  t he d ielect ric propert ies of polyimid e films [ 1 8 ] .  T he 
su b j ect  of d ielect ric liq u id s n an o-mod ificat ion s is ev en  less 
researched .  
T he clu e mat t er in  d opin g  liq u id s w it h fu lleren es is t he 

solu b ilit y.  As researches show ,  t here is n ot  an y sin g le 
physicochemical charact erist ics t hat  cou ld  easily d et ermin e t he 
solu b ilit y of fu lleren es in  org an ic liq u id s [ 1 9 ,  2 0 ] .  I t  is prov en ,  t hat  
t he solu b ilit y of C60 fu lleren e in creases w it h in creasin g  solv en t  
polariz ab ilit y an d  d ecreases w it h in creasin g  solv en t  polarit y an d  
cohesiv e en erg y d en sit y [ 1 9 ] .  T ab le 2  presen t s t he solu b ilit y of C60 
in  sev eral common  org an ic solv en t s [ 2 1 ] .  
I t  is import an t  t o men t ion  t hat  t he solu b ilit ies d et ermin ed  b y 

d ifferen t  researchers an d  pu b lished  in  d ifferen t  sou rces mig ht  
d iffer a lot  [ 2 2 ] .  T he reason  mig ht  b e t he d ifferen ce in  pu rit y of 
C60 or a solv en t .   How ev er,  t he d at a from t ab le shou ld  b e t reat ed  
on ly as a rou g h g u id e.  
T he research presen t ed  in  t his paper con sist ed  of d et ermin in g  

t he in flu en ce of C60 ad d it iv es on  sev eral elect rical propert ies of 
t hree g rou ps of common  hyd rocarb on s b ein g  t he compon en t s of 
min eral t ran sformer oil – alk an es,  cycloalk an es an d  aromat ic 
hyd rocarb on s.  Hyd rocarb on s ex amin ed  w ere respect iv ely hex an e 
( C6H 1 4 ) ,  cyclohex an e ( C6H 1 2)  an d  t olu en e ( C7H8) .  T heir 3 D  
st ru ct u ral mod els are presen t ed  in  fig u re 2 .  
 
 

Tab. 2 .  S o l u bi l i t y  o f  C 60 f u l l e r e ne  i n c o m m o n s o l v e nt s  [ 19 ]  
Tab. 2 .  R o z p u s z c z al no ś ć  f u l l e r e nu  C 60 w  t y p o w y c h  r o z p u s z c z al ni k ac h  [ 19 ]  
 
1-c h l o r o nap h t h al e ne  5 1 m g / m l  
1-m e t h y l nap h t h al e ne  3 3  m g / m l  
C h l o r o be nz e ne  2 7  m g / m l  
1, 2 -d i c h l o r o be nz e ne  8 , 5  m g / m l  
c ar bo n d i s u l f i d e  7 , 9  m g / m l  
To l u e ne  2 , 8  m g / m l  
B e nz e ne  2 , 8  m g / m l  
c ar bo n t e t r ac h l o r i d e  0 , 3 2  m g / m l  
n-h e x ane  0 , 0 4 3  m g / m l  
C y c l o h e x ane  0 , 0 3 6  m g / m l  
E t h ano l  0 , 0 0 1 m g / m l  
M e t h ano l  0  m g / m l  
 
 

  
F i g . 2 .  3 D  s t r u c t u r al  m o d e l s  o f  e x am i ne d  h y d r o c ar bo ns  
R y s . 2 .  Tr ó j w y m i ar o w e  m o d e l e  s t r u k t u r al ne  bad any c h  w ę g l o w o d o r ó w  
 
 

4 . M e a s u r e m e n t  s e t u p  
 
All elect rical propert ies ex cept  t en d en cy t o elect rificat ion  w ere 

measu red  u sin g  t hree-elect rod e liq u id  measu remen t  cell w it h 
n omin al capacit y of 1 5 0 pF .  Capacit y an d  d ielect ric loss t an g en t  
w ere measu red  u sin g  in t eg rat ed ,  au t omat ic R LC measu remen t  
b rid g e E CL-3 1 3 1 D  an d  sin e w av e g en erat or.  F or resist iv it y 
measu remen t s specializ ed  M R 0 -4 c met er w as u sed .  
T en d en cy t o elect rificat ion  w as measu red  u sin g  rot at in g  

elect romet er con st ru ct ed  b y D .  Z marz ł y in  F acu lt y of E lect rical 
E n g in eerin g ,  Au t omat ic Con t rol an d  Compu t er Scien ce of O pole 
U n iv ersit y of T echn olog y w here au t hors of t his paper w ork .  T he 
simplified  schemat ic of t his set u p is presen t ed  in  fig u re 3 .  
 
 

  
F i g . 3 .  S e t u p  f o r  t e nd e nc y  t o  e l e c t r i f i c at i o n m e as u r e m e nt s  
R y s . 3 .  U k ł ad  d o  p o m i ar u  t e nd e nc j i  d o  e l e k t r y z ac j i  

 
T he set u p con sist s of d isc rot at in g  in  t he ex amin ed  liq u id ,  

con n ect ed  elect rically b y ax le w it h hot  elect rod e of elect romet er.  



62    PAK v o l .  5 4 ,  n r  2/ 20 0 8  
 

The electrometer is attached  to the ax le an d  rotates tog ether w ith 
d isc d u rin g  measu remen ts.  The main  p art of  electrometer is the 
su p ersen sitiv e cu rren t/ v oltag e con v erter,  con n ected  to A / D  
con v erter an d  microcon troller commu n icatin g  w ith a P C  that 
con trols the w hole measu remen t p rocess.  E lectrometer an d  
con n ected  electron ics is p ow ered  f rom b atteries that also rotates 
tog ether w ith the d isc.  E lectrical sig n als are tran sf erred  to the 
stead y  p art of  the setu p  throu g h electrical b ru shes.  S ome of  the 
sig n als tran sf ers the d ig ital measu remen t d ata.  Tw o p arallel 
b ru shes con sist on  the reliab le con n ection  of  the electrometer 
g rou n d  w ith the liq u id  tan k  an d  the chassis of  the en tire d ev ice.  
 
5. R e s u l t s  
 
The resu lts of  d ielectric loss tan g en t measu remen ts are show n  

on  f ig u res 4  to 6 .  
F or n -hex an e the d ep en d en cy  b etw een  the C 60 amou n t an d  the 

d ielectric loss tan g en t is comp lex  an d  d ep en d s mu ch on  the 
f req u en cy .  There is althou g h the easily  id en tif iab le ten d en cy  to 
in crease of  d ielectric losses f or hig her con cen tration s of  
f u lleren es.  F or the low est con cen tration  ex amin ed  ( 0 , 5 mg / 1 0 0 ml)  
d ielectric losses remain  rou g hly  the same in creasin g  slig htly  f or 
low  f req u en cies an d  d ecreasin g  f or hig h f req u en cy  ran g es.  
M ost in terestin g  resu lts w ere ob serv ed  f or cy clohex an e an d  

tolu en e.  F or cy clohex an e the d ielectric loss f actor w as red u ced  
ab ou t 1 0 0  times w ith a C 60 con cen tration  of  1 mg / 1 0 0 ml an d  
b ig g er in  the w hole f req u en cy  ran g e.  F or tolu en e red u ction  of  
d ielectric loss tan g en t of  1 0  times w as achiev ed .  
 
 

  
F i g .  4 .   D i e l e c t r i c  l o s s  t a n g e n t  o f  p u r e  a n d  C60-d o p e d  n -h e x a n e  a s  a  f u n c t i o n   

o f  f r e q u e n c y ;  l i q u i d  s a m p l e  c a p a c i t y  – 1 0 0 m l  
R y s .  4 .   T a n g e n s  k ą t a  s t r a t n o ś c i  c z y s t e g o  i  d o m i e s z k o w a n e g o  C60 n -h e k s a n u   

w  f u n k c j i  c z ę s t o t l i w o ś c i ;  o b j ę t o ś ć  p r ó b k i  – 1 0 0 m l  
 
 

  
F i g .  5 .   D i e l e c t r i c  l o s s  t a n g e n t  o f  p u r e  a n d  C60-d o p e d  c y c l o h e x a n e  a s  a  f u n c t i o n   

o f  f r e q u e n c y ;  l i q u i d  s a m p l e  c a p a c i t y  – 1 0 0 m l  
R y s .  5 .   T a n g e n s  k ą t a  s t r a t n o ś c i  c z y s t e g o  i  d o m i e s z k o w a n e g o  C60 c y k l o h e k s a n u   

w  f u n k c j i  c z ę s t o t l i w o ś c i ;  o b j ę t o ś ć  p r ó b k i  – 1 0 0 m l  
 

  
F i g .  6 .   D i e l e c t r i c  l o s s  t a n g e n t  o f  p u r e  a n d  C60-d o p e d  t o l u e n e  a s  a  f u n c t i o n   

o f  f r e q u e n c y ;  l i q u i d  s a m p l e  c a p a c i t y  – 1 0 0 m l  
R y s .  6 .   T a n g e n s  k ą t a  s t r a t n o ś c i  c z y s t e g o  i  d o m i e s z k o w a n e g o  C60 t o l u e n u   

w  f u n k c j i  c z ę s t o t l i w o ś c i ;  o b j ę t o ś ć  p r ó b k i  – 1 0 0 m l  
 

O n  all p lots,  sp ecif ic ex tremes ap p ear at the f req u en cy  ab ov e 
1 k H z .  A s they  ap p ear an d  look  the same on  all measu remen ts,  
they  are most p rob ab ly  con n ected  w ith some reson an t b ehav ior of  
measu remen t setu p .  The reason  w hy  they  are n ot v isib le on  cu rv es 
f or p u re cy clohex an e an d  tolu en e is the low  relativ e v alu e of  this 
artif act to the v alu es measu red .  
F or p lace sav in g ,  the f ig u res f or cap acity  an d  resistiv ity  

measu res are n ot p resen ted .  I s is en ou g h to say ,  that the 
d if f eren ces ob serv ed  f or all liq u id s,  thou g h rep eatab le,  w ere 
n eg lig ib le.  F or b oth cap acity  an d  resistiv ity  the d if f eren ces w ere at 
the ran g e of  hu n d red th p arts of  p ercen t.  
S treamin g  electrif ication  measu remen ts w ere d on e on ly  f or 

tolu en e.  The reason  w hy  tolu en e w as chosen ,  n ot other or all 
liq u id s,  is that p u re tolu en e has mu ch hig her ten d en cy  to 
electrif ication  than  other ex amin ed  liq u id s.  A d d ition ally  it is mu ch 
b etter f u lleren e solv en t than  cy clohex an e an d  n -hex an e as show n  
in  tab le 2 .  
The measu remen ts w ere d on e f or the max imal achiev ab le 

con cen tration  of  C 60 in  tolu en e.  The C 60 w as ad d ed  to the liq u id  as 
lon g  as the satu ration  w as ob serv ed ,  that mean s there w as v isib le 
that f u rther amou n ts of  C 60 ad d ed  to the liq u id  d o n ot d issolv es.  
Tw o ru n s w ere d on e f or b oth p u re an d  d op ed  tolu en e to check  the 
rep eatab ility  of  the measu remen t.  The resu lts are p resen ted  in  
f ig u re 7 .  
 
 

  
F i g .  7 .   S t r e a m i n g  e l e c t r i f i c a t i o n  c u r r e n t  a s  a  f u n c t i o n  o f  d i s c  r o t a t i o n  s p e e d   

f o r  p u r e  a n d  d o p e d  t o l u e n e  
R y s .  7 .   P r ą d  e l e k t r y z a c j i  w  f u n k c j i  p r ę d k o ś c i  o b r o t o w e j  t a r c z y  d l a  c z y s t e g o   

i  d o m i e s z k o w a n e g o  t o l u e n u  
 
The measu remen ts rev eled  that C 60 d op ed  tolu en e characteriz es 

low er electrif ication  cu rren t f rom the p u re liq u id .  The d if f eren ce 
f or the hig her rotation s u sed  in  measu remen ts achiev e 2 0  – 2 5 % .  
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6. S u m m a r y  
 
T h e res earc h  prov en  t h at  i t  i s  pos s i b le t o s i g n i f i c an t ly i m prov e 

di elec t ri c  propert i es  of  h ydroc arb on  li q u i ds  b y t h e addi t i on  of  C 60 f u lleren es .  T h e m os t  s i g n i f i c an t  c h an g es  w ere n ot ed f or di elec t ri c  
los s  t an g en t  w h ere t h e di f f eren c e b et w een  pu re an d doped li q u i d 
w as  at  a ran g e of  1 0 0  t i m es  f or c yc loh ex an e an d 1 0  t i m es  i n  c as e 
of  t olu en e.  
D opi n g  w i t h  C 60 h as  als o pos i t i v e i m pac t  on  t h e h arm f u l 

ph en om en on  of  s t ream i n g  elec t ri f i c at i on ,  redu c i n g  t h e 
elec t ri f i c at i on  c u rren t  b y 2 0  – 2 5 %  i n  c as e of  t olu en e.  
T h e ph ys i c oc h em i c al n at u re of  t h e i n f lu en c e ob s erv ed i s  n ot  

kn ow n .  I t  m i g h t  b e t h e s u b jec t  of  t h e f u rt h er res earc h .  H ow ev er 
t h e res u lt s  ob t ai n ed are of  a g reat  prac t i c al s i g n i f i c an c e.  
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I N F O R M A C J E  
 

Najnowsza książka Wydawnictwa PAK 
 
 

N a przeł om i e s i erpn i a  
i  w rześ n i a u kazał a s i ę  kolejn a 
ks i ą ż ka W ydaw n i c t w a P A K 
au t ors t w a T om as za B oc zara 
pt . :  E n erg i a w i at row a.  A kt u al-
n e m oż li w oś c i  w ykorzys t an i a.   
W  n i n i ejs zej ks i ą ż c e przed-

s t aw i on o akt u aln e m oż li w oś c i  
w ykorzys t an i a en erg i i  w i at ru  
do produ kc ji  en erg i i  elekt ryc z-
n ej n a ob s zarze E u ropy,  ze 
s zc zeg ó ln ym  u w zg lę dn i en i em  
pot en c jaln yc h  zas ob ó w  i  s t op-
n i a i c h  w ykorzys t an i a n a t ere-
n i e P ols ki ,  a t akż e w ojew ó dz-
t w a opols ki eg o.  P on adt o s c h a-
rakt eryzow an o pods t aw ow e 

zał oż en i a poli t yki  krajó w  U E  oraz s t rat eg i i  en erg et yc zn ej P ols ki  
w ob ec  O Ź E .  

Ks i ą ż ka s ki erow an a jes t  przede w s zys t ki m  do s t u den t ó w  oraz 
w ykł adow c ó w  prow adzą c yc h  zaję c i a dydakt yc zn e n a ki eru n kac h  
elekt ryc zn yc h ,  jak ró w n i eż  zw i ą zan yc h  z i n ż yn i eri ą  i  oc h ron ą  ś ro-
dow i s ka.  O pi s an e zag adn i en i a m og ą  s t an ow i ć  m at eri ał  dydakt yc zn y 
zw i ą zan y z akt u aln ym i  m oż li w oś c i am i  oraz przys zł ym i  ki eru n kam i  
w  pozys ki w an i u  en erg i i  w i at ru  do produ kc ji  en erg i i  elekt ryc zn ej.  
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