
CHAPTER III 
EXPERIMENTAL

3.1 Materials

T h e e p o x y  resin , b isp h en o l-A -(e p ic h lo r o h y d r in )  (E P O T E C  Y D  1 2 8 ), and the  
curing agen t, cy c lo a lip h a tic  am in e (T H 7 3 0 1 ) , w e r e  ob ta in ed  from  A d ity a  B ir la  
C h em ica ls  (T h ailan d ) Ltd. Z in c  o x id e  (n a n o -s iz e  and <1 m icro n ) and cop p er  o x id e  
(n a n o -s iz e  and < 5  m icro n ) w ere  su p p lied  b y  F luka. T h e  h ex a g o n a l B N  (P C T L 3 0 M H F )  
w ith  an average  p artic le  s iz e  o f  3 0  m icron  w a s su p p lied  b y  S a in t-G o b a in  C eram ics and  
P la stics , Inc., U S A . S ila n e  co u p lin g  a g en ts , y -g ly c id o x y p r o p y ltr im e th o x y  s ila n e  (G P S )  
and 3 -am in o p rop y l tr ie th o xy  s ilan e  (A P S )  w er e  su p p lied  b y S ig m a -A ld r ic h  (U S A ) .  
H ex a d e c y l p yrid in iu m  ch lo r id e  (H D P y C l, 98%  p u rity), m eth y l m eth a cry la te  (M M A , 
99%  p u rity), styren e (99%  p u rity), and p o ta ssiu m  p ersu lfa te  (K 2 S 2 O 8, 98%  p u rity) w er e  
p u rch ased  from  F luka (S w itzer la n d ). E th an ol and so d iu m  h y d ro x id e  w e r e  p u rch ased  
from  M erck  (G erm an y). A  se r ie s  o f  ca tio n ic  su rfactants (C „H 2„+ i)N H 3B r w ith  ท = 1 2 , 14, 
16, and 18, w ere  su p p lied  b y  F luka, and S ig m a -A ld r ic h , In c ., S in g a p o re . M eth y l  
m eth acry la te  and styren e  w ere  w a sh ed  w ith  1% aq. N a O F l to e lim in a te  in h ib itor  prior to  
u se . A ll other c h e m ic a ls  w er e  u sed  as rece iv ed .

3.2 Equipment

A  JE O L  sca n n in g  e lec tro n  m ic r o sc o p y  (S E M ) m o d el J S M -5 2 0 0  (Japan) w a s  
u sed  to  stu d y  the fractured su rface  from  flexu ra l te sts  o f  e p o x y  c o m p o s ite  f ille d  w ith  
d ifferen t f ille r s  and to  in v estig a te  the p artic le  s iz e  o f  th e  fillers . T h e  n arro w est and  
lo n g est  d im e n s io n s  o f  B N  p artic le s  w ere  m easu red  u s in g  th e S em a fo re  program .

A  F ie ld  E m iss io n  S c a n n in g  E lec tro n  M ic r o sc o p e  (F E -S E M ), H itach i ร -4 8 0 0  
(Japan), w a s  used  to  stu d y su rfa ce  m o rp h o lo g y  o f  th e  untreated  and ad m icella r-treated  
B N  p a rtic les, as w e ll  as the fractured su rfa ce  o f  th e  c o m p o s ite s .
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A  T h erm o N ic o le t  N e x u s  6 7 0  Fourier transform  infrared (F T -IR ) sp ectro m eter  
w a s  used  to p rov id e  a ch em ica l a n a ly s is  o f  th e  co m p o n en ts  on  th e  m o d ifie d  su rface  o f  
B N  p articles.

A  B ro o k fie ld  v isc o m e te r  (R V D V II)  w a s  used  to m easu re  the v is c o s ity  o f  the  
B N -e p o x y  m ixture.

A  Z etaz ier  3 0 0 0 H S A , M alvern  instrum ent, w a s  u sed  to m easu re the zeta  
p oten tia l o f  B N  p o w d e rs  as a fu n ction  o f  pH .

A  D rop  S h ap e A n a ly zer  (K R U S S , D S A  1 V  1 .80 , G erm an y) w a s  u sed  to  
m easu re  the co n ta ct an g les  o f  w ater and e p o x y  resin  on  a d m icella r-trea ted , s ila n e-  
treated , and c a tio n ic  su rfactan t-m od ified  B N  su rface .

A  Q u an tach rom e/A u tosorb -1  S u rface  A rea  A n a ly z e r  w a s  u sed  to  d eterm in e  th e  
su rfa ce  area o f  th e  B N  p articles.

A  S H IM A D Z U  T O C -V  csh  organ ic  carb on  an a ly zer  w a s  u sed  to  d eterm in e  the  
T O C  v a lu es  o f  the surfactant so lu tio n s.

A  H ot D isk  T herm al A n a ly zer  (H o t D isk  A B , U p p sa la . S w e d e n ) w a s  u sed  to  
m easu re  the therm al co n d u ctiv ity  o f  the c o m p o s ite s .

A n  Instron ser ies  IX  A u tom ated  M ateria ls T e stin g  S y ste m  m o d el 3 3 6 6  w a s  
u sed  to d eterm in e the flexu ra l p rop erties o f  th e  c o m p o s ite s .

A  P en d ulum  Im pact T ester  (Z w ic k , G erm an y) w a s  u sed  to  d eterm in e  the  
im p act strength o f  th e  co m p o s ite s .

3.3 Methodology

3.3 .1  P reparation o f  M eta l O x id e -F ille d  E p o x y  C o m p o s ite
T h e  m eta l o x id e  w a s  first dried  in an o v e n  at 100  °c for  2 h prior to  

p r o cess in g . T h e d esired  am ount o f  f iller  w a s  grad u ally  ad d ed  in to  6 0  m L  o f  e p o x y  resin  
con ta in ed  in a 2 5 0  m L  p lastic  beaker. T h e lo a d in g  o f  m eta l o x id e  p o w d e r  w a s  varied  
from  0 .5% , 1.0%  to  2 .0  vo l% . T h e m ixtu re w a s  then  stirred b y  a m ech a n ica l stirrer
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(A .L .C . International s .r .l .  C la ss  I) at the m ix in g  sp eed  o f  8 0  rpm w ith  the m ix in g  tim e  
o f  15 m in s. N e x t , 36  m L  o f  cu rin g  ag en t w a s  added in to  the m ix tu re w h ich  w a s  then  
stirred until h o m o g e n e o u s . T h e m ixtu re w a s  then  poured into a s ta in le ss  stee l m o ld  7 0  X  

9 0  X  3 m m 3 in d im en s io n s . T h e op en  m old  w a s then  p la ced  in a vacu u m  o v en  at 5 0  °c 
for 10 m in  to ev a cu ate  the entrapped air. T he m old  w a s  then c lo se d  b y  a 2 6 x 2 6  cm 2 
m etal p late and p la ced  in th e  co m p ress io n  m o ld in g  m ach in e  under 15 to n s  o f  lo a d in g  for 
cu rin g at 8 0  °c for 1 h .

3 .3 .2  P reparation o f  A d m icellar-treated  B N
A d m ice lla r  p o ly m eriza tio n  o f  each  m o n o m er  (M M A  and s ty ren e) w a s  

carried ou t in tw o  step s. F irst, 5 g o f  B N  p artic les w a s  added to 100 m L  o f  an aq u eo u s  
so lu tio n  con ta in in g  1.0 m M  H D P yC l surfactant, w h ich  is the con cen tration  ju s t  a b o v e  
the C M C  o f  th e  surfactant23 to  en su re m ax im u m  surfactant ad sorption  w ith  m in im u m  
em u ls io n  p o ly m er iza tio n  in the aq u eo u s p h ase . M o n o m er  w a s th en  ad d ed  to  g iv e  a 
su rfactan t:m on om er m olar ratio o f  1 :2 .5 , 1:5, 1:7.5, 1:10, 1:12.5,1:15, and the in itia tor  
K 2 S 2 O 8 w a s  ad d ed  to g iv e  a m o n o m en in itia to r  ratio o f  1 :10. T h e m ix tu re w a s  sh ak en  in 
a sh ak er bath at 30°c for 2 4  h to a llo w  for th e  ad sorp tion  o f  surfactant o n to  th e  B N  
su rface  and th e  a d so lu b iliza tio n  o f  th e  m on om er in to  the surfactant b ilayer . In the  
seco n d  step , th e  tem perature w a s  raised  to  70°c to  in itia te  the p o ly m er iza tio n  reaction  
w h ich  w a s  a llo w e d  to  tak e p la c e  for 2 4  h. A t  the end o f  th e  reaction  tim e , th e  treated  B N  
w a s  w a sh ed  sev era l t im es  w ith  a m ix tu re o f  70/30 (v /v )  w a ter /eth a n o l at room  
tem perature to  rem o v e  rem ain in g  m on o m er  and the u p p er-layer surfactant o f  the  
surfactant b ila yer  to  e x p o se  the coa ted  p o ly m er  on  th e B N  su rface . T h e sa m p le  w a s  
f in a lly  dried in th e  o v en  at 50°c for 2 4  h.

3 .3 .3  Preparation  o f  S ilan e-T reated  B N
T h e ca lcu la ted  am ou n t o f  s ilan e  c o u p lin g  agen t w a s  added  in to  an 

aq u eo u s so lu tio n  at pH  4 .5  to  g iv e  a con cen tration  o f  0 .0 2 5 , 0 .0 5 , 0 .0 7 5 , 0 .1 0 , and 0 .1 5  
w t% , r e sp e c tiv e ly . T h en , 2 0  g  o f  B N  p artic les w a s  treated  in 100  m L  o f  th e  prepared
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3 .3 .4  Preparation o f  S u rfa cta n t-M od ified  B N
T o  prepare the su rfa cta n t-m o d ified  B N , a 1.5 m M  surfactant so lu tio n  w a s  

added  to B N  p o w d e r  in a 250 m L  E rlen m eyer fla sk  u s in g  th e ratio o f  1 g  B N  to  10 m L  
so lu tio n . A  rubber stop p er w a s  then put on  the fla sk  and a paraffin  film  w a s  w rapped on  
to  sea l on  top . T h is  su sp en sio n  w a s stirred at 8 0  °c for 5 h. A ll su rfa cta n t-m o d ified  B N  
p artic le s  w ere  filtered  and w a sh ed  w ith  d e io n iz e d  w ater to  e lim in a te  e x c e s s  am ou nt o f  
surfactant. A fter  filtration , th e  m o d ified  B N  p artic le s  w ere  dried at 50°c for 2 4  h until 
c o m p le te ly  dried. T h e pH  v a lu e  o f  surfactant so lu t io n s  w a s  varied  from  5 .5 , w h ich  w a s  
th e  in itia l v a lu e  o f  the d e io n iz e d  w ater, to  6 , .7 , 8 , 9 , and 10, r e sp e c tiv e ly , u s in g  0.1 M  
N a O H .

silane solution for 2 h at room temperature. The BN particles were then filtered and
dried in the oven at 50°c for 24 h.

3 .3 .5  Preparation  o f  B N -F ille d  E p o k y  C o m p o site
T h e B N  p artic les w ere  first dried in a va cu u m  o v e n  at 80°c for 2 4  h prior 

to  p ro c e ss in g . T h e ca lcu la ted  am ou nt o f  B N  w a s  added  grad u ally  to 6 0  m L  o f  e p o x y  
resin  con ta in ed  in a 250 m L  p la stic  b eak er w ith  co n tin u o u s stirring. T h e m ix tu re w a s  
then  stirred by a m ech a n ica l stirrer (A .L .C . International s .r .l . C la ss  I, Ita ly) at the  
d esired  sp eed , t im e  and tem perature. N e x t , 3 6  m L  o f  cu rin g  agen t w a s  added  into the  
m ix tu re  w h ich  w a s  then  stirred until h o m o g e n e o u s . T h e m ix tu re  w a s  th en  p ou red  into a 
s ta in le ss  stee l m o ld  7 0 x 9 0 x 3  m m 3 in d im en s io n . T h e o p en  m old  w a s  th en  p la ced  in a 
va cu u m  o v en  at 50°c for 10 m in  to  ev a cu a te  the entrapped air. T h e  m o ld  w a s  then  
c lo se d  by a 2 6 x 2 6  cm 2 m eta l p la te  and p la ced  in the co m p ress io n  m o ld in g  m ach in e  
u nder 15 ton s o f  lo a d in g  for cu rin g  at 80°c for 1 h.

3 .3 .6  C h aracteriza tion  o f  F iller  and C o m p o site
3.3.6.1 Particle size determination
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T h e p article d isp ers io n  o f  m eta l o x id e  in e p o x y  m atrix w a s  
in v estig a ted . T h e e p o x y  f illed  m etal o x id e  sp e c im e n s  w e r e  put in liqu id  n itrogen  for a 
m in u te , then broken in to  a sm all p ie c e  and w a s  p la ced  on a stub  and ex a m in ed  u sin g  
JE O L  scan n in g  e lectron  m icro sco p y  (S E M ) m o d el J S M -5 2 0 0  (Japan).

T o  d eterm in e the p artic le  s iz e  in the B N -e p o x y  m ixtu re, after  
m ix in g  at the desired  co n d it io n s , B N  p artic les  in e p o x y  m atrix  w er e  w a sh ed  w ith  ethan ol 
to  extract B N  from  the e p o x y  m atrix  and the extracted  p artic les w e r e  then  dried in a 
vacu u m  o v e n . T h e dried p articles w ere  then  p la ced  on  a  stub and ex a m in ed  u s in g  JE O L  
sca n n in g  e lectron  m icr o sc o p y  (S E M ) m o d e l J S M -5 2 0 0  (Japan). T h e n arrow est and  
lo n g e st  d im e n s io n s  o f  B N  p artic les w ere  m easu red  u s in g  the S em a fo re  program , and the  
av erag e  a sp ect ratio w a s  ca lcu la ted  a cco rd in g ly . A  tota l o f  120  p artic le s  w ere  ex a m in ed  
for each  m ix in g  con d itio n  and the av erag e  v a lu e  w a s reported .

3.3.6.2 Characterization o f the fractured surface o f the composite
T h e F ie ld  E m iss io n  S ca n n in g  E lectron  M ic r o sc o p e  (F E -S E M ), 

H itach i ร -4 8 0 0  (Japan), w a s  used  to stu d y  su rface  m o rp h o lo g y  o f  th e  fractured su rface  
o f  the c o m p o s ite s .

3.3.6.3 Characterization o f the admicellar-treated BN surface
T h e untreated B N  and ad m icellar-treated  B N  p artic les w ere  

prepared in the form  o f  K B r p e lle ts  for the F ou rier tran sform  infrared (F T IR )  
m easu rem en ts  o n  a N ic o le t  5 6 0  FT IR  sp ectro m eter  (U n ited  S ta tes). S u b tractive  FT IR  
sp ectra  o f  th e  treated sa m p le s  w ere ob ta in ed  u sin g  the untreated B N  a s the b a se  line .

3.3.6.4 Viscosity measurements
T h e v isc o s ity  o f  the B N -e p o x y  m ix tu re w a s  m easu red  by a 

B ro o k fie ld  v isc o m e te r  (R V D V II)  w ith  sp in d le  N o . 2 7  at 25  ±  1 °c a cco rd in g  to  A S T M  
2 3 9 3 -8 6 .

3.3.6.5 Determination o f the Zeta Potential o f BN
T h e  zeta  p oten tia l o f  B N  p o w d e rs  as fu n ctio n  o f  pH  w a s  

d eterm in ed  u s in g  Z eta z ier  3 0 0 0 H S A , M alvern  in strum en t. T h e  B N  p o w d e rs  w ere  
h o m o g e n e o u s ly  d isp ersed  in d istilled  w a ter  b y so n ic a tio n  m eth o d . T h e pH  o f  the



22

a q u eo u s B N  su sp en sio n  w a s  adjusted  u sin g  0.1 M  HC1 and 0.1 M  N a O H  to  c o v e r  the  
en tire  pH  range under in v estig a tio n  (pH  2 to  10).

3.3.6.6 Contact angle measurements
T h e D rop  S h ap e A n a ly z e r  (K R U S S , D S A  1 V  1 .8 0 , G erm an y) 

w a s u sed  to m easu re the con tact a n g le s  o f  w ater  and e p o x y  resin  on  ad m ice lla r - treated, 
silan e-treated , and su rfactan t-m od ified  B N  su rface . B N  p a rtic les, w e ig h in g  1.5 g, w ere  
co m p ressed  u s in g  a hydraulic  p e lle t  p ress at th e  p ressure o f  7 to n s  for 1 m in  to ob tain  a 
B N  d isc  1 cm  in d iam eter  and 3 m m  in th ick n ess . E ith er 2 0  p L  o f  w ater  or e p o x y  resin  
d rop let w a s  p la ced  on to  the su rface  o f  the B N  d isc  u s in g  100  p L  m ic ro -sy r in g e  and the  
co n ta c t a n g le  o f  the d rop let w a s  m easu red  e v e r y  5 s e c  for 6 0  se c . T h e  te st  w a s  
p erform ed  at room  tem perature. T h ree read in gs w ere  tak en  from  each  d isc  and each  
resu lt w a s  the av erag e  o f  the read in gs from  tw o  d isc s .

3.3.6.7  Determination o f the specific surface area o f BN
N itro g en  ad so rp tio n -d esorp tion  ex p er im en ts  w ere  carried  ou t on  

Q u an tach rom e/A u tosorb -1  S u rface  A rea  A n a ly zer . T h e  sp e c if ic  su rfa ce  area w a s  
ca lcu la ted  u s in g  the m u lti-p o in t B E T  m eth od . T hree rep eats w ere  carried o u t for each  
sam p le .

3.3.6.8 Determination o f surfactant concentration
O rganic carb on  co n ten ts  o f  the surfactant so lu tio n  b efo re  and  

after surfactant ad sorption  w er e  ex a m in ed  u s in g  a S H 1 M A D Z U  T O C -V C S H  O rgan ic  
C arbon  A n a ly z e r  to  obtain  the T O C  v a lu e s . T h e  am ou nt o f  ab sorb ed  su rfactant w a s  then  
ca lcu la ted  from  th e  T O C  va lu es.

3.3.6.9 Determination o f Thermal Conductivity o f composite
T herm al c o n d u ctiv ity  o f  the c o m p o s ite s  w a s  m easu red  u s in g  a 

H ot D isk  T h erm al A n a ly zer  (H o t D isk  A B , U p p sa la . S w e d e n ). A  m in im u m  o f  three  
in d iv id u a l m easu rem en ts  w a s  p erform ed  for each  sp e c im e n  (2 0  X 2 0  X 3 m m 3) w ith  the  
se n so r  (3 m m  d iam eter) p la ced  b e tw een  tw o  sim ilar  s la b s  o f  m ateria l. T h e  sen sor  
su p p lied  a h ea t-p u lse  o f  0 .0 3  พ  for 15 -2 0  ร to  th e  sa m p le  and the a sso c ia te d  ch a n g e  in 
tem perature w a s  recorded .
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3.3.6.10 Mechanical Property Testing
F lexural te stin g  w a s  p erform ed  b ased  on  A S T M  D  7 9 0 -9 8  u sin g  

the th ree-p o in t b en d in g  tests. T h e te st in g  w a s  co n d u cted  b y  u s in g  Instron se r ie s  IX  
A u tom a ted  M ateria ls T e stin g  S y stem  m od el 3 3 6 6  w ith  load  ce ll o f  10 k N . T he  
crossh ea d  d isp la cem en t rate w a s se t at 5 m m /m in . T h e sp e c im e n s  u sed  for flexu ra l 
te stin g  w er e  bars o f  rectan gu lar cr o ss  sec tio n  ( f la tw ise )  w ith  a len gth  o f  6 0  m m  and 
w id th  o f  14 m m . T h ree sp ec im en s w er e  tested  for each  sam p le  and th e  av erag e  v a lu e  
w a s reported

Im pact strength  w a s  d eterm in ed  u sin g  a P en d u lu m  Im pact 
T ester  (Z w ic k , G erm an y) and the te stin g  m ethod  w a s  in acco rd an ce  w ith  A S T M  D -2 5 6 .  
For ea ch  sam p le , f iv e  sp e c im e n s  m easu rin g  6 3 .5  X  12.7  X  3 m m 3 w e r e  tested  and the  
av erag e  v a lu e  w a s  reported .
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