
CHAPTER III 
METHODOLOGY

3.1 Materials

3.1.1 C h em ica l:  N a tu ra l R ubbe r La te x

• D o u b le  cen tr ifu ge  natu ra l rubber la tex (tota l s o lid  content 

>60% wt), co m m e rc ia l grade from  T h a i Easte rn  R ubbe r C o ., L td

3.1.2 F ille r s

• C o m m e rc ia l graphene m u lt ila y e rs  (p a rtic le  d im e te r < 2pm ) 

from  X G  S c ien ce s  (U S A )

3.1.3 C h e m ic a ls  and S o lven ts

• T w een 80  from  S ig m a  A ld r ic h ,  A R  grade

• 2 -m e th y l-4 '-(m e th y lth io ) -2 -m o rp h o lin o p ro p io p h e n o n e ; 

M M M P  ( Xmax = 310 m il)  from  S ig m a  A ld r ic h ,  A R  grade

• T r im e th y lo l-p ro p a n e  3 -m ercap top rop iona te ; T M P T M P  from  

S ig m a  A ld r ic h ,  A R  grade

• T o lu en e  from  C a r lo  E R B A ,  reagent grade

3.2 Equipments

• R am an  spectrom eter ( N T - M D T ,  N T E G R A  Spectra)

• X - r a y  D if f r a c t io n  Spectrom eter, X R D  (R ig a ku , D M A X  2200)

• F o u r ie r  T ran s fo rm  Infrared Spectrom ete r. F T - IR  (N ic o le t . N e x u s  670)

• T h e rm o g ra v im e tr ic  ana lyze r, T G A  (The rm o . T G A  Q  50)

• M e lt  Rheom ete r (R heom e tr ic  S c ie n t if ic . A re s )

• S cann in g  E le c tro n  M ic ro s co p e , S E M  ( F E - S E M ,  J S M -7 0 0 1 F )

• E le c tro m e te r (K e ith le y , 6 5 1 7 A )  w ith  a cu s to m -b u ilt  tw o -p o in t p robe
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3.3 Experimental

3.3.1 P repa ra tion  o f  G rap h en e /N R  C o m p o s ite

T M P T M P .  as a c ro s s lin k in g  agent, co n cen tra tio n s  w ere  va ried  at บ. 1, 

0.5, 1.0, 2 .0, 3.0, 5.0, 7.0. 10.0. 15.0, and 20.0 % v/v o f  N R .  M M M P ,  as a 

p h o to in it ia to r, con cen tra tio n  w as set up to be 3:1 ra tio  o f  T M P T M P .  F irs t, T M P T M P  

and M M M P  w ere  m ixed  together w ith  a m agnetic  s t irre r u n til h om ogene ity  was 

oba tined . T hen  T W E E N  80, as a su rfactan t, w as added in  to 20 m l D I w ate r and 

m a g n e t ic a lly  s tirred  fo r  5 m in . G raphene  w as s lo w ly  added in  T W E E N  80 so lu t io n  to 

m ake a graphene so lu tion . C ro s s lin k e r  and p h o to in it ia to r w ere  added in to  la tex  (20 

m l) and stirred  un til hom ogenous, ca lle d  the la tex m ix tu re . L a s t ly , g raphene so lu t io n  

w as added to the la tex m ix tu re . The  com pounded  latex w as m a g n e t ic a lly  stirred  fo r  1 

h. be fo re  cu r in g  w ith  u v  rad ia tion . N R  f i lm s  and com po s ite  w ere  subsequen tly  

in vestiga ted  under the e ffects o f  c ro s s lin k in g  con cen tra tion , c ro s s lin k in g  tim e , and 

graphene concen tra tion .

3.4 Characterizations

3.4.1 R am an  Spectrom ete r ( N T - M D T ,  N T E G R A  Spectra)

R am an  spectro scopy  w as used to v e r ify  g raphene due to the a b il ity  to 

id e n t ify  and cha racte rize  a ll the m em bers o f  the ca rbon  fa m ily . T he  ch a ra c te r iza tio n s  

w ere nondestru c tive , fast, w ith  h igh  re so lu tio n  and g ive  the m ax im u m  stru ctu ra l and 

e le c tro n ic  in fo rm a tio n . The  in d ic a t io n s  o f  g raphene w ere m easured by  the R am an  

spec tro scopy  ( N T - M D T ,  N T E G R A  Spectra) w ith  632.8  nm  ex c ita t io n  laser, 

o b je c t ive  lens lOOx, and accum u la te  t im e  60s from  N a t io n a l N a n o te ch n o lo g y  Cente r.

3.4.2 X - r a v  D if f ra c t io n  Spectrom eter, X R D  (R iu a ku . D M A X  2200)

T h e  w id e  ang le  X - r a y  d if fra c t io n  m ic ro sco p e  (X R D ^ R ig a ku , D M A X  

2200) w as used to study  the c rys ta l s tructu re  b e lo w  the nanom ete r sca le . T he  C u K -  

a lpha  rad ia tio n  source w as operated at 40 k V /3 0  m A . K -be ta  f ilte r  w as used to 

e lim in a te  in te rfe rence  peak. D iv e rg en ce  s lit  and sca tte ring  s lit  0.5 deg together w ith  

0.3 m m  o f  re ce iv in g  s lit  w ere  set on  the instrum ent. T he  graphene pow d e r w as
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p la ced  on to  a sam p le  h o ld e r and the m easurem ent w as co n tin u o u s ly  run. The  

e xpe rim en ts  w ere  recorded  by m o n ito r in g  the d if f ra c t io n  appearing  in  the d if fra c t io n  

ang le  (29) range from  10 to 80 w ith  a scan speed 5 deg/m in  and a scan step 0.02 deg.

3.4.3 F o u r ie r  T ran sfo rm  Infrared Spectrom eter. F T -1R  (N ic o lc i.  N e xu s  070)

F o u r ie r  T ran s fo rm  In frared Spec tro sco py  ( F T - IR  N ic o le t . N e xu s  670)

w as used to in vestiga te  the ch a rac te r is t ic  v ib ra t io n  frequenc ie s o f  the m o le cu le s  in  

o rder to de te rm ine  the m o le cu la r  structure o f  the sam ples. T h is  te chn ique  em p loyed  

w as the ab so rp tion  m ode w ith  32 scans a re so lu tio n  o f  ±4 c m '1, co ve r in g  a 

w ave leng th  range o f  400 -4000  c m '1, u s ing  deuterated t r ig ly c in e  su lfa te  as a detector. 

O p t ic a l grade K B r  p ow de r w as used as a backg round  m ate r ia l to cha ra c te r ize  the 

graphene. T he  sam p le  p ow de r w as g round  w ith  K B r  and pressed to fo rm  pa lle ts  

befo re  testing. In add it ion . N R  f i lm s  w ere cha racte rized  fo r the fu n c t io n a l g roups b y  

u s ing  the A ttenua ted  tota l re flec tance  ( A T R )  m ode.

3.4.4 T h e rm o g ra v im e tr ic  A n a ly z e r . T G A  (The rm o . T G A  0  50)

A  th e rm og rav im e tr ic  an a ly ze r (The rm o . T G A  Q  50) w as used to 

de te rm ine  the therm a l b ehav io r o f  the N R  f ilm s . The  therm al b ehav io r w as exam ined  

by w e ig h t in g  the sam p le  o f  4-5 m g and loaded  in to a p la t in um  pan. T he  m ass change 

under the tem perature scan from  30 to 550  ° c  at a hea ting  rate o f  10 ° c /m in  and 

under the n itrogen  f lo w  w as m on ito red  and recorded.

3.4.5 D e te rm in a tio n  o f  C ro s s lin k  D e n s ity

D r ie d  rubber sheets w ere prepared by ca sting  the la tex  on g lass p la tes 

and cu red  under u v  rad ia tio n  at va r io u s  c ro s s lin k in g  t im es and c ro s s lin k in g  ratios. 

T he  th in  f i lm s  w ere  cu t in to  sm a ll p ieces (1 c m 2) and then im m ersed  in  to luene  (150 

m L )  un til the sw e llin g  reaches the e q u ilib r iu m  (3 days). T he  m o le  percent uptake o f  

so lven t, w e igh t loss, and c ro s s lin k in g  d en s ity  o f  c ro s s lin k ed  N R  w ere  ca lcu la ted  

from  the fo llo w in g  equations:

พ [ - พ 0
พ0
« 1V

M o l e  p e r c e n t  u p t a k e  o f  s o l v e n t  — X  100 (3.1)
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w here พ 0 and w t are the w e igh ts  o f  d ried  and sw o lle n  sam p les, re spec tiv e ly . M w is 

the m o la r m ass o f  to lu ene  (92 .14  g m o l’ 1).

% W e i g h t  l o s s  =  X  1 00  (3.2)

w here M j and M d are the w e igh t o f  d ried  rubber before  and a fte r so ak in g  in  to luene.

v  _  - { l n { \ - v r )+Vr  + XxVr}  33
[ V i ( V ? -V r ) / 2 ]

w here v c is e ffe c t iv e  num ber o f  cha in s  in a real n e tw o rk  per un it v o lu m e , v r is 

v o lu m e  fra c t ion  o f  p o lym e r in  a sw o lle n  ne tw o rk  in  e q u ilib r iu m  w ith  pure so lv en t 

and is ca lcu la ted  as:

Weigh t  o f  d r y  r u b b e r / d e n s i t y  o f  d r y  rubber * *
W e i g h t  o f  d r y  r u b b e r  W e i g h t  o f  s o l v e n t  a b s o r b e d  b y  s a m p l e  
D e n s i t y  o f  d r y  r u b b e r  D e n s i t y  o f  s o l v e n t

(3.4)

*1 is p o lym e r-so lv en t in te rac tion  param eter (0 .391) and Vเ is  m o le cu la r  v o lu m e  o f  

so lven t.

3 .4 .6  M e lt  R heom ete r (R heo m e tr ic  S c ie n t if ic . A re s )

The  m echan ica l p rope rties o f  g raphene /N R  co m po s ite s  w ere m easured 

by  a rheom eter (R heom e tr ic  s c ie n t if ic , A re s )  w ith  the ex ten s iona l f ix tu re  at ro om  

tem perature. In th is  experim en t, the trans ien t m ode w as ap p lied  and the stress w as 

m on ito red  d u rin g  stre tch ing , at stra in  rate 0 .0 1 s '1, as a fu n c t io n  o f  stra in . F ro m  the 

resu lts, a stress vs. stra in  cu rve  w as obta ined. A n  e va lu a tio n  o f  the m echan ica l 

p rope rtie s  o f  the f i lm  w as focused  on the m odu lu s , the y ie ld  strength, and the y ie ld  

stra in .

T he  e le c tr ic a l c o n d u c t iv ity  o f  g raphene /N R  co m po s ite s  w as m easured  

and de te rm ined  w ith  the sam e fix tu re  as in  the m echan ica l testing. D C  vo ltage  w as 

ap p lied  w ith  D C  pow e r su p p ly  (Instek. G F G  8 2 1 6 A )  connected  to a d ig ita l
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m u lt im e te r (T e k tro n ix , C D M  250) to m o n ito r the vo ltage  input. T h e  e le c tr ic a l 

co n d u c t iv ity  d u rin g  s tre tch ing  w as ca lcu la ted  th rough  the fo llo w in g  equation:

1 I I I  d  =  - - X - = ะ - X -R A V A (3.5)

w here, a  =  e le c tr ic a l c o n d u c t iv ity  (S /cm ), R = re s is t iv ity  (Q x c m ) ,  / = length  o f  

spec im en  (cm ), A  = c ro ss-se c tion  area o f  spec im en  (cm 2), 1 = cu rren t (A m p e re ), and 

V -  a p p lied  vo ltage  (vo lt).

In add it ion , length  and area o f  spec im en  depend on the s tre tch ing  

w h ic h  w as ca lcu la ted  based on the in co m p re ss ib le  m ateria l a ssum p tion  v ia  the 

fo llo w in g  equation:

Y  =  - ^  =  - ^  =  0.5 (3.6)

tx  =  -  ฟ  =  t o ( l  +  0 .5 en ) (3.7)

พ* = w 0( l  -  £33)  = w 0( l  + 0 .5 en ) (3.8)

lx =  / o ( l  + £u )  (3-9)

w here  y  = the P o ss io n  ra tio  ( fo r rubber = 0.5), f 11,22.33 =  the stra in s in  X, y, z  axes, t = 

the th ickne ss  o f  spec im en  (cm ), น' = the w id th  o f  spec im en  (cm ), / = the leng th  o f  

spec im en  (cm ). S u b sc r ip t X m eans at the va lu e  at any stra in , and sub sc r ip t 0 m eans at 

stra in  = 0.

3.4.7 S cann in g  E le c tro n  M ic ro s c o p e  ( F E - S E M .  JS M -7 0 0 1 F )

A  f ie ld -e m is s io n  scann ing  e lectron  m ic ro sco p e  ( F E - S E M ,  J S M -  

7 0 0 IF )  w as used to e xam ine  the m o rp h o lo g ic a l structure and to in ve stig a te  the 

d isp e rs io n  o f  the graphene in  the N R  m atrix . T he  f i lm  w as p laced  on  the h o ld e r w ith  

an adhes ive  tape and coated  w ith  a th in  la ye r o f  g o ld  u s ing  an ion  spu tte ring  d ev ice
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fo r 100 sec p r io r  to ob se rva tio n  under F E - S E M .  T he  scann in g  e le ctron  im ages w ere  

in vestiga ted  by  u s ing  an a cce le ra t io n  vo ltage  o f  20 k v  w ith  a m a g n if ic a t io n  in  the 

range o f  2 k  - 60 k  tim es.

3.4.8 A to m ic  F o rce  M ic ro s c o p e  ( A F M  Pa rk  System . X E -1 0 0 )

T h e  to p o lo g y  o f  the com po s ite  w as ob ta ined  by u s ing  the a tom ic  fo rce  

m ic ro scop e  ( A F M .  P a rk  System , X E -1 0 0 )  in  a ir  under am b ien t co n d it io n s . F o r  the 

co n ven tio n a l A F M .  the non -con tact m ode w as operated w ith  the ca n t ile ve r  (N S C 3 6 )  

tapp ing  at scan rate o f  0.5 H z  and app lied  Z -se rv o  ga in  o f  10. The  m ic ro -s ca le  

d isp e rs io n  o f  g raphene in  the N R  m a tr ix  can be obse rved  from  the topo lo g y .

3.4.9 T w o - p o in t  p robe Te chn ique

A n  e le ctrom e te r (K e ith le y , 6 5 1 7 A ) , w ith  a cu s to m -b u ilt  tw o -p o in t 

probe, w as used to m easure the e le c tr ic a l co n d u c t iv ity  o f  g raphene pow der. The  

c a lc u la t io n  is  the in v e rs io n  o f  sp e c if ic  re s is t iv ity  (p) that in d ica te s  the a b il ity  o f  

m a te r ia l to transport e le c tr ic a l charge. T he  m eter cons is ted  o f  a p robe m ak in g  con tact 

on the su rface  o f  the sam p le  in  a d isc  shape. T h is  p robe w as connected  to a pow e r 

su p p lie r source fo r a constant source and fo r read ing  current. T he  ap p lie d  vo ltage  

w as p lo tted  versus the resu ltan t cu rren t to de te rm ine  the lin e a r O h m ic  reg im e  o f  each 

sam p le  based on the V a n  der P auw  m ethod. T he  app lied  vo ltage  and the cu rren t in 

the lin e a r O h m ic  reg im e were conve rted  to the e le c tr ic a l co n d u c t iv ity  o f  the sam p le  

u s ing  equa tion  (3.11 ) as fo llo w :

1 _  1 _  I _  slope ( 3 1 1 )
°  ~  p  — R s x t  ~  K x V x t  ~  K x t  '  ■

w h e r e  (J is the sp e c if ic  c o n d u c t iv ity  (S /cm ), p  is the sp e c if ic  re s is t iv ity  (O .cm ), R s is 

the sheet re s is t iv ity  (Q ), /  is  the resu ltan t cu rren t (A ) , K  is  the g eom etr ic  co rre c t io n  

factor. F i s  the ap p lied  vo ltage  (V ) . and / is  the th ickne ss  o f  the d is c  sam p le  (cm ).
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