
C H A P T E R  I I I  
E X P E R IM E N T A L

3.1 M a te r ia ls  a n d  E q u ip m e n t

3.1.1 Chem icals
ARQUAD® T-50 H FP (T allow trim ethyam m onium  chloride), cationic 

surfactant, w as obtained from  A kzo N obel (S tenungsund, Sw eden). Teric® X -10, 
nonionic surfactant, w as provided from  Eastasiatic Co., Ltd (B angkok, Thailand). 
Styrene (99+ %) and isoprene (98+ % ) w ere supplied  by F luka (B uchs, Switzerland). 
A zobisisobutyronitrile  (A IB N ) w ith  98%  purity, w ater-insoluble initiator, w as 
purchased from  A ldrich C hem icals C om pany (M ilw aukee, W I, U SA ). Sodium  
hydroxide pellets w ith  99%  purity w ere obtained from  C A R LO  ERBA  reagent 
(M ilan, Italy). A nhydrous ethyl alcohol w as purchased from  C A R L O  ER B A  reagent 
(M ilan, Italy). H ydrated am orphous silica, Hi-Sil®255 w as obtained from Siam 
Silica Co., Ltd (Bangkok, Thailand)

3.1.2 Equipm ent
C ontinuous A dm icellar Polym erization R eactor (C haisirim aham orakot, 2001) 
T ensiom eter (D SA  10 M K 2 K rûss)
Total O rganic C arbon A nalyzer (TO C -V  CSH , Shim adzu)
U V -V isib le Spectrophotom eter (U V -2550, Shim adzu)
Z eta  Potential M eter (Z E T A -M E TE R  3.0+U nit)
B E T  N 2 surface area (A utosorb-1, Q uantachrom d)
Particle Size A nalyzer (M astersizer X  Ver. 2.15, M A LV ER N )
Therm ogravim etric A nalyzer (TG -D TA  Pyris D uam ond, Perkin-E lm er)

3.2 E x p e rim e n ta l

The continuous system  m ainly consists o f  a stirred feed tank, a 
polym erization  reactor and a product tank. The feed tank m ade o f  stainless steel is
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approxim ately  17 liters w ith  a lid and baffles. The reactor vessel is a one-liter- 
borosilicate  g lass bottle w ith  a screw  cap. The product tank is a  stainless steel bucket. 
M ixtures in the reactor and feed tanks w ere w ell-m ixed w ith a m agnetic bar and 
m echanical stirrer, respectively. R eaction tem perature w as m aintained using a 
circulative heater, w ater bath, w ith  70±2 °c. Fluid flow  rate w as controlled using a 
M asterflex  D igital console drive peristaltic pum p w ith  easy-load m odel 7518-60 
head. The reacto r system  is show n in Figure 3.1.

To H ood

F ig u re  3.1 C ontinuous adm icellar polym erization  system .

3.2.1 A dsorp tion  o f  Surfactants

3 .2 .1 .1  A d s o r p t io n  o f  S u r fa c ta n t o n to  th e  L iq u id /G a s  I n te r fa c e
Surface tension o f  studied  surfactant solutions, cationic, 

nonionic, and their m ixtures, w ith various concentrations w ere analyzed by the 
pendant drop m ethod  using a tensiom eter (D SA  10 M K 2 Kruss). The data was
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plotted betw een the surface tension and logarithm  o f  concentration  to determine the 
CM Cs.

3 .2 .1 .2  A d s o r p t io n  I so th e rm  o f  S u r fa c ta n t o n to  S i l ic a  H i-S if*  2 5 5
A dsorption experim ents w ere conducted in screw -capped 24-ml 

vials. A  0.5 gram  sam ple o f  silica w as m ixed w ith 20 ml o f  pH 8 surfactant solution 
at varying know n concentrations. Tw o types o f  surfactant w ere used, cationic and 
nonionic, both singly and in m ixtures at various m olar ratios (3:1, 1:1, and 1:3 o f  
cationicm onionic). The sam ples w ere allow ed to equilibrate at 3 0 °c  for 24 hours 
and then centrifuged at 1500 rpm  for 15 m inutes. The supernatant w as the removed 
for quantitative analysis. The surfactant adsorption  was calculated by the 
concentration  d ifference m ethod and the adsorption isotherm  w as plotted. From the 
adsorption isotherm , the critical m icelle concentration (C M C ) on Hi-Sil® 255 and 
m axim um  adsorption  could also be determ ined. The feed concentration for 
adm icellar polym erization  was then chosen so that the equilibrium  concentration 
w ould be below  the CM C in order to prevent m icelle form ation and thus, em ulsion 
polym erization.

3.2.2 Surface M odification  Procedure
The am orphous precipitated silica was m odified using com binations o f  

styrene and isoprene co-m onom ers at a 1:3 m olar ratio. The am ounts o f  the co­
m onom ers fed into the feed tank w ere 5 gram s per kilogram  o f  silica. The surfactant 
concentration  w as selected from  the adsorption isotherm . The concentrations were 
used in approxim ating m onolayer coverage. The tw o polym erization  tim es were 
studied at 15 and 30 m inutes. «

The silica surface m odification procedure consisted  of: (1) weighing 
one kg o f  silica, (2) adding surfactant to 12.5 liters o f  deionized w ater and stirring 
until the surfactant com pletely  dissolved, (3) adjusting surfactant solution to pH 8 
w ith  sodium  hydroxide solution, (4) adding the silica to the surfactant solution in the 
feed tank, (5) d issolv ing 1.65 gram s o f  A IB N  and 1:3 m olar ratio o f  styrene and 
isoprene co-m onom er into 99.7%  ethanol at the ratio o f  30 ml per 0.5 gram  o f  AIBN 
and then adding th is m ixture to the feed tank, and (6) allow ing the system to 
equilibrate w ith  constant stirring for 24 hours, form ing the feed stock.
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The reactor w as heated to 7 0 °c  in a w ater bath heated by a circulating 
heater. B y adjusting  the pum p flow  rate, the reaction was allow ed to proceed for 
various residen t tim es. The reaction  effluent, collected in the product tank, was 
allow ed to settle and the supernatant w as decanted. The m odified silica was washed 
by counter current w ashing for five days w ith  daily  stirring or until the w ash w ater 
no longer foam ed on agitation. The silica w as then dried at 110°c for 24 hours and 
reground into a pow der through a 120-m esh sieve.

The sam e procedure w as applied for the m odification  w ith  nonionic 
surfactant and the m ixed surfactant system s.

3.2.3 T esting  Procedure
T he am ount o f  adsorbed surfactants on  Hi-Sil® 255 w as calculated by 

the concentra tion  difference m ethod using a m ass balance and the concentration o f  
surfactants in the aqueous feed solu tion  and the equilibrium  supernatant. The 
surfactant concentra tion  w as estim ated by using a Total O rganic C arbon analyzer 
(TO C -V  C SH , Shim adzu), and U V -V isible Spectrophotom eter (U V -2550, Shimadzu) 
and the com plete  m onolayer coverage w as analyzed by a Zeta potential meter. The 
critical m icelle  concentrations (C M C s) o f  the surfactant m ixtures w ere determ ined 
from  breaks in p lo ts o f  surface tension, m easuring by T ensiom eter (D SA  10 M K2, 
K rüss), versus logarithm  o f  concentration.

T able 3.1 show s param eter analyzed along w ith  techniques for the 
analysis. A  T herm o gravim etric A nalyzer (TG A ) w as used to verified  copolym er 
developed on the surface o f  m odified silica. M oreover, n itrogen B ET surface area 
and agglom erate size w ere also investigated.

T he rubber com pound to be tested  w as form ulated according to Table
3.2. The com pound w as a prim ary rubber form ulation designed specifically for 
physical p roperties testing  (T ham m athadanukul e t  a i ,  1996).
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T a b le  3.1 Properties tested and equipm ent used for silica analysis

P A R A M E T E R T E C H N IQ U E  /  IN S T R U M E N T

Surfactant concentration Total O rganic C arbon A nalyzer 
T O C -V  CSH , Shim adzu

Surfactant concentration U V -V isible Spectrophotom eter 
U V -2550, Shim adzu

Surface T ension D rop Shape A nalysis System  
D SA  10 M K 2, K russ

Z eta  potential Z E T A -M E T E R  3.0+บ nit

Specific surface area B ET N 2 surface area 
A u to so rb -1, Q uantachrom e

P a rtic le  size P a rtic le  S ize  A n a ly z e r 
M a s te rs iz e r  X  V er. 2 .1 5 , M A L V E R N

P olym er form ed T herm ogravim etric-D ifferential Therm al Analyzer 
T G -D TA  Pyris D uam ond, Perkin-Elm er

T a b le  3.2 R ubber com pound form ula

IN G R E D IE N T
P A R T S  P E R  H U N D R E D  R U B B E R  

(P H R )
N atural R ubber (ST R  5L) 100
Silica 40
Z inc O xide 5
Stearic A cid 2 .
Paraffinic Oil 5
A ntioxidant (6PPD ) 1
B enzothiazyl D isulfide (M BTS) 1.8
Polyethylene glycol (PEG ) 2
D iphenyl G uanidine (D PG ) 0.25
Sulphur 2
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A  tw o-stage m ixing procedure w as em ployed to prepare ali compounds. 
In the first stage, the rubber, filler and o ther ingredients (except vulcanizing agent) 
w ere m ixed in a D ispersion K neader M achine. The vulcanizing agent w as added to 
the m aster batch  in the second m ixing step using a tw o-roll m ill. A ll com pounds are 
cured at 150°c to a tim e corresponding to T90 as determ ined on the m oving die 
rheom eter.

S tandard  test procedures as prescribed by ISO or A ST M  w ere used for 
the determ ination  o f  com pound and vulcanizate properties. The procedures are listed 
in Table 3.3.

T a b le  3.3  R ubber com pound test m ethods

P R O P E R T Y M E T H O D IN S T R U M E N T
C ure Tim e

(M axim um  T orque, dNm ; 
T90, m inutes)

A ST M  D 2084-93 M onsanto M D R  2000

Tensile
(M ax.S tress, M pa; 
E longation  to B reak %; 
M odulus, M pa)

A ST M  D 412-92 Instron M odel 1011

Tear Strength, 
(N /m m )

A ST M  D 2262-83 Lloyd Instrum ents LS 500

A brasion Loss, 
(m l/k ilocycles)

ISO 4649 A kron A brasion Tester

C om pression  Set, % A STM  ว  395-89 C om pression Set tester 
M IL A N O /IT A L IA

R esilience, % ISO  4662 W allace D unlop Tripsom eter
H ardness, Shore A A ST M  อ  2240 Lever L oader M odel 716
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