
CHAPTER I 
INTRODUCTION

N eed s for iso lation  o f  the oral w orking area is rather ob v iou s. A  tooth bathed  
in saliva, a tongue that insists on obstructing v ision , and a b leed in g  g in giva l are but a 
few  o f  the obstacles that m ust be overcom e before delicate and accurate 
w orkm anship is p ossib le . A  “D ental Rubber D am ” is  the b est m ethod to control these  
obstacles.

The dental rubber dam is a flat thin sheet o f  latex /  non-latex  that it held by a 
clam p and frame that is perforated to a llow  the sheet to cover  and protect the other 
teeth except the healed one. It stops things fa lling dow n the patient’s throat so that 
they w ill not sw a llow  or inhale any debris from old fillin gs. W hether p lacing  a w hite  
fillin g  or a silver fillin g  the dentists alw ays use a dental rubber dam  unless it is 
im p ossib le  to get a clam p around the tooth. I f  they can not use a dental dam  they w ill 
not p lace a w h ite  fillin g  w h ich  are very sen sitive  to water and saliva , and i f  a dental 
dam is not used the fillin g  w ill not last as long  as they  otherw ise could . The filling  
m ay also be very sen sitive  after the restoration is done, and w ill b e m uch m ore prone  
to recurrent decay. S ilver filling is less sen sitive technique and can su ccessfu lly  be 
placed w ithout a dental dam, although they too w ill have a shorter usable life, and 
w ill also be susceptib le to recurrent decay.

D esp ite  its substantial value, dental rubber dam s are w id e ly  used on ly  in other 
countries. In Thailand, the use o f  dental rubber dam is lim ited , m ain ly  due to none o f  
manufacturer and the imported dental rubber dam s are very expensive. 
C onsequently, i f  w e  find material that is low  price and ea sily  availab le in Thailand to 
produce dental rubber dam s, it could be sold  in low er price, resu lting in ex ten sively  
use. M ore im portantly, this also decreases the import o f  dental rubber dam s, w hich  is 
a m eans o f  reducing deficit balance o f  trade.

From the research w e  find that H evea brasiliensis is  not o n ly  abundantly 
available in Thailand but also used as material to produce dental rubber dam s in 
foreign countries. In this thesis, w e do the experim ent to com pound both o f  natural
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rubber latex and deproteinized natural rubber latex for com paring the properties o f  
fin ished  film s, to study the properties b y  using the three types o f  filler (calcium  
carbonate, ad m icelled  silica  and precipitated silica), to determ ine the relationship  
betw een  the contact angle o f  the water drop on rubber ร urface a nd t he friction  o f  
rubber surface after com pounding the latex w ith 50%  calciu m  carbonate, and to 
รณdy the w ater-extractable protein concentration after com p ou n d in g  the latex with  
10% precipitated silica . T his inspiration is com e from a previous w ork w hich  w as  
com pounded by u sin g  film ed silica  (A m der, 2000).

For these objectives, the latex w ill be com pound ed  fo llo w in g  a basic 
form ulation for m edical g lo v es  show n in Table 1.1. The fin ished  film s are com pared  
the m echanical properties to the dental rubber dam sp ecifica tion  as show n in Table
1.2.

Table 1.1 B asic form ulation for m edical g lo v e

Dry weight (g)
60%  Natural rubber latex 100
10% Potassium  hydroxide solution 0.5
50%  Sulphur dispersion 1.5
50%  W ingstay-L  dispersion 1
50%  Z inc diethyldithiocarbam ate dispersion 1
50%  Zinc o x id e  dispersion_____________________________________________ 1

Table 1.2 C om m ercial dental rubber dam  specification

Blossom® 4D Latex® Hygenic®
Size 5"x 5", 6"x 6" 6"x 6" 5" X 5", 6"x 6"
Thickness 0 .20  m m 0.18 -0 .33  m m N A *
P h ysica l properties 
Tensile strength (min) 22 M pa 25 M pa 27 .6  M pa
Elongation at break 
(min) 700% 850% 780%
Tear strength N A * 50 N /m m E xcellent
Hardness (Shore A) N A * 35° 40°(p lied )
N A * =  n o t  a v a ila b le
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1.2 Deproteinization of Natural Rubber Latex

D eprotein ized  natural rubber (D P N R ) is a n ew  grade o f  natural rubber with  
very lo w  nitrogen and ash contents. It is produced w ith  a proteolytic enzym e and 
surfactant to reduce nitrogen content. The deproteinized rubber is further purified by 
acetone-extraction fo llo w ed  by transesterification w ith  sod ium  m ethoxide. A s show n  
in fo llo w in g  chart.

Fresh field  latex or H igh am m onia latex  
(N % = 0.3-0 .4)

Latex (10-30%  rubber)
Proteolytic en zym e (0 .02 -0 .04% )  
Surfactant (1.0% )
37°c, 3-24hr

1 r C entrifugation 1 -2 tim es

D eproteinized latex (D P N R -L atex)
(N % = 0.02 -0 .008 ), Fatty acid 15-18 m m ol/k g  rubber)

I  A cetone extraction 24  hr 

D eprotein ized  acetone extracted rubber (D P N R -A E )

1% in to luene solu tion  
+  CH 3O N a/C H 3OH  
at room  tem perature, 2-5hr

D eprotein ized  transestrified rubber (D P N R -T E )
(Fatty acid ~ 0  m m ol/kg rubber)

Figure 1.1 D eproteinization o f  N R -latex.

D eprotein ization  and transesterification can reduce the branch-points, w hich  
is occurred by the form ation o f  branching and gel in natural rubber structure, after 
the rem oval o f  protein and linked fatty acid groups (K awahara et a l . , 1999) as show n  
in figure 1.2.
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Figure 1.2 Presum ed functional groups act as branch-points in natural rubber.
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S ilica  is considered  polym er o f  silic ic  acid in w h ich  the bulk structure is 
produced b y  interlinking the SiC>4 tetrahedral. A t the surface, the structure terminates 
in siloxan e grou p s(-S i-O -S i-) and one o f  the several form s o f  silan ol groups(-Si-O H -)  
as sh ow n  in Figure 1.3.

1.3 Silica

Figure 1.3 Surface chem istry o f  silica.

It is  reinforcing filler g iv in g  com pounded latex film  o f  h igh  ten sile  strength, 
hardness, tear strength and abrasion resistance. It is used in translucent and colored  
products, m echanical goods, and shoe soling. Hydrated silica  retards cure and 
required increased d osage o f  accelerator or the addition o f  m aterials such as g lycols  
or am ines to prom ote curing.

Unfortunately, s ilica  is hydrophilic w hich  lim its the com patib ility  com paring  
to hydrophobic rubber. S ilica  to s ilica  attraction is h igh  o w in g  to its hydrogen  
bonding. A s result, s ilica  form s large aggregate and resists the flo w  o f  rubber matrix. 
T hese advantage points m ake rubber com p osite  show  high v isco s ity  and the mixture 
is stiff. In addition, sin ce the m ixture in com patible, the properties o f  rubber 
com p osite  w ill decrease instead o f  the expected  excellen t properties. Therefore, the
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way to improve compatibility between silica and rubber is the addition of 
compatibilizer, which is compatible with both hydrophilic and hydrophobic groups, 
as shown in Figure 1.4.

Inorganic 
Filler <—

Incompatible Mixture Compatible Mixture

Polymer 
Matrix <■

Compatibilizer

Figure 1.4 Compatibility of inorganic filler and rubber matrix.

For the silica filler, the effective compatibilizer is silane coupling agent. The 
silane coupling agent will bind the rubber and silica together. Thus, after treatment 
with silane, viscosity of the composite decreases which results in enhancing process 
ability, good mechanical strength and excellent properties.
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The simple structure of silane coupling agent is RSiX3 where R is 
organofunctional group that is compatible and reacts with polymer matrix. X is 
hydrolyzed group and is usually alkoxy group or Cl. The hydrolysable group will be 
hydrolyzed by water and then coupled onto substance surface. The water for 
hydrolysis can be added from external source or may come from water at substrate 
surface. The reaction of silane can be described by Figure 1.5. Firstly, the alkoxy 
group of silane will be hydrolyzed at random to be the hydroxyl group and lose 
alcohol as a by-product. Then, the silane hydrolyzed is probable to condense with 
each other to form oligomers. After that, the silane will be coupled onto substrate 
surface with a loss of water. There is also a case that unhydrolyzed silane is coupling 
directly onto substrate surface with an elimination of alcohol.

1.4 Silane Coupling Agent

Hydrolysis

H20
Condensation

V 7

R R R R
HO-Si-O-Si-OH + HzO <̂ -------1 HO-Si-O-Si-OH

o o formation
OH OH

Substrate Substrate

Figure 1.5 Reaction of silane coupling agent.
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The requirement of silane coupling agent for rubber is that the silane 
compound have the sulphur group for vulcanization across the isoprene chain. Major 
silane often used in rubber industry can be raised as bis[3- 
(triethoxysilyl)propyl]tetrasulphide (SI-69) is shown in Figurel.6.

C2H5O
\ /

OC2H5
C2H5O -  Si -  (CH2)3 -  ssss -  (CH2)3 -  Si -  OC2H5 

/  \  
C2H5O OC2H5

Figure 1.6 Structure of SI-69.

In order to treat precipitated silica with the amount of silane concentration, 
theoretical amount of silane monolayer was calculated (Plueddemann, 1982). Surface 
area of silane y-MPS [CH2=C(CH3 )COO(CH2)3 Si(OCH3 )3 ] was reported to be 120 
Â2 . However, the silane Si-69 is nearly twice of the y-MPS so the silane surface area 
in this case could be estimated to be 240 Â2.

Theoretical amount of silane monolayer calculation:

The amount of silane monolayer (g)

= surface area o f silica X 1020 x molecular weight o f silane
6.02 X  1023 X  surface area o f silane

= 133 (m2 / g) X  IQ20 X  539
6.02 X  1023 X  240 (A2)
0.05 g of silane / g of silica
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