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The effect of adding fumed silica and hydroxy apatite to Radiation Vulcanized Natural Rubber Latex

(RVNRL) for improving tear strength, aging properties, degradability and water-soluble protein content of

rubber films has been investigated. The addition of fumed silica and hydroxy apatite in RVNRL improves

tear strength and aging properties of rubber films, whereas tensile strength and degradability of rubber films

were unchanged during storage at room temperature. The water-soluble protein content in rubber films was

reduced by immobilization of  the fumed  silica  and  hydroxy  apatite and enhanced by addition of ZnO. This

may reduce allergy problems of natural rubber latex products caused by water-soluble protein. The MST of

the  RVNRL with  fumed silica  and  hydroxy apatite indicated that the latex must be used within two months

after mixing because of its stability.

Key words : natural rubber latex, radiation vulcanization, fumed silica, hydroxy apatite,
water-soluble proteins

1M.Sc.  (Organic Chemistry), Asst. Prof., Department of General Science, Faculty of Science, Prince of Songkla

University, Hat Yai, Songkhla 90112   2M.Eng. (Nuclear Technology), Asst. Prof., Department Nuclear Tech-

nology, Faculty of Engineering, Chulalongkorn University, Bangkok 10330   3Ph.D. (Polymer Chemistry),

Rubber Research Institute of Thailand, Chatuchak, Bangkok 10900 4M.Sc. (Polymer Science), Chemistry

Division, Office of Atomic Energy for Peace, Chatuchak, Bangkok, 10900 Thailand.

Corresponding e-mail : tadul@ratree.psu.ac.th

Received, 13 August 2002               Accepted, 7 November 2002

ORIGINAL  ARTICLE



Songklanakarin J. Sci. Technol

Vol. 25  No. 1  Jan.-Feb. 2003 54
Improvement of RVNRL film properties

Thiangchanya, A. et al.

∫∑§—¥¬àÕ

Õ¥ÿ≈¬å ‡∑’Ë¬ß®√√¬“
1
  ™¬“°√‘µ »‘√‘Õÿª∂—¡¿å 

2
  πÿ™π“Æ ≥ √–πÕß

3
  ¡“π‘µ¬å ´âÕπ ÿ¢

4

°“√ª√—∫ª√ÿß ¡∫—µ‘¢Õß·ºàπøî≈å¡¬“ß®“°πÈ”¬“ß∏√√¡™“µ‘∑’Ë«—≈§“‰π´å¥â«¬°“√©“¬√—ß ’

¥â«¬øŸ¡´‘≈‘°“ ·≈–‰Œ¥√Õ°´’·Õææ“‰µµå

«.  ß¢≈“π§√‘π∑√å «∑∑. 2546 25(1) : 53-61

ß“π«‘®—¬π’È ‡ªìπ°“√»÷°…“∂÷ßº≈¢Õß°“√‡µ‘¡øŸ¡ ‘́≈‘°“·≈–‰Œ¥√Õ° ’́·Õææ“‰µµå ≈ß„ππÈ”¬“ß∏√√¡™“µ‘∑’Ë«—≈§“-

‰π´å¥â«¬°“√©“¬√—ß ’ ‡æ◊ËÕª√—∫ª√ÿß ¡∫—µ‘∫“ßÕ¬à“ß¢Õß·ºàπøî≈å¡¬“ß∑’Ë‰¥â ‡™àπ §«“¡∑πµàÕ°“√©’°¢“¥  ¡∫—µ‘°“√

‡ ◊ËÕ¡ ¿“æ ·≈–ª√‘¡“≥‚ª√µ’π∑’Ë≈–≈“¬πÈ”‰¥â∑’Ë¡’Õ¬Ÿà„π·ºàπøî≈å¡¬“ß  º≈°“√»÷°…“æ∫«à“ °“√‡µ‘¡øŸ¡´‘≈‘°“·≈–

‰Œ¥√Õ°´’·Õææ“‰µµå “¡“√∂‡æ‘Ë¡§«“¡∑πµàÕ°“√©’°¢“¥·≈– ¡∫—µ‘°“√‡ ◊ËÕ¡ ¿“æ¢Õß·ºàπøî≈å¡¬“ß‰¥â„π¢≥–∑’Ë

§«“¡µâ“π·√ß¥÷ß·≈–§«“¡ “¡“√∂„π°“√ ≈“¬µ—«¢Õß·ºàπøî≈å¡¬“ß‰¡à‡ª≈’Ë¬π·ª≈ß√–À«à“ß°“√‡°Á∫¬“ß‰«â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

 à«πª√‘¡“≥‚ª√µ’π∑’Ë≈–≈“¬πÈ”‰¥â∑’Ë¡’Õ¬Ÿà„π·ºàπøî≈å¡¬“ß “¡“√∂≈¥≈ß‰¥â   ‚¥¬‡©æ“–‡¡◊ËÕ„™â ZnO √à«¡¥â«¬®–

 “¡“√∂≈¥‰¥âÕ¬à“ß¡“° ®÷ß‡ªìπ·π«∑“ßÀπ÷Ëß„π°“√·°âªí≠À“°“√·æâ‚ª√µ’π„πº≈‘µ¿—≥±å¬“ß∏√√¡™“µ‘‰¥â ®“°§à“ MST

¢ÕßπÈ”¬“ß∑’Ë‡µ‘¡øŸ¡´‘≈‘°“·≈–‰Œ¥√Õ°´’·Õææ“‰µµå ∫àß™’È«à“ À≈—ß®“°°“√º ¡ “√‡§¡’·≈â« ®–µâÕß„™âπÈ”¬“ß¿“¬„π

‡«≈“  2  ‡¥◊Õπ ‡π◊ËÕß®“°À≈—ß®“°π—Èπ πÈ”¬“ß Ÿ≠‡ ’¬§«“¡§ßµ—«

1
¿“§«‘™“«‘∑¬“»“ µ√å∑—Ë«‰ª §≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å Õ”‡¿ÕÀ“¥„À≠à ®—ßÀ«—¥ ß¢≈“ 90112

2
§≥–«‘»«°√√¡»“ µ√å

®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ °√ÿß‡∑æœ 10330 
3
°≈ÿà¡Õÿµ “À°√√¡¬“ß  ∂“∫—π«‘®—¬¬“ß ®µÿ®—°√ °√ÿß‡∑æœ 10900 

4
°Õß‡§¡’  ”π—°ß“π

æ≈—ßß“πª√¡“≥Ÿ‡æ◊ËÕ —πµ‘ ®µÿ®—°√ °√ÿß‡∑æœ 10900

Physical  properties  as  tear  and  tensile
strength of Radiation Vulcanized Natural Rubber
Latex (RVNRL) film are known to be inferior to
that of Sulfur Vulcanized Natural Rubber Latex
(SVNRL) film from vulcanizable latex. Many
attempts have been made to improve the physical
properties  of  RVNRL  film.  Blending  of  Poly
(methyl methacrylate) (PMMA) in emulsion form
prepared  by  the  redox  reaction  (Egusa  and
Makuuchi, 1981) can increase tensile strength of
RVNRL film with about 12%. RVNRL-grafted
PMMA also increases tensile strength of the films
from its product to some extent (Thiengchanya
and Sonsuk, 1996). These papers, however, do not
report on the improvement of tear strength. Co-
vulcanization of redox vulcanization followed by
radiation vulcanization can double tear strength,
but the aging of the film is accelerated strongly
(Siri-upathum and Sonsuk, 1996). Fumed silica
prepared in dispersion form and added to sulfur
pre-vulcanized latex produced rubber films with a
slightly improved tensile strength, together with
greatly improved tear strength (Jodingrer, 1996).

The fumed silica may serve as rubber particle  re-
inforcement. Enhancement of the physical pro-
perties of the rubber films was ascribed to the  bind-
ing of the binder (hydrophillic) to the rubber  pro-
tein (amphoteric) and to the surface of rubber  par-
ticles (hydrophobic). In our experiment fumed
silica and another binder, namely hydroxy apatite,
which is a biomaterial, was used for this purpose.
Investigation of the effects leads to the observa-
tion that rubber protein immobilization can also
reduce the problem related to protein allergy from
natural rubber latex dipped products

Materials and Methods

Sulfur  vulcanized  natural  rubber  latex
(SVNRL) was obtained from Songkla Rubber
Research Center. Concentrated high ammonia (HA)
latex came from Chanatex Co. Ltd. (Thailand).
Technical grade zinc oxide (ZnO) was obtained
from  Kitphaiboon  Chemicals  Co.  Ltd..  Fumed
silica aggregate with average diameter of 120 nm
was  ordered  from  Cabot  Corporation,  USA.
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Hydroxy apatite with particle size 15-25 µm was
obtained from Taihei Chemical Industrial Co. Ltd.,
Japan, and was further ball milled to about 0.2 µm
before preparation of its dispersion.

Preparation of binder dispersion

Except  for  fumed silica dispersion, which
was obtained in the form of dispersion from the
supplier, other binders including ZnO were pre-
pared in the form of dispersions by ball milling
with the dispersing agent (Vultamol). The dis-
persions with a total solid content (TSC) of 15%
and pH of 9.5-10 (adjusted by KOH solution) were
prepared.

Irradiation of HA latex

Concentrated HA latex was diluted to 50%
dry rubber content using 1% ammonia solution
and stabilized by 0.2 phr KOH . Then 5 phr of
n-BA was added drop-wise into the latex while
stirring and stirring continued for 30 minutes until
irradiation. About 5 liter of the mixture was irra-
diated in a BSV-06 Gamma Irradiator, dose rate
1.1 kGy/hr, to a total vulcanization dose of 13.5
kGy. RVNRL was used without adding antioxidant
to avoid interference.

Blending of the binders dispersion to the irra-

diated  latex

The  binder  dispersion  was  added  to  the
irradiated latex at concentrations of 1, 2, 3 and 4
phr with and without 0.17 phr ZnO for each binder
while stirring for 1 hour. Maturation of the mixture
for at least 3 days before casting into film was
needed to enhance the tear strength of the film
(Jodingrer, 1996).

Preparation of rubber films

The  films  of  about  0.6  mm  thick  were
prepared by casting about 20 ml of latex onto a
glass plate of 14x14 cm. The films were air-dried
at room temperature until  they became transparent.
Leaching of the rubber films was done in water at
room temperature and by hot water in a constant
temperature bath as specified. The films were air-
dried and finally oven-dried at 70ºC for 1 hour.

The films were kept in a dessicator until testing.

Measurement of physical properties of the films

The tensile strength of the films was mea-
sured according to ASTM-D-412-92 and trouser
tear strength was measured according to ASTM-
D-624-91, using the Lloyd Tension Meter.

Measurement  of  aging  properties  of  rubber

films

The rubber films (RVNRL, RVNRL + fumed
silica 2 phr, RVNRL + hydroxy apatite 2 phr and
SVNRL) were aged in a  hot air oven at 100ºC for
22 hours. The tensile strength of the original and
aged rubber films were compared and reported as
retention of tensile strength of the aged rubber film.

Measurement of the degradability of rubber

films

1. At  room  temperature:  Rubber  films
(RVNRL, RVNRL + fumed silica 2 phr, RVNRL +
hydroxy apatite 2 phr and SVNRL) were hung at
room temperature as a control (i.e., unexposed to
degradation factors). The maximum and minimum
temperatures were 30 and 25ºC, respectively. Films
were tested weekly and retention of tensile strength
was reported.

2. Naturally  degraded:  Rubber  films
(RVNRL, RVNRL + fumed silica 2 phr, RVNRL +
hydroxy apatite 2 phr and SVNRL) were placed
outdoors for exposure to natural air and sunlight.
The films were tested at  fixed times, depending on
the rubber films, and retention of tensile strength
was reported.

Determination  of  water-soluble  protein  in

rubber  films

Determination of water-soluble protein in
rubber  films  was  done  by  using  the  modified
Lowry method with minor changes according to
the procedure developed by the Rubber Research
Institute of Thailand (RRIT) (Na-ranong et al.,
1997). Soluble protein was extracted with 35ºC
water for 180 minutes. The leachate was centri-
fuged and to a known volume 0.15% solution of
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sodium salt of deoxycholic acid was added, plus
a  35%  solution  of  trichloroacetic  acid  (TCA),
followed by a 40% solution of phosphotungstic
acid (PTA). The mixture was stirred well and the
precipitates  were  collected  after  by  high  speed
centrifuging. The precipitate was then dissolved in
a 0.2 M NaOH solution, after which a solution of
Na

2
CO

3
, CuSO

4
, sodium citrate and 72% solution

of Folin-Ciocalto reagent were added. After stirr-
ing  by  a  Vortex  mixer  and  transferring  it  to  a
cuvette, a UV spectrophotometer measured the
absorbance at 750 nm. The measurement was done
in parallel with an ovalbumin protein standard
which went through the same procedure.

Results and Discussion

Experiments   on   adding   fumed   silica   into

RVNRL

1. Mechanical properties of RVNRL films

with fumed silica

Tensile strength, elongation at break, and

modulus of RVNRL with different amounts of
fumed silica are shown in Table 1. It was found
to be hardly affected by addition of fumed silica.
Enhancement of the trouser tear strength of the
films from about 5 kN/m to about 10 kN/m was
the only effect with the optimal content of 2 phr
fumed silica. Table 2 shows  no significant change
of physical properties of the film after adding
0.17 phr ZnO together with fumed silica.

2. Effect of leaching temperature on water-

soluble protein content of rubber films

Figure 1 Shows water-soluble protein
content of rubber films after water leaching at
various  temperatures  and  leaching  times.  The
optimum leaching temperature and leaching time
were 75ºC and 7 minutes, respectively. At room
temperature, the lowest water-soluble protein was
observed at leaching time of 15 minutes. Leaching
time may be much longer than this (24 hours) to
maximize  tensile  strength  of  RVNRL  films
(Gazeley et al., 1988). If  the protein content is
considered, a short leaching time of 7 minutes at

Table 1.  Mechanical properties of RVNRL with fumed silica films.

Trouser tear Elongation Modulus (MPa)

strength at break

(kN/m) (%) 100% 300% 600%

0 20.59 5.8 960 0.11 0.32 0.63
1 21.25 9.8 945 0.16 0.37 0.64
2 21.51 10.4 980 0.14 0.36 0.69
3 21.23 10.4 930 0.18 0.48 0.84
4 17.78 9.6 956 0.18 0.42 0.78

Fumed silica

(phr)

Tensile strength

(MPa)

Table 2. Mechanical properties of RVNRL with fumed

silica and 0.17 phr active ZnO films.

Fumed silica Tensile strength Trouser tear strength

(phr) (MPa) (kN/m)

0 20.40 5.4
1 19.68 9.6
2 21.62 10.2
3 20.24 10.8
4 19.12 10.4
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75ºC may be more practical in the manufacturing
process of the rubber dipping products.

3. Effect of fumed silica on water-soluble

protein content in rubber films

Effect  of  fumed  silica  with  0.17  phr
active ZnO and without ZnO on water-soluble
protein content in RVNRL films is shown in Figure
2. It indicates that 3 phr of fumed silica with 0.17
phr ZnO reduces water-soluble protein content to
less than 30 µg/g. This is in good agreement with

previous reports when using sulfur pre-vulcanized
rubber films, and indicates that there is a complex
chemical binding between protein, ZnO and silica
(Jodingrer, 1996). Water-soluble protein content of
the films at 2 and 3 phr of fumed silica with 0.17
phr of ZnO and leaching at 75ºC was found to be
almost the same when compared with the film
which was leached at the room temperature. This
may be due to the strongly combined effect of
protein immobilization by silica/ZnO.

Figure 1. Water-soluble protein content in rubber films after leaching in water at different

temperature and leaching time.

Figure 2. Effect of ZnO co-added with fumed silica into RVNRL on water-soluble protein

content in  rubber film after leaching at room temperature (RT) for 15 min and at

75ºC for 7 min.
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Table 3.  Mechanical properties of RVNRL films with hydroxy apatite.

Tensile Elongation Modulus (MPa)

strength at break

(MPa) (%) 100% 300% 600%

0 23.42 5.2 942 0.15 0.38 0.68
1 22.18 7.4 968 0.17 0.45 0.71
2 24.15 9.2 934 0.12 0.42 0.82
3 23.64 9.1 922 0.14 0.48 0.78
4 23.24 9.3 938 0.16 0.52 0.84

Hydroxy apatite

(phr)

Trouser tear strength

(kN/m)

Experiment on adding of hydroxy apatite into

RVNRL

1. Mechanical properties of RVNRL films

with hydroxy apatite

Tensile strength, elongation at break and
modulus of RVNRL films with different amounts
of hydroxy apatite are shown in Table 3. There
were no significant changes in the tensile strength,
elongation  at  break  and  modulus  of  the  films
after adding hydroxy apatite 1-4 phr. Trouser tear
strength of the films at 2 phr and higher levels of
hydroxy apatite was almost double when com-
pared with the film without the hydroxy apatite.

2.  The Effict of hydroxy apatite on water-

soluble protein content in rubber films

Effect of hydroxy apatite with and with-
out 0.17 phr active ZnO on water-soluble protein

content in the RVNRL films is shown in Figure 3.
As in the case of adding fumed silica, the decrease
of water-soluble protein content in rubber films is
observed only after ZnO is co-added with hydroxy
apatite. Two phr of hydroxy apatite with 0.17 phr
ZnO reduces water-soluble protein in rubber films
to about 120 µg/g. This is not as low as in the
case of adding fumed silica. For the RVNRL film
without ZnO, the water-soluble protein content
decreases only slightly.

The immobilization mechanism of water-
soluble proteins in the case of adding hydroxy
apatite  appears  to  be  different  from  that  when
adding fumed silica. That is, silica forms zinc-
protein complex via a positive charge. Binding of
proteins to relatively large and immobile silica
particles prevents their migration from inside the

Figure 3. Effect of ZnO co-added with hydroxy apatite into RVNRL on water-soluble protein

content in rubber film after leaching at room temperature (RT) for 15 min. and at

75ºC for 7 min.
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films to the surface (Richard et al., 1997). Hydroxy
apatite consists of calcium phosphate, and thus
has both positive and negative charges. In the 9-
10 pH range of rubber latex, the proteins are in
switter-ionic  state,  ionic  interaction  as  well  as
adsorption effects appear to contribute to protein
binding. Acidic proteins may bind to calcium ions
whereas basic proteins may bind to phosphate
groups. Hydroxy apatite, however, may not have
as much surface area as fumed silica which is
usually in the range of 50-400 m2/g (Jodingrer,
1996). This is the reason protein immobilization
is  not as high as with fumed silica. Enhancement
of protein immobilization after co-added of ZnO
with hydroxy apatite to the latex indicates that
there is also a complex binding between protein,
ZnO and calcium phosphate, as in the case of
fumed silica.

Determination of aging properties and degrad-

ability of rubber films

1. Aging properties: The retention of ten-
sile strength of rubber films is shown in Table 4.
Both fumed silica and hydroxy apatite provide
good  aging properties for the rubber films. How-
ever, the fumed silica shows 74% retention of
tensile  strength and is therefore a more effective
ingredient than hydroxy apatite (i.e., 58% reten-
tion of tensile strength).

2. The degradability of rubber films

2.1 At room temperature: The retention
of  tensile  strength  of  rubber  films  is  shown  in
Figure 4. The tensile strengths are insignificantly
changed after exposure at room temperature for 8
weeks. It appears that the RVNRL film with fumed
silica and hydroxy apatite as well as SVNRL film
are stable, which has important implications for

Table 4. Percentage retention of tensile strength of rubber film

after aging at 100ºC for 22 hrs.

                 Sample Retention of tensile strength (%)

RVNRL 34.68
RVNRL+Fumed silica (2 phr) 74.02
RVNRL+Hydroxy apatite (2 phr) 57.88
SVNRL 36.44

Figure 4. Retention of  tensile strength and storage  time of rubber films  at room temperature.
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storage of products made from these materials.
2.2 Natural degradation: The retention

of  tensile  strength  of  rubber  films  is  shown  in
Figure 5. The tensile strength of all RVNRL films
rapidly decreased within 4 days exposure. They
were heavily degraded after that. On the other
hand, the retention of tensile strength of the SVNRL
film decreased at a slower rate, to approximately
50%  retention  of  tensile  strength  after  8  days
exposure.

Determination of latex stability after addition

of fumed silica and hydroxy apatite

The mechanical stability time (MST) of
RVNRL with fumed silica and hydroxy apatite is
shown in Table 5. The MST rapidly decreased to
less than the standard value, 650 seconds, after

Figure 5.  Retention of tensile strength and exposed time of rubber films at outdoor condition.

two months. This indicates that  the latex was not
stable after prolonged  shelf  life of more than two
months.

Conclusions

At concentration of 2 phr for both fumed
silica and hydroxy apatite in RVNRL, tear and
aging properties of latex films were improved. That
is, trouser tear strength of the films increases from
about 5 kN/m to approximately 10 kN/m. The latex
with the additives, however, must be used within
two months after mixing because of its stability.
Consequent effect of soluble protein immobiliza-
tion in the films by the additives may reduce the
Type I allergy, caused by soluble proteins in natural
rubber products.

Table 5. MST of RVNRL with and without fumed silica or hydroxy apatite at

different storage times.

   Storage time (months)

0 2 4 6 8 10 12

RVNR Latex 1950 2082 1126 1018 - 884 816
RVNR Latex with 2 phr fumed silica 1872 680 276 139 - - -
RVNR Latex with 2 phr hydroxy apatite 1784 678 192 96 - - -

Sample
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