
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

6 
 

 
 

SEM (JMS-5800 LV, JEOL) was used for study of the morphology of cross-sectional 126 

sample at an accelerating voltage of 6 kV. After fracturing a specimen under liquid N2, its 127 

cross-sectional area was coated with platinum under a 12 Pa vacuum. The storage modulus 128 

and tan � of the polymer composite were examined by dynamic mechanical thermal analysis 129 

(DMTA V) in tension mode at 10 Hz, 0.05% strain and different temperatures. The 130 

physical testing of polymer composite was analyzed by universal testing 131 

machine (LR10K, Lloy Intruments) based on ASTM D 412 at 500 mm/min using 5 132 

dumbbell test pieces. Its hardness was measured according to ASTM D 2240 133 

while an Impacts-15 resilience test pendulum impact tester Yasdu, No. 258-134 

D  was applied for determination of impact resistance at 25-28oC 135 

3. Results and discussion\ 136 

3.1 Analysis of polymer composite 137 

Before mixing the masticated NRG dispersed in toluene with PSF waste solution and MA, 138 

the size and size distribution of NRG suspension are measured by a particle size analyzer and 139 

the data are shown in Fig. 1. 140 

---------------------------------------------------------------------------------------------------------------- 141 

Figure 1 142 

---------------------------------------------------------------------------------------------------------------- 143 

  Result indicated that 75% of the dispersed NRG were in the size ranging from 250 to 144 

500 micron. ATR-FTIR was then used for analysis of the chemical structures of the 145 

NRG/PSF blend in the presence of 10% MA and of the NRG/PSF blended with 10% MA and 146 

5% cellulose or polymer composite. Fig. 2 shows the spectra of NRG/ PSF blended with 10% 147 

MA (a) before and (b) after immersion in toluene and those of polymer composite having 148 

50/50 NRG/PSF blended with 10% MA and 5% cellulose (c) before and (d) after immersion 149 

in toluene. 150 
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 151 

--------------------------------------------------------------------------------------------------------------- 152 

Figure 2 153 

-------------------------------------------------------------------------------------------------------------- 154 

The characteristic peaks at 3025 (C-H aromatic), 1610 (C-C aromatic), 2920 and 2849 155 

(CH2CH2), 1490 and 1450 (C6H5), 905 and 697 (C-H aromatic) cm−1 of PS appeared in Fig. 2 156 

(a)-(d). The bands at 1076 and 1664 cm-1 attributed, respectively, to the symmetric C–S–C 157 

stretching vibrations and C=C of NRG were also noticed. The grafted MA in the blend was 158 

deduced from the absorbance ratio of peaks at 1780–1784 cm-1 to 1835–1854 cm-1 (CH 159 

stretching on C=C of cis-1,4-polyisoprene) in (b) (Zhang et al., 2010). The characteristic 160 

peaks at 3200-3400 cm-1 due to OH from cellulose fiber were observed in (c) and (d). A 161 

shoulder at 1745 cm−1 confirmed that the small amount of ester groups remained in side 162 

chains of the polymer composite. After adding cellulose in NRG/PSF blend, the intensity of 163 

peak at 3400 cm−1 of polymer composite decreased. In addition, the increase of bands at 1745 164 

and 1270 cm−1 due to ester C=O and C–O–C of cellulose in polymer composite was detected. 165 

The peaks at 821, 896, 1046, 1382 and 2926 corresponding to the out of plane deformation of 166 

COOH, C-H deformation, C-O-C from �-1,4–glycosidic, OH bending and C-H stretching, 167 

respectively, also appeared.  168 

 169 

3.2 Gel content 170 

The influence of NRG/PSF ratio on the gel content of the polymer blend containing 10% MA 171 

without cellulose is presented in Fig. 3 (a).  172 

---------------------------------------------------------------------------------------------------------------- 173 

Figure 3 174 

---------------------------------------------------------------------------------------------------------------- 175 
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Results showed that the gel content of polymer blend having NRG/PSF of 30/70 was 176 

similar to that of 50/50 which was greatly lower than that of 70/30. It was believed that the 177 

high NRG content whose molecules were still partially crosslinked with sulphur was 178 

responsible for the high gel content. As expected, the gel contents of all NRG/PSF blends 179 

strongly increased with adding cellulose fiber as shown in Fig. 3(b). The gel contents of 180 

polymer composites containing 3, 5 and 12% were 58, 60 and 63%, respectively. It was 181 

possibly caused from the adsorption of macromolecular chains at the filler/matrix interface, 182 

filler/filler interactions and the chemical reaction between MA and polymer matrix as 183 

previously reported in the case of NR filled with cellulose (Bendahou et al., 2010).  184 

The optical micrographs of PSF blended with 5% cellulose and various amounts of 185 

MA (0, 5, 10 and 15%) after immersion in toluene are displayed in Fig. 4.  186 

---------------------------------------------------------------------------------------------------------------- 187 

Figure 4 188 

---------------------------------------------------------------------------------------------------------------- 189 

The good dimensional stability of PSF/cellulose added with MA especially of 15% 190 

was observed in Fig. 4 (d). This result indicated the occurrence of chemical interaction 191 

between PSF and MA or between cellulose and MA during blending process. 192 

 193 
3.3 SEM morphology  194 

 195 

The morphology affecting the physical properties of polymer composite was 196 

investigated. SEM micrographs in Fig. 5 show PSF blended with 5% cellulose in the presence 197 

of (a) 0, (b) 5, (c) 10, (d) 15% w/w of MA and those of polymer composite containing 50/50 198 

NRG/PSF, 5% cellulose and (e) 0, (f) 10% w/w of MA.  199 

In Fig. 5 (a), it seemed that the polar cellulose fibers were hard to disperse in non-200 

polar PSF and NRG/PSF matrix due to the difference in the surface energy of each 201 
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component (Zhange et al., 2008). The strong adhesion between PSF and cellulose was 202 

observed after addition of MA in Fig. 5 (b)-(d). A large number of voids were observed on 203 

the fracture surface of all PSF samples. When NRG was added in PSF/cellulose in the 204 

absence of MA in Fig.5 (e), the voids were also noticed due to poor interface interaction. 205 

After adding MA, the strong adhesion or chemical bond between cellulose fiber and polymer 206 

matrix occurred in Fig. 5 (f) which would affected the mechanical strength of the polymer 207 

composite.  208 

---------------------------------------------------------------------------------------------------------------- 209 

Figure 5 210 

---------------------------------------------------------------------------------------------------------------- 211 

 212 

3.4 Mechanical strength 213 

Fig. 6 (a)-(d) show the effects of cellulose contents (0, 3, 5 and 12%) on tensile strength of 214 

the polymer composites having NRG/PSF of 0/100, 30/70, 50/50 and 70/30.  215 

---------------------------------------------------------------------------------------------------------------- 216 

Figure 6 217 

---------------------------------------------------------------------------------------------------------------- 218 

It was observed that the tensile strength of PSF was 2 MPa and that of polymer blend 219 

without cellulose in Fig. 6 (a) decreased from 3.4, 1.4 to 0.7 MPa when NRG/PSF were 220 

30/70, 50/50 and 70/30, respectively. After addition of 3, 5 and 12% cellulose in the 30/70 221 

NRG/PSF, the tensile strength of the polymer composites in Fig. 6 (b)-(d) increased from 5.2, 222 

5.8 to 6.2 MPa, respectively. The results agreed well with those of NR filled cellulose 223 

previously reported (Bras, 2010). The drop in the tensile properties of the polymer 224 

composites when increasing NRG content was reasonably due to poor interaction between 225 

cellulose and the NRG/PSF matrix. Moreover, the poor dispersion and/or agglomeration of 226 
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the filler in the matrix led to the in-homogeneity of phase morphology which became the 227 

dominant process in the mixing. This effect was more pronounced with increasing filler 228 

content. 229 

At low cellulose content of 3% w/w, the polymer composite exhibited an elastic non-230 

linear behavior which is typical for amorphous polymer at temperature greater than glass 231 

transition temperature (Tg). At high filler content of 12%, the mechanical behavior of 232 

NRG/PSF waste was high because a considerable amount of fibers allowed the transfer of the 233 

applied load between them. The higher compatibility between cellulose fiber and the 234 

hydrophobic polymer matrix by adding MA which ensued higher filler/matrix adhesion was 235 

also responsible for this difference (Bendahou et al., 2010).  236 

 The effect of MA content on the hardness of polymer composite containing 50/50 237 

NRG/PSF and 5% cellulose is shown in Fig. 7.  238 

---------------------------------------------------------------------------------------------------------------- 239 

Figure 7 240 

---------------------------------------------------------------------------------------------------------------- 241 

The presence of 5% MA significantly increased the hardness of the polymer 242 

composites from 46 to 65 shore A. With 10 and 15% of MA, the hardness values were 243 

constant, i.e., 64 and 62 shore A, respectively. The change in hardness was possibly caused 244 

from the chemical reaction between MA and NRG/PSF matrix which efficiently facilitated 245 

energy transfer process and, hence, toughened the composite (Chong et al., 2010). The 246 

influence of the both cellulose and polymer blend ratio on the hardness of the polymer blend 247 

is presented in Fig. 8 I.  248 

---------------------------------------------------------------------------------------------------------------- 249 

Figure 8 250 

---------------------------------------------------------------------------------------------------------------- 251 
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Results showed that the hardness of the polymer composites decreased from 94 to 62 252 

shore A when varying NRG/PSF from 30/70 to 50/50.  Further increase in NRG content, the 253 

hardness of the polymer composites having 50/50 and 70/30 NRG/PSF were constant. This 254 

was due to the fact that the cellulose fiber sheet was in the center of specimen. It was 255 

confirmed by the insignificantly change of hardness of the polymer composites when 256 

changing the cellulose contents.  257 

The data of impact strength of the polymer composites containing 30/70, 50/50 and 258 

70/30 NRG/PSF plotted with cellulose contents are presented in Fig. 8 II. 259 

The increase in impact strength when increasing the amount of NRG was explained 260 

from the ductile fracture initiated by the shear yielding mechanism [Mathew et al., 2001c]. 261 

Due to the low Tg of NR (-78oC), the NRG chains easily moved at room temperature and 262 

played the role of toughening agent. The dual phase continuity and phase interpenetration 263 

might also enhance the impact resistance. It was reported that the co-continuous 264 

interpenetrating polymer network (IPN) structure exhibited high impact strength of polymer 265 

composite because the uniform rubbery phase allowed the energy to be dissipated into the 266 

whole sample (Mathew et al., 2001). This effective dissipation of energy was the principal 267 

role of rubbery phase in impact resistant materials.  268 

The effect of cellulose content on the impact strength of the polymer composites was 269 

also displayed in Fig. 8 II. At 50/50 NRG/PSF, the impact strength values of the polymer 270 

composites with 0, 3, 5 and 12% cellulose were 7, 12, 21 and 23.5 J/m2, respectively.  The 271 

reinforcement might be because a polymer chain could interact with several units of the 272 

fibers. If this chain breaks due to the impact energy, the load is transferred to many other 273 

chains providing the increase in impact strength of the material (Megiatto Jr et al., 2010).  274 

 275 

 276 
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4.Conclusions 277 

The polymer composite was developed from the blend of NRG and PSF wastes with 278 

addition of MA and cellulose from sugar can leave. Their mechanical properties were better 279 

than those of PSF due to the chemical reaction between PSF/cellulose and MA which were 280 

confirmed by gel content and ATR-FTIR. The highest tensile strength of sample was found in 281 

30/70 NRG/PSF blended with 10% MA and 12% cellulose. This observation was supported 282 

by SEM, toluene resistance, impact strength and hardness. The polymer composite would 283 

potentially be used in artificial wood. 284 
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 369 

 370 
Figure caption 371 
 372 
Figure 1 Size of NRG dispersed in toluene measured by particle size analyzer 373 
 374 
Figure 2 ATR-FTIR spectra of NRG/PSF blended with 10% MA (a) before and (b) after 375 
immersion in toluene and polymer composite containing 50/50 NRG/PSF, 10% MA and 5% 376 
cellulose (c) before and (d) after immersion in toluene 377 
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 378 
Figure 3 Effect of NRG/PSF on gel content of polymer blend 379 
 380 
Figure 4 Photographs of PSF in the presence of 5% cellulose and (a) 0, (b) 5, (c) 10 and 15% 381 
of MA after toluene resistant test 382 
 383 
Figure 5 SEM micrographs of PSF blended with 5% cellulose in the presence of (a) 0, (b) 5, 384 
(c) 10, (d) 15% w/w of MA and those of polymer composite containing 50/50 NRG/PSF, 5% 385 
cellulose and (e) 0, (f) 10% w/w of MA. 386 
 387 
Figure 6 Effect of cellulose contents of (a) 0, (b) 3, (c) 5 and (d) 12%w/w on tensile strength 388 
of PSF and polymer composite containing NRG/PSF of 0/100, 30/70, 50/50 and 70/30 389 
 390 
Figure 7 Hardness of 50/50 NRG/PSF blended with different MA contents 391 
 392 
Figure 8  (I) Effects of cellulose contents of (a) 0, (b) 3, (c) 5 and (d) 12 %  on hardness of 393 
polymer composite containing 50/50 NRG/PSF and (II)Effects of cellulose contents on 394 
impact strength of polymer composites having NRG/PSF of (a) 30/70, (b) 50/50 and (c) 395 
70/30 396 
 397 
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Transdermal Patch Application 
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Abstract 

The backing required properties, including oxygen transmission rate (OTR), water vapor 

transmission rate (WVTR) and Young’s modulus, of natural rubber based films were 

investigated.  Both NR and epoxidized NR (ENR) latexes with mole % epoxide ranging from 

10 to 39 % were prevulcanized using tert-butyl hydroperoxide/fructose system.  The surface 

of peroxide prevulcanized (PP) NR was grafted with acrylamide (PPNR-g-AAm) by dipping 

the PPNR strip treated with O2 plasma into an aqueous solution of acrylamide monomer.  The 

OTR of PPNR and PPENR films decreased with increasing theirs glass transition 

temperature.  The WVTR of PPENR was directly proportional to mole % epoxide and the 

WVTR of PPENR film having 39 mole % epoxide was closed to 100 g/m2/day.  Both the 

OTR and WVTR of PPNR-g-AAm were slightly higher than those of PPNR.  The highest 

Young’s modulus among PPNR and PPENR films was approximately 8 times higher than that 

of the skin.  Adhesion between PPNR or PPENR or PPNR-g-AAm and a commercial acrylate 

based adhesive, determined by peel test, were 1.4 N/cm for PPNR and greater than 2 N/cm for 

PPENR and PPNR-g-AAm. 
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1. Introduction 

Transdermal drug delivery (TDD) is a promising alternative method to deliver 

drug into human body.  By applying a transdermal patch to the skin, drug is transported across 

the skin to the systemic circulation.  In adhesive transdermal patch, drug is typically loaded in 

pressure sensitive adhesive (PSA) which is sandwiched or entrapped between backing layer 

and release liner.With the role of protecting the drug matrix and other components of the 

patch from environment, backing material influences on drug delivery profile, adhesion of the 

patch to skin, wear ability and severity of skin irritation[1,2].  In order to allow skin 

movement in a natural way or to provide comfort to user and to cause less skin 

irritation,Young's modulus of the patch should be comparable to that of the skin(0.1-0.3 MPa) 

[1,3].  However, most commercial backing films and TDD patches were found to have the 

Young's modulus at least 100 times higher than that of the skin [1].  Other important required 

properties for backing materials include optimum water vapor transmission rate (WVTR) and 

good oxygen transmission rate (OTR).  In order for skin to maintain its function, backing 

materials should have WVTR close to that of transepidermal water loss (5-10 g/m2/h) [4,5].  

Moreover, it was reported that transportation of moisture vapor affected adhesion of medical 

device to the human skin [2].  Air-filled channels, which were used as water vapor transport 

channels, were created on acrylic plastic disks.  After that PSA was applied on the disks, 

which were then adhered to the human body.  The disks with air-filled channels remained on 

the skin three times longer than the disks without the channels because of better water vapor 

transport.Another important factor is the adhesion between backing film and PSA, which 

affects the drug delivery as well as durability of the patch.  For transdermal patches, adhesion 

between backing material and PSA is crucial because poor adhesion can lead to un-effective 

drug delivery as well as poor durability of the patches.  The adhesive strength between the 

backing and the adhesive should be at lease comparable or greater than that between the patch 

and skin, i.e., 0.4-2.0 N/cm to be sure that the patch will stay intact during use and to be 

removed cleanly after use [6].  In order to increase adhesion of NR backing films and PSA 

like acrylate based PSA, either epoxidation reaction or plasma surface modification is 

required to increase polarity of NR.   

Commercial backing layer can be made of single or multiple layers of synthetic 

plastics, such as polyethylene, polyurethane, ethylene vinyl acetate, poly(vinyl chloride) and 

polyester, which are known to have much higher Young's modulus than that of the skin.  

Published papers related to the development of backing films, especially based on natural 

rubber (NR) are very limited.  The uses of elastomeric materials, including NR and NR 
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blended with polyolefins, as backing materials for transdermal patches were reported in the 

patent of Venkatraman et al.[7].  Their WVTR in a range of 2.4-480 g/m2/day and the 

Young’s modulus in a range of 0.001-100 MPa were reported.  It should be noticed that those 

values were in a wide range with no specific value for each of elastomers.  Among polymers 

that are possibly useful for transdermal patches reviewed by Sukibayashi and Morimoto [8], 

NR was included as a base with adhesive without providing information related to backing–

required properties. 

 Prevulcanized NR latex is well known as a raw material that can easily be 

processed into thin film with good mechanical properties.  An excellent in flexibility of 

prevulcanized NR can be benefit when applying the patch onto flexible parts of the body such 

as elbow.  NR latex can be prevulcanized by various systems including sulfur, peroxide and �-

radiation [9].  Drawbacks for sulfur prevulcanized system for food and medical applications 

may cause by the use of carcinogenic nitrosamine accelerators and the smell of sulfur.  

Crosslinking via carbon-carbon linkage of peroxide prevulcanization (PP) and �-radiation 

systems provides better compression set and heat stability of rubber products than the sulfur 

system [10, 11].  However, high energy of �-radiation causes main chain scission, which 

resulted in deterioration of rubber properties [12].   

 Properties of NR and epoxidized NR (ENR) were investigated by several research 

groups [13-15].  Young's modulus of NR, ENR with 25 and with 50 mole % epoxide 

prevulcanized by sulfur were 2.15, 2.30 and 2.70 MPa, respectively whereas theirs O2

permeabilities were 24 x1010, 5 x1010 and 2 x1010 Barrer [13,14].  However, no details related 

to sample preparation and to backing-required properties of  PPNR based films were given.  

Studies of PPNR and PPENR were focused on particle morphology and secant modulus 

[16,17].  Therefore, the main purpose of this work was to investigate backing-required 

properties of PPNR, PPENR and surface modified PPNR (O2 plasma treatment of PPNR 

followed by grafting with AAm (PPNR-g-AAm)).  Special attention was paid on OTR and 

WVTR since these two properties have been rarely determined.  Young’s moduli, obtained 

from tensile test, of the films were also reported and compared those of skin and of 

commercial backings.  Moreover, adhesion between the backing film and a commercial 

acrylate based adhesive (DURO-TAK 87-4098) was determined by peel test.   
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2. Experimental  

2.1Materials 

High ammonia (HA) – NR latex with 60% dry rubber content (DRC) was 

obtained from Bangkok Rubber Co., Ltd., (Rayong, Thailand).  Tert-Butyl hydroperoxide (t-

BuHP; Purum), D-(-)-Fructose (Bacteriology) and sodium dodecyl sulfate (SDS; GC) were 

purchased from Fluka (Bangkok, Thailand) whereas acrylamide monomer (AAm) was 

purchased from Sigma-Aldrich (Bangkok, Thailand).  A commercial acrylate based adhesive 

(DURO-TAK 87-4098), kindly supplied by Henkel Corporation (New Jersey, USA), was an 

acrylate-co-vinylacetate non-curing PSA without reactive functional groups. 

2.2Preparation of PPNR and PPENR Latexes 

PPNR latex was prepared as described elsewhere [17].  The formulation used for 

the preparation of PPNR is shown in Table 1.  

Table 1 Formulation used for preparation of PPNR [17]. 

Ingredients Part by wet weight 

(g) 

HA-NR latex 166.7 

tert- Butyl hydroperoxide(t-BuHP) (30%) 1.25 

D-(-)-Fructose 8.5 

Sodium dodecyl sulfate (SDS) 1.25 

deionized (DI)water 22.4 

In the first step, the peroxide emulsion was prepared by mixing t-BuHP solution 

with DI water and SDS solution.  The emulsion and D-(-) - fructose solution were then added 

into HA-NR latex.  Finally, the prevulcanization reaction was carried out at 60°C for various 

reaction times.  During prevulcanization, the latex (about 5 g) was taken out at various time 

intervals and rapidly cooled down to room temperature to prevent further vulcanization and 

dried on a petri dish.  The crosslink density of PPNR film was determined by measuring % 

swelling ratio of a piece of dried rubber, which was immersed into toluene for 24 h.  After 

blotting its surface with filter paper, the swelling ratio of crosslinked rubber was calculated as 

follows: 
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Where Wd is an initial weight of dried rubber (g), and Wwet is the weight of swollen rubber at 

equilibrium swelling (g). 

  NR latex was also used for preparation of ENR latex by using formic acid and 

hydrogen peroxide at 50°C as previously described [18].  The epoxide content of ENR was 

calculated from the spectrum of proton-nuclear magnetic resonance (1H-NMR, DPX400, 

Bruker) spectroscopy as follows [19].   

100
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Where I2.7 and I5.1 are integrated area of peaks at 2.7 and 5.1 ppm, respectively.   

  Similar to PPNR latex, the PPENR latex was also prepared [17].  

2.3  Preparation and Characterizationsof Backing Film 

Rubber film (400 �m in thickness) was prepared by casting PPNR or PPENR 

latex on a glass plate and then dried at room temperature.  In order to PPNR film with AAm, 

PPNR film was subjected to O2 plasma treatment (Basic plasma kit BP-1, Samco) 100 W, 

13.56 MHz under 0.5 Torr, for 15 s before being dipped into an aqueous solution of AAm 

monomer (5 wt%).  

OTR, WVTR, glass transition temperature (Tg) and Young’s moduli of all films 

were determined by an O2 permeation tester, a WVTR tester, dynamic mechanical thermal 

analysis (DMTA) and a tensile tester, respectively. 

 2.3.1  Determination of OTR and WVTR 

  The OTR of dried rubber film was measured at 23�C using the O2 permeation 

tester (Illinois 8000) according to ASTM D3985-02.  After keeping in a dry test environment 

(0% relative humidity; RH) until equilibrium, the specimen was mounted between two 

chambers.  One chamber was slowly purged by a stream of N2 and the other contained O2.  As 

O2 permeated through the film into N2 carrier gas, O2 was transported to the detector. 

  The WVTR was determined by Mocon Permatran-w 3/33 according to ASTM 

F1249-90 (reapproved 1995) at 38�C and 90% RH.  Test cells were divided into two 

chambers, which separated by the tested film.  The inner chamber was filled with N2 gas while 

water vapor was in the outer.  Molecules of water diffused through the film to the inside 
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chamber and were transported to the modulated infrared sensor by N2 gas.  This sensor 

measured the fraction of infrared energy absorbed by the water vapor and produced an 

electrical signal.  The amplitude of the electrical signal was proportional to water vapor 

concentration and was then used to calculate the WVTR according to the formula described in 

the ASTM F1249-90 (reapproved 1995); 

   )( EOESxCWVTR ��

where C is a calibration factor expressing rate as a function of voltage.  The value of C is 

derived from tests of a reference film.  EO is a permeation system zero level voltage, and ES 

is an equilibrium voltage obtained with the test specimen. 

 2.3.2  Determination of Tg and Young’s modulus 

Tg was measured using a DMTA (Explexor TM 25 N, Gabo) with a heating rate 

of 5°C/min from -100 to 10°C. 

An Instron (model 5569) was used to determine Young’s modulus of the samples 

at room temperature according to the procedure described in ASTM D 412-98a at a crosshead 

speed of 500 mm/min and the load cell of 1000N.  

3.  Results and Discussion 

3.1  OTR and WVTR 

 3.1.1  PPNR Films 

The swelling ratios, inversely proportional to crosslink density, of PPNR films 

versus prevulcanization time were determined and the data are shown in Figure 1.  It was 

observed that the swelling ratios rapidly decreased with increasing prevulcanization time in 

the initial period.  After prevulcanization time of 60 min, the swelling ratios reached a 

constant value of 1300-1400 %, which indicated the maximum crosslinking of PPNR [20]. 
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Figure 2 Tg, determined by DMTA, of PPNR films as a function of prevulcanization times.   

The OTR and WVTR of PPNR films as a function of Tg are displayed in Figure 3.  

Results showed that both OTR and WVTR values decreased with increasing Tg of PPNR 

films.  When Tgs of PPNR films were -57 and -50�C, the OTR were 4333 and 3968 

cm3/m2/day whereas the WVTR were 34 and 22 g/m2/day, respectively.  It might be due to the 

formation of crosslinking, which reduced the mobility of rubber chains when increasing Tg

and, hence, the diffusion rate of O2 or water vapor through PPNR film decreased [13].  These 

WVTR values of all films were much lower than the transepidermal water loss (TEWL) of 

human skin), i.e., 120 – 240 g/m2/day.   
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Figure 3  OTR and WVTR of PPNR films as a function of Tgs. 

 3.1.2  PPENR Films 
By varying the reaction times from 4 to 24 h, it was found by 1H-NMR that 

mole % epoxide was in a range of 10 – 39 % as shown in Figure 4.  Tgs of PPENR latex films 

containing various mole % epoxide, determined by DMTA, are presented in Figure 5.  It was 

noticed that the Tgs increased with increasing reaction times, i.e., with an increase in epoxide 

groups in rubber molecules because the epoxide or oxirane group reduced mobility and 

rotational freedom of the rubber molecules [14,18,21]. 
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Figure 4  Mole % epoxide as a function of reaction time. 

 

Figure 5  Tgs of PPENR films with various mole % epoxide. 
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epoxide) as a function of prevulcanization times are presented in Figures 7 and 8, 

respectively.  Results showed that theirs OTR were slightly higher than those of PPNR films, 

although the small AAm molecules were presented on the surface of PPNR-g-AAm films.  

The modification of PPNR might be restricted to the outermost layer [22].  Since oxygen 

containing functional groups could not be detected by attenuated total reflectance infrared 

spectroscopy, it was assumed that the modification depth by plasma was less than a 

micrometer.  Therefore, the diffusion of O2 and water vapor through the bulk of the films 

remained unaffected.  However, the high rigidity of PPENR molecules caused the much lower 

OTR of PPENR films with 39 mole % epoxide than those of PPNR and PPNR-g-AAm 

[14,18,21].  The slight increase in WVTR of PPNR-g- compared to that of PPNR film was 

probably due to better solubility of water vapor at the surface of PPNR-g-AAm film whose 

surface had higher polarity.  It was also observed that the WVTR of PPENR films were 3-4 

times higher than those of PPNR and PPNR-g-AAm films.  As previously mentioned, the 

increase in molecular polarity was responsible for an increase in solubility of water vapor 

throughout the PPENR films.  

Figure 7  OTR of PPNR, PPENR(39 mole % epoxide) and PPNR-g-AAm films as a function 

of prevulcanization times. 
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Figure 8  WVTR of PPNR, PPENR(39 mole % epoxide) and PPNR-g-AAm films as a 

function of prevulcanization times. 

3.2  Young’s Modulus and Adhesion to Acrylate Based PSA 

 3.2.1  Young’s Modulus 

The Young’s moduli of PPNR films which increased with increasing 

prevulcanization times up to 120 min are shown in Figure 9.  The highest modulus at 

prevulcanization time of 120 min was explained by the optimum prevulcanization, which had 

a suitable fuse of rubber particles [23].  As previously reported, peroxide prevulcanization of 

NR latex provided heterogeneous network structure inside each rubber particle, i.e., dense 

crosslink near the surface compared to the central region [23].  At prevulcanization time 

longer than 120 min, the modulus tended to decrease possibly due to highly crosslink near the 

surface of rubber particles, which prevented further fuse of rubber particles.  It should be 

mentioned that the highest Young’s modulus of PPNR film was approximately 8 times higher 

than that of the skin (i.e., 0.1–0.3 MPa).  These values were much lower than those reported 

for commercial unlaminated backing films (77, 102 and 2128 MPa) and transdermal patches 
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(4-501 MPa) [1].  From these data, it could be assumed that PPNR showed promising results 

to be used as a backing film. 
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Figure 9  Young’s moduli of PPNR films with various prevulcanization times. 

 As previously mentioned that prevulcanization time longer than 120 min resulted 

in poor rubber particle fusion, therefore, prevulcanization time of 60 min was selected for 

further investigation of PPENR films.  The Young’s moduli of PPENR films having various 

mole % epoxide are shown in Figure 10.  The Young’s modulus of the PPENR film was about 

1.5-2.0 times higher than that of PPNR film.  It might be due to coiled structure of PPNR, i.e. 

easily to be stretch at low strain level [14,24].  With increasing the epoxy content, the 

Young’s moduli of PPENR increased because of increasing rigidity and reducing mobility of 

chains as previously explained. 
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Figure 10  Young’s moduli of PPENR films with various mole % epoxide 

(prevulcanization time = 60 min). 

 3.2.2  Adhesive Strength 

 The adhesive strength between PPNR or PPENR or PPNR-g-AAm and acrylate-co-

vinylacetate adhesive (DURO-TAK 87-4098) was determined by peel test and the results are 

shown in Figure 11.  With using PPNR and PPNR-g-AAm films, theirs peel strength values 

were 1.4 and 2.3 N/cm, respectively.  The higher peel strength of PPNR-g-AAm compared to 

that of PPNR was due to the more polarity of PPNR-g-AAm surface as already reported by 

the water contact angle.  The highest peel strength observed for PPENR (39 mole % epoxide) 

was also explained by the highest polarity of this rubber film. 
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Figure 11  Peel strength between PPNR or PPENR or PPNR-g-AAm films and DURO-TAK 

87-4098. 

4.  Conclusions

PPNR, PPENR and PPNR-g-AAm films had a potential to be used as backing films for 

trnasdermal patches.  For both PPNR and PPENR films, as Tg increased OTR decreased due 

to the reduction of chain mobility and free volume.  However, the lowest OTR obtained from 

PPENR with 39 mole % epoxide was still greater than 2500 cm3/m2/day.  For WVTR of 

PPENR, as mole % epoxide increased WVTR increased due to more polarity.  PPENR films 

having 39 mole % epoxide had WVTR closed to100 g/m2/day, which is closed to TEWL.  

Both OTR and WVTR of PPNR-g-AAm were slightly higher than those of PPNR because its 

surface was covered with small molecules of AAm.  Young’s moduli of all samples were 

found to be at most 8 times higher than that of the skin.  Adhesive strength, determined by 

peel test, between PPNR films and DURO-TAK 87-4098 was found to be about 1.4 N/cm 

whereas those for PPENR and PPNR-g-AAm were greater than 2 N/cm, which is sufficient 

for making the patch. 
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Abstract. Attempt to improve latex immunoagglutination assay, a rapid method in medical 
diagnostics, reporting as quantitative results was interested in this study by using microfluidic 
device. Sensitized latex was produced by physical adsorption of human polyclonal IgG antibody to 
Plasmodium falciparum malaria parasite onto carboxylated polystyrene particle. Conventional latex 
agglutination assay was firstly performed to verify specific interaction of antibody on the bead 
surface versus antigen in malaria plasma. The agglutinate size around 30 μm was observed under 
optical microscope. The proportion of the plasma and the particle was optimized, and an appropriate 
ratio was applied in microfluidic device. Three patterns of the device were used with the agglutinate 
size comparison after 10 min as followed: rapid mixing > U-shaped loop > straight capillary Y-
junction patterns. However, compared with patient plasma, small agglutinates were also observed 
when using normal serum.  

Introduction 

Malaria is a life-threatening disease caused by parasite of the genus Plasmodium which causes 
nearly one million deaths yearly [1].  If this disease is not treated promptly with effective medicines, 
especially P. falciparum malaria can cause severe illness to death. Polpanich D and co-workers 
reported the success in rapid detection of malaria disease using latex agglutination assay with 90% 
sensitivity and 80% specificity [2]. The interaction occurred between the antibody and the antigen 
forming network structure resulted in the particle clumping which can be seen via naked eyes [2,3].  
However, the assay has limitation which based the result on qualitative analysis. The combination 
of the assay and other devices which provide the quantitative data is the great challenge. Recently, a 
few researches have attempted to establish procedure using the latex agglutination assay in a Y-
junction microfluidic device [4-6]. It was expected that the agglutination in the microfluidic device 
would be even easier than its large-sized, commercialized counter part [5]. Moreover, using the 
particle as mobile solid support dramatically increased surface area and allowed the device to be re-
used many times [4]. However, a limited success due to the difficulty in mixing in the microchannel 
was reported. The ideal mixing has not properly been demonstrated so far. In this preliminary study, 
latex agglutination assay was applied in the microfluidic device having different channel patterns to 
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find the suitable mixing system for further develop a quantitative assay for malaria detection. The 
highly carboxylated polystyrene (PS) particle conjugated with human polyclonal IgG antibody to    
P. falciparum malaria was prepared. The agglutination reaction on the glass slide and microfluidic 
device was investigated under optical microscope (OM).  
 
Experimental 
Preparation of antibody: Blood samples were collected from acutely P. falciparum infected 
patients examined by Giemsa stained thick blood film at Malaria Clinic, Mae-Sod, Tak province, 
Thailand. Malaria naive volunteers from non-malaria endemic area were recruited as negative 
control. This study was approved by the Committee on Human Rights Related to Human 
Experimentation, Mahidol University. Informed consent was obtained from each individual.  
Ammonium sulfate precipitation (33% saturation) of the malaria infected plasma was performed in 
an ice bath with gently stir for 2 h. The precipitate was dissolved and then dialyzed with 1x PBS 
(pH 7.4) at 4°C overnight by using dialysis membrane (SpectraPor®, MWCO 100kDa). After that, 
the human polyclonal IgG antibody was purified using Protein G column (Nunc, USA) according to 
manufacture’s instruction. The purified antibody was checked in sodium dodecyl sulfate-
polyacrylamide gel electrophoresis for purity and kept at 4°C until use. 

Preparation of antibody-latex conjugate: The sensitized latex was produced by physical adsorption 
of the purified human polyclonal IgG antibody to P. falciparum onto the highly carboxylated PS 
particle (hydrodynamic diameter of 422 nm). Adsorption was prepared by mixing the purified 
antibody (30 μg/ml) and the latex (2% (w/v), 5 μl) in adsorption buffer (0.01 M) with different pHs 
(6.4 to 8.0) in total volume of 500 μl. The mixture was incubated at 25°C for 2 h with shaking 
(Thermomixer Comfort, Eppendorf, Germany). After that, the reaction was centrifuged (17,800g, 
20°C for 20 min), supernatant was then collected to measure the amount of unbound BSA by 
Bradford assay. The adsorbed amount (Γads) was calculated according to the previous study [7].  

Latex agglutination assay: The antibody-latex conjugate (1% (w/v), 5 μl) was dropped onto a glass 
slide and the various amount of malaria plasma was subsequently added. The slide was swirled and 
the mixture was mixed thoroughly for 2 min, and then the agglutinates were investigated under an 
inverted OM (Body: IX71, CCD: DP71, Olympus, Japan). The PBS was used as negative control. 
The appropriate ratio of the particle and the malaria plasma was then applied in microfluidic device. 

Microfluidic-latex agglutination assay: Microfluidic channels (200 �m (width) x 100 �m (depth)) 
were fabricated using standard soft lithography with the polydimethylsiloxane (PDMS) molding 
technique [8]. Three patterns were used namely: straight capillary Y-junction (Fig. 1(a)), rapid 
mixing (Fig. 1(b)) and U-shaped loop (Fig. 1(c)) patterns. The channel’s inlet and outlet were 
attached with silicone tube (diameter 0.5 mm, Cole-Parmer, USA). Syringe pump (PHD 2000, 
Harvard apparatus, USA) was used to control the flow rate of the system. After the antibody-latex 
conjugate and the malaria plasma were injected into the microchannel and met at the Y-junction, the 
flow rate was reduced to 5 nl/min. The specific interaction of antigen and antibody was observed 
and was photographed by the OM (Body: BX51, CCD: DP71, Olympus, Japan). The experiment 
was repeated twice.  

 

 
 
Figure 1. Schematic drawings of three microfluidic patterns namely: straight capillary Y-junction 
(a), rapid mixing (b) and U-shaped loop (c).  
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Results and Discussion 
Preparation of antibody-latex conjugate: The pH of medium was optimized to find the appropriate 
condition for preparing the P. falciparum antibody-carboxylated latex conjugate. From our results, 
the high Γads value of 8.96±0.08 mg/m2 was obtained at pH 6.4, whereas the value was decreased to 
6.54±0.09 and 6.63±0.08 mg/m2at pH 7.0 and 8.0, respectively. Although, at pH 6.4, the highest  
Γads value can be obtained, the prepared sensitized particle seemed to lose the stability during 
adsorption so called “spontaneous agglutination” which can be inhibited by increasing pH [9]. The 
conjugated particle adsorbed at pH 8.0 was more stable and was chosen for preparing antibody-
latex conjugate. 

Agglutination assay on glass slide: Several cases of the malaria infected plasma and PBS were 
tested with the sensitized particle. Results showed that the 50% of the total infected cases can 
produce the large size of the immune complexes, whereas the rest exhibited too small size of the 
agglutinates. It can be pointed out that the amount of antigen and antibody play an important role in 
the agglutinate size [2]. The proportion of the malaria infected plasma and the prepared antibody-
latex conjugate were optimized. As shown in Fig. 2(a)-(e), the size of agglutinate grew up with 
increasing the amount of the infected plasma, i.e., increasing the amount of antigen. The optimum 
ratio of the sensitized particle to the undiluted infected plasma equal to 5:1 with average 
agglutination size of 30 μm was chosen for further experiment.  

    
 

 
 
 
 
 
Figure 2. Immunoagglutination of the prepared antibody-latex conjugate (5 μl) in the presence of 
PBS (a) and the malaria infected plasma: diluted 10 times (5 μl) (b), diluted 5 times (5 μl) (c) 
undiluted (0.5μl) (d), undiluted (1μl) (e). 
                  
Microfluidic-latex immunoagglutination assay: It was reported that the highly carboxylated 
particle enhanced particle mobility in the microfluidic channel and simultaneously reduce the non-
specific reaction leading to the low false-positive result [5].  In our work, the agglutination of the 
sensitized highly carboxylated PS latex in the presence of the infected plasma in various patterns of 
the microchannel was investigated under OM. The boundary between the two streams of the           
P. falciparum antibody conjugated particle and the plasma was clearly observed at the beginning. 
After decreasing the flow rate to 5 nl/min, the agglutination reaction was then significantly occurred. 
Most distinguishable interaction time was about 10 min after both solutions first met. The pictures 
of the immune complexes with using the malaria plasma compared with the normal control were 
captured for each pattern and shown in Fig. 3(a)-(f). It can be seen that the small agglutinates was 
observed in the case of normal plasma, however, larger agglutinate size was detected in the case of 
the patient plasma. The comparison between three microchannel patterns were ranked from biggest 
agglutinate size as followed: rapid mixing, U-shaped loop and straight capillary Y-junction. Due to 
the low flow rate and the small dimension of the microchannel, the flow in microfluidic devices is 
normally laminar with slow diffusive mixing which takes place at low Reynolds number (Re), i.e., 
0.01-100. Re is defined as lU�/�, where l is the capillary diameter (m), U is the flow velocity (m/s), 
� is the fluid density (kg/m�s) and � is the fluid velocity (kg/m�s) [10]. To improve the diffusive 
mixing between two fluids, the rapid mixing (Fig. 1(b)) and U-shaped loop microchannel patterns 
(Fig. 1(c)) were employed. As expected the agglutinates occurred when using these patterns were 
larger than the straight capillary Y-junction pattern (Fig. 1(a)). However, the high curvature channel 
in the rapid mixing pattern might be rendered the larger size of the occurred immune complexes.  
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Figure 3. Microfluidic-latex immunoagglutination results for various patterns of the microchannel:  
straight capillary Y-junction (a,b),  rapid mixing (c,d) and U-shaped loop (e,f) by using the normal 
plasma (a,c,e) and the malaria infected plasma (b,d,f). 
 
Summary 
The human polyclonal IgG antibody adsorbed onto the highly carboxylated PS particle was 
achieved by using Tris-HCl pH 8.0 (0.01M), 25oC for 2 h. The agglutination between the sensitized 
latex and the malaria infected plasma was clearly observed under OM with average size of 30 �m. 
After applying in three patterns of microfluidic device, agglutination results were compared ranking 
from biggest agglutinate size: rapid mixing, U-shaped loop and straight capillary Y-junction. In 
malaria plasma, the agglutinate size was bigger than that observed in normal plasma for all patterns. 
Quantitative results would be further obtained by interfacing spectrophotometer to the microfluidic 
device with the rapid mixing pattern to measure the optical density of agglutinate.  
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Abstract: The sugar cane bagasse was treated with chemical treatment including sodium hydroxide and silane. The characterization of 
the modified bagasse was achieved with Fourier transform infrared spectroscopy (FTIR), and scaning electron microscopy (SEM). 
Results showed that the presence Si-CH3 group occurred on bagasse surface after chemical modification. In addition, the roughness of 
the modified bagasse was higher than that of unmodified bagasse due to chemical modification from sodium hydroxide. Two polymer
composite types, namely (1) natural rubber NR/sugar cane bagasse and (2) NR/plaster via two-roll mill method, were prepared. The
optimum cure (t90) and torque of the NR/plaster increased with increasing plaster loading in composite. In case of NR/bagasse, the t90 of 
this sample decreased as a function of sugar cane bagasse while torque of this sample increased with increasing sugar cane bagasse. The 
modulus of the resulting composite increased with increasing both plaster and sugar cane bagasse, but the tensile strength and 
elongation at break of the composite decreased as a function of both plaster and sugar cane bagasse in composite. 

Key words: Natural rubber, composite, bagasse, plaster, chemical modification. 

1. Introduction	

Nowadays, many works have reported the natural 
fibre as reinforcement of polymer matrix including 
both natural polymer and synthetic polymer due to 
environment problem [1]. The advantages of natural 
fiber are available in Asian country, cheap, 
biodegradable polymer and easily degradation in soils 
with many microorganisms leading to a good 
environment in the further. Bagasse is a solid 
lignocellulosic residue left after extraction of juice 
from the sugar cane stalk [2]. In addition, the 
applications of bagasse are used in burnt for energy 
supply in sugar cane factory, pulps, board materials and 
composites [3-6]. In the previous work, it was found 
that bagasse is a raw material blended with other 
polymer including poly (vinyl alcohol), PVA [2], 
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polypropylene [4], phenol formaldehyde (PF) resin [3] 
waste gelatin [7] and polystyrene [8]. PVA composites 
sheet [2] was prepared from PVA, and lignocellulosic 
fillers, corn starch, presence of water and glycerol by 
compression molding. Results showed that the 
resulting polymer composite based on PVA and starch 
with apple wastes and sugarcane bagasse fillers were 
much harder than samples prepared with orange wastes. 
E. Chiellini, and co-worke [9, 10] reported the 
preparation and mechanical properties of composite 
films from biorelated agro-industrial waste including 
sugar cane and apple and orange fruit juice extraction 
and PVA cast from PVA aqueous solutions. They 
found that composite obtained from orange fruit gave 
to be suitable for blending in higher amounts by weight 
than other samples. This is the first study of its kind 
wherein the preparation and physical testing of 
polymer composite obtained from natural rubber, sugar 
cane bagasse and plaster. The obtained polymer 
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composite from NR, sugar cane bagasse and plaster 
was prepared by two-roll mill method. In addition, the 
modified sugar cane bagasse with sodium hydroxide 
and silane treatment was analyzed by Attenuated Total 
Reflection Fourier Transform Infrared (ATR-FTIR), 
scanning electron microscope ( SEM) and atomic force 
microscopy (AFM). The characterization of novel 
polymer composite was studied through curing 
properties and tensile strength. 

2. Materials and Methods 

2.1 Materials 

Natural rubber grade STR 5L was supplied by 
Chalong Latex Industry Co., Ltd. Sugar cane bagasse 
was obtained from local in Thailand. Then, sugar cane 
bagasse fibers were obtained by milling using a 
laboratory blender. Plaster was purchased from Siam 
Nakarin Co., Ltd.. All other ingredients used were a 
commercial grade. The commercial Bis-(3-triethoxy- 
silyl propyl)-tetrasulfide, which is a coupling reagent, 
was provided by Sigma-Aldrich Company. The 
vulcanizing agent including zine oxide, steric acid, 
sulfur and tetramethyl thiuram disulfide (TMTD) were 
reagent grade and were obtained commercially.  

2.2 Modified Sugar Cane Bagasse  

The resulting sugar cane bassage was immersed in 
10% sodium hydroxide solution for 24 h. After sugar 
cane bagasse was treated with sodium hydroxide, it 
was washed with water for many times and reached to 
neutral pH. Thus, the resulting sugar cane bagasse was 
coated with silane by stiring an immersion of 10 g of 
sugar cane bagasse in silane for 5 h. 

2.3 Preparation of Polymer Composite 

Formulation of mixes used for polymer composite 
from NR/sugar cane bagasse and NR/plaster in this the 
present work is shown in Table 1 and Table 2, 
respectively. NR was masticated on the mill for 5 min 
followed by addition of tphe ingredients as shown in 
Table 1 and Table 2. The resulting polymer composite 

materials were prepared in a two-roll mill. The 
condition of operation including the nip gap, speed 
ratio, mill roll and the number of passes for two-mill 
was controlled at the same in all the mixes at 50 .
The resulting samples were milled for sufficient time to 
disperse the sugar cane bagasse or plaster with different 
loading in the NR matrix at a mill opening of 1.55 mm. 
The silane as a coupling agent was added in NR 
compound during mixing to improve the interaction 
between sugar cane bagasse/plaster and NR matrix. 
Then, the resulting NR composite was kept at 28 
 2 
for overnight in a closed container before cure analysis 
using an Alpha Moving Die rheometer (MDR 2000). 
The t90, cure time and max torque were measured from 
the MDR 2000. Then, each specimen was placed in a 
mold (140 × 140 × 1.5 mm) and the NR compounds 
were vulcanized at 150  and the pressure of 6.89 
MN/m2 for 20-30 min for a optimum cure (t = 90) or  

Table 1  Formulation of polymer composite obtained from 
NR and sugar cane bagasse. 

FormulationChemical 
(phr) 1 2 3 4 
STR 5 CV60 100 100 100 100 
Wigstay L 2 2 2 2 
Sulfur 2 2 2 2 
Steraric acid 2 2 2 2 
ZnO 3 3 3 3 
TMTD 1.3 1.3 1.3 1.3 
DPG 0.7 0.7 0.7 0.7 
Sugar cane 
Bagasse 2 5 10 20 

Silane 0.5 0.5 0.5 0.5 

Table 2  Formulation of polymer composite obtained from 
NR and plaster. 

FormulationChemical  
(phr) 1 2 3 4 5 
STR 5 CV60 100 100 100 100 100 
Wigstay L 2 2 2 2 2 
Sulfur 2 2 2 2 2 
Steraric acid 2 2 2 2 2 
ZnO 3 3 3 3 3 
TMTD 1.3 1.3 1.3 1.3 1.3 
DPG 0.7 0.7 0.7 0.7 0.7 
Plaster 5 30 50 70 100 
Silane 0 0.18 0.3 0.42 0.60 
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tc90). The polymer composite was compressed by 
compression molding machine to give the polymer 
composite sheet. 

2.4 Characterization of Modified Sugar Cane Bagasse 
and Testing of Polymer Composite 

The chemical structure of the modified sugar cane 
was observed by FTIR-ATR. ATR-FTIR spectra were 
studied with Fourier transformed infrared; FTIR 
(Bruker, EQUINOX 55) spectral data, taking 100 scans 
for each sample with resolution 3 cm-1, and raging from 
400-4000 cm-1 and the ATR-FTIR of samples were 
obtained to detect any chemical interactions between 
silane and sugar cane bagasse. The aim of the SEM 
study was to obtain a topographical characterization of 
the modified and unmodified sugar cane bagasse. In 
addition, the morphology of fractured polymer 
composite sheet was analyzed by SEM. The sample 
was deposited on a brass hold and sputtered with 
platinum. SEM photographs were taken with a JSM 
6400 Scanning Microscope (Japan) at the required 
magnification at ambient temperature. SEM was 
performed at an accelerating voltage of 20 kV. The 
height and deflection images were recorded with the 
resolution of 512 lines. Then, the resulting polymer 
composite was kept at 28 
 2  for overnight in a 
closed container before cure analysis using an Alpha 
Moving Die rheometer (MDR 2000). The t90, cure time 
and max torque were measured from the MDR 2000. 

The testing crosshead speed of 500 mm/min was 
applied with load cell of 1 kg-N. The physical testing of 
dried latex film was analyzed by universal testing 
machine Gotech brand model TCS 2000 based on 
ASTM D 412. Five dumbbell test pieces were cut from 
each film and the average thickness was calculated and 
then attached between the grips of a tensile testing 
machine and pulled at a rate of 500 mm. The 
thermogravimetric (TG) analysis was performed on a 
TGA7, PERKIN ELMER: TGA. The mass of each 
sample was roughly 5.00-6.00 mg. The carrier gas was 
air with a flow rate of 50 mL/min. The temperature rose 
from 50 to 800  at heating rates of 10 /min.

3. Results and Discussion 

3.1 Characterization of Modified Sugar Baggage  

The characterization of modified sugar cane bagasse 
was investigated by SEM and FTIR. The chemical 
structure of modified sugar cane bagasse was analyzed 
by FTIR as shown in Fig. 1. The ester-linkage or 
OC=O stretching of modified sugar cane was observed 
at 1085 and 1238 cm-1. In addition, the wavelength at 
1321 cm-1 of modified sugar cane bagasse indicated the 
stretching C-O. The new peak of modified sugar cane 
was observed at 1180 and 1225 cm-1 referred to Si-O-Si 
and Si-O-cellulose, respectively. This result responds 
with this in Ref. [1]. These results revealed the 
successfully modified surface of sugar cane bagasse. 
The morphology of modified sugar cane and unmodified  

Fig. 1  ATR-FTIR spectra of (a) unmodified sugar cane bagasse, and modified sugar cane with (b) sodium hydroxide and (c) 
silane treatment. 
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Fig. 2  SEM image of surface of (a) unmodified sugar cane and (b) modified sugar cane with sodium hydroxide.  

sugar cane bagasse is shown in Fig. 2. It was found that 
the surface of unmofidified sugar cane bagasse showed 
lower roughness comparing to sample with modified 
with chemical treatment as shown in Fig. 2. This result 
indicated that the fat acid on surface of bagasse was 
removed by sodium hydroxide. The diameter of sugar 
cane was roughly 0.1 mm.  

3.2 Curing Properties of Polymer Composite 

When the addition of plaster in NR matrix was 
subjected to tc90 of polymer composite presence of 30, 
50, 70 and 100 phr of plasters was 2.33, 2.51, 2.42 and 
2.41 min, respectively as shown in Fig. 3 (a). Torque of 
polymer composite containing 0 phr of plaster was 
about 2 dNm while the torque of this polymer 
composite in the presence of 30, 50 and 70 phr plaster 
was 3, 6 and 11 dNm, respectively as shown in Fig. 
3(b). Moreover, when plaster was added in polymer 
composite, the properties of the resulting polymer 
composite exhibited a hardness behavior due to elastic 
modulus of plaster observing from torque. In the case 
of bagasse, it was found that the curing time of polymer 
composite decreases as a function of bagasse content as 
shown in Fig. 4 (a). The curing time of polymer 
composite containing 2, 5 and 10 phr of bagasse was 
1.75, 1.6 and 1.4 min, respectively. The torque of 
polymer composite in the presence of 2, 5 and 10 phr of 
bagasse was 2.6, 3 and 4.4 dNm, respectively as shown 
in Fig. 4 (b). 

3.3 SEM of Polymer Composite 

The morphology of polymer composite is a 
relationship with the physical properties of polymer 
composite. The morphology of polymer composite was 
obtained from NR and sugar cane bagasse contents and 
plaster contents as shown in Fig. 5. It is clear that the 
plasters and sugar cane bagasse are hard to disperse in 
NR matrix due to difference in surface component 
between NR and plaster. The morphology of polymer 
composite showed the more roughness as a function of 
amount of plaster content in polymer composite. In the 
case of polymer composite containing 70 phr of plaster, 
a large number of voids were clearly visible on the 
fracture surface leading to poor adhesion between NR 
matrix and plaster. In addition, the sugar cane bagasse 
is difficult to disperse in NR matrix due to difference in 
polar groups between sugar cane bagasse and NR 
matrix. 

3.4 Mechanical Properties  

The modulus of NR filled with plaster and bagasse 
increased with increasing percentage of plaster and 
bagasse loading as shown in Fig. 6 (a). It is noted that 
the maximum of modulus was observed in sample in 
the presence of 20 phr of sugar cane bagasse and 70 phr 
of plaster. Fig. 6 (b) shows the influence of both sugar 
cane bagasse and plaster on the tensile strength of 
polymer composite. The tensile strength of the polymer 
composite containing 70 phr of plaster was about 2 
MPa. The elongation at break of polymer composite 
dramatically decrease after addition of more amount of 
sugar cane bagasse and plaster  as shown in Fig. 6 (c).  

(a) (b)
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Fig. 3  Effect of plaster on (a) the cure property and (b) torque of polymer composite. 

Fig. 4  Effect of bagasse on (a) the cure property and (b) torque of polymer composite. 

Fig. 5  Morphology of natural rubber alone (a), polymer composite in the presence of (b) 30, (c) 0 phr of plaster and (d) 20 phr 
of sugar cane bagasse observed from SEM. 

Plaster content (%) 

2.1
2.15
2.2
2.25
2.3
2.35
2.4
2.45
2.5
2.55

0 20 40 6
0

80 10

(a)

C
ur

e 
tim

e 
(m

in
) 

(b)

0

2

4

6

8

10

12

0 20 40 60 80 100 120

To
rq

ue
 (d

N
m

) 

Plaster content (%) 

(a) (b)

(c) (d)

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5

0 2 4 6 8 10

To
rq

ue
 (d

N
m

) 

Bagasse (%) 

(b)(a)

0

0.5

1

1.5

2

2.5

0 2 4 6 8 10
Bagasse (%) 

C
ur

e 
tim

e 
(m

in
) 



Preparation of Novel Composite from Natural Rubber, Bagasse and Plaster 61

Fig. 6  Effect of plaster on (a) modulus, (b) tensile strength and (c) elongation of polymer composite. 

Fig. 7  Effect of sugar cane bagasse on (a) modulus, and (b) tensile strength of polymer composite. 

This result is explained that the reduction of the tensile 
strength can be attribution to the more dewetting of NR 
matrix at the interface between NR and filler and more 
amount of agglomeration of plaster leading to 
generation of weak to structure due to creating stress 
concentration [8]. 

Fig. 7 (a) and Fig. 7 (b) exhibit the effect of bagasse 
on modulus and tensile strength of polymer composite. 
Results showed that the modulus of polymer composite 
increased as a function of bagasse. But the tensile 
strength of this sample decreased after addition of more 
amount bagasse. 

4. Conclusions 

The achievement in the preparation of polymer 
composite was obtained from natural rubber, bagasse 
and plaster. The chemical stretching of the modified 
bagasse showed the occurrence of Si-CH3 group after 
chemical modification. The roughness of bagasse 
modified with sodium hydroxide was higher than that 
of unmodified bagasse, leading to removing fatty acid 
from sugar cane. The torque of the polymer composite 
increased with increasing both plaster content and 
bagasse content. The modulus of the polymer 
composite increased as a function of the both bagasse 
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and plaster contents in polymer composite. The 
possible applications of the resulting polymer 
composite are applied in board and container. 
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Abstract

The PELA with various molecular weights having PEG:PLA molar ratio of 1:1 was 

synthesized by ring-opening polymerization, and then coated onto NR surface to enhance its 

biocompatibility. The chemical structure and composition were determined by Proton nuclear 

magnetic resonance. The presence of PELA on the NR surface was examined by Attenuated total 

reflection-Fourier transform infrared spectroscopy. The AFM morphologies supported ATR-FTIR 

result in that PELA was introduced onto NR surface and there is no phase separation between PLA 

and PEG segment. The results from water contact angle measurement indicated the improved 

hydrophilicity of NR/PELA film. The effect of various PELA molecular weights on the elastic 

modulus was investigated using Nanoindentation. The reduced modulus of NR/PELA films 

increases with increasing PELA molecular weights. The NR/PELA-20k exhibited a comparable 

reduced modulus to that of unmodified NR. Finally, the cytotoxicity results showed that the surface 

modification of NR film by PELA could effectively improve biocompatibility of NR. 

Keywords: Copolymer, natural rubber, biocompatibility, hydrophilicity, nanoindentation 

 

 

 

 

 



Introduction

 Natural rubber (NR) is a biomaterial that has received a great deal of attention in the field of 

medical applications due to its excellent elasticity, high strength and high stretching ability. It is 

recognized that NR latex has been used to produce medical related products, ranging from surgical 

gloves, contraceptive devices, tubings, catheters to balloons etc. However, a recent emergence of 

latex allergy has prevented any direct biomedical applications of this material in comparison to 

those of silicones and polyurethanes. Therefore, the surface treatment applied to improve 

biocompatibility, while still simultaneously maintain the characteristics of the bulk properties, are 

necessary. Very few efforts have been conducted to solve this problem. For instance, by using UV-

induced graft copolymerization method, NR grafted poly(ethylene glycol) methacrylate (PEGMA) 

was found to reduce protein adsorption [1]. Hoven et al. [2] also reported that NR grafted PEGMA 

containing grafting yield more than 1% could improve blood compatibility without compromising 

the mechanical properties of NR film. 

 Biocompatible and biodegradable polymers based on copolymers of polylactic acid(PLA) 

and polyethylene glycol(PEG) have been of great experimental interest for drug delivery [3-6], gene 

therapy [7-9] and tissue engineering [10-12]. In this study, copolymer structures featuring PEG soft 

segment with PLA hard segment; namely, triblock copolymer of PLA-PEG-PLA (PELA) were 

chosen to modify NR surface to enhance its biocompatibility. For utility purpose, the evaluation of 

biocompatibility of biomaterials was required using a standard method of in vitro cytotoxicity. And, 

nanoindentation technique is used to determine the mechanical properties, in particular elastic 

modulus, of these PELA modified surfaces of NR. Nanoindentation technique is the most advanced 

method to study a small-scale mechanical behavior of “soft” matters such as polymer, biomaterial, 

and cell membrane [13-19].  

In this present study, a series of triblock copolymers of PLA-PEG-PLA (PELA) having 

PEG:PLA molar ratio of 1:1 were synthesized by ring-opening polymerization in the presence of 

varying PEG molecular weight (MWs 2,000, 8,000, 14,000, 20,000), and then coated onto NR 

surface to study the effect of PELA molecular weight on hydrophilicity, morphology, nano-

mechanical behaviors, and in vitro cytotoxicity. If improvement in biocompatibility of NR could be 

achieved, the biomedical applications of NR could be greatly extended. 



Experimental

Materials

All molecular weights (MWs 2,000, 8,000, 12,000 and 20,000) of Poly(ethylene glycol) 

hydroxyl terminated (PEG), lactide monomer and stannous 2-ethylhexanoate (Sn(Oct)2) were 

purchased from Aldrich. High ammonia NR latex was obtained from Rayong Bankok Rubber 

Co.,Ltd., Thailand. And all solvents such as dichloromethane and ethanol were used of AR grade 

and supplied by Lab Scan. 

Synthesis of PELA 

 The PLA-PEG-PLA triblock copolymer was synthesized by ring-opening polymerization of 

lactide in bulk process using stannous 2-ethylhexanoate (Sn(Oct)2) as a catalyst. The PEG and 

Sn(Oct)2 were introduced into a three-necked round bottomed flask equipped with magnetic 

stirring. The flask was connected to a vacuum system and immersed in an oil bath. The flask was 

heated to 50 °C for 1 h. A predetermined content of lactide monomer (PEG:PLA molar ratio is 

fixed at 1:1) was added. The temperature of the reaction mixture was raised to 170 °C and 

maintained constant for 24 h. Then, the synthesized copolymer was dissolved in dichloromethane 

and precipitated in methanol and dried under vacuum. Proton nuclear magnetic resonance (1H-

NMR) spectra, which were taken with a Bruker DPX-300 operating at 300 MHz using CDCl3 as a 

solvent was used to determine chemical structure and composition. Chemical shift (�) was 

measured in ppm using tetramethylsilane (TMS) as an internal reference. And, the molecular weight 

of PELA was calculated by the following equation: 

MnPLA =   LA/EO x  72/44 x MnPEG 

MnPELA  =  MnPLA + MnPEG 

where  LA/EO is the molar ratio of the lactide to ethylene oxide in the copolymer determined by 
1H-NMR and Mn is the number-average molecular weight  

 

Preparation of PELA modified NR film 

 Natural rubber (NR) latex films with a thickness about 2.0 mm were prepared from 

commercial NR latex concentrate (Rayong Bangkok Rubber Co., Ltd., Thailand). A dried NR film 

was prepared from casting the NR latex on a glass plate at room temperature. The NR strip (2x5 

cm2) was held onto a glass slide without any use of adhesive. The sample surface was cleaned by 



sonicating sequentially with ethanol and water for 15 minutes in each step before drying under 

vacuum at room temperature. A solution of 5% w/v PELA in dichloromethane was prepared. The 

cleaned NR strip was then immersed into the PELA solution for 24 h at room temperature. Then, 

the modified surface was rinsed with dichloromethane before drying under vacuum at room 

temperature. 

 

Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR-FTIR) 

 Attenuated total reflection (ATR) mode was characterized for all samples. The chemical 

characteristic of NR and modified NR surfaces were obtained. ATR-FTIR spectra were taken using 

diamond crystal for a single reflection mode and Nicolet 6700 FT-IR. The measurements were 

performed with sixty-four scans at resolution of 4 cm-1 over the range of 4,000 to 600 cm-1 

 

Atomic Force Microscopy (AFM) 

 The morphology of the NR and PELA modified NR sheet was determined by using a 

Scanning Probe Microscope (SPM) with Nanoscope IV controller (Digital Instrument) in tapping 

mode with the scan size of 10x10 μm2. The surface root mean squared roughness (Rrms) was directly 

calculated from Nanoscope software using the following equation: 

 

where  Zi   =   current difference between the height and the mean plane 

  n    = number of points in the image 

 

Water Contact Angle measurement 

 A deionized water droplet (approximately 5 μL) was dropped on the NR and modified NR 

surface. And, sessile drop contact angle measurement was performed with a contact angle 

goniometer (G-1, Kruss). For each angle reported, at least five sample readings were averaged. 



Nanoindentation testing 

Nanoindentaion experiments were performed using Nano Test system (Micro Material Ltd. 

Wrexham, UK) with a 100 �m radius diamond spherical indenter tip manufactured by Micro 

Materials. 

 The experimental conditions for all indentation tests were as follows: 

Initial load : 0.01 mN 

The maximum load : 0.25 mN 

Loading and unloading rate :  0.10 mN/s 

Dwell time or holding time at maximum load : 60 s. 

The stiffness was obtained by fitting a power law function, proposed by Oliver and Pharr 

[20], on the unloading curve. And, the reduced elastic modulus (Er) was determined from average 

forty-eight data points using the following equation, deduced from Hertz analysis: 

 

where  S is the stiffness. R and P values are the nominal radius of curvature of the spherical indenter 

and the applied load, respectively.  

In vitro cytotoxicity test 

Cells

 A mouse connective tissue fibroblast cell line, L929 was cultured in Dulbecco’s minimum 

eagle medium (DMEM) supplemented with 10% fetal calf serum and 4 mM glutamine. The cultures 

were cultivated in an incubator at 37°C 90% r.h. and 5% CO2, until cell monolayers attained 

confluence, which occurred after 24 h Then, the cultures were harvested using trypsin solution. 

Stock cultures were seeded in 60 mm diameter cell culture petri dishes at a density of 0.1 x 106 

cells/cm3 and subcultured once a week. Assays were always performed in the exponential growth 

phase of the cells. The cell line was periodically assayed for mycoplasma. 

Extraction method 

 Extracts of the polymers were prepared using 0.2 g polymer per ml serum-supplemented 

culture medium (DMEM) containing 4 mM glutamine. The extracts were maintained in an 

incubator for 24 h at 37°C. If necessary, the extracts were neutralized to exclude the effect of pH 

and filtered through a 0.2 �m membrane filter. The cells were seeded into 96-well microtiter plates 

at a density of 1 x 104 cells/well.  Then, after 24 h the culture medium (100 �l) was replaced with 



serial dilutions of the extracts. After an incubation period of 24 h, the viability of the cells was 

evaluated by the MTT assay. 

MTT assay 

 MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) was dissolved in PBS 

(phosphate-buffered solution) at 5 mg/ml and filtered for sterilization. A total of 50 �l of this stock 

solution was added to each well, reaching a final concentration of 0.5 mg MTT per ml and the 

plates were incubated for 2 h. Unreacted dye was removed by aspiration and the purple formazan 

product was dissolved in 100 �l/well isopropanal and quantified by spectrophotometer at 

wavelengths of 570 and 650 nm. The % cell viability related to control wells containing cell culture 

medium without extracts was calculated by the following equation (A = absorbance): 

   % cell viability =   [A]test   x 100 

          [A]control 

 

Results and discussion 

Synthesis and characterization of PELA 

NMR spectra 

 Typical 1H-NMR spectra of PELA is shown in Fig. 1. A series of PELA having a fixed 

PEG:PLA molar ratio of 1:1 were successfully synthesized by varying the PEG molecular weight 

(chain length) in the middle block. The obtained PELA are denoted as PELA-Xk, where X is for the 

number of molecular weight of PEG. By predetermination of the content of lactide monomer 

attached to the PEG middle block, the molar ratio of PLA:PEG could be controlled to be closely 

1.0:1.0. The characteristics of PELA are presented in Table 1. The obtained PEG:PLA molar ratios 

were within a confined range between 1.1:1.0 and 1.2:1.0.  



 
Fig.1 1H-NMR spectra of PELA-8k 

Table 1 Structural characteristic and molecular weight of PLA-PEG-PLA triblock copolymer 

Polymer Mn of PEG 
g/mol 

EG:LA 
(theory) 

EG:LA 
(Exp.) 

Mn (NMR)of PELA 
g/mol 

PELA-2k 2,000 1.0 : 1.0 1.2 : 1.0 4,700 
PELA-8k 8,000 1.0 : 1.0 1.1 : 1.0 22,100 

PELA-12k 12,000 1.0 : 1.0 1.2 : 1.0 28,900 

PELA-20k 20,000 1.0 : 1.0 1.1 : 1.0 41,000 

Note: Mn is a number average molecular weight 

 

 

Characterization of modified NR surface 

FTIR

The presence of PELA on the surface of modified NR film was characterized by ATR-FTIR, 

a technique well suited for investigating surface chemical species, and the spectra are presented in 

Fig.2. It was apparent that the ATR-FTIR spectra of the modified NR films were different from that 

of the unmodified NR. The characteristic absorbance peak at 1740 cm-1, corresponding to C=O 

stretching, was clearly observed in all NR surfaced modified with PELA indicating that PELA was 

introduced into the NR surface. Together with a decrease in the intensity of absorbance peak at 

1380 cm-1 of NR, it could be inferred that the surfaces of all modified NR film were completely 

covered by PELA of all molecular weights. Moreover, it could be suggested that the formation of 

PELA onto NR surface involves only physical bonding. 



 
Fig.2 The ATR-FTIR spectra of of unmodified NR and modified NR with various molecular weight 

PELA 

 

Morphology of modified NR surface 

The surface morphologies of unmodified NR and NR modified by PELA investigated by 

AFM were shown in Fig. 3, with the topographic or height images on the left, and the phase images 

on the right. The AFM micrographs of unmodified NR are apparently different from those of PELA 

modified NR surfaces. The topographic image showed the relative flat and smooth surface of the 

unmodified NR, as seen in Fig. 3a. Whereas, globular particle like morphologies were observed on 

the PELA modified NR of all molecular weights, as shown in Fig 3(b-e). According to the surface 

root mean squared roughness (Rrms), the surfaces of all PELA modified NR, which are in the range 

of 43 to 196 nm., are slightly rougher than that of unmodified NR (Rrms = 29 nm). Also, the phase 

images of all NR modified by various PELA molecular weights, as seen in Fig.3(g-j), show no 

character; i.e. particularly no phase separation. This can be explained by the fact that 

dichloromethane is considered a good solvent for both pure PLA and PEG. Therefore, both 

components of PELA; namely PLA and PEG, can dissolve to form particle like morphology instead 

of phase-separated structure. In addition, These AFM results suggested that the orientation between 

PLA and PEG segment of PELA are randomly oriented, and the chain length of PELA in the scope 

of this study is not sufficient to induce phase separation.  



 
Fig.3 AFM topoghapic micrographs of (a) unmodified NR film and (b-e) modified NR with PELA-

2k, PELA-8k, PELA-12k and PELA-20k, and AFM phase images of (f) unmodified NR film and 

(g-j) modified NR with PELA-2k, PELA-8k, PELA-12k and PELA-20k, respectively 
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Water Contact Angle

Table 2 Water contact angle of unmodified NR and modified NR with various molecular weight 

PELA 

Sample Water Contact Angle (�) 

NR 87.3 ± 1.3 

NR-PELA-2k 37.3 ± 2.2 

NR-PELA-8k 44.8 ± 2.4 

NR-PELA-12k 46.0 ± 1.7 

NR-PELA-20k 46.6 ± 2.0 
 

 To determine the relative hydrophilicity of various molecular weight PELA, WCA 

measurements were conducted, and the results are depicted in Table 2. A decrease in WCAs on the 

PELA modified surfaces of NR of all molecular weight in comparison to that of unmodified NR 

surface indicates that the modification of NR surface by PELA can enhance hydrophilicity of NR 

surface.  

 

 

Nanoindentation behavior 

To reduce the viscoelastic or time-dependent effect, the methodology of inserting the 

holding period of 60 s between loading and unloading was used to determine elastic modulus in this 

study. Load-displacement curves of unmodified NR and PELA modified NR with various 

molecular weights were shown in Fig. 4. The average values of reduces modulus data extracted 

from the loading/unloading curves were presented in Table 3 and presented in Fig. 5. The PELA-2k 

exhibited the lowest reduced modulus. With an increase in the PELA molecular weight, the reduced 

modulus of all PELA modified NR surfaces were found to increase monotonously. It is worth 

noting that the PELA-20k exhibited a comparable reduced modulus to that of unmodified NR. It 

could be suggested that the PELA with molecular weight of PEG-20k is the best candidate for 

modifying the NR surface in order to enhance biocompatibility, while the mechanical property still 

remained intact. 



 
Fig. 4 Load-displacement curves of unmodified NR and modified NR with various molecular 

weight PELA 

 

Table 3 Reduced modulus of unmodified NR and modified NR with various molecular weight 

PELA 

Sample Reduced modulus (MPa) 

NR 2.45 ± 0.08 

NR-PELA-2k 0.97 ± 0.04 

NR-PELA-8k 1.20 ± 0.10 

NR-PELA-12k 1.63 ± 0.09 

NR-PELA-20k 2.35 ± 0.20 
 



 
Fig. 5 The reduced modulus of unmodified NR and modified NR with various molecular weight 

PELA 

 

Cytotoxicity of NR modified by PELA 

 The MTT assay was conducted to evaluate the cytotoxicity of all tested NR modified by 

PELA. This standard method was based on the colorimetric analyses of cell viability. The 

specimens of NR modified by PELA were tested using dimethyl sulfoxide (DMSO) as a positive 

control, micro covered glass as negative control, and Dulbecco’s minimum eagle medium (DMEM) 

as a control. The results showed that % cell viability of NR was 20%, while all of those of NR 

modified by PELA were greater than 70%. According to the standard procedure, if cell viability 

was found to be greater than 70% of that of control, this tested sample was considered 

biocompatible material. Therefore, it was apparent that the surface modification of NR by PELA 

could effectively improve the biocompatibility of NR. 

 

Conclusions

 To enhance the biocompatibility of NR film, the surface modification of NR film by PELA 

of various molecular weights was successfully prepared, and characterized. Their nano-mechanical 

properties were investigated using Nanoindentation technique by taking viscoelastic effect into an 

account. The ATR-FTIR result suggests that the formation of PELA onto NR surface involves only 

physical bonding. The AFM morphologies supported ATR-FTIR result in that PELA was 

introduced onto NR surface and there is no phase separation between PLA and PEG segment. The 



NR surfaces modified by PELA of all molecular weight exhibit enhanced hydrophilicity in 

comparison to that of unmodified NR, and their reduced modulus was found to increase with an 

increasing PELA molecular weight. In addition, the NR-PELA-20k showed a comparable reduced 

modulus to the unmodified NR. Finally, it was apparent that the improvement of biocompatibility of 

NR could be successfully achieved by the surface modification of NR by PELA.  
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เร

จ็ก
าร

ศึก
ษ

า 

ปริ
ญ

ญ
าต

รี 
 

แล้
วศึ

กษ
าต่

อเ
ป็น

 

นัก
ศึก

ษ
าป

ริญ
ญ

าโ
ท

  
(ไ

ด้รั
บทุ

น 
TG

IS
T 

 
จา

ก 
สว

ทช
.)

  
ยัง

อยู่
ใน

โค
รง

กา
ร 

?G
. น

าย
ชัช

ชน
ก 

ชูส
วัส

ดิO  

 

- 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ
เท

คโ
นโ

ลยี
  

เค
มีชี

วภ
าพ

  ส
ถา

บัน
เท

คโ
นโ

ลยี
 

นา
นา

ชา
ติส

ริิน
ธร

  

มห
าวิ

ทย
าลั

ยธ
รร

มศ
าส

ตร์
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

 

- 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ

เท
คโ

นโ
ลย

ีเค
มีชี

วภ
าพ

  ส
ถา

บัน
  

เท
คโ

นโ
ลย

ีนา
นา

ชา
ติส

ริิน
ธร

 

มห
าวิ

ทย
าลั

ยธ
รร

มศ
าส

ตร์
 

 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

ยัง
อยู่

ใน
โค

รง
กา

ร 
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 @H
. น

าย
ภวิ

ศ 
ตั>ง

วิร
ุฬ

ห์
 

 

- 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ
เท

คโ
นโ

ลยี
 

เค
มีชี

วภ
าพ

  ส
ถา

บัน
เท

คโ
นโ

ลยี
 

นา
นา

ชา
ติส

ริิน
ธร

  

มห
าวิ

ทย
าลั

ยธ
รร

มศ
าส

ตร์
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

 

- 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ
เท

คโ
นโ

ลยี
 

เค
มีชี

วภ
าพ

  ส
ถา

บัน
เท

คโ
นโ

ลยี
 

นา
นา

ชา
ติส

ริิน
ธร

 

มห
าวิ

ทย
าลั

ยธ
รร

มศ
าส

ตร์
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

ยัง
อยู่

ใน
โค

รง
กา

ร 

@=
. น

าย
ณั

ฐพ
ล 

สม
านุ

กูล
 

- 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ
เท

คโ
นโ

ลยี
 

เค
มีชี

วภ
าพ

  ส
ถา

บัน
เท

คโ
นโ

ลยี
นา

นา
ชา

ติ

ริน
ธร

 ม
ห

าวิ
ทย

าล
ัยธ

รร
มศ

าส
ตร์

 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

 

- 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ
เท

คโ
นโ

ลยี
เ

ชีว
ภา

พ
  ส

ถา
บัน

เท
คโ

นโ
ลยี

นา
นา

ช

ริน
ธร

 ม
ห

าวิ
ทย

าลั
ยธ

รร
มศ

าส
ตร์

 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

ยัง
อยู่

ใน
โค

รง
กา

ร 

@?
. น

าย
ปฐ

มพ
งศ

์ เว
ศอ

ุไร
 

- 
ภา

คว
ิชา

ปร
สติ

วิท
ยา

 

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
(ไ

ด้รั
บทุ

น 
 Y

ST
P จ

าก
 

สว
ทช

.)
 

- 
ภา

คว
ิชา

ชีว
เค

มี 
 

คณ
ะวิ

ทย
าศ

าส
ตร์

 

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

ปริ
ญ

ญ
าต

รี 
 

แล้
วศึ

กษ
าต่

อเ
ป็น

 

นัก
ศึก

ษ
าป

ริญ
ญ

าโ
ท 

 

(ไ
ด้รั

บทุ
น 

TG
IS

T 
 

จา
ก 

สว
ทช

.)
 

@@
. น

าง
สา

วอ
จัฉ

รา
วลั

ย 
พ

รเ
จริ

ญ
 

- 
ศูน

ย์ว
ิจัย

พั
ฒ

นา
นวั

ต 

กร
รม

แล
ะก

าร
ถ่า

ยท
อด

เท
คโ

นโ
ลยี

  

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

 ์

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
ศูน

ย์ว
ิจัย

พั
ฒ

นา
นวั

ต 

กร
รม

แล
ะก

าร
ถ่า

ยท
อด

เท
คโ

นโ
ลยี

 

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

 ์

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษ
าป

ริญ
ญ

าต
รี 

(ไ
ด้รั

บทุ
น 

Y
ST

P  
จา

ก 
สว

ทช
.)

  
 

@A
. น

าย
ยุร

นัน
ท ์

ดิษ
ฐโ

รจ
น์

 
- 

ภา
คว

ิชา
จุล

ชีว
วิท

ยา
คลิ

นิก
  

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าล

ัยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

(ไ
ด้รั

บทุ
น 

 Y
ST

P จ
าก

 

สว
ทช

.)
 

- 
ภา

คว
ิชา

จุล
ทร

รศ
นศ

าส
ตร์

คลิ
นิก

 

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

ปริ
ญ

ญ
าต

รี 
 

แล้
วศึ

กษ
าต่

อเ
ป็น

 

นัก
ศึก

ษ
าป

ริญ
ญ

าโ
ท

 

@C
. น

าง
สา

วจุ
ฑ

ารั
ตน

์ เพ
ง็อ้

น 
- 

ภา
คว

ิชา
จุล

ชีว
วิท

ยา
คลิ

นิก
  

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
ภา

คว
ิชา

จุล
ทร

รศ
นศ

าส
ตร์

คลิ
นิก

 

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

ปริ
ญ

ญ
าต

รี 
 

แล้
วศึ

กษ
าต่

อเ
ป็น
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นัก
ศึก

ษ
าป

ริญ
ญ

าโ
ท

 

(ไ
ด้รั

บทุ
น 

TG
IS

T 

จา
ก 

สว
ทช

.)
 

@9
. น

าง
สา

วศ
ศิธ

ร 
 พ

รห
มว

ัลย
์ 

- 
ภา

คว
ิชา

จุล
ชีว

วิท
ยา

คลิ
นิก

  

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

(ไ
ด้รั

บทุ
น 

 
Y

ST
P จ

าก
 

สว
ทช

. 

- 
มห

าวิ
ทย

าลั
ยศิ

ลป
าก

ร 
สาํ

เร
จ็ก

าร
ศึก

ษ
า 

ปริ
ญ

ญ
าต

รี 
 

แล้
วศึ

กษ
าต่

อเ
ป็น

 

นัก
ศึก

ษ
าป

ริญ
ญ

าโ
ท

 

@;
. น

าย
ภเู

บศ
ร์ 

นิ�ม
ปุญ

ญ
กาํ

พ
งษ์

 

 

- 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ
เท

คโ
นโ

ลยี
 

เค
มีชี

วภ
าพ

  ส
ถา

บัน
เท

คโ
นโ

ลยี
 

นา
นา

ชา
ติส

ริิน
ธร

  

มห
าวิ

ทย
าลั

ยธ
รร

มศ
าส

ตร์
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

 

- 
ศึก

ษ
าต่

อป
ริญ

ญ
าโ

ท
 

U
ni

ve
rs

ity
 o

f M
an

ch
es

te
r 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

ปริ
ญ

ญ
าต

รี 
 

แล้
วศึ

กษ
าต่

อเ
ป็น

 

นัก
ศึก

ษ
าป

ริญ
ญ

าโ
ท 

@E
. น

าง
สา

วช
ลก

าญ
จน

์ ศ
ุภส

ธุีกุ
ล 

 

- 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ
เท

คโ
นโ

ลยี
 

เค
มีชี

วภ
าพ

  ส
ถา

บัน
เท

คโ
นโ

ลยี

นา
นา

ชา
ติส

ริิน
ธร

 

มห
าวิ

ทย
าลั

ยธ
รร

มศ
าส

ตร์
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

 

- 
ศึก

ษ
าต่

อป
ริญ

ญ
าโ

ท
 

U
ni

ve
rs

ity
 o

f M
an

ch
es

te
r 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

ปริ
ญ

ญ
าต

รี 
 

แล้
วศึ

กษ
าต่

อเ
ป็น

 

นัก
ศึก

ษ
าป

ริญ
ญ

าโ
ท 

@G
. น

าง
สา

วกุ
ลจ

ิรา
 อ

ทิธ
อิม

รกุ
ล 

 

- 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ
เท

คโ
นโ

ลยี
 

เค
มีชี

วภ
าพ

  ส
ถา

บัน
เท

คโ
นโ

ลยี

นา
นา

ชา
ติส

ริิน
ธร

 

มห
าวิ

ทย
าลั

ยธ
รร

มศ
าส

ตร์
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

 

 
ศึก

ษ
าต่

อป
ริญ

ญ
าโ

ท
 

ปร
ะเ

ทศ
องั

กฤ
ษ

 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

ปริ
ญ

ญ
าต

รี 
 

แล้
วศึ

กษ
าต่

อเ
ป็น

 

นัก
ศึก

ษ
าป

ริญ
ญ

าโ
ท 

AH
. น

าย
สพุั

ฒ
น์ 

กมั
มา

ระ
บุต

ร 
 

ภา
คว

ิชา
วิศ

วก
รร

มแ
ละ

เท
คโ

นโ
ลยี

 

เค
มีชี

วภ
าพ

  ส
ถา

บัน
เท

คโ
นโ

ลยี

นา
นา

ชา
ติส

ริิน
ธร

 

มห
าวิ

ทย
าลั

ยธ
รร

มศ
าส

ตร์
 

 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

 

 
ศึก

ษ
าต่

อป
ริญ

ญ
าโ

ท
 

ปร
ะเ

ทศ
องั

กฤ
ษ

 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

ปริ
ญ

ญ
าต

รี 
 

แล้
วศึ

กษ
าต่

อเ
ป็น

 

นัก
ศึก

ษ
าป

ริญ
ญ

าโ
ท 
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 A=
. น

าย
ปก

รณ
 ์ไ

ตร
ปร

ะเ
สริ

ฐพ
งศ

์ 
 

 
ภา

คว
ิชา

วิศ
วก

รร
มแ

ละ
เท

คโ
นโ

ลยี
 

เค
มีชี

วภ
าพ

  ส
ถา

บัน
เท

คโ
นโ

ลยี

นา
นา

ชา
ติส

ริิน
ธร

 

มห
าวิ

ทย
าลั

ยธ
รร

มศ
าส

ตร์
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 
 

 

 
บริ

ษัท
ปูน

ซิเ
มน

ต์ไ
ทย

 
สาํ

เร
จ็ก

าร
ศึก

ษ
า 

A?
. น

าง
สา

วก
ริศิ

กา
นท

 ์ ด
าบ

คาํ
  

- 
ภา

คว
ิชา

จุล
ชีว

วิท
ยา

คลิ
นิก

  

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
โร

งพ
ยา

บา
ลเ

ปา
โล

 
สาํ

เร
จ็ก

าร
ศึก

ษา
 

 

A@
. น

าง
สา

วภ
าว

ิณ
ี โ

ดด
เค

รือ
 

- 
ภา

คว
ิชา

จุล
ชีว

วิท
ยา

คลิ
นิก

  

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
โร

งพ
ยา

บา
ลน

คร
ธน

 
สาํ

เร
จ็ก

าร
ศึก

ษ
า 

 

AA
. น

าย
สร

ยุท
ธ 

ฉัต
รา

กา
ญ

จน์
 

- 
ภา

คว
ิชา

ปร
สติ

วิท
ยา

 

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
สถ

าบ
ันวิ

จัย
จุฬ

าภ
รณ

์ 
(ใ

นต
าํแ

ห
น่ง

ผู้ช่
วย

วิจ
ัย)

 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

 

AC
. น

าย
สธุ

รีพ
ล 

ปิง
ใจ

  
- 

ภา
คว

ิชา
ปร

สติ
วิท

ยา
 

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
โร

งพ
ยา

บา
ลธ

นบุ
รี 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

 

A9
. น

าง
สา

วอ
ธษิ

ฐา
น 

ยศ
สง

คร
าม

 
- 

ภา
คว

ิชา
จุล

ทร
รศ

นศ
าส

ตร์
คล

ินิก
 

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
สถ

าบ
ันแ

ห่
งช

าต
ิเพื

�อ 
พั

ฒ
นา

เด
ก็แ

ละ
คร

อบ
ครั

ว 
มห

าวิ
ทย

าลั
ยม

หิ
ดล

 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

 

A;
. น

าง
สา

วว
รา

ภร
ณ

์ เท
ี� ยง

ธร
รม

 
- 

ภา
คว

ิชา
จุล

ทร
รศ

นศ
าส

ตร์
คล

ินิก
 

คณ
ะเ

ทค
นิค

กา
รแ

พ
ทย

์  

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
ปร

ะก
อบ

อา
ชีพ

อสิ
ระ

 
สาํ

เร
จ็ก

าร
ศึก

ษ
า 

AE
. น

าย
นิต

ิกร
 อ่

อน
ห

วา
น 

 

- 
ภา

คว
ิชา

เค
มี 

 

คณ
ะวิ

ทย
าศ

าส
ตร์

 

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
บริ

ษัท
 ท

โีอ
เอ

 
สาํ

เร
จ็ก

าร
ศึก

ษ
า 
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 AG
. น

าง
สา

วช
นิต

า 
แส

งส
ขุว

าว
 

 

- 
ภา

คว
ิชา

เค
มี 

 

คณ
ะวิ

ทย
าศ

าส
ตร์

 

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
เข้

าร่
วม

โค
รง

กา
รแ

ลก
เป

ลี� ย
น

 

ปร
ะส

บก
าร

ณ
ท์

ี� ต่า
งป

ระ
เท

ศ 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

CH
. น

าง
สา

วอ
ญั

ชน
า 

 

   
  น

ิ�ม
อนุ

สส
รณ

ก์ุล
 

 

- 
ภา

คว
ิชา

เค
มี 

 

คณ
ะวิ

ทย
าศ

าส
ตร์

 

มห
าวิ

ทย
าลั

ยม
หิ

ดล
 

นัก
ศึก

ษา
 

ปริ
ญ

ญ
าต

รี 

- 
ได้

รับ
ทุน

 ส
คว

ค.
 ห

ลัก
สตู

ร

ปร
ะก

าศ
นีย

บัต
รบ

ัณ
ฑ

ติว
ิชา

ชีพ
 

คร
ู (

ป.
บัณ

ฑ
ติ)

 ม
ห

าวิ
ทย

าลั
ย 

ศรี
นค

ริน
ทร

วิโ
รฒ

 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

C=
. น

าย
ดล

ยา
 ส

าบ
วช

 
- 

ภา
คว

ิชา
วิท

ยา
ศา

สต
ร์แ

ละ
เท

คโ
นโ

ลยี

วัส
ดุ 

คณ
ะวิ

ทย
าศ

าส
ตร์

  
มห

าวิ
ทย

าลั
ยส

งข
ลา

นค
ริน

ทร์
 

นัก
ศึก

ษา

ปริ
ญ

ญ
าต

รี 

- 
ทาํ

งา
นโ

รง
งา

นย
าง

 

จ.ส
งข

ลา
 

สาํ
เร

จ็ก
าร

ศึก
ษ

า 

 หม
ายเ

หตุ
 

สงั
กดั

   
   

  
   

  ใ
ห้

ใส่
รา

ยล
ะเ

อยี
ดท

ี� อยู่
ต้น

สงั
กดั

 เช่
น 

ภา
ควิ

ชา
/ค

ณ
ะ/

มห
าวิ

ทย
าลั

ย 
 

สถ
าน

ภา
พปั

จจุ
บนั

   
- 

ยัง
อยู่

ใน
โค

รง
กา

รห
รือ

ไม่
 ห

าก
ไม่

อยู่
ใน

โค
รง

กา
รแ

ล้ว
 ใ

ห้ร
ะบ

ุห
น่ว

ยง
าน

ให
ม่ด้

วย
 

 
 

   
  -

 ห
าก

เริ
�ม

เข้
าร่

วม
โค

รง
กา

รเ
ป็

นน
ักศึ

กษ
าป

ริญ
ญ

าเ
อก

 ป
ริญ

ญ
าโ

ท 
ห

รือ
ปริ

ญ
ญ

าต
รี 

ให้
ระ

บุ
ว่า

ปั
จจุ

บั
นส

าํเ
รจ็

กา
รศึ

กษ
าห

รือ
ยัง

ไม่
สาํ

เร
จ็ก

าร
ศึก

ษ
า 


