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Abstract

This research studied various types of packaging to prolong the shelf life of non-
preservative white bread. Three types of blown film packages were used, i.e. a
single LDPE layer incorporated with an oxygen scavenger, a single LDPE layer
containing an oxygen absorber sachet, and three layers of LDPE laminated with
O-nylon. The effects of modified packaging atmosphere, i.e. 5, 10, and 21 vol. %
of oxygen in nitrogen balance, on the shelf life was also included.
Characterization of the packaging films was carried out using several techniques,
such as Oxygen Transmission Rate (OTR) and an optical microscopy. Headspace
gases, microbial count, as well as physical appearance were used to evaluate the
shelf life. The optical microscopic images showed that incorporating the oxygen
scavenger into the plastic film produced small pores, contributing to a passive
function of the films as their OTRs were significantly enhanced. However, the
microbial growth on bread stored in those packages was suppressed, implying
that the intermediate generated from scavenging reaction might act as a
fungistatic. Even though the scavenging capability of the oxygen absorber sachet
lasted only for 4 days, the fungi and mould development thereafter was still
lower compared to the package without the sachet. The prolonging white bread
shelf life was found to be primarily dependent on two factors. The package with
a high oxygen barrier such three-layer films defeated microorganisms. With a
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Fe(OH)2 þ ¼O2 þ ½ H2O / Fe(OH)3 (4)

3.1.2. TGA

The TGA analysis in Fig. 3 shows that the oxygen scavenger masterbatch composed
of around 50% of a base polymer which was LDPE and 50% of iron powder which
still remained at the temperature of 1000 "C. The decomposition temperature of the
base polymer in the masterbatch at 475 "C (see DTG curve) was similar to that of
LDPE, confirming that it was LDPE. The unleveled baseline of the TGA could be
seen from the results especially with the tests of three layer films and hence, % re-
mained residues in the curves could not be read directly. Percent residues were calcu-
lated from % weight loss at the decomposition temperature of 475 "C and found that
for the single layer films containing oxygen scavenger at 0, 5, and 10% w/w were 1,

Fig. 1. SEM image of Shelf-plus O2-2400 oxygen scavenger master-batch.

Fig. 2. SEM-EDX of dispersion phase (a), and matrix phase (b) of Shelf-plus O2-2400 oxygen scavenger
master-batch.

8 https://doi.org/10.1016/j.heliyon.2018.e00802
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With a low O2 atmosphere of 5% v/v, the number of microorganisms was about a
magnitude lower than those in the 10 and 21% O2 atmosphere. The findings were
agreed with the work of Knorr and Tomlins [15] who reported that 100% N2 in
packaging atmosphere was as effective as 100% CO2 in terms of extending the
white bread shelf life from 5 days in air packaging to 13 days. However, this
was contradicted to the conclusion made by Bai et al [27] who did not discover
any significant difference in the number of total plate counts in buckwheat noodles
packed in normal air and in 100% N2. Comparable microbial counts in the pack-
ages with 10 and 21% O2 atmosphere implied that 10% v/v O2 content in the head-
space of the packages were sufficient for the microbial growth. Interestingly, the
food safety guidance of the Department of Medical Sciences, Ministry of Public
Health, Thailand, sets the limitation of yeast and mould counts as 102 CFU/g where
those bread with invisible fungi and mould colony possessed microbial counts over
the limit and might be mistakenly consumed by customers.

3.2.3. Appearance and mold-free shelf life

During the storage period of 7 days, fungi and mould colonies on slides of bread in
the three-layer film packages both with (3L10) and without (3L0) incorporating with
oxygen scavenger under all three O2 concentration atmosphere (5, 10, and 21% v/v)
were not visible. The appearance of fungi and mould on the bread in the single layer
films packages depended mainly on the initial O2 contents in the packaging head-
space as well as the oxygen scavenger concentrations. With the packages containing
air inside, the microbial development appeared earlier than those with lower O2 con-
centrations (5 and 10% O2 atmosphere). Similar findings were reported by Smith
et al [4] that 100% N2 atmosphere could prolong the crusty rolls’ shelf life compared
to a normal air package. By incorporating an oxygen scavenger into film packages,

Fig. 11. Bread appearance after storage in most packages (a) and in 1L0 package under 21% O2 atmo-
sphere (b).

17 https://doi.org/10.1016/j.heliyon.2018.e00802
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ABSTRACT: Polycarbonate (PC) and multi-walled carbon nanotubes (MWNTs) composites were prepared by solution
method where 0–20% w/w MWNTs were added into two types of PC solutions, i.e. a low and a high molecular weight
solution. The composites were processed into plastic sheets using a compression moulding technique in order to study
their mechanical, electrical, physical, and rheological properties. The results showed that addition of MWNTs at 1%
w/w enhanced the tensile strength and modulus by up to 23 and 75%, respectively, and reduced their electrical resistivity
significantly from being an insulator (1 × 1016! 1 × 1017 Ω-cm) to a semi-conductor (8 × 108 Ω-cm), indicating a
percolation threshold. A slight improvement in the mechanical properties was observed at up to 4% w/w MWNTs;
however, the volume resistivity remained unchanged. As the amount of MWNTs increased >4% w/w, the mechanical
properties drastically deteriorated because of the MWNTs agglomerating and segregating onto the surfaces. The
segregation of the agglomerates was also supported by the surface resistivity and shear viscosity results, which decreased
as MWNTs increased. MWNTs were found to interact better with the low molecular weight PC matrix and produced more
homogeneous composites. The studies of composite colour and MWNTs dispersion confirmed the findings of both
mechanical and electrical properties. This research demonstrates the possibility of preparation of PC and MWNTs
composites at high MWNTs concentrations, which can be very useful for a master batch process. © 2015 Curtin
University of Technology and John Wiley & Sons, Ltd.

KEYWORDS: carbon nanotube; polycarbonate; composite; electrical resistivity; dispersion; percolation threshold

INTRODUCTION

Various polymer nanocomposites including polycarbonate
(PC)/carbon nanotubes (CNTs) composites have been
extensively studied and commercialised because of their
superior properties.[1–6] PC possesses outstanding
characteristics including high strength, high toughness,
good thermal stability, low moisture absorption, and
good optical clarity; hence, it is widely used in
construction, automotive, electrical and electronics,
and packaging applications. PC composites have
attracted much interest lately to improve known

PC weaknesses such as flame retardance, chemical
resistance, and abrasion resistance.[7–12] CNTs are well
known to be an excellent reinforcing material.[2,3,13–17]

It is also electrically conductive, and for this reason,
incorporation of CNTs with electrically insulating
polymers creates composites with dramatically altered
electrical characteristics.[3,4,11,18–21] Because of the
notably high aspect ratio compared to other reinforcing
and/or conductive fillers such as carbon black and
clay, percolation threshold of CNTs can be achieved
at much lower concentrations.
Because of the unique combination of their

properties, PC/CNTs composites have drawn enor-
mous attention during the past few decades. The
improvement in mechanical and electrical properties
of the composites has been proven to be strongly
dependent on the CNTs dispersion within the PC matrix
as their nano-structures are usually in the form of

*Correspondence to: PiyachatWattanachai, Department of Chemical
Engineering, Faculty of Engineering, Burapha University, 169
Long-Hard Bangsaen Road, Saen Sook, Muang, Chonburi, 20131
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The objective of this paper is to examine the
mechanical, electrical, physical (particle dispersion),
and rheological properties of PC/MWNTs composites
prepared by solution method without any addition of
compatibilisers or MWNTs pretreatment. Although
melt mixing is a common and preferred technique
because of the fact that severe mixing is required to
disentangle the CNT structure and homogenise it
within the polymer matrix, the solution method is
considered to be a simple, low cost, and less energy-
intensive alternative. In addition, the very high shear
rates of the melt mixing techniques could compromise
the composite’s mechanical properties. For the solution
technique, MWNTs can be instantaneously added
into a PC solution discharged from a polymerisation
process without the need to pelletize the PC resin. It
can also be very useful for preparation of a wide
range of composite concentrations as well as for
manufacturing of master batches. This technique has
been successfully used to produce PVA/CNTs and
PS/CNTs composites.[13] The study here was carried
out at different MWNTs concentrations, and the
effect of the PC molecular weight was additionally
investigated and compared.

EXPERIMENTAL

Materials

Two types of 17% w/w PC solution in a solvent mixture
of 53% methylene chloride and 47% chlorobenzene,
i.e. high molecular weight PC for the extrusion process
and low molecular weight PC for the injection process,
were provided by Bayer Thai, Thailand. Baytubes®
C-70P MWNTs were obtained in powder form from
Bayer AG, Germany and their properties are shown
in Table 1.

Sample preparation

Baytubes® C-70P MWNTs were used as received and
dried in an oven at 100 °C for 1h to remove moisture
prior to adding into the PC solution discharged
from a polymerisation reactor (prior to transferring
to extrusion process for pelletizing). For each
MWNTs concentration, approximately 30–40g of the
composites was prepared from 200g of PC solution.
MWNTs content ranging from 0–20% w/w based on
PC dry weight was mixed with the solution using a
shaker at 190 rpm for 1h followed by an ultrasonic
shaker at 45KHz for another 45min to ensure the
mixture was well mixed. A prolonged ultrasonic
mixing time of 75 and 105min had also been carried
out; however, no further noticeable improvements in
the composites’ properties were detected. The mixture
was then immediately poured into an aluminium tray
and placed in a vacuum dryer at 200 °C for 45min to
evaporate the solvents. The dried composite sheet
(Fig. 1 left) was then milled into small pieces
(Fig. 1 right) and dried at 120 °C for another 4h.
To obtain the testing specimen with dimensions of
30cm in diameter and thickness of 0.3mm, 10g of the
composites were compressed with a load of 15 ton

Table 1. Properties of Baytubes® C-70P multi-walled
carbon nanotubes.

Property Value Unit

C-Purity ≥95 wt%
Free amorphous carbon Not detectable wt%
Outer mean diameter ~13 nm
Inner mean diameter ~4 nm
Length >1 µm
Bulk density 45–49 kg/m3

Loose agglomerate size
(>90wt%)

0.05–1.5 mm

Figure 1. Multi-walled carbon nanotubes/polycarbonate composite sheet
obtained after solvent evaporation (left) and milled multi-walled carbon
nanotubes/polycarbonate composite particles (right). This figure is available
in colour online at www.apjChemEng.com.
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Figure 14. Transmission electron microscopy image of composite of low
molecular weight polycarbonate (left) and high molecular weight
polycarbonate (right) with multi-walled carbon nanotubes loading of 1%
(A and B), 2% (C and D), 3% (E and F), 5% (G and H), and 8% (I and J).
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Abstract - This research aimed to produce the milk tablet with fast disintegration time suitable for the novel milk product. 
The investigated techniques included extrusion-spheronization (ES), wet granulation (WG), low-pressure compression 
(LPC) and solution molding and freeze-drying (SMFD). Processing conditions and filler addition were studied. The 
disintegration time, drying time, and density of the tablet was evaluated. The optimal disintegration time of ES, WG, LPC, 
and SMFD are 60, 10.5, 1.4, and 2.5 minutes, respectively. ES and WG produced a sluggishly disintegrated tablet because 
the milk particles became aggregated when they were watered during processing. SMFD is a wet process as well, but it 
created a high porosity within the tablet resulted in a highly specific surface area. For LCP technique, on the other hand, is a 
dry process in which the internal particles formed a loose assemblage due to the use of low pressured. 
 
Keywords - Milk tablet, Disintegration, Dairy Product, Tabletting, Product Development. 

I. INTRODUCTION  
 
Milk is a superior source of nutrition for a human and 
another mammal. Milk and dairy products are 
recognized as one of the major food groups. The 
United States Department of Agriculture (USDA) has 
recommended consumption of 3 cups of low-fat or 
fat-free milk or the equivalence of other dairy 
products per day forchildren 9 years old or older [1]. 
Thereare the top sources of calcium, vitamin A, and 
vitamin D, three of the five nutrients that Thai and 
most of ASEAN children are lacking in their diets. 
This malnutrition resulted in lower IQ, anemia, 
stunning and obesity [2]. Thai people consumed only 
28.7 kg of milk per capita annually, far below the 
world average of 103.9 kg and EU and the USA an 
average of 290.5 kg [3]. This is the national concern 
as evidenced by the school milk program to help 
promote milk consuming in children; however, the 
consumption is still low because most of children do 
not prefer to drink plain milk and it is alsodifficult to 
transport and storage in rural areas. Consumers have 
various choices of types and forms of milk products 
such as sterilized and pasteurized milk in assorted 
flavors, condensed milk, powdered milk and milk 
tablets. The novel milk tablet in this research is an 
innovation with a number of advantages. It can be 
consumed easily and can attract children and adults 
who do not like to consume milk. In addition, it can 
be stored and transported easily especially in 
naturally devastated situations such as flooding. 
Milk in form of powder can easily dissolve and 
reconstitute with water especially in the type of 
instant powder-a milk powders,which is in an 
agglomerated form, a form that single particles have 
formed bigger agglomerates or granules make it 
instantly dissolve in chilly water. Current milk tablets 
made from instant milk powder thatcommercialized 

in the market is difficult to dissolve in water. This 
research aimed to develop a processing technique to 
formfast disintegrating milk tablets suitable for the 
novel type of milk product application. There are 
many available techniques to manufacture milk 
tablets or pellets. This research focuses on 4 
techniques as follows. 
 
1.1. Extrusion-Spheronization (ES) 
Extrusion-spheronization is a pelletization technique 
developed in the early 1960s. It is commonly used in 
the pharmaceutical industry to make uniformly sized 
spheroids with a consistently smooth surface and 
narrow size distribution. This technique has gained 
attention in these days because of simple and fast 
processing with high efficiency. The extrusion-
Spheronization process includesdry mixing, wet 
massing, extrusion, and spheronization step-a process 
in which extrudates formed into a pellet by 
spheronizer. The spheronizer is a bowl that a fast 
spinning disk with groves pattern is at the bottom.The 
disk will force the granules to the rim of the disk in 
the spinning direction.This makes the granules rolling 
in a helix direction, smoothing the surface of the 
extrudates resulting in spherical pellets. 
 
1.2. Wet Granulation (WG) 
In the pharmaceutical, wet granulation is extensively 
used in the manufacturing of tablets and pellets. This 
technique refers to the process in which powder 
particles are made to adhere together to form the 
larger particle. Bonds are formed by compression and 
a binding liquid agent. The wet mass is then forced 
through a sieve to produce wet granules which are 
subsequently dried. 
 
1.3. Low-Pressure Compression (LPC) 
This technique use pressure to force dry powders or 
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Table 3: Disintegration time of tablet formed by WG technique. 

Compositions Drying method Disintegration time (minute) 

Milk powder 100% 
Oven dried 29.5 ± 1.0 

Freeze dried 24.4 ± 0.8 

Milk powder 90% + tapioca starch 
10% w/w 

Oven dried 23.0 ±  0.5 

Freeze dried 10.5 ±  0.6 

 

 
Fig. 2. Milk granules produced by WG technique 

 
3.3. Low-Pressure Compression Technique Result 
The tablet formed by LPC technique was shown in 
Fig. 3. Due to the fact that the tablets were formed in 
die and punches, the size of the tablets is uniform 
unlike the tablet from ES and WG. The effect of 
compression pressures was evaluated in term of tablet 
density. As the compression pressure increased (tablet 
density 0.63-1.10 g/cm3) the tablet disintegration time 
increased (1.42 – 40 minutes) for both pure milk 
powder as shown Fig. 4. 
 

 
Fig. 3. Milk tablets produced by LPC 

 
Fig. 4. Disintegration time of milk tablets produced by LPC 

 
3.4. Solution Molding and Freeze Drying 
Technique Result 
For SMFD technique, the disintegration times were 
2.47-19.37 minutes at the water concentration of 30-
50%w/w as shown in Fig. 5. This was due to the 
surface area of the tablet is increased according to the 
increment of the porosity when increasing the 
solution concentration. An example of the tablet 
formed by this technique was shown in Fig. 6. 
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Abstract 
 
In the challenging prospect of developing “green” materials, the present research studied the possibility to replace acrylonitrile 
butadiene styrene (ABS) which is a petroleum based, synthetic rubber in polycarbonate (PC) blends with natural rubber (NR) for 
thermoplastic elastomers (TPEs) applications. An acrylic based impact modifier and talc were included in order to investigate the 
correlation between phase morphology and mechanical and thermal properties of the blends and composites. A simple technique of 
two roll mills were performed to obtain the blend and composite pellets which later on were processed into test specimens using an 
injection molding technique. As NR is outstanding in terms of toughness, when blending with PC a significant improvement of Izod 
impact strength was advantageous even with a low amount of NR at 5% w/w. In opposite, the drawback of NR incorporated PC was   
a drastic reduction in ductility which was shown by 75% decrease in the percent elongation to break. As the NR contents increased, 
the phase heterogeneity was more pronounced and resulted in lowering most properties.  However, a better homogeneity of the blend 
using an impact modifier did not show any property enhancement besides the impact strength.  Scanning electron microscopy (SEM) 
study suggested that talc was more miscible in NR than in PC and hence tended to improve properties when added into a blend with   
a high NR content. With an inadequate NR amount, talc dispersed in the polymer matrix and only elastic modulus and Vicat softening 
point were enhanced due to the stiffness and heat resistant properties of talc. Mechanical and thermal properties, in general, of the 
PC/NR/talc and PC/ABS/talc were comparable, suggesting the possibility to replace ABS with NR. In addition, the reproducibility of 
the tests was observed, implying the efficiency of the two roll mills technique for blend and composite preparation. 
 
Keywords: Polycarbonate, Acrylonitrile Butadiene Styrene (ABS), Natural rubber, Polymer blends, Polymer composites 
 
 
1. Introduction 
 

Polycarbonate/Acrylonitrile-Butadiene-Styrene (PC/ABS) 
blends, alloys, and composites have continuously been developed 
to serve various industrial demands and many of them have been 
commercialized for half a century [1, 2].  This is due to the fact 
that PC possesses outstanding characteristics including high 
strength, high toughness, good thermal stability, low moisture 
absorption, and good optical clarity while ABS contributes to low 
temperature toughness, notch insensitivity, processability, and 
low cost. PC/ABS blends have been found commercially 
available in a wide variety of industries, particularly in computer, 
electrical and electronics, and automotive.  Properties of the 
blends were found to be dependent on several factors, such as PC 
molecular weight, the composition ratio, and percent rubber in 
ABS.  Even though the mechanical properties of the PC/ABS 
blends were a result from additive effects of the two components, 
the properties did not always follow the additive law and there 
were other factors influencing the properties, morphological 
structure in particular [1, 3-7].  While tensile strength and elastic 
modulus of the blends decreased monotonically and closed to the 
additive law with increasing the ABS contents simply due to the 
rubber characteristic of the ABS, the ductility and impact strength 
were more complicated and a consequence of the combined 
effect of the materials behaviors and the blend compatibility. The 

PC chains themselves are packed tightly and hence producing 
steric hindrance to the rotation of the chains.  When ABS is 
blended into PC, the chain packing becomes more lose allowing 
the chain mobility and hence lowering the tensile properties. On 
the other hand, the influence of the blend ratio on the ductility 
was more complicated.  A drastic drop in elongation at break 
when up to 40% by weight of ABS were added into the PC matrix 
was because PC has been known to be very tough material and 
its percent elongation is a few time higher than that of ABS         
[1, 4, 5]. However, the elongation was fairly constant in the ABS 
ranges of 40-80% w/w and increased slightly as the % ABS is 
higher than 80%.  Impact strength is one of important properties 
of PC and it was found that impact strength decreased with 
increase in ABS contents [1, 7]. 
 As the partial miscibility of the PC/ABS blends was 
recognized, numerous researches have been focusing on 
searching for compatibilizers or compatibilization techniques in 
order to improve the miscibility of the two polymers [8-11]. 
Reactive compatibilization using block or graft copolymers is 
common as it was found to be most effective.  Maleic anhydride 
grafted polypropylene could improve the miscibility between PC 
and ABS, resulting in a significant increase in both the tensile 
ductility and impact strength [12].  As the epoxy resin was added 
at 2 phr, those properties further improved.  However, as the ABS 
contents were higher than 40% w/w, the two compatibilizers 
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Figure 7 Melt volume rate of PC/NR blends, alloy, and 
composites at various composition 
 
[6, 10, 35]. Maleic anhydride grafted ABS (MABS) was found to 
be more miscible to PC than normal ABS, resulting in well 
dispersion of MABS in PC matrix which gave rise in the blend 
viscosity compared to PC/ABS blends [10]. In our study, an 
acrylic based impact modified (A15) did not alter the MVR of 
the PC/NR blend (B15) even though the morphology study 
suggested a better miscibility of the two components. When talc 
was added into the PC/NR blends, MVR of the composite with 
15% w/w NR increased while MVRs of the composites with 5% 
w/w NR at all the talc compositions were comparable to that of 
the blend.  This was contradicted to the results of Sung et al. [9] 
who reported the decrease of viscosity of PC/talc composites as 
talc contents increased and concluded that talc was a cause of PC 
degradation. A slightly higher MVR of the PC/ABS/talc 
composite than that of PC/NR/talc composition was observed. 
 
3.6 Microstructures 
 

Morphology of the blends, alloy, and composites was very 
beneficial for understanding the mechanical properties as well as 
thermal properties. Figures 8 (a) and 8 (b) demonstrated that NR 
particles were well dispersed as elongated nodules in PC matrix 
and as the NR content increased, the immiscibility was more 
pronounced and the particles were more round, indicating an 
increase in interfacial tension between the two phases. This 
explained the deteriorated mechanical and thermal properties of 
the blends with 10 and 15% w/w NR concentrations. Co-
continuous phase of TPEs was detected as the amount of rubber 
in NR or ABS increase higher than 40% w/w in polyolefin        
[18, 20, 22, 36], leading to better mechanical properties. As an 
acrylic based impact modifier was included in the blend of 
PC/NR at a ratio of 85/15, the blend became co-continuous phase 
shown in Figure 8 (c), implying that the impact modifier was 
compatible to both phases. However, surprisingly besides the 
impact strength, other properties barely affected. The slightly 
depreciation in most properties when the impact modifier was 
added was due to a slightly lower PC content in the blend        
(83% w/w) compared to that without the impact modifier (85% 
w/w). As talc was incorporated into the PC/NR blend at the 85/15 
ratio, the morphology of this composite became co-continuous 
phase with some dispersed talc particles as seen in Figure 8 (d). 
It might be concluded that talc dissolved better in NR and in 
addition to that, it abetted the two phases to be more miscible. It 
appeared that the acrylic impact modifier and talc had similar 
roles in blend because the mechanical properties of the A15 and 
C15-T5 were comparable except thermal properties. Since talc 
has an excellent heat resistance and functionality as lubricant, the 
blend C15-T5 had, in general, slightly better higher Vicat 
softening point, Tg, and MVR. Figure 8 (e) shows the 
morphology of the PC/NR/talc composite at a NR content of 5% 
w/w. It was obvious that talc dissolved better in the NR phase as 
more talc particles were dispersed with some agglomerates in the 

PC/NR matrix compared to the composite with a high amount of 
NR at 15% w/w (Figure 8 (d)). The matrix of this composite was 
more homogenous than the PC/NR blend (B5 in Figure 8 (a)) 
with some smaller, elongated rubber particles appearance. The 
microstructure of the PC/ABS/talc composite in Figure 8 (f) was 
identical to that of PC/NR/talc composite in Figure 8 (e), and 
hence, it can be concluded that talc well dissolved in 
polybutadiene rubber phase of ABS while styrene acrylonitrile 
(SAN) was miscible with PC phase. 
 

 
 

 
 

 
 
Figure 8 SEM Images of PC/NR blends, PC/NR/impact modifier 
alloy, PC/NR/talc composite, and PC/ABS/talc composite:         
(a) B5, (b) B15, (c) A15, (d) C15-T5, (e) C5-T5, and (f) C5-ref 
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Abstract 
 
This research investigated the feasibility of replacing cornstarch with calcium carbonate in surgery glove 

manufacturing. Cornstarch in slurry form is currently used as the releasing agent in order to prevent the gloves from sticking to 
the formers, to each other, and to the hands of the users. However, some people have a protein allergy and a skin infection can 
develop from the protein and bacteria contained in cornstarch. Therefore, calcium carbonate could be used as an alternative 
releasing agent. The quality of gloves prepared from different compositions of calcium carbonate in slurry form were assessed 
and compared with those of standard gloves prepared from various concentrations of cornstarch. As the amount of calcium 
carbonate increased, residual powder increased which resulted in high grip forces and stickiness, i.e. unsatisfactory donning. 
Calcium carbonate (5% w/w) resulted in comparable properties to gloves manufactured from 20% w/w cornstarch which 
suggested that calcium carbonate has potential application as the releasing agent in slurry form for surgery glove manufacturing.  

 
Keywords: calcium carbonate, cornstarch, surgery glove, releasing agent, donning
 
 
1. Introduction 

 
Surgery rubber gloves were first introduced more 

than a century ago as a protective barrier for surgeons and 
surgical teams from exposure to blood, body fluids, germs, 
and diseases (Ellis, 2008; Field, 1997; Truscott, 2002). Since 
rubber, by nature, is tacky, the problems of gloves sticking to 
the formers and tearing when removed from the formers arose 
during the manufacturing process. Furthermore, sticking also 
occurred when they were packaged in boxes where they also 
stuck to each other.  Moreover, users found it difficult, if not 
impossible, to don them. To overcome these drawbacks, the 
spores of Lycopodium, which is a clubmoss, was introduced as 
a dusting powder (lycopodium powder) to facilitate glove 
donning. Although lycopodium powder was widely accepted 
to be a good lubricant, unfortunately after several decades it 
was found that it caused severe granuloma in patients after

 
laparotomy. Talcum powder, which is magnesium silicate, 
soon replaced lycopodium powder; however, it was later 
found to be responsible for causing peritoneal cavity 
granulomas. Then in 1947, Lee and Lehman reported the 
ability of crosslinked cornstarch with epichlorhydrin to 
withstand steam sterilization and sweat and since then 
cornstarch has been used as the releasing agent in glove 
manufacturing.  

Nevertheless, in 1955 two cases of starch powder 
granulomas were discovered (Sneierson & Woo, 1955). Since 
then, there have been numerous medical reports associated 
with surgery cornstarch powder gloves such as granulomas, 
adhesions, infertility, peritonitis, exaggerated inflammation, 
and dentist hand dermatitis (Field, 1997; Woods, Morgan, 
Watkins, & Edlich, 1997). Lee, Collins, and Largen (1952) 
started an in-depth investigation on cornstarch powder gloves 
and concluded that cornstarch produced a foreign-body 
reaction. Subsequently, many investigations on the effects 
from cornstarch powdered gloves were conducted and these 
general conclusions were made: (i) diseases or symptoms 
associated with cornstarch powdered gloves can arise from 
either direct contact with the gloves in an operating room or 
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Fleaker holding the wrist part on the neck of the Fleaker and 
the lid was subsequently closed. After the Fleaker was shaken 
at 100 rpm for 30 sec, the water in the Fleaker was then 
vacuum filtered through filter paper which was initially 
weighed with a 4-digit analytical balance. A similar test was 
repeated for another 4 gloves and filtered through the same 
filter paper. The filter paper was oven dried at 100 oC for 1 h 
and subsequently put in a desiccator for 30 min prior to 
measuring the weight. The residual powder was calculated 
according to Equation 1. Another two sets of experiments 
were performed to obtain an average value along with a 
standard deviation. 

 
                (1) 

 
where wi and wf are the initial and final weights of the filter 
paper, respectively.  The standard residual powder of the non-
powdered surgery gloves was under 2.0 mg/glove. 
 
2.5 Tensile test 
  

According to ISO 37, three pieces of type II 
dumbbell were cut from one glove from either the palm or 
back of the hand side. The sample was subjected to tensile test 
using an Instron Tensile Machine Model 5564 at a speed of 
500 mm/min. Thirteen gloves (39 samples) were tested to 
obtain an average tensile strength and standard deviation. The 
standard tensile strength of the non-powdered surgery gloves 
was greater than 173 kgf/cm2. 
 
2.6 Grip test 

 
Prior to the grip test, the gloves were sterilized with 

gamma rays at 25.0-55.0 Kgy using cobalt radiation to kill 
microorganisms. The samples were then dried in an oven at 40 
oC for 7 days. The thumb, index finger, and middle finger of 
the sample gloves were cut and placed on a specially designed 
fixture of the Instron Model 5564 (Figure 2a). Once a proper 
load cell was placed on the machine, a reading of the force 
was attained (Figure 2b). There was no standard for the grip 
force but the target was a value similar to a reference glove 
that used 20% w/w cornstarch as a releasing agent. 

 

 
Figure 2. Sample positions before grip test (a) and sample position 

after grip test (b). 
 
2.7 Donning 
  

Similar to the grip test, the gloves were processed 
with gamma irradiation using the same method. Both dry-

hand and damp-hand donning were tested by the company’s 
highly experienced tester who graded the quality of the gloves 
into three scoring levels. 
 
3. Results and Discussion 
 
3.1 Residual powder 
 

As a rule of thumb, higher amounts of calcium 
carbonate added into the slurry result in more residual powder 
remaining on the gloves (Figure 3). The results indicated that 
the current concentration of chlorine solution used to wash out 
the gloves was not capable of reducing the residual powder of 
the gloves prepared from 20% w/w calcium carbonate to 2 
mg/glove even though the particle size of calcium carbonate 
was significantly lower than starch. This must be due to the 
fact that dissolubility of calcium carbonate is lower than that 
of cornstarch. The formulation that was the closest to the 
standard contained 5% w/w calcium carbonate. Interestingly, 
despite a slightly higher amount of solid content in Formula 5 
compared to that of Formula 1, the amount of residual powder 
was much higher. This possibly was because dissolution of an 
antimicrobial agent contained in Formula 5 was worse than 
Formula 1. When the lubricating agent was not included, the 
antimicrobial agent contained in Formula 5 could dissolve 
better which resulted in a lower amount of residual powder as 
seen in Formula 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Residual powder of the gloves prepared from different 

slurry formulations. 
 
3.2 Tensile test 
 

Figure 4 illustrates the tensile strength of the gloves 
prepared from different slurry formulas (Table 1). It was noted 
that the calcium carbonate content had only a slight effect on 
tensile strength. In addition, the average tensile strength of 
gloves using calcium carbonate as the releasing agent at every 
concentration was comparable to the reference glove which 
used 20% w/w cornstarch as the releasing agent. Varying the 
antimicrobial agent type or excluding the lubricating agent 
had little effect on the tensile strength. The standard 
deviations of the results for all the gloves were also similar. 
This was possibly due to the fact that powders of the releasing 
agent were only attached to the outside and were not 
incorporated into the rubber latex. Most importantly, all 
tensile strength values were well above the standard value of 
173 kgf/cm2 for surgery gloves. 
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Abstract. Extraction and characterization of acid soluble collagen (ASC) and pepsin soluble 
collagen (PSC) from scales of Giant groupers (saltwater fish) and Nile tilapia (freshwater 
fish) were carried out in this research.  Due to a higher protein content in scales, collagen 
yield extracted from the Giant groupers scales was higher than that of the Nile tilapia scales.  
The yield increased as extraction time increased for both ASC and PSC and pepsin extraction 
resulted in higher yields than acid extraction.  Even though there were differences in collagen 
yields, collagen characteristics were independent of the scale sources but some differences 
were observed for the ASC and PSC.  The peptide hydrolysis patterns of the ASC showed 
a wide range of molecular weights whereas all of the PSC had similar molecular weight of 
around 42 kDa.  FTIR spectra showed that all the collagens remained the triple helical 
structure though ASC might be self-aggregated.  From zeta potential analysis, net charge of 
zero was found at pH 3.2-4.0 and the dynamic light scattering suggested that the average 
particle sizes at pH 11-12 were around 100-200 nm.  The denaturation temperatures (Tds) 
in a range of 35-42oC indicated that the collagens were considerably thermally stable. 
 
Keywords: Collagen, fish scales, enzymatic extraction, acid extraction, seawater fish, 
freshwater fish. 
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as the reference.  The denaturation temperature (Td) was recorded as the peak temperature of each 
endothermic peak. 
 
2.8. FTIR 
 
Thermo Scientific Nicolet iS50 FT-IR, USA, equipped with a horizontal Smart ARK flat ZnSe crystal cell 
was used to carry out FTIR experiments.  The crystal window of the size of 8010 mm where the lyophilized 
collagen was placed onto allowed 12 reflections per measurement, enhancing consistency and accuracy.  The 
spectra were acquired over the range of 4000-650 cm-1 with a resolution of 4 cm-1 for 32 scans against a 
background spectrum recorded from the clean empty cell.  The operations were done at a room temperature 
of 21oC. 
 
2.9. Zeta Potential 
 
A four digit balance was used to prepare 0.1 g of collagen and then the sample was dissolved with deionized 
water to a final concentration of 0.1% (w/v).  The solution was stirred using a magnetic stirrer for a couple 
hour.  20 ml of each solution was adjusted pH to 3-12 using either 0.1 M HCl and 0.1 M KOH under constant 
stirring and titrated using an automatic EUTECH titrator.  The zeta potential of the solution was performed 
according to electrophoretic light scattering using Zetasizer NanoZS instrument (Malvern Instruments Ltd., 
United Kingdom). 
 
3. Results and Discussion 
 
3.1. Appearance 
 
The appearances of collagen extracted from both Giant groupers and Nile tilapia fish scales are similar except 
for the color.   The collagen obtained was in a form of fluffy fibrils but they are very tough and strong.  While 
the collagen extracted from Giant groupers scales was white, the collagen extracted from Nile tilapia scales 
was yellowish as shown in Fig. 2.  This is might be due to the fact that Nile tilapia scales contain more 
pigments than those of Giant groupers scales. 

 
 
Fig. 2. Collagen extracted from Giant groupers and Nile tilapia fish scales. 
 
3.2. Raw Material Compositions 
 
Calcium, non-protein collagen and pigments contents as well as proximate compositions were shown in Table 
2.  Moisture contents of the two fish scales were similar and are around 10% w/w as measured both by 
AOAC 2000 and TGA methods.  The results showed that Giant groupers scales which are the scales of deep 
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Abstract. Variable Frequency Microwave (VFM) is known to be a rapid, volumetric, and 
selective form of heating which has shown potential as an alternative technique for the 
processing of negative-tone SU8 photoresist in the Micro-Electro-Mechanical System 
(MEMS) industry. A comparison of thermal properties of the films cured during the 
softbake and post exposure bake process using different techniques, i.e. conventional 
thermal curing, VFM curing, and a combination of both (referred to as hybrid, HY), was 
investigated using a Differential Scanning Calorimeter (DSC) and Thermogravimetric 
Analysis (TGA). A significant increase on the degree of cure (between 13-23%) was 
observed using the VFM over the hybrid and hotplate curing which means that SU8 
curing at lower temperatures or rapid curing is possible. The increase in cure rates can be 
attributed to a combination of heat transfer and the unique capability of microwave to 
couple with the sample (selective heating). The improvement in curing at the same 
processing temperatures has important implications for processing thick films. It was 
found that regardless of curing methods, crosslink densities increased as the baking 
temperature increased, resulting in lower dielectric properties. Despite higher crosslinking 
contents, VFM cured samples decomposed at 2-4°C lower temperatures. In addition to 
better thermal properties, VFM offered satisfactory microstructure at lower curing 
temperatures; however, high processing temperatures could result in film cracking. 
 
Keywords: Variable frequency microwave (VFM), SU8, photoresist, curing, crosslink 
density, glass transition temperature (Tg). 
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nanotubes imbedded in the composites and allowed the epoxy to crosslink around the carbon 
nanotube/epoxy interfaces, causing higher crosslink density and Tg of the MW cured composites [21, 25]. 
However, there was a contradicting report that suggested that with a comparable degree of curing, MW 
curing did not have a significant effect on Tg though they also found a higher percent cure of epoxy resin 
with MW curing at the same curing temperature and time with the thermal curing [23]. It was revealed that 
MW curing could lower the activation energy of furan resins by 13% and hence increase the reaction rate; 
however, the reaction mechanism was unchanged [26]. An even MW energy distribution was one of the 
main MW curing characteristics that is required in order to achieve good mechanical properties materials 
and possibility of scaling up the process and one way to obtain the homogeneous MW energy fields was to 
use the VHM which is a MW having 12 magnetrons operating at a frequency of 2.45 GHz [25]. 
Accordingly, this study is aimed to extend the VFM which also generating a uniform heating to the 
processing of SU8. 
 
2. Experimental 
 
2.1. SU8-2100 
 
SU8 is a negative type photoresist, prepared from the epoxy-based EPSON SU8 dissolved in an organic 
solvent. It has been commercially available for MEMS production and can be used in several processes. 
SU8 monomer has eight epoxide functionality per molecules as shown in Fig. 1 which is a result of 
epoxidation of novolac resin formed from the condensation polymerization of bisphenol A and 
formaldehyde. SU8-2100 used cyclopentanone as a solvent and a triaryl salt (SbF6) as a photoacid generator 
(curing agent) as illustrated in Table 1. Once the SU8 monomers are exposed to UV irradiation, the 
photoacid initiates the crosslinking process which is thermally driven during Post Exposure Bake (PEB), 
details of which is elaborated upon in the next section. The photoacid is considered as a catalyst as it is not 
be consumed during the reaction and can initiate several chains, resulting in a rigid SU8 polymer where an 
epoxy monomer is connected to an average of seven other monomer. 
 
Table 1. SU8-2100 formulation. 
 
Composition CAS no. Content (%) 
SU8 28906-96-9 75 
Cycloheptanone 120-92-3 24.5 
mixed triarylsufonate/hexafluoroantimonate salt 89452-37-9/71449-78-0 0.5 
 

 
Fig. 1. SU8 monomer. 
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