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ABSTRACT

Researches about the effect of sulfur addition in to polyisoprene on mechanical properties of lignocellulofoam has
been done. Blending lignocellulose and polyisoprene was performed by immersion technique with concentratidils
of polyisoprene 11.02% (v/v) and sulfur addition with variation of 0.1, 0.2 to 0.5 g. The Research was began by
getting the cocodust from coconut husk using counter machine, separator and sifting. Cocodust was dried and
sieved with 10 mesh size. Total of 30 g of cocodust was mixed with 100 cm’ of polyisoprene-sulfur, molded and
dried in an oven 90°C until dry. The mechanical properties (strength and elasticity) were characterized by bending
testing using Torsee-Tokyo testing machine. Bending strength and elasticity properties stated in the Modulus of
Rupture (MOR) and Modulus of Elasticity (MOE). The lignocellulofoam density was determined by pycnometer
method. Distribution molecule of lignocellulofoam was observed with a Transmission Electron Microscopy (TEM).
Thermal stability of lignocellulofoam observed with DTA-TGA. The resulfts showed that blending lignocellulose and
polyisoprene-sulfur was getting optimum conditions at a sulfur addition of 0.4g. The values of MOR and MOE of
lignocellulofoam was 31.41 g/imm” and 49.62 g/mnr’. The molecule distribution analysis (TEM) showed addition of
sulfur to the polyisoprene causing lignocellulose molecule immiscible distributed. The TGA/DTA analysis proved
that the Weight and Heat Flow Endo Down stability of lignocellulofoam until 200°C.
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1. INTRODUCTION

Electronic equipment are generally susceptible to vibration / shock. The process of transportation and storage of
electronic equipment, to minimize vibration / shock protected equipment was using styrofcam. Besides as a
protectar of electronic equipment, styrofoam has become one of the options in the food business, which is a
container of food or food ingredients. But the, recent research proves that is questionable safety of styrofoam. EPA
(Environmental Protection Agency) in 1986 mentions, hazardous waste generated from the manufacturing
styrofoam process is very much. One of the major plantation commodities in Indonesia is the coconut (Cocos
nucifera L). Reference [1] shaws, that the amount of coconut production reached 16.66 billion or copra equivalent
to 3.33 million tonnes with export value of coconut and processed products reached U.S. $ 427 million in 2004.
Primary products of coconut coir processing consists of fiber (fiber length), bristle (fine and short fibers) and
Lignocellulose. Lignocellulese also known as cocopeat can be used as hydroponic growing media material [2],
extra material on the compost [3], peatlands substitute material for the flower industry, coating golf courses and
and with the bristle can be processed into hardboard [4] and material for preparation particle board [5].

Commoadities in Indonesia that is important is natural rubber. Indonesia is one country that has the the widest
rubber plantations in the world. Natural rubber is obtained by tapping the rubber tree sap (polyisoprene) Hevea
brasiliensis. Polyisoprene is a colloid of rubber particles in water and can be used as adhesives. Natural rubber
including natural essential addition polymers. Rubber is tapped from rubber irees in the form of a suspension in the
white water, characteristic odor and is known as latex. Natural rubber as the polymer of isoprene produced from
the rubber tree is soft and sticky when heated. The strength of the chain in the elastomer (rubber) is limited, due to
the structure of the network, but the cohesion energy should be low to allow for stretching. Examples of elastomers
are widely used is poly vinyl chloride, polymers of styrene-butadiene-styrene (SBS) is a type of thermoplastic
elastomer. When the world war Il, natural rubber supply is reduced, the polymer industry is growing rapidly
because chemists have been researching for a replacement rubber. Some replacement neoprene successfully

The 4" International Seminar on New Paradigm and Innovation on Natural Science its Application 2014

145




4" isnpinsa proceeding

developed is now used to make hoses / water pipes to pump gas, rubber and styrene - butadiene (SBR / styrene -
butadiene rubber), which is used in conjunction with natural rubber to make tires. Although synthetic rubber
substitutes has a lot of character - desirable properties, but there is no substitute for synthetic rubber is one that
has all the properties of natural rubber is cool [6,7)

Reference [8] shows, latex without the addition of sulfur or compound can maintain the flexibility that has been
heated coconut fibers, although the desired properties of the product is still a lot that has not been achieved.
Cocopeat is a waste of making coco fiber. Coir fiber / fiber usually used for the matting and foam replacement
material in the manufacture of mattresses. Cocopeat has begun to be used as a growing medium for plants, but still
not a lot of variation in utilization. In this study cocopeat used as a source of Lignocellulose then mixed with
polyisoprene to make lignoselulofoam. The interaction between the polyisoprene with lignocellulose is expected to
occur through a protein that coats polyisoprene. Proteins layer contained in the polyisoprene will form hydrogen
bonds with lignocellulose. From all these descriptions, to minimize dependence on Styrofoam, this study was
conducted to create a composite material called lignoselulofoam as a substitute for some functions of styrofoam.

2. MATERIALS AND METHODS
2.1 Materials and Instruments

Coir dust/cocopeat as source lignocellulose the source of latex, polyisoprene, sulfur. This research polyisoprene
sourced from liquid latex brand Thumb obtained from the Liman Yogyakarta. Results of the analysis of the
chemical composition of the liquid latex brand thumb which was done in the laboraiory Center for food and
nutrition, Building PAU Gadjah Mada University with the results: 43.99% moisture content of 0.25%, ash, fat
14,61% protein, 4.41% and @@lyisoprene 36,67%. The tools used are the counter machine, divider, coarse sieve,
sieve 10 mesh, glass molds 10 em x 5 em x 3 em, analytical balance (Metler U.S. 200), oven glassware, Torsee
(Tokyo testing machine made in Japan), FT-IR Analysis conducted to see the influence of sulfurisasi on the
functional groups in the composite. Particle distribution analysis using TEM (Transmission electron microscopy).
Thermal stability of lignocellulofoam observed with DTA-TGA.

2.2 Procedure

Sulfur addition done by dissolving a little sulfur (0.1, 0.2 to 0.5 grams) in to polyisoprene while stirring using a
magnetic stirrer. The manufacture lignocellulofoam was using technique of immersion use lignocellulose dried at
room temperature for 1 week, sifted with sieve mesh size 10 so obtained lignocellulose with powder size = 10
mesh. Llignocellulose put 30 g addition in to 100 cm® polyisprene-sulfur and stir until blended. The sample included
dough in to the mold that has been covered with aluminum foil. The sample is then removed from the mold and
dried in an oven at a temperature of 90 ° ¢ to dry.

3. RESULT AND DISCUSSION
3.1 The Effect of Sulfur Addition in to Polyisoprene on The Strength and Elasticity Value

Sulfur addition in to polyisoprene has been done when will blending with lignocellulose, that is the aim to increase
the strength and elasticity of composite lignocellulofoam. Sulfur addition in to polyisoprene process was using
technique of adding a little sulfur (0.1, 0.2 to 0.5) grams in to 100 cm® of polyisoprene 11.02%, while stirring using
magnetic stirer. After sulfur mixed perfecly with polyisoprene, then the polyisoprene-sulfur direct blending with
lignocellulose molecul using the technigue of immersion. Lignocellulofoam composite, that it is dry and its elasticity,
strength is measured with the following results.
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Figure 1: The effect of sulfur addition in to polyisoprene on the MOR value of lignocellulofoam

The composite strength (value of MOR) continued to increase in line with the growing number of addition of sulfur.
Optimum paint of the MOR value showed at a addition of sulfur 0.4 grams with the value of MOR 31.41 g/mm2.
The addition of 0.5 grams of sulfur have not resulted in a rise in the strength of the composite. When the amount of
sulfur that are added as much as 1 gram or more, so it is hard to do blending with lignocellulose because it was
formed of an aggregate as the result of cross linking in polyisoprene.

Phenomenon that occurs against the strength of the composite also occur in elasticity. Graph of the elasticity (MOE
value) lignocellulofoam seen in the Figure below :
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Figure 2: The effect of sulfur addition in to polyisoprene on the MOE value of lignocellulofoam

The elasticity of composite lignocellulofoam increases with the amount of sulfur. Optimum poeint of the MOR value
showed at a addition of sulfur 0.4 grams with the value of MOE 49.62 g/mm2. Value of MOE down on adding of
sulfur to the next. Cross-bonding that occurs in polyisoprene cause begins to form aggregates in polyisoprene, and
if more sulfur added to polyisoprene will rotate and so hard. The formation of aggregates as a result of the
existence of cross ties in polyisoprene. Sulfur addition in to polyisoprene was very influential towards the
distribution of lignocellulose molecules in to the polyisoprene-sulfur adhesive matrix. Sulfur addition in to
polyisoprene was causes weak gluing aggregates due to wetting is not maximally reducing the strength and
elasticity of lignocellulofoam composite.
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3.2 The Effect of Sulfur Addition in to Polyisoprene on The Molecules distribution of Lignocellulose

The results of the TEM photo of lignocellulofoam composite shown in Figure 3. On the photo shown are the
difference between molecules distribution models on lignocelulofoam and lignocellulofoam after sulfur additions.
The molecule distribution of lignocellofoam composite before sulfur addition was miscible distributed, meaning the
molecules by wetting the adhesive matrix more perfect. The perfect wetting causes maximum interaction between
the molecule with adhesive mtriks lignocellulose, so that the gluing is becoming more powerful. Model of molecules
distribution on the lignocellulofoam composite after sulfur addition is different from a lignocellofoam composite one.
In this composite as a result of sulfur addition then on cross ties formed polyisoprene which sparked the formation
of aggregates. The presence of aggregates formed causing immiscible distribution of molecules, so the interaction
of malecules with an adhesive matrix, not the maximum. Interactions that are not perfect be the cause of the
decline in the composite adhesive strength.
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Figure 3: TEM phato of lignocellulofoam before sulfur addition (a) and after sulfur additin (b).

3.3 The Effect of Sulfur Addition in to Polyisoprene on The Density Value

Sulfur addition in to polyisoprene was can be a bit lower density of composite. The composite was created using
polyisoprene-sulfur more expands as a result of any such cross-bonding in the in the polyisoprene of the polymer
structure. Results calculation of the density of a composite lignocellulofoam is as shown follows :

@

=]
[*%}
w
|

=]

W

==
t

0,293

Density / (g/ml)
g 8

N | Il | Il I
T T T T T 1

01 0,2 0,3 0,4 0,5 0,6
Sulfur Addition / gram

=]
[2%]
&)

o
(=]

Figure 4: The effect of sulfur addition in to polyisoprene on the density value of lignocellulofoam

The density of lignocellulofoam compaosite can be reduced after addition of sulfur in to polyisoprene. The value of
the lowest was showed on the addition 0.4 grams of sulfur with a density value of 0.293 g/cm®. That is nearly 15
times the density of styrofoam, but lignocellulofoam is very environmentally friendly.
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3.4 Thermal Stability of Lignocellulofoam

The thermal stability analysis lignocellulofoam results showed in Figure 5. The chart weight-loss analysis of
samples from the TGA is also demonstraled by the graph with a continue line. The graph shows the stability of
weight of lignocellulcfoam at temperature to 212.75°C and the temperature of the sample is 208.93°C, weight of
sample is 9,345 mg. The next temperature rise of lignocellulofoam continue to experience weight loss. The graph
with the dotted line is the result of the DTA analysis. The results showed in the graph of the drastic increase in heat
flow endo with a value of 53.527 mW at a temperature programs of 217.58°C, and sample temperature at 216.
50°C. This phenomenon indicated has been occurred which resulted the degradation of endothermic compound in
the lignocellulofoam composite.
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Figure 5: The Analysis result of DTA (........) and TGA ( _) of lignocellulofoam
4. CONCLUSION

Sulfur additions in to polyisoprene was getting optimum conditions at a sulfur addition of 0.4g.The values of MOR
and MOE of lignocellulofoam was 31.41 g/mm? and 49.62 glmmz. The molecule distribution analysis showed
addition of sulfur to the polyisoprene causing lignocellulose molecule immiscible distributed. The value of the
lignocellulofoam density lowest was showed on the addition 0.4 grams of sulfur with a density value of 0.293 glcm3.
Theothermal stability analysis proved that the Weight and Heat Flow Endo Down stability of lignocellulofoam until
200°C.
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