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Abstract. Bokar, processed rubber material, is latex obtained from rubber trees of community
plantations. The quality of latex can be identified from its features which are white, relatively soft,
and odorless. The purpose of this research was to design a simple rubber sheet drying house and
examine the quality of dry rubber under Indonesian National Standard. Bokars are processed using
a liquid smoke coagulant with a concentration of 10-15% and it obtained a clean white rubber
although it has a slight smoke smell. Before drying, Bokar had ground to gain the thickness of the
unsmoked sheet/ USS around 3-5 mm. The components of the drying house include the drying room,
heating room, heater, thermometer, blower, plenum chamber, ventilation, drying room door, and
electric motor. The capacity of the drying house is 200 kg of rubber sheet, with a drying temperature
of 35 — 460C and 6 hours drying time. The rubber produced has good quality with average dry
rubber content (DRC) was 73.75%.
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1. Introduction

Natural rubber in Indonesia is one of the important plantation commodities taking the role as a
source of foreign exchange income, job opportunity, and a trigger for economic growth in new
centers in rubber plantation areas. Indonesia is the second largest producer of natural rubber in the
world after Thailand. The total export of Indonesian natural rubber in 2014 shared about 2.62
million tones with a value reaching 4.74 billion USD (Ditjenbun, 2015). Indonesian natural rubber
export products are mostly in the form of crumb rubber of the SIR 20 quality, which reaches 92%
from the total production. The level of demand and production of rubber has always increased
significantly. It is shown by the high demand of companies — rubber products supplying companies
in complying of production’s need. Based on the results of studies by experts, it shows that the trade

prospects of rubber products (Bokar) is very good.
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The process of rubber farming by smallholder produces natural rubber materials such as latex,
lumps, unsmoked sheet/USS, crepe and slab. Smallholder rubber is usually processed by using
traditional methods. This kind of processing produces low quality rubber, so that the selling price of
Bokar received by farmers is relatively very cheap. The process of rubber coagulant usually uses
acid ant which produces smelly and dull color rubber. The good quality of Bokar is reflected by the
dried rubber content (DRC) and the high level of cleanliness. Effort to improve the quality of Bokar
must begin from latex to the final processing stage Solichin & Anwar (2003). The quality of Bokar
must be in accordance with Indonesian National Standard - SNI Bokar No. 06-2047-2002 (Badan
Standardisasi Nasional (BSN), 2002), which include the following conditions: it is not added with
non-rubber materials, frozen with formic acid / other freezer with proper dosage, stored in a shady
place and unsubmerged in water. The quality of this Bokar greatly determines the competitiveness
of Indonesian natural rubber in international market.

Bokar material is obtained from Limapuluh Kota regency. This latex will be mixed with liquid
smoke coagulant from coconut shell. The use of liquid smoke in processing rubber is proven to be
able to produce good quality of rubber in accordance with the requirements of the Indonesian
National Standard (SNI) 06-1903-2000 about Standard Indonesian Rubber (SIR) (BSN, 2000).
Liquid smoke is commonly used as a latex coagulant and and as odor remover. The results of the
research by Tedjaputra et al. (2007) showed that liquid smoke can be applied in rubber processing as
a coagulation material (clotting) and as odor control (malodor).

The ability of liquid smoke to agglomerate latex is due to the acetic acid content in liquid
smoke. Meanwhile, the control of stink odors by liquid smoke is more due to the content of phenols
and other aromatic compounds. The ability of phenol as an anti-microbial can prevent the growth of
microorganisms on rubber blankets (Karseno & Rahayu, 2002).

Bokars that have been made is then ground using a rubber grinder to produce milled rubber
with a thickness of 3-5 mm and flat (in accordance with Bokar of Indonesian National Standard).
The grinding capacity of this rubber is 37.40 kg / hour. Its capacity is quite high. The rubber
grinding process is carried out to separate most of the water contained in Bokar, so it is easier for the
drying process. Then, the milled rubber is dried by being aerated for £ 10-14 days so that Bokar is
drier which is called an unsmoked sheet.

To lessen the effort and speed up the drying process of the unsmoked sheet, the rubber drying
house was designed. There were two treatments implemented in this study which include the
provision of liquid smoke coagulant and the drying process to analyze the effect of drying on the

quality of Bokar, especially unsmoked sheet. The equipment used in the drying process is a drying
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house that works automatically. The temperature and the drying time must be controlled so that the
expected level of production quality can be achieved.

During the rainy season, 320 kg of the sheet can be evenly dried to the required 0.5% moisture
content in 5 days. Compared to conventional smokehouses, a better design of the house can greatly
reduced fuelwood consumption, from 1.0-1.5 kg per kg to 0.3 kg (Breymayer et al., 1993). A of
rubber sheets heat storage with height of 100 cm has drying time 78 hours with a thermal efficiency
of the drying system of 6.71% (Tekasakul ef al., 2017). The drying efficiency of the mixed-mode
dryer is 15.4% higher than the indirect solar dryer (13.3%). The moisture content of the rubber sheet
decreased from 32.3 to 2.0% and 29.4 to 8.0% on a wet basis (Dejchanchaiwong et al., 2016). Ortiz-
Rodriguez et al. (2021) have compared two direct and indirect solar drying technologies. The
moisture content of the rubber sheet decreased from 45.8 to 0.59% and from 49.7 to 0.33% on a dry
basis. The temperature of the rubber dryer greenhouse with an additional area panel (PGEP) was 5 °
C hotter than the rubber dryer greenhouse without an additional area panel (PGEP) (Jitjack et al.,
2016). Drying the rubber sheet using the Sandwich model greenhouse is 15 °C and 5 °C higher than
the ambient temperature during the day and night and the rubber sheet moisture content drops from
36.4% to 2.8% in less than 2 days (Tanwanichkul er a/., 2013). Drying at 50 °C provides good
rubber properties with high PRI values, good mechanical properties, and thermal properties within
the normal range (Pianroj et al., 2018).

The design of the drying house should emphasize on the ease of the application. It is also
economical and environmentally friendly. Therefore, this research will be carried out by making a
simple rubber drying house and providing liquid smoke coagulant to coagulate rubber.

The purpose of this research was to design a simple rubber sheet drying house, to examine the
quality of drying rubber in accordance with Bokar of Indonesian National Standard 06-2047-2002
(BSN, 2002), to determine the level of dry rubber produced, to determine the temperature and time
constant for drying crumb rubber in order to obtain quality of rubber SIR 20, and to examine the
odor of drying rubber produced.

2. Methods

The equipment used in this study were workshop equipment, heaters, furnaces and laboratory
analysis equipment, while the materials were building materials of drying house, Bokar, liquid
smoke and etc. The design of the rubber drying house can be seen in Figure 1.

2.1. Functional Approach
Tool design or drying house has parts that function as:

1. Drying Room is a dry rubber area
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