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ABSTRACT 

This study aims to determine the effect of buffalo bone charcoal as an energizer to low carbon steel wear with a 

mesh size of 30 heating temperature of 950
0
C. Buffalo bone charcoal used in mesh size 30, volume percentage of buffalo 

bone char and Barium Carbonate 60% ATK + 40% BaCO3, 70% ATK + 30% BaCO3, 80% ATK + 20% BaCO3 heated in 

furnace at temperature 950
0
C used for source carbon in low carbon steel to determine the effect of carburizing pack process 

on low carbon steel wear. The results showed that the highest wear of low carbon steel mesh 30 at heating temperature 

950
0
C with the volume percentage of buffalo and Barium Carbonate 80% ATK + 20% BaCO3 ie 0.00062013 gram/s. 
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INTRODUCTION 

Carburizing Pack method is one method to 

improve mechanical properties of carbon steel lace that is 

hardness value and value of tensile strength of low carbon 

steel at surface. In this process the low carbon steel 

remains strong and resilient at the stadium. This study 

aims to determine the effect of carburizing media with the 

percentage variation of bone powder of buffalo bones as 

carbon in carburizing process to mechanical properties of 

low carbon steel. The temperature used in the carburizing 

process lasts is 900 
0
C with a holding time of 60 minutes. 

This research results show that the percentage of buffalo 

bone charcoal powder as a medium in the method of 

carburizing pack can improve the mechanical properties of 

hardness and tensile strength of low carbon 

steel.(Bontong, Syam, Arsyad, Asmal, & Nitha, 2018). 

 

LITERATURE REVIEW 

Wear is defined as progressively losing substance 

from the operating surface of a relative motion of the body 

from the surface to another object. Wear is broadly 

grouped into abrasivewear, adhesive wear, corrosive wear 

and surface fatique (Rabinowicz, 1995). 

Wear and tear is the dominant cause of loss of 

function of machine hence need effort to improve 

mechanical properties of metal especially wear resistance, 

including through surface hardening. According to Bataev 

(1996), with increasing hardness of steel specimens 

obtained through heat treatment methods the wear rate will 

decrease. Sorokin (1996) shows that carbon content has a 

great effect on the wear resistance of steel. This is 

explained by tempering the low temperature of the steel 

with the martensite structure will increase the wear 

resistance of steels in line with the increase in carbon 

content. The wear resistance increases with increasing 

metal strength and decreases as the metal viscosity 

diminishes. Different grades of steel having the same 

tensile strength, yield point, or shear strength, have 

different wear resistance. This shows that single 

mechanical characteristics can not be the main criterion 

for material wear resistance. 

Abrasive wear arises when a hard, rough surface 

slips on a soft surface, piercing inward and producing 

grooves. The material may be lost in fragments or else the 

material forms a pair of piles along each groove. The 

material in the pile is then easy to escape from the surface. 

Abrasive wear includes both the moving particles on the 

surface (two body abrassion) and the hard particles 

moving over two moving surfaces (three body abrassion). 

Adhesive wear occurs when a material is difficult 

to move on another surface or to squeeze another surface. 

The material is lost in the form of small particles that are 

usually transferred to other surfaces but can also be lost 

apart. The inclination of the contact surface is attached, 

arising from the tensile force present between the atomic 

surfaces of the two materials. If two surfaces move 

together and then separate, normally and tangentially the 

tensile forces are working to pull material from one 

surface to another. When the material moves from the 

surface of origin, the fragment of adhesive wear is formed. 

Surface fatique occurs on two fringing surface planes. The 

resultant contact causes the formation and growth of 

surface cracks which play an important role as the cause of 

loose surface of material or wear. Corrosive wear occurs 

in situations where the surrounding environment 

chemically interacts with the sliding surface. 

One method of wear testing used is the method 

introduced by Bataev (1996) which is the interaction 

between the solid material (block) as a test object that is 

rubbed on a rotating disk coated abrasive paper. The wear 

rate in this test is expressed as a reduction in the mass or 

volume of the specimen after it has been rubbed (scour 

due to contact between the rotating disc and the specimen) 

each time unit expressed by: 
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 𝑊 = 𝑤𝑠    ( 𝑚𝑔𝑠𝑒𝑘𝑜𝑛)              .................................................(1) 

with w  : the weight of the missing material  

s  : total test time (seconds) 

 

While the wear intensity is expressed by 

(Sofanov and Alexsenko, 1998).:  

 𝐼 = ℎ1 𝐿 (𝑚𝑔/𝑚𝑒𝑡𝑒𝑟𝑠)              ........................................(2) 

 

with  h1 : linear wear determined from changes in the mass 

of the specimen after the wear test(mg) 

L : track path of swipe (meters) 

Indonesia is a vast country with a considerable 

number of population, so the need for food is increasing. 

Buffalo is an animal that has the potential to be raised as 

panghasil milk and meat. The consumption of buffalo 

meat especially in Riau province from the last three years 

has always increased. Based on data from the Directorate 

General of Livestock (2013) stated that meat production in 

Riau from 2011, 2012 and 2013 is 1, 613 tons per year, 

increasing every year. As the need for buffalo meat 

increases the waste of buffalo bones produced. At this 

time the utilization of buffalo bone waste is limited as a 

craft so that the utilization has not been optimally. In 

response to this, another alternative is used as an 

adsorbent, the adsorbent is a substance that has binding 

properties on the surface and this characteristic is very 

prominent in porous solids (Sukardjo, 2002). According to 

Darmayanto (2009) the organic content of buffalo bones 

by 35%. Carbon content in the bone is quite a lot so it is 

possible to be used as raw material for making charcoal 

active. 

Activated charcoal is an amorphous compound 

which can be produced from carbonaceous materials or 

from specially treated charcoal to obtain a wider surface. 

The surface area of activated charcoal ranges from 400 to 

800 m
2
/gram with a pore size between 5-10 A. Bone 

charcoal has a high absorption capacity because bone 

chars have large amounts of pores. Especially in Toraja 

waste buffalo bones have not been utilized and wasted, so 

potentially be a source of activated charcoal. 

The carburizing process is a heat treatment 

process in which the heating and cooling processes of the 

metal are in a solid state to change the physical and 

mechanical properties of the metal. Through appropriate 

heat treatment, the internal stress can be reduced, the grain 

size can be enlarged or reduced, the toughness is increased 

or a hard surface is produced around the ductile core. To 

obtain harsh properties on the surface and ductile parts of 

the core of carbon steel, it is necessary to do case 

hardening one of them through pack carburizing process. 

Steel of different carbon content by itself requires 

different heat treatment, given the critical temperature 

difference at different layers. During the long 

carburization process grain growth occurs in steel, 

therefore the steel needs to be heated to the core critical 

temperature, then cooled thereby obtaining the core with 

fine grains. The steel is then heated above the 

transformation temperature of the outer layer, then dyed to 

obtain a hard and smooth coating. Low carbon steels with 

levels of C = 0.15% are generally hardened by quenching, 

which during the carburization process at certain 

temperatures and at times the level of the outer layer of 

carbon can increase from 0.9 - 1.2% C. 

 

MATERIALS AND METHODS 

The research was conducted in January 2019. The 

place of this research was conducted in Physical 

Metallurgical Laboratory, Mechanical Technology 

Laboratory Department of Mechanical Engineering, 

Faculty of Engineering, Hasanuddin University, Makassar. 

The material used is a low carbon steel with a 

wear test made in accordance with the standard ASTM E-

466, buffalo bone char from before being firstly refined to 

a fineness level of mesh 30, Barium carbonate (BaCO3). 

The tool used is kitchen furnace, carburation steel box 

made of steel plate 5 mm with resistance to temperature up 

to 1500
0
C, wear test machine, sandpaper with 120 grit 

roughness up to 2000 grit, polishing tool, autosol and 

receipt, digital with an accuracy of 1 mg, a miser to flatten 

the surface of the material, a saw to cut the material, 

spring scales. Preparation of low carbon steel specimens 

for wear test before pack carburizing process. Testing of 

low carbon steel specimens wear test after pack 

carburizing process. 

 

RESULTS AND DISCUSSIONS 

The wear test is performed on low carbon steel 

material with heating temperature of 950
0
C with mesh size 

of buffalo bone charcoal 30 and volume percentage of 

60% ATK + 40% BaCO3, 70% ATK + 30% BaCO3, 80% 

ATK + 20% BaCO3 is obtained as follows: 

 

Table-1. Table wear test of low carbon steel pack 

carburizing with buffalo bone charcoal. 
 

 
 

Based on the above table can be described in 

graphical form in the following Figure-1. 
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Figure-1. Graph of buffalo bone charcoal percentage 

effect on low carbon steel wear. 

 

From the graph above it is found that there is a 

decrease in wear where the volume percentage and grain 

size of charcoal affect the wear of low carbon steel. The 

greater the volume of charcoal percentage, the decreasing 

wear value means increased wear resistance and greatest 

wear resistance on mesh grain size 30, heating temperature 

950
0
C, with volume percentage of buffalo bone bone 80% 

ATK + 20% BaCO3. 

 

CONCLUSIONS 

Pack carburizing process with buffalo bone char 

from effect to low carbon steel wear where the bigger 

volume of buffalo bone volume and the smaller grain size 

then the wear rate decreasing means the wear resistance is 

increasing and vice versa. 
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