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ABSTRACT – This paper studies the physiochemical 

properties of palm oil mixed with organo-zinc additives. 

Palm oil samples with addition of 0 to 3 wt.% Zinc 

Butyl-Octyl Primary alkyl Dithiphosphate (ZBODP) 

and Zinc Diamyldithiocarbamate (ZDDC) were 

prepared using ultrasonic homogenizer. The 

physiochemical test, in terms of flashpoint temperature, 

total acid number (TAN) and viscosity index (VI), was 

performed according to the ASTM. The results reveal 

that palm vegetable oil mixed with ZDDC has better 

physiochemical properties than ZBODP. 

 

1. INTRODUCTION 

There are two types of transmission fluid; manual 

transmission fluid and automatic transmission fluid. A 

fluid that used in an automatic transmission system 

known as automatic transmission fluid (ATF). Fluid can 

be defined as something that does not have a certain 

shape (liquid and gas are fluids). An ATF function to 

provide a film of lubricant on the meshing surfaces of 

the gear trains, act as coolant and as a cleaner of the 

transmission part. Most of ATF in market a petroleum 

and synthetic based fluid [1] 

An application of vegetable oils and animal’s fats 

not a new thing in lubricant industries. It was widely 

used before an industrial era came. During 16th century, 

lubricant was made from fat (animal) oils, vegetable oil 

or mixture of both of it [2]. Recently, studies of 

vegetable as lubricants attract attention towards 

researcher. It is because that vegetable oils are 

biodegradable, non-toxic and renewable sources [3]. 

Petlyuk and Adams [3] reported that a vegetable-based 

lubricant has better lubricating abilities than mineral 

based lubricant. It is because that vegetable-based 

lubricants containing large quantities of unsaturated 

fatty acid and it is polar ester group [4]. Therefore, the 

objective of this studies to investigate the 

physiochemical properties of fresh cooking palm oil 

induced with ZDDC and ZBODP as lubricant. 

 

2. METHODOLOGY 

A commercial cooking palm oil was used as a 

parent-based lubricant with addition of organo-zinc 

additive at difference concentrations of 0 wt.%, 1 wt.%, 

1.5 wt.%, 2 wt.%, 2.5 wt.% and 3 wt.%. The mixtures 

were mixed together using ultrasonic homogenizer for 

30 minutes. Then, the flashpoint temperature was tested 

using Setaflash Series 3 flash point tester in accordance 

to ASTM D3828 (Standard Test Methods for Flash Point 

by Small Scale Closed Cup Tester). For the total acid 

number (TAN), the sample was tested using automatic 

titration in accordance to ASTM D664 (Standard Test 

Method for Acid Number of Petroleum Products by 

Potentiometric Titration). Lastly, the viscosity index 

(VI) was calculated in accordance to ASTM D2270 

(Standard Practice for Calculating Viscosity Index from 

Kinematic Viscosity at 40°C and 100°C). The 

conventional ATF oil was used as a reference oil. 

 

3. RESULTS AND DISCUSSION 

3.1  Flashpoint temperature 

From Figure 1, palm oil mixed with ZDDC has 

higher flashpoint temperature than ZBDOP and 

conventional transmission oil for all concentrations. It 

can be suggested that the volatile compound which is 

phosphorus, contained in ZBDOP lowering the 

flashpoint temperature than ZDDC itself. This is an 

agreement with Rudnick [4], which stated that ZBDOP 

can decompose to form a volatile phosphorus. This 

statement supported by Suslick [5] which reported that 

organo-metal compound such as ZDDP and ZBODP 

contains inflammable product which is phosphorus that 

caused flashpoint become lower.   

 

Figure 1 Flashpoint temperature of palm oil mixed with 

organo-zinc additives at different concentrations. 

 

3.2  Total acid number 

Referring to Figure 2, the results of TAN for palm 

vegetable oil mixed with organo-zinc additives at 

different concentrations has a significant difference, 

where the sample mixed with ZBODP shows more 

acidic characteristic than ZDDC. This is because that 

ZBODP have a same production process like ZDDP, in 
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which this additive synthesized from 

dialkyldithiophosphate acid, hence, make the TAN for 

ZBODP higher than ZDDC [4]. In contrary, the 

conventional ATF has the lowest acidic number. It can 

be suggested that an ATF contains phenolates, 

sulphonates and phosphonates of alkaline and alkaline-

earth elements as detergent additive in order to keep the 

transmission parts clean [1]. This is supported by 

Mortier and Orszulik [6], which stated that this type of 

additive acts as a cleaning action in lubricant by 

neutralize acid during oxidation process. 

 

  
Figure 2 Total acid number of palm oil mixed with 

organo-zinc additives at different concentrations. 

  

  
Figure 3 Viscosity Index of palm oil mixed with 

difference additive at difference concentration. 

 

3.3  Viscosity index 

Figure 3 A result for viscosity index of base oil 

which is palm oil, mixed with ZBODP and ZDDC.  

As depicted in Figure 4, it showed that oil sample 

mixed with ZBODP and ZDDC possess a wide range of 

temperature as compared to conventional mineral based 

lubricant (transmission oil). However, the viscosity 

index for both oil sample started to increase when the 

concentrations of the organo-zinc additive increase 

more than 2.0 wt. %. From the result, it can be 

suggested that both organo-zinc additive affect the palm 

base oil in terms of viscosity and temperature. This 

finding supported by previous studies [7-9]. 

 

4. CONCLUSION 

The results from this study exhibited that the palm 

oil mixed with ZDDC has better physiochemical 

characteristic than palm oil mixed with ZBODP. It can 

be suggested that the phosphorus contains in the 

ZBODP are volatile compound that cause of the 

flashpoint dropdown than ZDDC. Besides, this is due to 

the synthesis process to make ZBODP, which is 

dithiophosphoric acid cause the acid number higher than 

ZDDC. Even though there is a huge difference of VI 

properties between the palm oil mixed with ZDDC and 

palm oil mixed with ZBODP, it is still depending on the 

lubricant applications. 
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