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Study of a benzene-free quantitative analysis method for petroleum content in lubricants

Yasuhiko NISHIMURA*, Takeshi YUKIMOTO*, Nobuaki OSAKI*, and Naoyuki TESHIGAWARA*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

In the Customs Tariff Schedule, common lubricants are classified differently depending on their petroleum or bituminous oil

content. Therefore, to classify lubricants, it is necessary to accurately quantify the content of petroleum or bituminous oil.

“The quantitative method for analyzing the petroleum content in lubricants” as defined in the Customs Analytical Method

uses benzene in the analysis process which has been proven to be carcinogenic and therefore possibly dangerous to the health

of the analysts. Thus, a quantitative analysis method which does not use benzene but can measure petroleum content accurately

is desired. In this study we investigated alternative solvents for benzene, and found that by using toluene as a substitute,

accurate quantitative analysis of the petroleum content in lubricants is possible.
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Table 1 RSD % 0.0367 0.136 %
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232 100 % t
232 5% Table 2
5% t
[t] |t] 2571
a b c d
8 [t |t] 2571
Table1 Recovery of base oil by continuous elution chromatography using silica gel as a filler
eluant
benzene toluene chloroform dichloromethane
average % ,n=6 99.6 100.0 100.1 100.3
SD 0.135 0.107 0.0670 0.0368
RSD % 0.136 0.107 0.0669 0.0367
SD standard deviation
RSD relative standard deviation
Table 2  t-test results of recovery of base oil filler: silica gel
eluant
benzene toluene chloroform dichloromethane
t -7.26 0 3.66 20.0
Comparison with the
. o > >
theoretical value
o significant difference was not observed at the 5 % significance level
> significant difference was observed at the 5 % significance level
3.1.1(2) [t] [t]
231 2.571
Table 3 RSD % 0.0627 0.177 %

[t] |t] 2,571
311 1 t 5%
Table 4
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Table 3 Recovery of base oil by continuous elution chromatography using activated alumina as a filler

eluant
benzene toluene chloroform dichloromethane
average % , n=6 99.5 100.0 100.2 100.3
SD 0.158 0.172 0.178 0.0629
RSD % 0.158 0.172 0.177 0.0627
SD standard deviation
RSD relative standard deviation
Table 4 t-test results of recovery of base oil filler activated alumina
eluant
benzene toluene chloroform dichloromethane
t -7.75 0 2.75 11.7
Comparison with the
theoretical value B ° B B
o significant difference was not observed at the 5 % significance level
> significant difference was observed at the 5 % significance level
3.1.1(3) 3.12
3.1.2(1)
t
232 Table 5
t
Fig. 1 Fig. 2

Table 5 Component of the lubricant additives

lubricant additive component
antioxidant 4.4'-methylenebis(2,6-di-tert-butylphenol)
antioxidant B-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic octadecyl ester
antioxidant alkylated diphenylamine

extreme pressure

zinc dialkyl dithiophosphate
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Fig. 1 Infrared spectra of base oil and lubricant additives
(a) base oil (neutral oil)
(b) antioxidant
(c) antioxidant
(d) antioxidant
(e) extreme pressure (including base o0il 20 30 %)
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Fig. 2 Infrared spectra of mixture of base oil and lubricant additives
(a) mixture of base oil (neutral oil , about 85 %) and antioxidant , , (each about5 %)
(b) mixture of base oil (neutral oil , about 95 %) and extreme pressure (about 5 %)
3.1.2(2) Table 6
2.3.2
Fig. 3-1 Fig. 3-2
Fig. 1 Fig. 2

Table 6 Adsorption of the lubricant additives for silica gel

eluant
benzene toluene chloroform  dichloromethane

lubricant additive

antioxidant

antioxidant

antioxidant
extreme pressure

additives are fully eluted
additives are partially eluted
additives are fully adsorbed
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Fig. 3-1 Infrared spectra of eluates by continuous elution chromatography using silica gel as a filler

(a) benzene eluate

(b) toluene eluate

(c) chloroform eluate

(d) dichloromethane eluate

Sample: mixture of base oil (neutral oil , about 85 %) and antioxidant

(each about 5 %)
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Fig. 3-2 Infrared spectra of eluates by continuous elution chromatography using silica gel as a filler
(a) benzene eluate
(b) toluene eluate
(c) chloroform eluate
(d) dichloromethane eluate
Sample: mixture of base oil (neutral oil , about 95 %) and extreme pressure (about 5 %)
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Fig. 4-1 Infrared spectra of eluates by continuous elution chromatography using activated alumina as a filler
(a) benzene eluate
(b) toluene eluate
(c) chloroform eluate
(d) dichloromethane eluate
Sample: mixture of base oil (neutral oil , about 85 %) and antioxidant , ,  (each about 5 %)
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Fig. 4-2 Infrared spectra of eluates by continuous elution chromatography using activated alumina as a filler
(a) benzene eluate
(b) toluene eluate
(c) chloroform eluate
(d) dichloromethane eluate
Sample: mixture of base oil (neutral oil , about 95 %) and extreme pressure (about 5 %)
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Table 7 Adsorption of the lubricant additives for activated alumina

eluant

lubricant additive -
benzene toluene chloroform  dichloromethane

antioxidant

antioxidant

antioxidant
extreme pressure

additives are fully eluted
additives are partially eluted
additives are fully adsorbed
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