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1. Introduction
Engine lubricants play an important role in lubrication, cooling, cleaning, and rust prevention for vehicles, construction machinery, ships, airplanes, and other equipment 
with internal combustion or turbine engines. As the lubricant deteriorates through use, its performance will decline and the inside of the engine can wear, leading to a 
decrease in service life and potential malfunction. Lubricants deteriorate due to decomposition and chemical changes of oil components and additives caused by 
physical and thermal stresses, as well as contamination by metal wear particles and incorporated fuel. Therefore, it is recommended to analyze the lubricant throughout 
its lifespan to assess its quality, utility, and remaining service life. These analyses can be accomplished with a number of instruments, including FTIR, GC, and ICP-AES.

Table 1: Examples of ASTM lubricant analysis methods

2. Lubricant deterioration analysis using compact FT-IR

Used oil and new oil of Sample A and Sample B were analyzed by the combination system of IRSpirit and Pearl with 0.1 mm optical pathlength cell. Details of Sample 
A and Sample B are as follows.

Table 2: Sample Details

If fuel such as gasoline or diesel is mixed in the engine lubricant, the viscosity decreases and the performance of the lubricant deteriorates. 
Therefore, fuel dilution is regarded as an indicator of the need for changing the lubricant. To accurately measure fuel dilution of engine 
lubricants, a GC with flame ionization detection (GC-FID) is used. However, when samples containing high boiling point compounds are 
analyzed, analysis requires more time, which reduces productivity. ASTM D7593 employs GC-FID and backflush methods to enable rapid 
analysis of fuel dilution. This system can be applied to dilution by gasoline, diesel, and biodiesel, and rapid analysis is possible by 
backflushing heavy components off of the column.
In this study, gasoline or diesel dilution of engine lubricants was analyzed using a GC backflush system and nitrogen carrier gas for cost-
effective analysis.

Figure 5: Chromatograms of gasoline dilution of lubricants

Figure 4: Shimadzu GC-FID with Backflush 

5. Conclusions

2-1 Method

IRSpirit offers the highest S/N ratio in its class and high reliability 
using the technology inherited from the high-end model. The 
dedicated IR Pilot program simplifies routine analyses for all users.
The combination of Pearl Liquid Analyzer and IRSpirit makes it 
possible to analyze lubricating oil with ease.

• Space-efficient with high expandability
• Easier to disassemble and clean than traditional liquid cells
• Accurate transmission pathlength

Figure 2: Combination of IRSpirit and Pearl Liquid Analyzer

2-2 Results

As a result of FT-IR analysis, water contamination and deterioration due to oxidation and nitration were confirmed in Sample A. In 
Sample B, the amount of the anti-oxidant decreased, and no change in the spectrum indicating oxidation deterioration was observed. 
Presumably, oxidation of the oil was prevented by the anti-oxidant.

Infrared spectroscopy provides spectral data that reflect the molecular structure of a substance. FT-IR analysis demonstrate deterioration due to compositional changes 
such as sulfation, nitration, and increase in carbonyl groups due to oxidation. It also provides information about contamination by soot and other particulates as well as 
increases in hydroxyl groups due to moisture contamination. In addition, in the case of lubricants containing anti-oxidants or anti-wear components, it is possible to 
determine the degradation of additives by assessing the spectral peak generated by those components. In this study, we evaluated lubricant deterioration using a 
compact and high-performance FT-IR and an easy-to-use liquid analysis cell. Figure 3: Spectra of Sample A and Sample B

3. Rapid analysis of fuel dilution of lubricants by GC

3-1 Method

Table 3: Analytical conditions

Fuel dilution of engine lubricants was analyzed by GC-2030 Gas Chromatograph with backflush system. Backflush timing 
was set based on the retention time of n-C12 for gasoline and n-C20 for diesel.

3-2 Results

4. Analysis of Additive Elements, Wear Metals, and Contaminants in Used
Lubricants using ICP-AES

The analysis of wear and additive metals in lubricants is useful information for estimating the deterioration of lubricating oil and the state of the engine. As 
an oil is used, it entrains particles of metal from the engine. Also, numerous organometallic additives are added to lubricants to enhance performance. It is 
important to assess the concentration of various elements to assess engine wear and performance of additives. According to ASTM D5185 and D4951, 
ICP-AES with organic solvent dilution is specified for measurement of additive elements, wear metals, and contaminants present in used lubricants.

Here, using the Shimadzu ICPE-9820 simultaneous ICP atomic emission spectrometer, we conducted analysis of 22 elements specified according to 
ASTM D5185, including the 9 elements described in ASTM D4951, in used and unused lubricants diluted in organic solvent. The ICPE-9820 provides 
stable analytical results for organic solvent samples without requiring the flow of oxygen through the system.

4-1 Method

• Useful information for the analysis of lubricant
deterioration can be obtained by using FT-IR, GC
and ICP-AES.

• Data conforming to ASTM E2412 can be easily
obtained by combining compact IRSpirit and
Pearl.

• Cost-effective analysis of fuel dilution of
lubricants is possible by using GC -2030
backflush system in compliance with ASTM
D7593.

• Using the ICPE-9820, dissolved elements in
lubricants can be analyzed without the
introduction of oxygen to generate results for
ASTM D4951 and D5185.

Measurement was conducted using the Shimadzu ICPE-9820 ICP-AES. The measurement conditions are shown in Table 6. When conducting analysis of 
organic solvent samples with most conventional ICP instruments, oxygen must typically be introduced into the plasma torch to prevent carbon deposition 
on the torch. With the Shimadzu ICPE-9820, however, the adoption of a plasma torch that suppresses carbon deposition has nearly completely eliminated 
the deposition of carbon originating from the sample and organic solvent. Therefore, even in analysis of organic solvent samples such as kerosene, xylene, 
and MIBK, the ICPE-9820 eliminates the need to introduce oxygen to suppress the precipitation of carbon. Also, since the Shimadzu ICPE-9820 uses a 
vacuum spectrometer, elements such as S with a wavelength in the vacuum ultraviolet region can be analyzed at a low running cost without the need for 
costly high-purity gas, typically required with a purge-type spectrometer.

Condition Assessment Instrument Standard(s)

Deterioration

Oxidation

FT-IR ASTM E2412Nitration

Sulfate by-products

Contamination

Water
FT-IR ASTM E2412

Soot

Gasoline
GC ASTM D3525

ASTM D7593

FT-IR ASTM E2412

Diesel
GC ASTM D3524

ASTM D7593

FT-IR ASTM E2412

Coolant (B, Na, K)
ICP-AES ASTM D5185

FT-IR ASTM E2412

Antifreeze (Na)

ICP-AES ASTM D5185Dust (Si)

Seal materials (Si)

Wear Metals (Al, Fe, Cu, Cr, Ni, Zn, etc. ) ICP-AES ASTM D5185

Additives

Anti-oxidant (Zn, Cu, B)
ICP-AES ASTM D4951

FT-IR ASTM E2412

Anti-wear agents (B, Cu, K, S, Zn, 
etc.)

ICP-AES ASTM D4951

FT-IR ASTM E2412

Detergent inhibitors (Ba, Mg, Ca, 
etc.)

ICP-AES ASTM D4951Corrosion inhibitors (Ba, Zn)

Anti-rusting agents (K, Ba)

Friction modifier additives (Mo)

The analysis of lubricants by FT-IR does not require sample pretreatment, and the Pearl Liquid Analyzer makes it easy and quick to 
clean the cells for each analysis. In addition, data conforming to ASTM E2412 can be acquired with high reproducibility by the 
precisely maintained optical pathlength. However, it is difficult to identify certain contaminants, such as fuel and coolant, at low 
concentrations because the FT-IR method is not as highly sensitive as other techniques. The GC and ICP-AES methods are 
applicable to these detailed analyses.

Fuel

Air FilterExhaust

Radiator

Engine lubricant 

Wear of moving parts
Coolant leakage

Contamination from exhaust, soot, and 
unburned fuel

Dust contamination

Physical and thermal degradation of oil 
components and additives

ASTM specifies methods for evaluating the deterioration of lubricants. Here, we demonstrate the analysis and evaluation of lubricant deterioration, contamination, wear, 
and additives by an analysis method based on ASTM standards using a Fourier transform infrared spectrometer (FT-IR), gas chromatograph (GC), and inductively 
coupled plasma atomic emission spectrometer (ICP-AES).

Figure 1: Typical causes of engine lubricant deterioration
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The backflush system can analyze gasoline dilution in 2 min and 
diesel dilution in 4 min. The sample is analyzed by placing it in a 
vial without pretreatment, such as dilution with a solvent. 
Productivity can be doubled by using a dual line backflush 
analysis line. 
This system has good reproducibility satisfying the ASTM D7593
with inexpensive nitrogen carrier gas. The reproducibility %RSD 

Instrument: NexisTM GC-2030 AF/AOC-20i
Column: SH-RxiTM-1ms (15 m× 0.25 mm I.D.,  df = 0.25 μm)

Restrictor (500 mm× 0.15 mm I.D.)
Column Temp.: 225 ℃ (For gasoline 2 min, For diesel 4 min) 
Injection Temp.: 350 ℃
Carrier Gas: N2, 2.3 mL/min           Total Flow: 105.3 mL/min Purge Flow: 3 mL/min
Injection Method: Split -1.0 (Split Flow 100 mL/min)
Carrier Gas Controller: constant pressure mode
Injection Pressure: 285.7 kPa (For gasoline 0.74 min, For diesel 1.8 min) – 20.0 kPa
APC Pressure: 210.0 kPa (For gasoline 0.74 min, For diesel 1.8 min) – 250.0 kPa
Detector: FID                             Detector Temp.: 350 ℃
Injection Volume: 0.1 μL

Sample1 Sample2 Sample3 Sample4 Sample5
1 2.94 4.86 7.07 8.93 10.26 
2 2.98 4.95 7.12 8.92 10.03 
3 2.96 4.80 7.17 8.90 10.11 
4 2.94 4.85 7.08 8.89 10.17 
5 3.00 4.94 7.19 8.91 10.06 
6 2.97 4.81 7.07 9.06 10.15 
7 3.00 4.75 7.00 8.98 10.13 
8 3.00 4.78 7.03 8.96 9.95 
9 2.97 4.85 6.95 8.83 9.95 
10 2.94 4.89 6.96 9.13 9.98 

Avg 2.97 4.85 7.06 8.95 10.08 
%RSD 0.84 1.35 1.15 0.98 1.02 

Sample1 Sample2 Sample3 Sample4 Sample5
1 2.58 2.97 4.95 1.14 4.08 
2 2.52 3.01 4.97 1.16 4.10 
3 2.50 3.01 5.11 1.16 4.11 
4 2.54 2.97 4.98 1.15 4.13 
5 2.51 2.98 5.01 1.13 4.18 
6 2.52 2.94 4.99 1.17 4.04 
7 2.55 2.97 4.97 1.14 4.08 
8 2.53 2.95 4.94 1.12 4.16 
9 2.49 3.01 4.98 1.14 4.11 
10 2.57 2.92 4.92 1.12 4.07 

Avg 2.53 2.97 4.98 1.14 4.11
%RSD 1.15 1.04 1.04 1.49 1.03 

Table 4: Repeatability of gasoline dilution (%, n = 10)

Table 5: Repeatability of diesel dilution (%, n = 10)
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Figure 6: Long-term continuous analysis of base oil 
containing diesel

n = 600
2.3 %RSD

of the dilution rate was 2.3% in the 600 analysis with the 
maintenance of consumables such as septum in every 200 
analyses, showing excellent long-term stability. Especially in a 
quality control department, low cost and rapid analysis are 
required for routine analyses to process a great number of 
samples. In this work, we demonstrate cost-effective, rapid 
analysis methods for the fuel dilution of engine lubricants using 
Shimadzu’s GC-2030 and backflush system. 

4-2 Results
Table 7 shows the analytical results. Recoveries near 100% were obtained in the dilution test for the high-concentration elements and the spike-and-
recovery test for the low-concentration elements. The analytical results obtained in analysis of the unused lubricants are also listed for reference. Using 
the ICPE-9820, dissolved elements in used lubricants can be analyzed precisely without the introduction of oxygen.

Instrument: ICPE-9820
Radio Frequency Power: 1.40 kW
Plasma Gas Flowrate: 16.0 L/min
Auxiliary Gas Flowrate: 1.40 L/min
Carrier Gas Flowrate: 0.70 L/min
Sample Introduction: Nebulizer, 10UES
Spray Chamber: Organic solvent chamber
Plasma Torch: Torch
Observation: Radial

Element Used lube 
(μg/g)

Used lubricant 
spike recovery 

(%)

Used lube 
dilution test (%)

Unused lube 
(μg/g)

Detection
limit (μg/g)

Ag < 100 - < 0.02

Al 10 101 - 6.51 0.3

B 65.9 - 98 121 -

Ba 0.123 101 - < 0.02

Ca 3970 - 98 2250 -

Cr 1.03 101 - < 0.01

Cu 0.65 100 - < 0.02

Fe 10.8 101 - 0.43 0.01

K 22.1 99 - < 0.6

Mg 10.4 100 - 5.48 0.02

Mn 0.618 101 - 0.139 0.002

Mo 184 - 98 183 -

Na 2.5 100 - < 0.4

Ni < 102 - < 0.05

P 756 - 99 731 -

Pb < 100 - < 0.5

S 3980 - 100 3810 -

Si 8.96 103 - 5.07 0.03

Sn < 100 - < 0.5

Ti < 100 - < 0.01

V < 103 - < 0.02

Zn 872 - 97 882 -

Table 6: Analytical conditions

Table 7: Analytical results of lubricants

Spike recovery rate (%) = (C1-C2)/B× 100 (C1: Spiked sample quantitative value; C2: Non-spiked sample 
quantitative value; B: Spike concentration)
Dilution test (%) = I/S × 100 (I: Quantitative value of sample before dilution; S: Quantitative value of 5-fold 
diluted sample × 5)
Detection limit: DL = 3× σBL× κ (σBL: Standard deviation of background intensity;κ: 
Concentration/intensity) <: Less than the detection limit

Used automotive lubricants (Used for approximately 4000 km) and new lubricants were 
used for analysis samples. To prepare the sample, approximately 10 g of each sample was 
weighed and then diluted with 100 mL of kerosene. The standard solutions were prepared 
by appropriately diluting the SPEX oil-based 21-element mixed standard solution (500 
μg/g) and SPEX oil-based single-element standard solution (5000 μg/g), and heavy oil 
sulfur content standard sample (1.05 % by weight) into kerosene.

In addition, an oil-based Y (yttrium) single-element standard solution (5000 μg/g) was 
diluted with kerosene and added to all the samples as the internal standard element so at 
a fixed concentration in all the samples and standards.

For validation of the measurement values, the above standard solution was added to 
the used lubricating oil to prepare a 5 mg/L solution to serve as a low-concentration 
element spike-and-recovery test sample. In addition, for high-concentration elements, the 
used lubricant was diluted 50-fold with kerosene to prepare a diluted test sample.

6. References
ASTM E2412-10,  ASTM D7593-14,  ASTM D5185-18, 
ASTM D4951-14
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図表

		

						図1 ズ		ガソリン含有エンジンオイルのクロマトグラム ガンユウ

						図2 ズ		ディーゼル含有エンジンオイルのクロマトグラム ガンユウ

								BFあり_ガソリン条件3

						図3 ズ		ガソリン検量線の直線性 ケンリョウセンチョクセンセイ														図4 ズ		ディーゼル検量線の直線性 ケンリョウセンチョクセンセイ

						表3 ヒョウ		ガソリン定量値の再現性 テイリョウアタイサイゲンセイ						すべて室内再現精度はASTM規格内 シツナイサイゲンセイドキカクナイ								表4 ヒョウ		ディーゼル定量値の再現性 テイリョウアタイサイゲンセイ						すべて室内再現精度はASTM規格内 シツナイサイゲンセイドキカクナイ

								2.50%		3%		5%		A旧 キュウ		B旧 キュウ								3%		5%		7%		9%		10%

						1		2.6		3.0		5.0		1.1		4.1						1		2.9		4.9		7.1		8.9		10.3

						2		2.5		3.0		5.0		1.2		4.1						2		3.0		5.0		7.1		8.9		10.0

						3		2.5		3.0		5.1		1.2		4.1						3		3.0		4.8		7.2		8.9		10.1

						4		2.5		3.0		5.0		1.1		4.1						4		2.9		4.9		7.1		8.9		10.2

						5		2.5		3.0		5.0		1.1		4.2						5		3.0		4.9		7.2		8.9		10.1

						6		2.5		2.9		5.0		1.2		4.0						6		3.0		4.8		7.1		9.1		10.2

						7		2.6		3.0		5.0		1.1		4.1						7		3.0		4.7		7.0		9.0		10.1

						8		2.5		2.9		4.9		1.1		4.2						8		3.0		4.8		7.0		9.0		10.0

						9		2.5		3.0		5.0		1.1		4.1						9		3.0		4.9		6.9		8.8		9.9

						10		2.6		2.9		4.9		1.1		4.1						10		2.9		4.9		7.0		9.1		10.0

						stdev		0.0		0.0		0.0		0.0		0.0						stdev		0.0		0.1		0.1		0.1		0.1

						mean		2.5		3.0		5.0		1.1		4.1						mean		3.0		4.8		7.1		9.0		10.1

						%RSD		1.14		1.04		1.00		1.37		0.99						%RSD		0.79		1.36		1.15		0.97		1.03

						2.50%				3%				5%				A旧 キュウ				B旧 キュウ								3%				5%				7%				9%				10%

				1		2.6		合格		3.0		合格		5.0		合格		1.1		合格		4.1		合格				1		2.9		合格		4.9		合格		7.1		合格		8.9		合格		10.3		合格

				2		2.5		合格		3.0		合格		5.0		合格		1.2		合格		4.1		合格				2		3.0		合格		5.0		合格		7.1		合格		8.9		合格		10.0		合格

				3		2.5		合格		3.0		合格		5.1		合格		1.2		合格		4.1		合格				3		3.0		合格		4.8		合格		7.2		合格		8.9		合格		10.1		合格

				4		2.5		合格		3.0		合格		5.0		合格		1.1		合格		4.1		合格				4		2.9		合格		4.9		合格		7.1		合格		8.9		合格		10.2		合格

				5		2.5		合格		3.0		合格		5.0		合格		1.1		合格		4.2		合格				5		3.0		合格		4.9		合格		7.2		合格		8.9		合格		10.1		合格

				6		2.5		合格		2.9		合格		5.0		合格		1.2		合格		4.0		合格				6		3.0		合格		4.8		合格		7.1		合格		9.1		合格		10.2		合格

				7		2.6		合格		3.0		合格		5.0		合格		1.1		合格		4.1		合格				7		3.0		合格		4.7		合格		7.0		合格		9.0		合格		10.1		合格

				8		2.5		合格		2.9		合格		4.9		合格		1.1		合格		4.2		合格				8		3.0		合格		4.8		合格		7.0		合格		9.0		合格		10.0		合格

				9		2.5		合格		3.0		合格		5.0		合格		1.1		合格		4.1		合格				9		3.0		合格		4.9		合格		6.9		合格		8.8		合格		9.9		合格

				10		2.6		合格		2.9		合格		4.9		合格		1.1		合格		4.1		合格				10		2.9		合格		4.9		合格		7.0		合格		9.1		合格		10.0		合格

				stdev		0.0				0.0				0.0				0.0				0.0								0.0				0.1				0.1				0.1				0.1

				mean		2.5				3.0				5.0				1.1				4.1						mean		3.0				4.8				7.1				9.0				10.1

				%RSD		1.14				1.04				1.00				1.37				0.99						%RSD		0.79				1.36				1.15				0.97				1.03

						2.4018				2.842				4.8525				1.0127				3.9776								2.6731				4.5523				6.7668				8.6545				9.7817

						2.6598				3.1				5.1105				1.2707				4.2356								3.2671				5.1463				7.3608				9.2485				10.3757

								ガソリン　標準試料のクロマト比較　黒：5%、ピンク：3%、青：ベースオイル0 ヒョウジュンシリョウヒカククロアオ																																				茶色：C12などBF基準を示したもの チャイロキジュンシメ

																																												緑：C20などBF基準を示したもの ミドリキジュンシメ						C21後にBF ゴ

								ディーゼル　標準試料のクロマト比較　黒：10％、ピンク：5%、青：3 %、茶色：ベースオイル0 ヒョウジュンシリョウヒカククロアオチャイロ





長期安定性

				軽油フォルダより ケイユ

				3/9-10データ				カタログ掲載データ ケイサイ

				1回目 カイメ				450回 カイ

				分析回数 ブンセキカイスウ				定量値 テイリョウアタイ		ASTM

				1

				2

				3

				4

				5

				6

				7

				8

				9

				10

				11

				12

				13

				14

				15

				16

				17

				18

				19

				20

				21

				22

				23

				24

				25

				26

				27

				28

				29

				30

				31		1		2.864

				32		2		2.885

				33		3		2.884

				34		4		2.903

				35		5		2.849

				36		6		2.89

				37		7		2.829

				38		8		2.91

				39		9		2.935

				40		10		2.926

				41		11		2.922

				42		12		2.932

				43		13		2.938

				44		14		2.984

				45		15		2.966

				46		16		2.96

				47		17		2.996

				48		18		2.999

				49		19		2.994

				50		20		2.957

				51		21		3.063

				52		22		3.071

				53		23		3.097

				54		24		3.069

				55		25		3.03

				56		26		3.043

				57		27		3.034

				58		28		2.875

				59		29		2.805

				60		30		2.921

				61		31		2.888

				62		32		2.836

				63		33		2.86

				64		34		2.949

				65		35		2.851

				66		36		2.952

				67		37		2.907

				68		38		2.997

				69		39		2.879

				70		40		2.884

				71		41		2.94

				72		42		2.912

				73		43		2.926

				74		44		3.004

				75		45		3.091

				76		46		2.898

				77		47		2.923

				78		48		2.944

				79		49		2.898

				80		50		3.042

				81		51		2.958

				82		52		2.963

				83		53		2.976

				84		54		2.986

				85		55		2.949

				86		56		3.023

				87		57		2.925

				88		58		2.905

				89		59		2.884

				90		60		2.881

				91		61		2.913

				92		62		2.931

				93		63		2.893

				94		64		2.992

				95		65		2.913

				96		66		3.005

				97		67		2.904

				98		68		2.905

				99		69		3.065

				100		70		2.954

				101		71		2.808

				102		72		2.828

				103		73		2.912

				104		74		2.925

				105		75		2.842

				106		76		2.925

				107		77		2.877

				108		78		2.815

				109		79		2.897

				110		80		2.835

				111		81		2.789

				112		82		2.811

				113		83		2.952

				114		84		2.953

				115		85		2.965

				116		86		2.943

				117		87		2.903

				118		88		2.882

				119		89		2.875

				120		90		2.888

				121		91		2.896

				122		92		2.967

				123		93		2.836

				124		94		2.835

				125		95		2.875

				126		96		2.869

				127		97		2.846

				128		98		2.857

				129		99		2.892

				130		100		2.9

				131		101		2.93

				132		102		2.913

				133		103		2.882

				134		104		2.885

				135		105		2.778

				136		106		2.903

				137		107		2.854

				138		108		2.881

				139		109		2.902

				140		110		2.877

				141		111		2.947

				142		112		2.843

				143		113		2.86

				144		114		2.83

				145		115		2.847

				146		116		2.876

				147		117		2.854

				148		118		2.832

				149		119		2.862

				150		120		2.828

				151		121		2.853

				152		122		2.791

				153		123		2.844

				154		124		2.845

				155		125		2.777

				156		126		2.83

				157		127		2.748

				158		128		2.785

				159		129		2.842

				160		130		2.898

				161		131		2.825

				162		132		2.855

				163		133		2.87

				164		134		2.82

				165		135		2.827

				166		136		2.825

				167		137		2.919

				168		138		2.894

				169		139		2.961

				170		140		2.892

				171		141		2.948

				172		142		2.838

				173		143		2.894

				174		144		2.861

				175		145		2.899

				176		146		2.884

				177		147		2.892

				178		148		2.929

				179		149		2.963

				180		150		2.991

				181		151		3.045

				182		152		2.867

				183		153		2.926

				184		154		2.941

				185		155		2.904

				186		156		2.861

				187		157		2.885

				188		158		2.848

				189		159		3.07

				190		160		3.035

				191		161		3.074

				192		162		2.893

				193		163		3.063

				194		164		2.965

				195		165		2.969

				196		166		2.907

				197		167		2.998

				198		168		3.029

				199		169		2.877

				200		170		2.909

				201		171		2.952

				202		172		2.832

				203		173		2.892

				204		174		2.899

				205		175		2.854

				206		176		2.886

				207		177		2.962

				208		178		2.872

				209		179		2.878

				210		180		3.076

				211		181		3.004

				212		182		2.955

				213		183		3.092

				214		184		2.971

				215		185		2.976

				216		186		3.01

				217		187		2.986

				218		188		2.956

				219		189		3.089

				220		190		2.996

				221		191		2.948

				222		192		2.9

				223		193		3.039

				224		194		3.011

				225		195		3.07

				226		196		3.077

				227		197		2.956

				228		198		3.047

				229		199		3.053

				230		200		3.052

				231		201		3.068

				232		202		3.061

				233		203		3.072

				234		204		3.053

				235		205		3.046

				236		206		3.046

				237		207		3.025

				238		208		2.966

				239		209		3.023

				240		210		3.028

				241		211		2.977

				242		212		3.018

				243		213		3.005

				244		214		2.996

				245		215		2.968

				246		216		3.004

				247		217		2.999

				248		218		3.023

				249		219		2.981

				250		220		2.99

				251		221		2.982

				252		222		2.967

				253		223		2.935

				254		224		2.885

				255		225		2.931

				256		226		2.979

				257		227		2.953

				258		228		2.928

				259		229		3.026

				260		230		2.973

				261		231		2.989

				262		232		2.984

				263		233		3.001

				264		234		2.975

				265		235		2.959

				266		236		2.96

				267		237		2.94

				268		238		2.934

				269		239		2.94

				270		240		2.885

				271		241		2.925

				272		242		2.867

				273		243		2.921

				274		244		2.939

				275		245		2.904

				276		246		2.927

				277		247		2.938

				278		248		2.971

				279		249		2.931

				280		250		2.955

				281		251		2.94

				282		252		2.93

				283		253		2.939

				284		254		2.843

				285		255		2.971

				286		256		2.953

				287		257		2.923

				288		258		2.978

				289		259		2.841

				290		260		2.901

				291		261		2.883

				292		262		2.926

				293		263		2.962

				294		264		2.972

				295		265		2.945

				296		266		2.897

				297		267		2.912

				298		268		2.939

				299		269		2.931

				300		270		2.918

				301		271		2.922

				302		272		2.804

				303		273		2.98

				304		274		2.924

				305		275		2.811

				306		276		2.923

				307		277		2.974

				308		278		2.976

				309		279		2.958

				310		280		2.948

				311		281		2.891

				312		282		2.988

				313		283		2.982

				314		284		3.004

				315		285		3.006

				316		286		2.998

				317		287		2.999

				318		288		3.011

				319		289		3.012

				320		290		3.034

				321		291		3.01

				322		292		2.941

				323		293		2.998

				324		294		3.016

				325		295		2.969

				326		296		2.998

				327		297		2.95

				328		298		2.863

				329		299		2.999

				330		300		2.984

				331		301		2.912

				332		302		3.024

				333		303		2.949

				334		304		3.006

				335		305		2.994

				336		306		2.978

				337		307		3.021

				338		308		3.025

				339		309		3.056

				340		310		3.045

				341		311		3.057

				342		312		3.077

				343		313		3.062

				344		314		3.054

				345		315		3.041

				346		316		3.032

				347		317		3.041

				348		318		3.031

				349		319		3.016

				350		320		3.006

				351		321		2.992

				352		322		3.016

				353		323		3.046

				354		324		2.911

				355		325		3.005

				356		326		2.819

				357		327		2.988

				358		328		2.96

				359		329		2.914

				360		330		2.919

				361		331		2.981

				362		332		2.96

				363		333		2.986

				364		334		2.951

				365		335		2.881

				366		336		2.88

				367		337		2.828

				368		338		2.851

				369		339		2.859

				370		340		2.907

				371		341		2.88

				372		342		2.89

				373		343		2.883

				374		344		2.984

				375		345		2.936

				376		346		3.051

				377		347		2.901

				378		348		3.035

				379		349		3.039

				380		350		2.873

				381		351		2.958

				382		352		2.906

				383		353		2.884

				384		354		3.004

				385		355		2.878

				386		356		3.028

				387		357		3.03

				388		358		2.873

				389		359		2.877

				390		360		2.998

				391		361		3.007

				392		362		2.878

				393		363		2.904

				394		364		2.999

				395		365		2.961

				396		366		3.05

				397		367		2.995

				398		368		3.018

				399		369		3.049

				400		370		3.004

				401		371		2.966

				402		372		3.039

				403		373		3.039

				404		374		3.027

				405		375		3.033

				406		376		3.06

				407		377		3.046

				408		378		3.056

				409		379		3.065

				410		380		3.074

				411		381		3.096

				412		382		3.065

				413		383		3.005

				414		384		3.015

				415		385		3.017

				416		386		2.998

				417		387		3.023

				418		388		3.035

				419		389		2.985

				420		390		3.014

				421		391		3.027

				422		392		3.014

				423		393		3.04

				424		394		3.045

				425		395		3.041

				426		396		3.038

				427		397		3.053

				428		398		3.049

				429		399		3.08

				430		400		3.041

				431		401		3.095

				432		402		3.072

				433		403		3.048

				434		404		3.085

				435		405		3.089

				436		406		3.093

				437		407		3.072

				438		408		3.059

				439		409		3.085

				440		410		3.045

				441		411		2.997

				442		412		3.084

				443		413		3.037

				444		414		3.016

				445		415		3.02

				446		416		3.009

				447		417		3.017

				448		418		3.007

				449		419		3.004

				450		420		3.024

				451		421		3.005

				452		422		2.985

				453		423		2.971

				454		424		2.999

				455		425		3.017

				456		426		3.022

				457		427		3.018

				458		428		2.958

				459		429		3.002

				460		430		2.951

				461		431		2.907

				462		432		2.996

				463		433		2.898

				464		434		2.901

				465		435		2.89

				466		436		2.889

				467		437		2.896

				468		438		2.847

				469		439		2.842

				470		440		2.855

				471		441		2.858

				472		442		2.874

				473		443		2.823

				474		444		2.974

				475		445		2.855

				476		446		2.976

				477		447		2.996

				478		448		3.037

				479		449		3.027

				480		450		3.049

				481

				482

				483

				484

				485

				486

				487

				488

				489

				490

				491

				492

				493

				494

				495

				496

				497

				498

				499

				500

				501

				502

				503

				504

				505

				506

				507

				508

				509

				510

				511

				512

				513

				514

				515

				516

				517

				518

				519

				520

				521

				522

				523

				524

				525

				526

				527

				528

				529

				530

				531

				532

				533

				534

				535

				536

				537

				538

				539

				540

				541

				542

				543

				544

				545

				546

				547

				548

				549

				550

				Average				2.9522711111

				STDEV				0.0750030575

				%RSD				2.5405206582





長期安定性

		



Run number

Concentrations of diesel (%)



長期安定性（こちらを採用）

		

				長期安定性の確認　最終的に提出予定のデータ チョウキアンテイセイカクニンサイシュウテキテイシュツヨテイ

				毎日200回分析、日ごとにメンテナンスを挟みながらの連続分析 マイニチカイブンセキヒハサレンゾクブンセキ

		4月4-5日 ガツニチ		分析回数 ブンセキカイスウ		定量値 テイリョウアタイ

		1日目 ニチメ		1		2.904

				2		3.094

				3		2.99

				4		2.909

				5		2.976

				6		2.858

				7		2.861

				8		2.938

				9		2.91

				10		2.952

				11		2.896

				12		2.832

				13		3.086

				14		2.873

				15		2.917

				16		2.889

				17		2.915

				18		3.015

				19		2.843

				20		3.029

				21		2.938

				22		2.768

				23		2.915

				24		2.893

				25		2.94

				26		2.968

				27		2.863

				28		2.989

				29		2.951

				30		2.904

				31		2.79

				32		2.923

				33		2.951

				34		2.954

				35		2.874

				36		2.871

				37		2.873

				38		2.824

				39		2.918

				40		2.86

				41		2.858

				42		2.907

				43		2.851

				44		2.86

				45		2.878

				46		2.887

				47		2.887

				48		2.925

				49		2.88

				50		2.918

				51		2.96

				52		2.903

				53		2.943

				54		3.044

				55		2.99

				56		3.034

				57		3.04

				58		2.873

				59		2.96

				60		2.996

				61		2.928

				62		2.948

				63		2.964

				64		2.939

				65		2.953

				66		2.965

				67		3.07

				68		2.897

				69		2.972

				70		2.945

				71		2.987

				72		2.951

				73		2.913

				74		2.895

				75		2.89

				76		2.891

				77		2.867

				78		2.996

				79		2.912

				80		2.909

				81		2.966

				82		3.073

				83		2.897

				84		2.963

				85		2.958

				86		2.917

				87		2.896

				88		2.927

				89		2.914

				90		2.876

				91		3.008

				92		2.983

				93		2.972

				94		2.992

				95		2.954

				96		2.974

				97		2.929

				98		2.936

				99		3.023

				100		2.922

				101		2.889

				102		3.011

				103		2.949

				104		2.915

				105		2.953

				106		2.96

				107		2.937

				108		2.942

				109		2.879

				110		2.925

				111		2.881

				112		2.833

				113		2.891

				114		2.958

				115		2.939

				116		2.906

				117		2.902

				118		2.957

				119		2.901

				120		2.965

				121		2.919

				122		2.905

				123		2.999

				124		2.95

				125		2.984

				126		2.913

				127		2.857

				128		2.942

				129		2.89

				130		2.905

				131		2.967

				132		2.877

				133		2.916

				134		2.878

				135		2.935

				136		2.906

				137		2.904

				138		2.904

				139		2.882

				140		2.926

				141		2.848

				142		2.899

				143		2.851

				144		2.945

				145		2.897

				146		2.87

				147		2.983

				148		2.875

				149		2.938

				150		2.944

				151		2.905

				152		2.967

				153		2.976

				154		2.99

				155		2.968

				156		2.899

				157		2.989

				158		3.014

				159		2.981

				160		2.975

				161		2.937

				162		2.934

				163		2.967

				164		2.943

				165		3.003

				166		2.986

				167		2.967

				168		3.018

				169		2.894

				170		2.928

				171		2.981

				172		2.964

				173		2.918

				174		2.851

				175		2.993

				176		2.938

				177		2.884

				178		2.983

				179		3.04

				180		2.956

				181		3.002

				182		3.006

				183		3.023

				184		2.994

				185		2.988

				186		2.944

				187		3.019

				188		3.016

				189		2.98

				190		3.023

				191		3.044

				192		3.031

				193		2.992

				194		2.964

				195		3.019

				196		2.987

				197		2.976

				198		2.941

				199		2.972

				200		2.995

		4月5-6日 ガツニチ		201		2.921

		2日目 ニチメ		202		3.081

				203		3.05

				204		3.022

				205		3.145

				206		3.028

				207		2.918

				208		2.97

				209		3.037

				210		2.984

				211		2.996

				212		2.994

				213		3.049

				214		2.989

				215		2.989

				216		3.008

				217		2.978

				218		2.944

				219		2.97

				220		2.995

				221		2.983

				222		3.008

				223		3.097

				224		3

				225		2.98

				226		3.108

				227		3.019

				228		2.97

				229		3.015

				230		3.074

				231		2.973

				232		3.012

				233		2.936

				234		3.042

				235		3.036

				236		2.931

				237		2.949

				238		2.989

				239		2.932

				240		3.035

				241		2.89

				242		2.947

				243		2.823

				244		2.876

				245		2.984

				246		2.914

				247		3.133

				248		2.941

				249		2.96

				250		2.916

				251		2.961

				252		2.964

				253		2.879

				254		2.962

				255		2.985

				256		3.055

				257		2.853

				258		2.886

				259		2.87

				260		2.926

				261		2.945

				262		2.856

				263		3.05

				264		3.022

				265		2.852

				266		2.891

				267		2.878

				268		2.95

				269		2.924

				270		2.903

				271		2.906

				272		2.909

				273		2.921

				274		2.911

				275		2.936

				276		2.854

				277		2.943

				278		2.833

				279		2.79

				280		2.901

				281		2.834

				282		2.874

				283		2.935

				284		2.849

				285		2.868

				286		2.95

				287		2.861

				288		2.837

				289		2.934

				290		2.987

				291		2.91

				292		2.863

				293		2.891

				294		2.984

				295		3.002

				296		3.011

				297		2.936

				298		2.9

				299		2.95

				300		2.952

				301		2.949

				302		2.958

				303		2.894

				304		3.022

				305		3.045

				306		2.909

				307		2.953

				308		2.871

				309		3.041

				310		2.936

				311		3.078

				312		2.931

				313		3.013

				314		2.861

				315		2.934

				316		3.014

				317		2.859

				318		2.945

				319		2.897

				320		2.875

				321		2.913

				322		2.931

				323		2.827

				324		2.965

				325		2.827

				326		2.953

				327		2.995

				328		2.991

				329		2.852

				330		2.844

				331		2.86

				332		2.866

				333		2.888

				334		2.854

				335		2.974

				336		2.95

				337		2.877

				338		2.847

				339		2.825

				340		2.862

				341		2.924

				342		2.843

				343		2.994

				344		2.976

				345		2.953

				346		2.959

				347		3.01

				348		2.964

				349		2.877

				350		2.886

				351		2.948

				352		2.926

				353		2.943

				354		2.9

				355		2.891

				356		2.887

				357		2.985

				358		2.965

				359		2.99

				360		2.851

				361		2.872

				362		2.842

				363		2.89

				364		2.869

				365		2.959

				366		2.908

				367		2.95

				368		2.957

				369		2.948

				370		2.915

				371		3.013

				372		2.917

				373		2.981

				374		2.862

				375		2.86

				376		2.878

				377		2.883

				378		2.878

				379		2.826

				380		2.87

				381		2.886

				382		2.888

				383		2.904

				384		2.893

				385		2.881

				386		2.866

				387		2.869

				388		2.952

				389		2.847

				390		3.004

				391		2.977

				392		2.869

				393		2.896

				394		2.868

				395		2.907

				396		2.894

				397		2.878

				398		3.01

				399		2.896

				400		2.98

		4月8-9日 ガツニチ		401		2.961

		3日目 ニチメ		402		2.952

				403		2.873

				404		3.006

				405		2.985

				406		2.942

				407		2.954

				408		2.978

				409		2.959

				410		2.999

				411		2.912

				412		2.944

				413		2.888

				414		2.891

				415		2.896

				416		2.931

				417		2.936

				418		2.94

				419		2.953

				420		2.855

				421		2.91

				422		2.777

				423		2.928

				424		2.86

				425		2.798

				426		2.894

				427		2.937

				428		2.964

				429		3.007

				430		2.897

				431		2.972

				432		2.913

				433		2.903

				434		2.875

				435		2.846

				436		2.884

				437		2.911

				438		2.831

				439		2.862

				440		2.95

				441		2.759

				442		2.933

				443		2.89

				444		2.834

				445		2.893

				446		2.87

				447		2.931

				448		2.825

				449		2.791

				450		2.91

				451		2.882

				452		2.837

				453		2.777

				454		2.842

				455		2.744

				456		2.858

				457		2.897

				458		2.895

				459		2.937

				460		2.892

				461		2.886

				462		2.878

				463		2.901

				464		2.888

				465		2.868

				466		2.877

				467		2.893

				468		2.897

				469		2.882

				470		2.794

				471		2.82

				472		2.787

				473		2.902

				474		2.791

				475		2.829

				476		2.795

				477		2.737

				478		2.959

				479		2.818

				480		2.964

				481		2.96

				482		2.832

				483		2.959

				484		2.973

				485		2.952

				486		2.892

				487		2.948

				488		2.808

				489		2.866

				490		2.959

				491		2.876

				492		2.884

				493		2.993

				494		2.926

				495		2.936

				496		2.958

				497		2.914

				498		2.917

				499		2.797

				500		2.92

				501		2.864

				502		2.844

				503		2.85

				504		3.003

				505		3.005

				506		2.871

				507		3.015

				508		2.957

				509		2.963

				510		2.884

				511		2.864

				512		2.934

				513		2.871

				514		2.87

				515		2.833

				516		2.845

				517		2.835

				518		2.853

				519		2.947

				520		2.936

				521		3.07

				522		2.844

				523		2.928

				524		2.968

				525		2.837

				526		2.914

				527		2.937

				528		2.86

				529		2.825

				530		2.851

				531		2.887

				532		2.92

				533		2.867

				534		2.964

				535		2.941

				536		2.891

				537		2.863

				538		2.891

				539		2.902

				540		2.822

				541		2.829

				542		2.757

				543		2.952

				544		2.964

				545		2.823

				546		2.826

				547		2.856

				548		2.844

				549		2.849

				550		2.805

				551		2.843

				552		2.84

				553		2.832

				554		2.921

				555		2.759

				556		2.909

				557		2.872

				558		2.893

				559		2.783

				560		2.842

				561		2.765

				562		2.764

				563		2.847

				564		2.849

				565		2.812

				566		2.758

				567		2.887

				568		2.838

				569		2.848

				570		2.766

				571		2.809

				572		2.802

				573		2.829

				574		2.852

				575		2.862

				576		2.787

				577		2.943

				578		2.797

				579		2.835

				580		2.873

				581		2.83

				582		2.874

				583		2.871

				584		2.772

				585		2.81

				586		2.816

				587		2.826

				588		2.812

				589		2.826

				590		2.871

				591		2.901

				592		2.924

				593		2.772

				594		2.853

				595		2.793

				596		2.806

				597		2.873

				598		2.776

				599		2.904

				600		2.806

				Average		2.9174066667

				STDEV		0.0682467141

				%RSD		2.3392938267
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		502
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		505
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		507

		508
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		511
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		514

		515

		516
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		518
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		520

		521

		522

		523

		524

		525

		526

		527

		528

		529

		530

		531

		532

		533

		534

		535

		536

		537

		538

		539

		540

		541

		542

		543

		544

		545

		546

		547

		548

		549

		550

		551

		552
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Run number

Concentrations of diesel (%)

2.904

3.094

2.99

2.909

2.976

2.858

2.861

2.938

2.91

2.952

2.896

2.832

3.086

2.873

2.917

2.889

2.915

3.015

2.843

3.029

2.938

2.768

2.915

2.893

2.94

2.968

2.863

2.989

2.951

2.904

2.79

2.923

2.951

2.954
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