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	RECOMMENDATIONS
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	Convener:  Shri Santosh Dhaku Bhogale, HPCL
	Member Secretary: Shri Hari Mohan Meena
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	S. No
	Standard
	Status/ Recommendations on 28.10.2024

	1. 
	Test Method for Vapor Pressure of Petroleum Products (Mini Method) (ASTM D5191) 
	Member Secretary informed that the draft is yet to be received from Dr. Vertika, IOCL.

Dr Vertika, IOCL informed that the reviewed draft will be submitted by 5th of November 2024. 

	2. 
	Determination of aromatic hydrocarbon types in   aviation turbine fuels, kerosene type and petroleum distillates—high performance liquid chromatography method with refractive index detection (ASTM D 6379)
	The WG noted that the draft has been received from Shri Adalazhagan K, BPCL. After detailed deliberation, the WG accepted the draft as Working Draft. 



	3. 
	Determination of aromatic hydrocarbon types in middle distillates - High performance liquid chromatography method with refractive index detection (IP 391) 
	Member Secretary informed that the draft is yet to be received from Dr. Dheer Singh, IOCL. 

Dr. Dheer Singh  informed over telephone that the draft will be provided within one week.


	4. 
	Determination of distillation characteristics of petroleum products by micro distillation method (ASTM D7345) 
	The WG noted that the draft has been received from Shri RM Prakash, MRPL. After detailed deliberation, the WG accepted the draft as Working Draft.



	5. 
	Evaluation of Lubricity of Aviation Turbine Fuels by using the Ball-on-Cylinder Lubricity Evaluator (BOCLE) (ASTM D5001)
	The WG noted that the draft has been received from Shri Santosh D Bhogale, HPCL. After detailed deliberation, the WG accepted the draft as Working Draft with following changes: 
i) Fig 2 & 4 to be removed
ii) Bias clause to be removed




	6. 
	Determination of trace impurities in monocyclic aromatic hydrocarbons with carbon number separation by gas chromatography method
	The WG noted that the draft has been received from Shri Anil Kumar, BPCL. After detailed deliberation, the WG observed that some technical changes are required in the draft. Shri Anil Kumar agreed to re-submit the draft with incorporation of necessary changes within a week.



	7. 
	Determination of fatty acid methyl esters (FAME) content, derived from bio-diesel fuel, in aviation turbine fuel — GC-MS with selective ion monitoring/scan detection method    
	The WG noted that the draft has been received from Shri Narhar Deshpande, Nayara Energy. After detailed deliberation, the WG accepted the draft as Working Draft.






Further, BIS was requested to put up these working drafts to the Sub Committee on 8th Novemeber 2024 along with the drafts, to be, received from Dr. Dheer Singh IOCL, Dr Vartika, IOCL and Shri Anil Kumar BPCL.
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DETERMINATION OF DISTILLATION CHARACTERISTICS OF PETROLEUM PRODUCTS BY MICRO DISTILLATION METHOD







FOREWORD



[  xxxx  ]



This standard elucidates the procedure for determination of distillation characteristics of petroleum products by micro distillation method.

This test method is applicable to light and middle distillates, automotive spark-ignition engine fuels , aviation gasoline, aviation turbine fuels ,regular and low sulphur diesel fuels, biodiesel (B 100), special petroleum spirits, naphtha, white spirits, kerosene, burner marine fuels and like organic solvents or oxygenated compounds.

This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory limitations prior to use.



In reporting the results of a test analysis made in accordance with this standard, if the final Value, observed or calculation, is to be rounded off, it shall be done in accordance with IS 2 : 1960’ Rules for rounding off numerical values (revised)’.























METHODS OF TEST FOR PETROLEUM AND ITS PRODUCTS

[ P :    ] DETERMINATION OF DISTILLATION CHARACTERISTICS OF PETROLEUM PRODUCTS BY MICRO DISTILLATION METHOD

1. Scope

This test method specifies a procedure for determination of the distillation characteristics of petroleum products having boiling range between 20 °C to 400°C at atmospheric pressure using an automatic micro distillation apparatus.

This test method is applicable to light and middle distillates, automotive spark-ignition engine fuels as such and containing up to 20% ethanol, aviation gasoline, aviation turbine fuels ,regular and low sulphur diesel fuels, biodiesel (B 100),biodiesel blends up to 20% biodiesel, special petroleum spirits, naphtha, white spirits, kerosene, burner and marine fuels. 

The test method is also applicable to hydrocarbons with a narrow boiling range like organic solvents or oxygenated compounds.

This test method is not applicable to products containing appreciable quantities of residual material.

2. Normative References

The following documents, in whole or in part, are normatively referenced in this document and are indispensable for its application. For undated references, the latest edition of the referenced document (including any amendments) applies. 

a) ISO 3405, Petroleum products- Determination of distillation characteristics at atmospheric pressure 

b) IS 1448, Part 18, Methods of test for petroleum and its products: Distillation.

c) IP 596, Determination of distillation characteristics of petroleum products- Micro distillation method.

d) IP 123, Petroleum products-Determination of distillation characteristics.

e) ISO 4259, Petroleum products — Determination and application of precision data in relation to methods of test. 











3. Terms and Definitions

For the purpose of this standard the following terms and definitions apply.

3.1 Liquid Temperature: 

The temperature of the test portion in the distillation flask during the test obtained by a liquid temperature measuring device of automatic apparatus.

3.2 Vapour Temperature:

The temperature of the vapours in the distillation flask during the test obtained by a vapour temperature measuring device of automatic apparatus.

Note 1: This temperature has through use of an algorithm been adjusted to mimic the same temperature lag and emergent stem effects as would be seen when using an IP 5C or 6C liquid-in-glass   thermometer to determine the distillation characteristics of the material under test.

3.3 Corrected temperature reading:

The temperature readings, as described in 3.2 corrected to 101.3 kPa barometric pressure.

3.4 Flash internal pressure: 

The pressure within the distillation flask obtained during the test by a differential pressure sensor of automatic apparatus

Note 2: The flask internal pressure data recorded during the test is automatically converted to the percent recovered or evaporated data by patented algorithm employed by automatic apparatus.

3.5 Percent evaporated

Percent recovered corrected with the loss predicted by the analyser.

3.6 Percent recovered

The volume percent reported by the automatic apparatus, expressed as a percentage of the charge volume and associated with simultaneously temperature reading.

3.7 Initial boiling point (IBP)

The corrected temperature reading that corresponds to the instant of the flask internal pressure rise registered by automatic apparatus.

3.8 End point or final boiling point

The maximum corrected temperature reading obtained during the test at the instant the flask internal pressure returns to the initial pressure level registered by automatic apparatus.

3.9 Percent recovery

The percent recovery predicted by the automatic apparatus and expressed as a percentage of the charge volume.

3.10 Percent residue

The volume of residue in the distillation flask predicted by the automatic apparatus and expressed as a percentage of the charge volume.

3.11 Percent loss

The predicted loss expressed as a percentage, calculated from the equation: 

% loss = 100 – [percent recovery (3.9) + percent residue (3.10)]

4. Principle

A test portion is placed into the distillation flask which is placed into position on the automatic apparatus and heat is applied to the bottom of the distillation flask.

The automatic apparatus measures and records the test portion vapour and liquid temperatures and the pressure in the distillation flask as the sample gradually distils under atmospheric pressure conditions. Automatic recordings are made throughout the distillation and the data stored into the apparatus memory.

At the conclusion of the distillation the collected data is treated by the data processing system, converted to distillation characteristics and corrected for barometric pressure.

Test results are normally expressed as percent recovered or evaporated versus corresponding temperature in compliance with the industry recognised standard form and reference method either in a table or graphically as a plot of the distillation curve.

5. Chemicals and Materials

5.1 Verification fluids

5.1.1 Toluene, 99.5% purity (Warning- Extremely flammable. Harmful if inhaled. Skin irritant on repeated contact. Aspirant hazard)

5.1.2 Hexadecane, 99% purity (Warning- Extremely flammable. Harmful if inhaled. Skin irritant on repeated contact. Aspirant hazard)

5.2 Anti-bumping granules clean and dry fine grade anti-bumping granules/stones.

5.3 Cleaning solvents , Petroleum naphtha and acetone have been found to be suitable for cleaning and drying the test flasks. (Warning- Flammable. Liquid causes eye burns. Vapours harmful. May be fatal or cause blindness if swallowed or inhaled)

5.4 Sample drying agent, Anhydrous sodium sulphate has been found to be suitable.

6 Apparatus

6.1 Automatic distillation apparatus

The basic components of the micro distillation unit are , the distillation flask, a condensate recovery area with waste beaker , an enclosure for the distillation flask with the heat source and flask support, the test portion liquid temperature measuring device, the test portion vapour temperature measuring  device, the distillation flask internal pressure measuring device ,the ambient pressure measuring device, the control systems for regulating the distillation process and the data processing system for converting recorded information into typical industry recognised standard report form.

Note 3 : A detailed description of the apparatus is given in Annex A.

6.2 Barometer, with an accuracy of 0.1 kPa (1 mmHg) or better, at the same elevation relative to sea level where the apparatus is located.

6.3 Glass or plastic syringe, capacity 10 ml ± 0.3 ml (optional)

6.4 Constant volume dispenser, capacity 10 ml± 0.3 ml (optional)

6.5 Waste beaker, glass approximately 200 ml capacity, outside diameter approximately 70 mm and height approximately 130 mm fitted with a cover to reduce evaporation. The cover design shall allow the beaker to remain open to atmospheric pressure.

6.6 Glass stoppered conical flask, approximately 250 ml capacity (optional)

7 Sampling and sample handling

7.1 Draw samples in accordance with IS 1447 Part 1, ISO 3170, ISO 3171 or any equivalent national standard unless otherwise agreed.

7.2 Store samples away from direct sunlight or sources of direct heat.

7.3 Store samples containing light materials (with an initial boiling point lower than 100°C) below 10°C.If the initial boiling point of the material is unknown store the samples below 10°C.

7.4 Samples that contain free water are not suitable for testing by this method. Remove any free water by placing approximately 30 ml of the samples to be tested in a glass stoppered conical flask (6.6) containing approximately 10 g of the drying agent (5.4).Stopper and shake gently. Allow to stand and clarify. Remove a test portion of the clear supernatant liquid by means of the syringe (6.3).During this drying operation take care to minimise any loss of light ends. Report that the sample has been dried by the addition of drying agent.

8 Apparatus Preparation

8.1 Install the analyser for operation in accordance with the manufacturer’s instruction.

8.2 Locate the apparatus away from direct sunlight, sources of direct heat or drafts.

8.3 Turn on the main power switch of the analyser.

9 Apparatus Verification

9.1 Follow the manufacturer’s instructions for verifying the correct operating of the apparatus.

9.2 Temperature measurement system

At intervals of not more than six months and/or after the system has been replaced or repaired, following the apparatus instruction manual, verify the accuracy of the liquid and vapour temperature measuring sensors by distilling one or both of the verification fluids (5.1).

Toluene- record the temperature at 50% distilled. If the temperature reading differs by more than 0.5°C from the expected temperature of 109.3°C, 

Note 4: The temperature above are obtained if the toluene and hexadecane are distilled using IP 123/D 86 test method and are not the figures that are given as the boiling points of these materials in literature.

Hexadecane- record the temperature at 50% distilled. If the temperature reading differs by more than 1.0°C from the expected temperature of 278.6°C, as per Note 5, than check the instrument in accordance with 9.3 and 9.4.

Note 5: The melting point of hexadecane is 18°C.If it is solid, heat to about 25°C until all the material is liquid before withdrawing a test portion for the test.

9.3 External pressure measuring device

At intervals of not more than six months, and/or after the system has been replaced or repaired, verify the external pressure measuring device reading of the apparatus by comparing it to the pressure reading on the barometer (6.2). 

9.4 Differential pressure measuring device

At intervals of not more than six months and after the system has been replaced or repaired, verify the differential pressure measuring device reading in accordance with the manufacturer’s instructions.

10 Procedure

10.1 Material with an initial boiling point of 100°C and below.

Bring the temperature of the sample and container to a temperature at least 10°C below the expected initial boiling point of the material.

10.2 Material with an initial boiling point above 100°C.

Bring the sample and its container to ambient temperature. If the sample has partially or completely solidified during storage warm until fluid, then mix by gentle shaking.

10.3 Ensure that the distillation measuring head was cooled down to ambient temperature after previous shaking.

10.4 Wipe out the distillation measuring head was cooled down to ambient temperature after previous test.

10.5 Wash out the distillation measuring head with a tissue paper removing residual condensate of previous test.

10.6 Using the boiling chips dispenser provided with the apparatus place at least 10 grains of clean anti-bumping granules/stones (5.2) into the distillation flask.

10.7 Using either the syringe (6.3) or the constant volume dispenser (6.4) measure 10 ml± 0.3 ml test portion. When the sample is B100, measure 5 ml ± 0.3 ml test portion. Ensure that the syringe is cooled to at least 10 °C below the initial boiling point to avoid losing light ends. Check for the presence of any air bubbles and if present discard the test portion and refill. Transfer the bubble free test portion to the prepared distillation flask, taking care that none of the liquid flows into the vapour tube.

Use a new disposable syringe or disposable tip for each sampling. This will avoid any cross-contamination which can cause erroneous distillation results.

10.8 Fit the distillation measurement head into its position on the distillation flask securely in accordance with the manufacturer’s instructions.

10.9 Place the distillation flask into the heating enclosure, insert the side arm of the distillation flask into the sealing of the condenser tube and attach the measurement head holder.

10.10 Position the heating source/flask support around the lower section of the distillation flask.

10.11 Close the heating enclosure by positioning the protection shield to its lower position.

10.12 Place a waste beaker (6.5), open to atmospheric pressure, under the projecting lower end of the condenser tube.

10.13 Check that the liquid level in the waste beaker does not exceed two-thirds of its total capacity and drain it on periodic intervals.

10.14 Record the barometric pressure to the nearest 0.1 kPa.

10.15 Initiate the distillation process according to the manufacturer’s instructions

10.16 From this point up to and including the termination of the measurement, the apparatus automatically controls all operations. The instrument applies heating to the test portion and regulates automatically heating power during the distillation run using specimen liquid temperature data. The distillation conditions, distillation flask internal pressure, test portion liquid temperature and test portion vapour temperature are automatically measured and recorded during the test by the control system. The distillation is automatically terminated when the flask internal pressure returns to its initial pressure level. The collected test data is automatically processed and reported on the display and printed out at the end of the test. After the completion of the test the heating enclosure cooling fan is automatically activated.

10.17 Record the test data.

10.18 Allow the distillation flask to cool and remove it from the apparatus.

11 Expression of result

11.1 In cases in which no specific data requirements have been set by the operator, corrected temperatures readings versus corresponding percent recovered or evaporated are typically reported by the apparatus. Report typically contains the IBP, FBP, 5%, 95% and 10% increment from 10% to 90% as well as predicted percent recovery and percent residue. Percent loss is calculated by the following equation.

                        Loss % = 100 – (percent recovery + percent residue)

11.2 Report all volumetric readings in percentages to the nearest 0.1% V/V.

11.3 Report all temperature readings to the nearest 0.1°C.

11.4 Report if a drying agent was used.

12. Precision

The precision as determined by statistical examination of interlaboratory test results is given 12.1 and 12.2

Note 6: Typically samples for distillation are classified to a group number (ISO 3405/IP 123/D 86). However, this test method does not require this classification, but for the purposes of precision and relative bias comparisons, group number has been considered. 





12.1 Repeatability

The difference between successive test results, obtained by the same operator using the same apparatus under constant operating conditions on identical test material , in the long run, in the normal and correct operation of the test method, would exceed the value below only in one case in 20.

Table 1- Repeatability Group 1, 2, 3                                   Repeatability for Group 4

		

		Repeatability (r)

		Valid range

		

		Repeatability (r)

		Valid range



		 IBP:

		3.3

		20°C – 50°C

		IBP

		r =3.9

		145°C – 195°C



		E5:

		1.1

		25°C – 60°C

		T 5 

		r = T* 0.01194

		175°C – 250°C



		E 10:

		1.1

		30°C – 65°C

		T 10

		r = T* 0.00954

		160°C – 265°C



		E 20:

		1.2

		40°C – 70°C

		T 20

		r = T* 0.00932

		180°C – 275°C



		E 30:

		1.8

		50°C – 85°C

		T 30

		r = T* 0.00782

		190°C – 285°C



		E 40:

		2.7

		55°C – 100°C

		T 40

		r = T* 0.00822

		200°C – 290°C



		E 50:

		2.4

		60°C – 120°C

		T 50

		r = T* 0.00614

		170°C – 295°C



		E 60:

		2.4

		75°C – 125°C

		T 60

		r = T* 0.00534

		220°C – 305°C



		E 70:

		1.8

		100°C – 140°C

		 T 70

		r = T* 0.00405

		230°C – 315°C



		E 80:

		2.1

		115°C – 160°C

		T 80 

		r = T* 0.00441

		240°C – 325°C



		E 90:

		1.9

		140°C – 180°C

		T 90

		r = T* 0.0041

		180°C – 340°C



		E 95:

		2.0

		150°C – 200°C

		T 95

		r = 2.03

		260°C – 360°C



		FBP:

		3.0

		140°C – 260°C

		FBP:

		r = 3.93

		195°C – 365°C





Where:

E = evaporated temperature within valid range prescribed

T = recovered temperature within valid range prescribed





















12.2 Reproducibility

The difference between two test results in dependently obtained by different operators operating in different laboratories on nominally identical test material, in the normal and correct operation of the test method, would exceed the value below only in one case in 20.

Table 2- Reproducibility Group 1, 2,3                                   Reproducibility for Group 4

		

		Reproducibility(R)

		Valid range

		

		Reproducibility(R)

		Valid range



		 IBP:

		R = 5.9

		20°C – 50°C

		IBP

		R = 6.0

		145°C – 195°C



		E5:

		R = 2.5

		25°C – 60°C

		T 5 

		R = T* 0.0172

		175°C – 250°C



		E 10:

		R = 2.1

		30°C – 65°C

		T 10

		R = T* 0.0177

		160°C – 265°C



		E 20:

		R = 2.2

		40°C – 70°C

		T 20

		R = T* 0.0117

		180°C – 275°C



		E 30:

		R = 2.6

		50°C – 85°C

		T 30

		R = T* 0.0122

		190°C – 285°C



		E 40:

		R = 3.6

		55°C – 100°C

		T 40

		R = T* 0.0122

		200°C – 290°C



		E 50:

		R = 4.1

		60°C – 120°C

		T 50

		R = T* 0.0103

		170°C – 295°C



		E 60:

		R = 4.5

		75°C – 125°C

		T 60

		R = T* 0.0092

		220°C – 305°C



		E 70:

		R = 3.5

		100°C – 140°C

		 T 70

		R = T* 0.0084

		230°C – 315°C



		E 80:

		R = 3.7

		115°C – 160°C

		T 80 

		R = T* 0.0084

		240°C – 325°C



		E 90:

		R = 5.8

		140°C – 180°C

		T 90

		R = T* 0.0081

		180°C – 340°C



		E 95:

		R = 5.4

		150°C – 200°C

		T 95

		R = 3.23

		260°C – 360°C



		FBP:

		R = 5.7

		175°C – 220°C

		FBP:

		R = 7.7

		195°C – 365°C





Where:

E = evaporated temperature within valid range prescribed

T = recovered temperature within valid range prescribed

12.3 Repeatability and Reproducibility for FAME B100

TABLE 3 Repeatability and Reproducibility for FAME B100

		FAME Precision (°C)

		IBP

		5 % to 95 % recovered

		FBP

		Range (°C)



		Repeatability (r)

		2.73

		0.0227 (X – 290)

		3.0

		300 to 400



		Reproducibility (R)

		6.5

		0.0898 (X – 290)

		6.7

		300 to 400



		Degrees of freedom

		20

		15

		21

		







Note 7: The degrees of freedom associated with the reproducibility estimate from this inter laboratory study for EN XXXXX: 20XX FAME (B100) precision are less than the minimum requirements of 30 (in accordance with ISO 4259[2] users are cautioned that the actual reproducibility may be significantly different than these estimates.





12.4 Bias

Since there is no accepted reference material suitable for determining the bias for the procedure in this Test Method, bias has not been determined.

12.5 Relative Bias

Results on the same materials produced by this test method and IP 123/D 86 have been assessed in accordance with procedures outlined in ASTM D 6708.

Table 4 – Relative bias IP 596 and IP 123

		% E or  

% T

		Group 1,2,3

		Group 4

		% E or %T

		Group 1,2,3

		Group 4



		IBP

		Y = X + 1.42°C

		Y = X

		60

		Y = 0.68X + 35.86 °C

		Y=X – 1.84°C



		5

		Y=0.82X + 11.25 °C

		Y=1.1X – 18.43 °C

		70

		Y = 0.8X + 24.27 °C

		Y=X – 1.79°C



		10

		Y = 0.82X + 11.1 °C

		Y=1.09X –16.4 °C

		80

		Y = 0.83X +22.87 °C

		Y=X – 1.46°C



		20

		Y = X + 0.96°C

		Y=1.09X –8.88°C

		90

		Y = X 

		Y=X – 0.67°C



		30

		Y = X 

		Y=1.08X –18.5°C

		95

		Y = X 

		Y=X 



		40

		Y = X 

		Y=1.06X – 15.71 °C

		FBP

		Y = X + 1.09°C

		Y=1.02X – 5.90°C



		50

		Y = X 

		Y=X – 2.015°C

		

		

		





Where:

X = evaporated or recovered temperature result of this test method.

Y = evaporated or recovered temperature as per P: 18/ ASTM D 86.

13 Test report

The test report shall contain at least the following information:

a) details of the product tested:

b) a reference to this standard:

c) the result of the test (see clause 11)

d) any deviation by agreement or otherwise, from the procedure specified:

e) the data of the test.















Annex A

Apparatus description

[image: ]A.1 A schematic diagram of the micro distillation apparatus is shown in the Figure A.1





























Figure A.1- Schematic of Micro Distillation apparatus

A.2 Distillation measurement head, comprising of a snug fitted device designed foe mechanically centering and correct positioning of sensors on the distillation flask without vapour leakage. The head and distillation flask are designed in such a way without any adjustment necessary. It accommodates the vapour temperature sensor, liquid temperature sensor and has a connection for the differential pressure sensor.

A.3 Temperature measuring devices

- Vapour temperature sensor, capable of reading to 0.1°C over the range 0°C to 550°C with maximum error ± 0.5°C. The sensor shall be positioned approximately 8 mm below from the side-arm opening and in the center of the distillation flask neck.

Note: A K-type thermocouple encased in metal tube has been found to be suitable for this purpose.

- Liquid temperature sensor, capable of reading to 0.1°C over the range 0°C to 550°C with maximum error ± 0.5°C. The sensor shall be positioned approximately 2 mm above of flask bottom.

Note: A K-type thermocouple encased in metal tube has been found to be suitable for this purpose.

A.4 Drip tip, special mechanical device protecting vapour temperature measurement device from excessive reflux flow.

A.5 Pressure measuring devices

- Differential pressure sensor, comprising a pressure line and electronic pressure transducer capable of measuring the differential pressure in the range from 0 Pa to 2500 Pa with the resolution of 0.1 Pa and a minimum error of ± 1 Pa.

- External pressure measuring device, comprising of an electronic pressure transducer capable of measuring the ambient pressure where the apparatus is housed in the range 73.33 kPa to 106.7 kPa with an accuracy of 0.1 kPa or better.

[image: ]A.6 Distillation flask, of heat resistant glass and constructed to the dimensions and tolerances shown in Figure A. 2.



























Figure A.2 Micro distillation flask, all dimensions in mm



A.7 Flask heater, electric, low voltage, low mass heating element positioned below the distillation flask on a movable platform and capable to supply necessary heat power and supporting the distillation flask during the test.

A.8 Control systems, automatic controlling system capable of monitoring the collected distillation data, applying adjustments to the heating system, controlling safe and proper operation of apparatus during whole distillation run and determining the termination of the distillation.

A.9 Data processing systems, automatic data processing system capable of conversion of the collected distillation data into industry recognised distillation report format, correction of data for barometric pressure, with provisions for display of report and/ or printing /transfer of report.

A.10 Condensate recovery area, air cooled condensate tube capable of collecting the condensed distillate and draining it into a waste beaker.
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Evaluation of Lubricity of Aviation Turbine Fuels by using the Ball-on-Cylinder Lubricity Evaluator (BOCLE)







FOREWORD



[xxx].



While preparing the standard considerable assistance is derived from ASTM D 5001-23      ` Measurement of Lubricity of Aviation Turbine Fuels by using the Ball-on-Cylinder Lubricity Evaluator (BOCLE)` issued by American Society for Testing and Materials, USA.



For tropical countries like India, the standard temperature and humidity shall be taken as (27+/-2.0)oC and humidity (65+/- 5) percent



In reporting the results of a test or analysis made in accordance with this standard, if the final value, observed or calculated, is to be rounded off, it shall be done in accordance with IS 2: 1960` Rules for rounding off numerical values(revised)’


METHODS OF TEST FOR PETROLEUM AND ITS PRODUCTS [P:    ]



Evaluation of Lubricity of Aviation Turbine Fuels by using the Ball-on-Cylinder Lubricity Evaluator (BOCLE)



1. SCOPE



1.1 This standard assess the wear aspects of the boundary lubrication properties of aviation turbine fuels on rubbing steel surfaces.

1.2 This standard includes two methods, one using a semi-automated instrument and the second a fully automated instrument. Either of the two instruments may be used to carry out the test.

1.3 The values stated in SI units are to be regarded as standard.

1.4 This standard may involve hazardous materials, operations and equipment. It does not attempt to address all of the safety problems associated with its use. It is the responsibility of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory limitations prior to use. 





2. DEFINATIONS

2.1 Lubricity—qualitative term describing the ability of a fuel to minimize friction between, and damage to, surfaces in relative motion under load.

Note: In this standard, the lubricity of a fuel is defined in terms of a wear scar, in millimeters, produced on a loaded stationary ball from contact with a fuel-wetted rotating cylindrical test ring operating under closely defined and controlled conditions.

2.2 Wear Scar—average diameter of a worn and abraded area, measured in two specified directions, produced on a test ball under defined conditions.

Note: The wear scar generated by this standard is often referred to as the BOCLE wear scar.

2.3 Abbreviations:

2.3.1 BOCLE—Ball On Cylinder Lubricity Evaluator

2.3.2 HRC—Rockwell Hardness “C” scale.

2.3.3 WSD—Wear Scar Diameter

3. OUTLINE OF THE METHOD

The fuel under test is placed in a test reservoir in which atmospheric air is maintained at 10 % relative humidity. A non-rotating steel ball is held in a vertically mounted chuck and forced against the outside diameter of an axially mounted cylindrical steel ring with an applied load. The test ring is rotated at a fixed speed while being partially immersed in the fuel reservoir. This maintains the ring in a wet condition and continuously transports the test fuel to the ball/ring interface. The wear scar generated on the test ball is a measure of the lubricating property of the fuel. 





4. SIGNIFICANCE 



Lubricity is the ability to reduce friction between solid surfaces in relative motion, so it is a measure of a material’s effectiveness as a lubricant. Aviation turbine fuel must possess a certain degree of lubricity because jet engines rely on the fuel to lubricate some moving parts in fuel pumps and flow control units.



5. REAGENTS AND MATERIALS



5.1 Test Ring -  SAE 8720 steel, having a Rockwell hardness “C” scale, (HRC) number of 58 to 62 and a surface finish of 0.56 μm to 0.71 μm root mean square. The dimensions are given in FIG.1
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                                  FIG. 1 Ball-on-Cylinder Test Ring







5.2 Test Balls - chrome alloy steel, made from AISI standard steel No. E-52100, with a diameter of 12.7 mm, Grade 5 to 10. The HRC shall be 64 to 66, 



5.3 Additional Equipment - Details of additional items of test equipment specific to each test method are given in the respective test method in the section 9.0 of this standard.



5.4 Compressed Air

Caution: Compressed Air under high pressure. Use with extreme caution in the presence of combustible material, since the auto ignition temperatures of most organic compounds in air are drastically reduced at elevated pressures, containing less than 0.1-mg/kg hydrocarbons and 50 mg/kg water.

Keep cylinder valve closed when not in use.

Always use a pressure regulator. Release regulator tension before opening cylinder.

Do not transfer to cylinder other than one in which air is received. Do not mix gases in cylinder.

Do not drop cylinder. Make sure cylinder is supported at all times.

Stand away from cylinder outlet when opening cylinder valve.

Keep cylinder out of sun and away from heat.

Keep cylinders from corrosive environment.

Do not use cylinder without label.

Do not use dented or damaged cylinders.

Do not use for inhalation purposes. Use for technical purpose only.

5.5 Desiccator- containing a non-indicating drying agent, capable of storing test rings, balls, and hardware.

5.6 Gloves- clean, lint-free, cotton, disposable.

5.7 Wiper- wiping tissue, light duty, lint free, hydrocarbon free, disposable.

5.8 Isooctane (2,2,4-trimethylpentane )- reagent grade, 95 % purity minimum.

Caution: Extremely flammable. Harmful if inhaled. Vapors may cause flash fires. 

Keep away from heat, sparks, and open flames.

Keep container closed.

Use with adequate ventilation.

Avoid build-up of vapors and eliminate all sources of ignition, especially nonexplosion-proof electrical apparatus and heaters.

Avoid prolonged breathing of vapor or spray mist.

Avoid prolonged or repeated skin contact 

5.9 Isopropyl Alcohol- reagent grade 

Caution: Keep away from heat, sparks and open flame.

Keep container closed.

Use with adequate ventilation.

Avoid prolonged breathing of vapor or spray mist.

Avoid contact with eyes and skin.

Do not take internally.

5.10 Acetone- reagent grade 

Caution: Extremely flammable. Vapors may cause flash fire. 

Keep away from heat, sparks, and open flame.

Keep container closed.

Use with adequate ventilation

5.11 Reference Fuels:

5.11.1 Reference Fuel A—A mixture shall contain 30 mg/kg of a specific fuel soluble approved corrosion inhibitor/lubricity improver in Reference Fuel B.

5.11.2 Reference Fuel B — It Shall be a narrow-cut isoparaffinic solvent.

5.11.3 The reference fuels shall be stored in epoxy lined containers or borosilicate glass bottles with aluminum foil or PTFE lined insert caps. Borosilicate glass bottles shall be stored in a dark area.

Caution: Reference fuels are flammable and vapor harmful.

Keep away from heat, sparks, and open flame.

Keep container closed.

Use with adequate ventilation.

Avoid breathing vapor or spray mist.

Avoid prolonged or repeated contact with skin.



6. APPARATUS

6.1 The apparatus required for the semi-automatic method is as shown in FIG.2.For the fully automatic method the apparatus is shown in FIG.4 
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    FIG. 2 Semi-Automatic Ball-on-Cylinder Lubricity Evaluator
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                   FIG. 3 Semi-Automatic Ring Mandrel Assembly
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FIG. 4 Fully Automatic Ball-on-Cylinder Lubricity Evaluator
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FIG. 5 Test Ring Assembly (Fully Automatic Method)



6.2 Microscope - capable of 100× magnification and suitable of measuring the wear scar on the ball to the nearest 0.01 mm.

6.2.1 Method of Measuring the Wear Scar - This may be either a Glass Slide Micrometer, with a scale ruled in 0.01 mm divisions, or a digital micrometer and slide assembly, having aresolution of at least 0.01 mm.

6.3 Cleaning Bath—Ultrasonic seamless stainless steel tank with a capacity of 1.9 L and a cleaning power of 40W.

6.4 The test requirements are listed in TABLE 1.



TABLE 1 Standard Operating Conditions



		Fuel Volume

		50 mL ± 1.0 mL



		Fuel Temperature

		25 °C ± 1 °C



		Conditioned Air

		10 % ± 0.2 % relative humidity at 25 °C ± 1 °C



		Fuel pretreatment

		0.50 L ⁄min flowing through and 3.3 L ⁄min over the fuel for 15 min



		Fuel test conditions

		3.8 L ⁄min flowing over the fuel



		Applied Load

		1000 g (500 g weight) (± l g)



		Cylinder Rotational Speed

		240 rpm ± 1 rpm



		Test Duration

		30 min ± 0.1 min









7. PREPARATION OF TEST RINGS, TEST BALLS AND TEST UNITS



7.1.1 Test Rings, as Received:

7.1.1.1 The test rings shall be partially stripped of any protective coatings by manually rubbing them with rags or paper towels saturated with isooctane.

7.1.1.2 Place partially cleaned rings in a clean 500 mL beaker. Transfer a sufficient volume of a 1 to 1 mixture of isooctane (2,2,4-trimethyl pentane) and isopropyl alcohol to the beaker such that the test rings are completely covered.

7.1.1.3 Place beaker in ultrasonic cleaner and turn on for 15 min.

7.1.1.4 Remove test rings and repeat ultrasonic cleaning cycle of 7.1.1.3 with a clean beaker and fresh solvents.

7.1.1.5 Handle all clean test rings with clean forceps or disposable gloves. Remove test rings from beaker and rinse with isooctane, dry, and rinse with acetone.

NOTE —Drying operations can be accomplished using a compressed air jet at 140 to 210 kPa pressure.

7.1.1.6 Dry and store in a desiccator.

7.1.2 Test Balls, as Received.

7.1.2.1 Place balls in a beaker of capacity about 300ml. Transfer a sufficient volume of a 1 to 1 mixture of isooctane and isopropyl alcohol to the beaker such that the test balls are completely covered by the cleaning solvent.

NOTE —Approximately a five-day supply can be processed at one time.

7.1.2.2 Place beaker in ultrasonic cleaner and turn on for 15 min.

7.1.2.3 Repeat the cleaning cycle of 7.1.2.2 with a clean beaker and fresh solvent.

7.1.2.4 Remove and rinse with isooctane, dry, and rinse with acetone.

7.1.2.5 Dry and store in a desiccator.

7.1.3 Reservoir, Reservoir Cover, Ball Chuck, Lock Ring, Mandrel Assembly (Semi-Automatic Method) Test Ring Assembly (Fully Automatic Method), and all other parts, which come into direct contact with the test fuel 

7.1.3.1 Rinse with isooctane.

7.1.3.2 Clean in an ultrasonic cleaner with a 1:1 mixture of isooctane and isopropyl alcohol for 5 min.

7.1.3.3 Remove and rinse with isooctane, dry, and rinse with acetone.

7.1.3.4 Store in a desiccator until required.

7.1.4 Hardware:

7.1.4.1 The hardware and utensils, that is, any part that comes in contact with the test fuel shall be cleaned by washing thoroughly with isooctane and wiped with a wiper.

7.1.4.2 Store parts in desiccator when not in use.

7.1.5 After Test:

7.1.5.1 Remove reservoir and test ring.

7.1.5.2 Disassemble components and clean in an ultrasonic cleaner using a 1 to 1 mixture of isooctane and isopropyl alcohol for 5 min. Rinse with isooctane, dry, and rinse with acetone. Reassemble components.

7.1.5.3 Dry and store in a desiccator.



NOTE: When testing the same fuel, it is permissible to clean the reservoir by hand. The reservoir is rinsed with isooctane. Wipe with disposable wiper to remove residual fuel related deposits and test debris. The reservoir is rinsed again with isooctane. Dry and final rinse with acetone, dry.

7.1.5.4 Store parts in desiccator when not in use.

7.1.5.5 Semi-Automatic method Only—Care shall be taken to ensure that the fuel aeration tube is rinsed and dried during the cleaning procedure. Store parts in desiccator when not in use.



8. EQUIPMENT STANDARDIZATION AND CALIBRATION

8.1 Visually inspect test balls before each test. Discard balls that exhibit pits, corrosion, or surface abnormalities.

8.2 Reference Fuels:

8.2.1 Conduct three tests on each new batch of the reference fuels in accordance with Section 9 using a test ring previously standardized by reference fuel testing.

8.2.2 Repeat the three tests if the wear scar diameters differ by more than 0.04 mm for Reference Fuel A or by more than 0.08 mm for Reference Fuel B.

8.2.3 Reject the reference fuel concerned if the wear scar diameters for the repeat tests (8.2.2) again differ by more than the values obtained in 8.2.1.

8.2.4 Calculate the average wear scar for the three results that are within the values mentioned in 8.2.2 for the appropriate Reference Fuel.

8.2.5 Compare the average results with the WSD of the Reference Fuel standard values 

8.2.6 Reject the new Reference Fuel batch if the average results obtained at 8.2.4 differ by more than 0.04 mm for Reference Fuel A or by more than 0.08 mm for Reference Fuel B standard values 

8.3 Test Ring Calibration:

8.3.1 Test each new ring with Reference Fuel A as per Section 9.

8.3.2 The ring is acceptable if the wear scar diameter result is within 0.04 mm WSD of the Reference Fuel A standard value 

8.3.3 Repeat the test if the wear scar diameter does not agree within 0.04 mm WSD of the Reference Fuel A standard value

8.3.4 Reject the ring if the two values obtained in 8.3.1 and 8.3.3 differ by more than 0.04 mm WSD from each other or if both of the values differ by more than 0.04 mm WSD from the Reference Fuel A  standard value 

8.3.5 Test each new ring with Reference Fuel B as per Section 9.

8.3.6 The ring is acceptable if the wear scar diameter result is within 0.08 mm WSD of the Reference Fuel B standard value. 

8.3.7 Repeat the test if the wear scar diameter does not agree within 0.08 mm WSD of the Reference Fuel B standard value.

8.3.8 Reject the ring if the two values obtained in 8.3.5 and 8.3.7 differ by more than 0.08 mm WSD from each other or if both of the values differ by more than 0.08 mm WSD from the Reference Fuel B standard value.

NOTE: The BOCLE test result is very sensitive to contamination of the reference fuels, test rings, balls and hardware.



9. PROCEDURE

9.1.Semi-Automatic Method



9.1.1 Apparatus

9.1.1.1 The semi-automatic apparatus shown in FIG.2 

9.1.1.2 Mandrel Assembly, a tapered short cylindrical section used for holding test ring. See FIG. 3



9.1.2 Procedure

9.1.2.1 Leveling of Load Arm:

9.1.2.1.1 The level of the load arm shall be inspected prior to every test. Level the motor platform by use of the circular bubble level and adjustable stainless steel legs.

9.1.2.1.2 Install a test ball in the retaining nut as described in 9.1.2.5.

9.1.2.1.3 Lower load arm by disengaging blue pull pin. Attach 500 g weight to end of load beam. Lower ball onto ring manually or by use of arm actuator switch.

9.1.2.1.4 Check level on top of load arm. The indicator bubble shall be centered in the middle of the two lines. If required, adjust the retaining nut screw to achieve a level load arm.

9.1.2.2 Assembly of Cylinder:

9.1.2.2.1 Place a clean test ring on the mandrel and bolt the back plate to the mandrel as shown in FIG.3.

9.1.2.3 Installation of Cleaned Test Cylinder:

9.1.2.3.1 The greatest care shall be taken to adhere strictly to cleanliness requirements and to the specified cleaning procedures. During handling and installation procedures, protect cleaned test parts (cylinder, balls, reservoir, and reservoir cover) from contamination by wearing clean cotton gloves.

9.1.2.3.2 Rinse shaft with isooctane and wipe with disposable wiper.

9.1.2.3.3 Push the shaft through the left hand bearing and support bracket.

9.1.2.3.4 Hold the cylinder with the set screw hub facing left. Push the shaft through the cylinder bore, through the right hand bearing support bracket, and into the coupling as far as the shaft will go.

9.1.2.3.5 Align the coupling set screw with the flat keyway side of the cylinder shaft. Tighten set screw.

9.1.2.3.6 Set micrometer at 0.5 mm and slide cylinder to the left until it is firm against micrometer probe. Ensure that cylinder set screw is directed toward the keyway (flat surface of shaft) and tighten set screw

9.1.2.3.7 Back micrometer probe away from cylinder before drive motor is engaged.

9.1.2.4 Record on the data sheet (TABLE 2) the ring number, if assigned, and the position of the test cylinder as indicated by the micrometer. The first and last wear tracks on a ring shall be approximately 1 mm in from either side.

9.1.2.4.1 For subsequent tests, reset cylinder to a new test position with the micrometer. The new position is to be 0.75 mm from the last wear track on the ring and noted on the data sheet. After tightening the cylinder set screw to lock the cylinder in a new test position, the micrometer probe should be backed off, then advanced to the cylinder again. Check micrometer reading to ensure correct track spacing. Readjust position, if required. When the correct ring position is ensured, back the micrometer probe away from the cylinder.

9.1.2.5 Install a clean test ball by first placing the ball in the retaining nut, followed by the blue retaining ring. Screw retaining nut onto the threaded chuck located on the load arm and hand tighten.

9.1.2.6 Secure the load beam in the UP position by insertion of the blue pin.

9.1.2.7 Install the clean reservoir. Install the blue spacing platform by raising the reservoir. Slide blue spacer platform into position under the reservoir. Place thermocouple in the hole provided at the rear left side of the reservoir.

9.1.2.8 Check load beam level. Adjust, if necessary.

9.1.2.9 Transfer 50 +/- 1 mL of the test fuel to the reservoir. Place cleaned reservoir cover in position and attach the 1⁄4 in. and 1⁄8 in. air lines to reservoir cover.

Note: The test is sensitive to contamination of the fuels and test materials, the presence of oxygen and water in the atmosphere, and the temperature of the test. Lubricity measurements are also sensitive to trace materials acquired during sampling and storage.

9.1.2.10 Move power switch to ON position.

9.1.2.11 Turn on compressed air cylinder. Adjust the delivery pressure to 210 kPa to 350 kPa and the console air pressure to approximately 100 kPa.

9.1.2.12 Place arm lift actuator switch in the UP position.

9.1.2.13 Lower load beam by pulling blue pull pin. Hang a 500 g weight on end of load beam to give an applied load of 1000 g.

9.1.2.14 Start rotation of cylinder by switching motor drive to ON. Set rotation to 240 +/-1 revolution ⁄min.

9.1.2.15 Using the flow meters that control the wet and dry air flows, adjust conditioned air flow to read 3.8 L ⁄min. Maintain 10.0 % +/- 0.2 % relative humidity.

9.1.2.16 Adjust reservoir temperature as required until temperature stabilizes at 25.0 +/-1 °C. Adjust thermostat of the heat exchanger circulating bath to obtain the required temperature.

9.1.2.17 Set fuel aeration timer for 15 min and adjust fuel aeration flowmeter to 0.5 L ⁄min.

9.1.2.18 At completion of aeration, the whistle will sound and aeration will cease. Continue 3.8 L ⁄min flow through the reservoir. Move arm lift actuator switch to DOWN position. In approximately 8 seconds, the load arm will be lowered and the ball will gently make contact with the ring. Switch timer ON for 30 min.

NOTE : The rate at which the load arm lowers is controlled by the arm lift actuator valve on the left side of the cabinet. This valve controls the bleed from the pneumatic arm lift actuator cylinder.

9.1.2.19 Check all test condition readouts and adjust as necessary. Record all necessary information on data sheet.

9.1.2.20 At the end of the 30 min, the whistle will sound and the test load arm will automatically spring up. Turn timer to OFF and move arm lift actuator switch to UP position.

9.1.2.21 Manually remove test weight. Lift test load arm up and secure with blue pull pin.

9.1.2.22 Remove reservoir cover and wipe revolving ring with a disposable wiper to remove residue from the test ring. Turn motor drive and power switch to OFF.

9.1.2.23 Remove test ball from locking nut. Do not remove ball from blue retaining ring. Wipe ball clean with disposable wiper prior to microscopic examination.



9.2. Fully Automatic Method

9.2.1 Apparatus

9.2.1.1 The fully automatic apparatus is shown in FIG.4.



9.2.2 Procedure

9.2.2.1 Turn on instrument—wait for the self-test to complete.

9.2.2.2 Rinse shaft with isooctane and wipe with disposable wiper.

9.2.2.3 The axial position of the test ring is set by a numbered spacer. Only one spacer should be positioned on the main shaft at any time. When starting with a new test ring this will be spacer number 1. Each subsequent test on that ring uses the next spacer in sequence until all 10 have been used or the ring is discarded for some other reason. Select the correct spacer for the test ring.

9.2.2.4 The greatest care shall be taken to adhere strictly to cleanliness requirements and to the specified cleaning procedures. During handling and installation procedures, protect cleaned test parts (test ring, balls, reservoir, reservoir cover and other hardware in contact with the test fuel) from contamination by wearing clean gloves.

9.2.2.5 Fit the correct axial spacer and then slide the test ring adaptor in place on the main shaft. The two pins on the adaptor face outward from the instrument.

9.2.2.6 Place the test ring onto the adaptor. The recessed side of the ring with the two drive holes face towards the instrument. Rotate the test ring until the two pins on the adaptor locate in the two holes in the test ring.

9.2.2.7 Place the test ring clamp washer in place on the end of the shaft and insert the test ring retaining screw.

9.2.2.8 Using the supplied tools, restrain the test ring and tighten the retaining screw. FIG.5 shows a view of the items to be assembled on the shaft.

9.2.2.9 Place the cleaned fuel bath in position on the fuel bath platform. Transfer 50 +/- 1 mL of the test fuel to the reservoir.

Note: The test is sensitive to contamination of the fuels and test materials, the presence of oxygen and water in the atmosphere, and the temperature of the test. Lubricity measurements are also sensitive to trace materials acquired during sampling and storage.

9.2.2.10 Raise the fuel bath to the test position and fit the fuel bath cover and attach the large and small air pipes.

9.2.2.11 Insert the temperature probe in the hole in the reservoir.

9.2.2.12 Using forceps or gloves, place the test ball in the cup of the ball holder. Fit the securing collet and use the supplied tool to restrain the ball holder and hand tighten the collet.

9.2.2.13 Locate the test ball holder in the hole in the load arm and attach the securing screw. Hand tighten the securing screw.

9.2.2.14 Lower the load arm so that the ball holder enters the hole in the top of the fuel bath cover.

9.2.2.15 Attach the 500 g load weight to the end of the load arm to give an applied load of 1000 g.

9.2.2.16 With the required option selected, press “Start” on the keypad.

9.2.2.17 The instrument carries out the test sequence automatically. The test duration is between 45 min to 50 min depending on the ambient temperature.

9.2.2.18 At the end of the test, remove test weight. Lift test load arm up.

9.2.2.19 Remove reservoir cover and wipe revolving ring with a disposable wiper to remove residue from the test ring.

9.2.2.20 Remove the test ball collet assembly from the load arm. Do not remove the ball from the test ring collet. Wipe ball clean with disposable wiper prior to microscopic examination.



10. MEASUREMENT AND CALCULATION 

10.1 Wear Scar Measurement:

10.1.1 Turn on the microscope light and position test ball under the microscope at 100× magnification.

10.1.2 Focus the microscope and adjust the stage such that wear scar is centered within the field of view.

10.1.3 Align the wear scar to either a divisional point of reference on the numerical scale with the mechanical stage controls, or the cross hair graticule. Measure the major axis to the nearest 0.01 mm. Ensure that the measurement is taken to include the outermost edge of the wear scar (i.e. include all the wear scar region). Repeat the procedure for the minor axis. Record the readings on the data sheet. Typical wear scars are illustrated in FIG. 6 showing the measurement points.

10.1.4 Record condition of wear area if different from the reference standard test, that is, debris color, unusual particles or wear pattern, visible galling, etc., and presence of particles in the reservoir.

10.2 Wear Scar Calculation:

10.2.1 Calculate the wear scar diameter as follows:

WSD = (M+N)/2                            

where:

WSD = Wear Scar Diameter, mm,

M = Major axis, mm, and

N = Minor axis, mm.
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       FIG. 6 Typical Wear Scars Showing Measurement Dimensions





11. REPORT

11.1 Report the following information:

11.1.1 Wear Scar Diameter to the nearest 0.01 mm (from 10.2),

11.1.2 Description of the wear scar area, and

11.1.3 Deviations from the standard conditions of the test load, relative humidity, and fuel temperature, etc. (TABLE 2).



TABLE 2:  Data Sheet



		Date



		



		Test reference number



		



		Ring batch reference number



		



		Ball batch reference number



		



		Track number



		



		Operator



		



		Fuel description



		



		Fuel reference



		



		Wear scar major axis (mm)



		



		Wear scar minor axis (mm)



		



		Wear scar average (mm)



		



		Observations

		







12. PRECISION AND BIAS 

12.1 Repeatability—The difference between successive test results, obtained by the same operator with the same apparatus under constant operating conditions on identical test material would, in the long run, and in the normal and correct operation of the test method exceed the following values in only one case in twenty:



Semi-automatic method: 0.08311 * X 1.5832 mm

Fully automatic method: 0.08580 * X 2.5083 mm

Where X is the mean wear scar diameter (mm)



12.2 Reproducibility—The difference between two single and independent results, obtained by different operators working in different laboratories on identical test material would, in the long run, and in the normal and correct operation of the test method exceed the following values in only one case in twenty:

Semi-automatic method: 0.1178 * X 1.5832 mm

Fully automatic method: 0.09857 * X 2.5083 mm

Where X is the mean wear scar diameter (mm)



12.3 Bias—The procedure in this test method has no bias because lubricity is not a fundamental and measurable fuel property.















image4.emf



image5.emf



image6.emf



image1.emf



image2.emf



image3.emf




image6.emf
IS Method  (Proposed) for Trace impurities in Monocyclic Aromatic Hydrocarbons_Corrected(2).docx


IS Method (Proposed) for Trace impurities in Monocyclic Aromatic Hydrocarbons_Corrected(2).docx
METHODS OF TEST FOR PETROLEUM AND ITS PRODUCTS [P:	] DETERMINATION OF TRACE IMPURITIES IN MONOCYCLIC AROMATIC HYDROCARBONS WITH CARBON NUMBER SEPERATION BY GAS CHROMTOGRAPHY METHOD







FOREWORD



[xxx]



This standard elucidates the procedure for determination of trace impurities in Monocyclic Aromatic Hydrocarbons namely Benzene, Toluene, Ethyl Benzene, Styrene and Xylenes using chromatography method. The purity of Benzene, Toluene, Ethyl Benzene and Xylenes (Ortho, Meta and Para) Styrene mixed Xylenes also can be calculated through internal standard or external standard calibration techniques.



This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory limitations prior to use.



In reporting the results of a test analysis made in accordance with this standard, if the final Value, observed or calculation, is to be rounded off, it shall be done in accordance with IS 2 : 1960’ Rules for rounding off numerical values (revised)’.



7





METHODS OF TEST FOR PETROLEUM AND ITS PRODUCTS [P:	] DETERMINATION OF TRACE IMPURITIES IN MONOCYCLIC AROMATIC HYDROCARBONS WITH CARBON NUMBER SEPERATION BY GAS CHROMTOGRAPHY METHOD







1. SCOPE:



This standard method covers the determination of the total nonaromatic hydrocarbons and monocyclic aromatic hydrocarbons in benzene, toluene, ethyl benzene, p-xylene, o-xylene, styrene and mixed xylenes by gas chromatography. The purity of benzene, toluene, ethyl benzene, p-xylene, o-xylene, styrene and mixed xylenes is also calculated.

2. DETECTION LIMITS:

2.1 	The limit of detection is 0.0002 wt % and limit of quantitation is 0.0006 wt % for impurities in toluene, mixed xylenes, p-xylene, o-xylene, ethyl benzene, benzene, and styrene.

2.2 This method may not detect all components and there may be unknown components that are not in the scope, would be assigned inappropriate correction factors and thus, the results may not be absolute.





3. PRINCIPLE:



Gas chromatography is analytical technique and physical separation, which is employed to separate components of mixture into their individual components with suitable column, between two immiscible phase - mobile phase and stationary phase. The separated components are detected by a flame ionization or thermal conductivity detector and the concentration of each component is calculated with reference to the internal standard method calibration.



In this method, the specimen to be analyzed is injected into a gas chromatograph equipped with a flame ionization detector and a capillary column. The peak area of each component is measured and adjusted using effective carbon number (ECN) correction factors. The concentration of each component is calculated based on its relative percentages of total adjusted peak area and normalized to 100.0000%.

4. SIGNIFICANCE AND USE:

4.1 Determining the type and amount of hydrocarbon impurities remaining from the manufacture of toluene, mixed xylenes, p-xylene, o-xylene, ethyl benzene, benzene, and styrene used as chemical intermediates and solvents is often required. This test method is suitable for setting specifications and for use as an internal quality control tool where these products are produced or are used. Typical impurities may be alkanes containing 1 to 10 carbons atoms, benzene, toluene, ethyl benzene (EB), xylenes, and aromatic hydrocarbons containing nine carbon atoms or more.



5. INTERFERENCES:

5.1 The complete separation of p-xylene from ethyl benzene, or ethyl benzene and m-xylene from p-xylene can be difficult when either ethyl benzene or p-xylene is analyzed, respectively. The separation can be considered adequate if the distance from the baseline to the valley between the two peaks is not greater than 50 % of the peak height of lower of the two peaks.

6. APPARATUS:

6.1 Chromatographic data system is required.

6.2 Columns—Column choice is based on resolution requirements. Any suitable column may be used that is capable of resolving all significant impurities from the major component. The column and conditions described in Table 1 have been used successfully and shall be used as a referee in cases of dispute.

6.3 Gas Chromatograph—Instrument with a flame ionization detector and a splitter injector suitable for use with a fused silica capillary column may be used, provided the system has sufficient sensitivity, linearity, and range to deter- mine 0.0001 wt %, while not exceeding the full scale of either the detector or the electronic integration for the major component. It shall have a split injection system that will not discriminate over the boiling range of the samples analyzed. The system should be capable of operating at conditions given in Table 1.determine



6.4 Injector—the specimen must be precisely and repeatably injected into the gas chromatograph. It is recommended to have automatic sample injection system to achieve more precision.

microlitre

6.5 Syringe—chromatographic, capable of delivering appropriate micro liter volumes.





TABLE 1 Method Parameters

		Inlet

		Split



		Temperature, °C

		270



		Column:



		Tubing

		fused silica



		Length, m

		60



		Internal diameter, mm

		0.32



		Stationary phase

		cross-linked polyethylene glycol



		Film thickness, μm

		0.25



		Column temperature program



		Initial temperature, °C

		60







		Initial time, min

		10



		Programming rate, °C/min

		5



		Final, °C

		150



		Time 2, min

		10



		Carrier gas

		helium or hydrogen



		Linear velocity, cm/s at 145°C

		20 helium or 45 hydrogen



		Split ratio

		100:1



		Sample size, μL

		0.6



		Detector:

		flame ionization



		Temperature, °C

		300



		Analysis time, min

		35-40









7. REAGENTS AND MATERIALS:

7.1 Purity of Reagent—Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all reagents shall conform to IS specifications.

7.2 Carrier Gas, Makeup Gas and Detector Gases 99.999 % Pure. Oxygen in carrier gas less than 1 ppm, less than 0.5 ppm is preferred. Purify carrier, makeup and detector gases to remove oxygen, water, and hydrocarbons.

7.3 Air for the FID should contain less than 0.1 ppm total hydrocarbon.

7.4 Equipment Set-up Check Sample

7.4.1 	High Purity p-xylene (99.99 wt.% or greater purity)— Most p-xylene is available commercially at a purity less than 99.9 wt. %, but can be purified by recrystallization. To prepare 2 L of high-purity p-xylene, begin with approximately 4 L of reagent-grade p-xylene and cool in an explosion-proof freezer at between –10 °C to +10 °C until approximately 1⁄2 to 3⁄4 of the p-xylene has frozen. Remove the sample and decant the liquid portion. Allow the p-xylene to thaw and repeat the crystallization step on the remaining sample until the p-xylene is free of contamination (no peaks detected other than p-xylene) as indicated by gas chromatography.

[image: ] 7.4.2 Fill a 100 mL volumetric flask approximately 3⁄4 full of the high purity p-xylene.

 7.4.3 Add 0.1 mL m-xylene.

cumene7.4.4



 Add 0.01 mL  of toluene, ethyl benzene, cymene, o-xylene, styrene, alpha methyl styrene, and phenyl acetylene.



 7.4.5  Add 0.001 mL benzene and 1, 4-dioxane.




Adding 1 microlitre and 10 microlitre for the preparation of equipment setup check sample is difficult



7.4.6 Dilute to volume with high purity p-xylene.

7.4.7 Impurities that are not present in the samples being analyzed may be omitted from the





check sample.






7.4.8 The purpose of the set-up check sample is to help determine the retention time of the various components and that the p-xylene and m-xylene are adequately separated. This sample should not be used for calibration.

8. HAZARDS:

8.1 Following current OSHA regulations, supplier’s Safety Data Sheets, and local regulations for all materials used in this test method.

9. SAMPLING:

9.1 Sample the material in accordance with Practice IS 1447 P:1

IS 534 Annex-L for Benzene, IS 537 Annex-F for Toulene, xxxxxxx for Ethyl benzene, Xylenes, Styrenes, Mixed Xylenes







PREPARATION

10. PREPERATION OF APPARATUS:

10.1 Follow manufacturer’s instructions for mounting and conditioning the column into the chromatograph and adjusting the instrument to the conditions described in Table 1, allowing sufficient time for the equipment to reach equilibrium.



11. CALIBRATION:

11.1 Prior to implementation of the ECN method, a laboratory should demonstrate that the equipment is set up properly using an equipment set-up check sample. This sample should be used to: determine retention times of each component, and that the separation of m-xylene from p-xylene is satisfactory. Refer 5.1 for the definition of an adequate separation.



12. PROCEDURE:

12.1 Bring the sample to room temperature.

12.2 Check the chromatography performance to make sure that the column is properly resolving peaks.

12.3 Inject an appropriate amount of sample into the instrument.

Measure

12.4 Review the chromatographic data system result. Mea- sure the area of all peaks. The

non-aromatics fraction includes all peaks up to ethylbenzene except for the peaks assigned to benzene and toluene. Sum together all the non-aromatic peaks as a total area. When either benzene or toluene is analyzed and 1,4-dioxane is required to be reported, the non-aromatic fraction does not include the peak assigned to 1,4- dioxane.

NOTE 1—A poorly resolved peak, such as p-xylene from high purity ethylbenzene or m-xylene from high purity p-xylene, will often require a tangent skim from the neighboring peak.

12.5 See Figs. 1-8 for representative chromatograms.

13. CALCULATION AND INTERPRITATION:



13.1 Using the ECN weight correction factors listed in Table 2, calculate the concentration of each component as follows:



[image: ]

where:





Ci	=

Ai	=

Ri	=


concentration for component i, weight %,

peak area of component i, and

ECN correction factor for component i.





13.2 Calculate the volume percent concentration of each component using the density in	Table 2 as follows:

[image: ]

where:





Vi	=


calculated vol % concentration of component i,




13.1



Ci	=

Di	=


calculated wt % concentration of component i from 14.1, and density of component i.





TABLE 2 Effective Carbon Number Correction Factors and Density





		

		ECN

		



		Component

		Correction FactorA

		Density at 20°C



		Non Aromatics

		1.0000

		0.7255 (average)B



		Benzene

		0.9095

		0.8780C



		Toluene

		0.9195

		0.8658C



		Ethylbenzene

		0.9271

		0.8658C



		p-xylene

		0.9271

		0.8597C



		m-xylene

		0.9271

		0.8630C



		o-xylene

		0.9271

		0.8786C



		Cumene

		0.9329

		0.8605C



		1,4-Dioxane

		3.0774

		1.0329D



		C9 + Aromatics

		0.9329

		0.8715E average



		Styrene

		0.9210

		0.9048C



		C10 Aromatics

		0.9376

		0.8694E average



		p-dimethylbenzene

		0.9376

		0.8620E



		(PDEB)

		

		



		Phenylacetylene

		0.8296

		0.9300F



		Alpha-methyl styrene

		0.9276

		0.9077F



		AMS

		

		









A Correction factors are relative to n-heptane.





[image: ]

Figure 1: Typical Chromatogram of synthetic blend.	
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Figure 2: Typical Chromatogram of Toluene	



[image: ]



Figure3: Typical Chromatogram for Xylenes (in P-Xylenes Feedstock) 



[image: ]

Figure 4: Typical Chromatogram of High purity P-Xylene 





[image: ]



Figure5: Typical Chromatogram of Benzene






[image: ]





Figure 6: Typical Chromatogram of o-xylene








[image: ]



Figure 7: Typical Chromatogram of Ethyl Benzene






[image: ]









14 REPORT:


Figure 8: Typical Chromatogram of Styrene






14.1 Report individual impurities and total non-aromatics, to the nearest 0.0001 wt. %.

C9+

14.1.1 If required, rep9ort total C + aromatics to the nearest 0.0001 wt. %. It is the sum of cumene and all peaks emerging after o-xylene.

14.1.2 If required, report total xylenes to the nearest 0.0001 wt. %. It is the sum of m-xylene, o- xylene, p-xylene, and ethylbenzene by industry convention.

14.2 For concentrations of impurities less than 0.0002 wt.%, report as <0.0002 wt.%, and consider as 0.0000 in summation of impurities.

14.3 Report the total impurities to the nearest 0.01 wt. %.

14.4 Report purity as “purity (by GC)” to the nearest 0.01 wt. %.





15. PRECISION AND BIAS.

     Precision is based on ILS conducted in 14 kabs for different materials.

15.1   Repeatability (r)—Results should not be suspect unless they differ by more than shown in

         Tables 3-9. Results differing by less than r have a 95 % probability of being correct.

15.2   Reproducibility (R)—Results submitted by two labs should not be considered suspect

          unless they differ by more than shown in Tables 3-9. Results differing by less than R have a 95%

          probability of being correct.

15.3   Bias- Since there is no accepted reference material suitable for determining the bias in this

          test method, bias has not been determined. Recovery of added impurities is reported in Tables 10-

15. 4  The values are based on impurities that were added to the sample versus the results reported

        in Tables 10-15. These values are based on impurities that were added to the sample versus the

  result reported.





	Column A is the impurity.

	Column B is the amount of the impurity found in the original sample.

	Column C is the amount of impurity added to the original sample to create level 2.

	Column D is the amount of impurity found in level 2.

	Column E is the amount reported for level 2 minus the original result – the amount added.

	Column F is the amount of impurity added to create level 3.

	Column G is the amount of impurity found in level 3.

	Column H is the amount of impurity reported for level 3 minus the original result – the

      amount added.

	Column I is the amount of impurity added create level 4. Column J is the amount of impurity added to create level 4.

	Column K is the amount reported for level 4 minus the original result – the amount added.



















TABLE 3 Benzene

12 Laboratories



		

		AverageA wt %

x¯

		Repeatability LimitB

r

		Reproducibility LimitC

R



		Non-Aromatics

		0.0053

		0.0026

		0.0043



		Benzene

		99.8308

		0.0085

		0.0247



		Toluene

		0.0857

		0.0036

		0.0110



		Ethylbenzene

		0.0782

		0.0044

		0.0121





A The average of the laboratories’ calculated averages.

B Average of four levels of r.

C Average of four levels of R.





 TABLE 4 Toluene 7 Laboratories

AverageA wt %








Repeatability LimitB








Reproducibility LimitC



		

		x¯

		r

		R



		Non-Aromatics

		0.0052

		0.0032

		0.0047



		Benzene

		0.0159

		0.0008

		0.0022



		Toluene

		99.9345

		0.0068

		0.0131



		Ethylbenzene

		0.0204

		0.0014

		0.0029



		p-xylene

		0.0097

		0.0018

		0.0029



		m-xylene

		0.0108

		0.0020

		0.0037



		o-xylene

		0.0010

		0.0016

		0.0020



		C9+ Aromatics

		0.0024

		0.0026

		0.0028





A The average of the laboratories’ calculated averages.

B Average of four levels of r.

C Average of four levels of R.



 TABLE 5 Ethylbenzene 10 Laboratories



		

		Average wt %

x¯

		Repeatability LimitB

r

		Reproducibility LimitC

R



		Non-Aromatics

		0.0253

		0.0047

		0.0078



		Benzene

		0.1567

		0.0069

		0.0205



		Toluene

		0.0674

		0.0015

		0.0051



		Ethylbenzene

		99.5597

		0.0146

		0.0461



		p-xylene

		0.0616

		0.0086

		0.0271



		m-xylene

		0.0008

		0.0004

		0.0027



		Cumene

		0.0171

		0.0003

		0.0026



		o-xylene

		0.0750

		0.0007

		0.0087



		PDEB

		0.0012

		0.0002

		0.0006



		C9+ Aromatics

		0.0028

		0.0030

		0.0069





A The average of the laboratories’ calculated averages.

B Average of four levels of r.

C Average of four levels of R.



		

		TABLE 7 o-Xylene

13 Laboratories

		



		

		AverageA wt %

x¯

		Repeatability LimitsB

r

		Reproducibility LimitC

R



		Non-Aromatics

		0.0027

		0.0029

		0.0043



		Benzene

		0.0014

		0.0005

		0.0013



		Toluene

		0.0319

		0.0009

		0.0027



		Ethylbenzene

		0.0084

		0.0006

		0.0010



		p-xylene

		99.7942

		0.0034

		0.0173



		m-xylene

		0.1245

		0.0014

		0.0165



		o-xylene

		0.0296

		0.0003

		0.0024



		C9+ Aromatics

		0.0073

		0.0007

		0.0017







A The average of the laboratories’ calculated averages.

B Average of four levels of r.

C Average of four levels of R.









	TABLE 7 o-Xylene 10 Laboratories

Average








Repeatability








Reproducibility



		

		A wt %

x¯

		 LimitB

r

		LimitC

R



		Non-Aromatics

		0.2622

		0.0066

		0.0303



		Benzene

		0.0024

		0.0025

		0.0063



		Toluene

		0.0004

		0.0006

		0.0011



		Ethylbenzene

		0.0015

		0.0003

		0.0005



		p-xylene

		0.1541

		0.0017

		0.0088



		m-xylene

		0.5014

		0.0081

		0.0197



		Cumene

		0.1925

		0.0008

		0.0088



		o-xylene

		98.9098

		0.0122

		0.0555



		PDEB

		0.0737

		0.0007

		0.0047



		C9+ Aromatics

		0.0019

		0.0056

		0.0059





A The average of the laboratories’ calculated averages.

B Average of four levels of r.

C Average of four levels of R.



   TABLE Styrene

7 Laboratories








AverageA








Repeatability Reproducibility



wt %


LimitsB


LimitC



		

		x¯

		r

		R



		Non-Aromatics

		0.0052

		0.0044

		0.0067



		Benzene

		0.0005

		0.0003

		0.0009



		Toluene

		0.0002

		0.0002

		0.0012



		Ethylbenzene

		0.0216

		0.0005

		0.0081



		p-xylene

		0.0007

		0.0018

		0.0046



		m-xylene

		0.0006

		0.0009

		0.0017



		Cumene

		0.0179

		0.0003

		0.0019



		o-xylene

		0.0012

		0.0005

		0.0024



		Styrene

		99.8676

		0.0059

		0.0262



		Alpha Methyl styrene

		0.0422

		0.0009

		0.0069



		Phenylacetylene

		0.0217

		0.0013

		0.0041



		C9+ Aromatics

		0.0207

		0.0027

		0.0137





A The average of the laboratories’ calculated averages.

B Average of four levels of r.

C Average of four levels of R.









TABLE 9 Mixed Xylenes 12 Laboratories







AverageA wt %


Repeatability LimitB


Reproducibility LimitC



	x¯	r	R	



		Non-Aromatics

		0.1883

		0.0132

		0.0219



		Benzene

		0.0006

		0.0006

		0.0014



		Toluene

		0.01335

		0.0292

		0.0315



		Ethylbenzene

		6.3705

		0.1264

		0.2089



		p-xylene

		28.8721

		0.0793

		0.4628



		m-xylene

		54.4540

		0.4220

		0.7699



		o-xylene

		9.8969

		0.4406

		0.5009



		Cumene

		0.0671

		0.0058

		0.0081



		PDEB

		0.0148

		0.0056

		0.0067



		C9+ Aromatics

		0.0023

		0.0011

		0.0013



		Total Mixed

		99.5935

		0.0365

		0.0475





 Xylenes	

A The average of the laboratories’ calculated averages.

B Average of four levels of r.

C Average of four levels of R.

























TABLE 10 Recovery of Added Impurities for Benzene



		A

		B

		C

		D

		E

		F

		G

		H

		I

		J

		K



		

		

level 1

		

		

level 2

		Reported –original

		

		

level 3

		Reported –original

		

		

level 4

		Reported –original



		

		(original)

		added

		reported

		–added

		added

		reported

		–added

		added

		reported

		–added



		Impurity

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %



		Toluene

		0.0089

		0.0500

		0.0608

		0.0019

		0.1000

		0.1109

		0.0020

		0.1500

		0.1624

		0.0035



		Ethylbenzene

		0.0000

		0.0500

		0.0527

		0.0027

		0.1000

		0.1036

		0.0036

		0.1500

		0.1564

		0.0064







 TABLE 11 Recovery of Added Impurities for Toluene



		A

		B K

		C

		D

		E

		F

		G

		H

		I

		J

		



		

		

level 1

		

		

level 2

		Reported –original

		

		

level 3

		Reported –original

		

		

level 4

		Reported –original

		



		

		(original)

		added

		reported

		–added

		added

		reported

		–added

		added

		reported

		–added

		



		Impurity

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		



		Benzene

		0.0013

		0.0100

		0.0103

		−0.0010

		0.0200

		0.0210

		−0.0003

		0.0300

		0.0311

		−0.0002

		



		Ethylbenzene

		0.0053

		0.0100

		0.0147

		−0.0006

		0.0200

		0.0257

		0.0004

		0.0300

		0.0360

		0.0007

		



		p-xylene

		0.0023

		0.0050

		0.0068

		−0.0005

		0.0100

		0.0125

		0.0002

		0.0150

		0.0175

		0.0002

		



		m-xylene

		0.0032

		0.0050

		0.0079

		−0.0003

		0.0100

		0.0134

		0.0002

		0.0150

		0.0187

		0.0005

		









TABLE 12 Recovery of Added Impurities for Ethylbenzene







dA

B

C

D

E

F

G

H

I

J

K





level 1





level 2

Reporte

–original





level 3

Reported

–original





level 4

Reported

–original



(original)

added

reported

–added

added

reported

–added

added

reported

–added

Impurity

wt. %

wt. %

wt. %

wt. %

wt. %

wt. %

wt. %

wt. %

wt. %

wt. %

Benzene

0.1519

0.0050

0.1537

−0.0032

0.0100

0.1576

–0.0043

0.0150

0.1634

–0.0035

Toluene

0.0111

0.0500

0.0596

–0.0015

0.1000

0.1082

–0.0029

0.1500

0.1580

–0.0031

p-xylene

0.0015

0.0500

0.0519

0.0004

0.1000

0.1025

0.0010

0.1500

0.1520

0.0005

Cumene

0.0020

0.0100

0.0120

0.0000

0.0200

0.0220

0.0000

0.0300

0.0323

0.0003

o-xylene

0.0007

0.0500

0.0501

–0.0006

0.1000

0.0993

–0.0014

0.1500

0.1497

–0.0010

PDEB

0.0000

0.0010

0.0010

0.0000

0.0020

0.0020

0.0000

0.0030

0.0030

0.0000



























	TABLE 13 Recovery of Added Impurities for o-Xylene



		

		A

		B K

		C

		D

		E

		F

		G

		H

		I

		J

		



		

		

		

level 1

		

		

level 2

		Reported –original

		

		

level 3

		Reported –original

		

		

level 4

		Reported –original

		



		

		

		(original)

		added

		reported

		–added

		added

		reported

		–added

		added

		reported

		–added

		



		

		Impurity

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		



		

		p-xylene

		0.0799

		0.0500

		0.1294

		–0.0005

		0.1000

		0.1787

		–0.0012

		0.1500

		0.2283

		–0.0016

		



		

		m-xylene

		0.4286

		0.0500

		0.4777

		–0.0009

		0.1000

		0.5248

		–0.0038

		0.1500

		0.5746

		–0.0040

		



		

		Cumene

		0.1182

		0.0500

		0.1681

		–0.0001

		0.1000

		0.2174

		–0.0008

		0.1500

		0.2664

		–0.0018

		



		

		PDEB

		0.000

		0.0500

		0.0493

		–0.0007

		0.1000

		0.0983

		–0.0017

		0.1500

		0.1472

		–0.0028

		







	TABLE 14 Recovery of Added Impurities for Styrene



A	B	C	D	E	F	G	H	I	J K

		

		

level 1 (original)

		



added

		

level 2 reported

		Reported

–original

–added

		



added

		

level 3 reported

		Reported

–original

–added

		



added

		

level 4 reported

		Reported

–original

–added



		Impurity

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %

		wt. %



		Benzene

		0.0002

		0.0001

		0.0004

		0.0001

		0.0002

		0.0005

		0.0001

		0.0003

		0.0007

		0.0002



		Ethylbenzene

		0.0066

		0.0100

		0.0158

		–0.0008

		0.0200

		0.0259

		–0.0007

		0.0300

		0.0380

		0.0014



		Cumene

		0.0114

		0.0050

		0.0155

		–0.0009

		0.0100

		0.0201

		–0.0013

		0.0150

		0.0246

		–0.0018



		AMS

		0.0363

		0.0050

		0.0396

		–0.0017

		0.0100

		0.0440

		–0.0023

		0.0150

		0.0488

		–0.0025



		Phenyl acetylene

		0.0150

		0.0050

		0.0192

		–0.0008

		0.0100

		0.0240

		–0.0010

		0.0150

		0.0287

		–0.0013







	TABLE 15 Recovery of Added Impurities for Mixed Xylenes



		A

		B

		C

		D

		E

		F

		G

		H

		I

		J

		K



		

		

level 1

		

		

level 2

		Reported –

		

		

Level 3

		Reported –

		

		

level 4

		Reported

–



		

		(original)

		added

		reported

		expected

		added

		reported

		expected

		added

		reported

		expected



		Impurity

		wt. %

		wt. %

		wt. %

		wt. %A

		wt. %

		wt. %

		wt. %A

		wt. %

		wt. %

		wt. %A



		Toluene

		0.0663

		0.0500

		0.1128

		–0.0056

		0.1000

		0.1567

		0.0019

		0.1500

		0.1981

		0.0038



		p-xylene

		28.7095

		1.0000

		28.8246

		–0.0186

		2.0000

		28.9330

		–0.0005

		3.0000

		29.0353

		0.0049



		m-xylene

		55.4550

		1.0000

		54.7735

		0.0750

		2.0000

		54.1313

		–0.0554

		3.0000

		53.5253

		–0.0887



		Cumene

		0.0536

		0.0100

		0.0617

		0.0000

		0.0200

		0.0693

		0.0029

		0.0300

		0.0765

		0.0042



		o-xylene

		8.8572

		1.0000

		9.5636

		–0.0775

		2.0000

		10.2291

		0.0636

		3.0000

		10.8572

		0.0945



		PDEB

		0.0006

		0.0100

		0.0103

		–0.0011

		0.0200

		0.0194

		0.0008

		0.0300

		0.0280

		0.0013





A Expected values calculated by renormalizing data including added components.
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METHODS OF TEST FOR PETROLEUM AND ITS PRODUCTS (Part XXX )

DETERMINATION OF FATTY ACID METHYL ESTERS (FAME) CONTENT, DERIVED FROM BIO-DIESEL FUEL, IN AVIATION TURBINE FUEL — GC-MS WITH SELECTIVE ION MONITORING/SCAN DETECTION METHOD







FOREWORD



[xxx]



The test method that pertains to use of Gas Chromatography – Mass Spectrometry Method for determination of Fatty Acid Methyl Esters (FAME) content, derived from Bio-Diesel fuel, in Aviation Turbine Fuels 



Considerable assistance has been taken from the publication IP 585 : 2010  “Standard Test Method for Determination of Fatty Acid Methyl Esters (FAME), Derived From Bio-Diesel Fuel, In Aviation Turbine Fuel — GC-MS with Selective Ion Monitoring/Scan Detection Method “ issued by Institute of Petroleum, while preparing this standard.



This is a part of the series of Indian Standards on test methods for petroleum products, being published, as IS 1448 Part. 



In reporting the results of a test or analysis made in accordance with this standard, is to be rounded off, it shall be done in accordance with IS 2 : 1960 ‘Rules for rounding off numerical values (revised). 



































1 SCOPE





This standard covers the identification and quantification of selected fatty acid methyl ester (FAME) species (Refer Table 1) in the range 4.5 mg/kg to 150 mg/kg in Aviation Turbine Fuel (ATF).

NOTE 1 – FAME at very low levels may be masked by the presence of high molecular weight naphtha components present in ATF and/or ATF contaminated with diesel/biodiesel

NOTE 2 –   ATF components may interfere in determination of Low carbon number methyl esters, such as those derived from coconut oil, at low levels and it may not be quantified.

NOTE 3 – The FAME species specifically chosen which typically make up greater than 95 % of the composition of the major biofuel feedstocks currently used in biodiesel blends are listed in Table 1. In addition, methyl heptadecanoate is included, which may be present in animal fats.



Table 1 : Fatty acid methyl ester determined



		Fatty acid methyl ester

		Molecular formula

		Symbol used



		methyl hexadecanoate (methyl palmitate)

		C17H34O2

		C16:0



		methyl heptadecanoate (methyl margarate)

		C18H36O2

		C17:0



		methyl octadecanoate (methyl stearate)

		C19H38O2

		C18:0



		methyl octadecenoate (methyl oleate)

		C19H36O2

		C18:1



		methyl octadecadienoate (linoleate)

		C16H34O2

		C18:2



		methyl octadecatrienoate (linolenate)

		C16H32O2

		C18:3







2. REFERENCES



The standards listed below contain provisions, which, through reference in text, constitute provisions of this standard. At the time of publication, the editions indicated were valid. All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standards indicated below. 



		IS No

		Title



		IS 1447 

		Petroleum Liquids—Manual sampling



		ISO 12185

		Determination of density— Oscillating U-tube method

















3. PRINCIPLE 





ATF sample is run neat with an internal standard on the GC-MS having long polar column to separate the polar FAME species relative to the non-polar hydrocarbon matrix of the ATF and any mineral diesel fuel contamination.



Complete separation is not possible due to presence of high end Naphtha components and a multiple selective ion monitoring (SIM) is performed. These ions used in SIM methods are suggestive of the FAME species rather than background hydrocarbon mix of the fuel.



Specified FAME species levels are measured in the sample by reference to an external standard calibration of the specified FAME species in dodecane using SIM method.



Density Variation between ATF sample and dodecane are considered for final result calculation. 



The mixed FAME calibration is run simultaneously with the test portion. Quality check standards, CRM or SRM is run every five samples to check for calibration drift. 





4. APPARATUS 





4.1	 GC-MS, capable of operating in an electron impact ionisation mode, ideally with simultaneous SIM/SCAN data collection, and equipped with a split/splitless or cold on-column injector. If the instrument is capable of running simultaneous SIM and full scan modes then the full scan total ion chromatogram (TIC) is used in the identification of the individual FAME species.



The instrument used must be capable of detecting 0.5 mg/kg of each of the specified FAME species in dodecane with a signal to noise ratio of at least 10:1. The instrument shall be equipped with data collection and analysis software to allow accurate peak area measurement



NOTE 1 – Use of Dedicated glassware is strongly recommended to avoid cross-contamination.



NOTE 2 - Use of an injection packed liner is strongly recommended.



NOTE 3 – In case the instrument is not capable to run simultaneous SIM/ SCAN, it is recommended that the samples are run twice, once in SIM mode for quantification and then again in full scan mode where if positive identification of detected FAME species by spectral matching is required.



NOTE 4 - The SIM ion data is used for the quantitative measurements and the scan mode total ion chromatogram (TIC) data to aid identification of species.




4.2	GC polar capillary column HP INNOWAX (200 pm x 0.4 pm film) open tubular capillary column of 50 to 60 m length, with a helium carrier gas flow of approximately 0.6 ml/min.



4.3	Weigh balance, capable of weighing to ± 0.0001 g.



4.4	Conical glass flask fitted with a ground glass closure, nominal capacity 250 ml.



4.5	10 ml volumetric flask, Grade A.



4.6	Dropping pipette.



4.7	Calibrated adjustable auto pipettes, capable of delivering 10 to 100 µl and 100 to 1000 µl



4.8	GC Autosampler vials (1.5-2 ml) with crimp caps.



            NOTE - Screw-cap vials with septa may also be used. 



4.9	1 ml volumetric pipette, Grade A.



4.10      Syringe, glass, 10 µl capacity.



4.11	100 ml volumetric flask, glass, Grade A.





5 REAGENTS



5.1	  Fatty acid methyl esters (FAME), as per Table 1, for preparation of FAME calibration solutions, purity greater than 99 %.



NOTE – Use of individual FAME compounds is recommended.



5.2         Helium gas (carrier).



5.3	 Dodecane, purity greater than 90 %.



5.4	 Cyclohexane, purity greater than 99 %.



5.5        Methyl heptadecanoate-d33	(methyl margarate-d33) - internal standard, > 98 atom % atom  

            deuterated.

















6	SAMPLING



6.1	Take minimum 60 ml ATF sample as per IS 1447 unless otherwise specified.  



6.2 	Dedicated sampling equipment to be used. It is to be ensured that gloves are clean prior to sampling to avoid cross-contamination from the gloves. Sample lines shall be flushed prior to taking samples to avoid cross contamination of the sample from material previously sampled.



6.3 	Use amber glass or epoxy-lined metal containers with inert closures.



NOTE – ASTM D4306 may be referred for testing the suitability of sample containers for tests affected by trace contamination.



6.4     Use of new sample containers are strongly recommended However, used containers are also permitted provided they have only been used for aviation turbine fuel containing <5 mg/kg FAME.



6.5 Sample containers and their closures shall be rinsed with the product to be sampled at least three times. Each rinse shall use product with a volume of 10% to 20% of the container volume and shall include closing and shaking the container for a minimum of 5 seconds and then draining the product.



7   INTERNAL STANDARD AND CALIBRATION STANDARDS PREPARATION



7.1	 Preparation of Internal standard solution (ISS) – Methyl heptadecanoate-d33



7.1.1   Place a 100 ml volumetric flask onto the weigh balance and tare. Weigh 100 mg +/- 0.5 mg of   methyl heptadecanoate-d33 into flask by using a dropping pipette and make up to 100 ml with dodecane to prepare a 1000 mg/L solution.



7.1.2    1000 mg/L standard to be stored in a tightly closed glass container in a refrigerator held at 4 °C +/- 2 °C when not in use. This standard shall be used within three months from the date of preparation. 

Before use, standard to be examined for any phase separation or discoloration. Shake vigorously the standard and allow it to stand for removal of air bubbles. Discard the standard if it shows sediment, phase separation or discoloration.



7.2	 Preparation of Bulk calibration solution (BCS) - 1000 mg/L of each of FAME reference compound, as per Table 1, in dodecane. 



7.2.1     Place a 250 ml conical flask onto the weigh balance and tare. Weigh 0.1000 g ± 0.0010 g of each FAME species into the flask by using a dropping pipette and record the reading. Make up the mass to 100 g ± 0.05 g with addition of dodecane. Place stopper on the flask and mix the contents.



7.2.2     BCS standard to be transferred and stored in a tightly closed glass container in a refrigerator held at 4 °C +/- 2 °C when not in use. This standard shall be used within three months from the date of preparation.  Before use, standard to be examined for any phase separation or discoloration. Shake vigorously the standard and allow it to stand for removal of air bubbles. Discard the standard if it shows sediment, phase separation or discoloration.



7.2.3 Calculate the stock solution concentration for each FAME component (Y) using equation [1].



Concentration (mg/kg) of FAME species Y in BCS =   mass of FAME species Y (g) x 106	[1]

                                                                                                   Total mass of BCS (g)





7.3	 Preparation of 100 mg/kg working standard solution (WSS) 



Pipette out 1000 µl of Bulk Calibration Solution (BCS) into the 10 ml volumetric flask and dilute to 10 ml with dodecane. Calculate the working standard solution (WSS) concentration for each FAME component (Y) using equation [2].



     Concentration (mg/kg) of FAME species Y in WSS = 

                    

                              Concentration of FAME species Y in BCS	        [2] 
                                                     10



 7.4	 Preparation of working calibration standards 



7.4.1 Prepare a complete set of working calibration standards containing nominally 2, 4, 6, 8, 10, 20, 40, 60, 80 and 100 mg/kg of each reference compound by dilution of the working standard solution in dodecane. 



Dilution of the 100 mg/kg working standard can be done directly into auto sampler vials as mentioned in Table 2. In addition, add 10 µl of the internal standard solution (7.1) to each vial using the glass syringe. Seal each vial immediately with a cramp cap and mix thoroughly.



In case auto pipettes are not accurate or with in tolerance limit then all volumes shall be weighed and masses to be used instead of volume.



Table 2: Volumetric Dilutions for preparing standards in the range 0 - 100 mg/kg from the 100 mg/kg WCS

		Nominal standard concentration (mg/kg)

		Volume WSS (µl)

		Volume dodecane 
(µl)

		Volume internal standard (µl)



		100

		1000

		0

		10



		80

		800

		200

		10



		60

		600

		400

		10



		40

		400

		600

		10



		20

		200

		800

		10



		10

		100

		900

		10



		8

		80

		920

		10



		6

		60

		940

		10



		4

		40

		960

		10



		2

		20

		980

		10



		0

		0

		1000

		10







7.4.2 Calculate the actual concentration of each of the FAME species (Y) in the final standard solutions using equation [3].



Concentration of FAME species Y (mg/kg) = 



                               (mg/kg of FAME species Y in WSS) x (volume of WSS (µl)) 

                                                                                1 000                                                                [3]



NOTE 1 - The calculations used in the preparation of standards are suitable for a spreadsheet application and generation of a suitable spreadsheet application for this is recommended.



NOTE 2 - Commercially available standards may be used.





8	APPARATUS PREPARATION



8.1   GC-MS setup 



Manufacturer's instructions for setting up the apparatus to be followed as individual equipment manufacturer differ in their instrument set up. 



NOTE 1 - For some instruments, following settings have provided suitable results. In some cases, settings may have to be optimised for specific instruments as per manufacturer’s instructions.



GC Oven temperature programme



Initial temperature 150°C and hold it for 5 minutes. Increase the temperature at the rate of 12°C per minute until 200 °C temperature is achieved and hold for 17 minutes. Further increase the temperature at the rate of 3 °C per minute until 252°C temperature is achieved and hold for 6.5 minutes. Total run time for Oven temperature Programme is 50 minutes.



Sample injection



Splitless injector, temperature 260 °C.

Sample volume 1 µl.

Injector purge flow 100 ml/min, 2 minute after injection.

Autosampler syringe wash solvent - cyclohexane.



Sample injection parameters such as syringe solvent washes pre-and post-injection and sample pumps are equipment specific and shall be chosen to eliminate sample carryover between sequential injections of the highest standard and a blank dodecane sample (see section 4.1 note 1).



Data collection solvent delay



Solvent delay can be employed to allow the bulk of the sample matrix to elute before the detector is switched on, to extend the filament life.



NOTE 2 - 20 min delay after sample injection was typical using the conditions specified above in this method.




8.2 SIM ion window setup 



The elution order and approximate elution timings of the standard FAME species used in this method are given below in Table 3. 



Table 3: Elution order and approximate elution timing of FAME species



		Fatty acid methyl ester

		Approximate retention time (min)

		Symbol



		methyl hexadecanoate (methyl palmitate)

		24.9

		C16:0



		methyl heptadecanoate-d33 (methyl margarate-d33)

		28.4

		C17:0 (-d33)



		methyl heptadecanoate (methyl margarate)

		30.1

		C17:0



		methyl octadecanoate (methyl stearate)

		34.7

		C18:0



		methyl octadecenoate (methyl oleate)

		35.5 -36.1 (see below)

		C18:1



		methyl octadecadienoate (linoleate)

		37.7

		C18:2



		methyl octadecatrienoate (linolenate)

		40.3

		C18:3







NOTE - The values listed in Table 3 are those for elution order and approximate retention times for FAME standards using the conditions and Innowax column detailed in this method.



In some FAME feeds, two peaks are observed for C18:1 which elute within half a minute of each other. These peaks are due to cis and trans isomers and the peak areas shall be added together and counted as one. 



Retention time windows for each FAME component in Table 3, to be determined by injecting the 100 mg/kg standard in full scan mode and record the retention time of each. The scan range for TIC full scan identification shall cover the range m/z 33 to 320 amu. SIM data collection windows for each component in the instrumental method to be setup using the designated ions as given in Table 4.



Table 4 provides the SIM ions selected to give maximum selectivity and sensitivity for the specified species. For each FAME species, the summed responses for all SIM ions specified for that particular FAME are used in the calibration and quantification. 



Table 4: SIM ions to be used for quantification of specified FAME species determined



		Species to be detected

		

		SIM ions to be employed for quantification



		C16:0

		

		227,239,270,271



		C17:0 (d33) Internal Standard

		

		317



		C17:0

		

		241, 253, 284



		C18:0

		

		255, 267,298

255,267,298



		C18:1

		

		264, 265, 296



		C18:2



		

		262,263,264,294, 295





		C18:3

		       236, 263, 292, 293











9	PROCEDURE





9.1	  Measure 1.00 ml of each test sample for analysis into a GC autosampler glass vial (4.8) using a calibrated auto pipette (4.7) or volumetric pipette (4.9). 



9.2       Add 10 µl of internal standard stock solution (7.1) to each vial by using a syringe (4.10). Put the cap on vials, crimp and shake the vials well before analysis.



9.3	 Place the required number of calibration standards, test samples and a dodecane blank into the autosampler vials to run the test portion immediately after the standards. 



9.4 Wherever more than five test samples are to be analysed in a batch, quality control standard of 2 mg/kg shall be run after every five samples to check for variation in detector response.



9.5 In case of deviation of quality control standard peak area ratio for C18:0 (10.2) by more than 5 % from the initial calibration or after the analysis of 25 test portions, entire set of calibration standards to be re-run.



9.6 Whenever a quality control standard falls outside the 5 % tolerance limit, the results from the previous five sample solutions shall be discarded and the samples re-run using the new calibration. 





10	 CALIBRATION DATA ANALYSIS



10.1	   Calibration standard peak identification



Peaks resulting from the working calibration solutions to be identified by reference to their relative retention times using the data obtained from the SIM ion window setup injection (8.2). 



Identification of these peaks to be confirmed by comparing the SCAN TIC spectra for each peak either to the pure component spectra, produced in-house, or with a recognized mass spectral database.



10.2 Calibration graph preparation 



Each individual FAME component peak area to be measured from the combined SIM ion trace using the data package peak integration facility. 



Calculate the FAME to internal standard peak area ratio (R) for each individual FAME species using equation [4].



R =            Measured peak area for the detected FAME components 			[4]

                         Measured peak area for the internal standard





NOTE 1 - Many equipment software packages have an option to use internal standard for calibration and calculation of concentrations, which may be used to automatically calculate calibration curves and results rather than equation 4.



Two calibration plots for each FAME component covering the working ranges 0 mg/kg to 10 mg/kg (using the 0, 2, 4, 6, 8, 10 mg/kg standards) and 0 mg/kg to 100 mg/kg (using the 0, 20, 40, 60, 80, 100 mg/kg standards) are used in this method.



Calibration plots for both working ranges to be produced by plotting peak area ratio R (from equation 4) versus individual FAME component concentrations and force through zero (verified by the fact that no peaks were detected in the 0 mg/kg blank dodecane). It is to be ensured that the plots are linear for each component and calculate a calibration equation.



The correlation coefficients for all the fitted calibration shall be greater than 0.985. Whenever, correlation coefficient is <0.985, re-run the entire calibration.



NOTE 2 – Generally, correlation coefficients greater than 0.995 should be achievable.



The fitted calibration line for each FAME species will have the equation [5]:



R = slope x concentration of FAME species in mg/kg					[5]



11	 SAMPLE DATA ANALYSIS



Using the relative SIM ion intensities and retention time for each species relative to the standards, identify the individual FAME species in each sample. In addition to the ion patterns of the measured ion species, other qualifying ions are used to positively recognize specific FAME species.



NOTE – Use the quantitative SIM ions to create the calibration data. However, other qualifying ions may be used to help verify the presence of a particular FAME species in the jet fuel background that may co-elute with the FAME. These ions can be selected from the spectra resulted from the pure component standards in full scan mode.



After identification and selection of sample peaks, measure the peak areas of all the FAME components detected in each sample. 



Concentration of each individual FAME species to be calculated from the relevant calibration graph depending on the level of FAME detected in accordance with equation [6]. 



If FAME species present in any sample is less than 10 mg/kg, lower calibration range (0 mg/kg to 10 mg/kg ) shall be used.



If FAME species present in any sample is greater than 10 mg/kg, higher calibration range (0 mg/kg to 100 mg/kg ) shall be used.





Concentration FAME component = R / slope of calibration          [6]



Add the concentration of the individual six specified FAME species to obtain the total FAME concentration.



The density of the samples will vary and differ from the dodecane used to prepare the standards as the GC injector injects a fixed volume of sample. A density correction factor shall be applied to the concentrations calculated from the standard calibration by using equation [7]:



Total FAME, mg/kg = (measured FAME, mg/kg) x (density of dodecane) 

                                                          (Sample density)                                                                [7]



If the density of the FAME species and dodecane are not known, determine the densities in accordance with ISO 12185.



12 REPORTING



Report the total FAME content in mg/kg to the nearest 0.1 mg/kg.



Report Individual FAME component concentrations, if required for FAME source identification



13	PRECISION



The results of two determinations on the same sample should not differ by more than the formula as given below:



		Repeatability 

		r = 0.1632 ( X +3 )



		Reproducibility 

		R = 0.2579 ( X +3 )







Where X is the average of the two results being compared, in mg/kg.



NOTE: The difference between two test values(r or R), would in the long run, in the normal and correct operation of the test method, exceed the value above in only one case in 20. 
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METHODS OF TEST FOR PETROLEUM AND ITS PRODUCTS [P:    ]

Determination of Aromatic Hydrocarbon Types in Aviation Turbine Fuels, Kerosene Type and Petroleum Distillates - High Performance Liquid Chromatography Method with Refractive Index Detection

















FOREWORD 

(Formal clause will be added later)





Aromatics plays an important role in aviation turbine fuels as they enhance the density and elastomer swelling properties of these fuels. Aromatics content in aviation turbine fuels depends on crude oil type sources. This test method can be used to determine aromatic hydrocarbon types in process feeds, finished products and can also be used for purposes of regulatory control.





This standard is formulated based on experience of petroleum industry laboratories and considerable assistance has been derived from ASTM D6379-11 (Reapproved 2019) D6379-21 “Standard Test Method for Determination of Aromatic Hydrocarbon Types in Aviation Fuels and Petroleum Distillates—High Performance Liquid Chromatography Method with Refractive Index Detection





In reporting the results of a test analysis made in accordance with this standard, if the final

Value, observed or calculation, is to be rounded off, it shall be done in accordance with IS 2 :

1960’ Rules for rounding off numerical values (revised)’.




METHODS OF TEST FOR PETROLEUM AND ITS PRODUCTS

[P: XXX]





[ P : ] DETERMINATION OF AROMATIC HYDROCARBON TYPES IN   AVIATION TURBINE FUELS, KEROSENE TYPE AND PETROLEUM DISTILLATES - HIGH PERFORMANCE LIQUID CHROMATOGRAPHY METHOD WITH REFRACTIVE INDEX DETECTION







1. Scope: 



This test method specifies a procedure for determination of monoaromatics and di-aromatic hydrocarbon contents by high performance liquid chromatographic technique in aviation turbine fuels and petroleum hydrocarbons having distillation range from 50 to 300°C, such as Jet A or Jet A-1 fuels.  The total aromatic content is calculated from the sum of the individual aromatic hydrocarbon-types.



This test method is calibrated for petroleum hydrocarbons containing from 10 to 25 % 0.8 to 44.0% m/m mono-aromatic hydrocarbons and from 0 to 7 %  ,0.23 to 6.20 % m/m di-aromatic hydrocarbons. and 0.7 to % to 50% m/m total aromatics. Although this method generates results in m/m, results may also be quoted in v/v.



The precision of this test method has been established for kerosene boiling range distillates containing from 0.40 % to 44.0 % by mass mono-aromatic hydrocarbons, 0.02 % to

6.20 % by mass di-aromatic hydrocarbons, and 0.40 % to 50.0 % by mass total aromatics. If results are quoted in volume, the precision is 0.3 % to 41.4 % by volume mono-aromatics,

0.01 % to 5.00 % by volume di-aromatics, and 0.30 % to 46.3 % by volume total aromatics. As calculated by IP 367-1.



Interferences: Nitrogenous, Oxygenated and Sulphur containing hydrocarbon compounds, conjugated di and poly-alkenes are possible interferents. Mono-alkenes do not interfere, but conjugated

di- and poly-alkenes, if present, are possible interferents. 









2. References



The following standards contain provisions, which through reference in this text constitute the provisions of the standards. At the time of publication, the editions indicated were valid. All standards are subject to revision and parties to agreements based on this standard are encouraged to investigate the possibility of applying the most recent editions of the standard indicated below:









		IS / International Standard No.

		Title



		IS 1447 [P:1]: 2021

		Methods of sampling of petroleum and its products Part 1 : Manual Sampling



		IS 1448 (Part 16): 2014

ISO 3675: 1998

		Methods of test for Petroleum and its Products Part 16 Crude

Petroleum and Liquid Petroleum Products – Laboratory    Determination of Density - Hydrometer Method



		IP 436/20

		Test Method for Determination of Automatic Hydrocarbon

Types in Aviation Fuels and Petroleum Distillates-

High Performance Liquid Chromatography Method with

Refractive Index



		ASTM  6379-21

		“Standard Test Method for Determination of Aromatic Hydrocarbon Types in Aviation Fuels and Petroleum Distillates—High Performance Liquid Chromatography Method with Refractive Index Detection











3. Definitions: 





 3.1 Non-Aromatic Hydrocarbons:  Compounds which have a shorter retention time on the specified polar column than the main part of the mono-aromatic hydrocarbons. 



 3.2 Mono Aromatic Hydrocarbons (MAHs) : Compounds which have longer retention time on the specified polar column than the main part of the non-aromatic hydrocarbons . 



3.3 Di-Aromatic Hydrocarbons (DAHs) : Compounds which have a longer retention time on the specified polar column than the main part of MAHs . 



3.4 Total Aromatic Hydrocarbons:  Sum of Mono Aromatic Hydrocarbons plus Di Aromatic Hydrocarbons. 



Note 1 —The elution characteristics of aromatic and non-aromatic compounds on the specified polar column have not been specifically determined for this test method. Published and unpublished data indicate the major constituents for each hydrocarbon type as follows: 

(1) Nonaromatic hydrocarbons: acyclic and cyclic alkanes (paraffin’s and Naphthenes), mono-alkenes (if present).

 (2) MAHs: benzenes, tetralins, indanes, thiophenes, conjugated poly-alkenes. 

 (3) DAHs: naphthalenes, biphenyls, indenes, fluorenes, acenaphthenes, benzothiophenes.





4. Principle



Sample is diluted in equal ratios with mobile phase such as heptane and the solution is injected into a high performance liquid chromatograph fitted with polar column. Polar column has little affinity for nonaromatic hydrocarbons and exhibits a good selectivity for aromatic hydrocarbons. Polar column is connected to refractive index detector that detects the components as they elute from the column. The signal from the RI detector is continually monitored by a data processor. The amplitudes of the peak areas from the sample aromatics are compared with those obtained from previously run calibration standards in order to calculate the percent m/m MAHs and DAHs in the sample. Sum of MAHs and DAHs is reported as Total Aromatics (%m/m) of the sample. 



Although this method generates results in m/m, results can also be quoted in percent v/v either by calibrating in v/v or by converting m/m to v/v by using the densities of the sample and standards.





5. Apparatus  



5.1 High Performance Liquid Chromatograph (HPLC)— Any high performance liquid chromatograph capable of pumping the mobile phase at flow rates between 0.5 and 1.5 mL/min with a precision better than 0.5 % and a pulsation of <1 % full scale deflection under the test conditions.



5.2 Sample Injection System: The sample injection system shall be capable of injecting 10 μL

      (nominal) of sample solution with a repeatability better than 2 %.

Note 2 : An equal and constant volume of the calibration and sample solutions shall be injected into the chromatograph. Both manual and automatic sample injection systems (using either complete or partial filling of the sample loop) will, when used correctly, meet the repeatability requirements laid down in 4.2. When using the partial loop filling mode, it is recommended that the injection volume should be less than half the total loop volume. For complete filling of the loop, best results are obtained by overfilling the loop at least six times.



Note 3 : Sample injection volumes other than 10 μL (typically in the range from 3 to 20 μL) may be used provided they meet the requirements laid down for injection repeatability, refractive index sensitivity and linearity and column resolution.



5.3 Sample filter (if required) - Micro filter of porosity not greater than 0.45 µm which is inert towards hydrocarbon solvents. 



5.4 Column System:  Stainless steel HPLC column(s) packed with an approved polar amino/cyano-bonded silica stationary phase is found to be suitable. It should meet the resolution requirements as given in 7.5. Column lengths around 150 to 300 mm with an internal diameter from 4 to 5 mm and packed with 3 or 5 μm particle size stationary phase have been found to be satisfactory. The use of a guard column (for example, 30 by 4.6-mm internal diameter) packed with silica or amino-bonded silica is recommended but not essential.



5.5 Column Oven: (block heating or air circulation) HPLC column oven capable of maintaining a constant temperature (± 1° C) within the range 20 to 40 Deg.C.



5.6 Refractive Index (RI) Detector: Capable of operating over the RI range 1.3 to 1.6 and meeting the sensitivity requirement as specified in 7.6. It shall give a linear response over the calibration range and have a suitable output signal for the data system. 



Note 4: The RI detector is sensitive to both instant and slow changes in the temperature of the eluent.  Precautions should be taken to establish constant temperature conditions throughout the test period.  



Note 5: If RI detector has an inbuilt facility for independent temperature control, it is recommended to set at same temperature as that of the column oven. 



5.7 Computer or computing integrator:  compatible with the RI detector and with a minimum sampling rate of 1 Hz. It shall be capable of peak area and retention time measurement and have minimum facilities for post analysis data processing, such as baseline correction and re-integration. 



Note 6:  The ability to perform automatic peak detection and identification and calculate sample concentrations from peak area measurements is recommended, but not essential. 



5.8   Standard Measuring Flasks (volumetric): grade B   Grade A or better, of 10 ml and 100 ml capacity. 



5.9 Analytical Balance: accuracy to ± 0.0001 gms.





6. Chemicals and Materials



6.1 Cyclohexane, >99 % pure. 



NOTE 6 — Cyclohexane may contain benzene as an impurity.	



6.2 Heptane HPLC grade  



Note 7 -It is recommended practice to degas the HPLC Mobile phase before use. 



6.3   1,2 dimethylbenzene (o-xylene) Minimum – 98 % purity. 

6.4   1- Methylnaphthalene: Minimum purity 98 %. 

6.5 1-phenyldodecane ≥97 %.

6.6 hexamethylbenzene ≥97 %.



 Note 8:  All the chemicals should be handled with suitable gloves, particularly Aromatics, which are carcinogenic.  



7. Sampling:  For sampling IS 1447 PART 1 - METHOD Methods of sampling of petroleum and its products Part 1: Manual Sampling. 





8. Preparation of Apparatus



8.1 The   installation of the equipment as per the equipment manual, chromatograph, injection system, column, column oven (column will be installed inside the column oven), RI detector and computing integrator.  



 Note 9 - The column oven is can be kept optional if alternative arrangements are made to maintain a constant temperature environment, for example, a temperature-controlled laboratory.



8.2  Flow rate of the mobile phase to be regulated to a constant 1.0± 0.2 ml/min, and make sure the reference cell of RI detector is filled with mobile phase.  Let the temperature of the column oven and RI detector (if equipped with temperature control) to maintain constant temperature. 

  

8.3  To reduce the drift, always maintain reference cell full of mobile phase. Correct way is to either expel the mobile phase through the reference cell (then isolate the reference cell to prevent evaporation of the solvent) immediately prior to analysis or continuously make up for the solvent evaporation by supplying a steady flow through the reference cell. The makeup flow is optimized so that reference cell and analytical cell mismatch due to drying out, temperature or pressure gradients are minimized. Routinely, this can be accomplished with a makeup flow set at 1/10 of the analytical flow. 



Note 10 - The flow rate may be modified, mostly with the range from 0.8 to 1.2 mL/min.  to an ideal value to meet the resolution requirements specified in 8.5.



 7.4   Make ready calibration standards by weighing Cyclohexane (1.0± 0.1 g) O-xylene (0.5± 0.05g) and 1-methylnaphthalene ().05± 0.005 g) into a 100 mL standard measuring flasks and making upto mark with heptane. 















Table I 

		Composition of Calibration standards



		Calibration Standard

		Quantity of component g/100ml



		

		Cyclohexane

		O-xylene

		1- Methylnaphthalene



		A

		5.0

		15.0

		5.0



		B

		2.0

		5.0

		1.0



		C

		0.5

		1.0

		0.2



		D

		0.1

		0.1

		0.05







Note 11-The Calibration Standards may be kept for up to one year if stored in a tightly stoppered bottle in a dark place between 5 and 25°C.



8.4 When instrument is stabilized, as indicated by a stable baseline, inject 10 µL of the calibration standards as in 7.4 and record the chromatogram using the data system. 



Note 12  -  Baseline drift over the period of the instrument analysis run should be less than the 0.5% of the peak height for cyclohexane.  A baseline drift greater than this specifies problems with temperature control of the column/RI detector or polar material eluting from the column or both. Time of 60 mts required for the instrument to reach stable conditions. 



7.6 Make sure that baseline separation is achieved between all three components of the calibration standards. Also make sure that the integration system can accurately measure the peak area of 1-methylnaphthlene. Make sure that resolution between cyclohexane and O-xylene is not beneath five. 



NOTE 13—The S/N (signal to noise) ratio for 1-methylnaphthalene should be 3:1 or greater.



. 

7.7 Column Resolution: Calculate the resolution between cyclohexane and O-xylene as follows: 

   

                                     2  X  ( rt2 –rt1) 

    Resolution =       ______________________________



                                      1.699 X  ( Z2  + Z1)



     Where  



  RT1 = retention time of cyclohexane peak in seconds. 

  RT2 =   retention time of O –xylene peak in seconds. 

  Z1    = half- height peak width of cyclohexane in seconds 

  Z2     = half-height peak width of O-xylene in seconds.





If the resolutions are beneath five, check to see that all instrument components ae functioning correctly and that the chromatographic dead volume has been reduced.  Modify flow rate to see if this improves the resolution, and check that the mobile phase is of required high quality. At last, regenerate or replace the column.  Replicate 7.5 and make sure that the precision for peak area measurements of O-xylene and 1-methylnaphthalene are with the precision of this test method. 



NOTE 14 —If peak area repeatabilities are bad, study to see that the injection system is working ideally and that the baseline is steady (minimal drift) and noise-free.



Prepare a system resolution standard (SRS) by weighing to the nearest 0.0001 g cyclohexane (1.0 g), o-xylene (0.5 g 6 0.05 g), and 1-methylnaphthalene (0.05 g 6 0.005 g) hexamethylbenzene (0.1 g) and 1-phenyldodecane (0.5 g) (each 610 %) into a 100 mL volumetric flask and making up to the mark with heptane.



NOTE 12—The SRS may be kept for up to one year if stored in a tightly stoppered bottle in a dark place between 5 °C and 25 °C.



8.5 When operating conditions are steady, as indicated by a stable horizontal baseline, inject 5 μL of the SRS  and record the chromatogram using the data system.



NOTE 13—Baseline drift over the period of the HPLC analysis run should be less than 0.5 % of the peak height for cyclohexane. A baseline drift greater than this indicates problems with the temperature control of  the column/refractive index or polar material eluting from the column, or both. A period of up to 1 h may be required before the liquid chromatograph reaches steady state conditions.



8.5.1 Ensure that baseline separation is obtained between all components of the SRS and that they appear in the order, Cyclohexane, 1-phenyldodecane, 1,2-dimethylbenzene, hexamethylbenzene, 1-methylnaphthalene.



8.5.2 Ensure that the data system can accurately measure the peak area of 1-methylnaphthalene.



NOTE 14—The S/N (signal to noise) ratio for 1-methylnaphthalene should be 3:1 or greater.



8.5.3 Ensure the resolutions between cyclohexane and phenyldodecane is not less than 3 and between hexamethylbenzene and 1-methylnaphthalene is not less than 5 before proceeding.



8.5.3.1 Calculate the Resolutions, R1, between cyclohexane and phenyldodecane and R2, between hexamethylbenzene  and 1-methyl naphthalene using the following equation:



Resolution1-                       2 × (t2-t1)

                                         1.699×(y2+y1)



Resolution2-                      2 × (t4-t3)

                                         1.699×(y4+y3)







where:

t1 = retention time of cyclohexane peak in seconds,

t2 = retention time of the phenyldodecane peak, in seconds,

y1 = width at half-height of the cyclohexane peak, in seconds,

y2 = width at half-height of the phenyldodecane peak, in seconds,

t3 = retention time of the hexamethylbenzene peak, in seconds,

t4 = retention time of the 1-methylnaphthalene peak, in seconds,

y3 = width at half-height of the hexamethylbenzene peak, in seconds, and

y4 = width at half-height of the 1-methylnaphthalene peak, in seconds.



If the resolution is less than listed in 9.4.3, check to see that all system components are functioning correctly and that the chromatographic dead volume has been minimized. Adjust the flow rate to see if this improves the resolution, and make sure that the mobile phase is of sufficiently high quality. Finally,  regenerate or replace the column.



9 Procedure  



9.1 Calibration:  Make ready four calibration standards in line with the concentrations given in Table I by weighing to the nearest 0.0001 g, the suitable reagents into 100 ml standard measuring flasks and making upto the mark with heptane. 



        Note 15 - The proposed concentrations in table I will cover most petroleum hydrocarbons boiling in the jet fuel boiling range. Other calibration standard concentrations can be used as long as they meet the requirements of the test method (i.e linearity, detector sensitivity, and column resolution).



9.2 When working conditions are stable, inject 10 μL of Calibration Standard A. Record the chromatogram, quantify the peak areas for each aromatic standard. Make sure that baseline separation is attained between all three components.

  

9.3 Repeat 9.2 using calibrations standards B, C and D.



9.4  Plot percent m/v (g/100 mL) concentration against area counts for each aromatic standard, that is, o-xylene and 1-methylnaphthalene. Calibration plots should be linear with a correlation coefficient greater than 0.999 and an intercept of beneath ±0.01. A computer or data system may be used to interpret these calibrations.



Note 16 - It should only be necessary to calibrate the refractive index detector on a daily basis.



Note 17- It is recommended that a reference Aviation turbine fuel or one of the four calibration standards be run after every five samples to check the stability of the system.



Note 18 -To determine % (V/V) aromatic hydrocarbon types, establish % (V/V) calibration plots (mL/100 mL versus peak area) in place of % (m/V) calibration plots (g/100 mL versus peak area). Divide the % (m/V) concentrations of o-xylene and 1- methylnaphthalene by their respective densities at 20°C to convert to % (V/V) (mL/100 mL). 

9.5 Analysis of Samples:   



Weigh, to the nearest 0.001 g, between 4.9 and 5.1 g of sample into a 10 mL standard measuring flask, and make up to the mark with heptane. Shake rigorously to mix.  Let the solution to stand for 10 min and filter, if necessary, to remove insoluble material.  For products in which the concentration of one or more aromatic hydrocarbon types falls outside the calibration range, arrange a more concentrated (for example, 10 g/10 mL) or more dilute (2 g/10 mL) test portion solution as relevant.



Note 19 -To determine % (V/V) aromatic hydrocarbon types, arrange a V/V dilution of the test portion by either (1) accurately pipetting 5 mL of test portion into a 10 mL volumetric flask and making up to the mark with heptane, or (2) dividing the test portion weight by its density determined using Test Method IS 1448 P 16 to convert to a volume.



9.6   When operating conditions are stable, similar to those used for calibration data, inject 10 µL of the sample solution and begin acquiring data.  



9.7 With reference to Fig .1 come up with an appropriate method to find and identify correctly the MAHs and DAHs. Fig 1 shows a typical chromatogram for an aviation turbine fuel.  



9.8 Draw a baseline from just before the starting of the non-aromatics peak to a point on the chromatogram where the baseline is steady and level and all components have eluted. Drop vertical lines from valley to baseline at the appropriate points, and measure peak areas for MAHs and DAHs.



Note 20 - If the chromatographic data have been processed automatically, visually examine to see that the integration parameters have been properly identified and integrate the peaks.













[image: ]





10 Calculation  





10.1 Percent m/m Aromatic Hydrocarbon Type Contents — Calculate the percent m/m contents for MAHs and DAHs using the following equation: 



 

                                              {(PA x SL) + I} x V 

% m/m MAHs or DAHs =  -----------------------------------

                                                        M



where:



PA = MAH or DAH peak area for the sample,

SL = slope of MAH or DAH calibration plot (% m/v versus peak area),

I = intercept of MAH or DAH % m/v calibration plot,

M = mass (g) of test portion taken and

V = total volume (mL) of test portion solution.





Note 21 - To determine % (V/V) aromatic hydrocarbon types, use slope and intercept values from the % (V/V) calibration plots and sample volume.



10.2  Total Aromatic Hydrocarbon Content—Calculate the total aromatic hydrocarbon content of the sample (percent m/m) as the sum of the individual hydrocarbon types (that is, MAHs + DAHs).  



11. Reporting of Results:   



11.1 Report MAH, DAH, and total aromatic hydrocarbon contents to the nearest 0.1 % m/m. 



11. Precision: The following criteria should be used for judging the acceptability of results (95 % probability): 



Repeatability: 

 



		

		Range % , Mass

		Repeatability



		Di-aromatics

		0.10 – 6.64

		0.337 X 0.333



		Mono Aromatics

		10.5 -24.1

		0.129 X0.667







    

Reproducibility: 

 

		

		Range % , Mass

		Reproducibility



		Di-aromatics

		0.10 – 6.64

		0.514 X 0.333



		Mono Aromatics

		10.5 -24.1

		0.261 X0.667







12. Precision and Bias



12.1 Precision—Use the following criteria for judging the acceptability of results (95 % probability):



12.1.1 Repeatability—The difference between two results obtained by the same operator on the same apparatus under constant operating conditions on identical test material would, in the long run, in the normal and correct operation of the test method, exceed the following values only in one case in twenty:



Aromatic Hydrocarbon Type                         Content % (m/m)                                   



Repeatability

Di-aromatics                                                    0.02 – 6.20                                  0.02440(x + 2.5)

Mono-aromatics                                               0.4 – 44.0                                     0.01102(x + 9)

Total aromatics                                                0.4 – 50.0                                      0.01357(x + 7)



where:

x = average of results being compared



Aromatic Hydrocarbon                                     Type Content % (v/v)                         



Repeatability

Di-aromatics                                                     0.01 – 5.00                                 0.02886(x + 1.4)

Mono-aromatics                                               0.3 – 41.4                                     0.01325(x + 5)

Total aromatics                                                 0.3 – 46.3                                     0.01549(x + 5)







where:

x = average of results being compared. % (v/v) precision data has been determined by using the density of sample and standards to convert the ILS data from % (m/m).



12.1.2 Reproducibility—The difference between two single and independent results obtained by different operators working  in different laboratories on identical test materials would, in the long run, in the normal and correct operation of the test method, exceed the following values only in one case in

twenty:



Aromatic Hydrocarbon Type                              Content % (m/m)                               



Reproducibility

Di-aromatics                                                       0.02 – 6.20                               0.04560(x + 2.5)

Mono-aromatics                                                  0.4 – 44.0                                  0.04136(x + 9)

Total aromatics                                                    0.4 – 50.0                                  0.04623(x + 7)



where:

x = average of results being compared



Aromatic Hydrocarbon Type                              Content % (v/v)                                  



Reproducibility

Di-aromatics                                                       0.01 – 5.00                               0.05157(x + 1.4)

Mono-aromatics                                                  0.3 – 41.4                                 0.04677(x + 5)

Total aromatics                                                    0.3 – 46.3                                  0.04713(x + 5)



where:

x = average of results being compared. % (v/v) precision data has been determined by using the density of sample and standards to convert the ILS data from % (m/m).
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