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of the properties of materials and the development of more than 3900 standards 
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quarters, 1916 Race St., Philaddphia, Pa. 19103. 
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F O R E W O R D  TO F I R S T  E D I T I O N  

The history of analysis for hydrocarbons in petroleum and its products 
started a long time ago. The records indicate that de LaRue and Miller in 
1856 identified several aromatic hydrocarbons in Burma petroleum by the 
formation of the barium salts of benzenesulfonic acids followed by fractional 
crystallization. The father of American petroleum chemistry, Benjamin Silli- 
man, made a distillation of petroleum in the early 1870's. The development of 
analytical hydrocarbon chemistry is excellently covered in an interesting 
r6sum6 by Beveridge J. Mair in a chapter on the composition of petroleum 
and petroleum products in the book, "Chemical Technology of Petroleum" 
by Gruse and Stevens. 

The American Society for Testing and Materials became active in develop- 
ing standard tests for lubricants in 1904 with the formation of Technical 
Committee N. In 1920, this committee became Technical Committee D-2 
on Petroleum Products and Lubricants, as it still is today, with a scope that 
included almost all petroleum products. However, during the first 38 years of 
committee work on petroleum, there were only four methods standardized 
that even approached hydrocarbon analyses--typified by methods such as 
the determination of oil in wax or acid heat of gasoline. In contrast, in the 
past 21 years since 1942, between 40 and 70 methods, depending upon 
whether or not ancillary methods such as refractive index are considered, 
have been issued as standard or tentative methods and about 10 proposed 
methods have been published as information. 

This large increase is, of course, made necessary by the greater attention 
to and need for reliable information concerning the composition of petroleum 
products. This i~lformation is increasingly requested in terms of individual 
hydrocarbons or certainly as a minimum in terms of type such as paraffinic, 
naphthenic, aromatic, olefinic, or combinations of these. However, the de- 
mand for these data could not have been met without real advance in the 
art and science of separating hydrocarbons and hydrocarbon types and 
concurrent development of instrumental methods for determining physical, 
optical, and spectral properties with great accuracy and precision. These 
developments, taken together with the fruits of the American Petroleum 
Inst Research Projects Nos. 6, 42, 44, and 45 in making available both data 
on and samples of pure hydrocarbons for calibration purposes, have in 
effect marked the culmination of an era for analyses dependent primarily on 
fractionation, a few physical properties such as boiling point and density, 
and chemical reactions. Today in the fifty-ninth year of committee activity 
on petroleum and the twenty-first year of organized ASTM activity on hy- 
drocarbon analysis, hydrocarbon analysis has come of age. 

Research Division IV on Hydrocarbon Analysis of Committee D-2 recog- 
nizes that the manual is incomplete in several respects and does not represent 
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the advanced analytical methods currently used in many laboratories. This 
must always be so in developing standard methods because much research 
must precede the final adoption of standard procedures. The manual is weak 
in the diesel fuel, gas oil, and lubricating oil areas. However, with the coming 
of the age of high-resolution mass spectrometry, gas-liquid chromatog- 
raphy-not  to mention nuclear magnetic resonance and physical property 
correlations, Research Division IV feels that progress will be such that revi- 
sion of the manual will be necessary every few years and confidently expects 
many of the present omissions to be filled. Present methods under study by 
Research Division IV in the fields of mass spectrometry and chromatography 
bear out this thought. 

I am pleased that as chairman of ASTM Committee D-2 it is my privilege 
to congratulate the leadership and members of Research Division IV on their 
foresight through the years that has enabled them to be ready for problems 
as they arise and on the excellent work that has resulted in this present 
compilation. 

I am sure that even greater progress is in prospect for the future. 

H. M. Sm~i~ 
Chairman 
ASTM Committee D-2 

February, 1963. 

F O R E W O R D  TO S E C O N D  E D I T I O N  

Since the First Edition of the Hydrocarbon Analysis Manual was pub- 
lished in 1963, there has been a large increase in the number of analytical 
methods considered by ASTM Technical Committees. A review of the list of 
new methods included in this edition gives a good indication as to where the 
emphasis on hydrocarbon analysis is being placed. Of the 28 new methods 
included 15 are gas chromatography and 7 are mass spectrometry. Because 
of the increased number of chromatographic instruments in laboratories 
throughout the country and the relative simplicity of the methods, this 
analytical tool is being used more frequently for hydrocarbon analysis than 
any other. 

Due to the large increase in the number of new methods, the Editorial 
Committee, Section G, decided to include in this edition only methods used 
directly for determination of composition or by correlation. The committee 
excluded obsolete methods of hydrocarbon analysis; methods for other 
classes of compounds, such as sulfur; and methods that give a rough indica- 
tion of composition, such as distillation and gravity. 

The American Society for Testing and Materials has as its purpose "the 
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promotion of knowledge of materials of engineering and the standardization 
of specifications and the methods of testing." Consistent with the promotion 
of knowledge, Research Division IV has taken as its goal the complete hy- 
drocarbon analysis of petroleum and petroleum products, limited only by 
the availability of methods and the willingness of laboratories to participate 
in the work. The Division never expects to achieve its goal completely since 
petroleum is such a complex mixture of thousands of hydrocarbon com- 
pounds. In view of the ever increasing needs of the industry for more infor- 
mation on the composition of petroleum, this effort on the part of Research 
Division IV becomes increasingly more significant. Although not complete, 
this Second Edition is a big step forward and represents a tremendous effort 
on the part of many people. E. T. Scale, J. Herman, and the Editorial Com- 
mittee are to be commended for their diligence and work in producing this 
very useful volume. 

J. F. HICKERSON 
Chairman 
Research Division IV, 
ASTM Committee D-2 

Editorial Committee: 
E. T. ScA~E--Editor 
J. HERM-A~--Assistant Editor 
R. O. CLARI~mlntroduction 
J. F. HIcI~RSo~--Chapter I 
R. A. KLETT--Chapter II 
R. W. KING--Chapter III 

January, 1968. 



STATEMENT OF ORIGIN 

This manual has been prepared by members of Section G on Hydrocarbon 
Type Analysis Manual of Research Division IV on Hydrocarbon Analysis of 
ASTM Committee D-2 to give some guidance in the analysis of hydrocarbon 
mixtures, particularly by ASTM methods. The methods reproduced in full 
are only those which have been published in one form or another by the 
American Society for Testing and Materials. Most of these have been pub- 
lished by Committee 1)-2, but useful methods from other committees, 
specifically Committees 1)-3 on Gaseous Fuels, D-11 on Rubber and Rubber- 
Like Materials, 1)-16 on Industrial Aromatic Hydrocarbons and Related 
Materials, D-27 on Electrical Insulating Liquids and Gases, and E-1 on 
Methods of Testing have also been included. Since there is rapid change in 
this area of analysis, this manual will r4quire periodic revision. The members 
of the committee sincerely hope that this manual will be found useful. 

The membership of the committee wishes to acknowledge the assistance of 
many individuals in ASTM who have helped to make this manual possible. 

Membership, Section G: 
S. S. KURTZ, JR., Chairman 
E. T. SCAFE 
R. O. CLARK 
J. F. HICKERSON 
R. A. KLETT 
H. M. SMITH 
F. D. TUEMMLER 
E. B. TUCKER 
V. A. CIRILLO 

O~cers of Research Division IV: 
J. F. HICKERSON, Chairman 
E. T. SCA~'E, Vice-Chairman 
R. A. KLETT, Secretary 
A. J. ACKERMAN, Assistant Secretary 

February, 1963. 
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D 2650 - 67 T Test for Chemical Composition of Gases by Mass Spectrometry 
(Tentative) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  449 

E 137-65 Rec. Practice for Evaluation of Mass Spectrometers for Use 
in Chemical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  458 

E 168-67 Rec. Practices for General Techniques of Infrared Quantita- 
tive Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  462 

E 169-63 (1967) Rec. Practices for General Techniques of Ultraviolet Quanti- 
tative Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  473 

E 260-65  T Rec. Practice for General Gas Chromatography Procedures 
(Tentative) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  480 

Proposed Method of Test for Individual Hydrocarbons in a C4 Fraction by Infra- 
red Spectrophotometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  504 

Proposed Method of Test for Benzene, Toluene, Ethylbenzene, and Individual 
Xylenes by Infrared Spectrophotometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  522 

Proposed Method of Test for Ortho-Xylene, Meta-Xylene, Para-Xylene, and 
Ethylbenzene in Nitration Grade Xylenes by Infrared Spectrophotometry . . . .  528 

Proposed Method for Analysis for Traces of Acetylene in High-Purity Ethylene 
(Silver Nitrate Method) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  532 

Proposed Method for Analysis of Isoprene by Gas Chromatography . . . . . . . . . . . . . .  535 
Proposed Method of Test for Hydrocarbon Type Analysis of Diesel Fuels by Silica 

Gel Adsorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  538 
Proposed Method of Test for Hydrocarbon Traces in Propylene Concentrates by 

Gas Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  543 
Proposed Method of Test for Carbon Number Distribution of Saturate and Aro- 

matic Classes in Distillate Waxes by Mass Spectrometry . . . . . . . . . . . . . . . . . . . .  546 
Former Method D 1158, Test for Bromine Number of Petroleum Distillates by 

Color-Indicator Titration% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  554 

a Discontinued 1964; replaced by Method D 1159; last appeared in 1964  Book, o f  
A S T M  S tandards ,  Part 17. 
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R E F E R E N C E  L I S T  O F  A S T M  M E T H O D S  

Non-Hydrocarbon Constituents 
PART NO. 

Test for Sulfur in Petroleum Products by the Bomb Method.. 17, 18 
Test  for Thiophene in Benzene . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Tes t  for Hydrogen in Petroleum Fractions . . . . . . . . . . . . . . . .  17 
Tes t  for Oxygen in Light  Hydrocarbon Vapors . . . . . . . . . . . .  18 
Tes t  for Peroxide Content  of Light  Hydrocarbons . . . . . . . . .  18 
Test  for Mercaptan Sulfur in Aviation Turbine Fuels (Color- 

Indicator Method) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Test  for Sulfur in Petroleum Products and Liquefied Petro- 

leum (LP) Gases (Lamp Method) (Tentative) . . . . . . . . . . .  17, 18 
Tests  for Mercaptan Sulfur in Aviation Turbine Fuels (Am- 

perometric and Potentiometric Methods) . . . . . . . . . . . . . . .  17 
Tes t  for Sulfur in Petroleum Oils (Quartz-Tube Method) 

(Tentative) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Test  for Sulfur in Petroleum Products (High-Temperature 

Method) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17, 18 
Test  for Traces of Thiophene in Benzene Using Isatin and 

Spectrophotometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Test  for Hydrogen Sulfide and Mercaptan Sulfur in Natural  

Gas (Cadmium Sulfate-Iodometric Titrat ion Method) . . . .  18 
Test  for Hydrogen Sulfide in Liquefied Petroleum (LP) Gases 

(Lead Acetate Method) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
Test  for Sulfur in Petroleum Products (X-Ray Spectrographic 

Method) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Spec. for Apparatus  for Microdetermination of Carbon and 

Hydrogen in Organic and Organo-Metallic Compounds . . .  30 
Tes t  for Total  Nitrogen in Organic Materials by Modified 

Kjeldahl Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 

Miscellaneous 
Test  for Distillation of Petroleum Products . . . . . . . . . . . . . . .  17, 20 
Test  for Melting Point of Petroleum Wax (Cooling C u r v e ) . . .  18 
Test  for Drop Melting Point of Petroleum Wax, Including 

Petrola tum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
Test  for API  Gravity of Crude Petroleum, Petroleum, and 

Petroleum Products (Hydrometer  Method) . . . . . . . . . . . . .  17, 18 
Test  for Unsulfonated Residue of Petroleum Plant  Spray 

Oils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
Test  for Acid Wash Color of Industrial  Aromatic Hydrocar-  

bons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Test  for Solidification Point of Benzene . . . . . . . . . . . . . . . . . . .  20 
Test  for Aniline Point and Mixed Aniline Point of Hydrocar- 

bon Solvents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17, 20 
Test  for Nonvolatile Residue in Polymerization Grade Buta-  

diene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 
Tests  for Specific Gravi ty  of Gaseous Fuels . . . . . . . . . . . . . . .  19 
Test  for Distillation Range of Volatile Organic Liquids . . . . . . .  20 
Test for Analysis of 60 Octane Number Isooctane-Normal Hep- 

lane A S T M  Knock Test Reference Fuel Blends by Infrared 
Spectropkotometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D 1133 - 61 Test  for Kauri-Butanol  Value of Hydrocarbon Solvents . . . .  20 

*Approved as USA S t a n d a r d  by the  USA Standards Inst i tute.  
a Discontinued 1961; last appeared in 1958 Book of A S T M  Standards, Part  7. 
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xx REFERENCE LIST OF ASTM METHODS 

PART NO. 
*D 1137- 53 Analysis of Natural Gases and Related Types of Gaseous 

Mixtures by the Mass Spectrometer . . . . . . . . . . . . . . . . . . .  19 
*D 1160 - 61 Test for Distillation at Reduced Pressure of Petroleum Prod- 

ucts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17, 18 
*D 1298 - 67 Test for Density, Specific Gravity, or API Gravity of Crude 

Petroleum and Liquid Petroleum Products by Hydrometer 
Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17, 18 

D 1302 - 61 T Analysis of Carbureted Water Gas by the Mass Spectrometer 
(Tentative) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

D 1493 - 64 T Test for Solidification Point of Industrial Organic Chemicals 
(Tentative) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

D 1555 - 63 T Calculation of Volume and Weight of Industrial Aromatic 
Hydrocarbons (Tentative) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18, 20 

D 1807 - 64 Test for Refractive Index and Specific Optical Dispersion of 
Electrical Insulating Liquids . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

*D 1837 - 64 Test for Volatility of Liquefied Petroleum (LP) Gases . . . . . . .  18, 19 
D 2144 - 66 Examination of Electrical Insulating Oils by Infrared Absorp- 

tion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 
*D 2158 - 65 Test for Residues in Liquefied Petroleum (LP) Gases . . . . . . . .  18 
D 2269 - 67 Evaluation of White Mineral Oils by Ultraviolet Absorption.. 18 
D 2279- 64 T Test for Acid Wash Color of Refined Grade Naphthalene 

(Tentative) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
*D 2382 - 65 Test for Heat of Combustion of Hydrocarbon Fuels by Bomb 

Calorimeter (High-Precision Method) . . . . . . . . . . . . . . . . . .  17 
*E 12 - 61 T Def. of Terms Relating to Density and Specific Gravity of 

Solids, Liquids, and Gases (Tentative) . . . . . . . . . . . . . . . . .  30 
E 131 - 67 T Def. of Terms and Symbols Relating to Molecular Spectros- 

copy (Tentative) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
E 133 - 58 Spec. for Distillation Equipment . . . . . . . . . . . . . . . . . . . . . . . .  17, 30 
E 204- 67 Rec. Practices for Identification of Material by Absorption 

Spectroscopy Using the Wyandotte-ASTM (Kuentzel) 
Punched Card Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

E 355- 68 Rec. Practice for Gas Chromatography Terms and Rela- 
tionships . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

E S - 4 6  Emergency Method of Test for Benzene, Toluene, and 
Higher-Boiling Aromatics in Aviation Gasoline . . . . . . . . . .  

Proposed Rec. Practice for Application of Precision Data to Methods of Test and to 
Specifications for Petroleum Products and Lubricants (Appendix VII--1966)..  c 

IP 60/53 Specific Refractivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
IP 127/51 Distillation of Hydrocarbon Gases---Low-Temperature 

Fractionation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
IP 184/63 Analysis by Gas Chromatography--C2 to C5 Paraffins in 

Crude Oils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
Proposed Method of Test for Hydrocarbon Types in Low Olefinic Gasoline by Mass 

Spectrometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Proposed Method of Test for Hydrocarbon Types in Olefinic Gasoline by Mass 

Spectrometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 

o Discontinued 1946; last appeared in 1944 Book  o f  A S T M  S tandards ,  Part III. 
c 1968  B o o k  o f  A S T M  S tandards ,  Part 18. 
d Available fronl Institute of Petroleum, London, England. 
e Compilation of ASTM Standards on Petroleum Products and Lubricants, Vol. I, 
October, 1961. 




