
M
aterials Perform

ance and C
haracterization: Volum

e 5 Issue 2

www.astm.org

Published by ASTM International  |  100 Barr Harbor Drive  |  PO Box C700  |  W. Conshohocken, PA 19428-2959

Contents:
Special Issue on Crude Oil Analysis: History 
and Development of Test Methods From 1854 
to 2016

by Harry N. Giles
with a foreword by Kishore Nadkarni

iii Foreword

1 Abstract

3 Introduction

7 The 19th Century

18 The 20th Century

21  Development of Methods for Determination of 

Specifi c Crude Oil Properties and Constituents

116 Fractional Distillation

133 Summary

136 Acknowledgments

137 Appendices

146 References

Materials
 Performance

 & Characterization

CODEN: MPCACD



Editorial Board

Dr. Ing. Menahem Bamberger
Technion-Israel Institute of 

Technology

Haifa, Israel

Dr. Lutz-Michael Berger
Fraunhofer Institute for Ceramic 

Technologies and Systems IKTS

Dresden, Germany

Rodney Boyer
RBTi Consulting

Issaquah, WA USA

Prof. Lauralice Canale
EESC-Universidade de Sao Paulo

Sao Carlos SP Brazil

Mr. Brian Cochran
Wabash, IN USA

Dr. Ana Sofi a C. M. D’Oliveira
Universidade Federal do Paraná

Curitiba, PR - Brazil

Dr. Richard J. Fields
Grayson, GA USA

Mr. Robert J. Glodowski
East Metals North America LLC

Pittsburgh, PA USA

Dr. Stephen M. Graham
United States Naval Academy

Annapolis, MD USA

Dr. Nikhil Gupta
New York University

Brooklyn, NY USA

Dr. Mohamed Hamed
McMaster University

Hamilton, ON, Canada

Dr. Volker Heuer
ALD Vacuum Technologies GmbH

Hanau, Germany

Dr. W. Steven Johnson
Georgia Institute of Technology

Atlanta, GA USA

Prof. Dr.-Ing Olaf Kessler
University of Rostock

Rostock, Germany

Dr. Fred Klaessig
Pennsylvania Bio Nano Systems

Doylestoen, PA USA

Dr. Nikolai Kobasko
Technologies Inc.

Akron, OH USA

Dr. Antti S. Korhonen
Aalto University of Science and 

Technology

Aalto, Finland

Dr. Hong Liang
Texas A&M University

College Station, TX USA

Dr. Stephen Liu
Colorado School of 

MinesGolden, CO USA

Dr. Roberto Lopez-Anido
University of Maine

Orono, ME USA

Dr. Reto Luginbüehl
RMS Foundation

Bettlach, Switzerland

Dr. Jianbin Luo
Tsinghua University

Beijing, China

Prof. Xinmin Luo
Jiangsu University

Zhenjiang, Jiangsu China

Dr. Lemmy Meekisho
Portland State University

Portland, OR USA

Dr. Rafael David Mercado-Solis
Universidad Autonoma de Nuevo 

Leon 

Nuevo Leon, Mexico

Ms. Marybeth Miceli
Miceli Infrastructure Consulting, 

LLC

Los Angeles, CA USA

Dr. K. Narayan Prabhu
National Institute of Technology

Karnataka State, India

Barbara Rivolta
Politecnico di MilanoMilano, Italy

Dr. Jeremy Robinson
University of Limerick

Limerick, Ireland

Dr. Satyam Sahay
John Deere Technology Center 

India

Magarpatta City, Pune, India

Prof. Dr.-Ing. hab. Berthold 
Scholtes
University of Kassel

Kassel, Germany

Dr. Preet Singh
Georgia Institute of Technology

Atlanta, GA, USA

Dr. Richard D. Sisson, Jr.
Worcester Polytechnic Institute

Worcester, MA USA

Dr. Simon C. Tung
Tung Innovation Technology 

Consulting Inc.

Rochester Hills, MI, USA

Dr. Mathias Woydt
BAM Federal Institute for 

Materials Research and Testing

Berlin, Germany

Mr. Jingguo (Jing Guo) Zhang
Shanghai HuiZhi Advanced 

Materials & Technology Co., Ltd.

Shanghai, China

Editorial Objectives

Materials Performance and 

Characterization is published online by 

ASTM International, a nonprofi t technical 

organization that develops and publishes 

voluntary consensus standards and 

related information for materials, products, 

systems, and services.

Contributions are peer reviewed prior to 

publication.

Purpose and Scope

The journal publishes high-quality, 

original articles, including full papers, 

review papers, and technical notes, on 

both theoretical and practical aspects 

of the processing, structure, properties, 

and performance of materials used in 

mechanical, transportation, aerospace, 

energy systems, and medical devices. 

These materials include metals and alloys, 

glass and ceramics, polymers, composite 

materials, textiles, and nanomaterials. 

The journal covers topics related to the 

integrity of materials which encompasses 

mechanical testing, fatigue and fracture, 

corrosion, wear, and erosion, as well 

as the integrity of components and 

systems such as rolling element bearings, 

piping and pressure vessels, fasteners, 

space technology, and nanotechnology. 

The journal publishes articles on both 

qualitative and quantitative methods used 

to characterize materials including all 

forms of microscopy, chemical analysis, 

and nondestructive evaluation.

Co-Editors

Richard W. Neu
Georgia Institute of Technology

Atlanta, GA USA

George E. Totten
G. E. Totten Associates, LLC

Seattle, WA USA

Editorial Services

Sara Welliver
Supervisor, Peer Review Services

J&J Editorial Services

201 Shannon Oaks Cir #124

Cary, NC 27511, USA

Tel: 919-650-1459, ext. 210

E-mail: astm@jjeditorial.com

Materials Performance and Characterization (ISSN 2165-3992) is published online by ASTM 
International. The views expressed in this journal are not those of ASTM International. 
The data and opinions appearing in the published material were prepared by and are the 
responsibility of the contributors, not of ASTM International.

Copyright © 2016 by ASTM International, 100 Barr Harbor Drive, PO Box C700, 
West Conshohocken, PA 19428-2959.

All rights reserved. This material may not be reproduced or copied, in whole or in part, in 
any printed, mechanical, electronic, fi lm, or other distribution and storage media without the 
written consent of the publisher.

Subscriptions include online access. Individual subscriptions: $245.00 for 1 year online 
access. Institutional subscriptions (one geographic site via IP access): $410.00 for 1 year online 
access. Multisite access also available; please contact sales@astm.org or call 1-877-909-
ASTM. To subscribe, please send prepaid order to ASTM International, Customer Service, 100 
Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959 or visit www.astm.org.

Photocopy Rights: Authorization to photocopy items for internal, personal, or educational 
classroom use, or the internal, personal, or educational classroom use of specifi c clients, is granted 
by ASTM International provided that the appropriate fee is paid to the Copyright Clearance Center, 
222 Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/

Periodicals postage paid at W. Conshohocken, Pa., and at additional mailing offi ces.

POSTMASTER: Send address change to ASTM International—MPC, 100 Barr Harbor Drive, 
PO Box C700, West Conshohocken, PA 19428-2959.

Printed in the USA

Visit our website: www.astm.org.

IP access is available. FOR INFORMATION VISIT: www.astm.org

ASTM International’s Materials Performance 
and Characterization is ONLINE.

TAKE ADVANTAGE OF THESE BENEFITS:

◗ Search Papers & Authors  

◗ View Abstracts

◗ View Table of Contents

◗ Download Individual Papers

Current subscribers receive online 

access.

Non-subscribers can download 

individual papers for $25.00 each.





iiiCopyright © 2016 by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959.

Foreword

Crude Oil Analysis: History and Development of Test Methods  
From 1854 to 2016

British nuclear scientist Lord Ernest Rutherford (1871–1937) reportedly said, “In science there 
is only physics; all the rest is stamp collecting!” The irony is that Lord Rutherford received a Nobel 
prize not in physics, but in nuclear chemistry. Dubious as that statement may have been, it can be 
paraphrased to state that, “In petroleum chemistry there is only crude oil; all the rest are its by-
products.”

It was on August 28, 1859, that “Colonel” Edwin L. Drake drilled the first commercially successful 
well at Titusville, pA. In 1870 John D. Rockefeller founded the Standard Oil Company, and in 1882, 
Standard Oil Company of New Jersey (later to become ExxonMobil Corporation, the world’s largest 
oil company) was born [1]. After the breakup of Standard Oil Trust and the formation of several new 
oil companies, the industry expanded exponentially to become the behemoth that it is today [2].

Crude oils are a highly complex combination of hydrocarbons; heterocyclic compounds made up 
of nitrogen, oxygen, and sulfur; organometallic compounds; inorganic sediment; and water. More 
than 600 organic compounds have been identified in crude oil, and it is likely that thousands more 
occur in it [3].

Author of a popular ASTM International manual, Crude Oil: Sampling, Analysis, and Evaluation 
[3], Harry N. Giles is an internationally recognized scientist in crude oil analysis area. Until his 
retirement, he was a manager of crude oil quality programs for the Strategic petroleum Reserve for 
the US Department of Energy. He has co-authored a number of articles in the crude oil analysis area. 
He also teaches the ASTM course on crude oil characterization that has been given in numerous 
locations worldwide since 2005. Thus, this special issue on history and development of test methods 
for analysis of crude oil could not have come from a better source.

Committee D02 on petroleum products, Liquid Fuels, and Lubricants is one of the oldest 
committees in ASTM, having originated as Committee N (later redesignated as D02) in 1904. It held 
its first meeting in May 1905 in pittsburgh, pA, with a membership of 10 people. The earliest standards 
issued by this committee are still in use: D56 Flash Point by Tag Closed Cup Tester; D86 Distillation 
of Petroleum Products at Atmospheric Pressure; D90 (later called D1266) Sulfur in Petroleum Products 
by the Lamp Combustion Gravimetric Method; D92 and D93 Flash Points by Cleveland Open Cup 
Tester and Pensky-Martens Closed Cup Tester, respectively; D94 Saponification Number by Titration; 
D97 Pour Point; D130 Copper Strip Corrosion; D445 Kinematic Viscosity of Transparent and Opaque 
Liquids; D664 Acid and Base Numbers by Potentiometric Titration, etc. It speaks to the quality of these 
early developments in analytical test methodology that most of these physical test methods are still 
valid and are in routine use in thousands of petroleum testing laboratories across the world.

With the explosive growth of industries throughout the developing world, ASTM in general 
and Committee D02 in particular have achieved pre-eminence in test method standardization. 
A  timeline of highlights from the history of Committee D02 and the petroleum industry was 
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prepared by George Totten [4] at the time of its centenary celebration meeting in Salt Lake City, 
UT, in June 2004.

About 830 standards have been issued by Committee D02, and it has a membership of about 2,400 
people stretching from Afghanistan to Zanzibar. Its semi-annual meetings are attended by about 1,000 
members and guests from around the world. A cornerstone of Committee D02’s work lies in the 
characterization of crude oils. There are about 80 standards issued by Committee D02 dealing with 
crude oils. Technical issues involved in most of these analyses have been discussed by various authors 
[3,5-15]. 

George Santayana (1863–1952), American poet and philosopher, wrote that, “Those who do not 
learn from history, are destined to repeat it.” This special issue on history of crude oil analysis is replete 
with factual tidbits and anecdotes, along with a thoroughly documented history of the developments 
in analysis of crude oils. In assembling this special issue, the author has assiduously used the resources 
of the US Library of Congress. 

After discussing the history, discovery, and development of crude oil technology, the principal sections 
are devoted to the most commonly used test methods in the crude oil industry, such as gravity, sulfur, 
water and sediment, pour point, carbon residue, acid number, viscosity, salts, nitrogen, trace metals, vapor 
pressure, and asphaltenes. As a group these tests constitute what is generally called the “crude assay” in 
the oil industry, the bulk of crude oil in the world commerce is evaluated, bought, and sold on the basis 
of the crude assay. 

Along with the Manual 68 that was earlier published, this review is a valuable addition to the oil 
industry literature.

Kishore Nadkarni
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Th is article is dedicated to my daughter Victoria Clare Bulloch, January 21, 1970–July 13, 2014.
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