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Foreword

THIS COMPILATION OF THE JOURNAL OF ASTM INTERNATIONAL 
(JAI), STP1521, Testing and Use of Environmentally Acceptable Lubricants, 
contains only the papers published in JAI that were presented at a 
Symposium on Testing and Use of Environmentally Acceptable Lubricants 
held during December 6, 2010 in Jacksonville, FL, USA. The Symposium 
was sponsored by ASTM International Committee D02 on Petroleum 
Products and Lubricants.

The Symposium Chairman and STP Guest Editor is Dr. In-Sik Rhee, 
U.S. Army TARDEC, Warren, MI, USA.





Contents
Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vii

USDA Programs to Support Development and Use of Biobased Industrial Products
C. A. Bailey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1

Application of ECLs and Today’s Legislation
P. Laemmle and P. Rohrbach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7

Characteristics of PAG Based Bio-Hydraulic Fluid
G. Khemchandani and M. R. Greaves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17

Polyalkylene Glycols as Next Generation Engine Oils
M. Woydt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25

Characteristics of Base Fluid in Environmentally Acceptable Lubricants
B. Kusak, G. Wright, R. Krol, and M. Bailey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47

Compatibility of Vegetable Oil Based Lubricating Greases With Different Mineral Oil 
Based Greases

A. Kumar, S. Humphreys, and B. Mallory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58

Luminescent Bacteria as an Indicator Species for Lubricant Formulation Ecotoxicity
J. Sander, T. Smith, and P. Bilberry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  75

A New Way to Determine the Biodegradability of Lubricants by a Biokinetic Model
I.-S. Rhee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83

Thermal Oxidative Stability of Vegetable Oils as Metal Heat Treatment Quenchants
E. Carvalho de Souza, G. Belinato, R. L. Simencio Otero, É. C. Adão Simêncio, 
S. C. M. Augustinho, W. Capelupi, C. Conconi, L. C. F. Canale, and G. E. Totten . . . . . . .  94

Use of Vegetable Oils and Animal Oils as Steel Quenchants: A Historical 
Review—1850-2010

R. L. Simencio-Otero, L. C. F. Canale, and G. E. Totten . . . . . . . . . . . . . . . . . . . . . . . . .  136





vii

Overview
Environmental safety and compliance has recently become the most signif-
icant worldwide issue. The generation of the potentially hazardous wastes 
by Petroleum not only cause both short and long term liability with respect 
to environmental damage, but can result in deteriorated mission perform-
ance and high cleanup costs. For the last several decades, there has been 
an interest in Environmentally Acceptance (EA) Lubricants, especially, 
among agricultural, construction, forestry, lumber, and mining industries 
where involuntary or accidental fl uid leakage or spillage is detrimental to 
the environment. Another good reason to use EA lubricants is to develop 
a market for US grown agricultural feedstocks and to reduce on overseas 
petroleum crude oil. Currently, the biobased based lubricants are consid-
ered as EA lubricants due to their environmental properties such as a high 
biodegradability. The biobased lubricant is currently formulated with oils 
extracted from renewable resources such as plants, crops, trees or animals. 
These types of fl uids are considered less toxic and more biodegradable that 
conventional petroleum based oils. The U.S. Department of Agriculture 
(USDA)’s biobased product guideline also defi nes exactly what products 
and how much concentration of renewable product associated with fi nal 
product would be considered as a biobased product.  In response to the 
demand of biobased lubricants, many oil companies have formulated bio-
based lubricants for the limited applications. To explore further develop 
this technology, researches have already been or are being conducted in the 
broad science fi eld using biobased oils. 

ASTM D.2.12 Subcommittee on Environmental Standards of Lubricants 
has a responsibility to promote the knowledge and the development of stand-
ards to measure environmental persistence of lubricants (e.g., biodegradation, 
ecotoxicity and bioaccumulation). To hold a forum for discussions related to 
current trends for EA lubricants, the Subcommittee 12 has initiated to have 
the fi rst Environment Symposium on Testing and Use of Environmentally 
Acceptable Lubricants which was held on December 6, 2010 at Jacksonville, 
Florida. The purpose of this symposium was to provide details on current re-
search efforts to advance use of biobased and other environmentally accept-
able lubricants, and to develop new and improved environment test methods. 
Thirteen symposium papers were presented on the various topics related to 
the fundamentals of biobased lubricants, industrial trends, applications, new 
test methods, and environmental policies.  All presentations were very inno-
vated and well received from more than 400 attendees. Most of papers were 
published on the Journal of ASTM International after peer reviewed and ten 
papers among them were selected for presenting in STP. These papers are 
presented here.
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Finally, the editor would like to acknowledge that this STP is a product of 
tremendous diligent efforts of many people. In particular, editor would like 
to thank ASTM D.2.12 symposium organizing committee, all of the authors, 
paper reviewers and session chairs who devoted their valuable time for this 
endeavor. Special thanks are due to Mary Mikoajewski, David Bradley, Suze 
Reilly and Linda Boniello for their enduring support, constructive feedbacks, 
and timely assistance. 

Dr. In-Sik Rhee
Symposium Chairman and JAI Guest Editor

U.S. Army Tank, Automotive Research
Development and Engineering Center

Warren, Michigan
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