
 

 
FINAL REPORT 

 
FOR CRADA NO. C-04-02 

 
BETWEEN 

 
BROOKHAVEN SCIENCE ASSOCIATES  

 
AND  

 
BATTELLE MEMORIAL INSTITUTE 

 
Project Entitled:  Definition of Non-Conventional Sulfur Utilization in Western 

Kazakhstan for Sulfur Concrete (Phase 1) 
 
Brookhaven PI:  Paul Kalb 
 
Submitted by: Michael J. Furey 
   Manager, Research Partnerships 
   Brookhaven National Laboratory 
 
Notice: This manuscript has been authored by employees of Brookhaven Science Associates, 
LLC under Contract No. DE-AC02-98CH10886 with the U.S. Department of Energy. The 
publisher by accepting the manuscript for publication acknowledges that the United States 
Government retains a non-exclusive, paid-up, irrevocable, world-wide license to publish or 
reproduce the published form of this manuscript, or allow others to do so, for United States 
Government purposes. 
 

DISCLAIMER 
 
This work was prepared as an account of work sponsored by an agency of the 
United States Government.  Neither the United States Government nor any 
agency thereof, nor any of their employees, nor any of their contractors, 
subcontractors or their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or 
any third party’s use or the results of such use of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or otherwise, does 
not necessarily constitute or imply its endorsement, recommendation, or favoring 
by the United States Government or any agency thereof or its contractors or 
subcontractors.  The views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States Government or any agency 
thereof.  

BNL-91085-2007



 
 2 

Cooperative Reseach and Development Agreement (CRADA) between 
BNL and Battelle Memorial Institute (Battelle) 

No. BNL 04-02 
 

Definition of Non-Conventional Sulfur Utilization in Western Kazakhstan 
for Sulfur Concrete (Phase I) 

 
FINAL REPORT 

 
Abstract 
Battelle received a contract from Agip-KCO, on behalf a consortium of international oil and 
gas companies with exploration rights in the North Caspian Sea, Kazakhstan.  The objective 
of the work was to identify and help develop new techniques for sulfur concrete products 
from waste, by-product sulfur that will be generated in large quantitites as drilling operations 
begin in the near future.  BNL has significant expertise in the development and use of sulfur 
concrete products and has direct experience collaborating with the Russian and Kazakh 
partners that participated.  Feasibility testing was successfully conducted for a new process to 
produce cost-effective sulfur polymer cement that has broad commerical applications.   
 
 
Project Overview: 
Agip-KCO, the sponsoring agency for this CRADA, expects to generate significant quantities of 
by-product sulfur as a result of its petroleum production in the North Caspian Sea. As part of the 
strategy for managing this sulfur, Agip-KCO and other petroleum companies are trying to foster 
novel uses and applications of sulfur. The activities in the Phase I study conducted by the 
Battelle Memorial Institute (Battelle), Brookhaven National Laboratory (BNL) and their Russian 
and Kazakh partners were directed at finding novel commercial uses for sulfur in Kazakhstan and 
exploring the feasibility of developing new sulfur polymer concrete materials. 
 
BNL initiated and is still acting as technical advisor and collaborator for a DOE Iinitiatives 
for Proliferation Prevention (IPP) and International Science and Technology Center (ISTC) 
project with the principal Russian and Kazakh institutes that served as subcontractors to 
Battelle on this complementary project.  As such, BNL has an on-going working 
relationship with these scientists, engineers and technical staff.  Based on these working 
relationships and >25 years experience working on sulfur polymer technical applications, 
Paul Kalb, the BNL PI, provided overall project management assistance to Battelle for the 
Kazakhstan and Russian subcontracts under the Battelle contract with Agip-KCO.  This 
included but was not limited to assistance in developing the Work Plan including 
identification of subcontractor tasks, communicating with subcontractors on technical 
issues, reviewing and providing oversight of data and technical reports issued by the 
subcontractors, and providing input on the development of proposed and new sulfur 
applications.  He assisted in editing and preparation of the project final report technical 
data sections. 
 
 
Significant Accomplishments 
Laboratory tests conducted for this study demonstrated the feasibility of producing sulfur 
polymer concrete (SPC) using a low-cost modifier produced in the process of catalytic cracking 
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at the Pavlodar refinery in Kazakhstan. Paul Kalb, Vachislav Vagin, and Sergey Vagin were the 
co-inventors of this technology (Sulfur Binder using Activated Fillers or SBAF) which has since 
led to a patent application submitted by BNL.  Samples made with this modifier, by-product 
sulfur from a Moscow refinery, and mineral sand from the Moscow region were shown to have 
compressive strengths of greater than 35MPa as measured by the ASTM C-39 test method. These 
results are comparable to some conventional concrete mixtures made with Portland cement, and 
would be expected to be even greater when the sulfur cement is made with larger mineral 
aggregate added.  
 
Preliminary, order-of magnitude cost estimates indicate that sulfur cement can be produced for 
roughly $53 per ton. This figure compares very favorably with the price of conventional Portland 
cement. This estimate will need to be refined, however, as the process for making the sulfur 
cement is scaled up in size and the equipment used in its manufacture is better defined.  
 
Significant Problems 
There were no significant technical problems identified as a result of the laboratory study.  
The most significant problems associated with this CRADA were related to negotiating a 
satisfactory contract among the project participants, especially those from Moscow, Russia 
and Pavlodar, Kazakhstan.  These problems were attributed to the lack of experience of the 
FSU scientists in conducting business affairs and with working with western countries.  
These issues were eventually resolved to the satisfaction of all involved parties.   
 
Industry Benefits Realized 
The benefit to industry is a cost-effective process to recycle large volumes of by-product 
sulfur into beneficial products, turning a waste product into a positive revenue stream.  The 
commercial world-wide potential for sulfur concrete products from petroleum by-product 
sulfur is enormous.  While the work done under this CRADA was quite preliminary, the 
results were sufficiently mature to attract interest in continued research and development.  
Although Agig-KCO declined to pursue a continuation of this work, Shell Global Solutions 
contacted BNL regarding a potential collaboration.  Shell is developing similar sulfur 
concrete products and a BNL Work for Others project was negotiated and completed as a 
direct follow-on to this CRADA.  The project with Shell enabled BNL to replicate and 
confirm the initial test results obtained under the CRADA and make several process 
improvements.   
 
Laboratory Benefits Realized 
BNL benefited from the CRADA by establishing our expertise in the field and obtaining the                            
necessary feasibility test results as the basis for future work and the SBAF patent.  Since this 
was a funds-in CRADA, BNL obtained direct financial support for our work. 
 
Recommended Follow-on Work 
A sound scientific and technical foundation for SBAF was established as a result of this 
CRADA and the limited scope Work for Others project for Shell Global Solutions.  There is 
much additional work to be done, however to optimize process parameters, examine the 
long-term performance of SBAF as an alternative construction material, and scale-up the 
process for commercial application.  BNL is planning to discuss potential follow-on work 
with Shell in the near future.  
 
Potential Benefits from Pursuing Follow-on Work 
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The anticipated level of effort for a follow-on R&D project is approximately $3M over three 
years.  Additional follow-on work will potentially lead to additional intellectual property 
opportunities. 
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