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Lawrence-Livermore National Security, LLC 
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1000 East Avenue 
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R. Project Scope

This CRADAwas a.collaborative effort between the LawrenceLtvermore National ,Security� 
LLC (fc;>rmerly University ofCalifornia)/Lawrenc�Ljvermore National Laboratory (LLNL),and 
Caterpillar Inc. (CaterpiHar), to further advance Ievitati'on.casting techniques (developed at the 
CentrafResearch Institut.e for Material$ (CRIM) in St. Petersburg, Russia) for use in 
manufacturing higp purity metal ,alloys; This DOE Global Initiatives for Prolifeya�onPrevention 
Program (IPP) proj'ect was to develop and deino.Jistrate the levitation casting technology for 

producing µltra-pure alloys,. The proJect was a,.collaborative efforfQetween CRJM, Brown 
University, Caterpillar. Irie. arid Li.NL to guide the levitation casting tecbnology toward practical 
incfusttialapplications. The goaLofth� pilot projecit was·to determine in complete detail the 
effects-·of composition of h1gh. purity alloys on the microstructw:al development and:-thcrmo-· 
mechanical properties ofst�Is. The ability -ofthe proposed approach to :guide alloy and thermo­
mechanical processing development was to be demonstrated. 
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The CRADA project anticipated the completion of the foUowing major tasks and deliverables: 

ProiecfYear. t 

Task LL: D�velop i:ndtjng technology·under· levitation conditions {2nd quarteif(CRIM/ 
Levitatsia-S LTD) 

Ta�k 1.2: Develop rolling. thermal.processing proqedures (3rd quarter) (CRIM/ levitatsia�S LTD) 
Task i .3: Develop·numerical modeling to guide··manufacturing of the. test specimens and 

ex.traction ofmaterial:properties from the raw experimental data (3n1 quarter) (CA_T 
and Brown) 

Task 1.4: Characterize 30-compo:sitions (4th .quartet) (CRIM:/ Levitatsia-S :(:;TD, Ll:.NL and 
·arown) ·· 

Project Year 2 

Task 2.J :.· Characterize· 45 compositions (4th quarter) {CRlM/ Levitatsia-$ LTD, LLNL and 
Brown} 

Ta.sk 2.2: Ccnµpute. effect of:proces�ing parameters on microsti;uctures and optimize·processing 
(3rd quarter) (CRIM/.Levitatsia-S LTD, LLNL andBrown)

Project Y.ear 3, 

r·ask 3; l: Characterize 49 compositions {2°d quar.ter) (CRIMI Levitatsfa-S :LTD, LLNL and 
Brown) 

Task 32: Perform numerical simulation tor�late mecbanicalperforpiance to rmeasurable.and 
controUabie tnatefial properties (3rd :quarter) (CAT and Brown} 

Task 3.,3: Pµb1ish project results.in engineering journals (4th quarter) (Cf\.T, CRIM/ Levita't$ia--S 
LTD, BroWI1; and LLNL) 

Project Year. 4 

Task 4:.. Apply projc.ct results· to sirmilation .Qf industrial material ( 4th qµarter) (CA n

froiect Year 5 

Task 5: Apply projec� results ·to simulation of industrial material ( 4th quarter)( CAT):
Task 6:. Final Report (CAT andLLNL) 

Deliverabies: . . 
The materials (higl,1 purity metal alloys}produced.by CRrM/ Levitatsia-S-L TD after -casting and 
tbenno-mechanical processing will be:supplied t9 Caterpmar, Br-0w.n University and LI.NL for 
their'analysis. During the project approximately 124 different compositions will be;castand 
processed, .It ts·expectcd that this as-proc.es_sed materi�lwill.be suppJied.1;1t the end.of the first 
.quarter in years one and two. AH ·other deliverables on. the project will consist of quarterly 
progre�s reports. Periodic comprehensive reports that describe tl.le r:e�lts- of allwotk completed 
will be macfo at the end of :each year. 

This CRADA was executed on-August 16, iOP4, andwas_originally designated as-a fiye (�) year 
project. On November �1, 200S·a no-cost time"extension request was executed; ·extending the 
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,project foHm additional fourteen t14) mofitbs, to October 16, 2010, due'to,a '1elayin the 
finalization of the contra�twith the Central Research fustitute for Materials (CRIM). in Russia. 
The:actual start date for this project was.Octoper20, 2005. On March 27, 2006 an ame,ndmcnt 
w� executed for this CRADA to designate LevitatSia:,.S LTD as the primary Russian Institute, 
and Cen�l Research Institut� of Materials. (CRl.M}as �UbyQntractortp reflect.the C\llTCnt 
structure of the partnership. All other tetms and conditions remainecfthe same. 

The ptoj'ed was envisioned, to: be a. thr.®· ye� project between Levitatsia-Slnstitute & CRIM, 
Brqwn University ¥1d Cat�rpjllaz::. Year Me ·tasted over three yeats and was only 30% comple�d 
due. to lack ofperfonnance:by·tb:e Russian Institute..

On November 2$, 2008, LLNL receiv�d a notice oftermination letter.from Caterpillar, 
terminatjhg tlieir participation in the GRADA effective December 31, 2008:. The Contract: 
belweenLtNL and the Ru�sian Institute was terminated on March 3:1, 2009. 

C Technical Accoinplishments 

Below is a. table ·of deliverables LLNL received under this-ptoj,ect,. as .we11 as' the associated. 
· Rqs�ia:p. Contract Jfoe item. No ·other delivera'tiies were receiyed from the Levitats.i� lnstirut� jn
Russia.
Item Description of defiverahle .Date Invoice 
No·. Approved ·for 

oavment 

I Part I Documentation Plan documentiniz completion of Task J, 2, and 3 31 July 2006 
8 Pan l, Institute Acouired Prooertv Reoort 12 Julv2006 
9 Part I Subcontractor "Chrom". Ltd .• St. Petersbut�. Report 11 Aul?USt 2006 
10 Part l, Overhead 11 Auirust .2006 
11 Part 2, Task I-Development of Project Plan and Purchase of Materials. 31 July 2006 

Report describin� research plan, Modification O l. 
13 Part 2, Task 2.2. I-Prepare Samples for Microstructural Analysis-I st 31 July 2006 

Quarter. E-mail letter of work perfonned·dQcut:nent'ing completion of this 
t;ask, Me>dification O l . 

17 Part 2, Task 2.3. I-Evaluate Microstructures-1 st Quarter. E-mail Jetter of 31 July2006 
work performed documenting completion of this task, Modification 01. 

;n Part 2, Task 3.3.1-Perform Chemical Analysis-I st Quarter. E-mail letter 31 July2006 
of work oerfonned documentin2 comoletion of this task. Modification. 01. 

32 Part 2, Task 4.3.1-Ship 24 samples to LLNL and 24 Samples to lihevsk- 31 July 2006 
!st Quarter. Send e-mail shipment infomiatfoo·.JS Days in advance 'to
shipping the samples .. The e-mail.shall stare::fue gl!.te shipment leaves
''Levitatsia-S" and the date shipment leaves Russia.and the datf!.shipment
.is to an:i:ve at US Customs. The �mail shall also state the dl!t�.shipttt�t
leave� 11.Levitatsia-S" and date shipment �s to .. arrive atlzhev�
Modification 01

41 Part 2, Task 6.1.1-l:leat Tre1tt Forged Samples. E-mailletter of work 31 July2006 
uerfonned documenting comoletion of this task. Modification 01.. 

53 P.art 2, Task 7.1-Evaluate Nitrogen and Oxygen Content. E-mail letter of 31 July2006 
work perfonned documentin2 comnlerion oftbis task. Modification.()l. 

·57 Part 2, Task 8.1.1-Preparc Samples for Microstructure Analysis. E-mail �I July 2006 

6/2/Q9 
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Item Description of deliverable 
'N'o. 

letter of work perfonned documenting completion of this task, 
Modification 01. 

61 Part 2, Task 8.2. l-Evaluate Microstructure of Defonned and Heat Treated 
Sample.s. E-mail letter of work _performe� documenting completion of this 
task, Modificatiort O I. 

68 Part 2, Institute Acquired Materials and Property Report of property and 
materials actually purchased and comp� .it to the items listed in the
attached Property Identification. List. Any differences shall be clearly 
ioeritified, Modifieatiort 01. 

Total $pent to:date = sin,720 
Amoµnt,allocated.'.= $245,000.00 linger: Foreign contract 

Page-4 

Date Inv,oice 
Approve1fror 

payment 

31 July 2006 

11 August 2006 

According to LLNL,; the first-and only batch of payments for the above mentioned deliverables 
were sentfo the i,nstj.tut� on.Octotier 2006. Sin.ce that time there.has been no further deliverables 
underthe,projectand communication from Levistatsia. started to decrease. There was no issue or 
concern with fue cornmunicatioa b.e�eei,...Ll.NL and Cat,erpillar. 

While the R"QSSians did not submit a "final fopori" for'Year 1 tqLL�L, they did complete work 
on. six ( 6) compositions which included alloy samples _sent to-LL"NI,, .as :well as test data, and 
tec�cal reports oil their findings .. LLNL did some further analysis of the data. The sru:nples 
were also sent to·Caterpillar who also perlormed some analysis of:them. The remaining material 
was then ·sent to Brown Univers_ify who did some mechanical tests on the alloys.

From November 2006 to November 2008; Don Lesuer and Paris A.Ithouse (the GIPP Program 
Manager) .attempte4 no less than every thre_� months to contact the Institu_te and inquire �n the 
status of the project and overdue deliverables. According to Dr. Lesuer and Ms. AlthQuse, 
"Institute representativ� would periodically respond with reason s as to why they had no
deliverab1es. 

Due to Jack QI per.formanc.c. fro..µi ·the Russian .Institute., Paris Althouse n9tified the fustilute .and 
their representatives that unless deliverables were _received by'March 31, 2009., the· contract for -
Year 1 ·would be clescopc.d;�o:reflect only those deliverables which had·been received by LL'NL. 
The remaining unspent foreign funds would be removed from the contract.and·retumcd to,DbE 
( or redirected.fo -oth�r LLNL projects at POE' s discretipn). 

6/2/09' 
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D. Expected.Economic Impact

No positive economic impact was realize4 since the project was notcompleted. 

D.1 Specific nenefits 

Be11efits to DOE 

Page!> 

Th� project could have a_dvancep the.n9n'."proliferatjon go�s ofthe.Initiatives f�r Proµferation 
program, a DOE ptogtam. 

Benefits to Industry 
The unique ·casting technology could have been used by Caterpillar material an&proccss 
deyelqptnent studies. The US t�payer cm�ld have be�ef)ted from �e reduction of prpliferation 
risks in Russia. 

E. Partner Contribution

.Caterpillar co1,t1pleted. Task 1.3: "Dev�lop-nurnerical :modeling to guid¢ manufac.nµing ofilie test 
specimens and -extraction of materials ·properties from the ·raw ,experimental data ... 

Additional Caterpillar deliverables were dependent upo� tasks that were not completed by the 
Russian 1'eam; as such, CaterpiUat was not able· to complete ·any other deli:v:erablcs. 

No subject inventions were created during the CR.ADA project. 

F. Documellts/Reference List

Reports 

There were several rep.orts based on the above limited work performed under this CRADA. The 
reports and :data from the Russian Team were all forwarded to the Primary contact at Caterpillar 
(Le.o Chui.hoy) and his associate (Patrick Zhao). Toe LLNL PI bas since retired and the'LLNL
copies ofthese files. re·m:aih in his custody.

·Publications:

* Protected CRADA Information

• "Madding ·of reaustenitizatfon of hypoeutectoid'Steels with cellular autQi:natQn rnctbodll, B.f
Yang; L. Chuzhoy, & M.L. J_ohnson, Computational Materials Science, Vol. 41 j No. 2,
pp.186-194, May2, 2001,* -

• "Modeling ofMicrostructure Evolution of Atbermal T�n&foilll.a:tion Qf Lath Martensite",
Don ij. Sh�. Bing J. Y a:ng, Adrian V. Catalina, Ashwin A. Hattiangadi, Patrick Zhao,

6"/2.109 
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Leo Chuzhoy and Micheal Johnson, Materials Science Forum, Vols. 539�.543 0007), 
pp. 4795-4800. 

. Copyright Activity 

None 

Subject Inventions. 

None 

Background Intellcctulll Property 

No Background Intellectual Property was-disclosed by either party fot this project 
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1) The Particip�t has reviewed the final report and coQcurs with .the statements macJe therein.
Z} The Participant �grees that any modifications or changes from the initial proposal were

discilssed:and agreed'.te> during the term of the project.
3) The.Participant certifies that allreports either completed orin process are listed and all

subject inveµtions and the associated intellectual propert,y protection measures geµerated by
.his/her respective comp!lny and. attributable. to. the pr<)ject have been dis.dosed and included
in·Section E or ate included ·on a list attached to thts report.

4) the Participant certifies that iftangibl(i personal property was exchanged during the
agreenient,'all has either been returned to the ininal custodian tit transferre'd:permanently;

5) The Participant certifies that proprietary information has been returned.or destroyed by
LLNL.

Donald Lesuer, LLNL Principal Investigator 
Paris Althouse, GIPP Program Manager 
Lawrence Livermore National Laboratory 

,f ,vfaik J. Stenehjem, Industrial Partnerships Director
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B. Purpose and Description

This CRADA was a collaborative effort between the Lawrence Livennore National Security, 
LLC (fonnerly University of California)/Lawrence Livermore National Laboratory (LLNL) and 
Caterpillar Inc. (Caterpillar), to further advance levitation casting techniques ( developed at the 
Central Research Institute for Materials (CRIM) in St. Petersburg, Russia) for use in 
manufacturing high purity metal alloys. This DOE Global Initiatives for Proliferation Prevention 
Program (IPP) project was to develop and demonstrate the levitation casting technology for 
producing ultra-pure alloys. The project was a collaborative effort between CRIM, Brown 
University, Caterpillar Inc. and LLNL to guide the levitation casting technology toward practical 
industrial applications. The goal of the pilot project was to determine in complete detail the 
effects of composition of high purity alloys on the microstructural development and thermo­
mechanical properties of steels. The ability of the proposed approach to guide alloy and thermo­
mechanical processing development was to be demonstrated. 

Lawrence Livermore National Laboratory is operated by 
Lawrence Livermore National Security, LLC 

Industrial Partnerships Office, P.O. Box 808 L-795, Livermore, CA 94551 
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The CRADA project plan consisted of six major tasks and the following deliverables: 

Deliverables: 

Page 2 

The materials (high purity metal alloys) produced by CRIM/ Levitatsia-S LTD after casting and 
thermo-mechanical processing will be supplied to Caterpillar, Brown University and LLNL for 
their analysis. During the project approximately 124 different compositions will be cast and 
processed. It is expected that this as-processed material will be supplied at the end of the first 
quarter in years one and two. All other deliverables on the project will consist of quarterly 
progress reports. Periodic comprehensive reports that describe the results of all work completed 
will be made at the end of each year. 

This CRADA was executed on August 16, 2004, and was originally designated as a five (5) year 
project. On November 21, 2005 a no-cost time extension request was executed, extending the 
project for an additional fourteen (14) months, to October 16, 20IO, due to a delay in the 
finalization of the contract with the Central Research Institute for Materials (CRIM) in Russia. 
The actual start date for this project was October 20, 2005. On March 27, 2006 an amendment 
was executed for this CRADA to designate Levitatsia-S LTD as the primary Russian Institute, 
and Central Research Institute of Materials (CRIM) as subcontractor to reflect the current 
structure of the partnership. All other terms and conditions remained the same. 

The project was envisioned to be a three year project between Levitatsia-S Institute & CRIM, 
Brown University and Caterpillar. Year one lasted over three years and was only 30% completed 
due to lack of performance by the Russian Institute. 

On November 25, 2008, LLNL received a notice of termination letter from Caterpillar, 
terminating their participation in the CRADA effective December 31, 2008. The Contract 
between LLNL and the Russian Institute was terminated on March 31, 2009. 

C. Benefit to Industry

The unique casting technology could have been used by Caterpillar material and process 
development studies. The US taxpayer could have benefited from the reduction of proliferation 
risks in Russia. 

D. Benefit to DOE/LLNL

The project could have advanced the non-proliferation goals of the Initiatives for Proliferation 
program, a DOE program. 

E. Project Dates

Actual project dates were October 20, 2005 through December 31, 2008. Original project dates 
were designated as August 16, 2004 through August 16, 2009, and extended to October 16, 2010. 

Lawrence Livermore National Laboratory is operated by the 
Lawrence Livermore National Security, LLC for the U.S. Department of Energy 

Industrial Partnerships Office, P.O. Box 808 L-795, Livermore, CA 94551 


