
(12) United States Patent 
Honecker et al. 

USOO9103024B2 

US 9,103,024 B2 
Aug. 11, 2015 

(10) Patent No.: 
(45) Date of Patent: 

(54) SODIUM/MOLYBDENUMMETAL 
ARTICLES AND POWDER COMPACTS 

(75) Inventors: Dave Honecker, Sahuarita, AZ (US); 
Christopher Michaluk, Sahuarita, AZ 
(US); Carl Cox, Sahuarita, AZ (US); 
James Cole, Ft. Madison, IA (US) 

(73) Assignee: Climax Engineered Materials, LLC, 
Phoenix, AZ (US) 

(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 989 days. 

(21) Appl. No.: 13/245,066 

(22) Filed: Sep. 26, 2011 

(65) Prior Publication Data 

US 2012/0012460 A1 Jan. 19, 2012 

Related U.S. Application Data 
(60) Division of application No. 12/392,792, filed on Feb. 

25, 2009, now Pat. No. 8,197,885, which is a 
continuation-in-part of application No. 12/013,263, 
filed on Jan. 11, 2008. 

(51) Int. Cl. 
C22C 27/04 (2006.01) 
C23C I4/34 (2006.01) 
B22F 3/15 (2006.01) 
C22C I/04 (2006.01) 

(52) U.S. Cl. 
CPC ............... C23C 14/3414 (2013.01); B22F 3/15 

(2013.01); C22C I/045 (2013.01); C22C 27/04 
(2013.01); B22F 2998/10 (2013.01) 

(58) Field of Classification Search 
CPC ..................................... B22F 3/15; B22F 3/02 

USPC ............................................................ 419749 
See application file for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

4,770,948 A * 9/1988 Oikawa et al. ................ 428,664 
4,938,798 A * 7/1990 Chiba et al. ..................... 75,230 

2007/0089984 A1* 4/2007 Gaydos et al. ........... 204298.12 

FOREIGN PATENT DOCUMENTS 

JP 2005314714 A 11, 2005 
WO 2009776690 A2 6, 2009 

OTHER PUBLICATIONS 

Yun et al. Fabrication of CIGS solar cells with a Na-diped Mo layer 
on a Na-free substrate, Science Direct, Thin Solid Films 515 (2007) 
pp. 5876-5879; available online Dec. 16, 2006.* 
European Search Report and Written Opinion dated Jul. 25, 2014 for 
PCT Application No. PCT/US2009/043992, 7 pages. 

* cited by examiner 

Primary Examiner — George Wyszomierski 
Assistant Examiner — Ngoclan T Mai 
(74) Attorney, Agent, or Firm — Fennemore Craig, P.C. 

(57) ABSTRACT 

A metal article formed by compacting a sodium/molybdenum 
composite metal powder under Sufficient pressure to form a 
preformed article; placing the preformed article in a sealed 
container, raising the temperature of the sealed container to a 
temperature that is lower than a sintering temperature of 
molybdenum; and Subjecting the sealed container to an isos 
tatic pressure for a time sufficient to increase the density of the 
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