
r>* .• . 

DEVELOPMENT OF MULLITE FIBERS FOR fflGH-TEMPERATURE STRUCTURAL 
APPLICATIONS 

FINAL PROGRESS REPORT 

BRIAN S. MITCHELL 

MAY 31, 2000 

U.S. ARMY RESEARCH OFFICE 

CONTRACT NUMBER G DAAH04-96-1-0195 

TULANE UNIVERSITY 

APPROVED FOR PUBLIC RELEASE; 
DISTRIBUTION UNLIMITED 

THE VIEWS, OPINIONS, AND/OR FINDINGS CONTAINED IN THIS REPORT ARE 
THOSE OF THE AUTHOR AND SHOULD NOT BE CONSTRUED AS AN OFFICIAL 
DEPARTMENT OF THE ARMY POSITION, POLICY, OR DECISION, UNLESS SO 
DESIGNATED BY OTHER DOCUMENTATION. 

20000628 210 



SF 2 98 MASTER COPY KEEP THIS COPY FOR REPRODUCTION PURPOSES 

REPORT DOCUMENTATION PAGE 
Form Approved 
OMBNO. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response including the bme for reviev nginstructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding his burden estimates or any other aspect of this 
collection of information including suggestions for reducing this burden to Washington Headquarters Services Directorate for inlormation Operations and Repons 1215 Jeffersc 
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Oflice of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503, 

1 AGENCY USE ONLY (Leave blank) 2 REPORT DATE 

May 31,2000 

3. REPORT TYPE AND DATES COVERED 

Final Progress 12/16/97 - 5/31/00 
4. TITLE AND SUBTITLE 

Development of Mullite Fibers for High-Temperature Structural Applications 

6. AUTHOR(S) 
Brian S. Mitchell 

5. FUNDING NUMBERS 

DAAH04-96-1-0195 

7. PERFORMING ORGANIZATION NAMES(S) AND ADDRESS(ES) 

Tulane University 
Department of Chemical Engineering 
New Orleans, LA 70118 

8. PERFORMING ORGAN IZATION 
REPORT NUMBER 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Research Office 
P.O. Box 12211 
Research Triangle Park, NC 27709-2211 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

PtfLd 3 ZT ft 6' S-'IV 5-vD/°5 

11. SUPPLEMENTARY NOTES 

The views, opinions, and/or findings contained in this report are those of the author(s) and should not be construed as 
an official Department of the Army position, policy or decision, unless so designated by other documentation. 

12a. DISTRIBUTION /AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

12 b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

Inviscid Melt Spinning (IMS) has been shown to be appropriate for the production of mullite fibers. The formation of novel mullite 
fiber and the optimum processing conditions required to produce the fiber are described in two archival journal publications by Zbijun 
Xiao and the principal investigator. The development of a novel crucible design that was used to eliminate volatilization of Si02 from 
the mullite melt and a corresponding change in melt composition is also described in a publication and a provisional patent 
Dr. Haoyue Zhang developed models and techniques for the characterization of crystallization kinetic parameters in these types of 
ceramic materials. The large-scaled production of mullite fiber and evaluation of the Mgh-temperature properties of the fiber are the 
goals of future work. Work remains to be done in order to determine the suitability of IMS mullite fibers for high temperature 
structural composites. 

14. SUBJECT TERMS 

fiber, mullite, composites 
15. NUMBER OF PAGES 

4 
16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OR REPORT 

UNCLASSIFIED 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED 

20. LIMITATION OF ABSTRACT 

UL 
NSN 7540-01-280-5500 Enclosure 1 Standard Form 298 (Rev 2-89) 

Prescnbed by ANSI Std. 239-18 



1 FORWARD 

N/A 

2. TABLE OF CONTENTS 

N/A 

3. LIST OF APPENDIXES, ILLUSTRATIONS AND TABLES 

N/A 

4. BODY 

A. Statement of the Problem 

Ceramic-matrix composites (CMCs) are being studied for high-temperature applications such as 
engine turbine blades, as they offer excellent performance/weight ratios. The reinforcing fiber in 
these CMCs is currently the focus of much research. Carbon, silicon carbide and sapphire are 
examples of fiber chemistries under consideration and testing for high-temperature CMCs. Each 
of these filaments has its drawbacks. An alternative fiber is proposed here; one composed of 
mullite. Mullite is a solid-solid solution of approximate composition 72 wt% A1203 and 28 wt% 
Si02. With a melting point of approximately 1880 - 1900°C, mullite offers excellent temperature 
resistance. It also possesses excellent mechanical and creep properties. 

Mullite fibers are difficult to fabricate, however. Chemical vapor deposition and sol-gel 
techniques are diffusion-limited and slow. In addition, these techniques do not afford a great deal 
of control over the final fiber geometry. Inviscid Melt Spinning (EMS) is a fiber-forming technique 
that allows fibers to be formed directly from the melt. In the IMS process, the material to be 
fiberized is melted and extruded through an orifice into a reactive atmosphere. In low viscosity 
molten systems, such as high Al203-content aluminosilicates, the viscosity is not high enough to 
forestall Rayleigh breakup prior to stream solidification, and droplets, or shot, are formed instead 
of fiber. Inviscid systems are stabilized in the reactive atmosphere, however, and fiber can be 
produced through formation of a solid, stabilizing layer on the surface of the molten stream. In the 
case of mullite, the stabilizing material is expected to be carbon, the result of pyrolysis of propane 
in the vicinity of the molten jet. This project involves the development of IMS mullite fibers. 

B. Summary of Results 

The seminal goal of this project, namely, to demonstrate the viability of IMS as a method for 
producing mullite fibers, was met. As described in detail in the 1998 progress report, experimental 
quantities of mullite fibers were produced using an Inviscid Melt Spinning apparatus. An example 
of the fiber produced in this experiment is shown in Figure 1. 



Figure 1 IMS Mullite Fiber. 

The formation of this novel mullite fiber and the optimum processing conditions required to produce 
the fiber were described in two corresponding publications by Zhijun Xiao and the principal 
investigator [1,2]. This success did not come without a great deal of prior work, including the 
development of a novel crucible design that was used to eliminate volatilization of Si02 from the 
mullite melt and a corresponding change in melt composition. This design also led to a publication 
[3] and a provisional patent on the formation of mullite fibers via IMS [4]. The technical details 
of these accomplishments are described in the 1998 Progress Report and Dr. Xiao's thesis [5]. 

Since the last Interim Progress report, Dr. Haoyue Zhang, who was brought into the group 
to characterize the properties of ceramic fibers, developed some excellent models and techniques 
for the characterization of crystallization kinetic parameters in these types of materials [6]. It could 
well be that Dr. Zhang's new method for crystallization kinetics evaluation will be the single most 
important development of this project. 

In summary, IMS has been shown to be appropriate for the production of mullite fibers. The 
large-scaled production of mullite fiber and evaluation of the high-temperature properties of the 
fiber are the goals of future work. Work remains to be done in order to determine the suitability of 
IMS mullite fibers for high temperature structural composites. 
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