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AGENDA

CFCC WORKING GROUP MEETING - DAY 1

OCTOBER 6, 1997
Sunday., October 5, 1997
6:00-8:00 PM Registration
6:00-9:00 PM “ASME Sub Task Group on Ceramic Pressure Equipment” T. V. Narayanan
Informal Meeting for All Those Persons Who Have Co-Chairman

New Text or Revisions of Sections

Mondai, October 6, 1997

7:45-8:30 Registration
8:30-9:00 CFCC Program Manager
9:00-9:30  Applications for Advanced Ceramics in Industries of the Future, Doug Freitag/
United States Advanced Ceramics Association Study Summary Dave Richerson
9:30-10:00 Standards, Design Codes and Data Bases: The CFCC Program Michael Jenkins
and Its Participation in ASTM, ISO, ASME and Military
Handbook 17 Activities '
10:00-10:30 Break
Overview of CFCC Contractor Projects
10:30-11:00 Babcock & Wilcox Rich Goettler
11:00-11:30 Textron Bill Darden
11:30-1:00 Lunch
1:00-1:30 DuPont Lanxide Composites - DMO Phil Craig
1:30-2:00 Dow Corning Andy Szweda
2:00-2:30 General Electric Krishan Luthra
2:30-3:00 Break

3:00-3:30

3:30-4:00

4:00-4:15

4:15

4:30

DuPont Lanxide Composites - CVI
AlliedSignal/Caterpillar

ORNL - Supporting Technologies Task Summary

'VPI - Life-Prediction Overview

Hands-On Life-Prediction Demos and Reception

(%)

Phil Craig
Mike Haselkorn
Rick Lowden
Ken Reifsnider

Ken Reifsnider
Edgar Lara-Curzio




CFCC WORKING GROUP MEETING
DAY 2 - OCTOBER 7, 1997

MORNING SESSION

8:30 Workshop A - Application Specific Phil Craig
Testing , Krishan Luthra

8:30-9:00 Case Study - Solar Turbines Combustor Solar Turbines

9:00-9:15 Discussion

9:15-9:45 Case Study - Hot Gas Filter for Charles Hall
Chemical Industry ‘ Dow Corning

9:45-10:00 ‘Discussion

10:00-10:30 Break

10:30-10:45 Case Study - HSCT CMC Combuster Dave Utah

General Electric

Case Study - CFCC Shroud for Industrial Paul DiMascio

10:45-11:00
Gas Tuljbines General Electric
11:00-11:30 Discussion
11:30-1:00 Lunch
AFTERNOON SESSION
1:00-4:00 (See Following Page for Details on Afternoon Workshops)
5:00-9:00 “ASME Sub Task Group on Ceramic Pressure Equipment”

Formal Meeting of the Sub Task Group Will Include Some Type of an Informal
Dinner. For More Information, Contact T. V. Narayanan (201-535-2224)




Tuesday Afternoon Workshops -

Two concurrent workshops, B: Materials Characterization and C: Life-Limiting Phenomena,
will be held Tuesday afternoon, October 7, 1997. These are designed to be informal and
discussion-oriented with extensive audience interaction. The workshops are intended to
address critical issues within the CFCC community. They have been organized as a means of
relating the work currently being conducted under Task 2 to relevant industrial interests and
priorities.

Attendees should come prepared to discuss topics of interest and to participate in discussions.
To facilitate the process, brief (5-15 min) and informal contributions are encouraged.

Workshop B: Materials Characterization
Facilitators: Karren More, Bill Ellingson, Andy Szweda

+ Highlight several industry-related problems that have benefited from
characterization effort

» Review characterization techniques available to industrial manufacturers and end-
users and evaluate the benefits of doing both macro- and microstructural analysis of
CFCCs

« Compile information that industrial R&D personnel are interested in acquiring
using the various characterization methods; explore opportunmes and mechanisms
for doing characterization work

Schedule:

1:00 Review/highlight Task 2 efforts in support of materials and interface
characterization

1:30  Participant input regarding issues of greatest importance to the
materials and interface characterization effort - manufacturer/end-user
perspectives »

2:30  Break

3:00 General discussions on how to best address important characterization
issues; prioritize industrial needs for characterization; how can we
characterize CFCCs and elucidate life-limiting mechanisms

Workshop C: Life-Limiting Phenomena
Facilitators: Rick Lowden, Rich Goettler, Peter Tortorelli

» Examine different perspectives on life-limiting phenomena for CFCCs as viewed by
manufacturers, end users, and R&D personnel

e Evaluate data and testing needs in support of key life-limiting processes and
associated modeling

Schedule:
1:00 Task 2 efforts in support of life-limiting phenomena - approaches and
issues
1:20  Participant input regarding particular perspectives on life-limiting
phenomena for CFCCs: individual presentations and associated
discussions
2:30  Break
3:00  General discussions on how to best address identified life-limiting
phenomena in terms of
* lab work
s testing
¢ modeling
» database needs
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Continuous Fiber Ceramic Composites

Developing processing methods for
and fabrication of reliable, cost effective
CFCCs for energy intensive industries

Department of Energy

o I:l M
INEFAL IS

FY 1997 was a busy year

ORNL Task 2 Review and Report

Cocoa Beach Meeting (1/97)

— CFCC Test Methods (open session)
— Four CFCC Sessions (closed session)

DOE 2nd Industrial Energy Efficiency

Symposium & Exposition (2/97)

— Awards for outstanding contributions to
John Oleson (Dow Corning), Bill Long (ret.
B&W) and TN Congressman Zack

Industry Task 3 Project Review (7/97)
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Merrill Smith

Debbie Haught
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CFCC Participants

AlliedSignal

Dow Corning

Du Pont Lanxide
General Electric CRD
McDermott Technology
Textron Systems Div.
Oak Ridge National Lab
Advanced Ceramics Corp.
Ames Laboratory

Alzeta

Argonne National Lab
Caterpillar

Chevron

Cleveland State

Composite Optics

Fiber Materials Inc.

F.W. Schaefer

Foster Wheeler

GE Power Generation
Hauck Manufacturing
HyperTherm

IBIS Associates, Inc.

INEEL

Lanxide Corp.

LBL

Material Characterization
Laboratory

Materials Research &
Design

Materials Sciences Corp.

Northwestern Univ.

Ohio State U.

PNNL

Penn State U.

RPi
Solar Turbines
SNL
Stone & Webster
Sundstrand Fluid Handling
Synterials
Thermo Trex
TVA - Gallatin' Station
. of CA- Berkley
. of Cincinnati
. of Dayton Research
. Hawaii
. of Michigan
. of Southern CA
U. of Washington
Virginia Tech
Wiliiams International

CFCC Applications

Chemical Process Equip.

Combustor Liners
Containment Shell
Gas Turbine Shroud

Heat Exchanger Component

Hot Gas Filters

Interstage Seal Rings
Molten Metal Immersion

Tube

Pipe Hangers

Radiant Porous Burners
Radiant Burner Tubes
Steam Reformer Components

Tube Shields

Turbine Tipshoe

Valve Guides
- Vortex Finder
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OIT / USACA Study

» Conduct a comprehensive study of how
advanced ceramics can be targeted in the
seven Industries of the Future (IOF) to
improve energy efficiency and solve
materials related problems

On behalf of USACA, Doug Freitag of

Bayside Materials Technology and Dave

Richerson of Richerson & Associates are
- carrying out the study ~

USACA Study Overview

Focus on advanced ceramics (monoliths, ceramic
composites, coatings)

Assess advanced ceramic materials technology
base developed under government funding as it
relates to IOF

Survey IOF to. identify advanced ceramics
applications, opportunities, and barriers

Share results of the survey with industry and
solicit feedback

Analyze data and provide recommendations
Issue a final report
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Advanced Ceramics have
applications in IOF

. Farest Metal
Refinery Aluminum Chemical Products Casting

Bumers X X X X

High Temp. insulation

Heat Recovery

Sensor Shields

Separation

Handling/Transport

Rollers

Gas Injection

Gates/Valves

X oEx IX X X Ix I'X | X |%
H®oEX X X IR X X X X

Fans/Stirrers

Molds/Toeling

Xopse IX P oI IX IR (X IX X X

Supports

FCC
Accomplishments

and
Current Highlights
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Materials & rocess
Improvements are Continuing

» Demonstrated 90% improvement in micro
crack yield point at RT of Sylramic S200 with
use of Sylramic SiC fiber (Dow Corning)

» Improved near net shape fabrication
processes for valve guide blanks and reduced
ID/OD machining stock by >20 %
(AlliedSignal)

» Developed resin-derived interface C coating,
with cost 1/10 of CVI (DuPont Lanxide)

Materials & Process
Improvements are Continuing

» Completed 6600 hr stress rupture test which
demonstrated reproducible low cycle fatigue
behavior of DIMOX material (Du Pont
Lanxide)

Developed CFCC cost model for polymer

- impregnation and pyrolysis (PIP) process
which suggests 25% reduction in
manufacturing costs are possible (Dow
Corning)
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Materials & rocess
Improvements are Continuing

» Developed promising scheelite (CaWO,) fiber
coating for oxide-oxide composites
(McDermott) -

» Optimized fiber architecture for filament wound
CFCC components. Ordered new 5-axis
filament winder (Textron)

» Initiated efforts in low cost fiber reinforced thin
sheet to produce CFCC’s at $100°s/lb (Du Pont

Lanxide)

Task 2 - understanding Key Material
Factors that Limit Use of CFCCs

» Used electron microscopy along with
mechanical property characterization to
characterize effect of oxygen in BN
interfaces for SiC/SiC composite
systems.

— Demonstrated O-contamination in BN

degrades the mechanical reliability of these
composites. |




Task 2 - Understanding Key Material
Factors that Limit Use of CFCCs

» A micromechanical model was developed
to predict the oxidation-induced stress-
rupture behavior of CFCCs.

» CFCC environmental effects test facilities
at ORNL were established and initial
experiments in inert gases, air, and air +
water vapor have been conducted at
elevated temperatures.

Task 2 - Developing Standard CFCC
Test Methods

» Instrumental in formalizing 7 full-
consensus standard test methods that
have been adopted by in ASTM
subcommittee C28.07 on Ceramic
Matrix Composites

» Developed test to characterize the hoop
strength of CFCC tubular components.
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Environmental Durability of
CFCCs Demonstrated

» 4000 hr exposure testing in direct-coal burning
boiler at TVA Gallatin Station was completed for
Nicalon/E-SiC tubes. The samples showed no
evidence of corrosion or strength loss after
exposure (1628 F avg) (DuPont Lanxide)

» Sylramic S200 coupons exposed in crude unit

furnace for 8,424 hours still retained greater than
60% of original strength (Dow Corning)

Hot Gs Filters
McDermott

» Testing at Foster Wheeler 10 MW PFBC
pilot scale facility in Karhula Finland has
begun (67 hr testing to date)

» Proof of concept for CFCC IR radiant
burner (based on TPV emitter technology)
was demonstrated




Hot Gas Filters
ORNL / Dow Corning, Inc. CRADA
» Goal: Assess the use of high temperature
filtration materials for use in the chemical
industry’s process streams

» Materials from 3M, Amercom, DuPont Lanxide,
McDermott, Smart Ceramics, Techniweave, Pall
Corporation, and Dow Corning have been tested
for 24 hours in a series of fluidized bed reactor
simulators in the furnace

» Rupture tests of ring samples is underway--as
received (for baseline) and samples exposed in
furnace

Diesel Valve Guides
(AlliedSignal/Caterpillar)

» Conducted simulated engine testing
which demonstrated that CFCC valve
guides caused less wear that both
silicon nitride and cast iron guides

» Tested CFCC valve guides in
Caterpillar gas-fired, diesel cycle engine
for 224 hours »
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Radiant Burners
DuPont Lanxide/Alzeta

» Conducted 32,00 thermal cycle tests
(2100F face temperature) on SiC/SiC
radiant burner screens with no failure

Industrial Gas Turbine
Components

» CFCC materials will allow
turbines to operate at higher
inlet temperatures and
increase the power output
by 2%. Applications include
combustor liners, shrouds,
rim seals, and tip shoes.

Participants:
» Dow Corning

» Du Pont Lanxide
» General Electric

» McDermott

» Textron

» Solar Turbines

Solar turbines field test (1850 F TRIT)
completed 1,000 hr on DuPont Lanxide

CVI SiC liners




Industrial Gas Turbine

Components

» DuPont Lanxide (CVI) combustor liner survived
100 hr test at Solar Turbines despite fabrication
damage (delamination)

» GE developed new shroud design with reduced
stress and better manufacturability

» Initiated coordinated effort between Virginia Tech,
Solar Turbines and ORNL to predict the service
life of combustor liners for gas turbine engines
based on MRLife code.

Upcoming as Turbine Test
Opportunities (Solar Turbines)

» 2000 hr field test (1850 F TRIT) - 11/97
» 4000 hr field test (2050 F TRIT) - 3Q ‘98

» Commercial Application at Malden Mills
- 1999 -
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Upcoming Meetings

» Advanced Turbine Systems Program Review
— October 28 - 29, 1997 Morgantown, WV

» 22nd Annual Conference on Composites, Materials,
& Structures (restricted sessions)

-~ January 26-30, 1998 Cocoa Beach, FL

» CFCC Task 2 Review
— March 1998, Oak Ridge, TN

» 3rd Industrial Energy Efficiency Symposium & Expo
— February 1999, Washington, DC
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Overview of Study on Applications for Advanced
Ceramics in the Industries of the Future (IOF)

Study Sponsored by
Department of Energy

Office of Industrial Technologies

Study Conducted By

Doug Freitag, Bayside Materials Technology
And

Dave Richerson, Richerson and Associates
On Behalf Of The

United States Advanced Ceramics Association

T O S (a7, \ W/ e VW 7

Study Overview

Focus on advanced ceramics (monoliths, ceramic
composites, coatings) ‘

Assess advanced ceramic materials technology base
developed under government funding as it relates to
IOF

Survey IOF to identify advanced ceramics
applications, opportunities, and barriers

Share results of the survey with industry and solicit
feedback

Analyze data and provide recommendations
Issue a final report

T T4 C —. | W7 V7

s
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L[] Study Timetable

[dentify Potential
Ceramics
Applications,
Barriers

Assess Advanced
Ceramucs
Technology
Base

Review Industry

Processes and Needs

Janaury - june 1997~ March - August 1997 - August - September 1997

Share Results with
IOF and Materiais
Community;
Solicit Feed
Back

Prepare And Issue

A Final Report

September - Novmeber 1997 September 23-24 1997

.

jﬂﬂ Key Drivers for the Substitution of
Alternate Materials

® Energy Efficiency ® Quality

® Environmental | ® Dimensional Control

@ Life Cycle Cost ® New Products

® Safety ® Recycling

e Productivity ® Product Development Cycle

® Maintenance

2 o

NS M NS T S Ve, el S
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[[]]] Barriers to Advanced Ceramic

Materials Selection
® Metals Mentality ® Codes
® Awareness e NDE

® Acquisition/Prototyping e Database/Handbooks
Cost
@ Design tools

® Size Capability
® Lack of field data

® Repair

® Joining

T ] 4 ( a—l .\ W f o N O/

Iﬂﬂ | Applications within IOF where Advanced
Ceramics Provide the Greatest Return on

Investment
Forest Metai
Glass Refinery Steel Aluminum  Chemical Products Casting
‘BLmGs X X X X X X X
High Temp. insuabon X X X X X X X
Heat Recavery X X X X X X X
Sensor Shielos X X X X X X S
Separaon x S X X X x X
Hmdlrngmnsc;r“ X X X X X X X
Rollers o X x . X x X
Gas inyection X X X ~ X
Gates/Vaies ;< A X . X M—MTW. X o x o X
Fans/Stimers X X X X X X X
VM&dszodmg X o X
Suppents X X X X X X X

Tty
4 S S P WL 1Yt AW 4 t
Aot § RNt F TP Y S g
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[ [[]]] Ceramic Materials Can Meet Cross-Cutting
Needs of Industries of the Future

d Desigp
93“ cée/,&

Monolithic E> '\\‘b Wear Resistance
Ceramics & Corrosion Resistance

2
(-]
Temperature Resistance g
§
&

Refractories

Controlled Surface Behavior
Dimensional Stability

Engineered Behavior
Coatings |:> (8 g

Heat Recovery QQ

<:] Composite

Ceramics

[ []]] Monolithic Ceramics Are Working In
Challenging Applications

B Silicon Nitride Silicon Carbide Aluminum Oxide

Y I L Ll L lia
7 MR F o T W ™ AR Y J -t
NI B N2 7 S e s NS

£
=
L
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[[]]] What is New & Different About 1997
Monolithic Ceramics

Strength
150 Toughness
100 20 4
50 154 A WC .
10 1 Weibull Modulus
5 | ®c1 :
1970 1980 1990 e 2
-
15
197
0 1980 1990 10
5

1970 1980 1990

VT AL R T —

([ ]]]] Silicon Nitride An Example of a New
Generation of Ceramic Materials

Tensile
Sttength 150
KSI —

1997 Si3N4

100 ==

50

Typical i
Conventional =
Ceramics

+ + 4 f— + = t
200 100 600 800 1000 1200 1400
TEMPERATURE (°C)
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m New Ceramics And Ceramic Matrix
| Composites Exhibit Increased Toughness

Fracture
Toughness

Granics Cethon WCOO  Sedl M k14 R

=yt zrrra
2 MR P WL 10 N S =

]Im In Spite Of Improvements, Potential
| Users Still Cautious

Brittle Fracture - Careful Designs Required

== @ul

NO Sharp Edge Corners
Limited Database,
Codes, and Standards

A B
Allowable Stress ? 7
Fatigue Limit ? ? $

Stabilitv at Temp. ? ?

Price Premium

F 7 rarEStra
¢ # S § P "W AR L G 7 4 L
L N T N 4 e N NS




:Ulﬂ We Can Often Address These Concerns
| Through Engineered Materials

Continuous Fiber Ceramic Ceramic-Reinforced Metals
Composites (CFCC)

NI B NI S i e ok s

m | CFC(C’s Avoid Brittle Fracture

Continuous Fiber

Monolithic Ceramics Ceramic Composites

Brittle Fracture

”

“Graceful Fracture

Stress Stress

Strain Strain

4]




1110 A Variety Of CFCC Materials Under
Development

Melt Infiltration Nitride-Bonded
Silicon Carbide

" Chemical Vapor
Infiltration

SOL Infiltration ) iM . Pre-Ceramic Polymer
Directe etal Oxidation Infiltration

A/ o /. AW S Ay S\

m Coatings Can Combine Ceramics Benefits With
| Metals Structural Reliability

_ :_‘__X:_\_@/* |
T —
: ﬁ;,:af,;}\

-
"

® Plasma Spray

. igs TN
® Physical Vapor Deposition S

e

® Chemical Vapor Deposition —
® Vapor Deposition Diamond

® Slurry or Sol Deposition

7 B 1 8 aans /. \ W L A 751
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Industry
Needs

Present Uses
Of Ceramics

]IZZ] The USA

Forest Products
Aluminum
Metals Casting
Steel
Glass
Chemical
Refinery

-

7w ({7, | O / iV 7. § EE—

CA Study Shows That Ceramics Are Already Used
and Can Provide Further Benefits To IOF

Key Steps
In Industry

Processes

Potential
Uses Of
* Ceramics

[]]] Important Segment Of Forest Products

Is Papermaking

Woodyvard

N

Pulp Preparation

~. Steam and Power
7/~ Generation

Chemicals
Recycle

|

TN %

Water Recycle
Paper Machine

43
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Each Process Stage Has Multiple Steps, Many of
Which Utilize Or Could Utilize Ceramics

Iﬂﬂ Current And Potential Uses of Ceramics In
The Woodyard

Wear-resistant tiles and

Alumina tile ~ Coatings for screens
trough lining

Also liners of saw-
dust cyclones,
elbows, and chip

cyclones
Potential for
bearings and high
. = wear surfaces of
conveyor systems
Carbide-tipped ) )
2.3 m saw blades Alumina tile trough Ceramic-reinforced metal

and drum linings _chipper blade edges

IR AL LAl XA
L L e LRl ] o ndodd
NI E NS L i, Vi sk S

L
4
fu
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1110 Current And Potential Uses Of
| Ceramics In Pulp Digestion

20-80 m high
100-180psi  Brick lining of
‘ : sulfite mill
digester
Troughs,
conveyors I

Also pump lihers Lining of blow

and seals line
Barrels, shafts Blow tank
and cones of target plate
_ hydrocycione
cleaners Lo _
Wear and corrosion Tile lining of Linings on surfaces
resistant coatings washer vats of pipes

:ﬂlﬂ Current And Potential Uses Of Ceramics In
Chemicals Recycling

Hot gas cleanup
Waste heat

Sordeter Sy e Bia0s PedRECOVETY

N

Also pump wear
plates and seal
faces

Also acid brick
lined trench
sewers

Also porous
membranes for

waste-water treatment e ‘ L
Tank linings Refractories in

recovery boiler

T lye——ratrxrox
(f  Zi N ZEBTIL Lkl
NI S NI LS e e, oS v




]IUI Current And Potential Uses Of Ceramics
- In Bleaching

Pump liners and seals

Barrels, shafts,
cones of
cleaners

Tile and concrete linings of tanks

T 1 £ ey £+ \ W S o VB o b
B P TN W L A 7~ §
AT £ T NS 7L e L ND S

Bm

TT7] Current And Potential Uses Of Ceramics In
The Papermaking Machine

. Also radiant
In-line ultrasonic sorad
. . surface
thickness monitor
bumers for
drying paper

coatings
Forming ¢
boards
SI,N,
and
ALO,
Foils
. . Coatings on c r .
Plasma-spray coating  Felt strips dryer rolls Cer:;nuc
on press roll : utters

L
e
L
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[ Aluminum Industry

Involves Several Stages

Extraction of ALO,
from Bauxite Ore

N

Electrolytic Smelting of
|  Aluminum Metal

N

Post-Smelting Processes

Aluminum Oxide Powder Is Extracted From
Iﬂﬂ Bauxite By The Bayer Process (Patented 1888)

Fuel Condensate Grind Bauxite Ore

\ \ T |
Powerhouse Dissolve AlOH), or 4-—————[
AIX(OH) with HOT
+ * / NaOH in Pressure Vessei

h'e
Steam .
Plant . . Regeneration
Power P s PI'EClpltate A(OH), Using Seeding g of .
=g s NaOH with Ca{OH),

Figes Separate And CleanAuon)‘ Particles _______‘
R

| Classify |
T "

reet — |Calcine To Convert To Al,O, Powder

780 1 £ ( cae 7.\ W /WA TN
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Iﬂﬂ Smelting Is Energy Intensive

Electrical

*6.419 kW.h/kg of Al
*42.6% Efficiency

Scale of Process
eCell Size 9-16 mx 34 mx 1-1.3m

*250 - 1000 Cells/Plant
Thermal «~ 130 Cells in series at 100-300 kA
*970 degrees C
*8.12 kW.h/kg of Al heat
dissipation

llltl I'/‘V’I +
llllll ——

Aluminum Metal Obtamed By Electrolysis Of
Alumina By The Hall-Héroult Process (1886)

[ Nir Cyinder
Foadar

Corrent wpﬁr\ o /Fum- coltection.

e Arunse rods
— .. Retereovable
ASNENng CrUst
Ewciroiyte Carbon anode — Frozen leage
lrsscbatecun
Mot N
“m.::m Carbon t-urf Carbon

'WT~
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m Aluminum Requires Post-Smelting Processes

Siphoning From Hall-Héroult Cell
(99.6-99.9 % Pure Al)
<

Refinement
T

| _Alloying |
T
L J
Filtration
. :

Casting Into Ingots,
Sheet or Extrusion Stock

T 4t a7\ W L a7, |

o

1170 Ceramic Materials Have Potential To Benefit
Aluminum Industry

NEED/OPPORTUNITY BENEFIT

Wetable, Inert Cathode Save > 10% Electrical Energy

Inert, Non-Carbon Anode Eliminate CO , Emissions, Decrease Energy

Improved Refractories ‘ Longer Life, Lower Maintenance

Improved Castables {Easier Installation

In-Line Sensors Better Process Control, Efficiency

Miscellaneous Liners : Reduced Wear, Corrosion; Thermal Control

Material Resistant to Molten Cryolite Allow Hot Wall, Increase Efficiency

-yt

j4
L
L

N £ TS L o oo it s
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m Ceramics Can Enable Broadbased
| Benefits To Metals Casting

Increased Efficiency

Longer Life Between Maintenance
Or Replacement

Pollution Reduction

Superior Product

e

LI Increased Efficiency

- * Higher Temperature
* Alternate Pr_ocesées |
* Heat Retention and Recovery
* Increased Yield

* Decreased Machining Stock

118 (7. \ @ /a7
7 B} P WS 1R S T 8
NI XN ST A Al WIS
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[ []]] Longer Llfe Between Maintainence and
Replacement

* Increased Corrosion Resistance
* Superior Wear Resistance

* Improved Thermal Shock, Thermal
Cycle Resistance

11 Pollution Reduction

* Decreased Fuel Use
e NOx Reduction
* Catalytic Processes

e Reduced Solid Waste

51




LI Superior Products

* Decreased Inclusions
* Better Control of Chemistry

* Improved Dimensional Control

TN 7§ ( w7 AW L W\
7 B ] PN WS L E L B S
NI X NTTS T A e Ll

[ []]]] Ceramics Potentially Important In Each Step Of

Metals Casting
Feedstock Preparation,
Handling, and = Melting and o .
Loading Into Holding Furnaces > Punfzcanpn, Qegrassmg,
Melting Furnace Filtration,
Metal Transfer
4
NP Casting Mold, Crucible, Cupola, Core,
SOhdlﬁcah?n <= <« Filter Designs and Compositions
b
Mold, Core

Removal,Recvcling =

Finishing =

Inspection
pectio > | Heat Treatment |-

TR 7 e 7. VO VW TN
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[J]]] Ceramics For Metal Handling Prior

To Casting

Feedstock Preparation,
Handling, and = Melting and fication. D .
Loading Into Holding Furnaces = Punﬁca; ;lm’ (egTassmng,
Melting Furnace litration,
Metal Transfer
Burners

. Furnace lining

Tooling for scrap se ti .
glor P segregation Composition sensors Bubblers
Rapid cutting of scrap (such as oxygen) Gas lances
by laser or waterjet T :
rough Heat sources
Wear resistant lining for Heatexchanger
chutes, conveyors and . . Refactory lining, Troughs
entrance to furnace Above-metal circulation fan
Immersion heaters Filters (bed, honeycomb,
. reticulated foam}
Thermocouple protection or
alternate temperature sensors
Sampling and analysis containers
1 7 00007 £ ¢ i 7.\ W/ . V A 7 | A—
L e Y Sl L —
[ — NI Z 1 N 77 am e L mmen AL R

[[[]] Ceramics For Tooling And Casting

Mold, Crucible,
. Cupola, Core .
e Castin poia, g Preparation of Mold,
Solidification | <7 8 < Filter Designs <« anc}; other Hardware
and Compositions
Temperature Temperature
measuremerit measurement Mold and face coat Furnaces
; ixt 1i
Heat flow Molten metal Crucible Fixtures, tooling
pumps Inertness
Core
Filter
Dimensional stability

My

7 e {4 { a—. \ W 7 o VAT, }

F A P WS ) U S S |

NI B ENZZ TS I N, i D
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[ Ceramics For Post-Casting Steps

Furnace lining
Wear-resistant Burners
surfaces of Fixtures
i measurement tools
(;uﬁ}ng and Circulation Fan
grinding wheels
. Optical benches Heat exchanger
Sand blasting Waterjet or
laser cutting Ultrasonics Pollution control
Recycling .
Abrasives (sand Radiography Temperature control
blasting, peening) )
Mold, Core Laser Bearings for Conveyors
Removal,Recycling &> [ Finishin
= Inspection = | Heat Treatment
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B Steel Industry

® Two Segments

- Integrated Steel Mill
» Source of highest quality Steel
» 21 U.5. Operations remain

— Mini-Mill
» Use scrap as feedstock
» 40% market share but growing

® Three primary operations
- Melting
— Refining and casting (70% of steel cost)
— Forming and finishing
® End product cost and quality key drivers

Mini-Mill

Steel Industry

Integrated Mill

e




Bosic Oxygen
furnace

Caal injectian Slag Motten tron
Facility

W [ntegrated Steel Mill Melting Operation

e Current applications of ceramics
— Refractory linings
— Runners
— Tap hole sleeves

— Coke rolls

&
d
r%
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Integrated Steel Mill Melting Operation

® Opportunities
— Sensor shields (Basic Oxygen Firing
- temperature measurement)

— Wear surfaces (coal injection, crusher,
pelletizer, flue particle separators)

— Tap hole gun nozzle

- Improved refractories in coal injection area
of blast furnace and desulphurization
ladle.




BN Mini-Steel Mill Melting Operation

o Current Applications of Ceramics
— Tap hole sleeves
- Runners
— Refractory linings (MgO based)
— Breast block
e Opportunities
- Hot gas filtration
» PM2.5 (currently PM10)

» 400°F gas temperatures
» Highly corrosive fumes

BN Mini-Steel Mill Melting Operation

e Opportunities (cont.)
~ Recuperator
» Current furnace efficiency 60%
» 2000°F, high alkalinity fumes |
~ Below melt oxygen/carbon powder lances
- » Currently consumable
— Tap hole gun nozzle
~ » 2500-3000°F

~
3
[%
I
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B Tap Hole Gun

Nozzle

Tundish

v

[

Dt

> ¢

8 <, + ::

Ladie b d
Treatment

Station

s'eel o ."1““;& Cwe e e
Desulphurization : S
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B Rcfining and Casting Operations

e Current Applications of Ceramics
— Refractory linings (Al,O,based)
- — Ladle pour nozzles
- Ladle impact pads
— Tundish nozzle and socket block
~ Tap hole sleeves |
- Tundish dams/baffles

~ Brake ring (connects copper mold to
tundish nozzle)

="USACA_

B Refining and Casting Operations

® Current Applications of Ceramics
(cont.)
— Stopper plugs
— Ladle shroud
— Ladle gate valves
~ Porous plugs
— Metal filters
— Coated water cooled lances
- Burner nozzles

60




B Refining and Casting Operations

e Opportunities
- Low erosion refractories for the ladle slag line
- Low wear and erosion, high surface finish, tundish
nozzle

» Poor surface finish results in plugging
» Limits tundish life and controls processing sequence

- Higher flow porous ladle plugs
- Uncooled, longer life lances and tuyeres

» Water cooling reduces efficiency
» Tuyeres burn back and make flow control difficult.

- Ingot molds

BN Refining and Casting Operations
o Opportunities (cont.)
- Longer life brake ring
» BN looks promising but lacks toughness
» Size not readily available
— Longer life tundish dams/baffles

» Current materials a source of contamination

» Provides uniform tundish temperature and flow during
casting .

— Heat shields for slag and temperature sensors
— Ladle recuperators

» 1800-2100° F
» Preheat air
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Confinucus g
Heat Treating Temper
Roiling
» - Fy
ety R 4
Rickling
Howne o et Cold-Rotied Coils

Hot-Rolled Cut Lengths
(including Pickied & Oilled

- L+ Galvanized Products
Sleet Piotes

B Forming and Finishing Operations

® Current Applications of Ceramics

— Descaling nozzles

- Radiant burner tubes

— Furnace furniture

— Coated forming and conveying rolls

— Fans

— Corrosion resistant pump components for pickling

~ Refractory linings

- Furnace heaters
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B Forming and Finishing Operations

® Current Applications of Ceramics (cont.)
— Forming dies
— Wire Drawing guides/ pulleys /cones
— Burner nozzles
e Opportunities
— Tougher radiant burner tubes
— Pipe hangers
— Improved finish rolls
» Low wear and corrosion, high surface finish

W Forming and Finishing Operations

e Opportunities (cont.)
— Full ceramic fan and shaft
- Chemical pump housings

— Sensor shields for quality control

» Temperature
» Thickness
» Microstructure

— Recuperators
» 40,000 potential sites

- Bearings




B Forming and Finishing Operations

@ Opportunities (cont.)

- Uncooled conveyor components for use in
continuous furnaces

- Tougher, lightweight furnace furniture

B Glass Industry )

e Four Segments
- Container - Flat
- Fiber - Specialty
® Specialty glass industry focus is higher temperature glasses
and niche applications (60,000 products).

e Four primary operations

- Batching - Melting & Refining
- Forming - Annealing
e Cost, quality, and increased productivity key drivers for
investment.
® Fused silica, graphite, platinum, and cooled metals widely
used.

USACA_ =
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~ Glass
Industry

B Batching s,

® Both raw materials and cullet.

e Contamination through ceramics (inclusions), metals
(REDOX), and organics (REDOX)

e Current Applications of ceramics
— Cullet pulverizer
- Mixers
e Opportunities
- Improved cullet pulverizer for reduced contamination
- Batch preheaters
~ Sensors for contaminate detection

" USACAL
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B Melting & Refining Operations

Regenerator

Crown Refractories fumace Crown

Refractories

Flat Glass
Production Furnace

BN Melting & Refining Operations | IE

e Over 500 glass melt furnaces in use
® Electric or combustion (predominate type)

e Current applications of ceramics
~ Refractories
— Thermocouple shields (Al,O,)
- Electrode blocks and holders
- Gas injection tubes (MoSi,)
- Bag filters
- Stopper rods

&
4
%
!
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[ Melting & Refining Operations

e Opportunities

Longer life, uncooled, lower cost stirrers

Refractories, sensors shields, bag filters, waste heat recovery,
and burner nozzles for use with oxy-fuels

» 3100°F flue temperature, 60% moisture, high alkali

Higher temperature capable fan assembly for new
combustion cycles

Uncooled heat exchanger in forehearth

Longer life burner orifices for conventional fuel fired furnace
» 1800-1900°F

Gas fired immersion boost heater

Uncooled camera sensor shield

Longer life stopper rods

BN Fiber Forming Operation

MELTING TANK

CENTRIFUGE WITH BLOWERS

y| UNCURED

WOOL  yiNDER CURING OVEN

CHOPPER

§ F | AF PRODUCTS
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B Fiber Forming Operation -

® Two types
-~ Wool
-~ Continuous fiber

e Current Applications of Ceramics
~ Fiber handling guides
e Opportunities
~ Lower cost, longer life wire draw die
» 2,200°F, electric heated, platinum
- Longer life spinner
» 2,000°F, 10,000-30,000 holes, high temperature base metal

-’ Flat Plate Forming Operation 'm
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- : ‘l # y>i l" ‘5T ; ) Sogud LS T l:z ‘—\-T-L——\——f-i
. O
e >




BW Fiat Plate Forming Operation )

® 2000°F operating temperature

e Current Applications of Ceramics
— Tweel (SCFS)
— Hot forming dies (fused silica)
- Glo-bar heaters (SiC)
- Forming rolls (fused silica)
® Opportunities
— Sensor shields
- Hot forming mold barrier
- Longer life tweel

USACA_=

BN Flat Plate Forming Operation o 8

® Opportunities (cont.)
— Abrasion resistant, lube free hot forming dies

- Radiant burners

» reduce contamination caused by condensation on glo-
bars ‘

- Hot handling equipment (mechanical drives)
~ Transport rolls




B Container Forming Operation |n
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OPENING

B Container Forming Operation

® 2700°F glob temperature

e Current Applications of Ceramics
~ Mold coatings (TiC)
~ Setters (TiC)
~ Take out inserts (TiC

e Opportunities
- Higher hot hardness mold materials
» Reduce metal contamination

- Materials with increased abrasion resistance for drive
mechanisms

~ More durable conveyor guides, gob funnels, tong tips, blow
head inserts

~ Sensor shield for gob temperature

USACA_
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oy Annealing Operation | 'E
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B Annealing Operation | IE

e 400-500°F typical operating temperature
® Batch and continuous operation
® Current Applications of Ceramics
. -~ Transport rolls (SCFS or coated metal)
e Opportunities
- Reduced roll damage

High temperature capable fan assembly
Conveyor materials

|

!

~ Uncooled, high abrasion resistance, oxidation resistance
Longer life trays
Longer life PAD and stacker materials

}
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] Chemical Industry Overview .

® Large, complex, diverse industry
e Over 70,000 products

® Materials Technology Institute serves as an entry point
for new materials

- @ Wear and corrosion major problems
e Higher temperature desired to increase reaction rates
e High focus on safety
® Use of monolithic ceramics growing

Coat, Coke,

Chemical ‘/:Meedsm
| ==Feedstocks =T T
v
Chemical f Organic
-Processing:. ;%;Gaemigais;,_ 3
) ‘/ | Inorganic
iL Fertilizer . Chemicalis
{ Othef L . [f PfaStICS LTt T
Chemical Products Resins, Rubber

USACA_ =

7




Ceramic Materials have Potential to -
Benefit Chemical Industry

Need /Opportunity

Fluid Handling, Incinerator e
lining, Boiler tube sleeves

Dies/molds, Textile ')

handling

Sensor shields

Reactor vessel lining
Furnace/Reformer tubes
Tube Sheets/Supports
Separation

Spray Nozzles, Rolls
Heat Exchangers

Cutters

‘Benefit
Extend life, lower maintenance
Extend life, increase capacity and quality

Extend life, lower maintenance, in-line control
Extend life, increase temperature

Reduce fouling, increase temperature

Extend life, reduce weight and size, increase temg
Increase temperature, extend life, improve quality
Extend life, increase quality

Extend life, increase efficiency

Extend life, increase quality, reduce contaminatio:

USACA_=

Ceramic Materials are Currently in use in the | .

Chemical Industry

Applications _
Fluid Handling

Dies/molds
Textile Handling
Boiler Tube Sleeves
Separation
Materials

e Silicon Carbide
® Alumina

@ Silicon Nitride

o Boron Carbide
Limitations

e Cost

e Wear Resistance
® Size

Spray Nozzles
Heat Exchangers
Rolls

Cutters
Refractories

Zirconia
Tungsten Carbide
Titanium Carbide

o Toughness
® Reliability

- USACA-
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B Fluid Handling offers a Growing .
Market Potential for Ceramics

Fluid Handling offers a Growing Market
Potential for Ceramics

Pumps, valves, transfer pipes, fans
Reliability a problem (corrosion, wear)

Siliconized cast iron, Hastalloy or tantalum commonly used for pumps and
valves.

Ceramic coatings used in valves
Plastic or refractory lined steel used for pipes
Exotic metals, PMC, Ti alloy, and WC Coated steel used for fans

Monolithics (SiC, Al,O,) being used for seals, bearings, shafts, and impellers but
brittle :

Ceramic pump housings desired but remain costly due to complexity and brittle
Pumps: 5” - 14” dia. impellers

Valves: 2”7 - 10” dia. ball, 3’ - 5" butterfly

Fans: 2" - 6’ dia.

Pipes: up to 3" x 100" long

="USACAL
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Finish Product Applications offer a
Groing Markii’ Potentiql for Ceramics

Garm gty M

B Finish Product Applications offer a .

Growing Market Potential for Ceramics

Used to furthér process chemicals into textiles, films, plastic goods, etc.

High wear resistance for good dimensional stability, good surface
finish, and increased production capacity "

High value added applications
Large number of small parts (~1,000 per textile machine)
Rolls: 12”7 dia. X 6" - 12" L, 20 per machine

Al O, limited life for high wear, Si;N, better but chips. TiC, WC
coatings.

Pore free coatings for rolls due to corrosion.
Commonly used in open face machines. Catastrophic failure of concern.

USACA_ =
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Refinery Industry Overview L

Transforms crude oil into various petroleum products
Both separation and conversion processing operations

Continuous operation

Capital intensive with a large number of fluid /vapor
handling equipment, sensors, heat exchangers, reaction
vessels, and furnaces

e Corrosion, oxidation, wear, fouling and high temperatures a
source of problems

USACAL

B Refinery Industry Overview I

Major Processing in Typical Refinery

1

I
Petrochemicai
feadstock

Crude feed

Refinery
fuel

I

e
i Refinery

progucts
Shaded areas rapresent units affected by fouting
Furnace Feed/effluent I= | Distillation

heat sxchanger =1 coiumn

-—

Visbraking

bsrsieemeted  Coking
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' . e Ceramic Materials have Potential to Benefit Refinery Industry

Need /Opportunity Benefit

e Cyclones ® Reduce wear, corrosion, thermal degradation
® Sensor shields ® Increase reliability, end product quality
e Furnace/Reformer tubes, ® Reduce fouling, increase temperature

Heat Exchangers
e Fluid Handling (pumps, ® Reduce wear, corrosion -

valves) i
® Tube Sheets/Supports ® Reduce weight, corrosion
e Ceramic Membranes ® Increase temperature, efficiency, life
® Spray Nozzles ® Reduce wear

Ceramic Materials are Currently in use in the
Refinery Industry

Applications
e Spray Nozzles Pump Seals/housings/bearings -
Refractories

® Valves

® Sensor Shields
Materials

® Silicon Carbide Tungsten Carbide Cobalt
@ Boron Carbide

Limitations

o Cost Toughness

e Shape Strength

USACA_ =
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Ceramic Furnace/Reformer Tubes are a
Potentially High Volume Market

Ceramic Furnace/Reformer Tubes are a
Potentially High Volume Market

e Ni, Cr steels currently used
e Higher temperature capability sought to increase efficiency and throughput
e Creep, corrosion, oxidation, erosion, and fouling a problem
e Defoul through additives or steam injection (20 - 100 day cycle)
e SiC shown to reduce fouling
e Monolithics brittle and low strength
e Ceramic coatings spall
e Requirements
- 17-8” Dia. X 10'40'L - 1000°F - 2500°F /40-100 Psi
- Impermeable to liquid or vapor - 180° bends
-~ ASME codes

& Market size
- > 100, 000 furnace tubes/plant
~ > 4,000 reformer tubes/plant x > 120 plants

"USACAL =
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While Cyclones Provide an Opportunity for
Ceramics, Shapes are Large and Complex

While Cyclones Provide an Opportunity for
Ceramics, Shapes are Large and Complex

® Fluid Catalytic Cracking (riser regenerator, separator, slide
valves)

® 2,000 - 3,000 units in service

e High heat (1500°F), wear (powder catalyst), corrosion (sulfur)
and oxidation.

® 1'-5 dia. X 10" - 20" high

e Current strategy is to increase metal thickness to compensate for
high wear

e Ceramic coatings commonly used due to large component size

® Monolithic ceramics brittle

® Refractory linings spall or mechanical failure




Applications within IOF where Advanced
Ceramics Provide the Greatest Return on

Investment
) Forest Metal

e Glass Refinery  Steel  Aluminum  Chemical Products Casting
Burners X X X X X X X
High Temp. Insuiation X X X X X X X
Heat Recovery X X X X X X _ X
Sensor Shields X X X X X X .
Separavon X X X X X X AR —
Handling/Transpont X X X X X X X
Roliers X X X X X
Gaz injection X _ X X » X
CatssiValves X X X X X X X
Fans/Siirters X XX X X x X
Molds/Tooling RS _ X
Supports X X X X X X X

B Summary/Conclusions

® Ceramic materials are currently being used in
Industries of the Future.

® A new generation of advanced ceramic technologies
are emerging as a result of DOE/Industry
partnerships.

® This new generation of advanced ceramic
technologies provide a significant opportunity to
increase energy efficiency and solve environmental
challenges in Industries of the Future.

80




B Preliminary Study Recommendations

° Expand efforts to make IOF industries aware of advanced
ceramic technologies which have ernerged as a result of
DOE/Industry partnerships.

- Establish a clearinghouse to serve as a conduit between the IOF
companies and ceramics industry.

- Perform materials audits of IOF companties to better identify
opportunities for advanced ceramics insertion.

® Increase use of IOF field trials to demonstrate materials
capability and accelerate technology transition

e Continue focus on advanced ceramics cost reduction and scale-
up through manufacturing technology programs.

® Support the development of technologies which reduce barriers
to system integration and maintenance of advanced ceramics.

B Contact Information

Doug Freitag Dave Richerson

Bayside Materials Technology Richerson & Associates
21150 New Hampshire Avenue 2093 E. Delmont Drive
Brookeville, MD 20833 Salt Lake City, UT 84117
PH: 301-570-3821 PH: (801)272-0436

FAX: 301-570-3836 FAX: (801)272-2423

Email: dfreitag@ix.netcom.com
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. STATUS OF CLASSIFIED APPLICATION

Creep rupture survivsl for 9‘00i hoursf‘aticondmons 100°C greater than
use temperature (600 hour hfe is current dsign, would like to extend)

Biggest test to date of CFCC to date m actual system
-20 CFCC parts 200+ hours ‘

Next test begmmng Sept. 22 :
- 110 CFCC: parts 200+ hours planned

: Processmg next round of 120+ parts for late Oct. test
Will contmue to makc ~120+ parts every 6 8 weeks

up o at tdmbkmqummmspﬂngl”s
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Thermal Imaging Test Setup
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DOW CORNING

Developments in PIP-Derived CFCCs

CFCC Program Review

Andy Szweda, Daniel Petrak, Ronald Boisvert
Dow Corning Corporation

Lake Tahoe, NV
October 6 - 7, 1997

Presentation Outline

* PIP Materials & Process
- CFCC Applications
 SYLRAMIC™ SjC Fiber Reinforced CFCC

* Environmental Testing
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Polymer Infiltration and Pyrolvsis (PIP) Process
for
Ceramic Matrix Composites

¥
H
‘
i
;
!
i

i H

o SYLRAMIC~_Composites

m SYLRAMIC™ S100 composite for low temperature applications
~ - CG Nicalon 8 harness satin

- Carbon interface coating

= SYLRAMIC™ S200 composite for moderate temperature applications
- CG Nicalon 8 harness satin
- Proprietary interface coating

m SYLRAMIC™ “S300” composite for high temperature applications

- SYLRAMIC™ SiC Fiber
- Advanced proprietary interface coating
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Dow Corning’s
CFCC Team

Solar Turbines (Cross-Cutting)

Dow Corning
Synterials
ORNL
ANL
INEL
Battelle, NW
Ames Lab.

Chevron Sundstrand
(Refining) “Fluid Handling
(Chemical)
CFCC Applications

m Solar Turbines (Cross-Cutting Technology)
- Combustor Liner
- Rim Seal
- Turbine Tipshoe

m Sundstrand Fluid Handling/Aerospace (Chemical,
Refinery, Pulp & Paper)

- Containment Shell

m Chevron Research and Technology Company
(Refinery)

- Furnace Tube Hangers

i
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Regquirements of
Applications Being Pursued

Application Temp Environment Life
ICombustor Liner - 2150°F 0,, CO, H,0, 30,000 Hours
NOx :
jRim Seal 1500°F 0,, CO, H,0 30,000 Hours
Tipshoe 2150°F 0,, CO, H.,0 30,000 Hours
Furnace Tube 1800 - 2000°F } N,, O,, CO, H, | 25,000 Hours
Hanger CO,, SO,
l::ontainment Shell 70 - 800°F Organic and 30,000 Hours
‘or Chemical Pump Inorganic
Chemicals -
CFCC Components for

Gas Turbines

N2 SAERR
AN THRUST
BEAG

Rim Seal

/

Turbine Tipshoe

CFCC Combustor Liner

P
NTOR  COUAMMEFR

Land-Based Gas Turbine

oL
DR
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Typical Crude Unit Fu rnacev

Furnace Pipe Hangers for
Refinery Industries

Pipe Hanger Position in Furnace

( THRLITIE

Containment Shell for

Canned Motor Pumg

T

pical Canned Motor Pumyp

Schematic of a Canned
Motor Pump
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SYLRAMIC™ SiC Fiber
Reinforced CFCC

Improved PIP
. Coﬁeosite sttem
Material:

* Reinforcement - SYLRAMIC™ SiC Fiber, 5 HS weave

* Matrix - Polysilazane Derived SINC
- Si;N,/SiC Filler

* Interface - Boron Based

* Process - Polymer - Impregnation-Pyrolysis
- Standard Temperature
- High Temperature
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Comparison of Stress/Strain Curves for CMCs
Fabricated with Various Fiber Reinforcements

1 - SYLRAMIC™ SiC CMC
Si,N, Filler/SiNC Matrix s0-] /

Stress (kst)
&
i

2 - Hi-NICALON CMC
SiC Filler/SINC Matrix 30+
3-CG NICALON CMC 7
SiC Filler/SiNC Matrix 10+

0.0 01 02 0.3 04 0.5 06
Strain %

B o

SYLRAMIC™ SiC FiberReinforced
CFCC Test Plan™

Tensile Strength - at RT, 815° C, 1200° C

- 815° C/1000h, 1200° C/1000h oxidation

Shear Strength - RT after 815° C/1000h,1200° C/1000h oxidation
Tensile Fatigue - S/N curve 815° C, 1200° C
" Tensile Creep -815° C, 1200° C

Thermal Conductivity - RT to 1200° C

Thermal Expansion - RT to 1200° C

*Tests will be conducted for both high and STD temperature processed
material R
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Tensile Properties of SYLRAMIC™ SiC Fiber
Reinforced SYLRAMIC $200 CFCC

Process  Terperawe  #of  Mbduhs  Pop  Utimate  Strain
(O Specimers  (ns)  Limt  Srengh (9

(i) (i)
Low 2 2 219 186 25 034
Temperaure
815 4 21.8 160 435 031
1200 4 20 148 418 031
High 5 3 231 202 3 034
Terperatire :
815 4 20 180 R0 035
1200 4 20 135 408 031

Tensile Properties of SYLRAMIC™ SiC Fiber
Reinforced SYLRAMIC S200 CFCC

70
60 + “ i{. _AR'I: g
- |—38I5C l
0 7 1200
2!2: 49 L 5 i G
2 30 1
10 |
0 : : = . I
0 0.1 0.2 0.3 0.4 0.5
Strain (%)




SEM Micrographs of Room
Temperature Fracture Surface

Comparison of Fatigue Data for SYLRAMIC™

SiC Fiber and Nicalon Fiber Reinforced CFCC

400 : « SYLRAMIC $iC CMC/315CI3Hz —» Denotes Run Out
®SYLRAMIC §iC CMC/200C/3Hz
50 * o Nicalon SiC/982°C/HHz Retained Strength
350 Lo 4 Nicalon SiC/1204°CHHz after Fatigue
w 300 4 T /
° T
E 200 * .
o 150 - T Bl
g Ee ca—
T . Tk
& 100 4 oW
b
50 |
0 : : ! ! : : :
1 10 100 1000 10000 100000 1000000 10000000
Number of Cycles
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Benefits of SYLRAMIC™ SiC Fiber
in SYLRAMIC 8200 CFCC

* Enhanced thermal stability of entire system
* Can use higher processing temperature

* Higher proportional limit

* Environmental resistance

* Creep resistance

* Thermal conductivity

Environmental Testing




Environmental Exposure of
SYLRAMIC™ S200

Objective:
» Evaluate composite performance under simulated combustor, dry
air and inert conditions

Applications:
¢ Selar Turbine Combuster Liner/ Solar Turbines Seal

Evaluation Temperatures:
- Combuster & Tipshoe -2100°F

- Turbine Seal - 1500°F

Atmosphere:

» Simulated combustion atmosphere:
15 wt% Water 13.75 wt% Oxygen
4.75 wt% Carbon Dioxide 66.5 wt% Nitrogen

Environmental Exposure
Test Matrix

Interlaminar Shear and Tensile Properties
Evaluated

Environment Temperature (F) Static Fatigued

Nitrogen 1500 Y N

Nitrogen 2100 Y N

Dry Air 1500 Y Y

Dry Air 2100 Y Y

Combustion 1500 Y Y

Combustion 2100 Y Y
231
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Environmental Exposure

Test Equipment

n

FURNACE

Temperature
ar

] Zone #1 (1000) "
3 Zone #2 (54C)
D Zone &3 (545)\

3| Heat Tape —

O3

I

Saturator & Packing
Filled " Column

Afr  Relef

L
Delonized Water Drain

jManifold Systerm
Flow

L] Thermacouple

Gay Blend

Mass

Controllers Air

o2

Sathwator  Set-up
3102. Furnace

Effect of 1000 Hour Environmental
Exeosure on Tensile Properties

Tensile Strength (ksl)

45

30}
2544
20}
15}

40

As Made [N

As Made*
Nitrogen 1800F
Nitrogen 2100F

Oxidation 1500F

i
g
3
%
8
=
3
<

Oxidation 1800F**
Oxidution Z1007 SN

Oxidation 2100F**
Combustion 1500F
Combustion
18Q0F*
Combustion 2100F

* Fatigued to 11 ksi for a total of 4000 cycles prior to testing

** Fatigued fo 11 ksi for 1000 cycles every 250 hours for a total of 4000 cycles prior to testing

232
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Effect of 1000 Hour Environmental

Exeosure on Shear Strengh

Double Notch Shear Strength (ksi)

As Made
Nitrogen [
1500F
Oxidation
1500F
Oxidation
2100F
Combustion
1500F
Combustion
2100F

Summary

» Mechanical properties of CG Nicalon CFCC stable at elevated
temperatures in simulated combustion environments
- Low temperature oxidation embrittlement
- Improved performance in combustion environment
- Shear strength not effected by environments evaluated

« Significant improvement demonstrated in thermo-mechanical
properties of CFCC using SYLRAMIC™ SiC fiber
- Higher temperature processing
- 90% improvement in microcrack yield point
- Improved low cycle fatigue performance

233
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CATERPILLAR

Self-Lubricating CFCCs
For Diesel Engine
Applications

M H Haselkorn
Caterpillar Inc.

Objectives of 3500 Natural
Gas Engine Test

=« Evaluate CFCC Valve Guide
Attachment Method

= Determine If Engine Test Data
matches Laboratory (Cameron-Plint)
and Engine Rig Test (Battelle) Data

GATERPILLAR® o A
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ATERPILLARS. | A

CFCCs For Diesel Er:gh;e )
Valve Guides

= Silicon Nitride to Provide High
Temperature Structural Support and
Wear Resistance

= Carbon Fibers to Provide Solid
~ Lubrication

A

#

CFCC Valve Guide Attachment
Measurement Results

= Some CFCC Valve Guide ODs were
smaller than print specifications

= Some of the bores in cylinder head
were larger than print specifications

= OD of Cast Iron Guides were
oversized -- 0.2 mm above print
maximum OD specification
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3500 Natural Gas Engme Test
Results

= Test Stopped After 224 Hours because of a Facility
Problem

= CFCC and Monolithic Silicon Nitride Guides Moved
During Test

-7 CFCC Guides were pushed out 10-11 mm

-3 CFCC Guides were hammered into cylinder
head

— 1 Monolithic Silicon Nitride Guide was pushed out
10 mm

CATERPILLAR®

CFCC Valve Guide Attachment

= The following measurements were
made to determine the reason for the
valve guide movement

- OD and ID of CFCC, silicon nitride, and
cast iron guides

~ OD of valve stems,
- Valve guide bores in cylinder head
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- | [ ] L | n [ | || | ] || [ ]
- 3500 Engine Test 1 -- Valve
Guide Wear After 224 Hours
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CATERPILLAR

3500 Engine Test 1
Valve Guide Wear

= Wear Of CFCC Valve Guide Higher
Than Cast Iron

- Small amount of wear, difficult to
measure accurately (difference 6
microns) »

— Break-in period longer for CFCC guide

GMEHPILLAR A_J
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n | ] [ ] [ ] | | l‘ ] n [ |
3500 Engine Test 1 -- Valve
Stem Wear After 224 Hours
e 25
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£
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b= w %@ % @ 4 % %
GATERPILLAR

3500 Engine Test1
Valve Stem Wear

= Greater for CFCC Guide Than Cast lron Guide

- Short hour test with very little wear -- even on the
stems which ran in CFCC guide

- Length to Diameter Ratio of CFCC Guides make
them more difficult to machine

- Break-in period could be longer for the CFCC

CATERPILLARS | A
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CFCC Valve Guide Attachment
Conclusions

= Tolerance Stack-ups and Improper
Machining of the CFCC ODs are the
Reasons For the Valve Guides
Moving

GATERPILLARS A

CFCC Valve Guide Attachment -
‘Corrective Action

= Measured all CFCC ODs and
Cylinder head bores

= Matched Guide ODs to cylinder head
bores to insure the proper press-fit

= After 8 hours no movement of CFCC

valve guides

CATERPILLAR®
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| 5.00.Na;ural éas.EnZ;in-e
Test 2

= Valve guides matched to cylinder
head bores to ensure of proper
press-fit

= Will Run for 500 hours

= 4 cylinders lubricated, 4 cylinder no
lubrication (dry)

= Approximately 200 hours run

QATERPILLAR®

Pre-NPI Process Requirements

= Demonstrate Durability of CFCC Guides in
Diesel Engine Environment (Performance, Life)
- Lifetime of Carbon Film

- Guide and valve stem wear
= Specify (Concurrent Preliminary Design)
- Dimensional and surface finish requirements
- Mechanical properties of CFCC
- Break-in procedure for CFCC guide (if required)

CATERPILLAR ” | A

273




Pre-NPI Process Requirements

= [dentify and Demonstrate a
cost-effective manufacturing process
for producing reliable production
guantities of CFCC guides
-~ Manufacturing process development --
Allied Signal
—~ Two-piece valve guide design

carerPiLLARS A

Two-Piece CFCC Valve Guide Design

= Able to dry press component
- high volume production process
= Reduced amount CFCC required

= ID machining smaller lengths

CATERPILLAR"
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Figure 2: Stiffness Reduction of 2-D Woven Nicalonf#SiC Composite at 1800°F
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