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FOREWORD

GENERAL

The work described in this report was carried out at General Electric Re-Entry and Environ-
mental Systems Division (GE-RESD) Advanced Materials Development Laboratories, Valley
Forge Space Center, King of Prussia, Pennsylvania. Technical supervision was provided for
the U.S. Army Materials and Mechanics Research Center by Mr. John Dignam. The program

manager tor the General Electrie Company was Mr, James P, Brazel.

This program was comprised of three major tasks, distinguished by the technical discipline
involved. The first of these, "Multidirectional Reintorced Fibrous Composites,' was a con-
tinuation of work done in previous RESD/AMMRC contracts. The principal investigators for

this task were J. Brazel and R, Fenton, The second task, "Ultrahigh Purity Nitride-Based

m—————————

Ceramics' was led by Dr. Richard A. Tanzilli. Task 3, "Thermophysical and Mechanical

Characterization of Raytran Zine Selenide' was led by John A, Roetling,
— e
PRINCIPAL CONTRIBUTORS: TASK |
The principal contributors to the "Multidirvectional Reinforced Fibrous Composites'' task
of the program are listed below:

Fiber Studies, Omniweave Design Richard Fenton
and Weaving

Fiber, Matrix and Composite Kenneth Bleiler
Chemical Analysis

Composite Formulation and Fabrication

ADL~-4D6 Richard Fenton, James Brazel
BNQ Richand Fenton
CVD methods tor BN matrix Dr, Joseph Gebhardt
in BNQ
Scanning Electron Microscopy Joseph D'Andrea
Characterization Plan, Program James Brazel

Management and Final Report Editor

Mechanical Testing Robert Kreitz

Ultrasonic Measurements John A, Roetling




Shock Testing (plate and particle impact)

Dielectric Properties

Composite Micromechanical Analysis

The report contributors also wish to acknowledge in particular the contributions of the

tollowing technician persounel:

Omniweave Preform Weaving

Mechanical Measurements

In addition, the computer-generated graphs and data reduction presented in this report,

notably in the moechanteal test seetion, were the work of John A, Roetling and Robert Kreitz,

PRINCIPAL CONTRIBUTORS: TASK 11

The principal contributors to the "Ultrahigh Purity Nitride Based Ceramics' task of the

program are listed below:

CVD Process Development

Aluminum Nitride Process Development

g '=Sialon Specimens

Cubic Boron Nitride Specimens

Vapor Grown AIN

Radar Property Measurements
Thermal and Optical Properties
Mechanical Properties
Microstructural Analyses
Laser Simulation Tests

*Under subcontract to GE/RESD

Marlyn Graham, Eftocts
Technology, Ine.,*

Jack Hanson (GE) and
William Westphal, MIT*

Dr, John J, Kibler, Eddy A.
Derby, Materials Science

Corporation*

Vincent Arcidiacono,
Bryce 8, Kennedy

Jordan Konell

Dr. J. J. Gebhardt
C. Farley

J. Yodsnukis

J. Axclson

Dr. C. Dulka

AL Gatti (SD)

Dr. I, Corrvigan (SMD)
Dr. G. Slack (C=-R&D)
Dr. T, MeNelly (C-R&)

W. B. Westphal (MIT)
J. Hanson

J. Hanson
B. Kennedy

J. Roetling
R. Kreitz

Dr. E. Feingold (8D)
B, Faust (8D)

J. D'Andrea

W. Staley

Dr. D, Smith
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PRINCIPAL CONTRIBUTORS TASK 1

Immediate technreal superviston tor this "Thermophysieal and Mechanieal Character za-

tion ot Raytran Zine Selenide™ task ot the program was supphied by Dr. Anton Hotman of AMMRC,

The principal contributors of GE-RESD arve histed below:

Technical Planning & Supervision John A, Roething
Moechameal Testing Robort Kreits
Fhermal Expansion, Flexure & Tensile Jordan Konell

Moeasuremoents

Ultrasonic Measuremoents Roland W, Diriver
John A, Rocetling

Thermal Conductivity & Specttie Bryvee S8, Kennedy
Heat Measurements Jack Nanson
FGA & DTA Measurements Kenneth Bleiler

In addition, we would Tike to acknowledge the helptul adviee of Mr, Robert Donadio ot
Ravtheon Rescarch Division, Mr, Donadio also supphied additional "Raytran' ZnSe (lexure

test specimens,




Scection

FABLE OF CONTENTS
Page
PART I MUL TIDIRECTIONAT REINFORCED FIBROUS COMDPOSTT EN

NTRODUCTION AND SUMMARY . ¢ o n i oo s s oo e os oss il g R e 13
Lol - Itroduelion o o sie s e xd s cs s v iems

O el o U e el 13

{0 L Multdirectional-Remiorced Fibrous Composites . ... . . 13
.12 Ultrahigh Purity Nitride-Based Ceramies ..o o. ... .. 17
Lok Fhermophysical and Mechanieal Chavactevization of

Raytran Zine Selenid | . < i h vl sieiiniaie s s aia e ni 17

COMPOSITE DESIGN AND FABRICATION o0 v vt v o vvomneeooensons 19

2.k antlien FIbar SMETeRT . st s s e v v s s ms e s e o e v 19
21l Ghamionl ARRINEIS o 5 i v dia e ol aie el e ot o S a e & s o 19
- 0 Fiber Breaiing Sren@th o« o vi v s s s dis @ s e s as o 20
i 10390 R Lo R TN B0 1 ¥ S o S o 21
2.2 SiHen Preforin FALEIORLION .« v« v o ois x e vie o sime o s sis asle s 24
5 SIHCR FILOD SYSTRIN 4 niss s e o 5 s v oih o m e & 55 56 65 s 24
2 2 ADI=D6 Omnivweave Preformis o v e s v e v e v oo s s 24
223 L T o I s U R 26
2.3 CompositeDens ICAtIGN] < ais & i i 5o b v s 5a oo v @ e aie s s 27 s
2431 Standard Densification ProCeoSS o v v v e e et e s e oee 29 \;
2.3.2 PGS SEVRTISHOn SMILIOS ¢ i e 2 v ve s me wnims s alsin ¥ e 31 g
2.3.3 Water Desensttization Studios v v v w e v v v e e v v, 38 £
2.4 BNQ Composite Densification . « e o oo oo oo oeesossssesss 42 ‘
2.4.1 BUGEEROUNIE Ch e e voe i e e e & e e e 42 §
242 COmMpoSite PIaGesSSIng o v v uc v avxees « sw s 6w se e 42 £
B

CHARACPERIEATION. o v s vnn tommn s @ s deeonsnsnhensen 47
3.1 'The Sampling and Characterization PIan . .. ceev e ansaoe oo 47
3.2 ADIL-4DG Mechanical Characlorization « « s os e s s 6o s 656 s oo . a8
Sl ADT-4D6 Densttication Process Sereening:
Flesural MeaSurements . c o sssnms s v messs a8
S.2.2 Fine Weavo ADT A0 « w v . sv i s vninmen an as on v 73
Je3 Ultrasonic MeaSureMients o . s o v s oo o sm v 805w sn 566 anssss 83
b [ 1o 18104 8o 1y R B e R R i O I e~ 83
Fede2 Experinentl Results o o sn v v smvivn v w oy ams s bn S84
dudl . SHOQK TORMNRE o v we o v wa s w5 s w o ks 4 sv s o 5k R & s 89
4l gt s it (a4 L SRR T S S A SR S R s RN
Ja4.2 Equgtion~ol-State and AMenuation ¢ « « o w v s o0 5 w6 6 s o S0
Ja4d Blamage ReSISNtE s vsvsaw s b ansanssens s s a5
Jod.d Particle lmpact Testing R L T R SR S R S o
J«§ Diclectric Proporty Moasurements ¢ . ¢« ve o sv« s 65 655 v 559 s 109 i
2 T | Mothoos of MoGSoretiiil (s oo s s s s s 64 s a0 v eh v o 100 ]
3:5.2 Results of Measuromems . v ocesvveansss o usv s 114 \'f

COMPOSTTE MICROMECHANICAT ANALYSIS (it ivnvvcenonanns 119

o

ek IDEPOUUCTION & 4 v v & viswuin s« 63 0m & 00458 6 50 %S T W 119 (1
4.2 Analysis of Specimen Geometry and Thickness Eltects in !
Silica Silica Composite Untaxial Tension TOStS o v e v v o e oo 119 !

4.3 Correlation of ADL-4D6 Matoerial Propertios .o eeevaan 126

4.4 Multidivectional Material Strength Predictions .o o b o v .. 134
4.4.1 troduction: 4D Failure Mechanisms; Findings of a

Study ot 4-D Graphite/Eposy « c vs s ons s v s oo v 134

$.4.2 ADIL-4D0 Strongth PArametrios . v cevossos i o568 139




m—-——-—""—"‘—;r

FABLE OF CONTENTS (Continued)

Section Page
oo Specification ot 4D and 5-D Preform Goometrios oo vy v v v v w . . 147

§$.5,1 Nolome Fraotion Of FibRDS. o os s 5a s e e s e 5 e v v s s 14
§.5.3 Orvientation of Fibers Wathim Panel . ... .00 0ot v v ... 150
%.5.3 Detmition of the Coarseness ol Weave oo v v v ot o .. 153
4.5.4 VR EIADILIE Hoko & Tl kel v o talie s @ & % (e B 4 o) el e e LoG

L6 Omniweave Antenna Window Material Mechanical Testing

L 3 4 13 Y

L Conclusions from Micromechanios Analvsis oo o v . v ey v s s v e e 165

) CONCLUSIONS AND RECOMMENDATIONS & @ 0ttt st sennsensenos a7
b 5 GORGITS OIS §/are.. et v fobine o w s s o o2 (6d e 3 05 o A s o e Lo
G2 ROCOMMOERURTIONE 5 o« hials sia i = s 00 aia s s m s ol v & o o) vl b e lan

PARD 11: UL TRAHIGH PURITY NITRIDE-BASED CERAMICS

O PROGRAM OVERVIEW 4 ¢ c c v ain v o v v uws o S e M A TR e Lk
6.2 Program Plan . <.« . R e R e 2 17
Gaod Sty CERERUIE . © el v oo o o8 w o €0 6 &4 K 55 e 4 5w e e 271

i SHTCON NITRID Y CEECRTR A SRR R - R

7.1 Introduction R ol 0 0 o el g R s e b e e T e s 6 9 175

N T 175

7.1 Application As A Millimeter Wave Window . . . ... L. ... 175

/(P Chemieally Vapor Deposuted Silicon Nitride .. ..., ... W
7.2 Chenueal Vapor Deposition of Pree-Standing Plate o, v e v ..o, %
PR Process Description | L ... L Cee O U e e T 175
Property Characterigation’ & cs e ov vann e v soen s one 17
.3 Preparation of Pure Sthicon Nitvade Powder ..o 188
8 e T A - e e e s S 87
Fod  IEEPORUCEION ¢ v wwvien v s men e v nne O R R P 87

R Application as a Mailhmeter Wave Window . ... L, ..

8.2 Sinterable 8'-Sialon .. v ee s

77

e bt et bt s
o

8.2.1 FIoCesS DICSORIDUON &k 0 s vl v e o wiei v 55 5 o8 0 9o N
8.2.2 Propeyty CharacteriBation & o vvs s w e umes oo somims 8

9 AL UMIRUM NITRIDE i escc vanvas

1938 |

Rk 1 BRGSO 45w v w0 5w o e B 6 e A W Lag
Sl Application as a Milhimeter Wave Window . .o 0., LaR |
9. 1.8 Processing Rese®Oh PIGH &« c svvv v ovuems ve v 193
9.3 Hot-Pressed Aluminiim RUEIAE oy oo s sweessmos xoss oo s 193
Yuds X PrOCesSs IRYETIIION o ¢ 5 x5 & vw oo 008 & 5565 Nssisisnse 193
j Hd.2 Proporty CHeracteriZation v« v iwe v s vs v e o o5 5w s 104
f 9.3 Chemieal Vapor Deposition ot Alumimum Nitvide o o v v v v e v e nwn . 206
i 9.3, 1 ECONRICRE APDIOACN. v e vt v swns ¢ 4i%s o s o w0808 5 6 200
‘ 9.3.2 Baperimontal APIoaol <o v vn v vy b as a6 e w s 209 |
¥
| 1o CUBIE BORQN NFERIIIE & s vl vvcint snesiassees s o sds o 217 !
LR IDEPOMUREIGN. o v s oo o 0 & 8w s % S e 6 0 e e 217
b Apphication as a Mitimeter Wave Window . oo e e nwn .. 217
HMiykadl PYOceis BUsvnrGl v vo v vs/v s 65 6 080000 n b e s 6 ¢ 6t 217
10,2 Characterization of Phvsical PIopertios oo v e e oo oo s o v e o 217
Wedel Hadar Transmilante (oo v v vsconenscsos osen 217
ek FRarmill COmMEHCIY: « o 6 o v vmrv vn o 0wie o s a s o el 217




S

Section

\
11

i3

FTABLE OF CONTENITS (Continued)

CONCLUSIONS AND RECOMMENDATIONS | (oo oaansoene T 221
el CORCIURIBHS: 3354 % 4w a v W x & s i aiels w s n o . TTRTART S S TS pL§H

11,3 Recommendation® . oxwm s o9 va AR TR SRR £ % R

PARLD UL THERMOPHYSICAL AND MECHANICAD CHARACTERIZATION
OF "RAYTRAN" ZINC SEL ENIDE

PEST RESULTS & s vanss s Sl T R g e R Sk *oe e A 231
15.)1 Thermal EXpansion | ¢ v« oo e 6 vosenes R 5 e LN N AR 281
15.2 Hardness Moasurements .. e s s ca 6 o o5 o WD e el R & 291
15,8 Ultmsonte Measurements .. .. . . g R e S S e 231
5.4 High Temperature Exposure Eflects ...« Ol e Wk B 288
I8¢5 TGA ROSula § o wain s REA N A SRR AN £% 8 a0 e 239
Lhoo Cold Flow Tests (Room Temperature Creep Tests) ... ... . BRI
5. Floxare Tests ooy 5 BoAe & s S %W N RS S A S S R S 239
loos Tenstle Vests T L T S PR S T R |

15,9 Thormal ContuctiViBY ¢ 3 o i v i vis sns iv s 88 8 m aw b ahs sosn 7
15.10Specifte Heat . . sa 0w ceaxaaen Fx E oA LBTEE EBEE RS ¥ b e 240

RECOMMENDATIONS FOR FUTURE WORK . ...... LR AT RN 253

REFPERENCES s vssvvss s Ve T TR SR TR SN (S nl

DETRIBULION TEBT wvviaes tsasonss R S S R B Ny




LIST OF HLLUSTRATIONS

Frgurd Page
1 PGA of 20 End Teflon Coated ASIPOQUATLZE <« s s o o v 0o s o 6 4 0% &« o 5000 22
2 Isothe rmal TGA of 20 End Tetlon Finished Astroquartz Roving . .. .. ... 23
3 g e 9 S T T I A P R T T AR RC g s e (e ISR e S 26
' RIDOWERVS PrafOrmydRE . & win o'v e il s € o s vinis e bl win s sl e ses e e e 26
o PROTOR #3005 = 515 5 i a5 e a5 a e e St 27
o BNG Proform $42T (o oa s v e n v o B ey e N A g e 28
i Sketch of #4127 Finger Weave Proforms ; o sve o v v o v « R T A s 28
b ADI~4D6 Standard Fabrication PrOCESS . v .o« « s wsim v s sosw s o 54 e 30
9 \DL=4D6 Densification Process Vaviations .. ... e R S R 33
10 Mechamsm of Collawdal Silica Agpregation by Siloxane Bond Formation. . . 35
11 Poerceent Silica in Dispersed Phase versus Time for Ludox Colloidal
Silica Sols at Room Temperature . .. . ... . ) S e R S L S B Ju
12 Resonant Cavity Measurement SYStem « o v o v v v o vo v e o4 o S X alh n e 39
13 Tan § vevsus Time at Ambient Conditions mu Silane Water Desensi-
tization FEEREMUIL | ¢ v @ s o 5 msis o8 5w s & 5w S e R 41
11 BNQ Composites: Fabrication ProCesses ... vwsw s s s R S 43
15 Sampling: Plan: ADL-4ADE Plate 418-2 . | (oo vassvaes s SR R ¢ 49
16 Astroquartz Omniweave Preform 423 Sectioning Plan. « « « v« v v o o & : 50
17 Sampling Plan: ADLID6 PIate d28=1 . . o v v ov v v mas s s v v s o . &
18 Sumpling Plan: ADL-AD6 PIAte d23-2 5 1 o o v s s vmm v o m s5m o s s oo " 52
19 Stimpling Plan: ABDL-4DE Plate 423-8 . . L v v v v vn wn v s n vaimov s 0w s 53
0 Sampling Plan: ADL-4D6 Plate 423-4 ., ..,..... DO RIRahT i Sh ) 54
3 Sumpling Plan: ADL-4DG Plate 423-5 . . ... .. .. St B U M ol et 54
s Sampling Plan: ADL-D6 Plate 423-6 , . « . oo o v v v cn v v oo nnn o S W 55
'3 Sampling Plan: ADL-1DG Plate \“'«v-\ ................... S b e 56
2 Samipling Plan: ADL-4D6 Plate 424-2 . . . oo v o v onu o Sl ke e 57
15 Details of Flexure Rar Stram Gage .\pphc;ninn ........... S e a8
6 Flexural Stress-Strain, ADL-4D6 Pancl 418-2, Standard Process . .. ... 63
T Flexural Stress-Strain, ADL-4D6 Panel 423-3, Standard Process ... ... 63
40 Flexural Stress-8Strain, ADL-4D6 FP-3, Standard Process« « « « e v v v v G4
29 Flexural Stress=Strain, ADL-4D6 Panel 423-1, Delete Teflon Removal. . . 67
30 Fleaural Stress-Strain, ADL-4D6 Panel 423-6, 650°C Teflon Removal . . . G7
| al Flesural Stress-Strain, ADL-1D6 Panel 423, Smaller Colloidal Silica . . . 69
2 Fleaural Stress-Strain, ADL-4D6 FP-2, Aggregated Colloidal Silica . . . Y
1 Flexural Stress-Strain, ADL=4D6 Panel 423-3, 5530°C Fiving « . v v oo v v e 70
34 Fleaural Stress-Stram, ADL-4D8 Panel 423-4, 750°C Firing « v oo v v 0. . 72
R Flexural Stress-Strain, ADL-4D6 FP=1;, AcidpH .« c « s s v ens R w3
36 Flexural Stress-Stram, ADL-4D6 Panel 424-1 Fine Weave,
‘.I Standaevd Progess v« « v o vsin v vt w s e gt e ere S e et o g R
| W7 Flexural Stress-Stram, ADL-4D6 Panel 424-2 Fine Weave,
! Standard Process « v v v ov v v o onan 8o SR R S B e R, TS &L 75
I‘ a8 Evolution of ADL-4D6 Umiaxial Loading Te nnlv \pumwn DOSIEN v vis v 5 v 4 ol
a0 Circulty Compression SPecitien: s s sv s o s s v w & & a e N K, . 8
o Panel 424-1 AR Tonsion. « v v c v vnn c i v wnw e v SreR-g ¥ e A PR
Hl Re=Tested ADL-4D6, Axial Tension, Panel 424-1 Fine \\(.l\v. o LN 80
§2 Panel 424-1 Axial Compression .. .00 000 SN L R R oy % [ e B 8
13 Effeet of Rectangular Bav Uniaxial Loading Specimen Thickness on
Measured ADL-4D6 Ultimate Tensile Stress, Standard and Fine
Weave ...« SRR E DS WG G RS VOB R S e e 82
bl Results of Fquation of State Tests on ADL=-4DG l e \\ cave Materis \1 ;
and Comparison with Standard Weave Roesponse . . o v v oo v o e v oo 92
s Equation of State of ADL-4D6, Stress Versus Particle Ve Imll\ REETIEY an
A S




Figure

40
47
48

19
50
51

o o
& 1

S ]
LD -

L1 O ¢

ol

61

62

Ha

66

68
69
70
71

-~

L
73
T4

(B8]

76
ot

78
79

80
81
82
83
84

4
&

LIST OF ILLUSTRATIONS (Continued)

Equation of State of Plexiglas and Mylar, Stress Versus Particle

VOIOOIY o & 5 n == o6 o @ » VR e A Bum S K R SRR K GBI B -
Test Number 4529, ADL-4D6 \p\ cimen #424-2-S-1 ... .. e
Spall Test Results tm ADL-4D6 Materials . . . ., oo s v wn G
Velocity Dependence of Mass Loss Ratio for ADL-4D6 . .. .c . 000000
Density Dependence of Mass Loss Ratio for ADL-4D6 ... .. ... ... ..

Temperature Dependence of Volumetric Mass Loss Ratio for \l)l ~4D6 . . .
Correlation of Volumetric Mass Loss Ratio with Ultrasonic Attepuation . .
Relative Frosion Performance of Virgin Antenna Window Materials .. ...
Notation in Standing Wave Measurements . ... ., Al la el 4 ey oMk ke ab Vol R
Longitudinal Section of Circular, High-Temperature ;lmph' Holders: . .- »
Equipment for Resonant-Cavity Measurements . . « s s s 5 v vs ss a5 oss

Transmission Bridge for 90 GHz Diclectric Measurements . . . ... ... o

Effect of Uniaxial Tension Specimen Thickness and Type on Measured
Ultimate Strepgthl 6f ADTAADE o u o d s o s e mme 4 5 s N (il ChRi e

Effect of Uniaxial Tension Specimen Thickness and Type on Ultimate
Strength (Modified) of ADL-4D6 ... ........ S e et o R A o

Results of Plexural Sereening Tests to Determine the Effect ol
Silane Coupler on the Strength of ADL-4D6, . ... ..o euoeicesass

ADL-~4D6 Material Property COMPETISON « « civ v wvs o o 4 o oo wileie 0 vl
Modulus Versus Surtace Through the Thickness Fiber Angle (STTA)

for & 4=-D' ADL~4D6 Ommiweave < ..« .o s averssssss RS o S s
Tensile Strength Versus Projected Angle for a 4-D T-300/5208

Material; FVF Qeth N T e s i ) A e s s a el an SIS G S
Tensile Strength Versus Projected Angle for a 4-D T-300/5208

Matexialy FVF = 0.4 . ... . w..x S B 1 | GO T e o L e =
Shear Strength Versus Projected Angle for a 4-D I-.\UU,'.)‘O\

Material; FVF = 04 ... s . USRS s S T S e e
Shear Strength Versus Projected \n-'lu for a 4-D l—.\OO, 5 ’0\

Material; FVFE S e e B T o S
Unit Cell Bundles tor Different l‘lo]uhd Angles s « s S0 st i

Predicted Strength Parametrics for ADL-4DG6 in the 1- lmulmn P r
Predicted Strength Parametries for ADL-4D6 in the 2-Direction . . .. ...
Predicted Strength Parametrics for ADL~4D6 in Shear. : « « « v ac s vs s s »

Predicted Strength Parametrics for ADL-4D6 in Shear. . . « « v oo o0 s . v e
Predicted Strength Parametries for ADL-4D6 in the Bias Direction .. ...
Cross Section of 4-D Material . ... ... S 6 4 18 1 S AT e v e
Cross Section of 6-D Material » o 5 v v nis o s v 5 o aas - o vl s el al e ate
Compatrison of Predicted Fiber Bundle Cross Section \\Hh an Actu l]

2~ Cross SEetion « o vmvew om v ol v s v 5w e R R SE R
=D UM Cell « iv o oown S Te s el
Cross Section of 4-D Weave Showing Fiber Pi nh ) 3 A s SO AT B Brat
T=B Ut COIL o « te e 56 e R e R b S e o ket U
Typical Sectiens Through Model of Figure 73 Showing Sh:qw of

Matrix Region between Hexagonal Rovings . ... . . 0 3% 5 8 K e e
Normalized Flexure, Average, and Tension Moduli Versus P (Bl visinis

Comparison of Test Data Versus Predicted Flexure \]O(‘lllll\ AT
Finite Element Model of Test Spectmen «v v w s o o o v m s 6 ¢ o 5 s iom
Stresses Through-the-Thickness of Flexure Specimen at Mid-Span. .. .. .
Process Development and Evaluation I{o.'ulmup for Nitride-Based
Ceramies . .o oo veon G
Graphite Deposition \l u\dnl tov lm ming C \ D Flat-Plate Dopo\u\ a e

Page

94
94
98
99
104
104
106
106
108
110
111
112
113

120
124
124

125
130

138
139
141
142
143
144
135
149
149

151
152
p L
154

155
161
162
163
164

-




LIST OF ILLUSTRATIONS (Continued)

Figure Page
86 As Deposited @-SigNg (Run191). . .. oo vv o it vi i v eoceannne 179
87 Post-test Surface Condition of CVD a - SigNg4 After Vaporization ....... 185
88 Subsection of the Si-Al1-O-N Phase Diagram Showing a SigNg-AIN - A]z()q-

SiOy Isothermal Plane and the 8' -Sialon Phase ........ e . 188
89 Schematic of Current Sintering Process for Forming GE-128 ......... 188
90 Photograph Showing GE-128 Sialon Specimens for Radar Measurement . . . 189
91 Post-Test Surface Condition of GE-128 g'-Sialon After Vaporization. . . 191
92 Photograph of Hot-Pressed AIN Specimens [llustrating Density Increasing
with Temperature and PreSSUTE , « « « « « ¢ o s s o o5 0s s s aassoooss 195 !
93 Comparison of Thermal Conductivity Versus Temperature Data for ! ;
Several AIN Specimens « « .« « co oo oo osn G Ole G D BT S oraiats 204 |
94 Infrared Transmission Spectrum of AIN Sample W-167 . ... ... ... ... 205
95 Infrared Reflectance Spectrum of AIN Sample W-167 . . ... ..o v v . 207
96 Post-Test Surface Condition of Hot-Pressed AIN (Spec. HP-22)
After Vaporization ...... 208
97 Infrared Spectrum of AlClg. NH3 (KBr Pellet Technique) . .. ........ & 212
98 Photograph of Deposition System Used to Prepare CVD-AIN ... .... e 213
99 Schematic of Experimental Deposition Furnace ., ... .. s e e 34 213
100 Enlarged View of Aluminum Vaporizer (A) and Schematic of
e DOS E R O U & (s T o S R e e s e o el o e s i i & e 214
101 Schematic of Deposition System for CVD- AIN Showing Flask
Containing AIClg . ...... ... ... 5 215
102 Comparison of the Thex mal Conductivity of Cubic Boron Nltnde
(Spec 1025-3) with High Purity Copper. . « v v v v v v v o v e v e v v v e vennn 219
103 Cutting Plan — 1/8 Inch Plates . . . . ... ....... ekl (S 5 s et i (8 by e ik 227
104 Cutting Plan — 1/4 Inch PIate oo v vivis o o v vilers leiio sl s o v o & s o sisis s 228
105 Cutting Plan — 1/2 Inch Plate . ........... s Mo SR B % e 228
106 Cutting Plan =374 MCH PIALE & o v v s le = oo ol st o ol wiatislio o of o it ul oo & 229
107 Cutting Plan — 1.0Inch Plate . .......c00000... GG G R . 229
108 Zine Selenide, X Direction, Thermal Expansion . ...... Whe e sis 5 e s 234
109 Zinc Selenide, Z Direction, ThermalExpansion . . . . v e v v v v v v v, 235
110 Thermal Expansion — ZnSe Combined In-Plane and Perp. Data . .. ..... 236 {
o TGA/DTA — Zinc Selenide, Atmosphere: 0.15 Liters/Min. — Nitrogen
112 Flexure Test-ZnSe, 250°F .. ...... R el S e e e
113 et e T ost—SZNSe G 000 15l se e o u et o i i (o len s s el o1 %105 s
114 Elexure Test — ZnSe; T009F . v i . Jvse s v owsion o s s
115 Elesure Teat — ZnSe, TO00T & i a civ st o vsiane s s o e s s o v
116 Zinc Selenide Flexure Strength Finish Effects. .. .. .........
117 Thermal Conductivity — Zine Selenide .. .... .. R i A B A
118 Speecific Heat — Zine Selenide . . v o oww s o vomnsvviomns vwsanas
10




LISTOF VABLES

Table Pagoe
1 Antenna Window Materials for RV and BMDI Applications . . .. ... .. ... 14
2 Chemical Analyses and Breaking Strengths of Astroquarts Roving .. ., L . . 20
3 Typical Chemical Analysis on Astroquartz Fibev .. .. .. ... ... ... 21
| Characteristics of Quartz Filaments and Roving . . . . . .. .. oo ... 2
5 ADL-4D6 Quarts Proform Charactorvization Data . . oL . L. L. 25
6 Boron Nitride Prepregging Emulsfon . .. 0 o 00 o i it i vt v 29
7 BNQ Preform: Charactorization DRER. « o b oocm e v b s 50 5 5 55 5im s s s o on 29
s ADL =1D6 Panel Charactervization Data (Standard Densification Process) |, 32
9 Characterization Data on Process Varviation Study Panels oL . . L. 34
10 Diclectric Properties of ADL=-4D6 at 260 MHz . .. .. .. i ittt i v v v v 40
11 BNQ Composite Charvacteorvistics (Priorv to Rigidization)y .. ... ... ... 46
12 SR360 Rigidized BNQ Composites . v o v v v cvvn v bt ve s ae sbes oo e 46
13 Standard ADL=4D6 Floxure TestS . oo i o et e e e e et e e e e e e e e en G1
11 ADI-1D6 Floxural Tests, Preform Heat Cleaning Varviation Process
D B e R o D alhel s ol v e, SRS s Ta o1 3 v g e ok 5l o 66
15 ADIL =1D6 Flexural Tests, Varviation of Colloidal particle Size
D O B U R o e e B e e e T e e 68
16 ADL -4DG Flexural Tests, Heat Troatment Process Vaviation Studies 70
i 1 ADI -4D6G Floxural Tests, Acid Process Variation Studies ., . .. ... .. ; 72
18 Fine Weave ADL=4D6 Three=-Point Flexure Tosts ... 0. ... w
19 FFine Weave ADL=4D6 Uniaxial Tension and Comprossion ., ... ... .. 8
20 Ultrasonic Velocity and Attenuation Data Standard ADI -4Dg,
REREE A e o e e kg e s L e i e kA N e R S 85
21 Ultrasonic Velocity and Attopuation Data, ADL =4D6, Plate 4182 . .. 86
22 Ultrasonic Measurements on Flyer Plate Specimens .00 ... ... 8|8
23 Matevial Propertios for Fine=Woeave ADL -4D6 Specimens Used on
Bogaation of SUBLo TeEE . ¢ wv ¢ wvwis e ve ol aiiie vsia N owm o s mm s o wm s 20
24 Summary of Fquation of State and Attenuation Plate Tmpact Test
Conditions and Results tor Fine=Weave ADL=1D6 . oo .. 91
20 Equation=of-State Data for Fine Weave ADL=4DE . . ¢ o ¢ oo v v v v v o s e s ns 92
26 Material Propertios for Specimens Used on Damage Threshold Tests AUt
27 Summary of Plate Impact Damage Tests on Fine=Weave ADL-4D6 0, . a6
28 Particle Impact Test Data for ADL=4DE . . . . v v vt vt e v e v vnn e 101 i3
20 Normalization of Mass Loss DAL . .. v v v v n v v s n b o ne o8 enasann 103
30 Room Temperature Diclectrice Data on Standard and Fine Weave
AT Ol B 5rQHE oy S b SR 0T ik B & e e T 96 e el % R R e 114
a1 Diclectric Constant and 1 oss Tangent of Standard Weave ADL =1DG Specimen
A18-2 Measured by the Standing Wave Method, 22 C, at 8,0 GHe L L L. 115
32 Diclectrie Constant and 1 oss Tangent of Standand Weave ADL =4D6 Specimen
F18=2 by Cavity Mathod to THU0SC |« s oo vmmm v s wass s 5 Mty &8 v s 116
33 Room Temperature @3 C) Diclectrie Data on Standard and PineWeave
o s P 0 G I S 2 O o e e A e o e S (A
34 Dictectric Constant and Toss Tangent at 24 G of ADE=4D8 Standard i
and Fine Weave, by Standing Wave Mothod (o 800 C 0000 1S 'T
a0 Tonstle Tést Spechmer COMPATISON. 5 o « b wom s oo vves v o uan s s e s s 122
36 Characteristios of Quarts Filaments and Roving . . .. o 00 ve oo o o 128
i ADL=4Da Panel Charactevization (Pancels Densifiod via Procoss "R 00 127 ! b
38 Unfaxial Tensile Tost RESUIEY . .. vttt ininine e escenenns 128 5




I'able Page
30 Refloctive Heat Shield Panel Charvacterization . . ... .. .. ........... 131
1 Improved Purity Standard Weave ADL -4D6 MOR Measurements at Room

LGIDORAtrg;  BIALG ATl 0 Lo e i e s e e R s e b 132
8 Characterization of Omniweave Preform No, 426 . .. .. .. 0o oo ... 158
12 Property Comparisons for Candidate Nitride-Based Ceramics,  Also

Shown are Data for Hot-Pressed SigNy ... oo .o o L. 173
13 Silicon Nitride Plate Deposition Runs .« . . ..o o o000 ... G 178
t Correlation of @-8igNy Deposit Color With Oxygen Content and Degree

and Color of Ultraviolet Fluovescence o 180
Lo List of CVD a=SigN; Specimens Submitted for Radar Property Measure-

nent at 855, 84, 0 ant Q0L QGHRZ . 2 5o e e v e e e e s e e o e 180
1 Radar Transmittance Properties of CVD a=SigNy at 8.5 GHz From

o 181
17 Radar Transmittance Properties of CVD « —.\'i:;N,l and Hot-Pressed

S“i\'ﬂl\ l\l‘ I‘i(l\‘ ........................................ 182
IS hermal and Mechanical Properties of CVD (s e IS e R 184
19 Radar Transmittance Propertics of GE=128 gi-Sialon at 8, 5

e Y A MR R = T e S e b T 2 Raemel My s e L 189
o0 Radar Transmittance Properties of GE=128 f/=Sialon as a Function of

Frequeney and Temperature Measured on a Previous AFMI Program « .. 190
ol Thermal and Mechanical Properties of GE=128 g/=Sialon ., ., . .. .. ... 191
»2 Chemical Analysis (By Cerac, Inc,) of Aluminum Nitride Powder

Used in Hot=Pressing BExpevitnents ..o 0 o e e e 194
a3 Hot=-Press Experiments Conducted on Aluminum Nitvide . ., .. ... ... ... 196
ol Correlation of Density, Color and Resistivity of Hot=Pressed AIN L . .. ... 197
0o Fluorescence of Hot-=Pressed and Vapor-Grown AIN ... ... ... ... 199
o6 X-Ray Data for Hot=Pressed and Vapor-Grown AIN .. .. .. ... ... .. G 200
o7 Radar Properties of Hot=Pressed AIN as a Function of Frequeney and

POPOTHIEG, . G o o et i i Sroran e o oA ne o 8 s ... 201
o8 Millimeter Wave Electromagnetic Properties of Hot-=Pressed and

Vapor=Grown AIN Which Exhibited Contamination Effects ., ... .. .. A 202
1)) Thermal Diffusivity and Conductivity of AIN (Hot-Pressed and

VHPOERGROWIY . © s e e b v neh s o o Mg e o ol % o e i eyt 4 el & s % . =03
G0 Knoop Microhardness Data on Hot=Pressed and Vapor-Grown f

Modifications of AIN .. <. v o v vow v ) A acly e A & e 208
Gl IF'ormation of Aluminum Monohalide Vapor: Trichloride Conversion

L e 210
62 Aluminum Nitride Deposition Experiments ... ... .. W A LS 216
63 Radar Transmittance Propervties of Cubic Boron Nitrvide (CBN)

Uy )2 S et e TR et S LTy A e ST N T 218
G Zinc Selenide Charnotorization Mattdx . .on ¢« v csiiie 50 ba3e mbs v am e s 225
Go Thermal Expansion Estimates From Cubic Polynomial Fit of Data . . . . ., 232
66 KROOD BIRECnNGHS (80T B, o v o v wmie s, 5 x alsm e s 6 s sane v b G e e s 233
67 Ultrasonic Measurements on Zine Selenide (Longitudinal Wave;

uUtinsdal Straln Contitlons) . « o o o v uvivis © v mae vie o saiis s e o v v e 237
68 Ultrasonic Velocity Measurements at 10, 0 MHz (Longitudinal Wave,

Unthielid SExmin ComMBIONY . « .« wocv v v wmie e o v v vmm v oaie dh e s omms s 2387
[ Flexure Tests — Raytran Z2ine Selenide o, 0w 0o e o e e e e e e e e 241
70 Raytran ZnSe — Flexure Test Results (Four Point Toading) .. ... ... .. 247
7 ZnSe Elastic Constants From Tensile Tests (Room Temperatuve) .., L L, 249
72 THOPTOn) COMWCIIVESYE MM . o it v o mm £ 5 & % s 5 5 5 S50k 6§ e e b 250

12

; i e o m— ]

LIST OF TABLES (Continued)

v




PART I: MULTIDIRECTIONAL REINFORCED FIBROUS COMPOSITLES
1. INTRODUCTION AND SUMMARY




:
1
S—

PART I: MULTIDIRECTIONAL REINFORCED FIBROUS COMPOSITES f

1. INTRODUCTION AND SUMMARY '

1.1 INTRODUCTION
I'he purpose of this program has been to develop hardened antenna window or radome ma- !
terals tor potential ballistic missile interceptor applications, with emphasis on the achievement

and demonstration ol high transmission quality in the millimeter wavelength band under the an- i

ticipated thermal, mechanical and particle erosion environments of the "Endo Non-Nuclear

Kill" (ENNK) Ballistic Missile Detense Interceptor (BMDI).  This environment includes veloce- - |

ftics as high as 12,000 teet por sccond, and heat 1laxes sutticient to drive silica-based materials

to melting, and most mitride=-based materials to sublimation temperatures,

This work was performed in the Advanced Materials Development Laboratory of GE-RESD
tn the pertad from July 3, 1978 to April 20, 1979, Three subcontracts were let; Materials
Sciences, Ine, performed microstructural analyvses of the ADL=4D6 composite system; Effects
Technology, Inc. pertormed exploding toil impact, equation of state and particle impact testing

on two variations of ADL-4D6; and the Laboratory for Insulation Research of MIT pertormed

diclectric property measurements on two variations of ADL-4D6 and ultrahigh purity monolithic

nitvide ceramies of aluminum and silicon, !
i
L.1.1 MULTIDIRECTIONAL-REINFORCED FIBROUS COMPOSITES {
This "Millimeter Wave Havdened Antenna Window Materials Study ' is the fifth in a series :
of AMMRC /GE=RESD programs with the stated general objective,  In the preceding program ;
(Ret, 1), the ADL=4D6 silica=silica composite process was developed. A "standand' torm of I{
the matenal, based on J, P Stevens Astroquartz 20 end tibers woven in a 4D cubic configura- ;
tion by the Omniweave process, and densitied with a puritied version of Dupont LUDOX AS col- \
loidal sihica, was characterized tor design data on mechanical, thermophysical and dielectrie f
properties, Its resistance to weapons elfects was measured by exploding toil tests and some x
|

inttial data was gathered on particle tmpact resistance,
I'his testing program showed the material to have a tensile strength, as measured by ]

flexural MOR, in excess ot 5000 psi tor all observations (mean value of 6610 psi) and an
extromely high stram to tatlure=in excess ot 1.0 pereent,  The relevant properties ot the ma-
terial as deveioped 1976 are summarized in Table 1 and compared to the other 8,0, A, con-

vertional and bavdencd cotennn window materials,
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The strength achieved at that time is equivalent to conventional fused silica, but the strain to
failure is two orders of magnitude higher. This extreme fracture toughness correlates with the
high value for shock hardening threshold as measured by exploding foil tests, This "baseline
ADL-4D6'" has the highest spall threshold of any known antenna window material: 8000 taps
or more tfor a one inch thickness, Conventional tused silicas and boron nitride fail at one-

tenth this level of impulse,

The electrical properties of the high purity fiber and colloidal silica constituents of the
ADL-4D6 composite are intrinsically excellent, However, the very porous and permeable
composite matrix freely absorbs atmospheric moisture which hydrolyzes on the high
surface area matrix silica and raises the effective loss tangent of the unmodified material to

well above the acceptable benchmark level of 0,01,

A "water densensitization process' based on treatment of the the rmally cleaned and dried
densified composite with silane vapor succeeded in eliminating the effects of this water absorp-
tion. The baseline ADL-4D6 material described in Reference 1 and summarized in Table 1 has
a4 maximum loss tangent at 250 MHz of Q, 006 at room temperature and showed less than three
(3) decibels transmission loss at 10 GHz when driven to surface melting in a CO» laser heating

environment,

The work described in Reference 1 can be considered to have brought this material to a
level of characterization adequate tor BMDI or RV design and showed it to have superior pro-

perties for the BMDI application,

It was, however, soon realized that a more comprehensive data base was required for the
critical new performance category ot particle erosion, Also, in the interim between the two
programs, emphasis was placed by BMDATC on use of higher frequency millimeter wave band

radar tor the unprecedented tuzing requirements of the ENNK BMDI,

The definition of the work to be performed in this program began with plans to do particle
erosion measurements on and model the erosion resistance of standard ADL=tD6, and to mea-
sure its dielectric properties in the millimeter wave band. This work would complete the data

base required tor design studies on the new interceptor mission,

The "Recommendations' section ol Reference 1 outlined additional work on the 4D silica-

silica composite system:

1. Development of the ADL-4D6 silica-silica composite hardened antenna
window materials system should be continued with the goal of achieving
the extremely high (10,000 = 30,000 psi) ultimate tensile strength levels
which micromechanical analysis of the materials system has shown to be
achievable,

_——
“




Two specitic approaches were outlined,  The tiest was:

Fabrication using tiner texture sithica Omuiweave, thereby vielding
smallor unit coll densified composites,

This approach was motivated by the similar expertence with carbon-carbon composites

where studies had been conducted to optimize particle erosion and ablation pertormance versus

weave spacing.  The eftocts of weave "coarsoness' - oo large a tiber-to-tiber spacing on

mechanical properties of CC had also been observed,

The tenstle test anomalies of Reterence 1 also suppested that a specimen strength versus

unit cell s1ze eftect w

s operative, A timer weave tenstle specimen or window thickness might
then show turther tmprovement in stractural properties over the standard material,  The com-
| plextty and cost ot aintroducing this new weave would also have to assessod agaimst any pertorm -

ance advantagoes,
Che second spectlic recommendation was i

Detailed study of fivtng temperature and stntering vaviations to vealize

the improved strengths indieated i the studies andertaken i this program.

(Ret, 1, page 197)
| The ADI -4D6 process development work of Reference 1 had indh‘:lhﬂ that tloaural
| strength was stgntiicantly improved by addition ot the silane coupler step and that heat treatment
varations from the standand process could attect the elastic modulus . and prospectively the
strength,  There was also experimental evidence trom the mtial work done on ADL <4D6 1n
Reterence 2 that flexural strengths in the range of 30,000 0 40, 000 pst could be achieved with
this material,  Micvomechanieal analysis of the system had also allowed for a theorvetieal

strength this high it the optimum tibe r-matrix interaction were achieved,

he work of Reterence 1 had in tact not achieved this strength level, although the 5000 psa
‘ mintmum was consitdered more than adequate tor conventional size antenna windows,  The apphi-
cation of the material to large radome use or to a structural wle i a high pertormance BMDIL

large aperture antenna window would be enhanced it such strengths could be acheved,
{ The ADL=4D6 studies of this program were onant eod around this outhine,

Further development of the BNQ hybrid (boron nitride tused quarts) composite was also

recommendaed.  Excellent spall resistance, tensile propertieos and an even greater strain to

tatlure capabtlity (7=80) than ADL-4D6 had been demonstrated i Retovence 2, These proper-

ties recommended the material tor extreme particle mpact or blast environments

he work of Reference T was divected towand developing an acceptable manutacturing pro-

cess tor making BNQ composites in window =sized samples,  The ettort progressed as tar as

the development of @ high BN solids content prepreg Astroquarts siliea varm, and densitied




rigidized flexure specimens with 3000 psi styength were made,  But a more "manutacturable

process was still dosired, particularly in regand to cost and handling characteristies of the

rigidized BNQ. The eftort of this program continued along these lines,

L2 ULTRAHIGH PURITY NITRIDE-BASED CERAMICS

A second general class ot materials was introduced into this program, in addition to the

multidivectional-reintorced fibrous ceramies. These are altrahigh purity movsolithic nitride-

based ceramics, principally silicon nitride and aluminum nitride.  This class of materials has

two principal advantages for the ENNK class of ballistic missile defense mterceptors,

Fhe monolithic nature assures that no scattering effects need be considered for even the

highest frequencies of iterest tor this application, whereas composite windows may show

some beam optics eftects due to the intrinsic inhomogeneity of the fiber matrix unit cell,

Second, these matevials are intrinsically mechanieally hard and can be expected to have

excellent eroston characteristies in a small particle environment, The multidirectional fibrous

composites such as AD1-4D6 however would be superior in lamye particle impact.,

The two prime questions to be answered tor the use of these nitrides in the NNK application

18 whether they have the required high millimeter wave radar franspavency at temperatures ap

to sublimation and whether than can ever be made in the required s1208 ina manutacturing pro-

COSSs |

The development of these materials is discussed in Part 11 ot this report,

L L3 THERMOPHYSICAL AND MECHANICAL CHARACTERIZATION OF RAY TRAN ZINC

SELENIDE

Raytran Zine Selenide is a commercially available high optical quality polyeryvstalline zine

selenide infrared transparvent material made by the chemieal vapor deposition process at Raytheon
Corporation,  Its thermophysical and mechanical properties were charactorizod in this program

aver the temperature range trom =250°F {0 1800°F to confirm the vendor data and to oxtend it fov

design use ininfrared sensor alternative BMD] designs

The characterization program is discussod in Part 11 of ths weport,




2. COMPOSITE DESIGN AND FABRICATION

i e &‘




1 COMPOSITE DESIGN AND FABRICATION

2.1 SILICA FIBER STUDIES

One ot the primarvy goals of the multidirectional-reinforced composite portion of this pro-
gram ts to explore process variations which would enable the silica-silica ADL—tD6 composite
W more closely approach its theoretical mechanical strength, and to realize micromechanical
property pertormance benefits such as mechanical erosion resistance. This section describes

the study of the silica tiber component of the composite,

Chemical analyses, breaking strengths, and TGA data were obtained on five different lots
ot J. P, Stevents Astroquartz roving. The results of the arc emission and atomic absorption
analyses and the average roving breaking strengths ave shown in Table 2. The sodium contami-
nation data, based on 0.2 gram sampling sizes, ave higher than J. P. Stevens data published as
typical (Table 3), while data based on larger sampling sizes (1.0 gram) agree reasonably well
with the vendor typreal data,  The data obtained on the larger sample sizes in considered more
accurate,  The breaking strength data on the as-received Astroquartz roving agrees very well
with J. P. Stevens published values (Rets, 3 and 4). TGA data was generated on teflon-finished
Astroquartz both in air and N, to check on the adequacy of woven preform heat cleaming conditions
prior to densification processing,  The weight loss versus temperature curves are shown in
Figures 1 and 2. Based on this data, the standard 16 hours at 510°C heat cleaning cyvele is suf-

ficient to remove the tetlon finish,

2.1.1 CHEMICAL ANALYSIS

Atomic absorption and arc emission analyses were the analytical methods used to determine f

the contamination levels in the Astroquartz fibers,

Arc emission analysis is a good qualitative /'semi-quantitative technique tor determining the It
broad range of species of impurities and their approximate levels.  The atomie absorption method |
IS an extremely accurate specitic quantitative method and was used to accurately determine the
level of sodium and iron contamination in the Astroquartz samples, Sodium and iron were se-
lected for atomic absorption analysis, sinee our prior experience (Ret. 5) indicated high levels

of these two elements in Astroquartz roving. The results of these analyses are shown in Table 2.

The following procedure was used in prepa ring the quarts roving samples for impurity deter-
S 1 I 2 5

minations. The Astroquartz roving sample was washed with deionized water, then the teflon

was removed by heating the samples in platinum crucibles at 338°C tov 16 hours. The samples
were allowed to cool to room temperature and again washed with deionized water., The quartz
roving was then divided into two samples, one tor are emission analysis and one for atomic ab-

sorption analysis,  These analyses were then performed using standard analyvtical procedures,
¥ A , £ »




TABLE 2

CHEMICAL ANALYSES AND BREAKING STRENGTHS OF
ASTROQUARTZ ROVING

Chemical Analvses
Ar Atom ¢
Emissior Absorption Average
k.\lr.\luar‘:: Roving Fintsh
Removal Sample Majore
Lot Temperature Size Impurities Na e

Type Number Finvsh {°C) Larams ) (ppm)} ppm) } (ps Remarks
20 End 92789 Teflon 53 140 3 . ved in Refl fve

S and #4023 Weave
20 £nd PETOA Tetlon 53 ) 14 {4
20 End RERE Teflon S38
20 tnd 94891 Teflon 550 1.0 6.0 | e Used in

NS and
20 End 943591 Teflon 650 Q Q
20 End 94891 Teflon 750 0 h. 6
12 End 158962-1 Teflon RN 0 ¢ 1 1 e Used in #424 a 4
12 End  18962-2 Teflon 53 \ 18 ) 4 ! e Used 2405 ang 4
20 End 3-3083  Stlane 53¢ 0 0 < <!
0 ind 173230483 Sy lane 50 0
o Used 1n 2427

20 End  173-3053  Silane 650 1.0 5.5
20 End  173-3083  Silane 50 4.6

.'4.\3\‘1 Elements: Na, K, Fe, Al, Mg, Ti, (a

*Yend = 300-2/0 Yarn

The types and total lovels of impurities as determined by the are emission analyvses agrees
generally with the J. P, Stevens data published as typieal impurities in Astroquartz (Table 3),
The sodium levels determined by atomice absorption using 1,0 gram samples also agree with J, P,
Stevens data (approximately 5 ppm Na),  Sodium and ivon levels determined by atomic absorp-
tion using the smaller (0.2 gram) sampling sizes are higher than "typical values', The tormer
data (larger sample) are considered more accurate and the contamination levels appear to be

about "normal’ for Astroquartz,

In one series of analyses, the Astroquartz samples were heat cleaned at 550°, 650°, and

T00°C to remove the tiber fintsh as a check on contaminant levels versus degree of tinish re-

moval, (The TGA data had not been completed at this point,) No significant ditference in sodium

levels was evident between any of the heat cleaning temperatares,

2,12 FIRER BREAKING STRENGTH

The breaking strength of roving samples taken from each lot of Astroquartz was determined

per ASTM D=5378. A minimum test series of tive replications was done to determine the average
breaking strength ot each lot of materiai, This breaking strength data is also shown in Table 2, b
t
)

The breaking strength of the silane-finished Astroquartz roving is approximately 60 pereent
higher than the teflon finished Astroquartz, and ts most probably due to the silane being a
better binder material than the tetlon and, therefore giving better load transter between fila-

ments,  As such, the differvence in breaking strength is not significant for the purposes ot this

20
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ABLE 3 TYPICAL CHEMICAL ANALYSIS ON ASTROQUARTZ® FIBER*

S0, 99,951

Impurities (ppm)

fe 3
T !
A) 0C
My
Ca 3
1
Na
K Q
i i
M
1
Sb \
d 0.5
10

“

5 a R i vss 2 N
J. P. Stevens and Company, Astroquartz'™ Bulletin #310-

process study. The measured breaking strengths for all lots of Astroquartz tested agree with
J. P, Stevens advertised data (Refs. 3 and 4) of 1.5 pounds ‘end and 2.5 pounds /end tor teflon-

finished and silane-finished Astroquartz, vespectively,
2.1.3 FINISH REMOVAL STUDIES

The standard teflon {inish removal condition used during this work tor Astroquartz Omni-
weave preforms was 510°C for 16 hours in an air circulating oven. Since residual tetlon finish
on the Astroquartz fibers could affect the contamination level and the ultimate composite pro-
perties, TGA data on tetlon-finished Astroquartz was generated in air and in nitrogen to check
on the adequacy of the standand removal conditions.  For completeness, the nitrogen run was
included to simulate conditions in the interior of the woven preform oven though theoretically
the air and N2 TGA curves should be the same since teflon degrades by depolymerization rather
than oxidation, The TGA curves obtained are shown in Figure 1 and indicate that the teflon

begins to decompose above 450°C when heated at 10°C per minute,

The question still remained. however, of the rate and completeness ot decomposition in
this temperatuve vange, To determine this, an isothermal TGA at 510°C was mun to determine
the rate of tetlon decomposition under "standard" removal conditions. This curve is shown in
Figure 2, Based on this isothermal TGA data. the standard preform heat cleaning cvele of

16 hours at 510°C is sufficient to remove the teflon finish,

The TGA residual mass data are tabulated as insets in Figures 1 and 2,

21
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22 SHICA PREFORM FABRICATION
2000 SILICA FIBER SYNTEM

Phe quarts tihev system used i fabricating the Qmniwoeave tabries for this program was
JoPL Stevens Astroquartz, oo 12 end and 20 end roving,  The basie Giber properties are shown

i Table 4,

PABLE & CHARACTERISTICS OF QUARTZ FILAMENTS AND ROVING

Filament Properties y (14
Astroquartz (Brazilian Quartz source,

Desiunation tused and drawn into filaments).

Filament Drameter, in. 3.56 x 1074
Filament Density, g/cmd 2.2

Young's Modulus, psi 1 x 107
Poisson's Ratio (2 090 i

Roving Properties

Destgnation ¢ Astroquartz 552
| tnd Count (#300-2/0 Yarns) 20 2
' No. of Filaments (nominal) 4800 2880
Finish o 5% Teflon ———»
Yards/Pound - 750 1250
Breaking Strength, pounds 28.30 lo-18

2,00 ADL DG OMNIWEAVE PREFORMS

Four quarts Ommweave pretorms were woven for ADL-1D6 development and charvacteviza -
tron,  These were pretorm nambevs 423, 424, 425, and 426, Table o hists the charactoristios
ol each ot these preforms,  Pretorm 123 (Figure 3) s the standand 4D cubie construction using
20 end roving, Preforms 120 and 420 ave fne woeave vorsions (12 end toving) of the 4D cubie

constructon,  Figure Lis oo photograph of pretovm 4206,

Preform 1200 (see Mgure o) consists of a standand 4D and two oD sections . The 1D section

(EIG=A) consasts of 20 ond Astroquartz,  In the 5D sections . 426-8 has 12 ond Astioguarts roving

added tn the transverse divection and section 426-C has 20 end Astroguartz voving added in the

transverse divection,




FABLE S ADL4DO QUARTZ PREFORM CHARACTERIZATION DATA

OMNIWEAVE PREFORM NQ,

PARAMETER 23 P 425 126
A 1 A B <
Weoeave Dosign - D - » ab 8D
IFibor Type R———— ASTROQUARTZ R TYPE 552 ROVING - -
Roving End Count 20 12 1 20 20012 20040
Ithor Fimish - 'S ON »
Uit Cell Size (MAY R < 3 3
Woven Dimenstons (ainy) L2 x 4,60 1.8 N80 LdxB.0  LLIxd. 5 1.6x4.5 l[.@8=xd4.5
N30 X 20 A X k2 N Lo N
(laa (127) (127) (M (<) (332)
As=Woven Bulk .
1.00 0,91 0,06 1,00 .ot Q.98
Density (nm o)
Avp, Weave Face
L e toe T a8 e 300
Halt Anglo (Deg.) ' i

BNQ PREFORMS

Fhe pretorm (127) designated for BNQ process studios consistod of (welve "ingoer weaves"
cach approximately 06" X 0, 8" N 28" woven simultancously,  The hiber usod was silane -
tinished Astroquarts ool 20 end roving . Six of the "hinger weaves' utilizod boron nitride
Astroquarts roving prepreg, while the remaimder were woven using plain silane - finished
Astroquartz, This was done o provide vavious bovon nitvide quarts fiber volume matios i the
preforms,

he tormula of the bormm nitide cmundston wsed tor prepregping is shown in Vable 6, Phis
formulation was selected because the provious antenna window study (Ret, 1) indicatod i pro-
vided the best prepreg i terms of penetration and unformity of the boron nitride in the quarts

moving with sutticiont (loxthility of the preprogped quarts o allow weaving i the Ommweave loom.

he prepreg process s deseribed i Section 21 3.2 of Retevence 1,

Inonder o provide some high boron nitvide content preforms, a 12 pereent bomon nifvide
(0.0 micon mean particle diametor) i distillod water omulsion was injected into the preftorm
as it was woven,

This mjection operation was conducted tor the tiest Ly inehes of each tingen

weave, atter which weaving continued without these BN additions,

A photograph and sketeh of preform 427 appear in Frygures 6 and 7. Woven protorm charac

tovization data s shown in Fable 7,
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Figure 5. Preform 426 |
FABLE 6. BORON NITRIDE PREPREGGING EMUL SION
( (Formulation #5, Table 3. Ret, 1) T
I'oluene 36 PBW
Isopropanol 1Y PBRW
Butvar BYS 4 PBW "
Boron Nitride (0.5 micron) 6 PBW
Dibutyl Scebhacate 5 PBW
|- —_—

A review of the boron nitride=fiber volume data in Table 7 shows that the addition of boron

nitride cither by prepregging or by injection reduces the quartz tiber volume in the preform.

It is telt that this is due to the lubricity of boron nitride coupled with the Omniweave pretform

fabrication process., In the Omniweaye process. some (riction between fibers s NECEessary so

that previously woven stitehes remain tightly packed until subsequent woave motions lock them

in place.  The addition of the boron nitride prior to or at this point reduces this friction and.

theretore, some weave relaxation oceurs . thereby reducing the fiber volume of the woven pre-

torm,
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Figure 6. BNQ Preform #427
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Figure 7. Sketch of 2427 Finger Weave Preforms




TABLE 7. BNQ PREFORM CHARACTERIZATION DATA

Number 427 Series Preforms

Weave Design: 4D 40
Fiber Type: AstroquartquSSZ Roving AstroquartquSSZ Roving
Roving End Count: 20 20 ;
Finish: BN Prepreg (6) Silane (6) |
BN Added BN Added i
In Situ (3) Plain (3) In Situ (3) Plain (3)
Woven Dimensions (in) 0.6x0.8x15  0.6x0.8x15 0.6x0.8x14  0.6x0.8x12
Average goven Density
(g/cm3) 0.8 0.6 0.8 0.9
Average Fiber Volume
(%) 19 22 25 42
Average BN Volume
(%) 12 1 12 0

2.3 COMPOSITE DENSIFICATION

The three major objectives under the ADL-1D6 densification task are:

1. To fabricate ADL-{D6 material by the "standard" process for further characterization
of the baseline material

[

To produce a "fine weave' variation of ADL—tD6 and compare its properties to the
standard material

3. To investigate densilication process variations which may lead to improved composite
properties

2.3.1 STANDARD DENSIFICATION PROCESS

A flow diagram of the standard ADL-4D6 densitication process is shown in Figure 8. Prior
work on this silica-silica system under a NASA contract (NAS 2-y361, Retf, 5) aimed at produc-
ing very high purity silica-silica composites for reflective heat shield applications showed that
the contamination level in ADL-4D6 composites is reduced by: 1) washing the Omniweave pre-
form prior to infiltration with colloidal silica (reduces Nat level in preform from approximately
200 ppm to approximately 100 ppm); and 2) ion-exchanging the colloidal silica sol prior to use

(reduces Nat in silica solids from approximately 220 ppm to approximately 125 ppm). '

These two steps have been incorporated into the ADL-4D6 densification process originally

reported in Reference 1,
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In this study four ADL-4D6 plates have been densified by this baseline process: two standard |

preforms (418-2 and 423-3) and two fine weave preforms (424-1 and 424-2),  Characterization

data on these densitied parts is shown in Table 8,
2.3.2 PROCESS VARIATION STUDIES

The goal of this task was to improve ADL-4D6 composite properties by evaluating the effect
of certain modifications to the standard densitication process, A tree diagram of the densifica-
tion process variations evaluated is shown in Figure 9. Table 9 lists the bulk panel character-
ization data for all panels fabricated in this process variation study. BEach process variation
evaluated is described in the following subsections (2.3.2.1 through 2.3.2.4). The flexure test

results for each process variation are given in subsection 3.2.1.2.2,

2.3.2.1 Preform Heat Cleaning Vartations

This process variation was intended to evaluate the effect of residual teflon tinish on the
quartz filaments (prior to initial densification) on the ultimate composite properties through

alterations at the fiber/matrix intertace.

2.3.2.1.1 Delete Heat Cleaning (Teflon Removal) Step - The purpose of this modification was

to prevent thorough penetration of the colloidal silica particles into the fused quartz roving
bundles during pretorm densification. It was felt that this condition might result in higher
composite strengths and failure strains due to relatively "soft' (partially impregnated) fiber

bundles in the final composite. By allowing the tetlon to remain on the fibers during the tirst

| two colloidal silica impregnations, it would block the colloidal particles from penetrating the

{ fiber bundles and lead to a buildup of deposited silica around cach bundle. This silica coating

i would inhibit colloidal silica penetration into the fiber bundles during subsequent infiltrations.
although the teflon would be removed after the tirst tiring cyele during densitication. Panel
number 423-1 was fabricated using this modified process. No silane coupler was applied - -
it would not bond to the teflon, and minimal silica coupling to the fiber bundles during first in-
filtrations was the parameter under investigation. Flexural test results for this process varia-

tion are shown in Table 14 in Section 3.

2.3.2.1.2 Higher Heat Cleaning Temperature - One preform, #423-G, was initially heat cleaned

at 650°C, then densified using the standard procedure. This higher temperature initial heat clean
(650°C versus standard 510°C) insured complete removal of the teflon finish prior to silane treat-
ment and infiltration with colloidal silica. With the addition of the silane coupler. this condition
provided the maximum possible penetration and bonding between the matrix and fiber. Flexural
test results for this process variation are shown in Table L4 in Section 3. This experiment com=
pleted the heat cleaning variation studies: no heat clean (423-1), standard heat clean (418-2 and

423-3) and high temperature heat clean (423-1), .
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TABLE 9 CHARACTERIZATION DATA ON PROCESS VARIATION STUDY PANELS

Panel Bulk Dvgsity Fiber
1D Process Variation _(g/em”) Volume Porosity
423-1 Delete Heat Cleaning 1.57 43 29
423-0 650°C Heat Clean 1.5} 43 31
423-2 Smaller Colleoidal Silica 1.51 a8 30
FpP-2 “Aggregated" Colloidal Silica 1.45 4 34 ' -
!
423-4 ’80°C Firing Temperature 1.54 a8 30
423-5 550°C Firing Temperature 1.59 43 28
i
FP-1 Acid Stabilized Colloidal _
Silica 1.64 a5 25 i
L
2.3.2.2 Varatuon ot Colloidal Silica Particle Size r_‘

This process modification provided an evaluation of ADL={DG composite properties versus
size of the colloidal sihica particles used during densitication,  Parts were densified with both
smaller and larger @ttective) sized colloidal particles than low=-sodium Ludox AN,

a0

2.3.2.2.1 Smaller Colloidal Silica Particles - Panel 423-2 was densified using Naleo 2326 col-
lotdal silica which is veported (vendor literature®) to have an average particle size of 5 milli-
microns compared to 21 millimicrons tor low=sodium Ludox AS, The Nalco 2326 colloidal
silica was given one room temperature 1on exchange betore use since previous work (Ret, 5)
had shown that atter one 1on exchange puritication, the Naleo 2326 and low-sodium Ludox AN
have comparable purity levels @approximately 100 ppm Na' an the silica solids), Flexural test

results tor this process variation are shown in Table 14 in Section 3,

2.3.2.2.2 Lawger Colloidal Silica Particles - Since large particle ammona=stabilized colloidal
silica sols are not readily available, it was decided to use Maggregated” colloidal silica sol in
place of a large particle sol,  Allowing the colloidal silica particles in Jow=sodium Ludox AS
to aggregate increases the etfective particle size, at least for infiltration purposes, as shown

below in Figure 10,

*Nalco Chemical Company . Product Technical Data Bulletin, K=2326, November 1975,

3 CHARACTERIZATION
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Figure 10 M. anism of Colloidal Silica Aggregation by Siloxane Bond Formation
(Ref. o, Figure 12)
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The layouts for fineweave plates 424-1 and 424-2 are shown in Figures 23 and 24 <nall |



The collowdal particles aggregate by torming siloxane bonds between each other.  The for-
mation of these stloxane linkages is a tunction of the surtace charge on the collowdal particle and

hvdroxyl ton content (Ret. 7). This aggregation mechanism is depicted in Figure 11, In the
neutral pH region, the collotdal silica particle surtace charges are mininuzed, thereby allowing
contact and subsequent siloxane linkage tormation,  To determine the relative degree of aggre-
saton ot a collotdal silica sol a DubPont procedure (Ret, 7y was used.  This procedure deter-
mines the percent silica in the dispersed phase ot a silica sol through VISCOsIY measurements
under standard conditions of concentration, purity level and pti. - As the percent silica in the
dispersed phase decreases, the degree of particle aguregation inereases (water becomes oc-
cluded in the particle network). Prelimina ry work showed that low-sodium Ludox AS with pH
adjusted to 5-6 with HCL would gel within cight hours. For the degree of aggregation deter-
minations, we adjusted the pH of low-sodium Ludox AS to 5.5 with HCL. The percent silica in
the dispersed phase versus time data is shown in Figure 11 tor standard low=-sodium Ludox AS
and Ludox AS., DuPont literature (Ret. 7) notes that particle aggregation has been initiated
when the percent silica in the dispersed phase falls below 75 percent. For densitication pro-
cessing, sodium Ludox AS with pH of 5.5 was used atter aging + hours at room temperature,
Part number FP-2 was densified via this technique,  Flexural test results for this process

variation are shown in Table 15 in Section 3.

100
LUDOX AS (pH = 9.5, STABLE)
%0 -
LO-SODIUM AS (pH = 9.5 STABLE)
e — =
80 = - -
~N
N
W 70 = -~
& N N
C r_ \Q ~ \-s
a 60
§ \Q‘,§ \R
Y N\ S \
g 50 & \
z \ \
g S b X ‘
;' \ \ |
\ \ |
20 b= \ \ d
: ¥ o
10 |
(GELLED) ’
L | P b 3 i
)
1 ? 3 4 5

TIME (HOURS)

Figure 11. Percent Silica in Dispersed Phase Versus Time for Ludox Colloidal
Silica Sols at Room Temperature




2,.3.2.3 Heat I'reatment Variations

The offoct of vavying the fiving temperature during densification on the strongth and modulus of

ADL=1D6 composites was also evaluated,

282,81 Lower Firing Toemperature = Preform number 123-5 was processoed using the standard don-
sification procodure except that a firing temperature of 550°C was usod instoad of the usual 650°C, It
was anticipated that this lower firing tomperature would yiold a lower modulus and highor strain-to-
faflure composito by staving woll below silica dovitrification tomporatures, The effect of less matrix
sintering on the composito strength would be examined,  Flexural test rosults for this procoess varia-

tion are shown in Table 16 in Section 3,

2.3.2.8.2 Higher Fiving Temporature = Preform number 423-4 was procossod using the standard don-

sification procodure oxcept that a firing temperature of 750°C was usod instoad of the usual 650°C, It
was anticipatod that this highov fiving tomporature would yield a highor composite modulus with lower
stratn-to-failure,  Previous work had shown a loss of strength at those temperatures, but this effect
was compoundaed by the addod process parametor of difforences in sodium ton contont, The offoct

of higher repeated fiving temporatures on porosity, collofdal silica pick-up during procossing, and
density was also to be obsorved.  Flexural test rosults for this process variation are shown in ‘Table

16 in Section 3,

I Acid Stabilized Collofdal S{ffea

The colloidal silica particles in typical colloidal silica sols (Ludox and Naleo) are stabilized and
provented from growing or appregating by (he preosence of hydroxyl groups on the particle surface.
These hydroxyl groups impart a charge to the colloidal particle surface, causing mutual ropulsion
and thereby preventing the particle contact required for growth or aggrogation, The pH of these col-
lotdal silica sols is usually adjusted 9-10 with ammonium hydroxide to achiove this particle stabiliza-
tion. By adjusting the ptlof these collofdal silica sols to the acid range, the surface hydroxyvl groups
are neutralized vesulting in no charge on the particle surface,  But in the actd pH range, particle
agpregation is still inhibited by the absence of hydroxyl groups required for siloxane linkage forma-
tion between particles,  The absence of a surface charge on the colloidal particles may improve fiber
wotting during impregnation with the colloidal silica. One Omniweave .§pvv-lnwn was dovoted to this

evaluation,  Sample P was densifiod with Tow-sodium Ludox with the pll adjusted to 1,0 with HC T,

X . 3 g
The floxure barv-sized specimon had a final bulk density of 1,64 g/em” (Tabie 9, If this increase
> ) .
over the nominal density of 1,60 g/¢m” could be consistontly achioved, other porformance propertios

romaining oquivalent, the process vartation may woll be of intorest for this reason alono,  Floxural

test results for this process variation ave shown in Table 17 in Section 3,




2.3.3 WATER DESENSITIZ ATION STUDIES
In the previous AMMRC program (Ref, 1), a water densensitization process was developed which

{nhibited water absorption by AD1 =106 composites,  The essence of (his technigque was (o react a

halogenated-organo-silane with the hydrated silica surfaces croating a hvdrophobic coating on the
silica surfaces, A comploete deseription of the chemistey involved s piven in Section 2,8 of Refer-
ence 1, The process selectod at that time consisted of a one hour heat treatment at 900 ' (o remoyve
the majority of the adsorbed water followed by oxposure to mothyitrichlorosilane vapors for 21 hours,
The methyltrichlorosilane vapor reacts with the remaining adsorbed water (o form the hvdrophobic
polysiloxane coating, The ADIL-1D6 specimen treated by the above process exhibited a loss Langoent
Oof 00056 at 250 MH2 after 24 hours storage at ambient conditions ®et, 1, Table 11, Specimoen
# FA=1-1),

Since the pure silica-silica contont of ADL =106 has an intrinsically tow loss tangent (approxi-
mately 0, 0005 at 250 MHz), it was docfded to try to improve on the previousty developed water
desensitization process to achieve lower loss tangents in troated ADU-4D6 composites,  The baseline

process was madifiod by increasing the heat treatment time from one to four hours at 900" prior to

methyltrichlorosilane exposure,  VFollowing the extonded hoat treatment, the specimens, while still

hot, were placed in a mothyltrichlorosilane chamber and exposed to the vapors for 24 hours, Uhe
increased heat treatment time was intended (o remove more of the surface adsorboed w ater from the

silica surface, resulting in a thinner final polysiloxane coating from the silane-water reaction,

Standard and fine weave ADL-1DG specimens designated tor baseline property chavacterization
were given this water desensitization treatment after densification processing. Generally, theve s a

is a weight increase of about 0. 7 percent due to the polysiloxane formation from this process,

Dielectrie constant and loss tangent measurements were made on specimens freated by this

process, then stored at ambient conditions for up to 13 dayvs,  T'he dielocteie properiios were mea

sured with a resonant cavity measurement syvstem shown schematically in Figure 12, The vesonant
frequency and cavity Q woere measured with and without (he sample in the cavity,  The dielectrie con
stant and loss tangent were caleulated from the decrease in resonant frequeney and cavity Q, ro-

spectively, The sample size used for this investigation was a 5 /S ineh diametor x 1710 ineh thick

dise. The dielectrie constant and loss tanpent data are shown in Fable 10 and Vigure 13, From this
data it can be seen that the loss tangent of treated ADT-D6 stored at ambiont for 21 hours {8 0, 0039

At 260 Mtz which s tmproved over the previous process loss tangent of 0, 0056 at 280 MUz {0 24 hours.,

The loss tangent stll increases with tme and appears o lovel off at about 0, 0002 for the standarvd
N Pi

material and 0, 0058 for the fine weave material in about 13 days,
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Sgure 7. Sketeh of #4227 Finger Weave Preforms

Further refinements of this water desensitization process, such as more stringent heat
treatments and a more thorough silane exposure through evacuation and backfilling of chamber with

silane should result in even lower loss tangents for treated ADL-4D6 material.

2.4 BNQ COMPOSITE DENSIFICATION

2.4.1 BACKGROUND

The objective of the BNQ development task was to further the development of the boron nitride-
silica hybrid composites investigated in the previous AMMRC program (Ref, 1), The desired char-
acteristic of these hybrid composites is a very high strain to failure achieved by the use of a low
strength (crushable) final rigidization matrix in combination with a boron nitride intermediate filler
to "lubricate'" the silica fibers as the composite deforms. A high BN solids content yarn prepreg

process was developed in Reference 1, but a process suitable for manufacturing preforms was not

achieved,

In that prior work, the following approaches to incorporating boron nitride into a silica-based

composite were used:

1. Use of a boron nitride-filled non-charring resin-prepregged Astroquartz roving for
Omniweave preform fabrication

2. Infiltration of Astroquartz Omniweave preforms with fine particle-sized boron nitride duri ng
weaving process, and

3. Combinations of both these techniques

Generally, the BNQ Compasites fabricated via these approaches had either relatively low fiber

content or low boron nitride content, The fiber volume decreased with increasing boron nitride

content,

The goal in this program was to increase the fiber volume and boron nitride content of these
composites such that relatively small amounts of rigidizing matrix would be required to reduce final
porosity. This would allow the boron nitride ""lubrication’ characteristic to have greater influence
on the toughness and elasticity aspect of the composite properties, while the strength and a reason-

able value of initial modulus (100,000 psi or more) would be assured by the high fiber volume

fraction.
2.4.2 COMPOSITE PROCESSING

Several approaches to fabricating the BNQ Composites were planned and are shown in Figure 14,

One basic difference between approaches is the timing of the boron nitride addition in the composite

fabrication sequence. The first method adds the boron nitride before or during the silica preform
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T mrempo sundard Fabrication Process

fabrication step. The boron nitride addition techniques at this stage in the composite processing

are the use of a boron nitride prepregged Astroquartz roving for weaving and/or packing the pre-
form with a boron nitride emulsion during weaving, Both of these approaches are discussed under

"BNQ Preform Fabrication' in Section 2.2.3,

The two techniques investigated for adding boron nitride to an already woven silica preform
are infiltration with particulate boron nitride and chemical vapor deposition (CVD), The following

procedure was used to infiltrate woven preforms with particulate boron nitride.

2,4.2.1 Autoclave Infiltration of Particulate BN

Two emulsions of 20 percent by weight boron nitride in distilled water were used for the
infiltrations. One emulsion used 0.5 micron boron nitride powder and the other used a -325 mesh
(44 microns) powder. This was done to check on any difference in degree of penetration between
these particle sizes, Sections of the 427 fingerweave preforms, about 3 inches long, were im-
mevsed in the boron nitride emulsion and the container then placed in an autoclave. The autoclave
chamber was cvz\.cuated to 258" Hg for 5 minutes, then backfilled with N, and 1000 psi applied for
30 minutes, The pressure was released and the parts were removed from the emulsion container
and oven-dried at 200°F for 16 hours. No discernable difference in weight pickup or degree of
penetration was evident between the 0.5 micron and -44 micron boron nitride particle emulsions,
The amount of boron nitride added to the fingerweave preforms via this procedure ranged from 5 to
10 percent by weight and seems to be a function of the original preform density and boron nitride
content, Those fingerweaves with a high fiber volume or a high boron nitride content (added during

weaving) had the lower boron nitride weight pickups during post-weave infiltration,

2,4.2,2 Chemical Vapor Deposition of BN

Another method for introducing the boron nitride into a silica fiber preform is chemical vapor
deposition, Unfortunately, delayvs in receiving the boron nitride precursor material required for

the intended process prevented any experiments along this approach,

This approach takes advantage of a temperature gradient that exists through the thickness of
a specimen placed against a heated surface, Precursor vapors containing the elemental components
of the desired deposit are passed across the cooler, outer surface of the preform, The portion
3 that diffuses into the weave decomposes at the inner, heated surface, gradually filling the voids

against the heated surface and increasing the density, This improved thermal conductivity and

the deposition region gradually pass through the thickness of the specimen, progressively increas-

ing the density of the part.

An approach of this type was attempted with a silica woven structure, Reference 2, in which

boron nitride was deposited in the interstices and among filaments in the fiber bundle Ref, 8¥).
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However, the relatively high temperature required to form boron nitride from B-trichloroborazole
(H%N,)ll‘w(‘l:}). i.e., 1100-1200°C had a deleterious effect on the fiber strength although the

chemistry was advantageous in that solid by-products, which would have obstructed furnace lines

and prohibited the long infiltration times required for high densification, were not formeod,

Recently, however, a less stable compound, borazene (B3N3H6), has become available (Ref. 9)
from which boron nitride can be formed at quite low temperatures, e,g., 600-800°C., Thus, it
should be possible to achieve high infiltration densities without divitrification damage to the silica
fibers,

2.4,2,3 Densification Results
Table 11 lists the characteristics of the BNQ Composites processed up to the rigidization step.
It was originally planned to rigidize the BNQ preforms with the following matrices:

1. SR350 silicone resin,

2. Silica derived from the pyrolysis of SR350, and

3.  Silica from Ludox colloidal silica

The BNQ preforms with low fiber volume fractions were to be debul<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>