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INTRODUCTION 

National Aeronautics and Space Administration research grant  NGR 

34-002-108 was awarded t o  North Carolina S t a t e  University f o r  the  development 

of mater ia ls  f o r  use in so l i d  propellant  rocket nozzles. The materials  t o  

be developed a r e  t o  be r e s i s t a n t  t o  both mechanical and chemical erosion 

a s  wel l  a s  r e s i s t an t  t o  thermal shock. The materials  should have the  

a b i l i t y  t o  provide the  above proper t ies  pa r t i cu l a r l y  i n  the  rocket nozzle 

th roa t  a rea  where the  environment i s  most hos t i l e .  

Recent research has f a i l e d  t o  provide a s a t i s f ac to ry  mater ia l  because 

one o r  more of the  above propert ies.  Graphites have been widely used but 

chemical erosion has harmed t h e i r  performance a t  high temperatures. 

Refractory metals and t h e i r  a l loys  have shown promise but without 

regenerative cooling, t h e i r  melting point i s  too low. Ceramic materials  

a l s o  have shown promise but they a r e  plagued by lack of res is tance t o  

thermal shock and abrasion. 

This invest igat ion proposed t o  develop a composite of re f rac tory  

metals and/or graphite with a ceramic base. By t he  formulation of such 

a composite it is  f e l t  t h a t  bes t  proper t ies  of each type of mater ia l  used 

may be imparted t o  the  composite so  t h a t  it may have the  mechanical and 

chemical erosion and thermal shock proper t ies  required f o r  so l i d  

propellant  rocket motor nozzles. 

The f i r s t  quar ter  of the  research period has been used f o r  necessary 

preliminary work. This work i s  itemized below and i s  discussed l a t e r :  



1. Acquisition of info-tion on equipment and supplies 

2 .  Select ion and acquis i t ion  of equipment and supplies 

3 .  Design and construction of custom equipment 

4. I n s t a l l a t i o n  of equipment 

5. Continuation of l i t e r a t u r e  survey 

6. Fornulation t e s t s  



ACQUISITION OF INFORMATION ON EQUIPMENT AND SUPPLIES 

After  rece ip t  of the  grant ,  information was obtained on the  necessary 

equipment and supplies.  I n i t i a l  needs d ic ta ted  contact  on plasma generator 

un i t ,  con t ro l  un i t ,  gun, nozzles, gases,and powder feeders;  the  necessary 

carbides,  oxides, n i t r i d e s  and borides; graphites;  tungsten base a l loys ;  

and other  miscellaneous equipment and supplies.  

Equipment and supplies were subsequently purchased from t h i s  information. 



SELECTION AND ACQUISITION OF EQUIPMENT AND SUPPLIES 

A Thermal Dynamics Model TD HVA-40 power un i t ,  50 N control  un i t  and 

F40 to rch  has been acquired a s  the  bas ic  plasma u n i t  which is  shown i n  

f igure  1. Nozzles, mixing un i t s ,  and powder feeds a r e  present ly  being 

ordered. 

Poco graphites of various grades a r e  t o  be used and grades MT-5Q, 

Am-SQ, AXF-Q1, HPD-1, and CZR-1 have been acquired. Wah Chang was the  

suppl ier  f o r  HFC, HFO, and Z r C .  Cerac Y2O3 is  t o  be used. General 

E l ec t r i c  tungsten and tungsten -3% rhenium wire and p la te  was purchased. 

Gases, regula tors ,  furnace tubes,  thermocouples, and other assor ted  

equipment and suppl ies  were obtained l o c a l l y  a s  required,  



DESIGN AND CONSTRUCTION OF EQUIPMENT 

Design of new custom equipment and redesign of ex i s t ing  of equipment 

f o r  use i n  t h i s  invest igat ion has been and is continuing t o  be done. An 

ex i s t ing  hot process i s  being f i t t e d  with a l a rge r  vacuum system and a 

l i n e a r l y  var iable  d i f f e r e n t i a l  transducer-type extensionmeter i s  being 

b u i l t  t o  measure the  hot  press d i e  t r a v e l  during f i r i n g .  A sample holder 

and torch heat sh ie ld  is  being designed f o r  use in dynamic oxidation and 

erosion t e s t i n g  with t he  plasma un i t .  

The hot press has been f i t t e d  with an induction heating un i t  which 

w i l l  obtain f i r i n g  temperatures of approximately 50000F and w i l l  accept 

samples up t o  0.75 inches in diameter, The six inch d i f fus ion  pump 

coupled with a 50 cubic f e e t  per minute mechanicdl pump w i l l  produce 

chamber pressures i n  the  t o r r  range and should provide ample 

oxidation protection during the  f i r i n g  process. 

The l i n e a r l y  var iable  d i f f e r e n t i a l  transducer-type extensionmeter 

is being developed t o  measure d ie  displacement vs .  times f o r  mass t ranspor t  

analys is  during f i r i n g .  The radiant  should provide information on 

maximum dens i t i es  obtainable under the  pressing conditions. - 

The sample holder is  being designed t o  be used with both cylinder 

type samples and block samples. The un i t  provides a heat  proofed stand 

f o r  the  sample and a sh ie ld  f o r  the  plasma torch.  Figure 4 i l l u s t r a t e s  

the basic  un i t .  

An oxidation res is tance t e s t  chamber has been designed and constructed. 

The chamber i l l u s t r a t e d  i n  f igure  3 i s  e s sen t i a l l y  a mul l i te  tube which i s  

f i t t e d  with a sample holder and a gas flowmeter and is heated in a tube furnace. 



INSTALLATION OF EQUIPMENT 

The recent ly  acquired p l a s p  un i t  has been i n s t a l l ed  and is  i n  

s a t i s f ac to ry  operating condition. The hot press equipment is  i n s t a l l e d  

and i s  i n  the  process of a shake down. The work on the  l i n e a r l y  var iab le  

d i f f e r e n t i a l  transducer-type extensionmeter is  nearing completion and 

should be t o t a l l y  funct ional  by t h e  time the hot press is  in s a t i s f ac to ry  

operating condition. The oxidation res is tance t e s t  chamber is  i n s t a l l ed  

and is ready f o r  t e s t i ng .  A l l  o ther  ex i s t ing  equipment is  i n  s a t i s f ac to ry  

operation condition. 

Within a period of a week a l l  equiprnnt should be i n  a condition such 

that a l l  necessary t e s t i n g  may be performed. 



CONTINUATION OF LITERATURE SURVEY 

The literature survey is being continued as more specific information 

is needed, The survey is somewhat hampered because to the best of our 

present knowledge no one has investigated the proposed composites under 

the cohditions encountered in solid propellant rocket motor nozzles. 



FORMULATION OF TESTS 

Af te r  a survey of the  l i t e r a t u r e ,  a group of t e s t s  which would be 

necessary f o r  the  evaluation of the  composites and t he  input materials  

were established.  This group of t e s t  which is  discussed below i s  

considered a minimum requirement and may be amended during t he  course 

of the  invest igat ion.  

Because oxidation is  considered a major problem, a t e s t  was devised 

t o  t e s t  both input mater ia ls  and composites. I n  oxidation res is tance 

t e s t i ng ,  type of atmosphere, surface area  t o  volume r a t i o s  (geometric 

configuration) , temperature, atmosphere flow r a t e ,  and time a r e  considered 

t o  be t he  major var iables  of the  t e s t .  I n  t he  low temperature oxidation 

t e s t ,  it was decided t o  hold constant the  surface area t o  volume r a t i o  

(o r  geometric configuration) of the  sample, the  temperature of the  

environment, the  atmospheric flow r a t e ,  and the  time. The type of 

mater ia l  and the  atmosphere a r e  independent var iables  and the  change i n  

weight is then a r e l a t i v e  measure of oxidation res is tance.  

The oxidation res is tance t e s t  may be performed in two ways: subjecting 

the  mater ia l  t o  a plasma flame t o  which an oxidizing gas has been added o r  

subjecting the mate r ia l  t o  a shower moving environment of oxidizing gases 

a t  a necessar i ly  lower temperature. Because of the  high ve loc i ty  of gas 

i n  the  plasma flame and i ts  erosion e f f e c t  it is  f e l t  t h a t  t he  second 

method is  a b e t t e r  measure of the  oxidation of the  materials  under 

invest igat ion.  This t e s t  is  t o  be done i n  t he  oxidation res is tance t e s t  

chamber described i n  t he  sect ion under Design of Equipment. Atmospheres 

of 80% Ni-20% 02, 100% 02, and 100% C02 a r e  t o  be used. 
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Thermal shock t e s t i n g  w i l l  be of a more conventional method. The 

mater ia ls  w i l l  be cycled between a n i t rogen plasma flame, and room tempera- 

t u r e  f o r  speci f ied  time i n t e rva l s  u n t i l  f r a c tu r e  occurs. The number of 

cycles t o  f a i l u r e  w i l l  be used a s  an index of thermal shock res is tance .  

Because t h e  porosi ty  of ceramic based mater ia ls  may be re la ted  t o  the  

thermal shock res is tance ,  the  e f fec t  of porosi ty  of the  ceramic base 

mater ia ls  w i l l  be invest igated.  The plasma equipment t o  be used is  

described in the  sec t ion  on Select ion and Acquisition of Equiprqent and 

Supplies. 

The a p p l i c a b i l i t y  of the  composite mater ia ls  t o  s o l i d  propellan't 

rocket motor nozzles w i l l  be determined l a rge ly  by a series of dynamic 

oxidation and erosion t e s t s  which w i l l  be accomplished by simulating 

exhaust gases with plasma equipment. The exhaust gas simulation w i l l  

be produced by mbcing C02 and poss ibly  f i n e  A1203 powder with a n i t rogen 

plasma flame. This gas w i l l  be inpenged upon both a f l a t  specimen of 

each composite and upon a cy l inder ica l  specimen with an appropr ia te ly  

machined hole along i t s  c e n t r a l  ax i s .  T b s e  d i scs  and cylinders w i l l  be 

held by the  devices described in the  sec t ion  on Design of Equipment and 

the  plasma equipment t o  be used i s  described i n  t he  sec t ion  on Select ion 

and Acquisi t ion of Equipment and Supplies. 

Because both carbides and graphite a r e  t o  be used in the  composite 

mater ia ls ,  it i s  f e l t  t h a t  a check should be made on the embrittlement of 

the  tungsten and tungsten a l loys  by carbon when exposed t o  these  carbides 

and graphite.  Several  mechanical proper t ies  of wire exposed t o  them a t  

elevated temperature w i l l  be determined by t e n s i l e  t e s t i ng .  



The nature of the  bonds between the  matrix and tungsten and i t s  a l loys  

a r e  not c l ea r ly  known. To e s t ab l i sh  the  nature of the  bond, a sample of 

each composite w i l l  be crushed i n  compression and a macroscopic and 

microscopic examination w i l l  be made. I f  deemed necessary, s e s s i l e  drop 

wetting s tud ies  of matrix materials  on tungsten bas i s  may be performed t o  

determine the  nature of any chemical bonds. 

Physical, chemical, and mechanical proper t ies  a r e  t o  be monitored a t  a l l  

s tages of the  invest igat ion by a va r i e ty  of standard techniques. 

Compatability, phase transformations and s t a b i l i t y  and phase i den t i f i c a t i on  

a r e  t o  be obtained by X-ray d i f f r ac t i on  analysis ,  metallography, and where 

necessary, e lect ron microprobe and e lec t ron  microscopic analysis .  Tensile 

and compression t e s t i n g  w i l l  be performed a s  needed. 



PROPOSED WORK FOR THE SECOND QUARTER 

During the second quarter evaluation of materials and processing 

techniques w i l l  be in i t ia ted .  This involves the s tab i l iza t ion  of oxides 
I 

with high temperature transformations, development of hot p r e s s k g  

techniques, formulation of binary composites, oxidation test ing,  

thermal shock test ing,  gnd an evaluation of phase s t a b i l i t y  by a var iety 

of techniques previously discussed. 

Hafnium oxides is one of the more promising oxides f o r  application 

in sol id  propellant rocket engine noz%les. pecause i .k  does have a high 

temperatun transformation, it is  f e l t  necessary t o  s t a b i l i z e  the material 

with yttriwn oxide bef ore using it as  a base f o r  composites. 
- 

Hot processing parweters  must be devqloped f o r  y t t r i u m  bxP@ 

stabi l ized hafnium oxide; hafnium carbidei zirconium carbide and combinations 3 

of these with graphite apdLor tyngsten and tungsten -3% rhenium wires 

( I t  is  proposed, however, tha t  work with ternary compasites w i l l  be s ta r ted  

in the th i rd  quarte~..) 

Evaluation of phase s t a b i l i t y  during each phase of tes t ing  will be 

accomplished by X-ray diffract ion analysis,  metallography, and, where 

necessary electron microprobe analysis and electron microscopic analysis. 

Oxidation t e s t b g  and thermal shock tes t ing  of each ~cewposite w i l l  be 

performed by previously described tec+iques. . . 



Figure 1. Thermal Dynamics plasma uni t  i n s t a l l ed  f o r  
dynamic oxidation and erosion t e s t i ng  and 
thermal shcok t e s t i ng  



Figure 2 .  (a )  Hot press body 
(b)  Hot press f i t t e d  with 6" diffus ion 

pump and induction heating un i t  



Figwe 3,  Linear vqriable differential transducer 
efiensioimeter in process of being c~ns t~uc ted  



A Water cooled copper torch shie ld  
B Pyrolytic graphite sarnple holder 
C Water cooled copper heat dissopater 
D Test specimen 

Figure 4. Half sec t ion  schematic of sample holder 
f o r  dynamic oxidation a ~ d  erosion t e s t i n g  



Figure 5. Oxidapion res is tance  t e s t  chamber 

( a )  Top, f r on t ,  and s i de  views of 
specimen holder 

(b)  Pos i t ion  of sample holder, sample, and 
thermocouple in  tube furnace 


