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DEVELOmNT OF FABRICATION PROCESS FOR METALLIC FIBERS 

OF REFRACTORY METAL ALLOYS 

L. H. Amra, L. F. Chamberlain, F. R. Adams, J. F. Tavernelli, and G .  J. Polanka 

ABSTRACT fJL29Q 
One objective of this contract is the development of the fabrication 

processes for producing 5 mil diameter wire. 
systems under study are: TZC, AS-30, W-Re-Th02, W-Hf-C, FS-85, and T-222. 
The strength goal for these wires is a stress-to-den8ity ratio of 125,000 
inches for a rupture life of 3,000 hours in a temperature range of 2000°F 
to 2200OF. 

The six refractory metal a l l o y  

A small amount of TZC alloy wire at 5 mils diameter has been produced 
by working down vacuum cast ingots. 
Considerable difficulty has occurred in attempts to produce workable 
tungsten alloy bars from pressed and sintered powders, in both tungsten 
systems. However, recent efforts with the tungsten-rhenium-thoria system 
are very encouraging. 

The AS-30 alloy has been melted. 

The other part of the task contracted for, the designing and building 
of a six station creep, stress-rupture test equipment, has progressed to the 
building stage. Frequent communications through meetings, phone calls, 
or letters between contractor and vendor have resolved the basic design 
concept. 
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INTRODUCTION 

As a result of the recent work being done on fiber reinforced materials, 
there is a logical extrapolation that can be drawn wherein superalloy metal 
bodies reinforced with strong, high temperature wires imbedded in the parent 
metal matrix should have more useful properties than those of either component 
alone. The specific application for such composites may be in advanced turbo- 
jet engines. 
six alloy fibers or wires from which three will be selected for more intensive 
study 

To test this extrapolation, the present contract seeks to provide 

One objective of this contract is the development of the fabrication 
processes for producing wire smaller than 10 mils diameter with a target size 
of 5 mils. The strength goal for these wires is a stress-to-density ratio of 
125,000 inches for a rupture life of 3,000 hours in a temperature range of 
2000OF to 2200OF. 

The second objective of this contract requires the contractor to design, 
fabricate, and test a multi-station, creep and stress-rupture apparatus for 
the testing of these alloys. 

The refractory metal systems that were agreed upon as meriting this atten- 
tion are: 

TZC (Mo-1.25Ti-0.25Zr-. 12C) 
AS-30 (Cb-20W-l.lZr-0.09C) 
FS-85 (Cb-28Ta-lOW-0.9Zr) 
T- 222 
W-5Re-3Th02 

(Ta- 9.6W- 2 a 4Hf) 

W-2Hf-0.02C 

The first four materials have been commercially available in rod or sheet form 
for some time and their properties in these forms have been published in various 
reports and articles. The last two material systems listed have been investigated 
by others to some extent, although in modified compositions, but they are not 
commercially available in the normal sense. 

The overall contract can be divided into two tasks. Task I includes the 
designing and building of the multi-station creep, stress-rupture machine; the 
acquisition or production of the refractory metal ingots or rods; the development 
of fabrication processes for conversion of the ingots into wire; and the produc- 
tion of 6,000 feet of wire in each alloy system in excess of the amount needed 
for chemical and metallographic tests and for various wire tests for each 
compos it ion. 

Two tensile tests are to be run at room temperature, and at 1800°, 2000°, 
2100° , 2200°, 2400°, and' 2600T in vacuum of Torr. or better. 



S t r e s s  rup tu re  tests w i l l  be undertaken i n  t h e  m u l t i - s t a t i o n  tester a t  
2000°, 2200°, and 24000F t o  d e f i n e  a 100 hour rup tu re  l i f e  curve wi th  a t  
least  two da ta  p o i n t s  a t  each of  f i v e  stress levels. The tests w i l l  be 
performed i n  vacuum. 

The ex ten t  o f  i nc rease  o r  decrease i n  t h e  levels of oxygen, n i t r o g e n  
and hydrogen i n  a l l o y  wires during extended exposure t o  high temperature i n  
t h e  atmosphere wi th in  t h e  stress and creep rup tu re  apparatus  s h a l l  be 
determined-by sub jec t ing  a sample of 5 m i l  w i r e ,  c o i l e d  and weighing one 
gram, t o  t h e  environment i n  t h e  apparatus  a t  2200OF f o r  a per iod of  50 t o  
100 hours ,  analyzing t h i s  sample f o r  oxygen, n i t rogen  and hydrogen by vacuum 
fusion gas  a n a l y s i s ,  and comparing such analyses  wi th  ana lyses  of similar 
samples of t he  same material t h a t  have not  been exposed t o  such condi t ions.  

Task I1 involves  t h e  production of 300,000 f e e t  of  each of t h e  t h r e e  
most promising compositions produced and t e s t e d  i n  Task I on t h e  recommenda- 
t i o n  of t h e  con t r ac to r  and sub jec t  t o  t h e  approval  of  t h e  NASA P r o j e c t  
Manager. 
t o  be made t o  a s s u r e  more complete knowledge of t h e  materials i n  quest ion.  
However, Task I1 r e q u i r e s  appreciably more w i r e  eva lua t ion  tests,  inc lud ing  
creep and stress rup tu re  tests which are t o  be conducted i n  t h e  m u l t i - s t a t i o n  
test  equipment. 

A s  i n  Task I, s u i t a b l e  chemical and metal lographic  ana lyses  are 

Two t e n s i l e  tests are required f o r  each composition a t  room temperature  

Torr. o r  b e t t e r .  
i n  a i r ,  and a t  18000, 2000°, 2100°, 22000, 2400° and 2600°F i n  a vacuum of 

Def in i t i on  of a log stress ve r sus  log t i m e  curve is  expected t o  determine 
t h e  stress fo r  1,000 hour l i f e  a t  two temperatures i n  t h e  range of 20000F t o  
24000F. 
f o r  each composition a t  f i v e  stress levels f o r  each temperature.  
which appear t o  be i n  e r r o r  w i l l  be checked wi th  r e p e a t  tests under t h e  same 
condi t ions.  

The program s h a l l  have t h e s e  m i n i m  number of tests: Two tests 
Data p o i n t s  

The con t r ac to r  s h a l l  d e f i n e  t h e  creep curves f o r  a t  least two tests a t  
each stress t h a t  causes  rup tu re  i n  10, 100 and 1,000 hours  a t  t h e  two 
temperatures used t o  e s t a b l i s h  t h e  1,000 hour stress r u p t u r e  l i f e .  Data 
p o i n t s  which appear t o  be i n  e r r o r  w i l l  be checked w i t h  r e p e a t  tests under 
t h e  same condi t ions.  

Tests w i l l  be conducted i n  vacuum o r  n e u t r a l  atmospheres t o  l i m i t  
The tests seeking t o  compare gain o r  loss  of oxygen, n i t r o g e n  contamination. 

and hydrogen mentioned i n  t h e  Task I d e s c r i p t i o n  are t o  be used he re  a l s o .  
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Sec t ion  I - Materials and Fabr i ca t ion  Processes 

A. Molybdenum Base Alloys (TZC) 
Mo+( 1.2- 1.5) Ti+(.  15 - .2 1) Z r +  ( .11- .14) C 

Edectrode Preparat ion 

Molybdenum powder containing 1734 ppm carbon w a s  used i n  p repa r ing  
t h e  four  e l e c t r o d e s  f o r  arc melting. 
a t  35,400 p s i  t o  2.27 inches O.D. x 25 inches long, having a .74 inch  
concen t r i c  ho le  running through t h e  e n t i r e  length.  
s i n t e r e d  a t  1850OC f o r  s i x  hours i n  a hydrogen atmosphere. 
a d e s c r i p t i o n  of  t h e  s i n t e r e d  e l e c t r o d e s  and a n a l y s i s  of molybdenum 
powder. 
of t h e o r e t i c a l ,  having a carbon content  of about 1100 ppm. 
t h e  e l e c t r o d e s  were f a i r l y  uniform i n  s i z e  without n o t i c e a b l e  d i s t o r t i o n  
lengthwise. The e l e c t r o d e s  were then threaded and joined t o  form a 
s i n g l e  e l e c t r o d e ,  88.25 inches long, weighing 111.0 pounds. Metallic 
a l l o y i n g  a d d i t i o n s  were made by i n s e r t i n g ,  i n  t h e  c e n t e r  h o l e ,  t h e  
proper amounts of T i  and Z r  rods. Two s i z e s  of Z r  (.l" and .085") 
from t h e  same l o t  of  material p l u s  a .370" T i  rod were i n s e r t e d  t o  make 
the requ i r ed  composition. 
t h e  Z r  and T i  add i t ions .  

The e l e c t r o d e s  were hydropressed 

The e l e c t r o d e s  were 
Table I A I  i s  

The o v e r a l l  average d e n s i t y  of t h e  s i n t e r e d  material was 96% 
P h y s i c a l l y ,  

Table I A I I  is  a complete vendor a n a l y s i s  of 

Arc Melt ing 

Two i ngo t s ,  TZC-1 and TZC-2, w e r e  m e l t e d  i n t o  a fou r  inch diameter 
copper c ruc ib l e .  The diameter of  t h e  cast ingot  w a s  3.908 inches.  
Melt ing cond i t ions  are shown i n  Table I A I I I .  It should be noted t h a t  
t h e  melt ing parameters are almost i d e n t i c a l  f o r  both c a s t i n g s  with TZC-2 
having only a somewhat slower me l t ing  rate. 

The two i n g o t s  were then machined t o  3.620 inches diameter t o  
o b t a i n  a smooth su r face  and inspected by u l t r a s o n i c ,  d i e  p e n e t r a n t ,  and 
m i c r o s t r u c t u r a l  techniques for  p ip ing ,  microcracks and o t h e r  de fec t s .  
From Table I A I V ,  it is evident  t h a t  1-3/4 inches were discarded from 
t h e  t o p  due t o  piping,  
h a i r l i n e  cracking,  i nd ica t ed  by u l t r a s o n i c  t e s t i n g ,  and corroborated 
by subsequent mic ros t ruc tu re  examination. 
l o s s e s  i n  me l t ing  TZC-1 and TZC-2 were about 45 and 40%, r e spec t ive ly .  
The two b i l l e t s  then were turned down t o  3.490 inches diameter f o r  
e x t r u s i o n ,  w i th  a 450 nose camfer and a 1.5 inch nose diameter.  Figure 
I A 1  shows t h e  two machined b i l l e t .  

Two t o  t h r e e  inches w e r e  cropped because of 

The t o t a l  i ngo t  cond i t ion ing  

-3- 



Metallographic Examination 

Prior to futther processing, a slice 1/2 inch thick was sawed 
This was done after cropping defective from the top of each casting. 

material as shown previously in Table IAIV. 
bisected: The first section was used for hardness, macrostructure 
and chemical analysis; the second half was cut as shown in Figure 
IA2, in order to examine the transverse and longitudinal microstructure 
and to obtain grain size measurements. 
1, 2, and 3 represent longitudinal sections progressing from the out- 
side to the center of the casting, while Sections 4,5, and 6 represent 
transverse sections progressing from the center to the outside. Using 
the ASTM Heyn Intercept method, the grain size of all sections is shown 
in Table IAV. 

Each slice was then 

As shown in Figure IA2, Sections 

Average hardness of five readings on the cast ingots, measured 
in the radial direction using a 1 kg load,was 233 DPH. Variations of 
hardness readings were about -6 + 4 DPH. This small variation is 
significant since it is an indication of the extent of alloying and 
homogenization obtained in melting. 

Metallographic preparation was tedious and accomplished by mechanical 
polishing then swab etching the specimen in a solution of 2 gr. K3Fe(c??)6 + 
6 gr. NaOH+ 600 cc H20. 
shows the extent of grain refinement due to the alloying additions. 
Typical unalloyed molybdenum has a grain size at least twice as large 
as that observed for TZC. Examination of the microstructure as shown 
in Figures IA4 and IA5 reveals a heavy carbide network around each grain 
and abundant distribution of fine carbide particles within the grains. 
Identification of the dispersion phases in TZC-type alloys has been made 
by Chang (1). 
coarse particles are Mo2C and the fine particles are TIC and ZrC. 

The macrostructure as revealed in Figure IA3 

It is most probable that in both TZC-1 and TZC-2 the 

Chemical Analysis 

Complete analysis for metallics as well as Ti and Zr additions and 
interstitials are shown in Table I-AVI. Sections taken from the same . 
slice used in macrostructural studies were consumed in these analyses. 
It is worth mentioning that the precision in carbon determination is 
- +lo%. 
than that of the sintered electrodes. 

Also, the carbon in the castings seems to be 50 to 100 ppm higher 

Primary Break-Down 

Extrusion of castings TZC-1 and TZC-2 was done at the Research 
Laboratory of the General Electric Company under the supeririSion of 
Mr. John Hughes. The extrusion press used was a 1250-ton Loewy. The 
billets were heated in a hydrogen atmosphere furnace at 1750 25OC for 
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one hour. Dies with a 
l u b r i c a t e d  wi th  No. 705 
l u b r i c a n t  was  No. 7052 

130° d i e  ang le  w e r e  plasma sprayed w i t h  Zr02 and 
12 g l a s s  powder p l u s  g raph i t e .  
g l a s s .  

The b i l l e t  

Under these cond i t ions ,  an ex t rus ion  constant  of  84,500 p s i  w a s  
obtained f o r  TZC-2 us ing  t h e  t h e o r e t i c a l  r e l a t i o n s h i p  - P = K I n  Ao/A - 
where P is t h e  breakthrough p res su re ,  Ao/A is  t h e  e x t r u s i o n  r a t i o  and 
K is  t h e  ex t rus ion  constant .  Th i s  va lue  agrees  w e l l  w i t h  t h a t  obtained 
by D. R. Carnahan and V. DePierre (2) of approximately 83,000 t o  95,000 
p s i .  
a f a i l u r e  i n  instrumentation. 

No K f a c t o r  could be obtained from e x t r u s i o n  of TZC-1 because of 

Extrusion a t  a r a t i o  of 6 . 2 : l  w a s  f a i r l y  success fu l  i n  s p i t e  of 
several tears i n  t h e  extruded bar.  The complexi t ies  of  high e x t r u s i o n  
r a t i o s  a t  high temperature w i t h  a t t e n d a n t  problems of l u b r i c a n t  break- 
down and contamination are a l l  a t  least p a r t l y  r e spons ib l e  f o r  t h e  
s u r f a c e  tears. 
machining t o  1.315 inches and 1.370 inches r e spec t ive ly .  

Figure IA6 shows TZC-1 and TZC-2 e x t r u s i o n s  a f t e r  

Af t e r  e l imina t ing  about 2 inches from each extruded end, s e c t i o n s  
from TZC-1 were examined f o r  mic ros t ruc tu re  and hardness.  Figure IA7 
reveals a s t r u c t u r e  which i s  mostly wrought w i th  t h e  except ion of a 
few s m a l l  areas which appear t o  be p a r t i a l l y  r e c r y s t a l l i z e d ,  aga in  
probably due t o  t h e  high ex t rus ion  temperature and high r educ t ion  r a t i o .  
The average hardness over the c r o s s - s e c t i o n  was 274 210 DPH us ing  a 
1 kg, load. 

- 5 -  
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TABLE IAI 

Descript ion of  Sintered TZC Electrodes 

Pr ior  t o  Melting 

Avg. 
Electrode Overall Carbon G a s  Analysis (ppm) 
Number Density Individual  Carbon (ppm) (ppm> L ” 3 L  

925 3 t 3  1+1 - 1 96.2% 829 1136 9 33 1022 980 

2 96.2% 1310 1089 1155 1088 1160 825 525 121 

96.4% 1272 1247 952 1252 1181 6_+5 625 121 3 

4 96.3% 1203 945 1259 900 1077 825 625 1+1 

Size:  2.27 inches O.D. x 0.74 inches I . D .  x 25 inches long 

Chemical Analysis of Nickel Powder 

Element E Element ppm 
A1 <8 cu 4 

C a  4 W 82  

S i  <19 Mn 10 

Fe <35 Mg <10 

C r  10 Sn 8 

N i  <5 

- 6- 



TABLE IAII 

Analysis of Metal Additions to TZC Melting Electrodes 

A. Zirconium Rod (0.100 and 0.085 inch diameters) 

Vendor (Wah Chang Corporation) Analysis 

C 
H 
N 
0 
A1 
B 
Cb 
Cd 
co 
Cr 
cu 
Fe 
Hf 
Mg 
Mn 
Mo 
Ni 
Pb 
Si 
Sn 
Ta 
Ti 
V 
W 
Zn 
Ca 
Na 
U 

To_E 
Ppm 

G O  

17 
60 

<25 
4 . 2  

<loo 
4 . 3  
<5 
40 

<25 
120 
125 
<10 
<10 
<10 
<10 

5 
<40 
<10 

<200 
<20 

<5 
<25 
4 0  
<10 
<10 

3.2 

Bottom 
PPn 

40 

29 
80 

<25 
4 . 2  

<loo 
4 . 3  
<5 
32 

<25 
150 

1100 
<10 
<10 
<10 
<10 

10 
<40 
<10 

<200 
<20 

5 
<25 
4 0  

10 
<10 

3.2 

<0.5 

B. Titanium Rod (.375 in. dia.) 

Vendor (Reactive Metals Inc.) Analysis 

Carbon 0.03 wt. % 
Nitrogen 901 wt. % 
Oxygen .16 wt. % 
Hydrogen 54/60 ppm 
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WQ 
No. - 

TZC- 1 

TZC- 2 

Current  
Amp . 
5000 

5000 

TABLE IAIII 

Melt ing Data - TZC Alloy 

Predominant 
Volt  S t i r r i n g  Vacuum 

Volts  Amp. Torr.  

37-38 .5 1.2 10-5 

37-38 .5 1 10-5 

- 8- 

Cast ing 
inches lbs .  

11.14 49 

14 62 

Melting 
Rate 

l b  . /min. 

3.3 

3.0 



TZC- 1 

TABLE I A I V  

Sununary o f  Material Losses Incurred on Cast ing TZC 

Length, inches 

11-118 

1-314 

2 

3 I4 

TZC-2 
Length, inches 

14 

1-314 

3 

71 16 

5-9/16 
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As-  cast  l eng th  

Cut from t o p  due t o  p ip ing  

Cut from t o p  due t o  h a i r l i n e  
cracks 

Used f o r  mic ros t ruc tu re  and 
NASA approval 

Cut from bottom t o  remove 
s t a r t i n g  pad 

T o t a l  l eng th  l o s t  from o r i g i n a l  
as - ca s t ingo t  

P 
1 
I 
1 
I 
1 
I 
I 
1 
I 
1 
I 
1 
I 
1 
I 
1 
1 
I 



TABLE IAV 

Grain Size of Arc Cast Molybdenum Alloys (TZC) 

grains per square millimeter 

1 
I 
B Section 

1 

2 

3 

4 

5 

6 

TZC- 1 

5 

11 

16 

23 

19 

14 

-10- 

TZC- 2 

12 

14 

8 

25 

22 

18 
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TABLE IAVI 

Analysis of Molybdenum Alloys (TZC) 

Spectro Analysis ppm 

Ingot No. 4 Ca si 
TZC- 1 <8 <5 42 

TZC- 2 <8 -3 29 

Gas Analysis ppm 

Ingot No. Carbon 

TZC- 1 1257 

TZC-2 1326 

Chemical Analysis (% by Wt.) 

Ingot No. 

TZC- 1 

TZC-2 

Fe Cr Ni 

43 <8 6 

29 <8 <5 

- - -  

Oxygen 

323 

353 

Titanium 

1.22.1 

1.22.1 

-11- 

culls 

6 12 <lo 

5 <10 <10 

Nit r o gen 

1+1 

1+1 - 

Z A g Z  
<7 <1 <10 

<7 <1 <10 

Hydrogen 

1+1 

1+1 

- 
- 

Zirconium 

.262.04 

. 2 5 5  04 
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Hydrogen Sinter 

Addition of Ti,  

Arc Melt (No. 
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a t  185OoC, 6 hours 

Zr Rod to  Electrode 

1 and No. 2) 

SCHEMATIC PROCESS FOR TZC ALLOY 

Blend Moi + C Powder 

I 
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Rod Breakdown and Wire Drawing 

The problem of developing a fabrication technique for producing 
.005 inch diameter TZC wire with optimum creep properties at 20000F- 
2200OF was analyzed in parts. The approach was to first develop a 
workable process to fabricate TZC from 1-1J2 inch rod to .005 inch 
diameter wire with minimum loss of chemistry (decarburization) and 
free of contamination and physical defects such as splits, slivers, 
etc. Once a routine is established, modifications in annealing 
points and temperatures, coupled with processing variables, could 
be investigated to develop the most optimum wire for creep properties 
at 20000F to 22000F. 

Two extruded bars, one from TZC-1 and one from T2C-2, were con- 
ditioned by local grinding to remove tears and seams prior to rolling. 
In addition, two remaining bars, one from each ingot, were set aside 
to be processed at a later date, pending the results of the initial 
trials. I 

Both bars were rolled on a 3-high rod mill using 10 diamond 
shaped passes, one oval and a final round pass at .650 inch diameter. 
The bars were first soaked in a hydrogen furnace at 1475OC for 30+_5 
minutes, a temperature thougtothigh enough for fabrication and low 
enough to prevent uncontrolled recrystallization prior to or during 
rolling. 
sufficient duration to return the bar temperature to 1475OC. Exit 
rolling temperatures ranged from 1375OC to 1275OC. 
swaging details are shown in Table IAVII and TZC-1 and Table IAVIII 
for TZC-2. 

Two rolling passes were made between reheats which were of 

Rolling and 

"Alligatoring" (end splitting) occurred on the sixth and ninth 
pass on TZC-1 and on the ninth pass on TZC-2. 
TZC-2 was cut in half to permit full entry into the furnace for reheat- 
ing. This is shown as A and B in Table IAVIII. Whenever alligatoring 
occurred, the rods were cooled to room temperature and the split end 
cut off at a point where splitting had disappeared. 
then be reheated to the 1475OC rolling temperature and processing 
continued. 

After the ninth pass, 

The rods would 

At .650" diameter, all three rods were annealed at 16OOOC for 
twd hours in hydrogen in an attempt to recrystallize the structure 
prior to swaging. 
high as anticipated because microstructural studies showed the material 
to be approximately 60% recrystallized with general fiber widening in 
the non-recrystallized areas. Figure IA8 shows representative areas 
of the center, mid-radius, and edge at .650" diameter after heat 
treatment at 16OOOC for two hours. 

The degree of strain in the rolled rod was not as 
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TZC-1 w a s  too s h o r t  t o  swage on t h e  r egu la r  product ion l i n e s  so 
it w a s  set a s i d e  t o  be hand swaged. 
0.460", 0.390", and 0.345" diameters without incident .  The temperature 
during swaging ranged from 1350OC t o  1250OC i n  an e f f o r t  t o  r e t a i n  T i c  
i n  s o l u t i o n  and r e d i s t r i b u t e  what Mo2C might be p re sen t  a t  t h e  g r a i n  
boundaries. 
f o r  60 minutes i n  argon. 
and Figure IA9  shows r e p r e s e n t a t i v e  mic ros t ruc tu res  be fo re  and a f t e r  
r e c r y s t a l l i z a t i o n .  The r e c r y s t a l l i z e d  g r a i n  count w a s  1200 t o  1600 
g r a i n s  per square millimeter f o r  both TZC-2 rods. The s t r u c t u r e  is 
r e l a t i v e l y  c l ean  and f r e e  of l a r g e  ca rb ide  p a r t i c l e s ,  so i t  i s  ev iden t  
t h a t  most of t h e  T i c  w a s  pu t  i n t o  s o l u t i o n  while  t h e  massive M02C 
presumed to  be a t  t h e  g r a i n  boundaries of t h e  ingot  and extruded bar 
have been r e d i s t r i b u t e d  o r  solut ioned a t  t h i s  s t a g e  of processing. 
Rec rys t a l l i zed  hardness w a s  178 DPH us ing  a 1 kg. load. 

TZC-2 w a s  swaged through 0.560", 

A t  0.345" diameter ,  TZC-2 w a s  r e c r y s t a l l i z e d  a t  1750-18OO0C 
Metallographic samples were taken a t  t h i s  s i z e  

The r e c r y s t a l l i z e d  rods w e r e  f u r t h e r  swaged a t  1200OC t o  .250" 
diameter and were then c e n t e r l e s s  ground t o  0.236" diameter t o  a s s u r e  
removal of t h e  decarburized su r face  t h a t  measured approximately 0.004" 
i n  depth.  
through carbide d i e s  t o  0.186" diameter i n  two passes.  
w a s  found t o  be badly s p l i t  a t  t h i s  s i ze .  
worked s t r u c t u r e  a t  0.186" diameter. 

The rod w a s  prepared (oxidized) and ho t  drawn (85OOC) 
The material 

Figure IAlO shows a t y p i c a l  

Sect ions of u n s p l i t  material from TZC-2 a t  .186" were swaged a t  
105OOC t o  .122" diameter i n  an e f f o r t  t o  a t t a i n  more ''work" i n  t h e  
material in  o rde r  t o  overcome t h e  b r i t t l e  behavior. Af t e r  t h r e e  pas ses  
on t h e  draw bench, t h e  material w a s  s t i l l  b r i t t l e  a t  .loo" diameter.  
Examination of  t h e  s u r f a c e  a t  30X revealed f i n e  h a i r l i n e  t r a n s v e r s e  
cracks estimated t o  be about .002" i n  depth. 
i n  molten c a u s t i c - N i t r i t e  salts t o  remove approximately .005" from t h e  
diameter and w a s  then found t o  be d u c t i l e .  The m i c r o s t r u c t u r e  d i d  n o t  
reveal contamination (Figure I A 1 1 )  t h e r e f o r e ,  it is  assumed t h a t  t h e  
b r i t t l e  behavior w a s  a r e s u l t  of t h e  "stress raiser" e f f e c t  of t h e  f i n e  
t r a n s v e r s e  cracks.  

The material w a s  e tched 

By using t h e  s u r f a c e  removal techniques descr ibed above and follow- 
i n g  t h e  process shown i n  Table I A V I I I ,  1350 f e e t  of  0.005'' diameter w i r e  
w a s  produced from p a r t  of  TZC-2. 

The work hardening c h a r a c t e r i s t i c s  o f  t h e  a l l o y  w e r e  measured by 
t e n s i l e  tes ts  from t h e  .048" anneal  p o i n t  t o  .010" diameter where t h e  
material required another  anneal  t o  enable  f u r t h e r  p rocess ing  t o  .005" 
diameter. The d a t a  i s  shown g raph ica l ly  i n  Figure IA12. 
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Samples of .185" diameter w i r e  from TZC-2 were analyzed t o  determine 
the  e f f e c t ,  i f  any, of processing contamination o r  l o s s  of  chemistry 
due t o  processing. The r e s u l t s  are shown i n  Table IAIX. 
of carbon i s  observed a t  t h i s  s t age  i n  t h e  processing.  

A s l i g h t  l o s s  

TZC-1 w a s  hand-swaged with 20% reduct ions  per  pas s  from 0.650" 
diameter t o  0.460" diameter where it a t t a i n e d  enough length  t o  f i t  t h e  
production equipment. From t h i s  po in t ,  through c e n t e r l e s s  gr inding ,  
(0.236") it w a s  processed s imi l a r ly  t o  t h e  TZC-2 rods.  
proceeded without  inc ident  from 0.236" diameter t o  0.186" diameter.  
The rod w a s  drawn from 0.186" t o  .111" i n  six passes  us ing  ca rb ide  
d i e s ,  g raph i t e  l u b r i c a n t  and standard hea t ing  p r a c t i c e  (800OC). A t  
0.111" diameter ,  t h e  w i r e  was  s t i l l  very b r i t t l e  and f a i l e d  by 
t r ansve r se  cracking. The wire w a s  c leaned,  examined and found t o  
be badly s p l i t .  

Swaging 

No f u r t h e r  work w a s  done on t h i s  s e c t i o n  of TZC-1. 

Discussion of Resu l t s  

Fabr i ca t ion  through r o l l i n g  and swaging w a s  no t  d i f f i c u l t ,  temper- 
a t u r e s  were kept  high,  and from micros t ruc ture  examination ( a f t e r  0.345" 
r e c r y s t a l l i z a t i o n )  t h e  massive ca rb ides  ev ident  i n  t h e  "as extruded" 
w i r e  ba r s  were success fu l ly  broken up and d i s t r i b u t e d  throughout. 
decarburized l aye r  t h a t  occurred during processing w a s  removed by center -  
less gr inding;  however, it i s  recommended t h a t  gr inding  be e l imina ted  
from t h e  condi t ion ing  process ,  based on t h e  r e s u l t s  i n  heavy w i r e  draw- 
ing. Figure I A 1 3  shows an area t h a t  w a s  spot  condi t ioned by gr inding  
and then swaged two passes  of 20% R.A. 
rup tur ing  t h a t  occurred a t  the ground areas during processing. Sur face  
removal should be accomplished through chemical o r  e lec t rochemica l  
e tch ing  t o  e l imina te  t h e  p o s s i b i l i t y  of l oca l i zed  su r face  stresses. 

The 

The photograph shows t h e  su r face  

A quan t i ty  of 1,350 f e e t  of .005" diameter TZC-2 w a s  produced from 
s h o r t  p ieces  of rod and w i r e  t h a t  d id  no t  have s p l i t s  o r  t r ansve r se  
cracks by t h e  r o u t i n e  described i n  Table I A V I I I .  

Future  Recommendations 

The remaining extruded bars  of TZC-1 and TZC-2 w i l l  be processed,  
one a t  a time, fol lowing t h e  b e s t  r o u t i n e  developed during t h e  f i r s t  
s i x  month period. 

Rod r o l l i n g  temperatures w i l l  be maintained a t  1475OC, but we w i l l  
r e s o r t  t o  double pass ing  and more frequent  r ehea t ing ,  i n  an e f f o r t  t o  
e l imina te  t h e  l o s s  due t o  a l l i g a t o r i n g .  Swaging temperatures  w i l l  be 
dropped t o  1200OC and t h e  d r a f t s  w i l l  be lowered t o  a uniform 20% R.A. 
per  pass.  The anneal  a f t e r  r o l l i n g  w i l l  be e l imina ted  i n  order  t o  
a t t a i n  a f i n e r  g ra in  s i z e  a t  the  r e c r y s t a l l i z a t i o n  po in t  i n  swaging. 
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Swaging w i l l  be maiqtained through a t  least 85% R.A. a f t e r  retreat 
and before  going i n t o  w i r e  drawing. 
accomplished via chemical and electrochemical  means a t  critic:al 
p o i n t s  a f t e r  anneal ing and before  w i r e  drawing. 
made us ing  s t r e s s  r e l i e f  anneals  r a t h e r  than f u l l  annea l s ,  t o  
see what e f f e c t  it has on f i n i s h e d  p rope r t i e s .  

Surface removal w i l l  be 

A t r i a l  w i l l  be 
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TABLE IAVII 

Processing of Extrusion TZC-1 

1.478" diameter extruded rod 

Rod rolled 1 2  passes at 1475OC 
Reheat every two passes 
Finish size: 0.650" diameter 
Total R.A. - 80.7% 
I 

I 
I 

Annealed at 16OOOC - 2 hrs, in H2 

Swaged at 1 2 5 O O C  - 1300OC 

.580" - 20% R.A. 

.520" - 20% R.A. 

.460" - 20% R.A. 

.390" - 30% R.A. 
-345" - 21% R.A. 

I 
I 

Recrystallized 1750OC-18OO0C - 60 Min. - Argon 
Swaged to 

I 
,295'' - 27% R.A. - 1175OC 
,250" - 28% R.A. - 105OOC 

I Centerless ground to .235" 
I 

Swaged to 
I 

.210" - 20% R.A. - 1 1 2 O O C  
,185" I- 22% R.A. - 112OOC 

Draw Bench 
I 

.170" - 15% R.A. - 8OOOC 
,152" - 20% R.A. - 945OC 
-132" - 23% R.A. - 900°C 
.125" - 10% R.A. - 850OC 
,119" - 10% R.A. - 850OC 
.111" - 10% R.A. - 850OC 

I 
Production on TZC-1 Curtailed 
Material 100% Split 
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TABLE I A V I I I  

Processiag of Extrusion TZC-2 

1.466" diameter extruded rod 
Rod r o l l e d  12 passes  a t  1475OC 
Reheat every two passes  
Finish s i z e :  0.650" diameter 
Tota l  R.A. - 80.4"X 
Material c u t  i n  ha l f  during r o l l i n g  due t o  excessive 

lenpth  and designated TZC-2a and 2b 

Annealed a t  1600OC - 2 hours i n  H2 

Swaged a t  

I 
I 

Y500c-13000c 
.560" - 25% R.A. 
.460" - 32% R.A.  
.390" - 28% R.A.  
.345" - 20% R . A .  

I 
R e c r y s t a l l ' z e  1750OC-1800OC - 60 Min. i n  Argon 'I 

.295" - 27% R.A.  - 12OOOC 

.250" - 28% R.A. - 1200OC 
I 
I 
I 

I 

Center less  ground t o  .235" diameter 

Draw Bench 

.205" - 23% R.A. - 800OC 

.186" - 18% R . A .  - 8 O O O C  

Both rods 2a and 2b were found t o  be 50% s p l i t .  
S p l i t  s e c t i o n s  w e r e  cu t  o u t ,  and processing w a s  
continued wi th  sound material. 

TZC-2b TZC-2a ___) 

1 1 
Swage? a t  105OOC- l l O O O C  

.170" - 15% R.A. 

.152" - 20% R.A. 

.136" - 20% R . A .  

.122" - 20% R.A. 
Wire hrawing a t  8OO0C 

.110" - 14% R.A. 

.105" - 10% R.A. 

.100" - 10% R.A. 
I E lectroclean and e t c h  t o  .094" diameter 
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W i r e  D r a w  
I 

.178" - 8% R.A. - 8OOOC 

.170" - 8% R . A .  - 8OOOC 

.165" - 6% R.A.  - 8OOOC 
Material broke up - 75% 
s p l i t  wi th many t r ansve r se  
c racks  
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TABLE IAVIII (Cont'd.) 

F i n i s h  Drawing TZC-2b 

,085'' d i a .  18% R.A. 850OC 
.077" d ia . 18% R.A. 850OC 

, .0685!" d i a  . 20% R.A. 85OOC 
.061" dia .  20% R.A. 850OC 
.054" dia .  20% R.A. 850OC 
.048" d ia .  20% R.A. 85OoC 

Anneal 1475OC - 30 min. 2 5 min. i n  H2 

20% d r a f t s  t o  .010" diameter a t  700oC 

St rand  anneal  a t  125OoC, 2 meters per min. through 10" h e a t  zone i n  H2 

20% d r a f t s  t o  .005" diameter a t  700% 

E lec t r o c  lean 

Yield: 3 spools  - 65 meters ( 8.3 gms) 
95 meters (12.2 gms) - 251mete r s  (32.2 gms) 

Tota l  - 411mete r s  o r  1,350 f e e t  of .005" TZC 
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FIGURE - Machined a r c - c a s t  i ngo t s  p r i o r  
t o  extrusion and s t u b  of me l t ing  
e l  ec t rode 



FIGURE IA2 - Metal lographic  Sec t ions  i n  TZC Cast B i l l e t s  
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FIGURE IA3 - Macrostructure of c a s t  TZC ingot I 
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TZC-1 

7768 l O O X  

7780 lOOQX 
Longitudinal - Section 1 

7769 lOOX 

7781 looox 
Longitudinal - Section 2 

7700 looox 
Longitudinal - Section 1 

-l 

7771 l O O X  

7783 looox 
Transverse - Sect ion 4 

7772 l O O X  

7784 looox 
Transverse - Sect ion 5 

< >  
I .  

. *  
" ". 

7773 lOOX 

7782 looox 
Longitudinal  - Section 3 

7785 looox 
Trans-erse - Sect ion 6 

FIGURE IA4 - Micros t ruc tu re  of Ingot  TZC #I as i nd ica t ed  i n  Figure IA2 
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TZC- 2 

7774 l O O O X  

7756 lOOOX 
Longitudinal - Section 1 

7775 lOOX 

7777 l O O X  

7789 looox 
Transverse - Sect ion 4 

7778 lOOX 

7787 lOOOX 
Longitudinal - Section 2 

7790 looox 
Transverse - Sect ion 5 

7776 lOOX 7779 lOOX 

7788 looox 
Longitudinal -Section 3 

779 1 looox 
Transverse - Sect ion 6 

FIGURE LA5 - Microstructure  of Ingot TZC #2 as ind ica t ed  i n  Figure IA2 

1 



FIGURE IA6 - Machined ex t rus ion  of TZC 
showing l o c a l i z e d  d e f e c t s  



l O O X  

lOOOX 

FIGURE IA7 - Micros t ruc ture  of  TZC ex t rus ions  showing pre-  
dominantly cold worked m a t e r i a l  wi th  s m a l l  
a r e a s  of r e c r y s t a l l i z e d ,  equiaxed g r a i n s  



3 14C Transverse Center 2 50X 

3 14M Transverse Mid -Radius 2 50X 

3 14E Transverse Edge 2 50X 

FIGURE LA8 - Typical microstructures of TZC a t  0.650" 
a f t e r  annealing a t  160OOC for two hours 

diameter 
i n  hydrogen 
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320L Longi tudina 1 250X 

32 1L Longi tudina l  2 50X 

32 OT Transverse 2 50X 

32 1T Transverse 2 50X 

FIGURE IA9 - Typical  micros t ruc tures  of TZC be fo re  and a f t e r  
r e c r y s t a l l i z a t i o n  (18OO0C - one hour) a t  0.345" 
diameter 
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331L Longitudinal  250X 

331T Transverse 250X 

FIGURE I A l O  - Typica l  as worked mic ros t ruc tu re  of TZC a t  
0.186" diameter 
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361L 250X 361T 

Unetched Surfaces 

361L 

2 50X 

2 50X 361T 

Etched Surfaces 

F I G U R E  LA11 - Surfaces of TZC rod (0.100" diameter) indicating 
"cracks" possibly responsible for b r i t t l e  behavior 
(top) and surface a f t er  etching. Lack of  micro- 
structural  evidence of surface contamination i s  
a l s o  apparent. 

2 50X 
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25C- 
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FIGURE- IA12 

Change i n  Roam Temperature T e n s i l e  S t r e n g t h  

Reduction i n  Area 
and Percent  Elongation Versus Percent  

TZC-2 

1. 

2. 

3. 

Yield s t r e n g t h  d a t a  w a s  no t  recorded because c h a r t  speed w a s  too slow 
t o  a c c u r a t e l y  determine i n t e r s e c t i o n  a t  0.1% o f f s e t .  
S t a r t i n g  material w a s  .048" diameter TZC-2b annealed 1475OC f o r  30 min., 
process  temperature during w i r e  drawing w a s  70O0C-80OOC 
S t r a i n  rate w a s  0.2 in./in./min. 



1 

485 3 OX 

FIGURE IA13 - Section of TZC rod spot conditioned by grinding 
and swaged showing evidence of surface rupturing. 
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Sect ion I - Materials and Fabr i ca t ions  Processes 

B. Cb-Base Alloy, AS-30 
Cb+(l9-21)W+(O.8-l.O)Zr+(O.O8-O~l)C 

Elec t rode  P repa ra t ion  

Columbium granules  were purchased from duPont deNemours and Company 
because of t h e i r  low i n t e r s t i t i a l  con ten t ,  as presented i n  t h e  vendor 's  
a n a l y s i s  in  Table I B I .  
Corporation, were a t t r i t i o n - m i l l e d  t o  round shapes (-20 +40 mesh) which 
were more s u i t a b l e  f o r  blending than the chips .  Table I B I I  i s  a complete 
a n a l y s i s  of  t h e  zirconium. 
w e r e  used as t h e  tungsten addi t ion.  
obtained from F i she r  S c i e n t i f i c .  

The zirconium c h i p s ,  obtained from Wah Chang 

Tungsten "granules" i n  t h e  -20 +40 mesh s i z e  
Carbon was added as "G" powder 

The blending of  the components was performed i n  a V-cone blender ,  
u s ing  a mixing t i m e  of 15 minutes. P r i o r  experience had ind ica t ed  
t h a t  longer blending times lead t o  segregat ion of t h e  widely v a r i a n t  
d e n s i t y  m e t a l s .  
f o i l  l i ned  rubber mold t o  prevent t h e  powder from s t i c k i n g  t o  t h e  rubber.  
The mold w a s  then h y d r o s t a t i c a l l y  pressed a t  35,400 p s i .  
measuring approximately two inches i n  diameter w e r e  pressed. Figure 
I B I  shows an as-pressed AS-30 log contained i n  Cb-foil .  
e l e c t r o d e s  were s t r o n g  enough t o  be handled as long as t h e  Cb-foi l  was 
i n t a c t .  

After blending, t h e  powder w a s  packed i n t o  a columbium 

S i x  l o g s ,  

The as-pressed 

S i n t e r i n g  

The e l e c t r o d e s  w e r e  i nd iv idua l ly  s i n t e r e d  i n  a vacuum s e l f - r e s i s t a n c e  
furnace.  This  furnace provides f o r  hea t ing  compressed powder ingo t s  by 
means of  t h e i r  own electrical  r e s i s t ance .  
between a s t a t i o n a r y  t o p  e l ec t rode  and a movable lower e l e c t r o d e ,  both 
o f  which are made of  copper and are water cooled. 
5 x Torr. p re s su re  is  maintained by means of a 10 inch d i f f u s i o n  
pump (using l i q u i d  n i t rogen)  backed by a s ix  inch  o i l  booster  and a 
140 feet3/minute mechanical pump. 
furnace.  

720 KW of  powder i s  a v a i l a b l e  

A vacuum of about 

Figure IB2 shows t h e  descr ibed vacuum 

S i n t e r i n g  increased t h e  mechanical s t r e n g t h  and e lec t r ica l  conduc- 
t i v i t y  of t h e  green compacts. 
follows: 

A summary of t h e  s i n t e r i n g  parameters 
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No. 

A 

B 

C 

D 

E 

F 

- 

T o t a l  

Length 
Pounds 

20.7 

22.2 

18.7 

14.1 

12.8 

11.0 

99.5 

- 

Length 
Inches 

27 

26.25 

22 

16 

15 

12.75 - 
119 

S i n t e r  i ng  
Temp. C Hours - 

1750 1 

1550 1 

1500 2 

1500 2 

1600 2 

1500 2 

Vacuum 
X10"5 Torr. 

8 

5 

2 

2.8 

1.4 

4 

Examination of  t h e  above d a t a  shows t h a t  t h e  l eak  r a t e  

Leak Rate 
Micro3/hour 

1 

1 

.4 

.9 

.6 

1 

was about 
51 micron/hour , and t h e r e f o r e ,  s i n t e r i n g  was done predominantly a t  
Torr . pressure . 

S i n t e r i n g  Log A a t  175OOC f o r  one hour caused cons ide rab le  buckling 
of t h e  electrode.  Therefore,  t h e  rest of t h e  e l e c t r o d e s  were s i n t e r e d  
a t  a lower temperature. 
1550 +5OoC f o r  two hours r e s u l t e d  i n  f a i r l y  s t r a i g h t ,  continuous lengths .  
A d e t a i l e d  d e s c r i p t i o n  of t h e  s i n t e r i n g  schedule i s  shown i n  Table I B I I I .  

S i n t e r i n g  t h e  remaining e l e c t r o d e s  a t  about 

About one inch w a s  cropped from each e l e c t r o d e  end a f t e r  s i n t e r i n g .  
The ends were cooler  during s i n t e r i n g  because they are held i n  the  water 
cooled copper clamp. End l o s s e s  amounted t o  about 10% of t h e  e l e c t r o d e  
weight. After s i n t e r i n g ,  t h e  Cb- fo i l  w a s  e a s i l y  s t r i p p e d  o f f .  Figure 
I B 3  r ep resen t s  a t y p i c a l  c r o s s  s e c t i o n  of  s i n t e r e d  e l ec t rode .  

Arc Melting 

Two melt ing e l e c t r o d e s  wer-e  prepared by j o i n i n g  t h e  s i n t e r e d  b a r s  
using tungsten-iner t -gas  welding methods. E lec t rodes  B ,  C ,  and D w e r e  
joined together  t o  form a 57 inch length weighing 48.5 pounds. E lec t rodes  
A, E ,  and F were welded toge the r  t o  form another  me l t ing  e l e c t r o d e ,  52 
inches long weighing 42.5 pounds. A " s t a r t i n g  pad" f o r  t h e  bottom of 
t h e  melt ing c r u c i b l e ,  weighing 16 pounds (of AS-30 composition), w a s  
hydropressed and then  s i n t e r e d  by r a d i a t i o n  h e a t i n g  a t  15OOOC f o r  two 
hours. The f i n a l  pad s i z e  w a s  3.908 inches i n  diameter x 6.5 inches long. 
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Two i n g o t s ,  AS-30 No. 1 and AS-30 No. 2 were convent ional ly  consumably 
Melting melted from t h e  a b w e  e l ec t rodes  i n t o  a four  inch copper c ruc ib l e .  

w a s  done a t  t h e  Refractory Metals P l a n t  of t h e  General E lec t r ic  Company, 
Eucl id ,  Ohio. 
parameters are shown i n  Table I B I V .  

The as-cast diameter of  t h e  ingot  w a s  3.9  inches. Melting 

Melting and Chemistry Approval 

After  machining t h e  two ingo t s  t o  3.820 inches diameter t o  obtain.  a 
smooth s u r f a c e  and cropping about 1/2 inch from t h e  t o p  of  t h e  i n g o t ,  a 
slice 1/4 inch t h i c k  was taken f o r  s t r u c t u r e  and chemistry analyses.  
Figure IB4a reveals t h e  mic ros t ruc tu re  of AS-30 No. 1. It c l e a r l y  shows 
t h a t  incomplete fusion of  tungsten granules  occurred during arc melting. 
The mic ros t ruc tu re ,  a t  higher magnif icat ion,  revealed t h e  presence of  a 
f i n e  second phase(s) as shown i n  Figure IB4b. 

I n t e r s t i t i a l  a n a l y s i s  of ingot  AS-30 No. 2 w a s  as follows: 

C 789280 ppm 
0 232 5 ppm 
N 102 5 ppm 
H 12 1 PPm 

Future  Plans 

The incomplete tungsten fusion and t h e  low carbon con ten t  w i l l  
n e c e s s i t a t e  double melting. The two i n g o t s  as they now stand w i l l  be 
quartered and made i n t o  two new melt ing e l e c t r o d e s  by welding t h e  
quartered s e c t i o n s  together .  
raise t h e  carbon level t o  900 ppm ?lo0 ppm a f t e r  remelting. 

Adjustment of  carbon w i l l  a l s o  be made t o  

The double melted mater ia l  w i l l  then be j acke ted  and extruded t o  
provide s t a r t i n g  material f o r  rod and w i r e  processing. 
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TABLE I B I  

Analysis of Columbium Granules (ppm) 

E. I. duPont deNemours and Company 

0 77 Fe <50 

H Cr <30 

N 5 Ni 38 

- 

C 12 Ti -30 

Ta 700 W <5 0 

-23- 



TABLE I B I I  

Analysis of Zirconium Additions t o  AS-30 (ppm2 

Wah Chang Corporation 

A1  

B 

C 

Cb 

Cd 

c o  

C r  

cu 

Fe 

Hf 

32 

0.4 

80 

<loo 

4 . 3  

<5 

155 

<25 

9 28 

69 

Mg 

Mn . 
Mo 

N 

N i  

0 

Pb 

S i  

Sn 

Ta  

<10 T i  36 

10 v <5 

<10 W <25 

31 Zn <50 

15 P <10 

1142 U <0.5 

6 

<4 6 

10 

<200 
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Time 
Min . 
S t a r t  

9 

15 

17 

18 

27 

62 

- 

82 

89 

102 

107 

117 

132 

147 

162 

172 

179 

18 2 

192 

200 

212 

217 

222 

TABLE I B I I I  

Typical  S i n t e r i n g  Schedule of AS-30 Elec t rodes  

(Electrode C) 

Leak Rate, .4 micron/hour 

--,- 

Pres sure 
Torr . 

6 x 

8 10-5 

2 10-5 

2 10-4 

9 10-5 

9 10-5 

5.6 10-5 

5.2 10-5 

7 10-5 

9 10-5 

3.4 10-5 

3 10-5 

3.6 10-5 

4.5 10-5 

3.6 10-5 

4.2 10-5 

3.0 10-5 

2.4 10-5 

2.2 10-5 

2.0 10-5 

1.8 10-5 

1.8 10-5 

6 x 

Amperes Voltage 
Approx. amp Approx. v o l t  

800 

9 60 

400 

800 

800 

1200 

1600 

2400 

3200 

3200 

3800 

4500 

4800 

4800 

4800 

4800 

4800 

4800 

4800 

4800 

Power off 
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2.5 

5 

5 

2.5 

3 

3 

3.25 

3.75 

4.25 

5 

5 

5.4 

5.6 

5.8 

5.8 

6.0 

6.0 

6.0 

6.0 

6.0 

6.0 

Temp . 
OC f25 

-600 

-600 

r 4 0 0  

~ ~ 7 0 0  

900 

1000 

1200 

1300 

1300 

1350 

1450 

1500 

1500 

1500 

1500 

1500 

1500 

1500 

1500 

Lowering power 

F i r s t  hold f o r  
35 min. 

F i n a l  hold one 
hour 



TABU I B I V  

Melting Data f o r  AS-30 

Predominant M e  1 t i n  g 

No.  Amp Used T o r r .  Inches Pounds Lb/Min. 
Ingot Current E l e c  t r ode s Vacuum Cast ing R a t e  

AS-30 NO. 1 4300 B ¶ C ¶ D  4 x 15'4 11.86 48.5 2.5 

AS-30 NO. 2 3800 &E¶F 5 x 10.5 42.5 2.7 
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FIGURE I B ~  - Cb-Base alloy, AS-30 e l e c t r o d e  i n  the pressed 
cond i t ion  
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FIGURE I B 2  - High vacuum res is tance  s inter ing  furnace 



I' 
I. 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 

25X 7817 

50X 7818 

FIGURE 1133 - AS30 pressed and sintered "logstt made from columbium 
granules 
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2 5X 7835 
FIGURE IB4a - Macrostructure of AS-30 No. 1 

200x 7836 

FIGURE IB4b - Microstructure of Cb-Base Alloy,  AS-30 No. 1 



Section I - Materials and Fabrication Processes 

C. TunRsten-Rhenium-Thoria Alloy 
W+ (4-  6) Re+ ( 2 - 4 )  Tho 2 

Powder and Ingot Preparation 

The development of a fabricable tungsten-rhenium-thoria ingot or 
bar, by powder metallurgy techniques, has progressed from the learning 
to the pre-production stage. 
segregation of rhenium and with low, as-sintered, density. These 
problems now appear to be solved and attention has been shifted to 
ingot breakdown techniques and subsequent drawing. 

Initially, problems were encountered with 

A special blend of tungsten plus 2.75 percent, by weight, of 
Tho2 was prepared using commercial procedures. 
of thorium nitraFe l_h(N03)4*H2@ was added to ammonium paratungstate 
crystal, dried, and then the mixture was fired at llOO°C to green 
oxide. The oxide was attrition milled, and then reduced to metal 
powder by firing in a hydrogen atmosphere at about 1OOOOC. Table IC1 
lists a complete analysis of the tungsten-thoria powder used in these 
experiments. 

An aqueous solution 

Table IC11 shows the vendor analysis of rhenium powder purchased 

Five weight 
from the Chase Brass Company. 
milled for one hour and then screened through -325 mesh. 
percent rhenium was added to the W-2.75 Tho 
blending for one half hour in a V-cone blenzer. 
a costly metal, small powder batches and small ingots or bars were 
pressed during this learning stage. The ingot mold produced bars 
measuring 5/8" x 13/16" x 16" when a pressure of 22.5 tons per square 
inch was used to compress the powder. 
numbered consecutively, as it was pressed, to identify it through 
subsequent processes. 

The as-received rhenium powder was 

powder followed by 
Because rhenium is 

Each tungsten alloy bar was 

The first bar successfully removed from the ingot mold (WRT-1) 
was presintered for one hour at 12OO0C, in.hydrogen, to improve the 
green strength. 
at 2830OC for one half hour. The sintered ingot showed segregation of 
rhenium and had a density of around 92%. 
this density was not sufficient for fabrication. 

It was then resistance sintered in a hydrogen "bottle" 

Experience indicated that 

I 
I 
I 
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Improved Blending and Sintering Technique 

To alleviate the problem of rhenium segregation, a new and more 
thorough blending technique was followed as summarized below: 

Milled Re Powder 

=Y= W+2.75Th0:, Powder 

20% Re 5 (W+2.75Th02) 
Lab. Rod Mill (100 gr. one hour) 

Blend total weight (500 gr.) in one jar, 1/2 hour 

Screen through -325 mesh 

Check for homogeneity (microprobe) 

Master blend 

V-cone + intensifier, blend one hour 
with W+2.75Th02 to make W+5Re+2.75 

5. 
J. 
.1 
\1 
J. 
J., I 

Tho2 4 
Check for homogeneity (microprobe) 

Press 
3. 

The new powder mixture was pressed and presintered for one hour at 
120OoC in a muffle furnace using a hydrogen atmosphere, followed by an 
additional presintering treatment at 185OOC for six hours. The bars were 
then resistance-sintered in a hydrogen atmosphere according to a prescribed 
schedule as shown in Table ICIII. 
holding periods with a 270OoC final hold. 
modified to include a fourth holding period at 290OoC for 1/2 hour to obtain 
the high density (over 95% theoretical) required. Table ICIV summarizes the 
various techniques and results that were obtained on all ingots produced to 
date. 

Initially, there were three high temperature 
This original plan was later 

The final method that was developed to produce uniform, homogeneous 
ingots of this alloy differs from that previously described in the literature, 
Ratliffe et al. (1). 
preparation and consolidation: mechanical pressing and self-resistance 
sintering in this investigation versus gas pressure bonding. Workable 
ingots apparently can be produced by both techniques. Further fabrication 
processing and final mechanical property testing, on the material produced 
in this investigation, will be compared with that obtained in the referenced 
study. 

The differences are primarily in the methods of powder 
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Metal lographic  Examinations 

S l i c e s  c u t  fromthe ends of each s i n t e r e d  ingot  were examined. The 
mic ros t ruc tu re  of Ingot WRT1 as shown i n  Figure IC1, ind ica ted  loca l i zed  
rhenium mel t ing  which upon f reez ing  r e s u l t e d  i n  shrinkage c a v i t i e s .  The 
reasons f o r  t h i s  f a i l u r e  were a combination of inadequate and poor blend- 
ing  as w e l l  as i n s u f f i c i e n t  s i n t e r i n g  t ime ' fdr  complete d i s s o l u t i o n  of 
t h e  rhenium p a r t i c l e s  i n  the  tungsten matr ix .  

Improvements i n  blending techniques allowed a more uniform rhenium 
d i s t r i b u t i o n  t o  be obtained i n  the  W+Th02 matrix. Using a microprobe 
examination technique,  it was shown (Figure IC2) t h a t  t h e  rhenium can 
be f a i r l y  evenly d i s t r i b u t e d  i n  a green compact, made from t h e  same s tar t -  
ing  c o n s t i t u e n t s ,  by varying only t h e  blending procedure. Also, t h e  
microprobe method demonstrated t h a t  t h e  a s - s in t e red  ingots  were f a i r l y  
homogeneous a l loys .  
i ngo t s  (WRT4, WRT5, WRT8, WRT9) and t h e  d i spe r s ion  a l l o y  WRT12 are shown 
f o r  comparison. 
segrega t ion  occurred. The t h o r i a  d i spe r s ion  w a s  uniform and no evidence 
of Tho2 gross  agglomeration was  observed. 
i nd ica t ed  t h a t  a g r e a t  d e a l  of gra in  refinement had occurred. 
I C I V  shows t h a t  t h e  g ra in  s i z e  ranged from 32,000 t o  53,000 grains/mm2 
f o r  t h e  W-Re-Tho2 a l loy .  
condi t ions  would be i n  t h e  range of  20,000 grains/mm2. This  g r a i n  r e f i n e -  
ment is a t t r i b u t e d  mostly t o  the  add i t ion  of t h e  thorium oxide r a t h e r  
than  t h e  rhenium m e t a l .  It i s  obvious t h a t  g ra in  ref inemeht ,  as evidenced 
i n  t h e  W-Tho2 a l l o y ,  (Ingot W23) has  been due t o  t h e  Tho2 d ispers ion .  

I n  Figure IC3 t h e  micros t ruc ture  of r e p r e s e n t a t i v e  

The photomicrographs r e v e a l  t h a t  no gross  rhenium 

Grain s i z e  measurements 
Table 

Unalloyed tungs ten  processed under similar 

The r e s u l t s  of blending and s i n t e r i n g  can be summarized as follows: 

1. 

2. 

3. 

4. 

5. 

There w a s  complete s o l i d  s o l u t i o n  of rhenium i n  tungsten.  No 
sigma phase was evident .  

El iminat ion of  i n t e r n a l  d e f e c t s ,  i.e., l a rge  ho le s ,  shr ink  
cavities, etc.,  w a s  accomplished. 

High dens i ty ;  we l l  over 95% of t h e o r e t i c a l  was obtained.  

Thoria seemed t o  be well. dispersed  and no gross  agglomeration 
w a s  observed. 

A high degree of grain refinement w a s  obtained,  as w e l l  as 
gra in  s i z e  uniformity a c r o s s  t h e  c r o s s  sec t ion  of t h e  
s i n t e r e d  ingot .  
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Ingot Breakdown 

I n  t h e  f i r s t  at tempt t o  f a b r i c a t e  t h i s  a l l o y ,  Ingot WRT2 (W+5Re+2.6Th02) 
w a s  r o l l e d  three passes  before  i t  s p l i t  by a l l i g a t o r i n g .  

Ingot  WRT2 

Time Temperature Remarks - Pass - 
1 10 min. 1730OC 1-1/2" long s p l i t  a t  nose 
R e c r y s t a l l i z e  by r e s i s t a n c e  hea t ing  a t  5000 amps 
2 10 min. 17 10°C No cracks v i s i b l e  
3 10 min. 17100C S p l i t  f u l l  length 

I n  view of t h e  r o l l i n g  d i f f i c u l t y ,  swaging w a s  attempted wi th  Ingot  
WRT3 (W+5Re+2.75Th02). Ingo t s  WRT4 and WRT5 (W5Ref2.75Th02) were shipped 
t o  t h e  General E lec t r ic  P lan t  a t  Dover, Ohio, f o r  c ladding with molybdenum 
p r i o r  t o  r o l l i n g .  The swaging and r o l l i n g  r e s u l t s ,  respec. t ively,  are shown 
be low: 

Ingot  WRT3 (Swaged) 

- Pass - Time  Temperature Remarks 

1 10 min. 1 8 O O O C  Light pas s  t o  break co rne r s  
2 10 min. 18OOOC Transverse cracks.  Swaging 

terminated. 

Ingot  WRT4 (Rolled) 

1 30 min. 1700OC Light  pas s  t o  shape - Mo cladding 
2 15 min. 1700OC Good appearance 
3 15 min. 1700OC Good appearance 
4 10 min. 1 7 O O O C  Good appearance 
5 15 min. 1450OC Good appearance 

The rod was pickled a f t e r  t h e  f i f t h  pas s  t o  remove t h e  molybdenum 
cladding f o r  inspection. The f i n i s h e d  diameter w a s  approximately .550". 
Further  processing w i l l  be terminated because of t r a n s v e r s e  cracks and 
tears . 

Ingot  WRT5 (Rolled) 

The above schedule w a s  used f o r  Ingot  WRT5, except f o r  a f o u r t h  pas s  
r ehea t  temperature of  1450%. 
but  several t e a r s  are evident  i n  t h e  c l a d  surface.  
removed by p i ck l ing  f o r  inspect ion.  

The molybdenum cladding has  n o t  been removed, 
The cladding w i l l  be 
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To determine t h e  f e a s i b i l i t y  of  rod r o l l i n g  h igh  percentage t h o r i a  
a l l o y s  beyond t h e  t h i r d  pass ,  Ingots  WRT12 and WRT13 (W+2.75Th02) were 
r o l l e d .  No rhenium a d d i t i o n s  were made t o  t h e s e  ingo t s .  In spec t ion  
of t h e  a s - s i n t e r e d  i n g o t s  showed a marked improvement i n  q u a l i t y .  
These ingo t s  were v i r t u a l l y  f r ee  of  t h e  small s u r f a c e  c h i p s ,  and 
d e f e c t s  noted f o r  Ingot WRT2. 

Inpot WRT12 

.Pass - - T irne Temperature 

1 20 min. 168OoC 

Remarks 

Fractured a t  t a i l .  Transverse 
c racks ,  checks and shipping 
appear t o  be r e l a t e d  t o  ingo t  
consol idat ion.  

Ingot  WRT13 

1 20 min. 168OOC No cracks v i s i b l e  
2 20 min. 163OOC 1-112'' s p l i t  on nose 
R e c r y s t a l l i z e  by r e s i s t a n c e  a t  3650 amps i n  H2 
3 20 min. 1630OC S l i g h t  nose and t a i l  c r a c k s  
4 20 min. 1595OC N o  cracks v i s i b l e  
5 10 min. 153OOC N o  c r acks  v i s i b l e ,  ready f o r  

swaging 

The above r o l l i n g  p r a c t i c e s  incorporated t h r e e  changes suggested by 
t h e  i n i t i a l  a t tempt  t o  r o l l  WRT2: 

1. Prehea t  t i m e  w a s  increased from 10 minutes t o  20 minutes. 

2. Elongation/pass w a s  increased from 10 t o  15%/pass t o  <20%. 

3. R e c r y s t a l l i z a t i o n  w a s  moved from a f t e r  t h e  f i r s t  pas s  t o  after 
t h e  second pass. 

Figures  IC4 and IC5 show t h a t  change No. 3 produced a s i g n i f i c a n t  
improvement i n  g r a i n  s i z e  uniformity. 

Based on t h e  encouraging r e s u l t s  w i t h  Ingot  WRT13, W+5Re i n g o t s  
w i t h  two d i f f e r e n t  t h o r i a  levels w e r e  r o l l e d .  
i n g o t s  w a s  comparable t o  Ingo t s  12 and 13, 

Surface q u a l i t y  of  t h e s e  
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Ingot WRT9 (W+5Re+2. 2Th02) 

Time Temperature Remarks - Pass - 
1 20 min. 17 10°C Split 1-112" at nose 
2 20 min. 165OOC No cracks visible 
Further rolling planned after recrystallization 

Ingot WRTlO (W+5Re+2.2Th02) 

1 20 min. 171OOC Split 1-112'' at nose 
2 20 min. 165OOC Split 1-112" at nose 
Further rolling planned after recrystallization 

Ingot WRT11 (W+5Re+2.2Th02) 

1 20 min. 17 10°C 
2 20 min. 165OOC 

Transverse crack at tail. 
Would not enter guide, will be 
rolled after modification of 
guide. 

Ingot WRT6 (W+5Re+2.75Th02) 

1 20 min. 172OOC No cracks visible 
2 20 min. 165OOC No cracks visible 
Further rolling planned after recrystallization 

Ingot WRT8 (W+5Re+2.75Th02) 

1 20 min. 172OOC Transverse tears along bottom 
surfaces. No further processing. 

Because Ingot WRT8 was shorter than the guide, some difficulty was 
encountered with starting the ingot into the rolls. 
due to excessive heat loss. 
To facilitate handling this ingot a tungsten rod has been welded to one end. 

Cracking may have been 
Ingot WRT7 (W+5Re+2.75Th02) was extremely short. 

Future Plans 

Further fabrication process work will be performed on those ingots that 
have not failed during the initial breakdown operations. Determination of 
proper recrystallization sizes and temperatures will be determined. 
tion of the microstructure throughout processing will provide a means for 
controlling the process and assure reproducibility of future material. 
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TABLE IC1 

Analysis of W+2.75Th02 (Nominal) 

Below are listed the analyses of the tungsten powder lot No. ID 65-8-56. 
This material was transferred on 8/23/65. Qty. 50.000 kgs. 

Spectrographic Analysis Apparent Density by 
Element p p m  Scott-Schaeffer-White Volumeter Element ppm 

A1 <6 Ni 
Ca 17 cu 
Si 11 Mn 
Mo 52 Mg 
Fe 18 Sn 
Cr 5 

Flame Photometry Analysis 

(ASTM B-329 58) 
20 
<3 67.7 gms. per CU. in. 
<6 
7 
10 

Wt. % Particle Size 
Distribution by Photelometer 
Micron Range Lab Milled 

Sodium - 1 ppm 
Potassium - 25 ppm 

LECO Analysis 

Carbon - 11 ppm 

Average Particle Diameter by Fisher 
Sub-S ieve S izer 

as Lab . 
supplied milled 

Number (microns) 2 . 57 2.49 
Porosity . 659 .488 

Tho2 - 2.6+.1% (by x-ray fluorescence) 

-33- 

0- 1 2.4 
1- 2 17.6 
2- 3 38.3 
3- 4 27.8 
4- 5 10.4 

5- 6 
6- 7 
7- 8 
8- 9 
9- 10 

10-11 
11-12 
12- 13 
13- 14 
14- 15 

15- 20 
20- 25 

.7 

.8 
09 
1.0 



TABLE IC11 

Physical, Chemical Analysis of Rhenium Powder 
Chase Brass Company 

Batch 446 

Description - Rhenium Grade 1 -200 mesh 
Microns - 2.35 
Scott Density @/in3 - 27.6 

Spec t ro Praphic Analysis (ppm 1 

Element ppm Element ppm 

A1 <1 Mg <1 
Ca <1 Mo <1 
Cr <1 Ni 1 
cu 1 Si <1 
Fe 15 

Gas Analysis - performed by the General Electric Company, Oxygen = 2860 ppm 

- 3 4 -  
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TABLE I C 1 1 1  

S i n t e r i n g  Schedule of W-Re-Th02 Alloys (Typical) 

P res in t e red  one hour a t  120OoC and s i x  hours a t  185OoC, followed by 
r e s i s t a n c e  s i n t e r i n g  according t o  the  fol lowing schedule: 

Time Current Temperature - Min. Amps 0cf25 

1 1200 

2 1600 1750 

3 2000 

4 

5 

5-112 

6 

7 

8 

18 

18-112 

48-112 

49 

79 

80 

110 

2400 

2800 

3000 

3200 

3600 

4000 

1st hold f o r  10 min. 

4500 

2nd hold fo r  30 min. 

5000 

3rd hold fo r  30 min. 

5300 

4 th  hold f o r  30 min. 

2270 

2500 

2570 

2700 

2900 
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Polished showing localized Ke melting Polished showing Tho2 phase 

Large porosity-polished. Grain refinement-Murakami etch 

FIGURE IC1 - Typical microstructures which may 
occur i n W  - Re - Tho2 alloy (WRT-1). 400X 
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A 

WRT.-l Poor Blend 

B 
WRT-3 Good Blend 

C 
Sintered - Good Ingot 

FIGURE IC2 - W i- 5 R e  i- 2.75 Tho2 Alloys. Elec t ron  microprobe 
examination. White areas show presence of rhenium. 222X 



lOOX looox 

WRT - 2 A7760 WRT-2 A7761 

W + 5 Re + 2.75 Tho2 

WRT-5 A7811 WRT-3 A7814 

W +Re + 2.75 Tho7 W + Re + 2.75 Tho2 

WRT-8 A7839 

W + 5 Re + 2.75 Tho2 

WRT-8 A7842 

W + 5 Re + 2.75 Tho2 

WRT-9 A7855 

W + 5 Re + 2.2 Tho2 

WRT-9 A7860 

W + 5 Re + 2.2 Tho2 

’ . .. 

WRT-12 A7833 

W + 2.75 Tho2 

FIGURE IC3 - Typical microstructure of as- 
a l l  etched in Murakami except 

WRT-12 A7834 

W + 2.75 Tho2 
sintered W-Re-Tho2 ingots - 
WRT-5 which was buff etched 
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FIGURE IC4 - Macrostructure of Ingot WRT-2, 
Rolled 1st Pass and Recrystallized. 
3X Magnification. 

FIGURE IC5 - Macrostructure of Ingot WRT-13, 
Rolled 2 Passes and Recrystallized. 
3X Magnificat ion. 
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Sect ion  I. Materials and Fabr i ca t ion  Processes  

D. Tungsten-Hafnium-Carbon Alloy 
W+(1-3)Hf+(0.005-0 .02)C 

Powder and Ingot Prepara t ion  

The f i r s t  s e l e c t i o n  of tungsten m e t a l  powder had a F i she r  sub-sieve 
s i z e  of 4.0. This  type of  powder normally r e s u l t s  i n  adequate as-pressed 
green s t r e n g t h  t o  a l low handling without breakage. 
hafnium hydride and carbon, however, it w a s  found t h a t  t h e  green s t r e n g t h  
of t h e  pressed ingot  was  very low. 
w a s  s e l ec t ed  next  and r e su l t ed  i n  adequate green s t r eng th .  
a n a l y s i s  of t h i s  powder is  shown i n  Table I D I .  
tungsten base metal as hafnium hydride obtained from Metals Hydrides 
Incorporated,  Beverly,  Massachusetts. Table ID11 i s  t h e  vendor ' s  
a n a l y s i s  of t he  hafnium hydride. 
ments as t h e  carbon addi t ive .  

When mixed wi th  

A 2.1 F isher  sub-sieve s i z e  powder 
The complete 

Hafnium w a s  added t o  t h e  

Lamp black w a s  used i n  a l l  t h e  exper i -  

Compacts of t h e  blended powders were prepared by mechanical p re s s ing  
i n t o  5/8" x 13/16" x 16" long bars.  A pressure  of 44.6 tons/sq.  in .  
w a s  used t o  a s su re  s u f f i c i e n t  green s t r eng th  f o r  handling. The pressed 
ingo t s  w e r e  then  t r a n s f e r r e d  t o  t h e  vacuum furnace descr ibed i n  Sec t ion  
I B  f o r  s in t e r ing .  

Upon i n i t i a l  hea t ing ,  the hafnium hydride d i s s o c i a t e d  a t  approximately 
500OC. After t h e  hydride d i s soc ia t ion ,  t h e  p re s su re  w a s  maintained i n  t h e  
10-5 Torr. range throughout t he  s i n t e r i n g  cycle. 
t y p i c a l  s i n t e r i n g  schedule. 
t h e r e  were f i v e  holding periods.  
t o  s t rengthen  t h e  compact s ince  l i t t l e  s i n t e r i n g  w a s  accomplished a t  t h e  
50006 hydride d i s s o c i a t i o n  temperature. 
t h e  purpose of homogeneously a l loy ing  t h e  material. 

Table I D 1 1 1  shows a 
The t a b l e  i n d i c a t e s  t h a t  during s i n t e r i n g  

The f i r s t  hold a t  12OOOC w a s  done p r imar i ly  

The o the r  holding per iods  were fo r  

Ingots  WHC1, WHC2 and WC3 were s i n t e r e d  a t  a f i n a l  holding temperature 
i n  the  range of 2800-2830% + 25OC. 
t h a t  poss ib l e  loca l i zed  melt7ng w a s  occurr ing during s i n t e r i n g .  
be noted t h a t  hafnium oxide has a mel t ing  po in t  of about 281OOC. 
subsequent f i n a l  s i n t e r i n g  temperatures w e r e  t he re fo re  l imi t ed  t o  a maximum 
of 2800OC. These f i r s t  t h ree  ingo t s  i n  t h e  W-Hf-C system, prepared as 
descr ibed above, w e r e  not  homogeneously al loyed and exhib i ted  coarse  second 
phase p a r t i c l e s  i d e n t i f i e d  as  hafnium oxide by microprobe examination. 
d i f f e r e n t  method of preparing t h e  compacts w a s  t he re fo re  developed f o r  a l l  
subsequent ingots.  

Metal lographic  examination ind ica ted  
It should 
All 

A 
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A s  i n  t h e  case of t h e  W-Re-Th02 a l l o y s ,  improved blending techniques 
Small batches of a master blend w e r e  prepared from t h e  w e r e  employed. 

tungsten powder, hafnium hydride and carbon. The master m i x  w a s  then 
blended back t o  t h e  d e s i r e d  composition wi th  unalloyed tungsten.  I n  
o rde r  t o  minimize oxygen pickup during blending,  re-reduced tungsten 
powder was  obtained (from t h e  o r i g i n a l  powder l o t )  and kept  i n  argon- 
f i l l e d  polyethylene bags and s to red  i n  metal  cans.  Weighing of  t h e  
powders was done i n  an i n e r t  (argon) atmosphere by us ing  a dry-box, 
shown i n  Figure ID1 .  Mixing w a s  a l s o  done i n  an argon atmosphere 
us ing  a twin - she l l  blender wi th  an i n t e n s i f i e r .  P re s s ing  and s i n t e r i n g  
cond i t ions  were n o t  s u b s t a n t i a l l y  changed from t h e  o r i g i n a l  experiments. 
Table I D I V  summarizes a l l  t h e  s i n t e r i n g  experiments t h a t  have been 
performed t o  date. 

Chemistry 

Analysis of WHC1 and wHC2 f o r  hafriium r e t e n t i o n  ind ica t ed  t h a t  ve ry  
small lo s ses  occurred, 
x-ray spectrographic  methods. The w e t  chemical method ind ica t ed  t h a t  
hafnium was  p re sen t  as hafnium oxide t o  t h e  e x t e n t  of 0.36% and 0.24% 
i n  WHC1 and wHC2 re spec t ive ly .  The remaining hafnium (2.04% and 2.18%) 
should t h e r e f o r e  be i n  s o l i d  s o l u t i o n  i n  t h e  tungsten matrix o r  p re sen t  
as hafnium carbide.  

Hafnium w a s  determined by both w e t  chemical and 

All percentages are on a weight b a s i s .  

I n t e r s t i t i a l  content  of t h e  s i n t e r e d  i n g o t s  w a s  no t  accep tab le ,  
e s p e c i a l l y  with regard t o  oxygen content .  Despi te  p recau t ions  t h a t  were 
taken i n  s t o r i n g ,  weighing, blending, and s i n t e r i n g  t h e r e  appears t o  be 
no easy way, at t h e  p r e s e n t ,  t o  reduce t h e  oxygen content  of  t h e  s i n t e r e d  
ingot.  Similar  d i f f i c u l t i e s  were encountered i n  o t h e r  i n v e s t i g a t i o n s  
r e l a t e d  t o  t h i s  al1oy:system (1). 
hydrogen atmosphere t o  t r y  and reduce t h e  oxygen level; however, t h i s  
was no t  successful .  Ingot  WHC7 w a s  s i n t e r e d  by r a d i a t i o n  hea t ing  r a t h e r  
than s e l f  resistance, bu t  t h i s  a l s o  w a s  unsuccessful .  Table IDV shows 
t h e  chemistry results, t o  d a t e ,  of  the v a r i o u s  ingo t s  prepared. A 
domplete spectrographic  a n a l y s i s  f o r  metall ic i m p u r i t i e s  i n  i n g o t s  WHC1 
and wHC2 i s  a l s o  given i n  Table IDV. 
a d j u s t  t h e  carbon content  t o  t h e  level d e s i r e d ,  50 t o  200 ppm. There 
w e r e  two reasons f o r  t h i s  problem; carbon pickup w a s  occurr ing due t o  
back d i f f u s i o n  of o i l  and secondly, carbon t h a t  w a s  added i n  hopes of 
"deoxidizing" t h e  ingot  w a s  no t  e f f e c t i v e ,  probably because of t h e  
a f f i n i t y  of t h e  hafnium f o r  both oxygen and carbon. 
t h e  des i r ed  carbon level a d d i t i o n  i n  t h e  range of 100 t o  125 ppm w e r e  
added as i n  I n g o t s  wHC11,  12 and 13. 

Ingot  WHC4 w a s  s i n t e r e d  i n  a d ry  

I n i t i a l l y ,  it w a s  d i f f i c u l t  t o  

I n  o rde r  t o  ob ta in  
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Metallographic Examination 

In order to evaluate the structure and characterize the sintered 
ingots, sections from each sintered ingot were conventionally polished 
and then etched in: 

50 parts lN NaOH 

50 parts 30% K3Fe(CN6) 

All the W-Hf-C alloy ingots prepared to date have exhibited large 
second phase partidles within the matrix. Figure ID2 shows the 
structure of representative ingots at 100 and 1000 magnifications. 
Microprobe examination to date has revealed only hafnium oxide. 
There is a good possibility that the smaller particles may be 
hafnium carbide; however, this has not been determined analytically. 
Microstructure examination has also shown that a modest degree of 
grain refinement occurs in the W-Hf-C system; however, it is not as 
pronounced as is the W-Re-Tho2 alloys. A variation of grain size 
from edge to center was also observed in many of the sections 
examined, the edge grains being about twice as large as grains near 
the center of the ingot. 
ability and may also indicate a chemistry variation from edge to 
center . 

This grain size variation may affect work- 

The average hardness of the various ingots was about Rc33 regardless 
of composition or sintering schedule. 

Microprobe Examination 

Microprobe techniques were employed to study the extent of uniformity 

Figure ID3-c indicates that a relatively uniform mixture 
in blending the powders and also to check the degree of alloying after 
sintering. 
of hafnium hydride in tungsten was obtained using the improved blending 
technique. After sintering microprobe examination indicated that 
agglomeration occurred. Figure ID3-a and b show local concentration 
of hafnium (as hafnium oxide). 
is suspected to be an area where localized melting occurred during 
sintering . 

The intense white area in Figure ID3-b 

Surmnary of Sintering W-Hf-C Alloys 

The ingots prepared, to date, have been unsatisfactory for one or 
more of the following reasons: 

1. Dispersion of a large second phase. 
2. Localized melting due to too high of a sintering temperature. 
3. Agglomeration of the second phase, hafnium oxide. 

-39 - 



Ingot  Breakdown 

I 
I 

Roll ing has been attempted only on Ingot  WHC3. Using a p rehea t  
of 174OoC, f o r  10 minutes,  t h e  material f a i l e d  i n  a b r i t t l e  manner 
i n  t h e  f i r s t  pass. 
But t h e  extremely b r i t t l e  n a t u r e  of t h e  a l l o y  noted thus  f a r  i s  n o t  
encouraging. 
it a t  1600OC. 

Seven o the r  i ngo t s  are ready f o r  breakdown r o l l i n g  

Ingot WHC12 w a s  broken i n  an attempt t o  h o t  s t r a i g h t e n  

Future Plans 

I n  order t o  o b t a i n  a f a b r i c a b l e  ingo t ,  t h e  approach of me l t ing  
and extruding,  r e c e n t l y  demonstrated by Raffo and Klopp (2), i s  being 
considered as a method of conso l ida t ion  f o r  t h e  W-Hf-C a l l o y .  Before 
t h i s  approach is taken,  however, f u r t h e r  f a b r i c a t i o n  processing work 
w i l l  be attempted. 
p r e s e n t l y  a v a i l a b l e  ingo t s  and molybdenum jacketed ingo t s  f o r  rod 
r o l l i n g  at tempts  w i l l  a l s o  be inves t iga t ed .  
once t h e  i n i t i a l  breakdown of  t h e  ingot  i s  achieved, f u r t h e r  processing 
w i l l  be less d i f f i c u l t  u n t i l  very s m a l l  w i r e  diameters  are approached 

High energy rate ex t rus ion  (Dynapak) of  t h e  

It i s  a n t i c i p a t e d  t h a t  

References 
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TABLE ID1 

Tungsten Powder 
U2.1-5071 

Spectro Analysis of Powder (ppm). 

A1 -6 
Ca 14 
Si -7 
Fe 6 
Cr -3 
Ni 10 
cu -3 
W/Mo 68 
Mn -6 

Mg 
Sn 
GO 
Ti 

Pb 
Nb 
Zr 

4 3  

5 
8 

- 3  
-6  
-3 
- 6  

- 20 
- 3  

Chemical Analysis of Powder (ppm) Physical Measurements 

02 380 
C 18 

Cubic Inch 38.7 
Tap Test 
Fisher No. 2.10 
Poro sit y .717 
Milled Fisher 1.98 
Milled Porosity .540 

Photelometer Distribution 

Micron 
Size 

1. 
2. 
3, 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12 0 

13, 
14. 
15. 
20 . 
25. 
30 . 
40 

% by Weight 
as is) (milied) (- 

8.7 
42.4 
29.0 
12.6 

6.2 
.9 
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TABLE ID11 

Hafnium Hydride 
(Prepared from Hafnium Crys t a l  Bar) 

Metal Hydrides Inc. 

Chemical Analyses ( W t .  %) 

H -  1.06 
N - <.0010 
0 - <.0500 
C a  - <.0050 
CU - <.0050 
A1 - <.0050 
Ni - <.0050 
Fe - .0012 
Mg - -0016 
Si - .0012 
Mn - 0 0001 
Ti - 0125 
Zr - 1.86 
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TABLE ID111 

A Summary of  a Typical  S i n t e r i n g  
Schedule of W-Hf-C Alloys 

Ingot WHC12 

Time Pressure  Temp. 
Min. Torr. Volts  Amp OC 1.25 - - 

0 Leak rate 1 micron/hour 
H evolu t ion  

45 1 10-4 2-1 /2  (Red Color) H2 evolu t ion  2 25 1 10-4 2- 1/ 2 

52 8 x 4 800 935 
60 5 10-5 4 1200 1200 

Hold f o r  one hour (1) 

130 z 10-5 4-1/2 1680 1450 
135 . i . 5  10-5 5 1840 1555 
140 3 10-5 6-1/2 2200 1800 

Hold f o r  one hour (2) 

205 
215 

7 10-5 7 3040 2150 
9 10-5 7-1/2 3200 2250 

Hold f o r  1 /3  hour (3) 

240 9 10-5 8-1/4 3600 2450 

Hold f o r  1/4 hour (4) 

249 
252 

8 x 8-1/2 3840 2600 
4 10-5 10-1/2 4240 2780 

Hold f o r  one hour (5) 

212 3 10-5 10-1/2 4240 2780 Power o f f  
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TABLE I D V  

Chemical Analysis of Tungsten +Hafnium + Carbon Alloys 

A. Chemical and Gas Analysis 
Analysis 

Ingot Nominal ppm - No . Additions Wt. % Wt. % Hf C 0 H N - - -- 
wHc1 2.44 HfH2 + .02C 2.40 260 
wHc2 2.44 HfH2 + .02C 2.42 300 

wHc3 
wHc4 
wHc5 
WHC 6 
wc7 
WHC8 
wHc9 
WHC 10 
WHCll 
wHc12 
WHC 13 
WHC 14 

2.44 HfH2 + .05C 
2.44 HfH2 + .045C 
2.44 HfH2 + .045C 
2.44 HfH2 + .045C 
1.5 HfH2 + .045C 
1.5 HfH2 + .045C 
1.5 HfH2 + .03C 
1.5 HfH2 + .03C 
1.5 HfH2 + .03C 
1.5 HfH2 + .012C 
1.5 HfH2 + .O12C 
1.5 HfH2 + .O12C 

174 

700 
439 
29 1 
378 

311 
1.5 

B. Spectro Analysis of Ingots WHC1 and WHC2 

160 
161 

2l2 w- 2 E lemen t - w- 1 - E lemen t 

A1 
Ca 
Si 
Mo 
Fe 
Cr 
Ni 
cu 
Cb 

15 
19 
36 
125 
17 
6 
6 

-3 
<20 

14 
19 
46 
230 
17 
5 
8 
a 
<20 
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Mn 
Mg 
Sn 
co 
Ti 

Pb 
Zr 

Ag 

518 3 5 
791 1 38 
806 1 30 

774 1 34 
663 1 20 

w- 2 - w- 1 - 
6 <6 
7 13 
<6 <6 
8 9 
<6 <6 
<3 <3 
<6 <6 
64 63 
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FIGURE I D 1  - Dry box 
powders 

used t o  screen,  blend,  
p r i o r  t o  p re s s ing  

N o .  115P 

and prepare W-Hf-C 
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WHC-1 A7735 WHC-1 A7736 WHC-3 A7762 
lOOX looox looox 

W + 2.44 HfH2 -I- .05C W + 2.44 Hf + .02 C 

. .  . .  

. .  

WHC -5 A7812 WHC -5 A7813 WHC-3 A7759 
looox lOOX lOOX 

W -t 2.44 HfH2 + .045 C 

WHC-12 A7850 WHC-10 A7843 WHC-12 A7849 
looox lOOX looox 

W 1.5 HfH2 + .03  C W + 1.5 HfH2 + .012 C 

WHC-13 A7853 WHC-10 A7 844 WHC-13 A7852 
lOOX lOOX looox 

w -t- 1.5 HfH2 + .012 C 

FIGURE ID2 - Microstructure of Sintered W-Hf-C Alloys 
Illustrating Second Phase 
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A. WHC-1, As-Sintered 
~ 

W + 2.44 HfH2 + .02C 

B. 

C.  

WHC-3, As-Sintered 
W + 2.44 HfH2 + .05C 

m.c - 
W +  

,5 ¶ 

2. 
Powder 

44 H f H 2  
Compact 
+ .05C 

FIGURE I D 3  - Microprobe Examination of W-Hf-C. White Areas Ind ica t e  
Hafnium 222x 
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Section I - Materials and Fabrication Processes 

E. Columbium Alloy FS-85 
Cb+(27-29)Ta+(9.5-10.5)W+(O.7-1.1)C 

Commercial availability of columbium alloy, FS-85, indicated that 
the production of wire from the alloy could be expedited by purchasing 
rod stock suitable for redraw. 
negotiated with the vendor and an order for 80 pounds of 1/4" diameter 
rod was placed in July 1965 with Fansteel Metallurgical Corporation. 
Table IEI details the chemical composition specification which was 
negotiated with the vendor. It was also agreed that processing infor- 
mation along with a slice of the cast ingot and microstructure evalua- 
tion of the ingot would be supplied by the vendor. 

Specifications and process details were 

Upon receipt of the 1/4" diameter rod, complete chemical, micro- 
structural and mechanical property evaluations will be performed in 
order to prepare a "Raw Materials Description". Future procurement 
of this alloy, if necessary, would then be based on the "Raw Materials 
Description". 

Unfortunately, due to a number of difficulties experienced by the 
vendor while preparing this alloy, delivery has been delayed to January 
1966 
As a result of this delay, no progress has been made in fabrication of 
columbium alloy FS-85 during this reporting period. 

from the originally scheduled delivery date of September 1965. 

TABLE I E I  

Chemistry Specification 
Columbium Alloy FS-85 

Ta 28 t 1% 
W 10 + 0.5% 

C 50 ppm max. 
0 150 ppm max. 

Zr 0.9-2 0.2% 

N 150 ppm max. 
H 10 ppm max. 
Fe 100 ppm max. 
Si 100 ppm max. 
Cb Balance 
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Section I - Materials and Fabrications Processes 

F. Tantalum Alloy  T-222 
Ta+( 9.1-10.1)W+(2.1-2.7)Hf+(80- 120 ppm)C 

Like columbium allog FS-85, the tantalum base alloy, T-222, is 
commercially available and the production of wire could be expedited 
by purchasing rod for redraw purposes. Specifications and process 
information details were negotiated with the vendor. An order for 
95 pounds of 1/4" diameter rod was placed in July 1965 
Metallurgical Corporation. Table IF1 lists the chemical composition 
specificafion negotiated with the vendor. 
and a slice of the cast ingot and microstructure evaluation of the 
ingot will be supplied by the vendor. 

with Fansteel 

Processing information 

Upon receipt of the 1/4" diameter rod complete chemical, micro- 
structural and mechanical property evaluations will be performed in 
order to prepare a "Raw Materials Description". Again, as in the 
case of the columbium alloy, FS-85, future procurement of this alloy 
would then be based on the "Raw Materials Description". 

Because of difficulties experienced by the vendor, delivery of 
the 1/4" diameter rod has been delayed until the end of January 1966. 
As a result of this delay,. no progress has been made in fabrication 
of tantalum alloy, T-222, during this reporting period. 

TABLE IF1 

Chemistry Specification 
Tantalum Alloy T-222 

W 9.6 + 0.5% - 
Hf 2.4 - + 0.3% 

C 100 ppm ,+ 20 ppm 

O2 + N2 <60 ppm 
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Section I1 - The Evaluation of Materials 

A. The Multi-Station Creep and Stress Rupture Apparatus 

' .  ':Introduction 

The design of a multi-station stress-rupture and creep apparatus 
for testing wire of less than 10 mils diameter was undertaken after 
receipt of the contract. 
which needed to be incorporated in the design were: 

Some of the basic features of this apparatus 

1. Testing capability to a maximum temperature of 2800OF. 

2. Vacuum capability to pressures of to 5 x Torr. 

3. Continuous operation for periods up to 1500 hours. 

4. Measurement of creep deformation to a precision of 50 x lom6 
inches. 

Within 90 calendar days the basic design was completed and detail design 
drawings had been submitted to the NASA Project Manager for approval 
prior to the start of fabrication. 
approvals and after the incorporation of suggested changes, corrections 
or improvements, the fabrication and/or purchase of individual items of 
the apparatus was begun. 

Upon receipt of design drawing 

Summary and Overall Description of the Equipment 

The Basic Components of the Apparatus 

1. An ultra-high vacuum chamber for housing six individual creep- 
rupture test stations is shown in Figure IIA1. The chamber is 
constructed of stainless steel and uses metal gasket seals. 
Therefore, it is capable of being baked out to a temperature 
of at least 500OF. The bakeout is accomplished by utilizing 
strip-type heaters on the chamber. The entire chamber is 
equipped with an insulated aluminum outer shroud. 
ing channels are welded to the chamber and are used together 
with a blower for cooling after the bakeout procedure. 

Water cool- 

The stainless steel shell of the chamber is flanged so as to 
be bolted to the Main Base Plate and a large metal gasket 
serves as the vacuum seal (Figure IIA2). In addition, the Main 
Base Plate is so constructed that the six-creep-rupture test 
stations are individually mounted on the Base Plate by means 
of flanges and metal gasket seals. 
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2. Individual Test Stations (See Figure IIA2) 

Each test station is fabricated, assembled and aligned onto 
a separate flange which in turn may be independently bolted to 
the Main Base Plate. Therefore, each one can be replaced by a blank 
flange, if the need arises. This has the advantage of allowing for 
the replacement of one or more stations with a blank flange, the 
need for vacuum checkout of individual stations, or the use of 
less than six stations. 

3. The Vacuum Pumping System (See Figure IIA1) 

For rough pumping the test chaqber to approximately 
Torr., the system is provided with three sorption-type pumps 
attached to a roughing manifold through three non-bakeable 
valves and one bakeable valve. To attain pressures of the 
order of 10-9 to 5 x 10-11 Torr., the system has a bakeable 
500 liter/sec. triode pump and a titanium sublimation pump. 
The titanium sublimation pump has a removable liquid nitrogen 
or water-cooled cryopanel of 500 square inches surface area 
for receiving the titanium film from the pump. 

4. Equipment Controls 

Controls for the vacuum system include the following: 

a. Ion pump control 
b .  Titanium sublimatioa pump control 
C. Chamber and pump bakeout control, timer and temperature 

d. Ionization gage control 
e. Thermocouple gage control 
f a  Ion pump pressure relay 

indicator 

Temperature recorders and controllers 

The system for controlling and recording the temperature 
of each test station utilizes a General Electric Instrument 
Department system which consists of the following: step-down 
transformer; SCR Fower Pack; Type 550 MV/I transmitter for 
use with two W-5% Re/W-26% Re thermocouples in a range of 
1000 to 300O0F; a Type 521-1/2% - 2-pen recorder; and a Type 
560 dual alarm for automatically switching the control system 
from the temperature controlling thermocouple to the temperature 
recording thermocouple. In addition, a Minneapolis-Honeywell 
manual switch allows the switching of thermocouples at the 
operator's discretion. 
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This extra emphasis on the thermocouple switching arraEgement 
was deemed appropriate in order to decrease the risk of loss of 
data due to thermocouple failure during a run. 

Automatic controls and timer for bakeout are also included in the 
control system. 

I 
I 
I 

5 . .  The Hoist System (See Figure IIA1) 

An electrically hydraulic hoist system, provided with safety 
latches and control valves, furnishes vibration-free lifting of 
the outer stainless steel shell, thus exposing the individual 
test stations mounted on the Main Base Plate. 

Elements of a Creep Rupture Station 

The basic elements of a Creep Rupture Station are shown in Figure 
IIA2 and are as follows: 

1. 

2. 

3. 

Invar Posts 

These serve as the stationary support for the specimen train. 
They are constructed of low coefficient of expansion material to 
minimize errors in the creep measurement. 

A zero mark or fiducial reference point is positioned on the 
invar post. Provision for sighting this reference point with a 
cathetometer through a window is made for alignment adjustments at 
set-up time and for measuring or corroborating measurements of 
extensions during test. 

Water Cooled Copper Wall, Radiation Shields and Heating Elements 

The heating element and radiation shields are made from 5 mil 
Ta-10% W sheet and are housed inside a water-cooled jacket. 

The tungsten-rhenium thermocouples (W-S% Re/W-26% Re) are 
positioned inside the furnace element, in close proximity to the 
wire sample, for recording and controlling the test temperature. 

Wire Samples 

Wire of approxixmtely five mils diameter is electrolytically 
etched to a slightly smaller diameter and to a length of one inch 
in order to define the gage length. The sample is clamped to the 
upper invar post and then attached to the desired load (weights). 
The weights are suspended by a pivoted lever arrangement and are 
released only when the test conditions are achieved. 
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4 .  Creep Sensing System 

For measuring t h e  extension of t h e  w i r e  sample under 
stress an LVDT (Linear Variable  D i f f e r e n t i a l  Transformer) 
method, designed and b u i l t  by Schaevi tz  Engineering 
Corporation, i s  employed. This c o n s i s t s  of  a n i cke l - i ron  
co re  rod a t t ached  t o  t h e  weights and i s  a p a r t  of t h e  
t o t a l  load on t h e  specimen. 
a s t a i n l e s s  s teel  tube welded t o  t h e  t e s t  s t a t i o n  flange. 
The LVDT c o i l s  are posi t ioned e x t e r n a l l y  around t h e  tube 
and core.  The movement of t h e  co re  rod wi th in  t h e  f i e l d  
produces an e l e c t r i c a l  s i g n a l  which can, by c a l i b r a t i o n ,  
be r e l a t e d  t o  creep deformation (See below). I n  a d d i t i o n  
t o  t h e  u s u a l  LVDT c o i l s ,  an a d d i t i o n a l  c o i l  has been 
designed i n t o  t h e  system f o r  use as a "Specimen Break" 
d e t e c t o r  signal. 

This  co re  rod hangs w i t h i n  

The Creep Measuring System 

The extension of t h e  loaded specimen with t i m e  r e q u i r e s  measure- 
ment of deformation perhaps as,  g r e a t  as  0.5", .to p r e c i s i o c  as  
high as 50 microinches and with expected t e s t i n g  times as long as 
1,000 hours . 

The LVDT system of measurement (see above) i s  i d e n t i c a l  f o r  
each of t h e  s i x  test  s t a t i o n s .  
from the  specimen i s  monitored by t h e  s i g n a l  induced i n  t h e  surround- 
ing  LVDT c o i l s .  
by measuring t h e  change i n  output of t h e  LVDT when t h e  o u t s i d e  c o i l s  
are moved a known d i s t ance .  
t h e  pos i t i on  of t h e  e x t e r n a l  c o i l s  i s  a v a i l a b l e  and t h e  displacement 
can be measured d i r e c t l y .  

Movement of t h e  Ni-Fe core suspended 

Convenient c a l i b r a t i o n  of  t h e  LVDT system i s  e f f e c t e d  

A s e n s i t i v e  mechanical adjustment of 

The p r imar i e s  of t h e  LVDT's are e x c i t e d  by a 2.5 KC carrier a t  
3 VAC. The output  v o l t a g e  from each d i f f e r e n t i a l  winding of t h e  
LVDT's l eads  f n t o  a sepa ra t e  carr ier-amplif ier-demodulator  where 
it i s  converted t o  an analog DC vo l t age  f o r  p r e s e n t a t i o n  on a mul t i -  
channel recorder .  I n  a d d i t i o n ,  t h i s  output  may be switched t o  a 
s i n g l e  channel r eco rde r  f o r  continuous r eco rd ing  r equ i r ed  f o r  r a p i d  
changes during i n f t i a l  s t a g e s  of creep. 

A range s e l e c t o r  switch a t  t h e  output  of t h e  amplifier-demodulator 
w i l l  select f u l l  s c a l e  measurement ranges f o r  t h i s  displacement equ iva len t  
t o  0.005", 0.050", 0.100", 0.250" and 0.500". 
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Each LVDT output  i s  f ed  i n t o  a s ix  channel B r i s t o l  r eco rde r  w i t h  
c o l o r  d o t  p r i n t o u t .  
Chart  speed i s  one inch/hour and sampling rate i s  one p r in t /minu te  
f o r  a t o t a l  cyc le  t i m e  of  s ix  minutes. 

The input t o  t h e  recorder  i s  0 t o  50 m i l l i v o l t s .  

The LVDT system con ta ins  an a d d i t i o n a l  c o i l  which w i l l  produce 
a s i g n a l  when specimen rup tu re  occurs. 
c o n t r o l  r e l a y s  t o  t h e  multi-channel recorder  w i l l  g ive  a record of 
r u p t u r e  w i t h i n  six minutes of a c t u a l  r u p t u r e  t i m e .  

The s i g n a l  through t h e  

The second r eco rde r ,  a s i n g l e  channel r eco rde r ,  i s  used t o  accept  

Th i s  recorder  has a 0 t o  50 m i l l i v o l t  range and c h a r t  speeds 
any one o f ' . t he  s ix  s t a t i o n  outputs  f o r  recording cont inuously when 
des i r ed .  
of one inch/hour and one inch/minute. 

Design and Construct ion 

Design 

The design of t h e  va r ious  components of  t h e  equipment w e r e  
completed by September 15, 1965, and approval o f  t h e  d e t a i l e d  
drawings has been received. 

The Flow Diagrams ( E l e c t r i c a l  and Water) have a l s o  been completed 
as of t h e  d a t e  of  t h i s  r e p o r t  and have been submitted f o r  approval. 

F i n a l  design changes and c o r r e c t i o n s  of d e t a i l  drawings are t o  
be made after t h e  equipment has  been assembled and debugged. An 
accura t e  and complete set of p r i n t s  w i l l  then be submitted t o  NASA. 

Fabr i ca t ion  and Construction 

A l l  phases of  equipment f a b r i c a t i o n  and/or purchasing of s p e c i f i c  
and s p e c i a l i z e d  instrumentat ion f o r  t h e  vacuum, temperature and measure- 
ment systems were i n i t i a t e d  as soon as approvals  were received.  

F a c i l i t i e s  

General Electric laboratory f a c i l i t i e s  have been rearranged i n  
o rde r  t o  provide a s e p a r a t e  room f o r  t h e  assembly, and operat ion of 
t h e  equipment. Se rv ices  and, i n  a d d i t i o n ,  a i r  condi t ioning have 
been i n s t a l l e d .  
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Future Plans 

The various components of the Multi-Station creep tester are 
scheduled for completion and shipment to G. E. by mid-February 
1966. The equipment will then be assembled and the debugging, re- 
working and calibration of the apparatus will start. 

Within the next six months period, general familiarization 
with the equipment and the development of procedures and techniques 
of its operation will be accomplished. Creep testing of wire 
specimens will also be done. 

A manual of operation including the operation procedures and 
techniques for testing will be written up for NASA. 
this manual will be a general maintenance and troubleshooting 
sect ion. 

Included in 
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Section I1 - The Evaluation of Materials 

B .  The Tensi le  Testing Apparatus 

A description of t h i s  ultra-high vacuum tester w i l l  be included 
i n  the next report. 
equipment is  not part of the contract work. 

It i s  now in the f i n a l  build stage. This 
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Sect ion  I1 - The Evaluation of Materials 

C. Prel iminary Inves t iga t ions  

Specimen Gage Length 

Introduc t . ion 

I n  order  t o  de f ine  t h e  length  of w i r e  specimen being deformed 
during a creep-rupture  t e s t ,  it w a s  necessary t o  f i n d  a method t o  
reduce uniformly t h e  diameter of a s e c t i o n  of w i r e  e x a c t l y  one 
inch  long. Prel iminary experiments u s ing  electrochemical  e t ch ing  
revealed t h a t  a more uniform diameter gage length could be obtained 
by use of a l t e r n a t i n g  cu r ren t  r a t h e r  than d i r e c t  cur ren t .  I n  addi- 
t i o n ,  it w a s  found t h a t  r o t a t i o n  of t h e  wire  on i t s  a x i s  during 
electrochemical  e tch ing  produced a p re fe r r ed  and b e t t e r  specimen. 
S p e c i f i c a l l y ,  t h i s  method y i e l d s  smoother and more gradual  diameter 
changes a t  t h e  ends of the gage length.  

Etching App a r a t u s  (See Figure I I C l )  

The apparatus  designed f o r  e tch ing  t h e  one inch gage sec t ion  
is  shown i n  Figure I I C 1 .  
are: 

The b a s i c  f e a t u r e s  of t h i s  appara tus  

1. P lex ig l a s s  e tching conta iner  
2.. Braided tungsten w i r e  c o i l  
3. Capi l la ry  g l a s s  tubing 
4. Variable  speed motor 
5. A.C. vo l t age  v a r i a b l e  t ransformers  and vol tmeter  

The p l e x i g l a s s  conta iner  is  f a b r i c a t e d  so t h a t  i t s  i n t e r n a l  diameter 
is  exac t ly  one inch. 
d i ame t r i ca l ly  opposed .015 inch diameter holes.  
(nine wires of .065" diameter braided w i r e  
an I.D. of 5/16") is inser ted  i n t o  t h e  one normal NaOH so lu t ion  and 
se rves  as t h e  anode. This c o i l  i s  pos i t ioned  such t h a t  t he  w i r e  
specimen passes  through i ts  cen te r  when t h e  specimen is  threaded 
through c a p i l l a r y  g l a s s  tubing and p l e x i g l a s s  conta iner .  
of  t h e  w i r e  i s  gripped by a p in  v i s e  chuck which is  r o t a t e d  by a 
v a r i a b l e  speed rno t o r  . 

Through t h e  w a l l s  of t h e  conta iner  are two 
A tungsten c o i l  

one inch i n  length  and 

One end 
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Procedure 

The wire specimen was inserted through the plexiglass container, 
tungsten coil anode and capillary glass tu.bing and attacked to the 
variable speed motor by the pin rise chuck. The variable speed 
motor for these experiments was a Dremel Model-2 Mota-Tool, the 
speed being controlled by controlling the input voltage with a 
variable AC transformer. 
rotational speed as the voltage was varied. 
to determine the effect of rotation on uniformity of etching. The 
AC voltage for etching was cmntrolled and varied by using a Powerstat 
variable transformer in the circuit. The etching voltage used was 
measured by a voltmeter. 
tion of feasibility of this method were tried on .OOT" diameter 218 
tungsten wire under the fo1.lowing experimental conditions: 

N o  attempt was made to measure the actual 
The speed was varied 

Preliminary experiments for the determina- 

Experimental Conditions 
Mo t 0 -Too 1 Etching Etching 

Experiment Rotation Speed Vo It age Time 
No. (AC Volts) (AC Volts) (Seconds) 

1 25 9 5 

2 25 9 1.0 

3 25 9 20 

4 40 9 20 

5 60 9 20 

6 2.5 4.5 40 

7 25 2 90 

After each wire specimen was etched as described above, dimensional 
measurements were made on the etched section using an optical microscope 
with a 1OX objective lens and the Bausch and Lomb filar micrometer eye- 
piece from a Tukon Microhardness Machine. 
calibrated directly by means of a stage micrometer. 
of this method is calculated to be 70 micro inches. Diameter measure- 
ments were then made by traversing the gage length and making measure- 
ments at 1 / 4  inch intervals. Measurements to show the transition from 
the etched section to the original diameter were not made. 
photographs of typical junctions were taken. 

The filar micrometer was 
The sensitivity 

However, 
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, Results from these experiments indicated that electrochemical 
ing method could be uaedto obtain a reasonably uniform one inch 

gage length with a diameter less than that of original wire. 
final gage length diameter is dependent on the etching parameters, 
such as time, etching voltage and rotational speed. 

The 

The next step was to determine whether or not the etching 
process caused a significant change in mechanical properties. 
Tensile tests at room temperature and at 167OOC were made on 
unetched wire and wire etched approximately .0005" and .002". 
The .2% offset yield stress, ultimate tensile strength and percent 
elongation were determined from the load-deflection rest data record 
of an Instron tensile testing machine. 

From the experience gained with 218 W wire, TZC .005" diameter 
wire, drawn for property evaluation in this contract, was etched 
using the same technique and the same electrolyte. 
parameters for the TZC were as follows: 

The etching 

Experimental Conditions 
Moto-Tool Etching Etching 

Experiment Rotation Speed Voltage Time 
NO (AC Voltage) (AC Voltage) (Seconds) 

1 25 4.5 15 

2 25 4.5 20 

3 25 5 15 

4 25 2.5  40 

qoom temperature tensile tests were made on these materials to again 
see whether the mechzinical properties were affected by the etching 
process. 

Results of Etchinq Experiments 

218 Tungsten .007" Diameter Wire 

Figure IIC2 shows a graph of the variations in diameter of 
the gage length profile. In addition, the influence of variations 
in rotational speed, etching voltage and time are shown. It can 
be seen that the variations in diameter from one end of the gage 
length to the other are quite small (approximately .OOOl")  for 
the poorest case and are significantly better if the proper 
etching conditions are selected (such as 25-9-20).  
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Photographs of the gage section and the area of transition 
from the original to the etched diameters are shown in Figures 
IIC3, 4 ,  5 and 6. 
reduction of diameter at lOOX magnification for the 25-9-5 
(diameter decreased by .0005") and the 25-9-20 (diameter 
reduced .002") respectively. 
entire gage length at 1OX magnification for these same etching 
parameters. 

Figures IIC3 and IIC5 show the gradual 

Figures IIC4 and IIC6 show the 

Table IICI is a compilation of the room temperature and 
1670OC tensile properties of etched and unetched 218 tungsten 
wire. 
as quite limited, some tentative observations and conclusions 
are suggested. At both room temperature and 1670OC the ultimate 
tensile strength of 218 tungsten wire does not appear to be 
influenced by the etching process. For example, at room temperature 
five samples of unetched wire gave an average ultimate tensile 
value of 425,500 psi (range of values 423,600 psi to 426,200 psi). 
The etched samples gave room temperature ultimate tensile averag- 
ing 413,300 psi (range 408,900 psi to 417,800 psi). Thus, agree- 
ment is indicated within approximately three percent. At 1690OC 
the ultimate tensile8 of an unetched sample 93,100 psi compares 
very favorably with three values listed for etched samples 
(average - 92,400 psi). 

Although the data presently available should be considered 

For the .2% yield strength, at room temperature, the average 
value for etched samples is 361,000 psi compared to the average 
363,800 psi for unetched wire. At 1690OC the average value of 
90,400 psi is within 4% of the single value now available for an 
nnetched sample. The room temperature elongation data (of which 
there is admittedly a paucity) indicate that with a change in 
diameter of .0015" or greater from etching, the elongation is 
approximately 1/3 that of the unetched material. 
a diameter change of only .0004", the elongation of the etched 
material is about 3/4 that of the unetched. At 1670OC, the 
elongation of etched samples is 1/2 that of the unetched. The 
amount of material removed by etching does not appear to be as 
important at this elevated temperature. 

However, with 

TZC .005" Diameter Wire 

Figure IIC7 shows the variation of diameter with gage length 
profile. 
and the etching voltages -and times varied. 
is the fact that the etching voltage needed to be decreased to 
roughly 1/2 that used for the 218 W .007" diameter wire. 
decreased etching voltage measurementsof the resulting etched 
diameter revealed extremely good uniformity in the gage section. 

In this case, a constant speed of rotation was chosen 
Of significance here 

At this 
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Photographs at lOOX magnification in Figures IIC8 and IIC9 
show that portion of the etched wire at the junction of the 
original and gage length diameters. Figure IIC8 is the TZC 
sample decreased approximately .0005" in diameter by etching 
conditions of 25-4.5-15 and Figure IIC9 is the TZC sample 
representative of a .001" decrease in diameter by 25-5.0-15 
etching conditions. 

Table IICII is a compilation of the room temperature 
tensile property data for TZC samples etched by the technique 
discussed above. 
no significant influence on the ultimate tensile strength of 
the material by the etching process. The average ultimate 
tensile strength for etched wire (215,600 psi) is almost 
identical to the average value of 215,700 psi for unetched 
wire. 
shows the unetched wire to have an average value (189,800 psi) 
lower than the average (199,600 psi) for etched samples. This 
difference is approximately five percent of the unetched value. 
All percent elongation values for etched wire are lower than 
for the unetched. 
correlated with the degree of etching. 

Comparison of the strength properties reveals 

On the other hand, the data for .2% yield strength 

It is not now apparent that this can be 

Conclusions 

From the results of the etching experiments presented here, 
it seems to be apparent that this technique can be used to establish 
a uniform gage length section in a wire specimen in order to define 
the deformation zone during mechanical property tests. 
seem to indicate that the properties of the etched material approx- 
imate those of the unetched material. 
and -2% yield strength, correspondence has been demonstrated to 
within 5% for 218 tungsten wire at romtemperature and 1670OC 
and for TZC at room temperature. Apparent significant differences 
in percent elongation have been observed both in tungsten and TZC. 
In all cases, percent elongation is lower for etched specimens. 

The data 

For the ultimate strengths 

Control Thermocouple Switching Experiments 

To establish the feasibility of an automatic temperature control 
switching arrangement on each of the test stations, it was necessary 
to estimate the rate of change of temperature with time at power 
interruption. Experiments in a Brew vacuum furnace (Vacuum - 5 x 
Torr. and temperature 24000F) were made where the change in temperature 
at the center of the furnace, as measured by a thermocouple, was re- 
corded on an x-Y recorder as a function of time when the power to the 
furnace was instantaneously shut off. 
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The average results of five such experiments are graphed in 
The data are shown for the actual temperature VS. Figure IIC10. 

cooling time and also as the change in temperature VS. the cooling 
time. From these experiments, it can be seen that in five seconds 
after complete power shutoff (a condition which approximates the 
automatic switching from the control thermocouple to the recording 
thermocouple for control) the furnace cooled 2.5OF. 
intervals of seven, eight, and ten seconds, the furnace cooled 
120F, 220F, and 62OF respectively. 

For time 

Provided that this experiment adequately approximates the test 
furnaces to be constructed for the multi-station tester, then it 
is desirable for the temperature control switching system to transfer 
control from one thermocouple to the other within a 0 to 7 second 
period, This requirement has, therefore, been designed into the 
e qu i p e n  t . 
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218 Tungsten Wire 

.0065" 
I 

.0070" 

FIGURE IIC3 - 2 5  Volt Rotation, 9 Volt  Etch 
5 Seconds, lOOX 
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218  Tungsten Wire 

.00700" .0049" 

FIGURE IIC5 - 25 V o l t  Rotation, 9 Volt  
Etch, 20 Seconds, l O O X  
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FIGUE - I I C 7  



TZC Wire 

.0045" ,0050'' 

FIGURE IIC8 - 25 V o l t  Rotat ion,  4.5 V o l t  Etch 
15 Seconds, l O O X  



TZC Wire 

.. 0050" .0040" 

FIGURE IIC9 - 25 Volt Rotation, 5 Volt  Etch 
15 Seconds, l O O X  
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