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I$ .  ABSTRACT 
T h i s  r e p o r t  p r e s e n t s  t h e  mechanical p r o p e r t i e s  of s o l u t i o n  t r e a t e d ,  York 
s t r eng thened ,  and age hardened, MP35N Mult iphase a l l o y  ba r  s t o c k  manu- 
f a c t u r e d  by t h e  Latrobe S t e e l  Company under l i c e n s e  from t h e  Standard 
P r e s s e d  S t e e l  Company. T e s t  specimens manufactured from approximately 
1.0 inch (2.54 cm) diameter  ba r  s tock  were t e s t e d  a t  temperatures  of 
75°F (23.9OC) t o  -423°F (-253°C). The test  d a t a  i n d i c a t e d  e x c e l l e n t  
t e n s i l e  s t r e n g t h ,  d u c t i l i t y ,  and impact p r o p e r t i e s .  

R e s u l t s  of t he  a l t e r n a t e  immersion stress co r ros ion  tests on s t r e s s e d  and 
uns t r e s sed  t e n s i l e  specimens 0.125-inch (.3175 cm) diameter  and t r a n s v e r s e  
"C"-ring specimens machined from 1.0 inch (2.54 cm) d iameter  bar  i n d i c a t e d  
t h a t  t h e  material i s  unsuscep t ib l e  t o  stress co r ros ion  c racking  when 
t e s t e d  i n  3.5 percent  N a C l  s o l u t i o n  f o r  180 days. 
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A MECHANICAL PROPERTY AND STRESS CORROSION EVALUATION 
OF MP35N MULTIPHASE ALLOY 

SUMMARY 

The mechanical properties of solution treated, worked strengthened, 
and age hardened, MP35N Multiphase bar stock were determined for the 
temperature range of 75°F (23.9"C) to -423°F (-252.8"C). The ultimate 
tensile and yield strengths of the material increased with decreasing 
temperatures, as did the elongation values, The percent reduction in 
area changed very little with decreasing temperature to -200°F (-129°C) 
and then gradually decreased in value to liquid hydrogen temperature. 

Results of the alternate immersion stress corrosion tests on 
stressed and unstressed longitudinal tensile specimens l0.125-inch 
(.3175 cm) diameter] and transverse "C"-ring specimens machined from 
approximately 1,O inch (2.54 cm) diameter bar indicated that the 
material is unsusceptible to stress corrosion cracking when tested in 
a 3.5 percent NaCl solution for 180 days. 

INTRODUCTION 

MP35N is a relatively new alloy belonging to a family called 
Multiphase. These alloys were originally developed by E, I. du Pont 
de Nemours and Company, Inc., and are now being manufactured by Latrobe 
Steel Company under license from the Standard Pressed Steel Company. 

The metallurgy of the Multiphase alloy system is as unusual as 
its combination of high strength and corrosion resistance. MP35N with 
35 percent nickel, 35 percent cobalt, 20 percent chromium and 10 
percent molybdenum,is a comparatively simple composition, intentionally 
melted with the minimum amount of carbon and other elements commonly 
added to most engineering alloys, The Multiphase alloys incorporate 
both phase transformation and aging reactions to attain their strength, 
even though iron, carbon, titanium and aluminum, usually associated 
with either martensite transformation or age hardening reactions, are 
only present as residual impurities, 35N, as a simple quaternary 
alloy, can be strengthened to above 260,000 psi (1,793 GN/m2) tensile 
strength with good ductility, by combining a phase transformation that 
is induced with cold work and an aging reaction. Because both of these 
strengthening reactions are dependent only on the interfactions of Ni, 
Co, Cr, and Mo, ME'35N has a unique combination of mechanical strength, 
physical properties, corrosion and stress corrosion resistance (Ref. 1). 



The Materials Div i s ion  of MSFC, As t ronau t i c s  Laboratory,  i n  a 
cont inuing  sea rch  f o r  new and s t ronge r  a l l o y s  w i t h  r e s i s t a n c e  t o  stress 
co r ros ion  c racking  and d e s i r a b l e  low temperature  p r o p e r t i e s ,  performed 
a n  e v a l u a t i o n  of MP35N Multiphase a l l o y ,  

The Standard P res sed  S t e e l  Company (SPS) fu rn i shed  t h e  Materials 
Div is ion  wi th  t e n  f e e t  of one-inch diameter  MP35N Multiphase a l l o y  
f o r  eva lua t ion  purposes.  

The ba r ,  provided by Latrobe S t e e l  Company, a t  t h e  SPS Company's 
r eques t ,  w a s  i n  t h e  s o l u t i o n  t r e a t e d ,  work s t rengthened  and c e n t e r l e s s  
ground cond i t ion ,  capable  of meeting 265 k s i  minimum u l t ima te  t e n s i l e  
s t r e n g t h  a f t e r  ag ing  a t  1100°F (59,3"C) f o r  fou r  hours  and a i r  cool ing.  
Under c o n t r a c t  from MSFC, the SPS Company machined the b a r  i n t o  t es t  
specimens, completed t h e  aging t rea tment ,  aged a t  1200°F (650°C) and 
r e tu rned  t h e  specimens t o  MSFC f o r  eva lua t ion  t e s t i n g .  

EQUIPMENT AND TEST SPECIMENS 

The equipment used i n  t h i s  eva lua t ion  i s  descr ibed  i n  r e p o r t s  by 
Miller (Ref. 2) and Williamson (Ref. 3 ) .  Test specimen conf igu ra t ions  
appear  i n  F igu res  1A and 1 B  and t h e  chemical composition of t h e  test  
material is  shown i n  Table  I. 

Longi tudina l  t e n s i l e  specimens [0.125-inch (.3175 cm) d iameter] ,  
and [O. 250-inch ( *  635 cm) diameter ] , l o n g i t u d i n a l  V-notched t e n s i l e  
specimens (Kt=5.5), t r a n s v e r s e  "C"-ring specimens [l.OO-inch (2.54 cm) 
d iameter] ,  and charpy V-notched impact specimens (Per  Federa l  Standard 
151) w e r e  machined from t h e  s o l u t i o n  t r e a t e d  and 49 percent  work 
s t rengthened  bar  stock,, The specimens w e r e  age hardened a t  1200°F 
(650°C) f o r  4 hours  and a i r  cooled. 
d e s i r a b l e  u l t i m a t e  t e n s i l e  s t r e n g t h  of approximately 280 k s i  (1.930 
GN/m2) as compared t o  t h e  1100°F (593°C) ag ing  t rea tment  which would 
produce a n  approximate u l t i m a t e  t e n s i l e  s t r e n g t h  of 300 k s i  (2.068 
GN/m2) e 

This  ag ing  t rea tment  gave a more 

The s t r e s s e d  "C"-ring specimens and t h e  s t r e s s e d  t e n s i l e  specimens 
are shown i n  F igu res  2 and 3, r e s p e c t i v e l y ,  The "C''-ring specimens 
s t r e s s e d  by t h e  cons t an t  d e f l e c t i o n  method, expla ined  i n  Appendix 1, 
w e r e  s t r e s s e d  i n  t h e  t r a n s v e r s e  d i r e c t i o n  t o  50, 75, and 100 pe rcen t  of 
t h e  0 ,2  percent  o f f s e t  l o n g i t u d i n a l  y i e l d  s t r e n g t h .  The t e n s i l e  spec i -  
mens were s t r e s s e d  t o  0, 50, 75, and 100 percent  of  t h e  0.2 pe rcen t  
o f f s e t  l o n g i t u d i n a l  y i e l d  s t r e n g t h ,  Both types  of specimens w e r e  ex- 
posed t o  180 days of a l t e r n a t e  immersion ( A e I s )  t e s t i n g  (10 minutes i n  
s o l u t i o n ,  50 minutes above so lu t ion )  i n  a 3 - 5  .percent  sodium c h l o r i d e  
s o l u t i o n ,  
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RESULTS AND DISCUSSION 

The t e n s i l e  t es t  results of t h e  ambient through cryogenic  t e m -  
p e r a t u r e  mechanical p r o p e r t i e s  e v a l u a t i o n  are t a b u l a t e d  i n  Tables  I1 
and 111 and t h e s e  p r o p e r t i e s  are p l o t t e d  i n  F igu res  4-6. 

Table  I1 con ta ins  test d a t a  on 0.250-inch (0.635 cm) diameter  
specimens. The 0.2 pe rcen t  o f f s e t  y i e l d  load  w a s  acqui red  by use  of 
a low temperature  extensometer.  Table  111 con ta ins  tes t  d a t a  on 0.125- 
inch  (0.3175 cm) diameter  specimens which were t e n s i l e  t e s t e d  u t i l i z i n g  
a def lec tometer  t o  record t h e  y i e l d  load. The def lec tometer ,  which 
w a s  a t t a c h e d  t o  t h e  crosshead of t h e  t e s t i n g  machine, measured no t  
on ly  t h e  s t r a i n  i n  t h e  test  specimen but  a l s o  t h e  adjustment  i n  t h e  
mechanical l inkage  of t h e  test  set-up.  The cryogenic  extensometer 
produced an  apprec i ab ly  h igher  y i e l d  load  because it funct ioned  t o  
record  s t r a i n  only  i n  the  a c t i v e  gage p o r t i o n  of t h e  specimen. 

Table  I V  con ta ins  charpy V-notched impact test  da ta .  These low 
temperature  tests u t i l i z e d  a s p e c i a l  cover f o r  t h e  impact tester 
specimen ho lde r ,  which enabled t h e  specimen t o  be cooled down t o  t h e  
t e s t  temperaturesof  -100°F (-73.OoC), and -200°F (-129.0OC) wi th  
l i q u i d  n i t rogen  (LN2) vapor. 
c o n t r o l l e r  a c t u a t e d  by a thermocouple a t t a c h e d  t o  t h e  V-notch i n  t h e  
t e s t  specimen. 
and poten t iometer  readings  w e r e  made f o r  temperature  accuracy checks. 
For  LN temperatures  t h e  specimens were pre-soaked i n  LN2, p r i o r  t o  2 t e s t i n g ,  and t h e  test  specimen ho lde r  w a s  pre-cooled wi th  LN2. For  
t h e  lowest  tes t  temperature ,  between l i q u i d  helium and LN2 tempera tures ,  
t h e  impact specimens and t h e  tes t  f i x t u r e  specimen ho lde r  were pre-  
cooled wi th  LN2 and l i q u i d  helium w a s  sprayed d i r e c t l y  on t h e  test  
specimen, cool ing  i t  t o  approximately l i q u i d  hydrogen temperature.  

The test  se t -up  a l s o  u t i l i z e d  a recorder -  

A second thermocouple was a l s o  a t t a c h e d  t o  t h e  V-notch 

For  comparison purposes ,  t h e  low temperature  mechanical p r o p e r t i e s  
of MP35N Multiphase a l l o y  and h igh  s t r e n g t h  8-286 a l l o y  are p l o t t e d  
i n  F igure  6. The MP35N a l l o y ,  which w a s  co ld  worked 49 percent  p r i o r  
t o  ag ing ,  has  a d i s t i n c t  advantage i n  u l t i m a t e  t e n s i l e  and y i e l d  
s t r e n g t h  over t h e  h igh  s t r e n g t h  A-286 a l l o y  which had a minimum of 40 
pe rcen t  co ld  work p r i o r  t o  aging. 
advantage i n  e longa t ion  p r o p e r t i e s ;  however, i t s  r educ t ion  i n  area is  
approximately i d e n t i c a l  t o  t h e  MP35N a l l o y .  Addi t iona l  d a t a  on t h e  
p r o p e r t i e s  of co ld  worked A-286 a l l o y  are conta ined  i n  Reference 4. 

The A-286 a l l o y  has  a s l i g h t  

There were no f a i l u r e s  i n  t h e  a l t e r n a t e  immersion t e n s i l e  o r  "C"- 
r i n g  specimens i n d i c a t i n g  e x c e l l e n t  r e s i s t a n c e  t o  stress co r ros ion  
c racking  under t h e  test cond i t ions  of t h i s  program. T e n s i l e  test  per -  
formed on t h e  stress co r ros ion  t es t  specimens, a f t e r  180 days of 
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a l t e r n a t e  immersion exposure,  are t a b u l a t e d  i n  Table V .  These test  
d a t a  i n d i c a t e  no degradat ion of mechanical p r o p e r t i e s .  

The m i c r o s t r u c t u r e  of t h e  test  material i l l u s t r a t e d  i n  F igu res  
7 and 8, i n d i c a t e s  t h e  e f f e c t s  of c o l d  work. The MP35N a l l o y  i s  
d i f f i c u l t  t o  e t c h  when it i s  i n  t h e  c o l d  worked and aged cond i t ion .  
E l e c t r o l y t i c  e t c h i n g  techniques and swabbing o r  immersion techniques 
u t i l i z i n g  v a r i o u s  e t c h a n t s  w e r e  employed t o  b r ing  o u t  t h e  g r a i n  
s t r u c t u r e .  Microhardness r ead ings  i n d i c a t e d  a hardness  of Rockwell 
C-50 (converted from DPH). 

Fractographs taken a t  3150X magn i f i ca t ion  were made on smooth and 
V-notched t e n s i l e  specimens and charpy V-notched impact specimens of 
MP35N a l l o y  t e s t e d  a t  temperatures  from ambient t o  l i q u i d  hydrogen 
temperature., 
t h e  d u c t i l i t y  of t h e  a l l o y  a t  a l l  t e s t i n g  temperatures  employed i n  
t h i s  eva lua t ion .  

These f r a c t o g r a p h s  i l l u s t r a t e d  i n  F igu res  9-11 i l l u s t r a t e  

CONCLUSIONS 

Based upon t h e  r e s u l t s  of t h i s  e v a l u a t i o n ,  MP35N Multiphase a l l o y  
( s o l u t i o n  t r e a t e d ,  work s t r eng thened ,  and aged) p r o p e r t i e s  such as 
u l t i m a t e  t e n s i l e  and y i e l d  s t r e n g t h  and notched t e n s i l e  s t r e n g t h  are 
shown t o  i n c r e a s e  wi th  dec reas ing  temperatures.  Elongat ion v a l u e s  
remain f a i r l y  cons t an t  while  r e d u c t i o n  i n  area, and charpy V-notched 
impact v a l u e s  decrease somewhat w i th  dec reas ing  temperature.  However, 
t h e s e  v a l u e s  are w i t h i n  accep tab le  l i m i t s  when compared wi th  o t h e r  
h igh  s t r e n g t h  materials used f o r  cryogenic  a p p l i c a t i o n s .  

The stress c o r r o s i o n  r e s i s t a n c e  of MP35N Multiphase,  as determined 
by a l t e r n a t e  immersion t e s t i n g  i n  a 3.5 pe rcen t  N a C l  s o l u t i o n  f o r  180 
days, i s  not  a f f e c t e d  by work s t r eng then ing  up t o  49 pe rcen t  r educ t ion  
followed by a 1200°F (65OOC) aging t r ea tmen t ,  even when t h e  material i s  
s t r e s s e d  t o  100 pe rcen t  of t h e  0,2 pe rcen t  o f f s e t  l o n g i t u d i n a l  y i e l d  
s t r e n g t h ,  p r i o r  t o  exposure,  

Th i s  e v a l u a t i o n  i n d i c a t e s  t h a t  MP35N Multiphase a l l o y  ba r  s tock  
( s o l u t i o n  t r e a t e d ,  work s t r eng thened ,  and aged) as t e s t e d  i n  t h i s  
program i s  s u i t a b l e  f o r  cryogenic  a p p l i c a t i o n s  and is  r e s i s t a n t  t o  
stress co r ros ion  i n  a c h l o r i d e  environment. 

For a d d i t i o n a l  d a t a  on t h e  mechanical and c o r r o s i o n  p r o p e r t i e s  of 
MP35N Multiphase several o t h e r  sou rces  are l i s t e d  i n  Appendix 11, 
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APPENDIX I 

METHOD FOR STRESSING C" -RING STRESS CORROSION SPECIMENS 

The fol lowing i s  a procedure f o r  s t r e s s i n g  "C"-ring stress cor-  
r o s i o n  specimens: 

1. Measure wi th  a micrometer t o  t h e  n e a r e s t  1/1000 of an  inch  t h e  
o u t s i d e  p a r a l l e l  t o  t h e  s t r e s s i n g  screw (averaging t h e  two ends of t h e  
r ing )  and t h e  w a l l  th ickness .  

2. S e t  up a t a b l e  t o  c a l c u l a t e  t h e  f i n a l  diameter (ODf) r e q u i r e d  
t o  g ive  t h e  d e s i r e d  stress using t h e  fol lowing equa t ions :  

ODf = OD-A 

= fer.D2 
4.E.t .Z where A =  Change of OD g iv ing  d e s i r e d  stress, inches 

f = Desired stress, p s i  
OD = Outside diameter ,  inches 
t = Wall th i ckness ,  inches 
D = Mean diameter  (OD-t) ,  inches 
E = Modulus of e l a s t i c i t y  
Z = Constant ( f u n c t i o n  of r i n g  D / t )  

ODf = F i n a l  o u t s i d e  diameter of stress "C"-ring, 
inches 

3.  To s i m p l i f y  c a l c u l a t i o n s ,  c e r t a i n  terms i n  t h e  above equa t ion  
may be combined i n t o  a cons t an t  t h a t  w i l l  be a p p l i c a b l e  f o r  a group 
of r i n g s  of t h e  same a l l o y  and s i z e .  

Le t  4.E = K, a cons tan t  

Then = f e D 2  
Tr 

K * t * Z  
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APPENDIX I1 

1. 

2. 

3. 

4. 

5. 

ADDITIONAL SOURCES OF W35N MULTIPHASE DATA 

Battelle Memorial I n s t i t u t e  
Columbus, OH 
M r .  O m a r  Deal 

_D_. T e s t  Data - 
Climax-Moly Research Lab, 
Ann Arbor, M I  

T e n s i l e  e F r a c t u r e  Toughness 

T e s t  Data - S t r e s s  Corrosion and General Corrosion 

I n s t i t u t  - D r .  Ing.  Reinhard Stramann 
Waldenberg, Switzer land 
M r ,  P i e r r e  Marechal 

_I_- Test Data - Watch Spring Wire 

I n t e r n a t i o n a l  Nickel  Company 
P i t t s b u r g h  PA 
M r ,  Harry Weil 

_I___ T e s t  Data - Corrosion Fa t igue  

Latrobe S t e e l  Company 
Latrobe,  PA 
M r ,  J e r r y  S t a l n a k e r  - Marketing 
M r ,  J i m  Stroup - Product  Researcher 
M r .  John Slaney - Research 

p__- T e s t  Data - T e n s i l e  t e s t i n g  s tudy  of c o l d  drawing and ag ing  

-- 

c h a r a c t e r i s t i c s  

6. Maryland S p e c i a l t y  Wire, Inc .  
Cockeysvi l le ,  MD 
M r ,  Frank Rit tenshouse - Vice P r e s i d e n t  

P s _ _ _ _  T e s t  Data - Experience i n  Spring Wire Manufacturing Technique 

7 Medtronics 
Minneapolis,  MN 
M r ,  Bod Krafska - M e t a l l u r g i s t  

T e s t  Data - Fa t igue  and Corrosion tests t o  determine s u i t a b i l i t y  
P _ B _ _  

f o r  use i n  h e a r t  pace r s  
7 



APPENDIX I1 (Continued) 

8. Naval Research Laboratory 
Washington, De C, 
D r ,  Floyd Brown - Head-Physical Metal lurgy Div i s ion  - Wash, D,C. 
M r .  F. R. S t o n e s i f e r  - Ocean Tech, D iv i s ion  
M r .  H. L. Smith - Ocean Tech. Div i s ion  
M r .  H. E. Romine - Naval Weapons Lab - Dahlgren, VA 

-7 T e s t  Data - K I  SCC and K I c  - F r a c t u r e  Toughness T e s t  i n  Sea Water 

9. Standard P res sed  S t e e l  Company 
Jenkintown, PA. 
M r .  Ken Kulju - Appl i ca t ions  Engineer 
M r .  Thomas Roach - Research 

.L__- T e s t  Data - Tens i l e -Fa t igue -S t r e s s  Corrosion-Thermal-cryogenic- 
material and f a s t e n e r  e v a l u a t i o n  

10. P r a t t  & Whitney, D iv i s ion  of United A i r c r a f t  Company 
West Palm Beach, FL 
M r ,  Buch Van Wanderham 

-- T e s t  Data - T e n s i l e  & Notched Tests i n  high p res su re  hydrogen 

11. U. S. S t e e l  - Research Laboratory 
Monroeville,  PA 
M r .  Alex Loginaw 
M r ,  Nick Phelps  

-7 Test Data - S p e c i f i c  Corrosion Tests and S t r e s s  Corrosion Cracking 
Tests 

12.  Xylem 
Minneapolis MN 
M r ,  Russel  Johnston, Sr. 

__.___I_ Test Data F a t i g u e  and o t h e r  tests on c o i l e d  s p r i n g s  
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