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As used in the above, “person acting on behalf of tho Commission” includes any am- 
ployee or Eontroctor of the Commission to the extent that such employee or contractor 
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employment or contract with the bmhiss ion.  
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730-V-33 ( R E V  6 / 5 0 )  
I ,* 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



L 

. ATOMICS iNTf@ TIONA L RITTEN By 8. E . . ” n b o  

RA?!a and Mater ia l8  
rnl m A Division of North American Aviation, Inc. 

L 

TECHNICAL DATA RECORD !!!gbora t ory. and ,Tee t 
PROGRAH 4 

ASC R 
APPROVED BY )&/ 2 / ( A  

- 
-hyJ Y [ f C ( ( D  

f /‘ Dovolopment and Evaluat ion 
S !  of Fuel Elements 

lo’ J. L. B a l l i f ,  I11 

5588 i - -  
GO 

LEDGER ACCT. 
7519 ___ _.___ 

3621 
44$6 1 - 

SUB-ACCT. 

TWR 
- -  

OATE August 16,  1960 --I 
COPIES TO: D. I. Sin ieer .  D. K. Nagnuso o. D. cF.ikin8. 

W. C. Hayes. B. R. Hayward. c. c. Wooleey’ 
R. I). Moeller* R. K. Wagner. ASCR D i s t r i b u t i o n  
R. B. Gordon. J. A. Rober8011* J. E. Bauarucker 
H. Po a r lman R. 8 .  Neymark. 0 .  S. S h e f f i e l d  
M. Bloomfield’ M. H. Binstock. R. A. Harlow 

R, D, 
SUBJECT: A COKPILATION OF ROOM TEMPERATURE AND 1200O F PROPERTIES OF METALLIC _ _  

MATERIALS WITH SPECIFIC REFERENCE TO THEIR USE AS FUEL CLADDING I N  SODIUM 
-- 

CONTENTS: 
I STATEMENT OF PROBLEM ...................... PACE 1 

I I  S W A R Y  OF RESULTS AND RECOmENDITIONS . . . . . . . . . . . . .  PACE 

I l l  METHOD USED, OESCRIPTION OF EQUIPMENT, SAMPLE CALCUUTIayS . . .  PACE 

I V  REFERENCES AND APPENDICES . . . . . . . . . . . . . . . . . . .  PACE 

I STATEMENT OF PROBLEM 

It i e  tho purpose of t h i s  TDR t o  present  a oompilation of room temperature 
and 1200. F p r o p e r t i e s  o f  a l a r g e  number of a l l o y s  which might be considered 
f o r  u88 i n  a sodium cooled r eac to r .  
uLse of such m a t e r i a l s  a6 f u e l  cladding. 
oomparison is etainless type 304. 

S p e c i f i c  cons idora t ion  i e  given t o  t h e  
Tho a r b i t r a r y  b a s i s  for phoperty 

DXSCUSSIUR 

Table I lists t h e  nominal composi t iomof t h e  m a t e r i a l s  s tud ied .  
This table is divided i n t o  ton  c l a s s e s  as noted. Each o l a s e  list0 a t  
l e a s t  one a l l o y  which oan be consldorod t y p i o a l  i n  a kenore l  8ense for t h a t  
class of m a t e r i a l o  

Class 1 lists a moderately a l loyed  f e r r i t i c  s t e e l  which is widely 
used i n  the petroloum and power i n d u s t r i e s .  
Mo are added p r imar i ly  f o r  improved oxida t ion  r e s i B t m c e ,  e l eva ted  tempera- 
t u r e  s t r e n g t h  and r e s i s t a n c e  t o  g raph i t i za t ion .  
a f u e l  a ladding  ma te r i a l  in 1200. F sodium is u n l i k e l y  due t o  -0 

The a l l o y i n g  elements C r  and 

The use of t h i s  a l l o y  as 

(1 )  Lower 1200. F creep and stress rup tu re  propertlee 
than 304. 
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( 2 )  Tondenoy t o  dooarbur iea t ion  in 1200. F sodium. 

P s l i m i t e d  by t h e  U-Fe etatootla toapera turo  of l3SSO- 

a (3) Whoro uranium bars0 lal1Oy f U O l 6  are u8.d t h o  
temperature of tho f u e l / s l s d d h g  i n t o r f a s o  

rMo. Fe 
(4) Tondoauy t o  presont  welding probloma duo t o  air hard- 

oning of moderato t o  th in  motion.. 
fnpor t an t  from t h e  r t a n d p o h t  of pos6iblo wold craak- 
ing of end cape unloea proper pro-and post-  hoat  pro- 
oaut ions  mro talcon. 

Thle would bo 

The a l l o y  481 li8t.d t h i s  ala08 i r  proseit1;l  undor derolop- 
nont by t h o  b t e r i a l s  Dovelopmsnt Oroup. Its oompoeition Is b a s l o a l l y  
tho  2% C r - 1  ?40 alloy wlth addition6 of  s t r o n g  oarbfdo formlng olements 
-0 purpso  of deelghbg suah a ooapoel t loa  2s t o  a t tempt  t o  ovor- 
uomo t h e  first two p r o v ~ o u a l ~  aentioriod disadvantag.8.  Test r e s u l t 8  
t o  dato h a w  shorn t h e  a l l o y  t o  bo soporior t o  the 2% C r  - 1 Mo An the4 
a r e a s ,  i..., res$.,stanao t o  doaarbur iea t ion  I n  1200. F sodium and 
highor  1200. F s t r e n g t h  and croop-rapturo p rope r t i e s .  

Tho f o r r l t i a  e t a b l e e a  s t o o l s  of Clam 2 eonora l ly  euffer from 
the 8ame disadvantage8 as t h e  2% Cr - 1 Mo a l loy .  
l l s l & Z 3 y p e  410 i s  tho only one which is hardenable by hea t  treat- 
moat. 
rupture p r o p e r t i e s  than  o l t h e r  304 or t h e  2% C r  - 1 Mo a l l o y .  Tho 
r o s i s t a n o o  of t hose  matorials  t o  1200. F sodlusr is b o t t e r  than  tho 
z)i C r  - 1 Mo. 

Of t h e  four  a l l o y s  

A l l  of t h e s e  a l l o y s  have lower 1200. F aroop and etrees t o  

The Clasa 3 m a t e r i a l s  a m  a180 f r r r i t f c  m t e r i a l a .  Armco 
i r o n  i r r  l i s t e d  primarily f o r  aoapariaon purpose6 and its repor t@dl f  
high r e s i a t a n u e  t o  1200. F sodium. 
**Alieno1 16wr were developed primarily for oxidation resistance at 
tempwaturom i n  t h e  reg ion  of 1800- F. 

The two a l l o y @  ~Thermonol r~  and 

The* e t r ang th  a h a r a o t o r i s t i u a  are  roportod t o  be dopendent 
upon an ardored s t r u c t u r o  and low impur i ty  contont.  The former 
requlres r e l a t i v e l y  eomplex t h e m 1  t roa tmeat ,  while t h o  l a t te r  
n o o o s d t a t o s  mel t ing  ia e i t h o r  vaauum or a p u r i f i e d  inert atmob- 
phoro. Limited 1200. F stress r u p t u r e  da ta  show t h e  Z h e m n o l  alloy t 

* Thi8  a p p l l o s  t o  any of t ho  Iron, n iako l ,  o r  oobal t  base allOy6e 
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#UpOriOr t o  t h o  ohrodum bearing f o r r i t i c  e t a in lo88  s t o e h ~  t o  t imes 
of 1000 hour6. Beyond this t h o ,  this proporty decroases  m r k e d l y  
euxggosting m l a r o s t r u o t u r ~ l  i n s t a b i l i t y .  No oroop data are r e a d i l y  
a v a i l a b l e ,  but  t h e  apeciaen from t h e  aforomontloned s t r e s s - rup tu re  
t e s t  oxbib i ted  an olongat ion of 233% i n  3/bn under a streee of 
10,000 p s i .  #o information is 
a r a i l a b l o  on tho  roa i s t ance  of theso 2.ron-alarinum a l l o y s  t o  1200. F 
sodium. The primary advantage of thoso mator la la  l e  t h e i r  lower 
absorption oross s e o t i o a  for thermal noptrona rhon oompared with 
304 a t a i n l o r s  e t o r l .  

The tinro t o  rup tu re  ram 796 houra. 

A t  tho  presont  time, those  a l l o y s  are st i l l  
the dovolopment stage, and are not read i ly  a t a i l a b l o ,  

The C1a.e 4 materials t y p i f y  t h e  a u e t e n i t i c  atainlerrs ateelm 
rhioh are rmoet commonly used. They hayo, a t  1200. F, rruperior a r r e p  
and stress rup tu re  properties t h a n  do the fe r r i t i c  materials. Their 
ros i s t anoo  t o  1200. F #odium i r r  good. Whore oarbon i s  a v a i l a b l o  
thoy hare 8 etrong tondrnoy t o  oarburiee a t  1200. F nhioh ino reases  
tho  f i e ld  and tonei le  e t r e n g t h s  and l o r o r s  the d u a t i l l t y  a t  both 
room and e l o r a t e d  to rpe ra tu res .  Tho e f f e c t  of c a r b u r i z a t i o n  of 
tho60 mator ia la  on t h o l r  oroop and # t r o s e  rupturo  propert i06 is 
romow&at oomplex slnuo t h e  meaallremont of t h e s e  propertierr  roqu i r e s  
long t h o  porlods a t  e l o r a t e d  tomperaturus under aons t an t  load. 
conaoqu6-ntly d i f fue lon  of carbon rill bo oaaurr lng  i n  t he  oarbur ized  
apooiaon during f e e t .  This problon of o a r b u r l t a t i o n  beaomes im- 
p o r t a n t  whore t h e  fuol ' $8 h y p o r s t o i a h i o m o t r i ~  UC or rhoro  
aarbon i s  avai lable  f o r  t r a n a f o r  by the 6odhm ooolant ,  Perhaps 
tho p j o r  dieadvantege o f  t h i s  olrsa of a l l o y s  is t h e i r  high abeorp- 
ties oross section for thermal neutroam. 

Tho two alloye l i e t r d  in Ulaea 5 are t g p i a a l  of t he  present 

Thoro are very few 

o o ~ r c i a l l y  a v a i l a b l e  p r e o i p l t a f l o n  hardening s t a i n l e s s   steel^. 
!fhey wmro dorolopod pr imar i ly  for high r t r e n g t h  propert ies  and oxi- 
dation rosistancro a t  temperaturse  t o  1000. P. 
data a v a i l a b l e  boyond t h i s  tomperaturu. For 1200. F opera t ion ,  tho  
s t anda rd  a u a t o n i t i c  etainlese ateels would be maporfor. 

With t h e  except ion of pur0 niokol ,  t h e  a l l o y s  l h t t e d  ;Ln 
Clam 6 ( f e r r o u s  baee) , 7 ( n i c k e l  base), and 8 ( c o b a l t  base) were 
devolopod for a p p l i o a t i o n r  In t ho  tomporature range of about 1200. 
t o  18000 F whore the  s t r e n g t h  requi renonts  wero ~ x o e e s i r e  f o r  t h e  
s tandard  autenit io  stainless s t o o l r .  Thairueo R B  cladding mater- 
i a l s  f o r  motel f u r l 8  would be llmitsd by: 
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( 1 )  D-Fe, U=Hi, and V-co e u t o a t i o e  of reepeat ivo1y 
1340.. 13650, and 1 3 7 5 O  F. 

(2)  High absorp t ion  er08s s e a t i o n s  of t ho  n i o k e l  and 
eoba l t  base al10ys when uonpared w i t h  304 s t a i n -  
le66 0 

(3) Post  O I C ~ O M I U ~ O  handl ing  probloms f o r  t he  c o b a l t  
base or e o b a l t  uonta in ing  alloyme 

Aocording t o  t h e  Liqt4.d Mota18 Handbook, a l l  of these alloys 
would bo expected t o  provido good r r e i s t a n o o  t o  1200. F 8od%ume 
Whero UC 1s considered aa t h e  fuel  and where tho  e l eva ted  temperature 
a t r e n g t h  p r o p e r t i e s  of t h e  standard a u s t e n i t ~ o  s t a i n l e s s  s t e e l s  are 
lnadequete, sorloue cons ide ra t ion  should be given ruah m a t e r i a l s  a8 
A-286, 19-9 DL, Inconel X, Hastellay B, and Hasto l lop  €2-233. 
emr,  oe rbur i z ing  tendencies  of theee  materiale by e i t h e r  hyper- 
s to i eh iomet r iu  UC o r  t h e  coolan t  rrquiros i n v e s t i g a t i o n .  

Hor- 

Copper and i t e  a l l o y s  (Class 9 )  are ol imina ted  for in 
sodium crooled r eao to re  on t h e  basis o f r  

(1) Inadequate r e s i s t a n c e  t o  t h e  uoolant.  
. .  

(2)  Poor a l e t a t o d  temperature s t r eng th .  

Of tho  Cla66 10 materials, elruonium and columbium and t h e i r  
a l l o y s  as wol l  a8 b o r y l l l u r  are highly a t t r a c t t r o  f o r  thermal  r e a c t o r  
u6e beeauere of t h e i r  l o r  or088 8ecbion8. Molybdonum h a s  e x c e l l e n t  high 
temperature e t r e n g t h  proper t ies  but is open to dome quost ion on the 
basis of abso rp t ion  orom seot ion 0- e e p e o i a l l y  i n  t h e  epi-tberraal 
region.  

(usually de lo to r ious ly )  by t h e  proaenae of 8-11 amounts of inters t i -  
. --?EB. p r o p e r t i e s  of a l l  of t h e s e  materiala are influenced 

t i a l ~ ~  (0eg.v C, N, 0 ,  H). 

Where m e t a l l i c  uranium o r  i ts  a l l o y s  are oonoerned, aone of 
t h e  r o f r e c t o r y  metals form l o r  mel t ing  e u t e c t i c s  ( t h o  l o r e e t  ro- 
po r t ed  i s . ~ ~ 1 9 0 0 ~  F for t h e  U-V myatem). 

c 
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Sinao all of theae  ma to r i a l s  form s table  carbid.8, t h e i r  be- 
havior  h t h  UC fuels a t  r l eva tod  tonpe ra tu res  r o q u i r e s  ooneidorablo 
i n v  os t iga t ion. 

With the  sxooption d 'pi, all of tho ~ t e r i a l r r  l i e r t ed  a r e  re- 
por ted  t o  have good r e a i s t a n a o  t o  1200O F eodi-. 

The o r r e p  and stre6s-rtapttrre p r o p e r t i e a  of eiroaniwn and its 
a l l o y 6  are i n f e r i o r  t o  304 stainlosec steol a t  1200. F. 
moat o l o a e l g  approach08 t h e  o l e r a t e d  temperature s t r e n g t h  propertiem 
of 304. 

Alloy 321 

The major disadvantagos of t h e s e  r e f r a c t o r y  meta ls  and a l l o y a  
are : 

(1) Thei r  l indted a v a i l a b i l i t y  

(2) Their h ieh  aost 

Both of theee  dieadvantagre aro due p r imar i ly  t o  t h e  follow- 
ingr (1) t h e y  are in r e l a t loo lg .  oarljr a t a g e s  of development, and 
(2 )  thef r r q u i c o  p ro tec t ion  from atmorpheric  contamination dur ing  
fabrioation or process ing  a t  elevated temperatures  0- e .g . ,  melt ing,  
hoa t  treating, and welding mast be dono i n  e i t h e r  vacuum or I n e r t  
atmoephers. 

Phys ica l  p r o p e r t i e s  f o r  t h e  10 olasees  of m a t e r i e l s  a r e  tabu- 
l a t e d  i n  Table8 2-11, pp 9-190 Theca t a b l e s  inc lude ;  macroscopic 
absorp t ion  arosa-8ectIon,  thormal oonduct iv i ty ,  thermal expansion, 
d e n s i t y  and m e l t i n g  poin t  o r  range for each of t h e  ma te r i a l s .  

6hown f o r  80' and 1200. F. 
Yield Btrength 
and Hodulus of E l a s t i c i t y .  

In Tables 12-21, t he  tens110 p r o p e r t i e s  of t h e  m a t e r i a l s  a r o  

0,2% O f f s e t ,  Ul t imate  Tens i l e  S t r eng th ,  Elongat ion 
Typiaa l  p r o p e r t i e s  doscribed inc lude ;  

Tables  22-28, a o n t s i n  1200. F creep  and s t r e s s - r u p t u r e  
p r o p e r t i e s  f o r  many of t h e  ma te r i a l s .  For 80me of t h e  a l loyu ,  t h i e  
Information was not  a v a i l a b l e  e t  o r  c l o s e  t o  1200. F. For o the re ,  
t h e  temperature of i n t e r e s t  is e t  a l e v e l  where t h e  m a t e r i a l  would 
be unable t o  s u s t a i n  a u s e f u l  load. 

The p r o p e r t i e s  f o r  Type 304, S t a i n l e 6 s  S t o o l  were eddod t o  eeah 
t a b l e  f o r  comparatfve p u r p o ~ o s .  I n  Table6 12-21, t h e  t e n s i l e  prop- 
e r t i e s  f o r  t h i 6  ma te r i a l  r ep resen t  typlual values.  The msximum allow- 
a b l e  a t r e e s e 8  used f o r  design would be somewhat lower than t h e  prop- 
e r t i e s  descr ibed.  
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TABLE 1 - IOMXHAL COHPOSITIOHS 

Class 1, Alloy Steels 
2% Cr-1 #o 0.15 2.25 

4Sl 0.15 2.25 

Class 2, Ferr i t fo  
Stainless Steels 

Type 410 0.15 12.5 
m e  4% 0.12 16 
Type 446 0.35 25 
*e 406 0.15 13 

C l a s s  3, Iron & Iron- 
Aluminum Alloy6 

Armco Ingot Iron 0.01 

!Fhermenol 0.05 
Alfenol 16 0 001 

Class 4, Austenitic 
Stainlee8 Steels 

Trpe 304 0.08 rg 9.5 

SPe 347 0.08 18 10.5 
321 0.08 18 1D 

5pe 316 0.10 17 12 

Class 5, Precipi tat ion 
Hardening Stainlesa 
Steel6 

17-7 PH 0009 17 7 
3% 0.12 16.5 4.5 

Bal  1 
0.4 1 

h l  
Bra1 
Bal  

4 Bal  

0.4 C b  

21 
21 
21 
21 

BRl 2 21 
Bnl 2.5 21 
Bal Cb 10 XC 21 
Bal 2 TI 5 XC Hin. 

23 1.5 Bal 1.00 1.00 si 
0.90 0.10 R ,  0.5 Max Si 2) Ea1 3 

i: 



1 - Cont -- 

Class 6, Austenit ic  
Super Alloys 
(Iron Base) 

A-286 0.08 15 25 1.9 0.35 Ea1 1-25 0.25 V 14 
19-9 DL 0.30 19 9 0.30 Bal 1.25 0.40 Cb, 1.25 W 14 
N-155 0.15 20. 20 20 B a l  3 1 Cb, 0.15 N, 

2.5 V 14 

Class 7, Nickel Base Alloys 
Rickel 
Inconel X 0.04 
Bastelloy B 0.10 
Hastelloy R 235 0.10 
Udime t 500 0.10 
Hastelloy N 0,08 

Class 8 Cobalt Base Alloys 
S-616 0.40 
Eaynes 25 0.15 

Claes 9, Copper Base Alloys 
Copper 
Beryllium Copper 
Cartridge Brass 

Class 10, Refractory Metale 
& Alloys 

Molybdenum 

Zirconium 
Wrcaloy-2 

. M0ly-W Ti 

AI 3Zl 
Tungsten 

' 1  

ce 

100 
15 73 2.4 0.6 7.0 1 Cb 14 

64 6 28 14 
15.5 67 2.5 2.25 '7 5 14 

6,00-8 .oo A l + T i =  
2 4 ,0.005 B, 

0,5max 18.00 0,OlB max, o0O3s hr, 
5.00 15.00- O o h X  0.06 & 14 

16 52 . 19 3 3 

f 3 3 )  0 . 5  si mx9 
20 20 44 B a l  4 4 Cb, 4 W 14 
20 10 Eta1 2 1.5 15 w, 1.0 Max si 22 

0.35 or 0.35 

0.5 

1.25 

100 
99.5 

1.0 

100 T Cu 
2 Be, BalCU 21 
70 CU, 30 zn 21 

lOO$bZr 

0.18 to 0.38, h i  
Zr 18 
1.0 Sn, Bal Z r  
100% w 

1.5 Sn, Cr + Fe 
+ Ni, B a l  Zr, from 



Table 1 - Cont 0- 

Class 10, Refractoq 
Metals & Alloys 

Tantalum 
Columbium 
Vanadium 
'Mtaniru 
Bsrylliua 
Cb-1 Zr 

100% Ta 
100% Cb 
100% 0 

100 
10046 Be 
1.0 Zr, Bal Cb 

Re f e ronc e 
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TABLE 2, CLASS 1, ALLOY STEELS 

Nominal Compor i t i oq 

Alloy Steel8 2.25% Cr 1% Wo and 481 
Type 304. 0.08% C,  19% Cr, 9.5% Rf, 2% Mrt 

Phys ioal  P r o ~ e r t i e 8  
Alloy S t e e l  Type 304 

Macro6aopiu Absorption Cross Seution, 
Cm-l  0.22 (19) 0.26 (19 )  

Thermal Conductivity, BTV/hr-ft-.F 15.8 (13) E s t .  7.35 a t  70. (14) 
nearly uonstant 14.1 a t  1200. (14) 

Thermal E ~ p a n s i o n , , & b / i n - ~ F  8 .1  70'-1200° 8.7 70'-200' (14) 
(13)" 10.7 70~-1500° (14) 

Dencrfty, g/oa 7.87 (19) 7.94 (14)  
Melting Point or Melting Range, OF 2775-2825 E s t .  2550-2650 (14) 

- ~~ 

ror oomparimon 
*' Converted 

. .- - 8  -. . 



TABLE 3, CLASS 2,  FERRITIC STAINLESS STEELS 

w 
Nominal Compositions (Ref. 21) 

Other Tgpe 96c % C r  I!% 
410 0.15 12.5 
430 0.12 16 
446 0.35 29 

304. 0.08 19  9.5 2Mn 
406 0.15 13 4 A1 

Phys ica l  P r o p e r t i e s  

430 

446 

406 

0.22 (19) 13 at  200. F (21) 6.3 O o - l ~ O O o F  7.70 (21) 2650-2700 
(21) (21) 

*For oomparison 
.* Converted 



i 

.m 

*FQr oomparison 

** Converted 

n 

t 



1 ,  

' Nomlaal Composition (Ref. 21) 
. c  

Other . - .  $Ni a. ~ M o  
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TABLE 6, CLASS 5 ,  PRECIPITATION HARDENING STAIMLESS STEEL6 

Nominal Composition 

? Alloy 

17-7 PB 

AH-350 

Es Cr % Ni 
i 

0.09 

0.12 

17 7 

Othare 



* 
3 7, CLASS 6, AUSTEnfTIC SUPER A W Y S  

- I  PTominal Compoeitian 

$ Cr $ Nl $ Co $ A 1  $Jg $ Othera 
. A 4 8 6  0.08 15 25 1.9 0.35 1.23 0.25 V (14) i 

19-9 DL 0.30 19 9 0.JO 1025 0.4 Cb, 1.25 W - .  (14) ; 

0.15 20 20 20 3 

Physiaal Propertles 
, 

Alloy Mqoroscople !thermal Thermal Density &ilt%ng Po5.nt 
Absorption Conduc tiQitp Expan si op g/ac or Range, 
Crop Section, m/gefi,% 
Cm- OF 

. e  - 
~ ~ 2 8 6  0.27 (19) 

14.1 at 1200° (14) 10.7 7O0-150O0 
(14) 



TAELE 8, CLASS NICKEL BASE ALLOY8 

Nominal Compoaition 

Alloy % C r  F N i  

Nickel 100 

fnconel X 0.04 15 73 
Hastelloy B 0.10 64 
Hastelloy 

Udimeti. 500 0,lO 16 52 

Type 304 

Hastelloy A 0.08 6.00-8.00 

Physical Pro~ert ies  

E-235 0.10 15.5 67 

6s" 0.08 19 9.5 

u% 
204 

2.5 
3 

A l t T i t  
0 . 5max 

Alloy . - ---Hacroscopia Thermal 
Absorption Conduc t i o i t y  
Croy ~ e c t i o n ,  BTa/hr-ft=O2 
ClU- 

3 - 

0.60 7.0 
6 

Bal 

rn 

20 

4 

' #*4 
I 

$ Other8 

2Hn (21) 
5.OOmax 15.00- 0,018 max, 0.03 6 ma 

18.00 8:3 E, maat (33) nax 

. Melting Pain Thermal Density 
&la- or Range, : 

OF 



I 

f 

N.O 5588 
Date pifl: ,3F 

s pg & 
TABLE 9,  CLASS 8,  COBALT BASE ALLOY6 

pominal Composition 

f& Other $ li ti&! 
20 44 20 

Allog 

S-816 0.40 

Baynes 25 0.15 2 10 Bal 20 

2 14n (21) : Type 304 SS. 0.08 Bal 9.5 19. 
! 

~hgsfcai Properties 

Alloy Macroscopic 
Abeorption 

Thermal Thermal Wnsi ty  Melting Point 
or Range 
OF 

Expansion id= 
i n / i o 2 F  

. ,  - troy- Section, 
CIUT 

6-816 

~ _-- 
I_ - - -  

Type 304. 0.26 (19) 
.&t'---- 

- 
.For a ompar is on 

'w 
I 



TABLE 0 ,  CLASS 9 ,  COPPER BASE ALLOYS 

Nominal Compoeition 

A l l q  

Copper 100 

Bor yllium 
Copper 

Cart ridge 
B r a 8 8  

Bal 

$ Other 

0.35 fi or 
0.35 Cr, E Be 

70 30 

Type 304 SS* 19 9.3 Bal 2 0.08 c M ~ X  

Physioal  Propertfee 

Alloy 

- 
Copper 

Beryllium 
Copper 

C art ridge 
Braes 

Type  304. 

Blacrosoopia T h e r m a l  Thermal Density Meltfng Point 
Absorption Conduotivlty Exp~hnelon B / C  c or Rang*, OF 
Cr_ofs Section,BTU/hr-ft-@F p l n / i P  O F  
Cm 

0.35 (19) 226.5. a t  68' 9.2 a t  68" (21) 8.96 (21) 1981 (21 )  
(21) 

*For aomparison 
* *  Converted 
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TABLE 11, CLASS 10, REFRACTORY METALS AND ALLOYS 

Nominal Comnoeitlon 

Alloy: 

Molybdenum 
Molybdenum - 1/2% 

Titanium 
Zirconium 
21 r c a 1 oy - 2 
AI 321 
Tungsten 
Tantalum 
Columbium* 
Vanadium 
Titanium 
Beryl 1 ium 
Type 304 SS*. 
Cb-1 Zr 

Physical Properties 

(See next  page) 

*Niobium 
*. $or comparison 

Pure 

Pure 
Sn 1.2 - 1.7%. Fe + Cr + lV1 0.18 - 0.385, 
1.25 81, 1 Mo, 1 Sn, B a l  Zr 
Pure 
Pure 
-re 
Pure 
Pure 
Pure 
0.08% C ,  19% Cr, 9.5% Ni, 2% Mn, BaJ Fe (21) 
1.0 Zr, Bal Cb 

Zr Bnl (18) 



4 
(Table 11, C l a s s  10 - Continued) 

Physiaal Properties 

Alloy 

Molybdenum 
Moly-% T i  

Zirconium 
Zircaloy-2 

AI 3Zl 
Tungs ten 
Tantalum 
Columbium. 
Vanadium 
Titanium 
Beryllium 

Type 304 SS** 

Cb-1 Z r  

kCrO8COpiC 
A bs orp ti on 
Cro s-Section, 
Cr 3 

0.16 ( 1 9 )  
0.16 (19) 
0.008 (19) 
0.008 (19) 
0,009 (19) 
1.21 (19) 
1.18 (19) 
0.06 (19) 
0.36 (19) 
0032 (19) 
0,001 (19) 

0.26 (19) 

0 . 0605 (19) 

* H i 0  bium 
* *  For comparison 

Thermal 

84,7 at 68" (21) 
7.5 at 68' ( E s t . )  
12.15 at 68' (26) 
10.0 at 1100' (26) 
10.0 a t  1100' ( E s t . )  

116 a t  68' (21) 

31.4 at 68' (21) 
33.8 at  1112' (2) 

21.2 at 932' ( 3 )  
8.1 at 2 1 P  (27) 
65 at 1200' (6) 

7.35 at 70" (14) 
14.1 at 1200' (14) 

Thermal 
Expansion Density 

/t" i n / i n - Z  g/cc 
2.7 near 68' (21) 10.2 (21) 

3.13 32'-1400° (1) 10.17 (19) 
3 near 68' (21) 6.5 (21) 
3 near 68' ( E s t . )  6.53 (19) 
3 nenr 68' ( E s t . )  6.46 (19) 
2.4 near 68' (21) 19.3 (21) 

3.6 near 68' (21) 16.6 (21) 

4.0 near 68' (21) 8.57 (21) 

4.3 near 68' (21) 6.0 (21) 
4.7 near 68' (21) 4.54 (21) 

8.7 near 68' 1292' 1.86 
(6-conv. 1 (6-conr) 
8.7 70'-200° (14) 7-94 (14) 
10.7 70 '-1500 ' 

(14) 
8. 55(19) 

Melting Point 
or Range, 'F 

4760 (21) 

4720 (21) 

3364 (20) 
3300 (Est  . 
3300 ( E s t . )  
6170 (21) 
5425 (21) 
4380 (21) 
3150 (21) 
3300 (21) 
2345 (6) 



TTFE 
OF 
XATERIAL 

Steel 
2% Cr + 
1 No 

481 

TABLE 12, CLASS 1, ALLOY STEEL 

TENSILE PROPERTIES 

i 

43,000 20,000 72,000 32,000 43 54 - - 

34,000 12,000 85,000 42,000 63 39 28.3 2105 

103,800 36,000 116,600 ~ , O O o  16- 18 - - 

*For material noraalizetd at  2150. and tempered at 1200. F - 1 hr 
-. ** Elongation in 1" 

13 

13 

32 



T P E  
OF 
MATERIAL 

410 

430 

446 

406 

Ty?e 304 
Stainless 
Steel 

t 

TABLE 13, CLASS 2, FERRITIC STAINLESS STEELS 
TENSILE PROPERTIES 

ULTIHATE 
TENSILE S'EREPIGTlf 

(PSI) 

ELORQATIOB 
5 rw 2" 

80" P 1200. 1' - 
89,000 23,000 

74,000 22,000 

83,000 24,000 

86 ,OOO 2o.m 

b#DULUS OF 
ELAST XC ITY 

Rs?. (io6 psr) - 
80' F 1200. F 
7 

29 - 13 

23 - 13 

29 13 

29 - 24 

34,000 12 ,OOO &woo 42,000 63 39 28.3 21.5 13 



TABLE 14, CLASS 3 I R O N  AND IRON-ALUMINUM ALLOYS 

&ma o 
Xron 

EOEiLUS OF 
ETA ST IC I T4 

R R .  6 - (10 PSI) 
- 80' F 1200° F - 80. F 1200° F 1200. F 80. F 1200O F - 80. 1 - 

Alfcnol  16 24 31 

Type 304 
S t a i n l e  B s 
Steel 34,000 12,000 85,000 42,000 63 39 28.3 21.5 13 

Rolled bar, annealed at 1925. F 
++ Hot rolled plate 

0 
Y 



0
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h
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b
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TYPE 
OF 
HATERIAL 

17-7 mi-TB 1050 

TABLE 16 CUSS 3, PRECIPITATION BARDEKING STAINLESS STEELS 

TENSILE PROPERTXES 

0.32% OFFSET ULT IRATE ELONGAT1 OH 
YIELD STRENGTH TENSILE STRENGTH % TN 2" 
(PSI 1 (PSI)  

MODULUS OF 
ELA ST IC I TI 
(10 PSI) REF. 

6 - - 80. F 1200" F - 80. P 1200. F -c.-.ll)- 80. P 1200. F 80. F 1200. F - 

39 28.3 21.5 13 



TYPE 
OF 
EAT ERI ALS 

A-286 

19-9 DL 

TABLE 17 CLASS 6 ,  AUSTENITIC SUPER ALLOYS (IROR EASE) 

TENSILE PROPERTIES 

ELONGAT I OH 0.a 0FFsm ULTIMATE 
YIELD STRmTGTH TEZSSLE STRENGTH % IN 2" 

(PSI 1 ( PSI 1 
800 B 1200. F 80- F 1200. P 80. I" 1200 OF 7 

P 3 , W  E6,ooo 143 3 500 1G3 tm 24 13 
- 
69,000 37 ,m 118,30O 75,000 55.5 33.5 

57,OGO 43,000 113,000 80 I 000 43 31 

34,000 12,000 ebmo 42,060 63 39 

PlIOMJLDS OF 
ELASTICITY 

6 REF (10 PSI) -* 
80' F 1200. F 

29 21 14 
- 
29.5 21.9 14 

29.3 22 14 



TfPE 
OF 
MATERIAL 

Wickel 

Inconal X 

Hastelloy B 

Has 'ielloy 
R-235 

U dime t 500 

Ty7e 304 
Stainlese 
Gteel 

Hastclloy 11. 

TARJ-E 18 CUBS 7, YXCKEL BASE AUOYS 

800 1c 1200. F - 
22,000 10,m 

132,000 100,ato 

55,000 -- 
42,000 71,000 

125,000 lltr,Q00 

34,000 12,000 

TENSILE PROPERTIEs 

ULTIMTE 
TEPE ILE: STREl\rG!i!H 

(PSI 1 

- 80. F 1200' F 

65,000 23,000 

184,000 142,000 

00,000 63,000 

195,000 176, ooo 

85,000 42,000 

*Brought, Heat Treated at 2150. P, Rapid Air Cool 

ELONGATION 
% IN 2" 

56 4 

31 29 

63 39 

m.7 30.0 
( 1300.F 

MODULUS OF 
ELACTICITY 

$IO6 PSI)  
8c. P 1200. I' - 

28 24 

32. 26 

28.3 2105 

31.3 27 00 
( 130 

1 

REP -* 

15 

1 

16 

3 
14 

ld 
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TABLE 21 CLASS 10, REFRACTORY M E T A L S  AWD ALLOYS 

EIODULUUS OF 
ELAhT IC L ?'Y 
!lo PSI) 

Molybdenum 22 45 B 

Molybdenm + 
1//2 Titanillm 

5,100 62,000 7,400 18 : i r c  onium 

6,400 71,000 41,000 23 

28, ooo 108,000 
( 600 oc 

13,000 91,9300 Tungsten 

45,000 25 Tantalum 

Columbiuro 

Vsna dium 

Ti tan ium 

Beryllium 

Type 304 
S t a i n l e s s  
Stee l  

6A1-4V 

Cb-1 Zr 

15,000 5 

12,000 85,000 42,000 63 13 39 28.3 2104 

-- 70,  ooo 
*Proportional limit, converted value 
*+  1 inch gage length 



I 4 
CRESP PROPERTIES STRESS - RUPTURE PROPERTIES 

rn#IpIU# 
TYPE TEST CREEP TEST STRESS (PSI) FOR RVPTURE IN 
OF 
MATERIAL (OF) (PSI)  (%/HR) 

TEHPERATURE STRESS RATE TWERATVRE 
REF. - ( OF) 1Ooo HRS 10,000 HRS 

2% Cr + 1 Mo 1200 2300 I x 10:; lzo0 8500 
4300 1 x 10 

Type 304 
Sta in le  8 s  
Steel 1200 4100 1 x 10'5 1200 14,000 

6900 I loo4 

6200 13 

9 700 

20.200 1.4 x loo2 3200 20,200 (136 hrs) - 481. 1200 

* R o r a a l l t e d  2150' P and tampered 1300' P - 1 hr 

13 It 14 

32 
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1 4 

e- -. 
- -0 H 0. Zirconium 0- w 

Zirco loy-2 loso 2,800 1 x H -0 -0 

1200 

Tantalum 

Coltinbium 

Vanadium 

Titanium 

I .  

i c 7  Steel -5 

1 x l ~ ~ ~ - ~  
1.1 x 10 

1112 8,000 6 x 10'~ 

1112 8,000 i . 7  x 10-5 

16,000 I 10-3 

1290 

1200 

-4 
2,000 9 x 10 
3 9 190 2.8 x loo1 

4,100 1 x 10:z 
6,900 1 x 10 

17 

25 

2 

3 

6 1200 2150 2000 (2500 hrs) 

1200 14000 9706 13 at 14 
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