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DENSITY OF ALUMINUM 

RECO&IMEWED VALUES 

T(0K) 
0 
100 

200 

300 

400 

500 

600 

7 00 

P( g. cm- 
( s) 2.735 

2.725 

2.713 

2.698 

2.681 

2.662 
2.640 . 

2.616 

T( O K) 
931( m. p.) 
lOOG 
1100 

1200 . 

1300 

1400 

1500 

1600 

o( g. cm-9 
( 1) 2.379 

2.360 

2.341 

2.322 

2.303 

2.28.1 

2.265 

2.246 

800 2.590 

900 2.552 

931( m. p. ) 2.542. ' . 2329( n. b. p. ) (2.102) 

SOURCEOFDATA 

1) Value a t  room temperature: 
(a) Snoek, J. L. ( 1) ; (b) Smakula, A. and Sils, V. ( 2) ; 
(c) Mil le r ,  P .N . ,  andDumond, J.N.M. (3) ; (d) 
and Jette, E. R. (4). 

Foote, F . ,  

2) Solid range: 

( e) from therms1 eq.ansion ,data (III) 

( f )  Edwards, J .  D. , and Moorman, T.A. ( 5) . 

(gj Kanda, K . A . ,  and Keller, D. V. (6j ; (h) Gebhard;, E. 
Beckcr, M., and Ilrorner, S. (7); ( i j  Solet, I . S . ,  and St Clair. 
H. W., { 8) ; ( j j  Naidich, Yu. V., and Eremerko, V.N. (9 )  i 
(k) Bornemam, K . ,  and Sauerxvald, F. ( 10). 

REMARKS: Accuracy solid range i .5?0 or better. 

3) Volume change on melting. 

4) Liquid range: 

liquid range i . 1% or better. 
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D E N S I V  OF BERYLLIUM ALIBY 

RECOMMENDED VALUES 

T( O K) 
0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1100 

pt g. c ~ n ' ~ )  

i S) 1. 857 
1.853 

1.848 

1.835 

1.828 

1. 842 

1.820 

P. 812 

1. 803 

1.794 

1.784 

1.774 

T( O K) P (  g. cm-3) 
1200 1.763 

1300 1.753 

1400 1.742 

Melting range 1500- 15jd K 
1600 (1) 1. 694 
1700 1.683 

1800 1.672 

1900 1.661 

2000 1.650 

2100 1.639 

2200 1.625 

SOURCE OF DATA 

None 

REMARKS: The curve was  computed by means of mising rules. 
The recommended curve is only slightly abaut O.l'?o above 
the curve for pure beryllium. 
The accuracy can be estimated the same as for pure beql l ium.  
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299 

299 

300 

900 

500 

600 

800 

900 

1000 

1100 

1200 

(s, HCP) 6.08 
(s, BCC) 7.21 

7.21 

7.26) 

7.18 

7.16 

7.11 

7.09 

7.07 

7.04 

7.01 

TP K) 
1300 

1400 

1500 

1600 

1700 

18QQ 

19QO 

2000 

2 100 

2123( m. p. ) 

P (  g. c m 3  
6.98 

6.94 

6.91 

6. 87 

6. 83 

6.78 

6.74 

6.69 

6.63 

(s) 6.61 

2223 ( 1) 6.00 f 0. 13 

SOURCE O F  DATA 
1) Value a t  room temperature:  

6 a) Metals handbook (I)  ; (b)  Handbook of Chemistry ( IV)  
2) Solid range: 

(c )  from thermal expansion data (III) 
3) liquid range: (one value, see table) 

(d )  Eremenko, V.N. and Naidich, Yu. V. (48) 

RERL4MS: The daL2 at room temperature are non-original and may be in 
error as  mcch as I 1%. 
tion near room tempcrnture,  the curve \vas not draivn below 3 0 P K  
Shrice no values  w e r e  available for the change of volume on fusion, no recom- 
mtnritd curi-e was drawn, in t h e  liquid range. 
wit? I c 3 uti  on. 

Since no values a re  available for  the phase transi-  

These values should be used 
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DENS= OF COPPER 

RECOMMENDED VALUES 

T ( O  K) 
0 

100 

200 

300 

400 

500 

600 

700 

I 800 

900 

1000 

1100 

1200 

o( g. cmm3) 
(9 )  9.08 

9.04 

9.00 

8. 96 

8.91 

8. 87 

8. 82 

8.76 

8.71 

8. G5 

a. 5a 
8. 51 

8.44 

T( O K) 
1300 

1356 (m.  p. ) 
1356 ( m. p. ) 
1400 

1500 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

2300 

2400 

P (  g. cm-3) 
8 .37  

( s) 8.32 

(1) 7.99 

7. aa 
7.96 

7. 80 

7.72 

7.64 

7.56 

7.48  

7 .45  

7.32 

7.24 

7.16 

SOURCE O F  DATA 
1) Value at room temperature:  

(a)  Srrart, J.S. 
(b) Metals Handbook (I) ; 
( c )  Foote, F. and Je t te ,  E.R. (4) E 

( d )  f rom thermal  exTansion data (III) ; 
(e)  Bornemann, K. and Sayerwdd ( 10). 

Smith, A.A., and Phillips, A. J. (13) ; 

2) Solid range: 

3) Liquid range: 
( 0  Lucas,  L.D. (14); (g)  Gebhardt, E. ,  Becker, M. 3rd 
Schafer,  S. ( 15) ; (h) 
( i )  Allen, B.C. and Kingery, W.D. (17); (j) Bornemann, E;. 
and Sauenvald, F. ( 10) 

Cahill,  J . A .  and Kirshenbaum, A.D. ( 16) ; 

i . '  

REMIAFKS: Accuracy solid and liquid range =t . 5% o r  better.  
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DENSITY OF NIOBIUM 
RECOMMENDED VALUES 

W O K )  j ~ ( g . c m - 3 )  W O K )  P (y.cm-3) 
0 (~18.61 1302) 8.37 

100 8 .60 . 1400 8.34 
200 8.59 1500 8.32 

3 0 0  

400 
500 

600 
700 

800 
9 00 

1000 
1100 

1200 
SOURCE OF DATA 

8.58 

8.56 

8.54 

8.52 
8.50 

8 .48 
8.46 

8.44 
8.42 

8.40 

160C 

1700 
1800 

1900 
2000 
2100 

2200 

2 3 0 0  
2400 

2500 

8.29 

8.27 

8.24 

8 -22 

8.19 
8.17 

8.14 

8.11 

8.09 

(~18.05 

1) V a l u e  a t  room temperature: ( a )  S c h r i j n e r ,  A . J .  a n d  
M i d d l e l h o e k ,  A. (37) 

2 )  S o l i d  r a n g e :  ( b )  from t h e r m a l  expans ion  c o e f f i c i e n t  of T i e t z ,  
v 4 T.E. a n d  W i l s o n ,  J . W .  (38) 

REMARKS: Accuracy: 5 .5% 

N o  va lue  i n  l i q u i d  range (m.p. is 2740'K) 
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R ECObIhIE ND ED VALUES 

T(O K) P (  g. cm- 3, 

DENSITY OF NICKEL 

T( O K) 
0 

100 

2 00 

3 00 

400 

500 

600 

700 

800 

900 

1000 

1100 

12 00 

SOURCE OF DATA 

( s) 8.976 

8.953 

' 8.928 

9.901 

8.870 

8. 836 

8.800 

6.761 

8.720 

8.677 

8.631 

6.582 

8.531 

1300 

1400 

1500 

1600 

1700 

1728 ( m .  p. ) 
1728 ( m. p. ) 
1800 

1900 

2000 

2 100 

2200 

2300 

1) Value at room temperature: ( a )  Meta,s Handboo,. (I) ; 
(b)  Handbook of Chemistry (IV) ; (c)  Jordan,  L. and 
Svanger, W. H. (34) ; ( d )  Foote, F. and Jette, E. R. 

2) Solid range; ( e j  from thermal  expansion data ( I n )  ; 
3; liquid range: ( r )  Grosse,  A.V. and Kirshenbaum, X . D .  

(35)  ; (g) Kozakevitch, P. and Urbain, G. (21) ; 
j h )  Erenienlto, V N. and Nizhenko, V.I. (36) 

REhL4RKS: -4cciir~(:y: Folid range: f . 5% 

(4) ; 

liquid range: f 1.0% 

P( g. Cm-3) 

8.477 

8.421 

8.362 

8.301 

8.237 

( s )  8. 220 

. (1) 7. 898 

7. d14 

7.696 

. 7.518 

7.460 

7.342 

7.224' 

XIV-H-1 



l o .  DENSITY OF SILICON ' RECOMMENDED VALUES 
U 0 K )  ~ ( g . c m - 3 )  T ( O  K) P ( g . ~ m - ~ )  

0 ( s ) 2 . 3 3 2  9 0 0  2 . 3 1 5  
2 . 3 1 2  1 0 0  2 . 3 3 1  1 0  00 

2 00 2 . 3 3 0  1 1 0 0  2 . 3 0 9  
3 0 0  2 . 3 2 9  1 2 0 c  2 . 3 0 6  

4 00 2 . 3 2 7  13  00 2 . 3 0 2  

5 0 0  2 . 3 2 5  1 4  00 2 . 2 9 8  

6 00 2 . 3 2 3  15 00 2 .294  

700 2 . 3 2 1  1 6  00 2 . 2 9 0  
8 00 2 . 3 1 8  1 6 8 8  (m.p.1 ( s )  2 . 2 8 6  

1 6 8 8 ( m . p . )  ( 1 ) 2 . 4 9  

SOURCE OF DATA 
1) V a l u e  a t  room temperature: ( a )  P r e n e r ,  J .S .  a n d  W i l l i a m ,  F .E .  

( 3 9 ) ;  ( b )  S m a k u l a ,  A. a n d  S i l s ,  V. ( 2 ) ;  ( c )  H o r n ,  F.H:(40); 
( d )  S m a k u l a ,  A . ,  Kalnass,  J . ,  a n d  S i l s ,  V. ( 4 1 )  

2 )  S o l i d  range: ( e )  f r o m  t h e r m a l  e x p a n s i o n  c o e f f i c i e n t  (111) 

3 )  C h a n g e  of volume o n  f u s i o n :  ( f )  L o g a n ,  R.A. a n d  Bond,  W.L. ( 4 2 )  
REMARKS: Accuracy = + 0 . 5 %  or  b e t t e r .  

0 
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DENSITY OF TIN 

HECOhlBi Eh?) ED VA LUES 

T( OK) P( g. cm- j) 
0 (s,a)7.418 

100 7.375 

200 7.331 

286. 36" 7.290 

300 7.283 

400 7.234 

500 7.185 

505 (m.p. ) ( s) 7.182 

505 (m. p. ) (1) 6.980 

600 6.923 

700 6.863 

800 6. 803 

T(OK) 
1200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

2 100 

2200 

2300 

?( g. cm- j) 
6.563 

6.503 

6.443 

6.383 

6.323 

6.263 

6.203 

6.143 

6. O f S  

6.023 

5.963 

5.903 

900 ' 6.743 2400 5.843 
1000 

1100 

6.683 

6.623 
2753 (n.  b. p. )  ( 5.622) 

* 
below 286K, white tin (CY - tin) transforms to gray tin ( p -  tin) 
but the transformation is slow. The density of /? - tin at 286.36 is 5.765 g ~ r n ' ~  

SOURCE OF DATA 
1) Value near room temperature: 

&tin (tetragonal) and a-tin (cubic) 
(a)  Metals Handbook (I) ; (b)  Handbook of Chemistry (IV) ; 
( c )  Hedges, E.S. and Homer, C.F.  (43) 

2) Solid range: see  ( a )  ( b )  (c)  
3) Volume change on fusion: 

4) Liquid range : s e e  (d)  (e) ; and ( f ,  Bornemann, K. and Siebe, P. 

s e e  ( a )  and discussion by (d)  Kirshenbaum, 
A . D .  and Zahill, J . A .  (41) and (e )  Matuyama, Y. (45) 

(46)  ; (g)  Hogness, T. R. (47) ; (h) Bornemam, K. and Sauerwald, F. 
( 10) ; ( i )  Allen, B. C. and Kingery, W. D. ( 17) ; ( j )  Kanda, I;. A. and 
Keller, D. V. ( 6 )  ; (k) Ubelacker, E. and Lucas, L.D. ( 4 9 )  ; ( 1) Geb- 
hardt, E. Becker, M, and Schafer, S. ( 15) ; ( m )  Kutatelad*ze, S.S., 
Borishanskii, V. SI. and Novikov, I. J.  ( 50) ; ( n) Atterton, D. V. and Hoar,  
T. P. (51) ; (0) Pascal,  P . ,  and Jouniaus,A. (52)  ; ( p )  Herezynska, E. ( 5 3 )  ; 
( Q  Ganiertsfelder, C.  (54)  ; ( r )  ivhjima, M. ( 5 5 )  ; (s)  Pluss,  M. (56) ; ( t )  
Sosman, R. B. , Day,A. L. and Hostetter, J. C .  ( 57) 

REALARKS Accuracy: Both liquid and solid range: = .5% o r  better 
1 
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DENSITY OF ALUMINUM ALLL)Y 6061-T6 
RECOMMENDED VALUES 

T(OK) P (  g. cm-3) vow P(  g. cm- 3, 
0 (~)2.73 1200 2.26 

100 2.72 1300 2.23 

200 2.71 1400 2.21 - 
300 2.70 1500 2.19 

500 2.66 1700 2.15 

600 2.63 1800 2.12 

. 700 2.60 1900 2.10 

400 2.68 1600 2.17 

80 0 2.57 2000 2.08 

Melting rang2 850°K-92#K 2 100 2.06 

1000 ( 1) 2.30 2200 . 2.04 

SOURCE OF DATA 
1) Solid range: Miterial  properties Handbook (62) 
2) Melting range: from Metals handbook (I)  
3) liquid range: computed from mixing rule. 

1100 2.28 2300 2.01 

REMARKS: The values obtained from mixing rule calculations were 1.25% 
higher at all temperature in the solid range. 
No accuracy can be stated, These data are only tentative values. 

c 
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DENSITY OF ALUblINUhl ALIX)Y 2219-T852 

RECOMMENDED VALUES 

*T( O K) P( g. cm- 3, T ( O  K) P( &. cm- 3, 

0 (s)2.87 1400 2.36 

100 2. 85 1500 2.34 

200 2.84 1600 2.31 

300 2.82 

400 2.80 

500 2.78 

600 2.76 

700 2.73 

Melting range 7 83-9 11" K 
1000 (1) 2.46 

1700 2.28 

1800 2.26 

1900 2.24 

2000 2.21 

2 100 2.28 

2200 2.16 

2300 . 2.14 
1100 2.44 

1200 2.41 

1300 2.38 

SOURCE OF DATA 
1) Value at room temperature: (a) Levy, A V. (61) 

2) Solid range: (b) from thermal e.xpansion coefficient ( III) 
3) liquid range: ( c )  computed from mixing rule. 

REMARKS: The value computed from mixing rule  was found from 1 . 2 5  to 
3% h i 3 e r  a t  room temperature, depending on composition. 
No accuracy can be stated. These data a r e  only tentat ive values. 

... . 
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DENSITY OF STAINLESS STEEL 304A 

RECOMMENDED VALUES 

T(O K) P( g. cm- 3, T( O K) P( g. cm-7 
0 (9) 7.998 900 7.655 

100 7.967 1000 7.606 

200 7.934 1100 7.555 

. 300 7.899 12 00 7.502 

400 7.860 1300 7.446 

500 7.821 1400 7.387 

600 7.780 1500 7.325 

700 7.737 1600 7.260 
80 0 7.692 

SOURCE O F  DATA 

(a) Thornburg, D. L . ,  Thall, E . ,  Brous, J. (65) 
(b) Stein, D. B., (63) 
(c) Goldsmith, A. et a1 (III) 

REMARKS: Densities between 7.86 (a)  and 8.02 (b) have been reported 
at room temperature. The coefficient of thermal expansion 
is nearly the s a m e  as the coefficient of SS347 (c )  . 
is given to information from (a) and this gives for SS 304 the 
same density as SS 347. 

More weight 
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