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DENSITY MEASUREMENTS IN GLOVEBOXES 

With Density Data on Monobromobenzene, 
Cast Thor ium, Thor ium-Uranium, 

and Thoriumi-Plutonium Alloys 

by 

B. Blumenthal 

INTRODUCTION 

The conditions under which measu remen t s in gloveboxes a r e made 
differ from those which a r e made in an ordinary labora tory on an open 
bench top. Confining space, considerat ion of a c c e s s , safety and cr i t ical i ty , 
the effect of glovebox a tmosphere and, in some ca se s , self-heating of the 
ma te r i a l under study a r e factors which influence the m e a s u r e m e n t s . The 
mechanical features of a chosen method, the degree of control over its 
va r i ab l e s , the possibil i ty of reca l ib ra t ion after an initial cal ibrat ion de t e r 
mine the prec is ion of m e a s u r e m e n t s and the attainable accuracy . Unfor
tunately, all of these factors slow down, to a varying degree , the p rocess 
of m e a s u r e m e n t . Thus, the des i r e to obtain rapid resu l t s with alpha-act ive 
meta l s may lead to a conscious neglect of some va r i ab l e s . Yet, in the end, 
such an approach produces data which a r e inferior to those that a r e ob
tained or obtainable for comparable purposes in a comparable r e s e a r c h 
situation with nonradioactive and l e s s toxic naater ia ls . 

The work here in repor ted is a imed at developing a more p rec i se 
and accura te method of determining density of plutonium-containing m a 
t e r i a l s while working in gloveboxes. Specifically, the measu remen t s a r e 
par t of an investigation of the constitution and proper t ies of the thor ium-
uranium-plutonium al loys . Since the techniques of working with plutonium 
and its alloys a r e sti l l known to only a smal l nunaber of people, any in te l 
ligent expansion in the util ization of plutonium will great ly depend on the 
availabil i ty of bet ter measu remen t techniques and of more accura te data 
than ^ve presen t ly have . Simultaneously, the repor t is presented in suffi
cient detail to serve as a guide to those in our labora tory who a re charged 
with making the m e a s u r e m e n t s . 

There exis ts a very extensive l i t e r a tu re on density m e a s u r e m e n t s . 
Good s u m m a r i e s of the available methods and evaluations of the var ious 
factors involved a r e found in A. Weissberger , Physical Methods of Organic 
Chemis t ry , in the chapter by N. Bauer l l ) on "Determination of Density," 
and in F . Kohlrausch, P rak t i sche Physik, in the chapter by J . OttoV"̂ ^ on 
"Dichte." The important papers on density measu remen t s published by 
m e m b e r s of the National Bureau of Standards a re repr in ted in its 
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Handbook 77*'^ on P rec i s ion Measurements and Calibrat ion. The paper by 
C. T. Collet,'-^' Simplification of Calculations in Routine Density and Vol
umet r ic Determinat ions , may be specifically mentioned. 

STATUS 

For the present investigation we have used as s tandards a s ta inless 
steel cylinder weighing about 60 g and a platinum cylinder weighing about 
30 g. Their densi t ies as repor ted by NBS a re 7.9025 + 0.0001 g/cm^ at 
22.72°C and 21.429 ± 0.001 g/cm^ at 22.87°C, respect ive ly . A local com
m e r c i a l l abora tory repor ted the density of a lot of monobromobenzene 
(CgHsBr) at 20.0°C to be 1.4957^ g/cm^, which implies an accuracy of bet ter 
than 0.0001 g/cm^. On the other hand, routine density de terminat ions of 
plutonium and its alloys by the Los Alamos Scientific Labora tory , accord
ing to a pr ivate communication from F. Schonfeld, a re made with a p r e c i 
sion of ±0.03 g/cra^ and an es t imated accuracy of ±0.05 g/cm^. These 
de terminat ions a r e made by the hydros ta t ic weighing method with mono
bromobenzene as a liquid. Similar r e su l t s a r e obtained at ANL in routine 
density m e a s u r e m e n t s in the fabricat ion of plutonium-bearing fuel e l e -
men t s .wj An improvement in accuracy and precis ion by a factor of 10 
would cer ta in ly be des i rab le and grea t ly add to the physical significance 
of the data. 

VARIABLES IN DENSITY MEASUREMENTS 
AND METHOD OF CALCULATION 

The basic equation 

P = M / V , (1) 

where p is the density, and M and V a re the m a s s and volume of the 
specimen, is valid for the t e m p e r a t u r e t if no change takes place while 
the m e a s u r e m e n t is being made . If the very convenient hydros ta t ic 
weighing miethod is used for glovebox work, it is thus n e c e s s a r y to a s c e r 
tain that the specimen, when weighed in air or in some other glovebox a t 
mosphe re , is at the same t e m p e r a t u r e as when it is subsequently weighed 
in the liquid. Differences between room t empera tu re and that of the liquid 
a r e usually negligible in an a i r -condi t ioned labora tory when a l a rge tank 
of water is given sufficient t ime to attain room t e m p e r a t u r e . This con
dition does not exist in a glovebox as will be shown below. In an ordinary 
labora tory the quantity of liquid (usually water) is l a rge enough and the 
humidity in the room is sufficiently high and constant that surface phenomena 
such as evaporat ion do not affect the t empe ra tu r e of the liquid. The high 
degree of unsaturat ion of the a tmosphere (in our case ni t rogen) des i red in 
a plutonium glovebox enhances grea t ly the evaporat ion ra te of l iquids of 
low boiling point and causes the temiperature of the liquid to be lowered. 



T h i s i s p a r t i c u l a r l y a p p a r e n t when , in the c o u r s e of a day s w o r k , the g l o v e 
box t e m p e r a t u r e r i s e s wi th r o o m t e m p e r a t u r e . A p p a r a t u s for c o n t r o l l i n g 
a l l of t h e s e v a r i a b l e s would be r a t h e r c u m b e r s o m e , and it is e a s i e r to app ly 
s u i t a b l e c o r r e c t i o n s . The a p p l i c a b l e e q u a t i o n s which a r e g iven in the fo l low
ing p a r a g r a p h s , t a k e in to a c c o u n t the buoyancy c o r r e c t i o n for the n i t r o g e n 
a t m o s p h e r e in the g lovebox and the a b o v e - m e n t i o n e d t e m p e r a t u r e v a r i a t i o n s . 

If 

P|. is the d e n s i t y of s p e c i m e n at t e m p e r a t u r e t , 

p 1^^ t he d e n s i t y of the l i qu id ( m o n o b r o m o b e n z e n e ) , at t e m p e r a t u r e t , 

Pj^^ the d e n s i t y of the n i t r o g e n g a s a t m o s p h e r e at t e m p e r a t u r e t and 
b a r o m e t r i c p r e s s u r e p , 

M.£ t he a p p a r e n t weight of the s p e c i m e n in the n i t r o g e n a t m o s p h e r e 
a t t e m p e r a t u r e t , 

M|^ t he a p p a r e n t weight of the v o l u m e of l iquid d i s p l a c e d by the 
s p e c i m e n of a p p a r e n t weigh t Mr at t e m p e r a t u r e t , 

i . e . , if a l l v a r i a b l e s r e f e r t o the s a m e t e m p e r a t u r e t , t h e n 

Mf 

•"t = M- ^ b ^ P N , ) + % , 

Since the h y d r o s t a t i c weigh ing m e t h o d r e q u i r e s the s p e c i m e n to be 
we ighed both in the n i t r o g e n g lovebox a t m o s p h e r e and s u s p e n d e d in the 
l iqu id , i t i s conven i en t t o l e a v e the s u s p e n s i o n w i r e and b a s k e t in the l iqu id 
t h r o u g h o u t the m e a s u r e m e n t s . T h u s , 

Mf = W N 2 " T i , (3) 

w h e r e 

Wpj i s the a c t u a l a s - m e a s u r e d weight of the s p e c i m e n on the b a l -
" a n c e pan a t t e m p e r a t u r e t-^ , and 

Tji t he a c t u a l a s - m e a s u r e d we igh t of the s u s p e n s i o n w i r e a s it 
p a r t i a l l y d ips into the l iqu id (the t a r e ) . 

If, b e c a u s e of some u n s t a b l e cond i t ion , the t a r e T^ does not s t a y c o n s t a n t , 
it m a y be n e c e s s a r y to d e t e r m i n e the t a r e be fo re and a f t e r d e t e r m i n i n g W]\j 
and to find T i by i n t e r p o l a t i o n . 

T o d e t e r m i n e Mj^ the s p e c i m e n i s we ighed in the l iqu id , o r d i n a r i l y 
a t t e m p e r a t u r e t . We we igh , h o w e v e r , a t the t e m p e r a t u r e t^ and obta in 

(2) 
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WXJ = the actual a s - m e a s u r e d total weight of the specimen plus 
the t a r e in the liquid at t empera tu re t-^, 

T2 = the t a r e at t empe ra tu r e t̂ ,̂ and 

"^imm ~ ^^^ actual weight of the specimen i m m e r s e d in the liquid 
at t empera tu re t-ĵ , since 

Wimm = Wb - T2 . (4) 

F u r t h e r m o r e , 

Mk = Mf - Wimm , (5) 

where Mĵ  is the apparent weight of the volume of liquid at t empera tu re t]-, 
displaced by the specimen also at the t empera tu re t-^. Then, as shown in 
Appendix A, equation (2) becoines 

Mf f 1 

P(W = l i ^ F b ( t g t i + ^(tb-tN,)]- P N J + PN, ' (6) 

where Pb/, \ is the density of the liquid at t empera tu re t^. The volume 

coefficient of expansion of the specimen, a , is usually unknown for new 
alloys and mus t be es t imated . If (t^ - tj^ ) does not exceed about two degrees 
the possible e r r o r due to this difference in t empera tu re is smal l . Since, 
usually, tj^ > tX), it is convenient to wri te 

1 + ^( tb- tN^) = 1 - ^(^Nj- tb) = 1 - aAt 

and equation (6) becomes 

Mf 
^ ^ W = ^ tPb(t^) (1 " o^^t) - P N J + PN2 • (6a) 

Also, since PX) changes near ly l inear ly with t empera tu re over a smal l t e m 
pera tu re range , Py^, . may be r e f e r r e d to the density at 25°C by 

Pb(t ) = PZS + ^ P b ( t 2 5 - t b ) 

= P25 + ^ P b ^ t " 

where Ap-]̂  for monobromobenzene is 0.001374 g/cm^ for t e m p e r a t u r e s in 
the neighborhood of 25°C with sufficient accuracy , and where At" = tjs - tx,. 

Thus equation (6) is used in the form 

Mf 
P ^ W " X r ^ ^ P b , + ApbAt")( l -aAt) - P N J + PN2 • (7) 
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The density p-^ of the liquid in equations (6) or (7) is derived f rom the den
sity of the s ta inless s teel s tandard mentioned above. For this purpose 
equation (6) becomes 

^b(t^) = 1 + a ( t b - t N ) 
My. 

M7 (̂ st(,̂ p ''NJ + P N , 
(8) 

or 

'Ht.) 

where Pĝ -

1 

1 - aAt 
Mk 
Mf ^^'Ht^J ""N PM^) + p N, (9) 

(tNJ 
is the density of the s ta in less steel s tandard at t empera tu re 

tjsj . The value of Pg^/, \ is calculated from the density Pgt/, \ of the 

s ta in less steel s tandard at the repor ted t empera ture t from 

Pst(t) = Pst(t ) [ l + ^ s t C t r - t ) ] (10) 

where <Xg|. = 52 x 10" "^Q-^ ig ĵ̂ e volume coefficient of expansion of 
type 304 s ta inless steel and t/j^ \ is equal to the t of this equation. For 

P st(t) in the t empera tu re range of 20 to 28 C, see Table III. 

Table I 

Dt\S!T^ ip\y Of DR\ MTROCtK BE? UM 20 AND 280C AT A 

BAROf METRIC PRESSURE OF 760 mm HJ 

Density at QOC 0 00125051 c i /cn-

0 00125051 
^ V iTcToOMt "̂̂ ''"̂  

t 

20 0 
20 1 
20 2 
20 3 
20 4 
20 5 
20 6 
20 7 
20 8 
20 9 

210 
211 
212 
213 
214 
215 
216 
217 
218 
219 

122 0 

K2 

0 001165 
0 001165 
0 001164 
0 001164 
0 001164 
0 001163 
0 001163 
0 001162 
0 001162 
0 001162 

0 001161 
0 001161 
0 001160 
0 001160 
0 001160 
0 001159 
0 001159 
0 001158 
0 001158 
0 001158 

0 001157 

t 

22 0 
22 1 
22 2 
22 3 
22^ 
2? 5 
22 6 
22 7 
22 8 
22 9 

23 0 
23 1 
23 2 
23 3 
23 4 
23 5 
23 6 
23 7 
23 8 
23 9 

24 0 

2̂ 

0 001157 
0 001157 
0 001157 
0 001156 
0 001156 
0 001155 
0 001155 
0 001155 
0 001154 
0 001154 

0 001153 
0 001153 
0 001153 
0 001152 
0 001152 
0 001151 
0 001151 
0 001151 
0 001150 
0 001150 

0 001150 

L 

24 0 
24 1 
24 2 
24 3 
24 4 
24 5 
24 6 
24 7 
24 8 
24 9 

25 0 
25 1 
25 2 
25 3 
25 4 
25 5 
25 6 
25 7 
25 8 
25 9 

26 0 

hz 

0 001150 
0 001140 

0 00114« 
0 001148 
0 001148 
0 001148 
0 001147 
0 001147 
0 001146 
0 001146 

0 001146 
0 001145 
0 001145 
0 001145 
0 001144 
0 001144 
0 001143 
0 001143 
0 001143 
0 001142 

0 001142 

1. 

26 0 
26 1 
26 2 
26 3 
26 4 
26 5 
26 6 
26 7 
26 8 
26 9 

27 0 
27 1 
27 2 
27 3 
27 4 
27 5 
27 6 
27 7 
27 8 
27 9 

28 0 

2̂ 

0 001142 
0 001141 
0 001141 
0 001141 
0 001140 
0 001140 
0 001140 
0 001139 
0 001139 
0 001138 

0 001138 
0 001138 
0 001137 
0 001137 
0 001137 
0 001136 
0 001136 
0 001135 
0 001135 
0 001135 

0 001134 

To obtain density at other baromptnc pressures 
mult ip l) by appropriate ratio of Table E 

For the calculation of the 
density Pj^ in equations (7) and (9) 
at t empera ture t (in ''C) and b a r o 
met r ic p re s su re p for the very dry 
nitrogen gas in our gloveboxes, the 
gas laws a re applicable: 

PN, 
0.00125051 

1 + 0.003661 t 760 

where 0.00125051 g/cm^ is the den
sity of nitrogen gas at 0°C and at 
760 nnm Hg. The value of p^ for a 
given tempera ture and p r e s s u r e may 
be obtained from Tables I and II by 
multiplying the appropriate va lues . 

Finally, the density data ob
tained from equation (7) may be r e 
duced to 25°C values by means of 
the equation 

P(25) = Pt [ l + a ( t - 2 5 . 0 0 ) ] 

where (t - 25.00) may be ei ther positive or negative. 



Table II 

RATIO (R) OF BAROMETRIC PRESSURE p OVER 
STANDARD PRESSURE OF 760 mm Hg FOR 

PRESSURES OF 720 TO 760 mm Hg 

p 

720 
721 
722 
723 
724 
725 
726 
727 
728 
729 

730 
731 
732 
733 
734 
735 
736 
737 
738 
739 

740 

R 

0 .9474 
0 .9487 
0.9500 
0.9513 
0 .9526 
0 .9539 
0.9553 
0 .9566 
0 .9579 
0 .9592 

0.9605 
0 .9618 
0 .9632 
0.9645 
0 .9658 
0 .9671 
0 .9684 
0 .9697 
0 . 9 7 U 
0 .9724 

0 .9737 

P 

740 
741 
742 
743 

744 
745 
746 
747 
748 

749 

750 
751 
752 
75 3 
754 
755 
756 
757 
758 
75<? 

760 

R 

0 .9737 
0 .9750 
0 .9763 
0 .9776 
0 .9789 
0.9803 
0 .9816 
0 .9829 
0 .9842 
0.9855 

0 .9868 
0 .9881 
0 .9895 
0 .9908 
0 .9921 
0 .9934 
0 .9947 
0 .9960 
0 .9974 
0 .9987 

1.0000 

Table III 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1.3 
2.6 
3.9 
5.2 
6.5 
7.8 
9.1 

10.4 
11.7 

14 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1.4 
2.8 
4.2 
5.6 
7.0 
8.4 
9.8 

11.2 
12.6 

DENSITY OF STANDARD STAINLESS STEEL SPECIMEN BETWEEN 20 AND 28°C 

Density (p) by NBS: 7.9025 g/cm^ at t .= 22.72°C 
Volume Coefficient of Expansion a = 51.8 x 10"^ "C"^ 

PstU) "" ''22.72 [ 1 - a ( 2 2 . 7 2 - t ) ] g / c m ' 

T e m p 

Co) 

20.0 

2 0 . 1 
20.2 
20.3 
20.4 
20.5 
20 .6 
20 .7 
20 .8 
20 .9 

21.0 

2 1 . 1 
21.2 
21.3 
21 .4 
21.5 
21.6 
21 .7 
21 .8 
21 .9 

22.0 

D e n s i t y 
( g / c m ^ ) 

7 .9036 

7.9036 
7.9035 
7.9035 
7 .90J4 
7.9034 
7.9034 
7.9033 
7.9033 
7 .9032 

7 .9032 

7.9032 
7 .9031 
7 .9031 
7 .9030 
7.9030 
7 .9030 
7.9029 
7.9029 
7 .9028 

7 .9028 

T e m p 

(°C) 

22.0 

2 2 . 1 
22.2 
22.3 
22.4 
22.5 
22 .6 
22.7 
22 .8 
22 .9 

23 .0 

2 3 . 1 
23 .2 
23.3 
23.4 
23.5 
23 .6 
23 .7 
23 .8 
23 .9 

24 .0 

D e n s i t y 
( g / c m ^ ) 

7.9028 

7.9028 
7 .9027 
7.9027 
7.9026 
7.9026 
7.9025 
7.9025 
7.9025 
7 .9024 

7.<3024 

7.9023 
7.9023 
7.9023 
7.9022 
7.9022 
7 .9021 
7 .9021 
7 .9021 
7.9020 

7.9020 

T e m p 

(°c) 

24.0 

2 4 . 1 
24 .2 
24.3 
24 .4 
24.5 
24.6 
24 .7 
24 .8 
24 .9 

25.0 

2 5 . 1 
25.2 
25.3 
25.4 
25.5 
25.6 
25.7 
25 .8 
25.9 

26 .0 

D e n s i t y 
( g / c m ^ ) 

7.9020 

7.9020 
7.9019 
7.9019 
7.9018 
7.9018 
7.9017 
7.9017 
7.9016 
7 .9016 

7.9016 

7.9015 
7.9015 
7.9014 
7.9014 
7.9014 
7.9013 
7.9013 
7.9012 
7.9012 

7.9012 

T e m p 

26.0 

2 6 . 1 
26.2 
26.3 
26.4 
26.5 
26.6 
26 .7 
26 .8 
26.9 

27.0 

2 7 . 1 
27.2 
27.3 
27.4 
27.5 
27.6 
27.7 
27.8 
27.9 

28.0 

D e n s i t y 
(g, cm^ ) 

7 .9012 

7 .9011 
7 .9011 
7.9010 
7.9010 
7.9010 
7.9009 
7.9009 
7 .9008 
7 .9008 

7 .9007 

7.9007 
7 .9007 
7 .9006 
7 .9006 
7.9005 
7.9005 
7.9005 
7.9004 
7 .9004 

7.9003 



E X P E R I M E N T A L A P P A R A T U S 

SUBSTITUTION 

The m e a s u r e m e n t of d e n s i t y invo lves the d e t e r m i n a t i o n of weight , 
t e m p e r a t u r e , b a r o m e t r i c p r e s s u r e , and the s e l e c t i o n of a su i tab le l iqu id . 

Weighing 

B e c a u s e of the l i m i t a t i o n of s i ze and weight and the high d e n s i t y of 
m a n y p l u t o n i u m - b e a r i n g s p e c i m e n s , a s e m i - m i c r o b a l a n c e was s e l e c t e d . 
The b a l a n c e w a s a s i n g l e - p a n s u b s t i t u t i o n b a l a n c e ( see F i g u r e s 1 and 2), 

thought to be a t t r a c t i v e b e c a u s e 
of i t s g r e a t e r e a s e of manijau-
la t ion and r e a d a b i l i t y in g l o v e 
box w o r k . It v/as e x p e c t e d and 
t u r n e d out to be r a t h e r m o r e 
s e n s i t i v e to t e m p e r a t u r e f l uc 
t u a t i o n s than a s t a n d a r d a n a 
l y t i c a l b a l a n c e with equa l a r m s . 
N e v e r t h e l e s s , the b a l a n c e was 
r e t a i n e d b e c a u s e of i t s handl ing 
c h a r a c t e r i s t i c s . In i t i a l ly , the 
b a l a n c e was p l aced on a b r i d g e 
to a c c o m m o d a t e the l iquid 
u n d e r n e a t h . Unfor tuna te ly , 
v i b r a t i o n s c a u s e d by the bu i ld 
ing ven t i l a t i on m a d e it i m 
p o s s i b l e to u s e the b a l a n c e in 
t h i s way and only t h r o u g h p l a c 
ing the ba l ance f i r m l y on the 
b o t t o m of the glovebox and the 
glovebox on a 900- lb c o n c r e t e 
b a s e w a s it p o s s i b l e t o m a k e 
c o n s i s t e n t w e i g h i n g s . The 
s u s p e n s i o n of the b a l a n c e pan 
w a s s h o r t e n e d to a c c o m m o d a t e 

a d i sh of 13 c m (5 in.) in d i a m e t e r , 7.6 c m (3 in.) in he igh t and of 8 0 0 - m l 
c a p a c i t y i n s ide the b a l a n c e c a s e . 

GOLD Ft A^ETi 
TUf.CS^'Er, JV F 

THEPW STOP 

800ml DISH 

I s: A 
F i g u r e 1. S c h e m e of D e n s i t y B a l a n c e 

A g o l d - p l a t e d t u n g s t e n s u s p e n s i o n w i r e holding a p l a t i n u m w i r e 
b a s k e t was a t t a c h e d to the pan. It w a s thus p o s s i b l e to weigh the s p e c i m e n 
e i t h e r in the g lovebox a t m o s p h e r e or i m m e r s e d in the l iquid without c h a n g 
ing the se tup s i m p l y by p lac ing it e i t h e r onto the pan or into the b a s k e t . 
The l e v e l of the l iqu id r e m a i n e d c o n s t a n t th roughou t the we igh ings of a 
p a r t i c u l a r s p e c i m e n . Smal l r a d i u m - c o n t a i n i n g d i s k s p l aced n e a r the knife 
e d g e s took c a r e of s t a t i c c h a r g e s . No di f f icul t ies w e r e e x p e r i e n c e d froiii 
the flow of n i t r o g e n gas t h rough the glovebox s ince i t s r a t e of flow of 
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2.8 l i ter s /min (O.l ft^/nnin) was low, but the movement of the gloves during 
operation great ly influenced the weighing even when the balance case was 
closed. It is suspected that this effect of glove movement is largely due 
to the design of the damping mechanism, an air dash pot, with which single-
pan substitution balances a re equipped. Since the operator may not move 
his a r m s while the balance seeks its equil ibrium position, the balance will 
be replaced by one having a magnetic damping device and recent ly made 
available to us by Wm. Ainsworth and Sons, Golden, Colorado. It is ex
pected that this modification will ease our operating problem. 

Figure 2. Density Glovebox 

In weighing, another important factor requir ing control is t e m 
pe ra tu re . Initial t empera tu re measu remen t s showed that the glovebox, of 
0.69-iTi^ (24.5-ft^) volume, was heated appreciably by the two fluorescent 
30-w lamps on top of the glovebox. Their removal and subsequent rel iance 
on room- tempera tu re lighting great ly improved the weighing conditions. 
Still, the lamp which is par t of the optical system of the balance created 
enough heat to influence the r e s u l t s . Heat insulation or , better st i l l , the 
use of a heat source external to the balance case , will alleviate this 
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problem. Figure 3 shows the t empera tu re changes that took place during 
a Saturday in the summer at the time we began to make measure inen t s . 
The glovebox t empera tu re rose steadily during such a period. 

1100 11.30 12.00 12,30 ISOO 13:30 14100 14:30 ISlOO 15.30 I6:00 16 30 
,„ 10 909 

i 
g 10908 

lii 10.907 

< 
10906 

26 0 

24 .0 

23 2 

TEMPERATURE 
INSIDE BALANCE 
CASE 

GLOVE BOX ^ ^ 
TEMPERATURE Q-GJ* ! " * ' ' ' ^ 

TEMPERATURE OF 
MONOBROMOBENZEME 

_ L _L. J _ 

=*-̂ -« Q-Q-GfO^y-G 

/ 

^ 

J _ O - I _L. _ L J _ 

00 1130 I2"0C 12.30 13:00 13:30 WOO 14.30 15 00 15.30 1600 16.30 

TIME OF DAY 7 - 2 5 - 6 2 

Figure 3. Tempera tu re and Tare Variat ions 
during Density Measurements 

Even though the labora tory is air conditioned, a t empera ture r i se 
in the glovebox cannot be avoided. Per iods of work interruption did not 
significantly affect this t empera tu re r i s e . The tempera ture inside the 
balance case , however, r i s e s steeply during work periods and falls again 
during periods of work interrupt ion. The tempera tu re of the liquid inside 
the balance case , because of its la rge heat capacity, follows the same 
t empera tu re pat tern as the glovebox. Because of these t empera ture va r i a 
t ions , the weight of the basket suspended in the liquid (the tare) also changes 
with t ime and may make it n e c e s s a r y to bracket each weighing between two 
t a r e deternainations. 

Tempera tu re Measurements 

Ordinari ly t empera tu re measurement s outside a glovebox a re sat
isfactori ly made with precis ion m e r c u r y - i n - g l a s s t h e r m o m e t e r s . Once 
cal ibrated they require checking of the ice point as they change slowly 
with t ime. This is inconvenient in glovebox work. Also, small size 
m e r c u r y - i n - g l a s s t h e r m o m e t e r s of sufficient accuracy are not c o m m e r 
cially available. Their readabili ty through the sloping front glovebox 
window and the window of the balance case would be poor. 



The National Bureau of Standards uses a p la t inum-res i s tance t h e r 
momete r to m e a s u r e the t empera tu re of the la rge volume of water located 
underneath the balance . The la rge size of the r e s i s t ance t he rmomete r is 
not suitable for measur ing the t empera tu re of a sinall volume of liquid in
side the balance ca se . 

T h e r m i s t o r s a re highly convenient for measur ing t e m p e r a t u r e s 
near room t empe ra tu r e in a confined space . The large negative t e m p e r a 
ture coefficient of such devices makes them ideally suited for measur ing 
smal l t empera tu re differences. Measurements may be made with a Wheat-
stone bridge and since, say, a r e s i s t ance of 80 ohms is equivalent to 1°C, 
good prec is ion is eas i ly obtainable within a l imited t empera tu re range of 
10°C. 

The t empe ra tu r e dependence of a t he rmis to r suitable for t e m p e r a 
ture m e a s u r e m e n t s is sa t isfactor i ly expressed by 

log R = - ^ Cj + C2 , (11) 

where log R is the decadic logar i thm of the e lec t r ica l r e s i s t ance in ohms, 
T the absolute t e m p e r a t u r e , and Cj and C2 are cons tants . This equation is 
equivalent to Kit te l ' s equation!") for the in t r ins ic e lec t r ica l conductivity of 
a semiconductor : 

log p = log A + (Eg/2kT) , • (12) 

where p is the in t r ins ic res i s t iv i ty in the int r ins ic t empera tu re range, i .e . , 
the t empera tu re range in which the e lec t r ica l p roper t i e s of a semiconductor 
a re not essent ia l ly modified by impur i t i es in the c rys ta l , E^ is the energy 
gap between the valence and conduction bands, k is the Boltzmann constant, 
T is the absolute t e m p e r a t u r e , and A is a constant. The in t r ins ic t e m p e r a 
ture range may extend over a couple of hundred degrees Kelvin as shown by 
J. A. Becker (° / for FejOj, CU2O, Si, and Ge. For t h e r m i s t o r s in which i m 
purity conduction plays an important ro le , equations ( l l ) and (12) should not 
hold. However, over the very smal l t empera tu re interval near room t e m 
pera tu re in which we a r e in te res ted , equation ( l l ) is still applicable; in our 
case the maximum deviation froin l inear i ty for a given res i s t ance between 
20°C and 40°C was only 0.005°C. Also, equation ( l l ) is valid only at a con
stant low cu r r en t and, the re fo re , ca l ibrat ion and m e a s u r e m e n t s a r e now 
made with a constant cu r r en t of 100 / lamp. 

The cu r ren t for the m e a s u r e m e n t s is supplied by a lead s torage 
bat tery via a var iab le r e s i s t o r . The cu r ren t is m e a s u r e d by the voltage 
drop a c r o s s a 100-ohm standard r e s i s t ance in s e r i e s with the measur ing 
a r m of the Wheatstone br idge . The 100-ohm res i s t ance is then deducted 
froin the m e a s u r e d value . 



We have used a g l a s s -p robe the rmis to r with a r o o m - t e m p e r a t u r e 
r e s i s t ance of about 2,000 ohms. For cal ibrat ion the therra is tor is placed 
in a the rmos ta t , and its r e s i s t ance during 100-/Jamp cur ren t flow is m e a s 
ured by a guarded Wheatstone br idge . The same t empera tu re is measured 
with a ca l ibra ted p la t inum-res i s t ance the rmomete r and a Mueller br idge . 
Measurements a r e made at 1°C t empera tu re in te rva l s . The l e a s t - s q u a r e s 
fit of the data gives both the constants of equation(l 1) and their s tandard 
deviat ions, and a table of co r re l a t ed values for intervals of 0.1 ohm a re 
computed with an IBM 704F computer (P rogram Lib ra ry 1448/MET141). 

The actual t e m p e r a t u r e mieasurements in the glovebox of the ba l 
ance case and the liquid a r e made with a l e s s p rec i se Wheatstone br idge . 
The t empe ra tu r e m e a s u r e m e n t s a r e co r rec t to 0.01°C. 

Ba rome t r i c P r e s s u r e 

A prec is ion aneroid manomete r capable of determining the b a r o 
me t r i c p r e s s u r e with an accuracy of 1 par t in 1000 and cal ibra ted at ANL's 
Weather Station was connected to the glovebox. A filter protected the inlet 
to the manomete r from contamination. 

The Liquid 

The use of water as a liquid is precluded in a dry ni trogen a t m o s 
phere . Water readi ly a t tacks many plutonium al loys . Carbon te t rachlor ide 
was re jected because i ts high ra te of evaporat ion (boiling point 76.8°C) 
caused a significant lowering of i ts t empe ra tu re , more than compensating 
for the genera l t e m p e r a t u r e inc rease of the appara tus . Monobromobenzene 
(CgHgBr) (density about 1.5 g /ml , boiling point 155°C), used by Los Alamos 
and other AEC ins ta l la t ions , despite disadvantages, was adopted after some 
t r i a l s for lack of something be t t e r . Van Vestrout and Shuck ' ' ' have shown 
that it softens neoprene . Neoprene exposed to the monobroinobenzene (for 
a period of 2-|-hr) loses its s t rength and is easi ly pulled apar t . The neo
prene , however, is re tu rned to its original state after the liquid has evapor
ated. Monobromobenzene vapor diffuses eas i ly through the gloves, and its 
cha rac t e r i s t i c odor is detected in the labora tory whenever it is worked with 
inside the glovebox. 

The following ru les should be s t r ic t ly observed Avhen working -with 
monobromobenzene: 

1. Monobromobenzene shall be s tored only in brown bottles with 
t ight-fi t t ing caps when not in u se . A quantity of liquid may be left in the 
open dish inside the balance case for a short period of t ime , e.g., during 
the lunch per iod. 

2. An unbreakable container shall be used for s torage if possible; 
otherwise a secondary protect ive container shall be employed. 



3. If monobromobenzene is spilled, the spillage shall be wiped up 
immediately and special attention shall be given to neoprene p a r t s . 

4. Waste cans containing small quantities of monobromobenzene 
shall be removed from the glovebox and proper ly disposed of at the end of 
each work day. 

5. Gloves which have been exposed to a quantity of liquid mono
bromobenzene may only be used with ca re and no great s t r e s s shall be 
applied to ma te r i a l that may have been sa tura ted . 

6. Folding the gloves inside the glovebox inc reases the number of 
pockets where vapor may collect . Tie the gloves at the outside. 

7. Use a fan to inc rease the air flow near the glovebox and d i s 
perse the toxic vapors that have diffused to the outside. 

Our data (see Table IV) show that the density of monobromobenzene 
dec reases with t ime . The density a lso va r i e s while the liquid is being used 
increasing, decreas ing or not changing at all during a day 's operat ion. 
Since the liquid is re turned to i ts supply bottle after use , a complex pat tern 
will r esu l t . 

T a b l e IV 

DENSITY CHANGES O F M O N O B R O M O B E N Z E N E 

Date 
1962 

6-1 
6-4 
6-4 
6-6 
6-6 
6 -8 
6 -8 
6-8 
6 -8 
6-8 
6 -13 
6-13 
6-13 

7-25 
7-25 
7-25 
7-26 
7-26 
7-27 
7-27 

10-19 
10-19 
10-19 

10-27 
10-27 
10-27 

T i m e of 
Day 

11:32 
11:00 
16:05 
14:52 
16:28 
11:32 
12:05 
13:21 
14:32 
16:25 
12:00 
13:34 
14:10 

11:50 
13:55 
16:10 
10:00 
16:50 

9:35 
16:45 

10:35 
14:33 
16:26 

9:07 
14:28 
13:38 

Dens i ty a t 25°C 
(g /cm^) 

1.4859 
1.4849 
1.4855 
1.4841 
1.4846 
1.4831 
1.4833 
1.4835 
1.4840 
1.4840 
1.4817 
1.4820 
1.4819 

1.4839 
1.4837 
1.4832 
1.4836 
1.4829 
1.4833 
1.4819 

1.4799 
1.4801 
1.4800 

1.4798 
1.4792 
1.4796 

S t a n d a r d 
Used 

SS* 
Pt 
SS 
SS 
SS 
SS 
Pt 
SS 
P t 
SS 
SS 
Pt 
SS 

SS 
SS 
SS 
SS 
SS 
SS 
SS 

SS 
SS 
SS 

SS 
SS 
SS 

*SS = S t a i n l e s s S tee l 



It is suggested that the general dec rease in density is the resul t of 
photochemical decomposit ion. A day 's change may be the combined resu l t 
of photochemical decomposit ion, the t empera tu re effect of evaporation, a 
t e m p e r a t u r e gradient in the liquid, or other, still unknown causes . Since 
this behavior is not predic table , it is advisable to bracket a s e r i e s of den
sity determiinations by density determinat ions of the liquid with the s ta in
l e s s s teel s tandard. It is not surpr i s ing that the l i t e ra tu re data for the 
density of monobromobenzene a r e higher than the values repor ted in 
Table IV since they refer to a highly refined compound. The t empera tu re 
coefficient, however, is not affected. 

DISCUSSION 

The Effect of Self-heating of Plutonium 

The general applicabili ty of equation (6) [equation ( l l ) of Appendix A] 
depends upon the ra te with which the specimen reaches its t empera tu re 
equi l ibr ium with its sur roundings . For specimens containing a l imited 
amount of plutonium it may be assuined that this occurs ra ther quickly and 
that the specimen and the surrounding liquid then a r e at the same t e m p e r a 
t u r e . Where self-heating is significant, as in the case with pure plutonium, 
additional t empera tu re co r rec t ions may be neces sa ry to compensate for the 
difference in voluine of the specimen and the t empera tu re gradient in the 
liquid. 

To de termine such a temiperature difference we have placed a plu
tonium specimen in a beaker filled "with monobromobenzene and mieasured 
the t e m p e r a t u r e in the center of the specimen, the t empera tu re close to its 
surface , and the t empe ra tu r e at d is tances of 10 mm and 25 m m away from 
the specimen. The t e m p e r a t u r e s were measu red with a cal ibrated t h e r m 
i s to r . The specimen was a 35.7-g piece about 10 x 13 x 22 m m . A hole of 
2 -mm diameter was dr i l led into the center of the specimen para l le l to its 
longest side to accommodate the the r in i s to r . The t empera tu re differences 
between the specimen and the liquid at d is tances of 10 mm and 25 mm were 
uniforinly 0.86 to 0.87°C. The t empe ra tu r e differences between the inside 
of the specimen and the liquid in its immediate vicinity at 1.5-mm and 
3 -mm distance var ied and were 0.55, 0.82, 0.77, and 0.83'^C. It is apparent 
that the volume of the liquid in the vicinity of the specimen that is affected 
by the self-heating specimen is smal l and that the t empera tu re gradient 
extends only over a ra ther thin boundary l aye r . 

Thus an e r r o r is introduced into the calculation when, instead of 
the t rue specimen t e m p e r a t u r e , the mean t empera tu re of the liquid is 
used for both the liquid and the specimen. This maximum possible e r r o r 
may be calculated as follows. 



If /Sp i s th i s e r r o r and ^Pxj the change in d e n s i t y of the m o n o b r o m o 

b e n z e n e c a u s e d by the o b s e r v e d t e m p e r a t u r e d i f fe rence of i^t^, equa t ion (6a): 

Mf 

b e c o m e s 

Mf 
pit^J + ̂ p - - ^ J - [(Pb(t^) - ^ P b x ) (l"CiAt + aAtx) - P N J +PN2 

(13) 
Subtraction of equation (6a) from equation (l3) yields 

Mf 
Ap = - ^ [pb(t^)aAtx - Apb^ ( l - a A t + a A t ^ ) ] • (14) 

For 

Atĵ  = 0.87°C as shown above. 

a = 165 x 1 0 " c m / c m - ° C fo r p l u t o n i u m , 

PXJ/ V = 1.48 g / c m ^ fo r m o n o b r o m o b e n z e n e , 

Apb = 0 . 8 7 x 0 . 0 0 1 3 7 4 - 0 . 0 0 1 1 9 5 g / c m ^ 

A t = 1°C (an a v e r a g e v a l u e ) , 

w e o b t a i n , 

Mr ^ 
Aov, = — i [0.000213 - 0 .001195] g / c m ^ . ( I5) 

^ k 

F o r Mf/Mj^ ~ 13.5, which is the c a s e for a p lu ton ium a l loy , 

Ap ~ -0 .009 g / c m ^ 

T h i s i s a l a r g e e r r o r c a u s e d m a i n l y by the t e m p e r a t u r e effect on 
the l iqu id Ap|^ in equa t ion ( l 4 ) . It i s b e c a u s e of t h i s tha t the second t e r m 

in b r a c k e t s in equa t ion ( l5) is m u c h l a r g e r than the f i r s t . The e r r o r is too 
l a r g e to be n e g l e c t e d when mak ing m e a s u r e m e n t s with p u r e p lu ton ium. The 
e r r o r m a y be r e d u c e d by s e l e c t i n g a s m a l l e r s p e c i m e n and choos ing a m o r e 
f avo rab l e s u r f a c e - t o - v o l u m e r a t i o for b e t t e r h e a t d i s s i p a t i o n . When work ing 
wi th d i lu te p lu ton ium a l l oys the e r r o r b e c o m e s s m a l l enough to fall wi th in 
the e x p e r i m e n t a l e r r o r of the m e t h o d . 



The Effect of the Vapor P r e s s u r e of A-Ionobromobenzene 

A n o t h e r ques t i on r a i s e d in the d i s c u s s i o n on the effect of v a r i o u s 
v a r i a b l e s on the d e n s i t y m e a s u r e m e n t s c o n c e r n e d the effect of the vapo r 
p r e s s u r e of the m o n o b r o i n o b e n z e n e . T h i s effect is neg l ig ib le and wel l b e 
low the e x p e r i m e n t a l e r r o r , a s sho-wn in Appendix B . 

DATA 

The d e n s i t i e s of two s e r i e s of a r c - m e l t e d t h o r i u m a l l oys w e r e 
m e a s u r e d . The f i r s t s e r i e s , whose d e n s i t i e s a r e given in Tab le V, w a s 
p r e p a r e d f r o m a c o m m e r c i a l g r a d e of t h o r i u m and dingot u r a n i u m . The 
second s e r i e s , with d e n s i t i e s a s shown in Tab le VI, was p r e p a r e d f rom 
c r y s t a l b a r t h o r i u m and h i g h - p u r i t y p l u t o n i u m . The s t a n d a r d dev i a t i ons 
of the two s e t s of da ta a r e 0.004 g / c m ^ and 0.005 g/cm^, r e s p e c t i v e l y . A l 
though t h e s e a r e an o r d e r of m a g n i t u d e b e t t e r than those r e f e r r e d to 
above , the a c c u r a c y of the da ta ob ta ined by the Nat iona l B u r e a u of S tand
a r d s for m e a s u r e m e n t s ou t s i de the g lovebox i s not a t t a ined . Yet , the 
g r e a t l y i m p r o v e d r e s u l t s a r e suf f ic ient ly good to give meaningfu l s t r u c 
t u r a l i n f o r m a t i o n . 

Table V 

DENSITY AND SPECIFIC VOLUME OF COMMERCIAL THORIUM 
AND ARC-MELTED THORIUM-URANIUM ALLOYS 

N u m b e r 

B 7 5 1 

B 7 S 2 

B 7 5 3 

B 7 5 4 

B 7 5 S 

B 7 5 6 

B 7 6 0 

A l l o y 
N o m i n a l wy o 

T h 

100 

90 

80 

70 

bO 

50 

0 

u 

0 

10 

20 

30 

4 0 

5 0 

100 

D e n s i t y 
a t 25 X 
(g c m ^ ) 

1 1 . 6 7 9 
1 1 . 6 7 6 

1 2 . 1 1 3 

1 2 . 1 1 2 

1 2 . 6 0 4 

1 2 . 6 0 8 

1 3 . 1 5 5 
1 3 . 1 6 3 

1 3 . 7 6 2 

1 3 . 7 6 4 

14 .43 '3 

1 4 . 4 3 7 

IQ.OOQ 

1 9 . 1 1 6 

M e a n V a l u e 
a t 25"C 
fg cm') 

1 1 . 6 7 8 

1 2 . 1 1 3 

1 2 . 6 0 6 

13.15Q 

1 3 . 7 6 3 

1 4 . 4 3 8 

1^ .013 

.Spec V o l u m e 

a t 2 5 ' C 

0 . 0 8 5 b 3 

0 . 0 8 2 5 b 

0 . 0 7 9 3 3 

0 . 0 7 5 9 9 

0 . 0 7 2 6 6 

0 . 0 6 9 2 7 

0 . 0 5 2 6 0 



T a b l e VI 

DENSITY AND S P E C I F I C VOLUME O F C R Y S T A L BAR THORIUM 
AND T H O R I U M - P L U T O N I U M A L L O Y S 

N u i n b e r 

B772 

B766 

B767 

B768 

B769 

B770 

B773 

Alloy 
N o m i n a l w/ o 

Th 

100 

QO 

80 

70 

60 

50 

4 0 

Pu 

0 

10 

20 

30 

40 

50 

bO 

D e n s i t y 
at 25°C 
(g /cm^) 

11.713 
11.717 

11.913 
11.916 

12.134 
12.127 

12.367 
12.374 

12.741 
12.746 

13.139 
13.139 

13.6bO 
13.670 

Mean Value 
at 25=C 

11.715 

11.914 

12.131 

12.371 

12.744 

13.139 

13.665 

Spec Vo lume 
at 25^C 
(cm^/g) 

0.08536 

' 0 . 0 8 3 9 3 

0.08244 

0.08084 

0.07847 

0.07611 

0.07318 

A p l o t of t h e s p e c i f i c v o l u m e v e r s u s c o m p o s i t i o n of a s e r i e s of 
t h o r i u m - p l u t o n i u m a l l o y s g i v e s t h e l i n e a r r e l a t i o n s h i p e x p e c t e d f r o m t w o -
p h a s e a l l o y s ( s e e F i g u r e 4) a s w e l l a s a l i n e a r r e l a t i o n s h i p f o r t h e s o l i d 
s o l u t i o n s of p l u t o n i u m a n d t h o r i u m . T h e i n t e r s e c t i o n of t h e c u r v e s i n 
d i c a t e s t h e l i m i t of s o l i d s o l u b i l i t y . B i n a r y t h o r i u m - u r a n i u m a l l o y s s h o w 

"i i 1 1 r 

F i g u r e 4 . Specif ic V o l u m e of A r c - m e l t e d H igh -
p u r i t y T h o r i u m - P l u t o n i u m Al loys 
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the same phenomenon (see Figure 5). Density variat ions with s t ruc ture do 
show up par t icu la r ly well in these two sys tems in which the density dif
ferences between the boundary phases a r e l a rge . In the thorium-uraniumi 
sys tem these phases a r e a thor ium-uran ium solid solution and a uranium. 
In the thor ium-plutonium sys tem they a r e a thorium-plutonium solid solu
tion and the compound Pu^sTh^ (density 13.96 g/cm^).(8) 
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~ 
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^ v 

\ . 
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2 0 3 0 

WEIGHT PERCENT URANIUM 

Figure 5. Specific Voluine of Arc-i"nelted High-
X3urity Thor ium-Uranium Alloys 

SUMMARY 

By taking into considerat ion t empera tu re differences between the 
glovebox a tmosphere and the liquid, it was possible to make density m e a s 
u remen t s in gloveboxes by the hydrostat ic weighing method with mono
bromobenzene as a liquid with an accuracy of ±0.005 g/cm^. This is an 
improvement by an order of magnitude over the prior s ta te . This accuracy 
allows one to detect s t ruc tura l changes in thor ium-uranium and thor ium-
plutonium al loys. 
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A P P E N D I X A 

The D e n s i t y E q u a t i o n C o r r e c t e d for T e m p e r a t u r e V a r i a t i o n s 

C. T . Collet^ ^ h a s shown tha t t he m a s s of a s p e c i m e n when it is 
w e i g h e d on a s u b s t i t u t i o n - t y p e b a l a n c e in a i r , is g iven by 

Mg = M f ( l - ^ ) + V 3 p^ , (1) 

w h e r e 

Mg is the m a s s of the s p e c i m e n , 

Mf the weight r e m o v e d to r e s t o r e e q u i l i b r i u m , 

Pg_ the d e n s i t y of the a i r , 

Pf the d e n s i t y of the we igh t , and 

Vg the v o l u m e of the s p e c i m e n . 

T h i s equa t ion i s va l i d when the s p e c i m e n and the we igh t s have the s a m e 
t e m p e r a t u r e a s the s u r r o u n d i n g a t m o s p h e r e . The equa t ion r e m a i n s u n 
c h a n g e d when a b a s k e t i s s u s p e n d e d f r o m the pan into a l iqu id and i t s we igh t 
and buoyancy a r e c o m p e n s a t e d for by a t a r e we igh t , p r o v i d e d tha t the l e v e l 
of the l i qu id r e m a i n s the samie and f o r c e s of s u r f a c e t e n s i o n on the susx^en-
s ion w i r e a r e n e g l i g i b l e . 

Col le t a l s o h a s shown tha t upon weigh ing the s p e c i m e n f i r s t in a i r , 
t hen in the l iqu id , 

B s ' " Bg = Ml, - Bh , (2) 

w h e r e 

Bg ' i s the buoyancy of the s p e c i m e n in the l iqu id , 

Bg the b u o y a n c y of the s p e c i m e n in a i r , and 

M|, and Bj, the weight and i t s buoyancy n e c e s s a r y to r e s t o r e 
e q u i l i b r i u m when the s p e c i m e n i s i m m e r s e d in the l i qu id . 

If t he s p e c i m e n , the l iqu id , and the w e i g h t s a r e at the s a m e t e m p e r a t u r e , 
t ha t of the s u r r o u n d i n g a t m o s p h e r e , equa t ion (2) is equa l to 

Ml. 
Vg ( p ^ - P a ) = Mx, - — Pa , (3) 



w h e r e 

p . i s the d e n s i t y of the l iqu id and 

p-> the d e n s i t y of the we igh t . 

Equa t ion (3) m a y be r e w r i t t e n a s 

( l - P a ) 

By d iv id ing equa t i on (4) in to equa t i on ( l ) and m a k i n g p£ - p^, we ob ta in for 
the d e n s i t y Pg of the s p e c i m e n a t t h e c o n s t a n t t e m p e r a t u r e t t he w e l l - k n o w n 
equa t i on 

Mg Mf 
Ps -~—^ - ^ ( P / , " P a ) + P a - (5) 

If, h o w e v e r , the t e m p e r a t u r e of the l iqu id , t ' , i s d i f f e r en t f r o m tha t 
of the s u r r o u n d i n g a t m o s p h e r e , t , and if it i s a s s u m e d tha t t h e s p e c i m e n 
r a t h e r qu ick ly a t t a i n s the t e n n p e r a t u r e of the l iqu id a f t e r it h a s been t r a n s 
f e r r e d f r o m t h e pan onto the b a s k e t , t hen e q u a t i o n (Z) c h a n g e s to 

B s " ~ Bs = My. - Bk , (6) 

w h e r e 

Bg" i s the b u o y a n c y of the s p e c i m e n in the l i qu id a t t e m p e r a t u r e t ' , 

Bg r e m a i n s the b u o y a n c y of t h e s p e c i m e n in a i r at t e m p e r a t u r e t , and 

Mj^ and Bj^ a r e the we igh t a t t e m p e r a t u r e t and the buoyancy r e q u i r e d 
to r e s t o r e e q u i l i b r i u m . 

The e q u i v a l e n t of e q u a t i o n (3) t h e n b e c o m e s 

^ k 
V s ' P l ' = Vg Pa = M k - - - - P a > (7) 

w h e r e 

Vg ' i s t h e volunae of the s p e c i m e n a t t e m p e r a t u r e t ' , 

Pn ' the d e n s i t y of the l i qu id a t t e m p e r a t u r e t ' , and 

p-^ the d e n s i t y of the we igh t , 

or 

fa 
^s'Pp ' - V g P a = Mk l - T T - ) ' (8) 
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Since 

V s ' = Vg [ l + a ( t ' - t ) ] , (9) 

w h e r e 

a i s t h e v o l u m e coeff ic ien t of e x p a n s i o n of the s p e c i m e n , equa t i on (8) 
b e c o m e s 

Vg p j ' [ l + a ( t ' - t ) ] - Vg p^ = My^ y ' ^ ) 

1 .f± 

Upon c a l c u l a t i n g Pg f r o m e q u a t i o n s ( l ) and (lO), and equa t ing P^ = Py^, we 
obta in 

Mg Mf 
Ps -~ — = ^ { p / ' [ l - c i ( t ' - t ) ] » P a } + Pa • (11) 

s 1̂  

In c o m p a r i n g equa t ion ( l l ) wi th equa t ion (5), we see tha t only the v o l u m e 
change of the s p e c i m e n and the d e n s i t y of the l iquid e n t e r the d e n s i t y f o r m u l a 
when t h e t e m p e r a t u r e of the l iqu id d i f f e r s f r o m tha t of the s u r r o u n d i n g 
a t m o s p h e r e . 

Th i s r e l a t i o n m a y be u s e d t o d e t e r m i n e the d e n s i t y of a l iqu id by 
m e a n s of a s t a n d a r d s p e c i m e n . E q u a t i o n ( l l ) t h e n c o n v e r t s to 

1 

^ ^ ' = 1 + a ( t ' - t ) ^ ( P g t - P a ) + Pa (12) 

It should be no ted t h a t p p' i s t he d e n s i t y of the l iquid at t e m p e r a t u r e t ' , 
w h e r e a s Pg|. i s t he d e n s i t y of the s t a n d a r d at t e m p e r a t u r e t . 

In the p r e s e n t c a s e , in which m o n o b r o m o b e n z e n e i s u s e d a s a l iqu id 
of d e n s i t y p-ĵ  a t t e m p e r a t u r e t]-, in a g lovebox wi th a n i t r o g e n a t m o s p h e r e of 
d e n s i t y p ^ a t a t e m p e r a t u r e t-^ and p r e s s u r e p , and a s t a i n l e s s s t e e l 

s p e c i m e n of d e n s i t y Pg .̂ i s u s e d a s a s t a n d a r d , the g e n e r a l equa t i ons ( l l ) 
and (12) r e v e r t t o 

^^W = 1 ^ tPb(̂ )̂ (1 -a^^t) » P N J + PN^ (13) 
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APPENDIX B 

The Effect of the Vapor P r e s s u r e of Monobromobenzene 
on the Density Measurements 

In the d iscuss ions regarding the effect of var ious var iab les on the 
density m e a s u r e m e n t s , the question of the effect of the vapor p r e s s u r e of 
the monobromobenzene was r a i sed . The following considerat ions a re in
tended to es tabl i sh the maximum e r r o r that may occur when the nitrogen 
a tmosphere of the glovebox is sa tura ted with vapor in contact with the 
liquid. This en ta i l s : 

a. the de terminat ion of the par t ia l vapor p r e s s u r e of the 
bromobenzene ; 

b . the calculation of its effect on the density of the ni trogen 
a tmosphe re ; 

c. the evaluation of the effect of the density changes of the 
ni trogen a tmosphere on the density of the bromobenzene 
and ul t imately on that of the specimen. 

The Pa r t i a l Vapor P r e s s u r e of Monobromobenzene 

The p r e s s u r e p of the pure sa tura ted vapor in contact with the 
liquid was obtained by extrapolat ion to 25°C from vapor p r e s s u r e m e a s 
u remen t s by Ramsay and Young\"/ between 120 to 15 7°C by means of the 
relat ionship 

log p = (A/T) + B 

where A and B a r e cons tants , and T is the absolute t e m p e r a t u r e . The 
equation 

log p = (-2061.4/T) + 7.6844 

yields a vapor p r e s s u r e of 5.85 mm Hg at 25°C. 

To determine the actual conditions in the glovebox, a smal l dish 
of 60-mm diameter containing 32.7 g of bromobenzene was exposed to the 
glovebox a tmosphere and weighed at half-hour in te rva l s . No nitrogen was 
flowing through the glovebox during this experiment , but the glovebox 
a tmosphere was maintained at its normal negative p r e s s u r e of 12.7 m m 
(0.5 in.) of wate r . The weight l o s s e s were 0.152, 0.157, 0.143, and 0.150 g 
during each half-hour period, equivalent to about 2.4 g for an 8-hr work 
day. During the subsequent night period of 16 hr , the normal ni trogen 
flow of 5.7^/min (0.2 ft^/min) was r e s t o r e d . The total weight loss was 
4.23 g for this period, equivalent to 2.1 g for an 8-hr day. Since the glove
box t empe ra tu r e was lower during the night, a smal ler weight loss may be 
expected. The s lowni t rogen throughput does not significantly change the 
ra te of evaporat ion. 
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If one a s s u m e s tha t a l l the v a p o r evolved d u r i n g an 8-hr p e r i o d 
r e m a i n s in the box of b 9 4 - l i t e r (24.5-ft^) v o l u m e , the r e s u l t a n t p a r t i a l 
v a p o r p r e s s u r e would be about 4 .1 m m Hg at the a v e r a g e t e m p e r a t u r e of 
26.2°C. At t h i s t e m p e r a t u r e the s a t u r a t e d vapor p r e s s u r e is 6.2 m m Hg. 
T h e s e e x p e r i m e n t s and c a l c u l a t i o n s a r e good enough to show tha t a r e l a 
t ive humid i t y of 60 to 70*̂ 0 b r o m o b e n z e n e m a y be e x p e c t e d unde r c u r r e n t 
g lovebox c o n d i t i o n s . 

In the following c a l c u l a t i o n s the s a t u r a t e d v a p o r p r e s s u r e at 25''C 
of 5.85 m m Hg w a s u s e d a s be ing r e p r e s e n t a t i v e of a c t u a l g lovebox 
c o n d i t i o n s . 

The Dens i ty of the Humid Gas 

F r o m the g a s l aws and the def in i t ion of dens i t y a s p - M Q / V Q ) 

w h e r e MQ i s a g r a m - m o l e of an idea l gas and VQ i t s v o l u m e , it can be d e 
r i v e d t h a t the d e n s i t y of a g a s a t the a b s o l u t e t e m p e r a t u r e T and the b a r ' 
o m e t r i c p r e s s u r e B , con ta in ing a vapo r of p a r t i a l p r e s s u r e e, i s 

Ml, 

(1) 

w h e r e pQ i s t he d e n s i t y of the d r y g a s a t 273.13'^C and 760 m m Hg, and M^ 
and Mg the molec i 
m o s t of our m e a s i 
m a y be w r i t t e n a s 

and M„ the m o l e c u l a r we igh t s of the vapo r and the g a s , r e s p e c t i v e l y . Since 
m o s t of our m e a s u r e m e n t s a r e m a d e n e a r 25^0 and 740 m m Hg, equa t ion ( l ) 

' (25°C,740,e) = %2(25°C ,740) 
740 - e [ l » ( M b / M N J ] 

740 
(2) 

w h e r e the s u b s c r i p t s i n d i c a t e the spec i f i c condi t ion , and M ĵ and M N a r e 
the m o l e c u l a r we igh t s of the b r o m o b e n z e n e and n i t r o g e n , r e s p e c t i v e l y . F o r 

^N2(25°C 740) " 0.001 l i b g / c m ^ (see T a b l e s I and II) 

M13/MN2 " 5 . 6 0 4 7 

e = 5.85 m m Hg at 25°C 

we obta in 

•' 'N2(250c, 740, e) = O-O^ 1157 g / c m ^ , 

so tha t 

• °Nz(25^C,740 ,e ) " ' "N3(25 .740) ^ "^'^^z " 0-000041 g / c m ^ 



This is the maximum density change that the ni trogen gas a tmosphere may 
undergo at 25°C and 740 mm Hg p r e s s u r e . 

The Effect of the Density Change of the Glovebox Atmosphere on the 
Specimen Density 

Froi-n equation (5) of Appendix A it follows that at constant 
t empe ra tu r e 

Pb = (Mh/Mf)(Pgt-PN2) + P N 2 ' (3) 

where p-^ is the density of the bromobenzene and Pg|, that of the s tandard. 
If the density Pj^ changes by ^^Pjsj J equation (3) becomes 

Pb' = (Mh/ Mf)[Pst - (PN^ - ^'PNa)] ^ P^z + ^PN^ ' "̂̂ ^ 

Subtracting equation (3) from equation (4), we obtain 

Pb' " P b = ^Pb = ApNj [ l -(Mh/Mf)] . (5) 

In our m e a s u r e m e n t s , Mj / M£ is approximately 0.19 for s ta in less s teel . 
Thus , with ^ P N - 0.000041 g/cm^ maximum, we obtain 

/^P|3 = 0.000033 g/cm^ max 

which is l e s s than the exper imental e r r o r of the density m e a s u r e m e n t s . 
For the density of the specimen itself the same approach gives 

Ps = (Mf/Mh)(pb-PN2) + P N 2 ' 

Pg ' = (Mf/ Mh)(Pb + Ap^ =p^^ - L,o^^) + p^^ + Apj^^ 

Ps ' - Ps = (Mf/Mh)(Api3-/lpj^^) + Ap-^^ . (6) 

For tho r ium-uran ium or thor ium-plutonium alloys, Mf/Mj.^ may vary from 
8 to 13, depending on composit ion. If Mf/M^ "̂  13, equation (6) gives 

Apg = 13(0 .000033-0 .000041)4 0.000041 

= 0.000031 g/cm^ max 

at 25°C. This is well below the exper imenta l e r r o r and shows that the 
p resence of broixiobenzene vapor has a negligible effect on the measu red 
dens i t i e s . 




