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SOLUBILITY OF LITHIUM HYDROXIDE IN WATER AND VAPOR 
PRESSURE OF SOLUTIONS OF LITHIUM HYDROXIDE ABOVE 220 F 

E l m e r F . Stephan and Paul D. Mil ler 

The solubility of lithium hydroxide in tvater was determined for the temperature 
interval between 220 and 650 F. The literature furnished data for temperatures below 
200 F. A maximum in the curve was found at about 2i0 F and a minimum at 480 F. The 
variations in solubility, however, were relatively small. For example, at 40 F. the 
solubility is 12.7 g LiOH per 100 g H-jO; at 240 F, it is 17. 7; at 480 F, it is 13. t; and 
at 650 F, it is 16.5. 

The vapor pressures of 4.76 w;o (2.09 molal), 8.59 w/o (3.92 molal), and 
saturated (approximately 6.25 molal) lithium hydroxide solutions were measured as a 
function of temperature. At about 688 F, the more dilute solution showed a depression 
in vapor pressure of about 130 psi, the intermediate 154 psi, and the saturated 158 psi. 

The more dilute solution showed a greater deviation from Raoulfs law than 
did the other two. 

Vapor-pressure data for sodium hydroxide solutions were compared with those 
for lithium hydroxide of similar concentration by weight and molality. 

INTRODUCTION 

Lithium hydroxide is being used as an agent for the control of pH in the p r i m a r y 
coolant-water c i rcu i t s of p r e s s u r i z e d nuclear r e a c t o r s . Basic information on the p r o p ­
e r t i e s of l i thium hydroxide solutions at elevated t e m p e r a t u r e s is impor tant . For exam­
ple ^ both co r ros ion and heat t r ans fe r a re re la ted to a buildup of concentrated films or 
c rys ta l l ine depos i t s . Solubility da ta , t he r e fo r e , a re n e c e s s a r y to help p red ic t the poss i ­
bil i ty of deposit formation frona additions of l i thium hydroxide. S imi la r ly , vapor -
p r e s s u r e data a re of value in helping es tabl ish the conditions under which concentrated 
fi lms might occur at s team-blanketed a r e a s . The p r e s e n t study was made to furnish 
data in each of the a r e a s jus t mentioned. 

APPARATUS AND EXPERIMENTAL PROCEDURES 

The appara tus for obtaining the solubility data is schemat ica l ly shown in Figure 1. 
The react ion v e s s e l (A) was a s tandard Amer i can Ins t rument Company Type 347 s ta in less 
s tee l autoclave with a d rop- in nickel l iner . The l i n e r , having a capacity of 700 m l , was 
made of welded nickel sheet. The autoclave was heated by a r e s i s t ance - type e lec t r i c 
hea te r (B) controlled by a Foxboro cont ro l le r (C2) through a thermocouple (Tj^) placed in 
the hea ter wall midway between the top and bottom. Heat was stipplied to the top of the 
autoclave and the l ines leading from it by a Glas -Col heating mant le (H). The react ion 
v e s s e l and hea te r were rocked 30 deg from the ve r t i ca l at ten s t rokes pe r min to agitate 
the solut ions. The head of the autoclave contained a thermocouple well "which extended 
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FIGURE 1. APPARATUS FOR SOLUBILITY AND VAPOR PRESSURE STUDIES AT ELEVATED TEMPERATURES 
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two- th i rds of the way into the chamber . Two openings for 1/4-in. h igh -p re s su re fittings 
were also placed in the head. One opening was fitted for measu r ing p r e s s u r e s and for 
evacuating; the other opening was fitted for sampling the supernatant liquid in the cham­
ber . The line leading d i rec t ly from the head of the autoclave included a valve (V2) for 
bleedoff, or evacuat ion, and a shutoff valve (V3). This line led through a sp i ra l to a 
Crosby Steam Gage Company Model CD2 dead-weight gage t e s t e r (G|) for measur ing the 
p r e s s u r e on the sys tem. The condensed vapor from the autoclave -was separa ted from 
the oil in the gage by a m e r c u r y br idge (M). This line also included a 5000-psi Bourdon-
type gage (G2) and a safety head with a 4200-psi rupture disk (SH). The outlet from the 
safety head led into a 1-liter p r e s s u r e v e s s e l (PV) which would contain the solution 
should the t e m p e r a t u r e or p r e s s u r e get out of control . 

Samples of the liquid were drawn through a p r e s s u r e tubing line extending through 
the head of the autoclave down two- th i rds of the way into the chamber . A smal l s ta in less 
s tee l frit (F i ) having a 5-/i ra ted opening was inse r ted in the end of this tube to fi l ter the 
supernatant liquid. The sampling tube leading from, the autoclave head contained a 
th ree -way Y-type p r e s s u r e valve (V][). This valve was heated by two smal l plate 
h e a t e r s . The t e m p e r a t u r e of the valve was de te rmined by thermocouples (T2 and T3) 
placed in r e c e s s e s in the valve. A Foxboro ins t rument furnished automatic control . 
Another sma l l s ta in less s tee l frit (F2) was inse r ted in the sampling line just ahead of the 
valve (Vj) . TMs valve per in i t ted a t tachment of two sample r ece ive r s (SA) at the same 
t ime . 

Lithium hydroxide monohydrate^ reagent g r a d e , containing 2. Z w/o li thium c a r ­
bonate was used as a s tar t ing m a t e r i a l . A quantity of the solid reagent was s t i r r e d in 
dis t i l led wate r for 10 m i n , allowed to s e t t l e , and the supernatant liquid decanted into a 
polyethylene bott le . This solution, containing about 10 g of LiOH per 100 g of w a t e r , 
was run into a measu r ing buret te and then through a column containing Rohm and Haas 
Amber l i te XE154 l i th ium-form ion-exchange r e s in to remove the carbonate . All vents in 
the solution line were fitted with tubes containing Asca r i t e to reduce CO2 contamination. 
Carbonate could not be detected in the solution from the ion-exchange column by a 
double- indicator t i t ra t ion. 

The assembled autoclave was evacuated and 500 m l of the l i thium hydroxide solu­
tion was drawn d i rec t ly from the ion-exchange column through the sampling valve into 
the cold autoclave. The solution was heated to 250 F and concentrated by allowing 400 m l 
of condensed water vapor to escape through the valve (V2)- The autoclave was then 
cooled, 400 m l of solution was drawn in , the autoclave was r ehea ted , and the wate r was 
evaporated. Four success ive 400-ml por t ions of the solution were added and evaporated. 
The final 400-ml por t ion was not evaporated. At this s t age , the autoclave contained 
approximately 250 g of purified l i thium hydroxide , soiTie in solution and some in c rys ta l 
f o r m , and 500 g of wa te r . 

Solubility Determinat ions 

Sampling of the supernatant liquid at t e m p e r a t u r e was accomplished by opening the 
sampling valve and allowing the vapor p r e s s u r e of the sys tem to force the liquid through 
the f i l ters into the sample r e c e i v e r . The r e c e i v e r s were 300-ml E r l e n m e y e r flasks 
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fitted with two-hole rubber s toppers . A s ta in less s tee l tube , with a p r e s s u r e fitting for 
attaching to the sampling va lve , was inse r ted through one hole in the s topper. TMs tube 
extended near ly to the bottom of the flask. The assembled r e c e i v e r , consisting of f lask, 
s topper , tube , and about 150 m l of dis t i l led w a t e r , was weighed p r i o r to at tachment to 
the sampling valve. About 5 to 7 g of the supernatant liquid was slowly taken into the 
cold water in the flask. The r ece ive r was then reweighed and the weight of the sample 
obtained by difference. The inside of the tube was r insed into the flask and the total 
LiOH de termined by t i t ra t ing with s tandard hydrochlor ic acid using a phenolphthalein 
indicator . Two r e c e i v e r s were used at each sampl ing , one to rece ive the purge solution 
drawn from the line and the other for the sample . 

Three different techniques were used to es tab l i sh equi l ibr ium: 

(1) The solution in contact with the solid LiOH was agitated at t empera tu re 
for 16 hr before sampling. Samples were taken every 3 hr thereaf ter 
unti l success ive analyses showed that equi l ibr ium had been attained. 
The t empe ra tu r e was then r a i s ed 50 F and the p rocedure repeated. 

(2) The second p rocedure is s imi l a r to (1) except tha t , 1 hr before sampl ing, 
10 g of water vapor was allowed to escape from the head space above the 
solution. TMs effected a concentrat ion of the solution and helped confirm 
a condition of equi l ibr ium. 

(3) In the third p r o c e d u r e , the solution was sampled as the t empera tu re was 
dec reased in 50 F in te rva ls from 650 F . Thus , further confirmation of 
equi l ibr ium conditions could be es tabl ished. 

Since the vapor p r e s s u r e was too low to force the liquid through the f i l ters at 
tem.peratures below 300 F , sampling at these t e m p e r a t u r e s was accomplished by p a r ­
t ial ly evacuating the sample r e c e i v e r . The data at 650 F were obtained without a filter 
in the sampling l ine. Tempera tu re and p r e s s u r e conditions at this point were such that 
the solution would flash evaporate in the line between the filter and the valve when the 
valve was opened. The close agreement of the success ive samples indicated that any 
suspended m a t e r i a l had sett led and only solution cam.e through the valve. Samples could 
not be obtained at 680 F with the p r e sen t exper imenta l a r r angemen t s as the sl ightest 
rel ief of p r e s s u r e at the valve caused the line to plug. 

V a p o r - P r e s s u r e Determinat ions 

The v a p o r - p r e s s u r e de te rmina t ions were run in a s tat ic 1-liter a l l -n ickel autoclave 
fabricated by Autoclave Eng inee r s . 

A t e m p e r a t u r e - p r e s s u r e ca l ibra t ion curve for the gage and thermocouple was f i rs t 
de te rmined using dist i l led wa te r . The data p resen ted l a te r have been adjusted using 
this ca l ibra t ion curve . Control of the heat to the var ious sect ions of the autoclave hea ter 
was such that a var ia t ion of t e m p e r a t u r e from top to bottonn of the autoclave was no 
g r e a t e r than ± 1 F . The dead-weight p r e s s u r e gage could be read with an accuracy of 
± 1 ps i at the low p r e s s u r e s to ± 5 at the high p r e s s u r e s . 
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The a u t o c l a v e w a s f i l led by a p r o c e d u r e s i m i l a r to t h a t d e s c r i b e d for the s o l u b i l i t y 
d e t e r m i n a t i o n s . 

When v a p o r - p r e s s u r e m e a s u r e m e n t s w e r e m a d e on the d i lu t e s o l u t i o n s a t i n c r e a s ­
ing t e m p e r a t u r e s , so lu t i on w a s w i t h d r a w n to m a i n t a i n a m i n i m u m h e a d s p a c e in t he 
a u t o c l a v e a s e jspans ion o c c u r r e d . In t he d e t e r m i n a t i o n s u s i n g s a t u r a t e d s o l u t i o n s , s o m e 
of t he w a t e r v a p o r w a s a l l owed to e s c a p e to m a i n t a i n t he h e a d s p a c e r e q u i r e d . The v o l ­
u m e of the h e a d s p a c e w a s no t c o n t r o l l e d d u r i n g the d e t e r m i n a t i o n w i t h d e c r e a s i n g 
t e m p e r a t u r e s . 

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

So lub i l i t y D a t a 

The s o l u b i l i t y d a t a a r e p r e s e n t e d in T a b l e 1. The a n a l y s e s of e a c h s a m p l e o b ­
t a i n e d a t e q u i l i b r i u m a r e shown in o r d e r to i l l u s t r a t e the r e p r o d u c i b i l i t y of the d a t a . 
The a v e r a g e v a l u e s a r e p l o t t e d in F i g u r e 2 and show the c l o s e a g r e e m e n t o b t a i n e d by the 
t h r e e d i f f e r e n t t e c h n i q u e s . V a l u e s f r o m A. S e i d e l l , S o l u b i l i t i e s of I n o r g a n i c and M e t a l 
O r g a n i c C o m p o u n d s ! 1 ) , for t e m p e r a t u r e s b e l o w 220 F a r e i n c l u d e d in the p l o t t e d d a t a . 

The r e s u l t s a r e qu i te i n t e r e s t i n g in s e v e r a l r e s p e c t s . F i r s t , t he s o l u b i l i t y c u r v e 
s h o w s a m a x i m u m v a l u e a t abou t 240 F and a m i n i m u m at about 480 F and at r o o m t e m ­
p e r a t u r e . P h a s e c h a n g e s could p o s s i b l y c a u s e the c h a n g e s in s h a p e of the so lub i l i t y 
c u r v e . A d d i t i o n a l s t u d i e s wou ld be r e q u i r e d to e s t a b l i s h t h e s e c h a n g e s . O t h e r s a l t s 
s u c h a s s o d i u m su l fa te and c a l c i u m su l f a t e a l s o e x h i b i t i n v e r s e s o l u b i l i t y a s a funct ion 
of t e m p e r a t u r e . 

The d a t a a l s o show t h a t i n c r e a s i n g the t e m p e r a t u r e a s h igh a s 650 F did no t g r e a t l y 
affect t he so lub i l i t y of l i t h i u m h y d r o x i d e . F o r e x a m p l e , v a l u e s r a n g e f r o m a n a i n i m u m 
of abou t 12. 7 g L i O H p e r 100 g H2O at r o o m t e m p e r a t u r e to a m a x i m u m of only abou t 
1 7 . 7 g a t 240 F . 

In c o n t r a s t to t h e s e r e s u l t s , the s o l u b i l i t y v a l u e s of s o d i u m h y d r o x i d e show a r a p i d 
and f a i r l y u n i f o r m i n c r e a s e a s t e m p e r a t u r e s a r e r a i s e d . V a l u e s f r o m the I n t e r n a t i o n a l 
C r i t i c a l TablesC^I and f r o m S e i d e l l a r e p r e s e n t e d in T a b l e 2 for co iTipar i son w i t h t h o s e 
fo r l i t h i u m h y d r o x i d e o b t a i n e d in t h e p r e s e n t s t udy . A t 140 F , t h e s o l u b i l i t y of s o d i u m 
h y d r o x i d e i s abou t 20 t i m e s t h a t fo r l i t h i u m h y d r o x i d e ; a t 375 F , i t i s a l m o s t 35 t i m e s 
g r e a t e r ; and a t 563 F , i t i s abou t 200 t i m e s g r e a t e r . 

Hal l l -^ l , R i v e r s ' ' * ) , and W i l l i a m s ( 5 ) have d i s c u s s e d the ef fec t of s t e a m b l a n k e t i n g 
and s u p e r h e a t a s r e l a t e d to c a u s t i c bu i ldup on o p e r a t i n g b o i l e r t u b e s . The s o l u b i l i t y 
v a l u e s for l i t h i u m h y d r o x i d e i n d i c a t e t h a t only a s m a l l a m o u n t of s u p e r h e a t m i g h t be 
reqxxired to r e s u l t in a c t u a l l y e x c e e d i n g the s o l u b i l i t y l i m i t of lithi-um h y d r o x i d e u n d e r 
s t a g n a n t c o n d i t i o n s on a h e a t - e x c h a n g e r s u r f a c e . The r e l a t i v e l y low s o l u b i l i t y of l i t h i u m 
h y d r o x i d e m a y , t h e r e f o r e , miake i t l e s s h a z a r d o u s f r o m the c o r r o s i o n s t a n d p o i n t t h a n 
s o d i u m h y d r o x i d e . T h a t i s , i t a p p e a r s t h a t l i t h i u m h y d r o x i d e s o l u t i o n s no g r e a t e r t h a n 

(1) fteferences at end. 
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T A B L E 1. S O L U B I L I T Y O F L I T H I U M HYDROXIDE IN WATER 
CG L IOH p»r 100 G H jO) 

Runl , 
Temperature Increasing 

Run 2, 
Temperature Increasing 

Plus Evaporation 

Ryn 3, 
Temperature Increasing 

Plus Evaporation 
Run 4, 

Temperature Decreasing 

Temperature, 
F Solubility 

Temperature, 
F Solubility 

Temperature, 
F Solubility 

Temperature, 
F Solubility 

300 

350 

405 

455 

503 

550 

600 

16.6 
17.0 
16.6 

Avg 16.7 

15.4 
15.35 
15.3 

Avg 15.3 

14.1 
14.3 

Avg 14.2 

13.7 
13.2 

Avg 13.45 

13.6 
13.4 

Avg 13.5 

14.25 
14.0 
14.4 

Avg 14.2 

14.74 

300 

355 

406 

450 

599 

606 

16.1 
16.4 
16.4 

Avg 16.3 

15.2 
15.2 

Avg 15.2 

14.7 
14.3 
14.2 

Avg 14.4 

13.7 
13.5 

Avg 13.6 

13.6 
13.5 

Avg 13.55 

14.1 
14.2 

Avg 14.15 

14.8 
15.1 
15.0 

220 

250 

300 

650 

17.5 
18.1 
17.5 

Avg 17.7 

17.7 
17.6 
17.7 
17.7 
17i 

Avg 17.7 

16.4 

Avg 14.95 

16.3 
16.8 

m 
Avg 16.5 

235 

330 

375 

423 

485 

565 

600 

17.8 
17.5 

Avg 17.65 

16.6 
16.6 

Avg 16.6 

15.5 
15.3 

Avg 15.4 

14.8 
14.6 

Avg 14.7 

14.0 
13.7 

Avg 13.85 

13.6 
13.45 
13.6 

Avg 13.5 

14.4 
14.7 

Avg 14.55 

14.7 
14.8 

Avg 14.75 
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about 15 w / o in concentrat ion can be built up before crys ta l l iza t ion occu r s . Exper imen­
ta l work would be n e c e s s a r y to de te rmine the cor ros iv i ty of such l i thium hydroxide solu­
t ions. In the case of sodium hydroxide , solutions whose concentrat ion is 5 to 10 w/o and 
g r e a t e r a re requi red to produce s t r e s s - c o r r o s i o n cracking or genera l attack. Because 
sodium hydroxide is ve ry so luble , highly concentrated solutions can be formed at supe r ­
heated a r e a s . 

TABLE 2. SOLUBILITY OF HYDROXIDES IN WATER AT ELEVATED TEMPERATURES(a) 

Solubility, g per 100 g H2O 

Temperature, F 

140 
176 
194 
212 
248 
284 
302 
320 
356 
374 
402 
509 
563 
611 

LiOH 

13.8 
15.3 
16.5 
17.5 
17.7 
16.8 
16.6 
16.0 
15.2 
14.7 
14.2 
13.5 
14.1 
15.0 

NaOH 

292 
314 
_ 

328 
364 
392 

„ 

424 
464 
496 
600 

1067 
2930 

Melting point 

(a) From References (1) and (2). 

V a p o r - P r e s s u r e Data 

The vapor p r e s s u r e s m e a s u r e d for a sa tura ted l i thium hydroxide solution and for 
solutions containing 5 and 9. 4 g of LiOH p e r 100 g of H2O a r e p resen ted in Tables 3 , 4 , 
and 5. The values for the depress ion of the vapor p r e s s u r e of water^ £sp, as affected by 
the addition of l i thium hydroxide a re also p resen ted in the tables and graphical ly i l l u s ­
t ra ted in F igures 3 , 4, and 5. Included in the curves a re calculated values for Ap ob­
tained by Raoult ' s law, P i - Pn ——- • Values for sodium hydroxide as taken from 

N + n 
the Internat ional Cr i t i ca l Tables!'^) a r e p resen ted for the saxne mola l i t ies and weight pe r 
cent concentrat ions as those used for l i thium hydroxide. It should be noted that values 
were obtained on an ascending t e m p e r a t u r e schedule and also on a descending schedule. 

Table 3 shows that the vapor dep res s ion of the 4. 76 w / o (2. 09 inolal) l i thium hy­
droxide solution amounts to about 130 ps i at about 685 F . InF igu re 5, these ,A,p values 
a re compared with those for sodium hydroxide. 

It can be seen that l i thium hydroxide causes somewhat m o r e depress ion than does 
sodium hydroxide at equal concentrat ions by weight. At equal m o l a l i t i e s , however , 
sodium hydroxide causes m o r e lowering of p r e s s u r e . 
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T A B L E 3. V A P O R PRESSURE O F A SOLUT ION O F 5 G L i O H PER 100 G H2O 

Temperature, F 

238 
303 
363 
399.5 
424 
438 
446 
474 
513 
548 
580 
584 
599 
604 
669 
672.5 
680.5 
687.5 

683 
650.5 
631 
593 
579 
563 
550.5 
529 
504 
484 
473 
461 
450 
441 
433 
423 
413 
407 
384 
359 
334 
307 
293 
277 
237 

A, B, 
Vapor Pressure of H2O Vapor Pressure 

(Steam-Table Data), of the Solution. 
psia psia 

Ascending Temperature 

24 23 
70 69 

159 156 
245 234 
322 304 
373 352 
405 366 
534 489 
765 710 

1028 967 
1327 1259 
1368 1286 
1538 1451 
1710 1620 
2515 2424 
2574 2469 
2714 2604 
2840 2709 

Decending Temperature 

2763 2634 
2215 2109 
1940 1834 
1465 1368 
1310 1224 
1161 1084 
1048 984 
878 819 
706 656 
588 538 
529 484 
471 429 
423 385 
386 354 
355 329 
319 303 
286 269 
267 252 
205 194 
151 144 
108 102 
74 70 
60 58 
47 46 
22.5 22 

Vapor-Pressure Depression 
(A - B = A p), psi 

1 
1 
3 

11 
18 
21 
39 
45 
55 
61 
68 
82 
87 
90 
91 

103 
110 
131 

129 
104 
106 
97 
86 
77 
64 
59 
50 
50 
45 
42 
38 
32 
26 
16 
17 
15 
11 
7 
6 
4 
2 
1 
0.5 
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TABLE 4. VAPOR PRESSURE OF A SOLUTION OF 9.3 G LiOH PER 100 G H2O 

Temperature, F 

275 
289 
298 
312 
354 
360 
379 
395 
406 
418 
435 
497 
531 
547 
551 
595 
613 
644 
654.5 
667 
689 

684 
658 
649 
644.5 
623 
612 
572 
566 
506.5 
480.5 
430 
396 
362 
316 
251 

A, B, 
Vapor Pressure of H2O Vapor Pressure 

(Steam-Table Data), 
psia 

45 
56.5 
65 
80 

141 
153 
193 
233 
265 
303 
364 
663 
892 

1020 

1054 
1487 
1705 
2128 
2280 
2478 
2876 

2763 
2330 
2193 
2133 
1826 
1686 
1247 
1189 
722 
568 
343 
237 
157 
85 
30 

of the Solution, 
psia 

Ascending Temperature 

44 
55 
63 
78 

135 
147 
181 
217 
248 
283 
340 
628 
849 
957 
964 

1374 
1589 
2094 
2139 
2330 
2722 

Descending Temperature 

2616 
2289 
2079 
2028 
1732 
1609 
1185 
1134 
674 
534 
312 
214 
141 
76 
28 

Vapor-Pressure Depression 
(A-B=Ap), psi 

1 
1.5 
2 
2 
6 
6 

12 
16 
17 
20 
24 
35 
43 
63 
90 

113 
116 
134 
141 
148 
154 

147 
141 
114 
105 
94 
77 
62 
55 
48 
34 
31 
23 
16 
9 
2 
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TABLE 5. VAPOR PRESSURE OF SATURATED LITHIUM HYDROXIDE MLUTIONS 

Temperature, 
F 

261 
263 
273.5 
282 
307.5 
328 
349 
363 
387 
398 
415 
433 
438 
456 
470 
490 
511 
528 
543 
558 
566 
574 
578 
581 
620 
641 
678.5 
682 
685 
688 

684.5 
683 
676 
671 
666 
658 
653.5 
652 
639 
635 
613 
588 
575 
566.5 
559 
547 
518.5 
510 
480.5 
464 
452.5 
442 
433 
408 
391 
333 
320.5 
275 

A, 
Vapor Pressure of H^O 
(Steam Table Data), 

psia 

36 
37 
45 
51 
75 
100 
133 
158 
213 
241 
281 
355 
374 
431 
515 
622 
752 
870 
987 
1115 
1189 
1266 
1307 
1337 
1786 
2074 
2680 
2745 
2800 
2857 

2790 
2763 
2636 
2549 
2464 
2323 
2265 
2239 
2045 
1988 
1698 
1511 
1275 
1185 
1124 
1020 
782 
744 
568 
486 
433 
389 
355 
271 
223 
107 
90 
45 

Ascending Tempsralure 

Descending Temperature 

B, 
Vapor Pressure 
of the Solution, 

psia 

32 
33 
41 
46 
70 
94 
124 
146 
187 
212 
251 
318 
334 
384 
462 
561 
682 
791 
904 
1029 
1094 
1161 
1199 
1224 
1664 
1949 
2534 
2594 
2649 
2699 

2644 
2619 
2496 
2414 
2329 
2201 
2136 
2114 
1922 
1872 
1589 
1312 
1189 
1099 
1064 
964 
734 
694 
522 
444 
396 
354 
322 
254 
214 
101 
84 
41 

Vapor-Pressure 
Depression, 
(A-B=.Ap), 

psi 

4 
4 
4 
5 
5 
6 
9 
12 
26 
29 
30 
37 
40 
47 
48 
61 
70 
79 
83 
86 
95 
105 
108 
113 
122 
125 
146 
151 
151 
158 

146 
144 
140 
135 
135 
132 
129 
125 
123 
116 
109 
99 
87 
86 
60 
56 
48 
50 
46 
42 
37 
35 
33 
17 
9 
6 
6 
4 
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jc is in te res t ing that the dis tor t ion in the Ap curve (Figure 3) near 480 F occurs at 
the same t empera tu r e as the min imum in the solubility curve (Figure 2). The cause of 
this effect is not unders tood. 

F igure 3 shows that the deviation from Raoult ' s law is posit ive and appreciable for 
4. 76 w/o l i thium hydroxide solutions. Because of the l imited scope of the project^ a t ­
tempts have not been made to i n t e rp re t the data from a thermodynamic standpoint. The 
data J however , m a y be amenable to thermodynamic es t imat ions of activity values and 
dissociat ion constants . 

Tables 4 and 5 and the corresponding figures show that the vapor depress ion for a 
8. 59 w/o (3. 92 molal) solution and for a sa tura ted solution (about 6. 25 molal) of l i thium 
hydroxide ajmounts to about 154 ps i and 158 p s i , r e spec t ive ly , at about 689 F . In 
g e n e r a l , over the en t i re t e m p e r a t u r e range s tudied, the sa tura ted solution showed 
slightly g r e a t e r vapor -dep re s s ion values than did the 8. 59 w / o solution. 

It can be noted that the values calculated for Raoult ' s law lie appreciably above 
the average LiOH curve (F igure 5) for the sa tura ted solution and cor respond fair ly 
closely to those for the 8. 59 w/o (3 .92 molal) solution (F igure 4). 

F igure 6 compares graphical ly the absolute vapor p r e s s u r e of wate r with that of 
the lithiumi hydroxide solutions for p r e s s u r e s between 1800 and 2500 ps ia . This is the 
p r e s s u r e range of pa r t i cu l a r i n t e re s t in r eac to r engineering. 

Undoubtedly, these colligative p r o p e r t i e s of l i thium hydroxide solutions a re 
dependent on the act ivi t ies of the species as well as on the degree of dissocia t ion and 
associa t ion. Thus , the posi t ive and negative deviations from Raoult ' s law noted for the 
var ious solutions can probably be explained. 

It should be noted that the Ap values for sodiuin hydroxide a re much higher than 
those for the l i thium hydroxide solut ions. Table 6 s u m m a r i z e s the values for l i thium 
and sodium hydroxide at th ree concentra t ions expressed as mola l i ty , g r a m s pe r 100 
g r a m s H2O, and weight p e r cent. It can be seen tha t , at 662 F , the vapor depress ion 
for a 20 w / o (6. 25 molal) sodium hydroxide solution is about th ree t imes as g rea t as for 
a l i thium hydroxide solution of the same mola l s t rength. More dilute solutions showed 
sma l l e r differences. In other w o r d s , sodium hydroxide shows a g r ea t e r lowering of 
vapor p r e s s u r e than does l i thium hydroxide at the same mola l concentra t ions . In addi­
t ion , the extent of this difference i n c r e a s e s as the concentrat ion of the solution r i s e s . 
It should be mentioned that the data for sodium hydroxide , as given in the Internat ional 
Cr i t i ca l Tables!^) , have been confirmed recent ly by Kiyana and Ki tahara . l " ) 

DISCUSSION 

In addition to es tabl ishing the solubility and v a p o r - p r e s s u r e re la t ionships for 
l i thium hydroxide between 220 and 650 F , this r e s e a r c h has indicated seve ra l a r e a s for 
continuing study: 

(1) One is concerned with es tabl ishing the phase changes which seem to 
occur at elevated t e m p e r a t u r e s . 
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TABLE 6. VAPOR.PRESSURE-DEPRESSION DATA FOR LITHIUM AND SODIUM HYDROXIDE SOLUTIONS 
OF EQUIVALENT CONCENTRACTIONS(a) 

LiOH NaOH LiOH NaOH LiOH NaOH 

Concentration 
Grams per 100 Grams H2O 5 
Weight Per Cent 4.76 
Molality 2.09 

Vapor-Pressure Depression (Ap), psi 
248 F 1 
320 F 4.5 
392 F 12.5 9 14.5 13 16 27 18 26 44 
482 F 35.5 25 38 34 42.5 69 50 67 107 
572 F 73 52 83 74 93 147 90 144 226 
662 F 120 98 158 140 177 280 137 275 433 

(a) NaOH data calculated from vapor-pressure data in the International Critical Tables: LiOH data calculated from smooth curves in Figures 3, 4, and 
5 of this report. 

(b) Saturated, approximately. 

5 
4.76 
1.25 

1.2 
3.6 

8.4 
7.83 
2.09 

1.95 
6.3 

10 
8.59 
3.92 

1 
3 

10 
8.59 
2.35 

2.25 
7.15 

15.6 
13.5 
3.92 

4 
11.5 

15(b) 
13.04 
6.25 

4 
7 

15 
13.04 
3.75 

3.6 
11.2 

25 
20.0 
6.25 

6.7 
18.8 



18 

(2) Another is the es tab l i shment of the boi l ing-point-elevat ion data for 
solutions of different concent ra t ions . 

(3) A third is an invest igat ion of s t r e s s - c o r r o s i o n cracking as re la ted to 
l i thium hydroxide concentrat ion. 

Since s eve ra l observat ions made during this exper imenta l study may be of in te res t 
to o thers doing s i m i l a r work , de ta i l s of these observat ions a r e recorded he re . 

Some l i thium hydroxide solution was inadvertent ly introduced into the annular 
space between the nickel l iner and the s ta in less s tee l autoclave wall during some of the 
solubility runs . Visual examinat ion of the s ta in less s tee l thus exposed showed no indica­
tion of s t r e s s - c o r r o s i o n cracking . 

The solid l i thium hydroxide remaining in the autoclave and that which collected in 
the l ines during cooling was slow to red isso lve even in hot wa te r . Often, it was n e c e s ­
s a ry to b reak up the solid m a s s with a chise l in o rde r to get it out of the autoclave. 

The ini t ial run with the dilute solution in the new a l l -n ickel autoclave showed 
evidence of co r ros ive a t tack , especia l ly in the vapor space . A slow inc rease in the 
p r e s s u r e of the systemi at constant te i i ipera ture indicated a generat ion of gas . Inspection 
of the cold autoclave showed a gray powdery film on the surface of the nickel . This did 
not happen in succeeding runs . Apparent ly , a conditioning of the f resh nickel surface 
was n e c e s s a r y . 

In the ini t ial solubility r u n s , the steiTi packing of the sampling valve was above the 
th reads and allowed the solution to come in contact with the t h r eads . The valve froze 
due to co r ros ion of the t h r eads . Replacement with a valve having the s tem packing below 
the th reads prevented further freezing. 
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