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itom mrt rrawifliM'LT f ifililtf? ffflfirtff-

*-Ai2ria^ 'SMT ^^7'/ 



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. 
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By Majrvin S, Kerzaer, Henry C. Kelly, and Sidney ••••Blfc»'32!"'*'™'»='i'"=̂<'siT'"°™'* 

Metal Hydrides Incorporated, Beverly, Massachusetts 

Portions of the sodium hydroxide - sodium hydride phase diagram havs 

been studied by means of differential theiroal analysis. Under certain con­

ditions sodium hydride 'tdll either react with soditm hydroxide according to 

the equa-M-on KaH + NaOH t>-i- ^ NagO + Hgj or thermally dissociate according 

to the equation NaH< • - Ha * I/2H20 Both of these reactions are suppressed 

by a high hydrogen pressure''-, however, and in the investigations reported hero. 

sodium hydride neither reacts nor dissociates to an extent sufficient to affect 

the results reported, Biis was evidenced by the fact that changing the hydrogen 

pressure above the system in the range indicated in Table I did not change, with­

in the limit of error of the exoeriments (-*' * 5^), the temperature at ̂ ich a 

phase change was started or completed, therefore the concentrations of sodium 

and sodium oxide oresent in the samples must have been small in all cases, a 

conclusion which is substantiated by the work of Kelly, Sullivan, and Johnsono 

Under a high hydrogen pressure, therefore, the system may be considered as 

essentially binary, consisting of sodium hydroxide and sodium hydride. 

Data from this study are given in Table I and the most reasonable inter« 

pretation of these data tn terms of a phase diagram is presented in Figure Jo 

la the notation of Figure I, S^ represents a solid solution of sodium hydroxide 

in a sodium hydride matrix, and S. and S^ represent solid solutions of sodium 

hydride in P- and cu soditmi hydroxide matrices, respectively, Ihe boimdaries 

of tiie regions designated as S* and S- are completely arbitrary, in that no 
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investigation was made in those composition ranges o It is quite possible that 

these regions are vanishingly small, in which case Sĵ  would be essentially 

pure sodium hydride, and Sj essentially pure ousodium hydroxide, 

TABLE I 

'^ SODIUM HYDROnDS - SODIUM HYDRIDE SYSTEM F U S E CHANGES 

Mole % 
NaOH«NaH 

I00o0--o;o 
92»7-"7o3 
83ol«l6<.9 
7l<.o8"2$«2 
67«2«32.8 
6lo2«38o8 

« 

Transition 
(OC) 

292,8* 
268 
235 
203 
209 
209 

Soference 3 

Solidus 

319.1* 
325 
350 
371 
398 
Ukl 

Liquidus 

319,1* 
3U0 
375 
hl2 
U66 
525 

H, Pressure 
^(p.s«i.) 

600-800 
550«800 
700-800 
750^850 
800-950 

'Rm most interesting feature of the phase diagram would seem to be tile 

series of solid scQ.utions Tfliich are formed between sodium hydroxide and 

sodium hydride, in<aeating that the melting point of sodium hydroxide i s not 

depressed by the addition of sodium hydride, as might be expectedo A similar 

phenomenon has been observed in the case of "ttie sodium hydroxide-sodium 

fluoride systemo '^e similarity is not surprising since the fluoride and 

(2) Oo Scarpa, Atti reale accad, Ljnceie 2h I , 955 (1915)» 

hydride ions are of comparable s izes . Sodium chloride also has been reported 

to f ozm solid solutions with sodiiim hydroxide, but sodiim bromide and sodium 

iodide cause a depression in the melting point of sodiian hydroxide, with the 

foznation of eutlctics a t approximately 80 mole % sodiun hydroxide , 

Although sodium hydride does not depress the melting point of sodiua hydr­

oxide, i t does cause a lowering of the a-.p transition temperature. Using the 
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data of Table I, a plot of ti^ie log %QQJJ va, l/T for the transition temper* 

ature gives a straight line fitting the equation log %acgi ® -379,3/T + 0o6687o 

Assuming the Clausius-Clapayron equation is applicable, a value of 1736 cal<,/ 

mole if obtained for the heat of transition, in reasonable agreement with the 

very accurate value of 1519 cal<,/mole obtained by Douglas and Dever^ from 

II I l l ' " I - I II I • I I M M — — < > 

(3) To Bo Douglas and JoL, Dever, J , Research Natl, Bur, Standards3 _g3, 81 (1951i)o 

eryoscoplc measurements, VOille the experimental error in the pi«esent study i s 

of such a magnitade that the discrepancy i s not regarded as significant^ i t 

should be noted that~exact agreement Is not to be expected necessarily, since 

the transition occuring i s actually S changing to S^j rather than P-sodium 

hydroxide changing to a«3odiura hydroxide. 

At 6lo2 and 67,2 mole % sodium hydroxide, phase changes were observed a t 

130** and 167®, respectively. The significance of these is not understoodo 

Phase changes below the transition tanperature could not be observed with 

the 83,1 and 92,7 mole % sodiTim hydroxitfe sanples, because a i^ changes which 

may have occured were masked by solidification of the sodium hydroxide-

potassium hydroxide mixture which was used in the reference container for the 

studies a t these compositloi^, So(&um chloride was used in the reference 

container a t the other concentrations. 

Experimental 

Materials," Sodium hydroxide, 'SOB sodium hydroxide used in these experiments 

was a specially dehydz^ted preparation. Analyses indicated 100,0$ purity by 

alkalinttyj 0,07$ sodium carbonate, 

Sodium hydride,- The sodium hydride used was a commercial product of Metal 

Hydrides Incorporated. Analysis indicated 99,5$ purity by hydrogen evolutiono 

Thermal measurements ,«• Uie sample was loaded and sealed in a nickel l iner . 

^< 7'^ 
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using techniquea previously described. This was placed, along with a ref­

erence nickel liner, in a high temperature, high pressure, stainless steel 

pressure vessel, eqtiipped to contain hydrogen pressure up to 1000 p«Sci, 

A differential therraocotjple was affixed to the nickel liners, and a ref­

erence thermocouple to the liner containing the sample. The reference thenao-

eoupl© was connected to a standard recording potentiometer and the differential 

thermocottple to a recordiiig potentiometer of h i ^ sensitivity having a 1,1 

millivolt range over an 11 inch scale, ^ e rate of heating or cooling tras 

governed by a program controller so that the rate was approximately one to two 

degrees per minute. 
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