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AB~·rRACf 

This report is the first of a number of reports in
tended to supply the various technical data required ir. 
planning the service application of the Naval Torµcdo, 

Graphs and Tables are presented giving the freezing 
points and densities of sodium permanganate solution~ at 
~arious concentrations and temperatures, as determine6 at 
this Laboratory, no published data being av~ilable. 

For possible use in freezing conditions 7 f1·eezing 
points are given for a number of solutions containi~g aJ
ditions of calcium and lithium chlorides as antl-freeze 
protection. The actual strength of sodium permc..ngc1na.te 
solution proposed for use in the service is 155t,, wh:;_ct i.;1-1.:s 
work indicates will begin to freeze at 240 F. The e.ddit~_cn 
of 15% calcium chloride will reduce this to about 70 F. 
below zero (Table 2). 



AUTiiORIZATION 

l . The tes t s were aut horized by Bureau of Ordnance 
Project Order 5037- 0rd . and Bureau of Ordnance letter 
NP14(9)(Rl) of 7 July 1934. 

STA·r&viEN·r OF PHOBLBN 

2. The object of t he research here reported j_~ to 
secure information necessary in preparing and handlint: S..)lu
tions of sodium permanganate, and in particular to :1Htnin~_l1E· 
conditions when freezing may be apprehended . 

·rHE Pful.~E DL~liR.rtM OF TH~ SY.t>·rEM bODIUM P~dLl.1-.NG,.,__.,f~l·:::.8- 1
,,1 I.ER 

AND '!HE lJE1~1.:>IrIBS OF bODIUM P~rtMANLT.tt.N.nfE ;:;(JLUrIONb ---

3. The temperature at ¥<hich a soliC:. ·0.h<--.S E: i:l:i_)pC:a!~ Ju 
was determined for various solutions from ('% to 91% sc,c i,1:.1 
permanganat e . The solid phase was either ... ce, _:;o<iinm 1.,er.-.12.11-

ganate trihydrat e or sodium permanganu te monohy,-;.: 0. t~ cicpern:
ing upon the concentration of the solution. 

4 . The densities of sodium permanganate solution3 
were determined over a concentration range from 0% to 25% 
and over a tempera ture range of o° C. to about 40° C. 

5. The freezing point curve and solubility cur,ec 
were obtained by recording t he cooling curves for v-a::--ic.,us 
concentrations of sodium permanganate. This was d0no •11i ·-.h 
a four junction thermocouple and a Leeds anc. Northr111) f-,e ·.~o~ci
ing Potentiomet er. The ther mocouple was c~librated, o~e· 
the range used, against vu.rious fixed poincs using oo ,.::. as 
the reference junction. A smooth curve was obtLined bot11 
above and below o° C. The solutions wero r:•ech.:.!nicaJ.ly 
stirred during the cooling . A change in th e cooling rate 
indicated a phase change . 

6 . The solutions used above ¼er ,~ ?Ja.d 3 up b., uUXj ng 
a weighed amount of sodium permanganate ~nd a wcigho,<.. a-:nount 
of water. These solutions were also ana1yzed by ti ha. ting 
a weighed amount of solu ticin uguins t a Wtdgh.::., l amoLLi t of 
standard sodium oxalate. Repeated ana.ly.se~ snowed -;hat the 
solutions could be made up accurately. 

7. The sodium permanganate rece:.vcd for this war-: 
analyzed to be 88. 0 percent . This materio.l was dr:i.eci in 
vacuo at 100° C. on a steam bath and on u.rn .. l,1ys:is was f..)UL1..i. to 
be 98 . 57<>. Further drying a t 100° C. did not :i.ncrease the 
percentage. 

9 . Difficulty was experienced in obtairi.ng cooli .g 
curves for solutions above 88%. ~everal points were obt~i n9d 
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for the eutectic point between the monohydrate and the 
anhydrous material. tl freezing point for a 89.9% solution 
was obtained. This mixture was made by adding weighed 
amounts of the anhydrous material (98.5%) &nd the material 
received (88.0%). 

9. In fable 1, the temperatures are given at which 
a solid phase appears for a given percentage of sodium per
manganate. For percentages below 41 . 2% the solid phase is 
ice; between 41.2 and 75.6% the solid phase is sodi1lm 
permanganate trihydrate; between 75.6 and 91% the solici phase 
is the monobydrate. The values in Table 1 are taken from the 
curve drawn through the experimental points . The phase d~.a
gram is shown by Graph I. The solubility curve of the 
anhydrous material must fall somewhere within the shad0d a rea. 
The anhydrous material decomposes before it melts. 

"Anti-Freeze" Mixtures 

10. The freezing points of several sodium 1)ermang&nate 
solutions to which either calcium or lithium chloride had 
been added were determined. The results are shown in Table 2. 

¼hen as much as 10% lithium chloride is added to a 15% 
solution of sodium permangu.nate the freezing point is lowered 
by a considerable amount, but when lithium chloride is 
added to a 30% solution of sodium permanganate a solid salt 
phase appears at a higher temperature than the freezing point 
of the 30% solution of sodium permanganate itself. ,~hen more 
than 15% calcium chloride is added to a solution of sodium 
permanganate stronger than 25%, a solid salt phase appears 
at a temperature above -260 C. (-14.70 F.). 

11. The densities of the sodium permangan~te solu-
tions were determined by the use of dilatometers. The dila
tometers were calibrated by observing the height to which a 
given weight of water stood at a known temperature. The 
capillary stems were calibrated by weighing the amount of 
water contained between fixed points at seve-ral place•s on 
the stem. The coefficient of cubical expansion for the 
dilatometers were also determined by measuring the volume of 
a known weight of water at 25.3° C. and at 1.350 C. 

12. Five different concentr~tions of scdium perman-
ganate were used. These were put in the dilatometers by 
means of a fine capillary tube. Both the solution and dila
tometer wore kept at oo C. during the oporutlon in order to 
keep the very dark solutions from getting on the upper por
tion of the calibrated tube. The solutions were apt to 
cling to the sides of the tube and thereby make it difficult 
to read the volume as well as lead to error in the volume 
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read. The dilatometers were then placed in the thermostat 
set at 1.35° C. and allowed to come to that temperature. 
This was ascertained by obse~ving the volume in the ca~ilJary. 
A cathetometer was used to determine the volume between 
graduations on the capillary tubes. The volumes were easily 
read to 0.001 cc. · 

The volumes were determined at 1.350 c., 13.00 c.) 
~5.30 C. and 37.45° C. for each of the five solutior.'.s '::>y use 
of five dila tometers. In order to be sure the tempe:ra t;11res 
were constant in each case the volumes were read until~ 
constant volume was obtained. After the volumes were deter
mined, the dilatometers plus the solutions wc1·e weighed . To 
be sure that there was no loss in weight of the soiution~ 
while standing in the dilatometers, they were: weighed again 
the following day. No loss occurred. 

13. All weights were corrected to vacuum und the 
volumes corrected for the cubical expansion. The volumes 
of the dilatometers were approximately 45 cc and the capil
lary stems 1 cc. ·rhe temperature of the thermos tut at €·ach 
temperature was constant to within +.02° C. 

14. The absolute densities as determined are given 
in Table H2 ond plotted in Graph No. 2. In Table #4 are 
values taken from Graph No. 2. 

-3 -



CONCLUt>IONS 

15. The phase-diagram shows that solutions of 
sodium permanganate of concentrations lying between ~ero 
and 48% do not begin to freeze (crystallize) ur-1til the 
temperature is below 32° F. The composition hi the".' co usec, 
in experiment (15%) freezes at about 240 F. In case of 
extreme winter conditions, the freezing point can ~P reduced 
to below zero fahrenhei t by addition of 15% calciULl c:hlori<:1.e 
which is known not to interfere with operation of -cl:e 
torpedo. 



TABLE 1 

% 
Freezing 

% NaMn04 

Freezing 
% NaM .. "104 

FreezL1r, 
Ncirut04 Point Point Point 

0~ oc oc 
0 -0.21 34 -12. 40 66 ;jk, . 4 

2 -0.62 36 -13.30 68 :5(.1 

4 -1.15 38 -14.20 70 35.4 

6 -1.70 40 -15.2 72 JB . 6 

8 -2.40 41.2 -15.8 E 74 ~L.3 

10 -3.05 42 -14.0 73 34.6 

12 -3.80 44 -10.0 75.5 3.~.o 

14 -4.60 46 - 5.8 75.6 33.8 :2: 

16 -5.45 48 - 1.6 76 .0 35.3 

18 -6 .30 50 + 2.6 78.0 :14. 5 

20 -7.10 52 6.8 
. 

80 54.C <D . 
+> Cl) 

al .,, 

22 -8.00 54 11.0 s.. 82 60.3 'U 
"O l-4 
>, -0 . .i:: >. 

24 -8.85 
G) 56 15.2 •n £3 66.5 ..s:: 
0 s.. 0 

H 1:-< s:: 
0 

26 -9.75 
G) 58 19.4 

(D 

64 6?.7 
::;;! 

a, OJ 
al Ii 

(D 

.i:: OJ 

28 -10.6 
I).. 

60 ~3.3 es nd 3 
al 

..s:: 
't:I "O I).. 

•n •n 
'O 

30 -11.5 .-1 62 26.9 .-1 68 38.0 0 0 •n 
fl) Cl) ,....; 

I 
0 
en 

32 64 30.0 I 8C 06.l 

21 34 . F 

92 Not determ'.l.ned 



T Ji.BLg 2 

Freezing Poin~~ 

% NaMn04 %CaC12 Cent. Fa.n:r. 

15.65 0 - 4.7 + 23 .!) 

13.5 15.2 -21.7 -- 7 . 'J 

11.75 26.4 - 50. - 58 .0 

25.70 0 - 8.6 -- 16 • !') 

22.15 12.9 -26 .. 1 4.':' 

% LiCl 

14.52 0 - 4.0 + ?-4.R 

13.l 10.0 -20.0 - 4.J 

TABLE 3 

34.40 55.40 77.50 99. 40 F. 
% NaMn(h 1.35° 13.00° 25.30° 37.45rc. 

5.32 1.0404 1.0390 l.03Cl 1,.0319 

10.58 1.0843 1.0817 1.07?6 1.0725 

14.62 1.1148 1.1110 l.l0n2 1.100~ 

17.62 1.1471 1.1429 1.1371 1.1::510 

25.60 1.2243 1.2108 1. 81:tO 1.2034 
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Freezing 
Points 
oc 

2 
4 
6 
8 

10 
l.2 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 

TADLE 4 

DeJ'l~it.I...£.!: Na1Jn04 Solutions 

Concentration 

1.0154 1.0307 1.0463 1.0625 1.0795 1.0966 1.1143 1.1323 1.15011.1694 1.1888 1 . 2079 1 . 2276 1.2470 
1.0152 1 .030 1 .0460 1.0621 1 .0790 1.0961 1.1136 1.1317 1 .• 1497 1.1688 1.1879 1.2070 1 . 2265 1.2459 
1.0149 1.0300 1.0457 1 .0617 1.0784 1 .0957 1.1120 1.1310 1.1490 1.1680 1.1010 1 . 2060 1 . 2254 1.2448 
1.0146 1 .0296 1.0453 1.0613 1.0780 1.0952 1 .1120 1.1303 1.1484 1.1672 1 .1860 1 . 2050 1.2243 1.2436 
1.0143 1 .02911 .04501 .0609 1.0776 1 .0947 1 .1112 1.1295 1.1478 1.1664 1.1852 1.2040 1.2232 1.2425 
1.0140 1 .0208 1 .0447 1 . 0604 1.0770 1 .0941 1.110-~ 1.1208 1 .1469 1 .1655 1 .10~2 1 . 2029 1 .2221i 1.2413 
1.0136 1.0283 1 .0442 1.0600 1 .0766 1 .0936 1.1097 1.1278 1 .1460 1 .1647 1 .1832 1.2019 1.2211• 1.2402 
1.0132 1.0280 1.0439 1.0597 1 .0759 1 . 0928 1.1088 1.1270 1.1450 1.1637 1.1822 1 . 20081.220011 . 2390 
1 . 0127 1.0277 1.0433 1.0592 1.0752 1.09211 .10811 .12611 .1440 1 .1628 1.1812 1 .1997 1.2189 1 . 2379 
1 .01211.02741 .0429 1.0587 l.07~ 1 . 0912 1 .1074 1 .1252 l.1~30 l .1618 1.1802 1.1986 1.2178 1.2367 
1 . 0116 1.0270 1 . 0422 1.0580 1.0737 1 .0902 1.1068 1.1243 1.1~211.1608 1 .1792 1.1975 1 . 2166 1.2354 
1 .0110 1.0267 1.0~16 1.0573 1 .0729 1 . oag2 1.J.060 1.1232 1 .14111 .1598 1.11011.1964 1.2154 1.2342 
1 . 010? 1.02611.~~10 ~.0566 1.0122 1 .0002 1.1053 1.1223 1.1100 1.1587 1 .1110 1.1952 1.2142 1.2330 
1 . 0098 1.0254 1.0,~3 1.0560 1.0713 1.0873 1.1044 1 .1215 1.1392 1.1577 1.1760 1.1940 1 . 2130 1.2319 
1 . 0092 1 .0247 1.0397 1.0552 1 .0706 1.0865 1.1035 1 .1207 1.1382 1.1566 1 .1749 1 .1929 1 . 2118 1.2307 
1.0087 1.0240 l-O:J90 1.0544 1.0698 1 .0858 1 .1028 1.1198 1 .1373 l.1554 1.1738 1.1918 1.2105 1 . 2294 
1 . 0082 i.oz32 1.0383 1.0538 1.0692 1 .08so 1.1010 1 .1190 1 .1364 1 .1543 1 .11211 .1906 1 . 2093 1.2280 
l.oo76 1.0224 1.0376 1.0530 1.0683 1.08~3 1.1009 1 .11811.1354 1.1532 1.1715 1.1894 1 . 2080 1.2266 
1.0068 1 .0216 1.0368 1 . 0522 1 . 0677 1 . 0835 1 .0999 1.1112 1.1343 1 .1s20.1.1102 1.10011.2010. 1 .2251 



~ 
~ 
~ 
~ 

~ 
\l 
0 

I 

~ 
~ 
~ 
~ 
~ 
~ 

72 

68 

64 

60 

56 

52 

48 

44 

40 

36 

32 

26 

24 

20 

/6 

IZ 

(J 

4 

0 

-4 

-8 

-12 

-
~ ..:::!!! 

im :"II 

"" 
1,7:1 
~ 

m 
lo:. 

I 

FREEZING POINT DIAGRAM 
OF SOI. ti TIONS OF 

SODIUM PERMANGANArE 
IN WATER 

~I 

iill a ..:!'Ill 

~ '-4 

ill .. ~ 
~ 

i1!I! ~ 
-/6 

O 4 8 12 16 20 24 28 32 .16 40 44 
PER 








