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ABSTRACT

This report is the first of a number of reports in-
tended to supply the various technical data reguired in
planning the service application of the Navol Torpedo.

Graphs and Tables are presented giving the freezing
points and densities of sodium permanganate solutions at
various concentrations and temperatures, as determined at
this Laboratory, no published data being available.

For possible use in freezing conditions, fieezing
points are given for a number of solutions containing ad-
ditions of calcium and lithium chlorides as anti-freeze
protection. The actual strength of sodium permaznganate
solution proposed for use in the service is 15k, which this
work indicates will begin to freeze at 240 F. The additicn
of 15% calcium chloride will reduce this to about 70 F.

below zero (Table £).
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AUTHORIZATION

1, The tests were authorized by Bureau of Ordnance
Project Order 5037-0rd. and Bureau of Ordnance letter
NP14(9) (R1) of 7 July 1934.

STATEMENT OF PROBLEM

e The object of the research here reported is to
secure information necessary in preparing and handling solu-
tions of sodium permanganate, and in particular to determine
conditions when freezing may be apprehended.

THE PHASE DIaGRaM OF THA SYSTEM SODIUM PusileNcsdoslf-tu 1ER
AND THE DENGITIES OF SODIUM PRrMaNGaNalh SOLUIIONS

3. The temperature at which a solid phuse appeard
was determined for various solutions from (% to 291% scfia
permanganate. The solid phase was either .ce, zoaiyun pernen-
ganate trihydrate or sodium permanganate monohyrirate uernend-
ing upon the concentration of the solution.

4, The densities of sodium permanganate solutions
were determined over a concentruation range from 0% to £5%
and over a temperature range of 0° C. to about 40° C.

5. The freezing point curve and solubility curves
were obtained by recording the cooling curves for various
concentrations of sodium permanganate. This was done wi-h
a four junction thermocouple and a Leeds anc Northrap ke:ora-
ing Potentiometer. The thermocouple was czlibrated, ove:
the range used, against various fixed poincc using 0° C. as
the reference junction. 4 smooth curve was obtuined bota
above and below 0° C. The solutions were wechuniecally
stirred during the cooling. A change in the cooling rate
indicated a phase change.

6. The solutions used azbove wers madz up bv mixing
a weighed amount of sodium permanganate and 2 weighed amount
of water. These solutions were also analyzed by titrating
a weighed amount of solution aguinst a weighol amount of
standard sodium oxalate. Repeated analyse:c snowed -hat the
solutions could be made up accurately.

o The sodium permanganate received for this wors
analyzed to be 8B.0 percent. This material was dried in
vacuo at 1009 C. on a steam bath and on analysis was found to
be 98.5k. Further drying at 100° C. did not increase the
percentage.

8. Difficulty was experienced in obtairing cooli g
curves for solutions above 88%. Several points were obtcinad

o
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for the eutectic point between the monohydrate and the
anhydrous material. & freezing point for a 89.9% solution
was obtained. This mixture was made by adding weighed
amounts of the anhydrous material (98.5%) and the material
received (88.0%).

9. In Table 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 sodium
permanganate trihydrate; between 75.6 and 91% the solid nhase
is the monohydrate. The values in Table 1 are taken from the
curve drawn through the experimental points. The phase dia-
gram is shown by Graph I. The solubility curve of the
anhydrous material must fall somewhere within the shaded area.
The anhydrous material decomposes before it melts.

M"anti-Freeze" Mixtures

31O, The freezing points of several sodium permanganate
solutions to which either calcium or lithium chloride had
been added were determined. The results are shown in Table 2.

When as much as 10% lithium chloride is added to a 15%
solution of sodium permungunuate 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. When 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.).

; 5 B8 The densities of the sodium permanganate 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 temperuture. The
capillary stems were calibrated by weighing the amount of
water contained between fixed points at several places 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 1.35° C.

12, Five different concentrations of sedium perman-
ganate were used. These were put in the dilatometers by
means of a fine capillary tube. Both the solution and dila-
tometer were kept at 09 C. during the operution 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 observing the volume in the capillary.
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 1.35° C., 13.0¢ C.,
£5.30 C. and 37.45° C. for each of the five solutiors Dy use
of five dilatometers. In order to be sure the temperatures
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 were weighed. To
be sure that there was no loss in weight of the solutiong
while standing in the dilatometers, they werc weighed again
the following day. No loss occurred.

13. All weights were corrected to vacuum and the
volumes corrected for the cubical expansion. The volumes
of the dilatometers were approximately 45 cc and the capil-
lary stems 1 cc. The temperature of the thermostut at each
temperature was constant to within +.02° C.

14. The absolute densities as determined are given

in Table #& and plotted in Graph No. 2. In Table #4 are
values taken from Graph No. Z.
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CONCLUSIONS
15. The phase-diagram shows that solutions of

sodium permanganate of concentrations lying between zero

and 48% do not begin to freeze (crystallize) until the

temperature is below 320 F. The composition hitherto usec

in experiment (15%) freezes at about 240 F. In case of

extreme winter conditions, the freezing point can De reduced

to below zero fahrenheit by addition of 15% calcium ckloride

which is known not to interfere with operation of the

torpedo.



TABLE 1

; Freezing Freezing Freeziag
% NelinO, Point % NaMnO, Point % Nalin0, Point
ocC oC oC
0 -0.21 ¢  -1R.40 €66 Okt |
|
2 -0.62 26 -13.30 63 3.1
|
4 -1.15 38 -14.20 70 35.4 |
6 ~1470 &  -15.2 g 55.8
1
8 -£2.40 41.2 -15.8 E 74 3.3 5
|
10 -3.05 ag =14,0 75 4.8 |
|
12 -3.80 44 =1.0 75.5 4.0
14 -4,60 48 - 5.8 75.6 3%.8 &
16 -5,45 48 ~ 1.6 76.0 35.3
18 -6.30 50 + 2.6 78.0 14,5
£0 .10 52 6.8 o 80 54.0 | .
i 3
22 -8.00 54 ¥i.0 -g 8g 65.5 g
. F~ -
24 -8.85 |3 56 15.2 1% £3 66.5 |2
— = 5
26 -9.75 |8 58 1s.4 18 64 e7.7 |2
o g o
28 -10.6 S 80 g2 5 I~ e5 6.5 |8
3 A o
30 -11.5 |9 62 26.9 |3 68 s8.0 1o
w L¢a] Bi
32 64 30.0 | ac 66.1 |*
o1 34. F

9g Not determined



I

ABLE Z

Freezing Pcints

% NalinO, %Ca012 Cent. Fanr.
15.65 0 = W0 £3.5
13.5 15.2 <21.% 2.0
11.75 26.4 -50. 53.0
£5.70 0 - 8.6 - 168.5
22.15 12.9 -26 : 17

% LiCl
14.52 0 o el 24.8
13.1 10.0 -20.0 4.0
TABLE 3
34.40 55.40 77.50 99.40 F.

4 NaMny 1.35° 13.00° 25.30° 37.45°C,

5.32 1.0404 1.0390  1.03¢1  1.0319
10.58 1.0843 1.0817  1.077€ 1.0725
14.62 1.1148 1.1116 1.1062  1.100b
17.62 1.1471 1.3420 1,137  1.1310
25.60 1.2243 1.8108  1.21i0  1.2034
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TAGLE 4
Density of NaiinO4 Solutions

Froasing Concentration
Points
°c 2% 4% ok 8% 108  1ag  14% 1e% 18l 207 230 244 2 287
2 1.0154|1.0307 1.0463|1.0625| 140795(1.0966]1,1143|1.1323|1.1501|1.1694|1.1888|1.2079|1.2276/ 1.2470
B 1.0152|1,0304{ 1.0460|1.0621| 1,0790]|1.0961|1.1136(1.1317|1.e1497|1.1688|1.1879|1.2070|1.2265! 1.R2459
6 1.0149|1 .0300J 1.0457)1.0617| 1.0784|1.0957|1.1128|1.,1310|1.1490]|1.1680|1.1870|1.2060|12254 1.2448
8 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
10 1.0143|1,0291| 1.0450|1.0609| 1.0776|1.0947|1.1112(1 41295 |1 ,1478|1.1664(1.1852|1.2040|1+2232| 1.2425
12 1.0140 1.0288L 1.0447]|1.0604| L,0770|1 40941 [141104|1.1288(1 «1469] 141655|1.1842|1.2029|1.2221; 1.2413
14 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
16 1.0132{1.0280|1.0439|1.0597|1.0759|1.0928(1.1088]1,1270|1.1450{1.1637|1.1822]|1.2008{1.2200 1.2390
18 1.00127]1 0277 1e0433|140592(1,0752(140921]|1.108L]1.126L|1.1440|1.1628(1,1812|1.1997|1.2189] 1L.2379
20 1.0121|1.0274|1.0429|1.0587| 1.0744|1.,0912]|1.1074]|1.1252|1.1430{1,1618(1,1802|1,1986]1.,2178| 1.2367
22 1.0116|1.0270| 1+0422|1.0580| 1.0737|1.0902|1,1068|1.1243|141421|1.1608]|1.1792|1.1975|142166] 12354
24 140110]1 «0267]| 140416!10573| 10729|140892]1.1060|1,1232|11411|1.1598(1.1781|1,1964|1+2154| LeR342
26 1.0104|1.0261]1 0410 ++0566)1,0722]1.0882]141053]|1,1223|1.1400/1.1587(1.1770{1.1952|1.2142| 1.2330
28 1.0098|1 ,0254| 140403 1.0560|1.0713|1.0873|1,1044|1.1215(1.1392|1.1577|1.1760|1.1940(1.2130| 1.,2319
30 1.0092|1.0247|1.0397]140552|1.0706|1.0865]|1.1035]1.1207|1.,1382|1.1566(1.1749(1.,1929|1.2118]1.2307
32 1 .0087(1.0240]|1<0390|1.0544|1.,0698|1,.,0858(1.1028|1,1198|1.1373(1.1554|1,1738|1.,1918]|1,.,2105| 1.2294
34 1.0082)1+0232}1.0383(1.0538/1.0692{1.0850|1.1018|1,1190(1.,1364|141543/11727|1.1906|1.2093 1.2280
36 10076]1.0224| 1.0376/1.0530|1.0683]1.0843|1,1009|1,1181|1.,1354|1.1532(1.17L5]1.1894|1.2080| 1.2266
38 1.0068(1.0216|1.0368]1.0522/1.067711.083511.,0999/1.117211.134311,1520{1,1702]1.1881|1.,2070 1.2251
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FREEZING POINT DIAGRAM
OF SOLUTIONS OF
SO0DIUM PERMANGANATE
IN WATER
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