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NOTES 
A Condenser for Low Temperature Evaporation of Water.—In concen

trating serums, gland extracts or any water solution containing protein, 
it is often advisable to evaporate the water at as low a temperature as 
possible. The ordinary vacuum distillation does not permit a distilling 
temperature below 35°. Even at 20° there may be denaturing, precipita
tion or destruction of biological activity due to combined exposure to 
temperature and mechanical agitation of boiling. 

We have two condensers each containing, as inner tube, a glass tube l6/s 
inch in diameter and 12 feet long (standard 2 inch iron pipe jacket), and 
these may be cooled by ice water; 12-liter pyrex flasks serve as retorts. 
While this is very effective, the distilling temperature can hardly be below 
15°. The cooling water cannot be used below 0°, by adding salt to the ice, 
because an ice plug will block the condenser. Moreover, the heat absorp
tion of the 40-gallon ice tank, the circulating pump, etc., make the system 
uneconomical for small quantities. 

We find a 12-liter flask filled with crushed ice a very effective condenser. 
This eliminates necessity for transmitting heat through a glass or metal 
condenser surface; moreover, salt may be added to the ice, giving an 
effective condensing temperature below —10°. Theoretically, to condense 
1 g. of water vapor at 0° requires melting 7.5 g. of ice, and in practice more 
is required. The 12-liter condenser may be insulated with rags or shav
ings, and there is little heat absorption from the atmosphere, because of its 
compactness. A specially long rubber stopper prevents danger of sucking 
in. The stopper has a large inlet for water vapor and a small inlet for 
vacuum; by making the tubes concentric, one reduces the tendency of the 
stopper to leak. We have used iron pipe for the tubes. A 2-liter flask with 
not more than 1 liter to be evaporated serves as "retort," but if the liquid 
foams badly a larger flask may be used. The connection to the "retort" 
should be 0.5 inch or preferably more inside diameter, and as short as 
possible. 

The distilling rate is slow. Thus with outside water-bath at 20° and 
700 cc. of water in the "retort," about 2 cc. per minute distils (temp, inside 
"retort," 7°). When first connected the distilling rate is faster and a layer 
of ice quickly freezes over the surface in the "retort," but this ice melts 
after the dissolved air is removed. If a slow stream of air bubbles into the 
"retort" through the usual capillary tube made by drawing out a broken 
thermometer, the retort temperature is lowered with an increase to about 
3 cc. of water distilled per minute, and it is easier to keep ice in the "retort." 
In any case the distillation slows down near the end, due to decrease in 
heat transmitting surface, so that about ten hours may be required to 
reduce 700 cc. to 50 cc. (If a bath temperature of 25 or 30° is permissible 
the time is much reduced.) 
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A slow stream of tap water suffices for "heating" the bath of the "retort." 
We use a Nelson two-stage vacuum oil pump of a capacity of 5 cu. ft. of free 
air per minute for vacuum, for the high capacity saves many minutes in 
starting and eliminates the necessity for bothering about leaks around 
rubber stoppers. If the bath is heated by a flame, one must watch for a 
rise in temperature near the end of the evaporation, when the rate has 
slowed down. 

For a capacity of, say, two 12-liter flasks in parallel as "retorts," each 
containing, say, 7 liters of serum, a condenser of a capacity of 25 to 30 
gallons is required. Such steel tanks are used commercially for hot water 
storage, and may be insulated with 6 inches or more of shavings. If used 
only occasionally one may use a commercial insulated hot water storage 
tank, as the insulation dries out when not in use, but an insulation which 
does not easily rot should be selected. On this scale a vacuum pump of 
several cubic feet per minute capacity of free air should be used. Tubing 
for carrying the water vapor should be 1.25 inch or preferably more in 
diameter. The vacuum pump must naturally give better than the vapor 
pressure of water at —10°, under service conditions. Naturally one will 
select a condenser giving a large surface above the ice and salt, to increase 
the condensing rate. The operator should guard against possible serious 
injury due to collapse of a 12-liter flask under vacuum. 
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Inorganic Lubricants. III. Mixtures of Aqueous Liquids with Non-
Reacting Solids.—When water is mixed with a finely divided insoluble 
powder in the correct proportions a cream is produced which has the power 
of forming a thin, continuous film over a surface capable of being wet by 
water, is "viscous" in proportion to the amount of solid present, and so may 
act as a lubricant between two moving surfaces.1 For purely temporary 
inorganic lubrication such a mixture may operate satisfactorily, but be
cause the water quickly evaporates, leaving a non-lubricating cake of solid, 
lasting lubrication is not obtained. 

When, however, a hygroscopic inorganic liquid, such as a concentrated 
aqueous solution of a deliquescent salt or acid, is employed instead of water, 
drying out does not take place, the creamy state persists and lubrication is 
maintained for an indefinite length of time depending on the relation be
tween the average atmospheric humidity and the relative hygroscopicity of 

1 See, for example, various U. S. Patents, such as Colby, 49,983, Sept. 19, 1865; 
Farkas, 1,253,362, January 15, 1918, and others. 


