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This invention relates to an improved method 
of impregnating products with a liquid agent. 
In Patent 2,080,179, Russell Wiles and I have 

disclosed a method of freeing bulk products from 
5 non-condensible gas in order to permit the intro 

duction of fumigant or other agent, and particul 
larly of moisture. In that patent the material 
is subjected without the addition of heat, to a 
vacuum sufficiently high to boil water from the 

10 material at its normal temperature, and the 
evacuation continued long enough to wash from 
the material all residual air. Thereafter the 
product is free to receive any fluid impregnat 
ing agent. 

5 In moistening material, however, there is a 
limit to the amount of moisture which may be 
added in the form of steam, inasmuch as the 
condensation of the steam necessarily raises the 
temperature of the bulk prodtuct and with Or 
ganic materials a few percent of moisture added 
in this fashion generally or frequently brings 
the temperature to undesirable heights. For 
instance wheat increases from 30 to 40 F. for 
each percent moisture condensed from steam. 

25 The repetition of steaming cycles does no 
good, because the amount of moisture removed 
by evaporation in cooling the material is equal 
to the amount added in procuring the equivalent 
increase in temperature. 

30 In accordance with the present invention 
means are provided by which an indefinite 
amount of moisture may be added to bulk prod 
lucts within any given temperature range. This 
is accomplished by the use of steam at high tem 
peratures and pressures at which it has less 
heat content than is necessary to expand it to a 
low temperature and pressure. It is particular 
ly preferred to employ steam above the critical 
temperature (about 374 C. 706 F.) and above 
or near the critical pressure (about 3226 lbs. per 
Sq. in. AbS.). 
At this temperature the steam has a calorific 

content in the neighborhood of 925 B. t. u.'s per 
pound, whereas the same amount of steam at 
150 F. and the equivalent pressure (about 3.7 
lbs.) has a heat content of about 1125 B. t. u.'s. 
This means that the deficiency has to be sup 
plied by condensation of moisture in the steam, 
or its equivalent, where steam at the higher 

it temperature and pressure is expanded to the 
other range. These droplets are minute in size 
and may be employed to penetrate a bulk product 
carried on the steam. 
For example, if tobacco is subjected to a vac 

65 uum sufficiently high to evacuate water there 

4. 

(C. 131-133) 
from, and the evacuation is continued long 
enough to lower the temperature of the tobacco 
say, 8-15° F (from, say, 75° to 65° F.), the vac 
uum for this purpose reaching around 29.7 
inches of mercury (on the basis of a thirty-inch is 
barometer) and then steam at 706 F. and 3226 
lbs. pressure is introduced until the temperature 
in the tobacco has reached 150 F. the moisture 
picked up will be substantially more than would 
be added by the use of ordinary steam. More- 10 
over, by evaporating some of the condensed 
moisture, to markedly reduce the temperature, 
and then repeating the steaming operation with 
the supercritical steam a further gain may be 
accomplished. The cycle may of course be 15 
repeated as often as desired, there being a gain 
each time of 10 to 20% on the total water added 
by the step. Normally the temperature will be 
lowered 15-60 F. on each evacuation step. 
With tobacco it is generally preferable not 

to exceed 190° F., and for the many types of 
tobacco lower limits are observed. Many Or 
ganic products should not exceed 212 F. and 
of course, many are heat susceptible at temper 
atures far lower. 

It is preferred that the steam be introduced 
as close as possible to the material to be treated, 
in order that the material rather than the 
evacuating equipment or the nozzles obtain the 
benefit of the refrigeration. 
The process is applicable primarily to Or 

ganic products in bulk, but it may be used in 
any case where the ordinary impregnation meth 
ods fail. It is particularly valuable with to 
bacco in bales Or hogsheads, but may be en- 5 
ployed to advantage with grain such as wheat, 
or other organic materials. 
While the invention is primarily useful in 

connection with water, due to the high latent 
heat thereof, it may be used with other gases. 40 
where such use becomes necessary or desirable. 
The amount of vaporized liquid, such as steam, 

is generally Small compared to the amount of 
material being treated. The amount is of course 
not such as to raise the pressure to anything 
approaching the pressure of the gas used. For 
most purposes the final pressure will be below 
atmospheric, or at least close to it because of 
the nature of the products generally employed. 
Pressures of several atmospheres however, do not to 
greatly affect the refrigerating effect. 

In any event, the final pressure is always one 
sufficiently low to have permitted expansion 
enough to obtain a Substantial refrigerating 
effect from the gas. 
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A diagrammatic pressure time graph is shown 

in the drawing. The point marked A illustrates 
the break in the curve when water begins to boil 
from the tobacco upon lowering of the pressure 
to a point equal to the vapor pressure of the 
water in the tobacco. The point B represents 
the point at which superCritical steam is intro 
duced; the line B-C represents the rise in press 
sure during the steaming operation; the line 
C-D represents the evacuation curve following 
the steaming, the slope of this curve having been 
somewhat steepened in order to get the diagram 
On one page; the line D-E. represents a subse 
quent steaming operation with supercritical 
steam; the line E-F is a subsequent evacuation 
curve, likewise steepened; and the line F-G 
represents a third steaming operation with su 
percritical steam. The time intervals will, of 
course, depend upon the supply of steam and the 
capacity of the evacuating equipment. 
The foregoing detailed description has bee 

given for clearness of understanding only, and 
no unnecessary limitations should be understood 
therefron. 

claim: 
1. The method of liquid impregnating a prod 

uct which comprises substantially freeing it 
from noncondensible gas and then introducing 
thereto a substantially saturated gas at a tem 
perature and pressure at least approaching the 
critical, and markedly above the temperature 
and pressure of the product, whereby the tem 
perature of the product is raised by condensation 
of gas thereon. 

2. The method of moistening an organic prod 

2,188,871 
uct in bulk which comprises freeing the product 
substantially from noncondensible gas and pro 
ducing a subatmospheric pressure thereon, and 
introducing substantially saturated steam at a 
temperature and pressure at least approaching 
the critical to raise the temperature and pres 
sure upon the material. 

3. The method as set forth in claim 2 in which 
the final temperature of the product is less than 
212° E. 

4. The method as set forth in claim 2 in which 
the product is tobacco and the final temperature 
is below 190 F. 

5. The method as set forth in claim 2 in which 
the product is tobacco. 

6. The method which comprises subjecting a 
bulk product without substantial addition of 
heat to a vacuum sufficiently high to cause Con 
tained moisture in the product to boil, contin 
uing the evacuation to wash substantially all 
non-condensible gas from the product, and then 
introducing steam at substantially its critical 
temperature and pressure thereto to increase 
the pressure to a higher, but subatmospheric 
pressure. 

7. The method as set forth in claim 6 in which 
the product is again subjected to a vacuum suff 
cient to cause boiling of contained moisture, 
the evacuation is continued until the tempera 
ture of the product has been markedly reduced, 
and the steaming step is then repeated whereby 
the moisture content of the product is progres 
sively increased in each cycle, 
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