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This invention relates to dry cleaning and 
more particularly to a low temperature dry 
cleaning process whereby the various steps of the 
cleaning operation can be carried out efficiently 
in a single piece of equipment to produce cleaned y - 
goods that are in a desirable condition. - 
Conventional bulk dry cleaning processes com 

monly comprise three principal steps, namely, 
washing the goods in a non-aqueous solvent and 
draining excess solvent from the goods, centrifug 
ing the goods to remove solvent therefrom by 
centrifugal force; and drying the goods. With hot 
air to remove residual solvent therefrom. These 
three steps are usually carried out in three differ 
ent pieces of equipment, the goods being trans 5 
ferred from one piece of equipment to another 
when each step is completed. The washing step 
is ordinarily carried out by introducing the goods 
into a washer, i. e., a horizontal cylindrical ro 
tatable drum having perforated walls and 
mounted in a casing in such manner that the 
non-aqueous solvent can be introduced into the 
casing and drum and the drum rotated to agitate 
the goods, thereby promoting effective contact 
between the goods and the solvent. Upon com- : 
pletion of the Washing operation the Solvent is 
drained from the goods and they are transferred 
to a centrifuge which comprises a foraminous 
basket usually rotatable about a vertical axis. 
The basket containing the solvent-laden clothes 
is rotated at a relatively high rate of speed to 
remove additional Solvent from the goods. At 
the end of the centrifuging step the goods are 
transferred to a drier, which may be a tumbler 
generally similar in construction to the Washer 
referred to above, and wherein the goods are 
exposed to a heated drying medium, usually a 
stream of hot air, which removes the residual 
solvent from the goods. 

It is evident that if these principal steps of 
the dry cleaning operation can be carried out in 
a single piece of equipment, Substantial advan 
tages result. Thus a saving in labor can be 
effected since it is unnecessary to handle the 
goods between the successive Steps of the dry 
cleaning operation. Moreover, Spillage and eva 
poration of the solvent that normally occurs dur 
ing the transfer of the goods from one piece of 
equipment to another can be avoided by carry 
ing out the process in a single machine. Hence 
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less solvent is lost to the atmosphere, employees 
are not exposed to the solvent during transfer of 
the goods, and, in the case of flammable Solvents, 
a serious fire hazard is eliminated. 

about a horizontal axis, but if the centrifuging 
step is carried out in such a horizontal drum, the 

and the effect of al asymmetry of the load and s .? ?'? ???* :.? . ?? ? ? ' ?.s*????‘‘ 

anced forces due to gravity produce vibrations at 
high speeds, and hence the speed of centrifugal 
extraction that may be used is limited. On the 
other hand if the speed is maintained low enough 
to avoid undesirable vibration, the extraction of 
the solvent is poor, i.e., quantitatively inferior to 
that obtainable with conventional centrifuges, 
and considerable quantities of solvent are left in 
the goods. When goods containing such a rela 
tively large quantity of solvent are dried, for 
example, by exposure to hot air, there is a serious 
loss of Solvent and in the case of flammable sol 
vents, if the temperature of the heated air is 
above the flash point of solvent, there is a danger 
of explosion. Moreover an unduly long period of 
time is required to remove the relatively large 
quantities of solvent left in the goods and the 
final condition of the goods leaves considerable 
to be desired. 

It is accordingly an object of the present in 
Vention to provide an improved dry cleaning 
process whereby the various steps of the dry 
cleaning operation may be carried out in a single 
piece of equipment. I have found that this may 
be accomplished, in general, by washing the goods 
in the horizontal rotatable drum of a tumbler; 
draining of the solvent; increasing the speed 
of rotation of the drum to an extent sufficient 
to remove Solvent from the goods by centrifugal 
force, but sufficiently low to avoid excessive wi 
bration, then reducing the drum speed to a value 
which will produce uniform distribution of the 
goods within the drum and exposing the goods 
to steam under a high vacuum and at a rela 
tively low temperature, preferably less than 
about 120° F., to remove residual solvent there 

Because of the manifest advantages of carrying 55 from. The heat of the steam is used to vaporize 
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the solvent, and Solvent vapors and Steam are 
removed continuously during the drying Step and 
condensed. 
I have found that by using steam at a low 

temperature and pressure under the conditions 
set forth hereafter, the difficulties previously 
encountered in attempting to carry out the dry 
cleaning process in a single machine are sub 
stantially eliminated. Although, as pointed out 
above, centrifuging at a speed sufficiently low to 
prevent excessive vibration results in relatively 
poor extraction and leaves a relatively large 
quantity of Solvent in the goods, the present 
process provides for Substantially complete re 
covery of the residual solvent left in the goods 
and hence the process can be used economically 
with an extraction of low efficiency. Further 
more Since steam is used as a drying medium 
and replaces the air in the tumbler, the atmos 
phere within the drier is free from uncombined 
oxygen and hence there is no danger of explo 
Sion. In fact, the present process provides a 
douple safeguard against explosion hazards since 
not only is the atmosphere within the drier 
largely composed of water vapor but also the 25 
drying Step is carried out at a temperature that 
is below the fiash point of most of the commonly 
used flammabie solvents. In addition it has been 
found that Vacuum Steam drying in accordance 
with the present process is an unusually rapid a 
and effective method of removing residual Sol 
vent from the goods and results in a Superior 
product that is in better condition for subsequent 
processing. 
In conventional dry cleaning processes the 35 

Washing and centrifuging Steps are normally car 
ried out at temperatures approximating room 
temperature, but the drying step has commonly 
been carried out at temperatures Well above room. 
temperature. In the present process all three 
steps are carried out at relatively low temper 
atures and there are numerous advantages that 
flow from the use of such a low temperature 
throughout the cleaning proceSS. 
For example, the use of low temperatures in the 

drying step as well as in the other Steps of the 
process facilitates the "Spotting' operation that 
commonly follows the bulk cleaning operation. 
The "spotting' operation involves the removal 
of stains from the articles being dry cleaned. 
Some of these stains, such as albumen and lip 
stick, are “set' by high temperatures. Other 
stains are caused by chemical compounds which 
increase in activity with increasing temperature 
and may cause fabric damage at high tempera 
tures. Most stains are more difficult to remove 
after they have been heated. Hence when the 
present low temperature process is used for bulk 
dry cleaning, the Subsequent removal of Stains 
may be more readily accomplished. Moreover, 
the water vapor used in the drying step moistens 
the goods to an extent sufficient to facilitate re 
moval of stains during subsequent "Spotting.' 

High temperatures may also damage certain 
types of goods. Thus it is well known that cer 
tain of the newer Synthetic plastics, for example, 
“Vinyon,' are unusually temperature Sensitive. 
Likewise, furs that have been tanned with cer 
tain tanning agents tend to be heat sensitive and 
for this reason it is desirable to carry out the 
cleaning of fur-trimmed garments at low temper 
atures. In particular cases excessive heating may 
cause felting of fabrics, distortion of over 
stretched fabrics and bias cut materials, destruc 
tion of sizing and other finishing agents on fab 
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rics and damage to plastic ornaments. Also heat 
tends to Set Wrinkles in garments and makes 
Subsequent finishing of the garment more diffi 
cuit. With the present low temperature proceSS 
these various disadvantages of high temperatures 
are avoided and it becomes unnecessary to SOrt 
out the goods prior to cleaning and segregate for 
special handling those articles that are particul 
larly heat Sensitive. 

It is another object of the present invention 
to provide a dry cleaning process Wherein the 
moisture content of the goods being dry cleaned 
can be brought to a desired value. In the pres 
ent process the goods are dried by bringing Sub 
atmospheric pressure live steam into direct con 
tact with the goods at low temperatures. It has 
been found that by utilizing steam instead of 
hot air under the conditions described hereafter 
it is possible not only to retain in the goods the 
natural moisture associated With the fibers 
thereof but also to increase the moisture content 
of the goods somewhat and bring it to a value 
that is particularly desirable for effective preSS 
ing of the goods after they have been dry cleaned. 
The use of steam under the conditions set 

forth herein as a medium for removing residual 
solvent possesses numerous advantages in addi 
tion to its advantage in adjusting the moisture 
content of the goods. Thus when air is used 
as a “drying' medium, i. e., Solvent removal me 
dium, the air because of its oxygen content tends 
to form with the vaporized Solvent an explosive 
mixture. This tendency can be overcome by 
using a relatively non-volatile solvent and main 
taining the relative proportions of air and Soli 
vent vapor outside the explosive range. How 
ever such modifications constitute an Operating 
limitation which can be completely eliminated 
by substituting steam for air. When steam is 
used there is no explosion hazard irrespective of 
the volatility of the solvent used and the rela 
tive proportions of Solvent vapor and drying me 
dium. 
When air is used as a drying medium recovery 

of the solvent from the mixture of air and Sol 
vent vapor is expensive and in most cases un 
economical. Also failure to recover the Solvent 
involves an economic loss that may be serious, 
particularly where valuable solvents are used. 
Furthermore, in cases where the dry cleaning 
plant is located in a thickly Settled area, it be 
comes something of a problem to dispose of the 
lint and solvent vapors present in the air after 
it passes through the drier in Such manner that 
they do not constitute a nuisance. When steam 
is used as a solvent removal medium the mixture 
of steam and solvent vapor may be easily con 
densed and the solvent thereby effectively re 
covered. Any lint that may be present is re 
moved with the condensate. By using steam as 
an operating medium it becomes practicable from 
an economic standpoint to utilize relatively ex 
pensive solvents which could not be used in a 
process where there Was a Substantial loSS of 
solvent. Hence a wider variety of solvents is 
made economically available by the present 
proceSS. 

It has been found that hot air drying tends to 
produce static electrical charges on the goods 
particularly where the goods are tumbled during 
the drying process. These static charges tend to 
cause lint to adhere to certain of the materials 
being treated. When steam is used, static elec 
trical charges are largely eliminated, and adher 
ence of lint to the goods is reduced to a negligible 
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amount. Thus the step of hand-brushing the 
goods to remove lint therefronn can be omitted and 
a saving in time and labor thereby effected. 
Moreover light and dark materials may be proc 
essedin the Same batch and no preliminary classi 
fication and segregation of light and dark ma 
terials is required. ... " . . . 

One of the difficult problems encountered in 
the dry cleaning art. is... elimination of residual 
odors from goods that have been dry cleaned. 
These residual odors are believed to be due, in 
some measure, to oxidation of certain components 
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of the solvent and are particularly noticeable 
where the solvent Connprises, a mixture, of Con 
pounds rather than a Single chemical_COrmpound. 
AWhen Steam is Substituted for air there is no free 
oxygen present in the mixture of Solvent vapor 
and carrier medium and therefore no oxidation 
of the solvent is likely to occur. In point. of fact 
it has been found that by utilizing steam instead 
of hot air under the conditions described below 
the residual odor with a given solvent. can be 
Substantially reduced. ... 
A further advantage of using steam in place 

of air, is that much more effective heat transfer 
is obtained between steam and the goods than 
is obtained between hot air, and the goods. Be 
cause of this improved heat transfer the time re 
quired for renoving solvent to a given extent is 
substantially reduced. Also there is more effi 
cient utilization of the heat supplied to the sol 
Went-laden goods. . . 
When air is used a blower or fan is necessary 

to move the air through the goods and such fans 
are frequently objectionably noisy. When steam 
is used, the noise of the fan or blower can be 
eliminated. Because of this noise, elimination 
and also because of the reduction in explosion 
hazard and Solvent vapor discharge that may be 
achieved by utilizing; the present process, this 
process makes it possible to locate a dry cleaning 
plant in many neighborhoods where such a plant 
could not otherwise be located. 
Other objects and advantages of the present 

process will be in part obvious and in part will 
appear from the following description of my 
proceSS. 

In one of its broader aspects the method of the 
present invention comprises the steps of washing 
With a suitable non-aqueous solvent articles that 
are to be dry cleaned to remove dirt, grease and 
the like therefron; draining off such portions of 
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a value sufficient to produce approximately unit 
form distribution of the goods. Within the tumbler 
drum and exposing the goods to Sub-atmospheric 
preSSure livesteam at a temperature of less than 
about 120° F. for a period of time sufficient to 
remove residual solvent from the goods; removing 
a mixture of Steam and Solvent Vapors from the 
drum and condensing the mixture to recover the 
solvent; and removing the solvent free goods from 
the tumbler. It has been found that if the “dry 
ing Step of the process is carried out at a tem 
perature no.higher... than about 120 F. and pref 
erably in the neighborhood of 100°. F. setting of 
Stains is avoided and even unusually heat sensitive 
materials... may be processed without loss of 
strength or other desirable characteristics. Fur 
thermore at temperatures of this order of magni 
tude the Water, content of textile fibers may be 
increased to provide a moisture condition which 
is highly desirable where the article being cleaned 
is Subsequently to be pressed. 
The lower temperature limit of the drying step 

of the process does not appear to be critical and 
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the solvent as can be drained from the goods; 
centrifuging the goods to remove additional sol 
vent therefrom; and removing the remainder of 
the Solvent from the goods by bringing subatmos 
pheric pressure live steam into intimate contact 
with the goods under such conditions that the 
Solvent is vaporized while maintaining the goods 
at a temperature that is sufficiently low to pre 
vent setting of stains that may be present on the 
goods and to prevent damage to any heat sensi 
tive materials that may be present in the batch 
of goods being cleaned. In a somewhat narrower 
aspect the method of the invention comprises 
introducing into the rotatable drum of a tumbler 
a batch of goods to be dry cleaned; introducing a 
suitable non-aqueous solvent into the tumbler; 
rotating the drum of the tumbler to cause the 
goods to be washed by the solvent; draining sol 
vent from the goods; increasing the speed of ro 
tation of the tumbler drum to a value sufficiently 
high to remove solvent from the goods by, cen 
trifugal force but sufficiently low to avoid unde 
sired vibration, then reducing the drum speed to 
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is determined primarily by practical and eco 
nomic considerations. By using a refrigerated 
condenser. the operating temperature may be 
carried down to room temperature or below. 
However in most cases the cost of refrigeration 
OutWeighs any advantages that might be gained 
by the use of very low temperatures and hence 
in most cases it is desirable to use ordinary cool 
ing : Water as a cooling medium and operate at 
temperatures mot lower than about 90°. F. As the 
tenaperature is raised the amount of water vapor 

5-condensed on the goods increases and vice versa. 
It has been found that a particularly desirable 
moisture condition of the goods can be achieved 
When operating in the neighborhood of 100° F to 
110° F. 
AS pointed out above a wide variety of sol 

vents may be used, since the formation of an 
explosive mixture during the “drying' step is pre 
eluded by: the presence of the steam. The boil 
ing point of the solvent may be either higher or 
lower than the boiling point of water. As an 
example, I may use the well-known Stoddard 
:Solvent, which is relatively non-volatile, that is, 
it has a boiling point higher than the boiling 

3 point of water. 
It is a matter of Some importance to provide 

intimate contact between the live steam and 
goods during the solvent removal step of the pro 
cess and to that end it is desirable to maintain 
the goods in a Substantially continuous state of 
'agitation, and in loosely packed condition during 
the Solvent removal step and to cause the steam 
to flow through the goods while they are in this 
loosely packed condition so that the steam may 
penetrate to all portions of the goods and vapor 
ize the Solvent therefrom. By suitably agitating 

...the goods as the steam flows therethrough the 
efficiency and economy of the process may be 
Substantially improved. The desired distribution 
of goods during the drying step may be obtained 
by Suitably regulating the speed of rotation of the 
tumbler drum. It has been found that effective 
drying is obtained when the drum is rotated at 
Such Speeds as to maintain the centrifugal force 
at the drum periphery between about 4 and 2.0 
pounds per pound of goods. Particularly effec 
tive drying is obtained when the drum speed is 
So... adjusted that the centrifugal force at the 
periphery is about one pound per pound of goods. 
Another factor that is important in achieving 

-effective operation of the present process in re 
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spect to all three of the principal operations, 
namely, washing, centrifuging and drying is the 
loading of the tumbler drum. It has been found 
that good results may be obtained by using a 
drum load between 2 and 5 pounds per cubic foot 
of drum volume and that optimum results are 
obtained with a load of about 3 pounds per cubic 
foot of drum Volume. 
In order to operate at the low temperatures 

that are desirable in the present process it is 
necessary that the steam pressure be maintained 
well below atmospheric pressure, that is to Say, 
it is necessary that a relatively high vacuum be 
used. The heat required to vaporize the Solvent 
is supplied by the steam which condenses on the 
goods and thereby gives up its latent heat. The 
condensing steam supplies the heat required to 
heat up the goods to the operating temperature 
of the drier and also to vaporize the solvent. The 
heat supplied to the goods by the steam for 
vaporizing the solvent can be transferred to the 
goods at either a high or a low temperature de 
pending upon the steam pressure used. However, 
because of the fixed relationship between the 
temperature and pressure of Saturated steam, the 
low temperatures utilized in the present process 
can be achieved in practice only by maintaining 
the steam pressure at a relatively low value. 

It has been found, in general, that the steam 
pressure should desirably be maintained in the 
neighborhood of 0.5 to 2.0 pounds per square inch 
absolute. Since the System is substantially com 
pletely filled with condensible vapors these low 
pressures may be conveniently attained by pro 
viding a condenser in which the vapors are con 
densed and using a Vacuum pump after the con 
denser to remove from the System any Small 
quantities of noncondensible gas that may be 
present. 
As indicated above, my process is preferably 

carried out with the goods contained in a single 
piece of apparatus and With certain ancillary 
equipment provided to Supply Steam to the goods, 
maintain the desired low pressure in contact with 
the goods, condense the steam-solvent vapor mix 
ture leaving the goods and provide for recovery 
of the condensed Solvent. Apparatus capable of 
carrying out the process of the invention is shown 
in the accompanying drawing. The apparatus 
there shown comprises, in general, a tumbler 
having a rotatable drum into which the goods 
to be cleained may be charged and in which they 
may be agitated by rotation of the drum, means 
for introducing steam and solvent into the drum, 
a condenser for condensing the mixture of steam 

- and solvent vapor, a vacuum pump for removing 
non-condensible gases from the System, and a 

- separator for recovering the condensed Solvent. 
Referring to the drawing, the tumbler, which 

is designated by the numeral fo, may be general 
ly similar to conventional tumblers used in the 
dry cleaning art, but is modified in certain re 
spects described hereafter. It comprises an out 
er stationary casing i 2 and an inner rotatable 
drum 4 within which the goods are placed for 
cleaning. The casing 2 is provided with a door 
f which is adapted to register with a door 8 
of the rotatable drum 4 to permit introduction 
of the goods into the drum. The casing 2 and 
door 6 are made air tight to permit the in 
terior of the casing to be evacuated, and the 
casing 2 is made strong enough to withstand 
external atmospheric pressure when the interior 
of the casing is highly evacuated. 

... The drum 4 comprises a perforated cylindri 
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8 
cal shell 20, the perforated end plates 22 and 23 
and the flared inlet 24 through which steam 
passes to the interior of the drum. The central 
portion of end plate 23 is imperforate, that is to 
say, the perforations of end plate 23 are annular 
ly arranged near the periphery of the plate to 
reduce the possibility of steam passing through 
the drum without coming in contact with the 
goods in the drum. Mounted on the inner Sur 
face of the shell 20 there are spaced longitudi 
nal ribs 25 which extend radially inward toward 
the center of the drum and serve to lift and 
tumble the goods as the drum is rotated. 
To rotate the drum 4 a motor 28 is provided 

which is connected through pulley 30, belt 32 
and pulley 34 with a shaft, 36 by which the 
drum 4 is rotated. The shaft 36 is mounted in 
a suitable bearing 38 and is provided with a 
conventional seal 40 which permits rotation of 
shaft 36 and at the same time prevents any sub 
Stantial amount of leakage of air into the casing 
2 when the casing is evacuated. The other end 

of drum 4 is mounted by means of the narrow 
portion of the flared inlet 24 in the bearings 42 
and a vacuum-tight Seal is provided by housing 
4. 
Steam and solvent may be introduced into the 

Casing 12 and drum í4 through a pipe 46 that 
extends through the housing 44 and the initial 
portion of the flared inlet 24 to substantially the 
point at which the wall of the flared inlet be 
gins to diverge. Solvent is Supplied to pipe 46 
through a branch pipe 48 provided with a valve 
50 and Steam is Supplied to pipe 46 through a 
branch pipe 52 provided with a shut off valve 54 
and steam flow control valve 56. To remove sol 
vent from the apparatus there is connected to 
the bottom of casing 2 a drain pipe 58 provided 
With a shut off valve 60 and pump 62 by means 
of which Solvent may be pumped from the cas 
ing to a solvent storage tank (not shown). 
Steam and Solvent vapor flow out of casing 2 
through a pipe 64 which is preferably connected 
to the casing at several spaced points as indi 
cated in the drawing. The pipe 64 is connected 
to a direct contact condenser 66 at a point near 
the bottom thereof. The condenser 66 is pro 
vided with a number of staggered horizontal 
plates 68. Cooling water is supplied to the top 
of condenser 66 through a pipe 70 provided with 
a control valve 12, the construction being such 
that cooling water may flow down over the plates 
68 and - condense the upwardly flowing vapor 
mixture. 
The resulting mixture of water and liquid sol 

vent is withdrawn at the bottom of the con 
denser through pipe 74 by means of a pump 76 
and flows through pipe 8 to a separator 89, 
Where it separates into a lower water layer and 
an upper solvent layer. The Water layer is con 
tinuously withdrawn through an overflow pipe 
82 and passes to a sewer or other suitable point 
of disposal. At the end of a dry cleaning oper 
ation Solvent may be withdrawn from the separa 
tor. 80 through pipe 84 which is provided with a 
control valve 86. 
In order to evacuate the interior of casing 2 

the top of Spray condenser 66 is connected by a 
pipe 90 to the suction of vacuum pump 88 which 
may be a conventional reciprocating pump or 
Other pump capable of producing a high vacuum 
in the drier System. The pipe 90 is provided 
with a shut off valve 92. The discharge of the 
pump 88 is open to the atmosphere through a 
pipe 94. The system, including the tumbler 0 
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and condenser 66, may be vented through a 
branch pipe 96 which is connected to the pipe 
90 and provided with a shut off valve 98. 
The apparatus just described may be used in 

carrying out the process of the present invention 
in the following manner. Drum f4 is positioned 
So that the door 8 is in registry with the door 
f6 of casing 2. The two doors are opened and 
the drum is charged with the garments or other 
articles that are to be dry cleaned. The drum 
is preferably loaded to the extent of about three 
pounds of goods per cubic foot of drum volume 
to leave ample Space for movement of the goods 
as the drum is rotated. In this way effective 
contact between the goods and solvent during 
the Washing step and effective contact of the 
Steam and goods during the 'drying step may 
beachieved. - 

After the drum has been charged valve 50 is 
opened to cause solvent to flow through pipe 48 
to the casing 2. During the early stages of the 
proceSS, Vacuum. valve 92 is closed and went 
valve 98 open, So that the system operates under 
atmospheric pressure. When a sufficient quan 
tity of Solvent has been admitted to fill the cas 
ing 2 and drum 4 to a level of about one-third 
their diameters, valve 50 is closed and motor 28 
is started to rotate the drum. The motor is 
preferably provided with conventional electrica 
Controls which cause it to rotate the drum 4 for 
Several revolutions in one direction and then re 
Verse the direction of rotation of the drum for 
an equal number of revolutions. As the drum 
4 rotates the ribs 26 operate to carry clothing 
up along the periphery of the drum and drop it 
into the center of the drum. In this manner 
the goods are agitated in the solvent, and dirt, 
grease and the like are removed therefrom. The 
Speed of rotation of the drum 4 is not critical 
but may be of the order of 30 R. P. M. Reversal 
of the direction of rotation of the drum may oc 
Cur every 20 Seconds. 
When the Washing step has been completed 

Valve 60 is opened and pump 62 started to cause 
the solvent to be withdrawn through pipe 58 and 
pumped to a suitable storage receptacle. When 
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the casing f2 has been emptied of solvent the 
Speed of rotation of drum 4 is increased to, for 
example, a Speed of 500 R. P. M. when the drum 
is 30 inches in diameter, at which speed the cen 
trifugal force created is sufficient to remove addi 
tional quantities of solvent from the goods. Dur 
ing centrifugal extraction the drum is rotated 
in One direction only. As previously pointed out, 
the eccentricity of the load in the drum 4 and 
the effect of gravity are such that the drum tends 
to vibrate when rotated at high speed and hence, 

50 

55 low temperature during drying. 

With existing types of horizontal extractors, it . 
has been found that the solvent in the goods can 
be removed only to the point where the remain 
ing solvent constitutes about 20% by weight of 
the goods. While this quantity of residual sol 
vent is somewhat greater than that achieved in 
Some centrifugal extractors presently used in the 
art, i.e., vertical extractors, the lesser degree of 
extraction can be tolerated in the present process 
because of the greatly improved efficiency of the 
"drying' step and the substantially complete re- .. 
covery of the Solvent. 
Upon completion of the extraction step vent 

valve 98 and drain valve 60 are closed, vacuum 
valve 92 is opened and the vacuum pump 88 is. 
started to evacuate the System. At the same time 
valve 2 is opened to admit Water to the con 
denser 66 and transfer pump T6 is started to pump 
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cooling water and condensate through pipes. 
and 8 to the separator 80. The system is initial 
ly evacuated to a pressure of the order of 1' of 
mercury absolute and valves 54 and 58 are then 
opened to admit steam to the interior of casing 
2. The flow of steam is regulated by the valve 
56 and the pressure within casing 2 is main 
tained at about 2' of mercury absolute by regul 
lating the fow of cooling water to condenser 66 
by means of Walve T2. The corresponding tenna 
perature within the casing 2 is about 100 F. 
The order in which the steps just described are 

carried out is a matter of some importance. The 
fiash point of many organic solvents decreases 
With a decrease in pressure. ... Also there is air 
within the drin A at the time evacuation is 
initiated, and hence there is a slight possibility 
of the formation of an explosive mixture within 
the drum during evacuation, notwithstanding the 
fact that the temperature of the drum is below 
the atmospheric pressure flash point of the Sol 
vent. Accordingly, it is desirable that rotation 
of the drum be stopped at the end of the extrac 
tion step and the initial evacuation of the ap 
paratus carried out with the drum Stationary. 
When the pressure has been reduced to the de 
sired poirit, steam is admitted to Sweep out any 
remaining air, and thereafter the drum is rotated 
as described below to secure a desired distribution 
of the goods. 

. The steam enters drum 4 through the flared 
inlet 24 and expands and is distributed thereby 
across the cross-sectional area of the drum. The 
steam then flows through the perforated end 
plate 22, through the goods within the drum, and 
out through the opposite perforated end plate 
23 of drum 4 and also through the cylindrical 
wall of the drum. During the 'drying' step the 
drum is rotated to induce effective contact be 
tween the goods and the steam flowing through 
the drum. The speed of rotation of the drum 
is preferably so adjusted as to produce a centrif 
ugal force at the drum periphery of about One 
pound per pound of goods. In this way the goods 
may be caused to “float” within the drum and 
unusually effective distribution of the goods and 
contact between the steam and goods as well as 
rapid and complete solvent removal may be at 
tained. Furthermore, the steam pressure drop 
through the goods is less where loose packing of 
the goods prevails than it would be if the steam 
were forced through tightly packed goods. This 
is an important factor where, as in the present 
case, it is desirable to keep the steam pressure 
low in order to maintain the goods at a desired 

It has been 
found that in the case of a drum 30 inches in 
diameter this optimum condition wherein the 
goods are substantially uniformly distributed 
throughout the interior of the drum may be ob 
tained by using a speed of the order of 50 R. P.M. 
The heat of the steam vaporizes the solvent 

from the goods and a mixture of Steam and So 
vent vapor flows from casing 2 through pipe 64 
to the condenser 66 wherein it is condensed by 
direct contact with cooling water. The cooling 
water and condensate as previously described are 
transferred to the separator 80 so that the sol 
went can be recovered. 

It is of course to be understood that the fore 
going description is illustrative only. The meth 
od of the invention may be modified in various 
ways and may be carried out in apparatus other 
than that disclosed in the drawing. For example, 
the condensation of the steam-solvent vapor mix 
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in an air-tight chamber, continuously rotating 
said drum during removal of Said Solvent from 
said goods at a speed sufficient to produce a cen 
trifugal force on said goods at the periphery of 
said drum approximately equal to the force of 
gravity to produce an essentially unpacked condi 
tion of said goods within said drum, continuously 
introducing sub-atmospheric pressure live Steam 
into said chamber to vaporize said solvent from 
said goods and continuously removing from Said 
chamber the resulting mixture of steam and 
solvent VapOr. 

5. The method of removing residual flammable 
organic dry cleaning solvent from goods that have 
ben dry cleaned with said solvent which comprises 
confining said goods in a foraminous rotary drum 
in an air-tight chamber, continuously rotating 
said drum during removal of Said solvent from 
said goods at a speed sufficient to produce a cen 
trifugal force on said goods at the periphery of 
said drum between 0.4 and 2.0 pounds per pound 
of goods to produce a desired uniformity of dis 
tribution of said goods Within Said drum, con 
tinuously introducing Sub-atmospheric pressure 
live steam into said chamber Without preheating 
said goods to vaporize said solvent from Said 
goods and to deposit a desired quantity of Water 
in said goods, continuously removing from Said 
chamber the resulting mixture of Steam and Sol 
vent vapor and maintaining the Steam pressure 
within said chamber between 0.5 and 2.0 p.s. i. a. 
to maintain the temperature of Said goods below 
that value at which stains on said goods are set 
and heat sensitive portions of Said gooods are 
damaged. 

6. The method of removing residual flammable 
organic dry cleaning solvent from goods that have 
been dry cleaned with said solvent which com 
prises confining said goods in a foraminous rotary 
drum in an air-tight chamber, continuously ro 
tating said drum during removal of Said Solvent 
from said goods at a speed Sufficient to produce 
a centrifugal force on said goods approximately 
equal to the force of gravity to produce Substan 
tially uniform distribution of Said goods Within 
said drum, continuously introducing Sub-atmos 
pheric pressure live steam into said chamber with 
out preheating said goods to vaporize said solvent 
from said goods and to deposit a desired quantity 
of water in said goods, continuously removing 
from said chamber the resulting mixture of steam 
and solvent vapor and maintaining the steam 
pressure within said chamber between 0.5 and 2.0 
p.s. i. a. to maintain the temperature of Said 
goods below that value at Which stains. On Said 
goods are set and heat Sensitive portions of said 
goods are damaged. 

7. A method of dry cleaning goods in the rotary 
drum of a tumbler which comprises introducing 
into said drum Said goods and a quantity of a 
flammable organic dry cleaning Solvent adapted 
to remove dirt, grease and the like therefrom, 
rotating said drum at a relative low Speed to 
agitate said goods and to cause Said Solvent to 
Wash said goods, then draining from Said drum 
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4. 
such portions of said solvent as can be drained 
therefrom, then centrifuging Said goods by ro 
tating said drum at a Speed Sufficient to reduce 
the solvent content of the goods to about 20% 
by Weight but insufficient to cause undesired 
vibration of said drum, then stopping said drum 
and evacuating air therefrom, then introducing 
into said drum substantially saturated Sub-atmos 
pheric pressure live steam. Without preheating 
said goods and to vaporize the remainder of Said 
Solvent from said goods and to deposit a desired 
quantity of water in said goods, resuming rota 
tion of Said drum after steam has started to enter 
Said drum, maintaining the Speed of rotation of 
said drum at Such a value as to produce a centrif 
ugal force of the periphery of Said drum between 
0.4 and 2.0 lbs. per b. of goods to produce a 
desired uniformity of distribution of Said goods 
Within the interior of the drum, maintaining the 
steam pressure within the drum between 0.5 and 
2.0 p.s. i. a. to maintain the temperature of Said 
goods sufficiently low to prevent setting of stain 
on said goods and damage to any heat sensitive 
portions of Said goods, and renoving a mixture 
of steam and Solvent Vapor from Said drum. 

8. The method of removing residual organic 
Solvent from goods that have been dry cleaned 
with said solvent which comprises confining Said 
goods in a rotary drum in an air-tight chamber, 
rotating said drum at a Speed sufficient to produce 
a centrifugal force on said goods at the periphery 
of said drum between 0.4 and 2.0 lbs. per lb. of 
goods to produce a desired unifornity of distribu 
tion of Said goods within Said drum, continuously 
introducing substantially Saturated Sub-atmos 
pheric pressure live steam into said chamber 
Without preheating said goods to vaporize Said 
Solvent from Said goods and to deposit a desired 
quantity of moisture in Said goods, continuously 
removing from said chamber the resulting mix 
ture of steam and Solvent vapor, and maintaining 
the steam pressure Within said chamber between 
0.5 and 2.0 p.s. i. a. to maintain the temperature 
of Said goods below that value at which stains 
on said goods are set and heat sensitive portions 
of Said goods are damaged. 

HENRY FREDERICK HAMLIN. 
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