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Our invention relates to a method of washing, 
cleaning, scouring, degumming, dyeing, weight 
ing, bleaching or otherwise treating textile ma 
terials and the like, including natural and arti 
?cial silk, wool, cotton, and other ?brous and 
hair-like materials, either singly or in combi 
nation or mixture, either in the raw state or in 
wholly or partially manufactured state, as in 
threads, yarns or skeins, in the form of cloth 

0 or piece goods or articles such as garments 
made therefrom, or in the form of fabrics or arti 
cles woven, knitted or otherwise produced there 
from, including hosiery, and including skins, 
chamois, leather, pelts, furs and the like; and, 

5 in general, our method may be employed for 
treating material, in solid pieces or other form, 
having pores or interstices. 

In accordance with our invention for treat 
ing the material, there is caused to contact 

20 therewith, and preferably to partially or com 
pletely penetrate the same, foam in ?nely di 
vided state comprising bubbles of relatively 
small sizes, ranging in diameter from the order 
of 1/1 inch downwardly to mist-like bubbles in 

5 eluding in some cases substantial or large quan 
tities of mist particles or bubbles of microscopic 
dimensions. Further in accordance with our 
invention, the constituent bubbles and mist 
particles of the foam are preferably substantially 
or roughly uniform as to size, and are herein 
so designated when the greater part or sub 
stantially all of them lie within a range of di 
ameters from V2 inch and preferably less than 
1/4 inch or 1/8 inch down to the smallest afore 

30 

As to one of its aspects, our invention resides 
in a method of forcing'the ?lm material and 
gas of the foam bubbles, whatever their size, 
through the material under treatment, either by 

40 applying the foam under suitably high pressure 
at the region of entrance into the material, or 
by reducing the pressure at, the region of exit, 
or both. 
Furthermore, in accordance with one aspect 

of our invention, the foam bubbles are formed 
out of contact with or at a region remote from 
the liquid pool. 
Further in accordance with our invention the 

bubbles or mist particles are formed of water 
50 or any other suitable liquid containing soap or 

equivalent having bubble-forming character 
istics; and in solution or suspension in the liquid 
may be utilized dye, weight imparting material, 
chemical reagent, or any other agent to be de 

56 posited upon or within the material, or to ef 
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feet suitable treatment thereof without deposit 
-upon or within the same. 

Further in accordance with our invention, the 
gaseous material within the bubbles, whatever 
their size, may be of any suitable character, such an 
as air or other gas, vapors, or a mixture of two 
or more of them; and more particularly, the 
gaseous material within the bubbles may be 
wholly or in part a gas or vapor of a character 
having chemical or other action upon the ma- 0; 
terial treated. For example, the gaseous ma 
terial within the bubbles may be wholly or in 
part hydrogen peroxide, chlorine gas,'or some 
other equivalent gas or vapor, for e?ecting 
bleaching, it being understood, however, that our 70 
invention comprehends any gaseous material 
which may have either chemical, physical, me 
chanical or other effect upon the material 
treated. And in such circumstance, the liquid 
film of the bubbles may contain, in addition to w 
the soap or equivalent bubble-forming material, 
dye, weight imparting‘ material or any other 
suitable or desirable material or reagent. 
In accordance with our invention, each bub 

ble constitutes a vehicle or medium for bring- 39 
ing any suitable substance or substances into 
treating relation with the material, and the 
liquid film of each bubble, or the gaseous content 
of the bubble, or both, may produce a bene?cial 
or desired effect upon the material to be treated. 95 
In accordance with our invention, the foam 

comprising the small bubbles, including mist-like 
particles, may be formed by any suitable meth 
od of agitation, beating, blowing or the like, 
but preferably by delivering liquid, or air or 
other gas, through a nozzle and entraining or 
mixing with the resultant jet the air or other 
gas, or liquid, producing foam of the character 
aforesaid, which is then passed into contact 
with or through the material to be treated while 
either stationary or in motion, the path of the 
foam through the material preferably, though 
not necessarily, increasing in cross sectional 
area. 
Further in accordance with our invention, the 

sizes of the bubbles and mist constituents of the 
foam are readily controlled by suitably control 
ling the pressure of the ?uid delivered through 
the nozzle and by controlling the rate of ?ow 
to the jet of the fluid to be entrained thereby 
or mixed therewith in the formation of the 
foam. 

Further in accordance with our invention, 
foam of the character aforesaid is utilized for 
washing or cleansing fabrics, garments, linen 119 
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2 
and the like in either commercial or domestic 
laundries; or our method and apparatus may be 
employed in commercial and domestic dry clean 
ing by use of gasoline or equivalent. 
In accordance with our invention, the mate 

rial during treatment by the foam is preferably 
entirely out of contact with a body of liquid, 
though from some aspects our invention in 
cludes the case also where either before, during 
or after treatment, the material is to some ex 
tent or for some time directly subjected to a 
mass or pool of liquid. 
By recourse to foam whose constituent bubbles 

and mist particles are of the low order and 
range of diameters aforesaid, the penetration 
into the material to be treated is greatly en 
hanced, yielding greater uniformity of treat 
ment, materially decreasing the time of treat 
ment, and in the case of materials easily chafed 
or otherwise damaged by handling or motion, or 
.deteriorating under prolonged application of 
temperature, as in the case, for example, of 
hosiery piece goods or garments of silk, our 
method of treatment yields a superior product. 

While, as aforesaid, our method is advanta 
geous for treating materials of the general char 
acter described, it is particularly advantageous 
in those cases where the pores of the material 
or the interstices between the threads, yarns or 
the like of manufactured articles as hosiery, 
piece goods, garments or the like, are small or 
?ne, because the bubbles or particles of small 
dimensions themselves more readily penetrate 
or effect greater penetration of the liquid and 

" gas into the pores and interstices, and in burst 
ing, or in bursting reforming and bursting 
again, distribute the liquid and its contents and 
the gaseous content of the bubbles with far 
greater uniformity throughout the mass of ma 
terial than in the case of bubbles of larger sizes, 
and the advantage of the small bubbles or par 
ticles, in accordance with our invention, is prob 
ably due to the fact that, in addition to more 
ready penetration, the ratio of liquid containing 
soap, dye or other treatingmaterial, to the air 
or other gas within the bubbles is of a higher 
order of magnitude. 
Further in accordance with our invention, the 

foam may enter the material to be treated at 
sub-atmospheric, substantially atmospheric or 
superatmospheric pressure, and the pressure, 
where the foam, or liquid of collapsed bubbles, 
emerges from the material, may be atmospheric, 
sub-atmospheric or superatmospheric. 
In accordance with our invention, the solu 

tion of soap or equivalent is converted into bub 
bles which are passed into or through the ma 
terial to be treated, again eventually yielding 
liquid which is preferably returned to the body 
of liquid from which the bubbles are generated. ‘ 
In accordance with one of the aspects of our in 
vention by continuously recycling a ,soap solu 
tion of substantially ?xed quantity the amount 
of solution necessary for treating a given-amount 
of material is minimized, the amount of soap, 
dye or other ingredients, and amount of gas 
within the bubbles, is minimized with a substan 
tially perfect control of the amount of soap, dye 
or other ingredient applied to the material under 
treatment, and particularly in the case of dyeing 
there is effected a control which makes possible 
accurate matching of colors and shades. 
Our invention resides in a method of the 

character hereinafter described and claimed. 
For an understanding of our method, and for 
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an illustration of some of the various forms our 
apparatus may take, reference is to be had to 
the accompanying drawings, in which: 

Fig. 1 is a vertical sectional view, parts 'in 
elevation, of one of the forms our apparatus may 
take, and is illustrative of the practicfl of a 
method in accordance with our invention. 

Fig. 2 is a vertical sectional view, parts in 
elevation, of another form of our apparatus, in 
which the material under treatment is rotated 
or rocked backwardly and forwardly during ap 
plication of foam thereto. 1 

Fig. 3 is an end elevational view, partly in 
vertical section, of apparatus shown in Fig. 2. 

Fig. 4 is a fragmentary vertical section, on 
larger scale, taken on the line 4—4 of Fig. 2. 

Fig. 5 Ba vertical sectional view, partly in 
elevation, of a modi?cation corresponding in 
general to Fig. 2. 

Fig. 6 is a vertical sectional view, parts in ele 
vation, illustrating the treatment of skeins or 
the like. 

Fig. 7 is a vertical sectional view, parts in ele 
vation, illustrating the treatment of piece goods, 
cloth and the like. 

Fig. 8 is a vertical sectional view, parts in ele 
vation, illustrating the treatment of furs, pelts, 
skins, leather and the like. 

Fig. 9 is a cross sectional view, parts in ele 
vation, taken on the line 9—9 of Fig. 8. 
For the production of foam, there is utilized 

with water or other liquid any suitable ma 
terial, herein generically termed “soap”, con 
ducive to the formation of froth or bubbles. 
In addition to soap, there may be used glycerine, 
glue or any other suitable material, which when 
desirable may impart to the ?lm or wall of 
the bubble suitable strength or tenacity. The 
soap used will vary, as now understood in the 
art, with the material to be operated upon. It 
may, for example, be olive oil soap, or a boil 
off oil, such as Turkey red oil, oleic acid, with 
an admixture of sodium silicate, which latter 
is a soap preferred in the treatment of silk 
hosiery; while the former is generally utilized 
for degumming or cleaning silk in skeins or 
in the form of cloth, fabrics and the like. _ 
Whether or not the material is to be washed, 

cleansed or degummed, soap is utilized for pro 
ducing the bubble structure which may then be ‘ 
utilized as a carrier for some other agent or 
material, including dye, to be applied to or to 
affect the material treated. 
While water is generally vused to form the 

bubbles, any other suitable liquid may be em 
ployed, including such as may have a chemical 
or other effect upon the material treated. And 
the gaseous material within the bubbles may be 
in whole or in part of a character to produce 
a chemical or other effect upon the material 
treated. _ 

When the bubble structure is utilized to trans— 
port dye to the material, there may be added 
to the liquid in question, in accordance with old 

_ practice, sodium sulphate or equivalent, particu- g -_ 
larly for dyes of certain characteristics. When 
acid dyes are utilized, ordinary soaps will gen 
erally not be used for bubble formation, but any 
other suitable bubble forming agent which will 
not react with the acid dye may be utilized. 
Referring to Fig. 1, within a housing or casing 

1 of metal or other suitable material, is disposed 
a receptable or basket 2 whose side walls and 
bottom are perforated. Closing the casing 1 
and the chamber 2 is the cover 3 hinged at 4, 
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and held in place by the clamp 5. Communicat 
ing with the interior are‘ the thermometer '1‘, 
pressure gauge G and pressure relief valve R. 
Through the ‘valve-controlled pipe 6 water 

or other liquid is delivered into the bottom 
of the casing 1 unt'l a suitable depth is reached, 
as may be indicated by a gauge glass, not shown. 
Through the funnel 7 is delivered the soap or 
bubble forming material in suitable quantity, 
and in addition, when desired, dye, bleaching 
agent, or any other ingredient to be, applied 

*‘to the material to be treated. The and 
other ingredients are proportioned toithe batch 
of liquid L,‘ contained in the housing 1, suitable 
for the purpose in view. The solution or liquid 
is when desirable heated by suitable means as, 
for example, by steam or any other heating 
medium passed through the valve-controlled 
heating coil 8. 

, A valve-controlled pipe 9 is provided for drain 
ing the casing 1 as and when desired. 
A pipe 10, whose opening is immersed at a 

suitably low level in the liquid pool L, com 
municates with the suction of a pump P, which 
delivers the liquid through the pipe 11, at suit 
able pressure indicated by the gauge G1, to 
the nozzle N of an injector, aspirator or ejector 
with whose chamber S, which may be termed 
forv convenience the suction and/or mixing 
chamber, communicates the pipe 12 provided 
with the two-way valve V through which air is 
drawn either through the port 13 within the 
casing 1, or through the port 14, from the outer 
atmosphere, or through both in any desired 
proportions. The jet of liquid discharged by 
the nozzle N is projected through or beyond 
the chamber S through a mixing chamber, dif 
fuser or nozzle M which may have a bore of 
any suitable type, which, in the example illus— 
trated, is divergent. 

It shall be understood “that our invention is 
not limited to the particular structure of the 
injector or aspirator structure, but that any 
form may be utilized suitable for the purpose 
of p‘i‘oducing the foam of small bubbles and 
particles. 
In"any event, the structure is such that the 

liquid jet draws in through the pipe 12 air 
or,-in fact, any other gas which may be a gas 
or vapor, or a component of a mixture of gases 
or vapors, which may have ‘some useful effect 
upon the material to be treated. 
The effect of the interaction of the jet with 

the gas and/0r vapors delivered through the pipe 
12 is the formation of foam whose constituents 
are very small bubbles and usually with an ad 
mixture of mist particles, which may themselves 
be particles entirely of liquid, or, in fact, ex 
tremely small bubbles. By preference, in ac 
cordance with our invention, as herein described, 
the bubbles are less than 1/2 inch diameter and 
preferably quite small indeed, as from a small 
fraction of an inch downwardly to those which 
are practically mist or microscopic in dimen 
sions. , ‘ 

The bubbles are within a range, preferably 
below 1/2 or 1%; inch diameter, substantially uni 
form in size in the sense that while the bubbles 
may be of various sizes and some of them many 
times the diameter of others, the overall range 
of sizes is relatively small, or, in any event, the 
larger proportion or substantially all the bubbles 
of the foam are within the range of dimensions 
above given. “ 
The size of the bubbles is controllable by 

3 
control of the pressure of the ?uid delivered 
through the pipe 11, and the amount of ?uid 
drawn (in through the pipe 12. The pressure of 
the ?uid delivered through the pipe 11 may be 
controlled by a valve therein, or, as hereinafter 
described, by controlling a bypass from the pipe 
11 back into the mass of liquid L. 
While in this example liquid is delivered 

through the pipe 11 and gas through the pipe 12, 
it will be understood that, as in the case of Fig. 
5, the ?uid delivered under pressure to the nozzle 
N may be gas and/or vapor, and liquid drawn 
in through the pipe 12, which in-that case com 
municates with the pool L1 _ 
In general, the higher the pressure of the ?uid 

delivered to the nozzle, as N, of the foam form 
ing structure, the smaller will be the diameters 
of the resultant bubbles; and, ingeneral, the 
greater the amount of air or gas in proportion 
to the liquid, the larger willbe the bubbles. 
By way of example merely, it may be stated 

that when liquid is delivered to the nozzle N, its 
pressurecmay range from a few pounds per 
square inch gauge to several hundred pounds 
per square inch, though ordinarily a pressure 
of the order of 50 to 100 pounds per square inch 
will su?ice. And when elastic ?uid, as steam, 
air or gas, is delivered to the injector nozzle, 
as N, the pressure there applied may lie within 
a range or have a magnitude similar to that 
aforesaid for liquid. 
Where the motive ?uid is liquid, the nozzle 

passage may be of any suitable type as to varia 
tion of cross section with length. For example, 
the bore of the nozzle passage may be uniform 
or it may converge to the discharge end of the 
nozzle, the latter being preferred, though even a 
somewhat divergent nozzle may be employed. 
When elastic motive fluid is employed, the nozzle 
passage may again be either of uniform bore or 
convergent, though preferably it is divergent or 
convergent-divergent. The suction chamber 
may be of any suitable shape, and the discharge 
tube of the injector or ejector structure may 
have a bore, which is either convergent, uni 
form or divergent, or convergent-divergent. 
Generally, it will be divergent at least at its 
discharge end, though where elastic motive ?uidt 
is delivered to the nozzle as N, it may also be 
convergent-divergent. Where steam is used as 
the motive ?uid, relatively small amounts may 
be utilized, for steam is quite efficient in the 
bubble-forming operation. However, as else 
where stated, the condensation of the steam va 
ries the amount of liquid in the system, and 
this, in some instances, is undesirable. 
While we have shown a single jet-producing 

nozzle, it will be understood a'plurality may be 
used to form a plurality of jets delivered into a 
common foam generator structure, or a plurali 
ty of single nozzle generators may be employed. 
In general, it is sought to keep the ratio of 

liquid to gaseous material, such as air, gas, 
vapors, or a'mixture of them, within limits suit 
able to the production of bubbles of a given 
range of sizes, and to this, end the parts of the 
injector or ejector structure will be suitably pro 
portioned, and these proportions will be differ 
ent where the motive ?uid is liquid from the 
case where it is steam, air, gas or other elastic 
?uid. 
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The foam constituted of ?ne bubbles is deliv- _ 
ered from the injector or aspirator structure 
into the interior of the basket or chamber 2 in 
which the material to be treated is deposited in 150 
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a substantially stationary mass, either in bulk, 
or in a plurality of masses‘ disposed on suitably 
spaced supports or shelves. By preference the 
foam is delivered into the perforated pipe or 
manifold 15 preferably having a perforated end 
closure 16. The pipe 15 extends up well into 
the material which is placed around and above 
it‘ ‘ 

The foam passes out through the perforations 
in the pipe 15 into the material, penetrating 
it partially or completely, ‘and the emerging 
foam, or liquid, passes out through the perfora 
tions in the side walls and bottom of the basket 
2 and drains back into the pool of liquid I4. The 
cross section of _ the path of the foam through 
the material, in the example illustrated, and 
preferably, increases from the pipe 15 outwardly. 
The small bubbles and mist-like particles pene 
trate the material quite thoroughly and uni 
formly, effecting . treatment in an unusually 
short period of time and yielding a highly uni 
form product. . 

The liquid in the casing 1 may, if desirable, 
be raised to a temperature of from about 180 to 
about 205 degrees F for degumming and dyeing, - 
though this temperature may vary according 
to circumstances, and may be either substan 
tially lower or higher than the aforesaid tem 
perature, depending upon circumstances. In any 
event, the temperature of the liquid L may be 
such that the temperature within the basket, as 
indicated by the thermometer T, is that suit 
able or desirable for the particular operation 
involved. 
The pressure within the basket, as indicated 

Y. by the gauge G, may be either sub-atmospheric, 
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substantially atmospheric or superatmospheric, 
and when the pressure is superatmospheric, its 
rise beyond a predetermined limit is prevented 
by the relief valve R which discharges to atmos 
phere. _ 

Other things being the same, the rate ‘of ?ow 
or passage ofv the bubbles through the material 
to be treated depends upon the excess of pres 
sure at the region of entry into the material 
over that at the region of exit, and, without 
auxiliary means, this-pressure difference is pro 
duced by the injector or ejector apparatus de 
scribed. This rate of passage through the mate 
rial may be increased, however, and the injector 
or ejector apparatus assisted, by reducing the 
pressure at the regibn- of exit of the bubbles or 
liquid from the material under treatment, and 
this may be accomplished, for example, by a 
pump P1 which is of any suitable type, such as 
a vacuum pump or ejector, whose suction is 
connected through the pipe p with the interior 
of the casing 1 and which discharges through 
the valve-controlled pipe p1 to any suitable 
destination, as atmosphere, into the suction 
chamber of the injector or ejector apparatus, 
either through a separate connection thereto, 
or, as indicated, by discharging into the pipe 12. 
The auxiliary pump or ejector P1 may cause 
within the chamber 1 a vacuum or sub-atmos 
pheric pressure, if desired. In any event, how 
ever, whatever the pressure maintained within‘ 
the chamber 1, the pump or ejector P1 assists 
the foam producing structure in forcing‘ the 
foam through the material to be treated. 
In addition there may be utilized a further 

pump or ejector, comparable to P1, having its 
suction communicating through a ?exible hose 
and the valve-controlled pipe 0 with the upper 
end of the basket or chamber 2. Or a single 

1,948,568 
pump as P1 may be utilized for both purposes, 
in which case the pipe 0 will connect with the 
suction of pump P1. > - » 

In lieu of air, or in mixture therewith, may be 
utilized a gas within the foam bubbles for 
treating the material, as for bleaching, or any 
other suitable purpose. ‘ For bleaching there may 
be used, for example, chlorine gas, hydrogen 
peroxide“ or equivalent, or suitable mixtures of 
them. The gas may be held, preferably under 
pressure, in any suitable tank or container K, 
from which it may be continuously or intermit 
tently admitted into the system, either directly 
into the casing 1 or, and preferably, into the 
suction chamber of the foam forming injector 
or ejector, either directly, or, as shown, through 
the valve-controlled pipe It delivering into the 
pipe 12. Generally, as in the case of the liquid 
L, a single batch of gas will serve for treatment, 
in which case the system‘ may be ?lled with the 
gas in question and communication with the 
tank K then cut off. , 
Where the gas, for example hydrogen perox 

ide, is in solution, as in water, that solution 
may be introduced into the liquid L from which 
the gas will be liberated by the action of suit 
able material in the liquid; or the gas may be 
liberated from its solution by applying thereto 
suitable material, and the gas, as such, then 
delivered into the system as and where de 
scribed in connection with the gas supply pipe is. 

It shall be understood that in accordance with 
our invention, when applying gas to the mate 
rial to be treated in the form of or by means of 
bubbles for bene?cially affecting that material, 
the size of the bubbles may be anything suitable 
or desirable and much larger than hereinbefore 
described, though generally and preferably the 
smaller range ‘of sizes of bubbles above de 
scribed will be utilized. 
In accordance with this example and those 

hereinafter described, the material under treat 
ment is out of contact with the liquid pool as 
such, and only the foam, or the liquid resulting 
from the breaking of the bubbles, comes into 
contact therewith. 
The period of treatment is materially short-. 

ened; the amount of liquid, soap and other in 
gredients, and gas and/or vapor utilized is a. 
minimum; and the liquid with its contents is 
continuously recycled, the total amount of 
liquid remaining constant. The amount of mo 
tion and handling of the material is a mini 
mum, whereby the handling of delicate materials 
damaged by cha?ng, etc., is materially reduced, 
yielding a superior product both from the as 
pects of strength and appearance. The treat 
ment, furthermore, is substantially uniform 
throughout the mass of material, yielding a 
product which is nicely and accurately deter 
minable as to its characteristics, particularly in 
the case of coloring or dyeing. Because of the 
short period of treatment the effect of tempera 
ture upon the material, where that is a consid 
eration, is reduced. 
Referring to Figs. 2, 3 and 4, there is illus 

trated an apparatus of the same general charac 
ter in which, however, the material during treat 
ment is disposed in a rotor or basket or cham 

. ber, rotating continuously in one direction or 
periodically in opposite directions for either a 
part or whole revolution or for several revolu 
tions. . . 

In this structure the liquid, or the liquid solu 
tion previously prepared, is introduced into the 
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casing or housing 1 through any suitable inlet 
structure, which, for example, has a valve-con 
trolled pipe such as 6 shown in Fig. 1. Heat 
is again provided by any suitable means as by 
steam or equivalent, delivered through the heat 
ing coil 8 under the control of a valve such as 
8a. 
Within the housing or casing 1 is the cylin 

drical rotor or basket B, comprising the metal 
sliding wall elements 17, overlapping at their 
adjacent edges, and where they overlap are 
spaced from each other to allow egress of the 
liquid or foam after it has traversed the ma 
terial held within the basket between the longi 
tudinally extending ba?les or vanes 18 secured 
to and projecting radially from the core mem 
ber .01‘ shaft 19. the ends of the rotor B 
the wall elements 17 join the end walls 20 and 
21. The end wall 20 is centered and secured 
.upon the shaft 22 extending to the exterior of 
the housing 1 and driven by any suitable means, 
which in the example illustrated is the worm 
gear 23 driven by the worm 24, secured upon the 
shaft of the pulley 25 driven by the belt 26. The 
basket or rotor 12 is rotated continuously as 
aforesaid, or backwardly and forwardly to im 
part to the basket alternate substantially full 
revolutions in opposite directions. The mech 
anism for procuring this rocking movement is 
well understood in the art, and comprises any 
means for driving the shaft 22 in either direc 
tion through any extent of movement. The 
core or shaft member 19 extends from the shaft 
22 and terminates in the member 27 forming 
a part of the end wall structure 21 having 
centrally the enlargement 28 terminating in the 
hollow shaft 29 having a bearing at 30 on the 
housing 1. Within the structure 28 are four 
passages 31, each controlled by a foam dis 
tributing valve 32, and each communicating with 
the longitudinally extending foam tube or mani 
fold 33. These manifolds 33 are disposed cen 
trally of t the four chambers formed within the 
rotor B, and each is provided with slot-like 
ports or openings 33a communicating with the 
several basket chambers or compartments. 
Through the pipe 10 the pump P draws liquid, 

whose temperature is indicated by the ther 
mometer T, and discharges it into the pipe 11, 
at a pressure indicated by the pressure gauge 
G1. The pipe 11 communicates with the in 
jector or ejector nozzle N,~ which delivers a 
liquid jet which entrains or with which be 
comes mixed air, gas or vapor, or a mixture 
of them, delivered through the pipe 12 from 
the interior of the housing 1, the relief valve 
R being provided to discharge to the outer at 
mosphere in the event the pressure within the 
casing 1 exceeds a predetermined limit. In the 
stationary structure M, and/or beyond it, the 
foam of fine bubbles and mist is formed and 
discharges into the hollow rotating shaft 29, 
thence through the valves 32 into the manifolds 
33 and thence through their .ports 33a into the 
material within the basket B. Here again the 
cross section of the path of the foam through 
the material increases in the direction of flow 
of the foam. The pump P may be driven at a 
substantially constant speed to produce a pres-' 
sure in excess of that required at the nozzle 
N, and pressure may be reduced or controlled 
by bypassing a portion of the liquid back into 
the casing 1 through the pipe 11a having the 
valve 11b. suitable setting of which controls 

5 
within desired limits the amount of foam pro 
duced and the size of the bubbles or mist par 
ticles thereof. 

Access to the several compartments of the 
rotor or basket B is effected by raising the cover 
1a hinged to the casing 1 at 1b. With the cover 
open, the wall member 1'7 may be slid back by 
grasping the handles 17a to open position, and 
the material loaded into the several compart 
ments in succession. The foam produced is de 
livered or forced through ports 33a, and then 
penetrates into or through the material in the 
basket and emerges as foam or liquid at the 
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~outer boundaries of the material, the liquid 
draining off through the openings or spaces be 
tween the wall members 1'? back into the batch 
of liquid L. 

‘ By rocking or rotating the material in and by 
the basket B, the treatment of the material is 
in some cases more complete or uniform than 
in the case where it lies stationary as in the 
case of Fig. 1. The soap or bubble forming ma 
terial is introduced into the funnel 7, Fig. 3, 
when the solution is not ?rst prepared exteriorly 
of the housing 1. Through the'same funnel may 
be introduced dye and/or other materials to be 
delivered to and into and throughout the ma 
terial within the basket. ’ 
For reducing the pressure within the casing 

1, and, in general, for increasing the rate of 
passage of the foam bubbles through the ma 
terial to be treated, there may be utilized again 
a pump P1 of any suitable type as previously 
described, whose suction is connected with the 
interior of the casing 1 through pipe 10, and 
whose discharge connects through valve-con 
trolled pipe pl either directly with the chamber 
M with the pipe 12, and in the latter case a 
valve 12a will be provided in the pipe 12, above 
the connection thereto of the pipe 101, to close off 
communication with the interior of the eas 
ing 1. 

It shall be understood also that in arrange 
ments of the character of Fig. 2, gas, other than 
air, or in mixture with air, may be delivered into 
the system, as described in connection with Fig. 
1, for producing any desirable or useful effect 
upon the material under treatment. For this 
purpose the container or tank K has the valve 
controlled pipe k connecting with the pipe 12. 
While in Fig. 2 liquid, inelastic ?uid, is deliv 

ered to the nozzle N, and elastic ?uid, air, vapors 
or any suitable gas, as described in connection 
with Fig. 1, is delivered through the pipe 12, it . 
will be understood that as shown inFig. 5 liquid 130 
from the pool L may be delivered to the injector 
or ejector apparatus through the valve-con 
trolled pipe 11, and elastic motive fluid, as steam, 
compressed air, gas, or vapor or the like, may 
be delivered through the pipe 34, controlled by 
valve 34a, the steam, air or gas jet entraining 
or becoming mixed with the liquid drawn 
through the pipe 11 to form foam as aforesaid 
delivered to the material within the basket B. 
When steam is utilized as the motive fluid, it 140 
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.eventually condenses into water which ?nds its 
way into the liquid pool L. Under some circum 
stances this is not desirable, particularly where 
the amount of liquid recycled should be kept 
constant. When air, or other gas which may be 145 
of a nature to affect the material in the basket 
B, is utilized as the motive ?uid, the amount 
of liquid in the system remains constant, as in 
the cases of Figs. 1 and 2. Air, vapors or gas 
from the casing 1 may be delivered through the‘ 1501 
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6 
valve 35 and pipe 36 to the injector or aspirator 
structure and so recycled, as in the case of Figs. 
1 and 2. >Where the motive ?uid is air or gas, 
however, delivered through the pipe 34, there 
will be an accumulation of air or gas within the 
casing 1, and this may be relieved to atmosphere 
through the valve 37, which may be a hand-con 
trolled valve or an automatic relief valve. Or 
the valve 37 may admit air from the atmosphere 
to the injector structure. It will be understood, 
however, that the valves 34a, 35 and 37 may be 
set for any desired arrangement or circum 
stances. The valves 35 and37 may be simulta 
neously opened, or either or both closed, as cir 
cumstances may require. 7 

In these arrangements, Figs. 2 and 5, any ma 
terial may be treated. For example, hosiery of 
silk, cotton or rayon, arti?cial silk, or any combi 
nation of them, may be washed, scoured, dyed or 
otherwise treated. Or raw cotton or wool may 
be charged into the basket B and secured, dyed 
or otherwise treated. Similarly, furs may be 
treated in preparation for dyeing by charring 
into the basket 3 where grease and other matter 
is removed, or furs and like articles may be 
cleaned and dyed in the basket B, or may be 
otherwise suitably treated therein, as after dye 
ing. 
Furthermore, apparatus, in accordance with 

Figs. 1, 2 and 5, may be used in commercial laun 
dries for washing and cleansing fabrics, gar 
ments, clothes, linen, etc. An apparatus of this 
character may also be utilized as domestic wash 
ing and cleaning machines. 
In addition, in the basket B, silk in skeins may 

be degummed and/or dyed. Arti?cial silk or 
rayon materials may be cleansed and/or dyed, 
and cotton and wool yarn may be secured and/or 
dyed. - 

In accordance with our method and struc 
ture, the time of treatment is short, and may 
be, for example, in’ the case of degumming of 
hosiery, fabrics, etc., of silk, as low as about ten 
to about thirty minutes, and in the case of de 
gumming silk in skeins the time required will 
be of the order of ten minutes, or less. 
Referring to Fig. 6, there is disclosed an ap 

paratus for practicing our method in the treat 
ment particularly of skeins or the like of silk 
or other material.‘ Within the cylindrical cham 
ber, formed in part by the hinged cover 1a and 
in part by the wall 1c, and'the downwardly and 
inwardly extend'mg wall portions id, is a struc 
ture rotated preferablyalways in one direction 
by the shaft 38, surrounded by the hollow mix 
ing or foam conveying cylinder 39 in which the 
foam is formed by injector or ejector structure of 
the character described, or having been formed by 
the injector or aspirator structure, is passed 
through the chamber 39 and then outwardly 
through ports therein into the cylindrical cham 
ber where the foam contacts with and penetrates 
the skeins which are disposed at one end upon 
idler rollers 40 and at their opposite ends upon 
rollers 41 provided with spurs or lugs 42, which in 
coming into engagement with the screw stud 43, 
adjustable by the handle 44, causes a step of ro 
tation of roller 41 for one complete rotation of 
the shaft 38.. The revolution of the rollers 41 
moves the skeins or the like upon the rollers step 
by step as the shaft 38 continues in motion. This 
step-by-step movement of the skeins is condu 
cive to thorough application of the foam con 
taining soap, dye or any other ingredients, serv 
ing to shorten the time of treatment, and also 
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to procure a high degree of uniformity of treat 
ment. The spent foam or liquid returns‘ by 
gravity through the open bottom of the cylin 
drical chamber into the pool of liquid L. 
Referring to Fig. 7,‘ there is disclosed a gen 

erally similar arrangement of casing Pand cylin 
drical chamber, shaft 38, and hollow shaft or 
mixing chamber 39 with which rotate the pegs 
45 upon which may be disposed cloth or piece 
goods, ribbons, garments and the like, of silk, 
wool, cotton or any mixture of them, or of any 
other materials. or furs, skins, etc., may be dis 
posed upon the pegs. -The foam, delivered 
through the ports of the chamber 39, comes into 
contact with and penetrates the material, and 
the spent foam or liquid returns to the liquid 
pool L. ~ 

In both Figs. 6 and '7, it will be understood 
that the ejector system of Figs. 1, 2 or 5 may be 
utilized and similarly related as between the 
pool L and the chamber 39, as described in con— 
nection with said prior ?gures. It shall be fur 
ther understood that in arrangements, such as 
represented by Figs. 6 and '7, and also by Fig. '8, 
an auxiliary pump or ejector, as P1, of Figs. 1 
and 2, may be utilized for producing the suitable 
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pressure within the chamber 1, and, in general,‘ 
for assisting the foam forming ejector or in- ' 
jector. And similarly, in Figs; 6, 7 and 8, there 
may be applied a gas other than air, or in mix 
ture with air, as by providing the tank K with a 
connection is, as in Figs. 1 and 2, where the gas 
is to have an effect upon the material under 
treatment. 
Referring to Figs. 8 and 9, there is shown 

apparatus suitable for the treatment in accord 
ance with our invention, for general purposes, 
of leather, skins, chamois, pelts, furs, etc. With 
in the casing or housing 1, which may be equip 
ped with relief valve and other devices as de 
scribed in connection with other forms of our 
invention, above the liquid pool L, there is 
mounted upon the shaft 22, driven, continuously 
in one direction or backwardly and forwardly, 
by belt, 26 through pulley 25, worm 24 and gear 
23, or by any equivalent means, the rotor or 
basket B1, axially of which is disposed the hol 
low shaft or chamber 46 having the ports 47 
through which the foam is delivered outwardly. 
The injector or aspirator arrangement may be 
of any of the types hereinbefore described. In 
the example illustrated, the liquid L, containing 
soap, dye or other ingredients, is withdrawn 
from the pool L through pipe 10 and forced 
through pipe 11 to the nozzle N, disposed in the 
chamber M, with which communicates the pipe 
12 communicating with the interior of the cas 
ing 1, or admitting atmospheric air or other gas, 
including treating gas, in- any of the modes and 
arrangements herein described, or their equiv 
alents. As before, ‘the liquid in the pool L is 
rapidly circulated through pipes 10 and lie, the 
latter controlled by valve 11b, and upon the 
setting of the valve 11b will depend the pressure 
of the liquid delivered to the nozzle N, thereby 
controlling the amount of and the degree of sub 
division of the foam, as in the other cases herein 
described. I ' 

The furs, skins, pelts, leather or other material 
to be treated, are placed in the rotor B1, by 
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opening its hinged section 48, and deposited in ‘ 
a suitably large mass in the bottom of the rotor. 
During rotation of the basket B1 the material 
is rolled or shifted about, permitting free access 
of the foam to all parts thereof, and to effect 1st 
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impact treatment. The spent foam or liquid 
passes outwardly through the slots 49 between 
the slats 50 forming the cylindrical wall of the 
rotor B1, returning to the pool L from which it 
is further recycled. 
Furthermore, in this case, and in those here 

inbefore described, the pressure within the cas 
ing 1 may be below, at or above atmospheric, 
and in all cases, generally, the pressure exerted 
on the foam, as it enters the material or its 
container, is suitably above the pressure within 
the casing 1. 
Where gasoline, naphtha or equivalent is to be 

applied to the material under treatment, for 
example in the cleaning of garments, fabrics, 
etc., it may be in the form of vapor constituting 
in whole or in part the gaseous content of the 
bubbles, or with suitable soap or equivalent may 
be in liquid form in the bubble ?lms. 
While bleaching gas has hereinbefore been 

referred to as const'tuting in whole or in part 
the gaseous content of the bubbles, it will be 
understood that bleaching material may be car 
ried in the bubble ?lms, as in the case where 
chlorine, hydrogen peroxide or the like is in 
effect in solution in the liquid L utilized for foam 
generation. 
While the liquid pool L has been shown as 

disposed within the housing or casing in which 
is disposed the container for the material under 
treatment, it will be understood that the pool L 
may be external to the housing, with a connec 
tion from the housing to the pool for returning 
thereto the liquid which drains to the bottom 
of the housing after emerging from the mate 
rial under treatment. 

It is our preference, as illustrated by the appa 
ratus described, that the foam shall be generated 
at a point remote from or out of contact with the 
liquid utilized in the generation of the foam; 
speci?cally, out of contact with or remote from 
the liquid pool. 
For brevity in the appended claims, the term 

“injector” is used in the generic sense to include 
injectors, ejectors, aspirators or the like, having 
generally the purpose and function hereinbefore 
described for generation of foam. Also, the term 
“treating” is employed in a generic sense as 
descriptive of any agent or material, or com 
bination of agents or materials, carried by or 
forming the foam, bubbles, or mist particles, 
and which cleans, treats, operates upon, reacts 
with, or affects the material treated. 
What we claim is: , 
1. A method of treating porous material, which 

comprises generating foam whose bubbles carry 
treating material, and passing the foam con 
stituents through said material in a path pro 
gressively increasing in cross section in the di 
rection of travel of the foam. 

2. A method of treating material which com 
prises generating foam whose bubbles carry 
treating material, applying the foam to the ma 
terial to be treated to effect passage of the foam 
constituents through said material, and reducing 
the pressure at a region distant from the region 
of application of said foam to said material to 
create a difference in pressure at opposite sides 
of the material to in?uence the rate of passage 
of the foam constituents therethrough. 

3. A method of treating material, which com 
prises generating foam a constituent of whose 
bubbles is a treating material, applying the foam 
to the material to be treated and forcing the 
constituents of the foam therethrough, and re 
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generating foam for further application to the 
material to be treated by the gaseous constitu 
ent of the foam emerging from said material. 

4. A method of treating material, which com 
prises generating foam a constituent of whose 
bubbles is a treating material, applying the foam 
to the material to be treated and‘forcing the 
constituents of the foam therethrough, and re 
generating foam for further application to the 
material to be treated by the liquid and gaseous 
constituents of the foam emerging from said 
material. - 

5. A method of treating material, which com 
prises generating foam by the action of a jet 
of ?uid upon another ?uid, one of said ?uids com 
prising a gas, the foam bubbles carrying a treat 
ing agent, applying the foam to the material to 
be treated and causing the bubble constituents to 
pass therethrough, and regenerating foam by the 
interaction between a jet of ?uid and the gaseous 
?uid emerging from said material. 

6. A method of treating material, which com 
prises generating foam by the action of a jet of 
?uid upon another ?uid, said ?uids respectively 
comprising a liquid and a gas, the foam bubbles 
carrying a treating agent, applying the foam to 
the material to be treated and causing the 
bubble constituents to penetrate said material, 
and regenerating foam by interaction between 
jets of the gaseous ?uid and liquid emerging 
from said material. I 

7. A method of dyeing textile material, which 
comprises generating foam whose bubbles carry 
dye, and applying the bubbles to the material to 
be dyed and applying pressure to said bubbles 
in a direction to cause permeation of said ma 
terial by the bubble constituents. 

8. A method of simultaneously degumming 
and dyeing silk, which comprises generating 
foam whose bubbles carry degumming and dye 
ing agents, and applying the bubbles to the silk 
and causing passage of their constituents there 
through by creating a difference in pressure at 
opposite sides of the silk. 

9. A method of simultaneously degumming 
and dyeing a manufactured article of silk, which 
comprises generating foam whose bubbles carry 
degumming and dyeing agents, and applying the 
bubbles to the article and causing passage there 
through of the bubble constituents by creating 
a. 1ltlifference in pressure at opposite sides of the 
$1 . 

10. A method of simultaneously degumming 
and dyeing silk hosiery, which comprises gen 
erating foam whose bubbles carry degumming 
and dyeing agents, and applying the bubbles to 
the hosiery and causing passage therethrough 
of the bubble constituents by creating a differ 
ence in pressure at opposite sides of the silk. 

11. A method of treating material, which com 
prises converting a treating agent into small 
bubbles, maintaining a difference in pressure on 
opposite sides of said material, and applying the 
bubbles to the material on the higher pressure 
side thereof to force the constituents of the 
bubbles therethrough. 

12. A method of treating material, which com 
prises converting a treating agent into small 
bubbles by the action of a jet of ?uid which 
entrains and becomes mixed with another ?uid, 
maintaining a difference in pressure on opposite 
sides of said material, and applying the bubbles 
to the material on the higher pressure side 
thereof to force the constituents of the bubbles 
therethrough. 
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13. A method of treating textile material, 

which comprises generating small bubbles by the 
action of a jet of ?uid which entrains and be-v 
comes mixed with another ?uid, one of said 
?uids being gaseous and the other a liquid con 
taining soap, maintaining a difference in'pres- ' 
sure on opposite sides of said material, and ap 
plying the bubbles to the material on the higher 
pressure side thereof to force the constituents of 
the bubbles therethrough. 

14. A method of dyeing textile material, which 
comprisesconverting a solution containing dye 
into small bubbles by the action of a jet of ?uid ' 
which entrains and becomes mixed with another 
?uid, maintaining a difference in pressure on 
opposite sides of said material, and applying said 
dye carrying bubbles to the material on the 
higher pressure side thereof to force the con 
stituents of the bubbles therethrough. ' 
.15. A method of simultaneously degumming 

and dyeing silk, which comprises generating 
foam whose bubbles carry degumming and dye 
ing agents, maintaining a di?erence in pressure 
on opposite sides of the silk, and applying the 
bubbles to the silk on the higher pressure side 
thereof to force the constituents of the bubbles 
therethrough. 

' 16. A method of treating material which com 
prises generating foam whose bubbles comprise 
a treating agent, applying the foam to the ma 
terial to be treated, and maintaining in a region 
adjacent the region of application of said foam 
to said material a pressure lower than that in 
the said region of application of said foam to 
create a difference in pressure at opposite sides 
of the material to effect passage of the foam 
constituents therethrough. 

17. The method of treating material which 
comprises repeatedly circulating liquid in a 
closed path from'a pool to a treating zone re 
moved from the pool in which said material is 
disposed and from said zone back to said pool, 
and in a region in said path removed from said 
pool, mixing a ?uid with said liquid to generate 
foam for application to said material for treat 
ment thereof. ‘ . 

18. The method of treating. material which 
comprises circulating liquid in a closed path in 
cluding a pool and a treating zone removed 
therefrom; in a region in said path removed 
from said pool, mixing a ?uid with said liquid 
to generate foam for application to said mate 
rial in said zone, and agitating said material 
in'said zone and during application of the foam 
thereto. . 

19. The method of treating material which 
comprises circulating liquid in a closed path 
including a pool and a treating zone removed 
therefrom; in a region in said path removed 
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from said pool, mixing a ?uid with said liquid 
to generate foam for application to said material 
in said zone, and maintaining a difference in 
pressure across said material to effect forcible 
penetration thereof by the foam. 

20. The method of treating material which 
comprises circulating liquid in a closed path in 
cluding a pool and a treating zone removed 
therefrom; in a region in said path removed 
from the pool, mixing a ?uid with said liquid 
to generate foam for application to said mate 
rial in said zone, and transferring heat to said 
liquid in a region in said path removed from 
said treating zone. 

21. The method of treating material which 
_ comprises circulating liquid in a closed path in 
cluding a pool and a treating zone removed 
therefrom; in a region in said path removed 
from the pool, mixing a ?uid with said liquid 
to generate foam for application to said mate 
rial in said zone, and transferring heat to said 
liquid subsequent to its passage from the treat 
ing zone and prior to generation of foam there 
from for application to said material. 

22. The method of treating material which 
comprises circulating liquid in a closed path in 
cluding a pool and a treating zone removed 
therefrom; in a region in said path removed 
from said pool, mixing a ?uid with said liquid 
to generate foam for application to said mate 
rial in said zone, and producing suction at the 
outlet of said zone to draw the foam through 
said material. 

23. The method of treating material, which 
comprises continuously circulating liquid and 
aerating it to- produce foam, applying the aerated 
liquid to said material and applying heat to said 
liquid during circulation. Y 

24. The method of treating textile material 
and the like, which comprises continuously cir 
culating liquid from and back to a pool thereof, 
during its passage aerating the liquid to produce 
foam and causing the aerated liquid to pene 
trate said, material, and during circulation of 
said liquid applying heat thereto. 

25. A method of degumming silk which com 
prises generating foam whose bubbles carry a 
degumming agent, applying the bubbles to the 
silk, and utilizing a difference in pressure on 
opposite sides of the silk to e?ect permeation 
thereof by the bubble. constituents. 

26. A method of treating material, which com 
prises generating foam whose bubbles carry a 
treating agent, applying the bubbles to the ma 
terial, and utilizing a difference in pressure on 
opposite sides of the material to force the con 
stituents ‘of the bubbles therethrough. 
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