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COATING APPARATUS 
This application is a division of application Ser. No. 

505,520, filed Oct.'28, 1965 and now abandoned. The present 
invention relates to a new and useful apparatus for treating a 
fabric, sheet, web or ?lm of natural or synthetic material with 
a ?nishing agent or an impregnating agent. 
The ?nishing and impregnation‘ of fabrics, paper and the 

like to impart a property such as water repellancy, wet 
strength, stain repellancy, smooth surface, crease resistance 
and the like is a very old art. As the demand for treating such 
materials increases, the industry seeks an improved technique 
to apply the chemicals which impart these properties. Older 
techniques require the use of flammable solvents, long drying 
and curing periods dictated by the inability to remove the sol 
vents from the‘ base materials many of which are heat sensi 
tive. These prior art techniques are costly because of the large 
solvent losses, the great quantity of air which must be cleaned 
of the solvent vapors before being released to the atmosphere 
or reused. 

It is therefore a purpose of the present invention to provide 
a apparatus for the rapid and e?icient application of treating 
agents such as ?nishing and impregnating agents onto and into 
fabrics, sheets, webs and ?lm. 

It is another object of the present invention to provide a ap 
paratus for the rapid drying of fabrics, sheets, ?lms or webs so 
treated. 
Another object of the present invention is to provide a ap 

paratus in which the solvent losses of solvents for the ?nishing 
and/or impregnating agents are minimized. 
A still further object of the present invention is to provide a 

apparatus which is capable of accomplishing the aforesaid ob 
jects as well as curing, setting, flowing or otherwise ?xing the 
?nishing and/or impregnating agents onto and into said 
fabrics, sheets, webs or ?lms. 
These and other objects will become apparent from the fol 

lowing description with particular. reference to the drawings 
and appended claims. In the drawings: 

FIG. 1 represents a vertical diagrammatic section through 
one form of apparatus which may be used to carry out the 
process of the present invention; and 

FIG. 2 is a diagrammatic vertical section of a modi?ed form 
of apparatus which may be used to carry out the process of the 
present invention; and 

FIG. 3 is a vertical diagrammatic section of still another 
modi?cation which may be used to carry out the process of 
the present invention in which the web of set material isdried 
with the idea of infrared heat. 

In accordance with the present invention a web, sheet, ?lm 
or fabric, such as one prepared by weaving, casting, screening 
or the like natural or synthetic ?bers, threads or yarns, is in 
troduced into a zone wherein a treating agent as for example a 
?nishing or impregnating agent, dissolved or suspended in a 
volatile organic solvent is sprayed, doctored, ?ooded or other 
wise applied to one or both sides of the material to be treated. 
The so treated material is then introduced into a zone of 
vapors of the volatile organic solvent and passed over heat sur 
faces or underneath infrared heat sources. After being sub 
jected to both heat and the vapors of the solvent the material 
passes into a zone of substantially solvent free air wherein ad 
ditional heating of the material can be carried out. The materi 
al upon being removed from the latter zone is substantially 
free of solvent and retains the treating agent or ?nishing or im 
pregnating agent evenly distributed on or through the materi 
a]. - 

The volatile organic solvent which can be employed to dis 
solve or suspend the treating, ?nishing or impregnating agent 
is one which has a molecular weight of at least twice the 
molecular weight of air. Solvents which thus can be employed 
are the chlorinated hydrocarbon solvent, the fluorinatcd 
hydrocarbon solvents, the aliphatic and aromatic solvents, 
petroleum solvents and the like. Particularly useful and 
preferred are the chlorinated hydrocarbon solvents, 
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2 
methylene chloride, trichloroethylene, perchloroethylene and 
methylchloroform. Similarly, the preferred and particularly 
useful ?uorinated hydrocarbons are the poly?uoro; mixed 
poly?uoro bromo; mixed poly?uorochloro methanes and 
ethanes, commonly referred to by the codes F11, F112, 
F114B2, etc. The more desirable hydrocarbon solvents are 
benzene, toluene and hexane. Although many other solvents 
fall within the de?nition set forth they are not known to have 
as general a utility and low cost of those speci?cally set forth. 
However, in certain applications of the present process to spe 
cial fabrics, or plastic materials other solvents may be used to 
avoid damage to the base material being treated. 
The scope of the treating agents, ?nishing agents and/or im 

pregnating agents is very broad. For example, ?uorine or sil 
icone containing moisture and stain repellants can be applied 
by using the techniques of the present invention. Likewise, 
paper ?nishes, crease resistant agents, for both fabric and 
paper, wet strength agents, surface filler, surface coatings and 
the like. In so far as is presently known the only criterion of 
the agent is that it be one which can be dissolved or suspended 
in volatile organic solvent of the class aforementioned. Thus, 
one can, according to the present invention, even apply an 
agent which will undergo a chemical change upon heating. 
Apparatus which can be employed in carrying out the 

present invention are shown in diagrammatic cross section in 
the drawing. The following description of the apparatus has 
particular reference to the apparatus shown in FIG. 1. The ap 
paratus consists of a housing 10 having an inlet 11 and an out 
let 12. Integral with the housing walls extending around the 
entire periphery below the inlet 11 and outlet 12 is a cooling 
means or cold wall 13. This cooling means prevents the hous 
ing walls above it from heating up. Inside the housing 10 in 
juxtaposition to the'cooling means 13 are several cooling coils 
14 through which a cooling medium, such as cold water, can 
be passed. Directly beneath the cooling coils 14 is positioned a 
trough 15 into which solvent which condenses on the cooling 
coils M can be collected. A heating coil 16 in this embodi 
ment shown as a steam heater, is positioned to provide when 
covered the solvent a boiling sump 17. A number of guide rolls 
l8, 19, 20, 21, 22, 23, 24, and 25 are situated throughout the 
interior of the housing 10 above the boiling sump l7, and 
below the cooling soils 14. One or more of these rolls may be 
heated by steam, electric heaters or direct ?red heaters. In the 
present embodiment the large guide rolls 19, 21, 22, 24, and 
25 are illustrated as steam heated rolls. A second set of guide 
rolls 26 and 27 are positioned in the zone above the cooling 
coils 14. These rolls 26 and 27 are illustrated as merely guide 
rolls, however, either or both may be heated in the same 
manner as described for the rolls in the lower section of the 
housing. 

It is to be understood that the embodiment of apparatus 
shown in FIG. 1 does not include the chamber or zone for ap 
plying the treating agent. In this particular embodiment of ap 
paratus the treating agent dissolved or suspended in the sol 
vent is applied by a doctoring, spraying or flooding technique 
known and used in the industry. The application is to be con 
ducted immediately prior to introduction of the base material 
into the apparatus illustrated in FIG. 1. 
The apparatus illustrated in FIG. 2 of the drawings is a 

modi?ed version of apparatus shown in FIG. 1 which modi? 
cations include a sump for holding the treating agent when dis~ 
solved in the volatile organic solvent thus permitting applica 
tion of agent and drying within a single housing. The following 
description of the apparatus has particular reference to FIG. 
2. A housing 30 is provided with an inlet 31 and an outlet 32. 
The housing 30 has an offset 33 at one side being offset below 
the inlet 31 and the outlet 32. The offset 33 contains a cooling 
coil 34 and a boiling sump 35. The boiling sump 35 is provided 
with heating coils 36 which are illustrated as steam rolls. 
Guide rolls 37, 38 and 39 are provided at the inlet 31 and near 
the bottom of the housing 10 the latter two rolls 38 and 39 
being below the sump 35 wall 35a and positioned to immerse a 
material passing around them beneath a solution or suspen 
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sion of treating agent and solvent. Above these guide rolls 38 
and 39 and below the horizontal plane passing through the 
cooling coil 34 are a series of guide rolls 40, 41, 42, 43, 44 and 
45 which are shown to be steam heated, although other 
sources of heat energy may be employed to heat these rolls. 
Above the latter series of rolls are two rolls 46 and 47 which 
are also illustrated as steam heated in this embodiment of ap 
paratus. These rolls perform ?nal drying or curing or heat 
?owing if necessary. 

It is to be understood that the two apparatus illustrated in 
FIGS. 1 and 2 and described above as well as the modi?cation 
shown in FIG. 3 and described hereinafter each have as 
sociated with the guide rolls, both heated and unheated, a 
source of motive power, not shown, capable of turning or 
rotating these guide rolls to facilitate the passage of the base 
material being treated through the various sections of the par 
ticular apparatus. 
The apparatus shown in FIG. 3 comprises a housing 50 hav 

ing an inlet 51 and an outlet 52. The housing 50 is provided 
with a cold wall 53 integral with the side walls at housing 50. 
The housing is also provided with cooling coils 54 extending 
about the inner periphery juxtapositioned with respect to the 
cold wall 53 and a collecting trough 55 beneath the cooling 
coils. A sump 50 a is provided in the bottom portion of the 
housing 50. The sump has a pair of heating coils 50b for 
providing heat to boil the solvent in sump 50a. A series of 
guide rolls 56, 57 and 58 is positioned within the interior to 
guide a web or sheet from the inlet 51 downwardly into the 
lower portion of the housing 50 and upwardly to a second set 
of guide rolls 59 and 60 located in the upper portion at the 
housing 50. Positioned in the upper portion at the housing 50 
so as to direct their heat onto a web passing through the lower 
portion of the housing 50 and around rolls 57 and 58 are a se 
ries of infrared heat sources, illustrated as infrared heat lamps 
61 and 62. Also positioned in the upper portion of the housing 
50 but above roll 60 is a second series of infrared heat sources, 
also illustrated as infrared heat lamps 63 and 64. Located in 
the top of the housing 50 is a conduit 65 which connects the 
interior of the housing 50 to a refrigeration unit 66 through 
conduit 65:: to a heating unit 67 provided with a fan 68, then 
by conduit 65b to the outlet 52.-This latter series of elements 
draws air from the upper portion of the housing which air may 
contain a small amount of solvent vapors, and refrigerates the 
solvent-air mixture thereby to condense the solvent and free 
the air of solvent. The solvent free air is drawn into heater 67 
by fan 68, and heated to the temperature of the solvent-air 
mixture in the upper portion of the housing 50. The so heated 
solvent-free air is then reintroduced into the housing through 
outlet 52 passing across the the treated dry material. This cur 
rent of air forces the solvent-air mixture away from the outlet 
52 and wipes the treated dry material free of any solvent-air 
mixture carried along to the opening, thus minimizing loss of 
solvent from the upper portion of the housing. 
The process of the present invention is hereinafter 

described in a general manner. The treating agent is applied to 
the materials by spraying the material. The agent is applied to 
one or both sides of the web, sheet, fabric or ?lm. The so 
treated material, which is burdened also with solvent, is passed 
into a zone maintained substantially full of the volatile solvent 
vapors of the solvent employed to dissolve or disperse the 
agent. During the passage through this vapor zone, the web, 
sheet or ?lm passes over heated surfaces or under infrared 
heat sources wherein the solvent is removed by evaporation 
from the material. The material is then passed into a substan 
tially quiescent zone where little or not solvent vapors are 
present, but wherein heating of the web, sheet or ?lm can be 
continued to cure or otherwise react, set or ?ow the treating 
agent. The level of the vapor zone is maintained by cooling 
coils and cold walls. The web, sheet, fabric or ?lm is 
preferably passed into the vapor zone over a heated surface 
such as a roll or rolls to drive-o?" solvent from the web and 
simultaneously supply heat to ?ow, set and/or cure the treat 
ing agent if necessary. As a result of these operations there is 
little loss of solvent. 
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4 
The following recitation describes the method of the 

present invention with particular reference to the drawings: a 
sheet, web, ?lm or similar con?guration of plastic ?lm or a 
?brous woven or paperlike material is fed to a treating 
chamber which is but a con?ned space in which the treating 
agent and the volatile solvent carrier are applied to the materi 
al. The space is preferably adjacent to the apparatus for carry 
ing out the present invention or it may be an integral part of 
the apparatus as clearly shown in FIG. 2. The following 
description has particular reference to the apparatus illus 
trated in FIG. 2. A web 48, for example, enters chamber 30 
through an inlet 31 passing onto a guide roller 37 and thence 
downwardly into a treating zone 49 which contains a solution 
or dispersion of the treating agent in a volatile solvent such as 
for example trichloroethylene. The web 48 picks up solvent 
and treating agent during its passage through zone 49. It is to 
be understood that the concentration of the treating agent is 
maintained in the treating zone 49 by well known techniques 
and is not a part of the present invention. The web 48 is 
directed into, through and out of the vapor zone 49 by roller 
39. The web 48 then progresses to an intermediate zone 49a 
which is a zone of substantially pure vapors of the organic sol 
vent used in the treating zone. The solvent vapors in the inter 
mediate zone 49a are maintained by boiling solvent in a sump 
35 heated with for example, low-pressure steam, electric or 
gas ?red direct immersion heating coils 36. 
The web material 48 upon entering the vapor zone 49a 

passes over a series of heated rollers 41, 42, 43, 44 and 45 
then into an upper zone 49!; substantially free of vapors of the 
solvent. The exact number of heated rollers in any section is 
not critical but suf?cient should be present to bring the web 
48 and the surrounding vapor atmosphere to a temperature 
above the boiling point of the solvent and to such higher tem 
perature as necessary to ?ow, cure, set or ?x the treating agent 
when such is necessary while simultaneously driving the sol 
vent from the fabric. The web 48 passes from the heated rol 
lers in the intermediate zone 49a into and through the upper 
zone 4% over heated rollers 46 and 47 to effect additional 
drying of the fabric and setting or curing of the treating agent 
may take place. The web 48 is dry, free of solvent and the 
treating agent ?owed, set, ?xed or if of a curable nature is at 
least partially set or cured if not wholly so. 
The various levels or zones in the apparatus are maintained 

by liquid~level controls and temperature sensitive controls to 
heating coils in treating zone. A cold wall or coil situated at 
the upper level of the vapor zone detennines the upper limit of 
the vapor zone. In the variation of equipment shown in FIG. 2 
a condensing coil 12 offset and below the exit from the 
chamber condenses the vapors used in the intermediate zone 7 
and establishes the upper level of the vapors in the zone. The 
condensate dropping from coils 12 falls into the heated sump 
from which it is withdrawn and transferred to storage for reuse 
in making up fresh treating solution which is that supplied to 
the treating zone. 

Following similar procedure as before described and em 
ploying the equipment illustrated in FIG. 1 with but the excep 
tion that the treating of the fabric is conducted outside the 
machine, equally good results can be achieved. The treating 
agent is applied outside the machine in conventional manner 
such as by spraying doctoring or ?ooding the solvent-treating 
agent solution or dispersion onto the fabric 28 for example. 
The fabric 28 is passed into the housing 10 through inlet 11 in 
a manner to prevent the solvent carrier from evaporating from 
the fabric. The fabric passes over an idler roller 18. The roller 
18 directs the fabric 28 into a vapor zone 29 wherein the 
fabric 28 passes over the heated rolls 19, 21, 22, 24 and 25 
and over the idler rolls 20 and 23. The zone 25 is maintained 
full of solvent vapors by boiling the solvent from the sump 17. 
The fabric 28 passes out of the vapor zone 29 over directional 
rollers 26 and 27 which may be heated through quiescent zone 
29b and out of the housing through outlet 12. It is to be un 
derstood that the rollers 26 and 27 while shown to be heated 
may not be heated under certain circumstances. The zone 29 
is maintained full of vapors by boiling the solvent from sump 
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17 heated with steam ?owing through pipe 16. The upper limit 
of the vapor zone 29 is maintained by cooling coils 14, upon 
which the vapors condense. The walls of housing 10 above the 
vapor zone are maintained cool by the effect of cold wall 13. 
The condensed solvent returns to sump 17 or if sump 17 is full 
then to a storage for reuse in dissolving or suspending the 
treating agent. 

EXAMPLE 1 

A cloth of 9.1 oz. per square yard weight was passed 
through an apparatus of the same design shown in FIG. 1 at a 
rate of 22 inches per minute. The liquid in the bottom of the 
equipment was a commercial grade of stabilized 1,1,1 
trichloroethane. The duration of the run was 275 minutes. The 
rollers were heated with steam to provide a surface tempera 
ture during passage of the cloth thereover of 250° F. At the 
end of the run the amount of solvent remaining in the equip 
ment was measured. The bath was found to have lost 4.2 
pounds of solvent which represents a loss (4.2/46.5) Ca 0.09 
pounds per square yard. 

In a blank run to determine whether any solvent was lost 
other than by carryout with the cloth, the equipment was 
operated for 945 minutes with the roll surface temperatures at 
250° F. The solvent loss was 16.8 pounds. Assuming a straight 
line loss this represents a loss of about 1 pound per hour. This 
compares with a loss of 4.2 lbs/4.5 hours or 0.9 pounds per 

_ hour with cloth. 

in another series of operations employing the same equip 
ment but different times and cloth species the following results 
were obtained. 

Solvent Loss 

lbs. per hour lbs per yard 

[0.5/5.5 1.9 10.5l5.5 0.19 
[2.9/6.5 2.0 123/655 0.20 

EXAMPLE 2 

Employing an apparatus substantially as shown in H6. 1 a 
17.6 ounce per square yard cotton cloth sprayed with a com 
mercial grade of stabilized 1,1,l,-trichloroethane under 7.7 
p.s.i. was introduced into the vapor zone and passed over the 
steamed heated rolls which were maintained at 250° F. by 30 
p.s.i. steam. The vapor zone was maintained by passing steam 
through the coil in the bottom of the apparatus which was 
covered with a commercial grade of stabilized 1,1,1 , 
trichloroethane. The cloth was passed through the zone for 
11.75 minutes and measurements taken of the various feed 
tanks and reservoirs to determine their gain or loss. The vari 
ous tanks showed that all but 1.32 gallons of solvent was 
recovered. This represented 91.2 percent recovery of solvent 
sprayed and employed in the process. The cloth was dry and 
had no characteristic odor of the solvent after leaving the ap» 
paratus. The solvent loss was about 8.8 percent (0.0484 
pounds) or about 0.0044 gallons per yard. Present day com 
mercial operations report 15 to 25 percent solvent losses. 
Thus there is established the fact that the halogenated sol 

vent (which is volatile carrier for the treating agent) will im 
I pregnate a cloth and can be recovered therefrom successfully 
and in economical amounts by employing the methods and ap 
paratus here described. 
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EXAMPLE 3 

In a representative operation employing an apparatus 
similar to FIG. 1 a solution of a commercial fluorine contain 
ing starch and water repellent in a commercial grade of stabil 
ized l,1,1,-trichloroethane was sprayed onto a 22 ounce cot 
ton fabric under 30 pounds er square inch pressure from 15 
nozzles having openings of .026 inches. The fabric was im 
mediately introduced into the machine. The concentration of 
repellent in the solvent was 0.625 percent by weight. The total 
weight of solvent sprayed was 86.5 pounds. The fabric was 
parged through the machine at a rate of about 12 yards per 
minute. The steam pressure in the steam heated rolls was 28 
pounds p.s.i. 
As a result of these operations there was obtained a cloth 

treated with the stain repellent which meet the repellent 
manufacturers produce speici?cations. 
The total solvent loss for this operation was 1.04 percent 

based on the total solvent employed in the spray solution and 
the boiling sump. 

I claim: 
1. Coating apparatus for treating a continuous length 

material comprising: 
1. a generally closed housing having inlet and outlet means 

to accommodate said material and disposed respectively 
in opposite sidewalls thereof; 

2. said outlet being elevated with respect to said inlet; 
3. the bottom of said housing being compartmented to 

define at least two open-faced tanks disposed in parallel 
with said sidewalls; ' 

4. the tank nearest the inlet containing coating stuff includ 
ing solvent and the tank nearest the outlet comprising a 
coiling tank and containing solvent and associated with 
heater means to boil said solvent whereby to effect an en 
vironment of solvent vapor above said tanks; 

5. a continuous trough, horizontally disposed on the inner 
wall surfaces of said housing, substantially above said 
tank means but below said entrance and exit means and 
combined with a continuous cooling element therein; 

6. a cooling channel means coextensive with said continu 
ous trough means but disposed on the outer surfaces of 
said housing; 

7. means communicating said trough with the boiling tank; 
8. whereby is substantially defined the height of said 
vaporous environment, the de?ned cooling means effect 
ing condensation of solvent vapor on the housing walls 
above said trough and the solvent recovered in said 
trough being returned to the boiling tank through said 
communicating means; 

7 9. driven guide roll means disposed to de?ne a path for said 
material from said inlet means, through said coating stuff 
by immersion, and through said solvent-vapor environ 
ment to said outlet; 

10. infrared heating means located within the housing and 
disposed to treat the coated material; 

1 1. second outlet means disposed at an uppermost portion 
of said housing for removal of residual atmosphere 
therefrom and associated with separator means for 
recovery of residual solvent from said atmosphere; and 

12. means heating and delivering the balance of said 
removed atmosphere to said housing through the material 
outlet thereof whereby to further treat said coated 
material and to seal said housing with respect to the 
vapors therein. 


