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Patented Dec. 26, 1950 2,535,087 

UNITED STATES PATENT OFFICE 
2,535,087 

APPARATUS FOR EMPREGNATING HEAT 
NSULATING MATERA, 

Carl Georg Munters, Stocksund, Sweden 
Application July 20, 1945, Seria No. 606,199 

In Sweden June 6, 1940 
(CI, 9-55) 9 Cairns. 

This application is a continuation in part of 
my copending application Serial No. 396,014, 
filed May 31, 1941, and now abandoned. 
The present invention relates to apparatus for 

the manufacture of impregnated material of the 
kind to which the impregnating agent in a suit 
able solvent is applied and the solvent thereafter 
substantially removed to leave the material in 
its desired impregnated state. More particularly 
the invention relates to apparatus for impreg 
nating units of heat insulating material of the 
multi-ply type having open ended inter-ply 
SpaceS. 
The general object of the invention is the pro 

vision of improved apparatus whereby the ma 
terial treated may be thoroughly impregnated, 
and dried by substantially complete removal of 
both solvent content and also moisture which 
may have been present in the material before 
treatment, while at the same time providing for 
recovery of a very high percentage of the solvent 
removed from the impregnated material. The 
above and other and more detailed objectS, and 
the nature and advantages of the invention, will 
best be understood from a consideration of the 
ensuing portion of this specification and the 
accompanying drawings, which disclose by Way 
of example but without limitation, suitable ap 
paratus for carrying the principles of the inven 
tion into effect. 

In the drawingS: 
Fig. 1 is a perspective view of a multi-ply in 

sulation unit; 
Fig. 2 shows a basket for dipping the insulat 

ing units into an impregnating bath; 
Fig. 3 is an elevation on a somewhat enlarged 

scale of a portion of a distance member which 
is placed between the insulating units in the said 
basket; 

Fig. 4 is a section on the line IV-IV of Fig. 3 
on a still more enlarged Scale; 

Fig. 5 is a more or less diagrammatic view, 
partially in cross-section, of an apparatus ac 
cording to the invention. 
The multi-ply insulation shown in Fig. 1 pref 

erably consists of a plurality of alternating plane 
and corrugated paper sheets and 2, respec 
tively, which prior to being impregnated accord 
ing to the invention are united with each other 
by means of a suitable binding agent, such as : 
water glass. The binding agent may be applied 
to the corrugations along the entire length 
thereof, a comparatively strong binding of the 
various sheets being attained thereby. In most 
cases it is sufficient, however, to interconnect the 
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sheets at points only, as indicated at 3 in Fig. l; 

Preparatory to being impregnated in the ap 
paratus in accordance with the invention, a 
number of insulating units 8 (Fig. 2) are dis 
posed within a sheet-metal basket 4. This basket 
may have three side walls 5 covered on the inside 
thereof with corrugated sheet-metal 6. This 
sheet-metal has for its object to facilitate the 
penetration of the impregnating agent between 
the insulating units and the walls of the basket 
and to prevent the units from sticking to the 
walls. Instead of corrugating the sheet-metal 
members 6 they may be provided with projec 
tions or punched-out tabs, thus reducing the 
number of points of contact between the units 
and the basket. The insulating units 8 are in 
Seited in one or more layers into the basket 4 
so as to fill up the whole cross section thereof 
(for sake of clearness only a few insulating units 
have been illustrated in Fig. 2). It is important 
always to place the insulating material in a 
nanner such that the ends of the channels bes 
tween the paper sheets will be open, said pas 
sages extending in a generally vertical direction. 
The bottom of the basket is perforated and may 
consist of a grid of Sheet-metal Strips. These 
strips are placed edgewise, and are of a suitable 
height in a vertical direction, So that the Outflow 
of impregnating agent from the lower portions 
of the boards is facilitated after the dipping 
operation. In the embodiment illustrated all 
corrugations of the various sheetS 2 are parallel 
to one another, the sheets being arranged with 
the corrugation channels at right angles to the 
bottom grid 7. A sheet-metal grid 9 may be 
placed between consecutive units and on top of 
the uppermost unit 8 in the basket 4, said grids 
serving to load the insulating material and to 
keep the same in the proper position during im 
pregnation. Furthermore, distance members 50 
may be provided between the units 8, said dis 
tance members being preferably formed by 
sheet-netal ribs 52 (FigS. 3 and 4) extending 
between a frame 5, said ribs being provided with 
punched-out projections 53 bent outwardly on 
both sides and bearing against the units bearing 
at spaced points so as to prevent warping of the 
units during the treatment thereof. 
The basket 4 filled in the manner above de 

scribed and provided with a strap ) is then con 
veyed, for instance, by means of an overload con 
veyor system 2, to an impregnating chamber 3, 
into which the basket is introduced through an 
opening which is closed by means of a cover 4 
during the impregnation procedure. The cham 
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ber 3 is about of the same rectangular CrOSS Sec 
tion as that of the basket 3 and furthern Ore, 
means, such as supporting ribs , are provided 
for the basket, to close any passages betweein the 
walls of the basket and the chamber. In a ini:- 
ing container 5, which is normally closed by 
means of a cover 5a, a mixture is prepared of 
impregnating agent and solvent, preferably rela 
tively refractory asphalt and tri-chloro-ethyleine. 
A suitable quantity of this mixture is Supplied 
to a receptacle f8 through a conduit i having 
a valve 8. The receptacle 8 may be equipped 
with a heating device 4, for instance in the 
forin of a pipe coil for heating the liquid ni:- 
ture. The lower portion of the receptacle 8 
communicates through a conduit 9, in which is 
provided a pump 29 and a valve 2, with the 
lower portion of the chamber 3. When the 
pump 25 is started and the valve 2 is open, the 
liquid impregnating agent dissolved in Solvent 
is pumped up from the receptacle 8 through the 
conduit, 8 into the chamber 3 to a level 22 above 
the basket A. At the Sane time, the liquid level 
falls in the receptacle 8, for instance from a 
level 23, which is below the bottom of the chann 
ber 3, to a level 24. Connected to the chamber 
3 is the upper end of an overflow, conduit 25, 
the lower end of which opens into the receptacle 
8, and which prevents the liquid from rising to) 
high in the chamber 3. The upper and lowel 
portions of the chamber 3 communicate with a 
circulation passage 26 which will also be partly 
filled with liquid, as will appear from Fig. 5. 
Owing to the construction of the basket 4 and 
the arrangement of the passages of the insulat 
ing units as above described, the liquid mixture 
will readily penetrate into the insulating nate 
rial. After the insulating material has become 
impregnated to the desired extent, the liquid in 
the chamber 3 and in the passageway 26 is: 
caused to flow back by gravity to the receptacle 
f8, by stopping the pump 20. 

In the upper portion of the passage 26, above 
the highest level which the liquid rises in the 
passage, there is a powerful fan 28, driven by a 
motor 27. In the passage between the fan and 
the upper end of chamber 3 there is located a 
heater 23. The fan 28 Sets up a circulation of 
vapours and air within the chamber 3 and the 
passage 26, in the direction indicated by the 
arrows 30. The heater 29 necessarily introduces 
resistance to flow of the gaseous Inediurn circul 
lated by the fan 28 with the result that when 
the apparatus is in operation the closed circuit 
is in effect divided into two sections, one of 
which, between the fan and the heater, is at 
superatmospheric pressure, and the other of 
which, on the suction side of the fan and includ 
ing chamber 3, is at subatmospheric preSSure. 
Other means, such as danpers 46, 56, 65, herei 
after described, may provide additional re 
sistance to floy but these aire on the inlet Side 
of chamber 3 which remains in the low pressure 
Section of the circuit Subiect to fan Suction. A 
condensel 32 provided with a water-cooled ele 
ment 33 is connected by means of conduits 36 
and 35 in parallel to that portion of the circu 
lation passage 25 which is located between the 
fan 28 and the heater 29. A further condensel 
6 is connected in parallel to the condense 32 
by extensions 6 and 2 of the conduits 34 and 
35, respectively. The condenser 6 contains 
means, such as an element 83, which is cooled 
with liquid from a refrigerating machine, of 
known type (not shown), so that the tempera 
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ture in the condenser 63 is appreciably lower 
than that in the condenser 32. Extending from 
the condenser ; 9 is a conduit 36 which is prefer 
abiy cooled by means of two condensers 3 and 
33, and which opens through a conduit 3 into 
the atmosphere. The one condenser 3 is prefer 
ably cooled with water from the service system, 
and the other is cooled with cooling liquid from 
a, refrigerating Iachine. if desired, the conduit 
3 may have an absorber, containing active car 
bon, for example. Furthermore, a Suction fan 
may be arranged in the conduit 3, Said fan 
creating a Small pressure below atmospheric 
within the circulation system, sufficient to pre 
went leakage of vapour therefrom. The volu 
metric capacity of the fan may be Small for the 
purpose in view. The condenser 32 and 69, and 
the conduit 3E are provided with collecting re 
ceptacles 39, 66 and 49, respectively, for con 
densate, which is returned to the container 5 
through conduits 4, which may have valves 42. 
Furtherhore, the upper portion of the circula 
tion passage 2S is provided, between the heates' 
29 and the irpiegnating chamber 3, with a pipe 
connection 43 leading to the atmosphere, said 
pipe connection having a danper 4. Similar 
dangel's are provided in the circulation passage 
2S between the condenser conduits 34 and 35. On 
the One hand, and between the pipe connection 
is and the chamber 3 on the other hand, as 
indicated at 45 and 46, respectively. In the con 
densel conduit 34 there is arranged a danper 
55, and in the conduit 35 a damper 65. A damper 
66 is provided between the conduit 34 and its 
extension 6. 

Fresh air may be taken in to the impregnating 
chamber 3 through a passage 48 having a 
heater i and a valve member 55. As will be 
seen from Fig. 5, Such parts of the apparat S 
that may be subjected to heat are Surrounded by 
an insulating layer . 
After the insulating units in the basket 4 have 

been soaked with solvent and impregnating 
agent, valve 2 is opened to permit the liquid to 
flow by gravity to the receptacle f8, the fan 28 
is started, and heat is Supplied to the heater 29. 
It may happen that an unnecessarily large qual 
tity of said liquid remains in the paper insula 
tion, particularly when the spacing of the plane 
paper sheets is Snail, on account of the capillaIS 
effect. Such an excess of liquid is blown, to be 
gin with from the insulation by means of the 
downflowing air current produced by the fan, 
and is caused to flow back to the conduit 9. 
The circulation system has for a substantial 

object to remove the solvent from the insulating 
units and to recover the Sane after the in 
pregnation procedure. This may then be ef 
fected in the following manner. The damper 
is and the valve member 55 are closed while 
the damper 48 is open. The dampers 45, 56 
and 65, are adjusted So that a, certain portion of 
the air and vapours brought into circulation 
by the fan 28 always passes through the con 
denser 32, while the passage through the exten 
Sion is closed. The air flowing through the 
insulating units and heated by the heater 29 
induces an evaporation of the solvent and car 
ries the same along in the circulation. The cir 
culating air is prevented from being Saturated 
with solvent by the fact that a certain portion 
of the Sane always passes through the condenser 
32 where the Solvent is condensed and flows 
into the receptacle 39. The air cooled down 
Within the condenser 32 is heated again, by 
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the heater 29 prior to its passing through the 
channels of the insulating units. Inasmuch as 
the condenser S2 is always in open communica 
tion with the atmosphere through the conduit 
36, the same pressure will always be maintained 
in the system of circulation, that is substantially 
atmospheric pressure or a somewhat lower pres 
sure, if a suction fan is connected to the Con 
duit 3 as above stated. Any gaseous solvent, 
which passes with air through the conduit 36 
by reason of the evaporation of the solvent and 
by the increase of the volume caused thereby 
within the system of circulation, is condensed 
in the condensers 68, 37, 38 or is absorbed by 
the abovementioned absorber. After some time 
the damper 66 is adjusted so that it opens coin 
munication between the conduits 34 and 6 
and cuts off the condenser 32. The gas cir 
culating through the conduits 34, 6, 62 and 35 
is now cooled down in the condenser 6 to 2, 
lower temperature than in the condenser 32, 
and consequently the partial pressure of the 
solvent, is decreased so that it is evaporated frora 
the insulating units and condensed from the 
gas circulating in the passageway 26 in a very 
effective manner. The most of the solvent is 
deposited in the condenser 32 which increases 
the economy of the apparatus and reduces the 
required capacity of the refrigerating machine 
above referred to. The condensate flows from 
the containers 39, 4a and 34 through the conduits 
4 back to the collecting receptacle i5. 
. After the liquid has been drawn off the cham 
ber 3, solvent is evaporated so as to Saturate 
the air Within the channels of the units. Ber 
fore the fan 28 is started, no further evapora 
tion can thus take place, by reason of Which 
the viscosity of the liquid is maintained and the 
outflow of liquid from the interior of the units 
continues. It is evident that the quantity of 
impregnating agent remaining in the insula 
tion may be varied by starting the fan and the 
process of condensation at different time inter 
yals from the moment the chamber 3 is emptied. 
it will frequently be found advantageous to com 
mence the circulation and the condensation 
processes immediately after the liquid has been 
drawn off. The quantity of asphalt may prefer 
ably amount to 35–60 per cent of the weight of 
the finished insulation. 
The circulation continues in the manner above 

described, while the temperature of the circu 
lating mixture of air and vapour rises higher 
and higher and the relative degree of Satura 
tion of the circulating air becomes smaller and 
smaller, until the maior portion of the solvent 
has been removed from the paper insulating 
units and has been returned to the container 
5 from the condensers 32, 37, 38 and 69 respec 

tively. The solvent is thus recovered practically 
in its entirety. 
In certain cases, particularly if the solvent 

has a relatively low boiling point, the removal of 
the same from the insulating units may take 
place by boiling the solvent out of the same di 
rectly. The system of circulation will then sub 
stantially only contain vapour of the solvent, 
which penetrates into the condensers 83, 37 and 
38, respectively, wherein the same is condensed. 
In this case the damper 56 may thus be closed. 
Otherwise, however, the circulation takes place 
in the same manner as above described for the 
supply of heat from the heater 29 to the paper 
units. The last part of the solvent is prefer 
ably removed from the circulating gas and the 
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insulating units and recovered in the same man 
ner as above described. 

It may be of value to dry the paper insula 
tion accurately prior to the impregnation proc 
ess. AS is Well known, air-dry paper normally 
contains 5-10% of moisture, which may be suf 
ficient to render the penetration of the impreg 
nating agent into the pores and fibres of the 
paper difficult. It is desirable, therefore, to ex 
pel this moisture in order to attain the best 
pOSSible impregnation. Furthermore, if theim 
pregnation takes place at a relatively high tem 
parature, the paper insulation may be damaged 
by the vapour developed during the dipping pro 
Cedure unless the insulation has been completely 
dried before. The drying of the paper insula 
tion may of course be effected before it is intro 
duced into the impregnation chamber. 
This drying, however, may advantageously be 

undertaken in the impregnating chamber 3, 
Which is closed by the cover 4 after the insula 
tion is introduced. The dampers 44 and 65 are 
kept closed, while the dampers 45, 56 and 46 
are open. Heating medium is admitted to the heater 
29, and the fan 28 is started. Circulation of 
hot air will then be obtained through all pas 
Sages of the insulating material, the moisture 
of the paper being taken up by the air. In this 
connection it might be desirable to open the 
Valve inenber 55 to Some extent, so that a cer. 
tain... percentage of fresh air is always taken 
into the System of circulation, whereas a cor 
responding quantity of air saturated with mois 
tire is expelled through the conduits 34, 6 
and 35. 
The apparatus above described may also be 

used for the impregnation of paper insulations 
With in pregnating agents in an emulsified state, 
for instance with an asphalt emulsion consist 
ing of aSphalt and water, the asphalt being con 
tained therein in a very finely divided state. 
The impregnation takes place in a similar man 
her as previously described by pumping up the 
aSphalt enaulsion from the container 8 to the 
iingregnation container 3, whereupon, after the 
impregnation has been performed, the rest of 
the enulsion is caused to flow back to the con 
tainer 3. The evaporation of the Water from 
that portion of the emulsion which has been 
absorbed by the paper insulation is preferably 
effected in a similar manner as above described 
for the drying of the insulation prior to the im 
pregnation process. - 
The impregnation having been effected, par 

ticularly with the use of an asphalt emulsion, it 
nay be found desirable to heat the insulation to 
a relatively high temperature, the impregnating 
agent being then melted into the paper sheets so 
as to Soak them completely, so that the best pos 
ible inapregnating effect will be obtained. This 
heating and melting-in procedure is also effected 
readily and efficiently by the system of circulation 
shown in Fig. 5. The dampers 44, 58 and 65, re 
spectively, and the valve 55 are then kept closed, 
whereas the dampers 65 and 46 are open, heating 
medium being supplied to the heater 29, and the 
fan 28 being started. In certain cases an oxida, 
tion of the asphalt may take place at the same 
time, the air being then preferably renewed dur 
ing the circulation in the system by adjusting the 
dampers 55, 46 and 44 accordingly. 

It may occur that a certain Smell from the 
solvent still remains in the paper insulation after 
impregnation. To remove this smell, fresh air. 
should preferably be circulated through the in 
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Sulation, which may be effected by removing the 
cover 4 from the chamber 3, the damper 46 be 
ing closed and the damper 44 opened. The fan 
28 will then Suck a current of fresh air through 
the paper insulation, which air is then blown out 
through the passage 43 to the atmosphere. By 
this procedure the unitS are also cooled down. 
The appalatus according to the invention as 

hereinbefore described has the advantage that 
the Whole procedure of impregnating the paper 
insulation is effected within a closed system. This 
facilitates recovery of the greatest possible quan 
tity of Solvent by avoiding all losses that would 
otherwise ensue during the transfer of the in 
pregnated insulation from one container to 
another. This will obviously be found valuable, 
Since most solvents are comparatively expensive. 
The closed System is also of great advantage in 
those cases. Where the impregnating agents are 
inflamnable or have detrinental physiological 
effects on the operator of the plant. By the fact 
that the drying, impregnation, evaporation and 
so forth is effectd with the introduction of the 
insulation into one and the same container with 
out any reloadings, the attendance is obviously 
also simplified, with a Saving of time and cost 
in consequence thereof. 
The asphalt used for the impregnation is pref 

erably of a kind having itS softening point, de 
termined by means of the known ball and ring 
method, between 95-150° C. and even preferably 
Still higher. 
While a more or less specific encodinelt of 

the invention is described, it is to be understood 
that this has been done for purposes of illusti'a- 
tion only and that the invention is not to be 
limited thereto but its scope is to be determined 
by the appended claims. 
What I claim is: 
1. In an apparatus for treating material with 

an impl"egnating agent dissolved in a Solvelt, 
means forming a continuous passageway provid 
ing a closed circuit, a portion of said paSSage 
way forming a chamber for receiving material to 
be treated, Inseans for producing flow of gaS 
through said passageway including s&id chambel', 
means for heating the gas before introduction 
into said chamber, a part of said passageway in 
advance of said heating means being divided into 
parallel paths, means for varying the fioW of gas 
through the respective paths, a condenser aSSoci 
ated with each of said paths, and means fol' 
maintaining one of said condenSer's at a le:Wel' 
temperature than the other. 

2. in an apparatus for treating material with 
an impregnating agent dissolved in a Solvent, 
means forming a continuous passageway provid 
jing a closed circuit, a portion of Said passageWay 
forming a chamber for receiving material to be 
treated, a receptacle for containing a liqxid coin 
prising said agent dissolved in said solvent, means 
for transferring liquid between said 'eceptacle 
and said chamber, means for producing fiow of 
gas through said passageway including Said 
chamber, means for heating the gas before in 
troducing it into Said chambel, a COrder Seir coi 
nected to said passageway in advance of said 
heating means for receiving gas which has passed 
through said chamber, means for conveying gas 
from said condenser to the exterior of said closed 
circuit, to prevent the gaseous pressure in said 
circuit from rising above substantially atmos 
pheric pressure, and condensing means for re 
moving solvent vapor from gas passing through 
the last mentioned means. 
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3. In an apparatus for treating material with 

an impregnating agent dissolved in a Solvent, 
means forming a continuous passageway pro 
viding a closed circuit, a portion of said passage 
way forming a chamber for receiving material 
to be treated, said chamber communicating with 
said passageway through an inlet in the upper 
portion of the chamber and an outlet located in 
the lower portion of the chamber, a receptacle 
located at a lower level than said chamber for 
containing a liquid comprising said agent dis 
solved in said solvent, a conduit connecting the 
lower part of said chamber with said receptacle, 
a pump for transferring said liquid from Said 
receptacle through said conduit to Said chan 
ber, means for producing flow of gas through said 
passageway to flow downwardly through Said 
chamber from said inlet to said outlet, means for 
heating the gase before introducing it into said 
chamber, a condenser connected to Said passage 
way in advance of said heating means for re 
ceiving gas which has passed through said cham 
ber, and means for conveying gas from said 
chamber to the exterior of said closed circuit. 

4. Apparatus for treating material with a solu 
tion of an impregnating agent contained in a 
solvent comprising a treating chamber, a tank 
for the storage of said solution, interconnected 
conduits between said treating chamber and Said 
storage tank providing a closed liquid circuit with 
said treating chamber, conduit means providing 
a closed gas circuit with said treating chamber, 
a pump for producing movement of the Solution 
in said liquid circuit to thoroughly wet and treat 

i; material disposed in said treating chamber, a fan 
for producing movement of gas in said gas circuit 
including movement of gas through Said treating 
chamber, the conduits forming the liquid and gas 
circuits connecting to the treating chamber at the 

i; bottom of the same to provide for concurrent flow 
in downward direction through the chamber of 
the gas and excess solution during the Operation 
of the apparatus, a heater in said gas circuit, a 
plurality of conduits communicating with said gas 
circuit in advance of said heater, a plurality of 
condensers connected between said conduits to 
condense solvent contained in said gas, means for 
maintaining one of said condensers at a tempera 
ture lower than that maintained in the other con 
denser, means for collecting condensate from each 
condenser and returning the same to said tank, a 
vent for releasing gas to the atmosphere from Said 
gas circuit, condensing means associated with Said 
vent for condensing solvent from the gas prior to 
venting thereof, means for collecting Solvent thus 
condensed and returning same to said tank, and 
means for selectively controlling the volume of 
gas fiowing in said gas circuit and through each 
of said condensers whereby the impregnated ma 
terial may be dried and substantially all of the 
solvent present therein at the completion of the 
impregnating operation recovered prior to re 
moval of the impregnated material from said 
chamber and means whereby said material may 
be cooled prior to removal thereof from Said 
chamber. 

5. Apparatus for treating material with a solu 
tion of an impregnating agent contained in a Sol 
vent comprising a treating chamber, a tank for 
the storage of Said Solution, interconnected con 
duits between said treating chamber and said 
storage tank providing a closed liquid circuit with 
said treating chamber, conduit means providing 
a closed gas circuit With said treating chamber, 
means for producing movement of the solution 
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9 
in said liquid circuit to thoroughly Wet and treat 
material disposed in said treating chamber, means 
for producing movement of gas in said gas circuit 
including movement of gas through said treating 
chamber, the conduits forming the liquid and gas 
circuits connecting to the treating chamber at 
the bottom of the same to provide for concurrent 
flow in downward direction through the chamber 
of the gas and excess solution during the Opera 
tion of the apparatus, a heater in said gas circuit, 
a plurality of conduits communicating with Said 
gas circuit, in advance of said heater, a plurality 
of condensers connected between said conduits to 
condense solvent contained in said gas, means for 
maintaining one of said coinsiehsers at a ten 
perature lower than that maintained in the other 
condenser, means for coilecting condensate from 
each condenser and returning the same to said 
tank, and means for selectively controlling the 
volume of gas flowing in said gas circuit and 
through said condensers whereby the impreg 
nated material may be dried and Substantially 
all of the solvent present therein at the comple 
tion of the impregnating operation recovered prior 
sto removal of the impregnated material. 

6. Apparatus for treating material with a solu 
tion of an impregnating agent contained in a sol 
vent comprising a treating chamber, a tank for 
the storage of said solution, interconnected con 
duits between said treating chamber and Said 
storage tank providing a closed liquid circuit With 
said treating chamber, conduit means providing a 
closed gas circuit with said treating chamber, 
means for producing movement of the solution 
in said liquid circuit to thoroughly wet and treat 
material disposed in said treating chamber, means 
for producing movement of gas in said gas circuit 
including movement of gas through said treating 
chamber, the conduits forming the liquid and gas 
circuits connecting to the treating chamber at 
the bottom of the same to provide for concurrent 
flow in downward direction through the chamber 
of the gas and excess solution during the opera 
tion of the apparatus, a heater in said gas circuit, 
a piurality of condensers in said gas circuit for 
treating gas passing therethrough, means for 
maintaining said condensers at Substantially dif 
ferent temperatures for producing Stage removal 
of solvent from the gas circulating in the circuit, 
the second condenser being adapted to be brought 
into operation only when increased condensation 
is required. 

7. Apparatus for treating material With a solu 
tion of an impregnating agent contained in a Sol 
vent comprising a treating chamber, a Storage 
means for said solution, means including conduits 
respectively connecting said storage means with 
the upper and lower portions of said chamber for 
flow of said solution from the storage means to 
the chamber and return to the storage means, 6 
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means for causing flow of said solution from said 
storage means to said chamber to thoroughly wet 
and treat material disposed in the chamber and 
for causing return flow to the storage means of 
the solution from said chamber through the one 65 
of said first mentioned conduits connected with 
the lower portion of the chamber to drain the 
latter, conduit means including a gas supply con 
duit communicating with the upper portion of 
said chamber and a gas return conduit communi 70 
cating with the lower portion of the chamber, said 
conduit means and Said chamber providing a 
closed circuit for circulation of gas, means for 
circulating gas through said circuit in a direction 

O 
chamber, a heater in said gas circuit in advance 
of Said changer, a plurality of condensers in said 
gas circuit for treating gas passing therethrough, 
i?leans for maintaining said condensers at sub 
Stainitially differe: at temperature for removal of 
solvent from the gas circulating in the circuit and 
in eans for returning solvent removed by said con 
densers to Said storage means. 

8. In apparatus for treating material with an 
impregnating agent dissolved in a solvent, means 
forming a continuous passageway providing a 
closed circuit, a portion of said passageway in 
cluding a chamber for receiving material to be 
treated, means for producing flow of gas through 
Said passageway including said chamber, means 
for heating the gas prior to introducing the gas 
into Said chamber to cause the gas to remove 
Solvent in vapor form from material in said 
changer, a plurality of conduits communicating 
With Said passageway it advance of said heat 
ing ineans, a plurality of condensers connected 
between Said conduits to condense said vapors, 
Oile of Said condense's being water cooled 
whereby to be maintained at a temperature above 
the freezing point of water and tine other con 
densei being cooled by a refrigerant, whereby to 
be maintained at a temperature below the freez 
ing point of Water, reservoir means for con 
densate, means for collecting condensate from 
each Condenser and returning the same to said 
reservoir means, and means for selectively con 
t?'olling the volume of gas fiowing in said pas 
Sageway and through said condensers whereby 
the impregnated material may be dried and sub 
Stantiaiiy all of the Solvent present therein at the 
Completion of the impregnating operation recov 
ered prior to removal of the impregnated mate 
rial. . . 

9. In apparatus for treating material with an 
in pregnating agent dissolved in a solvent, means 
forming a continuous passageway providing a 
ciosed circuit, a portion of said passageway in 
cluding a chamber for receiving material to be 
treated, means for producing flow of gas through 
Said passageway including said chamber, means 
for heating the gas prior to introducing the gas 
into Said chamber to cause the gas to remove 
Solvent in vapor form from material in said 
chamber, a plurality of conduits communicating 
With Said passageway in advance of said heating 
means, a plurality of condensers connected be 
tween Said conduits to condense said vapors, 
means for maintaining one of said condensers at 
a temperature lower than that maintained in the 
other condenser, reservoir means for Condensate, 
means for collecting condensate from each con 
denser and returning the same to said reservoir 
means, and means for selectively controlling the 
Volume of gas flowing in said passageway and 
through said condensers whereby the impreg 
nated material may be dried and substantially 
all of the Solvent present therein at the com 
pletion of the impregnating operation recovered 
prior to removal of the impregnated material. 

i0. in apparatus for treating material with 
an impregnating agent dissolved in a solvent, 
means forming a continuous passageway pro 
viding a closed circuit, a portion of said passage 
Way forming a chamber for receiving material to 
be treated, means for producing flow of gas 
through Said passageway including said cham 
ber, means for heating the gas prior to intro 
ducing the gas into Said chamber to cause the gas 
to remove Solvent in vapor form from material 

such that it flows downwardly through said 75 in Said chamber, a plurality of conduits com 
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inunicating with said passageway in advance of 
said heating means, condensing means connected 
between said conduits to condense Said Vapors, 
reservoir means for condensate, means for col 
lecting condensate from said condensing means 
and returning the same to Said reservoir means, 
a vent for venting gas to the atmosphere, Con 
densing means associated with Said vent for con 
densing Solvent from the gas prior to its being 
vented, means for collecting Solvent thus Coll 
densed, and means for Selectively controlling the 
Volume of gas flowing in Said passageway and 
through said condensing means whereby the in 
pregnated material may be dried and SubStan 
tially all of the solvent present therein recovered 
at the completion of the impregnating operation 
prior to removal of the impregnated material. 

11. In apparatus for treating material With an 
impregnating agent dissolved in a solvent, a 
treating chamber, means providing a closed cir 
cuit for Solvent containing gas including Said 
chamber, means for circulating gas through said 
circuit, heating means for the gas in said cir 
cuit, a plurality of Spaced condensers in said cir 
cuit for removing Solvent from said gas, and 
means Whereby Said condensers may be selec 
tively employed for removing solvent from the 
Said gas in Said circuit. 

12. In apparatus for treating materiai with an 
impregnating agent dissolved in a solvent, a 
treating chamber, means providing a closed cir 
cuit for Solvent containing gas including said 
chamber, means for circulating gas in said circuit, 
heating means for the gas in said circuit, a plu 
rality of Spaced condensers in said circuit for 
removing Solvent from the gas, means for per 
Initting flow of excess gas from the circuit to 
prevent the gaseous pressure in the circuit from 
exceeding Substantially atmospheric pressure and 
means COOperating with the last mentioned 
means for recovering the solvent content of said 
eXceSS gas. 

13. In apparatus for treating material with an 
impregnating agent dissolved in a solvent, a 
treating chamber, means providing a closed cir 
cuit for Solvent containing gas including said 
chamber, means for circulating gas through said 
circuit, heating means for the gas in said cir 
cuit, a plurality of spaced condensers in said 
circuit for removing solvent from the gas, means 
Whereby Said condensers may be selectively em 
ployed for removing solvent from the gas in Said 
circuit, a vent for Said circuit, and condensing 
means for removing solvent from the gas pass 
ing to Said vent. 

14. In apparatus for treating material with 
an impregnating agent dissolved in a solvent, a 
treating chamber, means including said cham 
ber providing a closed passageway including a 
main circuit and an auxiliary circuit for solvent 
containing gas, means for circulating the gas 
through Said passageway, heating means for the 
gas in Said passageway, a plurality of spaced 
condensers in Said passageway for removing 
Solvent from the gas, said auxiliary circuit in 
cluding one of Said condensers, and means for 
Supplying cooling media at materially different 
temperatures to different condensers. 

15. In apparatus for treating material with 
an impregnating agent dissolved in a solvent, a 
treating chamber, means providing a closed cir 
cuit including said chamber for solvent contain 
ing gas, means for circulating gas through said 
circuit, heating means for the gas in said circuit, 
a plurality of spaced condensers in said circuit 
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for removing solvent from the gas, and a by-pass 
conduit for withdrawing gas from Said circuit 
and including a condenser for removing Solvent 
from Said gas. 

16. In apparatus for treating material with an 
impregnating agent dissolved in a Solvent, a 
treating chamber, means providing a closed cir 
cuit including said chamber for Solvent contain 
ing gas, means for circulating gas through Said 
circuit, heating means for the gas in Said circuit, 
a plurality of spaced condensers in Said circuit 
for removing solvent from the gas, one of Said 
condensers being cooled with water and the Sec 
Ond with a refrigerant and with the Second Cons 
denser refrigerated at a temperature, below the 
first. 

17. In apparatus for treating material with 
an impregnating agent dissolved in a Solvent, a 
treating chamber, means providing a closed cir 
cuit for solvent containing gas including Said 
chamber, means for circulating gas through Said 
circuit, heating means for gas in Said circuit, 
condensing means in said circuit for removing 
solvent from said gas, means for permitting 
flow of excess gas from the circuit to prevent the 
gaseous pressure in the circuit from exceeding 
substantially atmospheric preSSure and means 
cooperating with the last mentioned means for 
recovering the solvent content of Said exceSS 
gaS. 

18. In apparatus for treating material in 
pregnated with -an agent dissolved in a Solvent, 
means providing a treating chamber for the 
material, said chamber having a gas inlet and a 
gas outlet, conduit means connected with said 
inlet and said outlet and providing With Said 
chamber a closed circuit for circulation of gas, 
means in Said circuit for circulating gaS through 
the circuit, means located in said circuit between 
the discharge side of said circulating means and 
the gas inlet of Said chamber for producing 
resistance to flow of the gas to the chamber, 
whereby to provide a first Section in Said circuit 
of Superatmospheric pressure in said circuit on 
the discharge side of the -circulating means and 
a second section in said circuit of subatmospheric 
pressure created by the Suction of Said circulat 
ing means, said second section including said 
chamber, an inlet providing communication bes 
tween said circuit and the ambient atmosphere 
at a place. located in Said second Section. On the 
inlet side of said chamber for admitting air to 
the circuit, an atmospheric vent communicating 
with said circuit at a place located in Said first 
section, and condensing means located to be 
traversed by and to remove. Solvent from gas 
flowing from said first. Section, to Said atmos 
pheric vent. 

19. In apparatus for treating material with 
an impregnating agent dissolved in a Solvent, 
means including a chamber providing a closed 
circuit for Soivent containing gas, means for 
circulating gas through Said circuit, Said cham 
ber being located on the suction side of said 
circulating means to be maintained thereby at 
Subatmospheric pressure, heating means for the 
gas in the circuit located between said circulat 
ing means and Said chamber, means for ad 
mitting air to Said chamber to mingle with the 
gas circulating in Said circuit, conduit means 
communicating with said circuit between said 
circulating means and said heating means for 
flow of exceSS gas from the circuit to prevent 
rise of gaseous pressure in the circuit above Sub 
stantially atmospheric pressure, and condensing 
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means in Said conduit means for condensing Number 
Solvent vapor from the gas passing therethrough. 1,228,225 

CAR GEORG MUNTERS. 1729,056 
1,738,794 
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