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The present invention relates to an appa 
ratus and method for the drying of paper 
and other sheet material, in a vacuum cham 
ber, and then immediately, while still in 
the vacuum chamber, coating, or coloring, 
or sizing or impregnating the paper or other 
sheet material, and then immediately dry 
ing the coated, colored, sized or impreg 
nated paper or other sheet material while 
still in the vacuum chamber. 
My improved method consists in passing 

the sheet material which is to be dried into 
a vacuum chamber through a liquid sealing 
medium which has no affinity for the ma 
terial, subjecting it to heat to drive off its 
contained moisture, immediately coating or 
coloring, or sizing or impregnating the 
sheet material while in the vacuum cham 
ber, then subjecting the coated or colored, 
or sized or impregnated sheet material to 
heat to drive of its contained moisture or 
other liquid, and then passing the sheet 
material out of the chamber through a seal. 
This method may be practiced by the use 

of various forms of apparatus, some of 
which are herein disclosed. In any form, 
however, it is essential that the apparatus 
be provided with a closed chamber in which 
a partial vacuum may be maintained. In 
order that the material to be dried, treated, 
and again dried may be continuously passed 
through the vacuum chamber, the latter is 
provided with openings closed to the ad 
mission of air by a liquid sealing medium 
which has no affinity for the material. The 
liquid seal effectively closes the entrance 
and exit passages against the admission of 
air to the chamber, but permits the passage 
of the material into and out of the chamber. 
The heating elements within the vacuum 
chamber, for drying the material, the shape, 
form, dimensions and location of the liquid 
seal containers, and the means for passing 
the sheet material through the chamber, 
may all vary. I have shown herein a num 
ber of varieties which I contemplate using. 
My invention further relates to with drawing from the sheet material substan 

tially all, or a large portion, of its occluded 
air and filling the interstices normally filled 
by the occluded air with a coating of im 
pregnating compound, and then drying said 
coated or impregnated sheet material in the 
vacuum chamber before subjecting the said 
sheet material to atmospheric conditions. 

- My invention further relates to obtaining 

a better and more uniform product than 
any now known on the market. My inven 
tion further relates to the method of coat 
ing or impregnatingsheet material which 
insures that there will be no blemishes, un 
even surfaces, blisters or minute raised por 
tions due to the air which may be held or 
occluded within the sheet material which, in the present practice of coating as for 
example with a water-proof compound, 
leads to rejections or discards due to these 
imperfections with the consequent waste of 
material and labor. 
My invention further relates to the treat 

ment of paper, either from the wet end of 
a paper machine or from a roll or reel of 
wet or damp paper, feeding the web of wet 
or damp paper into a vacuum chamber with 
outbreaking the vacuum, drying said web 
in the vacuum chamber, and removing sub 
stantially all of its occluded air, and im mediately coating or impregnating or color 
ing said dry web, with a coating or impreg 
nating or coloring compound, and then 
again drying the web, the second time with 
its coating or impregnating or coloring 
compound, within the vacuum chamber and 
all these steps being continuous and prior 
to subjecting the coated or impregnated 
compound to the action of the atmosphere. 
My invention further relates to manu 

facturing paper wherein the fibers are not 
Weakened and the size in the paper is not injured or damaged due to drying at high 
temperatures. 
My invention further relates to manufac 

turing colored paper and drying it without 
Substantially impairing the coloring matter 
and mordants used in the paper. Among 
other advantages this insures that the paper 
will haye bright colors, which will bé sub 
stantially uniform in different runs of 
paper, permitting matching of colored pa 
per without any appreciable difference in 
tone or color. w 
My invention, further relates to rapidly 
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and expeditiously coating or impregnating 
sheet material in a continuous web or sheet. My invention further relates to sizing 
paper in a vacuum chamber and drying 

05 

the sized paper in said vacuum chamber at 
such low temperatures as not to injure the 
fibers of the paper or the size. My inven 
tion further relates to withdrawing the oc 
cluded air from the paper and immediately 
drying and then filling the interstices nor 
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mally filled with the occluded air with the 
size, and then drying the thoroughly sized 
paper in the vacuum chamber before it is ?????????????? to atmospheric conditions. My 
invention further relates to carrying out 
this method continuously with a continuous 
web of paper which passes into and out of 
the vacuum chamber without breaking the 
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vacuum. My invention further relates to certain steps, and combinations of steps, 
also to certain elements and combinations 
of elements, whereby the method or proc 
esses herein described may be carried 9tut, 
as well as to certain details of construction, 
all of which will be more fully hereinafter described in the specification and pointed 
out in the claims. 
The accompanying drawings, which are 

partly diagrammatic illustrate several, but 
not the only, forms of my apparatus, by the 
use of which my improved method may be 
practiced. d 
In the accompanying drawings the same 

reference numerals refer to similar parts in 
the several figures. . . . 

Fig. 1 is a vertical diagrammatic section 
through one form of apparatus which may 
be used to carry out my improved process; 

Fig. 2 is a diagrammatic vertical section 
of a modified form in which the web of 
sheet material is passed through a heated 
bath to dry the same; .. 

Fig. 3 is a vertical diagrammatic section 
of a modified form of apparatus in which a 
combination of heated drums and a heated 
bath are used to dry and finish the sheet 
material; 

Fig. 4 is a vertical diagrammatic section 
of another modification in which different sized drums are used with a heated liquid 
bath to vary the finish given to the sheet 
material; 

Fig. 5 is a vertical diagrammatic section 
of still another modification in which the 
web of sheet material is passed in folds or 
loops through the vacuum chamber adjacent 
to but not in contact with fixed heating sur 
faces; and 

Fig. 6 is a vertical diagrammatic section 
of still another modification in which the 
web of sheet material is fed through the 
vacuum chamber, and in its passage through 
said chamber subjected to radient heat, 
???ably a glowing member of an electric eater. 
In describing my invention I will describe 

it as applied to sheet material in the form 
of paper though it is to be distinctly under 
stood that textile fabrics may also be treat 
ed by my process and that my broader 
claims cover all forms of materials. 
In the ordinary drying of a web of paper 

such high heat is used as to injuriously af 
fect the fibers of the paper; and in case the 
paper is colored it will materially affect the 
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coloring matter and mordants used. Dry 
ing paper in the high temperatures used in 
ordinary practice often affects the size so 
that the resulting paper varies in quality, is 
not uniform and is not a perfect product. 
In coating or impregnating fabrics it is 

found in practice that the coated fabric will 
frequently have blemishes due to large or 
small blisters and blow holes, these often 
being about the size of a pin-head or a pin 
oint. This is caused by the air which is 
eld or occluded being collected, more or 

less, in small pockets under the coating or 
impregnating material, or in some cases 
causing minute blow holes. In water-proof 
fabrics this results in large quantities of the 
material being rejected with the consequent 
loss to the nanufacturer. 
By my invention I insure that substan 

tially all the occluded air is withdrawn 
from the sheet material which will permit 
the coating or impregnating material, what 
ever it may be, to thoroughly fill these 
minute interstices or pockets normally oc 
cupied by occluded air, forming thereby a 
better and more uniform product and one 
devoid of blisters, blow holes or such blem 
ishes. By my invention I immediately dry 
Such coated or impregnated sheet material 
while still in the vacuum chamber so that 
when the sheet material emerges from the 
vacuum chamber the coating or impregnat 
ing material is dry and set without any danger of atmospheric pressure or atmos 
pheric conditions spoiling or marring the 
finished product. 
As previously stated I will descrile my 

invention with relation to coating or im 
pregnating paper, though it is to be under 
stood that textile fabrics may be treated in 
the same manner. 
The web of paper 1 is fed direct from the 

wet end of a paper making machine, or in 
some cases it may be fed from a roll or reel 
2 of wet or damp paper. The web is fed 
into the vacuum chamber 3 by passing over 
the guide roller 4 into the liquid seal 5, 
under the submerging roller 6, and thence 
in contact with the guide rollier 7. This 
liquid seal 5 may be of any suitable material 
which has no affinity for the sheet material 
treated and has no deleteriors affect upon 
it. Preferably I use mercury as the sealing 
medium 5, but it is to be distinctly under 
stood that any amalgam, alloy, or any other 
suitable liquid sealing medium may be en 
ployed which has the characteristics above specified. 
The web 1 is immediately upon its entry 

into the vacuum chamber 3 dried prepara 
tory to coating or coloring or impregnating 
it. I have shown in Fig. 1 a revolving dry 
ing drum or cylinder 8, which is heated in 
any suitable manner, and over which the 
web 1 passes and is dried preparatory to 
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entering the coating or impregnating bath 
9. It may be fed into the bath in any suit 
able manner as by engaging with the guide 
rcar 10 and under the submerging roller 
11 in the chamber 12, containing the coat 
ing or coloring or impregnating bath 9. 
This bath may be of any suitable material 
to coat or impregnate or color sheet ma 
terial whether it be paper or textile fabric. Simply by way of example, this coating or 
impregnating bath 9 may be size, tar, wax, 
or in fact any coating or waterproofing, or 
impregnating or coloring compound. The 
web is then fed through the squeeze rollers 
13, 13, which remove all the surplus coat ing or coloring or impregnating compound, 
thence in contact with the guide roller 14 
and over the second revolving heating drum 
15, which completely dries the web with its 
coating or impregnating compound, thence 
in contact with the guide roller 16 and out 
through the second liquid seal 5 under the 
submerging roller 17 and over the guide 
roller 18, where the web 1 is preferably 
wound into the finished roll or reel 19. 
This second liquid seal. 5 will preferably 
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be of the same material as the first seal 5, though of course it may be ̂ varied pro 
vide it has no affinity for or deleterious 

With Windows, such for example as 26 and 
with suitable man-holes, not shown. 
When the web passes into the vacuum 

chamber 3 and is dried over the drum 8 the 
high vacuum, which is preferably main 
tained, withdraws not only all of its mois 
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ture but also substantially all of its occluded 
air, so that while in this condition with 
its interstices, normally filled with occluded 
air free of such air, it passes innmediately 
into the coating or impregnating bath 9 
so that a better application of the coating 
or impregnating compound will be had be 
cause portions of the bath will fill these 
minute intersices in the web. 
The drying drums or cylinders may be 

heated by exhaust steam or hot water, or 
otherwise. Their temperature may be va 
ried within quite widelimits but they must 
not be heated to such a temperature as to injuriously effect the material treated, or 
the size, or coloring matter or mordants, if 
such be used. ... . . 

If the coating or impregnating material 
9 is a compound including highly volatile 
liquids, these volatile liquids will of course 
boil or be given off at a lower temperature 
than that, given above. 
In my invention I thoroughly dry the 

affect upon the finished dry coated or im-coated or impregnated web at a relatively 
pregnated web 1. 
While I have shown one drying drum 8 

to dry the web prior to coating or impreg 
nating it within the vacuum chamber, it is 
of course understood that a greater npmber 
of drying drums may be used if found 
necessary or convenient. This also applies 
to the number of drying drums 15 to dry 
the web after it has been coated or im 
pregnated. - 
The coating or impregnating compound 9 

may be fed into the chamber 12 in any suit 
able manner such as by operating the cock 
20 in the supply pipe 21. The material of 
the bath 9 may be withdrawn and the cham 
ber 12 cleaned, preparatory to using a dif 
ferent coating or impregnating compound, 
in any suitable manner, such as for example, 
bv. operating the cock 22 in the pipe 23. 
This coating or impregnating bath may be 
heated if desired by passing steam or hot 
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water through the pipes 24, 24. The vacuum 
chamber 3 is provided with exhaust pipes 
25, 25 and is connected to any suitable form 
of vacuum machine or condenser to main 
tain the particular degree of vacuum within 
the chamber desired, and at the same time 
withdraw the steam, moisture, air, and other 
vapors given off by the weh of paper as 
it dries. If the coating or impregnating 
material includes volatile liquid, which it 
may be desired to recover and use over 
again, this may be done in any well known 
manner. The vacuum chamber is provided 

low temperature in the vacuum chamber so 
as not to injure its constituent fibers or ele 
ments, and also to permit the coating or 
impregnating, compound to thoroughly set 
before the web is passed out of the vacuum 
chamber and subjected to atmospheric con 
ditions. In my invention a smooth and fine 
product is obtained without blemishes, 
blisters or defects due to small portions of 
air being held under any of the coating; 
or seeking to escape therefrom, causing pin. 
holes to appear on the surface. In passing 
the web over the revolving drying drums or 
???????ders it is given a flat and smooth sur 
aC?. ??? 

In Some cases it is desirable to give a 
different finish to the web than that which is given by the drying drums or cylinders 
of Fig. 1. 
it is also desirable, in some cases, to let the 
fibers of the web shrink under little or sub 
stantially no tension, so that the resulting 

When the web 1 is of paper. 
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sheet, or web is substantially as strong 
lengthwise of the sheet as it is crosswise. 

I have shown a modification in Fig. 2, in 
which the web 1 is fed from the wet end 
of a paper machine, or from a reel 2 in the 
same manner as in Fig. 1, into the vacuum 
chamber 25, through a similar liquid seal 
5. In this form of my invention the webs 
passes over the guide roller 26, and into 
a heated bath 27 of some medium which 
will dry the web but which has no affinity. 
for, or deleterious action upon it. Prefer 
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ably this heated bath is mercury, which may 
be heated in any suitable manner as by the 
steam pipes 2S, 28. It is to be distinctly 
understood, however, that this heated bath 
may be any amalgam, alloy, or any other 
suitable medium which has the character 
istics above specified. - 

Preferably the web is fed in folds or 
loops 29, 29 under submerging rollers 30, 30, 
and over the guide rollers 31, 31 the web 
having only sufficient tension upon it to in 
sure its proper passage through the ap 
paratus. After passing through the heated P 
bath 27, and dried, the web is fed over the 
guide roller 32 and then, while still in the 
vacuum chamber, is fed into the chamber 
33, through the coating or impregnating 
liquid 9. It then passes through the squeeze 
rollers 13, 13 which remove all surplus coat 
ing or impregnating compound, thence 
over the guide roller 34 and into the second 
heated bath 35 under the submerging rollers 
36, 36 and over the guide rollers 37, 37. 
This bath 35 is one having the same char 
acteristics as the first liquid bath 27. The 
web, now coated or impregnated, in passing 
through the second heated bath 35 is thor 
oughly dried and the coating or impregnat 
ing compound is set So when it passes out 
of the vacuum chamber through the second 
liquid seal 5, under the submerging rollers 
17 and over the guide roller 18 it is a fin 
ished and dry product ready to be imme 
diately rolled into a roll or reel 19. 
In some cases it may be desirable to give 

the web 1 a finish and smoothness different 
from what it is given in the apparatus, 
shown in Figs. 1 and 2. I may for example 
pass the web 1, Fig. 3, into the vacuum 
chamber 38 through a similar liquid seal 5 
and over comparatively small guide rollers 
39, 39 and in contact with relatively large 
submerging rollers 40, 40 which may be 
heated and rotated, or not, as found con 
venient or desirable. These rollers 40, 40 
are mounted in the liquid bath 41 prefer 
ably of mercury, though of any suitable 
medium having the characteristics previous 
ly described in connection with the baths 
27 and 35, Fig. 2. The liquid in this bath 
may be heated in any suitable manner as 
by steam, hot water or products of combus 
tion passing through the chamber 42. 
After the web 1 has been thoroughly dried 

by its passage through this bath 41 and in 
contact with the drums 40, 40 the guide 
rollers 39, 39 it is immediately, while still 
in the vacuum chamber, passed into the com 
partment 43, containing the coating or im 
pregnating liquid 9, thence through the 
squeeze rollers 13, 13 over the guide roller 
44 and through the second liquid bath 45, 
while in contact with the drums or rollers 
46, 46; the web passing over the guide 
rollers 47, 47. The liquid bath 45 is pref 

tially 
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erably mercury, but it may be of any suit 
able material having the characteristics 
previously described. This second bath may 
be heated in any suitable manner, as by 
steam, hot water, or products of combus 
tion passing through the chamber 48. The 
coated or impregnated web is dried in the 
second bath 45, where the coating or im 
pregnating material is thoroughly set in the 
web at relatively low temperatures which 
temperatures do not injure the constituent 
elements or fibers of the web. It is then 
assed out of the vacuum machine through 

the second liquid seal 5 under the submerg 
ing roller 17 and over the guide roller 18 
where it may be immediately wound into a 
finished roll of coated or impregnated paper 
or fabric 19. 
The finish of the web, particularly if it is 

of paper, may be still further varied by 
changing the size of the rollers 39, 40 and 46 
and 47. These changes may be made within 
wide limits. Simply for purposes of illus 
stration Ihave shown in Fig. 4 another vari 
ation of my invention in which the vacuum 
chamber 49 is provided with the same liquid 
baths 41 and 45. The guide rollers 50, 50 of 
the first liquid bath and the guide rollers 
52.52 of the second liquid bath are substan 

the same size as the similar guide 
rollers of Fig. 3, but the drums 51, 51 of the 
first liquid bath and the drums 53, 53 of the 
second liquid bath are smaller than the corre 
sponding drums 40, 40 and 46, 46 respective 
ly, of Fig. 3. In this modification the web 1 
will not have a finish quite so flat and smooth 
as given by the apparatus shown in Fig. 
3 or that shown in Fig. 1, but will give a 
flatter and smoother finish than the appa 
ratus of Fig. 2. While these different 
forms are shown, it is of course to be under 
stood that they are simply illustrative and 
that my invention is not to be confined to 
them. h 

The forms shown in Figs. 2 to. 4 are the 
subject of my divisional application, Serial 
No. 545,218. 
It is desirable in finishing some webs of 

sheet material, particularly paper, to pass 
them adjacent to, but not in contact with the 
heating elements. I have shown in Fig. 
5 a vacuum chamber 54 provided with fixed 
heated elements 55, 55. These elements are 
preferably heated with steam or hot water. 
The web 1 of paper coming from the wet 
end of a paper machine, or from the roll 2, 
is passed through a portion of the vacuum 
chamber 54 in folds or loops 56, 56 with 
little or no tension upon it, only such as is 
sufficient to insure its proper passage over 
the guide rollers 57, 57 and 58, 58 and 
through the apparatus. Between one or more 
of these folds or loops 56, 56, preferably be 
tween each of the folds, I mount one of the 
fixed heating elements 55, 55 so that the web 
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ored or impregnated and immediately dried 
within the same vacuum chamber, so that 
when it emerges the coating or impregnating 
material is dried and set permitting it to be 
immediately wound into a roll or reel for transportation. The low temperature used 
and the great difference in temperature 
which I employ from that necessary under 
atmospheric conditions insure that the sheet 
material will not be injured in any particu 
lar and that the proceSs may be speeded up, 
thereby reducing the cost of manufacture. 
The sheet material is never subjected to high 
temperatures. which high temperatures in 
variably injure its fibers or threads. I am 
enabled also to use a comparatively small 
machine, which takes up comparatively 
small floor space thereby reducing overhead 
expenses. ... 

Having pointed out the many advantages 
of my method and apparatus over those 
heretofore used, it will be apparent that the 
use of my invention results in great economy 
in the initial cost of apparatus and in large 
savings in cost of operation, maintenance 
and repairs. 
Having thus described this invention in 

connection with illustrative embodiments 
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sheet material consisting in feeding it into 
and out of a vacuum chamber without 

50 

breaking the vacuum, continuously drying 
the sheet material in the vacuum chamber 
under slight tension sufficient to cause its 
constituent elements to slightly rearrange 
themselves in the direction of travel of the 
sheet material thereby giving a smooth and 
flat surface to the materia? treated, then coating, continuously sizing or impregnat 
ing the sheet material while still in the 
vacuum chamber, and then immediately and 
continuously drying the coated, or impreg 
nated or sized material while still in the 
vacuum chamber and prior to passing it into the atmosphere. 

3. The method of treating a wet web of paper consisting in feeding it continuously 
into and out of a vacuum chamber with 
out breaking the vacuum, drying the web 
in the vacuum chamber and at the same 
time putting the fibers under more or less 
tension so that they will be pulled out 
slightly in the direction of travel of the 
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Web, coating, sizing or impregnating the 
web of paper in the vacuum chamber, and 
then while still in the vacuum chamber dry 
ing the coated, sized or impregnated web 

thereof, to the details of which I do not de--of paper and giving it a smooth flat sur 
sire to be limited, what is claimed as new and 
what is desired to secure by Letters Patent 
is set forth in the appended claims. 
What I claim is:- 
1. The method of treating sheet material 

consisting in feeding it into and out of a 
vacuum chamber without breaking the 
vacuum, drying the sheet material in the 
vacuum chamber under slight tension Sufi 
cient to cause its constituent elements to 
slightly rearrange themselves in the direc 
tion of travel of the sheet material thereby 
giving a smooth and flat surface to the ma 
terial treated, then coating, sizing or im 
pregnating the sheet material while still in 

45 the vacuum chamber, and then immediately 
drying the coated, or impregnated or sized 
material while still in the vacuum chamber 
and prior to passing it into the atmosphere. 

2. The method of continuously treating 
o ... 

face before permitting it to pass into the 
atmosphere. - 

4. An apparatus for treating a web of 
paper, including a vacuum chamber, means 
to permit the web of paper to pass into and 
out of the vacuum chamber continuously 
without breaking the vacuum, drying means 
located in the vacuum chamber to dry the 
web and at the same time to cause its con 
stituent fibers to slightly rearrange them 
selves from the position assumed by them 
on the wire of the paper machine thereby 
giving a smooth flat surface to the web of 
paper, means within the vacuum channber 
to coat or size or impregnate the web, and 
other drying means mounted in the vacuum 
chamber to dry the coated or sized or im 
pregnated web of paper prior to its con 
tinuous passage into the atmosphere. 

OGDEN MINTON. 
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