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My present invention is covered broadly 
in my companion application Ser. No. 427.- 
436 filed Nov. 30, 1920 and my companion 
application Ser. No. 530,990, filed January 
21, 1922; this application being a species of 
the genus disclosed and claimed in said cases. 
My invention relates to the method of 

treating materials in a vacuum, and more 
particularly to the method of protecting the 
opening or openings into the vacuum cham 
ber, through which opening or openings the 
material to be treated is introduced and with 

15 
drawn from the chamber. 
My invention relates more particularly to 

a vacuum seal maintained by the application 
of velocity head, i. e. the difference in pres 
sure between the atmosphere and vacuum be 
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ing balanced by the velocity head of the 
sealing medium. Through this seal the ma 
terial to be treated in the vacuum chamber 
is passed in any suitable manner. 

ticularly to the method of drying sheet ma 
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My invention further relates more par 

terial, as a continuous web of paper either 
coming from the wet end of a paper ma 
chine, or from a sizing vat, or from a color 
ing apparatus, coating machine or printing 
machine or directly from a roll of wet paper. 
My invention further relates to a vacuum 

apparatus including a vacuum chamber 
having passages extending from the said 
vacuum chamber and open to the atmos 
phere. These passages are protected by ve 
locity fluid seals which prevent the admis 
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sion of air into said vacuum chamber as the 
material to be treated is introduced and 
withdrawn through said seals. 
My present invention relates to employing 

water, or other similar fluid having an affin 
ity for the material being treated, as the 
fluid of the velocity seals, or any other suit 
able sealing liquid whether it has an affinity 
for the web or not. 
My invention further relates to employing 

passages having restricted areas merging 
into progressively larger areas between the 
atmosphere and the interior of the vacuum 
chamber, forming in effect Venturi nozzles, 
through which the fluid of the velocity fluid 
'seals flows and the web passes. 
My invention more particularly relates to 

employing fountains of sealing liquid at the 

entrance and exit passages to guard said 
passages against the admission of air into 
the yacuum chamber. The flow of the liquid 
in these fountains may just be sufficient to 
equal the pressure of the atmosphere, in 
which case the sealing liquid would have 
practically no flow. s 
the Sealing liquid in the fountains is a little 
greater than that necessary to balance at 
Inospheric pressure, in which case there will 
be a bubbling of the liquid out of the re 
stricted passage of the fountain, the liquid 
preferably being caught in catch basins. 
My invention further relates to certain 

steps, and combinations of steps, also, to cer 
tain elements and combinations of elements, 
whereby the method or processes herein de 
scribed may be carried oit, as well as to cer. 
tain details of construction, all of which 
will be more fully hereinafter described in 
the specification and pointed out in the 
claims. 

I have shown in the drawings, one form 
of apparatus which may be used to carry out 
my improved method, but it is to be distinct 
ly understood that my invention is not to be 
confined to the particular form of appa 
ratus, shown by way of illustration. 

In the accompanying drawings the same 
reference numerals refer to similar parts in 
the several figures. 

Fig. 1 is a vertical diagrammatic view 
of one form of my invention; 

Fig. 2 is a transverse vertical section 
through the web and the upper and lower 
carrier belts. 
The vacuum chamber A has a vacuum 

maintained therein in any suitable manner 
by connecting the pipes 1, 1 with any suit 
able exhausting apparatus. This vacuum 
chamber has two passages 2, 2 open to the 
atmosphere. Through these passages the 
material to be treated in the vacuum cham 
ber A is introduced and withdrawn. Of 
course if the passages were left unguard 
ed the vacuum in the vacuum chamber A. 
would be broken. 
My invention consists in guarding these 

passages 2, 2 from the atmosphere by foun 
tains of sealing fluid, the fluid having an 
affinity for the web treated; or the sealing 
fluid may have no affinity for the web treat 

Preferably the flow of 
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analgam' or any similar substance. 
I have shown 

ed, such fluids for example, as mercury, 
the continuous Web 3 of paper coming either from the wet end of a 

5 paper machine, or from a sizing vat, or from 
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a coloring apparatus, printing machine, 
coating machine or directly from a roll of 
wet paper. This web 3 passes into the vac 
cuum chamber. A through the restricted pas 

direction of the enlarged opening 7. 
economy of operation, the speed of the ro 

sage 2 guarded by the entrance fountain 4. 
The sealing liquid 5 is caused to move in the 
fountain and pass through the restricted 
nozzle 6 into the progressively larger por 
tion 7. Whatever velocity the liquid may 
have as it passes through the Venturi noz 
zle 6, its velocity will be reduced as it passes 
into the enlarged portion 7. The velocity. 
of this sealing liquid must be such that it 
exerts a pressure which will equal the pres 
sure of the outside atmosphere. I have 
shown my fountain 4 provided with two l'o- 
tary pumps 9, 9, which propel the sealing 
fluid through the restricted passage 6 in the 
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tary pumps 9, 9 should just be sufficient to 
cause the moving Sealing liquid 5 to exert a 
pressure which will equal the atmospheric 
pressure, in which case, if maintained, there 
would be practically no movement or circu 
lation of the sealing liquid. In practice, 
however, I preferably run the 1'otary pumps 
9, 9 so. that the moving liquid of the seal will 
have just sufficient velocity to slightly over 
come the pressure of the atmosphere, caus 
ing the sealing liquid to bubble or flow over 
the lip 10, and into the catch basin 11. 
When the catch basin is full of sealing liquid 
the excess may be permitted to run to Waste, 
or, it may be led by the pipe 12 back to the 
pumps 9, 9, so that it may be used over and 
over again. The rotary pumps 'evolve at 
such a speed and in such a direction that 
they throw the liquid of the seal towards 
the restricted passage 6 and away from the 
slot 45 So that no sealing liquid will pass 
through said slot into the vacuum chambel'.A. 
The fountain 4 guarding the exit passage 

2 of the vacuum chamber, is the same as 
that just described. 
When the sealing liquid is wate) or any 

suitable liquid that has an a finity for the 
web. 3 of paper or similar material. I provide 
means to protect the web fron contact with 
the sealing liquid when it passes through the 
fountains guarding the entrance and exit of 
the vacuum chamber. I may, for example, 
as shown in Fig. 1, use an upper 'a'rier 

60 
belt 13 passing over the guide roll 14, where 
it meets the Web 3 and the lower carrier belt 
15, as it passes over its own glide roll ltd. 
These upper and lower guide belts 13 and 
15 are formed of some waterproof material 
and are wider than the web 3 and thoroughly 
protect it as shown for example in Fig. 2. 
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The web 3 is then fed continuously, with its 
surrounding and protecting waterproof car 
•rier belts i3 and 15, through the entrance 
fountain 4 and into the vacuum chamber A. 
As soon as the carrier belts 13 and 15 are 
well within the vacuum chamber, I separate 
them by causing the upper carrier belt 13 to 
pass over the guide rolls 17, 18, 19, 20, 21. 
and 22. The lower carrier belt, 15 is passed 
over the guide rolls 23, 24, 25, 26, 27 and 28, 
where it again meets the web of paper, now 
dry, and passes with it and the upper car 
rier belt 13 through the exit fountain 4. 
The lower carrier belt is caused to move con 
tinuously over the guide rolls 29, 30, 31, 32, 
and 33 back to the guide roll 16. The upper carrier belt 13 is likewise caused to love 
continuously over the guide rolls 34, 35, and 
36 back to the guide roll 14. 

It is found in practice that the shrinkage 
of the Web 3 upon the different dying drums 
or cylindel's 37, 38, 39, 40 and 41 is unequal. 
I, therefore, pi'ovide separate and individual 
felts 42, 42 for each one of the drying drums 
of cylinders 37, 38, 39, 40 and 41, the felts 
passing continuously over their respective 
guide rolls 43, 43. 
My invention is particularly adapted to be 

used in connection with drying sheet mate 
rial in the form of paper, though it is to be 
distinctly understood that it is equally ap 
plicable to and covers drying sheet material 
in the form of textile fabrics, as for ex 
ample, drying such fabrics after they have 
been washed or bleached or dyed, or other 
wise treated by a liquid of some description, 
While I preferably use the same liquid in 

each of the fountains 4, 4, I may, of course, 
use one liquid in one fountain and a differ 
ent sealing liquid in the other. 
My method possesses many advantages 

not present in processes heretofore used for 
many yeal's in the drying of paper. 
The evaporation process, which is charac 

teristic of the so-called loft drying of paper, 
has many fully recognized disadvantages, 
and yet it is used today and has been in use 
for many years. 
paper is taken from the paper machine, cut 
into sheets, hung on poles, carried to the 
drying room where it is subjected to hot air 
at about 130 F. fol' allout Shoun's, and when 
dry, each sheet is separately calendered. Al 
though possessing the advantage of drying 
at a comparatively low temperature, where 
by the moisture is slowly evaporated, loft 
drying is obviously very ineflicient and cost 
ly, because it l'equires in any separate ma 
nipulations, is extremely slow, uses extensive 
floor space and wastes heat. 
The process which is employed in the or - 

dinary paper machine in common use, is 
likewise subject to many disadvantages. In 
such machine, the Wet paper as, it comes 
from the paper machine, is passed over many 

In this method the wet. 
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revolving cylinders, heated internally by ders drying at atmospheric pressure, result 
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steam to sufficiently high degree of heat, to 
raise the temperature of the water in the 
paper to 212 F., the atmospheric boiling 
point of water. It is customary to supply 
the drying cylinders with steam at approxi 
mately 5.3 pounds gauge pressure, at which 
the steam has a temperature of 228° F., giv 
ing a difference of temperature (228-212°) 
of only 16° F. With this slight difference 
of temperaturu the transfer of heat is ex 
tremely slow, and hence it is necessary to 
employ many drying cylinders, in board ma 
chines often one hundred, and in news print 
machines, forty or more. 
Also due to convection and conduction 

losses, as well as those incident to leaks in 
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produces an exceedingly disagreeable and 

the piping system and other inefficiencies, 
the heat actually required for atmospheric 
drying of a ton of wet paper, is very much 
in excess of the theoretical requirement. 
The thermal efficiency of atmospheric dry 
ing by steam heated cylinders is therefore 
very low. Furthermore, the vapor produced 
from boiling the water out of the paper, is 
driven off into the operating room, and al 
though fans and exhausters are employed, 
at large expense for power and maintenance, 
the room atmosphere is so constantly Satur 
ated with moisture as to rust and ultimately 
destroy all iron and steel materials, and 
unhealthy atmosphere in which to work. It 
is well known that the minimum tempera 
ture 212°, the atmospheric boiling point of 
water, is positively injurious to, and results 
in oxidizing, the fibres of the paper, the 
strength of which is vastly improved when 
the paper is dried at lower temperatures, as 
in loft drying. This atmospheric drying 
process requires large initial cost for cylin 
ders, felts, and other necessary equipment, 
and extensive floor space, and results in the 
consumption of large amounts of power, and 
great cost for operation, maintenance and 
repairs. 
In my improved vacuum drying method. I 

contemplate maintaining within the cham 
ber a vacuum of about 28 of mercury, in 
which water boils at 100°F., and supplying 
the drying cylinders with steam at 5.3 
pounds gauge pressure, producing a tem 
perature of 228° F. The temperature dif 
ference between the temperature of the 
steam in the cylinders and that of the paper, 
is therefore, 128 F. in my vacuum method, 
or 8 times greater (16 F.X8=128° F.) 
than the temperature difference in atmos 
pheric drying. In my improved method the 
paper dries approximately 8 times faster 
than in atmospheric drying, and I require 
only about one-eighth the number of drying 
cylinders to dry paper at the same rate of 
speed. I am able to dry paper with 5 cylin 
del's in the same time required of 40 cylin 

ing in great economies in cost of the ma chine, floor space and of necessary piping, 
felts, auxiliary equipment, and particularly 
in power and maintenance charges. 
fhethermal efficiency of iny vacuum 

method is very much greater than that of 
the atmospheric cylinder drying heretofore 
in universal use for drying paper. Theo 
retically, it requires about 4287 pounds of 
steam to dry one ton of paper at atmospher 
ic pressure, but to compensate for convec 
tion and conduction losses, and those due to 

s 

leaks in the piping system, and other ineffi- ... 
ciencies, it has been shown in practice that 
about 10,600 pounds are required. 

80 

In my method, using a vacuum of about 
28', the convection, conduction and piping 
losses are exceedingly small and the total 
steam required to dry a ton of paper by my 
method is approximately 5200 pounds. 

It is an established fact that paper dried 
at low temperatures is much stronger than 
when it is dried at the high temperatures 
used in paper machine atmospheric drying. 
Paper dried in a vacuum of 28', or at a 
temperature of about 100° F. as in my 
method, is very much stronger than paper 
dried at atmospheric pressure, when the 
steam in the driers is at 228° F. When 
paper is dried by my method, therefore, a 
cheaper furnish or stock can be used and 
Still produce a paper equal in strength to at 
mospheric dried paper, in which a higher 
grade furnish or stock is used. In making 
newsprint paper, I am able to dispense with 
a considerable portion of the more expen 
sive sulphite pulp, as this can be replaced 
with the cheaper ground. Wood pulp. By 
my method I also reduce the number of 
breaks in the web as it passes over the cylin 
(GS. 

Furthermore, in my method there is a 
great saying of heat (or steam) because the . 
process is carried on in a vacuum chamber 
which acts on the principle of a thermos bot 
tle, and the steam and vapors driven out of 
the wet paper are caught in the closed vac 
uum chamber, and conducted away to the 
condenser. The operating room is free from 
steam, humidity and heat, and fans, and ex 
hausters are dispensed with. In the use of 
my method the apparatus is at all times 
operating under definite humidity, the co 
trol of the drying can be closely standard 
ized, and the moisture content in the paper 
carefully regulated. . . 
Some of the modern open air dryers are 

equipped with a blower system by which air, 
either heated or not, is blown through the 
drye' section, which will lower the temper 
ature at which the water is evaporated from 
the paper much below 212° F. and may, in 
some cases, reduce the temperature of evapo 
ration as low as 180° F. or lower. 
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Having pointed out the many advantages 

IO 

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 an illustrative embodiment 
thereof, to the details of which I do not de 
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 sealing a vacuum cham 

ber having openings for the admission and 
withdrawal of material into and from said. 
vacuum chamber consisting in propelling a 
Sealing liquid through the openings against 
the pressure of the atmosphere and with 
sufficient force to exceed the pressure of the 
atmosphere to prevent air working into the 
vacuum chamber. - 

4. 
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2. The method of drying a web of paper 
or other sheet material consisting in pass 
ing it into and out of a vacuum chamber 
through entrance and exit passages opening 
upwardly, and through a sealing liquid pro 
pelled in a substantially vertical direction 
and with sufficient velocity to exceed the 
pressure of the atmosphere and drying the 
Web of paper in the vacuum chamber. 

3. The method of drying a web of paper 
or other sheet material consisting in passing 
it into and out of a vacuum chamber through 
entrance and exit passages opening up 
wardly, and through water mounted in said 
passages and propelled in a substantially 
vertical direction and with sufficient velocity . 
to exceed the pressure of the atmosphere and 
protecting the web from contact with the 
Water and drying the web of paper in the 
vacuum chamber. 

4. In a vacuum apparatus provided with 
entrance and exit passages opening up 
wardly for the continuous passage of a web 
of sheet material, fountains protecting the 
entrance and exit passages, said fountains 
being provided with passages for the web of 
sheet material, a sealing liquid in the foun 
tains, and means to cause the liquid to move 
with sufficient velocity to obtain a pressure 
slightly exceeding that of the atmosphere to 
prevent air working into the vacuum cham 

ing pumping means located in the passages ber. 
5. In a vacuum apparatus provided with 

entrance and exit passages opening up 
wardly for the continuous passage of a web 
of sheet material, fountains protecting he 
entrance and exit passages, said fountains 
being provided with passages for the web of 
sheet material, a sealing liquid in the foun 
tains, and means to cause the liquid to move 
with sufficient velocity to obtain a pressure 
slightly exceeding that of the atmosphere to 

prevent air working into the vacuum chain 
ber, and means to prevent the liquid of the 
seal eontacting with the web. 

6. In a vacuum, apparatus provided with 
entrance and exit passages opening upward 
ly for the continuous passage of a web of 
sheet material, fountains protecting the en 
trance and exit passages, said fountains be 
ing provided with passages for the Web of 
sheet material, a sealing liquid in the foun 
tains, and means to cause the liquid to move 
with sufficient velocity to obtain a pressure 
slightly exceeding that of the atmosphere 
to prevent air working into the vacuum 
chamber, and upper and lower carrier belts 
to prevent the liquid of the seal contacting 
with the web. 

7. In a vacuum apparatus provided with 
entrance and exit passages opening upward 
ly for the continuous passage of a web of 
paper, fountains including rotary pumps lo 
cated in and guarding the entrance and exit 
passages, and a sealing fluid in said follin 
talnS. 

8. In a vacuum apparatus provided with 
entrance and exit passages opening upward 
ly for the continuous passage of a web of 
paper, fountains including rotary pumps lo 
cated in and guarding the entrance and exit 
passages, and water in said fountains. 

9. In a vacuum apparatus provided with 
entrance and exit passages opening upward 
ly for the continuous passage of a web of paper, fountains including rotary pumps lo 
cated in and guarding the entrance and exit 
passages, a Sealing fluid in said fountains, 
and a catch basin and means to lead the 
overflow liquid back to the rotary pumps. 

10. The combination in a vacuum appa 
ratus of one or more fountains guarding 
passages opening upwardly into the vacuum 
chamber, each fountain provided with a pas. 
Sage for the material to be treated and hav 
ing pumping means located in the passages 
adapted to propel a sealing liquid in the di 
rection of the atmosphere and at sufficient 
velocity to obtain a pressure exceeding the 
pressure of the atmosphere, and said sealing 
fluid. - 

11. The combination in a vacuum appa 
ratus of one or more fountains guarding 
passages opening upwardly into the vacuul) 
chamber, each fountain provided with a pas 
sage for the material to be treated and hav 
and adapted to propel a sealing liquid in 
the direction of the atmosphere and at suili 
cient velocity to obtain a pressure exceeding 
the pressure of the atmosphere, and said 
sealing fluid having an affinity for the na 
terial treated. 

12. The combination in a vacuum app:- 
ratus of one or more fountains guarding 
passages opening upwardly into the vacuum 
chamber, each fountain provided with a pas 
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sage for the material to be treated and hav 
ing pumping means located in the passages 
and adapted to propel a sealing liquid in 
the direction of the atmosphere and at suffi 
cient velocity to obtain a pressure exceed 
ing the pressure of the atmosphere, said 
sealing fluid having an affinity for the ma 
terial treated, and means to protect the ma 
terial treated from contact with said sealing liquid. 

13. The combination in a vacuum appa 
ratus of one or more fountains guarding 
passages opening upwardly into the vacuum 
chamber, each fountain provided with a pas 
sage for the material to be treated and hav 
ing pumping means located in the passages 

adapted to propel a scaling liquid in the di 
rection of the atmosphere and at sufficient 
velocity to obtain a pressure exceeding the 
pressure of the atmosphere, and water as 
the Sealing liquid. 

14. The method of sealing a vacuum 
chamber provided with entrance and exit 
passages opening upwardly, consisting in 
closing said passages with a sealing liquid 
which by gravity supplemented by atmos 
pheric pressure and the vacuum of the cham 
ber tends to force the liquid into the vacuum 
chamber, and balancing these combined 
forces so that the sealing liquid continues to 
Seal the entrance and exit passages. 

OG DEN MINTON 

26 

  


