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My invention relates to drying material
as for example sheet material in & vacuum
chamber while in contact with a heatel ele-

ment. My invention further relates to pass- .

5 ing said material of said sheet material, into
and out of the vacuum chamber without
breaking the vacuum. -My invention further
relates to continuously drying sheet material
by continuously passing it into and out of

.10 the vacuum chamber, without breaking the

vacuum, and heating it while in the vacuum .

chamber in contact with heated drums or
cylinders,
My invention further relates to manufac-
15 turing paper wherein the fibers are not weak-
ened and the size in the paper is not injured
or. damaged due to drying at high tem-
peratures, . -
My invention further relates to manufac-
20 turing colored paper and drying it without
substantially impairing the coloring matter
and mordants used in the paper.
-other advantages this insures that the paper
will have bright colors, which will be stth-
25 stantially uniform in different runs of paper,
permitting matching of colored paper with-
out any appreciable difference .in tone .or
color, - ' ' :
My invention further relates to taking a
30 web of wet paper, either from the wet end
of a paper making machine, or from s seiz-
ing vat or from a coloring apparatus or
coating machine or, a irinting machine and
.. continuously passing the web of paper into
35 and out of a vacuum chamber, without break-
ing the vacuum in the chamber, and heat-
ing, smoothing, flattening and drying said
_web of paper in said vacuum chamber,
: My invention further relates to employing
40 one or more heated cylinders or drums in
said vacuum chamber, over which the web
of paper passes, and which exerts a slight
" tension upon said paper to slightly rearrange
the fibers of said paper to insure a flat and
46 smooth finished sheet of paper, but drying
it at such a low temperature as not to in.
jure the fibers of the paper, or the size, or
mogdants and coloring matter if any be
. used. .
30, My invention further relates to feeding
and pressing said web of paper or sheet ma-
terial into contact with said drying drum

or drums in said vacuum chamber. My in-

vention further relates to passing said sheet

55 material or paper through a liquid sealing

Among

‘or bleached or dyed,

- No. 250,283, 'Rcnewed February 17, 1986,

medium into and out of said vacuum cham-
ber, said sealing medium being formed of _ -
any liquid material which will have no dele-
terious effect upon, or affinity for, either the
wet or dry sheet material or paper.

y invention further relates to certain
steps, and combinations of steps, also to cer-
tain elements and combinations of elements,

60

~whereby the method or processes herein de-

scribed may be carried out, as well as to 65

certain 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, somewhat
diagrammatically, different forms of ap-
paratus which may be used to carry out
my improved method, but it is to be dis-
tinctly understood that my invention is not
to be confined to the particular form of ap-
paratus, 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 section 80
through one form of apparatus which may -
be used to carry out my improved process;

-Fig: 2 is a fragmentary diagrammatic ver..
tical section of a modified form ‘in ‘which
one seal is used instead of two;

Fig. 3 is a vertical diagrammatic section
of a form of apparatus in which I may em-
ploy one or more means to press or feed the
web, or sheet of material, into contact with
the heated drying drums or drum. .

Fig. 4 is a vertical diagrammatic section
of a modification in which the endless felts
or belts pass into and out of the vacuum-
chamber without breaking the vacuum.

In" describing my invention. I will de-

70
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. 85

90

95

-scribe it as applied to sheet material in the

form of paper though it is to be distinctly
understood that it is equally applicable to
and covers drying 'sheeti material in the
form of textile fabrics, as for example, dry- 100
ing such fabrics after they have been washed,
or otherwise treated
with a liquid of some description. L

In the ordinary ‘drying of s web of wet
paper such high heat is used as to injuri- 105
ously affect the fibers of the paper; and in
case the paper is colored it will material-
ly affect the coloring matter and mordants
used. In drying paper in the high tempera-
tures used in ordinary practice often af- 110
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fects the size, so that the resulting paper
varies-in quality, is not.uniform, and is not a
perfect: product. '

By my invention I take the web of paper

"1, either as it comes from the wet end of a

‘reel 12 of dry finished paper.

paper machine, or from a sizing vat, or from
a coloring apparatus or coating machine-or
a printing machine and pass it into a vacu-’
wm chamber 2 so that the vacuum in said
chamber will not be broken either as the
web of paper enters or is withdrawn after
being treated. :

1 have shown, for purposes of llustration,
the vacuum chamber 2 provided with liquid
seals 3 and 4. The sealing medium used
may be any suitable material which has
no affinity for the sheet material and has
no deleterious action uponit. I have found
in practice that mercury is a very gatis-
factory sealing medium and this is the seal-
ing medium that I preferably employ, but
it is to be distinctly understood that any
amalgam, alloy, or any other suitable liquid
sealing medium may be employed, which has
the characteristics above specified. -

1 pass the web 1 over the guide roll 5,
around the guide roll 6 in the sealing bath 3
and thence up in contact with the guide roll

7, in the vacuum chamber 2, and around one -

heated, drying drums 8,
; by way of illustration,
though this number may be increased or de-
creased as found expedient.

The web is then fed out of the vacuum

or more revolving,

5 chamber, passing the guide roll 9 and ouf

through the seal 4 under the guide roll 10
and over the guide roll 11, where it may be
immediately rolled or reeled inte a roll or
In drying the yeb 1 of paper in contact
with the drying drums 8, 8, there is some
slight degree of temsion upon the web which
will cause the fibers of the paper to slightiy
rearrange themselves, forming 2 sheet of
dry paper, which is very fiat and smooth.
The vacuum chamber 2 is-provided with
pipes 13, 13 which are connected to any
suitable form of vacuum machine or con-

* denser to maintain the particular degree of

0

6

vacuum within the -chamber desired, with-
drawing the steam, moisture and air given
off by the web of paper as it dries. 1 also
preferably provide the vacuum chamber
with one or more windows 14, 14 so that the
operation within the vacuum chamber may
be observed. v '

In some cases, instead of having two seals
for the vacuum chamber, I may use only
one seal, as shown for example in Fig. 2.
Tn. this form of my invention the vacuum
chamber 15 is provided with a funnel shaped
member 16, which fits into a_cup shaped
member ‘17. The web 1 is fed -around the
guide roller 18, within the liquid sealing
medium 19, under the guide roller 20, thence

1,505,478

into the vacuum chamber 15, in contact with
the guide rolls 21, :
with the drying drums’8, 8:the guide rolls
23, 24 and emerges
the same funnel shaped member 16 into the
same. liquid sealin
guide roll 25 and thence out into the atmos-
phere over the guide rolls 26, where it may
be wound into a roll-or reel if so desired.
In some cases I employ means for feeding
and pressing the web 1'into'contact with the
heating elements mounted within the vac-
wum chamber. I may for example feed the

21& 9292, and thence in contact.
as a dry sheet, through

member 19; under the

70
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web 1, through the liquid sealing medium -

into. the vacuum chamber 2, passing it
around the drying drums 8, 8 the same as in
Fig. 1, but in addition thereto ‘having one
or more endless felts or aprons 27, passing
over the rollers 28, 28 and under the rollers
29, 29. This felt or apron serves to press
and feed the web 1 in close contact With
three of the steam cylinders 8, 8. Tn addi-

80

85

tion to the endless felt 27 I may employ an .

additional endless felt 80 which passes un-
der the rollers 31, 31 and over the rollers
32, 82. This endless felt 30 serves to press
the web into contact with the two bottom
Lieating drums 8, 8. . ' ‘
or aprons which pass into and °out of the
vacuum chamber without breaking the vac-
wum. Preferably, in this form or modi-
fication of my invention I feed the endless
felt or apron, through the same sealing bath
that the web of paper is Ted into and out of.
" T have shown such a modification of my
invention in Fig. 4, in which the web 1 of
sheet material, whatever that sheet mate-
rial may be,

is fed into a sealing bath 33 of

20

In some cases 1 may employ endless felts

100

the vacuum chamber 84, then around the 308

heating drums 85, 35 and themce oub
through the sealing bath 36. Passing into
the sealing bath 83 with the web 1 is an
endless felt 37, which passes under the
guide roll 38, at the bottom of the seal 33,
and thence into the vacuum chamber in
contact with the guide roll 39, the first heat-
ing drum 85, and then avound the guide
rolls 40, 40, the second drying drum 35, the

- guide rolls 41, 41, the third heating drum

35, guide roll 42, guide roll 43 in the second
sealing bath 86, and out of said bath over
the top of the vacuum chamber passing over
the guide rollers 44, 44.

I may also,
ploy a second endless felt 45, passing over
the guide roll 46 with the sheet raaterial 1,
thence under the guide roller 38 in the first
liquid seal, around the guide roll 47, one of
the lower heating drums 85, guide rollers
48, 48, the other heating drum 35, guide roll-
er-49, under the guide roller 43 and over
the guide roller 50 and under the vacuum
chamber 84 in contact with the guide roll-

ers 51, 52. In this form of my invention

~

though not necessarily, em-_
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the web 1 enters and emerges from the seal-
ing baths between the two endless felts 37

" and 45. :
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-—212°) of only 16°

It is of course to be understood that the
drying cylinders or drums 8, 8 are driven
by any suitable power, and that doors are
used to permit cleaning of - the vacuum
chamber and for rethreading of the ma-
chine should this become necessary.

My method possesses many advantages
not present in processes heretofore used for

many years in the drying of paper.

The evaporation process, which is char-
acteristic of the so-called "loft drying of
paper, has many fully recognized disadvan-
tages; and yet it is used today and has been
i use for many years, In this method the
wet 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. for about 48 hours, and
when dry, each sheet' is separately. calen-
dered. ~Although possessing the advantage
of drying at a comparatively low tempera-
ture, whereby the moisture is slowly evap-
orated, loft drying is obviously very inef-
ficient and costly, because -it Tequires many
separate manipulations, 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

5 many revolving cylinders, heated internally
by 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 ap-
proximately: 5.3 pounds gauge pressure, at
which the steam has a temperature of 228°
F., giving a difference of temperature (228°
F. With this slight
difference of temperature the “transfer of
heat is extremely slow, and hence it is nec-
essary to employ many drying cylinders, in
board machines 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
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 steam pro-
duced from boiling the water out of the
paper, is driven off into the operating room,

and although fans and exhausters are em.
ployed, at large expense for power and

maintenance, the room atmosphere is so
constantly saturated with ' moisture 'as to
rust and ultimately destroy all iron and

.vection and

steel materials, and produces an exceed-
ingly disagreeable and unhealthy atmos-
phere in which to work. It is well known
that the minimum temperature 212°, the
atmospheric boiling point of water, is posi-

‘tively injurious to, and results in oxidizing,

the fibres of ithe- 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 cylinders,
felts, and other necessary equipment, and
extensive floor space, and Tesults in the con-
sumption of large amounts of power, and
great cost for operation, maintenance and
repairs. - A '

In my improved vacuum drying method T
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 5.8
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°X8=128° F.) than
the temperature difference in atmospheric
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 cyl-
inders to dry paper at the same rate of
speed. T am able to dry paper with 5 cyl-
inders in the same time required of 40 cyl-
inders drying at atmospheric pressure, re-
sulting in great economies in cost of the
machine, floor space and of necessary pip-
ing, felts, auxiliary equipment, and par-
ticularly in power and maintenance . charges.

The thermal efficiency of my vacuum

method is very much greater than that of

the atmospheric cylinder drying heretofore
in universal use for drying paper. Theoret-.

ically, it requires about 4987 pounds of

75

80

‘85

SH1
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100

105

110

steam to dry one ton of paper at atmos-

pheric pressure, but to compensate for con-
conduction. losses, and those
due to leaks in the piping system, and other
inefficiencies, it has been shown in practice
that about 10,600 pounds are required.

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. \
that paper dried’

It is an established fact
at low temperatures is much stronger than
when it is

used in ‘paper machine atmospheric dry- 1

ing. Paper-dried in a vacuum of 28’7, or
at a temperature of about 100° F. as in
my method, is very much stronger than
paper dried at atmospheric pressuré, when

the steam. in  the driers is at -998°

dried at the high temperatures -

116
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‘of the wet paper

“chamber through a liquid seal

A

F. When paper is dried by my method,
therefore, a cheaper furnish or stock can
be used and still produce a paper -equial
in strength to atmospheric dried paper,
in which a higher grade furnish or

stock is used. In making newsprint paper.

T am able to dispense with a considerable
portion of ~the more expensive sulphite
pulp, as this can be replaced . with the
cheaper ground wood pulp. By my method

1 also reduce the number of breaks in the

web as it passes over the cylinders.
Furthermore, in my method there is a
great saving of heat (or steam) because the
proeess is carried on in a vacuum chamber
which acts on the principle of a thermos
bottle, and the steam and vapors driven out
are caught in the closed
vacuum chamber, and conducted away to
the condenser. - The operating room is free
from steam, humidity and heat, and fans,
and exhausters are dispensed with. In the
use of my method the apparatus is at all
times operating under definite humidity,
the control of the drying can be closely

standardized, 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 dryer section, which will lower the tem-
perature at which the water is evaporated
from the paper much below 212° F. and
may, in some cases, reduce the temperature
of evaporation as low as 180° F'. or .lower.

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 econ-
omy in the initial cost of apparatus and in
large savings in cost of operation, main-
tenance and repairs. : Lo

Having thus described this invention in
connection with illustrative embodiments
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 drying a web of paper
consisting in passing it into a vacuum
which has no
affinity for said web, passing the web while

“in the chamber over one or more revolving

heated drying drums to dry, flatten, and
give a smooth finish to the web, pressing
caid web of paper into contact with said
heated drying drums, and then passing said
dry, flat and smooth web of paper out of
the charmber through a liquid seal which has
no affinity for said web. :

9. The method of drying paper consist-
ing in passing a web of the peper in con-
tact with oné or more endless felts into a

vacuum chamber through & liquid sealing

- while in the vacuum chamber,

‘1,505,478

medium which has no"aﬂinify for, or del-
‘eterious effect upon i

the paper, drying said
web in said vacuum and withdrawing the
dry web of paper and the felts from the
vacuum chamber through a liquid sealing
medium having the same characteristics.

70

3. The method of drying material con- '

sisting in passing it into a vacuum ¢ham-

ber through a sealing medium which has
no affinity for said material, drying, and
smoothing the entire surface of the material
and then
passing the dry and smooth material out of
the vacuim chamber  through a sealing
medium which has no affinity for the mate-
rial dried. ‘
4. The method of drying sheet material
consisting in passing it into a vacaum cham-
ber through a sealing medium which has no
affinity for said sheet material, drying, and
smoothing the entire surface of the. sheet
material while in the vacuum chamber, and
then passing the dry and smooth sheet mate-
rial out of the vacuum chamber through a
sealing medium which has no affinity for
the sheet materidl. o

5. The method of continuously drying a
web of paper consisting in passing it into a
vacuum chamber through a sealing medium
which has no affinity for or deleterious effect
upon said web,. drying said web in the
vacuum chamber and at the same time put-
ting it under slight tension so that its con-
stituent elements will slightly rearrange
themselves to form a smooth flat surface
over the entire surface of the paper, and
passing said web with its smooth flat finished
surface out of said vacuum chamber through
a sealing medium which has no affinity for
or deleterious effect upon said web. -

6. The method of continuously drying a

web of paper consisting in passing 1t into
a vacum chamber through a sealing medium
which has no affinity for or deleterious effect
upon said web, drying. said web in the
vacuum chamber and at the same time put-
ting it under slight tension in the direction
of its travel so that its constituent elements
will tend to be drawn out slightly in the
direction of the travel of the web to form a
smooth flat surface over the entire surface
of the paper, and passing said web with its

16

80

85
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100

105

110

emooth flat finished surface out of said .

vacuum chamber through a sealing medium
which has no affinity for or delterious effect
upon said web. . ,

7. Tn a vacuum drying apparatus the
combination of & vacuum chamber, having
entrance and exit’ passages, liquid sealing
means sealing said entrance and exib
passages, the liquid of said seals having no
affinity for or deleterious effect upon the
material to be dried, and means mounte
within the vacuum chamber to dry material
passing therethrough and at the same time

120

123

130
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cause a slight mechanical rearrangement of
the constituent elements of the material )
+.drying drums or cylinders mounted in the
. vacuum chamniber, said drums or cylinders
rotating’ so as to advance the material to

dried.

8. In a vacuum drying apparatus th_e‘7

combination of a vacuum chamber, having

entrance and exit passages, liquid sealing"

means sealing said entrance and exit pas-

sages, the liquid of said seals having no-

affinity for or deleterious effect upon the
material to be dried, and means mounted
within the vacuum chamber to dry sheet
material passing therethrough and “at the
same time cause a slight mechanical rear-

rangement of the constituent elements of-

the sheet material dried.

9. In a vacuum paper drying apparatus
the combination of a vacuum cham r, hav-
ing entrance and exit passages, liquid seal-

- Ing means sealing said entrance and exit

20

30

40

passages, the liquid of said seals having no
aflinity for or deleterious effect upon the
paper to be dried, and means mounted
within the vacuum chamber to .dry a wet
web of paper passing therethrough and at
the same time cause a slight mechanical

rearrangement of the constituent fibres of

the web of paper. .

10. In a vacuum drying apparatus, a
vacuum chamber, having entrance and exit
passages, liquid sealing means sealing
said entrance and exit passages, the liquid
of said seal or seals having no affinity
for or deleterious effect upon the mate-
rial to be dried, drying means mounted in
the vacuum' chamber, said means com-
prising rotatable means to advance the
material to be dried, and means traveling
with the material to be dried adapted to
press said material into contact with the
drying means. ' _

11. In a vacuum drying apparatus, a
vacuum chamber, having entrance and exit

- - passages, liquid sealing means sealing said

entrance and exit passages, the liquid of said

“seal or seals having no affinity for or dele-

terious: effect upon the material to be dried,

be dried, and means traveling with the ma-
terial to be dried adapted to press said ma-
terial into contact with the said drying
drums or cylinders. :

. 12. The method of drying material con-
sisting in' passing it into and out of a
vacuum chamber through liquid seals, pro-
tecting it-from coming in contact with the
liquid of the seals, an drying said mate-
rial in the vacuum chamber, -

18. The method of drying material con-
sisting in passing it into and out of a
vacuum chamber through liquid seals, pro-
tecting it by two traveling felts or belts
from coming in contact with the liquid of

‘the seals, and drying said material in the

vacuum chamber, i

14. The method of drying a web of wet
paper consisting in passing it into and out
of a vacuum chamber through liquid seals
and protecting the web of paper from com-
ing into contact with the liquid of the seals
by a plurality of traveling felts or belts,
and drying the web of paper in the vacuum
chamber. .

15. In a vacium drying apparatus, a
vacuum chamber, having entrance and exit
passages, liquid seals for the passages, and
means to protect the material to be dried
from coming in centact with the liquid of
the seals as it passes through said seals.

16. In a- vacuum drying apparatus, a
vacuum chamber, having entrance and exit
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passages, liquid seals for the passages, and <

traveling felts or belts to protect the mate-
rial .to be dried from coming in contact
with the liquid of the seals as it passes

through said seals. :
' .OGDEN MINTON.
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