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15 Claims. (ClL 92-=38)

This inverntion relates to improvements in method and
apparatus for drying paper.

The principal objects of this invention are:

First, to provide method and apparatus for removing
moisture from newly formed paper which utilizes stear
at extremely high temperatures to vaporize the water in
the paper.

Second, to provide method and apparatus for drying
paper which will remove the excess water content.of new-
ly formed paper in less time than Has heretofore been
possible.

Third, to provide paper drying apparatus which oper-
ates at relatively low pressures and which may conse-
quently be of relatively light construction.

Fourth, to provide a methed and apparatus for rapidly
raising the temperature of a newly formed web of paper
to an extremely high temperature without danger of
damaging the paper.

Fifth, to provide paper drying apparatus that can' be
installed in a relatively small space as compared to the
space réquired for existing drying apparatus.

Sixth, to provide drying apparatus that coacts with
@ paper making machine to provide an improved felting
#ction in the newly and partially formed paper.

Othier objects and advantages of the invention will be
apparent from a consideration of the following descrip-
tion and claims:

The drawings illustrate a highly practical form ef: ap-
paratus for performing the drying method. Fig. 1 is'a
somiewhat schematic or diagrammatic elevational view of
tHe paper drying apparatus, portions being broken away in
a cross-section. Fig. 2 is a fragmentary longitudinal
cross-sectional view through one of the drying rolls. of
the apparatus. Fig. 3 is a fragmentary transverse cross-
sectional view through one of the dryer housings shown
in: Fig. 1 and taken along. the plane of the line 3-—3 in
Fig. 1. . Fig. 4 is a transverse cross-sectional view through
one of the steam nozzles of the apparatus and taken
along the plane of the line 4—4 in Fig. 3.

It is'now the general practice to complete the manu-
facture of newly formed paper by advancing thé newly
formed web of very wet paper over a large number of
heated drying rolls in order to evaporate or drive off
the ‘excess water content of the paper. These drying
rolls are. commonly heated by means of steam passed
through' their interiors and in order tc obtain the desired
temperature the drums and their connections must be
relatively heavy to withstand the pressure cf steam at
the desired temperature. It has further been proposed to
dry paper stock by passing the web of Wwet paper over
a perforated drying rcll and directing heated air to the
surface of the web so that the air may be drawn.through
thé web and into the roll by vacuum tc remove excess
water. This latter methed has, however, gererally re-
quired the prior use of conventional drying rolls to ini-
tially remove part of the water and thus stabilize the
newly formed web, » ) )

The present invention differs from the foregoing prior
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art in that temperature far in excess of previously known
instancCes are used to evaporate or boil off the water in
the web., Temperatures ranging between 400° F. and’
1500° F. may be used to rapidly raise the temperature
of the web and the moisture therein. Dry super-heated
steam is utilized as a heat medium and is alsc used as
a vehicle for carrying away the steam thus evaporated
trom the paper.

The superheated steam used in the method and ap-
paratus is employed at relatively low pressuré and at
relatively high superheats so that the apparatus for han-
dling the steam may be of relatively light-weight inex-
pensive construction. The low pressure of the steam
also permits the method to be performed on the new
web of paper immediately after the web is formed with-
out danger of damaging the web in its still fragile stafe.
The same suiperheated steam is desirably passed succes-
sively through succeeding portions of the apparatus at
progressively lower temperatures and pressures in order
to efficiently utilize the heat content of the steam. It
should be apparent however that separate steam supply
and collection elements might be employed if that should
appear desirable for special reasons. In ifs initial stages,
the method and apparatus functions to assist and improve
the felting of the paper. »

As is more or less conventionally illustrated in Fig: 1
the apparatus which forms the present invention and on
which the method is performed comprises a steam boiler
1 adapted to generate steam at relatively low pressure.
While the exact pressure of the steam is not critical and
may be raised as desired the increased pressure of thé
steam requires a corresponding increase in the strength of
the steam handling apparatus and so is limited. Gen-
erally speaking it is believed that it would be uneconom-
ical to raise the steam pressure above 60 pounds. per
square inch and pressures ¢f 10 to 20 pounds per square
inch are recommended. The boiler delivers throuigh a
pipe 2 to a superheater 3. The superheater 3 is a high
heat capacity superheater that may be economically heated
by gds or electricity to raise the temperature of the low
pressiite steam to between 400° F. and 1500° F. The
superheatér delivers through the steam pipe-4 to a pair
of housings 5 and 6. The housings contain longitudi-
nally spaced transversely extending series of steam noz-
zles' 7. The nozzles 7 are tubular elements intercon-
nected at their ends by headers 8 and are slotted as at
9 along their lower edges to deliver a sheet or jet of
stiperheated sfeam downwardly against the advancing web
of newly formed paper.

The web of newly formed paper 19 is taken from thé
belt or felt 10—-A of the Fourdrinier papér-making ma-
chine as soon as the web of paper is self-sustaining. At
this stage the paper may contain as much as 60% water
and is very weak. The paper web is transferred to a
woven wire belt 11 trained around a pair of rolls 12
and passing closely underneath the first housing 5 and
the nozzles 7 therein. The upper reach of the belt 11
and the web thereon are supported on the top perforate
surface 121 of a first suction chamber 13. After pass-
ing under the first steam housing 5 the web 18 is trans-
ferred to a second belt 1i~A and desirably positioned
underneath the first rolls 12 for economy of space. The
web.is advanced along with the belt 11-A in a reverse
direction and in an inverted position undernéath the
second steam housing 6 and the nozzles therein. The
second belt 13-A-and the web thereon is supported by
a- second suction chamber 13—A identical in construc-
tion with the first suction chamber. The steam housings
5 and 6 and the suction chambers 13 and- 13-A are in
effect sections of a single primary heating and evacuating
unit.

After leaving the belt 11-A the web is transferred to
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a third belt 14 trained around a pair of rolls 45. The
belt 14 advances the web of paper underneath a sec-
ondary heating housing 16 and the web is then supported
on the perforate top wall of a secondary suction cham-
ber 17.

As was previously pointed out the primary heating
housings 5 and 6 and the steam nozzles 7 therein are
supplied directly from the superheater by the pipe 4.
The steam delivered from the nozzles is directed closely
adjacent the surface of the wet web 10 and the water
in the web is heated and turned into steam. The mix-
ture of primary steam and steam evaporated from the
web is drawn off from the housings 5 and 6 and into the
suction chambers 13 and 13—A. Part of the steam passes
from the bottom of the web through the belts 11 and
11-A and the perforate top walls of the suction cham-
bers. Particularly at the entrance end of the suction
chamber 13 where the web 10 is still highly fluid in
character, the action of the steam in being drawn
through the web functions to aid or increase the felting
action in the web that draws part of the fibers of the
web downwardly in an interlocking action with the other
fibers of the web. Part of the steam mixture is also
drawn from along the sides of the web directly into the
suction chambers as the perforate top walls of the. suc-
tion chambers desirably extend beyond the side edges
of the web as is illustrated in Fig. 3. The suction cham-
bers 13 and 13—-A are maintained at a pressure below the
steam pressure in the nozzles 7 by means of a suction
pump 18 acting through the pipe 19 connected to the
suction chambers. The pump 18 delivers through a pipe
20 to the secondary steam housing 16 so that the hous-
ing 16 operates at a somewhat lower temperature than
the housings 5§ and 6. The mixture of initially supplied
steam and steam evaporated from the web is still in a
highly superheated state so that the secondary housing
16 - functions to evaporate still further moisture from
the advancing web. The steam drawn off in the suction
chamber 17 is withdrawn through a pipe 21 and delivered
to a series of tempering rolls 22. The web of paper
which is now at a relatively high temperature and rela-
tively low water content is advanced as indicated by the
arrows around the rolls 22. The flow of vapor from
the suction chamber 17 through the rolls 22 is maintained
by a vacuum pump 23 which may reduce the pressure
within the drums 22 to near or below atmospheric pres-
sure to maintain the vapor state of the now greatly cooled
steam. The pump 23 desirably delivers to a condenser
24 which condenses the steam vapors. A feed water
pump 25 may return the condensed water to the boiler 1.

As is more particularly illustrated in Fig. 2 to 4 the
steam handling elements of the system may be of rela-
tively light weight construction as there is no necessity
for containing high pressure steam.  The nozzles 7 are
desirably of cast construction because of the extremely
high temperatures to which they are subjected. Depend-
ing flanges 26 on each side of the slots 9 are drilled and
tapped for the reception of a first set of screws 27 that
function to draw the sides of the slot together. A sec-
ond set of screws 28 are threaded through the oppo-
site flange 26 to bear against the side of the slot and
tend to open the slot. The size of the slot and the
amount of superheated steam delivered therethrough can
thus be accurately controlled.

The tempering rolls 22 as shown in Fig. 2 may consist
of relatively light steel plate drums 29 mounted on hol-
low axles 36. An imner drum 31 directs the vapors
entering from the pipe 21 along the inner surface of the
outer drum 29.

Having thus described the invention, what is claimed
to be new and what is desired to be secured by Letters
Patent is:

1. Paper drying apparatus comprising, a vapor pervi-
ous belt mounted to support and advance a web of wet
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porting said belt, a housing substantially enclosing the
opposite side of said belt from said chamber and open-
ing to said chamber along the sides of said belt, a set of
elongated nozzles positioned in said housing and directed
toward said belt, a super heater connected to supply
super-heated steam to said nozzles at between 400° to
1500° F. and at pressure not in excess of 60 pounds
per square inch, a second pervious belt positioned to
receive the web from said first belt, a second vacuum
chamber positioned under and supporting said second
belt, a second housing enclosing the opposite side of said
second belt from said second chamber and opening to
said second chamber along the sides of said second belt,
a second set of nozzles in said second housing and di-
rected toward said second belt, a conduit connecting said
first vacuum chamber to said second set of nozzles, a
pump in said conduit adapted to withdraw super heated
vapor from said first chamber and deliver to said second
set of nozzles, a plurality of hollow drums rotatably
supported to receive and advance the web of paper from
said second belt, a conduit connected to deliver super-
heated vapor from said second chamber to within said
drums in series, and a vacuum pump connected to with-
draw water vapor from said drums.

2. Paper drying apparatus comprising, a vapor pervious
belt mounted to support and advance a web of wet
paper, a vacuum chamber positioned under said bel,
a housing substantially enclosing the opposite side of
said belt from said chamber and opening to said chamber
along the sides of said belt, a set of elongated nozzles
positioned in said housing and directed toward said belt,
a superheater connected to supply superheated steam to
said nozzles at between 400° to 1500° F. and at pres-
sure not in excess of 60 pounds per square inch, a
second pervious belt positioned to receive the web from
said first belt, a second vacuum chamber positioned un-
der said second belt, a second housing enclosing the op-
posite side of said second belt from said second cham-
ber and opening to said second chamber along the sides
of said second belt, a second set of nozzles in said second
housing and directed toward said second belt, a conduit
connecting said first vacuum chamber to said second set
of nozzles, a pump in said conduit adapted to withdraw
superheated vapor from said first chamber and deliver
to said second set of nozzles, a plurality of hollow drums
rotatably supported to receive and advance the web of
paper from said second belt, 2 conduit connected to de-

liver superheated vapor from said second chamber to .

within said drums, and a vacuum pump connected to
withdraw water vapor from said drums.

3. Paper drying apparatus comprising, a vapor pervious
belt mounted to support and advance a web of wet paper,
a suction chamber positioned under and supporting said
belt, a housing substantially enclosing the opposite side
of said belt from said chamber, a set of longitudinally
spaced transversely elongated nozzles positioned in said
housing and directed toward said belt, a superheater con-
nected to supply superheated steam to said nozzles at
over 400° F. and at a pressure not in excess of 60 pounds
per square inch, a second pervious belt positioned to
receive the web from said first belt, a second suction
chamber positioned under and supporting said second
belt, a second housing enclosing the opposite side of
said belt from said second chamber, a second set of
nozzles in said second housing and directed toward said
second belt, a conduit connecting said first suction cham-
ber to said second set of nozzles, a pump in said conduit
adapted to withdraw superheated vapor from said first
chamber and deliver to said second set of nozzles, a plu-
rality of hollow drums rotatably supported to receive and
advance the web of paper from said second belt, a conduit
connected to deliver superheated vapor from said second
chamber to within said drums, and a pump connected fo
withdraw vapor from said drums.

4. Paper drying apparatus comprising, a vapor pervious
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belt niounted to support and advance & web of wet paper,
4 suction chamber positioned trder said bel, 4 Hotsing
siibstantially enclosing the opposité sidé of said belt
from said chamber, 4 set of nozzles spaced id said hous-
ing 4and dirécted toward said belt, a superheater con-
niected fo supply. saperheated stédm 6 said mozzles at
over 400° F, and 4t a pressute ot ifi exces§ of 60 pounds
Pér square inch, & sécond pervicus belt positioned to re-
ceive the web from said first belf,.a second siiction
chamber positioned under said seécond belt, a second
tousing enclosing the opposite side of said second belt
from said second chamber, a second. set of nozzles im
said second housing and directed toward said second belt,
a .conduif connecting said first chamber fo said second
set of nozzles, a.pump in said conduit adapted to with-
draw superheated vapor from said first chamber and
deliver to said second set of nozzles, a plurahty of hol-
Tow drums rotatably supported to receive and advance
the web of paper from said second belf, a conduit con-
nected to deliver vapor from said second chamber to
within said drums, and- a .vacuum: pump - connected to
withdraw vapor from said drums.

5. Paper drying apparatus comprising, a vapor pervious
Belt mocunted to. support and -advanmce a web of wet
paper,..a suction chamber positioded under said . belt,
a housing.substantially enclosing thé:opposite side-of said
belt" fromi “said- chamber. and. openiitig: to said’ chamiber
along -the- sides of said. belt, a set- 6f elongated nozzles
positioned in said- housing and. directed toward: said- belt,
& superheater:connected: to supply - stiperheated sfeamy to
said nozzles at over 400° F. and at.pressure not in ex-
cess of 60 pounds per square inch, a plurality of hollow
drums- rotatably supported- fo - receive’ and advance the
web of paper from said belt, a conduit connected to
deliver superheated vapor from said chamber to within
said drums, and a vacuum pump connected to withdraw
vapor from said drums.

6. Paper drying apparatus comprising, a vapor pervious
belt mounted to support and advance a web of wet paper,
a suction chamber positioned under said belt, a housing
substantially enclosing the opposite side of said belt from
said chamber, a set of elongated nozzles positioned in
said housing and directed toward said belt, a superheater
connected to supply superheated steam to said nozzles
at between 400° to 1500° F. and at pressure not in ex-
cess of 60 pounds per square inch, a plurality of hollow
drums rotatably supported to receive and advance the
web of paper from said belt, a conduit connected to de-
liver superheated vapor from said chamber to within
said drums, and a vacuum pump connected to withdraw
vapor from said drums.

7. Paper drying apparatus comprising, a vapor per-
vious belt mounted to support and advance a web of wet
paper, a suction chamber positioned under said belt, a
housing substantially enclosing the opposite side of said
belt from said chamber and opening to said chamber
along the sides of said belt, a set of elongated nozzles
positioned in said housing and directed toward said belt,
a superheater connected to supply superheated steam to
said nozzles at over 400° F. and at pressure not in ex-
cess of 60 pounds per square inch, a second pervious belt
positioned to receive the web from said first belt, a second
suction chamber positioned under said second belt, a sec-
ond housing enclosing the opposite side of said second
belt from said second chamber and opening to said sec-
ond chamber along the sides of said second belt, a sec-
ond set of nozzles in said second housing and directed
toward said second belt, a conduit connecting said first
chamber to said second set of nozzles, a pump in said
conduit adapted to withdraw superheated vapor from said
first chamber and deliver to said second set of nozzles,
and a vacuum pump connected to withdraw vapor from
said second chamber.

8. Paper drying apparatus comprising, a vapor per-
vious belt mounted to support and advance a web of wet
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paper, a suction chamber positioned undef said bél; a
housing substantially énclosing. the opposite. side of sald
belt from said chathber, 4 set of elongated nozzles posi-
tioned in sdid Housing and directed toward said. belf, .a
superheater connected to supply supérhéated stéam fo
said nozzles at over 400° F. and at pressure not in ex-
cess of 60 pouiids per square inch, a sécond pervious bilt
positioned to receive the web from said first bélt, a séc-
ond suction chamber positioned under said second belt,
a second housing enclosing the opposite side of said. sec-
ond belt from said second chamber, a sécond sét of
nozzles i said sécond housing and. directed toward said
second belt, a .conduit connecting said first chamber fo
said second set of nozzles, and 4 vacuim pumip connécted
to withdraw vapor from said second clidmber.

9 The method of paper makmg whlch compnses the
a high water content t0 a jét of stéam superheated to
between 400° and 1500° F. and 4t a pressire not.in
excess of 60 pounds per square inch to eévdporaté part of
the water in the web, w1thdrawmg the stéanmi and the
evaporated water from said web in 4 superheated condi-
tion, directing the withdrawi. stearii and vapor in-a still
superheated condition and dt a lower pressire to a pre-
ceding partially dried poition 6f the web t6 evaporate
additional water, withdrawing the steam and additionally
evaporated water from said web and still in superhedted
condition, advaricing the web with the this réduced water
content and at iiicreased temperature to a series of tem-
perinig rolls, directing the steam and water vapor with-
drawn secoridly from said web to the interior of said rolls
arid " at decreased temiperafure, and withdrawing water
vapor from said rolls to maintain the flow of steam- and
water vapor thereto.

10, The meéthod of paper making which comprises the
steps of, subjecting a newly formed web of paper having
a high water content to a jet of steam superheated to be-
tween 400° and 1500° F. and at a pressure not in excess
of 60 pounds per square inch to evaporate part of the
water in the web, withdrawing the steam and the evap-
orated water through said web in a superheated condi-
tion, advancing the web with the thus reduced water con-
tent and at increased temperature to a series of temper-
ing rolls, directing the steam and water vapor withdrawn
from said web to the interior of said rolls and withdraw-
ing water vapor from said rolls to maintain the flow of
steam and water vapor thereto.

11. The method of paper making which comprises the
steps of, subjecting a newly formed web of paper having
a high water content to the action of a blanket of steam
superheated to between 400° and 1500° F. and at a pres-
sure not in excess of 60 pounds per square inch to evap-
orate part of the water in the web, w1thdraw1ng the steam
and the evaporated water from said web in a superheated
condition, directing the withdrawn steam and vapor in a
still superheated condition and at a lower pressure to a
preceding partially dried portion of the web to evaporate
additional water, again withdrawing the steam and addi-
tionally evaporated water from said web and still in su-
perheated condition, advancing the web with the thus re-
duced water content and at increased temperature to a
series of tempering rolls, directing the steam and water
vapor withdrawn secondly from said web to the interior
of said rolls and at a decreased temperature, and main-
taining a low pressure in said rolls to maintain the flow
of steam and water vapor thereto.

12. The methed of making paper which comprises the
steps of, subjecting the newly formed web of paper hav-
ing a high water content to the action of a blanket of
steam superheated to between 400° and 1500° F. and at
a pressure between 10 and 20 pounds per square inch to
evaporate part of the water in the web, withdrawing the
steam and the evaporated water through said web in a
superheated condition, directing the withdrawn steam
and vapor in a still superheated condition and at a lower
pressure and temperature to a preceding partially dried
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portion . of the web to evaporate additional water, and
withdrawing the steam and additionally evaporated water
through said web and still in a superheated condition.

13. The method of making paper which comprises the
steps of transferring the newly formed web of wet paper
to a traveling pervious belt, delivering super heated steam
‘against the web on said belt to vaporize moisture in said
web, withdrawing superheated steam and vapor through
and from the surface of said web, repeating the steam
delivering and withdrawing steps on the same portion
of the web and utilizing the steam and vapor first with-
drawn from the web, and tempering the web thus heated
by passing the web over a heat transfer surface in heat
transfer relation with said surface and using vapor with-
drawn secondly from said web to condition said surface.

14. Paper making apparatus comprising, a paper mak-
ing machine including a web translating felt for the
web of wet paper, a vapor pervious belt mounted to
receive and advance said web of wet paper from said
felt, a suction chamber positioned under said belt and
closely adjacent said felt, a housing substantially enclos-
ing the opposite side of said belt from said chamber and
opening to said chamber along the sides of said belt, a
set of nozzles positioned in said housing and directed
toward said belt and distributed over an area of the belt,
a superheater connected to supply superheated steam to
said nozzles at over 400° F. and at pressure not in ex-
cess of 60 pounds per square inch, a plurality of hol-
low drums rotatably supported to receive and advance
the web of paper from said belt, a conduit connected
to deliver superheated vapor from said chamber to within
said drums, and a vacuum pump connected to withdraw
vapor from said drums.

15. The method of making paper which comprises the
steps of forming a web of wet paper and advancing the
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web on a.continuously advancing felt whil> partially
consolidating the web, removing the web from the felt
and immediately subjecting the newly formed web of
paper to the action of a blanket of steam superheated
to over 400° F. and at a pressure not in excess of 60
pounds per square inch to evaporate water in the web,
withdrawing the steam and the evaporated water through
said web in a superheated condition, directing the with-
drawn steam and vapor in a still superheated condition
and at a lower pressure to a preceding partially dried
portion of the web to evaporate additional water, again
withdrawing the steam and additionally evaporated water
from said web and still in superheated condition, advanc-
ing the web with the thus reduced water content and
at increased temperature to a series of tempering rolls,
directing the steam and water vapor withdrawn secondly
from. said web to the interior of said rolls and at de-
creased temperature, and maintaining low pressure in
said rolls to maintain the flow of steam and water vapor
thereto. :
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