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To all whom it may concern: 

s 

O 

Be it known that I, HILLHOUSE BUEL, a 
citizen of the United States, residing in the 
borough of Manhattan, city, county, and 
State of New York, have invented certain 
new and useful Improvements in Processes 
of and Apparatus for Drying Materials, of 
which the following is a full, clear, and com plete description. 
My invention relates to the art of extract 

ing moisture from materials and has as its 
principal object the provision of a process 

- whereby moisture may be removed from ma 
. 5 
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terials economically and at a high rate of 
speed. A second object of my invention is 
to provide a process whereby materials may 
be comminuted in a rapid and economical 
manner with a minimum damage to the 
granular or the fibrous structure. A further 
object of my invention is to provide a proc 
ess whereby materials may be dried at a 
maximum rate of speed without injury to 
the material. A further object of my in 
vention, is to provide a drying apparatus 

25 adapted for use in accordance with my proc 
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ess, and which will be convenient and effi- i cient in operation. 
The novel features of my invention are 

pointed out, with particularity in the ap 
pended claims. The invention itself, how 
ever, with further objects and advantages, 
will best be understood from the followin 
description taken in connection with the ac 
companying drawing in which-- 

Fig. 1 is a vertical central section of a 
moisture extractor according to my inven tion. 

Fig. 2 is an elevation of a liquid separator 
preferably used in connection with the ap 
paratus shown in Fig. 1. 

Fig. 3 is a diagrammatic elevational view 
of the condenser used in connection with the 
apparatus illustrated in Fig. 1. 

Fig. 4 is a detail view illustrating the 
5 heating elements of the extractor shown in Fig. 1. 

In the drawing, 1 is a vacuum chamber 
having an outer heat insulating covering 2 
and a lining 3 adapted to serve not only as 
an additional means for preventing the es 
cape of heat from the interior of the cham 
ber 1, but more particularly for preventing 
harmful reaction between the metal wall of 

the chamber and the material being treated, 
as well as to protect the metal wall from 55 
the temperature within chamber 1. ... 

Material is supplied directly to the cham 
ber 1 by a rotating feeding drum 4 having 
pockets 5therein, in which the material 
lodges as the pockets pass through the lower 60 
portion of conduit 6. The drum 4 rotates 
within a block and the surface of the drum, with the exception of the pockets 5, makes a 
working fit with said block whereby air is 
excluded, but material which lodges in pock- 65 
ets 7 is conveyed out of the conduit 6 and . 
dropped into the central upper portion of 
chamber 1 as the pockets pass by the lower 
most point in their rotation. Material is de 
livered to the conduit 6 from a hopper 870 
into which it is fed by feed pipe 9. p pre 
fer to provide, an agitator 10 in the hopper . 
8 anda conveyor or feedworm 11 in the con 
duit 6,. agitator 10 and worm 11 both being - 
conveniently mounted on a common shaft 75 
12. The major portion of conduit 6 is pref 
erably enclosed within - a heat insulated 
chamber 13 and is surrounded by the heat 
ing coil 14 or other means for maintaining 
the temperature, within the conduit 6 to in- 80 
itially heat the material. ..' . w 
In case the materials to be dried comprise 

solids mixed with excess of liquid, I remove 
the excess of liquid by passing the materials 

g, over a screen or by other suitable means, a 85. means for effecting such separation being ill 
lustrated in Fig. 2, in which 15 indicates a chamber containing an inclined screen 16. 
Material mixed with water is introduced 
into the chamber 15 through pipe 17, the 90. 
solid matter passing down stream 16 under 
the influence of gravity and out through the 
pipe 9 by which it is conducted to the feed 
hopper 8 of the apparatus previously de 
scribed. The liquid passing through screen 95 
16 is drained out of chamber 15 through pipe 
18, and runs to waste. 
Within the chamber 1 I arrange heated 

elements 19 and 20. Elements 19 and 20 are 
preferably arranged near the wall of the 100 . 
chamber 1, and are covered on their outer 
sides by heat insulation 21, their inner sides 
radiating heat toward, the centre of the 
chamber. Preferably, moreover, the inner 
surfaces of these elements are so arranged as 105 
to create a Zone of intense radiant heat at 



the point at which the drum 4 discharges 
material into chamber 1, and immediately 
below this point. As illustrated, the lower 
element 19 is so formed as to focus the ra 

5 diant energy in a circular line whose plane 

10 will be understood, however, that the lines 

is above drum 4 the major portion of the 
rays of energy from opposite sides of the 
element 19 crossing immediately below drum 
4, as indicated by the lines 22 in Fig. 1. It 
22 and 24 represent only diagrammatically 
a portion of the energy rays, and that other 
rays radiate in various directions from the 
heat sources in the element 19 and that while 

15 the zone of most intense heat will be as 
illustrated at the intersection of the dia 
grammatic lines 22 and 24, the entire in 
terior or bowl of the radiant elements will 
be at a high heat. The circle on which ele 

20 ment 19 tends to focus is indicated on Fig. 1 by the points 23, 23. Not all the rays 
of energy will, however, focus exactly 
at these points. The element 20 is ar 
ranged, as illustrated, to have a cylindrical 

25 inner face projecting its rays of radiant heat 
horizontally in a zone lying immediately 
below the block 7, as indicated by the lines 
24. Where the rays 22 cross rays 24 im 
mediately below drum 4 is of course the 

80 point of most intense heat. I may increase 
the intensity of the radiant heat or energy 
immediately below drum 4 by forming the 
element 20 so as to focus at this point, but 
focusing, as shown, in order that the mate 

40 

I prefer that element 20. should be non 
rial dropping from the pockets 5 and drum. 
4 may be acted on somewhat longer by the 
radiant heat. The elements 19 and 20 are 
supported from the wall of chamber 1 by 
suitable brackets, such as 25. I prefer to 
make these heaters or radiators 19 and 20 
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of the electric type wherever cheap electric 
? is available as in regions adjacent ydro-electric developments, but where elec 
tric power is expensive, it is more economi 
cal to use other methods of heating the ra 
diators and have illustrated insulating bush 
ings 26 extending through the wall of cham 
ber 1 through which electric conductors. 27 
may be connected with the heaters. In the 
apparatus illustrated in Fig. 1 I have ar 
ranged the resistance members of elements 19 
and 20 in series so that only two bushings 26 
are necessary. However I do not limit my 
self to this. The elements 19 and 20 prefer 
ably are made of insulating material of 
somewhat refractory character, such as fire 
clay and the resistance members are ar 
ranged in the refractory material in a well 
known manner, as indicated at 28, Fig. 4, 
the resistance wires being insulated from the 
radiating body by a layer 28 of mica or like 
material. However, I do not limit myself 
to any particular design of radiator. 
The upper portion of chamber 1 connects 

1,557,921 
with vapor conduits 29, 29, which are com 
bined and connected to a pipe 30 (Fig. 3). 
which conducts the vapor from the interior 
of chamber 1 to a condenser 31. Condensed 
water is removed from condenser 31 (to 
gether with any air which leaks into the 
apparatus by condenser pump 32. 
In treating materials according to my in 

vention, the material to be dried, having 
first been relieved of excess liquid if pos 
sible by screening or other preliminary treat 
ment, is introduced into the vacuum cham 
ber where it is simultaneously exposed to 
radiant heat, and vacuum with the result 
that moisture contained therein is rapidly 
removed. As the radiant energy is intense 
in the zone immediately below the inlet drum 
4, the moisture in the material bursts into. 
steam, and if the material is not comminut 
ed, the steam causes such comminution, at 
the same time that drying occurs. . For in 
stance, by my process and apparatus, I can 
produce a dried wood pulp with maximum 
economy by feeding moist partially digested 
chips to my apparatus. Due to the action 
of the steam, as described above, the fibres 
are completely separated, but are of maxi 
mum length and strength. C . 
The temperature of radiating elements 19 

and 20 is preferably as high as the resist 
ance material will stand, as the higher the 
temperature the more rapid the drying ac 
tion. The practical operating temperature 
limit when using nicrome wire as resistance 
material is about 1800°F. Other resistance 
elements, offering a wide range of tempera 
tures may, however, be employed. Evident 
ly, however, the higher the temperature of 
the heater or radiator, the more rapidly a 
given material can be passed through the 
apparatus. The material is dried 
time it falls to the bottom of the vacuum 
chamber. The temperature of the material 
treated is kept down while in the zone of 
concentrated radiation by the evaporation 
and expansion of moisture therefrom and it 

y the 

70 

75 

80 

85 

90 

100 

05 

10 

is removed from the vacuum chamber as . 
soon as or almost as soon as dry. The point 
of outlet for the material being only slight 
ly exposed to the radiant energy, the mate 
rial can receive no damage while in the act 
of being removed from the chamber. More 

5 

oyer, the sensible temperature of the portions 
of the vacuum chamber screened from the 
radiant energy is not high enough to damage 
even delicate materials, as the energy intro 
duced into the chamber 1 is practically all 
absorbed in vaporizing moisture. The sensi 
ble heat or temperature in the zone or region 
of concentrated radiant energy is preferably 
kept down when necessary by increasing 
the material fed into the chamber 1. In 
case the temperature at this point tends to 
rise, however, I may evidently reduce it, by 
reducing the temperature of radiators 19 

20 

125 

130 
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and 20. Material so dried is removed from 
vacuum chamber 1 by drum 33, which may 
be substantially a duplicate of the drum 4. 
The material may then be baled or otherwise 
prepared for shipment by means of a press 
34 or other suitable apparatus. Preferably, 
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the discharge drum 33 delivers the commi 
nuted and dried material directly to the 
compressing or packing apparatus illustrat 
ed in Fig. 1. The chamber and outlet pipes 
29 must be of ample size so that water vapor 
will pass to the condenser without evidently 
reducing the vacuum in chamber 1. More 
over I. do not wish the active surfaces of 
radiators 19 and 20 ever to fall below a red 
heat as then the vapor escaping from the 
material will slow down the transference of 
radiant energy to the material to such an ex 
tent that the material is not sufficiently. 
dried in the zone of concentrated energy. 
In order to cause comminution of most or 
ganic solids the surfaces of these radiators 
must be at a bright red heat. 

It will be seen that I have devised a proc 
ess and apparatus whereby materials may be 
dried rapidly with high economy of heat, 
and without damage to materials, even of 
a delicate character. I also accomplish com 
minution of the materials treated at the same 
time they are dried, provided their character 
makes it possible and desirable to do so. 

It will be understood that where I have 
used the word comminute or comminuted in 
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the foregoing description and appended 
claims, intend to include the idea of shred 
ding. ?? 

I anticipate using my invention in drying 
pulp, milk, cotton for spinning, cotton and 
other fibrous material, minerals, and other 
inorganic and organic substances, as well as 
simultaneously comminuting and drying 
woodchips and other materials. 
While I have disclosed the preferred man 

ner of practicing my invention, and illus 
trated and described the preferred appara 
tus according to my invention, I do not wish 
to be limited to details of description or il 
lustration. n 

Having thus described my invention, I 
claim: 

1. The method of comminuting moisture 
bearing materials comprising suddenly con 
verting the moisture in the materials to 
steam by exposing the materials to intense. 
radiant energy in vacuo. 

2. The method of removing moisture from 
materials in a vacuum chamber comprising 
exposing the materials to radiant heat while 
unsupported in said chamber. 

3. An apparatus for drying materials 
comprising in combination, a chamber, means for maintaining a partial vacuum in Said 
chamber, means for introducing and remov 
ing materials from said chamber, and means 
for creating a zone of radiant heat through 

which said 
ber. - 
4. An apparatus for removing moisture 

from materials comprising in combination a 
chamber, means for maintaining a vacuum 

materials pass within said cham 

70 
in said chamber, means for introducing ma-. 
terial into said chamber, means for creat 
ing a Zone of radiant heat immediately be 
low said introducing means, and means for 
removing material from said chamber sit 
uated at a lower plane than said heat 
ZOII?- - 

5. An apparatus for removing moisture 
from materials comprising a chamber, a 
means for maintaining a partial vacuum 
within said chamber ånd a source of radiant 
heat within said chamber arranged to con- . 
centrate the heatenergy radiated thereby 
within a restricted field... 

6. An apparatus for removing moisture 
from materials comprising in combination 
means for heating the material to be dried, 
a chamber, means for introducing said ma 
terial into said chamber while in a heated 
condition, means for maintaining a partial 
vacuum in said chamber, and means for 
subjecting said material to radiant hea 
within said chamber. 

7. In combination with a vacuum cham 
ber, means for preheating and compressing 
moisture bearing materials before delivery 
to chamber, means for continuously inject 
ing moisture bearing material into the cham 
ber, means to deliver radiant heat onto the 
material on its injection into the chamber, 
and means to discharge the dried and com. 
minuted material from said chamber in con 
tinuous, automatic operation without break 
ing the vacuum. . 

8. In combination with a vacuum cham 
ber, heating means within said chamber for 
causing interstitial explosion of the mois 
ture in and the minute separation of the 
fibres and particles of the moisture bearing 
material with concurrent dehydration there 
of, means for continuously injecting mois 
ture bearing material into the chamber, 
and means to discharge the dried and com 
minuted material from said chamber in con 
tinuous, automatic operation without break 
ing the vacuum. 

9. The combination with a vacuum cham 
ber or pan, heating means in said chamber 
for causing interstitial explosion of the 
moisture in and the minute separation of 

75 

80 

90. 

100 

05 

O 

5 

20 

the fibres and particles of the moisture 
bearing material with concurrent dehydra 
tion thereof, a meansformaintaining a par 
tialvacuum in the chamber, means for con 
tinuously injecting moisture bearing mate 
rial into the chamber, means for discharging 
the dried and comminuted material in con 
tinuous automatic operation from the 
chamber without breaking the vacuum. 

10. In combination with a vacuum cham 
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ber, heating means in said chamber for 
causing interstitial explosion of the mois 
ture in and the minute separation of the 
fibres and particles of the moisture bearing 
material with concurrent dehydration there 
of, means for preheating and compressing 
moisture bearing materials before delivery 
to chamber, means for continuously inject 
ing moisture bearing material into the 
chamber, and means to discharge the dried 
and comminuted material from said cham 
ber in continuous, automatic operation 
without breaking the vacuum. 

11. The combination with a vacuum cham 
ber or pan, a means for maintaining a par 
tial vacuum in the chamber, means for pre 
heating and compressing moisture bearing 
materials before delivery to chamber, means 
for continuously injecting moisture bearing 
material into the chamber, means to deliver 
radiant heat onto the material on its injec 
tion into the chamber until the material is 
dried and comminuted, means for discharg 
ing the dried and comminuted material in 
continuous automatic operation from the 
chamber without breaking the vacuum. 

12. The combination of a vacuum cham 
ber, means for maintaining a vacuum in the 
chamber, means for instant and continuous 
injection of material into the chamber with 
out breaking the vacuum, a white hot source 
of radiant heat for simultaneously and 
almost instantly drying and comminuting 
the material, and means for discharging 
dried and comminuted materials from the 
chamber. 

13. The combination of a vacuum cham 
ber, means for preheating and compressing 
moisture bearing materials before delivery 
to said chamber, means for maintaining a 
vacuum in the chamber, means for instant 
and continuous injection of said materials 
into said chamber without breaking the vac 
uum, a source of radiant, heat for simulta 
neously and almost instantly drying and 
comminuting the material, and means for 
discharging dried and comminuted mate 
rials from the chamber. 

14. In an apparatus of the class described, 
the combination of a vacuum chamber, a 
radiator in said chamber, means for main 
taining said radiator at a temperature of 
at least a red heat, and means whereby ma 
terial to be treated may be introduced into 
and removed from a zone of energy radiated 
from said radiator and within said chamber. 

15. The process of drying and comminut 
ing moisture containing materials consisting 
in heating said materials under atmospheric 
pressure and then subjecting them to the 
simultaneous action of radiant heat and 
WaCl. 

16. The process of dirying material con 
sisting in introducing the material into a 
field or Zone of intense radiant energy in 

not come in contact with 
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vacuo and removing said materials from 
said zone as soon as they are substantially 
dried. 

17. The process of simultaneously drying 
and comminuting moisture containing ma 
terials comprising comminuting the ma 
terial by the rapid vaporization of the con 
tained moisture in vacuo under the influ 
ence of intense radiant energy, and substan 
tially removing the material from the in 
fluence of said radiant energy as soon as the 
material is substantially dry. 

18. The process of drying material com 
prising passing them in vacuo through a 
zone of radiant energy of an intensity to 
vaporize substantially all the moisture dur 
ing the passage of the material through said 
ZO, . 

19. The process of drying materials com 
prising dropping them in vacuo through a 
zone of radiant energy of such dimensions 
and intensity that the material is substan 
tially dried during its passage through said 
ZOne. 

20. The process of simultaneously drying 
and comminuting moisture containing ma 
terials comprising dropping them, in vacuo, 
through a Zone of radiant energy and com 
minuting and substantially drying said sub 
stances by the vaporization of moisture 
while falling through said Zone. 

21. The process of simultaneously commi 
nuting and drying moisture bearing sub 
stances comprising heating the substance, 
injecting said substance into a zone of ra 
diant heat at a materially lower pressure 
than the one in which the substance was 
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first heated, and drying and comminuting . 
said substance by the vaporization of its 
contained moisture while falling through 
said zone. 

22. The combination of a vacuum cham 
ber, means to introduce moisture containing 
materials into said chamber, a luminous 
radiator in said chamber to whose radiation 
the material is exposed, and means for re 
moving dried material from said chamber. 

23. The method of removing moisture 
from materials comprising exposing the ma 
terial, simultaneously t? vacuum and to di 
rect radiant heat from radiating means hav 
ing at least one portion at a temperature as 
great as that of the dark blood red and 
under conditions such that the material does 

the surface of said 
radiating means. | 

24. A drying apparatus, comprising in 
combination a chamber, means for main 
taining a partial vacuum in said chamber, 
means for supplying heat within said cham 
ber and transferring it solely by radiation 
to the material to be dried, a positive means 
for introducing material to be dried into 
the field of radiation within said chamber, 
and means for removing material from said 
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chamber, both said introducing and said 
removing means preventing the admission 
of substantial amounts of air or other 
gases, said means for supplying heat com 
prising a surface a portion of which has at 
least a dark blood red temperature. 

25. In combination with a vacuum cham 
ber, means for continuously feeding mois 
ture-bearing material into the chamber, 

10 means to ??al??¥ heat onto the material 

while in the chamber, means to prevent the 
material from contact with said heat deliv 
ering means, and means to discharge the 
dried and comminuted material from said 
chamber in continuous automatic operation 15 
Without breaking the vacuum, said heat de livering means comprising a surface apor 
tion of which has at least a dark blood red 
temperature. 
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