Oct. 6, 1953 J. BRABAEK 2,654,159
. METHOD FOR TREATING MIXTURE CONTAINING
MATERIALS AND APPARATUS THEREFOR

Filed Jan, 24, 1950 2 Sheets~Sheet 1

’—
. N
' /
ol
Y /
vy
/\
.*
,“ /™
el
! ,
Pt
F /)
7~
’&

‘.
|
V\%’,’
@
oGP
By o ] .
: N
il A< _ INVENTOR
e ' JORGEN BRABACK
\l\o/ - . :
bt T~ 8r . : .

ATTORNEY



Oct. 6, 1953 J. BRABAEK 2,654,159
METHOD FOR TREATING MIXTURE CONTAINING
' MATERTALS AND APPARATUS THEREFOR
Filed Jan. 24, 1950 ' 2 Sheets-Sheet 2

FAE RS

e

MM,

- INVENTOR.
VPIRGEN BRABAEK

ATTORNEY




Patented Oct. 6, 1953 . 2,654,159

'UNITED ST

212,654,159

-~METHOD: FOR .TREATING - MIXTURE " "CON-
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“'This' invention-relates“to’the* deying«6fima~ :fromrsthe supporting Surfacesand-thus will:give
* terials and-is-particaldarly concerried:with*aproc- -~offvitsimoisture to the-air’which; however; will

-+ess and apparatus for continuously ‘ahd EMeiently remain unsaturated. Thus, the invention:rep-
‘drying a-moving-layer:6f :material. ~rTresents:aibasic departure: from traditional meth-

For the cooling, evaporation;déesicéationiorlikes 8 sods»which have:itvolved:leading-the air-at-high
treatment of liquid-er moisture=containing:ma- iispeed: against: the layer-of: material rather than
terials which- may be conveérted:into paste:form, etting-it passioversthé-material for: any-length

-it is a known:practice:to-place theinmateridlsas - ioftime.: Heretoforescare has even-been: taken to
- thin layer-on-a-supporting:sutface ‘consisting, -iscarry:the airaway from-the material as quickly-as
“for example; of o cbnvey(jr-‘-’béltwi‘or-‘-a-Jd];“um*-‘.on"“lo ipossible;iwith the:result-that:the time-of-contact
“which surface:the materials-are-sibjécted-in-one iHas:been:relatively:short.

“or more dryj_ng.:zon‘esi.to:ra"pidlylxﬂow;[ng;,:se'pamgte According:to orie’enibodiment of :the: invention,
currents of ‘air-or other-gas. ~"TPhe-gases:passito the drying-<zone through -whichthe material- to
~and from the “drying zone through slit-shaped ¢ sbetreated is:pdssed: icomprises-a-long, narrow-slit,
‘inlet-and outlet ‘passages’formed -betweer parti-+15: sufficieritly- long -that -the-required absorption:of
“tions extending vertically seross‘thessuppdrting <umioisture-may;take: place:but sufficiently - narrow

~-surface at right-angles-to the:direétion of:move- - thatturbulentiair-currentsareaveided-and a sub-

ment-of the surface. astantlally darminariflow vof'.air-is-obtained.. ~AC~

- For this purpose; hedtéddir, orat’any-rate;'air .- cording-to:the: invention: the-length.of the-pas-
of a temperature higher than thit of‘the mas+20:sageway provided:for:the flow. of-air.in the. dry-
terial being treated ‘is-used‘in-order to-inerease - ing.zone,.inwwhich:thesair:flows parallel-to the
the power of the air to absorb thesmotsturefrom  ~layer.of the simaterial-being: treated;:is-substan-
the material, inasmuch-gs ‘the -high’temperature tially greater::thamn-the distance. from the- sup-

- -of the air will-give-a-réldtivély: smaller:satura- - <Porting:surface.to {he’surface of -the -members
tion in the air than in‘the material'tredted; even »25::forming the-upper wall:of :tle passageway.

‘if the vapor pressure-were equal in-the'twoirnedia. +:It.1s vadvantageous s to iprovide -a- uniform - dis-

" It has, however; béen‘found that the/éficiercy \~.;‘¢ributi9m::of- drying air:across:the entire-width
~of this process is materiallyless thian previously f:thexdrying -zone;sso-that-a-uniform drying- of

‘presumed; primarily due to the fact thiit. thefalr hewmaterial will: be obtained. s-According to the
remains in ‘the-drying:zone“for-isuch g short. uoo invention #his-téffect:Hisattained: by sticking - in

period of ‘time that-its humidity is-not appreci- -+the’ drying:air:directly from the ‘atmosphere-and

“-ably increased, with the'restlt-that ‘the exhaiist :“leading it:to:the «drying =zone-without. previous
of the hot air will-entdil ‘a-consilerable loss7of -<:heating or-Gther itreatment,the air:-éntering
thermal energy. ‘:through an-inlet passage-directly connected with

It is the principal-object of ‘the*inverntion tozgs-the dryitig:zone and.open:at-either or-both -ends,
‘provide ‘an ‘improved-'method - of drying:‘which hereby:a direct - flow-of:dir to.the drying-zone
avoids the above noted-disadvartages. ~7gnd asuniform distributionsofithe: air- -across-the
It is a further -object of the invention'to pro- --€ntire width:ofithe drying:zone are ensured.
vide improved apparatus for drying -a“moving s yThezcooling” effect-which,: in:. contrast -to: here-
layer of moist material. 4240 ‘ore known miethiods ithedryitig air “exerts - on
It is a still further object-of“the invention:to he material,mhakes :tizpossible 2to isiibject the
~provide apparatus‘ of* the-charaster-indicited ase ‘o miich Zhigher: temperatures than -has
which insure more’ éfficienit-contact -between‘the - ormer_ly “been:ipossible, and in- many- cases it

‘material being ‘treated and ‘the-drying ‘medium. -~ <is‘possible-to:heatithesbasetoia-temperature-that

It has been found-that -an-ificrease’in theritesds would.:m,iureﬁhe ‘materialif-the-air-cutrent-did
of evaporation‘may be effedted more-effieagiously - <notsexert its.cooling:effect.

-and with farless-loss'of-energy by a'more’intense Other:subjects:iahd Heatures -of: the tnivention
contact between ‘the-gir‘and the material'in‘the -<“williberappsreiit-fromsthe following detailed de-
drying zone. According to the presefit’inverition =scriptioniand from the‘drawings, in-which:
non-saturated air of a- temperature'consxaerably x50 <uFig. 1 dswa’ side view partly in.séction-and

lower than that of thesurface-stppofting’‘the partly inglevation ofene form of the: ‘apparatus
material to be treated is passed in “a‘lamiinar Of ‘thesinvention;
-:gtream -over relatively long:stretéhes 8 the-ma- -(Pig. 2/is avertical section taken glong the- lme

terial. "The surfaceofi'the:materisl is' thereby. J:II IITn: Fig.s3;
--cooled while--at:the-same:time it ‘receives heati65 - Fig:3:is:an enlargedview of :a portion-of Fig. 1;
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Fig. 4 is a perspective view of a section of the
drying zone showing details of construction;

Fig. 5 is an enlarged diagrammatic view show-
ing the relationship of the elements forming the
drying zone; and .

Tig; 6 is a perspective view, partiy-broken away,
of another embodiment of the invention.

Referring o the drawings, and particularly to
Fig. 1, the material to be treated is discharged
from a hopper 2 onto a moving support, which in
the embodiment illustrated is a conveyor belt
4§, passing over a pair of drums {. Press rollers
3 riging on pelt 4 spread the material in a thin
iayer on belt 4 which moves continucusly in the

direction indicated by the arrow ii. Positioned-

over the belt is a casing §, which is provided with

a top air inlet, and is also provided with a series’

of air-guiding members § which form inlet and

outlet passages for the air supplied to the drying-

zone, as will be described more in detail herein-
‘after. The conveyor belt 4 is suitably heated by
a number of gas burners {0 placed kelow the
belt.

The material, having passed through the dry-

ing zone, is scraped off the belt, as by a seraper:

15, and transferred to a conveyor i§, and the
material is then carried by means of an elevator
14 to a hopper i3. Below the gas burners i§
is an after-drying passage or zone 28 thrcugh

which passes a conveyor bell § moving in the:

direction indicated by the arrow 8. On this
conveyor belt § the material received from the
lower end {2 of hopper {3 is submitted to an after-
drying treatment with air which is supplied
through an inlet passage § and flows in the di-
rection indieated by the arrow §8 into an outlet
i1. The material is removed irom conveycr 8
by a scraper or rotating brush or other convenient
device (not shown) io a crosswise conveyor 7,
which carries the dry material out of the plant.
Hach of the various conveyors may te run at a
speed selected in accordance with the particular
operating conditicns encountered.

Referring particularly to Figs. 2, 3 and 4, the
air-guiding members § are secured, as by angle
irons £2, to the sides of an air channel 23 mounted
in casing § and extending to the vottom of and
enclosing the spacses between each air-guiding
member 8. The members § are, in the embodi-
“ment illustrated, substantially U-shaped in cross-
section and the walls thereof terminate in tri-
angular end sections 24, the bases of which are
parallel to the conveyor belt 4. The alr is drawn
into casing 5 and around the members § by any
convenient suction device as indicated by the
arrows in Fig. 5, the air entering through the
top of casing § flows downwardly over air chan-
nel 2% and is drawn from each side of channel
23 into the spaces 25 formed by the.walls of each
member §. The air is then drawn downward-
1y and through the relatively thin space formed
hetween the bases of the triangular sections 24
_ and the belt 4. The air then flows upwardly in

the spaces 2§ between members § and Is drawn
away through the interior of air channel 23.

Referring particularly to Fig. 5, it will be ch-
served that the bases 27 of the triangular por-
tions 24 lie parallel to the surface of belt 4 on
which is supported a thin layer of material 28
and that the length D of the bases 27 is of a
substantially greater order of magnitude than the
distance H between the upper surface of belt &
and the lower surface of the bases 27. Tt is a
feature of the invention that a substantially
laminar, as distinguished from. a turbulent, fiow

10

15

4

of air across the surface of the material 28 i§
cbtained. It has been found that such laminar
flow can be obtained and a substantial increase
in efficiency realized by making the ratio of H

-t0 D at least 1:8, and the ratio is advantageously

set within the range of 1:8 to 1:20. In practice,
of course, the thin layer of material 2§ reduces
the distance H to a slightly smaller value, e. g.
h. However, since the thickness of layer 28 is
relatively insignificant as compared with ¥, H and
7 can, in practice, be considered as having sub-
stantially the same value. The thickness of the
material on the carrying surface is in most casss,
for exaraple, between about 0.05 mm, and 9.5 mm.
In the drawings the thickness of layer 2§ is, for
purposes of illustration, necessarily exaggerated.

. Xt is'desirable to provide some convenient mecha-
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‘with respect to belt 4 whereby I

nism to permit the casing & to be raised or lowered
(or ) may be
adjusted to any desired value.

While the invention has been described above
in connection with an embodiment invoiving a
continuous horizontal belt as the supporting sur-
face for the layer of material being treated, the
supporting surface may also be provided by the
surface of & rofating drum.

Referring particularly to Fig. §, a drum 3) is
rotatably mounted on hollow stub shafts 32 and
33, shaft 32 being supported in bearing 33 and
shaft 33 passing through a gear box 2§ in which
suitable gearing provides a driving connection
between the shaff and a meotor 238. Arranged
over a substantial portion of the surface of drum
30 is an air case 89 connecied to an exhaust
blower 42 having an outlet 44. Extending be-
tween the side walls 45 of air case 48 are a series
of air-guiding members 48 similar in construc-
tion to the air-guiding members §, except that
the former are arranged along a circular path
so as to conform to the curvature of drum 38.
As in the embodiment shown in Fig. 1, the bases
47 of the triangular end portions &% of members
48 are spaced from the surface of drum 4§ in
such manner that the ratio H:D is at least 1:8
as described hereinabove. Each of the side walls
48 is provided with apertures 53 which com-
municate with the channels 52 between the walls
of each air-guiding member 48. Apertures 53
thus permit zir to be drawn by the action of
klower 42 into both ends of channels 2.

The drum 32 is conveniently heated by steam
which is introduced into shaft 32 through in-
let - 55. The steam condensate is withdrawn
through shaft 33 and an outlet #7 connected to
any convenient suction device (nof shown). In-

“teriorly of drum 28 a flexible tube (not shown)

may be connected to shaft 8% to permit the con-
densate to be withdrawn from the lower portion
of drum 38.

The material to be treated 68 is maintained in
a trough 62 mounted across the surface of drum
38 beiween the ends of air case 4% and is aopplied,
to drum 38 by means of a feed roil 84 rotatably
mounted in trough 2. The dehydrated material
which has passed through the drying zone is
remecved by a knife mounted in bearings $8 be-
low feed roll 62 and connected with an adjusting
device 18, by means of which the angls of con-
tact of the knife 65 with drum 38 can be varied,
A catch plate 72 below knife 83 daflects the ma-
terial scraped off the drum into a convenient
container.

In operation the material 68 is spread in a thin
layer on the surface of drum 39 by the action
of feed roll 84. By reason of the rotation of
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drym..30: the:film: otu;nat;erml,gg earriedsinto the
drying zone, formed, between the surface of drum
30 and air case 40" where it" 1§ “subjected to
laminar streams of airy THe air, under: the. ac-
> 'tion of blower-42 is-drawii‘tliréugh apertures 50
1nto edagh-end. of- channéls—izobetweenthe walls

1,

<Of the ma.terlaLGo 0N drumasa i the Narrow: dry-
¥ing” zotie. below-the lowér surface of"
’then upwardly“between-members 48 an ]
“the Uippér portion of casing! 40 to outiet: 44,

In accordance with my process, I can rapldly
and efficiently dehydrate or desiccate all types
of materials by exposing a thin layer of the ma-
terials on a heated moving surface to an ex-
tended laminar flow of air. The process may be
carried out with a wide range of temperature
conditions, the temperature of the air being sub-
stantially lower than the temperature of the sup-
porting surface. The air is conveniently at room
temperature e. g. 15-30° C. although it may be
heated somewhat if desired. The temperature
of the supporting surface, preferably at least
60° C., is advantageously between 100° and 140°
C. The velocity of the air drawn across the sur-
face of the material may vary depending upon
operating conditions. Generally speaking, the
velocity of the air is between 25 and 100 feet per
second.

The efficiency attainable by my improved ap-
‘paratus may be illustrated by practical experi-
ments wherein it has been shown that the base
on which the drying material rests might be
heated to 110-140° C. without the material being
heated to more than 50-60°, i. e., a temperature
difference of 60-80° is obtainable, whereas in
known apparatus temperature differences of only
30-50° could be obtained, other factors being
equal.

Since my process is intended to remove only
the moisture and not the solid or viscous ma-
terial, it is sometimes advantageous to subject
material to a pre-drying step or, in the case of
solutions, a pre-evaporation step until the
viscosity and cohesion to the material is sufficient
to prevent particles of the material from being
carried away by the air current.

It will further be understood that one or more
special treatments may in whole or in part be
given the material in the drying zone. Thus,
the raw material may during its passage through
the drying zone be chemically or physically
treated e. g. by oxidation, by irradiation with
ultra-violet light, or by the addition of other
substances, e. g. vitamins. If, for instance, the
raw material consists of glands or blood, this
material may be sterilized by exposure to ultra-
violet rays during the passage through the dry-
ing zone, whereby a perfect sterilization will be
possible when the material is lying in a very thin,
filmy layer.

In the treatment of starch it may be especially
-advantageous to place immediately before the
drying zone or in the first part of the latter a
‘heating zone in which the raw material may be
made to dextrinate before it enters the drying
zone. In continuous operation the raw mate-
rial may be caramelized or the starch converted
into dextrine after the preliminary heating step.

Further, a cooling zone may be placed imme-
diately beyond the drying zone which will be ad-
vantageous when it is a question of drying gela-
tine and certain kinds of glue which are kept
semi-fluid by the drying heat and which prior

ases 41,

- to- bemg Scraped «aﬁ! _sheuld- be:coagulated: by

0gliNg: - o

o NI ‘process: i of special« importance\in the

-~désiccation’ off all klnas~~of-uﬁnely-cut ‘green:fod-

s ‘placed-ohithe’ conveyoriin & suﬁimently pasty
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"iider and garden pradiice, such 4s lucerene; clover,

Jéaves. -¢The plants may be

con51<tency to make itform- gufilmy-layer. so

-dénse’that a Sterilizing or vitaminizing irradiation

may be effectively applied. All heretofore known
desiccation methods for such products have had
the drawback that the desiccation has not been
uniform because of the thick and thin parts of
the plant have been unequally affected or be-
cause the desiccation economy has required ton
high temperatures, too long a period of treatment
or the use of unsuitable material, e. g. a prod-
uct harvested too late, exposed to weather or
otherwise depreciated in value.

Finally, the method according to the invention
may be used in the treatment of products which
after drying are to be exposed to especially high
temperature, such as raw cement slurry. In that
case the raw material is first applied to the ex-
ternal surface of the moving of a drum of the
type shown in Fig. 6, and after drying, the ma-
terial is scraped off and placed in the interior
of the drum which by suitable means is heated
to a temperature suitable for the burning of ce~
ment, and the hot air or gases resulting are used
for the drying of the material on the surface of
the drum. These gases may also be used for an
after-drying of the material seraped off the out-
side of the drum and taken through the drum in
a relatively thick or porous layer, the said air or
gases being, if necessary, first passed through a
drying or purifying cyclone. Before these gases
are taken to the after-drying zone they may be
further heated, as by passing them through a
heater or by adding to them hot exhaust gases,
e. g. the waste gases from the engine operating
the plant. Thereby part of the waste heat of the
engine may be utilized. Obviously, the tempera-
tures employed in treating cement are much
higher than those mentioned above in connec-
tion with the treatment of heat-sensitive mate-
rials such as food stuffs.

In the production of cement accordmg to this
method a particular heat economy is effected, in-
asmuch as both the inside and outside of the mov-
ing base are utilized and at the same time the
same heat supply may be used both internally
and externally, first assisting in the burning of
the cement and then in the drying of the slurry.

This application is a continuation-in-part of
my co-pending application Serial No. 700,364
filed October 1, 1946, now abandoned.

What T claim and desire to secure by Letters
Patent:

A method of treating moisture-containing fluid
materials to remove at least a portion of the
moisture therefrom which comprises spreading
the material to be treated in a thin layer having
a thickness 0.05 mm. to 0.5 mm., moving said
layer unidirectionally through a drying zone,
heating the underside of said layer to a tempera-
ture substantially above the ambient tempera-
ture, passing a plurality of streams of non-satu-
rated air at the ambient temperature across the
top surface of the layer of material and parallel
thereto in said drying zone at a velocity of 25

»
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"10-100 feet per second, each of said plurality of
streams being caused to undergo laminar flow
across said surface for a predetermined distance
substantially less than the distance transversed
by said layer in said drying zone, each stream
heing confined in flowing across said surface for
said predetermined distance and having a height
above said surface which bears the ratio to said
predetermined distance of 1:8 to 1:20, and re-
moving each. of said air streams from contact
with said surface after having transversed said
predetermined distance.
JORGEN BRABAEK.

Hess et al. e Jan. 6,
i Feb. 2, 1943
June 29, 1943
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