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UNITED STATES PATENT of FICE 
APPARATUS AND METHOD For PRoDUC 

ING DRY PRobUCTs 
Arthur C. Beardslee, Arcade, N. Y., assignor to 
The Borden Company, New York, N. Y., a cor 
poration of New Jersey - 

Application February 25, 1938, serial No. 192,486 
(Cl. 99-200) 12 Claims, 

This invention relates to apparatus and process 
for drying materials, especially hygroscopic ma 
terials. The invention is particularly concerned 
With the drying of whey or the like in an eco- . 
nomical manner to produce a commercially sat isfactory product. 
Many materials, such, as those high in sugar, 

Salts and/or proteins, become very sticky and 
mucilaginous when applied to a drying surface 
heated to a sufficiently high temperature to drive 
of moisture during. the drying operation. Such 
materials may present serious problems in han 
dling and as a practical matter are frequently 
extremely difficult to prepare in a non-hygro 
scopic powdery form. Drying methods such as 
Spray drying applied to such materials as whey, 
for example, result in the production of an un 
Satisfactory hydroscopic product. 
In the usual process of roller drying, the roll 

or rolls are heated so that the surface is at a 
temperature substantially above 212 F. The so 
lution or suspension to be dried is spread upon 
these rolls in a thin film and after the moisture 
has been driven off by the highly heated roll, the 
dry film is removed by a scraper known as a “doc 
tor blade.' With products having a high sugar, 
Salt and/or protein content however, the dry or 
partially dry film usually does not cleave away 
from the doctor blade, but instead accumulates 
as a plastic, soft, sticky roll or mass on the blade 
and becomes burned before properly drying. 
Even after Such a mass has been dried, it is in 
the form of a hard lump which is very difficult to 
break up into a fine powder of good quality and 
pleasing appearance. I have discovered a simple 
and efficient process and apparatus which over 
comes the foregoing difficulties. 
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One object of my invention is to facilitate dry- . 
ing of materials normally difficult to dry on heated 
rolls, by Sprinkling finely divided dried material 
of the same or different composition, on a semi 
dried film of material while it is being dried on the rol. 
A further object of my invention is to mak 

practically possible the roller drying of products 
presenting difficulties in drying by initiating crys 
tallization of the crystallizable material in the 
semi-dried film on the drying roll, before it is 
Scraped from the roll. 
A further object of my invention is to provide 

a more economical, simplified process of produc 
ing dried productS COntaining Whey as a major 
ingredient. 
A further object of this invention is to provide 
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simplified apparatus for feeding a solution to be 
dried to a pair of drying rolls. , 
Another object of this invention is to provide 

apparatus for feeding powdered material con- . 
tinuously to a drying roll surface. 
Other objects and advantages of this invention 

will be explained and will be apparent from a 
description of a preferred embodiment of the in 
vention, described in connection with the accom panying drawings, in which , 

Figure 1 illustrates somewhat diagrammatical 
ly apparatus for converting ordinary whey, or 
other material, into a finely divided dry product. 

Figure 2 is a side elevational view, partly in 
Section and on an enlarged scale, of a feed 
trough for feeding material to be dried to the 
drying rolls shown in Figure 1. . s 

Figure 3 is a top plan view of the feed trough 
illustrated in Figure 2. ... - 

Figure 4 is a vertical Sectional view of this feed 
trough taken about on the lines 4-4 of Figure 2. 

Figure 5 is a vertical sectional view through the 
feed hopper of Figure 1 for feeding dry material 
to the rolls. . A 

Figure 6 is a vertical sectional view through. 
this feed hopper taken on about the line 6-6 of . Figure 5. 

Figure 7 is a perspective on an enlarged scale 
of the cleaning member for the feed hopper of 
Figure 5. w 

The process of drying whey in accordance with 
this invention is preferably carried out by first 
concentrating the whey. This whey to be con 
centrated may be either whole or skim, and ob 
tained from cheese, casein or other sources. If it 
is not already of a sufficiently high solids content, 
it is preferably concentrated in a vacuum pan O 
to produce a product containing about 30 to 70% 
Solids, depending upon the nature of the original 
whey and of the subsequent treatment thereof. 
The usual type of vacuum pan may be employed 
and the operating conditions may be similar to 
those used for condensing milk and similar prod 
lucts. When the desired concentration of solids is 
reached, the concentrated whey may be with drawn through pipe to the storage tank 2. If 
the concentrated whey is to be kept for any sub 
stantial length of time in the storage tank, it is 
preferably cooled and maintained in a sufficient ly cool state to preserve it against change. 

If additional materials are to be mixed with 
the whey prior to drying, the concentrated whey 
may be withdrawn through the pipe 3 into a 
mixing tank 4, provided with an agitator 5. 
This agitator is preferably designed for vigorous 
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agitation to effect a thorough mixing of the added 
material with the concentrated whey. The mix 
ture is now ready for drying and may be supplied 
through the pipe 6 to a feed tank as needed. 
The level of the concentrated whey, or mixture, 
is preferably maintained constant in the feed 
tank 7 by means of a float 8 which regulates 
the opening and closing of the valve 9 in the 
pipe line f6. The concentrated whey, or mixture thereof 
with other material, is withdrawn from the lower 
portion of the feed tank 7 by the pump 20 and 
delivered through the two branches of pipe 2 
to the center of the feed trough 22 located in 
mediately below the "pinch' of two drying rolls 
23, 24. The drying rolls 23, 24 may be mounted 
upon suitable axles 25, 26 for rotation in Opposite 
directions indicated by the arrows in Figure 1. 
These drying rolls 23 and 24 may also be inter 
nally heated in any suitable manner known in the 
drying art to a temperature well above 212 F. 
for example about 310-325F. The material Over 
flowing from feed trough 22 is collected by the 
overflow pipe 27 and delivered to a return Con 
duit 28. The return conduit 28, in turn, carries 
this material back to the feed tank T. 
As will be hereinafter explained, a continuous 

stream of the concentrated whey delivered to feed 
trough 22 is caused to flow longitudinally along 
the drying rolls and a film of this material is 
picked up by the drying rolls and carried up 
wardly to the "pinch' or position where the two 
rolls almost touch. By suitably adjusting the 
rolls to vary this distance between them at the 
pinch, the thickness of the film on the rolls may 
be easily regulated. As the rolls carry this film 
up beyond the pinch, dry finely divided material, 
such as powdered whey, is dropped on the film 
from the powder feed hopper 29. The powdered 
material thus deposited may be the same as the 
material being dried, or it may be different ma 
terial. This powdered material is preferably 
dropped from a single hopper in such a manner 
that it is sprinkled simultaneously over the semi 
dry film of whey on both rolls. The film dusted 
with this dry powdered material is carried around 
the rolls until it is scraped therefrom by the doc 
tor blades 30, 3f. The addition of powdered whey 
to the semi-dry film of whey on the rolls is be 
lieved to initiate crystallization of the Sugar and 
other crystallizable materials in the semi-dry 
film of the whey. This "seeding' of the semi 
dry film may either start or accelerate crystal 
lization. In any event, as the film reaches the 
doctor blades 30, 3, it has been found to be re 
moved from the rolls and to cleave away from 
the doctor blades in a thin, substantially dry 
crinkly film which is easy to grind Or reduce to 
a powder. 
This crinkly film is dropped on the continuous 

ly moving endless belt conveyors 32, 33 which 
deliver the material in this condition to the Con 
veyors 34 and 35. Conveyors 34 and 35 may be 
steam jacketed, or provided with Some other heat 
ing device to accomplish a further drying of the 
product. For example, steam may be introduced 
through inlets 34q, 35a, and the condensate or 
exhaust may be withdrawn through the Outlets 
34b, 35b. The conveyors 34 and 35 deliver the 
material to another conveyor 36 which is prefer 
ably artificially cooled by means of a cooling 
jacket or the like, to COO the dried product be 
fore grinding. A cooling medium may be intro 
duced to the jacket through inlet 36a and with 
drawn through outlet 36t. Cooling the dried 
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2,336,461. 
product in the open air may be employed but re 
quires a much longer time due to the heat re 
taining nature of the material. The material 
from conveyor 36 is delivered to a chute 87 which 
feeds the grinding apparatus 38. The ground 
powder may then be packaged in suitable con 
tainers 39 ready for the market. - 
With reference to Figures 2 to 4, the material 

to be dried is supplied to the feed trough 22 
through the two branch feed pipes 2 which are 
located substantially centrally Of the two drying 
rolls 23, 24. The feed trough itself comprises two 
separate feeding compartments 40, 40, with an 
inclined overflow trough 44 located therebetween. 
The feeding compartments 40, 40 are defined by 
two central vertical partitions 40a, 40a, cooperat 
ing with the horizontal base plates 4, 4f extend 
ing the length of the rolls. These compart 
ments are each open on their outer side adjacent 
the surfaces of the rolls. End walls 42 and 43 
of generally triangular shape may be provided to 
close the ends of the entire feed trough 22. Feed 
pipes 2 extend up through the plates 4 and are 
preferably made flush with the upper surfaces 
thereof. The central overflow trough 44 below the feed 
ing compartments 40, 40 includes the side walls 
44a, 44a which may be downward extensions of 
the partitions 40a, 40a, and the base 6 which is 
inclined from one end of the overflow trough 
to the other. At each end, the vertical parti 
tions 40a, 4.0a are provided with notches 6 in 
the nature of Weirs. Two cleaning blades 47 rigidly connected by a 
cross bar 48 are preferably mounted for recip 
rocation in the feed troughs 40, 40 in order to 
scrape any coagulated or other accumulated ma 
terial from the walls of the feeding compart 
ments from time to time. These cleaning blades 
47 and the cross bar 48 may be reciprocated man 
ually as a unit means of a suitable rod 49 hav 
ing a handle 50. During normal operation of 
the feed trough 22, the cleaning blades 7 are 
preferably positioned over the center of the feed 

45 pipes 2 serving to divide the flow of material 
from these feed pipes so that one-half flows to 
ward one end of each feeding compartment and 
the other half flows toward the other end of each 
compartment. To assist this dividing action, 

0 and ensure a uniform feed of material to the 
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rolls, deflector blades 5 may be employed rigidly 
connected to the cleaning blades 6. 
In the operation of this feeding device, the 

cleaning blades 47 are positioned over the cen 
ters of the feed pipes 2 and the material to be 
dried is flowed continuously up into the feed con 
partments 40, 40 through the pipes 2. The 
cleaning blades 47 and deflector blades 51 coop 
erate to divide the flow of material in each of 
these compartments so that it is distributed equal 
ly towards the ends thereof. As thematerial flows 
toward the ends of the feed compartment, it is 
picked up by the surfaces of the drying rolls 23 
and 24 which moves upwardly, and the thickness 
of the film on the drying rolls is adjusted at the 
pinch thereof, which is immediately above the ill 
clined overflow trough 44. Any excess from the 
drying rolls is dropped into the overflow trough. 
The rate of feed of material to be dried through 
the feed pipes 2 is preferably adjusted to pro 
vide substantially more material than will be 
picked up by the drying rollis 23, 24, and conse 
quently this excess overflows through the notches 

75 46 in the partitions 40a, 4.0a into the overflow 
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trough 44, whence...it is returned by gravity to the 
feed tank 7 via the conduits 27, 28. 
The notches 46 in the nature of Weirs Serve to 

maintain a substantially constant level of the 
concentrated solution or suspension in the feed 
compartments at all times. If desired, these Over 
flow notches 46 could be made adjustable so that 
the height of material in the compartment 40 
could be readily varied. By reason of the proX 
imity of the feed trough 22 to the heated sur 
faces of the drying rolls, some of the material 
in the feed troughs, such as the albumen in whey, 
is apt to become coagulated or partially solidified. 
Such material may stick to the walls of the con 
partments 40 obstructing a uniform flow of the 
material to be dried therethrough. It is advis 
able, therefore, to move the cleaning blades 4 
periodically back and forth throughout the length 
of the feed compartments to scrape any accumul 
lated material from the partitions 40a, 4.0a and 
from the base plates 4, 4. 
As the film of material to be dried is picked 

up by the drying rolls 23, 24 is moved to a posi 
tion above the pinch of the drying rolls, a supply 
of powdered material is deposited thereon from 
the feed hopper 29 located directly above the 
pinch. Feed hopper 29 may be conveniently con 
structed with suitably inclined side walls 52 con 
nected near their lower portions by an arcuate 
section 53 provided with a longitudinally extend 
ing slot 54 in its lowermost portion. The ends 
of this hopper may be closed by suitable end walls 
55. This hopper, which is open at its top, is 
provided with a shaft 56 rotatably, mounted in 
suitable bearings 57 attached to the end walls 
55. Shaft 56 is provided with a helical conveyor 
screw 58 which is generally concentric with the 
lower arcuate portion 53 of the hopper walls. 
One end of the shaft may be provided with a 
sprocket 59 which is driven through a suitable 
chain 60a from an electric motor 60. 
A reciprocating cleaning member 6, having a 

pin portion 62, may be provided for preventing 
clogging of the slot 54. The pin portion 62 ex 
tends through the slot 54 and a collar portion 63 
of the member 6 is adapted to slide along the 
upper surface of the walls of the slot 54. Collar 
portion 63 has associated therewith a lug 64 pro 
vided with a suitable diagonal groove 64a adapted 
to receive the edge of the helical conveyor 58 
in sliding contact therewith. The cleaning men 
ber 6 is thus mechanically moved upon rotation 
of the conveyor screw 58 from one end of the 
slot 54 to the other. Suitable reversing Switches 
65 and 66 are located at each end of the hopper 
29 and adapted to be contacted by the pin 62 of 
the cleaning member 6 as it reaches the end of 
its travel in a given direction. These reversing 
switches may be connected by wires in a known 
manner to the electric motor 60, so that as the 
cleaning member 6 reaches one end of the 
hopper the reversing switch is actuated, chang 
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ing the direction of drive of the electric motor 
and the direction of rotation of the conveyor 
screw 58. The cleaning member 6 thus moves 
to the other end of the hopper when its direction 
is again changed. It will thus be seen that the 
conveyor screw 58 agitates the dried powder in 
the hopper 29 providing sufficient quantities ad 
jacent the slot 54 at all times. The cleaning 
member 6 which reciprocates back and forth 
through the slot keeps it free, preventing any 
clogging because of heat and moist air rising from 
the drying rolls. In this mariner a uniform Sup 
ply of powdered material may be deposited upon 
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the partially dry film on the drying rolls. If de 
sired, the hopper 29 may be tightly closed except 
for the slot 54 and warm air may be introduced 
into the hopper under slight pressure to prevent 
the dry material in the hopper from absorbing 
moisture which runs from the drying rolls. 
After the film to be dried carrying the powdered 

material reaches the doctor blades 30, 3 it is 
scraped from the roll surface by these blades in 
a thin, crinkly, substantially dry film which is 
deposited on the endless belt conveyors 32, 33. 
This film is then deposited continuously by the 
belt conveyors in the conveyors 34, 35 which are 
heated. On these conveyors, the film may be 
broken up somewhat and is further dried under 
the influence of the heat. From the heated con 
veyors, the dried material is delivered to the con 
veyor 36, where it is rapidly cooled to prevent 
any burning and to render the material immedi 
ately available for grinding. The grinding mill 
38 may be any suitable mill of the hammer mill 
type. Some of the dried ground material ob 
tained in this manner may be readily transferred 
after grinding to the feed hopper 29 for deposit 
on drying rolls. The balance of the material may 
be packaged directly for shipment. 
The foregoing invention has been described in 

connection with whey, a product containing in 
the dry form about 65 to 70% lactose. The proc 
ess is particularly suited for producing dry finely 
divided non-hygroscopic whey either alone or ad 
mixed with other materials compatible therewith, 
such as food ingredients commonly mixed with 
whey in making cattle feeds or other food prod 
lucts. My inventon makes it possible to dry in an 
economical manner high sugar normally hygro 
Scopic materials, such as those containing sub 
stantially more than 55% sugar on a dry basis 
with the production of non-hygroscopic products. 
Products containing a considerable proportion of 
colloidal material such as proteins, and which 
normally are hygroscopic may also be convenient 
ly dried according to my invention. The material 
known as "fishstick' would be an example of such 
a normally hygroscopic proteinaceous material. 
My process may also be employed for “seeding' 
films of other materials containing crystallizable 
Salts, while the film is on the drying roll, 
The material being dried may, if desired, be 

mixed with other ingredients before application 
to the drying roll. Or the ingredient to be added 
to material being dried may instead be added in 
Whole, or in part, as the powdered material 
dropped on the drying rolls. When a high sugar 
material is being dried, the deposited powder is 
preferably at least partially of a crystalline na 
ture, although it need not be of the same composi 
tion as the material being dried. 
The addition of the powdered material to the 

partially dry film on the drying surface may have 
Some cooling as well as a drying effect on the 
film. When crystalline materials such as high 
Sugar products are being treated, the powdered 
material is thought to produce “seeding' or initi 
ating of crystallization in the film. In any event, 
this procedure enables the production of non 
hygroscopic dried products on an open drying 
roll, which have been either very difficult or 
impossible to achieve heretofore. 

It will be apparent that this invention may be 
practiced using a single drying roll or a different 
arrangement of multiple drying rolls than illus 
trated in the drawings. Other arrangements for 
feeding the liquid and powdered materials to the 
roll or rolls may also be employed or substituted 

  



4. 
for those shown. The powdered material may, for 
example, also be deposited as a coating on the 
conveyor belts 32, 8 to prevent any sticking of 
the hot dried film thereto. The apparatus illus 
trated is preferred, however, because of its ef 
ciency and ease of operation. 
The terms and expressions which I have em. 

ployed are used as terms of description and not 
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ing the whey to dry with said deposit thereon, 
removing the whey being dried from said surface 
in the form of a film, heating said film to further 
dry the same, and cooling and grinding the dried 
whey. . . . 

7. A process of roller drying comprising rotat 
ing a pair of drying rolls so that adjacent surfaces 

of limitation, and I have no intention, in the use 
of such terms and expressions of excluding any 
equivalents of the features shown and described 
or portions thereof, but recognize that various 
modifications are possible within the scope of the 
invention claimed. - 

claim: . 
1. A process of drying liquid materials com 

prising applying a film of said liquid material to 
a heated drying surface, adding finely divided 
dry solids to said film, and subsequently remov 
ing said film and solids from said surface. 

2. A process of drying whey to produce a non 
hygroscopic product comprising applying a film 
of a solution of whey having a substantially great 
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thereof move upwardly at approximately the same 
speed toward the pinch thereof, feeding a solu 
tion of material to be dried to said surfaces below 
said pinch, dropping a stream of finely divided 
material compatible with the material being dried 
upon the material on said surfaces immediately 
above said pinch, and removing the dried mate 
rial from said surfaces. 

8. Drying apparatus comprising a rotatable 
heated drying roll, means for supplying a film of 
liquid material to be dried to the surface of said 

20, 

er solids content than normal to a heated drying 
surface, thereafter depositing on said film finely 
divided crystalline seeding material, and renov 
ing said film with the finely divided material 
thereon. 3. A process of roller drying normally hygro 
scopic liquid material to produce a dry non-hy 
groscopic product comprising concentrating the 
material to be dried to a liquid having a solids 
content of at least about 30%, continuously feed 
ing a film of said concentrated liquid to the Sur 
face of a rotating drying roll, depositing finely 
divided material compatible with the material 
being dried upon said film, and thereafter scrap 
ing, said film and deposited material from the 
surface of said roll. 

4. A continuous process of drying a solution 
of material having a high sugar content compris 
ing applying a continuous film of said solution 
to the surface of a rotating drying roll, deposit 
ing powdered crystalline material on said film, 
removing the dried film from said surface, grind 
ing said dried film to a powder and utilizing a 
portion of said ground dried film for deposit on 
the film of material on Said roll. 

5. A process of drying whey comprising feed 
ing a solution of whey concentrated to a Solids 
content up to about 70% to the heated surface 
of a drying roll, depositing dry finely divided 
whey upon the whey being dried on said surface, 
allowing the whey to dry with Said deposit there 
on, and scraping the dried whey off said surface. 

6. A process of drying whey comprising feed 
ing a solution of whey concentrated to a solids 
content of about 40 to 70% to the surface of a 
drying roll, depositing dry finely divided whey 
upon the whey being dried on said surface, allow 
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roll, and means for depositing dry finely divided 
material upon a partially dried portion of the 
film on said roll. 

9. Drying apparatus comprising a rotatable 
drying roll, means for feeding a continuous film of 
material to be dried to an underneath portion 
of said roll, and means for continuously dropping 
and uniformly distributing finely divided solid 
material to an upper portion of said roll coated 
with said film in a partially dried condition. . 

10. Apparatus for drying comprising a pair of 
rotatable drying rolls arranged in side by side 
relationship so that adjacent surfaces thereof 
move upwardly toward the pinch thereof, means 
for feeding liquid material to be dried to the sur 
faces of said rolls below said pinch, means located 
above Said pinch for dropping a stream of finely 
divided solids on the material on said surfaces, 
and means for removing dried material from said 
Surfaces. . 

11. Drying apparatus comprising a rotatable 
heated drying roll, and means for feeding a film 
of liquid to be dried to a surface of said roll, said 
means comprising a trough adjacent a lower por 
tion of Said surface, means for flowing said liquid 
into a central portion of said trough, weir means 
near each end of the trough for allowing excess 
liquid to overflow and maintain a constant liquid 
level in the trough, and a blade disposed in the 
trough for dividing the flow of liquid therein, said 
blade being movable to clean the walls of sai 
trough. 

12. A process of roller drying a normally hygro 
scopic liquid material to produce a dry non 
hygroscopic product comprising continuously 
feeding a film of said liquid onto the heated sur 
..face of a rotating drying roll, depositing on said 
film finely divided seeding material compatible 
with the material being dried, and removing the 
dried film and deposited material from the sur 
face of Said rol. 

ARTHUR C. BEARDSLEE. 


