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‘This invention relates to the molding of pulp articles. 
I‘More particularly, the invention relates to methods of 
:molding in which a series of foraminous molds are ad 
‘vanced successively through an aqueous pulp slurry in 
~which the articles are formed initially by the deposition 
'of layers of wet pulp on the molds, and the articles 
.are subsequently compressed and dried to produce a 
z-smooth-surfaced ?nish thereon. 

In the commercial manufacture of molded pulp arti 
L cles, such as !pie plates, it is customary to impart a smooth 
:surfaced ?nish to the articles by employing either one 
v- of two well known methods. In one of these methods, 
:the wet initially formed articles are transferred directly 
ffrom the foraminous forming molds to a pair of heated 
“compression drying dies, in which all of the excess Water 
Eris expressed from the articles while simultaneously im 
jparting a smooth ?nish thereto. In the other one of 
athese methods, the wet initially formed articles are trans 
fferred from the foraminous forming molds to a drier 
in which substantially all of the moisture is ?rst removed 
:1from the articles by heated air without compressing the 
:articles, and then the dried articles are subjected to 
-»compression between heated ?nishing dies. The second 
;-method does not produce the desired surface smoothness 
fin the ?nished articles, and the ?rst method is not sulfi 
tciently economical and rapid for the mass production of 
low unit cost items, such as pie or household plates, in 
rtoday’s highly competitive markets. 

An object of this invention is to provide a new and 
improved method for molding pulp articles. 

Another object of the invention is to provide a new 
rand improved method for rapidly producing a superior 
smooth-surfaced ?nish on molded pulp articles. 

Still another object of the invention is to provide a 
highly economical and very rap-id method for mold 
‘;ing pulp articles having a superior smooth-surfaced ?nish. 
A method illustrating certain features of the invention 

:may include the step-s of initially forming a molded 
; pulp article by depositing a layer of wet pulp onto a 
:foraminous mold, free or form drying the initially formed 
.article to reduce its moisture content to about 45 to 55% 
L-by weight, and then subjecting the article to compres 
:sion between heated dies to complete the drying operation 
.and impart a smooth surface ?nish thereto. 

Other objects and the nature and advantages of the 
iinstant invention will be apparent from the following 
description taken in conjunction with the accompanying 
~.-drawings, wherein: 

Fig. l is a side elevation of a pulp molding machine 
:suitable for initially forming articles in accordance with 
nnethods embodying the invention; 

Fig. 2 is an enlarged vertical section of a transfer 
.mechanism and an adjacent conveyor belt located at the 
“discharge station of the molding machine illustrated in 
Fig. 1; 

Fig. 3 is a rear elevational view of the transfer mecha 
nism shown in lfig. 2; and v 
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Fig. 4 is a schematic side elevation of one suitable 
arrangement of apparatus, including a pulp molding ma 
chine, a drying tunnel, and a ?nal compression, and dry.-. 
ing machine, designed to perform all of the" steps of 

methods embodying the invention. The invention may be utilized either in connection 

' with intermittent (step-by-step) or continuously mov 
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ing machines. 
The pulp molding machine illustrated in Fig. 1 is of 

the intermittently operable type. It includes a series 
of foraminous forming molds 10 located on the periphery 
of a circular carrier 12 which is disposed vertically 
and mounted rotatably on a ?xed horizontal shaft 14 
journalled on the main frame 15 of the machine. Each 
of the molds 10 is secured to the outer end of a hollow 
arm 16 projecting radially from the carrier 12, and all 
of the arms 16 are connected to a central vacuum pump 
(not shown) which applies suction to the molds 10 
during rotation of the carrier 12. The molds are ad 
vanced in a circular path in which they successively be— 
come immersed in an aqueous pulp slurry contained in 
a tank 18. The suction applied to the molds 10 while 
they are immersed in the tank 18 causes layers of 
wet pulp to be deposited thereon, thereby initially form 
ing the pulp ‘articles. In the case of the machine illus 
trated, the articles being produced are pie plates, but 

' other molded pulp articles could be formed thereon. 
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vThe molds 10 are advanced in a counterclockwise 
direction, as viewed in Fig. 1, from the tank 18 of 
.pulpslurry through an arc of about 270° to a discharge 
station where a take-off or transfer mechanism 20 is 
located. The advancement of the molds 10 is in a uni 
form step-by-step movement, each step bringing another 
one of the molds to the transfer mechanism 20. A 
Geneva stop motion is employed for this purpose. A 
driven member 22 secured to the carrier 12 is engaged 
by a driving member 24 a?ixed to a shaft 26 which is 
operatively connected by gears 28 with a gear 30 secured 
to a main driving shaft 32. The driven member 22 
is temporarily locked at the end of each stepwise move 
ment by means of a bolt 34 which projects from one 
end of a periodically movable crank lever 36 fulcrumed 
on the main frame 15. A face cam 38 connected to the 
main driving shaft 32 oscillates the lever 36 in timed 
relation to the intermittent movement of the carrier 12. 
The transfer mechanism 29 removes the initially 

formed pulp articles from the molds 10 and transfers 
them one at a time to an adjacent split endless belt 
conveyor 40. As is best shown in Fig. 3, the transfer 
mechanism 20 includes three cooperating spaced seg 
ments 42 shaped to receive a pie plate. The segments 
42 are secured to three correspondingly spaced parallel 
rocker arms 44 which are a?ixed to a hollow rock shaft 
46 journalled on the main frame 15 of the molding ma 
chine.v The three rocker arms 44 are movable as a unit 
through an arc of about 90° between limits adjacent to 
the paths of the molds 10 and the conveyor 40. The 
spaces ‘between the segments 42 are aligned with the 
parallel sections of the split belt conveyor 40, and the 
arms 44 together with their supported segments 42 can be 
swung slightly below the level of the belt conveyor 40, 
‘as shown in Fig. 2, to deposit a molded pulp pie plate 48 
thereon. 

In ‘order to enable the transfer mechanism 20 to en 
gage and remove the molded pulp articles from ‘the molds 
10, means is provided for applying suction to one of 
the segments 42. The central segment 42 vis provided 
with a pair of suction ori?ces 50 communicating through 
a duct 52 in its supporting rocker arm 44 with the in 
terior of the hollow shaft 46, which is connected to a suc 
tion pump ,(not shown). ,An automatic .valve (not 
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shown) is associated with the transfer mechanism 20 for 
interrupting the suction when the mechanism is tilted to 
deposit a molded pulp article on the belt conveyor 40. 
An oscillatory movement is imparted to the shaft 46 

to rock‘ the transfer mechanism 20 in timed relation to 
the intermittent movement of the mold carrier 12. This 
may be accomplished by securing to the shaft 46 a gear 
segment 54 which engages a rack 56 formed on the 
lower end of ‘an inclined movable bar 58 supported on a 
roller 60 mounted on the main frame 15. The upper 
end of the bar 58 is bifurcated and engages a face cam 
62 operatively associated with the main driving shaft 
32 of the machine. 
The molded pulp articles, such as the pie plate 48 pro 

duced by the molding machine illustrated in Fig. 1, are 
still quite wet at ‘the time they are placed on the belt 
conveyor 40 by the transfer mechanism 20. At this stage 
of the manufacturing process, the molded pulp articles 
may contain from about 70% to ‘about 75% by weight 
of excess moisture. The wet pulp articles are rather 
pliable and soft at this time, yet they are su?iciently com 
pacted to hold together during the transfer operation. 
The articles are compacted slightly by the suction applied 
to the molds It? during the initial forming action. The 
suction is applied to the molds 10 while they are im 
mersed in the aqueous pulp slurry contained in the tank 
13. This slurry is a water suspension of pulp ?bers hav 
ing a solids content of about 1/2 to about 3% by weight. 
The suction extracts the pulp ?bers from the slurry and 
deposits the ?bers in layers on the molds, thereby initially 
forming the molded articles. Suction on the molds 10 
is continued while they are advanced by the intermit 
tently rotatable carrier 12 through an arc of about 270° 
to the discharge station where the transfer mechanism 20 
is located. Thus, excess moisture is sucked from the 
initially molded articles during the entire time required 
for their travel through the 270° arc to the discharge 
station, reducing their moisture content to about 70% 
to 75% by weight. 
At this stage of the molding process, the wet pulp 

articles are ready to be further dried and compressed 
to produce the ?nished articles desired, and at this point 
the treatment of the articles in methods embodying the 
invention involves important differences over the treat 
ments employed in the well known methods of the prior 
art. 

In one of these prior art methods, the wet articles are 
transferred directly from the forming molds to a pair of 
heated compression drying dies in which all of the excess 
water is expressed from the articles while simultaneously 
imparting a smooth ?nish thereto. Due to the relatively 
large ‘amount of water which must be expressed by the 
heated compression dies in this method, relatively high 
temperatures andv pressures must be employed. Con 
sequently, the equipment required is complicated, mas 
sive and expensive. Even more important is the fact that 
the compression drying step is necessarily unduly slow. 
As the dies compress the wet pulp it becomes progres 
sively more difficult to remove the remaining moisture 
(due, at least in part, to the insulating effect of the pulp) 
and as the efficiency of the drying operation decreases 
there is a corresponding increase in the time required to 
attain dryness. Furthermore, even if a plurality of dry 
ing presses were employed to speed up the operation due 
to practical limitations on manufacturing floor space, 
only a limited number of drying presses could be em 
ployed. Hence, in any event this method of drying im 
posed a severe limitation on manufacturing capacity. 

In another well. known prior are method, known as the 
semi-smoothing process, the wet articles ‘are transferred 
from the forming molds to a drier in which the prepon 
derantly major portion or substantially all of the mois 
ture is ?rst removed from the articles by heated air with 
out compressing the aricles, and then the substantially 
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dry articles are subjected to compression between heated 
?nishing dies. The hot air’ drier reduces the moisture 
content of the pulp from about 70% down to less than 
10%, and the ?nishing dies remove all of the remaining 
moisture. It is evident that the drying equipment required 
for this method is less complicated and expensive than 
the previously described equipment. However, the ?nish 
produced by this method is inferior to that produced 
by the other prior art method described. In attempting 
to compress pulp containing less than 10% moisture, 
enormous resistance to compression is encountered. 
Hence, the product is compressed to a lesser degree, re 
sulting in decreased density and inadequate surface 
smoothness. In an effort to improve the surface smooth 
ness, the surfaces of the articles are sometimes sprayed 
with additional moisture just before placing them in the 
‘heated ?nishing dies, but this results in little or no im 
provement. 

In accordance with methods embodying the present 
invention, the wet articles are transferred from the form 
ing molds to a free drier in which the moisture content 
of the articles is reduced from about 70 to 75% by weight 
down to about 45 to 55% by weight, and then the articles 

' are subjected to compression between heated dies to 
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complete the drying operation and impart the desired 
surface smoothness thereto. By ?rst reducing the mois 
ture content to about 45 to 55%, the work required to 
extract the remaining moisture is considerably reduced, 
thereby effecting a substantial simpli?cation of the equip 
ment required for ?nal drying, and greatly increasing 
the rate of production. Yet suflicient moisture remains 
to maintain the pliability and softness required to pro 
duce good surface smoothness. In fact, the surface 
smoothness produced by methods embodying the inven 
tion is much superior to that heretofore obtainable. 
One type of apparatus suitable for performing all of 

the steps of methods embodying the invention is illus 
trated schematically in Fig. 4. This apparatus includes 
a pulp molding machine 70 which may correspond in 
structure and in operation to the previously described pulp 
molding machine illustrated in Fig. l. The machine 70 
comprises a series of foraminous molds 72 mounted on 
the periphery of an intermittently rotatable circular car 
rier 74. Rotation of the carrier 74 advances the molds 
72 through. an arcuate path in a counterclockwise direc 
tion, as viewed in Fig. 4, from a tank 76 containing 
liquid pulp slurry to a transfer mechanism 78, which 
corresponds to the mechanism 20 illustrated in Figs. 1, 2 
and 3. Suction applied to the molds 12 while they are 
submerged in the pulp slurry causes the deposition of 
layers of pulp on the molds, to initially form the articles. 
The suction is continued while the molds 72 are advanced 
successively from the tank 76 to the transfer mechanism 
78, thereby lightly compacting the molded articles and 
reducing their moisture content to about 70 to 75 % by 
the time they reach the transfer mechanism 78 and are 
transferred to an endless belt conveyor 80. 
The wet articles are advanced by the conveyor 80 

through an elongated horizontal drying tunnel 82 in which 
the articles are subjected to any suitable free drying treat 
ment. For example, the articles may be subjected to a 
current ‘of heated air therein. This treatment reduces 
the moisture content of the articles from about 70% 
down to about 45. to 55% by weight. A value of about 
50% moisture is preferred, a value between 45 and 55 % 
is desired and is considered optimum, and values ranging 
between 35 and 65% may in some instances be considered 
acceptable. 

After emerging from the tunnel 82, the partially dried 
articles are advanced by the conveyor 80 to a transfer 
mechanism 84, which is similar to the transfer mechanism 
78. Here the articles are transferred one at a time from 
the conveyor 80 to a ?nal compression and drying, ma 
chine 86 comprising a series of male compression dies 88 
mounted on the periphery of an intermittently rotatable 
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carrier 90 which advances the articles to a vertically recip 
rocable female compression die 92. During each dwell 
in the step-by-step movement of the carrier 90, one of 
the pulp ‘articles is subjected to ?nal compression and 
drying between the male die 88 carrying the article and 
the female die 92. Another transfer mechanism 94 then 
discharges the completed articles from the machine 86 
to a conveyor 96 which transports the articles to a suitable 
stacking and storage area (not shown). 
The type of apparatus illustrated in Fig. 4 is particu 

larly suitable for performing methods embodying the in 
vention at a relatively high rate of production. How 
ever, it is evident that other types of apparatus may also 
be employed for this purpose. It is contemplated that 
the pulp molding machine employed may be of the con 
tinuously operable type instead of the step-by-step type 
machine illustrated and described herein. In order to 
increase the production capacity of the step-by-step type 
of machine, it may be considered desirable to employ a 
pair of alternately operable transfer mechanisms instead 
of the single mechanism shown. In such case, it may be 
possible to double the capacity of the production line by 
employing two drying tunnels and two ?nal compression 
and drying machines. 

Regardless of what type of apparatus may be employed, 
methods embodying the present invention provide a highly 
economical and rapid system for the mass production of 
low unit cost items, such as molded pulp pie or house 
hold plates. In the production of such items in immense 
quantities, it is vital to reduce manufacturing costs to the 
strictest minimum. Even a small fraction of a cent 
shaved from the cost of producing each item is worthy 
of careful consideration. Among the primary advantages 
obtainable from methods embodying the invention are a 
substantial simpli?cation of the equipment required for 
?nal drying and a greatly increased rate of production, 
while at the same time producing a superior ?nal product. 

It will be obvious to those skilled in the art that various 
changes may be made Without departing from the spirit 
of the invention and therefore the invention is not limited 
to what is shown in the drawings and described in the 
speci?cation but only as indicated in the appended claims. 
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What is claimed is: 
1. A method of molding pulp articles, comprising the 

steps of immersing into a liquid pulp slurry a formainous 
mold under suction to deposit a layer of wet pulp thereon 
which initially forms a molded pulp article, removing the 
mold from the slurry While continuing the suction to 
reduce the moisture content of the deposited pulp article 
to about 70% to 75% by weight free drying the wet 
pulp article to reduce its moisture content down to about 
45 % to 55% by weight without compressing the article, 
and then subjecting the partially dried article to compres 
sion between heated dies to remove the remaining mois 
ture and impart a smooth surface ?nish to the article. 

2. The method de?ned by claim 1, in which the moisture 
content of the articles is reduced to about 50% by weight 
in the free drying step. 

3. A method of molding pulp articles, comprising the 
steps of continuously advancing a series of foraminous 
molds through a liquid pulp slurry while applying suction 
to the molds to deposit layers of wet pulp thereon which 
initially form molded pulp articles, successively removing 
the molds from the slurry while continuing the suction to 
reduce the moisture content of the deposited pulp articles 
down to about 70% to 75 % by weight, subjecting the 
articles to a current of heated air to reduce their moisture 
content down to about 45% to 55% by weight without 
compressing the articles, then successively transferring 
the articles to heated compression dies, and compressing 
the articles between the heated dies to remove the remain 
ing moisture and impart a smooth surface ?nish thereto. 

4. The method de?ned by claim 3, in which the moisture 
content of the articles is reduced to about 50% by weight 
by the current of heated air. 
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