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[57] ABSTRACT 
A method particularly adapted for impregnating cor 

rugated paperboard with wax, the percentage wax 
pickup being variable within limits as desired. In oper 
ation, a plurality of boards is vertically positioned 
side-by-side, but slightly separated one from the other, 
into separate lines of travel. The group of vertically 
positioned boards is then passed underneath a free 
falling, unrestrained cascade of molten wax at a con 
trolled rate to obtain complete ?ooding or coating of 
all exterior board surfaces. The cascade is developed 
in a plane transverse to the boards’ lines of- travel. 
Such ?ooding also occurs within the boards’ ?utes if 
the flutes are vertical as the boards pass through the 
cascade. A ?rst air knife then directs hot air onto the 
top edges of the vertical boards to remove excess wax 
from the exterior faces or liners of the boards, as well 
as from the boards‘ interior if the corrugations or 
?utes are also vertical. The boards then move through 
a temperature controlled conditioning section the sec 
tion being maintained at an elevated temperature, 
where impregnation takes place. Thereafter, a second 
air knife directs air onto'the bottom edges of the verti 
cal boards to remove excess wax in the form of beads 
or drips that may be formed toward the bottom of or 
at the bottom edge of the board. Finally, cool air is 
blown up through the vertical boards to set the wax 
and cool the boards for; handling and stacking. 
Depending on the wax used, the temperature of the 
molten wax, the temperature of the environment 
immediately after waxing but prior to cooling, and the ' 
throughout speed of the board, the board will be 
either- dry waxed or ,wet waxed. The wax pickup 
percentage of the boards is'controlled mainly by 
varying wax temperature and board exposure time in 
the wax ?ooding step. The wax distribution in the 
board is controlled mainly by varying environment 
temperature and board exposure time in the 
conditioning step. Thus, the method can be controlled 
to obtain either dry waxed or wet waxed paperboard 
at a desired wax pickup level. 

9 Claims, 20 Drawing Figures 

W 

-I 

a? 





PATENTEUFEBWW 3,793,056 

SHEET 2 BF 5 

INVENTOR. 

WKW 









3,793,056 
1' ' 

METHOD FOR COATING AND/OR‘ 
IMPREGNATING SUBSTANTIALLY PLANAR 

ARTICLES 

This application is a divisional of US. application 
Ser. No. 881,239, filed Dec. 1, 1969. The parent appli 
cation issued as U.S. Pat. No. 3,635,193 on Jan. 18, 
1972. . ' 

This invention relates to a method and apparatus for 
coating and/or impregnating articles. In preferred 
form, this invention relates to a method and apparatus 
for producing wax impregnated, planar, corrugated pa 
perboard in either wet waxed or dry waxed form. 
Generally speaking, regular corrugated paperboard 

has one serious drawback, and that is it rapidly loses 
strength with increased moisture content of the paper 
board itself or its environment. For Example, if a box 
has 1,000 lbs/in. of compression strength at 50 percent 
relative humidity it may well have less than 500 lbs./in/ 
compression strength at 90 percent relative humidity. 
Of course, loss of board strength in high humidity envi 
ronments is not desirable, but the disadvantages of reg 
ular corrugated board are even ‘more serious when the 
board actually gets wet. lf regular corrugated paper 
board is made with non-waterproof adhesive it literally 
falls apart upon being subjected to water. On the other 
hand, if regular corrugated paperboard is made with 
highly sized wet strength liners, medium and water 
proof adhesive, it may not fall apart upon getting wet, 
but a box having a typical original 1,000 lbs/in. com 
pression strength will have only about 150 lbs./in. after 
getting wet. 4 

Therefore, one of the primary reasons for impregnat 
ing and/or coating corrugated paperboard with wax is 
to improve the strength performance of that board 
under wet and/or humid conditions. The wax impreg 
nation or coating alters the strength properties of the 
board so that it will perform under conditions where 
regular corrugated paperboard, without wax coating or 
impregnation, fails. Further, impregnation, and to some 
extent wax coating, also improves the‘ dry compression 
strength of the corrugated paperboard. 
Wax impregnated and/or coated corrugated paper 

board is mainly used in the formation of boxes forthe 
shipment of fruits, vegetables, poultry, and seafood. 
Such foods are cooled prior to packing in the box but, 
once packed, a layer of ice is provided on top of the 
food products to'maintain a chilled environment during 
shipment. Such boxes are generally stacked five or six 
high during delivery to distributors and during delivery 
to retail or institutional outlets. It is apparent that a 
high degree of wet compression strength is required 
under these moisture conditions because it is desired 
that such boxes have a useful life under such moisture 
conditions of at least about four to seven days or more. 
Further, wax impregnatedand/or coated corrugated 
paperboard can be used in advertising displays,’play 
houses for children, portable ?shing shacks and duck 
blinds, picnic boxes, refuse containers for public 
events, and the like, all because of its high compressive 
strength when dry, as well as its high compressive 
strength when wet, relative to similar paperboard not 
coated or impregnated. ' 

There are three basic methods known for wax im 
pregnating and/or coating corrugated paperboard, all 
of which are in some degree of commercial use. These 
three basic methods are (a) a dip process which is ca-' 
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2 
pable of impregnating the- board as well as providing a 
coating, (b) a sheet fed roll waxing process which is 
used during manufacture of the board but which can' 
only provide very limited impregnation, and (c) a so 
called curtain coating process which is only capable of 
coating the board‘s surface. Thus, only the dipping pro 
cess is capable, from a practical standpoint, of impreg 
nating corrugated paperboard to high degrees of wax 
pickup, e.g., about 40 percent to about 50 percent by 
weight. The other two methods are limited to low de 
grees of wax pickup, e.g., aboutlO percent to about 20 
percent by weight. 
The curtain coating method provides a sheet of wax 

that is discharged in a vertical plane and the board to 
be coated is passed in a horizontal plane through the 
falling curtain. The curtain coating process if very simi 
lar to applying wax to the board’s surface with a print 
ing roller, except in place of a printing roller a falling 
curtain is used. But only one side can be coated during 
a single pass, and if the other face of this board is to be 
coated a second pass is required. Further, it is only pos 
sible to coat the outside surface of the paperboard with 
this method, i.e., it is not possible to obtain maximum 
impregnation or saturation of the board, which results 
in a relatively low percentage wax pickup for the 
board. Such a low degree of wax pickup does not give 
sufficient added rigidity to-the ?nal corrugated board, 
nor does it give adequate water resistance to the ?nal 
board, as may be desired for numerous end uses. 
The method of waxing the board during manufacture 

generally involves roll or spray coating the inside faces 
of the liners for the board, andiroll or spray coating the‘ 
?uted medium, prior to their adhesion together into 
?nal board form. This, method also can provide only a 
relatively low percentage wax pickup. If it is attempted 
to put on a great deal more wax than the approximate 
12 percent to 15 percent by weight usually used in 
practice, a major problem of adhesion occurs during 
formation of the ?nal board con?guration. Also, be 
cause the board has been impregnated during manufac 
ture the board is not yet cut to ?nal useful size, such as, 
for example, a box blank; the scrap produced by the 
subsequent cutting step is quite difficult to reprocess in 
that the wax must be eliminated prior to the paper 
being recycled. ' 
The dipping process is‘ the only known practical 

method, to the best of my knowledge, for impregnating 
sheets of corrugated paperboard with wax at relatively 
high wax pickup percentages. In the clipping process 
the sheets or box blanks are simply dipped in a bath of 
molten wax, the board being retained in the wax tank 
from on the order of 5 seconds to 15 seconds or more. 
While the board is immersed in the wax bath, the air 
and moisture in the board is replaced by the molten 
wax. The corrugated board is then removed from the 
wax bath and maintained in an oven, or in open air, for 
a period of time to drain off the excess wax. The board 
may be turned top to bottom as desired to provide a 
more uniform distribution of wax if required, but gen 
erally speaking there is more wax at the bottom of the 
blank thanat the top. The dip process is capable of pro 
viding wax impregnated board of either wet or dry 
waxed type at high wax pickup levels, e.g., about 40 
percent to about 50 percent-by weight. 
But there are a number of disadvantages of the dip 

ping or immersing method in impregnating corrugated 
paperboard with wax. In the ?rst place, the corrugated 
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board tends to build up a high latent heat, i.e., a good 
deal of heat is retained in the board, due to immersion 
in a very hot bath of molten wax. This latent heat pro 
vides operator handling problems in that the board is 
quite hot when it reaches the end of its processing cy 
cle; further, a de?nite ?re hazard is created because the 
board is processed at or near its combustion tempera 
ture. Also, the high latent heat causes moisture to be 
boiled out of the board with the result that the ?nal 
product is relatively brittle, thereby providing forming 
or folding problems in certain end uses. Further, the 
dipping process is not conductive to the production of 
coated or wet waxed board because the wax is gener 
ally still in the molten state as it comes out of the bath; 
of course, blocking of the boards one with the other oc 
curs if the boards are stacked at this point. Also, the 
dipping process does not admit of control over percent 
age wax pickup in that it is not possible to manufacture 
boards with less than maximum wax impregnation with 
any consistant degree of accuracy. 
Thus, the prior art methods either produce wax im 

pregnated board by dipping, i'.e., board saturated with 
wax to obtain 40 percent by weight or more wax 
pickup, or produce wax treated board by curtain coat 
ing or waxing during manufacture, i.e, board with wax 
pickup of only about 10 percent to about 20 percent by 
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weight. The wax board properties obtained by these ' 
methods of waxing are, of course, quite different. Wax 
impregnated board, either wet or dry waxed, imparts 
dry strength as well as greatlyimproved performance 
under wet and humid conditions. The amount of 
strength improvement depends on type of board used, 
the corrugating adhesive, amount and type of wax used, 
and distribution of wax throughout the board. At wax 
pickup levels around 45 percent by weight 'it is possible 
to obtain 60 percent or more increase in compressive 
strength at standard conditions‘. At 90° F. and 90 per 
cent relative humidity, impregnated board may exhibit 
compressive strength of about three times the compres 
sive strength of unwaxed board. Strength retention of 
.impregnated board, when water enters the ?utes, is far 
better after immersion inwater than for curtain coated 
board or board waxed during manufacture. Thus, the 
main advantages for wax impregnated board are greatly 
improved dry‘ strength, greatly improved wet strength 
when exposed to liquid water, and maximum strength 
retention at high humidity. 
On the other hand, board treated with wax to a level 

of 10 percent to 20 percent by weight pickup, such as 
by curtain ‘coating or waxing during manufacture of the 
board, does not have the strength properties of wax im 
pregnated board. The main reason for wax treating cor 
rugated board is to stop, or at least‘ greatly retard, the 
wicking of water. Regu-lar'corrugated paperboard will 
absorb water rapidly if one end of a sample is wetted; 
wax'treated board will not. Otherwise, board treated 
with wax does not approach the maximum strength and 
water resistance properties exhibited by impregnated 
board although wax treatment does impart some added 
strength or ridigity to the board; 
Therefore, it has been one objective of this invention ' 

to provide a novel method andapparatus by means of 
which substantially planar articles can be impregnated 
and/or coated. > ' ' ‘ 

It has been another objective of this invention to pro 
vide a novel method and apparatus by means of which 
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4 
corrugated paperboard may be impregnated with wax, 
i.e., either dry waxed or wet waxed. , . 

It has been another objective of this invention to pro 
vide a novel method and apparatus adapted to impreg 
nate corrugatedpaperboard which substantially elimi 
nates the problems cited above'which are associated 
with the main prior art method known for impregnating 
corrugated paperboard, namely, dipping. 
By dry waxed corrugated paperboard, for the pur 

pose of this application, is meant board that is impreg 
nated with wax, but with substantially no coating of 
wax on the faces or exposed surfaces of the board. By 

' wet waxed corrugated paperboard, for the purposes of 
this application, is meant board that is impregnated 
with wax, but with a coating of wax present on the faces 
or exposed surfaces of the blank. - 

As used in the wax impregnating and/or coating of 
corrugated paperboard, i.e., the preferred embodi 
ment, the method and apparatus of this invention re 
quires the board ?rst to be vertically disposed, and a 
plurality of the boards are then arranged side-by-side 
with at least minimal gaps between their faces to form 
a group so that multiple boards can be processed simul— 
taneously. Each board of a group is inserted into one 
of a first series of ajustable slots at the input end of a 
processing tunnel. The input end slots cooperate with 
a second series of adjustable slots at the output end of 
the processing tunnel. A plurality of lines of travel one 
for each board in a group are formed by bands which 
cooperate with the two series of slots, which extend 
from one tunnel endto the other, ‘and which are adjust 
able in height relative to the board height, thereby pro 
viding ?exibility in the handling of varying width 
boards. The group of boards'is disposed on a powered 
conveyor and is advanced by that conveyor through the 
processing tunnel, the boards being guided in their 
movement through the tunnel by the bands which de 
?ne the lines of travel. The processing tunnel is of suffi 
cient length that at least two or more groups of, e.g., 
corrugated paperboard knockdown carton blanks may 
be subjected to different stages of the process at the 
same time within the tunnel‘. 
Upon entering the tunnel the group of boards is first 

subjected to a steam preheat for raising their tempera~ 
ture prior to flooding with molten wax. The group of 
vertically positioned boards is then passed under a cas 
cade or free fall in a manner similar to a waterfall of 
molten wax, each board following its own individual 
line of travel. The plane of each board, as it passes be 
neath the molten wax cascade, is substantially perpen 
dicular to the plane of the free falling, unrestrained wa 
terfall or cascade of molten’ wax. The corrugated 
boards are preferably fed with ?utes perpendicular to 
the group's line of travel, _i.e., parallel to the cascade or - 
waterfall of molten wax, when it is desired to achieve 
maximum wax impregnation and wax percentage 
pickup. However, if only minimum impregnation and 
/or wax coating of the boards’ faces is required, the 
boards may be fed so that the ?utes are parallel to the 
group’s line of travel. The cascade of molten wax is 
provided by at least one weir interconnected with a 
molten wax circulating system. 7 
The weir is disposed substantially transverse to the 

line of travel of the group within the processing tunnel, 
and one weir releases two cascades, one from each lip, 
that fall freely toward the top edges of the board. The 
weir is structured so that it can be raised orlowered 
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as required depending on the width of the upright 
boards. ' 

Thereafter, the group of boards passes at a controlled 
rate through the tunnel’s conditioning section which is 
maintained at an elevated temperature with a con 

stantly changing hot air environment, thereby provid 
ing a residence time within which the desired degree of 
impregnation occurs. The tunnel’s conditioning section 
is provided with a top air knife adjacent the weir and 
a bottom air knife adjacent the end of the section, the 
air knives functioning to__blow off excess molten wax 
from the face or liner of the corrugated paperboard 
and, when the ?utes are disposed vertically during pro 
cessing, to blow out excess wax from within the ?utes. 
Subsequently, the boards pass into a cooling section 
having a constantly changing cool air environment, the 
cooling step being the last processing step carried out 
within the tunnel. The forced, cool air is directed up 
through the boards to draw heat therefrom so that, 
when the boards exit from the processing tunnel, they 
are suf?ciently cool for handling by an operator and for 
stacking. 
The advantages of the novel'method and apparatus 

of this invention, when‘utilized to impregnate corru 
gated paperboard with wax, are numerous over the 
prior art wax impregnation method of dipping. The 
method and apparatus of this invention are much more 
versatile in that they can easily handle knockdown box 
blanks with vertical or horizontal ?utes, unlimited 
board lengths, assembled box partitions, odd sizes and 
shapes at the same time, bundled or corrugated items 
with ?utes vertical, and board‘widths limited only by 
the height of the inlet and outlet openings of the pro 
cessing tunnel. Further, the board can be packaged as 
it exits from the processing tunnel, whether it is wet 
waxed or dry waxed, i.e., blocking of the boards is not 
a problem as it is cooled during processing. Also, the 
percentage wax pickup within the processing tunnel 
and the type wax impregnation, i.e., either wet or dry 
waxed, can be readily controlled. 

Further, operation of the method and apparatus of 
this invention is relatively clean in that the board is 
cooled when it exits from the processing tunnel, no wax 
reclaiming is required, and recycling of the cascade 
over?ow is completely within the machine. Further, 
less drying out of the board. occurs during waxing be 
cause the mass of wax contacting the board is substan 
tially less than that during dipping, and because the 
temperature of the molten wax and conditioning tem 
perature after waxing is lower than in typical dipping 
methods. Also there is very little fire hazard involved 
with this machine in that a minimum of latent heat is 
retained by the board and its does not even approach 
its combustion temperature; also, the machine can be 
quickly enclosed if ?re does develop and the entire pro 
cessing tunnel area ?lled with steam to suffocate the 
tire. Further, a greater throughput per unit time, 
whether the board is wet waxed or dry waxed, can be 
achieved for corrugated paperboard impregnated with 
wax according to the method and apparatus of this in 
vention. ‘ ' 

Other objectives and advantages of this invention will 
be more apparent from the following detailed descrip 
tion of the method and apparatus as utilized with the 
wax coating and/or impregnating of corrugated paper 
board. The detailed description is presented in con 
junction with the drawings in which: 

20 

6 
FIG. 1 is a partially broken away diagrammatic per 

spective view illustrating the method and apparatus of 
this invention; 
FIG. 2 is a more detailed perspective view illustrating 

a corrugated paperboard carton blank held in a vertical 
or upright attitude, i.e., positioned on edge, in a line of 
travel formed by vertically adjustable bands as the 
blank is processed through the method and apparatus 
of this invention; 

FIG. 3 is a view similar to FIG. 2 illustrating precon 
ditioning of the blank with steam prior to applying wax; 

FIG. 4 is a view similar to FIG. 3 illustrating passing 
of the blank through a cascade 'or waterfall of molten 
wax from weirs positioned. above the blank’s line of 
travel; 
FIG. 5 is a greatly enlarged cross-sectional view of 

one end of the carton blank taken generally along line 
5—5 of FIG. 4 illustrating deposition of the molten wax 
after the blank passes from beneath the weirs when the 
?utes of the board are vertically positioned relative to 
the boards’ line of travel; 
FIG. 6 is a view similar to FIG. 4 illustrating passing 

' of the blank beneath a top air knife for more evenly dis 
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tributing the wax on the faces of the blanks, both inside 
and outside, and for blowing out wax from the ?utes of 
the blank when the ?utes are vertically disposed; 
FIG. 7 is a view similar to FIG. 6 but illustrating a 

bottom air knife; 
FIGS. 8A and 8B are diagrammatic cross-sectional 

views of the apparatus of this invention incorporating 
the method of this invention; 
FIG. 9 is a cross-sectional view taken along line 9-»9 

of FIG. 8A; 
FIG. 10 is a cross-sectional view taken along line 

10-10 of FIG. 9; 
FIG. 11 is a cross-sectional view taken along line 

11~l1 of FIG. 9; 
FIG. 12 is a ?ow diagram illustrating the hot melt sys 

tem incorporated with the apparatus of this invention; 

FIG. 13 is a cross-sectional 'view taken along line 
l3--l3 of FIG. 8A; 
FIG. 14 is a cross-sectional view taken along line 

14—14 of FIG. 8B; 
FIG. 15 is a cross-sectional view taken 

15-15 of FIG. 813; 
FIG. 16 is a cross-sectional view 

16-16 of FIG. 8A; 
FIG. 17 is a cross-sectional view 

l7—17 of FIG. 8B; , 
FIG. 18 is a partially broken away, fragmentary per 

spective view illustrating the wax pan and air discharge 
plenum in the cooling section of the apparatus; and 
FIG. 19 is a partial perspective view of the tie rods of 

the transport conveyor. 
This invention, as mentioned, may be adapted for use 

with different coating and/or impregnating composi 
tions and may be used for coating and/or impregnating 
different substantially planar articles. However, in the 
detailed description of the method and apparatus of 
this invention, as set forth below, the substantially pla 
nar article to be processed and the liquid material to be 
applied is a prescored, corrugated paperboard carton 

along line 

taken along line 

taken along line 

- blank, and a wax, respectively. Further corrugated pa 
perboard may easily be coated‘ and/or impregnated by 
the method and apparatus of this invention with other 
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liquid materials such as, e.g., asphalt or tar-based bitu 
minous materials. . 

THE METHOD 
In accordance with the preferred method steps of this 

invention, a preformed, scored, corrugated paperboard 
carton blank 10 is vertically supported, i.e., positioned, 
on its bottom edge 11 on a'powered conveyor 49, see 
FIG. 2. The plane of the blank 10 is disposed parallel _ 
to the axis 12 of a processing tunnel 14. A number of ' 
such blanks 10 are preferably established in side-by 
side relation with gaps between faces 13 of respective 
blanks, see FIG. 1, to form a group 8 thereof; thus, in 
each group there are a series of blanks aligned parallel 

, one to the other and disposed across the width of the 
processing tunnel '14. Each blank 10 of the group is 
guided in its individual line of travel through thepro 
cessing tunnel 14 by- group alignment means in the 
form of ?exible guide wires or narrow bands 15 
stretched between input 16' and output 17 ends of the 
tunnel. A number ofblanks l0=equal to or less than the 
number of lines of travel established by the guide 
bands 15 may be processed all at once in each group 
8, and the blanks 10 in any one group may be of the 
same or different sizes and/or configurations. The lines 
of travel defined by guide bands 15 for the blanks 10 
are generally of .a width substantially greater than the 
thickness of a knockdown carton blank 10, so more 
than one blank may be sandwiched between a pair of 
related guide banks if desired. But it is generally desir 
able to process only one‘ blank 10 within one pair of 
guide banks 15 in any given group 8 so as to allow the 
blank to accordian open, see FIGS. 3-7, compared to 
FIG. 1, as it receives heat from the preconditioning and 
waxing steps, thereby making its inner faces readily ac 
cessible to the molten wax cascade; because the bands 
15 are resilient such a feature is'possible. The blanks 10 
remain on edge or vertically disposed through the wax 
impregnating method of this invention by means of 

' guide bands 15 as they are subjected to the various pro 
cessing steps in tunnel 14. The flutes 18 of the blanks 
10 are also preferably vertically disposed, i.e., perpen 

_ dicular to the blanks’ line of travel, when the blanks are 
being processed if up to maximum impregnation of the 
paperboard is desired, see FIG. 5. Thus the carbon 
blanks 10 are supported by conveyor 49 for travel 
through a processing environment in'the form of pro 

’ cessing tunnel 14 while retaining the blanks in a sub 
stantially vertical attitude by group alignment means in 
the form of bands 15. Although carton blanks 10 are 
illustrated, other substantially planar articles such as 
assembled box partitions, cardboard pallets and planar - 
sheets of all shapes and sizes, may also be processed by 
this method. _ . 

After the blanks 10 have been vertically disposed on 
their bottom edges 11, and positioned between re 
straining means such as ?exible guide bands 15 to form 
a group 8 thereof, the group is subjected to a preheat 
step whereat steam is directed upwardly between the 
spaced, vertically disposed blanks from the bottom 
edges 11 thereof, see FIG. 3; the steam functions to 
raise the temperature of the blanks and to provide them 
with a little additional moisture. 
Subsequently, the group 8 of corrugated paperboard‘ 

box blanks 10 is passed underneath a cascade 21 or 
free fall of molten'wax, the cascade falling in a substan 
tially vertical- plane that extends angularly relative to 

8 
the group’s axis of movement through the processing 
environment and is preferably positioned substantially 
transverse to the blanks’ lines of travel, see FIG. 4. The 
cascade 21 is of a width to insure contact of the molten 
wax with all blanks 10 in a group 8. The 'wax cascade 
21, when it contacts the blanks 10, is under substan 
tially free ?ow' conditions as it ?oods the faces 13, both 
inner 20 andouter 22, of the blank. Such a free flood 
ing step substantially aids in elminating residual or la 
tent heat in the blanks 10 because such heat is permit 
ted to escape therefrom. Further,v when the ?utes 18 of 
the blanks 10 are disposed, vertically, i.e., parallel to the 
cascade 21 of wax, the wax can readily ?ood the inter~ 

' sticies 24 of the blank between the medium 25 and the 
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liner or faces 13 of the board, thereby permitting maxi 
mum penetration of wax into the liners and medium, 
see FIG. 5. Preferably, the cascade 21 is created by at ' 
least one weir 27 full of molten wax 28 which creates 
a head of the molten wax, the weir being positioned im 
mediately above the top edges 29 of the blanks 10 so 
as to reduce agitation or splashing or spraying of the 
wax within the curtains; preferably the weir is no more 
than about six inches above the widest blank 10 being 
processed to avoid undesirable splashing of the wax. 
The weir 27 provides as close to a vertical cascade 21 
as is possible when large volumes of wax, e.g., 200 gal./ 
min., must be controlled and provided under very low 
pressure conditions. Also, the weir 27 is preferred be 
cause substantially no spray or splash patterns are cre 
ated, and because substantially no air is entrapped 
within the wax cascade 21. Preferably, the wax temper 
ature is on the order of about 170° F.—240° F.; this is 
a substantially lower‘ temperature than that normally 
used with the dipping method and allows the final 
waxed blanks 10 to retain 'a realtively high degree of 
moisture, thereby providing a'more ?exible product 
with less chance of cracking or bending at score lines. 
Such a mode of depositing or coating or impregnating 
wax on corrugated paperboard is indeed novel and 
unique, and provides a number of advantages which 
have been discussed heretofor. . _ 

After the group 8 of blanks 10 have passed through 
and underneath the molten wax cascade 21, they are 
subjected to an initial blast of air 31 from the top edges 
29 thereof, see FIG. 6. Such an air blast 31 or air knife 
is provided substantially immediately downstream of 
the molten wax cascade and tends to blow the excess 
wax 32 from the sides or faces 13 of the blanks 10, 
thereby aiding in controlling the percentage wax - 
pickup. The top air blast 31 permits a lesser percentage 

- wax pickup to be achieved, yet permits wax impregna— 
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tion to be maintained, than with any other impregnat 
ing method. Further, when the ?utes are vertically dis 
posed such an air blast 31 also tends to clean out exeess 
wax 33 from the ?utes, see FIG. 5, thereby providing 
a more efficient process. Thereafter, the blanks are 
subjected to a slightly elevated temperature, for exam 

' ‘ple, from about 140° F. to about 180° F., for a limited 

60 period of time, for example, from about 1 minute to 
about 15 minutes, which depends on the blanks’ 

I throughput rate. The function of this ovenizing or con 
ditioning step is to permit the molten wax 28 to bite 
into or impregnate the blanks 10. After the condition 
ing step the blanks are then subjected to a bottom air 
blast 34 which is directed up against the bottom edges 

' 11 of the carton blanks 10, thereby removing from the 
blanks 10 any beads or drips of excess wax which have 
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run down the sides or faces of the blanks as those 
blanks were subjected to the conditioning step, see 
FIG. 7. Although the air blasts‘ 31, 34 do not insure 100 
percent symmetrical distribution of wax coating or wax 
impregnating of the box blanks, generally speaking 
such a lack in completely even distribution is bene?cial 
when the bottom ?aps 19 of the potential carton are 
positioned toward the bottom of the blanks’ vertical 
position as processed. This for the reason that it is gen 
erally desired to have a higher wax content for the bot 
tom flaps 19 of the carton‘, as well as toward the bottom . 
of sides 35, and as opposed to top flaps 36, so as to 
make the ultimate carton as resistant to water from the 
bottom as possible when it is in ?nal carton con?gura 
tion. Thus, the graduation of wax distribution of the 
carton blanks 10 ?ts the use requirements quite well as 
highest wax content for strength and for waterproo?ng 
is not needed in the top ?aps 36 but is bene?cial in the 
vertical side walls 35 and bottom ?aps 19. 
Whether the blank 10 is wet waxed or dry waxed is 

regulated by controlling the molten wax temperature 
and the throughput rate or speed of the blanks 10 
through the preconditioning, waxing and conditioning 
steps. Generally speaking, throughput rate affects the 
amount of surface wax but does not appreciably affect 
wax pickup. For example, higher throughput rates re 
sult in more surface wax but about the same total wax 
pickup; this is probably because the higher the through 

i put rate results in a shorter conditioning time which re 
sults in less “soak in” of the wax. With all else constant, 
the percentage wax pickup will be higher the higher the 
wax melting point. Thus, the higher the wax tempera 
ture and the lower the throughput rate, the higher the 
degree of wax impregnation to the blanks 10 and the 
less the surface coating of the corrugated paperboard, 
and vice versa. For example, with a standard coating 
wax 'at a temperature of about 225° F. - 250° F. with 
a throughput rate of about 3-4 fpm through the cas 
cade and a residence time of about 4 min. — 5 min. in 
the conditioning section at about 160° F., a standard 
corrugated paperboard would probably be substantially 
totally saturated with verylittle face coating, i.e., would 
be dry waxed, at approximately a 45 percent by weight 
wax pickup. On the other hand, at that same wax tem 
perature and at the same wax percentage pickup, but 
at an increased throughput rate of about six fpm 
through the cascade and a residence time of about 2%: 
minutes in the conditioning section at about 160° F., a 
standard corrugated paperboard will have substantially 
less than total saturation and be provided with a good 
surface coating, i.e., would be wet waxed, at about a 45 
percent by weight wax pickup. If the wax temperature 
is lowered further, the surface coating is increased. 
Generally speaking, wax impregnated board can be 
produced within a wax percentage pickup range of 
about 30 percent to about 60 percent by weight with 
the method and apparatus of this invention, although it 
is preferred to operate within about 40v percent to 
about 50 percent by weight. Further, a tolerance of 
about 3 percent can be maintained within these ranges. 

Once the box blanks 10 pass the bottom air blast 34 
they are thereafter cooled to handling temperature, for 
example, about 120° F. or less, so that the blanks can 
be handled by an operator and stacked without block~ 
ing together. Such a cooling step is accomplished sim 
ply by directing cool air from outside the processing 
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tunnel 14 up through the vertically disposed box blanks 
10. 

.THE APPARATUS 

The apparatus for carrying out the method of this in 
vention is illustrated in FIGS. 1, 8A, 8B, and 9~19. The 
apparatus is basically comprised of the processing tun 
nel 14 with a feed platfon'n 23 and a take-off platform 
26. The processing tunnel 14 is provided with a hot sec 
tion 30 and a cool section 37, the hot section including 
a preconditioning section 38, a wax application section 
39 (which is fed by a hot melt wax system 40), and a 
conditioning’ section 41‘. Typical dimensions may in 
clude a tunnel length on the order of 30 ft. with inlet 
16 and outlet 17 openings about 8 ft. square, the hot 
section 30 being about 23 ft. long. A transport system 
42 conveys the blanks 10 fromthe input or front end 
16 through the tunnel 14 and out the rear end 17. It will 
be noted that a number of groups 8 of blanks 10 may 
be undergoing processing at any one time in the tunnel 
with the groups, of course, being subjected to different 
processing steps in different areas of the machine, see 
FIG. 1. 
The tunnel 14 is an enclosed, elongated chamber 

which is essentially open at each end 16, 17. The feed 
end 16 of the tunnel 14 and theioutput end 17 of the 
tunnel are each provided with a series of upstanding or 
vertical bars 43 which are part of the transport system 
42 and which extend substantially the entire height of 
the openings, to vde?ne a series of slots across the open 
ings 16, 17 at each end of the tunnel, see FIGS. 8A, 8B, 
16 and 17. The bars are mounted to the tunnel ceiling 
44 at their top and to superstructure which is part of 
the tunnel floor 45 at their bottom in a manner that 
permits the distance between bars to be adjusted later 
ally to provide wider or narrower slots as desired. The 
series of upstanding bars 43 spaced at intervals across 
the tunnel openings 16, 17 cooperate with the series of 
straps or wires or guide bands 15 which run the length 
of the tunnel 14 and which are held in tension by being 
wrapped around the bars at each end, note FIGS. 16 
and 17, to de?ne the multiple lines of. travel for multi 
ple carton blanks 10 (preferably one blank to each line 
of travel for one group 8 of blanks) through the tunnel. 
Each pair-of bars 43, one at each end l6, 17 of the tun 
nel 14, is thus provided with at least one, and prefera 
bly two or more, continuous wire loops 46 which ex 
tend around the ends of the bars. When two or more 
loops 46 are provided in the same vertical plane (by 
being looped around the same pair of bars 43 one 
above the other) the blanks can then be provided with 
a guide band 15 on each side at the bottom, one or two 
in the middle, and one at the top to maintain the blanks 

' 10 on edge as they progress through the tunnel, see 
FIG. 2. At the tunnel’s take-off end 17 each loop is 
provided with tension adjustment means 47. The ten 
sion adjustment means 47 includes a fork 48 having 
tines 78 slidably received about a bar 43, the bands 15 
being ?xed to the tines by rivets 64. A bolt 79 is 
threaded in the head of fork 48 and is adapted to en 
gage compression spring 80, the compression spring bi 
asing a stud 91 against the bar 43. Further the forward 
end of each bar 43 at the tunnel’s take-off end 17 is 
provided with a de?ector 70 that prevents blanks 10 
from getting hung up on the transverse edge 100 if the 
bands 15 are not tightly tensioned. Thus, when the bolt 
79 is adjusted the tension on straps 15, i.e., on loop 46, 



11‘ 
extending between vertical bars 43 can also be ad 
justed. To raise or lower each loop relative to its pair 
of supporting bars 43, the tension in the loop is relieved 
and the loop moved to its newly desired position, ten 
sion thereafter being returned by tension adjustment 
means 47. ' 

- The wires or straps 15 cooperate to establish a series 
of lines of travel across the width of the tunnel 14, for 
maintaining the blanks 10 upright or on edge as they 
proceed through the tunnel. Thus, at any given point in 
the tunnel 14 there may be a group of blanks 10 posi 
tioned transverse to the axis or machine direction 12 of 
the tunnel. But, also. within any given line of travel 
there may be multiple blanks 10 positioned one in front - 
of the other to provide a number of groups 8 in process 
at the same time so that, for example, while one group 
is being subjected to the waxing step the other may be 
subjected to the conditioning step, thereby providing 
optimum leading of the tunnel 14 with blanks 10, see 
FIG. 1. Further, because of the tension adjustment 
means 47 associated with the guide straps 15, the straps 
may be easily adjusted vertically relative to the height 
of the tunnel 14 so as to ef?ciently de?ne the lines of 
travel no matter what height sheet or box blank 10 is 
being processed. Thus, the bands 15 in cooperation 
with the series of upstanding vertical bars 43 at each 
end of the tunnel 14 provide wide ?exibility to the ap 
paratus in that it permits the equipment to handle a 
great variety of paperboard shapes and sizes either at 
the same time or separately. Further, such multiple 
shapes or sizes may either be in the same group 8 or 
end to end within the same line of travel. Thus, substan 
tially any height paperboard up to the height of the tun 
nel inlet 16 and outlet 17 openings, and substantially, 
any length paperboard, can be handled because of the 
lines of travel de?ned by the novel apparatus. 
Afurther part of the transport system 42 is the pow 
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cred conveyor 49 which includes a conveying plane 50 ' 
positioned in the floor 45 of the tunnel 14, see FIGS. 
8A and 8B. The conveyor 49 is comprised of a link 
chain 51 on each side, see-FIG. 19, which runs the en 
tire length of the tunnel 14 from the input end 16 to the 
take-off end 17, and which carries a series of transverse 
or tie bars 52 interconnecting the two link chains one 
to the other. The link chains 51 pass about suitable 
sprockets, not shown, mounted on an idler shaft; not 
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shown, at the take-off end 17 of the tunnel l4, and also ' 
pass about suitable sprockets,.not' shown, mounted on 
a drive shaft, not shown, at the input end 16 of the tun 
nel. The drive shaft, not shown, of the conveyor 49 is 
interconnected with a drive motor, not shown, through 
a variable speed gear box, not shown, so as to provide 
the desirable range of transport conveyor speeds. The 
crossbars 52 of the conveyor, as seen in FIG. 19, are 
provided with serrations 53 along their lengths and are 

' also burred toward the machine direction so as to assist 
in gripping the bottom edge 11 of each box blank 10 as 
it merely rests onv top of the conveyor and is not 
clamped thereto. The transport conveyor 49 preferablyv 
is'adapted to operate between about I fpm and 15 fpm. 

The feed platform 23, see FIG. 8A, is provided to ar 
range a series of blanks 10 in a group before starting 
them through their respective lines of travel in the tun 
nel 14. The platform 23 includes a table 191 vertically 
movable relative to frame 192, the table being guided 
in its vertical movement by'pins 193. The table 191 is 
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moved up and down by turning crank 194 which causes 
pin 195 ?xed to the crank to rotate the eccentric cam 
196, the table resting on the cam 196. In use, the table 
191 is raised by crank 194 to that level where its top 
surface 197 is above the conveying plane 50 of con 
veyor 49. Each blank 10 of a group 8 is then stood on 
its bottom edges 11 while protruding over a rubber cov 
ered take-up roll 198 and the conveyor 49, thereby 
slightly extending at its leading end into its line of travel 
de?ned by bands 15. When a group 8 is established the 
table 191 is lowered by crank 194 and rubber covered 
take-up roll 198 draws the group 8 of blanks 10 off the 
table onto the conveyor 49 (the take-up roll is driven 
bya chain, not shown, connected to powered conveyor 
49). , 

The take-off platform 26, see FIG. 8B, is provided to 
receive the impregnated blanks 10 from the output end 
17 of the tunnel. The take-off platform includes, imme 
diately adjacent the take-off end, a powered belt 201 
driven by a chain 202 from drive motor 203 fixed to the 
underside thereof. The belt 201 moves around drums 
204 at each end. The belt 201 also cooperates with 
table 205 of the platform 26 to deliver the blanks 10 to 
the table from the apparatus. In use, as the blanks 10 
reach the end of the powered conveyor 49 they are sim 
ply picked up by belt 201, which moves at the ‘same 
rate as conveyor 49, and extracted completely from the 
processing tunnel 14. _ 

The processing tunnel 14 itself basically includes the 
top 44, two sides 54, and the ?oor or bottom 45. The 
?oor of the processing tunnel 14, as far as the blanks 
10 are concerned, is comprised of the conveying plane 
50 of the chain bar conveyor 49. However, the chain 
bar conveyor 49, and the lines of travel de?ned by the 
tension straps 15, do not extend the entire width of the 
tunnel 14, note FIG. 9. On either side of the conveyor 
49 and lines of travel, there is provided a walkway 55 
between the conveyor 49 and the side walls 54 of the 
tunnel 14 which extends the entire length of the tun 
nel. The walkway 55 is supported by suitable angle 
members 56 positioned therebeneath which are ?xed 
to channel members 57 extending below the bottom 44 
of the tunnel. Within that area de?ned by the depth of 
the channel members 57, i.e., below the conveying 
plane 50 of the transport conveyor 49, there is pro 
vided a wax drip pan 58 thatextends substantially the 
entire length of the tunnel 14, and a'cooling air dis 
charge plenum 59 that is positioned only in the cool 
section 37 of the tunnel 14, see FIGS. 8A, 8B, 9, 13 and 
15. The cooling air plenum 59 is positioned between 
the wax drip pan 58 and the conveying plane 50 of the 
transport conveyor 49, see FIGS. 8B, 15 and 18. Be-. 
neath the wax drip pan 58 along the entire length 
thereof there is provided a series of steam coils 61 fed 
by a steam source, not shown, so as to maintain the wax 
in that pan 58 molten, to permit recycling through the 
hot melt system 40. The wax pan 58 is also provided 
with a drain outlet 62 in one side thereof adjacent to 
the waxing section 39 of the processing tunnel 14, see 
FIG. 8A. Basically, the wax pan 58 is con?gured to 
drain toward that outlet 62 as from that point the wax 
is recycled through the hot melt system 40. Thus, the 
wax pan 58 is supported by the channel 57 depending 
from beneath ?oor 44, the'walkways 55 and the wax 
pan extending from the inlet end 16 to the outlet end 
17 of the tunnel. Further, it will be noted that the re 
turn plane 63 of the transport conveyor 49 runs along 
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the bottom of and within the wax pan 58, thereby run 
ning through molten wax. This helps to keep the con 
veyor’s crossbars 52 at operating temperatures to pre 
vent undue chilling of the blanks’ bottom edges 11. 
Also, the wax pan 58 serves not only to receive drip 
pings from the blanks 10 as they pass through the tun 
nel 14, as well as excess from the waxing section 39, but 
the molten wax therein also serves as a major source of 
heat to warm the environment within the tunnel’s hot 
section 30 to that temperature level desired. 
The inlet end 16 of the tunnel 14 is provided with a 

roll door 65 ?xed to the top 44 of the housing, see FIG. 
8A. The roll door 65 is adapted to be pulled down from 
its own housing 66 until the lower edge 67 is positioned 
at the height desired above transport conveyor’s con 
veying plane 50. In use, the roll door 65 will preferably 
be pulled down until the bottom edge 67 thereof is just 
a couple of inches above the top edge of the blanks 10 
being processed. Further, the inlet end 16 of the tunnel 
14 is provided with an air door 68 comprised of a fan 
69 ?xed to the housing’s ceiling 44 within the tunnel 
l4, and which is interconnected by conduit 71 with a 
plenum 72 which extends across the tunnel’s mouth 
and is also ?xed to the housing’s ceiling. The plenum 
72 is provided with a series of air intakes along its 
width, and is provided to aid in maintaining environ 
mental temperature conditions within the tunnel, i.e., 
to prevent substantial cold air from entering with each 
group 8 of blanks 10. The output'end 73 of fan 69 is 
connected by ?exible conduit 74 to top air knife 75, the 
top air knife’s function being explained subsequently. 

The preconditioning section 38 of the tunnel 14 is 
comprised of a steam manifold 76 ?xed to steam pipes 
77 that extend transversely of the apparatus’ machine 
direction 12, see FIG. 8A. The steam pipes 77 are posi~ 
tioned underneath the transport conveyor’s conveying 
plane 50 and are provided ‘with suitable nozzles to di 
rect steam against the bottom edges 11 of the blanks 
and up through the vertically positioned blanks as they 
come through the inlet end 16 of the tunnel 14. The 
main function of such. a preconditioning is to quickly 
get the blanks 10 to temperature whereat the molten 
wax can most ef?ciently impregnate same. 
The waxing section 39 is immediately downstream of 

the preconditioning section 38in the processing tunnel 
14. The waxing section is basicallyrcomprised of two 
weirs 27 which are ?xed between parallel sides 81, see 
FIGS. 8A and 9-11. The downstream end of the sides 
81 mounts a top air knife 75 that is connected by ?exi 
ble conduit 74 with the output end 73 of fan 69. The 
air knife 75 and the weirs 27 extend transverse to the 
tunnel’s axis 12, and the weirs and the air knife are 
each of. the length substantially equal to or greater than 
the width of the transport conveyor’s conveying plane 
50. The weirs 27 are fed with molten wax from the hot 
melt system 40 by a feed conduit 82 which terminates 
in separate weir pipes 83 positioned adjacent the weir 
bottoms. i 
The top air knife 75 is simply a tubular manifold ex 

tending between the side plates 81 that de?nes a slit 
1 16 in the bottom thereof running axially of the mani 
fold. The weirs 27 and air knife 75, being mounted be 
tween sides 81, are vertically adjustable relative to the 
height of the processing tunnel 14 because of their 
mounting structure 84, see particularly FIGS. 9-11. 
The side plates 81 mounting the weirs are each pro 
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vided with a roller 85 at each end, the rollers being 
adapted to cooperate with vertical struts 86, 87 posi 
tioned toward the front of the leading weir and toward 
the rear of the trailing weir, respectively. Thus, as the 
weirs 27 and air‘ knife 75 are adjusted vertically they 
are guided in their vertical movement, and prevented 
from undue cocking, by means of rollers 85 which co 
operate with the other edges of each pair of vertical 
struts 86, 87. The apparatus for moving the weirs and 
air knife vertically includes two weights 88, one dis 
posed on each side of the tunnel 14 and each of which 
is carried by a pair of chains 89 ?xed at one end to side 
plate 81, as at 90. The chains 89 pass up and over 
sprockets 92 carried on idler shaft 93, the shaft 93 
being mounted by bearings 94 to suitable support mem 
bers 95 at the top of the tunnel’s housing. 
The weirs 27 and air knife 75 are raised and lowered 

by means of drive motor 96 mounted on top of the tun~ 
nel’s ceiling 44. The drive motor shaft 97 is connected 
with an idler shaft 98 by means of chain 99 and sprock 
ets 101, 102, see FIGS. 9-11. The idler shaft 98 mounts 
an intermediate sprocket 103 which is interconnected 
with weir drive shaft 104 by chain 105 and sprocket 
106. Weir drive shaft 104 mounts a sprocket 107 on 
each side of the weirs 27 which is disposed to cooperate 
with a drive chain 108 positioned on each side of the 
weirs 27, see FIG. 9. Further, an idler sprocket 109 is 
mounted at ?oor level 45 of the housing on each side 
of the weirs 27, each sprocket >109 cooperating with a 
drive chain 108. Each drive chain 108 is an open loop 
chain which is ?xed at end 111 to a side plate 81 by ?n 
ger 112, and is also ?xed at other end 113 to a weir side 
plate 81 by finger 114. Thus, as weir drive sprockets 
107 are rotated through the sprocket train 101, 102, 
103, 106 from drive motor 96, the drive chains 108 are 
caused to move clockwise or counterclockwise (see 
FIGS. 9 and 10) in loops about sprockets 107, 109, 
thereby raising or lowering the weirs 27 and top air 
knife 75 ?xed between side plates 81. The weights 88 
permit use of a smaller drive motor 96 to lift and lower 

- the weirs 27 and top air knife as desired, and also per 
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mit the weirs and top air knife to settle gently toward 
the bottom or floor 45 of the tunnel 14 if the drive 
chain 108 should happen to break. 
Each weir 27 is preferably con?gured in channel 

form with an outwardly protruding lip 117 on each 
edge thereof. The weirs 27 are preferably sized to 
meter about 180 to 200 gab/min. As the molten wax is 
fed into the weir 27 it ?lls up the channel and over?ows 
over the lips 117 at the top of the channel in free fall 
or cascade fashion down over the top edges 29, down 
wardly on the faces of and between the blanks 10 pass 
ing therebeneath on transport conveyor 49. Because 
the weirs 27 and top air knife 75 are adjustable verti 
cally relative to the blanks 10, and because the convey 
ing plane 50 of the transport conveyor 49 is in a sub 
stantially constant horizontal plane, the weirs 27 and 
top air knife 75 may be raised or lowered as desired de 
pending on the width of the blanks 10 being processed 
(which blanks 10 are, of course, being processed on 
edge). Such an adjustability feature is quite advanta 
geous in that it reduces the turbulence in the molten 
wax cascade such as might be created if the weirs 27 
were positioned too far above the top edges 29 of the 
blanks 10, thereby preventing substantial splashing of 
the molten wax as it passes downward between the ver 
tically disposed blanks which splashing and spraying 
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has been found to be undesirable. The bands or wires 
15 which de?ne the lines of travel do not break up this 
vertical ?ow of molten wax, either, because of their 
sharp edges on top. Further, the vertical adjustability 
feature permits the air knife 75 to be positioned imme 
diately above the top edge 29 of the vertically disposed 
blanks l0 and allows it to perform in a more ef?cierit 
manner in its function which, as mentioned, is-to blow 
off excess wax from the outer and inner surfaces or 
faces of the blanks 10 and, if the corrugated board 
?utes are disposed vertically, to blow out excess wax‘ 
from within the ?utes. Preferably‘ the air knife may 
function with about 500 cfm. - 

The conditioning section 41 is positioned immedi 
ately downstream of the waxing section 39 and, with 
the preconditioning section 38 and waxing section 39, 
forms the hot section 30 of __the tunnel, see FIGS. 8A 
and 8B. The conditioning section 41 basically provides 
an open tunnel environment at an elevated tempera 
ture for an extended conveyor run to allow impregna» 
tion, of the molten wax into the blanks 10 to occur. In 
this conditioning section 41 the hot air is just recircu 
lated with an even distribution of air pickup being pro 
vided throughout the length and width of the section by 
means of air discharge occuring at‘ ?oor 45 level 
throughout the section. Further, such a recirculatory 
hot 'air system is preferred so that hot air is not blown 
directly onto the, board sothat the board does not dry 
out, i.e., lose moisture, such a moisture loss causing 
cracking in the ?nal coated ‘blanks 10. ' 1 

Hot air is essentially recycled within this conditioning 
section41 by means of a ‘fan 118 positioned at- each 
side adjacent the tunnel’s-ceiling 44 and inside the 
housing. The input end 119 of each fan 118 communi 
cates with an intakegplenum 121 ?xed to the inside 
ceiling of the tunnel and discharge plenums 122 com 
municate with the outlet end 123 of the fans 118 
through distributing chamber 124. The intake plenum 
121 extends the width of the transport conveyor 49 and 
is providedwith a series of slots 126. having down 
wardly angulated > lips 127 which are angled down 
stream of the machine direction 12. The intake plenum 
121 extends between the waxing section 39 and the 
cooling section 37, as illustrated in FIGS. 8A, 8B. 
There is a discharge plenum 122 on each side of the 

tunnel 14. The discharge plenums 122 are positioned 
along ?oor 45 to discharge hot air at ?oor level through 
ori?ces 125 along the entire length of the tunnel’s hot 
section 30 from the input end 16 to the cooling section 

’ 37, see FIGS. 8A and 8B. The discharge plenums 122 
are connected with fans 1 18 by the distributor plenums 
124, as mentioned, and the distributor plenums are 
?xed to side walls 54 of the‘ tunnel 14. The fans 1 18 are 
mounted above the walkways 55 on each side of the 
processing tunnel by brackets‘ 131 ?xed to ceiling 44, 
each fan being interconnected with a separate drive 
motor 132 mounted to the outside of the tunnel hous 
ing’s sides 54. Within the discharge plenums 122 there 
is provided a series of heat ?ns 134 mounted on a steam 

' pipe 135, the steam pipe being interconnected with a 
high temperature steam ‘source, not shown. The ?ns 
134 and pipe 135 extend substantially the entire length 
of'discharge plenums 122, see FIGS. 8A and 8B, and 
are positioned adjacent the ori?ces 125 of those ple 
nums. Preferably, the air recirculatory fans 118 in the 
conditioning section 41 are able to transmit on the 
order of about 8,000 cfm. 
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At the end of the conditioning section 41 there is pro-. 

vided another fan 138 mounted toward the tunnel’s 
ceiling 44 see FIG. 8B. The outlet of fan 138 is inter 
connected by conduit l37'with a bottom air knife 139 
positioned beneath the conveying plane 50 of conveyor 
49, i.e., beneath bottom edges 11 of the blanks 10 as 
they are transferred thereover by the transport con 
veyor. The bottom air knife 139 is similar to the top air 
knife 75 in that it is simply a tubular chamber provided 
with a slot 141 in its surface which directs the air 
against the blanks’ bottom edges 11. The bottom air 
knife 139 serves to remove drips or beads of wax at the 
blanks’ bottom edge as well as to clean out the bottoms 
of the ?utes 18 if the ?utes are vertically disposed. It 
will be noted that the bottom air knife 139 is angulated 
relative to the conveying axis 12 of the transport con 
veyor 49 and this for the reason to prevent undue vibra 
tion and noise in the boards as caused by the high ve 
locity directed air. The bottom air knife 139 cooperates 
with an air pickup plenum 143 positioned transverse to 
the axis 12 of the transport conveyor 49 and mounted 
between tunnel sides 54 along the ceiling of the pro 
cessing tunnel 14. The pickup plenum 143 is connected 
with the inlet of fan 138 through conduit 144. The bot 
tom air knife 139 and the pickup plenum 143 cooper 
ate together to form an effective air curtain between 
the hot section 30 of the tunnel l4_ and the cooling sec 
tion 37 of the tunnel. . 
As is illustrated‘ in FIGS‘. 88 and 14, the hot section 

30 of the apparatus may be partially closed off from the 
cool section 37 of the apparatus by means of a dropleaf 
door 151 hinged to provide three sections 152, the top 
section 152 being hinged, as at 153, to a top panel 154 
extending downwardly from and ?xed to the processing 
tunnel’s ceiling 44. The dropleaf door 151 may be ad 
justed to three different heights simply by changing the 
con?guration of the door, thereby providing a height 
adjustable door which can be raised or lowered as de 
sired depending on the width of the blanks 10 (the 
blanks standing on edge) being processed. It is pre 
ferred to maintain a minimum clearance between the 
top edges 29 of the blanks 10 and the bottom edge 150 
of the door to preclude undue movement of hot air into 
the cooling section 37 from the hot section 30 and cool 
air into the hot section 30 from the cooling section 37. 
The walkways 55 on both sides of the tunnel are closed 
by doors 161 hinged as at 162 to vertical supports 163 
to further establish de?niation between the hot 30 and 
cool 37 sectionsxat this point in the processing tunnel. 

The cooling section 37, below ?oor level, is provided 
with a series of air diffuser elements 155, note FIG. 18, 
which are positioned transverse to the axis of the trans 
port. conveyor 49. The air diffuser elements 155 are 
angulated to open upward and are mounted between 
sides 156 of an air pan 157, the pan 157 and elements 
155 cooperating to form the cooling air discharge ple~ 
num 59. The air pan 157 itself is mounted on top of 
sides 158 of the wax pan 58, and, thereby, separates the 
molten wax in the wax pan as it extends underneath the 
cooling section from the cooler air in the cooling sec 
tion 37 when the cooling section is being used to cool 
the blanks 10. 
As is illustrated in FIGS. 8B and 15, the cooling sec 

tion_37 is basically comprised-of an air input plenum 
164 on each side thereof which accepts air from and 
communicates with, the atmospheric environment out 
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side the processing tunnel 14. Within each air plenum 
164, which extends substantially the entire length of 
the cooling section 37, there are positioned two blower 
fans 165 that pull in the air from outside and direct it 
down through a distributor plenum 166 ?xed to the in 
terior of the housing’s sidewalls. The distributor ple 
nums 166 are also of a length substantially equal to the 
length of the cooling section 37 and communicate at 
their bottom end, through‘ elongated openings 167, 
with the cooling air discharge plenum 59. The diffusers 
155 function to distribute the cool air‘equall'y through 
out the cooling section 37 so as to provide adequate air 
flow contact up through the blanks 10 as the blanks 
pass through the cooling section. 
Within the distributor plenums 166 on each side wall 

54 of the cooling section 37 there is provided a humid 
ity control means in the form of water spray heads 178 
connected to a water source, not shown, which exhaust 
a ?ne water spray to raise the relative humidity of the 
cooling air contacting each group 8 of blanks 10. Such 
humid cool air tends to' restore some of the moisture 
level in the blanks 10 lost through its processing in the 
hot section 30 of the apparatus. 

In the ceiling of the cooling section 37 there is pro 
vided a centrally located discharge fan 168 which is 
mounted on struts 169 between sides of a faring 171. 
The fan 168 is driven by motor 172 through belt 173. 
Louvers 174 arepositioned in the exhaust path of the 
fan 168 so the fan can only exhaust air from the cooling 
section and so no outside air is accessible to the cooling 
section when it is desired .to close off that section. A 
screen 175 is positioned above the fan 168 so as to pre 
clude debris from falling into the cooling section 37. 
Thus, the fan 168 draws air directly out from the cool 
section through the ceiling .of the processing tunnel 14 
into the environment surrounding the tunnel; the nor 
mal air flow pattern 176 in the cooling section is as il 
lustrated in FIG. 88. Preferably the fans 165-, 168 in the 
cooling section 37 are able to move about 20,000 cfm. 

his highly preferred that a static, slightly negative 
pressure be maintained throughout the processing tun 
nel 14 during its use. This for the reason that a hot sec 
tion 30 and a cool section 37 are within the same pro 
cessing tunnel and it is easier to maintain a pressure 
equlibrium between such sections at slightly negative 
pressures than at slightly positive pressures. A pressure 
equilibrium must be established so that hot air does not 
flow into the cooling section 37 from the hot section 30’ 
and so that cool air does not ?ow into the hot‘ section 
from the cooling section. To aid in keeping hot air out 
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of the cooling section and a slide damper 183 (FIG. 15) 
over exhaust fan 168 is closed, thereby completely seal 
ing the tunnel from its outside environment. Subse 
quently, the doors 181 on each of the inlet air plenums 
164 associated with fans 165 is tilted to the open posi 
tion, see phantom lines of FIG. '15, and the fans 165 are 
energized, thereby providing an interior recirculation 
path within the cool section 37 as illustrated in phan 
tom lines in FIG. 15. At this point, hot steam is inter 
jected into the bottom of each distributor plenum 166 
through side 184 of T-?ttings 185, thereby creating a 
steam environment within the cooling section 37. Such 
a steam environment, accompanied by the heat from 
the molten wax in wax pan 58 positioned beneath the 
cool air discharge plenum 59, causes the wax in the air 
diffuser to melt and run through holes 186at each end 
of each air diffuser element 155 (FIG. 18) and into the 
air pan 157. Any wax and condensation in the air pan, 
the wax therein now being in the molten state, then 
runs out drain ports 187 of T-?ttings 185. 
At the outlet end 17 of the cooling section 37 there 

is provided a roll door 180 mounted to the top of and 
outside of the tunnel ’s housing, the roll door 180 being 
housed in housing 179. This rear roll door ‘180 is also 
height adjustable and is preferably positionable imme 

_ diately above the top edge 29 of the blanks 10 as they 
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of cooling section 37, and 'vice versa, there is provided ' 
the air curtain created by bottom air knife 139 and ple 
num 143. . _ 

As the hot blanks 10 exit from the hot section 30 of 
the apparatus and pass through the cool section 37 of 
the apparatus, oftentimes wax drips off the lower edges 
11 of the blanks an is caught by the air diffuser ele 

_ ments 155 as well as in the air pan 157. After a pro 
longed run of the machine it oftentimes becomes nec 
essary ‘and desirable to clean out these structural ele 
ments and this is accomplished by ?rst closing the roll 
doors 6,5, 180|at the ends 16, 17 of the apparatus and 
raising the dropleaf door 151 vto make the entire tunnel 
one long hot section. Thereafter the inlets have their air 
supply shut off by closing a damper 182 (FIG. 8B) in 
the air supply duct to the air plenums 164 on each side 
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exit from the tunnel 14 so as to disturb the air equilib 
rium conditions within the tunnel as little as possible. 

The hot melt system 40 utilized with the apparatus of 
this invention is illustrated in FIG. 12. The hot melt sys 
tem 40 includes the wax pan 58 and the weirs 27, the 
weirs discharging the molten wax into a free falling 
cascade or free fall type ?ow over the top edges 29 of 
the blanks 10 into the wax pan. From the wax pan 58 
the molten wax is recycled through a coarse particle fil 
ter into a minor reservoir. The minor reservoir is main 
tained at a preselected level from a large reservoir 
which, of course, provides the main source of wax sup 
ply. The minor reservoir maintains the volume of mol 
ten wax in process at a predetermined level and com 
pensates for loss of wax through impregnation on the 
blanks 10 being processed. The wax in the minor reser 
voir is maintained in a preselected temperature level by 
a heater, and is subsequently cycled through a fine par 
ticle ?lter by pump P, driven by electric motor EM, 
into the weirs. 
While the method and apparatus of this invention is 

particularly adapted to the coating and/or impregnat 
ing of substantially planar articles, it may also be used 
to process extended length articles where the cross 
section thereof isother than substantially planar, for 
example, where the cross section is angular as in the 
case of angulated corrugated paperboard whichmay be 
used to protect edges and corners of e.g., a desk, during 
transit. In such use the elongated member is aligned 
parallel to the axis 12 of the processing tunnel 14 and 
is disposed on the transport conveyor 49 in tent-like 
fashion. Thereafter the member is subjected to the 
same process steps as discussed above. The undercut 
surfaces of the angular member, as it lies on the trans 
port conveyor 49, may be coated with molten wax by 
spray heads, not shown, located beneath the conveying 
plane 50 of the transport conveyor which directs a mol 
ten wax spray up against the underside of the angular 
member. 
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Having described the preferred embodiment of my 
invention, what I desire to claim and protect by letters 
Patent is: , g 

l. A method of applying a liquid composition to a se 
ries of discrete, substantially planar articles in order to 
coat or impregnate said articles comprising the steps of 

preliminarily separating said articles into a plurality 
of discrete preformed-groups thereof, 

aligning said discrete articles parallel to and spaced 
from one another, and positioning said articles in 
a substantially vertical and parallel attitude, within 

‘ each ‘of said preformed groups, the planar articles 
being disposed parallel to their prospective travel 
path through a processing environment, 

5 

1.0 

introducing all of said discrete, articles within each ' 
one of said groups simultaneously into said pro 
cessing environment, said groups being introduced 
one after the other into said processing environ 
ment, 7 A ' 

supporting said articles in each group in separate 
lines" of travel and retaining each of said articles 
separate one from the other in a substantially verti 
cal attitude, while transmitting same through said 
processing environment in a travel path such that 
the plane of each article is‘ parallel to that travel 
path, and ' ' _ 

passing each of said article groups one after the other 
through a free falling, unrestricted cascade of said 
liquid within said processing environment, said cas 
cade being formed in a plane that extends angularly 
relative to said groups‘ axis of movement‘ through 
said processing environment, and said cascade 
being of ‘a width sufficient to provide a complete 
coating of said liquid material on at least the ex 
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posed, vertically disposed exterior surfaces of all ’ 
articles of each of said groups. 

2. A method ‘as set forth in claim 1 including the steps 
of ' 

passing each of said groups of. articles underneath a 
top air knife subsequent to‘ said articles passing 
through said cascade, and 

passing each of said groups of articles above a bottom 
air knife subsequent to subjecting same to said top 
air knife. ' _ ' 

3. A method as set forth in’claim 2 including the step 
of 

adjusting the head of said cascade upwardor down 
ward as required, depending on the height of said 
planar articles being processed, so as to present the 
head of said cascade closely adjacent the top edges 
of the widest planar articles being processed. 

4. A method as set forth in claim 3 wherein said sub 
stantially .planar articles include corrugated paper 
board and wherein said liquid composition is a molten 
wax, said method including the step of 
heating that part of the processing environment that 
surrounds said cascade and said air knives to a tem 
perature elevated above that of ambient tempera 
ture. 

5. A method of applying a liquid composition com 
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prising molten wax to a series of discrete, substantially . 
planar articles in order to coat or impregnate said arti 
cles comprising the steps of 

preliminarily separating said articles into a plurality 
of discrete preformed groups thereof, 
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aligning said discrete articles parallel to and spaced 
from one another, and positioning said articles in 
a substantially vertical and parallel attitude‘, within 
each of said preformed groups, the planar articles 
being disposed parallel totheir prospective travel 
path through a heated processing environment, 

introducing all of said discrete articles within each 
one of said groups simultaneously into said heated 
processing environment, said groups being intro 
‘duced one after the other'into said heated process? ’ 
ing environment, - v 

supporting said articles in each group in separate 
lines of travel, and retaining each of said articles 

- separate one from the other in a substantially verti 
cal attitude, while transmitting same through said 
heated processing environment in a travel path 
such that the plane of each article is parallel to that 
travel path, ' 

passing each of said article groups one after the other 
‘ through a free falling, unrestricted cascade of said 
molten wax within said heated processing environ 
ment, said cascade being formed in a plane that ex 
tends angularly relative to said groups’ axis of - 
movement through said heated processing environ 
ment, and said cascade being of a width sufficient 
to provide a complete coating of said molten wax 
on at least the exposed, vertically disposed exterior 
surfaces of all articles of each of said groups, 

regulating the temperature of said molten wax to be 
tween about 170° F. and about 240° F., 

regulating the temperature within said heated'pro 
cessing environment to between about 140° F. an 
about 180° F., and - ' 

regulating the residence time of said articles within 
said heated processing environment to between 
about one minute and about ?fteen minutes, said 
articles being either dry .waxed or wet waxed de 
pending on the levels of the wax temperature, 
heated processing environment temperature and 
residence time. 

6. A method as set forth in claim 1 wherein said sub 
stantially planar articles include corrugated paper 
board and wherein said liquid composition is a molten 
wax, including the steps of ' 

passing each of said groups of articles underneath a 
top air knife subsequentto said articles passing 
through said cascade, ' 

passing each of said groups of articles above a bottom‘ 
air knife subsequent to subjecting same to said top 
air knife, _ v ' 

adjusting the head of said cascade upward or down 
ward as required, depending on the height of said 
planar articles being processed, so as to present the 
head of said cascade closely adjacent the top edge 
of the widest planar articles being processed, 

heating that part of they processing environment that 
v surrounds said cascade and said air knives to a tem 

" perature elevated above that of ambient tempera 
ture, , ' ' ' 

regulating the temperature of said molten wax to be 
tween about 170° F. and about 240° F., 

regulating the temperature within said heated pro 
cessing environment to between about l40° F. and 
about 180° F., _ ' 

regulating the residence time of said articles within 
said heated processing environment to between 
about one minute and about ?fteen minutes, said . 
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articles being either drywaxed or wet waxed de 
pending on the levels of the wax temperature, 
heated processing environment temperature and 
residence time, and_ I 

directing a cooling ?ow of air at ambient temperature 
through each of said groups of articles after each 
of said groups has been subjected to the bottom air 
knife. . ~ 

7. A method as set forth in claim 6 including the step 
of , 

subjecting each group of said articles to a precondi 
tioning steam treatment prior to passing same 
under said molten wax cascade. 

8. A method as set forth in claim 6 wherein said arti 
cles are, precut, knockdown carton blanks. 

9. A method of applying a liquid composition to a se 
ries of elongated articles in order to coat or impregnate 
said articles comprising the steps of 

preliminarily separating- said articles into a plurality 
of groups thereof, and preliminarily aligning said 
articles parallel to and spaced from one another 
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within each of said groups, prior to transmitting 
said articles through a processing environment, 

simultaneously introducing all articles of each pre 
liminarily formed group into said processing envi 
ronment, 

supporting each of said groups of articles in spaced 
relationship for travel through said processing envi 
ronment, said articles being disposed with their 
elongated dimension parallel to their path of travel 
through said processing environment, and 

passing each of said groups of articles through a free 
falling, unrestrained cascade of said liquid compo 
sition within said processing environment, said cas 
cade being formed in a plane that extends angularly 
relative to said groups’ axis of movement through 
said processing environment, and said cascade 
being of a width sufficient to provide a complete 
coating of said liquid composition on at least the 
exposed, exterior surfaces of all articles of each of 
said groups; ' 

Ill * * * * 


