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This application is a division of lapplication No. 262, 
569, tiled March 4. 1963 (now Patent No. 3,237,314). 

rIlhe present invention relates to methods of and ap 
paratus for drying rapidly moving materials »containing 
volatile constituents. More particularly, this invention 
relates to the rapid drying of solutions ot materials such 
as inks, resins and the like deposited on or impregnated 
into rapidly moving carriers ysuch as Webs or sheets of 
paper, textiles, cellophane and the like. 

In recent years developments in ‘high speed presses 
and printing techniques «have outstripped developments 
in the drying art to the point that the present drying 
equipment used in printing installations cannot iadequ 
ately dry printed areas with suñicient speed to prevent 
smearing or smudging when the printing presses are op 
erated at full printing capacities. As ia result, modern 
high speed printing presses are usually operated at speeds 
well below their design limits, thus substantially reduc 
ing production rates and keeping printing costs high. 
Many devices have been proposed and used to accel 

erate the drying of ink and other materials printed on 
and impregnated in paper, textiles, and other carriers. 
For example, it has been proposed to pass the carriers 
over open gas flames, to blow hot `air across `the printed 
areas, and to employ steam heated radiators, electric 
strip heaters and gas burning infrared heaters for this 
purpose. At best, such methods only partially `solve the 
problem. All fail to provide drying speeds commensurate 
with 4the printing capabilities of modern printing equip 
ment and in general require use of cumbersome, bulky 
and expensive equipment. 

Another disadvantage of prior drying techniques and 
apparatus is that the ycarrier may become distorted dur 
ing the drying cycle. For example, in one installation 
«a paper web printed with »black `ink is discharged from a 
gas heated furnace at temperatures in the range of 250° 
F. to 300° F. and passed over water cooled rolls to re 
duce its temperature. A-s the web leaves the furnace 
and is cooled, it absorbs moisture from the atmosphere 
and changes dimensions, distorting the printed material. 

In contrast with prior art drying apparatus, that pro 
vided by the present invention permit-s presses to be op~ 
erated at »their rated capacities and, in addition, substan 
tially eliminates the distortions of material caused by 
existing drying equipment. `My novel drying apparatus 
utilizes as a heat source short Wave length radiant energy 
which is absorbed at different rates by inks (or other 
printing materials) and the materials of which the car 
riers are fabricated. By employing radiant energy of the 
proper wave length, I am able yto »heat the printed or 
coated areas at relatively high rates to evaporate the 
volatile materials rapidly and at the same time limit the 
application of heat >to 'the uncoated portions of the car 
riers to a sufficiently lower rrate to prevent substantial 
heat damage to the carriers. 
The relative absorptivities of inks (or coatings) and 

carrier materials vary at dilferent rates with changes in 
the wave length of the radiant energy. As the wave 
length of the radiant energy is shortened, the absorp 
tion or emissivity «factors of usual carrier materials de 
crease rapidly so that such materials absorb proportion 
ately less shorter wave energy than longer wave. On the 
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other hand, both light and dark colored inks absorb rel 
ative high proportions of incident radiant energy at t‘he 
‘longer wave lengths. Thurs, by using -radiant energy of 
proper wave lengths, maximum differences between the 
absorption rates orf the ink and the carrier can be at 
tained, permitting evaporation of the volatile constisb  
ents of the ink at a higher rate than has heretofore been 
attained. 

The low rates at which certa-in carrier materials ab 
sorb short wave length radiant energy also decrease the 
quantity of ̀ heat added 4to the material during »the drying 
cycle and, therefore, the amount of heat which must be 
`removed in cooling the web, further reducing the bulki 
`ness, space requirements, and costs of the necessary dry 
ing equipment. In addition, the evaporation of moisture 
from the carrier is minimized, decreasing shrinkage and 
other »distortion and preventing the carrier from becom 
ing brittle. As a result, a low and cheaper grade of car 
rier material may often be employed with a consequent 
reduction in cost. 

ln my invention `the accelerated drying of printed or 
coated areas is accomplished by establishing a zone or 
zones `whe-rein `intense radiant energy is projected upon 
the carrier at temperatures far .above those attainable in 
prior art devices, and far above ythe evaporating temper 
atures of the solvents used in the printing, coating, or im~ 
pnegnating. The radiant energy is preferably generated 
at peak wave lengths that produce the greatest difieren» 
tial absorption between printed and unprinted areas with 
the maximum rate -of absorption in the printed areas to 
shorten the drying `time to a minimum to thereby maxi 
mize the output of the equipment. The heating zones 
are of 4a length and provide energy of intensities per 
mitting maximum web velocity with adequate drying. 
Web speed-'heat output correlating controls are prefer 
ably provided to maintain the amount of heat absorbed 
in the printed areas substantially constant. 

Since different colored inks absorb radiant energy at 
different rates, in multi-color printing systems such as 
rotogravure installations in which the difieren-t colors are 
printed successively, I preferably utilize adjacent each 
printing roll or plate a radiant energy source at an emis 
sion temperature that will result in the greatest absorp 
tion by the ink printed by that roll with ̀ the greatest dif 
ference in energy absorption between ̀ the printed and un 
printed areas. In addition, as different ink and coating 
so-lvents evaporate at different rates and require dilîerent 
amounts of heat, I preferably adjust the amount of heat 
supplied at each zone in accordance with the requirement 
of the solvent evaporating characteristics of the ink or 
coating »to be dried in that zone. The lightest inks, which 
are the least absorptive and most diñicult to dry, are 
printed on the carrier ñrst. Thus, these inks are at least 
partially dried at «the station at which they are printed, 
and further dried at each succeeding station. As a re 
sult, the least absorptive inks are exposed to the radiant 
energy for the longest periods, ensuring that all inks laid 
on the carrie-r will be properly dried during the drying 
cycle and will provide clear impressions of each diiler 
ent color without smudging of the final image. 

Another advantage of my invention is that substantially 
uniform drying of light and dark colored inks printed sub 
stantially simultaneously on a single carrier can be ob 
tained. In this type of printing process at somewhat long 
er wave lengths, the lighter color inks have higher absorp 
tivity coefficients than they do at shorter wave lengths. 
At such wave lengths, the differential absorptivity between 
the light and dark colored inks is therefore minimized so 
they »dry at substantially uniform rates. Although the dif 
ferential in absorptivity between the inks and carrier may 
be decreased at the longer wave lengths, there will still 
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be a suñiciently large differential that the inks can be 
rapidly dried without overheating the carrier. 
My invention is readily adaptable to existing installa 

tions and, in conventional installations employing heated 
drying rolls, effectually converts the heated rolls into heat 
equalizing devices which initially aid in heating the ink 
or coating to be dried, but convey heat away from the 
carrier to prevent heat damage if the temperature of the 
carrier rises above that of the rolls. 
My invention also provides for cooling the dried car 

rier, for increasing its moisture content, and for removing 
fumes and vapors from the press room or other enclosure 
in which the drying installation is located. This I ac 
complish by the use of a novel air cooling unit. The air 
cooling unit preferably includes an air washer to increase 
the humidity of the cooling air, thereby adding to its heat 
carrying capacity and its ability to transfer moisture to the 
carrier. In its preferred embodiment the air cooling unit 
effects a tlow of air from the press room or other enclosure 
through the drying apparatus and into an exhaust duct 
system. The continuous removal of air from the enclo 
sure ensures against the es-cape of fumes and vapors from 
the drying apparatus into the enclosure. 

In some installations it may be desirable to employ the 
air cooling units in pairs with the units in each pair de 
livering air to opposite sides of the carrier. In this ar 
rangement, the two air cooling units cooperate to position 
the carrier and support it free from contact with any me 
chanical support. As a result, there is substantially no 
friction on the carrier and wet ink or coating on its lower 
or back side will not smudge, offset, or smear. 

In other installations it will be more advantageous to 
employ a single air cooling unit. In this circumstance I 
may employ a novel air cushion support to position the 
sheet and prevent it from billowing. As in the dual air 
cooling unit arrangement, the air ‘bearing support elim 
inates smudging of wet ink or coating on the back side 
of the carrier. 
The air cooling unit may also be readily arranged to 

draw cooling air over the electrical connections to the 
radiant heaters to prevent them from overheating. 

I may also employ chilled rolls in conjunction with air 
cooling units, utilizing the air cooling units primarily to 
remove vapors and fumes and the chilled rolls to extract 
vSensible heat from the carrier. 
My invention also relates to improvements in the art 

of drying inks printed upon transparent webs. In this 
process, as exemplified by United States Patent No. 2,236, 
754 to Gurwick, a printed material is impressed on one 
side of a carrier of material which is substantially trans 
parent to infrared energy. Radiant energy is then applied 
to the carrier to dry the printing. 
The transparency to radiant energy of such carriers 

is dependent upon the wave length of the radiant energy 
and, for each such material, there is a wave length range 
in which available inks absorb heat at the maximum rate 
and in which the carrier material has the greatest trans 
parency. In accordance `with my invention I utilize this 
discovery to substantially improve the apparatus and meth 
od described in Gurwick’s patent by supplying the radiant 
energy at the wave length that produces the greatest rate 
of absorption by the inks and to which the carrier ma~ 
terials are most transparent. In this way the greatest 
rate of energy absorption by the inks is obtained with 
minimum heating of the carrier. 

I have also found that a signiñcant increase in the ef 
ficiency of my improved film drying process can be ob 
tained by locating a reflector on the side of the ñlm op 
posite the radiant energy source to reflect back onto the 
printed areas radiant energy transmitted through ‘the ñlm. 
This results in almost all of the emitted energy being ab 
sorbed in the printed areas. This arrangement may also 
be advantageously employed to dry inks or coatings on 
papers and other carriers which are only partially trans 
parent to the heating radiation. 
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In the blanket-to-blanket method of printing, the car 

rier is printed on and radiant heaters are preferably ar 
ranged on both sides of the carrier to obtain maximum 
drying. The reñectors surrounding the radiant heaters 
function in the manner of the reñector discussed above, 
providing maximum absorption of the emitted radiant 
energy. 
My invention is also extremely useful in drying inks or 

coatings on highly reñective carriers such as aluminum 
foil or materials with rellective, metalized surfaces. In 
this application of my invention radiant energy having a 
somewhat longer wave length is preferably employed since 
the absorptivity of a polished metal such as aluminum de 
creases as the wave length increases. By using longer wave 
length radiant energy, maximum differentiation between 
the absorptivities of the carrier and colored inks, for ex 
ample, may be obtained, resulting in the most favorable 
ratio of drying rate to heat absorption by the carrier. 
A primary object of my invention is therefore to pro 

vide novel, high speed, relatively lo‘w cost methods and 
apparatus for drying fast moving, printed, coated, and 
impregnated carriers such as sheets and webs. 

Another object of my invention is to provide methods 
of and apparatus for drying single and multi-color inks 
that will enable the attainment of printing speeds com 
mensurate 'with the maximum capabilities of existing 
printing equipment. 
A further object of my invention is `to reduce printing 

space requirements, equipment, and operating costs and, 
at the same time, improve production rates and the quali 
ty of the printed product. 

Another object of the present invention resides in the 
provision of novel drying apparatus and methods which 
will eliminate distortion of the carrier and prevent it from 
becoming brittle. 
A specific object of the present invention resides in the 

provision of novel drying apparatus for and methods of 
drying web or sheet type carriers employing selected 
wave length radiant energy to evaporate volatile constitu 
ents from materials on or impregnated in the carrier. 

Another object of the present invention resides in the 
provision of novel apparatus for drying multi-colored inks 
by the application of radiant energy in which the differ 
ent colored inks are subjected to selected wave length 
radiant energy for periods varying inversely to their ab 
sorptivities. 

It is another object of the present invention to provide 
novel methods of and apparatus for drying materials on 
or impregnated into sheet and web type carriers in which 
volatile constituents are evaporated from said materials by 
applying to said carrier radiant energy of a wave length 
resulting in the greatest differential absorptivity between 
the carrier and the material. 

Yet another specific object of the present invention 
resides in the provision of novel methods of and apparatus 
for drying materials on or impregnated into sheet and 
web type carriers in which radiant heating is employed to 
evaporate volatile constituents from said materials and 
in which conductive members are maintained at a tem 
perature below that which would damage said carrier to 
heat said carrier to evaporate the solvent therefrom and 
to act as a heat sink if the temperature of said carrier rises 
above said predetermined temperature to prevent heat 
damage to said carrier. 

It is a further object of the present invention to provide 
improved drying apparatus having a novel air cooling 
unit for maintaining the humidity of the carrier constant 
and for removing fumes and vapors from the enclosure 
in which the drying apparatus is located. 
A further specific object of the present invention re 

sides in the provision of improved drying apparatus hav 
ing a novel air cushion for supporting the carrier being 
dried on a film of air and thereby preventing it fromy 
smearing, smudging, or offsetting. 

It is another specific object of the present invention to 






















