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The present invention relates to a new and improved 
thermo-transfer process for making reproductions from 
an imaged original. More particularly, this invention 
relates to means and methods for effecting from an 
imaged original sheet the corresponding selective heat 
cementation and mechanical disruption to transfer a heat 
Sensitive material from a supply source onto a copy sheet 
So as to prepare, in the alternative, a facsimile copy of the 
original or a master sheet usable in the solvent type or 
lithographic type multiple duplicating processes. 
A facsimile copy, as considered herein, is a single copy 

made directly from and to the size of the imaged original, 
which copy has as its end purpose the display of the 
information exactly as imaged on the original. 
The solvent type duplicating processes include the spirit 

process, the hectographic-gelatin process and the chemical 
reaction processes. 

In the spirit duplicating process a master sheet, having 
characters or designs defined in mirror image or reverse 
reading form by a waxy material containing an alcohol 
solubie dye, is placed on the drum of a duplicating ma 
chine and contacted with a succession of copy sheets each 
moistened with a volatile solvent such as alcohol whereby 
the characters or designs are reproduced in direct reading 
form on the copy papers. 

In the hectograph or gelatin process the characters or 
designs are defined on a master sheet in direct reading 
form with a hectograph ink composed of a waxy material 
containing an alcohol-water soluble dye. This master 
sheet of paper is then contacted with a gelatin pad or roll 
to mechanically transfer the hectograph characters or de 
signs in reverse or mirror image to the surface of the 
gelatin. Copies in direct reading form are made by suc 
cessively applying copy paper to the pad or roll moistened 
with a volatile solvent. 

in the chemical reaction type duplicating processes, the 
characters or designs on the master sheet are defined by 
a waxy material containing a chemical reagent which re 
acts with a chemical in or on the copy paper when the 
copy paper is moistened with a liquid containing a solvent 
for the chemical agents or their reaction products. The 
chemical reagents may also be in the moistening liquid 
instead of in the paper. 

In the lithographic or planographic process of dupi 
cation, the master sheet consists of a hydrophilic base 
material having imaged thereon, characters or designs 
composed essentially of a greasy oleaginous material such 
as a fat or wax. The imaged master sheet is thus dif 
ferentially receptive to water in the non-imaged hydro 
philic area and to a greasy or oily ink in the imaged 
area containing the oleaginous lithographic material. 
Thus by moistening the master sheet successively with 
water and with ink, an inked image is developed thereon 
which can be transferred alternatively directly to a copy 
sheet or to a blanket for retransfer to a copy sheet. in 
the direct lithographic process, the characters or designs 
imaged on the master sheet are in mirror or reverse 
reading form so that when the master sheet is moistened 
and inked and brought into direct contact with a copy 
paper, the characters or designs are transferred in direct 
reading form to the copy paper. In the offset litho 
graphic process, the characters or designs imaged on the 
master sheet are in direct reading form. In this process, 
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2 
the master is mounted on a duplicating machine in asso 
ciation with a rubber blanket, to which the inked image 
is first transferred and from which copies are offset upon 
further contact of the blanket impression with copy paper. 
The thermo-transfer process may be used not only for 

preparing facsimile copy as described hereinafter, but is 
adaptable to the production of master sheets for the 
solvent duplicating and lithographic duplicating process. 
This plural adaptability renders the process particularly 
attractive for office usage either by itself or as a part of 
an office reproduction system. However, for the process 
to be physically adaptable to office usage, the equipment 
for carrying out the process must be capable of operating 
successfully under the electrical power limitations of 
most offices, that is, 110 volt, 20 ampere, 60 cycle alternat 
ing current source; the equipment must be of moderate 
size commensurate with the size of copy sheet to be 
produced; and the equipment must be of a kind which 
is simple and easy to use so as to permit the office clerical 
force to successfully carry out the process. 
For a practical commercial process, there are other 

considerations that must be met. Specifically, the trans 
fer material must be of a kind which is stable at normal 
handling temperatures and up to approximately 110 F. 
at normal atmospheric pressures, but it should be also 
capable of activation or of being rendered "plastic' in 
the near temperature range above 110 F. at atmospheric 
pressure. 
The term “plastic” as used herein describes a condi 

tion of material softening that permits adhesion or inter 
minglement between the material and a contacting Sur 
face. Thus for our present purposes, a transfer material 
is said to be in a plastic condition when it intermingles 
with and conforms closely, under pressure, to a contact 
ing surface so as to effect a bond or adhesion between 
the transfer material and the contacting Surface. 

There are the further considerations that the transfer 
material used for making the fascimile copy should be 
relatively “hard' so that the copy prepared therewith 
will not be subject to smearing and Snudging during the 
course of normal handling and the transfer material for 
use in preparing the lithographic masters should be rela 
tively “hard' so as to withstand the impression pressures 
to which the master sheet is subjected during each of its 
duplication cycles. The transfer material used in pre 
paring solvent duplicating master sheets should be applied 
to its paper base stock relatively thick in order to pro 
vide a master sheet capable of producing a multiplicity 
of copies and the composition of the material must be 
slich as to effect a sharp pull out of a well delineated plug 
of transfer material from the supply sheet which forms 
the image. 

These are but some of the considerations that must 
e met in providing a commercial thermo-transfer process 

useful for making facsimile copies and for making sol 
vent and lithographic duplicating master sheets. 

THE OBJECTS OF THE INVENTION 
It is a general object of the present inventoin to pro 

vide a new and improved thermo-transfer process for 
producing copy from an imaged original, which process 
is particularly well adapted for use in an office environ 
ment to make facsimile copy, solvent duplicating master 
sheets and lithographic duplicating naster sheets. 
Another object of this invention is to provide a new 

and improved method for the facsimile preparation of 
solvent and planographic masters of a copy sheet which 
provides duplicates of an imaged original with an ex 
actitude such as can be obtained by a photographic 
process. 
Another object of the invention is to provide a method 

for preparing a number of copies including facsimile 
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copies and spirit and planographic master duplicated 
copies, readily and conveniently from the same original 
and thereby multiply the facility for distribution of the 
information otherwise reserved to the imaged original. 

It is a further object of the invention to provide a 
means and facility for preparing duplicating master sheets 
fron an existing imaged original without necessitating 
the separate and adiditional step of preparing a master 
sheet by the Gridinary impression means. 
A more specific object of the invention is to provide 

in proved means and methods of making copies from an 
infrared radiation absorptive imaged original utilizing 
the principles of generating a heat pattern in the original 
corresponding to the imaged characters or designs carried 
thereon, and utilizing the generated heat pattern to ac 
tivate or plasticize a heat sensitive transfer material for 
purposes of effecting an eventual image transfer. 
A more specific object of the invention is to provide 

improved means and methods for making copies of 
originals carrying thereon infrared radiation absorbing 
characters or designs thereby to generate a corresponding 
heat pattern and to selectively effect local cementation of 
the waxy transfer material for purposes of selectively 
bonding portions of the transfer material to an intimately 
associated copy sheet. Production of the copy is there 
after achieved by separating the non-adhered transfer 
material from the adhering transfer material on the copy 
sheet thereby to achieve an exact duplication on the 
copy sheet of the imaged characters or designs carried 
on the original. 
A further object of the invention is to provide a new 

and improved means and method of effecting contact 
copying of an original carrying thereon infrared radiation 
absorbing characters or designs and incorporating at least 
the original sheet and a coextenisve supply of heat sensi 
tive transfer material in pressure contact therewith where 
in, upon irradiation of the original by an infrared radia 
tion source, a heat pattern corresponding to the char 
acters or designs is generated within the original sheet 
so as to cause activation or plasticization of the transfer 
material in corresponding areas and a resulting adherence 
under pressure of contact to the surface in those areas. 
Thereafter mechanical disruption cecurs upon separation 
of the original sheet and the supply sheet with transfer 
material causing the activated and locally cemented por 
tions of tie transfer material to be disassociated from the 
supply and associated with the pressure contacted sur 
face. 
An additional object of the invention is to provide new 

and improved means and methods for producing by 
means of a material transfer process copies of imaged 
originals without transmitting infrared radiations crgen 
erated heat patterns through the criginal but rather by 
reflecting or reflexing an image conforming heat pattern 
from an original. 

Further objects and features of the invention pertain to 
the particular arrangements and methods whereby the 
above identified and other objects of the invention are 
achieved. The invention, both as to its various modes 
of formation and manners of uage, will be better under 
stood by reference to the following specification and draw 
ings forming a part thereof wherein: 
FIGURE 1 is a diagrammatic elevational view of the 

exposure device illustrative of principles employed in 
carrying out the purposes of this invention; 
FIGURE 2 is a diagrammatic representation of an al 

ternative exposure device for carrying out the purposes 
of this invention; 
FIGURES 3A and 3B through 12A and 12B are dia 

grammatic representations of fundamental assenblages to 
be used in the present invention; 
FIGURES 13A and 13B, FIGURES 14A and 14B, 

and FIGURES 15A and 15S are representations of Inui 
tiple layer variations of the fundamental assemblages; 
FIGURES 16, 17, 18 and 19 illustrate sequential ar 
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A. 
rangements that can be derived from the fundariental 
assemblages; 
FIGURES 20A, 20B, 20O, 20D and 20E are triangu 

lar coordinate plots defining formulations usable in trans 
fer materials for the preparation of spirit duplicator sup 
ply sheets; 
FiGURE 21 is a triangular-coordinate plot defining 

formulations uSable in transfer materials for the prepara 
tion of facsimile copy supply sheets; 
FIGURE 22 is a triangular-coordinate plot defining 

formulations usable in transfer materials for the prepara 
tion of lithographic duplicating supply sheets; and 
FiGURES 23 and 24 illustrate an integrate laminate 

aid manner in which physical transfer of transfer mate 
rial from a supply sheet to a copy sheet is achieved in 
accordance with the principles of the invention. 

BACKGROUND OF THE INVENTION 
Giving consideration first to the subject of infrared 

radiation technology, it is understood that most, if not 
all, materials in nature are infrared absorptive, but of 
these materials not all are infrared absorptive to the same 
egree. Due to the absorption of infrared radiations 

and the consequent conversion of the radiations into heat 
energy, the body or material experiences a rise in tem 
perature dependent on the substance, intensity and time 
of exposure. Where infrared radiation absorbing bodies 
are carried on a sheet having lesser infrared absorption 
characteristics or a sheet of substantially non-infrared 
absorbing material, the controlled exposure of this sheet 
to infrared radiations will cause the generation of a 
differential heat pattern in the sheet, with the areas in 
the sheet corresponding to tie infrared radiation absorb 
ing bodies being elevated to the highest heat level or 
temperature and the other areas being elevated to a lesser 
heat level or temperature. 

For example, this sheet of paper is white and has 
impressed thereupon dark images in the form of typed 
characters so that it defines an original sheet having 
imaged infrared absorptive areas and non-imaged lesser 
infrared absorptive areas. In the non-imaged areas, a 
lesser portion of any incident infrared radiations are ab 
sorbed, while the greater portion of any incident infra 
red radations are either refected froin the surface Gr 
transmitted through the sheet. Within the infrared ab 
Sorbing imaged areas, the converse is true, that is, a 
greater portion of any incident infrared radiations are 
absorbed therein and a lesser portion of any incident 
infrared radiations are either reflected or transmitted on 
therethrough. Upon irradiation from a controlled infra 
red source for an exact period and due to the ensuing 
absorption, the sheet suffers an overail temperature ele 
vation with a lesser and substantially uniform tempera 
ture elevation taking place within the non-imaged areas 
and with a greater and substantially delineated tempera 
ture elevation taking place within the imaged areas. 
Thus there is developed in the original sheet a doini 

nant heat pattern corresponding identically to the dis 
tinctive infrared radiation absorption pattern of the 
imaged original sheet. The various means and methods 
by which a differential heat pattern can be generated 
and utilized are considered further hereinafter and it is 
necessary only to this point that it be understood that 
a dominant heat pattern can be generated and also can 
be utilized for purposes of selectively activating a tem 
perature sensitive transfer material. 

In any practical thermo-transfer process, it is neces 
Sary that the heat pattern developed in the original sheet 
be transferred immediately and with an exactitude cor 
responding to the original to the temperature sensitive 
transfer material. Specifically, it is necesasry that the 
original be in close heat conductive relationship with 
the transfer material throughout the interval required to: 
infrared radiate the originai; generate the differential 
heat pattern therein; and conduct the generated heat pat 
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tern undisturbed to the transfer material. But for this 
process to be effective and efficient, all of these actions 
must take place substantially simultaneously, under a 
condition of pressure contact. This raises not only the 
problems of how much pressure must be applied and 
how this pressure can be best and most simply applied, 
but also the problems related to efficient heat conduc 
tion, including the thickness of any sheets through which 
the heat pattern must necessarily be conducted, the pla 
marity of the sheets, and the low heat dispersion and heat 
absorption controlled by the physical and chemical char 
acteristics of such sheets. These natters are considered 
in some greater detail hereinafter. 

With regard to the thickness of the transfer materials, 
the material is supplied in a thin layer or sheet form 
coextensive with the size of the original sheet to be 
copied and is of a finite thickness and formulation as 
determined by the ultimate purpose to which the copy 
sheet is to be employed. This layer is carried by a 
flexible carrier sheet and the composite is referred to 
as a supply sheet inasmuch as it serves only the func 
tion of supplying the material for activation in the process. 

During the period of infrared radiation, this supply 
sheet may also be subjected to infrared radiation and 
may generate a heat pattern within the non-imaged areas. 
The amount of heat generated depends upon the infra 
red absorption characteristics of the material in the layer 
and the amount of infrared radiation as a function of 
time and intensity to which the sheet is subjected. It 
is appreciated that if the supply sheet is subjected to 
too great an exposure of infrared radiation, or if it is 
comprised of such material that is highly absorptive of 
infrared radiation, the heat developed therein may coil 
fict with, override or obliterate the temperature pattern 
conducted thereto from the original. Similarly, the origi 
nal sheet may be too thick or it may be of Such heat 
absorption characteristics as to absorb the heat pattern 
or too rough so as to be inseparable. The Suggestion 
has been made that this problem can be overcome by 
effectively blocking all infrared radiation to the supply 
sheet by utilizing a thick original sheet as a radiation 
mask. This arrangement presupposes radiation directly 
on the imaged side of the original sheet. 
An alternative suggestion is to use in the transfer layer 

only those materials that are non-infrared absorptive. 
These solutions are compromises which limit the conner 
cial acceptability of the copy quality that can be achieved. 

First of all, and by way of example, in the making of 
a master sheet for use in the spirit duplicator process, and 
this is one of the important objects of the present inven 
tion, it has been found, on the basis of experience, that 
the most successful dyes for use in the spirit process in 
clude methyl violet and crystal violet dyes which have 
the characteristics of being highly infrared absorptive and 
at the same time being sufficiently soluble and of high 
tinctorial strength. There are other dyes that are lesser 
infrared absorptive, but these are generally not preferred 
because they poduce a product of inferior quality. Ac 
cordingly, in the transfer process in accordance with the 
invention and particularly in its use for the preparation 
of spirit duplicator master sheets, the transfer material is 
necessarily highly infrared absorptive. Now, according 
to the suggestion, the difficulty of generating an overall 
heat pattern in the supply sheet could be avoided by plac 
ing the original sheet intermediate the radiation source 
and supply sheet and using the original sheet of a thick 
ness to block or shield the highly infrared absorptive 
transfer material on the Supply sheet from the unwanted 
infrared radiations. As suggested, this would contem 
plate the use of a heavy bond paper as the original sheet. 
For office usage, this would necessarily exclude from the 
process the use of lighter weight paper in normal business 
use. Thus a great precentage of the utility in an office 
would be lost. 
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6 
there is, as suggested above, the problem of achieving 
the proper conduction of a heat pattern therethrough with 
out heat diffusion or obliteration therein. In any insulat 
ing material such as paper, there is always heat diffusion 
and the thicker the weight of the paper, the greater the 
eat diffusion. Accordingly, the copy printed from a 

Spirit duplicator master sheet prepared from a thick origi 
nal by the thermal process in the normal manner con 
sidered by others is fuzzy, filled in, and generally not an 
acceptable copy, requiring extremely prolonged and un 
desirable exposure. 

Also, the necessary result from using a heavy weight 
bond paper for the original is the use of a higher intensity 
infrared radiation source in order to secure a better and 
more intense heat pattern in the original. This means 
not only an increase in the power demands for the equip 
Inent for effecting the process, but it also means the gen 
eration of additional heat within the apparatus itself both 
directly from the heat generated at the source and from 
absorption of the infrared rays by the apparatus. The 
generated heat might be sufficient to activate the whole 
of the transfer material carried on the supply sheet and 
obliterate any heat image that might be formed from the 
original. 

Obviously, the forced use of a heavy bond paper for 
purposes of shielding and protecting the transfer material 
of the Supply sheet is not the desirable solution. The 
additional heat requirement causes a lowering of the tem 
perature differential between the non-image and image 
areas and is the cause of broad filled in copy and often 
calises background to appear in the non-image areas. In 
the System of this invention, unique results are obtained 
in employing a transfer material that is highly infrared 
absorptive and yet operative in the circumstance where 
radiations are transmitted therethrough either when the 
Supply sheet is intermediate the source and the original, 
or when the original is intermediate, but is thin enough 
to transmit radiations. In either instance the transfer 
material must be able to differentiate between the tem 
erature elevation so generated therein and the heat in 

age conducted thereto from the original sheet. This gives 
rise to a local cementation of the supply sheet to the copy 
sheet in the areas which correspond precisely to the image 
on the original. 
As a further discovery, the infrared sensitive transfer 

material is distinguished as between a supply sheet directly 
radiated by a source and a supply sheet receiving only a 
Scattering of random radiations. In the former case, the 
supply sheet is employed in what is identified as the re 
flex technique where the same supply sheet is first directly 
irradiated with infrared radiation which are substan. 
tially transmitted therethrough to ultimately impinge on 
the infrared absorbent image on the original where the 
heat pattern is developed. Secondly, the heat pattern is 
transmitted back to soften the supply material in the heat 
pattern areas. In the latter case, the supply sheet is 
rinost reincte from the infrared radiation and therefore 
eXposed only to a random scattering and this is identified 
as the shoot-through technique. The internal heat gen 
eration problem presented by the shoot-through technique 
differs so as to be essentially of a different kind. In the 
shoot-through there must be a continuing control in order 
to achieve a preferred copy, but in the reflect circum 
Stance, control must be critical, i.e., control of the formu 
lation, the coating thickness, the characteristics of the 
base paper and the exposure time, if any kind of copy is 
to be achieved. 

By Way of review, in order to achieve a desirable 
thermo-transfer process adapted to easy office use and 
adapted to produce a variety of kinds of copy, it is neces 
Sary that the process be performed at temperatures in the 
near range above 110 F., that the process be performed 
under Some condition of pressure, that the process be 
effective for producing quality copy from original sheets 

More importantly, with the use of a heavy bond paper 75 of a wide range of Weights, and that such quality copies 
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be producible from a transfer material that is highly infra 
red absorptive. This desirable thermo-transfer process 
is achieved by employing the mechanisms of the inven 
tion in accordance with the method of the invention, as 
described hereinafter. 

THE MECHANISMS OF THE INVENTION 
The mechanisms of the invention are the structures em 

ployed including the infrared exposure devices, the vari 
ous assemblages of sheets that may be employed in the 
process and the physical characteristics and corposition 
of the various sheets and the transfer materials used in 
the assemblages. The method of the invention relates to 
the various operations to which the mechanisms of the 
invention are subjected in order to achieve the objects 
of the invention. The method of the invertion is con 
sidered separately in a subsequent section. 

Exposure Devices 
Giving consideration first to the infrared exposure de 

vices suitable for carrying out the process, reference is 
made to FiGURE 1. As previously pointed out, it is 
understood that the process is carried out by usiiig an 
assemblage of sheets including at least an original sheet 
and a supply sheet. In FIGURE 1, there is shown a 
rotatable drum 6 which is adapted to receive an assen 
blage of sheets 5 carried on the outer surface thereof by 
means of clamps 7 so that the sheets of the assenblage 
are in close contact, free of wrinkles, puckers or bulges. 
Beneath the drum 5 is positioned a platen or shield mem 
er 8 having therein an adjustable slit 9. An infrared 

radiation source it is mounted to project infrared radia 
ions through the slit 9 onto the drum 6. Iliumination of 
the source 19 and rotation of the drum 6 past the slit 9 
results in a complete exposure of the assemblage of sheets 
5 to the infrared radiations. It is noted that in this in 
stance, the pressure exerted on the assemblage of sheets 
is only that which can be exerted by virtue of the cam 
surfaces between the clamps 7 and the drum 6 so that the 
pressure sight. This form of support presents ob 
vious problems in attempting to achieve the critical pres 
sure required in the process, but if that problem is over 
come, the arrangement does work satisfactorily for carry 
ing out the process. 

in FG JRE 2 there is illustrated scherinatically and in 
cross-sectional view an alternative exposure device in 
cluding a frame 29 supporting a platen or glass plate 25 
transparent to infrared radiations, upon which the assem 
blage of sheets 5 is placed. Covering the assemblage of 
sheets 5 cn the piaten 25 is a vacuum frame 22 compris 
ing a flexible blanket 23 supported on a cover 24 and 
supplied with a vacuum connection 25 extending from a 
vacuum source, not shown, to the spacing between the 
fiexible blanket 23 and the platen 2s. The application of 
a vacuum to the connection 25 creates a partial vacuuin 
within the cavity presented by the assemblage 5 between 
the platen 22 and the flexible blanket 23 so that the dif 
ferential pressure between the vacuum on cine side of the 
blanket 23 and atmospheric pressure on the other side of 
the blanket 23 forces the blanket and the assemblage 5 of 
sheets into close and intimate association with one an 
other against the platen 2s. This differential of pressure 
will vary according to the vacuum applied and can range 
from a zero to approximately fifteen pounds per square 
inch, with three pounds per square inch being considered 
a minimum and twelve pounds per square inch being con 
sidered preferred. 
Mounted below the platen 25 is the infrared radiation 

source 3 in a carriage 27 supported for movement on 
a track 28. A reversible drive mechanism 29 is provided 
for traversing the lamp carriage 27 in both directions on 
the tracks 28. 

Preferably, the infrared radiation source 9 is a com 
mercial device of a kind such as that connnnonly known 
as a T-3 Infrared bulb tube manufactured by General 
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Electric Company. The carriage 27 provides an elliptical 
reflector for the lamp 30 with the filament of the lamp 
positioned at one focus point of the ellipse and wherein 
the carriage 27 is positioned so that the other focus is at 
the contiguous surface between the platen 2 and the 
assemblage 5. Thus maximum amount of infrared ra 
diation is projected onto the lowermost sheet of the as 
semblage of sheets 5. 
The platen 2i is preferably a plate of glass commer 

cially identified as Grade 3 Glass. 
By employing the vacuum frame type of exposure de 

vice shown in FEGURE 2 with a vacuum source for per 
mitting the exertion of pressure of about twelve pounds 
per square inch between the flexible blanket 23 and the 
platen 23, the assemblage of sheets 5 are urged into inti 
mate contact so as to define a non-integrated laminate. 
Upon operation of the drive mechanism 29, the infrared 
radiation source E0 is traversed across the surface of 
platen 21 thereby to infrared radiate the non-integrated 
laminate assemblage 5 with an amount of exposure to 
infrared radiation controlled essentially by the traversal 
rate of the drive mechanism. 29. In actual practice, the 
traversal rate is adjustable between seven inches per sec 
ond and 1.2 inches par second. The details of the pre 
ferred vacuum type exposure device is disclosed in Patent 
No. 3,007,390 granted November 7, 1961, in the names 
of Haroid Forester and Maynard Gross and entitled "Ex 
pcsure Device.” 

Consideration is now directed to the assemblage of . 
sheets 5 that may be employed in the devices of FIG 
URES 1 and 2 for carrying out the purpose of the inven 
tion. As evidenced from a review of the FIGURES 3A 
and 3B through FIGURES 15A and 15B, there are a 
plurality of different assemblages. 

The Assemblages 
Before giving detailed consideration to the assemblages, 

it should be noted that the figures are arranged in pairs, 
that is, FIGURES 3A and 3B, FIGURES 4A and 4B, and 
so forth, to FIGURES 13A and 13B. Each pair of figures 
represents a particular assemblage and in each pair of 
figures, that figure having the suffix A is a perspective 
view of the assemblage and that figure having the suffix B 
is a cross-secticinal diagrammatic view of the assemblage. 
iFor easier understanding, the perspective drawings are sep 
arated views of the assemblages as they would appear in . 
support on the platen of the exposure device shown in 
FIGURE 2 after complete operation of the process. The 
cross-sectional drawings are exploded views of the assem 
blages oriented as they would appear on the platen of the 
exposure device of FIGURE2. 
As will be seen from the descriptions that follow, it 

is within the scope of this invention to have the assem 
blage of sheets comprised of as few as two elements and 
including as many as five or more elements. Infrared 
radiation of the original in any assemblage may be effected 
by a shoot-through technique, by a reflex technique or 
by a combination of both shoot-through and reflex tech 
niques, wherein two or more originals are employed to 
give a composite result. 

In the reflex technique, the supply sheet of the assem 
blage is intermediate the infrared radiation source and 
the original sheet so that the infrared radiations are trans 
mitted through the supply sheet to the original sheet 
whereon the heat image is generated and then conducted 
or reflexed back to the supply sheet. As pointed out 
above, the practice of the reflex technique by radiating 
the original sheet through the supply sheet is particularly 
critical because the transmission of radiations through 
the sheet causes an elevation in temperature which, if 
not carefully limited, will cause complete activation of 
the transfer material. Yet if the radiations transmitted 
are not of a sufficient quantity, the desired heat pattern 
will never be generated or will be of insufficient strength 
or intensity at the original sheet to be conducted back 
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to the supply sheet sufficiently to effect bonding. Con 
sideration of both of these techniques and the various 
assemblages employed therein is given hereinafter. 

In the shoot-through technique, the infrared radiations 
are directed immediately onto the original sheet in an 
asSembiage of sheets so as to generate a heat image 
therein which heat image passes then through the assem 
blage to the supply sheet. 
The shoot-through technique can be either of the kind 

wherein the infrared radiations strike the infrared absorp 
tive image areas immediately, which is referred to herein 
after as the "shoot-through. A technique' or wherein the 
infrared radiations travel through the thickness of the 
suitable original sheet before striking the infrared absorp 
tive image areas which is referred to hereinafter as the 
"shoot-through B technique.” 

Giving consideration to the arrangement of FIG 
URES 3A and 3B, there is shown therein an assemblage 
of sheets 5 including an original sheet 30 having on its 
face nearest the infrared radiation source 19, characters 
or designs, represented for purposes of easier understand 
ing by the blocks 31, which are defined by infrared 
absorptive material such as carbon black inks. On top 
of this original sheet is placed a supply sheet 35 made 
up of a carrier 36 and a layer of transfer material 34. 
in the arrangement shown in the FIGURES 3A and 
3B, the layer of transfer material 34 is contiguous to 
the non-imaged surface of the original sheet 3). Upon 
practice of the method of the invention as described 
in a later section, a transfer image 32, identified by the 
dashed ines on the contiguous face of the original sheet 
30 is transferred from the layer of transfer material 34 
to the original sheet 39. The dashed lines define the 
"plug' of transfer material which is released therefrom 
and which results in transfer to the original sheet where 
upon separation mechanical disruption occurs with the 
"plug' adhering to the original due to the cementation. 
The transfer image 32 so developed is a reverse reading 
image of the characters or designs 3 on the original 
sheet 38. Inasmuch as the transfer image is developed 
directly on the back side of the original sheet, this is 
referred to as a first generation image. This example 
of FIGURES 3A and 38 is referred to as the assemblage 
for producing a first generation, reverse reading image 
by means of the shoot-through A technique. As pointed 
out hereinafter, and conditioned upon use of the proper 
original sheet and supply sheet, this assemblage is used 
primarily for preparation of a spirit solvent master sheet 
although it can also be utilized for preparing a direct 
lithographic master sheet. 
By reference to FIGURES 4A and 4B, there is illus 

trated another shoot-through assemblage wherein the 
original sheet 36) is placed nearest the source 18 with 
its imaged characters or designs 33 facing the source. 
A copy sheet 46 is placed thereon and on top of the copy 
sheet 43 is placed the supply sheet 35 with the layer of 
transfer material 34 contiguous to the uppermost face 
of the copy sheet 40. Upon practice of the method of 
the invention, a transfer image 32 is developed on the 
uppermost surface of the copy sheet 46 contiguous to 
the layer of trainsfer material 34 in the supply sheet 35 
and which is locally cemented to the copy sheet. Inas 
much as the transfer image is produced on a sheet 
separate from the original sheet, it is said to be a second 
generation image. This example of FIGURES 4A and 
4B is referred to as an assemblage for producing a 
second generation, reverse reading image by means of 
the shoot-through. A technique. Inasmuch as the image 
so produced is reverse reading, this assemblage, with the 
use of the appropriate original sheet, supply sheet and 
copy sheet, can be utilized for producing spirit solvent 
master sheets and direct lithographic master sheets. 

In the shoot-through assemblage of FIGURES 5A 
and 5B, the original sheet 33 is arranged adjacent to 
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from the source 10. Inasmuch as it is obvious that the 
infrared light rays must project themselves through the 
layer of the original sheet 39, it is distinguishable from 
the shoot-through A technique referred to above and is 
identified as the shoct-through B technique. On top of 
the original sheet 39 is placed the supply sheet 35 with 
its layer of transfer material 34 uppermost facing away 
from the source i3 and on top thereof is placed the copy 
sheet 4t. Upon practice of the method of the inven 
tion, a transfer image 32 is formed on the contiguous 
Surface of the copy sheet 40 which image is locally 
cemented thereto and which image is reverse reading 
and of the second generation kind. This example of 
FIGURES 5A and 58 is referred to as an assemblage 
for producing second generation, reverse reading images 
by the shoot-through B technique. This assemblage, with 
the use of proper supply sheets, copy sheets and original 
sheets, can be utilized for producing spirit solvent master 
sheets, direct lithographic master sheets, or read through 
copying facsimiles on transparent copy sheets. 
An arrangement for producing direct reading images 

by the shoot-through. A technique is illustrated in FIG 
URES 6A and 6B. Therein the original sheet 30 is air 
ranged closet to the source 9 with its images 3 thereon 
facing the same. On top of the original sheet 30 is placed 
the Supply sheet 35 with the layer of transfer material 34 
uppermost facing away froin the source 3. The copy 
sheet 43 is placed in contiguous relationship with the layer 
34. Upon practice of the method of the invention, a 
transfer image 32 is formed on the contiguous surface 
of the copy sheet 48 which image is locally cemented 
thereon and is direct reading and of the second genera 
tion kind. This example of FiGURES 6A and 6B is 
referred to as an assemblage for producing second genera 
tion, direct reading images by use of the shoot-through A 
technique. This assemblage, with the use of proper sup 
ply sheets, copy sheets and original sheets can be used for 
making facsimile copies, hectograph master sheets and 
offset lithographic master sheets. 
An assemblage for producing direct reading images by 

means of the shoot-through B technique is illustrated in 
FIGURES 7A and 7B. Therein the original sheet 30 is 
-arranged adjacent to the source 10 with its imaged surface 
faced away. The supply sheet 35 is placed thereon with 
its layer of transfer material 34 facing the source 10 and 
contiguous to the imaged side of the original sheet 30. 
Upon practice of the method of the invention, transfer 
images 32 are formed on the imaged side of the original 
sheet 30, being locaily cemented directly on top of the 
original images 31. The images so developed are direct 
Teading and inasi nuch as they are formed on the original 
sheet, they are of the first generation kind. This exam 
ple of FIGURES 7A and 7B is referred to as an assemi 
blage for producing first generation, direct reading images 
by means of the shoot-through B technique. This as 
Semblage, with the use of appropriate supply sheets and 
original sheets, is best adapted for making hectograph 
master sheets although it can be employed for making 
offset lithographic master sheets. 

Another arrangement for making direct reading images 
by the shoot-through B technique is shown in FIGURES 
8A and 8B. Therein the assemblage of FIGURES 7A 
and 7B is supplemented by the inclusion of a copy sheet 
46 intermediate the original sheet 33 and the supply sheet 
35. Accordingly, upon practice of the method of the 
invention, the transfer image 32 is formed on the surface 
of the copy sheet 48 contiguous to the layer 34 of the 
Supply sheet 35. The transfer image is direct reading 
and of the second generation kind. This example of 
FIGURES 8A and 8B is an assemblage for producing 
a second generation, direct reading image by means of 
the shoot-through B technique. This assemblage, with 
the use of appropriate supply sheets, copy sheets, and 

the source 9 with the imaged characters 31 faced away 75 original sheets 39 can be adapted for producing facsimile 
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copy, hectograph master sheets or offset lithographic 
master sheets. 

In the foregoing FIGURES 3A and 3B to FIGURES 
8A and 8B, are illustrated six basic arrangements en 
ploying the shoot-through techniques for producing re 
verse reading and direct reading transfer images. Consid 
eration will now be given to the reflex technique for pro 
ducing reverse reading and direct reading images. 
The transfer of a waxy material to a master in the fore 

going assemblies requires the use of controlled sheets. 
Thus the ability to reproduce from any original which 
is imaged with infrared absorbing heat generating char 
acters were formerly limited. Through the use of the new 
and novel reflex technique of this invention this restriction 
is eliminated because the heat image can be created with 
a suitably imaged original by transmitting the infrared 
radiation through the non-integrated laminate through the 
several sheets which lie intermediate the radiation source 
and the original. The heat image which results from the 
absorption of the infrared radiation by the image on the 
uncontrolled original is transmitted back to the coated 
Surface of the supply sheet as a distinct heat image which 
is available to plasticize the supply material. 

In the reflex assemblies herein considered it should be 
noted that it is critical that sheets of the non-integrated 
laminate, that are disposed between the image on the 
original and the infrared radiation source, must transmit 
a sufficient quantum of radiation therethrough without 
absorption, diffusion or reflection. Likewise, the sheets 
disposed between the image of the original and the supply 
material on the supply sheet must transInit the distinct 
heat image without diffusion, absorption or reflection. 
The physical characteristics of the sheets necessary to 
give the unique and unsuspected results will be considered 
later in greater detail. 

In FIGURES 9A and 9B are illustrated assemblages 
for producing reverse reading transfer images by Gaeans 
of the reflex technique. Therein a copy sheet 40 is placed 
adjacent to the infrared radiation source G and a supply 
sheet 55 made up of a carrier 56 and a layer of transfer 
material 54 placed on top thereof with the layer 54 facing 
the infrared radiation source 9. The uncontrolled orig 
inal sheet 30 is placed cn top of the supply sheet 55 with 
the infrared adsorptive image characters 35 facing the 
Source. Upon practice of the methcd of the invention, 
the transfer image 32 is locally cemented on the face of 
the copy sheet contiguous to the layer of transfer material 
54. The transfer image is reverse reading and of the 
second generation kind. This example of FIGURES 9A 
and 9B is referred to as an assemblage for producing 
second generation, reverse reading images by means of 
the reflex technique. This assemblage with the use of 
appropriate supply sheets and copy sheets can be used for 
making spirit solvent master sheets, direct lithographic 
master sheets, or read through facsimiles on transparent 
copy sheets. 
An assemblage for producing direct reading images by 

the reflex technique is illustrated in FIGURES 10A and 
10B. Therein the Supply sheet 55 is placed nearest to the 
Source 0 with its layer of transfer material 54 facing 
away from the source 8. On top thereof there is placed 
the uncontrolled original shaet 33 with its suitable image 
3 facing the source in contiguous relationship with the 
layer of transfer material 5-3. Upon practice of the 
method of the invention, the transfer image 32 is locai 
cemented directly onto the imaged surface of the original 
3 and directly upon the original images 32. Inasmuch 
as the transfer image is formed directiy on top of the 
original images 35, they are direct reading and of the first 
generation kind. This example of FIGURES 10A and 
10B is referred to as an assemblage for producing a first 
generation, direct reading image by means of the reflex 
technique. Through use of appropriate supply sheets 
55, this assemblage can be utilized for preparing hec 
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2 
tograph gelatin master sheets and offset lithographic mas 
te; sheets. - 

A variation of the assemblage for producing a direct 
reading image by means of the reflex techiique is illus 
trated in FGURES 11A and 113. This assemblage 
utilizes the basic assemblage of Fig URES 10A and 10B 
with the addition of a controlled and select copy sheet 
49 positioned intermediate the original sheet 35 and the 
supply sheet 55. The transfer image so produced is di 
rect reading and of the second generation kind. This 
exampie of FIGURES 11A and 11B is referred to as an 
assemblage for producing second generation, direct read 
ing images by means of the reflex technique. This as 
semblage, with appropriate supply sheets 55 and copy 
sheets 43, can be utilized for preparing facsimile copies, 
hectograph master sheets and offset lithographic master 
sheets. - 

Another form of assemblage for practicing the prin 
ciples of the inventioia by means of the reflex technique is 
illustrated in Fig URES i2A and 12B. This assemblage 
utilizes the assemblage of 11A and 118 with the varia 
tion that the image 31 on the original sheet 36 is faced 
away from the source ié, rather than towards the source 
a3 shown in FGURE 11B. The transfer inage so pro 
duced is reverse reading and of the second generation 
kind. This example of fig JRES 12A and 12B is referred 
to as an asseinblage for producing second generation, 
reverse reading images by means of the reflex technique. 
This assemblage can be used for making spirit solvent 
master sheets direct lithographic master sheets, or read 
through facsimilies on transparent copy sheets. 
The Fig URES 9A and 9B through 12A and 12B are 

believed to illustrate the basic assemblages that may be 
utilized for producing copy by means of the new and novel 
reflex technique. However, it is to be appreciated that 
these displays of FIGURES 3A and 3B through 12A and 
12B do not exhaust all of the possibilities of assemblages 
for producing useful copy. 

in FECURES 13A and 13B there is shown an assem 
biage for producing copy by a conjoint use of the shoot 
through and reflex techniques. This capability of a 
thermal transfer process is extremely inportant to busi 
ness systers where data and inforniation falls into two 
large classifications: variable and constant. One original 
with the constant or repeated information would be used 
over and over again with separate originals each bearing 
variable information aid together they will resuit in coin 
posite masters. Therein the first original sheet 38 is 
piaced adjacent to the scurce 3 with its imaged portion 
31 faced thereto. On top of the original sheet 39 and 
in the order mentioned, are placed a Supply sheet 55, a 
copy sheet 460 and a second original sheet 60. The supply 
sheet 5S is arranged with its layer of transfer material 
54 facing away fronn the infrared ray source 13 and 
the second original sheet 6 is arranged with its imaged 
portions 62 faciag towards the infrared ray source 8. 
Upon practice of the method of the invention, there is 
cemented locally on the face of the copy sheet 49 coin 
tiguous to the layer of transfer material 54 a transfer 
image 32 which is a direct reading composite image 
of the information contained in the two separated images 
35 and 63 on the original sheets 36 and 65, respectively. 
The transfer image so formed is direct reading and of 
the second generation kind. This example of FIGURES 
13A and 13B can be referred to as an assemblage for 
roducing second generation, direct reading images by 
eans of the combined shoot-through and reflex tech- . 
iques and use of two or nore imaged originals. It 

will be noted that the techiniques of shoot-through and 
reflex have been empioyed in an asserably in excess of 
3 elements. It has been found that such use of multiple 
imaged originals may be used equaily effectively to create 
a composite master of copy which are two and three 
sheet assemblies. 

E. 
i 
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In FIGURE 10B a third original (not shown) may be 
placed in association with the backside of the supply 
sheet 55 so that the net effect is a three sheet assembly 
distinct from either the assembly of FIGURE 10B or 
the assembly of FIGURE 6B. 
Upon practice of the method of this invention there 

is caused to locally adhere to the master 36 which also 
serves as an original an image from the supply sheet. 
As a result of one exposure the respective original is 
transferred to the original farthest from the radiation 
source, which in itself becomes the master. The radia 
tion must be transmitted through the original adjacent 
the infrared radiation and also the supply sheet before 
it reaches the second imaged original. 

Each original may have infrared absorptive images 
on either surface or on one surface. The originals in 
the three sheet assembly may be placed in association 
with one another or the supply sheet may be placed inter 
mediate the two originals. 
As a further illustration of a multiple assemblage 

in excess of three elements, reference is made to FIG 
URES 14A and 14B, which illustrates an arrangement 
for making direct reading copy from a multiplicity of 
originals by means of shoot-through technique. Therein 
a first original sheet 30 is placed adjacent to the source of 
infrared radiation it) with its imaged portion 3i facing 
away therefrom. On top thereof, and in sequential order, 
is placed a second original 69, a third original 78, a copy 
sheet 49 and a supply sheet 35. The imaged portion 62 
of the original 60 and the imaged portion 71 of the 
original 70 are both faced away from the source 0 where 
as the layer of transfer material 34 on the supply sheet 
35 is faced towards the infrared radiation source 8. 
Upon practice of the method of the invention, there is 
provided on the face of a copy sheet 48 contiguous to 
the layer 34 a transfer image 32 combining in composite 
the information contained in the original images 31, 51 
and 7. The transfer image so developed is direct read 
ing and of the second generation kind. This example of 
FIGURES 14A and 14B is referred to as an assemblage 
for preparing second generation, direct reading images by 
means of a multiple original, shoot-through technique. 
The illustrations of FIGURES 13A and 13B, 14A and 

14B show the originals imaged on one surface. The 
originals may also carry the image on both surfaces, or 
the image may face toward the infrared radiation source 
or it may face away from the source. 
As described in reference to the use of multiple originals 

in a three sheet assembly, the multiple originals in four 
sheet assemblies and larger may be placed in association 
with one another or the master and supply sheet may 
be intermediate the originals as shown respectively in 
FIGURES 14B and 13B. 

In the case of FIGURE 14B the assembly may be 
irradiated by directing the radiation onto the back of 
the supply sheet 55. It should be noted that the original 
56 in this instance may be of any type material whereas 
the sheets of the originals 60 and 70, and the supply sheet 
55 and the master sheet 6 must meet all the critical 
requirements as described in the new and novel reflex 
technique discussed earlier. 
The use of multiple originals may be extended to the 

use of multiple supply sheets which again is made possible 
by the practice of the process of this invention. 
An additional illustration of a multiple assemblage 

in excess of three elements is that of FIGURES 15A and 
15B. This assemblage demonstrates the making of a 
direct reading copy from a multiplicity of supply sheets 
by means of the reflex technique. Therein a first reflex 
supply sheet 55A is placed adjacent to the source : { 
with its layer of transfer material 54A faced away there 
from. On top of the supply sheet 55A and in the order 
mentioned, are placed a copy sheet 40, a supply sheet 
55B and the original sheet 60. The supply sheet 55B is 
arranged with its layer of transfer material 54B facing 
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4. 
toward the infrared radiation source 0 and the origi 
nal sheet 63 is arranged with its imaged portions 6i facing 
towards the infrared source G. Upon practice of the 
method of the invention, there is formed on the face of 
the copy sheet 40 contiguous to the layer of transfer na 
terial 54A a transfer image 32A and there is formed on 
the face of the sheet 4, contiguous to the layer of trans 
fer material 54B, a transfer image 328. The transfer 
images 32A and 32B are quite obviously superimposed, 
the image 32A being direct reading and the image 32B 
being reverse reading. Such a copy has particular utility 
as a facsimile reproduction wherein the reverse reading 
image 32B reinforces the direct reading image 32B. This 
example of FIGURES 15A and 158 can be referred to 
as an assemblage for producing multiple direct and reverse 
reading images by means of reflex technique. 
The disclosure of FIGURES 13A, 13B, 14A, 14B il 

lustrate only the principles by which the assemblages of 
FIGURES 3A and 38 through 12A and 12B can be com 
bined in a variety of layers to produce composite imaged 
copies or masters. 
As a further illustration of assemblages that may be 

employed, reference is made to FIGURES 16 and 17 and 
to FIGURES 18 and 19. The figures illustrate, by way of 
example, sequential assemblages that may be employed 
as distinguished from simultaneous or unitary assem 
blages of FIGURES 3A and 3B through FIGURES 15A 
and 15B. 

In FIGURES 16 and 17 there is shown a two step 
sequential arrangement of assemblages for producing a 
first generation, direct reading image by shoot-through 
techniques. This arrangement finds its particular utility 
in providing a sharp, clean offset lithographic master 
sheet. Specifically, in FIGURE 15A there is illustrated 
the preparation of a first generation, reverse reading image 
by means of the shoot-through technique as illustrated in 
FIGURES 3A and 3B. As the next step and as shown in 
FIGURE 15B, the copy so prepared is then placed in an 
assemblage with a copy sheet 4 so that the transfer image 
3 is contiguous to one face of the copy sheet 41. For 
offset lithographic master purposes, the copy sheet 42 can 
be the master sheet. Upon practice of the method of the 
invention, the transfer image 32 on the original sheet 36 is 
retransferred to the copy sheet to form the retransfer 
image 42. Inasmuch as the original sheet is heated only 
in the areas of the original image, only that transfer ma 
terial opposite the original image is retransferred. This 
example of FIGURES 16 and 17 is referred to as a 
sequential assemblage for producing first generation, di 
rect reading images by means of double transfer shoot 
through techniques. In the event the original 36 in FiG 
URE 16A does not substantially transmit the heat image 
created at the characters 31 then the assembly may be 
irradiated by directing the infrared radiation directly onto 
the backside of the supply sheet 35 which will now afford 
a transfer image 32 created by the reflex technique. The 
method of retransfer of this image will proceed as de 
scribed above. 

In FIGURES 18 and 19 is shown a variation of the 
arrangement of FIGURES 16 and 17. Specifically, there 
is shown therein a two step sequential arrangement of an 
assemblage for producing second generation, direct read 
ing images by the shoot-through technique. In FG 
URE 15A a reverse reading image is prepared according 
to the assemblage illustrated in FIGURES 4A and 4.B. 
As the subsequent step, the copy 49 so prepared is placed 
intermediate a heat generating sheet 88 and a copying 
sheet 45 wherein the heat generating sheet is adjacent 
to the infrared radiation source and the transfer image 32 
is borne on the surface of the copy sheet 43 configuous to 
the transfer copy sheet 41. Upon practice of the meth 
od of the invention, the entire copy sheet 49 is heated 
thereby effecting a retransfer of the transfer image 32 from 
the copy sheet 48 to the transfer copy sheet 41 to form the 
retransfer image 42 thereon. This example of FIGURES 
18 and 19 is referred to as a sequential assemblage for 
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producing second generation, direct reading innages by 
means of double transfer shoot-through techniques. 
The assemblages of FEGU&ES 3A and 3B through 

FIGURES 16A and 16B and other assemblages can be 
employed for purposes of making facsimile copy, sci 
vent duplicating master sheets or lithographic duplicat 
ing master sheets as need may require. The kind of 
assemblage is limited by the infrared radiation absorp 
tion-transmission and heat conduction characteristics of 
the sheet and layers employed in the assemblages. It is 
to the infrared absorption-transmission and heat conduc 
tion characteristics of the various sheets employed in the 
assemblage that attention is now directed. 

The Characteristics of the Sheets 
Giving consideration to the problem of developing a 

sharply delineated heat image at the surface of the layer 
of transfer material, attention is directed to the various 
sheets employed in any assemblage where they are dis 
posed between the image on the original and the radiation 
source and between the image and the supply material 
on the supply sheet, specifically to their thickness, their 
sincothness, their infrared absorption characteristics and 
their heat conduction characteristics. The original sheet, 
the carrier sheet of the supply sheet and any copy sheet 
employed within the assemblage should be uniform in its 
characteristics, it should be substantially non-infrared ab 
sorbing so as to avoid unnecessary generation of heat and 
resulting elevation of temperature, and should be of a 
kind permitting easy heat conduction through the layer 
of the sheet without heat diffusion therein. It is appre 
ciated that any substantial diffusion of the heat image in 
a sheet causes not only an attenuation or diminishment of 
the temperature differential in the heat pattern, but also 
permits the pattern to spread and disperse thereby trans 
ferring a blurred and obliterated transfer image at the 
copy sheet characterized by its poor definition. 

it has been found that the problem of heat diffusion 
and the problem of infrared absorption results from the 
same common source and are avoided if the sheets have 
a low ash content and are of low content of fillers, barrier 
coatings or other coatings so that when the sheet is sub 
jected to an infrared source, it exhibits a characteristic 
of substantial infrared transparency. 
A reliable determination of infrared transparency of 

material may be had by use of a Densichron instrument 
manufactured by the W. M. Welsh Manufacturing Com 
pany of Boston, Massachusetts. This instrument is sensi 
tive to infrared light and measures relative transmission 
on a logarithmic scale. Specifically, a photocell is used 
in conjunction with an infrared probe providing a source 
'of infrared radiations in a frequency range of 12,000 to 
20,000 angstrons. Detection in the instrument is pro 
vided by a galvanometer which provides a zero Densichron 
reading for maximum light exposure to the photocell 
thereby indicating a condition of complete infrared trans 
parency and can provide other Densichron readings down 
to 3.5 which would correspond to a material that is sub 
stantially opaque to infrared radiations. The Densichron 
readings are in accordance with the relationship: 

Optical Density=Log I/Io 
where to is the standard or maximum current flow for the 
condition of infrared transparency and is a current flow 
for the transparency of the sample being tested. 

Using the Densichron, tests have been made on various 
materials and it was found that the individual sheets 
through which there must be either infrared transmission 
or heat conduction in the assemblages illustrated could 
have a naean Densichron rating of no greater than 0.35. 
Further, the homogeneity of the sheet or the amount of 
maximum deviation from the mean value at various points 
of the sheets must be not greater than 0.15. Both of these 
Densichron ranges herein stated are maximum for any 
sheet employed within the asemblages and through which 
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infrared radiations must be transmitted or through which 
a heat image must be conducted. 

Significantly, the heat image transmission qualities of 
any of the sheets in an assemblage are also influenced by 
the mill thickness thereof. Accordingly, the greater the 
number of sheets through which infrared radiations must 
be transmitted or through which a heat image must be 
conducted, the greater the need for use of individual 
sheets of lesser mill thickness. 

Specifically, it has been found that the preferred original 
sheet 35 for use in any of the asemblages of FIGURES 
3A and 38 through 8A and 8B should have the following 
exemplary characteristic: 
Caliper------------------------- 1.1 to 2.6 mills. 
infrared Densichron range---------. 0.0 to 0.1 (mean). 
infrared homogeneity-------------. 0.03. 
in the reflex technique assemblages of FIGURES 9A and 
9B through 13A and 13B, the characteristics of the 
original paper are not critical. This is because the original 
in the assemblages of the reflex technique neither trans 
nits infrared radiations nor conducts a heat image. Thus, 
it is apparent that as far as the reflex techniques are con 
cerned, the original sheets 30 used therein can be of any 
Weight paper, and, as a matter of fact, can carry images 
on both sides thereof, it being important that the image 
thereon be sufficiently infrared absorptive and contrasted 
so as to generate a sharp and intense heat image. 

Giving consideration next to the characteristic of pre 
erred copy sheets, it has been found that a sheet such 
as the sheet 49 in FIGURES 4A and 4B, FIGURES 8A 
and 8B, insofar as they are infrared transmission mech 
anisins or heat conductors and whether or not used as 
spirit master sheets or lithographic master sheets or 
facsimile copy sheets, should have the following charac 
teristics: 
Caliper------------------ 1.0 to 2.6 mils. 
Smoothness--------------. 21 to 250 (Sheffield units). 
Infrared Densichron range--. 0 to 0.16 (mean value). 
Infrared homogeneity------. 0.08. 
The smoothness measured in Sheffield units is important 
insofar as the copy sheets 48 are sheets to which the 
transfer image must attach itself. In that regard, the 
smoothness characteristic is important to the copy sheets 
of FIGURES 5A and 5B and 6A and 6B. 
The carrier or carrier sheet for the supply sheet which 
ust be subjected to infrared transmission or heat con 

duction as in the reflex and shoot-through techniques, 
respectively, specifically as shown in FIGURES 5A and 
5B, 6A and 68, 9A and 9B, 10A and 10B, and 11A and 
11B, and 12A and 12B should have the following char 
acteristics: 
Caliper------ m - - - - - - - - www. 0.9 to 2.8 mills. 

Smoothness--------------. 17 to 260 (Sheffield units). 
infrared idensichron range--. 0 to 0.30 (mean value). 
infrared homogeneity------, -0.06. 
Carriers for use with supply sheets for producing solvent 
type masters should also have an oil bleed characteristic 
of from two to forty minutes. 
The infrared transmission characteristic of the carrier 

sheet employed in the shoot-through processes of FIG 
URES 3A and 38, 4A and 4B, 7A and 7B, and 8A and 
83 are unimportant inasmuch as these sheets are not 
called upon to transmit infrared radiations or to conduct 
a heat image therethrough. However, before giving con 
sideration to transfer materials, it should be understood 
that the sheets considered herein may be made of any 
suitable material that conforms to the requirements set 
forth including paper, cloth, plastic, glass, Wood, etc. 

The Transfer Material 
The formulation for the transfer material on the car 

rier of the supply sheet differs according to use for which 
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the supply sheet is to be employed and will thus vary in 
its formulation and type of wax, dyes, and oils accord 
ingly. The waxes may be naturally occurring waxes 
selected from the classes of petroleum wax such as paraffin 
wax, vegetable wax such as carnauba, animal waxes such 
as spermacetti, insect waxes such as beeswax, and mined 
waxes such a montan wax; or they may be synthetic waxes 
such as Carbowax. The dyes for use with the spirit type 
duplication process are the water-alcohol soluble type 
from the group of xanthene dyes, such as triphenyl 
methane and diphenyl methane derivatives typified by 
crystal violet, methyl violet, rhodamine or nigrosene dyes. 
included in the group of dyes suited for transfer sheets 
used in the preparation of facsimile copy and suited for 
transfer sheets used in the preparation of lithographic 
masters are the oil soluble dyes such as the Azo dyes, 
for example Azo Oil Blue B. 
The oils used are absorbed by the dyes and serve as 

a plasticizer for the formulations. The oils that have 
been found to give the proper absorbency and plasticity 
characteristics are selected from the group of mineral 
oils such as saturated mineral oils, for example, Red Z 
oil, from the group of unsaturated vegetable oils such 
as castor oils and from the group of animal oils such as 
lanolin. in the exemplary formulations given herein 
after, it has been found that formulations in which the 
group of mineral oils are in major proportion and the 
groups of unsaturated vegetable oils and animal oils are 
in minor proportion are best suited to the purpose of this 
invention and for that reason the groups are referred to 
as “Major Oils' and “Minor Oils,' respectively. 
The specific formulations and coating condition of a 

particular mixture depend upon its usage and at present 
there are considered four basic types of master sheets as 
follows: 

(1) For solvent type duplication by the shoot-through 
technique; 

(2) For solvent type duplication by the reflex tech 
q!e; 
(3) For lithographic master sheet preparation by both 

shoot-through and reflex techniques; and 
(4) For the preparation of facsimile copies by both 

shoot-through and reflex techniques. 
Considering first the master sheets employed for sol 

vent type duplication by shoot-through technique and 
the master sheets for the solvent type duplication using 
the reflex technique, in each case the layer of the trans 
fer composition must be of a definite, uniform thickness 
and present a very Smooth surface in order to make com 
plete, intimate contact with the surface to which transfer 
is to be effected. The formulations of the composition 
for both the spirit type duplicating master sheets for use 
with the shoot-through technique and the spirit type dupli 
cating master sheets for use with the reflex technique are 
essentially the same, the main difference between these 
two types of master sheets being in the thicknesses of the 
composition layers employed and the different types of 
Support sheet employed. 
The dyes used in the formulations for the transfer com 

positions of the spirit duplicating type are alcohol soluble 
and are highly infrared absorbing dyes, having specific 
oil absorption characteristics which permit these dyes to 
be dispersed and distributed homogeneously into an oil 
or wax base vehicle. This oil absorption characteristic 
is determined on the basis of the quantity of oil that can 
be uniformly absorbed by a given quantity and kind of 
dye. For crystal violet dye, a practical maximum oil 
absorption characteristic (Gardner-Holman method) is a 
milliliter of oil per five grams of dye. In this circum 
stance, it means that five grams or less of crystal violet 
dye can be evenly dispersed and distributed in a milliliter 
of oil but that if a greater quantity of dye is inserted in 
a milliliter of oil, the dispersement and distribution of 
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completely disclosed hereinafter, that in the formulations 
of transfer material for solvent type duplication usage, 
the total weight of dye as to other constituents in the 
formulation may range between 20% and 65%, the upper 
limit being determined by the amount of oil used in the 
formulation and the oil absorption characteristics of the 
particular dye used. The preferred dyes have been found 
to include crystal violet, as previously mentioned, 
nigrosine and methyl violet. 

it has been found that these dyes with waxes selected 
from the group of natural waxes including paraffin wax, 
microcrystalline and ceresin wax, natural mined waxes 
including montan and ozokerite, and natural vegetable 
Waxes including carnauba, candelilla, Japan wax, flax 
Wax and Sugar cane wax and oils including mineral oil, 
castor oil and lanolin, can be combined under precise 
conditions and formulations to give a transfer material 
having the desired properties of plasticity permitting 
localized adherence or cementation with a contacting 
Surface and permitting mechanical disruption of the layer 
of transfer material so that there can occur a release and 
transfer of a discrete plug of the composition from its 
layer to its contacting master sheet by use in the infrared 
transfer process. In this formulation, it is not necessary, 
and actually it is not preferred, that the composition 
should attain a liquid state in effecting this unique kind 
of material transfer wherein a plug of the material is 
transferred from this supply sheet. While it is not com 
pletely understood, it can be shown that the specific wax 
blends play a most significant part in effecting the char 
acteristic of localized cementation which must necessarily 
occur before there can be any mechanical disruption and 
which is critical to achieving a discrete and exact transfer 
of the transfer material from the supply sheet to the 
master sheet. 

In FIGURES 20A, 20B, 200, 20D and 20E, there is 
illustrated a range of acceptable formulation mixtures 
of wax to major oil to minor oil in a tricoordinate graph 
form for specific percentages of dye in each formulation. 
Giving specific consideration to FIGURE 20A, this is a 
tricoordinate plot of the acceptable range of formulations 
found to be usable for presenting useful transfer com 
positions in the preparation of solvent type duplicating 
masters where the dye content is 65% by weight of the 
total formulation. The single point within the area of 
16A defines a specific mixture that has found to be usable 
for the preparation of a transfer composition for spirit 
type duplication. It is understood that in this instance, 
representative of 65% dye by weight of the total form 
ulation, the plots define the percentage of wax to major 
oil to minor oil by weight in the remaining 35% of the 
total formulation. Specifically, as shown in FIGURE 
20A, the range of acceptable mixtures of wax to major 
oil to minor oil in the remaining 35% of the formulation 
Weight is as follows: 

Percent 
Wax ------------------------------------ 30-20 
Major oil--------------------------------- 70-20 
Minor oil--------------------------------- 0-15 

The mixture in an actual formulation is as follows: 
Wax: Percent 

Carnauba ------------------------------- 30 
Major oil: 

Mineral oil (Red Z oil)-------------------- 70 
Minor oil------------------------------------- O 

where the mixture of dyes employed is 97% crystal 
violet and 3% is methyl violet. 

In FIGURE 20B is presented a range of acceptable 
Wax to major oil to minor oil mixtures for a formula 
tion including 55% dye. The single point within the 
area identifies an actual mixture, by way of example for 
a formulation including 55% dye by weight. In FIG 

that dye would not be uniform. It has been found, as 75 URE 20B, the range of acceptable mixtures for wax to 
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major oil to minor oil for a formulation including 55% 
dye by weight is as follows: 

Percent 
Wax. ------------------------------------ 33-15 
Major oil--------------------------------- 35-15 
Minor oil--------------------------------- 32-15 

The mixture in an actual formulation is as follows: 
Wax: Percent 

Carnauba -------------------------------- 31 
Beeswax. --------------------------------- 13 

44 
Major oil: 

Mineral oil (Red Z oil)-------------------- 33 

Minor oil 
Castor oil-------------------------------- 13 
Lanolin ---------------------------------- 10 

23 

where the mixture of dyes employed is 90% crystal violet 
and 10% methyl violet. 
FIGURE 200 illustrates the range of acceptable mix 

tures of wax to major oil to minor oil for use in the 
preparation of a spirit carbon formulation for which the 
the dye content is 50% by weight. The area therein 
defines the range of mixtures found to be usable for 
purposes of presenting useful transfer compositions for 
the preparation of solvent type duplicating masters and 
the single point within the area identifies a specific mix 
ture that has been prepared within this range of mix 
tures. In FIGURE 200 the range of acceptable mixtures 
of wax to major oil to minor oil for use in the prepara 
tion of a spirit formulation for which the dye content 
is 50% by weight is as follows: 

Percent 
Wax ------------------------------------ 50-15 
Major oil--------------------------------- 30-15 
Minor oil--------------------------------- 20-15 

The mixture in an actual formulation is as follows: 

Wax: Percent 
Carnauba -------------------------------- 44 

Major oil: 
Mineral oil (Red Zoil---------------------- 40 

Minor oil: 
Castor oil-------------------------------- 12 
Lanolin --------------------------------- 4 

16 

where the mixture of dyes employed is 90% crystal 
violet and 10% methyl violet. 

In FIGURE 20D, there is illustrated a range of ac 
ceptable mixtures of wax to major oil to minor oil in a 
spirit transfer formulation for which the dye content is 
40% by weight. The area defined in the figure identifies 
mixture found to be useful for purposes of presenting 
useful transfer compositions for the preparation of sol 
vent type duplicating masters and the single point within 
the area identifies an actual mixture that has been found 
to be useful for that purpose. In FiGURE 203D, the 
range of acceptable mixtures of wax to major oil to 
minor oil found to be useful in a spirit type duplication 
formulation including 40% dye by weight is as follows: 

Percent 
Wax. ------------------------------------ 80-15 
Major oil--------------------------------- 20-15 
Minor oil--------------------------------- 0-15 
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The mixture in an actual formulation is as follows: 
Wax: Percent. 

Carnauba -------------------------------- 90 
Major oil: 

Mineral oil (Red Z oil)-------------------- 10 
where the dye employed is entirely crystal violet. 

in FIGURE 20E, there is illustrated a range of accept 
able mixtures of wax to major oil to minor oil for spirit 
type duplicator formulations for which the dye content 
is 20% by weight. The area defined therein identifies 
mixtures found to be useful for purposes of presenting 
useful transfer materials for the preparation of solvent 
type duplicating masters. The single point identified 
within the area indicates an actual mixture found to be 
useful in this purpose. in FIGURE 20E the range of 
acceptable mixtures of wax to major oil to minor oil 
found to be useful in the preparation of formulations for 
which the dye content is 20% by weight is as follows: 

Percent 
Wax ------------------------------------ 80-15 
Major oil--------------------------------- 20-15 
Minor oil--------------------------------- 0-15 
The mixture in an actual formulation is as follows: 
Wax: Percent 

Microcrystailine (Cardis wax. 262).----------- 88 
Candellila ------------------------------- 2 

90 
Major oil: 

Mineral oil (Red Zoil)-------------------- 10. 
Minor oil------------- - - - - - - - - - - - - - - - - - - - - - - - 0. 

where the dye employed is entirely crystal violet. 
FIGURE 200 illustrates a preferred formulation for 

transfer materials used commercially in preparation for 
transfer of transfer sheets for spirit type and hectograph 
type duplicating operations. Each of the tricoordinate 
picts of FIGURES 20A, 20B, 20O, 20E) and 20E defines 
formulations which, when used in accordance with the 
infrared transfer process of this invention, achieve the de 
sired characteristics of softening or flow of the transfer 
material, selective bonding between the transfer material 
and its adjacent master sheet, and mechanical rupture 
of the transfer material so that a discrete plug can be 
pulled from the transfer sheet onto the master sheet in 
the exact configuration of the image on the original sheet. 
The wax mixtures used in the formulations should have 

melting points which do not exceed 250 F. The use 
of waxes having higher melting points requires the use 
of large quantities of oil in relation to the quantity of 
wax used and makes it difficult to achieve a transfer 
material having the desirable characteristics of selective. 
bonding and mechanical rupture by which discrete plugs 
of material are transferred to a master sheet. It should 
be pointed out, however, that the success of the process 
is not determined entirely by the melting point of the Wax 
but is dependent upon the transfer material composition 
attaining a state of plasticity under the temperature con 
ditions of the infrared transfer process so that selective: 
bonding to the master sheet can be achieved. 
The preferred composition, as defined in FIGURE. 

20C attains a condition of plasticity at a temperature of 
approximately 143 F., as observed from a plot of time 
and temperature studies on the composition. Further, 
it has been determined that for a master sheet and a 
supply sheet in contact under the pressure of about twelve 
pounds per square inch, plasticity in the transfer mate 
rial and bonding between the transfer material and the 
master sheet occurs at a temperature of approximately 
125 F. Twelve pounds per square inch is for all prac 
tical purposes the pressure achieved in the vacuum frame 
structure of FIGURE 2. This temperature for bond 
ing at 125 F. was determined experimentally by using a 
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master sheet and a supply sheet pressed under a weight 
of twelve pounds per square inch on a graduated tempera 
ture bar. 
The foregoing discussions with regards to dye, wax, 

and oil mixtures have related to formulations for use in 
the preparation of a spirit duplicator type transfer sheet. 
This information applies both to the transfer sheet used 
for the preparation of a spirit type duplicator master 
sheet by the shoot-through technique and for the prepara 
tion of a spirit type duplicator master sheet by the reflex 
technique. The primary difference between the transfer 
sheets used in the shoot-through process and in the reflex 
process are the characteristics of the carrier sheet, which 
characteristics are defined elsewhere herein, and in the 
thickness of the layer of transfer material carried on the 
sheets. 

In the case of the transfer sheet used for the prepara 
tion of a solvent type duplicator master sheet by the 
shoct-through technique, the layer of transfer material is 
relatively thick as compared to those layers employed in 
other types of supply sheets and is in the range of from 
0.3 to 1.0 mill in thickness and is applied to the base 
sheet at a weight of from 4.0 pounds to 8.5 pounds per 
thousand square feet. In applying this layer of transfer 
material to its carrier sheet, the composition is flowed 
on at a temperature slightly in excess of its flow tempera 
ture, or in the near range of above 143 F., and then 
chilled in order to secure some adherence to the carrier 
without developing excessive bonding therebetween. 

With regards to the layer of transfer material em 
gloyed in the transfer sheet for the preparation of a spirit 
type duplicator master sheet by the reflex method, the 
thickness of the layer is considerably less than that used 
for the shoot-through technique and is in a range from 
0.25 to 0.4 mill in thickness and is applied at a weight of 
from 2.0 pounds to 4.4 pounds per thousand square feet. 
In applying this layer of material to its carrier sheet, it is 
flowed on at a temperature slightly above its flow tem 
perature, that is in the near range above 143 F., and 
the sheet is then chilled in order to secure adherence be 
tween the carrier and the layer of transfer material with 
out developing excessive bonding therebetween. A fur 
ther requirement is that the transfer material be applied 
to a carrier sheet having an infrared transmission density 
of 0.1 Densichron units or less, as measured by a Den 
sichron. 

Particular care must be exercised in the preparation 
of the transfer sheet for use in the reflex method because 
its use requires that the impinging infrared radiations 
pass substantially through the supply sheet undiminished 
and impinge on the infrared absorptive, heat-generating 
characters of the image sheet. This results in a discrete 
heat image being created which must traverse back 
through the non-integrated laminate and the supply sheet 
without dispersion, absorption or reflection to the con 
tiguous surface of the transfer material and master sheet 
to achieve localized adherence or cementation. This 
achievement of selective bonding within the imaged areas 
between the transfer material and the master sheet is 
dependent upon the formulation of the transfer material, 
the thickness of the layer of transfer material and the 
characteristics of the carrier sheet upon which it is laid. 
it is particularly critical that the layer of transfer mate 
rial, which is comprised of dyes and wax and oil mix 
tures that are highly infrared absorptive, be capable of 
transmitting a substantial amount of the incident infrared 
radiation without at the same time absorbing so much 
infrared radiation so as to be softened to plasticity by 
the heat so generated. A considerable portion of the in 
cident infrared radiation must pass through the transfer 
sheet to the imaged sheet and the heat image thus created 
must then be transmitted back through the transfer sheet 
to secure the localized cementation or bonding at the con 
tiguous surface of the transfer material and master sheet. 
These conditions are accomplished by use of a formula 
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tion such as set forth in FIGURE 16C and the related 
subject matter of the specification. 

Giving consideration to the physical characteristics of 
the transfer composition to be used on the supply sheets 
for making facsimile copy, reference is made to the tri 
coordinate plot of FIGURE 21. As will be noticed from 
reference to this graph, the variables plotted are oil, major 
waxes, and minor waxes. A small percentage of dye is 
also used, but this is of an amount considered not critical 
and only sufficient to provide necessary coloration and 
contrast on the facsimile copy. The dyes used are pref 
erably of the oil soluble or wax soluble types such as 
Azo Oil Blue B dye. 
The major constituent in the formula for the transfer 

material of the supply sheet used in the preparation of 
facsimile copies consists of refined petroleum wax or 
waxes. Because such waxes comprise the major con 
stituent of the formula, they are, for purpose of plotting, 
referred to as “Major Waxes.” It has been found that 
petroleum paraffin wax is preferred because it has a sharp 
melting characteristic which best meets the requirement of 
the infrared transfer process of this invention. A major 
proportion of the paraffin wax is obtained from a narrow 
cut distilled fraction having a carbon chain of 29 to 31 
carbon atoms and a percentage of straight chain carbons 
in the range of 84 to 99% and has a melting point of ap 
proximately 151 F. This kind of wax has been found 
to give the most satisfactory results and are represented 
by the wax sold under the trade name of "Sunoco 5512.” 
The remainder of the wax mixture may be selected from a 
group of synthetic waxes such as polyethylene glycol 
6000, glycerol Stearates, penta waxes and glycol fatty acid 
esters; from the group of fatty acids such as stearic, pal 
Initic and myristic; from the group of insect waxes such 
as beeswax, and from the group of mined waxes such as 
montan wax. By virtue of the fact that these last-named 
waxes appear in the formulation for the transfer material 
employed in the preparation of facsimile copies in minor 
proportions, they are for the purpose of plotting in the 
graph of FIGURE 21 identified as “Minor Waxes.” As 
shown in the tricoordinate plot of FIGURE 21, the range 
of mixtures usable in the transfer material formulation 
for the preparation of facsimile copy is within the range 
as follows: 

Percent 
Major wax-------------------------------- 80-20 
Minor wax-------------------------------- 10-10 
Oil -------------------------------------- 10-10 

The mixture for the preferred transfer composition for 
preparing facsimile copies is: 

Percent 
Major wax: 

Paraffin (Sunoco 5512).--------------------- 95 
Minor wax: 

Beeswax --------------------------------- 3 
Montan wax------------------------------ 2 

Oil ------------------------------------------ 50 
To this preferred mixture is added Azo Oil Blue Black B 
dye in an amount so as to constitute approximately 2% 
by weight of the total formulation. 
The preferred transfer material for making facsimile 

copies has a flow temperature of approximately 141 F. 
at atmospheric pressure. This temperature is observed 
from a plot of time and temperature studies made of the 
material. In the case of a supply sheet and a copy sheet 
under a contact pressure of approximately twelve pounds 
per Square inch, it is found that plasticity occurs in the 
transfer material and bonding between the supply sheet 
and copy sheet occurs at a temperature of approximately 
116 F. This temperature was determined experimentally 
by using a supply sheet and a copy sheet pressed under 
Weight of twelve pounds per square inch on a graduated 
temperature bar. The preferred transfer material is ap 
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plied in a thickness from 0.05 to 0.4 mil and in an 
amount ranging in weight from one pound to three 
pounds per thousand square feet by heating the transfer 
material to slightly above its flow point of 141. F. and, 
thereafter, after application, chilling it in order to secure 
adherence without bonding to the carrier. The sheet thus 
coated must be of proper smoothness in order that intinate 
contact be attained between it and the copy sheet to 
which the transfer is to be made. 
By the use of such a transfer material mixture applied 

in the manner as described, there is achieved a Supply 
sheet of very thin caliper which is stable at temperatures 
substantially above room temperature. The copy prepared 
through the use of the mechanisms herein described, and 
in the manner described, provides a facsimile copy with 
a minimal deposit of transfer material, yet Sufficient to 
produce an image of high opacity and contrast by the in 
frared transfer process of this invention, but unaffected 
by subsequent handling or anoderate heating, so as to be 
substantially smear-proof. By the use of the transfer ma 
terial of the thickness defined on a carrier sheet for which 
the infrared transmission density does not exceed 0.1 Den 
sichron units, there is provided a supply sheet usable in 
any of the assemblages for preparing facsimile copy by 
either the shoot-through or reflex techniques. The trans 
fer sheet rust be capable of transmitting a substantial. 
amount of the infrared radiation it receives upon exposure 
without the layer of transfer material being softened to. 
a condition of plasticity due to any heat generation from 
absorption of some cf the incident infrared radiation. 
Further, he supply sheet so prepared must possess the 
property of transmitting back to its surface contiguous to 
the copy sheet the discrete heat pattern so as to soften 
the contiguous surface in the areas that correspond to the 
imaged areas of the original. In this circumstance, local 
einentation or selective bonding between the supply sheet. 
and copy sheet is effected and upon separation of the two 
sheets a discrete plug of the supply material corresponding 
to the image on the original is transferred to the copy 
sheet. 

Giving consideration to transfer material suitable for. 
preparing lithographic master sheets, and particularly 
those of the offset kind, reference is made to the tri-co 
ordinate plot of FIGURE 22. The three variables plotted. 
are oil, paraffin wax (Major Wax) and natural waxes 
(Minor Wax). This composition so prepared bears a 
close relationship to that employed in the transfer material. 
for making facsimile copy. As a matter of fact, the trans 
fer material used for making lithographic masters must 
meet all of the requirements outlined in regard to the pre 
ferred transfer material for making facsimile copy, but, 
in addition, must also secure closely to the master and be 
relatively hard to withstand the continuous pressures to 
which the lithographic masters are subjected during the 
operation of the process. Further, the transfer material 
must be relatively free of oil and the supply sheet must 
transfer the grease receptive formula only in those discrete 
areas which correspond to the infrared absorptive, heat 
generating inages on the original. 

It is not entirely necessary to employ a dye in the 
transfer material, however, for practical reasons, in order 
to provide a visible image capable of inspection, a dye. 
such as Oil Red O may be employed. The oil used is 
selected from the group of mineral oils obtained by petro 
leum distillation and is preferably of the parafiinic or 
napthenic base type or mixtures thereof. The wax em 
ployed is a mixture of low oil content, refined parafiinic 
wax in combination with wax selected from the class of 
mined waxes such as montan and Ozokerite. Minor pro 
portions of insect waxes and beeswax may be added to 
the wax mixture. This formulation provides the desir 
able property of selective cementation of the transfer 
material and upon mechanical disruption of the supply 
sheet from the sheet to which transfer is to be made, 
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ferred from the supply sheet to the lithographic master. 
The transfer material thus formulated is usable for 

both the shoot-through and the reflex techniques of imag 
ing a lithographic master. In the shoot-through method, 
the infrared radiation is first directed onto the infrared 
absorptive, heat-generating characters on the original and 
under contact of pressure a heat image which develops 
at the original is transmitted to the supply sheet. This 
heat image must pass uíndistorted and undiminished 
through the carrier on which the transfer composition is 
coated, in order to selectively soften the lithographic 
transfer composition so that the seiective cementation 
may occur yielding a sharp reading lithographic master 
on mechanical separation. It is imperative that transfer 
does not occur in the non-inage area because even the 
most minor transfers of the grease receptive wax coating 
in the non-image areas will reproduce on the lithographic 
duplicator. 
The lithographic supply sheet may be used in the re 

flex method. The supply should include the transfer 
material of a thickness, as defined, on a carrier sheet for 
which the infrared transmission density does not exceed 
0.1 Densichron units. 
tion is directed onto the uncoated side of the supply sheet 
and is transmitted through the carrier sheet and the 
transfer composition to the infrared absorptive, heat 
generating image on the original. There the infrared 
radiations are converted into a heat image which is passed 
back to the supply sheet. Accordingly, the surface of 
the transfer material contiguous to the lithographic mas 
ter is rendered plastic so that local cenentation occurs 
between the Surface of the lithographic master in those 
areas of the supply sheet which corresponds to the infra 
red-absorptive, heat-generating characters on the original. 
Through the use of this unusual novel lithographic 

Supply sheet, the impinging radiations are substantially. 
transmitted therethrough without the development of suf 
ficient heat within the supply sheet which could result 
in uncontrolled transfer of the grease receptive material 
to the surface of the lithographic master in the non-image 
areas. The range of mixtures found to be acceptable in 
transfer materials for use in preparing lithographic mas 
ter, sheets, as illustrated in FIGURE 22 are as follows: 

Percent 
Major wax-------------------------------- 85.15 
Minor wax-------------------- 
Oil -------------------------------------- 

In one embodiment of the transfer material, the follow 
ing formulation was employed: 
Major wax: Percent 

Paraffin Wax (Sunoco 5512).---------------- 50. 
Montan ----------------------------- ----- 50 

To this mixture is added Oil Red O dye in an amount so. 
as to constitute, by weight, approximately 2% of the 
total formulation. In these formulations it has been 
found that minor proportions of natural waxes such as 
beeswax, Carbowax 6000 and stearic acid provide a con 
stituent which will carry the dye to be inciuded in the 
mixture. It has been noted that as the percentage of 
montain wax, which causes a hard and somewhat brittle 
structure, is increased beyond the 50%, small percentages 
of oil must be included in order that the formula have 
the proper condition of plasticity necessary to achieve 
the localized cementation under the conditions of ex 
posure of the infrared transfer process of this invention. 

It will be noted by comparing FIGURE 21 to FIG 
URE 22 that the range for acceptable transfer materials 
for the preparation of facsimile copies includes the range 
of acceptable materials for use in the preparation of off 
Set lithographic master sheets. However, in the latter 
case of the lithographic transfer materials, the range of 
composition is more restricted. The preferred transfer 

causes sharp, well defined, ink receptive plugs to be trans- 5 mixtures, in both instances, are in the same proportion, 

in this method, the infrared radia- - - 
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the only difference between the two being that the wax 
mixture for the preparation of the facsimile copy is made 
up largely of parafiinic waxes, the relation between the 
parafiinic and mined waxes being 90:10, whereas in the 
transfer material for the preparation of offset lithographic 
masters, the wax mixture is comprised of approximately 
equal quantities of parafiinic wax and mined wax. The 
presence of the montan wax in the transfer material for 
the lithographic master provides a harder surface so that 
there will be no unwanted transfer occurring as a result 
of the pressure which is applied to the asserably with the 
production of undesired background tone which will re 
suit if the grease receptive material on the Supply sheet 
is picked up in the non-image areas. 
The flow temperature of the mixture for the preferred 

transfer composition in the preparation of direct and off 
set lithographic masters lies within the range of 145 at 
atmospheric pressure to 125 F. at pressures 12.7 pounds 
per square inch above atmospheric pressure. This ma 
terial is applied to the carrier in a thickness of from 0.05 
to 0.15 mil and in an amount by weight of from one to 
two pounds per thousand square feet. The resultant Sup 
ply sheet is relatively thin for usage in the preparation 
of an offset iithographic master either by the shoot 
through or refleX techniques. 

In the foregoing there has been described preferred 
mixtures of waxes, oils and dyes for use in the various 
supply sheets of the invention. The specific examples 
have been directed to supply sheets for spirit duplicator 
type master sheets prepared by either shoot-through tech 
niques or reflex techniques, facsimile copies prepared by 
either shoot-through or reflex techniques, and offset litho 
graphic duplicator master sheets prepared by either shoot 
through or reflex techniques. The same parameters set 
forth with regard to the spirit duplicator type process will 
apply to the preparation of transfer materials to be used 
in the making of hectograph type master sheets and chem 
ical reaction type master sheets. Similarly, the parameters 
defined for preparing transfer material to be used in mak 
ing offset lithographic masters will apply to preparation 
of transfer materials for making direct lithographic master 
sheets. 
The presentation of considerations in preparing the 

various transfer materials completes the description of the 
mechanisms employed in the invention. By way of a re 
view these mechanisms have been found to include the 
exposure devices of FIGURES 1 and 2 involved in carry 
ing out the process, the various assemblages of sheets 
shown in FIGURES 3A and 3B through 15A and 15B 
that may be employed in the invention and the character 
istics of the various sheets used in the assemblages includ 
ing the original sheets, copy sheets and carrier sheets and 
the preferred mixtures for the transfer materials employed 
in the various assemblages as illustrated in FIGURES 
16 through 19. it is left now to consider the method in 
which these mechanisms are employed in the invention 
to achieve the purposes thereof. During the course of 
the consideration of the method of the invention, further 
understandings will be achieved in Tegards to the mecha 
nisms themselves. 

THE METHOD OF THE INVENTION 

Consideration will be given first to the broad nature of 
the method of usage or philosophy of the invention and 
subsequently, consideration will be given to the specific 
method by which the mechanisms of the invention are 
employed in actual practice to achieve the objects of the 
invention. The method is considered as two steps: achiev 
ing Selective bonding in a laminate, and separation of the 
bonded laminate. 

Achieving Selective Bonding 
For the general purpose of explanation and assuming, 

for example, any one of the assemblages of sheets illus 
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26 
and 15b including an original sheet that is generally infra 
red radiation transparent but carrying thereon infrared 
absorbing-heat generating image characters, and a supply 
sheet which carries on one surface thereof a coating of 
transfer material flowable at a given temperature at a 
given pressure, the sheets are arranged so that the trans 
fer material is contiguous to a copying surface on which a 
transfer image is to be formed. For this general consid 
eration it is unimportant whether the copying Surface is 
one face of the original sheet as in a first generation as 
semblage or one face of a separate copy sheet as in a 
second generation assemblage and as referred to herein 
could be either. In such an assemblage, the sheets are 
urged into close association so as to form in composite 
a non-integrated laminate wherein the contiguous sur 
faces of the sheets are in smooth even contact. This close 
association is achieved by application of pressure through 
means of the exposure devices of FIGURE 1 or FIGURE 
2. Thereupon infrared rays are impinged in equal 
amounts upon lateral segments of the non-integrated lam 
inate. For the purposes of this general consideration, 
it is not important to consider whether the infrared radi 
ation is by the shoot-through technique or the reflex tech 
nique but only that the non-integrated laminate is irradi 
ated by infrared adiations. 

Within the laminate, the infrared radiations trace their 
way through the various sheets being selectively absorbed 
by the infrared absorbing materials and particularly by 
the image areas of the original sheet. in the image areas 
of the original, a corresponding heat pattern is developed 
which defines a heat image. In the practice of the in 
vention by precise control of paper, supply sheets and 
exposure the heat image corresponding to the image areas 
of the original sheet is the dominant over any other heat 
patterns that might be developed within the non-integrated 
laminate. 
The heat image developed in the original sheet must 

be transmitted substantially undistorted and undiminished 
through any layers of the non-integrated laminate to heat 
at least the surface of the layer of transfer material con 
tiguous to the copying surface. This means that the con 
duction of the heat image must be without any substan 
tial conflicting heat patterns being developed. This is 
critical for the purposes of maintaining good copy defini 
tion, it being understood that with lateral diffusion of the 
heat there is not only an attenuation or diminution of the 
peak temperature from that developed by the heat image 
of the original but that there is also a tendency to spread 
the heat image thereby to develop a dispersed heat image 
of Substantially greater area than the heat image originally 
generated in the original sheet and cause fill in of char 
acterS. 
Upon irradiation, the transfer material will develop a 

first heat due to infrared absorption of the materials in the 
non-image areas of the laminate. To this heat is added 
the image heat due to the conducted heat image generated 
at the original sheet. Thus at the surface of the transfer 
material contiguous to the copying surface there is de 
veloped a heat pattern including the first heat correspond 
ing to the non-image areas of the original, and a second or 
cumulative heat made up of the first heat and the image 
heat and corresponding to the image areas of the original. 
With proper infrared radiation control the first heat can 
be limited to generate at the contiguous copying surface 
a temperature which is below the flow temperature of the 
transfer coating at the existent pressure condition, where 
as the second or cumulative heat at the contiguous copying 
surface will be sufficient to generate a temperature at or 
above the flow temperature of the transfer material. This 
results in a selective activation of the transfer material to 
a discrete depth at its surface contiguous to the copying 
surface and of a breadth including only those discrete 
areas corresponding to the image areas of the original 
sheet. Preferably the selected activation effected should 

trated in FIGURES 3a and 3b through FIGURES 15a 75 create the condition of flow only at the surface of the trans 
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fer material contiguous to the copying surface as distin 
guished from its oppositely disposed carrier surface. This 
condition of flow in the transfer material with the existent 
preSSure thereon is sufficient to achieve the selective in 
tegration of or bonding between the copying surface and 
the contiguous surface of the transfer material. 
The above described action is clearly predictable in the 

case of the practice of the shoot-through methods and 
applies generally to the circumstance of reflex methods. 
However in some of the reflex assemblies the heat image 
Inlist traverse the thickness of the suppiy material and in 
this case it is necessary to exercise critical controls. Spe 
cifically it is by critical control of the transfer material 
formulations, the thickness of the transfer material layer, 
the characteristics of the carrier sheet as well as the charac 
teristics of the copy sheet that it is possible to achieve the 
required selective bonding. 
AS previously pointed out, the coating of transfer mate 

rial on the backing sheet is applied during the period of 
nianufacture so as to secure the layer of material to the 
carrier in a manner to permit easy handling but without 
effecting an integral attachment or bonding which would 
frustrate removal of the layer therefrom. Thus by exercis 
ing the control which effects selective activation of the 
layer of transfer material to a discrete depth only at its 
surface contiguous to the copying surface there is avoided 
the integral attachment or bonding at the transfer mate 
rial to the carrier sheet. 

Further, by utilizing a copying surface that is of relative 
ly greater roughness or tenaciousness as compared to the 
Securing Surface of the carrier sheet, in the circuinstance 
where the condition of flow has been developed on the 
Surface of the transfer material contiguous to the copying 
surface and particularly in the environment of pressure 
between the copying surface and the transfer material, the 
transfer material becomes integrated with the somewhat 
rougher tenacious copying surface thereby to effect the 
bonding therebetween. Accordingly, upon cooling, the as 
semblage which has heretofore been the non-integrated 
laminate becomes a selectively integrated laminate as be 
tween the copying surface and the contiguous surface of 
the transfer material and the selective integration takes 
place within the areas corresponding to the imaged areas 
of the original sheet. It cannot be over-emphasized that in 
achieving this precise and exact bonding or integration 
between the copying surface and the transfer material 
there is achieved an important and critical aspect of the 
practice of the invention. 

Pausing for a moment and reviewing the functions by 
which this important and critical aspect in the practice of 
the invention is achieved, it is first of all necessary that 
the assemblage including the original sheet and the Supply 
sheet be arranged under pressure to form non-integrated 
iaminate, that one of the outer surfaces of the non-inte 
grated laminate be radiated with infrared rays to develop 
a heat image corresponding to the image on the original 
sheet. This generated heat image must be conducted to the 
surface of the transfer material contiguous to the copying 
surface without diffusion or attenuation so as to effect on 
that surface and only to a discrete depth and within the 
areas corresponding to the heat image a condition of flow 
whereby due to the condition of pressure and due to the 
relatively more tenacious nature of the copying Surface 
the otherwise non-integrated laminate is selectively inte 
grated at the copying surface upon cooling and the con 
tiguous transfer material surface within the areas corre 
sponding to the image on the original sheet. 
The coincident conditions of: flow only on the one 

surface of the transfer material, relatively more tenacious 
character of the copying Surface, and pressure between 
Surfaces and the layer of transfer material are considered 
preferred although not essential as is explained herein 
after. Important to our present considerations is the 
understanding that at this time the copying surface has 
become Seiectively bonded to the contiguous surface of the 
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transfer material in accordance with the image on the 
Original sheet. Accordingly, the imaged original sheet 
having served its useful purpose, and if it in itself does." 
not constitute the copying surface, can be discarded. But, 
at this point in the method there is only a selectively inte 
grated laminate and there has been no transfer of an image. 
to the copying surface. The manner of separation of the 
laminate to achieve a transfer image is the next step in. 
the practice of the invention. 

Separation of the Laminate 
After having completed the step of selective bonding 

or integration, the final development of the transfer image 
is achieved by separating the sheet carrying the copy 
surface from the supply sheet carrying the layer of trans 
fer material. The mechanical separation of the two sheets 
causes rupture in the transfer layer and release of the 
transfer material to the copying surface specifically with 
in those areas of integration or bond, corresponding, to 
the imaged areas on the original sheet. The remainder 
of the layer of transfer material corresponding to the 
non-imaged areas of the original sheet is reserved to the 
supply sheet. 

Preferably, and as shown in FIGURE 23 and the cross 
sectional view of FIGURE 24, the supply sheet 85 is 
separated from the sheet 96 carrying the copying surface 
9, and it is through such separation that good definition 
and complete pull out of plugs 92 from the layer transfer 
material 84 is achieved. Specifically, as pointed out above 
there is a securing force or a force of attraction between 
the surface of the transfer material 84, and its carrier 
sheet 36, but the greater force of bonding is experienced 
between the copying surface 91 and the contiguous sur 
face 83 of the transfer material within the selective 
areas of bonding 93. Lifting of the supply sheet 85 from 
the sheet 9 carrying the copying surface causes a bend 
ing or flexure in the layer of transfer material thereby 
causing a shear to take place within the layer of transfer 
material at the areas 93 of bond. Accordingly, a "plug' 
92 of transfer material. is pulled from the layer, which 
plug reaches substantially to the depth of the layer of 
transfer material and to the breadth of the bonding areas 
corresponding to. imaged areas thereby providing on the 
copying surface a transfer image of sharp definition for 
which each character is full in both breadth and depth. 
The quality of the plug is of the kind that the supply 
sheet provides a sharp negative of the transfer image. 

It was pointed out above that the coincident conditions 
of: flow at the contiguous surface of the transfer mate- - 
rial, the relatively tenacious character of the copying 
surface, and the application of pressure were preferred 
but not essential coincident conditions to the practice of 
the invention. In explanation of that statement, while 
pressure does remain important to any consideration in 
order to achieve a closeness between the copying surface 
and the contiguous surface of the transfer material, the 
process is still effectual even if the condition of flow were 
developed throughout the thickness of the layer of transfer 
material, or even if the copying surface were not more 
tenacious than the carrier surface. However, if the con 
dition of flow should develop throughout the total thick 
ness of transfer material and should the copying surface 
to be of a smoothness, or tenacity, equal or less that of 
the surface of the carrier sheet, the attractive forces on 
the opposite faces of the transfer material could be 
equalized so as to result in only partial plugs or a poor. 
quality pull out upon mechanical separation of the supply 
sheet from the copying surface. 
By Way of review of this section on the method of the 

invention, in considering the heat and accordingly the 
temperature developed at the contiguous surface of the 
transfer materia for purposes of effecting its condition 
of flow, it is appreciated that when a material converts 
from a solid state to a flow state there occurs an absorp 
tion of energy without any Substantial change in tempera 
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ture. Accordingly, to effect this condition of flow it is 
necessary that the heat source, including the infrared 
radiation source and the infrared absorbing materials, be 
capable of developing at least a temperature correspond 
ing to the critical flow temperature of the transfer mate 
rial and that this temperature be maintained at the ap 
propriate condition of pressure only for an interval Sufi 
cient to develop that flow, and to effect bonding with the 
copying surface. From this it is seen that while the 
temperature developed within the original is important, 
most important is the heat or temperature developed with 
in the local areas at the contiguous surface of the transfer 
material and this is determined at least in part by the 
heat conductive qualities of the sheets, the thickness of 
the sheets and amount and kind of filler in the sheets 
and the number of sheets. Thus the process may be made 
to work even in the circumstance where the lowest ten 
perature developed in the original sheet is in excess of the 
critical flow temperature of the transfer material but 
only if a sufficient differential heat is developed between 
the image and non-image areas of the original and only 
if the conduction between the original and the contiguous 
surface of the transfer sheet is such that at the surface 
of the transfer material only the second or cumulative 
heat, corresponding to the image areas, is effective for 
causing selective activation of the transfer material. 

Obviously the first heat at the surface of the transfer 
material contiguous to the copying surface should never 
be so great as to cause undesired activation of the trans 
fer material. But also the second or cumulative heat 
should never be permitted to advance to any extreme 
level above that required to effect the condition of flow 
because such heating would create an extreme lateral 
temperature differential in the transfer material causing 
increased heat diffusion and a dispersed and filled in image 
of substantially greater area than the area of the image 
on the original. This would result in poor character 
definition and loss of legibility. 
The general method or philosophy of the invention 

just described will be better understood and appreciated 
upon consideration of the actual mechanisms and meth 
ods practical in accordance with the invention. 

Examples in the Practice of the Invention 
In the following examples of the invention as actually 

practiced, an exposure device of the vacuum frame type 
such as shown in FIGURE 2 is employed. In all of 
these examples the only variant within the exposure de 
vice is the traversal rate of the infrared radiation source. 
Accordingly, a recitation herein of the critical conditions 
within the exposure device will be understood to apply 
to all of the examples recited hereinafter. 
Source----------------------- Commercial infrared 

bulb (General Elec 
trict T-3). 

Reflector (elliptical focus 
distances)------------------ 2 inches. 

Glass plate-------------------- Grade 3 plate glass. 
Pressure---------------------- 12 lbs. 
A blower is employed within the apparatus for main 
taining the machine substantially at ambient temper 
ature. 

EXAMPLE -SPIRIT MASTER SHEET BY 
SHOOT-THROUGE 

The assemblage used in the preparation of a spirit 
master sheet by shoot through is that illustrated in FIG 
URES 4a and 4b and is properly referred to as the as 
semblage for producing second generation reverse read 
ing images by the shoot-through technique. In this as 
semblage there is included an original sheet 30 bearing 
the transfer image 32, and a supply sheet 35 made up 
of a layer of transfer material 34 and a backing sheet 
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the master sheet 40 and the composition of the layer 
of transfer material 34. 

Exposure of the mechanisms in accordance with the 
teachings of this invention results in selective activation 
of the transfer material to a discrete depth at the surface 
contiguous to the master sheet and of a breadth corre 
sponding only to the image areas of the original. The 
desired cementation or bonding takes place between the 
Supply sheet and master sheet so that thereafter me 
chanical separation of the sheets causes ruptures in the 
layer of transfer material at the areas of cementation. 
In this manner plugs of transfer material, to the depth 
of its layer, are pulled from the supply sheet thereby 
presenting on the master sheet a discrete and accurate 
master for preparation of copies by the spirit type dupli 
cator process. 

In actual practice the original sheet has the following 
characteristics: 
Caliper -------------------------------mils-- 1.4 
Densichron rating---------------------------- 0.16 
Homogeneity -------------------------------- 0.04 
The copy sheet or master sheet has the following char 
acteristics: 

Caliper -------------------------------mils-- 1.4 
Densichron rating---------------------------- 0.16 
Homogeneity -------------------------------- 0.04 
Smoothness (Sheffield)------------------------ 80 
The composition of the transfer material is exactly that 
as set forth in FIGURE 19C: 

Percent 
Wax mixture---------------------------------- 44 
Major oil------------------------------------- 40 
Minor oil------------------------------------- 16 
with crystal violet and methyl violet dyes being added to 
the amount of 50% of the total weight of the wax, oil 
and dye formulation. The thickness of the transfer layer 
is 0.6 mil. 

For a sharply delineated master sheet carrying thereon 
a transfer image of full breadth and depth the exposure 
rate was found to be three inches per second. 
EXAMPLE. I.-SPRIT MASTER SHEET Y REFLEX 

The assemblage used in preparing a spirit master by 
reflex is illustrated in FIGURES 9a and 9b. The assem 
blage thereof is properly referred to as a second gener 
ation reverse reading image by the reflex technique. 
Therein the critical components are the copy sheet or 
master sheet 40, the supply sheet 55 including the compo 
sition of the transfer material and the characteristics of 
the carrier sheet 56. The characteristics of the original 
sheet 30 are not important other than it be capable of de 
veloping a dominate heat image corresponding to the 
original image thereon, and that the sheet itself be sub 
stantially non-absorptive of infrared radiation. 
The characteristics of the copy sheet or master sheet 

are as follows: 

Caliper -------------------------------mils-- 1.4 
Densichron rating---------------------------- 0.16 
Homogeneity -------------------------------- 0.02 
Smoothness (Sheffield)------------------------ 80 
The characteristics of the transfer material are: 

Percent 
Wax ---------------------------------------- 44 
Major oil------------------------------------- 40 
Minor oil------------------------------------- 16 

with crystal violet and methyl violet dye in the amount 
of 50% by weight of the total weight of the wax, oil and 
dye formulation. The thickness of this transfer material 

36. The critical mechanisms are the original sheet 30, 75 layer is 0.3 mil. 
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The characteristics of the carrier sheet are as follows: 

Caliper -------------------------------mills-- 1.2 
Densichron rating---------------------------- 0.04 
Homogeneity -------------------------------- 0.04 
Smoothness. (Sheffield).------------------------ 90 
By operating the exposure device to provide a traversal 
at the rate of 3.4 inches per second, there is produced a 
sharply delineated master sheet carrying thereon a trans 
fer image of full breadth and depth. 

Performance of the method of the invention in accord 
ance with the novel reflex teachings causes selective acti 
vation of the transfer material in a breadth corresponding 
only to the image areas of the original. Effective cemen 
tation or bonding takes place at that surface of the trans 
fer material, contiguous to the master sheet. Mechanical 
separation thereafter of the Inaster sheet and supply sheet 
causes ruptures in the layer of transfer material at the 
areas of cementation. Accordingly, plugs of transfer ma 
terial, to the depth of the layer are pulled from the 
supply sheet thereby presenting on the master sheet a 
discrete and accurate master for use in the preparation 
of copies by the spirit type duplicator process. 
EXAMPLE II. FACSIMILE COPY BY SHOOT-THROUGH 

In the preparation of a facsimile copy by shoot through, 
an assemblage is used such as shown in FIGURES 8a and 
8b. As referred to previously, this is an assemblage for 
producing a second generation direct reading image by 
the shoot through technique. Therein the critical mech 
anisms are the original sheet 38, the copy sheet 40 and 
the composition of the transfer material layer carried on 
the supply sheet. The characteristics of the original 
sheet are: 

Caliper ------------------------------ mils-- 1.4 
Densichron rating --------------------------- 0.16 
Homogeneity ------------------------------- 0.02 
The characteristics of the copy sheet are not of critical 
importance. The preferred composition of the transfer 
material is as shown in FIGURE 20: 

Major wax: Percent 
Parafin (Sunoco 5512) -------------------- 95 

Minor wax: 
Beeswax -------------------------------- 3 
Montan Wax ---------------------------- 2 

5 

with Axo Oil Blue Black B. dye being added to the wax 
mixture in an amount so as to constitute approximately 
2% by weight of the total formulation. The thickness 
of the transfer composition layer is approximately 0.i 
inil. 
By exposing the non-integrated laminate at a traversal 

rate of 5.8 inches per second, there is provided a sharply 
delineated facsimile copy. 

Specifically, exposure of the mechanism in accordance 
with the teachings of the invention results in selective 
activation of the transfer material to a discrete depth at 
the surface contiguous to the copy sheet and of a breadth 
corresponding only to the image - areas of the original. 
The desired cementation or bonding takes place between 
the supply sheet and copy sheet so that thereafter me 
chanical separation of the -sheets causes rupture in the 
layer of transfer material at the areas of cementation. 
in this manner plugs of transfer material, to the depth of 
its layer, are pulled from the supply sheet thereby pre 
Senting on the copy sheet a discrete and accurate copy 
of the original sheet. 

EXAMPLE. W. EACSIMILE COPY BY REFLEX 

Facsimile copy by reflex employs the assemblage shown 
in FIGURES 11a and 11b and is referred to as the as 
Semblage for producing second generation direct reading 
images by the reflex technique. Therein the important 
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characteristics are those of the supply sheet 55 including 
the characteristics of its transfer layer 54 and its carrier . 
sheet 56, and the characteristics of the copy sheet 40. 
The characteristics of the transfer material are as de 

Scribed above in regard to Example III with the material 
being applied in a thickness of 0.1 mill on the carrier 
sheet. The carrier sheet has the preferred character 
istics of: 

Caliper. ------------------------------ mils.-- 1.2 
Densichron rating --------------------------- 0.04 
Homogeneity ------------------------------- 0.04 
Smoothness (Sheffield) ---------------------- 90 
The copy sheet has the preferred characteristics: 
Caliper ------------------------------mils-- 1.4 
Densichron rating --------------------------- 0.16 
Homogeneity ------------------------------- 0.02 
Smoothness (Sheffield) ---------------------- 80 
By operating the exposure device to traverse - the infra 
red radiation source at the rate of 5 inches per minute, 
a sharply delineated facsimile copy is achieved. - 

Performance of the method of the invention in ac 
cordance with the novel reflex teachings causes selective 
activation of the transfer material substantially through- . 
out the thickness of the layer and of a breadth corre 
sponding only to the image areas of the original. Effec 
tive cementation or bonding takes place at the surface of 
the transfer material contiguous to the copy sheet. Me 
chanical separation thereafter of the copy sheet and sup 
bly sheet causes ruptures in the layer of transfer 
material at the areas of cementation. Accordingly, 
plugs of transfer material to the depths of the layer are 
pulled from the supply sheet thereby presenting on the 
copy sheet a discrete and accurate copy of the original 
sheet. 

EXAMPLE. W.-OFFSET LITHOGRAPHIC MASTER BY 
SHOOT THROUGH 

In preparing an offset lithographic master the assem 
blage shown in FIGURES 8a and 8b is employed. As 
pointed out previously, this is referred to. as an assem 
blage for producing. a second generation direct reading 
image by the shoot-through technique. The important 
characteristics therein are those of the original sheet 30, 
the master sheet 40, and the composition of the layer of 
transfer material 34. 
The characteristics of the original sheet are: 

Caliper ------------------------------ mils-- 1.4 
Densichron rating --------------------------- 0.16 
Homogeneity------------------------------- 0.02 
The characteristics of the preferred lithographic master 
sheet are not of critical importance. 
The composition of the transfer material is as illus 

trated in FIGURE 21: 

Major wax: Percent 
Paraffin wax (Sunoco 5512) ---------------- 50 
Montan wax ----------------------------- 50 

to which Oil Red O dye is added in. an amount so as to 
constitute, by weight, approximately 2% of the total 
formulation. The layer of transfer material is of an ap 
proximate thickness of 0.1 mil. 
By operating the exposure device to traverse the infra 

red radiation source at the rate of 5 inches per second, 
a sharply delineated and clean offset lithographic master 
sheet is achieved. Exposure of the mechanism in accord 
ance with the teachings of the invention results in selec 
tive activation of the transfer material to a discrete depth 
at the surface contiguous to the master sheet and of a 
breadth corresponding only to the image areas of the 
original. The desired cementation of bonding takes place 
between the supply sheet and the master sheet so that 
thereafter mechanical separation of the sheets causes rup 
ture in the layer of transfer material at the areas of 
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cementation. In this manner plugs of transfer material, 
to the depth of its layer, are pulled from the supply sheet 
thereby presenting on the master sheet a discrete and ac 
curate master copy of the original sheet for use in prep 
aration of copies in a lithographic printing press. 

EXAMPLE WI.-OFFSET LITHOGRAPHIC MASTER, 
BY REELEX 

Preparation of an offset lithographic master by the re 
flex technique requires an assemblage such as shown in 
FIGURES 11a and 11b and is referred to as an assem 
blage for producing second generation direct reading 
images by the reflex technique. Therein the important 
characteristics are those of the supply sheet 35 including 
the characteristics of its transfer layer 54 and its carrier 
sheet 56, and the characteristics of the copy or master 
sheet 40. 
The characteristics of the original sheet are: 

Caliper --------------------------------mils-- 1.4 
Densichron rating---------------------------- 0.16 
Homogeneity -------------------------------- 0.02 
The characteristics of the preferred lithographic master 
sheet are: 
Caliper -------------------------------mills-- 1.6 
Densichron rating---------------------------- 0.16 
Homogeneity -------------------------------- 0.01 
Smoothness (Sheffield).--------------------- 21-250 
The composition of the transfer material is as illustrated 
in FIGURE 21: 
Major wax: Percent 

Paraffin wax (Sonoco 5512).----------------- 50 
Montan ---------------------------------- 50 

with Oil Red O dye being added in an amount to consti 
tute by weight 2% of the total formulation. The layer 
is applied in a thickness of 0.1 mil. 
By operating the exposure device to traverse the infra 

red radiation source at a rate of 1.5 inches per second, a 
sharply delineated and clean offset lithographic master is 
achieved. Performance of the method of the invention 
in accordance with the novel reflex teachings causes selec 
tive activation of the transfer material in breadth corre 
sponding only to the image areas of the original. Effec 
tive cementation or bonding takes place at the surface of 
the transfer material contiguous to the master sheet. 
Mechanical separation thereafter of the master sheet and 
supply sheet causes ruptures in the layer of transfer ma 
terial at the areas of cementation. Accordingly, plugs of 
transfer material to the depth of the layer are pulled from 
this supply sheet thereby presenting on the master sheet 
a discrete and accurate master for use in preparation 
of copies by the lithographic printing process. 
The foregoing examples are given only by the way of 

example and in the interest of making the complete teach 
ing of the invention. The characteristics described there 
in are not considered to be limitations as to the only 
mechanisms that can be employed in the invention but 
are meant to define but one set of parameters within the 
range of parameters set forth herein. Similarly the Se 
lected examples are not to be taken to be the only ar 
rangements that can be practiced in the invention, but 
are given specifically for the purposes of making an ex 
emplary display of the facility and utility of the mecha 
nisms and methods of the invention. 
In view of the foregoing it is clear that there has been 

provided herewith a new and improved thermal transfer 
process and method for effecting contact copying of an 
original carrying thereon an image delineated by infra 
red radiation absorbing material and which concept has 
the advantage of being simple and compact so as to be 
easily adapted for office usage. Further, the new and im 
proved thermo transfer process is adapted for producing a 
variety of kinds of copy including facsimile copy, solvent 
type duplicator master sheets and lithographic duplica 

5 

O 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

34 
tor master sheets and of performing these copying func 
tions at low temperatures only slightly above maximum 
temperatures normally experienced in our environment. 
Further, the arrangement is of a distinct advantage in 
that it can be utilized for producing quality copy simul 
taneously from a plurality of originals. Additionally, the 
arrangement provides means and methods for producing 
quality copy from originals for which the basis weight of 
the paper may vary over a wide range and for which the 
infrared opacity of the paper may vary between extremes. 
The display in this specification has been exhaustive 

for purposes of achieving complete teaching of the inven 
tion. Necessarily some distinct and precise examples have 
been presented herein and it is not meant to limit the 
scope of the invention thereto but rather rely upon these 
as illustrations of the broad principles of the invention. 
Accordingly, it is meant to cover in the appended claims 
not only the specific structure described herein but also 
the alternatives, the variations and the modifications that 
fall within the true spirit and scope of the invention. 

This application is a continuation-in-part of the ap 
plicants' co-pending application, Serial No. 7,482, filed 
February 8, 1960, which last-named application is a con 
tinuation of the application, Serial No. 726,378, filed April 
4, 1958, now abandoned, which last-named application is 
a continuation-in-part of the application, Serial No. 548,- 
056, filed November 21, 1955. 
What is claimed is: 
1. A process of producing a copy of graphic material 

disposed on one face of an original which employs an 
assemblage, including: 

(A) an original sheet having on at least one surface 
thereof graphic material defined by radiant-energy 
absorbing-heat-generating image areas and non 
image areas which are substantially non-radiant 
energy-absorbing-heat-generating; 

(B) a copy sheet, and 
(C) a supply sheet carrying on one surface thereof 
a coating of transfer material adhered to said one 
surface, which transfer material is plastic at tem 
peratures above those normally encountered in stor 
age and shipment, said process comprising the steps 
of: 

(1) forming a sub-assemblage consisting of said 
copy sheet and said supply sheet with the latter 
so disposed that said coating of transfer mate 
rial is in contact with one surface of said copy 
sheet, 

(2) arranging the assemblage so that 
(a) said sub-assemblage is disposed between 
a source of radiant energy and said origi 
nal sheet, and 

(b) one surface of said original sheet carry 
ing the graphic material to be reproduced 
is placed in contact with one exterior sur 
face of said sub-assemblage 

(3) urging the assemblage into close association 
by the application of an evenly distributed mini 
mum pressure to opposite exterior surfaces 
thereof; 

(4) impinging said assemblage with radiant en 
ergy from said source in quantities sufficient to 
penetrate said sub-assemblage and to generate 
a heat pattern on the contacting surface of said 
original sheet corresponding to the image areas 
thereon, 

(5) transferring said heat image substantially in 
stantaneously from said surface of the original 
sheet to the interface between said copy sheet 
and said supply sheet of said sub-assemblage, 

(6) maintaining said impingement for an interval 
sufficient to develop on the surface of said coat 
ing adjacent said copy sheet and in areas thereof 
corresponding to the image areas of the contact 
ing surface of said original sheet, a temperature 
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adequate, under conditions of prevailing pres 
sure to render said transfer material plastic and 
to effect an 

(a) integration between said areas of said 
coating and the contacting surface of the 
copy sheet, without 

(b) effecting integration in the areas of said 
coating corresponding to the non-image 
areas of the adjacent surface of said origi 
nal sheet and without effecting an integra 
tion as a result of any heat that may be 
generated in response to the conditions pre 
vailing on the remote surface of said ori 
ginal sheet, 

(7) relieving said assemblage of said impinge 
ment, 

(8) cooling said sub-assemblage for an interval 
sufficient to reduce the temperature thereof be 
low that at which said transfer material is plastic 
and to effect an adhesion between said coating 
and the contacting surface of said copy sheet at 
said areas of integration which adhesion is 
greater than that between said coating and said 
supply sheet, and 

(9) mechanically separating said copy sheet and 
Said supply sheet, and thereby disrupting said 
coating of material at the adhered areas, by 

(a) shearing said coating of transfer material 
through its thickness at the peripheries of 
said adhered areas, and 

(b) separating said coating from said supply 
sheet in the adhered areas substantially at 
said one surface of the supply sheet, 

whereby the coating material is mechanically 
pulled from and released by said suply sheet and 
transferred to said copying Surface at areas cor 
responding to said image areas on the adjacent 
Surface of said original sheet and is retained by 
Said Supply sheet throughout all other areas 
thereof. 

2. The process of producing a copy as set forth in 
claim 1 wherein said original sheet has graphic material 
on both of its surfaces defining radiant-energy-absorbing 
heat-generating image areas. 

3. The process of producing a copy as set forth in 
claim 1 further characterized in that said sub-assemblage 
is disposed so that the radiant energy first impinges upon 
said supply sheet. 

4. The process of producing a copy as set forth in 
claim 1 further characterized in that said sub-assemblage 
is disposed so that radiant energy first impinges upon said 
copy sheet. 

5. A process of producing a copy of graphic material 
which employs an assemblage, including; 

(A) a surface of a sheet bearing thereon graphic 
material defined by radiant-energy-absorbing-heat 
generating image areas and non-image areas which 
are Substantially non-radiant-energy-absorbing-heat 
generating, 

(B) a Surface of a sheet upon which copy is to be 
made, and 

(C) a Supply sheet carrying on one surface thereof 
a coating of transfer material adhered to said one 
Surface which transfer material is plastic at tempera 
tures above those normally encountered in storage 
and shipment, said process comprising the steps of: 

(1) arranging the assemblage so that, 
(a) the coating of transfer material on said 
Supply sheet is in contact with the surface 
of the sheet upon which copy is to be made, 
and 

(b) the Surface of the sheet bearing thereon 
graphic material is in heat transfer asso 
ciation with said coating, 

(2) urging the assemblage into close association 
by the application of an evenly distributed mini 
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36 
mum pressure to opposite exterior surfaces 
thereof; 

(3) impinging said assemblage with radiant en 
ergy from said source in quantities sufficient to 
generate on said graphic material bearing sur 
face a heat pattern corresponding to the image 
areas thereon, 

(4) transferring said heat image substantially in 
stantaneously from said graphic material bear 
ing surface to the interface between said surface 
upon which copy is to be made and said supply 
sheet, 

(5) maintaining said impingement for an interval 
sufficient to develop on the surface of said coat 
ing adjacent to said surface upon which copy is 
to be made and in the areas thereof correspond 
ing to the image areas of said graphic material 
bearing surface, a temperature adequate, under 
conditions of prevailing pressure, to render said. 
transfer material plastic and to effect: 

(a) an integration between said areas of said 
coating and said surface upon which copy is 
to be made, without 

(b) effecting an integration in the areas of 
said coating corresponding to the non 
image areas of the graphic material bear 
ing Surface, 

(6) relieving said assemblage of said impinge 
ment, 

(7) cooling said assemblage for an interval suffi 
cient to reduce the temperature thereof below 
that at which said transfer material is plastic 
and to effect an adhesion between said coating 
and the surface upon which copy is to be made 
at said areas of integration which adhesion is 
greater than that between said coating and said 
Supply sheet, and 

(8) mechanically separating said sheet upon which 
copy is to be made and said supply sheet, and 
thereby disrupting said coating of material at the 
adhered areas, by 

(a) shearing said coating of transfer material 
through its thickness at the peripheries of 
said adhered areas, and 

(b) separating said coating from said supply 
sheet in the adhered areas substantially at 
said one surface of said supply sheet, 

whereby coating material is mechanically pulled 
from and released by said supply sheet and 
transferred to the surface of the sheet upon 
which copy is to be made at areas correspond 
ing to said image areas of said graphic material 
bearing surface, and is retained by said supply 
sheet throughout all other areas thereof. 

6. The process of producing a copy as set forth in claim 
5 further characterized in that the surface of a sheet bear 
ing thereon image areas and the surface of a sheet upon 
which copy is to be made are on the same sheet. 

7. The process of producing copy as set forth in claim 
5 further characterized in that in the step of urging the 
assemblage into close association the minimum pressure 
applied to the opposite exterior surfaces thereof is within 
the range of between approximately three pounds per 
Square inch and approximately 15 pounds per square inch. 

8. A process of producing a copy of graphic material 
which employs an assemblage, including: 

(A) a surface of an original sheet bearing thereon 
graphic material defined by radiant-energy-absorbing 
heat-generating image areas and non-image areas 
which are substantially non-radiant-energy-absorb 
ing-heat-generating, 

(B) a Surface of a copy sheet on which the copy is 
to be made, and 

(C) a Supply sheet carrying on one surface thereof 
a coating of transfer material adhered to said one 
Surface which transfer material is plastic at tempera 
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tures above those normally encountered in storage 
and shipment, said process comprising the steps of: 

(1) arranging the assemblage so that, 
(a) the coating of transfer material on said 

supply sheet is in contact with said surface 
of said copy sheet, and 

(b) the graphic material bearing surface of 
said original sheet is in heat transfer asso 
ciation with said coating, 

(2) urging the assemblage into close association 
by the application of an evenly distributed mini 
mum pressure to opposite exterior surfaces 
thereof, 

(3) impinging said assemblage with radiant en 
ergy from said source in quantities sufficient to 
generate on said graphic material bearing sur 
face a heat pattern corresponding to the image 
areas thereon, 

(4) transferring said heat image substantially in 
stantaneously from the surface of said original 
sheet to the interface between said copy sheet 
and said supply sheet, 

(5) maintaining said impingement for an interval 
sufficient to develop on the surface of said coat 
ing adjacent said copy sheet and in areas thereof 
corresponding to the image areas of the contact 
ing surface of said original sheet, a temperature 
adequate, under conditions of prevailing pres 
sure to render said transfer material plastic and 
to effect an 

(a) integration between said areas of said 
coating and the contacting surface of the 
copy sheet, without 

(b) effecting integration in the areas of said 
coating corresponding to the non-image 
areas of the adjacent surface of said origi 
nal sheet and without effecting an integra 
tion as a result of any heat that may be 
generated in response to the conditions pre 
vailing on the remote surface of said origi 
nal sheet, 

(6) relieving said assemblage of said impinge 
ment and pressure, 

(7) cooling said sub-assemblage for an interval 
sufficient to reduce the temperature thereof be 
low that at which said transfer material is plas 
tic and to effect an adhesion between said coat 
ing and the contacting surface of said copy sheet 
at said areas of integration which adhesion is 
greater than that between said coating and said 
supply sheet, and 

(8) mechanically separating said copy sheet and 
said supply sheet, and thereby disrupting said 
coating of material at the adhered areas, by 

(a) shearing said coating of transfer material 
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through its thickness at the peripheries of 
said adhered areas, and 

(b) separating said coating from said supply 
sheet in the adhered areas substantially at 
said one surface of the supply sheet, 

whereby the coating material is mechanically 
pulled from and released by said supply sheet 
and transferred to said copying surface at areas 
corresponding to said image areas on the ad 
jacent surface of said original sheet and is re 
tained by said supply sheet throughout all other 
areas thereof. 

9. The process of producing a copy as set forth in 
claim 8 further characterized in that in the assembling 
step the imaged surface of said original sheet and the 
coating on said supply sheet face in the same direction. 

10. The process of producing a copy as set forth in 
claim 9 further characterized in that in the assembling 
step said original sheet is arranged relative to the other 
sheets of the assemblage so that in said impinging step 
radiant energy first impinges upon the imaged surface of 
said original sheet and generates said heat pattern thereon, 
and in that said heat pattern is conducted to the surface 
of said coating after passing through said original sheet 
and said copy sheet. 

11. The process of producing copy as set forth in 
claim 8 further characterized in that in the assembling 
step the imaged surface of said original sheet and the coat 
ing on said supply sheet face in opposite directions. 

12. The process of producing a copy as set forth in 
claim 11 further characterized in that in said assembling 
step said original sheet is arranged relative to the other 
sheets of the assemblage so that in said impinging step 
radiant energy first impinges upon the imaged surface of 
said original sheet and generates said heat pattern thereon, 
and in that said heat pattern is conducted through said 
original sheet and said supply sheet to the surface of said 
coating. 
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