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1. 

This invention relates to a process for the re 
production of multiple copies and it relates more 
particularly to the reproduction of copies by a 
new and improved spirit duplicating System. 
This application is a division of our copending 
application Ser. No. 287,616, filed May 13, 1952. 
To the present, reproduction processes of the 

type described have been effected by Systems 
generally referred to in the art as the gelatin Sys 
tem and as the spirit duplicating system. In the 
gelatin system, a master sheet is imaged by 
typing, writing or drawing with an ink composi 
tion containing a water soluble dye, usually crys 
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tal violet. The image is transferred in reverse by 
absorption during contact into a gelatin com 
pound disposed in a pan or on the Surface of a 
transfer sheet which then forms the printing 
medium. The water soluble dyestuff transfers 
from the moist printing medium to form copy 
upon contact with impression medium. 
In the spirit duplicating system, the image is 

formed in reverse on a master by transfer from 
a carbon type sheet coated with a composition 
containing a high proportion of a water Soluble 
dye such as crystal violet, Victoria green, Wic 
toria, blue and the like. The image transfers 
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from the master to copy sheets, the surfaces of . 
which have been wetted with an alcohol or alco 
hol and water combination upon contact, as be 
tween a compression cylinder and a printing 
plate mounted in a rotary duplicating machine. 
The highly volatile solvents permit the produc 
tion of a larger number of copies and provide 
for more rapid drying of the copy sheet to reduce 
setoff and smear. In the spirit duplicating sys 
tems, the dyestuff is preferably contained in a 
coating such as in a carbon sheet for transfer 
in mirror image onto the printing master by the 
application of force or the like. 
While hectograph systems of the type de 

scribed are desirable because of their flexibility 
in use and simplicity in operation for the pro 
duction of multiple copies in a rapid and eco 
nomical manner, there are a number of serious 
objections which characterize the process as it 
is presently being practiced. Most of the ob 
jectionable characteristics stem from the highly 
dispersible fine particles characteristic of the dye 
stuffs and the highly soluble nature thereof in 
aqueous medium. The fine particle size of the 
dyestuff leads to objections in their use for the 
manufacture of the carbon transfer sheet or ink 
ing ribbon. In most manufacturing processes, 
the atmosphere within the formulating and coat 
ing room and the atmosphere for miles surround 
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ing the building in which it is being used becomes 
contaminated with fine particles of the dyestuff 
whereby the personnel within the buildings and 
the territory surrounding the buildings acquire a 
purplish tint which is difficult to remove. 

Because of the highly water soluble nature of 
the dyestuff, moisture on the hands of the opera 
tor is sufficient to remove substantial quantities 
of the dye onto the hands whereby it invariably 
spreads to other parts of the body and clothing. 
It is difficult to operate a hectograph system em 
bodying such dyestuffs without staining one's 
hands and clothing. 
The limitations with respect to the use of dye 

stuffs highly soluble in water and in spirit sol 
vents has to the present limited color of copy 
reproduced to the dye colors formed of such come 
positions as crystal violet, rhodamine (red), Vic 
toria, blue or Victoria green. It is impossible to 
produce intense black copy or copy in any other 
color than the four defined or shades thereof. 
Attempts have been made to formulate a black 
by combining the various usable dyestuffs but 
the best that such combinations have been able 
to produce is gray copy and the differences in 
solubility of the various dyes causes differential 
leaching and gradual toning off of one color rela 
tive the other to produce copy of variable color 
quality from start to finish. Important also is the inability to produce per 
manent copy because of the instability of the 
water Soluble basic dyes especially upon ex 
posure to light. 

Finally it is difficult to control the solvency of 
the dye or the effect of the medium in which it 
is contained with sufficient regularity to produce 
Copy of uniform quality and often the number 
of copies of readable quality vary from time to 
time depending upon the conditions existing dur 
ing reproduction. 

It is an object of this invention to provide a 
hectograph system which is substantially free of 
the objectionable features of the prior art proc 
eSSes of the types described. 
Another object is to provide a spirit dupli 

cating System free of compounds capable of col 
oring or dirtying one's hands, clothing, the at 
mosphere or the environment during the manu 
facture and use of the elements employed. 
A further object is to provide a spirit dupli 

cating System in which permanent copy of good 
quality is produced. 
A still further object is to provide a new and improved spirit duplicating process including 

compositions and elements used therein. 
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Another object is to provide a spirit duplicat 

ing System in which the color of the copy can be 
varied over a fairly wide range and includes the 
production of intense black copy of good quality. 
A further object is to provide a spirit duplicat 

ing system wherein the copy is formed of a water 
and alcohol insoluble coloring compound incapa 
ble of removal, smearing or smudging even under 
high humidity conditions. : " ' ". . . 

A still further object is to provide a new and 
improved hectograph duplicating system capable 
of producing copy of various colors from a single 
prepared master. .'; - - 

More specifically, it is an object of this inven 
tion to provide a new and improved spirit dupli 
cating system and materials for use in same 
wherein the materials involved in the manufac 
ture and use are incapable of transferring color 
and wherein the copy is developed in the copy sheet 
itself thereby to permit the production of copy 
with insoluble dyestuffs incapable of use in sys 
tems heretofore employed and which are suffi 
ciently stable and insoluble to remain perma 
nently in the copy sheet. 

Briefly described, instead of forming the image 
on the master of a basic aniline dye highly solu 
ble in water or spirit solvents, as in processes 
heretofore employed in gelatin or inspirit dupli 
cating systems, the image herein, preferably in 
reverse, is formed on the master of a water or 
alcohol soluble component of a water insoluble 
dye and which has no objectionable color trans 
fer value in the state in which it exists in the 
master or in the ink composition, inking ribbon 
or carbon sheet with which the master is formed 
but which upon transfer to the copy sheet forms 
a water insoluble dye by chemical reaction with 
other dye forming components contained in non 
reactive state in the imaged master, or contained 
in the fluid with which the copy sheet is wetted 
for effecting transfer of the imaging component 
upon contact, or in the copy sheet or contained in 
a fluid applied to the copy sheet Subsequent to 
transfer of the imaging material from the master. 
The concepts of this invention are capable of a 

number of modifications which will hereinafter 
be described in greater detail and for purposes of 
illustration, but not of limitation, examples will 
now be given of one mode for carrying out the 
inventive concepts embodied herein. 

Ecample 1 

A carbon type transfer sheet is formed by coat 
ing a thin fibrous sheet with a composition com 
pounded of the following materials: 
8 parts by weight carnauba wax . . . . 
11 parts by weight oxidized microwax (Cardis 
262). . . - 

3 parts by weight polybutene (Oronite 128) 
6 parts by weight petrolatum 
17 parts by weight mineral oil (100 seconds) 
55 parts by weight paradiazo diethyl aniline zinc 
chloride 
The composition is reduced to molten state at a 

temperature of about 80-85° C. for application as 
a hot melt onto the surface of the base sheet in 
concentrations ranging from 15-20 pounds per 
3000 Square feet. 

Eacample 2 

For preparation of the imaged master, the coat 
edsheet manufactured in accordance with Exam 
ple 1 is positioned with the coated side in surface 
contact with the prepared surface of a suitable 
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master sheet whereby material is displaced from 
the coating to the surface of the master to form 
the mirror image of forces applied against the un 
coated side of the coated sheet as by a stylus, 
writing pen or pencil, typewriter key, die impres 
sion or the like. . . . . 
To the present, the active ingredient in the 

coating composition for development of the image 
in the copy sheet comprises the paradiazo diethyl 
aniline zinc chloride which is a water and alcohol 
soluble component of an azo dye and which has 
no objectionable color transfer value thereby to 
provide for a clean process in the manufacture of 
the coated sheet and the imaged master. In the 
event that it is desirable to introduce some color 
for inspection of the imaged master, it is possible 
to compound the coating composition or the im 
aging composition with a minute amount of some 
coloring component selected of any one of the 
common pigments, dyestuffs or other coloring 
agents. 

Eacample 3 

For the production of multiple copies, the im 
aged master prepared in accordance with Ex 
ample 2 is mounted on a cylinder of a rotary 
duplicating machine of the conventional type for 
hectograph duplication. The fluid applied to the 
surface of the copy sheet in advance of contact 
with the master may be formulated to contain the following: 

0.5 percent phloroglucinol 
5.0 percent b-naphthol 
2.0 percent diethanolamine 
92.5 percent methanol 
As the wetted surface of the copy sheet moves 

into surface contact with the imaged master be 
tween the impression roller and the cylinder 
mounting the master, some of the diazo dye form 
ing component is dissolved from the surface por 
tion of the image whereupon coupling takes place 
between the phloroglucinol and the p-diazo di 
ethyl aniline Zinc chloride at pH levels adjusted 
by the diethanolamine to form a water insoluble 
and permanent deep purple diazo dyestuff indi 
rectimage in the copy sheet. 

It will be significant that the dyestuff is formed 
only in the copy sheet when it is observed that 
upon emergence of the copy sheet from between 
the impression roller and master cylinder very 
faint if any copy is visible. Color development 
rather quickly takes place once the dye compo 
nent and coupler have been combined in the copy 
sheet in the presence of the alkaline medium to 
form the dyestuff. The copy sheet is capable of 
being handled almost immediately without fear 
of Setoff or smear and the 'color produced is per 
manent in character. - 
The number of copies secured depends greatly 

upon the thickness of the coating of which the 
image is formed, the amount of dye forming 
component contained in the coating composi 
tion and the character and quantity of sol 
vent applied to the copy sheet for effecting 
transfer of the dye component from the imaged 
naster for coupling reaction to develop color. 
It will be apparent, however, that the in 
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tensity of color capable of being developed by 
azo dye Systems of the type described permits 
the production of readable copy with minimum 
concentration of dye forming component with 
the result that by proper control, up to 100 to 500 
gies may easily be secured from a single mas 
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It is believed that the amount of spirit solvent 
present on the copy sheet during contact with 
the master is sufficient to cause transfer of an 
infinitesimal proportion of the azo dye forming 
component present and that a minute portion of 
the carrier or wax base in which the dye compo 
nent is contained is also removed to the copy 
sheet, otherwise the dye forming component in 
the master sheet would be converted into a Water 
insoluble dyestuff incapable of being transferred 
to form copy in accordance with the concepts of 
this invention. In this respect, the invention 
herein differs basically from the gelatin or the 
spirit processes which have heretofore been em 
ployed in the reproduction of Copy. 

Eacample 4 
In the event that it is desired to produce red 

copy instead of purple from the master pre 
pared in accordance with Example 2, the copy 
sheet is wetted with a solution formulated of the 
following: 
5.0 percent phenylmethyl pyrazolone 
2.0 percent diethanolamine 

93.0 percent methanol 
Upon contact between the imaged master and 

the surface of the copy sheet Wetted with the 
above composition, Some of the diazo dye form 
ing component transfers to the copy sheet to 
form a red diazo dye upon coupling With the 
phenylmethyl pyrazolone in the presence of the 
base. As described before, drying occurs almost 
immediately so that, although the intensity of 
the color continues to increase upon standing, 
the copy produced is incapable of Setoff or Smear. 

Eacample 5 

For the production of blue copy from the mas 
ter prepared in accordance with Example 2, the 
copy sheet may be wetted in conventional man 
ner with the following composition: 
5.0 percent 2,3-dihydroxy naphthalene, 6, Sul 
fonic acid 

8.0 percent diethanolamine 
10.0 percent water 
77.0 percent methanol 

Eaccomple 6 

By way of a still further example, a Suitable 
transfer sheet or a suitable imaging composi 
tion in aqueous dispersion or Solvent Solution for 
use in the practice of this invention may be Com 
pounded of the following composition: 
8.5 percent carnauba, Wax 

14.0 percent oxidized microcrystalline Wax 
12.0 percent dark petrolatum 
15.5 percent mineral oil (100 seconds viscosity) 
50.0 percent paradiazo-ethyl-hydroxy ethylani 

line zinc chloride 
In the preparation of a transfer sheet, coatings 

having a weight of about 20 pounds per 3000 
square feet of surface area are made from a hot 
melt onto a suitable base sheet by conventional 
coating technique, such as by a roller coater, 
knife coater, spray coater, dip-squeeze proceSS 
or the like. 
pable of free flow when cooled to room conditions 
but is capable of transfer responsive to applied 
force from the opposite side of the base sheet to 
form the mirror image on the surface of a Suit 
able master sheet positioned in surface contact 
thereWith. 
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Eacample 7: 

Dark purple copy may be produced from the 
master sheet imaged in accordance with Ex 
ample 6 by use of a fluid corresponding to the 
Composition of Example 3 for Wetting out the 
Surface of the copy sheet in advance of con 
tact with the master. As many as 100 to 500 
copies can be made before the dye forming diazo 
component is exhausted from the imaged mas 
ter sheet. Red copy can be produced by use of 
the fluid of Example 4 for wetting out the surface 
of the copy sheet and the same master can be 
used to produce blue copy When the copy sheets 
are Wetted with a fluid of Example 5. 
The composition of the base in which the diazo 

dye forming component is embodied in the man 
ufacture of a coated carbon sheet is unimpor 
tant and other conventional compositions used 
in the manufacture of coated carbons may be 
used. Generally such compositions are formu 
lated of Waxy materials in various combinations 
including carnauba wax, microCrystalline Wax, 
parafin Wax, Ozokerite and the like, alone or in 
combination with Softening agents such as min 
eral oils, fatty acids and the like. Modification 
to improve strength and film forming character 
istics may include the addition of Small amounts 
of polyethylene, polybutylene and other poly 
meric compounds formed of unsaturated ali 
phatics and other materials capable of com 
patability with the Waxy Substances to form a 
stable composition. The composition of the base 
in which the dye component is contained should 
provide for a continuous layer capable of trans 
fer to Surfaces in contact thereWith upon in 
pression but it is preferred to formulate the com 
position of materials which have Slight Solubility 
in the Spirit SolventS SO as continuously to 
cleanse the Surface of the imaged master dur 
ing production of copy. 
While it is preferred to apply the carbon type 

Coating composition as a hot met in the manner 
described in Examples i and 6, it is possible to 
achieve the desired coating of the base sheet by 
application of the materials from solvent solu 
tions Or aqueous emulsions. However more than 
one coating will usually be required to achieve the 
desired coating weights on the base sheet. For 
example, the compositions of Example 1 or 6 
may be dissolved in ethyl acetate, trichloroethyl 
ene and the like alone or in combination with 
toluene or benzene diluents to form a 20-40 per 
cent solution or the compositions of the type de 
Scribed may be dispersed in aqueous medium with 
a Small amount of Surface active agent to form 
a 40-60 percent aqueous emulsion. From the 
Solvent Solution of lower solids content more than 
One coating will be necessary to achieve the de 
sired Coating Weight but generally one, or at 
most two coatings will be sufficient when coatings 
are prepared by the high solids content disper 
Sions of the type described. Where high tem 
peratures are not used to eliminate the diluents, 
alnost any stable diazo dye forming component 
may be used, but where temperatures in excess 
of 80 C. are used for drying, the diazo component 
is limited because the great majority are unstable 
at such temperature levels. 

It is desirable to embody as high concentra 
tion of the dye component as possible in the 
carbon coating consistent with the ability of the 
Coating to maintain the desired film character 
istics and strength. Generally the amount of 
the dye forming component introduced as an in 
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gredient in the coating composition depends on 
the ability to maintain sufficient fluidity under . 
the condition of coating to achieve the desired 
application and coverage. For the production of 
a number of copies of sufficient intensity, it is 
advisable to maintain the concentration of dye 
component in excess of 20 percent by weight and 
preferably in excess of 50 percent by weight. In 
general, fluidity of the desired character falls off 
when the concentration reaches 75 percent by 
Weight but more may be used with the introduc 
tion of fluidizing agents. 
With reference particularly to the preferred 

diazo dye forming system heretofore described, 
it has been found that very few dye components 
are capable of use in the manufacture of a trans 
fei. Sheet by coating with a hot melt. To the 
present, use has been lininited to diazo compounds 
of the type described characterized by the for 
Inula. 

R. 
N 
N 

R2 

- N-N-Cl 
Wherein the 

R. 
/ 

-N R 
grOulip CompriSeS 

C2H5 CH C25 C2H5 
M / 

-N -N -N -N 
C2H5 CE CHOH CH and 

-N-. 

It has been found that the stability of the diazo 
dye forming components is vastly improved when 
embodied in the treating composition as their 
corresponding zinc. chloride or sulfonic acid salts 
Such as - 

Compounds capable of use as couplers with 
the diazo dye forming Cornponents in accordance 
with the practice of this invention are limited in 
character. In general, such couplers should be 
capable of removal of a hydrogen ion for com 
bination with the chloride ion of the diazo com 
pound for dye formation. Such cornpounds are 
limited to aromatics in the form of amines, such 
as aniline and substituted anilines like dimethyl 
aniline, phenolic compounds such as phenol, 
resorcinol, phloroglucinol, 2,3,-dihydroxy naph 
thalene, 6,Sulfonic acid or water soluble salts 
thereof, and the like, thio compounds such as 
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8. 
thio-barbituric acid and cyano compounds such 
as cyanoacetamide. When the coupler is emi 
bodied in the fluid or as a component in the Copy 
sheet, as will hereinafter be illustrated, it is desir 
abie that the coupler be stable and incapable of 
developing background color because of the pres 
ence thereof over the entire surface of the copy 
sheet. It is also desirable to make use of a coupler 
which is readily available and inexpensive. Where 
the coupler is combined as a component of the 
carbon sheet or imaging composition, Such limita 
tions as to color development and cost are mini 
nized. 
For coupling to form the dye by reaction be 

tween the coupling agent and the diazo dye form 
ing component in the copy sheet, it is necessary 
to provide for a pH in excess of 3.5 and prefer 
ably a pH above 7. By maintaining a pH less 
than 3.5 and preferably as low as 1.5, as by acidi 
fication with boric acid, tartaric acid, citric acid 
and acid salts such as aluminum Sulphate or Zinc 
chloride, coupling can be prevented thereby to 
permit the diazo dye forming component and the . 
Coupler to be arranged in the Sane composition 
Without dye formation but with means for ad 
justing the pH above 3.5 upon transfer to the 
Copy sheet for coupling to form the colored diazo dyestuff. 
Compounds preferably dissolved in the fluid for 

adjusting the pHi to a level for coupling may in 
clude the Organic amines Such as described in 
Examples 3-5, annongst others including mono 
ethanol amine, triethanol amine and other or 
ganic amines, ammonium hydroxide, ammonia 
gas, or inorganic bases Such as sodium hydroxide, 
potassium hydroxide, zinc hydroxide or other 
Water soluble hydroxides or salts formed of strong 
bases and weak acids. 
By way of further illustration, the following 

compositions may be used for preparing a carbon 
sheet or imaging composition containing the 
diazo dye forming component for coupling on the 
copy sheet to develop the visible image: 

Eacample 8 
12.5 percent carnauba, Wax 
10.5 percent microCrystalline wax 
12.0 percent petrolatum - 
15.0 percent mineral oil 
50.0 percent p-diazo dimethyl aniline zinc chlo 

ride 
Eacample 9 

19.0 percent carnauba, wax 
25.0 percent cetyl alcohol 
14.0 percent mineral oil 
42.0 percent p-diazo diethyl toluidine zinc salt 
The following are further illustrations of fluid 

compositions containing a coupler and base sub 
stance for adjusting the pH above the level to 
effect dye formation in the copy sheet: 

Eacample 10 
3.0 percent phloroglucinol 
2.0 percent resorcino 
1.0 percent sodium hydroxide 
94.0 percent ethyl alcohol 

Eacample 11 
5.0 percent 2,3-dihydroxynaphthalene, 6-sulfonic 

acid Sodium salt 
0.8 percent sodium hydroxide 
94.2 percent methyl alcohol 

While it is most economical to place the ex pensive diazo dye forming component in the car.   
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bon sheet or imaging composition whereby limited 
use is made thereof in the production of copy, it 
will be evident that the concepts of this inven 
tion may be achieved. When the coupler is corn 
pounded as a component of the carbon coating or 
imaging composition and the diazo dye forming 
component is contained in the wetting out fluid 
in combination with the base Substance for ad 
justing the pH, or else in the copy sheet wetted 
out with the Solution of the base for adjusting 
the pH to the point where coupling can take 
place. 

Eacangle 12 
A coating composition for the preparation of 

a transfer sheet may be formulated of the foll 
lowing: 
8.5 percent carnauba wax 
14.0 percent oxidized micro wax 
12.0 percent petrolatum 
15.5 percent mineral oil 
50.0 percent phloroglucinol 

Application onto a suitable base sheet may be 
made in weights of about 20 pounds per 3000 
Square feet from a hot melt raised to a tempera 
ture of about 80-90° C. 
When the coating composition is formulated 

to contain the coupler as described in Example 
12, the fluid for wetting out the copy sheet for 
purposes of extracting a proportion of the phloro 
glucinol from the imaged master Whereby the 
dyestuff is developed by reaction in the copy 
sheet may be formulated of the following: 

Eacample 13 
2.0 percent ammonium hydroxide 
98.0 percent methanol 
In operation of the process, the copy sheet is 

adapted to have been treated to contain a diazo 
dye intermediate such as p-diazo benzyl aniline 
sulfonate for reaction with the coupler trans 
ferred from the imaged master. . . 
By way of further modification, the coupler. 

and the alkali may be compounded in the carbon 
sheet and the diazo dye forming component 
placed in the fluid, as illustrated by the following 
examples: - , 

Eacample 14 
Carbon coating composition: 

5.0 percent carnauba, Wax 
20.0 percent micro Wax 
15.0 percent paraffin Wax 
15.0 percent petrolatum . 
35.0 percent phloroglucinol 
10.0 percent triethanol amine 

Ecample 15 
Fluid containing the diazo component: 
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2.0 percent p-diazo diethyl aniline zinc chloride 
98.0 percent methanol 
The combination described may be processed 

in the usual manner for spirit duplication to 
form a dark purple water insoluble dye in the 
imaged areas of the copy sheet. When the diazo 
component is provided as an ingredient in the 
fluid or as a component of the copy sheet intro 
duced, as by impregnation, it is imperative that 
the dye intermediate be relatively free of color 
and sufficiently stable to prevent the develop 
ment of background color in the copy sheet. 
By way of still further modification, it is pos 

sible in accordance with the practice of this in 
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O 
vention to place both the diazo intermediate and the coupler in the coating composition thereby 
to conserve on the amounts thereof employed in 
the preparation of copy. Under such circum 
stances, the fluid is formulated to contain the 
solvent for transfer of the colorless materials 
from the imaged master and also to contain the 
alkali for adjusting the pH to the level where 
coupling reaction can take place on the copy 
sheet between the components in the imaged 
master to form the insoluble dye on the copy 
sheet. This mode of practice may be illustrated 
by the following examples: . . . . . 

Eacample 16 
Carbon coating composition: 

5.0 percent carnauba wax 
20.0 percent micro wax 
15.0 percent paraffin wax 
20.0 percent petrolatum . . . . . . . . . . 

20.0 percent p-diazo diethyl aniline zinc chloride. 
20.0 percent 1amino-8.naphthol-4,sulfonic acid 

Eacample 17 
Fluid composition: A fluid for use with. an 

imaged master prepared with the composition of 
Example 1.6 may be formulated of the following: 
2.0 percent potassium hydroxide. 
98.0 percent methanol 
The use of these compositions in the practice 

of this invention produces blue copy. . . . . 
Eacample 18 

Carbon coating composition: 
15.0 percent micro wax 
15.0 percent paraffin 
30.0 percent petrolatum - . . . . . . ." 
30.0 percent p-diazo diethyl aniline zinc chloride 
10.0 percent 2,4-diamino toluene dihydrochlo 

ride . . . . . . 
In the absence of a solvent, the coupler and 

the diazo intermediate in the coating composi 
tion remain separate sufficiently to prevent cou 
pling reaction to form the color dyestuff. With 
a composition of the type described it becomes 
unnecessary to make use of an alkali to; adjust 
the pH to the level desired for coupling hereto 
fore described so that the fluid with which the 
copy sheets are wetted out to effect transfer of the 
components from the imaged master to the copy 
sheet for development of the image thereon may 
be composed essentially of pure Solvents such as 
methanol, ethanol, or'. combinations: thereof. 
With compositions of the type described, a water 
in Soluble permanent clean dye is formed in the 
inaged areas of the copy sheet. . . . . . ...; 
As previously pointed out, the coupler or the 

diazo dye forming compound may be contained in 
the Carbon coating composition, as illustrated in 
Examples 1 and 6, or in Example 11, and the 
coupler for use with compositions of the type set 
forth in Examples i and 6 or the diazo compo 
nent for use with compositions of Examples 11 
and 12 may be disposed in the base sheet, but, in 
any event, at least one of the components for 
developing the dye must be contained in the 
imaging material transferred by carbon or by 
typewriter or by Writing ink to the master. When 
embodied in the base sheet, Such dye forming 
components may be incorporated by conventional 
coating :: Or impregnating Systems or by incor 
porating the component as an ingredient in the 
fiber containing slurry from which the copy: 
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sheet is formed. Under these circumstances and 
under circumstances where the component is 
applied as a part of the fluid over the entire Sur 
face of the copy sheet, it is desirable that the 
components in combination with the alkali be 
sufficiently stable to avoid the development of 
background color on the copy sheet. 
By way of still further modification, it is 

possible to embody one of the water or alcohol 
Soluble dye forming components Substantially 
free of color in the imaging material and then 
produce copy in the impression material by first 
wetting out the copy sheet with the solvent or 
diluent to effect transfer of some of the dye 
forming component from the imaged master to 
the copy sheet and Subsequently wetting the 
copy sheet with a second fluid containing the 
coupler, in the event that the imaging material 
contains dia2O, or else with a diazo intermediate 
in the event that the coupler is embodied as an 
ingredient in the imaging material or else with 
a base in the event that the diazo and coupler 
are applied One from the imaged master and the 
Other With the first fluid for transfer of mate 
rial from the master to the copy sheet, - 

It will be obvious from this description that 
various combinations are possible such as plac 
ing the diazo, the coupler and the alkali in the 
carbon sheet, master paper, fluid or impression 
paper except that the diazo intermediate and 
alkali should be placed in separate systems. 
The concepts of this invention may also be 

adapted for use in a gelatin process wherein the 
imaging composition is formulated of the foll lowing: 

Eacample 19 

12.5 percent carnauba, Wax 
12.0 percent microcrystalline wax 
12.0 percent petrolatum 
15.5 percent mineral oil 
48.0 percent p-diazo ethyl hydroxyethyl aniline 

zinc chloride - - 

Example 20 
The coating solution is formulated of the fol lowing: 

3.0 percent phloroglucinol 
2.0 percent resorcinol - 
1.0 percent sodium hydroxide 
94.0 percent ethyl alcohol 

In operation, the master imaged with the 
diazo containing composition is placed and in 
pressed on a gelatin bed. When a deposit of the 
diazo compound is transferred into the gelatin, 
the moist master sheet is then removed. Then 
a copy sheet previously coated with the solution 
of Example 20 is pressed into surface contact with 
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the imaged gelatin bed. Coupling results in the - 
copy sheet to form the water insoluble diazo dyestuff. 
While description herein has been confined 

chiefly to the use of a water and alcohol solu 
ble diaze) dye forming component and water and 
alcohol soluble couplers by which a water in 
soluble dyestuff is formed in the presence of 
alkali to adjust the pH to 3.5 or above, it will 
be apparent that the components for the forma 
tion of the diazo may be themselves arranged 
in separate elements to form the diazo by reae: 
tion in acid medium for coupling with an amine 
or the like to form the dyestuff. . . . . . . . 
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Eacample 21 

Carbon coating Composition; 
33 percent polyethylene glycol (MW about 6000) 
(CarboWax 6000) 

33 percent polyethylene glycol (MW about 1500) 
(CarboWax 1500) 

34 percent sodium nitrite 
Eacample 22 

Fluid composition: 
10 percent N-N-dimethyl aniline in 1 N hydro 
chloric acid 

90 percent ethyl alcohol 
When the nitrite in the imaged master trans 

fers to the copy sheet wetted with fluid of Ex 
ample 22, the sodium nitrite reacts with the 
amine in the presence of acid to form a diaZO 
compound which may then couple with agents 
of the type previously described or with the 
annine when present, in excess to form the Water 
insoluble dyestuff in the copy sheet. 

It Will be understood that other dye Systeins, 
such as the leuco dyes separable into substan 
tially colorless dye forming components which 
are water and alcohol soluble and one of which 
may be embodied as a component in the imaging 
or carbon coating material to form the imaged 
master and the other in the fluid or in the copy 
sheet for reaction with the component in the 
imaging material may be used to form the dye 
upon transfer in the copy sheet. The following 
will illustrate the practice of this invention with other dye systems: 

Eacample 23 
12.0 percent carnauba, Wax 
10.0 percent microcrystalline wax 
12.0-percent petrolatum 
15.0 percent mineral oil 
51.0 percent leuco base of malachite green 
A fluid for use in combination with the above 

to develop the malachite green dye in the copy 
sheet may be formulated of the following: 

Eacample 24 
4 percent potassium dichromate 
1 percent nitric acid 
45 percent ethanol 
50 percent methanol 

Eacample 25 
Carbon coating composition: 

33 percent carbox wax 6000 . . . 
33 percent carbowax 1500 
34 percent phenolphthalein 
A fluid for use in combination with the com 

position of Example 25 and With which the copy 
sheet may be wetted to form the dye color 
therein is formulated of the following: 

Eacample 26 . 
1 percent sodium hydroxide 
99 percent ethyl alcohol 

Eacample 27 
Carbon coating composition: 

33 percent polyethylene glycol (MW about 6000) 
(Carbox wax 6000) . 

33 percent polyethylene glycol (MW about 1500) 
(Carbowax 1500) 

17 percent sodium sulphate (Na4S2O3) 
s 

17 percent para-phenylenediamine 
... A fluid composition for use in wetting a copy   
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sheet to develop a dye therein by reaction with 
the active ingredient in the imaging composition 
of Example 27 may contain the following: 

Eacample 28 

20 percent aniline 
80 percent glacial acetic acid 

It will be further understood that the concepts 
of this invention may be practiced by the use of 
imaging materials in the form of typewriter rib 
bons, Writing ink, drawing crayon or the like em 
bodying one or more of the substantially color 
leSS dye forming components of the type de 
Scribed for preparation of the imaged master and 
that other components for completing the reac 
tion to form the dyestuff may be placed in the 
fluid or in the copy sheet for reaction to de 
velop the dyestuff as an incidence to the trans 
fer of the dye forming component from the im 
aged master to the copy sheet. The composition 
of Such inking materials or crayons may be for 
mulated with a conventional base containing the 
dye forming component in relatively high pro 
portion. 

It will be apparent from this description that 
a completely new and improved duplicating proc 
eSS is provided herein capable of use in conven 
tional hectograph duplicating machines to pro 
duce copy of improved quality formed of a water 
in Soluble dyestuff. Until the dye is formed in 
the copy sheets, the elements involved in the 
preparation of the master or in the manufacture 
of imaging compositions and the elements pres 
ent in materials used to produce the imaged 
master or the imaged master itself remain wholly 
free of color transfer value and therefore avoids 
One of the most objectionable features of proc 
esses which have heretofore been employed. In 
addition, black copy or copy of various colors 
unlimited in their range may be produced and 
Such copies of different colors may be produced 
from a single master depending upon the cou 
pling agent employed or the dye components 
employed. 

It will be evident also that the master sheet, 
being free of color, may be handled in the nor 
mal manner Without dirtying one's hands or 
clothing and that it may be filed away for Sub 
sequent use to produce additional copies with 
out loss of definition or quality of the copy pro 
duced. 
As used in the claims, the term 'hectograph' 

is intended to include gelatin systems and Spirit 
duplicating systems of the types described. 

It will be further understood that changes may 
be made in the details of composition, arrange 
ment and method of use without departing from 
the spirit of the invention, especially as defined 
in the following claims. 
We claim: 
1. The method of producing copy comprising 

the steps of imaging a master With a composi 
tion substantially free of any dye color and con 
taining a high proportion of a stabilized diazo 
dye intermediate and a coupler both of which 
are soluble in a medium Selected from the group 
consisting of water, alcohol and mixtures there 
of capable of reaction with the diazo dye inter 
mediate to form a substantially water insoluble 
azo dyestuff, the imaging composition being 
maintained at a pH below that at which coupling 
takes place to prevent reaction between the in 
termediate and the coupler, Wetting the Surface 
of a copy sheet with a fluid containing a solvent 
for the diazo dye intermediate and coupler and 
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14 
containing a base for adjusting the pH to permit 
reaction between the diazo dye intermediate and 
coupler to form the azo dyestuff, contacting the 
Wetted copy sheet with the imaged surface of 
the master to effect transfer of Some of the in 
aging material to the copy sheet whereby reac 
tion takes place to form the azo dyestuff therein. 

2. The method of producing copy by Spirit du 
plication with a master imaged with a mate 
rial containing a large proportion of a stabilized 
Water and alcohol Soluble diazo dye internedi 
ate lacking in color transfer value and a large 
proportion of a Water or alcohol Soluble coupler 
capable of reaction. With the diazo dye interne 
diate at pH levels above 3.5 to form an azo dye 
stuff, comprising contacting the imaged surface 
of the master With a copy sheet Wetted with a 
fluid containing a solvent for the diazo dye in 
termediate and coupler and containing an alkali 
for adjusting the pH above the level where 
coupling may take place to form the azo dye 
stuff whereby some of the diazo dye intermedi 
ate and coupler transfers from the imaged areas 
of the master sheet to the copy sheet where re 
action takes place to form the azo dyestuff. 

3. The method of producing copy by a du 
plicating process comprising the steps of posi 
tioning the Surface of a duplicating master in 
contact with the coated Side of a transfer sheet 
having a transfer coating Substantially free of 
any dye color and containing a Water and al 
cohol Soluble diazo dye intermediate Stabilized 
against reaction in Strongly acidic medium, and 
a Water and alcohol. Soluble coupler, imaging the 
master by transfer of coating from the transfer 
sheet in response to applied force, Wetting the 
Surface of the copy sheets With a solvent for the 
coupler and diazo and a base for adjusting the 
pH concentration to a range wherein reaction 
can take place between the diazo and coupler 
to form the corresponding azo dyestuff, contact 
ing the imaged master with the wetted side of 
the copy sheets whereby sufficient of the diazo 
and coupler transfer from the imaged areas for 
reaction to form an azo dye in corresponding 
areas of the copy sheets. 

4. The method of producing copy by a dupli 
cating process comprising the steps of position 
ing the Surface of a duplicating master in contact 
with the coated side of a transfer sheet having a 
transfer coating substantially free of any dye 
color and containing a stabilized water and alco 
hol Soluble diazo dye intermediate, a water and 
alcohol Soluble coupler and an acidic medium to 
prevent formation of an azo dyestuff therebe 
tween, imaging the master by causing transfer 
of coating from the transfer sheet in response to 
applied force, Wetting the surface of the copy 
sheets with a Solution containing a solvent for the 
coupler and diazo and a base for raising the pH 
to a range which permits reaction between the 
diazo and coupler to form an azo dyestuff, and 
contacting the imaged master with the Wetted 
copy sheets whereby sufficient of the diazo and 
coupler transfers from the imaged areas for reac 
tion in the copy sheets to form an azo dye. 

5. The method of producing copy by a dupli 
cating proceSS comprising the steps of positioning 
the Surface of a duplicating master in contact 
With the coated side of a transfer sheet having a 
transfer coating Substantially free of any dye 
color and containing a high concentration of a 
coupler and diazo dye intermediate stabilized 
against reaction with the coupler in strongly 
acidic medium, imaging the master by transfer 
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of coating from the transfer sheet in response to 
applied force, wetting the surface of the copy 
sheets with a solvent for the coupler and diaZO. 
and a base for adjusting the pH concentration to 
a range where coupling reaction can take place 
between the diazo and coupler to form the Corre 
sponding azo dyestuff, contacting the imaged 
master with the wetted side of the copy sheetS 
whereby sufficient of the diazo and coupler trans 
fers from the imaged areas for reaction to form 
an azo dye in corresponding areas of the copy 
sheet. 

6. The method of producing copy by a dupli 
cating process comprising the steps of position 
ing the surface of a duplicating master in con 
tact with the coated Side of a transfer sheet haW 
ing a transfer coating Substantially free of any 
dye color and containing a high concentration of 
a coupler and diazo dye interimediate stabilized 
against reaction to produce a dyestuff without 
adjustment of pH, imaging the master by trans 
fer of coating from the transfer sheet in response 
to applied force, wetting the Surface of the copy 
sheet With a solvent for the coupler and dia.ZO and 
a compound for adjusting the pH concentration 
to a range where coupling reaction can take place 
between the diazo and coupler to form the corre 
sponding dyestuff, contacting the inaged master 
with the wetted side of the copy sheets whereby 
Sufficient of the diazo and coupler transfers from 
the imaged areas for reaction to form an azo dye 
in Corresponding areas of the Copy sheets. 

7. The method of producing copy by spirit 
duplication using a master imaged with a mate 
rial containing a large proportion of a coupler 
and a diazo dye intermediate lacking in color 
transfer value and stabilized against reaction in 
strongly acidic medium, comprising contacting 
the imaged Surface of the master with copy sheets 
wetted with a fluid containing a solvent for the 
diazo dye intermediate and Coupler and an alkali 
for adjusting the pH above the level. Where coul 
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pling reaction can take place to form the azo 
dyestuff whereby some of the diazo dye inter 
mediate and coupler transfers from the inaged 
area.S Of the master to the copy Sheet on contact 
Where reaction takes place to form the azo dye 
stuff. 

8. The method of producing copy by spirit 
duplication with a master imaged with a com 
position containing a large proportion of a coupler 
and diazo dye intermediate stabilized against 
coupling reaction to produce an azo dyestuff until 
adjustment of the pH and both of which are 
Soluble in a medium selected from the group con 
Sisting of alcohol and water, comprising contact 
ing the imaged surface of the master with a copy 
sheet wetted with a fluid containing a solvent for 
the diazo dye intermediate and coupler and a 
medium for adjustment of the pH to the level 
where coupling reaction between the diazo and 
the coupler can take place to form the azo dye 
stuff whereby some of the diazo dye intermediate 
and Coupler transfers from the imaged areas of 
the master to the copy sheet where reaction takes 
place to form the azo dyestuff. 

ROBERT J. KLIMKOWSKI. 
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