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1. 
This invention relates to the electrolytic pro 

duction of azo dyes by electrolytic coupling and 
more particularly to an article of manufacture 
carrying the dye-forming constituents. In a 
preferred adaptation it includes such an article 
for the production thereon of azo dyes by elec 
trolytic coupling in connection with the art of 
facsimile recording. The fundamentals of the 
present disclosure are set forth in the copending 
application, Serial No. 178,743, now U. S. P. ic 
2,306,471, included herein by reference, of which earlier application the present application is a 
continuation-in-part. ... - 

The present invention may be generally stated 
to embrace features pertaining to the electrolytic 
coupling of a diazonium compound with the pro 
duction of an azo dye. In a desirable embodi 
ment involving the application of the invention, 
the dye is produced in situ on a supporting mate 
rial adapted to receive the same. Where the 
current which actuates the electrolytic coupling 
is dependent upon electric impulses from a trans 
mitting source, such as a scanning station for 
the transmission of printed matter, a picture, 
etc., the electrolytic coupling and dye formation 
serve in the capacity of a facsimile recorder to 
form images or reproductions determined by the 
characteristics of the transmitted electrical im pulses from the scanning station. The following 
description is primarily directed to this 'sphere 
of the invention described in the aforesaid co pending application, Serial No. 178,743. 

It is an object of the invention to overcome the 
difficulties and limitations of the prior art pro 
cedures noted hereinabove. 

It is another object of the present invention to 
obtain azo dyes by the effect of an electric cur 
rent on mixtures or solutions containing a diazo 
nium compound and a coupling compound. 
An additional object of the invention is to pro 

duce azo dyes by treatment of mixtures or solu 
tions of reagents adapted to form a diazonium 
compound and electrolytically coupling this com 
pound with a coupling reagent. 

It is a further object to provide mixtures or 
Solutions containing a diazonium compound and 
a coupling compound which are adapted to elec 
trolytically react for the purpose of producing 
aZO dyes. - - - 

: Still another object is a supporting material 
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or carrier impregnated with a diazonium com 
pound and a coupling compound under conditions 
which will preclude coupling and azo dye forma 
tion until the influences engendered by an elec 
tric current actuates such coupling and azo dye 
formation. . . . . . . . . . . . . 
An important object of the invention is to ob 

tain articles of manufacture adapted for fac 
simile recording in the form of a carrier or sup 
porting material treated with a diazonium.com pound and a coupling compound under conditions 
which will preclude azo dye formation until 
coupling is actuated electrolytically by electric 
impulses from a transmitting source which cor 
respond with the visual characteristics of the object at the transmitting source. 
Other objects, features and advantages of the 

invention will be apparent from the following 
consideration and description thereof. . . . 
In the present invention, wherein facsimile recording is contemplated, it is proposed to pro 

duce the picture or printed matter on the record 
ing surface in the form of an azo dye, the amount 
of such dye deposited being a function of the 
amount of current caused to flow through the 
recording surface, which is conveniently a paper 
sheet or web. When the image is formed in the 
nature of an azo dye electrolytically produced, 
the pressure of the printer bar is maintained 
constant and the amount of current which is 
passed through increments of the paper varies 
in accordance with the light and dark portions 
present on the object, the likeness of W s 
being reproduced, such as a picture or printed 
matter, by scanning at the facsimile trans 
mitter. When the dyes are thus formed electro 
lytically, varying halftone shades are obtained as 
a result of the variation in the amount of current 
caused to flow through the recording paper. 
The principle of operation of the present inven 

tion resides broadly in the fact that a diazonium 
compound and a coupling compound which is 
adapted to react in alkaline, neutral or mildly 
acid solution, may be combined to form an azo 
dye when subjected to electrolytic treatment. 
Thus, electrolytic coupling of diazonium com 
pounds may be attained when a mixture of 
coupling reagent and diazonium compound reacts 
in an alkaline solution to form an azo dye, the coupling component being of the type which will 
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couple in an alkaline medium; under these con 
ditions, the dye is produced at the alkaline or 
negative electrode, usually designated as the 
cathode. Similarly, where the coupling com 
pound is of the type which reacts with the 
diazonium compound in an acid medium, cou 
pling will take place under appropriate condi 
tions. The distinction between alkaline reacting 
coupling reagents and acid reacting coupling re 
agents is considered in some detail hereinbelow. 
Applying this principle and theory to the 

present invention, where the diazonium conn 
pound and the coupling component are main 
tained in an acid medium, and the coupling con 
pound is of the type which will react in alkaline 
medium, formation of azo dye is effectively pre 
vented until such time. as the solution is Sub 
jected to an electric current. Under the latter 
conditions, alkalinity is established at the cath 
ode, thereby forming a zone of coupling reaction 
which is substantially instantaneous in charac 
ter. Differently stated, the electrolytic coupling, 
in accordance with the present invention, is 
predicated on the conditions of control for re 
taining the diazonium compound and the cou 
pling compound in a medium which will pre 
clude their interaction until Such time as a Cur 
rent is passed through the electrolytic cell 
wherein coupling is contemplated. This controi 
depends upon the fact that the diazonium con 
pound and the coupling agent which functions in 
alkaline medium will not react in an acid medium, 
but will couple in an alkaline Zone, even though 
such zone may be comparatively limited in its 
scope, and, in fact, occurs in the immediate 
vicinity of the cathode. 
For facsimile recording, the recording surface 

may be rendered wet by a mildly acid Solution 
containing diazonium and alkaline reacting cou 
pling compounds, and is then passed through the 
facsimile receiving or recording apparatus in 
such a manner that electric current causes dye 
formation on the receiving surface corresponding 
to the transmitted picture or printed matter, aS 
a result of electrical impulses received from the 
facsimile transmitting device at which point the 
picture or printed matter is positioned. 
A solution is prepared containing essentially 

the following ingredients: 
I. A neutral electrolyte, such as Sodium or po 

tassium chloride or sulphate. This serves to fa 
cilitate the flow of electric current through the 
paper. 

II. A diazonium salt, desirably one sensitive to 
light. 

III. A coupling compound, desirably of the 
aromatic hydroxy type, coupling essentially un 
der alkaline Conditions. 

IV. A small amount of an acid, to maintain 
the acidity of the solution and thus prevent pre 
mature coupling. 
W. Water or other solvent in which the electro 

lyte ionizes. - 
In addition to the ingredients above indicated, 

the Solution may also contain perfecting ingredi 
ents pursuant to the particular function to be at 
tained or characteristic to be provided. Among 
Such perfecting ingredients may be listed: (1) 
"coupling inhibitors,' as semicarbazide or hy 
droxylamine, which aids acidity in preventing 
premature coupling, (2) reducing agents, as Sul 
phites, hydrosulphites, thiosulphates, hydroqui 
none, glucose, tartrates, oxalates, stannous chlo 
ride, etc., which prevent the gradual darkening . 
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4. 
of the background, (3) salts of copper, iron, 
chromium, aluminum or other metals, which act 
as mordants or otherwise affect the color of the 
dyes or the light Sensitivity of the diaZOnium 
salt, or (4) reagents adapted to effect back 
ground permanence, color intensity, and thresh 
old value. 

For simplifying the Consideration of the in 
vention, the discussion will primarily be directed 
to the case where the coupling compound is of 
the character which reacts in an alkaline me 
dium, especially since Such coupling compounds 
have manifested generally improved resultS Over 
that attainable in the case of operating under 
conditions where an acid reacting coupler may 
be utilized. Briefly indicated, the reaction in 
Wolves the azo dye formation at the negative or 
alkaline electrode; i. e., the cathode, the electric 
current creating an alkaline condition which 
persists long enough for the diazonium and the 
colipling compound or compounds to combine With 
each other. 
Thus, if the invention is used in facsimile re 

cording, once having electrolytically coupled the 
diazonium Salt by electric impulses emanating 
from a transmitting source at which an object 
or picture is subjected to Scanning, and thereby 
obtaining a facsimile on the recording sheet cor 
responding with the object or picture, in the form 
of an azo dye, the unreacted diazonium salt may 
then be removed from the recording sheet by 
decomposing said Salt through the action of light 
or heat. Alternatively, Washing may be resorted 
to for accomplishing the removal of unreacted 
reagentS. 
The following is a generalized example of the 

ingredients which may be utilized to form a so 
lution whereby a dye may be produced by elec 
trolytic coupling. It will be noted that this ex 
ample embraces within its scope and contempla 
tion the use of caustic soda; this reagent is ap 
plicable only under extenuating circumstances 
which will be explained in further detail here 
under. 

Gram-Molecular Ingredients Anot at Used Weight used 

(I) Amine-source of Dia- 033--------------. Waries with molec zonium Salt. ular weight of 
amine. 

(II) hydrochloric acid: 08-------------- 80 ce. 
Normal solution (or 
equivalent amount of 
other acids). 

(II) Sodiuin. Nitrite.- .08---------------- 2.07 grams. 
(IV) Coupling compound; .010 to 0.15-------- Varies with molec 
hydroxy aromatic conia- ular weight or 
pound. compound. 

CV) Sodium Chloride. ----, 1.0--------------- 58.47 grains. 
(VI) Ice and water to total -------------...----- 
volume of 1000 cc. (VII) Sodium Hydroxide: .05 to .---------- 50 to 100 cc. Used 
Normal solution NaO. only in special 

CaSOS. 
(VIII) Auxiliary Chem- Varying amounts. 

icals such as reducing 
agents. 

A desirable illustrative procedure of mixing 
the ingredients is as follows: 
The source of diazonium ion, desirably a pri 

rinary amine (I), may be dissolved in the acid 
With boiling and addition of Small amounts of 
Water as necessary. The resulting amine hy 
drochloride solution is then desirably cooled to 
approximately 0° to 8° C., preferably by adding 
ice. The ionizable nitrite (III), such as sodium 
nitrite, is dissolved in 25 to 55 cc. of water and 
slowly poured into the cooled Solution while con 
Stantly agitating. Generally, one or more color 



changes take place, accompanied by a slight, ef- diamine, a substantial number of amino sul 
fervescence, due to nitrogen gas formation. This phonic acids of benzene, naphthalene or di: 
effervescence represents a loss of diazohium phenyl compounds, and some naphthol sulphonic 
compound, and it is this tendency which rehders acids. As a general matter, the presence of Sul. 
it desirable to maintain the reaction in the cold, is phonate groups has functioned quite favorably in 
through ice utilization. On the other hand, in the production of azo dyes, and this type of Com 
some instances essentially no gas appears even pound has been especially effective in connec 
at ordinary room temperatures-i. e., 20 C-30 tion with the facsimile recording sheet upon 
C. The coupling compound (IV) and the elec- which the azo dye is to be produced in accord 
trolyte (V) are dissolved in water either together lo ance with any predetermined recordation. It 
or separately, and added to the mixture of will be apparent that the amines may be of the 
amine, acid and nitrite, above indicated, after mono-amino benzene, poly-amino benzene, that mixture has been permitted to stand for a amino-naphthalene, and aminopoly-phenyl types 
period of at least fifteen minutes. - ... r of compounds. - 
The caustic soda (VII) is used only where the is . It should be noted that among the most de 

amine (I) is an amino-sulphonic or amino- sirable diazonium sources are the para diamino 
carboxylic acid insoluble in the acid (II). Un- benzenes, since their diazonium salts are quite 
der such circumstances, the amine is dissolved sensitive to light, provide comparatively dark 
in the alkaline solution (VII), and the acid re- colors, and have substantially no tendency to 
quirements must then be increased by an amount 20 couple in mild acid solution. Alkyl groups on one 
equivalent to the alkaline reagent utilized and of the amino nitrogens serve to improve the 
to provide the desired acidity. The basic amine depth of color, while acid (acetyl or oxalyl) 
solution is slowly poured into a mixture con- groups may in some instances weaken the shade 
taining acid, nitrite, as well as the cooling ex- and even reveal some tendency toward prema 
pedient exemplified by ice. Auxiliary chemicals, 25 ture coupling in acid solution. 
if used, are desirably added with the coupling Following are presented a number of amino 
compound (IV). . . . . . . . . compounds which have quite effectively func 

If an amine hydrochloride, or a poly-amino tioned as sources of diazonium compounds, the 
compound is used as ingredient (I), the amount latter effectively reacting electrolytically with a 
of hydrochloric or other acid is changed accord- 30 coupling compound adapted to form azo dyes 
ingly, so that when I, II and III are finally mixed therewith in alkaline medium: 

Amines-Sources of diaeonium compounds 

Name of Amine Color and background after expo 
sure to light, when used with phloroglucinol as a coupling 
compound Common Name Structural Name or Formula 

Metaphenylenediamine---------------...--- ---- 8-diaminobenzene----------------- : Brown-yellow on white. . . . 2-amino-5-diethylaminotoluene.-------------------- 1-methyl-2-amino-5-diethylaminobenzene------------ Datawn-purple on very pale 
. . . . . . . . . eiOW. Paraaminodiethylaniline--------------------------4-amino-1-diethylaminobenzene-------------------- y Do. 

Paraaminodimethylaniline -- 4-amino-1-dimethylaminobenzene. - P9. . . . . . . . . . 
2,3-diaminoaniSole----------------- - 2,5-diamino-1-methoxybenzene. Dark brown on pale tan. 
2,5-diaminoanisole dihydrochloride. - - - - - - - - - - - - - - - - - - - - Do. . . . . . . . . . . . 
Paraphenyenediamine------------- 1,4-diaminobenzene-- --- Orange-brown on white." 4-aminodiphenylamine.------------------- 1-phenylamino-4-amino benzene- i Purple on white. 
4-aminodiphenylamine mono- Deep purple on white. 3.nethyl-4-aminodiethylaniline.-----------III.3-methylamino-1-diethyi-aminobenzene III PE, brown purple on very pale 

. . . . . . . . . . . , S: , ; yellow. Chicago, or 2S acid- 1-amino-2,4-disulpho-8-hydroxynaphthalene Purple on orange. 
Paraaminoacetanilid 4-amino-1-acetylaminobenzene. Orange on pale yellow. Paraaminomethylac 4-amino-1-methylacetylaminoben Do. 
Gamma acid.----------- 2-amino-8-naphthol-6-sulphonic acid- Orange-brown on Orange. 

44'-diaminodiphenylmethane..................... NHK X-CH-O-NH, : Dark orange on light orange. 

C.H. N 4-amino-benzylethylaniline.---------------------. NHK X K D Purple on white. 
CH 

9xalyl paraphenylenediamine--------------...---- 4-aminodiphenylamine-2-sulphonic acid 
acid------------------------------------------ 

N-oxalyl-1,4-diaminobenzene.------------------- Orange on pale orange. 
1-phenylamino-4-aminobenzene-2-sulphonic acid Red on pink. . . . . . . . 
1-amino-2-naphthol-4-Sulphonic acid.------------- - Deep purple on pale straw-yellow. 

Background white when Washed. 

there are .05 gram equivalent weights of acid In lieu of commencing with the primary amine 
for the .03 of sodium nitrite, in addition to the and the ionizable nitrite, in order to prepare the 
acid required to neutralize all of the amino groups diazonium compound, stabilized diazonium com 
present in the amino compound. 65 pounds, illustrated by the nitrosamines, chloro 

Relative to the amines within the purview of stannates, or other double salts may be used, 
the disclosure, substantially any diazotizable although they may require an added amount of 
amino compound Will serve as a source of di- current in connection with facsimile recording. 
aZOnium compound. Primarily, the amino com- Starting with these salts, they are merely dis 
pounds will be primary aromatic amines. De- 70 solved in water which is rendered slightly acid 
sirably, these amino substances should be acid following which the coupling compound and any 
Soluble, and in addition should not be too readily auxiliary chemicals may be supplied prior to sub 
susceptible to oxidation, electrolytic, or by air or jecting the solution to electrolytic treatment for 
in any other manner. Included among the the purpose of forming dyes, and if desirable at 
amines which may be used are meta phenylene 75 a predetermined area or zone. 
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The quantity of coupling compound which may coupling compounds are added. This may be 
be used in the above generalized example will accomplished with facility by using a 10% ex 
vary with the coupling strength. Usually darker cess of amine or by adding a small amount of 
colors are produced by using more than One urea to the amine-nitrite mixture before the re 
gram-molecular equivalent of diazonium salt per 5 maining ingredients are Supplied. 
gram-molecular equivalent of coupling con- As above indicated, ordinary table Salt may 
pound, due probably to partial formation of dyes be relied upon for effective functioning as the 
having two or three molecules of diazonium Salt electrolyte of the composition. It is not essential 
coupled to one molecule of the coupling corn- to accurately weigh the content of the electrolyte, 
pound. As previously stated, they are preferably 10 since substantially any amount between 40 and 
of the type which will couple in alkaline medium, 120 grams per liter provides practically identical 
and should be soluble in mildly acid solution. In recordings in most cases. In lieu of NaCl, and 
addition, they are preferably subject to the Sane merely by Way of illustration, other strong neu 
oxidation resisting properties as indicated above tral electrolytes are NaBr, KBr, KCl, LiCl, BaCl2, 
in connection with the amines. Aromatic com- 15 CaCl2, MgCl2, K2SO4, Na2SO4, MgSO4, etc. Some 
pounds with hydroxy, amino or active methylene dye intermediates may manifest greater solubil 
groups ortho or para, to unsubstituted positions ity in potassium chloride solutions than in So 
in the ring. Will usually couple. Sulphonic groups dium chloride solutions; under such circum 
have a desirable effect along the lines suggested stances, the substitution is desirable. From the 
of the amines. Generally, favorable results have 20 standpoint of preparation of sheets for facsimile 
been obtained in the use of resorcinol, phloro- recording, lithium chloride has been found to re 
glucinol, the naphthols and their sulphonic acids, tard the paper drying time, but an equivalent 
8-hydroxy quinoline, and some amino naphthol and probably more effective result is obtained by 
sulphonic acids. Taken as a whole, meta poly- the use of wetting agents. An additional elec 
hydroxybenzene derivatives have reacted favor- 25 trolyte which has provided excellent recordings, 
ably as coupling compounds. Of the naphthal- While at the same time obviating the corrosive 
enes, Chicago acid has given Optimum resultS, effect of nascent chlorine, has been found to be 
although its amino group may tend to increase Sodium sulpha mate, NaOSO2NH2. 
the darkening of the background. While Sodium hydroxide is illustrative of a 

Particularly notable is the fact that some 30 desirable embodiment of reagent for providing 
amino naphthol Sulphonic acids, Such as gamma, the desired alkaline solution in the exceptional 
H, J, S and 2S. acids, may either diazotize or cases above mentioned, other well known alkaline 
couple. Good results are therefore obtainable Substances may be resorted to in lieu thereof, 
using the same compound for forming both the Such as potassium hydroxide. 
diazonium compound and coupling. Where 35 A number of auxiliary chemicals are available 
amino naphthol Sulphonic acids are utilized in for the purpose of controlling such elements as 
connection with facsimile recordings, the carrier background permanence, color intensity, color 
sheet should desirably be subjected to Washing characteristics, threshold value, etc. In addi 
after electrolytic recordation in order to stabilize tion, these reagents may function to preserve 
the sheet background by obviating any tendency. 40 the time during which the reagent solutions uti 
toward darkening during an interval of storage. lized will maintain their effectiveness. Coupling 

Following are a number of couplers which have inhibitors, Such as semi-carbazide or hydroxyl 
functioned quite effectively in connection with a amine, combine with the coupling compound in 
diazonium salt; present in an acid medium, when acid Solution and thus prevent or retard prema 
the coupling has been actuated by electrolytic 45 ture coupling, and liberate free coupling com 
eas: pound upon alkalinization. Reducing agents 

Coupling compounds 

Common Name Structural Name or Formula Remarks 

Elsino- - - - - - - - - - - - - - - 1,3,5-trihydroxybenzene.----------------------- Quite desirable results. 

Egnol. - ESSESSoybenzen Excellent, but give lighter colors than phloroglucinol. 
Pyrogalloi.----- - 1,2,3-trihydroxybenzerie....... Darker color and not quite as effective as phloroglucinol with 

respect to definition and background. 
Chicago or 2S acid.----------- 1-amino-S-1aphthol-2,4-disulphonic acid------- Uly E. blue recordings. Excelle at when used with 

phioroglucino. 
Chromotropic acid----------- 1-8-dihydroxynaphthalene-3,6-disulphonic acid 
Dioxy S acid------- i-S-dihydroxynaphthalene-4-sulphonic acid-----Similar to Chicago Acid, with somewhat weaker colors. 
Hacid-------------- - 1-amino-8-naphthol-3,6-disulphonic acid.------- - 
8-hydroxyquinoline. ---- 8-hydroxyquinoline--------------------------- Good colors, but background not quite as satisfactory as with 

ple. Sucinol or resorcinol, possibly due to premature 
00upling. 

Salicylic acidi---------------- 2-hydroxybenzoic acid------------------------- Generally weak colors. 
Beta Resorcylic acid--------- 2,4-dihydroxybenzoic acid.-------------------- Better than salicylic acid, but weaker than resorcinol. 

The performance of the process particularly Such as Sulphites, hydroSulphites, thiosulphates, 
in connection with the diazotization of the pri- 65 glucose, tartrates, oxalates, formates, stannous 
mary amine in acid medium is not restricted to chloride, etc., retard air oxidation, thereby aid 
the use of sodium nitrite as the diazotizing re- ing in preserving the background permanence of 
agent. A comparatively wide range of nitrites recordingS Which have been fixed by exposure to 
are available, desirably a metallic Salt, the requi- strong light. Salts of copper, iron, chromium, 
site being that the nitrite be appropriately ioniz- 70 aluminum, and other metals frequently serve as 
able. While Sodium nitrite provides quite satis- mordants or otherwise effect the color and fast 
factory results, the same may be attributed to neSS of the dyes, or the Sensitivity to light of the 
potassium nitrite as Well as a number of other dia Zonium salts. - 
metallic nitrites. It is desirable that no uncom- While water is a most desirable vehicle for 
bined nitrite remains in Solution when the 75 the electrolytic reaction, the invention is not re 
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stricted to the use of the same. Thus, various ness is obtainable, and the background maintains 
inon-aqueous solvents which permit electro- its improved characteristic for a substantial in 
lytes to ionize may be substituted for all of terval of time. The amount of water utilized 
a part of the water. The alcohols serve during the course of the successive steps is not 
to enable the use of the contemplated composi- 5 of critical significance, and within the skill of 
tions at below freezing temperatures. In addi- one working in the field; the element which is of 
tion, they serve to retard the drying of record- significance is that the total volume will satisfy 
ing sheets. A desirable alcohol is illustrated by predetermined amounts. 
normal propyl alcohol. Similarly, the solution The tartaric acid in the above example func 
may be a mixture of propyl with ethylene glycol. 10 tions in a dual capacity, since it provides the 
However, vehicles which boil at comparatively necessary acid as well as Serving as a reducing 
low temperatures may manifest some undesir- agent tending to preserve the background color. 
able characteristics such as rendering a record- As a simplifying expedient in the handling and 
ing comparatively limp and moist, storage of the reagents used, they may be sub 
The following example indicates the use of l8 jected to premixing or packaging in the form of 

definite reagents in the preparation of the dry powders which the ultimate user will merely 
diazonium compound as well as the coupling com- dissolve in water or any other satisfactory vehicle 
ponent used to react therewith electrolytically; at the time that the formation of the diazonium 
in addition, a desirable procedure applicable to salt and electrolytic treatments to be performed. 
this example is presented: 20 For this purpose, solid acids are available, as 

Eacample 

Grams 
No. Ingredients, Name Formula Use t 

liter 

------- p-Aminodiethylaniline monohydrochloride.-- NH 4.41 

- Amines-sources of diazonium compounds---- II...... p-Aminodimethylaniline monohydrochloride- NH 1.90 

N(CH3)2.HCl 
III----- Tartaric acid---------------------------------- (CBIOHCOOH)2.H2O --- Acid. Source of hydrogenion; reducing agent 6.22 

a a to whiten background. 
IV----- Sodium Nitrite-------------------------------- NaNO2------------------- To diazotize I and II.....--------------------- 2.07 
V------ Phloroglucinol-------------------------------- Coupling Compound-------------------------- ... 042 

HO OH s 

OH 

WI.----- Chicago or 2S acid---------------------------- SO3 ----- do----------------------------------------- 2.39 

SO3H 
H NEI 

VII---- Common Salt--------------------------------- NaCl--------------------- Electrolyte------------------------------------ 58.47 
VIII--- Water----------------------------------------- To total volume of one liter. 

I, II and III are dissolved in cold water, IV is illustrated by tartaric, citric, oxalic, succinic, 
added and the mixture allowed to stand at least maleic, sodium acid Sulphate, etc. By way of 
15 minutes, during which time V and VI are illustration, the amine, the acid, the nitrite, and 
dissolved in Water, warmung if necessary, and a part of the electrolyte may be packaged in 
VII is added to the solution of V and VI with 60 layers, each layer being separated by a layer of 
stirring until dissolved. The two solutions are the electrolyte salt, such as NaCl, Wads of cot 
mixed and water added to produce the desired ton or other repellant material being applied to volume, Such as one liter. In Summer, it is neces- - 

s g - the top of the package or container for retaining sary to cool the water (preferably by adding ice) - 0 
in which I, IE and III are dissolved. 65 the assembled layers in position. The remaining 
The solution give purplish-blue, almost black solids, such as the coupling compound and the 

recordings On a yellowish green background. Ex- balance requirement Of the salt, aS well as the 
posure for One-half minute to a carbon arc auxiliary chemical, if used, will constitute a sec 
ight, or three to five minutes to direct sunlight ond package. In the event that the use of caustic 
bleaches the background until it is almost white. 70 soda is contemplated, three packages are desi 
On standing for several weeks, the white back- able, one containing the amine and the caustic 
ground thus obtained becomes pale grey-brown. soda, the second including the Solid acid and the 
If the freshly recorded copy is washed with water, nitrite, and the third embracing the coupling 
with or without first exposing it to strong light, compound as well as the auxiliary chemicals; the 
an improvement in immediate background white- 75 electrolyte may be included in either of the 
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three packages or distributed amongst all of 
them. 
When packaged in this manner, the compounds 

are storable for comparatively long intervals of 
time. As previously indicated, when perform 
ance of the process is contemplated, it is merely 
necessary to dissolve the respective packages in 
an appropriate vehicle of predetermined volume. 
As for the solutions, they have been stored for 
as much as a Week Without any material effect 
upon their strength. It is desirable to store these 
solutions in the darkness. Where separate solu 
tions of diazonium salts and coupling com 
pounds are provided, the storable time interval 
is very materially extended, and such Solutions 
have been retained for many months without 
diminishing their effective characteristics. 
The carrier on which the azo dyes are formed 

may be of any fibrous material, such as cloth, 
films, and cellulosic material generally utilized 
in the production of sheets, including those made 
from regenerated cellulose and the like. The use 
of paper, desirably that of rag origin, has been 
found particularly Satisfactory for purposes of 
facsimile recording, and will be primarily re 
ferred to herein as illustrative of the carrier ma 
terial or sheet utilized. It will be noted that the 
formation of the dye in situ on the fabric or paper 
surface comprises a desirable embodiment of 
the facsimile recording procedure. However, it 
is similarly within the scope of the present dis 
closure to apply the dye to yarn, and fibers perse 
in order to provide these materials with appro 
priate coloring for any intended usage. 
A convenient, expedient method for treating 

the paper or its equivalent prior to facsimile re 
COrding involves the passage of the sheet through 
a bath of solution containing the reagents which 
eSSentially comprise an acid solution of a diaZO 
nium salt and a coupling compound, together 
With any perfecting ingredients particularly a 
reducing agent which may be supplied for a pre 
determined purpose. After the excess fluid has 
been removed from the paper, which is never 
theless in moist condition, it may be passed 
through a bar-helix type of recorder, with the 
bar and helix respectively serving as cathode and 
anode. However, many modifications of this pro 
cedure may be resorted to, both with respect to 
the details of apparatus and the preparation or 
Condition of the carrier sheet. 
Thus, the chemicals essential to the electro 

lytic coupling may be applied in more than one 
Operation, and expediently the chemical solution 
may be applied to the carrier surface by means 
of a roller or wick. Alternatively, the carrier may 
be supplied with the reagents and then stored 
in a dry condition for usage, preferably being 
protected from light exposure and avoiding any 
lengthy storage period. When the sheet is to be 
passed through the recording device, it may be 
previously moistened by resort to a roller or 
Wick, the moistening vehicle being either water 
or any other solution which will permit appro 
priate ionization of the substances involved in 
the electrolytic coupling reaction. 

In lieu of the sheet immersion immediately 
prior to its passage through the recording mech 
anism, and the preparation of a dry sheet to be 
moistened at the time of its application to the 
recording device, the sheet may be stored in a 
moist condition, and used directly in this condi 
tion when recording is to be carried out. How 
ever, this manner of retaining the recording sheet 
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result of the tendency of the diazonium com 
pound to decompose, as well as the possibility of 
darkening of the background during the moist 
storage interval. The inherent characteristics of 
the paper, i. e., its inherent acidity, may be ef 
fectively taken advantage of in the matter of 
appropriately storing the recording sheet; in 
other words, where the paper manifests a distinct 
acidity, the impregnation or surfacing of the 
same with the diazonium compound and the colu 
pling reagent will show a distinctly greater sta 
bility, for the above considered reason that an 
acid medium tends to prevent premature dye 
formation, until such time as the reagents are 
subjected to the passage of an electric current. 
An additional effective manner of applying the 

chemicals to the Sheet involves the production 
of the diazonium salt on the paper or carrier by 
successive applications of amine and nitrite, 
whereby otherwise insoluble diazonium com 
pounds may be used. 
The electrolytic coupling may be accomplished 

in the form of different recordings on each side 
of a given sheet which has been appropriately 
prepaired; this effect is obtainable by alternate 
line scanning with automatic current reversal be 
tween each alternate line, preferably utilizing 
non-oxidizing electrodes, such as platinum. It 
will be noted that in the case of the bar- and 
helix-recording, the recording on the bar side is 
generally preferable. 
As a general rule, electrolytic coupling may be 

accomplished without any particular regard for 
the metallic characteristics of the recording cath 
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is subject to considerable storage difficulty as a 75 

ode; the greatest electrode Wear is manifested 
at the positive helix electrode where a bar- and 
helix-type of recorder is used. Iron, copper, 
nickel, platinum, tungsten, molybdenum, tan 
talum, and alloys of many of these metals have 
all been successfully used to provide satisfactory 
recordings. With iron anodes, there is the pos 
sibility of a faint reading occurring on the re 
verse side of the sheet due to the formation of 
moderately colored oxidation products. 

Irrespective of the manner in which the re 
Cording sheet is prepared, or the type of elec 
trode utilized, the synchronization of paper feed 
and current flow with the facsimile signals causes 
dye to be formed only at points corresponding to 
gray, colored or black points on the original sub 
ject-matter transmitted, thus producing a fac 
Simile recording. Half-tones are obtained be 
Cause the intensity of color is a function of the 
amount of dye formed, which increases with in 
crease of current strength, dependent upon elec 
tric impulses emanating from the source of trans 
mission. After recording has been accomplished, 
the paper is exposed to strong light in order to 
destroy the unchanged diazonium salt, and thus 
fix the white background. The recordings may 
also be Washed, thereby removing the unused 
chemicals, as most of these dyes are fast to wash 
ing. 
While the invention has been described in ac 

cordance with illustrative embodiments, it is ap 
parent that many variations and modifications 
both as to procedural details, steps, and composi 
tion may be made. Without departing from the 
scope of equivalents within the purview and spirit 
of the invention as defined in the claims. 
The term “facsimile' as used herein is intend 

ed to involve not only the reproduction on the re 
cording material of a pre-existing subject, for 
example, a photograph which is scanned and 
reproduced in accordance with the impulses ema 
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nating from the scanning operation, but also 
embraces the recording of subject matter in the 
process of creation or formation without a phys 
ically pre-existing subject. As illustrative of this 
latter category would be the recording of simply 
a mental preconception, for example, a pattern Or 
design, either of a single color and shades there 
of, or multicolors, which is recorded in accord 
ance with an appropriate manual or automatic 
variation of the electric impulses delivered to 
the electrodes. Similarly in this category is in 
tended the recording of an arbitrary Or hap 
hazard design, pattern or other subject, for ex 
ample, one secured by haphazardly or arbi 
trarily varying electric impulses delivered to the 
electrode by punching keys on a master keyboard 
having suitable electrical connections, by man 
ually or automatically varying resistance, or the 
like. 

Having thus described the invention, what is 
claimed as new and desired to be secured by Let 
terS Patent is: 

1. A fibrous sheet material for the electrolytic 
formation of azo dye image records thereon 
treated. With an aqueous solution consisting Sub 
stantially of a dye-forming composition com 
prising as the aromatic diazonium compound a 
diazotized para-diaminobenzene in which one 
amino group is alkylamino, a sufficient quantity 
of a Water-soluble inorganic salt as the electro 
lyte to facilitate the passage of the electrolyzing 
Current, a sufficient quantity of an azo dye cou 
pling Component to react with said diazonium 
compound to produce an azo dye, and a sufficient 
quantity of a reducing agent to minimize any air 
oxidation of said composition to thereby insure a 
light background for the dye image records, said 
composition being acidic in nature to preclude 
premature coupling of said diazonium compound 
and Said a ZO dye coupling component. 

2. The fibrous sheet material as defined in 
claim 1 Wherein the reducing agent is tartaric 
acid. 

3. The fibrous sheet material as defined in 
claim 1 wherein the aromatic diazonium com 
pound is a mixture of diazotized p-aminodi 
ethylaniline and diazotized p-aminodimethyl 
aniline. 

4. The fibrous sheet material as defined in 
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14 
claim 1 wherein the aromatic diazonium com 
pound is a mixture of diazotized p-aminodiethyl 
aniline and diazotized p-aminodimethylaniline 
and wherein the coupling component is a mixture 
of phloroglucinol and Chicago acid. 

NELLIE W. SOLOMON, 
Administratriac of Estate of Myer Solomon, de 

ceased. 
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