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[ 5 7 ] ABSTRACT 

The disclosed desensitizing agents, when combined 
with a suitable solvent, can be used to desensitize 
“carbonless papers of the DTO/metal type wherein 
the DTO compound is encapsulated and is released 
for chemical interaction with a coreactant metal salt 

‘ by ‘rupture of the capsules. The preferred desensitizing 
agents are partial esters of ethylene diaminetetraacetic 
acid, which partial esters are soluble in suitable or 
ganic media and form stable, substantially colorless 
complexes with, for example, nickel salts. Various ho 
mologs and analogs of these partial'ester derivatives 
are also operative in the invention, as are certain less 
preferred compounds, i.e., certain diamines, oximes, 
and vic.-dimercaptans. The preferred desensitizing 
agents are also useful for desensitizing “carbonless” 
papers of the leuco dye/acidic clay type. 

4 Claims, 2 Drawing Figures 
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MEANS FOR DESENSITIZING CARBONLESS 
PAPERS 

This is a division of application Ser. No. 1 10,876 ?led 
Jan. 29, 1971, now US. Pat. No. 3,809,668. 
This invention relates to a means and method for de 

sensitizing the pressure-activated interaction of image 
forming reactants and coreactants and to paper sheets 
desensitized by this means. The invention is useful in 
the art of “carbonless” paper; that is, sheets of paper 
which form images corresponding to a pattern of pres 
sure applied to their surfaces. See, for example, US. 
Pat. No. 2,548,366 (Green et al.), issued Apr., 1951. 
Typically, “carbonless” paper takes the form of a mani 
fold copy sheet where individual sheets in the manifold 

‘ are treated or coated, on at least one surface, with a 
material which reacts with a dye precursor or color 
forming reactant. An aspect of this invention relates to 
a means and method for desensitizing or blocking out 
a portion of the color-reactive coating or treated area. 
A further aspect of this invention relates to a means 
and method for treating the entire surface of a self 
contained, self-imaging paper (see Example 18 of US. 
Pat. No. 3,516,846 [Matson] issued June, 1970) to 
preserve and render tamper-proof images already 
formed thereon, i.e., so that further pressure applied to 
the surface will not activate the image-forming reac 
tion. The invention is particularly‘useful with “carbon 
less” systems in which the dye precursor is dithiooxa 
mide (DTO) or DTO derivatives. Preferred embodi 
ments of the invention are also useful in systems 
wherein the dye precursor is an electron donor material 
such as benzoyl leuco methylene blue, or similar leuco 
dyes or Michler’s hydrol (see, for example, the Green 
et al. patent cited previously). 
The “carbonless”_ paper described in the aforemen 

tioned Green et al. patent makes use of a color reaction 
wherein the leuco dye (electron dolor), which is encap 
sulated, is released upon rupture of the capsules to 
react with an acidic silicate or clay or the like (electron 
acceptor), which is coated on the copy sheet. Accord 
ing to US. Pat. No. 2,777,780 (Cormack et al.), issued 
Jan. 1957, portions of the electron acceptor coating 
can be desensitized with cationic quartemary ammo 
nium salts, higher aliphatic or aryl amine acetates, high 
molecular weight primary amines and primary di 
amines such as dodecyl amine or'dodecyl diamine, or 
substituted oxazolines. All the speci?c chemical com 
pounds taught by Cormack et al. to be desensitizers 
have limited utility. These compounds were chosen 
speci?cally to deactivate the clay (or other electron ac 
ceptor) in a leuco dye/clay reaction, and are inopera 
tive or unsuitable for ‘deactivating one or more of the 
reactants in a system using a DTO-type dye precursor 
and a salt of a metal such as nickel, copper, cobalt, or 
cadmium. Furthermore, several of the desensitizers dis 
closed by Cormack et al.. are ammonium salts and thus 
are‘ too polar for use in typical printing ink composi 
tions. 
Thus, until this invention, a chemical means for de 

sensitizing “carbonless” paper based on DTO/metal 
salt chemistry was not available. Physical means, of 
course, have been developed for all “carbonless” paper 

_ systems, including the DTO/metal salt type. One physi 
cal system involves the masking of the image areas with 
,a non-contrasting background such as dark blue, black, 
or purple. The colored image is simply indistinguish 
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able from, or indiscemible because of, the background. 
An obvious disadvantage of this non-contrasting back 
ground method is that the background indiscriminately 
masks any intelligence entered in the background area, 
be it by pressure activation of the DTO/metal-salt reac 
tion, or by pencil or pen. The industry much prefers a 
selective method which blocks out only the images ob 
tained by the pressure-activated chemical interaction 
(i.e. capsule rupture) but not ordinary ink or pencil 

entries. Still another physical method is to provide a 
physical barrier between the dye precursor and the co 
reactant salts, e.g., with a varnish overcoat on top of 
the metal salt coating. Reliable quality control has 
proved to be extremely difficult to obtain with this 
method. Over a period of weeks or months, the DTO 
type compound may penetrate through the varnish bar 
rier to the metal salt beneath and form an image. Thus, 
the thickness of the varnish barrier is critical and in 
volves careful adjustments of coating thickness that are 
inconvenient and impractical for commercial printing 
practice. 
Many of the theoretically possible chemical means 

for desensitizing the DTO/metal-salt reaction have 
proved to be ineffective. For example, it should be the 
oretically possible to provide coatings containing metal 
salts (e.g., zinc salts) which would scavenge the DTO 
type compound by forming colorless complexes. How 
ever, the reaction of, for example, nickel soaps with 
DTO or DBDTO, or N,N’-bis(2-octanoyloxy ethyl) di 
thiooxamide (DOEDTO), or other commonly used 
DTO/metal-salt reactions, are so highly favored'that 
the zinc is an ineffective competitor and does not deac 
tivate all the DTO, DBDTO, DOEDTO, etc. Similarly, 
poorly controlled results are obtained by overcoating 
the copy sheet with coatings of aluminum soaps, i.e., on 
top of the nickel-containing coreactive coating. Over 
coating with various salts or soaps of chromium, cad 
mium, manganese, lead, iron, cobalt, tin, and copper 
also failed to achieve reliable and controllable desensi 
tizing of the DTO/Ni reaction. In general, attempts to 
tie up DTO or its derivatives with a competing metal 
ion are no more effective and no more subject to qual 
ity control than the physical barrier method discussed 
previously. (“DBDT ” is di-benzyl-DTO, i.e., N,N' 
bis(benzyl )dithiooxamide.) 

Theoretically, it should also be possible to provide a I 
means for deactivatingor tieing up the metal salt co? 
reactant rather than the DTO-compound. However, 
several problems are inherent in this approach. First, 
the typical image reactions (e.g., DBDTO/nickel soap) 
are strongly favored. Even if the coreactant metal ions 
(e.g., Ni, Co, or Cu ions) were tied up in a fairly stable, 

‘ colorless or low-contrast colored chemical complex, it 
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is quite possible that the DTO-type compound could 
liberate the ions from the non-contrasting complex and 
form or re-form the highly colored DTO/metal-salt 
complex (DTO/Ni, DTO/Cu, DTO/Co, etc.) Second, 'a 
complexng agent for the coreactant metal ion would 
have to‘be compatible with standard ink compositions 
used in letterpress, rubberplate, dry offset, and other 
printing methods using inks containing oily liquid carri 
ers. Preferably, the complexing agent should also be ‘ 
soluble in the more highly volatile carriers used in 
?exographic inks. To restate this requirement, the 
complexing agent should be soluble in a variety of ink 
vehicles and/or plasticizers of varying viscosity and vol 
atility used in the various printing processes. Third, the 
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action of the complexing agent should not be signifi 
cantly interfered with by drying agents such as the co 
balt salts used with standard drying oils. Fourth, the 
complexing agent should preferably be non-toxic and 
dermatologically inactive. Fifth, if the complexing 
agent is chemically modi?ed to make it more compati 
ble with oil, this chemical modi?cation should be of a 
type which will not swell or deform rubber rollers in an 
inking train. Sixth, the complexing agent should react 
with the coreactant metal ion (e.g., Ni, Cu, Co, etc., 
ion) to form a stable, low-contrast complex, preferably 
a complex which is white, colorless, or very light in 
color, or a complex having a color which strongly con 
trasts with brown, black, purple, and other colors pro 
duced by DTO/metal-salt complexes. For example, if 
the complexing agent reacted with a nickel salt to pro 
duce a purple compound, the use of a complexing 
agent would not have signi?cant advantages over the 
printed block-out system described previously. Sev 
enth, the complexing agent should be suitable for use 
with the self-contained type of “carbonless” paper dis 
closed in Example 18 of the Matson patent, previously 
cited. That is, it should be possible to render this type 
of “carbonless” paper insensitive to pressure by apply 
ing the complexing agent or desensitizer after intelli 
gence has been entered on the sheet. Eighth, and per 
haps most important, coreactant metal salts (e.g., Ni 
soaps) will not readily react with a desensitizer except 
in the presence of a solvent (hereinafter referred to as 
a “cosolvent") capable of dissolving both the desensi 
tizing or complexing compound and the metal salt. 
Many conventional ink vehicles will not dissolve these 
metal salts. 
The requirements relating to the different types of 

printing methods are very speci?c and can be con?ict 
ing. Thus, as pointed out previously, ?exographic print 
ing normally involves an ink vehicle of high volatility, 
while letterpress and similar methods involve low vola 
tility inks. However, in any of these printing methods, 
the ink must contain the aforementioned “cosolvent” 
and must also have good penetrating power, so as to 
penetrate the full depth of the nickel coating on the 
copy sheet, and preferably should be incapable of ad 
versely affecting rubber rollers due to solvolytic or 
swelling action or other chemical or physical effects of 
this type. 
The prior art relating generally to the complexing of 

nickel, copper, and cobalt ions, and other color 
reactive heavy metal or transition metal ions, is not par 
ticularly helpful. An extremely wide variety of com 
plexing compounds or ligands are known to be capable 
of tieing up ions of the transition metals, but many of 
these would be unsuitable for use in the present inven 
tion. One problem is that many of these ligands form 
relatively weak or unstable complexes with transition 
metal ions. The chemical literature does contain data 
relating to the stability of, inter alia, coordination com 
pounds of metals and various ligands or chelating 
agents, but these data were generally derived from 
studies in aqueous media. Needless to say, the most 
widely used large-run printing systems do not employ 
water-based inks, but rather inks which employ organic 
vehicles of varying degrees of polarity, as well as vola 
tility and viscosity. Some metal chelating agents such as 
ethylene-diamine tetracetic acid (EDTA) and deriva 
tives thereof have been used as scavengers or stabilizers 
for various metal salts, and as plasticizers, in organic 
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4 
systems. Thus, amine salts of EDTA-type compounds 
have been used as stabilizers for the lead tetraethyl in 
leaded gasoline. See U.S. Pat. No. 2,901,335 (Fields et 
al.), issued Aug., 1959. EDTA has been reacted with a 
dialkanol amine and a fatty acid to provide an emulsi 
?er useful in oily or oil-in-water rust proo?ng composi 
tions. See U.S. Pat. No. 2,794,000 (Ruedrich), issued 
May 1957. Esters of EDTA have been suggested for use 
as plasticizers, e.g., in making tire stocks. See U.S. Pat. 
No. 2,428,353 (Bersworth), issued Oct., 1947. Amides 
of EDTA have been used to remove metal ion contami 
nants from monomers and polymers, the amide form 
being used to provide hydrocarbon solubility. See U.S. 
Pat. No. 3,234,173 (Mann et al.), issued Feb. 1966. 
None of these disclosures regarding the use of EDTA 
or its derivatives in organic systems is any clue what 
ever to whether the solubility requirements of various 
printing ink systems can be met and whether the chelat 
ing agents are as effective in organic media as they are 
in aqueous media. In fact, preliminary studies prepara 
tory to this invention indicate that amides of EDTA and 
higher alkyl amines are almost insoluble in ester-type 
“cosolvents” (solvents for both the coreactant metal 
ion and the chelating agent), e.g., tributyl phosphate. 
Thus, the prior art relating to chelating agents generally 
has given no attention to, much less provided guide 
lines for, means for rendering typical chelating agents 
compatible with both ink vehicles and cosolvents for 
coreactant metal salts or soaps. 
Accordingly, this invention contemplates, for desen 

sitizing color-forming reactions, a desensitizing com 
pound at least partially soluble in a cosolvent for co 
reactant metal salts (particularly soaps of nickel, co 
balt, or copper) which forms a chemical complex 
which is more stable than the DTO/nickel (or DTO/Co 
or DTO/Cu) complex in organic media, which is com 
patible with various ink vehicles, and which forms a 
white, colorless, or other low-contrast material. This 
invention also contemplates the use, in printing “car 
bonless” paper, of various metal chelating agents which 
are compatible with cosolvents for the metal salts, 
wherein the cosolvents have widely varying volatility 
and polarity and viscosity characteristics, depending on 
the type of printing system to be used. This invention 
also contemplates “carbonless” paper desensitizers 
comprising chelating agents which are substantially 
non-toxic and do not cause contact dermatitis, and 
which are preferably non-hygroscopic. Among the 
printing methods contemplated for use with this inven 
tion are letterpress, rubberplate, dry offset, litho 
graphic and ?exographic. Among the ink vehicles con 
templated for use with this invention are the usual ole 
aginous type and alcohols or the like of relatively high 
volatility. The use of ester-type plasticizers in inks of 
this invention is also contemplated, as will be explained 
subsequently. 
Brie?y, this invention involves the adaptation of a 

complexing or chelating agent for color-fonning metal 
salts such that the complexing agent is suitable for com 
bination with a cosolvent for both the chelating agent 
and the color-forming metal salt and is preferably also 
suitable for combination with other ingredients com 
monly used in letterpress, dry offset, wet offset, rubber 
plate, and flexographic inks, or the like; whereby the 
complexing agent serves as a desensitizing agent for 
“carbonless” paper, “action” paper, “carbonless” 
manifold copy sheets, self-contained copy sheets, and 
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similar applications of dye precursor/coreactant chem 
istry. The desensitizing (complexing) agent should be 
capable of forming a chemical complex or chelate with 
a color-forming metal salt whereby the chelate or com 
plex is (a) substantially colorless, white, or of a color 
which strongly contrasts with purple or'black, and is 
(b) more stable, in oleaginous or other organic media, 
than a DTO/metal salt complex. The preferred desensi 
tizing agents of this invention also desensitize the elec 
tron acceptor which forms a color by interaction with 
a leuco dye or similar electron donor. The adaptation 
of the preferred desensitizing agents for use in this in 
vention has also resulted in desensitizing compositions 
which satisfy the toxicity, solubility, dermatological ac 
tivity, and color criteria described previously. Prefera 
bly, the desensitizing compositions are formulated so as 
to be non-hygroscopic. The preferred desensitizing 
agents suitable for use in the preferred desensitizing 
compositions are the partial esters of EDTA (ethylene 
diamine tetracetic acid) and various analogs and homo 
logs thereof. These preferred agents are effective de 
sensitizers for reactions between a DTO-type dye pre 
cursor (e.g., DTO, DBDTO, DOEDTO, etc.) and the 
conventionally used coreactant heavy metal salts, e.g., 
the soaps of nickel, copper, cobalt, or, less preferably, 
cadmium. These agents also desensitize the electron 
acceptors which produce a strong color upon interac 
tion with leuco dyes or the like. Other organic polycar 
boxylic acid and/or polyalcohol derivatives, e.g., deriv 
atives of citric or tartaric acid or the like, and nitriloa 
cetic acid, have many of the desirable properties of the 
EDTA esters but are ordinarily too weak in their che 
lating effect to satisfy the criteria of this invention. This 
relatively low chelating or desensitizing effect also is 

‘ apparent for lauric acid, oleic acid, cod liver oil, etc. 
Three other classes of organic compounds have mar 
ginal utility in this invention, but are not preferred: (1) 
polyamines wherein at least one amino group is substi 
tuted on a carbon atom which is beta or gamma to a 
secondary or tertiary nitrogen, (2) compounds contain 
ing two adjacent carbonyls and/or oxime radicals, i.e., 
R- (CO)—~(CO)—R’, R(CO)—(C=NOH)-R’, or 
R-(C=NOH)-(C=NOH)R’ (where R and R’ are or 
ganic radicals), and (3) vicinal dimercaptans. The 
compounds of classes (1) and (3) tend to be toxic or 
dermatologically active or hygroscopic. The com 
pounds of class (2) are more suitable, but tend to pro 
duce yellow- or pink-colored complexes, some vof 
which do not provide the high contrast background of 
the substantially white or substantially colorless EDTA 
ester/metal salt complexes. The preferred desensitizing 
agents of this invention are useful in a wide variety of 
printing inks and, thus can provide production quanti 
ties of partially desensitized “carbonless” or “action” 
paper, “carbonless” manifoldsstyle business forms, or 
the like. These agents can also be dissolved in highly 
volatile “cosolvents" (as described previously), thus 
forming a desensitizing composition useful for the self 
contained type of “carbonless” or “action” paper (see 
the aforementioned Matson‘ patent). - 
The invention and its application to manifold-style 

business forms and self-contained “carbonless” or “ac 
‘ tion” paper (i.e., the self-marking paper of Example 18 
of U.S. Matson Pat. No. 3,516,846) can best be under 
stood _by referring to the drawing, wherein 
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6 
FIG. 1 is a perspective view of a manifold-style busi 

ness form printed and used according to the present in 
vention, and 
FIG. 2 is a side elevational view illustrating a means 

and method for desensitizing self-marking paper, the 
self-marking paper being shown in cross-section and 
greatly enlarged in thickness. 

Referring to the drawings, FIG. 1 shows a manifold 
style business form 11 containing an original or top 

' sheet and two copy sheets. As is conventional in the art, 
the top sheet is coated, on its reverse surface only, with 
a layer 13 of encapsulated dye precursor, in this case 
a microencapsulated DTO-type compound, speci?cally 
N,N’-bis(dibenzyl) dithiooxamide. As is conventional 
in “carbonless” paper utilizing DTO-type dye precur 
sors, a cosolvent capable of dissolving both the DTO 
derivative and a coreactant metal salt is also encapsu 
lated and included within layer 13. The ?rst copy sheet 
has a similar coating 23 on its reverse surface. The ob 
verse surfaces 25 and 27 of the second and third copy 
sheets, respectively, are coated with nickel rosinate, 
which, upon rupture of microcapsules in the coating 13 
or 23 reacts with the DTO derivative and cosolvent 
physically liberated thereby and forms purple or blue 
black images. The microcapsules in layer 13 or 23 are 
ruptured by the pressure of the ballpoint pen or pencil 
used to enter the data in the various columns of the 
original or top sheet of manifold form 11. A signi?cant 
feature of manifold form 1 l is that it contains provision 
for two columns of numerical data, these columns 
being designated on the top sheet of the form 11 by ref 
erence numerals 15 and 19, and of these, the informa 
tion in column 19 is intended to be con?dential. Ac 
cordingly, the ?rst copy sheet contains a desensitizing 
layer 17 which prevents images (corresponding'to the 
numerical data in column 19) from being formed only 
in the area corresponding to column 19 of the top 
sheet; hence, the data of column 15 do appear on this 
?rst copy sheet. 'The second copy sheet, which is in~ 
tended to be an exact duplicate of the original or top 
sheet, is not provided with the desensitizing layer; 
therefore, all the data entered on the original in ball 
point pen or pencil do appear, including the data of col 
umn 19. In manifold form 11, layer 17 has been pro 
vided by running the ?rst copy sheet through a letter 
press inked with the trimethylester of ethylenediamine 
tetracetic acid (EDTA), the EDTA ester being dis 
solved in dibutylphthalate (DBP) and mixed with a 
suitable ink base. The blocked out area covered byv 
layer' 17 is printed in proper register, with the area cor 
responding to column 19 by conventional multi-station 
printing techniques. (These techniques ensure that 
layer 17 will not overlap column 15 of the ?rst copy 
sheet.) 

In an alternative embodiment of FIG. 1, coatings 13 
and 23 comprise a microencapsulated electron 
donating dye precursor such as a leuco dye, and‘ the 
coatings on obverse surfaces 25 and 27 comprise an 
electron-acceptor, such as attapulgite clay; see U.S. 
Pat. No. 2,777,780, cited previously. in this leuco dye 
embodiment, layer 17 is, nevertheless, comprised of 
the same EDTA tri-ester and is provided in the same 
manner. 

In FIG. 2, a self-marking paper sheet-31 made ac 
cording to Example l8 of U.S. Pat. No. 3,516,846, con 
taining the encapsulated DTO derivative and encapsu 
lated cosolvents 35, and further containing nickel ros 
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inate distributed throughout the thickness of the sheet, 
is shown being desensitized with a brush applicator 39 
containing, in reservoir 41 (shown in phantom), the tri 
methylester of EDTA dissolved in ethyl alcohol, i.e., 
the desensitizing composition 43. The desensitizing 
composition 43 flows onto the surface of paper 31 
through the brush 33 and penetrates deeply into and 
through paper 31. As a result of this penetration, the 
nickel rosinate is rendered inactive or desensitized. 
However, the ethyl alcohol in the desensitizing compo 
sition 43 evaporates rapidly, and the already-recorded 
information, represented by image 37, is not substan 
tially affected by the desensitizing treatment. In one 
form of the embodiment shown in FIG. 2, the applica 
tor 39 is set up as an after-treatment station for the 
print~out from a computer, thereby rendering tamper 
proof the print-out information 37 on the self-marking 
paper 31. As is readily apparent to those skilled in the 
art, the desensitizing method of FIG. 2 can also be ap 
plied to the copy sheets in manifold form 11 of FIG. 1. 

The preferred practice of this invention involves the 
use in printing inks or the like, of desensitizing agents 
capable of chelating metals in metal salts such as M,, 
Z,,,, where M is nickel, cobalt, copper or the like, Z is 
a suitable organic or inorganic (e.g., Cl‘, Br‘, N03‘, 
80,“, etc.) anion, z is the valence of Z and m is the va 
lence of M. Examples of suitable organic anions are the 
anions of C1—C24 aliphatic and cycloaliphatic carbox 
ylic acids, including the rosin acids (e.g., abietic acid) 
and saturated and unsaturated fatty acids. The pre 
ferred desensitizing agents are compounds of the for 
mula: 

_ B D 

wherein X is a divalent aliphatic or cycloaliphatic radi 
cal, preferably an alkylene radical of the formula 

—CH2Cl-I2— 
or 

—CH2CH2CH2— 
or a cyclic radical, such as cyclopentane, cyclohexane, 
etc., wherein the nitrogens are substituted 1,2- or 1,3-; 
A, B, C, and D are selected from the following group 
of substituents: 

hydrogen, an aliphatic or cycloaliphatic group, 
— CH, — COOH, each of these groups must 

be present as at least one, 
but not all, of A, B, C, and D 

- CH, —— COOR 

(where R is aliphatic, preferably a lower alkyl group 
such as methyl, ethyl, propyl, isopropyl, or butyl, opti 
mum results being obtained with methyl), and 

where X’ is similar to X, E and F are similar to A, B, 
C, and D; E or F can therefore be another -—X—~N 
(E)(F) unit, such that structures of the following type 
are formed: 
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where a is 0, l, 2, 3, 4, or other small integer. 
For convenience, the compound 

ferred to as ethylenediaminetetraacetic acid (EDTA), 
its common name. It is to be understood that this is the 
same compound indexed by Chemical Abstracts under 
the name (ethylenedinitrilo)tetraacetic acid. Through 
out this specificaion, the common nomenclature is 
used, both the EDTA and its homologs and analogs. 
As pointed out previously, other —COOH, —COOR. 

and/or —OH —containing compounds are marginally 
operative, but not preferred for use in this invention, 
examples being derivatives of tartaric acid, citric acid, 
nitrilotriacetic acid, and the like, which are soluble in 
non-aqueous media. It is an essential feature of this in 
vention that the desensitizing agent be capable of form~ 
ing a chemical complex (i.e., coordination compound 
with chelate-like stability) with coreactant metal salts 
such that this complex has at least as much stability as 
complexes of DTO or derivatives thereof with these 
same coreactant metal salts. The metal salts which are 
suitable for practical commerical use, e.g., cobalt, 
nickel, and copper, form very stable colored complexes 
with DTO or its derivatives in the following order of 
stability (least to greatest): DTO/Co, DTO/Ni, 
DTO/Cu. Since nickel is so typical in its behavior, the 
magnitude of the stability of the DTO/Ni complex can 
serve as a reference point for the essential require 
ments of this invention. (The color-reactive DTO de 
rivatives with dye precursor utility, e.g., the N,N’-di 
organo-substituted DTO derivatives, behave in a man 
ner which is chemically analogous to DTO itself; these 
derivatives vary primarily as to their solubility charac 
teristics, their vapor pressure, and the color of the com~ 
plexes they form with a given metal.) Throughout this 
specification, the term “DTO,” “DTO-type com 
pound,” or “DTO derivative” is used to describe dithi 
ooxamide itself and its color-reactive derivatives with 
dye precursor utility, particularly the N,N’-di-organo 
DTO derivatives. 
To provide an approximate indicator for the degree 

of metal chelate stability required for organic media, 
reference is made to a body of chemical literature con 
sisting of studies in aqueous media, which have devel 
oped the basic mathematics used in measuring stability 
constants for coordination compounds, chelates, and 
similar chemical complexes and compounds containing 
metals. 
The stability constants for the step-wise additions of 

ligands (K1, K2, etc.), e.g., protonated ligands, and the 
cumulative or gross addition of ligands (B) are defined 
in a publication of the Chemical Society (London) en 
titled Stability Constants, published in 195 6. See partic 
ularly pages xii - xix of this publication. A further dis 
cussion of these stability constants, including tabulated 
log K or log K, log [(2, etc. values and log B values, can 
be found in an Introduction to Coordination Chemistry, 
Second Ed., by D. P. Graddon, Pergamon Press, 1968. 
Although these stability constant values are for aque 
ous media, it has been found that if, for a particular 
chelate, the log K (log K,, log K2, etc.) values are in ex 
cess of about 9 (preferably at least ll), there is some 
assurance that the nickel (or copper or cobalt) chelate 
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will be stable in oleaginous or other organic media, 
even in the presence of a DTO-type compound. Stated 
another way, it has been found that citric and tartaric 
acids, known chelating agents for nickel, suitably modi 
tied for solubility in organic media, are marginally op 
erative in this invention. Therefore, a suitable desensi 

10. 
flexographic use (e.g., containing volatile vehicles boil 
ing at less than 125° C., examples of such vehicles are 
ethanol and mixtures of ethanol and water.) Ethanol 

- can also serve as the “cosolvent,” as can methanol, 

tizing ink for commercial practice should contain a ' 
complexing or a chelating agents (i.e., desensitizing 

‘ agent) which forms a complex with nickel ions that is 
.more stable than those formed by citric or tartaric acids 
in such organic media. - 
Three classes of compounds, in addition to the 

type, have suf?ciently strong chelating ability to be 
used in this invention, but are much less preferred due 
to toxicity, dermatological activity, hygroscopic ef 
fects, unsatisfactory color-forming effects (bright pink, 
dark brown, etc.), or other undesirable properties. 
These are: 

l. polyamines wherein at least one amino group is 
substituted on a carbon atom which is beta or gamma 
to a‘secondary or tertiary nitrogen, e.g., compounds of 
the formula ’ > 

J. L _|.. L J. NR’ 

where: 
R, R’, R", and R'” are hydrogen or a suitable ali 

phatic or cycloaliphatic group; 
O is a suitable organic radical, 
a and c are 2 or 3, and 
bis 0, l, 2, 3 . .. 10, provided, that ifb=0, a+cis 
2 or 3; 

2. compounds containing two adjacent carbonyls 
and/or oxime radicals, i.e., R-(CO)—(CO)—R’, 
R(CO)-(C=NOH)—R’, or R—(C=NOH)—(C 
=NO_I-I)R’ where R and R’ are suitable organic radicals 
such as aliphatic, cycloaliphatic, or aromatic groups, 
and 

3. vicinal dimercaptans, i.e., HS—-R—SH, where R is 
a l,2-disubstituted aliphatic, cycloaliphatic, or aro 
matic group. ‘ 
Of these three classes, class (2) has the least disad 

vantages. ' - 

Broadly speaking, this invention has these aspects: 
First, a desensitizing. composition for “carbonless" 

paper (which could be in the form of a latterpress, rub 
ber plate, dry offset, lithographic, or flexographic ink 
like material or other ink material suitable for large and 
small printing runs); second, printed “carbonless” 
paper forms (such as form 11 of FIG. -I) which have 
been at least partially desensitized during the printing 
run; ‘and, third, a method of desensitizing self 
contained, self-marking “carbonless” paper, as shown 
in FIG. 2. 
The desensitizing composition, to be pracitical, 

‘should contain a “cosolvent," i.e., an organic liquid ca 
pable of serving as a solvent and reaction medium for 
the desensitizing agent and the coreactant metal salt, 
e.g., the nickel, copper, or cobalt soap. These desensi 
tizing compositions are of three basic types: (a) ink-like 
materials suitable for letterpress, rubber plate, and 
“dry" offset printing, (b) materials similar to (a) but 
suitably modified for lithographic or “wet” offset, (c) 
materials similar to (a) or (b), but suitably modified for 

20 
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propanol, and other alcohols, cyclohexane, acetone, 
acetonitrile, nitromethane, and the like. The type (c) 
compositions can be modi?ed for use in the aforemen 
tioned method which is described in FIG. 2. 

In compositions of types (a) and (b), the “cosolvent” 
is preferably an ester-type plasticizer, e.g., the dialkyl 
esters of phthalic acid (such as dibutyl phthalate); or 
ganic esters of phosphoric acid, e.g., trialkyl phos~ 
phates (such as tributyl phosphate or trioctylphos 
phate) and tributoxyethylphosphate; ester and/or ether 
derivatives of diethylene glycol (e.g., “Carbitol” ace 
tate, “Methyl Cellosolve,” etc. ); and compounds of the 
formula RCOOR', where R and R’ are aliphatic or cy 
cloaliphatic, e.g., butyl acetate, rosin acid esters, pro 
pyl propionate, etc. Furthermore, in these composi 
tions, an ink binder or viscosity modifying agent is nor 
mally used. Common examples are the drying oils (tung 
'oil, etc.). Particulate synthetic resins (e. g., the polyure— 
thanes commonly used in the art), and resin acid esters 
can also serve this function; all of these tend to set to 
an insoluble substance upon drying or curing of the ink. 
It is common practice to include accelerators, e.g., 
“driers,” to facilitate curing of the drying oils. Metal 
salt “driers” are pemissible, but less preferred in this 
invention. Silicones, mineral oil, and the like are also 
used to modify viscosity, but do not set in this manner. 
When an ink vehicle is included in addition to the pre 
viously described components, the vehicle should be of 
low volatility in compositions of type (a) and (b) and 
of high volatility in type (c). In types (a) and (b), the 
usual oleaginous vehicles can be used, e. g., high boiling 
hydrocarbon oils. '_ 
As is conventional in the art, suitable pigments and 

?llers can be added to the desensitizing ink composi 
tions, e.g., carbon black, titanium dioxide, and other 
commonly used pigments and fillers._ 

In compositions of type (c), synthetic resin binders 
are preferred and suitable types of viscosity modi?ers 
can also be added, as can the aforementioned pigments 
and fillers. It is to be noted that, although the vehicle 
and “cosolvent” in the type (c) compositions could be 
the same organic liquid, it is also permissible to add es 
ter-type plasticizers to flexographic ink compositions. 

Typical examples of desensitizing compounds of the 
polyamine, di-carbonyl or -oxime, and dimercaptan 
types described previously are commercially available, 
e.g., triethylenetetraamine, tetramethylethylenedia 
mine, dimethylglyoxime, and l,2-dimercaptoethane. 
The compound EDTA is also readily available, and its 
partial esters can be synthesized from EDTA and alco 
hols by techniques described in US. Pat. No. 
2,428,353, cited previously. Alternatively, the EDTA 
or other polycarboxylic acid compounds can be fully 
esterified and then partially saponi?ed by an appropri 
ate number of equivalents of an alkali metal hydroxide. 
These esterification techniques can also be used to 
make partial esters of polycarboxylic acid analogs and 
homologs of EDTA, e.g., partial esters of trans 
cyclohexane-l,Z-diaminetetraacetic acid, diethylene 
triaminepentaacetic acid, triethylenetetraaminehexaa 
cetic acid, and the like. The preferred degree of esteri 
?cation is C-.-l or C-2 ester groups, where C is the 



3,852,094 
11 

number of carboxyl radicals in the polycarboxylic acid 
precursor. The preferred esterifying agents are alka 
nols, e.g., lower alkanols, such as methanol, ethanol, 
propanol, butanol, etc. Mixed esters (e.g., methyl 
ethyl, ethyl-butyl, etc.) can be provided by conven 
tional ester interchange reactions. 

Desensitizing compositions can be made up for use in 
this invention by combining 3—99 percent by weight of 
desensitizing agent with 1—99 percent by weight of co 
solvent and 0-96 percent by weight of one or more in 
gredients from a suitable conventional ink base (e.g., 
tung oil, accelerators, silicone oils, liquid hydrocarbon 
vehicles, and rosin esters). More specifically, desensi 
tizing ink compositions can be made by combining 
3—60 percent by weight of desensitizing agent with 
1-40 percent by weight of cosolvent and l5~90 percent 
by weight of one or more of the ingredients of the ink 
base. 
The following non-limiting examples are illustrative 

of the invention. In these examples, all parts are by 
weight, unless otherwise indicated. 

EXAMPLE A 

Ink Base Compositions 
The following ink base compositions were selected 

for combination and evaluation with glyoxime, poly 
amine (having appropriately located beta or gamma 
amino groups), and polycarboxylic acid (of the EDTA 
type) desensitizing agents: 

1. An air curing ink with no drier and no volatile sol 
vent vehicle containing tung oil, methyl silicone oil, 
and a rosin ester. (Consolidated Printing lnk, lnc., 
“lnk No. 58960.”) 

2. A solvent evaporating ink. (Lawter “Uroset B-2” 
of Lawter Chemicals, Inc.) 

3. A solvent evaporation ink containing titanium di 
oxide. (Consolidated Printing lnk “No. 57242-C”) 

4. A press-ready, air drying clear overprint varnish, 
with drier. (Lawter “ALVCO 2620W.”) 

5. A lithograhpic, air curing clear varnish with drier. 
(Lawter “l-lalex," a registered trademark.) 

EXAMPLE B 

Desensitizing Ink Compositions for Letterpress 
For experimental letterpress printing runs, the fol 

lowing desensitizing compositions were used: 

Parts by 
Weight ingredient 

20 — 30 Desensitizing Agent 
5 - 20 Cosolvent 

56 - 85 An lnk Base of Types ( l ) — (5), supra 

The “cosolvent” was, except as otherwise indicated, 
tributylphosphate (TBP) or dibutylphthalate 
(DBP). 

Control runs with a proof press (described subse 
quently) were made using this range of formulations, 
but omitting the desensitizing agents. These control 
runs failed to desensitize DTO/Ni-type “Carbonless pa 
per” (“3M Brand” Carbonless Paper, Type 200). 

EXAMPLES l —V 

Experimental Printing Runs 

12 
All experimental printing runs were made with a 

Vandercook Proof Press with light, medium and heavy 
pipette application of ink (lPI pipette). The Vander 
cook Proof Press is a scaled-down version of standard 
letterpress equipment. The sheets printed with the de 
sensitizing ink were conventional nickel rosinate 
coated receptor sheets (“3M” Brand Carbonless Pa 
per, Type 200, CF [coated front] sheet). After the 
proof press run, a conventional donor sheet coated on 
its reverse surface with encapsulated DBDTO and sol 
vent, i.e., a 3M Brand Carbonless Paper, Type 200 CB 
(coated back) sheet, was superimposed on the treated 
CF receptor sheet and typed on in the usual manner. 
The typing was done with CF sheets fresh from the 
proof press, as well as CF sheets which had been aged 
for at least a week. A sample printed CF sheet was con 
sidered effectively desensitized if an image failed to ap 
pear even a week or more after the typing or after ac 
celerated aging tests involving brief exposures to 100° 
C. 
The results of the proof press trial runs for the desen 

sitizing agents described previously in various ink com 
positions are summarized in the following Examples. 

EXAMPLE I 

DlOXIME DESENSlTlZlNG AGENTS 
The following compositions: 

% by Weight Component 

l0 Desensitizing agent (dioxime) 
5 Tributylphosphate (TBP) 

85 Ink Base: (l).(2).0l'(3l 

was tested with the rollowing results: 

Desensitizing Agent Comments 

Effective, but turned CF sheet 
bright pink or reddish pink. 
The pink chelate and its 
ligand had a tendency to 
sublime 

Dimethylglyoxime 

Cyclohexanedione-dioximc Effective, but turned CF sheet a 
dark reddish pink 

The above composition was modi?ed as follows: 

‘72. by Weight Component 

20 Desensitizing agent (Di-oxime) 
5 TBP 

75 Ink Base: (l),(2).0r(3) 

This modi?ed composition produced substantially the 
same results with the two di-oximes named previously. 

EXAMPLE ll 

POLYAMINE DESENSITIZING AGENTS 
The following composition was used in this Example: 
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% by Weight Component The I'CSUIIS were 3.8 follows: 

30 Desensitizing agent (Polyamine) 
5 Cosolvent (TPB or DBP) Desensitizing Ink 

65 _ Ink Base: (1), (2), (3), (4), or (5) Agent Compound Base Comments 
. No. 

IV — A (I)* Effective; CF sheet remained 
substantially colorless 

The results were as follows: IV_ _ A (2) do. 

Desensitizing . 
Agent Solvent Ink Base Result — Comments 

Triethylenetetraamine TBP (1) Effective, but CF 
eventually turned yellow 

Triethylenetetraamine TBP (2) Effective, but CF turned 
brown 

Triethylenetetraamine TBP (3) Effective, but CF turned 
brown 

5-ethyl-5(4-amino 
2-azabutyl-l,9- _ Effective; CF sheet ' 

diamin0-3 ,7~diaza> DBP (4) remained substantially 
nonane* colorless 

5-ethyl-5(4-amino- _ 
2-AZABUTYL)-l,9~ Effective; CF sheet _ 
diamino-3 ,7-diaza- DBP (5) remained substantially 
nonane* ' colorless 

Tetramethylethylene- I 
- e - DBP (1) Effective; CF sheet ' 

dlamme remained substantially 
colorless 

*F. Lions et al, Inorg, Chem. 2 (3), p. 597 (1963) 

. EXAMPLE III ' IV - A (3) do. 
‘ ' IV -B (1) do. 

VIC. - DIMERCAPTAN DESENSITIZER IV -- C (l) Effective; CF sheet remained 

When 30. wt. percent of 2,3-dimercaptopropanol-l 35 
were combined with 65 wt. percent of ink base ( l ), (4), 
or (5) and 5 wt. percent DBP, the resulting composi 
tions effectively desensitized the CF sheet, but turned 
its surface dark brown. The unpleasant odor and toxic 
ity of the dimercaptan are further disadvantages. 4O 

EXAMPLE IV 

EDTA PARTIAL ‘ESTERS AND HOMOLOGOUS 
AND ANALOGOUS COMPOUNDS - _ . 

The following 
tested: ' 

Compound No. 

were the EDTA-type partial esters 45 

Name 

substantially colorless; 
Also effective with a 
standard clay-coated CF 
sheet and a leuco-dye 
CB sheet (NCR Carbonless 
Paper). 

‘This composition was 24 wt. % Compound lV-A, 20 wt. ‘if DBP. and 56 wt. '1 ink 
base (I), instead of the 30/5/65 formulation used for the other runs. 

Compound IV—C (the EDTA trimethyl ester) was 
tested with a wide variety of cosolvents other than 
DBP, but'in the same 30/5/65 formulation described 
previously. All of the following cosolvents were found 
to be suitable: 
Ethyleneglycolmonomethylether (“Methyl Cello 

Trimethyl ester, monoacid of trans-cyclohexane-l , 
2-diamine-N,N,N’,N’-tetraacetic acid 

Tetraethyl ester, monoacid of diethylene 
triamine-N,N,N',N" -pentaacetic acid 

Trimethyl ester, monoacid of EDTA 

The composition used, unless otherwise indicated, 60 
was as follows: 

Wt. % Component 65 

30 Desensitizing Agent 
5 Cosolvent (DBP) 

65 Ink Base: (1), (2), or (3) 

solve,”trademark of Union Carbide Corp.) 
Diethyleneglycolmonoethylether acetate (“Carbitol” 
Acetate, trademark of Union Carbide Corp.) 

Trimethyl phosphate, triethyl phosphate, tributyl 
phosphate, and trioctyl phosphate 

Tributoxyethyl phosphate 
Tricresyl phosphate 
Dimethyl phthalate, diethyl phthalate, dibutyl phthal 

ate, and dioctylphthalate. 
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EXAMPLE v 

MARGINALLY EFFECTIVE DESENSITIZING 
AGENTS 

16 
Those liquids in the above list which boil at less than 
125° C. can be used as vehicles as well as cosolvents, 
but higher boiling liquids preferably are present in 
minor amounts as cosolvents for the metal salt and 

Thirty percent by weight of the compounds to be 5 DTO compound 
tested were combined with 5 wt. percent of cosolvent What iS Claimed iSI 
and 65 wt. percent of the base ink. The results of the 1. A printed form comprising a paperlike sheet, 
trial runs were: a material present on at least part of a surface of said 

Compound Solvent Base lnk Effectiveness 

Citric acid “Methyl Cellosolve“ (1) Fair 
(see Ex. lV) 

Citric acid do. (2) Poor 
Citric acid do. (3) Poor 
Tartaric acid do. ( 1) Fair 
Tartaric acid do. (2) Poor 
Tartaric acid do. (3) Poor 
Nitirilotriacetic Tributoxyethyl 

acid phosphate ( l ) Fair 

Nitrilotriacetic do. (2) Poor 
acid 

Nitrilotriacetic do. (3) Poor 
acid 

Although these marginally active materials were not paper-like sheet, said material being color-reactive 
particularly desirable for use in printing runs, they were 25 with a dye precursor, and 
adequate, as solutions in ethanol, for desensitizing self- interacted with at least a portion of said material, a 
contained, self‘marking paper in accordance with the complexing agent soluble in organic media and ca~ 
method illustrated in FIG. 2 of the Drawing. Appar- pable of forming a coordination compound with a 
ently the mass action effect can be utilized in this salt or nickel, copper, cobalt, or cadmium, wherein 
method. Accordingly, desensitizing agents with a log K said complexing agent is capable of forming a com 
or log K1 of about 9~l2 are particularly suited to the 30 plex in said organic media with coreactant salts 
method of FIG. 2. such that said complex is more stable than com 

plexes of dithiooxamide or derivatives thereof with 
EXAMPLE W said metal salts. 

FLEXOGRAPHIC lNKS 2. A printed form according to claim 1 wherein said 
It was found that the desensitizing agents of the pre- 35 _ material is a nickel rosinate coating, 

ceding Examples could be used in ?exographic inks- 3. A printed form according to claim 1 wherein said 
Preferred ?exographc inks comprised a water-ethanol material is an electron acceptor capable of forming a 
solvent medium serving as vehicle and cosolvent, a par- color upon reacting with a leuco dye, 
ticulate synthetic resin binder,_ and the desensitizing 40 4. A method of desensitizing a self-marking, self 
agents. Other suitable cosolvents which could be in- _ contained carbonless paper containing an encapsulated 
cluded in the solvent medium were: dye precursor comprising dithiooxamide or a derivative 

dialkyl sulfones and dialkyl sulfoxides, e.g., dimethyl- thereof and a metal salt coreactive with said dye pre~ 
sulfoxide; aliphatic, cycloaliphatic, and aromatic cursor, said method comprising the step of applying to 
nitriles, e.g., acetonitrile, benzonitrile, etc.; 45 a surface of said self-marking, self-contained carbon 

aliphatic nitro compounds, e.g., nitromethane; ke- less paper a composition comprising (1) a complexing 
tones of the formula CH3—CO—R, where R is an agent soluble in organic media and capable of forming 
aliphatic, cycloaliphatic, or aromatic group; am- a complex in said organic media with said coreactant 
ides of the formula R2CONR2', where R and R’ are metal salt such that said complex is more stable than 
hydrogen or an aliphatic group, e.g., dimethylform- 50 complexes of dithiooxamide or derivatives thereof with 
amide, dimethylacetamide, etc.; liquid alkanols; said metal salt, and (2) an organic liquid having a boil-‘ 
and phosphoric acid amides of the formula ing point less than 125° C. capable of dissolving said 
(R2N)3PO, where R is hydrogen or aliphatic. metal salt and said complexing agent. 

* * * * * 

55 
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