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[57] ABSTRACT 

In a heat-sensitive recording material incorporating a col 
orless or pale-colored basic dye and a color acceptor Which 
is reactive With the basic dye to form a color When contacted 
therewith, the recording material characterized in that at 
least one compound represented by the formula [I] is con 
tained in a heat-sensitive recording layer 

[1] 
R1 R3 

@WQ R2 R4 

Wherein X is —O— or —COO—, R1 to R4 are each 
hydrogen atom, alkyl having 1 to 8 carbon atoms, aryl 
having 6 to 10 carbon atoms, aralkyl having 7 to 9 carbon 
atoms, chlorine atom, acetyl, propionyl, methoXy, 
methylthio, methoxycarbonyl, cyano, nitro or cycloheXenyl, 
substituents R1 and/or R2 or substituents R3 and R4 may link 
together to form aromatic ring(s), n is an integer of 1 to 10. 

15 Claims, No Drawings 
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HEAT-SENSITIVE RECORDING MATERIAL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates to heat-sensitive recording 
materials, and more particularly to heat-sensitive recording 
materials having excellent whiteness in a recording layer 
and suited to high-speed recording. 

Heat-sensitive recording materials are well known which 
are adapted to produce record images by thermally contact 
ing a colorless or pale-colored basic dye with a color 
acceptor for a color forming reaction. With progress in 
heat-sensitive recording devices such as heat-sensitive fac 
simile systems, heat-sensitive printers, etc. using the above 
heat-sensitive recording materials in recent years, these 
heat-sensitive recording devices are made operable at a high 
speed. For use with such high-speed hardware, heat 
sensitive recording materials must meet the requirements of 
having a high recording sensitivity, and many proposals 
have been made. However, the conventional recording mate 
rials have the drawback, for example, that the recording 
layer decreases in whiteness with an increase in recording 
sensitivity. For example, many techniques have been pro 
posed to enhance the recording sensitivity by employing a 
heat-fusible material together with a combination of basic 
dye and color acceptor. Stearic acid amide, palmitic acid 
amide and like fatty acid amide are known as the heat 
fusible material but these compounds bring the decrease in 
whiteness of the recording layer. Thus, suf?cient results 
were not so far achieved. 

An object of the present invention is to provide a 
heat-sensitive recording material having an enhanced 
recording sensitivity without entailing the decrease of white 
ness of the recording layer. 

Stated speci?cally, the invention provides a heat 
sensitive recording material incorporating a colorless or 
pale-colored basic dye and a color acceptor which is reactive 
with the basic dye to form a color when contacted therewith, 
the recording material being characterized in that at least one 
compound represented by the formula [I] is contained in a 
heat-sensitive recording layer 

R1 R3 

3:) or 
wherein X is —O— or —COO—, R1 to R4 are each 
hydrogen atom, alkyl having 1 to 8 carbon atoms, aryl 
having 6 to 10 carbon atoms, aralkyl having 7 to 9 carbon 
atoms, chlorine atom, acetyl, propionyl, methoxy, 
methylthio, methoxycarbonyl, cyano, nitro or cyclohexenyl, 
substituents R1 and R2 and/or substituents R3 and R4 may 
link together to form aromatic ring(s), n is an integer of 1 to 
10. 

In the above, R1 to R4 are preferably each hydrogen atom, 
alkyl having 1 to 4 carbon atoms, phenyl, benZyl, chlorine 
atom, methoxy, methylthio, cyano or nitro. Further, n is 
preferably 1 to 6, more preferably 1 to 4 and most preferably 
2 or 4. 

Although the reason why the above speci?c heat-fusible 
material gives an excellent recording sensitivity without 
decrease in whiteness is unknown, this feature of the mate 
rial appears attributable to the fact that it resembles to the 
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2 
basic dye or organic color acceptor in chemical structure and 
dissolves in the recording layer with an enhanced mutual 
solubility. 

Examples of useful heat-fusible materials are as follows. 
In parentheses are given melting points of the compounds. 

1—Phenoxy-2—naphthoxy(1)—ethane (106° C.) having the formula 
OCHZCHZO 

1—Phenoxy-4-naphthoxy(2)—butane (111.5° C.) having the formula 

1—(2-Isopropylphenoxy)—2—naphthoxy(2)—ethane (97° C.) having the 
formula 

HC(CH3)2 

1—(4—Methylphenoxy)—3-naphthoxy(2)—propane (92° C.) having the 
formula 

1-(2-Methylphenoxy)—2—naphthoxy(2)—ethane (123° C.) having the 
formula 

CH3 

: : / O (CH2)2O 4@ 
1-(3-Methylphenoxy)—2—naphthoxy(2)—ethane (132.5° C.) having the 
formula 

1—Phenoxy-2-naphthoxy(2)—ethane (137° C.) having the 
formula 

: : : : O (CH2)2O @ 
1—Phenoxy-6-naphthoxy(2)—hexane (86° C.) having the 
formula 

: : 
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dihydroxybenZophenone, 2,4,4‘-trihydroxybenZophenone, 
2,2‘,4,4‘-tetrahydroxybenZophenone, dimethyl 
4-hydroxyphthalate, methyl 4-hydroxybenZoate, ethyl 
4-hydroxybenZoate, propyl 4-hydroxybenZoate, sec-butyl 
4-hydroxybenZoate, pentyl 4-hydroxybenZoate, phenyl 
4-hydroxybenZoate, benZyl 4-hydroxybenZoate, tolyl 
4-hydroxybenZoate, chlorophenyl 4-hydroxybenZoate, phe 
nylpropyl 4-hydroxybenZoate, phenethyl 
4-hydroxybenZoate, p-chlorobenZyl 4-hydroxybenZoate, 
p-methoxybenZyl 4-hydroxybenZoate, novolak phenol resin, 
phenolic polymer and like phenolic compounds; benZoic 
acid, p-tert-butylbenZoic acid, trichlorobenZoic acid, tereph 
thalic acid, 3-sec-butyl-4-hydroxybenZoic acid, 
3-cyclohexyl-4-hydroxybenZoic acid, 3,5-dimethyl-4 
hydroxybenZoic acid, salicylic acid, 3-isopropylsalicylic 
acid, 3-tert-butylsalicylic acid, 3-benZylsalicylic acid, 3-(ot 
methylbenZyl)salicylic acid, 3-chloro-5-(ot-methylbenZyl) 
salicylic acid, 3,5-di-tert-butylsalicylic acid, 3-phenyl-5-(ot, 
0t-dimethylbenZyl)salicylic acid, 3,5-di-ot 
methylbenZylsalicylic acid and like aromatic carboxylic 
acids; also, salts of such phenolic compounds or aromatic 
carboxylic acids With Zinc, magnesium, aluminum, calcium, 
titanium, manganese, tin, nickel and like polyvalent metals, 
etc. 

With the heat-sensitive recording materials of the 
invention, the proportions of basic dye and color acceptor to 
be used for the recording layer are usually 100 to 700 parts 
by Weight, preferably 150 or 400 parts by Weight, of the 
latter per 100 parts by Weight of the former. Each of the basic 
dye and the color acceptor can be used singly or in mixture 
of at least tWo of them. 

For preparing a coating composition comprising the fore 
going components, the basic dye, the color acceptor and the 
heat-fusible material are dispersed, together or individually, 
into Water serving as a dispersion medium, using stirring and 
pulveriZing means such as a ball mill, attritor or sand mill. 
Usually the coating composition has incorporated therein a 
binder in an amount of 2 to 40% by Weight, preferably 5 to 
25% by Weight, based on the total solids content of the 
composition. Examples of useful binders are starches, 
hydroxyethyl cellulose, methyl cellulose, carboxymethyl 
cellulose, gelatin, casein, gum arabic, polyvinyl alcohol, 
styrene-maleic anhydride copolymer salt, styrene-butadiene 
copolymer emulsion, etc. 

Various other auxiliary agents, as required, can be further 
added to the coating composition. Examples of useful agents 
are dispersants such as sodium dioctylsulfosuccinate, 
sodium dodecylbenZenesulfonate, sodium salt of lauryl alco 
hol sulfuric acid ester, fatty acid metal salts, etc., defoaming 
agents, ?uorescent dyes, coloring dyes, etc. 

In addition, to the composition may be added in order to 
prevent the adhesion of tailings to the thermal head face and 
improve the Whiteness of the recording layer, inorganic 
pigment such as kaolin, clay, talc, calcium carbonate, cal 
cined clay, titanium oxide, kieselguhr, ?nely divided anhy 
drous silica, activated clay, etc. 

Further, to the composition may be added, in order to 
prevent sticking upon contact of the heat-sensitive recording 
layer With a recording device or thermal head, a dispersion 
or emulsion of stearic acid, polyethylene, carnauba Wax, 
paraf?n Wax, calcium stearate, Zinc stearate, ester Wax or the 
like. 

The method of forming the recording layer of the heat 
sensitive recording material of the invention is not particu 
larly limited, but conventional techniques are usable. For 
example, the coating composition is applied to a substrate by 
an air knife coater, blade coater or like suitable means. The 
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8 
amount of coating composition to be applied, Which is not 
limited particularly, is usually 2 to 12 g/m2, preferably 3 to 
10 g/m2, based on dry Weight. 
As a substrate (support) to be coated, may be used a paper, 

synthetic ?ber paper, plastic ?lm or the like, but a paper is 
most preferably used. 

Further, it is possible to form an over-coat layer on the 
recording layer to protect the layer. Various other knoWn 
techniques in the ?eld of heat-sensitive recording material 
can be applied. For example, it is possible to form a primary 
coating layer on the support. 
The heat-sensitive recording materials thus obtained 

suited to high-speed recording, have excellent Whiteness and 
have a Well-balanced characteristics in qualities. 
The invention Will be described beloW in more detail With 

reference to Examples and Comparison Examples by no 
means limited to, in Which parts and percentages are all by 
Weight, unless otherWise speci?ed. 

EXAMPLE 1 

(1) Composition (A) 
3-(N-cyclohexyl-N-methylamino)-6-methyl-7 

phenylamino?uoran (10 parts), 20 parts of 1-phenoxy-2 
naphthoxy(1)-ethane, 15 parts of 5% aqueous solution of 
methyl cellulose and 120 parts of Water Were pulveriZed by 
a sand mill to prepare Composition (A) having an average 
particle siZe of 3 pm. 

(2) Composition (B) 
4,4‘-Isopropylidenediphenol (30 parts), 30 parts of 5% 

aqueous solution of methyl cellulose and 70 parts of Water 
Were pulveriZed by a sand mill to obtain Composition (B) 
having an average particle siZe of 3 pm. 

(3) Preparation of a recording layer 

A 165-part quantity of Composition (A), 130 parts of 
Composition (B), 30 parts of ?nely divided anhydrous silica, 
150 parts of 20% aqueous solution of oxidiZed starch and 55 
parts of Water Were mixed With stirring to prepare a coating 
composition. The coating composition Was applied to a 
paper substrate Weighing 50 g/m2 in an amount of 7.5 g/m2 
by dry Weight to prepare a heat-sensitive recording paper. 

EXAMPLE 2 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1-(2 
isopropylphenoxy)-2-naphthoxy(2)-naphthoxy(2)-ethane 
Was used in place of 1-phenoxy-2-naphthoxy(1)-ethane in 
the preparation of Composition 

EXAMPLE 3 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1-(2-phenylphenoxy) 
2-phenoxyethane Was used in place of 1-phenoxy-2 
naphthoxy(1)-ethane in the preparation of Composition 

EXAMPLE 4 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1-(4-phenylphenoxy) 
2-(2-methylphenoxy)ethane Was used in place of 
1-phenoxy-2-naphthoxy(1)-ethane in the preparation of 
Composition 

EXAMPLES 5 AND 6 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1,4-diphenoxybutane 
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(Example 5) or 1,4-di(4-methylphenoxy)butane (Example 
6) Was used in place of 1-phenoxy-2-naphthoxy(1)-ethane in 
the preparation of Composition 

EXAMPLES 7 TO 14 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1,2-diphenoxyethane 
(Example 7), 1 -(4-methylphenoxy)-2-phenoxyethane 
(Example 8), 1-(3,4-dimethylphenoxy)-2-phenoxyethane 
(Example 9), 1,2-di(3-methylphenoxy)ethane (Example 10), 
1 -(4-methylphenoxy)—2-(3-methylphenoxy)ethane 
(Example 11), 1 -(3,4-dimethylphenoxy)—2-(4 
methylphenoxy)ethane (Example 12), 1 -(2,5 
dimethylphenoxy)-2-(4-methylphenoxy)ethane (Example 
13) or 1,2-di(2,4-dimethylphenoxy)ethane (Example 14) 
Was used in place of 1-phenoxy-2-naphthoxy(1)ethane in the 
preparation of Composition 

EXAMPLE 15 TO 17 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1-(4-ethylphenoxy)-2 
(3-methylphenoxy)ethane (Example 15), 1-(4 
isopropylphenoxy)-2-phenoxyethane (Example 16) or 
1-phenoxy-2-(4-tert-butylphenoxy)ethane (Example 17) 
Was used in place of 1-phenoxy-2-naphthoxy(1)-ethane in 
the preparation of Composition 

EXAMPLE 18 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that [3-naphthyl phenoxy 
acetate Was used in place of 1-phenoxy-2-naphthoxy(1) 
ethane in the preparation of Composition 

EXAMPLE 19 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that p-tolyl 
[3-naphthoxyacetate Was used in place of 1-phenoxy-2 
naphthoxy(1)-ethane in the preparation of Composition 

EXAMPLE 20 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1-(4-methoxyphenoxy) 
2-phenoxyethane Was used in place of 1-phenoxy-2 
naphthoxy(1)-ethane in the preparation of Composition 

EXAMPLE 21 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1-(4-chlorophenoxy) 
2-phenoxyethane Was used in place of 1-phenoxy-2 
naphthoxy(1)-ethane in the preparation of Composition 

EXAMPLE 22 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1-(4-cyanophenoxy) 
2-(2-methylphenoxy)ethane Was used in place of 
1-phenoxy-2-naphthoxy(1)-ethane in the preparation of 
Composition 

EXAMPLE 23 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that 1,2-di(3 
methylphenoxy)ethane Was used in place of 1-phenoxy-2 
naphthoxy(1)-ethane in the preparation of Composition (A), 
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10 
and benZyl p-hydroxybenZoate Was used in place of 4,4‘ 
isopropylidenediphenol in the preparation of Composition 

COMPARISON EXAMPLE 1 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that stearic acid amide Was 
used in place of 1-phenoxy-2-naphthoxy(1)-ethane in the 
preparation of Composition 

COMPARISON EXAMPLE 2 

Aheat-sensitive recording paper Was prepared in the same 
manner as in Example 1 except that stearic acid amide Was 
used in place of 1-phenoxy-2-naphthoxy(1)-ethane in the 
preparation of Composition (A), and benZyl 
p-hydroxybenZoate Was used in place of 4,4‘ 
isopropylidenediphenol in the preparation of Composition 

The 25 kinds of beat-sensitive recording papers thus 
prepared Were checked for recording sensitivity and White 
ness of recording layer. The results Were shoWn in Table 1 
beloW. The recording sensitivity Was evaluated by feeding 
the paper to a high-speed heat-sensitive facsimile system 
(Hitachi HIFAX-700 Model, G III type, a product of Hitachi 
Ltd.) for recording and checked for color density by Mac 
beth densitometer (Model RD-100R, a product of Macbeth 
Corp.). The Whiteness Was given With use of a Hunter 
multipurpose re?ectometer before the recording. 

TABLE 1 

Recording White- Recording White 
Sensitivity ness Sensitivity ness 

Ex. 1 1.15 81.0 Ex 14 1.03 81.5 
Ex. 2 1.05 80.5 Ex 15 1.18 81.2 
Ex. 3 1.05 80.6 Ex 16 1.20 81.3 
Ex. 4 1.02 81.5 Ex 17 1.19 80.3 
Ex. 5 1.08 80.8 Ex 18 1.13 80.7 
Ex. 6 1.18 81.3 Ex. 19 1.15 80.5 
Ex. 7 1.28 81.0 Ex. 20 1.20 80.5 
Ex. 8 1.25 80.8 Ex. 21 1.23 81.0 
Ex. 9 1.19 81.0 Ex. 22 1.18 81.5 
Ex. 10 1.23 81.1 Ex. 23 1.30 81.0 
Ex 11 1.24 81.0 
Ex 12 1.04 81.3 Corn. Ex 1 1.70 80.0 
Ex 13 1.20 80.7 Corn. Ex 2 1.10 80.3 

We claim: 
1. In a heat-sensitive recording material comprising a 

heat-sensitive recording layer incorporating a colorless or 
pale-colored basic dye, and a color acceptor Which is reac 
tive With the basic dye to form a color When contacted 
thereWith, the recording material characterized in that at 
least one compound represented by the formula [I] is con 
tained in the heat-sensitive recording layer 

(1) 
R1 R3 

QMWQ R2 R4 

Wherein X is —O— [or —COO—], R1 to R4 are each a 
hydrogen atom, alkyl having 1 to 8 carbon atoms, aryl 
having 6 to 10 carbon atoms, aralkyl having 7 to 9 carbon 
atoms, chlorine atom, acetyl, propionyl, methoxy, 
methylthio, methoxycarbonyl, cyano, nitro or cyclohexenyl, 
substituents R1 and[/or] R2 and/or substituents R3 and R4 
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may link together to form aromatic ring(s), and n is an 
integer of 1 to 10, wherein said recording layer is deposited 
on a substrate. 

2. A heat-sensitive recording material as de?ned in claim 
1 Wherein X is —O— [or —COO—], R1 to R4 are each 
hydrogen atom, alkyl having 1 to 4 carbon atoms, phenyl, 
benZyl, chlorine atom, methoXy, methylthio, cyano or nitro, 
substituents R1 and R2 and/or substituents R3 and R4 may 
link together to form aromatic ring(s). 

3. A heat-sensitive recording material as de?ned in claim 
2 Wherein X is oxygen atom. 

4. A heat-sensitive recording material as de?ned in claim 
1 Wherein the compound represented by the formula [I] is 
used in an amount of 10 to 1000 parts by Weight per 100 
parts by Weight of the color acceptor. 

5. A heat-sensitive recording material as de?ned in claim 
1 Wherein the color acceptor is used in an amount of 100 to 
700 parts by Weight per 100 parts by Weight of the basic dye. 

6. In a heat-sensitive recording material comprising a 
substrate and a heat-sensitive recording layer deposited on 
said substrate, wherein the heat-sensitive recording layer 
comprises a colorless or pale-colored basic dye and a color 
acceptor which is thermally reactive with said dye to form 
a color record when thermally activated; the improvement 
comprising, in said heat-sensitive recording layer; at least 
one recording sensitivity enhancing compound according to 
the formula 

(1) 
R1 R3 

R2 R4 

whereinX is —O—, R1 to R 4 are each hydrogen atom, alkyl 
having 1 to 8 carbon atoms, aryl having 6 to 10 carbon 
atoms, aralkyl having 7 to 9 carbon atoms, chlorine atom, 
acetyl, propionyl, methoxy, methylthio, methoxycarbonyl, 
cyano, nitro or cyclohexenyl, substituents R1 and R2 and/or 
substituents R3 and R 4 may link together to form aromatic 
ring(s), n is an integer of 1 to 10,‘ wherein said basic dye, 
said color acceptor and said at least one recording sensi 
tivity enhancing compound are deposited on the substrate in 
the form of fine particles. 

7. In a color record, corresponding to a thermal contact 
with a thermally sensitive recording material comprising a 
substrate having a thermally sensitive recording layer dis 
posed thereon,~ wherein said color record comprises the 
thermal reaction product of a colorless or pale-colored 
basic dye with a color acceptor thermally reactive there 
with,' the improvement comprising, in said thermally sensi 
tive recording layer; a sensitivity enhancing quantity of at 
least one compound according to the formula 

(1) 
R1 R3 

QOWQ R2 R4 

whereinX is —O—, R1 to R4 are each hydrogen atom, alkyl 
having 1 to 8 carbon atoms, aryl having 6 to 10 carbon 
atoms, aralkyl having 7 to 9 carbon atoms, chlorine atom, 
acetyl, propionyl, methoxy, methylthio, methoxycarbonyl, 
cyano, nitro or cyclohexenyl, substituents R1 and R2 and/or 
substituents R3 and R4 may link together to form aromatic 
ring(s), n is an integer of 1 to 10. 
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12 
8. In a heat-sensitive recording material, having improved 

recording sensitivity, consisting essentially of a substrate 
having deposited thereon a heat-sensitive recording layer 
comprising colorless or pale-colored basic dye, a color 
acceptor thermally reactive therewith,~ the improvement 
comprising, in said heat-sensitive recording layer; a sensi 
tivity enhancing quantity of at least one compound accord 
ing to the formula 

(1) 
R1 R3 

QOWQ R2 R4 

wherein X is —O—, R1 to R4 are each hydrogen atom, alkyl 
having 1 to 8 carbon atoms, aryl having 6 to 10 carbon 
atoms, aralkyl having 7 to 9 carbon atoms, chlorine atom, 
acetyl, propionyl, methoxy, methylthio, methoxycarbonyl, 
cyano, nitro or cyclohexenyl, substituents R1 and R2 and/or 
substituents R3 and R 4 may link together to form aromatic 
ring(s), n is an integer of 1 to 10. 

9. A heat sensitive recording material as claimed in claim 
8 wherein said heat-sensitive recording layer further 
includes a binder. 

10. A heat-sensitive recording material as claimed in 
claim 8 wherein said heat-sensitive recording layer further 
includes at least one auxiliary material in an amount which 

does not cause adverse ejfects. 

11. A heat-sensitive recording material as claimed in 
claim 8, wherein each of said components of said heat 
sensitive recording layer is separately dispersed as fine 
particles in said recording material. 

12. In a process of producing record images by: 

coating a substrate with a heat-sensitive recording layer 
composition comprising a colorless or pale-colored 
basic dye and a color acceptor; 

subjecting said coated substrate to a thermal recording, 
color forming reaction, and 

recovering said substrate having thermally recorded 
images thereon,' 

the improvement which comprises: 
including in said heat-sensitive recording layer at least 

one compound represented by the formula 

ZQOWCQ 
wherein X is —O—, R1 to R 4 are each hydrogen atom, 
alkyl having 1 to 8 carbon atoms, aryl having 6 to 10 
carbon atoms, aralkyl having 7 to 9 carbon atoms, 
chlorine atom, acetyl, propionyl, methoxy, methylthio, 
methoxycarbonyl, cyano, nitro or cyclohexenyl, sub 
stituents R1 and R2 and/or substituents R3 and R4 may 
link together to form aromatic ring(s), n is an integer 
of 1 to 10, thereby providing a recording layer of 
enhanced recording sensitivity,' 

(1) 
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thermally recording images on said enhanced sensitivity 
recording layer; and 

recovering from said thermal recording step said sub 
strate and recording layer thereon of substantially 
undiminished whiteness having printed thereon ther 
mally recorded images. 

13. A process of producing record images as claimed in 
claim 12 wherein said heat-sensitive recording layer further 
includes a binder 

14 
14. A process of producing record images as claimed in 

claim 12 wherein said heat-sensitive recording layer further 
includes at least one auxiliary material in an amount which 

does not cause adverse e?rects. 
15. A process of producing record images as claimed in 

claim 12 wherein each of said components is separately 
dispersed as fine particles in said recording material. 
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