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This_'inventiﬂn relates to novel light-sensitive elements
and more particularly to novel light-sensitive photo-

ELEMENTS AND

thermographic elements and their heat processing to pro-

duce colored images by cross-oxidation reactions.

~ Photothermographic elements are known in the art.
These materials are designed for exposure 10 a light image
which creates an invisible latent image  that is subse-

quently made visible by the action of heat. British

790,811, published February 19, 1958, for example, de-

‘scribes such a material which contains a light-sensitive
silver halide emulsion and a developer. After exposure,
‘this material is heat developed and the developing agent

~ which remains unused in the unexposed areas is trans-

ferred to a receiving sheet containing a diazo compound
~ with the production of a corresponding dye image.
‘The formation of colored quinhydrone images by heat
 has been proposed for preparing a thermographic paper.
However, heretofore, it has not been possible to prepare
such a compound by thermographic development of a
silver halide emulsion layer. D

- Itis an object of our invention to provide a novel, Jlight-

-sensitive photothermographic element for producing col-

ored images,

Another object of our inveation is to provide a new

 class of light-sensitive photothermographic elements for

producing colored images by cross-oxidation reactions.

 Another. object is to provide photothermographic ele-
ments which are processed with a rapid, substantially
- dry process to produce copies of good gquality. |

Another object is to provide photothermographic ele-

- ments that are valuable for copying originals by contact

~ printing with transmitted light or by reflex printing, or by
- Another object 1s to- provide novel photothermographic
elements which have high photcgraphic speeds which
makes them valuable for use in cameras of the Photostat
copier type. . o o | |
 Still another object is to provide a process for process-
ing our novel photothermographic material. |
~ Still further objects will become apparent from the
following specification and claims. |
~ These and other objects are accomplished by using the
photothermographic element of our invention. |
" Qur light-sensitive photothermographic element con-
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having dispersed therein light-sensitive silver halide and
a substantially water-insoluble 2-alkyl-5-alkyl substituted
hydroguinone dissolved 1na substantially water-insoluble
alkali-permeable organic solvent. Alternatively, this ele-

" ment may contain in addition to the dispersion of 2-alkyl-

5-alky] substituted hydroquinone in the second hydro-
philic layer, a second dispersion comprising a solution

of a substantially water-insoluble 2-alkyl-5-aikyl substl-
tuted quinone in a substantially water-insoluble alkali-

10

permeable organic solvent or may contain instead of the
two dispersions only the dispersion of 2-alkyi-5-alkyl sub-
stituted quinone dissolved in the organic solvent. =~

~ In another embodiment of our invention, the element
consists of (1) the support, (2) the developer layer
already described and (3) a second hydrophilic layer
comprising a binder having dispersed therein light-sensi-

‘tive silver halide and a solution of a substantially water-
‘insoluble dye base of the alkoxynaphthol series dissoived

in a substantiailly water-insoiuble alkali-permeable organic
solvent. o |

In ancther preferred embodiment of our invention the

. element consists of (1) the support and (2) developer

Jayer already described and (3) a second hydrophilic
layer comprising a binder having dispersed therein light-
sensitive silver halide and a solution of a substantially

water-insoluble leuco dye dissolved in a substantially

water-insoluble alkali-permeable organic solvent.

D
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In stil] another preferred embodiment of our invention,

~ the element consists of (1) the support and (2) developer

laver already described and (3) a second hydrophilic
layer comprising a binder having dispersed therein light-

sensitive silver halide and a solution of a substantially

water-insoluble p-phenylenediamine and a substantially
water-insoluble color-forming coupler in a substantially
water-insoluble alkali-permeable organic solvent.

- Qur photothermographic clements are exposed fo a
light image by contact printing either by transmission or
by reflex, projection printing or. with a camera such as
is used in a Photostat copier, developed by treating the ex-
posed element with steam to bring the material to a tem-
perature in the range of from 70 to 100° C., then the
hydrophilic layer of the hot element is immediately con-
tacted with a paper receiving sheet io produce the copy
bearing a dye image. Omne additional copy is made by
contacting the hot element with a fresh paper receiving
sheet. The steam heat development may be accom-

- plished in any convenient manner such as passing the
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sists of (1) a support coated with (2) a silver halide de-

veloping layer in a hydrophilic binder and coated over
this' (3) a second hydrophilic layer comprising a dis-
persion of light-sensitive silver halide and a dispersion
~ of an organic composition which changes color upon

cross-oxidation, said composition being dissolved In a
substantially water-insoluble alkali-permeable organic s0l-

vent. In certain instances, the constituents of layers (2)

65

~and (3) are combined in a single layer.
In one preferred embodiment of our invention, the

element for about 15 seconds close fo 2 supply of steam
such as a steam laundry iron; or alternatively, the ele-
ment can be uniformly moistened with water and then
exposed to a dry heat to raise the temperature of the ele-
ment to the processing temperature. A particularly ad-
vantageous method involves passing the exposed element
between a pair of driven rollers which. moisten the ele-
ment with water at room temperature, convey the moist
element through a heat tunnel made by two heated blocks
of metal to another set of driven rollers which remove

 the hot element from the tunnel and contact its hydro-

60

photothermographic element consists of (1) a support

coated with (2) a developer layer comprising a hydro-
- philic binder, a substituted cyclic nontanning silver halide
developing agent and an alkaline salt, said layer coaied
with (3) a second hydrophilic layer comprising a binder

philic layer with a paper receiving sheet. The copy is
then stripped from the hot element. |

The optimum heating time will depend upon the tem-
perature of the steam, heating tunnel or other device used
and can be readily determined. |

The formation of the colored image corresponding to

the light exposed latent image during the thermographic

processing of each of the described types of elements
involves the development of a silver image in the second
hydrophilic layer with the imagewise formation of oxi-
dized and unoxidized silver halide developer which then

70 undergoes a cross-oxidation reaction with the substanti-
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aily water-insoluble color-forming organic composition

dissolved in the dispersed particles of substantially water-
insoluble alkali-permeable organic solvent. The details

) . ) .. . o " - - . "1 -ﬂr'-"; _- .1.
of the cross-oxidation reaction depend upon the materials

used in the color-forming organic composition and de- -
termine whether a negative or positive imags is obtained

3,180,721

1-p-h@'ﬂ3;i—3_~@yr3301idm_ &S 5-';1' silver halide -dﬂel?piﬁg
agent, The uvnused unoxidized 1-phenyl-3 -pyrazoiidone
left in areas of unexposed- silver halide upon thermoc-

- graphic processing reduce some of the substituted quinone

5

~of the original. Usually, the colored image formed by
the cross-oxidation reaction is transferred from the hot .
developed element to a paper receiving sheet which may -

~or may not contain another material that enters into the

;|

celor-forming reaction. This will also determine whather

~ the image is a negative or positive of the original.

- ‘The transfer step in our process ot only permits mak-
~ Ing two or sometimes several copies but has the very
important advantage of producing copies that are sub-

stantially free of the varicus chemicals that are in the
clement,
stability. S

By cross-cxidation we mean the reaction mechanism by

which either (1) the silver halide developing agent oxi-.

dized by silver halide development in turn oxidizes ths

e
"y

‘Thus the copies produced have optimum

PAL

reduced form of a color-forming composition used in the

photothermographic element, or (2) the reaction in which

unuscd siiver halide developing agent reduces the oxidized
form of a coler-forming composition used in the element.

—a

- a positive dye imz
. receiving sheet.

- The elements which have as the color-forming organic -
compositicns a 2-alkyl-S-alkyl supstituted hydroguinone,

a dye base, a leuco dye, or a combination of a color-

forming coupler and a substantially water-insoluble sub-
stituted p-phenylenediamine are believed to mvoive g &

ross-oxidation reaction in. which the
- halide

oxidized silver
eveloping agent, formed by silver 1mage develop-

zent, oxidizes scme of the color-forming organic com-

- position to produce
- Image., | 3 - :

~ In an element containing a substituted hvdroguinone,
the oxidized silver halide developing agent oxidizes some

a negative image of the orizinal

of the substituted hydroguinone to the corresponding

- quinone which while still hot is transferred with un-
- oxldized hydroquinone to a paper receiving sheet where

L
o

e
et

the corresponding negative quinhydrone dye image. is

formed when the paper cools. Alternatively, a positive
quinhydrone image of the original is produced from this

clement when the receiving sheet used contains a coating

of the appropriate substituted guincne.

In'a product containing a dye of the alkexynaphthol

series, the oxidized developer formed in the expGsed areas

10

Of positive dye imagesﬁ-'_.utﬂizing'._pr_eferablyﬁ a 'I"j;methyl-'
- anminophenol sulfate as the. silver halide developing
~agent, the second hydrophilic layer comprises a hydro-

to the-corresponding hydroquinone which ‘while still hot
is transferred to the paper receiving sheet where a posi-
tive .quinhydrone dye image is formed of the original.
No dye is formed corresponding to the exposed areas of
the silver halide since none of the guincne in those areas
1is reduced tothe hydroguinone. . .~
- In ancther element designed for the direct production

philic binder  having  dispersed therein silver halide, a

2-alkyl-5-alkyl substitited hydrcquinene dissclved in a

substantially water-insoluble alkali-permeable organic
solvent and a 2-alkyl-S-alkyl substituted quinone dissolved
in substantially water-insoluble alkali-permeable organic
solvent. During thermographic processing, -the oxidized

3

form- of the silver halide developing agent formed in

~areas of silver image development cross-oxidizes all the

photothermographic elements.

substituted hydroguinone to its quinone so ‘upcn transfer,
ge of the original is formed on the paper

The following description will further illustrate our

The support for our elements can be any of the support

materials used in photograrhy, such as paper, siect metal,

|-

~glass,. plastic shesting made out of materials ‘such as
polyethvlene terephthalate, the- polycarbonates, etc.

~scribed in Lowe U.S. Patent 2,286,215, issued June 16,

issued August 24,:1943: g ‘water-soluble

The hydrophilic biader used in the hydrophilic colloid
layers to contain the various chemicals in the photothermo-

grapitic element can be any - gelatin such as is used in
photographic materials and any of the colloid photo graphic
gelatin substitutes such as. colloidal -albumin, a cellulose
derivative, or a synthetic resin for instance, a polyvinyl

- compound. Some colloids which may be used are poly-

vinyl alcohol or a hydrolyzed polyvinyl acetate as de-

1942; a far hydrolyzed cellulose ester such as- celluloss
acetate hydrolyzed to an acetyl content of 19-26% 2s de-
scribed in U.S. Patent 2,327,808 of Lowe -and - Clark,
ethanolamine

cellulose acetate as described in. “Yutzy U.S. Patent

2,322,085, issued Juna"’-;lﬁ , 1943; a polyacrylamine having

~ a combined acrylamide content of 30-60% and a specific

oxidizes the dye base by a cross-oxidation reaction to

procuce a dye negative image of the original which is
then transferred while hot to a plain paper receliving
sheet. | | S

50

In an element containing a leuco dye, the imagewiss -

oxidized silver halide developing agent cross-oxidizes the

leuco dye to produce a negative dye image of the original
which is then transferred while hot to g piain paper
receiving sheet, |

In an element contalning a color-forming coupler and-

2 suosiantiaily water-inschible substituted. p~phenvienc-

~diamine developing agent, the imagewise oxidized silver

..._a:,\.f
T 13 x =2 -4 LAl B LN 133 F Y
natide developing agent cross-oxidizes the p-pRenyiena-

diamine to its oxidized form which reacts with tha
coupler to produce a negative dye image of the orisinal

which is then transferred while hot to a Diain paper

receiving sheat, |
Tha ravaraihiisée £ 47 n ranpdl - ot
108 TOVersioiily OF tize reaction system . |
suostituted hydroguinone=2substitutad quincas -

in the water-insoluble alkali-permeable organic solvents

Is used in ancther cross-oxidation reaction to form a direct

positive without using a receiving sheet coated with tha

appropriate quinone as described above. This 15 ac-

complished by substituting a - 2-alkyl-5-alkyl substitoted

quincne for the substituted hydreguinons as the color-

previously.  The immediate elemsnt uses preferably a

~urethane carboxylic acid groups of the type described in

55

e

viscosity of 0.25-1.5 or an imidized polyacrylamide of

like acrylamide content and viscosity as described in Lowe,
Minsk and Kenyon U.S. Patent 2,541,474, issued February

13, 1551; zein as described in Lowe U.S. Patent 2,563,791,
1ssted August 7, 195 1; a vinyl-alcohol polymer containing

Unruh and Smith _U.S;_;'ﬁP&t;?nt__2,768,154_; issued QCctober
23, 1956; or. containing Cyang-acetyl groups such as the

- vinyl alcohol-vinyl cyanoacstate polymer as describad in

60
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- September 16, 1858,
~two or more of these colloids may be emploved.

substituted cyclic acntananing developing agents used in-

Unreh, Smith and Priest U.S. Patent 2,808,331, issued

October 1, 1957; or a polymeric material which results

from polymerizing a protein or a saturated acylated protein

with a monomer having a vinyl group as described in U.S.

-

Patent 2,852,382, of Illingsworth, Bann-and Gates, issuad

The silver halide developing agent used can be any

‘photographic development processes.  Silver halide de-
velopers-that are ‘used-include -'-1'-phényl-B_-pyrazol-idone,

70

-
i)

‘photographic developing agents, except those substituted

~with solubilizin g groups, such as ,su_lfoixiq.._: acid groups,

any of the substituted 1 -phenyl-3-pyrazolidones used as

p-phenylenediamine, any of the substituted p-phenylenedi-

_ _ _ - amines used in photography, except those containing solu-
forming composition in the element of this tvna described

bilizing groups, p-methylaminophenoc] sulfate and sub-
stituted p-nmthylami__ngphenol sulfates. : _

I desired, compatible mixtures. of

.

|
[
1
|
I
|
'.
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. Among the preferred silver halide developing agents
" used in our photothermographic elements are (1) the 1-
_phenyl-3-——pyrazolid0nes which may be represented by the
formula: L o . |

The silver halide emulsion has a low sivler content which

usually is about in the range of 4 mg. to 8 mg. of silver
~ per square decimeter of the coated photothermographic
 element. The silver halide or mixed halide emulsion may

be unsensitized, or it may be chemically sensitized, and/

5 | .
S| " or optically sensitized with any of the sensitizers used in
Ry -_?;0 ~ ~the art, such as those described in Dann et al., U.S. Serial
Ry—C N—H MNo. 797,577, filed March 6, 1959, and now U.S. Patent .
v’ . 3,062,646, - ) :
| /\ 10 - The substantially water-insoluble alkali-permeable or-
L | " panic solvents.used in the photothermographic element
I to dissolve the organic composition that changes color
| upon cross-oxidation, include any of the high boiling crys-
o S N | | talloidal solvents, such as are listed in Mannes et al., U.S.
wherein Ry, Rg, Rg-and-Ry may-each represent a hydrogen 15 Patents _'2’*304’9 39 and U.s. 2,304,940, both Issue‘il, De-
‘atom, -or an-alkyl orolip -having from 1 to 4 carbon atoms, ‘cembe,r_ 15, 1942, Jelley et al, U.S. 2,322,027, ISSUFd
such as methyl, - ethyl; propyl, butyl, secondary butyl, June 15_-"—- 1943, and others. Representative 501"31“3 -
tertiary butyl, etc., so that not more than two of the R clude dibutyl phthalate, p-methoxyethyl phthalate, ethyl-
oroups are alkyl groups; (2) the ‘p-phenylenediamines N,N-di-n-butylcarbamate, t}'-lcresylphosphate,-_ tr1 - p - tert.
which may be represented by the formula: o " op butylphenyl phosphate, triphenyl phosphate, ditetrahy-
T T | | . | drofurfuryl succinate, tetrahydrofurfuryl benzoate, N-11-
. R,—N—Rs. amylphthalimide, N-n-amyl succinimide, ethylene glycol
) monobenzyl ether, glycol salicylate, etc. -Among the or-
. /\  ganic solvents used in the elements according to our in-
R; R o5 vention, are the liquid esters of higher monohydroxy al-
o \/‘ cohols and the waxy esters of alcohols which melt and
) become liquid in the temperature range used for the heat
NH; treatment and which sclidify after this treatment.
| o 5 - | ‘The optimum ratio of solvent to binder used in making
wherein Rs and Rg may each represent a hydrogen atom, a4 the element will depend upon the particular solvent used,
or an alkyl group having from 1 to 16 carbon atoms, such the dye-formers and other factors. In general, this ratio
as methyl, ethyl, propyl, isopropyl, butyl, amyl, tertiary must be sufficiently high to insure the transfer of adequate
amyl, hexyl, octyl, decyl, dedecyl, pentadecyl, hexadecyl, dye to produce a good image. o
~ etc., and Ry and Rg each represent a hydrogen-atom Or = “The substantially water-insoluble organic compositions
‘an alkyl group containing from 1 to 16 carbon atoms as g5 which change color upon cross-oxidation with oxidized
described for R; and Rg -or an -~alk3,s:131_11fonalmdoall§y1  silver halide developing agents include: |
~group, for example-,.ﬁf(methylsu_lfonam1do)-ethyl, provid- I. The dye bases of the alkoxynaphthol series which
- ed that not more than one group Ry or Rg represents an are insoluble in water and which undergo the cross-oxi-
- alkylsulfonamidoalkyl group; (3) the p-methylamino- dation reaction according to the invention, in particular
- phenol sulfates which may be represented by the formula: 45 methoxynaphthol, ethoxynaphthol, n-butoxynaphthol, sec.
- — . | butoxynaphthol, tert. butoxynaphthol, etc.; o
| II. Any leuco dyes that are water-insoluble and under-
N\ g0 cross-oxidation reactions according to our invention,
o U such as malachite green, crystal violet, auramine, p-ros-
C 45 aniline, indonaphthol blue and many others; |
A\ II1. A mixture of | -
CH, 1'\‘ 112,80 (a) A .s_ubf,tantiall_y water-in_soluble s_qbstituted -p-phenyl-
A S enediamine having one primary amino group and hav-
 wherein R; and Rg may each represent a hydrogen atom ing at least one higher. alkyl substituent attached to
or an alkyl group having from 1 to 16 carbon atoms, such 59 the other amino group such as for example 2-dmino-5-
 as methyl, ethyl, propyl, butyl, secondary butyl, tertiary  (N-ethyl-N-lauryl) aminotoluene, 2-amino-5-(N-ethyl-
“butyl, tertiary amyl, hexyl, octyl, decyl, pentadecyl, hexa- N-dodecyl) aminotoluene, 2 -2 ino-5-(N-ethyl-N-pen-
“decyl, etc.; etc. - | S tadecyl Jaminotoluene, etc., and - -
. The 1-phenyl-3-pyrazolidone developing agents can be - (b) A color forming coupler containing an active hydro-
- prepared by methods well known in the art, such as is 55  gen such as S D
“described in Kendall U.S. 2,289,367, issued July 14, 1942. (1) Any cyan-dye-forming phenol or naphthol type
The p-phenylenediamines and p-methylaminophenol sul- ~ couplers that have ballasting groups that make
fates are all well known in the art. | S | - them water-insoluble; these include the following
" Alkaline salts used in the silver halide developing layer | ~ illustrative examples; t_he_acylaminohydroxyphenol
are salts of strong bases and weak acids, for example, 60 - couplers of Porter et al., U.S. 2,346,080, issued
the alkali metal salts of weak acids preferably with water April 4, 1944, such as 2-hydroxy-4'-[ m-(p-tert.
of crystalization such as sodium metaborate-8H;0, potas- amylphenoxy )-benzamido]-diphenol, Salminen et
sium metaborate-8H,0, etc., the salts of strong organic ~al, U, 2,367,531, issued January 16, 1945, such
bases and weak acids, for example, the amine salts, such 3 as 2,6-di(4"'-tert. amyl-3'-phenoxybenzoylamino)-
as isopropylamine acetate, isopropylamine oxalate, 1s0- 65 i-phenol, 2 - x(4” - tert. amylphenoxybutyryl)-am-
propylamine citrate,etc. - | ino)-5-chiorophenol, etc., the acylaminophenols
~In addition to the developing agent, and alkali, the de- - of Salminen et al., U.S. 2,423,730, issued July 8,
‘veloper layer may contain various addends, such as sapo- 1947, such as 2 - (2',4’-di-tert. amylphenoxyacet- -
‘nin and other coating aids, sugar diacetyl, sodium sulfite,  amido)-4,6-dichloro-5-methylphenol, 2-(4""-amyl-
and other stabilizers, 1-phenyl-5 -mercaptotetraazole, 5- 70 phenoxy-3-benzoylamido - 3 - chloro)phenol, etc.,
methylbenzotriazole, and other antifoggants; etc., depend- the 1-naphthol-2-carboxylic acid amide couplers
‘ing on'the characteristics desired. . -~ of Weissberger et al., U.S. 2,474,293, such as 1-
The light-sensitive silver halide emulsion may contain hydroxy-2[8-(2’,4’-di-tert. amylphenoxy )-propyl]
silver bromide, silver chloride, silver -chlorobromide, sil- naphthanude, 1 - hydroxy-2-{[g-(2’,4'-tert. diamyl
ver iodide, silver bromoiodide, silver chioroiodide, etc. 75

phenoxy ) acetamido]-ethyl}-naphthamide, etc.
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(2) Any of the marenh-dye-formlng -pyrazolﬂne
- couplers having ballasting groups that render it
| Wﬂter—'in'soiuble, including the following illustra--
tive examples; the I-alkyl-3-acylamidc-5-pyrazo--
lones of Feniak et. al., US. 2,865,751, issued De- .
cember 23, 1938, such as 1-dodecyl-3-[¢-(2,4-di-
n~amylphenoxy)acetam1d0] -5-pyrazolone, 1-dode-
cyl- 3 - {m-] a-(2,4-di-n-amylphenoxy)acetamido]-
‘benzamido}- 5-pyrazolone, etc., the 5 - -pyrazolone ..

- couplers of Feniak et al., U_S 2,933,391, issued ‘1¢
- April 19, 1960, such as 1-(2,4,6-trichiorophenyl)-
3-heptadecyl-5-pyrazolons, 1-(2 6~a1r‘hlomphenyl)-

- 3-beptadecyl-5-pyrazolone, etc

(3) Any of the yh1101v—dye-formﬂg acylacetyl or
acylacstanilide type couplers that are sufficiently 15

- ballasted to make them water-insoluble, includinig =

~ the following illustrative examples; the. acylacetyl

of Weissberger, U.S.

- sulfonamide couplers
2,350,138, issued May 30, 1944 4, such as p-ben-

| zovlacefﬂmmo-N (p - toluemsdfcmyl) N-methyl-

N-(p-benzoylacetaminobenzenesnlfonyl )~

- N-benzyl-m-toluidine, efc., the benzoyl acetanilide -
couslers of McCrossen et al.,, US. 2,728,658, is-

- sued December 27, 1955, _such_as 4¥(m'-2’;mﬁﬂ1(ixy=_

| benzoyl—'cz-chlaroacetamida) - 37 - (4"’ -tert. amyl-
phenoxy) benzanilide, etc., the couplers of Mc-

aniline,

Crossen et al., U.S. 2,875, 037 issued February 24,

1959, such as «-{4-[a-(2,4-di-tert. amylphenoxy) -

~acetamido] az‘nzoyl} 2 - memoxyace.,anﬂide etc
ete.

V. A substa*ltzally wnter-msolnble 2-alkvl- S-alkyl sub-
StithEd h},fdl oqwnme having the f0r1 Iﬂa

. OX
/\_Rm

RN\
oI

| Wherem Rg and Rm each repreaents. an alscyl group hw-

ing from 1 to 16 carbon atoms, such as methyl, ethyl,
isopropyl, butyl, amyl, tertiary amyl hexyl, octyl, decyl, -
‘These compounds
~ can be prepared as described in Crevling et al., U.S. Pat-
ent 2,899,334, issued August 11, 1959, a:nd/or a coire~
- sponding substituted guinone (when both are used they
ars- dlS‘}EI‘SPﬂ from separate solutions in organic solvent).
- It has been found that the amocunt of the substituted
hydroquinone present in the emulsion layer is a factor
having an important effect on the formation of the quin-
Too large an excess of the substituted hydro-
the rate at which the quinhydrone . dye .
1s formed, reduces the maximum deﬂsity of the dye and
may be detrimental to the stability of the dye image. It
is, therefore, important to c*irefully adiust the amount of
the substitued hydroquinone used in th1s dzspersmn Al-
‘though a somewhat wider range of propeortions can be

dodecyl, pentadecyl, hexadecyl, etc.

h‘ydmne
GUINORE reduc

‘used, we have found it most advantageous to use the sub-

stituted - hyﬁroaumonﬁ in the range from 1.5 to 3 times:

the weight of silver in the silver halide emulsion.
 The rec*‘*wmg paper should be both porous in order to

‘carry aiong the maximum quantity of the water-insoluble
- alkali-permeable organic solvent at the time of transfer
and sufficientlv sized so that the dye does not continue -
~ to wander in the paper after transfer which would con-

siderably lower definition. The choice of receiving paper

- depends on the organic solvent/gelatin ratio in the photo-
therrporrmphic clement, on the temperature at which the

3,1180;?31 o

ey
Or

e
o

| '_"Velf;)per of. the followng compmltmn

b S

o

o transfﬁr is made, the wsco':ﬂy of fhﬂ or gamc solvent con-_'
 taining-the dyu, etc.
- - best receiver for transferring some di-n-butyl phthalate

Baryta paper,. for example, is the

solutions of some dyes while the paper used: for spirit

duplicating pHI}:GaE“ gives very ‘acceptable copies.

- The follos wing - representative  examples will | still fur-

- ther iliustrate our photo Lhermographic elemeﬂt and its
use. | | - !

Exa'mple I
Gn 23') calendered baryta, paper was coated a de-
veloper of thﬂ following composition. . ©
Constituent: . o . Amount
- Inert 20% sr....lﬂtm solutlon e g__ 100
-~ Sugar Selu‘tmn 80 g./1. water . _____g__ 125
Saponing soTutlo*‘l 151 g./}. water ________._ mi_._. 10

Diacetvl solution, 1.65 g./100 ml; water —.ml__ 10
SO*’hum mat borate, 8 mﬂles Watpr at. 180 g./1.

o oo T ml_ 160

”.--Di 1113{1 Watf:r __-.'.'.__.__;;.;_..".__-_._-__.,..'..-___-..;"_;-;.:_-_11'11..... 100
5-methyl-1-phenyl-3-pyrazolid one: —__.z.__g.. 2
Sodium sulfite, dry . __ e e g_. 2
l-ph‘“l}’l S-mercaptotetrazole at 6.65 g./1. meth-

'11101 ___'_..___.__..._....._..__...,_.......T___.__.__..___.___.'__'__._ml__. '- _15

| 'Thm rﬂ—‘ﬂ' of this composmon was 9 70 Tt was coated at

the rate of 60 mg. of dry material per square decimeter.
The dﬂveiemr layer was dried, then the following emul-
sion was: coated GVEI’ it at- 8 mﬂ of 511ver per square deci-

| mpier
Constituent: S | Am0unt.
~Silver chlorlde emulswn __-;_______;';._,_..;_'__fg.,__ 112.5
2 - hexadecyl 5- 1ethy1 hyquumone dzslmrsmn
B S g 150
Distilled. water | _'.'....-........'.___...._'._'_'_,.'__.._.'.._..._';____-_,.._.;'_ml__-.. 150
Saponine solution; 151 g/l . ____ml.. 73
'Dif,.cetyi solution, 1.65 g./106 ml. _____.ml.. 75
Trlethylﬁne glycnl ___._-__._.;_._.__.;;._.;_._'._.f..-._.'.'_--_,.ﬁ_ml'..;.'.. 30

The dlspersmn of 2~hexadecy1—5-mé_thyll: hydquuinone

had a comimmtwn of

: -CGHStltUEEltm——- : | I - Amount
Gelatin in 8% Solution SRS - 2 375
-Propylated naphthylens: :sulfonate (Alkanol B,

manufactured by Du Pont) ______.______g . 1.5
~Dibutylphthalate oo __._ml._ 350

2—hﬂxadecy1 S-meahyl hydroqumone B 20

This coatmg Was then dned

a Emmple 2

A p}to'l,otﬂelmmlapﬂlc elpmﬂnt was made as in Ex-

:afnple 1 but replacing (1) the 5-methyl-1-chenyl- 3-pyra-'

zolidone and (2) the 1-phen yl-ﬂ-melcapto-tetmzele in the

_._-devemper composition with (1) 2 g. of p-methylamino-
~ phenol sulfate and (2) 5 ml of a solution of 39 g. of 5-
-methyl-benzotriazole in 100 ml. of methanol, respectively.

- The phomthermmmphfc elements of Examples 1 and

2 were designed for exposure by: contact printing, while

the followmg example will 111ustrate an element designed

for makmg enlargements of an orlgmal b},f prejectwn e:{-
posure. |

E mmple 3

011 a 250 g. cale*ldered baryta paper was caated a de-

| Am.c}unt |

Constltuen‘f | D

 TInert 20% gelatin sclution _____.___________g__ 100

- Sapenin solution, 151 g./L water __.________ml__ 10

- Diacetyl soluuon 1.65 g. / 100 ml; water —___ml_-- 10

- Distilled water ... ____ e eemeeml__ 300
Isopropylamine acetate .,..'._._.;.j_'_.-___'____f__j.f._..__.;...__g___-_ 10

~ 1-phenyl-3-p jramhdom SO SR
- Sodium Sulﬂte dry _____ JRO NIV - SR



" Triethylene glycol .
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The pH of this materlal was: adjusted to 6.5 with acetic
-acid before coating. It was coated at the rate of 60 mg. of
dry material per square dectmeter. The developer layer

was dried, then the following emulsmn was coated over it

at 4 mg of sﬂver per square dec:1 1 eter

- Constltuent e | “Amount
Silver chlerehmmIde emUSION o e g__ 45

,‘ - 2-hexadecyl- -5-methylhydroguinone disperswn g. 35
Distilled - water — oo g_- 250
Saponin solution, 151 g./1. water ee_ml_. 3

Diacetyl solution, 1.65 g./ 100 ml. water __._._ml.._. 5

3-ethyl - 5 (3-methyl 2-thiazolinylidene e:.hyli- |
‘dene)-2-thio-2,4(3,5) -oxazole-dione (TTOD -
dye), {}5 g. /1. methanol _.___...._.__-_.____..._ml__. 2

The dlspersmn of 2-hexadeey1—5-methylhydrequmme used
in this emulsion had the cempos1t1on below

Constltuent Lo - o Amount.
Gelatin in 8% solution -8 200
Propylated naphthylene sulfonate (Alkanol B -

manufactured by DuPont) o g.- 1
Dibutylphthalate - ool 50
- 2-hexadecyl-5-methylhydroquinone . _.————_ g.. 20

This emulsion coahng was then drled

~ The preparation of dye negative images 1n a receiving
sheet with our photother megraphle elements is illustrated

by the following.example.

Exa}?'zple 4

A sample of the photothermographlc elements of EX-
| -ample 1 was exposed by contact through a negative origi-
~ nal in an office type copier, such as a Veritax Bantam

18

- tated by the following composition eoated at 4 mag. ef

10

15

25

30

33

Copier. The exposed sample was heat develoned by pass-
i mg it:for about 15 seconds adjacent to a steam laundry

iron and immediately applying a sheet of plain paper,
such as is used in a spirit copying machine, After sepa-
rating the receiving sheet from the developed element,
the blue colored qumhydrene dye image became visibie
~in about 30 seconds. ThIS image was a negative of the
original used {o expose it.
was contacted with another receiving sheet and a second
copy .of good quality was obtained efter separatmg the
| paper as before.

The hot developed element

40

45

Similarly a sample of the element made in Exa nple 2

was exposed, developed and transferred to paper receiv-
‘ing sheets to make two copies of good quality.
A sample of the element from Example 3 was exposed

50

with an enlarger by projecting an image on microfilm in

reverse position to yield a print with a right reading image.
“The exposed element was heat developed and transferred
as described above to produce good quality dye negatlve
~ enlargements of the microfilm erlglnal
-~ Samples of the dye image copies upon prolonged ex-
posure to ultraviolet light (125 w. lamp at 40 cm.) faded
slowly with time. The whites of the copies remained un-
‘changed. The keeping characteristics of the images were
- at least as good as the best prior art thermographic copies,
Direct positive copies can be prepared from an element
of Example 3 by exposing and heat developing it as in

Example 4 but substituting for the plain paper receiving .o

‘However, to obtain good re-

‘sheet, a paper sheet containing the quinone of 2-hexadecyl-
5-methyl-hydroquinone.
" sults, it is preferable to reduce the proportion of 2- hexa-
| :,decyl-S-meththydroqumone in the photothermographic
element as is illustrated in the following. representative
example.
| Example 5

A photothermographlc element was made as in Exam-

‘ple 3 but in which the emulsion composition was substi-

ab

60

70

75

-Constituent:

‘silver per square deelmeter

10

Constituent: | Amount
 Silver chlorobromide emulmen JEVUUURUORURNIU « S - &
2 - hexadecyl - 5 - methylhydrequmone ‘disper-
CUSIOM . e e S - Sy
.-'Dlstllled WALET e m e 250
- Saponin solution, 151 g./1. water —.o————- ml._. 5

Diacetyl solution, 1.65 g./100 ml. water eo_mlo_ 5
 Triethylene glycol oo '_._..__...ml.*._. 5

The dispersion of 2—hexadecyl S-methylhydrequmene used |
in this composition was the same as used in Example 3.
The ‘dried element was exposed by projection enlarge—
ment of a microfilm original, and heat developed as de-
scribed in Example 4, then transferred to a previously

heated receiving sheet (for use with a spirit duplicating
-machine) that was coated with: 64 g. per sqmre meter
of. the fellewmg cempesmen - |

.

Tllchloreethylene e -_____.___.,__;__Ithl;.;_ 200

A good enlarged qumhydmne direct pesn‘.we copy of
the microfilm original was visible in the receiving sheet
after 1t was separaa.ed from the photothermographic ele-
ment and cooled. This copy showed the same. desirable .

-charaetenstles as the negatwe copy.

| | Example 5
On a 190 g. 'calendered baryta paper was coated a

developer of the following composition.

- Constituent: “Amount
Inert gelatin oo e g._ . 453
Water __..__._..........._..._,.______....__....._.._._....__.__.__.ml__ 3,812
Boric acld - g... 300
1-phenyl-3-pyrazolidone - g__ 4438

~ Sodium sulfite heptahydrate ———eeeeo—-g-- 83.56

 Saponin-solution, 151 g./L i eeeeml L 300
Mucochloric solution, 26.6 g./1. ——_—- ee—ml.. 200
Isopropylamine (to adjust pH to 8.5) ——.—_ml__ 170

' Water, to make e ST : S 7,000

This solution was coated at the rate of - 60 mg of

gelatin per square decimeter.

The developer Iayer was dried, then an emulsion of the
following composition was coated over it at the rate of
5 mg. of silver per square decimeter. |

Silver chlorobromide emulsion containing 1.5
atom-grams of silver and 200 g. of gela-

- tlﬂ. ————— -"'”""""'.T.__"'"'?"‘T"'.-'—T"?“__"‘“"'_.___““'f""._".'g-'_ 3?500
Dlspersmq C o =8 2,400
~ Saponin solution at 150 g./1, - mi__ 400
Mucochloric acid solution at 26.6 g./1. ——_ml__ 40
Triethyleneglycol ___.,__-_”H_________;ml__ - 400
‘Methanol solution of TTCD dye at 0. 5 |
B - 3 P B VSRI ml__ 160
5-methylbenzotriazole sodium salt selutmn at |
39 g/ ml__ 200
Water, to make ——e—ooooooeeoo—-g-- 12,000
Dispersion C ‘had the following composition.
Constituent: R . | Amount
- Inert gelatin, 10% sclution . __.___g-- 1,000
Alkanol B __..___ e B 5.6
. Water e e—ombo . 160
Thymol aqueous elcehehe solution (50:50) at |
21 e e ml._ . 15
Water e e e e e ml__. 100
2-hexadecyl-5 -methylhydreqmnone e ——— g . 120
Dibutyl phthalate e . 300

To prepare Dispersion C, the gelatin solution, Alkanol
B in aqueous solution, thymol in an aqueous alcoholic
solution diluted with 100 ml. of water and substituted

Amount
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hydroqumom in solution in dibutyl phthalate WETIe ml}{ed.

in a kigh speed mixer for 1 minute.

a1

80,

The emulsion coating was rapidly dried and then con-

'dltmne\l under low relative humidity (30% to 40% R.H.).
A negative was copied on this element by proie

ction -

exposure and then pressure applied on Verifax Copying -

Paper or on baryta paper to produce a positive copy

- (negatwe with respect to the original).
Example 7

This example relates to the production of a matrix

siaeet for obtaining a direct positive copy with an element
containing a substituted quinone in the emulsion layer
and 1-phenyl-3-pyrazolidone in the developer sublayer.

In this case, the quinone was reduced by the nonoxidized
sveloper in the undeveloped areas and, during transfer,

such hyqumnom was transferred to such areas with an

excess of quinone so as to give quinhydrone on the receiv-

ing sheet; while, in the exposed areas, only quinone was ©
transferred to the receiving sheet, SO that a direct posﬂ Ve

copy was finally obtained.
Cn a 120 g
daveicpﬁr hahng the follewmg conmesﬂmn

Constituent;
Inert ﬁela.,m
Water .
Boric ac1d
sodium acetate
1-phenyl-3-pyr azohda*x&
Sodium sulfite heptahydrate
Sodium hydroxide soluticn at 100

2./1. (to adjust nH to 8.5)

- Saponin sotution at 150 g./1. ...
Mucochloric acid solution at

266 g. /1. o ____ e, 200 ml

Water, to make - . 7,000 g.

The constituents were added-with-stlrrmg in the above
order, to the aqueous solution of gelatin (453 g

—————————————————————
HHHHHHHHHHHHHHHHHHHHHHHH
—————————————————————
———————————

P B Sy el S pleey P By o

About 1,100 ml.
300 ml

I B A T L. Bl .

_H—-l—__—_—-“--__---
. . .

coated at a rate of 80 mg. of g&
An emulsion coating of *‘h& foilawmﬂ csmnosmon Was

then added

Consutu-ﬂnt |
Chloroiodide emulsion contalmnﬂ 1.15 atom-
grams of silver . _______ UG - S
P spersion D oo e o__
Saponin solution at 150 ./, ___________ ml__
Mucochloric acid solution at 26.6 g./1. —__ml_._
Methanol solution at O. 5 g/1. of TIOD
dve

Triethvleneglycol _...___;;__;_____.;____*111__

. Of gelatm |
- 1n 3,812 ml. of water) at 40° C This commsxuon was -
latin per square decimeter, .

20

g. calendered baryta su;}mrt was coated a_:'

Auncnnt_

N2
It

3
ot

Amount

Water, to make __'__._.__._._._-..' _____ A g 12,000
This composition was’ prepar ed by adding the con-

stituents in the above order, wﬁh stirring, to the emulsion

-hkeated at 40° C.
Dispersion D had the fol! mv-ing composition.

Constituent: Amount

Solution at 10% of inert gﬂiatm e

AlRanol B oo o
Water | '
Aqueous alcoholic sclution (50:50) of thymol
at 21.5 g/ . . ml._
Walel e e e e T
Dibutyl phthalate _ _ ___________ RN 1 11 MU
2-Hexadzcyl- S-ma..,;.hﬂqmﬂone P - S

5.6
160

gy ey peew FEE teegh g e I TF W TEE PTIST B TS W WL BT BENE TS B A TN B BEPE EE BERE Seh kel b ok,

15
100
120

Dispersion D was prﬂparﬂd by stirring the consmuents
for 1 minute in a high speed mixer. o
The emulsion coating was rapidly dried and then con-

-- 1,000

300

-
7]

ditioned under low relative humidity {(30% to 40% R.H.). |
This element was particularly designed for projection

copying. Transfer was made onto a Verifax Copying
Paper {o obfaln a direct positive copy.

Wt

60

731
_ 2o
| | Examp!e 8
- Ona 190 ¢ calendered barjta, naper was .ﬁrst CG&iEd
a developer havmn' the followmﬂ composition.
Constituent: B L | Ammqt
Inert galatm .___.'...__'_______;,.._.-.;_,'_.____;___'_'_-;;'_g__ 453
Water __-__._ =] .2 3,812
Isopropylamine acetate ______.______-____g__ 453
N-meth"y;-p%mﬂnunc}phenol sulfate __.__.g__ 113
Sodium -sulfite hepathydrate —____._______g _ 225
'_ﬁ_,dmmmmm e e e e 8o 675
Saponin solution at 150 g./1.. ice——emlo 300
-Mucochloric acid solunon at 26. 6 g/l _—ml . 200

- Water, to make e e g__ 7,000

Bucre addll‘lf’ the Water to nake 7 000 & tne PH was
~adjusted to 7. a

This material was. coated at a rate of 8{} mg 01 gelatin

- per square decimeter and the coating was dried.

The fodowmg composition was then - prepared by
adding the various constituents in the above indicated
C}I'duI' wzth s*zrrmg, to: the emuhm*l heat.,d at 40 C.

Cﬂnstltuant | - | ~Amount
Silver chioride emulswn cont&mmn 115 atom—-
grams of silver and 150 g. of gelatin ___._g__ 2,000
Dispersion B . . _-.____.__g__ 1600
Dispersion Q e e e G 2 1,000
~ Saponin solution at 150 g./1. - ______ml__ 480
- Mucochloric acid ._.-.01111:19-1 at 26.6 g/ ___ml__ 200
- 0.5% methanol solution of TTGD dye _.-mi__ 160
 Triethyleneglycol ._'_._.____-._._.h,__._____.;_._.;ml'-_'_ 200

This material was coated at a rate of 6 mg. per square
decimeter, |

DISPEI'::IOIJS E and Q had the fﬁ"l(}wm compositions:
F'Oonstituent_ Disper- | Disper-
| : ston B | sion Q
_10‘7 Solutmn of inert gelatm--__--_--; ___________ o__ 1,000 . 1, {}00
 ALKaNOl B T 561 E. 6
42 ) P ___Jnl_ | 100 |- 1{}{}
50:50 Aqueous aleoholic solution of thymol at 21.5 )
17 S R R - mil__1 15 15
Water '___--'___;_' _____ mi__; 1,000 1,000
' 2-Hexadecyl-5- methﬂhydroqmnﬂue _____ SRR - Sl R 577 § N
2-Hexadec '1 S-methvlauinone. oo oo B 60
. D1 butyl phthalate____..-.._._._.._._..__....--.._-..-_-ml_- . 300. 300

These dispersions were prepared by stirring theﬁr con-

.StltllﬂﬂtS for 1 minute in a hlgﬁ speed mixer.

The emulsion coating containing DiSDEISlOIla E and Q
was rapidly dried and then conditioned under low rela-
tive humidity (30% to 40% R.H.). By repeating the
procedure of hxample 4, except that a positive was copied
instead. of a mnegative, a quinhydrome direct positive

-11’118,'36 mald be translerred onto Vﬁzmax C':Jp}mg Paper.

- mxample 9.

Tivs e:-;ampie f&lﬂ.t@b o the prpparanon Of Ehl image

which is negative with respect to the original, by cross-

oxidation between a leuco dye and the omuatmn produm
of the developer:. u
On a 190 g, baryt‘l pappr W a_s.-ﬁrs_t -';coa_ted a.developar

of the following composition.:

Amount

Constituent:
o Gelalin oo 453 g,
~ Water ___._..._....,.._-_._-.._.__H_-.._--—.--_--,-.,-_.--.__..a-._'3,812 ml.
- Boric acid 410 g
1-phenyl-3-pyrazolidone ___ ... ..____. 22.4 g,
- Sodium sulfite heptahydrate ___________. 22.4 s,
Spaonin solution at 150 g./1. . ________. 300 ml.
Mucochloric acid sslutwn at 20.6 g&. /1 - 300 mi.
Triethylene glycol . _________ 300 ml.

- Sodium hydroxide 01 ation at 10{) g /1.
| (to adjust p 1 {0 8. 5)
Water, to maxe

About 1,100 ml.
7,000 g,

- T N W TEES R B Sakl ey ol e e N
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his solution was coated at a ratc of 80 mg. of gelai in

per square decimeter. -
An emulsmn of t‘le fOﬂG ing compo.ﬂtzon was - then

'coated

'_ Co«nsﬁtuent: | - Amou*lt
Silver chlorobromide emulsion contamng 200 g.

of gelatin and 1.15 atom- g1 ams of silver—.g-- 3, 500
Dispersion F o oo e g__ 6,600
Saponin solution at 150 g /1. mli__ 400
Muchochloric acid solution at 26 6 e/l ___ml__. 100
Triethyleneglycol e ml__ 400
S-methylbunzotrlazole sodlum salt solut;on at
39 8/ e mi._ 160
Methanol solution at 0.5 g./1, of TTOD dye.ml__ 160

 To prepare this composition, the constltuents Were
added with stirring in the above order to the silver chlom—
bromide emulsion heated at 40° C.

Dﬁmrsmn F had the fellowmﬂ corﬁposmon

Constituent: - | Amount
Tnert gelatin, 10% solution — oo g__. 1,600
Alkanol B ....____....____..___._,____..___._._.___,_-__.._;g._._ 5.6
WAt e e e ~—_ml__ 160
50:50 aqueous alcahohc sglutmn of thymol at

21.5 8./, e _ml__ 15
Water e - — ml__ 100
- Glycol salicylate - — e ml__. 450
- Leuco Indonaphthol Blue __;__;,_._,.1.__.,_.,___-*g__ - 60 |

‘This dispersion was prepared by stirring its consntuﬂnts
in a high speed mixer for 1 minute.

The composition was coated, the resulting coating was
rapidly dried and then conditioned under low relative

thumidity (30% to 40% ). |
A negative was copied by projection ex pasure on
resulting element; and, after heat development as pre-
- viously indicated, it was pressure applied on Verifax
Copying Paper to yield a positive copy (negative with
'_respect to the orlgmal)

Example 10

 This example relates to an embodiment of the inven-
‘tion utilizing the formation of Russig Blue from methoxy-
naphthol according to the reaction.

_ clm | | o _ ﬁ" |
| +0;iydg1nt —>
NN/ \/\/'\/\/
bom, cl}owéro 3

Cn a 190 f:4 calendered baryta paper was coated a
material of the fellowlng composition.

Constituent: Amount
Inert gelatin oo o__ 453
WA T o et e e e e e e e e ml__ 3,812
Isopmpyl&mme ACetate — o g 453
1-phenyl- -3-pyrazolidone -e—— oo - 45
‘Sodium sulfite heptahydrate g 225
‘Mucochloric acid solution at 26.6 g./1. ———_ml__ 209
Saponin solution at 150 g. / S mi.. 300
Water, to make e ——8-— 7,000

The consutuents were added with stlrrlng in the above
order to the gelatin solution heated at 40° C.
This composition was coated at a rate of 80 mg. of
gelatin per square decimeter.

[
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- On this layer was then coated an. emulsmn of the fol-
lowing composition. - -

Consftituent: . - Amount
Silver chlorobromide emulsicn rm:mtammmr 200 g.
“of gelatin and 1.15 atom-glams oL sﬂvel.__g__ 3,500

Dispersion G - e e B 4,000
Saponin solution at 159 g. /1. ._,___...;.__.;__'...._nill__ 400
Mucochloric solution at 26.6 g./1. —.__——__ml_. 800
Methanol sofution at 0.5 g./1L. of TTOD sensitiz- -
NG dVE —m e m ee—ml__ 160
Trlethyleﬂeglycol U .| MU V|
Water, to make e g__ 12,060

Dispersion G was. prepared by stlrrmg the followmﬂ
constituents for 1 minute in a high speed mixer. |

300
The emulsion was prepqred by mixing its constituems
with stirring, the silver chlorobromide emulsmn bemg
initially at 40° C. |
-~ The coatings were rapidly dued and tben condltmned
under relative humidity (30% to 40%). |
A negative was Ci}piﬁd on the resulting element and,
after heat development in the presence of moisture, it

was pressure applied on Verifax Copying Paper to obtain
a pos1twe COpy (neﬂatwe with respect to the original).

Constifuent: - Amount
Inert gelatin, 10% SOLUtiON e g-_ 1,000
Alkanol B o8 5.6
Water .............;...._..._._....__.._..ﬂ________;_mﬁ_;;ml;_ ) 160
Agqueous alcoholic solution (50:50) of thymol at

21.5 8/t e ml.. . 15
Watel oo el 100
Meihoxynaphthol e e e e e g__ 60
Dibutyl phthahte ______________..,,_.______'ml__.

Example 11

This example relates fo an embodiment of the invention
which utilizes, for forming the dye, a reaction between
‘the oxidation product of a developer of the para-phenyl—
‘enediamine type and a color-forming coupler. |

On a 190 g. calendered baryta paper was ﬁrst coated
a material of the following composition.
Constituent: | | Ameunt

Tnert gelatin - 453 g.

Water - - 3,812 ml.

Boric aCld oo 410 g

1-phenvl-3-pyrazolidone ——— . 22.4 g.

Sodium sulfite heptahydrate — - ——— . 44.8 g.

Saponin solution at 150 g./l. ... 300 ml
- Mucochloric acid solutton -

at 26.6 2./). e 200 mi.

 Triethyleneglycol woooo oo 300 ml.

- Sodium hydroxide solution at
100 g./1. (‘to adjust pH to 8.5) -
Water, to make

__ About 1,100 ml.
7,000 g.

To the gelatin solutmn at a tempelature of 40° C., the
other constifuents were successively added in the above
order, with constant stirring. - This material was coated

_—HH—-_—.—-—-H—IHI_-MPH-

 at a rate of 60 mg. of gelatm per square dec1metpr and

60

70

then dried.
A materlal of the following composiiion was tnen
-coated.

Constituent: Amount
Sﬂver chlorobromide emulsmn contammg 230
o. of gelatin and 1.15  atom-grams of

 SIVer e g 3,500
- Dispersion Hl oo g_.. 4,000
‘Saponin solution at 150 g./} e ml__ 400
Mucochloric solution at 26.6 g./l. _._-_ ml.. 100
Triethyleneglycol o mcmm ml_._ 400
Methanol solution of TTOD dye at 0G5
g/l e ml.. 160
5-methyl-benzotriazole sodium salt solution at
30 g./)s e mil_._. 160
A
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The SﬂVer chlm Gbrom.{de emulsmn bemg at 4@“ C., the
added in the abovﬂ- ]

other ceonstituents were successively
order with constant stirring.
Bispersion H was prupaled by placing the 101105(1’1”
constituents in a high speed mixer and by stirring for 1
minute, | N " L

Conshtuerrt

© band

o

Aﬁmunt o

Inert gelatm 10% solutlcsn _____ [ ——-g_. 1,000
‘Alkanol B _____...._.._._.___..___...___._--._____..___g_._ 5.6
water e .mi__ 160
Agqueous *1100’&0110 solutmn (50 50) of thymol at
21,5 g/ .. mi-_ 15
Water o ml__ 100
2L (204 - dlamylphenolhyacetammﬁ) 4,6 - di~ |
chioro-S-methvlpheno]l . _____ g_. 150
Dibutyl phthalate _ . ______________ mi._ 240
2 - methyl - 5 - (N - ethyl - N-lauryl)-aminotcl-
VBR300
Dibutyl phh late __..;________________;;ml,;_ 30

The emulsion was coated at a rate of 6 mg. of sﬂver
per square decimeter, |
ditioned under low relative humidity (30% to 40% Y.

A negative was copied by projection on this element;

and, after heat development in the presence of moisture,
and a

it was pressure applied on spirit duplicating paper,

It was then rapidly dried and con--

positive copy was finally ob ained (negat_iw with 155pﬂct -'

to the originalj. - |
Our invention is stili Torther illustrated by reference

to the accompanying drawing that contains FIGS. 1, 2

and 3 which show greatly enlargsd across sections of

our photothermographic element with the original Mnage |

or with a receiving sheet.

PIG, 1 shows light source 10 printing through the origi~ «

nal image i1 onto the photothermographic element com-

prising light-sensitive silver halide emulsion hyer 2 con-

CL:..I:I] 1

b
f.';}"l:

taining 2- huhadea:}c’ -5-methyihydroguinone that is coated

over layer 13 which contains lph 1yi-3- pyrazolw_elxe'__- ”
cetate Wﬂ.ﬁCh in tuj.n 13 ‘coated on: g

and isopropylamine
suppoert 14.

FIG. 2 shows the plain p'a'pe_r receiving sheet 5 which

has been contacted with layer 18 of the 10t developed

photothermographic element, sald layer containing the 2~
2 - hexadecyl ~ 5-me Lhyiﬁy—; :
droquinone and silver negative image 17, then separated

hexadecycl-5-methylquinone, -

from the ! layer, allowed to cool to obtain the quinh ydmna

~dye negative image 1§ in receiving sheet 15 formed fi IO -
the 2- hexadecycl 5- -methylaydroguinone and 2—46}13{1 cyl-

>-methylquinone transferred from layer 18.
Fi(. 3 shows the 2-]‘16"‘136”‘0}’1 S-methquumme coated

paper receiving sheet 19 which has been contacted with -
layer 18 of the hot developed- photothermographic ele-
ment, then separated from the element and allowed to
55
positive image 28 formed by the transfer of unused- 2-_"'-' o
hexadecyl-5- mathyfﬂycafoq qinone to receiving sheet 19

where it reacted with the 2-hHex radecyl-5-me ihylaumone |

cool to obtain the 2-hexadec yl -5- metﬂ'quunh"dmﬁ adve

of sheet 19.
‘The nov

el photothermographic memeats of our inven-

60

tion are valuable for makmg stable dye 1mage copies of =

an original image by contact or projection prmtm
exposure in a camera of the Photostat copier t’jfpe fol-

lowed by a rapid, and simple heat process with a subse-
quent transfer step. The transferred dye images on the

ree of processing chemicals and
unused silver halide, and therefore have optimum sta-

copies are substantially f

| b111tv Cross- 0}{1{1&*1011 reactions are utilized which take
place -only under the conditions of heat DProCessing,

since these reactions take plam, at much lower pH
levels than would be required in conventional color-form-. .
the pH of the: devﬁlopmﬂ layer of the ele-

Ing reactmns,
ment is relatively low and results in elements having bet-

er stamhty than would otherwise be possible. - Soma 18
the elements processed

or by

6o

70

ot
according to our invention pro-

duce negative dye ima
dye ima 825 of the orlgn,_al

it will be undarstood +

|

HEY __ |
o : . . T *-.--1 ..t- -~ '-11'
g2c5 ana the otgers produce posilive

o4 H":.-

The invention has been- descubed in detail with par
ticalar reference to prererred emboadiments

nat variations md _ |
can be efiected within the spirit and Scc: ¢ of the invention

as described herelnabom ared a3 defined in b
claims.: |
We claim: R SR
1 z‘i I ﬁhb&ﬁﬂ&ﬁl =3 nhﬁtolthermﬂg-raphic element
(5&:) alp*:mrt coated Wlth
(b) a first laver comprismﬂ* a hydiophﬂic col‘*old
binder; an alkaline sait selected from the class con-
smtmg of an alkali metal salt of a weaX acid and an
amine salt of a weak acid; and a nontanning silver
nalide developing agent selected from the class con-
sisting of a 1-phenyl-3-pyrazolidons, a p-phenylene-
ﬂiamme; and .a p—l11ﬂthylam111r*phenol afzd coated
over said ‘layer, | |
(c) “second L.y&. compwsmﬂ a hydlom llic colloid;
| dlsgerswn o1 hght—ﬂ:.un itive silver ‘Jahde,'c-n_d a sclu-
tion of a substantially water-insoluble compound se-
- lected from the class {:msmfmg of a 2-aikyl-5-alkyl-
. hydroguinone and a 2-alkyl-5-alkylguinene, dissolved
in a Qubﬂtantmuy Water-m“olhbw alkali-permeable
sclvent selected from the class consisting of liguid
esters of higher IllO"l”hj}dl“i}X}f alcohols and the w "}f
esters -0f ‘alcohols which melt and become liguid in
the taﬁwermur:, range of ‘Frm 1 aba it 70“ C. 1o abou..
100° C. . . |
2. A light- sensitive. ﬁhotr*iﬁermowa*ﬁ ic . element of
in which the second. layer mfﬂvﬂm a ‘sclution of
a 2-alkyl-3-alkylquinons dissolved in a substantially water-
1'15{}1..1b18 alkall-permeable solvent selected from the class

CGIm-

- comsisting of lignid esters of higher monchydroxy mccmls

and the wazxy esters of 2 mﬁDhDIS which melt and become
liquid in the tem pﬂram e range-of from about 70° C to

about 100° C C., whaen the solution in the second layer of
~said element contains a 2-alkyl-5-a Ikylhydroquinione.

3. A light-sensitive t}hmoﬂ:ﬂmmgmpmc clement conm-
prlslﬂ{? . - | S

{a) a payer support, coaued W]"‘h | | |

(b) a first hydrm}hﬂm colloid layer cammrismg a
binder, sodium metaborate-8H.O and 5-methyl-1-
phe*zyl 3-pyrazolidone and coated over. said layel

(¢} a second hydrophilic colleid layer. comprising a
‘binder having dispersed therein ilgh‘t-sensmve silver
halide and 2-hexadecyl- S-methyl hyam""?mon».,, Gis-
solved-in dibutylphthalate. -

4. A lwh* sensﬂwe photatﬂermogragpm_ ulemmt com-

prlﬂt_n.g o S - SR .

(@) apaper support, coated mth

() a first hydrophilic colloid layer comprising a

~ binder, sodium metaborate-8H,0 and 1- Dﬂﬁi‘tyl -3-py-
razolidene and coated over said layer,

(c} a second hydrophilic colloid layer comprising a
mder hawng dispersed therein light-sensitive silver

hahde and 2- hhxadecyl S-methqumnone ﬂlSSDW“d in
dibutylphthalate. | |

5. A Iwhbsenﬂtwe rhotmhernﬁoﬂrar‘hic elemﬁnt com-

prising: . - |

(a) a panﬂr suppart coated with -

(b) a first hydmph:lhc colloid layer CGﬂlpT‘ISH]U a
binder, isopropylamine acetate and p-memylammo—
pneno‘ silfate and coated over said layer,

(c) a second hydmnhﬂlc colloid laver comprising a

- binder having dispersed therein Lgh‘t-SEI}SItWP silver
‘halide; 2-hexadecyl- S-mb.,hylhyquumone dissolved
in dlbua.ylphihalate ang Z-he:{aue vi-5-methylguinone
dissolved in d1butylphihalatﬂ e

6. A process for producing a copy containing a colored

== image of an original image mth a- hg’lt—ﬂeﬂs,itwe photo-



17 .
 thermographic element that contains a latent image of
said original image, said element comprising: |

(a) a support, coated with |

3,180,731

~(b) a first layer -comprisi-ng. a hjrdr{}phi.lic colloid
binder; an alkaline salt selected from the class con- 5

sisting of an alkali metal salt of a weak acid and an :

amine salt of a weak acid; and a nontanning silver

halide developing agent selected from the class con-
sisting of a 1-phenyl-3-pyrazolidone, a p-phenylene-
diamine, and a p-methylaminophenol; and coated
over said layer, .
(c) a second layer comprising a hydrophilic colloid;
a dispersion of light-sensitive silver halide; and a solu-
tion of a substantially water-insoluble compound se-

~ lected from the class consisting of a 2-alkyl-3-alkyl-

10

hydroquinone and a 2-alkyl-5 -alkylquinone, dissolved

 in a substantially water-insoluble alkali-permeable
solvent selected from the class consisting of liquid

esters of higher monohydroxy alcohols and the waxy

esters of alcohols which melt and become liquid in
the temperature range of from about 70° C, to about
100° C.; - T

said process comprising the steps:

(1) treating said photothermographic element contain-

~ing the latent image with steam tfo raise its temper-

ature to the range of from about 70 to about 100° C.

~ said process comprising the steps:

20_ |

 so that the nontanning developing agent develops the

light exposed areas of said latent image to a silver
image and forms corresponding areas of oxidized
nontanning silver halide developer against a back-
ground of unoxidized nonianning developer which
cross-oxidizes the said water-insoluble compound se-
Jected from the class consisting of a 2-alkyl-5-alkyl-

‘hydroguinone and a 2-alkyl-5-alkylquinone to pro-

duce the corresponding 2-alkyl-5-alkylquinhydrone
dye image; = - |

30

- (2) transferring the said 2-alkyl-3 -al=ky1qﬁinhydmn¢ _'

 dye image to a paper receiving sheet by contacting

~ said second layer of said hot element with said paper
receiving sheet; and |

{3) separating said receiving sheet from said hot ele- -

ment leaving said 2-alkyl-3 -alkylquinhydrone dye
image repreduction of said original on said receiving
‘sheet., o | o

7.- A process for '-ﬁroducing a copy containing a quin-

~ hydrone negative image of an original with a li ght-sensi-

- tive photother
(a) a paper support, coated with N
~ (b) a first hydrophilic colloid layer co

ographic element comprising:

prising 2

binder, sodium metaborate-8HyO and S5-methyl-1-

phenyl-3-pyrazolidone and coated over said layer,

40

45

50

(¢) a second hydrophilic colloid layer comprising. a.

 binder having dispersed therein light-sensitive silver

halide and 2-hexadecyl-5-methylhydroquinone dis-
solved in _dibutylphthalate, |

-+ saud probess’ comprising'_the stepsﬁ
(1) exposing the said element to light through an orig-

inal image,

~ temperature to the range of from 70 to 100° C,,

05

2,596,756

18 |
(3) contacting the second colloid layer of the said hot
- element with a plain paper receiving sheet, and
(4) separating said receiving sheet from said hot ele-
‘ment leaving a quinhydrone negative image of the
said original on the cooled receiving sheet. | |
8. A process for producing a copy containing a quin-
hydrone positive image of an original with a light-sensitive
photothermographic element comprising: - |
"~ (a) a paper support, coated with | |
(b)) a first hydrophilic colloid layer comprising a -
‘binder, sodium metaborate-8H,O and 5 -methyl-1-
phenyl-3-pyrazolidone. and coated over said layer,
(¢) a second hydrophilic colloid layer comprising a
binder having dispersed therein light-sensitive. silver
 halide and 2-hexadecyl-5-methylhydroquinone dis-
~ solved in dibutylphthalate, - | |

(1) exposing the said element to light through an orig-
 inal image, | o
 (2) treating said exposed element to steam to raise its

‘temperature to the range of from 70 to 100° C,,

(3) contacting the colloid layer of the said hot ele- |

- ment with a paper receiving sheet that contains
~ 2-hexadecyl-5-methylquinone, and
(4) separating said receiving sheet from said hot ele-
ment leaving a quinhydrone positive image of said
original on the cooled receiving sheet. __
9. A process for producing a copy containing a quin-
hydrone positive image of an original with a light-sensi-
tive photothermographic element comprising:
(a) a paper support, coated with o
(b) a first hydrophilic colloid layer comprising a
binder sodium metaborate-8H;O and 1-phenyl-3-py-
razolidone and coated over said layer,. |

" (c¢) a second hydrophilic colloid layer comprising a

‘binder having dispersed therein 11 ght-sensitive silver
halide and 2-hexadecyl-5-methylquinone dissolved in -
dibutylphthalate, o B -

said process comprising the steps:

(1) exposing the said element to light through an orig-

inal image, = | a | |

(2) treating said exposed element fo stcam to raise

" its temperature to the range of from 70 to 100° C.,

(3) contacting the colloid layer of the said hot element

with a paper receiving sheet, and . o

- (4) separating said receiving sheet from said hot ele-
 ment leaving a quinhydrone positive image of sald

 original on the cooled receiving sheet. D
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