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This invention relates to electroscopic pawders D
~ for the development of electrostatic images, such
a8 the electr ostatic latent 1mages formed on elec~
L trophotovraphlc plates,
- charged = insulating images on electmprmtmg |
- plates and the like. |

and the electrieally-

(CL 95—-1 9}

In the process of elebtmphotngl apby, or };91 og-— -

 raphy, as described for example in U. S. Patent

| ~No.?2 297,691, issued to Chester F. Carlson, a layer ] |
. '

of photoconductwe 1n3ulatmg mater ial is: given

- a uniform electrostatic charge over. 1ts surface?

~ . and is then exposed to a light image to dissipate

"~ _the charge on the layer in proportion to the

- amount of light reaching each part of the 1ayer ‘

-+ thereby leaving an electrostatic latent image cor- .

" responding to the light image. The imageisthen

developed and rendered visible ‘by depﬁsitmw a
~ finely-divided powder on the Iayer the’ pﬂwder-” _-
being attracted to the charged areas end arrang-

" ing itself in a configuration corresmndmg to the’__

- The powder image may then

~ be fixed on the layer or, preferably, transferred to -
 a sheet of paper or other material to which it is

subsequently affixed. Thus, if the powder isg

- formed of a fusible matenal such as a fusible
 resin, the image may be transferr ed to 8 sheet

of paper and affixed to it by heating the paper

Some variations and 1mpmvementa hz-we been

'ma.de in certain steps of the process of eleciro-
o phctography described, one of which comprises

the ‘use of a developing composltian formed of
One of these comnpenents is g

finely-divided dyed or pigmented material fhew-—

_inafter called the toner) which will adhere o the

~ electrostatic image. and the other component i
- & granular materlal (hereinafter called the car-

rier (which serves to carry the ﬁnely~dIV1ded

toner over the plate and deposit it where re-
The composition of the toner and of the

g
ol

tmn between them During develbpmeﬁt as 'the' .

powder coated carrier particles roll or tumble'_ .
over the electrophotographic plate carrying an
“electrostatic imace of opposite polarity to the
‘charge on the toner, toner narticles are pulled
away from the carrier by the charged image and
deposit on the plate to form a powder image,
while the partially denuded car;ier particles pass -
- off the plate.
~ While frictional chargmg of an electrophoto-'
- graphic plate as described in the above-men-
~ tioned Carlson patent is feasible, it has been
- found that improved results can he obtained by
- charging the plate from an ion source, such 88
3 anelectric discharge wire or serieS of needles. In
-this charging method a fine wire, for example, is
- raised to a potential of several thousand volts in
relation to the grounded backing of the electm-'.-
- photographic plate to’ generate a corona dis-
} eharge from the wire to the plate coating. As-
the plate is passed under the discharge wire an -
electrostatic .charge is depos1ted on the surface
- of the coating of phc}taconductwe insulating mea.-
With such charging methods it has been.
5 found that the most uniform and consistent re-
~sults are obtained if the corona wire is held at a

terial,

- positive potential with respect to the electropho- -
tographic plate, and a positive charge is t:ln'a*ra::-b:,rj o

 above the melting point of: the resm ant then |
allowing it to eocol.

30

deposited on the plate coating.

Upon exposure of a p031t1ve1y~charged electm-- |
* photographic plate to a light image a positively-

~ charged electrostatic image is produced on the =

40

surface of the carrier are so adjusted as to place

~ them in different positions in the brlhﬂe:lﬁ‘ﬁtllﬂ .
- series. Upon being mixed together, the carrier

~and toner impart to each other OTJDOSItE electro-
 static charges. Thus, if the carrier surface is of

plate

charge fmm the carrvier.

- The present invention conte mplates a toneri
compositwn which is especially suited for the de- |
velopment of elsctrophotographic and other elec-
trostatic nnagps and particularly of elecirically.
~ positive images when used with a suitable carrier
‘which imparts a negative charge to the toner.

© In addition to the specifie requirements of the

5 elecirophotographic and electrostatic developing

- processes, a universally useful toner must meet a

o, composition which is. closm to the msmve end

face from rubbing and contact with ‘the toner

- and the toner acquires a negatwe char ge ‘Ag 2

result of the mixing operation, the toner particles,
which are many times smaller than the carrier

‘particles, adhere ‘to and coat the surface of the
carrlet particles due to the eleetmstatxc attrac-:

. of the ‘triboelectric series than the toner, the
carrier will acquire o p051t1ve charge on its sur-

large number of additional exacting 1equire-
mentq ‘Since the toner must be rendered avaﬂ-

Cable in finely-divided form for incorporationin a

carrier, or in some mstances for use alone with-

- ot earrzer it i5 essential that it be a solid at room

temperature and at such elevated temperatures

a8 are normally encountered in storage and use.

- However, in - order to permit the powder images
-___ta be afﬁxed hy heat to paper or other arganic

In ovder to effect development of this
image with a. toner-carrier combination, it is
5 preferable, and usually necessary; to use a com-
bination in which the toner acquires a negatwe- |
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materials, the toner must be quible at tempera-

tures helow thoss which paper and other sheet

materials are damaged or discolored when heated
to such temperatures for a short peried of time.
In order that the image shall he permanent
alter affixing to the final surface, it is necessary
that the toner composition, after fusing, te in-
soluble in water and shail not be 1ender..,d suil-
ciently tacky by ccntact with water to cause
blockineg or adhesion hetween sheets. Xowever,
it is desirable that the toner be solubie in one or
more common organic solvents to enable the
“cleaning of eclectrophotographic plates which
have been repeatedly used to remove any accu-
mulated film of btoner. It is aiso sometimes de-
sirable, particularly with plastic materials which
are easily distoried or damaged by heaft, {o use an

organic solvent to temporarily dissolve or soften

the toner to affix a powder image to such mate-
rials without the use of heat. |

Another requirement is that the fixed iinage
shall be permanent and stable under conditions
ordinarily encountered. that it shall not decom-
‘pose or ke bleachied by light nor readily attacked
by microorganisms,
also be relativelv hard but suffic iently tough to ke
resistant to chipping and cracking under condi-
“tions of handling and use. The toner must aiso
be free of any reactive mavterial, such as acids,
which deleteriously react with the paper or other
- bases to cause deterioration even after years of
storage of the completed copies. |

It is, of course, necessary that the tonel bave
a certain color value, either by virtue of the color
of the honding material, or by the incorporvation

of dves or nmments into the bongdins material. .

For general use in copying documentary material
- and drawings, a dense black is required, although
it is an added advantage that the bonding mate-
rial be sufficiently colorless itself so that it may be
pigmented or dyed to any color desired.

The toner composition must be capable of re-

- duction to a fine powder of a few microns in

- diameter by available manufaciuring equipment.
-The fuvsed toner must also have suitable fAow

properties to permit the fusing of images with-

out ary -~unstantial tendency of the fused powder
particies to "ballup” or to spread out on the sheet.
The material should also be preferably of a ther-

mopiastic nature, rather than thermosetting, in -

order that the composition can be fused during
manufacture and still be fused again to affix the
image 0 the final surface. |

An impcrtant s
- phy is in the application of images to lithographic

plates angd lithosz raph ¢ paper masters, such as

those used in offset duplicating machines. In

this appiication, the powder image is transferred
to a erained zinc or ailuminum offset plate suriace

or 10 a paner offset plate, such as the “Duplimat’

paper masters sold hy Addressograph-Multigraph
Corporaticn, C‘evehnd Ohio. he transferred
powder image is fused to the offset plate after
which the plate is attached to the press or dupli-
cating macnine and run in the conventional off-
set lithographic IJTOBE :5 in which the plate is wet
with water to render the non-image areas repel-
1ant to ink, and then inked with llthc}graphic ink
which adheres only to the fused powder image.
Heretofore, such images have been applied by
elaborate photomechanical methods involving
the coating of a grained zine plate with a bichto-
mated albumin which is lisht sensitive, and ex-
posing the coated plate to an intense arc light
under a specially prepared negative for saveral

The cemﬂleted 111'135& shouid -

application of electrophotcgra-~
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minutes after which the plate is developed with

- an ink and the unexposed albumin removed with
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water. The electrophotographic process makes
possible the rapid application of printing images
both to metal and paper offset plates without the
necessity of a special negatwe nor involved proc-
essing.

The composition of the present mventmn meets
the varied and exacting requirements given above
and comprises an electroscopic developing pow-
der, or toner, which is capable of producing per-
manent images on paper, cloth, plastic and metal
surfaces, and is also capable of forming printing
images which are readily wettable by lithographic
inks and are capable of bonding to both metal
and paper offset plates to form durabile printing
plates capable of printing many thousands of
coples when used fm

The preferred'compos'ition of the tbner of the

present invention comprises a combination of

synthetic and natural resins, together with a
pigment. The materials are so compounded that
each particle of toner comprises a coloring ma-
terial or pigment embedied in the resinous base.

The preferred resinous components comprise
phenol formaldehyde resin modified or reacted
with a fresh natural resin, such as rosin or

cologhony, and brought to a neutral state. The
phenol formaldehyde condensation product can

be melted together with the natural resin and
then neutralized with a polyhydrie alcohol,
the condensation product can be produced in the
presence of the natural resin, and then neutral-
ized.

The phenohc condensate is believed to enter

into chemical combination with the rosin during

heating. The resulting composition, upon neu-
tralization with a polyhvdric alcohol, apoears to
be a chemically and phiysically homogeneous high

~molecular weight compound. Reaction is com-

pleted during manufacture of the resin to yvield a
reaction produect which is not subject to further
curing upen heating, buf is a permanently fusible
o thermoplastic material.

Resins of varyineg hardness and melting point

are possible by varvine the proportions of phenol
formaldehyde resin and natur al resin. The pre-

ferred range of proportions is between 1 and 8
parts ef colophony to 1 part of phenol formalde-

hyde resin. The mixture is heated slowlv in an

autoclave until the melling point does not rise
further, the final heating preferably taking place

at 200 to 250° C. The product is then esterified by

adding sufficient glycerol, glycol or other poly-
hvdric alcoho! to reduce the acid number below

20 and heating for several hours to complete the
reaction.

One of the preferred resins of the type de-

scribed has a relatively light color, a softening

point between 118 and 125° C., a melting point be-

- tween 142 and 149° C. and an acid number be-

i2s

70 °
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tiveen 11 and 20. However, the proportions of
the components can be varied within the limits
described to vield resins of hicher and lower melt-
ing points which can also be used successfully.
According to a preferred method of preparing
an electroscopic developer or toner, the resin is
ntimately mixed with a finely-divided pigment,
the mixture is fused and stirred, and allowed to
ool an harden. The solid composition is then
broken up and pulverized by extensive hall milling
or by micropulverizing to yield a final product
having substantially all particles under 30 mi-

offset printing and dupiica-

"l._l.h._ ]



- separator.

- tive or

erons in diameter dnd ne substantml mass of
pe.rtlcles under 0.1 micz on. |

'Emmple.

In one mstenc:e 20 mrts by meaght cf resin
havmg a melting point in the range 142 to 149° C.
was dl}_*m_ﬂlt‘ﬂ in a pebnle mill with 1 part of
“Raven Bead” carbon black. A few irregularly-
shaped bent sheet metal pieces were included in
the mill to scrape caked resin off the walls, As
th_e milling proceeded the color cf the mixture be-
‘came more uniform and intense until after about

four hours no further change appeared te take |

place and the milling was stopped.

ﬁ,ﬁﬁ@,ﬁ?ﬁ

to the surfaces of grained zinc and aluminum off-

- set pla,tes to which they adhere tenacecusly and_
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The mil'ed mixture was then 1emoved and

heated in a pan until it became fluid and took
on the consistency of a thin paste, During heat-
ing, the mixture was stirred constantly to mini-
“mize the heating time. After stirring the molten
mixture thoroughly for five minutes, it was cooled
and solidified into a solid block. The block of

material was first breken into pea-size lumps and

then micronized in 2 No. 5 Mikro~Atomizer
(manufactured by Pulverizing Machinery Co.,
Summit, New Jersey).
granular materials to a2 fine powder by attrition
within a turhbine-like rotor housing. 'The stream
of powder and air from the pulverizer was col-

~ lected, except for the ultrafine sizes, in a cyeclone <
The particles collected ranged in size

between 0.1 and 20 microns with a preponderance
of the particles heing eppl emmately 5 microns in
dmmeter

The resulting toner mixes readily with a car- .
~ rier to produce a t*vo component developer.

mixing 1 part toner with 20 parts of 30-50 mesh
olass beads which are coated with a resin compo-

sition ‘which is triboelectrically positive to the.

~ toner, a develoner for positive electrostatic images
~is obtained. By mixing with a carrier which is
electrically negative to the toner, such as 30 to 60
- mesh ammonivm chloride crystals, a developer
for negativelv-charged clectrostatic images may
be produced. |

The present toner. when used in either a posi-
negative. developer mixture, produces
dense hlack powder images with substantially no
powder deposition on uncharged background
areas. These images may readily be transierred
to parer or other sheet materials by an electro-
static transfer process, or hy pressure contact
with a dampened sheet and affixed to the final
surface by heetlng the sheet in an oven or be-
tween hot surfaces for a few seconds in order to
bring the powder and the sheet surface above the
melting point of the toner composition, and pref-
erably above 180° C. The fixed image is found
 to adhere tenaceously to paper, metal and plastic

surfaces to form a dense black glossy image re~

sembling wrinted images and in some cases ap-
proaching the appearance of engraved printing.
The images are durable and cannoct be smudged
hy rubbing nor ehlpped by bending or folding of
the sheet. They have a durabmty and life deter-

minad on!y by the life of the sheet mafterial to
which they arc applied and do not fade nor
change with aze, Moreover, the images do not

" contain any material W hich causes deterioration

of a paper base.
When applied to offset lithogr aphic paper mate

the fused images are capable of accepting litho- :

sraphic inks and printing thousands of images,
the life of the image normally exceeding the life
of the mat itself. The images also can be fused

This machine reduces
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form durable printing masters.
Instead of carbon black, other ple:tnents suc'h-
as other forms of carbon, mineml pigments such =
as chrome yellow ang ultremeune blue, organic
pigments, and organic dves, such as Calco 0il blue
B5199, a hydrocmbon soluble dye produced by
Calco Chemical Division of American Cyanamid
Cempany, Bound Brook, New Jersey, may be in-
corporated into the resin base, singly or in com-
bination. From 3 to 15% Dby welght of pigment
added to the resin vields good results. Less than
3 9% undesirably 1educes the density of the image

‘while above 15%% renders the composition less

easily fused onto the final surface to form a
strongly bonded image. Dyes, if used, are pref-
erably used in smaller proportions depending
upon their color value. Calco oil blue in propor-
tions of 3% by weight of the resin is suitable. -

While the present invention, as to its objects
and advantages, has been described herein as car-
ried out in specific embodiments thereof, it Is
not desired to be limited thereby but it is intended
to cover the invention broadly within t11e spu}r,-
and scope of the appended claims.

‘What is ciaimed is:

1. A method of producing an eleetwpheto-
eraphic print from an electrostatic image com-
prising depositing a finely divided developer
material on a surface bearing an electrostatic
latent image in configuration conforming witiy

“such image, transferring deposited material in

said configuration to a paper web and fusing the
material to said web at a temperature helow the

char point of paper, the developer material con- - '

sisting of a finely divided ther meplastze COI-
position fusible below the char point of paper
and comprising a colored pigment visible againss
the backeround of paper and uniformly distrib-
uted throughout a binder composed of a thermo-
plastic substantially non-tacky rosin- -modified

‘phenol-formaldehyde resin,

£

oU

2. A method of producing an electrophoto-
graphic print from an clectrostatic image com-
prising depositing a finely divided developer ma-
terial on a surface bearing an clectrostatic latent
image in confisuration conforming with such
image, transferring deposited material in said

confisuration to a paper wep and fusing the ma-

terial to said web at a temperature helow the

char point of paper, the developer material con-

sisting of a finely divided thermoplastic com-

~ position having a particie size between 0.1 aud 30

60

85

microns in diameter and fusible below the char
point of paper and comprising a colored pigmens |
visible against the background of paper and uni-
formly distributed throughout a binder composed

of a thermoplastic substantially non-tacky rosin-

modified phenol-formaldehyde resin.
3. A method of producing an elecivophoto-

-graphic print from an electrostatic image com-

prising depositing a finely divided developer ma-
terial on a surface bearing an electrostatic iatent .
image in configuration conforming with such

~image, transferring deposited material in said

configuration to a paper web and fusing the ma-

terial to said web at a temperature below the char
~point of paper,

the developer material consist-
ing of a finely divided thermoplastic composi-

- tion having a particle size between 0.1 and 30

(L

~ mierons in diameter and fusible between 142 and -

149° C. and comprising a ¢olered pigment visible
against the background of paper and uniformly
distributed throughout a binder composed of &
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thermoplastic substantially non-tacky rosin-  Number
modified phenol-formaldehyde resin. B 2,297,691
- - - 2,362,627
HAROLD E. COPLEY. 2,378,366
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