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PRESSURE. FIXING:OF TONERS

1y »'We, . ADDRESSOGRAPH. MULTE-  tohér particles 5o that-they adhere; one 10" the
‘6RAPHCORPORATION, a corporation grganised other; anid to the paper or. substrate.: Some
and existing under the Laws-of the-State-of fixisg techinique “have also employed the pres- ‘..
" Ohio,’* United, :States  of - America, ~of 1200 siite- developed b “two hard surfaced rolls to 50
‘Babbitt Road, Cleveland, Ohio 44117, Unitéd  fix ‘thé~ s Ariother. “proposed | process
States of America; do hereby declare the in- & 'he hard: :
 yention for which we pray. that a:patent may
- be ted. to -us. and_the method: by which

producing: eﬂi;ctigéfre-: 55
is undesirable:im that' it

performed, to. be particujarlydes=

10 cribed inand by the following: statement:—
This* invention relates. to fixing “toners to’ 2

hi
cases,. \
thata supply - of: heat be savailable,
tailing' a supp! of electric power'in
' “and :presenits the possibility of o=
e, substrate as well-as’ the:tonet; 60
sonie: danger of fire as a-result,: Pressure
as @ppliéd ‘to-the. prior ‘art ~has:cons

the use of heat, : - °

{ copying indici by th teck

 nique of forming ‘an electrostatic: image -on

:+ 15 avsurface. of ; ibstrate material‘is -well deve-
& - oped.:Typically, “this i ‘accomplistied “in  fusi j

5 - = ¢dither of two-ways n either of these¢ méthods; sisté oﬁfp'_as,sir_ig"-th_t:_'}foned-_'_substjra'te-"'-betw'e'en

¢ 1w photoconductive , surface.- is “clectrically two hard: surfaced rolls, forsaed of metal, one P

<% ‘charged” and then “exposed . to."a: light -and 7ol being movable and ynecte:

: then . - sle and’ connected with springs 65
shadow. pattern .of the image. The electro- to- provide .a'-controlled . pressure.’ (See “for
static “charge - which was: deposited: upon the example’ U.S. Patent -No." 3,269,626). - Ex-
‘onductive surface is removed:from'those  pefience Hias ‘shown that this type of pressure
‘exposed " to . light; - leaving a Iatent fiising. proves “vety" unreliable due “for'ex- -
electrostatic image which ca developed. ' ‘noor -contact -because’ of “non-uni- 70
evelopment is accomplished. by zposing: the _ thickness; a’ varia
‘electrostatic imiage . to_a._coloted” powder, wer. deposit, even though se is
usually referred 1o as a “toner” ifi-this context, iremely high loadings in'dn effort
‘having -the -property of being atiracted to ‘the
electrostatic.. image areas.. ‘According’ to: ‘the  of Tits® poi
‘first method  thetoner is then fixed (perma-  wider sheets
ntly adhered). to the photoconductive ‘sur= high loadings
-“According to the -'Otheil:r'ﬁé:jthodi:the:—:tbneg sgla'tei-'-titselfj _
rage: formed on the photbcpndudti_ve:-ﬁl_ay:_r ap ly: 'enough presst

: uatelyadheredrin all -~
“His. is. particularly ~true:if 5
used ather than tapes: Under

(] L5
properly fix:ithe toner, 80
excessive ‘pressures o
oifts. I This,’ in tur, -can”materially
lter the substrate and biing about-unwanted
surface characteristics. in ‘the unprinted areas, -
rtai ' ' lassy rather 85
‘dully;and ‘in
y:10” provide
ortions:of the
_ _ : “-suffic] uniform :to® be
plastic-résin component thereof. This.is usually practical :in: most’ applications; ¢ L
-'p_e__rfqrmed_-_:.by'ﬁ-,exposing___jthe imadge: “to: heat It is perhaps theoretically ‘possible;: if ‘the

Y s first ‘transferred to another, substrate,"€.g:  ar
" 35 a:sheet:of ordinary paper, and is:therfixed

-~ on‘that 'othér substrate. - ki

~-The tonér is normalfy. a blend of thermo= alter thé

¢ plastic resin, carbon’ black or other pigment,

. and .a sma]l amount’ of dyeTheexactcompo—

49 - sition depends upon the sp irpose’: o

7 which. it is"to be used,
- 'The fixing or adhering of th

"~ fhally accomuplished by heat fusing the thermo-  sheet “which- are suficiently

7

ng in various

. sufficient to"melt. some hat: the destructive effect upon “the: sheet” could"be
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'negleCtéd; ‘to urge fﬂe rollers t‘oéet‘lief with

sufficient force to provide general and fairly

- uniforty: fixing of the toner on a sheet of’

ordinary size, for example 8-1/2 inches by
11, incHes.. The: difficulty,. however, is. that. the

. 'loading required: in such a situation may well

transéénd’ the: normal range by such a large
aimount that. the mechanical element of the
system: (Such: as: the rollers themselves and

. their load-applying bearings) would either
- fail directly under the applied load or would

dewriorate so rapidly that no practical device
could be constructed. :

It is therefore, a primary object of this
invention to provide an improved method and
apparatus for pressure fusing tonérs to a sub-
strate without the use of external heat.

With this object in view,, the invention pro-
vides for a- workpiece which. comprises a sub-
strate- having & tomer powder image thereon
and having a. detectable . thickness variation,
the method. of treating: such workpiece to fix
the: image. thereon which comprises passing the
same under normal ambient temperature con-
ditions between a pair of unheated pressure
members progressively contacting' each other
along: a ‘band, the pressure members being
of. -elastic material having values for the
modulus of elasticity such that when loaded
sufficiently to provide a- calculated peak. nip
pressure in: excess of the threshold pressure of
the: tonér on the werkpiece the combined: de-
formation . of ‘the material of the members
under load will be a substantial multiple of
the thickness variation: of the workpiece, and
applying: to the pressure: members a loading
sufficient to provide said calculated: peak. nip
préssute in excess of the toner threshold. pres-
sure for as long as the toner bearing portiens
of the workpiece are in contact with a- pres=
sure member during the passage. The thres-
hold pressure: of the toner is the minimum
pressure applied: te it. which will cause it to
fuse, without externally applied heat,

The invention provides also apparatus for
pressure fixing a -powder toner image to a
substrate comprising: a pair of elastic pres-
sure members ‘airanged for progressively con-
tacting each other along a narrow band with
rolling: pressure contact, at least one of said
members having a calculated. modulus of elas-
ticity in. compression-of between about. 100,000
p-&i. and 2,000,000 p:s.i.; and means for load-
ing said. surfates during passage of the sub~
strate therebetween. sufficiently to provide a
calculated average pressure on the imaged
substrate at the peak pressure point on its
passage through the machine of between about
5,000~and 10,000 psi. o
- The inventionr will now be further des-
cribed with' referénce to:
drawings in which: . . : . _
" Figure 1. is a peérspective representation. of
the apparatus for carrying out the method of
this invention; :

the:. accompanying-

Flgure “Z'is" an enlarged side elevation of

.the .apparatus: showa in Figure 1 with the

loading and diiving means omitted; and
" Figure 3 is a diagrammatic side elevation

“to a larger .scale. showing cylinders in pres-
sure-relaxed engagement. and in. pressure en- -

gagement, and illustrating the means of certain
symbols' used”in- the description. :

- “Thie.process of forming the powder image is
carried out in the usual manner wherein a sup-
port sheet carrying a photoconductive layer is
charged, exposed to a light and shadow pat-

. tefn. corresponding to the desired image, and

then developed. with a toner powder accord-
ing to known procedures. In the alternative,
a Jatent electrostatic image similarly formed on
a_photo-conductive layer may be developed
with toner, and. the. toner image thus formed
transferred - therefrom. to another sheet. or
substrate. In any event, the resulting product
is a flexible, sheet or substrate 11 with a
loosely held image 13 defined by toner powder
on its. surface, . . '

The substrate carrying the. toner image..is
then passed between pressure members. which
progressively. contact each other along a nar-
row .band, and emerges with the image con-
solidated and: firmly: adhered. i.e. fused: to the
substrate as at 13’. As. here illustrated these
pressure: members consist of a pair of rolls
15, 17 in rolling pressure contact.

- 'The rolls 15: and 17 form a: nip into which
the .toner  bearing sheet 11 is passed. In
accordgnce with - prior practice these rolls
would' be _hard metal rolls, but in accordance
with the present invention it has been dis-
covered that at least.ome of these rolls or
members should. be. of softer, more- compliant
material. ‘Simply to: effect fusing, both. rolls
ceuld be equally compliant. However, -from
the: standpoint of effective practical operation,
it is: found that it is. usually easier to provide
a toner rejecting surface on a hard, relatively
non-compliant member.. Accordingly, the
upper upper roll 15 in contact with the: toner
image: is preferably a hard: surfaced. metal
roll; and the lower roll 17 is of a softer and
more - compliant material.

. "The: cotnpliant rolt may, for example, be
formed of & hard: rubber; it may be a cloth
filled or a paper filled roll. (By a filled roll
is: mieant. one in which the body is made up
of rings of paper or cloth stacked face to face
on a mandrel, They are end-clamped between
& flange-amd’ a threaded collar to form a mass
of the desired degree of density, and then the
surface is ground -smoothly cylindrical. Varions
fibers can be used in the make-up of the
cioth or-paper. sheets, and these can be. derived
from a variety of sources such as cotton, wool,
nylon,..- asbestos, corncobs), The roll may
coniprise ‘a block of nylon with a porosity
appropriate. to the degree of deformability
required. Various types of compliant rolls are
known in the papermaking art for purposes
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unrelated: to the present problem The form

of resilient roll presently preferred is one. which.

is made up of stacked sheets: of textile em-
bodying cotton - fibers - iand woolﬁbers in
approximately: equal amonits, .

_As: the toned substrate 11, 13 passes be.-
tween. the ‘rolls-15:and. 17, the surface of the
compliant, roll -17 apparently ‘become: shghtly
drstorted "ag.seen- in exaggerated represen—

i ‘in. Figure 2, so.-that pressure. is
drstﬂb ted: over 4 wider part of- the substrate.
Moreover, ‘the. comphant characteristic of. the
roll: 17-seems ‘to make is possible for the roll
to ad)ust to- variations-in . the thickness of the
paper,: substrate * or- -the “toner - deposit, -and
thereb drstrrhutes the "préssure. more. evenly
2 is"the. cast it probably. means that it
is- possrble to effect” .application of a. siibstan-
tially.- umform pressure 10 ‘areas:, contammg
the. foner. ‘image .which' is‘ to"be. fused. It is
possrble that in -passing between. the rolls,
some shedr ' is. developed. which. contributes to
the. fusing of -the: toner. to the paper. However,
it-is believed ‘that, the. application of ‘a. uni-
form , ‘pressure. to.-the toner is- probably ‘the
primary- factor in- the achrevement of good
toner f
.In passmgihe toner: bearm substrate mto
the nip, of : Tolls* 15 “and 17, it is. desirable
that: the one'd__ side :be brought into. contact
ilient roll “15. ‘This results. in
better. pressure fusing to’ the .substrate sur-
face.-and 'in: the: -prevention: of. toner Jbuild-up

. the: compliant: roll sirface. This latter
factor. is partrcularly important where the sur-
face. of. the compliant roll possesses any degree
of: porosity, for ‘the. finely: divided. toner could
gradually ‘build ‘up. in. the sutface: pores. The
relatively: hard foll is preferably.of a material
whose surface. is’ smooth. and’ non:porous, and
which.-has: the property of ‘résisting . adhesive
artachment For. the . resins- employed in the
toner particles. Chromme plated :steel is gener-
ally quite-effective for this purpose,

-In the _drawmg, ‘the compliant .roll 17 is
shown: _having a larger diameter . thary:the
telatively - rigid roll. This. s ‘normally, desir-
ahle'but niot-necessary. ‘Whether the. two' rolls

'/of .the same or. different: size, ‘they are
rotated s0°as.t0 hdve essentially the
face. speed, This means. that ‘the shear “deve-
loped if-any; will. bé duealmost, solely:to. the
] aétenstxcs of the more. complxant

pressure members 15 and 17 may. . be -effected
by. joint loading and driving :means..of con-

ally -at. 21 in Fig 1, and "
numbe‘_r of factors such as

the: foneE, The 1mt1a—i tests ‘conducted in- con-

modulus of -at . léast- 100,000 pas.d.

‘nection. ‘with " this - discovery were performed
. using.a cotton’ filled .roller of a hardness on
;the Shore-D» scale of about 80 and having
a calculated ' modulus of elasticity in com-

pression of about 200,000 p.s.i. It was.found
that many . conventronal toners, were. effectively
fused to the. substrate, when. the loading - was
in.the range. of “about.: 200 pounds..to. 400
pounds per lineal inch. A caleiilation. of the
peak pressure. ; which. the rolls could be, to
apply, on an averdge, at, the -ared of ‘their
contact; gives. about 5000, 10 10000 p.s.i. The
toners. used in: these, tests. were. " conventional
dry toners embodying as the binding agent.the
resins: customarily .used . heretofore; for this
purpose. These. figures represent .a. partrcular
example. f 4. rather usual situation- in. which
the. invention can be ‘applied, but it will
be. understood'that hie_Joading of the T
sure, members can be. adjusted
desired’ .. )
materials. used,  and’.
varied .substantially 't “meet. the fusing re:
quirements of ‘the particular- toner., Whlle the
particular- compliant foll was ‘om¢’ in.’ which
the calculated modulus:o .elastlcrty was about
200,000.p.5.1 snderstood. that other
resrhent -mateés be. used . in .applying
the invention .and having. a " modiilus - muck
higher’ than: 200,000 p.s.i.,. baséd o p_nncrples
to be explamed heremafter As to the miini-
mum . modulus, it ‘should be_ such . that. the
material does_ not. deform: exoesswely under
the pressures used: Usually & ‘calculatéd
is con-
sidered preferable in the best interests of vver-
all efficiency.-

-~ As a basis’ for comparison it may be noted
that the modulus of: elasticity for steels is
close to 30,000,000 p.s.i.

The. nnmedrately foregoing statements will
perhaps be more readily understood in the
hght of, the following. comrnents _

t:the pressure.:

lel cylmders urged against -one.. another has
been. extensively “investigated . .and . mathe-
matical relationships developed 1 which will, pez-
mit the. calculation: of quantities. such as (2
an apparent value for the modulus. of elasticity
for: the. cylmder taterial (where,, for example,
the material is of & ‘type.not-having--a, cor
d:or record; modulus

ssure.in p.s.i. exerted l*y lbe
ip.. An. xample of . 1hese

pressure,.. depénding .. upon: he :
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distance AB or y can be measured and is re-
ferred to as the deformation. The loaded

pressure is usually applied in taking such
thickness measurements, so that the overall

4 1,226,200 4
. B i ])].D’z 1—-1;1 s l—vzz
b=1.64 [p=— = ]
Y paD, LB B
where cyhnders demoristrate a narrow band of con-
b represents the transaxlal width in mches tact under load having a width b which"'can 55
' of the contact area under load. (See Fig. 3); be measured as heretofore described. Similar
5 p represents the cylinder loading in pounds calculations can be made if either member be-
per linear inch; - ‘comes a plane by letting the value for the dia-

D, and D: represent the dlameuers of the meter of that member approach ‘infinity in the
cylinders in inches; D1+D2
" v, and v, represent Poisson’s ratic in com- above expressxons, in whxc_h case 60

10 pression for the materials of the cyhrzders, : ‘DD, -
and approaches D.: :

E1 and E, represent the modulus of “zlas- _The tests’ conducted in connection with this
ticity in compression for the materials of the invention have indicated that a certain cal-
cyhnders, stated in pounds per square .inch. culated peak pressure at the nip is needed

15 “From this it will be seen that when a 'to "secure proper fusing of a given tomer, 65
measurement is taken of the quantity b (as and that this is related primarily to the charac-
by loading the rolls with a pressure transfer ter of the toner material. As previously stated,
material and a copy sheet therebetween and for conventional toners currently in use a cal-
- measuring the breadth of the print) and if ‘culated peak-pressure of at least 5000 p.si. is
20 one of the rolls has an E of known walue needed to secure fixing. The fixing here con- 70
(such as steel), the E (calculated modulus of templated involves essentially altering the state
elasticity) for the other roll can be readily of the toner resin sufficiently to make it flow
obtained. (The effective value of Poisson’s and adhere to itself and to the substrate, This
ratio for materials in the usable range may is, presumpuvely, pnmanly due to a pressure-
25 be assumed to be closely in the neighborhood induced -temperature rise within the toner 75
of 03 in dase there is not value reported materlal although mechanical action may play
in the literature, especially since this quantity a minor role in the fixing action also. It is
has little effect on the calculated result). expected that, ‘with experiment, toners re-

At the same point in the text identified quiring a ‘fesser pressure can be developed.

30  above, there is also found the expressyin: It is also conceivable that in compoundmg 80
) toners to secure other beneficial properties, the
D,+D, threshold pressure might have to be increased.
p— In any event, there will be a readily determin-

_ D,D, able minimum effective value of pressure for

*. Max. 5,=0.798 ' - - the particular toner under consideration, and 85
: - 1—v,? 1—v,? that value will be referred, to hereinafter as- »
+ : the threshold pressure for the toner. - -~
E, E. Having in mind the foregoing requisite, the
_ . }Jaramegers involved in fl.secum'.l;g adequate u;n- %
orm - fixing appear, from the tests so far

Where Max. s, represents. the maximum conducted; “to plfe substantially as described
compressive stress or peak unit pressure effect heremafter : _
at the nip, expressed in p.s.i, and the other ““-Tpe marerials for the pressure members’ of

35 symbols have the same significance as above. yojicare (or where, as in the preferred ex-
As will be readily seen, this formula gives ample, one roll has significantly more “give” 95
the calculated peak nip pressure directly by o compliance than the other, the material for
merely substituting the appropriate values of yhe' compliant member or roll is) ‘selected to "
P, Dy, D, Ey, E; and the reported or assumed 506 values - ‘(or a value) of the modulus of

40 values for Poisson’s ratio. elasticity’ such that, when a loading p is

"~ The slgmﬁcance of certain of the foregoing applied which generates a calculated peak: nip 100
symbols will perhaps be more clearly under- pressure (Max. s,) equal to or slightly greater
stood by reference to Fig. 3 which shows two ‘than the threshold pressure for the toner under *-
cylinders which may be considered as corres- consideration, there is generated a measured =

45 ponding to rolls 15 and 17 of Figs. 1 and 2. deformation (y) which is still within the elasuc .

. {J the full line position the cyhnders are un- limit for the material and whose value is.a 105
loaded, and the axis of cylinder 15 js at A su’ostannal multiple of the average variation
In the dotted line position the cylinders are in the workp1ece properties. By this variation =
under an applied load p which causes the axes is meant variation in anything which offérs re-

50 to move closer together as represented by the sistance to squeezing, such as thickness or dén~
shift of the axis of cylinder 15 to B. The sity. For practical purposes, a standardized 110



1,226,200

10

15

20

30

35

50

55

60

65

effect may normally be regarded as a thick-
ness variation even though a density or com-~
pressibility factor” may" contribute somewhat

-thereto, -Ordinary: paper sheets, to take a

convenient example, exhibit variations in the
order of .0004 ‘inches ‘between the maximum
and minimum thickness readings. While the
thickness of the toner deposit can, under some
circumstances,. cositribiite to this variation and
then might need to be taken into account, for
most “‘current. toner materials and their usual

‘depositing “characteristics, this component of
-the variation may, 452 practical matter, be

neglected in- computing the thickness varia-

tion, It is contemplated, however, that situa-
tionis involving: very uniform subsirates and

toners exhibiting variations in particle size
would respond- equally to the methods and
apparatus proposed -herein, so that when a
workpiece thickness variation is referred to
hereinafter, this form -will be understood as
included as well as forms of workpiece varia-
tion arising primarily from substrate nobuni-
formity. o

For purposes:-of convenience, variations of
this sort which appear as a result of thickness
measurement’ tests ay  be reftrred to as
“thickness variations”. :

The term “substantial multiple”, used in
the immediately. foregoing paragraph, means
at least several times, and in practical effort,
it has been: found that,- when the calculated
peak pressure dt the nip is at or slightly above
the threshold pressuré of the toner, a muld-
plier of about five, as a minimum, should be
applied to the average variation to determine

‘the appropriate deformation in order to secure
reasonably” uniform fusing on the surface of

the substrate, A more generally preferred value
would ‘be a maltiplier of 10. '

This multiplier does not have a firmly fixed
value or range, however, but probably depends
to some extent on'the ‘amount by which the
calculated peak nip: pressure used is permitted
to exceed that required: for the toner in ques-
tion. S

Thus, for a toner whose threshold pressure
is 5000 p.s.i.,- and’ having in mind-an ordinary
paper sheet with an average thickness varia-
tion of about ,0004 inches, the material of
the roll 17 would be:so” selectéd as to its
modulus of elasticity (E) that, when loaded
to a value p which will give the calculated
peak nip pressure of 5000 p.s.i. required, ot
a little more, the’ ‘measured deformation y
should be at least 5 X.0004 or .002 inches. As

_pointed out above, this might prove somewhat

marginal, and the E -would preferably be so
selected” that a 'déformation y - of about
10X.0004 -or .004 inches can be :achieved to
ensuré absolute; fusing. . uniformity. However,
if we should use a loading p which would pro-

duce a calculated: peak 'nip pressure rather-

greater than is needed for the toner in ques-
tion, say 15,000 :to 20,000 p.s.i, and if -this

could be used without damaging the substrate,
then it is expected that the deformation
generating multiple applied to the . average
variation c¢buld be permitted to have a lesser
value, perhaps in the range of 3 to 4 as a

From -the foregoing discussion it will .be
apparent that having the threshold pressure
of the toner in mind, and the average varia-
tion in workpiece properties (represented as
a thickness variation) it is possible to deter-
mine Teadily whether any particular solid

70

75

material of a coherent elastic nature will have -

the. propérties needed .to form dn effective
pressure fixing member. For convenience it
may be stated that the pressure member. or
rolls will ‘be of a material having a modulus of
elasticity” in compression such that, when
subjected. to a loading which develops a cal-
culated peak nip pressure of at least the thres-
hold pressure of the toner in question, they
will exhibit a-deformation which is a substan-
tial multiple of the workpiece thickness varia-
tion, ' .

It will be understood that, while the two
roll form has been shown and described, either
pressure member may be formed as a platen
with the other having a roll or segment con-
figuration and being in rolling pressure con-
tact therewith, '

Most of the powdered toners now commonly
known and used may be used in forming
copies by the process of this invention. How-
ever, sincé the method of this invention
achieves uniform toner adherence to the sub-
strate surface by application of pressure alone,
it presents an opportunity to use other finely
divided powders for toners which are not
necessarily the same as those usable in heat
fusing.- Thus, a- greater flexibility in toner
clé?ice and final copy characteristics is avail-
able.

The method of pressure fixing of this in-
vention makes it possible to work with wider
substrate sheets than is possible with the use
of two hard surface rolls. Past experience in
using two hard surface rolls has indicated that
problems of achieving satisfactory characteris-
tics in the untoned surface areas are materially
increased ‘as the width of the substrate is in-
creased. This intensification of the fixing prob-
lem with increase in width is not experienced
whén fixing is effected in accordance with
the procedure set out in the foregoing des-
cription.

"WHAT WE CLAIM 1S:—

1. For a workpiece which comprises a sub-
strate “having a toner powder image thereon
and having a detectable thickness variation, the
method -of treating such workpiece to fix the
image ‘thereon which comprises passing the
same under normal ambient temperature con-
ditions. between a pair of unheated pressure
members- progressively contacting each other
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- paper sheet with.an average:
50

. greater than is n

effect may: normally be regarded as a thick-
ness variation 'even:though a:density or com-
pressibility: factor. may *contribute -:somewhat
thereto.. ‘Ordinary: paper . sheets, to take.'a
convenient’.example;” exhibit : variations.in the
order of .0004 inches between the maximum
and. mininmim-. thickness Teadings.. While' the
thickness .of the: totier deposit can, under some
circumstances; contribute to this variation and
then: might need: to- be. taken. into-account, for
most-:current - toner--materials ‘and their usual
depositing:. characteristics, .this component of
the: variation :may, ‘as" a- practical-matter, be
neglected ;in-computing *the - thickneés varia-
tion, It is_contemplated, however; that situa-

toners exhibiting variations :in: particle size
would: respond . equally "to the methods!and
apparatus:: proposed --herein,’ so .that when-a
workpiece -thickness -variation is referred to
hereinafter; this form will be understood “as
included -as well a$ ‘forms of workpiece’ varia-
tion arising: primarily “from ‘substrate nomuni-
formity.. - - ciEl T v T
- For- purposes ‘of "convenience, variations of
this- sort. which appear as-a result ‘of thickness
measurement tests -may “be refgrred to as

“thickness vatiations”, "~ "~ - :

The term “substantial-:miltiple”; used in
the  immediately- foregding. paragraph, means
at'least several .times, and - in: practical effort;
it has been: found. that; when- the - calculated
peak:piessure at the nip is at ér slightly above
the- threshold pressure of theitonér, a:multi-
plier of about five, as a"minimum, should: be
applied to' the:avérage: variation to determine
the appropriate:deformation in order to secure
reasonably uniform fusing -on.the surface of
the substrate.’ A‘more generally-preferred value
would be a multiplier of 10, : - '

This multiplier. does not have a firmly fixed
valie or range; however, but probably depeiids

t6: some - éxtent- on"the amgunt.

- Thus; for a toner, whose threshold: pressure
is 5000 p.s:i.,-and having in mind .an ordinary

h.an av ckness ; varia~
tion of about .0004 inches, the material of
the' roll “17- would be- so “sélected as to its
modulus of - elasticity : (E): that; :when loaded
to a value p which will give the calculated
peak nip pressure .of 5000 p.s.i. required, or
a little more, the mheasured “deformation y
should be at-Jeast 5 X.0004 r :002 inches. As

pointed out above, this might prove somewhat -

marginal, and the E:would preferably

selected that ™ a::deformation’ y--of ‘about:
-10X.0004 or .004 iniches can be achieved to

ensure absolute - fusing uniformity, However,
if we should use a loading p which would pro-
duce a calculated "peak nip pressure rather

needed for:the toner in ques-
tion, say 15,000 020,000 p.s.i., and if this

could :be aised without ‘damaging the-substrate,
then it .is: expected. that: the: deformation
generating: multiple applied :to “the: average
variation icould ‘be permitted ‘to :'hqve':‘az lesser

value, perhaps:in the rangé of: 3"
minimum,.. " 5o s e 5o
i the foregoing :discussion: it will: :be

that. having . the- thréshold ' pressure
> toner - in mind; and the average'.varia-
tionin warkpiece properties : (represented ‘as
a thickness variation) ‘it is- possible: to:deter-
mine . readily' - whether: ‘any:: particular: solid
material of a-coherent elastic natire will have
the:properties - needed . to::form :. an:.effective
pressure - fixing - member: For- convenience it
may be: stated that'.the: pressure: memiber. or
rolls will be of a-material having a modulus of
elasticity” in- . compression - such - that; -when
subjected-t0..a_loading. which develops: a cal-
culated :peak.nip pressure of atleast the thres-
)ld-pressureof the. toner in'.question, they
will exhibit a -deformation-which-is:a substan-
tial-multiple of the ‘workpiece thickness varia-

tion; . L :
It will -be. understood - that,” while: the two
roll form'has been:shown’and ‘described, either
pressure: member-may .be:formed .as:a platén
with:the otheér having ‘a’ roll. or-segment con-
figuration and being in. rolling pressure con-
tact’ therewith: .0 vy :x o7 e o ¢
" “Most of the powdered: toners:now commonly
kinown :and ‘used "mnay : be: used :in forming
copies "by’ the: process .of this ‘invention. How-
ever, :sincé the.  meéthod :of .this . invention
achieves .uniform:‘toner adherence to the sub-
strate :surface by.application of pressure alone,
it presents’ an opportunity:to use other finely
divided : powders - for-toners . which ‘are not
necessarily the same as. those usable in heat
fusing:: Thus," a: greater flexibility in toner
clt;?_ice_’fagd“ final copy- characteristics is -avail-
able: It e

Thy 1’ of ;pressure fixing of this in-
vention makes it: possible to work with wider
substrate sheefs.than is possible: with: the..use
of two:hard surface: rolls. -Past experience in
using ‘two' hard surface rolls has indicated that
problenis of achieving satisfactory :characteris-
tics‘in the untonéd surface areas:are materially

increased as'the widthof the substrate s in-
creased. This intensification of the fixing prob-
«with increase.in: width:is not experienced

fixing ‘is- effected in “accordance with
edure. set out .in the" foregoing * des-

WHAT . WE CLAIM IS:— . . .

:1. For-a workpiece which comprises a sub-
trate -having a toner powder image thereon
and having'a detectable thickness variation, the
method  of treating such workpiece to fix the
image ‘thereon which comprises passing the
same under: normal ambient temperature con-

ditions between a pair of unheated pressure
members  progressively contacting each other
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along 2 band the pressure members being of
elastic material having values for the modulus
of elasticity such that when loaded suffi-
ciently to- provide 3 calculated peak nip pres-
sure in excess of the threshold pressure of
the toner on the workpiece the combined de-
formation of the imaterial of the members
under load will be a substantial multiple of
the thickness variation of the workpiece, and
applying to the pressure members a loading
sufficient to provide said calculated peak nip
pressure in excess of the toner threshold pres-
sure for as long as the toner bearing portions
of the workpiece are in contact with a pres-
sure member during the passage.

.2, A method as set forth in Claim 1 in
which a first one of the mernbers between
which the workpiece is passed is of a-material
with a smooth, nonabsorbent surface which
substantially resists adhesxve conriection with
the toner under pressure, in which the second
member is compliant relatively to said first
member and has a modulus of elasticity sub-
stantially lower than that of said first member
such that it accounts for substantially all
of the defarmation of said members, the work-
piece during it passage between the members
having its image bearing surface in comtact
with the first member. .

3. A method as set forth in Claim 2 in
which the members are rolls and the second
member is a textile filled roll of approximately
equal parts of cotton fiber and wool fiber.

4. A method 3s set forth in Claim 2 or
Claim 3 in which the members are rolls and
the first member is of chrome plated steel.

5. The method of fixing a toner image to
a substrate which comprises passing the sub-
steate with the powdered toner image thereon
under normal ambient temperature conditions
bétween a pdir of uhheated ‘elastic pressure
members progressively contacting each other
along a band, at least one of said menmibers
being of a material having a calculated
modulus of elasticity in eompresswn of not
over about 2,000,000 ps.i.

6. A metbod as ser forth in Chim §,
in which the said one pressure member is made
of material, the mednlus of elasticity of which
is between about 100,000 p.si. and about

2,000,000 p.s.. :

7. A method as set forth in Claim 5 or
Cjaim 6 in which the other pressure member
has a smooth, non-absorbent surface and which
substantially resists adhesive connection with
the toner under pressure, and in which the

toner bearing surface of the substrate is
faced towards said one member,

8. A method as set forth in any one of
Claims 5 to 7 which further includes so load-
ing the surfaces that the calculated peak
pressure at the pressure nip therebetween
averages between 5000 and 10,000 p.s.i.

9. A method as set forth in any one of
Claims 5 to 8 in which the imaged substrate
is passed between members at least one of
which is a textile filled roll of approximately
equal parts of cotton fiber and wool fiber.

10, A method as set forth in any one of
Claims 5 to 9 in which the pressure members
are both rolls.

- 11. Apparatus for pressure fixing a powder
toner: image to a substrate comprising a pair
of elastic pressure members arranged for pro-
gressively contacting each other along a band
with rolling pressure contact, at least one of
said members having a calculated modulus of
elasticity m compression of between about
100,000 p.si. and 2,000,000 p.s.i.; and means
for loading said surfaces during passage of the
substrate therebetween sufficiently to provide
a calculated average pressure on the imaged
substrate at. the peak pressure point on its
passage through the machme of between about
5,000 and 10,000 p.

=~ 12.- Apparatus as set forth in Claim 11 in
which both of the pressure members are rolls.
* 13. Apparatus as set forth in Claim 12 in
which one of the rolls is a textile filled roll

-of approximately equal parts of cotton fiber

and wool fiber
- . Apparatus as set forth in Claim 13 in
which the other rofl is a metal roll with a
smooth mon-absorbent surface.

-35. ‘Apparatus as set forth in Claim 14

in whlch tl_le metal roll has a chromium -

surface. - - -

‘16, A methed of ﬁxmg toner to a sutface
without the use of external heat, substantially
as herein described with reference to the
accompanying drawings,
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17. Apparatus for fixing toner to a surface S eEe

withent the use of external heat, substantially
ag herein “described with reference to the
accnmpanwng drawings.
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