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::::.(il)' __ .-.:We,'···_-:ADni~s~~i>a:::;.~n.; toner-part.icl~~-~~th~~~y:_~dhe~~,'::o~e_·.io;th~ 
'GRAPH CoR:Pozv,,rtoN, a corporation ·orgaru~ed tidier;· _ ari!f _ w.: the paper:· or: substrate~: Some 

.·: ---ana "existi_iig uridei" the Law~ "of tlie-~$tate: of ming: tecliiliqu~(hav¢ als() ~ployed _.the: pres.. '. ·'· 

. <_; ·.o~i();.: ,. l)"J:#te( :States of : Ai:rieriC~r of . 120<) we: developed: :by Jwo ¥tci: surfaced . rons· to '° 
::'S: 'Babbitt R<lad; Cl~eland, Ohio4411-7, United fur '~th.e;parti,des:::A.no:tl}C:i<proposed :process 

;,: ; States of America/do her¢by .4eclare .the in.. :passes 'the. subStrate TbetWeen· -•hard:. surfaced 

· · · ,,;e11ti.9ri 'fOi:whi~li \Ve pray th#:~ patent may roUS ~iii ·c:oni\)iriatioii'.·with '·t1le·,:appli~ation·.:t>f 

., . ·b1(grai;ited,,_foc11s,~rid tP:e.me~od by whkh ·heat::<'': .•:.: :< ·_ .. ·: : :· ··:··-·:·~··c :.·::·· · ·. 

__ ,. __ . icis to·-be Pc#otrned, to be partici:l,lady' des"' ::.,iI~at:'~sing~<wJ:Ule' producing ·effi.~tive:r~.;. SS 

10 -ct~bCd in al:\d :by tJ:ic: foll<>Wj1.1~- statement:;..... suits' in: irianf cases,: is. undesirable·- 111'· that·· it 

::;·:This·:invejlti()n relates.to filgng·toners·to· a #qw"i'_e~ ~t•-~a· ,sti:Pi>ly- 'of heat-•b;:.-availabl~, 

surface·:without. the· use of heat) · · usually eat.ailing a supply'. 9f electric -~w.er· in 

;_ ?: ,,:;The-pfo~s~ :of c0pyit1g in~ii~i1fby the tec;h.:. ia:rge-quantiti¢.s,and pre~ts the:pdSSib~htyof ·, ... 

niqµe of : fob._ning 'an eleetrostatic image . on overpeati!ig the substrate as wetr·anht toner' 60 

15 _ a'.·,surface of .. a· su))strate materiaHs welt deve.. with· 'some' danger of _:fiie as a>result. 'Pressure 

:-lci"ped,::"Typically, :::mis :19 .· -~ccoinplished ·:fa jusifi.g'•as 'applied ,:to<the priOt. 'art ·11as·;:con.;. 

either ·()f tWo w~y~: In .eithe(Of theS"e "il:iCthodsj -~isted ·of.'. passirig . t~_·toned .. ~bstra'te :··b.etween 

'. :: ' a·· ·photoc9riduc;:tive sUi",ace is :electrically two bard: 5urfaced rolls) formed of-· metal; one· 

.•. /. dilll"ged. arid then exposed. to-·:a::· Jight ;·a:nd rc>if:bdng n:i<>vable ancfcorinected with.-springs 6S 

20. shadow pattern <of the image. The electro- tt{: provide a' diritrolled pressure·: (See for 

_. ·sutjc:: :charge w.hich was deposited' upon the example U::S.: Patent •:N°()/ 3;269)626).'. Bx .. 

·· : ph()tocori~\:ictive.surface i~·removed,:fronr·those perlenee ·h!is ~hown ··i:~t-this type _of pre~sure 

·. p1aces ~-CX:~ed. ·;to. light, · 1eavil;lg a latent fiising prover:;-: very tjrir~lia:ble> dile •.for· 'CX'- .. 

eled:rosuiti¢ 'image ' which cait.; ~ . devel()ped.i a:tnpl¢ ·to 'p~or '._contact : because·. ok non-uni• 70 

·25 •''.f>evelOpinent i~ accomplished by:<e~posing:the fotmify, of "t,he'.i•s4b81'.r~te .. thickness;··a·· var.fa:.: 

· .. · .. · . . :elCCtiOStat"ic · .. ii;iage : : ,.to .. a. :cO.l.ored:·=;. po-.der; tionr in:: -the .. t~~~r-· 'd¢P9Sit; . ev~n·:. :-though:~.use· ·is 

u~lly'referred to as a "toner''lrnhis·con:teXt; made of •4t[emely; high'Ioadings in'-an effort 

·; ~;-- . _ t1le. F.ciPerty of being attiaft:ed· ro the to 1 obtain• ari' ii:riagt(ap~quafoly· a:dhereddil all 

ele atic..:J!llag~ . areas ... -According· to: the of ::-its•· portion~~::Thi~ 'is· pjlrtic:ularly ·'true'.· if 7S 

30 :. first ·method·. thC'><toner ·is .. then ~e~ '• {perma'" wider ~heetS; are used);ather than·ta"{>es; .Under 

. nently adhered) to' the phUtocondu~ive sur- high loadings :the· chafactey ·of ·.the ·paper sulJ.,. 

. face. According to the other method -the toner stiate :~itself. may: be iri11:ter:i.S:lly altered., for ·to 

: .image: forined on the photoc(>nductivedayer a:pplY.:·~enough'. pressure· ti:i the··lovv: poh~ts: '.or 

. is: first 'transferred. to another, su:bsttate, -·e:g; areas 'in "the paper t0 ~.properly: 'fix;: :the •toner; 80 

35 a·. sheet: of... ,ordinary _.paper> a~· :is c.then·· ~x~d i(is'-riecessary to apply exc¢ssive pressrires: to 

on·that ·other substrate . -·_-. :- -- ,, .. , .,.,- ,, (lt~'.fiigp' poi~s;·J1:'his~jn ~,:can~material
ly 

.p.,Ja··Ts-ti~c -;rt_oes,_.n
1
._ern ___ --_,--_____ • __ i ___ ·cars_, nborm __ o·n· _-:·ab~~_ck ... ___ i·_,,ti_e __ -_._--o~_-_-t_iero_: !_._"pit.h.:;m_.: ___ e·n··_o_._.t~,: alter the substrate and bring aboutrunwanted 

; . . 1'l VA. U ~ surfaCe'.c'Charlii::tetistics·: ~ill' the: unprinted areas, :· •. 

arid.a -stna.ll•iimountof dye._Tb.eexact c<rtJ1po;, i,e,:_:fuake:'~~il ar~as shiny_··or· glassy•tather 85 

-49 sition: · deiX.:rids tipoii the specific- prirpose~ fo~ th~n: :permittj.ng::tJ:iem/to .r~in. dull;: and·' in 

which it is•to be rised. ·, . . . .. : . . ,;. ···'·· __ .. a_m._-. _.·,·event\ali:n_ os.· 't_ c_etta_i __ nl_y:_:fa_ils_.-.;:to:· pr_ovide 

:Tb~ ·fiXirig'~ ~dhering ()f "tqb·,to~;;;:.i~)ri~; d~gr~s <>! :fpsi~g i]J ~~~s·:P,Q~tions .of ._the 

ril:ally accomplished by heat fUsiDg'the·thenno: sl1eet ::wb1di •:are :Stiflic1ently', uniform :to; be 

', plastic re8in component thereof. This .. is u$U811y pxac;tic1_1l :itL most· applications;'·· ,· . · : . . .. 

4~ :perfor-Il)ed --:bY exposing othe W~ge fo:-_·beat l't is perhaps theoretically possible_;: if ·the 

f~~ a; time_ sj@Cient to' melt. soµi¢what :che d¢stnictive· effect -Upon "'the sheet': cotild'i'be 

... "[ffic~:;jSp] "".: ,, " ;; >., .. '.:':.. ::· :·::· .... ~ . ·:·· .... "' ~:r- ' 
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· neglected~ to urge the rollers together with 
sufficient f9rce to provide general and fairly 

. unifi>l'm.1 ful:ing of the toner on a sheet of 
· ardlluiey.' sfae~ for example 8-1/2 inches- by 

5 lt. illtilres;. 'Fhe difficulty,. however., is. that. the 
loading: reqµiiecL in such a situation may well 
transcend the: normal range by such a large 
amount tliat. the· mechanical element of the 
sysmni {~cli as; the rollers themselves and 

10• their lbadi..applying bearings) would either 
filir dii:eetly under the applied load or would 
dtuniar-8.te' so rapidly that no practical device 
could be constructed; 

It is therefore, a primary object of this 
15 invention to provide an improved method and 

apparatus for pressure fusing· toners to a suh• 
strate without the use of external heat. 

With this object in view,, the invention pro,. 
vides for a workpiece which. comprises a. sub-

20 sttate· having a· toner powder image thereon 
and having· a detectable . thicbiess variation, 
the· method of treating: such workpiece to fix 
the: image. thereon which comprises passing the 
same· under normal ambient. temperature c0n-

25 ditions between a pair of unheated pressure 
members progressively· ciontacting each other 
along a-~ the· pressure· members being 
of. elastic material having· values. for the 
modulus of elastidtv such that when loaded 

30 SUfliciently to· provide· a· calculated peak nip 
pressure in excess of the threshold pressure of 
the: toner on the· workpiece the combined· de­
formation. of ·the material of: the members 
under load· will be a· substantial multiple of 

35 the thickness- ttriati.on: of the workpiece; ·and 
applying'. to· the· pressure: members a loading 
sufficient to provide said calculated' peak. nip 
pre$sute in.. excess of the· toner threshold pres­
sure: for as long a& the toner bearing portions 

40 of the· workpiece are in contact with: a· pres• 
sUI'e member during the passage. The thres­
hold pressure of the t1:1ner is- the minimum 
pressure applied: t-a it. whieh· will cause it to 
fuse, without externally applied heat 

45 'Ji'he invention provides also apparatus for 
pressure fixing a powder toner image: to a 
substrate comprising:· a pair of elastic pres­
stire members atmnged for progressively cott­
tactilig each· other along, a· narrow· band. with 

50 rolling' pressui'e contact, at least one· of said 
member& having. a- calculated. modulus of elas-,­
ticicy-· in. compression of between about. 100;000 
p~s.J. anlil 2,000,000 p~s.i.; and means for load­
ing said sudates· during passage· of. the sub.-

55 strate therebetweeli slifliciently to provide· a 
J>aleulated average pressure on the imaged 
sebStrate' at the peak: pressure point on its 
passage through the machi-ne: of between~ about 
5;000--and• 10;000 p~s-i. · · 

60 The invention' will now be further des­
, . cribed with reference:· to the:. accompanying· 

drawings in which:· . . . · 
· Figure 1. is a perspective i:epresentation. of 
the apparatus for carrying out the method of 

6S this invention; 

Figure 2- iif an eillarged· side elevation of 
.the ,ap~tus,_ shown in Figure 1 with the 
lOadiiig. aild di'iving means omitted; and 

·Figure 3 is- a diagrammatic side elevation 
to a larger .scale .. showing cylinders in pre11- 70 
sure~relaxed· engagement. and in. pressure: en- ~ . 
gagemb. lse,nt~ aild}llustrating the means of certain V 
sym o 'used·' in. the description. 

The: .. ptocess offorming the pow~er iinage is 
carried out in the usual manner wherein a sup- 'ZS 
port sheet carrying a photoconductiv.e layer is 
charged, exposed to a light and shadow pat-
tern corresponding to the desired image, and 
then deV'eloped with a toner powder accord-
ing to known procedures. In the alternative, 80 
a Iat¢nt electrostatic image similarly formed on 
a photo-conductive layer may be developed 
wi.th. to.ner._. a~d .. the. toner imag_e thus formed 
.transferred ·.:therefrom. to another sheet. or 
~bsttate .. In any eveµt, the resulting product 85 
1s a flexible; sheet or substrate 11 with a 
.loosely ~Id image, 13 defined by toner powder 
on its, surl'~<>e. .. : · 

.The sub~ate carrying. the. toner image..Js 
then passec;l between pre~sure members. which 90 
.prc;igr~s~ively. contact each other along a nar-
row .band; and emerges with the image con­
solidated . and f4'iµly· adhered, Le. fused· to the 
substrate as at 13'. As. here· illustrated these 
pressure: metn:bers : consi&t Qf a pair of rolls 95 
15, 17 in :i:olling pressure· contact. 
. The r-011& IS: and 17 form a, nip into which 
the . tenet . bearing. sheet ll is. passed. In 
a<>~ordance with · prior practice these rolls 
woulii be hard meta:! rolls, but in accordance 100 
with the present ..invention it has been: dis,. 
covered tha:t at least one of these r.olls: or 
members shotild. be. of softer, more· compliant 
matt:ria:l; ·simply to.· effect fusing; ho.th. rolls 
c0uld be, equally compliant. However, from 105. 
the: standpoint of effective practical operation, 
it: is.; found. that it is usually easjer to provide 
a·toiler, rej~ting surface on a· hard, relatively 
non'-cmmp.liant member.. A-Ccordingly, the 
upper upper, roll 15 in contact with. the: toner HO 
image is prefetably a hard: s.urfaced: metal 
r0ll) and the· lower roll 17 is of a s.ofter and 
more· e0mpliant material. 
. The: compliant roll may, for example, be 
formed .ot a hard! rubber; it may· be a. cloth 115 
filled or· a paper :filled roll; (By a filled roll 
is: .riieant one in: which: the body· is made up 
of rings of paper or cloth s.tacked face to face 
en· a:.niaridrel .. The.y are end-clamped between 
m :Hange·. and' a: threaded collar to form a mass 120 
of the desired degree of density,· and then the 
surface is, ground smoothly cylindrical. Various 
fibers can be used in the make-up of the 
doth orpaper:aheets, and.these can be.derived 
frem a :va:riety of sources such as cotton, wool, 125 
nylon;, asbeatos, corncobs). The roll may 
coniprise a black of n_ylon with a por.osity 
appropriate' . to the degree of deform.ability 
required. Various types of compliant rolls are 
known in the papennaking art for purposes 130 
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umelated· to the present' .prqblem. ·ne· fOnn :ri.Cci:i0n. ·'\vitli'" this discovery were perfonned 
of resilient rc;>ll presen~y ptefen:e4.is. ~ne. which . ·.using._. a cottQD . filled .roller. of a hardness on 
is made up of stacked sheets: of textile . Cni- _.tl1e Shore-D ·stale Of about 80 and having 65 
bodying Cotton : fibers and WOQlfibers in a calcrilated ' modulus of elasticity in com-

5 approximately· equal ainolu:its~ . . / .- · : ; . . pression of about 200,000 p.s.i. It was. found 
-.·.;,,, .. . As; .the. taned substrate. :Ll~ 13 · pa8.ses ,be.,. that_ma:11y .~ven:tional tonCl'.S. -were: effectively 
'.~!- . ' twee!\'- the r.olls. lS•llnd: 11, the ·stirfac~. 'of the fuse(f to ,tije.: ~trate whcii. the'l0adiiig·.Was 

¢mnpwmt. roll. 17 ''apparently •becrune: ,slightly in the i;liiige .. of abotit .. 200• .·p()unds tc>: 400 79 
4-is.tort~, as ~een: in exaggerate& r¢presen;. -pounds per lineaI 'indi. .A ·caktj4ti0Ji: pf t9-e 

10 .tatloP, ·-;~~ 19··' ill. Figure 2;. s.o. that _.pr~stir~. lS pe• press~. Which the .rolls cOuld b_e:·,sa.id: to 
d,iStiibuted over a wider ~rt of.the SU.bStiate. apPly, ·on· an. average~ ·ax.: the -.area .of· their 

. , . , Mdreover; ·'the.·coinpliant · cbafacteristi,C of. the contact; giyes ~pout 5000,tq 10,p.oo: p.s.i. ·'.The 
roU·l1-:-se~s .fo IIUlke is:possible for the foll dry~~~t.,..n; uer· ~sdem; -i

00
Ji. :dthyesi;n .. ~g.;: 'atess .. tths;eWiberem:·d .. m.fPg. na:v:g~;i1·p.,·the!1Ull 15 

to ·adjust to ::va~iations in ,the· thi~ss of. the .., .... 
15 paper:' silbstrate ·• or ·the toner , d¢posit; ~nd resitis · CU$l:Omtll'ily , use4 ... here:tofore~ for -.this 

µiereoy· :dis.tribµtes:. the.· pressure; nim.e evenly. purpose.: ;nese,. figures-: represent .a. ~i;ticUlar 
If µiiS ·~s ·the. case it. pr.obably 'means ~at it exan}ple. of a~ rather usual' :situatio1i iii whicli 

~< .·.. is.- ·poSsible to :effect application 'Of a::;siibstan- the.: .hi~~tfoi;i· . can be: 'applied~ . buf it Will ·so 
tialJ¥.· uriiform . pressw:e to areas:: :ccintaimng l:)e. •tjrid~t~. ·that the J<)adiD.g of ,the: J>re&.-

20 the,._,foner image .. wh~ch· is t~ be .. fuSed'. It. is sure nieinbers; can be 'adjusted· :to give: t!le 
possi.ble : that. in passing bet\veeri tbe rolls> ~~d' ... pres~ure,, : .. ~peilding' ;. upori;·:: .. the 
some. shear' is: .. d.eyelOped. which; contributes: to materials, .. used,~!Uid::that ; the· p:reSSUi'e. may: be 
,the. fuSirig of· the· to~ to· the paper. Hciwev~, varied . $Ubstjin£.ally .. to ·:zn:eet. ·the .fusing'. re.. SS 
fr.: is believed that; the applka:ti~n of ·a. 11ni~ quiiemepts · Of:the particular· .toner.,"Wtiile. :the= 
.fOr.m >pressure ' to . ihe toner is probably, the partjcular:. compliant ro.11 was ori~. iii~ which 
primary>fa~<>r . iti ··the- achievemen:t:, of good th~-, ~culilted' inoduhis: of. elasticity w'as . ilbOut 
tOO.edixmg~. ·.,, .:• ' · • : ... · 200,000.P,.s~~.dt.will'be)mi;ierstQc1cl.that oµier 

·., 

25 

•; 

30 

:: 

35 

40 

.. : .. rn p°a,ssirig.die toner:·b~iilg ·~ubstrate into re8ilient.-materials :cin .. be. U,sed •. jli .. applyitlg 10 
ihe: ~: -.of >tolls ·15 •and. 17,- i~, ·is desir•blC the 'mveii.tiQri :anc;t .ha'.\iing: .a: · mo,dtilus· #1ud':. 
that· the' toned side be brought Jnto. coritact higllCr .. thap; 20(),0QO p:s.t~.pas¢d 911 'prirtCiplCs 
.:With. the .rioni'esilient rcill u. This restiits: in to 'be explained hereinafter .. As t9.' 'the riii!li~ 
lJCtter.: pDessure. fiising: ·to:. the~-$ubstiate sur- mum. modulus, .tt·· should,. be~ .. such .that -the 
.fi#:e, .. ind in. tqe:;·pr~vention of. to~el'',build~up niaterial. does' riot 4¢forin. :ex·~ssively u11(;le,r 95 
o~ the,.: complianf.roll surface.,. This .fatter the pressures used-: ·usually a · 'citlci:ilatCd 
&g;Oi. is pa:t!tlculady:: :importani :\\there the sur- modulus of. ··at least· · 100,000 p.s.i. is con­
tace. of. the ·c01llplµm.t roll p.osses~s. any degree sidered preferable in the best interests of -ovcr-
Of po:tosfry/ roi: th~ finely. div.idect, :toner : COUld all efficiency.: : . . 
gi:aduatly buHd<'ap. in. the surface: pores. The As ~ basi~ f()t eo.m~riso.p. _itmay ~ note.d 100 
~el3.4vcl.y: ham .folLis pref~ably .of a material that the modulus of: elasticity for stecls 1s 
whose- su#ace.is.s'inooth. and ·non-"porous, ·and dose to· 30,000,00Cf j;>.s.'i. 
whicl} ~ haS·: the property.. Of ~esistlD.g:: adht$ive The. ~m~di~tdt . f~~eg~ing statements will 
atfi\Chiuent' :fO;r the . resins employecf in the perhaps be more · readily understood in rhe 
.tone~ =par.ti.cl.es. Chrome plated :·si:eef is gener- lig~t ~.the _fplloWing ~Qmm~tS: .. ,. . .. . , 105 
ally quite.effeciiveJor this purj>os~, , . · -~_;_·_._ .. e· .... -·me·_:·· __ -.·_1..· .. -_ .. , ___ i;:,..._··_, _.·_;;;._.-_··.t.·eracn. ·.· .. ··.·~_n __ .. : ·0·_1:_ ........ tw. _.o .. _' .... :·p._M;_ ·_:al .... -.· . 

.. , ·45 . : Iri the drawjng, the coI11pliant .roll- 1:1 is .. rn u:1C1J.1 1;.-n.1 .... 11 • 

. ~o.W?~ ~a;~ing;, a_ larg:r ~ametei, ·tfutij:, ipe lel:- cylin,~ . urged· ~ainst -,one : an.0th~- ,has 
r.etauv.~·. r~gi:d ... r.oU: 'f.his. is; . ~oi:.mally, desi:r.. been. ex,t~J!iv~ly''. iI1ve13:tl~t~d . a11d : µ.atlle- : ·· 
able:, but not necessary. Whether. the, two' tolls matical relatjofi$ips cle:v;~l~ci· w.hic,Ii w.il.t ~'." 
,.;;;.;.'., t ·th····.·· ·.: · ··. d:a:;.·· 1· ....... ·····th· mit th.e.-.ca .. lcu1at. iOii- Of_ :qu_a~tit_ ies._._s_uch_•_,_a& ... 'a) 110 
....... , o: .: e . same or ui~i:en : s~ze):: ey ., are ~ " 

50 io.tated. S.o :118.:tcf have essentially~ the sanie ·inn·- M app~nt ,vaJ;ue for t~ nioclulj.is..of elasti<:iiY 
fa .. ·· · ·· ·d· ···.Thi · · th. 1··the· ········h·· ···d · for· .. the ru,lind.e. r:rilater ... i.a_ l'_._,(w_.·_her: __ e,_j_or. e_x11_m _n le:, · ce.. s.pee .·• ·. · s Il1Cans .. a . · . ,s. ta1'. eve'- -J ':':"'e".?" 

loped~ it:aiiy; wiltbe' due·aimost, sc:il~ly-tci,the the material is -Of a<m>e:~<i't·'Qaving·:a:~;. ... 
··. -, ·· stu;tace, cbata,cteri~tlc.s ·of the ·.more . co~p1iant Jll.QnlY : ~co8lli~d . or. ,reco¢ed: .mod.~s. ?::tlue, 

5~ t.~-~-~-·~_L.•lt_~_._7;-_.;.._:_~_r_c_:_._•~-·~ !ID!&l ~:5 
. < a 'l R 'k · bl'sh d by~'M Gr · -Hill 120 

~-·.a~ .. 2L in· Fig.·· 1,. and ·:va,ries'. with :.a ~--.. k_·· ... ea.·-.· .• ··_ .. · .. m._.·· .. -'p·_oa_an __ ·.·.r.·.y-t. P.·· .f .·.•.~.· .. :.e ... ·.: ., .... '.·_.-,·~c ... ·.·.· .. ·' mv ·.'. 
60 number Of factors such; as ". resilience of 
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where: 
b represents -the_ ti'ansaxial width fa in~es 

of the contact area under foad. (See Fig. 3); 
5 p represents the cylinder loading in poun~s 

per linear inch; 
D1 -and D2 represent the diameters of the 

cylinders in incites; ____ - _ · _ 
· v1 and v2 represent Poiss()ll's ratio in _coµi-

10 pression for the materials of the cy]Jnd~rs; 
and - -

-- Bi and E2 represent the mcidillus of -_ elas­
ticity in compression for the materials l"f the 
(:yli_nders, stated in Pounds per -- square _inch. 

15 -From this it will be seen that when a 
measu~ement is taken of the quantity b (as 
.,y loading the rolls with a presstire ttansftt 
material and a copy sheet therebetween and 
measuring the breadth of the print) and if 

20 one of the rolls has an E of kn0wn wlue 
(such as steel), the E (calculated modulus of 
~lil.sticity) for the other roll can be x:eadily 
obtained. (The effective value of P01ssC'l~'s 
ratio for materials in the usable range mav 

25 be assumed to be closely in the neighborhood 
of 0.3 in dase there is not_ value reported 
in the literature, especially since this quantity 
has little effect on the calculated :resillt). 

At the same pojnt in the text identified 
30 above, there is also found the express111n: 

Max~ sc=0.798 _ /_l_,-_v_12-+_i-_v2_2_ 

1f E1 & 

Where Max. Sc repre~ts_ the maximum 
·compressive stress or peak unit pressure effect 
at the nip, expressed in p.s.i., and ·the other 

35 ·symbols have the same sigQificance as above. 
As -will be readily seen, this formula gives 
the -calculated peak nip pressure directly by 
merely substituting the appropriate values of 
p, D1, D2, Eu E2 and the reported or assumed 

40 values -for Poisson's ratio. 
_ - The significance of cerwri of the foregoing 
_symbOls will perhaps be more clearly undet­
_11tood by reference to Fig. 3 which shows two 
cylinders which may be consider~d as co~es-

45 ponding to rolls 15 and 17 of f'igs. 1 and 2. 
In" the full line position the cylinders are un.;. 
loaded, and the axis of cylinder 15 is at A. 
In the dotted line position_ the cylinders are 
under" an applied load p _which causes the axes 

50 to move closer together as represented by the 
shift of the axis of cylinder 15 to B. The 
distance AB or y can be measured and is re­
ferred to as the deformation. The loaded 

cylinders demonstrate a narrow band of -con.:. 
-tact under load having a width b which-• can 
be measured as heretofore described; Similai' 
calculations Can be made'. if either member be­
"comes a plilne by letting the value for the dia­
ineter _of t1iat member approach infinity in the 

- - D1+D2 
above expressions, in which case-------'--

- __ _ _ _ Di.Dz 
approaches D. - - - - - -

60 

-- The tests' conducted in connection with this 
invention tmve indicated that a certain: -cal­
-cui~ted peak pressure at the nip is needed 
to -seeure proper fusing -of a given toner, 6S 
and that this is related primarily to the charac-
ter of the t()ner materiat As previously stated, 
f~r. conve~tion~ toners currently in use a c:al­
·culated ·peak pressure of at least 5000 p.sJ. ·is 
needed to·secure• fixing. ·The fixing here con- 70 
tenipl.ated involves essentially altering the state 
of the toner- resin _sufficiently to make it flow 
and adhere to itself and to the substrate. This 
is, presumptively, primarily due to a pressure­
induced temperature rise within the toner 75 
material although mechanical- action may play 
a minor role in __ the fixing action also. It is 
expected that, -with experiment, toners - re­
quiring _ a ·lesser press\ire can be developed. 
It is also . conceivable that in compounding 80 
toners tO -secure other beneficial properties, the 
threshold pressure might have· to be increased. 
In any event, there will-be a r~dily determin-
able miniriium effective value of pressure for 
the partiCulilr toner under consideration, and 85 
that value will be referrect,.,to hereinafter as-
the ¢reshold pressure for the toner. -_ 

Having in mind the foregoing reqllisite, the 
·parametei_s involved in sectiting adequate uni­
form · fixing appear, from the tests so far 90 
conclucted; -to _be substantially as descdbed 
hereinafter. - · __ 

.The inaterials for the presstlre members:or 
rolls are (or where, as in the preferred ·ex­
ample; one roll has significantly inore "give" 9S 
or compliance than the otber, the material for 
the c0mpliant" mei:nber or roll is) selected tO 
-have values (or a value) of the modulus ·of 
elasdcity- such ·that,_ when - a loading -p -_is 
applied which generates a calculated peak ,nip 
pressure (Max_. sc) equal to or slightly greater 
than _the threshold pressure_ for the toner under 
coilsi4eration. there is generated a measitted 
d~<>rmation (y) _which is still within the ebistic 
limit for the material and whose value'" iiui 
mbsta~l -multiple of the aver~ge variation 

100 

105 

in the workpiece properties. By this variation f:-:?­
is meant variation -in anything which offers r~ 
sistance to ·squeezing, such as thickness· Or ·den:. 
sity. For practical purposes, a standardized 
pressure is usually applied in taking such 
thickness measurements, so that the overall 

110 

• 
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effect may norµially pe regarded as a thick­
ness variation even thol.igh a density or com­
pressibilitY faci:Ot may : contribute somewhat 
thereto; -Oi'dina~y paper sheets, to take a 

5 convenient :exa.Jnple, exhibit variations in the 
order of .0004 inches: ::between the maximum 
and #iinimum .thickness. reading8. While the 
thickness of the torierdeposit can, under some 
ch:cwri.stan:ces, contribute to this variation and 

10 then inigh(need to betaken into account, for 
m<>St Curl'ent toner ·.materials and their usual 
dep0siting cl1aracteristies, this component of 

. the . variation: may; .. a:S a . practical matter, be 
neglected in computipg the thickness varia-

15 tiOn: · It is contemplateci,· however, that situa­
tions involving, very uniform substrates and 
toners exhibiting ·variations in particle size 
would respond equally• to the methods and 
apparatus proposed . herein, so that when a 

20 workpiece thickness v~iation is referred to 
hereinafter, this form ·will be understood as 
included as well as forins of workpiece varia­
tion arising primarily from substrate noiluni-
formity. ·. 

25 For purposes· of . c_onveriience, variations of 
this sort which appear as a result . of thickness 
measurement tests may be reflrred to as 
"thickness variations". · · · 

The term ·"substantial multiple", used in 
30 the im.mediately-: f,oregriing paragraph, means 

at least Several times, ari~ in practical effort, 
it has beeri- found that, when the calculated 
peak.pressure at the Dip is at or slightly above 
the thre.shold pressure Of the toner, a multi-

35 plier of about fj.ve, as a µiinimun1, should be 
applied· to the average variation to determine 
the appropriate deformation in order to secure 
reasonably uriifonn ftising on the surface of 
the substrate.· A more generally preferred value 

40 would be a multiplier ~f 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 
calctilated peak pip• j>ressure used is permitted 

45 to aceed that required: for the toner in ques-
tion. ' ·. · 

Thus, for a toiler whos~ threshold pressure 
is 5000 p.s.i., and hayiJJ.g in mind ·an ordinary 
paper sheet with an average thickness . yaria-

50 tion of ab.out .0004 inches, the material of 
the roll 17 would ])e , sti selected as to its 
modulus of e~sticlty {E) that, when loaded 
to a value p which will give tbe . calculated 
peak nip pressure, of 5000 p.s.i. required, ot 

55 a little more~ tb.tf itleasured deformation y 
should be at Ieast:S x .0004 or .002 inches. As 

. point~ci out ,above; this· hiight proye somewhat 
marginal, and the Ikwould preferably be so 
selected:· th~t a 'deformation y of about 

60 lOX.0004 ot ;004 inches can be.:achieved to 
ensure absolute .fusing . uriiformity.. HoWever, 
i.f we should use• a loading l? which, would pro­
duce a caJ,culated peak . mp: pressure rathe.r 
greater than is needed for' the toiler in ques-

65 tion, say 15,000 to 20,000 p.s.i.; and if -this 

:·. :·· . . . ~ :. 

.;: .. \ .. · 

could Jje used without damaging the substra~ 
then it is expected that the deformation 
gen.er~ting ,_~ultiple apl?lied to the. average 
var1a~on c(luld be permitted to h~ve a lesser 
value, perhaps in the range of 3 to 4 as -.a 70 
miniinum. · ·· · 

Froni · the foregoing discussion it will .be 
apparent. ~at having the threshold pres5ure 
of the toner in mind, and the average varia-
tion in workpiece properties (represented ·as 75 
a thi~e.ss variation) it is possible to deter• 
mine readily whether any particular solid 
material of a coherent elastic nature will have 
the properties needed . to forin an e:ffecti"Vc 
pressure fixing member. For convenience it 80 
may be . stated that the pressure member. or 
rolls }Vil1 be of a material having a modulus of 
elastkity:' ·in compression such that, when 
subjected. to a loading which develops a cal­
culated peak nip pressure of at least the thres- 85 
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 \Vill be understood that, while the two 90 
roll form has been shown and described, either 
J?.ressrire 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. 95 

Most of the powdered toners now commonly 
known and used may be used in forming 
copies· by' the· wocess of this invention. How-
ever; since the method of this invention 
achieves uniform ·toner adherence to the sub- iOO 
Strate surface by application of pressure alone, 
it presents an opportunity to use other finely 
divided powders for toners which are not 
necess~ily the same as those usable in heat 
fusing.· Thus, a· greater flexibility in toner 105 
choice and final copy characteristics is avail..: 
able. 

The method of pressure fixing of this in­
vention makes it possible to work with wider 
$Ubstrate sheets than is possible with the use 110 
of· two. hard surface rolls. Past experience in 
rising ·two hard surface rolls has indicated that 
problems ·of achieving satisfactory characteris-
tics· -~n the. untoned surface areas are materially 
increased ·as the width of the substrate is in- 115 
creased.: This intensification of the fixing prob-
lem with increase in width is not experienced 
when fixing is effected in accordance with 
the procedure set out in the foregoing des-
criptio~.. 120 

·wHAT WE CLAIM IS:-
1. For a workpiece which comprises a sub­

strate • h;lving a toner powder image thereon 
and haVing a detectable thickness variation, the 
methOd ~f treating such workpiece to fix the 125 
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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effect. may, norinally be regarde<i a:s a thick'- could be :Used without damaging the, Stibstrate, ness variation· even thotigh a ·density or com"- theri >it is expected thli.t · ,the' deformation pressibility, fad0r may ' contribute, somewhat generating · multiple applied· ; to ·the': ·average thereto;: Ordinary· paper sheets, to take.' a variation could ~be. permitted 'to :hl!Ve.'a-Jesser convenienf.eiample, exhibit: variations. in the value;· perhaps: iii: the range of 3:•.to 4 as a 10. order of ;Q004. iriches ,between the maximum miniiiiwri; ·.··,·· ·" ,. ' :, .· ' ". ,:·; ·:·::·, - •' : a,nd miµUµWli.' thicknt'.SS ' :readings. ' While' the ':Fro~ . ;tli.e .·· foregoing : discussion· it will~ :be :thickness .of the toner cleposit can, under some apparent that having . the· ihiesbold pres8ure circwn8tarices;·'con¢ibuteto this· variation arid of:'the toner in mind; and the ·average:;Var:ia"' 10 then; might need; t0 be)aken. into account, for tfon:,ln workpi~e pro~es (represc;nte4· '!lS 75 niost·•current torier.·materials::and theii' ustial a~thickness variatio~) it. is possible• tO'.deter• depos~ting• charll#eristi~~.·' this' cqmponent of mine : ; re~dily' ' wh~ther .• any<.partieular ' solid the:. variation· may; ·as· 1( practiCa:Lmatter, be material of a: ·coherent elastic nattire· will have neglected :fa ·:computing : the . thickness varia- the: ··.properties · needed L to• foriri. . atFeffecti"Ve IS tion. It is contemplated, howev~,,.,tha:t situa- pressure µxing_:· member •. For.· cc;mv'eriience it 80 tions· ~nvolving' very 'uniform ' stibstr~tes and niay ;be>. stated that' the:. pressilre member. or toners eXhibitj1:1g .variations. in• particle :size rolls wiJtbe of a· m~terial having a modulus :of wo-qld<respond: equally: to the me~hOds:;· and elastic;ify:"'.in .compress~c)n: such :·that; when ,, ' apparatus:ipioposed :•herein,: so that when ;a Subjecte<i,fo a loading. which develops: a eal-20 workpiece :thickilCss' Variation is referred' to crilate4 ':Peak.nip pressure of at least' the thrCs- SS hereinafter; this form W.iJl' be' understood . as hold' Pt¢ssure>of the tOnet 'in question, they incl'uded·as well a~ forms of woritpiece' varia- will exhi'bit:a ·deforri;lation::WJ:iich'is·a substan-tion_ :nisiIJg; prmi~rily ·frpril substrate rionrini~ tia:l. multiple of the ·workpiece thiclmess· varia-. •. ·, form1ty... . . >·>>: . . . tion~· :.: : ::. '' .· · · ,,. · ····' · · · · · 25 ·. · ·For· purposes ·· ()f c_onvenience, · variations ·of ''It : will. be . understood· tQat; · while the two ·90 this· sort.which a:ppearas·a. result'ofthickness rtjllfornihasbeen•shown'and described, either measurement tests .ma:y. · be reflrred · to as pressure : Jriembet may . be formed . as ·a platen ·~thiekness vatiatiom". ::' ' , . with:·tlie other'·having:a roll ()r·segment con.;. 

30 
The term "siibstantiai :miiltipie"j used in figuration a:nd being in. rolling pressure coi:t-the' immediately· ·(oregoing, paragraph," means tact: therewith;'. : .. o ··· · ·· · " 9S at least ·severaLtiri:ies, •aµd: in practical effort; · ·Most ofthe powdered:tonerS':now ccimmcinly 
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35 

it has ·been'· foul]d that; when· the ·c~lcu18.ted mo:wn••.~n(i·.:uSed.:·may,. be· :Used <in forming peak:ptessute· at tlie i.tlfis at or slightly above copies bY.' the Jirocess of this :invention .. How­the-threshold' pres8ure' of the:toiiei, a ;multi- ever; sirice the, method :of ::this ::inVention plier of about five~ as a minimum, should· be achieV'es. uJiifornl:toner adherence to the sub­applied to· the '.a:V~rage Vai'iation ;tO determine Strate 'surface:by .. application· of :Pressure· alone, the·appr<>pria:te:defortnation in order to sec:Ure it presents' an :oppcirfuriitjr to use other finely reasonably unifOJ:m · fusing· :'on .. the surface .of divided . powder~ : for· toners·. which are not the substrate: A more geJierally prefer~ect value necessarily tile · same ·as . those usable in heat 40 would be a multiplier. of: 10. : · ·' · · · · fusing;;: Thus; : a· greater 11Cxibility in toner This multipli~ does not have .a firmly fixed choice· and final .eopy characteristics is avail.: valile:.or -ra~ge;~-h~eyer; .. ·.~µt probAbly'depeDds able~·. · ·~··.~ .·: '.·:··. ,:·.,,-.·.-~·:.>. · 
tcf some extent. on· the amc;)unt ·by·. w~h. the. · . ·J.'he : method~ of pressure fixing· of this in­calculated ·peak nip· pressure 'used is · perinitted veritioµ . ·~s i~ • possible: to work' with wider to exceed that required Jar ·the 'ton~': in,ques.,.. substrate 'sheets than is p()sSibfo with: the use tioii ... · · .· · . · . : · .. : ': ·:- i) ·'· ·'· 1 of !Wo:hard' surface'i'olls>:Pasfexperience in · 'Tbus;-·tor- a toner, whose ·thres~old' pressure tjsing 'tW<i h~d . Surface rolls· has indicated that is '5000 p.sJ.,. ·arid haVing' in: mind ;an. ordinary problems ·qf achieving 'satisfactory ·characteris­paper sheet with, -~ a~~age;'.tbi~e~ :varia'- tics·rin th,e \intoned 8urface areas :8.re• materially so tion of about .Q004 inehe~, the inatetia:l of increased as . the 'width :•·of: the' substrate is ' in­the :toll ·· 1 Jr would be . so· :·selected; ·,as :ta 'its creased~· This intensification of the .fixing prob­modwus of · eiastiCi!y :: (E) •. that;' ;:wheli loaded lem :with ~ncrease in: width: is not experienced to a value p , wlJidi . will' give Jhe . calculated wh¢n;Jixiiig ·is effected> in·' accordance with peak nip pressurf.of·50()():p.s.i. required, or the ·procedure set out in the foregoing des.:. 5S a little more, .:die~mea8ured :dc,lformation y cdption. ' · · , · : ·. should be atJeaSf··.5x.oo04~~or:~OQ~' .. in~~. As ~-,: :··~;~ :~.-~ _.,. . . ·. , ... · . pointed o~~ ~bove,~tl.iis mightpr9Ve:sOm:ewh.l!.t · ·,. , WHAT WJLCLAJM .IS:~ .•.... ·· marginal~ ; a6d •. tit¢ E;,~oUld ;,pre£erahlf ~)?if s.<i . _,:_: : ; 1., for .• a.' WOi'.ltpiece which c4m:Prises .a sub­selected that· a .-deforination Y''.:of ,ab~f .strat.~ ·liaJing a toner powder image thereon 60 lOX .0004 or .004 ·inches can {)e achieved to and lia:~~g'a:detectable thickness variation, the ensure absolute . fusing uniforttiity,: However, methQd' ~f treating such workpiece to fix the if we should use aJ()aditig p whi~ .wQ\lki pro- image th~!-'eon which comprises passing the duce a calculated.·peak.: nip ptes8ure rather same aju,1¢+ normaj. ambient temperature con-.· ~ater than is ne,CdCd for·the·t9iler in'ques- ditioiis .between a pair of unheated pressure 65 tion, say 15,000 tcf20,0QO p.sJ., Jind if this members progressively contacting each other ... :: .. ·.· ... 
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along a band, the preasure members being llf 
elastic material having values for the modulus 
.of elasticity such. that when. .loaded .s.uffi­
ciently to provide .a c.alCJJlated peak nip pres-

5 sure in excess of the threshold pressure of 
the toner on the workpiece $e combined de­
formation of the material of the members 
under ·load will be a substantial multiple of 
the thickness variation of the workpiece, and 

10 a:pply-itig to the pressure members a· loading 
sWlicient to provide said calculated p.eak nip 
pressure in excess of the toner threshold pres­
sur,e for as long as the toner bearing portions 
of· the workpiece are in contact with a pres-

lS sure member during the. p.assage.. 
2. A method as set forth· in Claim 1 in 

wbich a first one of the members ·between 
which the· workpiece is p.asse.d is of a material 
with a smooth, nonabsorbent surface which 

20 substantially resists adhesive e.onriection with 
the toner mider pressme, in which the seeond 
member is compliant relatively to. said first 
member and· has a modulus of elasticity· sub~ 
stantially lower than that of said :first member 

25 such that it accounts for substantially all 
of the defurmatio.n of said meJllbers, the w0rk. 
piece during it passage between the members 
having its image bearing surface in contact 
with the first member. 

3. A method as set forth in. Claim 2 in 
which the members ai:e rolls and the second 
membet is a textile filled roll .of approximately 
equal parts of cotton fiber amd wa0l fiber. 

4. A method as set forth in Claim 2 or 
35 Claim 3 in which the ~bers are rolls and 

the first member is of chrOJ.'llC plated steel. . 
5. The method of fixing a toner· image tri 

a s.ubstrate w!lich comprises passing tie · 8ub­
sttate with the powdered taner image thereon 

4Q under normal ambient temperatw:e eondltions 
between a pair of· unheated :·eia:mc presue 
members progressively contacting each other 
along· a band,· at least one of said members 
being of a material hning a calculated 

4S, modulus . of elaSticity in oompression of not 
over abo.ut 2,000,00.0 p.s.i. · 

50. 

6; A metbo.d as set· f:arth in Claim .S-, 
in which the said one presSlll'e member is made. 
of l'llaterial, the madulus. of elas:ticity of w.JUch 
is between about 100.000. p.sJ. and: about 

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

8. A. method as set forth in any one of 
Claims S to 7 which further includes so load- 60 
i11g the surfaces that the calculated peak 
pressure at the pres.sure 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 65 
is passed between members at least one of 
which .is a t.extile filled roll .of approximately 
equal parts of cotton fiber and wool fiber. 

· 10. A m.e.thod as set forth in any one of 
Claims 5 . to· 9 in which the pressure members 70 
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
gressiv:ely contacting ·each other along a band 75 
witk . rD!hg pressure contact, at least one of 
said. members· having a calculated modulus of 
elasticity ·in .compression of .between about 
lOQ.OOO p.s.i. and 2,000;000 p.s.i.; arid mearis 
for loading said surfaces during passage of the 80 
substrate.· therehetWeen sufficiently to proVide 
a c:alcitlated average pressure on· the imaged 
~bsttate at the peak pressure point on its 
passage through the machine of between about 
s;ooo and· 10i000 p.s.L 
" 12. · Appamtus as set forth in Claim 11 in 
which ho.th of the pressure members are rolls. 

85 

' 13. Apparatus as set forth in Claim 12 in 
whieh .one of the rolls is a textile filled roll 
ef appr.ox.imately equal parts of ·cotton fiber. 90 
arid WMl fiber. 

14. APJ>a:ratus as set forth in ~laim 13 in 
w.bidt the other r.oll is a metal roll with a 
8.mooth l'lOn-absorbent · surface. · 

15. Apparatus as set forth in Claim 14 95 
in which the metal roll has a chrOm.ium. 
surface. ·. · · 

16.. A µiethod of fu::ing toner to a surface 
withriut "the use of external heat, substantially 
as ~ described with reference tci the 
aecompanying drawings. 

17. Apparatus for fixing toner to a surface · 
withmJt. the use Of external heat, substa.iinally 
as b.Ue:in ·:deseribed with reference to the 
~~pany.i11g drawings. · 

100 

105 

2,000,000. p.sJ. . TREGEAR, THIEMANN & BLEACH, 
1. A method as. . set forth in Claim S or . Chattered Pat~t . Agents, . ·. 

Claim 6 in w11i.eh the. o- p~sure. m~ Melbourne House, 
ha.s. a smo9th,. non .. ab.sorhen.t ·BDrfam. and· w.hieh r · · AldWycb, 

SS substantially resists adhesive connection. with Londan, W.C.2. 
the toner under pressure~. and in_ which the ·• Ageats for _the Applicant(s). 
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