MAGNETOPHORETI C'DI SPLAY PANEL This invention relates to a nmagnet ophoretic

: di-spl ay: panel . Magnet ophoretic display panels are known whEﬁEz*%Eﬁ%Kgﬁ%
plurality of cells sandwi ched between two substrates and each Of

filled wi'th a I'i quid di-sperspaantirobaoRERTIcS DT IBRANCHagmEIarti cl es, a

di spersion ‘edi um a colorant and, optronalTy; a thickener. \Wien a nmagnet

a
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pen is.noved along the substrate on the front side, the magnetic particles

he bRk ol e Uy proes, inbanptcdl ddadal o NGREEORLIR SN d )

t he back side to produce a ference I n contrast Dbe

e

li quid di sper Pamehnd tMrgnetopheretjaetdismplay i paBels ame sknownt redsichis

sufficient tosGreaigsa gi %?r\;\g:%éflcﬁéfgg:f;yggiiéi P54naf: dre BB yded 3 12

Such conventi onal™ nagnet op anel s " have € pr

dependi ng on t$wbstypates maygheeachpaefi sihdssh whisskEtkleppedithat at Hei g of

the line of the.i : RLO d n ‘he netic pen,. Thus. . the
line width be2‘%%%@895%%‘egf#g’?a‘i%’){r%gﬁgq“%%’%ﬁg pa rTf"is‘i"gp'nea‘ncrﬁ*?zﬁ?o‘*ﬁ’s°n
shown enl ar gednédiding. alcokbeannt ahd,s cpriomaEly) na bhickenetri.skallten At
its edge. Ele

nt_ 4. is a cell] held hetween t substrates. I n,contrast,
i o. 2 shons TRSREELS) PeB i niptadl i ( B, WRRSHRES 1on abbenci Rk
whi skers. . sidés the mhignetesi patrtidlngs canéi gittdtddded by heidhdios.
and 2, the dirgction of vement of the netic pen. is indicatg&_Jr y the
arrow The prct@HES| At cRBPoRoRa ek AIPYR CFOR| SREGSHRSEFAEE €3 18 dadk
af or enent i Onefb_me&@ [pﬁdﬁ@@dé) rdﬁfé\fél?cé\hrﬁ.ﬁb:tc_ﬁ@ﬁxaaéth?i@fvﬁéﬁ ltq_ie t‘ffﬁ-mﬂ

resent invention is to_proyide_a nagnetophoretic_dis anel in whic

5hiskers will pe%?eat1£ﬁ9¥@dg§g§Pegﬁg°Frnén§f Fﬁétip 4 &hﬁnuﬂﬁEQEFic
movenent of a p@EREE1&sPen ThiNSWoRtdASOr Hisl YshffiBeent to create a

display. Such is described in US Patent 4,143,472.

Such conventional magnetophoretic display panels have

the problem that, depending on the type of magnetic '

particles, whiskers appear at the edge of the line of the
image produced by movement of the magnetic pen. Thus, the
line width becomes unclear along its length. This
phenomenon is shown enlarged in Fig. 1. Element 2 is an
image line having whiskers 1 at its edge. Element 4 is a
cell held between the substrates. In contrast, Fig. 2
shows an image line 3 that has a uniform width in the
absence of whiskers. This is the desired 1line
St configuration. In both Figs. 1 and 2, the direction of
movement of the magnetic pen is indicated by the arrow.
The present invention has been accomplished in order
to solve the aforementioned problem of the prior art. An
object, therefore, of the présent.inventién is to provide
 a magnetophoretic display panel in which no whiskers will
appear at the edge of the line of the image produced by
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wi dth of that line. Another object of the present I nvention |s to provide a
magnet ophoretic di spl ay panel that uses " particular magnetic palrtlcres SO
that it wll tal ed upon re eated di spl ay and erasure gycles
According to {Aﬁé’ B en‘? 191 R ePED S eUFRES A arenbphiodat ithe

di spl ay panel w¢d.|n:hr|oa€| nhat ag_mr of substrates, a plurality of cells
sandwi ched between_sai d substrates, each of said cells filled wth a

li qui d di spersion ABREHES APiRghal chapreseas, lné(eéﬁté-@? @%WWWM
a colorant; ak |gagh eﬁegﬂb%eeﬁcﬁaeﬁsgﬁgﬁﬁtb%nﬁartt gLg a S'Ze

in the range of 10 - erri said netic particle ave a ap a
density in t hBRERREdofPAEGLC 2565@' [’éh@’]’- ifnavislal dnotrrmestalnedanipo:i es

have a | Sabupahied @@l addTeldebbe Lgage,0l 40 - 150 emi/g. in a

preferred enbodi nent |, gneti-c parti.cl es-are”porous bl ack iron oxide
particl es producedAsforddng iten the IP¥serngeinventionothere  pisebeavedied

TP e iher o iedBOtenergeil GESREE SRR, Wohedgigal ) ool e CE ! O"
acconpanyi ng @ubetmrgtesi,n a/\/rphlm:'al;l.gy oFi sedls(eiaﬂdvnﬁcmedlbgtvlzvlé&ge Starl?a '
ha Wh1Sker s Shnblieablae, oLabl® bEnceRtel LAIF RN A B0y e
i ne width. Adlspersesnl tcofiprisingt enagnet $tudiaas Dehekict ed alis@eli%&drp
nvestigate thesl GRSy WikEl s pppeared at 2
at least 90 wt% of sald magnet:Lc partlcles have a
particle sn.ze in the range of 10 - 150 pm; . g _ )
 said magnetlc partlcles have an apparent density in
the range of 0.5 - 1.6 g/cm®; and - _
: sald '_ magnetlc partlcles have a_  saturation
: magnetlzat:.on :Ln the range of 40 ? 150 emu/g. |
In a preferred embodiment, the magnetic partlcles are
: porous black 1ron ox:.de part:.cles produced. by reduction
with hydrogen L _
In another preferred embodlment - the magnetic
partlcles are coated w1th a res;n _ '
| The 1nvent:.on will further be descr:x.bed by way of"
example, w1th reference to the accompanylng drawxngs, in o
which: | o A
Flg 1 is a sketch of a l:Lne :Lmage that has whlskers
‘at the edge of the line as in the prior art; and
Fig. 2 :Ls a ‘sketch of a line image that: has no
whiskers and whlch hence has a unlform llne width.
' As the result of the intensive studies .conducted in

order to 1nvestlgate the reason why whiskers appeared at



the edge of the image line to cause nonuniformty in its wdth when the
magnet i c pen was noved to produce a display in the conventi onal
magnet ophoretic display panels, the inventors discovered that when the

magneti ¢ par tikd esagavera thl el Ul fld Ofo NBYASL ﬁ@hhﬁ&f@:%ﬂtﬁi L3 1y Of e,
they aggl onmerate to”produce whisKkers and that the_same phenonenon would
al so’occur witkdthewhenethe nagnebifncper WRS ineved tomroduggyea display

|so occur uHel BiA PR @ di
o1 v aTti ng 1 He o Er FaREL AT TR L REReEORo TS & o TR £l nOARKE e i n

terms of satuiBNVénhonagabscevered thatehenrthe Imagnsoi¢ @atticlemrbadwd e

si ze. Further g i i Inth i el of this
i nventi on have télg%ig%ﬁ %%%%%?iegééeﬁdsai |e\l/{:|s1te{/£éslon° r% th g‘t ﬁ'%/%rgggﬁﬁ‘ﬁét it(,kéﬁYy
attract ed noreggboméyabg atmagpetdduceperwhiskersm andsuthatmaghet . samdhi s
magnetic sensitivity is closely.related to.saturati Qn nma | zation and
particle si Zeéﬁ%%fﬁé{lPE B&P?ﬁe%&?%&ﬁf’ii& gﬁe&hg%’ley ShHAS | g}tﬁ JaPprLc
magneti zati orpartiches beasagheigeal | y Thier achatactexistiifd civeilugmnngf and
an appropriate saturation rmagnetization sho not be, |l ower than 40 enu/g.
Undul y smal | TRIPEHHFE paTh Z‘éa%i abegiheaitve ot PePERYERELEG the
magneti cal | y.occdfréfgeopE &hd spPHerdnfersdrt arés Al florBOotthale 1908 Ssmutdan
10 [err] Hence, the advantageous size of magnetic particles is within
the range of % tey®y PE; PREPHRLLRBY E‘aﬂi‘FFlﬁé‘%%smmméﬂrﬁ)r%%rﬁq at

least 90 wt % ;h iRepaRgnetieCsBaelicles used are within this range. The
magnetic particles_should al so have an apparent_densi té of 0.5 -_1.6 g/cnB.
i 4Ty

The magnetic partiEPEShAAVI ffcaPagietichPAERsFI§Si Hee e dHrplay

gfse in denspdyei Ockh@ hils0Uir HISRY HOPe [HahigHeHa8RE @ &Behsitivity

so that they are magnetically attracted momentarily by a

magnetic pen or an erasure magnet. ‘This magnetic
sensitivity is closely related to saturation magnetization

and particle size. Magnetic particles having an unduly

small saturation magnetization will not be magnetically

attracted in an efficient manner and an appropriate

saturation magnetization should not be lower than 40

emu/g. Unduly small magnetic particles are also difficult

- to be attracted magnetically. An appropriate particle

size should not be less than 10 um. Hence, the

advantageous size of magnetic particles is within the

o range of 16 - 150 um but there will be no substantial

problem if at least 90 wt% of the magnetic particles used

are within this range.

" The magnetic particles should also have an apparent

density of 0.5 - 1.6 g/cm®. The magnetic particles having

an apparent density in this range are so close in density

to the ligquid dispersion that they ensure a



stable display in the latter. If the magnetic particles have an apparent
density greater than 1.6 g/ [err] they are prone to settle in the Iiqukd
di spersi on angtabgeddssp byy Ganthie namem.stablﬂxélﬁw@¢ﬁid q:mtueul arly

vul nerabl e to_i ngag,tl aret!{%edggpggﬁ érgggékt%#g ]!ess% 5‘1 g/tLer T] the

magnet i c partP% I Nevi a’[ ur:ft | Of
magnet i zat i onpannecﬁﬁn%%tﬁee dffx. t@ﬁehﬁﬂb‘lét tiftae%aiey anﬁa"ﬂ'r%ﬂi@!’éef? of am
erasure ﬁagne&anﬁatdeeﬁanbes:tm@/embbexI&agsepaﬁtmﬁuﬂfzmsﬁimd he %;’

present - i nvengion _satisfy e ongi tJ A t S 0

shoul d. have agﬁal;ﬂpcai‘:t’m z{epof';‘g agyfgg‘.% ﬂ‘“’(‘%&S )ﬁ%v%egﬁl %%gr tgnt% densi ty
of 0.5 - 1.6 g/cpér, thanmagoptigapartiisdes Mibh ingwétably| bavef amp - 150
emu/g. The magpghin¢ pﬁﬁélP' @.sthbahsan @@gﬁ@@fuﬁme a&aeseaﬁnqumlon

i nclude the foll ow,n T Oon,  OXi artlcles.
produced by r%&ﬁ&f’ﬁ"&ﬁte\nﬁ’t ﬁtﬁsaf’gﬁénby(f) mﬂ%ﬁ‘é’t‘f cpﬁﬁr f’FcIaé‘s ‘?ﬁ Sith a
resin and pul megne&d; and (3) magnetic particles the surfaces of which are

coated with a resipng Eascma&two@@rttﬁéeﬁa eme%é&ﬁe@%éé)m ncl ude
those of ferrite, err] - hemat %lﬁgﬁ%l' errlc ox] de, barlumferrlte

bl ack iron oxthe, Pé‘Fée“tThﬁvﬁ’éﬁ ‘é‘t‘l cthe fel b‘?’ﬁjcﬁf—' (@O Rfous, and

those of groups (2)(Aqnda(:31eseat9n Wty ashiowdd hiavle ahpuettieledsiwe tof | ower
t han conventi ﬁtIC particles which will be described bel ow. Thus,

t he magnetic 8 rtlgggs 8 each of groups (1) (2) and (3) have the ?dvant age
in that they can bdBjr obavedani appapghtedensdityt t9Dih thd.Patdemaf 0.5 -

and
" (C) have a saturation magnetization of 40 - 150
emu/g ' | | |
The magnetic part:r.cles that can be used in. the'
present invention include the following: o
(1)- porous black iron oxide " (Fegh) pérticies"
produced by reduction with hydrogen; - '
(2) magnetic  particles mixed with a resin and
pulverized; and '
”_ (3) .magnetic particles the surfaces of which are
coated with a resin. N
The magnetic particles of groups (2). and (3) include
those of ferrite, 7 - hematlte, ¥ - ferric oxxde,:barlum -
ferrite, black iron oxide, etc. The magnetic particles
of group (1) are porous, and those 6£ grbﬁps (2) and (3)
. contain resins that have a density lower than .
conventional magnetic particles which will be described
below. Thus, the magnetic particles of each of grdups
(1), (2) and (3) have the advantage in that they can be
produced with apparent densities in the range of 0.5 -
‘1.6 g/cms. _
In contrast, given particle sizes in substantially
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1.6 g/[err]. Ih contrast, given particle sizes in substantially 4 t he
sane range, uncoated and nonporous nagnetic particles produced by sintering
magnetite particles have an apparent density of 2.0 - 3.0 g/ [err]

Uncoat ed and tlos nemelsraRgast ificatblichas RbAPUEBHsDhagnRiald RAaFSIdlidse
particleshave ag aﬁgwnt,_densm of 1.8 - 2.5 t_-g/q__ie%/esr I’Jl%EI ther type of
magnet i ¢ par AT L8 SIH- YRR Y2 BRt V& fih RRpaE Rt

mai n{ g ni ng aexisbty dH/pl2ay i p tBeol igdmP.di spaicoRted AnnidiendHpdY®RiB Wi t h
t he went i | magnet ophoretjic display.panel s is that they are gradually
stained i1 uSHERETIC i mhgher et adie &l PE Kt aring Terirdts Febe et
are repeat ed hares anneppazent desslity ofe lagea .3 lp/gwnel Biildr itype
subjected to r n ' : r e S ar, S
gradual ly st acgrale éé\%gggt é?%?‘gtl% t e.ego%?r ast O%‘%é? ﬁ%{&?gtg’i %Z{av% stgiaeé'e
produced betaes timcapadye aprda Baintadnhng- iangsadplen. disphry otwurthens

the magnetic J%Ei&'&f gspepgaed in the liquid dispersion are repeatedly
noved by nmagnetic forcsel,§ tﬁey collide either with thenselves, or with the

particles of a col?refkerierepher v (the sonyentieongd; magneserharatds or

cel I's sandw cashhey esenel SeisUBRAtatRey S@BSEH#HARRNLY R iGIQas Wfed he
magnetic particl.es are deforped or their surfaces ¥\{|Clt wear to produce fine

particles. THESR (thR PAGRELEESPRTy BN ETREIREgHAE nSFARRTS) MAFRSE | |
i nst ead be susfEngepentiedoraveri nitee | i A & dtepelts) onhe mreel bE. the

probi em can HATSL! PR cip SRS chob g nEeratshh Mafdiiay e

(1) and (3). <msumgneyctes than other areas is gradually stained and

S : deteriorates the contrast that would otherwise be produced
between the image area and the non-image area. This
occurs as the magnetic particles suspensed in the liquid
dispersion are repeatedly moved by magnetic force, they
collide either with themselves, or with the particles of
~a colorant and other additives, or the wall of substrates
or cells sandwiched between the substrates. Consequently,
the corners of the'magnetic particles are deformed or
their surfaces will wear to produce fine particles. These
fine particles have little magnetic sensitivity and will
instead be suspended uniformly in the liquid dispersions
in cells. Thus, the display panel is stained in
corresponding areas. |

This stain problem can most effectively be prevented

by magnetic particles of groups (1) and (3). The magnetic
particles of group (2) are granulations (resin-bound
particles) that are produced by mixing magnetic particles
with a resin and pulverizing the mixture. The magnetic
particles . are often exposed on the cutting surfaces
created by the pulverizing operation and such exposed
magnetic particles can be the starting point of the
deformation of corners and surface wear.



particles of group (2) are granul ations (resin-bound parti-cles) that are
produced by m xing magnetic particles with a resin and pul verizing the’

m xture. The magnetic particles are often exposed on the cuttlng sur f aces
created by the pul vORi AhRy epkest heRdand-ReicRagrpbied nragricles paft ioncup
can be the star(ﬁ.onaraowbaacé&lq; Vi@ e wmhcwaﬁegeﬁnehéua&%edeﬁ% >
On the other hand 52' etlc artl Jpgs of gro (1) are produced by -
reduci ng with RydEd ﬁsth PForF' r thad e8 t itedt PATSIRR) &lz_g;f

dels } r gd part |[ Crhesiez paﬂtqmwratwlzﬁﬁocm@e@rw ugstlewsf ol AﬁWironA@u'lrfG.'ae
sulfide ore [er

L roasted to obé orous iron oxtde[errhadt e
resul ting poroB&Si #E‘ﬁ i HE FRaPEQ a%‘a %ﬁgﬁ?‘n 2 HAF YR Nt TR nBEpHEr dFep@s)
obtain an irand tuhe eresuxtdag[ g@odoush dwbhaldeider dsofrechicedmtindes! a S
made by Dowa S The thus in QusS bI

i ron t?’ll tetraogl?gggﬁé?}g%% use as]'l%tls'?és gcr?b% er ‘Jia‘]tﬂtrl?P‘%lgil ?g\/\ggﬁ

m xed with resi(RefPqader Psawitalerniormept t thigrnatepiaduis madel bafsmwed
Hence, despiterp Eggh m%{aﬁ\ﬁ%ﬂifl RE4shhOW THRNSiHYs e?EESmEB%%E!&%s

particles of gro resistant to corner ormat 1 on
surface wear. P¥REk é%tﬁﬁﬂé?%/tﬁ@%‘ﬁ? BRY| REengseC 3fe ik shfagrpafser whe

magnet i c partt@ba&meaft vﬂ{é}k&hn(f’ﬂ 1§rmxéasaurtq§®éﬁﬁ bPn8erNgblution

def ormati on and ar resj n coat as_a cushi_on that
ef fectively ab§8 \I"#\%p n chhec}%??r%'%é byBeBFRI s A8SRAitEN
ot her objects. théﬁ.rt h@dmsw cmtui:eckandnt &@w t Yderidtietyur f 6he Omagm@tdld C
particles wll expo ed _in_so ar eas Q_resist t,o wear can
be expect ed. pﬁ?‘%ﬁn ?e\ﬂf(ﬁ% .l t3EF a?l ¥ eE?ﬁ’-EgﬁP. ngF® s corner

effective sincdefgrmatlonﬁand.surface wear. They effectively prevent
staininé‘bf:the display panel. |
| 'The-“maghetie__particles of group (3) are also
resistant to corner deformation and surface wear since the
resin'cbat works as'a_cushion that effectively absorbs the
'impact exerted on the particles by collision with other
 bbjects If the resin coat lacks integrity, the surface
of magnetic partlcles will become exposed in some areas
and no re51stance to wear can be expected. From this
_ v1ewp01nt multi-layered resin coatlng is effective since
“ it prov1des further enhancedn reslstance to wear. As
 prev1ously mentloned the- porous black iron oxide
.partlcles produced by reduction with hydrogen themselves
are highly re51stant to corner deformation and surface
wear, so that resin coat to be formed on such magnetlc
' particles need not composed of multiple layers
| A sultable coating re51n may be selected from various.
thermoplast;c and thermosetting resins including saturated
polyester, unsaturatedf polyesters, - styrene resins,
'(meth)acrylate ‘resins, pblyvinyl -alcohol, polyvinyl
'“butyral, epoxy resin, alkyd resins, urethane resins,

_( )



1t provides further enhanced resistance to wear. As previously nmentioned

. the poyrous black iron oxide particles produced by reduction wth hydrogen

t hensel ves arﬁ ighly resistant to corner deformation and surface wear, so
that resin €8HuIQsC KRsingaRddMeMificationsdfesestc Trifern Iresinreasts,noagoetiposed
of multiple ' be sel ected, from various

| . A i t abl t esi
t her hopl ast P@ﬁgﬁrﬁg t'RaY T é?'?‘ieag‘%’g@b ?E@Jthe@ aﬁgﬁéh Jepinsa it Jhey By xiaire

o ko el WA Iy it HiBans SRENSs ATRILALEEH BhAnglBF hay o\ hane
resins, 6 drgiglgl UlRg r‘ésfr?%bﬁﬁgg%ag‘gg%\jlﬁé-isef‘%ﬁl?ﬁl%?@?ed.TCInft‘Ne'ﬂartFe?i n

coats, magnetic particles may olutions’of such resins, with

t he mi xt ur echse,rdissimibal reyinsuhhptbecusathos ahard resinfinay dezedmibided withg or
spray drying. The resin coating may be single- _or nmulti-layered. In the
latter cased softeesini athe sagnetimpanicles éor yse in wisrlay qaanelsnshould ceftbi ned

with a soft _resi.n. Th, na](g,net,i.c [ﬁ_zlirtlcl. s for use in %spla. anel s shoul d

not experi eﬁﬁ@e“ﬁpﬁ‘ék&ﬂﬁﬁ ing" ¢ ine the Jigy dfjésﬁéfsé?ﬁn,sos & ﬁQa\éBEt &N ri&sin is
| ected f ; [ A : fpne t i qudiyd

sl ected, {1 SRR RSN HosE Which ChGPBafén HEbkel Tt e EBH Y,

as a uretha bhVA4 i ' I ' he
asspa@diohyanty %P% Paﬂlélw cPos3linked viith B%ro%’iﬂﬂ@ﬁg?g@ﬂ(t) 'rsﬂcﬁ

present invention nmay b systens such as water and gly

non- pol ar sgstacurethand modifyiggnagerstol vents and oils. In order to inpart
hi di ng power and color to the |liquid dispersion, white pigments, other

pi gments and dye®ispgrsien mediatbatcan sed i thecpiasestmventiammanbeThe

(0 ckener Cooig: 4GRS ) e, Bl AP HeR SRSl s
car bonat s, OB ARG A B, G7C Vei Tow, “netal soape, or gani ¢ gel | i ng
In order to impart hiding power and color to the liquid dispersion,
white pigments, other pigments and dyes fnay be used as colorants in the
present invention.
The'thickener to be used optionally may be of any type known in
the art as long as it imparts a yield value to the liquid dispersion. Suitable
examples include fine particulate silicic acid or salts thereof, alumina,
carbonates, barium sulfate, Benzidine Yellow, metal soaps, organic gelling

agents, and surfactants.

~ Examples
The present invention is described below in greater detail by means
of the following examples.
Example 1
M i icl
| Porous black iron oxide particles having the following characteristic

values were produced by reduction with hydrogen.



agents, and surfactants. Exanples The present invention is .described bel ow
in greater detail by means of the follow ng exanples. Exanple 1 Magnetic
pﬁrt icles Por@la&-tlhl:aﬁksuen oxgde D49 tiius | @Soh B3 Ry hf&hftéid PoAST )
characteristig_value {odu luction wit ydrogen. 7

Particle si ze PPRFeR 1%:1?%9? ?egsg%:’/é % of the powder) Appar ent ‘densi ty
0.86 g/[err] Saturation magne] }zatim 92 emi/d; The particl.e size

measur ement was CO&ﬁuctﬁairubp&carideanﬁeaauiéhe&d Swald?68dnductdde 1napp§,¢nt
density neasurenent, was cong ﬂé danﬁ,&wth JI S 72504. The. .~
saturation magf&CFFAPESn e ondUR®d WRIF PR IRRFAEY zati on
automati ¢ recortsurémeat3NEE Gbn&bkbgdmmamrdmwrﬁs';h XIE Z225D4s sane
met hods and agpar #%mi%nu%éh%mhesne%s&emﬁt " di dgganpl es

1, 3 to det erm ne t measured characteristics. | |'Spersion
| soparaffin s#ifdn@ dc magnet1=169°5a??§°'5§/t%@|ﬁ?&'mwarﬁmﬁ 343fe of
1.0 part by wyididgahani Eréctmiy f worraf Ltd  The Osémé)ah'ethysdweldﬁai These

component s e Calpkal il BRI AR ARP% ©- A, gg G dd | quid

Yy prepare ghet i ﬁg ticles wer e o 103
parts by wei gfxagplem 3.uhi te %%Wiéiea egaaapyr wpctemiatife a
uni form liquid dispersion.. Display panel Polyvinyl chloride honeyconb cells

that had a IerLth %fdﬁ mnon each si de and that were 1.3 mm hi gh W|th a

Isoparaffin solvent _ 100 parts by weight
Titanium oxide S 1.0 part by weight
) -Nonionic surfactant " - 0.1 part by weight='

These components were mlxed w1th a homom:.xer to
prepare a wh:.te mixture in liquid form The previously
prepared magnetic particles (9¢g) were- added to 103 parts
by weight of this white mixture and gently stirred to
prepare a uniform liquid dispersion. .

Display panel |

Polyvinyl chloride honeycomb cells that had a length
of 4 mm on each side and that were 1.3 mm high with a
wall _t_hi_ckn_e_ss_ of 0.04 mm were bonded to a polyvinyl
chioride transparent substrate 0.3 mm thick by means of
an ethylene/vinyl acetate emulsion | adhesi_ve.. The
previously prepared liquid dispersion was confined in
each of the cells, which were thereafter bonded to a
polyvinyl chloride transparent substrate 0.08 mm thick.
By this tei:hnique magnetophoretie dispiay panel was
constructed. ' |

One hundred parts by weight of the magnetic
particles prepared in Example 1 were mixed with 200 parts

8
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wal | thickness of 0.04 nmwere bonded to a polyvinyl chloride transparent
substrate 0.3 nmthick by neans of an ethylene/vinyl acetate emulsion
adhesi ve. The previously prepared |iquid dispersion was confined in each
of the céll®y mishtmefeatiffb%@ﬁm ipphdetyral sdiubiiony ((iphpolt Ye

g ranfparent sii:llbihltafs%s@.eﬁ8oﬂ'g\eﬂ\hﬁbll Bihd htélﬁﬁﬁél);lw Zregaetopbgr et I C

i splay pane copst.r e undr.e arts

of the nm éW?% paftlcrééd are ngﬁ% i vverq"e‘t?n"&‘ed V\ﬁ(ﬁ 200 parts
8 by’ wei gﬁﬁweawie%b‘éi%ﬁ‘#&b%tﬁ}'ﬁs&d sep Lﬁqlt!h y inesin]ceatopnent system
oflet hanol %_l?ﬁht ey :@&tﬁu?h@a?&bycy?ght rg& %ofEQ%ubaHaaaQearEIool ymer
sol uti on. e mixtur i di ed.to fQrma resip,_coat on
cach of it hevRREnaTeR FipFRrisd” O SEfelt ey anedeTe, baR By

cl assified. folldoglingscharacrristiesvakweshe fol | owi ng characteristic

values. Particle size: 44 - 105 [err] (for 95 wt%of t he povvder) Appar ent
density: 1.05 %1 Eerr Saturation magnetization: qui d
1

enmu/
di spersion R B SLE8F atdd (1. P HR b%PV\e?Fgmt)%\/%Fsté’&dBﬂwfiSrﬂhe white
m xture in |Npparéntodensiey: web. QBe@,atﬁm’d in Exanpl e 1. The ingredients were

m xed with (01149} r £ 03 r wei ght of a white mxture in
liquid for m [al?:.g% mg%g‘élgﬁf%%rtsggyé@%}l%ht of the previously prepared
nmagnet i c partlcl es were added and stirred gently to prepare a uniform

l'iquid di spglshad aPspBrayopanel The liquid dispersion thus prepared was
confined in Aluminum stearate (1.0 part by weight_) was added to

the white mixture in liquid form that was prepared in

~ ) Example 1. The ingredients were mixed with a homomixer
to prepare 103 parts by weight of a white mixture in
liquid form. To this mlxture, 11 parts by weight of the
previously prepared magnetic particles were added and
stirred gently to prepare a uniform liquid dispersion.
Display pane]

The liquid dispersion thus prepared was confined in
cells between two polyvinyl chloride substrates as in
Example 1 to construct a magnetophoretic display panel.
Exa e 3 -

A ferrite powder (80 parts by weight) and 10%
aqueous polyvinyl alcohol (400 parts by weight) were
mixed, dried, pulverized and classified for the range of

~— 44 - 105 pm to prepare magnetic particle shaving an
apparent density of 1.5 g/cma. One hundred parts by
weight of these particles were mixed with 200 parts by
weight of a 10% polyvinyl butyral solution (in a 1:1
solvent system of ethanol and toluene) and 2 parts by
weight of a 50% urethane prepolymer solution. The
mixture was fluidized-bed dried to form a resin coat on
each of the magnetic particles. The coated particles

9



cells between two polyvinyl chloride substrates as in Exanple 1 to
construct a magnetophoretic display panel. Exanple 3 A ferrite powder (80
parts by wei gmér@%é&%m;aqu%dpol YHeNk1 agbs 2ol H400188EShEY ¥idght)
were mxed, drie ul ver,i ze S- IaSSItr'rl ed for the range of 44 105
[err] to prepaf %111%‘8’#& ERE AR YPAY %80 apparent density of 115
gll[err]. One hundred parts by melght of these particles-were m xed wit

200 parts by wpg%tg o4 JJW@QPLianMh quyr%b gﬁBEOQhGT oad;r-;solvgﬂy

system of et hanol “and tol uene) ‘and 2 pargs by wei 0% urethane
prepol yner sol ppayent densihik: urle %3¢ M ui di zed-bed dried to forma resin.
coat on each ofatiifatiguaidgneidzaitdons. IIBeemmabed partlcles 9  were
then classified. The classified particles had the following characteristic
values. Particle size: 44 -105 [err] (for 96 w % of the powder) 3 ‘Appar ent
density: 1.4 higuiddispaxsienmgnetization: 12S enu/g. Liquid dispersion

| soparaffin solventjgoparatfin s’o@.@eﬁh&:ﬂs by wei ghtoo-ipag-te biycweigatd powder .

1.5 parts by weight_Titaniumoxid art. b ht- -

Noni oni ¢ surf act antFine silicic (?cfdpmwd&’f wei ghtt - ﬁ&@?ﬁ@o#ﬁy ﬁ8ﬁ9§qwer e

m xed Wi th a honom Retaniumpreatee a white m xt ur & .i0h parduiby Wweight The -

previously prepar engt?ﬂ%}ﬁf Cavfﬁ'qut%ﬁ:s (14 parts d’h \ffalrg:hgy %gg gdded to
'S t

103 parts by weight e mxture and gently stlrred to“prepare a
uniformliquid dispersion. Display panel

. These components were mixed . W1th a homomixer to
prepare a white mixture in liquid form The preViously
..prepared magnetic particles (14 parts by weight) were
added to 103 parts by weight of this white mixture and_
gently stirred to prepare a uniform liquid disper51on.
Display anel
The liquid disper31on thus prepared was confined in
_cells between two polyvinyl chloride substrates as in
_Example 1 to construct a magnetophoretic display panel
Example 4
.ﬂ_SBQLLQJEQEQ£l§§ :
| Eighty parts by weight of the re51n—coated magnetic'
_ particles prepared in Example 2, 40 parts by weight of
'a 50% vinyle acetate/acrylic emuls;on and .20 parts by
| weight of water were mixed and spray dried to form.
.another resin coat on the magnetic particles These
| magnetic particles with a dual resin coating vere then
- classified. The classified particles had the following
.characteristic values._

Particle size: 44 - 10Sum (for-98 wt¥ of the powder)
 Apparent density: 1.1 g/cm
‘Saturation magnetization: 58 emu/g

10
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- The liquid dispersicon thus prepared was confined in cells between two
pol yvinyl chloride substrates as in Exanple 1 to construct a

magnet ophor et ¢ dj spl ay I’cl,|. Exanpl e 4 Magnetic particles Eighty parts by
wei ght of tﬁé‘#&é‘%ﬁ_ = _ ghetic particles prepared in Exanple 2, 40
parts. by wei ght o al8dupartgl byaceetght acofy|tite ewbite oniandral iparts by

wei ght of valRfuitereori tedtantdssprapadeednt Bxbnpie aél,otffrpdmi% Byeoat on
the mpgnetic, par t{-l cl eg. These gﬂgnet e $€rt icl'es with-a dual reésin

coati hg wer &TBEIF Of 53¢ BTEYI0MRLYPESRITIL Pagnatic Barhiglesaats | owi ng
char act eri stadsledh| and. sPirred| geptiy. tolfprefdfe hemumfifolrar 19%nusido of t he
powder) Appq.ﬁ%ge Ry.ty: 1.1 g/[err] Saturation magnetization: 58 enu/g.
10  Liquid di'spersion _To 103 parts by weight of the white mxture in
liquid formRigRlagPaned,ared in Exanple 3, 11 parts by weight of the

previously preparme TAgneti 4i e ks Toe N SrafdeddondsStons Btedan |y to

prepare a unjf.ar L QU l.spey Si | S nel  The_ |l iquid dispersion
t hus prepar e@(fl%agsn%%%g%eg{‘?% %‘2*?21%@(ngélgxfggepgr‘?§?ﬁﬁkgghﬁgri

substrat es &xamplEdntice consruchsar naenatephprebphotisplayipgiedy. panel .
Conparative Exanples 1 - 3 Magnetic particles Conp. Ex. 1 Conp.

i i 0 - 0, -
(E;()S%Z Partlcoe su&,l‘;ee [x]am égol Llé/t) 10 105 (88% 44 74

Ma tic particles

Comp. Ex. 1 Comp. Ex. 2
Particle size, um <10 (12%)
W, 10 - 105 (88%) 44 - 74 (95%)
Appafent density, 2.1 1.8
g/cm
Saturation magnetizat- 158 : 28
ion, emu/g
Type of magnetic ferritic sinter ferritic sinter

material

Particle size, um : <44. (1%)
44 - 150 {84%)
>150 {15%)

Apparent density, g/cn@ ’ 1.4
Saturation magnetization, emu/g 53
Type of magnetic material pulverized, resin-bound

magnetite particles

where, "X" in the rows of "particle size" is on a weight
basis. ' | '
Liquid dispersion

The white mixture in liquid form 103 parts by weight
that was prepared in Example 2 was mixed with the
previously prepared magnetic particles in amounts of 21,
18 and 14 part by weight, respectively, in Comparative

11



Appar ent density,
nmagnet i zat -

[err]
Appar ent densi
magneti zati on,
pul veri zed,

resin-

emy,

2.

/s

"particle si zd™ Fellm batye
in liquid forBxa@gleal tt gpnekrugth dikplanwpanelispared i n Exanple 2 was n1xed
with the previousl ¥yh@'Rpled piRgDeldchst#att6d 8h ERampIBLS- af n%_al 18 and 14

part by melgh%

baz
i ngredi ents werg‘p

Q?fée' oF

UH&QWH?

1

%sperai

impdd

|rre

I on,

ferritic sint @F‘“‘Pl“ ¥.ef rand - sF’HPe‘r"gﬁﬁf"éFPﬁ? ‘G}'ﬁpgenﬁxy 8%l
to prepare uniform liqndd diqugyxpn¢4 -

1.8 g/[err] ‘Saturation

enmu/ g Type of

Seahid $alll 104!\ R

C?npar%tlVgrgj'testgéan3%§5

to prepare unff

150 (84% >150
1.4 Saturatlon

nagnetlc ' :
icle size,

(159

e rows of *f

Y HOpRY: %""E’i qﬁ?ﬁ"ﬂ’f%é?“??ﬁ’fﬁ%ﬁ?eamnt e mixtu

and 3. The
dlsper3|ons

Di spl ay paneIPeTfIﬁer!‘?’éﬁH PR $her EPUHE (AFe Fhepar &R Yr&’r doddpvintgd in cells

bet ween two palaplieny
di spl ay panel s.
Conmparative

Exanples - 1 -

ver e
results are shown in the fo%ﬁ@@ﬁ?ﬁfﬁ

Example 1

_Example 2
Example 3
Example 4
Comparative -

Example 1

Comparative
- ExampLe;Z

Comparative

Example 3

chl oride substrates as in Exanple 1 to construct
The di spl ay panels cgggléucted i'n Exanples 1 - 4 and
%) 8

sp{ ec{ heir pegéa(:).;unr?gngolfovgnghe.

repeated display and

little staining after
4,500 display and’
erasure cycles

little staining after

6,000 cycles

little staining after
3,000 cycles

little staining after
10,000 cycles

clearly _visible
staining after 1,000
cycles

same as Comp. Ex. 1

same as Comp. Ex,.l

The-magn?tic particles used_in_comparative Example_
1l Edntained thbsé.which were_smalier'than 10 ym, whereas

the magnetic particleé used in Comparative Example 2 had
unduly small saturation magnetization. Thus, either type

of magnetic:particles had a low magnetic sensitivity and

the panels as constructed had a pale gray colo:_ovgr_the_"

entire surface to produce only low contf?st in display.

12



- Tabl e Shar pness of. di spl ayed Stai ning foll ow ng i mage
repeated di splay and erasure cycles Exanple 1
little stalnlng after 4.500 display and erasure cycles Exanple 2

0 : Another dekkbtl| 8£StBEBENGaAéL SIws 0&%@%@%@@1@*%&

0 ) . bl little stalnlgg after 3,000 cycl es Exanple ame

0o - urred uppp; AMPa&tyining after 10, 000 cycl es Conparati ve
E?a ple 1 The meth¥ds of testing conducﬁé&athObtaWﬂﬂﬂHéfdﬁéﬁn'ng
af t er>1, 000 at ane a
Conp. Ex %%éﬂﬁ ! 'gpy o table and th? criteria for tﬁélgan;

as Conp. Ex evaEuaUmbn arEhdemmmmhed:hn%dw<:les used in Conparative Exanple
1 contained §hosegphi dd €] Whereas the nagnetic
. tnduly smal | saturation

particles used i n~to
magneti zati on. ThUsingi tahepexly@@em‘- magnem A& txcRek hadma liow sdezmet i c

sensi LiVity eagablle 8RNGLEES iSaRadad i A A LR yeTed he

entire surface to produce~onl Yy | ow contrast

defect of tHEER p3BQI §%§R$1a@%&9@'d|§9aymas@anwa§| u@%éﬁlﬁﬁﬁﬁ .a’paca The
met hods of tesébraifgnepgetadoifo 26bkai/keldn@nddtthe degree of uniformity

in line width was checked. The results were evaluated by
the following criteria:
o, minimum unevenness in line width;
X, whiskers at the edge of the line caused
N\ unevenness in its width.
2. Staining following repeated digplay and erasure cycles

Using a permanent magnet equivalent to MPB 380 of JIS
C2502, an image was displayed at a recording speed of 25
cm/sec and thereafter erased by application of an adequate
magnetic field. The degree of staining that occurred
after repeated display and erasure cycles was examined
visually |

As will be apparent from the foregeing description,
the display panel of the present invention ensures the
formation of an image with uniform line width that has no
whiskers developing at the edge of the line.

_ If porous black iron oxide particles produced by
N reduction with hydrogen or resin-coated magnetic particles
are used, the display panel permits dispiay and erasure
cycles to be repeated many times without causing

substantial staining of the panel.

It is apparent that modifications of the invention
may be practised without departing from the scope of the
invention.

The readers attention is directed to our copending
British Patent Application No 93i3293.4, which was divided

13



shown in the above table and the criteria for their eval uation are
descri bed bel ow. 1. Shar pness of di splayed i mage Usi ng a pernmanent mhgnet

(2.5 x 2 x 3 Bz Tely “@tg

equi val ent to%ﬁ#ofaﬁ?%ﬁbgl an 1 nm é}'rb&; Jfa ed a%%i?ﬁa%?lng
speed of 25 crawRr LSRG he adpie of Lﬂﬂbszﬁlrﬁit?st na mﬂé-lm-bl-i-hy\/v@s’- c¢\©bked
The resul ts e radh Ué%fﬂ Qﬁbtslﬁ%aft@é OVdf¥h C:Bftééié c@lls fBélrI&”‘hlle

unevenness in |ine wd whi skers -at the edge of |'i ne caused:24#
unevenness i n Wit \@ dkiguid’ dispersing FBWPE'\?FH&QY W%lwwl%d a -

erasure cycl ediiz.@é!éb:gozﬁ)ehéaﬂﬁﬁt d&aﬁla mw&h@ﬁt t:nek@@n?;g%ttgflea% 2§02,
an i mage was di ed af a recordin ereafter

or ased by appMEbhEAR AIRR A s d T8 5 PRt GHal eti 60 op the
stai ning that reonyered af0 er rNgeapme dizsip apjagndtécaspare tyléss have an
exam ned vi su ppar t oLegoin Ei p

di spl ay panel aa(éﬁlafﬁnwr%%%git?nggn ﬁ%njféﬁ%rgg {)hé ?oﬂr'mgth%&of éaIr|118| Jg%
with uniform |ma9:nwm hoahviches hevehas Beturadisinopiagnettizakienginofhe he
line. If por o%l%@cgflégn oxXkf€e RaY cles produced by reduction with
hydrogen or resin-coated nagnetic pa ticles are used, the display panel
permts displ ay and erasure cycles to be repeated nany times without

causi ng substantiat staining of the panel. It is apparent that

nodi fications of the invention may be practised w thout departing fromthe
scope of the invention. The readers attention is directed to our copendl ng
British Patent Application No q313293 4 which was divided 13
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herefrom and which clainms a nagnetophoretic displLay panel conprisihg: a
pair aof substrates, a plurality of cells between sai d substrat es each of

said cells being filler with a | i qui d di spersion co

particles, a dispersion nmedium and a ¢gtaz#sner, mﬂm“mmmu“o w %
of said magnetic particles have a particle size in tHe Fanbe 'vf *10*- 150
[err}\ said magnetic particles have an apparent density in the range of 0.5

- ’ﬁe?/ [errl; ana mgweowmtetlpadisplay panel acampri2ingn ﬂ%ﬂi‘ﬁd iggat i on
int range 50_e oretic disp ay
panel conpri s‘lﬂr’\sgtg%\tﬁﬁ E)ﬂig%gg.[ltg{ e@‘% %e%}%rﬁ?flgagﬁgeg F’F§W§§ﬁ’d\ﬂ

bet ween sai dsglossratess mxl:hofofsalaaudel kelilisl | €dlhedh withqua d ldicapel SI on
conpri si ng rt C

| east 90 wt 9 ?ﬁéglg ﬁagén&e{lﬁlspg? i C ﬁavengg%g%llggé %zglgﬁ%l%nge
of 10 - 150 f[‘%‘ﬁﬂ]lmsaaadnﬁgﬁ@@m?ap&rtlcl es have an apparent density in the
range of 0. 5 - 1. 8 oAkt oRngdesaidE sﬂﬁﬁnﬁl'abﬁetlﬁarﬁdﬁféles hﬂ&%e £

saturation magnetization in the range of 40 150 emi/ g.
magnet ophor PFE-HF LB ﬁ&zﬁaﬁél thecsrigsy oo 18 ai RSP Afker el n sai d magnet i c

particles conpri sgaﬂar fHgnBtaek pardiicRddlendve t 46| gppareduc adnlpy ¢ zecwt I on
wth hydrogen}ﬁ% rrggB [éophgr %t I c, di spl ay panel according to aiml,
wher ei n sai d-MaghBEee B | s G 64t h a resin. 4.

magnet ophoreti c dsapllay magaketdecor paxgricldd ai nhdvewheaei n md:amg:ﬂet ic
particles coppLiges 2.PRENCTHCLHR! ¢obde Beed W W difif/d. and pul verized.

\_J 2. A magnetophoretic display panel according to Claim 1,
wherein said magnetic particles comprise porous black iron
oxide particles produced by reduction with hydrogen.

3. A magnetophoretic display panel according to Claim 1,
wherein said magnetic particles are coated with a resin.

4, A magnetophoretic dispiay panel according to Claim 1,
wherein said magnetic particles comprise a magnetic
material mixed with a resin and pulverized.

5. A magnetophoretic display panel according to Claim 1,
L wherein said magnetic material is selected from the group
"

consisting of ferrite, Yy - hematite, 7y - ferric oxide,
barium ferrite and black iron oxide.

6. A magnetophoretic display panel according to Claim 3,
wherein said resin comprises a thermoplastic resin.

S



5. A magnet ophoretic di splay panel according to Clain11,'mhérein,said
magnetic material is selected fromthe group consisting of ferrite, [efr] -

henat i teh [err}. - . fnlrmagn@xb?norb@ﬁguaubpuag panad abae%dllh@t@ébism% A

Coort oL, el oEad Seeds St g A SR ShmEr Cr EeScPemiay panc)

, according to Cla|n13 wherein said resin conprises a thernosetting resup

- 8. A magnet hore d|n to.Claim3.wherein sm(f -
coating i s mul §éﬁ%§ng§°gﬁ°%%#§§hg%%%ﬁ&?é FEE&|§8F8§ 1390 EL8iR Ay to

Claim 8, mherewheselu galitdi chaydmeg isoatulil dayerads a first resin coating

and a second resin coating, and said first resin is different than said.

second resin. 10. A magnetophoretic display panel according to Taiml
further conpri%ing & magueeaphoretic disndast bpheletrcodiddpigayoptietim 8,

substantlally WeehEiRI SREAONE1EeSERRedd coating comprises a first resin

coating and a second resin coating, and said flrst resin
is different than said second resin.

o

10. A magnetophoretic display’panél according.to Claim 1
further comprising a thickener.

11, A magnetophoretlc dlsplay' panel substantlally as
. hereinbefore descrlbed

e
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