2266496 MAGNETOPHGRETI C DI SPLAY PANEL This invention relates to a

magnet ophoretic display panel. Magnet ophoretic disgk:ggngggf‘ known
whi ch coaﬁrise a plurality of cells sandw ched betwe { es and
each of ichis filled with a Liguid disr i ha -rises magnetic
particles, a dispersion nmedi U . ? i FoR8PEY, a thickener.

When a magnetic pen is noved along the substrate on the front side, the
magnetic:particles are attracted by magnetic force of the pen and nove from
t he subs@te on t heThagkiaveattionptreducesa tdi fd ensmiecophopatiasiibplivgen
the col or-of the liquid dispersion and that of the nmagnetic particles.

Thi s contrast BRanekyffiMaghetopkorekis edigrdinyplpgneSBichres rawt i wadchn

US Patent 4,143 472 .Such cqonventi.qnal gn haoret i c. di spl anel s _have
the problemt ha‘%?“%%b%ﬁdi%g_pgﬁl tahé‘ yypgggfc%g%eﬁ%n%'gr%ﬁcfe?ét e FEO
appear at the efges©fatl8 ldMe Bhchhef NMAfechr odyced hedOyeaRNt; Of jEReq
magnetic pen. Thus, the line wdth beconmes unclear along its |eéngth.
Thi s phenonenordispshsinonephat guunpri g6 gy magnef ienprirtd dlesna dagpeksien

havi ng whi skers 1 _at its ed&e. Element 4 is a cell held between the
substrates. IMeRLMRr adt COEPFANS ERGws ORYIGRAJE Y4 e BhIFERREEs aWBARPf & m

cont gur at on. AREEEH Rell £ “Bigeg aiphd tuq PeubBfralel dif wng) 2pne

magnetic pen isgidé] caRd Raghéeiar pawidlesb) £6é aktiAetRdesIept magnerticon
Is to provide a magnet ophoretic di splay panel that uses particular 1
magneti c parti cfesceoofhghei pen landnooviee fitam rizhe upaibstepeat ed tdhepbkagkand

erasure cycles. , . ,
; y side to produce a difference in contrast between the color

~ of the 1liquid dispersion .and that of the magnetic
particles. This contrast is sufficient 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

o 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
configuration. 1In both Figs. 1 and 2, the direction of
movement of the magnetic pen is indicated by the arrow.

An object of the present invention is to provide a

magnetophoretic display panel that uses particular



According to the present invention there is provided a magnetophoretic
di spl ay panel conprising: a pair of substrates, a plurality of cells
bet ween said substrates, each of said cells is filled with a liquid

di spersi on eemdtsindpaRenelee RAS ttEALES ita Wli SPERSEObTESE HiheaNddn
thi ckener, wherein, at |east 90 wt % -of said nmagnetic particles have a.

particle si Z@pean&m dm@eanf and erasoranctysaed. magnet Ic particles have an

apparent density |n t he, ran 0.5 - err and sai.d magnetJ c
particles have® C? ur St F%ﬁ Hﬁ@ﬁ%{‘}:zé‘gﬁ’%ﬂt? n hBergndé BF-”%’Gdf ﬁfLSO

emu/g. In aaornefﬁé r?&@@éigﬁgisPiggchﬂEEt L-swgﬁagﬁl S AR Pr B ack

I ron oxide parti©c r oduced Ion Wt ano her

preferred eudbatirauds, atﬁlhxrmigﬂ?tbﬁ @@Ilsclbeﬁwaeﬁ ea&ﬂeéqut&aQerseSI n.
The invention will further be_described, by way of exanple, with reference
to the acco@yiag dEadd ngellen Jml éhllﬁﬁg with saa K@tidh dispersion mage

t hat has whi skers, at the edge. of t ne as Ln the r|or 2
0%, Dret oh ry g Madidti 8l pantind 08, 8 el ebaRs R %ﬁé‘ﬁb W
uniformlin | t j@f Ntg@NS S d|

order ‘to m?ﬁ%ﬁ%ﬁh%&%ﬁ _\/\/f;'llcE \A}ﬂg&;?(%rs?%gpgggr e%lf'at E%%He g' t he

i mge |ine tparaEikdesonavel ar pantiole tsiZze inwcheh nsheye td_ﬁ’lﬁ_ nagretlisg pen

was noved to produce a display in the conventional magnetophoretic display
panel s, the #®ventors discovered that when the magnetic particles has a

arge saturation JRUNGILZALERR BEbed¥es’ UallP ad Wiparent density in

the range of 0.5 - 1.6 g/cm, and o o : PN

said. magnet:.c part;Lcl.es_ hafre a = saturation e
_me.gnetization in. the range of 40 .- 150 emu/g. |

| In a preferred embod:.ment the magnet:.c partlcles are .

porous black iron oxide part:.cles produced by reduction -
with hydro__gen. o

In another preferred emho_d_iment, the magnetic
particles a’&;e. coated with a resin. - |

The invention will. further be described, by way of
example, with reference to the accompanying drawings, in
Wh1Ch . : o e- : . _

Fig. 1 is a sketch of a 11ne image that has whlskers' o/
at the edge of the line as in the prior art; an_d _

Fig. 2 is a sketch of a line image that has no
whiskers and which hence has a ﬁniform' li_he_ width. |

As the result of the intensive studies conducted in
order to investigate the reason why whiskers appeared- at

the edge of the image line to cause nonuniformity in its-



aggl onerated to produce whi skers and that the sanme phenonenon woul d al so
accur when the size of the nagnetic particles was |arge. The
characteristic values of nmagnetic particles that are effective in
preventirng the od¥édrhevienothe Mhagpeeho @envas anawedriice pricsucES@ risid aiyn
ternms of saturation_nagnetizati:on d n re.than. 150 [err] in_particl

si ze. Further, tﬁé ﬁ*&‘&ne‘i?’é"%&?’t?‘ﬁ smﬁggggloﬁhf’ﬁgt&fzsFﬂ’aiplﬁléhe?aﬁ?iﬂi %:%e
invention have aifirghtseenaiceosenreld! khaky when! Rk hhgYetie HAGRALICH nas
attracted=nonentarily by a nmagnetic pen or an erasure nmagnet. Thi s
magnet i cheensi ti @i thange cfatergtienamagnes ization | par mugvid: i Yoluoe, arthey

ticl i . Ma t L havi dul [ | ti
Pagnet i satt on wi FHOLONCERCREnED: CREPILSE | MOLSHrs AAnS: { FERbnt ChlhndATend
an appropriate sghehahbaBn"w80eH 23kL0BIRULAAOLHRE sligweb ! R HARMYIG

Unduly smal |l mnmagnetic particles are also difficult to be attracted
magnetical | y. partpplepri wae paargel.e si The skhaldctroistie vedsies haf
10 [err]. Hence t he advant.ageous size of netic particles i,s wi.thin
the range of 10 BAGHBEEE, PRARIELSR HIaF | ArBe Sibateart SPToYEBELRS, (CHR
least 90 wt % of the,¥RgRekl &P Hferdtitthdt G tilb mdPé SchaR0e s 0T i/
magnetic particles should al so have "an apparent density of 0.5 - 1.6 g/cnB.
The magneti c par ihckermBaviEngatinrappancmagaetdizagion ahds ncamgpeeartdasn 150
close in density to,the Iiguhd di,spersion that they insure a 3 stabl e
display in the |#4®t 2 PRELERE®NEGRE i c particles have an apparent density
greater than 1.6 g/[eg nkReY +He® ittt 4 {614 Lbsa! fdukg diéﬂ%{lsd' n
and t he di splay cannot hrhe:m%ﬁ st abl e 7si ncle&iéﬁ% e;;]éért [ c%?ar IlLy vulenera e Y
panel of this invention have a high magnetic sensitivity

so that they are magnetically attracted momentarily by a

magnetii: 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 pm. Hence, the
L,.- advantageous size of magnetic particles is within the
range of 10 - 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 liquid dispersion that they insure a



to inpact. |If the apparent density is less than 0.5 g/cnB, the.nagnetic
particles widdaple\disgllay iaveh@nldeeety BSfothe SHdHeIcOPaFRIBERigzat i ON
and cannot Qe effici entlé_é gt%r!gsc edr%t?%( atnagﬁr}retlg]gpen Qrsan. erasure,
magnet . As AT (P APRBEVE- TH ’F% TR T s USLF™ Ar&sent

i nvention saticrie theetsilleohnnthe ohidividndispersian dmhstheoadimpXayhoul d-
have a partiddh$t Zfentinl @tablals{gee] it (B} pAd¥ ot aARPIAANe AR tY Of
0.5 - 1.6 g/ err%‘; and (Q) ave_ a saturatjon ,rgaﬂn,e_tl ation of 40 - 150
emu/g. The n& Pecgart ild '] HIRPRERD e‘{ﬁﬁ} h YhelpPRsERED ﬁ\re'inapn |

i ncl ude t he o /atmdyithe fddnetir oparbiatles iwickhl oreditablyr havparan ¥es
produced by i iyt h HoTaTYoN | & PALLEI-C, ilxed with a
resin and pu !%?%e%:ﬁa‘g%d ?2; magnet i(n?%ér- I Cl eis hgkgu'r g‘?éé}o (Lv'vhi ch are
coated with #f’e%%ﬁ‘.‘ﬂmeaﬁﬁ’gﬂﬁqq:%&rﬁ AAgneRigr BEPsOr 2pNaRFYSNIY ncl ude
those of femfddwet[err] - hematite, [err] - ferric oxide. bariumferrite,

bl ack iron oxide,,etg. 16 i C ticles, of graoup (1) are, porous, and
t hose of groups (57 gﬁ%;r{%%%gﬁteﬁ %i’?ﬁgnfﬁgf g"ﬁ%‘:l(eag ‘H’eﬁ%i’t‘} | ower
than conventthegpresemetinvention satiafy (the | fobkowing rdreti tieman:  Thus,
the magnetic partjg)es,@fy 90/ wiOURSu(l nalve g?}?%ﬁf&lé‘?ﬁ’fzé@ﬁhe' - ange

advantage in that _they can be produced with appar densities In the
of 0.5 - 1. 2Q/TetPP. MRy contrast, gi ven particle sizes in substantially 4
(B) have an apparent density of 0.5 - 1.6 g/cm3; o

and
(C) have a saturation magnetization of 40 - 150 =
emu/g. . _ _ _ B W
: -;Thg-mégne_t_ic particles  that can be used in the '
_present invention include the following:
| (1_)_ porodé- b;ack iron oxide (2'3304)_ particles
produced by reduction with hydrogen; _
(2) iuégﬁgtic- particles mixed with a resin and
pulverized; and ' _' B '
(3) 'magn'etic particles the surfaces of which are
coated with a resin. S _
. The magnetic particles of groups (2) and (3) include
those of ferrite, ¥ - hematite, T - ferric oxide, barium .
ferrite, black iron oxide, etc. The magnétic 'pa'r:t'.ic.les o
of group (1) are porous, and those of groups (2) 'ahd (3) .
contain resins that have a density lower than o/
. conventional magnetic particles which will be described -
below. Thus, the magnetic particles of each of qroﬁps -
(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/cm’. | |
In contrast, given particle sizes in substa”ntially.
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the sane range, uncoated and nonporous magnetic particles produced by
sintering nmagnetite particles have an apparent density of 2.0 - 3.0
g/ cnB. Uncoat ed "and nonporous magnetic particles produced by sintering

ferrite pérticlgﬁ have an %Eparent density of 1.8 - 2.5 g/[err]. FEither
type of magneti tMBaPRMEl E8DHRy e WOGORTEAGH HQF\‘?PF?“LSh&‘Laé’t"%é} PENTCHTEDI e
of mai ntaini ng pretiabk& Hiyspiayeringheadnetd te dapel sle8. hadvrotdie app=aRim
wi th the:conventional rnagpetophoretic display panels i hat_t hey are
gradual | y st ai néég?#@'seggwi?h t he ?raanegfl ™sen a ﬁcg??a?%nga%stﬁ%ﬂ? rous
erasure ryﬁ-gnet magnetpeapattacéest preduceddoyy giggdrting Hemride ghrtthieleanel

whi ch is subj ec{xﬁget gnmgggfeﬁgggrsﬁi%'to%y 1200 -erzasé”i/t&%(ﬁgf%&ét&%% R

areas is gradually stained and d es the contrd _
ot herwi se be pref§ubegnssimeannticlemdavg esucihdat héghodensagy sheg. thehi s

occurs as the nagaetigepgabiel ast SHnéEﬁEEQHihP_ the ddmidl dispehg Ofn Altde
repeat edly noved, by magnetic force, they collide either wwth thénsel ves, or
with the particltidQudf digpegsd®n-and other additives, or with the walls of

substrat efs ?L cells tma@wah' 9§Fbgbwmm;@§wd ea%n%s:_na{iom @tplmrlettflez
corners o e neti c_particles ar orned or ei.r. surfaces, w wear
to produce fi negggpﬁﬁé'l 1% F’e&sTﬁgséf%ﬁ%ng%ﬁXr 8T8 STaiad Iy Shadnas, iu(,se‘ia
sensitivity andwithl thestmasathetd cs pene addd erraisiiagniwi tin tthee draguiré magnet
di spersions in I T t I SR papel Jis yped hn correspend
ar egs. Thi s stalg%gp%cﬁﬁegaﬁ%%nggrr%gt %ctiggl ya b%é%‘?ﬁégéntté% b‘%rérr%gﬁgt %&g
particles of grpapel( Whick @(3). subpectedetioc pere dregusntyrdipplay ans
granul at! ons (resaBub@uydidd |KHAP ol 2real QQUE&Qdﬂ&lT&% IS RN el
.pu The magn

particles with a resin and, verizing the m xture, etic particles

are Bften exposefte¥ipKates thegconErasbsthre Al \orhrrWiss &L Onpguced

operation and syeBwB¥POSEHe 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 with the walls 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 particlés 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.



. magnetic particles can be the starting point of the deforpmati-on.of corners-
and surface wear. 5 On the other hand, the magnetic particle of group
(1) are produced by reducing wth hydrogen the iron oxide particles that
initially had a @8sthedopheri bardsithe Mignetiarpaxtibclaret goopetl as

foll d
ol | ows. A&rer%&cﬂééd Obg [fEdlcitg ' Zc&xles #gnggeg' 23 p@&eﬂs Ak O OXi de

[err] and the résul tln% pofaqus 1 ran ox drogen
at nospher e PREC1IEHERI nthak inidially t Befacki espaed . P%r‘éEuF@-Gbl%l#%r m of

tglt s maéI erishebe QElbleBO\té&eT%@'mt ucléwd %e Ife%qsmka Pﬁaislt%n sﬂpfif%s

obt ai ned por ous iron tri raoxi de may be used. as i af¥er

t r eat ment pvxﬂ’é?e ﬁ Ry rﬁ‘??e%t"vﬁ? roéé:laﬁt_rbla%&ar% di%h Qaﬁ'(fec h{?ﬁzPh)e dri ed

groduct i s ahdssibel e:desul—bimg mg elddiei o:(clderdlsshreduued widér |@W
ensity,. eti es .0 up ar.e -hig sistan

cor ner - def oﬁﬁa{gggﬂanagg@%&’;‘c Swe &P %%’%&3‘ ot AT, q:r%*/te%r%?’ﬁ%? ng of

t he di spl ay(Pey@l) .. TRe suikgidts Corpaciti ¢his - maftergrajlup.s (3de dre Do _
resistant t e Kgi:fd ce r c wor ks

as a cushi o'ﬁ ?ﬂg? g? i ve émbso%ﬁ%l{\éel Il’r%g%t tg{il%r ?e I{ﬁe&foa&?% cl es

by col li si ohlﬁ\Fkhlé‘Pnertrdlﬁﬁéfét@XJ-dq naw besupedoas nacne ior &fitey,at he

surface of maeﬁéﬁtpwﬂéféﬁﬁ W |1 hecooe ﬁi@ﬁsﬁéshﬁ HHa eé&ll?tl‘,‘ijo
resi stance to_wear expect ed. From.this viewoint, multi-layered

resin coati®g3i Eh%’(‘f EE?l 9€1§Fin§’€°ﬁf~1°|5r &% gasedifded- eﬂ??&?ﬁ‘,%'d_ %%E’%‘i%mce to
wear . As' phevioupbyouentigmask é:me DOwOUgenBliggk iU wadmer :

particles produc by reduction dro t hensel ves ar hI

resi stant tB% fg?'ﬁ Fedetor FEEOHENh gil{j ?ﬁ%f e}\?\;e% S SLRRL g? rf‘g‘lﬁi Tto be.

for rred on sdeﬁomgndabnc and surface wear .They_effectlvely__prevent NS
staining of the dlsplay panel. - '

‘The magnetic particles of" group (3) _are also
res:.stant to corner defomatlon and. surface wear since the
resin coat works as a cush:Lon that effectlvely absorbs the

_ :meact exerted on the partlcles by coll:.sz.on with other
objects. ' If the resin coat. lacks 1ntegr:.ty, the surface'
of. magnet:.c particles w1ll become exposed in some areas

" and no- res:l.stance to wear can. be expected - From this
VJ.ewpo:Lnt, multi- layered resin coat:Lng is effectlve since
it prov:.des further enhanced res:l.stance to wear:. As
prev1ously ment:.oned the porous black iron o:'cide'.
'partlcles produced by reduct::.on w1th hydrogen themselves
are highly resistant to corner deformatlon and ‘surface
wear, so that res:.n coat to be formed on such magnetlc'
particles need not composed of multlple layers

" A suitable coating resin may be selected froni various
thermoplastlc and thermosettlng res:.ns J.ncludJ.ng saturated

'polyester, ' unsaturated polyesters, N st_yrene resins,

" (meth) acrylate resins, polyvinyl alcchol, polYVinyl
butyral, epoxy reSin, alkyd resins, urethane resins, |



particles need not conposed of nultiple |ayers. A suitable coating resin
may be sel ected fromvarious thernoplastic and thernosetting resins
i ncluding saturated pol yester, unsaturated poI yest ers, styrene resins,

(et 120 s PRAYHAY g Sy bRl YA BUET 1 o8P0l

nodi fi cati ons tﬁEHHDf coatl®, fcmamgne‘snu cpairs;c&agnetmay pare i ch:esedraywbteh

mixed W ih sol Wdiftsy Bls YD s il U112 MR BB e 1 CRYa

sui t abl € Treans yI'ng or spray e resy
coating May be sﬁunfgal@-e oeamgl t Fuchayas ecfluﬂ-dlrzetdrd)edat ldeﬂYIMeOI‘dl sprmrl ar

resins may be r?%ra hapd r]%gsq.r rr%al%q_ nmﬁgﬁﬁo noqn%x%mt okeshRicihe

magnet iC part i cles use I n panelr's s erience
"bl ocki ng" in thayeyefs d dnsdssi 6 RS0l sRinikan F§S§§Sed‘%iﬁd Peom

anong those whiyded b Qoha‘é@f&%‘éﬂf n$é/yi‘|ﬂ>e| BokBenbd auh €hdisS Res St ORe3id . MY
be partially crqsslinked with a crgssll I ng agent”_suc

as a urethape
nodi fyi ng agentl%i BFeReF IR RBHFAC utRgd llﬁpth"ﬁé" R ?H?B{"lgl on

may be pol ar sy&ite@:pamlem wal@ckdndy 'gliyc @¢heol iGahidpdi spespibans ssutheas
organi c sol vent & nd oils.. In-

the liquid di spe?‘% Bi¥ %ﬁﬁ’t’é J’pﬁ g%%d‘ﬁr%ég%t afﬁtp?@‘lf'fg#np%“g% %Jgggn’%)igenﬁged

as colorants i rsdfteerpr esensweblenin otheThéiguedofdispersins rmnd bewagm beed

i a thickener Nay ;‘[191% %&%ﬂ%&e&'\ﬁ’ﬂ?ﬂ'é’rcféséf lﬁ?ll‘l:?t ef[f‘ sﬁQhCEE”SV

to be used optlon known 1 n ong as It
imparts a vyiel dlmhﬁnq andﬂeinI@ﬂ[u%E%ImEperm on. Suitable exanples include

fine particulate silp{lgeatich Oheddh! Stk ealn Bé UlsRa LA RYMA! BResBAt! UM
sul; fate Benzi di ne Ye|l'ow,. netal soaps,
invention may be polar systems such as water and glycol or
non-polar systems such as organic solvents and oils.

In- order to impart hiding power and color to the
liquid dispersion, white pigments, other pigments and dyes
may be used as colorants in the present invention. The
use of colorants may be omitted if a thickener having
hiding power and color is to be used.

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
Magnetic particles

Porous black iron oxide particles having the
following characteristic values were produced by reduction
with hydrogen.



organic gelling agents, and surfactants. Exanples The present .invention is .
described belgw | n greater detail means. .of e follow ng ex es.
Exanmple 1 Magﬁ%ftgcgﬁrﬂ%‘f'es or o ?)éblugc S%°t’or?t32>ﬁtg°5ar FchggrﬁTgbi ng the
fol | owi ng chaAppazenttdensifiyres Ovdibe rRluced by reduction with hydrogen. 7
Particle sizegaedfatidAmididdizZadtQlon?3 94 %ni/ g he powder) Apparent density:

0.86 g/[err] Saturation nmagnett zation: 92 enu/g The particle size. _
measurenent was coRABictRAFRFifccBizmndeagnngpent swappegpnducterhe ingppar ent
density neasusedepdanes ceinhictFIS i M22EQIor dancrhen tdpphirent?5dénsihy 7 ;

saturation my ' ' SUL.EIES ducted wih.a 4¢ gEgRet i'Tation
Stomt | o ochPAEbFEhLae JEECAFYed Wh ikl ik f15 BIRE, T 0
met hods and aFper aatyrasienusaenehi REkpheReasurennn tCymsacondue tedanpl es
1, 3 to detergigR hh@c"Raghé €tz SR dmdtiS rdddshlil Hyee3DsoN of - |
I soparaffin sgl vent . L, ]‘go garti gy we_l,rght Ti t ani urtT%OX-I de ' -
1.0 part by wEPKASANBNEHRCETLS: { td.  The pame, pethodfeiafd These
conponent s veapparstdswwerea ssinincExampiesp2 e-4 \aindt eCovipanatdven |iquid
form  The preyugutbk Bl OPULUetBEChECLRE hbkbited Watlitediditd 0 103

parts by weig ite mxture and gently stirred to prepare a

uni formliquid dispersion. D splay panel Polyvinyl chloride honeyconb cells

that had a | endellid dispersion - - S |
Isoparaffin solvent 100 parts by weight
Titanium oxide 1.0 part by weight
Nonianic surfactant o 0.1 part by weight.

. These components were mixed with a homomixer to
prepare a white mixture in liquid form. The previously
'~ prepared magnetic particles '(9'9) wer.e-_addeds to 103 parts
by weight of -this white mixture and gently stirred to
prepare a uniform liquid dispersion.
Display panel o _ :
Polyvinyl chloride honeycomb cells that had- a length
of 4 mm bn_ each side and that were 1.3 mm high with a
wall thickness of 0.04 mm were bonded to a polyvinyl
chloride transparent substrate 0.3 mm ﬁhick by means of .
an ethylene/vinyl acetate. emulsion adhesives. . The
previously prepared liquid dispég:si_on yas. confined in o .
each of the c'ells, which wére the'reafter bonded to a
polyvinyl chloride transparent substrate 0.08 m,-ﬁhick. '
By this technique magnetophoretic display ..pahel was
constructed. | |
Example 2 |
One' hundred parts by weight of the _magnetiic
particles prepared in Example 1 we_re' mixed'with ZOQ_partS

8



of 4 mmon each siderand that were 1.3 mmhigh with a wall thickness of
0704 mm were bonded to a polyvinyl chloride transparent substrate 0.3 nm

thi ck byI means pRf ‘6@1 ghtl fa,gsl ésnebxl eukwﬁﬁﬁiaaetysﬂw stGuﬁﬂh h V. 1:1 The
previously prepare ui i spersi.on in each.o e « s,
whi ch were t her®dftest &Hﬂfeﬂ“ %e ’&f%,/\fnw cﬁf’gf“ﬁﬂé’t |”‘é’|"?s;3Zar"e"ﬁ"trL Ssubstrate
0.08 mm thick. W@ight sofechnitie ureistrephpreppd yoiesp| sgylytinsi. wasThe

constructed. B&&W&@u@?flﬁ&&%@d bQérEiheEYtoWQb%t a 9£slﬁh<?oat£mcﬁ{‘et I C
particle prepared I n_Exanpl e th 200 parts ht of a

10% pol yvi Sht P £ sBT‘Et f“Bﬁ“fF:hc apirilge;Fﬁent ?}%t‘éﬂ?ﬁ?d ePﬁ%ﬁ’o“Tl
t ol uene) and 2 met stHen \Aﬂlaﬁmmbda SMuceabamélpnepalry.welesoham|'me The

m xture was fl oc!l.lzo%r%i%ﬂ ggsfc?&mvgl(_‘gg n coat on each of the

magnetic particles cleS were then classified. The
classified particles had the fO||OWI ng characteristic values. Particle

size: 44 - 105 ggF¢dcid i Walp of 1bBeuﬂx0\Mi3E-) gAPRANCRIE d8aSpbided) 05

g/[err] Saturat]on magnetization: § Li qui d di spersion Al um num
stearate (1.0 ﬁ%ﬁ?a’iﬁz‘gﬁﬁ‘;ﬂ?ﬂ ¥ias 1a éeGF the white mxture in liquid form

t hat was preparsdburateonpagrietizaltdonngr 6di emuygrere mixed with a

honomi xer to prepare 103 parts by weight of a white mxture in liquid form
To this mxture, 11 parts by wei ght of the previously prepared magnetic
particles were lakimad spergion] gently to prepare a uniformliquid

di spersion. Display mﬂeimmesdela&utd daspeparenby iei gheparae agaedacesf i ned
'n the white mixture in liquid form that was prepared in
W o Example 1.  The ingredients were mixed with a homomixer
to prepare 103 parts by weight of a white mixture in
liquid form. To this mixture, 11 parts by weight of the
previously prepared_ magnetic particles were added and
stirred gently to prepare a uniform liquid dispersion.
Dis ne

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

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

\_/ 44 - 10S um to prepare magnetic particle shaving an
apparent density of 1.5 g/cm3. One hundred parts by
weight of these particles were mixed with 200 pafts by
weight of a 10% polyvinyl butyral solution (in a 1:1
solvent system of ethanol and toluene) and 2 parts by
Qeight 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 ito

construct a Q&%%ettﬂgnoesahsiea@al aymanekasaé{fﬁ&%?réﬁ%y héd peygler (80
parts by wei ght) 10% aqueous gg E¥ al co 400 parts y wei ght)
were ni xed, éMLé§W1ﬁGIGEFF2E&°5ﬁE Fa¥8tBP8d for the range of 44 - 105

[err] to prepare magneti € partlcle shaV|ng an apparent densjty of 1.5 .
g/lerr]. Cn ndred rts hgge ry c . \xed with
200 parts by dﬁ& % 10A)po ?E % ?glwggl |%§§2p§58e 1 sol vent
syst em of etﬁmmdreamddﬁoﬁa§ﬁé) én& 9/§&rts by wei ght of a 50@6ureth§h
~ prepolynmer sQulida@§on m;ggemh&huaenyas1§sugﬂuygd bed dried to-forme resin
coat on each of the nmagnetic parti.cles. The coated particles 9 . were
then classified. The classified particles had the foll owi ng characteristic
val ues. Partilglguis zidspedsid®S [err] (for 96 mﬁ@ﬁbf'the'pomder)'Apparent

density: 1.4 0l ddchardlasial is@lvangnct i zation: 10b2pa2d Gy Weluhi
di spersi on Isopara n-solv 100 parts by meldht I'ne SI|ICIC
aci d powder Firg ﬁaﬁﬂ§1ﬁyaﬁéﬂgWP“§PFanlunléxﬁanrts by weight ; o

part by wei ght NORijQRn3 ukllcxddeant o 011 P parthBy'BiedlghtThese
conmponents were m.xed wi,th a gp m._xer to prepare.a mh|t${n1xt%ﬁ§|r1lqu|d

form The preV|o@9 Ic particl 1(?3‘55 ght) were
added to 103 parts by melght of this white nixture and gently stirred to

prepare a uniformg E#QI o %h?BﬁéﬁtQ”we'?esﬂ\\ﬁk’eé’aﬂﬁlthT@ hbfhdxdbSRE si on

thus prepared was €O
prepare a white mixture in llquid form: The prev1ously. _

prepared magnetlc partlcles (14 parts by welght) were

added to 103 parts bY Welght of th1s wh1te mixture and“'r o
gently st1rred to prepare a unlform 11qu1d dasper51on
Dis anel ' : ' '

" The llquld.dispersiOn'thUS'prepared was confined in
cells between two polyvinyl Chioridefeﬁbétratee as. in
Example 1 to construct a magnetophoretic display panel.
S '9' - o oo T
'Ma e ic rt1c
' Eighty parts by welght of the res1n-coated magnetlc
particles prepared in Example 2, 40 parts by weight of =
a SO% v1nyle acetate/acrylic emuls1on and 20 parts by
we;qht of water were mixed and spray-dr1ed. to form
another res;n coat on the maqnetic partzclee.' These _
' magnetic partlcles with a dual resin coatlng were then g
"cla551£1ed. The cla581£ied part1c1es had the folIOW1nge
characterlst1c values.

Particle size: 44 -.105um (for 98 vtz of the powder)
Apparent dens1ty 1.1 g/cm
Saturation magpetlzatlon- 58 emu/g.

10



cel I s between.two poel yvinyl chloride substrates as in Exanple 1 to
construct a nagnetophoretic display panel. Magnetic particles Eighty parts
by wei ght of qggnggﬁigggﬁL_gggnagnetlc particles prepared in Exanple 2, 40

parts by "wei ght of 5 vin ta ryldc enul n and 20 parts by
wei ght of wat.er were m{)gge %g %f?gg %fl f{g?m a %? ql"g‘é“ r?p At on
the magnetic pdrquid €otm t¥H§sEaﬁB§HEPF€eﬂaFP|§#enphkth aﬂhua#rtesbn

coating were tmra;mi a:fStﬁé %(i-ev'{bﬁs&baﬁiéfaheddﬂﬁéﬂéﬂﬁs hadxehesw&ew ng

characterkstic Particl 960f t he

powcler)(:‘;75.’|s)parerﬁé§jl ng?? StlirngFFQ?}F §§fuP5F?% n% %ﬁﬁﬂ TE] emyu/ g.
L|qU|d(ﬁx§n§E§xnn1b 103 parts by weight of the white nlxture I n

I|qU|d forn1tQ2%?%%£%§£EE%red in Exanple 3, 11 parts by weight of the

previously prep etic particles were added and stirred gently to

prepare a uniform I%%%Fép@%%ﬁ’%ﬁ“ﬂ‘sﬁ“&? REsRArerh¥as; §endigespdhsi on

t hus prepared ¥4 £ OBétwésh | tws epbiybehyeecHlwrigel Wubdtdraddsraslein

cubet L oo 35 BRI S RIS o URRLORNGECLL o dh5PbaeR"S,

Ex. 2 Particle size, [err] <10 (12% 10 - 105 (88@6 44 - 74 (95%
Appar ent denSiéaﬁﬂ!:!tiiélékémﬂleg 1 -3 1.8 g/[err]
' Magnetic particles
Comp. Ex. 1 Comp. Ex. 2
Particle size, um <10 (12%)
_ 10 - 105 (88%) 44 - 74 (95%)
S '
Appafent density, 2.1 1.8
g/cm
Saturation magnetizat- 158 28
ion, emu/g
Type of magnetic ferritic sinter ferritic sinter
material

Comp. Ex. 3

Particle size, um <44 (1%)

44 - 150 (84%)
>150 (15%)

Apparent density, g/cm3 1.4
Saturation magnetization, emu/g 53
Type of magnetic material pulverized, resin-bound

magnetite particles

where, "%" in the rdws of "particle size™ is on a weight
basis. .
Ligquid 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



Saturation magnetizat- 158 28 ion, enulg Type of
magnetic  gxamgidd il C2 3hBLLI The inghkBaféhts wairat éénﬂ?tleﬂxéﬂedcorm- Ex. 3

Particle sigze, <44 % 44 - 150 (84%
>150 (155 &%ﬂ’aﬁ’@n%‘“ﬁ%nsu gyauiq, dirﬁ?e"“"’ 1.4.Saturation
magnet i zat | Bhgpkani/oanel 53 Type of mmgneti'c materi al

pul veri zed, ream&muadmr&gme’ertsormrﬁhmd -prepleed werld comfined r ows of

"particle Shﬁecenss getaea»elcqbtpch@%ha 1LERG <k £l SRBEEH e TR sphite m xture

inliquid f s yeLg a repared in Exanple 2 wag pi xed
with the prgﬁm 2% 3e °°?¥t m% %{e pla; fratnlecl}%és in anounts of 21, 18¢%nhd 14

part by weight, %MEPF@AQP?’*Q%c%ﬁﬁﬁ‘ﬁ%’%?@é“l!*““'?%@ahm &sand 2 and 3. The
I ngr edi ent scoRp&r e yt-:sim;ﬂreed 10 pr 8pawerelnifemtad! i fpti dtiskixper si.ons.

Di spl ay pans&g@a&a eI SPIARS BOUS oRERALECMPI 18 ORI0 I Cells

bet ween two po Vi ny chl ori de su strates as In Exanple 1 to construct
di spl ay pan The di spl ay panels constructed in Exanples 1 - 4 and =~ .
Conpar ati ve Exanpl es 1 - 3 weIableested for their performance and the
results are shown in the ggg,jﬁugagofa@ig,lggewe Shar phasaisy fd],mimjed
Staining foll ow ng image repeated display and
. erasure gzg].gg
Example 1 o} : e little staining after

4,500 display and
erasure cycles

Example 2 o . " little staining after
: : 6,000 cycles ' . w
Example 3 o) little staining aft_er '
3,000 cycles _
Example 4 o) : S little staining after
: ' ' 10,000 cycles :
Comparative . _ N
Example 1 : X ' clenrly “-wisible
staining after 1 000
L cycles
Comparative X - : same as Comp. Ex. 1
.Example 2. : : - : - :
. Comparative X ' same as Comp. Ex. 1
Example 3

The magnetic particles used in Comparative Example '
1l contained those which were smaller than 10 um, whereas
the magnetic particles used in Comparative Example 2 had ,
unduly small saturation magnetization. Thus, either type : o
of magnetic particles had a low magnetic sensitivity and o
the panels as constructed had a pale gray color over: the |
entire surface to produce only low contrast in dxsplay

12



ierr'ége L repeated di splay and erasure cycles Exanple

Nl _ 0 little staining after 4,500 display
and erasure cycles Exanple 2 0 IittIe
staining after 0Q cg(%% anpl o

littl e st aj ni n %’t %% E;%C:EE:LS?% Dan .Ls4was that LQE GlS‘D.b cecame
little stalnlmgwmﬁaa R0 00ne3 et es Cbnparatlve Exanple 1 X

clearly V'S'b'e@%&%@ztﬁ £e009n6Y ebgEuCRBRAY | Oain che caca X

sane as ;Oorrp Conpar at 1 Ve
sane as‘Tonp. sbewnl Exanphe FLONE ndghde caﬁért"rlé‘Feéer}st&iﬂt% EBFparative

Exanmple 1 con@@dyﬂ¥gfgﬁmhf$n@%@&@ﬁﬁé§n@é1@w than 10 [err], whereas the
magnetic particles used in Co ati Exappl e 2 had unduly smal |

a
saturation mad-netl SRarpness nP BRIV eGt3FC pgneti ¢ particles had a | ow
magnetic -sensiti vi tysaig ah@e&meiemtammrmztsdmaﬂ A palmm giraystpepr

over the entire surface_t d I

Anot her defect5ﬂ§ﬁ4ﬁxﬁ; (%é§§£§g§tf%%¥f?ﬂ gﬁg Iéﬁé g@%%eé g??% “Bip6h
i npact. The mMHEBJS 8@ toés_t J3§ cOREOZ|ecano Joﬂt;_tgnnwasa ddsplayesh 2t thAe
above table and they it geidalgF 3okt U8 RA1 O 68qPESCHEDEH: BELANLy

in line width was checked. The results were evaluated by

the following criteria:
0, minimum unevenness in line width;
X, whiskers at the edge of the line caused
S ' unevenness in its width.
2. Staining following repeated display 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 foregoing description,
the display panel of the present invention insures 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
reduction with hydrogen or resin-coated magnetic particles
are used, the display panel permits display 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 9015493.1 (Serial No GB
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1. Shar pness of di splayed i mage Using a pernmanent nmagnet. (2.5 x 2 x 3 rrm*=.
in size; capable of magnetization for 3 nm that was equivalent to MPB 380
of JI'S C2502, an inmmge was displayed at a recordi ng speed of 25 cnisec and
t he degree of22aﬁ|8f6(8r)mﬁ13pm rwhmte tviiel thr ewentt haehedca Thenr wasl ts wieied,
eval uated byt n 1 ria: ve dt,h
X, whi skers at t e%d'f(H { Ilnequggusééeﬁu%ﬁ‘gss%iq%atéfw égﬁe‘f‘
St ai ni ng fol F@WPﬁ'gSrl-@ﬁe‘at@dPMpl%‘P}/ gubseratefe G cPeuvradify epreCﬁi\ﬁle,nt
magnet equi vgbﬁam&éwaoé@@eeﬁ Had {2508t AR £BRIRIES éfsm%dcal;l%

n

recording sp%ed of. 25 cnisec and thereafter erased by application o
adequat e maghéti€ds i #igh arnd i@Eke HERARFINTHg SIERT HBLDF r cBRGNEERLC .

repeated di sphayiandssrasu dpdﬁéﬁ@nwaédemm Red W Leldyads; vat! 1best -
appar ent frogﬂhe fore% scription kr;l ay panel L t he present

i nvention i nddr ¥5% RE &ﬁﬂa&]ﬁe&f TSP Yhid RATFERLSWFUER fRat
has no whi skehe tdewejeopiingat- 150 qage s(a‘:.d hmgnene;c Iﬁapbiobssbhaoté ghon
oxi de parti cl u ygr @gen jor- rg coated
magneti c par ?ﬁ%la%?%g: g S’S%%Jt %g]esﬁla % % %gr m ts /Sdf)'Pa ggﬁdsg?'gsure
cycles to bemagpe&u@d praaagmleteshama rmmammemmp swsreni zatisnaini bheof

t he panel. g e tk@ h%l cations of the invention nay be
practised w tﬁo t departing fromt scope of the invention. The readers

attention is directed to our copending British Pat ent Appl i cation No
9015493.1 (Seri aI No GB 13
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2_24‘5868) from whi.ch.the present appli c'ation was di-vi-ded, and—whicTh cI ai s
a magnetophoretic display panel conprising: a pair of substrat es

plurality of cell's sandw ched between said Sum”ﬁaﬁﬂ““ﬁj Hl' ﬂﬂ [err]
filled wWith .a liquid dispersion co

di spersi on nedium and a col orant; at W % of said magneti c
particles have a particle size in the range of 10 - 150 [err]; said

magnetic particles @%f’ag@iét:%%@ﬁfxeé'ﬁléj%%ﬁﬂa? Daad ERR %J.Qflr% Da pai® of
g/[err]; and sai q magnet’l partlcl es have a saturation rragnetlzatlon in the

range of*40 - EWPSRAEES14 plurality pfreebbhdelveenshid Sphserates,

conprising: a paidh ObfSWRsld at€dlsa i Uf@ilé& iteel & s 1hefMRENd$8pbErsion
substrates, each of said cells is fille th a%ﬂﬁw d di sper

Comor | ol o o ik {aty Hadretie mantle el | & UM LGRPR AR, ana &
wherein, at | eaﬂtlcﬂfemsf/p ofwhexed nyagaet i et t 90 est havet aspakt i mhgnetie in

the range of 1Q, é:?&% err%ves |dag_%ﬁgﬁ_ Cs_.%?%ti% gﬁeh%}!\ﬁ an PR ent t2Pes

density in the range S Aet i par
have a  satwmtion nmagnetization in the range of 40 - 150 erru/g 2 A

magnet ophoretic dis p,@%?‘l, m,, \gzjec{ 4k S
particles conprise ISéorous ac%? %%kg%ﬂ ggpgra?bcl i}s cféced ‘% re ct | on
wi th hydrogen. @e rangmgietOghor e1-+@ daf epiayanshnel as claimed in Caimi,

wherein sai d magnetig dartighosepie Coﬁhﬂl‘@l@% a rlﬁ%'e“ 4  édaturation
magnet ophoretic displ ay panel”as clained in_Caim3 wherel n said magnetic

particles conpridFetigamken &%‘%@?lﬁ?“ﬂ?X@ﬁ &Pt h 25Pe€MH/9nd pul veri zed.

o/ 2. A magnetophoretic display panel as claimed in Claim
1, wherein said magnetic particles comprise porous black
iron oxide particles produced by reduction with hydrogen.

3. A magnetophoretic display panel as claimed in Claim
1, wherein said magnetic particles are coated with a
resin.

4. A magnetophoretic display panel as claimed in Claim
3, wherein said magnetic particles comprise a magnetic

material mixed with a resin and pulverized.

U 5. A magnetophoretic display panel as claimed in Claim
3, wherein said resin comprises a thermoplastic resin.

6. A magnetophoretic display panel as claimed in Claim
3, wherein said resin comprises a thermosetting resin.

7. A magnetophoretic display panel as claimed in Claim
3, wherein said coating is multi-layered.
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5. A magnet ophoretic display panel as clained in Caim-3, wherein said
resisn conprises a thernoplastic resin. 6. A magnet ophoretic display panel
as clained in Claim3, wherein said resin conprises a thernosetting resin.
7. A magne® ophoReMRETGLOPhOFr atdife|dimp v pedel nagl slaiseditier Fhatmi d
coating is myltivHedBhflsaid RultiAlHPERAMORNGIAS dbapla¥eBane! r f8st
claimed in.Caim3, wherein said nulti-layered coating conprises a, first
resin coati nBCBAB FO8EAON aTEki%h RERTHTEERA SARBIREr sAfesiaid sEH$E er ent
than sai d seg@sfinr €si Aifferend MRGMEAHIDRIdendlisgdinry. panel as claiingd in
Claim 1, wherein said magnetic nmaterial is selected fromthe group %
consisting of ferrite, [err] - hematite, [err] .- ferric oxide, barium-
ferrite and Bl ackAi magnetigphorbtic display panel as claimed in Claim-

1, wherein said magnetic material is selected from the.
group consisting of ferrite, y - hematite, ¥y - ferric
oxide, barium ferrite and black iron oxide.

_—

LT . 7
o/

16

-



