2205783 "MAGNETI C | NK MEDI UM AND METHOD FOR PRI NTI NG W TH SAI D MEDI UM' The
present invention relates to a nmagnetic ink nmedium such, for exanple, as
may* be used in a non-inpact printing apparatus, in which a heat-fusible
nmeghetic ink is transferred to a transfen mediumby the aid oza rqy
mageeti sm |t also relates to a nmethod ofl printing with said %grjc fBﬁS
medi um Several nethods of non-inpact printing wwth a nagnetic ink have
gaen prEpozed for use }n smal |, lowpriced printers. For exanple, Japanese
at ent Lai d- open Speci f,| 5 S es a

met hod for fusion therrg : Nm%ﬁéegﬁ%ca@sﬁgted by
magneti sm because this ansfer ink.
In other words, ink transfer is acconpllshed by a heat supply means and an

addi tional” magnetic meangp} Cbr@%&ﬁ@&‘hvé&tion relatest f§ ATRORRNIE {4k N

accordance with thermal 1 nages | sadvant age of the above-nentioned

method is that the iplashhafishgr £65 xh@ple, b6 4§ bECKE! of @ Resatpace
portion of the ink which should be transferred is not so transferred.

Anot her di sadvant agep@intl ﬁa%lﬁﬁi/&dﬁinlh&ﬂﬁdhr@ttﬁﬁd—fﬁiﬁﬂe magnetic ihkais
recordi ng dots of normnal ape are not obtained if the transfer nedium has
‘a rough surface. Thetrmgbeited toka redhsfers ugdisat by fier aidiefabeate-amdnt i oned
nmet hod has, noreover, the di sadvantages of poor ink transfer

-5 magnetism. It also relates to a method of printing with

said magnetic ink medium.
Several methods of non-impact printing with a magnetic ink
have been proposed for use in small, low-pficed printers.
For example, Japanese Patent Laid-open Specification
10 No. 96541/1977 discloses a method for fusion thermal transfer
in which ink transfer is assisted by magnetism, because
this method employs a magnetic ink as the transfer ink.
In other words, ink transfer is accomplished by a heat
supply means and an additional magnetic means to attract
15 | the magnetic ink in accordance witﬁ thermal images.
A disadvantage of the above-mentioned method is that
the ink transfer is liable to be incomplete because a portion
| of the ink which should be transferred is not so transferred.
Another disadvantaée of the above—mentioﬁed method is
20 that recording dots of ﬁormal shape are not obtained if
the transfer medium has a rough surfaée.
‘1 - Tﬂe maghetic ink medium suggested for the above-mentioned

method has, morebver, the disadvantages of poor ink transfer



2 efficiency, poor dot reproducibility, and irregular transferred dots,
which lead to poor printing quality. According, therefore, to the present

i nvention, there is provided a magnetic ink nedium conprising a
heat-resistant 5 support whichacarries a heat-fusible |ayer of )
magnetic ink containing ferromagnetic particles, the magnetic ink, when
its nolten state at 120 C, having a surface tension of not nore than 20-
dyn/cm Preferably, the magnetic ink contains a surface 10 active
agent to control tlefficiensye peAtsideh kAPreRecibddheri @nfkkregulas said nolten
state. For exanple, the surface actjve agent may be Eokyfluoromax;

pol ymet hyl si | oxandXpasiasredl €Q4%nuhiddhdrsdeio popr printing quality.

pol yoxyet hyl ene- pol yoxypr opyl.ene bl ock 15 copol ynmer. The magnetic
ink, when in its said ‘f°t°é>é1§§at erﬁ‘g‘ﬂf ab® thespressat ¥'§’r?§ﬁ:?f"l FPBEE i n t he

range of 5.0 to 16.8 dyn/cm.and réf r in-the ra of 13.9 to,16.8
tonfom 20 - |0 1043 SYRERaRE Rk S pedh Fortp g e, BOAE AP f
dianeter i1 the ra rr ferably_in the range of
500 to 15,%00 [ er r%g%?‘ﬁ;et nng'é%gtlg%r?‘%g Jnglfa]é?)ﬁ‘{;g?gé g‘laﬁggtgﬁyﬁggﬁgelcvvax gi nder
for binding togethgp,t p&éaﬁﬁigmggﬁggrﬂﬂléiﬂr@icles, the magnetic ink,

when in its molten state at 120°c, having a_surface
tension of not more than 20 dyn/cm. |
Preferably, the magnetic ink cﬁntains a surface i—i
10  active agent to control the surface teésion of the .
magnetic ink in its said molten state.
For example, the surface active agent may be
polyfluorowax; polymethyl siloxane-polyoxyalkylene
copolymer; or polyoxyethylene-polyoxypropyleﬁe.block
15 copolymer.
Thg magnetic ink, when in its said molten state,

may have a surface tension lying in the range of 5.0

to 16.8 dyn/cm and preferably in the range of 13.9 to 16.8 i_i
dyn/cm. |
20_ The ferromagnetic particles may have a particle

diameter in the range of 10 to 20,000 g and preferably
in the range of 500 to 153000 2.
The magnetic ink may contain a heat-fusible wax binder

for binding together the ferromagnetic particles.



3 The heat-resistant support may be of synthetic resin material, e.qg.

pol yet hyl ene terephthal ate. The heat-resistant support may have a thickness
of .l to 30 [err] and preferably of 1-10 pm 5 The invention
al so“conprises a nethod of printing by apglying heat and nagnetic force to
a migfetic ink medium as set forth aboveso as to cause the magnetic ink
to be transferred to a transfer nedium Preferably, the nmagnetic ink nedium
is-not in contact 10 with transfer medi um when the nmagnetic ink is
transferred thereto. The magnetic ink is preferably transferred to the
transfer nmediumin the formof at least 12 dots/mm The nmagnetic force used

i s*preferably substantial Ippelpeat-resistant $ipp8rt a9 Bé GFCByndHe At i ON
enabl es dots of normal shape to be printed on a transfer medi um having a

rough surface and al sge$ih aatédiilharigigpalyethpénd @erégtchaliee.f or the ink,
and it is also possible to transfer the ink w thout 20 heat | oss
and wi t hout snudgi ng. The ThaVissdti-oasistant | supipoat ety hevreclaytivicknays of
exanpl e, in the acconpanying drawi ngs, in which:- Figure 1 is a schematic
di agram showi ng a nageftl ¢oh3G mvand lprefigratdyused -l wm appar at us enpl oyi ng
a 25 magnetic i nk nmedium of the present invention,
5 _The invention also comprises a method of printing
by applying heat and magﬁetic force to a magnetic ink
. medium, as set forth above,so as to cause the magnetic
ink to be transferred to a transfer medium.
Preferably, the magnetic ink medium is not in contact
10 with transfer medium when the magnetic ink is transferred
thereto.
The magnetic ink is preferably transferred to the transfer
medium in the form of at least 12 dots/mm.
The magnetic force used is preferably substantially
15 ldww;
The present invention enables dots of normal shape
\/ L .. . to be printed on a transfer medium having a rough surface
~ and also on a film having a rather low affinity for the
ink, aﬁd'it is also possible to transfer the ink without
20 heat loss and without smudging.
The invention is. illustrated, merely by way of
~example, in the accompanying d:awings, in which:-
Figure 1 is a schematic diagram showing a magnetic

- head which may be used in an apparatus employing a

25 magnetic ink medium of the present invention,



4 Figure 2 is a schematic diagramof the said apparatus, Figure 3 is a
schematic diagramillustrating a previous transfer nethod, Figure 4 is a
schematic diagramillustrating the 5 probl ens involved in the
previous transfer nethod, Figure 5 is a schematic diagramillustrating the
probl ens involved in printing on a rougﬁ transfer nmedium by the prevrous“”/
transfer method, and Figure 6 is a schematic diagram showi ng a dot 10 7
printed on a rough transfer medium by the previous transfer nethod. F|gure :
3 illustrates a previous nethod of non-inpact printing for snal

|l owpriced printers, in which a magnetic ink is enployed. In this met hod,

ink transfer is enhancqqgt’lx‘ls 2 is a WenTRIPE! |d§£r% ﬁa‘%ca stehe ;P‘ngéltc i nlr<i isf]ed

enpl oyed as the transfer I'n other words r anst

by a heat supply neans g@gg@ D8id0qat tract t he
magnetic ink in accordarﬁggre\ny?‘t %Qtﬁgéry#%h%ges kflJE‘?:? ginrgi ng to Figure
3, the apparatus eppéwivad fansfer mdtholi)li S net hod may corrprl se a thernmal
head 31, an ink nmedium 32, a transfer nmedium 35, and a nagnet 36. Heat-
fusible magnetic ink 34igirétieibnk sthehalc3d1££¥H8S 11 MR r&QMeAthe Wi th the
transfer medium 35 (directly unders the thermal head 31) when it is heated
through a Base fil prdddems involved in the previous transfer method, -

-

Figure 5 is a schematic diagram illustrating the

problems involved in printing on a rough transfer medium

by the previous transfer method, and ~
Figure 6 is a schematic diagram showing a dot ]
10 printed on a rough transfer medium by the previous
transfer method.
Figure 3 illustrates a previous method of non-impact
printing for small, low-priced printers, in which a magnetic
ink is employed. In this method, ink transfer is enhanced
15 by magnetisﬁ because a magnetic ink is employed as the
transfer ink.: In other words, ink transfer is accomplished' N
\/

by a heat supply means and by an additional magnetic means
to attract the magnetic ink in accordance with thermal
images. Thus, referring to Figure 3, the apparatus employed
20 in this method may comprise a thermal head 31, an ink
medium 32, a transfer medium 35, and a magnet 36. Heat-
fusible magnetic ink 34 on the ink medium 32 comes into
contéct with the transfer medium 35 (directly under the

thermal head 31) when it is heated through a base film 33



5 by the thermal head 31. After the nolten ink 34 has been transferred to
the transfer nmedium 35, the ink nedium 32 is peeled off fromthe transfer
medi um 35. The magnet 36 exerts a magnetic force of attraction which brings
5 ~ the molten ink 34 into close cdntact with the transfer nedium 35
o) that the transferred ink 34 is retained on the transfer nmedium 35 when
the ink nmedium 32 is peeled off. Thus, this nethod permts high-quality

pri nting of characters and i nages on a transfer nmedium 35 having a 10

rough surface. A disadvantage of the above-mentioned nethod is that the ink

transfer is liable to he i hcoml ete cause, when the ink dium 32 is
peel ed of f, a porti By e fh%“”ggclﬁ?"lﬂ Sg i AfiEes 4t R me "é’n&ﬂlf oaTbEBa? %68 err ed

is still in contact wt

both the b he
non-recordi ng i nk whf r}“’§r‘?1dott°t Bhaoégf?% §feg?$§'ﬂ' 55’I rﬂ‘g é:i) 35 there
is a possibili ty thgt% qee]i 3’?}5%%"{ %ﬂe pansselpe ed?m?%ff om%h transfer
r

medi um 35 by the ba nan or nary hea |ng

process, conplete i 25 é{%@éf '?(E;B? :Fhl%S%P ractj[onogi'ni/chwggﬁé D where FA

fol l ow ng rel.ationship I's es

I's the adhgsive forgg, lﬁg&wﬁ?mhﬁ i3 o é‘lo%@dcotnpactr@ﬂ%f file T2ghdiB35 and FB

I's the cohésive force o nk 34 (both of which pronpote the transfer of
the recording 25 peaidu¥s 3 eRAO cmheciérs@&féa HRE 3MiS5Detadnéh be tike t he

adhesi ve .
transfer medium_35 when the ink.medium 32 is peeled off.
N/ ' N _ B Thns, this method permits high-quality.printing of
: | cnaracters and images on a transfer medium 35_having a
10 rough surface.
| o Ardisadvantage of the above-mentioned method is that
the ink transfer is liable to be incomplete.because, when
the ink medium 32 is peeled off, a portion of the recording
ink 34 which should be transferred is still in contact with
15. ” both the base film 33 and with the non-recording ink which
o | is not to be transferred. In other words, there is a
possibility that the transferred ink is peele& off from the
transfer medium 35 by the base film 33. In.an ordinary heat
transfer printing process, complete ink transfer is possible
20 :: only when the followrng relationship is established:-
- FA + FB » FC + FD
where FA is the adhesive force between the ink 34 and the
transfer medium 35 and FB is the cohesive force of the ink
34.(both of which promote the transfer of the recording

25 ink 34 onto the transfer medium 35); and FC is the adhesive



6 force between the ink 34 and the base film 33, and FD is the cohesive
force between the recording ink 34 and the non-recording ink 34 (both of
whi ch hanper the transfer). This is illustrated in Figure 4, in which theré
are shown 5 a base film4l, recording ink 42, non-recording ink 43,,
and a transfer medium44. In the case ®%f the method, illustrated i n: Ej gurey
3 and 4, the nolten recording ink is pressed against the transfer neditGm by
t he magnetic force of attraction when the 10 ink is nelted. This :
ensures the contagt: of, the ink w e transfer i In her words,
the transfer eff?%ré:%c?/éﬁwgegoﬁheev\ﬂatz %Jr]rﬁngecf Ef/s? ﬁg@%’nﬁn%%b, wever, FC
and FD as shown i ' siill ' e, 1.0 fi ink, and ‘
transfer medi um aérrheeF ?:gy{:%r‘{téa%“vﬁ 'P Eé%%g‘ gﬁ%’? %g%%}%n?@ﬁglﬁg“nthe I nk
mediumis peel ed f_ ' I i, AP ' ty] | ntﬁ]gn' FC or FA
< FDif the transt]ggenr rﬁ%-%déﬁgh%éggavery rgﬁéﬁigﬁr#ag@g# i gg{}é{fg‘gfio
i nconpl ete ink trenslh e 11400t hiteddis adyant age iRfur1lf fRIAR0gd Ishtsirated in
Figures 3 and 4 is that. recording dots 51 of normal shape 20 are not
obtainedsif a transhes NAC 41) Yécbbdinpe EnMy2G ndiisedor Aghimit4BaCshd as
shown in Figure 5. Note that the transfer nedium 52 has recesses 54 which
do not cone into <arbhAasfervmédivin gagnetic i nk | ayer 53 when recording dots
51 are printed. In the case of printing.-on an extrenely rough

In the case of the method, illustrated in Figures

3 and 4, the molten reéording”ink is pressed égainst.the

transfer mediﬁm.By the magnetié fércé of attraction when the ~
10 ink is melted; This ensures the contact of the iﬁk.with the

transfer medium. In other words, the transfer.efficiency is

somewhaf improved 5& increasing FA. Howevé:, FC and FD

as éhown in“Figure 4 still exist because the base.film, ink,

énd.transfer meéium are in.coﬁtact with one anothér when the
15 ink medium is peéled off. Thié.brings about a situation in

which FA < FC or FA < FD if the transfer medium h;s a very 

rough surface. Thié leads tb incomplete iﬁk trﬁnsfer.

} Anothér disédvantage of thé méthod.illustréted in v/

Figﬁres 3 and'4 is that recording dofs'Sl of normal shape

20 are ﬁot obtained if a transféf meaiﬁm 52 is.ﬁsedléhich has a
roqgh surface, as shown in Figure 5. Note thaﬁ the transfer
medium 52 has recesses 54 whi;h do not éome into contact
with a.magnetic ink layer 53 when.recérding.dots'sl

are printed. In the caée of printing on an extféﬁely rough



7 transfer nedium (having a Bekk snpothness of 1 to 2 seconds), the
magnetic force used in the nethod illustrated in Figures 3 and 4 is not so
ef fective, because the nagnetic ink adheres only to projecting parts 61 of
sur.face fibres of the 5 transfer nmedium thus formng recording dots
62 oMirregul ar shape as shown in.Figure76. The magnetic ink nmedi um 32 of
the nmethod illustrated in Figures 3 and 4 is conposed of a binder and an

i norgani c magnetic fine powder dispersed therein. The binder includes 10
waxes, thernoplastic resins, dispersing agents, oils and fats, and '
| ow- nol ecul ar - wei ght organi ¢ substances. It has the di sadvantages of poor

ink transfer effigiency, poar det, reproduel bility, andsifreoylar ngs),
W d“Fo éﬁlty

transferred dots, I'ch Iea_ “poorFprinting qu . I'n other words, the
method 15 - 1l EHSWL3herd BoELOWER th ARE bchDY 41463 AIQR! AiQ0Le LBl Y 11
the printing apparatus.”but al'so in the Ink conposition. The above-nentioned
di sadvant ages are pard ijeULSY ls¥ Sffec@ive | BekifseC 8RE miRRE E1cS TRk ladhessy di ng
dots are densely printed. Another dlsadVantage of the nmethod illustrated in
20 Fi gures 3nfnGodpisiecidhg tpaecHeal of Usirlthee MREUPES idF tRK 34 is in

contact with the transfer nedium 35, as shown in Figure 3. This arrangenent
causes a |§rge POktak¥Tedf nddivml etiusg Eoaiiagete ddy didie doberézabf hoadgdlat o be
absorbed by the transfer nedium 35 through the heat-fusible nagnetic ink
34.(This phenoneneﬁmpe_as shown in Figure 6.
. The magneticinkn@dium 32 of the method illustrated
~ in Figures 3 and 4 is cozposed of a binder and an inorganic
'_}magngtic_fine powder dispersed therein. The binder includes
10 waxes, thgrmoplastic_resins,.diSpersing agents, oils and
fats, and_low—molecular-weight organic substances. It'has
the disadvantages of poor ink transfer efficiency, poor dot
reprqducibility, and irregular transferred dots, which lead
to poor printing qua;ity. In other words, the method
15 illustrated in Figures 3 and 4 involves problems not only
in the printing apparatus but also in the ink composition.
N\, .  The above-mentioned disadvantages are p;rticularly serious

in the case where small recording dots are densely printed.

Another disadvantage of the method illustrated in
20 Figures 3 and 4 is that the heat-fusible magnetic ink 34 ig in
contact with the transfer medium 35, as shown in Figure 3.
This arrangement causes a large portioﬁ of fhe heat generated
by the thermal head 31 to be absorbed by the transfer medium
35 through the heat-fusible magneticlink 34.(This phenomenon

25 is referred to below as "heat loss"). This arrangement



25 Is referred to bel ow as "heat |o0ss"). Thi s arrangenent 8 al so
produces friction and heat conduction between the heat-fusible magnetic ink
34 and the transfer nedium 35. This causes the ink 34 to be transferred to’
t he non-recording part on the transfer_medium (This phenonenon is referrgd
5 ; to bel ow as "smudgi ng"). Thegpresent I nvention is based Up.g._,_n:__t"ﬁé"
di scovery that the above-nentioned di sadvant ages can be avoided if the™”
magnetic ink, when in its nolten state at 120 C, has a surface tension of =
not nore than 20 dyn/cm 10 The support may be a fil mnade of a
synt heti c resi n alsohpasiupes ixtikyieneaend podagpeapidcecehien beowyat thene,

pol yi m de, pol yethersul fone, and pol yet hyl ene terephthalate. It may be 1 to’
30 [err] thick, head-fusibde aidgpetic dnk034 @and] the iraksfeThmediamr dhagnet i c
particles my be of nmagnetite, 15 manganese-zinc ferrite, nickel-zinc
ferrite, garnet Thigteausesathe drkolhs toThe tansierired thahe madeseeardige have a
particle dianmeter of 10 to 20,000 [err], preferably 500:to 15,000 [err]. A
heat - f usi bl e suREFERD theytiansfer peddum. HB'HH%rPhFB?mQ"r?é {ermedpaEpietic
particles. Suitabl e % nder s n{k’gcl_.udﬁ paraffin 20 -wax, .mcrocrystalline
wax, calnauba wd®, °B3A¥dRS e PRHERIEFI'yet hyl ene wax, a -ol efin-maleic

i st rearyl ketone. THEY RegPhs” Suts ik n Banfd yhe ot ERARVRST IR th one
the above-mentioned disadvahtages can be avoided if the
magnetic ink, when in its molten state at 120°C, has a Q,)
surface tension of ndf more than 20 dyn/cm.

10 The support may be a film made of a synthetic;resin such as
polyethylene, polypropylene, polystyrene, polyimide,
polyethersulfone, and éolyethylené'tefephthaiate. It may
be 1 to 30um thick, and preferably 1 to 10u m thick.

- The ferromagnetic particléé may be of magnetite,

15 manganese-zinc ferrite, nickel-zinc ferrité.'garnet,‘metals, and
alloys. The particles should desirably have a particle
diameter of 10 to 20,000 £, preferably 500 to 15,000 2.

A heat-fusible substance may be used as a bindef for
the fefromagnetic particles. Suitable binders include paraffin

20 wax, micfoérystalline wax, carnauba wax, oxidized wax,
polyethylene wax, o -olefin-maleic anhydride cobblYﬁef,

a fatty acid amide, a fatty aéid ester, and distréét?lketone.
They may be used individually or in combination with one

another.



anot her. 9 The surface tension of the magnetic ink nmay be controlled by
the addition of a surface active agent. Such surface active agents include
ionic surface active agents such as al kyl sulfate,

pol #gO0xyet hyl ene- al kyl et-her sulfate, 5 sodi um di al kyl - sul f osucci nat e,
mono~t'ong chai n-al kyl tridi net hyl amoni urh chl oride, an amine salt of a
fatty acid, benzenesul fonate, and al kyl di net hyl anmoni um bet ai ne; and

noni oni ¢ surface active agents such as pol ytetrafl uoroet hyl ene,
~polyvinylidene fluoride, hexa-fluoropropyl ene, dinethyl 10

pol ysi | oxane, nethyl hydrogen pol ysil oxane, pol yoxyethyl ene al kyl et her,

pot yoxyet hyl ene- pol yoxy@hePyir@aee ktleRsKorf QRO N Ragnéid PRk Yzﬁ?)’@é hyl ene
dodecyl phenyl et her. The surface tension of the nolten nmagnefic ink varies

dependi ng on the tespardlUs® bjhendiaddetidnhes tLERes AlelbBrivEDagent. i | over
the surface tension: Therefore, the surface tension specified in the case

of the present invesaifate sctdve agenth irloBasivngd @irfidd dGtivéNdghnes surface
tensi on higher than 20 dyn/cm the magnetic ink gives transferred dots of
irregul ar size, whiskcH aadsldyd gudiateptpod§oxyethylereadklyizthet idulfate, poor
printing quality. In addition, a magnetic ink having a high surface tension
i's not easibBy transéetinaddiatkyi-suldosugdingte ¢ amonpolonghchdin-plicflarddime thel
5.0 to 16.8 dyn/cm and, to obtain the best results,
R ammonium chloride, an amine salt of a fatty acid,
. benzenesulfonate, and alkyldimethylammonium betaine; and
~ nonionic surface active agents such as polytetrafluoroethylene,
‘ polyvinylidene fluoride, hexa-fluoropropylene, dimethyl
10 polysiloxane, methylhydrogen polysiloxane, polyoxyethylene
alkylether, polyoxyethylene-polyoxypropylene block copolymer,
and polyoxyethylene dodecylphenylether,
The surface tension of the molten magnetic ink varies
depending on the temperature.The higher the temperature,
15 the lower the surface tension. Therefore, the surface
tension specified in the case of the present invention is
\_/_ one which is measured at 120°C. With & surface tension
higher than 20 dyn/cm, the magnetic ink gives transferred
dots of irregular size, which leads to poor dot
20 . . reproducibility and poor printing quality. In additionm,
a magnetic ink having a high surface tension is not easily
transferred. Thus the surface tension should preferably

be 5.0 to 16.8 dyn/cm,. and, to obtain the best results,

... should preferably be 13.9 to 16.8 dyn/cm.



shoul d preferably be 13.9 to 16.8 dyn/cm = 10 The resolving power (i.e

the ability to print fine detail) of the transferred dots depends on the
resol ving power of the heating elenent of the thermal head. The hi ghest
resol ving power available is 480 dpi q ts per inch, 5 i.'e. 19 s
dots/mm. The ordinary resolving power “I's 400 dpi (16 dots/nm), 360-dpi =2
- dots/mm) or 300 dpi (12 dots/mm. The transfer of the magnetic ink may be
assi sted by a magnetic force of attraction of 1.0 dyn. For printing, the 3
magneti c i nk nmedium nay be heated 10 so that the nmagnetic ink has a
surface tension of not nore than 20 dyn/cm the nolten ink being

transferred to a trangfel-eIBIYUR pher (1081 WAL d1tbe JPQREI G1bok medium

is not in contact wt the transf er I um when t Is so transferred.

I'n other words, tmaw del kR :tranw@uteaa@&fseaemsuaﬁ &e $@solving Producing
printing of good quality. The invention will be described in nore detai

with reference todde §0ItheVhditigyadRneat di‘fltﬁélﬂlﬁriﬂ@ﬁ Headlim@ out using a
transfer apparatus nade up of a nmegnetic head 24 and a thermal head 21 as
20 shown i milghgst edolvity pownclavaihmad &4, 480hdph (dsteppiroymh, t 0
exert a magnetic force.of attraction on the magnetic ink, conprises an

el ectromagnet 14 iest 1%hioes/mm) .FIhereardinafheebalviag i:mera‘isdfﬂ@ opi -

Per mendure (Co 50) which produces
(16 dots/mm), 360 dpi (14 dots/mm) or 300 dpi (12 dots/mm).

LY

The transfer of the magnetic ink may be .assisted by a
‘magnetic force of attraction of 1.0 dyn. |
For printing, the magnetic ink medium may be heated
10 - s0 that the magnetic ink has a surface tension of not more than
20 dyn/cm, the molten ink being transferred to a transfer
medium. It is better if the magnetic ink medium is not in
contact with the transfer medium when the ink is so transferred.
In other words, the ink flies to the transfer medium, so
15 producing printing of good quality.
The invention will be described in more detail w;th
reference to the follbwing examples, ' L—J
Printing was carried out using a transfer.apparatﬁs |
made up of a magnetic head 24 and a thermal head 21 as
20 : shown in Figure 2. The magnetic head 24, which is employed
to exert a magnetic force of attraction on the magnetic ink,
comprises an électromagnet 14 best shown in Figure 1. The
latter has a core of Permendure (Co 50) which produces _ s

a magnetomotive force (NI) of 3000. It also has a gap (A)



a magnetonotive force (NI) of 3000. It also has a gap (A 11 which is
400 [err] wde. The thermal head 21 is that of a thin filmtype head (0.8
mJ/ tdot) having a resolving power of 180 dpi. A magnetic ink medium 22 which
is used for printing 5 _is conposgd of a 4-[err] thick PET .
(pol4ret hyl ene terephthalate) film 25 as-a support and a 6-[err] thick |ayer
26 of magnetic ink forned on the support 25 by hot nelt coating. The
conposition of the magnetic ink is shown in Table 1. Printing with the
above-nenti oned nmagnetic i nk nmedi um 10 was carried out as illustrated

in Figure 2, in whiggch ey @00 oM ThberHehRileabead 2lehddhofnagdni ¢ i nk
medi um 22, the transfer nedium 23 (having a Bekk snpbot hness of 2 seconds),
and the magnetic heqdm2dypeTHeadTHOLBIIY dbK haethgim 2esdlviagneeedodf180he
heat - resi st.ant support (PET film 25 15 and the | ayer 26 of

heat - resi st ant and dpe&at - f usi bl e magnetic ink which is fornmed on the support
25. Table 1 -shows a nunber of exanples of the conposition of the ink |ayer
26 and Table 2 shows t he magsetics iok @dﬂwar@f whicheds used fipr |priiating ed,

Tables, 1 and 2 also.refer to 20 ' nEIes 1-1), (2-1) and (3- 1;
whi ch are Butside tisecorrmsedott @hé-pmesbigk PETc(Rolzatiydena rerephehnlase

conparative pur poses only
film 25 as a support and a 6-um thick layer 26 of magnetic

ink formed on the support 25 by hot mélt coating. The
composition of the magnetic ink is shown in Table lf
Printing with the above-mentioned magnetic'ink medium
"jb: was carried out as illustrated in Figure 2, in which there
| are shown the thermal head 21, the magnetic ink medium
22, the transfer medium 23 (having a Bekk smoothness of
2'séconds), and the magnetié head 24. The magnetic ink medium
22 is composed of the heat-resistant support (PET film) 25
;is; and.the layer 26 of heat-resistant and heat-fusible magnetic
N ‘iﬁk-which is formed on the support 25.
Table 1 shows a number of examples of the composition
bf the ink layer 26 and Table 2 showslthe results of a transfer
test. As will be noted, Tables 1 and 2 also refer. to
;§b ___: Examples (1-1), (2-1) and (3-1) which are outside the scope
of the present invention and are given for comparative purposes

only.
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12 Table |I Surface tension [err] fne particles Di spersing agent
depressant Binder 02 [err] In 0.5 [err] In D octyl succinate Exanple
di anet er di aneter Sodi um a-sul fonate Pol yfl uor owax Paraffin No.
(W% (w9 (Mm% (w % wax (W% 5
30 20 0.9 : 49 1-2 30
20 0.9 0.3 _ 48.8 1-3 30 20 7
0.9 0.4 48.7 1-4 30 20 0.9
0.5 48.6 1-5 30 20 0.9 0.7
48.4 10 1-6 30 .- 20 0.9 0.8
48.3 1-7 30 : 20 0.9 1.0 48. 1
(1- 1) 30 20 0.9 Table1 0 49.1
Pol yrmet hyl Dlaoctyl succipate siloxane Ea.r..af_f_.n_SGd.L-um-a-juu-ena:-e-
pol yoxyal kyl ene copol ymer 15 2-1 30| Surface tengen
0.5 38.8 2-p Fe,0, fingparticles Dispersing agent | depressant | Binder;
38.6 2-3 30" T o5umin | Didctjisuccinate | .~ 1 0 38. 3
(2-1) 3Example mﬂ ,diarrug:e . [’Sodium a-sutfonate P Polytivorowax® $9.Fiatlin
Pol yoxyet hyf- DNoct \jl. {wi%) ndt e(wt%) enfe- pol ywi) U cr qwi%RD: wax (wi%)
Sodi um [seru = au.lL for msopl_uw Tk AR -" 'YH =
1-2 30 20 0.9 03 48.8
1-3 30 20 0.9 04 48.7
1-4 30 20 0.9 05 48.6
1-5 30 20 0.9 0.7 48.4
10 1-6 30 20 0.9 08 483
1-7 30 .20 0.9 1.0 48.1
(1-1) 30 20 0.9 0 49.1
| | Po%meth'yi -
Dioctyl succinate siloxane- Paraffin -
Sodium a-sulfonate | polyoxyalkylene |  wax
) copolymer
15 2-1 30 30 0.7 05 38.8
2-2 30 30 0.7 07 38.6
2-3 30 30 0.7 1.0 38.3
(2-1) 30 30 0.7 0.01 - 39.99
_ Polyoxyethy-
Dioctyl succinate lene-polyoxy- Micro- -
20 Sodium a-sulfonate | propylene block | crystal-
copolymer | Bbine wax
3-1 10 40 05 0.1 49.4
32 10 40 05 0.8 48.7
3-3 10 40 05 1.0 48.5
(3-1) 10 40 0.5 0.05 - 49.95
.25 *Trade name: polyFluoro-150 (made by Micropowder Co. Ltd)

Parenthesized numbers indicate Comparative Examples.
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copol yner

0.1,
46.7-3-3
(3-1),

49
10

line wax 3-1

.4 3-2
10
40

10

10 40

40

0.5

0.5

40

0.5

0.5

1.0

0. 05
*Trade name: pol yFl uoro- 150 (made by M cr01p30v\der Co. Ltd) Parenthesized
nunbers i ndi cate Conparative Exanpl es.

0.8
48. 5

49. 95 25

13 Table 2 Surface tension

Tr ansf er Dot repro- Overal | Exanpl e No. (dyn/cm
effiency (% ducibility rati ng** 1- Fable 2 ’ 19.5 80
fair fair 1-2- 17.5 ' -84 fair
ar > T o surface tension Trangfer ot repio- erall
good 1-4 N 0 90 fan ggooL1epio= { g4 15
good Exagple No. (dynfem), efficippey %) Hacibitty 9o g
98 good, , goo -7 14.1 98
- good ood Y& 1-1) qs% 24. 3 80 1ai55 fair
poor oor f21 17515.0 84 op falr gooteir
good 2-2 . 14. 7 Cem 9b g¢od goqQd 2-3
13.9 > 43 6804 g8%d (2°]) o00d 2&”‘?’
48 _ poor{-4 poor 16.6 B-1 90 1good - good 82
: . ) !
53'03 fai r“ _52  15_314. 3 o3 9 good good :
1-6 14.7 98 good good
"\,/ 17 14.1 08 “good good
10 -{1-1) . 24.3 55 poor poor
g EREPY 15.0 92 good good
- 2.2 14.7 96 good good
2-3 13.9 97 good good
(2-1) 25 48 poor poor
15 3-1 19.7 82 fair fair
3-2 143 97 good good
3-3 14.0 88 good good
(3-1) 215 67 poor poor
N\
Parenthesized numbers indicate Comparative Examples.
20 - Remarks* good: Completely round dot
fair: Missing parts on the periphery
poor: Missing parts on the periphery and inside.
» Rémarks** good Dot reproducibility is good and transfer
efficiency is higher than 90%.
25 fair Dot reproducibility is good and transfer

efficiency is lower than 907 or dot
reproducibility is fair

poor Dot reproducibility is .poor .



3-3 14.0 . 98 good good (3-1)

21.5 . 67 poor poor Parent hesi zed nunbers

i ndi cate Conparative Exanples. 20 Renmar ks* good: Conpletely round”
dot fair: M ssing parts on the peri pTEry poor: M ssing parts on thes -
peri phery and inside. Remarks** good Dot reproducibility is goo;a;l,-::_gn‘d)ﬁ'
transfer efficiency is higher than 90% 25 fair Dot
reproducibility is good and transfer efficiency is |lower than 90% or dot
reproducibility is fair- poor Dot reproducibility is poor. 14 The

above- ment i oned exanpl eherahovsemaptiicned dexampilbsitmay peormdddfiied t he wax
(corresponding to 2 to 4% of the ink) is replaced by a‘leuco dye (M tsui
Toatsu Chemical C&° tkap a; portdionsef tthe vak (€orrasposding to 2 to 4% of The
magneti c ink nmedium of the present _invenfion, which is conposed of a
heat - resi stant suppérinkdndsrerdaced by 81 keysagher i (PSR | TOREFY T or ned

t hereon, as nentiqped, ahoye, substantially elinmnates the defective ink
transfer which ha@'ﬁ%‘iﬂiéa' HT%Si B‘fjsald;j?’sﬁ'ﬁé’ﬁezf"ig &9LPRar transferred 10
i‘mages can be fornmed a_transfer nmedium having a rough surface and on a
fil m havi ng poor affim eym?%r}eq:?.ﬁe:[rfkm?gdyum o? theg presencgr:}.nvent_ion, )

which is composed of a heat-resistaht support and a heat-fusible
magnetic ink layer formed thereon, as mentioned éﬁove,'
substantially eliminates the defective ink traﬁsfer which
has occurfed previously. Therefore clear transferred

10 images can.be formed én a transféf medium ha&ing a.fough

surface and on a film having poof affinity for the ink.



15 CLAI MS 1. A magnetic ink nmedi um conprising a heat-resistant
support which carries a heat-fusible |ayer of magnetic ink containi ng
ferromagnetic particles, the magnetic ink, when inits

C ving a surface 5 t ensi on not more than 20 dyn/cm 2.

A etic ink nmediumas clained in claim1 in which thﬂmnmﬂ mm
contains a surface active agent to control the surface mt,“",
magnetic ink in its said nolten state. 10 A°maneti ¢ i mk

mediumas clained in claim2 in which the surface actlve agent is

pol yf |l uorowax; polymnethyl siloxane-CpoAybXy &l kyl ene copol yner; or

pot yoxyet hyl ene- pol yoxypr opyl ene bl ock copol yner. 4. A magnetic ink
medi um as clained in any preceding 15 claimin which the magnetic

i nkwhen in its said nolten state, has a surface tension‘lying in the range
of 5.0 to 16.8 dyn/&m 5A masneAiﬁa@i‘eF‘F@iqumhﬁd-lsélm&heF'érrrr'PééISF#Ptcl aim 4

in which the said surface tension is in the ran%e of 13.9 to 16.8 20
dyn/cm 6. A na§WeRrarE vRichgeriiesad heagrfestibla lawerpPe@&reticl aimin

whi ch the fetromagnetjc particles have a particle._di r in the ran f
10 to 20, 000 [err]g ink co%taining ?erromagnetj}.c particles?n?lgemagnetgc e:I.nk(i1 ge o

when in its molten state at 120 C, having a surface
5 tension of not more than 20 dyn/cm.
2. A magnetic ink medium as claimed in c¢laim 1 in which
.the magnetic ink.contéins a surfaﬁe actiQe agent to control
the surféce tension of the magnetié ink in its said molten
- state, | |
10 ' "3; A magnefié ink medium as claimed in cléim 2 in which
the:surface_active agent is polyfluorowax;.polymethyl siloxane-
polyoxyalkylene copolymer; or polyoxyethylene-polyoxypropyléne
b1§ck copolymer.
l4. A maénetié ink mediﬁm as claimed in any preceding
15 élaim in which fhe magnetic ink.wheﬁ in its said molten state,
o B has a surface tension lying in the range of 5.0 to 16.8
dyn/cm. _ |
.5;: A mégnetic ink medium aé cléimedlin claim 4 in which
h “the said surface ténéion is in the range of 13.9 to 16.8 N
20 i i:dyn/cm. | |
| 6. A magnetic ink medium aé élaimed 1ﬁ an§ preceding

claim in which the ferromagnetic particles have a particle

‘diameter in the range of 10 to 20,000 2.



16 7. A magnetic ink mediumas claimed in claim6 in which the particle

dianeter is in the range of 500 to [err] 8. A magnetic ink nmedium as

clainmed in any preceding 5 claim iﬁ—whi-chwl%@%:ﬁ i nk .
contains a heat-fusible wax binder for ;Rinding together the onagneti e~

particles. 9. A magnetic i nk nedi um as - c”m recedi ng-:¢l ai nﬂf"
in which the heat-resistant support is of 'sy m m"'m Iﬂ,w resin -~
LN

material . 10. A magnetic ink nmedium as cla‘.’lrm |n which the |
synthetic resin material is polyethylene terephthal ate. A magnetic
i nk medium as clainmed in any preceding 15 claimi n whi ch the

heat - resi st ant support hAsmagnepiickinkspedium ag cl3@umpérin cl@2im 6 A nmagnetic
ink mediumas clainmed in claim1l in which the said thickness is 1 to 10

[err] 13. A neimothish the perrirlsy dbanater ntf Heathergnge of 500 to magnetic

force to a magnetlc | nkomedi um as- clainmed in any preceding claimso as to-
cause the magnetic 13,00 80 be transferred to a transfer nmedium 14. A
met hod of printing,as C|§ll med in claiml3 n whi.ch the nagnetic ink medi um
is not in contact fth 2

'S ti’ans;(arrEd claim in which the magnetic ink contains a heat-fusible

wax binder for binding together the ferromagnetic

particles.

magnetic e 1% %EI‘P%%%%W PREc¢HG8et i ¢ i nk

ki

%

9. A magnetic ink medium as claimed in any preceding i—)

claim in which the heat-resistant support is of synthetic
10  resin material. |
10. A magnetic ink medium as claimed in claim 9

in which the synthetic resin material is polyethylene

terephthalate.
11. A magnetic ink medium as claimed in any preceding
15 claim in which the heat-resistant support has a thickness

of 1 to 30 um.

12. A magnetic ink medium as claimed in claim 11 | i,/

in which the said thickness is 1 to 10m.
13. A method of printing by applying heat and
20 .magnetic force to a magnetic ink medium as claimed in
any preceding claim so as to cause the magnetic ink to
be transferred to a transfer medium. |
14.. | A method.of printing as claimed in claim 13
in which the magnetic ink medium is not in contact with
25 the transfer medium when the magnetic ink is.transferred

thereto.



t her et o. 17 15. A nmethod as clainmed in claim13 or 14 in which the
magnetic ink is transferred to the transfer nmediumin. .at | east
12 *dot s/ mMm 16. A nmethod as clainmed in any of clains 13 to 15 5

in whch the magnetic force used is substantially 1.0 Hﬂ’ﬂ“ﬂ'

magret.i-c ink nedium substantially as hereli/nbefore descti® IH"”””UD”I

met hod of printing substantially as hereinbefore 10 ¢ descris W th
reference to Figures 1 and 2. _

15. A method as claimed in claim 13 or 14 in which
the magnetic ink is transferred to the transfer medium

in the form of at least 12 dots/mm.

16, A méthod as claimed in any of claims 13 to 15
5 in which the magnetic force used is substantially 1.0
dyne.
_ 17. A magnetic ink medium substantially as hereinbefore
described.
18. A method of printing substantially as hereinbefore
10 described with reference to Figures 1 and 2.




