EP 0 413 442 B1 Description This invention is concerned with new thernal

I nk-jet inks that are useful for marking a w de range of plas- tics. The
aqueous conponent of prior art inks BPO®I®&42RArgely or entirely repI aced by
organi ¢ conponents In 5 which the dye-stuff is soluble and which can
adhere to, gissuiys, swell, or.penetrate the plastic naterial. Mark- ings
on plastics vmth t hese |nks have good water-fastness, smear resistance, and
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proportion  ads. MidteqdleousEtrhpurdhidT pildr 8t inké Ganbe largelyios entifiyreplivee by orgenid compdnisres el
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p.-,_ eJet’tlng agent Is water, up to 5wt%
may be uged, "l o Joméedm%s tnogna&w ry%ﬁrbamngofn@%/soW/m% phefardbly Wofto
i s desi rabl ggec kg 1569, Bmbrizbiitable oitfariie MiReS are Sike GEPMtRERs, wherbif BB IkY GadicRilRE LSt @
with the peggfohafomalardatic Kyaroksibons, Bk pjrRRdupn Rétdnes, aidiadihae. PRdialidr Bidiploy ofalit-
;t he ink is aeRvensivculbBipopymtegijdl sniighrefringnglycuedibthyie gly@bmetin] ether, dipfipyiene 25

wt % pref er girolmgtinnetbaON-oethy S ralidune, Dent leynyrrolidenh, pHehoxy uthangh ethgistiarkilonsgpethil

and wat es aige-batyiketons, Wchmuﬂwn.sumwtwﬂmq §‘hth mwtyl mmuﬁh@f lhe Iniatetiale cap be deit S
‘are chosen wmitnd@mmmt dangbook of Salt rametsra and Other GobesioniParameters AlenyF. M. Rar-
each possi bfes. GRS Preagi inc '_ gore Fle(1883), v e “wat - }/ that the
final mxturel‘b#‘ﬁmlﬂbaﬂg ."i"{km’ﬂnﬂﬁ@mq@dhﬁuﬁm%% ndeymg atiis
shoul d be a solvent for the dyestuff. Mgt inportantiy, the organic solvent
shoul d be ca- pable of adhering to, dissolving, swel l'ing, or penetrating the
plastic printing nmedium Since it is intended to print a w de range of
plastics with the inks of this invention, the organic solvent nust be
.selected with the particular plastic In nind. 50 The sol vents used in
‘this invention will generally have boiling points fromJ[err] to [err]




I so- butyl ketone, cyclohexanone, and [err]-butyrol actone. The solubility
paraneters. of the materials can be de- term ned accordi ng to the Handbook
of Solubility Paraneters and O her GRmtiBesgBlaraneters, Allan F. M Bar- ton,
CRC Press, Inc Boca Raton , FL (1983) In determning the solvent m xture,
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vel I'=knoen I n heisgaettyyonthe findd tbriadetion mish 6é iusiet B medtitle eunstirinthi on e Yrirt Begti The dls-N O
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be adj ust edplessurseterhperdiee crarcteristica ! theabivénhmixiure. Thei@gat the Mapor pressure(a) of thy vehisle
preferably betenadhesriatiasthe tryinp e . halveyer theﬁybw'edgtot{edwm}homhﬂnhgmt’nymhqwzzloa
primarily refthe prigthead andclogthe®r pressure-tenperature characteristics of the
sol vent i xt uresevakicles:carethe dyaintg thesirfase ekihe plastia Thesolvent xehicien iace| datecreineddy thes
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tenperature thm inw&ﬁ%w%&uwﬁ%ay Qaa anylﬁni%
contact 25 uﬂﬂﬁgﬂlg*n%s&@ﬁﬁn Bgivent pane-
ragged, edgegatpn poskibig willbd Mbrg\ idu!tm\t&lmmy muwnammmmct angl e
exceed about [Taeink coriphsitiot©df shedrventiedry exgisad to mmgg ineaiking & wigelverisiy oEntdatine y hiav e
poor dar knepsprntig. t he per manence |s. inpaired Instruments for deternining
dot angl e ar e Imardreefivitiver fluntrate thetinyantion, sgtpeveractiosh ilystritiens & dewgstertb.hat it calls
NRL Cont#ct Angle Gonioneter. The inks ofi the present invention are
preferably m nark thernoplastics, although they can also be 20 used
on therrmsettl n materl al s. Because of t cross-1i nki n i n thernosettin ﬁ%ﬂ

materials, "%Wé""tgy‘éﬂ' (FENG &ggﬁ) teglwith @ Hewig 'qﬁ"?j?ﬂ"f‘&'ﬂ'f garty
the indeli bP‘?‘W }}5 H\%ﬁﬁ ofkS §' REFy RO PrLBK 9f Ehe folleysing fofrpulation:
conposi t PongPBE P88Y%hvent i o)

e expected to find use in marking a w de
vari ety of ‘QE% Wplpgione by | nk-"~ rinting. In order to further illustrate
t he |nvent|%ﬁ eR

rAct i Cz ‘0" ustrations are .now set forth. Exanple 1
Pol yet hyl ene ' IAYAs

YioRw filmwas printed with a
"Des 'Jet' %nﬁ cl_é!?st rwaé;;e pen (DeskJet is a trademark of
Hewl et t - Pack e@npany), using an ink of the follow ng formulation: 30

di propyl ene - 2.8 W% [err]-butyrol actone - '87.2 W%

wat er Polycarbonste film vas Priritdd%itha Hewett-PacRded Dhshad mBoartridgp pn, Qsig A0inkn e Fol-

cI ear nunbelowingfoemdigibicer s wer e obt ai ned. 38 Exanpl e 2: Pol ycarbonate film
pr i ndpedphengdgetbaniolew et t - Radwi® d DeskJet ink.cartridge pen, using an ink

of t\“ﬁfol - {-butyrolgetdner mul at | 088 7WMB  phenoxyet hanol : - 4.3 W%

[err]-butyrwdect one -50wt% 85 7 wt % wat.er - 5.0 %

Mor f ast, i nMerRsblpkBlackB _ 5-80%, Sharp, clear nunbers and letters were
obt ai ned 45 IW‘&ﬁ’&ﬂ"ﬁ'&’F‘W’ﬂﬂ""'%W’ﬁ%@ printed with a ThinkJet pen

(Thi nkJef rademark of Hewl ett-Packard Com pany), ‘using the follow ng
formul ati on N- et hyl pyrroi Fdone 79.55 wt %

N-cycl ohexyl p¥r¥ JngthercmrpﬂBS film w%ppriﬂéd Mh/f %ILE{ pen (ThlnkJet Isa trademark of Heﬁle&-Pd%Qarg)gor?(\'t %

pany), using the following formylation:

-0 N-methylpyrrolidone - - 79.55 wt%
N-cyclohexylpyrrolidone - 10.46 wt%
water - 5.00 wt%
Morfast Ink Black B - 5.00 wt%.

Sharp. clegr characters were obtained.

66

T Exa mgle 4:
- Aformylation of .
N-methylpyrrolidone - 80 wt%



Morfast ink Black B - 5.00 m% S$harp, clear characters were

obt ai ned. .55 Exanple 4: A fornulation of N nethyl pyrrolidone - 80 wt%
3 . EP 0 413 442 Bl N-cycl ohexyl py EP®IM3GR2B1 - 10 W % dei oni zed wat er

- 5 wt % Sol vent Bl ack 46 - 5 W% (50% dye and 50% 1- propanol) was

pri.nted on hyidh@Sioydi@dn@eer i g Wdger mopl astics with the fol l ow ng results:

pol ycar bonagggm;ﬂgwm accepigabe to good pol yvinyl chloride good to
eeraI | ent  &éivantBlack 46 -5wit% gJood to excellent 10 ABS/ pol ybonate
n

bl e 5 000d t @oBugednk 60% 1 pBpancl) acceptable to good PETG
accept abl e wes mioed oniRGcost enginydriogtheniopissti withdhechliowiny yasdee; PBT = :
pol ybut yl enpolycarbaatat hal at e; lécceptable to\8d pol ycar bonate blend = nom nal ly"
50/ 50 part sedyiovishigride i xt ur egoofl toaBBlleohd pol ycar bonate. Exanple 5, A
formul ati onARB} 20 N- et hyl pyrgasHl lchsestient -75 wt % N-cycl ohexyl pyr roli done
- 15 w 9 dehRIipoyserbavatedlend good to excellent \t 95 Sol vent Bl ack 46 -

wt % was pri BBed on engl neer| n?f%ﬂ@l!@!‘ﬁér mopl astics with the follow ng
resul ts: 25PE®] ycarb accaplable to 9agd c ot abl e pol yvi yl chloride
good ABS/ pol yca@%’%\ el m;:t"& 95'6"’%88 - good to
excel |l ent PBT ajgk bI 0 nEW n of
cyl ohexanone Ago/polyca °""7f"’/‘%%"%’@%§9 E}’Iy E’?’ﬁr"‘é mik or'?gy’%‘?&@"@"fvent
Bl ack 46 Example 57 070 Vas printed. on engineering grade t hernopl astics with

the fol | owi e e=ul ts: pol ycarbonate good pol yvinyl chloride
accept abl e t 0 AGgpdhatha of ABS : good ABS/ pol ycar bonat e
bI end mgond;w@,mpt abl e PBEwd PETG : unaccept abl e Exanpl e
4\36A f or RaghoRhe:xgipyredidehy Cl ohersapmne _ - 90% net hyl ethyl ketone
- 5% | vent dgRinadwaté - 5% wi% - '
Solvent:Blagk 46 -5wit% '
was printed on engineering grade thermoplastice with the follow|ng results:
2 polycarbonate acceptable
polyvihyi-chioride good
ABS/palycarbonate blend . good _
ABS good to excellent
PBT and PETG unaocepbgble
30

Example 6:
- A formulation of

cyclohexanone -71%

3 N-cyclohexyl pyrrolidone -24%
Solvent Biack 46 -5% '
was printed on engineering grade thermoplastics with the following resulte:
pelycarbonate good. : :
polyvinyl chlorlde : acceptable to good

. , 40 ABS good
~ ABS/polycarbonate blend good to amenta.wo

PBT and PETG " unagesptable
Example 7:

o BRI

A formulation of

cydlohexanone -90%
methyl sthyl ketone -5%
Solvent Black 46 -5%

& was pnnted on engineerino grade thermoplastics with the following results:
polycarbonate acceptable
polyvinyl chigride ‘good
ABS ‘acceptable to good -
ABS/polycarbonate blend good

55 PBT unacceplable
E.xamgle 8:

. Aformulation comprising, by weight,



50 was printed on engineering grade thernoplastics with the foll ow ng

results: polycarbonate .. accept abl e pol yvinyl chloride : goad
ABS . . acceptabl e to good ABS/ pol ycarbonate bl end good
55  PBT - unacE@PAB#2 BIx3: A fornul ati on conpri sing,
by wei ght, 4 EP 0 413 442 Bl Murfast Red 102 ' -5% et hyl ene
gl ycol phawytasteebes2z - 5% [ err]-skut yr ol act one - 77%5

met hyl et loplyleki€gipsobphenyl ether - 5%0% wat er -3% was -
used t o ngrkityfdBistopé astic with exe®l | ent results. Exanple 9: 10 A

for mul &t i owetiybetpyi ketoneg, by wei ght0% Endor si ng | nk - 5%

et hyl ene giecol phenyl ether 3% [err]-butyrol actone ' - TT%
15 et hy|wasussgdto mankHBS plastic with excellentresiitqat er : -3%
Exanpl e 10: 20 - A fornulation conprising, by weight, Mrfast Automate

Red B " Example 804 et hyl ene gl ycol phenyl ether - 4%7 err]-butyrol actone
- 81% i"sopropyl al cohol _ - 10% 25 Cainms 1. An ink for marking
pl astic g?gé'f“%atﬁgf?{'bmg{??'f’ﬁw?h t printer, wherein said ink'is a

n%n&rsi Ik 8% . . .
honmogeneoyy S0l Jopﬂ%ﬁyveth coghri sing by weight: (a) from1%to 10%
dyestuff; 31 %6 O fS_%j ekbd,ng agent, which is water and/or an

organi g | inq;",“yd,t Nétbid @ boilingqpgint from[err] to [err] and (c) the
bal ance bejag substantially at .lagast one organi c solvent which is capable

of dissolving, swelling, 35 or penetrating the plastic nateriel and

which is &xanpleenat for said dyestuff. 2. An Ink of Claim1l wherein said
dyestuff comprises 2 to 4 w% of said Ink. 3. An Ink of Caim2 wherein
sai g dyest uf Aforroulgion semprisitun by wéighs Wt % of said ink. 4. An ink of aiml
wher ei n sMofestdutoinalg RadBnt i s wlleer and constitutes from1 to 10 wt % of
sai d ink. e8wiepmglyagkehenvi etheri m 4 -Wherein said jetting agent is water and
constitut gdubrdpmore t o 6 wt % of “Bh% ink. 6. An ink of aim1 wherein said
jetting ad®RPPE BA¥C! t utes from™3%t0 15 wt % of the ink and is an organic
|'i qui d<45 having a boiling point fromf[err] to [err]. 7. An Ink of
Claim®6 vwb%%isn said jetting agent constitutes from5 to 15wt % of the ink
and is an organic solvent having a boiling point from[err] to [err] 50

8. An Ink O‘Kgéik%ma?ki s fateiial, %i*ﬁnﬁ&@&pﬂ&?‘ﬂh IS a idmdgEribdle ffdfon -

. » wh
member gsel eClGhodai@ By weight: 9 OUP con- "sisti'ng o et hanol , ethanol,
1- propanol, | S@prdd R 1o%dybinls; acet ate, methyl ethyl ketone, nethyl .

i sobutyl' ket ong) frém 1ax0/28e4 18Ry aged Whidh 16 WithiCdn@ioKdnycRgahic §Uld Hevingh Béiling pBint froMn
ink of claim lspwberbic;ad d jetting agent is a mxture of water and an

or gani ¢ | i qui dicjras bdihcebeirgislibstagtially atleast one organic solvent which is capable of dissolving, swelling,
35 or penetrating the plastic material and which is a solvent for said dyestuff.

2.  Aninkof Clalm'1 whereln said dyestuff comprises 2 to 4 wt% of said ink.

3. Anink of Claim 2 wherein gald dyestuff comprises about 2.5 wt% of said ink.
“ 4 Aninkof Claim 1 wherein sald jetting agent is water and'constitut‘es from 1 to 10 wt% of sald ink.
5. An ink of Claim 4 wherein said jetting agent is water and constitutes from 4 to 8 wt% of the ink. '
8. Anink of Claim 1 wherein gaid jetting agent constitutes from 5 to 15 wi% of the ink and is an organic liquid
435 having a boiling point from 50°C te 200°C.

7. Anink of Claim 68 wherein said jetting agent constitutes from 5 to 15 wt% of the ink and is an organic solvent
having a boiling point from 50°C to 150°C.

50 8. Anink of claim 1 wherein said jetting agent comprises at least one member selected from the group con-
sisting of methanol, ethanol, 1-propanol, isopropanol, ethyl acetate, methyl ethyi ketone, methyl isobutyl
ketone, ethoxyethanol, and propylene glycol methy! ether.

9. Anink of ¢glaim 1 wherein gaid jetting agent is a mixture of water and an 6rganic liquid_having a bolling
55 point from 50°C to 200°C.

10. An ink of claim 9 containing about 5 wt% of an organic liquid which boils from 50°C to 150°C.

11. An ink of claim 1 wherein said organic solvent is a mixture of two to four components.



55i 3 point from[err] to 200C. 10. An ink of claim9 containing about 5
Wt % of  an .organic liquid which boils from/[err] to [err] 11. An ink of
claiml1 wherein said organi c sol ventEPi0#13442iBdt ure of two to four

conmponents. 5 EP 0 413 442 Bl Mdrfast Red 102 -5% et hyl ene
gl ycol phenyberdat ko2 - 5%[err] gyt yrol act one - 77%5

et hyl et h%th*iéﬁe@l?&:l phenyl ether 00 wat er, - 3% was
useQ/to nar}{mﬁﬁé‘pa nestic wth exqe%l ent results. Exanple 9: 10 A

f or mul at i onmewyethiiketogs by wei ght1p%Endor si ng i nk -5%

et hyl ene gl watel phenyl ether - -B% [err]-butyrol actone - -77%
15 net hyl wesgusbd tsetadeBS plastic with excellehOééultmt er -3%
Exanpl e 10: 20 A formul ati on conprising, by weight, Mrfast Automate
Red ‘B ExeBle®t hyl ene gl ycol phenyl ether - 4%/[err]-butyrol actone

- 81% I s®propyl al cohol -10% 25 Calnms 1. An ink for marking
pl astic rraterlAé‘P"“"'B%q"ﬁ@m'?{H‘"ﬂ'ﬁkwr'@‘tt printer, wherein said ink is a
hom)geneous rel7g b co sing by weight: (a) from1%to 10%
dyestuff ?"PS 9)“?’6 987 j et Lbhg agent, which I's water and/or an
organlc W@,ka e b0|I|ng qﬁ%nt from[err] to 200C, and (c) the

bal ance ¥rAntT al | y at | egst one organic solvent which is capable

of di ssol VI ng, swel ling, or penetrating the plastic materlal and which is a
sol vent forgggprgyestuff 2. An .Ink of Caim1l wherein said dyestuff
conpri ses 2™ro=®t % of said ink. 3. An ink of Claim2 wherein said
dyestuf fgocorrpwféi-e@ammm%éby\m%mf said ink. 4. An ink of claim1 wherein
sai q j etti nQorfegemitoniate RE@Ber and -eanstitutes from1l to 10 wt % of said ink.
5. N i nk ehyiddsgiyont ghenfiether n saidth Jetting agent is water and constitutes
from4 to Gy-kwpolatenehe i nk. 6. -Bi%i nk of Claiml wherein said jetting
agent const benmpgigichhedbm 5 to 15 wt'9%of the ink and is an organic liquid 45
havi ng &boiling point from[err] to [err] 7. An ink of Claim®6 wherein
sai d jetting agent constitutes from5 to- 15wt % of the ink and is an organic
sol vent hav 'HB‘“a b0|I|ng p0| nt from[err] to 150C. 50 8. An ink of claim
1 wherein sald ettln rises a selected fr
the group ch n .usl@[qqduﬁg?t p%"'ﬂr%&ﬁ'oﬁanﬁmzoﬁ)WMWS?"" 'f“ﬁ’i)l
acet at e, rreth nue(atu ot hyl i sobutyl ketone, ethoxyethanol, and

| ene gl col( I > |
propy g'y % to gent, mch Iphatgrfanglktad(?%m%fﬁaﬂof?bﬂmb %I&t'ﬂ'gm

an organic |1 qui I ng" pol nt

agent is a mxt

from s0C to 200&) thb alaﬁ%g bélﬁy‘sumanﬁé“%ma&oﬁ%ﬁic%lwt\ﬁm\&aﬁb%%kﬁ&vi@"swemng,
organi ¢ gi qui d Whienblrality thepidstiOmbteridl-and Whiblole @-soleht forvaidiapdsnsf Ciai m 1 wher ei’n
said organic solvent is a mxture of two to four conponents. 5

2. An Ink of Claim 1 wherein said dygstuff comprises 2 to 4 wt% of sald ink.
3 An ink of Claim 2 wherein ggid-dy_gg@ff comprises about 2.5 wi% of said ink.

\_,/ 4, An ink of Glaim 1 wherein a,qid jetting g'ggnt“ig'water and constitutes from 1 to 10 wt% of sald ink.
5. * An ink of Claim 4 wherein said jetting agent is water and constitutes from 4 to & wt% of the ink.

8 An i,ﬁ!gqf-(_‘,_laim 1 wherein ;g'ld Jetting agent constitutes from 5 to 15 wt% of the ink and Is an organic liquid
45 hgving a boliling point from-§0°C tp 200°C.

7. Aninkof Claim 6 wherein said jetting agent constitutes from 5 to 15 wi% of the ink and Is an organlc solvent
' having a boiling point from.50°C to 150°C. :

50 8 Aninkof olalm 1 wharein said jetting agent comprises atleast one member selected from the group con-
sisting.of methanol, ethanal, -prqp,gngl isopropanol, ethyl acetate, methyl ethyl ketone, methyl isobutyl
~ketone, ethoxyethancl, and propyléne glycol methyl ether.

9 An ink of ¢laim 1 wherein said jgtt_jng agent is a mixture of water and an organic liquid having a bofling
ss  heintfrom §0°Cto 200°C.

10. ‘An tnk of claim 9 containing about 5 wi%.of an organic liquid which bolls fram 50°C to 150°C.

11. " An ink of claim 1 wherein said arganic solvent is a mixture of two to four components.
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EP 0 413 442 Bl 12. An ink of claim1 wherein said organic solvent is a
nmenber , sel.ected fromthe groups conprising alkyl gly- cols, wherein alkyl
has from1l to 4 carbon atons, aronatEP®#ysz@tar bons, ketones, al kyl
pyrrolidones, and lactones. 5 13. An ink of claiml| conprising one rrerrber

sel.ect ed fr%“AM&&BQHR%%ﬁE&&& icRbivenBil & Mbmbbr Yiscted th e Sloursbmitls
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