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EP 0 460.863 Bl Description This invention relates to glass fl ux
conpositions for use in enanels and cover flux coatings. Many different
ingredients in many different concemoxen 8e3B1in rmany different conbinations
-are known in 5 glass flux conpositions in order to provide the properties
désired. Such fluxes are adnmixed with pignents to nmake enanel conpositions
to decor atResefitipB| es. Alternatively, such fluxes are dispersed in carrier
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oxi de; (d) bridemithlurh oxidb, andwbiktored theradtnesi um oxi de; (e) fromO0 to 5.0 wt % of
bari um sxi d) frérh Y.0fa 2B vB%Mf kioc ekid®; wt % of stronti um oxi de; 20 (g) from2.5
to 6.0 w % (chfronydP tact2wtthedt cldivm ¢idem 7. 0 to 8.5 w % of al umi ni um oxi de; (i)
from54.0 t&)6am0aRDwis ofsapesiymogidel (j) fromO to 1.0 wt % of zirconium

oxi de; al | ifrem QOB w%nef bsralgwden the total weight of all of said 25 _
cor nent S °"t?f19 % ei i cati on 2115403A di scl oses an opti cal
and" opt‘HaI §° 'éﬁ“?"gﬁ'tlve i ndex greater than or equal to 1.56,
an Abbe nu %%m f"“‘gkﬂ} P to 40 and a density of |ess than or
equal to[e)rfm *87% owi ng conposition in w% 30
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pecification 2115403A &l&losgsoan%gncal and opthalmic glass with a refractive index greatgr‘ﬂ{aﬁ]

0 t 0 10 05%0“%' to 1.56, an Abbe number greater than or equal to 40 and a density of less than or equal o
2.70g/cm?, having the following composition in wi%:

30 Sit)2 47 to 75
3203 1 to 20
Al,0 0 to 10
35 273
P2°5 0 to 5
&"’ the sum -of
40

SiOz, 3203, A103 and PZOS

57 to 85
45
Lizo 0 to 15
Nazo 0 o 10
50 l(zo ' 0 to 10
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EP 0 460_863 Bl the sumof [err] 5

5 to 17 [err] 0 to 20 [err] 0 to 15 10 SrO

0 to 4 BaO O to -+ 4 EBOA460863B1

Zn0O 0 to 5 [err] 1 to 15 [err] 0 to 8
20 [err] 0 to 5 and 0 to 5. 25 US

speci ficatiBAS¥5Y0171 clains a frit essentially free from cadm um and | ead,
denonstrating good glass stability, a coefficient_of thermal expansion
[err] between about 58-62 x [err], ¥aQd®™ edi¥a} nt between about [err],
and exce%lent resistance to attack by acids fo§nd in ;oods and to attack by
al kal ine 'detergents, said frit consisting esse ti§1I§, expressed in wt % on

t he oxide basis, of: 30 [err] 3 - 4 [err] 0.75
to 3 35 BaO 3.5 t§0 9.5 [eror]{“p 207 174 to
17.5 [err] 6.75 to 8. [err] o to 198 to 55
[err] 10 6. 75 to 10.5 45 and F 3 to

4. US specification 3871890 di scl osegpg conpon@nted or4gl azi ng | ow expansi on
ceramic whiteware with a 50 substantially non-porous, acid-resistant,
opaque gl aze, a substantially water-ipagol ubl e @eregri c4frit being
substantially entirely in the vitreous state as frit particles, said frit
after nelding into a fluent vitreous ZnbDate bei 9y ther Bal |y
autocrystallisable to a | ow expansion, sem -crystalline glass-ceramc gl aze
containing zirconia or zircon as one W0,t he crylst 8| itAe phases and having a
coefficient of thermal expansion of less than 5 x [err] said frit

consi sting essentially of: 55 3 E2r0,460 86% B0 | ndr edi ent "W %
SRR 2 |
szos 0 to 5
and F 0 to 5.

25 ,
. US specification 4590171 claims a frit essentially free from cadmium and lead, demonstrating good
glass stability, a coefficient of thermal expansion (20 °-300 ° C) between about 58-62 x 107/ C, a softening
point between about 600-625° C, and excellont resistance io attack by acids found in foods and to attack by
alkaline detergents, said frit consisting essentially, expressed in wt% on the oxide basis, of: '

30

Lizo 3 to &
Na,0 0.75 to 3
35 2
Ba0 3.5 to 9.5
&wj 3203 14 to 17.5
40 A1203 6.75 to 8.75
Sio2 48 to 55
Zro2 6.75 to 10.5
- _
and F 3 to 4.

US specification 3871800 discloses a component for glazing low-expansion ceramic whiteware with a
50 substantially non-porous, acid-resistant, opaque glaze, a substantially water-insoluble ceramic frit being
substantially entirely in the vitreous state as frit particles, said frit after melting into a fluent vitreous state
being thermally autocrystallisable to a low-expansion, semi-crystalline glass-ceramic glaze containing
zirconia or zircon as one of the crystalline phases and having a coefficient of thermal expansion of less than
5 x 1078/°C, said frit consisting essentially of:
65



[grar] v - about 3 to 22% Myo about O to 6% 0.74 part of MO
replacing 1 part of [err] when MyO,is used, but a mninumof 4% [err] +

MyO bei ng present 10 [err] © ER94e0 8B BL 38% [err] - about 26
to 70% the subtotal sum of [err], 15 [err]
ahd [err] being 70 to 90% [err] about 6 to 25% 20 Fl ux

about 4 to 19% tediensai d f1 Wt&i s sel ected fromthe group consisting of:
[err] F, PbO [errl CaO, SrO ZnO, BaO up to 5% or m xtures of sanme. The
present inventiork gﬂow desabouy ke 23%ix corrp03| tion consisting essentially

I n mo|l percent of 0-13.0 25 lithiu XI ssium oxi de,

2. 5- Q/OPSOdI um o¥ede, 0. 5- @%tzﬁmé%é?»dg ﬂz ngqp %ﬁ?'ﬁ& e, 15-30
boron oxide, 44-68 silica, 1.0-7 oni m oxi de,
0-3.0 | ant hanum oxi de, 0- 1P&Ft ot?feg'izén" hﬂﬁegg o>‘<’|ﬂglceL ESJ-'%‘% yttrium
oxi de, 0-4.0 magnesi um oxi dg,, 40 (o} ' 0-4.0 titanium oxide,
0- 10 phgsphorus pent oxi de, ® 6% '5142 % Qé 2}1%%9% O fluoride. The
conposition pref y co e f The invention provides al so
an enanel corrp05|4lla2§8 conrsTiPMt ?ng’ gssieén |aIIy by wei ght of 10-90% of the

gl ass fl ux corrposgitd on conpgduti nﬂ; Fof 170k, t Qhel S\roval Buk 0-0F0L4 jo,gment . The
i nvention provides a so a cover flux conp05|t|on conprising t gl ass fl ux
conposi®i on conprising a fggd, Aﬂ#%oeﬁ&fﬂo 'bedng N0 ter90Xat eri-al . The

i nvention al so provides an artic bearing on its surface the enanel

conposi ti on whi chzfms beenabBdutf 6red2b%ier eon. The invention al so provides an
article bearing on its surface the cover flux conposition which has been

fired thereon. ThElimventi eboytr 4vtkald®Xal so a nethod of applying an enamnel
conposi®ion to an article, which nethod corrpri ses applying the present
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1. 0- 5. Qus Z ickrsdBitiehTls Wai-b8s, bY which) wh b LB 16361 HAS bedh-iAcludecDddNBdraisPBRi RABdd has

met al oXi ®6an fickéd Up yﬁctdénwlm Théi gissentQyiads GuxEgposiion M8 &30 ch@mium=frbe.Ot Bdnl &ty ben

oxi de, made into an enamel or cover flux composition which can readily be applied and fired. After firing, the
enamel or cover flux composition has good chemical and mechanical resistance, for instance reslstance to
acids or alkalis, and has a good gloss making it particularly attractive.

50 The content of the present glass flux compostion is expressed herein in mol percents The weight
percent contents depend on which if any other rare earth metal oxide is present. For these purposes, we
count yttrium as not being a rare earth metal.

In a particular embodiment, the present glass flux composition consists essentially in mol percent of
3.0-11.5 lithium oxide, 0.5-3.5 potassium oxide, 2.5-5.0 sodium oxide, 0.5-4.0 calcium oxide, 0.5-2.5 zinc

s5 oxide, 2.0-7.5 aluminium oxide, 15-30 boron oxide, 44-68 sifica, 1.0-5.0 zirconium oxide, 0-3.0 lanthanum
oxide, 0-1.0 other rare earth metal oxide, 0-1.0 yttrium oxide, 0-4.0 magnesium oxide, 0-4.0 strontium oxide,
0-4.0 titanium oxide, 0-10 phosphorus pentoxide, 0-1.5 lead oxide and 0-8.0 fluoride.



0:4.0 titani um oxi de, 0-10 phosphorus pentoxide, 0-1.5 | ead oxide and 0-8.0
fluoride. 4 EP 0 460 863 Bl The present glass flux conposition
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40 ,6.0-8.0 x [err]. Its refractive index is usually 1.51-1.57. The present
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cerani c waheBg 1glonert faycopknaturally torpmbipRtylsmperatiys: P@P’é?'%l’b 4 stpodardly fired jn a)kilp (yhose
fir ed I aztempwe @?Fa’ﬁ‘é?d ‘51’5‘\‘ PLP?" 'itﬁ'ﬂpqr‘gur Pfé’ﬂ%r%me orgafain ped 'lelﬁ' Thﬁz ed
cerfa &1" 45 g&y ure y
l ea l eSS waﬂd rcee :Cbem 9| S m era mmués 6 ll'l a?%?v:: af:
cont act * o {gs éioﬁferd% ‘ Y fired in

pl at e. The r o 83: ﬁs aiﬁ ware
Exanpl es, hlelbta{'lhl 'ignw Pe thshow 'an)wB ar v th bihblor Brparai R He

the zi rCO'EI&s @P1iréd bfafBls WAl & s&ﬁ\h&anyt & QIB ‘ﬂ'&n% h@n% ARpresenB Wby giokdyeC b

al um Nna,ASgead HiddsiAd BIRHHATHR, cololotr6righnCs sl @XdmbR vl aSsBbsed WRlalhAsnasak from tAhe E
sodi um OXi Hared& répRBbrit Ve EIRMAG,AE @, gobd) oldl talkS & Vi) vdsk. e ABId PEbisRAGH W) d3bdstaat €,
-and t he fvissilyGdRerammbrisihd) the [Eiblb iH05% B valjind feticldeidG6r 6 @birs 6 antbiehiterdperatuie,toh @
CONpPOoSi t i Csealvirbrh A6 F whers il reglesenta fio Sviddhasnaf httadloaniddtveryTdaeeres attank. Mhanglkali resistance

i ngr edi entwasvessessedrisvallfclsy iamnessing lthe arkide fiwicet I8 aveatution piefiitre dbf Imateriad | consisting bfe
i ngr edi entsditrpgestdsiicats (#0% oy weighth eodivim §amondte 496 By weiglB) éndusodium ritigolyplzpsphate
honbgene ou@0%ribx waight) incig-idniseth watbrt a4 i7AtG on gseaiec i § to Favherg |A represents e jevitlencanof
wat er, ancetiegkygngh § verp@everpigiacky j t was ground together with the pignent based
on transition netal oxides at weight ratios of frit: pignent of 10:1 to
3.5:1 using a ball mll containing porcelain grinding mediumfor 16-20
hours t& give the '



particke size distribution, neasured on a Ml vern |aser particle sizer

nodel 3600E type using as the dispersing agent 1lg/itre sodi um

hexanet aphosphat e sol uti on: 50% | esBP 0460883 B1 ni cr ons 25 90% | ess t han
16.8 mcrons 10% Il ess than 1.5 mcrons The ground raterial was dried, and
sieved through a 75 m cron nesh (0.075mm si eve aperture) to give the enanel
conposi ti orEEmMmes a4 ane| conposition was dispersed in the comrerci al
air-drying transfer- printing organi c nmedi um 63/537 avail able from Bl yt he
Col ours, Cres ?'PY'"%@&I“QF?OP’%’F’%i ght ratios of 30 powder to nedi um of

10: 5-10: 7 using a triple roll mll. The resultant paste was screen printed
ontUransfer S e OH e ——-Hae sheets
wer e cover coat e Ex@aple/ 4i | hbl e
from Bl yt he col | er'sX TIMolRr hnsfers
were applied, af ' t
porcel aifp plate

a¥aVa a¥al a

| ead-free gl azeg’ 0.S
raised at 35 [e Ni na
being held at t bol
naturally to a d in a
kil n whose tenp rat ure

of [err], the p 3 bS
before being all

porcel ain was fi . !:Eflf.gbﬂre was
raijsed at 32 C pe G thepofcelain
beitg hef’d at t b nperad br 5 g b cool
naturally to [err] and then cooled by forced air to anbi ent tenperature.
The earthenware was fi ' ' —sed at [err]
per hour to a peak tefperafjurBxasple/30 [C, Exémpleabt HenBeampléci ng held at this
tenperatyre for 1 houl bef ¢r HtBei Mpl¥l| oWNed t YobHdl Wek ur¥edd/ [t o anbi ent
tenperature. The gl osg—offrredgmametts s ed-vryuartyion a scale
fromA to E where A re%ﬂas nt’sWar}-é‘f‘ nsSyldic A-IH i and E matt.
The col our strength of 340 ¢d S Vi Lgllym@g\a scal e from
A to E where A represg¢ e 4 r s clatbioold- I ofivé34n ery.- weak. The
aci d ressstance was ajs d drissvald yabf t,er i in 'ﬁe 4i cle in 5% by
é ity 34 ; ;

~vol ume “acetic acid folg i3 2{%%0 g73cal e fromA
to E where A represent 2 §§:\§9 e attack. The
o,

al kali resistance was sefl7¢l swapsy RBY r ng}e le twice in a
solution of 4g/litre @iirﬁa e%{%\g cmggst?o-’sg?g?% sg. '9umgr_tgt-7, silicate (40%
by wei gh¥®), sodium carbgﬁha e 5.4810 y1yei ghial andzsjodi umit ripoljyphosphat e
(20% by weight) in dedy ged waf er _at [ecr]l, on g sgaM f1am|A to E where

A represents no evide Lk andl E verly sevdre atf 56 EP O
46Q 863 Bl Exanples 1-7 The followng frits were prepared: 5 Exanple 1

Exafipl e 2 PrEX%Eéglee%ssessed E%‘% le 4 W% MI% W% MI% W %

vl o o TRBTYS 1D as[er?’?‘ 2.32 1.60 2.33 1.56 2.33
1.57 2.32 1.60 [err] 3.84 4 00 3.74 382 . 3.74 3.84 3. 66
3.83 CalO 0lfdit of| 9Coefficlént of. 9F Trassitdon [0. HéLting. 29 Refradbive

Example Thema} expansion, | Temperature, |Temperature,| Index
°C °c

45 (x103°") per °C
2 6.84 507 556 1.520
3 6.80 507 556 1.530

&0

The frits were made into white (with cerium oxide), blue-green (with cobalt chromium pigment) and
yellow (with praseodymium - zircon pigment) enamel compositions using the following weight ratios of frit to
pigment:

55 White enamel 10:1

Blue-green enamel 5:1

Yellow enamel 6.6:1 o

The enamel compositions were applied to porcelain and fired in the standard cycle. Properties of the

7



ZnQ

¢ 1.46

1.16 1.46 1.14 1.46 1.14 1.45 1.16 [err] 6. 06
3.86 5.91 3.67 7.87 4.91 6.86 4.37 B 23.21 21.62 22.82
20.76 22.83 20.87 21.91 20.44 EP0460883Bjerr] 55.52 59.92 54.28
57.21 52.96 56.10 51.80 55.98 [err] 4.76 2.51 4.60 2. 37 3.95
2:04 3.94 2.07 [err] 2.01 4.36 4.02 8.52 4.02 8. 57 3.91
8.50 [err ]ﬂred enamels were assassed as follows: - - - 2. .89 0.58 20
[err] - - - Exanple 5
Exampl e 6 e Y I % % | Ml %
W% Ml%][e Ej?% {,Tfﬁ Z"ggfi g!{"’“ y1b €308 97, s%ggm gﬁf‘ﬁﬂ 3. 66
3.91( © 3.49 |¥F 8 o 1,251 % 24 5T i 1.25
1.45 Zn0O . 45 A @.20 1¢45 W [ern] g 70 3.70
4.72 3.12 5.§6 i.dﬁgﬁ ¢ 21.B82 p20. 75 %1 34 |20.7@ 22.%2
20.77 [err] 50.51 62 ¢55.7p @1.92 580 [4rr] B 3.76
2.02 2 75 2.05 3 Ql 37 [err] 3.8 S 62 4. 7g8.. .g 551 3 89
8.47 [err] b. 75 1 Yhite 8. 49 @¢.75 C - [ear] - A - -
- 3.97 1.1% 40| BluGreen}i esCwere|as€essied aA fol l qus: Wit of
Coeffici ent of Tr pi¥elllewn MeCting] € |Refraktive Exam#l-e Ther ma
expansi on, Tepperat-df-es T“ﬁﬁerﬁ\, e Hgtex—H5 fer] per
[er] 15 [err] pVhite 6. 86 c 5a% As556
1.520 3 36. 8p Blue-Green C507 D+ 55e 18530 5¢ The
frits were magle into h c€rium - n(wP[h cobal t
chrom um pi g - ‘mg—_f'rgé anel
conposi tions i hg i ght ' of flit tq pigmRent: %5
Whi T effanel g" °81arrve\E 5: 1} YelTow enarfel 6.4 1 ThE enarfel
conposi tions )1 1%&0° 0 phr ce ain%@ firfd in the gtandard cvqle.
Properties of fthe 7 FEQ4808p3Blafired epane s wef{ e assesseg as fall ows:
Frit of Enafrel ¢ Xleen| 4 €SS pAcjd 4 | kal ig 5
Exanpl e,, Col gur g&gteh ¢ | Regsisfancg Registagce Wijte
C C A E 1 BlLuet G een C D
A E Vhite c D- A B-
6 Blue-Green c D- A B-
Yellow c c A B
30
Vhite c C- A A
7 Blue-Green c D+ A B
Yellow c c A B-
35
The frits of Examples 3 and 4 were made into a wider range of enamsel compositions as follows:
&5{ @ Colour Pigment Type Frit:Pigment
Veight Ratio
Orange Sr Sb Ti 3.92:1
Iron Red Fe 8:1
“% Blue Co Al 431
Blue Co Si 41
Brown Fe 2Zn 6.67 : 1
Black Cu Cr Mn 5:1
50
This wider range of enamel compositions was tested on all the ceramic wares. Properties of the fired
enamels on porcelain after the standard firing cycle were assessed as follows:
55



Yel.d ow! .

(Of C A B 10 Wiite C
c . A A 2 Bl ue- G een C C A
A Yel | ow C C EP 04160 863 B1 B- 15
Wi te C C A A 3 Bl ue- Gr een
D+ A B- Yel |l ow C C A
B Wite -~ - a B—20- %
Bl ue- G een (Frit of Exag@ple Coloupn Gloss | B+Acld | o Alkali ¢
D+ A B Wi tle » Registance| Resistance
B5 §| ue- Gfeen 3 & VhiEtye /éT A
Yel liow C D+ A B ite C
D A B- 6 Ye]éPHe Gepn © VX] D- g‘ A
B- Yel | ow C c Al ¢ | 45230 vhited c
C A A7 %“bﬁgh & g =l
B Yel | owo C C Blue( p é 35 The frgts orf
Exanpl es 3 and}4 were nade i ntjo ?mgg_ en cojtposig i ons} as
foll ows: 40 : r P| Ty e Frit: gl gment
Wi ght Ratio Ofange Sr 1AI ron Red ¢, Fe
8 : 1 45 Bl u Co 4 -1 ue
Co Si 4 : 1 BrdWghite Fe .67 A 1 B ack
Cu C M "5 : 1 50 |{TheXow der an@e enlnrrel cpnpose4 i onp was
tested on all tlhe ceram c war gsordtgeperti ¢s © the fAred epanelB on
porcel ain aften the standard f|li IromgRedcl e|wede seshed as| fol Ibws: b5 8
EP (0,460 863 Bl Frit of Exanpl{eBlue Col our D | dMss Ackd
Al kA i R8sistarjce Resistance 3 Blue Wik e C+ cC B A
A Yel | ow C A| Blue-Green |C Ceraghge A @B+ A
B Brown c A A
Black C- A B
25
The results on porcelain after the fast firing cycle were very similar, though the enamel compositions
based on the frit of Example 3 gave a better gloss than the enamel compositions based on the frit of
Example 4. The cobalt-silica blue and the cobalt-alumina blue enamel compositions showed signs of attack
30 by acid, the latter being more resistant.
The resulis after firing on china were excellent except for the cobalt-silica blue enamel compositions
which were attacked by acid.
The results after firing on earthenware were excellent.
35 Examples 8 - 17
The following frits were prepared:
vt
40
Example 8 | Example 9 | Example 10| Example 11| Example 12
WtX  MolX| WtX MolX | WtX MolX | WtX MolX | WtX MolX
K,0 2.311 1.57] 2.30) 1.58} 2.31} 1.57| 2.30| 1.57} 2.29} 1.56
45 N% 0 3.72| 3.85| 3.63| 3.78]| 3.72| 3.84{ 3.70{ 3.85| 3.69| 3.82
Cal 1.11§ 1.27] 1.11| 1.27] 1.25]| 1.43] 1.24| 1.43] 1.24| 1.42
Zn0 1.45) 1.14} 1.44} 1.15] 1.45] 1,14} 1.44) 1.14] 1.44) 1.14
Al 03 7.48| 4.71f 7.13| 4.53| 7.49| 4.70] 7.12] 4.51) 6.78] 4.27
B 63 22.50{20.75|22.30]20.72]22.53{20.73}22.54{20.89{22.34|20.63
50 s?_oz 52.27]55.85)|51.88]55.84|52.34]55.79]51.80]55.61}52.40)56.04
2r0 3.921 2.04% 3.90% 2.05{ 3.92; 2.04| 3.90| 2.04| 3.89| 2.03
:.123 3.99| 8.57| 3.98| 8.61} 3.99| 8.56| 3.97{ 8. 58 3.96] 8.52
La 03 1.26] 0.25] 2.33] 0.46] - - -
6.3 S| TIPS 2 ) 2} -} 2 | 197 0.6
s 3 O3 - | - | - | - [1.00] 0.18] 1.98] 0.38] =7 | -




40

assessed as follows:

50

55

10

l'ron Red C A B- Blue (Co Al) C A
D Blue (Co Si) C A . B Bl ue- G een C A
B Br own C A" EPO0460863 B3+ Bl ack C A
C+ 4 Wi te : C A A Yel | ow
C A B- Orange G A B lIron
Red D A B——Blte B A
C+ 20 Example 13| Bkample 14| Example 15_") Example 164 Example 17| B
Bl ue- G een CVWtX  Mol¥l WtX MolX | WtX BMoM¥ uHtY MolX | WtX CMolX A
A Bl ack <, A B—24 Tj'-lc rest pordel ai n
after %he fay-gofi rflri@:1 cEe-'PQe éed 23|l 4r57 |t Botdh1e3% BE 5
conposi ti ongN 8%ed3o t BeB%|r B+ 7Y 82|33 e3§"ce t‘% n the
enanel conpd&?¥®i g s0e98in Ot 83 0,83 ca blue
and t he cobalﬁQ I b o3|t Fodk . ack 30
by acig, ths a{s (s t t on china
were excel | € 2 rg % 144 b;‘ng' ”%T o s which
were attackd hss P §| 3755; IrY: By Yo
L ] '9 L] L] *
excel l ent. 3 ; mgf 13; 1 | @gl90i 73|t 5.0 6.5% dg. K] Exanpl e
8 Exanple 3088 [€ 0 11%3613576 i?a 038 g{3e| Mol
W% kel % 203har %l %% al 2.3 1§4\l 2 2.31
1.57 2.30 1.57 2.29 1.56 [err] 3.72 3.85 : .78 3.72
3.84 3.70 3.85 3.69 3.82 CaO  1.11 1.27 1.11 1.27 1.25 1.43
1.24 1. 43 Prgpedigs were agsesspdoliows:] 45 1 .14 1.44 1.15 1.45 1.14 1.44
1.14 1.44 1.14 Al 03 7.48 4.71 7.13 4.53 7.49 4.70 7.12 4.51
6%&3 2 27 B 22.50 .20 75 22 20 20, 72 22 .53 20 73 22 542029 29 34
20. 63 50 Prifteof| coeXfidiét 86 H1THihsibidd | 5Meltings. 7P Kefr8éxive| 61 52. 40
56.04 [err] |ExaBpDe& That@% Egfpan3ion,. |Fémpedatiire, I Ténpergtwye, | 2. dnde3. 8p 2. 03
[err] 3:99| 8.57 | $xW¥ )Sp&1°C3. 49 8°6 3|97 °6.58 B.96 8.52|[err]
1.26 205.25 p—33 —4G = . e = -
- - 2T 13 - 7-1_1 - 1.3t 0.%6 5566 [erlrf35 - -
- - 1.0p 0.1 1.98 _0.38 - -9 0 460 86 1
14 7.10 521 shb 0§08,
% 15 7.71 511 555 1.54
16 7.10 517 577 1.54
17 6.98 514 564
35
The frits of Examples 13-17 were made up into white, yellow and blue-green enamel compositions in an
c analogous way to that described in Examples 1-7.
V The enamel compositions were applied to porcelain and fired in the standard firing cycle and the fast

firing cycle, and to china. Properties of the fired enamels on porcelain after the standard firing cycle were



W %

6
1.90
. 25
2.58
err]
wer e
g
dex
7.11

ons
t he

5 50

Exanpl e .13 Exanple 14 Exanple 15 Exanple 16 Exanple 17 W% Ml %
Mol % W% Ml % W% MI% W% MIl%J[err] 2.31 1.58 2.31
1.58 2.31 1.57 2.32 1.59 2:32 ER0>%80[883 B 3.71 3.87 3.71 3.86 .
3.72 3.8 3.64 3.79 3.64 3.80 CaO 0.83 0.96 0.83 0.96 0.83 0.95
0.83 0.96 0.83 0.96 zZnO 1.45 1.15 1.45 1.15 1.45 1.14 1.45
1.16 1.45 1.16 Al 03 7.32 463 7,32 463 7. .33 461 719 4.5
7.19  4.57 10 [prie bff [dologe. 52| 2@oBdur’2| 31088 /1 2Reid¢ 20 49ABA1E8
25.11 23. 37 [erg}am;'ig 06 55.90 PGseeéngrh $0 50. 3p Resistand® . |7 Resibtahce!§
5203[err], Q D 05 4.80} 2 538 4lo0 2 EBE5 4 Q2 491
[errx] - ®°3.99 [8.62 f v¥idteO. 68} 4.89 10j72C 4.p7 9A54 .04 8.55 |
1.8870.37 1.§8 13. 37 BlueS@reefi| 37 €1.891 038 {1.8R 0.38 Proferti es
assessed foll ows: 20 Friello# Coef €+ci et & Traksitign  DMveltin
Refracti ve Exarple—Fhrerra—bEpapstom ¥C|T=per-at—u 1
[err] pego [err] Vhiter r | [er@ 26 A 143 A-
511 546 14 BluesGrgen| 14 C 10 A 5&_*
582 1|535 15| Yellowv 7177 €- C (5114 5
1.54 30 16 % 1) 517 577 1. o7
6. 98 14| Vhite 564%35 The it of anplles 13717 wd
made up mnto whi g ﬁ;ﬁw” uexgreem erfanel conpositifons igd] an
anal ogous way to that PY bed|in Exanpl es "1-7} The enanell conpositi
were applied tq porce nEI f{redgin the stanfard firing cyclg and
fast 40 firingjcy , :‘3 na. cPropeLrtl(’es bf thg firegd engrel s d
porcel ain afterf the st ab ingecycl ¢ wgge pssesged as| fol Ipws: 4
55 * 2=p 0 460 _8631B1 Frlf 0 Col our Col aur g_g%
Acid Al kal i | Brdnl e c c Stremgth B
Resi stance  R4si Bt an¢eBlki-Gxreen c cCc¢ A C c- A
A- 13 Bl ug- G een| Yellow C c cc A A D
Yel low - & a ' B—+6
Wiite C . C. : A A 14
Bl ue-Green  1nhe result on porcolain afterGhe fast ﬂrmg cle Wore the same as those after th6Ctdn@MM firing
C cycle: A %
The results after firing on china showed excellent gloss and acid resistance. The alkali resistance was

30 very good except in the case of the yellow enamels, which showed slight attack.

The frits of Examples 15 and 16 were made into a wider range of enamel compositions in an analogous
way to that described in Examples 1-7. The enamel compositions were applied to porcelain and fired in the
standard firing cycle and the fast firing cycls, and to china. The properties of the fired enamels on porcelain
after the standard firing were assessed as follows:

35
&jl

50

55
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Wit é - .

C C A A- 15
Bl ue- Gr een C cC .. A C+ Yel | ow
C C A * " EP 0460 86DB1\\hi t e C
C A A- 16 Bl ue- G een C C
A B 20 _ Yel | ow C C
A ' C C A
B 17 Bl ud- Fricet Example ¢ Colour CGloss | AcidA | Alkali F C
Yel | ow c - C A Resistance|ReBis¥andéle results
on porgel ain & -Rg—ey-et-e—er-e—tHe—sare—as-these—aL er the
sta@ard firidg cycl® The reg¥higeafter fir€nglon &hina el | ent
gl 0sS and aci ¢ resistance. Thé BlueaG¥eencsj st incd wa# 30 except
in the case off the yellow enayef&towhi ch EhoGed |sl i dght at frits of
Exanpl es 15 anfd 16 were nade i rRx#ngew der| r afige |of dnanel jons in
an anakpgous Way to that desctitoR Exahpl €s 1-7. AThe ¢ osi tions
were applied Ho porcel ai n and @‘&g sbandard&irin nd t he
fast firing cycle, and to chi%u S&bkr t Pes |of e fi | s on
porcel ain after the standard wer e pssgssqd a%foll 45 50
55 EP O 46¢ 863 Bl Frit of | e | Sur - Aci d
Al kal i Resi st ance Regg st ance 1 Whnt e A
B Bl ue- G een C 1 A S:ﬁ:fereenB Yel pov : A
D+ Orange C Al Yellow | gon [Red 5 A
C+ 10 _ oraBgee (Co| Al ¢ C a D
Blué?'(CI> Si) C D Blue (CdALH 0vo A
C B atk C A{ Blue (Co sip 16 B
Wiite C A Brown A Blpue-Greqn A C
A- Yel | ow C A} Black O+ CBande A A
A- 20 | Bi~trel--Co—At)- S
D+ Blug (Co Si) C B C- Brown A

B

firing cycle, but the alkali resistance was slightly worse.
The results after firing on china were excellent. Only the yellow and cobali-alumina blue enamel
compositions showed slight attack,

30

Examples 18 - 20

The following frits were prepared:

36

45

50

55

Example 18 Example 19 Example 20

VtX MolX VtX MolX Wt MolX
K,0 | 2.33 | 1.60 | 2.33 | 1.60 | 2.34 | 1.62
N&,0 | 3.66 | 3.81 | 3.66 | 3.82 | 3.67 | 3.86
cab | 0.84 | 0.97 | 0.84 | 0.97 | 0.84 | 0.98
Zn0 | 1.46.] 1.16 | 1.46 | 1.16 | 1.47 | 1.17
A1,0,| 7.24 | 4.59 | 8.22 | 5.21 | 8.26 | 5.27
B 33 23.56 |21.89 {23.59 [21.91 [23.54 [21.99
s?o2 49.28 [53.03 |49.34 [53.09 |48.28 [52.25
Zr0> | 5.93 | 3.11 | 4.95 | 2.60 | 5.96 | 3.15
14,0 | 4.43 | 9.59 | 4.33 | 9.38 | 4.35 | 9.47
Laj0,| 1.27 | 0.25 | 1.27 | 0.25 | 1.27 | 0.25

12

The results on porcelain after the fast firfng cycle showed the same trends as those after the standard



Bl ack , C A B+ 25 The results on porcelain after
the fast firing cycle showed the sane trends as those after the standard
firing cycle, but the alkali resi 8P20489888B1s|ightly worse. The results

after firing on china were excellent. Only the yellow and cobalt-al um na

"bl ue enanel conpositions showed slight attack. 30 Exanples 18 - 20 The

fol | owi ng f Frapertigiovee sssespedasdpllowss Exanpl e 18 Exanmpl e 19 Exanmpl e 20
W% Ml % W% Ml % W% Ml %[err] 2.33 1.60 2.33 1.60
2.34 1.62-40 [err] 366 381 3366 38 3 K7
3.86 [err]{ rri@. 8¢ | Ood¥ficidhtSdf . Pransiiodd| Mel NO | Refratiive 1.|16
1.46 5.1 Exahple | THerdl[ Bxpahsioh,]Yempefatifte, |Pempératuredl] Endéx 5.[27
[eﬁ] 23. 96 21.89 (XBODY pekl°@1 23.549c21.99 [erc] 49.p8 53.03 49.34
53.09 48. p8—b2—28-f-err} &-0@—rt-21-1- 49 - - err]
4. 43 9.5 1833 9.38.014.35 9. 4750@rr] |1.2366 0.25 1.3%5 0.25
1.27 ,p.2% 50 55 12 EP O 460 863 Bl Proper{ies were aspessed as

fol lows: Ffit 18f Coef 6i82 ent of 50%rans{ti oA?5 Mel}ind-33
Refractive|5 Exangdle Ther mal Expansi on, Tenperature, Tephperature

I ndex [err p@P [ err] 7.51 [ertj] 507 [e|5§ 18 1.5 7.101
512 ) 560 1. 545 10U 19 6. 92

507 15 575 1.53 20 7.51 507

557 The tritsHword BadRhipto fopgmek comppsitions i en iapalagows e th jRedtin Bxpplep 14

anal ogous Thagnamel compesitigessware arplied; tp Pergelain pndldfirep. iry thestapdast fiffag |cydes RIRBITIRS; Wik
wer e appl pesessedbasieliovE| ain and fired in the standard firing cycle.
Properties were assessed as follows: Frit of Col our 3 oss Acid
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Black
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c-
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Brown

Black
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i9-‘ ;V\hite C A A- Bl ue- G een C A

B Yel | ow C A G 30 Orange
C A B- |Iron RER 0460 863861 A D+ Blue (Co
Al) C A- E+ Blue (Co Si) C C+ - D-
‘Br own C A C 35 Bl ack
C Examples 21 - 26 D+ 20 Wi te C A C
Bl ue- G een cC . A ) C Yel | ow C A
D- Orange The followmg @is were prep,ar%. o C+ 40
Irog—?ed A D Blue (Co Al) C A-
E+(Bl Ue ([C0"Al)gxampi 21 te 22| Example ﬁ@%
C Blrack CS PHolx| WX Molz| wex D M| Hex 5 b
21 - 26 T nwl ng tirits werelnreparedy ' 5 Exay
Exanpl e 2R, 06X rml32 3460x 232/ €1.30 P 2,29 Pl 33
W% Ml ANGy0qd 6k Po3ve2p msl% &- 338.59| B064|2:
2.29 1.9%a0 2| 3B84) 0c87] 9.893 0.9: rq-82 qg&
3.73 3 03.614:2 1okt & j_g-g o3
0.95 0 -%4& o |23: 01 3 . 191 ¢
1.14 1. 443031 | 4g. 61 52961 | 43. 755180 ﬂmi bi
8.15 56 0928001 4.92P 2.56] 2013 %0 5423%.85[ 2
22.27 20.|38,21. £31.9.1H 230§49.39 2&1.2939[99
51.80 48. %72(1'3 .B26{18.23 3026470.28 48285 0524
2.59 4.91F2°60 -4. p0-2./54-4 [85 3947 | 3-39| .28
9,37 4.30 3 Jv 428 u 14 4 27 9.99 Z#.3Z2 9.37 4. 3& 9. 4&rJerr] 1.26
0\26 .26 0 1.26 24 0.24 1.26 0.25 1.27 0.25 [err] -
- - P’°p°'§°sd’f’°%°s‘???°da§f°}'9ws 6. 281 - - 20 Properties were
assessed as follows: Frit of Coefficient of Transition
Meltin Refragtrv
J Frit of COeff:lcient of Transition Melting Refractive
% Example. Thermgl Expansion,| Temperature,| Temperature, Index
(x107") per °C °C °c
21 7.25 498 : 536 1.54
s0 22 7.07 493 - 542 1.525
23 7.09 475 - 32 1.53
o 24 7.29 445 512 1.53
25 7.16 497 537 1.535
W 26 7.49 500 551 1.54
40

The frits were made into enamel compositions in an analogous way to that described in Examples 1-7.
The enamel compositions were applied to porcelain and fired in the standard firing cycling. Properties were
assessed as follows:

50

55
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25 " “-Exanple Thernmal Expansion, Tenperature, Tenperature, | ndex

[err] per [err] [err] [err] 21 7.25
498 536 1. 54 BR0 460 863 B 7.07
493 542 1.525 23 7.09 475
532 1.53 24 7.29 445 512
1.53 35 25 —7 16 404 537 1.535
26 7.49 |Frit of | Colour;0Q | Gloss A3d Alkali 1.[54 40 The
frits were made int Bxanplfe conpositjons ir _&cs_iamatcn;onum;x_ltte: t hat
descri bgd in Exanpl{€s I-7.| [0 _ena TUTPYSTtTons—wgre—apped to
pokcel ain and fired ijy the rd Fi rPng cycl idng. F’rppéht I es jwere
assessed as fol | owg: 50 '1’ reenp g 440 863 Bl Krit &f ol our
d oss Aci d Al Kt Bl A c Rdsi st ance
Resi stance Wite ite : c B 21 —Brug- G een C
A 10 C Yell pwagq :ﬁe Green s C it C
A C 10 Yellow lug- Gregn C ¢ A
C Yell ow C A _ ite 1 C A
A- 23 Bl ue- Gr gen G white A ¢ A 15 A-
Yel | ow C 23 A Blue-Green| A-cWilte 4 C a-. A
A- 24 8 Bl ue- Gr fen ¢ Yellow A ¢ A Yelll owy_ C A
A- 20 Wiite S A R 20 Bl ue- G een C
A B Yel | ol C¥hite A C AB 25 A-
VWi t e C 24 A Blue-Green| CiC 26 ABl ue{ G eqn ¥ A
BL_Yel Lpw C Yellow ¢ 30 Exaapl es|27 a-30 The fol | owi ng
frits were prepareff Thite c A "
25 Blue-Green c B
Yellow: c A B
25 Vhite c A C+
26 Blue-Green c A B~
Yellow Cc A C
30
Examples 27 - 30
The following frits were prepared. -
35
. Example 27 Example 28 Example 29 Example 30
N VtX MolX VtX MolX VtX  MolX VeX  MolX
@ Al,041 7.20 | 4.55 | 7.20 | 4.55 | 7.19 | 4.55 | 7.20 | 4.55
8263 23.61 |21.84 |23.62 |21.85 }[23.58 [21.85 |23.63 |21.86
ca0 0.84 | 0.96 | 0.84 | 0.96 | 0.83 | 0.96 | 0.84 | 0.96
_ Ce, 04| 1.14 | 0.22 | 0.57 | 0.11 - - - -
“ ceb 3| 0.36 | 0.13 | 0.18 [ 0.07 | - - - -
K20 2.32 | 1.59 | 2.32 | 1.59 | 2.32 | 1.59 | 2.32 | 1.59
L3203 - - 00 72 0. 14 - - 0. 72 0. 14
Lis07| 4.41 | 9.51 | 4.41 | 9.51 | 4.40 | 9.51 | 4.42 | 9.52
Na,0 | 3.64 | 3.78 | 3.65 | 3.79 | 3.64 [ 3.78 | 3.65 | 3.79
50 Pr 0, - - - - 1.66 | 0.32 | 0.71 | 0.14
Sia2 50.09 |53.68 |50.10 {53.20 }50.00 [53.70 |50.12 |53.72
Zno0 1.46 | 1.15 | 1.46 | 1.15 | 1.45 | 1.15 | 1.46 | 1.15
2r0, | 4.92 | 2.57 | 4.92 | 2.57 | 4.91 | 2.57 | 4.93 | 2.57
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35 ‘Exanpl e 27 Exanpl e 28 Exanpl e 29 Exanple 30 W% Ml % W %
Mol % W% Ml % W% Ml %40 [err] 7.20 4. 55 7.20 4. 55 7.19
4.55 7.20 4.55 [err] 23.61 EPIO8D8EBHL2 21.85 23.58 21.85 23.63
21.86 CaO 0.84 0. 96 0.84 0. 96 0. 83 0. 96 0.84 0.96 [err]

'1.14 0. 2% % 57  0.11 - - - - 45 [err]

0.36 0. 13 ToPeyes ¥pro as5esged as follows: - - - K20  2.32 1.59
2.32 1.59 2. 32 1.59 2. 32 1.59 - - 0. 72 0.14 -

- 0.7 prQt 16k | erdokfticiedit of O PLlrrafsition |9 Melti Re% § vg 42
9.52 [grr]| Examfle | Theffial ExpRisiony ﬁ%mgeﬁtﬁée, Penperat 0

[ ekr] (x107") per °C - l.o¢ 0.32 Oe/l . 14 [err] 50. 09
53 68 50. 53.20 50 00 53 70 B0 12 53 73 [ory] 1. 46 1 15 11.46
1.15 1. 4[5 24. 15 1.4%.17 1.15 [efr] s1%t. 92 2. 567 4.92 12535 1. 91
2.57 4. 2.57155 15 EP O 46p 863 Bl Prdperties wer¢ assessed Bs
follows: Hit2®f Coef1ildi ent of 515 Trandi t i %7 Me it 545y
Refractivel 5 Fxanpl e Ther mal| Expansi on, | Tenperatur¢g, Tenperafure,
Index [err] p&? [efr] 7.20 [efr] 511 ? 6Srr] 2f 1.54 7.17
515 567 1.535] 10 24 7.17

515 30557 7.52 1 545 po 512 | 758 .55 sh1

565 .54 30 7. 92 512 561

1.55 15 The frits were nmade into enanel conpositions in a anal ogous way to
that desgr "B ¥pretade nta enamel compgsitions, iprpognal way toi that Jesgribed imBsimples! 170
por cel ai a‘?‘i'ﬁm?' cP'BE’PsF' SYHREe pPUAd J2, peresiain and Jiradyin: tha stapdagfising icyole. Rispertieswsess sed

aU J 92’(?3[9?)' Col our d oss Acid Al kal i
Ex'arrpfe Resi stance Resistance 25 Wite C+
A C 27 Geen ; C A - Yel | ov
C+ A Frit ofD] 3blour Gloss Acid | ABkali C
A C+ |Biample |G een (J Resistance| Resistance| C Yellow
C 25 A -
. . . White C+ A C
27 Green C A C-
Yellow C+ A D
20 Vhite c A C+
28 Green C A Cc
Yellow C A C+
Vhite C+ A A-
35 29 Green c ‘A A
Yellow C A A~
Vhite c A A-
L3 30 Green c A A
40 ' Yellow Cc A A

The results when fired on china were very good with only a slight discolouration of white enamel of fit
29,

45

50
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Wit et . C+ A A- 35 29 G een

C. A A Yel | ow C A A- Wite
C A A- 30 ER @460 863 B1 (OI A A
40 Yel | ow C A A The

results when fired on china were very good with only a slight

di scol our Sgf “white enanel of frit 29. 45 50 55 16 EP 0 460 863 B1

Exanpl es 31 - The followng frits were prepared: 5 Exanple 31 Exanpl e
ekl pad

32 Exanpl owing I WOIRIPePIRd N o MOl % W% Ml % W% Mol %

W % I\/gl % 10 [err] 8.05 4.89 7.94 ~4.76 8.00 4.97

SQQ .93 [e r} 190..94 172 7 182 70 1642 21.07 10 17 21 189 19. 14
[err] 0. 82 0. 90 | ERafplle 3D. §CExample 32 Example 33 -| Example B&r 1]

5.97 9.74 .93 [1F:X5 MoEX 6} Wb 1BolX 3|8nX @alS [pWty Mo 29 1.50
2.25 1.46 B—59—t-2dgR1—P—3F—d—ub—35 FerH—3—34——6-24

1.23  4.23 1.&803 8-0% | 44894 7.9 ps4{76r £-w4 97 38300 | 4.9 | 8.58
4.18 8.87 [B30,7119.9% (14,74 |188705316.42 121.07313p17 21428 113.H6| 3. 64
4.46  4.53 [e}f CAO™ | 878374 0490 | 258848 33 n8-30 156,93 48 15 50.52
[err] 1.43 209 | 319%1 |42 75 L.% 6 | 6. 3184 3 635

[err] 4.85 | %984 | 24294 1. |ob-46 b 3139 | 2. izg 1 Brddbdrties
were asessed h 2% ricent 7 * T ifti on

Mel ti ng Reftaltf Ba28a 128 @iargq Tedodd 4 g

Tenperat ure gde [% rlaok -45 *anl .ga * ‘so [lerr] 30
a1 " ol 849 147 9 48.03 |48.30' 144,53 48.25 |59.52 ()

8. 18 0 %6 3| 1.09 ,8§.os 11..33 33311..32 AR
e 259, | 4985 | 2,44 | .37 | 4.92 {.2233°F 4. 51 0

506 1.535 40 The frits were nade into enanel conpositions in an

anal ogous tQ | I.Ln Exanples 1-7. The enanels were applied
to porcel a}l\ﬁ%o ﬁg'e%:ﬂ%%ggg%gé#s?ﬁ@gé'i n standard firing cycles. the properties

were asgessed as foll ows:

Frit of | Coefficient of Transition Melting Refractive
Example therggl Expansion | Temperature,| Temperature, Index
(x10 ) per °C °C °C
% 3 8.00 447 507 1.54
32 8.18 460 528 1.53
35 33 7.78 453 512 1.53
_ 34 8.27 448 506 1.535
40 The frits were made into enamel compositions in an analogous way to that described in Examples 1-7.

The enamels were applied to porcelain and china and fired in standard firing cycles. the properties were
assessed as follows:

50
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45 '50“55 17 EP 0 460 863 Bl On Porcelain 5 Frit of Col our d oss

Aci d Al kal i Exanpl e Resi stance Resi stance

Wi te C A EP 0 460 883 B1 31 G een
C A A- Yel | ow C A A Wite

C A A 32 G een C A A-

Yel | ow 0n_Porcelain A A Wite G A A
33 G een C+ A A 20

Yel | ow C A : A Wite . C A A
34 . 5 Geen C A A Yel | ow C A

A 25 The results on e —strghtty—be r—tram—tiye—r-esut-t-s—obt ai ned on

porcel ai n. Exanpl es |¥5it ofg| Relowe 1 of IGepAg frideddnerle pplksdied: 35
Exanpl e 35 Exanpl |E*xa®ple | Exanpl e 3} Exa#ﬁ?’e“&B“/ES%Si%P% W %
9

Mol % W% MIl% T W% [NVRlL% [erT 7. 7793 ~ 00 293 8. 00
4.96 1©7.84 4.88 [lerg] 2. t:19. 1k gl. 1o 1d 14 p1. 19.{09 21.02
19.18 40 [er]r] Stow 6 P5 ¢ 3 B4 26. 35| 3. 6. 39 3.83
6.41 CaO - - 0] 42-7%%. 47 - : - L [err]
3.00 2.01 2.32 [1.55 e 1.55 ¢ 2.B1 56 [err]y 1.26 0.24
1.26 0.24 1.26 | 0324 ngg%,, 0. P5 [perr]] 31 |9 4.82 9.10

4.32 9.14 4.32 | 9.18 45 yelloy Nt O¢ 4.00 24.10 4401 [4.07  4.46
4.55 4.37 4.47 [lerx] AR 13 50 5P 4R 7 50 51 47 A6 49 194 46.72
49.39 ZnO  1.45 |1.12 L.white 1.1P ¢l.45 W13 [1.46 1.013 [err]
4.90 2.51 4.91 | 23%1 |%reen 3.P2 C+6.[837 43.54 |50 56 18

\ 2 Yellow C- A A
Vhite C A A
34 Green C A A
Yellow Cc A A
25
The results on china were slightly better than the results obtained on porcelain.
Examples 35 - 38
30
The following frits were prepared:
35 Example 35 Example 36 | Example 37 Example 38

WtX MolX WVt MolX VtX MolX Wt  MolX

. Al 04 7.98 | 4.93 | 8.00 | 4.93 | 8.00 | 4.96 | 7.84 | 4.88
o 3263 21.13 [19.14 |21.19 [19.14 |21.02 |19.09 |21.02 |19.18
40 Fy 3.83 | 6.35 | 3.84 | 6.35 | 3.83 | 6.39 | 3.83 | 6.41

cao 0.42 | 0.47

Kzo 3.00 | 2.01 | 2.32 | 1.55 | 2.31 ] 1.55 | 2.31 | 1.56
L3203 1.26 | 0.24 | 1.26 | 0.24 | 1.26 | 0.24 | 1.26 | 0.25
si 9 48.13 |50.52 [48.27 |50.51 |47.46 |49.94 |46.72 ]49.39
Zn0 1.45 | 1.12 | 1.45 | 1.12 | 1.45 | 1.13 | 1.45 | 1.13
2r0, 4.90 | 2.51 | 4.91 | 2.51 |} 5.89 | 3.02 | 6.87 | 3.54
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EI5,0’-460 883 Bl Properties were assessed as follows: Frit of Coefficient

of Transition Mel ting Refractive Exanple Ther mal
Expansi on, Tenperature, Tenperat uERQ4608638ex [err] per [err]

[err] 35 7.77 447 _ 512 : 1.54 10
36 7. 64 461 522 1.545 37

8. 04 Properties werg pesessed as follows: 51 1. 535 38 7.99
458 524 1. 54 15 The frits were made into enanel

conposi t [ onsrl al & gﬁ %Ed 'lﬂzl'if ¢ti

enanel ”pois é{q 31%8 ﬁgﬁi ‘fﬁiﬂl@a “&n Lg n
the@t an ard Yy asse

AsseSsnent esul ts 0 rce? | N 2 Frit of ol : id
Al kal i Exanp| e 3s 7.77 _ Resigyt ance Regut anc V\hl 5§ Aﬂt

C A A 30 35 G een

A 10 P Bhge 7.66 A 461 D \82ete 1.545:+.

A A 36 Green C+ A A}35

Bl ue 8 804 C Ww49%e 510- 1.535

B 37 G gen C Al A Bl ue C

A C 4088\Whi fe 7.99 C A658 52883 @-.5&n

C 16 BBi-tre S+ A B45—-6r-chi na
good results for alkali and acid resistance were obt ai ned.. 50 55 19 EP O

460 863 Bl Ex’émﬁfltwe@gnademlo enn@elfcemmmmﬁgn 1y gnplggope way fﬁr“@bﬁ?sé"d’ed in Examples 1-7.
The enamel compositions were applied to porcelain and china and were fired in the standard firing cycles.

Properties were assessed as follows:

Ao/ 20
Assessment Results on Porcelain
25 ' -
Prit of | Colour . Gloss Acid Alkali
Example Resistance| Resistance
White C A A
30 35 Green Cc A B
Blue Cc A D
Vhite C+ A A
36 Green C+ A A
a5 Blue C+ A . c
Vhite C- A B
: 37 Green Cc A A
N4 Blue c A c
40
Vhite c A B
38 Green C A B
Blue C+ A D
45

On china good results for alkali and acid resistance were dbtained.

50
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‘5" Exémpl e 39

Vbl % 10

Exanpl e 40

[err] 4.98

Exampl e 41 W %
7.93

3.16

18.72 17.37 21.76 20.94 15.EP0469883BCa0

- 0.88
0.71
2.75
[err]
1.47

1.07

[err]

9
1 12.78 [err]

5 8 ollogcﬁ\g f[l’i)s[ WB4J Tr@;]areg

1.95
2. 85

1.34

Prope,rtles wer e assessed as foI | ows:

Teansition

Tenper at ur e,
C 30

40

9.2110

i nto enanel

39

7.44

conpo

1-7. The enanel s

standard fi
Frit of
Resi & ance
C

Wiite

C A
< ow A

ring c

Col our

Resi s

A

B Yell

Mgt RefTact

Ter‘rper at uf

FEal

0.60 15
2.91
23.15 41.03 46.52 ZnO

1.89

2.32 1.65

3. 03
6. 04

25 Fri

s

Mol %

1.02
2.94

Li 20
6. 00

1.1
2.

6.4
1.0
3.29 12.4
t of Co

Wt MolX

W %
5.21 11.

+ 3.37

Mol % W %
7.86 [err]
8 0. 88 1.05
12 [err] 3.60
7.28
4. 47 4.91
1 0.81 1.79
6 6.89 20
efficient of
F(pansi on,

77

8

584 1.53

4.98 | 3. 1&’“

18.72 7a |
%é?gﬁhoggc
0.71

G537
\Vp.be | 3.03
56281 0Mg3.22
1.01 | 0.8

“:393

100

Li 033
)

$i0,A
7n0°

D\VEXO 3.6C | 1.89
2 bq

7.28 4

o

r 9' Al
2.
d??

ple 41
*The

*éé. ;

& ek
.78

4.91

46.52
2.@4e

|9Qa

ksilm
4,47
41203
49,56

Ch
6£00
47.67
1.79
60&

12./465) 6. 89

1.54 41
frits were nmade
bed i n Exanpl es

were fired in

~

5 on Porcel ain
Exanpl e
B 39 G een
A 50
BN C

White

~Fr=i-1- -8
A 20

A Yel | ow

EP 0 460 863 Bl The results on china all

shovved eXpRbdrfiliveRGhdsdlds RldoR! | resistance. Exanples 42 - 46 5 The
fol |l ow ng flr’élts \Rlere Brepare Exanpl e 42 Exanpl e 43 Exanpl e 44
Exanpl e 45 Exanpl e 46
* Frit of Coefficient of Transition Melting Refractive
Example Thermgl Expansion,| Temperature,{ Temperature, Index
(x107") per °C °c °C
30 39 6.63 525 584 1.53
40 7.44 509 571 1.54
41 9.21 511 565 1.56

36

The frits were made into enamel compositions in an analogous way to that described in Examples 1-7.

50

55

Assessment Results on Porcelain

The enamels were applied to porcelain and china and were fired in standard firing cycles.

Frit of | Colour Gloss Acid Alkali
Example Resistance| Resistance
Vhite c A B
39 Green c A A
Yellow Cc A A
Vhite c A B
40 Green C A B
Yellow c A A
Vhite C A A
41 Green C A A
Yellow v A A

20



‘W%4; Mol % W% MI% W% MI% W% HIX W% MI5 10 [err]

8.02 5.20 4.25 2.16 4.25 2.69 11.92 7.86 11.61 7.80 [err]

22.06 20.93 16.68 15.00 16.30EP04608683B% 56 15.02 15.30 15.05 CaO
0.84 0.98 0.84 0 93 0.84 0.95 0. 84 1.00 0.83 1.02 [err]

2.33 1.6 67 1.13 2.13 1.50 1.09 15
[err] 2. 83"‘" '??“%"9"" chiga é'f)s“m"‘% exigllent %”.“%“7“’ a“‘%‘ "B 88 0.59  2.89. 0.61
[err] o - 5.60 11.73 2.91 6.22 5.20 11.70 2.70 6. 20
[err] M 4.88 4.93 2.53 2.61 4.58 4.97 2.38 2.63
[err] 43. 13, fg,gwg its 59 .70 64.34 68.46 44.34 49.60 51.27 58.44
®1.04 % '8&3" gpepao 74 0.97 0.76 2.66 2.20 2.66 2.24

20 [err] 6. 07 3. 25 3 27 1.66 3.12 1.61 9.00 4.91 8. 85

Transitio] %ﬁ*ﬁ{ﬁ %og i eg":%?%;ie ;’ﬁ«;-r&ﬁf sggng%;g g ‘

Tenperat urie, Tg ra e, [ gr [ e

[err] 30 8.02 1 5.20 4.25 | 2.69 |11.921F 7.86 [11.61 | 7280/
1.54 43 36 22.66 480.93 16J4 |14.97 (15.56 f15802 {15.30 |15.6%4% 44
6. 52 CaO 0.84 330.98 80.84 | 0.95 1. 6.84451.00 | 0.83 | 8.020
506 @333 | 1.64 1.67 | 1.1%. 137. 2.13 | 1.50 | 15m9

604 15 1%0533 a9 | 1959+ 307 h10e6Q|a2e88 O i 2:88njs0i63 &n

. - 5722 0] 48 613}
T e L3 g
50 55 21 385 0296 $ SRR |t oS | 8 C‘z[ﬁ’} Jebt| 2l24

%I our zroZG ®567 | 3.25 8l I1 Exq .91 | 8.85 | 4.92
si stBncd—R&skstande— Vi o AL
42 G een C A YeI | ow C
A WAL {& fows: A B 43 G een
P sed as fol :
C A'réba o assegr B e - Yel | ow C
A 25 B Wite C A B 44 G een
C Prit of | Codttfiient of Transition Helti(r?é ' OWpetractive |~
A AExample 'rhermgl Expansion,| Temperature,| Temperature, Index
(x10™") per °C °C °c
30 42 7.12 514 567 1.54
43 8.48 : 510 558 1.545
44 6.52 533 608 1.54
% 45 8.70 506 - 563 1.545
) 46 6.17 539 604 1.535
L"}'-’
40

The frits were made into enamel compositions in an aqueous way to that described in Examples 1-7.
The enamel compositions were applied to procelain and china and were fired in standard firing cycles.
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‘iN‘Ti-:'.t é ’

T

C A Ty A 45 G een
A B Yel | ow “C . A B 25
Wi te C A EP 0 460 863 BG G een
A C Yel | ow C A C30 Onc
"excellent results were obtained for both acid and al kali resi
cases. The frit of Assassent/Resodts adPorcelaim W der range of

C

C
hi na,
stance in all
enanel

conposition in an anal ogous way to that described in Exanples 1-7. The

enanel
standard firing cycles.
faollows: Frit of
Exé_np| e Frit of

A Example

35

Pl

Colour
Bl ue G een

U Uo

RboSss |

ancdcidsi
Resistance

t arddkald

Resistance

A
10

>>>00

=

B 50

A A

ite C+

fellow ©

c
Cc
C

Br owth

o ange
% Bl ue
(

B On china, good
conpositions wt
on al®ali testing.
conposition consi
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ot ex
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ssentiall
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conpositions were applied to porcelain and china and fired in
The results on porcelain were assessed as
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The results on porcelain were assessed as follows:

\/ Frit of | Colour Gloss Acid Alkali
© Example Resistance|Resistance
42 Vhite c A A
Blue Green Cc A A
Yellow C A A
a5 Orange C- A B
Iron Red C+ A Cc
Blue (Co Al) c A c
Blue (Co Si) Cc A D
Brown Cc A B
50 Black C+ A B
On china, good alkali and acid resistance was observed for all enamel compositions with the exception
of the Iron Red which showed slight attack on alkali testing.
55 _
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13. A method of applying an enamel or cover flux composition to an article, which method comprises
applying a composition claimed in claim 7 or 9 to the article and then firing the composition.

Patentanspriiche
45
1. GlasfluBzusammensetzung bestehend im wesentlichen, ausgedriickt in Mol%, aus 3,0 bis 13,0 Lithium-
oxid, 0,5 bis 3,5 Kaliumoxid, 2,5 bis 7,0 Natriumoxid, 0,5 bis 2,5 Zinkoxid, 2,0 bis 8,0 Aluminiumoxid, 15
bis 30 Boroxid, 44 bis 68 Siliziumdioxid, 1,0 bis 7,0 Zirkoniumoxid, 0 bis 4,0 Calciumoxid, 0 bis 3,0
Lanthanoxid, 0 bis 1,0 anderen Selten-Erd-Metalloxiden, 0 bis 1,0 Yitriumoxid, 0 bis 4,0 Magnesium-
50 oxid, 0 bis 4,0 Strontiumoxid, 0 bis 4,0 Titanoxid, 0 bis 10 Phosphorpentoxid, 0 bis 1,5 Bleioxid und 0
bis 13,0 Fluorid.

2. GlasfluBzusammensetzung im wesentlichen bestehend aus, ausgedriickt in Mol%, 3,0 bis 11,5 Lithium-
oxid, 0,5 bis 3,5 Kaliumoxid, 2,5 bis 5,0 Natriumoxid, 0,5 bis 4,0 Calciumoxid, 0,5 bis 2,6 Zinkoxid, 2,0
55 bis 7,5 Aluminiumoxid, 15 bis 30 Boroxid, 44 bis 68 Siliziumdioxid, 1,0 bis 5,0 Zirkoniumoxid, 0 bis 3,0
Lanthanoxid, 0 bis 1,0 anderen Selten-Erd-Metalloxiden, 0 bis 1,0 Yttriumoxid, O bis 4,0 Magnesium-
oxid, 0 bis 4,0 Strontiumoxid, 0 bis 4,0 Titanoxid, 0 bis 10 Phosphorpentomd 0 bis 1,5 Bleioxid und 0

bis 8,0 Fluorid.
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2. Composition de fondant vitreux contenant essentiellement, en pourcentage molalre de 8,02 11,5 %

d'oxyde de lithium, 0,5 & 3,6 % d'oxyde de potassium, 2,5 & 5,0 % d'oxyde de sodium, 0,5 & 4,0 %

45 d'oxyde de calcium, 0,5 & 25 % d'oxyde de zinc, 2,0 & 7,5 % d'oxyde d'aluminium, 15 4 30 %
d'oxyde de bore, 44 & 68 % de silice, 1,0 & 5,0 % d'oxyde de zirconium, 0 & 3,0 % d'oxyde de
lanthane, 0 & 1,0 % d'un autre oxyde alcalino-terreux, 0 & 1,0 % d'oxyde d'yttrium, 0 & 4,0 % d'oxyde
de magnésium, 0 2 4,0 % d'oxyde de strontium, 0 & 4,0 % d'oxyde de fitane, 0 & 10 % de pentoxyde
de phosphore, 0 & 1,5 % d'oxyde de plomb et 0 & 8,0 % de fluorure.

50

3. Composition selon la revendlcatlon 1 ou 2, qui contient 0,1 & 3 ,0 moles pour cent d'oxyde de Ianthane

4. Composition selon I'une des revendications 1 & 3, qui forme une fritte.

55 5. Procédé de préparation d'une composition de fondant vitreux selon F'une quelconque des revendica-
tions précédentss, comprenant le mélange de ses ingrédients.
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cqmposition solon la revendication 7 ou 9 a |'article, puis Ia cuisson de

| a”conposg.t ipRBsde%de paldaration Hliné Bonmpesifion d%émail selon Ia revendication 7, qui comprend le mélange
de ses ingrédients.

10 9. Composition de couverte comprenant la composition de la revendication 4 dispsrsée dans un matériau
formant un véhiculeur.

10. Procédé de préparétion d'une composition de couverte selon la revendication 9, qui comprend la
dispersion de la composition de fondant vitreux de la revendication 4 dans un véhiculeur.

15

11. Article portant en surface une composition d'émail ou de couverte selon la revendication 7 ou 9, cuite
sur l'arficle.

12. Article selon la revendication 11, constitué d'un article céramique.

13. Procédé d'application d'une composition d'émail ou de couverte d'un article, le procédé comprenant
I'application d'une composition selon la revendication 7 ou 9 A [I'article, puis la cuisson de la
composition. '
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