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Syt Saeld 93 isSuun,Sols Anuelgy zlasll slgall wdl zuall old Tdo cuyrl -3
3 As1s Bale JSI B> 35-30 Jlg> (b @3 o(pm 75) elidy ayall Alee aay U3
Jaall e s (p1m63.8) LaxSly (pm 30.7) (29 Slulidll yais! umdd zlosll (655
(ool @ el s9e Jglal aatel w8y Sl JST (pm 53.4)

cad o Aals JSI (Aelee/p200) Adibioyys gty slskl Jals @3 Jladl Ludlannll i,al5 -4
(1m 60) & Ab,alt Aglee

1.0 Ly cleun 3yleall 23l (e (Spray) (i, sy zLasll el o ada -5

*A-Li-0 A-Li-1 A-Li-2 A-Li-3 A-Li-4 A-Li-5
Grs. Ox.
F.U. % F.U. % F.U. % F.U. % F.U. % F.U. %
Li,O 0.037 | 0.40 | 0.076 | 0.80 | 0.110 | 1.20 | 0.144 | 1.60 | 0.178 | 2.0
R:C Na,O | 0.472 | 10.0 | 0.445 | 9.60 | 0417 | 9.20 | 0.392 | 8.80 | 0.366 | 8.40 | 0.343 | 8.0
RO K,O | 0.096 | 3.12 | 0.095 | 3.12 | 0.093 | 3.12 | 0.091 | 3.12 | 0.089 | 3.12 | 0.087 | 3.12
CaO | 0431 | 828 | 0.422 | 828 | 0.414 | 8.28 | 0.406 | 828 | 0.40 | 8.28 | 0.391 | 8.28
R,0; AlL,O; | 0.284 | 990 | 0.278 | 9.90 | 0.273 | 9.90 | 0.267 | 9.90 | 0.263 | 9.90 | 0.258 | 9.9
SiO, | 2.745 | 56.2 | 2689 | 56.2 | 2.636 | 56.2 | 2.585 | 56.2 | 2.543 | 56.2 | 2.489 | 56.2
RO,
B,O; | 0.522 | 12.5 | 0.511 | 12,5 | 0.501 | 12.5 | 0.491 | 12.5 | 0.483 | 125 | 0.473 | 125
T- C°. 980 950 900 860 780 740
Li,CO4 0% 1% 2% 3% 4% 5%

*A = Alkaline Glaze, Li-0,1,2,3.4,5 = Percentage of Li,CO,
2 L5l 35S alSY1 iy A lasSl joall (13) Jgtr
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il Byl 2zys 1 (3110 day) Gyl oleluw se =

Maturing temp./C° Firing/h Rate of temp. rise C°/h
980 8.7 100.0
950 8.5 98.8
900 8.0 98.7
860 7.6 98.6
780 6.8 98.5
740 6.4 89.4
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Maturing temp./C° Cooling/h Rate of temp drop C°/h
980 9.55 100
950 9.25 100
900 8.75 100
860 8.35 100
780 7.55 100
740 715 100

Bylyodl Ay (o lases) Juang dupd] cileluw sue (2.3) Jou

bty lbo gxall -4
195w ySullly grallall yazall-1.4
2ol R (35S Soll el Syindly phaad] Apalal) Sl e byail] pamill o
(Ralle Ao s s o Sl JolS slesmst  glonsll SU50) ol s

Bubbles* Glossy* Transparency* Rate of*
Glazes )
980C° AT-C0 980C° | AT-C° 980C?° T-AcO crazing
A-Li-0 2 2 2 4 4 4 4
A-Li-1 2 2 2 4 4 4 4
A-Li-2 1 2 2 4 4 4 3
A-Li-3 1 3 1 3 4 2 2
A-Li-4 1 3 1 3 5 2 2
A-Li-5 1 4 1 3 5 2 2

(54,3,21,0) gzl oy (%)
sl 30 s8ug Sollly Asallall (milasl (1.4) Joa

&yl sl pa=d-2.4
«(Linear expansion) coefficient jasl saesll colas slezels z L3 ﬁbﬁ' st Clus @3

&> A8 (glassproperties.com/expansion) (Fluegel, 2007, p. 8) (Singer & Singer, 1963, p. 548)
Gl SN e dazai @1y z L3l (gl sl Aals e (Lir0) 1686 o Bamall az=all lia
83 A= ((Taylor & Bull, 1986, p. 78) diels M (e siedll el § palug 48 yunic (K
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X105 (C°)" = (cm/cm/C°)
Glazes
at (210 C°)

A-Li-0 7.93
A-Li-1 7.85
A-Li-2 7.68
A-Li-3 7.52
A-Li-4 7.34
A-Li-5 7.20

2l sl sl dlalas (2.4) Jsn

a3l -3.4

Fodl Jatll cpa pdoy Jadl J) 48,359 (Fluidity) ool seaill dnile 8 LaSins 29301 Aol
Lagaig wilelaall sl (§ 9 (Hamer & Hamer, 2004, p. 390) (Shear layers) «(Specific gravity)
Byl Silayag g lasdl Slise g3l Aaid suzey gl el ¢ Adilall Zola adl Adasd e 25LLI 8,089
lus @39« (Chen & Halloy, 1987, pp. 168-169) 45l:sdls (Taylor & Bull, 1986, p. 193) gl
L olaSIla>9301)s  (glassproperties.com/viscosity) (P*S «asl* JIS wly) 4 Swoliyadl o951
(Bansal, 2007, p. 327) (3Ll 28U e AuSaligotl 93101 s’ Hms) (29 (SE. Syie

logio(visc/Pa*s) Stoke Stoke
Glazes AT-CO logio(visc/Pa*s)
at 980C° (cm2s™) (cm?s™)

A-Li-0 4.857 1.933 980 4.857 1933
A-Li-1 5.051 2.011 950 5.574 2.219
A-Li-2 5.264 2.096 900 6.382 2.542
A-Li-3 5.499 2.191 860 7.631 3.041
A-Li-4 5.758 2.295 780 8.482 3.381
A-Li-5 6.046 2.411 740 8.732 3.482
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«(Crawling) slx—ui¥lg (Gloss) oL acllly (Wetting) o A1 ol cx IS ol ad Laged So =y
(Singer & Singer, 1963, pp. 538-539) zla3ll (re cilelaall 5y (B @Sty 4l (e Mynd
dalizell 5yl y sl by gela sl 0 ddl 08 Gl 9 (Taylor & Bull, 1986, pp. 218-219)
(Kucuk & Clare, 1999, pp. 149-153) (glassproperties.com/surfacetension)

Glazes A AT-CO mN/m
at980C°
A-Li-0 303.24 980 303.24
A-Li-1 30444 950 304.84
A-Li-2 305.63 900 308.04
A-Li-3 306.81 860 310.83
A-Li-4 307.97 780 315.21
A-Li-5 309.14 740 319.14

Al )l aloyus 73l zbadl wsdl (4.4) Jous
a8l -5.4
3L 1kl e 2Ll 258 ST Lo Zulialls Aailaill slsll olgs aa s §alls 6L
SLaSEY Jalas 8305 J1 (35 28USI ¢ Lasyl ol oe Siad «(Durability) il 48T dzeydidlg g5
(Fluegel, 2008, pp. 2622-2625) (Al-Halwani, 2018, p. 211) zlaudl 311 &35 (R1)

Glaze g/cm?
A-Li-0 2.5125
A-Li-1 2.5115
A-Li-2 2.5104
A-Li-3 2.5094
A-Li-4 2.5084
A-Li-5 2.5074

zlosll 43S 0,5 (5.4) Jyox
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489 (Thornton & Colangelo, 1990, p. 245) (Rockwell 15-N) allai s5Mall jasd gy
p.._@j Lol .(84.1-76.6) C.\L«u.” ‘J.SJ ‘J.A_:.L\ Qng CJ}.« JSJ Q‘;‘)ﬁ 6 Q..Lé-‘j 95153 3 J.A:- Ll
.(7.0-6.5) (Moh's scale of Hardness) cousg i)l daslas

bl 4dsle -5
93l -1.5

(Li,0) 8Ls5 ae Az g3l eadsyl 2980 danys a8 «AiloiSTly AuSiolipadl & 9301 il o3
s O3S I8 ((Hamer, 1975, p. 287) 5,331 liglall oo Luud el 2295001 28 3 04815 sl
(Hamer, 1975, p. 287) yuaill zla3ll 3 5uguz SLS,L olgl 00sS0 Bale] Lyl dag3U01 ¢ Las))
gl Byl Ay sy 39301 £ Lasyl el (Fluegel, Varshneya, Earl, Seward, & Oksoy, 2004)
By L) o a3 (Al Lelial) s 331 g o8yl yoedl Ay Ly (Liy0) s 33U Lo
RETSU]
s gehawd! uddl -2.5

Jle (4.6) bl st Jalao (¥ <33y (Li0) R 8315 poo a3 selaaadl sl o o
il Byl Ay s 5 980 Ay 3 I3 Lasdig ¢ JIsall e (0.1,1.5) (K,0, NaO) e sl
Il 6350 bl il (b ale (S o8yl Emys oLl 4o (S.T) g Lasd 5| Cou by La]
(Singer & Singer, 1963, pp. 538- zlsdl @ Lpeud BaLiis (Reabsorption) wlelasll yolatel sale)
.539)
48l -3.5

Gylally C/ps 2.013) 28LSH (s (Lir0) Adlis | | paiael aie L3l ABUS izl
il Lt 3ol ciabs palassl J ol 1dag « Cpm/pt 2.3292.270) (K0, Nay0) pos
(1.741p) (Li,0) 5Ll Jalas 5332 89 .(Al-Halwani, 2018, p. 211) z L3l (R1) HLuSSl Jalas
Sotael e Baall Jlls HLusM cylie Goiuws ke laxl JI (1.52,1.601p) (K,0,Na,0) Loy
ALl 8yl iy & Holing cileliall sgmg SLae¥l lan J¥1 Comy Ling coaSo¥ 2505
(Allam,  (es/@28.13-2.125) Ca35ll 7 La; 28US () Lale (Dispersion) s siall cu & e Jaad
1964, p. 133)

cSAE 300 551 Jalge Iliag (Audladdl) A all 2,30l 2 wsle 43 2501
sy 2u3La 411 51535 2980 Aoy § oAslilly ALl ZaIMl S1sLl (o lyimag L3l sy leasS
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Effect of partial substitution of alkaline oxides with lithium oxide (Li20)
on low-temperature ceramic glaze

Prof. Dr. Ahmed Al-Hindawi

Abstract:

The research aims to study the effect of adding (Li.O) to an alkaline glaze
containing (K20, Na»0). Although all the alkaline oxides have common properties, each
oxide has something that distinguishes it. The molecular weight of (Li20) is two times less
than that of (Na,O) and three times that of (K»0O). Therefore, it is added in small proportions.
In addition, it is a very strong flux, so it is not used alone, but rather replaces a part of other
alkaline oxides. It was added to an alkali glass that matured at a temperature of 980C° in
proportions (2.0,1.4,1.2,0.8,0.4%) instead of (Na0), using lithium carbonate (Li.COs) as an
oxide source. The glazes mixtures were applied to a white pottery body, and the samples
were fired and cooled according to programmed timings. After that, the tests and calculations
were carried out: virtual and microscopic examinations, density, viscosity, surface tension,
thermal expansion, hardness and scratch resistance. After analyzing and discussing the
results, it was found that (Li2O) has varying effects on the properties of glazes, some of
which are effective and others are less effective.

Keywords: Alkaline oxides, Lithium oxides, Low temperature glaze, Glazes properties
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