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Abstract. Glass batch from a bettle manufacturing facility was sampled at twelve different times during
a year. The quality of the hottles produced from this batch was investigated and correlated with the
chemical composition of the glass. 1t was found that the cords, devitrification and density directty
affect the efficiency of the products. Increasing the ALQ, and Na,Q concentration in the glass inhibited
the formation of cords and crystal glass. On the other hand, increased levels of silica (8i0,) and calcium
oXide (Ca0} favored the formation of wollastonite (CaSi0,) crystals.

Introduction

The presence of cords and/or devitrification in glass production is a major defect and can
cause trouble in manufacturing. When the batch composition is incorrectly proportioned,
or baich segregation is occurring, the formation of cords and/or devitrification will occur,
This may causc some defects in the physical and mechanicai properties of glass.

In the soda-lime-silica glass based system, the optimum factor for glass production
with respect 1o cost, durability and ease of manufacture is the composition of the batch.
Throughout the world, the composition being used is approximately 72% silica, 15%
soda, 10% lime und magnesia, 2% alumina and 1% misccllancous oxides, Magncsia is
used primarily to reduce the cost, minimize devitrification, and provide a mixed alkaline
carth effect by suhstitution of dolormite limestone for calcite. The alumina content improves
chemical durability and decreases tendency of erystallization during the forming operations,
a process called devitrification [1; p. 152).
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The devirrification product is o and p - Wollastonite (Ca810, ) and it occurs by
decomposition of devitrite (Na,0.3Ca0.6810,) or due to local high lime concentration.
Devitrite and wollastonitc may occur separately or together {2; p. 34].

This paper presents the eflects of soda-limc-silica glass composition on the cords and
crystal formation and their cffects on the properties of glass products.

Experimental Program

Glass composition and preparation

Two major series were considered in this investigation. The first one was of nine
batches (o determine the variation of glass density and its relationship to Si0, and CaO
content, The batch constituents by weight and glass oxide composition in percent for the
first series are tabulated in Tables 1 and 2, respectively. The sccond series was to determine
theeffect of batch composition on the efficicncy of glass products as presented in Table 3. The
batches and the composition of glass were selected over 12 month of manufacturing, It
was assured that the glass composition varied throughout the sclcction period.

Table 1. Batch constituents for densily measurement

Batch No. Batch constituents (Kg)
Sand Limestone Snda Ash Cal. Alumina+Suiphate
(8) (£) (A) ©
1 957 286 338 15.54+7.5
2 957 284 334 15.54+7.5
3 963 284 334 15.54+7.5
4 965 280 334 15.54+75
5 965 277 334 15.54+7.5
6 965 288 328 15.54+7.5
1 9635 293 328 15.54+7.5
g 965 288 328 15.54+7.5
9 kry 209 2013 11.60+7.5

Table 1. Glass oxide compositions (%) and density of glass bottles

Batch No. Glass oxide compositions (%) Density

5i0, AlLO,  Ca0 + MgD Na, O Fe 0, gm/cm’
1 Tr12 1.49 11.23 15.04 0.07 2.5029
2 72.23 1.49 11.22 14.99 0n? 2.5035
3 72.39 1.48 11.16 14.90 0.07 2.5043
4 72.51 1.48 11.02 14,92 0.07 2.5037
5 72.56 1.48 10.91 14.94 0.07 2.5034
6 72.43 1.49 1132 14.65 0.07 2.5040
7 72.34 1.48 11.49 14.62 0.07 2.5051
] 72.47 1.49 11.32 14.65 0.07 15062
9 72.60 1.47 10.93 14.93 0.07 2.5053
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Table 3, Batch censtituents Tor density and efficiency

Batch No. Batch constituents (Kg) MI_XEtIO
Sand Limestone Soda Ash Cal Alumina + (%)
(3) (L) (A) Sulphate (C)
1-a 727 209 2518 11.6+561 148
2-a 727 211 253.% 11.6+5.61 3.47
J-a 723 209 2515 11.6+5.61 3.44

Glass bottles of 240 ml capacity were produced from an ordinary continuons tank
furnace at the national glass bottles factory in the Kingdom of Saudi Arabia. Tlus glass is
melted at about 1500°C yiclding homogeneous and bubble-free glass of good workability
traits. Local Saudi silica sand, lime stone, and chemically pure Na CO,, ALO, and Na S0,
were nsed as starting materials for batch preparation [3; p. 8].

Density
The density of the glass bottles were determined by the Archimedes method using
xylene as the buoyancy liquid.

Production efficiency

The efliciency is defined by the number of bottles passes the production line per
hour without any physical and mechanical defects. This was observed by an electronic
system nsing ultraviolet ray and as measured by a pressure test as per ASTM standard [4;
pp. C147].

Differential thermal analysis (DTA)

DTA was carried out using the computcrized Perkin Elmer (PE) DTA 7 scrics
under dynamic N, purging gas aimosphere (at a constant rate of 60 cc/min). About 70 mg
of the powdered glass sample was used against AL O, powder as a reference material. A
heating rate of 10°C/min was maintaincd for all the DTA runs.

Test Results and Discussions

The density of glass measuared for the ning glasses of the first series is presented in
Table 2 with their oxide composition. The relationships between density and sand-lime
content and soda-alumina are shown in Figures 1 and 2, respectively. It can be seen that
the density is affected linearly by the Si0,+Ca0O and inversely by Na,O+ALO content.
Although the correlation factor (R?) was not high due to scatter in the test results.
Nevertheless, the relationship in general showed an increasc in the 8i0,+CaO content and
decrease in the Na,O+ALQ content will increase the density of glass.

Table 4 presenis the resuits of density and efficiency of glass bottics. The mix ratio is
calculated by:
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Mix Ratio = Sand + Lime/ Soda Ash + Calcined Alumina and Sulfate.
R=(S+LYy/(A+(O) Iy
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Tabic 4. Density and efficiency of glasy bottles

Batch No. Glass oxide composiion Density Efficiency Coust of
(emiem®y (%) katch
(5R)
8i0, ALO, CaO+MgO Na,O Fe, O,
l-a 7259 1.5 10.93 14.%3 .07 25045 74 n3
2-a 72.52 1.5 11.02 14.92 0.07 2.5035 78 3006
l-a 72.31 L3 11.07 1507 0.07 2.5028 g0 355

It can be seen (Fig. 3) that as the densily increases, the efficiency decreased. Inother
words, (see Table 4) increasing $10,+Ca0 and reducing Na, O+ALO,, will produce
unreliable and non-durable glass bottles. The primary crystallization product for this type
of glass 1s deviinite (Na,0.3Ca0.68i0,) which can occur due to high silica and lime
concentrations which induce wellastonite (810, CaO) ormation [5].

For both series of mixes, the silica + lime (8i0,+Ca() content and its variations were
higher than the recommendcd value which is the main cause of high density and hence the
presence of cords and crystal glass [6; p. 9]. This will, in fact, lower the physical and
mechanical propertics and, consequently, lower efficiency. 1t was stated by Babcock [7]
ihat Soda-lime-silica glass has diffcrent phasc-substructure types. Among these phases
are cristobalite, tridymite and quartz crystals which are primarily dependent on silica
conteni. Therefore, decreasing the silica content by about 0.38% will minimize the crystal
glass and, hence, increase the cificiency from 74 to 80%. Ox the other hand, alamina has
the tendency to decrease the crystal phase in glass. The increase in cfficiency will lead to
slight (about 3 %) higher cost for glass production.

The DTA traces of the investipated glasses are shown in Fig. 4 and presented in Table 5.
The DTA traces were somewhal similar to cach other in their general characteristics
exhibiting an endothermic cffect at 540°C (onset) and up to 560°C (transform). Tlus
endothermic reaction was caused by transformation of glass structure at amorphons state
due 10 an increase in heat capacity|8]. The glass transition (emperature (Tg), increased
until it reached the softening temperature (Ts) (at 600°C) without any cxothermic eflect,
As a matter of fact, the broad exothermic effect indicates a sluggish crystallization
propensity naturc. This could be a slower crystallization rate and/or a surface crystallization
character [9], which is the case in this investigation (see Fig 4),

Conclusion

Based on the resulis obtained, it can be concluded that precise control of batch
composition is very important in glass production. Increase of the 810, and CaO contents
will increase the density, and the formation of wollastonite crystals in the glass will reduce
the produciion efficiency.
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Fig. 4. Differential thermal analysis (DTA) of glass botties.
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Table 5. LA results of the investigated glasses

Glass No. Transition temp (Tg) *C  Endotihermal (onset) "C  Softening temp (Ts)

1-a 567 544 590
2-a 560 340 585
3-a 568 540 582
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