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RINGKASAN: Sepuluh komposisi jasad acuan sarung tangan telah 

disediakan dengan kandungan alumina yang berbeza iaitu dari 1 % 

hingga 45% bagi menentukan kesan rintangan terhadap asid dan alkali. 

Komposisi yang mengandungi alumina di antara 20% hingga 25% 

menunjukkan kesan rintangan yang baik terhadap asid dan alkali. 

Rintangan terhadap asid (kehilangan jasad yang dihakis oleh asid) 

adalah di antara 16-20 x 1 o-3 glcrn2 dan rintangan terhadap alkali pula 

adalah di antara 180 - 210 x 10-3 glcrn2. Jasad ini matang apabila 

dibakar pada suhu 1250 ° C selama 30 minit pada kadar 3 ° C!minit. 

ABSTRACT : Ten compositions of hand former body were prepared 
with different alumina content from 1 % to 45% to determine the effect 
of acid and alkali resistance. The compositions containing alumina 
between 20% to 25% showed good resistance to acid and alkali. The 
acid resistance (body corroded by acid) is between 16-20 x 10-3 g/cm2 

and the alkali resistance is between 180 - 210 x 1Q-3 g/cm2 • The body 
was matured at 1250°C for 30 minutes at the firing rate of 3°C/minute. 

KEYWORDS : Hand former, chemical resistant, acid resistant, alkali 
resistant 
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INTRODUCTION 

Porcelain is the term used to describe white-vitrified ceramic ware, translucent in thin layers, 

impermeable to fluids and manufactured from a fine mixture of kaolin, quartz, feldspar and 

plastic white-firing clay. The fired ware is usually white, translucent and with very low porosity. 

The densification of the porcelain body is due to the use of feldspar as a flux. In some cases 

frit and other fluxing materials are also used. The raw materials like kaolin and quartz are 

always used in porcelain formulation. The typical porcelain body composition is composed of 

about 25% kaolin, 25% ball clay, 25% quartz and 25% feldspar (Dinsdale, 1993). 

Porcelains are generally fabricated using quartz, feldspar and clay minerals which act as 

plastic raw materials. These feldspar-quartz-clay systems are known as the basis for a porcelain 

body (Tai et al., 2002). The introduction of alumina into porcelain body will change the properties 

of the body such as increasing strength, expansion coefficient and fired hardness (Bloor, 

1970a). 

The properties of porcelain are determined to a considerable extent by mullite content, amount 

of glass and also the volume of sealed pores. Primary mullite is generally scaly or platy shaped 

formed due to the decomposition of kaolin in porcelain mixture. Primary mullite is generally 

dissolved in the silica-rich glassy phase but subsequently recrystalised to form the needle

shaped secondary mullite (Chen et al., 2000). The strength of the body is increased when the 

alumina content is increased but thermal shock resistance does not show good improvement 

(Austin et al., 1946). As the quartz and the residue left from decomposition of argillaceous 

material dissolve in glass, the porcelain skeleton becomes weaker and there is more 

deformation. These conditions depend on fineness of quartz, composition of mixture, 

temperature and firing period. The mullite crystals forming in the porcelain body improve the 

structural toughness of the ware during firing (Tai et al., 2002). 

The microstructure of typical commercial porcelain consists of a-quartz grain held in complex 

matrix. The quartz grain are surrounded by armophous rich solution rims while the matrix 

contain clay relics of small mullite crystal and feldspar relics of acicular secondary mullite. In 

alumina porcelain, corundum grains are observed in addition to a-quartz, clay and feldspar 

relics. The formation of glass in porcelain usually starts in the region of 930 - 990°C. If fine 

micaceous fluxes are available in the raw materials such as ball clay, the formation of glass 

will commence as early as around 900°C (Bloor, 1970b). The glass surface-tension forces will 

draw the unfused particles together. As firing proceeds, porosity due to open pores will decrease 

to zero, but the closed pores content decrease to minimum, the value of which depends on 

the composition being fired. Then the material achieves maximum strength. If the firing 

temperature is increased beyond the temperature of minimum pore content, the growth of 

pores and glass phase shall be increased and as such the material loose its strength. 
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Composition On Chemical Resistance 

Most commercial porcelain hand formers today are made of common porcelain. However 

current industry demands that the hand former produced are stronger and more resistant to 

chemical attack. Alumina containing porcelain hand formers are substantially stronger and 

more chemical resistant than those made of common porcelain. 

Hand former is used as a mould in rubber glove manufacturing. During the manufacturing 

process, the hand former subjected to sudden heating and cooling cycles. After the 

manufacturing process, the hand formers are washed with chemicals which gives the hand 

former its high resistance to thermal shock and chemical attack. 

MATERIALS AND METHODS 

Preparation of test pieces 

The hand former bodies were formulated by using kaolin, ball clay, alumina, feldspar and 

quartz. Local kaolin and ball clay was fixed at 20% and 25%, respectively. The alumina and 

feldspar content are varied. The content of feldspar and alumina are varied from 10% to 54% 

and from 1% to 45%, respectively. The calcined alumina powder used was 99.7% pure with 

90% of its size less than 10 µm. The compositions of various porcelain body containing alumina 

are shown in Table 1. 

Table 1. The composition of porcelain body contained alumina 

Raw materials Formulated porcelain contained alumina body 

PAO PA1 PA2 PA3 PA4 PAS PA6 PA7 PAS PA9 

Clays 45 45 45 45 45 45 45 45 45 45 

Feldspar 54 50 45 40 35 30 25 20 15 10 

Alumina 1 5 10 15 20 25 30 35 40 45 

Each composition was mixed in a ball mill and cast in plaster moulds to produce samples of 

100 mm x 20 mm x 7 mm. The samples were dried and sintered at 1180 to 1260°C for 30 

minutes after which was evaluated for shrinkage, water absorption, density and modulus of 

rupture. 

Dry and fired shrinkage test 

The wet to dry shrinkage was determined by the percentage of wet sample shrink from the 

original wet sample after dry. Then the dry to fired shrinkage is determined in terms of percentage 

of dry sample shrink from the original dry sample after being fired (Rado, 1967). 
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Bulk density test 

The bulk density of the sample was measured by water immersion technique using Mettler 

Toledo (Model AG 204) density balance. 

Compressive strength test 

The compressive strength is determined by using Universal Testing Machine (SHIMADZU 

AG-5000E) and the value of compressive strength was recorded by the connected computer. 

Water absorption test 

Water absorption was determined by immersing the specimens in water at ambient temperature 
' for 24 hours. Then the wet weight and dry weight of specimens were recorded. The wet 

specimen surfaces were wiped out with damp cloth before weighing. The percentage of water 

absorption was calculated by the difference between wet and dry specimen. 

Based on the above physical properties, the suitable compositions were selected. Then the 

prototype samples were prepared. The prototype products were tested for its chemical resistant 

and thermal shock resistant properties. 

Chemical resistant test 

For the chemical resistant properties, the test pieces were prepared by cutting prototype sample 

into about 25 mm x 25 mm. Three test pieces were immersed in 5% NaOH for alkali resistance 

and another three test pieces were immersed in 5% HN03 for acid resistance. All test pieces 

were soaked in alkali or acid for 24 hours at 90°C. The loss of weight per area of the test 

samples were calculated as the resistance to acid and alkali. 

Thermal shock resistant test 

Thermal shock resistant was determined by heating the sample at 160°C for 30 minutes and 

then dipped into water at room temperature. When the sample resists thermal shock, the 

temperature was increased by 10°C. This procedure was repeated until a temperature is 

recorded for failure of thermal shock resistance (Ryan, 1987). 

X-ray diffraction test 

The prototype samples were also cut and the phases identified by using X-ray powder 

diffractometry Rigaku RAD IIC diffractometer with Ni-filtered CuKa. radiation operating at 

35 kV and 15 mA. The scanning speed was 10°/min and each specimen was scanned from 

angle 5° to 80° . . 
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Electron microscopy observation 

Effect of Alp3 Addition in The Hand Former 
Composition On Chemical Resistance 

The prototype samples were also cut about 5 mm x 5 mm for microstructural observation 
using scanning electron microscopy (SEM). The samples were ground, polished and etched 
with 30% HF for 1 O s~conds before being coated with gold. The samples were then analysed 
on a Hitachi 82500 using secondary electron mode. 

RESULTS AND DISCUSSION 

Physical properties 

Kaolin, ball clay, quartz, feldspar and alumina were used in the formulation of the hand former 
body. The raw materials analyses are shown in Tables 2 and 3. Ten hand former compositions 
with different alumina content were prepared. The selection of bodies for prototype was based 
on physical properties such as strength, density, water absorption and shrinkage. 

Table 2. X- ray fluorescence (XRF) analysis of raw materials 

Oxides Kaolin (CKI) Quartz Feldspar Kaolln(GSP) 

Si02 45.8 97.4 57.8 50.1 

Alp3 37.9 0.2 14.8 35.5 

~o 1.8 - 25.3 0.1 

Nap 0.1 - 0.3 0.1 

Cao 0.1 0.1 0.4 0.1 

MgO 0.2 - - 0.1 

Fep3 0.9 0.3 0.3 0.3 

Ti02 0.2 - - 0.1 

LOI 13.0 2.0 1.1 13.6 

Table 3. X-ray diffraction results of raw materials 

Raw materials Composition of minerals 

Kaolin (CKI) Kaolinite (79-1570) 

Quartz Quartz (79-1906) 

Feldspar Microcline (76-0918) 

Ball Clay Kaolinite (6-221 ), Quartz (5-490) 

Kaolin (GSP) Kaolinite (6-221), lllite (26-911) 
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The kaolin and ball clay content in all composition was fixed at 20 and 25%, respectively. The 

content of feldspar and alumina were varied from 10 to 54 % and 1 to 45%, respectively. PA3, 

PA4, PAS and PA6 bodies showed good physical properties. Other bodies did not show good 

physical properties such as low modulus of rupture, low density and not sintered. 

The firing shrinkage for PA3, PA4, PAS and PA6 at different firing temperatures are shown in 

Figure 1. The shrinkage of PA is the highest and the shrinkage of PA6 is the lowest. The 

shrinkage of PA4 and PA5 are in between the two bodies. The average dry shrinkage of PA3 

is 3.7% and the fired shrinkage is about 11 to 13% depending on temperature whilst the dry 

shrinkage of PA4 is about 3.4% and the fired shrinkage is also about 11 to 13% depending on 

temperature. The average dry shrinkage of PAS is about 3.4% and fired shrinkage is about 10 

to 12%. Lastly the dry shrinkage of PA6 is about 3% and fired shrinkage about 8% to 12%. Dry 

shrinkage of PA3, PA4, PAS and PA6 are shown in Figure 2. 

Figure 3 shows the water absorption of PA3, PA4, PA5 and PA6. PA6 showed the highest 

water absorption between 0.3 to 8% is dependent on the firing temperature. PA3 showed the 

lowest water absorption less than 0.7%. The water absorption of PA4 is less than 4% whilst 

PA5 is less than 5%. The water absorption of all samples were dependent on the firing 

temperatures. 
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Figure 1. Firing shrinkages of PA3, PA4, PAS and PA6 at different firing temperatures 
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Figure 2. Dry shrinkage of PA3, PA4, PAS and PA6 
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Figure 3. The effect of firing temperature on the water absorption of PA3, PA4, PA5 and PA6 

Figure 4 shows the effect of firing temperature on the density of porcelain bodies. At 1180°C, 

PA3 shows the highest density compared to the other bodies. When temperature is increased, 

the density also increases until 1220°C, the density achieved a maximum at about 2.58 g/cm3 

after which a decrease is observed until 1260°C. 

The porcelain body PA6, at 1180°C the density shows the lowest value compared to other 

bodies. When the temperature is increased the density also increases and achieved a maximum 

of about 2.60 g/cm3 at 1260°C. The density of PA6 was not seen in between the range of 

1180 to 1260°C. 
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Figure 4. The effect of firing temperature to the density of PA3, PA4, PAS and PA6 

The porcelain body PA4 displayed a density at 1180"C of 2.41 g/cm3• When the temperature 

is increased, the density also increased until 12409C with density at its maximum value of 
' 2.58 g/cm3, after which the density decreased at 12609C to 2.55 g/cm3. The porcelain body 

PA5 on the other hand saw the density at 1180°C, 2.45 g/cm3• When the temperature is 

increased, the density increased until 12409C, to a maximum value of 2.58 g/cm3, after which 

the density is observed to decrease to 2.55 g/cm3• 

Figure 5 shows the effect of firing temperature on the strength of porcelain bodies. For PA3, 

the strength was about 57 MPa. When the temperature was increased, the strength increases 

until 1220°C with a maximum strength of 73 MPa. After which the strength decreases to 66 

MPa a temperature of 12609C. The strength of PA6 at 1180°C is about 43 MPa and increases 

to achieve maximum at temperature 1260"C with the value about 75 MPa. For PA4 and PA5 

the maximum strength were achieved at 1240"C. The values of the strength at 1260°C for 

PA4 and PA5 are about 71 MPa and 76 MPa respectively. 
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Figure 5. The effect of firing temperature on the strength of PA3, PA4, PAS and PA6 
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Composition On Chemical Resistance 

From the analysis of physical properties such as shrinkage, water absorption, density and 
strength, the porcelain body of PA4 and PA5 showed suitable properties as hand formers. The 
bodies of PA4 and PA5 were selected for prototype preparation. 

Chemical and thermal shock resistant analysis 

Table 4. Results of chemical and thermal shock resistance of 
local commercial hand formers 

Composition Average Average Thermal shock test. 
corrosion in corrosion in Average 
acid {g/cm2) alkali (g/cm2) temperature at 
5% HN03• 5% NaOH. which the samples 

start to crack. 

Sample 1 290 x 10 ·3 1630 x 10 ·3 160°C 

Sample 2 20 x 10 ·3 230 x 10 ·3 210°C 

Sample 3 22x10 ·3 320 x 10 ·3 220°C 

Three samples of commercial hand formers were evaluated for its chemical and thermal shock 
resistance to compare the results with the prepared hand formers. The results of the test are 
shown in Table 4. The results of acid and alkali resistance for prepared hand formers are 
shown in Table 5. The average acid resistance for PA4, and PA5 are 20 x 1 o.a and 18 x 10·3 g/cm2, 

respectively. The average of alkali resistant for PA4, and PA5 are 200 x 10·3 and 210 x 10·3 g/cm2, 
respectively. 

Table 5. Results of chemical and thermal shock resistance of prepared hand formers. 

Composition Average Average Thermal shock test. 
corrosion in corrosion in Average 
acid (g/cm2) alkali (g/cm2) temperature at 
5% HN03• 5% NaOH. which the samples 

start to crack. 

PA4 20 x 10 ·3 200 x 10 ·3 190°C 

PAS 18x10·3 21ox10·3 200°C 

The prepared hand formers showed comparable acid and alkali resistance with local commercial 
hand formers. The formers also displayed favourable thermal shock resistance compared to 
local commercial hand formers. However, increasing the alumina content from 20 to 25% did 
not show any improvement in thermal shock resistance. 
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Phase identification 

The results of XRD of the two samples are shown in Figures 6 and 7. Both XRD patterns have 

similar trend and all samples contain mullite, corundum and quartz. The alumina content in 

PA4 and PAS are 20 and 25%, respectively. The peaks of corundum in XRD pattern of PA4 

and PAS are about the same height. The XRD pattern peaks give suitable information about 

the amount of alumina in the body compositions. 
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Figure 6. X-ray diffraction pattern of PA4. The body contain mu/lite, corundum and quartz 
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Figure 7. X-Ray diffraction pattern of PAS. The body contain mu/lite, corundum and quartz 
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Composition On Chemical Resistance 

When the XRD results of PA4 and PA5 were compared to local commercial hand formers, no 
similar phases of mullite, corundum and quartz were observed. The local commercial hand 
formers contain quartz-mullite or corundum-mullite only (Jaafar et al., 2003). They have only 
two major phases and prepared hand formers have three major phases. 

Microstructure analysis 

(a) (b) 
Figure 8. SEM Micrograph for (a) PA4, and (b) PAS at temperature 1250g C 

Scanning Electron Microscope (SEM) with microanalytical facilities was used for microstructural 
characterisation of samples. The microstructural examination was carried out at 6000 times 
magnification. All samples showed clearly the existence of mullite crystals (needle-like crystals) 
as can be seen in Figures 8 (a) and (b). However, the corundum cannot be seen clearly in 
micrographs. 

CONCLUSION 

It is established that the compositions of porcelain body containing alumina between 20 to 
25% were found suitable for chemical resistant hand former. The optimum firing temperature 

of body compositions are 1250°C. If the alumina content in compositions is increased, the 

firing temperature is also increased and the effect of chemical resistance is also increased. 

If the alumina content is increased more than 25%, the body is not matured at 1250°C. If the 
alumina content is decreased less than 20%, the body becomes less resistant to chemical. 
However, the chemical and thermal shock resistance of compositions of hand formers 
containing 20 to 25% of alumina showed only very small differences. 
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