CHAPTER IV

RESULTS AND DISCUSSION

4.1 Characterization of raw materials

Particle size distribution of raw clay was measured as shown in Fig. 4.1.

The average size of particle is about 2.6 um and the highest wt.% of amount is the

wt. % finer than
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Fig. 4.1. Particle size dﬂri_bution of clay?issolved in wat@with dispersant, hexa-meta-

phosphoric aci ﬁﬁﬁlﬂ(ﬂ;ﬂrﬁw m(ﬁr\iﬁogram.

P%’rticle size distributigns of sand am grog were mee;ured as shown in
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range of $50-850 um and about 37.7 wt.% are in the range of 300-500 pum.
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Fig. 4.3. Around 60 wt.%fof gr : '; e in \ e of 150-850 um, and about
- G 13.0 wt% of particles less than
particles over 850 um. These values

are much more than that of sand.{: asult grog includes both coarse and

fine particles, while sang‘is mainly-composed-of coarse-patticies.
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Fig. 4.3. Particle size distribution of grog.



23

4.1.2 Water content

Water contents in raw materials are shown in Fig. 4.4. Plastic forming
method is used in real production because of the high plasticity of raw clay. The water

content in clay after adding water for plastic kneading was 21 + 2 wt.%.

Water content of sand comes from wet sieving process. And then, it is

stocked on the yard outdoors. W og comes from adsorbed moisture in

ambient air. /
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4.1.3 Chemical composition

o g
%{uﬂ@ ?ﬂ ﬂ:ﬂﬁoﬂﬂﬂﬂﬁw and glass powder.
The chemical composition of raw cldy is typical of=a kaolinite-bas€d’ material with low
amount‘afw;ﬂ)aeﬂam rﬁvﬂj ﬁ &]éigzn&lza. asﬂnfirms the low
density a?ter sintering at low temperature. The high percentage of Fe,0, in raw clay is

responsible for the orange-red color of the product and specimen after firing.

The chemical composition of the glass powder is typical of soda-lime
glass which contains large amount of SiO,, CaO and Na,O. The high percentage of

alkali and alkaline earth oxides is responsible for the high efficiency as fluxing material.
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Low percentage of Fe,O, ensures that there will be no effect to fired color of product

and specimen and is a good reason to select this material.

Table 4.1. Chemical composition of clay and glass powder.

Oxide compositions (wt. %)

raw materials
Si0, ALOs FeO; TiO, CaO MgO KO NaO other LOL
clay 6207 2147 363 08 050 065 124 036 100 821
_glass powder 6800 1.18 0.09 - 1120 1.00 021 1785 047 -
41.4 | ph
Fig. 4. atterns. of the raw clay. The XRD profile
indicates that the clay is pr. Kaolini ase /s with the presence of much

amount of quartz and AO,,(OH),). Quartz is the

main phase and the broz talline materials.
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Fig. 4.5. Crystal phase analyzed of raw clay.
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4.2 Characterization of commercial products

The properties of commercial terra-cotta product of Siamese

Merchandise Co., Ltd. (SM 1, SM 2), Portugal and German were comparatively

characterized.

4.2.1 Water absorption an Ik densi

Fig. 4.6 shows t f commercial products. Fig. 4.6 (a)

shows the average water a | product. The water absorption

of SM 1 (top diameter = at 2:(top diameter = 32 cm) is higher

and close to 15%. Th the same material but high

water absorption in bi . One is the lower pressure

than that of smaller si . The second is the setting

ger size pottery was arranged

position of products in t wr-‘— -S mo \.

@

under smaller size one. A Rerature’a

the top side in the furnace. P AT

. om side was a little lower than

The water /Port duct .and German product are

13.4% and 9.7%, res vely-THESe Values: /er 7:‘p of SM products.
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Fig. 4.6. Water absorption 0 ts (a) average water

absorption (b) each p andise Co.,Ltd., 1=small size

/I ;\\\

(top diameter = 19 cm), 2=lai0e ze ';)e s;, ~‘ \
h 5

four parts and water absorption
was measured as shows in Fig. ). The firsispart called “top” is the ring of the top
rim of pottery. The secar by

part called “body2” isie

x er half of body. The third
Sl

ed “bottom” is the bottom

part of pottery.

BRI B o 2 oo s

increase from toﬂito bottom. On the ‘cher hand, water absorption of German product

O LB GO T IR RA04-

is the thickness of products. In SM 1, SM 2 and Portugal, the thickness of the bottom is a

little thicker. In German product, the relation is reverse.
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Fig. 4.7 (a) shows average bulk density of commercial products. Bulk
density of pottery is in a reverse order with water absorption. Low water absorption
means high bulk density. German product has the highest bulk density of 2.12 g/cm3
and SM products have the lowest bulk density conforming with its water absorption. The
bulk density of Portugal product is a little higher than that of SM 2 but is the same value
as SM 1.

Fig. 4.7 (b) shows b ! snsifyin@aeh part of products. German product
has very high bulk density in“eae : from top to bottom conforming

with its water absorption whit g fr “‘-r- - . And bulk densities of both

SM and Portuzg.: ;jrod C { \
g5 2.00 \ \
AUENENSWEN TS

RINNIUUNININY
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Fig. 4.7. Bulk density o pro 1cts -.\, rag Ik density (b) each part of

ze (top diameter = 19 cm),

4.2.2 Capillary pors¥olume

T ¥
Fig. 4.SBows capillary pore vollime (< 2@m) of commercial products.

Because frost damage cames from the freezing of entrapped water in capillary pore,

hence the prodﬂ M EJ % qﬂy&l nﬁr\w&%ﬂ\ﬁw frost resistance.
Oar)ﬁzrg)ﬂ ?ugj amly@ hich suggests
high frostqesnstanc apilla volume o rtﬂgal produ ower than that

of SM 1 and SM 2, but its water absorption shows only small difference. Hence Portugal
product is high in macro pore volume but low in capillary pore volume which also
suggests high frost resistance. SM products are high in both water absorption and

capillary pore volume which lead to low frost resistance.



29

0.100
0.090 -
0.080 -
0.070 -
0.060 -
0.050 -
0.040 -
0.030 -
0.020 -
0.010 -
0.000

capillary pore volume (mi/g)

Fig. 4.8. Capillary po < : M 2, Portugal and German.

4.2.3 Microstructure Pl

Fig. 4.9 shows the mieros f commercial products. SM product
shows coarse sand : | and large sizes resulted
from an ineffective §" shrinkage of the mixture

components (clay, sart 'and grog). The pores from an ineffective pressing are aligned
along the sheapdirgcti ﬁ m the layer boundaries.
The shnnkaga@‘ MH ﬁm Eﬁﬁjvﬁ(is at their boundaries
T RTH ST N 1]

188

A micrograph of the Portugal product shows particle size of sand finer
than that of SM product and pores in small size aligned along the shear direction of
forming and no porosity at boundaries of the mixture components. German product
shows homogeneous distribution of fine sand particles in the body and only fine pores

were presented.
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4.2.4 Chemical ¢ osn n

ﬁluﬂ ANHB IV AR T s s

Portugal and German products contdin relatively juch amount ofyalkali and alkaline

ot oMol b vl Ak bedbt e i vt

absorp’uon and low bulk density in SM products come from the lower amount of alkali
and alkaline earth component. High percentage of Fe,O; is the origin of the orange-red

color after firing.
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Table 4.2. Chemical composition of commercial products.

Oxide compositions (wt. %)

potteries

SiO; ALO; Fe0; TiO, CaO MgO KO Na;O other
SM 7125 2086 38 086 044 070 132 036 035
Portugal 6761 2158 514 068 021 110 3.05 040 023
German 7049 1793 579 093 043 092 222 098 0.31

4.2.5 Crystal ph ”y/

Fig. 4.10 (ajmtb)=and (c

patterns of SM, Portugal and

German commercial produ natter nd Portugal products show the
/ // | \\\‘\ SR |

presence of quartz as the \\ .) and microcline (potassium

feldspar, KAISIi,O,). Botl 5 in Portugal product are more

intense than in SM preduct ontents of Fe,0, and K,0 in

A AN

Table 4.2. W e
Paragonite (sgdiu :ﬁ’ . can be observed in German
product according to its high pe a,0. However, quartz is still the main

phase in German prody

Both miﬁc ne .

act as fluxes to reduce the ‘smtenng temperature and accelerate densification.

ﬂuﬁl?ﬂﬂﬂﬁwmﬂ‘i
amaﬂnim NN Y

sdﬂces of K,O and Na,O which
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4.2. m

1. German commercial product is lowest in water absorption. Water
absorption of Portugal commercial product is lower than that of SM
commercial product. SM commercial products are highest in water

absorption.

3. Microstructuré™ ¢ ; 5t ‘shows coarse and particles and pores.

Portugal an iman pros show f particle and smaller pores

4. Portugal and’ D! I,' ucts; atively much amount of alkali and

alkaline earth ‘oxides, while SN ‘ lower amount of alkali and

5. The XRD.patterns anfeommercial products show

2 —
) , i
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ammﬂimumqwmaa

quartz as
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4.3 Effect of amount and particle size of sand and grog

4.3.1 Shrink

Shrinkage after drying is shown in Fig. 4.11. The drying shrinkage has a

significant relation with the amount and particle size of non-plastic materials such as
: /hen the amounts of sand or grog
&nd grog disturb the shrinkage of

clay. The coarse particle. si oés notaffeetthe shrinkage, on the other hand,

fine grog decreases it.
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grog (10%, 12%, #50 and #100).

Fig. 4.12 shows firing shrinkage of mixed clay (1, 2) and sand (10%,
15%, #50 and #100). These results indicate that firing shrinkage increases with rising

temperature. Firing shrinkage decreases obviously at every temperature when the
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amount of sand increases because sand particles do not sinter in it self. The effect of

particle size of sand is small comparing with that of its amount.

5.00 - S —e—mixed clayl
- —m—sand 10%
R 4.00
e —a—sand 15%
-g 3.00 —x—sand #50
=
&
(] —x—sand #
> 2.00 - A
;F: —o—mixed clay?2

1.00 %

0.00

900
Fig. 4.12. Firing shrinkéGe @f miixed clay ( and sand (10%, 15%, #50 and #100).

Fig. 4.13 shows iriag-shrinkage.of mixed clay (1, 2) and grog (10%,
12%, #50 and #100). In the ca ¢ amount nor particle size affects firing
shrinkage.

6.00
—e—mixed clay1

- —o—grog 10%

‘a v =
RN IAUNINY N B

5.00
()

4.0(

firing Shrinkage (%)

L —o— mixed clay2
1.00 ¥
000 T T T T

900 950 1000 1050 1100

temperature®°C

Fig. 4.13. Firing shrinkage of mixed clay (1, 2) and grog (10%, 12%, #50 and #100)
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4.3.2 Water absorption and bulk densi

Water absorption and bulk density of mixed clay1, sand (10%, 15%, #50,
and #100) are shown in Fig. 4.14 (a) and (b). The water absorption decreases and bulk
density increases with rising temperature. Water absorption increases but bulk density

decreases when the amount of sand increases. Because non-plastic material such as

Water absorpiiea=ean, be jreduce .and bulk density will be increased

when the particle size of 88hd_@ecrease | :"\-.\: d particle does not disturb
vitrification. The effect gigpartieleSize 1\\\ S

\ sorption is small comparing

with that of its amount.
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= 12.00 - - --¢- - - mixed clayl

$ -~
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E 800l - _f L, sand15%
| 6.00 - ~—~=F 5 —>—Sand #50
:g —x—Sand #100

iﬂ'utf""i NENTNYINS
RTRTAEWTIE Y

(a)

-3




38

---¢--- mixed clay1

—o—Sand 10%
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- —a—Sand 15%
7]

_§ 2.05 1 —>—Sand #50
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-]

clay1, Grog (10%, 12%, #50, and # 00)-. ase of grog, the trends of water

absorption and bulk density are 1;;‘;- e a

el

of sand. Water absorption increases

but bulk density decres ses when the amount of grog- incre; ‘ es. But water absorption
———— L)

does not change so Tueh | . 4‘%- og includes much amount
i

]

of fine particles.

)
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---4--- mixed clay1
—o—Grog 10%
—a—=Grog 12%
—x— Grog #50
—x— Grog #100

bulk density (g/cm®)

Fig. 4.15. Water absorptio f ity (b \\ clay1, Grog (10%, 12%,

icle size of grog is reduced. The

effect of particle size of grog Redensity; erthan that of its amount. This is also

e

Fig. 4.1 A and (b) are water absorption a@j bulk density of mixed clay

R 11 1) W
0 W@eﬁb&ﬂoﬁaﬂd SRR G arst e

same at 980 C. At 950°C, water absorption of mixed clay1 decreases from 13.3 to 12.6
% of mixed clay2 and bulk density of mixed clay1 increases from 1.99 to 2.00 g/cm3 of
mixed clay2. As the result, water absorption decreases and bulk density increases when

the particle size of sand and grog were reduced.
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—e— mixed clay1
—A—mixed clay2

—e—mixed clay1
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Fig. 4. Q \n’l@&n‘jmlumﬂgf meﬁl'] ﬁ ﬂnxed clay 2.
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4.3.3 Color

Fig. 4.17 shows fired color of mixed clay 1 specimens at 900-1200°C.

Colors of fired specimen vary from orange to purple and dark-brown, depending on the
firing temperature. The orange color is produced at low temperature (900°C) and the

dark-brown is produced at high temperature (1200°C). The various shades of the red

color come from iron oxide (3.6 wt%)\in rew clay. Hematite (Fe,O,) gives red color but
both magnetite (Fe,0,) and ferro \ { ' ack color at all temperatures. The
dark-brown color at high temperature comes ft@uction of the red ferric oxide to

the black ferrous oxide Q

increases with temperature 8

structure of hematite which
nge -red color, the terra-cotta

should not be fired over 1000°

900 °C

950 °C
1000 °C
1050 °C
1100 °C
1150 °C
1200 °C

L

Fl‘IJEJ’J‘VIEJﬂﬁ 813

ig. 4.17. Fired color of mixed clay 1 at 900-1200°C.
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4.3.4 Microstructure

Fig. 4.18 shows cross sectional microstructures of mixed clay 1
specimens. Coarse sand and iron particles are present in mixed clay 1 specimens. The
porosity from an ineffective pressing and shrinkage of the mixture components occur
inside of the body and increase with rising firing temperature but the porosity in the

W,

surface decreases at higher temperaturi

ﬂﬂﬁﬁ%ﬂwiwﬂﬁﬁi
WAALDIANNIT NN EE..
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Fig. 4.19 shows cross sectional microstructures of mixed clay 2
specimens. Coarse sand particles were disappeared and replaced by fine sand

particles. The porosity from shrinkage of the mixture components decreases but porosity

from an ineffective pressing still occurs and increases with rising the firing temperature.

2004

[
o AU 0NN e
ARAIN TN
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4.3.5 Bendi rength

Fig. 4.20 shows three point bending strength of mixed clay1, sand (10%,
15%, 50 mesh and 100 mesh) specimens. Strength increases with the rising of firing
temperature and decreases when the amount of sand increases. Bending strength of

15% sand is lower than that of 10% sand and significantly lower than that of mixed clay

42-
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Fig. 4.21 shows three point bending strength of mixed clay1, grog (10%,
12%, 50 mesh and 100 mesh) specimens. Strength increased when the firing
temperature increased. Both the amount and particle size of grog do not significantly
affect the strength. Strength increases with reducing particle size of grog and decreases

with increasing the amount of grog particles.

—=— mixed clayl

\ = grog 10%
\ % = grog 12%

%\ —=— grog #50

m‘ : \\ - grog #100

MPa

950

Fig. 4.21. Three pointoé 0 ¥ 0%, 12%, #50 and #100).

@u&l a uﬂ mgc“ gﬁLj njxed clay 1 and mixed
clay 2 s. _Th fﬁr e %ifing temperature.
Bending eﬁﬁaiﬂ% ﬁﬁﬁaijﬂ;jo@ ﬁbecause both
the particle sizes of sand and grog reduced to 50 mesh.

Generally strength is controlled by the largest crack in the surface or
inside the body. When there are large sizes of sand, they will become the origins of
crack. On the other hand, grog is almost the same composition material with mixed clay
body. Therefore, the size and amount of grog does not affect the strength as much as

sand.
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Fig. 4.22. Three pgift slay 1 and mixed clay 2.
4.3.6 Crystal phase

Fig. 4.23 sho nixed clay 1 fired at 900°C and

1000°C. The XRD pattern-oi-mixed-ciay—i-shows-quariz a3 the main phase at both
v' o '

temperatures. Microcli pote Sl .",j and hematite (Fe,0,) are

revealed at 900°C. Hemgtlt is the cause a’orange color shown in XRD pattern at

s s 1 RS SRF DI B TE Y T3 5.0 s o

reduction of fernaloxvde is the cause'ef dark-browE:oIor Mlcroclma‘phase decreases

o GG LA R oo

formed gl ssy phase.
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s

significantly only by @ ir
experiment by adding n& fluxes.
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m
The coarse particles of sand and grog disturbed the shrinkage of clay.

The effect of particle size of sand on water absorption was small comparing
with that of its amount. The effect of particle size of grog on water

absorption was large comparing with that of its amount.

Fired color of specim ad frg @@nge to purple and dark-brown color,

depending on thefifina-temp,

Porosity in / dreased compared with that of mixed clay 1.
Fine sand p rsased porosity asishown mixed clay 2.

Particle si trength significantly. The effect
of particle s with that of its amount. The

effect of amo as not significant as that of

sand.

From the : Nt # can not be decreased
Ad_grog. Then we did further

cported i ,",Is e next chapter.

ﬂ‘lJEl’J?’IEWlﬁWEI’]ﬂ‘i

Qﬁqﬂﬂﬂ‘imuﬁﬂﬂﬁﬂﬂﬂ



49

4.4 Effect of adding flux component

4.4.1 Shrinkage

Fig. 4.24 shows firing shrinkage of composition with fluxing materials
compares with standard composition. The firing shrinkage increases at lower

temperature by increasing the glassy phase.

firing shrinkage. The firingeshrink ‘ wi% NaQ.was not measured because

specimens warped and. &

6.00 -
\\ \\‘ —o—mixed clay1

s 5.00 - «-‘\'.:’”‘ —-—CaO 1%
® 400 WA ,/ .1 \ s Glass2%
- A 5; 4 \ — Glass4%
= 3.00
< : —x— Glass6%
g’ 2.00 1 —o— Glass8%
= 1.00 § —o—mixed clay2

0.00 - o

850 - 950 000 1050 -+ 1100

AU I TETSNENS

Fig. 4.24. Firin3|shrinkage of mixedeclay1, 2, 1% Ca0 and glass (2%, 4%, 6%, 8%).
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4.4.2 Water absorption and bulk density

Fig. 4.25 (a) shows water absorption of mixed clay 1, 3 wt% NaO and 1
wt% CaO. Water absorption is much reduced significantly when fluxing materials were
added. NaO source is NaCO, (>99.0%, Fluka chemie 71351) and CaO source is CaCO,
(>99.0%, Claymin PCC 2500). NaCQ, shows high efficiency as fluxing material because

Water 0vand 950°C are 13.3% and

N

950°C. Hence CaCQ, isfa g@b stertal, bu -«\n othermically decomposes to

10.4%, respectively. T ed clay 1 firing at 900 and

release carbon dioxide & o \ e geénerated, that might increase

\

water absorption if high a

16.00
14.00
9
=) 12.00 3.0%7 mixed clay1
o i
‘g_ e —o—NaO 3%
8 8.00 -
2 —8—Cal 1%
© Sﬁ -
: p)
st 4 -
g

o " I HEAENYNa Y

temperature®°C

(a)
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=
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Ke]
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1.90
Fig. 4.25. Water absorpti < densit (b) of mixed clay1, 3% NaO and 1%
Ca0. \
Fig. 4.25 ( ulfccensities of mixed clay 1, 3 wt% NaO and 1wt%
CaO. Bulk density of 1 wt% O/atigher tr t of mixed clay 1 and the same value

Zi AW A

of bulk density is obtained 2 han mixed clay 1. In the case of 3

wt% NaO, bulk densi a"'""“'f ar than mat of mixe: ‘.ﬁ 1 and the bulk density

shows the same value ﬁfm‘n - - wer@ut the trend of bulk density

drop at high temperature, gﬂgcially at 1050%9 because the melting point of NaCO, is

5517 49 anfbdfede ‘lﬂe&i cHbs o batho bicbie.
QW']MT]?EU UA1AINYAY

Fig. 4.26 (a) shows water absorption of mixed clay1, glass (2%, 4%, 6%
and 8%). Soda-lime glass powder is a good fluxing material to reduce the water
absorption of mixed clay 1 (original mixed clay). Water absorption decreases
significantly with increasing both firing temperature and the amount of glass powder.

Water absorption much decreases at lower temperature by increasing the glassy phase.

Water absorption of 4% glass at 850°C is lower than that of mixed clay 1 at 950°C.
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Fig. 4.26. Water absorption (a) and bulk density (b) of mixed clay1, glass (2%, 4%, 6%

and 8%).
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Fig. 4.26 (b) shows bulk density of mixed clay1, glass (2%, 4%, 6% and
8%). Bulk density increases with increasing amount of glass. Bulk density of glass 4% at
950°C (about 2.07 g/cms) is higher than that of mixed clay 1 (about 1.99 g/cma).
Comparing with those of Portugal and German products, soda-lime glass powder is a

good flux material which decreases water absorption and increases bulk density. 4% of

glass can reduces firing temperature abo

t 50-100°C compared with mixed clay 1.

4.4.3 Color 7
Fig. 4. ZM ecimens at 850-1050°C. The
NaO source is NaCO, whigh' isfSg in ] ed rough surface with white

color created. The scum coyerigo a the result of salt deposited.

The white color remain \ ow temperature about 850-

f i Ma, a4\ '\
900°C. The specimen warped the ace bleated and glassy phase generated after

o

firing at high temperature (950-1066

850 °C
900 °C
950 °C

ﬂ | G WA L ™ 1000°C
; g © 1050°C

Fig. 4.27. Fired color of 3% NaO.
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Fig. 4.28 shows fired color after adding CaO and glass as fluxes to the
specimens fired at 950°C (production temperature). The orange color of hematite
occurs at this temperature and these additives do not show significant difference in fired
color. Because soda-lime glass powder has low percentage of FeO (0.09 wt.%).
Calcium silicate is white in color but if it becomes major phase, it will expel ferric oxide

into grain boundaries and show points of hematite concentration. (23)

mixed clay 1
mixed clay 2
Ca0 1%
glass 2%
glass 4%
glass 6%
glass 8%

Fig. 4.28. Fired colors of specimené with 080 and glass fluxes sintered at 950°C.
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4.4.4 Microstructure

Fig. 4.29 shows cross sectional microstructures of 1 wt% CaO
specimens. Coarse sand particles are present inside the body but the porosity from
shrinkage of the mixture components is reduced significantly because CaO acts as flux
to produce glassy phase for binding particles together. The porosity from an ineffective
pressing is present at high temperat less amount than those of mixed clay 1
and 2. In the specimens fired at n% brown color area is shown because
calcium silicate expels ferrucMo g@n bm. Bundafes, (23)

@Wa\mmﬁmwmaﬂ“

an 4.29. Cross sectional microstructures of 1% CaO specimens.
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Fig. 4.30 shows cross sectional microstructures of 4 wt% glass
specimens. Coarse sand particles are present but the porosity from shrinkage of the
mixture components and from the ineffective pressing are reduced less than those of
mixed clay 1 and 2. Because soda-lime glass powder acts as a flux material, it
increases glassy phase to reduce the porosity and close particles together. Because

calcium silicate in soda-lime glass expels ferric oxide into grain boundaries, dark area

generates in the specimen sintered N‘V’ #\ rature about 1050-1100°C.
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4.4, din rength

Fig. 4.31 shows three point bending strength of mixed clay1, 3% NaO
and 1% CaO specimens. Bending strength of 1% CaO is higher than mixed clay 1 at
every temperature. In the case of 3% NaO, despite water absorption is lower and

density is higher than those of mixed clay 1, its bending strength is very lower than that

of mixed clay 1. Because Na,CO,, as thé source of NaO starts to melts at 851°C and

34 -
32-
30
28
26 -
244
22

o %
T

—=— mixed clayl
—*— NaO 3%
——(Cal 1%

X

- ot
¥ e

MPa

|

18-
16-
144 L TR [
12- [ fl
10 -

850 900 | 950 50 110 I

temperature’C,

AULINENINEYINT

Fig. 4.31. Thiige points bending strength of mixed clay1 3% NaO and 1% CaO.
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Fig. 4.32 shows three point bending strength of mixed clay1, glass (2%,
4%, 6% and 8%) specimens. Bending strength of specimens with glass increases, but
the increment does not depend on the amount of glass. As a result, adding 2 wt.% of

glass is enough to raise the strength of the standard (mixed clay 1).

38-
36-
34-
32-
30-

—=— mixed clayl
—*— glass 2%
284 —a— glass 4%

26 )

241 vl = - = \ \ —v— glass 6%
53/ / — *  glass 8%
H L

184
16
144
124
10
850

MPa

\7 '
Fig. 4.32. Three points i | ding
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4.4, | pha

Fig. 4.33 shows XRD patterns of 1% CaO fired at 900°C and 1000°C.
Quartz is the main phase presented at both temperatures. Hematite and microcline are
presented at 900°C which is the same as mixed clay 1. At 1000°C, Magnetite
presented and pseudowollastonite (3CaSiO,) occurs because calcium carbonate reacts

with silica. The reaction starts after_the garbonate decomposed (46) according to

equation (1), (2) and (3).

500 \ |
O Hematite (Fe,03)
€ Magnetite (Fe;0y4)
400 - A Quartz
O Microcline (KAISizOg)
= ® Pseudowollastonite
é \ (3CaSiO3)
-~ 30 ol b ‘—i=“'I
8 A
£
[
§ 201 %
[
100 - AU P
q LR R T T T T T T T T | T + T

5 10 15 20 25 30 35 40 45 50 655 60 65

2 theta

Fig. 4.33. Crystal phase of 1% CaO fired at 900°C and 1000°C.
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Fig. 4.34 shows XRD patterns of 8% glass fired at 900°C and 1000°C.
Quartz is the main phase presented at both temperatures. Hematite and microcline are
presented at 900°C same as in mixed clay 1. Albite (sodium aluminum silicate) is
presented at 900°C because soda-lime glass includes high percentage of NaO. At
1000°C, the content of hematite phase which is the origin of orange color is reduced

and a little amount of magnetite phase occurs. Calcium sodium iron aluminum silicate

presented at 1000°C because so de N[ Wudes high percentage of CaO.

500
N Hematite (Fe,0,)
Magnetite (Fe;04)
400 - Quartz
. o. Microcline (KAISizOg)
2 v Albite [Na(AlSiz0g)]
) Calcium sodium iron
2 300 - aluminum silicate
2
(-]
£ A
° 200 - "
s 1000 C
°
100 - A
900°C v
0 T T T

m@uﬂanunzna;nzmm
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4.4.7 Summary

1. The firing shrinkage increased at lower temperature by increasing the

glassy phase.

2. Water absorption decreased and bulk density increased significantly with

adding flux materials.

3. The orange color of he at 950°C and each flux shows no

significant differéneesin.f : 0.

4. Coarse sand p icrostructure of 4% glass but the

porosity fro Xtur \ ents and from the ineffective

pressing weraffed
5. Bending streagt of flux component increased.

oncluded that adding 4-6 Wt% of glass

powder was effective to decrease wat '---s{v 0N and increase bending strength.
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4.5 Experimental result at factory

4.5.1 Shrinkage

Fig. 4.35 shows firing shrinkage of mixed clay1, S50G5 and SGG
compositions. Mixed clay 1 contains 5 wt% of sand including coarse particle and 8 wt%

of grog. S50G5 is an optimal formula with no flux added which contains 5 wt% of sand

amount of grog is decrease us SC , og is reduced in the future by
the improvement of productigasThé siring| shrinka : G5 is a little higher than that
of mixed clay1 at tempers ’ aterial same as S50G5 but

with a flux material ( he firing shrinkage of SGG

\

increases at a temperature

6.00 -
_ 5001 >
2 —o— mixed clay1
§ —o—S550G5
£ 300 —+—SGG
&
2 2.00
T
=
D |
‘s

3
ammn?ﬂmﬁﬁwmaﬂ

Fig. 4.35. Firing shrinkage of mixed clay1, S50G5 and SGG.
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4.5.2 Water ion and bulk densi

Fig. 4.36 (a) shows water absorption of mixed clay 1, S50G5, and SGG
specimens. Water absorption of SGG at 950°C decreases to 9.6% compared to the

13.6% of standard mixed clay 1.

16.00
14.00 4

—e—mixed clay1
—x—S50G5
—+—SGG

water absorption (%)
[o o}
8

i
] |
-~

—e— mixed clay1
- S50G5

Inipone

a‘gu}( density (g/cm®)
o)
o g
_)
_S
_)
De
ce

T 1

950 1000 1050 1100
temperature®°C

(b)

Fig. 4.36. Water absorption (a) and bulk density (b) of mixed clay1, S50G5 and SGG

specimens.
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Fig. 4.36 (b) shows bulk densities of mixed clay1, S50G5 and SGG
specimens. Bulk density of SGG at 950°C (about 2.01 g/cms) is higher than that of
mixed clay 1 (about 1.98 g/cm’). Bulk density of SGG is intermediate, between mixed
clay 1 and SGG.

Fig. 4.37 shows wate "-; s0ption, of S50G5 and SGG comparing with

similar with that of Portuga

In the or @ \-\~ of SGG at 950°C is about
9.6% as shown in Fig. _ \ %\t an product (about 9.7%).
The firing temperature o 3 n-the of 9 -950°C. Therefore, the SGG

tlon in each part of products of S50G5
and SGG comparing wit
and SGG are the sa *-y’__—‘—~~

]
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of gwater absorption of S50G5

U al products.
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—a—SM1
—e—SM 2
—— Portugal
—a—German
—x—S50G5 1
——S850G5 2
—a—SGG 1
—o0—8GG 2

Fig. 4.37. Water absorption of S50G5 and SGG compared with commercial products (a)

average water absorption, (b) each part of products (SM = Siamese Merchandise

Co.,Ltd., 1=small size (top diameter = 19 cm), 2=large size (top diameter = 32 cm)).
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Fig. 4.38 (a) shows average bulk densities of S50G5 and SGG
comparing with commercial products. Bulk density of SGG 1, 2 (about 2.02 g/cma) is
higher than S50G5 1 (about 1.99 g/cm®), S50G5 2 (about 1.98 g/cm’), SM 1 (about 1.95
g/cma), SM 2 (about 1.93 g/cms) and Portugal product (about 1.95 g/cms), but lower
than German product (about 2.12 g/cma).

Fig. 4.38 (b) shows bulk,density in each part of products of S50G5 and
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~ 210+ i ) ' —=—SM 1
5 —e—SM2
) 2.05 + —— Portugal
2 - 0 Nkﬂ —a— Geman
g 2007 : 00 200| . 55065 1
T ‘ 1.96 | —~ S50G5 2
_,_; | % 1.84| = sSGG1
5 SEg. ' 1.91| 5 SGG 2

1.85 -

Fig. 4.38. Bulk densit 1 commercial products (a)

average bulk density, ( lamese Merchandise Co.,Ltd.,

1=small size (top diamet diameter = 32 cm)).

4.5.3 Capilla r volum g, ¥

- L
— i

Fig. ; 2 jum) of S50G5 and SGG

products compared witmco » rost@amage is induced from the

freezing of entrapped waprAr} capillary pori’Therefore, low capillary pore volume is

essential for hiﬂr%r%@c%rﬁew e ¥abfiery bard valumes of Portugal and

German productmare very low, while.the capillary gare volumes ofépll 1 (about 0.082

o R ARSI B HTAGIPO R Ho o oon

However, ‘it decreased to the similar level with Portugal when SGG was sintered at

950°C.
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4.5.4 Micr

Fig. 4.48 microstruct perimental products. Fine sand

~d

particles are presente -V- oarse sand particles are

removed from both of ‘ G5 and SGG products. In the case of S50G5, the porosity is
reduced signifi rij g still remains but is
less than the S ﬁu hioﬂwﬂ ﬁfﬁﬁﬁﬁﬁ SGG decreases the
porosity kage fw Si the ineffective
pressmdﬁ’iﬁ’jsﬁ ﬁuﬁ ilﬁﬁ ﬁmﬂl ﬁgpmduct.
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strength in SGG specimen is expeeted:
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—=— mixed clayl
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clay1, S50G5 and SGG.

small size (190 mm diameter x
170 mm height) and v-j@-g ------- iameterx.2zUmm height), were tested. The
damage of samples -._I EXE » { Treeze-thaw cycle and at the

end of the test (25 times). ‘The purpose of this standard frost damage test is to observe

damages, suc“ﬂ ﬁ‘ﬁeﬂﬁﬁkﬁ ﬂﬁwm n i

AII of the samples pased the testeafter 25 freezedhaw cycles. There

vere 8o b o oo o ) Y £
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4.5.7 Summary

1. Firing shrinkage increased at lower temperature by increasing the glassy

phase in SGG composition.

2. Water absorption of S50G5 was significantly lower than mixed clay 1 at

every temperature and water absorption of SGG was also lower than that of

4. The porosi he ok 2. mixture components and the

ineffective pressigg decteasad I SEG composition.

5. Bending strength ﬂ.‘f"ﬁ: igher than S50G5 and mixed clay 1

significariths
Y

-
6. All of SG(ﬂottery samples SUNived the tedtlafter 25 freeze-thaw cycles

aCﬁdﬁto BIN52252 standardimethod. They showed no sign of damage
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