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The Effects of Banana Ash, igan Clay, DT , and
Other Oxides in Glazing Terra Cotta VVases
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Abstract

This study wasfocused on determining the effects ofbanana ash (Bg), Wigan clay
(), and DT mixed with cobalt oxide (CoO), iron oxide (FeO), and manganese dioxide
MnQO2) in glazing terra cotta vases in terms of the gopearance, texture, and color ofthe
test pieces aferfiring at 1020°C.

The results ofthis study showed that theformulations &fananaash, Wigan clay, and
DT mixed with cobalt oxide except CI5 (35-15-75-5 BaVD + CoQ producedblue violet
and Vetoria bluefrited tile samples, with rough sufices. Among the BaVDformulations
with iron oxide all the formulations except FI, F2, and F4 yielded test pieces that were
ratedglosspoint in appearance and hadsmooth surfees. Three colors were producedby
theformulations ofBaVvD with iron oxide namely: brow, spumako camd, and chocolate
brown. All the tle samples glazed with 16 BaVDformulations mixed with manganese
dioxide were rated gloss point in appearance had smooth surfices, and two colors were
produced, namdy: cypress brown and spumako camel. Therefore, it was concluded that
among 48 formulations oFbanana ash, Wigan clay, and DT, mixed wth these different
oxides theformulations mixedwith manganese dioxideyielded the best results in glazing
terracottavases.

Introduction
Backgroundofthe Study

Ash was one ofthe first materials developed for high-fired ceramic glazes. Its use as
glaze was discovered accidentally when during firing, ash from the wood fire drifted into
the kiln chamber and landed on a pot The fluxes, magnesia, and calcium in the ash fused
with thesilicaintheclayto for aglazeontheSﬁOUlderS and exposedareasofthe pot.

Ash glazes are gererally derived from wood, rice straw, grasses, and other organic
materials. When these are bumed, they leave a powdery residue that can also serve as an
ash glaze base The mineral contentofdiferentashesvaries enor:mously. Forexample,the
trunk wood of an apple tree has more calcium than an old trunk; the trunk of the new
young growth has less silica than an old trunk; Lhe wood in spring has more calcium and
alkaline. Some ofthe most interesting ash glazes can be found (and test can be obtained
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easily and inexpensively) in a fire place and incinerator ash. Because ofthe variety ofitems
which are bumed and become part ofash, one never knows what sort ofglaze may result

The recipe on the batch formula was utilized in the method of calculation on the
ingredients ofthe glaze. Thetotal ofthe weights in the recipe is the batch weight.

This study describes the processes in the preparation ofthe glaze, mixing, and firing
the test pieces as done in the Ceramics Research Productivity Center (CRPC) of the
University ofNorther Philippines (UNP), Vigan, locos Sur from January 1998 to March
1999,

This study was the first investigation on glaze formulation used in glazing terra cotta
vases made particularly in \igan, llocos Sur.

Obiecti

This study attempted to find out which ofthe different formulations ofbanana ash,
Vigan clay and DT, mixed with the different percentages of oxides would yield to an
efkctive glaze forterra cotta vases.

I soughtanswers to the following questions:

. Which of the different formulations of banana ash (Ba), Vigan clay (V), and
DT,, (D) with cobalt oxides (CoO) would yield an effective glaze for tera cotta ™
vases interms ofappearance, texture, and color?

2. Which of the different formulations of banana ash (Ba),Vigan clay (V), and
DT D) with iron oxide (FeO) would yield an efkctive glaze for tenra cotta
vases interms ofappearance, texture, and color?

3. Which ofthe different fonnulations of banana ash (Ba), Vigan clay (V), and
DTA (D) with manganese dioxide (MnO,) would yield an effective glaze for
terracoottavases in terms ofappearance, texture, and color?

Scopeand Delimitation

This study was focused on the effects ofbanana ash (Ba), Vigan clay V), and DTA,

D) mixed with either cobalt oxide (Co0), iron oxide (FO) or manganese dioxide (MnO,)
inglazing tera cottavases.

It was limited to the analysisof48 formulations ofthese clay materials that would
yield the best appearance, texture, and color ofterra cotta vases. Sixteen of these were
formulations of BaVD mixed with 2-5% of cobalt oxide (CoO) plus 40 ml water (fable
1). Sixteen were formulations of BavD mixed with 2-5% ofiron oxide (FeO) plus 40 ml
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water (Table 2). Another set of 16 formulations were combinations of BavD mixed with
2-5%0fmanganese dioxide (MnO3)plus40 mlwater(Table3).

TableL. Mixing®rmulationsofbananaash, Viganclay, and DT3awith cobaltoxide
analyzed in thestudy.

GLAZE MATERIAL Po
FORMULATION BANANA | VIGANCLAY COBALT
ASH (Bas) (V) DT3.D) OXIDE (Co0)
Cl 45 05 15 2
c2 40 10 15 2
C3 35 15 15 2
CA 30 20 15 2
C5 45 05 15 3
C6 40 10 15 3
c7 35 15 16 3
C8 30 20 5 3
C9 45 05 15 4
CI0 40 10 75 4
CllI 35 15 75 4
Cl2 30 20 75 4
Cl3 45 05 75 5
Cl4 40 10 75 5
CI5 35 15 75 5
Cl6 30 20 15 5

Table2. Mixingformulations ofbanana ash, Vgan cday, and DT,, with ironoxide
analyzed in thestudy.

GLAZE MATERIALG
FORMULATION BANANA | VIGANCLAY IRONOXIDE
ASH (Ba) V) DT, D) FeO)

FI 45 05 75 2
F2 40 10 7 2
F3 35 15 I6) 2
F4 30 20 15 2
) 45 05 15 3
Fo 40 10 15 3
F7 35 15 16 3
F8 30 20 75 3
F9 45 05 16 4
FI0 40 10 75 4
Fll 35 15 75 4
FI2 30 20 15 4
FI3 45 05 75 5
Fl4 40 10 75 5
FI5 35 15 75 5
Fl6 30 20 75 5
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Table 4. Mixing formulations of'banana ash, Vigan clay, and D Tuwithmanganese
oxide analyzedin the study.

GLAZEMATERIAL (Percent)
FORMULATION BANANA | VIGANCLAY MANGANESE
ASH (Ba) \/ DT, D) | DIOXIDE (MnO)
Mi 45 16 2
M2 40 10 Ie) 2
M3 35 15 75 2
M4 30 20 IS 2
M5 45 05 H 3
M6 40 10 75 3
M7 35 15 75 3
M8 30 20 75 3
M9 45 05 75 4
MIO 40 10 75 4
MIl 35 15 75 4
M12 30 20 I: 4
MI3 45 05 75 5
Ml4 40 10 IS 5
MIS 35 15 16 5
MI6 30 20 75 5

ReviewofRelatedLiterature

Speignt (1976) states that modem chemistry has given the potter much useful
information about the behavior ofglaze materials. However, the potter still depends ontrial
and error and testing. Slight changes in the amount of certain ingredients can change a
glazeradically, and there is no way to be sure what a particular glaze will look like without
making a test or series oftests. Tests allow the researcherto alter the proportion of one
material slightly and see what happensto the glaze. At all times potters, no ..._.._. how
experienced, testconstantly,always looking fornewand betterglazeformulas.

Speignt further states that in makingthe ingredients, a potter must use a balance
scale, weigh out the dry ingredients, then add them to a small quantity ofwater to form a
thick, soupy mixture. Next he mustput this mixture on a sieve with 60 or 80 mesh, refine
the materials and mix them thoroughly. Then, he should add more ___.__. to bring the
mixtureto a good consistency for dipping or brushingthe glaze onto the articles— a mixture
like thick cream is generally satisfactory. Many potters use a hydrometer to measure the
... __.._.. Bydoingthis,they canmake the water ... .. andthe glazeatthe
same consistency at all times, adding more ______ as it evaporates. MiXx the ingredients
thoroughlyand continuously or else the solid ingredientswill settleatthe bottom.

Costales and Olson (1959) states that the materials for glaze must be property
prepared to be usable. This preparation when done in a ceramics materials industry
includes filtering, chemical purification, and such processes specially designed for
machines and equipment that prepare the materials automatically. But when the
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preparation is done by hand or with inadequate facilities, only crushing, grinding,
pulverizing, washing, and screening may be possible. Crushing can be done with a heavy
hammer until the largest piece is as small as match head The grinding and pulverizing can
be effectively done with the use ofa porcelain mortar and pestle. The particles of most
ceramic materials should be fine enough to pass through a 200-mesh or fiberscreen. Wire
screen or nylon-lawn are available for thispurpose. When such a screen is notavailable the
grindings should be sieved through at least 100 mesh. Then, they should be ground further
until they had been reduced to a powder which feels as soft as four. When any grittiness
can be felt between the finger tips the material is too coarse. Washing the powder with
several rinses ofwater will remove undesirable materialswhich cometo thetop.

Methodology

Researchdesign, This study used the experimental method ofresearch observing
the operational procedures.

Materials and tools/equipment. Table 4 presents the materials and
tools/equipment used inthis study and theirfunctions.

Table 4. Materials and tools/equipment used in the study and their functions.

MATERIALAND

TOOL/EQUIPMENT USEAND OTHERDETAILS

BananaAsh (Ba) One of the ingredients of the base glaze for terra cotta
vases.

Cobaltoxide (CoO) Used to give blue color to glass and pottery ware, and
added to groundcoat enamels for steel to improve their
adherence.

A transparentglaze to be added to the base glaze forterra
cottavases

Ferrous oxide (FeO) This lower oxide tends to bg formed under reducing
conditions; it will react with SiIO to produce a material
melting at about 12000C  hn this study, it is the same as

ironoxide.
Manganesedioxide Itisused as a coloring oxide (red or purple). When mixed
(MnO) withthe oxides ofCo, Cu, orFe, itproducesblack.
Vianclay V) To be added to the base glaze made of banana ash and

DT
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Table 4. Continued.

MATERIAL AND
TOOILJEQUIPMENT

USEANDOTHERDETAILS

Water

Basin

Graduatedcylinder

Plasticcups

Sponge(wet)

Spoon

Weighingscale

Kiln

To be addedto the glaze ingredients to enable the glazeto
stick to the articles. In this study, 40 ml HO was used in
eachformulation.

Usedascontainer ofthe ingredients ofglaze.

Used in measuring the amount of water needed in the
mixtureofglaze.

Used for placing the sample ingredients of glaze for tera
cottavases

Used for cleaningthe bottom ofthe articles afterglazing to
befreefromglaze

Used fur scooping the ingredients ofglazeto be placedon
theweighingscale (trial beam).

Used for measuring the required amount of glaze
ingredients for glazing terracottavases.

A high temperature installaton used for firing ceramic
waresorforcalcining.

Definition of Terms

Appearance. Inthisstudy, itrerstoeitherfitted orglosspoint.

Color. Itwasbasedfromthemariwasailesamples.

FHit. This formsan importantpart ofthe batches used in comp oundingenamels and
glazes. The purpose ofthis prefusion is to render any soluble andbr toxic components
insoluble by causingto combine with silica and otheradded oxides. Inthis study; it shows
thatthe glazewasnotable to reachitsmeltingpoint.

Gloss point. When a layer of glaze powder is heated, a temperatureis reached at
whichthesurfacechangesitsappearance fromdullorbright.

Texture. Inthisstudy, itre®rstothe smoothnessothe surfaceofthearticle/product.
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Technical Description oftheProcess

Basically, seven steps were followed in the preparation of the formulated glaze,
namely: pulverizing; weighing; mixing, screening, glazing; firing, and evaluation.

The preparation of the glaze was done through experimentaton having of 48
formulations in order to find out which amongthe formulations (Tables 1-3) has the best
appearance, texture, and color. Three sampletiles performulationweretested

The base glazes were: bananaash (Ba), Vigan clay (V),and DT (D). The oxides

needed in the formulations were: cobalt oxide (CoO), iron oxide (FeO) and manganese
dioxide (MnO,).

Pulverizing, This wasdoneby puttingtwo spoonfuls of bananaash intothe mortar
and pounding it with a pestle until such time that all the bananaash became powder-like.
Vigan claywasalso pulverized similarly.

Wkighing. The required amount ofbase glaze was weighed and then placed into
the plastic cups. Likewise, the required amount of oxides was weighed and put into the
plastic cups. Each plastic cupwasmarked accordingly forevaluation purposes.

Mixing. In mixing the glaze, a graduated cylinderwas used to measure the water
content of the glaze in orderto ensure the right amount ofwater and keep the glaze at the
same consistency at all times. Water was added to the dry ingredients in the plastic cups.
The ingredients were stirred thoroughly with a piece ofstick or an electric device to make
sure that heavier glaze ingredients donot accumulate atthe bottom.

Screening.  Screening was done by using 200 mesh screen to remove foreign
particles in the mixture Afterscreening, the glaze was putinto plastic cup, the screen was
cleanedto be ready forthe next mixture.

Glazeapplication. Tests pieces shouldbe free from dustand be handled minimally
to avoid soiling them with oily fingerprints. The test pieces were wiped with a dump
sponge or rinsed quickly under tapwater. Then, they were markedat the bottom similarly
to the mark on the plastic cups. The glaze wasstirred and the article was dipped into it for
two to three seconds. Then, the article was shakento get rid ofextraglaze. When finger
marks were left onthe piece, thiswascovered by retouching it with abrush.

Gaze firing. After the test pieces were applied with glaze, they were dried and
prepared for glaze firing, Before loading the kiln, the researchers made sure that it was
cleanandthatthe brickkiln lininghadno loose fragmentsthatcan full onthe articles.

The kiln was loadedand the kiln shelves were on posts to fitaroundthe articles. The

tests pieces and other articles inside the kiln were properly arranged and maintainedat *
distances to preventthearticles from sticking to each otherwhenthe glazemelted.
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Afterthe kiln was loaded, itwas covered, the thermocouple was put, and the kiln was
switched on. Betweenthree to four hours offiring, the researchers observed and read the
temperature scale, When the temperature reading was 1020C the kiln was switched off.
After 12 hours from the start of firing the kiln was opened and the test articles were
unloaded.

Evaluation. This was done by arranging the test pieces according to their tag

marks. They were checked individually and data on the appearance, texture, and color of
eachpiecewasrecorded. Theresultswere analyzedand interpreted.

Resultsand Discussion

Characteristicsof TE Samples Glazedwith
Formulations Having Cobalt Oxide

Appearance. Ofthe 16 formulations ofbanana ash (Ba), Vigan clay (V), and DT3
D) with cobalt oxide (CoO) used to glaze tera cotta vases, only Formulation C15 (35-15-
75-5 BavD + Co0) produced tile samples rated GP or gloss poit . All other tile samples
glaz.ed withthe other formulations produced fritted or underfiredtest pieces (Table 5).

Table5. Appearance ofthetilessamples glazedwith 16 formulations ofbananaash,
Vian clay, and DT, with cobaltoxide.

CHARACTERISTIC

FORMULATION SAMPLEI SAMPLE2 | SAMPIE3
Cl (45-05-75-2BavD+Co0)
C2 (40-10-75-2BavD+Co0)
C3 35-15-75-2BavD+Co0)
CA 30-20-75-2BavD+C00)
C5 (45-05-74-3 BavD+CO)
C6 (40-10-75-3BavD+Co0)
C7 35-15-75-3BavD+Co0)
C8 (30-20-75-3 BavD+C0O0Q)
O (45-05-75-4BavD+Co0)
Cl0 (40-10-718BavD+CO)
Cl1 35-15-78BavD+Co0)
Cl12 (30-20-758 BavD+Co0)
C13 (45-05-75-5BavD+CO)
Cl14 (40-10-75-5BavD+Co0)
CI5 35-15-75-5BavD+CO)
CI6 (30-20-755 BavD+Co0)

Legend: F—Fitted GP-Glosspoint

M@ MM TT MM T MM AT
M@ AmmTm M T mTmmTmThm
MMM AT TMT T TT

Texture. Table 6 shows that Formulations C9, Cl1, C12, C14 and CI5 yielded
smoothtestpieces. Allthe other formulations producedroughtile samples.




ElcesafBaaAsh VinanCav andDE conTarracataz/asag yivi

Table6. Texture oftile samples glazed with 16 fonmulartions of banana ash, \Mgan chary and
DT,withcobaltoxide.

CHARACTFERISTIC

FOR-MULATION SAMPI F1 SAMP| E2 SAMPI E3

Cl (45-05-75-28avD+Co0
C2 (40-10-75-2BavD+CoQ
C3 (35-15-752BavD+CO
C4 (30-20-75-2BavD+Co0
C5 (45-0574-3BavD+C00
C6 (40-10-75-3BavD+Co00
C7 (35-15-75-3BavD+CO
C8 (30-20-75-3BavD+CO
9 (4505-75-4BaVD+CO
CI0 (40-10-75-4BavD+C00)
CI1 (35-15-75-4BavD+Co0)
CI2 (30-20-75-4BaVD+CO0)
C13 (45-05-755 BavD+Co0
Cl4 (40-10-755BavD+Co0
CI5 (35-15-75-5BavD+CO)

CI6 (30-20-75-5 BaVD+COQ

TONITOVLOINIVDIITOVDOID
T ITvnInIVIOVODIOIOOD
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Legend: S—Smooth R—-Rough

Color. Two colors were producedby the formulations with cobalt oxide, namely:
blue violetand Victoriablue. Formulations CI to CIO yielded blue violet test pieces while
Formulations Cl 1 to Cl6 produced Victoria bluetestpieces(Table 7).

Table7. Coloroftilesamplesglazed with 16 formulationsofbananaash, Vganclay,
and DT, with cobaltoxide.

CHARACTERISTIC
EQRMIUIIL ATION SAMPIL E1 SAMPLE2 SAMPLE3
Cl (@5-05-752BavDC00O . BV BV BV
C2 (40-10-75-2BavD+C00Q BV BV BV
C3 (35-15-752BavD+C00 BV BV BV
C4 (30-20-752BavD+C00Q BV BV BV
C5 (@45-05-74-3BavD+C00 BV BV BV
C6 (40-10-75-3 BavD+C0O0Q BV BV BV
C7 (35-15-753 BavD+CO0Q BV BV BV
C8 (3020-753BavD+CO BV BV BV
O (45-05-18BavD+C0OQ BV BV BV
CI0 (40-10-75-4BavD+C0O0Q BV BV BV
ClI1 (35-15-75-4BavD+C0O0 VB VB VB
Cl12 (30-20-7&8 Bav/D+C00Q VB VB VB
C13 (45-05-75-5BavD+C0O0Q VB VB VB
Cl4 (40-10-755BavD+C0O0Q VB VB VB
CI5 (35-15-755 BavD+COO0) VB VB VB
Cl16 (30-20-755BavD+CO VB VB VB

Legend: BV-Blueviolet VB-Vitoriablue
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Characteristics of Tle Samples GHazedwith Formulations
Having Iron Oxide

Appearance. Table 8 shows that of the tile samples glazed with formulations, of
banana ash, Vgan clay, DT,, and iron oxide, only Formulations F1, F2, and F4 yielded
ffitted tile samples. Allthe restproducedtest pieces rated GP orgloss point.

Table 8. Appearance oftile samples glazed with 16 formulations ofbanana ash,
\Mganclay,and DT:awith iron oxide.

CHARACTERISTIC
FORMULATION SAMPI FI1 | SAMPI F2 | SAMPI F3
Fl (45-05-75-2 BaVD+¢O) F F F
F2 (40-10-75-2 BaVD+FeO) F F F
F3 (35-15-75-2 BaVD+-e0) GP GP GP
F4 (30-20-75-2 BaVD+FeO) F F F
F5 (45-05-74-3 BavD+FeO) GP GP GP
F6 (40-10-75-3 BaVvD+FO) GP GP GP
F7 (35-15-75-3 BaVD+FeO) GP GP GP
F8 (30-20-75-3 BavD+eO) GP GP GP
F9 (45-05-75-4BaVvD+Fe0) GP GP GP
FIO (40-10-75-4BavD+~e0) GP GP GP
F11 (35-15-75-4BavD+Fe0O) GP GP GP
F12 (30-20-78BaVD+FeO) GP GP GP
FI3 (45-05-75-5 BaVD+FeO) GP GP GP
F14 (40-10-75-5 BavD+FeO) GP GP GP
F15 (35-15-75-5 BavD+=0) GP GP GP
F16 (30-20-75-5 BaVD+=eO) GP GP GP

Legend: F--Fritted
GP—-Gilosspoint

Texture. Allthe formulationswith ironoxideyielded smoothtile samples (Table 9).

Color. Three colors emerged from the trials usihg the formulations with iron oxide,
namely: brown, spumako camel, and chocolate brown (Table 10). Majority of the
formulations (F8 to F16) produced chocolate brown tile samples; Formulations FI to F4

yielded brown test pieces; and Formulations F5 to F7 produced spumako camel tile
samples.

CharacteristicsEElN@ SamplesGlazed Wth Formulations
HavingManganeseDioxide

Appearance. The tile samples glazed with formulations ofbananaash, \gan clay,
andDT24 withmanganesedioxide wererated GP orglosspoint(Table I1).
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Table 9. 'Textureoftile samplesglazedwith 16 formulationsofbanana ash, \gan
clay,and DTawithironoxide.

CHARACTERISTIC

FORMULATION

SAMPLE1

SAMPLE2

SAMPLE3

FI
F2
F3
F4
FS
F6
F7
F8
F9

(@5-05-75-2 BaVD+Fe0)
(40-10-75-2 BaVD+FeO)
(35-15-75-2 BaVD+Fe0),
(30-20-75-2 BaVD+Fe0)
(45-05-74-3 BaVD+FeO)
(40-10-75-3 BaVD+FeO)
(35-15-75-3 BaVD+FO)
(30-20-75-3 BaVD+e0)
(45-05-75-4 BaVD+0)

FIO (40-10-75-4BaV DtFeO)
FI (35-15-75-4 BaVD+FeO)
F12 (30-20-75-4BaVD+e0)
F13 (45-05-75-5 BaV DtFeO)
FI4 (40-10-75-5 BaVD+FeO)
FIS (35-15-75-5 BaVDtFeO)
F16 (30-20-75-5 BaVD+FeQ)

NDNDUDNDUNDULUBDULULU!LOULOBLOLOBLOnmumOm
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Legend: S—Smocath

Table 10. Color oftilesamplesglazedwith 16 formulationsofbanana ash, Vigan
cay, and DTawithironoxide.

CHARACTERISTIC
FORMULAT ION SAMPLEL | SAMPLE2 | SAMPLE3

FI (45-05-75-2 BavD++eO) B B B

F2 (40-10-75-2 BavD+<O) B B B

F3 (35-15-75-2 BaVDtFeO) B B B

F4 (30-20-75-2 BaVD+FeO) B B B

F5 (45-05-74-3 BaVD+HO) sc sC sc
F6 (40-10-75-3 BaVD+FeO) sC sC sC
F7 (35-15-75-3 BaVD+FeO) sC sC sC
F8 (30-20-75-3 BaVD+Fe0) ChB CbB ChB
F9 (45-05-75-4BaVD+Fe0) ChB ChB ChB
FIO (40-10-75-4BaVD+eO) chB ChB ChB
FI1 (35-15-75-4 BaVD+FeO) chB ChB ChB
F12 (30-20-75-4 BaVD+€0) ChB ChB ChB
F13 (45-05-755 BaVD+FeO) ChB ChB chB
F14 (40-10-75-5 BaVD+FeO) chB ChB ChB
FI5 (35-15-755 BaVD+FeO) ChB chB ChB
FI16 (30-20-75-5BaVD+Fe0) ChB ChB CB

Legend: B—Brown
SC--Spumako camel

ChB-Chocolate brown
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Table 11. Appearance oftile samples glazed with 16 formulations of banana ash, Mgan cday,
and DT,awith manganeseoxide.

CHARACTERISTIC

EQRMIUII ATION SAMPI F1 SAMPLE2 SAMPLE3
M1 (45-05-75-2 BavD+MnO3) GP GP GP
M2 (40-10-75-2 BaVD+Mn.03) GP GP GP
M3 (35-15-75-2BavD+Mn0O.) GP GP GP
M4 30-20-75-2 BaVD+MnO) GP GP GP
M5  (45-05-74-3 BaVD+MnQO.) GP GP GP
M6 (40-10-75-3 BavD+MnQ.) GP GP GP
M7 (35-15-75-3 BaVD+MnO.) GP GP GP
M8 (30-20-75-3 BavD+MnO.) GP GP GP
M9 (4505-75-4BavD+Mn0O>) GP GP GP
MIO (40-10-75-4BavD+n0O>) GP GP GP
M1 (35-15-78 BavD+Mn0O.) GP GP GP
MI2 (30-20-75-4 BavD+MnO) GP GP GP
MI3 (45-05-75-5 BaVD+MnO.) GP GP GP
MI4 (40-10-75-5 BavD+MnO,) GP GP GP
MI5 (35-15-75-5BaVDHNO.) GP GP GP
MI6 (30-20-75-5 BaVD+MnO.) GP GP GP
Legend: F-Fitted GP-Glosspoint

Texture. All the test pieces glazed with Formulatins M1 to M16 were smooth tile
samples (fable 12).

Table 12. Texture oftile samples glazed with 16 formulations of banana ash, \Mgan clay, and
DT;awith manganeseoxide.

CHARACTERISTIC

FORMULATION SAMPI F | SAMPLE2 | SAMPIE3

MI (@4505-75-2BavD+Mn0,) S
M2. (40-10-75-2 BaVD+MO3)
M3 35-15-75-2BavD+Mn0O)
M4 (30-20-75-2 BaVD+MnO,)
MS (@5-05-74-3 BaVD+MnO.)
M6 (40-10-75-3 BaVD+MnO,)
M7 35-15-75-3BavD+Mn0.)
M8 30-20-75-3 BavD+MnO3)
M9 (45-05-75-4BavD+Mn0O3)
MIO (40-10-788 BaVD+MnO,)
MIl 35-15-75-4BavD+MO)
MI2 (30-20-75-4 BaVD+Mn03)
MI3 (@5-05-75-5 BavD+Mn03)
MI4 (40-10-75-5 Bd\/D+MnOS)
MI5 35-15-75-5BavD+MO.)
M16 30-20-75-5 BavD+MO,)

(X X X2 X2 X2 X X N M o RO RO RO N N o N 7p)
NLOLOUDUBLULULUBLULOBLOBLnom,munom
NN ULULOBUBLDUBLOLOBLLBLLunnunmomom

Legend: S-Smooth
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Color. Table 13 shows that almost all the formulations with manganese dioxide
yielded cypress brown tile samples. Only Formulation M16 (30-20-75-5 BaVD+MnO,)
produced spumako cameltiles.

Table 13. Color oftile samples glazed with 16 formulations ofbanana ash, Vgan
clay, and DT,, with manganese oxide.

CHARACTERISTIC
FORMULATION SAMPLEL | SAMPLE2 | SAMB F3
M1 (45-05-75-2 BavD+MnO.) CB CB CB
M2 (40-10-75-2 BavD+MnO.) CB CB CB
M3 (35-15-75-2BavD+MnO) CB CB CB
M4 (30-20-75-2 BavVD+MnO) CB CB CB
M5 (45-05-74-3 BaVD+MnO,) CB CB CB
M6 (40-10-75-3 BaVDtMNO,) CB CB CB
M7 (35-15-75-3 BaVDtMNO,) CB CB CB
M8 (30-20-75-3 BaVD+MnO,) CB CB CB
M9 (45-05-75-4 BavD+MnO3) CB CB CB
M10(40-10-75-4 BavD+MnO.) CB CB CB
M11 (35-15-75-4 BavVD+MnO.) CB CB CB
M12(30-20-75-4 BavVD+MnO.) CB CB CB
M13 (45-05-75-5 BaVD+MnO,) CB CB CB
M4 (40-10-75-5 BaVD+MnO,) CB CB CB
MI5 (35-15-75-5 BavVD+MnO) CB CB CB
M16 (30-20-75-5 BavVD+MnO.) SC SC SC

Legend: CB-Cypress brown
SC-- Spumako camel

Conclusions and Recommendations

Based Onthe findings of the study, the following conclusions and corresponding
recommendations weredrawn:

1. Results ofthe study show that the formulations ofbanana ash, \gan clay and
DT, with cobalt oxide, except Formulation C15 (35-15-75-5 BaVD + Co00) produced
ffitted tile samples. The glaze on the tests pieces were not able to reach ... melting point at
1020C. The texture of majority ofthe tests pieces were rated R or rough. htis, therefore,
recommended that for tiles glazed with these formulations the temperature should reach
1100C to 1200'C toreach the melting point ofhe glaze.

2. Among the formulations of banana ash, Vigan clay and DT, with iron oxide,
only Formulations FI, F2 and F4 yielded tile samples that were rated F or fritted. All the
other formulations yielded test pieces that were rated GP or gloss point in appearance. All
the test pieces were rated S or smooth in texture. Three colors were produced, namely..
brown, spumakocamel, and chocolate brown. Itis also recommended that for tiles glazed
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with these formulations the temperature should reach 1100C to ensurethatthe glaze will
meltatits meltingpoint

3. Allthetile samples glazedwith the formulations ofbananaash, Vigan clay, and
DT3 with manganese dioxide were rated GP or gloss point in their appearance and
smoothintexture. Twocolorswere produced cypressbrownand spumako carrel.

4. Therefore, it can be concludedthatamongthe differentformulations, the mixture

of bananaash, Vban clay, and DT3 with mangarese dioxide in all the 16 formulations
yieldthebestglazefortermcottavases

5. Inorderthat UNP Ceramics and Productivity Centerwill notconsume much of
electricity in bisquitfiring, it is furtherrecommendedthata wood-fired kiln be constructed
andusedin futureceramicsresearch andproduction activities.

6. Furtherstudies should be conducted relative to this study to improve the quality
of ceramicsarticles.
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