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Executive Summary

Vetiver grass is a widespread plant in Thailand. It has been used in several applications
such as land erosion prevention, toxic pollutants removal, and environmental
remediation. The chemical analysis provided that it mainly contained of >50% of
potassium and ~20 wt% silicon. Since, the main element is potassium, then it is likely
to be used as feldspar replacement in ceramic processing. The thermal analysis of
vetiver grass also revealed that the vetiver grass can act as fluxing agents to form a
glassy phase at low temperatures (600°C). The effect of vetiver percentage in ceramic
processing on some physical and mechanical properties of ceramics were examined
including, firing shrinkage, density, porosity, and bending stress. The results showed
that with increasing the ratio of vetiver grass the density of sample decreased from 1.7
g/cm’ (without vetiver grass) to 1.1 g/cm? (30 wt% of vetiver grass) at 600°C of firing
temperature. The explanation was that during the firing process vetiver grass can
generate CO; from hydrocarbon decomposition, this CO, created pores inside the
sample, then the density was decreased and pore volume also increased. Meanwhile,
the bending stress decreased from 3.6 MPa (without vetiver grass) to 0.5 MPa (30 wt9%
of vetiver grass) at 600°C of firing temperature. In sumnmary, the results proved that
the vetiver grass is a good candidate to be feldspar replacement in ceramic processing.
In the other words, it can be one option for promoting environmental sustainability in

term of waste and mining reductions.
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Abstract

The objective of this research is to study the possibility of using vetiver grass
to replace the potassium feldspar in the compression molding of ceramic. The
specimen mixed with vetiver grass in the ratio of 0 5 10 15 20 25 and 30 percentage,
respectively. The temperatures of 400° 600 and 800°C were used in the sintering
process. After the sintering process, the test specimens were measured the physical
and mechanical properties such as density, shrinkage percentage, blending and
compressive stress, The study found that the increase of vetiver grass amount in the
specimen causes the decrease of density and increase of shrinkage percentage and

porosity, while the blending and compressive stress were decreased.
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7.26.1 thiusulunageunnusummunssialas fewpdemadeu Universal
Testing
7.2.6.2 SufinAr9niaies Universal Testing fimlumum
7.26.3 MBunuimioninnnsmagsuaudiunuseialdduusn TUsi
msavvey auyuiierhluvadeumuiumusanash
7.26.4 1hdunilunagoumnuivnuLsnasa eintemadeu Universal
Testing
g 7.2.6.5 PufinArniaies Universal Testing timhluuaas
7.27 SUNDUNISVARBUNIINITATN
7271 dundndnludaihmindtetuiinduimindeudy
7.27.2 ﬁu%vumuﬁqquﬁ 100 ssrwaideaveni unan 5 $lu
7273 winsliluiidune 12 4l
7.27.6 vduiunutnndwuetests Tufnead shmfnmdadudsuuenna
7275 ihduanlundluhlaglvegsewinasweni Inslunisedadmin
wuuilede tuiinanduhminvdadudsluh
7.2.8 Yugarilunisdundn
fegaty gamgil 400 ssrwaldes dadrunauvaiudn 0 Wosidus
T dunuuteieunagey 2617 nd shaindunumageuDenvdmaaou 20.67 n3u
shwingusunngeuluh 14.67 0% sufguiinh 1 gnuraiiauiuns dawhdurh 1
n3u
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€

3.28.1 Ysmasim (V)
V=M-=5
V. =29.67 - 14.67
V = 15 gnuAftsuding

7.2.8.2 Usunsgugula (Vp)

Vep =M~ D

Vep = 29.67 = 26,17

Vop = 3.5 QNUIANTUALLNT
7.283 Aanuwguwiausng (P) Wesidud

P =[M-D)/V]x100

P = [(29.67 - 26.17) / 15] x 100

P = 2333 Woeslwud
7.284 anuvnuuu (B)

B=D/V

B=2617/15

B = 1.74 nIusegnuiAriwuiiung
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8. HANITNNaBILaZaSUsIeNE

8.1 MIVABUAUUANIINILAW

MINAFBUALURANINIEA A msmaauqé’nwmzma’tuwaaﬁm'\u mMawdsuwag
VWIATRIAMUEN ATUNTN WAZAIINMN NSVAGT ATIMLILLILTBI TS e
Tnsnamsasavasunanssatolui]

8.1.1 AMUNUILUULAZNITUAR

TunsmageuAMaIIwINTIY (Bulk density) LLavmwwwawumwaaﬂ'm

meammu 400, 600 uag 800 vaFwaLduE ﬁ'm1SnmmmLﬂmnu'muﬂfuawumu'lwumv
T KU R OTN S TR ECTORTT TRATTE Imﬁwﬂimmwawumummmmﬁmnmﬂmmmfﬁumu
Lfﬂummﬂum'immwmm'mawuawmmmwﬂsﬁmammmmﬂnauuawaum HanIg
NTIVFADUAIIUMUMUUTIUALAITAG) UaRIfIn15197 2 uaagﬂﬁ 11

15999 2 AILUALUULLAZ NS UASIVBT U UINE LN

ndIL . i
gapll | wgh | swmededousn em) | snmadendiem (em) vhwin (g) uijnm rmu' rouay
e wln VI Wi miwm

. . - . ) (cm?) (g/cm?) "

e | em wn | nde | em w1 | ey PLE
0 243 10.95 1.16 | 243 10.85 1.16 64.25 52.70 30.58 1.76 0.89
5 2.43 LMY, 1554 | 2,09 11.08 1.14 64.33 54.90 30.57 1.84 1.09
10 2.46 11.22 141 245 11.11 1.28 65.58 53.42 34.84 1.58 1.16
400 15 2.46 11.56 1.35 2.46 11.47 1.40 62.67 51.80 39.50 1.36 135
20 2.47 11.78 1.53 | 2.28 11,59 1.68 62.08 49.50 44,39 1.18 1.70
25 246 | 1197 | 160 | 243 | 1173 | 153 | 64.00 | 47.83 43 51 1.12 1.95
30 2.53 12.08 1.63 | 248 11.84 1.59 62.83 a4.17 46.69 0.99 2.05
0 2.46 10.30 1.22 2.44 10.27 1.19 56.58 50.42 29.82 1.69 0.36
249 1043 1.38 246 10.38 1.33 62.00 52.08 3396 1.54 0.48
10 247 10.39 1.37 245 10.31 1.43 63.08 50.75 36.12 141 0.91
600 15 247 10,34 1.41 246 10.35 1.43 61,92 49.08 36.41 1.35 0.37
20 2.52 10.47 149 | 247 10.39 1.51 63.08 46.58 38.75 1.20 0.74
25 251 10.50 1.64 2.47 10.39 1.58 63.25 45.08 40.55 112 0.85
30 2.56 10.52 1.66 2.52 10.40 1.60 64.33 42.83 41.93 1.02 1.11
2.45 10.92 1.19 241 10.80 1.19 66.17 49.08 30.97 1.68 1.10
246 11.80 1.48 | 240 11.50 1.35 63.00 52.00 37.26 1.61 1.23
10 246 10.62 1.42 | 2.39 10.51 1.43 63.58 4942 3592 1.39 1.11
800 15 246 10.92 140 | 243 10.76 1.40 62.58 48.58 36.61 1.33 1.52
20 2.5 10.83 153 | 242 10.60 1.51 64.58 45.42 38.73 L7 2.23
25 252 10.97 1.60 | 244 10.73 153 63.25 44,25 40.06 1.15 221
30 254 10.48 1.62 | 246 10.24 1.57 63.67 44.33 39.55 1.12 231
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wyuie desmelutunuiiiannvesernmnmsinlvsivemeusnlunszuaunis
wniln Fsgnguvestunuszmlian madluwuivesilugesiaeluduem Tneld
amuﬁﬁmﬁdmﬂmwsuﬁjm ihlnenminhuindunuiiunismaseuauuivlng’s
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- Fadounan | ey | shmtmdr | dhwdiud Y3ms .
YU 9 v o v v oGa ¥ & Density kGEEEDRY
ot unuen iy Falu da 5l s sl Fua (/e iy

(96) 2mie (g) | o1mA (9 (e (cm?) :
0 25.33 n/a n/a n/a n/a n/a
5 21.33 n/a n/a n/a n/a n/a
10 29.66 n/a n/a n/a n/a n/a
400 15 26.00 n/a n/a n/a n/a n/a
20 22.66 n/a n/a n/a n/a n/a
25 18.17 n/a n/a n/a n/a n/a
30 21.83 n/a n/a n/a n/a ~ nfa
1 o 224 28.2 127 15.5 1.45 24.19
26.0 311 14.5 16.6 1.57 35.30
10 25.2 334 15.0 184 1.37 45,24
600 15 24.8 322 16.5 15.7 1.58 47.50
20 _23.5 34.5 17.2 17.3 1.36 63.17
| 25 21.8 324 16.8 15:6 1.40 67.68
30 20.3 30.8 17.5 13.3 1.53 78.75
0 21.0 254 10.8 14.6 1.44 32.58
5 24.2 217 138 13.9 1.74 25.36
10 258 328 16.0 16.8 1.54 40.07
800 15 21.0 27.8 14.3 135 1.56 57232
20 25.0 33.9 155 174 1.44 52.61
25 21.3 29.6 16.8 12.8 1.66 64.35
30 21.0 31.0 19.0 12.0 155 19.65
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{ & o | a
UM 17 Sunudinsmadgevamumunwiuii figaungdl 800 ssdivaida

8.2 nmsvindauduUANIeNg
8.2.1 NIIVAAUAIIUGIUNIULTIARLES

lumsnageuanudumuussialdniuasyinsnageuieitnsuuy three
point blending Auiunulunndadavnaumaurn ﬁmumiLmﬁﬂm”aauﬁ'aﬁqmmﬁ 400,
600 uag 800 serwaidea fednsuiilunisnn 0.1 fadwnsdewrit Mlwanvun 5 Alath
fu Tuannsunfgningiivies nanisvaaeuarudiumuusdnlds wansdensei 4.3 uay

3Uﬁ 4.7
AT 4 AREEAEUNIILSIRRTR
Maximum Bending Stress at Maximum Load (MPa)
% vetiver FhLﬂé"ﬂmmﬁmmuLLsaﬁ’mIﬁwamﬂqmwgﬁ

400 asFugaldea | 600 ssruwadEd | 800 asrIYaITyE
0% 2.82 0.97 2,58
5% 2.14 0.84 6.98
10% 1.83 0.97 5.84
15% 1.15 1.22 4.60
20% 0.48 0.69 276
25% 0.49 0.57 1.16
30% 0.16 0.30 0.86
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dlewfiudndruvomghuedn 93Ul 4.8 Fuauitgamgfl 400 waz 800 s saldea e
anuduvuLsadalAgads Indids iy Tnogaunnili 800 asewaliioa aeilmaruinmiy
usadinlAsganda (asnngamyiiil 800 ssrwaidoa ndhudniinswaludnelyduey
A [19] alildansuladaurdiludaslunmstanzietuilifimmuswsanniy i
ﬁﬂm'mﬁmmmmrﬁ'fﬂiﬁa*uawne’i’mﬁ'wmamvﬁﬁu 2.58, 6.98, 5.84, 4.60, 2.76, 1.16 uay
086 wngUEn1a auEdiy Mgaumni 600 evavaided fiAndunuusinldsiidhitgn
\leanngamind 600 esrgaiFoa unwumlwmawmmr Luusdauuan maum‘lﬁlﬂ
mqmumiwwmumﬂgwguw AMILivanas v liremuussinldsantiosaslude
fiAAuiumuussdnlfssmndadiunauindu 0.97, 0.84, 0.97, 1.22, 0.69, 057 wae
0.30 ungania auaIRy

8.3 WANITINTIVHIUATIMANUNIULITINADA
TunsnsavdeunufumuLsinada feunisageusiiudeswnlimvtives
FuenliiieruEounasaiauedey nniuvhmsnageuenisldivandt 5 Alailadu 7
SnssImsna 1 fafiuesdenit luannzunifigumaiivies Idkaduandumsedl 4.4
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A15190 5 ANRAYAUAIUNIULIINADALARE

Stress at Maximum Load (MPa)
% vetiver FhLaﬁlUﬂmuﬁmmumanmﬁmamﬂqquﬁ
400 s uwaldod | 600 esAwaldod | 800 arwalded
0% 3.93 8.73 11.73
5% 3.22 7.17 7.46
10% 3.33 4.66 9.19
15% 2.06 3.48 9.50
20% 0.72 1.75 3.24
25% 0.35 1.42 2.90
30% 0.20 0.42 0.77
14
;_c—\f 12 )il 400 A aEus
=
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:’:" 8 N frunpH 800 pAEAliue
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dnildnanas Wedndrnauvaamgudniindy 91n3UN 4.9 siiuingungil 800 e

walaligean esnfuanuiengumgiil nliaudninanismnlugd [19] udalaans

2

a v 1 = = ) a P ' ar Ve
giianilanlUdalusaemsiamnmiztuneluaulufiu aruisanusawsanednlan daiaanu

AUNULTINASATBIINGRdIUVINGY 11.73, 7.36, 9.19, 9.50, 3.24, 2.90 uaw 0.77  ung
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meluguanudalniilivun vlvidsnanionghudnursdrnufidslivnlmg diasluseasly

2
e

Besmushuvnuusanadh Seitaniasndt 800 sernivaFes gaunpiiilfidnauduniuus
NABAVBIVAERAIUWINAY 8.73, 7.17, 4.66, 3.48, 1.75, 1.42 uay 0.42 wnzlhaina musey
figomndi 400 asrngaiFes %uawuﬁ?hm']m'f']umuuiaﬂﬂé’mﬁﬁaaﬁqﬂ e ngamgdiil
vgudnfisSumsening ddlsiRensinlusinm ﬁﬂﬁlumUIu%umuﬁU%mmmﬁwLLfJﬂE)gj
Fnuann deluihnisaaeuvlsilderiites Tasildwemndndaunauindu 3.93, 3.22,

3.33, 2.06, 0.72, 0.35 uag 0.20 wnzUrania mugaisiu

9. ajUnalATIIuITY

9.1 NMsNAFUENUANINIBAIN

9.1.1 AURUILUNAWEA

1) Guamghudafiuduihlinmnusivvesusmmdamanas

2) 'ﬁ'qmwgﬁ 400 eergaidva ﬂi]’lEJ“Ifi'uWLL‘lJN'UEN%)ﬂNfl“zMﬁ\‘]LFJWNEM%E}T’]&LNH 0,
5, 10, 15, 20, 25 wa¥ 30 Wesldud Imumuwinyidu 1.76, 1.84, 1.58, 1.36, 1.18, 1.12
uaz 0.99 nIuFBgNUANLYURMILAS

3) figauvndl 600 aarmigaLded ALY UM REME AR O,
5, 10, 15, 20, 25 uaz 30 Wasiiud evamuniuwiiy 1,69, 1.54, 1.41, 1.35, 1.20, 1.12
waz 1.02 n3fegnuInniguRiuns

a) ﬁqmmﬁ 800 a3ALTaLT mmwmmjmafguawwé’quﬁnmaumﬁquﬁln 0,
5, 10, 15, 20, 25 uag 30 Wasidud fmmamunwiuviaiu 1.68, 1.61, 1.39, 1.33, 1.17, 1.15
waz 1.12 niuseanuiAfigudung

9.1.2 $aBATNSUARITEITUNUMAILHT

1) daBamgurnidivdn viliosaynswadaiingy

2) figungll 400 ssrigaloa YovazniTafavdnnrauvgusn 0, 5, 10,
15, 20, 25 uay 30 Wasidud fidwviniu 0.89, 1.09, 1.16, 1.35, 1.70, 1.95, 2.05

3) gl 600 svrwaldea Sesaznsvadudmnauvgudn 0, 5, 10,
15, 20, 25 wag 30 wasidud sty 0.36, 0.48, 0.91, 0.37, 0.74, 0.85, 1.11

4) figaimgdl 800 ssriwaldiva Sosaznisuadandarraimguen 0, 5, 10,
15, 20, 25 uag 30 Wasigud fAwirdu 1.10, 1.23, 1.11, 1.52, 2.23, 2.21, 2.3

9.1.3 anusmnuiuiaedsdaluih

1) ovsmamghudniisiu vldanusnwianas

2) dleiudndumanvemdnudnadutuny ssviliaumunuivanas Tne
gamil 400 asrmwadea laiflen esvnmavagey Jusiliaansasmld
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3) figaumgil 600 oerTaITos ALY UREmMEN N 0, 5, 10,
15, 20, 25 uay 30 Wasidud Tiaamuiuingy 1.45, 1,57, 1.37, 1.58, 1.36, 1.40 uag
1.53 nfusiegnuiAniguiiuns

4) fgoumafl 800 s usaiFea ARSI UUREIME AN 0, 5, 10,
15, 20, 25 uaw 30 Waskdud feanamuuiugingy 1.49, 1.74, 1.56, 1.56, 1.44, 1.66 uas
1.75 niusegnuiaiisuiians

9.2 niwagauauUANIINg

9.2.1 AMUMUNIULTIRALAY

1) deySinamdudnidiutu liedumuusssaldanas

2) figaumail 400 psrsaiTea AU uLssialAestusRELME N
0,5, 10, 15, 20, 25 uaz 30 Wodldud fiAvirdu 2.82, 2.14, 1.83, 1.15, 0.48, 0.49 way
0.16 wngUran

3) figaungdl 600 asrTaTea AU uLSnlAe st U RaImE N
0, 5,10, 15, 20, 25 was 30 Wosidud diAuiin 0.97, 0.84, 0.97, 1.22, 0.69, 0.57 wa 0.30
wnednania

4) igauvigii 800 pariaifoa AusUULS iRl AR T uTRERmMg LN
0, 5, 10, 15, 20, 25 way 30 Weildud dirviiu 2,58, 6.98, 5.84, 4.60, 2.76, 1.16 ua 0.86
wnzdiania

9.2.2 AUAIUNIULTINADA

1) dovSnamghurniiutu vlFenushunuisinasaanas

2) ﬁqmma‘] 400 asrnigalded ﬂ:n;Js’hwmLmﬂmé’wa@?f{imumammg’wLLrJn
0, 5, 10, 15, 20, 25 uag 30 Wasildud TAviu 3.93, 3.22, 3.33, 2.06, 0.72, 0.35 Wae 0.20
wngdiania

3) fiqungdi 600 asmiadoa ATAF UL NSRBI T LHAIME N
0, 5, 10, 15, 20, 25 uag 30 WeslGud JAwviniu 8.73, 7.17, 4.66, 3.48, 1.75, 1.42 uas 0.42
wngUgania
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Abstract. Vetiver grass is a widespread plant in Thailand. It has been used in several applications
such as land erosion prevention, toxic pollutants removal, and environmental remediation. The
chemical analysis provided that it mainly contained of >50% of potassium and ~20 wt% silicon.
Since, the main element is potassium, then it is likely to be used as feldspar replacement in ceramic
processing. The thermal analysis of vetiver grass also revealed that the vetiver grass can act as fluxing
agents to form a glassy phase at low temperatures (600°C). The effect of vetiver percentage in
ceramic processing on some physical and mechanical properties of ceramics were examined
including, firing shrinkage, density, porosity, and bending stress. The results showed that with
increasing the ratio of vetiver grass the density of sample decreased from 1.7 g/em’ (without vetiver
grass) to 1.1 g/em® (30 wt% of vetiver grass) at 600°C of firing temperature. The explanation was that
during the firing process vetiver grass can generate CO, from hydrocarbon decomposition, this CO,
created pores inside the sample, then the density was decreased and pore volume also increased.
Meanwhile, the bending stress decreased from 3.6 MPa (without vetiver grass) to 0.5 MPa (30 wt% of
vetiver grass) at 600°C of firing temperature. In summary, the results proved that the vetiver grass is
a good candidate to be feldspar replacement in ceramic processing. In the other words, it can be one
option for promoting environmental sustainability in term of waste and mining reductions.

Introduction

At the present day, the use of construction materials has been increased rapidly. This leads to increase
of use of natural resources. Brick is one of the most common construction materials. In general, brick
is made of clay and feldspar. The latter acts as fluxing agents to form a glassy phase at low
temperatures. In addition, it also improves the durability and strength of the brick. In the meantime,
Thai’s government encourage farmer in the remote area to grow up vetiver grass due to its advantages
such as, preventing land erosion, and embankment stabilization [1, 2]. Besides, the recent literature
review showed that the vetiver grass can be used in environmental remediation applications such
removal of polycyclic aromatic hydrocarbons (PAHs) [3], persistent organic pollutants (PoPs) [4].

The previous by the authors [5] revealed the chemical analysis of vetiver grass, it showed that
potassium (K) and silicon (Si) are the main elements. This data suggest that it has main elements
similar to feldspar. Then, this work presented the possibility of use of vetiver grass as feldspar in
ceramic processing.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of Trans
Tech Publications, www.itp.net. (#73069129-17/01/17,13:05:42)
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Methodology

The fresh vetiver grass was corrected from the crop field in Phitsanulok Provice, Thailand. In order to
remove the water, vetiver grass was dried at 120°C for 12 h in oven. Afterwards, it was cut and blend
for 30 min. The chemical analysis of vetiver grass was done by X-Ray fluorescence (XRF).

Samples were prepared by mixing of red clay (local supply) with vetiver grass at seven different
weight ratios, as shown in the Table 1. The red clay was dried at 120°C for 12 h, followed by ball
milling for 24 h. The red clay and vetiver grass were mixed with 20% of water, subsequently pressing
to form the bar with 10x2x1 cm of diameter. Then, the samples were calcined in the muffle furnace at
400°, 600°, and 800°C for 12 hr with 5°C/min of heating rate, followed by natural cooling. The
density of samples was examined using Archimedes technique. The bending stress was cvaluated
using 3-point bending method.

Table 1. The weight ration of clay and vetiver grass

Percentage of red clay Percentage of vetiver grass
Sample
(wt%) (W1%)
| 100 0
2 95 5
3 90 10
4 85 15
5 80 20
6 75 25
7 70 30
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Figure 1. Thermal analysis of vetiver grass

The chemical analysis shows that the vetiver grass mainly consists of potassium (57 wt%), silicon
(20 wt%), calcium (9 wt%), chorine (7 wt%), sulphur (3 wt%), phosphorus (2 wt%) and iron
(1.5 wt%). This data confirm that the main element is potassium, then it is possible to be used as
feldspar replacement. the DSC/TGA curves of dried vetiver grass are shown in Fig. 1. It suggests that
there is weight loss of vetiver grass at temperature ~100°C, it can siad that there was the removal of
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physically adsorbed water. Besides, there is other main weight loss over the rage 500°C to 600°C, this
can refer to the dehydroxylation process of the remaining minerals [6, 7]. The exothermic peak of
DSC analysis is shown at ~600°C, this peak suggests the flux forming of the vetiver grass. Therefore,
It can be implied that the vetiver grass start melting to form the crystalline phase at ~600°C. This data
also confirm that vetiver grass is very suitable to be used in ceramic processing.

Fig. 2 shows the effect vetiver grass percentage and firing temperature on firing shrinkage. It can
be seen that the percentage of vetiver grass can effect on the firing shrinkage. The increasing of
vetiver grass percentage and firing temperature result to increase of the firing shrinkage. With
increasing the percentage of vetiver grass, it can be said that the volume of carbon and fibre in ceramic
body before firing also increased. Then, after firing process earbon and fibre were decomposed from
the ceramic body, resulted to the shrinkage of samples. As the same reason, with increasing firing
temperature, it can also enhance the decomposition rate of carbon and fibre as well. It has to be noted
that there is not much different on shrinkage of the sample firing at 600°C and 800°C. This suggests
that the sample is pretty stable at 600°C of firing temperature.
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Figure 2. Firing shrinkage of samples

The density of ceramic body decreased significantly with increasing the ratio of vetiver grass, as
shown in Fig. 3. Tt is important to be noted that the firing temperature does not has effect on the
density of the sample. The explanation of decreasing of density is that the loss of organic compound
from the vetiver grass. Since, the TGA data suggest that the organic compound started decomposed at
~300°C, then it decomposed into CO, and H,O. This phenomenon can create the pore in the ceramic
body. The supporting information is also shown in the percentage of pore in the ceramic body, as
shown in Fig. 4. It clearly indicates that the pore volume increased with increasing the ratio of vetiver
grass.
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Fig. 5 shows the bending stress of the sample. The data shown that the bending stress significantly
decreased with increasing the ratio of vetiver grass. Since, the pore volume increased with increasing
the ratio of vetiver grass, this is the key reason of decreasing in bending stress. In addition, the firing
temperature also effects on the bending stress, at high firing temperature, the sample had higher
bending stress compared to low firing temperature.
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Figure §. Bending stress of the sample

Summary

The present work have succceded in using vetiver grass as feldspar replacement in ceramic
processing. The results suggest that the sample of using vetiver grass can be form and stable at low
temperature (~600°C). The firing shrinkage of ceramic body was also found to be 1 — 2%. In the
meantime, the density decreased significantly with increasing the ratio of vetiver grass. While, the
percentage of pore increased. However, the bending stress data shown with increasing the ratio of
vetiver grass the bending stress decreased significantly. Therefore, it can be concluded that the vetiver
grass is possible to use as feldspar replacement because it can reduce the firing temperature to
~600°C, which is lower than normal brick firing temperature (~800°C). However, it has to be noted
that the stress of sample also decreased. Then, the further investigation on vetiver grass ratio is needed
in order to improve the quality of ceramics.
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