©
5
-
i
q
&
=
]
=
8
<
S
o
=]
g
E
o

[ DOR: 20.1001.1.17353351.1400.17.0.3.2 ]

gy Ylda |

1K€o0 B P o)ladd 1V )9y O] Gaslyw aslilins

Sl Syobkig S Cojemls Olasin wyy 3 48
R0 313> 3 ) g T Glod 33 Lo gl T O 3

‘_éJyl‘:\LaglJ:ua‘5M|Hf§@.ﬁ‘Ssyuyeﬁsl

uLQa.QDU 9 F}LC am‘) wblas 9 d)—lﬁ)& .)‘94 09; cdelQo 9 L§3 IRLe “”,L)
o

oSt 3 3 S ¢ SIS ol oliz ol b (g s 357 o nlS gy ol o 2008

Vd_i‘:muj)_«vt;[bww"b»b.bi W‘L:J)/TCJ/JJ o/ s 444,545 a&fdﬁdd/j—& 4”/':“"&;’

4_:KSl jSlAl LJ)‘ [aoveney Lﬁé}fj g_,‘:.(_/fKSl =o/Yei /YD ¢ '/r’r‘} Si:Al =1/d F ¥/
Sletlay s 5 S0 i bl cols Ol ST (gl 4o |, J@'Lﬁf&u/dﬁ S 5 1O i
sloaisar /oy b U.LA[_(QJ_Q P /JI;LQ:M} el okl Yo slales 4o urulzl’;:c 1J ghunno B 3w 93
I mmz 5 SUT slas o Lad] (SOLSo ool 5 (o)l ) Sl pas cagd' (2 isealS S Sgwge phicl S5
Pl 5 Sl Ly 3 sl Jol s ki iy 100 0°C 5 500 (slalos o a0 Olps Ol 9 pole olSiils
9 3 dllis £y
1559 :sladxin

w}dé’[ﬂJbJ},d;-( 1...°C ‘,(LUJ.) aﬂ%d&q}ofJ) A o lia [ﬂ)ui’gb!/b [bd.'_}o.'

_ IYFB-FFB) ¢ ple LLE
@l 6 ad T 3 ey als” k517 150l OIS L

PYAF-F - QY : S sl s

a-moosavi@srbiau.ac.ir

I s O

3 SUES )3 3y e i
www.JICERS.ir
:28b)> )b

1. ./5/PY
by @b

VEe /oAl F

DOR: 20.1001.1.17353351.1400.17.0.3.2

dowio —)
adglslgs 45’ gy b an Wigd o il LB OLS 5 L & st b SlSwgingl] 1 (s pely (LS 5 b perd g3
Si (Jgo Com i b bajoskisiy (olss g (5) Lo Slusgas 295 o Jo (LB Jgloma 53 b o] (Sl 5 (aguines]
O sl 4 (b s porinagl] (635 )8 A8 o i 0lyg 0 Ll by Ol 2oy (g3l aslS ke 5 £ Al 4y
by S0 Giles 48 098 (o (S G 09008 Cage (9 e okl sladsly > bl s
dgo g JPLSke I (los oo Lo jodsgss ans (lym [FV] 295 (o 5550 iy 5 wades Ygomo (oLIE (656 (gla ()5S
Ol 9 25 o0 )18 (liwd S0 b 45T 50 0 (slo o5 10 oo ST doyi opml gD 058 o)l aiile Sl
1S S yoy s Sl 5 gl slge dnsa cplpls 28" oalitul (o 8 Jguazme) uabinsg sloj] 1)y sla 41,851 Lol
[59 0] col Cau; bare 008 0391 slgo g (43 SV gamme (6055 4 g odlatul Caz > et p5 byl Ag g
YU Lod (glad )8 (hyls oo 5 0095 Mo 5 (g disle o2 p)5 gy Jgame ailipy yloww b duslde )5 b poudy o
Sygbme 33 loww oy a5 Sloj [IV-V] sied Jgeme 4l loww 0 s i cublB b o)lys g 55T 4 Canglio Aiile

1


https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.3.2
https://jicers.ir/article-1-326-fa.html

[ Downloaded from jicers.ir on 2025-11-18 ]

R: 20.1001.1.17353351.1400.17.0.3.2 ]

lod 50 paandS Gl yS S o 3o Ay gapb Fer0C-Yr e glod Dgan 1) paundS MuS g (slaog )T 00K 48 @)l
Uiy 9 SlalaB )l 3529 Y (oled Jood L s jerly 35 jl oslistwl &y 5l cpllis 25500 @53 A +9C )3 5 4525 V- +°C
L W] el p3Y Lol ()l Sleogad (o g ain (51 9 ol 4 plie (6r0ilys] dlse Sl 0ad bl slo
o S 583323, Sl ] S g 3] (s 5L sl gl Lo g5 o o
Lagl polgs (23S g DUS (sla dugy (o )3 008 Cogii plgie 4 BUI L ld 59331 L cplplis amd go o)Lt
5 3 o3l YU (slales 55 6 youlssss clabss gpmlls S5 Lis g SuilSn ploxial Lol sl 239 oo )]
I 9 V] sy s @ (gygp0 Sihuwginagl] 5 Logll ¢ puadiw A5lo 5105 1> oS o o5

Oy 4 Lol 513 31 5 4y s 5 byl 45 (5t gl 2S00 5 il 55T J gy o)
23y 5l dw eddans Slaad  SOlKe Glusgad ¢ )l loy owyp b odlatol CojaelS ans (gly oSy sds il yd
(28,5 )18 (abjpl 090 Ve 0B g Fee glos

e gy g g0 =¥

g-diise 033 adgl dlso BT (1Y) Jpao 55 b o3listl paslty dpuS'g)00 9 posdlSilins (JPe 51 saslisSS 4t sl
adng Lo Joops 0)glcan 4 (gl canl ond &5l)) adgl dlge oaiiSans <8 i bwgs b jJUl a5 cunl S5 4 p5Y
F XD Sl G (y 0 85 58 (ayp 3y90 Sl gl (390 &S SI02AIZ0s (Jgo i 9290 4yl dlga
lie (958l g (39381 dlge LIST (39 (e (izme 9 (bl LS 5 Al 2oy 9 O ke a5 STEAISV/0
095 byl LS S o 5] 5 (6ot 55 e (aig S 53 050 ol &t o o] anl
L porolty S50 ol 4y 9 03,5 (i |y i 300 O line 4 il 4 b gl ool 3pnS 500 5 poedlSilis
MolS WIS Joloo 48 ()] 51 s s a8ld] pgud Sl coles 4> g 039381 KOH:SIO2 =+ /¥« +/¥0 ¢ +/¥Y Jgo (slacuns
a6y el Cwd 4 (3le S Olegs L i bglse celu 5 @t g 03938) ol 4 JgilSlie s oolel g 03
mm ,1ad Uy elailgiwl gl o VaxVOxF s mmd slul b Swdly B 30 )0 o0 odlel Cle g3 (¢ yoshigss claainy
sob ol lacls b axs S s 55 Olles cov 0lSKiwd bowg 48> VO ke 4y Ly g 4w, £+ mm glas)l ¢ Y
105 015lyg BT o > el YE ke 4y 5 ool ()Lt 5 e plSoxil (sladiges i iy wbb gyl JolS
il odwdg Mals™ b yailyg 0 Lae 50 Sis 31,5 il a0 AD B 2O (clod o el Yo JIVE ot o 51 e
oS 5 L (ol 55 dine) @ Gilisee (guails b (52938l > (b jenslS slaeiy ang (slp s gyl ol Sl ol Sl b
Coyw LV ees"Cgfee lalod )l 5w b)) (SGle Lol g (a0 JSs Jid Cuonnd alie 5 48L5] agy
»9las g (XRD, Siemens D500) X axil (9051 jl odid augi (sl diged 585 (owyp St Cd)S 5,8 )y 3,90 BOC/min
ol 53 00 oyl &l b 0 olisl ¢y55 5 (FE-SEM, MIRA3 TESCAN, Czech) s, oSl orsSuss Sus
Sladsgel (bod g (5yltd ol (pizmen 335 )5 Cony g oy 090 ELoj) 5 Jbw S Sajl s )3 (2
3)liwl 3l ()Lid plSorial )5 518 (b5l 390 (20l 5l am g GBI (slod 13 (0jeuelS (slaodigel 5 (5 eekisl]
285 bl s plSoxil 052> (KoS | ((clabaii ¥) el g ASTM G 133-97

LOI Si C Cl | SOs | K20 | Na2O | MgO | TiOz | Fe:03 | CaO | ALOs | SiO2 5

Ve | - - I Y5 & FRYE T IRRYES i VTN R V1 SN NRYRL. U8 N 22 BN N BN

I CU/ARI YA iU YRS o RV A B VER N IEYA N </aY - SJAY | eIFR | VYY ar/f P8l

- g bl —Y

S L digo dig03 ;50350 b o)) dulio g bnaiges i plSotiwl Ly b ol j3 9 ¢85 ploxl KOH:SIO2 =+/Y -

M0

(&1VY]

1K€o0 BB P o)ladd 1V 8)9s o)



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.3.2
https://jicers.ir/article-1-326-fa.html

20 L Ll s Qbal base (glod 0 JKwbKo V- /54 Lied plSotiol b KOH:SIO2 =+ /Y'Y 4 Si:AI =Y/b  Jgo
3 0 J dny G303 395 5m 003 (VF) S 2 &5 gl lad b a1nliie sy LB (53,550 5 S s ey 3ol
3 g 3 yodkis S5 31 (6)Ltd sl aiged g olyom Las Ly o plSoctisl (655013l g o3l S5 s Ve ++°C (gl
o3> oy oyl 51 oolas prdans cplSosianl (65 03101 (glp cplplo el IS0 (o) 4 g 03,5 pyg oy Ay (Il y>

W3 HI3ye3 0 ol oo I (gylid plSotinl dlasl 03)s3 )by pdaw (Blob g Jodsd b o > 4 Lol i

Ve o0 (glos o ooyl am digy oS 5 L (5 yonly 55 diged gl )T USS

P29 9 S5 juetd UKo (jopelS sladisad ad 5 Liegll S (00,8 ABLOI L b ad mus odiplosl oy J| o
oS A o) o Olgis 4 yeahS dine) Ol 3)90 (ShjeelS s 53 D98 Bib iy (230l S50 badiged (138
@55 IS g g i) ol gl g e oyl imdsa |y 3 0l iy S (Lagl ) 53933 Slga b olya
Jssz 53 2 ol JBe o (B 35 ) (ol ol ol 5 Jols Cajondls (olss 2 03b5 sl 80 5 ol

Kb oo odnlie 00l apd ladiges Jgo b (V-Y)

5 oy (V-YMM) 5 Lawgie (+/0-YMM) ¢y, (= /OMM) Lcogll 1,3 alizes slagoimails b (o0 jamalS sladiges V=Y Jgo

oaisS 5 <Fepm
(p5) 008 5 (p5) ey (5 Ly 5 3, Bgod
. o Y. Yo (o
] Yo Yo Y- Y
- Yo - 70 CY
_ _ ¥o 50 C¥
Y. - o Yo Co

Sy Gb gl 50 CF 9 CF €V slacyjomls a5 ub sdnlin (55lS (cladigel dnd jl dx .ab a8)3 o
Ay Slasuie awyp Caa 0dd dpd (0jemelS (b diges 29 (awlio (g3lnl L3 (sl)ls CO 9 CF wges Lol iwn
Wges b (50938 gl (sl diges (gamlio j SMd oy celw ¥ Bl L VeeeoC g Frr glaloy o oyl
25 9 Sig W plgicee (S5 pob &l aiBl, (ialS (g pSeia il 4 JSB 05 g pyg & A sdalie (g peshel
o (Syoabgss caaisy Cwsly bgrye OH by cawd 5l g Ol pses a1y (3 &yl 5l s (o pesb sl S

1¥€o0 oG P o)ladds 1V 2)9s olys)



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.3.2
https://jicers.ir/article-1-326-fa.html

=

d930 i 4 il (led 058 ) pliS ja o Wtn JSgn (glaogS g olend Ol (Sojd Ol gl os
S50l a9 dnd odd aiS by b dged (g0l slaws Y] Wad oo gy iy I Yo e °C 5l iy g Yoo Ve glod
3Sle (V=) Jgdo 3 b )3 418 bl 5y50 (o plSoninl slSiwy S L ((gldais V) cied g (g lid plSoxiul
ookl b adiges (35,8 ol g pyg (Kb puusd D9 (0 odalie calise (glalod ;0 by diged (g)lid 5 (aiied plSouiul
oaseis BB 35 (xbgy 4 0l (jerels sla K9ed S5y s ded (NI L (piomen 5 C8) () eaiS o sl Oy

ol (238l dwgy j3 LalBl dlge (438, ol cde & Ty s Dy

1000 °C 600 °C Lo diged
FINV+=YIY - Y/ S\ /f (,Lad- yies) Geopolymer
O IYV-YOIVY YY/aN-v¥/f. /8- \AA- (las- es) C
OV/Y e =YE/DY A\ SARIARS OFNY-YAa/5 (lad - e)CY
YOINY-\V/F- fel- A=Y/ FO/F--YY/AN (las- res)CY
FYXY-Y0/0- Y& N-YO/N - 0%/ --YA/Y - (led- pes) CY
OO+ #-¥+/\ - YAl =YY/ Y gl N-EYID- (las- res)Co

ol &S dwd oYU ol plSouinl b cu5emelS slr Wiges Dab o 0> (YY) Jodx dlael I a5 ok lea
9SS pgad (Y1) JSb ) 09 plomil (39Sl g (699 sSugSn 5 (558 slalll SaS 4y ity slo )y
Ol CAlgss e @595 CF 9 CF ) wigad 53 b (0 040 (0 j500lS (sl diges | (golawd Cnslls plate pdaw 5y
2 5 €udy> G OF Wgad )3 & (5y5b 4 canl staliie LB 0y ) 4 (SreuhisB) de) 0 gy ) 4 (S35
Wged ol Louids sl 1) 55938] @l 5l (65310 mje5 CO 5 CF (sla diges )0 .8l 03,)S xoond diges (ool Cuouud
Jdd 4 CO wiges plpls g oo plSoxinl LialS Cogo aS Cunl cunsls glaio paw (> Jodss (ool Hlade olyls CF
2 Pl o ik (oned g 0391 (Speshig] s 3 S (SaBSy cp e LI (999581 5B Sl e @y

el Cowd 4 diged pl

[ Downloaded from jicers.ir on 2025-11-18 ]

b1 sles ;5 C0 5 CF CF O OV o j5relS sladigns ConSiss ahaite grlas (6,55 g8 Soe i ¥-F IS5

R: 20.1001.1.17353351.1400.17.0.3.2 ]

M0

| Qyel

€00 BB P o)laid 1V 2)9s o)



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.3.2
https://jicers.ir/article-1-326-fa.html

=)
1 9 ok dine) e (295 Jlail 45 ab 0> (Y- JS8) CO Liges | )99 9SumgSn (sl pgual 5555 (s 2
‘]l': o (VY oo llas) oYL s g (s)lid (sl plSonin] &4 ) el pol Cpaod g Conl 0id dloo] 008 Cugdy <lyd
1 o Sy uegll 55y @l gt 3 3,8 B b g aius pbles 093 4 aild cusyd luegll )y JSE ol )5 g
P9 e patube (€ yesS] dine 4 G (e

CO aigei 5l (5,98 ©oSmg ) Som gl ¥V IS0

Mo g Canl GBpgal S CIE S (gyedysis diged ) &S Ab od (s yedysBs Higed I X andl il i ()5 ) e
S 5 4 Lnogll )3 (39381 L Lol 3,15 3529 5 (ool SlSebiginegl] 1 9,000 — AlgHeKO12S1) bl 5 55,058 (slajlé
b diges (2D Oyl o a9 oid Bl Coubl g 35168 518 a8 s L ladiged ) odd 48,8 X dnail ilyy caulo ¢ 6 pousds o5
lled ;3 CO wiged X axdl alyy il (F-1) US55 .l 4l Lialdl Sl ) clojls s g 4l 2alS G ool ;6
)8 o )less b KAISIOs B glacSly conds Voo s0C & Fre 5l Loy Liolidl b IS & angi b b oo 6030 Voo 20C g Fo v
LSy il 5 Cul o 0l Livled JSb jo ild codMe b KAISIOs 6 .l azily Liol38l (+ V= AV=YYEY) 5 Ll

Wl 0AS g8 3B lgie 4 Unegll )3 3l oolitul Jus 4 pgilyeS 5y ol pguilygS 51 4 slaie

KAISiO, |

1000 °C

Intensity (a.u.)

n.._...J.'--Jh-L A

600 °C I

T T T L T A T
10 20 30 40 50 60 70 80
26

VeoofC g2 glod ;0 GO aiges X anisl oly pgas :F-Y S

Liaogll 3 (6 youlsgif 56 (ol 05 03y5) lia ] )3 yo30s) 3515 i 03,5 STy i b 03,55 ,iiSTy JlSlie 5

1¥€o0 oG P o)ladds 1V 2)9s olys)



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.3.2
https://jicers.ir/article-1-326-fa.html

[ Downloaded from jicers.ir on 2025-11-18 ]

R: 20.1001.1.17353351.1400.17.0.3.2 ]

(V=) Joi b odsdy (o 4 Jols £449C (slod 3 (530 slaJodss (0-F) S8 Bllas 5 b (o0 S0S6 41 )
Olas oo ol plo Dad o a2 Oylys sladised b duslie ;3 5+ +9C (slod 13 CO diges (SilSe plSoniwl ialS casly
sl o) mle L8 LSis g Vo020 U Lo Linl38l Loyl  SUle yolgs o i 51 5++9C (glod &5 5,8 (6,8 as
g a8l ials La | 5d5s dgu oo 0asd (O-Y) USG5 3 &S job len [VF] cdl iulisl (SOlSe plSoinl 5 pedless
MPa s plSoxiwl (glyls CO diges £+ +°C slod j> (V-F) Jgio Gub &5 (5o 4 i Juolbs (58 Tyt0 s lojs,
©)lid plociiwl o ¥o/V e MPa  iiod plSotiiwl Voo +0C &y Lod ]38l b g Cowl YA/« + MPa (g,Lid plSocinl o YY/-Y

Cowl 005 00/ -5 MPa

%5 polas 0-Y S

&5 4 —F

051001 L Lisegll ol (99531 s g aas +/YY ¢ V/0 i 4 KiSi § SEAI Jgo i b youds 53 e 5 Limgs oyl 5
YO il @l p SV ol dipy (50 j000lS diged B0 Apd 0 jeselS gladiged (S0g38 B lgie 4y Calises slaaily
5 U1 clod |y plSoul oyt poudsgss 51 L ol yos a5 ol Lisogl 5l oaiiS” 5 l)3 p)S ¥ g Lawgio o)l b cl)3 p )5
)l_‘% O LF’P JL.a.:] 9 u_’.)ﬁ)B‘ C,J‘).) )‘ L;ol?...i.o &P K9 u,i«:s)fu.n lebu‘““"))'f » sl blj.o.tb & Veee°C L5L°'>
4 Led (il 8l L KAISIOs L8 LSt diges X axdl (il (cwyp 53 Cymiorod b odbliie diugs diged )0 (50938l g dine)
Ay poe 4S5 die) A (3938 Wl Jlasl g wle 1B LSl 5oyl 0aSig Suo (sl yrguad jd .0 sdalie Ve v +°C
Wb Al dgd o Vo0 +°C glod 3 (SOlSe plSotinl yiulidl g oSTye Jlid by,

&=y

[1]Barbosa, V., Mackenzie, K., & Thaumaturgo, C. (2000). Synthesis and characterization of materials based on
inorganic polymers of alumina and silica: sodium polysialate polymers. International Journal of Inorganic
Materials, 2(2), 309-317.

[2]Lyon, R.E., Balaguru, P.N., Foden, M., Sorathia, U., Davidovits, J., & Davidovits, D. (1997). Fire resistant
aluminosilicate composites. Fire and Materials, 21, 67-73.

[3]Lemougna, P.N., Mackenzie, K.J.D., & Chinje Melo, U.F. (2011). Synthesis and thermal properties of inorganic
polymers (geopolymers for structural and refractory applications from volcanic ash. Ceramic
International, 37, 3011-3018.

[4]Xu, H., & Deventer, J.S.J. (2000). The geopolymerisation of alumino-silicate minerals. International Journal
Process, 59, 247-266.

[5] Davidovits, J. (1991). Gepolymers: Inorganic geopolymerc new materials. Journal of thermal analysis, 37,
1633-1656.

[6]Duxson, P., Fernandez-Jimenez, A., Provis, J.L., Lukey, G.C., Palomo, A., & Deventer, J.S.J. (2007).
Geopolymer technology: The current state of the art. Journal of Materials and Science, 42, 2917-2933.

M s

(&1VY]

€00 OB P oylaid 1V 2)9s oly)



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.3.2
https://jicers.ir/article-1-326-fa.html

€00 oG P o)ladd 1V )9y Ol Gas

[7]Kamseu, E., Rizzuti, A., Leonelli, C., & Perera, D. (2010). Enhanced thermal stability in K2O-metakaoline-
based geopolymer concretes by Al203 and SiOz fillers addition. Journal of Materials Science, 45, 1715-
1724.

[8]Gao, K., Lin, K.L., Wang, D., Hwang, C.L., Shiu, H.S., Chang, Y.M., & Cheng, T.W. (2014). Effects of
SiO2/Na20 molar ratio on mechanical properties and the microstructure of nano-SiOz2 metakaolin-based
geopolymers. Construction and Building Materials, 53, 503-510.

[9] Yuan, J., He, P., Jia, D., Yan, S., Cai, D., Xu, L., Yang, Z., Duan, X., Wang, S., & Zhou, Y. (2016). SiC fiber
reinforced geopolymer composites, part 1: Short SiC fiber. Ceramics International, 42, 5345-5352.

[10]Wan, Q., Rao, F., Song, S., & Gonzalez, D.F.C. (2017). Combination formation in the reinforcement of
metakaolin geopolymers with quartz sand. Cement and Concrete Composites, 80, 115-122.

[11] Bernal, S.A, Bejarano, J., Garzon, C., Gutierrez, R.M., Delvasto, S., & Rodriguez, E.D. (2012). Performance
of refractory aluminosilicate particle/fiber-reinforced geopolymer composites. Composites: Part B, 43,
1919-1928.

[12] Kuenzel, C., Li, L., Vandeperre, L., Boccaccini, A.R., & Cheeseman, C.R. (2014). Influence of sand on the
mechanical properties of metakaolin geopolymers. Construction and Building Materials, 66, 442-446.

[13] He, R., Dai, N., & Wang, Z. (2020). Thermal and Mechanical Properties of Geopolymers Exposed to High
Temperature: A Literature Review. Advances in Civil Engineering, 2020, 7532703, 17 pages.

[14] Svancarek, P., Galusek, D., Calvert, C., Loughran, F., Brown, A., Brydson, R., & Riley, F. (2004). A
comparison of the microstructure and mechanical properties of two liquid phase sintered aluminas
containing different molar ratios of calcia-silica sintering additives. J. European Ceramic Society, 24,
3453-3463.



https://dor.isc.ac/dor/20.1001.1.17353351.1400.17.0.3.2
https://jicers.ir/article-1-326-fa.html

[ Downloaded from jicers.ir on 2025-11-18 ]

R: 20.1001.1.17353351.1400.17.0.3.2 ]

Preparation and Evaluation of Geopolymer Composites
Containing Alumina Particles at Ambient Temperature

and After Heating

Azam Moosavi*, Sahar Asadi, Homeira Jamali Shoraki

Department of Materials Engineering, Science and Research Branch, Islamic Azad University,

Tehran, Iran
* a-moosavi@srbiau.ac.ir

Abstract: In this research, geopolymer composites were prepared using metakaolin along
with silica fume and potassium hydroxide as alkaline activators and alumina particles. The
effect of alumina particle size to achieve castable microstructure and their mechanical
properties were investigated. Different Si:Al mole ratio (1.5, 2, 2.5 and 3) and K:Si mole
ratio (0.20, 0.25, 0.33) were formulated and the strength was maximized at Si:Al= 2.5 and
K:Si=0.33. However, its deformation and porous microstructure at high temperatures
greatly reduced dimensional stability and strength. Microstructural properties and
mechanical strength of samples sintered at 600, and 1000°C after heating and at
environmental conditions were studied and significant changes in the microstructure and
strength of samples were observed. Sintering in the presence of the liquid phase caused the
pores to collapse, creating a strong bond between the particles and increasing the density at
1000°C.

Keywords: Geopolymer, Composite, Alumina particles, Liquid phase.
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