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When | was a Master degree of structural
engineering at Chulalongkorn University,
linterested in  Innovative  materials,
Geopolymer mortar was my material
topic. | and my advisor team spent much
time to research about Geopolymer. YWe
need to find some green concrete to
reduce the carbon emission that was the
rmain causes of Global warming. Then, We
decide to research deeply sbout
Geopolymer.

The main purpose wera to reduce
Carbon dioxide and to find the best
mixture that improve the properties of
Geopolymer to replace the normal
concrete. "Enhancement of strengths of
high-calcium  fly ash  geopolymer
containing borax with rice husk ash’ is
our topic. We use fly ash instead of
cement. Fly ash is silica rich material We
compared the result between anhydrous
borax and hydrous borax that instead of
sodium silicate.
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ARTICLE INFOQ ABSTRACT

K paiali Thie chjective of this shady wias io investigate B ailcrsitnechire ard nieckanical peopertiea of 3 high-salcumm My
Geapalames nih peopalymer prepumedl with boray mcalfind by e sddides of riee hesh ash (RHAL The goilioms silicate was
W replacerl with Berre, on an egeal mess baids, ar 0, 10, 20, and 30%. The esalas showed thar tse use of beeax
::;:'::_t imarend of sofium aiticate redwnd bots the compressyyve and flexwmm] mrepgthy, The gmnpth decrrases when
Cnpuninie : bomx war usid wame mlated to s iscrease an the coyalling zakare of the reactios preducts coamil by the
Pl sl ol decreases In the SLOAL mibee of the mel pliaes foemiel. Marewwer, neerporsilng 3. 6-6.0% RHA msio == epalvmer
martas contwmng wther hpdeated born or mbydeows boeas bad o an mpreovement i@ e compresore ssemsith
ilwe to e fomatien of o Co-modifeld M.4-5 4 ged with a high §1°al retlo ihaies the reaction
1. Imtroduction af sodium slicnde 1t i considers] relatively denn compered with

The growing concern over global climne clange ¢ kecing o
searchers to pay attention o the development of imvganac polymes
cemmsta or “gropolymms” Oeopelymms s sitmetivoe becase of Hais
potentiol to rodwss OO, covissioes compored b0 Portlusd censeis [1 3]
In ackitian, the use of gevpolymers for constrocthon mntedals will
mldress waste mnmagenenal isnses, nock no by reducing the waste ploced
iy lnmclfilly and impaoving waste utilizetdon [4,5] Waste materialy such
as fly nsh, blast finece slog anld shulge can be wesd sa geopolyines
precisees [ 10], The cnentisiows preperties of geopalymes divelop
bemmuse of rencions between the precarsos compounds anl slfal med-
wnboin A the netiviasors, sedlin silicars and sodias piboadile e
wilaly el [1), Howews, they sae the coses of svironmenisl
athey problema wirh geapolvimer binden, specially the modaction of
sodium sihicate [1 1], Itz n'm.uufudurlugpfmmﬂ involve |:l|:r.rn':1; quartz
wmnd snel sedisn carbonate o tenperstumes of 1,400-1,500 “C, which
o nffect the anvirennsent in the foom of heomdisl gassous OO [17,17]
Therefore, new activobors ore needed to reploce the conumon sources fo
enlmneed enviicnmsantal pefomanen,

Amerapas 1o preduce & meare envirenzemally mendly ope of geo
pebymer cement  have resulted in the i of b
onluuinosilicnts geopolymers, which develop high strength from tle
foomaticn of the B-0 bosd [5,14,15], Rornx has been promoted ns an
potivitor for geopolymer cement inorder to decease the conmsuemption

" Corpmpomling authm
Einvinl addrmr jeic b jmehulo ot [P Jodgnaiatnaliil]

1Hp i g 10,10 16§ ol 302 7. 1 0376

comumea #licare compounds; inaddicion, the advapmges of s ng borax
sl Inelide the husann safery ad the decreased om0 of geopalymera
[16]): In neldition, Boghen & al [14] suggested that ghe rediction in
stwemgith due o the decimns in the domge of salun siicewe o e
puthy componsared by the meorparation of bamax. To be effeedve, the
baren coatent hnd o replace af least 1 0% of the sd b siliente by mass,
and pul'.u'uhl'_l,' 38 [14,.15). However, the combinntion of borax snd
s stlieane prodisced a lower srength than s fours] ls conipoedie
nuude from soium silicote alose. Thus, the nest step ws o fod o
cxoncamenl material that mgeowed the smength of de geopalmer snd
coaild be colleced from looal suppliees and erafectises.

I develaplig countries sich & Thalland, agriosluss] mealdises ane
umesd ax bicdnels for evergy production in bicemass thermal power plonts
[1715]. Ameoeg them, ree hask bquine aneactive beease it isabundant
inqdﬂuhuﬂiﬂeqﬂn Im'!-:n.u'mnt:i.l pvailabde [1 7] Beehisk 50
by pueluset of the dew mdlling proces and s asuslly bumed for vulows
heating parpeaes [19], Although biomnss ssergy resoamess are cleanesy
than fossid fusds 0], it i well hoown thiol buming nice husk leores
bl solid waste, called riov lmsh nsh TRHAYL wiidh weeds 1o b=
properly dispossd of to avedd adverse vvironmental efeoms. Fom-
nately, barning rice scks remults in the formation of silica (S0 bin tle=
RHA (217 While coystalline 560 i sagpested for producing products
such s refmetory bricks and cemmies, the amorphons and hydmeed
ph-u wre wehil wa nchditive mnternls in the cement i.rlnl:lnl'.r_l.' ({2

Reorivd 9 Prbognry 3031 Reerrved on oevised form 3 May 302); Aceephed 18 Moy 2021
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23], Therefore, dunping BHA into lndfills or open fields may becanse
REEETESSL Y

Nmmeross peponts on the propert e of geopohvmers mnde from BRHA
have hesn paiblished [24-27]. The inclimion of REA, &t an optineem
diosge, wns found to incoeas e compressive stresgth of geopolymes

paswe [25], pantly becanise of the higher desalty of 5-0-31 linknges,

'nlhlc e stromger than those of Si-0oAl msd Al-0-Al bomds [509]. In
ahifition, prevrious snedies reported that the conspressve strengths of
geapulymer cotcries ool b inpovd by iscoipoimting BHA e ile
muntires [29]. i wes nlso fosmid that the efectivensss af RIA in
impaoving the strength of geopohares roncaete was congparabls 1 thnt
of naso-silica [26], Hewever, pesensch on the use of RHA ta enhanes the
paifoannnes of genpalyners contuining borax has not beem peportal

The chjective of this study wns to experimentally investigate the
eifect of RHA on the preperties of high-caleium fiy mb geopolmmen
manidnctused using bydrsed borax and anhyvdrous bormx. A total of 25
Ea L g were e, sod Uell compuesive aml Meoml smmgihs
were tesed Ten types of berax were utifizad, namely hydrted horx
and anhydreas boany The apaeimens with booy were prosbocsd Ty the
partial substitution of sodium silicate with bomx st varying seounts of
10-30%. The riee hisk nsh wns assed as nn addivive nssterial w enbanes
the performance of geopolymers costodning bornx. Therefore, RHA were
miidedd ab 3o0%, A 0%, and 6.0% by weight of My ash, while the fly nsh
cemeeil wan hept conutnnt, Moreover, the micrestnucrares af the gea-
polyreer padtes weie avnbiated o the pairpeese of und srstanding thels
influence o the strength behavios of the meetm,

Sl of Sorisoy Eyyrwrrayg 40 (5021 ) I0EETED
2. Moterinds and naethods

21 Marerialy

High-caleium fly ash with o seecific gravy of 23w wed as tse
primarny precorsai, It wns obtnised from o cool fred power ststion in
Lmupang, Thuilamd, Te RHEA vaed in the present weork was proumd Foc 6
h to obinin 0 BET specific nuface aren of 163 m? /g Tuble | presests the
ehemieal composition, a3 detemdissd by K-tay Auarescenes (XAF)
spectometty, The main components of the fiy nsh were Si0s, Al
Cal. ol FesOy, while the mnjor ode of (he RHA wag 5105,

The comumos alkad netivators wsed were & 10 M sodium hydroxide
solution (NH) and o sodiven silicite solation (MS] wtls S0008% Si0,,
15.5% Mazdy, sl 555 HaOu In this shuly, teo Tems of b were
nsed s an alermedve o sodives sliesce  beocax desshydoane
(Mna By Oy 10HO0) sl anhyadrous bocos 408,00, The lstter was pro-
dlueed by heating borax decshydmee st 150 °C for 30 min sl then st
300 “C for 15 b [6,15,16,20,30],

The fine aggregnte wed for nnking the geopolyimer mortes wos
rivey samd with o grodaon meedng ASTM standoed 33 [21] (R 1)
The groding of the aggregate wiy determined using & slewe annlyis

A
O Caleives oxide
Ch Cristobalite

M: Magnesioforrile

Fligh-2slosam (v ash

Tntemsany {a.u.}

EHA

[T
26 jdegree)

Fig- 3, R patteres of hegh-rdounm fy ah and RHA
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foilowing AETM O 50 [55). A Bonesess owlulus of 242 wis conspuied
frean the sleve amlysis dar. The aggregms had specifie gravig md
water ateorption values of 357 and 678, respectively. These values
weern derermamed using the neetheads outlined in ASTM C120 [22]. The
diy-rechbad it weight of the aggregate wed in the sudy was 1,639
i&h’,uﬁiﬁmﬂdﬂﬁmﬂhmﬂlﬂwﬂlmm[ﬂﬂ-

The X-ray diffmetion (XRD) pamerns of the fly ash and RHA e
shevm im Fip 2. The resulas showed that tlee Ty ssb was nninly glnesys
mareaver, coysmilne phises of anhydrite (Cas0,), quart (Si0g) Bme
(Cald), nel mngresicferrite MgPeglyl wer detectad in the RO
partem. Tl RIHA evnbad e sor phoa alien with ayvstalline [nelisions
af cristobolite (3005 ), quutz, nnd Esgnesaleris

Flg 7 illustmses the XRD pacvems of the bydraoed borax and anky-
divus becax used in the [pvestigathon. The lydiated bomx edhibited the
high-mtensity oystalline peaks of tinenlonite [NagByOrSH;01. The
resud 3 el imdicoted thet the anlialoous bora showed s lower degres of
cxystallinity eonpared 1o the jpibated baac After lanting, noe shogp
penks of tHieoleonite ot M yodies of 1563, 3149, aml 35.06" were
found in the XRD patern for e anhydrous borec In addidon,

Tabde
Propaateons of geogelyaer moran muaiiies

Sl of Sorisoy Eyyrwrrayg 40 (5021 ) I0EETED

Wiclawskn [595] suggested that an smorphoes sodism borste wns the
nsin prodhict of delivaliatian, Thess renils islicated thal the anhyilieoua
haovax was mware peactive than the lpndeated baimx, However, the avs-
Hﬂupﬂhimﬁmh{ﬁmﬂnuhﬁuﬂiﬂ the Jdiffmotion
patbe.

22 Mix proportion

“The mix proparticns of the mostar spedaens ave lised in Tobde 0 Al
the geopolynesr nuartess were made with on activatac-to-fy ash mas
ratie of 0.6 In addidon, chey were proporteoned o lave an (N5 4
boraxcy-to-WH ratic of 0.5. The mnss mtio of fy ash o sod wos kepe
eemstnnt &l 12275 for all the nibaures. Based on thess propostions, il
warkshle Aow of the control mostar wns in the ronge of 110 4+ 534, which
nwt e eqmivements of ASTR Ol [,

The mix variables Included e type of baax, amount of boiax o 5
replacenent for WE, and amount of RHA. In additdon to redocing the
rﬂ'l.n.l:rptinn.nf NS, thenm.'ﬂisl':ﬂp'ltmptm] o promoie the use af
hylint=d beras fmsted of mbpalvos boiax as on adivatar e geo-
polymer composites. The Inbels “H™ amd “A” ificate thot the mixtres
were prepared using hvdmted bomx or onhydrous boms, respectively.
Beogny was ised 68 4 peplacement for the NS ar 0, 10, 20, snd 30% by
weight. [0 otder oo improve the pefomance of the gropolymes com-
povites male with bovao, smnll quamtities of BHA portiches (565, 4. 0%,
sl B 0% by ness of Oy ech) were selded 1o the mdommes.

23 Specitesn prepananicd

The procedure for moxing the geopobmier martar was s follows.
Ficst, My nsh and RHA weere nsneslly doy mized befose nuixing with tlse
uﬂzthadimSumuLllz&ymhhhlﬂ'rmurlm_dHH
were poured inte o mosar mizer sl mized comtmwowsly {0 5 min
Third, river sund in n satwmied mufoce dry condition wee ndded 1o the
robaiing mizér. Finnlly, M5 and boeny were adibed after mixing foa 10
min, anl the mixing was contmiesl for & fursher 5 ndin

The geopolyime paste had smilu mix propotions (o te st
except the fver sand wos absent in the paste. The mixing time oo the
paste used i e cument siudy was approsdmarely 10 min. The dey

Mix

—— BHA (%5} My s FiA Wi o [Tor—r— [ — [ ——
—— o ] Le . - = 5 Pre]
o 19 a b = P 18 1 = 75
s =8 ] L83 ; f 14 q Fia
WH W q 1o ; # iE [ o
EHAE 1 1 ] NE it 18 1 = ™y
PRI 20 38 e 18 = 18 1 Fa
WHAS =0 18 1o %8 K 1 4 e =
T ER 14 im 1o Y - 1 2 ™
HiH-AE 0 Al 1o &l u i i o5
MilA.8 ) ad pe ag i 14 4: £ =5
HHa0 1 0 e wo 4 1! 1 < o
EHaa 0 &0 1 B0 i 18 i X s
S0 ) =0 a0 1 B0 e 14 i s
A 1 a 1o # 18 2 e
HiA =0 1] 160 £ 18 a o ]
ok =0 ] b = # 14 = & s
TR ] 1 34 1o is Y m 2 pon
AN B 0 At (B0 ) p¥. | L1 14 L] Fn ]
TR 30 i pa ibi & 14 f ™
ETET 1 i L if # 14 - 2 Fo
DAL 20 an 1 40 4 18 4 s
ECTRT e T pes i & 14 i Ees
HOAED 10 6 ] RO u 14 - =5
WAL i a0 1o (%] LY 1M A | ™
450 * i o i - 14 [ Pel
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materinls and MM wese mived in the niser for 5 min bebae the final
muxing with N5 and borax. Afver mining. e pasie and monar pesimens
wre poied imo miskls and lelt or yoos wmperntuce fod 1 b, o sag
gested in previow pablimtions [57-47] Then the specimens were
cured i oo oven for 24 hoat 30 “C Afoer thar, they were demoldid el
kept at room temperanave wntil the sge of 7 days

24, Experivmeival sy

The eperanenin] shady wea divided inte o ports (1) 0 méem-
atmietiral invessi garicn of the m‘w{m paate quel {25 resns of the
meIte properties. The microstrocoaral cbservations consted of XRD
m=aswements, Fourier tmnsform mfeared] pecroscopy (FTIR) onelbes,
and scanming electron micraseopy (SEM L ensgy dispereve spscoos-
copy | EDS) observations.

Micoosnuetne il stuslivs s useful i wimbe csmolisg hooy the stengty
bebavlam of geopolyneers am associated whth the presence of bosax ad
RHA I the system. XRO was sed oo charneterize tdae phose eomposicon
of each mpecne. Before testing, the specimen was ground into povwdes
forme Ao, ground geopolymer specimens. were apalyzed using tle
FTIR spectran o determine the degres of geo izmtion. Braken
geopol ymer specinesns were analvzed using the SEM techmgues fo sudy
thelr merphalaghcal danraererstics In addimon, the demiled quannifi-
emtian of the hydrated posse vwes ncoonplishied] using EDS mnolysis.

The effects of bornx asd RFAA on mechnaical propestios of the mar
s wele evalistel The compressive stength nnd feoiml strength
were tested ot the age of 7 doys. To mueasure the compressive swengeh of
the gropalynier moctar specimens, 5 = 5050 mm”® cubic specimens
wire cast o tested neenrding to the ASTM Crom [an]). The flexanl

Jwwovnl of Surisog Eyyrwrrayg 40 (RE21 ) I0ERED

Lk BT

H-O-H™
O-C-0°" 1441

51-0-1

944
300 2500 L N 1500 JRITE 00
Wavenumber (cm!)

L] 150001

Fig. &, FTIR prosdits for geopelymem wis diffesent bomx contents

strength wos meanued using 40 = 40 © 160 nun® bewn spechnens ued
o ASTM S0 [27]. & whenadd b apted Uasi lu-:hﬂ.lm,pll wnlue vena ilwe
svempe of thoes for three specimese.,

3. Hesults and discession

A7 XED ponvma of gecpolymer posies

Fign 4 il 5 abow the difliaction paeonms of de grapalyme spee-
tmeemia It v found thae the peste consased malnly of almunosiliate
anl mlcium silkmte compowsds. The major oopsealline phases foud in
all the apeeimens weae eleham allicate hydvmie, quarrs, el msgneds-
ferrite. The: qunrtz and mognesoferrie phases of the Oy nsh end BHA are
umsnlly oheereed in synthesized geopolymen [44 47), indicating thni
hath sl vmmeacted fiy ash andd RHA are present in the fimal geogalymenic
cunypasites. In thay stody, the ooorplhows nluminosdicate moture af te
specisens waa indieated by the diffuse o peabs avosusl | 0-368" (3)
Slmiles Arelings for metnkaalln based geopalyneer pastes were repoamed
by Koo er ol [57] Clearly, 5 decrsase in rhe sharpness of the hosop
penks at around 10-207 {21} was observed when eisher hydmted bosax
ar anvyhmous bory vens sdided (Fig 4), The remis were in sgresment
wlrhﬂ:.mzhfll;hﬂ:ielll. [14]. However, ilheme was o dilference i
the XAD patterms between the specimesis contaimng 20% Inidmsed
beran A those with 2006 nshiwkous boax

Fig. o shovws the effect of inopooming WHA on the phese eomgo-
sitian of the geopalymes, 18 v feund that the amarphens phase was
mffectnd by the addition of RHA Olnsoosly, m ineense in the intensiy
of the peaks of awund 10-20° (28) was obtained when the RHA wes
incorporated Thisindicated that the amount of the amorphows phase in
the specimen with KA was higher than thest in the specimen without

2018-2019
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RHA_ The incrensed smorphous phase could strengthen the sioctme
because of the presence af kigh oontents of geopolymer products [14], A
nunar clangs in the XD pattems wa the decrense in the intenmity of
the pesk nt 3205 (M), which wns smigned to the C-8-H phose
Therefoie, it was easonable to aane tat the neluion of RHA
resulied in favormble conditions for the formmtion of smophons pred-
usis mither than the G-5-H gel. However, e KRB panerns of the pases
mmiale with AHA did not show on obwiows dungs when the amount of
RHA wh= ineramrsd o 1.6 16 6.0% The petailte presssted (s Fip 5 alia
show that the infleence of BHA oo the plase composition of the spec-
irsen e from anbiyilrous bosmx {200 -4.5) was the mme & thit oo 1l
specimen conisining hvdrated booeo (20H-4.5).

22 FIER omalyes

Thie FTIR resailes of the geopolvmer pastes s slown o Fig & snd
Fig 7. These pemulis ghow that the gecpolymer pastes conzisted of broad
baids locsted o 3700- 3200 eon? | which were nssigned to the gretching
vils nbica ol wisr malecules [45,49), The bressd Bl ot 17900-1600 cm
! represented the bending vibmbos (H-0O-H) resulting from the
srlyenbeed watey melecades [50,51 1 These vibtioon] maode isdicaie dee
formaton of am nhaminosilicnts network in the geopolymes stosctare
[50,52]. The eoeurmesee af the EEII mnd, which cecurs a2 appeod-
mniely 1460 coy!, wos detected in ol the specimens es o remlt af the
catbonnticn process betweren unreacted Na0 and OO b the enviren-
ment [53,54). Previous sfudies on geopobymers made with borax
showed thot the main B-0 streiching bomds were chserved o tle
snveminsber rmge of 13001310 o' 4,55, Howsver, In the present
abrdy, tle By bband wes oot detects] dn the FTIR amlysis, probably
beonise the bams content was inmifficient. Boghen of . [149] miggested

Fig. & S8M micrcdraphi of gFespalviner speciiieis,

&
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Mootk Cawd Soard Alafd NS Sl Rl
L1l nar 7480 153 4,40 1.18 aal 17
s T A55 1o 3 [N -] i1z -] B
HH [ER ] U] EEE] Lh ] 132 B Lyr
M bR T B8 16, il §.in 1530 L 194
MiHd&  LBT 745 o i ogr aaw b3 ]
MH4R LT L1 14 4.5 [he ] k] LTY
HoHaa b 231 TL.A1 .23 a4k arl LT
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Hukan L] L EL Li. & iis BAs ara bR L]

ihat tlre foomeation of B-0 bonds in geopolymer mattices i essemiinl to
previeml an wgpecte] streagtl Behavion canised by the linupooen af the
balanees n mn alknline sctivor.

An obvious change in the FTIR spectr of the gecpohmier specimens
mtacde with boran cecumed in the sretching bopad af the wave numbsy
rnnge af 1200-950 au, The Si-0T vibention, in which “T" could be
silicea (5i) and alwminom (Al [6,55540), & fequently wsed i the
mezesmment of the degres of gropalymerfzation. The sxsct position of the
bauad bunsl asvigneid w0 the Si-0-T sresching boncl vewies wish the sili-
con ($il/ahsminans (Al) smtio of the specimen [57,91]. Genemily, this
band moves dovwrmwnnd a2 a resall of an ineresss in the Al eontenn
incorporsted into the gel phnse [22,59]. As shows in this sy, the
lewpisss eressed with [nevesalng boimx content (Fig o), mdicating
thar a relatively high early mlemse of Al species In the system was ob-
tadited with the inclisicn of bosnx A sindlng fnding was repated for a
lew-caleim Ay & geogalyme paste [16]. De SBva e al. [59) wag:
geaied that e inerense i the contem of the tstrshedrally posidaned Al
mtoam [l BisAl) lad s gropolymers with low strengths.

In apeecionens contnining hydiared bornx and RHA [Flg. 71, the go-
sinion of e band msgned w e 5-0-T boal shifed ol lighe
wavemumbers mmpared o the 20H mixtoe (see Fiz 01 Thes Sedings
wemm mipponad by these of previos messuchen woulking on geo-
pobaeen covaming slicn fisne {57, It should be poted that omong the
throe méxpures, the 20H-4.8 specimen exhiblied the highesy wave
nmmhear far the 51 0-T band i the cham structee of the binding phas=
In sl ditlen, igun sethantbonof the 200420 mltine, the bl ghified 1oa
I:L]:"-I.' mhmﬂﬂﬁ&m mixture, Thes eulis
imdicared thay the foomation of & gel phase with & higher degres af
erosslinking vens obtnined wihen the RHA was used. This could have been
duoe to the greater silicnte species m the nliminesilicate condensaton
paoees [00], which inereassd the ansaphous coneent of the preducn

Sl of Sorisoy Eyyrwrrayg 40 (5021 ) I0EETED
A3 EEM observeiions

SEM images of selectsd genpalymer paste specimens are shen in
fig. i The geopalymer specimens showed voids and uaeacted Ay mb
paiticles, wihich were ambeadled in te continsomis mnen of the ot
titicas mntrix In sddition, micocrecks wers chealy chserved on the
sufnces of all the ipecimena The awchks formed in the control mixiure
fzee Fig ()} may have been the result of moisbare remoanl ducing tle
eiirlng proceis mehes than being losd-isdisssd cracks Enpail drving
dwing heat curing genemted oacks in the oo of “alligwior skin™.
However, tlwe senls showed that sgnificantly fewer crochs wee
abserved In the specimens containing either hydmsed bopx (Flg (b
and (1) or nedypdrous bosa (Fg. S0d) §eamgpored to the control mist e,
podmldy becous e geogulvoven with higher ez omeests hd
relacively bower asmouints of the lguil centniniag compousd {sodiamn
silicnbe) nnd possibly becouse of the high meistre eention of boax
[F1]. Thua it bs no sxsggeration to aay thar the inclision of booax
piechardl thermal aacking Moreover, the resulis showed that nsng
anhylmous borex cnwsedd] erwtalline products with o low Si/Al ratio o
Tami {see Fig Sid) amd (0, wheeh will be discissed Inver.

The res s showen in Pz Sed and (b show that fee incluston of BHA
Tl w0 s o iffswenoes in tlee Dentin imiciosinscues. The geopalyneis
with BHA shoveed n microstmctume camprizing & wnifeemby distritused
damme gel phese and unreacte] paieles. Cesnpared with e 204
mm.rhhn&quphntﬁmﬂ ire ibye 2004, 8 mExinre (Fig. O0kE)
alwaed o mere homogenecis merphology. This dleased tiat the n-
crostrctures of geopalymers made Fom bormx can be mmproved by
including BHA. However, the microstructu nl features of specinens with
ftHA rantenes =14 did nosehange sigificnnly when te RHA sastent
was ncrensed The sesults ol showed dwt e crocks isdeoed by
cxtmimal lossling veore blecked by the wvactad fly ash porticles,
elearly seen In Flg by and [ Craching areund the spheses can Lo
obssrved i seweml (v ash-based geopolymer systema [6,14.52], which
vesulis in nuwe energy being dissipated dusing Joading,

24 X-roy microanndysis (EDG)

Jable 2 v the elemweniml it ni selecieid e of e
geopolymer gel phases (free from the umescied Gy sl patices) as
detived fom the EDS micranalysis. The vabues presemted in the mble
miw the averages of 2-3 aemlyoes. Tn sddithen bo sodisen (Mo, silboon (5i),
and ahamimem (Al), caleium €Ca) was also observed in ol the geo-
polvier specimens Tils mullcated daat the coexistence of anameapleus
alkali alumisosilicate gol with a C-5-H phase v pessible, o8 maggesed
by othes shahes [220504]. In sdelition, the presence of o G-5-H oype
el wns mappormed by the XHD patterns shovn in Fge 9 ad = I tlse

= 7040 BEytrated bores W Anky s bow]
< 60.0
20 s
§ 400 : 376354 15,6 352
257 273

E A0 E

20.0 _E

1040 E
[-" =

o0 L=

o 10 0 30

Borax content (%3]

Fig. %, Efircie of borax canent 66 oommpyesiie shreigitha of pecpaliind’ mod e

2018-2019



. Maxilong i al

Sl of Sorisoy Eyyrwrrayg 40 (5021 ) I0EETED

ks = STO% iy dred g B 10% aliydrons borus
% &00 | . 21
= 49448 6 49.5 30,9 7=
S0
40.0 36354
E 30,0
20,0
5 10.0
o
i,
0.0 16 4.8 5.0
RHA content (%)
=t 00 (b) 12005 hydrmed E%m B 20% anbyydrous borax
= ﬁn_u L 'ﬁ 5 .T
E 0 473 48.0 42.7 47 3
%4&4} 35.6 352
E 0.0
E 0.0
5 10,0
0.0
i K 26 4.8 a0
EHA conrent (%)
0.0 I
(c) O30% hydrated borax B 30%% anhydrous borax
= 60.0 5455310 5 7 548
50,0 ATlgs 2

00 | 257503

20.0
10,0
0.0
0.0 16
RHA

4.8 .0
eonbent (%)

Fag- 10, Edfecie of RHA on compressive mreegihn of peopolymes sswtasy comaining (n) VS boear, (b 20% berme, amd (o) SN beann

peesent stucly, nmorphous aluminosilicate was the muls yeaction pred-
uet identified in the geopolyimens; however, theoe was a signifeam Jif-
fesence in the elemenin] compositions of tese nlaniinosilicate phrses in
speelEmens foinned with barmx asad RHA.

The &1,/41 ratio Foo the gel phase formesd 1 the coitiol mixtie was
217 on average, while the Ney/Si ond Co/5i mtios were 1,18 oml 987,
reipectivnly. However, inclubing sither hydmied boosa . or anbypdens
e In the nur deerenml the Si0al mbo, panly beesuse af dhe loaes
conteni of sodien silimie ol partly inconseqeence of the imrense in Al

eomtent disssbwed from fy ash, which wns consistent with the previomly
discussed FTIR results (Fig, 6, The Si/al seomie miles for the 10H, 200,
mnd Eﬂllqml:inuu'miuﬂzrmp aof 1.95-211. Moseover, it wan
fonml thar the §i/4] amaie ratio of the ge phases for the 208 specimen
wine .94, which was clom fo 2 According to Davidovies [o4), wha
classified the type of geopolymer structure based on the 51080 ratio, it s
pasmible that the mmun geopalymenc gel chisivved in the gatem male
Ty howmw wes [ )-podw el lniecil mom),

Another mrevesting phesomenon is thot the iscopombon of
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5.0
OHydrated borax @ Anlyydrous bomx

=
§ 60 5.2 50 49
= —— 4.'['5 4.6 43 4.4

10 g .
- E
2 10 é
M
™

]
0.0
(i} 10 20 30
Borax coufent ()

Fig. 10, Effects of ko consent on leximal shveegrdss of propolymer monias.

anlyyrdous oo resulted in e formation af aysallins hydsate phases
with a how Si7AL iato {ses Fig. 007, whids bod dendmental effers on
the srengths of the geopolymers. Az shovm in this sthy (Tokle 1), the
wise of howay vediend ihe svrdlahiling of the 07" dissalved fioen the iy
ash. The role of Co°° i3 Impormnt in hindering the formstion of cive
talline sodizen aluminosilicate {zeolitic] phas=s, which nre detrimensal
ter the strength [07]. However, the pesks of the sodium-tosed ealinie
phesn conld mot be detected in the XR1 npolysis becnse the penks weae
weenh sad oveslapped with the pealdon of quare [o0,60]

The /Al stoatic mtica of the gel phases far the 20H-0.6, 20H-215,
and 20HE.0 specimens were 262, 2.75, and 272, respectively, which
mhidtrﬂ'lm hdufﬂw!ﬂ“qmcim”.m.hmﬂhdaﬂumﬂ
frean the cesules that the additional 56 diselved fom the RHA contrib-
uted to the formmtion af o binding gel phose, producing o 30 rgd
polymeric. soucture [59] This was supparted by the shifting of the
Si-0-T banel, s jidsnritied frem che FTTR resilts, which shewsed than the
mmadum-u&uunmwmmmm
imcorporated. A smalar trend wae busd in the mss of specimens con-
tativing nishyadios b A hlghes LA rstlo conld be ohserved [n the
gpecimen with RHA when & comparison was made bersvoesn the SLAI
rntioa of the 20445 and 204 mivmres

Angther [mportont ebonge i the elememtel compesiions of the
grapolymers made with BHA was the coosumption of G2 jons in the
geopolvmerizmion poocess. The Cw/El miie of the gel phase in the
epecimens wos founsdl w0 incvenss with dhe use of RHA. It is posrible that
more o jons dissabved from the fly nsh were consumed duging the
resctian process wisen BHA was ndded [27], The increassd content of Ca
Inearporsted {mis the B-A-5-H tvpe gl dertved frem the activation ofthe
iy ash in the presnce of BHA wos consistent with the XRD spechra,
which suggested the reduction of the C-8-H type gel within the binding
pioese, along with the formation of & geopohmeer preduct with & highes

3.5 Coipresslve sreagth

Fig Sand Fig 10 show the influence of the boran snld RHA contents
an the comgressive siengihs of the geopolymes mormrs, reapectively
Inchading eithes hydinted borms or mbydicous bomx mothe miztwre
tended to reduce the conpresive strength, especially with o 20% booox
replacemen, Gemparad with the ontnd maxmize, thi specimens with
ArH bpdrated bomx smd 30% anhvidiow borak showed congressive
strength decresses of 2% el W, respectively, This was in agoeement
with the trends previomby reparted for loveeraleivem Fly ash-bage] gea-
polymer syssens [14,15]. The reduction in the compressive strength af a
geapolymer prepared with borax may be uncerstond ns a decreas=in the
SifAl ratic of the gel phase formed in the system, which led to

itwcreans in the erystaliine nntare of the geopolynes, as evidence] by the
HBD resuls: However, the pressios of bovew appearal o lbmder the
fommation of oacke due o water evaporstion during beat curing. This
may explain why rthe compresive aimength of the mostar eonminmg
< 20% bornx win dose to dust of the comrol modtay,

The compressive strength was also measured for geopolymer mortar
specimens somaln g various pereantages of RHA (7 g 100 The reaulta
showeed thnd there wan an increase in the compressive strength with no
lisreans i the BHA coitent (oo 3 6% 00 & 0% Lo the ndxmures prepased
with bmmx. The iscarpamtion of KHA noveed the S/A sete snd
rem iwe] im rhse fnrmnation of npore eross linked binding gels. The inerease
in campresive strength resling fom increasing the %i/Al ratio hos
heen links| 1o an ispevemeant in the mismarmstiral henegsneiny. T
SEM immges provided evidence that the chasge in the homogeneity of
the geapolymer was msociated with n changes in the RHA content (s
Flg. oL The nserostrisetiensl Sanoes of the specinmeas were obaesved 1
be bargely homogemeous for RHA contents = 3.6% (80/8] mbos = 217,
remilting in geopolymers with higher strength

A6 Flewml smeagth

Thie flexarnl srrangth resuli e dve geapalymner martrs are shown in
Figs. 11 ol |2 Smidlor to the cmpeessivee grength discoseal eulier,
thé usse of bormx 00 replsoe sodiuen slbicate fendied fo peduce the Tlexuml
awenprh, mainly Lecaise o binding gel with o lower Sia] mivie wae
piiadiieed amid possibly as & resalt of the abienes of B0 bomds, which
would encoinrags the developmuent of sengith [0,55], When the borax
eomrent wad Inereed Bevom] 209, o sbenificant rebietion in fleoaml
strengrh wis observed. The flexural stwengih valses of nonse mixtures
A0H and 30 decreased by 168 and 15%, mespectively, ehitive fo the
eomtred moging, The results also inidleated that the Nexaml srengths of
nertan with bydested bomx were close to thos of morao with
milvyloous bosax (Flg 10k s sddicien, i shsadd be noded thar e
niegative effesrs of boum Inclusion weie bess promoanced foo the flaxuml
strength than for the conypressive sength of the mortar.

In relation to the wme of BHA in the gropolymer montaes oonbummsg
harax (Fig. 1303, the wweisils in the flepmnl screngeh of the nuontan wee
similmr (o those for the compressive sength. Adding BHA merensed il
strength, mot only becmuse of the moease in the 53281 mbo, bet alsa
hecause of the bigher cabeliom somiemt, which beenne tiseoy porated in
ithe X-a-5-H gel. The optEnmn AHA content wos founsd 1o be 4.6% (by
weaght af fly ash). Far exnmple, the sddition of 560, 404, and 6.0
RHA imereame] the fexoml| stpengeh of the 300 médvare by opprosi-
mately 22%, 399, and 31%, respectively, In nddition. geopolyneer
mortars with an AHA content of 4 Wk shaveed np approscimatedy 72264
higher feouml strength than the contrel mertar. However, the fend of
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(a) 0 10% liydrated borax 8 10% anhydrous borax
= 6.0 6.1 0
260 i 3 43
’a. 4.6 >0
g 40
E 20
Tda
00
0.0 36 4.8 6.0
RHA content (%)
e (b) Dlﬂ!-"-!-:-&mdhgT @ 207 anlytrous borax
= 6.0
gﬁ. 5.7 %58 57 58
46 39
-Em
g
£ 20
bi
0.0
0.0 36 1.8 6.0
RHA eosnbent (%)
2 = 0 30% hydrated borax 8 30% anhydrows borax
= so 92
S 60 53 5.7 5.6
— 45
Em
E 20
iy
00
i 38 43 6.0
RHA content (%)
Fig- L% Eifects of BHA en i G i el i i O e

decrensing the srengrhs siith the RHA inefision was obhserved vwhen che
comient of RHA increassd beyond 4.0%, becmuse the presence of
excemive snhshle silieate may impeds geopodlymer smachure [omesnon
[57]

4. Conelnsion

Thie shidy developed gropabmaers with lower mmcuniz of sodinm
uilicaie, swhile msivninng the periBmmnee equlioneans. Roams,
instead of seddium silionn, was vsed as an activator for high-calcium fiy

W

ogh geopolymes. RHA was mdded o compemsore for the strength-
rechscing effect of the bomx m the propolymers. Based on the expen-

mental esiits preseied here, the following comclusioas ean be dmwn,

{11 The maim resction products of the geopolymers made with borax
weere an M-A-5H rype pel. The results showed thal the S04 st
aof the gel phose decreased as the boanx comtent in the mixe
incrensed. In auddition, there v o decremee m ﬂlvnmﬂnHiijnf
ealeium dis 1 the dissaludon of Ty ush wlie the oo ensieat
wis incrensed Srom 0% to 3096, However, the presence of bosa
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appeared o hinder the foomation of cmeks due o moisture
renwoval thisdkng the heat mining process, tha ieducing i dein-
mental effect o the smengths,

) The 'mmrpur-'i.nnﬂmi.:ln 5 mncle with boonx
pesmilied (o the fopnation of a Ca-nedified N-A-5H gel with &
high 54/al ratio, The incrense in the S1/Al mdo of the bindmg ged
due i il presemce of MHA cmoed an impevement @ the
micynstiwcturs| . When BHA wes poesent in the
ayatai, the il dissohed fiom the ldgh-ealelim Oy a fse
tenwleld bo form a Ca-mipdified N-A-5-H gel rother tho the C-5-H
phase. The meslificagion of the elemental conipaaltion of the
ﬂﬂllh_;n.ml‘.

C3) Inconpaiating eitlenr balmed boros o anliydaois boims i the
guapebymne: mixrue deesessid boah the conpoessive aud flesal
strenigthe, especially with the 308 borss replacement. Howeves,
the detrinnendal effecs appemal 1w be more proncainesd for the
comgressive stretgth, The resuilis abo denved that the strengtls
of the geopobmer motimrs mude Fom hplmied bonx wee

ter b of the: mortars contalining ashydrous Bomx

(4] BHA could be msed to improve the strengths of the geopolymes
aumtads coistiilng eitle almiel b o nadigplious bomx
The optinwns amaunt of RHA was apprommeriely 0% by weight
af fly ash. The use of 4.5 RHA improved the comgressive sl
flexuml styenyths of the geopolymer mortars mnde with boros by
3-54% pmd 17-23% compared 1o these of the conmal nmsmr,

rempectively
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2020

After | graduated with
Master degree of Engineer
from Chulalongkorn University,
| became a Design engineer at
VCON group.

VCON is a company known
for itz innovation, hard work
and integrity. It is & company
that has been around for over
50 wyears and is currently
ranked one of the largest and
top construction firms  in
Thailand. In addition, VCON has
consistently ranked one of the
top hollow core suppliers in
Thailand. VCOM is also a very
versatile company obtaining
engineers, technicians and
pperations  managers who
exhibit expertise 10 construct
a wide range of buildings, such
as airports, hotels, warehouse,
department stores, as well as
many other channeling tasks.
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Project Repondsibilities

Discuss with Architect and Contractor to take their requirements and
discuss about the limitation and possibility of design.

Product design for manufacture. (Included Concrete with color
pigments mixing design, mould design and make the calculation sheet
for reinforcement details)

Set the team for any part of works.

Cost estimation of product included transportation and installation
cost,

Coordinate with Architect and Contractor along the project period to
solve the problems that happened.

Planning everything from start to project delivery.

site Inspection once a week.




FULLY PRECAST WAREHOUSE
WITH BOONDESIGN P

MNowadays, we spend too much time on conventional construction methods, We
cannot control the guality of concrete members for the cast in situ method as good as
precast concrete. The differ between Cast in situ concrete and Precast concrete is
precast concrete can be cast in the factory end brought to the site and sssembled.

These warehouse, | studied with Mr.Boonlert Hemvijitraphan who is the architect and
founder of Boondesign. | was a Project manager, Strecutural designer and BIM modaeller
far this project. We need to reduce the construction time &nd control the quality of
concrete member by cast in the factory, These structure was designed according to
the PCI and ACI standard by me. After we convert into the fully precast system, we can
reduce both time and cost of the construction by 30%. For this project, | used Hollow
core slab, Hollow core wall panel, Precast beam, Precast colurmn and Precast staircase.

2021-2022



Project Repondsibilities

Coordinate with Architect to take their requirement.

Site analysis

Creating Structural precast 30 model with Revit.

Structural design and calculation.

Cost estimation included transportation and installation.

Set up the team.

Set the deadline for each part of work to meet client schedule.
Set up the internal meeting once a week with factory and installation
team.

Troubleshooting for any issue that arise during project period.
Monitor project progress.

On-site inspection along the installation process.

Project delivery approval.

2021-2022
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CUP Building of THE FORESTIAS

THE FORESTIAS by MQDC is the world's first community where nature, wildlife, and
peaple live harmoniously together in a high-quality environment for healthy, happy
intergeneration living. VCON group was a supplier for GFRC and Hollow core wall in the
CUP building. | was a Precast concrete designer and Materials R&D for this project. We
tried to produce the new shape of GFRC for cladding. The hard point for this project
was the cantilever slab. We spent too much time to find the way to install the precast
member under the cantilever slab. Finally, we solved it.

2022



2022

GFRC was produced according to GRCA
and PCl| standard. 15mm. thickness of
GFRC was carried by gavanized steel frame
and installed with bolting and welding
connection for resist the wind lead and
seismic load. For the GFRC production, |
got some problem with the pigmented
colour that we mix in the mixture. The
colour that from pigment colour was
pradusally fade. After we tried many time,
we decided to paint it. Fading in colour
concrete was the result of weather,
moisture, and efflorescence or in any
combination. Some architect like the
natural colour fading in concrete but not
for this project.

For the hollow cora wall, | designed the
embedded plate both front and back of
the wall to install the wall in front of the
beam and carry the GFRC member.




Project Repondsibilities

Site Inspection for installation method

Make the calculation for GFRC and Precast member
Setting the installation for Installation team

Cost estimation

Service road analysis and set the heavy crane schedule with main
contractor.

Coordinate with the developer (MQDC) and main contractor
(Sumitomo construction) for any issues.

Quality of GFRC and Precast approval.

Set up the internal meeting for progression update and feesdback.
On-site inspection during the installation process twice a week.

2022






STRUCTURAL PRECAST DESIGN

VCON is one of the biggest precast concrete manufacturer in Thailand. | have many
projects that | must design. Almost projects was warehouse. | mainly design for Precast
concrete beam and column, Precast connections, Prestressed Hollowcore slab and wall,
Solid precast, and others. | designed according to PC|, ACI, and EIT standard and GRCA
for GFRC. These are some of my design projects.

2020



Project Repondsibilities

Coordinate with Taiwanese contractor for the building requirement and
construction limitations.

Structural precast design and Connection design.

Site analysis for setting up installation and transportaion schedule.
Cost estimation included transportation and installation cost.
Construction risk and time management.

Set up the team for materials procurement such as lifting socket.
Inspect construction site to meet the design standard.

Safety contrel according the standard.

Monitoring the construction progress.

Troubleshooting for any issues.

Project delivery approval.

2022



UUANTA APPLE MICRUCHIP FACT

2020



QUANTA APPLE MICROCHIP FACTORY

2020
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INTERNATIONAL PROJECTS

Goodman’s Sign Bases (Australia)
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INTERNATIONAL PROJECTS

Goodman’s Sign Bases (Australia)
8 sets of Sign Bases

Project Repondsibilities

» Coordinate with Australian developer (Stone Alliances) to make the
product that meet Australian client design and standard.

» Set the team for any part of work such as 30 modeller, Material
procurement, Export team and Factory team.

= Set the schedule and deadline for each part of work.

» Set the materials specification for the procurement team.

* Estimate the price of product for quotation

* Making the contact document .

* Coordinate with the factory team to make the product as client
reguirement and meet the Australian standard.

* Monitor the work progress.

* Materials supplier approval from three suplier at least.

» Setting up the meeting with internal team and Australian developer
at least once a week to update the progress of work.

* Product and Packing quality approval.

* Contact with Thai Government to clarify the materials for export.

2023
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INTERNATIONAL PROJECTS
University of Sydney (Australia)

Project Repondsibilities

* Coordinate with Australian developer (Stone Alliances) to make the
product that meet Australian client design and standard.

* Set the team for any part of work such as 3D modeller, Material
procurement, Export team and Factory team.

= Set the schedule and deadline for each part of work.

» Set the materials specification for the procurement team.

= Estimate the price of product for quotation.

= Making the contact document .

* Coordinate with the factory team to make the product as client
requirement and meet the Australian standard.

= Monitor the work progress.

+ Materials supplier approval from three suplier at least.

= Setting up the meeting with internal team and Australian developer
at least once a week to update the progress of work.

* Product and Packing quality approval.

« Contact with Thai Government to clarify the materials for export.

2023



INTERNATIONAL PROJECTS

88 O'Connell St Adelaide
(Australia)
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INTERNATIONAL PROJECTS
88 O'Connell St Adelaide

Project Repondsibilities

* Coordinate with Australian developer (Stone Alliances) to make the
product that meet Australian client design and standard.

* Set the team for any part of work such as 3D modeller, Material
procurement, Export team and Factory team.

= Set the schedule and deadline for each part of work.

» Set the materials specification for the procurement team.

= Estimate the price of product for quotation.

= Making the contact document .

* Coordinate with the factory team to make the product as client
requirement and meet the Australian standard.

= Monitor the work progress.

+ Materials supplier approval from three suplier at least.

= Setting up the meeting with internal team and Australian developer
at least once a week to update the progress of work.

* Product and Packing quality approval.

+« Contact with Thai Government to clarify the materials for export.

2023



Since | have worked at VCOM group, | got
the oppotunities to go for present the
Precest concrete system for  the
cambodian engineering and architectursl
firms and student of enginearing at NFIC.
Precast concrete system was new
construction method for them, | kindly
tried to explain them about the good
point and limitation of the system. After
that, we got many talent project from
Cambodia

CAMBODIAN PROJECT

The first project was from Singbuild, they
was the real estate company that had
many lxury home. We got the Seles
Gallery project from Singbuild. 12 meters
span of Hollow core wall was use there
for the first time of Cambodia. The hard
point of this project was the client did
not have much the information about the
pracast  limitation and  installation
method. So, that was our responsibility
to explain and work with them.

Norea cove showroom by Singbuild
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National Polytechnic Institute of Cambodia

Precast and Prestressed concrete system seminar was set up to teach the student of
Civil engineer of NPIC In Cambodia. | and my team went aboard to explain to them
about the Precast system. We hope they will bring this knowledge to develop their
conventional construction meathod.

2022



UNIVERSITY SEMINAR ON PRECAST AND !h b
u .
PRESTRESSED CONCRETE APPLICATION -

Another role of mine was to teach about Precast and Prestressed concrete
applications to engineering and architectural student. The first university that | want for
semminar was Faculty of Architecture Naresuan University. Architectural precast such as
Hollow core with concrete texture and GFRC were the main focused topic for
architectural student, Tha next schoal that | went was Faculty of Engineer Naresuan
University and Faculty of Engineering Fibulsongkram Rajabhat University. | rmainky
foucused on the Precast and Prestressed concrete system to the student. They had a
lot of quastions that was & great time to discuss with the new generation of engineer.

2022



Facuity of Architecture and Planning,
Thammasat University was the latest onea
that we went to explain about the
Precast technology, | thought that
Pracast concrete technology will be a
trend in the future. It will be great if the
student understands the  Precast
concrete system. They can apply these
to thair future work. | hope this will great
future for precast concrete technology.

2022



GLASS FIBER REINFORCED CONCRETE
RESEARCH AND DEVELOPMENT

e | I

Since | have worked at VCOMN from 2020 to present.
| got the projects that was to get the full membership
of GRCA International. Glass fiber reinforce concrete is

e one of VCON product. | have to set the laboratory and
b testing our materials to send the result for approval

-’ from GRCA. | stared with no information about GFRC. |

'f have to research and set the laboratory. Flexural

G R C A strength, Water absorbtion, Fire resistance and other

mechanical properties were tested for GRCA standard
approval. Factory standard is one of my work scope
that | must focus to be Full membeship.
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INSTRUCTOR OF STRUCTURAL ANALYSIS
@ SCHOOL OF ARCHITECTURAL AND
PLANNING THAMMASAT UNIVERSITY

| have been an Instructor of Znd year student since January 2023, | have to educate
Architectural student to understand the Building system. How to make it stronger and
stiff under the various situation. | set the workshop to make them see the visual building
behavior.

2023
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KIT JANPRASIT
TEL: +66-63-0969166
EMAIL: kitjanprasit@gmail.com




