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Master Degree's research paper

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. We
need to find some green concrete to
reduce the carbon emission that was the
main causes of Global warming. Then, We
decide to research deeply about
Geopolymer.

The main purpose were 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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Enhancement of strengths of high-calcinm fly ash geopolymer containing

borax with rice husk ash
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ARTICLE INFO ABSTRACT

Fyvegrdai The chjective of this study wa to ves izie the micostnecture aml mechanical progerties of a high-calcinm By

Geepolymar uhg;:upu]p’nl:l Frl:nn] wiith Beman mnoalifis] by the sbbiien of rice Bk ashi (RHAL The soclin silizaie wes

:“mm - replaced with o, an an ool mees basas, ar & 10 30, ad 3059, The iesules alewreil then the wne of ooz
irw £
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inniead of sodium sdkcnte reduced borh tee compeessive asd flexum] srepgihs. The arengsh deoreoss when
bodnix mnk ueed were melated fo the cnéreasd m the crnstalline sbare of the réactien peodiacts Saused by Eha
deresses in the SiAl mives al the #el phases loemed. Movtowes, inierparatog 3.6-60% RHA nfo geopalymes

Flenie=d siresgis
mariam centmmng «ither hydmted barsx or anhed reos Beens b te an eprovemest in the compressive sieength
dus te lhe leamabne of o Chasedihed N-A-8B-H el with a bagh Bi/Al satie duriag the resciaen,

1. Intreduction o soiliiem silicab= Bt is considerecd] relobively clean comparsd with

Tl growing concens over global clnmte change s loring e
senachers to pay anenton 1o the development of iucegnnic palymes
cements or “geopolymers " Geapolymess are sitinctive becouse af theis
potanrial bo reducs OOy emissions comgmpad o Pardmd cemene [1-7].
D aidehicion, the wse of geopolyiens fon comtiuction mavedals will
neldyess wnste monagement mues, such as by reducng the waste ploced
in lnndfills nned improving wast ailizacion [4,5]. Waste matorinks such
us fly ash, blns furrace slag md shelge can be uwsed o gropolymes
precursss [5-10] The cmentidous propsties of geopelmens develop
bemuse of eactions betwesn the precurses campounds and allsali oct-
watcrs. Amang the settvators, sodinm silieate md sodiom hydronide se
wiilely wied [1]. However, they nie the couses of mraronnental aml
oihar probiems wirh geopolyneer hinders, espocially the produeton of
soiftum sificme [1 11 s monulactuging proce ses involve burning quins
mnd and sodium earbonnre st tempemitures of 1,400-1, 500 “C, which
enn affect the enviroomenr in the fome of huomfl grseoos C0k [12,13].
Themefore, new activatorn are needed to replace the common soumes joo
snhanes] environmenm] performsnee.

Abtenapts o produce & mare envircomentally fiiendly oype of geo-
pobaner  cemem have peidlre] In the  development of o
calomimosilicate geopelyvimers, which develop high strength foan the
foomntion of the B0 band [5,14,15]. Borox hos been promated oz an
netivatoa far geopolymer cement in onler to decresse the corsmmption

" Corresposcling suthes,
Eomnil address: phicha pivhulo e th {P. Jomavivmsakd

Tt Aol ey W0 1O TS ol 20310002

coinitan dlieate conspounds) i additon, the sdvangnges of uslng barax
woukl inchide the hunan safety and the decrmsed cost of geopalymes
[160. b addition, Baghenl et ol [14] suggesed thar the veduction in
stresgth dee to the decrense in the dosnge of sodium =ilicute can be
partly cansperented by the inecs poration of barax. To be offeethre, the
Laenrinse wns el ol o veploee ot leaet 1004 of tue sodiuem silicane by nxass,
nml preferably 3086 [14,15]. However, the combinntion of bornx nnd
sodium silieme produced o lewer strengsh than & found in ccmposes
mnde hom swlium slimee nlore. This, the next step was to find an
econenienl natevial that improved the suength of the geopolmer ol
codild b collscted Boom lom)] supplies med manufactures.

In developing coumiries such as Thailand, sgriculmm] mecidues nre
usecl oz beoboels lor erergy production i bioness thermnl power plants
[1 7,15} Anwong them, dee husk is guice nrroctive beesuse iz is abun<dan
in ngricultural woste nmd o lnnge pmount is availnble [17]. Rics husk isn
be-producr of the ree milling prossss mad ks usimlly bumed for varous
hiemming purposes [19). Although binmmss energy resourmes ore chasmar
than foezil Mmels [20], @ i well known thot buming rice husk feoves
bechind selil wame, eallod rise lusk ach (EHA), which nesdh o bs
properly disposed of to ovoad dverse esviconmentel efecs. Fome
vintaly, urmiig e ks vesltz in e fometion of siliea (5104 in e
BHA [21]. Whibe crystnlline 50, is suggested o producing produocs
such ns mefmetory bicks ond eemmies, the omoaphows ond lepdmeed
phozes e wehal as achlitive nuat=zinks in the censent industry [17,22,

Rrievercd % Pebrusey 2021 Revoivedd in seviend finn Moy 20231; Acerpird 10 May 2020
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23] Therefars, dumping RHA ko Endfllz or open fiekls may beooaes
LMD ECESATY.

Mumesmnus mpoets on the propesties of geopolymess made from BHA
liave been publabed [24-27] The inchuson of RHA, ar an aptimang
domge, wis found ro inerense the compaessive strength of geopolymes
prate [25], pudly becmme of the higher deosity of Si-0-5i linkages,
whieh are srronger thom those of S1-0-A] and al-oe Al bonds [2]. In
nidition, previous sudies eported that the compressive strengths of

geopalymer comcretes couhl be insproved by incospooting BHA into the
mixtures [24]. It was also found that the effectivencss of BHA in

imgproving the strength of pecpolymer moncrete was compaable to thni
of rano-silica [26], Howsever, eeeaich on the use of RHA to echinnm rhe
perfarmsance of prapalvmerns contalning borax s not been reporeed

Tl chjective of this study wos w0 expesimentnlly vestignie the
effect of RHA an the progertes of highcalcimm fy ash geopalymess
vanmifactunsd using hydmeed bomx snd anbydrows borox., A el of 23
murtor nEsures were cast, nml their compressive nnd Aeaumnl strengths
wers serted, Tivn types of borar weie wtilesl, namely yadeated boras
and anbedrows boemx The specimsng with boons were produced by che
prutinl aubstitmion of sedium silicobe with bomx ot wrving amounts of
10-20%. The des kusk ach waoe csed 25 an nddlitlve moseral vo enhanes
the pedformesmee of geopolymers contnining bomx, Therefore, RHA were
nikbecd ot 369, d.09%, and 0% by weighe of Ay ash, while the Ay ash
cofitent wia kept comatmt. Moreover, the macrostrsciies of the geo.
pobmer pustes were evnlunted for the porpose of undestonding theis
influence on the stremgth behavior of the o,

Jvrmed of R Wling Engioeenng 40 (307 F) 103703
2. Materials and methods
21, Materials

Hizh-enlcitmn fy ash with a spacific greviky of 23 was wsed o5 the
primay precuvasr, W owas obitaimed fom s eoal-fred peease siation in
Lampang, Thailnned. The BHA used in the present work was groand for 8
b £ obtnin & BET specific surface aren of 16.3 m®/g Table | presents the
chemideal conposition, ax detenminesd by Xany Muoieseanes (XRF)
spectvcanetry. The main companents of the fiv nsh were Silh, AlLDy,
Caly, aned Feoly, whils the majoy ods of the RHA was 50,

Thee commeon alkall setivatars used were a 10 M sodium hydromide
solution (NH) md o scdivm silgse soluthan (K8) with 30086 50y,
14.5% Moy, and £5.3% Hy0. In this study, twe fomas of bormx were
sl oan ohermative w0 godion o silicnie boix  decabydise
(Mn;B A% 10H;00 and anfrydrous bovex (Ma.Ba0; ). The Intber was pro-
diced by beating borax decadvalmee nn 150 °C for 30 aain aml then a0
300 °C for 15 [6,15,15,3%,30],

The Ame aggregote wsed for moking the geopolymer meartars wos
viver =amd with o gradation westing ASTM standand €33 [1]{Fg 1L
The greding of the aggregaie wona deternsined using o seve anokysis

A
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Fig- 8 ¥RD patterns of lpalmied base amd anbogsboss oo,

Eodlowing ASTM 196 [32) A fineness modufus of 2,42 wos comguted
fivn the sieve analysis datn. The aggregare bl speeifie grawity sael
witer absoipmon values of 257 and 0.7 5%, respectively. These values
werre deterimined vaing e metluds oonlined i 45T C120 (23] The
diy-rodded i webgly of the aggregnie uwsad in de auly wae 1,639
IJ.;_.-'m’. which wns determinesd 0 necondance with ASTH 09 [34]

Tl Moy diffrncton (KRD) patterns of the Ay ash and BHA ane
shoaun by Tl 2, The vezuliz showed thar the Ty ash was mninly glssy,
morsaver, crysinlline phases dld:.fdl:it: [Cably ), qunrtz (Fili:]1, bme
(a0, and magnesiofervite (MgFes0y) were detected in the XED
patien. The RHA contained smesphous sllbos s th onyatalling incluisions
of cristobalite (£i04), guartz, nod mn,gu:ui.ﬂfuﬁt:

Fig & lusreanes e ¥ROD partesns of the hydeazed bovax and anlyy
digus bornx wsed ol livesdgnticn, The hydiooed bornx extuibived rhe
high-intensity crysmlline penks of tinealoonite [NagBs 0 SHa0). The
vedults aleo jivdbeated thar the anlivdeous barns sioved o lover degroe of
cryetalliniry compared to e hydimted boinx. after henting, oo sharp
peaks of tincaleoidte ot 20 values of 15637, 31.49°, and 35.06° were
foaind In rhe XED pamern G the anboprous boray, (o seddichon,

Tahls 2

Proporticns of geopalymser mortar nixtures

e 4F P biag Engiecenng 40 (307 1) 1030

Wnclrwsks [00] suggested that an amorphons sodum borbe wis the
mmin prodoet of debydstion. Thess results indicvted thot the nnhydnms
bornx was more reactive than the hydrated borax However, the ays-
enllie peaks of souliun borace were also absesved notlse difinetion
pattarT.

23 Miv proportions

The mix proportions af the movir specimens are listed in Table 2 AL
the gespolymer mortars were mnds with an netivator-m-fly ash mnss
vagio of 0.6 I aldidon, they were popectomed o hove an (M5 +
bornx FeeMH ratio of 0.5, The muss mtio of fiv nsh o anrel woas hnpr
cormtant ot 1:2.75 fer all the mivhres, Based on those propartions, the
vy Kalbsle Mo o ol contial moator was lnthe range of 1194 + 5%, which
met the requirensents of ASTH G0 [E6].

The mix vnrinbles inchided the type of bomy, amount of bornx s o
ceplacement fai M5, and amcint of RHA. In adilitien o cedoeing che
corsumption of K, the current study attempted to promote the use of
Piydiared lowsn dstend of anlgadious booax a8 an petivaies fog geo-
polymer campesites. The lobels “H' and “A” indsenke that the mixtures
were prepored wsing hydmbel borsx ar pabpdvous bomyx, respecniveldy,
Bovax wis usesd a5 0 replacensent for the N5 at 0, 10, 20, wd 30 by
werkght. 10 ardes 1o laprave the pefomace of the geopalyner cone
p-mitumndewiﬂlhurn..:mﬂmmﬁﬁu of RHA pastices (3. 6%, 400,
amel 600 by mass of Ay sl were added o che mismoes,

2.3 Spechnen properarion

The procedime for mixing the grapalymer mortar wes ns follows.
Fices, fly azle and BHA were monually dry mised befors mising st the
wiber ingredients. Second, the dry motermls {ﬂyu.ﬂ:l.md BHAY ned HH
wipe podied e o montar miser aod nixed sontivmeusly lor 5 oin,
Theid, civer sand in a sabwisted safnce dey conelition was nelded 1o the
taming mixer. Finally, N5 and bomx were adkded after mixiog for 10
min, o the: méxing wns contivmed for o further 5 min.

The geepolvines posve I tlmilar s proporticns 1o e mota
except the river snod wos absent in the paste. The nuixing time for the
pade el 0 the cusrenr sudy woe approsimrely 10 min, The diy

Min propsnions (g

B pam %1 RHA [W] Fls ash R4 HH HE Hydisted bivan Auiky e becan Rirver pared
Cmacml ] ] {]=] 4n 20 - - Fop- |
1oH H i) ] 1] a0 LB 2 ars
WH i fi fiadi Al L i i
EH 10 u =] A0 14 fi am
H-A8 i 16 ] %A 1] La 2 - 5
25H-1 & ] i 1] G an 16 4 s
AH-A 6 k1] Ak [l ] i 41 14 i s
10H-4 8 1 an =] 4H 40 18 2 T
HAS ri ] ia 120 +.8 40 I 1 - 5
H-44 £ 43 120 40 40 14 fi i
-6 H B ] 1] &0 ao Lo - - Ta
oHaS o Bl 1] &0 L[] la 1 R
FH- 0 1] (4] =] &0 an 14 [ s
104 1L 1 L] 40 1a H s
20 i ] 1] 120 a0 LB L} r i
b 1Y g2 o 1< 1] 0 14 i s
100k - 5 1e if =] Lh au 1A | s
20a-18 el an [[=1] 4.} 1] 1] = s
s LR ] a5 [1<1] 2] 40 L} - B s
1044 8 HA 44 ] 48 40 12 1 s
T ] ] an 1] &l Eli] 18 s Ir4
AWeAAE 2] dd ] 1] L] Eli] 1a -] s
1004 -6 10 H il =] &0 40 14 2 s
Wk Ell uii] il non an an 18 L ara
BWeA-LD M hil L= &0 an 14 fi m

%
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Fig: D. Effects of RHA addition on plase compositions of geopalymens male
inith boese

mnterinds ond MH were mixed in the mixer for & min bedore the finnl
imbcing wich NS and bran Afser neizing, the paste and norrar speciniens
were pouared o malde nod left &0 room emperamre for 1 b, s ag-
gested i previous publications [57-42). Then the specimens wers
cured bn an ovai for 24 b o 50 °C. Afer that, diey were denealied s
loespe ne room tenspernbuoe until the age of 7 doys,

24, Experinard stwdy

The experimental stucly vwms divided into two pacs: (1) 8 mico-
wmaetirnl mvestgation of the geopolymer pose and (2] esos of the
mor properties The microstmctarnl observattons conslsted of XRD
mearentents, Fourter trarmborn infrared spectioscapy (FTIR] malyses,
und seanning elecrron microscopy (SEM)Smnecgy dispersive spectos.
copy (EDE) obserrations

Microsrruenmsal soudies are weedul In undevsinnd ing how the streogeh
biehavicas of geopalynes are associated with the presence of bormx snd
BHA in the systens. XD wns used to chomecierize dhe phase composition
of ench specimen. Belore teating, the specimen wis grownd into povde
foam. Alsn, ground geopalymer spocineens were nnalyred using the
FTIR-spectnam o determine the degres of geopolymerization. Broken
grapalymier specimens were annlyzed using the SEM technique to study
thelr mesphwloglenl charncteststies, In sddition, the desailed quantifi
catical of the hycited paste vas sccomplished wsimg EDS annlysis.

Thee effacts of borax and RHA an mechandes] properties of the mor-
turs were evolunted The comprssive strength ond flexum! stength
were tested of the nge of ¥ days. To mensure the compmessive strengel of
the peapolymer mortar apecimens 50 = 5050 mm’ oalbe specinens
were cest and oested necording to the ASTM ©10% [38]. The flexun]

L 3

e 4F P biag Engiecenng 40 (307 1) 1030

—
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Fig. G FTIR ezulis foc peopolveers with differess bosx contenis

stremggth was nensnred using 20 = 400 180 mns” b sprinuens besed
om ASTM 340 [4.7]. 1t should be moted mucuhalmwh value vens the
nvernge of those for three apecimens,

&, Besults and discussion

3.1, XRD petterns of propolymer pastes

Fige 4 nonl 5 s the diffadion patberis of tlse geapalnner apec.
imens. It wes found thot the pasee conssted mainly of nlumincsilicoete
aml ‘mleimn stlicate comapousls. The minjor crystallme phases found m
nll the specinsns were cndcium siticare hydimes, quanz, and magnesio.
Eorrise. The quartz nesl nesgneséofemrite phasea of the fly ash and RHA ae
usuzlly abserved in srnthesized peopolymes [44-47), imlscating thai
beath the unirearcod fly ash and RHA ane present in dhe fnad geopolymarks
composites, In this shdy, the uporphous aluminesiticate nature of the
spechinens wae indicated by 1he diffise halo peaks srownd 10-38° (3],
Sinuilar hndings for metnkaolin-based geopolymer pastes were reported
by sounma et ol [75]. Clencly, = deciease in the dinrpnes of the buap
peenks at arouml 10-20° (201 was obaerved when either hydmted borax
or u:lhz.dn:vun borms wns gdded (Fig 41 The resulis were in ngreement
with thiose by Bagheri et ol [14]. However, there was po differsnce in
the XRED patterns between the specimens comtainng 200 |opdmbed
Bt and thoae with 20% anhydrows borax,

Fig. & shows the effect of meorporating RHA on e phore compo-
siton of the geopolymer: I vns found that the omoophows phaso wos
nifecte:d by the nddition of RHA, Obvionsty, an incrense m the intersity
n:l':l:-cp:ﬂk:.u nround 10-20¢ {2 was obmined when the RHA was
incoiporited Thia sl cobed thet die ameunt of the anvorphons phase i
the specimen with BHA wns higher than thor in che specinsen without

2018-2019
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RHA, The incrensed ansaphons phase could sirengthens the sorucowe
becise of the prevemce of liigh contents of geopebymer prodoces [14]. 3
miner change in the XAD pattems was the decrease i the intensity of
e peak s 32057 (20, which was assigoed 1o the O-5-H plise,
Therafiore, it wos reascnable to assumne thnt the inchsion of EHA
vesmlted i Bueschle mamditions fxe e formmion al paoeplsos prod
vers mther thus the G5 H gel. However, the XRD pottens of the pastes
mnde with BHA did mot shewr en elbvious change when the ansount of
BHA s ineresse] fromn 3.6 10 6,08, The resubts preseiged in iy, 5 sl
shose that the influenes of RHA on the phase composinion of the spee
imen meele Fom mbnedvoss bocan (2064 -4 8 was the sune as et on the

specimen oonenimng fydrated bomx {20H- 45

3.2 FTIN analys

The FTIR resnlis of the geepalymer postes pe shavnm in Fig & nml
Fig. 7, These vesilts ghow thot the geopalymer pastes consisted of bl
bands loeneed o 37003200 em® | which were resigned 1o the srocching
wibration of water molecules [40,19]. The bromd boand ot Y7041 500 cna

] represented che beseling vibragon [H-O-H) ssutng fiom che
nisorbed water neolecolss [50,57 ] Thes= vibontiona mod = indicate the
formintica of an aleminositicate nesowock & the geopolymer suctne
(0520 The eevanspes af the G0F bomd, which ocews 50 apgeea
mntehy 1460 cm?, was detected in ofl the specinsens ns o result of the
caf bepdan process hemgeen areacted Nag0 o OO bn the envinomge
ment [50.54], Previews soudies on geopolymier mode wiith borax
shiwed that the moin BoD sireteluing bonds were obseved in the
warveniemiben comge of 13801310’ [6,55]. Hovweser, in the pieseo
snedy, the B-0 bond wos mot detected in the FTIR mnalysis, probably
bemme the bowax content was insaific it Bughe:iet al [t !'-'.I“Eﬂ“ﬂd

Flg. & SEM microgrepds of peopolymer Speci s

5

2018-2019



P Wik loagg = o

Tabls 3
Arooed percesfages nmil rofios of udenad peopolymea posies baed o E0S
analywes

Ajom perceokagm and miice

Fetigt Mzt €3, aith Sk oit Al ofe Hodl Lol SiAl
@ il L7 ThE B53 .40 L& Lilih] 21T
L] L4+ nss 10,30 4.03 L1z L8 B 211
H (R ] G b b ] A0 L33 iRl a7
BH LE 66 5T s 1% L2k Tk 155
oH-AE ET Tas (4T LA oer  oow LEZ
HH-44 (- (L1 .7 11,20 415 LBy ] nus 375
MG ASS CE] el 4T ars 071 BTN
et 12,52 BI7 1081 = (1] 50 194
- TH S L] #a7 1118 108 aEl 0% LED

thint the foomntion of 80 boods in geopolymer motices is exseninl o
prevant an e xpeeted sirength behenior caused by the diruption of the
biolmses in nn albnline sctivatar.

An cbyvious chinge In the FUIR spectm of the geopolyner specinens
made with barax scorred in the stetching bend a0 the wove mumbes
remnge of 1200-9%0 emct. The Si-00T vibomton, in which T could ba
silicon (301 and alumioeem (A [6,55,56], is freguently ussd in the
nazeasnient of tha degree of geapolymarizaticn. The axact pestion of the
broad band assigred o the Si-0-T stresching bond vuries with the sik-
con (55 alumimen (AL} meio of the specimen [57,55]. Genemlly, this
band meves dowivwanl s & vesult of en inerense it the Al content
inecapovnsed into the gel phinse [92452]). As shown in thds smdy, the
ehupness Ineveased with |pereaging borss content (7). ), ndicaring
tlsat a pelatively ligh endy release of Al specwa in the system was ob-
tnined wich the inclusion of bomzx. A similar fimding wns repoared G o
low-raleiomy Iy ash peopolyiner poste [10). De Silva et al. [59] mg
gested thar an Ineressie in che cantent of the eochedrally positloned Al
o (low Sa/AR leid to geopolyiers with low strengths.

I speclnens eonnaibing hydrated Bomx acd BRHA (Fig 7], the po-
siricm of the o ssstpgmed to the 5-0-T bomd shifed wosenn] higher
wovennbers compared o the H0H neixee (see 2z 03 Thess findings
were mppoated by those aof previews psearches working an peo-
polymens contnining silien fume [57]. It should be nosed chnt smong the
three mivtres, the 20H-4.89 sperimen exhibited the hl.gh:ﬂ: W
ol for the S—0-T basxl in the dhnim strocture af the binding phise,
I ncdilitiom, upan nedvaclonaf che 308 8 mdxtune, the band shifted 1o n
higher wavenumber compered with the 204 mixtue. Thes: el
indicoted thar the farmarlon of n gel phose with a kgher degres of
craslinling waa chealoed when the RHA wae used. This could have been
due i the greater silicate species in the nluminosilicnie condensation
process [64], which merensed the amorphous contem of the predue,

Jvrmed of R Wling Engioeenng 40 (307 F) 103703
23, SEM absarvanoms

SEM imnges af selecied geopolymer poste. speciniens are shown in
Fig L The geopalyner specinens showed vodds aml wmeacted fly azh
partielas, which were embedded m the contnuous mess of the ceneene
ritime muatie, Do mdelition, micrmoeracks were clearky obssvsl on the
surfares of all the specimeens. The ancks formed i the contml mixue
[see Fiz. 20} may hove been the result of moisture removnl during the
ciuring process iather than Bbeing bad-inducsd eracks Rapsd diying
duing heat curing generaced cracks in the form of “alligntor skin®,
Howevsr, the mabts showsl thee significantly fewer cracks wee
chasrved i the spocinwens conmaining eithey bvdrared bomay (Fig. (bt
aml (010 an anbasdrons bovsy (P b eompaned s the ool ndstne,
probably becowse the geopolymers with higher bovox comtents lind
celdmtively lewer amcmnts of the Bgubd-conduing compouns] {2odian
slieate] and possbly becouse of the high mpistare retention of borax
[ 1] Thas it & no exsgperation (o @ that the iocluson of ko
pedhiced idhermal cracking, Mopeover, the pesulis givesd thar uilng
anhydrons bomy coused crvstalline preducts with o bow Sif4l ratio oo
Fosm e Fige G0 aned (i8), which will be dlisoased e

Thee resultzshowm in Fg. Se) and b show that the inclusion of RHA
L= b monee ol ifferences in the mntris micmostiuctures, The geopolymers
with BHA showed o microstnicture comprising o unitormly distribnited
dense gel phase aisl wvemtsd paticles. Congparad with die 208
mixhure, the binding g2l phase formeed in the 204-4.5 mixture (Fiz. 5[hH
s o mare bongeneous mophology, Thiz {eclicaed thar the mi-
crogmuces of geopalymers made from boray ean be improved by
uneluding RHA However, the nyiciost e tual fentures of speeimens with
BHA coients =3 6% did not change significantly when the RHA coneni
wis incrensed. The resufts nbso showed thoco the cmcks mdused by
ex el !uad.ilq weere blocked |:|_l.- the unrsctel H'_l.- izl pl.l.ti:l.ﬂ.. ax
clearfy seen in Fig. b and 17, Cmeking arcund thwe sphems ean be
cheerved in several fly shebaged geopolymer systems [6,14,007, which
resulis in more energy being dissipated during losding.

A4, X-ray microanafyrs (EDST

fabkle 3 lists the elemental compositons at selected aveas of the
geopolyier gel phases (free Gom the unreacted fly ash particles) os
darived o the EDS micosrmlyss. The valies premsted o the 1shls
nne the averages of 2-2 nnalyees. 1o additiog to sodium (Nal, silison (81l
aml aluminom (AL, caleivm (G20 wae alse chserved in all the oo
palymer specimens. This indicoted et the cowdstenen of an anvarphons
alkali sliensneaiHeate gel with o C-8-H phase was possible, ns suggested
by ather studies [5:255,94). In sddition, the presence of a G5 H ope
gl wad suppartes] by die XRD pmrrems showia e P £ oond 5 Inorhe

;
o P B Fiydated borax. B Anbydrons bowd
g 60.0
=
'§*5M 381 3
B100 | o 376364 156352
: w00 G 5.7 213
-3 = T

200 | |£
5 100 -sE

0.0 L.

0 16 20 30

Borax content {%a)

Fip. 9. Efferss of hoans axien? on compressive simgia of Ssopslime monr.
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Feg. 10, Bffecss of RHA on compressive strangths of seopelymer sortars osobadmng (al 19% borax, (k] 20 bors, amd (o} 30% bornx

present stialy, simarphous alundnesilicats was the main reccbon prod-
vet identified n the geopolymes; howevor, there was g signifieans difs
ference inthe elanentnl compositions of thes alumincailicate phases in
specinwms fomeed surh hams and RHA

Tae 56086 vucie foc the gl phase fornved in e concrol nxmre wae
2.17 an overnge, vetiile the Na /S ard Ca /St mbos were |1 18 and 0.81,
respocivaly. Hewever, meluding efther hplmied boma ar snbodros
bomxin the mix decrensed the SidAl miio, patly becnwe of the fowes
conenr of sod e silkene and pardy meonsequeance af the incags: in Al

T

comtent disschved Fam Ay ash, which wes consistent with the previously
diseussed FTIR resulis (Fig @), The 51/ nromie L'an:hrH'bl].ﬂH,ml-l,,
nml 3 specinaens wers in the rmnge of 1.95-2.1 1. Moeever, it wos
fommid thor che 54700 nsmie rado of the gel phases for the B08 spocimen
v 124, wlideh was close o 2 Aceording o Davidewits [45], whe
cluszified the type of gropolymes stuchne based on the 8i/8] catio, it ix
preasible theat the maln geapedymerie gel sheervad in the sysem made
from barax was (Mo b-polyisinbatesiloso].

Anotlws  inevesting phenonsenan s tha e inccspemon of
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Fig: 11 Efexiz of borax content on Hexeml stenpthe of seopobvesy neetas.

nnhvidyous bovax resudted in the formation of cpsalline hydmie phaes
with o lewe FL/Al moe (e Fle. 31, which had demimentnl effecss en
thie strengihs of the geopolynes. As shown in this study (Tals= 2], the
use af bosas peduced the avealabiliry of de Cn™° dissslved from the iy
ash, The pale of Ca®* ix inpormm b isdeing the formation of ayvs
tnlline sodiem aluminostlicace (zealific) phases, which are detrimenmnl
tr the strengh [27], However, the peubs ol the sslioo-boss] sealite
phase eoaiid ot be deteened in the TRD smabysis berause the penks swerne
weak amif overlopped with the postion of quacts [26,56],

Tloe 55/40 atemic ratios of the pld pl:n.le: for ghe 20H-AL6, 20H-4.0,
and FIH-6.0 specinena wae 262, 275, and 2,73, respectively, which
were higher than that of the 20H specinen (1970, It conld be deduced
fiven e resulta that the acliranal 51 dissolved Fom the THA contrib-
ured to the formation of n binding gel phase, produwing o 30 rigid
pobymenic shucture [59]. This wes supported by the shifting of the
ST el os e etilies] from thie FTIR resailes, vebvich s thot the
presttion of this band shifted o a higher waveumber when the EHM was
incopmated, A similar trend was fmad in the case of specimers coo-
tnining mnbvalrous bomx A higher SL0AL mitio could be observed in the
specimen with BHA when o compatison wns mnde berween the S8l
redias of the 204-4.5 and 208 mixhoes

Anarher imgoctnnt climge in the elementnl compositions of che
geopalymers mode with BHA wos the consamption of ¢0® joos in the
geapalymerization process. The Co/8i mine of the pel phose in the
Epeciens win fmand o e with the e of RHA. D s posithle de
maore G’ jons dissolved from the fly ash were consumed during the
reaction process when RHA wasadded [27] The inaeassd conent of Ca
inecaporated g the M-A-5-H rype gell derived fivm the sctivarien afthe
fy msh i the preserce of BHA was cosistent with the BB specim,
which suggested the reluction of the C-5H type gel within the binding
phase, aleng with the formation of o geopebrmer prodwer with a highes
I:I.E.I.I:l'l:ll:l\:ll.ﬂ vonlent.

2.5 Compresnve strengtf

Fig 9wl Fie 10 shony the mfleence af the Borns aml BHA content
ool the comprissive sengths of the geopalymer muormes, respectively.
Incimiing either hycdated bors or mbydroos bams in the nuixtore
tenaled 1o reluce the comgressive simength, especially with o 30% boras
veplocement, Compared with the control mixnae, the speclmens with
0% lydhnted bomx end 304 achydions borea shwed compressive
erength decrenses of 336 and 25%, reapectivaly. This was in sgrecmont
with the rends previously vepocted for low-caleimn fty nshebassl geo-
pl:!l!mu:r syshems 14,1 5] The reduction in the COaTessive m'un;glh ol n
geapalyiver prepaved with boras may be und eotood s g decienae in U
sisal ratio of the gel phose formed in the system, which lxl to an

L]

iner erse in the coystalline noture of the geopolymer, o evidenced by the
KD reanbis. Howewer, the presehce of boras appeared w0 hinder rhe
formaticn of aocks due o watsr evaporation doring hest curing This
e exphain why the conpresave stremgth of the mertar contnming
= 200 b v chise 10 it ol dhe comtral nmce

The compressive strength wns also mensimed for geopebmer mortnr
specinEns containing sniinas pereentages of RHA (Fre 100 The resales
shogeed that there sess an nerense in the eompresstve scrongth with an
incrense in the RHA content from 363 o 6.0% i the mixtues prepaved
with borax, The o poeation of AHA dcreassd ihe 5080 ratio amnd
resmalsed in the formantion of more ceess-dinked binding gels. The inerens
in compresive siength reuling fom inoeasiog the Si/al mtio hos
bsteean linled o o ingprevenssne in the mierostmacural Bomoge neity, The
SEM imnges provided evidence thot the change in the homogensity of
the geopolymer was associnted with o change in the RHA content (see
Fiy A1 The micomnuciueal oo of the specimens wers e ved o
b lnrgely homagenecns for RHA contents = 3,6% (S/a0 ratios = 2171,
resaltimg in geopalym=rs with higher strength

Fuh. Fleowol srength

Thee Aesurnl strength reasles for the geepehmer meams are shawm kn
Figs 11 nmd 12, Similor to the compeessive strength discused eadier,
the s of bemx fo replee podium eilbeare ended o reduce te Aol
strengeth, madidy becauss o bivding gel with n lewer S0l mtie was
procuced nnd pessibly ns o resule of the obsence of B0 bonds, which
would emcornge the development of strength [6,55]. When the boras
codtent was Inmensed basond 2098, o elgnificant mduction in fennml
erength was observed, The flexarl serengeh vales of ot mixtures
S0H oo 304 decrenmel by 16% and 15%, eapectively, reline fo the
cottrol noiont. The resulie nkso iodicniad thoe tee flosrsl soengrbs of
murtnes with hydinted bomax were closs o these of moris with
anhydeous by (Fg 11} In edditlen, v should be posed char che
niegative effects of bomo inclusan were less pranounced far the flexuaml
wrength thon for the compressive strengih of the mon

I pelntion 1o the vee of AHA m the geopolyime metas contnming
borme (Flg. 12}, the rends in the Aexural strengrh of the momars wenw
similar tothoss fm the compresive streogth, Addmz BHA incressed the
sirength, nos only because of the incresse o the 5741 mto, bt also
Eeenmae: of the higher ealebum contert, which becanse incopocated in
the M-A-SH gel. The aptiemumn BHA coment wes found to be 420% (by
walght of fly ash). For exnmpla, the additon of 3.6%, 4.9%, and 600
BHA increased the Aexwmnd shength of tee 30H mixoore by approse
mnbely 3% 3688 mnd 31%, repectively. In addition, geopalymer
inottnbs with ais RHA cortent of 4.0% showed mapgrosinately 17-20%
higher flexuml strength thon the conteol norme. Howwver, the oeed of
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PFig 12, Effects of RHA oi levunl smengtls of peagalyieer oS coiilaln s (2] 1088 baiax, () 2086 bearax, ol (2) 308 boins.

deomesing the strengths with the RHA inclusion wns observed when the
content of RHA inerepsed beyond 4696, becouse the presence of
excesive solubde silieote moy Empede geopolymer stnactare fommatan
571,

&, Conclusion

Thie sudy developed geopohmuas with lower amoants af sodiomy
silicate, while moinmining the performmnce requirements.  Boms,
instend of scdium silionce, was used ns an aetivator for high-onbowm iy

nsh geopolymes. BHA wos mlded io conpensate for e sirengzhe
teducing effect of the bomes m the propolyners. Bagsd on the expen-
menanl results presentod hove, the foll vwring concludons eom be dmwn.

(1F The main resction prodocts of the geopolynsers made with boras
ware an M.A-5H tvpe gel The resuls showed that che 540 miio
of the gel phase decrensed as the borms comtent in the mixture
Ineramsed In additon, dhese wos o decreaes 1o the svallability of
cnlcium due tothe disoletan of Ay ash when the bores content
v incremmed from 09 o 208 However, the presence of barox
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appenred o hinder the farmation of cmeks due o ot
vemval dhuring the heat aning paocess, this relucing s deti
mentnl effect an the srengths.

(2} The bncorpararion of RHA [nte geopolymens mnds with boras
resalted in the formation of a Co-modified N-A-5-H gel with n
bigh Si/Al ratbo. The fxrense i the SECAL o of the bimling gel
thie 1o the presence of BHA coussd nn improvement in the
micrastructiml homsogenedty. When BHA wns present in the
syt the ealeiinn dissalved fom the high-caleivm Oy azh fao
tended to form a Gn-modified N-AS-H gel rather than the C-5-H
phase The muodification of e elemental compositon of the
binding gel phinse waa believed to be 8 teasom For the smmengrh
e b pinent,

i3 Inconpomatmg esther hyslmted borox ar oohydrous bomx m the
geopolyiner nalgture decreanel borl the comnpressive aml fexual
strengths, especially with the 30% borax replacenaens, Howewver,
tlw sherrinmnenl effect appenged © b e prossaed for e
compgessive smength The vesulis b dsed e the suengihs
of the gecpolyner momars ninde from hydmied borme were
vospmable o fhese of the mertars containigg abydooms baax

(4} RHA eould be vsed to impoeve the strengths of the geopolymer
et comtaining either hydiated bovn or ankypdoos boas
The optimum ameaint of RHA was approcamately 4. 89% by weight
of My sl The sise of 4,85 RHA Impiess] the cangnesive sl
fexarnl srengths of the geopol ymes muortors nasde with booo by
BBl are] 17-22% comgpared 1o o of the conal morar,
vespectively.
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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 its innovation, hard work
and integrity. It is a company
that has been around for over
50 vyears 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. VCON is also a very
versatile company obtaining
engineers, technicians and
operations managers  who
exhibit expertise to construct
a wide range of buildings, such
as airports, hotels, warehouse,
department stores, as well as
many other channeling tasks.



aumold Tranquil Bangna
by SOOK estate

Lom Hai Jai Tranquil Bangna was the luxury townhome project, designed by SOOK
estate. | was a Precast designer and Project manager for this project. Black pigmented
solid precast concrete with rib was used. | designed with prestressing method to
increase the loading capacity of precast. We need to making the new production lane
for produce the solid precast with concrete rib. Colour pigmented ratio was tried many
time for the designer approval.

2020
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For this project, we spent only 1 week for all of the panel. The polished surface was
made by hand made for the best quality of product.

2020



FULLY PRECAST WAREHOUSE
WITH BOONDESIGN

Nowadays, we spend too much time on conventional construction methods. We
cannot control the quality 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 and brought to the site and assembled.

These warehouse, | studied with Mr.Boonlert Hemvijitraphan who is the architect and
founder of Boondesign. | was a Project manager, Strcutural designer and BIM modeller
for this project. We need to reduce the construction time and control the quality of
concrete member by cast in the factory. These structure was designed according to
the PCl 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 column and Precast staircase.

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
people 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
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GFRC was produced according to GRCA
and PCIl standard. 15mm. thickness of
GFRC was carried by gavanized steel frame
and installed with bolting and welding
connection for resist the wind load 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
gradually 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 core 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.







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 PCI, ACI, and EIT standard and GRCA
for GFRC. These are some of my design projects.
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QUANTA APPLE MICROCHIP FACTORY

2020
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Since | have worked at VCON group, | got
the oppotunities to go for present the
Precast concrete system for the
cambodian engineering and architectural
firms and student of engineering at NPIC.
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 luxury home. We got the Sales
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
precast limitation and installation
method. So, that was our responsibility
to explain and work with them.

Norea cove showroom by Singbuild







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 method.
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UNIVERSITY SEMINAR ON PRECAST AND
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 | went for
seminar 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. The next school that | went was Faculty of Engineer Naresuan
University and Faculty of Engineering Pibulsongkram Rajabhat University. | mainly
foucused on the Precast and Prestressed concrete system to the student. They had a
lot of questions that was a great time to discuss with the new generation of engineer.
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Faculty of Architecture and Planning,
Thammasat University was the latest one
that we went to explain about the
Precast technology. | thought that
Precast 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 their future work. | hope this will great
future for precast concrete technology.

2022



GLASS FIBER REINFORCED CONCRETE
RESEARCH AND DEVELOPMENT

o '!EEH!! 28 A
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Since | have worked at VCON from 2020 to present.
| got the projects that was to get the full membership
of GRCA International. Glass fiber reinforce concrete is

.......... one of VCON product. | have to set the laboratory and
S testing our materials to send the result for approva
-'-';‘*,‘. from GRCA. | stared with no information about GFRC. |
' 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.

A INTERNATIONAL
FULL MEMBER

2020
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KIT JANPRASIT
TEL: +66-63-0969166
EMAIL: kitjanprasit@gmail.com
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