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KEYWORDS

Trong bdi canh phé thai xay dwng phat sinh ngly cing nhiéu, ciing véi d6 lwong tro bay, xi thai ra tit cdc
nha méy nhiét dién con it dugc tai st dung, dit ra yéu ciu cip thiét dbi véi nganh xay dung phai c6 giai
phép xtt 1j ddng bo, tai ché cic loai vat litu dé san xuft vat liéu xay dung, gép phin bao vé méi tredng,
tiét kiém ngudn tai nguyén. Bai bdo nay trinh by nghién cifu st dung cbt liéu bé téng tai ché (CLTC) thay
thé hoan toan d4 tu nhién, va cic bién phap xi Iy CLTC. Tro bay va cac dung dich hoat hod (NaOH va
Na,Si0;) da dwoe sit dung dé tao ra chit két dinh geopolymer thay thé xi ming truyén théng. Céc thanh
phén bé téng geopolymer v&i céc trang thai CLTC khac nhau di duge nghién ctu: CLTC khé, CLTC bio hoa
nuGe va CLTC bdo hoa nude voi. Bé téng xi ming d4 t nhién ciing da dwgc san xult dé dbi chitng. CAu tric
vi mé ctia vt liéu duege quan sat bing phitong phap SEM (Scanning Electron Microscope). Két qua cho thiy
viée xi¢ 1y CLTC béing c4ch ngdm trong nuc voi cai thién dang ké tinh chét co hoc ctia bé téng Geopolymer
st dung hoan toan CLTC: cudng do6 chiu nén ting gip 2 dén 3 14n so véi miu bé téng sit dung CLTC & trang
thai kho va trang thai bio hoa nuée, ddng thoi dat khoang 80% so v&i mau bé téng xi ming truyén théng.

Céc két qua nay mé ra tiém ning Gng dung ctia bé tong geopolymer CLTC.

ABSTRACT

Recycled concrete aggregate (RCA)
Geopolymer recycled aggregate
concrete (GRAC)

Fly ash

Limewater

Compressive strength

On one hand, the construction demolition wastes have constantly increased. On the other hand, the quantity
of fly ash from the coal power plants have also significantly increased which need to be valorised. This
context requests the construction industry to recycle these materials in the production of construcion
materials, that contributes to the preservation of the environment and natural resources. This paper presents
a study on the use of recycled concrete aggregate (RCA) to replace coarse aggregates, and on the treatment
methods of RAC. Fly ash was activated by an alkaline activator solution (sodium silicate and sodium
hydroxide) to create a geopolymer binder which substitutes the Portland cement. Geopolymer recycled
aggregate concrete (GRAC) with RCA from different pre-treated states were investigated: dry, water saturated
and lime water saturated. The ordinary cement concrete with natural aggregates was also manufactured for
the comparison. The microstructure was investigated by the SEM (Scanning Electron Microscope) technique.
The results showed that samples with RAC pre-treated by lime water significantly improved the the
compressive strength 2 to 3 times when compared to samples using RAC without pre-treatment or pre-treated

by water. These results are positive which show the potential for the application of GRAC.

1. Gi6i thidu

triéu tAn/ndm 1én 98 triéu tAn/ndm [1], nganh san xudt xi ming c6
lugng phat thai khi nha kinh chiém khoang 88,8 % tdng lugng phat

Ngay nay, nganh cong nghiép xay dung dang st dung mot lugng
16n cac ngudn tai nguyén thién nhién va ning ligng, bé tong xi ming
14 mét trong nhitng vt liéu dugc st dung réng rai trong cac céng trinh
x4y dung dan dung va cong trinh ha ting kj thuit. Theo théng ké cta
Bo X4y dung, trong nidm 2019, Viét Nam st dung khoang 140 triéu m®
bé téng, trong gin 20 nam qua, do lugng x4y dung két cAu ha ting ting
tréng manh nén san lwgng xi ming st dung di ting t&i 6 1an, tir 17

*Lién hé tic gia: luuthihongngoc@gmail.com
Nhanngay 28/09/2021, siia xong ngay 20/10/2021, chap nhan dang 04/11/2021

thai clia san xuit cong nghiép, day 1a nganh sit dung rit nhiu ning
lwgng va tao ra nhiéu khi thai do doi héi nhiét d6 cuc cao [2].

Hién nay, tro bay 1a mot trong nhitng loai vat liéu dang dugc quan
tam nghién cifu c6 thé thay thé xi ming truyén théng trong ché tao bé
tong geopolymer. Tro bay 1 phé thai cia cic nha mdy nhiét dién, wéc
tinh ca nudc dang c6 khoang 25 nha may nhiét dién da di vao van hanh
thwong mai, lvong tro, xi tai phat sinh thic té& khoang 13 triéu tAn/nim
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[3], dugec tich tri? tai cac bai chita, ho chita tif nhidu nim nay. Clung véi
d6, viéc xay dung, cai tao ning cAp va pha d& cac cong trinh cii sé thai ra
lwong 16n phé thai xdy dung (PTXD). Chét thai rin xay dung chiém
khoang 20 dén 25 % chit thai sinh hoat [4]. Luong phé thai nay mic dit
phét sinh ngay cang nhidu nhung chuwa duge tai ché hay st dung mot
cach hop 1y [5]. Viée nghién cifu tin dung cbt liéu bé tong tai ché (CLTC)
dé ché tao bé tong geopolymer 12 huéng nghién citu dang duge quan tim
nghién cttu trén thé gidi ciing nhu & Viét Nam [6].

Vit liéu Geopolymer duoc nghién ctu tif nhitng nim 1970, dén
nim 1978, nha hod hoc nguwdi Phap Joseph Davidovits ché tao thanh
cong loai vat lidu duge goi 1a “Geopolymer” theo mét quy trinh tdng
hop polymer tit cac khoang chét, bing cach kich hoat céc chit chita
silic oxide va nhoém oxide bing dung dich alkali silicates ¢c6 ndng dé
kidm cao, hén hop nay c6 chit nén 1a silic oxide, xit va kali [7]. Cong
nghé nay nhanh chéng dwgc phat trién trén toan thé giGi va dang din
din c6 vu thé hon xi ming Porland do ¢6 vu diém vé nguyén liéu san
xuét, va geopolymer c6 lugng phat thai CO, it hon so v&i xi ming
Porland truyén théng. Bé tong Geopolymer c6 cic dic tinh co 1y c6
thé thay thé dwgc bé tong xi ming truyén théng. Tt d6, nhidu nghién
citu vé& bé téng Geopolymer di duoc thic hién [8].

Trén thé giGi, trong khi dd c6 nhidu nghién cttu vé& bé tong
geopolymer sit dung c6t liéu ty nhién hoic bé tong xi ming s dung
cbt lidu tai ché, thi s6 lugng céc nghién ctiu vé bé téng geopolymer
st dung cbt lidu tai ché van con han ché. Céc nghién citu trude day
da danh gia mot sb yéu td nhu cic dic tinh co hoc cta bé tong
geopolymer cbt lidu tai ché bing cac thay dbi thanh phin cac chét tao
nén geopolymer nhu dung dich kiém hoat hod, chit cin kich hoat nhw
tro bay, xi 16 cao, cfing nhu ti 1& CLTC trong hdn hop bé téng [6, 9,
10]. Tuy nhién, cdc nghién citu v& viéc cai thién chit lwgng CLTC
nh3m néng cao céc dic tinh co hoc clia bé téng Geopolymer vin con
chita duge duge nhic dén. Thuc vy, do hat CLTC c6 d6 réng 16n, do
hiat nuée 16n, cuong dd co hoc thfip, ¢6 nhidu tap chét bam trén bé
mit hat ¢t liéu nén 1am giam méi lién két gitta xi ming va cbt lidu,
din dén chét lwgng bé tong st dung CLTC thip. Vi vay viéc nghién
cttu cai thién chét lugng CLTC triwdce khi ché tao bé tong geopolymer
14 rit quan trong.

Bai bdo nay trinh bay mét y tdng nang cao chét ligng ctia bé téng
Geopolymer st dung 100 % CLTC v§i giai phap ngdm CLTC trong nuGc
v6i. Cdng d6 chiu nén clia cdc méiu bé téng da duge thuc hién va danh
gi4, so sanh v6i cac mau dbi chiing (miu bé tong st dung 100 % CLTN),
cling nhu ctia cac nghién cttu da dugc thuc hién trudce day.

2. Vat liéu va thi nghiém
2.1. V@t liéu st dung
2.1.1. Tro bay

Tro bay dugc st dung trong nghién cttu niy ¢6 ngudn gdce tir nha
méy nhiét dién Duyén Hai III (Hinh 1). Thanh phin héa hoc ctia tro bay
duwgce thé hién & Bang 1. Theo Tiéu chuin TCVN 10302:2014 [11], tro
bay dwgc st dung thudc loai F. Ham lugng cic chit nhoém oxit, silic

oxit v sit oxit trong tro bay > 70%. Ham lwong SiO, va Al,O, trong
tro bay 1a cao, thé hién kha ning c6 thé dugc kich hoat dé tao thanh

geopolymer.

Bang 1. Thanh phin héa hoc ctia tro bay.

Thanh phén héa hoc [Si0, |AL0,|FeO |CaO [MgO |Na,0|K,0 |SO,

Theo khéi lugng (%)|51,17 |22,58(9,90 (5,94 (2,56 |3,23 |2,58 |2,04

(a) Tro bay

(b) CAu trdc vi mé tro bay
Hinh 1. Hinh dang tro bay dugc s dung.

2.1.2. Dung dich kiém hoat héa

Dung dich kiém hoat héa ¢6 vai tro 1a chét kich hoat SiO, va ALO,
trong tro bay dé tao thanh chét két dinh geopolymer. Dung dich kim
hoat héa dugce sit dung trong nghién cttu nay 1a sy két hop gitta dung
dich Na,SiO; va dung dich NaOH véi ti 1€ dung dich Na,SiO;/ NaOH la
2,5 [12]. Dung dich Na,SiO; c6 thanh phin 14 11,8 % Na,0, 29,5 % SiO,,
va 58,7 % nudc. Dung dich NaOH dugc ché tao b?mg cach hoa tan cac
tinh thé rin NaOH trong nuéc cAt. Nghién cttu st dung dung dich NaOH
¢6 ndng @6 Mol 13 10M, theo két qua mot nghién citu t6i wu hoa thanh
phén cho vita geopolymer [6]. Ti 1&¢ dung dich kiém hoat héa/tro bay sit
dung trong nghién ctu 14 0,5. Thanh phin chit hoat héa kiém trong 1 m3
bé tong theo Bang 2.
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Bang 2. Thanh phin dung dich kiém hoat héa trong 1m? bé téng.

Tro bay (kg) Dung dich Na,SiO; (kg) | Dung dich NaOH (kg)

350 125 50

2.1.3. Cot liéu bé tong tdi ché

CLTC dugc st dung c6 ngudn gbc tit phé thai ctia ciu kién bé
tong méac M250, dugc thu gom tlit viéc pha d& coéng trinh xay dung
nha ¢. CLTC duogc st dung sau khi phén loai c¢6 kich thugc 1a 10 mm
dén 20 mm, 20 mm dén 40 mm dung dé thay thé hoan toan cbt liéu
d4 1x2 trong bé tong truyén thdng.

CLTC cho san xuét bé tong cAn dap ting yéu cAu vé thanh phan
hat va céc chi tiéu k§ thuét theo Tiéu chudn TCVN 11969:2018 [13].
b6 hit nuede cuia hat CLTC sau 5-10 phit 14 5%.

CLTC stt dung duge chia 1am 3 loai: C6t liéu & trang thai nguyén
mau khé, cbt liéu dige ngam trong nuede va cdt lidu duge ngam trong
nuéce voi triede khi tron hdn hop bé téng.

01 119 O e
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(b) CLTC st dung lam cét liéu
Hinh 2. C6t liéu bé tong tai ché

i 11 051 41
AL SEWE ML W

2.1.4. Mot s6 loai vt liéu khdc

NuGe duge st dung dé trén bé tong thoéa mén yéu ciu k§ thuit
theo Tiéu chuln quéc gia TCVN 4506:2012 - NuGc cho bé tong va viia -
Yéu ciu ky thuét. Ngoai ra, xi ming Ha Tién PCB40, cit vang va cbt lidu

d4 ty nhién ciing dugc st dung dé ché tao cac mau bé tong dbi ching.
2.2. Thanh phdn cdp phdi bé tong:

C6 04 loai thanh phn cAp phéi bé tong st dung trong nghién citu.

- Bé téng dbi chiing sit dung cbt liéu da tw nhién v xi ming
truyén théng (PC) ¢6 cudng dd chiu nén tiéu chuin sau 28 ngay quy
dbi dat mac M30.

- Bé tong geopolymer st dung CLTC & trang thai kh6é (BTCLK)
thay thé hoan toan c6t liéu d4 tu nhién, va geopolymer thay thé hoan
toan chit két dinh xi ming truyén théng.

- Bé tong geopolymer CLTC st dung CLTC & trang thai bdo hoa
nuée (BTCLN) tiong t nhi mau BTCLK nhung st dung CLTC da duge
ngam nudc.

- Béténg geopolymer CLTC dugc ngdm trong nuGce voi 1,5% trong
7 ngay.

Trén co s& phwong phap thiét k& thanh phin cip phéi bé tong
theo nguyén tic thé tich tuyét déi, thanh phin vit liéu ctia cac hdn hop
bé tong dugc néu ¢ Bang 3.

2.3. Ché tao mdu bé téng va thi nghiém nén mét truc

Hén hop bé téng dige 14y mau, chuin bi dic miu dya theo Tiéu
chuén TCVN 3105: 1993 [14]. M4u xé4c dinh cwdng do nén 1a td hop 03
mau lap phiong c6 kich thiée 15x15x15 ecm (Hinh 3). Cac mau bé téng
dugc bao dudng 48 gid trong khuon thép, sau d6, miu duge thao khudn
va tiép tuc bao dudng trong phong thi nghiém dén cac thoi diém 3, 7, 14,
28, 56 ngay dé lam thi nghiém.

Céc thanh phin nguyén liéu sau khi dugc dinh lugng nhu tro
bay, cét, d4 dugc duwa vao mdy tron, nhao tron kho trong khoang 03
phiit d& tao thanh hdn hop bé téng kho. Tiép dén, mét nita dung dich
hoat héa c6 tinh kiém dwgc cho vio hdn hop bé tong khé vi tron déu
khoang 01 phit. Cudi ciing, bé sung phin con lai ctia dung dich hoat
héa kidm, va tiép tuc tron tit 03 dén 05 phit.

Trwée khi diic mau bé téng, hdn hop hop bé tong tioi diige xac
dinh d6 sut bing b6 dung cu chuyén diing. Do sut ctia cAc miu bé tong
geopolymer 12 16 cm. Lwu ¥ day 13 d6 sut t6i thidu yéu ciu ciia bé tong
geopolymer ap dung trong thuc té [6].

Cudng d6 chiu nén ctia cdc mau duge tién hanh nén miu theo
Tiéu chuin TCVN 3118:1993 [15]. Cudong d6 chiu nén caa mAu bé tong
dugc tinh bing céng thitc cho mau khéi 14p phuong.
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Bang 3. Thanh cip phéi cta cac loai bé téng.

Thanh phﬁn vat liéu (kg/m?) bC BTCLK BTCLN BTCLV
CLTN CLTC kho CLTC ngdm nuéc CLTC ngam nuéc voi

Xi méng PC40 350 - - -
Da ty nhién (10-20mm) 1080 - - -
Cat 720 720 720 720
Tro bay loai F - 350 350 350
CLTC - 1080 1080 1080
Dung dich NaOH 10M - 50 50 50
Dung dich Na,SiO; - 125 125 125
Nuéce 200 75 25 25
Téng trong luong 2350 2400 2350 2350
Do sut (= 1 cm) 12 16 16 16

3. Két qua va thao luan
3.1. Cuong do chiu nén

Hinh 3. M4u bé téng 15x15x15cm? .

Két qua cuong d6 chiu nén duge trinh bay trén Hinh 4. Nhin
chung cudng d6 chiu nén ctia cic loai bé téng déu ting din theo thoi
gian bao dudng. So v&i miu bé téng ddi chitng st dung xi ming va
CLTN, cic miu bé tong Geopolymer sit dung 100% CLTC cho két qua
cwdng d6 chiu nén thap hon. Pbi véi mau BTCLK va BTCLN cudng do
chiu nén chi dat khoang 26% dén 33% ctia mau DC sau 28 ngay (Hinh
5). Pidu nay khéng qua ngac nhién vi cac nghién ctiu triée day da chi
ra ring cudng db bé téng CLTC phu thudc rat nhidu vao cudng do ctia
cbt lidu: do CLTC c6 do réng 16n hon, b& miit CLTC c6 16p vita cli bam
dinh c6 cwdng d6 thip, c6 thé 6 vét nitt trong hat cbt liéu va xi ming
cii trong qué trinh tai ché cbt liéu, do d6, bé téng CLTC ¢ cuwdng do
thap hon bé téng CLTN [5]. Cac két qua ctia mAu BTCLV cho thiy viéc
xt 1y bé mit cbt liéu bing cach ngdm nudc voi dd cho cudng do chiu
nén dat trén 80% ctia miu DC sau 28 ngay bao dudng (Hinh 5). Didu
ndy thé hién hiéu qua tich cyc clia phwong phép xi Iy CLTC nay.

Hinh 6 cho thiy s phan bd hat cbt liéu trong cac mit cit bé téng
14 twong d6i ddng du, gdm ca cac hat CLTN, CLTN dinh vita cii, cic

hat c6t liéu 12 vita cii. Tuy nhién miu bé tong stt dung CLTC c6 ciu tao
réng x6p nhidu hon so v6i bé tong xi ming st dung CLTN do ¢6 phin
vita cii bAm dinh va phin d4 xi ming cii cling c6 cdu tao khong dic
chic. biéu nay din dén su phé hity trong mau bé téng Geopolymer CLTC
chit yéu xay ra & céc viing ITZ tiép xiic giita vita cii ctia hat c6t lidu va

vita geopolymer tro bay mdi.

mbC mBTCLK BTCLN m BTCLV
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Hinh 4. Cudong d6 nén ctia cic miu bé tong theo thdi gian.
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Hinh 5. Ty 1é cudng d6 nén clia cdc mau bé tong so véi mau bé tong DC.
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3.2. Anh huéng ctia viéc ngdm CLTC trong midc dén cueong db chiu nén

Cudng dd chiu nén ctia mau BTCLN cao hon 21% so v&i mau
BTCLK. Thét vay, vdi bé tong geopolymer st dung CLTC kh, trong thoi
gian nhao tron va trong thoi gian dau sau khi san xuit miu, CLTC vin
tiép tuc hit nuwée dén bio hoa, do dé, lvgng nwée t do bi giam di, 1am
mét cin bing lwgng nwée cin thiét dé tao ra geopolymer nhu d kién.
Do d6, viéc bao hoa nwéc CLTC trudce khi tron lam téng cuong d6 chiu
nén cua bé téng geopolymer.

Hinh 7 va Hinh 8 cho thy hat CLTC c6 hinh dang géc canh, bé
mit nham rap, c6 nhidu thanh phin bui vita vn bam dinh bao quanh
trén bé mit hat (Hinh 7a), ddn dén ting do hit nudc va giam cudng do
clia bé téng chita CLTC khé. Trén anh chup vi cu tric hat CLTC da
dugc bio hoa nude (Hinh 8), bui vita trén bé mit cbt liéu da giam ro
rét va xuft hién céc pha tinh thé (Hinh 8b). Didu ndy c6 thé 1a do CLTC
da hit dung dich kiém hoat hoa vao trong hat bt liéu, din dén Igng
dung dich kiém hoat ho khéng dii dé kich hoat hoan toan céc thanh
phan trong tro bay nhu dy kién.

3.3. Anh hiténg ctia viéc ngdm CLTC trong nu'éc voi dén cuong do chiu nén

Hinh 9 chi ra hiéu qua ctia viéc ngdm CLTC trong nuéce voi trude
khi ché tao hdn hop bé téng Geopolymer: sau 28 ngay, thi cudong do
chiu nén ctia miu BTCLV ting tif 2,7 dén 3 14n So v&i cic miu bé tong
BTCLK va BTCLN st dung CLTC khong qua x® 1y ngdm nuGc voi.

Hinh 10 cho thdy téc dd phan ting ctia geopolymer thip hon so
v6i xi ming Portland & giai doan dAu: cwong d6 chiu nén cia miu bé
tong PC & cdc d6 tudi sém tir 3-7 ngay dat 48-63% cuong do & 28 ngay
tudi, trong khi d6 cwdng d6 chiu nén ctia miu BTCLV chi dat 32-54%
cudng d6 & 28 ngay tudi. Tuy nhién, téc do phét trién cudng do cia
mau bé tong BTCLV & khoang thdi gian 14 — 56 ngay 1a twong duong
v6éi miu bé téng DC.

bé danh gia tinh chit hat CLTC ngam nudc voi, nghién citu da
st dung phuong phap phan tich EDS théng qua hinh anh béng kinh
hién vi dién t& quét (SEM).

(b) Mu bé téng xi mang CLTN
Hinh 6. Mt cit thanh phn céc loai bé tong.

Hinh 11 cho théy thanh phin héa hoc ctia hat CLTC chtta mot
lwgng 16n nguyén t6 Si. Do d6, khi ngdm CLTC trong nuéc vdi thi phan
ting Pozzolan cta Si véi Ca(OH), cé thé xay ra:

28i0, + 3Ca(OH), — 3Ca0.28i0,.3H,0 (C-S-H)  (2)

Céc lién két C-S-H nay dugc tao ra, mot phin 14p diy cac 16 réng
va lam dic chic hon CLTC, tit d6 d4n dén ting cuong do CLTC.

Ngoai ra, viéc x@t 1§ bao hda nuée vdi CLTC cb thé nang cao hon
nita cac dic tinh co hoc clia vita xi ming cii bam trén bé miit hat CLTC.
Canxi hydroxit bd sung vao da duwgc dira vao vita, do d6 nhidu canxi
cacbonat, ettringite (Hinh 12) dugc hinh thanh 13p diy nhiéu 16 réng,
dan dén cAu trdc vi mé dic chic hon cho vita xi mang cii [16]. Gia tri
mé dun dan hdi va do ciing ctia canxi cacbonat cao hon gi4 tri ctia cic
san phém thay héa xi méng [17]. Sy ¢6 mat cua Ca(OH), trén bé mét
ctia hat CLTC 1a ciu néi lién két chit ché gitta CLTC va chit nén do
phan ting gitta Ca(OH), va SiO, cua tro bay tao thanh C-S -H va gép

phin ting cwong d6 miu & tudi dai ngay.

(a) D phéng dai 65 14n. (b) D6 phéng dai 2000 1an
Hinh 7. Vi cAu triic SEM bé mit vita cii CLTC & trang thai kho.

(b) D6 phéng dai 2000 1an

(a) 6 phéng dai 70 14n.
Hinh 8. Vi ciu tric SEM bé mit vita cii CLTC di bao hoa nuée.
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Hinh 9. Sy phét trién cudng d6 nén ctia cic miu bé tong theo thdi gian.
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Hinh 10. Ty 1& phat trién cudng d6 nén ctia bé tdng BTCLV va bé tong
DC trong cac khoang thdi gian khac nhau.

4. Két luan

Viéc tai ché cac san pham tit xdy dung va cic phé phdm tit nha
méy nhiét dién 14 chit d& quan trong dugc quan tAm trong béi canh kinh
té tudn hoan hién nay. Bai bdo trinh bay nghién citu ché tao bé téng
Geopolymer st dung 100% CLTC bao dudng ¢ nhiét dé6 mdi truong.
Nghién cttu danh gia tic dong clia viéc x@ 1y CLTC bing cich ngam
trong nwdc va trong nude voi dbi véi cwdng dé chiu nén ciia Bé téng
geopolymer st dung hoan toan CLTC.

Céac miu bé tong Geopolymer st dung CLTC ngadm nudc voi da
6 sy cai thién 16 rét vé cwdng d6 chiu nén: ting 2,7 - 3 1an cuong do
chiu nén ctia cAc miu st dung CLTC & trang thai khé tu nhién hoidc
duge ngdm nuwde. Nguyén nhan cua viée cai thién cwong dé dugc cho
12 phan ting gifta cac ion SiO, c6 trong cdt lidu, tro bay va nuée voi, tit
d6 gitp cbt liéu duge dic chic hon, lién két giita cdt liéu va chét nén
tét, do d6 cai thién tinh chét co hoc ctia CLTC.

Két qua dat duge ctia nghién citu nay 12 co s& dé tiép tuc nghién
cttu thém cac tinh chit khac ctia bé tong Geopolymer st dung 100%
CLTC ngam trong nudc voi.
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