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Tém tit

Viét Nam dang ddy manh phat trién co s¢ ha tang,
dan d@én nhu cau vat liéu xdy dung gia tang ding
ké. Xi mang, mot trong nhitng vdt liéu chu dao,
duge sie dung véi khoi lwong I6n. Qud trinh sdan
xudt xi mang phat thai mét lwong khi CO, ding
ké, gdy ra nhitng tic dong tiéu cwc dén moi
truong. Cing véi do, heong phu pham céng
nghiép ngay cang lom tir cde nganh san xudt ciing
ddt ra bai todn xir Iy hodc tdi ché nham giam thiéu
nguy co 6 nhiém. Truede boi canh nay, nghién ciru
dé xudt gidi phép sir dung xi hat I6 cao nghién min
(GBS), mét phu pham ciia qud trinh luyén gang
thép, lam phu gia khodng két hop véi chat kiém
hoat héa (AA) d@é thay thé toan bé xi mang trong
thiét ké thanh phan cdp phoi. Két qua thiee nghiém
cho thdy, hén hop vita chira GBS va chdt kiém
hoat héa van dam bao tinh céng tac va c6 cueong
do chiu nén phu hop cho cdc ung dung cua viia.
Trong @6, mau vita sir dung 5% AA va 95% GBS
dat cuong do nén cao nhat 6 cd hai thoi diém 7
ngdy va 28 ngay, dong thoi thé hién sw phdt trién
cwong do rat hiéu quad trong giai doan nay nho
phan itng tao gel C-S-H.

Tl‘!’ khéa: X7 hat lo cao nghién min, tai chef, chc‘i’t
kiem hoat hoa, vita geopolymer, phat trién bén
viing.

Abstract

Currently, Vietnam is focusing on the
infrastructure development, leading to a huge
demand for construction materials. The extensive
use of cement, however, entails significant
environmental consequences, as its production
process generates substantial CO; emissions.

Concurrently, the increasing volume of industrial
by-products from manufacturing sectors poses
challenges for disposal or recycling to mitigate
pollution risks. In response to this context, this
study proposes a solution utilizing ground
granulated blast-furnace slag (GBS), a by-
product of steel production, as a mineral additive
combined with an alkaline activator to fully
replace cement in mix proportion. The aim is to
recycle industrial by-products and contribute to
carbon emission reduction in construction.
Experimental results indicate that mortar
mixtures containing GBS and alkaline activator
maintain workability and achieve compressive
strength suitable for mortar applications. The
mortar specimen with 5% AA and 95% GBS
achieved the highest compressive strength at both
7 and 28 days, while also demonstrating highly
effective strength development during this period
due to the C-S-H gel formation reaction.

Keywords: Ground granulated blast-furnace

slag, recycle, alkaline activator, geopolymer
mortar, sustainable development.

1. Mé dau

Trong bdi canh nganh xay dung phat trién manh,
Viét Nam du kién van 1a mot qudc gia san xudt xi
mang trong yéu trén thé gidi vao nam 2025. Mirc san
luong duy kién 110 triéu tan di kém voi xu huéng ting
truong 6n dinh cua lugng tidu thy trong nuée [1]. Viée
san xudt san lwong 16n xi méng khién luong phat thai
CO, tang dot bién [2], khi nay dugc xé4c dinh la mét
chat gay hiéu img nha kinh chinh, c¢6 tic dong dang ké
dén hé théng moi truong toan cau va 1a nguyén nhan
tryc tiép dan dén bién doi khi hau [3].
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Bén canh d6 tai Viét Nam, cac nha may luyén gang
thép c6 san luong 1én téi 16 tridu tan/ nam [4]. Khéi
luong xi thép phat sinh trong qu4 trinh san xudt 1én t6i
3,5 triéu tn/ nam [5]. Trong d6, xi hat 16 cao dwoc tao
ra bang phwong phap 1am lanh nhanh théng qua phun
nuéce ap lyc cao, tir d6 hinh thanh cac hat c6 cau triic
rong, x6p [6]. Viéc khong xir 1y hiéu qua loai phu
pham cong nghiép nay s& dan dén chiém dung quy dat,
gdy 6 nhiém ngudn nudc, 6 nhidm dét va tao ra cac tac
dong tiéu cuc dén moi truong.

Trudc nhitng van dé néu trén, nhidu nghién ctru da
tap trung vao viéc st dung phu pham cong nghiép
trong vita duéi dang phu gia khoang nham giam khdi
luong xi ming sir dung trong thanh phan cép phdi.
Tuy nhién, cac nghién ciru khac van chua dua ra anh
huéng ciia ham luong chét kiém hoat hoa déi véi tinh
cong tac cua vira. Déng thoi, viéc st dung loai kiém
hoat hoa phd bién trén thi truong nhim nang cao tinh
tng dung cua vat liéu vira cling chua dugc quan tam.

Trong khuén khd nghién ctru nay, xi ming duoc
thay thé bang xi hat 10 cao nghién min véi cac mirc
thay thé 1an lugt 1 85%, 90% va 95% trong cap phi
vita. Ngoai ra, chat kiém hoat hoa duoc b sung twong
mg véi cac ty 18 15%, 10% va 5% trong tong luong
chat két dinh, nhim loai bo hoan toan viéc st dung xi
ming. Ham luong chit kiém hoat hoa tir 5% dén 15%
chua dugc nghién ctru cu thé vé tinh cong tac. Pong
thoi, nghién ctru mudn str dung tdi da ham luong xi
hat 16 cao nghién min nhdm muc tiéu giam phat thai
carbon nhiéu nhét. Két qué thi nghiém cho thiy khi so
sanh voi mau déi chimg, cac mau vita khong st dung
xi ming van c6 tinh cong tac tot va c6 cudng do chiu
nén dam bdo sir dung trong cac cong trinh xay dung
gitip md ra hudng ing dung phat trién bén ving.

2. Vit liéu
2.1. Chit két dinh

Mau d6i chimg sir dung xi ming PC (OPC) c6 chi
tiéu chat lugng nhu trong Bang 1. Cac mau con lai sir
dung xi hat 10 cao nghién min S95 (GBS) va chét kiém
hoat hoa (AA) v6i ham lugng Ca(OH), 14 thanh phan
chinh va 1a thanh phan kiém duy nhat lam chat két
dinh c6 chi tiéu chat lugng nhu trong Bang 1. Hinh
anh chét két dinh duoc thé hién trong Hinh 1.

2.2. Cét liéu

Cat song (RS) duoc lya chon lam cbt liéu min
trong hdn hop vita cta nghién ctru nay. Theo két qua
thi nghiém dwoc tong hop tai Bang 2, cat c6 khdi
lugng thé tich kho 1a 2,53g/cm? va d6 hit nudc dat
1,32%. Hinh 1 thé hién hinh thai cia loai ct nay..
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Bing 1. Chi tiéu chét lwong chét két dinh

Hang muc Ponvi OPC! GBS? AA3

Khéi lwong

- glem® 3,16 2,89 221
rieng
Mat khi nung % 2,87 0,09 -
SiO2 % - 34,14 -
Al:03 % - 15,06 -
CaO % - 41,01 -
MgO % - 7,35 -
N % 2,00 0,11 -
cr % - 0,002 -
pH - - - >12
Ca(OH): % - - >90

'OPC: Xi mang Portland;
GBS: Xi hat 16 cao nghién min 895, >AA: Chét kiém hoat héa.

Bing 2. Tinh chit cot ligu

Pon
Hang muc . RS!
vi
Khéi hegng thé tich ¢ trang thai
o ) g/em® 2,56
bao hoa nwoc
Khoi lwong thé tich ¢ trang thdi
) glem® 2,53
kho
D¢ hiit nudc % 1,32
M6 dun do lon - 2,67

'RS: Cat ty nhién (cat song).

(c) GBS (d) A4

Hinh 1. Vit li¢u sir dung trong nghién ciru: (a) xi
mang Portland, (b) cdt song, (c) xi hat lo cao nghién

min, (d) chit kiém hoat héa

3. Thanh phan cip phéi

Thanh phin cdp phdi cho tit ca cac miu trong
nghién ctru dugc thiét ké voi luvgng nudc cd dinh
270kg/m’ va ty 1¢ nudc/ chét két dinh (W/B) 1a 0,45.
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Ty 1é nudc: Chét két dinh: Cét song 1a 1:2,2:5,0. Mau
db6i chimg dugc ché tao tir 100% xi mang Portland
thong thuong (OPC). Cac mau con lai dugc thiét ké
v6i thanh phan chét két dinh 12 hdn hop, trong d6 xi
ming OPC dugc thay thé hoan toan bang xi hat 16 cao
nghién min (GBS) véi cac ty 1¢ thay thé 1an luot 1a
85%, 90% va 95% két hop véi chat kiém hoat hoa
(AA) véi ty 1¢ 1an luot 13 15%, 10%, va 5%. Cat song
1a cbt liéu min duy nhét duoc st dung, dugc xt 1y &
trang thai bio hoa nudc - khd bé mat trude khi dua
vao tron. Ty 1€ phu gia si€u déo giam nudc dugc su
dung 1 1,0% so v6i khéi lugng chat két dinh. Thanh
phin cép phéi chi tiét cua cac mau vira duoc trinh bay
trong Bang 3.

Tinh cong tic ctua hdn hop vira geopolymer
duge diéu chinh dé dat gia tri myc tiéu tr 170mm
dén 210mm, tuan theo phuong phap thir tiéu chuén
TCVN 3121-3:2003. B9 luu dong cua vira dugc ghi
nhan theo thoi gian dé dénh gia su suy giam. Doi
v6i mdi cap phdi, 3 mau thir c6 kich thude 40mm x
40 mm x 160 mm duoc ché tao, bao dudng trong
diéu kién tiéu chuin cho dén thoi diém thi nghiém.
Cuong do chiu nén ciia cac mau nay duoc xac dinh
& cac mdc 7 va 28 ngay tudi theo tiéu chuan TCVN
3121-11:2022.
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4. Két qua va thao luin
4.1. Vita 6 trang thdi twoi

Céc miu vita déu théa man do luu dong muc tidu
190 + 20 (mm). T4t ca cac mau vira & trang thai tuoi
duoc tién hanh thi nghiém suy gidm d6 sut sau mdi 15
phut cho dén khi tinh cong tac on dinh. Két qua thi
nghiém dugc thé hién trong Hinh 2, Hinh 3 cho théy
hinh anh thyc hién thi nghiém.

Mau vira chi sir dung xi ming (OPC-RS) c6 tinh
cong tac bi suy giam manh nhét. Tai 1an do thir nhat
(thoi diém 0 phut), tinh cong tac do duoc 1a 18 1mm.
Tai 1an do thir sau (thoi diém 75 phut), tinh cong tac
chi con 124 mm. Trong khi dé, cac mau sir dung xi
hat 10 cao nghién min (GBS) két hop cing chit kiém
hoat hoa (AA) lai c6 sy suy giam it hon dang ké va
duy tri duoc tinh cong tac tét cho dén 75 phat. Quan
sat két qua trong Hinh 2, mau vira str dung 90% GBS
két hop véi 10% AA (GBS90-RS-2) co thé duy tri
tinh cong tac tot nhat voi két qua 190mm tai 0 phat
va 165mm tai 75 phit. Thuc nghiém cho thdy GBS
s& cai thién tinh cong tac cua vita geopolymer nho bé
mit nhin tao hiéu Ung lan trén bé mat (bearing
effect), va tbc do thiy hoa cham hon OPC gitp kéo
dai thoi gian ninh két [7-9].

Bing 3. Thiét ké thanh phan cdp phéi viva geopolymer

Ty 1¢ thay thé? (%)

Khéi lwong don vi® (kg/m?)

MAu thi nghi¢m!

OPC GBS AA W OoPC GBS AA RS
OPC-RS 100 0 0 270 600 0 0 1367
GBS85-RS-2 0 85 15 270 0 510 90 1300
GBS90-RS-2 0 90 10 270 0 540 60 1305
GBS95-RS-2 0 95 5 270 0 570 30 1314

"Mau thi nghiém co W/B = 45% duorc dat tén theo cdu triic “vét liéu chat két dinh - cot lidu sir dung”. Cac mau thi nghiém co sir dung

phu gia héa déo giam nuée géc Naphthalene formaldehyde sunfonate véi ham lwgng 1% khéi heong chat két dinh.
20OPC: Xi mang Portland, GBS: Xi hat 16 cao nghién min S95, AA: Chdt kiém hoat héa. 3 W: Nude; RS: Cat séng.
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(d) GBS95-RS-2

Hinh 3. Hinh dnh thi nghiém sw suy gidm dg lwu dong ciia viva twoi theo thoi gian ciia cdc mau thi nghiém: (a)
OPC-RS (mdiu doi chieng), (b) GBS85-RS-2, (c) GBS90-RS-2, (d) GBS95-RS-2

4.2. Vita 6 trang thdi déng rin

Sau qua trinh bao dudng trong diéu kién tiéu chuan,
cudng do chiu nén ciia cac mau vira duge xac dinh tai
hai méc thoi gian 13 7 va 28 ngay tudi, tuan thu theo
tiéu chuan TCVN 3121-11:2022. Quy trinh thi nghiém
dugc minh hoa tryc quan tai Hinh 4.

Pham vi cuong d6 chiu nén thu dugce tir thi nghiém
d6i voi cac mau vira geopolymer 14 tir 17,8N/mm? dén
20,1N/mm? tai 7 ngay va 23,5N/mm? dén 32,8N/mm?>
tai 28 ngay. Két qua thi nghiém cudng do chiu nén cua
vira geopolymer duoc thé hién trong Hinh 5.

Khi so sanh véi mau ddi chimg sir dung 100% xi
ming Portland (OPC), miu vita c6 chira 85% xi hat 16
cao nghién min (GBS) va chét kiém hoat hoa (AA)
15% trong thanh phan chat két dinh c6 cuong d6 chiu
nén thap hon tai 7 ngay va 28 ngay. Tuy nhién so v&i
mau doi chimg, cac mau vira c6 ty 1¢ thay thé xi hat 10
cao nghién min (GBS) 90% va 95% két hop véi chat
kiém hoat hoa (AA) & ty 1¢ thay thé lan luot 1a 10%
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Hinh 4. Thi nghiém cwong dp chiu nén ciia viva

geopolymer tai 7 ngay va 28 ngay

va 5% déu co cuong do chiu nén cao hon. Dac biét,
mau vita str dung 95% xi hat 16 cao nghién min (GBS)
két hop véi 5% chit kiém hoat hoa (AA) cho thiy su
tang truong cudng do tir 7 ngay dén 28 ngay vuot troi
hon so véi cac mau con lai. Két qua nghién ciru ciing
chi ra mdi twong quan nghich giita ham luong chét
kiém hoat hoa va cuong do chiu nén. Cu thé, viéc
giam ham luong chit kiém hoat hoa dan dén su gia
tang cuong d6 nén cua cac mau, dugce quan sat thiy rd
rang & ca 2 mdc 7 ngdy va 28 ngay tubi. Nguyén nhan
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Hinh 5. Két qua thi nghigm cwong dp chiu nén tai 7 ngay va 28 ngdy cia cdic méu vira geopolymer

cua hién tuong nay 1a do lugng kiém hoat hoa vira du
s& phan tmg hét v6i cac thanh phan khoang c6 trong
xi hat 16 cao nghién min gitp phat trién cac gel C-S-
H, C-A-H trong vira, lam ting cuong d¢ chiu nén cta
mau thi nghiém. Dic biét, hién tuong nay gitp day
manh sy phat trién cuong d¢ tir 7 ngay dén 28 ngay,
lam ting cudng do chiu nén cta cidc mau thi nghiém
tai tudi mudn [10]. Co ché phan ung tao gel C-S-H,
C-A-H dugc thé hién tai cong thic (1) va (2).

3Ca(OH), + 28i0, + H,0—3Ca0.28i0,.H,0 (1)
(C-S-H)

3Ca(OH), + ALO; + 6H,0—3Ca0. ALO;.6H0 (2)
(C-A-H)

Thong qua két qua thi nghiém, trong cac mau vira
geopolymer ciia nghién ciru nay, ham luong chét kiém
hoat héa t6i wu 1 5%. O ty 1& nay, cudng do chiu nén
dat gia tri t6i wu, ddng thoi mirc do tang cuong do tir
7 ngay dén 28 ngay ciing dugc ghi nhan 1 cao nhat.
Qua d6, két qua cho thiy véi ham luong 5%, chat
kiém hoat hoa s& phan ung hét voi khoang silic va
nhom c6 trong GBS gitip qua trinh tao gel cimg dién
ra thuan loi 1am ting cudng do chiu nén. Pdng thoi,
moi truong pH vao khoang 12 trong vita geopolymer
trong truong hop du kiém ciing gép phin tao moéi
truong thuén lgi cho qua trinh tao gel.

So sanh véi cac nghién ctru khac trén thé gidi, khi
dung tro bay, ham lugng tro bay cang tang, cuong do
chiu nén cuia vita geopolymer cang giam tir 35N/mm?
dén 20N/mm? [11]. B4 v6i cac nghién ctru sir dung
xi hat 10 cao nghién min trong vira geopolymer,
cuong do chiu nén nam trong khoang tir 20N/mm?>
dén 20N/mm? [12]. Dic biét, ddi véi cac nghién curu
¢6 két hop xi hat 10 cao nghién min va silica fume,
cudng d6 chiu nén tai 28 ngay c6 thé dat dén
70N/mm? [13].

5. Két luan

Nghién ctru da chirng minh tinh kha thi trong viéc
phat trién vira geopolymer than thién v6i méi trudng
bang cach str dung xi hat 16 cao nghién min (GBS)
va mot ham luong chat kiém hoat hoa (AA) tdi uu dé
thay thé hoan toan cho xi ming Portland.

Két qua thyc nghiém chi ra rang cac hdn hop vira
geopolymer st dung GBS va AA khong chi giit dugc
tinh cong tac tét ma con c6 kha ning duy tri do luu
dong hiéu qua hon so véi vita xi mang truyén thong.
Trong d6, ty 1& két hop 90% GBS va 10% AA thé
hién kha ning bao toan tinh cong tac tot nhat theo
thoi gian, dam bao thudn lgi cho qua trinh thi cong
trén thyc té.

Vé tinh chét co hoc & trang thai da dong rén, két
qua thi nghiém cho thay cudng d6 chiu nén cua vira
geopolymer c6 xu hudng ting 1én khi gidm ham
luong chét kiém hoat héa (AA). Hon hop véi 5% AA
va 95% GBS dat cuong d0 nén cao nhét & ca hai thoi
diém 7 ngay va 28 ngay, dong thoi thé hién sy phat
trién cuong do rt hiéu qua trong giai doan nay. Diéu
nay khing dinh hiéu qua cia viéc kiém soat lwong
kiém hoat hoa dé t6i uu hoa phan ting tao gel C-S-H,
C-A-H va gia ting cuong do tir 7 ngay dén 28 ngay
dbi véi vira geopolymer.

So v6i cudng d6 chiu nén ciia mau ddi ching lan
luot tai 7 ngay va 28 ngay, mau st dung 85% GBS
va 15% AA c6 sy thay d6i 14 -1,6% va -9,2%. Mau
sir dung 90% GBS va 10% AA c6 sy thay doi l1a
+5,8% va +2,7%. Mau sir dung 95% GBS va 5% AA
c6 sy thay doi 1a +10,9% va +26,7%.

Nhu vay, nghién ciru da dé xuit duge mot loai vat
liéu thay thé bén vitng cho vira xi ming thong thudng,
két hop dugc wu diém vé tinh thi cong va co hoc khi
st dung xi hat 10 cao nghién min két hop vai chét
kiém hoat hoa. Két qua mé ra tiém ning tng dung
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thyc té trong cac cong trinh xdy dung theo dinh
hudng phat trién xanh va bén viing.
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