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SUMMARY

INFLUENCES OF SILICA NANOPARTICLE AS BINDERS ON PHYSICAL
CHARACTERISTICS OF BASALT-FIBER-CONTAINING CONCRETES

In this study, the basalt-fiber-containing concretes were prepared from a mixture of the slag of the blast
furnace, the fly ash, and the basalt-fiber. Various contents of amorphous silica nanoparticles (NPs) (0.1 —
1.0 wt%) as the binder were incorporated into the conretes to investigate their impact on the adhesion and
compressive strength. The material characterizations were assessed by employing floating microscopy,
scanning electron microscopy (SEM), nitrogen adsorption isotherms, and compressive strength test
(following the TCVN 3118:2002 standard). The presence of higher silica contents exhibited a higher density,
tighter interconnectivity between the included substituents, and a reduction in the porosity of obtained
concrete samples. Consequently, the compressive strength and the adhesion of concretes were significantly
enhanced.

Keywords: basalt-fiber-containing concrete, amorphous silica nanoparticles, compressive strength and
adhesion

2o 2 ra, s¢i lanh, sgi cac bon), soi thiy tinh, soi
1. MODAU thép, soi kim logi... [4,5]. Theo nhém tac
B¢ tong geopolymer la loai bé tong khong gia Li va cong su, bé tong gia cudng bing
sir dyung xi mang ma tdn dung tro, xi thai s0i bazan cho thay, b sung 0,1% (theo thé
tur cac nha may nhiét dién d€ lam nguyén tich ) soi bazan lam tang cuong d6 nén lén
liéu thay thé. Theo so liéu tr By Xay 26%[6]. Chiéu dai sgi bazan ciing anh
dung, nam 2023 tong luong tro xi thai huéng dén tinh chit co hoc cua bé tong,
trong nude dugc tiéu thy dat 18,01 triéu khi gia cb bé tong bang soi bazan kich
tan twong duong 99,6% tong lugng phat thugc 12mm, cuong d6 nén tang 4,68% va
thdi trong ndm[1]. Bé tong geopolymer cudng do ubn ting 9,58 % so véi dbi
ngdy cang dugc nghién ciru, phat trién ching [7]. Tuy nhién, nghién ctru nay ciing
nham thay thé bé tong sir dung xi mang chi ra rang bé tong gia cuong biang soi
thong thuong boi tan dung duge ngudn bazan c6 d6 xdp cao hon thong thuong.

tro, xi thai cong nghiép vira c6 gia thanh
ré hon bé tong xi mang thong thuong dac
biét giam thiéu phat thai CO, trong qué
trinh san xuét xi mang[2,3].

Bé tong geopolymer voi dic tinh két dinh
nho dung dich kiém phan ung véi silic
(S1) va nhom (Al) c6 trong nguyén li¢u tro
xi thai [8]. Vi vay, nano silica duogc

bé gia cuong cho bé tong geopolymer, nghién ctru khi thém vao nguyén lidu ban
mdt so vat liu dang soi duge thém vao dau cua bé tong cot sgi. Theo nghién ciru
nguyén liéu ban dau nhu: soi hitu co (rom cia nhom tic gia Poan Duy Khanh va
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cong su, khi két hop nano silica 1 —3 %
va soi polyme 1 —2 % ting cuong do udn
tang tir 15 — 20 %, dong thoi do sut ciia bé
tong giam xudng [9]. Mot nghién ctu
khéc cho thiy, khi két hop nano silica 10
% va polypropylen 2% dd nén ctia bé tong
tang 37,58%; do udn tang 47,1% so véi
d6i ching [10].

Hién nay, nghién ctru thuyc nghiém vé soi
bazan gia cuong cho cac loai vat li¢u tai
Viét Nam gén nhu chua c6 nhiéu, dic biét
1a chat gia cuong cho bé tong sir dung tro
bay va xi thai, ma méi c6 nghién ciru vé
thtr nghiém va dy doén tinh toan st dung
so1 bazan gia cuong cho bé tong xi ming
Portland [11,12].

Trong nghién ciru nay, dé ting kha niang
chiu nén va cai thién do két dinh cua bé
tong ¢t soi bazan, nano silica duoc dua
vao nguyén lidu ban dau véi ham luong
nho (khong qua 1% khéi lugng bé tong).

2. THU'C NGHIEM

2.1. Tong hop bé tong cot s¢i bd sung
nano SiO, (GBS)

Cic miu GBS dugc tong hop nhu sau:
Can khdi luong cac vat liu theo ti 1€
khéi luong 30 — 38% (tro bay nha may
Nhiét dién Pha Lai c6 d = 2,38 tin/m°,
kich thudc hat ~ 1 — 8 um + xi 10 cao Hoa
Phét c6 d = 2,95 tn/m’, kich thuéc ~ 1,5
— 3,5 um); 45 - 50 % céat bién (d = 2,54
tAn/m>, cac chi tiéu dép Gng TCVN
7570:2006 cua cat bién); 2% bazan (d =
2,67 g/lcm?®, dudng kinh soi 17 pm, chiéu
dai soi trung binh 6,4 mm, di¢n tich bé
mat riéng ~ 9m2/g) va nano silica (cu
trac vo dinh hinh, kich thudc hat 50 - 100
nm va d = 1,89 g/cm®) véi ti 18 tir 0,1 dén
1% khéi luong, phdi tron dén khi duoc
hdén hop dong déu. Sau d6, thém luong
NaOH 10M, Na,SiO3; va nudc khir ion
vao hdn hop khudy tron déu va d6 khuén
(khuon silicon kich thude 5 cm x5 cm x 3
cm va 16 cm x 4 cm x 4 cm). H¢ GBS
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duoc téng hop lai 3 lan, cac sb liéu duoc
tinh trung binh.Sau khi d6 khudén, miu
dugc sdy ¢ nhiét do 60 — 90° C trong 4 —
8 gio, sau d6 thao khoi khudén va dé ¢
diéu kién thudng trong 28 ngay.

s

e

Hinh 1: Anh hé vit liéu GBS

2.2. Phuong phap nghién ciru.

Cac miu GBS sau khi tong hop duoc
mang phan tich bang cac phuong phap sau:
- Phuong phap kinh hién vi soi ndi xac
dinh hinh thai,cau trgc bé mat vat lié}l voi
do phong dai 40 lan trén kinh hién vi
Leica S9i két no6i phan mén phan tich hinh
anh LAS-X.

- Phuong phap phan tich vi hinh thai cAu
truc Vé‘g liéu trén kinh hién vi dién tr quét
SEM bang may Hitachi S-4800 (Nhat Ban).
- Phuong phéap do dién tich bé mit riéng
BET ¢ di¢u kién trong moi truong N
long & nhiét do 77K, trén may
Quantachrome Autosorb-iQ Station 1
(Hoa Ky).

- Phuong phap do cuong d6 chiu nén cua
bé tong theo tiéu chuan quoc gia TCVN
3118:2022.

3. KET QUA VA THAO LUAN
3.1. Két qua soi noi ciia hé vat liéu GBS.

Sau khi dudng ho 28 ngay & diéu kién
thuong h¢ vat liéu bé tong cbt soi bd sung
nano silica GBS dugc mang phan tich cau
tric bé mat, cdu trac 16i (mau cit doi va
mai) bang kinh hién vi c¢6 d6 phong dai 40
lan (Hinh 2). Hinh thai , cdu tric bé mit
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bé tong cbt sgi bazan khi chua bd sung
nano silica (GB) c6 nhiéu 13 tréng trén bé
mat voi kich thuée c¢& 0,2 — 0,4 mm
(Hinh 2.1), trong 151 vat lidu cac nguyén
liéu c6 su lién két chat ché tuy nhién van
¢6 15 tréng voi mat do cao va kich thude
¢& khoang < 0,2 mm (Hinh 2.6). Diéu nay
tuong dong v4i nghién ctru cia nhom tac
gia Jiang va cong sw, khi c6 mdt soi bazan
d6 xdp cua bé téng cao [7]. Khi bd sung
nano silica vao nguyén liéu ban dau véi ti
l¢ lan lwot 0,1% (GBSO0.1), 0,25%
(GBS0.25), 0,5% (GBS0.5) va 1%
(GBS1), bé tong cdt soi dd co do dic khi
hon biéu hién ¢ mat do 16 tréng trén bé
mat khdi vat liéu giam 0,3 mm xubng 0,2
mm véi cac mau GBSO0.1 va GBS0.25,
kich thuédc 16 tréng tiép tuc giam con 0,15
mm voi mau GBS0.5 va dat kich thude
nho nhat ~ duéi 0,1 mm twong Gng véi
mau GBSI1 tirc 1% nano silica theo khdi
luong (Hinh 2.2 — 2.5 anh soi noi trén bé
mit vat lieu GBS1 — GBS0.1). Khdi vat
liéu dugc mai dén kich thudc 5x5x1.5 cm
va soi ndi két cau 16i vat liéu, anh soi ndi
cho thay kich thudc 16 tréng ciing giam
dan tr 0,2 mm Xuéng 0,15 mm voi1 cac
mau GBSO0.1, kich thudc 18 tréng tiép tuc
giam con 0,1 mm véi mau GBS 0.25 va
GBSO0.5 va dat kich thude nho nhat ~ dudi
0,05 mm tuong tmg véi mau GBSI tic
1% nano silica theo khéi lurgng (Hinh 2.7
— 2.10). Vay co thé thay rang, mau vat
liéu bé tong cdt soi bo sung 0,1 — 1%
nano silica 1am giam kich thuéc 15 trong,
tang do két dinh, dac khit, giam do xop
clia bé tong cdt sgi bazan. V&i mau GBSI
anh soi noi trén bé mit 1an 15i vat ligu,
thay rang anh hudng cua nano silica lén
két cdu cau bé tong co6 hi¢u qua o rét nhét
khi mat do 16 tréng giam dén mirc nho
nhit cling nhu dat kich thudc rat nho <
0,05 mm (giam 83%).

3.2. Két qua SEM, BET ciia vat liéu
GBS1

Sau khi phan tich hinh thai cdu trac bé
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mit, 161 hé GBS, dé xac dinh céu trac vat
liéu GBS1 va GB duoc mang nghién nho
phan tich cu tric, do Xép, do két dinh
bang phuong phap SEM.

Anh SEM cua mau vat liéu bazan dua ra
dué6i hinh 3.1 cho thdy cac soi bazan c6
kich thudc dang sgi dai ~ 6,4 mm voi O =
17 pm tuong d6i dong déu, bé mat soi
bazan twong d6i nhin min.

MAu GB (Hinh 3.2 — 3.3) cho thdy, co
nhiéu 16 trong trong khdi vat lidu, kich
thude cac 16 tréng khong dong déu tir 15 —
40 pm, chiing t6 d6 két dinh giira soi bazan
va cac hat tro, xi con thap va van thay o
rang hinh dang soi va hat tro, xi. Trén bé
mit soi bazan cac dam lién két khong dong
déu, van théy duoc bé mat soi cd nhiing chd
khong duoc phi chat két dinh.

Tu d6, so sanh anh SEM cua vat liéu
GBS1 (Hinh 3.4, 3.5) v61 1% nano silica
d6 két dinh da tang 1én 16 rang, thé hién
khi mat d6 18 tréng giam dang ké, kich
thudc 16 trong chi khoang dudi 5 um —
giam dén 85% so véi mau GB. Trén bé
mit soi bazan, dam két dinh phu kin bé
mit soi, mat do phu ciing rat dong déu. Vi
vy, anh huong cua nano silica dén két
céu bé tong cdt soi 1a rat 16 rang khi ting
mat do lién két giita cac nguyén liéu nhu
bazan tro, xi va cat, dong thot giam  do
x6p, 16 tréng trong 161 khdi bé tong.

Pé xac dinh r6 hon anh huéng cta nano
silica 1én d0 xép cua bé tong ¢t sgi, mau
duoc mang do BET dé xéac dinh dién tich
bé mat riéng. Két qua BET nhu sau: voi
mAau bé tong cot sqi GB dién dich bé mat
riéng dat 0 4526 m?/g va mau GBSI dat
0,4115 m /g giam ~ 9%. Vay co thé két
luan rang, khi b6 sung nano silica vao bé
tong cbt soi 1am giam dién tich bé mat
riéng cuia bé tong, ching to6 nano silica
v6i kich thude nho da di vao 16 tréng gitra
cac hat vat liéu nhu cat, tro, xi hay lam
taing do dac khit coa khdi bé tong ciing
nhu giam d6 xdp.
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Hinh 2: Anh soi néi ciia hé vit liéu GBS
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Hinh 3: Anh SEM: 1. Mau bazan; 2, 3. Méu GB; 4, 5: Mau GBSI.

3.3. Cwong do nén cua hé GBS.

Dé co két luan chinh xac nhat vé anh
huéng ciia nano silica dén do nén ciia bé
tong cdt soi, cac mau GBS dugc lam theo
khuon 16n kich thudc 16x4x4 cm, véi cac
diéu kién ché tao nhu trong muyc 2.1. Sau
khi dudng ho ¢ diéu kién thuong 28 ngay,
cac mau GBS duoc mang xac dinh cuong
do nén.

Bang 1: Cuong do chiu nén cua hé GBS

Ky higu  Tudimiu  Cudngdd
mau (ngay) chiu nén
(MPa)
GB 28 62,5
GBS1 28 68,7
GBSO0.5 28 65,6
GBS0.25 28 64,2
GBSO0.1 28 63,1

Két qua do cuong do chiu nén cua hé
GBS ¢6 b sung nano silica trén bang 1
cho thdy déu ting so voi mau GB khong
bd sung nano silica. Cuong do chiu nén
ctia cac mau vat liéu hé GBS tang dan lan
lugt tir 63,1 Mpa; 64,2 Mpa; 65,6MPa va
cao nhat dat 68,7 MPa tuong g véi cac
mau GBS0.1, GBS0.25, GBS0.5 va
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GBS1. Véi mau GBS (tirc bd sung 1%
nano silica) cuong d6 chiu nén ciia mau
ting dén ~ 9,9% so v6i miu bé tong cot
soi khong b sung nano silica.

Két hop cac két qua do phan tich hinh
thai, cau triic va mot sb dic tinh co Iy cua
hé bé tong cdt soi bd sung nano silica co
thé két luan rang: Khi b sung nano silica
vao bé tong ¢t soi bazan lam giam dién
tich bé mit riéng va ting do dic khi cua
khéi bé tong. Do, nano silica cé kich
thude ¢& nano nén co thé dé dang di vao
cac 16 tréng duogc tao ra bdi cac hat vat
ligu (tro bay, xi 10 cao va cat) cd kich
thudc 16n, ddng thoi khi lwong silic trong
bé tong cbt soi duge ting nhod thém luong
nano silica lam tang phan ng gitta Al va
Si ¢6 san trong tro, xi thai v4i dung dich
kiém tao lién két -(Al-O-Si)- geopolymer
trong bé tong. Vi vay, lam tang cuong do
chiu nén ciia bé tong cdt soi.

4. KET LUAN

Khi thém vao nguyén liéu bé tong cdt soi
bazan mot lugng nano silica vé dinh hinh
tir 0,1 dén 1% kho1 luong, cudng do nen,
d6 dic khi d6 xbp cua bé téng cbt soi
ciing thay doi. Cuong d6 nén ciia GB ting
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khi ham lugng nano silica taing va cao
nhat dat 9,9 % twong Gmg 1% nano silica.
Do x6p cia GB giam khi ting ham lugng
nano silica. Két cAu cua GB dic hon, lién
két gitra cac nguyén lidu tro, xi, bazan
chit ché hon khi kich thuéc va mat do 16
tréng ciing giam tir 0,3mm dén ~ 0,05 mm
(1% nano silica).

Loi cam on: Nghién ctru nay dugc tai trg
béi Vién Han lam Khoa hoc va Cong
nghé dé tai ma s TDVLTT.01/24-26
Cam két: Toi xin cam doan day 1a cong
trinh cia ching t61 va chua giri dang noi
dung nay & bat ky tap chi nao.
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