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Nghién ctru anh hwéng caa vat liéu nano SiO, diéu ché tir tro trau dén
kha nang chong tham ion clo cua bé tong xi mang nhiéu tro bay
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Abstract

Silica nanoparticles were successfully extracted from the rice husk ash. The obtained SiO, powders had monoclinic
crystal system, large specific surface area (258.3 m?/g), and particle size (10 to 15 nm). Nano SiO, prepared from rice
husk ash increased the chloride resistance of fly ash cement concrete. The ability to resist chloride penetration increases
with the content of using nano-SiO,. When the content of nano-SiO, is 2 %, the chloride resistance of concrete is
optimized (25 % reduction of charge passed compared to concrete not using nano-SiO,).
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1. GIOI THIEU

Hién nay cac nghién ctru st dung nano SiO, lam
phu gia dé ting chét luong cho bé tdng xi ming da
duoc thuc hién & nhiéu nude trén thé gi6i nhu My,
Italy va Trung Quéc [1-6]. Viét Nam la nudc nong
nghiép ¢6 san luong lGa 16n, luong vo tréu thai ra
hang nam rat nhiéu. Giai phép st dung nano SiO,
diéu ché tir tro trau nham lam tang chat luong ciia bé
tdng xi mang s& mang lai hiéu qua cao. Trong cong
trinh [7], ching téi da nghién ciru anh hudng cua
ham luong nano SiO, dén cuong do chiu nén va
cuong d6 kéo udn cia bé tong xi ming 40 % tro bay
trong giai doan tir 1 dén 28 ngay tudi. Trong bai béo
nay, chdng tdi nghién ctru anh hudng ctia ham lugng
nano SiO, dén kha nang chéng tham ion clo ciia bé
t6ng xi ming 40 % tro bay & 28 ngay tudi. Luong 40
% tro bay thay thé xi ming duoc lwa chon vi ham
luong nay da dugc Gmg dung trong thyc té.

2. THUC NGHIEM
2.1. Vit liéu thi nghiém

Xi mang PC40 ciia But Son v6i thanh phan
khoang chit: C,S (3Ca0.Si0,) 51,74 %; C,S

(2Ca0.Si0,) 24,20 %; C,A (3Ca0.AlLO;) 8,16 %;
C.AF (4Ca0.Al,0s. Fe,05) 10,35 %. Céc chi tiéu

chat lugng cua xi miang But Son PC40 dugc nha san
xut dwa ra pht hop véi tidu chuan qui dinh yéu cau
ki thuét cta xi mang TCVN 2682: 20009.

Tro bay VINA F&C Pha Lai thudc loai F cé
kich thudc hat trung binh 9,62 pm; dién tich bé mit
3713 cm?/g; khéi luong riéng 2,41 g/cm® va thanh
phén ho hoc: SiO; 57,34 %; Al,03 25,49 %; Fe,0;
5,43 %; SO; 0,11 %; MKN (mat khi nung) 3,44 %.
Céc chi tiéu chét luong dat yéu cau theo tiéu chuan
qui dinh tro bay dung trong bé tong ASTM C618
clia My va tiéu chuin TCVN 10302: 2014.

C6t lidu 16n dugc sir dung la d4 dam Kim Béang
(Ha Nam) c6 khéi luong riéng 2,65 g/em®; khoi
luong thé tich 1,65 g/cm3; dd6 4m 0,6 %; Dyax = 19
mm. C6t lidu nho duoc sir dung la cat Séng L6 co
khoi 11r0’ng riéng 2,66 g/em®; khdi lugng thé tich
1,47 glem®. Hal loai cbt liéu dung trong nghién ciru
déu dat yéu cAu ki thuat cbt liéu cho bé tong va vira
theo tiéu chuan TCVN 7570: 2006.

Nuéc sir dung dé ché tao va bao dudng bé tong
1 nudc sach, dap Gng tiéu chuan TCVN 4506: 2012.

Phu gia Dynamon BT?2 ctia hang Mapei. Phu gia
nay dap tmg tiéu chuan qui dinh phy gia hoa hoc cho
bé tdng theo TCVN 8826: 2011.

Nano SiO, diu ché tir tro trdu ¢ dang bot, mau
tréng rit min, dién tich bé mat riéng ~ 258,3
m?/gam, kich thudc hat 10-15 nm [7].
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2.2. Thanh phin ché tao bé tong

Thanh phén bé tong géc duoc lua chon so bo theo
tiéu chuan ACI 211.1 [8] v&i cudng do chiu nén 1a
40 MPa. Tro bay dugc dung dé thay thé 40 % xi
méng theo khéi luong. C6 3 loai bé tong duge ding

Dang Thi Thanh Lé va cong su

dé nghién ctru trong tng v6i ham luong nano SiO; 1a
0, 1, 2 % theo khdi lwong xi ming va tro bay ban dau:
FA40NSO c6 0 % nano SiO,; FA40NS1 c6 1 %
nano SiO,; FA40NS02 c6 2 % nano SiO,. Thanh
phﬁn cac vat liéu trong hon hop bé tong dugc dua ra
o bang 1.

Bdng 1: Bang thanh phan cAp phéi bé tong st dung tro bay va nano SiO, (tinh cho 1m? bé téng)

Loai bé tong Nano SiO, | Ximang | Tro bay Cat ba Nu_érc Phu g_ia SD
‘ (kg) (kg) (kg) (kg) (kg) (lit) (lit)
FA40NSO 0 254 169 709 1090 169 3,38
FA40NS1 4,23 254 165 709 1090 169 3,38
FA40NS2 8,46 254 161 709 1090 169 3,38

2.3. Trén va dic miu bé tong

Viéc léy mau hdn hop bé tong, tron, duc, bao
dudng va chon kich thudc dé 1am mau thir dugc tién
hanh theo tiéu chuan TCVN 3105-2012 [9]. Cudng
d6 chiu nén cua bé tong dugc xac dinh theo tiéu
chuin TCVN 3118-93 [10]. Cuong do kéo udn cia
bé tong dugc xac dinh theo tiéu chuén TCVN 3119-
93 [11]. Thi nghiém tham ion clo ciia bé tong duoc
xac dinh & 28 ngay tudi theo tidu chuin ASTM
C1202 [12] hay TCVN 9337:2012 [13]. Céc thi
nghiém dugc tién hanh tai Phong Thi nghiém Vit liéu
Xay dung, Trudong Pai hoc Giao thong Van tai.

Bé tong dugc tron trong may tron cudng buc o
nhiét d6 phong 1a 30 °C. Nano SiO, duoc tron déu
vao trong nudc bang may tron vira tbe do cao, sau d6
d6 vao trong pha kho (da, cat, xi ming, tro bay) di
duge tron déu va tién hanh tron trong vong 1 phut.
Tiép theo thém phu gia siéu déo vao va tron trong
vong tir 1-2 phit dén khi hdn hop bé tong dong déu.
Sau d¢ tién hanh dtc 03 loai mau:

Mau l4p phuong kich thugce 150x150x150 mm dé
X&c dinh cuong do chiu nén.

Mau dam kich thuéc 150x150x600 mm dé xac
dinh cuong d6 cuong do kéo ubn.

Mau tru 100x200 mm dé xac dinh do thim ion
clo.

Cac mau bé tong sau khi dic duoc phu 16p vai
trén bé mat dé tranh mét nudc trong vong 24 gio, sau
d6 thao khuon va dua vao bé bao dudng cho dén khi
tién hanh cac thi nghiém tiép theo.

2.4. Thi nghi¢m tham ion clo ciia bé tong

Kha ning thim ion clo cua bé tong & 28 ngay tudi
duoc do trén may tham nhanh ion clo A PROOVE’it
ctia hing GERMANN, Bt (hinh 1). Mdi loai bé tong
tién hanh thi nghiém 3 miu, mdi miu bé tong cod
duong kinh 100 mm chiéu day 50 mm. Cac mau nay

dugc cét ra tir miu try 100x200 mm va da loai bo
phia trén va dudi mau mdi dau 13 10 mm. Cac mau thi
nghiém thdm ion clo duoc son chéng thdm, hat chan
khong va ngam trong nudc nhu diéu kién trong tiéu
chuan TCVN 9337:2012 [13]. Thi nghiém dugc tién
hanh theo nguyén tic ap dong dién mot chidu dién
thé 60V vao hai mat cia mau thi, mot mat tiép xuc
v6i dung dich natri clorua 3% ndi v6i cuc Am, mat
kia tiép xuc v6i dung dich natri hydroxit ndi véi cuc
duong. Kha ning tham ion clo qua bé tong duoc xac
dinh théng qua gia tri tong dién luong truyén qua
mau thir trong thoi gian 6 gio, duoc chia thanh cac
mirc: cao, trung binh, thap, rat thap, khong tham.

Hinh 1: Thi nghiém x4c dinh d¢ thdm ion clo
bang phuong phép do dién luong

3. KET QUA VA THAO LUAN
3.1. Tinh chit cia nano SiO, diéu ché tir tro triu

Nano SiO, dugc diéu ché tir tro trdu ¢ dang bot,
mau tra‘mg rat min. Dé xac dinh mot s tinh chat dic
trung cua vat li€éu nano SiO,, cac thir nghiém EDX,
XDR, SEM, TEM, BET di dugc tién hanh.

Két qua ghi pho EDX cua miu nano SiO, (hinh
2) cho théy, vat liéu SiO, c6 thanh phan nguyén tir
chu yéu 1a Si (28,78 %) va O (57,92 %), ty 1& %
nguyén tir Si:O xap xi 1:2. Nhu vy, vat liéu SiO,
diéu ché dugc kha tinh khiét.
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Nghién ciru anh huong cua vt liéu nano...

Két qua XRD (hinh 3) cho thdy, miu nghién ciru 1000 -2
tdn tai chu yéu 0 dang pha tinh thé SiO, thudc hé 900 | |
don ta (monoclinic). Bén canh pha tinh thé miu g ¥
SiO,, con 1an mot it pha SiO, vo dinh hinh [7]. 200 - i
Két qua BET xac dinh duogc dién tich bé mat | Element  (keV) Masst  Atomd
riéng cua nano SiO, ~ 258,3 m?/gam [7]. 500 Sk 9-271 B-44 1s.31
_Ket qua SEM (hinh 4) va TEM (hinh 5) cho /| Si K j08°339 ,82.e6 28.78
thay, vat liéu nano SiO; dic€u ché ’duqc tur tro trau co 204 &
kich thudc hat ‘pé (khoéng 10 dén 15 r}m); Si0, & oo ©
dang vi tinh thé gém nhiéu hat nho két tu lai v6i
nhau tao nén cac khoi SiO, c6 cau trac xop. Pay la ST o . |
déc d,iém quan trong giup Cho, vat liéu SiO, tach tir 00.00 10 200 30 400 50 600 700 800 900 1000
tro trau c6 dac tinh hap phu t6t cling nhu giup tang eV
nhanh qua trinh khoang hoéa khi dugc st dung lam . 2 L x
chat phu gia xi ming [7]. Hinh 2: Pho EDX ctia mau SiO,
e
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Hinh 3: Gian d6 XRD cua mau SiO,
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32 An,h huéng cia nano Sin didu ché tir tro
trau dén kha niang chong tham ion clo cia bé
tong xi mang nhieu tro bay

Kha ning chéng thim ion clo cta bé tong 1a mot
trong nhimg yéu to quan trong dé danh gia do bén
ctia bé tong dic biét 1a trong moi trudong chira nhidu
ion clo (nudc bién). Khi ion clo thim qua 16p bé
tong bao vé ching s€ an mon cot thep gay truorng no
thé tich dan dén nut bé tong. Didu nay s& lam giam

Dang Thi Thanh Lé va cong su

kha ning chiu lyc ctia bé tong, c6t thép gy hur hong
va giam tudi tho cia cong trinh. Vi vdy bé tong c6
kha ning chong thdm ion clo t6t s& dap tmg duoc
yéu cau do bén lau ciia cong trinh [14].

Két qua thi nghiém cuong do chiu nén va cuong
d6 kéo ubn cua bé tong ¢ 28 ngay tudi duge trinh
bay trong bang 2. Két qua thi nghiém tham nhanh
ion clo cua cac loai bé tong dugc trinh bay trong
bang 3. Biéu d6 két qua thi nghiém thim nhanh ion
clo dugce thé hién & hinh 6.

Bdng 2: Cuong do chiu nén va kéo ubn cuia bé tong & 28 ngay tudi

) Cuong do chiu nén R, (MPa) Cudng d6 kéo udn Ry, (MPa)
Loai bé tong = = = — — —
Maul | Mau2 | Mau3 B Mau 1 Mau 2 Mau 3 TB
FA40NSO 41,30 38,50 | 44,80 41,53 5,03 5,17 5,55 5,25
FA40NS1 46,80 45,20 | 41,20 44,40 5,72 5,28 5,47 5,49
FA40NS2 49,60 51,50 | 44,40 48,50 6,14 5,78 5,54 5,82
Bdng 3: Két qua thi nghiém thdm nhanh ion clo
o Két qua do dién lwong (cu 16ng)
Loai bé téng = - - N
Mau 1 Mau 2 Mau 3 Trung binh
FA40NSO 578,92 499,75 531,45 515,60
FA40NS1 497,34 456,82 404,67 452,94
FA40NS2 392,52 402,67 376,78 390,66

Két qua do dién lvong

600.00 &

500.00
400.00
300.00

0.00 © I I I

- 200.00
100.00
FA40NSO FA40NS1 FA40NS2

bién lugng (cu léng)

Hinh 6: Két qua thi nghiém thim nhanh ion clo

Céc két qua trén cho thy, nano SiO, di co tac
dung 1am tang cudng do chiu nén va cuong do kéo
udn cua bé tong xi mang nhleu tro bay. Cuo‘ng do
chiu nén va cudng do kéo udn cta bé tong xi ming
nhiéu tro bay tang ti 1¢ thuan vdi ham lugng nano
SiO, str dung.

Két qua thi nghiém cho thdy ca 3 loai bé tong
dugc thir nghiém déu cho dién luong di qua & mirc
rt thap (100-1000 cu 16ng) [13]. Tro bay di dugc
biét 14 loai phy gia khoang lam ting kha ning chong
thAm ion clo cia bé tong. Quan sat hinh 6 c6 thé
théy s6 dién luong dém duoc ti 1é nghich v&i ham

luwgng nano SiO, sur dung, trong khi ham lugng tro
bay khong d6i. Nhu vay nano SiO, di 1am ting mirc
d6 chong thim ion clo ciia bé tong.

Theo mot sé nghién ciru trén thé giéi [15-18]
nano SiO, da lam tang cuong do cua bé tong xi
mang la do: nano SiO, tham gia vao phan Ung
puzolan tao ra C-S-H véi do ran cao hon, dn dén
cuong do cua bé tong ting lén; nano SiO, cd kich
thudc rat nho (nho hon kich thudc xi ming khoang
100 14n) nén c6 thé 1ip day cac 15 tréng trong bé
tong xi mang, giup cho bé tong xi mang chét hon,
cuong do do do ciing cao hon; nano SiO, dong vai
tro nhu cac tdm tao nhan cho phép hinh thanh cac
cum C-S-H, thic day hon sy hydrat hoa, din dén sy
gia tang ve mat cuong do. Nhu Vay nano SiO, da lap
day cac 15 trong trong bé tong xi mang, giup cho bé
tong xi ming chit hon va tao ra C-S-H bén viing voi
d6 ran cao hon, 1am cho khéi bé tong dic chic hon,
do vy di lam giam kha ning thim ion clo va ting
kha ning chdng tham ion clo cua bé tong.

Céc két qua trén da cho thay nano SiO, diéu ché
tir tro triu str dung trong bé tong nhiéu tro bay co tac
dung 1am ting kha ning chéng thim ion clo. B& tong
40 % tro bay khi st dung 2 % nano SiO, da giam
duoc 25 % dién lugng dém duoc so voi bé tong
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khong su dung nano SiO,. Diéu nay giup lam tang do
bén cua bé tong khi tmg dung lam céc két cdu trong
mdi trudng xam thuc ion clo.

4. KET LUAN

ba khao sat anh huong cua vat liéu nano SiO,
diéu ché tir tro trdu dén kha nang chdng thdm ion clo
ctia bé tong xi mang nhiéu tro bay. Két qua cho thiy:

1. Viée sir dung nano SiO, diéu ché tir tro trau
trong bé tong xi méng nhiéu tro bay da lam ting kha
nang chong thim ion clo cua bé tong. Kha ning
chéng tham ion clo ciia bé tong xi ming nhidu tro
bay tang theo ham lugng nano SiO; st dung.

2. Khi ham lugng nano SiO; st dung la 2 %, kha
ning chong thdm ion clo ciia bé tong xi ming nhiéu
tro bay tot nhat (giam dugc 25 % dién luong so véi
bé tong khong sir dung nano SiOy).

Nhu vy, nano SiO, san xuét tir tro triu khi cho
vao bé téng xi mang nhiéu tro bay di lam ting kha
nang chong thdm ion clo ciia bé tong, lam giam sy
khuyéch tan cta ion, gop phan han ché sy an mon.
Diéu nay gitp lam ting d6 bén cta bé tong khi ng
dung 1am cac két ciu trong méi truong xam thuc ion
clo.

Tir nhimg két qua trén ching t6i cho rang, vat
liéu nano SiO, diéu ché tir tro triu co trién vong
nghién cuu ung dung ciia chung trong nganh vét li¢u
xay dung.
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