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NGHIEN CUU ANH HUONG CUA VAT LIEU NANO SiO,
PIEU CHE TU TRO TRAU PEN KHA NANG
CHONG THAM ION CLO CUA BE TONG XI MANG

Ping Thi Thanh L&'

Tém tit: Nano-SiO- diéu ché tir tro trau (dién tich bé mat 258,3 mz/g, kich thuéc hat 10 dén 15
nm) lam tang da lam tang khd ndng chéng tham ion clo ciia bé téng. Kha ning chéong tham ion clo
cua cdc logi bé tong xi mang tang theo ham luong nano SiO, st dung. Khi ham luong nano SiO, sw
dung & 2,5%, kha ndng chéng tham ion clo ciia bé tong xi mdng tot nhat, giam dwoc 30,4% dién
luwong (mdc Mep) va 26% dién luong (mdc M7p) so voi bé tong xi mang khong su dung nano SiO5.

Tir khéa: nano SiO,, tro triu, bé tong xi mang, thim ion clo ctia bé tong.

1. GIOI THIEU

Nano SiO, duge st dung trong nhiéu nganh
cong nghiép nhu: nhya, ché tao son va chat phu
bé mit, san xuat héa my pham, cong nghiép héa
chat, cong nghiép cao su, phan bén va rat nhiéu
linh vyc khac. Hién nay, cdc nha khoa hoc trén
thé giéi dang nghién ctru sir dung nano SiO, lam
phu gia dé ting kha niang chdng thim ctia bé
tong xi mang (Rishav Garg, et al. 2016 and M.J.
Pellegrini-Cervantes, et al. 2013). Kha nang
chéng thdm ion clo ciia bé tong la mot trong
nhitng yéu t6 quan trong dé dénh gid do bén cia
bé tong dic biét 1a trong moi trudng chira nhiéu
ion clo (nudc bién). Khi ion clo thAm qua 16p bé
tong bao vé ching s& an mon cbt thép giy
truong nd thé tich dan dén nut bé tong. Pidu
nay s€ lam giam kha nang chiu luc cta bé tong
cot thép, gay hu hong va giam tudi tho cua cong
trinh. Vi vay bé téng c6 kha ning chéng tham
ion clo tdt s& dam bao d6 bén lau ctia cong trinh
(Pham Duy Hitu, 2010). Viét Nam la nudc ndng
nghiép c6 san luong lda 16n, lugng vo trdu thai
ra hang nim rat nhidu. Giai phap str dung nano
SiO, diéu ché tr tro trAu nhim lam tang chat
lugng cua bé tong xi mang s€ mang lai hiéu qua
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cao. Anh hudng cia ham luong nano SiO, diéu
ché tir tro trdu dén kha ning chdng thim ion clo
ctia bé tong xi ming nhiéu tro bay mac My & 28
ngay tudi di dugc nghién ciru (Pang Thi Thanh
Lé, nnk. 2017). Trong bai bdo nay, ching toi
nghién cuu anh hudéng cia ham lugng nano
SiO, diéu ché tir tro trau dén kha ning chong
thdm ion clo ctia bé tdng mac Mgy va M7y & 28
ngay tudi.

2. THUC NGHIEM VA KET QUA

2.1. Vit li¢u thi nghiém

Nano SiO, diéu ché tr tro triu & dang bdt,
mau tre"lng rat min; ham lugng SiO, trén 99,9%;
pH ~ 7; d6 4m nho hon 0,5%; dién tich bé mat
riéng ~ 258,3 mzlgam, kich thudc hat 10 dén 15
nm (Pang Thi Thanh L&, nnk. 2017).

Xi ming PC40 cta Biit Son v&i thanh phan
khodng chat: C3S (3Ca0.Si0y) 51,74%; C,S
(2Ca0.S10,) 24,20%; C3A (3Ca0.ALO3) 8,16%;
C4AF (4Ca0.Al,0s3. Fe;03) 10,35%. Cac chi tiéu
chét lugng cta xi mang Bt Son PC40 dugc nha
san xuat dua ra phit hop véi tiéu chuan qui dinh
yéu cau ki thuat ctia xi mang TCVN 2682: 2009.

Cot liéu 16n duoc st dung 12 d4 dam Kim Bang
(Ha Nam) c6 khéi luong riéng 2,65 g/em’; khdi
luong thé tich 1,65 g/em®; 46 4m 0,6 %; Dy = 19
mm. Cét liéu nhé duoc st dung la cat Song L6 c6
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khéi lwong riéng 2,66 g/em’; khéi lugng thé tich
1,47 g/em’. Hai loai cbt liéu ding trong nghién
ctru déu dat yéu cau ki thuat cdt lidu cho bé tong
v vita theo tiéu chuan TCVN 7570: 2006.

Nuéc st dung dé ché tao va bao dudng bé
tong 1a nudc sach, dap ng tiéu chuin TCVN
4506:2012.

Phu gia siéu déo dung loai Visconcrete -
V3000 - 20M ciia hing Sika, ddp tng tiéu chuan
qui dinh phu gia héa hoc cho bé tong theo
TCVN 8826:2011.

2.2. Thanh phén ché tao bé tong

Thanh phan bé téng gdc voi cuong do chiu
nén 60 MPa va 70 MPa duoc thiét ké so bd
theo tidu chuan ACI 211.4R - 08 (My). C6 2
loai bé tong dugc dung dé nghién ctu twong
ung voi mac bé tong 60 MPa va 70 MPa. Véi
mdi loai tién hanh dic mau v&i ham lugng
nano SiO, 12 0%, 1%, 2% va 2,5% theo khoi
lugng xi ming ban dau. Thanh phan cic vat
liéu trong hon hop bé tong duoc dwa ra & bang
1 va bang 2.

Bing 1. Thanh phin cip phdi bé tong 60MPa sir dung nano SiO; (tinh cho 1m’ bé tong)

Loai bé tong . . . . .
p Nano Xi mang Cat b4 Nuéc | Phu gia Nuée/Xi
sio | Kinieu | SOk | (ke) | ke | (ko) | @i | (i
2
0,0 | 60NSO 0,00 476,00 | 782 1133 142,8 | 4,76 0,3
1,0 | 6ONSI 4,76 47124 | 782 1133 142,8 | 4,76 0,3
2,0 | 60NS2 9,52 466,48 | 782 1133 142,8 | 4,76 0,3
2,5 | 60NS2.5 | 11,90 | 464,10 | 782 1133 142,8 | 4,76 0,3
Bing 2. Thanh phin cip phdi bé tong 70MPa sir dung nano SiO; (tinh cho 1m’® bé tong)
7 Loai be tong Nano | Ximing | Cit P4 Nuse | Phugia | \ oo
Sion | Kihicu | SiO2(ke) | (ke) | (ke) | (ke) iy | iy
2
0,0 70NSO | 0,00 530,00 | 737 | 1133 | 1428 | 6,36 0,3
1,0 7ONS1 5,30 52470 | 737 | 1133 | 1428 | 6,36 0,3
2,0 70NS2 | 10,60 | 51940 | 737 | 1133 | 1428 | 6,36 0,3
2,5 |70NS2.5| 1325 | 51675 | 737 | 1133 | 1428 | 6,36 0,3

2.3. Tron va diic miu bé tong

Viéc 1ay mau hdn hop bé tong, tron, diic, bao
dudng va chon kich thudce dé 1am mau thir duoc
tién hanh theo tiéu chuan ASTM C192. D tham
ion clo ciia bé tong & 28 ngay tudi dugc xic dinh
theo tiéu chuin ASTM C1202 hay tiéu chuan
TCVN 9337, 2012.

Bé tong duogc trdn trong mdy trén cudng biic
& nhiét d6 phong 1a 30°C. Nano SiO, dugc tron
déu vao trong nudc bing mdy tron vira toc do
cao, sau d6 d6 vao trong pha khd (d4, cat, xi
mang) da dugc tron déu va tién hanh tron trong
vong 1 phit. Tiép theo thém phu gia siéu déo vao
va tron trong vong tir 1-2 phiit dén khi hdn hop
bé tong ddng déu. Sau d6 tién hanh dic mau hinh

tru kich thuéc 100x200 mm d xdc dinh do tham
ion clo.

Céc mau bé tdng sau khi dic duoc phu 16p
vai trén bé mat dé tranh mat nude trong vong 24
gi0, sau d6 thdo khuon va dua vao bé bao dudng
cho dén khi tién hanh cdc thi nghiém tiép theo.

2.4. Xac dinh kha ning thim ion clo ciia
bé tong

Kha niang chng thim ion clo cua bé tong 1a
mdt trong nhiing yéu té quan trong dé danh gia
d6 bén ciia bé tong dic biét 1a trong mdi truong
chtra nhiéu ion clo. Bé tong c6 kha niang chong
tham ion clo tbt s& dap tmg duoc d6 bén lau cua
cong trinh (Pham Duy Hiru, 2010).

Kha ning thdm ion clo ctia bé tdng & 28 ngay
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tudi duge do trén mdy thdm nhanh ion clo A
PROOVE’it ctia hing GERMANN, Dirc. Mbi
loai bé tong tién hanh thi nghiém 3 mau, mdi
méu bé téng c¢6 duong kinh 100 mm chiéu day
50 mm. Cic mau nay duoc cit ra tir mau tru
100x200 mm va d loai bé phia trén va duéi mau
mdi dau 14 10 mm. C4c mau thi nghiém thim ion
clo dugc son chong thim, hit chin khong va
ngim trong nudc nhu diéu kién trong tiéu chuan
TCVN 9337, 2012. Céic thi nghiém duoc tién
hanh tai Phong Thi nghiém Vit liéu Xay dung,
Trudng Dai hoc Giao thong Véan tai. Thi nghiém
duogc tién hanh theo nguyén tic 4p dong dién

mot chiéu dién thé 60V vao hai mit ciia miu
thtr, mot mat tiép xtc véi dung dich natri clorua
3% ndi véi cyc am, mit kia tiép xiic voi dung
dich natri hydroxit ndi véi cuc dwong. Kha ning
thdm ion clo qua bé tong dwoc xdc dinh thong
qua gid tri tong dién lugng truyén qua mau thir
trong thoi gian 6h, dugc chia thanh cic muc:
cao, trung binh, thép, rat thép, khéng thidm
(TCVN 9337, 2012).

Két qua thi nghiém tham nhanh ion clo ciia
cic loai bé tong & 28 ngay tudi duoc trinh bay
trong bang 3. Biéu do két qua thi nghiém thdm
nhanh ion clo dugc thé hién & hinh 1.

Bang 3. Két qua thi nghiém tham nhanh ion clo

Két qua do dién lugng (cu 16ng)
Nano P <
. Mac M60 Mac M70
Si0; (%) ~ ~ ~ 5 5 5
Maul | Mau2 | Mau3 TB Mau 1 Mau 2 Mau 3 TB

0.0 1871.8 | 1975.2 | 2025.8 | 1957.6 | 1785.8 1687.7 1600.1 1690.5
1.0 1740.3 | 1699.5 | 1736.2 | 1725.3 | 1381.8 1492.1 1558.4 | 14774
2.0 1532.6 | 1546.1 | 1588.8 | 1555.8 | 1305.7 1237.0 13503 | 1297.7
2.5 1400.5 | 1308.4 | 1381.3 | 1363.4 | 1186.5 1265.8 1300.6 | 1251.0

Két qua thi nghiém & bang 3 cho thay cic
loai bé tong dugc thr nghiém déu cho dién
luong di qua ¢ mirc thap (1000 - 2000 cu 16ng)
(TCVN 9337, 2012). Quan sit hinh 1 c6 thé
théy s6 dién luong dém duoc ti 16 nghich véi
ham lugng nano SiO; st dung. Nhu vay nano
SiO, di lam giam sy khuyéch tdn cta ion clo
trong bé tong, do vay di lam ting mirc d6 chdng
thim ion clo ctia bé tong.
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Hinh 1. Biéu do két qua thi nghiém tham nhanh
ion clo

Do giam do thdm ion clo cta céc loai bé tong
¢6 st dung nano SiO; so vdi bé tong khdng st
dung nano SiO, dugc dua ra & bang 4 va hinh 2.
Bang 4. P giam do tham ion clo cia cac loai
bé tong c6 sir dung nano SiO; (so véi bé tong

khong sir dung nano SiO,)

Nano Do giam do thim ion clo (%)
Si0; (%) | Bé tong mac Mg | BE tong mac My
1.0 11.9 12.6
2.0 20.5 23.2
2.5 30.4 26.0
o
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Hinh 2. Biéu dé d¢ giam do tham ion clo
cua cdc loai bé tong
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Cic két qua trén da cho thdy nano SiO, diéu
ché tir tro trdu ¢6 tdc dung lam giam kha ning
thAm ion clo. Bé tong mac Mgy khi st dung
2,5% nano SiO, dia giam duoc 30,4% dién
luong dém duoc so v6i bé tong khong sir dung
nano Si0,. Bé tdng mac My khi st dung 2,5%
nano Si0, da gidm dugc 26% dién lugng dém
dugc so voi bé tong khong st dung nano SiO,.
Diéu nay gitip 1am ting d6 bén cua bé tong khi
mg dung l1am cdc két cau trong méi trudng xam
thuc ion clo. Két qua nay tuong tu két qua &
cong trinh (Pang Thi Thanh L&, nnk. 2017) khi
nghién ctru anh hudng cta nano SiO, diéu ché
tir tro trdu dén kha nang chong tham ion clo ciia
bé téng xi ming nhiéu tro bay mic Myy ¢ 28
ngay tuoi.

Theo céc tai li€u (T. Ji 2005 and B.H. Green
2006), nano SiO, c6 kich thudc rat nho (nhé
hon kich thudc xi mang khoang 100 1an) nén c¢6
thé lap day cic 15 trng trong bé tong xi ming,
gitp cho bé tong xi mang chat hon; nano SiO,
tham gia vao phan ung puzolan tao ra C-S-H véi
do rin cao hon; nano SiO, doéng vai trd nhu céac
tam tao nhan cho phép hinh thanh cic cum C-S-
H, thic day hon sy hydrat héa. Nhu vay nano
SiO, di lap day cdc 16 trong trong bé téng xi
mang, gitp cho bé tdng xi mang chat hon, va

TAI LIEU THAM KHAO

tao ra C-S-H bén vitng voi d6 ran cao hon, 1am
cho khéi bé tong dic chic hon, do vy da lam
giam su khuyéch tdn cia ion clo va lam ting
kha niang chong thim ion clo ctia bé tong.

3. KET LUAN

ba khdo sit anh hudng ctua vat li€éu nano
SiO, diéu ché tir tro triu dén kha ning chong
thdm ion clo cta bé tong xi mang mac Mgy va
My. Két qua cho théy:

Viéc st dung nano SiO; diéu ché tir tro tru
trong b€ tong xi mang da lam ting kha nang
chéng thdm ion clo cta bé tong mac Mgy va
M7o. Kha nang chéng thdm ion clo cta céc loai
bé tong xi mang tang theo ham luong nano SiO,
st dung.

Khi ham lugng nano SiO; st dung 1a 2,5%,
kha niang chéng thim ion clo cia bé téng xi
mang tot nhat, giam duoc 30,4% dién lugng
(méc Mgp) va 26% dién lugng (méac Myg) so véi
bé tong xi mang khong st dung nano SiOs.

Nhu viy, nano SiO, diéu ché tir tro trdu khi
cho vao bé tong xi mang da lam tang kha nang
chdng tham ion clo ciia bé tong, gép phan han
ché sy an mon. Tir nhimng két qua trén ching toi
cho rﬁng, vét liéu nano SiO, diéu ché tir tro triu
c6 trién vong nghién ciru ing dung cua chiing
trong nganh vat licu xay dung.
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Abstract:
STUDY THE EFFECT OF NANO SiO; PREPARED FROM RICE HUSK ASH
ON THE CHLORIDE RESISTANCE OF CEMENT CONCRETE

Nano-SiO, prepared from rice husk ash (large specific surface area 258.3 mZ/g, particle size 10 to
15 nm) increased the chloride resistance of cement concrete. The ability to resist chloride
penetration increases with the content of nano-SiO; used. When nano-SiO, content used is 2.5%,
the chloride ion-resistance ability of concrete is the best, 30.4% reduction of charge passed for
grade Mgy and 26% reduction for grade M7y compared to concrete not using nano-SiO,.
Keywords: nano-SiO,, rice husk ash, cement concretes, chloride resistance of concrete.
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