Science & Technology Development, Vol 15, No.K2- 2012

NGHIEN CUU PAC TiNH THAM THAU ION CLO CUA BETONG CO SU DUNG Xi
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TOM TAT: Ion clo la nguyén nhan chinh gdy dn mon két cdu bétong cot thép (BTCT) sir dung ¢

moi truong bién. Sw xam nhdp ciia ion clo qua I6p bétong (BT) bdo vé thiic ddy qud trinh an mon cot

thép, anh hudng dén kha ning chiu luc ciia két cdu. Bai bdo nay tdp trung nghién ciru ddc tinh tham

théu ion clo ciia BT sir dung xi 10 cao théng qua thi nghiém do hé sé khuéch tdn ion clo va kha nang lién

két ion clo trong cdu triic BT. Trong dé, BT thiét ké c6 mdc 45MPa va sir dung xi 10 cao thay thé xi

mang PC50 voi ham luong tir 0% dén 70%. Hé sé khuéch tdn ion clo thuc hién theo tiéu chuin ASTM

CI202 va NordTest NT Build 492. Két qud nghién civu cho thdy, ham lugng xi 10 cao thay thé xi mang

PC50 tang tir 0% dén 50% thi hé s6 khuéch tdn ion clo ciia BT giam ddn va ham lwong ion clo lién két

trong BT tang twong iing. C6 thé sir dung xi 10 cao thay thé xi mang PC50 véi ham hrong 30% dén 40%

dé tang kha ndng chong tham thau ion clo ma van khéng anh hwéng dén cieong do BT thiét ké.

Tir khéa: tham thdu ion clo, xi 10 cao, hé s6 khuéch tdn ion clo, ion clo lién kér.

1. GIOI THIEU

Hién nay, viéc xtr I va tdi su dung cic san
phim phu trong san xudt cong nghiép (xi 1o
cao, tro bay, silicafume, ...) 1a mot van dé dang
duoc tap trung nghién ctru. Trong d6, xi 16 cao
la phé phim trong qua trinh san xuét kim loai
tir quing sit, ma mot so nghién ctru trude day
cho thdy xi 10 cao c6 thé duoc sir dung lam phy
gia khodng v6 co hoat tinh nhdm nang cao kha

ning chong xam thuc cho BT trong méi trudng

bién. V& co ban, dn mon BT va BTCT trong
mdi truong bién dugc chia 1am ba viing chinh:
viing khong khi bién, viing thiy tridu va viing
ngdp nudc hoan toan [5, 6, 7].

Su c6 mét cua ion CI trong vung BT lan can
cdt thép khi vuot qua ham lugng téi han s&
thic ddy qua trinh phd v& 16p mang thu dong
Fe,0;, tir d6 phat sinh an mon cdt thép trong

BTCT [8, 9].
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Hinh 1. Cdc ving xam thyc bién d6i voi bétdng cbt thép[4]

Hinh 2. Qu4 trinh an mon cbt thép do xdm thuc Clo gdy ra

Trong subt chu ky dn mon, ion sit két hop
véi ion clo dé tao thanh hop chit c6 d6 tan 16n
FeCl,. Hop chit nay c6 thé khuéch tin ra xa bé
mit cta cot thép va phan huy, giai phéng ion
clo, tir d6, ion clo c6 thé tiép tuc chu trinh dnh
hudng ciia minh, dong thoi lam giam pH & anot
do sy thuy phan cua ion sit Fe?*. Téc d6 in
mon ting 1én do sy oxy hod cua sit dién ra
manh mé trong mdi trudong c6 tinh axit nhu &
anode. Tbc d¢ an mon cdt thép cé quan hé véi
ty 18 ion CI7/OH' trén bé mat cdt thép. Nong do
ion hydroxit (OH") cang cao thi ham luong clo
can thiét & gay an mon cang cao [4, 8].

Qud trinh hydrat héa cta xi mang Pooclang
xi cAn cdc chét hoat héa nhu: kiém, thach cao,
Ca(OH), ...[1]. Nhin chung, cidc san phém
hydrat hod ctia xi ming Poocling xi cling

twrong tu nhu cia xi mang Poocling. Tuy

nhién, su tao thanh C-S-H cua xi mang xi cé ti
1¢ C/S nho, c6 kha nang hoa tan mét luong 16n
cua MgO va Al,O;, tao thanh dung dich rin
bén ving, 6n dinh. Pay 1a sy khac biét 16n nhat
s0 v6i cdc san phim hydrat hod ciia xi mang
Pooclang, tao cho xi ming Poocldng xi céc dac
tinh bén vitng trong méi trudng x4m thie ma xi
mang Poocling khong dap tng dugc. Qud trinh
hydrat héa ciia xi mang Poocling xi bao gdm
hai giai doan [1]:

- Qud trinh déng rén cua xi mang Poocling
tao thanh cac hydrosilicatcanxi,
hydroaluminatcanxi va canxi hydroxit.

- Su déng rén cta xi 10 cao, duoc thyc hién
nh¢ hai loai chét kich thich déng rén: chit kich
thich kiém va chét kich thich sunphat [4].
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e Ca(OH), dong vai tro la chit kich thich
kiém:

Ca0.Si0,+ Ca(OH), + H,0 ?
2Ca0.Si0,.2H,0

Ca0.Mg0.Si0, + Ca(OH), + 2H,O ?
2Ca0.Si0,.2H,0 + Mg(OH),

Ca0.Al,0s+ 2Ca(OH), + 4H,O0 ?
3Ca0.AL,0;.6H,0

12Ca0.7AL0; + 9Ca(OH), + 33H,0 ?
7(3Ca0.AL,0;.6H,0)

Ca0.Al,05. SiO, + 3Ca(OH), + 4H,O ?
2Ca0.Si0,.2H,0 + 2A1(OH);

® CaS0,.2H,0 déng vai tro la chit kich
thich suuphat:

Ca0.Al,03+  2Ca(OH),+  CaSO0,.2H,0
+8H,0?3Ca0.Al,0;. CaSO,.12H,0

12Ca0.7A1,03;+9Ca(OH),+21CaS0,.2H,0+
173H,0?7(3Ca0.Al1,0;.3CaS0,.32H,0)
2. PHUONG PHAP XAC PINH HE SO
KHUECH TAN ION CLO CUA BT

Phuong phdp x4c dinh hé s6 khuéch tan ion
clo ctia BT duoc thuc hién theo tidu chuin
ASTM C1202 [13] két hop véi NordTest NT
Build 492 [14]. Theo tiéu chudn nay, mau BT
st dung c¢6 duong kinh 100mm, day 50mm

(hinh 3). MAu duoc dit giita 2 ngin, mot ngin

chira dung dich NaCl 3%, ngan con lai chia
dung dich NaOH 0,3N (hinh 5). Sau d6, dong
dién mot chiéu voi hiéu dién thé 60V dugc cho
di qua mau, cuc am ndi véi mit miu & ngan
chira dung dich NaCl, cuc duong ndi véi mat
miu & ngin chira dung dich NaOH. Sau khi
cho dong dién mét chiéu di qua mau trong
khoang thoi gian 6 gid, mau dugc ldy ra ria
sach bé mat, cit mau thanh hai nira rdi phun
dung dich AgNO; 1én bé mat BT tai vét cit, do
chiéu sdu cia phan bé mat mau bj déi mau sau
khi phun dung dich AgNO;. Gia tri cua hé¢ )
khuéch tdn ion clo dugc tinh thong qua chidu
sdu cua ving bé mit miu bi ddi mau nhu sau
[4]:

L0235 273+ ThL

(273 + T L=y

n=
I:[U—Z}.t:l(xd—ﬂ.ﬂZSB.d o

Trong d6:

D: hé s6 khuéch t4n ion clo (10'12m2/s).

U: higu dién thé dong dién (V).

T: nhiét d§ trung binh clia hai ngdn chtra
dung dich (°C).

L: chiéu day cta mau thi nghiém (mm).

Xq: chiéu sdu trung binh cua ving mat BT bi
d6i mau khi phun dung dich AgNO; (mm).

t: thoi gian thi nghiém (gio)

Hinh 3. MAu thtr chuén bj ban diu
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Hinh 4. Thiét bj thi nghiém do hé sé khuéch tan ion Clo trong BT

, T

)

Hinh 6. Chiéu siu thdm thiu ion clo trén 2 miu diing 50% va 0% xi sau khi phun dung dich AgNO5 Ién bé mat

3. KET QUA VA THAO LUAN siéu déo va nudc sach. Tét ca cdc nguyén vat

3.1. Nguyén vit liéu sir dung liéu st dung déu dap tng yéu clu theo tiéu
Nguyén vit liéu st dung d& dic mau BT bao chuin. Xi 16 cao st dung c6 thanh phin héa va

gdm: cat song c6 mdédun do 1on My = 2,67; dd cdc tinh chat trinh bay ¢ bang 1 va bang 2.

dam c6 Dy, = 20 mm; xi mang PC 50, phu gia

Bang 1. Thanh phan héa cia xi 1d cao (%)

MKN | CKT | SiO, | ALO; | Fe,0; | CaO | MgO
093 | 1,99 | 36,7 | 2,61 022 | 4732 | 2,05
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MKN: Ham lwgng mét khi nung
CKT: Ham lugng can khong tan

Béng 2. Chi tiéu ky thuat cua xi 10 cao

Chi tidu k¥ thuat Két qua
Chi s6 hoat tinh cuong d¢ (7 ngay) 105
Khoi lugng thé tich, g/cm3 1,2
Khdi luong riéng, g/cm’ 2.9
Ham luong SO;, % 0,23

Hbn hop BT thiét ké c6 d6 sut SN = 6-8 cm;
ty 1¢ N/CKD = 0,47, xi 10 cao dugc st dung
thay thé xi mang PC50 v&i ham luong 0% dén
70% theo khéi lugng. Cap phéi BT nghién ctru
thé hién & bang 3. Tat ca ciac miu thir dwoc

thdo khudn 1 ngay sau khi dic, sau d6 dudng

hé 27 ngay trong nuwdc rdi méi tién hanh cdc
phép thur.

Méu BT xdc dinh hé s khuéch tén ion clo
thuc hién theo tiéu chuidn ASTM C1202 vi
NordTest NT Build 492.

Bing 3. Thanh phan cép phéi cta BT ¢6 sir dung xi 10 cao véi cac ham lugng khéc nhau

Luong dung vat liéu cho Im® BT

Ki
hicu Ham lugng xi (%) | Xi mang | Xi Phu gia (1) Cat ba

kg) | (kg) kg) | (kg)
M, 0 330 0 2,5 873 | 1150
M, 10 297 33 25 873 | 1150
M, 20 264 66 25 873 | 1150
M; 30 231 99 2,5 873 | 1150
M, 40 198 132 2,5 873 | 1150
M;s 50 165 165 25 873 | 1150
M, 60 132 198 25 873 | 1150
M, 70 99 231 2,5 873 | 1150

3.2. Anh hwéng ciia ham lwong xi dén cuong
do cia BT

Viéc sir dung xi thay thé xi ming Poocling
s& anh huong dén qud trinh phat trién cudng do

ctia BT. Dé dénh gia anh huong nay, cdc mau

BT sir dung cép phdi ¢ bang 3 dugc kiém tra
cuong do chiu nén & céc thoi diém 7, 28, 56 va
90 ngay. Két qua anh hudng ciia ham lwong xi
1d cao dén su phat trién cuong d6 BT dugc thé

hién ¢ hinh 7.
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Hinh 7. Anh huéng ciia ham lugng xi dén cudng d6 chiu nén cia bétong theo thoi gian

Nhin chung, cudng dé cic miu BT ting dan
theo thoi gian. Trong giai doan 7 ngay dau, toc
d6 phat trién cuong do ctia BT giam dan khi
ham lugng xi ting dan. Trong 21 ngay tiép
theo:

- P6i v6i mau M, va M;: tuy cuong do van
tang nhung toc d6 phat trién cuong d¢ lai giam.

- Pbi véi cdc miu M,, M;, My, M5, Mg: tbe
do phat trién cuong do cao hon so véi mau M,
va M,. Pic biét, miu 60% xi (Ms) c6 cuong do
& 28 ngay ting gap 2,41 1an so voi cuong d6 &
7 ngay.

Trong giai doan tiép theo sau 28 ngay, mau
M, va M c6 tc do phét trién cuong do khong
déng ké, cic miu My; Ms; My; Ms; va Mg, tuy
tbc d6 phat trién cuong d6 c6 cham lai so voi
giai doan 28 ngay dau, nhung van cao hon so
v6i miau M, va M. Dic biét, & giai doan nay,
mau 40% xi c¢6 toc d6 phat trién cuong d6 cao
nhit.

3.3. Anh huéng ciia ham lwgng xi dén hé sé
khuéch tan ion clo trong BT

Nhu da biét, ion clo xdm nhap qua 16p BT

bao vé, tin cong va giy an mon cdt thép. Dé

ting kha nang bao vé cdt thép, BT cin han ché
duge sy thAm thiu cua ion clo vio sdu bén
trong hay néi cdch khac 12 hé s6 khuéch tan ion
clo vao trong BT phai thap. Sir dung xi 10 cao
s& cai thién dugc van dé nay, tuy nhién, két qua
s& thay ddi ung vdi cdc ham lugng xi thay thé
khéc nhau. Két qua do hé s6 khuéch tan ion clo
xéc dinh theo trng ham lugng xi ghi nhan trén
hinh 8.

Két qua nghién ctru ¢ hinh 8 cho thdy rang,
khi ting ham lugng xi thay thé xi mang PC50
tr 0% dén 50% thi h¢ s khuéch tan ion Clo
giam lién tuc nhung néu tiép tuc ting ham
lwong xi, kha niang khuéch tan ion Clo lai bét
dau tang 1én. Hé s6 khuéch tan ion Clo nho
nhéit ghi nhan duogc tng véi ham lwgng xi trong
khoang 40% dén 50%, tai ddy, kha ning
khuéch tan ion Clo giam gin 3 lan so v&i miu
BT dbi chung (M,).

Hé sb khuéch tdn ion clo cua BT st dung xi
ming xi thap hon 13 rét so vi BT chi sit dung
xi ming Poocling 12 do kha nang lién két ion
clo ma BT c¢6 duoc khi xi 10 cao dugc cho vao.

Ngoai ra, khi ham lugng xi thay thé cao (40%,
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50%) hé sé khuéch tén ion clo giam manh cé
thé giai thich do sy tao thanh nhiéu khodng C-
S-H ¢6 cau tric dic sit (C-S-H dang 3) c6 ham
luong 16 rdng gel thap (hinh 9). Ching dwoc
phan bé twong dbi dong déu trong céu tric BT,
do d6 lam tang mtrc do dic sit cua BT hon, han
ché duoc sy thim thiu ion clo vao sdu bén
trong. Khi str dyng ham luong xi it hon, C-S-H
hau hét ¢ dang 1 va 2 véi ty 18 15 rong gel 16n,
chiing phén tin rai ric trén bé mit cic mang
16n cta Ca(OH), (hinh 10), vi vdy cdu tric BT
it ddc sit hon, tir d6 hé sé khuéch tén ion clo s&
cao.

Mit khdc, tir hinh 8 c6 thé thiy cdc miu ma
ham lugng xi thay thé 1a 60% va 70% thi h¢ s6
khuéch tan ion clo ting tr lai. Diéu nay c6 thé

duoc giai thich 1a do v6i ham lugng xi thay thé

tang cao nhu vy thi ham luong xi mang PC50
s€ giam tuong tng. Do d6, ham lugng Ca(OH),
, d6ng vai trod 1a chét hoat héa kiém cho xi, sinh
ra tor phan Gng thuy héa cliia xi mang s€ giam
so v6i truong hop ham luwong xi thay thé 1a
40%, 50%. Piéu nay dan dén két qua 1a khodng
C-S-H, san phdm cua phan tng thiy héa cling
nhu phan Gng puzolan héa, sinh ra véi ham
lugng khong cao, chua dit dé 1am gidn doan cic
16 rong trong bétdng. Chinh vi vdy ma khi ting
ham luong xi 1én hon 50% thi cdu tric béténg
s& kém ddc sit hon, 1am cho hé sb khuéch tén
ion clo tang lén.

Lién quan dén kha ning lién két ion clo trong
céu tric BT, ion clo trong BT ton tai ¢ hai

dang: ion clo tu do va ion clo lién két.

Hinh 9. Ciu triic khodng ctia miu c6 50% xi chup bing kinh hién vi dién tir quét (SEM) véi d6 phéng dai 5000 1dn
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Hinh 10. Ciu tric khodng ciia mau c¢6 0% xi chup bang kinh hién vi dién tir quét (SEM) véi d6 phéng dai 5000 lan

- Ton clo tir do: 12 nhan t6 giy ra &n mon cdt
thép, c6 thé dugc dua vio trong bétdng tir
ngudn bén ngoai, hay qua trinh cacbonat héa
cling c6 thé giai phéng ion clo lién két trg
thanh ion clo tu do.

- Ton clo lién két: do lién két hod hoc, chiing
chu yéu la canxi clorualuminat
(3Ca0.AL,05.CaCl,. 10H,0 - mudi Friedelt) va
canxi clo ferrit (3Ca0.Fe,0;.CaCl,.10H,0)
hodc do canxi silicat hydrat
(3Ca0.25i0,.3H,0) hép thy trén thanh 15 rdng.

Xi 10 cao khi dua vao BT xi ming Pooclang
¢6 kha ning lién ké&t manh véi ion clo, giit né
lai trong thanh phan khoang, 1am giam ndng do
ion clo ty do thong qua phan ung tao mudi
Fridelt [2, 3]:

CI' + Ca’™ ? CaCl,

CaCl, + G;A + 10H,0 ? C;A.CaClL.10 H,O
(mubi Fridelt)

Mirc d6 lién két ion clo dugc khao sét thong
qua viéc do ham lugng ion clo lién két trong
cdc miu vita véi cdc ham luong xi khac nhau

duoc cho tiép xtc véi dung dich NaCl 5%. Céc

miu vita ¢6 kich thuéc 4x4x16 cm va thanh
phin cdp phdi nhu bang 4, dudng hé miu trong
nudc mot thang, sau d6 ngdm mau tiép trong
dung dich NaCl 5% (2 thang). Liy mau, chuan
bi mau va tién hanh phan tich theo tiéu chuan
ASTM C1152/C1152M-03 [15]. Két qua
nghién ctru vé& kha ning lién két ion clo cia BT
sir dung cdc ham lugng xi khic nhau trinh bay
& hinh 11. Két qua nghién ctru cho thdy rang,
khi ham lugng xi thay thé xi mang PC50 cang
ting thi ham luong ion clo lién két nim trong
cAu tric cta vita cang ting. Dic biét, ham
lwong ion clo lién két cao nhit khi ham lwong
xi thay thé xi mang PC50 tir 20% - 50%, ting
10% xi c6 thé ting kha nang lién két ion clo 1én
dén 30 %.

C6 thé néi rang, ham lugng xi sir dung cang
nhiéu, cang lam ting kha ning lién két ion clo
nho phan tng tao mudi Fridelt. Nho vay ma

lwong ion clo lién két ting I1én nhiéu.
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Biang 4. Cip phdi cdc mau vita d khao sat kha ning lién két ion Clo

STT Ki hi¢u Ham luong xi (%) Ty 1¢ N/CKD Ty 1¢ C/CKD
1 Vo 0 0,47 2,64
2 A\ 10 0,47 2,64
3 V, 20 0,47 2,64
4 V3 30 0,47 2,64
5 \2 40 0,47 2,64
6 Vs 50 0,47 2,64
7 Vs 60 0,47 2,64
8 A% 70 0,47 2,64

N/CKD: nudc/chit két dinh; C/CKD: c4t/chit két dinh
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Hinh 11. Méi quan hé giita ham Iugng xi véi ham Iugng ion clo lién két

4. KET LUAN

Két qua nghién cru thyc nghiém khi thay thé
xi mang PC50 bing xi 10 cao cho thiy:

- Trong giai doan dau (7 ngdy), téc do phat
trién cudng d6 cua bétong giam dan khi ham
luong xi ting dan. Tuy nhién, sau d6, cuong do

clia bétong sir dung xi van tiép tuc phit trién o

rét va cao hon hin so v6i BT khéng c6 xi theo
thoi gian dai.

- Khi ting ham luong xi thay thé tir 0% -
50% thi hé sé khuéch tén ion Clo giam lién tuc.
Tuy nhién, néu ting ham luong xi trén 60% thi

hé sb khuéch tdn ion clo lai tang tro lai.
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- Trong tit ca céc truong hop, ham lwong xi ning chéng thdm théu ion clo ma van khéng
cang tang thi ham lugng ion clo lién két trong anh huong dén cuong do BT thiét ké.
cAu tric cia vira cang 1on.

- C6 thé st dung xi 10 cao thay thé xi mang

PC50 véi ham lugng 30% - 40% dé tang kha

EFFECTS OF BLAST FURNACE SLAG ON CHLORIDE PERMEABILITY OF
CONCRETE

Tran Vin Mien, Nguyen Thi Hai Yen, Cao Nguyen Thi
University of Technology, VNU-HCM

ABSTRACT: Chloride-induced corrosion of steel reinforcement is the main cause of
deterioration of reinforced concrete structures in marine environments. The penetration of chlodride
ions into concrete cover that accelerates corrosion process of steel reinforcement, this affects the
bearing capacity of structures. This paper investigates on chloride permeability cheracteristic of
concrete using blast furnace slag in terms of chloride diffusion coefficient and chloride binding
capacity. The concrete used in this research has grade of 45MPa and the slag content replacement of
cement PC50 is in range of 0% - 70%. The chloride diffusion coefficient of concrete is determined by
ASTM C1202 and NordTest NT Build 492. Results showed that the blast furnace slag replacement
increases (from 0% to 50%), the chloride ion diffusion coeffient decreases and bound chloride content
in concrete increases. It is clear to conclude that blast furnace slag can be used to replace cement
PC50 in range of 30% to 40% in order to increase the resistance of concrete to chloride penetration
without affecting concrete strength.

Keywords: chloride ion penetration, blast furnace slag, chloride diffusion coefficient, chloride

binding.
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