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Corrosion Behavior of Steel in Cement-Bagasse Ash-Slag Sea-Sand Mortar

MO Yachong', LIU Jianhui', LIU Leping®, CHEN Zheng', SHI Caijun®
(1. College of Civil Engineering and Architecture, Guangxi University, Nanning 530004, China; 2. College of Civil Engineering, Hunan
University, Changsha 410082, China; 3. College of Chemistry and Materials, Nanning Normal University, Nanning 530001, China)

Abstract: Effect of cement mixture containing bagasse ash (SCBA) and slag (BFS) on the corrosion properties of steel in sea-sand
mortar was investigated. The electrochemical impedance spectra, open circuit potential, and corrosion current density of steel were
determined, and the chloride ions content, pH value and hydration products were measured. The results show that an increase in
bagasse ash content leads to an increase in the corrosion rate of steel and [C1']/[OH ] value. However, an increase in slag content can
reduce the corrosion rate of steel, and cause that the [CI']/[OH] value initially increases and slightly decreases after 28 d. The
addition of 15% bagasse ash and 15% slag has a positive synergistic effect, effectively increasing the resistance of mortar protective
layer and charge transfer resistance, improving the stability of the passivation film, and reducing the corrosion rate of steel in the
mortar by 31.86%, compared to the reference group. The optimum corrosion resistance of the steel can be obtained. It is indicated that
the use of a cement mixture containing bagasse ash and slag can effectively improve the corrosion resistance of steel in sea-sand
mortar.

Keywords: bagasse ash; slag; sea-sand; chloride binding; steel corrosion
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Table 1 Chemical composition of cement, slag and bagasse ash W/%
Material SiO, AL O3 Fe 03 CaO MgO SO; K>,O Cl P,0s N,O
OPC 20.58 4.97 3.76 63.57 2.29 2.00 0 0.03 0 0.53
SCBA 48.03 2.40 2.46 25.57 2.16 5.58 7.38 1.78 4.04 0.34
BFS 28.60 12.10 0.29 39.90 7.21 2.24 0.40 0.03 0 0

W is mass fraction.
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TG € B AL R o
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VRO (ISR R 2H R FH B Al B EL OV BT
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Fig.2 XRD pattern of bagasse ash
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Table 2 Mineral composition of bagasse ash wW/%
SiOz a-Czs Caz(Alo‘sMgojs)(Sh‘7507) CS cha(SO4)2'H20 KC1 A1P04 AIl’lOI‘phOuS
242 20.8 34 2.8 54 1.5 23 39.7

%o Wl 3 B, KR ES BTG A 70%~100%,
WHN 0~30%, FEREIKN 0~30%. Blartbing 3 pr
~, FEI R 2, KEHH 035, RIS
REIE K I 2 IS R &1 0.5%, TH T A
HEARLT R 0.03%.

B L A% AN GRS 10 mm, B4R
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R T LI 240~1 500 #IKBERPACHEATH BE, SR )G
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Fig.3 Composition of cementitious materials

BRRES

Table 3 Mix proportions of sea-sand mortar

W/%

Specimens Sand-binder ratio ~ Water-binder ratio w(Water-reducing admixture)/% w(Defoaming agent)/%
Cement SCBA  BFS
OPC 100 0 0 2 0.35 0.5 0.03
BAI1S 85 15 0 2 0.35 0.5 0.03
BA30 70 30 0 2 0.35 0.5 0.03
BFSI15 85 0 15 2 0.35 0.5 0.03
BFS30 70 0 30 2 0.35 0.5 0.03
BA15BFSI15 70 15 15 2 0.35 0.5 0.03
BA10BFS10 80 10 10 2 0.35 0.5 0.03
1.3 i JEHEATIIE . RA] ZDI-4A AL E Z) AL AU AT
1.3.1 pH/EMIK  # 3. 7. 28 d f1 90 d (RS W, ABTraaEitEL0)R:

R R, 3T 0.63 mm (K575 105 ‘CH42 h.
WG S LB TS, N 9mL/g, Hidk
24 h JEid i€, F PXSJ-216F 4B it & pH 18
132 AETFEEMA ORI E RSB
W AT E, K 3. 7. 28 d A1 90 d AR ER B i
BE¥r, @i 0.63 mm IS5 105 CF 4 2 he FREL
10 g MFEE Theprh, B HEEFIIE A 50 mL
EETFRER, & EFRMEMA 75 mL £5F
JKF 25 mL METEER(1: 1)IEAT I, FIRIFFHE 240

=V X35'45XN><100% (1)
1000xm
K CHREASURRMNAETFEHE; V AH

FET AgNO; AT, mL; N 4 AgNO; IERIK 1,
mol/L; m NMFERE, g.

133 #HESH # 3. 7. 28d 190 d R B
WEJE ¥ N T K 2B (7 d)yhiEibktk, ZJE7E
50 CHIE T TIRF T TR, PRl TR E SOk
FHiEId 0.045 mm G 985y [ FFAE T RIL =4,
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Fig. 4 pH values of cement-bagasse ash—slag sea—sand mortar
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Fig. 5 Chloride ion content of cement-bagasse ash-—slag

sea—sand mortar
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Fig. 7 TG curves of cement—bagasse ash—slag sea—sand mortar
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Fig. 8 DTG curves of cement—bagasse ash—slag sea—sand mortar
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Table 4 CH content of sea—sand mortar wW/%
CH content
Curing time/d
OPC BA30 BFS30 BAI15BFS15

3 9.33 8.11 7.10 7.59
7 8.23 6.10 6.71 6.72
28 10.72 8.43 6.80 7.75
90 11.42 6.98 7.40 8.79
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Fig. 9 Electrochemical impedance spectra of steel electrode in cement—bagasse ash—slag sea—sand
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R;—Resistance of test solution; R,—Resistance of mortar protective layer;
CPE,—Capacitance of mortar protective layer; R;—Charge transfer

resistance; CPE,—Double layer capacitance.

P10 A A o PEL BT W A5 5k FL i
Fig. 10 Equivalent electric circuit of electrochemical impedance
spectra of steel electrode

L1 KU R4 M A A0 2 F 80 5 LA 2 BEL B
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Fig. 11 Fitting parameter R, of Electrochemical impedance
spectra of steel electrode in cement-bagasse ash—slag
sea—sand
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Fig. 12 Fitting parameter R; of Electrochemical impedance
spectra of steel electrode in cement—bagasse ash—slag
sea—sand
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Fig. 13 Open circuit potential (OCP) of steel electrode in
cement—bagasse ash—slag sea—sand mortar
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Fig. 14  Corrosion current density of steel electrode in
cement—bagasse ash—slag sea—sand mortar
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Fig. 15 Contours of corrosion current density of steel electrode in cement—bagasse ash—slag sea—sand mortar
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