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Effectiveness of Polymer-Modified Cement Mortar with Corrosion Inhibitor in
Preventing Chloride-Induced Steel Corrosion in Concrete

by

Minobu Aovama* and Kazuyuki Toru **

In Japan, the polymer-modified cement mortar (PCM) with the corrosion inhibitor has often been used as repair
materials for deteriorated reinforced concrete structures due to the chloride-induced steel corrosion. In this study,
the reinforced concrete specimens with two levels of chloride content were prepared and exposed to wet and dry
cycles in the chamber for a long period to clarify the macro-cell corrosion of steel bar in the concrete. The effective-
ness of the type and dosage of corrosion inhibitor, LINO; or Ca (NO2)2, in PCM and the degree of chipping around
steel bars in repair work in preventing the steel corrosion in concrete were comparatively investigated by means of
electro-chemical measurements such as linear polarization resistance and AC impedance methods.

From the experimental results, it was found that PCM with both corrosion inhibitors of LINO2 and Ca(NO2)2 had
almost the same effect in preventing the steel corrosion when their NO;™ molecular ratio to Cl~ was constant, and that
the chipping and patching work beyond steel bars was more effective in restoring the passive state of steel bars.
Furthermore, both the linear polarization resistance and the AC impedance methods were very useful as a non-
destructive inspection method for estimating the corrosion behavior of steel bars in repaired and unrepaired concrete
with PCM.
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Fig. 1. Dimensions of reinforced concrete specimen
for steel corrosion test.
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Table I . Mix proportions and properties of concrete.
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NENE Ce e ) L
2 o * 28
21 10 63 170 210 874 929 0.54 5 5.7 29.2
*High-range water reducing AE admixture
Table I . Mix proportions of PCM and OPC mortar.

Type of polymer P/C (%) W/C (%) £, (N/mm*®)

PMC SBR*latex 5 45.5 43.3

OPC mortar — — 45.5 41.5

*SBR: Styrene butadiene rubber

Table . Types of reinforced concrete specimens used for steel corrosion test.

CI” content in concrete Patching
No (kg/m3) repair Patching depth Amouqt of corrosion inhibitor
’ Basis part Repair part material (mm) in repair mortar *
(left) (right)

1 2.5 0 — — —
2 2.5 7.0 — — —
3 2.5 7.0 — — [ LN 8.5kg/m’ (0.8) in concrete ]
4 2.5 7.0 PCM 35 Without corrosion inhibitor
5 2.5 7.0 PCM 15 LN 21.0 kg/m’ (2.0)
6 2.5 7.0 PCM 15 CN 30.0 kg/m’ (2.0)
7 2.5 7.0 PCM 35 LN 8.5 kg/m3 (0.8)
8 2.5 7.0 PCM 35 CN 12.0 kg/m’ (0.8)
9 2.5 7.0 OPC Mortar (Thi‘ Csk’:ess) LN 57.5 kg/m® (5.4)

*LN: LiNO,, CN: Ca(NO,),°H, O, ( ):NO,/Cl'mole ratio

**OPC mortar with LN of 57.5 kg/m® was coated on the surface of concrete.
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Table IV. Types of concrete and PCM specimens tested
for compressive strength and electrical resistivity.

Concrete PMC
A Plain concrete D Plain mortar
B Cl" 2.5 kg/m” E LN 57.5 kg/m’
C CI7.0 kg/m3 F CN 30kg/m3

Water curing period
0. 28d
B .273d

Compressive strength (N/mm?)

Type of concrete and PCM
Fig. 2. Compressive strength of concrete and PCM.
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Fig. 3. Electrical resistivity of concrete and PCM.
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Fig. 4. Variations of halif cell potential with exposure time of steel bars in concrete.
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Fig. 5. Variations of corrosion current with exposure time of steel bars in concrete.

Fig. 6. Penetration of NOy™ ion from attached OPC
mortar into concrete.
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Fig. 7. Variations of AC impedance spectrum with exposure time of steel bars in concrete.
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Table V. Weight losses (%) and corrosion grade of steel
bars in concrete specimen after wet and dry cycle test.

No Basis part Repair part

) (left) (right)
1 03(1) 04 (1)
2 1.8 (IV) 6.8 (IV)
3 0.7(I) 2.3 (IV)
4 1.1 (1) 0(I)
5 0.8(I) 1.9 ()
6 09 (1) 1.7(1)
7 0(I) 03(I1)
8 1.2 (IN) 0.7(1)
9 0.8(1) 4.6 (I

*( ):Corrosion grade evaluated by visual observation

Corrosion current by AC Impedance (u A/cm?)

Fig. 8. Relationship between corrosion current
measured by linear polarization resistance (LRP)
and AC impedance methods.
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Fig. 9. Corrosion area and corrosion grade of steel bars
after wet and dry cycle test.
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Fig. 10. Relationship between weight losses of steel bar
measured and calculated by liner polarzation
resistance (LPR) and AC impedance (AC1) methods.
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