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Corrosion-Inhibition and Durability of Polymer-Modified Mortars
Using Bisphenol A and F Type Epoxy Resin with Calumite

Joo-Young Kim" and Wan-Ki Kim"*
YDept. of Architectural Engineering, Hyupsung University, Hwaseong 445-745, Korea

ABSTRACT Nitrite-Type hydrocalumite (calumite) is a material that can adsorb chloride ions (CI") that cause corrosion of
reinforce bars and liberate the nitrite ions (NO;") that inhibit corrosion in reinforced concrete. In this study, polymer-modified mortars

using two types of epoxy resin with calumite are prepared with various polymer binder-ratios of 0, 5, 10, 15, 20% and calumite

contents of 0, 5%. The specimens are tested for chloride ion penetration, carbonation, drying shrinkage and corrosion inhibition. As

aresult, the chloride ion penetration and carbonation depth of PMM using epoxy resin somewhat increases with increasing calumite

contents, but those remarkably decreases depending on the polymer-binder ratios. The 28-d drying shrinkage shows a tendency to

decrease with increasing polymer-binder ratio and calumite content. Unmodified mortars with calumite content of 5% did not satisfy

quality requirement by KS. However, it was satisfied with KS requirement by the modification of epoxy resin in cement mortar. On

the whole, the carbonation and chloride ion penetration depth of epoxy-modified mortars with calumite is considerably improved

with an increase in the polymer-binder ratio regardless of the calumite content, and is remarkably improved over unmodified mortar.
And, the replacement of the portland cement with the calumite has a marked effect in the corrosion-inhibiting property of the

epoxy-modified mortars.
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Table 1 Properties of epoxy resin

Type of | Epoxy [Molecular Hue Density| Viscosity
epoxy |equivalent| weight 20C, | (mPa-s,
(Gardner)
resin (g/mol) | (g/mol) g/em’)| 207C)
Bisphenoll ygo 130 | <1 | 117 | 13000
B‘Spl}je“o' 170 340 <1 | 119 | 3500

(Ca?* AI%*) (OH),
@\ NO,  nH,O /@

Fig. 1 Schematic structure of calumite
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Fig. 2 Corrosion inhibition mechanism of calumite

Table 2 Properties of calumite

Appearance Density (g/cm’) | Particle size (um)

White powder 2.23 <210




Table 3 Experiment

plan

Experiment

Experiment level

Cement |Ordinary portland cement

aggregate

Fine |Jumunjin standard sand

[Binder:Sand (by weight) = 1:3]

Mix Corrosion
inhibition

design -
admixture

Calumite content (%): 0, 5

Nitrite-type hydrocalumite (calumite)

Epoxy
resin

Bisphenol A - F type

Polymer-binder ratio (%): 0, 5, 10,

15, 20

Hardened

Test item
mortar

Chloride ion penetration,
Carbonation, Drying shrinkage,
Corrosion inhibition

Table 4 Mix proportions of polymer-modified mortar

using epoxy resin with calumite

Type Binder: Calumite Polymer-| Water-
yp Sand v binder | binder Flow
of (by content, ratio ratio. (mm)
0, > )
mortar | iohty | /€ O pg (9) [WiB (%)

0 65 168

63 171

0 10 63 168

15 63 171

BlSphenO] 20 63 168
A-Type 1:3

-modified 0 65 | 170

63 171

5 10 62 172

15 62 166

20 62 171

0 65 168

63 170

0 10 62 173.5

15 60 167

Bisphenol 20 58 172
F-Type 1:3

-modified 0 65 170

62 168

5 10 61 170

15 60 166

20 58 172

Table 5 Chemical compositions of artificial salt solution

Reagent Weight (g/L)
NaCl 24.5
MgCl; - 6H,O 11.1
Na,SO4 4.1
CaCl, 1.2
KClI 0.7
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Fig. 4 Cross section of epoxy-modified mortars after CI
penetration depth test (unit: mm)
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Fig. 5 Cross section of epoxy-modified mortars after
carbonation test
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Fig. 6 Accelerated corrosion test condition
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Fig. 7 CI' penetration depth of PMM using bisphenol
A-type epoxy resin with calumite
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Fig. 8 CI' penetration depth of PMM using bisphenol
F-type epoxy resin with calumite

Type of|  Bisphenol A-type Bisphenol F-type
mortar epoxy resin epoxy resin
Calumite content (%) | Calumite content (%)
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Fig. 9 Cross sections of epoxy-modified mortars with
calumite after Cl- penetration depth test
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Fig. 10 Carbonation depth of PMM using bisphenol A-type
epoxy resin with calumite
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Fig. 11 Carbonation depth of PMM using bisphenol F-type
epoxy resin with calumite
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Fig. 12 Cross sections of epoxy-modified mortars with

calumite after CI" penetration depth test
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Fig. 13 Pore size distribution of polymer-modified mortars
using bisphenol A-type epoxy resin with calumite
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Fig. 14 Pore size distribution of PMM using bisphenol
F-type epoxy resin with calumite
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Fig. 15 28-day drying shrinkage of PMM using epoxy
resin with calumite
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Fig. 16 Pore size distribution of PMM using bisphenol
A-type epoxy resin with calumite
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