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ABSTRACT

The corrosion resistance of 2205 stainless steel reinforcing bars produced by Raajratna

Metal Industries Ltd. was tested in accordance with Annexes Al and A2 of ASTM 955. The 2205

stainless steel reinforcing bars evaluated in this report met the requirements of ASTM A955.
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INTRODUCTION

This report describes the test procedures and results of rapid macrocell tests to evaluate the
corrosion performance of 2205 stainless steel reinforcing bars. The tests were performed on 15M
stainless steel bars supplied by Raajratna Metal Industries Ltd. The bars were inspected upon
arrival and found to be in good condition. Six specimens were tested under the macrocell test as
per Annexes Al and A2 of ASTM A955.

EXPERIMENTAL WORK
Materials
15M 2205 (S32205) stainless steel reinforcement, heat #RZ 6858 was evaluated in this

report. The steel chemistry is provided in Table 1.

Table 1: Steel Chemistry

C P S Si Mn Cr Ni Mo N
2205 | 0.016 [ 0.029 | 0.002 | 0.46 | 165 | 2239 | 5.15 | 3.10 | 0.1766

RAPID MACROCELL TEST
Description

The rapid macrocell test exposes bars to simulated concrete pore solution with and without
chloride contamination and is outlined in Annex A2 of ASTM A955/A955M. A schematic of the
test is shown in Figure 1. A single rapid macrocell specimen consists of an anode and a cathode.
The cathode consists of two bars submerged to a depth of 3 in. in simulated concrete pore solution
in a plastic container, as shown in Figure 2. One liter of pore solution consists of 974.8 g of distilled
water, 18.81 g of potassium hydroxide (KOH), and 17.87 g of sodium hydroxide (NaOH). Air,
scrubbed to remove carbon dioxide, is bubbled into the cathode solution to provide oxygen

required for the cathodic reaction. The anode consists of a single bar submerged in a solution
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consisting of the simulated pore solution and 15 percent sodium chloride (NaCl), prepared by
adding 172.1 g of NaCl to one liter of pore solution. The solutions are changed every five
weeks to limit the effects of carbonation. The anode and cathode are connected electrically across
a 10-ohm resistor. A potassium chloride (KCI) salt bridge provides an ionic connection between
the anode and the cathode (Figure 2). Deionized water is added to maintain the desired solution
depth. Readings are taken daily for the first week and weekly thereafter. Corrosion rates are

measured before and also after changing solutions at weeks 5 and 10.
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Figure 1: Schematic of rapid macrocell test
Fabrication

Fabrication of rapid macrocell specimens proceeds as follows:
1. Reinforcing bars are cut to a length of 5 in. (130 mm) with a band saw.

2. Oneend of each bar is drilled and tapped to a 0.75-in. (19-mm) depth with 10-24 threading.



3. Bare bars are soaked in acetone for a minimum of two hours and scrubbed to remove any
oil.

4. Wire leads are connected to the test bars using a 10-24 x 0.5 in. (12 mm) stainless steel
screw and a No. 10 stainless steel washer. Epoxy is applied to the electrical connection to
protect it from corrosion.

5. Bars are placed upright in the plastic containers and pore solution added to a depth of 3 in.
(76 mm).

6. Bars are connected to a terminal box at the start of testing.

Test Procedure

The rapid macrocell test requires 15 weeks. Corrosion rate and potential measurements are
taken daily for the first week and weekly thereafter. Faraday’s equation is used to calculate the
corrosion rate according to the exposed area of anode measuring the voltage drop between anode
and cathode bars across a 10-ohm resistor.

Rate:KV—m (@)
nNnFDRA

where the Rate is given in um/yr,

K = conversion factor = 31.5-10%* amp-pum -sec/puA-cm-yr

V = measured voltage drop across resistor, millivolts

m = atomic weight of the metal (for iron, m = 55.8 g/mol)

n = number of ion equivalents exchanged (for iron, n = 2 equivalents)
F = Faraday’s constant = 96485 coulombs/equivalent

D = density of the metal, g/cm? (for iron, D = 7.87 g/cm?®)

R = resistance of resistor, ohms = 10 ohms for the test

A = surface area of anode exposed to solution



Current indicating a “negative” value of corrosion, independent of value, does not indicate
corrosion of the anode and is caused by minor differences in oxidation rate between the single
anode bar and the two cathode bars.

The corrosion potential of rapid macrocell specimens was measured at the anode and
cathode using a silver chloride electrode (AgCl) and was converted to an equivalent reading with
respect to a copper sulfate electrode (CSE).

ASTM A955 Corrosion Rate Requirements

For rapid macrocell specimens, ASTM A955 states that the average corrosion rate for a
minimum of five specimens should not exceed 0.25 um/yr at any time and no single specimen
should exceed a corrosion rate of 0.50 pum/yr.

RESULTS AND DISCUSSION

Figure 2 shows the individual corrosion rates for the 2205 stainless steel. No specimen
exceeded the 0.5 um/yr limit outlined in ASTM A955. Positive corrosion rates of up to 0.3 um/yr
were observed. Figure 3 shows the average corrosion rate for the 2205 stainless steel. The

maximum average corrosion rate was 0.15 um/yr, below the 0.25 um/yr in ASTM A955.
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Figure 2: Individual corrosion rate for 2205 specimens
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Figure 3: Average corrosion rate for 2205 specimens




Individual corrosion potentials for anodes of 2205 stainless steel specimens are shown with
respect to CSE in Figure 4. Most specimens exhibited a corrosion potential between —0.20 and —

0.35 V vs. CSE throughout testing.
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Figure 4: Anode corrosion potentials (CSE) for 2205 specimens

Figure 5 shows specimen 2205-4 after testing, and is representative of all specimens

evaluated in this report. No signs of corrosion are observed on the test bar.



Figure 5: Specimen 2205-4 after testing; anode (top) and cathode (bottom) bars.

CONCLUSIONS
The corrosion resistance of 2205 stainless steel produced by Raajratna Metal Industries Ltd
was evaluated under the macrocell test according to Annexes Al and A2 of ASTM 955. The 2205

stainless steel reinforcing bars evaluated in this report met the requirements of ASTM A955.
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