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Section 1 
Overview 

Effective dates: August 1999 – September 2005. 

This test procedure is to determine the percent by weight of water soluble chloride in 
concrete. This test method uses a potentiometric chloride analysis with a silver nitrate 
titration for calibration. Errors in the silver nitrate titration due to interfering substances in 
concrete are assumed to be negligible. 

The equations in this procedure use instrument-specific constants which may not be 
applicable to different equipment. 

Units of Measurement 

The values given in parentheses (if provided) are not standard and may not be exact 
mathematical conversions. Use each system of units separately. Combining values from the 
two systems may result in nonconformance with the standard. 
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Section 2 
Apparatus 

The following apparatus is required: 

♦ diamond-tooth saw or other means of segmenting concrete cores and producing a 
smooth cut surface 

♦ jaw crusher capable of reducing material to pass a 2.00 mm (No. 10) sieve 

♦ mechanical pulverizer capable of reducing material to pass a 250 μm (No 60) sieve 

♦ U.S. Standard sieve, 250 μm (No. 60) in compliance with Test Method "Tex-907-K,  
Verifying The Accuracy Of Wire Cloth Sieves" 

♦ mechanical convection oven with temperature maintained at 60 ± 11 °C (140 ± 20 °F) 

♦ balance with a minimum capacity of 100 g which meets the requirements of Test 
Method "Tex-901-K,  Verifying the Calibration of Weighing Devices Used for 
Laboratory Testing" 

♦ electric hot plate 

♦ beaker, Griffin Low Form, 400 mL (13.5 fl. oz.) capacity, with watch glass and stirring 
rod 

♦ beaker, Electrolytic High Form, 180 mL (6.76 fl. oz.) capacity 

♦ flask, Class A Volumetric, 500 mL (16.9 fl. oz.) capacity with stopper 

♦ gravity filtration funnel, ribbed 

♦ filter paper, No. 2 Micro Filtration Systems or equivalent 

♦ chloride selective-ion electrode 

♦ reference electrode 

♦ ion meter 

♦ electrically powered magnetic stirring device 

♦ pipette, Class A Volumetric, 50 mL (1.7 fl. oz.) capacity 

♦ buret, Class A 25 mL (0.85 fl. oz.) capacity 

♦ hand-held magnet. 
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Section 3 
Preparing Solutions 

Solutions 

The following solutions are needed: 

♦ deionized or distilled water 

♦ reference electrode outer filling solution, 10% KNO3 

♦ reference electrode inner filling solution. 

Methyl Red Indicator Solution 

The following describes preparing a methyl red indicator solution. 

Methyl Red Indicator Solution 
Step Action 

1 Weigh 0.1 g Methyl Red A.C.S. Analytical Reagent  
2 Dissolve it in 50 mL (1.7 fl. oz.) of 60% by volume ethanol. 

Nitric Acid Solution 

The following describes preparing a nitric acid solution. 

Nitric Acid Solution 
Step Action 

1 Add one part by volume A.C.S. grade concentrated nitric acid to ten parts by volume 
deionized water. 

0.01 N Silver Nitrate Solution 

The following describes preparing a 0.01N silver nitrate solution. 

0.01 N Silver Nitrate Solution 
Step Action 

1 Weigh out 1.7 g A.C.S. reagent grade silver nitrate and add 1 L (1 qt.) distilled water and stir. 
2 Standardize by titrating with a sodium chloride solution prepared from dried A.C.S. reagent 

grade sodium chloride. 
3 Determine normality to at least three significant digits. 
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Section 4 
Procedures 

Preparing Samples 

The following describes preparing a sample. 

Preparing Sample 
Step Action 

1 ♦ Use a core bit to obtain 102 mm (4 in.) diameter concrete core samples. 
♦ Use the cleaned face as a reference plane for subsequent core segmenting. 
♦ Use mark guides around the core's circumference at exactly 25 mm (1 in.) and 51 mm (2 in.) 

from the core surface. 
♦ Make adjustments for cores that contain steel reinforcing bar segments. 
♦ Cut the cores into segments with faces parallel to the core surface such that the saw blade cuts 

through the center of the guide markings. 
♦ Use water to lubricate and cool the saw blade without leaching the salts. 

2 ♦ Remove any asphaltic overlay material from the surface of the core. 
♦ The cleaned face is the reference plane for subsequent core segmenting.  

3 Towel dry each core segment and place in the 60 °C (140 °F) oven to dry for at least 24 hours. 
4 Crush the dried segments in the jaw crusher. Then grind in the pulverizer. 
5 Hand shake the powder through the 250 μm (No. 60) sieve. This is the sample material. 
6 Store it in the 60 °C (140 °F) oven until it is to be analyzed. 

Chloride Leaching 

The following describes the chloride leaching procedure. 

Chloride Leaching 
Step Action 

1 Mix the sample well and weigh a representative 30 ± 0.1 g portion of the material. 
2 Transfer this to a clean 400 mL (13.5 fl. oz.) beaker, add 300 mL (10 fl. oz.) deionized water, 

stir, cover with a watch glass, and place on the hot plate. 
NOTE: Adjust the hot plate to obtain a water temperature of 66 ± 11 °C (150 ± 20 °F). Be 

careful not to boil samples and that no sample solution is lost. 
3 Maintain the volume at 300 ± 25 mL (10 ± 0.75 fl. oz.) by adding deionized water and stirring 

the solution periodically. 
4 Remove the samples from the hot plate after 8 hours digestion time. 
5 Set up a funnel with filter paper in a volumetric flask for each sample solution.  
6 Rinse off the stirring rod and watch glass underside into the funnel using deionized water. 
7 Decant as much solution as possible through the filter. 
8 Transfer the sample material into the filter funnel and rinse the beaker out with hot deionized 

water. 
9 ♦ Transfer the washings into the filter funnel. 

♦ Repeat washings of the samples and allow the hot rinse water to drain through between 
washings. 
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10 After the washings are complete, rinse off the filter paper and funnel surfaces into the flask. 
11 Fill the flask to the volumetric mark with deionized water and let the solution cool to 25 ± 1 

°C (77 ± 2 °F). 

Chloride Analysis 

The following describes the chloride analysis. 

Chloride Analysis 
Step Action 

1 Invert and shake the flask well to insure thorough mixing of the solution. 
2 Transfer 50 ± 5 mL (1.7 ± 0.16.9 fl. oz.) of solution to a clean, dry electrolytic tall form 

beaker with magnetic stirring bar. 
3 Add three or four drops of methyl red indicator solution and acidify with the nitric acid 

solution to a pale pink endpoint while the stirring bar is rotating. 
4 Fill the reference electrode chamber with the appropriate filling solutions if the solution levels 

are low. 
5 Rinse and towel dry the electrode surfaces and immerse the electrodes in the sample solution. 
6 Turn off the ion meter and place controls in the millivolt (mV) readout setting. 
7 Allow the millivolt reading to stabilize by coming to a constant value or a net change of 0.1 

MV in no less than five seconds. 
8 Record the millivolt reading. 
9 Repeat this procedure for each sample solution to be analyzed. 

10 Determine the millivolt readings using the difference in readings between a standard and the 
unknowns. 

Calibration Method 

The condition of the chloride selective-ion electrode, reference electrode, reference 
electrode filling solutions, and the presence of interfering substances such as bromide, 
iodide, fluoride, sulfide, cyanide, and hydroxide can cause deviations in the sample millivolt 
reading. The electrode response slope will remain constant, however. 

Use of this method is based on the constant electrode response slope and the use of a 
titration for calibration. 

For the equation shown under 'Calculations,'  the electrode response slope is -56 millivolts 
per decade (a ten-fold change in concentration). 

Perform a silver nitrate titration as explained below for use as a reference. This calibrating 
titration must be performed for each batch of samples. Perform the titration on a high 
concentration solution, i.e., one with a low initial millivolt reading. 

This titration may be used for chloride analysis to determine the electrode response slope or 
for verification of other chloride concentrations. This method is the reference for the 
standard calibration method. 
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Silver Nitrate Titration 

The following describes the silver nitrate titration. 

Silver Nitrate Titration 
Step Action 

1 Pipette a 50 mL (1.7 fl. oz.) sample into a clean, dry high-form electrolytic beaker. 
2 Add three or four drops of methyl red indicator solution. 
3 Acidify to a pale pink endpoint. 
4 Prepare the electrodes for use by filling, cleaning, and drying them. 
5 Immerse the electrodes in the sample solution, stir, and allow the millivolt reading to stabilize 

as above. 
6 Record this initial millivolt reading (mV) and start the titration by adding silver nitrate 

solution in 0.2 mL (0.007 fl. oz.) increments. 
7 Allow the millivolt reading to stabilize after each addition. 
8 Record the millivolt reading or change in millivolt reading between additions. 
9 Determine the titration endpoint. The endpoint occurs at the greatest change in millivolt 

reading. 

Determining Titration Endpoints 

The following describes examples of determining titration endpoints. 

Examples of Determining Titration Endpoint 

Titrant Volume (mL [fl. oz.]) mV ΔmV Δ2mV 
4.0 (0.135) 220.5 9.6  
4.2 (0.142) 230.1 16.2 +6.6 
4.4 (0.149) 246.3 26.5 +10.3 
4.6 (0.156) 272.8 22.7 -3.8 
4.8 (0.162) 295.5 12.9 -9.8 
5.0 (0.169) 308.4   

The endpoint is located where Δ2mV equals zero. This may be determined graphically or by 
linear interpolation using one point on either side of zero as shown below: 

Endpoint Location 
Volume (mL [fl. oz.]) Δ2mV 

4.4 (0.149) +10.3 
4.6 (0.156) 3.8 
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Accuracy of the method allows determining of the endpoint to the nearest 0.05 mL. 
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Section 5 
Calculations 

Use the following calculations to determine the % chloride and chloride concentration in 
concrete. 

♦ Weight percent chloride in the concrete 

Wt Chloride
Wt Chloride
Wt Concrete

.%
.
.

=  

Where: 
• Wt. Chloride = (Titrant volume)(Titrant normality)(Chloride molecular 

weight)(Aliquot factor) 
• Titrant Volume = V (mL) 
• Titrant Normality = N (mol/L) 
• Chloride Molecular Weight = 35.453 

• 10
mL50
mL500factorAliquot ==  

Wt. concrete = 30.00 g 

 

Where: 
• Wt. % Chloride = 1.182 VN % 
• ppm Chloride = 11820 VN 
• pounds/ton Chloride = 47.28 VN 

♦ Chloride Concentration 

C Cx s
E S= ( )/10 Δ  

Where: 
• CX = unknown solution concentration 
• CS = standardizing solution concentration 
• ΔE = Initial mVX-Initial mVS = difference in millivolt readings 
• S = electrode response slope (millivolts per decade). 
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