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Concrete structures can be subjected to physical or chemical 
attacks by various substances, including water, acids, alkalis, salt 
solutions, and organic chemicals. Damage may vary in intensity 
from surface discoloration or roughening to catastrophic loss of 
structural integrity due to acid attack. This guide addresses the 
effects of various substances on untreated concrete and provides 
recommendations for protective treatments.

Keywords: acids; alkali; chemical attack; coal tar distillates; coatings; 
deicer; distress; durability; exposure condition; fatty acids; hardener; 
membrane; petroleum oils; protective treatment; resin; salt solution; sealer; 
solvents; topping; vegetable oils.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1––Introduction
The rate of attack on concrete is directly related to the 

activity of aggressive chemicals. Solutions of high concen-
tration are generally more corrosive than those of low 
concentration and produce more rapid disintegration of 
concrete, although, in some cases, the reverse is true. The 
rate of attack might be altered by the solubility of the reac-
tion products based on concrete type. A lower hydroxide ion 
concentration generally causes more rapid attack on concrete 
surfaces. Also, because high temperatures usually accelerate 
chemical attack as compared to normal temperatures, better 
protection is required for concrete as temperature increases. 
Rapid disintegration in the context used refers to immediate 
and very aggressive attack. Slow disintegration refers to 
attack over a time period of months to years, depending on 
the factors previously described as well as interactions with 
other substances.

Generally there are three methods for mitigating chemical 
attack: 1) choosing the optimized concrete mixture to make it 
less permeable (ACI 201.2R); 2) isolating it from the agents 
causing chemical attack by using a suitable coating, overlay, 
lining, or barrier; or 3) modifying the composition, tempera-
ture, or other factors affecting the rate of chemical attack to 
make it less aggressive to the concrete (Addis 1994). Isola-
tion materials include coatings, sheet membranes, chem-
ical-resistant grouted masonry (brick and tile), as well as 
combinations of these materials; it is not uncommon to use 
a membrane between the substrate concrete and chemical-
resistant masonry for a redundant protective system. The 
focus of this document is selection of materials to isolate 
the concrete from aggressive chemical substances. When 
protective material is bonded to concrete, bond strength 
should be evaluated and should be in compliance with the 
producer’s and specifier’s requirements.

Kuenning (1966) studied the nature of aggressive chemi-
cals, modes of attack, and reaction products for mortars 
exposed to acids, alcohols, aluminates, amino acids, ammo-
nium salts, benzene, borates, carbonates, chlorates, chlo-
rides, chromates, esters, ferrocyanides, fluosilicates, linseed 
oils, magnesium salts, manganates, molybdates, nitrates, 
nitrites, phosphates, seawater, stannates, sulfates, and sugars. 
Type I and Type V cements were studied at varying water-
cement ratios (w/c). The study found resistance of mortar to 
chemical attack was increased by a longer period of curing 
and a decrease in w/c. Type V cement mortar was more resis-

tant to sulfate attack than the other mortars, but not to acidic 
sulfates or those that contained ammonium or magnesium. 
The zero-C3A cement mortar generally had lower resistance 
to chemical attack than Type V.

Basson (1989) created an aggressiveness index taken from 
a chemical analysis of a water sample adjusted by factors 
such as prevailing temperature, flow conditions, or wet and 
dry cycles of the exposed concrete (National Association of 
Corrosion Engineers 1991). Guidelines with protective treat-
ments are given in Chapter 4.

It is the responsibility of the user of this document to estab-
lish health and safety practices appropriate to the specific 
circumstances involved with its use. ACI does not make 
any representations with regard to health and safety issues 
and the use of this document. The user must determine the 
applicability of all regulatory limitations before applying 
the document and must comply with all applicable laws 
and regulations, including but not limited to, United States 
Occupational Safety and Health Administration (OSHA) 
health and safety standards.

This information, based both on literature sources and 
experience, must be considered a guide to assist in designing 
a test program using the concrete mixtures and chemicals for 
a specific application. Many of the recommended treatments 
were taken from Kerkhoff (2001).

Unless otherwise specified, percentage concentration of 
dissolved substance is the mass concentration of solute in 
solvent (assumed to be water unless otherwise described).

1.2—Scope
This guide refers to common protective treatments for 

the chemicals classified in Tables 3.1a through 3.1h. More 
exotic treatments, such as lead sheet, glass, or metalizing 
are included, but not usually called for except in extreme or 
unusual circumstances. Because various treatments provide 
different degrees of protection, product producers should be 
consulted for each application.

In all cases, specific recommendations from material 
producers should be followed instead of the general guidance 
given in this guide, as individual treatment types vary widely 
within a specific product type. Specific product recommen-
dations are beyond the scope or intent of this guide.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1––Notation
Special notation characters are referenced in Tables 3.1a 

through 3.1h to provide further clarification of specific chemi-
cals and are shown as letters in the column headed “Notes.”
a	 =	 sometimes used in food processing or as food or 

beverage ingredient; ask for advisory opinion of 
Food and Drug Administration (FDA) regarding 
coatings for use with food ingredients.

b	 =	 water with a pH higher than 6.5 may be aggres-
sive if it also contains bicarbonates; natural water 
is usually of pH higher than 7.0 and seldom lower 
than 6.0, though pH values as low as 0.4 have been 
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reported (Nordstrom et al. 2000); for pH values 
below 3, protect as for dilute acid.

c	 =	 frequently used as a deicer for concrete pavements. 
If the concrete contains too little entrained air, a 
poor-quality air-void system, or has not been aged 
more than 1 month, repeated application may cause 
surface scaling; for protection under these condi-
tions, refer to deicing salts.

d	 =	 carbon dioxide dissolves in natural waters to form 
carbonic acid solutions; when it dissolves to an 
extent of 0.9 to 3 ppm, it is destructive to concrete.

e	 =	 frequently used as deicer for airplanes; heavy 
spillage on runway pavements containing too little 
entrained air may cause surface scaling.

f	 =	 in addition to the intentional fermentation of many 
raw materials, much unwanted fermentation occurs 
in the spoiling of foods and food wastes, also 
producing lactic acid.

g	 =	 contains carbonic acid, fish oils, hydrogen sulfide, 
methyl amine, brine, and other potentially reactive 
substances.

h	 =	 water used for cleaning coal gas; composition-
ally, coal-washing gas can contain gases based on 
hydrogen sulfide, ammonia, carbon dioxide, and 
carbon monoxide (Kohl and Neilsen 1997); the 
reported pH can range from as low as 5.7 to as high 
as 8.5.

j	 =	 in those limited areas of the United States where 
concrete is made with reactive aggregates, reactive 
aggregate reaction products can cause disruptive 
expansion.

k	 =	 composed mostly of nitrogen, oxygen, carbon 
dioxide, carbon monoxide, and water vapor; also 
contains unburned hydrocarbons, partially burned 
hydrocarbons, oxides of nitrogen, and oxides of 
sulfur. Nitrogen dioxide and oxygen in sunlight 
may produce ozone, which reacts with some of the 
organics to produce formaldehyde, peracylnitrates, 
and other products.

l	 =	 contain chromium trioxide and a small amount 
of sulfate or nearly saturated ammonium chromic 
sulfate, and sodium sulfate.

m	 =	 many types of solutions are used, including
		  (a) sulfate—contains copper sulfate and sulfuric 

acid
		  (b) cyanide—contains copper and sodium cyanides 

and sodium carbonate
		  (c) rochelle—contains these cyanides, sodium 

carbonate, and potassium sodium tartrate
		  (d) others such as fluoborate, pyrophosphate, 

amine, or potassium cyanide
n	 =	 contains lead fluosilicates and fluosilicic acid.
p	 =	 reference to combustion of coal, which produces 

carbon dioxide, water vapor, nitrogen, hydrogen, 
carbon monoxide, carbohydrates, ammonia, nitric 
acid, sulfur dioxide, hydrogen sulfide, soot, and 
ashes.

q	 =	 molten paraffin absorbed by porous concrete that is 
subsequently immersed in water can cause concrete 
disintegration from sorptive forces.

r	 =	 contains nickelous chloride, nickelous sulfate, 
boric acid, and ammonium ion.

s	 =	 may contain various mixtures of blood, fats and 
oils, bile and other digestive juices, partially 
digested vegetable matter, urine, and manure, with 
varying amounts of water.

v	 =	 usually contains zinc sulfate in sulfuric acid; 
sulfuric acid concentration may be low—approxi-
mately 6 mass percent in low current density 
process—or higher, approximately 22 to 28 mass 
percent in high current density process.

2.2—Definitions
ACI provides a comprehensive list of definitions through 

an online resource, “ACI Concrete Terminology,” http://
terminology.concrete.org.

CHAPTER 3—TABLES OF CHEMICALS, THEIR 
EFFECTS ON CONCRETE, AND PROTECTIVE 

TREATMENTS

3.1—Aggressive substances
These aggressive substances include:
Table 3.1a—Acids
Table 3.1b—Salts and alkalis
Table 3.1c—Petroleum oils
Table 3.1d—Coal-tar distillates
Table 3.1e—Solvents and alcohols
Table 3.1f—Vegetable oils
Table 3.1g—Fats and fatty acids (animal)
Table 3.1h—Miscellaneous substances

3.2—Treatment methods
Recommended treatment methods for protection of 

concrete from the various aggressive substances listed in the 
following are referenced in Tables 3.1a through 3.1h.

The following protective treatments are referenced 
as numbers 1 through 25 in Tables 3.1a through 3.1h. 
They are generally accepted treatments for providing at 
least some resistance to the chemicals listed in the tables. 
Specific combinations of materials commonly combined as 
a composite system (for example, acid-resistant brick and 
mortar) are listed under treatment 16 (16a through 16l). All 
25 protective treatments are described in depth in Chapter 
4. The order of the list is not alphabetical and corresponds 
to that used by Kerkhoff (2001). Additives, reinforcements, 
and fillers can be added to most resin systems to modify 
their properties and are discussed in Section 4.26. These are 
adjuncts to the binder and are excluded in the tables as an 
alternative method.

1. Magnesium fluosilicate or zinc fluosilicate
2. Alkali silicates, sodium silicate (water glass), potassium 

silicate, lithium silicate
3. Drying oils
4. Coumarone-indene resin
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5. Styrene-butadiene (SBR) copolymer resin
6. Chlorinated rubber
7. Chlorosulfonated polyethylene (hypalon)
8. Vinyls and latex-based materials
9. Bituminous paints, mastics, and enamels
10. Polyester and vinyl ester materials
11. Polyurethane/urethane
12. Epoxy
13. Neoprene
14. Polysulfide
15. Coal tar and coal-tar epoxy
16. Chemical-resistant masonry units, mortars, grouts, and 

concretes
	 (I) Asphaltic and bituminous membranes
	 (II) Epoxy-resin mortars or grouts
	 (III) Furan-resin mortars or grouts
	 (IV) Hydraulic-cement mortars or grouts
	 (V) Phenolic-resin mortars
	 (VI) Polyester-resin mortars
	 (VII) Silicate mortars
	 (VIII) Sulfur mortars
	 (IX) Vinyl ester-resin mortars

	 (X) Sulfur concretes
	 (XI) Polymer concretes
	 (XII) Silicate-based concretes
17. Sheet rubber
18. Resin sheets
19. Lead sheet
20. Glass
21. Acrylics, methyl methacrylate (MMA), and high-

molecular-weight methacrylate (HMWM)
22. Silane, siloxane, and siliconates (organosilicon 

compounds)
23. Metalizing
24. Crystalline coatings and admixtures
25. Polyurea
26. Adjunct additives
	 i. Fillers
	 ii. Reinforced coatings
	 iii. Flake-filled coatings
The following tables are primarily based on information 

from Kerkhoff (2001). Refer to 2.1 for notation and 3.2 to 
cross-reference protective treatments.
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Table 3.1a—Acids
Substance Notes Effect on concrete Protective treatments

Acetic acid, less than 10 mass percent a Slow disintegration 1, 2, 9, 10, 12, 14, 16 (II, III, V, VI, VII, VIII)
Acetic acid, 30 mass percent a Slow disintegration 9, 10, 14, 16 (III, V, VI, VII)
Acetic acid, 100 percent (glacial) Slow disintegration 9, 16 (V, VII)
Acid waters b Slow disintegration. In porous or cracked 

concrete, attacks steel. Steel corrosion could 
cause concrete to spall.

1, 2, 3, 6, 8, 9, 10, 11, 12, 13, 16 (II, III, V, VI, VII, 
VIII), 17, 24, 25

Acid waters (pH 6.5 or less) b Natural, slightly acid waters could erode 
surface mortar, but then action usually stops.
Disintegration increases as pH decreases.

1, 2, 3, 6, 8, 9, 10, 11, 12, 13, 16 (II, III, V, VI, VII, 
VIII), 17

Arsenious acid None
Boric acid Negligible effect 2, 6, 7, 8, 9, 10, 12, 13, 15, 16 (II, III, V, VI, VII, VIII), 

17, 19, 24, 25
Butyric acid a Slow disintegration 3, 4, 8, 9, 10, 12, 16 (II, III, V, VI)
Carbolic acid Slow disintegration 1, 2, 16 (III, V, VII), 17, 25
Carbonic acid (soda water, club soda) a, d 0.9 to 3 ppm of carbon dioxide dissolved in 

natural waters, disintegrates concrete slowly, 
and higher concentrations are slightly more 
aggressive.

2, 3, 4, 8, 9, 10, 12, 13, 15, 16 (II, III, V, VI, VIII), 17

Chromic acid 5 mass percent l None. In porous or cracked concrete, attacks 
steel. Steel corrosion could cause concrete to 
spall.

2, 6, 7, 8, 9, 10, 16 (VI, VII, VIII), 19

Chromic acid, 50 mass percent l None. In porous or cracked concrete, attacks 
steel. Steel corrosion could cause concrete to 
spall.

16 (VII), 19

Formic acid, 10 mass percent a Slow disintegration 2, 5, 6, 7, 10, 12, 13, 16 (II, III, V, VII), 17, 24, 25
Formic acid, 90 mass percent Slow disintegration 2, 7, 10, 13, 16 (III, V, VII), 17
Humic acid Slow disintegration possible (aggressiveness 

depends on humus type)
1, 2, 3, 9, 10, 12, 15, 16 (II, III, V), 25

Hydrochloric acid, 10 mass percent a Rapid disintegration, including steel 5, 6, 7, 8, 9, 10, 12, 14, 16 (II, III, V, VI, VII, VIII), 17, 
19, 20, 25

Hydrochloric acid, 37 mass percent 
(muriatic acid)

Rapid disintegration, including steel 5, 6, 8, 9, 10, 16 (III, V, VI, VII, VIII)

Hydrofluoric acid, 10 mass percent Rapid disintegration, including steel 5, 6, 7, 8, 9, 12, 16 (carbon and graphite brick; II, III, 
V, VII), 17

Hydrofluoric acid 75 mass percent Rapid disintegration, including steel 16 (carbon and graphite brick; V, VIII), 17
Hypochlorous acid 10 mass percent Slow disintegration 5, 8, 9, 10, 16 (VI, VII), 24
Lactic acid, 5 to 25 mass percent a Slow disintegration 3, 4, 5, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V, VI, VII, 

VIII), 17, 21, 25
Nitric acid, 2 mass percent Rapid disintegration 6, 8, 9, 10, 13, 16 (VI, VII, VIII), 20
Nitric acid, 40 mass percent (red fuming) Rapid disintegration 8, 16 (VII)
Oleic acid, 100 percent a None
Oxalic acid No disintegration. When applied to concrete, 

oxalic acid forms calcium oxalate, which 
protects concrete against acetic acid, carbon 
dioxide, and salt water. Oxalic acid and its salts 
are poisonous and must not be used on concrete 
in contact with food or drinking water.

Perchloric acid, 10 mass percent Disintegration 8, 10, 16 (V, VI, VII, VIII)
Phosphoric acid, 10 mass percent a Slow disintegration 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 (II, III, V, 

VI, VII, VIII), 17, 19, 25
Phosphoric acid, 85 mass percent a Slow disintegration 1, 2, 3, 5, 7, 8, 9, 10, 13, 14, 15, 16 (III, V, VI, VII, 

VIII), 17, 19
Stearic acid a Slow disintegration 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V, VI, VII, 

VIII), 17, 24, 25
Sulfuric acid, 10 mass percent a Rapid disintegration 5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16 (II, III, V, VI, VII, 

VIII), 17, 19, 20, 25
Sulfuric acid, 100 mass percent (oleum) Disintegration 16 (VII), 19
Sulfurous acid Rapid disintegration 6, 7, 9, 10, 11, 12, 13, 16 (II, III, V, VIII), 19, 20, 25
Tannic acid Slow disintegration 1, 2, 3, 6, 7, 8, 9, 10, 11, 12, 13, 16 (II, III, V, VII), 17, 24, 25
Tartaric acid (solution) a None: refer to wine under Table 3.1h—

Miscellaneous substances
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Table 3.1b—Salts and alkalis; solutions where dry materials generally have no effect 
Substance Notes Effect on concrete Protective treatments

Acetate, calcium c Slow disintegration* 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V, VI, 
VII, VIII), 17, 24, 25

Acetate, magnesium Slow disintegration* 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V, VI, 
VII, VIII), 17

Acetate, potassium None*

Acetate, sodium c None*

Bicarbonate, ammonium a None
Bicarbonate, sodium a None
Bisulfate, ammonium Disintegration. In porous or cracked concrete, 

attacks steel. Steel corrosion could cause 
concrete to spall.

5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 (II, III, V, VI, 
VIII), 17, 25

Bisulfate, sodium Disintegration. In porous or cracked concrete, 
attacks steel. Steel corrosion could cause 
concrete to spall.

5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 (II, III, V, VI, 
VIII), 17

Sulfite, calcium (sulfite solution) Rapid disintegration 7, 8, 9, 10, 12, 13, 16 (II, III, V, VI, VIII), 17, 25
Bromide, sodium Slow disintegration. In porous or cracked 

concrete, attacks steel. Steel corrosion could 
cause concrete to spall.

1, 2, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16 (II, III, V, VI, 
VIII), 17, 24, 25

Carbonate, ammonium None
Carbonate, potassium None
Carbonate, sodium None
Chlorate, sodium Slow disintegration 1, 4, 6, 7, 8, 9, 10, 16 (VI, VII, VIII), 17, 19, 24
Chloride, calcium†

Chloride, potassium
Chloride, sodium*

Chloride, strontium

a, c
a, c
a, c
a, c

None, unless concrete is alternately wet and 
dry with the solution. Concentrated CaCl2 
solutions, however, disintegrate concrete, 
whereas weak solutions do not. In porous or 
cracked concrete, attacks steel. Steel corro-
sion could cause concrete to spall (Concrete 
Construction Problem Clinic 1976; Portland 
Cement Association 2012).

1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V, VI, 
VII, VIII), 17, 21, 24, 25

Chloride, ammonium
Chloride, copper
Chloride, ferric (iron)
Chloride, ferrous
Chloride, magnesium†

Chloride, mercuric
Chloride, mercurous
Chloride, zinc

a

a

Slow disintegration. In porous or cracked 
concrete, attacks steel. Steel corrosion could 
cause concrete to spall.

1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V, VI, 
VII, VIII), 17, 24, 25

Chloride, aluminum Rapid disintegration 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15,
16 (II, III, V, VI, VIII),17, 25

Chromate, sodium None
Cyanide, ammonium
Cyanide, potassium
Cyanide, sodium

Slow disintegration 7, 8, 9, 10, 12, 13, 16 (II, III), 17, 24, 25

Dichromate, potassium Disintegration 1, 2, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V, VI, 
VIII), 17, 24, 25

Dichromate, sodium Slow disintegration with dilute solutions 1, 2, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V, VI, 
VIII), 17, 24, 25

Ferrocyanide, sodium None
Fluoride, ammonium
Fluoride, sodium

Slow disintegration 3, 4, 8, 9, 10, 13, 16 (I, III, V, VIII), 17, 24

Fluosilicate, magnesium n None. Reacts to harden older concrete when 
wet.

Formate, potassium
Formate, sodium

a
a

None

Hexametaphosphate, sodium Slow disintegration 5, 6, 7, 8, 9, 10, 12, 13, 15, 16 (II, III, V), 17, 24, 25
Hydroxide, ammonium
Hydroxide, barium
Hydroxide, calcium
Hydroxide, potassium, 15 mass percent
Hydroxide, sodium, 10 mass percent

a
j

a, j

None
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Table 3.1b—Salts and alkalis; solutions where dry materials generally have no effect (cont.)

Substance Notes Effect on concrete Protective treatments
Hydroxide, potassium, 25 mass percent

Hydroxide, sodium, 20 mass percent

j

a, j

Disintegration. Use of calcareous aggregate 
lessens attack.

5, 7, 8, 10, 12, 13, 14, 15, 16, (carbon and graphite 
brick; II, III), 17, 25

Nitrate, calcium
Nitrate, ferric
Nitrate, zinc

None

Nitrate, lead
Nitrate, magnesium
Nitrate, potassium
Nitrate, sodium

a
a

Slow disintegration 2, 5, 6, 7, 8, 9, 10, 11, 12, 13, 16 (II, III, V, VI, VII, 
VIII), 17, 20, 24, 25

Nitrate, ammonium Disintegration 2, 5, 6, 8, 9, 10, 11, 12, 13, 16 (II, III, V, VI, VII, VIII), 
17, 20, 25

Nitrite, sodium a Slow disintegration 1, 2, 5, 6, 7, 8, 9, 10, 12, 13, 16 (II, III), 17, 24, 25
Orthophosphate, sodium (dibasic and 
tribasic)

None

Oxalate, ammonium None
Perborate, sodium Slow disintegration 1, 4, 7, 8, 9, 10, 13, 16 (IV, VI, VII, VIII), 17, 24
Permanganate, potassium None, unless potassium sulfate is present.
Persulfate, potassium Disintegration of concrete with inadequate 

sulfate resistance
1, 2, 5, 7, 8, 9, 10, 12, 13, 16 (II, III, V, VI, VIII), 17, 
24, 25

Phosphate, sodium (monobasic) Slow disintegration 5, 6, 7, 8, 9, 10, 12, 15, 16 (II, III), 17, 25
Pyrophosphate, sodium None
Stannate, sodium None
Sulfate, ammonium a Disintegration 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 (II, III, V, VI, 

VII, VIII), 17, 25
Sulfate, aluminum
Sulfate, calcium
Sulfate, cobalt
Sulfate, copper
Sulfate, ferric
Sulfate, ferrous (iron vitriol)
Sulfate, magnesium (epsom salt)
Sulfate, manganese
Sulfate, nickel
Sulfate, potassium
Sulfate, potassium aluminum (alum)
Sulfate, sodium
Sulfate, zinc

a

a
a
a

a
a

Disintegration of concrete with inadequate 
sulfate resistance. Concrete products cured 
in high-pressure steam are highly resistant to 
sulfates.

1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, (II, III, V, 
VI, VII, VIII), 17, 24, 25

Sulfide, copper
Sulfide, ferric
Sulfide, potassium

None, unless sulfates are present 7, 8, 9, 10, 12, 13, 15, 16 (II, III, V, VI, VIII), 17, 24, 
25

Sulfide, sodium Slow disintegration 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III), 17, 25
Sulfide, ammonium Disintegration 7, 8, 9, 10, 12, 13, 15, 16 (I, II, III, V), 17, 25
Sulfite, sodium a None unless sulfates are present 1, 2, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V), 17, 

24, 25
Sulfite, ammonium a Disintegration 8, 9, 10, 12, 15, 16 (II, III, V, VIII), 17, 25
Superphosphate, ammonium Disintegration 8, 9, 10, 12, 13, 15, 16 (II, III, V), 17,19
Tetraborate, sodium (borax) Slow disintegration 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16 (II, III, V, VI, VII, 

VIII), 17, 24, 25
Tetrachloride, carbon Impervious concrete is required to prevent 

loss from penetration. Sometimes used in 
food, processing, or both and requires compat-
ible coating. Refer to “Tetrachloride, carbon” 
under Table 3.1e—Solvents and alcohols.

Thiosulfate, sodium Slow disintegration of concrete with inad-
equate sulfate resistance.

1, 2, 5, 6, 7, 8, 9, 10, 12, 13, 15, 16, (II, III, V), 17, 
24, 25

Thiosulfate, ammonium Disintegration 8, 9, 12, 13, 15, 16 (III, V), 17, 25
*Refer to “Deicers and anti-icers” under Table 3.1h—Miscellaneous substances.
†Frequently used as deicer for concrete pavements. Any substance used as a deicer on concrete could increase scaling if the concrete contains insufficient entrained air. For more informa-
tion, refer to “Deicers and anti-icers” under Table 3.1h—Miscellaneous substances, and Cody et al. (1996), National Cooperative Highway Research Program (2007), and Kozikowski et al. 
(2007). Shil et al. (2009) and Sutter et al. (2005) have demonstrated destructive expansive damage due to the use of deicers not related to freezing-and-thawing cycling.

Note: If concrete is made with reactive aggregates, disruptive expansion could occur from sodium and potassium salts.
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