Research Details: How Different Acids Dissolve Concrete

The effectiveness of an acid in a concrete remover is determined by its chemical
reaction with the cement paste and, most importantly, the solubility of the salt it
produces. The cement paste, which binds the sand and rock aggregates together, is
primarily composed of alkaline calcium compounds like calcium hydroxide (Ca(OH),)
and calcium silicate hydrates (C-S-H). The acid's job is to dissolve this "glue."

Here is a breakdown of the chemical mechanisms for the key acids:
Hydrochloric Acid (HCI): Rapid Dissolution

e Mechanism: As a strong mineral acid, HCI rapidly attacks the alkaline calcium
compounds in the cement.

e Chemical Reaction (simplified): Ca(OH). + 2HC1 - CaCl. + 2H.0

e Byproduct and Result: The reaction produces calcium chloride (CaCl,), a salt that
is highly soluble in water. This high solubility is the key to HCl's effectiveness.
The dissolved binder is easily washed away, continuously exposing fresh
concrete for the acid to attack. This results in a very fast and aggressive
dissolution of the concrete.

Phosphoric Acid: Surface Hardening

e Mechanism: Phosphoric acid reacts with the calcium in the cement, but its
mechanism is self-limiting.

e Chemical Reaction (simplified): 2H:PO. + 3Ca(OH). — Ca:(P0.). + 6H.0
Byproduct and Result: The reaction produces calcium phosphate (Ca,;(PQ,),), a
salt that is insoluble in water. This insoluble salt precipitates on the surface of
the concrete, forming a hard, "glassy" or crust-like layer. This layer acts as a
physical barrier, preventing the acid from penetrating deeper and reaching
unreacted material. This process, known as passivation, stops the reaction,
making phosphoric acid unsuitable for removing thick concrete buildup but
effective for light surface haze.

Glycolic Acid: Controlled "Mud-Like" Breakdown

e Mechanism: As an organic acid, glycolic acid offers a more controlled reaction.
Its small molecular size allows it to penetrate the porous concrete effectively. It
also acts as a chelating agent, binding to the calcium ions.

e Chemical Reaction: It reacts with the calcium compounds to form calcium
glycolate.
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e Byproduct and Result: Calcium glycolate is a water-soluble salt. As the acid
dissolves the cement paste "glue," the sand and rock aggregates are released
from the matrix. This process reverts the hardened concrete back into a soft,
mushy, and "mud-like" slurry. This consistency is a visual indicator that the acid is
working, and the resulting slurry can be easily rinsed away.

Other Acids and the Importance of Solubility

The principle of byproduct solubility is a universal factor in determining an acid's
effectiveness for this application:

e Sulfuric Acid is ineffective because it produces insoluble calcium sulfate
(gypsum), which forms a barrier similar to phosphoric acid.

e Nitric Acid and Sulfamic Acid are effective because they produce highly
solublebyproducts (calcium nitrate and calcium sulfamate, respectively), allowing
the reaction to continue until the acid is spent.
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