
A finger drawn
across a floor slab
offers a quick test for
dusting caused by
carbonation of fresh
concrete.

S
ome time after moving into a new building, the
occupant may find that foot or wheel traffic is
creating a lot of dust on the concrete floors. In-
vestigation shows that the floor surface is soft

and easily scratched.
This is another example of an old problem—the car-

bonation of fresh concrete that causes dusting of con-
c rete surf a c e s. The problem was identified and dis-
cussed 70 years ago, and the construction industry has
been warned about it many times since then. Howe ve r,
the lesson has not yet been learned by eve ryone in-
vo l ved. Each new generation of craftsmen must be made
a w a re of the phenomenon of carbonation and how to
a void the problems it can cause.

Causes and chemistry

Combustion heaters—those that burn wood, oil, gas,
coal or coke—are the principal cause of soft, dusty con-
c rete floor surf a c e s. Used during winter to protect fre s h
c o n c rete from fre ezing, these heaters emit exhaust gas-
es that contain, among other things, carbon diox i d e
( CO2), which is harmful to fresh concre t e. If the air is still,

the CO2 will settle and concentrate near the floor, ra t h e r
than distributing itself evenly throughout the air, and
do more damage than otherw i s e. Once the carbon diox-
ide enters the work area, it reacts with the moisture on
the fresh concrete surface to form carbonic acid (H2CO3) .
This acid then combines with the hyd rated lime (calci-
um hyd roxide or Ca ( O H2) created during the hyd ra t i o n
of cement to form weak calcium carbonate (Ca C 03)
rather than the calcium silicate hyd rate that norm a l l y
would be formed as a product of hyd ration. In norm a l
cement paste, calcium silicate hyd rate forms dense
bonded aggregations between the other cry s t a l l i n e
phases and the remaining unhyd rated cement gra i n s. It
is thus chiefly responsible for the setting, hardening and
s t rength development of cement paste. When it is re-
placed by weak calcium carbonate, the concrete loses
s t rength and wear re s i s t a n c e.

The soft layer caused by carbonation usually deve l o p s
only a fraction of an inch( 1 )* deep at the surface of the
f l o o r; the concrete immediately below that level will not
be noticeably affected. The approximate depth of the
carbonation can be determined by applying phenolph-
thalein to a fra c t u red face of the floor surf a c e. The color
of the carbonated layer does not change in response to
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phenolphthalein; the unaffected concrete below the car-
bonated laye r, howe ve r, contains free calcium hyd rox-
i d e, which reacts with this chemical to form a pink stain.
This test re p o rtedly shows the depth of carbonation,
p rovided the moisture content of specimen is 15 perc e n t
or less (Re f e rence 1).

Prevention

To pre vent the formation of destru c t i ve carbonic acid,
t h e re are two altern a t i ve s :

• immediately sealing the fresh concrete with liquid cur-
ing membra n e

• using vented heaters or other sources of heat

Cu ring membra n e s. Se ve ral authors have re p o rt e d
success at the jobsite by applying curing compound as
soon as the concrete surface has been finished. As re-
p o rted in Re f e rence 2, the result was an “e xcellent and
h a rd” surface—though the same re p o rt showed that lab-
o ra t o ry specimens treated with curing compound and
exposed to a 4.5 percent concentration of C02 for 24
hours we re carbonated to a depth of 0.025 inch.( 2 )

If the intention is to produce the final surface finish by
g rinding, the liquid membrane could be applied as soon
as the concrete is bull-floated thus reducing time of ex-
p o s u re to the C02. The practice of grinding floors to
a c h i e ve a smooth finish is a planned operation by some
builders as it saves finishing time and re m oves surf a c e
b l e m i s h e s. The early application of curing compound
m i n i m i zes exposure to C02; any soft carbonate that does
d e velop will be re m oved during grinding. This pro c e-
d u re would also minimize exposure to C02 fumes from a
p ower trowe l .

Vented heaters and altern a t i ve sources of heat. Use of
vented, or indire c t - f i red heaters eliminates carbonation
p ro b l e m s. The figure shows flow of combustion gases
and fresh air in vented and unvented heaters. In a ve n t-
ed heater, heat is generated in a fire box that acts as a
heat exchanger for the fresh air flowing over it; only
w a rmed fresh air, free of combustion gases, is blown in-
to the enclosure where the floor is located.

Other sources of heat can be used to avoid the car-
bonation problem. They include electric heaters, electri c
heating blankets, steam, or the permanent heating sys-
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Close-up view of a severely dusted concrete floor slab
scratched with a sharp instrument.



tem of a building or house. The use of straw or insulating
blankets to contain the hyd ration heat of the concre t e,
but without supplying additional heat, may not be ade-
quate to cure slabs less than a foot( 3 ) thick. When air tem-
p e ra t u res drop below the fre ezing point, additional heat
may be re q u i re d .

What to do about surfaces that dust

If a surface has been damaged by C02 it can possibly
be re p a i red by grinding or by applying a surface hard e n-
e r. The grinding should be done deeply enough to re-
m ove all soft, powd e ry concrete and expose the hard e r
m a t e rial below.

The soft surface may altern a t i vely be treated with a
floor hardener within the first week after the floor has
been cast. The longer the hardener treatment is de-
l a yed, the less successful it will be because of contin-
ued slow carbonation. Some commonly used chemical
h a rdeners contain sodium silicate or magnesium or
zinc fluosilicate. Chemical hardeners depend on the
g e n e ration of Ca ( O H )2 by the cement. There usually
will be some Ca ( O H )2 remaining after carbonation to
react with the hard e n e r. Also, some hardeners contain
some hyd ro c h l o ric acid which re g e n e rates the soluble
calcium ion.

General effects of C02

Carbonation of fresh concrete is considered to be a
p roblem only for about the first 24 hours. There are no
re p o rts of re s e a rch showing exactly when the danger
point is past, but the consensus of technical re p o rts is
that at normal working tempera t u res of 50 degrees F(4) o r
m o re concrete can safely be exposed to C02 start i n g
about 24 hours after the concrete is mixed.

The amount of C02 found in normal air is on the ord e r
of 0.03 to 0.04 percent. On the other hand the C02 con-
tent maybe 0.08 percent near a heavily tra veled expre s s-
w a y. The C02 c o n c e n t ration may be as high as 0.12 per-
cent in unventilated ro o m s. Values as high as 4 perc e n t
h a ve been re p o rted near chimneys at factories where the
air circulation was unfavo ra b l e. There f o re it may be wise
to check the air purity with a C02 m e t e r. Three perc e n t
C02 in the air is considered dangerous to humans and 6
p e rcent can increase the acidity of the blood enough to
cause death within an hour.

T h e re is no re p o rted threshold for the amount of C02

that will damage fresh concre t e. Kauer and Fre e m a n
( Re f e rence 2) ran tests at C02 c o n c e n t rations of 18, 16, 10
and 4.5 percent. For the last va l u e, carbonation was re-
p o rted to a depth of:

0.025 inch( 2 ) for a liquid-membrane cure
0.057 inch( 5 ) for a burlap cure
0.075 inch( 6 ) for a moist cure

This confirms results of other re s e a rchers that a liq-
uid membrane curing compound or polye t h y l e n e
sheet, when applied early, will significantly reduce car-

bonation. Note that some carbonation did neve rt h e-
less occur.

Flue gases from older propane-fueled heaters have
been re p o rted to contain 5 to 8 percent C02; flue gases
f rom oil-burning salamanders may contain 12 to 15 per-
cent C02. Some modern propane heaters rated at 4 mil-
lion Btu per hour( 7 ) d i s c h a rge only 0.15 percent C02 as de-
t e rmined by tests in the field.

Other effects of carbon dioxide

What perhaps has confused cement users is that car-
bonation has different effects on fresh concrete and on
h a rdened concre t e. While carbon dioxide has a harm f u l
effect on fresh concrete during the first 24 hours, it has a
beneficial effect on hyd rated hardened concrete after
the age of 24 hours. The chemical reactions of C02 w i t h
h yd rated cement are more complex than those with un-
h yd rated cement.

Carbonation of fresh concrete can occur to a depth of
1⁄8 to 1⁄4 i n c h ,( 8 ) but carbonation of hyd rated concrete ove r
a period of years in natural atmosphere has been know n
to reach a depth of 1 inch( 9 ) or more. The pro g ress of car-
bonation is affected by the permeability of the concre t e
and the re l a t i ve humidity.

Carbonation of hardened concrete by the air has the
a d verse effect of causing surface crazing and neutra l i z-
ing the protection of re i n f o rcing bars against corro s i o n .

It is re p o rted that the rate of carbonation of hard e n e d
c o n c rete decreases at low tempera t u res and completely
ceases at 18 degrees F.( 1 0 ) Re s e a rchers re p o rt the rate of
carbonation to be a maximum at a re l a t i ve humidity of
60 or 90 perc e n t .

Summary

Fresh concrete floor surfaces may be damaged by car-
bon dioxide in the exhaust gases of unvented heaters
within the first 24 hours but the chemistry is not we l l
enough understood to explain why it happens some-
times and not others. Liquid membra n e - f o rming curi n g
compounds or plastic sheeting can be used to help pro-
tect the surf a c e, there by reducing the carbonation. Ve ry
efficient dire c t - f i red heaters produce little C02 and may
be effective but the effectiveness of these pre ve n t i ve
m e a s u res is not fully understood.

The state of the art re q u i res careful monitoring of
carbon dioxide and construction operations coupled
with seasoned judgment, or the use of vented heaters,
if good hard concrete floor surfaces are to be built in
the wintert i m e.

Metric equivalents
(1) Up to several millimeters
(2) 0.64 millimeter
(3) 300 millimeters
(4) 10 degrees C
(5) 1.4 millimeters



(6) 1.9 millimeters
(7) 4 gigajoules per hour
(8) 0.3 to 0.6 millimeter
(9) 25 millimeters
(10) -8 degrees C
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