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Summary: Sodium carbonate is a white and odorless crystalline solid. It is non- flammable, non-
carcinogenic, and it has a high pH. Its main applications are in the production of glass, soaps and deter-
gents, as well as other consumer products. It is used as a builder (water softener) in detergents, and it
can also be used to capture odors and remove stains. Alkaline substances are likely to cause irritation if
inhaled or ingested, but long-term exposure poses no risks as long as proper PPE is used. It is not a
known pollutant or environmental toxin, but its potential to increase the pH of water means its concen-
tration in ecosystems should be kept to a minimum when possible. It is a versatile, tough cleaner that is
rougher than its cousin, sodium bicarbonate. It is extremely plentiful, with the ores (trona) main source
of mining and production for the U.S. being an ancient dried lakebed located in Green River, Wyoming.

Chemical formula Common cleaning uses and interactions

Sodium carbonate is used in a variety of applica-

:O: tions. The following are uses outside of the do-

mestic sphere. Silica is one of the main ingredi-

Na+ ‘ Na.;, ents in glass, and sodium carbonate lowers its

melting temperature, which allows it to be melted

C in conventional furnaces. It is also added to glass

. / . to help make it more insoluble. Adding it to pools

_:.O . neutralizes the corrosive properties of chlorine,

"t i and raises the pH. It can also be used as a base,

such as when it replaces sodium hydroxide in ly-

ing, a cooking process that changes the pH of the

surface of a food to improve browning during
cooking.

Na -~ )J\ - Na In domestic applications, it is used as a water sof-

Figure 2: Na,COs (aqueous).”

tener in laundry powders and detergents. Its pur-
pose is to compete with the calcium and magne-
Figure 3: Na,CO; (solid)"™! sium ions found in hard water, stopping them
from binding with the substances in the deter-
gent. If these metal ions bind to the detergent
molecules they precipitate out of solution, which
contributes to lime scale buildup and takes them



Figure 4: Schematic Diagram of the Solvay Process

out of action as detergent molecules, reducing the
detergent’s efficiency. As a cleaning agent, it is
known to be useful when removing wine, grease
or oil stains. It is also used to remove lime scale
accumulations (or soap scum), which are the sol-
id deposits of ions found in hard water left over
after the water evaporates or a surface is in con-
tact with hard water for prolonged periods of
time. Sodium carbonate is slightly coarse which
makes it useful for removing tougher stains. !

Contraindications

Due to the coarser nature of sodium carbonate, it
has the potential to scratch glass, plastic, some
stone, and other softer materials. It should not be
used in applications with materials that are easily
scratched or that would react with the carbonate

ions, such as highly concentrated strong ac-
ids.[2E]

Hazards

Sodium carbonate is an irritant in case of contact
with the eyes, skin (for few people), ingestion
and inhalation. In case of contact followed by
irritation, wash area for fifteen minutes and get
medical attention if symptoms persist. It has no
carcinogenic properties according to the National
Institutes of Health’s Carcinogenic Project. Sodi-
um carbonate does not affect fetuses or reproduc-
tive health. It is not flammable. It is not corrosive
unless highly concentration quantities are left in
prolonged contact with steel. FIl]
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Sodium carbonate begins as Trona, also known
as trisodium hydrogendicarbonate dihy-
drate (NagHCO3CO3-2H,0). It is mined almost
entirely from reserves found in Wyoming, USA.
There are similar, smaller reserves in Turkey and
Kenya. It is mined using a bore miner, which bur-
rows underground, as opposed to strip mining,
which involves visible, aboveground mining that
is notorious for the damage it does to landscapes
and the environment. The ore is removed from
underground, crushed to a fine powder, and then
heated in a calciner, which is a steel cylinder ro-
tation in a furnace. This releases impurities in the
form of gasses and leaves behind crude sodium
carbonate. This material is dissolved in water and
then further filtered. The resulting solution is
evaporated, spun through a centrifuge and dried
in rotary driers before they are shipped off in the
form of soda ash, also known as washing soda.

In other parts of the world that mine less pure
ore, sodium carbonate is produced through the
Solvay process. The Solvay process begins with
carbon dioxide gas that passes through a solution
of dissolved sodium chloride and ammonia. In
industry, this is done by passing saltwater brine
through two towers. In the first, ammonia bub-
bles up through the brine and is absorbed. In the
second, carbon dioxide bubbles up through am-
moniated brine, and baking soda precipitates. In
order to produce sodium carbonate, the Solvay
process is continued, but for the purposes of mak-
ing sodium bicarbonate, the process is cut short
here. The reaction for this part of the process is
shown below:

NaCl + CO, + NH3; + H,O — NaHCO; + NH,CI

The ammonia (NH;3) buffers the solution at a
more basic pH; otherwise, the hydrochloric ac-
id byproduct would make the solution too acidic
which would arrest the precipitation.



The needed ammonia "catalyst™ for reaction is
reclaimed later, and little ammonia is lost. The
carbon dioxide needed for the reaction is made
by heating limestone at 950 - 1100 °C. The calci-
um carbonate (CaCOgs) in the limestone is
changed to quicklime (calcium oxide (CaO)) and
carbon dioxide:

CaCO3 — CO, + Ca0

The sodium bicarbonate (NaHCOj3) that then
forms from the reaction is filtered out from the
hot ammonium chloride (NH,4CIl) bath, and the
solution is then reacted with the quicklime (calci-
um oxide (Ca0)) that was left over from heating
the limestone).

2 NH4Cl + CaO — 2 NH3 + CaCl, + H,0 (111)

CaO creates a strong basic solution. The ammo-
nia is recycled back to the initial brine solution of
the first reaction.

The sodium bicarbonate (NaHCO3) that initially
precipitated is then converted to the final product,
sodium carbonate, by calcination (160 - 230 C),
producing water and carbon dioxide as byprod-
ucts:

2 NaHCO3; — Na,CO3 + H,O + CO,

2 NH,4HCO;

2 NaCl
CaCO,

2 NH,CI CcO, 2 NH; + H,0

Ca0

2 NaHCO; CO, + H,0

cacCl,
w

The Solvay Process as an example =
of a cyclic process in chemical industry
(green = reactants, black =
intermediates, red = products)

The carbon dioxide from step is cycled back in to
be re-used in the first step. If correctly designed
and operated, a Solvay plant can reclaim almost
all its ammonia, needing only a little additional
ammonia to replace losses. The only major inputs
to the Solvay process are salt, limestone and
thermal energy, and its only major waste

is calcium chloride, which is sold as road salt.
[1][6]

Extra details of the industrial details of this pro-
cess can be found in the report prepared for the
European Soda Ash Producer's Association.

Anticipated human health impact of ingredient
According to the NIH “It can be stated that the
substance will neither reach the fetus nor reach
male and female reproductive organs, which
shows that there is no risk for developmental tox-
icity and no risk for toxicity to reproduction.”
Aside from being a mild irritant if it is inhaled,
ingested or accidentally gotten in someone’s
eyes, it is not known to have any adverse health
affects.

The HERA Project states “When humans are ex-
posed to sodium carbonate, via the use of house-
hold cleaning products, the concentration of so-
dium in the blood and the pH of the blood will
not be increased and therefore the exposure to
sodium carbonate will not increase the normal
physiological levels of sodium and carbonate/
bicarbonate. Therefore there is no concern about
a possible systemic toxic effect after short term
or repeated exposure to the substance. No geno-
toxic effects in bacteria or teratogenic effects in
rabbits, rats and mice have been reported. The
only critical endpoint for sodium carbonate
seems to be local irritation. Consumers will be
exposed to sodium carbonate due to direct skin
contact with solutions, which contain sodium
carbonate, which can be hand washing laundry or
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https://en.wikipedia.org/wiki/Calcium_oxide

use of a carbonate solution for personal care (e.g.
skin treatment). However, the concentrations of
sodium carbonate in these solutions are too low
to cause local irritation.”
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