
ALUMINATES

1. Introduction

Sodium aluminate [1302-42-7], NaAlO2, has been used as a commercial product
since about 1925 when it was introduced as an effective water treatment chemi-
cal. Among industrial users of sodium aluminate are producers of paper (qv),
paint pigments (qv), silica–alumina or alumina-based catalysts, dishwasherdeter-
gents (qv), molecular sieves (qv), concrete, antacids, and others. Sodium alumi-
nate is used in removal of phosphates from municipal and industrial waste
waters and for clarification of industrial process and potable water. Commercial
sodium aluminate products are available as liquids, and to a lesser degree, in
solid form. The formula of anhydrous sodium aluminate is variously given as
NaAlO2 (aluminum sodium oxide [1302-42-7]), Na2O�Al2O3, or Na2Al2O4. Com-
mercial sodium aluminates are not accurately represented by these formulas
because the products contain more than the stoichiometric amount of sodium
oxide [1313-59-3], Na2O. The amount of excess caustic in commercial products
is indicated by ratios of Na2O/Al2O3 that are typically between 1.05 and 1.15
for dry products, and 1.26 and 1.5 for liquids.

2. Physical and Chemical Properties

Commercial grades of sodium aluminate contain both waters of hydration and
excess sodium hydroxide. In solution, a high pH retards the reversion of sodium
aluminate to insoluble aluminum hydroxide. The chemical identity of the soluble
species in sodium aluminate solutions has been the focus of much work (1). Solu-
tions of sodium aluminate appear to be totally ionic. The aluminate ion is mono-
valent and the predominant species present is determined by the Na2O
concentration. The tetrahydroxyaluminate ion [14485-39-3], Al(OH)�4, exists in
lower concentrations of caustic; dehydration of Al(OH)�4, to the meta-aluminate
ion [20653-98-9], AlO�2, is postulated at concentrations of Na2O above 25%. The
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formation of polymeric aluminate ions similar to the positively charged poly-
meric ions formed by hydrolysis of aluminum at low pH does not seem to
occur. Al(OH)�4 has been identified as the predominant ion in dilute aluminate
solutions (2).

Figure 1 shows a phase equilibrium diagram for soda–alumina–water (3).
The point of maximum solubility at 308C for alumina trihydrate [12252-70-9],
Al2O3�3H2O, and sodium aluminate is near 23% Al2O3 and 20% Na2O. At higher
Na2O concentrations, the solutions are supersaturated with respect to sodium
aluminate; at lower concentrations of Na2O, the solutions are supersaturated
with respect to the trihydrate. At concentrations greater than 23% Al2O3 and
20% Na2O, the solution is supersaturated with respect to both solids. Most com-
mercial solutions are supersaturated with regard to one or both of the solids.

3. Manufacture

Small amounts of sodium aluminate are prepared in the laboratory by fusion
of equimolar quantities of sodium carbonate [497-19-8] and aluminum acetate
[139-12-8], Al(C2H3O2)3, at 8008C (4). Other methods involve reaction of sodium
hydroxide with amorphous alumina or aluminum [7429-90-5] metal. Commercial
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Fig. 1. Equilibrium diagram for the Na2O–Al2O3–H2O system at 308C (3).
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quantities of sodium aluminate are made from hydrated alumina, in the form
of aluminum hydroxy oxide [24623-77-6],AlO(OH), or aluminum hydroxide
[21645-51-2], Al(OH)3, a product of the Bayer process (5,6) which is used to
refine bauxite [1318-16-7], the principal aluminum ore.

Commercial grades of sodium aluminate are obtained by digestion of alumi-
num trihydroxide in aqueous caustic at atmospheric pressure and near the boil-
ing temperature (7). Digestion of the aluminum hydroxy oxide in aqueous sodium
hydroxide requires pressures of up to 1.38 MPa (13.6 atm) and temperatures of
about 2008C. Dry sodium aluminate is obtained by evaporation of water. Several
processes for the production of sodium aluminate are known that do not require
the addition of water. In one process, bauxite reacts with molten sodium hydro-
xide at approximately 4008C (8); in another, aluminum trihydroxide reacts with
solid sodium hydroxide (9); additionally, sodium carbonate has been treated
with alumina or bauxite in rotary kilns at about 10008C (10, 11). Other similar
methods have also been described.

The form of sodium aluminate produced depends upon the manufacturing
process. In high temperature, nonaqueous processes, the sodium aluminate pro-
duct normally contains less than 1% moisture. If a dry product is desired from
aqueous digestion processes, some sort of drying operation is required. In prac-
tice about half of the digestion liquor is sold as liquid sodium aluminate after
filtration and dilution or concentration to conform with product specifications.
Some products contain small amounts of powdered insoluble solids that act
as precipitation or coagulation aids in water-treatment processes (12). Concen-
trated solutions of sodium aluminate tend to decompose by precipitation of
alumina. Such decomposition is controlled in commercial products by addition
of excess caustic and small quantities of certain organic compounds, or stabili-
zers (7,13–15).

Liquid sodium aluminate is available in steel drums having an approximate
capacity of 210 L and bulk shipments are available in either tank trucks or rail-
road tank cars. The density of liquid sodium aluminate is usually from 1450 to
1510 kg/m3. Solid products are available in moisture-proof paper bags or fiber
drums containing approximately 23 and 150 kg, respectively.

4. Economic Aspects

Demand for aluminates for the treatment of industrial water should grow
annually at the rate of 9% to $40� 106 or 84� 106 kg (185� 106 lb) in 2004
and 110� 106 kg (242� 106 lb) in 2009 (16).

The primary U. S. producers of aluminates for water treatment are General
Chemical, Geo Speciality Chemicals, and Kemwater North America.

Price range history 1989–2000 was $0.07–0.10/kg ($0.15–0.22/lb).
Expected price in 2004 should be $0.11/kg ($0.25/lb) (16).

5. Analytical Methods

Commercial liquid sodium aluminates are normally analyzed for total alumina
and for sodium oxide by titration with ethylene diaminetetraacetic acid
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[60-00-4] (EDTA) or hydrochloric acid. Further analysis includes the determina-
tion of soluble alumina, soluble silica, total insoluble material, sodium oxide con-
tent, and carbon dioxide. Aluminum and sodium can also be determined by
emission spectroscopy. The total insoluble material is determined by weighing
the ignited residue after extraction of the soluble material with sodium hydro-
xide. The sodium oxide content is determined in a flame photometer by compar-
ison to proper standards. Carbon dioxide is usually determined by the amount
evolved, as in the Underwood method.

The determination of the soluble or available sodium aluminate presents
difficulties because sodium aluminate begins to hydrolyze to the insoluble alu-
mina trihydrate in water. The degree of hydrolysis depends on concentration,
temperature, and time. It is therefore necessary to use a method of analysis
that simultaneously affords control of the hydrolysis and gives the amount of
available sodium aluminate encountered. This is best done by extracting the
soluble alumina using sodium hydroxide solutions and subsequently determin-
ing the alumina content by gravimetric methods or titration with EDTA or
hydrochloric acid (17).

6. Health and Safety Aspects

Sodium aluminate is highly alkaline and should be treated as a corrosive.
ACGIH has assigned amaximum concentration for TLV TWAOF 2.0mg/m3.

It is considered a soluble salt of aluminumbecause of its relatively high solubility (18).

7. Uses

Sodium aluminate is used in the treatment of industrial and municipal water
supplies and the use of sodium aluminate is approved in the clarification of
drinking water (19). The FDA approves the use of sodium aluminate in steam
generation systems where the steam contacts food. One early use of sodium alu-
minate was in lime softening processes, where it increases the precipitation of
ions contributing to hardness and improves suspended solids removal from the
treated water (20). Sodium aluminate reacts with silica to leave very low residual
concentrations of silica in hot process water softeners. Sodium aluminate is often
used with other chemicals such as alum, ferric salts, clays, and polyelectrolytes,
as a coagulant aid (21,22).

Sodium aluminate is an effective precipitant for soluble phosphate in sew-
age and is especially useful in wastewater having low alkalinity (23,24). Sodium
aluminate hydrolyzes in water to Al(OH)3 and Alþ3 which precipitate soluble
phosphate as aluminum phosphate [7784-30-7], AlPO4. Sodium aluminate has
also been described as an effective aid for the removal of fluorides from some
industrial waste waters (25). Combinations of sodium aluminate and other che-
micals are being used to improve the detackification of paint particles in water
from spray-painting operations (26).

Large quantities of sodium aluminate are used in papermaking where it
improves sizing, filler retention, and pitch deposition (19,27–31). The addition
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of sodium aluminate to titanium dioxide paint pigment improves the nonchalk-
ing performance of outdoor paints (19,32,33). The etching of glass (qv) and cera-
mics (qv) by alkaline washing solutions is inhibited by inclusion of sodium
aluminate in the formulations (34,35). The use of sodium aluminate solutions
in the processing of acrylic and polyester synthetic fibers improves drying,
antipiling, and antistatic properties of the fibers (36,37).

The recovery of sand from foundry molds and cores is much easier when
binders made water soluble by use of sodium aluminate are used in place of inso-
luble resin binders (38,39). Sodium aluminate acts as a setting accelerator for
Portland cement (qv) (40). In similar application, addition to concrete provides
a longer gel time before fully curing (41).

One application patented in 1989 is the injection of sodium aluminate into
silica-containing formations for enhanced petroleum recovery (42). Additionally,
the pharmaceutical industry uses sodium aluminate as an alkaline source of
aluminum for the production of certain antacids (43).

Sodium aluminate is widely used in the preparation of alumina-based cat-
alysts. Aluminosilicate [1327-36-2] can be prepared by impregnating silica gel
with alumina obtained from sodium aluminate and aluminum sulfate (44,45).
Reaction of sodium aluminate with silica or silicates has produced porous crystal-
line aluminosilicates which are useful as adsorbents and catalyst support mate-
rials, ie, molecular sieves (qv) (46,47).

One method for using sodium aluminate to desulfurize flue gas containing
sulfur dioxide is described (48). This procedure led to a process where aluminum
sulfate [10043-01-3] could be generated as a by-product of flue gas desulfuri-
zation (49).

BIBLIOGRAPHY

‘‘Aluminates’’ in ECT 1st ed., Vol. 1, pp. 649–653, by J. W. Ryznar, National Aluminate
Corporation; in ECT 2nd ed., Vol. 2, pp. 6–11, by J. W. Ryznar and A. C. Thompson,
Nalco Chemical Company; in ECT 3rd ed., Vol. 2, pp. 197–202, by W. R. Busler (Nalco
Chemical Company); in ECT 4th ed., Vol. 2, pp. 267–273, by Robert J. Keller and Joseph
J. Len, Vinings Industries, Inc.

CITED PUBLICATIONS

1. J. R. Glastonbury, Chem. Ind. (London), 121 (Feb. 1969).
2. P. L. Hayden and A. J. Rubin, in A. J. Rubin, ed., Aqueous-Environmental Chemistry

of Metals, Ann Arbor Science, Ann Arbor, Mich. 1976, 317–381.
3. R. Fricke and P. Jucaistis, Z. Anorg. Allg. Chem., 129–149 (1930).
4. J. Thery, A. M. Lejus, D. Briancon, and R. Collongues, Bull. Soc. Chim. Fr. 973

(1961).
5. U.S. Pat. 382,505 (May 8, 1888), K. J. Bayer.
6. U.S. Pat. 515,859 (Mar. 6, 1894), K. J. Bayer.
7. U.S. Pat. 2,345,134 (Mar. 28, 1944), F. K. Lindsay and B. F. Willey (to National

Aluminate Corp.).

Vol. 2 ALUMINATES 277



8. U.S. Pat. 2,159,843 (May 23, 1939), R. L. Davies (to Pennsylvania Salt Mfg. Co.).
9. U.S. Pat. 2,018,607 (Oct. 22, 1935), R. E. Cushing and C. W. Burkhardt (to

Pennsylvania Salt Mfg. Co.).
10. K. Kammermeyer and A. B. Peck, J. Am. Ceram. Soc. 16, 363 (1933).
11. C. Matignon, Compt. Rend. 177, 1290 (1923).
12. U.S. Pat. 3,342,742 (Sept. 19, 1967), T. G. Cooks (to Nalco Chemical Co.).
13. Fr. Pat. 1,356,638 (Apr. 7, 1964), W. H. Brown and B. F. Armburst, Jr. (to Reynolds

Metals Co.).
14. Fr. Pat. 1,476,257 (Apr. 7, 1967), R. Beverini.
15. U.S. Pat. 3,656,889 (Apr. 18, 1972), E. W. Olewinski (to Nalco Chemical Co.).
16. Industrial Water Management Chemicals to 2001, Freedonia Group, Inc., March

2000.
17. H. L. Watts and D. W. Utley, Anal. Chem. 25, 864 (1953).
18. B. D. Dinman, in E. Bingham, B. Cohrssen, and C. H. Powell, eds., Patty’s Toxicology,

5th ed., Vol. 2, John Wiley & Sons, Inc., New York, 2001, p. 403.
19. B. Suresh, A. Kishi, and S. Schlag, Chemical Economics Handbook, SRI, Menlo Park,

Calif., Nov. 2001.
20. U.S. Pat. 1,620,332 (Mar. 8, 1927), W. Evans (to National Aluminate Corp.).
21. M. Adhikari, S. K. Gupta, and B. Banerjee, J. Indian Chem. Soc. 51(10), 891

(1974).
22. Can. Pat. 964,808 (Mar. 25, 1975), J. Kane and L. O. Boots (to Nalco Chemical Co.).
23. U.S. Pat. 3,617,542 (Nov. 2, 1971), R. A. Boehler and M. R. Purvis, Jr., (to Nalco

Chemical Co.).
24. Ger. Offen. 2,016,758 (Nov. 19, 1979), R. D. Sawyer and J. D. Tnsley (to Nalco

Chemical Co.).
25. Jpn. Pat. 74 32,472 (Mar. 25, 1974), M. Watanabe, T. Okamoto, and K. Iida (to

Sumitomo Chemical Co.).
26. Ger. Offen. 2,247,164 (Mar. 28, 1974), H. Wirth (to Chemische Werke Kluthe K. G.).
27. P. E. Barr, Pulp Pap. Ind. 21(3), 54 (1947).
28. H. E. Berg, Tappi 39(1), 153A (1956).
29. W. S. Wilson, Paper Trade J. 121(8), 39 (1945).
30. E. Hechler, Papier (Darmstadt) 28(11), 473 (1974).
31. J. V. Lamarre and J. R. Nelson, TAPPI Monogr. Ser. (33), 47 (1971).
32. U.S. Pat. 2,671,031 (Mar. 2, 1954), W. R. Whately (to American Cyanamid Co.).
33. U.S. Pat. 3,086,877 (Apr. 23, 1963), G. M. Sheehan and E. R. Lawhorne (to American

Cyanamid Co.).
34. U.S. Pat. 2,575,576 (Nov. 20, 1951), L. R. Bacon and J. V. Otrhalek (to Wyandotte

Chemicals Corp.).
35. U.S. Pat. 3,250,318 (Oct. 31, 1967), R. L. Green (to FMC Corp.).
36. Jpn. Pat. 71 09,869 (Mar. 12, 1971), H. Sugimoto, H. Sahara, and K. Nimura (to

Mitsubishi Rayon Co.).
37. Jpn. Pat. 71 27, 783 (Aug. 21, 1971), T. Ito and M. Sotomurs (to Kanogafuchi Spin-

ning Co.).
38. Czech. Pat. 147,361 (Feb. 2, 1973), J. Ornst and A. Burian; Chem. Abstr. 79, 6961d

(1973).
39. Jpn. Pat. 73 39,695 (Nov. 26, 1973), K. Kobayashi (Nihon Shell-Mold Assn.), and

K. Ohtani (to Chisso Corp.).
40. U.S. Pat. 3,656,985 (Apr. 18, 1972), B. Bonnel and C. Houasse (to Progil, France).
41. Jpn. Pat. 01 111,761 (Apr. 28, 1989), O. Imamura (to Sanko Colloid Kagaku K. K.).
42. Fr. Pat. 3,822,734 (Jan. 19, 1989), J. Labrid (to Institute Francais du Petrole).
43. Jpn. Pat. 60,161,915 (Aug. 23, 1985), T. Kajino (to Sato Pharmaceutical Co.).
44. U.S. Pat. 2,929,973 (Jan. 5, 1960), W. D. Stillwell, L. Bakker, and J R. Lytle.

278 ALUMINATES Vol. 2



45. U.S. Pat. 2,996,460 (Aug. 15, 1960), D. G. Braithwaite (to Nalco Chemical Co.).
46. U.S. Pat. 2,882,243 (Apr. 14, 1959), R. M. Milton (to Union Carbide Corp.).
47. U.S. Pat. 2,882,244 (Apr. 14, 1959), R. M. Milton (to Union Carbide Corp.).
48. U.S. Pat. 4,134,961 (Jan. 16, 1979), D. Lurie.
49. U.S. Pat. 4,296,079 (Oct. 20, 1981), H. W. Hauser (to Vinings Chemical Co.).

ROBERT J. KELLER

JOSEPH J. LEN

Vinings Industries Inc.

Vol. 2 ALUMINUM AND ALUMINUM ALLOYS 279


