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INTRODUCTION 



INTRODUCTION 

The investigations considered herein may be divided into 

four distinct parts, all of which involve compounds of alumi¬ 

num, and employ the principle of x-ray diffraction for the 

identification of the compounds studied. Briefly, the four 

divisions of this report ares 

I. A study of the floe precipitated from aluminum 

sulfate solutions by bases at pH values of less than 7, 

and which previously has been identified as a definite basic 

aluminum sulfate. 

II. The determination of the conditions of formation 

of «;-A1203.3H20 or «C-A1(0H)3 (bayerite). 

III. An examination of a portion of the system Alg^- 

Si02 heated to high temperatures. 

IV. An investigation of aluminum stearates prepared 

from aqueous and non-aqueous solution. 



I. ALUMINUM BASIC SULFATE 
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I. ALUMINUM BASIC SULFATE 

INTRODUCTION 

Investigations have teen carried out at the Rice 

Institute for a number of years to determine the constitu¬ 

tion of alumina floes formed by the addition of bases to 

various aluminum salts (7). Chemical analysis of these 

floes has been of little value since the alumina containing 

gels consist of very small colloidal particles with high 

adsorptive capacity. Identification has been made possible 

only by means of x-ray and electron diffraction techniques, 

supplemented by isothermal and isobaric dehydration studies. 

As a result of these types of investigation, it has 

been shown that the alumina precipitated from aluminum 

chloride and aluminum nitrate solutions at room temperature 

yields an x-ray diffraction pattern corresponding to that 

of V-A1203.H20 or y=-AlOOH (9,10). The identification of 

the freshly formed precipitate from aluminum sulfate is 

more difficult, because the floe is essentially amorphous 

to x-rays. As a consequence, the exact nature of this floe 

has been the subject of debate for a number of years and 

it is considered desirable to review the results of past 
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work in the light of the present experiments which are 

reported below. 

Previous studies in this laboratory (11) have shown 

that the floe precipitated from aluminum sulfate solution 

by the addition of bases (NaOH, NH40H, Na2C03, Ka2S) at 

pH values greater than 7 give® x-ray diffraction patterns 

consisting of broad bands corresponding to >^A1203.H20. 

At even higher pH values» above 8, the precipitate may 

age to form oC-Al203.3H20 (bayerite). At pH values less 

than 7, the precipitates are either amorphous to x-rays 

or give x-radiograms consisting of very broad bands. An 

electron diffraction study of the floe formed between a 

pH of 6 and 7 (where x-radiograms consist of extremely 

broad and diffuse bands) has indicated the presence of 

extremely small crystals of T^-AlgC^.HgO, possibly together 

with some amorphous material. 

Subsequent investigations (12) have shown that the 

precipitate, formed from aluminum sulfate solution by the 

addition of a base at a pH value less than 5.5 and aged at 

100° 0 for 24 hours with the mother liquor, yields an x- 

radiogram that consists of sharp lines which do not corres- 

pond with those lines of standard patterns of the recog¬ 

nised forms of hydrated or anhydrous alumina. If the pre- 
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cipitatian and aging process are carried out at a pH 

value of greater than about 7, the product may be iden¬ 

tified as J^-AlgOg.HgO or oc-kl^O^ZE^O, depending upon 

the exact pH value. In the pH range 5.5 to 7 the x-ra- 

diogram consists of broad bands after 24 hours aging. 

From chemical analysis and dehydration isobaric studies, 

it has been concluded that the product of aging at a pH 

value of less than 5.5 is probably a basio aluminum sulfate 

of the approximate formula AlgOg.SOg.l-l/3 HgO. However, 

the confirmation of the proposed formula must await suc¬ 

cessful attempts to grow larger crystals since the chemical 

analysis was made on particles which were estimated to be 

just within the colloidal range. 

Other investigators seem to be divided in their opin¬ 

ions as to the existance of an insoluble basic sulfate. 

Miller (4), Williamson (13), and Hopkins (l) have obtained 

a floe which they have assigned the formula SAlgC^.SSO^.- 

4HgO as a result of chemical analysis. These investigators 

carried out their chemical analysis on a gel freshly pre¬ 

cipitated at a pH value of 5.5. This gel is formed in the 
r 

presence of relatively high concentrations of aluminum ions 

which would be absorbed strongly by the highly dispersed 

gel; for this reason the ratio of Al203to SO^assigned by 
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these investigators may be too high. Miller (5) in a more 

recent investigation indicated that as the pH increases 

the amount of sulfate ion carried down by the alumina floe 

decreases* He found that the formula of the salt precipi¬ 

tated at a pH of 5.4 to be 5Al2O3.3sO3.XHgO, or a highly 

hydrated basic sulfate. A chemical analysis of basic alum¬ 

inum prepared by Shishniashvili, Kargin, and Batzanadzo 

(8) by the addition of (NH^^SO^ to a solution of "basic 

aluminum chloride” has shown the ratio of AI2O3 to SO3 to 

be 0.94, indicating a probable formula Al2O3.SO3.XHgO. 

Le Peintre (3) investigated the precipitate prepared 

by Williamson (13) by electrodialysis. He found that the 

aluminum was contained in a complex with SO3 which was 

hydrolyzed, but did not determine the formula. Imhoff 

and Burkhardt (2) found that the composition of the floe 

at a pH value of 5.5 to be ôAlgOj.SSOg.XHgO, but that no 

basic salt was formed at pH values less than 5.5; instead 

an amorphous material resulted. Price (6j prepared alumina 

at a pH value of 4.5 and discovered that the floe was 

either amorphous or gave the pattern of V-AlgOsHgO. It 

must be pointed out, however, that Imhoff and Price did 

not carry out the aging procedure at 100°C which is con¬ 

sidered necessary for the development of well defined 
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crystals of the product which is called basic aluminum 

sulfate. 

In view of the uncertainty which currently exists 

as to the nature of the alumina floe precipitated from 

sulfate solutions at low pH values, the work described 

below was undertaken. 



EXPERIMENTAL 
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EXPERIMENTAL 

Preparation of Samples: 

1. Precipitation at pH values from 4 to 9. 

Samples were prepared by a number of methods; the 

largest number, however, were prepared by the addition of 

measured amounts of 1.8 M sodium or ammonium hydroxide to 

250 mL. portions of 0.04 M aluminum sulfate, resulting in 

the formation of alumina floes at various pH values from 

4 to 9 as indicated by a glass electrode apparatus. A 

portion of the floes thus formed was set aside and prepared 

for x-ray examination in a manner described below. The 

remainder of each gel suspension was aged by boiling with 

the mother liquor in a flask fitted with a reflux condens¬ 

er. At various time intervals up to 10 days or more, por¬ 

tions of the suspensions were removed for x-ray analysis. 

The gels were prepared by washing with distilled water 

and acetone, and then were air-dried on watch glasses at 

room temperature. 

2. Precipitation at pH values of 4 and 8, and aging 

in modified solutions. 

Other samples were prepared by precipitating alumina 

at pH values of 4 and 8 by the addition of 1.8M NaOH to 

0.04 M aluminum sulfate, then washing the entire precipi- 
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tate with distilled water until the supernatant liquid 

was free of sulfate ion. The precipitate was then divided 

into three portions and 250 ml. of distilled water added. 

To one dilute sulfuric acid was added until a pH value of 

4 was obtained, to another dilute NaOH was added to give a 

pH value of 8. The three samples were then aged at 100° 0 

and portions removed periodically and prepared for x-raying 

as described above. Samples were also prepared by washing 

the floe formed from the addition of a base to salts other 

than the sulfate of aluminum, then adding a small amount 

of ammonium sulfate and adjusting the pH of the solution 

to a value of 4 with dilute sulfuric acid. These samples 

were also aged at 100° C and prepared for x-raying as 

described above. 

X-Ray Analysis: 

X-Radiograms were obtained for the sample s prepared, 

aged and dried as described above with a recording x-ray 

diffraction apparatus, using Cu K* x-radiation and a 

G. E. x-ray apparatus using Cr K*. x-radiation. Samples 

precipitated at pH values 4 and 8 were also examined with 

monochromatic Cu K* x-radiation. A number of the x-radio- 

grams are reproduced in Figures 1-6. Figure 1 gives the 

x-radiograms for the floe precipitated at a pH value of 

4.22 and aged at 100° C. Figure 2 presents similar data 
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for the floe precipitated at a pH value of 7.4 and aged 

for various periods up to four days. The sharp lines of 

the x-radiograms correspond to those previously attributed 

to a basic aluminum sulfate (12). The results of other 

experiments are shown in Figure 3 wherein the relative 

intensities of the most intense line of the x-radiogram 

is plotted against time. 

X-Radiograms of samples aged at pH values of 4 and 8: 

Figure 4 presents the x-ray diffraction diagrams for 

a sample precipitated at a pH value of 8, aged for 7 hours 

at 100° C, cooled, and the pH of the solution adjusted to 

a value of 4 with dilute sulfuric acid. The x-ray diffrao- 

tion patterns in Figure 5 are those of a sample precipi¬ 

tated at a pH value of 4 and small amount of basic alumi¬ 

num sulfate prepared previously added to seed the solution. 

Figures 6 and 7 are x-ray diffraction pictures taken 

with monochromatic x-radiation of samples precipitated at 

pH values of 4 and 8 respectively. 



DISCUSSION 
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DI SCU SSI ON 

A comparison of the relative intensities of the lines 

on the x-ray diffraction patterns provides an indication 

of the rate of formation or crystal growth of the basic 

aluminum sulfate; it may be concluded from Figure 3 (curves 

1 and 2) that the basic salt forms rapidly at low pH values 

and slowly at high pH values when aging at 100°C. in the 

mother liquor. Above a pH value of .7.5 the alumina floe 

ages directly to /Al^Og.HgO. 

It has been pointed out that the freshly precipitated 

and unaged floe is essentially amorphous to x-rays at, all 

pH values less than 7.5. Even those samples in which the 

basic sulfate pattern could be detected after only 2 or 3 

hours aging, the freshly precipitated floe was amorphous 

to x-rays. Using monochromatic x-radiation to examine 

floes precipitated at pH values of 4 and 8 it was possible 

to obtain only two or three broad bands (Figures 6 and 7). 

Although these bands could not be measured with very great 

accuracy, it was possible to determine that they did not 

correspond to d/n values of any of the known forms of alum¬ 

ina. Since the floe formed at low pH values can not be 

determined with certainty, it is recognized that this ma¬ 

terial may have been formed from the freshly precipitated 
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floe by any one of four possible mechanisms: 

(a) The transition during the aging period of an 

amorphous material into a crystalline one of the same 

chemical composition. 

(b) The growth of extremely fine crystals which are 

initially too small to be detected by x-rays, the initial 

and end products of the process being the same. 

(c) The reaction of some other form of alumina 

(perhaps V^-AlgOg.HgO) with ions in the mother liquor to 

yield a basic sulfate. 

(d) The formation of a crystalline phase by hydroly¬ 

sis of alumina ions already present in the mother liquor 

because of incomplete precipitation at such low pH values, 

or because of desorption from the gel as a result of the 

aging process. 

The work of Price (6) would tend to favor (c), while 

the work of Le Peintre (3) would favor (a) or (b). The 

data presented in Figure 4 would tend to rule out (c) since 

the intensities of the bands attributed to y^AlgOg.HgO 

appear to remain constant throughout the aging at a pH 

value of 4. It must also be noted that the lines appearing 

wnich belong to the basic sulfate do not appear as broad 

bands and become sharper and sharper (Figure 5), but they 
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are fairly sharp lines from the beginning, increasing in 

intensity as the aging is carried out. This indicates that 

more and more crystals are forming instead of the crystal 

size increasing. Noticing too, that the monochromatic x-ray 

diagrams (Figures 6 and 7) are typical of those obtained for 

amorphous solids, it appears that the most likely mechanism 

is (a). 



SUMMARY 
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SUMMARY 

(1) The floe precipitated from aluminum sulfate 

solution by the addition of bases gives a x-radiogram 

which consists either of a few broad bands (if the pH 

value at formation is less than 7.5) or of lines correspond¬ 

ing to Y-AlgOg.HgO (if the pH is greater than 7.5). 

(2) If the floe precipitated at a pH value less than 

7.5 is aged with the mother liquor at 100° C for periods up 

to 10 days, lines will appear on the x-radiogram which cor¬ 

respond to those previously attributed to a basic aluminum 

sulfate. 

(3) From intensity measurements of x-radiograms for 

gels that have been precipitated at different pH value sand 

aged at 100° 0 in the mother liquor for various periods of 

time, it is possible to estimate the rate of formation or 

crystal growth of basic aluminum sulfate. 

(4) The basic sulfate forms very rapidly at low pH 

values and forms very slowly at high pH values. 

(5) Above a pH value of about 7.5 the alumina gel 

ages directly to 

(6) Four possible mechanisms have been presented for 

the formation of basic aluminum sulfate during the aging 

proce ss: 

a. Transformation from the amorphous to 
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crystalline state. 

b. Growth of crystals which are initially too 

small to give sharp lines in the x-radiogram. 

c. The reaction of some other form of alumina 

with ions present in the mother liquor to yield a basic 

aluminum sulfate. 

d. Hydrolysis of aluminum ions present in the 

aging liquor. 

(7) Experimental results have been presented which 

indicate that mechanism (a) is the most likely. 



II. ALPHA-ALUMINA TRIHYDRATE 



INTRODUCTION 
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II. ALPHA-ALUMINA TRIHYDRATE 

INTRODUCTION 

Attempts have been made for a number of years to de¬ 

fine the methods of preparation and the structure of the 

trihydrate of alumina 0C-AI2O3.3H20 or <C-Al(0H)3 which has 

been designated "bayerite." It has been difficult to de¬ 

termine the structure since it is obtainable only in finely 

divided particles, and often as a mixture with gibbsite 

(V^-AlgOg.SHgO or y^AlCOH)^. The methods of x-ray analy¬ 

sis have been applied furthering our knowledge of the struc¬ 

ture of this material. 

Bohm (16) in 1925 discovered a trihydrate of alumina 

which exhibited a characteristic x-radiogram different from 

that of the naturally occuring trihydrate, gibbsite or hy- 

dragillite. This was confirmed by Fricke (20) who observed 

that the x-radiogram obtained from samples which he had pre¬ 

pared by Bonsdorff's method (17), i.e. by the slow hydroly¬ 

sis of an alkaline aluminate solution, to give a different 

x-ray diagram than that of gibbsite. Biltz (15) in the ab¬ 

sence of previous knowledge of this material designated it 

a "second form", and Huttig (28) called it an "isomer" of 

gibbsite. 

Fricke (21) designated this material "bayerite" in 
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1928 since this substance was believed, at that time, to he 

formed when alumina is prepared by the K. J. Bayer process. 

In a later publication Friche (22) stated that in the Bayer 

process, which iB used commercially for the preparation of 

alumina, gibbsite is actually produced instead of bayerite. 

However, by other methods of preparation (see Table I) he 

has been able to make this compound. Further confirmation 

as to the existance of bayerite has been made by a number 

of workers (18, 24). 

There have been several methods presented for the pre¬ 

paration of bayerite. These are tabulated in Table I. Of 

these, the principal methods are by the aging of precipitated 

alumina (hydrous X^-AlgOg.HgO) under cold water and by the 

rapid hydrolysis of alkaline aluminates at room temperature. 

Continued aging of these solutions causes the bayerite to 

change into gibbsite. From these considerations it is evi¬ 

dent that at room temperature, bayerite is metastable with 

respect to gibbsite and stable with respect to bohmite 

(Y-A1203.H20) (31, 40). 

The first comprehensive study of the crystalline struc¬ 

ture of bayerite was made by Montaro (35) in 1942. By ex¬ 

amining the x-radiograms of samples he had prepared and the 

spacings of Fricke (22) he attempted to determine the dif¬ 

fraction lines which belonged to bayerite. Montaro found 



Table I 

Method, of Preparation Result References 

Alumina gel aged under cold 
water. 

Alumina gel aged under di- 
•lute alkali. 

CO3 added to an alkaline 
aluirlnate solution. 

Alkaline aluminate solution 
aged in contact with the 
atmosphere. 

Alkaline alumlnate solution 
aged in a closed container. 

Amalgamated aluminum aged 
under cold water. 

COg added to aluminum 
ethylate solution. 

Bayerite formed 
slowly. 

16,17 

Bayerite formed 
rapidly. 

17,33,23,39 

Bayerite precipi¬ 
tated. 

19,25,30,37 

Bayerite and Gibb- 
site formed slowly. 

14,33,40 

Bayerite and Gibb- 
site formed slowly. 

25 

Bayerite formed 
slowly. 

36,38 

Bayerite precipi¬ 
tated. 

36 
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that there existed differences in the number and intensi¬ 

ties of the diffraction lines of the naturally occurring 

gibbsite and the artificial material. He also reported 

that all of these x-radiograms corresponded to a mixture 

of bayerite and gibbsite. From the variation of the in¬ 

tensities of the lines from sample to sample he determined 

what he believed to be those diffraction lines belonging 

to bayerite. He concluded from this data that bayerite 

belonged to the hexagonal system with ao-5.01 and c0=4.76. 

The experiments which are described below indicate 

that Montaro's data probably is in error in the respect that 

he neglected at least one important diffraction line. From 

the data obtained here, a new set of diffraction lines have 

been determined and the Miller indices and possible cell 

dimensions have been calculated for these values. 



EXPERIMENTAL 
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EXPERIMENTAL 

Samples which were to he examined by x-ray analysis 

for the presence of bayerite were prepared by a number of 

methods. These are summarized in Table II. 

Preparation of Alumina: 

1. From Al2(S04)3: TWO liters of 0.08 M A12(S04)3 

were treated with 444 ml. of 1.8 ml NaOH solution, the re¬ 

sulting gel being formed at a pH value of 8.21 as measured 

by a glass electrode apparatus. The alumina floe was then 

washed by decantation with distilled water adjusted to a 

pH value of 8 with NaOH. Washing was continued until the 

supernatant liquid was free of sulfate ions when tested 

with barium chloride. 

A second gel was formed from Al2(S04)3 by the addition 

of 590 ml. of 1.8 MNH40H to 2000 ml. of 0.08 M Al2(S04)3 

solution. The sample was then washed as described above 

with distilled water adjusted to a pH value of 8 with NH4OH. 

2. From AICI3: Two samples were prepared from AlClg 

by the addition of NH40H. To 2000 ml. portions of 0.08 M 

AlClg solution 290 ml. and 370 ml. of 1.8 M NH4QH was added 

to give pH values of 8.1 and 9.0 respectively. These were 

then washed with distilled water by decantation until the 

wash water no longer gave a positive test for chloride ion 

when tested with silver nitrate. 



Tafele II 

Aluminum Salt Used Precipitating Agent Aging Conditions 

A12(S04)3 KaOH Room Temperature 

AI3(SO4)3 KH4OH Room Temperature 

AICI3 HH4OH Room Temperature 
at pH=8.1 

AICI3 KH4OH Room Temperature 
at pH«9 

Amalgamated Aluminum Room Temperature 
under distilled 

water 

HaAlOg C03 Room Temperature 

UaAlOg (at pH values 
from 11.0 to 11.4) 

C02 in air Room Temperature 

Aluminum lscpropoxide H2o Room Temperature 
under distilled 

water 

A1<K°3>3 urea Room Temperature 
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3. From Amalgamated Aluminum: Twenty grams of aluminum 

foil was cleaned with 0.1 H NaOH, washed rapidly with dis¬ 

tilled water, then covered with slightly acidulated water. 

The foil was then placed in contact with about 1 gram of 

mercury for 3 hours until the aluminum was completely cov¬ 

ered. The excess mercury was then poured off and the amal¬ 

gamated aluminum rinsed three times with redistilled water. 

It was finally placed in a beaker containing 500 ml. of 

redistilled water to age. 

4 From Sodium Aluminate: Two methods were employed 

to prepare alumina from NaAlOg, first by bubbling COg through 

the solution, and secondly, by adding solid HaOH to water solu¬ 

tions of sodium aluminate and allowing the alumina to form 

on the sides of the flask. 

Ten percent solutions of NaAlOg were prepared by dis¬ 

solving solid NaAlOg in redistilled water. COg was then 

slowly bubbled through the solution for several hours to 

allow complete precipitation of the alumina. To other 

samples of 10^ NaAlOg solid NaOH was added to give pH values 

ranging from 11.0 to 11.4. Several samples were allowed to 

remain in contact with the air while others were sealed to 

age in closed containers. 
i 

5. From Aluminum Isopropoxide: Aluminum isopropoxide 

was hydrolyzed by the addition of redistilled water, washed 
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several times to remove the free alcohol, and then the alum¬ 

ina gel was placed in 300 ml. of redistilled water to age. 

Aging of Samples: 

The sample s prepared as de scribed above were aged at 

room temperature for varying lengths of time up to a month 

or more. Portions of each were removed periodically, centri¬ 

fuged and washed if necessary with distilled water, (c.f. 

those prepared from NaAlOg, amalgamated aluminum and aluminum 

isopropoxide). These samples were then ground in a hand mor¬ 

tar until of uniform particle size and placed on slides for 

x-raying or allowed to air dry at room temperature. 

X-Ray Analysis: 

Two types of x-ray apparatus were employed. A Rorelco 

recording x-ray spectrometer using filtered Cu Kc radiation 

and a General Electrical apparatus using filtered Cr K,* 

radiation. The x-ray diffraction patterns were made using 

the Debye-Sherrer power method (32) which is well known and 

will not be discussed in this report. 



DISCUSSION 
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DISCUSSION 

The samples which have been examined by x-ray analysis 

can be divided into three classifications: (1) those amor¬ 

phous to x-rays or exhibiting the pattern of Y-AlgOg.HgO; 

(2) those having only two, three, or four diffraction lines; 

and (3) those which have patterns corresponding to mixtures 

of bayrite and gibbsite. The diffraction lines which are 

believed to belong to bayerite were identified by determining 

the order which the lines appeared upon aging the samples 

and variation of the intensities from sample to sample. 

In order to facilitate the comparison of x-radiograms 

of samples containing bayerite the x-ray diagrams in figures 

8 and 9 have been reproduced. It will be noted that a large 

number of the same diffraction lines appear in both figures, 

which indicates that the samples examined were mixtures of 

bayerite and gibbsite. The diffraction pattern number 15 

in figure 8 is that of bayerite as published by Montaro (35). 

The x-ray diagrams numbers 16 through 19 are of samples 

which had just become crystalline upon aging alumina. 

Figures 10 through 12 are the results obtained from 

various samples which were prepared and aged as described 

above. These x-radiograms were taken to determine if the 

lines at 9.3 and 10.1° (d/n values of 4.74 and 4.37 respec- 
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tively) appeared simultaneously upon aging the samples from 

a material amorphous to x-rays to a well defined crystalline 

pattern. It can he seen from these diagrams that both of 

these lines appear at the same time. For this reason, and 

other evidence to he presented, it is believed that both of 

these lines should be included in the x-ray diffraction 

pattern of baye rite. 

After determining the diffraction lines which are be¬ 

lieved to belong to bayerite» it was found that the Miller 

Indices for each of the lines could be obtained by use 

of the Laue equation for the hexagonal system (d/n - 

a0/)4/3(h2+hk+k2)+(l/c)2* where ôQ-9.48 and c0-8.74. The 

calculated density indicates that there are six molecules 

of AlgOg.3HgO in this possible unit cell. These results 

are tabulated in Table III. 

It must be pointed out that the principal difference 

between these diffraction lines and those presented by Mon¬ 

taro (35) is that he did not include in his proposed pattern 

the line with d/n value of 4.37. When this line is included 

the dimensions of the unit cell are changed considerably, 

i.g. ao
=5.01 and c0=4.76 as reported by Montaro and a0=9.48 

and c0-8.74 as reported here. Further, his pattern does not 

include a reflection of the type (hhO) which is somewhat 
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irregular since this is one of the principal reflections of 

the hexagonal system. In general, the remainder of the 

lines are the same except that a few more lines have now 

been proposed. Montaro's data is also presented in Table 

III. 

In searching for a material which would be isomorphous 

with bayerite, it has been found that the diffraction pattern 

of Cr203.3H20 ( 33 , 34, 39) was very similar to that of bay¬ 

erite. It was found that CrgOg.SHgO or Cr(QH)s could be 

classified in the hexagonal system with unit cell dimensions 

differing from the cell dimensions of bayerite by approxi¬ 

mately the ratio of the aluminum ion to the chromium ion. 

It was also found that the calculated Miller Indices of 

chromium oxide trihydrate agreed very well with those of 

bayerite and that it too would contain six molecules in the 

unit cell. This data is presented in Table III. 

From an examination of Table III it can be seen that 

if the diffraction lines chosen for bayerite are correct, 

that is is probably isomorphic with CrgOg.SI^Q. Since it 

is considered almost impossible to obtain single crystals 

of pure bayerite, experiments are now in progress to obtain 

single crystals of CrgO^.SHgO large enough to examine by 

single crystal x-ray methods in order to determine the 
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space group and atomic positions in the unit cell of 

CrgOg.SHgO, thereby enabling the complete structure of bay- 

erite to be determined. 
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Table III. 



SUMMARY 
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SUMMARY 

(1) The structure of bayerite has been difficult to 

determine because this material has been obtained only in 

the form of a fine powder, and since it usually occurs in 

a mixture with gibbsite. 

(2) Samples of alumina precipitated and aged at room 

temperature exhibit x-radiograms which may be divided into 

three groups: 

(a) Those amorphous to x-rays or exhibiting the 

pattern of K-AlgOg.HgO. 

(b) Those having only two, three, or four dif¬ 

fraction bands. 

(c) Those having patterns corresponding to a 

mixture of bayerite and gibbsite. 

(3) By determining the order which the diffraction 

lines appeared and the variation of the intensities of the 

lines upon aging samples of alumina, the diffraction lines 

which are believed to belong to bayerite were determined. 

(4) From these diffraction lines which were selected, 

it was possible to calculate the Miller Indices for bayerite 

in the hexagonal system with aQ-9.48 and cQ-8.74. The cal¬ 

culated density indicates that there are six molecules of 

AlgOg.3HgO in this possible unit cell. 
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(5) It was found that CrgOg.SHgO is probably iso- 

morphous with bayerite, having hexagonal cell dimensions of 

a0-9,72 and co
=9.04 and containing six molecules of 

Cr gOj•JHgO• 



III. ALUMINUM SILICATE S 



INTRODUCTION 



III. ALUMINUM SILICATES 

INTRODUCTION 

The composition of the naturally occuring minerals 

sillimanite (normally considered as AlgOg.SiOg) and mul- 

lite (normally considered as SAlgO^.SSiOg) has "been the 

subject of debate for a number of years. These two minerals 

of quite different composition show such a remarkable simi¬ 

larity in regard to both optical and x-ray properties that 

published investigations of these materials have led to 

much confusion in the literature. Various workers in the 

past have concluded that both mullite and sillimanite exist 

as definite chemical individuals, that sillimanite alone 

exists with mullite being a mixture of sillimanite and 

amorphous alumina, and that mullite alone exists with silli¬ 

manite being a mixture of mullite and amorphous silica. It 

was because of this uncertainty as to the nature of these 

materials that the present work was undertaken. 

Wyckoff, Greig, and Bowen (55) examined powder, Laue, 

and single crystal rotation photographs for both silliman¬ 

ite and mullite and found that faint reflections, always 

present in the case of sillimanite, were always absent 

in mullite photographs. Hyslop and Rooksby (43) made sim¬ 

ilar observations by examining powder photographs. From 
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the results obtained these workers reported that both 

mullite and sillimanite exist as chemical individuals. 

Mark and Rosebaud (45, 46), employing the rotating crystal 

method, obtained results similar to Wyckoff, Grieg, and 

Bowen; however, they stated that mullite cannot have the 

composition SAlgO^.BSiOg, but must be AlgOg.SiOg where the 

additional alumina is in an amphorous state. 

From a mineralogical point of view, Eitel (42), re¬ 

ported that the existance of mullite as an individual 

chemical species could not be maintained, and that it waB 

actually a mixture of sillimanite and corundum. He was 

unable to determine how they were mixed, but thought that 

the excess alumina was combined with the sillimanite in 

solid solution, or that alumina in collodial form is en¬ 

tangled in the crystalline structure of sillimanite. Knapp 

(44) also found that only sillimanite exists and that mul¬ 

lite is composed of finely crystalline sillimanite in which 

very finely crystalline corundum and a high SiOg glass are 

embedded. 

A number of other investigations (49,53,56), from a 

study of synthetic mixtures of silica and alumina, have 

found that they were unable to prepare a synthetic silli¬ 

manite, but that synthetic mullite was easily prepared 

by heating mixtures of silica and alumina above 1100° C. 
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Rooksby and. Partridge (50) reported that they were able 

to prepare various forms of mullite which they designated 

«C-, and /^mullite. The particular type, they said, 

depended-upon the amount of silica which was replaced by 

alumina. 

Budnikov and Shmukler (41) studied the effect of pro¬ 

longed heating on clays and synthetic mixtures of silica 

and alumina and found that mullite formation was signifi¬ 

cant above 1000° C. X-radiograms of Kirov clay (44.66$ 

SiOg, 38.77$ A1203, 1.06$ Fe^Og, 0.82$ TiOg, and 0.83$ 

CaO) which was heated for three hours at 1100, 1200 and 

1500° C, indicated that 31, 38, and 47$ mullite was formed, 

respectively. Mullite formation was also found to increase 

with temperature in synthetic mixtures of silica and alumina 

heated as high as 1600°C. Budnikov and Shmukler also found 

that certain mineralizers (H^BOg, BaClg, CuClg, TiO,,, 

KH4V0s, MgClg, MnSO^, Fe(OH)g) had the effect of lowering 

the temperature of mullite formation by 100 to 200° C. 

The investigation of the alumina-silica system which 

is described below, was carried out to determine if the 

differences between mullite and sillimanite could be ac¬ 

counted for by the formation of a solid solution. Since 

a solid solution is indicated by a gradual shift of the 

diffraction lines from one sample to the next, it was 
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thought that if this did not occur, the similarity of the 

diffraction lines and the differences in the chemical 

composition of mullite and sillimanite could be accounted 

for. 



EXPERIMENTAL 
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EXPERIMENTAL 

Preparation of Samples; 

Two series of the alumina-silica system were made. 

The first was prepared from inorganic salts of aluminum 

and silicon, while the second was prepared from organic 

salts. Previous studies in this laboratory (47, 48, 54), 

and investigations by other workers (51,52), have shown 

that the presence of sodium as an impurity in oxides such 

as alumina and silica, heated to high temperatures may have 

a marked effect on the products obtained. In order to min¬ 

imize the effect of the sodium content, the second series 

of the alumina-silica system was prepared from organic 

salts of aluminum and silicon. 

The first series was made for every ten mole percent 

of AlgOg and SiOg in the following manner: Concentrated 

ammonium hydroxide was added to a 0.5 M solution of alumi¬ 

num nitrate while stirring vigorously. The alumina floe 

was then washed eleven times with distilled water by cen¬ 

trifuging until the presence of the nitrate ion could not 

be detected by the nitrate brown ring test. This floe was 

then allowed to air dry at room temperature. 

Silica was prepared from a 25fo solution of sodium 

silicate by the addition of 230 ml. of concentrated hy- 
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drochloric acid to a pH value of 6.50. The silica gel was 

then washed five times with a solution of HH4OH and twelve 

times with distilled water. After washing, the gel was al¬ 

lowed to air dry at room temperature. 

After thoroughly drying, the alumina and silica were 

ground in a motor driven agate mortar until very finely 

powdered. These were then set aside for several days to 

come to equilibrium with the water vapor in the atmosphere. 

The percent of water was then determined and samples were 

made for every ten mole percent, from 0$ alumina and 100$ 

silica,to 100$ alumina and 0$ silica, as given in Table IV. 

The weighed amounts of silica and alumina were hand 

mixed very thoroughly and then ground together in a motor- 

driven agate mortar for two hours in order to obtain a 

homogeneous mixture. 

The alumina and silica for the second series of 

samples were prepared from aluminum isopropylate and 

ethyl silicate, respectively. To 50 grams of aluminum 

isopropylate 67.5 ml. of water and 50 ml. of ethyl alco¬ 

hol were added. This was allowed to set for six hours to 

insure complete hydrolyses of the aluminum isopropylate. 

The floe was then washed 15 times with distilled water, 

and finally, with redistilled water, and then allowed to 
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Table ZV. 

Mole $> 
SlOs 

Wt. fîlOg (corrected 
for HsO) 

Wt. AI2O3 (corrected 
for Hr*0) 

0 0.00 21.95 
10 2.52 20.65 
20 5.27 19.21 
30 8. 25 17.55 
40 11.56 15.80 
50 15.15 13.84 
60 19.21 11.69 
70 23.95 9.26 
80 28.75 6.55 
90 34.50 3.49 

100 40.80 0.00 
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dry at room temperature. The silica was made by the 

addition of 87 ml. of ethyl alcohol and 41.4 ml. of dis¬ 

tilled water to 34.5 ml. of ethyl silicate. About two weeks 

was aHowed for complete hydrolyses. The gel was then washed 

15 times with distilled water, and once with redistilled 

water. It was then allowed to air dry at room temperature. 

The alumina and silica were ground in a motor-driven 

agate mortar as before, allowed to come to equilibrium with 

the atmosphere, and the percent of water determined. The 

weights of alumina and silica as presented in Table V were 

then ground together in a machine mortar for two hours. 

Other samples were prepared with the amount of alumina 

less than 10 mole percent in the same manner as described 

above. These were ground various lengths of time, from a 

few minutes up to two hours. Samples were also made by 

mixing various amounts of alumina, silica and mullite 

mineral. 

Heating Samples; 

The alumina-silica sample s were heated in an'electric 

furnace from 80CP C to 140CP C for various lengths of time 

up to four hours. 

X-Ray Analysis: „ 

Samples were x-rayed using a General Electric type 



Table V. 

Mole £ 
sio2 

Wt. 8102 (corrected 
for HgO) 

Vt. Al203 (corrected 
for H<gO) 

0 0.000 2.300 
10 0.144 2.170 
20 0.301 2.012 
30 0.472 1.839 
40 0.649 1.653 
50 0.865 1.450 
60 1.096 1.225 
70 1.354 0.971 
80 1.643 0.674 
90 1.969 0.365 
100 2.340 0.000 
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apparatus and a lîorelco recording x-ray diffraction spec¬ 

trometer. Filtered Cr K* x-radiation was employed with 

the General Electric apparatus and Cu x-radiation with 

the Norelco. The Debye-Sherrer powder method (32) was used 

here, throughout. 
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DI SCU SSI ON 

A summary of the results obtained by heating the 

alumina-silica samples are presented in Table VI, while 

a number of the x-ray diffraction patterns are reproduced 

in Figures 13 to 16. 

The first series of alumina-silica samples prepared 

from inorganic salts of aluminum and silioon contained 

small amounts of sodium and ammonium salts as impurities. 

A number of investigators have demonstrated that the pres¬ 

ence of such ions as sodium can have a marked effect on 

oxide s such as alumina and silica. Smith and Beeck (51) 

have recently shown that activated T^-alumina impregnated 

with NaHO,j, dried, and heated for 6 hours at 1050° C is 

partially converted to /2-alumina. Previous studies in this 

laboratory by Milligan and Watt (47, 48, 54) have shown 

that the presence of sodium had an effect on the product 

obtained when Cr^Og and FegOg gels were heated at 400 

to 500° C. It was found that chromic oxide gels precipi¬ 

tated with NaOH and heated to temperatures of 400 to 500°C 

developed a new crystalline pattern in addition to the 

standard pattern of chromic oxide. Pure chromic oxide gel 

deliberately contaminated with about 1 percent sodium hy¬ 

droxide likewise exhibited this new pattern. It will be 
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recalled that Budnikov and Shmukler (41) demonstrated 

that mineralizers added to alumina-silica samples decreas¬ 

es the temperature of mullite formation by 100 to 200°C. 

Since these investigators have shown that the pres¬ 

ence of an impurity, such as sodium, might alter the re¬ 

sults obtained in the silica-alumina system, the second 

series of samples were prepared from organic salts of al¬ 

uminum and silicon. In this manner it was possible to 

minimize the effect of undesirable ions. 

Since the relative intensities of the diffraction 

lines is an indication of the amounts of alumina, oc-cris- 

tobalite, and mullite or sillimanite present, it may be 

concluded that the greatest amount of mullite or silliman¬ 

ite which is formed is in the samples between 30 and 50$’ 

silica. Figure 15 gives the diffraction lines for the . 

series of samples heated at 1300°C for 2 hours. The re¬ 

sults obtained here are typical of those obtained with 

samples heated to other temperatures. The relative in¬ 

tensities of the lines indicate that the amount of oC-cris- 

tobalite increases up to 50$ SiOg and then decreases until 

the sample at 100$ silica is amorphous to x-rays. The 

pattern of mullite or sillimanite is first present in the 

sample containing 20$ silica, from 30 to 50$ the amount 

of this material appears to remain constant and then de- 
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creases until these lines are absent in the 70silica 

sample. 

A close examination of the x-radiograms indicates that 

there is no solid solution formed between alumina and silica, 
j 

i.e. no gradual shifting of the diffraction lines from sam¬ 

ple to sample to produce the pattern of mullite. From these 

considerations, it can be concluded that only one compound 

of alumina and silica is probably formed. Considering again 

the fact that the amount of <>c-cristobalite appears to in¬ 

crease while the amount of the silica-alumina compound 

remains constant from 30 - 50^ silica, it is evident that 

the compound which is formed is probably mullite. 

A comparison of the results obtained from samples of 

alumina and silica prepared from inorganic salts with those 

prepaired from organic salts have indicated that the presence 

of the sodium ion has no marked effect on the materials form¬ 

ed upon heating these samples to high temperatures. However, 

it was found that the ammonium nitrate impurity found in the 

alumina decreased the crystallization temperature of oc-cris- 

tabolite. This was indicated since samples containing only 

a small amount of alumina heated to the same temperature as 

pure silica produced x-radiograms corresponding to oC-cristo- 

balite, while the pure silica gel remained amorphous. Sil¬ 

ica, deliberately contaminated with ammonium nitrate and 
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and heated to 1300°C, likewise produced an x-ray diffraction 

pattern of oc-cristohalite, wnile the diffraction pattern of 

pure silica heated to this temperature consisted of only 

one or two "broad hands. 
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Table VX. 

Composition 
ï 810 j> 

Temp. 
°0 

Time 
Heated 

Time 
Ground 

Result 

0-100 800 2 hr B. 2 brs. Amorphous 

0-100 1000 2 hr 8. 2 brs. Broad bands of alumina 
in low i» siOg 

0-100 1100 2 brs. 2 brs. <—Al2°3 + ^-Al2°3 
patterns In low i» Si02 

0 
10-70 

80-90 
100 

1200 2 hrs. 2 brs. «-AI2O3 
<-Al 20 3+ «-cri 8toball te 
mulllte or sillimanlte 

<-Alg03 -K-cri stobalite 
Amorphous 

0-100 1300 2 hr8. 2 brs. 8ame as 1200° C, except 
sharper lines and a 
greater amount of 
mulllte or sillimanlte 
formed. 

0-100 1300 4 brs. 2 brs. Same as 1200° G, still 
sharper lines and a 
greater amount of 
mulllte or sillimanlte 
formed. 

0-100 1400 2 brs. 2 brs. Same as 1300° C heated 
for 4 hour 8. 



SUMMARY 
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SU1ÛI ARY 

1. Samples of the silica-alumina system have been 

prepared from inorganic and organic salts of aluminum 

and silicon. 

2. The principal of x-ray analysis has been applied 

to determine the composition of silica-alumina samples 

heated from 800° to 1400°C. 

3. There are no indications of the formation of 

solid solution between alumina and silica in the temperature 

range investigated. 

4. From consideration of the relative intensities of 

the diffraction lines, it is concluded that the compound 

which is formed upon heating these samples is probably 

SAlgOg.SSiOg (mullite). 

5. From a comparison of the results obtained of 

samples prepared from inorganic salts with those prepared 

from organic salts, it was found that the presence of 

sodium does not alter the results obtained. 

6. The presence of ammonium nitrate impurity in 

silica gel causes the crystallization of oc-cristabolite 

at temperatures lower than the crystallization temperature 

of pure silica gel. 
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INTRODUCTION 

The aluminum stearates are probably the most numerous 

of the commercial aluminum soaps. They find considerable 

use in the manufacture of greases, paints, waterproofing 

materials, and as stabilizers for emulsions (59). It is 

surprising, therefore, that their composition is extremely 

obscure. The commercial aluminum stearates, which are 

prepared by an aqueous double decomposition process, vary 

so widely in composition among the various manufacturers 

that it is difficult to determine the exact compounds 

which are produced. 

Theoretically, the mono-, di-, and tri-stearates of 

aluminum are possible. However, it has been found that 

there is much confusion in the literature as to which, 

if any, of these aluminum soaps exist. 

Probably the first workers to thoroughly investigate 

the aluminum soaps were McBain and McClatchie (64). They 

prepared aluminum stearates, oleates, and palraitates in 

aqueous solutions and aluminum palmitates in 95$ alcohol, 

absolute methyl and ethyl alcohol to determine which of 

the aluminum soaps were produced. The concluded, from 

these experiments, that the trisoap does not exist, and 
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that aluminum soaps are commonly mixtures of uncombined 

free fatty acid with either a monobasic or mixture of 

mono- and dibasic soaps. 

Eigenberger and Eigenberger-Bittner (58) examined 

soaps prepared by both aqueous and non-aqueous precipitation 

methods, and concluded that in both cases the primary pro¬ 

duct contained 11/4 fatty acid groups per aluminum atom, 

and proposed the following structure of aluminum stear¬ 

ate • 

St 
I 

A1 - 
I 
St 

St St St St St St st 
1 1 I I » II 

0-A1- O-Al- 0-A1-0-A1-0 -A1 - 0 - A1 - 0 -A1 

l 
St 

These workers also reported that in the case of aque¬ 

ous precipitation that a true aluminum stearate and a 

pseudo aluminum stearate were formed, where the pseudo gel 

results from previously formed aluminum hydroxide and stear¬ 

ic acid. Upon hydrolysis of true aluminum stearate there 

is formed tbs salt given above, while the hydrolysis of 

the pseudo aluminum stearate forms more or less unstable 

additional products of stearic acid and various hydrates 

of alumina. 

Lawrence (61) observed that the distillation of alum¬ 

inum isoprohylate with 3 moles of stearic acid yielded 

3 moles of alcohol, therefore he believes that the trisoap 
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existe. He also concluded that the mono- and disoaps 

exist. 

In private communication to Gray and Alexander (60), 

Edwards concluded that no compound formation of aluminum 

stearate occured in aqueous solution. He studied the pre¬ 

cipitation of aluminum hydroxide alone, and in the presence 

of molten stearic acid, and found that stearic acid pro¬ 

duced no effect on the pH changes during the precipitation 

of aluminum hydroxide. It was for this reason that he be¬ 

lieves that no compound formation occurs in aqueous solu¬ 

tion, but that the precipitate so obtained is merely an ad¬ 

sorption complex of stearic acid on hydrated alumina. 

Ross and McBain (69) employed x-ray diffraction meth¬ 

ods for the study of aluminum laurate in aqueous solutions, 

and concluded from their data that both the mono- and di- 

laurate exist as definite chemical individuals. 

Mysels and co-workers (57, 62, 63, 67, 68, 70) have 

made fairly extensive studies of aluminum soaps by a num¬ 

ber of methods. They have reported that aluminum distear¬ 

ate and di laurate di finitely exist, and the existance of 

trisoaps remains unproven and improbable. These workers 

have also reported that the aluminum di soaps are relatively 

pure solids whose structures vary from amorphous to crystal- 

line, and that traces of moisture in solvents used for 
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extracting the free acid causes hydrolysis of the soap. 

However, they have also reported that by x-ray examina¬ 

tions the adsorption of water is a purely surface attach¬ 

ment, since it has no effect on the x—ray diffraction 

patterns. 

In a recent article, McGee (65) has discussed the 

existance of mono-, di-, and tri-soaps. He reported that 

he had prepared mono-soaps by refluxing di-soaps in hot 

methanol and by the direct reaction of washed aluminum 

hydroxide and fatty acid in hot methanol. He also reported 

that aluminum dilaurate could be prepared from the mono- 

laurate by prolonged refluxing with an excess lauric acid 

in acetone. He said that the mono- and di-soaps are 

polymers in which the repeating units are alumina octehe- 

dral joined by sharing edges, with carboxyl groups opcupy- 

ing the remaining positions. McGee was unable to isolate 

the tri-soap; however, he stated that it may be formed, but 

would probably be soluble in the extracting agent used for 

removing the free fatty acid, and thereby be impossible 

to isolate. 

From measurements of the heat of reaction, measured 

as a function of fatty acid added to aluminum alkoxides 

under anhydrous conditions, Gray and Alexander (60) have 

shown that not more than 2 moles of fatty acid combine per 
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aluminum atom. These results were then confirmed by 

analysis for aluminum and fatty acid in soap which was 

free of uncombined fatty acid. Gray and Alexander, from 

a consideration of their results, and those of Edwards, 

stated that it was unlikely that true compound formation 

occurs in aqueous solution. They said, however, since 

dried commercial aluminum soaps have the same properties 

as those prepared in non-aqueous solutions, and gave a con¬ 

stant fatty acid-aluminum ratio when extracted with cold 

dry dioxane, that combination between the adsorbed fatty 

acid and the alumina must take place during the drying 

pro ce ss. 

McRoberts and Schuman (66) have found that the product 

obtained by reacting sodium laurate with aluminum sulfate 

in aqueous solution is not soluble in hydrocarbons, there¬ 

fore, they say it cannot be a true aluminum soap. Further, 

they found that it was impossible to obtain quantitative 

results with a soap prepared in an aqueous solution, but 

that quantitative reproducible results could be obtained 

when aluminum soaps were prepared by the interaction of 

aluminum alkoxide and fatty acid. The following structure 

was proposed by Schuman, and McRoberts for the aluminum 

fatty acid-monoalcoholate: 
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The investigation described below was made to determine 

by x-ray analysis the nature of aluminum stearate precipi¬ 

tated from both aqueous and non-aqueous solutions. Soaps 

prepared in aqueous solution and those prepared in non- 

aqueous solution, but allowed to come in contact with water, 

were examined for the presence of any of the known forms of 

alumina 
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EXPERIMENTAL 

Titration Curves: 

Titration curves for the reaction between sodium 

aluminate and stearic acid were obtained in the following 

manner: A stearic acid solution (0.05 M) was prepared by 

dissolving 7.12 grams of c. p. stearic acid in 500 ml. 

of absolute alsohol. A 0.05 M solution of sodium aluminate 

was made by dissolving 4.10 grams of sodium aluminate in a 

liter of distilled water to which 5 ml. of 1.8 M NaOH solu¬ 

tion had been added to prevent the precipitation of alumina. 

Two preliminary runs were made to obtain qualitatively 

the shape of the pH curve. The first run was made by ti¬ 

trating 5 ml. of sodium aluminate with stearic acid, while 

the second was made by titrating 10 ml. of stearic acid 

with sodium aluminate. The pH of the solution was determined 

with a glass electrode apparatus. Since the reaction between 

stearic acid and sodium aluminate results in the formation 

of a gel after a small amount of either of the reactants 

has been added to a fixed amount of the other, a local 

high concentration results when subsequent amounts of the 

reactant is added. In order to obtain more accurate re¬ 

sults, various amounts of stearic acid were added to 10 

ml. of sodium aluminate by a quick mixing technique, and 



51 

the pH value of each sample determined. The pH curve BO 

obtained is given in Figure 17. These samples were then 

washed with distilled water, and finally, with sbsolute 

alcohol, and allowed to air dry at room temperature. 

Aluminum Stearate Prepared from Sodium Stearate: 

A sample of aluminum stearate was also made in aqueous 

solution by the addition of aluminum chloride solution to 

a freshly prepared solution of sodium stearate. The sodium 

stearate had previously been prepared from sodium hydroxide 

and stearic acid, washed, and dried. After allowing suffi¬ 

cient time for the aluminum chloride and sodium stearate to 

react, the gel was placed in a Soxhlet extractor, and the 

excess reactants extracted with absolute alcohol. It was 

then allowed to air dry at room temperature. 

Aluminum Stearate Prepared in Non-Aqueous Solutions: 

Aluminum stearate formed in non-aqueous solutions 

were prepared by placing c.p. aluminum isopropylate, 

stearic acid, dried over CaClg» benzene, dried over sodium, 

and several flasks in a large metal box equipped with rub¬ 

ber gloves, sealed, and dry air allowed to pass through the 

box for several hours. A portion of aluminum isopropylate 

was then dissolved in about 20 ml. of benzene, filtered, 

and stearic acid added in excess. The sample was then 
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removed from the dry box and the benzene evaporated by 

either warming over a water bath or by passing dry air 

over the gel. The dried gel was then transferred quickly 

to a dry Soxhlet extractor, and the free stearic acid re¬ 

moved with dioxane dried over sodium or with absolute 

alcohol. Dry air was then passed over the extracted 

soap until all the dioxane or alcohol had been removed. 

Aging samples at 150°C. 

Several samples prepared in both aqueous and non- 

aqueous solutions were placed in pyrex tubes, sealed, 

and heated to 150° C for several hours. After cooling, 

the tubes were broken and the samples washed with dis¬ 

tilled water or dry dioxane. These were then allowed to 

dry at room temperature. 

Commercial Aluminum Stearate: 

A number of commercially prepared aluminum stear¬ 

ates were examined by x-ray diffraction for comparison 

with samples prepared as described above. 

X-Ray Analysis: 

X-ray diffraction patterns of the samples obtained 

as described above were made in a General Electric x-ray 

diffraction apparatus using filtered Cu K* and Cr 

x-radiation 
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DISCUSSION 

The pH curve (Figure 17 ) which has been obtained by 

the titration of sodium aluminate by stearic acid is of the 

usual form for titrations of this kind. This curve con¬ 

tains an inflection point at a ratio of about 1.5 moles of 

stearic acid per aluminum atom. However, the x~radiograms 

of the samples from which the points of the curve were de¬ 

termined did not have any lines which could be contributed 

to any of the reported patterns of aluminum stearate. The 

only diffraction lines which were obtained were those of 

stearic acid. This indicates, then, that if any compound 

does form, it is either an amorphous material or the crys¬ 

tals are too small to be detected by x-rays. All of these 

films were carefully examined to determine if there were 

any diffraction lines which would indicate the formation 

of some form of alumina. There was no indication of this 

in any of these samples, therefore, if there is any alumina 

or hydrated alumina formed, it too must be an amorphous 

form or consist of crystals too snail to be detected by 

x-rays. 

The only sample prepared in an aqueous solution which 

produced an x-radiogram similar to a reported pattern for 

aluminum stearate was made from sodium stearate by the 
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addition of aluminum chloride. The epacings obtained from 

this sample are almost identical "with those reported by 

Mysels and co-workers (63) for the material they desig¬ 

nated as type B0 aluminum distearate. This data is pre- 

sented in Table VII. since commercial aluminum stearates 

are prepared by this same double decomposition process, 

a number of these were examined by x-ray diffraction methods. 

It was found that the x-radiograms of all the commercial 

aluminum stearates had the same spacings, differing only 

in the intensity and sharpness of the lines. These spac- 

ings were also the same as those of Mysels and co-workers 

for aluminum di stearate. 

Aluminum stearate made in non-aqueous solutions pro¬ 

duced x-radiograms which indicated that the material was 

either amorphous or that the crystal size was too small to 

be detected by x-rays. Attempts were made to either 

change the amorphous material into a crystalline one or 

to increase the size of the crystals by heating these sam¬ 

ples in sealed tubes, but thus far no positive results 

have been obtained. 

Samples of aluminum stearate prepared in aqueous 

solutions, which were heated in the mother liquor in sealed 

tubes, yielded x-ray diffraction patterns of T^-Al^Og.HgO. 

This indicates that under these conditions the aluminum 
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Table VII. 

Aluminum Distearate Aluminum Stearate Prepared 
Mysels and ooworkers from Sodium Stearate 

Long Spacing* Short Ppaoings Long Spacing* Short Spacing 
Intensity d/n Intensity d/n 

40.0 U 7.S 40.3 M 7.73 
M 7.44 
S 4.65 If 4.62 
M 4.20 V? 4.22 
S 3.65 M 3.65 
M 3.60 

*Averaged from first, second, and third orders 
of long spacing. 
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stearate hydrolyzes to produce this form of alumina, or 

that very small crystals of this material which were al¬ 

ready present, grew to such a size that they could he 

detected hy x-rays. Edwards, in his communication with 

Gray and Alexander (60), pointed out that no compound for¬ 

mation could occur between aluminum and stearic acid in 

aqueous solution, hut that the substance formed under 

these conditions is an adsorption complex of fatty acid 

on alumina. This result was also verified hy Gray and 

Alexander (60), and hy McRoberts and Shuman (66). From 

a consideration of this, and the fact that Y-AlgOg.HgO 

was detected hy x-rays after heating aluminum stearate 

from an aqueous solution, it is probable that this form 

of alumina was present before heating, hut existed as very 

small crystals. 

It is impossible to draw any definite conclusions 

from the experiments which have been conducted thus far as 

to which of the aluminum soaps are formed. However, it has 

been found that aluminum soaps prepared in aqueous solutions 

are probably adsorption complexes of stearic acid on very 

small crystals of T^-AlgOs.HgO or amorphous alumina. 
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SUML1ARY 

1. Attempts were made to prepare aluminum stearate 

in both aqueous and non-aqueous solutions. 

2. A pH curve for the reaction between sodium alumi- 

nate and stearic acid contains an inflection point at a 

ratio of about 1.5 moles of stearic acid per aluminum atom. 

The samples which were used to determine the pH curve, 

however, were amorphous to x-rays. 

3. Aluminum stearates made in non-aqueous solution 

produced x-radiograms which indicated that the material 

was amorphous, or that the crystal size was too small to 

be detected by x-rays. 

4. An examination of the x-radiograms of samples 

prepared in both aqueous and non-aqueous solutions was 

made for the presence of any of the known forms of alumina. 

There was no indication of any alumina in the unaged sam- 
* 

pie s. 

5. Aluminum stearate precipitated in aqueous solution 

and aged at 150°C yields a diffraction pattern indicating 

the presence of V^AlgOg.HgO. From a consideration of this, 

and of wo* k done by other investigators (60, 66), it is 

probable that aluminum stearate precipitated in aqueous 
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solution is an adsorption complex of stearic acid or 

small crystals of V^-AlgC^.HgO. 
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