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INTRODUCTION 



INTRODUCTION 

Chemical phenomena involving solids have.been, 

up until the past two decades, neglected as compared 

to the chemistry pertaining to liquids and gases* 

Red vail (l) summed up the cause of this overall neglect 

of chemistry of the solid state with the quotation 

rtcorpora non agunt nisi fluids”* Disregarding the moaning 

of this quotation men of science such as Hedvall (l) 

and vanTt Hoff (2) have done much to advance the field 

Of solid state chemistry* The interest aroused by those 

early workers has boon kept alive by the demands of 

modern civilisation* Today, chemistry of the solid state 

answers many questions arising in the manufacture of 

plastics, ceramics, pigments and many other solid materials 

The eai'ly chemical studios of solids were made 

strictly from a chemical standpoint, by the use of tools 

then known, namely, boats of fusion, heats of reaction, 

and molting points* In 1S90 vanTt Hoff (3) reported the 

phenomenon of solid solution formation* Since then a 

groat cjmount of work has been done on a lsr|ge'number of 

oride systems in which solid solution and inter-osidc 

compound formation wore closely studied* Some of the 

results from these earlier studies were confirmed by 

Natta and Passorini (3) in 1929 with the use of s-ray 

analysis* The phenomenon of mutual protection against 
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crystallization probably was not clearly recognized by 

these earlier workers. However, in the past few years 

it has been closely studied in. such systems as NiO- 

A1203 (4), Fe203-Cr203 (5), and Al203-Sn02 (6). 

A number of three component oxide systems have 

been studied. The systems Zr02-Th02-Ca0, Zr02-Th02-Mg0, 

Zr02-Be0-Ca0, and Zr02-Be0-Ce02 (7) v;ere heated to a high 

temperature level and studied from a refractory standpoint. 

In 1947, W.O,Milligan and L.M.Watt (B) made a study of the 

ternary system NiO-Ci^O-j-ZrC^. In this study the system 

wa.3, heated to 500°C. and examined by x-ray analysis. Solid 

solution formation and mutual protective action were ob¬ 

served. However, the effect of inorganic impurities on the 

behavior of their system was not investigated. 

In this present investigation the system A120^- 

SnO2-Ti02 was prepared in such a manner as to minimize 

any question which might arise from the effect of inorganic 

impurities on the system. Sixty-six gels corresponding to 

every ten mole per cent in the ternary system were simulta¬ 

neously precipitated by the addition of an excess of water 

to a mixture of alcoholic solutions of the appropriate 

amounts of aluminum, stannic and titanium alcoholates. The 

gels were washed free of excess alcohol, heat-treated for 

two-hour periods at temperature levels of 400°C., 600°C., 

and BOO°C. and examined by standard x-ray diffraction 

methods. 
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EXPERIMENTAL 

I, Preparation of Samples 

Sixty-six gels were prepared corresponding to 

every ten mole per cent in the ternary system A^O^-SnC^- 

Ti02» Alcoholic solutions of aluminum, stannic and 

titanium alcoholates were mixed in a rapid mixing appara¬ 

tus (9) from self-filling enclosed burettes. The rapid 

mixing apparatus v/as attached to the burettes by means of 

a rubber stopper during the mixing of the alcoholate 

solutions. In this manner exposure of the alcoholate 

solutions to the atmospheric humidity was minimized. Ten 

milliliters of water was added to each sample in the 

rapid mixing apparatus and then shaken violently, allowing 

the water to hydrolyze the alcoholates simultaneously. 

The oxide mixtures were then washed into a Buchner type 

filter with two hundred millileters of water. Acetone was 

then used to wash the samples in order to remove any 

organic impurities which'might be present. Finally, the 

samples were washed several.times'with water and air 

dried until no odor of acetone or alcohol could be 

detected. 

The alcoholates used v/ere aluminum isopropylate, 

stannic ethylate, and titanium ethylate. Aluminum isopro¬ 

pylate and titanium ethylate were readily available from 

commercial sources. The stannic ethylate was prepared in 

this laboratory by the method of Theissen and Koerner (10). 
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Each alcoholato was dissolved in absolute ethyl alcohol 

and diluted to concentrations corresponding to 0.0631 

grams per ml. of A^O^, G.O2363 grams per ml. of Sn02 

and O.O6563 grams per ml. of TiOg* These concentrations 

were determined by taking five milliliter samples of 

each solution, hydrolysing-with water, evaporating the 

alcohol and water to dryness, and then igniting the 

oxide for one hour at 1000°C. and weighing. 

Each sample was calculated to give 1;5 grams 

of oxide. The following calculations along with Table I 

illustrate the composition of the system A^O-j-SnC^-TiC^. 

X ♦ T ♦ Z a 1,5 

- 1.5 FA --1*5 QB z s ___1.5 RG 
PA 4- QB + RC PA + QB + IiG 

where 

X ~ VJQight of A^O^ 

Y “.weight of Sn(>2 

Z ss weight of Ti02 

P = mole fraction of A^O^ 

Q •=: mole fraction of SnOg 

R ss mole fraction of TiCL 
2 

A = Mole-weight' of AlgO^ 

B =r Mole weight of SnC>2 

C ss Mole we ight of T1G2 
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II* X-Rav Analysis of System Heated, at 400°C» 

Separate portions of each of the above 

described samples were ground in an agate mortar and 

heated for two hour periods at 400°C., in a thermos¬ 

tatically controlled eleotric furnace under an inert 

atmosphere of nitrogen* X-Ray diffraction patterns were 

obtained by standard methods using copper K°c radiation 

employing a nlckle beta filter. Some of the results 

of this extensive x-ray diffraction study of the 

system are illustrated in Figure 1. Because of the ton 

mole per cant intervals between successive samples and 

the difficulty in distinguishing between x-radiograms 

of "amorphous” and "nearly amorphous" substances, the 

areas shown in Figures i,B and 3 are not necessarily 

as clearly defined as the figures suggest«. 

At the temperature level of 4G0°C* the x- 

radiogroms of alumina consisted of broad btmds corres¬ 

ponding to the jr-Alg6g pattern* Area A illustrates the 

composition of the system where only the fS»AlgOg 

patterns were detected* Both stannic oxide and tl tarda 

exhibited mutual protective action with the alumina. 

However, stannic oxide inhibited the crystallisation 

of alumina more than it did the titania* 

Area B corresponded to the samples which were 

amorphous to x-rays. In this region y^-AlgO*, inhibited 

the degree of crystallisation of anatase much more than 
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it did the stannic oxide* When stannic oxide was 

mixed with approximately equimolar amounts of titania 

and alumina, crystallinity occured; whereas, stannic 

oxide mixed with only 30$ alumina did not crystallize* 

Area £ consisted of samples*Which gave x-ray 

patterns corresponding to the anatase form of titania* 

It was observed that as little as 10$ stannic oxide 

favored the rutile form of titania and at the approximate 

composition of 35$ titania and 15$ stannic oxide the 

anatase pattern disappeared and the stannic oxide or 

rutile pattern appeared. Alumina greatly inhibited 

the crystallization of anatase in as much as no bands 

of anatase or Y'-AlgO-j could be detected at a compos¬ 

ition of 90$ titania and 10$ aluigina. 

The samples corresponding to the compositions 

illustrated in Area D gave the stannic oxide pattern. 

It was observed that the composition of 90$ stannic 

oxide and 10$ titania had a tendency to be amorphous} 

whereas, throughout phe remaining area the patterns 

of stannic oxide were comparatively sharp. In the area 

corresponding to the range of composition of 10$ 

titania and 90$ stannic oxide to approximately 30$ 

titania and 20$ stannic oxide slightly shifted diffrac¬ 

tion lines of stannic oxide were found. This indicated 

the possible formation of a solid solution of titania 

and stannic oxide. It was noted that the Sn02«Ti02 system 
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possessed properties similar to the dual-oxide systems 

investigated by Passerini (11) in which he reported 

solid solution formation. This phenomenon was further 

investigated and will be described in a later section 

in this paper. 
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III. X-Rav Analysis of System Heated at 600°C> 

Portions of each sample were treated the same 

as in the 400°C. case with the exception of being heated 

to 600°C* An x-ray examination was made on the entire 

set of sixty-six samples and some of the results are 

illustrated in Figure 2. 

It was found that Area A had increased 

slightly on further heating. The y -AlgOj patterns were 

much sharper and no lines of stannic oxide or titania 

were detected superimposed in the |^-A1203 P
atterns* 

Area B, the amorphous area, had decreased 

considerably with increased heating. Alumina exerted 

a greater influence on the crystallization of titania 

than it did on the crystallization of stannic oxide. 

Approximately equimolar amounts of stannic oxide, 

titania, and alumina crystallized as readily as the 

dual-oxide composition of 30$ alumina and 70$ stannic 

oxide. These results differ greatly from the results 

obtained from the 400°C. heat treatment. 

Area C, corres^pnding to the anatase form of 

titania, became considerably larger on increased heating 

at the expense of the amorphous area: In this case, 
♦ 

the influence exerted on the crystallisation of anatase 

by alumina was markedly different than in the 400°C. 

case. The alumina did not inhibit the crystallization 

of anatase appreciably until a composition of approx- 
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imately #0$ titania and 20$...alumina was reached. The 

transition point between the anatase pattern and the 

rutile or stannic oxide pattern remained essentially 

unchanged on increased heating. 

Area D became larger on increased heating 

and the same mutual protection which was observed 

earlier at the composition of 90% titania and 10$ 
stannic oxide was noted. The stannic oxide pattern 

clearly indicated a shift in lattice constants in the 

composition range of 90$ titania and 10$ stannic oxide 

to 90$ stannic oxide and 10$ titania; 

An interesting phenomenon was observed in 

Area D with respect to the dual-oxide system AI2O3- 

TiOg. When 10$ alumina was added to 90$ stannic oxide 

only weak, broad bands of stannic oxide were detected; 

however, superimposed in the broad bands were spots 

which indicated the presence of larger crystals of 

, stannic oxide. The appearance of these larger crystals 

mixed with the smaller crystals of stannic oxide was 

observed throughout the range of composition of 90$ 

stannic oxide and 10$ alumina to 70$ stannic oxide, 

and 30$ alumina, A further study of this phenomenon 

and the formation of the solid solution of TiOg-SnC^ 

was made after h^t-treatraent at 800°C, 
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IV. X-Ray Analysis of System Heated at &00°C. 

The system was treated analgously to the 400°C. 

heating with the exception of being heated to S00°C, for 

two hours. An x-ray examination of the system was made 

and some of the results are illustrated in Figure 3* 

On heating to #G0°C. the area corresponding 
* 

to gamma-alumina had become smaller with the gammd.- 

alumina patterns becoming much sharper. However, gamma-' 
• t ^ . 

alumina bands were observed superimposed with rutile 

bands throughout the range of composition;, from approx- 

imately 25$ titania and 75$ alumina to 45$ titania 

and 55$ alumina. Ho mixed patterns of gamoftalumina 

and stannic oxide were detected. 

At 900°C. the anatase form of pure titania 

is transformed to the rutile form which is isomorphous 
v- 

with stannic oxide. In the area corresponding to rutile 
*. I {" 

4 > anatase (II), mixed patterns of rutile and anatase 

were observed. Gammfcaluraina apparently exerted enough 

influence on the titania to sta^ijLize the anatase form 

to a greater extent than was indicated in the pure 

titania, even though the strongest line of anatase was 

present in the pure titania sample. This and the poss¬ 

ible formation of a compound is elaborated on further 

in the discussion of Table III. . 

The area corresponding to rutile can be sub¬ 

divided into four areas: (I) the area corresponding to 
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the mixed patterns of ganuRfralumina and rutile, 

(II) the area corresponding to the mixed patterns of 

anatase and rutilej (III) the area corresponding to the 

pure rutile pattern, and (IV) the area corresponding to 

the mixed isomorphous patterns of stannic oxide and 

rutile* It was noted that in area (III) the rutile 

form of titania was greatly favored by the presence of 

small amounts of stannic oxide* 

The area corresponding to the samples which 

have the stannic oxide pattern had greatly increased on 

heating and was interrupted by two small sonos of comp¬ 

osition in which the samples were essentially amorphous 

to x-rays* The amorphous areas and the solid solution 

phenomenon are discussed along with Tables IV and V* 

Table III and Figure 5. illustrate the dual¬ 

oxide system SnOg-TK^*' The compositions titania 

and 20% stannic oxide, and 70% titania and 30% stannic 

oxide gave mixed patterns of stannic oxide and rutile* 

At compositions 60% titania and 40% stannic oxide,and 

50% titania and 50% stannic oxide mutual protection was 

at a maximum* These patterns were broad bands corres¬ 

ponding to the stannic oxide pattern* Mutual protection 

was not observed again until a composition of 90% stannic 

oxide was reached* 

In the range of composition from 60% titania 

and 40% stannic oxide to 10% titania and 90% stannic 
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oxide solid solution liras found which gave an x-ray 

pattern corresponding to the stannic oxide structure. 

Rutile and stannic oxide are isomorphous structures 

which crystallise in the tetragonal form. Figure 4 

illustrates the lattice constants plotted against the 

composition of the solid solution. In determining these 

lattice constants Cohen’s (12) method was used which 

employs the principle of least squares. The normal 

equations for the tetragonal system are as follows: 

"+ cz:°cr +- s- = 2Z°C 

/?2l<=cr + cZ.rJ'+ rz = 

ch - /O'3^\Z,0 . v-. X 
©C = + K *" 

where A^ 

Table II illustrates a sample calculation made on the 

dual-oxide sample of 80$ stannic oxide and 20$ titania. 

The dotted portion of Figure 4 illustrates 

how one would expect the curves to appear if the dual¬ 

oxide system Sn02-Ti02 was completely miscible through¬ 

out its entire range of composition. However, at a 

composition of approximately 4)0$ stannic oxide and 60$ 

titania, two phases appear with x-ray patterns corres¬ 

ponding to the (Ti02-Sn02) pattern and the pure rutile 

pattern. In Table III the x-ray patterns corresponding 

to the solid solution are identified by the symbol 

(Ti02-Sn02). 
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Table IV and Figure 6 illustrate the dual¬ 

oxide system AlgOj-TiOg* in which two zones of mutual 

protection were observed (6). The first zone detected was 

in the range of composition from 30$ alumina and 20$ 

titania to 50$ alumina and 50$ titania. The second zone 

of mutual protection was noted at the composition 

of 20$ alumina and 30$ titania* 

It was observed that x-ray patterns of 40$ 

alumina and 60$ titania, and 30$ alumina and 70$ titania 

consisted of lines of rutile and anatase plus some extra 

lines of unknown origin. These two samples were later 

heated to 1400°C. for two hours under nitrogen. On further 

heating the anatase-tutile mixed pattern disappeared 

and no cC-AlgO^ lines were detected. However, a sharp 

pattern of the unknown compound was found which is not 

listed in the A.S.T.M. x-ray index file. Identification . 

of this new phase must await further studies. 

An illustration of the dual-oxide system AlgOj- 

Sn02 is given in Table V and Figure 7* A study of this 

system was made earlier by Weiser, Milligan and Mills (6). 

Their system was prepared from inorganic salts and heated 

to 565°C. It was noted in the system prepared from the 

metallic alcoholates and heated to 600°C. only one amor¬ 

phous zone, which occured between the approximate compos¬ 

itions 35$ alumina and 15$ stannic oxide, and 35$ alumina 

and 65$ stannic oxide, was detected. On increased heating 
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to 300°C, the oxide system prepared from the alcohol- 

ates behaved very similar to the system described by . 

Weiser, Milligan and Mills in that two zones of maximum 

mutual protection were detected. One zone occured at 

the composition of 40$ alumina and 60$ stannic oxide 

and the other zone occured at the composition of 

alumina and 20$ stannic oxide. 

It was noted that when the oxides were 

prepared from their metallic alcoholates two stannic 

oxide crystal sizes were detected at the compositions 

10$ alumina and 90$ stannic oxide, 20$ alumina and 

80$ stannic oxide, and 30$ alumina and 70$ stannic 

oxide. The sample, 20$ alumina and SO$ stannic oxide, 

contained the maximum amount of the larger type crystals, 

indicating that 20$ alumina has a markedly enhancing 

effect on the growth of larger stannic oxide crystals. 

This phenomenon was not reported by Weiser, Milligan 

and Mills, 

It has been shown (13) (14) that it is 

possible for the hydrous oxide of one metal in colloidal 

solution to act as a protecting colloid for the hydrous 

oxide of a second metal. This phenomenon may occur in the 

solid state when a binary or ternary oxide system is 

prepared by the coprecipitation of the oxides involved. 

In this case, protective action is not to prevent the 

precipitation of the colloid, but to prevent the growth 



of crystals. It was suggested by reiser, Mill;i*;ari•‘arid:*:*• : 

Mills (6) that if ox.ide A is adsorbed by oxide B, it 

may inhibit the crystallisation of B; and if oxide B 

is adsorbed by oxide A, it may inhibit the crystallisa¬ 

tion of A. They further suggested that two zones of 

maximum mutual protection may occur, one zone where 

oxide A is in excess and the other zone where oxide B 

is in excess. Three zones of maximum crystallinity may 

also occur, one in which oxide A is in large excess, 

one in which oxide B is in large excess, and one in 

which A and B are present in proportionately large 

amounts. In each of the three binary oxide systems 

described above two zones of maximum mutual protection 

were observed. Each of these maximum mutual protective 

zones were bordered by zones in which maximum crystall- 

o 
ization occured. However, after heat-treating to 400 C. 

and 600°C. the zones of mutual protection were not 

clearly defined in the systemsAlgO^-SnC^ and Al20^-Ti02> 

whereas in the Sn02-Ti02 system the zones.of mutual 

protection were clearly indicated after the 600°C.heat- 

treatment. From the above results it can be concluded 

that the suggestion of Weiser, ?4illigan and Mills holds 

true for dual-oxide systems heat-treated within a 

specified temperature range. 
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Sixty-six gels corresponding to every ten 

mole per cent in the ternary system AlgO^-SnC^-TiC^ 

were simultaneously precipitated by the addition of an 

excess of water to mixtures of alcoholic solutions to 

the appropriate amounts of aluminum, stannic, and 

titanium alcoholates,. The gels were washed free of 

excess alcohol, heat-treated for two-hour periods at 

temperature levels of 400°C., 600°C,, and 800°G., and 

examined by standard x-ray diffraction methods* 

In the ternary diagram corresponding to heat- 

treatment at 400 C,<, four principle composition regions 

were observed. At the vertices of the diagram the x- 

radiograms of J^-A^O-j, SnOg, and anatase were observed, 

respectively. A large area of the ternary diagram 

corresponded to ’’amorphous” type x-radiograms. The comp¬ 

osition region high in SnOg and internediate amounts 

of TiC>2 yielded x-radiograras consisting of extremely 

broad bands, characteristic of the isomorphous Sn02~Ti02 

structure. At the 600°C. temperature level the "crystal-,*: 

line" regions increased in area at the expense of the 

"amorphous” region. At the 600°C. temperature level the 

same trend continued and two very small amorphous areas 

remained. In the high titania region, mixtures of anatase 

and rutile were encountered, as well as mixtures of 

rutile and SnC^. On the Ti02-Sn02 leg of the ternary 



17 

diggrara, definite evidence of solid solution was 

observed* 

The phenomenon of mutual protective action 

against crystallization, previously observed in this 

laboratory, occurs at all temperature levels, and was 

especially evident in the AljCySnO;, leg in which two 

zones of mutual protection wbre observed at the 300°C. 

temperature level in confirmation of earlier results 

obtained for AlgO^-SnOg gels prepared from inorganic 

reagents. 

In the system AlgO^-TiOg, some extra diff¬ 

raction lines were observed at the SOO°C. temperature 

level, which became more prominent at 1400°C., and 

suggest the possibility of compound formation. 
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TABLE I 

Composition of Gels in the System A^O^-SnOg-TiOg 

Sample Sample Composition Sample Sample Composition 

2 Number AI2O3 Sn02 TI°2 Number AI203 Sn02 TiC 

1 100 0 0 34 50 10 40 
2 90 0 10 35 40 10 50 
3 80 0 20 36 30 10 60 
4 70 0 30 37 20 10 70 
5 60 0 40 32 10 10 80 
6 50 0 50 39 10 20 70 
7 40 . 0 60 40 10 30 60 
3 30 0 70 41 10 40 50 
9 20 0 80 42 10 50 40 

10 10 0 90 43 10 60 30 
11 0 0 100 44 10 70 20 
12 0 10 90 45 10 80 10 
13 • 0 20 80 46 20 70 10 
14 0 30 70 47 30 60 10 
15 0 h 40 60 42 40 50 10 
16 0 50 50 49 50 40 10 
17 0 60 40 50 60 30 10 
18 0 . 70 30 51 70 20 10 
19 0 80 20 52 60 20 20 
20 0 90 10 53 50 20 30 
21 0 100 0 54. 40 20 40 
22 10 90 0 55 30 20 50 
23 20 80 0 56 20 20 60 
24 30 70 0 57 20 30 50 
25 40 60 0 52 20 40 40 
26 50 50 0 59 20 50 30 
27 60 40 0 60 20 60 20 
28 70 30 0 61 30 50 20 
29 80 20 0 62 40 40 20 
30 90 10 0 63 50 30 20 
31 80 10 10 64 40 30 30 
32 70 10 20 65 30 30 40 
33 60 10 30 66 30 40 30 



TABLE II 

hkl OC r Sin20(obs) Sin29(cs .1) ASin20 

110 2 0 2.016 0.0534 0.0536 +0.0004 

101 1 1 3.165 0.0667 0.0666 +0.0001 

200 4 0 3.632 0.1076 0.1076 0.0000 

111 2 1 4.022 0.1139 0.1137 -0.0002 

211 5 1 6.250 0.1939 0.1944 +0.0005 

220 6 0 6.754 0.2150 0.2152 +0.0002 

002 0 4 7.260 0.2396 0.2396 0.0000 

310 10 0 7.654 0.2693 0.2690 -0.0003 

112 2 4 6.265 0.2929 0.2934 +0.0005 

301 9 1 6.431 0.3033 0.3019 -0.0004 

202 4 4 9.063 0.3474 0.3471 -0.0003 

321 13 1 9.671 0.4094 0.4096 +0.0002 

400 16 0 9.609 0.4304 0.4304 0.0000 

222 a 4 9.916 0.4549 0.4547 -0.0002 

330 16 0 9.966 0.4640 0.4642 +0.0002 

132 10 4 9.996 0.5066 0.5066 0.0000 

411 17 1 9.966 0.5174 0.5172 -0.0002 

420 20 0 9.944 0^5377 0.5360 +0.0003 

AQ = 0.02692 CQ = 0.05996 

a0 = 4.696 c0 = 3.146 



TABLE III 

Titania-Stannic Oxide Gels 

Composition 

no2 

in Mole 

Sn°2 

Per cent Results of X-Ray Examin¬ 
ation (Gels heated 2 hrs. 
at 800°C.) 

100 0 Standard rutile plus the 
strongest band of anatase 

90 10 Rutile, sharp bands 

80 20 Rutile, fairly sharp plus 
faint bands of Sn02 

70 30 Rutile and Sn02 faint broad 
bands superimposed 

60 40 (Ti02**Sn02) faint broad bands 

50 50 (Ti02~Sn02) faint broad bands 

40 60 (Ti02“Sn02) fairly sharp bands 

30 70 (Ti02-Sn02) sharper bands 

20 80 (Ti02-Sn02) sharp bands 

10 90 (Ti02-Sn02) weaker broad bands 

0 100 Standard Sn02 



TABLE IV 

Alurairia-T’itania Gels 

Composition 

AI2O3 

in Mole 

Ti02 

Percent Results of X-Ray Examin¬ 
ation (Gels Heated 2 hrs. 
at 800°C.) 

100 0 Standard T-Al^O^ 

90 10 T -AlgO^, faint, broad bands 

80 20 T -A^O^, faint, broad bands 

70 30 IT-AI2O3, very faint, broad 
bands plus faint bands of rutil< 

60 40 Y-A120O very faint plus broad 
bands^ox rutile 

50 50 Rutile, faint broad bands plus 
one line of anatase 

40 60 Rutile and anatase patterns 
superimposed, fairly sharp plus 
5 unidentified lines 

30 70 Rutile and anatase patterns 
superimposed, fairly sharp plus 
5 unidentified lines 

20 80 Anatase, strong bands plus 
faint bands of rutile 

10 90 Anatase, sharper bands plus 
very weak bands of rutile 

0 100 Standard rutile plus the strong¬ 
est band of anatase 



TABLE V 

..Alumina-Stannic Oxide Gels 

Composition in Mole Percent 

AljgO^ Sn02 

Results of X-Ray Examina¬ 
tion (gels heated at 
800°C.) 

0 100 Standard Sn02 

10 90 SnOp broad bands with spots 
superimposed in the bands 
indicating presence of lar- 
gerlcrystals 

20 80 Sn02 sharper bands \fith great¬ 
er percent of larger crystals 

3° 70 Sn02 weaker broad bands with 
decreased percent larger cry¬ 
stals 

40 60 SnOg very faint no large cry¬ 
stals essentially amorphous 

50 50 Sn02 stronger broad bands 

60 40 Sn02 stronger broad bands 

70 30 Sn02 fairly sharp bands 

SO 20 Amorphous 

90 10 Y* -AlgO^ very faint broad bands 

100 0 Standard If-A^Oo 



Figure 1 

The AlgOj-TiC^-SnOg system heat-treated at 

400°C. for two hours. The areas correspond to 

A - Gamma-alumina 

B - Amorphous 

C - Anatase 

D - Stannic oxide 



100% Sn02 



Figure 2 

The AlgO-j-TiC^-SnC^ system heat-treated at 

600°C. for two hours. The areas correspond to: 

A - Gama&alumina 

B - Amorphous 

C - Anatase 

D - Stannic oxide 





Figure 3 

The AlgO^-TiOg-SnC^ system heat-treated at 300°C. 

for two hours. The areas corresponded to: 

A - Garnewralumina 

B - Amorphous 

C - Stannic oxide 

I - Gammfcalumina + anatase 

II - Rutile + anatase 

III - Rutile 

IV - Rutile ♦ stannic oxide 



100% Sno, 



Figure 4 

Lattice constants of rutile and stannic 

oxide plotted against mole per cent 





Figure 5 

X-Ray Diffraction Patterns of the System 

SnOg-TiOg heat-treated at S00°C. 



MOLE % 

Sn02 Ti02 



Figure 6 

X-Ray Diffraction Patterns of the System 

Al^O^-TiC^ Heat-treated at SOO°C* 



MOLE % 

T i 02 AI2O3 



Figure 7 

X-Ray Diffraction Patterns of the System 

AlgO^-SnOg Heat-treated at SOO°C, 
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