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Hydrothermal Preparation of Some Strontium Silicate~ 

Elmer T. Carlson and Lansing S. Wells 

A ~tudy was made of i he format ion of hydrated strontillm silicates under hydro
thermal conditions. Seven hydrated compounds, believed to have the foll owing com
positions, '''ere prepared: SrO ·2Si02 -H20, SrO,Si02·H , O, 2SrO ·2Si02·3HzO, 3SrO ·2SiO, ·3H ,O, 
3SrO·2Si02·4H 20, 2SI'0-8i02·H,O, and 3SrO ,Si02 ·2H20 . The anhydrous compounds 
SrO ,SiO, and 2SrO ,Si02 were obt ained by hydrothermal synthesis at temperatures as low 
as 124° and 142°. C., respectively. No evidence was found t hat the n.nhydrou s strontium 
sili cates possess hydraulic binding proper ties. X-my powder diffraction patterns and 
so me optical data are given for t he vari ous hydrates, and possiblp relationships with t he 
calcium sili cates are discussed . 

1. Introduction 

During the course of an investigation of the 
possibility of preparing compounds of the hydro
garnet type described by Flint, M cMurdi , and 
Wells (1 ),1 but with strontium substituted for cal
cium, it became necessary to identify the strontium 
silicates that were obtained in some of the e),:-peri
ments. In the absence of any specific data on the 
hydrated strontium silicates in the literature, a brief 
study was made of these compounds, and incident
ally of the anhydrous silicates as well. 

The anhydrous strontium silicates have been 
described by E skola [2], who also worked ou t the 
phase diagram for the system SrO· SiOz. The meta
and orthosilicates, SrSiOa and Sl'2Si04, respectivel 
were the only compounds found in this system. The 
metasilicate is apparently hexagonal , bu t forms a 
solid-solu tion series with a-CaSi03 (pseudowollasLo
nite) which is monoclinic, and may therefore be 
monoclinic also . An X-ray diffraction pattern for 
the orthosilicate Sr2Si04 has been published by 
O'Daniel and Tscheischwili [3]. Heats of formation 
of both silicates from the oxides have been reported 
by Nacken [4] . 

Preparation of tristrontium silicate has recently 
been reported by Nurse [5], who also gives the X-ray 
diffraction pattern. The compound was found not 
to be isomorphous with tricalcium silicate. 

The hydrated strontium silicates appear to have 
been studied very little. JOl'dis and Kantner [6], 
obtained a precipitate approximating a 1:1 molar 
ratio by the reaction between N azSiOa and a soluble 
strontium compound, and it was assumed that the 
product was a hydrated metasilicate. Zhuravlev 
[7] r eports that SrzSi04 possesses binding properties 
but gives no details as to the composition of the 
hydrated product. 

1 F igures in brackets indicate th e literature references at the end of tbis paper. 
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2 . Anhydrous Strontium Silicates 

Strontium metasilicate and orthosilicate were pre
pared from stoichiometric mixtures of rC0 3 and 
silicic acid (r eagen t grade) by heating for an hour in 
an electric furnace at about 1,425° C. The composi
tion was checked by analysis and found to be in 
close agreement with that calculated, bu t the micro
scope showed a little inhomogeneity in the meta
silicate, and more in the orthosllicate. 

The metasilicate preparation was considerably 
improved in homogeneity by fusion in an oxygen 
blast. This also increased the average crystal size. 
Crystals of better shape, however, were produced 
by hydro thermal means, as described later , and 
these were used for determination of optical charac
teristics. The interference figure indicated that the 
crys tal is biaxial, with a very small op tic axial angle; 
the symmetry, t herefore, is not hexagonaL The 
refractive indices werefouncl to be a = 1.597, ')' = 1.637, 
in good agreement with those given by E skola [2] . 
The ,a-index is close to 1.597. 

An X-ray powder diffraction pattern 2 for a hydro
thermal preparation of S1"0·Si02 is given in table 1. So 
far as known, no pattern for this compound has hitherto 
been published. The sample prepared by fusion of 
the mixed oxides gave a similar pattern except that 
many of the lines appeared to be double, triple, or 
quadruple, instead of fOl"lnin~ well-defined single 
peaks. The significance of t his difference is not 
known. It might conceivably indicate the existence 
of two forms having slightly different symmetry , but 
no evidence of any phase transformatiol) was ' obO' 
served on differential thermal analysis of the prepa. 
ration. This is in agreement with the findings of 
Eskola. 

The X-ray pattern resembles that of a-CaO·Si02, 

indicating a relationship between the two as sug-
2 X-ray diffraction patterns repor ted herein were made on an X-ray Geigt.r 

counter diffractometer. usin g ell Kal radiat ion . 
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TABLE 1. Inte)'plana)' spacings and relative mten.~!ltes of 
X-ray diffraction lines for the strontium s'ilicates 

SrO· S iO, SrO·2Si O,· H ,O SrO ·S i 0 , · H ,O 2SrO·2SiO, ·;JJT, O 

------
d I d I d J d J 

--------------------
5.07 18 7.02 12 5.20 16 7. 31 ]0 
3.57 65 4.27 10 i.26 100 4. 00 10 
3.37 38 3. 67 32 3.85 5 3.68 1:"1 
2.92 100 3.44 100 3.64 31 3.55 15 
2.53 17 3.29 44 3.27 71 3. 23 100 
2.07 68 3. 16 10 2.96 40 3.09 47 
1.914 33 3. 03 53 2.80 39 2.64 15 
1.783 10 2.78 19 2.76 18 2.41 20 
1. 759 3 2.73 18 2.72 31 2.23 33 
1. 686 17 2.61\ 38 2. 63 39 2.05 17 
1. 003 13 2.31 7 2.57 35 1. 967 32 
1. 527 17 2. 24 22 2.40 7 1. 932 19 
1. 400 17 2.17 34 2. 28 28 1. 770 9 
1. 350 5 2.07 70 2.18 26 1.750 12 
1. 307 1; 1. 92 10 2.13 10 1.729 J2 
-- -- -- --- - 1. 87 13 2.08 25 1. 632 Jl 
-- --.- ---- 1. 83 18 1. 9(l 12 1. 576 9 
----- - - --- 1. 76 39 1. 93 31 1. 502 7 
-. ---- - --- 1.66 14 1.88 li 1. 475 7 
-_.--- -- -- i.(il 22 1. 81 Jl ------ ----
-- ---- -- I. 52 18 1.7fi 8 -- - -- ----
-- -- -- ---- -- -- -- 1. 75 4 ---_ .. ----
--.--. ---. --.--- ---- 1.00 9 -- -- --
-- ---- ---- -- --- ---- I. 64 21 ------ ---- ---. ---- ----._- ---- L 56 7 ------ --
----- - --- - --- -- ---- 1.50 9 ------ --_ .. 
-. -- -- - --- --- --- -- 1. 44 11 ------ -- -. 
-- ---- - --- - - - - -. ---- I. 42 9 -----. ------ ---- ---- ---. ---- L38 il - - --- -- --
----- ------
3SiO"2SiO"3 H, 0 3SiO" 2S iO"4 1-[, O 2SrO ·8;O,-J I,0 38 rO ·SiO,·2H, O 
------ ------ ------

H.73 50 4.89 50 9. (iO 13 10. 13 40 
n.lI 7 3. 70 95 5.74 8 7.54 9 
4.25 42 3 .. \a .j 5.02 17 7.00 ~ 
3.68 5 2.96 39 ·1.7.\ 12 5.05 20 
3. 49 14 2.76 100 4.01 16 4.79 2? 
3.33 f)f) 2.64 2tl :!. ·~3 9 4.68 7 
;l.l!i 13 2.44 J2 3 .. \~ 79 4.53 2:1 a_ 10 II 2. :J2 :)2 3 .• \0 10 4.14 10 
2.89 100 2.07 21 a.45 10 3. fiB 2:) 
2.80 10 1. 971 21 0. :1" 08 3.51 2;) 
2.7() 7 1. 901; 62 :1.24 10 3.44 7 
2.69 4 1. 810 13 ~l. 17 100 3.37 2:J 
2.50 7 1. 710 fi a.Of) 32 0.22 2fi 
2.41 2:1 I. 6(;9 If) 2. H2 00 0. II 100 
2. 21l 7 I. M5 J2 2.84 42 3.04 3!l 
2.21 20 I. 4R3 Ja 2.81 22 2.98 ~7 
2.18 0 I. 377 J3 2. it) 22 2.95 JS 
2. 11 14 I. 332 11 2.55 17 2.75 In 
2.05 l!i I. 220 IIJ 2.01 10 2.61 32 
2.02 2;{ ------ ---- 2. 4.\ 27 2.49 15 
1. 975 J8 ------ - - -- 2. 31 7 2.39 8 
1.899 10 ------ -._- 2. 21i \) 2.34 5 
1. 8(jf) 20 -- - ---- 2.13 14 2. 10 41 
I. 778 14 ---- .. - ---- 2.09 15 2. 0.\ L1 
I. 671i 12 ----- 2.0.\ ai 2.01 20 
I. 001 II ------ -.-- 2. 01 10 1. 971 oa 
I. [)72 8 ------ - - I. 97 20 1. 932 10 
1. 454 8 -- -- 1. 94 10 1. 845 18 
L 42'2 !) ---- - - I. 90 :37 1.806 J2 
-.---- --,- ------ -- I. 82 17 1. 776 8 
------ ---- -- . .. - I. 73 15 1. 736 1l 
-----. --- ---- ---- 1.00 10 1. 685 18 . ----- ---- -- --- - -- L ,:;':3 9 1. r137 JI 

-- -- ---- --- I. 4:\ 11 1. 602 8 
---- - ----- -._ - , --- ---. 1.572 9 

'. 

gested by Eskola. This is supported by the simi
larity in optical properties. 

No attempt was made to prepare anhydrous 
tristrontium silicate. 

3 . Hydrated Strontium Silicates Prepared at 
Atmospheric Pressure 

3 . 1. 3SrO · 2Si0 2 ·3H20 

The compound 3SrO·2SiOz·3HzO was obtained by 
slowly adding sodium silicate solution (12 g 
N azSi03·9H20 in a small amount of wat,er) to a boiling 
solution of strontium hydroxide (30 g of the octa-
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hydrate in about 800 ml of water). Boiling was con
tinued for an hour, and the mixture was kept on the 
steam bath overnight. The precipitate, apparently 
gelatinous at first, became completely crystalline. 
The crystals were very small, acicular or lath-shaped 
and slightly birefringent, with negative elongation. 
From the analysis of two separate preparations, the 
molar ratio was calculated to be SrO :Si02 :H20 = 
2.96:2:3.26 3 for the one, 2.97:2:3.17 for the other. 
From this the formula 3SrO·2SiO.,·3HoO is assumed 
to be correct. X-ray diffraction data- arc given in 
table 1. 

Larger crystals of the same compound were subse
quently obtained hydrothermally. Some of these 
are shown in figure 1. They -were found to be 
biaxial, positive, with refractive indices: a = 1.602 ; 
f3 = l. 602; 'Y = 1. 614. The op tic axial angle was very 
small. 

Differential thermal analysis of this compound 
shows a large endothermic effect at about 3400 C, 
corresponding to dehydration. Two small exo
thermic effects occur at 820 0 and 890 0 C, suggesting 
thc possibility that the loss of water involves a 
break-down to the oxides, which subsequently 
recombine to form anhydrous silicates. 

During the preparation of this material, the 
reactants were in such proportion as to provide a 
considerable excess of Sr(OH)2, hence it may be 
assumed that no more basic hydrate may be formed 
by this method . An attempt to prepare a less basic 
compound by reducing the Sr(OH)2 concentration to 
the same molar strength as the N a2SiOa resulted in an 
amorphous product. 

By boiling a mixture of silica gel and strontium 
hydroxide solution for half an hour, a different com
pound was obtained. This consisted of distinctive 
dendritic or feathel'shaped crystals with moderate 
birefringence. From chemical analysis, the molar 
ratio SrO :Si02 :HzO was calculated to be 3.04:2 :4.06 
from which it was concluded that the composition 
was 3SrO·2Si02·4H20. The differential heating curve 
on this material is similar to that of the 3 :2:3 
hydrate except that the dehydration break is double , 
with the fu'st peak at 230 0 and a larger one at 300° C, 
indicating that the water is driven off in two stages. 
The exothermic breaks occur at 800 0 and 890°. It 
is concluded that the 3:2:4 hydrate first loses one 
molecule of water, forming the 3:2:3 hydrate, which 
is then decomposed on further heating. This 
conclusion is supported by results of hydrothermal 
experiments to be described later. 

The 3: 2: 4 compound was also obtained in a large 
number of hydrothermal experiments. Figure 2 is 
a photomicrograph of one such preparation; the 
crystals are larger tha.n those obtained by boiling, 
but exhibit the same habit of growth. 

3 The percentage of loss in weight on ignition at 1,100° was taken as the percent 
age of H20, with no correction for t he slight amount of carbonate that may be 
assumed to have been formed from the CO, in the water and air in the reaction 
vessel. 
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FIGURE; 1. Crystals of 3SrO·2SiO,·3H,O (prismatic crystals), 
together with 3SrO·SiO,·H ,O (faint needles) . 

Magnification, X HtO. 

Comparison of the X-ray diffraction pattcrns of 
over 20 preparations i 11 which this compound was 
identified showed that they were abou t equall~' di
vided into 2 types. The pattern given in table 1 is 
typical of the group arbi trarily designated type 1. 
In type 2 about half the lines were in substamtiall.,
the same positions as in type 1, the rest being shifted 
distinctly to the right (tha t is, toward smaller spac
ings), except for the line at 2.07, which was shif ted 
to 2.09. The significance of this is unknown. No 
correla tion was observed between the X-ray pattern 
type and chemical analysis, presence of other phases, 
temperature of reaction , 01' refractive indices. 

The indices also varied among the several prepa
rations, but were difficult to determine precisel~· . The 
high index ranged from 1.627 to 1.637 ; the low index 
fron1.1.595 to l.617 . 

The same compound was obtained b~r heating 
silica gel with strontium hydroxide solution on a 
steam bath overnight (temperature about 75° C), 
but the reaction was incomplete. Similar reaction 
mixtures held at 30° and at 50° for several months 
failed to develop any of the 3 : 2: 4 compound. On 
the oth er hand, the product was not entirely amor
phous in either case. An X-ray diffraction pattern 
of the material from the 30° test showed two rather 
diffuse lines. The 50 0 product showed the same 
lines somewhat sharper with the addition of a few 
others. Apparently conversion was only partial, 
and the crystalline product has no t been identified. 

4. Hydrothermal Reactions 

4.1. Procedure 

Strontium hydroxide and silica gel were t~te raw 
materials for most of the hydrothermal expenments. 
The strontium hydroxide was "CP " grade and con
tained a variable amount of carbonate, which was 
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FIG un" 2. Dendr'itic crystals of 3SrO·2SiO, ·41 I,O. 

M agnification , X 700. 

r emoved by a process of solu tion, filtration, and 
recrystallization. Foul' different lots of sili ca were 
uscd: (I ) reagent grade "Silicic Acid" containing 
0.16 percent of nonvolatile residue after treatment 
wi th hydrofluoric acid; ( II ) a commercial silica gel, 
extremely fine and highly reactive but containing 3 
percen t of nonvolatile res idu e, including 1.17 percent 
of Na20; (III) a commercial silica gel containing 0.45 
percent of nonvolaLile residue; (IV) a. specially }>L.ll·i
fied g~l , relatively coarse and unreactIve, contammg 
0.10 percent of nonvolatile residu e. For othcl" ex
perimen.ts, some of the ~trontium ~ilj cates we,:c us~d 
as starting matel'l fl:ls. fhe matenals wm:e mixed 111 
the desired proportIOns, and a small quantIty (usually 
about a gram), togetl~er with l .to 2 ml H 20 , .was 
placed in a small platlllum crUCible supported 111 a 
pressure bomb conLaining sufficient water to main
tain a liquid phase at the desil"ed temperature. The 
bomb was then kep t in a controlled furnace for a 
period of several days. After the warming-up period, 
the maximum deviation from the reported tempera
ture was about ± 2° C. Upon removal from the 
furnace, the bomb was allowed to cool in fron t of a 
fan for about half an hour. Because of the slowness 
of the react ions, no significant changes are believed 
to have occurred during this cooling period . 

4.2 . Results of Hydrothermal Experiments 

a . General 

Table 2 aives the results of a number of hydrotheI 
mal experkents, selected to present the essential 
information. Confirmatory or supporting data hav:e 
been omitted in the interest of brevity. The experl
ments are tabulated in the order of increasing basicity 
of r eacting mixt ure, and will be discussed in that 
order. There are certain observations. however, 
that apply to the study as 3, whole. 



TABLE 2. Results of hydrothermal experiments in the system SrO·Si02·H,O 

Expt. Tern· 
Starting material 1 pera· ~[,ime Product 

No. ture 
---

°c Days 
1 

}18r (OH),'8H,0 + 88iO, ._. ___________ . __ (ll ) { 
150 7 8 iO, ·"H,O; 38rO ·28iO,·4H20 ; SrO ·8iO,. 

2 183 7 8iO,.nH,0 ; 8rO ·28iO, ·B ,O . 
3 214 7 Cristobalite ; SrO ·28iO ,·H ,0 . 
4 274 i Do. 
5 ISr(OH),·8B,0 + 58iO, ____ . ___ . . ____ (II) 216 6 Do. 
6 18r(OH),-8B,O+ 48iO, ..... _. _ .. _______ (II) 196 6 Do. 
7 

}18r(OHlz'RB' 0 + 3SiO' .. _______________ (II) { 
149 9 3SrO·28iO,·4H,0 ; 8iO,·nE,0 . 

8 202 6 8rO.28iO,· H ,0 ; cristobalite; 8rO ·SiO,. 
9 255 9 8rO ·28iO,.E ,O; cristobali te. 

JO 290 9 Do. 
II }2Sr(OH),.8H,0 + 58iO, . _______ . ________ (II) { 196 6 8rO·2SiO,.H,0 ; cristobalite; SrO ·8iO,. 
J2 300 6 Do. 
J3 (II) 134 6 38rO·28iO,.4H,O; SiO,·nH,O. 
J4 (II) 150 7 Do. 
15 (IV) 160 7 8rO.2SiO,·H ,O; 8rO ·8 iO,; 8iO ,·nH,0 . 
16 (II) 173 7 Do. 
J7 18r(OH),·8H,0 + 28iO, _________ ... ____ (II ) 183 7 SrO .28iO,·H,O; SrO ·SiO,; cris tobalite. 
18 (III) 200 7 SrO .2SiO,·H ,0; 8rO ·SiO,. 
19 (II) 255 10 8rO·28iO,. H ,0 ; 8rO ·SiO,; cris tobalite. 
20 (II) 298 6 Do. 
21 (II) 368 7 8rO·8iO,; quartz. 
22 

}2Sr(OHh'8H,0+3SiO' { 126 7 3SrO·2SiO,·4H,0; 8iO ,·nH ,0 . 
23 - --------.------ (lI) 159 7 8rO·2SiO,.H ,0 ; SrO·SiO,. 
24 247 7 Do. 
25 (II) 110 4 38rO·2SiO, ·4H20 ; 8iO ,·nH,0. 
26 (1) 114 6 Do. 
27 (IV) 120 4 38rO·28iO, ·3H ,O; 3SrO·2SiO,·4H,0; 8iO,·nH,0 . 
28 ISr(OH),·8H,0 + 18iO, __ . ___ ...... ___ (1) 123 5 38rO·28iO,·4H ,O; SiO ,·nH,O. 
29 (l) 128 13 8rO·8iO,.H ,O; SrO·8iO,. 
30 (II) 130 7 38rO·28iO ,·4H,O; 8iO ,·nH,0 . 
31 (III) 130 6 38rO·28iO,·4H,0; 8iO,·nH,0 . 
32 (I ) 135 7 8rO.8iO,.H ,0 ; 8rO·SIO, . 
33 (II) 135 7 SrO·8iO,. H 20; 8rO·81O,; 3SrO ·2SiO,·4H,O (trace). 
34 (IV) 135 5 38rO·SiO,·2B,0 ; 8 iO,·718,0. 
35 ISr (08),·88 ,O+ ISiO , _____ . _. ___ . ___ (II) 136 7 38rO·28iO,·4H ,O; 38rO ·2SiO ,· 3H ,0 ;I8 iO ,· ll H ,0 . 
36 ( II ) 137 6 38rO·28iO,·4H,0 ; 8iO,· nH ,0. 
37 (lIT) 142 6 8rO .8iO,. 
38 (I) 220 8 Do. 
39 8rO·8iO,_. ______ . _ ..... ____ ..... _. ______ ____ 132 7 Do . 
40 '(III) 122 5 38rO·2SiO,·4H,O. 
4J (I ) 128 5 Do. 
42 (III) 133 6 38rO ·2SiO, ·48 ,O; 38rO·2SiO,·3H,O. 
43 (II) 138 5 38rO·2SiO,·4H,O . 
44 38r(OH),·8H ,0 + 28iO, . ____ . ___ . __ . __ (II) J43 6 38rO·2SiO,·4B ,0 ; 28rO· SiO, . 
45 (III) \45 6 38rO·2SiO,·4H,O; 38rO·2S iO,·3H ,0 ; SrO·8iO,·H ,0 . 
46 (III) J52 7 SrO·8iO,; 8rO.SiG,. H , O; 28rO ·8iO,. 
47 (Il) ]59 6 SrO·8i02; 2SrO·8iO,. 
48 (II) 248 5 Do. 
49 

""0·,,,0, <R,O ........ . ...... ....... ...... ! 126 2 3SrO ·2SiO,·4R,O. 
50 J32 3 38rO·28iO,.4H,C ; 3Sr O·2SiO,·3H,0 . 
51 J34 4 38rO·2SiO,·3H,O . 
52 \43 3 Do. 
53 161 4 38rO ·2SiO,·3H,O; 2S,.0 ·8iO,. 
54 174 4 38rO·28iO,·3H,O ; 2SrO·8iO,; SrO·8iO,. 
55 106 3 38rO ·28iO,·3H,0 . 
56 124 7 28rO·28iO,·3H,O; 8rO ·8iO,. 
57 3SrO ·2SiO, ·3H,0 ___ .. __ . ____ . ______ ._ . __ .. __ 138 7 8rO ·8iO,·H ,O; 8rO·8iO,. 
58 142 6 8rO ·8iO,; 38rO ·28iO,·3H,0 . 
59 164 7 28rO·8iG,; 8rO ·8iO ,. 
60 250 7 Do. 
GI (1) 11 3 13 3SrO·28 iO,·1H,O; Sr(OH),·8H,0 . 
62 (1) 121 5 38rO·28iO , ·4H,0 ; 38rO·2SiO,·3H,0 ; Sr(OH),·8H,0. 
n3 (III) 131 6 Do. 
64 (IV) 136 8 3SrO ·28iO,·3H ,0 ; 3S,.0 ·SiO,·2H,O; 8r (OH),·88,0 . 
65 2Sr (OH),·88 ,0 + I SiO , _____ . ___ ____ (Il) 138 6 3SrO ·28iO,·4H ,O; 8r (OH),·8H,0 . 
66 (I) 138 13 2SrO·8iO ,·8 ,O. 
67 (IV) 140 8 38rO·28iO, ·3H,0 ; 3SrO·SiO,·2H,O; Sr (OH),·88,0 . 
68 (III) 145 6 28rO·8iO,·H,O; 38rO ·28iO, ·3H ,0 ; 28rO ·8 iO,. 
69 (III) 156 6 28rO ·SiO,. 
70 (II) 256 9 Do. 
n 2SrO ·8iO, _________ . __ . ___ . _____ . _. _. _._. _. __ 140 7 Do. 
72 ) "'(OR"·",o+,,;O~ ............ r11 132 13 2SrO·SiO,·H ,0; 38rO ·28iO,·38,0 ; 8r (OH),·8H,0 . 
73 118 4 3SrO ·SiO, ·2H,O; 3 S .. 0 ·2SiO,· 4B,O; 8r (OH ),·8H,O. 
74 (III) 135 7 2SrO ·8 iO, ·H ,O; 3SrO·8iO ,.2H,O; Sr (OH), ·8H,0. 
75 (II) 142 4 3SrO ·SiO, ·28 ,0 ; 28rO ·SiO,; 8 r(OH),·8H,O. 
76 38r (OH),·8H,0+1 SiO, ___ . _________ ._ (II) 158 7 38rO·8iO,· 2H,0: 28rO ·SiO,. 
77 (II) 183 4 3SrO ·SiO, ·2H ,0 ; 28rO ·SiO,. 
78 (II) 247 4 2SrO ·8 iO, ; li t tle WI identified material. 
79 (II) 304 4 Do. 

I 
80 4Sr(OH),·8 H,0 + I SiO,_. __ . ________ . __ (III) 136 5 3SrO· 8iO, ·2H ,0 ; 8r(OH),·8II, 0 . 

1 Homan numerals indicate t be particular lot of silica gel used : (I ) Heagent silicic acid , (II) A commercial gel of bigh fineness and low purity. (III) A commercial 
gel of med ium fineness and purity. (IV) A ra t her coarse gel oC bigb purity. 

The system was found to be rather complex. In 
addition to the 2 hydrated silicates described above, 
5 new compounds were ob8erved. All have been 
tentatively assigned formulas, but the compositions 
of some are not definitely established. This i8 due 
to the failure to obtain pure preparations. It may 
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be that some of the compounds are metastable under 
all conditions, and have only a transitory existence. 

Another notable aspect of the system is that the 
hydrated compounds occur only at relatively low 
temperatures. It is noteworthy that anhydrous 
compounds were formed hydrothermally at tempera-



t ures as 10 W as 124 ° , and tha t mos t of the hydra tes 
decomposed below 150° . Because of the narrow 
range of tability, relatively mall flu ctuations in 
temperature or in rate of h eating may have affected 
th e resul ts. 

It will be l;toted tha t th e results are not always in 
accord . DlA·eren t produ cts are sometimes obtained 
under apparently · id en tical conditions. It was 
o?s,erved that different types of s ili ca may give 
d lff erCl~t results. For example, the compound 
38rO·8102·2H 20 appeared unex pectedly in a 2: 1 
mix ture c.cxper~Il!ent 64) in which the rela tively 
coarse-gramed silica gel IV was used . In this case it 
may be ?,ssumed that the low reactivity of the silica 
re ulted 111 a temporary excess of strontium hydroxide 
above the calculated ratio . In other cases the 
differences are harder to explain. The type of silica 
used in each case is recorded in the table , although no 
attempt was made to study their differences system
atically. 

At . temperaturos sligh tl.v above 100°, th e primar~' 
reactIOn product 111 all cases appeared to be 
38rO ·28i02·4H20 , irrespective of the proportion in 
which t.he. oxi~es were presen t. Crystals having the 
ame. dlstmctive shape wore frequontly observed in 

reac tIOn products that had boen held at much 
h~g~ler temperatures, but i t was found by X-ra~T 
dlffractIOn and refractive indox determina tions tha t 
th ese had undergone decomposition wi thou t losina 

th eir over-all appearance. It must be as umed that 
th e hydrate was formed ini t ially, possibly durina the 
warming-up period, and subsequently ·was de~om
posed at the high er temp eratures. 

Anhy.drous strontium m etasilicate (8rO·8i0 2) and 
orthoslhcate (28rO·8l02) were formed at tempera
tures as low as 124° and 142°, respectively. In 
general , there was evidence of in termediate forma
tion of one or more of the hyd rates, bu t the metasili
cate occasionally appeared in the form of spherical 
aggrega~~s, as if. i t had formed direc tly at the surface 
of the SIlIca grams. More often i t occurred as well
~l efinecl tabular crystals of h exagonal shape, as shown 
l~ ~gure . 3. These were found to be optically 
bIaxIal, wIth a very small optic axial angle. The 
compound thus is shown to b e pseudohexagonal, as 
suggested by Eskola [2] . 

The rest of the products were obtained over a 
narrower range of oxide ratio in the reaction mix ture 
and will b e consider ed in the following sections il~ 
relation to that ratio . 

b. Mixtures Less Basic Than ISrO: ISi02 

Hydrothermal treatment of mixtures ranging in 
81"0:8i02 ratio from 1:8 to 2: 3 initially produced the 
3: 2 :4 hydrate. Continued treatment resulted in 
anhydrous 8rO·8i02, together with an unknown 
compound. In the highly siliceous mixtures the 
excess ilica was converted to cristobalite above 180° 
and to quartz in one case at 368°. The new com~ 
P?u,nd yvas first detected by means of its X-ray 
diflractlOn pattern. It was subsequently observed 
under the microscope in th e form of extremely fine, 
round, nearly isotropic grains, usually in relatively 

262279- 53--2 

FIG U R~ 3. Crystcds of SrO·Ri0 2, f ormed under hydrother mal 
conditions. 

Magnification. X iOO. 

large aggregates. The mean index of r efraction 
appeare~l to be a bou t 1.5.74 , but this fig ufe is subj ect 
to considerablo uncertam t.L Man~' of th e grains 
seemed to have a much lower index but this is 
believed to have been clu e to a sh ell ~f cristobalite 
surrounding a core of th e sili cate. The existence of 
solid solu tion appears unlikely in view of t he con
stancyof th e X-ray pattern. 
. Because Lhe new compound was no t obtained pure, 
It was necessary to arrive at its composition in
directly. Mixtures of l SrO:28i02 yielded the new 
phase together with small amounts of both cristo
balite and 8rO·8i02• Increasing th e strontium to a 
ratio 28rO: 3Si02 resulted in the new phase plus 
8rO·8 i02 but no cristobalite , indicat ing that the com
pound in question is richer in Si02 than the reac
tion mixture. For mixtures more siliceous than 
18rO: 28i02, the results arc less easy to interpret. 
8rO ·8i02 appeared in 1: 3 mixtures, and even in one 
instance in a 1:8 mixture, at 150°. Bearing in 
mind the fact men tioned above, that the hydrate 
38rO ·28i02·4H20 is formed initially even in the 
highly siliceous mixtures, it is possible that the sub
sequent decomposition of this hydrate leads most 
readily to the formation of the anhydrous metasili
cate. The latter is known to be relatively stable 
and, once formed, ~woulcl have little tendency to 
react further ; hence, it might occur in compositions 
far removed from a 1: 1 ratio. Both cristobalite and 
SrO·8i02 were formed in small amounts from the 
28rO: 58i02 mixtures, bu t the proportion of cristo
balite was estimated to be higher than that of the 
8rO·8i02 • Thus the ratio for the new compound 
appears to lie between 2: 5 and 2: 3; it is therefore 
assumed to be 1 :2. Ignition loss determinations on 
several preparations indicated an average content of 
about 0.7 mole of water . Allowing for the anhydrous 
impurities present, the new compound is thus be
lieved to have the composition 8rO·28iOr H zO. 
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c. Molar Ratio ISrO: ISiO, 

Equimolar mixtures of strontium hydroxide and 
ilica gel, like the more highly siliceous mixtures, 

reacted to form 38rO·28i02·4H20 at the lowest tem
peratures used (110° to 114°). At 142°, and higher, 
the reaction product was always the anhydrous meta
silicate, 8rO·8i02• At intermcdiate temperatures, 
the~nature of the product appeared to depend on the 
type of silica gel used, but the results were not always 
consistent even with a single type of gel. For 
example, table 2, experiments 30, 35, and 36, reveals 
that both 3SrO·2Si02·4H20 and 3SrO·28iOz·3H20 
were formed at 136° but only the former at 130° and 
137° in mixtures containing gel II. The trihydrate 
was formed from gel IV at 120° (experiment 27), 
but not from gel I at any temperature. The forma
tion of the highly basic compound, 3SrO·SiO·2H20, 
in exprriment 34 has already been mentioned. 

In experiments 29 ,32, and 33 a new phase appeared. 
This consisted of minute flakes with low birefringence 
and a mean index of 1.604. Repeated efforts to pro
duce this compound reasonably free from other phases 
met with failure . The best preparation, No. 33 , con
tained 0.99 mole of H 20 per mole of 8rO·Si02, while 
No. 32, with a higher proportion of anhydrous mate
rial, contained 0.74 mole of H 20 . On the basis of 
this meager evidence the formula SrO-Si02·H20 has 
been assigned to this compound. The X-ray pattern 
is given in table l. 

Treatment of anhydrous SrO·8i02 at 132° left the 
material apparently unchanged , although this is 
within the temperature lange in which the variouf' 
hydrates were tormed from the hydrated oxides. 

d. Molar Ratio 3SrO:2Si02 

~!Jixtures of stron tium hydroxide and si lica gel in 
3:2 ratio reacted as did the equimolar mixtures, ex 
cept that the increase in SrO resulted in the formation 
of the anhydrous orthosilicate, 2SrO·8i02 , at the 
higher temperatures. This compound always ap
peared as irregular ma'lses of small particles, often 
pseudomorphic atter 38rO·2Si02·4H20. Unlike the 
metasilicate, it was never found as well-defined crys
tals. In this, as in the preceding serie'l, the results 
within a small temperature range are vaTied and in
(',On sis ten t. 

In two series of experiments the starting materials 
were the 3:2:4 and 3:2:3 hydrates described above. 
From the results in table 2, it may be seen that the 
3:2:4 hydrate was converted to the trihvdrate at 
temperatures ot 132° C and higher. For reasons un
known, this result was not consistently obtained from 
mixtures of the hydrated oxides in the same molar 
ratio. At 161 ° and above, anhydrous compounds 
were formed. 

The trihydrate behaved differently in that two 
additional hydrates were formed , at 124° and 138°, 
respectively. In the latter case, the compound was 
8rO·8i02·H20, described in the previous section. 
The new phase formed at 124° proved to be very 
elusive. It was obtained in small amounts in a few 
other experiments not included in the table, but 
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never free of other phases. It appeared ill the form 
of very fine needles with an average refractive index 
about 1.60. It could be clist,inguished from 8rO·Si02• 

H 20 only by its X-ray diffraction patteI'D (see table 
1). Although this compound was not obtaincd hy
drothermally sufficiently pure for chemical anal.vsis, 
a preparation obtained at a lower temperaturc, bv a 
method to bc described later, was found to IUlVe the 
followin g oxide ratio: SrO:Si02:H20 = 0.96: 1: 1.44. 
The formula 2SrO·28i02·3HzO is suggested as a POR

sibil ityon the basis of this analysis. 
It is worthy of note that although the 3:2 :4 h~- 

eh-ate was converted to the 3:2:3 by raising thc tcm
perature to 132° 01' higher, the reverse reaction was 
not obtained by holding the 3:2:3 hydrate at 106° 
(experiment 55). 

e. Molar Ratio 2SrO: lSiO, and 5S10:2Si02 

An incrcase in SeO to thc 2: 1 ratio gave rise to two 
ncw hydrated compounds. One of these, the tri
strontium compound, will be discussed in the next 
section. The other appeared , along with other crys
talline products, at 132° to 148° C. Analyses of 
preparations 66 and 72, which appeared to be most 
nearly homogeneous, gave the following molar ratios, 
respectively: SrO:8i02:H20 = 1.86 :1:0.98 and 
1.86:1 :1.09. The formula 2SrO·Si02·H20 fits the 
data reasonably well. 

This compound occurred as small lath-shaped 
crystals, with parallel extinction and negative elonga
tion. It is biaxial positive in character, with low 
and high indices of 1.638 and 1.641 , respectively. 
The X-ray powder diffraction pattern is given m 
table 1. 

At 156° and above, the anhydrous orthosilicate, 
2SrO·Si02, was formed. Attempts to reverse the 
reaction by holding the anhydrous compound at 140° 
and below were unsuccessful. 

f. Molar Ratio 3SrO: ISiOz and Higher! 

Mixtures of strontium hydroxide and silica gel in 
:3:1 ratio produced a new compound that has been 
referred to in the previous section. As in the case 
of the other hydrothermal preparations, it was al
ways contaminated with one or more other phases. 
Analyses of three preparations gave the following 
SrO:Si02:H20 ratios: No. 76, 2.9 :1:2.2 ; No. 75, 
2.7:1:l.7; No. 80, 3.1:1:2.7. The first of these 
preparations contained a small amount of 28rO·8i02, 

the second somewhat more. The third was prepared 
f rom an original 4: 1 mixture and contained a small 
amount of Sr(OH)z-8HzO, whic11 probably accounts 
for the higher H 20 content. On the basis of these 
analyses, it is concluded that the compound has the 
composition 3SrO·Si02·2H20. It was observed as 
very thin needles or plates (see fig. 1), often joined 
in spherulites. They were birefringent, with indices 
a = 1.575, ')' = 1.595, and showed parallel extinction 
and positive elongation. The X-ray diffraction pat
tern given in table 1 is a composite of five patterns 
on different preparations. 
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Thi s hydrate was formed togeth er wi th 3SrO·2Si02• 

4H 20 n, t ] 18° C. At higher temperatures the less 
basic hydrate wa ch n,nged to th e anhydrous 2S1'O· 
Si0 2, which frequ entl.r re tained the peculiar shape of 
the original cry tal. The tristrontium compound 
was formed at temperatures as high as 183°, bu t at 
247° and above only 28rO·Si02 could be iden tified. 

A ample of the tristron tium silicate hydrate, afte r 
be ing h eated to 1,200°, was found to have decom
posed to 2S["0 ·Si02 and 8 rO. 

5 . Action of Water on the Strontium Silicates 

The b ehavior of the various strontium silicates in 
the presence of water was no t studied thoroughly in 
this investiga tion, but because of the possibility of 
hydraulic properties [7] i t was considered desirable to 
make a few explora tory tests. 

A small quanti ty of the anhydrous m0tasilieate, 
8rO·Si02, was mixed wi th enough water to form a 
pas te, whi ch was then packed in to a v ial and allowed 
to stand in a moist atmosphere for sevcral days. N o 
evid ence of set ting was observed. The or thos ili cate, 
2SI"0 ·Si02 , behaved in (.he same manner, the only 
d ifference being tha t it b ecame warm immedi ately on 
mixing wi th water. This may have been du e to the 
presenct) of a little uncombined SrO in the prepara
t ion used . This experimen t fa ils to suppor t 1,110 sLate
ment of Zhuravlev [7] Lhat 28rO ·Si02 possesses hy
draul ic proper ties. Negative results were likewise 
ob tain ed when the pastes were kep t at steam-ba th 
temperature. Subsequ en t microscopic exa.mination 
failed to reveal any change in appearance . As slu wn 
in table 2, the anhydrous silicates also were un
affected by water at temp0ratUl"es just b010w those 
at which they are formeci hydro thermally. 

The two anhydrous sil icates were likewise unal
tered after being shaken wi th an excess of water and 
allowed to stand 3 days at room tempera t ure. Ti tra
t ion of th e filtrates showed tha,t a li t tle stron tium 
hydroxide had gone in to solu t ion, hu t the COllcen tra
t ion was far less than the solubility of pure Sr (OH)2 
at Lhe same temperature. 

A single solubility test at 30° C was made on ea.ell 
of th e Lwo hydrated silica tea tha t were produced by 
boiling; namely, 3SrO·2Si02·4H20 and 3SrO·28i02• 

3H 20 . The strontium hydroxide concentration was 
determined by ti tration after 1 day, and gravimetri
cally a t the end of 10 weeks. There was no significant. 
difference between the two valu es . The tetrahydrate 
residue was apparently unchanged during this 
period , and was in equilibrium with solution contain
ing 0.745 g of SrO and 0 .304 g of Si02 per liter. For 
the pmpose of comparison , the solubili ty of s trontium 
hydroxide a t the same temperature is about 10 g of 

1"0 per li ter. The trihydrate gave a solution of 
almost the same concen tra tion, namely, 0.762 g of 

1'0 and 0.303 g of Si02 p er liter , but in th is case the 
olid residue had been partially conver ted to the 

compound ten tatively d esignated 2SrO·2Si02·3H 20 , 
and th e SrO:Si02 rat io in t,he residue had fallen to 
l.26. Another sample of the trihydrate, kep t in con
tact wi th water on the s team bath for 10 weeks, was 
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completely converted to the same compound . The 
analysis of this material \vas the basis fo r the pro
posed formula. Progres of Lhe transition was mani
fested by a curling of th e acicular crystals, some of 
which developed a heli cal shape, as seen under the 
microscope. 

The glass containers used for the solubili ty experi
ments were strongly attacked by the solu tion, espe
cially at stearn-bath temperature. This probably is 
the source of the addi tional silica required for the 
change from the 3: 2:3 to the 2 :2:3 compound . 

6 . Relationship Between the Silicates of 
Strontium and Calcium 

It is oJ in terest t o consider possible rela tionships 
between the hydated silicates of stron tium and those 
of calcium. The latter have been studied extensively 
by a n umber of investigators, including Flint, M c
l\1m'die and Wells [8], and th e subj ect has recen tly 
been reviewed thoroughly b.'T Taylor and B es ey [9]. 

If th e oxide formulas of the stron tium silicate 
h.'"dra tes descr ibed above arc compared wi th a list 
of the repor ted calcium silicate hydrates, analogs 
will be no ted for th e 1:1:1 , 2:2:3, 3:2:3, 2: 1:1, 
and 3:1:2 compounds. Whether any of th ese are 
actually isomorphous canno t be known wi thout an 
analysis of th e crystal stru ctUJ"e. Visual comparison 
of the X-ray patterns of 3SrO·2Si02·3H 20 and 
3CaO·2Si02·:3H 20 (afwilli te) reveals considerable 
simila ri ty. The refractive indices, birefringence, 
and crystal form also indicate the possibili ty of a 
r elationsh ip between these two compounds. To a 
lesser exten t, resemblances may be observed between 
th e compound designated 2SrO·2SiOz·3H 20 and th e 
mineral crestmol"eite, for whi ch th e formula 
2CaO·2Si02·3H 20 ha s been given [8]. On the basis 
of refractive indices alone, it appear possible that 
the ] :1:1 and 3:1 :2 stron tium silicates may be 
r elated to the corresponding calcium silica tes re
por ted b." F lin t, M cMurdie, and Wells [8]. In th e 
case of the 2: 1:1 compounds, th e relationship , if 
any, is probably wi th th e calcium silicate having a 
refrac tive index of 1.64, som etim es designated the 
'Y-hydrate. In these cases th e da ta on crystal fo rm 
arc lackin g, and the X-ray patterns are too complex 
for superfi cial comparison. 

7. Summary 

H ydro thermal treatmen t of mix tures of stron tium 
hydroxide and silica gel in various proportions and 
a t various tempera tures produced seven hydrated 
strontium silicates, as well as th e anhydrous meta
and orthosilica tes. T able 3 gives the probable 
compositions of t he hydrates, and their op tical 
proper ties, so far as th e latter could be determined. 
The X-ray powder diffraction patterns, together with 
that of SrO·Si02, are given in t able 1. Formulas 
given for th e compounds having th e oxide ratios 
3:2:3 and 3:2:4 are believed to be correct, and the 
2:1:1 and 3: 1:2 formulas probably are correct, 
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TABLE 3. Some optical p"opel'ties of the st1'ontium silicate hydmtes 

Composition Refractive indices Character Sign Elooga· 
tion Crystal habit 

1---------1-·----0----,-------------------------1 

SrO ·2SiO,·H ,O ................ . 
SrO ·SiO,· H20 ............ ._ ... . 
2SrO·2Si02·3H , O......... . .... . 
3SrO·2SiO,·3H , O......... 1.1302 

3SrO·2SiO,·4H, O ........ { ~ : m 
2SrO·S iO,·H ,O ... ....... 1. 638 
3SrO·SiO, ·2H ,O.......... 1. 575 

f3 'Y 

J .574 
J. 1304 
J. 13O 
1.1302 J. 014 

I. 027 
1. 637 
1.641 
1. 595 

while the other 3 are somewhat in doubt . Both 
anhydrous compounds were formed hydro thermally 
at temperatures below 150°. The hydrates 
3SrO·2SiOz·3H20 and 3SrO·2SiOz·4H20 were pre
pared at boiling temperature as well as under hydro
thermal conditions. 

The anhydrous silicates did not appear to be 
strongly attacked by water, and no eviden ce of 
hydraulic binding properties was fmmel. 

The X -ray patterns and photomicrographs were 
prepared by Barbara Sullivan and G. M. Ugrinic, 
thermal analyses were made by E. S. Newman, 
and many of the chemical analyses were performed 
by T. J. Chaconas. The \\-Titers are indebted to these 
people for their valuable assistance . 
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Round grains. 
Irregular fl akes. 
Irregular. 
F lat prisms. 
Dendrit ic. 
Lath'shaped prisms. 
Need les 01' plates. 
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