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Abstract—Reaction of potassium (or sodium) triethoxysilanolate with AlBr benzene ina3:1or4:1
ratio yields, respectively, tris(triethoxysiloxy)aluminum AI[OSi(Offf)or potassium (or sodium) tetrakis(tri-
ethoxysiloxy)aluminate M{AI[OSi(OEg],} (M = K, Na). Single-stage thermolysis of tris(triethoxysiloxy)-
aluminum (200C) and potassium tetrakis(triethoxysiloxy)aluminate (30) followed by annealing of the
solid residues at 100A25C°C, yields ceramic materials, which were examined by X-ray diffraction. The
crystalline phase obtained from tris(triethoxysiloxy)aluminum is aluminum metasilicg®i,8} 5 (mullite),

and the product obtained from potassium tetrakis(triethoxysiloxy)aluminate is a mixture of aluminum ortho-
silicate ALSIO5 (kyanite) and feldspar aluminosilicate KALS)g (microcline).

Direct thermolysis of mixed aluminum and silicon stances, in contrast to aluminosiloxaref] and I
alkoxides (RO)AIOSI(OR); (1) is a route to alu- which are very viscous liquids. Their IR spectra are
mina-silica ceramic composites [1]. As a continuationpractically identical and give little information. They
of our works [1, 2] on synthesis and study of suchcontain a set of the same characteristic bands originat-
dialkoxyaluminosiloxanes, we report in this paper theng from vibrations of the EtO group (as in tetraeth-
synthesis and thermolysis of tris(triethoxysiloxy)alu-oxysilane) and a strong broad absorption band of the
minum AI[OSi(OEt)]; (1) and its complexes with SiOAl group (in the range of SiOSi vibrations);
potassium and sodium triethoxysilanolates: potassiurior assignments, see -{8].

(K{AI[OSIi(OEt) 4]}, ') and sodium (Na{Al[OSi , _ o
(OEt)],}, IV) tetrakis(triethoxysiloxy)aluminates. We found previously [1] that dialkoxyaluminosil-

, . oxanesl start to decompose at 18200°C; therefore,
_Previously [1, 2], aluminosiloxanesand RAIO-  {hermolysis of aluminosiloxank was also performed
Si(OR); were prepared by exchange of aluminum broyt 20¢C, with removal of volatiles in an evacuated
mide (EtOAIBr or i-Bu,AIBr with potassium (or sysiem. In a cooled trap we collected and identified

sodium) triethoxysilanolate. A similar reaction of fe following compounds (moles per mole &if):

AlBr; with alkali metal triethoxysilanolate in a 1:3 ethylene (1.11), ethanol (1.38), tetraethoxysilane
ratio yieldsll . Ata 1: 4 ratio, complexedll andIV éo.so), diethyl ether (0.27), and water (0.16). The dark
are obtained in one stage. These complexes can alsgjig ‘residue formed after such treatment, according
be prepared by addition of an equimolar amount Ofq the elemental analysis and the results of hydrolysis,
potassium (or sodium) triethoxysilanolate to aluminotjj| contained alkoxy groups and therefore was sub-
siloxane Il . The scheme of the reactions is ShOW"jected to further thermolysis at 38D. The following

below. compounds were additionally collected (moles per
3MOSI(OEt) AllOSI(OEL mole of II'): ethylene (0.49), ethanol (1.84), and water
—3MBr [OSI(OEDs]s (1.72). Also, we obtained a dark powdered resitiae

I in an amount of 44 wt % relative tdl.
LMCSKOE‘% M{AI[OSI(OEY) 3]} M‘ Similarly, in thermolysis oflll at 300C, we col-

—3MBr v lected and identified the following compounds (moles
’ per mole oflll ): ethylene (2.20), tetraethoxysilane
M = K (Ill), Na (V). (0.85), ethanol (2.63), and water (0.18). The amount
of the dark solid residudlla was 53 wt % relative
Complexeslll and IV are solid nonmelting sub- to Il .

A|BI’3

1070-3632/02/7203-0394 $27.62002 MAIK “Nauka/Interperiodica



SYNTHESIS AND THERMOLYSIS OF TRIS(TRIETHOXYSILOXY)ALUMINUM 395

Amorphous powdered residué andllla were starting compound) is too low, and the analytical data
annealed in air at 1000 and 12&Dfor 1 h, and the for V are also inconsistent with the composition of
resulting crystalline phases were identified by X-rayVa. The number of KO groups iV determined by
phase analysis. After annealing b at 1000C, a acid titration was also only 80% of the amount calcu-
dark powderllb was obtained. The Debye pattern oflated for Va. Apparently, the composition oY is
IIb exhibits a set of well-defined reflections corre-more complex, and at present we cannot identify this
sponding to AlSi,O,5 (mullite). Residuellla, when  product.
annealed at 100C, undergoes caking and remains
dark. No phases can be identified in its Debye pattern. EXPERIMENTAL
On annealing at a higher temperature, 1Z50a col-
orless fused ceramicBlb is obtained. In its Debye We used absolute ethanol, dry solvents [7], and
pattern, three phases can be identified: mullite, alumifreshly distilled tetraethoxysilane. All manipulations
num orthosilicate AJSIO; (kyanite modification), with aluminum bromide (analytically pure grade) were
and potassium-containing feldspar aluminosilicatgoerformed in a glove box with a dry atmosphere. The
KAISi;Og (microcline modification). The two latter compositions and yields of the gaseous and liquid
phases are detected by several most intense ringsoducts of the thermal reactions were determined by
characteristic for each phase, in the complex diffracGLC on a Tsvet-104 chromatograph (thermal conduc-
tion pattern. tivity detector, carrier gas helium, steel columns 3 mm
in diameter). Gaseous products were determined at
50°C on a 2-m column packed with silica gel S-3.
eTetraethoxysilane and ethanol were determined at

0°C on a 2-m column packed with Chromaton-N +
5% Reoplex-400. Water and ethanol were separated
t 100C on a 1-m column packed with Polysorb-1.
he IR spectra were taken on a Perftmer-577
spectrometer (mineral oil, KBr). Th&-ray phase
alysis of annealed powders was performed on an
IS-1 device equipped with a Debye camera;KGu
radiation. The crystalline phases were identified by

Alkali metal triethoxysilanolates used for synthe-comparing the Debye patterns of the samples with the
sizing Il -IV were prepared in solution of tetraethoxy-reference data from the ASTM data-base. Analysis of
silane taken in a slight excess, with subsequent vacll-IV and solid residuela andllla for C and H by
um evaporation of the solvent at room temperatureombustion in an oxygen flow was performed in the
and drying of the residue in a vacuum at-3®°C. presence of PbO.

It should be noted that at temperatures higher by only
20-30°C potassium triethoxysilanolate decompose§a

with release (moles per mole of the initial compound) . -
) igorous stirring to 0.5 g of powdered KOH, and the
of tetraethoxysilane (0.23) and small amounts of sulting mixture was heated at-350°C, avoiding

ethanol (0.06) and ethylene (0.01), and the powdere gglutination of the precipitate, until KOH dissolved

residueV is insoluble in tetraethoxysilane. The IR .
spectrum of the residue in the range of OEt absorptioﬁompletely' Excess tetraethoxysilane and the released

undergoes significant changes: the bands at 1160 aﬁgﬁno' were vacuum-evgporated to dryness, and the
940 cm? disappear, and a strong band at 760-tm lid residue was dried in a vacuum at-3®°C to

- o : : ) .{;onstant weight. Potassium triethoxysilanolate, 1.97 g,
characteristic of potassium triethoxysilanolate is spli : 1.
. was obtained. IR spectruny, cni—: 1160, 930, 760
in two very weak broad bands at 760 and 700°tm . . : . .
This means that the decomposition proddatontains (Et0); 1080, 470 (.S'OC)' Sodlum triethoxysilanolate
no (EtO)Si groups but can contain (EtESi groups. was prepared similarly using powdered NaOH.
Its hydrolysis yields ethanol, and the balance with Thermolysis of potassium triethoxysilanolate.
respect to EtO groups between the initial compound 1.57-g portion of potassium triethoxysilanolate was
and decomposition products is 98%. It could be exheated in an evacuated system at@dor 3 h. The
pected that thermolysis of potassium triethoxysilanovolatile decomposition products were condensed in a
late would be accompanied by disproportionation tdrap cooled with liquid nitrogen. Noncondensable
tetraethoxysilane and potassium diethoxysilanediolatgases were virtually absent. The liquid phase (0.37 g)
(EtO),Si(OK), (Va). However, the amount of the consisted of tetraethoxysilane (92.0%), ethanol (5.3%),
released tetraethoxysilanel( mol per 4 mol of the and dissolved ethylene (2.7%). The residue was a

The colorless cakélb obtained by direct thermo-
lysis of 1ll with subsequent annealing of the residu
at 1200-1250C shows a very strong adhesion to th
ceramic support. Presumably, with the sodium analo
IV the annealing temperature required for preparin
a ceramic material will be lower, because the meltin
point of the sodium-containing feldspar aluminosili-
cate is lower. Thus, compoundis-IV can be consid- n
ered as possible precursors for one-stage preparatiﬁg
of ceramic materials by thermolysis in air.

Potassium and sodium triethoxysilanolatesTet-
ethoxysilane (4.5 ml) was added in portions with
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colorless amorphous powder (1.2 g). IR spectrwmn, ampule was sealed, and the solution was heated at
cn: 1040, 460 (SiOC); 760, 700 (EtO). Found, %:70°C for 10 h, after which the solvent was vacuum-
C 29.75; H 5.03. Calculated for potassuim diethoxy-evaporated at room temperature. Evacuation was con-
silanediolate, GH,K,0,Si, %: C 21.04; H 4.41. tinued until the residue became solid. Compouid
A 0.9-g portion of the solid residue was hydrolyzed inwas obtained; yield 3.1 g (96%). The product charac-
an evacuated sealed glass ampule (1 ml) with acidifietristics are identical to those of the sample prepared
water (pH~4) at 100C for 1 h. In the hydrolysis by procedurea.
products, 0.47 g of ethanol was detected by GLC, ¢ similarly, from 2.18 g of tris(triethoxysiloxy)-
which corresponds to 0.62 g of ethanol in the wholeyyminum and 0.78 g of sodium triethoxysilanolate,
amount of the residue. we prepared 2.89 g (98%) of Na{AI[OSi(OER} (1V)
Tris(triethoxysiloxy)aluminum (). A solution of ~@s @ colorless solid. The product does not melt when

1.25 g of AIBr, in 5 ml of benzene was added in aheated to 30@. Its IR spectrum is similar to that of
vacuum with vigorous stirring to a solution of sodium !l . Found, %: C 36.84; H 7.20; Al 3.58; Na 3.05; Si
triethoxysilanolate, prepared as described above frod#-92. G4HgAINaO,¢Si,. Calculated, %: C 37.58;
0.56 g of NaOH, in 10 ml of benzene. After heatH 7.88; Al 3.52; Na 3.00; Si 14.65.

evolution ceased, the ampule was sealed, and the mix- Thermolysis of tris(triethoxysiloxy)aluminum

ture was heated at 40 for 30 min with intermittent (Il). A 2.0-g portion of tris(triethoxysiloxy)aluminum
shaking. Then the mixture was centrifuged, and thevas heated for 2 h in an evacuated system aPQ00
transparent benzene solution was separated by decafihe volatile decomposition products were condensed
ing and vacuum-evaporated to leave 2.6 g (98%) oh a trap cooled with liquid nitrogen. Ethylene (88 ml)
compoundll as a viscous liquid hydrolyzing in air. and a liquid fraction (0.52 g) were obtained; the latter
IR spectrum,v, cnt: 1100-1070 (AlOSi); 1150, consisted of ethanol (43.2%), tetraethoxysilane
950, 780, 470 (EtO). Found, %: C 36.51; H 8.6; Al(43.1%), diethyl ether (13.6%), and water (2.0%). The
4.80; Si 14.89. GgH A0 ,Si;. Calculated, %: C  residue (1.38 g) was a dark powder containing 13.58%
38.28; H 8.03; Al 4.78; Si 14.92. The precipitate wasC and 1.74% H. This substance was heated afG00
washed with benzene (85 ml) and dried in air; it for 1 h. Ethylene (39 ml) and a liquid fraction (0.41 g)
was identified as sodium bromide (1.42 g, 98%).were obtained; the latter consisted of ethanol (73.2%)

Potassium (lll) and sodium (IV) tetrakis(tri- ~ @nd water (26.8%). The residue (0.881tp) was a

: ; ; ; black powder. Its annealing at 10@for 1 h gave a
ethoxysiloxy)aluminates.a. A solution of potassium SO ,
triethgxysilanolate, prepared from 1.07 g of KOH, indark powdered ceramidsh ; the weight loss was 7%
20 ml of benzene was placed in a three-necked fladif!ative tolla. Annealing ofilb at 1256C for 1 h
equipped with a stirrer, a dropping funnel, and a red°€s not result in sintering, decolorization, or weight
flux condenser. A solution of 1.28 g of AlBrin 9SS
10 ml of benzene was added dropwise over a period Thermolysis of potassium tetrakis(triethoxysil-
of 15 min with vigorous stirring to the solution of oxy)aluminate (lll). A 1.90-g portion of lll was
potassium triethoxysilanolate, and the mixture wadeated in an evacuated system at8for 2 h. The
refluxed for 7 h. Then the mixture was placed in angas phase (119 ml) consisted of ethylene, and the
ampule and centrifuged to separate KBr, and the coliquid phase (0.73 g), of tetraethoxysilane (58.8%),
orless benzene solution was decanted and vacuur@thanol (40.1%), and water (1.1%). The solid residue
evaporated; 3.32 g (88%) of K{AI[OSi(OEf)} (11 ) (1.01 g,llla) was a black powder. Found, %: C 3.97;
was obtained as a solid substance hydrolyzing in aid 1.10. Annealing ofilla at 1000C for 1 h gave a
The product does not melt when heated to €00 Wweakly sintered black product; its repeated annealing
Its IR spectrum is identical to that df . Found, %: at 1250C for 1 h gave a colorless ceramic calki .

C 37.50; H 7.70; Al 3.55; K 5.13; Si 14.80.,¢Hs,- The weight loss relative tdlla was 7.4%.
AIKO ,(Si,. Calculated, %: C 36.80; H 7.72; Al 3.44;
K 4.99: Si 14.35. The precipitate was washed with ACKNOWLEDGMENTS
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