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The optimal condition of water content determination in a-Al,O5, including sample
mixing with methanol followed by titration of the suspension with K.Fisher reagent in the
presence of methylene-blue background dye have been found. We have proved the absence of
any significant systematic errors by variation of weighed. The determination limit, corre-
sponding to standard deviation of single result 0.3, of the methodic developed is 9-1072 mass
% . Thermogravimetric and mass-spectrometric data show that a-Al,0O; contains not only
water, but also significant amounts of CO and CO,, which, apparently, is the main reason
of blowhole-like defects in those single crystals. We assume that material degassing by
heating it in vacuum can allow a more effective elimination of such defects in the crystals,
than the widely used thermal treatment of the material at atmospheric pressure.

VeTaHOBIEHB! ONTUMATBHEIE YCIOBUSA OUNpPefeNeHHA cofepsKanua Bogbl B o-Al,O,, BKJIIO-
yaloIre IepeMelluBaHue o6pasla ¢ MeTaHOJOM U IMocjaeAylolllee THUTPOBAHUE IIOJYyUYEHHON
cycrensuu peakTuBoM K.Dumiepa B NPUCYTCTBUU (POHOBOIO KPACHUTENA — METHUJIEHOBOI
cuneii. OTCyTCTBHE 3HAUMMBIX CHCTEMATHUYECKHUX MOTPEINTHOCTed AOKA3aHo IPU IOMOIIY Me-
TO[8 BapLUPOBAHUA HaBecoK. Ilpeges ompejefieHUsaA paspaboTaHHON METOAUKH, COOTBETCT-
BYIOIIIUH OTHOCUTEJLHOMY CTAHAAPTHOMY OTKJOHEHUe efUHHUUYHOro pesyiabrara 0,3, okasajcs
pasubM 9-1072 mac.%. ITo TaHHBIM TepPMOIPABUMETPUM M MACC-CIEKTPOMETPUM YCTAHOBIIE-
HO, uTo, KpoMe Boxwl, o-Al,O5 comepmutr saaunrensasie Konmuuectsa CO u CO,, uro, mo-su-
OUMOMY, SBJAETCH OCHOBHOM IPUYMHOI IIOABICHWS B 3THX MOHOKPHUCTAILIAX [e(EKTOB B
BUJE Tas30BBIX IIy3bIpeil. BEICKA3AHO IIPEAIIONOMEHNE, YTO [erasanus ChbIPbA IIYTEM ero
HAIPEBAHUSA B BAKYYME IIO3BOJIAT IIOJHEE YCTPAHATL O0PA30BAHME B KPHUCTAILIAX YKASAHHBIX
nedEeKTOB, 4eM 4acTo MPUMEHAeMas TepMooOpaGoTKa CHIPhA IPY ATMOCHEPHOM AaBICHUN
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Determining moisture content in pow-
dered alumina is necessary due to its o-form
use as a material for growing corundum,
sapphire as well as garnets and other com-
pound oxides single crystals. Pores and in-
clusions lower the operating characteristics
of the grown single crystals, which makes
the surface treatment more complicated and
increases light scattering. The common con-
dition of pores forming in single crystals,
grown by Czochralski, Kyropoulos or
Stepanov methods, is melt oversaturation
with soluted gases [1] coming there from
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the initial material as adsorbed gaseous com-
pounds and water. In this paper we study the
potential of using XK.Fisher titrimetric
method with visual indication of titrating end
for determining water content in alumina a-
form.

We use for the titration K.Fisher re-
agent solution with titre 2.0-3.0 mg/ml,
prepared by mixing the solutions of sulfur-
ous anhydride in pyridine and iodine in
methanol (volume ratio 1:2.17) from the
standard set, made by firm RIAP (Kyiv).
K.Fisher reagent titre was determined in
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Table 1. Validity check of water content evaluation in AIZO;’

m, mg 742.5 | 278.9 | 382.6 | 381.7

469.4

379.5 | 379.4 | 386.6 | 380.3 | 380.3 | 380.9

H,O found 2.2 2.24 | 2.11 | 2.16
(C)), mass %

2.06 | 2.22 | 2.13 | 2.14 | 2.16 | 2.13

C, mass %

2.15

S

r

0.02

C; is H,O content, mass %, found at batch weight m; S, is relative standard deviation of a

single result.

the day of making analyses on standard
water solution in methanol. The background
dye was methanol solution of methylene-
blue with 1.0 mg/ml concentration. Titra-
tion was carried out in the equipment iso-
lating the reagent and probe from the mois-
ture in the air [2]. For water extraction
from the alumina and the methylene-blue
solution we used methanol, previously dried
by boiling in the presence of metal calcium,
then distilled.

We placed 20 ml methanol and a drop of
methylene-blue solution into the titration
bottle, then the bottle was attached to a
burette. The solution of K.Fisher reagent
was added from the burette for binding the
water in methanol and on the walls of the
container for titration. The solutions were
stirred with magnet mixer. The color
changed from blue-green to deep green with
yellow hue at the end of titration. Then
o-AlL,O5 weighed portion (700-1000 mg) was
placed in the same bottle, the mixture was
stirred for 15 min with magnetic mixer at
room temperature and the suspension was
titrated with K.Fisher reagent. The result
of evaluation (mass %) was calculated by
formula:

X=V-T-100/m,

where V is K.Fisher reagent volume, used
for titration of the probe under analysis,
ml, T is K.Fisher reagent titre (mg/ml), m

Thermogravimetric studies were carried
out with thermoanalytic system Mettler
TA3000 (Switzerland). Al,O5 weight (9—12 mg)
was placed in the furnace and the sample
was heated to 220°C at 3 grad/min. Weight
decrease was registered permanently.

Mass spectrometer studies were done
with mass spectrometer IPDO-2. o-Al,O3
weight (32 g) was put into a quartz am-
poule 50 mm in diameter, by attaching it to
vacuum system, and after reaching the
pressure 3.9:102 Pa the ampoule was put

Functional materials, 12, 3, 2005

into resistance tube furnace. The tempera-
ture in the furnace was increased to 700°C
at 200 grad/h, the composition of gas at-
mosphere in the vacuum system being con-
trolled with mass spectrometer. The statis-
tical treatment of results was made at con-
fidence probability P = 0.95.

It is established that in the analyzed con-
ditions water is quantitatively extracted by
methanol from alumina in 10-15 min. It is
shown that there is no need to separate
methanol extract from Al,O; powder probe
before the titration. We should note that
suspensions are titrated with K.Fisher re-
agent comparatively seldom. The use of
methylene-blue background dye provides a
more clear color change in the equivalence
point. Earlier E.Fisher suggested to use
methylene-blue solution in ethanol or pyri-
dine [3] for such titration, but this was not
widely applied, in particular, due to ethanol
hygroscopicity and the strong smell of pyri-
dine. The change of these dissolvents to
methanol makes the analysis more conven-
ient. At evaluation 1.9 mass % water in
o-Alb,O3 with and without background dye
relative standard deviation of the result
was respectively 0.006 and 0.011, i.e.
methylene-blue introduction caused almost
two times decrease of analysis result ran-
dom error.

Validity check by variation weighed por-
tion (Table 1) showed no systematic errors
in the results of water content evaluation in
Al,O5 by the proposed methodic.

The limit of the developed methodic de-
termination was considered the content of a
defined component, for which relative stand-
ard deviation of a single result is 0.3. Con-
centration dependence of S, is shown in
Table 2. This dependence could be approximated
by equation of a straight line S,=a + t(1/0),
shown in the Figure. The results of straight
line parameters by least-squares method:
a = 0.018+0.003, b = 0.0263+0.0007.

The evaluation of determination limit
(lower bound of the defined content) for the
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Table 2. The dependence of S, (from n
parallel lines) on water content in Al,O4
(C, mass %)

c n S,
3.42 3 0.022
2.15 11 0.025
1.63 3 0.040
0.64 3 0.063
0.10 4 0.280

proposed methodic, found from the men-
tioned equation at S, = 0.3, appeared to be
9-10°2 mass % H,O0.

Thermogravimetric study of o-alumina
showed that weight losses at samples heat-
ing essentially exceed water contents found
by K.Fisher method. For example, in one of
the samples weight loss was 8.410.4 mass %,
and water content was 2.15+0.04 mass %. It
was supposed that at heating to 220°C Al,O4
evolves not only vapors but other gaseous
products. The weight of the samples cooled
to room temperature in the air increases
almost to the initial one, according to ther-
mogravimetric data. This testifies that alu-
mina quickly adsorbs gaseous products from
the atmosphere, which, in its turn, is
caused by o-alumina high sorptive power
which seems to be preserved at high tem-
peratures.

The results of mass spectrometer analy-
sis confirmed the assumptions. At tempera-
ture increase, we observed constant gas
evolving from Al,O; sample in the vacuum,
the most intense — in temperature range
from 25 to 200°C. Mass spectrometer analy-
sis of gas atmosphere, formed at alumina
heating up to 700°C showed that it contains
not only water, but the follow ing compounds
(£0.02 mass %): CO, — 0.93, CO — 0.32,
O, — 0.08. Total content of the mentioned
gaseous products and water, found by
K.Fisher method, was 3.43 mass %, which
is in good agreement with the weight loss,
determined at thermogravimetric study as
3.4 mass % . One may explain the presence
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Fig. Dependence of S, on 1/C (see Table 2 for
initial data).

of CO, and CO in alumina by the fact that
carbon dioxide is used in the technology of
o-Al,O5 obtaining, and CO is generated by
CO, thermal dissociation.

It is obvious that one can not correctly
determine water content in alumina by the
commonly used method of samples drying to
constant mass. Constitutive amounts of
water and some gases in a-alumina used for
single crystals growing are, obviously, the
main reason of blowhole-like defects appear-
ing in those single crystals [1]. We can sup-
pose that material degassing by heating it
in vacuum can allow a more effective elimi-
nation of such defects in the crystals, than
the widely used thermal treatment of the
material at atmospheric pressure.

In the conclusion, we express our ac-
knowledgement to A.G.Fedorov for making
X-ray phase analysis of alumina samples
used in our work.
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HocaigKeHHA Ta30TBipHUX JOMIIIOK B O-OKCH/II
AJIOMiHII0, 3ACTOCOBYBAHOMY IJI1 BUPOILYyBaHHSA
MOHOKPHCTAJIB

T.A.Bnank, JI.Il.Excnepiandoga, JI.I.'opodunosa,
B./].Ilanikxapcovka, K.A.RKyodin

VeraHoBIeHO ONTMMANBHI yMOBM BH3HAUeHHA BMmicry Bogu B 0-Al,O;, soKpema, mepe-
MiNTyBaHHS 3pasKa 3 METAHOJOM i3 IOJAJBIINM THUTPYBAHHAM OJepiKaHoi cycmeHsii peaxkTu-
Bom K.®Pimepa y mnpucyrtHocTi GoHOBOro 6apBHMKA — METUJIEHOBOI cuHBbOI. BixcyTHicTh
BHAUYIUX CHUCTEMATUYHUX HOXMOOK MOBEIEHO 3a JOIIOMOTOI METOLY BAPiIOBAHHSA HABAIKOK.
Me:xa BusHaueHHSA po3pobieHOl MEeTOAUKH, IO BiAIIOBigae BiZHOCHOMY CTAHIAPTHOMY Bigxu-
JIEHHIO oguHHUHOTO pesyibrary 0,3, mopismioe 91072 mac.% . Ba mamumu Tepmorpasimerpii
Ta Mac-CIeKTPOMeTpii BcTaHOBJIEHO, Mo, KpiM Boxu, o-Al,O; mictuTs sHaunmi xkiaekocri CO i
CO,, mo, oueBUAHO, € IPUYNHOIO IOABY B IUX MOHOKPHCTANAX Ae(eKTiB y BUTIALIL Ta30BUX
Oyan0aliok. BucioBIeHO HPUIYIeHHs, IO Aerasalis CUPOBMHN HATPiBAHHAM y BaKyyMi
MO3BOJIUTL OINBII e(PEeKTUBHO 3aI00iraTv yTBOPEHHIO B KPHUCTAJaX BKasaHux TedeKTiB, Himx
TepMOOOPOOKA CUPOBUHU 38 aTMOC(EPHOTO THUCKY, AKY YaCTO BUKOPUCTOBYIOTE.
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