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SPECIFIC SURFACE AREA, CRYSTALLITE SIZE AND
THERMOKINETIC OF OXIDE FORMATION y — a-Al,O;
NANO POWDERS AT 570 -1470 K
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Powders where the y=~a-Al;Oz-nano phases are the priority precursors for catalysts for
heterogeneous catalysis with the maximum content of surface 5-coordinated Al centers for Pt
attachment. Hydrogenated nano powders (~8 nm) of y-, y -, 0-, k-Al,O3 soluble in hydrochloric
acid were obtained from the processing of aluminum boride powders with an icosahedral
structure. Samples, which underwent a step-by-step and single heating of 50-100K heat
treatment for 2 hours at temperatures of 570-1470K, were received in quantity of 34. The
specific surface area of Sggr, m’g” was measured by the thermal nitrogen desorption express
method of gas chromatography through the GC-1 device. X-ray (phase and coherent),
fluorescence and phase chemical-analytical evaluation of the samples were performed. The
thermokinetic characteristics of the processes are calculated using the exponential Arrhenius
law. Dimensional characteristics of crystallites (10.4-48 nm),; specific surface area of powders
(213-8.6 m’g”, Sger); thermokinetic parameters of a-Al,0s crystallite growth process (V q11203 -
1.44 107 - 6.67 10° nm s7'; E ga03 = 38.7+2.1kJ mol": 4y = 0.16+0.0 s along the temperature
line 1220-1470K were determined and calculated. The process of dehydration of two OH-groups
occurs in the region 570-720K E, 20 1 = 30.5 £ 0.5 kJ mol” Ayp=1.33+0.3 s The last group of
OH at temperatures of 820 -1070K and a rate of 2.13 107 - 4.93 107 mol s Eimoy =132 %
0.8 kJ mol” Ay =169+ 0.9 s The activation energy of the phase transition is E, , _, 441203 =
23.9+ 1.0 kJ mol” Ay = 2.01 £0.72 5" (770-970K) and Eo, , - s-1203 = 83.5 = 0.8 kJ mol” 4,
=(2,05+0,95) 10° 57! (1070-1170K). It agrees well with the known heat of conversion E, 441203
= 85 kJ mol”. The TK of y~a-Al,Os-nano phases is at 1170K.

Keywords: specific surface area, crystallite size, thermal kinetics, phase transition, powders,
y—a-Al,Os-nano, dehydration, crystallite growth

Introduction

The search for ceramic and composite materials resistant to shocking physical impact is
relevant. These include related icosahedral compounds such as boron carbide, including reaction
products in the system: "Al - Bjsx Cx [1] and BN" [2-9].
Powder y-Al,0O3-nano, in contrast to a-Al,Os - easily soluble in hydrochloric acid, active
sintering material. A solution of sodium tetrahydroxy-aluminate, from waste refining powders
AlBj;, AlB,C,, AlsB4C; [10, 11] became a precursor to produce y-Al,Os. In the process of
y—0-AlLO; phase transition, extended in temperature and time, the state of the powder is special,
where the content of v, octahedrally coordinated aluminum (3+) is proportional to the a-phase of
ALO; with tetrahedral Al (3+). Under these conditions, the surface of the oxide particles
according to ’Al MAS-NMR spectroscopy at a magnetic field of 17.6 Tesla [12-14] has up to
20% of intermediate unsaturated 5-coordinated *’Al ionic polyhedral. They act as mounting
points for catalytically active materials, such as Pt. The degree of phase transition and the
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content of 5-coordinated aluminum atoms depends on: the thermokinetic characteristics of the
processes of dehydration; phase transformations and growth of a-phase crystallites. The study of
the formation of oxides (subject of research) y—a-Al,Os in the temperature range of these
processes is relevant. Thermokinetic measurements are inherent in the chemical features of the
components of the research object a-Al,Os-nano using delicate methods of chemical phase
analysis, X-ray diffraction, coherent scattering and methods of nitrogen desorption in the region
of heat treatment

570-1470 K. The results of measurements are calculated using Svante Arrhenius equation.
Methodologically, such experiments were performed for the first time.

Materials and research methods

Powder 5.0-10.0 nm preferably y; y’-Al203-nano (RFA) was obtained during the
processing of technological waste products of interaction in the system: “BN — Al” [10].
Hydroxyl derivatives of aluminum (3+) were precipitated from alkaline solutions with nitric acid
to pH 4.0-5.0. The coagulated product is purified 5 times according to rural cheese production
technologies. The difference of osmotic pressure of aqueous solutions and pure aqua at a ratio of
1:10, respectively, was used. According to the known version, the powder is partially dehydrated
at 420 and 570 K according to the data [16]." Diffractograms of y-ALO; samples calcined at
1170 K had reflections of crystalline phases, including a-Al,Os. Samples of Al,Os; powder are
calcined in steps (2 hours) to a temperature of 1470 K sequentially or once. The phases y-
AI(OH)3, y-AIO(OH), y-Al,O3 and y’-Al,O3, in contrast to a-Al,Os, are soluble in hydrochloric
acid. [16]. All modifications of alumina are soluble in NaOH melt. Aluminum (3+) was
determined by complex-metric direct and inverse titration with fluoride masking [17]. OH-
groups after substitution with fluoride (KF) — acid-metrically with phenol-phthalein according to
Tananaev [17]. Hydrogen, nitrogen (and oxygen) - pulsed reductive extraction with carbon and
gas chromatography [12]. Carbon was measured by oxidative extraction and coulomb-metrically
(AN 7529m) [17]. Diffractograms were performed on an X-ray diffractometer DRON-3,0 Cu ko-
radiation, monochromator. The specific surface area Sger, m’g" was determined by express
method of thermal nitrogen desorption using the GC-1 device. The X-ray fluorescence analyzer
EXPERT 3L W207U&quot; (Ukraine) was used, the Al,O3; content was 99.69% (wt.), SiO; -
0.31%. y—a-Al,Os3 and growth of a-Al,O3-nano crystallites according to Arrhenius exponential
law.

Obtained results and discussions

Phase composition. The obtained results do not coincide with the data [16], apparently due
to the lack of heat treatment time. The original y-Al,O;3 is a mixture of 65.3% of the mass. y-
AIO(OH) and 34.7.7% y-Al(OH)s. The y-Al(OH); phase decomposes in the region of 770-870K.
Phase y-AlO (OH) - at 1030K. The samples annealed sequentially or once at 1170K had a phase
composition of: soluble phases2 45.0% v-Al,0O3 and 55.0% of other Al,O; phases3 (1); 58.0% -
ALO; and 42.0% a-ALO; (2), respectively. Al,O; powders without soluble y-Al,O; were
obtained at 1230-1470K heat treatment.

Dehydration. Data from the thermokinetic process of dehydration of Al,O; powders are
presented in the table. The total content of bound water in the OH-groups was =~ 20% of the
mass. Dehydration of the 1st (accumulative) and 2nd (single) heating modes in the region 570-
870K have a hysteresis of discrepancy. As the temperature increases from 870K to 1470K, the

"In the future, the time of each heat treatment was two hours, respectively.
* - conventionally referred to below as y-ALO;.
- conventionally referred to below as a-ALOs.
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dehydration curves merge into one line. The dehydration rate increases from 1.87 10 to 4.93 10™
mol s (Table). The activation energy of dehydration of the two OH-groups (equation 1) in the region
570-730K is E, 1120 1T = 30.5 + 0.5 kJ mol™. The last group of OH (equations 2, 3) at temperatures of 830-
1070K and a velocity of 2.13 10-4 - 4.93 10-4 mol s dissociates with the activation energy within E, po
1 =13.2+£ 0.8 kJ mol". Above 1070K, Al,O5-nano powder becomes virtually anhydrous.

Al(OH)3401iq — 770-870K — AIO(OH)qojig + H20 1 gag (1)
AIO(OH)qoig — 1030K — 0.5 AlyO3parg + 0.5 HyO 1 gas (2)
OH-qjiq — 770-1030K — 0,50 jia + 0,5 HyO 1 g5 (3)

The dehydration reaction constant is: ko T = [H20] 03, Dehydration rate V 20 1 = [H20]
exposure time™ (s™). The rate constant kv = (V 20 1) .

Phase transition. The reaction (4; 5) phase transition (Table) can be represented as:

v-Al,03 — 670-1230K — a-Al,O3 (cumulative heating) (4) or
v-Al,O3 — 1130-1230K — a-Al,Os (single-stage heating) (5).

Table 1. Thermokinetic characteristics of hydrated powders y — a-Al,Os-nano (9.7-48.0 nm;
Sper = 213.0-8.6 m°g™) in the field of 570-1470K

T, K Velocity, V, mol s'l, Activation Frequency
(nm s™) energy E, factor,
kJ mol Aps”
620-670 H,0110%= 0.58-5.24 H,O1 =29.7+1.0 H,O1 = 0.78+0,04
820-1070 | H,0110°=6.56-15.2 H,01 =13.2+1.0 H,0110% = 5.8+0.2
670-970 y—a-ALO310°=3.47- | y—0-AlLOs=23.9+1.0 y—a-Al,Os= 2,0+0,7
12.5
1070- y—0-AlL0310°=2.78- | y—>0a-AlL,0s=83.3+1.0 | y—0-ALOs=(2,05+0,95) 10°
1200 14.2
700-1120 crystallite growth not an exponential not an exponential area
0-ALO; 10°nm s™ e
=1.44-2.79
1120- crystallite growth crystallite growth crystallite growth =0.16+0.02
1420 0-ALO; 10°nm s™ =38.742.1
=3.36-6.47

Where k = [a-Al,O3] (mol) reaction constant. V , _, , =

[a-AL,Os] exposure time” (s™)

formation rate a-AlLOs; and ky y - o = (Vy 5 o) ! _ rate constant v — a-AlOs. The activation
energy Eay . o A1203 phase transition, 1 the mode of stepwise cumulative heating, is equal to 23.9 + 0.8
kJ mol™ in the region 670-970K at a process speed of 3.47 10 - 1.25 10° mole s™. Increasing
the temperature to 1070-1170K, increases the rate of phase transition y — a-Al,O3 to 2.78 107 -
1.42 10* mol s™'. The activation energy of the E, y _, 4-A1203 phase transition Under these conditions is

148




83.5 + 0.8 kJ mol ™. The obtained value of Eay - a-ano3 correlates with the known - 85 kJ mol™!
[16]. In the mode of single heating, the low-temperature branch y — a-Al203 is absent. The
frequency coefficient of the process Ay phase transition throughout the temperature line remains
constant (2.05+£0.95)10° s, Thermokinetic phase transition y — dehydration — (-, 6-, y’-, 8-, %-
, K-) — o-AlLOs is a complex multistage process of formation of alumina crystallites. The
product of the transition is a-modification.

Specific surface area and size of crystallites. The specific surface area (Sger, m°g™") was
measured experimentally in the range of 213.0 - 8.6 m’g”" in samples maintained at temperatures
of 570; 870; 1070; 1220; 1270; 1470K respectively. The temperature dependence of Sggr has the
form of an inverse 2-shaped dependence with a noticeable inflection at 1170-1220K. The curve,
in fact, has the nature of the first derivative of the power function of the specific volume (V, m’g’
". The ratio S/V in the spherical* and cubic approximation is equal to "6a™", where "a" is the
average integral length of the diameter or face of geometric figures. As the heat treatment
temperature increases, the specific surface area and the parameter a decrease. The S/V ratio
increases continuously (in the absence of a jump in the parameters of the martensitic phase
transition). The process of agglomeration of crystallites at a segment of high temperatures causes
the curve to bend towards the abscissa. The curve acquires an S-shape. The value of the average
size of a-Al,Os crystallites in the region of coherent scattering of the diagonal plane hkly;, (=48
nm) at a temperature of 1470K was established. The temperature dependence of S/V allowed to
calculate the average size of a-phase crystallites along the temperature line 570-1470K. The
increasing region of the a-Al,Os crystallite size curve is similar to the exponent and can be
calculated from the Arrhenius equation. The determined thermokinetic parameters of a-Al,Os-
nano crystallite growth are presented in the table. As can be seen from the table, the specific area
of powders decreases from 213.1 to 8.6 m’g” in the temperature range 570-1470K. The size of
a-Al,Os-nano crystallites increases in the form of an S-shaped curve from 9.7 to 48.0 nm from
570 to 1470K at a rate of 2.89 10~ to 1.33 10 nm s”'. At temperatures of 1220-1370 K, the
activation energy is 38.7 £ 2.1 kJ mol™. Further increase in temperature leads to agglomeration
?f a-Al,Os crystallites. The frequency growth rate of crystallites Ay did not exceed 1.83 £ 0.07 s~

Conclusions

Considering the obtained data, there is a proportional relationship between the degree of
solubility of the phases of aluminum (3+) in hydrochloric acid and dehydration of powders. The
higher content of hydroxyl groups correlates with a higher mass fraction of dissolved Al (3+).
Reducing the content of OH groups increases the resistance of the powder to dissolution in
hydrochloric acid. Dissolution of y- and y’-Al,O3; was confirmed by X-ray phase analysis. The
monograph [16] states that y’-Al,O; is converted to y-Al,O3 at 1170K. Above 1270 y-Al,Os is
converted to a-Al,O3 (heat of conversion 85.9 kJ mol™). The activation energy of the phase
transition y — a-Al,O;3 is equal to Ea = 83.5 £ 0.8 kJ mol-1, respectively. The difference in
values is < 3.0% relative. For the first time, a low-temperature (670 - 970K) branch of the y — a-
AlLOj; phase transition was established under cumulative step heating, with the activation energy
of the process being approximately four times lower in comparison with the high-temperature
section. Ea = 23.9 + 0.8 kJ mol™'. The specific surface area of the samples at 570 and 1470K is
213 and 33 m’g”, the size of the crystallites is 10.4 and 48.0 nm, respectively. The activation
energy of crystallite growth at 1220-1370 K is 38.7 + 2.1 kJ mol™, the frequency coefficient of
the process Ag=0.80 + 0.02 st

* The sorption properties of the surface of the samples y~0-Al,O; (1270K) indicate that the crystallites have a
spherical shape.
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IMUTOMA ILJIOIIA MOBEPXHI, KPUCTAJITHUMN PO3MIP
TA TEPMOKIHETUKA ®OPMYBAHHA HAHOIIOPOULIKIB
OKCHUAY 7 — 0-ALO; 1PN 570 -1470 K

B.B. I'ap0y3, B.A. IlerpoBa, T.A. Ciiincbka, T.®. Jlo0yHnens, O.1. buxkos, B.b. Myparos,
T.M. TepentbeBa, JI.M. Ky3bmenko, O.0. Baciabes, O.1. Oaigan,
T.B. Xomko
Inemumym npobnem mamepianoznascmea im. 1. M. @panyesuua HAH Yxpainu, 6yn.
Kporcusrcaniscvroeo, 3 Kuis,
03680, YVrpauna, e-mail: wpetrowa@ukr.net, Garbuz.v1950@Gmail.com

Ilposedeno peummeeniecoke (ghazose ma kocepenmmue), ¢payopecyenmue ma Gaszoee
Ximiko-ananimuune oyinrosants y=~o-Al;Oz-nano nopowis. TepmoxkiHemuuni xapakmepucmuxku
npoyecie 064UCTIOIOMbCA 3 O0NOMO2010 eKCHOHEeHYIanbHo20 3akony Appeniyca. Buznaueno ma
PO3paxo8aro posmipHi xapaxkmepucmuku Kpucmanimie (10,4-48 wum);, numoma nogepxHs
nopouikie (213-8,6 we’, Sppr); MepMOKIHeMUYHI napamempu npoyecy pocmy Kpucmanimis o-
ALO3 (Vonnos - 1,44 107 - 6,67 107 wm ¢y Egsinos = 38,7 + 2,1 llowe monw™; Ag= 0,16 + 0,0 ¢
" no ninii memnepamyp 1220-1470K). Ipoyec 3nesodnenns dsox OH-zpyn & o6nacmi 570-720K
Ea mo1 = 30,5 £ 0,5 xllonc MOﬂb'I,' Ay =1,33+0,3 . Ocmanna epyna OH npu memnepamypi
820 -1070K i weuoxocmi 2,13 107 - 4,93 10 mons ¢’ Ea o+ = 13,2 + 0,8 ko monw™; Ag =
16,9 £ 0,9 . Enepeis akmusayii ¢pazoeozo nepexooy - Ea, , ., 4a1203 = 23,9 £ 1,0 ke MOsz’I;
Ay=201 £0,72 ¢! (770-970K) ma Ea, , — q-a1203 = 83,5 £ 0,8 ke monw ™' ; Ag = (2,05 £ 0,95)
10° ¢ (1070-1170K). Lle 0obpe y32002cyemubcs 3 6i0omum meniom nepemeopents Ea, , _, o_41203
= 85 klorc monv-1. TK = a1203-Hanogasu 3naxooumsca na pieni 1170K.

Kuro4oBi ciioBa: numoma niowa nosepxwi, po3mip Kpucmanimy, mepmiyHa Kinemukda, ¢hazosuti
nepexio, nopowku, y—o-Al,Os-nano, deciopamayis, picm Kpucmaniimie
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YAEJBHASA IIVIOIMA b IIOBEPXHOCTHU,
KPUCTAJIIMTHBINA PASMEP U TEPMOKUHETHKA
OBPA30OBAHUSA HAHOITIOPOUIKOB OKCHJIA v — a-ALO;
IHPH 570 -1470 K

B.B. I'ap0y3, B.A. IlerpoBa, T.A. Cusnuckas, T.®. Jlooynen, A.U. bukos, B.b. Myparos,
T.M. TepentneBa, JI.H. Ky3bmenko, A.A. Bacuiabes, E.U. Onudan,
T.B. XoMKko0

Hnemumym npoorem mamepuanosedenus um. M. H. @panyesuva HAH Yxpaunwl yi.
Kpoicuocanosckoeo, 3 Kues, 03680, Yrpauna, e-mail: wpetrowa@ukr.net,
Garbuz.v1950@Gmail.com

Ilpogedeno penmeenogckoe (gazosoe u Koeepenmuoe), Gryopecyenmuoe u ¢hazosoe
XUMUKO-aHanumuyeckoe  oyenuganue  y=~o-Al;Oz3-nano nopowxos. Tepmokunemuyeckue
Xapakmepucmuky npoyeccos GulUUCIAIOMCL € HOMOWDBI  IKCNOHEHYUATbHO2O — 3AKOHA
Appenuyca. Onpedenenvl u paccuumanvl pasmepuvie xapakmepucmuxu kpucmaniumos (10,4-48
HM); YOelbHas N08epXHOCmyb nopouikos (213-8,6 Mze'l, SpET), MepmoKunemuyecKue napamempol
npoyecca pocma kpucmaniumos o-AlOz (Vi anosz - 1,44 10° 26,67 107 um ¢ Eo o3 = 38,7
2,1 xllxc MOﬂb'I; Ap = 0,16 £ 0,0 ¢! no numuu memnepamyp 1220-1470K). Ilpoyecc
obezeodcusanus 08yx OH-epynn 6 oonacmu 570-720K Ea 101 = 30,5 = 0,5 /e Mo ; Ayp =
1,33 £ 0,3 ¢!, ocreons epynna OH npu memnepamype 820 -1070K u cxopocmu 2,13 107 -
4,93 107 monw ¢! Ea mor = 13,2 £ 0,8 kllxc monw™'; Ap=169 £ 0,9 . Duepeus akmusayuu
¢paszosozo nepexooa - Ea, , _, o.a203 = 23,9 + 1,0 kJorc MOJZb'J; Ay =201 +0,72 ¢! (770-970K)
ma Ea, , — qa1205 = 83,5 £ 0,8 xlluc moms™'; Ay = (2,05 = 0,95) 10° ¢’ (1070-1170K). Dmo
XOpOwLo co2nacyemcs ¢ U36eCmublM meniom npeoopazoeanus Ea, , _, 41203 = 85 ko mons-1.
TK j~4 -a203-Hanogpaszu naxoosames na yposue 1170K.

KuroueBble ciioBa: yoenvHas niowadb HOBEPXHOCMU, paA3Mep KPUCMALIUMA, mepMuieckas

KuHemuka, azosviti  nepexod, nopowiku, y—a-Al,Oz3-nano, Odecuopamayus,  pocm
KPUCALIUMO8
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