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Features are discussed for the microstructure and phase composition of powder prepared by chemical disper-

sion of aluminum-molybdenum alloy with 10 wt.% molybdenum in caustic soda solution after heat treatment

at 1250°C for 90 min. It is concluded that heat treatment leads to significant phase and structural transforma-

tions of the powder and is a required stage in treatment before sintering.
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INTRODUCTION

An increase in the level of properties of ceramic materi-

als and creation of new forms of ceramic is impossible with-

out improving starting powder quality. Development of new

production solutions and principles for selecting additive fa-

cilitates creation of ceramic materials exhibiting improved

physicotechnical characteristics and makes it possible to give

them a number of unique special properties. In this connec-

tion there is considerable interest in material based on pow-

der prepared by chemical dispersion of aluminum alloys in

caustic soda solution. This method developed in the Moscow

State Industrial University (now Moscow Polytechnic Uni-

versity, or Moscow Polytech) [1 – 5], makes it possible with-

out significant expenditure to prepare starting raw material

with nanoparticles and to alloy it [6, 7].

The aim of the present study is creation of the possibility

of maximum use in industry of the unique properties of ce-

ramic based on Al2O3 by developing fundamentally techno-

logically simple and energy saving schemes for preparing

starting raw material, i.e., alloyed nano-powders, and also

the principles of controlling their fineness and aprticle shape.

Preparation of Al2O3 nanopowder has been described by

chemical dispersion of aluminum-molybdenum alloy

(Al–Mo alloy) in a caustic soda solution and the properties of

powder has been studied after heat treatment. The results ob-

tained may be proposed as a basis for clarifying the produc-

tion parameters of large-scale manufacture of this form of

raw material in order to create unique ceramics for special

purposes.

POWDER PREPARATION BY CHEMICAL

DISPERSION OF Al–Mo ALLOYAND STUDY

USING X-RAY PHASE ANALYSIS (XPA)

Chemical dispersion of Al–Mo alloy was accomplished

by treatment with 20% aqueous solution of caustic soda [2].

The residue obtained was washed in distilled water:

2Al + Mo + 4NaOH + 8H2O � 2Na[Al(OH)4] + Na2MoO4

+ 6H2� and filtered in vacuum unit [7]. The pH of the me-

dium before washing was 12.8, and after washing it was 8.7.

It should be noted that the original unwashed power was

dried at elevated temperature of 200°C, and in this case there

is formation of a strong skin that is difficult to break down.

This is apparently connected with occurrence aluminum hy-

droxide polymerization with excess content of alkali ions OH–

with formation of a a polymer chain (HO)2·Al·O·Al·(OH)2.

Polymerization requires thermal activation (200°C) [8],

whereas evaporation of adsorbed chemically unbonded water

Refractories and Industrial Ceramics Vol. 59, No. 3, September, 2018

318

1083-4877�18�05903-0318 © 2018 Springer Science+Business Media, LLC

1
FGBOU VO Moscow Polytechnic University, Moscow, Russia.

2
ZAO NTTs Bakor, Shcherbinka, Moscow Region, Russia.

3
tarasvp@mail.ru

DOI 10.1007/s11148-018-0228-y



(in the case of drying washed residues after 18 decantations,

i.e., with n = 18) is observed at a significantly lower tempera-

ture (60°C). In addition, after heat treatment in air (1250°C)

the original residue (n = 0) is solid aggregates, which are ex-

tremely difficult to refine to a state of fine powder, used for

charge preparation. Aggregates were ground manually using

a porcelain pestle and mortar, reacting intensely with impact

and wear, whereas washed residue (n = 18) is easily pulver-

ized in a mortar with a pestle to a fine powder condition.

A feature of the residue washing process (Fig. 1) is con-

stancy of medium pH after 12 decantations, which is con-

nected with the impossibility of removing the ionic layer

from hydroxyl groups OH– from a residue particle surface,

exhibiting increased absorption capacity. The number of

hydroxyl groups (their concentration) within the composition

of an ionic layer is connected with the degree of residue par-

ticle fineness: the greater particle fineness, the more concen-

trated are hydroxyl groups. pH indices of the medium for de-

position, i.e., the products of chemical dispersion of Al–Mo

alloy are provided below:

n pH* n pH n pH

0 12.8 6 10.5 12 8.7

1 12.2 7 10.1 13 8.7

2 12.2 8 9.4 14 8.7

3 12.1 9 9.1 15 8.7

4 11.9 10 8.9 16 8.7

5 11.4 11 8.7 17 8.7

18 8.7

* pH with n = 0 concerns the original deposit before washing,

pH = 8.7 corresponds to the maximum degree of washing.

As is seen, the maximum degree of residue washing is

achieved in the 11th decantation.

Powder phase composition was established using XPA,

and the phase composition of all powders was determined in

a D2 PHASER instrument from Bruker (CuK
�
radiation, Ni

filter, tube regime 10 mA, 30 kV). Interpretation of the spec-

trum and calculation of the phase composition (Fig. 2) was

accomplished by means of a JCPDS-ICCD card index using

specialized software (Topas x-ray structural analysis pack-

age). Results of XPA and the sizes of coherent scattering re-

gions (CSR) of crystal phases are provided in Table 1. It is

seen that the main crystal phase after chemical dispersion is

gibbsite �-Al(OH)2, and 2 wt.% of sodium molybdate is also

present. Due to its high solubility in water a considerable part

of the product was lost during decantation. The size of the

gibbsite CSR comprises 86, and for sodium molybdate it is

33 nm.

In order to reconstruct heating conditions during powder

synthesis and compact sintering thermal effects were studied

in an oxidizing medium with a heating rate of 5°C/min to

1200°C. A powder compact was placed in a tungsten crucible

(instead of corundum) for cleanliness of the experiment and

reducing the possibility of applying extraneous thermal ef-

fects as a result of reaction of the test powder and crucible

material under high-temperature and corrosive atmosphere

conditions. Differential thermal analysis of aluminum hy-

droxide powder with sodium molybdate showed that their

decomposition proceeds in several stages: in the range to
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Fig. 1. Values of medium pH for precipitation, i.e., the chemical

product of Al–Mo alloy dispersion.

Fig. 2. Powder diffraction patterns of after chemical dispersion of

Al–Mo alloy (a) after heat treatment at 1200°C (b ), and also ce-

ramic made from this powder (c): X is undifferentiated phase; P is

sodium molybdate; C is corundum; G is gibbsite.

TABLE 1. Phase Composition of the Powders Obtained, %/Crystal

Phase CSR Size, nm

Phase
Powder after Al–Mo

alloy dispersion

Powder after heat

treatment at 1200°C

Gibbsite 98/86 —

Corundum — 89/240.3

Sodium molybdate 2/33 11/92



300°C a thermal effect corresponds to adsorbed water re-

moval during subsequent heating in the range 300 – 550°C a

clearly defined endothermic effect is observed, which is con-

nected with final removal of crystalline water; in the range

750 – 850°C there is sodium molybdate melting. Results of

thermogravimetric analysis point to an overall weight loss of

43%.

POWDER ANALYSIS

BY SCANNING ELECTRONMICROSCOPY (SEM)

Results of SEM for Al–Mo alloy powder after chemical

dispersion show that within the material a considerable

amount of agglomerated prismatic particles are present

(Fig. 3), which is typical for gibbsite of monoclinic syngony

[9]. The predominant size of agglomerates is 50 – 80 �m,

and sizes of crystals are 8 – 15 (60 vol.%) and 15 – 40 �m

(40 vol.%). Powders, both ultra- and nano-dispersed, have a

tendency towards agglomeration and aggregation.

Powder was calcined in a furnace with a heating rate of

200°C/h and isothermal exposure at 1200°C for 1 h; cooling

was conducted in the furnace. With this temperature range

quite actively sintering powder is obtained with no shrink-

age. Results of SEM for powder after heat treatment are

shown as an increase in sodium molybdate content after heat

treatment is connected with the high intensity of diffusion

processes, and therefore the average crystal size within ag-

glomerates of a powder sample is an order of magnitude

greater than for powder after chemical dispersion.

Sintering proceeds by a liquid-phase mechanism. During

heat treatment in the range 750 – 850°C there is melting of

NaMoO4, which wets the powder surface and therefore in-

tensifies the sintering diffusion processes.

CONCLUSION

These studies are a logical continuation of work for pre-

paring fine boehmite powder, conducted the scientific group

of the Moscow Polytech. Powders prepared by a chemical

method, i.e., by decomposition of commercial aluminum and

aluminum alloys with caustic soda, are classified as finely

dispersed powders, containing a significant proportion parti-

cles of the nanosize range. Powders exhibit a suitable combi-

nation of structure, phase composition, and rheological prop-

erties. The fine structure of the powder composition has been

studied for the first time, i.e., a product of chemical disper-

sion of Al–Mo alloy containing 10 wt.% molybdenum with

an aqueous alkaline solution. A production process has been

developed for preparing nano- and ultrafine aluminum oxide

powders containing refractory element, i.e., molybdenum.

Results of XPA have shown that a predominant phase of

the powder product is gibbsite, and the alloying element is

present in the form of sodium molybdate (~2 wt.%). Loss of

alloying element proceeds during decantation after chemical

dispersion.

A synthesis regime has been selected for powder making

it possible to provide retention of the optimum powder activ-

ity, to reduce the risk of crack formation and simultaneously

to obtain during sintering specimens with low volumetric

shrinkage.

Results of powder SEM show that powders before and

after firing differ from each other. The original powder of ag-

glomerates with shape similar to spherical has a radial-beam

structure. Particles after heat treatment are inclined towards

coarsening and have a shape similar to equiaxed. Preliminary

sintering of powder will proceed by a liquid-phase mecha-

nism, which makes it possible to reduce the firing tempera-

ture and prospectively to improve the physicotechnical prop-

erties of corundum ceramic.

Work was completed with financial support of the Rus-

sian Federation Ministry of Education and Science within

the scope of a state assignment No. 11.5987.2017/VU for

carrying out work “Organization of the performance of scien-

tific research” (Number for publication: 11.5987.2017/6.7)

using equipment of the Center for Collective Utilization

“High-tech in engineering”, Moscow Polytech.
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Fig. 3. Structure of powder agglomerate obtained by thermal dis-

persion of Al–Mo alloy.

Fig. 4. Powder structure after heat treatment at 1200°C.
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