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HCIOJb30BAHUE MEXAHOXUMHYECKOW AKTUBAIIAM JIJISI PETYJIMPOBAHUS
PEOJIOTMYECKHX CBOMCTB ®OPMOBOYHBIX MACC JIJISI SKCTPY3UHA
KATAJIM3ATOPOB 1 COPBEHTOB

B0 uccnedosano enuanue 1aICHOCHU, USMETbYCHUA U MEXAHOXUMUYECKOU AKMUEA-
yuu meepooil hazvl Ha peoniozuyeckue c6OUCMEa HOPMOGOUHBIX RACH O IKCIMPY3UU KAMAIU-
3amopoe u copoenmos. bvinu npoananuzupoeanst maxue napamempol HOPMOGOUHBIX NACH, KAK
NPOUHOCMb KOAZYTAWUOHHOU CIPYKMYPbl, UHOEKC MeYeHUs, Haubdoabuian N1aCMuYecKas 6:3-
KoCcHb, npedenbHoe Hanpsicenue cosuzd, NadCMUYHOCHb, NEPUOO PENAKCAUUU, COOMHOUIeHUE
Odehopmayuii. /Ina xapakmepucmuku cmeneHu MexXaHOXUMUYeCKoll aKmusayuu Ovliu Uucnoib-
306aHbl pazmep 001aCMU KO2EPEHMHO20 PACCeAHUs U 8eTUYUHA MUKpodedhopmayuil. Boino no-
Kazano, wmo ygeauueHue CmeneHu MexaHoXumuiecKkoll akmueayuu meepooil pasvl nozeonsem
pezynuposams ceoiicmea (opmoeounvix nacm 6 6onee wiupokom ouanazone. B mexnonozuu
IKCMPYOUPOSAHHBIX KAMAIUZAMOPOE U COPOEHMOE RPEOSIONHCEHO UCHOb306AMb METbHUNbL-
AKmMueamopuvl ¢ yOApHO-COBU208bIM XAPAKMePom Hazpyycenusn. bvinu pexomenoosanvt menvnu-
Ubl CO CPEOHUM 3HAUEHUEM IHEP2OHAnPANCeHHocmU (00 6 kBm/kz2).

KaroueBble cJ10Ba: MEXaHOXUMUUECKas aKTHUBalusd, p€OJIOrus, SKCTPY3Us
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USE OF MECHANOCHEMICAL ACTIVATION TO CONTROL RHEOLOGICAL PROPERTIES
OF MOULDING PASTES FOR CATALYSTS AND SORBENTS EXTRUSION

The influence humidity, grinding and mechanical activation of the solid phase on the rheo-
logical properties of the molding paste for extrusion of catalysts and sorbents was studied. The fol-
lowing parameters of the molding pastes were investigated, namely the coagulation structure
strength, the flow index, the maximum plastic viscosity, the critical shear stress, plasticity, the r
(stuelaxation period), the ratio of deformations. In order to characterize the degree of mechano-
chemical activation, the dimension of the coherent scattering region and the microdeformations
value were used. Increasing the degree of mechanochemical activation of the solid phase was
shown to allow controlling the properties of molding pastes in a more wide range. In the technolo-
gy of extruded catalysts and sorbents, the mills-activators with the impact-shear loading are pro-
posed to use. The mills with an average value of power density (up to 6 kW/kg) were recommended.

Key words: mechanochemical activation, rheology, extrusion

Mechanochemistry has received quite a rapid
development in recent years. The basic amount of
research is aimed at obtaining the new materials [1,
2]. However, mechanochemistry is also a powerful
tool with which it is possible to control the properties
of the systems on the subsequent grinding stage. In
particular, activation of the solid phase enables signif-
icantly affect rheological properties of pastes for ex-
trusion of bulk products from the powders [3].

The obtained by extrusion molding the prod-
ucts occupy a significant place in the nomenclature of
manufactured catalysts and sorbents [4]. For the suc-
cess of the extrusion molding, the rigid requirements
are imposed on rheological properties of molding
pastes [5, 6]. To control the properties of molding
pastes, it can be employed such methods as dispersion
change of solid, humidity change, as well as the
change of physicochemical properties of the surface,
the introduction of electrolyte additives, surfactants
and materials with other structural and mechanical
properties of [5, 7]. Methods for measuring the rheo-
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logical properties of disperse systems were developed
[5, 7-12]. Tests on the rheometers with parallel-
shifting plates (maximum plastic viscosity 7, critical
shear stress Py, plasticity Ps, relaxation period @, the
deformation relationship, etc.) [5, 7-11], as well as the
rotational and capillary viscometry (power to the de-
struction of the coagulation structure AN, the flow
index n and others) [5-12] have become widespread.
The detailed description of the equipment and meth-
ods of investigation are given in Refs [5, 9].

Thus, the comparison of mechanochemical
activation (MCA) with traditional methods of control-
ling the properties of molding pastes is of interest.

The simplest way to control the rheological
properties of the pastes is a change in humidity. Thus,
the increase in the content of the liquid phase in the
dispersion increases the proportion of plastic defor-
mation ¢y (Fig. 1), plasticity increase Ps and reducing
the critical shear stress Py, (Fig. 2). But the possibili-
ties of this method are limited. It was demonstrated
that there is a relatively narrow range corresponding
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to optimal humidity with fixing solids particles in the
near potential minimum [5]. This is such a state of a
disperse system in which all particles are covered a
layer of a solvate and the free liquid is absent. In Fig-
ure 2 for this state, the humidity range 25-27 wt.% is
responsible, where there is an inflection at the depend-
ences Py, vs Ps. The disadvantage of the liquid phase
results in brittle failure of molded pellets, but excess
leads to excessive flowability that causes severe de-
formation of the extrudate under its own weight.

A Increasing the degree of MCA o Decreasing the particle

(with PVA) size

= |ncreasing the power density gp/ A Decreasing the humidity
(with PVA) 1 ® Increasing the degree
o Increasing the power density / of MCA (without PVA)
(with HNO,)
IV \%
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Fig. 1. Diagram of development of the deformations in the mold-
ing pastes [3, 21, 22] (gtel, &se1, £ are 100% fast elastic, slow elas-
tic and plastic deformations, respectively; Roman numerals are
the number of structural and mechanical type). Ingredients of
molding pastes: solid phase is alumina (60 wt.% a-Al,O3 and 40
wt.% y-Al,03), the liquid phase is the 5 wt.% aqueous solution of
polyvinyl alcohol (PVA), or the 20 wt.% solution of nitric acid
Puc. 1. Inarpamma passutus nedopmanuii B popMOBOYHBIX Mac-
Tax [3, 21, 22] (&el, €selr £pt — 100% OBICTPBIX 57IACTHYECKHX,
MCIJICHHBIX 3JIAaCTUHYCCKUX U INTACTHYCCKHX ae(bopMauHi«'l, CO0T-
BETCTBEHHO; PUMCKHE IIU(PPBI — HOMEP CTPYKTYypPHO-MEXaHH4Ye-
ckoro tuma). KoMmoHeHTs () OPMOBOYHEIX MAcT: TBepaas gaza —
rmHOo3eM (60 Mac.% a-Al,O3 u 40 mac.% y-Al,03), sxunkas dasza —
5 % BoaHsIi pacTBop nonuBuHMIOBOTO criupTa ([IBC) mmm 20 %
pacTBOp a30THOM KHUCIIOTHI

I gs. el

Initial raw material for the preparation of cat-
alysts and sorbents is the polydisperse powders. Neg-
ligible fine fraction content determines the low ductil-
ity [13-16], and as a result, the pastes have poor
moldability. For dispersing a powders, the various
designs of the grinding devices are used, which are
classified according to the transfer method of a me-
chanical impulse from the grinding body to the mate-
rial [1, 2, 17]. The shape of grinded particles depends
on the method of mechanical energy loading. When
using mills with impact-shear loading (balls, vibrato-
ry, planetary, and the like) the particles have a shape
close to the bowl. In mills with impact loading, the
particles have an irregular shape with sharp corners
and cleavages. In Refs. [5, 16], it was shown that the
particles must have to have a spherical shape to pro-
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duce pastes which are suitable for extrusion, i.e. it is
preferred to use the impact-shear milling device.
When the molding paste is prepared from the powder
with the spherical particles, its rheological properties
are isotropic and the unpredictable character does not
occur in the extrusion flow [6].
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Fig. 2. Dependences of the critical shear stress and the plasticity
of pastes based on ZnO on humidity [23]. Ingredients of molding
pastes: solid phase is zinc oxide; the liquid phase is the 5 wt%
aqueous solution of polyvinyl alcohol (PVA). 1 — Py, 2 —Ps
Puc. 2. 3aBucumMoctu OpEACIbHOIO HAIIPSHKEHUA CABUIa U I1J1a-
CTHYHOCTH TacT Ha ocHOoBe ZNO oT BrnaxxHoctu [23]. Kommonen-
ThI (HOPMOBOYHBIX ITACT: TBEpAas (a3za — OKCHUI IIMHKA, KHUIKAs
¢asza— 5 % BoaHBII pacTBOp noiauBUHMIOBOTO criupTta (IIBC).
1—Py, 2—-Ps

Mills are differed both by method of a me-
chanical impulse loading, and by its power, which is
characterized by the value of energy intensity
(amount of energy which is loaded into unit mass of
the material per unit time) [18]. If the mills have high
energy intensity, apart from the actual grinding, the
mechanochemical activation (MCA) processes of sol-
id phase occur [1, 2, 17]. The stress fields which arise
in the particle may relax on multiple channels, includ-
ing chemical reactions [1, 2, 19]. During the prepara-
tion of molding pastes, a higher chemical activity of
the solid phase in contact with the dispersion medium
makes possible to obtain a more amount of bonds
thereby significantly change the rheological proper-
ties of pastes [1, 2, 5].

A demonstration example of the influence
change of the particle size of solid phase is the grind-
ing of alumina in a laboratory ball mill. The effect of
MCA in this mill is insignificant [20], so that all phe-
nomena in the rheological behavior of molding pastes
can be attributed only with a decrease in particle size.
So, at the initial stage of grinding a substantial de-
crease of alumina particle size is observed (Fig. 3). In
this case, the molding pastes show a sharp decrease in
the critical shear stress Py; and growth of the maxi-
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mum plastic viscosity #;. However, the deformation
relationship changes little (Fig. 1). A further grinding
in the ball mill leads to increased aggregation rate,
resulting in dynamic equilibrium is established, and
particle size substantially does not change. The rheo-
logical properties of the pastes are also not signifi-
cantly changed (Fig. 3). Thus the particle size reduc-
tion during dispersion in the mills does not enable to
vary the properties of molding pastes in a wide range.

Critical shear stress, P, kPa
g
Maximum plastic viscosity,n,, GPa-s

1
100

0 20 40 60 80
Grinding time, 1, h

Fig. 3. Dependences of the average size of the alumina particles,
the critical shear stress and maximum plastic viscosity for the
pastes on its basis on the grinding time in the laboratory ball mill
[21, 22]. Ingredients of molding pastes: solid phase is alumina
(60 wt.% a-Al,03 and 40 wt.% y-Al,O3), the liquid phase is the
5 wt.% aqueous solution of polyvinyl alcohol (PVA). 1 — Py,
2— InD50, 3- N1
Puc. 3. 3aBucumMocTH cpeHero pazMepa 4acTHII TIIHHO3EMa, a
TaKXKE MPEACIbHOTI0 HAIPSKCHUA CABUIa U MaKCHMaJIbHOH IlJIa-
CTHYECKOM BSI3KOCTH IAaCT HA €T0 OCHOBE OT BPEMECHU U3MEJIbYC-
HUS B 1a0OpaToOpHOii mapoBoi MenbHuUIE [21, 22]. KoMIOHEHTHI
(hOpMOBOYHBIX MAaCT: TBepAas ¢aza — rimHo3eM (60 mac.%
a-Al,O3 1 40 mac.% y-Al,O3). XKunkas pasza — 5% BogHsIit pac-
TBOP MONUBHHIIOBOTO crupta 1 — Py, 2 — InDsp, 3 — 1

The use of energy-intensive mills allows to
transfer the grinding process of the raw material to
another qualitative level, namely, mechanochemical
activation [1, 2, 17, 20]. So, the Al,O; hydration de-
gree increases after treatment into vibratory roller-
ring mill during MCA (Fig. 4, a). In Refs. [5, 20], it
was shown that the solid particles size and the coordi-
nation number are changed only during 10-15 minutes
of grinding, and then remains constant. This means
that increasing the amount of hydrated aluminum ox-
ide cannot be explained only by increasing the specif-
ic surface area. Te reactivity growth was caused by an
increase in defects in the crystallites. Greater amount
of aluminum hydroxide on the surface of the particles
allows the formation a sufficiently strong and de-
formable coagulation bonds. This has a positive influ-
ence on the rheological properties of the pastes. An
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increase in MCA time of alumina allows to signifi-
cantly increasing the proportion of plastic defor-
mation &y to yield optimum ratio (Fig. 1). This is ac-
companied by the increase of plasticity Ps, the in-
crease strength of coagulation structure of disperse
systems AN and the reduction of the flow index val-
ues n (Fig. 4b). Note that all rheological parameters
after MCA increases in several times, and these
changes are correlated with the degree of alumina
hydration.
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Fig. 4. Dependences of the parameters of mechanically activated
alumina (a) (1, 3—¢,2,4—a, 1,2 —addition PVA, 3, 4 — addition-
free PVA) and the rheological properties paste on its basis (b) (1,
4 -Ps,2,5-AN, 3,6 —n, 1-3 — addition PVA, 4-6 — addition-
free PVA) on the time of mechanochemical activation [3]. Ingre-
dients of molding pastes: solid phase is alumina (60 wt.% a-Al,O3
and 40 wt.% y-Al,0,), the liquid phase is the 20 wt.% solution of
nitric acid
Puc. 4. 3aBucumocTu napaMeTpoB MEXaHUYCCKHU aKTUBUPOBAH-
noro rnuao3zema (a) (1,3 —¢, 2,4 —a, 1, 2 — addition PVA, 3, 4 —
addition-free PVA) u peosioruueckux cBoicTB Ha ero ocHose (b)
(1,4-Ps,2,5- AN, 3,6 —n, 1-3 — addition PVA, 4-6 — addition-
free PVA) ot Bpemenn MexaHoxumMudeckoii akrupanuy [3]. Kom-
MOHEHTHI (POPMOBOYHBIX MTACT: TBepaas (asa — riuHo3eM (60 Mac.%
a-Al,O3 u 40 mac.% y-Al,05), xuakas dasa — 20 % pacTBop
a30THOM KHCJIOTBI

As was mentioned above, the mill-activators
are differed in the power density magnitude which
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determines largely the MCA effect [1, 2]. In Ref [20]
it was shown that there is an optimal MCA time
which is proportional to the supplied energy. Exceed-
ing this time does not lead to a significant change in
the MCA degree into the given mill, and the MCA
effect is determined by the power of the supplied me-
chanical pulse in the mill. The increase in power den-
sity of a mill (ball < vibratory < planetary) gives a
gradual decrease in the dimension of the coherent
scattering region (CSR) (Fig. 5, a), while the size of
the secondary aggregates does not change [20].
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Fig. 5. Dependences of parameters of fine crystal structure of
alumina (a) (1, 3 — Dcsr, 2, 4 — €, 1, 2 — addition of PVA, 3,4 —
addition of paraffin) and the rheological properties of the paste on
its basis (b) 1, 4 —Pyy, 2,5-1m3, 3, 6 — ©, 1-3 — addition PVA, 4-6 —
addition Paraffin) on the power density of mills with the impact-
shear loading [3, 21, 23]. Ingredients of molding pastes: solid phase
is alumina (60 wt.% a-Al,O3 and 40 wt.% y-Al,03) and 5wt.%
paraffin, the liquid phase is the 20 wt.% solution of nitric acid
Puc. 5. 3aBucuMocTH TapaMeTpOB TOHKOH KPHUCTAJUTHYECKOH
crpykrypsi riiuao3ema (a) (1, 3 — Desg, 2, 4 — ¢, 1, 2 — nobaBka
MIOJIMBUHUIOBOTO CIHPTA, , 3, 4 — 100aBKa napauHa) ¥ peoio-
THYECKHX CBOMCTB Ha ero ocHose (D) 1,4 —Pyy,2,5-n4, 3,6 -0,
1-3 — nobGaBKka MOJMBUHMIIOBOTO CIIHPTa, 4-6 — mobaBka napadu-
Ha) OT SHEPTOHAIIPSIXKEHHOCTHU MEJIBHUL C YAAPHO-CABUT'OBbIM
xapakTepoM Harpyxenus [3, 21, 23]. KomnoHeHTs opMoBOU-
HBIX TTacT: TBep/as (asa — rauHo3eM (60 mac.% o-Al,Oz u
40 mac.% y-Al,03) 1 5 mac.% napaduna, xuakas paza — 20 %
pacTBOp a30THOM KHUCIOTHI
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Significant growth in the microdeformations
value is observed only up to the power density value
of the mill of the order of 4-6 kW/kg. Character
changes defectiveness of alumina particles is correlat-
ed with a change in the rheological properties of
molding pastes based on it. Maximal changes in the
ratio of deformation (Fig. 1), Py, #1 and @ (Fig. 5b)
are observed using the mill with power density of
about 6 kW/kg. Should be noted that all the changes
in the rheological behavior of the pastes have a posi-
tive effect on their moldability. Moreover, using acti-
vators with different power of the applied mechanical
pulse, it is possible to vary the rheological properties
within a wide range. Thus, changes in the rheological
properties is directly related with MCA effect of the
solid phase in the mills-activators, which allows to
increase the amount of binder, that is produced in the
process of preparing paste with stirring powder in a
liquid phase, [3, 5].

It should be noted that the MCA degree
which is required for the effective control by proper-
ties of the pastes can be obtained in the industrial
mills [1, 2].

Fig. 6 shows how the pastes humidity de-
crease, particle size decrease and increase of MCA
degree of solids influence rheological properties of
the molding pastes.

Decrease Increase

Flow index, n

" Power for destruction of the
_ coagulation structure, AN

Plastic deformation, &
Relaxation period, &
Plasticity, Ps

Maximum plastic viscosity, 7,

Critical shear stress, P,

E= Decreasing the humidity VZZ Reducing the particle size
BZZ Increasing the degree of mechanical activation

Fig. 6. Diagram showing the relative degree of influence of con-
trol modes on the rheological properties of molding pastes
Puc. 6. Z[I/IaI‘paMMa, NOoKa3bIBaro1asi OTHOCUTEIIbHYIO CTCIICHb
BJIMSTHASL CIIOCOOOB YIIpaBJICHU Ha PEOJIOTUYECKUEC CBOMCTBa
(hopMOBOYHBIX TTACT

CONCLUSIONS

The increase in the dispersion and the MCA
degree of solids particles result in analogous qualita-
tive changes in the rheological properties. Mechano-
chemical activation in the mills allows expanding the
range of variation the pastes properties as compared
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with the grinding. Maximum control effect by the mills does not give the substantial changes in the rhe-
molding properties is achieved when use of mills- ological behavior of the molding pastes. For carrying
activators with an average value of the power density =~ MCA of the solid phase, the mills with impact-shear

3-7 kW/kg. A further increase in power density of

loading are recommended to use.
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