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Abstract. Particle suspensions into liquids is a unit operatommonly encountered in industrial
operations. Although it is usually carried out laffled stirred tanks, there are some specific
applications where the presence of baffles mayrnukesirable. As a consequence, in the present work
solids suspension is investigated in an unbaffiedk forovided with a top-cover in order to avoid the
formation of the well known central vortex.

The minimum impeller speed at which all solid paets get suspendedif) as well as the relevant
power requirementsP(;) are assessed. The dependence of these two pararoatparticle physical
properties (concentration and size) and system giaral configurations (impeller diameter and
clearance) is investigated.

Results show that a tank stirred by a D=T/3 sixdbthRushton turbine offset by T/3 from tank bottom
appears to be the most convenient configuratiomagntivose here investigated.

Present results are finally compared with literatinformation on solids suspension in baffled or
unsteadily agitated unbaffled systems. In bothsas@-covered unbaffled stirred vessels are faand
be the most convenient choice, at least for presea$iere mixing times are not a controlling factor.

Keywords: Complete suspension, power number, unbaffleckestitanks, solid liquid suspension,
mixing.

1. INTRODUCTION

Mechanically agitated vessels are widely employadaf variety of chemical processes
involving particulate solids suspension. Many ddnave been devoted so far to assess the
minimum impeller speed for guaranteeing the susperef all solid particlesN;s [1,2,3,4 and
many others]. Most of these efforts have focusedtomed systems provided with baffles,
although there are many applications, such asatliysition, precipitation processes, mixing
within viscous fluids, biological and pharmaceutipeocesses, where the presence of baffles
may lead to significant drawbacks [5,6].

The minimum impeller speed for complete suspensgmot the most important
parameter regarding solid-liquid suspensions witkiimred tanks. As a matter of fact,
minimum power requirements to achieve complete esusipn conditions (power drawn at
N;s, Pjs ) is more directly linked to operation costs.

In solid-liquid mixing operations it is essentialguarantee suspension of all the particles
in order to enhance mass transfer processes asaséti minimize the mechanical power
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dissipation. As a consequence, the minimizatioRofepresents one of the main aims of an
optimization procedure concerning solid-liquid sersgion processes in stirred vessels [7].

Very little attention has been paid so far to tiséineation of this parameter for tanks
unprovided with baffles [7,8,9]. The present waslkaimed at finding the optimal geometrical
configuration (impeller diameter and clearancegablprovide the lowest value B for the
case of a mono-dispersed particle suspension ap-&dvered unbaffled tank stirred by six-
bladed Rushton turbines.

2. EXPERIMENTAL

The experimental system consisted of a T=0.19mmdgiktal flat bottomed baffled tank
with a total liquid height (H) equal to T. Standaig-bladed Rushton turbines (D=T/3 or T/2)
were used in the suspension experiments. Offset fressel bottom (C) was either T/3 or
T/10. Deionized water and silica particles were laygd as the liquid and solid phases
respectively. The influence of particle mean dianéd,) and concentration (B) was assessed
by employing two different particle sizes (250-8@0 or 600-71Qm) and four different
particle loadings (2.5%, 5%, 10% or 20% weight oliddweight of liquid). The tank was
provided with a top-cover in order to avoid thenfation of the central vortex which
characterizes unbaffled uncovered stirred tanke Jéal between top-cover and vessel was
guaranteed by an o-ring gasket.

2.1 Njs assessment

N;s was assessed by the well known “one second anitefil]. A camera was placed
underneath vessel bottom in order to collect a rmrmbimages (~20) at each impeller speed.
According to Zwietering’s criterion, camera expastime was set to one second so allowing
to get images where moving particle were blurredlevimotionless particles were well
defined.N;s was defined as the minimum impeller speed at wbidly blurred particles were
observable in all pictures. Employing the camerd tve relevant collected images for tile
assessment largely reduces the subjectivity oigeal application of Zwietering’s criterion,
as pointed out by Brucato et al. [7]. In that wahke slightly differentSteady Cone Radius
Method (SCRNM was employed for the assessmentNpf in the case of a top-covered
unbaffled vessel stirred by a Rushton turbine \Ri#T/2 and C=T/3. In the present work, the
different configurations investigated inhibited engral use c58CRM As a consequence, the
original Zwietering’s criterion (athougbicture assistedwas employed here.

2.2 Mechanical power measurement

Power measurements were finally performed by agsgg#ise torque transmitted by the
impeller to the tank with the apparatus describedGrisafi et al. [10]. It is a “static-
frictionless” turntable consisting of a graniteldigble to rotate around its central axis on a
granite table. The arrangement practically deld¢edstatic friction between the surfaces, yet
allowing the dynamic friction to be present in arde dump undesired torque fluctuations.
The tank was placed on the granite dish in ordemtate integrally with it. This rotation
(induced by the stirrer rotation during experimgmias hampered by a flexible nylon thread,
tightly attached to the external vessel wall andnezted by a pulley to a weight (of about 2
kg) which was placed upon an electronic scale.tladly, the torque exerted by the stirrer on
the vessel was assessed by measuring the forog actithe flexible string in order to inhibit
vessel rotation. This force was measured by suiiathe reading of the balance in agitation
conditions from that observed without agitatiorll(stirrer).

3. RESULTS AND DISCUSSION

For each geometrical configuration the dependenfceNp and of Pjs on particle
concentration B was investigated. In the followinigs N;s andP;s results found in this work
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for top-covered unbaffled tanks are compared witsults (in the form of relevant
correlations) concerning either baffled tanks ostaadily operated unbaffled vessels

The dependence dfs on solids concentration B for D=T/3 Rushton tuebaffset by 1/3
from vessel bottom (small-impeller/large-clearacese) is shown in Figure 1A slightly
increases as average solids concentration increasesexpected. In particulaN;s is
approximately proportional to B the same dependence predicted by Zwietering’s
correlation for the case of baffled vessels, whasglictions are also reported in the same
graph for the sake of comparison. Notably, a gsiit@lar dependenceN(U B9 was found
by Tezura et al. [8] for the case of the unsteashigred unbaffled tank. As it can be seen,
presentN;s values are significantly lower than those pertainito the baffled and the
unsteady-unbaffled tanks.

Interestingly, as already found by Brucato et &l.ifi the case of a top-covered unbaffled
vessel stirred by Rushton turbine with D=T/2 andl'(3s the dependence dfs on particle
mean diameter appears to be rather small if npaeitan be deduced observing the two data
sets for 275 and 67@pm size. This clearly suggests that unbaffled tanky be particularly
convenient for supending large particles.

ThePjs values relevant to Fig.1A are reported in FiguBe These values are found to be
well above an order of magnitude lower than theaspondind;s values for both baffled and
unsteadily-unbaffled systems. This may be due ® different suspension mechanisms
involved: for baffled and unsteadily stirred unliedf vessels the suspension phenomenon is
linked to velocity/pressure turbulent fluctuatiamsar tank bottom, while for steadily agitated
unbaffled vessels it might rather be linked todlmean velocities near tank bottom.
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Figure 1: Rushton turbine with D=T/3 and C=T/3. (AxNs B; (B) R vs B.

As concerns the data obtained with the lower ingpettlearance (C=T/10, small-
impeller/small clearance case), these are reportBdjure 2. As it can be seen, the difference
between the collectetls values and those pertaining to baffled and ungteataffled
systems is greatly reduced: the colleckggvalues are found to be fairly lower than those
pertaining baffled system (as predicted by Armeaagttal. correlation [2]) and comparable-
to-larger than those predicted by the Tezura etatelation [8] for the case of the unsteady-
unbaffled system. For the case of baffled vedSgls much lower at C=T/10 with respect to
C=T/3 (Armenante et al. [2]), a feature possiblg doi the flow pattern transition from double
to single loop. Similarly, a reduction bfs with impeller clearance was found by Tezura et al.
[8] for unsteady-unbaffled systems. As a differerme comparing Figs 1A and 2A, one can
see that for the case of this impeller (D=T/3)hat lowest impeller clearance highg¢ values
are found. RelevarR;s values are reported in Fig. 2B, where it can lmdbat they still are
much lower (by about one order of magnitude) thensé pertaining to the other two systems.
Notably, as a difference from the C=T/3 case, a megligible dependence dfs on particle
size is found at C=T/10.
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Figure 2: Rushton turbine with D=T/3 and C=T/10. (AxNs B; (B) R, vs B.

Results relevant to the Rushton turbine with D=amd C=T/3 (large-impeller/large-
clearance case) are shown in Figure 3. As alrebdgrued for the case of the Rushton turbine
with D=T/3 and C=T/10, although all tii¢s values are quite similar, th&s required by the
top-covered unbaffled systems are largely lower ¢berespondingPjs relevant to both
unsteadily-unbaffled and baffled systems, due ® shmaller power number exhibited by
unbaffled systems with respect to baffled tanks.
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Figure 3: Rushton turbine with D=T/2 and C=T/3. (AxNs B; (B) R vs B.

As far as the large-impeller/low-clearance case Tf2= C=T/10) is concerned, the
dependence dfls on B% appears to be somewhat lowsg { B°%" than that in the case of
baffled and unsteadily-agitated unbaffled tanks,itasan be observed in Fig.4A. As a
difference from the D=T/3 impeller, thgs values obtained for the case of the top-covered
unbaffled vessels are smaller than those pertaitinghe larger clearance (Figure 4A).
However, this reduction is much smaller than thdtildted by both baffled and unsteadily-
stirred tanks, thus leading to largég values with respect to these systems. Neverthatess
Figure 4B the relevan®;s values are lower than in baffled and unsteadilyaéen tanks,
although with a smaller gap in comparison withatiger impeller-tank configurations.
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Figure 4: Rushton turbine with D=T/2 and C=T/10. (AxNs B; (B) R, vs B.

Results obtained for the smaller particles with ther different configurations here
investigated are compared with each other in Figur@s far ad\;s results are concerned, it
can be seen that the Rushton turbine with D=T/3 @nad/10 requires the highest agitation
speeds to suspend all solid particles, while tmgelaimpeller with the same offset from
vessel bottom provides the best results (Figure 5A)

However, Figure 5B shows that although large ingwsllexhibit lowemN;s values, they
require larger power requirements to be operatedte@urprisingly, the smaller-size/larger-
clearance case (D=T/3, C=T/3) comes out to be &s¢ @ption among the four geometrical
configurations here investigated
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Figure 5: Comparison among the four different Rushton nebi employed for the 250-30®
suspension case: (A)JVs B; (B) R vs B.

3. CONCLUSIONS

Silica particle water suspensions in an unbaffladktstirred by Rushton turbines were
investigated. The tank was provided with a top caweorder to avoid the central vortex
formation, typical of uncovered unbaffled stirr@sks.

The minimum impeller speed for complete suspenghyy) as well as the relevant power
consumption B) were measured for four different system configores (small/large
impeller - small/large impeller clearance). Infleerof particle sized,) and concentratiorBj

on these two parameters was also investigated |tR&gere compared with the corresponding
N;s andPjs values pertaining to an identical tank either eadily operated or provided with
baffles. Results show that the dependenceNgfon B is similar to that predicted by
Zwietering's correlation for baffled vessels, wralemaller dependence dpwas found.
Present work findings suggest that, for all proessshere mixing time is not the controlling
factor, a top-covered unbaffled tank stirred byusiiRon turbine with D=T/3 and C=T/3 may
be regarded as a particularly convenient choicedbd-liquid suspension operations.
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