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By incorporating the advantages and the disadvantages of rotary and fluidized bed dryers,
filtration dryer was introduced for grinded artichoke sems drying due to its expected lower energy
consumption. The influence of the heat agent temperature (from 313 to 373 K) on kinetics during
filtration drying of grinded artishoke stems was investigated. The kinetic curves of grinded artichoke
stems was characterized by long period of partial saturation of the heat agent by moisture according to
the filtration drying mechanism. Due to the complexity of the filtration drying mechanism, the necessity
of the effective moisture diffusivity determination was proved. Effective moisture diffusivity was
determined using the Fick’s law at five heat agent temperatures (293, 313, 333, 353 and 373 K).

Effective moisture diffusivity values at different temperatures Deﬁr were determined to be from

0.396 x 10-10 to 11.103 x 10-10 m?/s for grinded artichoke stems: According to Arrhenius equation,
the activation energy Ea and the pre-exponential factor D, were calculated to be 24 kJ/mol
and 1.2410° m¥s, respectively. Deduced equation allows to calculate theoretically the effective moisture
diffusivity for the grinded artichoke stems within temperatur e range of 293-373 K.
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BU3HAYEHHS EHEPTII AKTUBAIII TA KOE®IIIEHTA JU®Y3II
BOJIOT'Y I1JI YAC CYIITHHS NOJAPIBHEHUX CTEBEJI
TOINIHAMBYPA

3 ypaxyBaHHAM mnepeBar i He#oJikiB 0apadaHHHUX CYHIAPOK i CymIapoKk KHIUISYOro Iapy
3anponoHoBaHa ¢inbTpaniiiHa cymapka s cylliHHS crefes TomiHamOypa, sika 3a0e3nedyyBaTUMe
3HMKEHHSI eHeprocrnokuBaHHs. JociilkeHo BIuIMB Temnepatypu Temionocis (Bix 313 mo 373 K) Ha
KiHeTHKY mia 4ac ¢inbTpaniiiHoro BucynryBanHs noapioHenux creden toninamOypa. KineTuuni kpusi
CcymriHHA noApiOHeHHX cTelea TomiHAMOypa XapaKkTepHU3YHOThCSl TPHBAJMM MEpPiogoM YacTKOBOIO
HACHYECHHS TEIJIOHOCiSl BOJIOrOI0 BiAMOBiAHO 10 MexaHi3My ¢iabTpaniliHOro cyminaga. 3 ypaxyBaHHAM
CKJIAJTHOT0 MeXaHi3my ¢iibTpaniiHOro cyumnHHs /J0BedeHO HeoOXiJHICTh BU3HAYeHHH e(eKTUBHOrO
Kxoedimienta qudysii Bosaorn. Koedinient epexTuBnoi nudysii Bosorn BusHavaau 3a 3axkonom Pika 3a
' ATH TeMIepaTyp cyumiabHoro arenra (293, 313, 333, 353 i 373 K). BuznaveHo, mo koedimienrn
edpexTHBHOI MUy3ii BoOrn 3a PisHUX TemmepaTyp cTanoBasTh Bix 0,396 x 107° go 11,103 x 107 m%c
s moApioHeHnx crefen TomiHamMOypa. 3rimHo 3 piBHAHHAM Appeniyca, eneprisa akTuBamii Ea i
nepeaexcnoHeHuiaabHuii  pakrop DO cranoBasite 24 k/x/Moab Ta 1,24,10° m%c BigmosiaHo.
3anponoHoBaHe PiBHAHHSA AAa€ 3MOI'y TEOPeTUYHO 00YMCIMTH KoedinieHT edpekTUBHOI Tu(y3ii Bosiorn
17151 moApiGHeHuX cTedes TonminaMoypa B inTepBaJi Temnepatyp 293-373 K.

KurodoBi cioBa: BigHOBJIIOBaHI Jukepena eHeprii, ¢inbTpaniiine cywinns, nmoapiéHeni credmaa
TomiHamMOypa, TeMIepaTypa TelI0BOI0 areHTy, PiBHAHHA AppeHiyca, eHepris aKTHBAaWNil.
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Introduction. Biomass is one of the main
sources of renewable energy with rapidly growing
trend in the European countries. The most
common types of biomass are waste raw materials
from crop fields and forests therefore research on
the development of the bio-fuel production from
this type of biomass has thus been attracting more
and more attention. In Ukraine plant biomass from
crop fields and forests is the dominant renewable
energy source and it is suitable to replace fuels by
producing bio-gas, bio-ethanol, bio-charcoa as
well as solid bio-fuel [1].

Jerusalem artichoke is an economically
important plant with advantages of low input
cultivation, high crop yield and wide adaptation to
climatic and soil conditions. Tubes of this plant are
used as functional food ingredients such as inulin
[2], fructose and oligofructose [3] as well as
bioactive ingredient sources for pharmaceutical
and cosmetic applications [4]. Jerusalem artichoke
stems, that are about 1-3 m tall, as lignocellulosic
by-products are of interest because they are not
currently exploited but they can be successfully
used as a raw materia for solid bio-fue
production. Biomass pellets have proven to be a
more sustainable source of energy in international
markets and they have much potential in the
future. The use of biomass pellets creates new
market opportunities in the agricultural sector,
reduces dependence on fossil fuels and cuts
greenhouse gas emissions associated with their use

[5].

The process of solid bio-fuel manufacturing
consists of different energy intensive unit
operations and among them drying process
consumes a large share. The cost of drying is as
high as 30% of total processing cost in most
factories. From the drying process moisture
content of grinded artichoke stems should be
reduced from about 65-70 % to 4-12 % before
pressing and it is one of the key factors
determining the profitability and success of the
manufacturing process [6]. Therefore, drying must
be carried out as economically as possible.
Therefore, improving the process and adaption of
more efficient systems with innovative equipment
indrying will help conserve energy.

Analysis of recent researches and
publications. There are several types of dryers
that are commonly used in industry for drying
plant biomass, but the most common are rotary
and fluidized bed dryers [7]. Several variations of
rotary dryers are common, but the most widely
used is the direct rotary dryer in which biomass
and the heating agent flow through the dryer in
one direction, so the hottest gases come in contact

111

with the wettest material [7]. The fluidized bed
drying was found to be a better choice in terms of
drying efficiency. The fluidization is a process in
which solids are caused to behave like a fluid by
blowing gas upwards through the solid filled
column. Rotary and fluidized bed dryers have
advantages like high mass and heat transfer rates,
uniform quality of drying products, they are
suitable for both small and large scale operations
but they have disadvantages of heavy emission of
dust and as a result large consumption of energy
for cyclones[8].

By incorporating the advantages and
reducing the disadvantages of rotary and fluidized
bed dryers, filtration dryer is introduced which
will have a commercial potential due to its
expected lower energy consumption. During the
filtration drying the heat agent flows down through
the channels of the fixed layer formed by particles
of grinded biomass that is supported on a
perforated belt. The large contact area for heat and
mass transfer between the heat agent and the wet
material results in high drying rates [9]. Filtration
dryers are suitable for removal of external
moisture (surface moisture) as well as for removal
of internal moisture and indicate that they are
particularly useful for drying grinded plant
biomass. Modeling the filtration drying process
and predicting the drying behavior under different
conditions is necessary to have a better
understanding of the mechanisms of drying.
Moisture diffusivity is an important factor that is
considered essential to understand for design,
analysis, and optimization of filtration drying
process.

During the filtration drying a migration of
moisture from solid particles to the surface occurs
through several mechanisms and it is difficult to
separate individual and in this case the rate of
moisture movement is described by an effective

moisture diffusivity (Dy ) [10]. The effective

moisture diffusivity depends not only on the
physical structure of the material and its moisture
content, but also on the drying conditions
especially on the heat agent temperature.
Therefore, air temperature is an important factor in
drying. The dryer efficiency is reduced when the
heat agent temperature is higher. The influence of
temperature on diffusion processes during the
filtration drying of plant biomass has been studied
by scientists and expressions for the effective
moisture diffusivity calculation were proposed for
wheat grain [11], pumpkin [12] and grinded
energy willow [13]. These dependencies are valid



only for investigated materials and they cannot be
used for calculations of the effective moisture
diffusivity at filtration drying of grinded sunflower
stems.

Several methods are presented in literature
to determine the effective moisture diffusivity:
drying method [14], permeability method [15],
sorption kinetics method [16], moisture profile
method under non-isothermal condition, thermo-
gravimetric method [17]. As it was mentioned, the
effective moisture diffusivity depends on the
temperature, and an Arrhenius equationis used to

calculateit [18]:
E

a

RXT, g

D,  =D,exp Ee (@)
where Dy is the pre-exponential factor of the
Arrhenius equation (m?%s); Esthe activation
energy (kJmal); R — the universal gas constant

(8,3143 kJ(mol:-K); T, — the absolute air
temperature (K).
Linearization of the equation (1) gives:
e E, O
InD," =InD,- a_ T, (2
. B LE

According to equation (2), the energy of
activation can be calculated by plotting

experimental values of In (D) at different

temperatures versus (1/T,).

Investigators have studied numerous
researches about the energy of activation on the
thin layer drying of various agricultural products,
but reliable data on the energy of activation as well
as on the effective moisture diffusivity are not
availablefor grinded artichoke stems.

The aim of the work was to determine the
activation energy for effective moisture diffusivity
calculation according to Arrhenius equation in
filtration drying of grinded artichoke stems.

Results of the research. Grinded artichoke
stems (particles from 0,08 to >5,0 mm) were used
as araw material for the drying experiments. The
average initial moisture content of the material
formed by such particles was

w = 0,65 kg H,0/kgdry.mat.

To determine the activation energy, grinded
artichoke stems samples were experimentally dried
over a wide range of temperatures using filtration
dryer which involved a drying chamber, vacuum
pump, receiver; eectronic vacuum gauge, shut-off
and regulating valves, €electronic flowmeter,
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electronic thermostat, heat agent heater and fan as
a main units. Samples were formed in drying
chamber with duralumin perforated plate as the
material layer with the height H =20xd, (d, —
the defining size of a round-shaped particle). The
drying experiments were carried out at the
constant heat agent velocity and constant height

of the sample. Heat agent with the temperatures of
293, 316, 333, 353 and 373 K was filtered through
the samplelayer.
Moisture ratio MR (dimensionless) was
defined as following relation:
MR=1" e
Wi - We
where w,— equilibrium moisture content of
particles (at final conditions)
w, = 0,004kg.H ,O/kg.dry.mat.
w;,W, —initial and transition (at any given time)
moisture content of particles, kg H,0/kg dry. mat
The variation of the moisture ratio
MR= (W, - w,)/(w, - w,) Vversus drying time t at
heat agent temperatures of 293, 316, 333, 353, 373
K and constant air velocity u, =1,7 nys isshown
inFig. 1.
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Fig. 1. Moistureratio MR vstime t
at various temperatures

The kingtic curves of grinded artichoke
stems are characterized by long period of partial
saturation of the heat agent by moisture according
to the filtration drying mechanism [6]. The
experimental values of moisture ratio in period of
partial saturation of the heat agent by moisture
wereplotted as InMRr= f¢) (Fig. 2).
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Fig. 2. Natural logarithm of the moisture ratio
INMR vstimet, (for period of partial

saturation of the heat agent by moisture)

Straight lines with a slope k, =tga were
obtained and the effective moisture diffusivity
values at different temperatures DeﬁTwere
determined as [10]:

= > ,

(4)
P

where R is a radius of the round-shaped particle,
m.

Dy

Effective moisture diffusivity values at
different temperatures DeﬁTwere determined to

Dy > =3.21140° %,

Dy > =8.87220'9,
Results postulated that

be: Dy ** =0.39620 "7,
Dy 2 =5.64120 1,

Dy 2" =11.10340 .

Deff increases when the temperature rises.

The energy of activation was calculated by
using an Arrhenius type equation. For this purpose
according to equation (2) experimental values of In

(Deﬁr) at different temperatures were plotted

versus /T, (Fig. 3).

The result shows the linear relationships
between In (Deﬁr) and 1T, indicating an Arrhenius-

type relationship between the effective moisture
diffusivity and the temperature. The activation energy

Ea was determined from the plot of In (D ) versus
UTas.
E, =k "R,

where k; istheslope, k, =tga .
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Fig. 3. Thelogarithm of the effective moisture

diffusivity In (Deﬁr) as a function of reciprocal of the
absolute temperature 1/Ta
The intercept equals In (Do) from which the

pre-exponential factor Do was calculated.
Obtained values are presented in Table.

The activation energy Ea and pre-exponential
factor Dovaluesfor Arrheniusequation

R Ea, P)
k, =tga = Fa J/r}:ol' Imol IND, | Do, ms
2890 8,3143 | 24000 |-13,6 | 1,24-10°

Taking into account the activation energy Ea
and pre-exponential factor Do values, egquation (1)
can be represented as:

& 24000 0 6

exp g = __+.(6)
83143 XT, 4

The deduced equation (6) alows to

calculate theoretically the effective moisture

diffusivity for the grinded artichoke stems within

temperature range of 293-373 K.

Dy =1,24.10"°

Conclution

The influence of the heat agent temperature
(from 313 to 373 K) on kinetics in filtration drying
of grinded artishoke stems was investigated. The
activation energy E, and the pre-exponential factor
D, for drying of grinded artichoke stems were
caculated to be 24 k¥moll and 24-10° m?s,
respectively. Equation (6) was deduced which
allows to calculate theoretically the effective
moisture diffusivity for the grinded artichoke
stems within temperature range of 293-373 K.
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