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The article deals with the study of the hydrodynamic operation modes effect, made by the gravitational
shelf dryer for final drying, on the structure and quality of the porous surface layer and inner nanoporous
structure of the ammonium nitrate granule. Therefore, the main requirement of granules is to keep the
hardness of the granule and to form a minimum quantity of “mechanical” pores. The results of the
quantitative and qualitative analysis regarding the indicators of the porous ammonium nitrate (PAN),
which was produced in different hydrodynamic operation modes of the gravitational shelf dryer, were
demonstrated. The additional final drying in the falling velocity mode in the active (but less turbulized)
hydrodynamic mode enables to achieve the following changes in the nanoporous structure of granules (in
comparison with under-dried sample): an increase in the number of micropores and mesopores with the
curvilinear configuration; an increase in the curvilinear macropores in the total number of nanopores; an
increase in the surface nanopores deepness. It should be noted that the final drying of PAN does not cause
a significant increase of the retentivity index. The second task of the final drying is to remove the bound
moisture and to reduce the humidity of the granule. As a result, the caking of granules is reduced
(ammonium nitrate is very hygroscopic) and the retentivity index is kept for a long period. Introduction of
this stage will increase the general energy capacity of the production; however, implementation of the
multistage shelf dryers enables to reduce the specific costs for removal of the moisture. The received data
are the base to create the technological calculation technique of the final drying stage to obtain the 3D
nanostructured porous surface layer on the ammonium nitrate granule.
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1. INTRODUCTION

Production of the porous ammonium nitrate (PAN) is
one of the main stages to produce the industrial explosives
based on the ammonium nitrate and diesel fuel (oil)
distillate — ANFO [1]. The nanoporous structure of the
granule is formed in order to provide the normative index
regarding the absorptivity and retentivity of the granule
in relation to the diesel fuel distillate.

Therefore, the absorptivity mainly depends on the
pores or mechanical damages (cracks, caverns). High
absorptivity can be provided in the granule, which is
damaged owing to the mechanical and thermal effects.
The retentivity of the granule depends on the
configuration of the pores and their size (particularly,
proportionality with the diesel fuel molecule), and on
the hardness of granules. Granules with non-standard
(lower) hardness tend towards destruction during
transportation, and as a result towards the sharp
decrease of the curvilinear nanopore number.

It should be mentioned that the granule can be also
destructed at the stage of the nanoporous structure
formation during the humidification and heat treatment,
e.g. in vortex granulators [2]. Despite the satisfactory
results of the vortex granulator introduction into the PAN
production technology, the object of the research includes
mechanisms to control the time of the granule staying in
the workspace of this device. In order to exclude the
possibility of the granule overheating and its collision
with other granules and the wall of the device in the
intensive flow of the twisted heat transfer agent, this
work continues to study the additional drying stage. The
necessity to introduce the final drying with the use of
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the multistage shelf devices [3] is proved in the work
[4] in more detail.

The additional final drying in the falling velocity
mode [5] in the active (but less turbulized) hydro-
dynamic mode [6] enables to achieve the following
changes in the nanoporous structure of granules (in
comparison with under-dried sample):

—an increase in the number of micropores and
mesopores with the curvilinear configuration;

—an increase in the curvilinear macropores in the
total number of nanopores;

— an increase in the surface nanopore depth.

These changes let to an increase in the retentivity
index of the granule and time of the safe retentivity of
the diesel fuel distillate.

The aim of this research is to study the effect, made
by the hydrodynamic mode of the gravitational shelf
dryer on the nanoporous structure of the PAN granule.
Therefore, the main requirement of granules is to keep
the hardness of the granule and to form a minimum
quantity of “mechanical” pores.

2. DESCRIPTION OF OBJECT AND METHODS
OF RESEARCH

In order to study the influence made by the hydro-
dynamic regime of the gravitational shelf dryer’s
operation on the nanoporous structure of the granule
after final drying in the laboratory of the department
“Processes and Equipment of Chemical and Petroleum
Refinery Department”, the experimental stand was
created (Fig. 1). The operation principle of the experi-
mental stand was described in [4].
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Fig. 1 — Schematic diagram of the experimental setup for the
shelf dryer: F — fan; GSD — gravitational shelf unit; C — cyclone;
T1, T2 — containers (tanks); 1 — drying agent; 2 — waste drying
agent; 3 — purified gas; 4 — PAN; 5 — PAN after final drying and
6 — fine particles

The work [3] defined the following main modes of
the gravitational shelf dryer operation, which would be
modelled in the final drying of the ammonium nitrate
with nanoporous structure:

1. The gravitational falling layer mode. This mode was
studied with a flow rate of drying agent of 0.41 m3/min
and dispersed material of 12 kg/h. The dispersed
material moves through the surface of the shelf thanks
to the inertial force, caused by the transfer of impulse
when it is loaded from the pipe or transferred from the
previous shelf, and rolling force on a sloping surface. At
the same time, the upward flow force of the drying
agent does not have a great impact on the dispersed
material motion mode.

2. Transition mode. If the flow rate of the drying
agent increases to 0.5 m3/min, the force of its upward
agent, while keeping the flow rate of the dispersed
material, will lead to the gradual change of its motion
trajectory from translational to translational and
pulsating in the direction of the outloading gap. At the
same time, the dispersed material begins to move into
the weighted state, the inertial force is compensated by
the upward flow force of the drying agent; the forward
direction of the motion is caused only by the rolling
force on the sloping surface.

3. Moving fluidized bed. If the flow rate of the drying
agent increases to 0.55-0.6 m3/min, the force of its
upward flow with a constant flow rate of the dispersed
material will lead to the creation of the stable weighted
layer owing to compensation of the inertial force and
rolling force on the sloping surface.

The study of the nanoporous structure in the
granule was carried out with the use of the author’s
program Converter Image® (Fig. 2).

Technological parameters of the final drying:

— the drying temperature is 90-96 °C.
— a number of shelves in the gravitational shelf dryer is
equal to 3.
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—time of the PAN granules staying on one shelf, s —
gravitational falling layer — 10-20, transition mode —
20-40, moving fluidized bed — 40-100.
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Fig. 2 — Interface of the program Converter Image® to study
the nanoporous structure

3. RESULTS AND DISCUSSION

Fig. 3, Fig. 4 demonstrate the results to define the
quantitative composition of nanopores with different
sizes on the surface of the granule and in its inner
structure.
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Fig. 3 — Quantitative composition of pores (per 1000 pm?2) in
the inner structure of the granule: a — the granule after the
vortex granulator; b — the granule after final drying in the
gravitational shelf dryer in the moving fluidized bed mode
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Fig. 4 — Quantitative composition of pores (per 1000 um?2) on
the surface of the granule: a — the granule after the vortex
granulator; b — the granule after final drying in the
gravitational shelf dryer in the moving fluidized bed mode

Results of the studies regarding the PAN granule
nanoporous structure after the multistage final drying
showed the following regularities:

— new pores are not practically formed on the surface of
the granule, hydrodynamic mode of the dryer operation
influences only the formation of the inner pores;

— a number of macropores on the surface and inside the
granule does not grow;

— the hardness of the granule is not changed;

— absorptivity of the granule is not changed, the
retentivity of the granule grows.

Taking into account the quantitative study results,
only the inner nanoporous structure will be demonst-
rated in the article (Fig. 5, Fig. 6).

The results of the microscopy data analysis showed
that:

— thanks to the bound moisture removal from the inner
layers of the granule in the falling drying velocity mode
(with further output through the macropores formed on
the surface in the vortex granulator), an extensive
network of deep curvilinear (wavy) mesopores of the
“modified” nature is created;

— pores are evenly distributed inside the whole granule;
— a number of the “mechanical” pores does not grow.

— smaller pores are not practically merged together into
ensembles;

The generalized results of investigations are
demonstrated in Table 1.

It should be noted that the final drying of PAN does
not cause a significant increase of the retentivity index.
The second task of the final drying is to remove the
bound moisture and to reduce the humidity of the
granule. As a result, the caking of granules is reduced
(ammonium nitrate is very hygroscopic) and the
retentivity index is kept for a long period.
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Fig. 5 — Results of the granule inner structure microscopy after
final drying in the gravitational shelf dryer: a — the granule
after drying in the gravitational falling layer mode; b — the
granule after drying in the transition mode
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Fig. 6 — Results of the granule inner structure microscopy
after final drying in the gravitational shelf dryer: the granule
after drying in the moving fluidized bed mode

4. CONCLUSIONS AND RECOMMENDATIONS

The obtained results prove that the final drying stage
of the PAN granules provides the increase of their quality
indices and storage time without the retentivity loss in
relation to the diesel fuel distillate.

Introduction of this stage will increase the general
energy capacity of the production; however, implemen-
tation of the multistage shelf dryers enables to reduce
the specific costs for removal of the moisture thanks to:

04006-3



N.O. ARTYUKHOVA, J. KRMELA

JJ. NANO- ELECTRON. PHYS. 11, 04006 (2019)

Table 1 — Effect of hydrodynamic mode of final drying in gravitational shelf dryer on granule’s structure and quality (humidifier
on the stage of treatment in vortex granulator — solution of ammonium nitrate)

The ratio of the number of
. Absorptivity, | Retentivity, | the modified pores to the
Hydrodynamic mode % % total number of pores

(“modified”+ “mechanical”)

The initial granules (after

vortex granulator) before 11.4 8.7 0.79

final drying

Gravitational falling layer 11.4 8.8 0.8

Transition mode 11.5 9 0.83

Moving fluidized bed 12 9.6 0.87

— sectioning of the inner space of the device with the
formation of some stages in the heat and mass transfer
process;

— differentiated distribution of the interacting flows
between stages;

—gradual regulation of the heat and mass transfer
driving force;

— optimization of the interacting flows costs ratio;

— creation of the active hydrodynamic mode regarding
the flows interconnection.
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Hauomnopucra crpykrypa rpanyJs amia4Hol cesiTpu Ha craail pimajasHOro cyurinus:

BILJIUB PEKUMY POOOTH CyIIapKU
H.O. Aptioxosal, . Kpmesa?

L Cymcvruil depacasHuli yHisepcumem, 8yJi. Pumcovrozo-Kopcarosa, 2, 40007 Cymu, Yrpaina

2 Tpenuuncorkuil ynisepcumem Anexcanopa y6uexa, syn. 1. Kpacky, 491/30, 02001 Ilyxos, Crnosauuura

Crarrss UpuCBSiYeHA BUBYEHHI0 BIUIMBY TIIPOJMHAMIYHUX DPEKUMIB XAPAKTEPUCTUK  PobOTH
TpaBITALIAHOI TOJTMYHOI CYIIAPKHA IJIA (PIHAIHHOTO CYIIIHHSI HA CTPYKTYPY 1 AKICTH IOPHUCTOrO IIOBEPXHEBOI0
mapy 1 BHYTPINIHBb0I HAHOIIOPHUCTOI CTPYKTYPH I'PaHyJI amiadHoi cessiTpu. IIpu 1160My OCHOBHOI BEUMOTOIO 10
rpaHys € 30epesKeHHsI MIITHOCTI sapa 1 MiHIMaJibHE YTBOpeHHsI «mexaHiuyHmx» mop. [Ipexcrasieni
pe3yabTaTh KiJBbKICHOTO Ta SIKICHOTO aHAJII3y MOKA3HUKIB SKOCTI IIOPUCTOI aMiavyHOI CeJIITPH, IKa OTpHMAaHa
B PI3HHUX I'IPOJUHAMIYHAX PEKUMAaX pOoOOTH IpaBITAIfifHOI I0INYHOI cyImapku. JlomaTkoBa cramis JoCyInKn
B PEKMMI IaJaodol IIBHIKOCTI B aKTUBHOMY (ajie MeHII TypOyJii30BaHOMY) TIAPOJMHAMIYHOMY DPEsRKHMI
JI03BOJIUTH JOCATTHA TAKUX 3MIH B HAHOIIOPHCTIN CTPYKTYpl rpaHyJI (Y IOPIBHSHHI 3 HEJIOCYIIIEHUM 3Pa3KOM):
30LJIBIIEHHsT KILJIBKOCTI MIKPOIIOP 1 Me30I0p KPHUBOJIHINHOI KOH(Irypariii; 301JIbIIIEHHS YaCTKU KPUBO-
JIHIMHAX MAKPOIIOp B 3arajbHiil KIJIBKOCTI HAHOIOD; 30LIbIIEHHS TIUOMHU HoBepxHeBux HaHomop. Corifg
3a3HAUUTH, 10 (PIHAJBLHA CYIIKA IIOPUCTOI aMIavyHOl CeJITPU HEe IPHU3BOAUTH [0 3HAYHOIO 30LILIICHHS
MOKA3HUKA yTPUMyI04ol 3maTtHocTl. Jpyrum 3aBmamusm iHAIBHOI CYIIKU € BUJAJIEHHS 3B'I3aHOI BOJIOTH 1
3MEHIIIeHHSA BOJIOTOCTI TpaHy/n. 1K HACIIIIOK, 3MEHIILYeThCA 3JIeKYBAHICTh TPaHyJI (aMiauHa cesiTpa Jyske
TirpocKommivyHa) 1 Ha OUIBII TPHUBAJIUM TepMiH 30epiraerbCs IMOKA3HUK yTPUMYIOUOl 3TAaTHOCTI.
Boposamkenss 1iel cragii MABAIIUTE 3arajibHy €HepreTHYHY €MHICTh BUPOOHUIITBA; OQHAK, BUKOPHCTAHHS
6araToCTyIIiHYACTUX MOJUYHUX CYIIAPOK JO3BOJIs€ 3HU3UTHU [HUTOMI BUTPATH HA BUNAJEHHS BOJIOTH.
OTpuMaHi JaHl € OCHOBOW [IJIs CTBOPEHHS METOJMKU TEXHOJIOTIYHOTO PO3PAXYHKY CTail (PiHAIBHOI CYIIKU
YCTAHOBOK OTpuMaHHS 3D HAHOCTPYKTYPHOIrO IIOPUCTOTO IIOBEPXHEBOTO IIapy Ha MPaHyJIi aMiauHOI CeJIITPH.

Kmrouori ciora: 3D mamocTpykTypoBaHWi IopucTHi mmiap, I'pasirariiina mosmyna cymapka, Oinaabae
cymiings, ligponunaamika, [Mapoguaamivsi pesxnmu.

04006-4


https://doi.org/10.1134/S0010508216060137
https://doi.org/10.1134/S0010508216060137
http://essuir.sumdu.edu.ua/bitstream/123456789/46995/1/Artyukhov_Boiko.pdf
http://essuir.sumdu.edu.ua/bitstream/123456789/46995/1/Artyukhov_Boiko.pdf
https://doi.org/10.21272/jnep.10(3).03030
https://doi.org/10.1080/07373930008917725
https://doi.org/10.1080/07373930008917725
https://doi.org/https:/doi.org/10.1134/S0040579518030041

