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FEATURES OF THE TECHNOLOGICAL LINE OF
THERMAL PROCESSING OF SMALL-SEEDED CROPS

Abstract

Despite successes, many problems are encountered with small-seed crops (sorghum, turnip, mustard, linen, etc.), for
many of them there are not enough recommendations of regulations and other normative and technological documentation.
The article is devoted to ways of improving the drying process of freshly harvested grain. It is known that during post-harvest
processing, small-seeded crops undergo a certain thermal effect at certain stages of it. First of all, this regards, drying and cooling
processes. Meanwhile, heat treatment is a complex technological process in which numerous physical-mechanical and biochemical
changes, sometimes irreversible, occur in oil seed. In addition, heat treatment is the most energy-efficient.

Timely and proper drying of grain not only increases its stability during storage, but also improves food and seed quality of
grain. As a result of drying, post-harvest maturing is accelerated, humidity is leveled and technological properties change. Drying
has a positive effect on the yield and quality of grain and products of its processing. To our regret, there are almost no studies of
drying process of small-seeded crops grown in Ukraine. Meanwhile, drying is an important link in the post-harvesting process of
corn.

The paper gives recommendations on drying technology of crops (sorghum) and oilseeds (turnip, mustard, flax) of small-
seeded food crops in grain-harvesting enterprises. The basic scheme of technological line of heat treatment of small-seeded crops
and recommendations for reducing energy intensity and increasing the efficiency of heat treatment and improving their quality are
developed.

The main purpose of this article is to familiarize a wide range of specialists in the field of post-harvest processing and
storage of grain with drying regimes and the scheme of technological drying line of small-seeded crops.

Keywords: moisture content of grain, small-seeded cultures, post-harvesting processing, heat treatment, drying

Introduction

High-quality grain storage is possible only in
case of thorough understandingof processes, with
precise consideration of physiological properties,
occurring in grain masses at all stages of their post-
harvesting processing anf following storage. Especially
a lot of problems occur with small-seeded crops
(sorghum, turnip, mustard, linen, poppy etc.), for many
of them there are not enough recommendations of
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regulations and other normative and technological
documentation.

The considered crops refer to so-called small-
seeded crops (SSC) because of their geometric sizes and
low weight of 1000 grains (up to 6 g of oilseeds, 25 g of
grain seeds). Firstly, this forces to adjust technological
modes of their post-harvest treatment substantially [1].

Wet and damp SSC should be cleaned and dried
before placing them into storage. For safe storage of
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grain, small-seeded crops (SSC) should have a damp
content no more than 14.0%, oilseed crops — no more
than 9%, infestation — no more than 2.0%. SSC can be
dried on all types of shaft direct-current and recirculating
grain dryers as well as on column (grid) modular direct-
current grain dryers. However, the best quality and
uniformity of dried SSC can be obtained by applying
shaft grain-dryers with wedge-shaped louver boxes.

The aim of the paper is to develop scientific
bases and practical measures to minimize energy costs
and increase duration of safe and environmentally
friendly storage of grain of modern varieties of small-
seeded crops by increasing the efficiency of their drying
and cooling.

To achieve this goal, the following tasks are
formulated:

— to develop modes and recommendations for
carrying out basic technological operations of post-
harvest processing and storage of grain;

— to carry out scientific substantiation and to
develop technologies of thermal processing of small-
seeded crops and oilseeds.

Results of research and recommendations

Compared to spicate and traditional oilseed
cultures, SSCs have increased flowability and lower
flotation rate [2], and following re-equipment is required
to dry them in shaft grains:

— to reduce the volume of incoming drying agent
and cold air into drying and cooling zones for
approximately 1/3 of the volume supplied by each fan,
and reduce the speed of the exhaust drying agent and air
from exhaust containers to 2.6...2, 8 m/s. This is achieved
by disconnecting one of two fans (in designs where there
are two fans), or by decreasing the fan speed by selecting
and changing the pulley diameter, or by throttling the air
suction in corresponding nozzles of the first zone and
suction into the furnace in the upper and lower parts of
the suction channels (50%);

— to weld metal plates on all the boxes to avoid
blowing the SSC at the inlet and outlet of the drying
agent boxes;

— to prevent the spilling
of SSC between shafts and

dryers should have sieves with apertures for small-seeded
crops. Other re-equipment is not necessary.

In order to save fuel consumption on drying and
improve quality of dried SSC, a combined convection
and microwave drying method is recommended [3, 4].
This method involves three stages of drying SSC. Moist
and wet SSC are firstly dried in convective direct-flow
grain dryers under decreasing temperature modes to
humidity, which is 3.5...5.0% higher than the conditional
one (i. e. grain crops to humidity of 17.5...19.0%, oilseed
crops — up to 10,5...12,0%). At the second stage, SSC is
dried in microwave dryers (which will effectively
remove moisture from central layers of SSC) to humidity
as of 1.5..2.0% higher than the conditional one (i. e.
grain crops to a moisture content of 15.5...16.0%, oilseed
crops — up to 9.5...10.0%). Microwave drying is carried
out in pulsed modes, alternating energy pulses with
blowing of SSC with external air, which prevents
overheating of SSC and reduces energy consumption for
drying. At the third, final, stage, SSC is sent to silos with
active ventilation, where it is cooled by external air to the
temperature which is 5...10°C above the ambient
temperature.

If the moisture content of grain SSC does not
exceed 16%, and oilseed crops — 10%, then convective
drying can not be carried out and SSC — immediately
sent to microwave dryer and, further, — for cooling after
settling.

For convection drying, it is recommended to use
foreign and domestic shaft dryers with wedge-shaped
louvre boxes (for example, K4-YC-2A, A1-JICII-50) [5-
7]. For implementation of microwave drying method, for
example, microwave grain dryer ACT-3, specifications
of which are given in the Internet source [§8], or similar to
it, should be recommended. Cooling can be carried out in
ventilated metallic silos with a flat or a conical bottom,
or in warehouses of floor storage, which are equipped
with an active ventilation system.

To ensure normative quality of SSC during
drying, we recommend following drying modes (Tables
1 and 2).

Table 1 - Higher limit values of the temperature of drying and heating agent
of grain in convective grain dryers

fixing of boxes, it is necessary Drivi Limit Limit
to fit the boxes to the walls of Cul Initial humidity, b rlvﬁlgh temperature || temperature
a shaft of the place of ulture, purpose o t r(()iug the of grain of drying
adherence of the boxes to the Tyer heating, °C agent, °C
shaft, and also to seal all gaps =
with heat-resistant silicone ?raéndSSC, . Reggriill;css c.);.the One-time 50 110
properly; 0'0 estination initial humidity
mechanism to  minimum [ food destination 14...18 One-time 50 70
output of SSC, reducing the 218 45 60
gap between moving and Table 2 - Modes of microwave drying of grain
stati.onary parts of the exhaust Humidity at | _Cycle duration, sec } Thickness of
device to 2...3 mm: Culture, . - Air speed, .
> o the inlet to || supply of air /s layer of grain,

- to replace the nozzle purp the dryer, % || energy | blowing o
parts kit: fuel and air vortex, Grain SSC
jet with diameter of apertures | o racllnd o 15,5...16,0 | 10...20 | 20.30 | 03...1,0 30...60
of 0.5...0.7 mm instead of 1.4 0.0 cstination
mm. | Oilseed SSC, 9,5..10,0 | 10..20 | 20.30 | 0,3...1,0 30...60

Column modular grain |_food destination
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Table 3 - Higher edge values of agent temperatures
when drying SSC in columnar modular grain dryers

Culture, Drying Limit temperature of
purpose zones drying agent, °C
Grain SSC, 1 85
food 2 75
destination 3 70
4 65
5 65 or lower
6 65 or lower (or external
cooling air)
Oilseed SSC, 1 60
food ) 60
destination 3 55
4 55
5 50 or lower
6 50 or lower (or external
cooling air)

|

—

dryer. As it was mentioned, it is better to use decreasing
temperature modes in the dryer, when the temperature of
the drying agent decreases while drying the SSC. This
prevents overheating of seeds and, most importantly,
allows you to save fuel costs, because drying the amount
of moisture present in the seed gradually decreases and it
will be significantly less at the end of the dryer, and thus

it will be rational to reduce the supply of heat to seeds.
From the theory and practice of drying, it is
known that the evaporation zone of moisture is
significantly deepened at the end of grain drying, and its
removal by convection method is not effective.
Therefore, not cooled and not dried oilseed SSC at
3,5..5,0% is supplied by chain elevator 2 from
convection dryer into a microwave dryer 4 with
oscillating modes in which moisture is being effectively
removed, reducing the moisture content of SSC by

1...2 % (that is, up t0 9,5...10,0 %).
Then, without cooing, seeds are transported to silo
5 equipped with a fan 6 via a chain elevator. After storing
SSC for 8...12 hours, during which their temperature and
2 dampness are measured, they
are being gradually cooled with
E the external air to temperature
which is being higher than the
Dry ambient
cooled

5..10°C. At the same time,

2 2

1

Damp SSC

1 i\ = L I IIL5

W |:| 6
4

temperature for
SSC

moisture is being removed
from SSC after rising from the

[ ] central to the outer layers of

grain. The dried and cooled

T SSC is fed into a storage via

e conveyor 7.

In case humidity of

small-seeded oilseed crops

g W W

Moisture-warmed
grain
wiH(1,5..2,0 %)

1 — bunker for damp SSC; 2 — chain elevator; 3 — direct-flow shaft grain dryer
with wedge-shaped louver boxes; 4 — microwave dryer; 5 — bunker for dry SSC;
6 — fan; 7 — conveyor for supply of dried and cooled SSC to storage room.
Fig. 1 - The technological scheme combined convection-microwave

SSC drvine method

In case of absence of shaft grain dryers at the
enterprise, convection drying of SSC can be carried out
in columnar modular dryers, withstanding drying modes
shown in the table 3.

For implementation of effective combined
convection-microwave SSC  drying method, the
technological scheme given in Fig. 1, is offered.

Description of technological scheme of heat treatment

According to the proposed scheme of
technological drying line, wet or damp small-seeded
crops are fed into the drying storage bunker / and the
chain elevator 2 feeds them into an over-drying bunker of
the shaft direct-flow grain dryer with wedge-shaped
louver boxes 3. The presence of louver on the boxes
helps to evenly blow and dry the layer of seeds in the
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O
1{% does not exceed 10 %, then

they can be immediately sent
to a microwave dryer and,
further on, according to the
scheme, to storage and cooling.
Studies have shown
that, as a result of seed drying,
there is a decrease in acidic,
peroxide and iodine indexes,
which indicates an
improvement of its quality.

Conclusions

1. Conducted experiments confirmed that the
temperature and humidity of small-seeded crops affect
grain stability during storage. Timely reduction of
temperature of grain mass is one of important techniques
that are widely used in storage.

2. Due to the fact that microwave energy is much
more expensive than heat, the use of a combined
convection and microwave energy supply will reduce the
cost of finished products.

3. The basic scheme of technological line of heat
treatment of small-seeded crops and recommendations
for reducing energy intensity and increasing efficiency of
heat treatment and improving their quality, which were
approved with various progressive enterprises and
companies of the branch.
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JL.LK. OBCSIHHUKOBA, kaHA. TeXH. HAYK, JOLEHT
Oodecvka HayioHanbHa akademis xapuosux mexnonoziu, m. Odeca

OCOBJIUBOCTI TEXHOJIOI'TYHOI JITHII TEPMIYHOI OBPOBKH
JIPIFBHOHACIHHEBHX KYJIbTYP

Anomauin

Cmamms npuceauena wiasaxam yYOOCKOHANEHHS npoyecy CYWints ceidco3ibpanoco 3epna. Heszsasicarouu na docsaenymu yc-
nixu, 6azamo npobaem HUKAEC 3 OPIOHOHACIHHEGUMU KYIbMYPAMU (COP2O, PINax, 2ipuuys, 160 ma iH.), 014 6a2amvox 3 AKUX
HEOOCMAamHb0 peKOMeHOayill pe2niamenmie ma iHuWOi HOPMAMUBHO-MEXHON02IUHOT DoKyMenmayii. Bioomo, wo npu nposedenHi
nicnazoupanvroi 06po6Ku OpiOHOHACIHHEGT KYILbMYPU HA OKpeMUuX ii cmadiax niooaromsvcs neeHomy mepmiunomy enaugy. Lle cmocy-
€muvcs, Hacamnepeo, Npoyecie CYWIHHA Mma 0xon00xceHHs. Misx mum, mepmiuna 06podka — ye cKIaOHUll MexHOI02iuHull npoyec,
npu AKOMY y OAIUHOMY HACIHHI 8100Y8alOMbCA Yuceabti Qizuko-mexaniyni ma Oioximiuni 3minu, yacom nezgopomui. Kpim moeo, €
HaUOIIbW eHep2o3ampamHuMu.

Csocuacne i npagunvhe npogedeHHs CYywints 3epHa He MINbKU NIOGUYE 11020 cmitKicmy nio yac 30epicanns, a il NONINULYE
npooo6oabyi ma Hacinnesi axkocmi 3epra. CYWiHHA NO3UMUBHO BNIUBAE HA BUXIO MA AKICMb 3epHA | NPOOYKMIG 1020 nepepodKu.
Jrcans, matidkce i0CYmHi 00CNiONHCeH s npoyecy cYulinua OpiOHOHACIHHEBUX KYIbMYP, Wo supowyiomsca 8 Yrpaini. Misxc mum, cy-
WIHHA € 8ANCTUBOIO TAHKOIO Y NpoYeci nicaa3oupanvroi 00pooxu 36ixcocs.

Ilposedenumu Oocnidamu niomeepoxceHo, wo memnepamypa ma 60102iCmb OPIOHOHACIHHESUX KYAbMYP GNAUBAIOMb HA
cmitixicmb 3epna npu 30epicanni. Céocuace 3HUICEHHA MeMNEPamypu 3epHO8Oi MACU — OOUH 3 GAJICTUBUX NPULLOMIB, AKULL UUPOKO
BUKOPUCTNOBYIOMb NPU 30€PIeaAnHI.

Bioomo, wo y xinyesiil ¢pazi KOH6eKMUBHO20 CYWIHHI 8I00Y8AEMbCS 3HAUHE SHUNCEHHS WEUOKOCMI cywinHs. Lle euxnuxarne
MUM, W0 30HA CYUWIHHA 3HAYHO NO2AUONEHA BCepeOUy 3epHUN | Ha Nepemilyentsl 60102u 00 NOBEPXHI 3epHUH UMPAYAECMbCS 3HAUHA
uacmuHa emepeii, wo ni0BOOUMbCA 3 CYWUTbHUM a2eHmoM. Bionpayvosanuii cywunbhuli azenm ne HACUYYEMbCA 80102010 T UKUOA-
emuca i3 cywapku. Hacniokom yvoeo € Huswki snauenns mennogozo KKJ[ konsexmugnux sepHocyuapox. Ane yeti nedonik 6iocymmiil
npu MIKpOX8UILOBOMY CYWLIHHI, NPU AKOMY eHep2isi nepedacmuvCs AKpA3 y Micys 3 NIOGUIEHUM BMICIOM 80102U, MOOMO ) HANPUKIH-
Yi CYWIHHA — ye 2nub0KOo 8cepeOuni 3epHun. 3 iHui020 OOKY 8i00MO, WO MIKPOXEUTLOBA eHep2is 3HAYHO 00podicye mennosoi. Tomy
BUKOPUCTNAHHA KOMOIHOBAHO20 KOHBEKMUBHO-MIKPOXBUNL08020 Ni0800Y eHepeii 00360umb 006 conamu nepegazu 000X cnocobie
CYWIHHS — 30IbUUmu nPOOYKMUGHICIb IHIU CYWIHHA 3epHA 6€3 11020 300POACUAHHS.

YV pobomi nageoerno pospobneni pexomenoayii, wjo cmocyiomovcs mexHoN02l CYWinHA, 3ePHOBUX (copeo) ma oniiHuX (pinax,
2ipuuys, 1boH) OPIOHOHACIHHEBUX KYAbIMYP NPOO0BOILYUO20 HPUSHAUEHHA HA 3epHO3a2omigenvHuX nionpucmcmeax. Pospobaeno
NPUHYUNOBY CXEMY MEXHOL02IUHOL NiHTT mepMiuHOl 00poOKU OPIGHOHACIHHEBUX KYIbMYD MA PEKOMEHOAYIT 31 3HUNCEHHS eHEP2OEMHO-
cmi ma nioguwenns epekmusHocmi mepmiunoi 06pobKu ma noainuents ix aKocmi.

Huni enacnuxu 3emni 6 AIIK cami eubupaioms nepenix Kyaomyp, AKi im 6u2ioHo eupowysamu, i ceped yux KyIbmyp 4dcmo €
OpibHOHACIHHEST KYIbMYPU, MAKI AK PINaK, 2ipuuys, 1boH, copeo ma in. Tomy ompumani 0aHi Maioms npakmuune 3HaveHus 0l npa-
Yi8HUKIE 20cnodapcme, 0e 8UpOWyEMbCs OPIOHOHACIHHEST KYTbMypU

Knrwuogi cnosa: sonozicmv 3epua, OpibHOHACIHHEST KYIbMYpPU, nicaazoupanviua oopobxa, mepmiuna 00pooKa, CywinHa
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