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The experimental setup for investigation of conversion the ethylene impurity in the air on the basis of automated

container systems, which using for storing and transporting vegetables and fruits, was developed and tested. The
high efficiency of using a barrierless gas discharge to conversion the ethylene impurity in the air experimentally

confirmed.

PACS: 52.75.-d, 52.77.-j, 52.80.Hc, 52.90.+z, 82.33.Xj

INTRODUCTION

Research and development of atmospheric pressure
gas discharge has shown significant progress in the past
decade [1 - 5]. But the widespread industrial appli-
cation has so far received only ozone generators
[6] and systems for cleaning of combustion gases.

In the food industry, in addition to the tasks of de-
contamination and disinfection, there are still a number
of prospective applications for gas discharge of atmos-
pheric pressure, among them, the ethylene (C,H,) de-
composition for sealed volumes.

Back in the 1930's, it was discovered that low con-
centrations of ethylene admixture in the storage atmos-
phere resulted in a rapid deterioration of products [7].
Later, it was found that ethylene is produced by many
fruits and vegetables in the process of maturation and its
increased concentration leads to accelerated maturation
of products and loss of consumer properties. Some
fruits, such as apples, produce a very high level of eth-
ylene and can significantly accelerate maturation and
spoil other fruits and vegetables in storage facilities.
The ethylene concentration of 1 ppm can spoil the entire
lot within one day. Even if, as a result of such impact
the loss of stored produces is of 3...5%, the scale of
overall losses is a very high.

The temperature also has a strong influence on mat-
uration, but the production of ethylene with the "breath-
ing" of the collected vegetables and fruits does not stop
there. Control over the level of ethylene in the air can
extend the shelf life of vegetables and fruits from days
to weeks. Today, to prevent an ethylene production the
special catalysts and sorbents are used. The strong in-
fluence of humidity on the efficiency of sorbents and
their sorption capacity creates significant logistic issues
for application, maintenance and disposal of these mate-
rials. Therefore, the study of plasma-chemical methods
of decomposition of ethylene impurities in air at atmos-
pheric pressure is of actual real-life problem.

As shown in works [8 - 10], the barrierless gas dis-
charge can be used to degrade minor impurities of hy-
drocarbons in the air.

EXPERIMENTAL SETUP
AND EQUIPMENTS
Experimental studies were carried out in a standard
container-refrigerator with volume of 65 m®.

The schematic of the experimental setup on the
study of dynamics of the ethylene decomposition is
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shown on Fig. 1. The 100% concentration of ethylene
from a 40-liter cylinder was injected in container by
using of a pressure regulator. The control of amount of
C,H, was carried out by using of the Alicat Scientific
MC-200SCCM-D/5M C2H4 electronic flow meter. The
flow rate of ethylene was 4, 8 and 16 cm*/minute.
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Fig.1. The schematic of experimental setup.
1 — ethylene cylinder; 2 — pressure regulator; 3 — C2H4
flow meter; 4 - 11 — ports for circulation of air
and injection of ethylene; 12 — plasmochemical system;
13 — carolithic filter for ozone decomposition;
14 — blower; 15 — ozone monitor; 16 — ethylene moni-
tor; 17 — humidity meter; 18 — gas sampler;
19 — circulating air compressor; 20 — container

The air in the container is forcibly circulated by an
external air pump at the rate of 2000 m*/hour and cooled
down to 5°C.

The concentrations of ethylene and ozone, as well as
air temperature and humidity were measured by sensors
introduced into the circulation line and at different
points in the container. The ethylene concentration was
measured by the [taCA56 meter and monitored by sam-
pling from the circulation line air probes, which ana-
lyzed by the HP Series Il gas chromatograph with a
flame-ionization detector. Samples were taken from
different control sites of the circulation line (in the mid-
dle of the container, near the door and at the end, at dif-
ferent heights) with a syringe of 1 ml. The chromato-
graph was pre-calibrated with a standard gas mixtures
10 and 100 ppm of ethylene. The Fig.2 shows the
chromatographic peak of the gas mixture with an eth-
ylene concentration of 10 ppm.
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Fig. 2. The chrbmatogfam of a standard gas mixture
with an ethylene concentration of 10 ppm

The Fig. 3 is shown the chromatogram of the stand-
ard gas mixture with an ethylene concentration of
100 ppm.

Fig. 3. The chromatogram of a standard gas mixture
with an ethylene concentration of 100 ppm

The chromatographic peak of ethylene was observed
at 2.5 min. The concentration of ethylene in samples is
calculated on the area of the chromatographic peak. The
obtained data for samples from different sites have been
averaged.

In the middle of the container plasma-chemical sys-
tem based on three pulsed power supplies with a maxi-
mum operation power of 320 W was installed. The air
flows are circulated in parallel-connected plasma-
chemical reactors (PCRs) with a total flow rate of
160...180 m*h. Since the increasing of ozone concen-
tration in air above 1 ppm is unacceptable for fruit stor-
age technology, air after PCRs is fed to a carulite filter
[11]. Thus, the ozone concentration in container doesn’t
exceed of 0.2...0.4 ppm in the entire range of power
applied to reactors.

RESULTS

Experimental studies of the influence of low-
temperature plasma of barrierless gas discharge on the
content of ethylene in the air circulating in a container
have been carried out.

The Fig. 4 is shown a typical dynamic for the filling
of container with ethylene and next dropping of eth-
ylene concentration after the turn of the plasma-
chemical system. The rate of ethylene injection is of 4
cm®/min.

As can be seen from Fig. 4, after the turn ON the
plasma-chemical system, there is a fairly rapid decrease
in the concentration of ethylene in the air.
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Fig. 4. The dependence of the ethylene concentration
for OFF and ON mode of the plasma-chemical system

The Fig. 5 is shown dependence of ethylene concen-
tration after the plasmachemical system was ON. The
ethylene flow rate is of 4, 8 and 16 cm*/minute.
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Fig. 5. The dependence of the ethylene concentration in
the container after the plasma-chemical system was ON.
The ethylene flow rate is of 4, 8 and 16 cm*/minute

It is seen that the character of the dependence is sim-
ilar, and when the plasma-chemical system with a pow-
er supply of 320 W is turned on, the concentration of
ethylene is reduced-to less than 1 ppm.

If the destruction of ethylene in the PCR is due to
collisions with electrons that result is either a direct col-
lapse of a molecule or transfer it into an excited state,
followed by reaction with the constituents of ozone-air-
ethylene mixture (a) or slow ozonolysis accumulated
ozone (b) then the rate of disintegration of ethylene in
the discharge occurs in proportion to its concentration.
The speed of its development is determined by the
products of decomposition of ethylene in PCR, that is,
doesn’t depend explicitly on its concentration. There-
fore, the kinetics of the decomposition of ethylene in the
discharge will be described, in the simplest case, by the

equation
dit(t)=ko—k10(t), (1)

If C(t=0) = C,, then decision (1) has the form:

C(t)= :z" +[CO _EOJ : exp(— klt), )

1 1
where Kk, - rate constant of ethylene production, a k, —
the rate constant of ethylene destruction in PCR. At
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t — o0, get stationary concentration C* =k_ /k;. The

solution (2) is shown in Fig. 6.
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Fig. 6. Dependence C (t ) on time at different initial
concentrations— C, <C®, C, =C%* and C, >C*

We can assume that the equation for the rate of de-
struction of ethylene contains not only a member pro-
portional to the first degree of concentration, but also a
member proportional to the second degree. In this case,
equation (1) becomes more complicated. But as before,
it can be integrated, and its solution has the form shown
on Fig. 6.

Since the injection of air-ethylene mixture layer into
the PCR at the initial stage of its passage, in this mixture
practically no products of disintegration of ethylene,
then ethylene can’t be synthesized, that is, k = 0, which

means that C>* = 0. Thus, at a single passage of a air-
ethylene mixture layer through PCR it’s impossible to
get into the area below C* (see Fig. 6), where the syn-
thesis would start, and not the destruction of ethylene.
The area C, <C® — it’s reactor working area. For PCR,
which should break down ethylene, the working area
should be an area C >C® . As the layer of air-ethylene

mixture passes through PCR, there are products of eth-
ylene decomposition, which leads to the possibility of its
synthesis. That is, K, becomes more than zero, which

leads to C* > 0. Thus, along the length of the PCR

C* increases from zero to some extent, which is de-

termined by the rate of ethylene destruction in the dis-
charge. It is important that the output of PCR C¥>0,
that is, to obtain a zero concentration of ethylene at the

outlet of PCR is impossible. The character of the re-
ceived experimental graphs completely coincides with

the region C, < C*° theoretical calculation.

Thus, it has been demonstrated that using a gas bar-
rierless discharge can significantly reduce the equilibri-
um concentration of ethylene in air of a closed hermetic
volume.
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CONCLUSIONS

The high efficiency of the use the barrierless gas
discharge plasma-chemical reactor for decomposition of
the ethylene in the air has been theoretically and exper-
imentally demonstrated.

The current study has been supported by STCU pro-
ject #658.
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PA3JIOKEHUE DTUJIEHA B HU3KOTEMITEPATYPHOM IVIA3ME
BE3BAPBEPHOTI'O I'A30BOI'O PA3PSIJIA

B.U. I'onoma, /1.B. Kyoun, O.B. Manyiineuxo, I'.B. Tapan, JI. M. 3asadoa, M.A. Ezopos, B.®D. Xmeneeckasa

Pa3paboTaHo U MPOTECTUPOBAHO IKCIEPUMEHTANIBHBIA CTEH] JUTS UCCIIEIOBAHHS PA3JIOKEHUSI IIPUMECH STHIICHA
B BO3/lyxe Ha 0a3e CHCTeM aBTOMATH3UPOBAHHOIO KOHTEWHEpa, KOTOPBIH HCIOJIb3YeTCs sl XPaHSHHUS] M TPAHCIIOP-
TUPOBKH (PPYKTOB U OBOIIEH. DKCIIEPHUMEHTAIBFHO ITOATBEPKICHA BBICOKAsI 3()(heKTHBHOCTH NCTIONB30BaHus Oe30a-
PBEPHOTO Ta30BOT0 pa3psa Ul OKHCICHUS TIPUMECH ITUJICHA B BO3IIyXE.

PO3KJIAJJAHHS ETUWIEHY B HU3bKOTEMIIEPATYPHIN IJIA3MI
BE3BAP’€PHOI'O 'A30BOI'O PO3PSIY

B.I. I'onoma, /I.B. Kyoin, O.B. Manyitnenxo, I'.B. Tapan, JI.M. 3asaoa, M.O. €z0pos, B.D. Xmeniecvka

Po3po0iieHo Ta MpoTeCTOBAaHO €KCHEPUMEHTAIBHUNA CTEH]| JUIsl JOCIHKSHHS PO3KIIaaHHs JOMILIKH €TUIICHY B
MOBITpi Ha 0a3i CHCTEM aBTOMATH30BaHOTO KOHTEHHEpa, 110 BUKOPUCTOBYEThCS JUISl 30€piraHHs Ta TPaHCIIOPTYBaH-
Hi OBOYIB Ta (pYyKTiB. EKCIIepIMEHTaNBHO MiATBEPIKEHO BHCOKY €(eKTHBHICTH BHKOPHCTaHHA 0e30ap’epHOTO
Ta30BOTO PO3PSANLY AJIS OKHCHEHHS JOMIIIKH €THJICHY B ITOBITPI.
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