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Decomposition of Ethylene using a Hybrid Catalyst-packed
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Abstract

A series of experiments using atmospheric-pressure non-thermal plasma coupled with transition metal catalysts
were performed to remove ethylene from agricultural storage facilities. The non-thermal plasma was created by
dielectric barrier discharge, which was in direct contact with the catalyst pellets. The transition metals such as Ag
and V,05 were supported on y-Al,Os. The effect of catalyst type, specific input energy (SIE) and oxygen content on
the removal of ethylene was examined to understand the behavior of the hybrid plasma-catalytic reactor system.
With the other parameters kept constant, the plasma-catalytic activity for the removal of ethylene was in order of
V,05/y-AL O3 > Ag/y-Al,O3 >v-AlO; from high to low. Interestingly, the rate of plasma-catalytic ozone generation
was in order of V,05/y-Al,O5>y-Al,05> Ag/y-Al,O5, implying that the catalyst activation mechanisms by plasma
are different for different catalysts. The results obtained by varying the oxygen content indicated that nitrogen-derived

reactive species dominated the removal of ethylene under oxygen-lean condition, while ozone and oxygen atoms
were mainly involved in the removal under oxygen-rich condition. When the plasma was coupled with V,05/y-Al,O3,
nearly complete removal of ethylene was achieved at oxygen contents higher than 5% by volume (inlet ethylene:

250 ppm; gas flow rate: 1.0 L min™'; SIE: ~355JL7h).
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Fig. 1. SEM images of y-Al,03, Ag/y-Al,0; and V,05/y-Al,O; (magnification: 10000).

J. KOSAE Vol. 30, No. 6(2014)



Ozone analyzer N '
E_J_] Teflon bushing H‘“‘ bushing
Qu j

Oscilloscope

r a;t\ztu be

=i

Effluent ga

—rr =

A 4

I(J‘UIL’

Thermometer

Gas chromatﬂgra-phy

C,H

Catalyst
Ground electrode

High voltage

[

i

o

Feed Gas
Discharging electrode

Fig. 2. Schematic diagram of the experimental setup.

A=t
Eetzrh-Su) vEET|eA AnEe AH A
H)2 A-As =g o83t FA3AF o et
al., 2013). gt SAol|= A2 A3 (TDS 3032,
Tektronix)2} 1000:1 3243} =& H (P6015, Tektronix)
7F AHEER L, vl A EE 928 4171 (1.0
uF) oFche] Ak 10:1 A9t =2 M (P6139A, Tek-
tronix) 2 Aoz Asts Tkt AL =
(specific input energy, SIE)¥= =23} 7to] Aojxc)
(Jarrige and Vervisch, 2009):

SIE(J/L)=P/Q (1)

1714 P WA E W)l Qi 7)AlF=FLs el

o,

3. 23 « nH

33 32 uAEE Wzl me Zelznl-Zn)
uhg7] Wixe] 2=HstE yehd Zleln Eet=n}-
Zr) Hkg71olE y-ALO7F 341 Elglow, vy ¢
o] A|2Hx]l & ¢k 10mino] I3t v} 222 =
Aslgdet ke =/ 7™ A7) 7] 7F A 7

271843 A A30A A 65

Y -
Ooee
Power
supply
35 60
—@— Voltage
301 —— Tempurature
- 50
= 25 A
2 o
o L o
2 20- %
° 2
- £
o i o
2B L3 £
g 5
A 10
20
5 -
0 T T T 10
0 100 200 300 400

SIEJL™Y

Fig. 3. Variations of discharge voltage and reactor tem-
perature as a function of SIE (O,: 20%).

A7} e 47 olestE e WAARI) 2 B
o weld Aste] Zlel weh wRe e A,
A 3} el AL =S} R 78]
whe} o] ojuix] s} of 140JL 7' W) WSk
£ 192KV () ZA o], ola) Hg7) L) Lxt
28°CT A E] A B BS F71A]



Febze} 370 S0) A2Ee o8 oFA A% A7 81

olof] Bl dte] WH] =7t SVt AT oY
A Wxerp oF 355117 o wbdAshe w-er) R
—%5% 27k 28.8kVe} 57°C= Jebde) Zep=nf
) Hhg7)E A7|H ez dFe] Ratz AFY 5 9l
QE__E_, W7ol £4HE CvA7) 7ME s Jd
3 s A= ke HEg vt *P—?‘&U}
Jev Eetzuk-Fel W37 DA ko Al
Wl A 60°C o] o2 w7} F718lA & u-bk

37 4ol AL W3l upE ol
E2&& ERgIth 230 By vl o] §
AAA L =M BwEH V,05/7-ALO; Fulj 7} o
A s mgo] 7 Ehom, v-ALO; Fui7t 71
e 585 el V,057-ALO; F9E ARES
2 300JL7'9] oLzl A 99%2] o=@ 23]
&L el on, Agh-ALO;S| 79 84%, y-ALO;
2 AMESE S 67%°] &8-S Hoo) ode] Ea
45t FEtzul-En) ubSelA AAEE YL
@, 2, 3715 22}, "AAhH oA e vk
o o3 A= %E}Zﬂ} HhSol| A o =alle] 13}
el Bl w52 o33} Z2o}Jo eral., 2013).

e, r-h:
2l pol Sk T

-

o

o W

[

b

C,H,+energetic species (7, N, (A*Y_, ")
—C,H;+H ?2)

C,H,+energetic species (7, N, (A*Y_, 1))

— C,H,+H, 3
C,H,+0;— CH,0+CH,0+0

1.06 x 10°cm®>mol 's™! 4)
C,H,+0— C,H,+OH

1.49 x 10°cm®mol 's™! 5)

oA e = HAAE ]l HP—%‘—E"‘H\—‘; 298 K
M) Zrelet. Hzte} o] uk-g& = H Al
yA Rz} LA FHe] glon, de}oﬂﬁ A REE
A71AA 7]l eJs] A= A ()l AAR D=
I o3& v SEAS A= A (S)ell Bl 2}
o} 23Ee] o] AbA guFe] wls A7) W&
of e=#e] ukgel Fod HdTE F 4 QA
)~ (59 28 AR CH;, CH,, CH,0E =% 4k
3t5e] A= ojaldRtaz A

Eehzule| o7t FHujjo] FAsh= o 7HA] H[A
Yol o3l deid 4 Qo o] A2 BAAE

>~

4

-

100 v

& Y'Algo_g
80 O Ang'Algog
-w V,0,/7-ALO,

60

40

Decomposition efficiency (%)

20

0 100 200 300 400
SIEJL™Y

Fi

g. 4. Effect of SIE on the decomposition of ethylene for
different catalysts (O,: 20%).

600
500 4
—— 1-ALO,
—7— Ag/r-AlL0O,
400 1 —m— V,0,/v-AlLO,
—— Without ethylene
200 ——— With ethylene

200

O; concentration (ppm)

100 4

0 100 200 300 400
SIEQJL™)
Fig. 5. Ozone concentrations at the outlet of the hybrid

plasma-catalytic reactor in the presence and in
the absence of ethylene (O,: 20%).

&el o) el FAeA AR fx 590l Aol
D2 o we BAYEE oda Raureo] Fel
T 4 o5 w0 AN el 4HR
Abd e o) whgAlel o ome ) Eelo)A]

2E0] R Aba o] AAHW, 2E0] 7]

J. KOSAE Vol. 30, No. 6(2014)



582 ol - AL - FEE - Ho)

pi

= olet 1 wlel] o"alle] Zujmel] FAEEe] 314
=, Zetzet AoA A" SPAREHS] F
EEr) ol = glernz ukgo] o] Aoz
oA ok

I3 5% 9 49} U AT 0A E=t=a)-
ZFa whg7]el F717F FUENE W odA 23
Z1A| (A& 80%; A4~ 20%; A= &A: 250 ppm) 7} F+9)
HAL w9 k7] < 0 E =5 v|wEt Ao
o 9l 2 y-ALO;E A3 el A E = 355
JL7'el|A) 100 ppme] o] A=l om, ol &
48k 7§ 40ppmoz rox] oHA;ME R
HA A A 60ppme] 2Eo] AH|FE YT & 4 gl
Agh-ALO; F) & 218313 37]18 FU3 Aol
55ppme] ©Fo] AAE L, & F Foll= 40
ppm o2 ZFA3Th Age 0 B3l SR odEA
9] o (Naydenov et al., 2008), Zel=nr}e)| o]s] YAl
= 2] Agh-ALO; Fal el A 3l =] o] Agly-Al,
0;5 AHE-&H 79 vl8f &8 F=r} 3Has Hloz
FElch &2 Euflol] o3| ofele} 2 uk-So 9
3]

0,+%— 0,+0%* (©)
0% +0,—20,+%* ™)
20% —0,+2% 8)

A714 e EojEme) HYRE depie, OFe 3
Yol FAE o] AL9A4E elgeh 13 4
MM Agh-ALO; F7lE AFE-EE 73§ v-ALO;ol A B
o ol Faamgo] S AL &R Al
Al A" OFel] 28 o=

V,054-ALO; S5 AR - Ao|F&o] FH
A ok y-ALO; 7ol HlFl 2

F7¥etsact. 11 59} 7ol V,0s/-ALO; Fri & AHg-
& v 195JL7" o]ake] oA =el| A <F 540 ppm
o] 2ol QA AN 250 ppm ] o= WS
FU3HH 270IL7" ool e &F st F43] F7t
3ted 355JL el A= 240 ppme] 2Eo] & et
ofldd&lo] FU=slE o o= 270JL7" o] 4ol
Al 2F w2t AR SV olf 1% 48t o
#ste] M 4 Aok 27 49} Zo] V,04/v-AlL0;
S 2 ARSE W) 270171 oA mo A

271843 A A30A A 65

2 vz 028l o] Honk of=ldo] mE Yo
Ha v o o] HESE tide] glormz wiEE
S &5 wr) 2718 "ok V,05-ALO; S0 & A}

A5 Agh-ALO, )l Hlal 109 7 o W
| A= AR V,05/y-ALO; Zafjol 23t ol e
Hag F7F FL oA 24 At o A3
& o] 2ol = 2 FAAEE] P Eaf
ofabs . =] o7} TR 7ol
oJu] 2}, T, V,0, S0l 2 A4
557} 274 ol i Eekzolel o
whe) Absh-glshg o2 o) ARk

\gl
oo rlr S

o e "
I

(
ES)

e 0 (ol fo ot
ofo
e =
RN
3L
o
L mlo

e 2
o
)

Reduction: V,05+energetic species— V,0,+0 (9)
Oxidation: V,0,+1/20,— V,05 (10)

A O ARR Ak DL AbaEAS) WS
sed 92 AN & 9ok
Qb oz 713312 Yalw

A o) Abshre-e vhewh o] £ 4 ek

C,H,+30,—2C0,+2H,0+1,321 kJ/mol (11)

I8 62 Eetzal-Ev) ubgr)e| 3717t 4=
= ek o=l E37)A (A 80%; Ak 20%; o™
2l: 250 ppm)7} FHENE W9 7] 2EF ol
A =e] 42 vwdt Aot} whg7)ell= v-ALO;
7} FAEdem 9ke7] 4 10min Fof] =71 &
At 13elM B upe} Zre] ofuiA™ = 350
JL 7ol A] ofF 2°Co) 2xxp7} hysigic) o del o)
frioll wet a7 ZA] % olfiE F=7) 250
ppm o2 w9 Sk 3r wWk-g-7)7h Akl Y ZhE g7 o
Fo|t} ol vx] W= 355JL7 "o A o=l Ha) &g
83%olm2 7|4 1L% 11.2J9] d4do] 7lelA ut
571 227} o 9°C 7l vl ZU1E Aoz o=
ovt w77 ShEA - AHdernz 2
7}7} o] Bt whoret.

I3 72 Agly-ALOs} V,0s/y-ALO; Zujj 2] o€l

I P ags Aiewl qeE SAT Aot
j= ==

A

[e]
BE 2712 54T AEE fAHA AdaeEs
1~20%= WH3HA7]m AL St Axrt ¢l



Behzol 340 S0 AZ0E o 4% DA A AT 58

70
—&— Without ethylene
604 —7— With ethylene
& 504
[
2
<
o)
o
£ 401
o
=
30
20 + T T T
0 100 200 300 400

SIEJL™)

Fig. 6. Dependence of the reactor temperature on SIE
(0,: 20%).

+ B9710lM e el A H AL, AadR), of 7] A9
ALdA7E F2 oA Ealeol] FodEA|TE AbAr}
EAsPE 9F, AkA BT 5o AR SRS
o] F7HH oz AAET. 17 7oA Hi uie) Fho]
V,05/y-ALO; Z7) & AMS-3F A f-ell= At =7t 5%
£ Joul djREe odalo] £a= L, Aghy-ALO;
Fuj 5 AR Aol E A =T} ol SE o
A B &go] F7FEIT Agh-AlLO; FafellA] AbA
57 20%Y W oA FalEE oF 93%= Ak
A2%% 1%Y WY 72%<} v)wshd oF 20% 7}k
2ol 2 BTk Al =T} 1% B % 72%2] ol
3 R age] veh e S Aldel Z]Qlg F4
AAEE o]9o = Aol 7]Q18 PARE Y 19
YA ZAfell o3 oalle] RaflE]7] wjEolct V,05/
y-ALO; F) 5 ARS8 7Sl A= 5% o] Aol
A dd"aEle Balske o F8e @A) AA

r_l

—
%) 8 23 T3} 2 22N b el o
2 2% ¥xE

oF FEE AT Avelth T4 B 9

oz
i
o
r>
P>
off
|
S
2
>

£ Agh-ALOs%t V,0s/y-
ALO; & ARS8 79 2% wjE 9 o] A3}
2 A9k, V,04/y-ALO; Z) 2 A}-83F 790 = Ab
2557t IS uE 0F vert g4 F

Phsko] Akt 20% 4% 240ppme] 2Eo] W

100 <7
95 A
S
2 90 A
3
Q
5
= 854
g
£
g 80 A
)
[a)
71 - Ag/Y'Alzo_;
=7 V,0,/1-AL O
70 T T T T

0 5 10 15 20 25

Oxygen content (%)

Fig. 7. Effect of oxygen content on the removal of ethyl-
ene (SIE: 355JL7").

300

-8 Ag/y-AlLO,
=7~ V,0,/7-AL,04

250 A

200 A

150

100

O; concentration (ppm)

50 4

25

Oxygen content (%)
Fig. 8. Ozone concentrations at the outlet of the hybrid

plasma-catalytic reactor as a function of oxygen
content (SIE: 355JL"").

HAdet oleh 22 olfii= el AFF vhek e

e g E3lahe Hl

HEgoll 2RFA] 2 2Fe] 2 wiEEE e
il

Zulo) o3 wjE 2Fo] EAH o= AojPL 3l

J. KOSAE Vol. 30, No. 6(2014)



2w} glov], 2 Q7o) Fehzol-Zo) whr) F9
o] & AlelE fI7 Funk-grIl =92 & ok
2 AR A el A 247}
H1 gle olel Azkl wsheel wgos Alag
o FAHE A SFRI} w9 geksbe, A A
A Fzhe] fREE AR YA o 7)A 7} 2;
AR FAHE 20% vRkels ol & Fef, Sx5x4m’
(=100 m®) AR A 7127} 2R 3}= Ba]= 20
m’® B|gkele}. 20 m*] 714 2h Fet He|geiar 7}
A, Ae)4x7F 170 Lmin 's FHojof o} Za}

Zol-Z20] FA) AA F sl AA LY (scale-up)

o] golstrts Aelrt uhg719] Aelg FHA7IH
AelggFe]l F7HE L v7] e WEE Y=
el gFe] FrkEEe, Ade] ¥uE 1
A% AAZE Lol o] eld 4 Qi = AA)
el H-83h7] H3lM= AR sAES] el o
2 ddd = 54 3 A v R 3 st

5 meistelo} B,

4. 4

rh

E ATl v-ALOsel FAE A o] F4 Enf e}
A S Ags Eetzel-Ea) 58T AlA
oA o"lal 23k EAo) wsl] 2ARFITL oA
U=g W3iAA odd AAEES SHS A
V,05/y-ALO; S0 & ARE-3F 7$- 355 T L7 "ol A o™
A B g8o] 100%= el om, Ag/iy-AlLO; Zui
= AR A9l 5Yst duyAE =N 92.5%,
Y-ALO; Sl & A8 A $-oll = 82% 2 V,05/y-ALO;
>Agh-ALO;>v-ALO; =02 Fetzul-Sul g o]
A velget V,057-ALO; Sl ol=dll A7 &g
o] T2 b, wiE 2F vEx 2 o= ey
o}, V,04y-ALO; 20 2 ALE3) S o Aliew 5% o
Aol Al W REL o] AAFHYH AFAH}E
FEs R o=l Eso V,0s5/y-ALO; Ful 7} 7H3F
ok wiE 2F B E AlolE M WE
2= Aol Eulo] =3)o] Fadle) ol ol w
X AbAgheke] of3ke Alvww AbAagdEe) uhe)
ofelal el et F FAYFE] B2 o=
2 A7 Az ==t A F
227} 60°CE A okghed, o] A

51733 3)#] A 304 A 63

© Eehzold A% Sof gAshl dude e
B2 oF 5 BYE) oJa dofdnie AE
ofughel.

ZhAtel

o) & 20148 % AT Sd FA7)

A Akl olate] =9l E

References

Demidiouk, V. and J.O. Chae (2005) Decomposition of Vol-
atile Organic Compounds in Plasma-Catalytic Sys-
tem, IEEE Trans. Plasma Sci., 33, 157-161.

Ding, D., Y. Zheng, H. Li, Z. Tang, M. Chen, and H. Wan
(2014) Model catalysis studies of the oxidation of
propane over VOx-based catalysts, Catal. Today,
DOI: 10.1016/j.cattod.2014.05.005.

Gannoun, C., A. Turki, H. Kochkar, R. Delaigle, P. Eloy, A
Ghorbel, and E.M. Gaigneaux (2014) Elaboration
and characterization of sulfated and unsulfated
V,05/TiO, nanotubes catalysts for chlorobenzene
total oxidation, Appl. Catal. B, 147, 58-64.

Guo, Q., B. Wu, X. Peng, J. Wang, Q. Li, J. Jin, and Y. Ha
(2014) Effects of chlorine dioxide treatment on res-
piration rate and ethylene synthesis of postharvest
tomato fruit, Postharvest Biol. Technol., 93, 9-14.

Imamura, S., D. Uchihori, and K. Utani (1994) Oxidative de-
composition of formaldehyde on silver-cerium com-
posite oxide catalyst, Catal. Lett., 24, 377-384.

Jang, D.I., T.H. Lim, S.B. Lee, Y.S. Mok, and H.M. Park (2012)
Decomposition of ethylene by using dielectric bar-
rier discharge plasma, Appl. Chem. Eng., 23(6), 608-
613.

Jarrige, J. and P. Vervisch (2009) Plasma-enhanced catalysis
of propane and isopropyl alcohol at ambient tem-
perature on a MnO,-based catalyst, Appl. Catal. B,
90, 74-82.

Jo,J.0., S.B. Lee, D.L. Jang, and Y.S. Mok (2013) Plasma-cat-
alytic ceramic membrane reactor for volatile organ-
ic compound control, IEEE Trans. Plasma Sci., 41,
3021-3029.

Kim, H.H., A. Ogata, and S. Futamura (2006) Nonthermal plas-

ma-driven catalysis of benzene and toluene, J. Korean



Febze} 37 S0) A2Ee o6 P A% A7 585

Soc. Atmos. Environ., 22, 43-51.

Martinez-Huerta, M.V., X. Gao, H. Tian, L.E. Wachs, J.L.G.
Fierro, and M.A. Banares (2006) Oxidative dehy-
drogenation of ethane to ethylene over alumina-
supported vanadium oxide catalysts: Relationship
between molecular structures and chemical reactiv-
ity, Catal. Today, 118, 279-287.

Naydenov, A., P. Konova, P. Nikolov, F. Klingstedt, N. Kumar,
D. Kovacheva, P. Stefanov, R. Stoyanova, and D.
Mehandjiev (2008) Decomposition of ozone on Ag/
SiO, catalyst for abatement of waste gases emissions,
Catal. Today, 137, 471-474.

Njagi, E.C., H.C. Genuino, C.K. King’ondu, S. Dharmarathna,
and S.L. Suib (2012) Catalytic oxidation of ethylene
at low temperatures using porous copper manganese
oxides, Appl. Catal. A, 421-422, 154-160.

Lee, J.K., H.G. Kim, C.K. Bong, S.J. Park, M.H. Lee, U.H.
Hwang, and J.H. Kim (2011) Characteristics of hyd-
rogen sulfide removal by a catalyst-assisted plasma
system, J. Korean Soc. Atmos. Environ., 27, 379-386.

Saltveit, M.E. (1999) Effect of ethylene on quality of fresh
fruits and vegetables, Postharvest Biol. Technol., 15,
279-292.

Shi, C., B.B. Chen, X.S. Li, M. Crocker, Y. Wang, and A.M.
Zhu (2012) Catalytic formaldehyde removal by
“storage-oxidation” cycling process over supported
silver catalysts, Chem. Eng. J., 200-202, 729-737.

Skog, L.J. and C.L. Chu (2001) Effect of ozone on qualities of

fruits and vegetables in cold storage, Can. J. Plant
Sci., 81(4), 773-778.

Tang, X., J. Chen, Y. Li, Y. Li, Y. Xu, and W. Shen (2006)
Complete oxidation of formaldehyde over Ag/MnO,-
CeO, catalysts, Chem. Eng. J., 118, 119-125.

Vandenbroucke, A.M., R. Morent, N.D. Geyter, and C. Leys
(2011) Non-thermal plasmas for non-catalytic and
catalytic VOC abatement, J. Hazard. Mater., 195,
30-54.

Ye, S.Y., Y.C. Fang, X.L. Song, S.C. Luo, and L.M. Ye (2013)
Decomposition of ethylene in cold storage by plas-
ma-assisted photocatalyst process with TiO,/ACF-
based photocatalyst prepared by gamma irradiation,
Chem. Eng. J., 225, 499-508.

Yin, Y., Y. Zheng, S. He, and Q. Cui (2009) Decomposion of
indoor ozone on activated carbon-supported cata-
lysts, The 3rd International Conference on Bioinfor-
matics and Biomedical Engineering, DOI: 10.1109/
ICBBE.2009.5162574.

Zaharah, S.S. and Z. Singh (2011) Mode of action of nitric
oxide in inhibiting ethylene biosynthesis and fruit
softening during ripening and cool storage of ‘Ken-
sington Pride’ mango, Postharvest Biol. Technol.,
62, 258-266.

Zhu, S.H. and J. Zhou (2007) Effect of nitric oxide on ethyl-
ene production in strawberry fruit during storage,
Food Chemistry, 100, 1517-1522.

J. KOSAE Vol. 30, No. 6(2014)



