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Ty
3714,

AVppicro © =20} BAE A 3 wlo]lAZ2-HAFE Alole] T A X} (threshold electric potential
difference between micro—electrodes to initiate plasma discharges).

nicro © F 709 wlo]AR-HAZFE Alo]2] 7] AP (gap distance between two micro—electrodes)

oinpicro - 7 M8 wholaZ-A=FE Alele]l HA A Al (minimum gap distance between two micro-
electrodes )

v FHA Townsend ©]<3} A4 ulolma=z &=+9] 22 HA W= AL (second Townsend ionization

coefficient; secondary electron emission coefficient of micro-cathode)
0! 7k Bxleo] & WA (collision cross—sectional area of the gas molecule)

Enicro @ 7 M2 mlo]a® A Alo]e] H71 % (electric field strength between two micro-electrodes)
Ui @ 7} 84242 o] 23} A9 (ionization potential of the gas molecule)
kg : =% A<=(Boltzmann constant)

T : 7F2= 2%(gas temperature)
p : 7} <2 (gas pressure)

A 7 e B9 o]23F EAl AF4=(ionization characteristic constant of the gas molecule) (Equivalent to
(0) /kBT)

B : 7} Bl o]23} A<+ (ionization characteristic constant of the gas molecule). (Equivalent to U;

O/kBT)
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AVppicro : =ob2ul BAS JfASH] 3t vpo]A2-HAFE Alolo] FE YA (threshold electric potential
difference between micro—electrodes to initiate plasma discharges).

nicro © 7 709 vlo]AZ-HFE Alo]2] 7§ A (gap distance between two micro—electrodes)

pinmicro © 5+ MY wo]maE-HIE Alolo HA 2 AT (minimum gap distance between two micro-
electrodes )

v FHA Townsend ©]<3} AF; wlolmazm &) 2x A WE A (second Townsend ionization

coefficient; secondary electron emission coefficient of micro-cathode)
0: 7}~ A FE @A A (collision cross—sectional area of the gas molecule)

Enicro & F 709 mlolma = A= Alole] A7) 7% (electric field strength between two micro—electrodes)
Ui @ 7k #219] o] 23} A9 (ionization potential of the gas molecule)
kg : B=%F A<4(Boltzmann constant)

T : 7} 2X(gas temperature)
p : 7} 42l (gas pressure)

A 7t B9 o]23F EA] AS(ionization characteristic constant of the gas molecule) (Equivalent to
o0 /kgT)
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weke] w-bsh AEH whe YdgEast vhes skt

=
A wigo] WA Sehz=vt Tl MRy FaE A=A E 48d 5 9l

gge] £

wowme GAA Weel PA Behxvl ubgvlelA wige] w-teh AZY wgol U@ FAA A FHS
BAl, Ush wE ABCIRS ARE, PR WA WEE 2325 Y ADE D) A9 A,
a7), 94, 71FE Fol 4R H4A §AE] AR WEE AAA we] B Hepzol wgole] AT
F

=9 e 4

£ 18 fE vlelas AV14oR A% FAA AAE Aole] A @ wey FMHAES nelFt Ad
Zolt},

% 2+ (a) fresh a-Al,0; (S), (b) fresh a-Al, 03 (M), (c) fresh a-Al:0; (L), (d) fresh sea sand (S),

(e) fresh sea sand (M), (f) fresh sea sand (L), (g) fresh KIT-6 (S), (h) fresh KIT-6 (M), % (i) fresh
KIT-6 (L)ol] th3l SEM #4] oju|x] &0},

% 32 7 mARE Also] SEM o|WARNE F5E SiAES] A Ay BESUER Zlolt

% 4% #= DBD Feh=uh wkg7] Al2=gle] sty

T 5% (a) a-AlLO; AlEE, (b) ®itt 2y Algss, B (c) KIT-6 A5 FHE A9 (VI "3hHQ 9]
Lissajous =41o]t}.

T 68 T0S 60l FAA JAEe]l flE A $-(blank), a-Al0y, Bl 22, KIT-6°] thgk wkg 45 (a) CH,
Aeg 9 AE AYE, (b) CH A3E 2 A4E 585 vepd 3ot

T 72 (a) a-ALO; (S), (b) a-AlLO; (M), (c) a-AlOs (L), (d) ®kct B (S), (e) vt = (W), (f) vk
o 2 (L), (g) KIT-6 (S), (h) KIT-6 (M), 2 (i) KIT-6 (L)Z &% DBD Zet=n} &7 At - AF
3T [e}

& 2gs, geast, AEY 2 Ak A eSS AWk s dEd. G 3 G B4 9A 4
g

= 9% (a) AREE a-Al0;, (b) AREE g wef, g (¢) ARSE KIT-6 Al&59 XRD d&lsott.  (9),
D, ® Me Z4 A8e Arlela, (He dd "ARE Aot a, 6, % & a-Al0;, ©-Al0;, %
quartz ZZFe] XRD ¥ =0},

= 108 #F& zZF X-A Ak sj"o|t}h. (a-b) fresh & spent KIT-6 (S), (c-d) fresh & spent KIT-6 (M), 2
(e-f) fresh & spent KIT-6 (L).

% 11 (a) fresh a-Al.0s, (b) fresh sea sand, (c) fresh KIT-6. (d) spent a-Al;0;, (e) spent sea sand,
2 (f) spent KIT-62] TEM o]w]Xx]E-o]t},

% 12+ (a) spent a-Al:0; (S), (b) spent a-Al:0; (M), (c) spent a-Al,0; (L), (d) spent sea sand (S),

(e) spent sea sand (M), (f) spent sea sand (L), (g) spent KIT-6 (S), (h) spent KIT-6 (M), % (i) spent
KIT-6 (L)°] SEM E°]tt.

= 138 (a) spent a-Al0s;, (b) spent sea sand, % (c) spent KIT-62] EDSZ o]&3F TEM o|w]% £ Au}o]
o}.
4% (a) AFEE a-ALO;, (b) AREE vtk &, 2 (¢) AME-¥ KIT-6 A 5E9] TG/DTA ZHi}Eoltt.

k1
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[0053]

[0055]

[0056]

[0057]
[0058]

[0059]

[0060]

[0062]

[0063]

[0064]

Y

15& (a) «a

3IHSdl 10-2020-0046834

-Al,0;, (b) ¥ich 22 F () KIT-62 AFE¥ AlEEo] g FT-IR ~HEHo|t}, A, @, H,

2 % = Z}7} CH; stretch vibration mode, C=C stretching mode or cyano group, C=C stretching mode, %

A= g

wgd 28719 asymmetrical C-H bending modeZE e}WT),

Wy A7 Hek A g

oeh, ¥ WWE AAE Fsto] ek PA RATH. 2e} o AAelE B wHS AHoR 41
3]

7] A Aow

AZzd 1: AEE

ol
ol

woakge] Welsk o5 AAele] @AEE AL ohd,

o 2wl

y -Al,0; (Sigma-Aldrich, USA)E 1000 TCollAl 8 AlZF A glsle] a- AlO:E A|ZskSIT).

vt} 2= v)5 Fisher Chemicalol A T+ 3itt.

FH49 vz 73] AKIT-6)E apr)eh 2e wiow Fuls.

6 g9 Ef] EF F5FA P123 (E0,PO00E0, MW = 5800 g/mol, Sigma-Aldrich, USA)

mlo

TollA 217.64 g9

133 o]i* 2 11.16 g9 HCl (37 %, Sigma-Aldrich, USA)e] &3t&o] mojar, wwkatAA FA3F GAS A
1- HeF8 (Sigma-Aldrich, USA) 6 g2 Z3t&E9] H7lsla 2 A1 S<F wukstgity, g7k d
5 Ak (Alfa Aesar, USA) 12.77gS 737] E3FE9 A1A3] 7}stal 24 A7 B<F wukssit

Al
o] i@g ZEzzddll o Y¥a 100 CTolA 24 A 4 A3 F Fol9 ez 3 3
z

A 10 34

U, AlFE ARE 110 T 22 Fo} 24 A7 st A=Az, A

A5 Abg3sle] RE ARE A 2859 dA Z7)(S, M 2 L; 0<S <53 <M<100<L <150 n

Azge H9E

Aol 1ol Az zhzke] Asol dhsf, Adoldt 37]% Zt= 3 0o aES Evlsta, & 1o 71AE wiek 2
o S, M % L= wWHsigirk. SEM &40l o3 oAl & 204 Al A= Abele] Ao #3E= k3

=i
=

Aom, o7]A

e 27 4,30,

¥ 1(Gap size distribution between particles obtained from the SEM image of each sample)ol e}

AL JAe] A7k wlg- FHo] ATk, a-Al0; YA A, S, M2 L 4AE Y Qe FA
4.73 2 9.87 umo|Act.

Hhvh melsh KIT-6 9ol A%, e AR Aol mek FAhAC. AE@ sk gol, 7 1§ YAEe 2o

At 32 (log-

normal distribution)& 2zt ZCoZ el

_11_



[0065]

[0067]

[0068]

[0069]

[0070]

[0071]

SIHS31 10-2020-0046834

* 1
Mean Minimum Standard deviation
Sample
(hm) (nm) (nm)

a-ALOs (S) 4.30 0.55 322

a-ALO3 (M) 4.73 1.12 237

a-ALO3 (L) 9.87 3:52 4.15

sea sand (S) 3.04 0.77 0.94

sea sand (M) 4.10 1.05 1.09

sea sand (L) 10.87 4.26 4.44

KIT-6 () 2.07 0.59 0.78

KIT-6 (M) 4.23 2.14 0.97

KIT-6 (L) 8.43 3.16 3.15
AAld 10 W= DBD SF=vt w7 R B4 AlF
71 2 Aol 7k 2ellA, Al A AlZ¥ (lab-made) W= DBD FHeb=wh vh-g7] AJ2BI(E 4)0)A
dl-atel gk AEe wheg Skt
ek e (CHy @ Np = 10 DO A F52 40 sceme] AL, ¥k F AIZE2 1000 o]t Eeb=rt Hj=
of FAA AHo = WA 6 mn, T 2 mme] LFUL; WS ARGSIE. 3w HF o] ARl A REE Y
AFoz At 29 9}0101—2— A Aoz APt 150m Zole] WA Qele HA AFom Feldy
o 2FEY @ R EEs ndg A Abele] WA e 1.5 molw, o Fekxul A gode] AL

m

(SV):= 754.5 h & AR, 2+ $44 24 AR o] g g

A&EHo R I AGS Feh=vt Hﬂmﬂ ﬂﬁﬂﬂr Zetant w=d QvkE M 2 Faae
b7y 15 kV 2 1 kHz= 7835k 0h. ARA 27 1uFQl AHAHE Febznt W=9 HA Aloldd Adw A4
vk, Zekewh dso] ke AbE, e ZEHE (1000 1, P6015A, Tektronix)E  Al-E-dho]
ZA5A. 1 uF ASAEY A AvAE e zhde] AZ" At T2 H(10 : 1, P6100, Tektronix)E A}
&3te] S, AF ZTEB(TCP202, Tektronix)E FHA® A=l A4ste] DBD Eeb=v} HI=E 7f2A =
E A% Zesds Jm sith. Y2BE OAY AR AT (TDS 3012C, Tektronix)o] AAsAT}. Zep=n}
Hl=o] SAE A7 AAE Fohe] dgH AAAEH AHAR(1uF)E w8t AL, = 5% (a)
a-AlO; AlEE, (b) HPE} 2 Al=RE, 2 (¢) KIT-6 A=EY SAHE A (MHF AsHQ)9] Lissajous 41
o] TAIH] vk, 3E 2% Q-V Lissajous el 93] ALtd d A, WA A9 & F 2 2 Ex3) €2 g
shra AAES AL oAl &, ZF W= YAk T, 7 =] g5 AsH 2 4RE Alele] Akt o

||

2
d

b

o A AARE HelE.

g sk IR 2= HE7IZ 7] 228 SAAT. 470 2= 7o d2efla HE RS ZYHY
sholth. Ha 2= wgr]e] T doolA 100C2 BEHJY. vE d9e #5 2=+ 100T o]shslal o
S A X ZhRTh 9 ddA)] e Q8L o] Whgr] AlagloA ALEE A ekokth

Zavl HERZRE §F 7lat dAEE HEV(TCD) 9 JAH Porapak-N 2 Molecular Sieve 13X 23 9



[0072]

[0073]

[0074]

[0076]

[0077]

o]3}

HE71(FID) <
Instrument Co., Korea)® =A3}AT}.

CH47 CZHZ, CZH/l, CZHG, C3H67 C3H87 l_C/lHS

HF 7]

AA¥  GasPro
7}t~

7+
W,
n-Cihpi= FIDE AHEste]l A&, A =79 A 753 ol

T Ao vz Ao AdET o oA F&0H)S & 2004 AXtaerict.

0

[¢]

hs)

b

ZIHSd 10-2020-0046834

7k~ ARvlEIHE (6500GC Young Lin

Gl TODE ARgdtel AE sttt 7% 712 W)
[€)

=

ol A TAlE wle} o],
Hup BE A SolA =&
2Eo|A B3 HEA
H2EHTH
B Aol BT} o
= x7) g4ow

s, 4

s

&9

27 =4
, +d4
= et 2E

Sarnpl Di;zl‘“l"fe onc Yomwnwco  Weightof particles B;ﬁ:ﬁ:‘;‘f“ Threshold AV ®
W) (ekWh)  (gkWh) @ &) (W)
w-ALO;(S) 441 11.26 921 5.09 5.56 914
c-ALO; (M) 435 8.61 598 5.06 5.53 909
cALO;(@L) 425 8.11 427 377 5.60 109
seasand (§)  43.0 728 532 537 6.52 84.0
seasand (M) 420 6.98 456 527 6.49 79.0
seasand (L) 423 550 235 487 6.93 106
KIT6(S) 390 465 3.02 128 491 143
KIT6(M) 385 6.83 432 1.00 456 815
KIT6@L) 361 7.66 362 091 595 958
L% 59 0V Aol 544
bi Fehxvh AL AN AT QA Abole] BEANAAY), F8H 12 A
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[0080]
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[0083]

[0084]

[0085]

ZIHSd 10-2020-0046834

X 3
Sample Blank 0-Ah0; sea sand KIT-6
Size - ) M L $ M L § M L
TOS 60 min

CB(%)* 9422 9818 8270  86.68 7997 7502 8LI0 9684 7586 8572

HB(%)® 9701 9857 9351 9365 9546 9509 9241 9977 9203 9447

TOS 300 min
CB(%)* 9350 9400 9544 9589  99.12 9809  90.61 9871 9749 9412

HB(%)® 9609 9333 9511 9719 10000 9979 9743 9906 9877  97.14

Moles of CH, not converted + I(xxMoles of C,Hy produced)

¢ Carbon Balance (CB) (%) = s O x 100
4XMoles of CH; not converted + 2X Moles of H; produced + ¥ (yxMoles of C,H, produced)
» Hydrogen Balance (HB) (%) = o — = X100

A=, Amet daglel S A71e] 9AF (271 W7 AHEH
= vk Zol, FHA YA Atoldl M2 vlelaz A v
E 5 785t

/\].B_El 5’: ol_,

r ==
ni
'
lo
1=
i
i
iy
K-y
2
12
=
$ oz
ox
it o
B3
[
i

o MI X ol

YAES FAFoRA e Ao Qg dold 5 A WAL N YAE A}
% 2004 #2E 45 unel WA

O
o o
3

H,

N

[o

offt

:?L_',

W
N of i}
d
g
o
e
o)
[
Zi
0
L
o
do
_C|>1_,
§i
o
0_1_4
[«0
Qo
N
N
S
2
—o
2
o
kY
k]
(2
4,
2
b

o X g < M
¢ MZ
! >
2
2
2

= w2l OH ]XP“O RJ_XP WE 74]? ¥
Z, 53] Sdh=vt vl=oq e wg de-E3 JAE Abele] 7 A 7{3]3 71‘&*
59 dasd £ HAEEY AoEs Hugens, & dAydlA RoE A

== pin
83 44T HEEs BARAT. ABEN MR £FL WS 24, AuE EF,

of

1. o A8

o op
o 5
dw
29
;g

o
(e}

1, ~47}54 CHy A%

1.2 vlo]a=2 BHo] A vlA= 9%

7 7 M= HaEdA A - AR madels woEth E ASdA S0 A% @ar) B2,
oleld AR Wt Hehzul wlmolA rlolam wrie] WAL e

T4 FAME DBD WSU)A A-AF mesedz S48 24 And dd vlelaw ¥ AF Wxo B
Mol B %ug m%n}.
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5

=

bol wholaz W

H

°©

(mA)
39.0
47.5
54.0
61.8
48.9
67:5
94.8
63.5
T3
85.9

o Wl

current pulses

[e]

-

Average intensity of microdischarge

X 4

Average number of valid current
pulses corresponding to
microdischarges per one cycle
©
3.3
10.0
13.0
9.3
12.0
13.0
11.0
12.3
133
6.0

Sample
Blank
a-ALO; (S)
a-ALO; (M)
a-ALO; (L)
sea sand (S)
sea sand (M)
sea sand (L)
KIT-6 (M)
KIT-6 (L)

KIT-6 (S)

[0086]
[0087]

o)

wheh

7}

=

[}

= 794
T

Zy AFE (a-Al0s,

%
<l

19 sk b,

UA =717} Zopg el et

4 o vholzz

il

=
5

o
19 57k A W) w,

e 2T

ey

7

)+

e}
=

=

27} W)
A

2
ul
ul
=

A

Hhs) ol
T

]

|
!

KIT-6)ol A 3=}

4ol A

Hhs) ol

ul
=

=7

[0088]
[0089]

x_.dw.
T B
w o

o

|

2l
tol AFEZ AR

S

AE

A

el
=

A7) QAE Abolel
1)

(o]

8%

N

(F 1)

I3

QS Aol

o

o aks ekt AR} v

F

et zmo]

iz
=

Ao Ve

L

L

2

o

7}

=

o

o) 2717} Fagel uke Aes)
— 15 —

=

=
=

] (converting capability)o] ojx]=

73
CH; =t

2

(e}
Ll

o))

H
.

3]

A Al
[e)

tof
2z}

ol whshA,

[

L
L

WA el A g

912
DBD

3]

A

L
L

8|

s
a

1.3 DBD Z&=n}

=R od=
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5
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N

el
=)

grasirt Ao doju, GH, (o=l = Gl (oAl

2oA, CH; B Ze CH, =& C(HE 9 &5

—_
N
-

ol
70

s

o
o

WA (a-AlLO; % vk}
o A4 to 1A%
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d
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A
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/Kc-)] <)
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=

s

(surface oxygen ion vacancy sites)®] <ol u]d|
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el
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[0095]
[0096]

Ao

A& 2719 dde 45 @

WAL

2

[0097]

A}

o] FiHew sttt A,

SIRAECIY
Hel og

=)

ol | AAH widng. dxdom, Siake] A7)
T

s}

C2

.l

A o g,

o, V- AlEelA ogte =

Aol v

ABE
9.

=i
=

(L) A=A

[0100]

o)

=
=

4

[0101]

ZH A
Al (T0S 60

}

=
yul

AlEEolA
e, 27| ©

o] dlojEle} W]l

=

RN

39 w=™, TOS 300
127} 100 %X.T}

=
it

=

Bl

-
.3k

% ek,

13

o
]
&
oy

!

+ X-
9ol

N

S)ol thEk WAXRD (3%

[e23
Aol MAE AREAN 74 A

[0102]

a ¥ (phase)

i

kel
el

pu
T

0as] T} A

g HoFt. =

H)e At

)
W

Hole}

q

|

9ce] XRD A= vALE 2 ASE KIT-6 A58 BEF &

g
_

HAl e

°

7ol s}

B9k AREE AlBOlA W E
_‘?‘_

Fo] SAXS

aHA eFokth. KIT-63 Heis]

ey
.

ol

Wz 7% F+2E YERTH(E 10a,
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[0103]

[0104]

[0105]

[0106]

[0107]
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2 oe). Tehavl AZY Mg F, 1B WL FAAY FERE ATHOR G, 474 AgHE Aw
(b, d % D ~HERe 4T WHE HehilA gath A8 KIT-6 (L) 2957 Jut Ba Y402

Qe e efs) malr,

T 118 HARE AE(a - o) 2 AREE ARE(d - £)¢] TEM oW A& HoFErh, F24%1 Wshs AFEE ARl
A AL BEEA Ldth. = 12004, ZHZhe] AR W@ Al59

= .
REC EW Y WAE BT 5 A%or, Bhd ge FUE A2t A FASA FRAW, 97 27}
Zobgel mel ARl Soh AW ulth ® 138 AST ARE ST ol£d TBM ony B4 Az
HoFE, ASE a-ALO, ()% AHE Wi el (b)) A5, EWe] Bk AHE FolshA e Ao wel

whe ALSE KIT-6 ()9] 4% 39% el Bavh ALSH KIT-6o14 #3190,
B A4S FAes) 8, AeR AnEd dal A% DA BHE SRS, E 14 2 E 5(A8F a-
ALO;, AH8® itk mel, W AREE KIT-6 ARES] T6/DIA dshel EAE wish o, gk FARE 9

217k ZAHE we Fohekednh 2 4] A% FobE vholaR BAe] Fust 94as W EA71
2k
[¢]

TG / DTA®] Aol A & & 9l=e], °F 400 T <A 2 500 ~ 600 CellA F 7He] Fo3 a7t A=A,
ol F Al AR ThE Bk Fol AYUALE AvIFTh XRD ABeNM, R Bh F& PIFOR A
Hom, AFAR kst A we Feh=vr A VleS FE f4A AAE Aok 58], v KIT-69] =
A2 S AREE a-ALOy B okt B AlRRT fFoleAl o 2tk o] wA Fo] whgo] g uwhet
KIT-6 Al&9] 82 7leter g o+ 7] fidl Aoz Hilu,
#Z 5
Weight loss lower DTA peak higher DTA peak
Sample
(%) ) (©)
0-ALO; (S) 432 387 505
o-ALO; (M) 4.67 373 506
a-ALO; (L) 9.67 378 506
sea sand (S) 2:52 370 518
sea sand (M) 3.54 379 529
sea sand (L) 5.61 379 533
KIT-6 (S) 9.95 396 648
KIT-6 (M) 313 395 624
KIT-6 (L) 373 398 606
= 15 FI-IR #43 AE depdth. ARE e Almelr] v $49 ©ark AEE i, 2850 B 3000
e oA CH, 2EdF A% REsh BREAT O N, Alole] Fet wbg o s 2200 cm o] WA} ¥ha-

B A= A% ~Efd R EE Aol 18 (OO AW & oth. 1640 cm I 1463 cn 9] A=
A

28
2-Bha olF AY 2EUA RESh AW el wdd aFe] v CH WY 2Ed 70 = 3l o]
e RE 54& 18T ), FI-IR 2FER] v F& Y d@3eas 2v wh JHoz ¥FE F
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electrode
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' D barrier
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L

o7 " 4—— Ground T ~=aL__electrode
I d
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tT

o990
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0986 @
=1S]
® & micro-cathade ® 8
<— streamer ®e 888 gg e® o et
)y
B0, ® © C:‘B y ®L,®
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30
[e-40, ) . BHe-40,0)
70 7 :
6
2
0 2 o ===
© v Yy
LB
. ! 10
Distance (jun) Distance (un) Distance (um)
[T se2 e (5) B sea sand (M) =[]
3 30
2
EE zu g
e 3 )
0] 0 0] 0
10 10
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) ) 0
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Packing material Electrodes
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X @ (Vv
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=85
3 : 3
| S¥ i | b M ) C «*
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G 1 1 M
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6 2k 6-2 6-2
SF u 3 3

4 L L L L L L L
+20000-15000-10000 -5000 0 5000 10000 15000 20000
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-20000 -15000 10000 -5000 0 5000 10000 15000 20000
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g 1 2
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b
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é S0F « -/\ 450
c [ ] ~
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2| s
z 30f '/\ ’/\ 130 5
a .
o i I >
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¥ o A
oLXE 0
Blank S M L SML SML
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