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AT 8

B2 (C) el 60 wth A 90 wthE EFHE = Hpo] x} 7|kl EE|Hdl Finfo]= A FHuj,
ATF 9

A8l AolA,

7] BYHR Fhte|EA Fuli, AR007F £9E AL 5O s vholeat e BeHul st =7

Zuf
A3 10
A8glell o],

A7) Bglvd ol =4 Zuls ) Mo L(7]1A x= 1.2 WA 2) Y] 84 (C) &=e] 60 ath WA 70 at%e] ¥

£2 EPHE NS BHOE i oo 1w FYnu shuto| = Srf,

wouge Zelud sbol=Al Fule] Az Py @ ol=¥E Axd Y shelsA Sujol
2 Uy FAN FaRYFNA, oo AE WeR & B solsA 3
o Az P L olmiE AxE Zelud sulelma] Sl #e Aolt,

b i
2 o

vl 4 7] &

Zo A7E 7HE 42 AdEHE A 7% 10090 dE ol AES a1 o] 7]4A AEwe A

o] &3 AAAeltt. gehukgo]l HHH o7 wWAEE AT 33 Uk EHS o]y 5 Zujo Alge
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gige] g

Al 471 vpeleaks: AR st @Al A7) AbAees dAE Eal I
ek @A 7] FHee SAE S dRE woleAE Axshs WAl 7] Axdke dAE 8 Adx
H ute] @ A= mhadlg 39 (Mg powder) 9t =¥ et @Al B mtadlg MRS Al7ske dAE =23 5
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_,d
il
N
rE
o
fru
o

=

ugo] &3

Bouge 84 dm vie] gafe 24 95 ARAHn AP vloleAE FHT & Ark. F, vlol
oA el FulE YA, TdAd BUANTS BET 5 o] ADAHCIM w el JoHE FEA ]
.

Bouve Aud st 2do] ol e wole s o et A g Relole ARe BHow
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F 9,
Wy Pue B AlxE Bnd shutel=A ol 248 S 489 5 vk, EE, £A8 wof
2 Yol shulol= A Ful7h ASEE e Bopel Fujdx el A4 4 ot

& B ool godt AAde) we Eud shulo|= Zuje] Az WHe ¥4 sELo|t),

T 29 (a)& WSP ONS SEM oJujxle]ar, (b)& WSP 0.25N2] SEM o]u]Xeja, (C)& WSP 0.5N9] SEM
ulzjo)ar, (d)& WSP ON9] TEM o]m|X|e]aL, (e)& WSP 0.25N2] TEM o]w]X]e]a, (f)& WSP 0.5N] TEM o]H]
o

T 39 (a)= WSP ON9| SEM-EDS %53 o]mx]o]aL, (b)E= WSP 0.25N¢] SEM-EDS #s@ o|u|x]o]iL, (C)& WSP
0.35N9] SEM-EDS #8=8 o]m|x]o]iL, (d)¥= WSP 0.5N¢] SEM-EDS w3 o|m|x|o|t},

% 49] (a)¥= WSP ON©] XPS C 1s fitting AZe]aL, (b)¥= WSP 0.25N¢] XPS C 1s fitting A¥o]aL, (C)= WSP
0.35N2] XPS C 1s fitting A¥e]ar, (d)& WSP 0.5N¢] XPS C 1s fitting AT}o|t}.

= 59 (a)©= WSP ON2] XPS Mo 3d fitting Z¥}o]al, (b)+= WSP 0.25N9] XPS Mo 3d fitting ZA¥ola, (O)=
WSP 0.35N<] XPS Mo 3d fitting Z3}e]iL, (d)= WSP 0.5N9] XPS Mo 3d fitting ZA3}olal, (e)i= WSP ON&] XPS
N 1s fitting A¥o]a, (f)&= WSP 0.25N9 XPS N 1s fitting Z3o]aL, (g)= WSP 0.35N¢] XPS N 1s fitting
Avteola, (h)&E WSP 0.5N«] XPS N 1s fitting A¥}o]t}.

% 62 WSP ON, 0.25N, 0.35N, 0.5N¢] BET 4] ZAxjo|t}.
= 79 (a)+ LSV =4 ZAdtolar, (b)& Tafel 7]&7]o]aL, (C)+ overpotential @10 mA/cn 7} Tafel 7]&7]
& Hlugk Ayteola, (d)& CP ZAIfolt),

= 89 (a) WA (d)+= 50, 100, 150, 200, 250 mV/s FAFEER ZA3 OCV F#3He] CVola, (e)x Ewd
ECSA©) a1, (f)¥ RFE ZF3l9 LSV FAo|t},

E 9% L1 Vel A9 999A% 2PRDE o] 83 fitting F PAF Asolr),

g5 A7) fe FAH g

ge dez 4ouA = @, B GAHdA A8E BE /&A@ A5 golse B wwel e A%
ol SR AR A BgAon ot Ak BUR AU Rew. QAR ¢ YA
A WEEe B AlERolld 2 gelA Qa BAHOoR AgHE Aotk

2 owye] thpa Aol e FPuEl sutolmA Sule) Az gye ARR ek 2Wo] ol vhole
A8 olgstel MBS vhilg Bolgh: Aug PHoE B sutol=A] FulE AEE F 9
B odyge) e Bo AzY BN shlolnA Euje s S 89 & Qo w58 2ok
2 Woluh Fhutel = AG Fulzk AHg e thE Rokel vl = vikalA g9 F gle,

%12 Fushd, B ouwel ved Aaldel wE Beng setelo Fule] A% Py wloleatE s

= 9A(S5100), wE3tetE GAI(S200), A EkE ©A(S300), THREE GHAI(S400), A FdE ©HAI(S500),
BRsks ©AI(S600) B FAAES AASE 9A(ST00)0E 2FHE 5 3

WA vlo] QxS FH|slE ©AI(S100) o] E, YA wE B4 (C) o] 60 wth WA 90 wthE EIE =
nlol @ A5 Fu|E 4= 9 dE EW, Hlo] 22} SWP(Soft Wood), Peanut AC(Peanut), WSP(Wheat Straw) %
Sawdust AC(Sawdust)® o] F 017< T A dEE Hok o= shtd 4 Qi)

thgoz  wEsslE WA (S200)d0 A1, bl QXS uxpAlEE R FA| Zro) u|E3E 4= i),

teos, ARk @A(S300)0l4 =, vEstE wholeakE AbAelste]l S IFAHD & . 7AA
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o7 wEslE Hlo] 92 N0, o] &3te] BW AFAET 5 91, o2 Ea Hle]9x xWel Of 7} F-2t=
ATH.

st sk ©AI(S400) A=, AFAEE vlo] RS SRl B4 A1 & EEd AgAd gHE & o
HEoBd AFAE o= 24, AgEgBEdi bR (Ammonium heptamolybdate, (NHy)sMosOs - 4H0) D <=

ok,

4

o

A8k DA (S400) A =, S-elok(Urea, CHiN:0)E F7HH 02 o] &3te] dFo =R AAN)7F &3 H F)
= AxRT ot of W FrhEE geore) e FdE vieleate] ARS vjFoR 25 % WX 50 % xhd
g AT},

AzshE SA(S500) 1= NS 80 T WA 120 T &XoAd 10 A1z WA 14 Az Sk Az 5 gl
=

oz, BlseE GA(S600)oME HAFRsE BA(S500)E E8 Az nioleal 390 E Zol mtavlsg It
-0 (Mg powder) o} BUE 4 givh. ojuf, AxH nlo]x}t 39-t1& HAdFutol= A Ao £} A U &
7ol W& $ Ar 22 "2 o] dHste] §7] yEUF Ar®R 2 HESE & 4 k. ¥ WS dhEsi
AA™E do] F43% <48 Wyl #4xd A5, volaz WHVE A A 98 2 P4s wEste A
715 F4 7 vk, 2 dgdA = olglg VAFEA nravls FdS T3, FHE AUATE A B
8w A A Zukak-2¢l MSR(Mechanically induced Self-sustaining Reaction)o] Asta wE wHe-S &
Zgk 4 Q. mEgh, B uwe JAstE mladlg 39S S8 SUE 52 FEE 5T ol dFg A
Zboll gol& = gl

BAES AASHE GA(S7T00)91 M=, HCl €98 o] &ate] Neg0E AAT 4 A, FAHeR, Ng07l 34
]l ARE Fgete] HCl &H3 wwtste] AR 3stal dedEs wEste] 4 &de AAY F drt. olE
B 228d Jhutel=A (MoxC) FHvlE 58 4 . FAFeR, £5% EYHd Jtel=A Sl vd
A2 'k 9ol MoxC7F #d8HA BExE FEZ o7 xE 1.2 WA 2d &= 3l

®odge] R AAelo] mhE B shulolA Eue] AR WHe, Holedte] Ba §F % Ak w3
F& 2Aee 54 $5F Sulg AT 5 Avh 590, AWHom AR neel AR Wyl ohd
Bue olgF v BAYOE FuhE FHFOEA, WAL WS FESD ¥S FY FEE Az
oo e, welod 1w oS GSuE, dUd SUA1Ee B8 F Aol AAAeln v g
QoM Faolth

o] gdd AAldel wE =grd JhbelEA FHvls daEd Ax WHoeR Adxd As 5HeE
3]

B o] tekst AAjod mE EfBd Fiufo]EA FHule dAEAd w2 g4 (C) ol 60 wth WA 90
wthE XE3EE vlo]oAE v|Hlo g 3tk oE 59, B owgol Eglvd shulol=A EujE, SWP(Soft
Wood), Peanut AC(Peanut), WSP(Wheat Straw) 2 Sawdust AC(Sawdust)Z o] Fo]zl ojjr] MHE Zo]i o]
shube] mlo]l o AE Ytz 3 Eujd 4 9l

T3, B oo Eglud Jhulol=A Erje, AN =23 AE 5o st oju, AL =3E &

2+ 3+ - 4+ 6+ _ -
gud Jhulol=A Euj= FAEQ Mo , Mo 7F H]ZAEES Mo , Mo Rt} £ v&= 3= 4= 9a, v
o] FHo A Fo] ¢ ol =EE & k. ol T3 Ao A" 4= ).
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AAee E B o FAHeR A

AAle 1: EYWS o] &35 BBl Jputo]=4 Zuf(MoxC)e] A
Hpol @ akE MRS ©AYS AR E wA Zob FHlsk Y. F5E N0y &9 20mLel T4 AHPE(0.5 ¢

~0.85 g)<& A7 &<t wnkstol 1 AgA g E it %%‘O%T%i *9-HE A
THTE AHYT. dEWE Fol2 ofntle pli7h 7 o) &t Aol FdHd AkA %
K

Z7]o= Mo:CY A} vl &S 1:302 AAste] %x7] SIS 2
sateks Asks] o ¢ Qly] wio] Hloloxt AAZ wBaw 7FA 14 mmol 713 C 42 mmol, = 0.504 g
2 5433, A3 At uel gade A e o]F AFS ).

el Urea(CHN0; 0 g ~ 0.25 @) 8 F71E o2 LA A 7 T3A
o1y mlo) 9 xjo] AekS 7FEo 2 25%, 35%, 50% T F7}EATh.

Patgiek. o] W oly FFe| upo] oae]
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2 41 2

719l Mg powder 2 g@ oA Golth. =H &7]d= Wauvbutel= A9

Aol gk, AlgEs ¥ & Ar 2PE wre WA deste] §7] WiRvt

stglet. el 91dd FHE 7 "l 2304 300 rpm2 WHE QST 1089 Y
stglom, AHE dold FAF 48 Wt A=W Ass 7ol A4

g I A vhola= 7ol Yol 73 3t 600 rpmoll A AT & 5% 7t ATk

ArelZ & 73] RS olF Fd #dE Fviel 44 Ar1E =4 4 AU

0 wt% HCI &< 40 mLol 60 CollA] 2413k mAkAIZATh, HabEo] ¢l

2 8000 rpnolA 2% Fek PARelstel NS mehfm, ] FF A
Al el A 8% AART. AL pi} 7 BRI HEEE A2 TS YA,
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N
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L
tlo
rD:
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=
g
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o
?L'
_lz (i
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s
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z
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s
Do

ojuf, wlo]xF= A WSP(YH: Wheat Straw)E ©]83ta F4 =3Fo] ON, 0.25N, 0.35N 2 0.5N¢] Fv] MZS
7}z} WSP ON, WSP 0.25N, WSP 0.35N @ WSP 0.5No. & ww3sisit).

Ao 1 : Zujo] ¥9 olu|x EA

AE Zvjo] JAE Felsly] e FAPAAAN A (SEN) 2 F3AREAR A (TEM)S o]-&3to] 2483t}
29] (a)¥ WSP ONo] SEM o|m|x]o]aL, (b)¥ WSP 0.25N¢] SEM o]m|=|e]ar, (C)& WSP 0.5N¢] SEM ©]H] 101
(d)= WSP ON&J TEM o]u]=lo]ar, (e)= WSP 0.25N9] TEM o|m]A]o]a, (f)= WSP 0.5N¢] TEM o]w|=|o]t}.

Dl A el 2 QAL REAT HYew Pl mes GAT + AU,

N}

=2 =

il

f
o
2

d Zoje] AAAQ) f4 £4E IAaY] Ad, SRR oS AAAAY. = 39 () WP
ON| SEM-EDS 3 olu]Alo] 3, (b)i= WSP 0.25N¢] SEM-EDS W33 o]mxe]ar, (C)%= WSP 0.35Ne] SEM-EDS 3

3, () WP 0.5N¢] SEM-EDS W olmxlelth. ® 3& Faahd, SEM-EDS 9B& E8) Mo, C, Nel
Azvht FAs LZH o= AL FAsA

Y] 2 : Zvho] BHH EW $A BT $A

XPS A& Sl Al Alsel e C, Mo, N ZHzhe] W A3 IskSith. = 49 (a)i= WSP ONO| XPS C 1s
fitting A¥olaL, (b)i= WSP 0.25N¢] XPS C 1s fitting A¥e]aL, (C)i= WSP 0.35N] XPS C 1Is fitting A%}
°]iL, (d)i= WSP 0.5N¢] XPS C 1s fitting A¥eltt. &3, 3171 & 12 C 1s9] WAu|e|},

¥ 1

Area(%) WSP_ON WSP_0.25N WSP_0.35N WSP_0.5N
C-Mo 2.7 6.7 5.6 6.2
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c-C 72.5 63.1 62.6 55.9
C-N 14.4 17.8 19.2 28.4
C=0 10.5 12.4 12.5 9.5

A 100.0 100.0 100.0 100.0

48 A7) F 1A U7EA ABE 2F C-Mo Aol sldels 283.3 eV, C-C Addl a3aHE 284.8 eV, C-N
A%te] 286.0 eV, (=0 ZA%e] 288.9 eV A7} TEHOE WAL, o] uf =FEA] FS N AlgE (-
Mo}t C-Neof WM 7} 71 Zvh. wek H7keh urea] ol Hl#Este C-Co] Aje] 7+ C-Nef HAu7} 5
7hgich. ol =ol wel (- AFo] C-Mo, C-No] Aoz uialdcts AL g}, H7kE No| FH9
ey CoF wrgate] 7]E A Folula N A%e IA, A ojm| g},

% 59 (a)¥ WSP ON©] XPS Mo 3d fitting Z¥}e]ir, (b)i= WSP 0.25N¢] XPS Mo 3d fitting ZA¥}e]a, (C)=
WSP 0.35N¢] XPS Mo 3d fitting A¥}e]ar, (d)& WSP 0.5N9] XPS Mo 3d fitting AZo]aL, (e)& WSP ONS XPS
N 1s fitting A¥o]ar, ()& WSP 0.25N¢] XPS N 1s fitting AT}o]i, (g)+= WSP 0.35N9] XPS N 1s fitting
Aol (h)i= WSP 0.5N9] XPS N 1s fitting ZA¥}olr}.

H
QL_,
B og

il

)

O
HU
=
k1
ol
o,
i,
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% 59 (a) WA (d)E FasbdA, WSP ON, 0.25N, 0.35N, 0.5N zZ+zhe] AlZeA Mo Al sfidstes
228.2/231.3 eV, 228.4/231.3 eV, 228.3/231.3 eV, 228.3/231.3 eV ¥ =%} Mo Adel slgel= 228.8/231.9
eV A% 2dd oA AZHATE Mo 9 Mo = BE NoxCRAEE B]EE gz, AhsE FEol Mo0®
rHE o 5 a4l Mo“ﬂ, Mo0ZHEIE Mo 7b ek, A W] WE B 230.0/233.3 eVl sjah
Mo ¥Zieh, 232.5/235.5 eVell Al@al Mo W A7t FASA et
T 59 (e) WA ()& #Hastd, 39 WY Mo 3p F27} 23 o] 374 AZEATH(394.8 eV, 395.0 eV,
294.9 eV, 394.9 eV). 183 wkgelA] &l HolgdE CoF AP S Aoew FAHE+= N pyrrolic EE
pyridinic N9 gej& Ztzte] ua7}

H7FA] AZoA Ao FHE EF YA YElAI 359 o
o zFo]7} YERFRTE. Mool 3l33l= o
Fa= Moo, Mo oF HIZHE Mox0dll SFEHE Mo, Mo 2w $hatale] 817] ® 2
E3l urea’l H7ME Yol 35 wt.% @ w7 EAdFe] vlgo] =olXtr) 50 wt. %ol
S 99k, Yl FAE Ureadl Fol Holdddx Adz =3xe Pole

|AFEeY

o, X Lo
o
>,
o
>.
ol
ol

>~

X 2
Area(%) ON 0.25N 0.35N 0.5N
w2 g4 E 29.2 47.5 21.4 56.0 25.1 58.8 21.8 51.4
o 18.3 34.6 33.8 29.6
o™ HEAE | 19.8 52.5 15.0 44.0 13.6 41.2 12.6 48.6
o 32.7 29.1 27.5 35.9

=]

T 62 WSP ON, 0.25N, 0.35N, 0.5N¢] BET 4 Aol
wAo] HUAE Holal thA] 05N i FTUE
| o} m=gof Aol MHGPE}L A&

3 urea H7FEFo] 0.35N 4w,
o N 7ol sojuyiA 239 =

Lo
2

crANe)
7NE=

m (]
12
&
pasa
T



[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0066]

[0068]

[0069]

SIHS31 10-2023-0046143

g E MoxCel #7Islehd B4 Hrbe xS AR SASGT. s Adoja Atsl=oly S5 o FHo il
Z WNESTES H7] $J8] aotd 7IstE Aol dFoz, AT FHu] S Ay Hi H3E 9E dkgol
WA Sk 2= (WE; working electrode), Hhd] ¥FZE WRS-o] dojib= A= (CE; counter electrode),
o o [

zfolo]  7lEe] HiE  7|EH(RE; reference electrode) 2® A Hojgdtk, HAYS FHIAFE
%_

H
of A4 w APATel AL ke AAZH ANAT Apolo] B2 AFe A7)E
A o W WY A4S PASE AN F9AFH N EATe] Ao}, ARHow SAHE AgE T
o Qe WA om AAEA fA FAFE o RAUG. W AAF3} )

42 RDE(Rotating Disk Electrode; 3|AYPWEAT)ZE, 714 §lo] =43 1391
o] H5E HEET u &3] 2. FulE &uol] 4o JIE THE F drop casting 71HE B 2
5mm, W2 0.196 cm @ Glassy Carbon(GC) H=foll LAAIZ T A
g9 e 7F Rt AgAse] mE2A s sk Aol 7] sEhA
7147y BT A XS AASE 7eS .

99t Bl FHul= A9 FEE upto] ZAA T loadingstith. 2 Adoole= o 5.4 mg F YA
1600 pL 715 8 ul9 Nafion &9, YA = E:IPA(iso-propanol) = 1:19] H|E&=Z A Z3}¥. a5 %25
92 20 o] BAMAIA GCAl 23 uLE 43]dd o] &8, T F IREE ool A dAFRAHY. o

loading & Y=+ 0.4 mg/cmzfﬂ loading B =2 A3} T},

AFAZ= WM KOHE, AUd=Fe2= Pt 2Y, 7IEAF22+ Hg/lHglo] AFEEYr. Eule] et & Tafel
71715 Belsty] Yol A FALA Y (Linear Sweep Voltammetry;LSV)S o] €& 5 mV/se FAEER <k 0.1
V ~ -0.3 V(vs. Reversible Hydrogen Electrode) oA AL <I7lely AFE =A3A . o] W kinetic
Hk2o] doji}E= -0.176 V(vs. RHE)ONA <du]@d 2~ (Electrochemical Impedance Spectroscopy; EIS)E =4 3&}o]
A Ads & 5 A

w3t d7)3 ek & A H A (electrochemical ly active surface area; ECSA)E =A3&17] &l o3t 3ahur-s e
WAl ELA] 2= Open Circuit Voltage7-%Fel -0.35 V ~ -0.45V vs. RHEolA 50, 100, 150, 200, 250 mV/s<} %

o)

"6’
o] FAEEE deletdA ESAdHFH (Cyclic Voltammetry; CV)o= 63] Wby S, 54 ZAizhH
Abslglel SIS ghe] Aolrt H7]eleE ATAIE 2 (double-layer capacitance; Cdl)E, A5 ZF & 79
< 124 YeEd YA ARAREEE v &l 52HA 3ikete] ZF £m) 9] Roughness Factors T8tk LSV
4 Aol RFE F3ll ECSAZF BRI = A &2 wgh v d5S AT

A Eto 7 oA 7+ =AY (Chronopotent iommetry; CP)S E3f 10 mA/cmZQ] AT} 252 5= A
orS 3AIZF Zot AL, 58 o]&3 E=ujo AVFEH EAFLS el RE AgLe =aAd" AYghe
BAEA oW Nernst HAA (317] 2 1)& E& 719 4 979 (Reversible Hydrogen Electrode; RHE)

Fhom wastel AT

Erie = Eig/ngo +0.059+pH + 0.098 V (A1)

= 79 (a)= LSV &4 Azto]ar, (b)& Tafel 7]&7]o]aL, (C)& overpotential @10 mA/cm2 I} Tafel 7]&7]
£ Hlagh A¥oli, (d)e= CP Zdfolrt.

\]
Lo

()5 sk, LSV &4 23 o] 7pd o2 vl WSP 0.35N2 YEst. = 79 (a) 2 (h)E
Y| 7}x @%%?WJJ-qﬁQAHﬁV?mMEﬂ*¥02v;ﬁiﬂﬂﬁzﬂNiid%wxlv%éﬂ
Mo.C Bt} 438 A5S Wdth. Tafel 71€7]+& WSP ON, 0.25N, 0.35N, 0.5N
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Lo oot i
H
% g
of
i
2
o
i
2
o

A2 242} 100.4 mV/dec, 91.6 mV/dec, 88.7 mV/dec, 106.1 mV/dec®, Volmer-Heyrovsky 7 =7} MoxC Zuj
HERS] F4¥ WHS-&E ZAATAAS & 4 ATt
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S vgo 2 71E LSV Aol & HA Qx17l A9 Roughness Factor normalized current densityZE v}Ed
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WSP ON
WSP 025N : : :

WSP 03BN |-odmomsmendiomsni b
WSP 0 5N

[ B N Rol

ON 0.25N 0.35N 0.5N

R(Ohm) | 5334 22 1127 2.485
Ro(Ohm) [ 4764 2471 17.51 482
Cy(mF) 0.09 0.524 0.026 0.09
C.(mF) 0.354 0.558 1.01 0.643
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