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(57) Abstract: A heterojunction with an a-Fe,O3 nanorod is formed by using WS, nanosheets prepared through a liquid phase exfoli-
ation process, and a fabricated core-shell a-Fe,O3@WS,/WOx structure can be optimized by the concentration, layer, and thickness
parameters of the WS, nanosheets by means of simple, low-cost synthesis in order to improve the efficiency of PEC performance. In
this core-shell a-Fe,O3;@WS2/WOx structure, the penetration of WS into the pores of a a-Fe,O3 film can be examined by means of
a TOF-SIMS analysis. An optimal a-Fe,O3;@4WS,/WOx electrode having a 5.7 nm-thick WS, shell exhibits a photocurrent density

of 0.98 mA.cm™ at 1.23 VRHE, which
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[60] Fi= 0.096487C/Mmol?l 3 2] v o] AF<F0] 31, nH,/O(umol)= 7] A
sEntE e sol) o8] A4 H H, = 0, A #ol M, N & ¥Alo H, =0,
& WA 7= d o g Aae ot 172 H,E A 8] A sl A= 271 9
A2 7 E Q8151 137-2H] 0,00 = 47] 9] A A7F E g shrhar 744 shok

[61] O|2HQ BAF HUE =Q=1Ixt(5)

[62] QT F3(C) F o] At 7ol AL, I+ A (& o], A)olH 1=

Al Zk(E) ol

[63] olal, A e & F3le] B EH9U8 Bl gA 3] A,

[64] [2 & el

[65] 1 Al 28 WS, 9] 124 54

[66]

% 12 (@) UV-Vis 7 2 Eg (= A4 vhe] Whioll A 239 a3 9]
NEFE), (b) bRk A o 7] 2 ER F (¢)

[ A R o] R kol tf gk = o]t

[67] ‘i}‘j/]g WS, H=AES] 55, o] I F75 S38H7] 8] dA3+e

7 (Atomic force microscopy, AFM)Z} Z}2] A (UV) & & o] o ¢t

2] M (near-infrared, NIR)-S AF8-3H0}, YAl E Q] F 4= A W=

3 B 3F= A(~631 nm), B(~522 nm) 2 C(~423 nm)2| Al 7}#] 5= 2

A % 5 Rem, o)i= uhel 8 WS, A Eo] 412 o] SEhCE La)
EAE LS e A L B o]/] M1 2S5t A Agk D AR Re]

| A 59 FA ol oa o]l Ed 5 UTh A% B Alol o] o A] W3 o
]71" 27]_6]— = 9}1\@ -421 Ci= vk 13] 2 WA ALS x}_Q.oﬂ ]o]g}u:]
Z Azet Bdo] Ak WA A BECol TAH 2P Fowy
|E9] Ad g 7| & Uetilth WS, LA Eof] o gk ebrk 41 & oF 355
2 425(cm ol A ek A S E e o= HH EL, B EH 9 A, WE
7HA] Bl s Gtk (5 1b). o] - I A= vhel WSz U Al Eo A fzh
Ao} ARG & 1bell EAIF uke} o], ARM A 7= o] & 371 9] ¥he]H WS,

(0]
o

é

;*il‘N_lZiE
o opgu&
ﬂd_
K3

FIF 0%,
0%
>

r

AU U 1 A Uy F )

broof X

>~
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CAEL] 7HA e X 2] tholojrlo] ] oF 10 nm, 4 ©] 140 nm<
Ve = 370 A1 - (P1, P2 2 P3)E o] (S Le). U] W2 A g A5

ol 7] 18l e WS, U A ES] Do, 57|, 55 A o= =435l
sH7] TAA 25 E-3ll WS, U A EL] T & AlqtshE d AFS-3 5= 3
[68] [ZA12] 2]

[69] ) a A
Thickness (N (nm)) = 6.35 x 10732 x exp ("4/g 1)
[70] iz 5 lao] FAE ¥ A9 mpgo|t) Fhld ﬁ?xﬂ oA 2F WS,
=AE] FAl= oF 10nmE 2HEH o, vhel ¥ U5 S Y ERH QAL ARM
Axtol| A FAlol 23S Fed 4= ok EE WS, Ui A EQ] Zo](~140
nm) 2 -5 5(~0.04 mg.mL) = A2 3 L 40] o8] A=)
[71] [¥HA 2] 3]
[72]

EXT
o _ EAl93s
L( ) (23 EXT290)
M) = “502EXT |
(o 235 EXTZg%SS 0.0185)

[73] [ZEAI 2] 4]

[74]
C (mg __Absorbance (265nm)
mi €235nm
[75] A 304, L& YAl E Q] 3t A 7] o™ UV-Vis H 0] B 9] EXTg ® EXTsss

o FAAT. BAA oA YAl E L] Fhai= 3 265 nmoll A o] F3 5
#3235 nmoll A o 3 Aleol] whel EekAH o] = B3 O] Th(eyss = 47.7 Log !
cm!). B3 FH S AAF WS, A-A 9] 2 WA 95 el AbEH AL, ol E
10 Z=A g
[76] (A4 5]
[77] Times of dropx100 ulxc
photoelectrode’s area

Amount of WSz nanosheets per area =
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[78] [3£1]
Sample's Time of |Volume of|Concentratio |Amount of|Amount of
Name Drops WS2 n of WS2 [WS2 nanosheets in
precursor:0.1 |nanpsheets in|nanosheets |photoelectrod
mlxTimes of|precursor on each |e's area
drop (mg.ml) photoelectro |(mg/cm2)(FT
de (mg) O
area=25mmx
25mm)
a-Fe203@2 |2 2x0.1=0.2  [0.04 0.008 0.0013
WS2/WOX
a-Fe203@4 (4 4x0.1=0.4  [0.04 0.016 0.0026
WS2/WOX
o-Fe203@8 |8 8x0.1=0.8  |0.04 0.032 0.0051
WS2/WOX
791 %l AR 4 A B A 89 i f7] ol A4 28w wi
A5 485k 2o Al o2 vebirh ol W el
UmA ER 2o A g ol M WS,o AA 5 3ok 75 o] MEhs WA st
ol Ab8S <= QUtE LPE %A o] Z b= Sl 2h2 712y 7 & A gt
Z59 A oA e A LA R W ubr o] oA Fbg A S
sEe T8 w7l Gl EATE S w g gah sfEd el of o) WA sk ©
N A= WS, U A EE FA ekl A3 & WA 4= st whehA g
HAFE WS, Ui Al E Abol o] A kg2 M = AA o X WS, | EE Aitate
TR A
[80]
[81] 5 23= WSy7h 23], 43] 3 83 = ¥ WS, Ui Al Eol] o g ARM o] 1] 4] 2
H e 2l e el Bt
[82] % 20f) A gk upe} gho], ZfStel 3ol 2,4, H 8 oIyl WS, YAl E
ATA ] ARM ¥4 2 B3] Z39 BEe] T FAYL FAL F vk,
olE Tl W Ao ZLF WS, h=AEVF23] R 43] 25 Al AE FE
FYeE F Pee BT & Ak ek ss) B A2 s 45 T4
o) X WS,8l Tz 10nmE Zobake] mule] # 4 & alshs A
ol e 5 9leh. o] FAH & a-Fe.0,@8WSyWOx F %ol 4 PEC 5%
a7l ol f7E 4 9
[83] E3AEE Y
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[84]

[85]
[86]

[87]

[88]

AE 9] TEM o] A 9} AU W2 WS, W in A Eof O gk a1
S A S}

WS, LH=A E 9] A} - %3= a4 5 TEM(HRTEM) ©] 1] %] (% 3a WA &
3c)ot 22H¢l 314 SF 2] o] WFHEFFT) 741 (5 3d)E B3l 20 e 5= et 2 3a=
LPE Wi el A A& 239 A2l & AL&ste] Al2d WS, U =AE 725
W3] ZA] 3T} 5 3bi= (100-200) nm 2 ©] 2] WS,2] 23191 & e o] &A=
g a4 gle 4= vk 1 3col] A S uhel o] A g X8 2 ¢
HA N WS, LAl EQ &713) AA 27} 415 2] 9ok 5ol s} 4=

g ol] ¥ SHFFT)

H

5 A T
ATH = 3¢9 FFTAYEHE = }Uﬂ R 1A 71 7 AR B 7R 94 9]
FAE e s g Utk = ] LA gL ol Bputo] LA E ] -
9] FFT o] 1] A] £} 2 2}

34 uH & (0.27 2 0.16) nm2] 271 2] 253 A=}
o]

A8 Z2e s 5749 Wjd s B, o] = 244 WS, 9 (100) R (110) H¥ 9]
EE WA e 2 A3} A ZH WS, L= A E 2] TEM o] 1] X of| A gHe1et
T = vk} o], FEA = AAAA AH WS, YA Ed A A e B ~8 I
g A4 WX VA= A4S AT 5 9

2. 0-Fe,0;@WSy/Wox 3% =o] &7

= 4% (a) 89 a-Fe,0; 2 (b) 0-Fe,0;@4WS,/WOx 2| ' % FE-SEM
olu] o] 31, (c) a-Fe,0;, (d) a-Fe,0;@4WS,/WOx 2] ©HH &= FE-SEM ©| 1| %] o] 31
(e) 2 (f) 0-Fe,0,@4WSy/WOx 0] 4l L} &= F- 24 ¢] HRTEM ©| "] A],
(2)a-Fe,0;@2WS/WOx 3% =, (h) a-Fe,0;@4WS,/WOx 3 %=, (i) a-Fe,0;
@8WS,/WOx 3 %=2] HRTEM ©| 1] A 2 (j) a-Fe,0;@4WS/WOx A =l tf &t
SEM w53 & EDX &4 ¢ tff gt SorH o]t

% 4a WA & 4dol] A g e} 2o], a-Fe,0; 2 a-Fe,0,@4WS,/WOx -3 2]
& Efi= SEM Al o]l of &l Zlet 5= 9l ok & da W 4¢2] SEM o n] A o] LEA| &
vl e} o], a-Fe,0,%= FTO 7|3 Aol s#A o = A g =17]of 2 849
L2 = 0] g ot} o]of Hhato], k= 4b 2 4d9] SEM o] 1] A o] SA] gk nf&f
ol o]l Mo g A T 70]-4 0-Fe,0;@4WS,/WOxH === 1] 2 a1
W7 o Yol At} 3 L 440l /«] Sl vl 9} o], 0-Fe,0;@4WS,/WOx 2]
A3 F7+= °F 10 nmE F7Fght}, & 4jol] A gk vkef o] EDAX #
elemental mapping-& YEFU 31, F7 = J‘L‘?i ol Fe, O, W, S7} &4 8-S gkl gt 4~
o]

% de WA X div= &5 a-Fe,0; E 701-4d a-Fe,0,@WS,/WOx Y =2 E 9]
A A5 TEM o] A & B, o] 7| A o-Fe,0,°l thafl &l Ax} -3
0.25nmo| ™, o] = AZ7H(110)7} T ] 31; XRD &4 2 o A & UrEME}u

Sa F3). I deoll A S vk} o], WS27} a- Fe,0; U2 =5 hd 3] E8sal

Fol-d F 25 JATS WA AT = Aok B EH WS, UEAE 55
2 a-Fe,0; A= o) =5-7] 228 S 2WS,/WOx, 4WS,/WOx, SWS,/WOx =
Zkz) 230l A 83| & ] Fol whgdt o 24 ST oHEE 1 FE). a-Fe,0,

m
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[89]

[90]

[91]

[92]
[93]

U2 o] el d WS, A E FEel o] 45 F7= PEC 45 <]
F g2 Ask el 4EE v AT v L o], a-Fe,0, Y2 = 9] 97
TR A WS, YA EQ] 55 Z7h= Aol 77 Sl A4 4l &

u] 2t} Wb a-Fe,0,@2WS/WOx(X 4¢g), a-Fe,0,@4WS,/WOx(5 4h) ¥ o-Fe,
0,@8WS,/WOx(5. 4i)2] 118/ % TEM ©| 1] X]+= ¢F2.5,5.7 2 11.8 nm2] a-Fe,0;
U2 Eo| A WS, YA EL A& & T/ & Ho=th npx] 4o 2 g-Fe,0;
%= (0-Fe,0; @4WS,/WOx)0ll WS, LH=A E -4 5 43] vk ato] 4 8hgh 24
JEfoll A oF 5.7nme] A A gk FA R S A 2E 5= o, o] & Fato] a9
PEC 522 AT & I g0 5 vt webA a- Fe,0,@4WS,/WOx
FHATEH B AT S A A PECH S S =Y 7 U= a84¢
F ks A vl 2dgk oA G2 E AT 5 A

% 53= 0-Fe,0; 2 0-Fe,0;@4WS,/WOx ] t 3t (a)XRD, (b))} ~H E el
(c)UV-vis &35 (d) LHE 23} 183 0] 31, (e)a-Fe,0; D (f) WS,0ll th&F UV-vis
FHE ~AE] D= gY o A dp o gk 1l 2ot}

% 52 29 a-F205 2 0-Fe,0;@4WSyWOx A =2] XA 3] 4 (XRD) ¥4 %
Ho]ET} 63.96°, 35.78° E 33.85°¢)| A o] 9] 5= 747 Al gl T Aol A A H
A7 -29] (300), (110) 2 (104) F ol 3 F g}, o] = 0-Fe,0,@4WS,

IWOxZA =ol| A A& G| At 271 & a-Fe,0s A =0l A o & U5ttt
A& VERTE 33.75° 2 13.96°00 41 9] 34 3] A= (100) H (200) 3 Hell Z+2h
e, 574 WS, T2 A E 5 Tk thE 9 A BE A E A

71#o]l AEE 7] wliEoll, FTOo 71918}, =9~ a-Fe,0; 2 a-Fe,0;@4WS,
/WOxFek=o] gpat A9 E 8 © 5po ZA| T} 221.3, 289.9, 404.2, 607.4,
1,306.5 cm 1ol A #&=H 3 H 5 Z5) 0-Fe,0,9] @vt &4 2 =& 2918 5= git}
0-Fe,0,@4WS,/Wox B E 2] ~AFHE .2 g Fe,0; A= v nldle] t] &
g0 7 ol F &ttt a-Fe,0; A1 &3 H L8], U] & gt = o] 55t 4l
Z-42 ol A F AR FH AHEE YT

a-Fe,0; Y- 2= o] 33} gato] thak ws, 4l o] e Hrtalr] Yall, 5=
0-Fe,0; 2 a-Fe,0,@4WS,/WOx BHtef] th &l UV-vis S AFH E &

Z 4 3T 5c). a-Fe,0,2) B 1l 3}e] a-Fe,0,@4WS,/WOx BHe2] &34 1 3= g-Fe,
O, HHetell WS, A& 2 =gt o 24 o] = L g4 S 1%t 5= olok =gt
oFzko] A Aol = WS, YAl E] EXAE e o]l &= S35 FE7}

MAE R LS o gt} 9 a-Fe,0,9F 57 WS, Fok=o] & 341 9 vl = 7)
o] YR 7} & 5e & fo [ 27 A g}, Al 2% a-Fe,0:9F WS,2] W= 78-2 Tauc

WA 2l (A 2] 6)ell o] 8] 2FEE o
[HA 2] 6]

(0.hv)=A(hv-Eg)!"?

-
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[94]
[95]

[96]
[97]

[98]

[99]

[100]

[101]

[102]

hyi= g2} ol Y X o], Eg & As= H] 8] A<=l

a-Fe,0;@4WS,/WOx BF4}e] LHE(light-harvesting efficiency)™= Tl -2 FA&
Eapskal vl B A5k Aol & A ekl A F S5 S
LHERITE 5 4doll IATEl vlef gFo], LHE = ¥/ 4] 72 2§},

[¥HA 2] 7]

LEH=1-10"44)

A= T2 3ol A o] &35 o)t} a-Fe,0;@4WS,/WOx A =2 &35 7}
=2 7% LHE #e] ¥ =038 YErdth LHE &2 WS, YA E 2} 0-Fe,0;
&7 59l 23to] #3 Ao FHaETe B ek a vt 9lar, A2 A9 WS,

U A|E7F 3 22§ Fof T Q3% o3 stz A2 7]l g}

5 62 7 0-Fe,0; 2 a-Fe,0;@4WS/WOx el t 8t (a) Fe o, (b) O1,(c) Wy Z (d)
Syoll Thk XPS A~ ER] A} 1832, £ a-Fe,0, =9 (e) Fey, B () 01, &
(2) = a-Fe,05 2 0-Fe,0,@4WS,/WOx 2 =0l t 3+ XPS A} ¥4
Aip 1 o},

a-Fe,03 2 a-Fe,0;@4WSy/Wox HHtol] thal]l XA 34 =) &3 % (XPS)
~HEDS Sl RH 4 2HE S 6a WA & 6g). Al =¥
A= THol O, Fe, W {47 &A1 8hS ZQlst 5= Aok XPS v o &4k o9 %
ol g B4 3=289.1 eVl A Cls ¥ A 2 YJERSTHE 6g). Fe, o] XPS 28 E7l
a-Fe,0;@4WS,/Wox Hrihe] 7 9- ok 710 W 723 eVoll A F 7ol 9| A&

e IL(5 6a) 5 a-Fe,0,2] 749711 & 724 eV(& 6e)oll A YE} L, o] =
Z%Z% FeZpl/Z ‘;’-l F62p3/20ﬂ éﬂ %3}% 7/i O]qﬁ % 6b+ -OH g‘l FC-OQ] qut 532 g‘l 530
eVol A 5 7)ol vl gl 217d 01 ¥ =1.9] A g ol A & HYEHITE 0-Fe,0;@4WS,
/WOxA 3| A deconvoluted Ols 3] =12] W % -& == a-Fe,0, % =1(5 6)°l] 1] 3]
F7ret, o] = EA el(old @)oll o g A= 2 A, WS, ol A WOoxE 2] 7 3

7] ?_]61} 7/i O]d‘. Wg] XPS+ a-Fe,0; /WS, 7‘@% ] EHEH Z;FZ% Wamn ‘;’-l W4f5/20ﬂ EHEH
oF 35 2 37eVollA 7 79 3] A& YEFHTHE 6¢). a-Fe,0;@4WS,/WOx A &2
Sop I AE F3l Fo EAE F3 7 ATh Sy, HAE A Sopn 2 Sopsn s
eI 9F 161.9 2 163.3 eVl A Y ERGTHE 6d). XPS ¥4 A5 28] W&
Wk 27 AT A 0B A2 E S S 7 AT

T 72 1] A ZFE o] 2Fo] & A B R4 (Time-of-Flight Secondary Ion Mass
Spectrometry, TOF-SIMS)®ll 2 3} L=H 0 2 A (a) WA] (d)= a-Fe,0;@4WS,
IWOx A =roll A WS,oll A WOxE 2] H-a]of] that 3 ¥ Ay 13 = L g-Fe,0
;@AWS,/WOxF F=0 A (o) Zl o] ZE A F (1) o] 9] 3D o] 1] x| o]t}

H A glgl A E ] TOF-SIMSE &AFsto], Zl ol o upe} kA gk A shol] o g Al -
ARE A F ot & 7e WA & 7f3= 242 TOF-SIMS 23 E & 9] 7] 0]
R, 32k ojvx] @ 3 A4S YERI T FeOr, Fe,04%, WSy, W+, S, O

I~

O
H'oof rlo

!
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[103]

[104]

[105]
[106]

[107]

2 Sn+ o] &9 AE = AHE Y ALY R Qe 1 A0 E 24 B T
WOx(x=2,3)Z 9] ok WS, AFst & 1§ 8Fet Al Kool =it} & 7e2] TOF-SIMS
Zlo] =gt & ol WS+, S E W o] 21} q-Fe,0, %5 77} Kol &)
WSy, S 2 W+ o] 2 A= A E ALko] F7hstel whe} AxpA o=
ZH 3} o] = WS, 7} a-Fe,0; @4WS,/WOx W i 2 2 0] A of oo Al &2 3127
¥ ¥o] 18-S ougtt}. ulahA], TOE-SIMS Zlo] L2322 WS, W2 §
(WS»)7F 3F S = o, a-Fe,0; 3 &= 31814 o & A3t E A58 st A Zelst
5=t} wpehbA, ws,o] whetol]l 2w A 0 & o174 ¥ 31, TOF-SIMS 4 2] &
AR QLS A3 = = Aol A A A% WOx(WS,EF-H Abstg)7t
A 3HS gl e = AT} a-Fe,0,@4WS,/WOx A =2 TOF-SIMS A~ E¢l&
0-240 A& H o] &5 2 S=olA FHE ol & Eafl | 2"l AFSE(WOx,
x=2,3)%] S5 Jefe] EAE 3] FelstaL, o] AES] W-0-W E A=
oI A EA ST} o] F 7 FHe] SIMS JEJ}O‘/] 324 (3D) N 43 E

2%l 0-Fe,0;@4WS/WOx Lol A U 8k o] 2] X & &2lah 4= I 71).
S ef3}el 4 &8-S 93 - Fo) A Fe, Fe+, 0%, W+, WS,*, §> o] 20] A& ¥t}
o] Z =3, Tol] AR EA5H = WS 2 82, F7HE0| W ol -9 AFE
SFQI3EAL a-Fe,0:9F WS,/WOx Alo] 2] W5 AlH ol A Fe+& E13 5= l T}

% 82 49 0-Fe,0; 2 a-Fe,0,@4WS,/WOx & =0l tfj gt
AR ‘jq(Electron Spin Resonance, EPR) 2~ E & ¥4 A3} “1¢ > o]t}

9 a-Fe,0; 2 a-Fe,0;@4WS,/WOx A &2 &= W= ESR ~HEd FA8
AFE-5Fo] ZARGHOH (AL 8). A A& o] A hiz o] A3 S T £ A
Z7}3kc}, wheb A o] 2] 8 A 7= 0-Fe,0; @4WS/WOx 1 =0] £5* a-Fe,0,
A=H ) Asho] i By AS YEFAT B8 <59 a-Fe,0, 2 a-Fe,0;@4WS,
FF=o] g ok 747 ©F2.002 E 1.9890 A AT g 4E& S eA =

Nol
[o;

g

o o 71

o] Fah, o]z WA RET AN GF L ¥ A5 Mg BAY 5 ok,
58], ESR Az g0l 2ol #2 o] 7x e AAEZ AT S F V] Wl 3
Aol EATE b, ol 4 QS 18 BV 58 A2 T4
S 91} ek 0 Fe0, R mae] 2uka s, 4 A/
Ao 5e] 4F o] FS HAFL A WS FYAL 5 9

3. 3= PEC A5

% 95 a-Fe,0; 2 a-Fe,0,@4WS, A1Z0l T §t 0.3 WA 1.5Ve] A1l A (a)
A3 FAF A Q1A Y (Linear scan voltammetry, LSV) 2 %54 ¥ LSV ] RHE]
A THE, (o) FAF SH, (D) FAF PG ERE S A 24 hH
a-Fe,0,@4WS,°l| &t 37 g Aol off 3F = o]t}

a-Fe,0,% . a-Fe,0;@4WSyWOx A= o] tha] FAF LU o) A E
A&l A 24 1M NaOH £ 2o 4] (0.3~1.5) V t] RHE A}o] ol A4 A3 F=A}
AT AFRLSV)H 7 LSVE 58 ZA3H (S 9a 2 b). 555 a-Fe,0, A =9
BAF W= 1.23V O RHEO A ~0.07mA.cm?E 9 AT} a-Fe,0; 2 =10l WS,



14

WO 2023/054947 PCT/KR2022/013831

[108]

[109]

[110]

[111]

U A EE T332, a-Fe,0;@4WS,/WOx F&=of tlall 1.23V vs. RHE®] A
7 & A F H 57 0.98mA.cm 20 EE SRS 9a). HoY-4 0-Fe,0,@4WS,
T 1= a-Fe,0,9} WS, Akol 9] o] & 3] &8 AL-&-3to] 144
S7het} o] = Al At el S A 71 AL st Al el ol o A A RS
AN = dvk Ly a-Fe,050 71 WS, = 18l Fd 7w E = 3k

=<
AA BaA T ol 8 iz B WS, 7 3] B 45 gt 4
A7] WY 4= A THE 9a WA 5 9b). a-Fe,0; 3 %= 72 WS, LA E 9
o€ Fghol A& AYE ] W& 21 7F AH0.38 VRHE) . & A &3] 74X 71T

Azd BE FAT dig FAF D 2 A2 A ghE X 9ecll 4] 8 2HstA
Hl e 4= 9t} & 9pe] & H st% 23 Z8 A7/117]) A SR E Qo o=
A =] SR 52 9a). 01 T A s FgT oA Fo-4d o-Fe,0;
ZA w33 5= AL 004 EE wh7kA
N&sHA FHAFE *Mﬂ? °1u < e 4= ) = 9ci= 1HE A 3
Wt AR -G R EYE
2L 4-Fe,0;@WS,/WOx
%%k%ﬂ ﬂ xH A4S Vel T E a-Fe,0,@WSy/WOx A Zof tf &
2 & ZAEATHE 9d). A %X BE FATE
% 3 o Aol A FE Holt) 3 a-Fe,0;@4WSy/WOx
of th&k FAF2] 71 oFAH AL 2447t FoF 1S 2 Ffof| A L 9d 9]
Holl A ko), A T WOx7F F A H o] gF2 Bs 5ol 3 A&
a1, $Hzhe] d & 2 (NaOH) & ol A a-Fe,0,8 4= 2 o] &zhe] oFsh
k kA 7] a1, LZhe] of] 2F3F MoS,2F NaOH & A Alo] =

o]

AA .

LA, o] = Fe,0,@4WS,/WOx 3=l A T W& 3}0101*01 A g el 71
Zo] JEFGE &1 4= v}, ey Al e o] 89| o] 52 TRPL 2 471t
ot A Awbe} 2 A X3k}, el 1 ofE FZEH, g-Fe,0,@WS,/WOx & =9]

ABPE 312 A& 2 2 1M NaOH(pH=14)o1 4 A ¥ A H Yol A =53 a-Fe,
0, Bt} =}, 7H w2 21 $1(0.9 VRHE) A 0-Fe,0,@4WS,/WOx
A=0.194%) 901 4 714 32 A g0l oA o, o]3= 0.01%2] 558 a-Fe,0,
@4WS/WOx BT} 19.41)] t] =1}, kA 0-Fe,0;@4WS/WOx 3 =12 A 2} %
a-Fe,0; 711 A= ol M 7H 552 PEC 73 W8l & Al

% ofo]) A E thekdt Q17 A QoA A gw ulolo] A FA-AF H3I
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