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Electrochemical sensor based on ZnCr-LDH/VC modified electrode for
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Abstract: A zinc—chromium layered double hydroxide/vanadium carbide (ZnCr—-LDH/VC) composite material
was constructed via a hydrothermal method combined with ultrasonic treatment. This composite was used to
modify a glassy carbon electrode (GCE) to develop a high—performance electrochemical sensor for the detection
of the fungicide diethofencarb (DFC). The structure and morphology of the material were characterized by X-ray
diffraction (XRD), Raman spectroscopy, X-ray photoelectron spectroscopy (XPS), and transmission electron
microscopy (TEM), confirming that ZnCr-LDH and VC form a composite structure with a synergistic
enhancement effect. Electrochemical test results demonstrated that the ZnCr—LDH/VC/GCE exhibited excellent
conductivity and catalytic activity, significantly enhancing the electrochemical response to DFC. Under
optimized conditions, the oxidation reaction of DFC on the sensor was determined to be an adsorption—controlled
process involving a one—electron, one—proton transfer. The differential pulse voltammetry (DPV) response
showed a good linear relationship in the concentration range of 0.01—232 pmol-L"', with a detection limit

(LOD) as low as 1.3 nmol L™ (S/N=3). The sensor displayed excellent anti—interference ability, reproducibility,
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and stability. It was successfully applied to the practical detection of DFC residues in commercially available

vegetables and fruits, with spiked recoveries ranging from 95.60% to 110.00% and relative standard deviations

(RSD) below 5%. This work provides a reliable platform for the rapid and sensitive detection of pesticide

residues.

Keywords: Zn—Cr layered double hydroxide(ZnCr—LDH); vanadium carbide; composites; adsorption; electrochemistry;

detection; diethofencarb; fungicide
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IR I8 28 3% R 7R 7 A B M B R B L R A A AR
1M, WF5T 2B, 285 AR R 2 T AR s 40 il 771, T
BEXT#I 28 RSk iU 3, BRI R S v 68 A N4
WA PR A e KB, 3R ECE R 2 E R
HE &R 2 R KR B PR &) (GB 2763—2021) #1
ELHEBASRY KB TDWE KR E R SR
0.05 mg-kg ™, TEA AR IR i i e KBk B FR 1A K
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AH L3 — T 35 56 FH | 38 R A7 BR TR B B R 2R
A HERT B FE S A AL B DL R L b R N B X BR
il 7 HAE PR A7 0 A gy S A2 T L
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A M B 5, W CO3 ™ NO; . Cl\SO% 45, 45y
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JER WA E AW (ZnCr—LDH) |, {R3Z b4 46 [ R 11 I
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B ETIAITE R, VA d T AT S Zn  Cr ST
FIEE K A 2 A, DT IR T &4 MR R Y
SER AT B RS2 0 IR B AR 1 A R
KL, ¥ VCAE R A 5 ZnCr-LDH B &, A 2
3 A 2 18] B R RN S A AR A AR T
02 A MR A S H M 1 TR B5F L A 50 il ZnCr—LDH
UK R A B S, O e T R M 2 1 R R AL
— AR . AN FEAR 2 U A R ik
VC PR R X T /DN B 28 0 R 4 1 K HE 2 TR
T #8 32  , X A B Tt — 2B & & ARG 1 1
SRR

FET BRI, AR AR K L 25 6 5
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(14 5 R Bl o [) B LA HE Ay i 2R 0 ) LDH ) 0 3
B, DR I 2 0] R B9GP .l 2
GG 43 T 4 AR X ZnCr-LDH/VC 44K 5 4 #RH 25
S TESRIEAT RGRAE . R A A b BB 1 B
ik LA (GCE) , ¥4 8 —Ff FH T DFC A I 1) L Ak 2 4%
JERS, Ut — A WF5E DFC AR %6 M F A% - 4 i k2
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1.1 iRF

Z % W (DFC, C H,NO,) ./~ /K & h§ IR %%
[Zn(NO,),-6H,0]. JL7K A fi§ & #% [Cx(NO,), 9H,0] , i
b4 (VC, 29 80 nm) . bR % (CH,N,0) . 9 1k &%
(NH,F) \fi§ 2 B4 (NaNO,) |3V fif§ iz £} (NaNO,) . £ B
R (CBD,CH,N,0,) . T iz A&k (CRB, C,,H,,N,0.9) |
i % B (Glu, CH,,0,) | #h iR 3¢ 72 £ I % (RAC,
C, H,,NO,- HC1) \fiff iz g WE (SDZ, C,,H,,N,0,S) ¥ ¢
I (ROX, CHAsNO,) (JRFR (UA, CH,N,0,) .21
it (DA, CH, NO,) , iR hr T A LR A BRA W
DL B R 2 Al T o 258 UK R Milli-Q B 2l 7K
25445 (p=182 MQ-cm) .
1.2 MREK
1.2.1  ZnCr-LDH %] % ¥ 3.094 ¢ Zn(NO,),-6H,0
H14.160 g Cr(NO,),-9H,0 7E 100 ml % & T 7K rhiz it ,
Wi 5 1 13 FE 10 min BRAF I ATIE TR . Bl 0] 1A TR
A C % T 50 ml £ B F /K9 0.250 g CH,N,0 Fl
0.019 g NH,FIR AW, HFRFLEBEFE 10 mine FHRA
BB ERMIR N &R RN T, F
120°CF /KIS N 6 ho dE L 7E 80°CTH HA T4 3 h
FR RN = W B 2% 5, 45 8] ZnCr—LDHs #F 5 .
122 vC&® HHEK 1 g VCIET 150 ml LIt
PEFE3 he FJS MW IA 15 ml 207K [25% (T 5
IR0, 7 85° CEAM R RS FE S h 5 A7 B0 Ab
o ENASS T, LLSComin™ B9 FHE S RN R
800°C, PRl 2 h J5 Bl Y4, T AR A 1 B A s 1Y)
ZIBIVC, BRI B AE R BRI BT BT VC 4G
i S AR H Rl SR 1 5 A T 5 ZnCr-LDH
R
1.2.3  ZnCr-LDH/VC #) &% = % A& I 4™ 7
LDH- ALY 2 SR R BGWF T, AL 45 R0,
ZnCr—-LDH 5 VC itz Hb Ry 8: 2 I3 R Be A , S DAtk
1 R AW 58 19 Ak L ] o 0.8 ¢ ZnCr—-LDHs &5
0.2 g VCAr T 50 ml LB Kb, |56, i@t w7
PPt 0.5 h WG B B S 2R . Bl
J& L 8 P 448 2K 83 7 WL (THINKY NP-100) , 7E 300 W
R R UK IV ENAAE T 0 Bk B v Wtk A 7 7
L3 0.5 h, IR VC 5 ZnCr-LDH 99K H 19 783 &2
G50 RIVEHF T K7L 8000 r-min™ (195
B0 10 min BEATUCEE I FH L B F /K FIJC K 21
BB 3R LA BBR AT . Fe 28 B T A R 7E 60°C

B 5% KT R4 P 4R 12 by, B AT 45 5] ZnCr-LDH/VC
BHEMEL
1.3 EBHRH&E

¥ 1 mg ZnCr—LDH/VC A 408 F 1 ml 587
KA, §il 45 ZnCr-LDH/VC M . GCE(®=3 mm)
AR, M 0.30 F10.05 wm 19 ALO, $il G H T 18
EREOGHE B, KEEHN,KT . H6 pl
ZnCr-LDH/VC 2 MR % 1k T A BT ) GCE R 1 ,
R, A SR T, B 45 2] ZonCr-LDH/VC & i GCE
(ZnCr-LDH/VC/GCE) o YEAXT HE , SR FI[RIRE 7 v 1l
# Zn(OH),/GCE . C(OH)/GCE . ZnCr-LDH/GCE #I
VC/GCEAEM R o
1.4 HBEXE

HL AL AR TE CHIT60E TAEM Fikfr, RA=
HLR AR 3R : Ag/AgCl 2 LU HLRR , X FLRR R A1 22 H
TAE #2453 %) 4 GCE . Zn(OH),/GCE . C(OH),/GCE
ZnCr-LDH/GCE . VC/GCE Hl ZnCr-LDH/VC/GCE,
H A2 R AE PG RRR 22 (CV) TS i BT (EIS)
K TE & A 5.0 mmol- L™ K, [Fe(CN),J/K,[Fe(CN),] i
0.1 mol- L KCI W th k4T, R CV A1 25 43 ik o
R4 (DPV ) RGBT FR A 6T DEC 1Y HL A AR RE -
CV EEAE S A 100 wmol - L™ DFC B iR £h 28 vh s Wik
(PBS,pH=7.0) th 47, FLALFE A -0.2~1.2 V, H9 33
50 mV s DPV 2 B L 5 B -0.2~1.2 V, HL AL
HHE N 4mV,

i 1t 52 56 %) ZnCr-LDH/VC/GCE 1) ] 4 M
DFC R 254k ik 47 T R GetiAb , 245 : ZnCr-LDH/VC
A8 £ 236 (0.5~2.0 rng-ml’1 JEEEN1.0 mg-mlfl) Pl
BARTR(2~10 wl, fefE R 6 pl) 3 & FEmFTE (30~300 s,
R 120 s) 5 SCRFHLR IS AU (PBS \ABS \B-R , i
£} PBS).
1.5 #HmabiE

DA B3 o B A SRR A TR S
W8 [ bR vfE GB 23200.121—2021*3E 73R8 BE il % o
YERRFREL 10.0 giFE B T 50 ml 250454 A 10 ml
NG - R (AR AL 99: 1), # 75 $2 B 30 min,
B 5 KA 4 ¢ MgSO4. 1 g NaCl, 1 g Na,CH,0,-
2H,0 /% 0.5 g Na,C,H,0,+ 1.5H,0, il Z1 9% 7% 1 min, T
4200 remin™ F &0 5 min, 5E RIS H 02 .
S W I Y VR N R KRR Ak R sk )
B (B2 TR BOE A H 150 mg Mg,S0, .25 mg
O -N-TN B REBEAR AR IS ) 5 % T4, B0 48
T3 A B ALk B (R 22 FHE O 2.5 mg) , A
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AREBREZRE T, KA 0B RIER S 1 min,
Bifi J5 LA 4200 remin™ &5 0 5 min, B2 FIE RS
0.22 pm FFL I8 Bt U8 5 5

2 ERERER

2.1 MRIERIE

K JH XRD X b4 B dt AR S5 HE AT T 30, 45
M W) . VCIRTSHE b 30 T 2 40 5 B
AN [R]  A37 5 0, LA S A2 T 37.71° (111).43.66°
(200).63.27° (220).75.53° (311)F179.70° (222), 3% 4&
A S5 08 14 A% 4R AIE 1 & 18T 48 205 PDF#65-8818 AH
¥, RS BN VO JE T IEAS fb R S50, 25 [y
Pben (No. 60), ZnCr-LDH ) XRD % [&] i 715 1 1 71
()32 7 AH S5 A SRR AE | 32 BEAT 5 04 1 B FE 20=11.89°
(003).23.28° (006).33.44° (101).34.11° (012).38.53°
(015). 46.28° (018). 59.21° (110). 60.68° (113) Fil
64.59° (016), X & W] W Y) & W 1T w5 21 B ZnCr-
LDH. 74 VC 5 ZnCr-1DH B & )5 , B A MK
XRD 3% & [R] B4 B 7 VC Al ZnCr-LDH Y FRE AT
S0 R UL B WA AL s A AH AR B, BRI B R E A
R OR R AR R SR, AR AT S I
A 2 A A 5% B, R B VC 5 ZnCr-LDH 2
R T A R A8t . (AR, VCRI
1Y ZnCr—LDH 7 H 55058 9 77 5 04 50 J3E , Jz e
tH Zn (Cr V. C 5802 I A48 Bl Y df AR S5 44 R AIE , 2
— B UESE DA T 45 # BEAR Y ZnCr-LDH/VC &2
GHEL

K F 7 2 S5 XA i 18 43 PR s R R b 2
SERPEAT T RAE, 5 SR 1(b)FTR . 7E VC B A

ZnCr-LDH/VC
ZnCr-LDH
vC
{ _L N
A h VC(PDF#65-8818)

10 20 30 40 S0 60 70 80
20/(°)
(a)

AT 2 174 em™ A0 B FEAE 0 W] W) A0 8 JE A
V—C i /Y 37 2h 45 K. ZnCr-LDH $7 2 6 3% ¢
v,(270 em™) \v,(459 em™) fl v, (548 em™) &b i 7=
3TN, Ho, v 8 T Zn—0 HEAY 4R
Bl , v, WEXS N T Zn—OH B P RSB, v, 04 D) I T s
& R [ZnOG )\ T R 1) E X FRPE M 45 5 30 . b 4b,
TE 692 em™ Bif 3T i BL A 4R B e, v 9 @ T )2 M b
Zn—Cr—O0 K Zn—0—Cr W HE A 47 3 , 12 06 sz ke
T2 COX BFFEAE . 1E ZnCr-LDH/VC B A #1RHE
iGE R LR T VO 5 ZnCr-LDH AYFRER 2
G5  XRUIHECWINE G, H VC A SAE
BETEHURE .

Kl 2(a)fE78 T ZnCr—LDH/VC &4 #RHK XPS 42
BB S Zn . Cr .0V HIC AT E, HAS
TCHRMEE G REN B 5 N —3. ¥ 2(b)F Zn 2p 1Y
e o HERIR R AR S5 A e 1026.73 eV (Zn 2p,,)
11049.90 eV (Zn 2p,,) &b 5 B — X RRAE XU | 256
REZ2E 0 23.17 eV IESLM B Zn JTT R FE UL Zn® )
BAEE™, FE 2(c)h Cr 2p BY & 43 PR G% , HoAE
581.48 eV (Cr 2p,,) #1591.73 eV (Cr 2p,,) &b Hi B
AFRAEWE 23 BRI T Gt 5 G b2 25, A BELIE
2L R 10.25 eV, #E— R W] Crot R FE LGB
KA, B 2(d) R O 1s i, 2243030 & I v fif A
KA TF 536.34 eV i) M—O 5 L K 534.02 eV 4k 11
—OH EPIF S, ZH 0 BRIE T 2R (COT)
MR M FZHE(OM—OH) , B Zn—Cr R A ALY
AL 1, BARKG DB W] 24 B, 76 VC 535
T, V 2p 35 [ & 2(e)] T 43 i 24 514.19 eV (V 2p,,) Hl
521.49 eV (V 2p,,) I HFAE UG , 26 B A 3= 2 LUk 4L
PUERXAFTE . C 1s TS 20010 i — 2B g i i 341

ZnCr-LDH/VC
ZnCr-LDH

N v

200 400 600 800
Raman shift/cm™!

(b)

K1 VC.ZnCr-LDH Hl ZnCr-LDH/VC ) XRD 1 &l (a) 5 i 25634 E (b)
Fig.1 XRD patterns(a) and Raman spectra(b) of VC, ZnCr-LDH, and ZnCr-LDH/VC
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Fig.2 XPS spectra of ZnCr-LDH/VC
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(M

I . 285.50 eV 4L T J& T V—C i, 288.58 eV 4L T &
T C—O0H,290.94 eV 4L HJE F COT, LM T ZnCr—
LDH 5 VCE & G b 5 AR ™, 28 F iR,
XPS 7 M B £ W], ZnCr-LDH © MW E T VC 2
T, =3 Z DB RS e 1 52 B 4548, Tk S i
7 1 ZnCr—LDH/VC by — Fh 25 ¥ B A 19 22 b &2 &
kL

SR A SEATT T ] 85 A R SO 2548, SR FH 485 3
L7 3 8% (TEMD) 5 g 2 (8 B X S 4ot (EDX) X
VC.ZnCr-LDH } ZnCr-LDH/VC E &M RHHAT T &
GEFRAE . & 3(a) i, VC 2RI B R/ bR 1 A
YRR IR, EL A I I B e T 5 A R ) E R TR
& 3(b)Hr, ZnCr-LDH S 3L 942K - 11 2208 i)
SRR GE R MR A R T R R T 2 TR
PEOL S . B 3(c)i) TEM B EDWIESE T 52 & 41 KHY
SERRAE , T UL ZnCr—LDH 14 R 4546 5 5% B35
B VC R, —F BT RAFI SRS, X
A7 B T3 8 5 1 g 5% A5 1 B7 1 ZnCr—LDH 1Y 3E &
R L5 LTI, SOWES A o BT R B, AR SO T
F T —Ff ZnCr-LDH 5 VC % % 5 A (1) 24 1k f#
(i

(b) (c)

K3  VC(a).ZnCr-LDH(b)F1 ZnCr-LDH/VC(c)AJ TEM &
Fig.3 TEM images of VC(a), ZnCr—LDH(b),

and ZnCr-LDH/VC(c)

22 MRBAERE

SR EIS PPAL T AN ] B AR 1% B o 4 B FRLBHL(R )
T HL B - F e T A T AR . DK E B S mmol - L
[Fe(CN),J 17 0.1 mol - L' KCLI& W h kAT, LLiZ %Ak
W JE L XA TR A, RETTAS T #R GCE .
Zn(OH),/GCE . Ct(OH),/GCE . VC/GCE , ZnCr-LDH/GCE
S ZnCr-LDH/VC/GCE [ B AL 24 3l )1 2447 Ry, 25 41
WK 4(a) T 7~ o K F Randles 5 2% 4% (R[C,—R,
WX EIS E s 2E1 74006, 12 L B TR 6 5 B K 1) 75
WHLBH (R)) , LA S5 WU 2 FLZS (C) I 3K 1) R fp e
FEHL B (R,) Fl Warburg BHFT(W) . T GCEA LT
HL PR 22 B GCE R A= 1 R B (803.7 Q) , Ut
WA AR IB RE T A B o AR TR AR , i i R Al
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) R AEHIK A, 43931 Zn(OH),/GCE(560.49 Q) |
Cr(OH),/GCE (485.34 Q) | VC/GCE (366.18 Q) FI
ZnCr-LDH/GCE (214.51 Q) , JZ Wt 7 H Nyquist [
VR HARE /N o X — AR AR AR R
HL PR A B T, STH i s R P . FEAR
WF5E B BT A B BB, ZnCr-LDH/VC/GCE [ 454
W A FL AR AN, R EA R 62.13 Q, B IR
G ARHEA S AR A e R BT, A B T I S e
AL AT

R T VAR R RR A ek R 3 G i 3 H A R A
X # GCE. Zn(OH),/GCE. COH),/GCE. VC/GCE .
ZnCr-LDH/GCE F1 ZnCr-LDH/VC/GCE %5 1 ¥} i) 25
T FRIEAT T IPAE . WA 4b) T, IR s )
S AU LY (1) 4303 2 57.70.65.51,72.35 ., 84.85
96.03 A1 110.87 A, ZnCr-LDH/VC/GCE ) I, 5 5 .

600 C,
Rs
R, Z,
400 +
_Q—9—
% 0’0/0 ° 0\0\0
/0/ % 0@ @ 0\0% )
2or ’o W;-a .oo% ’Q @ ") % @
® 955 00 29° szaé’
0 200 400 600 800 1000
Al
(a)
200
/\ 200 mV-s™!
100 I
A=

Current/pA
S

-100

-0.3 0 0.3 0.6 0.9
Potential(vs. Ag/AgCl)/V

©

5# GCE M HAB & i /) GCE A Lt , ZnCr-LDH/VC/
GCE By A% a1 @& . 78 0.1 mol- L' KCl1
W 5 mmol - L' [Fe(CN),J*) H1, L 20~200 mV -s™
B 43 il o 2R E AT O AR DK, T AR eVl £k an
Bl 4(c)m o gl 7 5 i 5 S b R R
W R A AR PR OC R R, A 4d) BT R . 38 i
Randles—Seveik 23 2= (1) %54 54045 2 A [R] B Bz A9
A Ak il MR T AL (ECSA) o
I,=2.69 x 10°n7 AcD? o7 (1)
Ao, 1O AR R B SR A n RS
T4, 1;A  ECSA, em’; ¢ N [Fe(CN) ™ i W
Smmol-L7' ;D NP B RE,7.6%10° em?-s;0 5 CV il
LR HE R mVes s AT R 6 Rl Y
ECSA 4351} 0.0696 ,0.0790 ,0.0873 ,0.1024 .0.1159 ,
0.1340 cm’. ZnCr-LDH 1 VC 3L 77 k03 T 15 88

150

100

50 F

Current/pA
(=}
T

,50 -
-100 [
7150 1 1 1
-0.3 0 0.3 0.6 0.9
Potential(vs. Ag/AgCl)/V
(b)
200
100 1}%‘:433.75\/1 *+2.76
i R=0.998
£ o
# lpa:—384.21v”2—24‘80
~100 + R=0.9997
-200 -
1 1 1
0.1 0.2 0.3 0.4 0.5

Vl 2/(V.S 1)1 2
(d)

FEl4  ORIAME M HL A AY Nyquist 128 (a) 1 CV il1Z&(b)(0.1 mol- L™ KCI,5 mmol - L™'[Fe(CN),™ ,4=50 mV +s™") ;ZnCr-LDH/VC/GCE
f£ 5 mmol - L' [Fe(CN), [ I I AR H 2 (20~200 mV - s7) T 1 CV L (c) B AT Hi 3 227 J5 MR 55 08 FL R R P56 R (d)
@ GCE;® Zn(OH),/GCE;® Cx(OH),/GCE;@ VC/GCE;® ZnCr-LDH/GCE;® ZnCr-LDH/VC/GCE
Fig.4 Nyquist plots (a) and CV curves (b) of different electrodes(0.1 mol- L™ KCl, 5 mmol L '[Fe(CN), ], ¥=50 mV +s™");

CV curves of ZnCr-LDH/VC/GCE in [Fe(CN),J"*solution at different scan rates (20—200 mV +s™) (c); Linear relationship of

square root of scan rate and current(d)
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#£ DFC E AL i fb i

ZnCr-LDH/VC/GCE FE 3 Hi fe /NI R, Al i v 19
ECSA, iX FEZHHE F VC Y i 5 1 W 458 50m ek T
S AL . [, HX DFC AY Ak 5 H 3 3
T —d 5 XA RRVR T2 A 5 S 145
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Fig.5 Comparison of peak currents for different electrodes(a); CV response curves of ZnCr-LDH/VC/GCE at different

DFC concentrations(b); The linear relationship between DFC concentration and oxidation peak current(c)[v=50 mV-s™',

PBS (pH=7)]
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Fig.6 CV curves at different pH (a), plots of pH vs. I, and pH vs. E_(b); CV curves in PBS (pH 7) buffer solution containing 100

pwmol« L™ DFC at different scan rates (c); Calibration curve of scan rate vs. oxidation peak current (d); Calibration curve of logarithm of

scan rate vs. oxidation potential (e); Oxidation mechanism of DFC on ZnCr—LDH/VC/GCE (f)
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Fig.7  DPV curves of ZnCr—-LDH/VC/GCE in the presence of different concentrations of DFC (0.01—232 wmol - L") in 0.1 mol - L' PBS
(pH 7) (a); Calibration plot of peak current vs. DFC concentration(b)

®1 FEFHEKTDDFCHERELLER
Table 1 Comparison of different methods for detecting DFC

R ik AL et R FEApA-L-pmol ' em™) LR
LC-MS — B85 0.05 mg-keg”, T2 0.01 mg kg™ — [24]
MWCNTPE,SWV 2.5~30 mg-L™" 0.77 mg-L"' — [31]
3D MoS,NTs/GCE,SWV 1~55 mg-L™" 0.32 mg-L"' — [2]
3D MoS,NTs/GCE, DPV 1~35 mg-L™" 0.63 mg-L™' — [2]
Ti,C,T /GCE,DPV 3~60 mg- L' 0.19 mg-L™! — (6]
ZnCr-LDH/VC/GCE ,DPV 0.01~232 pwmol - L™ 1.3 nmol - L™ 0.0681 AR

W SWV I8 7 IR 221, DPV 48 2243 Bk np Ak 22 .
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&2 AT ENESEFRE GRS DFC B INER B Z AR R ZE (n=3)

Table 2 Spiked recovery and relative standard deviation (RSD) of this method for detection of DFC real samples (n=3)

G L1

F

i MHE/(mg kg ™) JbsfE/ (mg-kg™") SR E(mg kg ™) i E R % RSD/%
¥e 0 0.1 0.102 102.00 2.32
0.5 0.503 100.60 4.32
1.0 1.003 100.30 2.69
s 0.005 0.1 0.135 110.00 1.69
0.5 0.545 104.00 3.48
1.0 1.036 101.10 2.87
w7y 0.033 0.1 0.139 106.00 3.61
0.5 0.511 95.60 2.63
1.0 1.045 101.20 1.52
R 0 0.1 0.098 98.00 2.59
0.5 0.511 102.20 1.67
1.0 1.012 101.20 1.96
3 4 B ZnCr-LDH/VC & &M B MRV BT, G 46 16 P 3R 1

AHFSE 8 1 K NG ZnCr-LDH 5 VC E 4 38
XSRS EMSENASE i, BRT

D705 AR TEAS R A R ORI S T
ZnCr-LDH/VC X} DFC Ak 2446 00 rd s s AL ) .
T ZnCr-LDH/VC & & #+ BH& i GCE HL # (ZnCr—
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