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o OEBERGF A RIE SHA R EE R EEGRR AR RSB A WA B 6 MR S L
AR S EA) A E 22—, ABRIEA L 24 RH, RARMEBA-HER T EHE =4
R FUBE A B 4 K R BRI (CCNSs) , A R 1245 w47 (SEM) (&4 w42 ( TEM) AR FAR AL X
HEATH(XRD) \in;jt‘i%é(Raman);F" X H&KdEFaeig(XPS) FFERAIMELMNLEH, FRA
8 IR A, A P AR 2 KA CCNSSW’%E%%%,@MMMH@ WAL R R A B
G EZBRANBAMN-HERAETHER TS SILLE M6 B MG R BRI KRR ZIAR, BALA
A% % %vh CCNSs MULLE M) E5 R 4%, :Vuﬂ T ALK 69 B E T I CCNSs F % LMy fe &
B B RORAYE, SRR EHE T ZH R E A 4 85, CCNSs—3 M4 viAn 2 R Bt 64
RGEBHKEAIRER FHAILEH 1.5~100 nm 89 “ #IL-FIL-K3L” ER $IL4H, 2R M
$R 3D BRIUEE B AR R BN, LB B H AT A 38.9%, b R @ ARA 285.6 m*/g, LA
H S5 4T%NERTFH, £3D BRILEMI B B K B RAEA T ,CCNSs A4 R 4E42 5
FhE G HAMA R R RIFa LR £SO mA/g WABTE THARTES T RS TA
917 mA - h/g(ZZH THALE TIHMMANEAEEETI32mA - h/g) ,£2.0A/g KB RFE T TiE
P2 A5 300 mA - h/g, 2L 120 RIBIFRIG A FH 1 047 mA - h/g, BRIV B AR F 6915 F 45 1 F E
AT & — AP PO IR A4 B F & i AR AR

FSRIA R A R R R AR MR 4R B T B AR AL AR

HE 4S5 TQ536 M EKARERD A M EHS:0253-9993(2021)04-1182-12

Microstructural regulation of coal-based carbon nanosheets and their
electrochemical performance

ZENG Huihui', XING Baolin'*,XU Bing',CHEN Lunjian' ,ZHANG Chuanxiang"’
LIU Xiao®,ZHANG Baoging' ,SUN Qi' ,ZHANG Yulong'

2

(1. College of Chemisiry and Chemical Engineering ,Henan Polytechnic University, Jiaozuo 454003, China ; 2. State Collaborative Innovation Center of Coal
Work Safety and Clean-efficiency Utilization , Jiaozuo 454003, China)

Abstract; The clean processing and high-efficiency utilization of coal is the core content of the national energy devel-
opment strategy,and the materialization of coal is one of the important ways to realize its high value-added utilization.
Herein , three-dimensional (3D) hierarchical porous coal-based carbon nanosheets ( CCNSs) with controllable struc-

ture were prepared via a liquid oxidation-thermal reduction method using pre-synthesized graphite as the carbon
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source. The microstructure of CCNSs was characterized by scanning electron microscope (SEM) ,transmission electron
microscope ( TEM) ,nitrogen adsorption-desorption , X-ray diffraction ( XRD) , Raman spectroscopy ( Raman) and X-
ray photoelectron spectroscopy (XPS) ,and their electrochemical performances applied as anode in lithium-ion batter-
ies (LIBs) were further investigated via galvanostatic charge-discharge (GCD) and cyclic voltammetry (CV) tests.
The results indicate that CCNSs with abundant 3D hierarchical porous and graphite microcrystalline structure can be
successfully prepared by the liquid oxidation-thermal reduction method. The dosage of oxidant is an important factor af-
fecting the microstructure of CCNSs,and the 3D hierarchical porous and graphite microcrystalline structure in CCNSs
can be effectively regulated by adjusting the dosage of oxidant. When the mass ratio of oxidant to TXG is 4, the pre-
pared CCNSs-3 exhibits a 3D hierarchical porous network structure formed by the cross-linking of graphene-like
nanosheets and retains 38. 9% graphite microcrystalline structure, while possesses a specific surface area of
285.6 m’/g and contains large amount of micro-meso-macroporous structure with an abroad pore size distribution of
1.5-100 nm and 5.47% oxygen doping. Due to the synergistic effect of 3D hierarchical porous structure and graphite
microcrystalline structure ,the CCNSs materials as anode in LIBs exhibit an excellent electrochemical performance. In
particular, the optimal CCNSs electrode can deliver a high initial reversible capacity of 917 mA - h/g(higher than the
372 mA - h/g theoretical capacity of traditional graphite) at a current density of 50 mA/g,and possesses a high re-
versible rate capacity of 300 mA - h/g at a high current density of 2. 0 A/g and the reversible capacity reaches
1 047 mA - h/g after 120 cycles,which demonstrates that the carbon material has a superior rate capability and cyc-
ling stability , suggesting that it can be a desirable anode material for LIBs.

Key words: coal-based carbon nanosheets ; microstructural regulation ; lithium-ion batteries ; anode material ; electro-

chemical performance
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Bt geit, T B P i 2 28 A2 e bR
REVEIH 2% S i 19 57. 5% , F 20 T ) ek Ak
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W AR AR L o DL 5 i 1Y
RN IR 2 D RE A A bR 2 S BB 7 e {EL AR A ]
B R R,

PR T A R — AR AR RERE B, N AL RE
R IR AT TEICIZON | A T A S F
S5 Y/ N BN fi 25 A T O RE R A0 -5 e ik
FOET S GO R S £ B T R T 1 T A
G 2y PERE SR T O R 2 T
Je FR R ol Hh L il o 1 B R 1 Tt TR A
B H I A7 A AT A R IR (B A A
372 mA - h/g) RAGFRVEREZE S5 R AL, AR A AL 2 4
T 3750 v R ek e T R 2 B L A R SR, AT
S i A1 SR AR HLAL A PR RE Ak i 20T
i L A B, SR B A B A A
ST IR A BRSBTS R b
T m A A DA SRR B B AT = 48 SR IR ALK LIE
SCRAT A BB RZRZ LA SR A R
A AR R T R R RE A I AR R 3R

AL B A JE R b SRR U £ FLAE A LR R B 2 3
143 5A MU, T b i A = 4E 2 i f LA B B
WAPRLEA — 7 PR . Rt T4 —Fh G 3E AR
BUAS JFORHE 1A 8 T 2R R 5 =4k )2 IR LA 55
RO BT R A EEE X,

WA R St £ R/ =, S A RES A
BRMIMIF R ZE5H 2 Hi 8 A B R BT
JEORE A3 300 A T DV AR A O SRR it A
Pl i £t A SR AL 35 869 MY M 3k £ BB kW
ZEE LT LRI Ay TR A BR AL I 80% Y HE 41 A1
By TR ARAE T LB PRI Ry SRR 4 T A R
TREETE 94% MR R RE IR IL A 35 . AR WP IR 45 SRR
DA Ji¢ Ay J Rk i 2% A 88 288 i b4 kE HL AT 52 By ] 47
PR MTRREIR AT Ry R AR 22 5 45 K BT RN K
BETAH B 3SR B = A R A LR oy 4540 , 2
il £ ZALB B KR IFRL O B LR N A
& W ZALEEA AT LU B S T A S A 5 i iE
PR A5, 1T HLRE AR 2 1 A% e At e ke dm
PR o b 7 AR A R SR B R S A A 3, e
S5 DL S AN SRR £ I S BRE 22 FLAR I
VERELES T Bt SM A R, 7E 100 mA/g U E T
WA 255N 497.5 mA - h/g 3 H BA B IFRYTEF
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FesE M s mvb vl URE Ry SRR il 45 40 G 2 FL IR AL L,
H I VR R S F it S B R, 7E 200 mA/g HELIR 2%
JETF A 2S5 R 450 mA - h/g, BRI T A 8%
T B b ERE . (B ZFLRAFFE L T1L 5
ARG AT E P22 1 (A1 7™ F 5 M 481 5 1 FL Tt
() HL AL PERE

YT UL, 2B LA S 35 R SRR i e VA
AL —HGR 5T 2l £ UM B AC BRI 2 A 580 R 2
poER N N AR I SR NE (W) =3 &
I (TCETE %) R Bl F [FIRA AR 3D J2 IR AL S i 44
KRV, it SEM TEM . & % fff . XRD . Raman

I XPS X4 B O ES A8 247 2R AL, IF-K FERH T
PR T b U A R BEA T A A PR AR, LA
AR ) 1 B TR R s 44 A o 1 o e S A b
HBE AR HES %

1 SIGERS

1.1 ZIER

ARSI 2R 00 8 kA 85 (TXG ) 2 I K P4 TG
ME(TXA) b & il — A B AL B S , HAR T ik
SR 17 ] K PG IS (TXA) A1 il 52 A
B (TXG) B TAb AT AT R BT 25 R 3% 1,

F1 TXAFMTXG WIS ETESH

Table 1 Proximate analysis and ultimate analysis of TXA and TXG %o
) Tolk g JER T
R . .
Mad A d V\Lnf FC daf C daf Hdui 0 daf N(lul S daf
TXA 1.55 2.32 6.94 93. 06 94. 80 3.61 0.70 0.76 0.13
TXG 0.07 0. 08 1.27 98.73 97. 87 0.45 1.58 — 0.10

g A2 TR s TR o 9 TIRICIRHE ;™ i 22fEik

1.2 3D BEXRFLEEBRYKF ENE SRR
TERT A FH R PG To AR BRI ) S Ay 28 1 Al 1,
SR FHVBAHSAUAb — B0GA i 1) 7 25 1l & 3D J2 IR LA Jk e
KA (CONSs ) 1 BRI A g — 8 i 1)
TXG fiTA 130 mL H,S0,(JFit73%1 98% ) H , MKUNA
2 g NaNO, fil 18 g KMnO, , 1fi J5 7£ VKK H S 2 h;
Bl , 2218 TH I 2 80 °C, FF & i 17 [ B ¥ P m A
200 mL 2B FOK, IF-HliREA B 90 °C; Z 5, R
MAEAIA 5 mL H,0, 554 10 min J545 10, 47
B TR IRAS CCNSs BTSRIAR B0 ; e , e ¥ 1
TR B K 0 4% CCONSs, A8 5236 LA (1
FRREN ) SR A7 B (KMnO,/TXG ) I AH X Bt H e A
M @AY KMnO,/TXG 1Y LL i (A S236 o 2,3
F14) KX CCNSs BYTEOUES 14 A7 IR 45, I8 e il 1
iR A 44 4 CCNSs—1, CCNSs—2 Hl CCNSs-3,,
1.3 3D BEXRFLEEBRGK R EIE SR
K FEL A AR 77 (93 & 56 BRBE 4 4 - 4
5% (SEM, Quanta FEG 250 %) F137 % 538 5 L 7 B 1k
% (TEM, Tecnai G2 F20 S—Twin %) %} CCNSs IS
SERIEAT FRAE 5 (i FH RE 5 2 R AR I 20 B R
% ( Autosorb—iQ—-MP 1) XA i 1) Lo 2R 1o AR AL A S
AHEATI, R BET 3A3 130 e 3R 1w A, S 4d DFT
BT BIRE ity 1 FLAR 23 A 5 B B A B e A w) X4
R BT AL (XRD, Smart Lab ) XFRE 5 (0580 5 45
FHEAT RAE, WA 454 Cu 0 Ko FRGFZR (A =
0. 154 06 nm) , = Hfi M % Ky 15 (°)/min, i 75 [

10°~80° ; 5K FH 9% [# B J8 43 48 ) 3L R ot i 2 i
{¥ (Raman,inVia #Y) Z3HrFe 5t (1) 47 S5 402549 , i
K H 532 nm, B K 400~3 500 em ™" K 3 EFEER K
HRBHE AR X B2 T 5B 1% (XPS, Thermo Es-
calab 250Xi ) X i FR 1 70 Z SF AT 8 1/ 40 Hr, DU
RBECH L Al KOG FRER hv=1486.6 ¢V) , )
150 W,500 pm HHE,
1.4 BHHNERSER

CCNSs [ HL A2 1 g il 3 78 e i U B 46
HHZ e A CR2016 A2 411 e s A7k, T/ HR il
(R & B CCNSs |, & e e 8 58 it 980 & s ( B it L
H 81t 1) FATRERIR A i AGE fE 1) N kg
Ll (NMP ) i B3 RE, B IR & OB TR 7 R
10 pum PIHRTE L BB R 140 wm, TS FHZ T
FFET 100 CHET REEE R 2 E R G R ERE N
14 mm BRI B, SRS HAR 14 mm A R B8
A BRI LRV 1 mol/L LiPF, 5 TR L
M1t 1 BRIR 2 T (EC) Az — F s ( DEC) %
IR R, R BRI ST R BRI AR
e HR R T AR 57 8 IO 26 26 i 4 1 e b, o P
FeATIR I TAE R ARG E47 B A Re I K, SR FH IR
YT B2 7] BTS—4000 K1 E 3t 04 28 48 Xt L it 14 4
UL T FEL 1 R A SR BB 1 AT I, DU 3K R
0.01~3.00 V, FH LR F CHI660D &I HL 1L
S T AER O A TR PR ZE M BRI, F 4 5Ny
0.1~0.9 mV/s,
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2.1 EREEMEFIE
Jr IR 6 A7 B8 (TXG) AT I Bl 94 oK R 22 L

R (CCNSs) 9 SEM RN 1 frzs, il 1(a) w5,
TXG 2 R HA W B BOR TR BIE BS54 5 i K
1(b) ~(d) AT, Bl AL FH i B35 n, TXG Hfk
B RS B R BT 8 R B EERA Y
U JZEU0 B Z A A 3D ZLIE S5, X Ui
B R - &

(h)CCNSs-3

R 48000 1 FH B X CCONSs 145 48 ) 45 A 1 B4R A,
T AN SRS i 9 K AR 3D Z L
TESREEH) , B 22 CCNSs—3 AS[a] £ B (19 SEM [ 4 [
1(e) ~ (i) Frmm, TEARBCRARECT v LLA H CCNSs—
3(FE 1(e) ) BB H R R 23O B 45 il K 5%
254 I 1(f) ~ (h) AT DAL 3 CCNSs—3 H 2847
B 2SS BRIE Y 3D Z2 LAk Ak, R 1(0)
MIETH A i CCNSs=3 (927 8505 175 I 20 R0 ik 44
KR ZEEH

7=

P11 TXG I CCNSs [ SEM [&]
Fig. 1 SEM images of TXG and CCNSs

T o 17 L B X CONSs—3 Biegl K Fr I 50 45 +) ik
— g AR E 2 FoR, HE 2(a), (b)) ATLLE
i, CCNSs—3 5 B H 2547 B0 (148 40 1R 55 W 8 20 44
KA ZIEHEER™ 1 HRTEM B (& 2(c¢), (d)) Al
LR Y R WL B CONSs =3 (1) 2 HE B 454, 22901
15 ZMEPEATE 0. 34 ~0. 42 nm, H V-1 2 61 HE 24
7 0.36 nm, H SAED & (& 2(d) i AK) nl %0, 41
R B 2 AN I B R ORBE, X R A SR A b R
f(110) FI(101) AT iR CCNSs—3 H R B A —

FE A BB )2 SO A R T CE AR B 1S
B INTTE: - Db p S R Ao i

CCNSs 119 N, 15 [ — Rt B 46 il 2 F1L AR 43 A 1 4%
MR EE AN 3 Frs, BB 3(a) AJAL TXG R
B AR B i, U A R ALBR S AS KR A i R
IUPAC W2 B 45 iR 4k 40 2K, & MR & 5 1y
CCNSs(E3(b) ~ (d)) ¥R IV R A SF R L H A
HIET H3 BAYIR A 0 £k, H ARG o8, KR
X (P/Py( FHXFFE 1) <0. 1) W B 2 W A3 386 n, i A
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TRt B/ (em’ e g71)

B B/ (em®s g 1)

(b)HRTEMA

2 CCNSs-3 [ TEM, HRTEM F H 5137 5T &

Fig.2 TEM,HRTEM and SAED images of CCNSs-3

s 0.003 0 —os
% %
<0002 00108
oF 5 W 4HE .
& 0.001 5 & 0.005 s
5 B[R
itz L
sk 0 20 40 60 80 100 =
LA /am =
0 C 1 1
0 0.2 0.4 0.6 0.8 1.0 0 02 0.4 0.6 0.8 1.0
AL S1P/P, AHXE s i Prp,
(a)TXG (b) CCNSs-1
800 5
= ~0.04
400 - ,0.02 Lo .f
P 2 0.03 A
] ~ 600 € |
Q | ~ [ ]
300 - =001 o g °/
N Iy & I /
= | oo—e . | é 400 _ﬁ 0.01 "'\o\. ../’ /
200 | | | | ]]]lEH I | | |\ '.’ ®
0 20 40 60 = 0 20 40 60 80 10Q.* ./
fL4%/nm = f4%2/Mmm /./0/ J
oL 200 - ot o
o—o—.’.’./.
1 1 1 p.—wl-.—.-._T‘._.— 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 02 0.4 0.6 0.8 1.0
AR JIPIP, AHXS FJPIP,
(c)CCNSs—2 (d) CCNSs—3

P13 TXG il CCNSs HY N, W Bt — I3t B 26 il e A1 AL A2 oA
Fig. 3 N, adsorption/desorption isotherm and pore size distribution curves of TXG and CCNSs
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CCNSs &5 — Sl fL &5 48 5 76 b R LY (0. 45<
P/Py<0.99) , H B — A~ B W A 3R WF 28, 16 B CCNSs
HEAFENLEH TERmEX (P/P, 8T 1)
W% BfF e 2 3 5 B 8 B 38, 3 X W F CCNSs )
KILLER D AN, B TXG F CCNSs BFLAR 4 i il
(B 3 A KD v LA W Bl ARG Nt i 3
% FRHGFLEHZ W H 1. 5~8. 0 nm A LR Fi
] 1. 5~100 nm AYFLARH 58, ELGCFL AN L Y AH X £L
SRWAWIE L, 454 SEM 20 Hr A A1, CCNSs AN
A &ML AL, RRHE A KR kAL, 3
B LA AR L - FL-RAL” B R ALEE R, 2XOK A
F T AR 0 B v b AR L B R S T A
BT 22 1 T PR 57 50 DT 2 15 FARORA 9 it R 5 ot [
Ik Ay P ) v A0 A B i At A A0k ) 3 0 T el

W R fE FAERE . TXG F1 CCNSs 14 He 2 1 BRI FL
ZERBHON H RS DL 2, TXG e m A S FLAL &
VA 0.172 0 m*/g F10. 002 3 m’/g, &3t &5k 5
CCNSs 19 b2 1w BURT B FLFL & & 1 K, o cc-
NSs—3 [19 b 2 i BRI FLAL 259390l /=i 3 285. 6 m*/¢g
F10.483 m*/g, BLAN, 3R 2 PR ER R 25K
ATLUE T HUIRE TXG BA ORI T4 ki A%, 2840
246 I 2 45 ) () CONSs - ¥ k7 425 32 7 0 /)N, X
L5 SEM Z5 R —%8, Sl 45 ¥ 5 1) CCNSs—3 #4
BRI B - - LA AR 4 2 U L 45 R R A v 1 L
FAAL, BORAT AT AR 4 e 7 v Tt AR A R AR 2R
BT R B 46 R 25 %) A% i 3 [ B R
FERAHRAE RS R IE PEAL A, IR B R AF A H A

PERE

F 2 TXG F1 CCNSs Kyt RERINFLE S

Table 2 Specific surface area and pore structure parameters of TXG and CCNSs

*fﬁ o SBET/ SMi(:/ SM?(:/ VTnlal/ VMi('/ VMeﬁJrM.it:/ qzi’}]*'f/‘
. (w2 o)  (mPeg?)  (miegl)  (em’-gl)  (aw’-gl)  (emdegl) #/mm
TXG 0.172 0 0.172 0.002 3 0. 000 3 0. 002 5034.8
CCNSs-1 52. 100 21. 4 30. 700 0.0350 0.0150 0. 020 115.1
CCNSs-2 120. 500 28.6 91. 900 0.2250 0.0310 0.194 49.8
CCNSs-3 285. 600 96. 6 189. 000 0.483 0 0.076 0 0. 407 21.0

TE: Sppp A BET FERTHAR ; Sy AL LR TR 5 Sy A FLECRTHAR ; Vi HEBALFLES s Vi, FALALE 5 Vygearyae A FLRIRALALES

TXG F1 CCNSs 9 XRD K&t & 4 (a) s,
I 4 7] Hl, TXG 4 3] #E 26.5°, 42.5°,44.7°,
54.6°F 77.5° B AT BL T RN T O A oA B
(002),(100), (101),(004) FI(110) b i & 4 AE
W, FARE A 38 A0 B Fnigh SR A R 48 TXG A
A E Ry 98. 8% M B JE FE AN &KL K /N 43 i A
27.2 nm F1 33.8 nm, Ui B 5 A4 AL AL S B
TXG HA R A 45 5 B AR & 0 | 2 3 f gk
Ze k45 R 5, CCNSs— 1 LA 5 TXG AH [H) B9 45 1
g, Hf S5k AT A 83. 7% ; Bl Ak 7 H 2 11 3
Jn, w LA WL E] CCNSs—2 Il CCNSs—3 HH LR 2 4
XiF T (002) (100 ) & 1 A RFAE I, HL(002) & 1
R I I, % 3 1) 22 O %, U0 B B ) m 19 TG S T ik 5
WL U4k, CCNSs-2 Fl CCNSs—3 19 (002) F¢iE
W LR KRR IR, 3m 3 3 A BEE 14 1 30 4004 04 ok DA
LA R AR 2 B RN 5 2 8
Kl 4(b) F13k 3 fron, LA B b S0 16 1Y T
FRE 43 HL AT %01, CCNSs—2 H1 CCNSs—3 H 43 &
27. 6% F1 29. 2% W TG B 41 41, R A4 RL AT &
48. 9% M1 38. 9% 1 1 B AL W53, Wi B CCNSs A1 81
AU F R AR 250 R )2 454, TR B i

TR T —Sem B AR, X5 TEM 7 45 R —
2, TXG M1 CCNSs () Raman 3% A0E 4 (c) Fim.
& 4 (c) AT, TXG F1 CCNSs 7E 1 338.7 em™ Al
1 585.5 em™ BRI BT 2 A3 506 L FAR e B
SERIIG D WER sp® BRI T A SRR EE Y G 0, Hop
TXG HARBA G W, BLW TXG th B A & A 7
ff7 BALSE ) ST 45 M 4%, CCNSs—1 /9 D
I B 8 1658 UL CONSs—1 FpJCE RIgE M fn . B
A AC/E FH B N 3% , CCNSs—2 Fl1 CCNSs-3 1 G 1§
R, UL TXG oA B )2 0% R B T s A
BRI 3D Z ALK 2 AR S5 4 3G £ 5 [A] i) mf
PIEEIBH B8 D U, 5B CCNSs—2 Fl CCNSs-3
THFETCE RGN, B A S R R E
FERR A K R e WA Ry A B FL L 6 R AE R, AN AY
AR T B F iy A B B T o155,
T I8 30 0 1A R LA 2 PR RE Y H Y

TXG F1 CCNSs—3 [ 1f 5 738 i XPS P
17500 25 5 pron, MK S(a) ATAHL, TXG F
CCNSs-3 EZH C O FFCE4L, Ha a5
PR At TXG (1 98.82% (JE T H 40 H ) B
X% CCNSs—3 1Y 93. 89% (JAFH 4r k) MR & = H
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e CCNSs—3

L CCNSs-2

|\ 1(101) (004) consgop (110)

J I . TXG

T _Lf, C 1 = | 1 =
10 20 30 40 50 60 70 80
20/(°)
(a) XRDREE
CCNSs-2 UL, B
/N coNss3
’/\:(/\\——C‘Cﬂs—ﬁ——f"v\‘
CCNSs—1 BTV o L
TXG VAR
| | |
1000 1500 2 000 2 500 3000
20/(°) WeH/em !
(b) (002 5 & (¢ ) Raman[&3¥%
&4 TXG F1 CCNSs ) XRD Hl Raman [
Fig. 4 XRD patterns and Raman spectra of TXG and CCNSs
%3 CCNSs-2 #1 CCNSs-3 £ (002) IS H MG LR
Table 3 Parameters of (002) diffraction for XRD patterns and fitting results of CCNSs—2 and CCNSs-3
g (002) U ToERIX HEA &K 15X
nE
20/(°) dypp/nm 260/(°) A/ % 26/(°) A/ % 26/(°) A%

CCNSs-2 26.6 0.334 8 24.3 27.6 25.8 23.5 26.7 48.9
CCNSs-3 25.2 0.3530 21.4 29.2 25.0 31.9 27.7 38.9

T rdggy 9(002) WX I JZ B HE ;A A HhA W AR 1 43 1L
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