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Adsorption of lead and copper from aqueous solutions on biochar produced from
walnut green husk
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College of Earth and Environmental Sciences, Gansu Key Laboratory of Environment Pollution Prediction and Control , Lanzhou University , Lanzhou 730000
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Abstract: In this study, the adsorptions of Pb** and Cu** in aqueous solutions by biochar derived from walnut green husk at pyrolysis temperature of 500
°C were evaluated. The characteristics of adsorbent before and after adsorption were mainly observed by Scanning Electron Microscope and FTIR spectra.
The effects of contact time, initial Pb*>* and Cu®* concentration, temperature of experiment, adsorbent dose and initial pH in batch sorption experiments
were investigated. The sorption capability was evaluated by adsorption kinetics and isotherm models. The maximum Pb** and Cu?* adsorption capacity of
walnut green husk biochar reached 476.190 and 153.846 mg-g™!, respectively. The optimum adsorption conditions were found to occur at reaction time of
20 min, 0.8 (Pb%*), 1.5 (Cu*") g-L™! adsorbent dose and initial pH 3~6. Furthermore, the adsorption kinetics was best fitted by the pseudo-second
order model, while the adsorption equilibrium was best described by linear and Langmuir isotherms. This indicated that Pb?* and Cu®* ions were adsorbed
onto the walnut green husk biochar by chemical interactions via monolayer.

Keywords: biochar; walnut green husk; adsorption; lead; copper
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1 5| & (Introduction)

ANE B 4 8 TE R 506 e 1R R 35 9 Ak
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N RE FEKRREE SR A KRR R &
& FE N AR TN A 25 RG24 A W W 4 R TS
Y A R, e AT o] 3 3k e TR OH s e 2 A

E&TE 5 1 RFEE

H L& A9 7 5 ( Demirbas, 2008 ) . 3 4F 3K, A1l H i
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( Uchimiya et al., 2010; Park et al., 2011; Trakal
et al.,2011; Zhang et al.,2013; Mohan et al.,2014)
ez gekl POPs ( Ogbonnaya et al.,2013; Mohan
et al.,2014) KFUEZH (Yao et al.,2013) S5 AL
HLTS G Wi W Bt 2 B, ik SepF 58 R B, A Wi BEA
B4 R B2 Bk 7 Y T A PR RE.

I, 1) FH A= 00 e W o 4 Ja 07 T ) B 58 85 22
FEFFHFEFT (Ahmad er al.,2012; 5 2014) 75
Je(Zhang et al.,2013; Chen et al.,2015) & & #AH
(Song et al. ,2012) F&5¢ (Masulili et al.,2010) 2.1
AN TR T A A 0 A ) e 3 T 45 /) B P Jo 4 22 S
832, HOOS T e Wy 1 W B BB A TR 55 R 22 0l (5 38
5% 2013; Ahmad et al.,2014; FEAE5E 2014; Luo
et al.,2015) FRERMAHC AP T 240D L, B
i, T FE R FE RO BT B4R 7 e 35 U7 o DL B (B
HEE,2008) . OC TRk B AT FEAEBEZ R
2 (ARSI T (B A 55, 2008) , TEIREE 15 B4R
By 1T AT 9 ek DL AR T

PR , AR S 50 DL R T B 0 TR, SR ) BR 4 L
fif i o LR W ok, T e BR T B AR W e XY R Y
A RS, ) s M) L FTIR £0 40X 1
B AR T 5 A8 AT SRAE 23 BT, R 58 R KV i
PR RV 1% W52 B0 AR 1 B 5 i PR 2R (VR RRF B ] 95 9
WG T L W BRIl 2 R RS 505 I IR B pH
G5) LA g 2 455 R 0 A6 i R B ASE 5 6 512 16 4 4
HEATHAG, DA T35 1 RR 6% 6 Sz A% B 75 B2 26 W)
IR TR AR 14 Bl 3 22 J7 i R S5 Tk W B A B DT
IR B i B IR AL A ] S 4 T G B A A
FBARE.

2 ##E57AE (Materials and methods)

2.1 AP RWE %

DU 22 A 52 T 3R [T A A% B 7 B2 M DU, R
JH 500 °C PRS2 (PRI A5, 2013) Hil & A= k.
WAk B FH R 27K 35 Uk 22 8 2l K I TROC 2% T, &
T XUB A AR XUT, B B 20 H i (0. 85
mm) , 5 2 FHE O AR B2 AR A FH L i
B L 28 R AZ R 7T B R B T S gl b (KS-5D-12,
g TR A R AR L TERE KT,
500 CHSE 6 h, i FARR H 2= |5 N, i 100
H i, WA B AW, o= %5 31.19%, pH
4 10.38.
2.2 AR EEMRAE

F B AR 25 45 FL T A% (SEM) (JSM-

5600LV, HASHL Tt 2% /0wl ) WLEE AL 1) o JokE A R
FE5 s M FTIR Y%A ( NEXUS 670, 3£ [# Nicolet )
KBr & R g4 Pk 2 A W B i s A 40 e 36 T g
Al AR k.

2.3 HERMEE

W — Bk E KA i A B R
Pb(NO,), .Cu(NO, ), AL & ) — & 9] I T 1 vk B 1Y
HEEBEREW P, 7 25 CHIE 180 remin™ AT
E IR IR .

B 12F S B0 A P> I Cu® ) 1R Tk 43 51
9500 mg - L'l 200 mg - L™, W% B 50 45 hn 2
1 g-L7" & ifIa] % 8 14 4~ (0.5.10,20.40., 60,
90,120,150 ,180.,210,240 ,300 360 min ) .25 Ji5 W%
2k 7> W 7E 288.15,298.15 ,308.15 K Rl %, Pb**
WG e BE 43 2R 300,400, 500,600 . 700, 800 , 900
mg- L™, Cu” HILA MR BE 43514 50,100 ,150,200,250
300,400 mg- L™, AW Bl 1 g- L7, P-4 Asf ]
4 360 min. W B B 00 52w SE 8 H, Ph AT Cu™
WA FESY W1h 500 mg- L™ 1 200 mg- L™, I E
9 MR BN (0.5.0.8.1.1.5.2.2.5.3.3.5.4
g+ L"), SPAT ] R 360 min.pH 520 SE5 R A 0.1
mol - L' HNO, 1 0.1 mol - L") NaOH #5401 1A 1
JE 4331k 500 mg-L%%ﬂ 200 rng-LflEl/‘J Pb* Hl Cu* &
T pH, 55 1.5~ 6.0 1 8 ANELE 4 (Ph™ I
¥4 pH 9 1.47.1.96 .2.37.2.87 ,3.68 . 4.84 5.41 .
6.05; Cu™ T H pH A 1.61.2.09 .2.72.3.30.3.73,
4.19.5.12 5.74) = e N 1 g- L7, Py as
()24 360 min. W B S5 55 15 6 AH I ) s Ve B2 1Y) o 4 )
VSRR R DA 1 A A 1 52 e g AR a5 AP
OPAT B S LA 4000 1+ min™' B .0 5 min JE it g,
WCEE 8 R, KM DR W 43 D' % B 3 ( Thermo
ICE3000) 5 JER TH Ph™ Fl Cu* ) J5T v i
2.4 HAFEAE
2.4.1 HME WL o B WA AR T R R X
5 ) I BT ASCR T B e @, R B BR B SR i,
THEALT .

0, =(C.-C) xV/m (1)

E=(C, -C)/C, x100% (2)

o, Q, 2k W B o B R o 55 e B A R A I B

(mg-g ) E AEBRFE; C.C AR RERTHEEE

B IR VR BE o B 203 W o A R S T i MR

(mg-L7") sV I AE S @ E R EF (ml) ;m H
gz B 0 04 T it (mg)
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242 BMHAF WE-HBIETi (K (3)) . 0. = L InC. + Ink (9)
HEZ SR 05 R (3R (4) ((5)) FURLY o O o

(X (6) ) BT R -
log(Q, - Q,) =log Q, — k,1/2.303  (3)

/Q, = 1/(k, Q%) +1/Q, (4)
hy = szf (5)
Q =kt (6)

2, Q1 Q5351 Ky ¢ Ik 2 W P-4 s A= ) e %
4RI (mgeg™ ) 3 SWRBRI I (min) 5,
by R ey 5300 R VE— 2 HE G RSORL P34 OB A 1Y
B E, H A 43 8 minT' mg - g7 min' |
mg-g”smin"" sho AR IIRTERHEZE (mg- g min™").
243 FHFEBMHHEA SR Langmuir J7 2 (3
(7) .(8)) Fl Freundlich 77 & (3X (9) ) #4755 I W%
BREEHLL.

C. 1 1
S=oC, (7)
Qe Qm QmKl
1
R, = 8
\*TTRE (8)

20kV 2000 10 um

g 20 kV x2000 10 um

A, €, Q.73 Jg VB P BE (mg - L71) 51 f
MRt (mg- g™ ) s R AT T O h E 4
JR BT HIRIIARE (mg- L") 5 Q,, R A= W 1 o g o
%(mg'g%) ;Klﬂl K. . 1/n sty Langmuir J7 BRI
Freundlich 77 72 4 W &% %4

3 R 5132 (Results and discussion)

3.1 AR RAER R ML

3.1 @A#msEo HEEEEEH TN
SSRE ST A R R B R (E ) TV
WM B % 7 W B B 4 i B 1 i LA A 2 R B
(RFLBT , JHL A v 19 B 3 T AR R R T B S e
(Chen et al.,2011) ZEW I 8 4 )8 B 1) , & mit
W RURE ) BR S 30 , R  1 /INURE [ 3R AR A H 3R
JZ, UL 4 B T AL T e e 3R & AR
FH. AR BH S5 (2014 ) XF e A= 9 ¢ W BRI JS 1) SEM. H
el A B 45

:
N

20kV X2000 10 pm

B 1 Bk Rt Ph* R Cu™ IR BT/ 35 & 124 FB 52 B (o BOWR Y B2 0 b DR TS S BB PO )5 ; o B BRTE S B R B Cu?* ) 5 %2000

&)

Fig.1 SEM images of adsorbent before and after adsorption (x2000)

3.1.2  FTIR 2uéh ot BT B e W ) o 4 s 5
TR FTIR 3£ A0 2 Fis bk B e e mi B
HEFWERENR . —OH(3418.9 em™)  JFHMRE
—COOH(1697.4 em™) B M 45 4R 3 1) C =0
3£ (1650. 8em™ ) ,—( OH ), AU A4 R (1623. 1
em™' ) NH," (1396.4 c¢cm™ )  R—COOH ( 1274. 4
em™) JEMiEESE (1121.7 em™) ff1EE—OH (1050.3
em™) (T H AL A Wy i i ms| %k 2 (900 ~ 670
em ™) (JSTHIREE,1989; Mukome et al.,2013) ,iX Ky
KM K A= 0 R W R P> R Cu® $ i 7 BE Rl X e

KMk e ¢ W R AT B FTIR 3% K A8 46 7T LE
WM T B ok 7 W I o 4 8 IS R A1 R A e & A B
ARk, Hor AT 3418.9 em™ AL 19—OH TEAE W%
W B 4 R B AR A% 4 it S0 /E FH (Chen et al.,
2011) , BEHETT Bz B Ph** Fl Cu® J5—OH HRAE I
WAl 557 - 2 9 %, U B I S —OH. 43330 8 Ph>* il
Cu™ (54, 50 F —OH (1) 43 PN S8 1 FH 77 8
AN AT UL ES A WA AE T AZ MR FE o T B Ph> A
Cu” F 3 R b (25 4745, 2012) . [A]INF, NH, * A fifg 125
H™ 58 48 8 F 22 0] kA B8 28 . 7R S2 56 v
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T AW 5 W E P> R Cu® TS W T KY Ca®
Na®* Mg™ ¥k & B9 481k, W ifF 5 v 0 K Ca™ Na* |
Mg e i S5 W B T A P 3, i — 25 B T 88 1228
e R AELE T ok R 1 #n C=0,—COOH
B AUE RE TR ARG K2 900 ~ 670 em ™ 22 JA] FE ML IE |
W A5 5 b R 2 BR AL G W 04 ik 2 06 A8 Ak - 43
WIS, UM T e e B o B2 05 A Ak A R Ak 4
L, W& R ERER 7 &R SRt =

B 5 E4E Pb™ | Cu®™ MR E 4544 ( Yenisoy-
Karakas et al. ,2004; FRZT55,2014) , 7] DL A
€ P B - VEHIAAE TP KR % Pb> FiI Cu™
R B 2o e . PR T 45 (2013) TSI 17 R R 577) 0% f
HEEEE T EEAE LR 55 F LS
A BER] (—OH,—CO0™ \—07 ) K4 [HE F-m Fl
B HER.

4000 3500 3000 2500

2000 1500 1000 500

¥ jom™!

2 1ZME B (a) R Pb*(b) .Cu?*(c) TR FTIR i EXTEL

Fig.2 FTIR spectrograms of walnut green husk biochar before and after the absorption of Ph** and Cu?*

3.2 EAkEHEEAE W R XIERF PH Cu® R
EFii3
3.2.1 s FRH & R B X Ph A
Cu™ P IR oo o B () 190 28 A 42 AN L 3 T 7. ik
TR RXT P> A Cu™ 9 W B R, W 5 min
isF, W2 o £ 2 325 280 A R i 4 79 95.03% ,75.56% , 20
min PN BIVAT 3 380 W B 7 5. T I BRI A R A 5
I WA K Z , ANFEESE S T2 5%
e T W 6 55 A O B A7 A IR 1, B T
N7 B 2R R B A RN B T8 B R B T 4 A B A

0 100 200 300 400
Himin

3 RFRTE ST Pb2* F1 Cu?* IR B3 R BTS20

Fig.3 Effects of contact time on the sorption of Pb*" and Cu®*

W B0 SR 0 A P8 AN 1) S ( b, 2007 ) , BT
DL, Bk T R % W B P> T Cu™ R 8082 7 W2 B R
TR I B2 3 d 2 1S T T S G4 14 hn 1. 2 3k 2]
W BT 1

Iy MIAE—Z 3h )12 e G Bl g2 K U N
PO BT IR 2 ) 2 B R AT LG i A S
(3R 1) ATHN, WE— B ) 2R B T A vk
JE 5 SR AR 22 50K, Hon] He R R AR, U6 BH X
MR TE A% B2k Xt Ph> Fl Cu™ A W B T
WE 2R 3 J1 24 RE AR fef- s 4005 A% Bk 75 5 % X P
A Cu® (WP (R* KT 0.997) , A& 88 T 15
PR AR FII B (476.190 ,153.846 mg-g ') 5 52 %k
W5 (477.327 .155.653 mg-g ) FF SRR fc i, RWAK
B B 5t Ph™ Fll Cu™ A4 W B 3 2 A2 1k 24 W it A
P (Lu et al.,2011) , 54525 xtcd( 1)
(R B 235 SRAE AL ( B 245 ,2014) 38 L 5 i i 38
{14 A= B 3 W o6 300 ) H & B, 2 Bk A R AR 0 e R 6
Ph>* Fil Cu™ B 17 Fof (] 45 0, R B a3 2 1 b /K RS
FEFF T5le AR A2 Hl A R (R 2).
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Table 1 Fitness of dynamics models for Pb** and Cu?* sorption on biochar
. L e fe— Bl g2 &) el R THURL N TR A
B
wy O 0/ kW W - W b 0/ -
(mg-L™") (mg-g™") min”! (mg-g™")  (mg-g " min"") (mg-g "min™") (mg-g ™" min~"%) (mg-g™")
Ph* 500 45.040 0.024  0.789  476.190 0.003 1.000 680.270 1.248 458.8 0.839
Cu? 200 44.045  0.005 0470  153.846 0.003 0.997 71.005 2.517 114.1 0.871
F2 TEIEHEHEDRIT Pb> F1 Cu® KRB BE F1 L%
Table 2 Comparison of sorption capacity of walnut green husk biochar 8.y
with selected biochars derived from different materials 600}
/ Y ST N4 5 VA R
ﬁ#ééﬁ' él—:-%ﬁé %@I bR ﬁﬁji SRR 0
B &R [6]/h (mg-g™") z
Ph2 5 4 30.88  Luet al.,2011 S 4oal 28815 K
EPEREEA 5 47.66 Shen et al.,2015 +298.15K
- 308.15
IKREREFT 4 104.17  ZHiA %2015 ARER
AT 0.083 45.45 X ZEAA 2015
. 200 1 1 1 1 1 1 ]
BT B 0.333 476.190  ABE5E 200 300 400 500 600 700 800 900
Cu* TR 4 6.79 Chen et al. 2011 Coltmg-L")
TRFEFF 8 1252 Chen et al.,2011 180r L o
F2E 10 54.4 Xu et al.,2013 150+
HAEK 30 48.49 Li et al.,2013 _
Wbk K 0.333 153.846 AW Ty 1200
=
< 90b
S S N . b
322 HEEMGE [ 4 KBTI PL ik
Ly N 2y N Ny 6(] r ! K X
IV Cu™ ARy % 2k 3 98 290 o e 2 199 742 e fH 2. 9 ¥ +298.15K
< 308.15K
N ) PR 30l
 Ph** Fl Cu® () 46 Mk 35 1 48 W B 4 22 i) %5 1) e
FAZE. Y Ph™ I Cu™ F) 4 J5T 8 ¥R B2 4331l /N T 600 (A S S S S S

200 mg- L7 A, IR FE5R % P> Al Cu™ fl S 18 B et
B VA VRURTD G VA J3E T I T 18I0, >4 9 VR vk B i — 25
B P W i A R R AN A | R 3K 380 W
A 33 T R A X VR P HT) e Ak ARV R o 7]
L2 WS L4 S DA SN o S i BT iR < e & |
RV R TR AS T I, W52 B 457 A5 38 9 A R 3% 2 35 A
ARRE Dk 2L | ) oz B 551 5 31 Wz B 4R AT (El-Ashtoukhy
et al.,2008) . HLFH ¥l 4 W50, B & UGBS 09 T, A% Bk
TR RAT Ph> T Cu™ 1) W 52, Bt 22 386 . 3¢ 158 B
W B Ry W At | v YA R T Ak T B R Ph> A
Cu® MW R , 5 76 B B T TE 25 5 AT 1 ) B R
BREAS ] (B A SCAF, 2014 ), 3X W SR IR BE 7 K2 A=
i EEARFEAEAT M PH™ Al Cu™ X — 4551 5
Z T BFFE A 25 0L ( Chen et al., 2011 ; 7% Hifi 1l 45 |
2014).

Langmuir I Freundlich 555 W ff 77 2 5 FH R 4
AR — 7 I T R B B AR B R0 =2 [ ) 43 e AT Ry (Gl
JHERE —55 ,2006) A 5% SR X 2 Fofr 45 ek 1% B A5 7R
XFSLRBAR RS (K S K 6) A SHIE 3,

1
0 50 100 150 200 250 300
Cyllmg-L7")

B4 FEIRETHHKEST Pb> (a)F Cu® (b) IR EIR M

Fig.4 Effects of initial concentration on the sorption of Pb** and

350 400 450

Cu** at different temperatures

DIHAUE A AZBE 75 K2 e RS W P> | Cu® B T B AIL
il M4 T Freundlich #5571 & Bk Kz s Xt Pb** FlI
Cu’ W Bf #F 57 4F #b £F & Langmuir 2%, H i
Langmuir B 8835875 21 (1) 16 R B 5t 5 5290 Ar 15 4%
PEAAZEAK, DAL T KA Xt Ph* Fl Cu® Y W Fh
UL LA T )2 B Liu 55 (2009) | 5K W& 46 (2011)
TERFFE A= W e W BFE P> Bt A5 31 1 AR AL 2538 ot
WSRO B F R, W] FHR i — 25 3R A W B 590 14
Kt BE ( Mohan et al., 2007 ; 5K F-F] 45,2010 ; B 4 SC
55,2014)  AFIZES (R, > 1) 5 A FIWZBE (0<R, <1) ;
MW (R, = 1) s AFTMEFT (R, =0) . 3 3 AT LA
F L TE Langmuir BRI EE T B2 e XF Ph™ Fl Cu™
W R R (B FE 0~ 1 Z 1], R B Pb* Fl Cu™ #E A%
PR B o b 1 B 381 A A 01 W A
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061 4 Py 200 b.Cu®
028815 K 028815 K
054 4298.15K a 298 15K
_ o 308.15K . L5F o 30815 K
T, 04} -_.
T, 03} T. 10}
(1] 2
~ 02t =
0.5
0.1
0 ] 1 1 1 1 ] 0 1 1 L 1 J
0 50 100 150 200 250 300 0 50 100 150 200 250
f'c.-'(mgvl,"] f'c.-"{mg'l.'])
B 5 #ikE &K Pb>(a)F1 Cu®*(b) B Langmuir 0% Hi &8 2
Fig.5 Langmuir isotherm of Ph?*(a) and Cu**(b) adsorption
a, Pb*" 291 b.Cu®t 3T
T?n T?l,,
o =0
3 S s
228815 K / 528815 K
i 2298 15K a 298 15K
& = 230815 K S e 230815 K
a
1l 2
L 1 24 1 1 I 1 I | L 1 = 1 1 ]
=1 -0.5 0 0.5 1.0 1.5 2.0 25 30 -2 -1 0 1 2 3
In[C/(mg-L )] In[C/(mg-L 7]
B 6 4tk R AIHM Pb?* (a)#1 Cu®(b) &Y Freundlich TR Bt %5 £&
Fig.6 Freundlich isotherm of Ph?*(a) and Cu®**(b) adsorption
*3 ZEWMERNBESH
Table 3 Fitness of isotherm models for Pb?* and Cu®* sorption on biochar
Langmuir 15571 Freundlich f5%
"REET  RE/K 0./ K./ K./
' R R, ' n R
(mg-g)' (L-mg™) ' (mg'™"™g L")
Pb* 288.15 555.555 0.545 0.9992 0.0022 ~0.0060 330.978 9.442 0.811
298.15 588.235 1.545 0.9997 0.0008 ~0.0021 407.098 13.586 0.694
308.15 625.000 1.454 0.9991 0.0008 ~0.0022 439.642 13.869 0.649
Cu® 288.15 136.986 0.453 0.9990 0.0054~0.0422 78.632 8.992 0.956
298.15 144.927 0.696 0.9991 0.0035~0.0279 84.918 9.115 0.872
308.15 161.290 0.462 0.9975 0.0053~0.0414 79.836 7.007 0.758
3.2.3 R AL A EX R R WHRIAEE (Pellera er al. 20125 THESE,2014) , 101 W Ff 4 fif

ik 2 5 e O BR R R R B R 2 — (EL- ERBRRIB G p NN, T BE - R R R v

Ashtoukhy et al.,2008) AZHBkH F %) 8 42 & 1255 1Y
2% I SR I A R 5 550 480 ¢ 48 o v 384 o, AR X B
4 B R B S 2 e (B 7) X R
W BRI B 1 3, LR B A BORN AG A% ) i e
ARG TN PRt B G S S Y e R R A B 2 4

e 2 G 6 A5 2 T 1 R JER N FTHE R VR R A G
( L B4 ,2009) 25 G A% T Ko Fhn i X ph*
H1 Cu™ 1 25 5 238 T R o6 5 3k 11 2% 8 At A bk 7 2
SR Ph> A1 Cu® B e A £ 43 18 0.8, 1.5
g L7
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Fig.7 Effects of adsorbent dosage on the sorption of Pb** (a) and
Cu*(b)

u]

100%

6

8 pH Xf Pb2* F0 Cu?* IR Bt 0 R B9 820

Fig.8 Effect of the initial solution pH on Pb?* and Cu®* adsorption

capacities

3.2.4 ERAEE pH R B e pH I I 5
A= ) ¢ P 2 T FRL AT ) AL 0 BV L A R S
PIAAAEIE X 3 1T 52 e A 40 e %o o 463 T ) W2 8F ( Ho,
2005 ; Kotodynska et al.,2012 ;3830845 2013) K%k
R PH™ T Cu® 1Y 25 4 R AE A [Rl 90 1R
pH T RYZEAL N 8 Fin. 5908 S rhdE S 4F R, bk
B P Al Cu™ #4) AT B 4T B W B P . Chen
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H*, JCIe A o 22 T 1) B S0 B BE A1 A7 L A8 2
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PP (Liu et al.,2009; 4%, 2010) . B pH {EL A9 T+
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VB RR B A B 1 m, B pH R T B A A T E 4
JRE T KA (255 H % ,2015) , X S0 [N K H#L S 20%
BT B X Ph™ | Cu®™ 1) 2% bk e Bl 4 1 W0 4 pH
{ELAY T e L A S ks 3. Su Bds 0, pH 783 ~
6 Z [AIRRk T e A4 Ph> Al Cu® A AR (0 25 Bk
TR W IR B NE IV 1Y pH Y RS i, 3 A A TR
M Bz pcis F 1 SR,

4 25 ( Conclusions)
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B x4 0.8 1.5 g+ L7, Fe KW B 43 1
476.190 ,153.846 mg-g ", H Bl IR A9 T+ s, W Bt
LI A I 3K A R TR AL T KA ] T
SERp.

) Zsh 1127 (R*>0.997) A1 Langmuir 5 72
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