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Abstract: By static test, the effect of catalyst Mn, 05 on the ozonation of drilling wastewater was investigated. The influence of the catalyst quantity, pH
value, reaction time, reaction temperature and enhancer on drilling wastewater COD removal efficiency were studied. The optimum process condition was
obtained by using orthogonal experiment. The products in the process of drilling wastewater oxidation And the stability of Mn, O catalyst was analyzed. The
results showed that when dosage of Mn,0; was increased from 25 mg+L™" to 50 mg-L™", the COD removal rate increased from 43.6% to 54.3% ; When
pH were 5 and 11, COD removal rate were 45.4% and 64.3% respectively. When the reaction temperature was 20 °C, the highest COD removal rate
reached 59.1%. With the extension of reaction time, the COD removal rate was increased. And when the reaction time was 40 min, the COD removal rate
reached 85.3%. The significance of influence factors analyzed by orthogonal experiment was in the following order: catalyst dosage> pH > reaction
temperature > reaction time, and the optimum conditions were catalyst dosage 50 mg-L™", pH 11, reaction temperature 25 °C , reaction time 35 min. At
the time of 25 min, COD removal rate increased 7.1% by the introduction of Ca**. The degradation and mineralization of the organic matter in drilling
wastewater can be achieved. Mn, O; catalyst after reuse ten times did not have obvious affect on the degradation rate of the drilling wastewater COD. The
dissolubility dosage of manganese ion was 3 mg+L™" after 15 min. The performance of Mn, O catalyst is stable.
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1 5|5 (Introduction)

EEHET5K (B E R, 2008 ; Guo et al., 20135 %5
FR%5E 2013; F & =45 2011) 245 H A b a2 v
A —FRRIR TR K, & Al 4 R AR 2 M
FEfr AL Y M SEAREAFEYR, A5
Bk AR A iobE SRR, R SRS (R E WY
JRE AR, A5 W T 1) ) e SR AR BRI R A A b A
1t (Hu et al., 2008 ; Kwong et al., 2008; Li et al.,
2009) FAR T H A BEFEAT | B 250 % AR 1 A
TRTG YRR AL, R R BRI K T M R A A
BLTS G P i e A B R (8R4 5356 ,2013) . TH#E
FFI RSB L AN [R] i A 700 gl 22 30 1 AS (] 1)
AETEE (O 342 55, 20105 TR HE5F, 2009; 15 R AE,
2013) Rt Jo7 DA Fofr 4 i ) A 790 B S 58 F 5 Xk
GRRIE S% AKAK JBT G 0 45 7 T HEA T IR AR SE, Ry
JE K AL T 2B A 0 B A AR

AAFGEIET Mn, O, I AEAL A AL RR M, LR IR
IK AL FEXT 4 | 258 Mn, O, HEAL R it pH | 520 T
RN B[] AT A6 700 108 5 1A 4l HE 82 K Ak S 4R
AR A 3 1 SIS A AR PR T2
51, LK Mn, O, (AT AR S PR REIEAT T 05T,
A Tolb o7 AL Al

2 ##l577% (Materials and methods)

2.1 LAt

Bt K BCA 1 B A H, COD i 8764. 2
mg- L7, 5 IR EE AL B S TR g0 A 5%, 20 il dh
PREZK T FERR A0 1 Fi R, REH AL BN Y
il 25, LGB EE N 99.999% Y SN AR, O, R IE H 85
mg- L™ SR 2% 19 KT R IR AU S Mn, O, i
A7) FR 9256 % R I UTIE - 25 15 45, 76 SO L T VE B
6124 1 h BHBEIEEE R 400 °C kBT a] N 4 h, i it
XRD FRAEAF 3] 3 S AHS5 14 Mn, O, B 4657, 3 H.
Wt BET b3 m A0 @ H L 3R i AR 184.5
m>g™ FLI K 66.78% , S /N B0 41 /1N 50k 4R
T 50 BT A B AR Ak BRI R VR BR IR | K TR

R1 TEEEHFEKRIKERIER

Table 1 Water quality of drilling wastewater after pretreatment
- COD/ Cl~/

*a A J_t".‘ H

T el mern O !

Hidf 542 1248.6 80 7.6

B OBRER Ak SR At al, B RS R e Ak T
R AR
22 EWhREBHI &
AL SR E A SN 600 mm, HLAEHN
40 mm, A RN 700 mL B [ H1A AL 5 KN
IR E AR 1 B, A R IK G A R
COD (fh2i S ) I E 2K GB11914-89—Hi 4%
PR AR k. v 8] 7 4 i I 7 R - Aglient 7890/5975C
GC/MS,DB-5 ms i #: (FLA% A 30 mx0.25 mmx
0.25 pm) FEAT 04T, BGHAE A 1 pl, R H1E s
AT THERAR T  WIIR IR BE 40 °C, fR¥F 2
min; 2L 5 Cemin™' AR E 120 °C ;2L 15 Comin™'
R TEE 270 C, PR RE 15 min. JEAE FR EE 280
C, IR 280 °C, BTik 4 & I H Ry 35~
600 amu, 2= I FIIEIR 3 min.

==

O ON OFF
| O @
[______J PryLy
— KImk
& 7771/

ERR

1 RBKEE

Fig.1 The chart of experimental apparatus

3 Z£R51Fi8 (Results and discussion)

3.1 BAF mE X COD £ B E M FH

TN R A& X Mn, O, f b R A S 1L
FBR COD RS2, S a0 2% S WL IE] 2. Bt 25 4 Ak 57 43
SEAHE I, COD 2 R o bifi 22 35, 2444 £k 77 80
390 25 .50 100 mg- L' i, COD 142 4 %43 ]
H 43.6% 54.3%F1 48.1% , b B B4R A AL 23 4R
BT 6% ,15.7%H 10.5%.

FEAEACT AR B 1 4544 T, COD BR3P
AT A B I T 3 A A AR B (R B, 7R R
o A 28 OB A7 2 T ORI b T AR B 2 1) S T
T PEOL L, BENE I i A Ak 770 X 5L SR BIL B4 I R
YERFRE = A 2 ¥ A 2L, COD BRI
K ( Shahamat et al.,2014) . {H 2444 £k 57 £ Jin & 48 in
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% 100 mg- LB, 45 B[] A s 7 A4 3R o e 2 1Y
FREE A MR O S 2 R L A R R R
AEPRR FEOESE A RSB E FRAT, I COD 28R
RN M (RSESE,2013) 0] UL A0 85 hn 77
E— M fHE N 50 mg- L7

60%

"0,
—0—(0,+25 mg-L™! Mn,0,
50% [~ —A—05+50 mg-L ™! Mn,05
—v—05+100 mg-L ™! Mn,04
o 40%
[
=
>
g 30%
2
a
S 20% |-
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0 | ! | ! | ! | ! |

f=}
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reaction time/min
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Fig.2  Effect of Mn,Oj; catalyst concentration on COD removal rate

3.2 pH Xt COD &R B &

SR Z pH BN [F] 23 52 i S AR R B B
H LAY 7 A, DT S 5 S5 R R Ak B4R 1Y b 31
BRI AL B 4 50 mg- L™, %548 pH 43
SR 5.7.9 11 B, Mn, O, fiE Ak B SR COD KBR
RS, SR 2 R AN 3 s,

70% -

L —-—3
——7
—A—9
—w—11

60% [~

- W
(=) (=)
2 =
T

COD removal rate
(9%}
f=3
X
T
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B3 pH X COD EMEHHM
Fig.3 Effect of pH on COD removal rate

SR 25 min, pH SN 5.7.9 11 B, 45 R K Y
COD 2= B & 4r W ik B 45.4% . 51.2% . 59. 8% .
64.3% , W45 pH (ERA BT, 857K 1 COD %
BRREA W .

TE S B RE s b, SR AT VR S 51 55

% O, 51 fif -
0,0H"—0,HO0; (1)
HO,0,—HO," (2)
HO, «<>0, H* (3)
0, —HO 0, (4)
HO " 0,—H0,0, (5)

B AETK i A% 200 i ™ A bR 4R [ H 3 R
AALE A ML S RE AR AT R AR
FERN SRR AL [ b 3 A v ) 25 0 o T ) B
AT IE 1, OH ™ o] DI i 5L 4RU I B =043, 14
-OH (A piiae . R, pH T R T 2 1 S AR,
AT 5L i, A 2 BL AU il A AR AP T
HARVEREPEM R IE [t 3, B K A LTS Y
V/ECE R IR
3.3 KRR COD R g

LU 43 fifk NS ik 5 6T B A ek B 1S [ g AR
b, 0 T 25 N AR Z R b R R SR AR R R
IKBIFZM | XF s AR R IR R 10,20 .30 ,40 C A, 4l
K COD LBRFFAT TS, SIS R LA 4.

60% |- —=—107C
| ——20°C
) —A—30 C
0% —v—40C
L
‘_E 40% -
«©
>
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o
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10% -
0 | 1 | 1 | 1 | 1 |
0 5 10 15 20 25

reaction time/min

B4 BEX COD EBZMIE

Fig.4 Effect of reaction temperature on COD removal rate

ANF AR R IR EE T, AR YA A R A A AL
FEE K COD 3B A8 HR Bl 2 52 oy B[] P9 SBT3 K
Bifi 5 U0 1 v S IS IS T R ) R R TR SO
BF B4 25 min, SOV AR R IR 10,2030 ,40 CHY,
AL R S AL AL BEAES I 2 7K COD 2 B 43 5]
H 49% 59.1% .56.1% F1 55.1%. /KRR E R 20 C
i, A B fe

214 Jz O A4 ZR 30 B AR, R A1 4 i ok 3 4
AT PEAR AT I B 35 e £ B A 4Rk SRR s
TR R BE 0 T e A T 2 5 4 A B EUR 1Y ArF
TEALRE A RREATR, DT fim P B 4 S Ak 1Y B i 3 38, L
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AT B ik o A R 2 TR ) T T, SR
T A R 5 B H R A B 1 B K Th i) COD LA
AR ZR T 3k v B R AR TR A AR R I 2 T
ZAE i N oA R AU, AN BETEMEAL T B AE T
A HA TR A D FR 38 B 3, DA 52 ) 4 b R
AR O A B A 2 BRASCR (TR FIT#T,2012) .
I AR AR A AL R A S AR AE — A SR A S 0 Ui
FE NSz I ] 0 S A AR A T SR A A A R A R K
P e SN BE R 20 “C.
3.4 R B A A COD % fh &t % g

T 5L A e B R B AU et [ 1 SRR R TR Y
S 7 B ] BB S48 Jn g A ), %o = 2 b A R AR AL
FOARAL IS I 15 K B R AR AN [R]L B — R R %
SAF R R T AR 0.1 L-min™', fiEfk
AINEE 50 mg - L7, )W pH A 11, 2N i R 20
°C P PSR EE A 700 remin' iz AR AHAE AL R AR
AHARKEFREE 57K, 0 AN 5] s v s ] 25 ) COD
{8, 5 E AR AR AL S A0 Ak B AN H 5 7K B B
Jog B ]

100%

80% |- A

60% /

COD removal rate

! . ! . !
20 30 40
reaction time/min

B 5 RERER COD XBZEMFM

Fig.5 Effect of reaction time on COD removal rate

R2 WS O, REMHEENETN
Table 2 O concentration change in the liquid over time
SIS [E]/ min 0 5 10 15 20
AR 05 BE/ (mg-L7") 75 7.0 7.1 69 7.3

ot H AR B 15 7K B de A0 SR 8], X6 A AR
AL S A BOARAE SE BRI A 35 B 2 S, R
THARI AR Al R 4R A0 AL BREE I35 K A BT 25 1Y
SR, VLR Y 22 /0 R GE T A T Z R AL B
AE T AAL S AR A4 B IR ). 36 2 B HE  7E VAR
Pt R A B AR DR AN SR R O S B

SEAEE SRR ST AT TR, A g st )
JEAE WA R R — R O T HE T RS
JIi7R Bl BN B[] 4 3800, 485 35 7K 1) COD AN W
TR, COD EBRFAN W&, 78 F AL S 1] 4y 40
min B, B 57K 19 COD (%] 79.7 mg-L™',COD %
3 3AF 85.3% , 7 35 min 1 40 min I, COD 2[4
RIYHIN 82.1% K1 85.3% , #2711V 3.2% . IR
e AR A R A A B 5 K A R SRk R
o st i) e B B AR 1A A, B AR AR RICR e H
it 2 s 1R A 8 1, COD 7 B4 Rk i) P ARG 1) ol
el | BRI FHARCR T M. 33X S R ) 30175 e e FiE
1, AT 5 Y W ik 25 D), 6 40 0 5 AR K
4 CO,, CO, TEZK HIE B HCO; , COT # /& o 1)
-OHIF BRI, P9 2 L[ 1 F 46 OH k2>, 53 coD
FRBCRIEAR ( EFF25,2013) 5 75 40, AR AL
RARL R o R4y A ML B R AL R /N o T 1Y)
fi2 AR S A ALY, T 5L S5 L S N 1 o R 450, 7
ST, A 790 2 T A A 2, SR 1
FEFE [ MR K, COD I R B A b A
R, Bt BN S ) F 42 i A 751 3% T 90 A 7 A
HUHA A AR 2000 /N> TR, JE T COD R B3 T R
HRAR /N R I, 25 5 B R A A A S AR A A B A I
157K B R BRECR AL 35 A, B AR YA A AL R AR
ARAE AL 5 7K 1 S5 HE B B TR] 2 35 min.
3.5 BUARA AP EE RN ERRE
SRR A AH 1 Ak 5L SR A A BB I 15 K AL B
SR PR 2 B RS AR & RV pH RV TR |
S0 [) (B4R ) S SE R R AT T RS A AL R
SEARAE RS HIE K B2 e P 2 Y IE 38 SE 50, 15 R
HAAEL B AR A B RG FH75 K (1 e AL B T2 R
Kk, BE R EE R 85 mg - L7V, T Pk #E B 700
DRAERE N 0.1 Lomin L HIEAS S AR &
KFINER 3 TR SRR EE RN 4 fis.

F3 EMEEURSNAEHFTAZMERKFER

Table 3 Factors affecting level table of heterogeneous catalytic ozonation

remin_

on drilling wastewater

1 2 3
HEAELFINR/ (mg+171) (A) 25 50 75
S pH (B) 10 11 12
SRIREE/C (C) 15 20 25
SV [E]/min (D) 30 35 40

HIZR 4 T LIFE Y AR Iy AR A i R 41
AL BEBG 157K B G B A R0 PR 3%, B IR 455 I
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PR 11 O R KUK R - AR AN i > SR pH > 2
TN Tk > 5 17 [i) {35 R e A S AR R A B At
1K R T2 H G R A,B,C,D,, B 7EfE 4k
FMEA 50 mg- L™ N pH A 11, N R EE R 25
C T E R 35 min 2504, JEX A fL R A Ak
FEARAL IR 5 7K IR BT, RERE IR X COD £
Bk ) SR P RIR

x4 FHEEURSLLESEHFFRKEMEZEIRBER
Table 4  Orthogonal experiment results of heterogeneous catalytic

ozonation on drilling wastewater

COD
1(A) 2(B) 3(C) 4(D) g
1 1 1 1 1 62.4%
2 1 2 2 2 68.2%
3 1 3 3 3 63.8%
4 2 1 2 3 78.9%
5 2 2 3 1 82.8%
6 2 3 1 2 77.9%
7 3 1 3 2 74.5%
8 3 2 1 3 76.9%
9 3 3 2 1 71.8%
K, 194.4 215.8 217.2 217
K, 239.6 227.9 218.9 220.6
K, 223.2 213.5 221.1 219.6
k, 64.8 71.9 72.4 72.3
k, 79.9 75.9 73 73.5
ks 74.4 71.2 73.7 73.2
R(M2%) 15.1 4.7 1.3 1.2

3.6 BAEMF EMAR AN H
AR R R R AL AL B TS5k AL
HRES IR A o 50 E AL R AR O R & e AR
431 CO, , CO, %R T /K R IE L COT B¢ HCOS , X
Pl AR 2 3 A el LA I 15 ( E#ESE, 2010)
EATTIAEFE S P ) 5 S 1] 352 3 )l 35 1Y) 9 il
b, 5 A AR A AL S Ak B A BRSO R, 5T A
EfE BRI IE S COY Fil HCO; AR
W 2xam AL AR AR AL R A AR AL 3R 15 7K AR
SEGINRE T bl 2 B R ) A4 S | R R AR &R
COY WIEMAAL, hEl 6 ATLIE H, COYT WIEHEE
SR BT R, P T 5 OHL 5 I 52 i A BRASCAR.
SEGHE—E LA Ca® Ak, 58 Ca™ 5] AXTE
AR AL B SR A A B, V5 KRR A5 e R Y5 pH
LM Ca® RN EE A 20 C, AN i
50 mg-L7' AW SN 0.1 L-min™", 2} J7E 5,10,

15.20.25 min B[] 25 HORE 0 52 KB ) COD, S5
25 BN E .

220

[5%3
(=3
(=)

o®©
(=]

N
(=]

CO? concentration/(mg-L™")
N
(=3
7T T T T T T 17T 71777

120 /
100 -
|/
80 ! | ! | 1 | 1 1 ! |
0 5 10 15 20 25

reaction time/min

Bl 6 COY iKERER EATH

Fig.6  The change of CO3™ concentration over time

7 7l LAt 51 AR S, 515K
COD 11 KBRRA — & I L = 7E S VAT 15 min,
COD EBRAR AR A 2R, HA G 1
Ft,FEI N 20,25 min B, COD ZBRZ 4 Bl & T
4.8%F 7.1%. T RASORE A & 5G40
N e B I AR FE RO AT AE B CO, 20, A
CO3 8 HCO; SF¥2 5L [ th ZEpy il do e | R it
FERTIAS 23388 K b 52 M Al 349 A0 i Ak 5L A AR 1) S
A TR — e R I, — S ALY B g &
LSRN CO, M H, 0, F25E R LAYl 57 s B
E o AR A A AL S A AR AL BEAEL 157K COD 1Y
LB, 5L F Ca™ MAFTERES R IF 1 5 coT
8¢ HCO; 456 I8 2B, Ttk — 2542 AR Y A
HEAL LA I R BRACR.

90%

—&— 0;+Mn,0;

80%
—e— O5+Mn,05+Ca?*

70%
60%
50%

40%

COD removal rate

30%

20%

10%

10 15 20 25
reaction time/min

(=}

CEIT T T T T T T T T T T 11 1]

w

7 Ca*3f COD XBEMHM
Fig.7 Effect of Ca** on COD removal rate
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3.7 Ah T KA W E

P XA AR i Ak 5L SRR A BRBE - TE AR R S5
X AL 0,10 .20 min YK EEGEST £ 4183
JEGEEFN GC-MS 43#r , Hak 40 B .

A& 8 T, JR K FE 190 ~ 215 nm A 3 £
Wk, 7€ 280 nm BfF A MR W, 16 B Al - 1 K T
REFETERE A 2 R e AT Az ) 25 AN TR 2% i - 1Y
&%, iIn—NO, .—C =0 ,—CHO 5159,
T RBEIE 24k A 1 LA K 3t b JE B A R (10 55 F 2R 45
FfE ). 28 5k Al 240 A 1k S U fk AL B , 280 nm
b AW T R, HL BB A N B ) Y JE 4 R 25 Ah
B WS Bodi 2L 78 220 ~350 nm PN TCIZ U, 1560 45
AL E 55 77 R AN 2= R T AL & Wi 2k, %R
RAEEYIE NG Wi B PR a8 A AT Y T SR AT AR
E 190 nm AL I AR s i, AT FiiA & ] B
FETEM AR IR AW,

4.0
35

3.0

g
n

2.0

Abs(a.u.)

1 1 1 1 1
200 225 250 275 300 325 350
wavelength/nm

B8 shHmkEMIENLEIIIITEER

Fig.8 Uv spectra of drilling wastewater during oxidation process

9 Ry il 2 K A Ak R AR A i o ) o ik [
H P AT 2K R 8 SR B SO R T SRR (/2=
78) , Bt S IS ] (R SIE | 48T AR AR R A S
8 10 min BF, AG0 2 v 8] 2= 4 BEE (m/z=70) \5-H1
3O (m/z=43) . C B (m/z=56)  fif &K
(m/z=T77) % ) 20 min B, 7K IF A 40K | P
S5 [0 R ARG, A B AL TS Gy BEAS A 3 i

AT A5 7R IR YA R Ak R AR AR AL B 5 K
AR BTG K B Y B s R kT AR L, R
XU AL R I be s, A3 5 175 7K COD fH A,
CITIREY NIVEERiIR7/E S WO v it] 25

660000
620000 [~
580000 [~
540000 [~
500000 [~
460000 [~
420000 =
380000 [~
340000 [~
300000 =
260000 [~
220000
180000
140000
100000

60000

20000

— O min
— 10 min
— 20 min

Abundance

v P TP ol g Dol p et et 7 Pt P8t e el Pl
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Time/min

9 hHTAENTREN GC-MS B

Fig.9 GC-MS analysis of drilling wastewater after oxidation process

3.8 BAFBREHEFR

SIS AL A A AR P AR P R R
AR A Tl B AR R AL I R K B B A T2 % R
AE 0.1 Lemin™' LIRS0 mg- L™, )W pH
R SR A 25 °C, R RN 35 min, A
FFHAEAR TR 0 5 X8I 2 7K oD i KB %, L
Rt BT R L, SEB A5 R BT .

HI P&l 10 AT LA 1 Fifi 2 Ak 550 R0 P o 85 i) 3
i, COD 1 2B R B A B R WA, 78 E 4k v it
A7 35 min B, 28 1 K 55 5 UCRISE 10 WCE & A TR
PEAL ) X 45 757K COD i 2B R 70 91 A 82.1%
819 F11 81.6%. 15 A A4 Ak 7] 11 1) FH W B8 I 349 AH 44

80% [~

o

S

x
T

—&—one time
—e—five times
—A— ten times

COD removal rate
5
X
T

()

S

=S
T

0 T I T I TR N N A T IS S N TR N S |
0 5 10 15 20 25 30 35 40
reaction time/min
10 EAFEEFRAXRBXEEFHTFK COD EBREHH M
Fig.10  Effect of catalyst recycle number on drilling wastewater COD

removal rate
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PSR E AL B 15 7K AR LT B 2.

TP 11 AT SOBEAA ZR W B9 Min B 1 AE
PIAMEAL R A R oA —RE L% Bl A AL
(]R3, A TR0 ) 30 % 2 S i, s s TR e, 7
SAACEC IR F] 15 min J5 , fEALTI R HfE T AR E.
IR S < AR R 1 2 0 ) 3 S 45 ) i
P B Mn 5 1B UR 2GR B 413 Mn 8 (037
K, T TEAE AL TR ) 4 04 S DU TE 1 7 v, W B A
AR Mn B, SEUVAR R IERH B Mn B
EFE (HREE W Mn 379 8ot 25, iR
(49 Min 5 55 AN, AEAR TR R 35 R ZH 23 Min
P A A SO A ) A3 g B G IR B
SN BMEAL T AL RCR | AL RCRIE 2 I .
VARG P2 20 B3 2 AR B PR BE R /), fiE
SRR E B MEAL RS 23 fige , s AL AR AR AL RS AL
AR A SR DRI, A 70 B9 B 52 R P RS R AR
5if (AR AR A P A i 2 A T T AR TE AR 244
AL S S E A A BASCR | S AR 52 B T A% AP R
FHARBLSR A T 1S4

151

Mn component content/(mg-L™")

0 5 10 15 20 25
reaction time/min
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Fig.11  The situation of manganese ion dissolution

4 2518 ( Conclusions)

1) 5 5l BN B AR 7] Min, O, B9 A B 5
e THIEK COD £BR%. Y Mn, 0,8k 50
mg- LB, COD KBRFik ] 54.3% , 5l 5 E A
b2 T 16.7%. BLBE% Mn, O, 4% It /3% fin, COD
FBRREIIE LT TR RS pH X EHES A 1L
AR KA, 2 pH 445128 5,11 &f, COD
FBRE RNy 45.4% 64.3% AR ZR IR E g 20 °C 1T,
COD B3R KN 59.1% , H.BEE [ W I a) /Y 2E
K, COD ZfRFWpEZ K.

2) il E ARG, 15 A A A Ak S A A Ak B
B 7K 25 52 ma PR 26 2 IR O Ry AR i
>IN pH > I Iy i BE > 5 Ry B[] 5 e Ak T8 45
FEAEFRIN S 50 mg- L™ S pH Ry 11, S it B
25 °C , W] A 35 min.

3) FEAE A AL R A AL AL B T K AR
Ca™ 5 Al COD LBRFHER T 7.1% FEAEL R4
AEA R 7= A T R AR B B R RG] CO3 B HCOS,
Ca™ FIMART LA B0H AERE COYT 5k HCOS , AT 538
16T BRI AH A AL B SRS

4) BT R AE A AL SR AR BT R o ) o
P A T AR Ak, H B0 U S Ak R i R B 42, L
WARE] T 0 fL R A

5)Mn, O, 7ER R M 10 KJG , FERIET 24
P PR 7K COD XBRZiA %] 81.6% , 5455 1
TR Y COD 2% 82.1%HZE A% )W 15 min
& BT RS RIRE, H/NT 3 mg- L7 Ut
H e A7) AR T R A2 R T PR AR B, REAE K
B[] SR AR AR b R ST RN, A ) EL AT
IHE R E .

REMEEEN . EE, B AR KPNFHAEH R L
BELESHERF FEELET FRWREMLS TF AL E
ETEHBFHATEBEE M AFHFL T, CNPCHE T
MAFHEEAHARERTA RN TLALLEF EEEE
% R 2 F P4 K E-mail : wanghb@ swpu.edu.cn.
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