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The technical state and development trend of the direct reduction of
titanomagnetite by fluidized bed

Haoyan SUN, Qingshan ZHU, Hongzhong LI
Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China

Abstract: Vanadium and titanium are the important production and living materials. More than 90% vanadium and
titanium resources deposit in titanomagnetite. China is rich in titanomagnetite ore. But due to the limitation of blast
furnace operating condition in the modern blast furnace—converter industrial process, titanium element in
titanomagnetite has not been extracted and utilized. The direct reduction—electric furnace smelting process, which is
the new generation environmental technology of titanomagnetite resource comprehensive extraction and utilization,
has received extensive attention. By dividing the reactions in blast furnace into reduction and smelting two steps, the
direct reduction—electric furnace smelting process is very beneficial to the reaction condition control. With the same
smelting reactor, the process can be classified as rotary kiln, rotary hearth furnace, shaft furnace and fluidized bed
direct reduction according to the different reduction reactors. Taking the advantages of high heat and mass transfer
efficiency and directly using ore powder, the fluidized bed exhibits the significant advantage in the industrial
application of the direct reduction of titanomagnetite. In this work, the fluidized direct reduction process of
titanomagnetite was expound and compared. By analyzing the difficult reduction characteristics of titanomagnetite
ore, the reduction reinforcing method by pre-oxidation was emphatically introduced. The titania—ferrous oxides in
titanomagnetite ore need much higher reduction potential than normal iron oxides, resulting in the low metallization
degree and the high cost. The pre-oxidation can dissociate the titania—ferrous oxides to easily reducible free Fe>Os,
improving the reaction efficiency and balance metallization degree. Concluding the main influence factors of
defluidization, containing operating temperature, metallization degree, particle size, reducing atmosphere, particle
shape and gangue content in the fluidized direct reduction process, five restrain methods for defluidization including
inert additive, carbon coating, field force addition, granulation and bed structure improvement were summarized.
Further, research and development directions were proposed for MgO inert additive, carbon coated and the bed
structure improving methods.
Key learning points:
(1) The direct reduction—electric furnace smelting process is very beneficial to the composite mineral resources
comprehensive extraction and utilization.
(2) The fluidized bed direct reduction has outstanding advantages of high reaction efficiency at low temperature and
directly using ore powder.
(3) The titania—ferrous oxide in titanomagnetite is the main factor of difficult reduction, and the pre-oxidation
treatment can improve the reaction efficiency and balance metallization degree significantly.
(4) In the fluidized bed direct reduction, MgO inert additive, carbon coated and the bed structure improving methods
are more practical for restrain defluidization.
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Table I Chemical composition of titanomagnetite concentratel’]
Component TFe FeO TiO, V,0s5 CaO MgO Al,O3 SiO, MnO Cr,03
Content/wt% 55~57 23~24 12~13 0.5~0.6 1~2 1~2 3~4 2~3 0.2~0.3 0.2~0.5
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Fig.1 FINEX fluidized bed direct reduction flow chart
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Fig.2 Metallization degree of titanomagnetite by different
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Table 2 Key index of different direct reduction processes equipment

Equipment Rotary kiln Rotary hearth furnace Shaft furnace Fluidized bed
Reduction type Coal-based Coal-based Gas-based Gas-based
Ore size/mm 6.5~50 12~22 6~32 0~7
Pellet and lump ore performance requirement High Low High None
Largest scale for single equipment/(Mt/a) 0.2 0.5 2.5 2
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Fig.3 Relationship of temperature and the equilibrium CO-CO2
reduction potential for different iron oxides reduction
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3.2 PUERHERET M E LR KIER

N AR G5 48 1 OV AT , REARAT 11 38 iR Ak 6 mT i it
KA B RN 15 DR R, BB 2R i A b i
PR 2 R AE T OS2 5 BB HEN O (1) b A2, 390 24%
() A AR, IR R, SEIRBIR A, UKL AET T
775~950 ‘C AN [F] s} [A] AL 5 (AL E S 85%), FEAHH]
B JF A N B E R B S, Rl AT 5
JEH, &JRAETIRE 10%0L .

AR AN 8 JE A (R R A, RE R 3k Bk
WL, XITHEA RS, HERATEG—.
Gupta ST R Be 48 i 72 H O 1 0 [ VA 2R AR BRA LBk ik
W8 Gk J . JonesBSHA A Fil S A AR KA B A 1 34 5L 3L
R, AN T & SRR SRR, Merk ) CNEREE
IXAE 700~800 'C T TR R BUR S . BRERET R
PUEKHESRRED R 1) E SR —, BT DU ERRE DA
WAL EE R 4. Xfik, HL Adetoro ZFHOBE T4
ERMERRAET BRI IRBLEE 5, UF S P8 A% 3 Ji 1 25
FAEH EEEREH AN AL : RN A )
Fe,05 AR RN BR B SE AL 1) 43 fif . IR R EE AL 1)
Fe O3 FAL AR T L0358 12 64, T S BRER e 43
il 00 B SUAE TR0 T 5 P A B B B[ 2 (4) A (5) ]
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(38 o Bk A P 2L TR R 55— B B [X(3)], AT 3 I
ERAFHERAE. A, JEEE T 800 CHY,
Mgz KA Fe,05+TiO=Fe, TiOs & B, FEAKH H
Fe,0s &, HEMiFHRE—Fr BIIE RS IR, X
FAETE TG R R, HEERN FeoTiOs BAE A MY
BB, G DA R SE A 0 43 i 5 0 5 I FeoTiOs
AERCEIE N, A RS, EAIR R R I RUR
5. BT, 800 °C LA HUA AN AFTE S HUR AR, W
BlS fow, BEEmmENSE, B—. ZMEP
SBT3 L) 14%F0 5%, ff b RIE R A
FERURPE R 26%F 25%. Rk, fEREEEEE T2
AN FRAEAL T, — 7 T e S 2 P AR SR Bl R
B, T THIE AT G SRAT S IR, @ A
UM BAEIE R e R AR, T B KRR B R HE
WRRFR S — D HEE R RO, I8 B3 S AR = 8K
HRANCE AR T oL B AR

100

FeO-T';O2
95 |- -
e 90k Pre—qmdatlon !
= -~~~ Without 2FeO-TiO, |
£ g5l ——825C, 15 min !
T 775°C, 120 min
g 80
o 75

70

65 . | . | . | . |

0 20 40 60 80 100

Metallization degree/%

K5 Bl RIVERRIE RS B R R %S CO-COx
SR EIES S
Fig.5 Relationship of the metallization degree and the
equilibrium CO—CO:z reduction potential after pre-oxidation
treatment

ERERRIA, O A S SR iR I
{H, R PO PR AL IR il SR RCR I, ] e fRiIE
BN S ML SR AT XS TR AR PR i e T2 L
(e e 2 AN R JP A OB R o 2 AR B SR, (H SRR
(K R AR A AN R G, AT T 2 S HT 5 7 25
RERLAR 73 A7 5 S8 S SR (R (R B 7722 IR

4 RANEELERLEFHREE KRR
R 77 %
B % 8 I 126 LB 5 A T 1 45

K LIORPAA 2 IR A ERE IR e B2 T
SR, MR IRER S ERE R R, PO

Ri 2 [B)7E i N AL 4 R AR 3R, 5 R A KA A 3
i, KoM B AeIREYRRR, SEURS IR
S ERZ S IsEl

4.1 FNOrhERRIEER

T IR R 45 R AR S ) S 8 R B R iR
JEE VR S AL I ) (3125 2 9 L A 4 i o e Rl &
R B B AR, SRR 1] 2 Fig I S T 46 34k
IR R AR TR, DL EIRSHONEEAR FIW K4,
MR &5 SR EE R A LU LA

(1) ERARIREE. PRATER 2 5 M ROURLRS 25 2R 1) i
BRNEK, BEREETRREEN, SRR 1K
T BORRS VRSN, A5 T sk e B A S A4, i B4 E
TR E R R R P e VR S, IR [A] R,
150~224 pm Fi42 [ Fe03 FURLLE 700~900 “C il FZ X [A] 4
CO & J I SEEG 25 R IR,  JRUET A1 B AR 3 S ik
JEIE P BRI B R LR e R BHGEEINT LL T 2 R 4 R
M E R IRAAT N, R IIIR 5 LI 5 0 E A R Hh 7
0.4~0.6. ARHE ik 3 12 FHIB16), 7E(0.3~0.6) T Ton A [
PRAE RO BETN A A T 0 S AN R AR S AL
PEUMGE, RhEhE R R, LR RO 2R
(Tamman temperature), W& JHELHFIIEZRE N 767C
(0.5Twm). STHRUIGE B 3R B 4 & Bk 1 5 2 it i e 7
700 °C A b [7) B J0RE P s il RS A 5 AR T I A A
B, ORI T S A B A S E AR TR AR
T AR RE ISR, A SR T B A, B LA SR 4.

(2) @RI, — RN R RS B 5 4 %
PEFHITIGN, T RITE T i 4 a8 A 38 B UKL R THI AT H 1) 4
R Z, Rl I UL R A R AE IR ). (ERE Eh A
IR S B LR B I — BT A AR AR R SRR
FARIUS), BRI fEd, B M RN — 2 &
JEER, 15 4 A B = IR UKL P A SN A% ) 3
—IRJE, AT R, BTLL, SRR
Rl gh S R s A CE BRIAE, R SRR LA & R A
TR 5 T R J5 S Sk SR 2, PSSR
EJRMER. WEHTHRE AT RKIEEYFEY Circored
T 2R G AR B BE SR, 28 — AR AL IR
850~900 C T Mk R 2 &R E 70%, BEETE
55 ARG IR T BRI SRR FE 21 630 °C LAGRAIE LAY
REFERELBILE 92%.

(3) BRYRLEE. K Langston 5O HH kG 45 a3y
kA, MR SRR A A A e H, 5
RLBN B R L. RN R 45 2 AL PR 5 ) 32 AR TR AR X
ORI A I B R R R A (R R R Ry, R
JRE S BRI =R 7 RIE L, R BUR R A2 /N 23 i 1
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RighEls ), IS 5 KRS, HEPAEH FINMET
T2 MR PRAE S E 12 mml*, DL i 08 R I
HLIR 780~800 C il £ T AR EMAKISAT, &=
&JRIELH 93%.

(4) IBJFEAG. RGO S5 I R 52 e 5052 k.
HRAE S /N SR T B A Y, A ERIE T, SR B
UK, BURLFTZh Bk, BN T KAERSES R, Uk
KifE CO>Ar>No>H,. {HSLEGZE R R, HIEEHEE
Hy U0 N HE CO AU AN I R ARG 45 2. 870 T Hy
I BURBCN 1.76x10% m¥s, T CO HIF B RE N
0.37x10* m%s, H H, (IR REERMIEL LT CO, &5
HFEF CO IJERRRT Hy. CO SRS FREEY
B R KT S OB E . TR T e AR R
INTFERE T BE R, 5 R TR B B 5
BAZIIALE. BEIE R S BT, Bk i i L gk %R
W AN S AT H, TR AR A, BT IR T A
BRen A AFAERT R S5 R A P AE R, — R Bk dn 2] 1)
VIER) i, TSR TR RS, B R WL 5
AR il 5 SR A PR 2 ) 3 S e eSO R 2R T T 5
T T2 R ) AAARS B O Rk ) 2 1 BCR AN B .
SefrAE e, EEZRET FIOR VAR RIR S MK ES
AR S B TR, 383 AR SR S T4 S 7 vl

(a) Brazil iron concentrate

HE AR & 85%)E MR RS, — g
T HESEE RN, — 7 AR T RS Rk A&
[ g,

(5) BRLTLAR Je kA7 & f. Hayashi 25978 5E T 19
FEH P HRE £5 SR DL, RIS [E) FEARAT 73 1 42 o i 7
ANE], TR, RhgEA bR, Rig a2
W >HORE R >EREH B, [FIBS = ALOs Bk My A 5
K. X RH T MkH SR &, fmEEkEE
FEXF 8D AR G AR s L5 ) (CaO-Si0,-FeO) A
i AT RS B R BORL [R] ER (>850 C)RE 45143, X
T — R A LEIR R KT 33%. f5 FeO A£G, B A
1T KA 1 53 B 8 0T i 85 R T 1) 5 T 5 LK R R R A 1
Fa B MAWIEJFE R — MR R, PR L 8
BRKE T Bk & B AR (TFe<56wt%), ALY & &S
(>20wt%), H #B =2 s AR 2R E AL (TiO,, SiO;
ALOs). [FIB HH TAUVERBE R M S A 451, B35
s AT AR R A AR AL AR S5 A A E Y, R Ak ]
SR RYERUN AV RS AR R $IE SSRCES ¢ T vE JTIE R =
iz 6), IEMEEEYALLD, NG KRG, FITR
1. SREPIS SIS R B A IR B = T 850°C L i )5
& CO T 30%, HE R ET 90%H, A4 A FhE
HH IR A SR R 5 L.

e Non-ferric oxides
ot 11 ko Crimpde L

(b) Vanadium-bearing titanomagnetite concentrate

K6 BEFEKEN (TFe=69wt%, Fe:03=96.8wt%) FIHLEKHEZFEH (TFe=54wt%, FeO+Fe:03=76wt%) < 3& B 118 JE i FE Y AH 7 A
Fig.6 The phase distribution of Brazil iron concentrate (TFe=69wt%, Fe203=96.8wt%) and
vanadium-bearing titanomagnetite concentrate (TFe=54wt%, FeO+Fe203=76wt%) in the gas direct reduction

4.2 HIBIRGLE SRR T &

SO PRI A B A SR AR BT R 4 R R 2R
AR AR BRI TR RF R IO, (H ORI TR] K
MEAEK:. LLFEIRIAE N 246 nm f Fe,Os BUkL A [ i,
ISR, 700 CRIRJR 2 min & @RI ATIA
95%, 1M1 500 “C i JU 75 20 min A BEIA FIAH [F i 4@ 1h 2%,
SN B[] 2 R 3 ST, BRL b Tl A= 7 o — A R U

JEHRZ)H 850°C. WALIK HIEE R R A — T B
BRI RN, AL T8 15T, BORLRLAR AR K
SRR S N0, RS MR AR KT 1 mm J5 OB
RIFREES. B—TTH, &bl T2, AL
BRE S ALFRAR, SRS ok R RN, 4 B
BRAE RN S5 13 2 PR G BRSO R S 7R
40~150 um S AN, BT CAM BB 32 FISEBrig s f
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FE , FLBURL# 52 BIBR ). BLAR Ha U A TR RS 45 Kk
AL RSB IS SRR, ARSI PR AR = H SR B 2 b 3 5%
fRyksE, W5 A e W Al R4S m AR R,
SR R AR AR B A R R AR K E
CO, MiIASEEHEEFE) A A2 & & Co
I8 SR EORS. P T2 G SR T ResEmE, —
FR e i T LA SRk A SR AL B AR T 90%, RIS T4
ER RS RE R 1% P 52 M3 R 1) 4 I 1 %6 A 2 U 2
AT, T RURL AR Bk A B R TR R . iTbA
BRI RIS E 0 SR B A b 0 VR R R 4 R
WIIRZE, B8 ) REIR AR T AR IR 45 S i) 7.

R L 7 A UKL 52 77 P48 53 W T DA SR WL ER )
FEIRBY, FORL Ak 45 5 15 £ S PORLE s iR A AR R
TSR PEAE R D FIRBEREAE F ARG, RV E R 7005
SRR, RGN RA. Haik, TUA ]
KRG J I TE S F BT L AR, — N R RL
PURGPE T, G R R RS &5, Qs PR N SR AT ik
BB H—ION IR 7, Wnndhg I3k
IEREVE S SO IR S5 58, FERIURLIA) R AE R 25 I LT
IV RAR IR, B kit — 30 2.

4.2.1 RIS )

I MR 0 77 B PELRR 4 J8 R R0kL [ e, PR
iR, BREMAROEN. BnFMERE, OF
WFFUESE CaO, MgO, SiO,, ALO; FlH &A1 %6 HIRE— &
FRPE ARG S5 Jim & AP, Hod MgO Al CaO Kl
T2, ARTREERE, SRR, WRRE. WReEy
YIASIFD, BN TR 0.5wt%~5.0wt%. a1
IFAIR IR T7 20 Ky AR RA LA, BT R 05
HESHRRAEIN, J5#& 20 MR EE A
IR IRR sh S5 b, T e IR R T A e M AL
VIR R UKL, A4 B A5 O07E 20 2 70 AEARHI FE IR
AR PP BRRE RS 1 52 50 Hh gl ¥ SR F M R E R
Jn MgO, CaO F1 TiO, 2645 M S 401, 5 5 FLAMH R 45 2%
WIRR. HAhE MgO HIRINFISCR 5 &, 3
1wt%~2wt% MgO ReEK RIS B — M ER, &EMN
RKT 92%. W ARIG IR A& IS INF NN 2 J01 2 43 24
WAL, 55— IR & BT L) 0% NN, 5 kAT
TERATRASZER N, A0 [F] & a4 2 m A
EE— VO AR SE 4F. Zhong 510K F AR5 AR Bk
FEH(TFe &5 60.38wt%) AT MgO BERALILE, HH
PRy ARy, SRR T Iwt%I, Rk
FRIEHCERME, HIMAREKRT Iwt%/a, ERESCR LT
THARE. MgO HIFTRIRURIL T CaO 2T MgO 5
Fe,03 A2 i) MgO-FeO b & W BCHER A J5 Sy 43 Jd 2k, 1

CaO-FeO TEM 1% ERTREIEJF 4 Jmak, DAt o) hl 2
SR RIE RS . Du 5002 F ™ B s2 i A
AL BE T SEIE SRR I MgO LA F B RS 28
800 °C A bk 44 2 BH [ 2% B (T i MgO-FeO i 14 #1UZ)
s TP H B RCR (B 7). Fe,03, Fe;04 A FeO 5 MgO &
BAT U= I AE 2 B BE B AP FEAIC, MgO 1 HEAS I i
NS RIAE Fes04 30 J5 2 FeO M Bx.

FeO

Fe, O,

Fe, Oy

o °C 800 °C 900 °C

K7 MgO SAFM AEEMIEE S ARG 2 KRB
Fig.7 Mechanism of MgO restrains defluidization with different
iron oxides

422 TR 7E

CO ENREEBEEMEERERz —, KT
700 C 23 KA AL 3 fif B (2CO=CO+C). [RIk, =il
I SR BT AEARIR R A AT TL SR, s LR T A i — 58
HIE B IKEL FesC, AT BHAS il id o F2 0k R 1 4 )8
R BB AN 5 1 R, B BB S5 Tk, 1%k
ISINFANEAR LA FINAE PRS0, H E A0 PR B 2 T 92
gE WM A Gt —. Neuschiitz®I5F 41 2 PB4y 1) S2536 A
N,550 C T IR E T IA R 13.3wt% A4 AESZH 800 C LA L
R, BRRAEIEIE 95%. KYLFRE N
IERE R AE 550 C R Tl bR B fm I AL RIS 5L, #5722 900°C
TILJE 20 min NIABIG @R 90%LL F, BEAkE TR
Swt%. TRFHMIRZRERE R EE R TR, 650 °C T L5
P 16.8wt%J5, 900 C R AL 5 v] S 4 @1k %
80% LA EANIIA. Lei SISO 5 1 AR P ASON L PU R RS
W R ChIfE 106~150 um, TFe & 5 68.94%) = ik R A
PERE ISR, 45 5L S0 7 B A Bt e 23wl &l AR
W5, b mE S, B SR P ik = 2
30wWt%~3wt%, IAEBWEIL 90%, FEimikE RN T
Swt%.
4.2.3 ¥ImaNg )

ELHESE AN T2 va IRORG 45 0000 Wi A SR A i L
BT, gl iR, RN, BTSSR
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JIRe B s A W Al R KRR R PE R
FE IR PR P PR YRR A AR R 23 R, SRR
RI&E T yel, R IREE B 5 4, #Beh st
BRI RN 2 RO R R A, AT S, B E AT
VA= B, S5 R, A SR e iR Lol .
R LVEEETOIE N4 50 mm HISEFERALIR W EET T F1
FiA% 239 nm HEA ARSI 500 °C TFRES
RS, 5@ RALRAREL, R REAE Ut Al B 3
min ZEK % 15 min, FEREBHEH 15%1E 52 76%.
4.2.4 &Rk

Lei ZEUNDL s BRI [E MR e 4 PR LR, 5F
BT R0L/ A SRAR I 52 3-8 o0 A, AL T iR R
TERARAL, Xk A1 SR AR AL -5 18 18 I T L] gk
17T, SERERN, U Rl RE S /N TR M ) L
TR T E RO, BRI RS KR 2 1 R Al i
JITXPRE 1 2 T B S e, (R4 ) 5okt ) 2 ik 3
P, A BNZIAR PR AS B R AR LI BN A
TR FHREOE, (FoEMBREMERRT N, &
Pl R B R AE N B % N B LIPS U il itk
PR A B JORE T A5 (— S £ s 348 0 F R KT 20 SR )
PR AR AR P TR R Z LR ), X B MEE AL
JRE B 1. B IR — RN IR R S T R,
F—FORRASITFE F R Bk Zha S0 TSR
PP kifE 246 nm HEEZH AL B I EORLAE 150~180
um FEAEREURL, FIENRAC IR NIE R, B0 JFE R
ARSI RIS, [FIB ORI T A AR I8 5
R, 450 °C F ARG TAIEH 9.5 min #EK % 26.4 min, &
55 R A ] ik 84.3%. Li ZEUSTOIILKHE4H(Z) 8 pum)
FULER FGEBAN(Z) 250 nm)E AL B0k BLHEE NIE JF I
ORI, 1 350~450 C IR IE S5 rh gk 47 H gk,
PR T DGR S, I 48 AR i S5 A= B

SR PRE 1, FEARIELAN B 2R 1030 J5 i 2 i M i
AR S I TR Y ARk AR B ELAR 2 100 um
AT SRR, S8 T 78 38 ik JEUR FE TR (500~600 C) T R
U RS, 600°C R 38 min AR AR, 4@l
Ik 99%. ZITVERIRAARIR UL S5 i R T+l PR L
JE PR BT .

4.2.5 SOl IRBL M (PR R E <)

PR R S 5 — PR m R A A R T R
ITFBE, O Ae 3 0o SORL 1) B 77, $ S [ Al e
1. AT RAR A SO R REAERIURE R B/
T SCTHURT 2ty SR (RN AT IR YT, e S K T kL
KUmIR LG, 2 KEAIR W SOSIAR 2R, T AR (1)
Sy 5 URDRLAR TEA DG, A s e ] LA A =l v A
TEEERAE. B, e E R R SRR YRS
G AT, WEHRALIRTT, BESh RIS, HER AR50
S PURLAEEPR ARSI THE N, B0 =0l T Al 25
Hilkh4h, (BTERBISLE AL, AT UGS B 2R /N i ]
Re R ARG 45 W RIS A A AT 6 D AR, diEka
R AN BB S, HE T A R U BRI LR /N B KR
KIEER, BABKREEBRIETGE, W] DU (TR
PR JER 30053080 ) e o e T PR 88 it o (O BB SR, 4 i@
F T SERAE A IR A IRAL, TE MR AN R Rl 485 2K
i #_1- 7% 77 5 K. Chaouki Z552IA1 Tong 25 58NN,
JEE A T 1 LA SRS I TR HE T DR OR 2 GO, B = <
T AT ALK AT SR AR BH R s /)N A SR AR B FRUBIORE, - AN T e A YA
s [EIT, JORL_E T TOER IR A0 X il 2 R A4 H i
KIAT R, BEINRERE 7], ~PERRAIRE N HI5Z 7). He S84
PLASER B i 69wt% . I RIAE 87 um [ EL TG AR R )5
BE, T E T @A T PR AHE T RRE 45 i . 7RI
FEFEIRH, 775 °C 18 JFA0HE 0.36 my/s(Z8uiid ) 414 1
6 min GRS R, BB &R AR 25.4%; T2

(a) Conical fluidized bed reactor

(b) Stable size agglomerated particles

B8 HEFUR IR S L 2 R 2 2 F RO RS A 11 141 SR TAL

Fig.8 Conical fluidized bed reactor and stable size agglomerated particles
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HEAR 100 FOHEFE IR, AR IR BE AR JR <264, RH
1.2 m/s HEAESHE, AIFRsE ik 60 min LA BRI,
SR FEET 95%, HBIRER-FEIRAEZ) 300 pm (&
8). F A AR T 5L it Ao — T T, BRLisi I S5 Fr) 7 BB 7 42
M} 775 C R L) 5 min 5T 900 °C T HREILE 7.5
min, FJ{ERE MMM T LM ERUERT 95%.
PO TE IR, BORHETR IR ERAE Sl s, (AR
T T 100°C(H1 675 CTHE 775°C), J NI 1]t K& 4

JE(EH 120 min 4545 25 20 min), AR FH 2788 10 20%.

e R POA JFUE R N B, TR R 4R
s AR R SRR 1A

g b, DU MR 2 BT %, T ARk
PUREE T (P P A IR AN i (L7 i, 32 B N ROk Al
WAIRIINANA T3k ER0E . SOEIRT S5 5E, #ihe R
AR B IR IR RS R AL, AR RERR RS W 2500
FERCA T SR 7> R A, MO /RN ETEENIn R
R TR SR A A, AT REIRIRE. &
ISR T2 n] DA ELAE IR FUL BB Be, BYRRBY
RIS S e AR 2 et i A, Indhiz
TRERCR B, ABAE H i s B A b H AT £
BORAMERZ. MRk SHEE RS &, AR S H AN
Pras it HE— Db SN AN SN, EL A
il 25 SR UL T3 92 1R 3 0 T AR AT AL BR R A A R
B Mgy WALRFIESENE DL, 225 T B Rk SE
it LAIK BIIRHE i RORE LA P B B H 4.

5 HESRE

B (TR IE IR — L (2038 S 0 23 W 5 kAl i
FERATIA ORI SN 5 T IR AR L SR
BRI AN, TPiifesa, BAR B ik ie
R Sias, ARIRER G RMCR e, AR, £2
SR E AW VRS G SEIUR Y TN F BT R

PUERBABRAE ™ & SR A & i B8 S N L
HAEBRAEH e, R -3 IR AT SRS BBk A
WA SRR A7 2 PR, 5 e LI S S N 3R A
ERAE. HmR A SRR RIE, RNB
T2 FE UKDAA% 3 A1 6 S8 S NLRERE E)) 77 2 R R

H TR BE RS I A A e, L LB B 5
TORFFRREREI. 456 B E PPk T2 %
R, BEZ GRS RFATES, BN MgO HE LA
Al R K SO R SRR BEE . A S e] PAFI AR
WAEPER IR BRIE MO M, mrtufEisk
HiGJFARSMr R AR R A 1, HER R BT
SiERLER SR T 7R .
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