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(Ca0)/(Si0,) =2.09 ~2.72,(Ca0)/ (AL 0;) =1.04 ~ 1.40) ,LF & 5 T[ 0] 50.0012% ~0.001 9% , T[N] %
0.004 3% ~0.0050% ,[Ti] 0.002% Fil[ Ca] 0.006% ~0.009% , GCrl5 K4 LF itk & ALY Je S S0 72 3t
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A Study on Behavior of Oxide Inclusions in Bearing Steel
GCrl5 at Refining End of a 60 t LF

Shen Wanlin' , Zhang Zhicheng’ and Luo Xiaoyan’
(1 Jiaozuo Jinxin Hengtuo Advanced Materials Co Ltd, Jiaozuo 454450,
2 Hubei Key Laboratory for High Quality Special Steel, Daye Special Steel Corp Ltd, Huangshi 435001 ;
3 The State Key Laboratory of Refractories and Metallurgy, Wuhan Science and Technology University, Wuhan 430081 )

Abstract With the deoxidation by adding ferroaluminium and ferrosilicon in EAF tapping and the LF initial refining
slag /% : 27.39 ~37.34A1,0,, 38.42 ~38.68Ca0, 14.20 ~ 18. 38Si0,, 8.50 ~ 10. 72MgO, 0. 82 ~ 0. 89Fe0, 0.27 ~
0.33Mn0, 0.69 ~0. 748, 0. 66 ~0. 75Ti0,, (Ca0)/ (8i0,) =2.09 ~2.72 and (Ca0)/ (AL, 0,) =1.04 ~1.40, at LF
end point the T[ O] is 0.001 2% ~0.001 9% , the T[ N] is 0. 004 3% ~0.005 0% , and the [ Ti] and [ Ca] are respec-
tively 0. 002% and 0. 006% ~0.009% . The analysis on oxide inclusions in bearing steel GCrl5 at LF refining end show
that the main oxide inclusions in steel are magnesia-alumina spinel (MgO - Al,0,) and calcium oxide-magnesium-alumina
spinel (Ca0 -MgO - AL, O;) ; the average size of magnesia-alumina spinel is less than 0.5 pm, and as MnS, TiN etc pre-
cipitated on them the average size increases; the average size of calcium oxide-magnesia-alumina is normally more than 2
wm and in refining temperature this inclusions are liquid state and easily aggregate and grow up, their size (1.39 ~2. 12
pwm) is more than solid status calcium oxide-magnesia-alumina-MnS, so easily removed by floating up and absorbed by refi-
ning slag. With decreasing sulfur content in liquid during refining process, the average size of bearing MnS compound in-
clusions with core of magnesium-alumina and caleium oxide-magnesium-alumina spinel decreases. With suitable decrease of
MgO content in refining end slag, optical basicity and viscosity of end slag the amount and average size of inclusions in steel
shall be decreased.

Material Index Bearing Steel GCrl5, 60 t LF, Refining Slag, Oxide Inclusions, Precipitation Behavior
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Table 1 Original ingredient of 60 t LF beginning refining slag and basicity

CaO fll MgO & FJ IRIS-Advan- ¥ Wi RIB AL o % Ca0/  (CaO+ Mg0)/ CaO/
. Wil Fe0 ALO; MgO S0, CaO MO S TiO,  Si0; (5105 +ALOg) AlLO,

tage 5 ICP-AES 4 N 1 R M - 2 ¢ - 2
gk_*‘ LI 11° 0.89 37.34 8.50 14.25 38.68 0.28 0.74 0.745 2.7l 0.91 1.04
S (T(O]) MIEZ(TIN])  12* 0.89 37.27 8.84 14.20 38.63 0.27 0.74 0.748 2.72 0.92 1.04
13* 0.82 27.39 10.72 18.38 38.42 0.33 0.69 0.658 2.09 1.07 1.40
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Table 2
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Ingredient, optical basicity and temperature of 60 t
LF end refining slag
Ktk dll, o i LEE (Ca0)/
A (Ca0) (Mg0) (AL Oy) (8i0) (8) JE(AY (ALOy)

Q5 Hr k{4 Image-Pro Plus i /M F I 01" 60.05 2.73 30.36 5.06 1.43 1835 0.792 1.98
o e B 1 T 02* 58.71 3.19 30.84 S5.77 1.13 1850 0.78  1.90
PR BCERINE 03* 55.67 3.86 32.46 6.17 1.15 1835 0.776 1.72
2 HRER
201 RSHRZ S A RS o B
&1 RIR2 P14 T L K %3 60 ¢ LF ML GCrlS MUt s %

T I s 0 R i b e Table 3 Chemical composition of steel GCr15 at 60 t LF refining end point /%
PURRIE R R RIRERRIIE - 1T S w5 1ol 8 m Gl
BOBOEEME (A) B CaO Bl T 1 0972 1.47 0.24 0.40 0.026 0.004 0.0019 0.0046 0.0022 0.0009

bR B . 2 0.976 1.47 0.24 0.40 0.024 0.003 0.0012 0.0043 0.0023 0.0008
AL O; MYBRKEEF 73 H(Ca0)/ (AL 0;) . 300.960 1.47 0.22 0.40 0.027 0.002 0.0018 0.0050 0.0024 0.0006
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Morphology of typical oxide inclusions in steel GCrl5 at 60 t LF refining end point
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WP HERREREREBE/. FEFREFN . MF
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Table 4 Average ingredient of main oxide inclusions in steel GCrl5 at 60 t LF refining end point /mol. %

(Ca0 - MgO - AL O,)

(MgO - Al,0,)-(Ca0 - ALO;)-

(MgO - AL O;)-(Ca0 - 2MgO - 8AL,0;)-

ke (MgO - Al,05) (WRIR) (Ca0 - 2A1,0,)-MnS (CaO « 2A1,0,)-MnS
MgO Alz 03 Ca0 MgO Alz 03 Ca0 Alz 03 MgO Ca0 Alz 03 Mgo
1* 41 59 44.93 11.60 43.47 22.22 54.93 22.84 14.42 65.43 20.15
2# 51 49 49.39 10.92 39.69 22.34 52.50 25.16 10.01 56.05 33.95
3* 44 56 46.71 7.45 45.84 29.63 57.57 12.8 13.34 62.21 24.45
:5 60t LF %A GCrl5 W i M Sk e 24y 4 M, 4~/ mm’
Table 5 Amount of typical oxide inclusions in steel GCrlS at 60 t LF refining end point, number/ mm’
MgO - AL, O, Ca0 - MgO - AL, 0,-MnS
1B "MgO - MgO-ALO,- MgO-ALO,- MgO-ALO,- Bl CaD-MgO:. MgO -ALO,-Ca0-ALO;- MgO -5AL,0,-Ca0 -2Mg0 - Eit #K
Al 0, MnS TiN MnS-TiN AL O, Ca0 -2AL,0, 8Al,0,-Ca0 -2A1,0,
1* 28 83 28 42 181 28 4 9 4] 222
2# 49 53 19 34 155 19 4 4 27 182
3* 82 39 30 39 190 39 6 3 43 238
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Table 6 Size of main oxide inclusions in steel GCr15 at 60 t LF refining end point /pm

FEIER (Do )/ BRER (dons)

Bt MgO-  MgO - ALO,- MgO - ALLO;- MgO - ALO,- CaO - MgO - MgO - Al,0;-Ca0 - AL, O;- MgO + AL 0;-Ca0 - 2MgO -
Al, 0y MnS TiN MnS-TiN Al 04 Ca0 - 2A1,0,-Mn$ 8AlL, 0,-Ca0 - 2Al,0,-MnS
1*  0.37/0.46 0.83/1.52  0.80/0.84 0.87/1.23 2.56/3.21 1.46/2. 12 2.15/2.99
2" 0.38/0.51 0.66/0.98  0.78/0.86 0.72/1.07 1.97/2.98 1.40/1.75 1.80/2. 11
3*  0.34/0.47 0.51/0.72  0.69/0.83 0.79/1. 16 2.13/3.87 1.39/2.04 1.59/2.13

CaO - Mgo ‘ A1203 %iﬂ:%m%ﬁd\o
3 REERSH

3.1 KRB XN H MgO - AL O, Je 2278 AL
) 7 W]

B rpR N R AL BRERT, M Als & 58
PR FN K B i MgO &R AR B RN ( — MR 7E
Als & BRFME R SRR A KE) B HRIE
BT KRR ) MgO B R 3R, 38 IR H SR Y Mg i
WS, B 5 5WH & ALO, A, B MgO -
AL O, KJezk, BT MgO Al O, HYY" HIUHEE
A B T Kb R A MO BOY 8B, 48 i R
MgO IR JEUE 8 . YW P A M Mg 77
TERYIHEE, Mg Bt ALO, AR MgO - ALO,™',
LF ¥t A n s P B 7 MgO -+ AL O, {H3F
KA B A0 MgO, 3T FactSage?. 0 i+ EHGEIMY
MgO-AlL, 0, M eAHE I 2 Frs, Xt Ri s Mg &
BFIRERAR, ] (MgO - ALO, ) 25 ZeYy i 4H
JFE B MgO/( MgO - ALO;) 1 (MgO - ALO,)/
AL O, HHFH XA, ¥R H (MO -
AL, 0,) +AL0, 5 (Mg0 - AL,O0,) +MgO,

7E(MgO - AL 0,)/AL O, 1 R BILE RN .
[Mg] +[0] +AL0,,,, =MgO - ALO,,, (1)
AGY 0 w0 a0, = — 110720 +93.51 T J/moL (2)

3000

P
o1*
#
2500 | . g,, MgO * ALO+L
ALO;+L
7 \/ MgO+L
o M

%

£ 2000 |

MgO * AL,0,

HRBE(T) /

O
(=3
(=}

MgO * AL0,+MgO

0 01 02 03 04 05 06 07 08 09 1.0
MgO/(MgO+AL,0,)

&2 (MgO-ALO,) —JTHIE
Fig.2 Binary phase diagram of ( MgO-Al,0,)

MRS WA, RENPHREY EEN MgO -
AL 0, 26372 ,MgO - AL, O, &5 AN MnS B TiN #
WAL . EERRIEIR MgO - ALO, B4
FVETE R 2 Fr7s i 48 DX 3, 150 B 4 o Y e e W 4
B (1) Wy J7 2Bk Al MgO - AL O, , H 54y
M Mg S REBE, XM RSS2, Okuyama
LU, P MgO B AR JFHE AR R 33 28 iy
Mg @i - FZ N P i s . BEE DA
H1(Ca0)/(ALO;) \R, B K, i MgO WIHEE &
4, Mg 94 BUE IR, AN Mg & 2%
fin, RS ALO, BRI L, MgO - AL O, 7EHIH &Y
EEREM. B, YRR FRIE(A) T 5
A, X g A A v Y L B T T A, = BN v )
SEEERE. GCri5 #fE 1" 2" 3" ik iy ¥
WE 2 T RS R BOAAE 3 m, M H Y S
FEER, MnS FEHEFEE LY LTI, MgO « ALO,/
MnS # LGB BTG . 4583 2 FIR 3 PRy
H,WERTIO] X 8 MgO - AL O, BB L
YR (Mg0)/ (ALO,) A TR Ko FRX
HWHWESE FRETH M0 &8 REHHE
R WS 3 2 0 64 B 0 BB BR 5 R A el RS 5 B
FBREAAEH FIEEREHR MgO - ALO, X4tk
RERZ e A TE T o
3.2 FEHRE AT AN Ca0-MgO-AL O, HKde sk

TE R

ME T A HE, BT R4/ MgO - AL O, 3k
ZeHh BRI B T RSP KA CaO0 - MgO - AL O, 26
7%, B MgO - Al,0,.Ca0 - MgO - ALO; A%
LDHEFERAY II. T GCrl5 HhiA MK A
ERERE R R, (Ca0) 15 BRI B K, # AW
Ca {ETEMR &, & Y Ca BEPE ALO, 5 MgO -
AL O, A 555 FR £ 81 Ca0 « MgO - AL O, KEVEY
FeIeMro TERI0BRE P 2 R A T B 48 R 55 26 e 2%
Y1, RIER4 PHHER CaO - MgO - ALO, F e By
YTV IGLE R, YW A E Mg H1 Ca B, B AL O,
Ze i) UM R A2 AT HEAE 05 - ALO; —MgO - ALO; —
CaO - MgO - AL O, [A]—#Ahrh Mg B9 BUEE L



=22 FEER N

3%

Ca P! ¥ %4 K MgO + ALO, i A& CaO -
MgO - AL O,, MRF AT MgO (1916 1R & s 1K
i Mg B9k BEARARA , Ca AT DA B M 90 8 4 2 LR AR
SRERCR BB R A. W R Ca i MgO -
AL O, A CaO - MgO - ALO; Kb
L HLEEH ' MgO - ALO;— CaO - 2MgO - 8ALO,
—Ca0 - MgO - 7AL,0,—7Ca0 - MgO - 5A1,0,—
3Ca0 - MgO - 2AL,0,, RENFEH Ca A EEZ
9x107° 8x107°.6x10° {HIf A B8 CaO -
AL O, BAGII ok, R R B2 LF KEMRET Rl 348,
CaO - MgO - ALO, BtEATE L., HAM, WP EEE
R MgO - ALO, A& Z st AUR AR 55, Xt 2
BT ZHEARTFMA Ca REEBAREE,

Todoroki 2" JiF 52 7 X4 % Al-Mg-Ca & 5B
SR, #H Mg0-Ca0-AL 0, F Je 2 ¥ 2 WA I 5kl
S, AW DB MgO, A SRR ES I L #65E
F 12Ca0 - TALO,, H13E 4 0I5, M TE A 19 Ca0 -
MgO + ALO;, B & # Je W B4 ¥ £ T MgO-CaO-
ALO, =JCAHE H1Xf il MgO - Al,0,-Ca0 - Al,0,-
CaO - 2A1,0, MgO - ALO,-Ca0 - 2MgO - 8Al0;-
Ca0 - 2AL0, M E# K, #4 WA CaO - MgO -
ALO, Je ¥ (B 47 3K AR A5 1Y 3Ca0 - MgO -
2AL,0,) BEREYBEHENTRERK, LY
RAF e 2 B MgO - ALO,-CaO -+ ALO,-Ca0 -
2AL,0, MgO - AL 0,-Ca0 - 2MgO - 8AL0,-Ca0 -
2AL,0, MK BB £, XA KA AL,
SR AR, B 5 IR s R
3.3 EALWAE SR # T MnS RERE &I BMIT

A

iR 5 M3k 6 BB AT 41, & MnS &
HERBY BRI e Y E/ N L, LR
Ca0 - MgO - AL O; e Zed/N, 4 MnS 7R ASH
IR MgO + ALO, 5 CaO - MgO - ALO, R H
s BHLLE T MgO - ALO, B CaO - MgO - ALO, ¥
W B LR KK, Faf, 28 MnS (& /L2
AR SE R, AT AT F) F B AR AR R R e
A | BN b A B SR

M CaO - MgO - AL O, KAV J Y A3 L
PR/ HETE{Y (SEM/EDS) #4455, % ] FactSage7. 0
11835 K FiHE AL R EN, 17 2" 3" Wi, 4
ety CaO 1934 & & Hy 44.93% . 49.39% |
46. 1% B}, Je 4 Wy 4 b F W AH X, iX 28 CaO -
MgO - ALO, REER K MnS M 1AL, FE R 5
FREK K. MENSHK MO - AlL,0, CaO - MgO -

A1203 %%%%%“5}&% MnS }E&H"Jﬁ’b‘,ﬂfu@ﬂ
ALY £ B R LI MO - ALO, F1 CaO - MgO -
ALO; AUHIETALY), iR 5 iR, XS
W —BRT AR, ARG LiFEB, i FANZ808
T MnS 5128, A BRI RPHRNRE & KK
B, GERBRAMEAFHTESERTH, RARES
WY Ze A R MnS ffr S %0, 1045 SR 78 SCiik
[20]HHERIE. /MRTWIEZY S & RBAHEE &
/NIES B BE, MnS T2 S AT H 7R S AR AT RE
MMEGIERTATERZ

3.4 REHRE T AT A A I de B E TR Y

AL

i 3R B AR BB FIER T O ] 2 52 i 4
FEAAY I AR H R FER K, X T B A
MgO - AL O, 2 Je 74y, CaO - MgO - AL O, 23 7
YEEED, X Z il T MgO - ALO, BG4 LY
CaO - MgO - Al,0, 23 2 Wy 1) i 4 5 4 R 1 1)
SR FEEWP R SIE RS BERK K, I
PG IR O 2B, FRE N MgO - ALO, &
51 MnS #r %G, RGH AR T 1 um, BT
ARG LRI R i, 748 S R 15 L
TP EEES,E R BRA B IR R E R
I BE TN, R E L, 1" 3" WY
T[OJARZERL/N {8 O1 KSR ARG BE /Is A8 R MR Ui
S A IRE SR, N T e B R T D, 2"
B FTLO &R, /N a4 FEXMETE 8, Je 42 9 11 5K
B, P RER KRR ST 5B/

FHZR 6 ATA, i 50 A MgO - ALO, R
BN, —B&ZE 0.5 pm LI, CaO - MgO - ALO, A9
REER, A2 um £H , EEFH, 2°#WEEf
CaO - MgO - AL O, iy-F 4 R~ E AR 00 JE B o fig &
PR RS BEAL, 8 1" 3" CaO -
MgO - ALO; FYREJTREAR. BAE 172" 3"F,MgO -
AlL,O,/MnS 9 & # R =t 43 5 35 0.83.,0.66 . 0. 51
pwm;MgO - AL, 0,-Ca0O - Al,0,-Ca0 - 2A1,0,-MnS 2§
FHW R4 508 1.46.1.40 1.39 pm,
MgO - Al,0,-Ca0 - 2MgO - 8AL,0,-Ca0 - 2Al,0,-
MnS B RS 43515 2.15.1.80.1.59 pm, & F
Rladh. 017 02" 03" KSR MG A B 2 T B,
SRR P 0 S & BB K, MnS S XEAE
LA g 4 BT, LEMEA MgO - ALO,,
CaO - MgO - AL O, EAL4 /IR BL AR, BT LA MgO -
AL,0,/MnS .Ca0 - MgO - Al,0,/MnS & 1k 3¢ 2%
(R EA% . B T MgO - AL 0;-CaO - Al,0,-CaO -



B

TEJIPR4E 160 ¢ LF HEHRER s GCrl5 BRI - E A s x5t BT 52

- 23 .

2A1,0,-MnS, MgO - Al,0,-Ca0O - 2MgO - 8ALO,-
CaO + 2A1,0,-MnS ® CaO W E BEEZK TERA
MnS #7 i #Ca0 - MgO - AL O, KE LY, UIB 1L
YIRS /N, BIEA MnS 78 B A i, R4
LLA TG MnS #7 i 1Y CaO - MgO - ALO, K& LWk
SREE /I, MgO + ALO,/TiN,MgO - AL O,/MnS/TiN
KA IR R UHWB T H S FEA KX,
EEWBEHRNT F8H K,

4 g

(1)7E LF KEHRE 5, GCrlS BRI EEA
e FeFe ERR O HERRMA KIS MnS,
TINMBHESY. BRI WEBRERN
Al,0,—MgO - Al,0,—Ca0 - MgO - Al,0,, B4ifg
IR S W A M R A0 ) o B O R R, L0 A R
A RS/ S AR D B8R RST Rk SR AR ER
WY TR FIA,

Q) BN PREETE . (MO) FHEL BN

S % Uk

(1] BiGURL, £ B4 HURH (M ] JLRT06 8 Tk i, 200235

(2] B SRR R R S R AR (T]. SR A, 2001(1)
4045.

[3] Hashimoto K, Fujimatsu T and Tsunekage N, et al. Study of Rolling
Contact Fatigue of Bearing Steels in Relation to Various Oxide Inclu-
sions[ J]. Materials & Design,2011,32(3) :1605-1611.

[4] Guetard G and Rivera-Diaz-Del-Castillo P E J. Formation of Oxide
under Rolling Contact Fatigue [ J]. Tribology International, 2016,
95:262-266.

TN L fZmeid e C]. B AP &5 182-183 X5 1L
LSRR Y- 7 R 5 5 T A W 4 R L2004, 10, 4R
5, 151-179.

[6] Lund T and Akesson J. Oxygen Content, Oxidic Microinclusions and

M ]. Effect of Steel
Manufacturing Processes on the Quality of Bearing Steels. ASTM
STP987,J. J. C. Hoo,Ed. American Society for Testing and Material.
Philadelphia. 1988 ; 308-330.

[7] k24— b EOMERDESRERIZONT
1988 ,74(10) ;1889-1894.

(8] LA — EHRIMLHEICL 2WMZMONGEL)]. W,
1985,71(14) :1631-1638.

[9] Ma W ], Bao Y P and Wang M, et al. Effect of Mg and Ca Treatment
on Behavior and Particle Size of Inclusions in Bearing Steels[ J].
IS1J International ,2014 ,54(3) :536-542.

(10] Wi ML, B, 38 16, 55 B P RUR A0 S0E WA A%

Wik ()] . Rk ,2008,29(5) :1-3.

[11] Zheng L and Xu M H. Study of Vacuum Carbon Deoxidation of
High Carbon Chromium-Bearing Steel[ ]]. Journal of ASTM Inter-
nationalt ,2006,3(6) :20-24.

[12] Unigame Y, Hiraoka K and Takasu I,et al. Evaluation Procedures

Fatigue Properties of Rolling Bearing Steels [

[J]. gk &M,

of Nonmetallic Inclusions in Steel for Highly Reliable Bearings[ J].
Journal of ASTM International ,2006,3(5) :3440.

[13] Deng Z Y and Zhu M Y. Evolution Mechanism of Non-metallic In-
clusions in Al-Killed Alloyed Steel during Secondary Refining
Process[ J]. ISI) International ,2013 ,53(3) ; 450-458.

B, SO BE SRR A A UM IR S S R AR b A I
KB BR, THER MgO - ALO, XFERERER M
(3) 7€ LF M85 T ,Ca0 - MgO - ALO, B4
S ZM0 I, 53 75 £ Ca0-Mg0-ALO; = JCH I A K
FHXTEEA, RS ESH WP RERK K, HF
HRAFEE CaO - MgO - Al,0,-MnS e 74 K, $
BE, BAREYHNAN SHRENHBREERE, &
5 EERORERIE R, T D T KRS 924
(4) BRE 17 2" 3 R B R 62 DA 2 T %
B R BERE M, NP S SR EAK,
St F4A MnS £1E () MgO « Al,0,-MnS CaO - MgO -
Al,0,-MnS K& (kW JeJ () RTBRIR. S5 BT b Xt &b
AR B W K RY & D e g, X 3 MgO -
AL, O,/TiN MgO - AL O,/MnS/TiN ;’éﬁﬂj%%;}:ﬂ’ﬂ
REFMISIAER, B SWEPHNT SEHX, A
I X T IEA R B G b R Ti R R R

[14] Payandeh Y and Soltanieh M. Oxide Inclusions at Different Steps of
Steel Production[ ) ]. Journal of Iron & Steel Research Internation-
al,2007,14(5) :3946.

[ 157 Fujii K, Nagasaka T and Hino M. Activities of the Constituents in
Spinel Solid Solution and Free Energies of Formation of MgO,MgO
Al,0;[J]. ISIJ International ,2007,40(11) :1059-1066.

[16] Okuyama G, Yamaguchi K and Takeuchi S, et al. Effect of Slag
Composition on the Kinetics of Formation of Al, 0;-Mg0O Inclusions
in Aluminum Killed Ferritic Stainless Steel[ J]. ISI] International,
2000,40(2) ;121-128.

[17] Masana M. Cation Diffusion in Olivine-1l. Ni-Mg, Mn-Mg, Mg and
Ca[ ]]. Geochimica Et Cosmochimica Acta, 1981,45(9):1573-
1580.

[18] Latourrette T and Wasserburg G J. Mg Diffusion in Anorthite: Im-
plications for the Formation of Early Solar System Planetesimals
[J]. Eanh & Planetary Science Letters,1998 ,158(3-4) .91-108.

[19] Todoroki H and Mizuno K. Variation of Inclusion Composition in
304 Stainless Steel Deoxidized with Aluminum [ J]. 1SS Transac-
tion , Iron Steelmaker 2003 ,30.59-67.

[20] Chen P J, Zhu C Y and Li G Q, et al. Effect of Sulphur Concen-
tration on Precipitation Behaviors of MnS-containing Inelusions in
GCrl5 Bearing Steels after LF Refining [ ] ]. ISI] International ,
2017,57(6) ;1019-1028.

[21] Sun G L, Song B and Yang L Z, et al. Effect of Manganese Sulfide
on the Precipitation Behavior of tin in Steel[ ]]. International Jour-

nal of Minerals Metallurgy & Materials,2014,21(7) :654-659.

T 5 AR (1969-) , B TR , B (A28 T 1992 4E B R A
2 (AR B, MR S B PERET AR & S

E-mail ; swl@ jzjxht. com

Wk H 17 :2017-08-21



