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Synopsis :

With natural sand getting short and the drive for presevation of nature turning active
in recent years, blast furnace slag has been expanding its status as a possible effective
resource for concrete aggregate. After some two years 'R & D effort for developing a
sufficient concrete aggregate from blast furnace slag, Mizushima Works of Kawasaki
Steel Corp. succeeded in a pilot plant operation where molten slan is cooled to a preset
temperature with KN-type slag cooler, and then granulated using the conventional
granulation process. In March 1979, the plant was placed in an industrial scale
operation, directly connected to the molten slag runner of No.2 blast furnace, making a

smooth production of slag sand ever since.

(c)JFE Steel Corporation, 2003
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With natural sand getting short and the drive for preservation of nature turning active in recent years, blast

furnace slag has been expanding its status as a possible effective resource for concrete aggregate.

After some two years' R & D effort for developing a sufficient concrete aggregate from blast furnace slag,

Mizushima Works of Kawasaki Steel Corp. succeeded in a pilot plant operation where molten slag is cooled to a

preset temperature with KN-type slag cooler, and then granulated using the conventional granulation process.

In March 1979, the plant was placed in an industrial scale operation, directly connected to the molten slag

runner of No. 2 blast furnace, making a smooth production of slag sand ever since.

1. #8

UrEE, FBRBTII ST A T 7 AR ALY

7 {‘Hﬁﬁ'i])ﬂ—'a— “j—y)hﬂ'rb‘é 7 ‘I] 7\:;['-1:']"*1[’-7\

T E RO BIH AT I CREE A S AL
BB A B0 2 ué AT 2T 7

b A e FRERE LTS b, 2T 7 el

W T dh, AL} J}E{*‘}rlﬁ]m}»fﬂi. e

OFEZRREEY, SLI2ELVWHREL T o

> 7=} HJ%HH%LM%J’H-H EHTw 4, 7rf>§ il
THAL AN L TR ST R

. m.,@(iiunﬂ\@%h g s e

e b BLER IR

EEET

=3 SR LR S
ReReeEshCRE BRI B AT i g 4 e S e e
[HIHIBA 12 B 28 H B dG- A4 )

- 56

it {‘Hf{ Lo adh &5 Fa . }:f}:’_fl‘i]\/i‘J\)(ﬂl
b b oy i t/;:l.mﬁwmﬁﬁéfif; EHNA Y U

wa N R e P g

Ll ehid, f#ﬁ%,ﬂ)?kﬁs‘-‘?ﬁ?7’:?&mﬂ£%’u:
oy 2o 4L 2 2 S L
L T,

FH O LA R B R - oS24 by

J}’J\,[,‘_ f*f‘]’q’}r‘j A fj",(ﬁ )\ ﬁE"'(}J\ﬁi 77 7(77’?2}1'-
M B R MOl A, JEEEEI T, i T b7
PoRT b B FEER A LT KN AR 2 7 VA

S AMYbo el RETE 4 ML, BEMISAE 3 H oAk
B2 B A E LS,

“ b B AR @L"ﬁt&’\& 27 MR

T gl 7 ph K B R LR -
AR B AR B i 27 LR
Tk R SR A SR R

rmw

Tt

vy



Vol 12 No. 2 T AR 7 TR ] 265

Ak Ao BRI BN L T B0, 12 S A TS 4 Table 1i29v3 ) Table 1 [

DU AR L Do d | BL e o BRI, 0, ik A T TR LA Ay < éb’;.JL
AR L e T i Ttd A RS G RS 2 D 77, m;

(ST A 7 o S l’[‘ t.?’ LRAEL K i’ <,

IV A SR LR P
Photo. 1 08 7410 JM 75 WL A T b

B, A T AR ERNE A5 4 B

FRR SN ST 6 &H[.fh\ﬁ.ﬁhl L, #7070

7. WEKERXZ/EESBORERA

2:1 HARDEAH

AR Oy T B AEL T IR e H',.H” v b & (Il R 7 7k

TR 2oy L s A AT L, R il AL RIS LD T T e T AR
WHIL T deve Zondoen iy REY 4T o Rl & OREY N B NSRS TR &+ LN R e SO S L Rl o
MR T, AL I A FE S LT Rl A T S AR A e SR S R YA T
FoYA SR AL TV R BB R R TN
(1) BTl 2 7 BN R S A 2 S L LT R, B 2 T s T R S Ny R,
o ez T i mA LS 7‘111 DS DA ALY B LN RS RIE 9 H0
i TES 2, Lz b ainstib e Fode® ™ aeb b, Adig
(20 WL BE R MR A TR AT TR S £ E v G 7 ST AL e e
EEIL, o A b 2 NIV L Lk

(37 ERBVL R 2 T e A RETH A
_ Table 1 Relation between slag temperature

_l' B and slag quality
MJwﬂmwz%ﬁu%M@wéMa, e e e L

\

) Blast £ 1 Synthetic sl
. [ M N [ f){;} I ﬂJJL[ ! T[]]Hf/j/) S?ap; as urnace slag 5yn efrc slag
| 1) I 1 x} B _' o iy i lemperature Bulk Sereen WBulk Screen
JIS K i 2 Cod i f"f"rhl‘ R R € denf;]ty s {mm} | density Sl-’o" mm )
T & t|wﬁj HA Ak, B B Do R R
1 400 1.47 095 | 155 0.90

22 BEALE4O®BH a0 | L 0.81 1.54 0.89

CRa AT U B BN & CaO-MgO-8i0, 1500 Lo erm ) 153 | 083
SALO, AU AL 2B 2 4, 14001550 1 550 Leo |0 | 120 0.45

Codad B Sz AL R Lok s . 5UOJ Passage

a . Blast furnace slag, slag temperature | 1450°C

b Blast Turnace slag, slag temperature - 1 500°C

¢ . Blast furnace slag, slag temperature 1 1 530°C

d : Synthetic slag . slag temperature o 1 500°C
Photo, ! Microstructure of granulated siag

57 -



203 [ iq: i 1"_ \H,‘[ 1980

T f PR T T R R = 09 o -
CALA L B £ UL, AT T A ) o |
5 R A 2 1 I |
o H ARl ey A A b S J;’;‘;J; .'—; g D .
LT A A S el oo, ks 207 @ !
1] " - o o
LA R R A A H 7 5}5/’:’: ] a . ;
. ®
WU L A, IR RIE 2.7~ 1B o0 T R % 06 o o s b |
U .- e pae ' Doy
PEACEWTL s 2o, B Ao %4 Fig Licad e a ‘
@
Py WA 2 A B, R EEKGELIE A7 65°C LA 05l o x o
. R Li 11 ] 13 14
Lt s ER A 7 S 2 b o
J- Cua e A 7 7z 7‘ i+ - Bulk sdensaty ol granulated  siag
LBO0'C TR & 2L LTk _— Blowing air Sl
. ate Pricssure Lemperature
frazireifss 2 & TR ACRIE Y 1 400°C 62000 min 30 450 05 10kg em? 15007
. - O 2900 mine 30 45°C e 10070
\//Jlll‘Iil_,—}..g[]‘?\Ss -
B~ o 2y e © 2900 mins 30 450 0.2 Uskg cm’ 150070
_ & 1501 min- 3 45°C 1.0 Likg em? 1500
2-3 BRATISHZEOEE & 150 min' M 45°C S 15007
1501 ‘mint 30 45°C _ 14007
l:‘:jjkj'jﬂ]-‘ui Ty T 7"\7”:‘;{__?[‘]1!‘ }J' {J, FLT . + -s—’ f)vlﬁm rmrj K] 8[]:(‘ I 15007%
7 » . Fig. 1 Effect of eooling condition on hulk
Toctps i, f, AT 7 74 Yo iis i 4 i R AN density and size of granulated slag
UL, b Easd - rfnhidd -8 0 fslgr flow rate - -16 kgdminj

B RGN 2%, Fo X AORUIEEE i 50°C Ty
LRSI IR Y s A D ol L, id %ﬁmﬁ%&&: SR GRS S R A R A
AR AR T AT 0 G R A e S FRENRIE AR S LT, R LD
ST D, L, ZH Lo s mmge AR e -:} oz EEe L TEA s AT O
D 20, B2 UAvhd A0 Xoiiiasn 0, ATy FHR AT T ERE e hAAThR
ViR L AT R TN T e 7

o, ManEmaio e e T, L Ladn

7
(]

2:3-1 EBERXZ7SEHNOEET X b

LGS THINPRS R R I E AT Tl N 1 H1F A Sl g R | PR AT VOB B AR L B Lo
AL V’)f i 5 ’?:‘ ey T -k, Fig 200004 Tz LT, R BN e e E e M L AL
T (RN KN BUR AL S Q08 & %L 0 D OV, B R ST AL 101 X 107k eal /m”*h

=

Alolten
slag

Granulated slag
runner i
;

A . L
;:;,I\\"J Stap runner
SN
O

Water anpeclion boy

Fig.2 KN type molten slag cooler ipilot plant®

58



Vol 12 Xo. 2

T A

b B, EHMRCAAST L A5 7L 2 Smm
mmﬁfﬁu(.mmuiwﬁ%kﬂﬁkwiw
R R LT s 1

Soiz, HRAH R T A Kb, Rtk 2
L BRI 7D T A A RERR YIS )
W, TACE SR T B F
Folil 7 i 2 b U e e GhEr L
TN

7 "’)’HL

Sk /w“’é

7. VST 1 Okeal/mh’C
ZiﬁmeHT$'U5

2:3:2 BRI DBAIXF S DSHEE

(1) al# fd

Fig. 2 - dv7, Hil4ld AB I T 27 770
RS ALA T TR s s fre CD R T K
AL EF RITAGE UG L, FA BT 4l 04 K
LR SRR TSI S - A I E O LGt/ 4 VB
ULEMUCHATL 202 4 BC Y
JIZBFELL T, C TR, TS MR
W T T I Rl 1 Wik, HERme) 2 20
Fig.3 o .k 5 S A s A ARG

A L BEE AT

s

'S

T,

ooling plate
; s Molten slag

/ y J Molten
I i <lag
{
‘l | \J i | i k5 Conling
I
11 plate
il U
_\T\ S I—
Slag runner
. Hottom
Wl Sehematic sketeh of of slaw
[ bt o)
caleylation maodel SJ runmey

Y Detail of model
Fig.3 Calculation model of thermal transfor

‘.i—.‘[J i ,47 AR

Hif yL il
L

LT 2 A o
WETH A RS 2 R ke ) W)
CHATL1500°C, 50°C, £y,
WK 0.5m3/ min, ALK 3mt min £ L7

@) il o g
HEFL O 705 P e e b TR

4 200mm, AB Y

1500kcai/m"h"C

ST ATE Rt 267

5303 3.0m LAk ’/')'.«i;”iii'ﬁfwj A pY T IR
S [ J”Ju!ull “ \ l*lg 4
hr AT A

L Fig. 5020, s,
A u’irm M'ni LR T alle Y S A
Fig. 4, 5 200, 27 7o TR ARG 1300°C
POV d & 2 = hith b,
TGRSR L T, AT S KA
Al Th L KA w4 T LA D 7
TUNES AR L (i AR AR TR L ok

150 |- i ! v r :

= i . | i

- Slag tlow rate 1

e 1400 Lax o NI S

bt : 3.0t min

21300k N - \Nz_st\“*

1 200} - ‘

Mean tem

510 15 T 2 3 35 4

Travelling speed of cooling plare (m min
Fig.4 Capacity of KN-type molten slag cooler
(pilot plant)

Speed of melien slag
10m:smn
Speed of coaling plate

Speed of melten slag
10m/min
Speed of cooling plate

20m min : 10m/min
-
i 200 (.ﬂ‘ 300°C 77 220
1
K‘%' 1 (
) BOGC
800°C 00°C
|k ‘ {1 000°CH 17y
100G |4 o 1100°C
! Cooling 4]
10 € Dlate | | i ravoc
1200°C
13067
120
ol = &
J ; :
70
I
Solid
slag
T Molten
. 2258 slag
20
Hottom of T T .
‘-ibing runnel - . 0
16 6 0 6 16
Distance from center of cooling plate {mml

Fig. 5

Temperature distribution of slag and
cooling plate



2068 i 1& IR+ 1980
BivEr -, B i A AF T E, AT [ EORl e 707 TR WL R i 2o
PR P A, E r:, I RN I A LN L (R AT O n[EEM . WAL AN o'lfuiafl—;.ua- R ERtI R
FII00-300°C ox < A L, gl hss 7 5007 40 % I A N R A
T, AT 2 F iR Ly, 277 LA IR IBAT, € LA 0 11§ NE /A
Oyt & iR ER I AL Mo Y R e s Praty, JUS UEST LT g L R S R
=T N I o N Tl S 7T .72 Tabl. 3 i fFe 407 JJ(ML— Z 7 ’/"cf.‘)%f:?ﬂ‘i“ﬁ fin i1t
it A S D B AT AL, Pt I B RSl A N WD G 1 SO I | -7

AT A X Y A R B :ﬁ--‘%ill IEN

24 SA4Qv TS FFX} Pt et g s .
L e iid g Ly kgl ilwﬁfn,i [
PLFovEi Bz Sk -0 T Table 2 47 459 {1 oo il (xCl B L FHIEE () o
s n ey BT e PR SR 2 y= 0000285 — (.3694x, - 2.717
Tahle 2 bpeufn.dln)n of KN-type molten slag cooler (ptlot plant}
Item f::pectflcahon
Type Cooling pldte lra\elimg type
Dimension of length : 4900mm, Width : 500mm
equipment -
Carbon steel, 12 % 450 X 480 (mm}
Cooling plate {15 & 16 pieces/Pitch) X 26 Pitches
Dipping depth : max, 200mm, Dipping length : 3.0m (5 pitches)
Cooling plate : 8- 27m/min
Tr_‘ife_“_lﬁg spe_e?]- ' Molten slag : 5 - 15m/min
Motor 11kW
Cooling water 3m*/min, 30°C (For plate cooling, spray and bath]
flow rate
Capacity 150(?9 molten slag ~+ Fine aggregate for concrete
1.8t/ min ) - -
Table 3 Physical properties of slag sand (pilot plant;
[ — e e S e I
Specific | o o Degree
Slag grp:vcilt\]'(.‘r Unit Water S1ze dm) Passed ratio (%) Fineness “fr‘ " Bas:ieity Slag
No. in f(ry- | weight absorption:—- T i - wlassifi- flow rate
sand . i . [ dulus | cation  |Ca0/Si0,| o, ¢
state . D18 10| s 25 12 0] 0.3 015 modules | ol a0/510s) (1/ min}
R J ‘ R : ; ‘ e
Before 2.45 T1,41 . 204 |99.4.96.8|86.5(56.9123.2| 66 19 3.28 98.7
crushing )
- . : e e e e 1.18 12
ter 2.74 168 ' 092 — '99.2|948(85.2/47.9(19.7° 7.1 246 . 957
crushing» | !
S . . | S
Before 2.44 1.30 300 | 100 (98.0]91.4(56.8|23.2. 65| 1.8 319
crushing J
2 - - L2t 1.8
After .
. 2.64 1.57 1.26 100 |96.8|85.9|55.4 24.7| 9.5-  2.23 i
crushing l
(Before um | s 444 1100 197.7 90.6 55.620.2| 6.2 2.0‘ 3.28 i
crushing ! i i ; : |
ter gy 141 144 100 99.7197.0 B5.1:52.6|24.6(10.3| 2.31
crushing : : ! i
" ’ 90 30 02|10 2| zrm
JIS [plan) 2.5<7 1+ L45< 2.5 1001 - - N - i -
| ! 1100 100 \ 90 | 63 J_ 3 10 3,43

« Crusher - [mpeiler br(akm

- 6 U —



Vol 12 No. 2 Tl A 2

. -7
Tl LG,

T 7l 1.8
WED o) Mg A
’

@ {2
Jmin VLR o (LEE B0 IS ]
i e BN RS T B APk, B

\3\ RS TN S SRV & . ;.L)nl 7 {I‘“[J J! IV

J
L3

A

FA A SO N I I A I (Y.
a7 R HEIE R LT TR 4

(40 St ke @JM R T PR R YR T
Filrlafer+ 4,

3. B2 BIFEEKERS I BLEE R
KBl i B, oA oo e S W 0 2 KN
AT & TR R R - L 7, WITHD 54 4
3}120 Ui—)‘(}\*’ktf:m2l{"1h! 3&&{/-'—71'1})
Heanfr L, U s koA g A 8T, e T

KN tvpe molten

slag cooler

{"uvld hasin

Impact crusher

ge!

Stock yard

H== TN
Y

Agitating tank

Water injection hox

<37 Al ek

W R 260

o oy ARG 0T Y 2 5 o Bl & WG L 7o,

341 HEARAZIOHETIE

Fig, 6 (20 AT 2 5 7ol IR %
RS W e I AR A
SAETBEN - K STV SIAR TN B el T AT
BT AL RS S AT AT - v 4
DR A o 7‘%&1@%‘5*5 PO G 152 N S A e
A fr X L A L . 0 & SRR o F N
A O L - X 1o ¥ .Juléwl wiy
A AT 7@".5{1} Loifmsiesda, Zoid »ovy

Rk L & 45 OF 24k L 85

B Hie A
77, KN

S

Tk

BT ae—
e

C“%\

Tun

O N olp
32 KNREH#E

Flg. 7= :TJ 2 IKT:I%‘ 3 j\f‘,{ﬂ(ﬂj’)i—-IIXli L KN

Dehydrating silo

ot basin

1

Stock yard

Faeder

\

2

O

Fruck hopper

Fig. 6 Manufacturing flow of slag sand

61



270

Driving unit

- —-/v
F‘@@r\\

Shiftingle

untt

e

T

38

Water bath

#o# 1480

Water supply

PR
i Level contraller oni

= bt

B }BL}E}

“XTelten sl .,_
-

) (/

i m:hm. ;:l ale

il Coranulated

; 5{:!}{ runnenr
| ——

llamgﬁ //
bl

Slag runnes

Wiater mjectinon hox

Fig. 7 KN type moiten slag conler Tor No, 2

A A SR 4

KN sUit KV, i AR RE b ikady, (475 2 7 7 3
BERERS, o0 MR i BN 5k LV R 510 ’f‘%ﬁ; W
3 f f;. A AR )ELjri:u:_I:j' 7 T
Pt " THMR G 2 A g b A e ol

Ay lfJH)(f Tt T A Mrr‘ﬁ’ VAT
TR T IR, AR F ru']}'m ITHEENL T

LGB ko ThEIR B h 0 N RT3 A v, W

THAIL ) K TRAR LS it.’(zkﬁ.“ LT TE D,

iR T U L, 9 300°C FRI T L
FEAHRRCE R LA s s b ;M'"n{' TinH E
AL BN T IR S LA W
RN EY 4 Wi <] fﬁw;’,,ﬂkmﬁu; (L] #;] L. AR /R
{347l Tuv 29,
*:::Ikﬂ:ﬁn . 1%5?:'2; 5 oilE fﬁr
TERIB RS 35 Lol 2 7 L — Tsa bl a0 L S8
AL WAL KN e B LE AL
TI ARSI 7 o T s, EM R TR R
TEWETL XL TES,

KN i i 45 4, e ble & B iF 2 2 LUV o &
LBEHTHZ,
(1) BLgwonda 7iAchy
FaR A # I AT ] GE 3".: A

f-‘L\

KR

’{4 3 % }\‘M

TR G 4

i2) WL, BCTTIREY LT A U AR B
:‘& %

(3} HES RO LA T

(4] 2T FOFESOWE LN L T A

i T

3-3 BEEH

KN J\d ‘,U\ },” ‘fﬂ%ﬁ. [:lf] ti ’:{ -‘\'; ez f']\'ﬁ:‘th AR }(}n ,1J,(

Table 4 1.2t 50009,

62

Bl

dhle 4 ‘)pt.c‘lf](“itmn of LhL plnnt Nn 2 ]3.

Plan[ [tem l Spf-mfmﬂlmn
Inner volume L2 857m3
Iron product 6 000t/d
Blast . : ) s
(urnace . Slag product ‘ ; 1 68017d (S.R. - 0.28)
Number of tapping 3
heles
Type Kawasaki-Nagata type
Capacity Max. 2 500t/d
Granulat ?SUt:"Lapping
ing !Nor. At min, Max. 9.5¢ min
" Times of slag 2 18times/d
plant i
tapping
Slag tapping time i 30-- 100min/time
Number of I 5
agltatinu tanks
Caparity Nor. 3t min, Max. 5(/min
Cooling piate Plate 12 & 19
200w X 600 Hmm
Numher of plates (29 +30) /2. 34 pren = 1 003
Travelling speed 10 30m/ min
KN type | Travelling motor 30kW X 440V > 150 - 1500rpm
M.5.C VS)
Plate rooling water | 48 - 8md/min
Tl‘anspl-;rling equip- i 8m/min < 7.0k W
Ishifting)
Level controiler Serew jack type
EOUmm 355 2 13kW
Type lmpa(l crusher
Sizing Capacity 110t h
machi.m* Feed size range FM. 34-38
Crushed size range F.M. 2.5+0.15

llUkW B8P 440V

lM wlor

Lo

i T AP L
11'»’ f‘, T;” &f‘l\ I, L‘} 1;,';' g‘\l
’Hl" U‘JZ’,(,Q[ ,J 4}\ THT'fL
W A S A R

W54 A4 LD
%—;‘ Al B o i A B &
H vt 6 0001 £

3%
7.

T d



’71

Vol. 12 No. 2 BT A R G e H L
o 100 —p—
KN A AfE ) Stimin Tk D, o /
GRENL T A fran, WL s, BRI o 5 7
AV} hel2 e 2ok Dl & SRS VAR SY S T B Jis fplan i
B R B ROT A R L O il | o
gy 3y o s L L B A 20 TR L T A ; # Hrodact
S LT S O R B e W ,I:; A g
o0
oL, AR A |‘HL, 2 AT "
L N o030
U R ka1l PRI =
20
— g n
t. BEARRS 7 ORE U
L e i
0074 0.015 0.3 0.6 1.2 2.5 5 10
'l‘ab]e 3 i KN J‘\AH # [1Hw. 2 HJL‘ 'C ;!I‘LJJH l fj{il}!‘[‘i Sereen siie immi
Kil 7T 7o T i R TR B T RS Fig.8 Size distribution of slag sand
PN JIS D 2ord L R A (i 2R
Aepy T MU E SIS IR Al L, N EREL WEre AL, KEREba Aoty y R L i
] % F K200 B, e EATw s i b A0 PAF g8 T - o, ZoER 05, TN
f=ifrh b 4. Fig. 8 iz fwl'i'; KA T Tk l.ﬂf’:}‘%‘h A I N ’M‘J T2 bk by, b

N

JIS g
l—+r~f> BRIk

IR A L

fr il Hx. &M

SUIRGINE <1 243 11/ 11 E A | U e e B
i,

F A KN AR S o U3
Ty 70— BN &L
ENC-FAT S TS N V- >
Fo AUEEEID 50% 8T AREY 2 T

Ll #0- |

[REE - E I

Table 5

.  Specific : Washing
Specifie - oravity
[Llem o ar © loss
gravity 1" MY
: state  ° P
Test IS IS s
met hod A 1109 H f\ 1ns - A 1103
F?efure iiw ;Zﬂ I
Crushing | 6" 0.047 | 0.043 .
After T 267 | 265 278
Crushiog |6 goze | 0.027 - 053
Natural
sca sanid
Reference

standard

]l“& '[)|dn

*l

JASS [

TuB

T s b rsin]

B4 C Rt

54|

AR

A
a7

T P, B A fiE

AU

7 P)m}';i "I

PJT e

63

! Float

percentage in
“liguid with
“specific gravity

'3 Lokl k (PR SAA LR HE iR 2y PN
Faval I d5rft ’-"(F) BYErEy 4 Sk o
frTid, BEOMME TREL Tvd,
BRAR & 7}(ﬁ’|” .
T fﬁ SO P -
S PR B B
ey LT Qi H sk s B, dHwoa s
'Hﬂif-;. 1t v M7 R REL LI, RIS R T R
I’hy!-'.iCﬂl prupertws of slag sand (No. 2 BF)
:’;’;:‘:m Bulk | Unit f\};am_ Water _— Salt
n density | weighl ?m:)rp content CNaCli
JEE“‘RM‘ ‘ ‘ ‘modu]us ‘
I L A B R AN LR
ns i aternal | 415 s Jas- | ans nsoo
A 1104 ls_m_nd;n T A 1104 | A 1203 | A 1102 | A 5002 | A 5002 |
515 115 1.30 1.21 831 | 305 '
17 nese | ose | 0w | so o |
%2 | o1ae | 152 | 0es | 1371 284
589 | 0.025 | 00_3_0_._____ 9.267 T, L7 s
1.49 2.0 | I 2.5
R — N ..:.‘_-5__ _________ _
lag . '\*\ L aa0”
SRR SR



272 Wi
LD Dt 4 e i A R O Sl e o A G Y
R A

FERE AT FOar I s LT, AL L A KN Y
A EEL, {2 P TR F AL R
W 2k St min EE S L 5 4 Gk, 3

ENEFZ AT
PISHECE IPAR TNV F R T A e

b
S EIEE

o

o 1950
Vhﬂa’ii-’f' AHLTR, M 1‘.':‘-“1:. b A
Ve b BRI L L ORI (R T A Lo
EoR

B (I ST 1 B (T T ST A N ol 7:uh, 6t/min
if%mf$ﬁKh;@MﬂfﬁM{=aa

‘}?ti‘j-?’J‘ DO A ' ll)(‘ilm 1§ L E T

Fiih, i,
11 RFRUAVARSERFAL B 345 3 U E /R 0 4 R
T b

SO iR o0 Ay o7

ST T TR JIS KL (1977

JIS WEV I+ 4T 5 LT, Kb E W%

¥ E x B

U 3> 20— RIS 75 PAT M LT B e v 7
2) EEALIA DBk EEE, 64 (1978) 11, S a56

3} A.A. MYASNIK, et al: Steel in the USSR, (1976, 181
4) fRI&I34 D EL -9, B4 (1978) 11, S 554

5) HOREEEIG S B 43 Wl A el e, (19770, 122
6) PBrUIACBRSEE, 63 (1977) 11, S 422

7) FEWRIA SR LM 63 (19770 11, S 423

8 WANd A DN RELIGE, 9 (1977} 1.2, 97

b4



	★j12-264-272
	j12-264-272

