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The Relation between the Alloying Elements and the Mechanical
Properties of Low-carbon Low-alloy Bainite

Tatsuro KUNITAKE, Fukunaga TERASAKI, and Yasuya OHMORI

Synopsis:

The effect of alloying elements on the mechanical properties of bainite in some low carbon Ni~Cr-Mo ste—
els was investigated, and was compared with that in tempered martensite. The bainite formation was achi—
eved in a salt bath held at 350°C after the austenitization.

Although the heat treatment was carried out in the salt bath using the plates as thin as 7 mm thick, the
cooling rate was not fast enough to completely avoid the austenite decomposition prior to the isothermal trans—
Therefore, the variation of the mechanical properties of the bainite with the addition of alloying
For instance, nickel

formation.
elements could mainly be interpreted in terms of the transformation characteristics.
improved both the strength and toughness of the bainite by lowering the formation temperature of the ba—
inite, resulting in the fine bainite laths with cementite laths on a specific ferrite plane (B-III type bainite).
This provided a fine unit crack path, which consisted of a bundle of the ferrite laths approximately sharing a

common {100}, cleavage plane.

It was shown that the results could be explained in terms of the unit crack

path, the dislocation density, and the morphology of the precipitates.
(Received Mar. 7, 1972)

1 E

PEROIFHEBERNMOBARIELLTT7 254 -
=54 MNERERFIRAT S 7280, FEGEOREI X
TR MRk 215, MBI A BE T 5 T LITE MK
LITEH, &, XLEERALEE»SD & EDIT
TN RIR I 2 R T 5 S E D SR CERE SO
FEEDEFTERI T4 +4 FOFIFEBREE INT
720 L, BUWEBHIC ISV THNAF4 FEFIFELAS
BRAMSERIEIN->2H 5D, .

L LIsdi b, <494 FloOIGE L \{tk:, +h
PEFGELBR TER Licd, SEEBIC X OTERKL
o, HBDVIE, TOBHEOLEEIBERCHRML 64T
F, FRBELELELIOE S EVOERICX S
TXEIh, LT LIH—Zhi-RFcE>Tuviny
fo & 0¥, IrviNe L PickerINGY T X 5 LK C{EKESE
MDA F 4 M EEANA 74 FETEANA F4 b TE
ORI TERNCZEL L, TEARA F4 FOHEES
REXPEDLDTELILDLE/ELTVEL, FONAF
A4 MIEFSENC X D TR U b O CHEWII BRE

SEERE IR TWS LTV udiawvwl, i, ZORA
F 4 PEBDOFREI D WT b R S8 %m0 7.
BEHELYY, K CEELENAFA +2 754 D
et A &4 OB EVIEIS» S, B-1,B-1
BIORB-T BANA F4 FESHEL, FOEKEERY
WE L. ZhBDNA F 4 MIWTFRH111),{110},
AR TEVI ATECOTEHARA +4 b EREHIC
AZiZY, 7254 FOSRCETBIED EERNA F4 b
W—Hd4%5. 22T, B-1®~NA+4 bRERLORE
BEEDIEWASRA=F 4 95 7254 b, B-1&II7
=74 b lath BECERE % 24 MR L8
F97s EERNA F4 FT, B-MBWINA F4 MI 754
MR OISREE BICBEn 2 X 2 4 FRHTH L7 lath
KARAF4 MTHB. ESIE, TDOXH>5KECEESER
A A POBE LM EREEORT L & biILikEX
h, &I Ms fFORfETERTSB-TR XA +4 bk
FUMEECTED ELER—@Eo~rsr 94 bED

* WEMm4TE£ 3BT RN
OERSBIEMR) PREMTAR =
X BRSBTS (B RREWPIRR

— 127 —



1878 % &

# 58 4 (1972) ¥13%5

Table 1. Chemical compositions of the steels (wt %) .

Steel C Si Mn P S Cu | Ni |, Cr | Mo [SolAl| B

E 318 0-16 0°26 1-03 0-011 | 0011 0-02 — 1-¢0 0-50 0-024 —
E 319 0-15 0-27 1-00 0:012 | 0011 002 1-01 1-01 0-50 0-032 —
E 320 0-15 0-27 1-00 0-011 0-011 0-02 1-97 1:02 0-50 0-028 -
E 321 0-16 0-27 1-02 0:'012 | 0-011 0-02 2-98 1-01 0-50 0-037 —
E 322 0-15 0-30 2-50 0-0tr | 0011 | 0-03 1-00 1-00 0°50 0-035 —
E 323 .| 016 0-28 1-05 0-011| 0010 0-02 0-95 0-50 0'50 0-019 —
E 324 025 0-25 1-02 0-011 0°011 | 0-02 0-99 1:00 ! 0°50 0-028 —
E 325 0-15 0-25 1-04 0-011 | 0-012! 0-02 1-00 1:00 : 049 0-041 | 0-0023
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Table 2. Details of the isothermal heat treatments.

Steel Heat treatment
E 318 950°C x 20 min —— 350°C % 2 min WQ
E 319 950°C % 20 min — 350°C X 2 min WQ
E 320 950°C % 20 min —— 350°C X 2 min WQ.
E 321 950°C % 20 min — 350°C X 5 min WQ
E 322 950°C x 20 min —— 350°C x 20 min WQ
E 323 950°C x 20 min —> 350°C X 2 min WQ
E 324 950°C x 20 min — 350°C' X 3 min WQ,
E 325 950°C x 20 min — 350°C' X 2 min WQ
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Fig. 2. The effect of Ni content on the CCT dlagram The bold
line refers to the cooling curve of the quenchmg mto the
salt bath held at 350°C.
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Fig. 3. The eﬁ'ect of Mn, Cr, C, and B on the CCT diagram.
The bold line refers. to. the cooling curve.of the quenching
.into the salt bath held at 350°C.
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Photo. 1. The optical micrographs of the bainite.
(a) The steel E 319 (194Ni) heat treated
in the salt bath held at 350°C for 2 min
after austenitizing at 950°C.
(b) The steel E 321 (394Ni) transformed
similarly at 350°C for 5 min.
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2. The B-1 type bainite¥formed in the steel
E 319, heat treated in the salt bath held

at 350°C for 2 min after austenitizing.
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Photo. 3. The B-1 type bainite formed in the steel

E 319 heat treated in the salt bath held

at 350°C for 2 min after austenitizing at

950°C.
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SHROLEBHGEEAT LS. B ER2EELF— 257
F4 MRS SEEKBEAT S E, Photo. 7D X 5 iIc W5
ZETRVHBIILIRC lath < v 7 9 4 hasdpk L,
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%37 500 (2/5)
Photo. 5. The B-1I type bainite in the steel E 322
involving the Widmanstatten arrays of
cementitc laths Which were precipitated
during the isothermal holding after the
transformation.

503

(c)

Photo 4, The B-1I type bainite formed in the steel
E 321 heat treated in the salt bath held at
350°C for 5 min after austenitizing at 950 4 : C ¥
°C. (a) The bright field image X 37500 " 37500 (2/5)

(2/5), (b) theselected area electron diffrac- Photo. 6. The twinned martensite formed by the
tion pattern, and (c) its schematic rep- decomposition of the untransformed aus-
_ resentation. ' tenite after the isothermal holding at 350

°C. (a) The bright field image, and
(b) the dark field image using a twin
reflection.

%@ Photo. 6 & DIHEIZEAS»THS. Photo. 8 (a)
BXO(b) ik, #hFh CE%X 0°25% i LB ED
I RIS F4 O PERABREE 224 PLOR 34 HEHMEOBRR

BE BV REHEEMRT, ¥ AL &4 b lath O~TEER M EEEMIEEEROEEFR ST FTTH LM EZII IR
AT D 593, 8 E321 OESRE LT X Bs, Mg 5.+ Hic{Ev 326 Ni ofF E321 c oW TER
4 FEEPEDSELLEDTWBEDELM2S EFHEMBC I >THE L. M~ Ar 794},
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%37 500 (2/5)
. The low carbon lath martensite formed
in the steel E 322 by quenching after the
austenitization at 950°C.

X 37500 (2/5)
Photo. 8. The B-1 type bainite formed in the steel

E 324. (a) The bright field image, and
(b) the dark field image using a cemen-
tite reflection.

RAFA4 PRI ThbDEED & LT,
ESSTHIE Lisy v Ve —HERRA (19 30% &
R 2k L LTRVY BEEAS o HlEflz
Photo. 9 75 12127R"¥. Photo. 9, 10 /3§ E319 o
R4 FA PBITZOBED ¥ LAROBE T Photo. 11,

M-t

A Unit crack path ()
40 30 20 10
50 l T T I ]

N\

Bainite .
& martensite

?8 eor o\ e
“ \
N

-100 |- AN

Tempered boinite &
tempered martensite

-150

T

-200 I I 1 1
I'6 '8 20 22 24 26

In 7% (mm™)
Fig. 14. The relationship between the unit crack
path and the 509 fibrous fracture tran-

sition temperature.

1243, FhPh, @ E320 O~A 74 MBEIOHED &

LA F4 PEHIHLTWS. ZhbXVIALLE XS
i, IR Ni S5 L CZRBIRE S T H5 5 & %
ML+ 5. —F, 650°C ¢ lhr OEEd X LaiET &,
LMK T SEABHD. i, X4 F4 O
BEL D VILRERABAROEBC X > THETT S, b
LOF—2FF A NIRRT =54} lath RECIED
fhﬁ@ﬁmé<ﬂ%éhtmofamg BT 5 EM
bb.;@iatﬁﬁﬁﬁQMEﬁ%MWUhMe3m
FEY LB T, WEBN o & LTRARETFENMES
B L OWEEOEMSY» HY) 5 BEsE R o PipEsE
ZLOoTWa.

TﬁkSkTL%MEﬁwDAﬂ%Dﬁﬁﬁmk*ﬂ
EEBHRC KT IWEERRE vT,S OBRERRT
5t Fig. B X5y, = F¥+4 bBIORA
F4 MBI 1 DOERICD D, ZThOOBED & LK

" Table 3. The results of the unit crack path

- - determination, )
B . .- |Tempered .. | Tempered
Steel Bainite bainite _ Martensng martensite
E 319 15 18 1 p 15
E 321 10 10 9 llz

* — M EBA R ERRBREEI I o TEE LW O T, 100% K54
23 XL) $ BREEETOABRELLTVL. COHEKTIRY
EHEAOEEC EESSBEINEEMP L VD & 5510,

* HEMERNAES, Tabb, BEHMOL D HBITHERSFC LD
TETHEL 2L, WHEORKD § OTHEMDE10%, #HEizch
EhadRAPAIL, 7L, 1 HBIH 60000 42 THB.
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Photo 9 The brittle fracture surface of the bamlte in the steel E 319 transformed in the

salt bath held at 350°C for 3 min.

DIFEE vT.S DIEFEAH 100°C RVEH L7525,
AR LOORIED GE T Litbn B
¢ - E. B2 :

1.1 FERRCEZTEEBHOB(L
BETLEC X >T COT HMOBRMBELTH T &1X
PER> LXSHMON TV, XORESF —27 54
Fhobric X 5 b Do, B@IDLW%@%““V;
5 DD, ftﬁ@w%%hiééomfccrgww
ft@ﬁ:ﬁ#;etc%‘(&)%“)

;?,@mm;ofj~z?f4T%£ﬁk?%Mﬁ
2 Ni HI0Y 5 & Ms &, Bs SIBET U LSRG
HREINE LB THSS L,. EIC Fig. 2 KL

(Fractured at+—40°C).

Fig. 3 KHRTHES e BIFT W5, Lizpio
T, Ni # Mn #8035 & Fig. 2 % Fig. 3 oA
DESWHEMUTEHRME L TD, HETLEK TS B-
1H B-1 BOANA F4 MichboT BT B4+
A FOERBBERH T D T EIIEBBECES. L LR
i, Photo. 51 B3 X 5l E3220 B-Il WA
F4 hRITIZiBtaf . C EFSHH L L E LN
'Widmans'téttenik@ﬂtz)f‘/&'f F%‘ﬁﬂﬁéhfq :{EEYMLC‘
HE Uiz A +4 i\ﬂnﬁﬁﬁ%ﬂk_cﬁ%%ﬁlmbfwé_f
REtEIC DWW TR T Tic VASUDEVAN B"N._J:O“cmugg
fu, Dbiz PlekErINGD I2 X DT, et CEFOME
W%k%o(&mﬁéhfhémert—9m®ﬂﬁ
T XD THRERT WS, LichioT 350°C ipEoi
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Photo. 10. The brittle fracture surface. of the tempered bainite in t

i ‘

he steel E 319.

(Transformed in the salt bath held at 350°C for 3 min and tempered at 650°C

for lhr, and fractured at —140°C.)

IBCTEREL, Lrd EEE T ETO BES £VE Mn
MO E322 kI B5B-IBIXA +4 reb T, Z0X5
A 24 NPT ERYRFHAEINIS.
—%, CRERFZEMT 5 EIEE b vers oy
4 MEERED BAAIRE, Ms SX THE8 -7+ 4
7274 VREPLF—-RFTF+4 bpic CEF%
BLIeh S T+ 5 XA + 4 MAHE™ ORIIAIEREE, Bs
o WHREBELEVWRTCHS. LrLiaroiiktth
R BRWCRFRE Wiz, ZEAEOBHEC B 2 e
BEXOXOERIMEE I BNS 2 L AT Exh, Fig. 3o
BRI LTV 5. ,

FLFATIC X 2 CTHA R RO RAIBETH S A+ — X
T4 MR ELRERT S EFEXL LN BOOLRMT

L, Ms S22 LEERRSEIEEZLE T Ps S0%
PMET L7z (Fig. 3 Z88). MEB oM X> TG
Tl EOBETROIEIRRITIE L A FEE I i
DT, A—2A7F4 MERICKT D7 = 54 OB K
BIHITH LT X DT N4 F 4 MERE D Bk
(BBBA, 7254 b 18—F4 FHEERZT LA
AEBRIT VSTV AL L o) BNEERZ 5
THsH 5. : '
42 ~NA4F4 FOBENHME

PRFEEASA 714 FOBHEHEFIFE LR L S
THILNATEY, TEANA 74 FOEMEDS LI~ 4 5
4 PDENIDTIRTWDZEBHLIIE I &
I LK CEAELHORA F 4 FHEL »OIFE LR
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Photo. 11, The brittle fracture surface of the bainnte:;ih’.;h_e: steel E 321 transformed in

s " .L*i"ﬁ‘

L. N - s 100

the salt bath held at 350°C for 5 min. (Fract.qfréci.at —120°C)

TRWBEHDD, £OEHLILERBSRC X >TER L
NAFA4 MNTHY, TOFERIPLVEHETHS. L
2 IrRvINE & PrckerING® [T X 5 &, XA 4 b
CEWTISREI B ERT T >hT 95 kg/ mm? ¥
TREBEBEED LR T 55, THA F4 FERNT
SIET % 95 kg/ mm? TRFCFEFEET L, SHDT
FTAHERESE OIS LHELTWS. HboxE
IRTHTEANA 74 PP WEAERT B-T BLHpHEsh
72HDT, A EA4 MTHIETERAA F4 MCEEIL
TWHENRT =54 MHBHABAG EIRAA F 4 SO,
TR {110} B R T R THE LOJFRVCEERCT S
HDOTIER . EHESD X, B, FAUECEAELR
DA F 4 PEREETRIC I OTERL, FOLERERE

DR E UTHIERS, BREELE . Thick?
LEREREDETIR O TRA + 4 o lath FE 5
Qieb, Rz, B=1, B-1, B-I #:ZEby o
BEBEELEFACET LT IRvine 59 OEET BT
EEEERRD SN, BE R oh CEGHIC Ei R
EBINBZEEFESIII LK. :

S EIRAETIED DENA F 4 OERAIE I B X
ETEETEOEETHER, TPEBIRL 5D,
BEVIRLIOWE 22 b, ERIEEBROZE
BEHEBLTHEETEON LV HEROXDIRS
DEBRHD. ZOXSEHROSECIIED S LT
YA P ENA FA4 DOBERIMEOREBENTH S
5. .
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Photo. 12. The brittle fracture surface of the tempered bainite in the steel E 321,

L e ol s,

(Transformed in the salt bath held at 350°G for 5min and tempered
at 650°C for lhr, and then fractured at —196°C.)

7, NioghRe st 5 »ic Fig. 8 5 X Fig.
O%h B L, E& LTEABNREPELNRLTWSEE XD
NEELEL<VTF U344 PR, Ni 825 0%
25 3%ETHMLTCHEBEIRELALEDLLTHESRE
BIRED 20° v L 50°C KT 33 &hwv. Lx
L, Fig. 6 25 ESITRA T4 FHEWITED
ELRAF4 PV Tidiy 100°C 1T L, £0i
R ECIEIBUAORTOENRE LD TREVE N
HE L& 2. BE, Ni oEmcE>TRA+4 b
v B-1 825 B-T R #fTL, ¥<RUL B-T B~
434 PCTHEHNiDBDRIYTH & 2> 24 b lath 535
T D EREIBEBET LTVWB Z ERTELTWS.

FEBRTRHEE LW WHBERBREMETT5 L7 -
4 b lath OEERRST 2992 U, TEEOWEN D
KELILDBDT, XA F4 b lath OBARAESE <
HBHETC, 120F—257+4 MREAT, BERCH
FLT D72 ~<"A +4 b lath OROEBEL D THS
5. ZOWEIHEY Ok Sic {100}, EE /NG BE
THET LA F4 POKRDOAE S Ni oinicoh
THMMLT D2 L THD, WHES o B/PhELLB T
LEHET S (BERUFRD A F4 b lath oFA
1 SOESBAE & 75 % 213 PICKERINGD [T X 5T #t X
NTW3BH, ZZTCRBERZERT AR 2 EmM
fLE LTk, Z0ERATIE (100} 2EEUNICHE
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Urst crack path (/4) ‘j—é 2:1/‘ 5 ,ﬁxf’ JC?LJ: O %?j(% < 7&%) %0&%26
oo s’o 4ﬂo j'o 2u0 |? ? ho.) Table 3R, TR hETFHETEHO
T, NAFA D lc BEH E39 T 15y THBDITH
so - LA E321ClX 10p 72T Wnd. ZONAF4 b, <
N7 Y4 PBIUCLXOEED & LD Ic & ,T,5S 0
BREECROBRY OV cEREE TR T E Fig. 155X
ol
Fig. 16 o X 5w/ %d. Fig. 15 i< 5 o494 pEX
B AF4 FOFRRTHY, B-1 X B-1 B4 F4
g -sof bE, w7 H¥ A4 PEIXTB-0I BXA 514 bD2D
9
N DITNV—FEGFTHRLTS. §§ E3IOD<A+4 b
~1oo - D oTyS =T H4 bBXU B-T XA F4 D
Fernte- boinite, -1 o WHEEAS STFHI N B{E» ST T WSO Ni B0
© : Ferrite-boinite, B-1 type bainite AN s . -
1501 o Martensite, B-IL type bainite %%E:Fﬁggf;j—éﬁ)% Lhti\l‘i)’; %@ﬁﬁﬁi’) Photo. 2
© ¢ Present results DESCEELT B-T BARAF 4 b LEDTWEE
-200 I ' ! ! l ! FErERT D LE5RORBRITFERNO 0D EHDT
I 6 : 2 : 4 25 — - N - .
A 2 Re—ERFTIVAD. L LARD, Y LEE
' o ERSIEE A 100° $h, Fig. 16 o 5HH B
Fig. 15. The relationship between the unit crack ?a%%f‘z&b %9 N G ?)Tﬁ BD '8 b )31‘927“
path and the 509 fibrous fracture tran- TEE D THTERD OFEDL & LOBGE LN DT
sition temperature of the bainite and N, Z OFREVEIESEDFE R A5 Cu-Ni-Cr-Mo-V Z
the martensite. The present results were ZHAWIOTH LAERTIE Ni-Cr-Mo & HEwvi-z
superimposed on the diagram determined LIEETELDT, <A F4 FEIRF—h -+ 5200
previously®19), ’
: —SINjow T oA MROFTHS A 24 FDRK
THIERD® L AKROMICEMN LV DK L, B ET
EATEREE ORIEMDIE I V,Cy p3HTH L REE(L
Unit crack paib ()
5040 30 20 10 5
100 T | T T 1 T
® : Ferrite- boinite, B-L type bainite
° O : Martensite, B-11 type bainite
50 \° @ :Present resutis Decrease of
\ transformation temperature
Or + : Increase of terﬁpering
A B‘I(E: B-1 _—temperature
9 ' 1 RN
° !
—- T30F : Tempered \
0 tensit
l(i; '\: / | / - martensiie \
-100 - | i ' ' :
v )
1 “ ’ .
Tempering s —>8-~1I Bainite
130 - of B-1 -
Bainite ‘
Tempering of B-IL bainite
—200 L1 ! | | I !
1'4 '6 . I'8 20 22 24 26 28
n 7% (mm") Strength — >
ig. . The effect of the h h
Fig. 16." The relationship between the unit crack Fig. 17 © etiect ol the Rheal {reatment on the

path and the 509 fibrous fracture tran-
sition temperature of the tempered bai-
nite and the tempered martensite. The
present results were superimposed on
the diagram determined previously®)10.

relationship between the strength and the
toughness.

* RIS TREEL S LOBAOWEBAMIIMEL T 6T, BAD
FEOEEBMEES RN ERELT, 20 vT»S ¢ OMEEERD
0. AERTHD & U IO THEHEAY, LMt s &h5H
FAINKH, ZORER, L TCOTh2HRBETHCII/PDITES.
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CRBEESESA 74 tOBRHIBE LS 4TE : 1891

EARTZELILEDLDTHASS. EOEREZELDS
L HREBIRE 7,5 11 Petcn RO :
vT,8=A —1651n lc-1/2
(vT»§:°C, Ic: mm)

TEbI, EFATEEERE, Bd ELEHS o
BETEC I OTKREREE LTI L 2 LrbR{EMD
VTR AECIEALEE D27 SicBEET R FCch b L%
ABNG. LTS DD BEL ELIcE 2Ty TS
PET B bbb T B BEer o SETHK
bTbz2ticdsd =vro94 heEbETEwLT
Y4 b lath ORAC KT LR (HL DA, Fh
HMBEATH BH) HEIEIR X>TAE L lath DEX
DIET &V S BIEREE R A5 B 45, T X DT
HEAS ZE LAV T T RERERIT 754 b
HRMCL2DDTHA M, SLIERNEZ2ETS. %
7o BED E LT XD CHEBEAACCHEL b iz bbb
bOTEBRENELDTERL B0, BEREBEEDOR
LHDERIEO®RRIEE £ 5% 2T, vTS ©
MESHEVI R BT —BAICIREIND S D TR V.
PLEDFEREZ BHICEE & HEEBEEOBRELER
BIRT & Fig. 170X 510/ %. ZHREEENRETT 5
LRAF A4 POBER ER UEBEESMMT T L0
L, »TF o494 bREDETEEDS ELIBED ERIT
DITHEIE T 5B EIMEEIREE D & LIk X > T4k
LicobEINDS. £ONA F4 FE2RTHIBEED
ELwF 44 PRATHBORZSE, 31 B-1T &Y
PH B-T BMRA F4 PABITTLACHELTVS.
NAFA PERD ET LBRMBEEORT, RIbWmoEkik
L7 ST X2 THRIL T BB <7 o34 hOEEED &
LEMRiciEDIHFSND 2 L8 br 5. ZOERK
CEO>THDEETTROTIREE LS L, BE2mTs
EFEEULTB-T #4314 b234FKL, FURKSTH
CHEEOEDELLT ¥4 X DT hicBitEs R
T2, Cr ZRALT B-1 B8R4 3+4 hOBRWT &
BIPERE LSBT B Z &R FEEH Fig. 130fRiC
—ET5. KL, ;A 0°25% b & B-N B~
474 PRI DOESE LB TS TD, oK
BFRICHMECEDELALT YA FDFNREXER
X 5T (Fig. 13%M1), BCOEBELSICIX B-T B~q 5
1 PO CEDOREERS L1 by, S8R
HUERDS.

5. ¥4 B

FHARK S FE 07159, C-0°252, Si-1'09% Mn-12 Ni-
195 Cr-0-5% Mo i & T HIECIREE~NA F+ 4 Dkt

BB 3 X4 Ni, Mn, Cr, C, BOFEZ ) &
L2534 bR EDLRIT S WTRETL, 20
PR MR AL O RE T 2 EE LAARY & BRI 2 97~ 7.
HREBRDOEEDTHB. '
(1) A4 FOBEAIERECRSXIETEETEDR
RELTIE, E4&LERIMNC X 5TEEEOZE, T
b4 F A MEROELIC X B5FSBKRE V.
(2) BWRTHERLIZNAFA4 P OREHEFE IR T4
B L7ed DD Z R A~ TH V.
(3) BE&TEOHRIWMES, EETE, Ritho
Jhgs E DB X DTHML S 5. ' »
(4) 7k, EETEDOELDIRITODWTHRS LK
DERDTHS. : :
(i) Niyk 3% ETRMUTHEALED & UTRE
TSR X BME R EIE L AL <, EMENET®K
HINDH, N4 F 4 MR VTIE, —EFET
EWEHL T OERIBEZ T 50O THE, 8s D
FELLLhETS.
(i) Mn % 2-5%icdbLvF ¥4 bOEED
ERLUEMELHCT 5. FREESEES, KL
A—RTFHA4A PR OEEL, chBviF oS4
FERET B 7DD NA F 4 FOBEERBRTT IO
VIREET & - 7.
(i) Cr % 0'5% W35 B-1 B4 4 b
AIEIN L CTEIMES BT 5.
(iv) BCo B-T B~NA F4 MIEL ELwLT
B4+ ERIFOME, HEETRTI5TH5.
(v) BoORMMIEFHRCET DA >4 b apoa g
L, B-T XA >4 bOERE BHITT L0 THIMK
HHECERTHS.

b DI HEBREE RO LT Y 3F i o vh 3k %
FEERTRELICERCER N LET. FEERD
BITIC D7) BUAHE, EREAE, SR Shi
HEENHEK, EEETHEMEBESC CHI Vv b
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