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Properties of Medium Carbon Chromium Steel
Kiyoshi NARIHIRO, Yasuo OTOGURO, Takashi OTSUBO, and Noboru Mipa

Synopsis:

A study was made of the mechanical properties and hardenability of medium carbon chromium steel which
was developed as corrosion resisting steel under weak acid corrosive atmosphere.

It was proved that retained hydrogen had an extremely bad effect especially on the ductility of this steel.
Therefore, the process of production was investigated in order to increase the ductility.

As the effect of boron on hardenability was different with nitrogen content, the relation between the effect
of boron and content of such nitride forming elements as aluminum and titanium was examined.

The following results were obtained.

(1) In order to guarantee 8 percent of elongation (JIS No 4 tensile specimen) in steel with 140 Kg/mm?
of tensile strength, hydrogen content had to be kept less than 1 ppm. Hydrogen content was decreased less
than 1 ppm by slow cooling of the bloom after blooming.

(2) The effect of boron on hardenability was remarkable in steels containing nitrogen of less than 40 ppm
even if only boron was added to the steels. But in order to make boron more effective for hardenability,
aluminum more than 0-01 pct., and aluminum more than 0'04 pct. or titanium more than 002 pct. were
required for steels containing about 0-006 pct. of nitrogen and {or steels containing about 0-01 pct. of nitrogen
respectively.

(3) The effect of boron on hardenability corresponded with content of acid soluble boron which was
decided by solubility products of (B)(N), (Al)(N) and (Ti) (N). But in all cases, the relationship between
hardenability and the content of acid soluble boron did not always hold good.

In steels containing aluminum, the content of acid soluble boron which was necessary to secure the same
hardenability was much smaller than the content in steels without addition of aluminum.

(4) Tt was proved from the investigation on distribution of boron by a—track method that the hardenability
was related to the concentration of boron on pre—austenite grain boundaries in steel without addition of

aluminum.
(Received Apr. 8, 1971)
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Fig. 1. Relation between tensile strength and

fatigue strength.
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Table 1. Chemical composition of steel A, B and steels of C series.

{

4 B (ppm) N

i C ‘ Si Mn Cr A% , Al Ti

| ! Sol Insol ppm

i
A 0-287 0-29 1-24 1-41 0-062 8 25 90 0°027 —
B 0-280 023 1-23 1-44 0-057 5 13 100 0°009
Cl 0-198 0-25 1:00 1-12 0:052 — — 42 — —
C2 0-199 0-25 1-01 1-10 0-053 18 3 42 — -
C3 0-198 0-26 1-03 1-08 0-053 23 3 43 0-02
C4 0-281 0-30 1-01 1-17 0-054 — — 61 — —
C5 0-287 0-28 1-00 1-19 0-053 2 7 64 — —_
C6o6 0276 0-28 1-00 1-25 0-053 8 15 59 — —
C7 0-279 0-27 1-01 1-18 0-053 11 20 61 — —
(of:} 0-274 0-28 1-02 1:25 0-053 10 20 60 0-010 —
Co9 0-268 0-29 1-02 123 0-054 10 22 62 0-023 —
cl1o 0-272 0-29 1-04 1-25 © 0-053 34 <3 67 — 0-030

: - .

C11 0-258 0-26 | 1-04 1-22 0-053 — — 110 - —
Cl2 0-250 0-29 1-06 1-21 0-056 5 25 120 — —
Cl13 0-260 0-22 1-06 1-24 0-054 11 30 110 0-026 : —
Cl4 0-270 0-28 1-06 1-26 0-054 12 26 110 0:047 ; —
Cl15 0-265 0-28 1-07 1-21 0-054 22 22 110 — 0-025
C16 0-260 0-30 1-10 1-21 0-054 27 13 120 — 0-035

e
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Table 2. Chemical composition of steels of D series.

Temperature (°C)

300
800
700
600
500
400
300
200
100

C Si Mn Cr B N Al
D 1 0-220 | 017 0-88 1-29 — 0-0057 0-003
D 2 0-220 0-24 0-93 1-29 0-0024 0-0066 0-003
D3 0-222 0-23 0-92 1-18 0-0056 0-0062 0-002
D 4 0-220 0°24 0-95 1-22 0-0079 00066 0002
D5 0-216 0-23 0-94 114 — 0-0066 0-008
D 6 0216 0-24 0-90 1'18 0-0014 0-0068 0-008
D7 0222 0-24 0-93 113 0-0024 00066 0-005
D 8 0-224 0-25 0-94 1-25 0-0065 0-0065 0-006
D 9 0-219 0-25 0-95 1-16 — 0-0066 0-020
D 10 0-217 0-25 0-97 1-14 0-0014 0-0065 0-022
D 11 ‘ 0-217 0-25 0-97 1-19 0-0026 0-0063 0022
D i2 | 0-219 0-22 0-95 1415 0-0052 00062 0-024
D 13 i 0-217 0-26 0-90 1-16 — 0-0100 0-002
D 14 0-214 0-22 093 1-18 0-0067 0-0126 0-002
D15 0-217 0-23 0-95 1-21 0-0097 0-0118 0-002
D 16 0-212 024 1-00 1-20 0-0105 0-0107 0-002
D 17 0-214 0-25 1-01 1-23 — 0-0111 0-016
D 18 0-217 0-25 0-99 1-24 0-0020 0-0107 0-020
D 19 0-210 0-25 0-99 1-17 00039 0-0119 0-018
D 20 0-215 0-26 1-04 1-21 00056 00094 0-016
D 21 0-214 0-27 1-05 1-18 — 0-0114 0-040
D 22 0-219 025 0-98 1:20 0-0016 0-0104 0044
D 23 0-221 0-25 1-01 1-24 0-0030 0-0099 0-038
D 24 0-215 026 1-02 1'14 0-0070 00030 0-047
D 25 0-215 0-24 0-94 1-17 — 0-0024 0-002
D 26 0-226 0-25 0-97 1-19 0-0010 0-0022 0-002
D 27 0-219 026 0-99 1-19 0-0015 0-0022 0-002
D 28 0-219 026 0-99 1-17 00031 0-06020 0-002
a) steel A (as rolled) b) steel B (as rolled) %100 (3/4)

Photo. 1. Microphotographs of steel A and B.
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Fig. 2. C.C. T. diagram of steel B.
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Table 3. Relation between tensile properties and H content for steel A.

As rolled As heat treated
50 mm ¢ : 50 mm & | 20 mm ¢
- Tensile Elonga- H con- Tensile Elonga- 'H con- | - Tensile Elonga-‘ H con-
.Pos.lt'm: strength tion tent fleatt ¢ Strength tion © tent ‘ fi[eatt ¢ Strength tion tent
mn mgo 1’ kg/mm2 % ppm ‘ reatmen kg/mm3 % } ppm | reatmen 5 kg/mmz , % ‘ ppm
| _ . 880°C Q | ‘ -1 1880°C Q : ‘g
Top ¢ 111'7° 4-8 1 480°C x | 1324 77 ' 1'2 | 330°C x 168-1 | 14-8 0-3
| : | - 6min ! ﬂ ; ¢ 1+5hr |
! i i . i : i
§ i k . j
1 , - 880°C Q | | 880°C Q |
Middlc' 109-0 40 | 1'6 400°C x ;| 1481 21 | 14 ! 400°C x 149-4 15-0 03
* . 1'5hr I . ; . 1'5hr
| Broken | | 880°C Q ?‘ : 880°C Q
Bottom | 107°3 . Qut of ' 450°C x 142:7 ' 57 ¢+ 1-1 | 500°C x 121-2 19-6 02
| | Mark | 1-5hr | | E 1-5hr
880°C Q ?
“‘fan 109:3 | 44 450°C x | 132°6 | 11-3 E 05 -- — — —
vatue 3-5hr |

 JIS No 4 Test pieces were used in this experiment.

Table 4. Tensile properties of steel A after heat treatment for dehydrogenation.

E ‘ Dehydrogenation ‘ Without dehydrogenation
Heat Heat treatment i—T T ey T
Treatment for dehydrogenation ;oensue Elongation| H content! _ cPSl€ Elongation| H content
i strength %, m strength 5
i - kg/mm? e pp ' kg/mm? %o ppm
l ‘ ! ;
| 450°C x 2 hr ‘ : . . g ! . .
As Rolled | Furnace cooled 106°7 14-7 0-6 109-3 4-4 " 1-6
880°C Q r Control cooled (300/hr) ‘ . . ’ . . . .
400°C X 1-5hr  700—400°C 152°6 13-9 04 147°5 2:3 14
: ! f ]
880°C Q F P . . a R . .
450°C X 1-5hr | 4 139-7 14-5 ]! 0-4 142-7 ‘ 5-7 1-1
! H 1 ' i ]
i T 1
880°C Q | 450°C x 2 hr ! : . 6 ! 8 . .
480°C > 6 min : Furnace cooled L 13877 10-6 | 0-6 1328 69 12

BLEEWMELTV S, FREEMCOWTD Sea- L3BEEH 140~150 kg/ mm? 2 s 5 BIKEF L <A Ch 5
BROOK, GRANT and CARNEY® £ SAE 1020 §4% b d, ot 10% Ll EOBE W EATER XhT
WTEBTHR M 7-E8»xH 0, HE lppm %0 5.

1% DHFUDETHMRED LTV S. LAED X 5 I HFERIKELI B L OF D% OB -
LITARCOWTD S0mme¢ DFMEDEETDOFN  XOTHRE LN, KERFL2BEOHET & 0,
Z 450°C iz 2hr QREFEFS. HBVIE T00°C 25 MUOBEETRT E Fig. 3, 4 0 X5 ANAELNS.
400°C FCxH Lhr 3 TR T 52 212X b, BikEw Fig. 3 3LEDX S LWL EM L, L~
BER2O7GEOFRIFE R #ZE Lz Table 4 o, HEAZEX 56, £HE L~V LBE LK
IRBRERE T D18 LTI LIS WIRE DSz D DOEBRER LIz OTH 5. LHE T LIBUIEiagEs -
T HMAOHRMEHTOSERI B L HEORGRET  HAILTETT 54, FOEGEGEHEOMINI >h
L7c- X DFERALEDFET 1-6ppm OHEH 0 6ppm  TFHICIETEEFBHT 5. BEDO LFIZ L 3% 5 fhor
EELLETLTED, BMUL 4°4% 5 147% ~ 2% DERTOERIHEDKRWIEES T 1°4%/10 kg /mm?2,

Blzm Ll Cva. SABANER LOFEHM Iz onwT BVIGECH 0°8%/10kg/ mm? T 5.
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Fig. 3. The influence of hydrogen content and
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Table 5. Tensile properties of steel B dehydrogenated by control cooling.

‘ Dehydrogenation in bloom De(i)ytc)irogenation in bloom
Heat *  Tempering ! anc bar .

treatment . temperature *cG) + T. 8. . EL. | H contenti T. S. I EL. :H content

i i(kg/nnnz)i (%) (ppm)  (kg/mm?); (%) | (ppm)

As rolled 107-4 1002 | 09 | 102:3 133 0-7

880°C 380°C — — — 145-1 13:6 —

Qil quench 420°C 1397 14-7 — 136-4 14-6 —

(1'5 hr temper) | 450°C — — - 130-9 15-4 —

?§3°glench | 420°C L 142-1 14-1 — | 142-4 147 —

(6 min. temper) 460°C 135°0 : 16-1 | — — — —
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Fig. 6. Hardenability curves of steel C 1~C 3.
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Fig. 7. Hardenability curves of steel C 4~C 10.
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Fig. 8. Hardenability curves of steel C11~C 16.
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Table 2 icRTiREE 0:22C-1-0Mn-1-2Cr ##kK
$Rk ST 5D TD2~C 28X B IERRIFCIER LN
2% 20 ppm OHTHH, DI~I2Z I NFEE) 60 ppm T
Al & (E#Fhn, 0°01, 0-03%), BE#EEMHAEET
5. DI3~24 INEH 100 ppm ¢ Al F @R,
0-02, 0°04%), BEZZE(LIE/ALDDTHS.

Table 6 jzztkt D 1~D 28 z-owwc® Total B,
Total N, sol. B, In sol. B, Free N &% 5 %(E & %8|
EC, FABAEERE LT fBEzdbby¥TRT. G
i Free B 11 sol. B ic#¥Y T %.

Free B, Free N I F5' ManescHI, BECCARIAI®D D
BN o RERCET 53 & Darken'® @ AIN DiEfE
ERoRE BV, BERY s 1 = —RcAbe T 880
°C TEE L.

log (B94) (N9g) =—6950/T +0-06
log (Aleg) (N9s) =—7400/T +1-95

HE({HED Free B (X547 D sol. B ST 5HD
f&éﬁ,ﬂ%ﬁa%ﬁmmAl%%mLtwﬁﬂw‘
WTIREHDTILHG LTV, AN Free N &
KEDTEFEELF IS X 5>THDHH, Fig. 10 TR
T IX3IiEE sol. B e B#LTVWS. ZOXSIE
B, SHESIAET O EESITO/BRITD &
SVWTIBERERORLZ KD TWBRBTHH, BRED
WA B, —HILERIFEEICGELRL T VW EREHR LT
VwaE. Laesic Al 2L S W CREITRE Lo
Free B & 43#7fiticd sol. B flicEH LW 4 H 0, S5HTE
MIEFITE V. L HEEE & D LBEEDA D Free B

30 o Chemical analysis

e Calculation
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8
\

20 |- o o

0002 0004
Sol B %

Fig. 10. Relation between fy and sol B content
in specimens without addition of Al
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Table 6.

Relationship among hardenability, content of acid soluble boron

and that of free nitrogen. (880°C)

/ Total B Total N Sol Al Calculated value (x 10-425) | Qhemical analysis (x10-42;) !

: : o : ﬁ B
(%) (%) (%) Free B Bas BN | Free N Sol B Insol B . Free N 11
D1 — | 0°0057 | 0003 — = 57 — — ' 57 | 100
D2 00024 i 0-0066 0-003 9 | 15 47 8 16 | 45 112
D3  0-0056 | 0-0062 0-002 23 33 19 24 1 32 2 209
D4 | 00079 | 0-0066 0002 | 36 43 12 38 M 41 13 2-48
| { '

D5 — | 0-0066 0-008 — i = 56 1 — — 51 100
D6 | 0-0014 | 0-0068 0-008 8 6 53 2 12 46 100
D7 | 0-0024 | 0-0066 0-005 | 9 | 15 47 3 1 2l 39 100
D8 | 0-0065 : 0-0065 0-006 27 38 16 22 43 9 2-80
D9 — | 0-0066 0-020 — — 27 — — 16 1:00
DIO| 0-0014 | 0-0065 0-022 14 0 25 2 12 15 1:45
DIL| 0-0026 | 0-0063 0-022 20 6 22 3 23 20 1:90
DI12| 0-0052 | 0-0062 0-024 27 25 16 16 36 9 1-95
DI3 — | 0-0100 0-002 — — 100 — — 100 1+00
D14| 0°0067 | 0-0126 0-002 9 58 51 57 10 52 1475
D15| 00097 @ 0-0118 0-002 22 75 20 68 29 30 2-00
D16 0°0105 | 0-0107 0-002 33 72 13 76 29 9 2-05
D17 — | 0-0111 0-016 — — 58 — — 73 100
D18 0°0020 | 0-0107 0-020 1 9 38 2 18 43 1-00
D19} 00039 | 0-0119 0-018 12 27 37 2 37 32 1-00
D20, 0°0056 | 0-0094 0016 17 40 27 6 50 12 2-76
D21 — | 0-0114 0040 — — 16 — — 13 1:00
D22| 0.0016 | 0-0104 0-044 16 0 15 3 13 7 2:10
D23| 0.0030 | 0-0099 0-038 29 1 15 7 23 5 2-42
D24 | 0.0070 | 0-0090 0-047 48 22 9 21 49 14 2-00
D25 — | 00024 0-002 — — 24 — — 24 1-00
D26 | 0-0010 | 0-0022 0002 10 0 22 10 0 22 225
D27| 0°0015 | 0-0022 0002 15 0 22 15 0 22 2-38
D28| 00031 | 0-0020 0002 27 4 16 29 2 17 2-38

JSB : Multiplying factor of B in hardenability.
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J
0006

Fig. 11. Relation between fp and sol B content
in steels containing Al

213 Fig- 1l iRdT X 5 Al |E\FAhic bREE T
HBEPIVIELDEIHRE. LT ABRGHETIIIE

WKV sol. B fiz d e hado B,  BEAMEEET 2 L
{AREL, sol. B A EEREAMCBEMGBLTCVWIWE S
ISENR%E3F 5. —J% Table 6 ORffiz 2 phfic g
L& ZATRBEAME sol.B DE»ie NE (&< i
Free N 2) BBE LCWB L5 ThHD, BAMREE
¥ 2 24T Mo Free N 813131F 20 ppm LITFCdh
5. FISE I BEATE sol. B B2 0 BUWEATH
5. ZOX 5T Al OFMEIT X D> TEAMICAS sol.
BEBPRELET B L, Thbb Al FHcizst
BEESMEDEPKENT LD, BEAMICER IS
RDH B BiE Al ZRINLIE VBT sol. B hap ¢
—Hie T ERWwWEFE Lz bNE. Zoz sk Table 6
B 5B D10, 11, 22 55 sol. B & 2~3 ppm TH
LB br b THRAMDH LI EDHSH T EH L
ELNFizili <% SPRETNAKD L OEEIZ X 5T HEMT S
na.
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Mm% Cr o EEIZE T 505 419

Ficbb SPRETNAK B RFEK LI 2T A —~AFF 4
MEARRT | RFEoBE BRI DT LELBE
12 10~20 ppm FECTRAFAETH 0, Boghfca L
TRGHAPELEHHTEDN D L LFLE TRV E
LTWw5.
FLCHBHBBRT S a b T v 410X D BSA OIS
BLBE LTH—WRREY 5 0, BEAECED
W< DL B ETh sol. B TlEH B, HFbos
BESBET 50 TIEE S, TORDH 5SS HIAMIC
MBEOHERTH — AT S 4 MR LEEAYEDM
R FLETDELITHO, TOHRIE Al ROBVEH

%/ Free N BOEGEHAICELS, Al ERMOFHET

W 2~3 #Eir T E v & FREIRS.
33 P77 bPIuOEICELBZBOTH
WiCEBCEAOBVWREICR TS A —2FF 4 b
WSRO BEERET HidIT, 777 - b5y ZEEICX
Lifth BOSHOBEE{ o7k
KRWCFET S Bix 0B 18:7% & 1B 81°39% L

S5E2TV5BEH, Z05h OB ddik IR LT

KOG L 2T a R F2 M4 5.
UB+!in—iLit+ia +2'4meV
Bk EB A & LT BE2Eh st L,
oA K7 4 v a2l TR EZTL S & LR
CXdafFrnteilos F7 4V alfhzETOTE
NEFNHVETT > F o7 LUTRBEEIET S LIt X
STHBEMC KT EBOHAEHMBI EBTES.
ORGEHABICH LTOAHFFEREZ & (1) B
S TR e LT RENICE VIR (755 barns)
FHLTWS. (2) Li #B o T XTOKTIE (n, )
FiSH I §oicid, d2&myfiF iy —2
WEETE, L WS ZOo0HBICEILIDTHS.
3-3-1 3 By & {4
a) R ofFk
880°C X hZevh Fiol3 B LicFEa 1x10%x20
mm YL, EE LAE#ET 05 mm Ficit
R, =2 Y —, N7 T 03 mm Fiofh
EE L 7=
b) AR

e ‘;mt&;‘ -:‘ﬂa g
B AL ST

a) D2 880°C Norm. 5% nital
d) D3 880°C Norm. 5% nital
g) D4 880°C Norm. 5% nital

b) D2 880°C AC B distribution pattern
e) D3 880°C AC B distribution pattern
h) D4 880°C AC B distribution pattern

x 100 (7/12)
c¢) D2 880° WC B distribution pattern
f) D3 880° WG B distribution pattern
i) D4 880° WC B distribution pattern

Photo. 2. Microphotographs and distribution pattern of B by a-track method for steel D2, D3

and D4. A.C.: Air cooled

W. C. : Water cooled
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EFgF--- HRRFNEEMEMRA D« 24 - F
— VAR AR HTR

Sheh e FRWIEEEE - 7-8x 10 (n/ cm?- sec)

BESHRE R - 11 min

£ omme--52x10%(n/ cm?)

c) Bof K74V ED vy Fo o

6 N-NaOH (60°C ), 35sec

3-3.2 Bo&Hyhg

Bosmid EidoBREEN/ztro 4 F7 4 vakdh
SEPAMSE THEIE L C#i~7-. Photo. 2 1z 3tfs D2~D4
DOEHERD M E a F 3 o SR L D B OSHRE R
T BREROMEITNN T = 54 b, =54k, <4
T4 PDIREHEBTHEH, 7 =54 bBbE0x
— 74 MRRICHEBRCTET B0t —XF F 4
FURBITITHETES. COBEEBERINTA L4 —
AT A MEREPHEKET D E5br5b. Liano
T BOBEAMEM B BT 550R D 5 iz i ik SRt Ak
DIRBEENTVDEEZLNS. a Ty kL
HEBOBMELDF -5+ 4 PEERRIR IS EC
BB EEEAKER OB VEE D3, D4 3L A —
A7 F A PRFRITAES T B{ERTIC B DS A s D B,
BES DAL WECE D2 e v Tk £ EIC — kR 24 ps

X100 (3/4)
Photo. 3. Austenite grain size of steel D 4,

e

a) 88U°C AC

Bohs.

Wi Délcov T T s b X 0 A 27
74 FPRREBH I 2/ E% Photo. 3 iziR$H5, F
= A7 F A MR EBOSA & OXMIGIE— R R0
bhd. B0 DWTIEENH L e L
LA FUSHIREBERT Z 05, MBUEELIEO®BH
CED2THHmBEAEINBEZ I35 L, wTFhoBing
AVnTH A —27 34 MUBEDOSH EFZ LTI V.

Photo. 4 gk D15 lkmouvT 880°C & 1300°C 1o
MBLIGEDa b5y 2T X D BAARY RT3,
1300°C A 1E LS EAELTs D, Bas
-7 F4 PRRCRET D EFZTEHELTNS. %
IeA =27 F4 MERBOXEWVZIERRTD BOS A
PO XS ZOEEMNEREY 2V DOBESEATS
FeDTH5.

Photo. 5 IZfdfEl D22~24 it o T a F 5 » 4 EEIC &
5 BoMERs XUBMBEBMLRIC L 54 — 27 7 1 MES
TR 7Ns I

WEEEE Lk S WX N T W Lzl 4 — 25 3+ 1 ME
IBECEZ G T 30min {fE Y HE L, & 900°C o
AR P R L, K9 30 sec fEHREEIKRHE U728 < o3
TWELTA—RT 74 PRRLEET EHETHS.

D22, D23 3B AR 2710, 242 TH B Ho
HHT, abT v FELIODTRA—-RFTF+H4 FPRRT
DHHIPTHICERDLND X5 THEHHE LTI
V. L2 L D24 ik WwWCiRsal hiko & ) EE KR
DEDOLN, LirbFA—2F7 54 PREL XI<HIELT
Wh.

D 24 pEEAMERE» 22T D23 X o {EWET
BYH, TOZEPBa Ty LD BOFHBOHY
FEVEREAME V30T L ST 5013 Tldin 23, sol.B
HEFPH D I WRIEHESS 5. Licdi>T Al B0
SBVWEEICRIEBAMOEYZ a b3 v Zic X 5 B4

- A
b) 1300°C AC

X100 (3/4)

Photo. 4. Distribution of boron by a-track method in steel D 15.

— 48 —

b

~g™

an



mkE Cr om®EICEAT TR 421

", a) D22 B distribution pattern b) D22 austenite grain size x 100 (3/4)
c¢) D23 B distribution pattern d) D23 austenite grain size
e) D24 B distribution pattern f) D24 austenite grain size
Photo. 5. Distribution pattern of boron by a-track method and austenite
grain size at 880°C for steel D22, D 23 and D 24.

o

a) ‘ B distribution pattern b) austenite grain size X 100 (5/6)
Photo. 6. Distribution pattern of boron by a-track-method and austenite grain size at 880°C for steel D 26.
RicskodZ &b ARETH DA, Al EHEEXPE L K N LUCRPHFENELZHE L THAOBREZ I <HbT
w vosol. B BTHEEOAD RE LSO TERAMKD HEN  IIBBEHPLETHSS.
TP LT A LRRETHDS. T X DB Photo. 6 i3k D26 o a + 5 v 2t X 5 BoAifRE
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F—A7F 4 MERN ZRTH, TF 0. B Eo%L
Wl D21z < SREEROEA SR DIEOE D LT
5. LRI —RFF A MESROAZ N L L FreeN
BEOERWIEDHA~DOBDREMBAZ N L2k 5+ %
zbhs.

R Al OFR|IC X D BAEEROB VR TH « b
Ty 2l X% BoWERREBDE, Al itz v
TWHAEE B BT E LTRRicET st L, Al &5
T AL ES sol. B o— L it h DR
DIBYBRRICHEETHZLEERLTE D, EAEDOX
EVHBTRRNADOBORESA L IEL KB b LE
z2bhsb.

4. 5 B

FREBRRE COMBMEDO T ShizhikE Crfio
ME, LCESIESIIETHE S L OEAMI B XIF
T B LIEERAIDORE ZTE LT O RS

1) ZoWEIGEE RS FECTRHSEESE L,
BEMENSZE L. & ISR RS A 140 kg/ mm? BEED
FESEE DAL 8% DU R EET 5 - i HE %
L ppm DUFIZ T HlEz S

i) ZLETE T Ippm BECHELRZ T F 5725
WX, DRSO TV — s kBT 50 LI OTER
Hisk 5.

i) EAMIIET % B Rico>vwCit N& 40 ppm
T T BEMTL5EIEH 555, 60ppm Tix 00019
Al, 110 ppm Tkt 0°04% Al %3 0°029% Ti oM
DBSLETHS.

W) ZDX57BOHRATENE L, BiEEH
DOEHE L T B%i B-N %, AI-N %, Ti-N Rick
%5 N & B, Al, Ti OBERBEM»SOHEEL S S sol.B

f

BEMGEET—ICORBARTES. L LE—DEA
HxRoOOW L EL sol. B Bix Al 2 2F T 53R
FREFELL FETIVWZ EnD, Al %4 %0 3ol
sol. B BO— o AMIIENESHE LTWEEE X
5.

V) abZy oIz B B HHERO FED HE, Al
EEFRVCABTIREARELEBDOA — 27 34 PR~
DAL BEEME D RS Bz,
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