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The Effect of Alloying Addition and Heat Treatment on High

Temperature Strength and Structure of 18Cr-12Ni-3Mo Austenitic

Heat Resisting Steel Containing Boron

Yoshikuni KAWABE, Ryuichi NAKAGAWA and Tamotsu MukOYAMA

_ Synopsis:

The effect of alloying element such as C, B, Ti and Nb, and heat treatment on the high temperature

strength and micro structure of 18Cr-12Ni-3Mo austenitic heat resisting steels containing boron were

investigated.

In B ‘addition, creep-rupturé sirength increased with increasing B content, whereas in C addition,{it
reached maximum at 0-294C. ' These effects were ascribed mainly to a precipitation hardening due¥to
M3Ce occurring during creep. The effects of Ti and Nb additions on creep rupture strength were
given as a function of (Ti+Nb)/C (atomic percent ratis) irrespective of C contents, and gave a-ma-
ximum effect at (Ti+Nb)/C=0:4~0-8. Therefore, these effects of Ti and Nb additions were ascribed
partly to a change in morphology and growth rate of MgC;, into which Ti and Nb were dissolved.

Moreover, creep rupture strength increased with increasing solution temperature, up to 1250°C. Sur-
prisingly, the eutectic structures had no negative effect upon creep rupture strength of the steels.

Also, the complex borides in these alloys were identified by X ray and chemical analyses. The rela-
tion between the sort of borides and eutectic temperature was also discussed.

(Received 18 July 1967)
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Table 1. Chemical composition of B series specimens (%)

Steel No. c Si Mn Cr Ni 1 Mo ‘ w | T Nb B
Bl 012 17-64 10-72 | 2-91 — — — 0-19
B2 012 | 075 | 1-54 1807 12:53 | 3-10 — 013 — 0-21
B 3 010 17-65 10-66 | 291 — 0-42 — 0-18
B 4 0-13 | 073 | 1-58 17-96 12-57 3:10 — 0-70 _ 0-922
B5 023 | 073 | 1-48 17-63 11-92 | 3-09 — — _ 0-17
B6 0-23 | 072 | 1-46 17-72 11-98 | 2-98 - 03 | — 0-17
B 7 0-23 . 16-78 11-98 | 280 — 077 — 0-20
B8 0-20 16-82 11°98 | 292 — 135 — 0-19
B9 0-23 1672 11:96 | 2-80 — 184 — 0-20
B10 032 | o7 | 1-52 18-03 12-40 3:15 — — 0-22
B1l 0-32 1783 12:10 | 2-91 — | o8 | — 0-20
B12 0-30 18:00 12:04 | 2-91 0-62 — 0-22
BI13 0-32 17:77 12:18 | 288 — | 08 | — 0-20
Bl4 0-41 17-86 12.22 | 2-90 _ _ _ 0-23
B15 0-41 17-80 12-04 | 295 — | 023 — 0-20
B16 0-41 17-81 12-23 | 298 — | o3| — 0-20
B17 0-40 17-68 12-26 | 292 — | 089 0-19
B18 024 | 074 | 1-44 17-78 11-96 | 2-99 _ — | 04| o015
B19 0-20 17-86 10-83 | 2-95 — — 1:06 | 0-19
B20 024 - 17-82 10-52 | 2-91 _ _ 1-53 | 0-18
B21 0-23 17-78 10-71 2-98 — — 2:06 | 0-17
B22 0-23 | 0-72 [ 1-42 17-69 11-96 | 2-98 — | 043 | 050 | o016
B23 0-21 16-72 12:00 | 2-76 — | 043 | 098 | o0-18
B24 0-23 16-86 11-99 | 2-98 — | 076 | 0-49 | o0-2
B25 0-24 16-87 11-99 | 2-90 — | 074 | 099 | o0-18
B26 0-13 17-73 12:19 | 2-94 — 0-40 — 0-08
B27 021 | 069 | 156 17-64 12:50 | 3-10 — | = — 0-11
B28 022 16-81 11-98 | 2-80 — | o028 — 0-10
B29 020 1684 12:00 | 2-72 — 0-55 — 0-08
B30 021 1680 12:02 | 2-83 — | o84 — 0-10
B3l 022 1675 12:00 | 2-92 — 1-28 | — 0-10
B32 031 17-64 12:00 | 2-87 — | 040 0-10
B33 043 1763 12:15 | 2-86 — 040 | — 0-10
B34 013 | 070 | 151 17-58 12-53 3-05 — — — 0-05
B35 012 ' 073 | 1-53 17-45 12-48 3-05 — ! 098 — 0-06
B36 0-12 | .0-78 | 1-53 17-60 1250 3-03 0-47 — 0-05
B37 .| 0-12 | 068 | 154 17-20 12-30 306 — 059 | — 0-06
B3~ | 011 | 072 | L'5¢-| 17:20 | 1240 3-00 _ 1-04 | — 0-05
B39, 022 | 072 | 151 | 1766 | 1240 | 305 — — — 0-04
B40 0-23 ' 065 | 155 17-85 12:53  3-08 _ 0-27 — 0-05
B4l 0-22 | 080 | 155 17-80 12-50 ; 306 _ 0-47 — 0-06
B42 021 | 074 | 155 | 17771 12-53 3-05 — 0-71 — 0-05

© B43 . 0-20 | 064 | 1-54.| 17-52 12-63 3-10 104 | — 0-05
B44 0-21 | 073 | 152 17-68 12:50 | . 3-05 — — | 040 o004
B45 0-22 | 076 | 1°53 | . 17-71 12-73 3-03 — 0-82 005
B46 | 021 | 067 | 155 1770 12-73 3-07 — _ 124 005
B47 020 | 064 | 150 .| 17-86 12-63 3-13 — | 026 | 0w 0-04
B48 0-22 | 0-68 | 1:51 17-68 12:70 | 308 — | 024 | 08¢ | 004
B49 0-22 | 075 | 1-54 17:66 -| 12-61 3-07 — | 050 | 042 |- 006
- BS50 0-23 | 0-8% | 1-53 17-65 12-53 3-05 — | 046 | 08 | 005

" B5I 0-22 1672 11-98 1-33 1-09 | 0-41 0-20
B52 0-22 16-70 11-99 = 92-57 | 0-30 — 0-19

No addition -

Blank columns were not analyzed.
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Table 2. Chemical composition of BO series specimens (%)
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Table 3. Chemical composition of P series specimens (%)i

Steel No. C Si Mn Cr Ni Mo w Nb Ti B
P33 0-005 1-02 0-95 18-57 1256 — — — — 0-12
P34 0006 1-02 1-26 19-75 12:55 — — 0-48 — 0-19
P35 0007 . 17-30 11-99 — — 1-29 — 0-15
P36 0-004 1:03 0-98 19-65 12-54 — — — 0-50 0-19
P37 0-010 17-37 12-00 — — — 1-20 0-18
P38 l 0-007 0:95 1-06 19-73 12-68 290 — — 0-19
P39 0-007 17-38 1800 2-91 — 1-30 0-19
P40 0002 ’ 17-12 11-79 2:94 — — 0-11 0-21
P41 0°005 17-79 12-22 2-71 — 0-40 022
P42 0-004 17:08 17-75 3-01 — — 106 0-23
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Fig. 2. Stress versus rupture time curves of 18Cr-12Ni-3Mo
-0°2C-0-2B steels with varied Ti contents.
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Fig. 3. Stress versus rupture time curves of 18Cr-12Ni-
3Mo-0.2C-0"05B steels with varied Ti contents.
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4. Effect of Ti content on 1000hr and 10000hr
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0-2C steels with varied B contents at 700°C
.and 750°C.

(open symbol:1000hr, full symbol:10000hr)

° 01¢C
° 02¢C
s 03¢
v 04C
— 700°C
--- 750°C —

(%)

Effect of Ti content on 1000hr and 10000hr
creep rupture strength of 18Cr-12Ni-3Mo
~-0-2B steels
700° and 750°C.

(open symbol: 1000hr, full symbol: 10000hr)

Ti content

with varied C contents at

(kg /mm?)

1000hr-creep rupture strength

Fig.

(k9 /mm?)

ICOOhr ond 10000hr creep rupture strength

Fig. 7.

—- 53 —

20
o
°
A
i
u}
v
sy
o
10
o 02C
s 03C
v 04cC
S
0 5 10

Ti/C
6. Relation between 1000hr creep rupture
strength and Ti/C ratio of 18Cr-12Ni-
3Mo-0-2B steels.

20
/O O O,
o)
A/A\
\A
° 028
15 / 2 0058 -
o — 700°C
1
Q
@ -===750°C
\\QW_O\ -
N P < ® ~ -0
P I e N
K// ~ ko
10— e
N\ N ,..\\
\\ - :/\/\ \\\
- \‘\"& I \\ N
& \ .7 ~a ~o
- ~
‘o ~ R
5
0 | 2
Nb (%)

Effect of Nb content on 1000hr and 10000
hr creep rupture strength of 18Cr-12Ni-
3Mo-0-2C steels with varied B contents
at 700° and 750°C.

(open symbol: 1000hr, full symbal:10000hr)



54 % : W

% 54 &£ (1968) £ 1%

| 1150°C  CTiEfR{ais, HIRTE S 2RIE LB
- 00 028 | (L@EEOWECsLETC, BAHROPELFi.
o;,/;:ﬁ% x 0058 12iz5R L7z, CEE &I XEMSCHmL, Bd
< ¢~ xw‘ﬁrz;Xo F700 < B ERLRERIE DR S 2T 528, Clck

E PR BT TN (N LT ORI/ E V.
S > % RONg Wic, 0°2% B4 C &HB/KIECKT 5 Ti, Nb
'° Ny Bommr Fig 13 1GRLk. (& C kBT Ti B2t
o Y EMLTLBES T LA EEDLLT, HCOKETE Ti

I000hr creep rupture strength

BELELITHEATD. R, CEREXETHLix
R OMTEEZ 0 EHELTHLEDbR, £hitxl
T Ti, Nb OFMAEE OMIKEZE < 28&13 HEL
HNE W 0L Bbh 5.

Eeghix 1150°C #fk({LinERsg, 600, 700, 800°C T
3000hr ¥ CfTisof. REMEFLE LT, Ti 20RE
R TESIE X gy Fig. 14 RLE. BTHD o
NIk S, TOMErOIRMTREOREFEE kDS
ZEEREEROT, MROREE S 5B N LAk
DX ZFE LW EEREELEOR®ELE LT, Ik
IMTEEOEE L L 7.

FohiE{titic ks X3 C, BABEEOEE Y Fig. 15
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LTI ENT SEmAED LN .
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~
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0] 05 (0] 'S
Ti+Nb/C  (atomic % ratio)
Fig. 8. Relation between 1000hr creep rupture st-
rength and (Ti+Nb)/C atomic 9% ratio
of 18Cr-12Ni-3Mo steels with various B
content.
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Fig. 9. Effect of W content on creep rupture strength of 18

Cr-12Ni-3Mo-0'2C-0°2B-0-3~04T1 steels.
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70 0 \ M3 3 700°C, 2000hr Egh L 7 dkEE
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_ -~ . o TN Photo. 1, 2 i 0°2% B AT C BEOHE
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Fig. 10. Relation between rupture time and creep rupture P
elongation at 700°C. wiz Ti, Nb mogEaiitl, £05 5,
g7 plE LT 0°2G-0-05B §ickiy5 Ti, NbE
Koy . OB %4 Photo. 3, 4 L7, Ti 2L Tk B
\ 750°C, 11 kg/mm? 39K TR B A MMIAAT I A S HEED b D, TigEs
[e]
\ - %< 7D & &S IR IR L, e D REK
z . A SR L, RELLHEBUT S, S6IicTi
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Fig. 14. Aging hardness curves of 18Cr-12Ni-3Mo-

0:1C-0"2B steels with varied Ti content.
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OW B2, BRI THRE Lok TomHE
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. 15, Effect of C and B content on amount of
maximum age hardening of 18Cr-12Ni-

b0 E bE B, 3Mo steels.
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My Co T, 7o/ EEHEMTOED o A §3O \\ \/2:,/“ ‘\\\(])\ A ,‘Ii’ifl:xi
B L TWwa. B4l ST, e 2 o0 [l ¥ I e i T
pamikeE, 2 ) — 7 WML KAEE D 2 \/\%
M Cg & Ti (C,N) T 575, Fig.18 2 10 5
OXHEAFEA: L RLTVBES B E
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Fig. 16.
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Effect of Ti and Nb content on amount of maximum age
hardening of 18Cr-12Ni-3Mo-0-2C-0-2B steels, (a) and

and 18Cr-12Ni-3Mo-0'2C-0"05B steels (c).
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2 54 &£ (1968) w1 =

a) B.33 b) B.41 (0-47Ti)
d) B.43 (1.04Ti) ( ) additional element.

¢) B.42 (0-71Ti)

x3000 (

& ERIRE 700°C Tixfy 850hr 2H5L LT
ERFER TR ERIRB R M 012 5 2338 <, BR
BRI CIEERBERIEM D13 5 23530 < 72 5. 3RER
(BEE 750°C TIIRIERICHY 100hr 285& L TR
R R TR IRE AR L DI 5 2358  Ino T
5.

Ihitxtl, REEOE BOL T, &
HILREEIBEDO LR E EHIT s Y — FREHAX
—iRicinT 5. Ui, [oH-TEETRERIh
MORBIZEEAELE DS V.

Fig. 20 T 750°C, 1l kg/ mmeTDHE/NY
) — TEECE JETIHRCLERE O EE
AL7. WgHiEE b, 1050°C THf{bnmE s
Fle2ics, 20 —FEERIEFTAE V.
BOL TV, 1150°C oiF#E{bLIBT 2 Y ~
THEFAEJET T4, E5CHER O
BENB LA P2THbTPIETTZ20LTH
%. BOl $8TIE, HH(LERE 1200°C T2
)~ FHEERIKREETL, THITHIRED 1250
°C CTIHHILRLEEITLOTHIFEAEZEDLS
TRMEEZRLTVS. Z0X5kk, 29-—7
WEE &0 ) —FEREOWEITE XIETIERK
{CAERE O ERL T L RG-S, Bific
BHRCOBIEESBE VT E Y ) — FREIEL
%0, WEHEGSPEL LB EEFE LN,
Wiz, Fig. 21 CHEED 2 Y — FHiHO
& EHERR & OBARE TR L. TWIE L bIAK
LAERIREAEWVIE &, FBEssE <k
H1E EWV L B BEME OIS T 528, £hT
DAL 10% BdHY, SRCEIROEMIT
hTns &b s.

%7 BO D5 ) — FTHHAE 1T B XIET

Photo. 3. Effect of Ti content upon microstructures of 13Cr- N - S ne s
12Ni-3Mo-0-2C-0-05B steels. Specimens were so- ATRFENALER DR BN DV Th T L7e. BABRIE.
lution treated at 1150°C. and then aged 2000hr at & 750°C CiIpiRFZhQEEDRE & SRBIEE &
700°C. DN IR T2 DRRFEMLEE DR BT E D72 <
Table 4. Effect of steel composition and rupture time on the phasé identified in steels.

s} 2

Steel No, |tdditional 1150°C as sol. 700°C, 19kg/mm? l 700°C, 14 kg/mm

clement R.T.* | Phase identified | R.T.*|  Phase identified
B39 0 Ma; Coe 77 | My Ce 955 | MyCs, o
B4l 1 0°47 Ti | MyCg, Ti(C.N), MsBs| 359 | MusCe, Ti(C.NY, M;Bs| 8633 MyCe, 0, Ti(C.N), M;Bo
B43 | 104 Ti | Ti(C,N), M;B, 154 | Ti(C.N), ¢, M3B; 1264 &, Ti(C.N),M;B,
B44 . 0°40 Nb - MyCg, Nb(C.N) 510 | MasCs, Nb(C.N) 3733 | MG, 0, Nb(C.N)
B46 369 Nb(C.N),MgCs, M3By | 3411 MG, Nb(C.N), ¢, M5B

i 1-24 Nb Nb(GN),Mng,Mggcs

* R.T. : Rupture time (hr) Precipitates were described in order of amount.
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HryvE&L 17Cr-12iN-3Mo B4 — A7+ 1 Ml BHOEEBRE LGS T ETRMTE L HeBOFE 59

B A3, 700°C TlE 800°C x 3hr fzh

LicstEnid2& 38 <, TIUCH L, KRRl
HATL D2 ThHEVWEEE: D& biE.

Fnd z, BO HTCIRRIBHLALE, RehiLiE
DEHE LY, v ) — FHBRBERRE TOEETT
FZOREBIEOKREVIRIEE L, &R, =RHE
OWEERM AL TLBH T EZRLTWD.

3-2.2 WEAHRE{L M & O'REZhADAR

Fig. 22 iz BO, BO! MREDLIEET
REEHEE = RIS ki&?m%ﬁ%@mﬁwmi
% L7-. BO §Hm 700, 800°C TORENEE(L
WIRBEHRLEEEO LR L & DICHL,ITHE
K3+ 5. Fhicstl, BOL §8CHAELRZNE
{biE 2 RT oid 1250°C TEHEE(LAE Z T8>
A DDT, EHRCAIRE LR L &
DD X 5 BARIZIR .

T ORI & MEZE L & OB 2 FE
T B, B LM EREI L. BO
SO IE A LALTRIREE D% Photo. 5 XN L
7o £, il o EEfRERE Figo 23 W5
L7-7 T LAAENIREE 2 B < 78D & &b icHT
L R Wiamo BaEd L, EEti#fTys. Ll
x3000 (2/3) 1250°C CiR{LAER %1782 i iz
a) B.44 (0'40ND) b) B-45 (0'82Nb)  c) B.46 (1.24Nb) HEsELN, MAPOERN LS >

( ) additional element . !
B, LD 7o X kRElEE R e Fig. 24
Photo. 4. Effect of Nb content upon microstructures of 18Cr- TV, Loy ’ )

o L e OC TSI ANTE % 1T
12Ni-3Mo0-0°2C-0"05B steels. (2) iR L7z, 1050°C TRz
Specimens were solution treated at 1150°C, and then -D>7¥&icid MaCs & M,B, 1200°C CThix
aged 2000hr at 700°C. LAY MsB OB bsh. BOy m~OERE

L < Do, ki o B iE L
(o) Effect of Ti conte .
8 G_O_e_“; 3;' <ontent AR IC b BT IEIE—ETH D LET S
3 "““34”@”T” e CLMTED. LieaoT, ERCAEEE D
3 6= B A3(104T) —= I e
Y o -1 LRI L DI BEOWAIES BT My Co O
g 4 ~?—/’j: —‘—;"—‘ ?ﬁﬂ:l‘liéé@faoé iﬁ-s iﬁﬁi'ftﬂﬂﬂszg
5 2 T LR b HICHA SR AT 5.
*§ 8 fb) Effect of Nb content N Wiz, BO ﬁﬁ]03750°(} T OFRhHLE; % Photo.
5 || o et 6 1R L7c. 1050°C TiHR{LAREE T/ D7
- ——+== B. 44 (040 Nb) //O/r’ AT o
2 O T Ba6 (124 No) e BB 35 B ICHLIC K & TSR OHT L2572
é /"':O:—’///’-A/ BHILS. Fhucig L, 1200, 1250°C T
are == = = B Lt
R PRI 5 (775 DT B TIE, RO &
2 S P — 1T M AT 5 5 BGRD B, ReEh
0 50 100 500 1000 500010000 pn s 3 4% L <l B. BEENICE DAL

Rupture time at 700°C . "“{j\ﬂ:ff/}o)}f
Fig. 17. Relation between amount of extracted residues and TR 00 RIS R DT f

rupture time at 700°C of 18Cr-12Ni-3Mo-0-2C- WL @& L TRkw b e, ZORIFig 23
0-05B steels with varied Ti, Nb contents. W L7t k) iR L IR 2 @i E S
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% 54 £ (1968) 55 1 =

BO1 §fo> 700°C ToRZh fH k% Photo. 7 IT/RL
. ZOEETE
NIEG— IR AT D b .

DX 5, FiEEE bR & RRhIC X 24

M' 700°C, 14K3/mm? 8633hr ruptured

AJMMMWWWW%AAAWWW

700°C, 19Kg/mm? 359hr ruptured

1150°C os sol. TI(eN)
Ti{CN)

700°C, 19%8/mm? 510hr ruptured

WWWM\"’\W

750°C , 110 kg/mm?

BO stee!

(% /hr)

Minimum creep rote

\BOI steel
P - — o

1250

1050 150 1200
Solution temperature  (°C)

Fig. 20. Effect of solution temperature on minimum

creep rate at 750°C, 11 kg/ mm?

1250°C THERLALE L 73R O 4L

strength

30 (o) BO steel
700°C Sy
20 e}
\o\*ﬁﬁ\
T ~
~-q 7\59 = \\\é\?\= = \\ i
ﬂé DRI \\\,}:\~q::\\
£ 10 T~a. \\\\\‘::
2 S~ ~
"0 051801 steel
steel
8 [ 700°C__~_
» 20 Sol. temp. Tolmoee ATl
I ~a o
© 1050°C 750°C O\O\Q\ti\ﬁ\
A B SN
x 1200°C T \‘-o::d::i:\:a::‘ -
& 1250°C R N ot
10 =T
100 1000 10000
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Fig. 19. Effect of solution temperature on creep rupture

of BO and BO! steel at 700° and 750°C.

Table 5. Identified borides in Fe-Cr-Ni-B alloys
1150°C as sol. '/Nb‘c“) with various Ti and Nb contents.
b(CN)
"‘ . . Sl\tli'?l Composition Boride
Fig. 18. X x;a4y dlfl;'ractlon patterns of B. 41 and P34 | Fe-18Cr—12Ni-0-2B-0-5Nb M,B
B. steel. P35 | Fe-18Cr-12Ni-0-2B-1'3Nb |[Nb Boride X]
' P36 | Fe-18Cr-12Ni-0-2B-0°5Ti M.B
SFESIHEOEL L BRSHEL TV S, £LT, T P37 | Fe-18Cr-12Ni-0-2B-1-3Ti M:B+TiB,
DEFRNIC X BT Fig. 24(b) iIC/RLAX STz
AE MG THB. ZAL L3It D B ARG L T 5.

3-3 @POWLMEARBBCERETRNTED
72
3.3.1

3HE# o Fe-Cr-Ni-B

WkhoRE

RICEWTHE, BBEENED
Bid MeB & LTHTHIT%. 2o M:B #i{t¥
W CrB®th o Cr 0 —% % Fe TEHL L 7= (Cr.
Fe).B Wi{t4nTH 3 (Table 7).

DT Ti,Nb #Ehnl 7z & & OMibin%
FsEL, FOFER% Table 5 TFLA. 05
%0 Ti ZIHRMLIPEIZE MeB o4, i
1-3% FALERITiE MoB & TiBy & H3FE%E
INhtz. Tz, Fe-Cr-Ni-B Rz k> 3Ti
OYEFRINENSLED & &iTiE MeB & 7 ic
SEENEET 52, MIENRE L3 ETio
kit TiB: % dh 4 k3 5. Nb % 0-59
Wl s Eied TimmoBe & RERICM,B
DX, 1'3% InL2Bichd MaB 13589 5
T, REZED [Nb Wi{b#HX] ozpiildo5h
7o, ZOWHeOIbES IR (Table 7) 1T
X5&, ZoMibid CriaFeq.s;Nby.o B & 71
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F v v k&t 18Cr-12Ni-3Mo FA — A7 A A GHEMEE MBS TETHRMIE & BLEOKE 6]

D, MaB: it Ccd 5. Licd>oT, Fe-Cr—

70 (0] BO steel - Ni-B %To Nb OfEf b RMESSE &
L eor T~ i MeB & 7 KBRS NEIRT 545, TR
JDN Il B R #5 <L Nb OREMLIEERT 5.
S Aa;:\x;;j Wiz, Fe-Cr-Ni-Mo-B 5%&ic Ti,Nb Zifhm
c 20| === 1200°C T~ L7z olHbmEFRIZE L, X Of5R% Table 6
§ 10 [ —amm 1250% : R L7z Mo, W % 3 %ifin L7z 46 SHHIL.
I e — s MoB 05T, WHEMOREEEZED B s\
;?’; ig I 2 . Ti, Nb % 1-3% #hnL 7B ESfaOMs.
e awl [, BB IASHER S It © DR LAEAE S
S 30 S L. BigksR (Table 7) {25 &, CricMopesTios.
20 N Feg.sBo & Cro.6:Mog.gsNby.osFeg.06B: T, Mo
10 & Cric Ti 7203 Nb 2285+ %5 MB, By
°0 100 1000 LT HD T LS D B i, CORTD
Rupture fime  (hr) TiE DR, 0°2%nL 72 & Eiid M:BD
Fig. 21. Effect of solution treated temperature "on creep I, 0°5% D& ik M,B & M;By, 1-3%:.
rupture elongation. DEEITIE MB, OB LD, LimioT,
240 (l) , | ] | | T I M;B, mﬂ“:%'(i Mo Z@FhnL.,.
220 | 20 g g sooec | LB 800 E5iC Ti, Nb #HHELE
o AR —*’E*\\\\l__‘_\l_,_—:j?::;;;ﬁ ,"T“\DM_D_-_D/”?\'\g“?_ WL &, TOLFEFE
/&é\l\| T73“\‘*::§ | 7 )‘fl;"é;;%w—é //;_.___;E?f ireTh o EBbh s,
180 [ — BTN H %, ThooWihEaH
240 —5-700°C 4t —o— 1050°C H Bt 700°G < 10000
g }_/_’_.)___72;«3 ———— 1150°% 7001‘? Zhi 7223, WHcHhoEEZEH.
5 220 OV TS T - 1200°C g ; R
£ o | | - 1250°cx__,,95_’_l<___3//-.$ Blsot.
g 20 T A= P —— Beitic, 1150°C ppR{CmE
2 oo o] B e | i T oML DR R L
200 }\‘iﬂ;;ﬁ\ ?f?;_:_'c;é T 1T //).?g ’4—$— %. Photo. 8 {z7x L 7z. Fe-Cr--
180 -2 gj/ja“-;kzm' Sl NEB R(PI3O MiB B354
oL i i | || amicismmks CHREL T
0 3 10 30 100 300 10002000 O 3 10 30 100 300 wooz200 %. ZORICEALETLEZTMIML
Aging time  (hr) T < ETHESIE— i3 T 4 <
Fig. 22. Aging hardness of BO and BOI steel solution treated at various K BEEICHB. LivL, Wi
remperatures. gk, Wemiink v kE
BREHELTED, ZOWLBOHEGRLIT L >TE.
Table 6. Identified borides in Fe-Cr-Ni-Mo-B S NEERE L Z T TVE EEE T W
alloys with various Ti and Nb contents. 3-3-2  JE SRR
SN?I Composition Boride Fe-B Z I SLEEEIL 1165°C TH W, FopsdkfE:
P38 | Fe-18Cr-12Ni-3Mo-0-2B M, B THWHEE FeB TH%. FHITHL, ZORFEON:
P39 | Fe-18Cr-12Ni-3Mo-0-2B-1-3Nb | M;B, BERICAERCT DML Bk L2 X 51T MeB, M;Bs,

P40 | Fe-18Cr-12Ni-3Mo-0-2B-0-11Ti | M,B . . . mr b
P4! | Fe-18Cr-12Ni-3Mo-0-2B-0-40Ti MngM[ae2 TiBy L ETHDH, VWInt FeB I DEBSEE .

P42 Fe-18Cr-12Ni-3Mo-0-2B-1-06T1 | M;3B, ~ . s ¢ A PISTRTRY e
P43 Fe-18Cr-12Ni-3W-0-2B M,B %@f;b#&%{ﬂfﬁﬁ i) { e %)HHE'Ig:ﬁ H 5 EHE b5,
#g3, Fe-Cr-Ni-B % (P.33z0kl) Ti&, Photo. 9 (a)

T & 5T 1250°C T bl 2 T o/c AT .
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Fig. 23. Effect of solution temperature on amount
of extracted residues of BO steel in vari-
ous heat treatment condition.

EEEBEEDA TV, L L, WHEWHRE U M.B
THoTh Mo 2FmLiz P.35 BB I3t S
i, ¥7- Nb, Ti % 1°3% iRhnl 4 P.35, P.37
SR T EEMEBSELPN TS, Ti 2iEmLE4
ik % < OWLimss TiBy WML T3, HichHb
DUERE D Z» BERET 5 & LM AR Ui v &t
THbH. INLDTEHs, BRIt OBERE DB T
WRIE <, OSSR RASKEREICH LB

o) Effect of solution tempercture

M Solution temperoture
1200°C

MA
MB M3

b) Effect of aging time

M2aCe

o M 750°C x500hr

MﬁCs
M.
23Ce MaxCe MasCe Ma3Cs

750°Cx3hr

N1 R TIAAINN Vao

M8 M8 1150°C os sol. Mg8

Fig. 24. Effect of solution temperature and aging
time at 750°C on X ray diffraction patt-
ern of residues extracted from BO steel.

Table 7. Results of chemical analysis of the extracted borides.

Boride Chemical composition (%)
Steel No. identified by Xra Chemical formula
VY Fe | or [ Mo | Nb | Ti | B [Total
P33 - M,B 28+4 | 58-8 — . — — 8:9]961 (Cr1.41Feo.63)B
P35 [Nb borideX] 6°5 | 29-9 — 47-5 —_ 89928 (Crl.ggFeg.gng1.24)Bz
P39 M;B, - 1-1110°9 | 32:140-3| — 751919 | (Crp.s:M0g.9gNb;.25Feg.06) By
P42 M;B, 11'0 | 20°4 | 34'5| — 9:3 | 83835 (Cry.qFeg-50M0g.g5 Tig.50) By

Table 8. Effect of alloying addition and sort of borides on the eutectic temperature of

18Cr-12Ni-0-2B steel.

SI{TECI | P33 P34 P35 | P36 | P37 | P38 | P39 | P40 | P42 | P17 | P18 | P19 | P20 | P21 | p22
0-2¢| 0-2¢| 0-2¢| 0-2¢| 0-2¢ | 0-2¢
A 3Mo | 3Mo | 3Mo | 3Mo 3Mo 3Mo | 3Mo
0-5Nbll '3Nbl0*5 Tifl-3 Ti 1-3Nb/0-1 Ti|l-0 Ti 0-5Nb0°5 Til0*5Nb0-5 Ti
Boride | M:B|M:B x |M:B|M;B|M;B |M;By MyB | MyBy| MyB | M;B [M,B |M,B | M, B | M,B
TiB, : M; B, M, B,
1150°C * | — — | = — — = | - =] = — = -1 - =1 =
1200°C *| — - = | - — | = O| — | o — 1O | =] —-]10,0
z°c*) — | —JO|]—-—j0|l0 0|0 |OjJO|O0O|lO0]O]|O O
* Solution temperature A : Additional element X : [Nb BorideX]

— Eutectic structure was not detected

QO Eutectic structure was detected
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: AR
a) 1050°C X lhr—>W.Q.
¢) 1200°Cx lhr—W.Q.

P 5

b) 1150°C x 1hr—W.Q.
d) 1250°C X lhr—>W.Q.

C, Mo L &OFMMRAFKEFHTHY, £ L
TX DX 5 K 3T 2L &IEREE 1200°C BL
Tt n. LEhoT, BIREE LI S dE7b
SEHE O EEEZ S LIt X2 THamiiE%
BHODLEEARTRETHS. £ZT, For &g
BT 2MEORSETHHEMME LT 70D
i, BIRMMBAZEBILKEABLILLELDBIT,
SR TICES L TiE 1150°C DA B @B L 7swv &
EBULBETHAD.

4. RFRICWTIEE

4-1 SENROETEELZTOR{ELEBIZDONT
EELBPRIMTLEDORE 2RI ~% B
I, BIRHRELYILIIHERNLIEL I LIIHD

Photo. 5. Effect of solution temperature upon microstructures Liawv D ETHVE, RECFNICESTE

of BO steel. <400 (4/7)

HEAEFOTWE LBEbNnS. FDi-, Table 8izdk
EER S T TEeTREMLmoEE LR L. ©
OfER, C& Mo, L <i Mo RHgFEEELTY, Ti
& Nb b DOiRMENEL7 b ¢EAEEZ{IKTEL
B %. Fe-Cr-Ni-Mo-B R\t Ti EnE<7kb &
& BT e MeB 2 5 MBe iz ZH{b L, £ & & dic
Photo. 10 ([T/R§ & 5 IWILAREIIMET 5%, L,
ZOFGEEOE T LD OBERLICEKIL DT
375K, Fpo Ti 80O BEELETFTH
5 ERPhS.

C DFRADOTHEIIC I\ TRIRIRE 2 80 572Dl

‘\:\ ;

")
¢

a) 1050°C X lhr—>W.Q. b) 1150°Cx 1hr—>W.Q.

) 1200°C % The—W.Q. d) 1250°C X lhr—»W.Q.

ATHEBEFEEZMORBRE, FAMO N AR %R
AT 27D Tad5. &<, ZOFRKOWMEE IR
BETHVWOLNAEA T —  Fo—THOME & LT
ANz L 2EELTVWHDT, L, HiEEE X
EEBELLAVRIEECERREZRET 5 X 5 CE4TT
EXBELTHRMTSZEDBRLETHH. THVIEK
ThoedbBEDL VW TLERC, BTHS. LarL, C,
BE®EATSE Fig. 1 ITRLAX S CEERET T
5. C B0 X 2BERTRRILHFETLE T
Nb 2Rt 5 &Ik DEi> C&nTES. Tabb
Fig. 6 1Z7R+ X 512 Ti/C L OBk L L THIREES |
RO T EEHIND I iz, CE&% 0'1% 1ZIKFL

o PR DA e ~ - T

L

the upper row 750°Cx 3hr—W.Q. the lower row 750°C x500hr.

Photo. 6. Effect of solution temperature upon aging structures of BO steel. 3000 (7/10)
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T THB. FLT, BEE 0:05% ITETHLY
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S EAEREPNAVIREO BEXRMETHS. &
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Huori®px 0:0089, D. Murray® }x 0-007%,
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a) 1050°Cx lhr—W.Q.
c) 1200°Cx lhr>W.Q.

b) 1150°C X 1hr—W.Q.
d) 1250°C X 1hr—W.Q.

H. P. HopxiNn 51901 0-003% X W £ 54 {7&\v>
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Photo. 7. Effect of solution temperature upon microstructures ;- Ti L Nb PRI M A A L DIAEE

of BOI steel aged for 2000hr at 700°C. x 3000 (4/5)

SR T PO It
DRFLI ) Co
TR T e REYy
a) P33 b) P38 c) P.37 d) P.42

Photo. 8. Borides appeares in steels. X400 (4/7)
Specimens were solution treated at 1150°C.

<3 Ti 2EERNMLEIZThiIBVWGEL#ECE S
BEFRLTWS. ¥, BEOE®ES 1 407-Fig. 8
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EOERTREITLENEVWZ EEZRLTWS. LirL, @
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THAMTHB S hhE R by, EEErs
BT 5pic Mo 2T s 5EAE <AVD
hTws., Zhil Mo EREBEEEMZ RO
LOBERENETHODTH Y, BBkt
FEERT ALY WIS E SEm Th 5.
LA L Mn oFINIEIR, EEEEIT, E2H
TXE5DEEBELEVERTVS. F00D
SHREMERO S ) — THIE S CHS JET Mn D
TSRO ShIER 57t vwWE FEX T
5.

Ti, Nb Z{EmLS@E s T 5RIEEENR,
—IRIT I X B oHnat, BEiEEEt, oY~
FHhOK I X 5D 3 DORF T XESh
L. RV CH, MesGs, Ti(C-N) /i3 Nb
(C-N) TrhiwrhkELMBLTEHD, BE, =B
BLESLTVEEEE 2 b5 iltv. T LT,
Fig. 11 wRL2Z X5k Ti,Nb #EERMLEE T
BIF D50V — TR S ORKERFRCS Y -FEX
DRERFAETDH 2 LW BHRRHNAOELERELED S
BEENBIEBEICH L0 L BN TH D & & AT
LT3, LT Ti, Nb ML 7cE4 i L
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Photo. 9. Effect of alloying addition upon eutectic structures
of boron bearing steels. %400 (4/7)
Specimens were solution treated at 1250°C.

a . 3 L .
a) P-40 (0-11Ti) b) P.41 (0-40Ti) c¢) P.42 (1.06Ti)
left side 1200°Cx lhr—W.Q.

18Cr-12Ni-3Mo-0-2B steel. x400 (4/7)
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ZRIEFLTWDIDE HEIND. kEkb, TiC

right side 1250°C X lhr—W.Q.
Photo. 10. Effect of Ti content on eutectic temperature of
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Fe)os(C,BYs TH 5. LT MyuC 1T Cr, C
X DIkEGEE D% Ti, Nb, B g FOEBE
ME VI E T DR FDREEREIL/N X B, &
IRBREE I L CERICER T2 LE 265, &
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13Ni OB REE IR Xi1¥T Nb ozhRix Nb
B hd Mo LHEFTHI LI IWERT S
EHREL TV RBIBENS ERT 5 L EIREE
rEFICTLHIET S Ti os25 Ti Alic
BT 52 &3, HTFOREERESEART 5 &4
T ChhBNTIE2RBICTELDITEILILELD
Ti E#U4BELTEH0HTHAS. [FRICBED
EWigE4 <o Ti B4R T5HEIHAT
£%. ¥7z, BEABEAEDETH B LoD
L7, BEDHINE Ebits ) —FEINBELL
HATHZEREHIE MuC RiCEETSBE
BEEIL, REEREZIGIL T, H—HHRCH T
T hHIDEBRDLNS.

7z, HESRESEARICES X5 Ti,Nb &
BRI U7 ENC 381 DR L X 30 & DL
LLTHED, PRRIEELLEBTHS. Th
Wz, RALMIERITE Ti & Nbiisdicidb
WEBIRFE T Co—HaRER MC Rt L T
BEL THBERECT S (BIVHR) &£&di
BEEHTIR L Tid MG B L T OWT AR, BE&
BEZE S (EWEHE) MENICGEEZED TV
HOLMEIND.
42 BERAEECHLEITHUEDEE
BHICAEBIEE B 5 L, Fih~0&4&TTROE
HEEFABICESREDIZELTS. L0k, TOmE
OERFFHEE L CEIRREICE IETEELHATL
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X100

Photo. 11. Ruptured specimen of BO steel solution treated at

x400 (4/7)
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