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Effect of Microalloying Elements on the Hardenability and the Properties
. after Tempering at High Temperature in Boron Treated Cr-Mo-Nb Steels

Terutaka TSUMURA, Yasutaka OKADA and Hiroo OHTANI

Synopsis : '

The hardenability and the properties after tempering at high temperature in boron treated Cr-Mo—
Nb steels have been investigated with regard to the effect of microalloying elements. The results are as
follows: '

(1) The hardenability and the toughness are divided roughly into three regions according to B and N
contents under the condition that Ti and sol. Al contents are fixed. In the first region, dissolved B ([B])
content is poor, so steels have low hardenability. In the second region, [B] content is excess and steels
have inferior toughness because of coarse My;(C, B)g boro—carbides precipitation and denuded zones for-
mation along grain boundaries on tempering treatment at high temperatures. In the third region, [B]
content is optimum and steels have good hardenability and high toughness. The upper shelf energy,
however, decreases when B is more than 30 ppm.

(2) Ti and sol. Al contents affect [B] content, and therefore the boundary lines above mentioned shift
with the addition and reduction of Ti andfor sol. Al

(3) Grain boundary carbides are M;C type carbides in B-free steels, and M,;(C, B); type boro~

carbides in B-treated steels. In the N stabilized steels, M,,(C, B), precipitates are fine, if [B] is less than

about 10 ppm.
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Table 1. Chemical compositions of steels
investigated (wt%).

Steel| € Ti B sol.A] N |Steel| C Ti B |sol.Al N

E1 |0.28) — 10.0009| 0.038{0.0040| H1 {0.27 0.0007| 0.011/0.0019
EIS 0.129 0.(1)39 0.(;01\ 0.(1346 0.01063 ng 0.129 - 0.01013 0.;\5 0.02135
E6 |(0.28(0.042| — 0.05010.0054] 11 ]0.26{0.010/0.0007{ 0.012|0.0020
E7 [0.28(0.036{0.0012| 0.045(0.0046 119 0.128 0.(1)12 0.01011 0.(1)94 0.01126
F1 |0.26 — 0.046(0.0062| C1 |0.26/0.008{0.0006| 0.0480.0022
FZG 0.129 - 0.01084 0.(2)69 0.(;107 Cl'ld 0.128 0.(1113 0.(;046 0.(2766 0.01142
Gl [0.27{0.009] — 0.042(0.0059 Other compositions :

GZS 0.128 0.611 0.(;064 04(1)57 0.(;081 0.35i-0.5Mn-1.0Cr-0.5Mo-0.03Nb

Table 2. Quenching conditions.

PR ORHR %8 U T MM E R R TR 2k ET
52 EHHBELIELDTHS.

LB 920°C ¢ 30min O+ — A5 +4 b (1) 1k
#, Table 2 CRTHEMATRHARET, BREELEL
ELT700°Cx1h ZBEDBEL & LEfTok. ¥ a
—3 B 7 v = vERELFH T 920°C € 30min O 7 1k
FEBL, —WEANLLLDIZDWT, B C RO
B2930 @A < fod 5 mm DT, BEERIE
ot

BB E RIS U R T O ER A 3mmg &
8.5mm¢ DFIERBH L7 4 AR 7444 X

N
~

M E—EERERE (FhFR 5%x10x55 mm-2mmV

7 v FRO10x10x55 mm-2mmV / , ) & KEH

Rt ns b EIETT AN ERE L TR L.

37 eifIY s 5 —ATEAE, HHELSY I

Thickness (mm) Quenchant Cooling rate ("C/s)
7 Ice brine 70
12 Water 45
12 Oil 20
20 0il 10

SENTEEIREONRDL Z L ENHB LD T T
HETS.
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a8l 0.27C-0.5Mn-1.0Cr-0.5Mo0-0.03Nb %<
—A &1L Ti, B, sol Al, N 8%%tIEicd D TH
%. Table 1 &z Db A RT.

M 1220°C inBig, BB o
BEAMETEBAD 30mm¢ EHE 50mm ED KM%
B L7, ZFX SOCWMBEOELEY ZE LT READ
1200°C wwinzig, FIEZ X b 10mm KX 30mm &
it B, £hEi Tmm JE L 12~20mm [P
BICRUE 21727, SHILEE A ¥ — O FER ONEIE
FHEOHRF e BETH - ETIREER % R E 238

N

IOV ETFHEMECHE L.

X R & R

31 BAMEIHMICRIET Ti E0BE

Fig. 1 wEAMRE3 Ti BoEg4 i3, 1200
°C Mz 2RI CTOBERELZ T B=10ppm &F
M 920°C T BEAMEL sol Al B~0.04% Tiz+4
Tl Ti e X v mbkd%. B KEmnh 16
mm 2z 5 EETOBAMEI TEEIRD. & ZAHDH
CHED 7mm ESGOKREKEAR (IBQ) %17

3.

.\, 700°C OERTHEEL & LefTokge, Fig. 2

AT Lo Ti BEInc A B ERc S L. Ti
B2 0.01~0.015% RBEF ik HHBBEE (T
D EFIADIND, Thakliz b ER—EBE L S LTo
E3 #ff (675°C HBd & LO@EI) & E5 0 g b,
oTrs 12121 10°C/0.01%Ti OEIFETER LTS,

Quenching cond.:920°C x 30™"

~ 45r '\.-__A\
) ~
[-4 \ "
I . ~.
3 dol- B S I
o Tl o ~a
g B, o —
o Ti [ B |N]|
T E 5] 0.039 [0.0010 J0.0063]
35t [E 4] e]0.029 Joc010 Jo.oose|
E 3| a]0.013 Jo.0009 Jo.0052
E 2]a]0.008 jo.c011 Jo.0041
1+ E 1]0] — J0.0009 jooosqf
1l 1 H A 1 1 1 1 A 1 d
0 020 30 20 5

Distance from quenched end (mm)

Fig. 1. Jominy curves of steels E1~E5
(sol. A1=0.049%,).
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s [0:790C x thaAc
o 1675°C X Th AC

Ti (%)
7 mm thick, 920°CX30 min IBQ+700°Cx 1 h AC

Fig. 2. Effect of Ti on the mechanical properties

of steels E1~E5.
7mm EQHHKE IBQ AE LI &0 iEh R ow
HHEEE 70°C/s (REIE) THY, va I =—HifEL
WHEE D &30, EI~E5 $io3+XTimounTELiEA
HBAYETAEEZ OGRS, i 7 RUTvTFhd A
TKRZEIX/, ASTM No. T 8.3 BETHD. D
T Ti BOHIc X% Ty OERIZ, BEAHBKOR
MmN ET X5 L0 Titisv. E4 8E ES dliv-Th
bk ERme Ti cTN2EELBHEMET D % &
D, miRED & LRIC K7 Mg (G, B)g 2 HTHILT
o ITys ZERIED T ENEZ DR T®, 700°C T
DEDELED I 7 v HREFHCAE LL. HR%E
Photo. 1 R34, Ti #&Ba&?s E4 8 E5 e
BNTHR R AL Ared—o31 FIT BE Ih¥
Ti-free ® El g 0.013%Ti o E3 & Rigr, K
b AR LcBEd L o« xR LT 5,
HOTF—2 ABE% 10ppm EHfBicks\ T Ti %
e X v B2 {b3 5 FRE: Photo. 2 ©wiR4 X 57
Ti(C, N) PEBEHHINH R IBIDEELD
hs. '

EREo X s Ti 3 NZEE L TBOREAK R ESHE
ZREIRLRE, Ti(C, N) PR LLBCEHENTS
ERIM A LI B AHENEL BREDT, v ) —X
F~1 3 Ti-free #7:1% Ti=~0.01% & LT Ti(C,
N) & X 2 8IS LA R 7o S WEEIc B\ T Al
N, B Mo BRBFR R L.

3.2 BEAMEIHAMCRIITBEORE

3.2.1 B AM:

Fig. 3,4 1= Ti-free X O® Ti=0.01% D>y — X F-
G v,z =—HEwRT. Fig. 3, 4 1cds\ T B-free
#x Ti o BECHP b LT RIERA—DlMEYE L

a) Steel E1 (Ti-free) b) Steel E3 (0.013Ti)

c) Steel E4 (0.029Ti) d) Steel E5 (0.039Ti)
Photo. 1. Extraction replicas of steels investigated
after IBQ) and tempering for 1h at 700°C (7 mm
thick).

Photo. 2. Ti(C, N) observed in steel E4 after

IBQ (7 mm thick).
Twb. 0%a” fHEEE 90%a’ RO I3 % /R3K
W DOEREY C 2 $ = — il bRO BRI LT
Zry, b Liebow Fig. 5 a4, Ti-free gz
TEAEBEN 9ppm T+ B AR IR T
Wighs, 17ppm O BEBTREAMNE L LA TS.
S LI EABEY 28ppm ¥k XU 39ppm igd L

XOTHAMZIETL, 9ppm ® El @O v~ L[

ik, 55ppm O B HHFTREAMIEIE TS 17
ppm O F2 fiz K. %6 BEX 84ppm o
F6 SMooBe At F5 lEMETHb. Tibb sol Al
~0.06% TNE» 62~107ppm V<10 Ti-free §f
OBEAMIIBEL LA ELEBE—EKTL, 0%
HoRLEds. —5 Ti=0.01%4 0> ) —XGzs\ T
13474 BEA 16~24 ppm THREAMIIIRAC ), L

BRI O TRARIZETT%. comie>nT
BTN,

3.2.2 ik

BEAROLHEE 2L I MK (12mm EoK
% (WQ) & 20mm Eo#pp (0Q)) % 700°C Tk
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Quenching cond. : 920°C x 30™" N solAl Quenching cond. : 920°C x 30™ B N |solAl
G1]of — [o.oo0s0f 0.057
G 3 |6]0.0016{0.0081 | 0.046
B G 4 #[0.0024{0.0074 | 0.050
‘sL N G 5 [o]0.0037]0.0068 | 0.048
- NN G 6 || 0.0064[0.0059 | 0.056
) Q XN
$ 3 e‘\\é\
gﬂ* £ . ha e,
£ I .'\-.“ D\u\ T )
35 35+ '\.\.. u\u
s O
e g
ﬂ‘l L it 1 z_lﬁ I i]ﬁ, ﬁ I % ) 1 # i ﬁ 1 ﬁ P I I ! s

Distance from quenched end (mm)

Fig. 3. Jominy curves of steels E1 and FI~F6
(Ti-free).

0. AlTifree
®,4/0.017i]

8 8 5 3

=
¥

Distance from quenched end (mm)

Y g —To——
B (ppm)

Fig. 5. Effect of B on the hardenability of steels
El, FI~F6, Gl and G3~G6.

HELETV, BEOHMCRIZTEEL D, R
% Fig. 6 iRd. FEARHEEDO/NZ 20mm 54
WD OQ #Tix B-free i T, 1XE\WERRLT
Wh. ZOBEREIIMO L DI HERTENZ &5,

oTrs DEFIBEAMETC XL bDEE L LR B
(20mm & OQ #oWEFRIAFEE L 10°C/s T
HY, ThiX vai=—@HERETIEKEHE»S 3T 15
mm DREHYTB). —FEBAITIIEEA S
bbb TR LT HEEN DB, by Tix
0.01% $fcixBE» 37ppm [ ¢ Ty L
L, a7z ¥~ ((Enes) bRELETT5.
Ti-free $OBESd BEN 84ppm ¢ ,T,, D LFH
LE BT yEmax KT T5%, 55ppm O BEHFET
3 oLy WRIHBIELT TR, ZDO5F B HIR
ToOEES L 3-1 FiThNe Ti(G N) wksdo
Ti37el, %7: B-free BT B BABFRENLLET
BHDTh7EN. Epax DIETFE oTrs DA
CAELDLZ EnD, GiRED & LRI IO HTH
T5 Mp(C, B)g LEIRTHZ EMEZ LI B2,

Distance from quenched end (mm)

Fig. 4. Jominy curves of steels Gl and G3~G6
(Ti=0.019,).

E 1 P 160

g - " o -

é 1 H20~
3

w 1 ~

>

vTrs (°C )

L

B (ppm)

Fig. 6. Effect of B on the toughness of steels
investigated after tempering for 1h at 700°C
(Steels E1, FI~F6 and G1~G6).

7ok BN RERIR D 1o DR B 7s 5 & &3 in 2329
BBHITIL vEmer DMET T2 HBENRDLRDDT
(Fig. 6) SEH k% 30ppm BEY EREFTINELEE
zZbhs. '

3.2.3 37 wiHR

BaDBEAMEIL [B] BEICEKF L1003 Be AR:D
Bl iz DnER LD &ERD & LR RO K My
(G, B)g THIES®. L CBRBIEMESBEAK L
OB DOWCTHLNTHDR, BAREERO
BEL & LBD I 7 e aBiEE L.

(1) TiAfree o> 3 7 w HFE

Ti-free 8 (v vV —XF) @B 58L& Lo
WichbH v 7 ) » %% Photo. 3, 4 {753, Photo. 3
2 12mm B WQ #o 700°C B4 & LEBTS 5 75,

E5Y S5ppm F CIIHMAEELEL o HETHB
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a) Steel F1 (B-free) b) Steel F2 (0.0017B)
c) Steel F5 (0.0055B) d) Steel F6 (0.0084B)

Photo. 3. Extraction replicas of steels investigated
after WQ and tempering for 1h at 700°C (12 mm
thick) .

a) Steel F1
(B-free) (0.0017B)

Photo. 4. Extraction replicas of steels investigated
after OQ and tempering for 1h at 700°C (20 mm
thick).

b) Steel F2 c) Steel Fo

(0.0084B)

DXL, 84ppm @ F6 g ithi RO K My (G,
B); & denuded zone HEE» b, fllJj 20mm &
OQ #iouTit Photo. 4 iwiRT X 51c, B-free §f
(F1 6R) @B 1 74 v xEeTrHMTHY, BE
17 ppm &% F2 g3 o LEE~A >4 + OESHER
THHH, Byl 84ppm iinh LMK My (G, B)g A1
BRCHEBLTWS., 20 X5BERFEDS & LEOBM:
& B ASARG T ORI Mps (G, B)e DRIFHTH & 25 X <
G LT3 2 &b,

T My (C, B)g DA EREES & LIt X2T
HEULs P TADEREANRE FHEBOBEES
f7o7-. BE» 55ppm © F5 ¥ Tk Nb(C, N),
SMko AIN Btk BN L L, Gftko AIN ©
ERREY A TS BNODRZRD Lo, Myu(C, B)s i
BH S hichot-. —F Photo. 5 1R3 X 51 84ppm
DBAFEHETSH F6 TITBANR T E T My(C, B)g
BEEIhDY, BLELBLHETHERES - B
LIAHINE . GO THES & LE F6 llic i bhie
BAROH AT Mg (C, B)g 1, EiEFED & LECRER

Photo. 5. M,3(C, B) precipitations observed in
steel F6 after WQ (12 mm thick).

a) d) Steel G4
(0.0024B)

Photo. 6. Extraction replicas of steels investigated:
a)~c) as WQ, d)~f) after tempering for 1h at
700°C (12 mm thick).

b) e) Steel G5
(0.0037B)

c) f) Steel G6
(0.0064B)

D My (C, B)g BNREDDVIFHRCAER LI DTH
5EHEEIND.

(2) 0.01%Ti A 1 7 wiHE:

Ti~0.01% o~ ) —xGo 12mm E WQ #ic
05 BER T BEARE E ROBED & LEBD mlir 7
) 7Rk % Photo. 6 WiRT. BEAN T T HBNCX 64
ppm DB E#EEHTH G6 DRI TN THDH
My (C, B)g EHEIRS. —HEEED & LEOHERE
1T BEM 24ppm F TREMAcRED L o HETHS
DExtL, B 37ppm Pl O FACHK S
My (C, B)g MHTHIL, denuded zone VU T 5.

Bl k<7 X 5w Fig. 6 wkid5m Bk coPk
FAiE My (C, B)y DHAMHIC BRAL TS, 7k

— 141 —



1372 B &

% 72 42 (1986) 9 =

Ti | B LAl N Ti | B IsolAIl N
H1 ~_|0.0009 [0.018 ;0.0019 {11]0.011 [0.0008] 0.019 |0.0020
H2| - [0.0009]0.015 [0.0047 [12]0.010 {0.0010 0.012 /0.0040
H3] - ]0.0011 [0.011 Jo.0127[13]0.011 [0.0011 0.017 10.0126
H4 - 0.0008 | 0.050 /0.0024 [ 14} 0010 [0.0009] 0.047 [0.0021
H5| - 0.0009 0.045 [0.0045 [ 15]0.011 [0.0009] 0.047 |0.0046
H6l - 10.00130.044 J0.0128 16 0.011 [0.0010 0.047 [0.0119
(H?7] - [0.0007]0.102 [0.0024 {17] 0.010 0.0008 ] 0.081 [0.0023
H8] - 10.0009]0.115 [0.0045 18] 0.012 |0.0008 0.094 [0.0042
H8] -~ Jo0.0010]0.112 0.0135 19| 0.012 [0.0007] 0.086 [0.0124

-t
(-]

Distance from quenched end (mm)
N
0N

| qng

HEEHE IEIEI&'I:I’:]z[i[z[s HEE

Steel

Fig. 7. End-quench hardenability test results (909,
martensitic structure).

B-free © Gl $i> 20mm £ OQ #od ,T,s ® L5
23 Fl § & AR BEAMIE TR E S LD Thrr o L b

L.

3-2-4 ¥SIn B BV HE S BEAMEEIC T 5 K

Ti-free O BEEMIMC I\ TILERHHICBANE T
¥ % B/N<0.77 @ El RO F2~F5 $ficouT
i, BEMTEOKHERCBIZ BN & UTHH L,
—7 B/N>0.77 ©» F6 §icizBit BN %o B-con-
stituent”2038) L UCHIH 35 EFE 2 bR, Fo 920
°C T 30min @ 7 LA X 2T, JEPEENCHTHE L
7z BN 235, BN+ [Al]—[B] 4+ AIN o K7 53030 34T
LT [Bl U520 VHECET S CRIZELT,
F 7z sol Al B2iEIZE [B]l BH %<5 THDHS.
o T Fig. Sk WTHIE I D FI~F5 flo g Atk
DAL BN & AIN gL FTHcBE#E L [B] ©
EECIBbDLEZ OIS, T7obb BED 28 ppm,
39ppm @ F3 §f, F4 §CHREAMIMET 5 DI, [B]
BB E 70T, —WBEARD BET 7 BRI B-
constituent 23HTH L7020, B DA SR %bh
57:THhbH, 55ppm O BEEHTZL F5 CBEAMk
MEE TS DIk sol Al BEAVEV-7odic [B] B2 HIE(E
b EDlicdEEZ bhA. —J F6 0B &THD
A, BRI T OB HERCHTH L7 B-constituent 3%k
D 7 ALDBEET My(C, B)y KERTZ L \vbh Tk
p peoT F6 MOBEAMIC K LTk BN wing T
M,y (C, B)e DOEYRZEE) S B8 A KIFT. Photo. 5 iR
F X351 F6 8§ My (C, B)g 12 920°C -t 30 min o
T LA CIISESIEE Uiy, 2D %d4 80 B
&1 F6 gicifETS [Bl Bix TS5 gl Eicio
TWwWb EEZBLRA.

YY) =X G EBWTL LFERP © N*=N-Ti/

3.42 DED N MBI THDOSHBETB LfEV0D
{EFEZDRD. $62T B/N*<0.77 ©» G2~G4
Tx920°C ¢ 30min @ 7 {kEd BN & AIN o [F
BWENTHT BEAMELS X Shs., —J B/N*>0.77
D G5 giE G6 giTix, F6 44 kg BN & B-
constituent 7> BB L7z My (C, B)e O EEZENA

BAR 5. G58TlT My (C, B)g 1 920°C ¢ 30 min

D 7 ALAECTELCEWE LTk b (Photo. 6), £

T G3 i G4 S T [B] BEoGBHE & 7 b BEA

HESMETT5dDEEL BRS. G6filicou Tk BN

& My (G, B)s OREIHI L b [B] £E28 X bt Ix

Db DEEL bRB.

33 BMAMEHMICRIZT N, Al EOEE -

Fig. 7 wvy —2 H-I offficoun, 90%a’ 48
OB &R TG M HOERE A~ 2 § = — s
BRD R LI, EEQEFHRE L v 55 ifcx
5NV~ (N=45ppm) 26\~ C, B~10ppm &—%¢
L7k Z0BEAML Ti-free (v v — < H), Ti~0.01
% () —=X1) OfH LY sol Al BN X v [
£F%. A—v <10 sol Al O Fciz Fig. 1 0l
B EFART Ti BINC X2 EAMD 7 LA DS bh Ti-
Al o BERAEED HTHhHS. N=20ppm DL
sol Al=~0.05% & 0.10% VSOV CBEA MBI E DD B
NI DIHL, sol Al=0.02% OO BEAMILE S .
% 7o N=20ppm, sol Al~0.05% WL DBEEAME N~
120ppm v S TS 7dicit 0.10% B E o sol Al
BOENETHS. 1213 10ppm DBEEHTERIE
T 0.01% o Ti #ingA, ENE, & sol Al gRo kA
EAEWOL Bl BASL bz tinks EEZ bR
A,

% 0.03% © Nb ZiFiNL7z> Y —x H-I o
920°C BEANIC KT % 7 REIL ASTM No. ¢ 8.0~
8.4 ThHHREILEFRII . HOTNEL sol Al &
DGR FITTHEI LD [B] Bio X 28EA
HEBELTRELBERS EEZDRD., O ECDONT
ENEDE S sol Al By H3 g, H6 &, I3 i
DT, 12mm EHiHE OQ # 700°C ¢ 1h oid,
ELETONGEDBE - BIESFEARRED f-b1c &
bIHT D L EHER L. £ 2 CRICBEALHERE
DR F\W Tmm B IBQ BB TRy
WEZ LB Lz, 700°C ¢ 1h O} L LafFors
#, 18 SO T YS 13 71.7~74.4 kgf/mm2, TS
(k 81.9~85.2kgf/mm? DHFACH v, 7 ,T, 13
—13~—127°C DFHH> T, +47cBe AR s
WTIINE, sol Al & & 5REE - BUM: o [Eic BIRE 7o KBS
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1. & %®

1Cr-0.5Mo-0.03Nb 4z B AL %16 Lo B-& D& &
Bidh & LEOMBCEARBESREL S LED I 70
MR ELTITL, 7T [B] 2LBETA
MBI oL feote. Ui Uikt bW BIRC Sl X
BOIF—XABETHLEDT, F—FBEENE,
Ti £R O sol Al & OBIRTHEDEILLIEEL T
BT EDEEE LS.

41 F—2IBELNEOBRAMRUBERRLELE
ORMICRIZTRE '
0.008~0.013% o Ti #&& 0.042~0.066% o sol
Al B2 47 25 $0fE (E2, E3, G1~G6, 14~16, Cl
~Cl4 ) o T, AN RO EREED & LEROH
MIZEIET F—2 ABELE N BOFECO>DHTHE L
fo. R % Fig. 8 R4, 8 20mm & OQ #f
% 700°C T 1h Bad &L L7cBED o Tps TRHEIL » Ts
<—70°C AL OTCRFE Lic. —FHBEAEDOFHL
2 3= —KEMENDS 15mm DB TORER T, B
BEEINLOEE (4HRC) 28 5.5 LLTFobDERIFE
Lic. ChiXHimciBRENEDEEL D o
Tyt AdHRC<5.5 Tk 90% B LB 7:20%, Zhk

HEUEEE Licdh DTH 5.

BE AN R O 3 S R IR B A, ZhIXED
RBODFEET [B] BCENRDDNDLTHD. Tinbb
fEiE (11 <k [B] EARE L THRAMENZMEL, Zotk
DPHED LN ETEHEENRHS. Lo LA b IOl
BOSC oW R G ARE Y 52 THEANTIE
BIMRIFE e, —HEER (M1 <k [Bl E20.6%
T, BIRCOEEL & LIc Lo T Photo. 6 KiRLAX S
R R A 7 My (C, B)g 23H7HI L C denuded zone
PR I IR SET5. COFERTHRERERES &L
R I 7 e {lA R EET D, BARCHE
HEE 2 % U b HiEsER R by, EIRIT]
TIRIBIBIIBETH Y, SinlEd & LAELZTOTH
BRI AT My (C, By D3RI 3, BIME: - BEAME
ELCRIFTHD. BBEHB#ETIE Enax PMETT5
ZENpy, EREOBEIY 30ppm BEY LR LTS
TENEE L.

Ti KO sol Al BOMEWXIBIEAEMI LB DT,
Fig. 8 ie ki KL I 1 & [T R OMEBRINT] & (105
Rigix Ti 8, sol Al E%¥TZ Ltk oCE N-EB
BB 45z Lo Fig. 6,7 K XD TREIh%. M
%2 TC Ti o&EHRMNE Fig. 2 @R Lz X5k Ti(G,

hardenability—-(D— toughness
open: excellent, solid: inferior

wl [11 Fo

SsolAl:0.042-0.066%
Ti:0008-0013%

Total N (ppm)

Total B (PPm)
Dissolved B content is; poor in region [1], proper in
region [II], excess in region [III].
Fig. 8. Effect of B and N on the hardenability
and the toughness after tempering at 700°C.

—
$7010m

a) ¢) M3C in steel E6 b) d) M;3(C,B)¢ in steel E7
Photo. 7. Grain boundary precipitates in steels
investigated after IBQ) and tempering for lh at
700°C (7 mm thick).

N) ORI X 58S LE B, e Ti &, sol
Al & U B LK N-5 BAICERARIBE T 2.
4.2 HKx My (G, B)g ZITHSELOERBE
Photo. 1 L O® Fig. 8 22 b NAELCEE LT &R
Bed & LIRIC Mas(C, B)g AORIACH K HTHE Loy B
RBEOGETHZ LB RBEENRS. £ I Ti3iE 0.04
% o Ti %ML BRI N 2EE Lc ES~
E7 $fcouT 7mm JEEE IBQ LB L SESBEA
HEAG, RATHRYOEE L REHAE L. AR
¥ ¥ OEBCITThOM b MG BN LR
B b Tehotes, 700°C ¢ 1h DFEd & LAER M
&, Photo. 7 WiRT X5 BE%R 12ppm EHT5
E7 @R RO KT Myp(C, B)g MBI I Iz, BE
2% 10ppm @ E5 GG RCHIH LIz My(C, B)e
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AT H Y, —F5 B-free » E6 HCIIB R HE
M,C TH2>T MypC X B & Rigaot. K2 T
ASTM No. T 8~8.5 BED 7 WMORAEFII LT
[Bl &T4 10ppm 23EREBED & LRICAI T My (G,
B)s ZHLAMTH IRV ERELEZ OIS,

5. &

1200°C #iHREC MAEBEMT L 1Cr-0.5
Mo-0.03Nb #fjizo\~T Ti, B, sol Al, N OB AM: &
EEEE D & LBOMMC R THERH LM L, B
TRAERE T LD TRT.

1) BEAIYEE B [B] & OBAfR2 S Ti KU sol
Al BA—EDOTFT -4 vBEELNEIL kb 3T
KBS hB. %1 OFEEE [B] BARE L THAMN
KL, CODPEDHILTHHEDH D HERT, 52
DO [B] AL T, BAMIMERATETLEE
Fedb & Lic X0 TR My (G, B)g 23TH LT
denuded zone 23EE I h, WSS ZBHTHES. B
3 OFMIH - HCR I TALFRT, cz T Bl &
RBEIECRFCHANT R 7n <, Bl - AL b2
REFTHL. ZOFEBATL EA L —2 4 B EIX
30ppm RER ERETH EDIFE LU,

2) Ti R0 sol Al B [B]l a2 b3e T
LRERBOBER RS NAEBA - £ N-ZBM~BE
IxKD. ;

3) N# Ti TREACEE LB ECHREED & LA
BRI A AT T % D3 B-free fiiTix M;C Th b,
BAINETIL My (G, B)s THD. ZOHE [B] &2
# 10ppm PUFCTHIIEPTH Ma(C, B)g 1XHAITH
5.
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