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Boron-Containing Precipitates Formed on the Prior Austenite
Grain Boundaries in High Strength Low Alloy Steels

Synopsis:

Seiichi WATANABE and Hiroo OHTANI

This paper deals with the identification of boron constituent and its transition to other ferrous boron-
carbides during heat treatment. In order to observe boron constituent clearly, the present authors
adopted a new technique by which boron constituent on intergranular fractured surface is observed

without performing etching.

Boron constituent forms at austenite grain boundaries by step quenching, but this boron constituent
begins to transform to fine M,;(CB)g particles from the periphery during holding below Ag,. Boron
constituent never forms in carbon free steels, and thus it must contain carbon atoms.

It is considered that the boron constituent is not identical with M,;(CB)¢ bacause of 1) the above
mentioned transition during heat treatment and 2) the difference in response to etching between them.

Globular M,;(CB)g directly forms from ferrite by reheating at temperature below A, after the spe-
cimen is quenched with so high cooling rate that martensite is produced from austenite without forming

boron constituent.
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Table 1. Chemical compositions of specimens. (wt%)

Steel | C Si {(Mn| P S Cu Ni| Cr

v | Sol | total N

‘Al B Ti Charaéteristics

U30 | 0.09 0.25/0.86 0.005-0.006] 0.250.98/0.44
U36 | 0.49 (0.31/0.81| 0.049| 0.004 0.50
U39 | 0.13 0.28/0.83) 0.015| 0.003| 0.24/0.910.47
U40 |:0.005/0.08/0.02 0.005 0.005|<<0.01|5.04/0
A58 | 0.11 10.24{0.85| 0.009| 0.008| 0.25\1.02/0

.39

8.43 0.03| 0.081/0.0017{0.0011] — | low N-B
.1
0.41} 0.04| 0.054/0.0037/0.0050/0.01| low N-Ti-B
.01|<0.01|<0.01} 0.003/0.0180/0.0010} — | Fe-Ni-B
0.46| 0.03| 0.074/0.0025/0.0107| — B

0.056{0.0035/0.0021/0.04{ low N-Ti-B
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THRE LBERFcaAK L, AFOETHE LY
7 % R LINEEE 100kV OB THMSE 2§t L
fo. HEROIHRIC XD CHER S bt v 7 ) » F IR
ToE, BRRY” 7 -T2k, U40 13 Fe-Ni-B

(c) (D) ggﬁ

(A) 1200°C X 15min—-+650°C X 50sWQ
(B) (A)+690°Cx2hWQ
(C) (A)+690°Cx8hWQ
(D) (A)+690°Cx50hWQ
Photo. 1. Optical microstructures of steel U30.
(etchant . 59, picral)
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Photo. 1.1z U30 % 1200°C 55 650°C A5 o 7
FEARL, 50s {fFF L7cifls Lo ehe 690°C 1 2,
8 ¥ XU 50 h i Ui B S % 7~ 3. Photo. 1
(A)CIHA—AFF4 + T r ¥ )RRERL
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WL BFEOFECTHBEEZBEEL T 7Y 2%
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1200°C % 15 min—>650°C x50 s DEHIE & F7-0 718,
EECCEREHEL MR IBRT S o L RO L,

Heat treatment : 1 200°C X 15min—650°C X 50sWQ,
Photo. 2. Extraction replicated microstructure of
steel U30. (etchant : 59, picral)
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Heat treatment : 1 200°C X 15min—s650°C X 50sWQ
Photo. 3. Fractographs of steel U36 fractured by intergranular mode.

Heat treatment : 1 200°C X 15min—650°C X 50sWQ

Intergranularly fractured by impact load at room temperature.
Photo. 4. Extraction replicated boron constituent from intergranularly fractured surfaces

of steel U36. (No etching)
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tuent ORMELILTETHEEL B E#E 2 T,
LR — AR EEER 2 F LRI UCRIECES b ol
FIERNTEND, WhWBT T vy - LY R
L#i%5 L7=7% Boron constituent |32 b3 4 DD,
BETREITRIIE Dhier Dok, BETHNS X512,
Photo. 4 ¢ Boron constituent {3 EEICHIH X T\ 5.

ATy F 7T vIis 650°Cx 1 h,8h % 1 050 h ok
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Heat treatment : (X)

()

1 250°C X 15min—650°C X 50sWQ,

(A) (X)+650°Cx 1 hWQ
(E) (X)+650°Cx 8hWQ
(C) (X)+650°Cx50hWQ

Photo. 5. Extraction replicated boron precipitates from intergranularly fractured

surfaces of steel U36.

% Photo. 5 I&iR3. 650°C COREERREINEL £ B 1T

>} Boron constituent DHHABFBRICBIT S =2 v+ 5 A
FAUTOED LT B, ERER L TBET 5 &
Boron constituentd FEE A HIEE M B a4
RLTW5OMRBE SRS, & OMM 7T 41t Photo.
6 1IZRT X O My (CB)g THBPD. 2% b Boron
constituent %7 = 54 b (LA Fa &igd.) BERCRE
32z & X>T, Boron constituent—M,; (CB) g
BRMELDZENRRH IR

FifE Boron constituent |3 My (CB)g THDB LD

(No etching)

Er NREINRTWEA, H L Boron constituent A3
M,; (CB)s THii¥ Photo. 5 5L U6 D & 5 CBET
s AR L C My (CB)e AR LR TTH
H, s LA{H4 D Boron constituent 73 Ostwald ripe-
ning ZFWENLEETHEEZDRS. T b L
M, (CB)g 75 51X Photo. 2 @
IHSCBERC Lo THIEDT, #iko Photo. 8 iR
T X5 Mpu(CB)g & LTHiIHEI BB THD. L
“>C Boron constituent [ My (CB)y Tliigl>. 2D X

5 7skE®E % 4 Lic Photo. 1 ## 32 % &, Photo. 1(A)

Boron constituent 73
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Photo. 6. Electron diffraction pattern of fine par-
ticles (M,3(CB)s) observed in Photo. 5(B).
(No etching)
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tremaxrb v RIS Boron constituent 234 Lo\ ~CF
BB LD THBE L Photo. 5 L0655
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CRF V7Y »EEEET H 5. MREEONHE
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My (CB)g TH % Z L3403 %. Photo.5 L0 7 &
Photo. 8 L 2387¢ % 511 Boron constituent 7s HER L
7o My3 (CB)g 2B CRIR D My, (CB)s TH 5 DWKRf
L Photo. 8 ozt ABR DI THD. & DHF
5% Photo. 8 i b B ML, Zh ¥ Ciod~
7z Boron constituent 7» HER Uiz My, (CB)gy EITE
DIGBBEE R TAER Lz E xR LT 5. Photo. 8 12
BlEIh5D My (CB)g 1L~ L7 VA N ERE, FINE
THEC 7 =51 b DEEITH LALEELORS.

Photo. 9 iz Fe-Ni-B Z» U40 % 1200°C )
650°C I AT » 7 7 = vF LIk Uik ok FF
BEshit v 7 ) o BERRIRE AR, KRB I3 Photo.,
2T X 5T B RFLRIE & A 3% 53+ Boron consti-
tuent JXAER LT 7o\s. =3 X b “Boron constituent
X Fe;B BB\ ik FeB in KoM b i wE 2 5
h 3.
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WO V7Y BECT BRI HE-R R (2
7 =) D, BEERTH-FVvBELLE, Trax
AT AR CRRRKE Ld 5 BEMSGL BRI, &b
CEIDBCI D I — R VERZINLTH—FE VEED
Friia gies 3 % ot UERARA B E Lo B
Photo. 3 DEATEMEHMRICERD I b X 5 CH M
KECHEZH LTV D TRAT 5 LEL /. Photo.
2B IV DERILIDFRCTLELS. T bPho-
to. 2 TirY”s S -—/W%?ﬁ?%f:kb rRAED Boron
constituent (3 ¥ E BB DO THIH L 7Y & DOEEHB
BWIHEDIIRDRBD bR BOIEX L, Photo. 4 TIIEA
% L7721 Boron E’c‘onstitucnt THEBE IR TWA.
72878 Bk Photo. 5(A)IC@ED bR B X 5, FF Lo
Boron constituent “CHAIDBEE_BIZ DD &#E 2 B
# % Boron constituent OJEIA TR D D B, FD
HHEI= Yy 7 ALFICEATRE “IER” DZps
BEINZLTHSL. EEPHHE IR TO B L2300
b OLTEFEIE LR CEBARTIH TS S. WTFhic
LC% Boron constituent DR FICIIT %R IL AT B
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b : Mp3(CBJg cubic

precipitates in steel

Photo. 7. Extraction replicated boron precipitates in steel U39 cooled with cooling rate
50°C/h from 1300 to 600°C and quenched. (etchant: 59, picral)

X EIDTH LM E 2% O T Boron constituent
DEIEFELLTHL TS Eavbhb.
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T LA Fey(CB) DFNAIEEMENE W & B RIE L
fo. ASEAHE BT Boron constituent (3 My (CB)g &
BirsZ ERBEISF10 My(CB) TH B EINEARH
TH%. Photo. 9 7 BHMr LT Boron constituent |3 C
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K EDWMEM E 3 EZ VY. k) Fe-B-C3 LH
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DIIRE = AN F 2 TF50I0ERTHH EVIH
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100 ppm F2E D B2 58T 5 b w BiR» 5 800°C 1@
BEAR 2 h{fF Lo, SEERATREBEY 7o i
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BEnELTwBZ EnELbhA.
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DOEALEIRDL. NIPRFE LV BEAR-TEL &3
L& Fig. 1 WRTX57BiHHOE{rETS.
BAGBHREREOE L E ¢ P T 7 KFHw Boron
constituent ¥R T 5. ZhixHmEhk3 %5 & Boron
constituent |3 M, (CB)g WCER L, X HIC Acy &L
EECh#vT % & My (CB)e 137 PICEEBTS. Xk
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TAERE T AT v NEREL, FMBERC 7 Hh
B My (CB)g 2MERT % . ARBREE RS Fig. 1| 3FE
@<ﬁ%f%,#0%%%ﬁﬁm%§LtN@%5?5
Bt %Ak & 5% 7 LCHidc B3 %5 BIRFOE1L
P ERNCHILEL SO THS. b0 BT OEE)
DEMIDIINDORET 225G L% 5 Th\ WA ETR
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5. ¥ & 08
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Heat treatment : 930°Cx 1 hWQ +4650°C X 1hAC
(etchant : 5% picral)
Photo. 8. Extraction replicated M,;(CB)g in
steel A58.

@ Boron constituent [BEHE TII e\ DS —E D il
HxFEH>Tr AT 5.

® Boron constituent® a {B IR G35 & Boron
constituent DB LR My (CB)g 1wy figd
5. .

® LEELDOOKIUVERIC X>T Boron constituent
ZERANCIETE B D0 My (CB)s 1XED X 5 InHE
IT7eu &V 5 EFEE L > B Boron constituent(d M,s (CB) ¢
LILRID.

Heat treatment : 1200°C X 15min—650°C X 100sWQ
(etchant : 5% picral)

Photo. 9. Extraction replicated microstructure of
steel U40 (Fe-Ni-B).

Bl

Step quenching
\

Fig. 1. Schematic representation of boron cycle in
which nitrogen does not participate; this
cycle together with that in literature 2)
which illustrate the interaction of B atom
with nitrogen describes almost whole beha-
vior of B atoms in low alloy steels.

2) B¥sIn$R%A Boron conmstituent 4 U A= L7 <
AHEICBREANTE, a BERE ST 2 & Boron cons-
tituent %83 & L7 IH 7 RAR RIC My (CB)g %A,
5.

3) Fe-Ni-B BRI\ it Boron constituent |37
8B I ihDo7-D T, Boron constituent | Fe,B (M,B)
e E DB WM L 1x Bic v CEF Liclbi &%
2 bh5. .

$5 ) KRR L DREL T S RERS BT )
H i B SR B AT BT ST B/ MR L3 X AR 07
TTEE LA K OB % o - ATk BT R R 1
Wb AL LR £ 3

T Bk
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