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The Influence of Solution and Precipitation Behavior of M,;(C, B)g
on the Hardenability of Boron Steels

Seiichi WATANABE, Hiroo OHTANI, and Tatsuro KUNITAKE

Synopsis:

Cu—-Ni~Cr-Mo-B low alloy steels whose total boron content exceeds a certain limit show superior hard—
enability when they are austenitized at lower temperatures (<<900°C), although their hardenability de—
creases with higher austenitizing temperatures and longer holding times. As M,;(C,B), in these steels
is partly undissolvable at lower austenitizing temperatures, B content in solid solution is not determined
uniquely from Fe-B-Al-N equilibrium state but rather regulated by the solubility product of M,,(C,B),.
At lower temperatures (<{900°C) boron content in solid solution which balances with M,,(C,B), is con—
sidered appropriate for hardenability. At higher temperatures (>900°C), boron content in solution which
equilibriates with M,;(C,B), increases and exceeds the limit over which the hardenability of boron steels
decreases. Heating below A, for a long period, while My;(C,B), is enriched with C, Mn, and Mo atoms,
austenitizing condition appropriate for the hardenability is transferred to higher temperatures and longer
periods. This is because the solubility product of M,3(C,B), is lessened and the particles grow coarsed.

Boron content in solid solution which balances with My(C,B)s is determined approximately from the
relation among the decrease of hardenability, quenching temperature, and boron content in solution
calculated from the Fe—Al~-B-N system. The result is as follows: 880°C-3 ppm, 900°C-6 ppm and 930
°C-8 ppm.

These values are considered to depend strongly on Cr, Mn, and Mo contents and prior heat treating
history. In excess boron containing steels, boron constituents are observed on the prior austenite grain
boundaries at distances longer than 15 mm from the quenched end of Jominy end quench test specimens,

when they are quenched from 930°C.
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Table 1. Chemical compositions of materials (wt%).

. . sol B N
Steel G Si Mn | P S Cu| Ni | CGr | Mo | V Al | (ppm) | (ppm)
L1 0.11 0.22 1 0.93| 0.005| 0.006|0.26 |0.84|0.44 | 0.43 | 0.03 | 0.026 — 18
L2 0.09 0.22 [0.91| 0.005| 0.006 | 0.26 | 0.84 | 0.44 | 0.42 | 0.03 | 0.022 4 21
L3 0.11 0.22 10.91 | 0.006 | 0.006|0.25|0.84|0.44|0.43 | 0.03 | 0.020 8 23
L4 0.09 0.22 |0.89 | 0.005| 0.005]0.25|0.83|0.43|0.42|0.03| 0.010 11 24
L5 0.11 0.25 | 0.89| 0.005| 0.005|0.25!1.00|0.44 | 0.44 | 0.03 | 0.027 15 18
L6 0.09 0.27 |0.92| 0.005| 0.008 | 0.27 | 1.00 | 0.45 | 0.43 | 0.03 | 0.021 33 18
M1 0.09 0.25 10.89| 0.005| 0.006 |0.25|0.99|0.45| 0.43 | 0.03 | 0.055 — 15
M2 0.11 0.26 | 0.90| 0.005| 0.005|0.25|1.01 | 0.45| 0.44 | 0.03 | 0.049 8 16
M3 0.10 0.26 [ 0.89 | 0.005| 0.006 | 0.25 | 1.01 | 0.46 | 0.43 | 0.03 | 0.047 11 18
M4 0.09 0.25 [0.89 | 0.005| 0.006 | 0.26 | 1.00 | 0.45 | 0.43 | 0.03 | 0.041 13 17
M5 0.09 0.26 |0.89| 0.005| 0.005|0.25 | 0.98|0.44 | 0.43 | 0.03 | 0.053 17 21
M6 0.09 0.28 | 0.91 | 0.006 | 0.008 | 0.26 | 1.00 | 0.46 | 0.43 | 0.03 | 0.057 30 18
HI 0.09 0.26 | 0.86| 0.005| 0.007 | 0.25 | 0.98 | 0.44 | 0.42 | 0.03 | 0.055 — 27
H2 0.09 0.26 |0.87| 0.005| 0.006 | 0.25 | 0.98 | 0.44 | 0.43 | 0.03 | 0.074 5 18
H3 0.10 0.26 | 0.87 | 0.005| 0.004|0.24 |0.98|0.44 | 0.42 | 0.03 | 0.063 9 15
H4 0.10 0.25 {0.85| 0.005| 0.006 |0.24|0:98|0.43|0.42 | 0.03| 0.070 12 17
H5 0.09 0.25 |[0.86| 0.005| 0.006 | 0.25 | 0.98 | 0.44 | 0.42 | 0.03 | 0.081 17 11
Hé6 0.09 0.27 | 0.90| 0.005| 0.009 | 0.25 | 0.99 | 0.45 | 0.43 | 0.03 | 0.090 29 16
Al 0.11 0.24 (0.88| 0.004| 0.004 | 0.25|0.98{0.45 | 0.43 | 0.03 | 0.069 109 105
A2 0.11 0.24 |0.91 | 0.004| 0.004 | 0.26|1.01|0.46|0.46!|0.03| 0.056 22 131
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Fig. 10. The schematic distribution of boron atoms
in excess-boron-containing steels at va-
rious temperatures (Globular precipitates
represent My (CB)g).
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5V iz ki, BoBEAMA EERIZER B &=3ppm
BETREACKD, ZhE#z5 L BEAETESr K
TT%. Bl B*EEBAEKRT @ESET) ofkx
7% Fig. 9 XD EEE TR WT My (CB)6 & FfT 5
BIFoBEBEBELYR®S L TE5. Fig. 9tk
TEBABECRISWIRTE—BLAR LT, £D
B TR T 5 TRO B* ERKEAJAEICR VT
M3(CB)s & FT H5EBEOEEBEZS5X5. Tib
L B* EOHRICIIEE BEDOMT, Mp(CB)e & LTD

BL&EThTWBHDT (X052 vWi-BE)=(Fig. 9
CRIFHBEFMIETLRXVTOFRD B* &) = (FEi5B
&) BRI 2o, Fig. Szt X iz LTk
M,;(CB)e & Vi3 5EEBERKENITRY. 880°C T
#J 3ppm, 900°G ¢#y 6ppm % LT 930°C T#y 8ppm
ThH5.

ER/M, WERIC X 5®Fe-C-B RictT 53tz xh
¥, 880~950°C ¢ Fey3(CB)e & Fff4 5 &S B &I,
X DEREEWETH 5. AEMO L4 13 Mn,
Cr 55X Mo #&HLTW57=9, RMLHOMD
Mn, Cr X Mo 23E<, DX 5 ko Rt
WEFETL2EBBREIIELS LB LTHAS.

Fig. 7z W CaBECERHERRFT52L1TX D,
BEAYED € — 7 SRR ERHEIC T B DT, My (CB) 6
Fr 728 AL U Mas (CB) g DFRITK T 5 READEIS
HBINE L 70 D FHEIREE~ OB TREEL LD LB X
Y CGr, Mn 75 825 My (CB)g HITiRHES L My (CB)6
EFET HRBEBESDLI B LN LTHS.

5. ¥ & 08

) b—2VBEZDHLELEEETS Cu-Ni-Cr-
Mo-B #f (BENTH 5 Z LT LIAREMNTRW.)
KRWTIE, HEARE 880°C € RIF/BEAMA R TH5,
BE AR 3 L ORI 2 BB REFMIC T 512 oh, B
AMBMETFTT 3. ZOEY 2 = —fhiifk b— % VB E
DWHA K ST KRG 19 mm TR T EER
» BT, K& mm IR TREAESMET LTW5%.

2) _EoBiEEEEEAS L, 700°C X100h DFEk
MBR TS &, BEAMRCRERBEASEFIX V&R -
ERRMANCBITT 5. .

3) LROBAMHOE(LIEA —ZXFF 4 MUBECSK
7% My (CB)e DENVAEF THMETE L. Jinbb ki
Bt D Mas (CB)g 13k AIBENMEWHE, TRTEE
TGP REBOEEFEFL TS, DD b—
2 VBEXBDOTEHRBICEHE LTH, BTt
BIEHENTEL BEARELZ BT 51225 My (CB)e
&P HEA B B R LA MR A BEE
BZEAMOETRAET 5.

M,; (CB)s 2 ¥R T 5 ByasE (700°C x100h) #1T
75 & Cr 3L Mn 5 Mp(CB)e FHIZIEHEL Mas
(CB)¢ MV LIZK £ 105 D TRESBEAZETERE
Rl BT 3 %

4) AERICAVERESRICIH W TIZ My (CB)s
& F g3 5 EE B 2 880°C Ty 3ppm, 900°C Ty
6ppm, 930°C T§y 8ppm FRETH 5. TOfEIT My
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120 g% & W

% 64 & (1978) 1%

(CB)s 4K L BIRT 5 DT, EARKS B X OBEA
BT DB IR AKTF T 5.

5) FEAEBEMBRCTEAMWBMET Loy 2 3=
—RERE DOKEYH 15mm DURICBWTIHS —2F 54
M7 5z Boron-Constituent H333 SHiu7-.

Bb VICERMLORELZFHFT SN AEEEBEITIEWR)
B 18 R R AR T AE A =/ N W B i o < FEIFLER L
EFET. EBERAEYE LESIEED D £ LR
PR E RS E L BT E 9. FaREREE
DICHEL TS D EHBRICEHMB L RFET.
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