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. On the Toughness of Boron Treated Cr-Mo Steels Tempered

at High Temperature

Terutaka TSUMURA, Yasutaka OKADA and Hiroo OHTANI

Synopsis :

Boron treatment for Cr—Mo steels has been performed to obtain the higher strength with heavy thickness.
But in these steels, even under the quenched microstructure, microalloying elements affect the toughness on
tempering treatment at high temperature. So, the effect of Ti, B and N on the toughness and microstructures
has been investigated in B—treated Cr-Mo steels tempered at high temperature. The results are as follows :

(1). In the case of Ti/N = 3.42, the excess dissolved B ([B]) causes the precipitation of coarse M;3(C,B)4
type boro-carbides and the formation of denuded zone along grain boundaries on tempering treatment
at the temperatures higher than 600°C, and therefore the toughness decreases. But proper [B] causes no
coarse boro-carbides precipitates along grain boundaries.

(2) 1In the case of Ti/N < 3.42, the precipitation of BN occurs after hot rolling. However such non—
equilibrium BN precipitates partially transform to AIN at the austenitizing treatment and [B] occurs. If
[B] content is excess, then M,, (C, B); precipitates and coagulates on grain boundaries during tempering
treatment at high temperature, and consequently the toughness decreases. If [B] content is proper, then
microstructures are fine and BN precipitates take no effect on the toughness.
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Table 1. Chemical compositions of steels investigated

(Wt%) .

Steel| C | Si [ Mn P S Cr | Mo { Nb Ti B [sol Al N

Al ]0.27|0.31/0.51/0.023/0.005{1.02/0.48]0.031}0.012]0.0018{0.059 [0.0081

A2 |0.28{0.31(0.52{0.023/0.004(1.05|0.48/0.032|0.020|0.0023{0.056 |0.003}

Bl 0.018 —_ 0.0024
@ [06.27{0.30{0.50{ e |0.005[1.00/0.49(0.030{ ¢ —  10.050 L4
B4 0.025 0.029 0.0040
€1 [0.26 0.009(0.0006 0.0022
2 @ 10.28{0.50/0.002/0.006{0.98(0.50(0.027| ¢ e |0.050 @
co |0.28 0.012}0.0046 0.0142
Dt [0.26 0.021}0.0007 0.0021
e 2 10.2910.49{0.002{0.005/0.98{0.50{0.027| o e §0.055 L4
09 10.28 0.024/0.0048 0.0148
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Fig. 1. Schematic diagrams of heat treatments
for a) steels Al and A2,b) steels Bl~B4, Cl~
C9 and DI~D9.
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Fig. 3. Effect of tempering temperature on me-
chanical properties of steels Al and AZ2.

(7 mm thick, 920°C x 30min IBQ + tempering
(x1h AC))
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Fig. 4. Effect of tempering condition on mechan-
ical properties of steel A2. (7 mm thick, 920°C
X 30 min IBQ) +tempering)

a) as IBQ, b) as HQI, c¢) as HQ2 (7mm thick).
Photo. 1. Typical extraction replicas of steel Al
in the as quenched conditions.

Photo. 2. Extraction replicas of steel Al tem-
pered at 700°C for lh after a) IBQ, b) HQI,
c) HQ2 (7 mm thick).
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(7mm thick), d) as OQ (27.5mm thick).

Photo. 3. Extraction replicas of steel A2 in the
as quenched conditions.
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Photo. 4. Extraction replicas of steel A2 after
IBQ and tempering for 1h at a) 450°C, b)
550°C, ¢) 650°C, d) 700°C (7 mm thick).

Photo. 5. Extraction replicas of steel A2 after
IBQ and tempering at 700°C for a) 2h, b) 15
h (7 mm thick).
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Fig. 5. Effect of Ti on mechanical properties of
1Cr-0.5Mo-0.03Nb-0.05A1-0. 003N steels.
(7mm thick, 920°C x 30 min IBQ + tempering)
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Fig. 6. Effect of B and N on the toughness of
1Cr-0.5Mo0-0.03Nb-Ti-0.05Al steels.
(7 mm thick, 920°C x 30 min IBQ-700°Cx 1h AC)
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Fig. 7. Effect of B on ,T,, of steels investigated
in the case of Ti/N>>3.42.
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Fig. 8. Effect of B on ,T,; of steels investigated
in the case of Ti/N<(3.42.
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