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Relationship between Ductile Intergranular Fracture and
MnS in Overheated Ni-Cr-Mo-V Steel

Masaaki KATSUMATA, Isamu TAKAGI and Haruo KAz

Synopsis :

Fracture appearance in an overheated Ni-Cr-Mo-V steel for low pressure turbine rotor was characte-
rized as the occurence of intergranular fracture in ductile fracture range. The facet size of intergranular
fracture surface corresponded to the austenite grain size of the steel heated at high temperature during
heating before forging. The facet size was not changed by re-austenitizing treatment such as normalizing
and quenching whose temperature was relatively low. The intergranular facet consisted of small equiaxed
dimples and MnS particles located at the bottom of dimples. The number of MnS particles was approx-
imately 50% of the number of dimples. Voids formed at interfaces between MnS particles and matrix,
grew and coalesced, and consequently ductile intergranular fracture occured. The decreases in upper shelf
energy and reduction of area by overheating were explained by the low strain requisite for void formation at
the interface of MnS particle. Coarsening of MnS particles with slow cooling resulted in recovering
toughness and ductility due to increasing the strain for void formation. Since most austenite grain bound-
aries before re-austenitizing were eliminated by re-austenitizing, most ductile cracks propagated in grain
interior. Voids nucleated at MnS particles on prior austenite grain boundaries before re-austenitizing,
grew and coalesced. Thus, facetted fracture surface was formed similar to ductile intergranular fracture
surface. The susceptibility to temper embrittlement was not affected by overheating.

Key words : overheating ; low pressure turbine rotor steel; ductile intergranular fracture; dimple; void;
MnS ; temper embrittlement.
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Table 1.

(mass %).

Chemical composition of steels used

Steel C Si Mn P S Ni Cr Mo \Y%

N 0.25 0.08 0.35 0.006 0.005 2.8¢ 1.54 0.36 0.10
E 0.22 0.08 0.31 0.013 0.014 3.41 1.80 0.40 0.10
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Photo. 2.

Secondary electron (a) and characteristic X-ray of Mn (b) and S (c¢) images on ductile

intergranular fracture surface in steel N heated at 1350°C and held at 950°C.
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(a) 1250°C (b) 1300°C (c) 1350°C
Change in ductile fracture surface with
heating temperatures in steel N held at 950°C.
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(a) 300°C/min (b) 30°C/min

(¢) 2°C/min (d) 0.5°C/min

Photo. 4. Change in ductile fracture surface with cooling rate in steel N heated at 1 250°C.
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Fig. 2. Relationship between number of dimples

and number of MnS particles.
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(a) Before re-austenitizing (b) After re-austenitizing (Heating rate : 25°C/min) (¢) After re-austenitizing (Heating rate : 35°C/h)
Photo. 5. Austenite grain boundary before and after re-austenitizing in steel N.

Table 2. Effect of mechanical properties on re-austenitizing in steel N.

Th 1 le* 0.2% proof stress Tensile strength Elongation Reduction of area vEs Fraction of DIF*2
ermal cycle (kgf/mmz) (kgf/mmz) (%) (%) (kgf-m) (%)
A—E 73.8 87.1 25.1 70.7 22.3 0
B—E 73.2 86.3 17.2 36.2 7.3 95
B—C—E 72.9 83.4 23.6 63.5 10.8 65
B—D—E 66.9 80.9 22.8 65.3 10.8 65

* A:1350°CWQ B:1350°C—950°C-150 min WQ C :880°C (Heating rate : 25°C/min) WQ D : 880°C (Heating rate : 35°C/h) WQ
E:675°C-5h
*2 Ductile Intergranular Fracture
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(a) Before re-austenitizing (b) After re-austenitizing (Heating
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35°C/h) .
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Table 3. Tensile properties of overheated steel N.

Reheating . . Proof stress Tensile strength Elongation Raduction of area
Mark | temperature (°c) | Cooling condition (kgt/mm®) (kgt/mm®) (%) (%)
Al wQ 75.1 86.8 24.0 68.4
A2 1200 IT* 77.9 89.5 195 61.7
Bl wQ 77.0 88.6 22.0 72.6
B2 1250 IT* 78.9 90.4 18.0 58.3
Cl wQ 77.6 88.6 19.5 67.0
Cz 1300 IT* 78.6 90.4 185 46.4
D1 wQ 73.8 87.1 22.5 70.7
D2 1350 IT* 76.4 88.2 15.0 37.3
F1 : 300°C/min 72.9 88.5 22.0 67.4
F2 1250 75°C/min 73.9 87.8 18.5 54.7
F3 2°C/min 66.0 88.6 19.0 66.5
F4 0.5°C/min 74.9 85.8 23.5 71.2
* Isothermal holding at 950°C for 150 min followed by water quenching
(al) (bl) Just below fracture surface (a2) 2mm from fracture surface (b2) 0.8mm from fracture surface
(b3) 2mm from fracture surface (b4) Analysis of particle in a circle on (b3)
Photo. 7. Void formation at MnS particles in steel N directly water quenched from 1200°C
(a) and heated at 1 350°C and held at 950°C (b).
WA LREBRTH - 7o, 5EA FOREMBORE2To 2. BERKERT

1200°C fm#-E#AsH (Al), 1350°C fnZk-5im
fREH (D2), 1250°C 28 &5 o J AT (v 21 B2
75°C/min (F2) & 0.5°C/min (F4)) @ 4 FE3 O HLEM
OF RN E oM BIE L, ENBRoRS L &

Photo. 7, 8 IZ/R¥. @EMALAEL TV v Al T
X, BWEELEEO R R R AL LIRS F
MHEE S h 5 (Photo. 7(al)), BEHFE 2 5% 1.5
mm Ll FBEN-HIE (BEEA 0.56) TEFA FITEE
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(al) (bl) Just below fracture surface

(a2) 5mm from fracture surface

Photo. 8. Void formation at MnS particles in steel N continuously cooled at 75°C/min (a)

and 0.5°C/min (b) from 1250°C.
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Table 4. Effect of overheating on temper embrittlement in steel E.

Transition temperature ("C)

Upper shelf energy (kgf-m)

As tempered Temper embrittled Difference As tempered Temper embrittled Difference
Non overheated —88 24 112 15.2 15.0 —0.2
Overheated —60 20 80 10.2 9.6 —0.6

(a) Direct water qurenching (b) 950°C holding
(1) Ductile region (2) Transition region (3) Brittle region

Photo. 9. Fracture surface tested at various
temperatures in steel E overheated and/or temper
embrittled.
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