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Development of Adding Bi-Ce Free-Cutting Stainless
Steel 1. 4104 for Electro-hydraulic Controller

Lei Yinghua' > Liu Shangtan' > Zhang Jun'?> Zheng Zhenyu' > and Liao Kai®
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Abstract  Quality stainless steel 1. 4104 ( /%:0. 16C 1.23Mn 16.40Cr 0.41Ni 0.43Mo 0.023Ca) for electro-hy—
draulic controller has been first melted at Daye Special Steel Co Ltd by 20 t electronic arc furnace and refined in ladle fur—
nace and vacuum degassing unit cast 1.2 t ingot and forged into products. The transverse mechanical properties and ma—
chinability have been enhanced significantly by feeding bismuth cored wires( Bi: 0. 036%) and adding rare earth nodulizer
(Ce: 0.054%) . Comparing with that of the free Bi-Ce steel the total number of inclusion of the containing Bi-Ce steel de—
creases by 84. 4% and the number of MnS inclusion decreases by 85. 5% average size of inclusion increases from 4. 5 um
to 13.7 pm and cut force lower by 70 ~80 N with thicker and more easily broken chips the transverse reduction of area in—

creases from 3% to 17% .
Material Index Vacuum Degassing Free—cuiting Stainless Steel 1.4104 Bi-Ce Sulfide Nodulizing Machinability
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Table 1 Processing route comparison between containing Bi-Ce and free Bi-Ce steel 1. 4104
Bi-Ce Bi-Ce
20t +LF+VD VD Cassi 25 ke 20 ig e +LF+VD VD Ca-Si 25 kg Bi 9 kg
135 mm x 145 mm 135 mm x 145 mm
990 ~1 100 °C +620 ~640 °C 990 ~1 100 °C +620 ~ 640 C
119.5 mm x 129. 5 mm 119.5 mm x 129. 5 mm
2 Bi-Ce Bi-Ce 1.4104 /%
° N *  Table 2 Chemical composition comparison between containing Bi-Ce and free Bi-Ce
N N R steel 1.4104 /%
C Mn P S Cr Ni Mo Ca Bi Ce
Bi-Ce 0.16 0.40 1.23 0.018 0.20 16.40 0.41 0.43 0.023 0.036 0.054
° Mn/ Bi-Ce 0.15 0.42 1.28 0.019 0.21 16.37 0.40 0.42 0.022 - -
S 5
=1630 C,
Ca-Si 110 m( 30. 6% 24 ~26 kg)
10 ~40 mm 18 kgo
) ) Bi-C 1480 C
16 ~ 18 kg/t e
5 (1) ~(3) 1530 ~1540 C 1.2t
I . 10 h .
2/3Fe, 0, + Si =4/3Fe + 510, (1) 1.2.2
2FeO + Si =Si0, +2Fe (2) 2t
2Fe,0, + Si =4FeO +Si0, (3) ®215 mm. <80 C'/h
CHO\MgO ( Cacz) 1 170 "“1 190 OC 2 "“3 h 2850
4 ~6 kgt 9 ~ 11 min C :
16 MN
’ (4) ~(6) -
<100 C/h 1110 ~
MgOiy + S =MgS;y + O 1130 C 1~2h 5
AG, = -187075-27.76 T (4) 1.1 1.2 ~1.3
CaOy + S =CaSy + O (90 ~130) mm x (90 ~ 150) mm x 3 000 mm
AG, = -109 070 -29.27 T (5) .
CaO(S) + S + C :CaS(S) +C0(g) 1.2.3
AG, = -86 670 -68.36 T (6)
150 m’/min Bi-Ce 926 C
n ( Ca0) + 990 ~1 010 C 4~6h 3 min
( Fe;0,.Fe0) .
LF CaSi  .SiC
10 ~25 min
1.5% ~3.0% 3. <9 C.
S 0.20% ~
0.25% 1630 ~1650 C. 620 ~640 C 9 ~11 ho
CaSi - \Bi VD . 6 h :
<10 Pa >25 min 2
=15 min >15 min, MW/
1.2.4
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Fig. 1 Macrostructure of containing Bi-Ce ( a) steel and free Bi-Ce ( b) steel
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Fig.4 Inclusions morphology of the containing Bi-Ce ( a) and free Bi-Ce ( b) steel

] BBi-Ceflb)-FH [ &Bi-Ceffi(a)-F

8000
(b) (b)
6000 | 5499 e
‘IT
&
R 4000 -
%
#
2000 (a) (@)
857 778
RN MnSA~3

5 Bi-Ce (a) Bi-Ce( b)
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Fig. 6  Transverse elongation ( left) and reduction ( right) of
area of containing Bi-Ce ( a) and free Bi-Ce ( b) steel
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Fig.7 Cutting force comparison between containing Bi-Ce ( a)

and free Bi-Ce (b) steel
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