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INFLUENCES OF BORON, SULFUR AND
ALUMINUM ON THE EFFECTS OF PHOSPHORUS
IN IN718 ALLOYS

SONG Hongwei* GUO Shouren LU Dezhong XU Yan  WANG Yulan HU Zhuangqi
(Institute of Metal Research, The Chinese Academy of Sciences, Shenyang 110015)

ABSTRACT The influences of boron, sulfur and aluminum on the effects of phosphorus in IN718
alloys have been studied. The results showed that phosphorus improves the é—phase on the grain
boundary and increases the stress—rupture properties markedly. The relative increment of the stress—
rupture life due to the phosphorus addition is not modified by aluminum but strengthened and weakened
by boron and sulfur respectively. The effect of phosphorus is a phenomenon related to grain boundary.
The characteristics of the influences of boron, sulfur, and aluminum depend on their respective behavior
with respect to grain boundary.
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Table 1 Contents of alloying elements in the test alloys (mass fraction, %)

Alloy No. 1 2 3 4 5 6 7 8
P 0.003 0.02 0.003 0.02 0.003 0.02 0.003 0.02
B 0.005 0.005 0.01 0.01 0.005 0.005 0.005 0.005
S 0.002 0.002 0.002 0.002 0.02 0.02 0.002 0.002
Al 0.55 0.55 0.55 0.55 0.55 0.55 0.90 0.90
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Fig.1 Microstructures of the test alloys after heat—treated
(a)No.1; (b)No.2; (c)No.3; (d)No.4; (e)No.5; (f)No.6; (g)No.7; (h)No.8
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Fig.2 Crack originating zone on the fractures of the test alloys stress—ruptured

(a)No.1; (b)No.2; (c)No.3; (d)No.4; (e)No.5; (f)No.6; (g)No.7; (h)No.8
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Table 2 Effects of phosphorus on the volume fraction and average length of é—phase particles as
well on the stress—rupture properties of various IN718 based alloys. The data in the fifth
row indicate the relative life increments of the phosphorus—doped alloys with respect to

their counterpart alloys

Alloy No. 1 2 3 4 5 6 7 8
fs/% 10 8 12 16 16 14 15 9
Ls/pm 2.2 1.6 2.1 2.2 2.5 2.3 2.6 1.8
7/h 170 426 87 263 150 311 85 213
TELT /% +151 +151 +204 +204 +107 +107 +150 +150
¥/% 13 25 13 35 20 27 12 13
§/% 10 11 7 12 14 17 6 8

* r; and T;41 are the life of No.i and No.i+1 alloys respectively; i=1, 3, 5 or 7
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