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Abstract: In order to realize the domestic production of UNS N09 925 alloy in the oilfield service industry, the "VIM+
VAR" process was successfully used to smelt $508 mm ingot of UNS N09925 alloy, and the forging process optimization
test of $228. 6 mm (9Inch) forged bar was carried out. In order to optimize the forging heating regime, the grain size growth
of UNS N09925 alloy in hot forging state was studied from 950 “C to 1 150 °C using ¢131 mm forging bar as raw material.
The experiment shows that the inflection point temperature of grain growth of UNS N09925 alloy is 1 020 ‘C. When the heat-
ing temperature is above 1 100 “C, the grain grows rapidly. Based on the rule of forging grain size growth, forging process
experiments were carried out under two different heating regimes of 1 120 ‘C-1 160 ‘C and 1 020 ‘C-1 100 °C. The results
showed that the two rods of $228. 6 mm large round forging produced by "low temperature heating" at 1 020 °‘C-1 100 ‘C had
the best microstructure in forged and solid solution state. Moreover, through the tests of low and high microstructure, ten-
sile properties, impact properties and cross section hardness, the product met the requirements of various indicators in
API 6A CRA, and the TTF ratio of slow strain corrosion test reached 0. 88 and RA ratio reached 0. 69, meeting the re-
quirements of TTF ratio 0. 7 and RA ratio 0. 6 in the industry standard.
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Fig. 1 Equilibrium phase diagram of UNS N09925 alloy
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Table 1 Standard chemical composition of UNS N09925 alloy %
i H C Mn Si S p Ni Cr Mo Al Ti Cu Fe Nb
0.10 1.50 0.08
— v 42.00~ 19.50~ 2.50~ 1.90~ >
PR <0.025 <1.00 <0.35 <0.003 <0.020 ~ ~ ~
46.00 22.50 3.50 0.5 2.40 3.00 22 0.50
WA 4 0.012 0.68 0.08 0.001 <0.020 44.20 20.82 2.95 0.20 2.32 1.93 0.30
2 UNSNO09 925 5% ¢508 mm $REEHIE $228. 6 mm gt TZHR
Table 2 UNS N09 925 alloy ¢»508 mm ingot forging ¢»228. 6 mm bar process plan
[ LIS JnFIRLEC 31.5MN PR HLAEIE /% ISMN HEBAHLASIE /% I8MN i SR AL AR T 3 IR AR
1 1120~1 160 =70 =30 3
I 1 020~1 100 =70 =30 3




K12 UNS N09925 £ 4 B 3 HebE 2R F A [ R i v A B o J&2 1) - () B2, (D) 950 °C, () 970 °C, (d) 990 °C, (e)1 010 °C, (f)
1030 °C,(g)1050 °C,(h)1 070 °C,(i)1 090 °C,(j)1 110 °C, (k)1 130 °C, (1)1 150 °C

Fig. 2 Grain size diagram of UNS N09925 alloy forged bar treated with different temperatures :

(a) forging state, (b) 950 °C, (¢)

970 °C, (d) 990 °C, (e) 1010 °C, (f) 1030 °C, (g) 1050 °C, (h) 1070 °C, (i) 1090 “C, (j) 1110 ‘C, (k) 1130 °C, (1)
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Fig. 3  Grain size variation trend of UNS N09925 alloy at differ-

ent heat treatment temperatures
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Fig. 4 UNS NO09 925 alloy forging scheme 1 (1120 C-1 160 °C ) high microstructure: (a) as—forged center, (h) as—forged half-
radius, (c¢) as—forged edge, (d) heat—treated center, (e) heat—treated half-radius, (f) heat—treated edge
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Fig. 5 UNS NO09 925 alloy forging scheme II (1020 ‘C-1 100 “C) high microstructure: (a) as—forged center, (b) as—forged half-
radius, (¢) as—forged edge, (d) heat—treated center, (e) heat—treated half-radius, (f) heat—treated edge
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Fig. 7 UNS NO09 925 alloy forging scheme II forging bar grain size and structure : (a) bar center, (b) bar 1/2 radius, (¢) bar surface
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Table 3 Results of physical tensile properties of UNS N09 925 alloy scheme II forged bar

iH Jitt B3 5 /M Pa PLHIsR E/MPa K #/% W I 405 2%/ %
PR 758~965 =965 >18 225
S 870 1170 27 39
S 830 1170 28 39

R4 UNSN09925A&HE IFERMIYhEERER
Table 4 Physical impact performance results of UNS N09 925 alloy scheme II forged bar

T H Wt Zhyy DA A ) B2 K 2 /mm

bR 43 >47 0.38
77.90 0.60

S 72.10 76.23 0.50

78.70 0.60
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Table 5 UNS N09925 alloy SSRT parameters

L HEESC bBE A RS
Yt HL WA s
H,S [t /1/MPa €O, /£ J1/MPa w[NaCl)/% wlSV/% . R TR
2.758 5516 25 0 149 gg%ﬁ%g%) 4x10°°
1 SR RS RN K B 1 L T S PR

343 341 349

348 351 346

354 343 355
347 346 350
344 352 355
350 360 352

343 348 341

353 358 345
; B BE(HRC)
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Fig. 8 UNS N09925 alloy forging scheme Il forging bar cross

section hardness
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