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Table 1 Chemical compositions of alloy 617B ESR ingot
(mass fraction, %)

C Ct Co Mo Ti Al B Si Ni
0.057 22.05 11.72 9.0 0.46 1.44 0.001 0.02 Bal.
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Fig. 1 Initial microstructures of alloy 617B before cold

deformation: (a) Optical microstructure; (b) SEM image

&2 617B GRS
Table 2 Chemical compositions of carbides in alloy 617B

(mass fraction, %)

Position No. Cr Co Mo Al Ni
1 49.48 6.19 15.65 2.20 26.49
2 63.17 3.89 19.89 0.78 12.26
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Fig. 2 Microstructures of alloy 617B after cold rolling with different deformation degrees: (a) 20%; (b) 30%; (c) 40%; (d) 50%
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Fig. 3  Relationship between mechanical properties and

deformation degree of alloy 617B
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Fig. 4 Thermodynamic equilibrium phase diagram of alloy
617B
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Fig. 5 Microstructures of alloy 617B after cold rolling with deformation degrees of 20% and 30% and then being annealed at
1140 C for different periods of time: (a) 20%, 1140 °C, 5 min; (b) 20%, 1140 °C, 30 min; (c) 20%, 1140 °C, 60 min; (d) 30%,
1140 °C, 5 min; (e) 30%, 1140 °C, 30 min; (f) 30%, 1140 °C, 60 min
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Fig. 6 Microstructures of alloy 617B cold rolled with deformation degrees of 40% and then annealing at 1170, 1200 and 1230 ‘C
for different periods of time: (a) 1170 °C, 5 min; (b) 1170 °C, 30 min; (c) 1170 C, 90 min; (d) 1200 °C, 5 min; (e) 1200 C, 30
min; (f) 1200 °C, 90 min; (g) 1230 C, 5 min; (h) 1230 °C, 30 min; (i) 1230 C, 90 min

27o-ﬁa) "—1140 C 270-ﬁb) =—1140 C
*—1170 C *—1170 C
4+—1200 C 4+—1200 C

Grain size/um
—
W
=)
T
Grain size/um
—_
W
>
T

90 90

30t — sop oy e
0 20 40 60 80 0 20 40 60 80
Time/min Time/min

2701 =—1140 C
«—1170 C

4—1200 C B 7 PR R AR LA R B 617B &

g 210f N, . )

= B KRR R RO B R R

E 150k Fig. 7 Effect of holding time during annealing
‘s on grain size of cold-rolled alloy with
© 90t deformation degrees of 30% (a), 40% (b) and

50% (c)
30r =
0 20 40 60 80

Time/min



1390 hEA SR R

Sellars-Whiteman #5288 H1 2% 18 1 JGUA6 gk K /N
SO, ARR % L8 SR A O TR AR Bl I (R R A8 4E, E L B
ST RN, doRL K R I TR AH G, HEAVE 2 - Anelli
PG| T IR E m, AH R B IR AR ok ]S L
KRB R VR, BRI ¢ R 0 B R RS 2h 0, 31X
5SRO K2 0 K P I R 5 il
K, At Sellars-Whiteman A58 5| XIS RIHEEL m £33
(YIRS T s

0,
d" =d" + A" exp(——= 3
0 p( RT) 3)

Al d WEAMRIRA s do b 58 4 i I 1) R
RS ¢ N BRI TR T g INAELE s O, T iR
KKIIBAERE: A n R m N SFPEAT G S F
M In(d" -dg) 5 UT MEMERR, REEMFEIEN Y
-0, /R; In(d" —dg) 55 Int FIRREIFRERIY m;
A TR L ESC R AT T

FIF 6178 A474 %L 30%iE K K1 13 SR )15
P, PGS R RA ) SR K7 R, Ab 3
ORI 5 min 18 &R RS VE D LR oKL R doo 3
FeE n i, W n=1.01 1.5, 2.0, 2.5, 3.0 3.5, 4.0,
4.5 71 5.0, IR HHRLNEHE Opvm 1 A H.
HHERRAE n S MER A ZEIEE S 617B A4
R KT, GINGEZEREL h(n), THEE n WU [F{E
BV B R R @ S SEBR RIS d 2207
i, B
h(n) =Y (d{ -d)’ (4)

2538 h(ny—n S P, R 22 R BRI n (R A
sR KT R Fe A, BLA R REWE 8 iR, 617B &
G IR SRR R TT R I FRBUE n=3.34 4 n AN (D),
OB VS R D0 A 6 L IR K RO e 0,=207.6
kJ/mol, K KHFIFEE m=1.916, 4=1.41X10"%, 74%|
617B & 4 LA [F FAAL BRI FE 1 1R dfoR R T A
2076100

RT

B kB0 on H X In(d"-d))-1/T
In(d" —dy)—Int WAL R RIATIG, tHEE R
B9 fim. B iEmla g FOE AT, BG4
B SIAEAIT, W 617B 4 iR K ST fE
B O JEME—1, Wit v iR AR K HLHEIAAS, 85
BORRAER AR, wIEH TR 617B &&R %5
SED SN eIy IR U E

NRE—IAE 617B & G ok K R R 1) 5 3 i

d*** = d3** +1.41x107 "' exp(

) (5)

201747 H
6
(a) )

5k — 6th order polynominal fit

4_
E
<t:' 3_
2
= of
T

1_

0_

0.5 1.5 2.5 3.5 4.5 5.5

n
8
(b)

4_
)
= 0
<
z
S
= 4
=

| r
-12 . . n=3.34 |
0.5 1.5 2.5 3.5 4.5 5.5

n
8 IRZERREU 2 WU A o) it £k
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Fig. 10 Relationship between grain size and annealing time
for 617B alloy with different deformation degrees: (a) 30%; (b)
40%; (c) 50%
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Fig. 11 Grain microstructures after different cold rolling and annealing treatments: (a) 20%, 1140 ‘C, 10 min; (b) 20%, 1170 C,
30 min; (¢) 20%, 1200 C, 60 min; (d) 30%, 1140 °C, 30 min; (e) 30%, 1170 C, 60 min; (f) 30%, 1200 C, 10 min; (g) 40%,
1140 C, 60 min; (h) 40%, 1170 ‘C, 10 min; (i) 40%, 1200 °C, 30 min
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Microstructure evolution of alloy 617B for 700 ‘C ultra-supercritical
boilers during cold deformation and annealing treatment

JIANG He, DONG Jian-xin, ZHANG Mai-cang, YAO Zhi-hao

(School of Material Science and Engineering,

University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Cold deformation has an important effect on the dimensional accuracy, microstructure and mechanical
properties of alloy 617B pipes. The cold deformation characteristic of alloy 617B tube was investigated by single-pass
cold rolling tests of different deformation degrees. The cold rolled alloy 617B was annealed under different conditions.
The microstructure evolution mechanism was investigated, and the equation of recrystallized grain growth during
annealing was established. The results shows that the grain size of alloy 617B tends to be uneven as a result of carbide
strips. The size of recrystallized grain is mainly controlled by annealing temperature and the grain size predicted by the
proposed grain model agrees well with the experimental results. The grain size is mostly uniform when the annealing
treatment is (1140 “C, 10 min) with the cold rolling reduction of 20%.

Key words: nickel-base superalloy; annealing; cold rolling; static recrystallization
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