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Analysis methods of phase transformation temperature on
differential thermal analysis curves of powder metallurgy superalloy
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Abstract: The effects of sample mass and heating rate on differential thermal analysis (DTA) curves were investigated.
Available methods for determining gamma prime (y') solvus, solidus and liquidus were analyzed and compared separately.
This study improves methods for determining solidus and identifies optimal methods for measuring temperature of y’
solvus, solidus and liquidus. Transformation temperatures of FGH96 samples prepared by hot isostatic pressing (HIP),
hot extrusion (HEX) and heat treatment (HT) were tested. DTA curves do not show significant differences. Appropriate
sample mass and heating rate are obtained, and a universal applicable analysis method of DTA curves for dermining
phase transformation temperatures of powder metallurgy superalloy is proposed.
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Table 1 Nominal chemical composition of FGH96 superalloy

(mass fraction, %)

Co Cr Mo W Al Ti
13.0 16.0 4.0 4.0 22 3.7
Nb Zr B C Ni
0.8 0.04 0.01 0.03 Bal.

1
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FERTTHNAR 1414~ A Thermo-Cale K fFit
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Fig. 1 Calculated equilibrium phase diagram of FGH96

superalloy(a) and expanded figure(b) based on Thermo-Calc

thermodynamic calculation software
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Fig. 2 DTA curves of FGH96 superalloy during heating

process: (a) Sample mass; (b) Heating rate



F25EH 12

Tr B A BORIR i o 2 R £ 0 A AR T T v 3355

AR /Ny P HEURIEAR G, BRI T8 A g AT
ZERM = K m RIS, IR RERL B8, SEG
HH % 10 *C/min B¢ 5 °C/min.
222 FARELE A E

Kl 3 s A FGHO6 £ 4 SR 2= 043t i 26 . i
2 FAFLEP AR, S50k p A A B N
AL #RUE . Thermo-Cale THAEIZE LUK 1) ER,
BEAE I TR,y AHAE 600 °C AR B8 8 Vi Rl Y
B 900 CIau Bt . 2= arir R,
M T o R A £ AR B 1) at P58 DX )BT T o4 281 ik 0
JBE, 1 e G R TR R . A RV R SN T A
FHAZ, LA ARSI /N T S A RS
RIE, y AHA AR R LU A S AR A . s
S AR AR T LUK I, Hh 2R 1E Bk 0 (2 7 HY
WMT Y, Haraliib)s thdimadn e 2.

0
3 “10+ ' phase solvus K
z
=}
=
s
= 151 Alloy fusion—"

_20 -
800 1000 1200 1400
Temperature/C

B3 FGH96 < i/l 2= 4 i 2
Fig.3 DTA curve of FGH96 alloy

LT ZE R AT IR it e S5 B A TR 28 1R 1 0 1) 15y
WX R IRAAE , ARSI vk T FGHO6 #ult e il
S3ILL 5. 104 20 ‘C/min [ THE, A Hr AT
AHER AHZR By A 58 A AR 1 (R AN R0 58 i

FGHO6 il A 4 RIHT H AT o AR it 08 2 T s i
g, FNE—TREER, G4 y MK, %
WEAE Ry AHTE IR o i B0 T il A A
A BT P (R e S AR B S A e AV R
FEAPREUE: 1) ZEHIhER by AW B I AE 6] B ()
W s 2) WRAHAE ] JH A LR AR I . B i 1
4@, Hi . 6, WIEKEAA T, 6,0 4k
b B R W A [ ) A R Ak )i A

B S R B AR 2R, SRR AR )
it £ LA T A0 B B AR U I . PR [ AR e )

SETTIEAPIRICLIE 4(b)): T3k 1 ezl 2 i
K 24 T i 125 R e A ) N (R S 115 TV 2 R
P TR R R %, SInE e e R — H
TR I 23 T A A AR AR DR IR e e SR G o 2 DR G
Lk B L MR KRR, AR BN AE KO
L REEAAERAT ooty IOH HI ST DA 2R TR,
[l — 2% i 2 AN ) (R 92 36 N DA e AR (B 2 A7 A2 N h ik
ZEo Ao AR B AR AAR, AR AL
WA 2 A AT, BORRRRE N B B 252
FIFZM . FGHO6 iyl & < [ P9 AR X A7 AE B AL )
AR, ZE 3 e PR A R U 2 A 25 T B B (1
P, IS S MR B AR IR A R AT 5 WA A B (1)
FIEE R

XET 6, P IANE IR, ASSER 0 T3k 2 AT
TGt IIERI L T n] AR IR W e £ it 125 5
LeJE BAL AR (I R B 3 A — Bt el
HEBLE 40) L PRy, Ik 3 & HES
SR B S IFE I I AN E] 6, BOZE &
SIERDEARIRIE . 3 BlOTVEIE 10 [ A Ll I T
* 3,

ZERAI TGS R IR FGHO6 il & S (EI 58
4 ZE I ARG R T A . A ZE A M TR i 2k
B IR RE & SR Z I T A 4e)FTs: 1) i
DVRAE KL I AN ARG 115 2) A IR HE A X3
R, FTUUE Bkl A%kek, B th e L ieih
L 0]V TR AL L, A 215 3) U AL E 13,
B E T3 R AT A LA 3.

3 HSIHIE

VR 6 AV AR B 5 I A 4 1 T 2 ) PR L FEE X[
N A S “CPREE 17, A At A A
Kb BRAEAZMR VS R R T, DRI, HERfRBI e p AR 58
AV AR P R 8] AR e i R

B 4(an s R BRI ERER y Al 564
VA AR UL 5 T I T R O R B B AR S R
boo TSI AR, 223l S bt il 4 1) 19
RIAF, Fk, fEETHEERSA T, AR AR A
Ui P8 AR T A 2 A R R e 3 R vE
Ry A S R AR S SR, 1, B 1, B /IMEAE
10 "C/min "FINFF, BAT AL BEA THIHE 25 niu 13
EAZKI S 5 CAREATTE, S T XAl
TE B ANE TN o 6 AEAETHEE S 10, 20 'C/min



3356 PR R AR 2015412 H
—2
(@) (@)
nsor g
. by
. By
- 1140 Calculated y' solvus
= O
3 E :
= 21130} . - :
= 8 o
3 &
1120
-10+ v v
1110 v
_12 1 1 1 1 1 1 1 1
800 900 1000 1100 5 10 15 20
Temperature/C Heating rate/("C +min™")
(b)
1350F o o4
A t25
1325+ b
E‘ K/ O e Csalculated solidus
: =
= 2 1300 4 .
s S
g A
= 1275} o ’
1250( . .
iy L]
1200 1300 1400 1500 5 10 15 20
Temperature/'C Heating rate/("C +min™")
0 7
© ),
by .
-5 . Iy
1369 Calculated liquidus =
Z O
= 2 1361}
3 &g
= -15 — - o °
1353+ * .
*
-20
—
1 1 1 1345 1 1 | 1
1200 1300 1400 1500 1600 5 10 15 20
Temperature/C Heating rate/("C -min™")

4 ARSI UTE S e AR

Fig. 4 Analysis methods and determination results of different phases transformation temperature: (a) y" solvus; (b) Solidus; (C)

Liquidus; (a’) y" solvus; (b") Solidus; (¢') Liquidus
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Table 3 Phase transformation temperature determined by different methods

Heating rate/ y' solvus Solidus Liquidus
(‘C-min™) t,/°C try/C t2,/°C 1/ C 6JC 1/ C t/C 1/C t3/C
5 1114 1129 1127 1235 1302 1273 1354 1356 1348
10 1110 1131 1134 1244 1285 1275 1357 1362 1350
20 1115 1130 1132 1245 1301 1280 1357 1369 1352
Calculated 113 1262 1348
temperature/ ‘C
F 4 AFPRARE S 2 ZA A ANFPRAS -G AR WL R L5 % 7, FGH96 A

Table 4 Phase transformation temperatures of FGH96 in

different states

Transformation temperature//‘C

Sample
y' solvus Solidus Liquidus
FGH96(HIP) 1129 1283 1359
FGH96(HEX) 1126 1278 1355
FGH96 (HT) 1122 1281 1354
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Fig. 6 Morphologies of ' phase in FGH96 alloy heat treated at different temperatures: (a) 1028 ‘C; (b) 1053 C; (¢) 1078 C;
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