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2.1 INCONEL 718

Element N RGO M N T A ¢ M S B
W% 50-517-219 1 28- 47- 065- 02- 008 035 035 0006 03
33 55 115 08

2.2 INCONEL 718
Density Melting Specific  Average Coefficient of Thermal Electrical
(g/cm3) Point/Range Heat Thermal Expansion Conductivity ~ Resistivity
(°c) (IIKg.K) m/m.K) (1 K (nQ.m)
8.19 1,260 - 1,336 435 14.06 13.50 1,148
2.1 INCONEL 718
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Solid Solution

Precipitate  Phase y' y'
INCONEL 718
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INCONEL 718 Mc MgC
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INCONEL 718 INCONEL 718
[Nonmagnetic)
-217 706 C Dislocation
y'ly yoy 718
standard Precipitation Strengthening Condition* 1
SHT Y Ni3Nb Order FCC
75 - 30 . (Spherical)
(Disklike) 0L INCONEL 718 Solid
Solution Precipitate y" Ni3Nb
Order BCT y' Coherent Coherent Strains
y' y"  Coherency Strain Field y' y'

Precipitate INCONEL 718



INCONEL 718

(Blockly)
INCONEL 718 2 MC MgC
" MC MgC
(Randomly Distrubuted Carbide)
L Precipitate Hardening y' y"
2. ,
INCONEL 718
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21 TTP Diagram INCONEL 718~ Hot-Railed Bar'él



2.2 R Sintering ( Densification] 18

Plastic Flow Sintering
Sintering
Sintering Closed
Pore Densification Normal
Sintering
0 Sintering

(doidtg = 3247 BBy . 1 -0f3p1B- (Vale) (Torj1d]. [ 9)
0

(dO/dAHP = 3/2(47 131V (71 )( 13)(1-0]23D13- oVsMIDy/ )(1- )(nL/( -0)+(3/4) | (1-0)

(dD/dt)H = Constant * P
(dD/dt)g

D = (Relative Density) t

y = (Surface Tension) (Dynes/cm.)
= Solid Material

Infinite Rate of Shear (Poises)

a = 2 (34 f3Td2yVR

Te Yield Stress

(dD/dt)p =

(dD/dt)s = Sintering
D (Dynes/cm. |

Sintering



2.3 INCONEL 718
INCONEL 718
M. . Lewandowski, et al.(l9
INCONEL 718 Cast Hot Compressing Testing C
1,000 C 1,060 C ' Strain Rates strain Rates
Flow Stress . Engineering nesuurue fur Auvai liny
Mobility 1w, 650 °c INCONEL 718
Wrought , 2.3
2.3 650 °c INCONEL 718 Wroughti2
Tensile Yield Strength  Elongation ~ Reduction
Specimen Orientation Strength  at 0.2 -» Offset in 40 of Area
(MPa, min) (MPa, min) (% min) (% min)
Longitudinal 1,000 862 12 15
Long-Transverse (Forgings) 965 862 10 12
Transverse (Bars) 965 862 6 8
INCONEL 718
M. G Benz, et al(lll INCONEL 718
' ,  Collector Preform
718 Spray Formed +
Forged 55 % 2.4 Spray  Forming

Ceramic Inclusions Uniform Grain Size

2.4 Mechanical Properties Observed for Alloy 718 Spray Formed + Forged 55 %(17)

Property Room Temperature 650 °c
Tensile
0.2 % YS, MPa (ksi) 1,292 - 1,342 (190 - 198) 1,033 - 1,081 (152 - 159
UTS, MPa (ksi) 1,434 - 1475 (211 - 217) 1,153 - 1,197 (174 - 176)
Elongation, ¢ 11 - 13 14 - 16

RA, (% 20 - 22 25 - 28
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Gaylord . Smith and H Lee Flower

718 Superplastic Forming (SPF|
649 718 SPF 02 0
YS UTS 1,116 1,201 MPa
ASTM#10
J. J. Valencia, et al."l INCONEL 718
Powder Injection Molding Sintering
02 0YS, UTS Ductility 1,275 °c
972 MPa 1,119 MPa 174 % , 1,250 C UTS
1,218 MPa 02 % YS Ductility 1275 C 963
MPa 113 % Sintering
Holding  Times
Sintering ' '
C. G Goetzei@® 0.2 Dia = 0.25
Spark  Sintering
2,100 F 2250 °F 500 - 2500
psi (3-17 MPa] 450 600
Y
99 %

2,200 - 2,220 F (1,190 210 °c]
(Grain - Coarsening] b

INCONEL 718



J. Benson, et alllB ' INCUNEL 718 Wrought

B5U °c
As-Received ! '
As-Received
Carlos Ruly, et al.f INCONEL 718
Delta Process (DP] Billet Bar Uniform
Fine Grain 2.2 Delta Phase Precipitate
' DP 718 UTS
INCONEL 718 4 % Bar Stock

2.2 Graphical Repersentation of the Delta Process

mV 'Chang, et al.h9

2.5 INCONEL
(Modified Heat Treatment : MHT)
(Standard Heat Treatment : SHT)
2.6 MHT (Coarser Grain Size)
SHT SHT

INCONEL 718
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2.5 Heat Treatment Schedules Used 0 Experimental Ally 718 Materials

Heat Average Grain
Treatment Heat Treatment Schedule Grain Size Boundary
ASTM #  Morphology
SHT 955 °c/1 hr/AC + 8 (Plate)
718 °C/8 hr/FC--> 1 °c/min,-—--> 10 (Bar) Planar

621 [P PirlAC
MHT 1,032 °¢/1 hr/FC —> 3 °c/min, — >
843 Cl4hrJAC + 926 °c/l hr/FC > 4 (Plate)
3 c¢/min.—-> 718 °B/8 hr/FC > 3 (Bar) Serated
16 °c/min.——-> 621 °C/8 hr/AC

2. 718

Temperature Hardness (Rc) a\s (MPa) E (vpa)
RT SHT 46.5 1,204 198 X 103
MHT 445 1,036 199 X 103
525 °c SHT 1,066 173 X 103
MHT 876 172 X 103
650 °¢ L SHT 970 168 X 103
MHT 827 168 X 103

(Refractory  Material)
Titanium ~ Aluminides* 1
Sintering
Sintering il !
05 Tm 08 TmZ

INCONEL 718 !

Hot Isostatic Pressing (HIP)
! Sintering
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