=M ENIZESEADMUSTER® C21PD
FERFECZORERBORE

Investigation of Mechanical and Corrosion Properties and Corrosion Resistance
Mechanism of Nickel Base Alloy ADMUSTER® C21P
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The applications of metal additive manufacturing are expanding in the medical
and aerospace fields, and further expansion into the industrial machinery field
is expected, including petrochemical plants and semiconductor manufacturing
equipment. MAT21®, which is a Ni-based alloy with excellent corrosion resistance,
has been supplied to customers for more than 20 years. In order to expand the
applications of MAT21 and to reduce the delivery time, the alloy has been developed
as ADMUSTER® C21P for additive manufacturing. The strength of products fabricated
using additive manufacturing with C21P is higher than that of wrought MAT21.
The corrosion resistance of C21P products is comparable to that of wrought MAT21.
Microstructural observations revealed that the higher strength of C21P is due to
the high dislocation density induced in the additive manufacturing process. The
strength can be further increased by introducing fine intermetallic precipitates
during an aging heat treatment process. C21P products are already being used for

industrial machinery, and we aim to expand the C21P market further.
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The additivemanufactured

Building direction BRI
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Z direction
Z planes

Tensile directiéns X direction

Base plate

HRAES LOERRAOES
m Definitions of test directions and planes

Test conditions Test directions or planes C21P specimens
As built Solution annealed HG
Tensile test Tensile directions XY, Z XY, Z XY
Vickers hardness test XY, Z XY, Z A
Immersion corrosion test in 1% boiling HCI / 24 h XY, Z - -
Immersion corrosion test in 2% boiling HCI / 24 h XY, Z XY z
Immersion corrosion test in 5% boiling HCI / 24 h XY, Z - -
Immersion corrosion test in 30% HF at room temp. (25°C)/ 24 h Tested planes XY, Z - -
Immersion corrosion test in 10% boiling H2SO4 / 24 h XY, Z XY Z
Pitting corrosion test in boiling Green Death solution / 50 h XY, Z - -
Crevice corrosion in boiling Green Death solution / 50 h XY, Z - -
High-temp. corrosion test in 100% Clz gas (200°C)/ 24 h XY, Z XY, Z -
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Heaters

Stop 0 . Stop

valve - valve
Specimens

— (X VR X

Test chamber

Cl, gas

BRI RERHBICAVHBREE OB

Schematic of high-temperature gas corrosion test
equipment

BIRHBRE Ly H— ABESHRBROBR
Results of tensile and hardness tests
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570, EHEAEHE 7 HEME (STEM: Scanning
Transmission Electron Microscope) #l% & = )L
— o B RIXF 53T (EDX: Energy dispersive X-ray
spectroscopy) % Ei L 72, B4ICC21PHETE £ £
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RSB RENTHB ZEPHERSND (R4L) . %72
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B BTRREIPT $Y — > 2R T MR 5, C21PiE
B EMTIERHEMAN O/ — 2 i3RER S 1T, b
BEEATHHE LTI R EHESI NS — T, RIVAIZ
FOPROBALD L E A SN, B EENE N LN
HOD Lo 7, C21PETRAEZBEMILT 5 &, BAI%
FEIEMAT21 & R EEIRIR L, RBT 3 & O VIR

Specimen Direction 0.2% offset yield strength, MPa Tensile stress, MPa Strain, % Vickers hardness, HV10
XY 754 1,023 45.4 323
C21P as built
z 623 885 60.1 282
XY 424 905 71.6 209
C21P solution annealed

z 416 860 76.3 206
XY 952 1,441 20.6 428

C21P aging treated 5

Wrought MAT21° - 381 812 72 180 — 200
Wrought MAT21°HG - 733 1,241 53 345

ZOFYU7ILEER Vol.38(2023)




(a) BF-STEM# DF-STEM &)

(b) BF-STEM{# DF-STEM

250 om Mol 250 nm

Q1P &R EEHE C21P MM D STEM RB LU EDX Xy EV Y (a) C21P &bk EM (b) C21P Bt
m STEM images and EDX maps of as-fabricated C21P and C21Paging treated samples (a) C21P as-fabricated sample, (b) C21Paging treated

BEE vaT21®, C21P & C21PHG O STEM SHETCE - BTFMEHT/ (5 —> (a) MAT21® (b) C21P &fsE®# () C21P Bsh#t

Electron diffraction patterns for MAT21®, C21P as-fabricated and C21Paging treated samples obtained during STEM
observations (a) MAT219, (b) C21P as-fabricated, (c) C21Paging treated

! e i oy W Pl e RN : L 3 : S
MAT21®, C21P&fsEHHE C21P BMD STEM & (a) MAT21® (b) C21P i EM (<) C21P B

STEM images of MAT219, as-fabricated C21P and C21Paging treated samples (a) MAT21®, (b) C21P as-fabricated, (c) C21Paging
treated
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(b)

. XY plane

B 5%HCLBHERSIREDSIRR A (2) C21P as built £ MAT218 (b) 316Las built & SUS316L
Appearance of samples after boiling in 5% HCI solution (a) C21P as-fabricated and MAT21®, (b) 316L as-fabricated and

SUS316L
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SEHEERFOFARE L Green death NERTOBRARRERES LUBRBAEARERE 9. 9

BF:1:)Xq Corrosion rate in acidic solutions, critical temperature for pitting corrosion and crevice corrosion in Green Death solution ™19

C21P MAT21® |MAT21°HG| Alloy 22
Test conditions Evaluation index As-fabricated Solution Aging
annealed treated
XY z XY z
1% boiling HCI / 24 h 0.01 0.01 - - 0.01 0.01 0.13
2% boiling HCI / 24 h 0.01 0.01 0.01 0.01 0.05 0.21 1.72
5% boiling HCI / 24 h Corrosion rate 1.6 1.3 - - 115 - 7.95
(mm/year)
30% HF at room temp. (25°C) / 24 h 0.06 0.06 - - 0.08 - -
10% boiling H2SO4 / 24 h 0.03 0.03 0.03 0.02 0.04 0.05 0.23
Pitting corrosion test (boiling) / 50 h | Critical temperature | 140°C 145°C - - >150°C - 125°C
of pitting or crevice

Crevice corrosion test (boiling) / 50 h COF(E%S)IOD 130°C 140°C - - 140°C - 110°C

20

Thickness of Cl corrosion
product (nm)
S

0
C21P XY C21P Z C21P MAT21®
Plane Plane Solution
annealed
XY Plane

Wit 1D

BRHARABREABRRER (100% Cl, 77X 200°C 24 B5M) (a) C21P &R EEM (XYE) (b) C1PEREEM (ZE) (0 C21PR
MLALEER (XY E) (d) MAT21® (e) CLIBRERYDEH

Corrosion test results after exposure to 100% ClI, gas at 200°C for 24 h (a) C21P as-fabricated (XY plane), (b) C21P
as-fabricated Z plane, (c) C21P Solution annealed (XY plane), (d) MAT21® plate, (e) thickness of Cl corrosion product
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