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Investigation on Microstructure and Fracture Mechanism of Iridium Sheet at Room
Temperature
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Abstract: Impurity contents, microstructures, fracture surfaces and mechanical properties of iridium (Ir)
sheets under different processing conditions were investigated by means of glow discharge mass
spectrometry (GDMS), optical microscope (OM), scanning electron microscope (SEM) and tensile testing
machine. The results indicate that processing condition has great effect on mechanical properties of Ir
sheet. The ultimate tensile strength and elongations of 1mm hot rolled Ir sheet were 213.6 MPa and 2.52%,
respectively, with a mixture fracture mode of brittle intergranular fracture and brittle transgranular
cleavage fracture. The ultimate tensile strength and elongations of 0.1 mm cold worked Ir sheet were 954.1
MPa and 0.55%, respectively, with mainly transgranular brittle fracture. No obviously evidence of plastic
deformation was occurred before tensile failure.

Key words: metal materials; Ir sheet; tensile testing at room temperature; fracture morphology; inherent
brittleness
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Tab.1 Impurity contents (mass fraction) of Ir sheet
investigated by glow discharge mass spectrographic
(GDMS) analysis /10
J6X Si S Mg Fe Ru Rh Sb Pt
FHE 0286 0.156 2.591 6.168 7.022 4.727 2.079 34.747
JL# Zn Cr Ni Pd Sn Ti Pb  Bi
0484 0.107 0.19 0.215 0.833 0.145 0.198 1.978

X 2 FPAN [0 AR S B Fr A T AR A T 1)
HEUHAT AN, SRR S B Tl A B n 6 1R
ST AN SR, HRSSHIE 10 V 2
Fo JEREAEEEILE 10~15 min. XF5K T REAT4E IR
PR FE DU, A ) 25458 HV0/15s, BEANFE M
AR 5 A . KR B3 AG-X100kN 75 fig /7244
IOMIXTHCR AT T A J1 2= REMR,  InEaE
4 2 mm/min, A 7 HREIE I E S, AT
REHT A a3 A4, W58 e B vt
SR R F-NAR 28 . SR H 7 S3400N BY 414
FELBE T B P (1) (e T 1R AT T 1 TR S 5%

2 ER5R
2.1 ARIITRESH A K EMA R b

B 1 HAELZS 1 mm AA I TS 0.1 mm 514K
R EAMHAR A



44

Imm

B 1 ARMIRE I S MAR
[(@). 1 mm LA Ir OIS (b). | mm LA I ABEIITALLL (0). 0.1 mm A IILE I Aozl sy

Fig.1 Microstructures of Ir sheets at different processing conditions

[(a). Longitudinal section of hot rolled 1 mm Ir sheet; (b). Cross section of hot rolled 1 mm Ir sheet; (c). Longitudinal section of cold worked 0.1 mm Ir sheet]
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Tab.2 Mechanical properties of 1 mm and 0.1 mm Ir sheets

FEORmS  JEIRIRE/MPa  fifusRE/MPa  GEAE/%
Ir(1 mm)-1 117.0 206.1 2.52
Ir(1 mm)-2 121.0 2245 2.51
Ir(1 mm)-3 110.0 210.2 2.54
Ir(0.1 mm)-1 810.0 952.1 0.54
Ir(0.1 mm)-2 860.0 958.6 0.55
Ir(0.1 mm)-3 850.0 951.7 0.56
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Fig.2 Engineering stress - engineering strain curves of Ir

sheets
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Tab.3 Micro-hardness of iridium sheets at various thicknesses
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Fig.3 SEM micrographs of the fracture surfaces of Ir sheets

[(a), (b), and (c) represent fracture surfaces of 1 mm Ir sheet; (d) represents fracture surface of 0.1 mm Ir sheet]
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Tab.4 Calculation of K/G from polycrystalline and single

crystal elastic constants'?”!

Polycrystalline constants ~ Single crystal constants
K/GPa G/GPa K/G K/GPa G/GPa K/G
feclr 3707 2099 1.77  366.7 190.6 1.92
Rh 274.7 150.0 1.83 — — —
Ni 186.9 77.0 243 180.4 62.1 2091
Pt 275.5 61.0 452 2827 673 420
Cu 131.3 455 289 1371 31 4.50
Ag 99.8 288 3.46 103.6 19.7 5.26
Au 171.2 277  6.19 166.7 18.7 891
bec Cr  190.4 71.6  2.66 155.2 1272 1.22
W 312.4 1513  2.06 307.7 160.0 1.92
Mo 274.6 116.7 237 270.7 1294 2.09
Fe 168.3 83.1 203 1783 59.0 3.02
v 162.1 46.7 347 1553 499 3.1
Ta 206.4 68.6 3.01 1963 60.2  3.26
Nb 173.3 375  4.63 1713 425 4.03
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Tab.S Melting temperatures, theoretical bulk moduli,
Cauchy pressures and Rice-Thomson ratios for Ir, Rh,
and their refractory alloys, in comparison with Ni;Al

and a number of ductile fcc metals™!

Metal Melting  Bulk Cauchy Rice-Thpmson
/Alloy temp. modulus pressure ratio
/K /GPa  (C1p-Cyg)/Cys  /(ublyy)
Au 1338 167 2.73 6.1
Al 933 77 1.15 5.9
Ni 1726 186 0.15 7.6
Ni;Al 1663 176 0.18 7.8
Ir 2716 362 -0.05 245
Rh 2233 269 -0.05 14.6
Ir;Ti 2388 294 -0.19 224
IrsZr 2553 272 -0.05 15.3
IrsH 2743 271 -0.07 16.1
Ir;V 2373 318 -0.24 21.1
IrsNb 2708 315 -0.10 18.4
Ir;Ta 2727 319 -0.05 15.0
Rh;Ti 2023 226 0.03 12.5
Rh;Zr 2173 204 0.11 12.2
Rh;Hf 2403 213 0.11 11.2
Rh;V 2013 250 -0.11 15.6
Rh;Nb 2236 245 -0.03 14.8
Rh;Ta 2730 256 -0.02 14.6
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