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Toughening and Strengthening of Zirconium
Nitride/Mental Cu Nano-Multilayer

ZHANG Ping, DU Jun
(National Key Laboratory for Remanufacturing, Academy of Armored Force Engineering, Beijing 100072, China)

Abstract: Multilayer film can improve the strength, elastic modulus and toughness of materials markedly , the perform-
ance of film will be significantly improved if multilayer period is reduced to nanometer scale. This paper studied the tough-
ening and strengthening of ZrN/Cu nano-multilayer film, ZrAIN composited film and ZrAIN/Cu nano-multilayer film, the
morphology of films were investigated by FESEM, the microstructure was studied by XRD, XPS and TEM. The plastic
deformation characteristic of thin films were analyzed from loading/unloading curves measured by nano-indentation meth-
od. The results show that: the fracture toughness(K;;) of ZrN/Cu is 2 times that of ZrN film. ZrN/Cu has the maximum
K,c value when Cu mono-layer thickness is 20 nm. For ZrAIN composite film with 23% Al ( atomic percent) , the K. is
3.17 MPa - m"? | hardness is greater than 40 GPa, while for ZrAIN with 47% Al( atomic percent) , the K, is 1. 13 MPa
- m'"? | hardness is 17. 1 GPa. ZrAIN with 23% Al( atomic percent) is more “hard and tough” than ZrAIN with 47% Al
(atomic percent) , showing its properties are remarkly affected by Al raito in composite film. ZrAIN/Cu nano-multilayer
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film has best hardness and toughness compared with ZrN/Cu nano-multilayer film and ZrAIN composited film.

Key words : nano-multilayer; nitride; metal Cu; strengthening and toughening
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Fig. 7 Hardness and fracture toughness of ZrAIN thin film of 4 sets
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P-N curves of multi-impact test with less energy

of ZrAIN thin film of 4 sets
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P9 ZrAIN 3RJZ7E 2. 94 N #a FIEIRIEAR
Fig. 9  Indentation morphologies of ZrAIN coating under load of 2. 94 N

B 10 ZrAIN RJETE 4.9 N 3T F RS
Fig. 10  Indentation morphologies of ZrAIN coating under load of 4.9 N

11 ZrAIN 3RJZETE9. 8 N B4 F HIRIE AN
Fig. 11 Indentation morphologies of ZrAIN coating under load of 9. 8 N
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Fig. 12 XRD patterns of magneto-control sputtered ZrAIN/Cu coating
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Fig. 13 TEM image of interface between Si matrix and coating of ZAC2

sample (arrow showing region is coating grown direction )

B 14 ZAC2 A kE# A ) HRTEM Fg A
Fig. 14 HRTEM image of ZAC2 cross-section
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Table 3 Nano indentation measuring results of magneto-control supttered ZrAIN/Cu coating

No. Hardness  Elastic modulus Elastic Plastic work Elastic work ~ Maximum indent  Film thickness
/GPa /GPa recovery /nJ /n] depth/nm /pm
ZAC1 27.0 225.8 0.49 0.211 0.409 147. 4 0.79
ZAC2 41.7 257.8 0.71 0. 130 0.414 127. 1 1.48
ZAC3 18. 6 205. 4 0.36 0.315 0.381 169. 6 2.37

Bl 15 ZAC2 IRIZA A ABRG T IRIREA

Fig. 15  Indentation morphologies of ZAC2 coating under

different indentation loads
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Fig. 16

Indentation morphologies of ZAC3 coating under

different indention loads
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Fig. 17 Indentation morphologies of ZAC3 coating under
different indentation loads
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