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Report:

Microstructure development and the interdiffusionGr/ta-C multilayers during the
heat treatment in vacuum were investigated usingitin high temperature glancing
angle X-ray diffraction (HT-GAXRD) and high temparee small angle X-ray (HT-
SAXS) experiments performed at ROBL BM 20. The mayers were deposited using
a combined DC arc/laser arc technique, in whichGh&ayers were deposited using the
DC arc and the ta-C layers using the laser arc.efeegy of the carbon ions was set to
approximately 25 eV, 200 eV and 500 eV. Previobsiatory experiments showed that
the carbon ion energy influences primarily the antaf sp® bounds in ta-C layers and
the roughness of the Cr/ta-C interfaces. The maial @f the in-situ synchrotron
experiments was to investigate the developmenthodmaium carbides at the Cr/ta-C
interfaces supported by the diffusion of carbohigher temperatures. Within the Cr-C
system, three stable carbides exist with narrowdgeneity ranges, which may work as
diffusion barriers at higher temperatures. The dampwere successively heated
between 200°C and 600°C in steps of 100°C. The uneaents were carried out after
cooling the samples to 100°C to interrupt the carhiafusion. The HT-GAXRD
measurements showed the existence of the crystdtioc Cr phase in all samples,



whereas the carbon was amorphous. The sample hdtharbon ion energy of 500 eV
showed an additional peak corresponding to nantatliy® chromium carbide. A more
detailed in situ phase analysis was not possiltause of the similar peak positions of
all three Cr carbides. HT-XRR measurements showat the carbon layer thickness
decreased from 10.4 nm to 5.6 nm with increasinbaraion energy, whereas the Cr
layer thickness remained constant at approximdat8lym. The heat treatment of the
Cr/ta-C coatings at 200°C showed a recovery ofntiodtilayer structure. The sample
deposited using the highest carbon ion energy 6féd0contained an additional layer
with the thickness of about 2-3 nm, which might reéated to the presence of a Cr
carbide layer at the Cr/ta-C interface caused Ibygher penetration of the C species
into the Cr layer. Furthermore, this thin layerwsowith increasing heat treatment to
5nm at 200°C, which is related to the diffusion cairbon. The heat treatments at
temperatures above 200°C resulted in a strongasere the interface roughness for all
Cr/ta-C multilayers. This confirmed a strong diftus of carbon. The multilayer
structure degraded for heat treatments at tempesatabove 400°C. However, the
degradation of the Cr/ta-C coating deposited autab00 eV with strongly intermixed
interfaces was less pronounced as compared tothiee multilayers, which confirms
the suggestion of the existence of one of the chmonctarbides acting as diffusion
barrier. The HT-SAXS measurements done on the laydti deposited using 25 eV
showed a roughness replication. The replicatioappeared for the sample deposited
using the highest carbon ion energy. Furthermde roughness replication decreased
with increasing temperature of the heat treatmeat torresponds to the increase in

interface roughness.



