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Properties of the Cu-graphene composites produced

by high pressure torsion

Wiasciwo $ci kompozytéw Cu-grafen wytworzonych
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The investigations concerning Cu-graphene composite S
produced by powders consolidation with direct use o f
high pressure torsion (HPT) are presented. The HPT
parameters were determined. The XRD and transmis-
sion electron microscopy revealed very refined matr ix
and graphene sheets microstructures. The Raman spec -
troscopy confirmed dispersed state of the graphene
with a large defects concentration.

KEYWORDS: graphene, copper-matrix composite, high
pressure torsion

Zaprezentowano wyniki bada n dotycz gce wytwarzania
i wka $ciwo sci kompozytéw Cu-grafen metod g skrecania
pod wysokim ci $nieniem (HPT). Okre slono parametry
konsolidacji. Metodami dyfrakcji rentgenowskiej i t rans-
misyjnej mikroskopii elektronowej pokazano bardzo
rozdrobnion g struktur e matrycy i warstw grafenowych.
Bardzo rozdrobnion g struktur e, jak i du zg koncentracj e
defektow w grafenie potwierdzita tak ze spektroskopia
Ramana.

SEOWA KLUCZOWE: grafen, kompozyt mied 2z-grafen,
skr ecanie pod wysokim ci  $nieniem

Graphene (GN), as a pure 2D material revealed extraor-
dinary mechanical, thermal and transport properties [1]
evoking great expectations in materials science, concerning
potential improvement in properties of materials. One of the
subjects is the improvement of metal matrix composites [2].
In fact, such improvement was first achieved for the poly-
mer-matrix composites [2]. Recently, many impressing re-
sults concerning metal matrix composites were presented in
literature [3].

The methods of severe plastic deformation (SPD) were
originally invented for the refinement of the metallic mate-
rials structures [4]. Between them, high pressure torsion
(HPT) revealed increasing range of application from the
pure metallic materials structure refinement, through ceram-
ic materials to amorphous powders consolidation [5]. The
idea of the investigations was to apply HPT method sup-
ported by the mechanical alloying (MA) for the synthesis of
the composite structure of Cu matrix with graphene addition.
Such composite could be applied as a heat-sink material for
the effective cooling of the electronic devices. The results of
similar  investigations concerning  Al-graphene and
Al-graphene oxide composites were presented previously

[6].
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The method of the composites preparation

The samples were prepared directly from the copper and
graphene powders. The preliminary step of mechanical
alloying, used in the case of Al-graphene composites prepa-
ration [6] was omitted, to decrease possible oxidation of the
Cu powder. The powder was of 99.99 purity, round shaped,
about 1 mm in diameter. The graphene from Angston Mate-
rials, (NO006-010-P batch 032613-05R-B) was used. In
comparison with Al-graphene composites [6] the amount of
graphene was increased to 2% vol. The powders, well
mixed, were further consolidated in HPT equipment built on
the base of the hydraulic press DE-2430-01 with the fully
control rotation system. The special type of the constrained
anvils was used for the powders mixture consolidation. For
comparison, also samples from Cu-—2% vol. graphene
oxide (GO) mixture and from seldom Cu powder were pro-
duced in the same way. The parameters of the process
were chosen on the base of experience gained in the
Al-graphene composites production [6] consisting on hydro-
static pressure 4 GPa and as much as 10 rotations.

The questions concerns both differences in ability for
consolidation of powders due to intensive deformation and
the range of deformation required for the fully unified struc-
ture of the Cu matrix composites. To answer the first ques-
tion the parameter of the relative compression C was
calculated along radii of the samples assuming lack of com-
pression at the centre:

C(r) = (D(r)-Do)/Do (@8]

where: D — thickness at r and Do — thickness in the centre of
the sample.

For the Cu-GN composites C(r) increased from 0.0 at the
center to -0.653 at the very edge of the samples. The com-
parison with the Cu-GO and compressed Cu samples re-
vealed that graphene addition clearly increased ability for
the compression at radii r above 0.5 mm.

The generally accepted formula for the effective deformation
by the HPT does not exist. In the paper two following formu-
las are used [7]:

y=21N(r / D(r)) 2
where: y— shear strain, N — number of rotations
and
£= (213)13 In[(1+y24 + yl2)112] (3)

where £ means equivalent strain.
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The comparison of £ versus r for the different consolidat-
ed samples is shown in Fig. 1. As is visible, the Cu-GN
sample reveals larger value of £ at each r value, than Cu
and Cu-GO samples, increasing from 500 to 700%. The
observed highest ability of Cu-GN composites for compres-
sion and deformation may result of the known lubricating
ability of GN.

The structure of the composites

The XRD did not supply any information concerning gra-
phene or graphene oxide in spite of the relatively large con-
tent of 2% vol. The Williamson-Hall plot made possible to
determine for all the samples the average size of the Sche-
rer's domains of coherent diffraction as well as the defor-
mation of the lattice. The results are given in the table.
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Fig. 1. The comparison of the equivalent strains versus radii calcu-
lated for all the samples with the equations (2) and (3)

TABLE. Size of the Scherer's domains of coherent dif-
fraction and the deformation of the lattice of Cu

Coherent domains Lattice deformation,
size, nm %
54.9 0.5
55.5 0.6
25.0 0.5

As may be noticed the sizes of the domains, which may
be identified with the grains of the Cu matrix, are similar in
case of the Cu sample and Cu-GN composite, while are half
of that for the Cu-GO composite. As results, the graphene
has no influence of the grains fragmentation in the consoli-
dation process but the graphene oxide does. The lattice
deformation in all the samples remains similar.

The large fragmentation of the Cu-GN structure is also
visible in Fig. 2 presenting microstructure in the transmis-
sion electron microscopy (TEM) resolution. Small grains of
the matrix, in the range of 50 nm are visible in the bright
field (BF) and dark field technique (DF) (Fig. 2a, c). Also
ring-type electron diffraction pattern (SADP) is very charac-
teristic for the extremely small grained, statistically oriented
crystalline structure (Fig. 2b).

Fig. 2. TEM microstructure of the Cu-GN sample a) BF, b) SADP,
c) DF

The average grain size estimated from the TEM micro-
structure remains in agreement with the size of the coherent
domains presented in the table.

The graphene sheets are not visible in Fig. 2, however
large magnification together with the slight defocusing ena-
bles to identify graphene in the form of small particles on the
surface of the matrix grains (Fig. 3). The picture confirms
strong dispersion of the graphene, very different in compari-
son with the graphene sheets observed in the case of AI-GN
composites [6].

Fig. 3. TEM microstructure of the Cu-GN composite, BF, slightly
defocused

Conclusions

The method of constrained high pressure torsion was
successfully used for the consolidation of Cu-graphene and
Cu-graphene oxide powders giving homogenous structure
of composites.

Graphene addition increases ability of metal powder to
consolidate as well as increases attainable equivalent strain.

The microstructure of the Cu-graphene composites pre-
pared with 4 GPa hydrostatic pressure and 10 rotations of
the anvils consisted of the highly fragmented Cu matrix
grains, in the range of 50 nm size and very dispersed gra-
phene patrticles.

In comparison with pure Cu powder the graphene addi-
tion did not influenced fragmentation of the Cu powders
during the HPT processing of the composite.
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