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Resum: The synthesis and characterization of Tid0Zr20Hf20Fe20 (atom %) alloy, in the form of rods (EI = 2 mm), prepared by arc-melting, and subsequent Cu mold suction casting, is presented. The microstructure,

mechanical and corrosion properties, as well as in vitro biocompatibility of this alloy, are investigated. This material consists of a mixture of several nanocrystalline phases. It exhibits excellent mechanical
behavior, dominated by high strength and relatively low Young's modulus, and also good corrosion resistance, as evidenced by the passive behavior in a wide potential window and the low corrosion current

densities values. In terms cbiscampatibilibedhicallommispabcatotoxic and preosteoblast cells can easily adhere onto its surface and differentiate into osteoblasts.
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Resum: Parous Fe-30Mn6Si1Pd (wt. %) alloys were prepared by a simple press and sinter process from ball-milled Fe, Mn, Si and Pd powders blended with 10 wit%, 20 wt% and 40 wit% NaCl to obtain different
degrees of porosity. For comparison purposes, a bulk fully-compact Fe-30Mn65i1Pd alloy was produced by arc-melting and subsequent copper-mold suction-casting. While the porous Fe-30Mn65i1Pd alloys
only consist of y-austenite, their fully-compact counterpart comprises e-martensite and y-austenite phases. In all cases, the low magnetic susceptibility response assures good compatibility with nuclear
magnetic resonance and magnetic resonance imaging techniques. Furthermore, a reduction of the Young's modulus, from 55 to 7 GPa, was attained by introducing porosity. The biodegradation performance
was evaluated by static immersion and electrochemical corrosion tests in Hank's solution. The influence of immersion time on composition, microstructure, mechanical and magnetic properties was
assessed. While introducing porosity renders alloys with suitable mechanical and magnetic properties, it also has a detrimental effect in terms of cell viability. Hence, the porosity level needs to be controlled
in order to obtain alloys with an optimized performance.
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1. Introduction

Bulk metallic glassecd % ) have been widely investigated
during the last dg owing to their exceptional mechanicl
properties, such & high strength, large elasticity and good
corrosion resistance. In recent years, the study of BMGs has
focused on improving the low plastidty typiclly encountered
in these alloys, to make them suitable materials for structural and
engineering applications [1]. Spedfically, BMG free from toxic or
non-biocompatible elements (g, Be, Al Ni, Co or Cr) have
attracted huge interest to be used in the biomedical field since
they possess higher strength, lower Young's modulus and often
better corrosion and wear resistance than their crystalling coun-
terparts [ 2] Among the various compositions of metallic glasses,
Ti-based and Zr-based BMG are the most commonly investigated
alloys. In particular, Zr-based BMG become attractive to be used
in the biomedical field due to their high glass forming ability and
large plasticity. However, Zr-based BMG with high glass forming
ahility and enhanoed mechanical properties usually contain toxic
elements such as Ni, Be or Al hence restricting their use in many
hiomedical applications. Nevertheless, recent studies on Zr-based

* Correspardinig suthar_ Fa: 43493 581 2155
Fomail address: Jordinafimell @gmail smm (] Farnelli

@521-5093 8- see front matter & 2012 Published by Elsevier BV,
ity [ dxadaiong/ 1 0.1 016 s 201208058

BMG containing Al andfor Ni claimed to be non-toxic materials
and to exhibit a biocompatibility comparable to that of commer-
J:ial;‘ll—'.i.'\l—",‘.u'alluy 13.4].

Ti-based BMG attract attention as a result of its low density
and excellent corrosion and biocmpatibility properties. Unfortu-
nately, the plasticity onder compression reported for  Be-
containing Ti-based BMGs |5], cannot be observed in Ti-based
BMGs free from toxic elements which hampers their applications
as structural components.

Up to now, Ti-GAI-4V alloy remains the most widely used
structural metailic biomaterial for the replacement of hard tssues
in artificial joints. However, the Ti-Zr-Cu-Pd BMG exhibits higher
strength (almost twice) and lower Young's modulus than com-
mercial Ti-GAI—=4V [6]. Unfortunately, like most metallic glasses,
y Cu-Pd alloy exhibits low plasticity. This is due to the
ahsence of dislocation activity and the rapid propagation of few
shear bands throughout the sample under application of mechan-
ical stress. Several strategies have been pursued o improve the
plasticity of this type of alloys. For example, annealing treatme nts
at intermediate temperatures, e, between the glass transition
temperature (T} and the oystallization temperature (T}, can
result in a cortain increase of plastc strain | 7). However, different
{and sometimes contrasting) effects are often observed after
annealing depending on the exact alloy composition and the heat
treatment conditions, For example, apart from causing nucleation
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Brobots Obtained by 3D

Ddeposition

Muhammad A. Zeggh, * Roman Grisch, Eva Pellicer, Kartik M. Sivaraman,

Kathrin E. Pg
and Sgug®or Pané *

The development of micro- and nanoelectromechanical sys-
tems (MEMS/NEMS) technology has resulted in the fabri-
cation of micro- and nanomachines that can be controlled
wirclessly in liguid environments. Among the various actua-
pen and control strategics for these machines, magnetic ma-
son hias emerged as the most versatile approach, and
contro/ spulation of three-dimensional (3-D) micro-
machines us! ponctic field gradicats. resonant magnetic
ficlds and rotating fields has been demanstrated .-
Ratation is a fundame; glion in biclogical systems st
the micro and nano levels. B olors arc responsible
for the motion of the bacterial lage!™ he ATP synthase
molecule. These motors convert rotational M into trams-
lational motion, a strategy that has proven to b jve in
the low Reynolds number regime '™ Based on this p
helical micromachines known as artificial bacterial fagell
{ARBF=) have been wirclessly manipulated in liquid environ-
ments using rotating magnetic fields P4 Potential in vitro
applications of these machines have made use of their abal-
ity to perform mon-contact capture and transport of micro
objects. For in vivo applications such as targeted drug deliv-
ery applications. it is foreseen that a group of these micro
machines could have access to many hard-to-reach locations
in the body and maximize drug loading and release. They
could navigate through the drcelatory, uninary and central
nervous systems, The microrobets could alkko be applied in
water remediation te patrol stagoant and Aowing wastewa-
ters for effective degradation of organic pollutants. For this
application, the microrobots should be functionalized with a

M. A Zeeshan, R. Grisch, K. M. Sivaraman, K. E. Peyer, B.
Ozkate, Dr. M. 5. Sakar, Prof. Dr. B. |. Nelson and Dr. 5. Pana,
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Zurich, Switzerland (E-mail: marifzee@ethz.ch,
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Wlordi Sort, Berna Ozkale, Mahmut S. Sakar, BradleyJ. Nelson,

photocatalytic compound. In any casea swarm control strat-
egy will necessitate the development of relinble processes
o fabricate these machines from a comhination of materi-
als that enable magnetic control and the incorporation of
therapeutic molecules
In combination with photolithegraphy, elecrodeposition
has been used to fabricate relatively complex wirclessly con-
trollable 3-D micromachin 1 Elcctrodepesition enables
the synthesis of a wide vancty of magnetic alloys, and allows
the tuning of their properties by modulating factors such as
the pH and temperatore of the clectrolytic bath, additives,
and the current density or overpotential of dcpnsm on. Elec-
trodeposition also enables the polymerization of a unique
class of intrinsically conductive polymers (ICP) on metal-
lic substrates. Among ICP, poly(pyrrole) (PPy) is the most
idely stodied and characterized due 1o its excellent biocom-

P cnhanced physical and chemical stability, the tun-
ability face towards various cell tvpes, and the ability
314

peutic molecules into its matrix
ibe a high throughput method to
rial flagella (h-ABFs) con-
d and a helical poly-

10 incorpora

In this paper,
fabricate hybrid artific
sisting of a ferromagnetic 2l
mer tail (sec Figure 1a)). h-. AR at a number of
advantages compared to fully metallic sp® ens including
a lighter weight that reduces sedimentation and Ffacilitates
navigation and better biocompatibility because of the re-
placement of metallic parts with PPy. The b-ABFs were
synthesized by template-assisted two-step electrodeposition.
The direct laser writing (DLW) process provided a simple
method to make 3-D photoresist templates acting as masks
during the electrode position. With the use of a positive-tone
photoresist, it is possible to make 3-D cavities that can be
filked by electrodeposition.**! The hollow cavities were filled
with magnetic cobalt-nickel (CoNi) snd biccompatible PPy
through electrodeposition. h-ABFs were physically stable in
an aquecus coviroament with a rigid connection between
the metallic and polymer segments, The wircless manipu-
lation of these h-ABFs using rotating magnetic ficlds was
demonstrated with a focus on swarm control.

An h-ABF is illustraled in Figure 1{a} and is designed to
have a ferromagnetic head for magnetic actuation and a heli-
cal tail that provides propulsion in liguid environments, Fig-

www.small-journal.com
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