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APPENDIX: Conductive 3D printing is a unique manufacturing method that offers a high degree of
freedom for the customization of the final product. This technology provides a new, cheaper and faster
way of incorporating electrical components into different devices, such as parts of circuit boards, or
developing prototypes for electronic applications, including, Internet of Things projects. This
innovation could allow the creation of 3D printed devices varying from touch sensors to bigger
projects in soft robotics, electronics and communication devices such as Near Field Communication
antennas. The most used printing method is FDM with conductive graphene ABS or PLA filaments
and hydroprintingg conductive patterns using silver NPs. By being a new and underdeveloped area of
additive manufacturing, not many methods or materials are available for general testing or usage.
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1.Introduction

At the moment, different conductive composites are being tested, the most common ones being
the graphene based materials.

Such as graphite nanotubes, graphene is the structural element of many forms of carbon, being a
one atom thick sheet of carbon atoms arranged in a honeycomb structure in a nearly perfect hexagonal
pattern. The difference between graphene and the graphite used in pencils or other objects it that
graphene's atoms are structured in a 2D array instead of 3D (being a 2D material). Considering this
feature, scientists are able to take advantage of this bidimensional structure, additively creating 3D
structures, layer by layer, using 3D printing technologies.

Often characterised as "the wonder material", the graphene is incredibly strong, one of the
thinnies and lightest materials, 10 times stronger than diamond and 100 times stronger than steel. The 2D
lattice structure of the carbon atoms make the graphene very flexible and transparent, also being as
conductive as copper, a very good thermal conductor, ultralight, very maleable and biodegradable.

Even though it has so many amazing characteristics, printing with graphene in large quantities is
a very difficult process. Making a printable structure of graphene out of laboratory is very expensive and
3D printed graphene bigger that a credit card turns out to be very difficult to create. Graphene is promised
to enable lots of new applications in different domains in the future, such as medical, security or
electronics.

The conductive filaments available in the market today are composed of a mixture of carbon and
a standard 3D printing plastic, being able to conduct electricity thanks to the graphene base.

In this research paper we are trying to test and demonstrate the level of conductivity of the
BlackMagic3D conductive filament.

For this, we have researched and developed different circuits with different application, ranging
from a simple led pocket lantern to a functional computer controller, using 3D printed parts with PLA and
conductive filaments and a keyboard microcontroller.
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2. State of the art

The most coomonly research method is by 3D printing using different filaments or using
conductive ink, scientists also researching conductive microstructures by direct 3D printing of
polymer/carbon nanotube nanocomposites via liquid deposition modeling.

For the moment, it seems that the only conductive materials available on the market are
conductive inks made of graphitic carbon and filaments made of a mixture of different quantities of
graphene and standard 3D plastics, including: PLA, ABS, ThermoPlastic Polyurethane (TPU) and High
Impact Polystyrene (HIPS), which can be used on different kind of printers.

An alternative for this could be ferromagnetic materials (iron-infused materials), but even though
those can display attraction to magnets, they cannot conduct electricity since the iron particles are too far
dispersed within the plastic matrix, being impossible to use in electronics.

Another material that is available on the market is carbon fiber spool, which contains a small
amount of graphene or carbon black, but it is not conductible enough for a proper usage.

Being a new research area, the materials available are limited and quite expensive, making the
trial-and-error testing quite delicate, not letting room for mistakes. Those materials include
BlackMagic3D conductive filament, ProtoPasta conductive PLA, the conductive filament sold by
AMOLEN and the ABS-based conductive filament from Vilarox.

3. Stages of the process

In this paper we have tried to analyse the conductive capacity of the BlackMagic3D conductive
filament using different meas and tests.

-Step 1:Demonstration of the conductivity of the material. For this, we have created a simple
lantern using a led and 3 small batteries. The carcass that contains the batteries was printed with normal
PLA, while the energy transfer was done by 2 printed conductive parts.

Fig. 1. Conductive parts Fig. 2. Carcass

Fig. 3. Lantern
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-Step 2: After the demonstration of the conductive capability of the material, the next stage was
the development of a complex circuit for the manufacture of a fully 3D printed computer controller using
a normal, PLA printed carcass, conductive filament 3D printed circuits and a keyboard microcontroller,
connected with metallic threads due to the lack of dual printing devices. First we had to see if the circuit
was printable, so a PLA replica was done. After creating and incorporating it into a support, we
succesfully recreated it using the conductive filament.

Fig. 3. Printed circuit PLA

Fig. 4. Printed conductive
circuit (bottom) and printed
PLA (top)
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Fig. 5. Circuit connected to keybord microcontroller

The first try involved a circuit with a thickness of 2 mm, but writing was hard due to the fact that the
controller read the contact only scratched with a metallic thread, touching it with a printed conductive button having
no response.

-Step 3: This step involved the increase of the circuit's thickness and the incorporation of the metallic
threads connecting to the board intro each opening.

140



RESEARCH REGARDING 3D PRINTING USING ELECTROCONDUCTIVE GRAPHITE FILAMENT

As such, the inclusion of the wires into the material provided a better current transmission, easing the

transfer of the electrons to the circuit.
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Fig. 6.Writing results

Fig. 7. Wire insertion

-Step 4: The final step of the procedure was mounting the new circuit into its own support and including it
into a custom-made cubic carcass and adding a button on the top, connecting 3 of the edges of the circuit, being able

to move it at 360 degrees.

Fig. 8.Mounting the circuit

Fig. 9. Final assembly picture 1

141

Fig. 10. Final assembly picture 2 (back)



Titlu Lucrare

6. Conclusion

In conclusion, even being a material with the lowest resistance on the market (0.6 ohm/cm), the
presence of the PLA in the graphene mixture makes it less conductive, not wiring it tight enough at the
power source makes it unusable.Hence, the creation of an integrated circuit without using a dual noddle
printer is nearly impossible without many efforts. The percent of the graphene and the atoms of plastic it
makes it harder to create a react-at-contact effect with 3 parts of this material, a third, better conductive
one being a must.

7. Future developments

One of the many future development ideas would be the testing of other different conductive
materials, including, ABS composites, on the FDM technology, but also researches regarding different
printing methods such as DOD (Drop on Demand) or inkjet capabilities.

The next step in the development of the product is utilising a different 3D printer with dual
nozzles, one with conductive graphene material, the other with normal PLA for the supporting parts, thus
creating an embedded circuit for greater stability, endurance and practicability.
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9. Notations

FDM = Fused Deposition Modeling
PLA = Polylactic acid

ABS = Acrylonitrile Butadiene Styrene
NPs = Nanoparticles
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ABSTRACT: This research deals with the electrochemical behavior of the advanced material
Ti6AI4V in the 5% NaCl electrolyte solution as well as the smoothening of the semi-finished front
surface by the ultrasonic cyclic stress-inducing effect on the microgeometry peaks. Laboratory
experiments were carried out on the estimation of electrochemical parameters in relation to the
studied material. Smoothing the front surface by varying the distance between it and the end of
the ultrasonic chain and energy consumption on the ultrasonic chain. Computerized models were
developed by the finite element method of the material removal mechanism by means of
ultrasonic, aiming to explain the specific phenomena of ultrasonic cavity in elecrolytic
environment.

CUVINTE CHEIE: electrochimie, ultrasunete, aliaj de Ti6AI4V, rugozitate.
1. Introducere

Ti6Al4V este un aliaj de titan alfa-beta cu un raport ridicat de rezistentd-greutate si o
rezistentd foarte bund impotriva coroziunii, ceea ce il recomandd pentru aplicatii in industria
aerospatiala si in aplicatiile biomecanice (implanturi si proteze), constructia de piese si prototipuri
pentru masinile de curse, in aplicatii marine, in industria chimica si in constructia turbinelor de gaz.
Acest aliaj acoperd 50% din utilizarea pe scar globala a titanului [1], [2]. In industria aerospatiali
acest aliaj de titan este utilizat datorita fiabilitatii ridicate a aliajului pentru realizarea suruburilor si a
sinelor, cat si pentru realizarea motoarelor. Este utilizat in cazul paletelor si a carcaselor de ventilator,
a cadrului ferestrelor, a carcasei aripilor, din cauza temperaturii relativ scazute in timpul functionarii
implanturi mai ales cand contactul se face direct cu tesutul sau osul, denumit si oseointegrare, cum ar
fi inlocuirea unei vertebre de pe sira spindrii, proteza maxilo-faciala, suruburi, placi osoase, fire, custi
cu nervuri extensibile, inlocuirea unui deget sau a Intregului picior. Mai este utilizat pentru rezistenta
la coroziune atunci cand vine vorba de contactul cu fluidele din interiorul corpului. Acesta nu este
feromagnetic, iar pacientul poate sa facd un RMN. Doctorii folosesc ustensile realizate din Ti6Al4V
precum suport pentru ac si micro-ac, foarfeca, instrumente pentru suturi, clame de vena cava,
echipament Lasik pentru chirurgia ochiului, dilatoare dentare, retractoare, pensete chirurgicale. in
domeniul dentar aliajul este utilizat datorita rezistentei sale pe intreaga durata de viatd, fiind realizata
o fuziune intre surubul de titan si maxilar pentru inlocuirea unui dinte lipsd sau pentru o reconstructie
completd a danturii. In industria navala acest aliaj de titan este utilizat datorita rezistentei sale foarte
bune la coroziune, apa marina neschimband calitatea materialului [4].

Avand 1n vedere caracteristicile de rezistentd si duritate ridicate, rezistenta mecanica a
aliajului avansat de Ti6Al4V prelucrarea acestuia utilizand procedee conventionale ridicd probleme de
o dificultate deosebitd. In aceasta situatie abordarea prelucririi prin/cu tehnologii/procedee
neconventionale este mult mai adecvatd mai ales n conditii de complexitate a suprafetei, precizie si
rugozitate. Prelucrarea electrochimica (dizolvarea anodicd) asociatd cu ultrasunete poate reprezenta o
solutie convenabild in ceea ce reprezintd prelucrarea acestui material.
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Studiul comportamentului electrochimic si netezirii aliajului avansat Ti6Al4V cu ajutorul ultrasunetelor

2. Stadiul actual
2.1. Prezentarea instalatiei experimentale
Pentru a masura efectul ultrasunetelor asupra pasivizarii suprafetei, a coroziunii si a

rugozitatii acesteia s-a realizat o instalatie alcatuitd dintr-o celula de tip electrochimic, o sursa
de ultrasunete si un potentiostat, alcatuirea acesteia fiind prezentata in figurile 1-2.
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Fig 2. Componenta celulei de tip electrochimic

2.2. Date privind prelucrarea electrochimica (dizolvarea anodicd) a aliajului de
Ti6Al4V in camp ultrasonic

S-a studiat influenta campului ultrasonic asupra microgeometriei suprafetei aliajului
de titan Ti6Al4V imersat intr-o solutie de clorurd de sodiu de concentratie 5%. Masuratorile
s-au realizat la doud valori ale interstitiului intre capdtul suprafatei frontale a lantului
ultrasonic si piesa de 10 mm, respectiv 2 mm, la doua puteri de actionare a lantului ultrasonic
diferite, 100W, respectiv 60W. Probele fiind fiecare imersate timp de cate 60 minute in
solutia mentionatd si fiind supuse unui camp ultrasonic in scopul determinarii influentei
puterii si a interstitiului asupra pasivarii suprafetei, a prelucrabilitatii suprafetei si a
rugozitatii. Am masurat potentialul stationar cu ajutorul aparatului Gamry Reference 600
pentru a masura efectul ultrasonic.

In figurile 3-4 este prezentata influenta puterii de actionare a lantului ultrasonic asupra
pasivarii suprafetei. Relatia generald dintre potentialul stationar si pasivizarea suprafetei se
explica prin faptul cd numai atunci cand potentialul stationar creste suprafata se pasiveaza, iar
cand acesta scade suprafata se depasiveaza. In figura 3, se observi ci proba 2 se pasiveazi
deoarece potentialul stationar creste pana la 30 mV, dupa care scade pana la -400 mV ceea ce
este echivalent cu situatia in care suprafata nu se mai pasiveaza si devine constant la valoarea
de -380 mV, iar pentru cealaltd probd, suprafata nu se pasiveaza deoarece potentialul
stationar scade pani devine constant la -420 mV. In figura 4 se observa ci potentialul
stationar al probei 3 este mai stabil decat al probei 4, iar suprafata se pasiveazd deoarece
potentialul creste pand la 25 mV, dupa scade si nu se mai pasiveaza. Proba 4 are o suprafata
instabild deoarece la inceput se produce un fenomen numit descarcare-incarcare in strat dublu
observabil in primele 10 minute, fiind o suprafatd mai pasiva decét la cealalta proba deoarece
atunci cand potentialul creste proba se pasiveazd. Aceasta crestere mai pronuntatd are loc
pana la valoarea de -150 mV, dupa avand mici fluctuatii in jurul acestei valori.
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