Screen printed thermoelectric devices based on
PEDOT:PSS/CNT composites
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Organic thermoelectric generators (TEGs) are devices that Active material: PEDOT:PSS
convert heat into electricity using organic materials. These PEDOT:PSS/Carbon Nanotubes (CNTs) Composites WW
materials typically have good electrical conductivity and low > PEDOT:PSS (Clevios PH 1000) Q Q slolo "
thermal conductivity, allowing them to efficiently convert » Carbon Nanotubes: - SWCNT (single walls) (=80 %, carbon basis, 1.2-2.0 nm diameter) TS OO

temperature gradients into electrical power. Organic TEGs
have potential applications in wearable devices, loT sensors,
and other low-power electronics. They are also lightweight
and flexible, making them suitable for a variety of portable
and flexible electronics [1,2].

For the fabrication of organic TEGs, thick-film technologies
such as screen printing [3] and spray coating [4] are most
used. Although the thermoelectric properties of conductive
polymers are usually poor, they can be easily improved by
combining them with other materials such as carbon
nanotubes (CNTs) [5]. Carbon nanotubes, due to their
electrical and mechanical properties, are excellent as a

- DWCNT (double walls) (>95% carbon basis, <2 nm diameter) Wmﬂ%%ﬂ*(ﬁﬂ%
- MWCNT (multi-walls) (>95% carbon basis, 50-90 nm diameter) oY
Ink formulation:

Aqueous dispersions of PEDOT:PSS with different CNT concentrations (5-50 wt%)

Polymeric paste

Ink preparation:

Pastes with viscosity values of 150-180 mPa-s were obtained by drying the dispersions at 60° C

for 6 hours in oil bath

Screen-printing process

Deposition and processing: AUREL mod. VS1520A HIC_

functional phase of thermoelectric nanocomposites. « Screen printing by AUREL SqUeegee
Composites based on carbon nanomaterials and conducting « Process parameters: N N k"
polymers feature a much simpler fabrication process than N N
conventional semiconducting inorganic  thermoelectric Print velocity | Snap-off P _PE'"'.—
materials. The fabrication of composites is most suitable for (mm/sec) * (kg) e
thick-film technology. They require fewer resources than thin- (mm)

film technologies or the fabrication of inorganic solid TEGs | 0309 | 2-3 }, P“}”“E“”“"

(such as a high vacuum).

In this work, we propose active p-type poly(3,4- R—
ethylenedioxythiophene):poly(styrenesulfonate)

(PEDOT:PSS)/carbon nanotube (SWCNT, DWCNT e TEGs Device preparation Homemade frame realization  1.2. canvas application on frame

3. Photoemulsion deposition

MWCNT) films based on screen-printing technique and 7 -

been used as p-material in TEG devices with horizontal
planar structure using printed silver as n-type material,
realizing a fully screen-printed TEG.

investigate the effect of CNT on thermoelectric properties. In rl::::‘et:-?agl Mesh* Wire(:ir:ranr;leter Open(irrr:?n\)lvidth 4. A stencil W.it.h the design to print is then placed
particular, the performance of PEDOT:PSS/CNT composites SEDOTPSS/CNT | 77 o - g”lzt:‘aerfemr‘gzg';d screen and UV exposed
have been optimized by changing the formulation inks to (p-type) 6. Insertion of frame into screen orinting machine
make them suitable for screen printing, by varying the CNT Silver 120 36 47
concentrations and by treating the printed polymeric films in (n-type) Ve
Ethylene Glycol (EG). The best and optimized films have Silver 120 36 47 7 M

(electrical contacts) n p

* Mesh count in Screen Printing refers to the number of polyester threads
crossing each other per square inch on a screen

Horizontal planar structure

RESULTS

Thermoelectric Effect Devices Characterization
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PEDOT:PSS/CNT film were investigated. The best TE device
in terms of electrical properties with a planar structure is
based on PEDOT:PSS with 20wt% SWCNT with maximum
power value equal to 13 nW for At 30° C.

After EG treatment, the non-complexed PSS is removed and the
electrical conductivity of the PEDOT:PSS films increases
Improving thermoelectric properties [0].
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