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Inkjet Printing Preparation of AQCuTe Thermoelectric Thin Films
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Abstract: Flexible thermoelectric devices, capable of generating electricity from the slight temperature difference
between the human body and the environment, demonstrate significant potential for continuous power supply in
wearable devices. However, the poor thermoelectric performance still limits their widespread application. This
study reports a method for fabricating high-performance flexible thermoelectric thin films using inkjet printing.
AgCuTe nanowires prepared by a chemical transfer method were dispersed in ethanol to form the ink with no
significant sedimentation, which could be stably and continuously sprayed to print p-type thermoelectric films on
polyimide substrates. Dense thermoelectric films were then obtained through thermal treatment by a spark plasma
sintering furnace, and the effect of sintering temperature on thermoelectric properties was studied. The results
showed that the film sintered at a pressure of 10 MPa and a temperature of 400 ‘C for 15 min possessed a room

temperature power factor of 432 pW-m '-K %, which is 182% higher than that of inkjet-printed p-type Bi,Tes films (a
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room temperature power factor of 153 pW-m '-K %) reported in literature. This advancement further expands the

application of inkjet printing in the field of flexible thermoelectrics and provides more possibilities for the

fabrication of a new generation of high-performance flexible thermoelectric devices.

K ey words: inkjet printing; flexible thermoelectric thin film; AgCuTe; ink
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Fig. 3 (a) Dispersibility and stability of AgCuTe powders in
deionized water and ethanol, and (b) TEM image of AgCuTe
nanowire

X A2 R TR 1 7R AV A B R, 53— J7 T PVP 2 fit
(10 725 B) 57 BEL 288 2 3 s 1 K 2 A1 58, i — P &
R R ENE. ik, ERE S MR OREAE
9 ER K 53 A .
23 SJ|FKEMMK

527K AE 75 45 E W 2 BB S & A IR G B . AR
S T SR S SRAE I R K P AR H P ANV AN 227 A
PR TR R R IL, 5K N
AR W R R b AR BN . WS AR E 2 2 EL
MOEHTURR B3R H AR DXk, §E i B ot & o a1y
W% 555 YR TR AN s B e W DA o SR IR S . AEE BT
IKPETE T, WM R B /INIE, SRR TR Y et
R ORI, SRt S 2 T UK e, 7E SR
WAT I AR, 5T SRR AN AR A T SRR Ry — AR,
M TR« AT, Wi mE RN 21V
I, AgCuTe =533 RE W IR M5 tH HLJG T B2 00 72 A
TEMT S 4T BN eh i ] B A A% B Oh {B1%L Z SRERAE
SRR Fr st o e R

:L:@ (1)
Oh n
H, Zz BKFMmBEE(, mPas). KK
(y, mN-m "), BEE(p, g-em ) LA BEIIE B 4E(d, pm)
IR E . Z=1~14 FORWITEE, Z<1 RoR AW,
Z>14 KR E G =4 TR . AgCuTe S8 /K% &
N 1.76 mPa-s, £MK 1N 22.66 mN-m ', ZEN
0.7982 g-em >, XFRiff] Z A 11.07, 4bF Al fa e miht

V. & 4, AgCuTe S/KITEN 16 AWMLY AL
FasEmE i, A B R .
24 =i@EEMRL

SR A BE AR s ) R . MR K,
SR R ANIESE, TEVE T e B L, R PRI D,
S AR AR, SRR, R T ED IR
[E o AW RBE AR i T 5. 10,
20, 30 F1 40 pm [HFERER. WE S(a~e)fimw, 4
[BJEEN 5 AT 10 um B, SE2 BAHLES, SEF
R 7R 0 3 B R~ dze dze oK F ik RS, MR E T
FTERI 2 #3; MalBEN 20 pm B, S5 2 [8)4H B
R, FTENENRIE M, T4 A PR OK A 30 A1 40 pm
I, SEEEWTAE Lo B, KRR BOE S, 3k b,
TEAT EQA IR RS — 8 (I 00, 1 B0 %) 28 35 ] PR S
NS E AR 0.5~0.8 5P HE sk, ARFA
1] AgCuTe YKL S EAN 42 um, FILITEH) 58
WAV EE RN 20~35 pm. iR SE B SFIB S5 R — 5.
DRI, ek /b RS R, 10 O B0 B, AR AL
JEFH 20 wm [ 55 18] 2 ) 25 I
2.5 WiEE$TED AgCuTe ERRRIEREL 1L

FE T ERIT BN 6 AgCuTe TMfHRERL b, 3 —
25 1) FH T80 PR S5 B R 4 1A A X T BN AT A B
BIF FE A [R J08 2  FE  TRSE ME Re F s2 e . G B 6 BT,
W4 G T R AT E Ak — 3K, A e iR

I —
213 14]5 7 12113 1415
. i

Bl 4 1~16 BEHEmE H 1 S2WES
Fig. 4 Droplet morphologies from nozzles 1-16

K5 ANIR] 8230 8] BE 2% 18 T 47 BT RS S0 St e

Fig. 5 Micrographs of films printed at different droplet
spacings

(a) 5 um; (b) 10 um; (¢) 20 pm; (d) 30 um; (e) 40 pm; (f) Size of a
single droplet



124

SRR, 5 WEERFTEIH] & AgCuTe #\ T iK 1329

M h M “ 400 ‘C-Sintering
W 350 “C-Sintering
N 300 ‘C-Sintering

l‘ l‘l | Ag,Te-PDF#81-1985
| L |1l A Ly

Intensity / (a.u.)

Cu,Te-PDF#40-1325

1

IAgo96CuosTe-PDF#78-0497
- .l|||.|.|.|| I n .
10 20 30 40 50 60 70 80
20/ (%)
Bl6 AN B R4l 5 IR XRD K%
Fig. 6 XRD patterns of films sintered at different temperatures
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Fig. 7 Surface SEM images of films sintered at (a) 300,
(b) 350 and (c) 400 °C, and (d) cross-sectional SEM image of
film sintered at 400 C
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Tablel Thermoelectric propertiesof filmssintered
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300 80 108 93
350 168 126 266
400 227 138 432

F2 AIESSHRENBEFTE p BB RIAEEE
Table2 Performance of inkjet printed p-type
thermoelectric materialsin thiswork and
reported literatures
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PEDOT 267 21.5 12.3 [17]
PEDOT 300 10 3 [18]
Graphene 41 12 18.7 [19]
BigsSbysTes 135 21 61 [23]
BigsSbysTe; 338 67.3 153 [25]
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