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ABSTRACT

With the development of science and technology, flexible heating electrodes are widely
needed in semiconductors, aerospace, etc. These fields demand high tensile strength and flexibility
for complex shapes. Carbon nanotubes (CNTs) have unique thermal, electrical, and mechanical
properties, while polyimide (PI) excels in heat resistance. Their composite film combines these

advantages. This paper presents the preparation of a CN'T/PI - based flexible heater.

Finite element analysis software designs the heater. Since square CNT films have low
resistance (causing 2.6A current at 400°C), engineering drawing software patterns the electrodes

to increase resistance, and finite element simulation validates the design.

The wet - preparation process of CNT films is explored, and a >1000°C resistant adjustable
platform is designed to make CNT/PI composite films. Laser ablation patterns CNT films.
Polyamic acid solution coats CNT films, then thermal imidization in a muffle furnace forms
composites. An adjustable platform addresses thickness unevenness caused by the muffle furnace

and PI's self - leveling.

Four CNT/PI flexible heaters and a PID control module are designed. Infrared analysis
shows 400°C average temperature with good uniformity (coefficient 12.256, close to square
electrodes' 14.276) and self - extinguishing ability. A PID chip stabilizes temperature, with Modbus

- read infrared signals for global control.

In conclusion, this low - cost flexible heater operates from room temperature to 400°C,
outperforms commercial ones in heat resistance, and has high uniformity, promising for

semiconductors and aerospace.

Key words: Carbon nanotubes; Polyimide; Thin films; Temperature Homogeneity; Finite element

simulation;
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PRAE SR — SR IR 25 5, BRI AN K SR I U 5245 VHE SN AR5 B2 08 3] 400°C B L IR
BEAIG, 75 BEX B Ao A T LB A BE DA I B BELAE, RSN 22mm*22mm, R A
Sum, 7E CNT 75 i R AR B T LA R SE A 5*30mm, JEFER 4.5um FIHAE, FEdRS N
20250314—S1. Zi5HAR, =Fritk iy Bl E N 38 Q . W =i/ g i 07 J45 R A5 H1
HFEAE N 35Q, FFAEER.

M2

Max: 434.8

wvg: 240.6
h Sk S Min: 81.0

B 19 £E X =R RMARESITME, GERE TERMIINGE
FH AT T, =37 AR AE 25 47 Ak (iR B B B KT FE R BB AL, M Hr b iR B IR B 434°C,
IR A 240°C. SREL VG X A AT (] 52 450°C, 4G I 450°CH, ZRIE I IZ )
GiFT K, =4 IE g~ 3515 B G IE 2] 400°C.
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4.2.3 W B INAES

WRYE (7 KFTn, [F—Fobbeld, SRR A RO, TR . AT ASEER 2 ZrAb
R RN 2, A5 PT AL B ik A 5 Eoph A EAR LA, T DA R PH A S S s
AL BARL . E AT AN AR N T B (T AR S, A AL R IR R AR S A A
FHECZEAEAR /N, IR B 5 FAR AL B L 22 AR /N . WK 3T 4R 56 BE 1 B 500um, R
N 21mm*23mm, MEFR Sum, 76 CNT SRR LA RS A 5*30mm, JEEEHN
4.5um MIHSE, FESR S 20250410-S4. S tHEAZITIHEFHLZ A 11K Q, 5 E A5 H I HRE
2979 11K Q .

Bl 20 AENEHERMASOSIE, HEEE T RIS

HIZIE T BN AES R FEIA 3 80°C I, Z NS I & LUy 50V, O L
() f v FEUHS o FRDT L& SR AT, e B I FAER I8 21 400°C IR, JH 2 3imy FLU N 247V,
TR TR
4.2.4 FERUBTE AR N FES

MR EE =R SLIR 25 R, T RN EAS R T FRL R I AR AR B 400°C IR FL R FEAIC, 75 250 4
T T HLES ARG FRRE,  HoA 73 RN # AR 1) B R A1 77 40 2 AN e e f B IR IG . 47
A FEWE N 500um, RPN 21mm*23mm, JEJE4 Sum, £ CNT i85 i 4R 5 W B L AR
RSP 5%30mm, JEEEON 4.5um BHRTE, FEMSR S 20250515-S1. 25 i Baw I g ) e BE.
H108Q, fiEAFH I 106Q .
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B 21 ZEAFBIEHERMAERNIYE, AESE TIERMIINBE
XPHL . HRANR E#ATIO R, Wk 11 .

% 1020250515-S1 LG4

HL R /V FLIL/A I/ C FLRH/ Q
0 0 21.1 106
1 0.008 23.2 125
2 0.019 26.2 105
10 0.11 93.8 90
20 0.21 214 95
30 0.29 339 103
40 0.38 402 105

RIS E FEIR A IHE N 105Q, HSZFEN 57142S/M, JiEEIEF] 400°CH, H
TN 0.38A, IHE N 152W, HFEER.

4.2.5 BEWSESHT
AR DUAEE S AEZLANEMG bk b G AL B, BHATIR Y 21t b, B 11 By

IR
x 11 BEHASMDH
FE i 5 KAE R RAE I35 B/ C IRFE 211 R 3
J7 T AR N A% (127,56)~(231,167) 400 12.256
=Y (116,61)~(233,158) 226 48.287
LAY IE T (96,78)~(204,188) 80 15.385
FEIRUEIE AR DD F s (107,81)~(211,217) 400 14.276

M ERFTDAMG S50, JFERIRIE g /e B 4l RERE, IRBESIESE A
TRF IS
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AN SRR AN K /SR IO MU S P o A P i 46 S S 2 B2 58 A 1 B YT A, | T
I TE) TR, AE X SEHE I IR AF T2 IR AN AL R AL, W FCALRAAE DUR BN [ EAT IR AT IT
5.1 BRAKREHBRBEFETE

ASHIE FER BB N RS, IR I 7 AR 1 XF20 73 HIGTI g oK & L 7K iR 20 R
PERUSZ I RIS PR, R BAE 200ml BRENKE VR S RN 0.4gXF20 K 73 B AR AL
FEEER, Sia A R sE i T BRIUKE TR IR &, BORIIFAR 1 5 St FT i &
ZN

FEBEIEAL bR DI AOK B BT 3 — D IR R, I SRR & A 1 A 1k
Jit,  BINN S JR AR TR A K T B R AL P,

52 BAKREERBILER &ERN RS 6%

ASCRI AT BR e S A IniAES 2047 17 it i 00 B IR AR I i oK R 1 H
BEIS/N,  HARANARE] 400°C I LV =ik 2.6A, 75 ELIE I A% I P30 i in 4 B Al gk 47 el 52
BT AR NI R R R . 2, 38 AT BR o 0 B AR X o A el 1 i B S5 B
BEAT SR, PR BE weih ROk .

A FHBOCEE AT PG B g oK S TR 34T B S B0, ATt il AN TR R A R B 4 K
EIRB NG E AR BAE R B IR R B R AL BR AR E B A |, BRI
RIBWNSIERIBRGUORE MR, IS AL I SEOLREAT IR A 15 2 2 5 AR

FATBE T DUMBRPORAE RIS R g, 8Lt 1 PID FRim S . A 2141
BN AR AT 70 Hr, FP RN 400°C, HIREZH SRS (12.256) 5
T3 P B AR BE X SIPE A8 (14.276) A, KRR LLEARK, HAME LRk as 5
Wedm AL T R T 77 o

FEARA, ARG 2 208 e 70 S AR RL AR MU f 40 K A T RS LA 55 ik 4
KAEE MR PTRLIERE « T P B AN FA 7 T PR RER.
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5.3 HIFEFPIRBT

0 % e STV N P E 2 41727 S = B o <190 G 0 T s R A A E SR 2P S
BRI e B G R n ) JE AN, B DL 7R v — AN T A WORHEE B SPAR . AR
AILLR MR, 5 = mAER — 4 ELL L, WeA IR — =M, = A =T
ME—HfE 7 — AP W 2= AN PR & B BB A 5 — A P AR B — AN PR 5 P AR
BATEAT T 1000°C LA SR K S .

5.4 PID =] Bnitit
R RN AR IR ARG E I, A SCUEFF PID R0 e R B i, iR AR
SEEWEME, R A Modbus BEHZLAMEBR PR RIE SAF N SE I 2 /2R -
FEARRK, K2xt PID F&f BT @ E #EAT SR BAL AL 2, i/ PID Fi S iy i AF AN
WS RGN E DR, PID ¥ 6| 5y i/ B HE .
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