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Abstract: Polyimide (PI), a high heat-resistant polymer, was reinforced with thermally con-
ductive magnesium oxide (MgO) fillers to fabricate composite films with enhanced thermal
stability and heat dissipation properties. Polyamic acid (PAA) solutions blended with vary-
ing MgO contents were thermally imidized, confirming complete conversion of PAA to Pl in
all cases. Morphological analysis indicated that increasing MgO content led to higher filler
particle density on the film surface, with partial sedimentation observed due to density dif-
ferences. Thermal analysis showed that all composites exhibited glass transition tempera-
tures above 380°C and decomposition temperatures above 500 °C. Thermal conductivity
increased significantly with MgO addition, rising from 0.272 W/m-K for pure Pl to 0.423 W/m-K
at 10 wt%, with a steep increase observed beyond 8 wt% due to the formation of effective
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heat transfer pathways. In contrast, mechanical properties declined with increasing MgO
loading, as tensile strength decreased from 10.95 MPa for pure Pl to 4.20 MPa at 10 wt%,

accompanied by reduced elongation at break. These results demonstrate the potential of
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PI/MgO composites as heat-resistant materials with tunable thermal conductivity, albeit
with compromised mechanical performance at higher filler contents.
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7h Agick. EF BA] AT BH xRt B4 7 B
3 AEAGOR A3 2] HolRE(Tg) W L L=
7hon], REAAE /A B4 A7) B EAL §
A 4 olek0,11). HEAQ] WA TEARE Eelo]

1] = (polyimide, PI), Z2|of|€| 2 o €| 2 A= (polyether ether
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£ 7] dE(polysulfone, PSU), Zejotddl offgz &£
(polyarylene ether sulfone, PES) 50| 2 11E|o] QlT}[12-15].
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2 g WE ol 18 d o= Ay AAske] PIR
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A} e Fax(-NH-) 9A7E I3 7H547](-COOH)2f
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Figure 1. Imidization of poly(amic acid) to polyimide.
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Figure 2. Molecular structure of a Magnesium Oxide(MgO).
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s B3t BEQ A== Universal testing
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Figure 3. Process of making PI/MgO blended film.

o mge 2Est] B Folg Azt 2t Fole
22 =8 7|A 4] wHH7]| (mechanical stirrer, MS3030D, 1] 4]
}35}+7]716), Korea)E ©]-8-5F] 80 rpmo] &2 4A7F 1L
Histel dejo] 33 WR|eF Y 4te] F 4 =5
ATk o] %o wHHE §HS 25°C A AFTH =
2087t 7]132E A7 (degassing)sT 3 Tt

PIY PI/MgO 5B F A Z: 7|25 A AT €42 1.5 um
o] =AE AA3 EH o]#(YBA-4, Yoshimitsu, LTD.
Japan)= W& o] §AS AHAEskioh W f2w
flof A" H AL F7] £91719 A7 2ol A okt
22 A 2o et 52 9 {8k 1A, 25°C
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2 528 5 2087 A4S 28 45 22 5 AR
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AR R 7 (SEM): P18 S} MgO 2] ul & Py
MgO Berage] e, B B4 W MgO Hele] REx
£ H|uL EA43}7] 93l FE-SEM (S-4800, Hitachi, Ltd. Japan)
& Apgsto] o2 W& ZAsierh. Mg0 Hejo] 24
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Dispersive X-ray Spectroscopy) +4-2 17| =35} tt.

AZFHE A7) (TG-DTA): PI ZE3} MgO L]0 uj2d
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U= T 27t WHE A oo, PI ¢ PI/MgO &3+ &
o] on| =3} of BE ER15t7] Qo PAAE H|WFO = Ab
&35to] PI 9 P/MgO EH8 59| o|n| =3} of 7.5 B 7}t
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Figure 4. FT-IR analysis according different blending ratio of PI/MgO
blended.

W I A= Figure 40 YEFH AT} Figure 40 Ueld v}
9} Zro] 3300-2500 cm ™' Aol 9] 2|3}= -NH/OH A= %
F9] B PAA LEoA= SRR A Hel vhd,
= PI/MgO E3HE 5ok Betet A4 JeiE vt
Utk o= deofl o3t ol =3} W ofA -OH ¥ -NH 2}
&717} Efﬂm o2 AAHIL omE a1 = Fgho]
o] £ H-2-& 2Ju|gtt. EEF 1712.91 em ol A YRt C=0
A3t -4—:1'-t PAAoﬂ‘:- 3} iLQx] oJ-oLol,]. O]U]E J—La LH
7}5‘/‘7] (carbonyl) &0 7]¢l5lo] E3lLEofA] )3

o1=]9ich. 1320 cm™2] C-N oju|& A3} uj= A PAA
Oﬂt UAAIT FHFol A Yeh, o= 23 J4S
Uehf 21c}. 1230.89 cm™ofl $1x]8F C-N A% 2 C-0 4l
Z 25 3L ojn|E3}t XL Kok o7 ksl
npA ko 2, 72044 cm o A oju]= 1E] FALS el
S22 9=7} PAAS A &3t e BEoA HEE,
PAA7} AEZAH o & PIE AH3EYSL Felsteirt4l]. o]
2 AR, o|u|E3E 23t B3UE 0] pPAAY} PIE |
EASS & 4 A

3.2. PI & PI/Mg0 SRILEC| 5H X ©HH I EIX| 24
PI/MgO Eatgsol m gH 2 Mgo T BEn

£ vl 245 9lste] Fetdr] g (OM) $4 kL
71 A= Figure 50 YERHITH <2 PIZE(0 wt
S(a))OWL MgO 2| AA7F A& W= A kot ot dst

AL A% Qe LA WER A 27 I E I Al
531 umx438 um?| W5 7|E o2 sho] MgO 2 U
o] 42 ZAT AT}, 2 wi%oll A 10 wi% B3t WE o)A
= 242 2271(b), 5971(c), 1127H(d), 1687l (e), 19271(f)<]
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Figure 5. Optical surface image of MgO and different blending ratio of PI/MgO blended films; (a) PI_MgO_0wt%, (b) PI_MgO_2wt%, (c)
PI_MgO_4wt%, (d) PI_MgO_6wt%, (€) PI_MgO_8wt%, and (f) P_MgO_10wt%.
(b) PL_MgO_0wt% (c) PL_Mg0_2wt%

(e) PL_MgO_6wt%

(d) PI_MgO_4wt% - () PL_Mg0_8wt%

Figure 6. SEM surface images of MgO and different blending ratio of PI/MgO blended films; (@) MgO, (b) PI_MgO_0wt%, (c) PI_MgO_2wt%,
(d) PL_MgO_4wt%, (€) PI_MgO_6wt%, and (f) PL_MgO_8wt%.

e g ArmEn.

MgO B X7} Babel Ao BRIE T MgO T
o] Z7Katel uet We Rl 47} vl A 0 Sofitw
A S W QA BE U AT A 02 ol o, 4 wit
ol e QxEo] MO mo] S A

PI/MgO E3HZ59] 39, @ 9 MgO Z39] #xk
£ v 242 9Jste] F=APAAFA R A (FE-SEM)yE 5745t
Rom, 71 AZE Figure 69 e QUT). Figure 6(a)=
MgO L& o] Fefoln, T 742 A o] ofd ot
2~ W] A8 & (irregular spherical)?] 2 e S Jepfgict.
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(a) P1_.MgO_0wt%

(d) PI_MgO_6wt%

(b) P1_MgO_2wt%

(e) PL_.MgO_8wt%

(c) PI_MgO_4wt%

(f) PI_.MgO_10wt%

Figure 7. Cross section of different blending ratio of PI/MgO blended films; (a) PI_MgO_0wt%, (b) PI_MgO_2wt%, (c) PI_MgO_4wt%,

(d) PL_MgO_6wt%, (e) PI_MgO_8wt%, and (f) PI_MgO_10wt%.

UA} A71+= H AF 2F 20 pm |2 ERIE QI MgO
e o] o2 P/MgO B3 & xe] Hals #Hs)
o] Figure 6(b-f)oll JERH ST 1 A& AHEd 45 %
HollAl MgO Z 9] ghefo] FxlH o F7hghof| upet
5 134 =29 Iy A Yert A ke A
S Hon, MgO o] JFo = e 555 FEe
Bx7} FYsHA] o2 FAE TEE SITH42].

olg|gh e H3x= PI 4| 2] =2 H&=oF MgO U=t
o] 34 Aoz Qs IF Alx A I =24
WRFEe 2= do] e siA Y F s BAF 2o
A7} Qe Ao wekgch shA|gt, o] gjg RA Q] I
7 gdo] MgO A+ 1o FES Aslste] F24
A A2E F4sk= bl 71ofsd 4= 9o, o= &
I S A BEEE GHg B4 Y dE vt
& AlArgiTt
PI/MgO &332 52 9H-& Z74ste] 71 Z3LE Figure 7
of YeR it f-ajtol] HE3H ojH FES v o= I
sHA A5t om, HAAA] FEoA MgO L7t olH
HEog 27kshe ool AL By Ao A
Hog Z 37|12 8| TE HHoA FRH 55 2
F/go] YEbstth. 3] Figure 7(e)ollA] I ve} o],
A& T AZE ol A G Fy iate] ggo] 1]
Atk ol Mgo 7| YAt geto 2 FYAH 5
53l P/MgO H3EE Alx Al MgO YA} 2ol s
PI 13} HE9] slehitof YA & 4= AT

ol g3l d42> MgO & (H]5: 3.6)2F PI(H]Z: 1.4)2] H]

% (specific gravity) ZFolo] 7]Qlsto] Uehf= 2 0= AlR
ok &, Ik 2ol = Qlsf ojm| =3} g 5 MgO "7t
9 WeFow st M7she g sjAE

MgO o] 24 9 I& U ¥4 E25 s ¢
gto] oy 2] 4tg A (EDS) = §H =335kel e
™, 71 A3} Figure 83} Table 1] YFEFY AT}, Figure 8(a)
of Uehd Hpe} o] PI/MgO E2HEE W bt A5 9
EDS AME S 2459t EDS ASEw Ayto] 4%
F/812 C, 0, Mg &|of - 2k w27} BEE A=,
o]= SEM 415 9Iet AA 2] BAgollA Alm W) 52
H Pt(platinum) 3o 7]QIgH Aot} o] Pt A= 24
Ao} vj Als ' Ik, Alm A o) 24 EA 0=
P HAA g=th PIZRE 7]9sks ©4x(C), A4
(0) 9= 2fof|, MgO Hol|A gt m1yl&(Mg) & 4k
2:(0) 1 =27} FestA HE=E A

AA1E Figure 8(b) /4] Y5221 Point 19]4= Mg ¥
A7) 5471 wt%E 7HY =2 H]8-S XR|Eg o, C Y4
7} 3471 wt%, O YA7} 10.58 wt% s A== 9t} Point 1
o] 92 MgO |2 A=, HEH C Yo MgOo
L2 E S04 PI L E3AE HASE v 2 dEh v,
Figure 8(c-d) 4] Point 2, 39|A& Mg 9471 HEEH XA
ookt Table 10 Wbl ek 24 At Point 204 C
a7} 76.74 wit%, O Y27} 2326 witn7 AEE 9o,
Point 30]A1% C Y47} 80.83 wt% O A7} 19.17 wt%E
TAE], 7 AR 7H] C YA S 4.09 wt%E F-AFRE
205 YEbitt. 12|y Figure 8(c)oll Urebd Lefj 2o
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Figure 8. SEM image of (a) PI/MgO blended film and EDS result of (b) Point 1, and (c) Point 2 and (d) Point 3.

Table 1. The compositional analysis in mass percentages

Elements Point 1 (Wt%)  Point2 (wt%)  Point 3 (wt%)
C 34.71 76.74 80.83
(6] 10.58 23.26 19.17
Mg 54.71 0.00 0.00
Total 100.00 100.00 100.00
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Figure 9. Thermal decomposition temperature according different
blending ratio of PI/MgO blended films.
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Table 2. Thermal decomposition temperature of 5% weight loss and
10% weight loss of PI/MgO blended films

Smple  TelO TeCO gl
PI_MgO_0wt% 516.66 563.52 53.17
PI_MgO_2wt% 527.66 565.69 5336
PI_MgO_4wt% 533.01 567.45 555
PI_MgO_6wt% 533.51 570.94 56.8
PI_MgO_8wt% 547.94 57281 57.25
PI_MgO_10wt% 55247 573.08 60.52
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Figure 10. DMA results of different blending ratio of PI/MgO
blended films.

Table 3. DMA data table of PI/MgO blended films

Semale Peak temperfture,
tan 8, (°C)
PI_MgO_0wt% 381.71
PI_MgO_2wt% 384,67
PI_MgO_4wt% 386.79
PI_MgO_6wt% 389.32
PI_MgO_8wt% 394.09
PI_MgO_10wt% 397.22
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Figure 11. Thermal conductivity of different blending ratio of PI/

Figure 13. Tensile strength of different blending ratio of PI/MgO

MgO blended films.

Table 4. Thermal conductivity data table of PI/MgO blended films

blended films.

Table 5. Mechanical properties data table of PI/MgO blended films

Sarmele Thermal conductivity ~ Thermal rzesistivity Sample Tensii:/‘sl;c;?ngth LS e(loc/lr)\gation
(W/m:-K) (K-cm“/W)
PL_MgO_0wt% 0272 56.468 PI_MgO_0wt% 10.95+0.8 21.26+£1.3
PI_MgO_2wt% 0313 49386 PI_MgO_1wt% 10.33+0.5 541+04
PL_MgO_4wt% 0319 48722 PI_MgO_2wt% 9.71+0.3 445+0.5
PL_MgO_6wt% 0321 45514 PI_MgO_3wt% 9.62+0.5 3.48+0.6
PI_MgO_ 8wid% 0344 43.439 PI_MgO_4wt% 863104 343109
PI_MgO_ 10wt% 0433 35731 PI_MgO_5wt% 765408 3.280.2
PI_MgO_6wt% 6.63+0.5 2.87+0.6
PI_MgO_7wt% 6.40+04 2.65+0.8
PI_MgO_8wt% 5.65x0.5 2.56x1.2
PI_MgO_9wt% 5.15+0.9 2.29+0.5
PI_MgO_10wt% 4.20+0.7 1.85+0.2
ZAIE Figure 13 2 Table 5] LEFHRITE.
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Figure 12. Schematic diagram of heat transfer mechanism in PI/
MgO composite films.
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