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A Study on the Thermostable Synthetic Resin Polymellitimides

*Jae Hu Shim - *Il Yeung Yu - *Tai Young Kim

Dept. of Folymer Chemistry, College of Eng., Dongguk Univ.

Abstract
Thermostable aromatic polyimides have been prepared from mellitic trianhydride and aromatic diamines. The

€ffect of certain variables on the homogeneous solution polycondensation, and consequently obtained intermediate

polyamic acids were investigated. Aromatic diamines employed were p-phenylenediamine, 4,4’-diaminodiphenyl

ether and 4, 4’-diaminodiphenylmethane. These polyamic acids were converted to the polymellitimides by heat

cyclization reaction. Polyimides cast in the form of thin films were flexible, insoluble and infusible. A compari-
son of thermogravimetric analyses and infrared spectroscopic results between obtained polymellitimides was also

made together with a brief discussion of their thermostability.
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BT £ ERESEIL compact {b = > EieEL 2
of wheb SBIEARS WEME mERel Az gREn
elek, fezk Wt #dE BEAREA EHE 1Y silicon
1EE 2 BEEE & & HER BTl o128 ul
A} hetero S w4 9 23E HHTHH °
SE St e FHE YR H2 A7
o 3~4fHe] FEEA%E A pyromellitic acid =
= trimellitic acid 5& FERZ 3 H4R polyimide o] &
RE = B Sl M Fasgst i i
o 44 B3] o] Rl =z dow ol 5 polyimide F-
B #aiEtiel s iz 459 Bkl e %%
ol HL glass MBBE, THARIME: o %5
sohs Ao R A,

Hanmhfbo] 93 ojA = mellitic acid & 6 7] 7}=
BARKS Ad {LAHEH z LBRERe=s E o
vEsLBRe BRI KERC i S=2 kEBUL
AttE Bi5oE vlFoldel o HEE ¥nE J2xra

Feete o {bBtko]l FASA & AL M EGE
4 o FEAEE 9uby sz BAmY 399 obF
Aol Putolrizl, diamine $fio}e] HEFEARIES o
& polyimide & BFHUE 74 o}F A=K HAM
5 BAHR polymer 7 & Aoz A 2 fifFdkol
SEF BB s =S fiRE e 580 2
2]} mellitic acid & 7] 223 e BRACE A
o kpEgAHEr T 4 Az o)k o]l HE 3tikel
olF Fadlhe Autogx o F itk AREE mel
litic acid 288 JRAREN o8] = EApE dx 4
S dmkapst HENE diamine 02 RE BREHES
K 28] polyamic acid & AR & w4 ol &
RAIRILAA polyimide F-& A& AA ML HA &
HE< HFEte AR ERERES REAA B
A& N, N-dimethylacetamide(DMAc:) ¢} tetrahydro-
furan(THF#:) 8] A% W sted Hiiste 2 HRE
< vlmitgen AR 2 polyimide §-9f itk
9 S B SasETstart.
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28 B

21 % 3 Jx

Mellitic acid = Aldrich chemicals 9] zEHLS =
W= {FHslgd o p-phenylene diamine, 4,4’-diami-
nodipheny! ether @ 4, 4’-diaminodiphenylmethane -2
Yoneyama chemicals 9] FRZEEEL S ethyl alcoholz X
B £%& FEfstY #AStE s, N, N-dimethylaceta-
mide(DMAc) &= Hayashi chemicals 9] 3% 1 @52
27} benzene & ol EBEstz ohA EEFEIThA
WEREEY A2 =F tetrahydrofuran (THF) (Wako
chemicals), acetyl chloride (Kanto chemicals), acetic
anhydride(Wako chemicals) & 338 1 /22 ARSI
&5 BOR) gl £% A

*5EEE : Cannone-Fenske Ubbelohde-type viscome-
ter & (#iffiele] 25°C oA DMAc & #fitzsled iz
sl ot

IR-spectra: Beckmann Microspec MT & {#iff 3}«
KBr-pellet gol 23l E#ol 4 BIE3FA o},

TGA: Cahn Electrobalance (RG-model) with TGA-
kit & @At ZBRANA R 2.00mg, FEE
JE AT=5°C/min & BE3t o}

2-2 Mellitic trianhydride (MTA)2] & &™®

2:2-1 Acetyl chloride &

74 zA o 2 A ampoule & 9E 3 o 7] o] mellitic
acid 1.7 g 9} acetyl chloride 10g ¢ ¥z E3 4},
g4 R3] 120~125°C ol A 10 BRI pngste 4
e dry benzene 0. 24 Az W Tl 100°C o4 &
BAA @& W ERHES dA. ARG 300
°C ol A= melt 517 ¢kgtom KOH titration o] <)%k
neutralization equivalent(NE) ¥ 4FEMW) 3&
JES A+ NE 49.6 (FRE 48) MW 297. 6 (FEawfl
288)0l vk, FA & kol 98] 155~160°C ol Al 10 iy
M REAZ 22 ARy Aol 47 R ¥t
olgler] HiEZAw 92 NE e 48.40]90x, MW ¢
e A 290.4 o) Ak,

2:2-2 Acetic anhydride %

PRIRER, M 9 E#el CaCl, 38 428 34
S 423 = -flask o] mellitic acid 1.7 g 2 ace-
tic anhydride 10.7g & 23 % T4 sty 3
Bef] H] 5 A5 HEET o) 4RE acetic acid & K
239 & acetic anhydride & B A7) = E@IE oF

BEtBE M 11A M 45 1973 89

k9] dry benzene o 25 W 7 BEAZAA 1.2g(83%)
o #idh g AATh ARE 300° C o] F AT melt =
Al woker o] HHY NE e WES AF: 52.74
olglet KIERSHIZ KIE4HS mole the] (b, =
A pyridine =&  phosphoric acid FETAAY KiE
5 AEY ERER A7 6.84 g 9 mellitic acid 9}
%2 acetic anhydride 232¥ 3.585[ | TAA
5.28(90.3%) o) HivHe AL+ Al EEREE
of of3) RBE A4S MBS ERE Table 1. 3+
e},

Table 1 Mellitic trianhydride (Ac,O-Method)

cG(C8>o)
NE-value | IR(em™) Analysxs"’
(Caled) ‘ YCm=0
1 (MA)» | (Calcd)
48. 06 | 1800 ’ 50.3
(48.00) (1730) | (50)

a) MA: Mellitic acid
b) Analysis was carried out at KIST

2:3 Polymellitamic acid 32| &5

MTA 9} H &l diamine & HEBEFAAN Ffs
A A polymellitamic acid & dgon o8 Zsx
B Aol HEr R,

DMAc—igifei: : A3tds3-3 A48 BAHBRY
W 2 EH7bE BARS KET =0 flask o] $-
A diamine(0. 015 mole) ¢ DMAc (15 m))F#S ¥
< ot 7)ol MTA(0. 01 mole) ¢} DMAc(25 ml) ¥4 %5
< Motz EHFEALE BANY 2 GREA KEHS
i forEol BaEaA K st 2
#ho] 51-2% oil bath o4 bath B 80~100°C, 1~
1.5 B[ InBSUEA 7Y RKEHS KE7F & Ba~
FHE EHERCRE gtk o R polymer 9
DMAc #E5#5ioll dry benzene 2 Jndty #fE5o) #HSH

om 3 23 WREHLEA o] KA

THF—#%£ : diamine (0. 015 mole)2] THF (50 ml)
HES 0°C 2 W#s F /Tl MTA(0. 0lmole) ]
THF (50ml) 5i#%-& dropping funnel I Tl 4143
Einekeler, et Mol #&) ARod 2& i
3P¥°ﬂ 04 & Bpstd KES A2t KE

72l ethyl ether & RIEBEAH stz WY
% irﬁsu%:*r Fiflel A JREE(3~4 mmHg) #igA 7 o},
R F FiEd gl A9 diamine el 2 B
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A REEES £2 2L 4% polymellitamic acid 3H2]
WSS WEISted £4 Table 2 2@ Table 35 22
BERE €9

(D-#) polyamic acid & DMAc o] BEEAIF . o] &
120~145°C o] A 2Rtz 93 BHkdlel 4RRS
mEEE AR EEpES BEmREStd FHd=

Table 2. Syntheses of Polymellitamic acids

COOH
o NH, - Ar—NH, NH-~ CO CO _ NH« Ar
Cs <c0>0) - HOOC COOH
CO- NH= Ar J
n

I:Ar=@. ,. U:Ar"-@-o@— : III:Ar-@CHQ*@'

Molar ratio Solvent® React. t° Color?
Polyamic acid Diamine & time of
| Diamine/MTA (ml/1g reactant) C°® (min) product
1 NH;CeHNH;(p) I 1.5 DMAc  (9) 80 (90) | reddish
| brown
I O(CsHaNHz)2(p, »") 15 DMAc (10) 100 (60) Il)irgo}wl;'n
THF  (20) 0 (10) white
light
DMAc (10) 90 (60) brown
Jii§ CH:(CGH4NH2)Z(PyP') 1.5 feereeersiicieneinniiiiiisaeeinsliiienes R R Lttt
THF  (20) 0 (10) white
a) DMAc: N, N.Dimethylacetamide, THF: Tetrahydrofuran
b) DMAc-method: Crystallization was carried out by adding dry benzene
THF-method: Reaction was interrupted by adding large excess dry ethyl ether
Table 3. Properties of Polymellitamic acids
Polyamic® | Dspic? Solubilities IR-characteristic frequency (cm™)
! o Amide band
acid l 0.2% ‘ 0.5% | DMAc DMF N/10 KOH THF i |(cGOH)| ¥om I ’ I 1 1
o | o27| 034| + +  +  — | 320 | 1730 | 2900 | 1620 | 1525 | 1300
I» | 012 0181 + o+ - -
.............................. f-u-un-u-:uunnnu.uu-.--....u...-n--.unuu-u- 3320 1745 2900 1625 1520 1300
ir 0.143 | 0.156 |+ + I =
Oo \ 0.156\ 0,197 | + + - — ‘
.................. freeosannerrnisressaransaeluerocioeassasssasionssssinsisseaieniossrinttsnas 3330 1750 2900 1620 1525 “ 1305
It ‘ 0.121\ 0.143 | + + + - \
a) D-notation: DMAc-method polyamic acid, T-notation: THF-method polyamic acid
b) Reduced viscosities were obtained in DMAe at 25° C
2 - 4 Polymellitimide $§2| &5 polyamic acid & JREETl 150°C ol 4 2 FgR, oAl

270°C ol A 1.5 BpHIE S #EA v =+ DMAc#:
o] = t}A JREET 260~270°C ol A 1.5 WeR] In#dte
imide {tZ ERAZAT. )% imidefbd] RKEKRHE
Table 4 of g.9F3lgl.ov§ A:pE polyimide o] R
WEE Table 59 2+,
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2-4-1 Imidation

9ol A AL polyamic acid I, I, & #FARAEN A
w3 DMAc %HiRAE A m#sle] BAKRES o ¥
polyimide & 4p3td st & #kit THF E(T-3%)
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Table 4. Imidation of Polymellitamic acid

CO- N- Ar
1
Polymellitamic acid N< co CcO
—_—
I, 1, m co CcO
CO~ N-Ar
N:Ar = @ Vo Ar = —@-o-@— sy W Arm -@-c&@—.
Polyimide ’ Pre-condensation Final condensation
: - Color
(method)® ! C° (hr) | ce } hr mmHg
V(D) ‘ 120—125 (3.5) ! 260 L5 | 4 brown
(D) 140—145 (4.0) ; 270 1.5 6 reddish
: | brown
v weeresinetsnaaians .”“"“""1"5'6"('é:.(.]'). ...................... ; ............ ; ................................... J .............................. .
(T . at 4 mmHg 270 1.5 | 4 yellow
! _ 1a= | = : reddish
(D) 130—135 (4.0) i 270 1.5 6 ‘ brown
Y[ eevenseressansiees srassuesansercenessirtssearantasssesraansaasss O OO AUPTORUPTPPPPIN
; 150 (2.0) ! \ )
() at 4 mmHg 1 270 1.5 | 4 ‘ yellow
a) D.method: DMAc-solution imidation, T-method: powder state imidation
Table 5. Identification of Polymellitimide
i Solubilities ) Analysis® N% ’ IR (em™t) Imidem” o
Polyimide i | T
f DMAc DMF THF 6N-NaOH | Caled | Found veo | wemo 1 veen
id R - . e67 | o8 [ 100 | 730 ! 1360
v - - = = i es | 7o | 0 | 0 | 1380
i - - - - &8t | 7o | weo | a0 | 1375
Phthalimide?-1 w0 | 73 1383

a) Calculated from structure [, V, I (Table 4) and analysis was carried out at KIST

2-4-2 Film Casting

o B FFEd MTA 2 F¥ss £ sty ¢y

Polymellitamic acid 9] # #5#5 DMAc =% dime- BERERGY Azds <Da rElErge=s Uakdt
thylformamide(DMF) o] #3247 2 ° B¥< WT  EAd sizdctz st dslobAdi:s A &0 &
i Al-ff ko B&fista 150°C ol A 2~3 Fefl] puZkst Kepgs BE 89 £% BAmE €8¢ F U4
o Jd& film < FEES o oHA 200°C o A 1~1.5 FF o}, EHER AL KiES Mol ek HESA
i pn#sle] imide b S SERAZ T FHT KRG A FfEol & Biel RER R0l Ao Zlo] Aol 3H
nEs} & A flm g 48 F e ¥ film o FYge Az2AFrEe A EAY HEE Ik
DMAc, DMF & $jA3te] Zdrte] S oma A5l #(90.3%) WAt REHEGAA doj A tFzelg]
& BmeA gger ER@0O) AR ofF-a Bh = e sraeh o] A A&RE MTA S NE g8l T
5 gosA @get FOH KR HF=eg s, 2 IR-spectrum & [

(KBr-pellet)oll A HESF #EH 1800 cm™ of Veo 9]

3 BR U ER WcE HRE F A, ol $A WER meliti
3.1 Mellitic trianhydride acid ] Vioo(1730cm™) W McHsel thEZs) £« HE
Mellitic acid 2395 345F 2% Rl REEAA K 7t2%A8e] 2 Sk cyclic anhydride 255

siErEe 11 M43 1973 8@l
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3-2 Polymellitamic acid

MTA &+ %o o}l el p-phenylenediamine, 4,4'-
diaminodiphenyl ether =X 4,4’-diaminodiphenylme-
thane 5] B#EEl ol A FAA Hik, F DMAc
Wizt THF pese o @RS £4 HEs:
polyamic acid I, I, [ ¥ & % e} Table 2 of
A 5= upel o] Hgiko] & ¥l DMAc ol Hhsl
THF gl A= RHES BEAA B 2eE ol
ERspe Ao |t st itk [Efgol g ot =
ETEsEES DMAcike] ¢3 polyamic acid BT} ¢7F
ve e Yl ol % 1,1 B HE
KiEwE <149 0.1N—KOH ¢} polar solvent ¢l DMAc
W DMF Soll = # i5fs] = THF o] & @ =] 43k
ow 3] B g7l KBS BT WiEkS A 4

AEtEE M1 A M43 19739 8¢

A0,
£5 o

o) zizl
=7

B#pol acid Bl polymer & FERE FE zlolt 34l
o}, &l o] 9 IR-spectrum S KBr-pellet #o] ]3]
EAEe) A MaEste Fig. 1,233 e HEE IUh
A] polyamic acid & UNH, ¥(earbosyl C=0» YoH & amide
I, I, H-band o] % Wi A 2L {Ed bt
9l &S ®AY 4 Y (Table 3), =3 DMAc- &3
THF-#:0) 9 & polyamic acid 2| IR-spectrum (Fig. 2

9 3)e) 7] A9 T BhiRe Fehd e & 4 sleh

3-3 Polymellitimide

Polyamic acid & #3EikEE(T-15) =& DMAc F#&AK
BE(D-) ol o) 2 BxpE nsEA K B{EAA imide
it & % 919l (Table 4), HEHEH(DMAc =& DM
F) @fstel Al-f koltk BT Lol A mEFo 24
9o fim it polyimide = G4 9& & Ad. £K
polyimide $ix Table 514 XiEurel o] AL
2 9 A3 ek B SER gged, 2 2R
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TESF #HRe #ERX V~V1 25y HHES HEieE
9 & —HKE 2o FAch Mortar Jell A 9] #Fest
ZF 7 = JAF AnErst & 4K polyimide
film $o) 4 == KBr-pellet o] 98] IR-spectrum &
HsEste] Fig. 4,5 63 72 A4S 4k BEBR
imide ] carbonyl # # MRl BSI A& E#: ph-
thalimide 73-$- 1780 cm™ Mol &4 =o] Wik?s
1739 em™! el 33 RS Feblz glge] €8
2 e,
oo ¥iESlE BiEE polymellitimide N ¥ V&
1800 cm™'¢l, I 1790 cm™ o] £4% ] A =2 Wik
2, ® 1730 cm (W), 1750em™ (V) ¥ 1740 cm™
(Mol £% 588 RS e = ek, N-Phenyl-
phthalimide ¢} C—N stretching vibration 1383 cm™ <
BESL = B 1360 cm ™ (), 1380 em™'(V) H 1375
em™ (Vo] £4% vebt & BT 5 A oF
polyimide 7, V 2 Vol 2o} A= amide Fof &) 8 Sk

petgst ®M 11 @ Hl45 19731 8 ¥

# 2 amide I, [, I-band = vhepr} =] govd, =
3l D-# polyimide ¢} T-% polyimide A}e} & Vpo} Vo,
Vip & Vit Abol ] spectrum [l &= #HERIEHES (B
7 AY A—F¢ & 5 AT BREANAN FiEEE
AT=5°C/min & #iE38 TGA-curve = Fig.7, 8, 98
7ro. ghiolglvh, ol & polyimide o] FEEIALE
e ®»wl WpA$ 400°C o)A 109, 500°C ol A 209%
9 BWES ez Adoh(Fig. 7). ¥ polyimide
Vo TGA-f#ol A= (Fig.8) Vp & 400°C o] A 12 %,
500°C ol A 30% o EEEKRS 2 dEd K3 Vo
o] R 400°C ol 4 6 95, 500°C oA 13 9% o 3
slek, & kgl Aol 2 BfE nEEA A2 poly-
imide 7]- DMAc kel A o 2 Brg ﬁﬁﬁsﬁi qe
polyimide ®.t} fifgilke] S-53irte A& 4532 o
o}, ole} & % #-2 polyimide(V)o TGA—ghiH (Fg. 9y
T T 21o7 400°ColA Vp+e 9%, It =6
%9 WES, =3 e00°CdA Ipe 20%, It&17

rii’
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%9 WEE &% ez ek, ol Krenz'® Fol
$5get Hks} 7ol ¥itql DMAc 7; polyamic acid 9
polyimide $} = o] w3 complex & FA 7] = o] of
A7t A7}, obFE o] F TGA-HifgE S 4K poly-
imide 7} 4EH o2 §& WS Az d2$
583 A7z Qe Aovh =3 K 2-4-2904
1 upe} 7o) o] & polyimide ¥ WFI =& Al
EAA g filmREEAE S F e £
film < BHREY AnE7t 23 flexible 345 F¥EREbM:)
T HERELS 4 F 9k

4. % @
AAR 24K 68 S LB

B #Ebo]l 9l mellitic acid & FkI 2 &) Lol Al
2 Ex AzBEKHES ALY 2 &k
mellitic trianhydride(MTA)S £ kZEzA FHEY
T ARz, A o] MTA ¢ H &K diamine {2 55
DMAc, =+ THF-BEEMHA 93 polymellitamic
acid FiE A& 4 AATE. o & polyamic acid e ¥
KREE2A Y DMAc BEOREEN A 2 B¥BE fnBe] o))
fitgdte] BF Y polymellitimide 32 FHT + UAA
3, BT = AR ECAS m#hd] o9& d& d
film % polyimidef: WMiIMEAIMES BBY Ax=sT &
FE gt ol =} - flme] $iet,
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