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Tong hop polyimide tir melamine va
pyromellitic dianhydride bang phuong phap
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TOM TAT

Dudi tac dung cua vi song, thoi gian phan vng
giita PMDA va melamine trong DMSO duoc rut
ngan chi con 30 phit. Cdu tric cia polyimide
duoc xdc dinh bcfng FTIR va tinh chat nhiét duoc

xdc dinh bang TGA. Bang phwong phdp gia nhiét
thong thuong, phan umg giita PMDA va melamine
trong DMSO cdn kéo dai dén 30 gio.

Tir khéa: dianhydrid pyromellitic, melamin, polyimid, vi séng, TGA.

MO PAU

Trong thoi gian qua, polyimide mach thang c6
vi x6p noi va mang ludi polyimide vi x5p khau
mach cao di dugc cong b [1-7]. Polyimide vi x6p
6 ciu tric mang lui ba chiéu, cd6 mach chinh di
nguyén tir rit cung, chiu dugc nhiét do cao va héa
chat. Ngoai ra, sy ton tai cia cac nguyén tir
nitrogen va oxygen trong vong imide lam cho
mang luéi polyimide c¢6 tuong tac thich hop véi
khi CO,.

Phuong phap phd bién nhat dé téng hop
polyimide 1a qua trinh hai giai doan, trugc hét tao
thanh amic acid tor monome dianhydride va
diamine & nhiét do thap, sau d6 khir nuéc va dong
vong & nhiét do cao. Do dé, can st dung cac dung
moéi phan cuc phi proton cé nhiét do s6i cao nhu
dimethyl formamide, dimethyl acetamide va N-
methylpyrrolidone [8]. Hon nita, dung moéi doc hai
(nhu m-cresol) va chit xdc tac (thi du nhw
isoquinoline) thuong duoc sir dung trong phan ng
tong hop polyimide nhung han ché sir dung trong
cdng nghiép polyimide xdp.

Guiyang Li va Zhonggang Wang [9] di tdng
hop dugc céc vat liéu khung hiru co cong héa tri
(COF) trén co s¢ phan ung tao thanh polyimide tir

tetrakis ~ (4-aminophenyl)  methane,  tris(4-
aminophenyl)amine va 1,3,5-tris(4-aminophenyl)
benzene véi pyromellitic dianhydride (PMDA).

Sheng Chu cung cong su [10] da tong hop
polyimide bang cach gia nhiét truc tiép hdn hop
déng mol melamine véi PMDA véi toec do 7
OC/phut dén 325 °C trong 4 gio. Bang phuong phép
nay, cac tac gia khiang dinh thu dugc polyimide co
c4u trdc tinh thé, khac véi phuong phap dung dich
trong dung mdéi DMSO chi tao thanh cau trdc vo
dinh hinh.

Qua trinh tong hop polyimide xp véi dién
tich bé mat I6n bang qua trinh tring ngung
melamin va céc dianhydride thom nhu pyromellitic
dianhydride (PMDA), dianhydride 3,3'4,4'-
biphenyl tetracarboxylic (BPDA), naphthalene-
1,4,5,8-tetracarboxylic dianhydride (NTCD) da
duoc Yali Luo thuc hién [5]. H6n hop melamine
(10 mmol) va monome dianhydride (15 mmol)
dugc dun nong ¢ 180 °C khoang 72 gio trong 30
mL dimethyl sulfoxide (DMSO) trong méi trudng
khi tro. Sau phan ung, rira két tua bang acetone,
tetrahydrofuran va methylene chloride. Hiéu suit
sau khi c6 1ap polyimide dugc 37 — 65 %. C4c tac
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chat trong nghién ciru ndy c6 ciu tric phang, khac
rat nhiéu so véi cau tric xoin dwoc sir dung dé
téng hop polyimide xdp trude day.

Phan wng héa hoc ¢6 hd trg chiéu xa vi séng
dugc nghién ctru nhidu do ¢6 wu diém 13 thoi gian
phan &ng ngan hon, higu suat cao hon va giam cac
phan &ng phu so véi phan tmg duoc thuc hién bang
phuong phap gia nhiét théng thuong. C6 nhiéu
cdng trinh téng két vé& phan wng polymer héa c¢é hd
tro chiéu xa vi séng [11-14].

Dao va cong su [15] di diéu ché céc
copolyimide c6 thanh phan khac nhau tir 4,4'-
oxidianiline va cac hon hop acid benzene-1,2,4,5-
tetra-carboxylic/acid 4,4’-(hexafluoro
isopropyliden) diphthalic c6 chiéu xa vi song. Diéu
kién phan @ng 1a chiéu xa vi song trong 45 phat &
190 °C véi ty Ié s6 mol 2:1:1, thu duoc polymer cé
phéan tr lvong 31500 g/mol va nhiét d6 thay tinh
hoéa 347 °C.

VAT LIEU VA PHUONG PHAP
Héa chat

Pyromellitic dianhydride (Sigma Aldrich, M¥)
;(Dimethyl sulfoxide); (Scharlau, Tay Ban Nha);
Melamin (Merck).

Dung cu

Lo vi séng gia dung hiéu Sanyo EM-
G205AW, L0 nung Gallenkamp Muffle Furnace
Size 2.

Phwong phap phéan tich

Nhan danh cac nhém chirce, phan tich dinh tinh
cac san pham biang may quang phd hong ngoai
bién dbi Fourier (FTIR) EQUINOX 55 cua hing
Bruker (buc) hodc hdng Shimadzu (Nhat). Tao
mau bang phuong phap ép vién KBr hoic phan xa
ATR. Phé duoc quét trong ving sé séng 400-4000
cm?, s6 lan quét 1a 64, do phan giai 4 cm™.

D6 bén nhiét dugc khao sat bang may TGA
Q500 Vv20.10 Build 36.
Tong hop polyimide tir melamine va PMDA
bang phwong phap nhiét théng thwong

Céan 0,2616 g PMDA (1,2 mmol) cho vao binh
cdu va hoa tan véi 3 mL DMSO thu dwoc dung
dich trong suét khéng mau, suc khi N, qua hé dé
c6 moi trudng khi tro. Cung lac do, hoa tan 0,1008
g melamin (0,8 mmol) vao 1 mL DMSO. Sau do6
cho tur tir dung dich melamine vao hé phan ung,
dung dich vén trong suét khdng mau. Lap hé gia
nhiét, ting nhiét do tir tir dén 180 °C, sau 3 gio
thiy c6 két tua tring, phan ung thém 9 gio nira
thay dung dich trong tré lai, dun hoan luu hé trong
24 @id. Sau d6 cho hdén hop phan ung vao
methanol va li tam, loc rira bang methanol, say kho
thu dwoc 0,1940 g. Hiéu suat 63 %. Phan tich san
pham bang phd FTIR va nhiét trong luong TGA.
Téng hep polyimide tir melamine va PMDA gia
nhiét bing vi sng

Cén PMDA (0,6558 g, 3 mmol) va melamine
(0,2522 g, 2 mmol) cho vao erlen 50 mL. Thém
4,00 g DMSO, tron déu héa chat trong 30 phat, thu
duoc dang huyén pho. Chiéu vi séng mic 1 (125
W) trong 10 phut (voi mdi dot 2 phat, nghi 2 pht),
chét ran tan ra, thu dwgc dung dich trong. Chiéu vi
s6ng tiép 4 phat, thu dugc hdn hop duc. Chiéu vi
s6ng thém 2 phut nita, hdn hop tré nén dic va xop
I&n. Chiéu vi song tiép 16 phat (4x4). Trong subt
quéa trinh trén day erlen bing 1 becher 100 mL.
Nung chét rin thu dugc ¢ 150 °C trong 2 gio, 200
°C trong 2 gio va 250 °C trong 2 gio. Lam ngudi
chat rédn dén nhiét ¢ phong, rira bang aceton 2 lan,
mdi lan 20 mL. Sdy san pham & 60 °C trong 24
gid. Khdi lugng san phdm 0,6929 g. Hiéu suat
phan ng 86,6 %.
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KET QUA VA THAO LUAN

Phuong trinh phan &tng cia PMDA v6i melamin dugc trinh bay trong Hinh 1.

o) 0 NH,
DMSO, 180 °C, 24 gio
o o + N7 |N s 0N O
z N HN N NH, o NZ N

Hinh 1. Téng hop truc tiép polyimide tir PMDA va melamine trong DMSO.
Téng hop polyimide bang phwong phap gia nhiét théng thwong
San pham polyimide sau khi tinh ché duoc phan tich bang phd FTIR.
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Hinh 2. Phd FTIR cua PI-PMDA-Mel téng hop bing phuong phap dung dich
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Phé FTIR cua PI-PMDA-Mel (Hinh 2) cho
thdy céc tin hi¢u ddc trung cho ciu tric imide nhu
dai 1797 (miii vai), 1724 cm™ do dao dong kéo
dan cua C=0 imide. Céc tin hiéu dac trung cho
melamine ¢ 1567 (vCN) va 1493 cm™ (vCN). Hai
dai nay bau chung t6 ¢6 nhidu miii tin hiéu chong
lip nhau nhur C=C cua vong thom. Tin higu & 3352
cm ' twong tmg dao dong kéo dan cua lién két N-H
con kha manh cé thé 1a do phan tng cua melamine
v PMDA xay ra chua hoan toan nén con nhom
NH tu do.

Phan tich TGA cua PI-PMDA-Mel trong diéu
kién khi nitrogen, gia nhiét tir nhiét &6 phong dén
800 °C, téc do gia nhiét 10 °C/phut, thu dwoc két

100

qua trong hinh 3, thiy c6 ba khoang méat khéi
luong: (1) Khoang nhiét do tir 81 dén 141 °C, mat
3,33 % khbi luong, c6 thé chat bi mat nudc ty do.
(2) Khoang nhiét do tir 141 dén 256 °C, mat 15,56
%, nhiét 6 cuc dai la 178 °C. Giai doan nay c6 thé
Ia do nhém chirc amine va anhydride con lai tiép
tuc phan ung va khir nude. (3) Khoang nhiét do tur
256 dén 431 °C, mat 25,54 % khdi luong, nhiét do
cuc dai la 427 °C va khoang nhiét do tir 431 dén
637 °C, mat 35,39 % khdi luong, nhiét o cuc dai
12 441 °C. Thyc ra hai mii nay co 1€ chi dac trung
cho mot qué trinh phan huy nhiét cta polyimide
ma&i tao thanh. Luong tro con lai ¢ 800 °C la 11,72
%.
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Hinh 3. Gian dd TGA cua san phim PI tong hop tir PMDA va melamine trong diéu kién khi nitrogen, gia nhiét tir nhiét
do phong dén 800 °C, toc do gia nhiét 10 °C/phut

Két qua phan tich TGA trén cho thiy céu tric
PI-PMDA-Mel trén hoan toan khéng c6 cau trdc
on dinh theo nhiét do, do d6 cau trac Pl tao thanh
hoan toan kém bén c6 thé 1a do con ton tai nhidu
nhom chac hoat tinh nhu amine va, anhydride.

Phan ing & 180 °C ¢6 & chua du cao dé chuyén
héa hoan toan cdc nhom chiac c6 kha nang phan
ung. Tuy nhién khi sir dung dung mdi DMSO,
nhiét d6 phan tng khdng thé vuot qua gia tri nhiét
do s6i.
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Téng hop PI biang phwong phap vi song

Hon hop melamine va PMDA theo ty luong
sau khi tron, nghién dwoc xu ly bang vi song
khong dung méi, khong thiy cd phan tng xay ra
do hdn hop rin nay hip thu vi song kém. Luong
nhé DMSO dugc thém dé gitp vao lam mai truong
hip thu vi séng. Trugc khi chiéu vi séng, ¢ nhiét
d6 phong, hdn hop phan ng c6 dang huyén phi
ddc. Sau khi chiéu vi sng mot thoi gian, nhiét do

tang, thu dugc dung dich trong suét. Tiép tuc chiéu
vi séng 1am cho DMSO bay hoi va thu dwgc chat
ran. Sau 32 phit, lugng dung moi DMSO con lai
khong dang ké nén hau nhu khong con phan tng
xay ra trong diéu kién vi song. Chat ran thu duoc
tiép tuc duoc nung theo nhiét d6 ting dan.

San pham phan tng giira PMDA va melamine
trong diéu kién vi song, dung mdi DMSO sau khi
tinh ché duoc phan tich bang phd FTIR (Hinh 4).
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Hinh 4. Phd FTIR cia miu PI-PMDA-Mel-VS (khéng nung)

Trén phd khong con thiy miii 1862 cm™ ching
t6 khong con PMDA ban dau. Xuét hién hai dai ¢
1781 va 1732 cm™ tuong ung dao dong kéo dan
C=0 imid. Céc dai dac trung cho nhém NH, cta
melamin nhu 3470, 3419, 3334, 3131 (vNH) va
1652 cm™ (8NH,) (Hinh 5) hoan toan bién mét
chiing t6 cdc nhdm NH, da tham gia phan (ng tao
thanh imide. Dao dong cta CN trong vong triazine
ctiia melamine dwoc thdy ¢ 1553 cm™ (VCN).

C6 thé so sanh voi céc tin hiéu dic trung cho
melamin (Hinh 5) & 1652 (8nh2), 1553 (ven + Onh2)
va 1438 cm™ (ven + Snmp). Dai 814 cm™ dic trung
cho dao dong ngoai mit phang vong triazin.

Gian d6 TGA cua melamine (Hinh 6) cho thiy
melamine bt dau bi phan hay & 200 °C, nhiét do
bit dau phan hay ngoai suy & 297 °C va nhiét do
tai dinh & 333 °C. Melamine bi phan huay qua 1 giai
doan va phéan hay hoan toan.
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Hinh 6. Gian dd TGA cua melamine

Phé FTIR bang ky thuat truyén qua (Hinh 7)  Dai 811 cm ™ dic trung cho dao dong ngodi mat
cua PI-PMDA-Mel-VS téng hop bing vi séng vd  phang vong triazine. Cau trlc cua triazin xuét hién
sau d6 nung cho thdy miu bi duc nén c6 do héap thu duéi dai bau & 1565 cm™ (ven).

thip. Phd FTIR do bang k¥ thuat phan xa (Hinh 8) So véi phé FTIR ciia miu tuong tu chua nung
cho tin hiéu pho tot hon. Cac dai & 1776 va 1713 (Hinh 4), cac tin hi¢u caa NH giam r6 rét sau khi
cm™ ddc trung cho dao dong C=0 cua imide. Dai nung.

1303 cm™ ¢6 thé la cua dao dong kéo dan C-N-C.
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Hinh 8. Phd FTIR ciia PI-PMDA-Mel-V'S tdng hop bing chiéu xa vi séng, sau khi nung, do phan xa (ATR).
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Hinh 9. Gian d4 XRD cua PI-PMDA-Mel-VS téng hop bang chiéu xa vi séng, sau khi nung.

Gian dd6 XRD (Hinh 9) cho thdy san phim PI-PMDA-Mel-VS thu duoc hiu nhu ¢ céu tric vo dinh
hinh.

120 12
419.58°C I
. 3.970% Lo
1004 | 1:'1 (0.6227ma) L
1 T 5 shehs
33452 (1.299mg) L
k]
80 L
Residue: .
6.654% 3 S
= ?éggﬁug; (1044mg) |06 =
£ 60 -
2 | é
11}
= Fo4 2
404 19.11% I
364 20" 570.31°c| (2.998mg) o2
71376°C F
e L
20 |
1818% |00
(2.852mg)
0 T ' . . 02
0 200 400 600 800
Temperature (*C) Universal 4.5A TA Instruments

Hinh 10. Gian d6 TGA cua PI-PMDA-Mel-VS, sau khi nung
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Qua trinh phan huy nhiét caa PI-PMDA-Mel-
VS (Hinh 10) c6 thé duoc chia thanh 3 ving: (1)
Tir nhiét d6 phong dén 300 °C, mat 3,97% la do
chat dé bay hoi bi hap phu trong P1. Céu trdc trong
viing nay kha on dinh cho toi khi phan hay nhiét.
(2) Tir 300 dén 470 °C, mat 52,09 %, day la qua
trinh phan huy nhiét caa PI. (3) Trén 470 °C mat
37,29 % va con lai 6,65 % & 900 °C.

Gian d6 TGA trén cho thay di hinh thanh cau
trac polyimid. So v&i melamine (dinh phan
huy/thang hoa ¢ 333°C), Pl c6 nhém melamine cho
thiy co do bén nhiét ting rd rét (dinh 420 °C).

So voi két qua phan tich TGA cia miu tong
hop bang phuong phap dung dich (Hinh 3), mau Pl
tr phuong phap vi song mac du ¢6 dinh phan hay
chinh thip hon nhung c¢6 cau trdc 6n dinh hon cho
dén khi phan huay PI.

Két qua trén cho thay viéc xir ly nhiét & 180
°C trong dung méi DMSO chua da dé chuyén héa
hoan toan nhém chac anhydride va amine thanh
polyimide, do dé xtr ly & nhiét d6 cao la can thiét.

Viéc sir dung phuong phap cung cip nhiét
bang vi song co wu diém la tap trung nhiét nhanh.
Str dung DMSO vira 1a dung méi ¢ nhiét do soi
cao vira 1a moi truong phan cuc hap thu vi song
t6t, nho @6 qué trinh hoa tan tac chét xay ra nhanh
va dat duogc nhiét do cao trong thoi gian ngén.

Ciing nho d6, qua trinh thing hoa cua PMDA hau
nhu khong xay ra, vi vay kiém soat duoc ty lugng
tac chat cho phan tng t6t hon.
KET LUAN

Vi song dugc st dung dé thay cho nguon nhiét
thong thuong dé tong hop Pl tr PMDA va
melamine c6 sir dung thém lwong nho dung moi
DMSO. Nhiét tao thanh do vi séng via lam cho
phan ung xay ra, vira lam bay hoi dung moi
DMSO, vira khir nuéc tir phan tng nén phan tng
xay ra kha hiéu qua va nhanh, chi trong khoang 30
phat. Céu tric cua polyimide dugc xac dinh bang
FTIR, TGA. Do bén nhiét cia PI-PMDA-Mel cao
hon cua melamine, tuy nhién van thap hon so véi
cac polyimide khéng chira melamine khéc. Cho toi
nay chua c6 cong trinh nao cong bd vé tién hanh
phan &ng tong hop PI tir melamine bang phwong
phép vi song. Viéc st dung dung mdi DMSO co
kha ning hoa tan t5t melamine va la dung méi pho
bién, ré va it doc hon so v&i cac dung mdi khéc
thuong dung trong téng hop polyimide ciing co
nghia quan trong. Két qua xac dinh do xp va dién
tich bé mat cua vat liéu polyimide dang duoc tién
hanh va s& dugc cong bd trong mot bai béo khéc.

Loi cim on : Pé tai nay dwoc tdi tro ciia dé én
nghién ciru khoa hoc ma sé MANAR-CS2014-05.

Preparation of polyimide from melamine
and pyromellitic dianhydride by microwave

Irradiation

¢ Hoang Ngoc Cuong
e Huynh Anh Vu
University of Science, VNU-HCM

ABSTRACT

Under microwave irradiation, the reaction
time of PMDA and melamine in DMSO was
shortened to just 30 minutes. Structure of the
obtained polyimide was characterized by FTIR,

and its thermal stability was confirmed by TGA
analysis. The longer reaction time in DMSO
solution up to 30 h at high temperature was
required.
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