(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

oo comnsesmoemeroe O MMM
CUC SO HUU TRi TUE
1-0029827

(517  CO8G 73/10 (13) B
(21) 1-2015-00252 (22) 30/07/2013
(86) PCT/IP2013/070610 30/07/2013 (87) WO/2014/021319 06/02/2014
(30) 2012-170829 01/08/2012 JP
(45) 25/10/2021 403 (43) 27/07/2015 328A

(73) TORAY INDUSTRIES, INC. (JP)
1-1, Nihonbashi-Muromachi 2-chome, Chuo-ku, Tokyo 1038666, Japan
(72) MIYAZAKI, Daichi (JP); TOMIKAWA, Masao (JP).
(74) Cong ty TNHH Tam nhin va Lién danh (VISION & ASSOCIATES CO.LTD.)

(54) CHE PHAM NHUA AXIT POLYAMIC, MANG POLYIMIT, PHUGNG PHAP
SAN XUAT MANG POLYIMIT NAY, NEN THUY TINH VA PHUONG PHAP
TAO RA NEN THUY TINH NAY

(57) Sang ché dé cap dén ché pham nhya axit polyamic chira anhydrit axit c6 nhom cubi

mach c6 kha ning phan tng thap voi diamin va it tao két tia diamin trong vecni. Cu thé 13,

ché pham nhya axit polyamic theo sang ché chira: (a) axit polyamic va (b) hop chét c6

cong thirc héa hoc (1) sau:

Z+V ) .o

trong d6 Z 1a nhém hitu co hoa tri bang hodc 16n hon hai va c6 2 nguyén tir cacbon hoic
nhiéu hon, V dugc bi€u dién boi cong thirc hoa hoc (2) va k 1a mot s6 nguyén bang hoac
16m hon 2.

" 2
1 W

R12

R

trong do 6 1a nguyén tir oxy hoac luu huynh, W la nhom rut dién tir va R va R'2 doc 1ap la
nguyén tir hydro hodc nhém hydrocacbon c6 1 dén 10 nguyén tir cacbon.

Ngoai ra, sang ché con dé cap dén mang polyimit, phuong phap san xuat mang polyimit
nay, nén thay tinh c6 16p phu chira ché phim néu trén, nén thuy tinh dugc phii mang
polyimit va phuong phap tao ra nén thity tinh nay.
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Linh vuc k§ thuit dwoc dé cip

Séang ché bdé cap dén ché phim nhya axit polyamic. Cu thé hon, sang ché @& cép
dén ché phém nhya axit polyamic c6 thé duoc st dung thudn loi [am vét liéu cho mang
bao vé bé mit va mang ngin cach giita cic 16p ciia phan tir ban dén, 16p ngin cach va 16p
dém cua phén tir dién phét quang hitu co (phén tir EL hitu co), mang tao phing cua nén
tranzito mang mong, 16p ngin cach cua tranzito hitu co, bang mach in mém, nén cho
man hinh déo, nén cho giéy dién t& mém, nén cho pin mat troi mém, nén cho bd loc mau
mém, cﬁét gén két cho céc dién cuc cia pin thir cip ion lithi, va keo dinh cho chit ban

dan.
Tinh trang ky thuét cia sing ché

Do ¢6 tinh chit cach dién, d6 bén nhiét va dic tinh co hoc tdt, polyimit da dugc
st dung trong nhiéu linh vuc ké ca linh vuc san xuét chit ban dan. Poiyimit thuong
khdng tan tfong cac dung méi va khdng nédng chay baéi nhiét, va do do, kho diac hoidc gia
cong truc tiép. Do d6, dé tao mang, dung dich (dudi day, dugce goi 1a vecni) chira axit
polyamic dudi dang tién chét ciia polyimit thudng duoc sir dung dé tao mang polyimit
nhd céc budce phil va hoa rin dé chuyén hoa. Vecni nay c6 thé 1a dung dich thu duo‘c.ttr
viéc polyme hod axit polyamic hodc c6 thé dugc didu ché béng cach hoa tan axit

polyamic trong dung mai.

N6i chung, cc dic tinh co hoc (ty 18 phan tram d6 gian va tmg suét t6i han) cia
mang polyimit c¢6 thé duoc cai thién c6 hiéu qua bang cach ting mirc d6 polyme hod cia
polyimit. Tuy nhién, khi mtrc d§ polyme hod cua axit polyamic ting thi d§ nhét cia

dung dich polyme hoa ting, thuong giy ra cc khé khin trong quy trinh polyme hoa.
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Ngoai ra, s& khé didu chinh vecni dén d nhét thich hop cho viéc phii. P nhét clia
vecni ¢6 thé duge diéu chinh thich hop bing cach kiém soat mic d6 polyme hoa cia
axit pélyamic bing cach thay. ddi ty 18 mol giﬁa nhom anhydrit axit trong mohome
dianhydrit axit dugc st dung va nhém amino trong hop chit amin da héa tri hodc hop
chét diamin khi polyme héa axit polyamic. Tuy nhién, polyimit dugc tao ra tir vecni nay
c6 muc d polyme hoé gidng nhu mic d polyme hoé ctia axit polyamic ban dau, lam

cho n6 khong thé dat dugc cac dic tinh co hoc cao.

V& vAn d@ néu trén, cac tai liéu sang ché 1 va 2 da boc 10 cac phuong phép trong
d6 diamin dugc bd sung vao vecni chira axit polyamic ¢6 nhém anhydrit axit & diu mach
sao cho ty 1€ mol gitta nhém anhydrit axit trong dianhydrit va nhém amino trong hop

chit amin da hoa tri hodc hdp chét diamin duoc didu chinh bing 1.

Theo céc phuong phap dugc md ta trong céc tai liéu sang ché 1 va 2, mac do
polynie hoa clia axit polyamic duoc kiém soat bing cach thay dbi ty 16 mol giita
dianhydrit axit va hop chit diamin dé giup d6 nhét clia vecni dugce diéu chinh thich hop.
Ngoai ra, diamin duoc bd sung phan (mg véi axit polyamic khi héa rin mang phu, nhb

d6 tao ra polyimit c¢6 mirc d9 polyme hoé cao.
Danh muc tai liéu trich dan
Tai lidu sang che
Tai lidu sang ché 1: Cong bd don yéu cau cap patent Nhat Ban s 2001-31764
Tai lidu séng ché 2: Cong bd don yéu ciu cip patent Nhat Ban s6 2009-109588
Ban chit ky thuét ciia sang ché
Va‘in‘ dé can duoc giai quyét boi sang ché
Tuy nlliéﬁ, cac van d& duoc mo ta dudi day s& van khong duoc giai quyét .b(’)'i cac

phuong phap duoc bdc 10 trong céc tai li€u sang ché 1 va 2. Trong tai lidu sﬁng ché 1,

nhét thiét phai che diu mach cua axit polyamic bang cach cho phan g nhém dau cubi
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cuia anhydrit axit voi nudc hodc rugu, va can cd bién phap ngin nglra phan ung vdi
diamin dugc bo sung. Hon niia, trong tai li¢u sang che 2, can bado v¢ nhém amino bang
nhdém t-butyloxycarbonyl, va c6 bat lgi 1a diamin dugc bao vé s€ két tiia trong vecni béi

vi né chira lién két ure cé luc co két cao.

Muc dich ciia sang ché 12 giai quyét vin d& néu trén. Cu thé 13, sang ché dé xuit
ché phém nhya axit polyamic c6 thé tao ra vecni c6 d6 nhét thip va tao ra, bing cach hoa
rin, mang phu ¢6 dic tinh co hoc tét. Sang ché con dé xuat ché phdm nhya axit polyamic,
trong d6 nhom du cudi clia anhydrit axit c6 tinh phan @ng thip v6i diamin va c6 thé tao

ra vecni ma trong dé sy ket tia cua diamin 1a khong dang ke.
Cach thtrc giai quyét van dé

Sang ché dé Xuét ché phdm nhua axit polyamic chira: (a) axit polyamic va (b)

hop chét duoc biéu dién béi cong thire héa hoc (1).

Z{—V) ™)
k
(Trong cdng thirc hda hoc (1), Z 1a nhém hitu co hoda tri hai hodc cao hon chira 2 nguyén

tir cacbon hozic nhiéu hon, V 14 cau tric duoc biéu dién béi cong thirc hda hoc (2), vak 1a

sb nguyén bang 2 hoic 16n hon).

H O
A
R11 R12

(Trong cong thirc hoa hoc (2), 8 1a nguyén tir oxy hodc Iuu huynh va W 1a nhom rut dign

s

ttr, va R va R12 doc 14p 1a nguyén tir hydro hodc nhém hydrocacbon c6 1 dén 10 nguyén

tr cacbon).
Hiéu qua c6 lgi cua sang ché

Sang ché dé xuat ché pham nhya axit polyamic c6 thé tao ra vecni c6 do nhét

thip va tao ra, bang cach hoa rin, mang phi c6 dic tinh co hoc t6t. Sang ché ciing dé
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xuét ché phdm nhya axit polyamic trong d6 nhém anhydrit axit va nhém twong tu & dau
mach ciia axit polyamic c6 tinh phan tmg thap véi diamin va c6 thé tao ra vecni ma trong
d6 su két tia ciia diamin 1a khong déng ké.
MO ta chi tiét sang ché

Sang ché d& cap dén ché phadm nhya axit polyamic chira: (a) axit polyamic va (b)
hop chét duoc biéu dién boi cong thirc hoa hoc (1).

Z%V ) (1)
k

(Trong cdng thitrc hdéa hoc (1), Z 1a nhém hitu co hoda tri hai hodc cao hon chira 2 nguyén
tt cacbon hozic nhiu hon, V 14 cdu trac duoc bidu didn bai cong thirc hoa hoe (2), vak 1a

sd nguyén bang 2 hoic 16n hon).

H 0

N

R;Siw ?
R12

(Trong cdng thirc hda hoc (2), 8 1a nguyén tir oxy hodc luu huynh va W 1a nhém rut dién

*

ttr, va R! va R!2 doc 1ap 1a nguyén tir hydro hodc nhém hydrocacbon ¢6 1 dén 10 nguyén
t& cacbon).

Dé&i voi ché phdm nhua axit polyamic, W trong cong thitc héa hoc (2) néu trén
t6t hon 13 duogc bidu didn bai cong thire bit ky trong sb cac cong thire héa hoc tir (3) dén

(10) dugc néu dudi day.

0 S
— (3) «— (4)
R21 R22
N-R2 L
—l (5) +—8 ©)
R23 R25
0 /
// /
—8 *—R
* AN (7 / \ (8)
R26 R27 R28
0
*—N+ (9) *—C=N (10)
O —_
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(Tir R*' dén R?8 d6c 1ap 1a nhom hydrocacbon ¢6 1 dén 10 nguyén tir cacbon hodc nhém
hirucoco 1 dén 10 nguyén tir cacbon va bao gdm hydro va cacbon 13 cac nguyén t6 thiét
yéu va tir 1 dén 10 nguyén tir khic trong sb cc nguyén t6 dugc chon tir nhém gbm bo,
oxy, luu huynh, nito, phospho, silic, va halogen).

Déi v6i ché phdm nhua axit polyamic, V trong cong thirc hoa hoc (1) néu trén
t8t hon 1a duoc bidu dién béi cong thirc bit ky trong s6 cac cong thire héa hoc tir (11) dén

(13) dugce néu dudi day.

H O
* J<_(° (11)
CHs,
H 0]
; N—/<_ (12)
C=N
H (0]

Ngudi ta da biét 1a cdu tric duge néu boi cong thirc hda hoc (11) néu trén c6 thé
dugc chuyén hoé thanh izoxyanat bang cch gia nhiét duoc biéu dién bdi cong thic hoa
hoc (21), dugc bao cao bai, vi du, T. Mukaiyama, M. Tokizawa, H. Nohira, va H. Takei,

J. Org. Chem., 26, 4381 (1961).

HAQ A
— +—N=C=0 (21
))_f}'CH:; T> (21)
0 o)
Hon nita, cling trong truong hop trong d6 & trong cdng thirc héa hoc (2) 1a oxy

trong khi W 12 nhém duge biéu dién boi cong thirc bat ky trong s cic cong thirc hoa hoc

tir (3) dén (10), cAu tréc dy kién s& duwgc chuyén hoa thanh izoxyanat khi dugc gia nhiét,

-6-



29827

nhu duoc thé hién trong cong thirc hda hoc (22) (khi W 1a nhém dugce biéu dién bdi cong
thirc bt ky trong sb cac cong thirc héa hoc tir (3) dén (9)) hoic trong cong thirc hoa hoc
(23) (khi W 12 nhém dugc biéu dién boi cong thire hoa hoc (10)), theo cach giéng nhu
trong c6ng thitc hoa hoc (21). (O day, cong thirc héa hoc (22) va cong thirc hoa hoc (23)
thé hién céc phéan ing x&y ra khi 6 1a oxy, nhung du kién 13 sy chuyén hoé do nhiét thanh

isotioxyanat ciing c6 thé x4y ra nhd phéan tng twong tu khi & 13 luu huynh).

H\p A
/ \
*——N o ——Tb *—N=C=0 (22)
>_£’<_R12
e} R11 Rg—
R12 (X:B
' N
Wy A
*—N ) c —T +—N=C=0 (23)
' %Q—R
11 R
' © R CN
R12

(Trong cong thirc hoa hoc (22), a 1a CR?! (trong cdng thirc héa hoc (3)), CR*? (trdng
cdng thire héa hoc (4)), CR (trong cong thic héa hoc (5)), SR (trong cong thire héa
hoc (6)), S(O)R?® (trong cong thitc hoa hoc (7)), PR*R?® (trong cdng thirc hoa hoc (8)),
hodc N*O- (trong cong thitc hda hoc (9)). B 1a O (trong céc cong thirc hoa hoc (3) va tlr
(6) dén (9)), S (trong cong thirc héa hoc (4)), hodc NR2* (trong cdng thirc hoa hoc (5))).

Néu izoxyanat duge phan ing véi nhém anhydrit axit, thi nhém imit s& duge tao
thanh nhu duoc thé hién béi cong thirc héa hoc (24). Do d6, polyimit c6 mirc d9 polyme
hoa cao ¢6 thé duoc tao ra nhd phan tmg véi axit polyamic c6 nhém anhydrit axit &, vi
du, ddu mach. Hon nita, polyimit c6 mirc d6 polyme ho4 cao ciing c6 thé dugc tao ra néu
dime hoic trime dugc tao thanh nhd phéan ung gifta cic izoxyanat nhu dugc thé hién boi
cong thirc héa hoc (25). (Luu y 1a cac phan ing duge néu boi cong thire hoa hoc (24) va
cdng thirc hda hoc (25) ¢ thé xay ra khi izoxyanat 13 isotioxyanat). Két qua 1, s& c6 thé

thu dugc mang polyimit c6 dic tinh co hoc dugc cdi thién.
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AN

N

0 0 o}
*—N=C=0 + o%R O=<o:\<tR —Tv *—N%R (24)

Cco,

(Trong cong thirc hda hoc (24), R chi nhém hitu co hoa tri hai).

o /

N

N =0 (25)
N

°\

%

OR *

+—N=C=0 ——— *

NjiN
¥

Hop chét (b) duoc bidu dién boi cong thirc hoa hoc (1), ¢6 thé c6 ngudn gde tir
hop chét amin da hoa tri hodc hop chét diamin nhu dwoc mb ta sau day. Do do, trong
trudng hop ndy, Z trong céng thirc hda hoc (1) ciia hgp chét (b) 1a nhém cb ngudn gde tir
gbc ctia hop chit amin da hoa tri hodc hop chit diamin. Z tét hon 1a nhém hydrocacbon
héa tri hai hodc cao hon ¢6 2 dén 80 nguyén tir cacbon va c6 thé 12 nhém hiru co hoa tri
hai hodc cao hon c¢6 2 dn 80 nguyén tir cacbon va bao gém hydro va cacbon 1a céc
nguyén t6 thiét yéu va mot hodc hon mét nguyén tir khéc trong sd cac nguyén td duoc
chon tir nhém gdm bo, oxy, lwu huynh, nito, phospho, silic, va halogen. Péi véi mdi
nguyén td trong s bo, oxy, luu huynh, nito, phospho, silic, va halogen, sé lugng nguyén
tt dugc bao gdm t6t hon 13 ndm trong khoang bing 20 hoic nhé hon, tét hon nita 1a nim
trong khoang bang 10 hoic nhé hon. Trong cdng thirc hoa hoc (1), k tét hon 13 bang 2
hoic 3, va hop chét c6 thé c6 ngudn gbe tir hop chét diamin khi k = 2 trong khi n6 c6 thé

¢6 ngudn gde tir hop chit triamin khi k = 3.

Hop chit amin da hoa tri va hop chét diamin thuong tao ra hop chit (b) dugc
biéu dién bai cong thire héa hoc (1), dugce liét ké dudi day. Vi du vé hop chat amin da
hoa tri va hop chét diamin chira vong thom bao gdm hop chét diamin thom mdt vong
nhu m-phenylen diamin, p-phenylen diamin, va axit 3,5-diaminobenzoic; hgp chét
naphtalen ho#c diamin thom da vong nhu 1,5-naphtalen diamin, 2,6-naphtalen diamin,

9,10-antraxen diamin, va 2,7-diaminofloren; hop chét bis(diaminophenyl) hozc cac dan
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xuit khac ciia nd nhu 4,4’-diaminobenzanilit, 3,4’-diaminodipheny] ete,
4,4’-diaminodiphenyl ete, 3-carboxy-4,4’-diaminodiphenyl ete, 4,4’-diaminodiphenyl
ete ctia axit 3-sulfonic, 3,4’-diaminodiphenyl metan, 4,4’-diaminodiphenyl metan,
3,4’-diaminodiphenyl sulfon, 4,4’-diaminodiphenyl sulfon, 3,4’-diaminodiphenyl
sulfua, 4,4’-diaminodiphenyl sulfua, 4-aminophenyl este cuia axit 4-aminobenzoic,
9,9-bis(4-aminophenyl) floren, va 1,3-bis(4-anilino)tetrametyldisiloxan;
4;4’-diaminobiphenyl hodc cac din xuit khac cta né nhu 4,4’-diaminobiphenyl,
2,2’-dimetyl-4,4’-diaminobiphenyl, 2,2’-dietyl-4,4’-diaminobiphenyl,
3,3’-dimetyl-4,4’-diaminobiphenyl, 3,3’-dietyl-4,4’-diaminobiphenyl,
2,2°,3,3’-tetrametyl-4,4’-diaminobiphenyl, 3,3’ ,4,4’-tetrametyl-4,4’-diaminobiphenyl,
va 2,2°-di(triflo metyl)-4,4’-diaminobiphenyl; hop chat bis(aminophenoxy) nhu
bis(4-aminophenoxy phenyl) sulfon, bis(3-aminophenoxy phenyl) sulfon,
bis(4-aminophenoxy) biphenyl, bis[4-(4-aminophenoxy) phenyl] ete,
2,2-bis[4-(4-aminophenoxy) phenyl] propan, 2,2-bis[4-(4-aminophenoxy) phenyl]
hexaflopropan, 1,4-bis(4-aminophenoxy) benzen, 1,3-bis(3-aminophenoxy) benzen, va
1,3-bis(4-aminophenoxy) benzen; hop chét bis(3-amino-4-hydroxyphenyl) nhu
bis(3-amino-4-hydroxyphenyl) hexaflopropan, bis(3-amino-4-hydroxyphenyl) sulfon,
bis(3-amino-4-hydroxyphenyl) propan, bis(3-amino-4-hydroxyphenyl) metylen,
bis(3-amino-4-hydroxyphenyl) ete, bis(3-amino-4-hydroxy) biphenyl, va
9,9-bis(3-amino-4-hydroxyphenyl) floren; hop chét bis(aminobenzoyl) nhur
2,2’-bis[N-(3-aminobenzoyl)-3-amino-4-hydroxyphenyl] hexaflopropan,
2,2’-bis[N-(4-aminobenzoyl)-3-amino-4-hydroxyphenyl] hexaflopropan,
2,2’-bis[N-(3-aminobenzoyl)-3-amino-4-hydroxyphenyl]| propan,
2,2’-bis[N-(4-aminobenzoyl)-3-amino-4-hydroxyphenyl] propan,
bis[N-(3-aminobenzoyl)-3-amino-4-hydroxyphenyl] sulfon,
bis[N-(4-aminobenzoyl)-3-amino-4-hydroxyphenyl] sulfon,

9,9-bis[N-(3-aminobenzoyl)-3-amino-4-hydroxyphenyl] floren,
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9,9-bis[N-(4-aminobenzoyl)-3-amino-4-hydroxyphenyl] floren, N,
N’-bis(3-aminobenzoyl)-2,5-diamino-1,4-dihydroxy benzen, N,
N’-bis(4-aminobenzoyl)-2,5-diamino-1,4-dihydroxy benzen, N,
N’-bis(3-aminobenzoyl)-4,4’-diamino-3,3-dihydroxy biphenyl, N,
N’-bis(4-aminobenzoyl)-4,4’-diamino-3,3-dihydroxy biphenyl, N,
N’-bis(?;-aminobenzoyl)-3,3’-diamino-4,4-dihydroxy biphenyl, va N,
N’-bis(4-aminobenzoyl)-3,3’-diamino-4,4-dihydroxy biphenyl; hop chit diamin chira
di vong nhu 2-(4-amin0pheﬁy1)-5-aminobenzoxazol,
2-(3-aminophenyl)-5-aminobenzoxazol, 2-(4-aminophenyl)-6-aminobenzoxazol,
2-(3-aminophenyl)-6-aminobenzoxazol, 1,4-bis(5-amino-2-benzoxazolyl) benzen,
1,4-bis(6-amino-2-benzoxazolyl) benzen, 1,3-bis(5-amino-2-benzoxazolyl) benzen,
1,3-bis(6-amino-2-benzoxazolyl) benzen, 2,6-bis(4-aminophenyl) benzobisoxazol,
2,6-bis(3-aminophenyl) benzobisoxazol, 2,2’-bis[(3-aminophenyl)-5-benzoxazolyl]
hexaflopropan, 2,2’-bis[(4-aminophenyl)-5-benzoxazolyl] hexaflopropan,
bis[(3-aminophenyl)-5-benzoxazolyl], bis[(4-aminophenyl)-5-benzoxazolyl],
bis[(3-aminophenyl)-6-benzoxazolyl], va bis[(4-aminophenyl)-6-benzoxazolyl]; hop
chét triamin thom nhu 1,3,5-triamino benzen, tris(3-aminophenyl) metan,
tris(4-aminophenyl) metan, tris(3-aminophenyl) amin, tris(4-aminophenyl) amin,
tris(3-aminophenyl) benzen, tris(4-aminophenyl) benzen, 1,3,5-tris(3-aminophenoxy)
benzen, 1,3,5-tris(4-aminophenoxy) benzen, 1,3,5-tris(4-aminophenoxy) triazin,
melamin, 2,4,6-triamino pyrimidin, va 3,5-bis(4-aminophenyl) anilin; hop chét
tetraamin thom nhu 1,2,4,5-tetraaminobenzen, 3,3°,4,4’-tetraaminobipheny],
3,3’,4,4’-tetraaminodiphenyl sulfon, 3,3°,4,4’-tetraaminodiphenyl sulfua,
2,3,6,7-tetraaminonaphtalen, va 1,2,5,6-tetraaminonaphtalen; va hgp chét duoc taoratur
hop chit amin da héa tri nay hoic hop chit diamin béng cach thay thé mét hodc hon mot
nguyén tir hydro lién két v6i vong thom ctia né bang hydrocacbon hoic nguyén tir

halogen. Vi du v& hop chét amin da héa trj béo bao gb6m hop chét diamin béo nhu etylen
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diamin, propylen diamin, butan diamin, pentan diamin, hexan diamin, octan diamin,
nonan diamin, decan diamin, undecan diamin, dodecan diamin, tetrametyl hexan diamin,
1,12-(4,9—dioxa) dodecan diamin, 1,8-(3,6-dioxa) octan diamin, va
1,3-bis(3-aminopropyl) tetrametyldisiloxan; hop chit diamin vong béo nhu xyclohexan
diamin, 4,4’-metylen bis(xyclohexyl amin), va isophoron diamin; san phdm
polyoxyetylen amin va polyoxypropylen amin dudi tén thwong mai 1a Jeffamine (san

xuét boi Huntsman Corporation) va céc hgp chét copolyme ciia chiing.

Axit polyamic (a) ndm trong ché phdm nhua axit polyamic theo sang ché, tbt
hon 13 chtra cdu tric dugc bidu dién boi cong thirc héa hoc (14) hodc (15). Néu axit
polyamic chira cdu tric duoc bidu dién béi cong thirc héa hoc (14), thi né s& phan tng,
khi dugc héa rén, voi hop chit duoc biéu dién bdi cong thirc hoa hoc (1) dé tao thanh
lién két imit nhu duoc mo ta & trén, nho d6 tao ra polyimit c6 muc do polyme hod cao.
Mt khac, cdu triic duge biéu dién boi cong thirc hoa hoc (15), duoc chuyén hoa thanh
nh6m anhydrit axit khi duge héa rén, va do d6, n6 s& phan tg véi hop chét duge bidu
dién béi éﬁng thitc héa hoc (1) d& tao thanh lién két imit, nhd d6 tao ra polyimit c6 mirc

do polymé hoa cao.

o)
)\ _COOH
«—X o (14) * Y\ (15)
Y ‘ COOR!
o)

(Trong cong thirc hda hoc (14), X chi nhém hitu co hoa tri ba hodc cao hon chira 2
nguyén tir cacbon hodc nhidu hon. Trong cong thirc héa hoc (15), Y chi nhém hitu co
héa tri ba hodc cao hon chira 2 nguyén tir cacbon hogic nhiéu hon, va R! chi nguyén tix
hydro, nhém hydrocacbon c6 1 dén 10 nguyén tir cacbon, hodic nhém alkylsilyl ¢6 1 dén

10 nguyén t& cacbon).

X va Y tét hon 12 nhém hydrocacbon héa tri bon c¢6 2 dén 80 nguyén tir cacbon
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va ¢6 thé 12 nhém hitu co hoa tri bdn c6 2 dén 80 nguyén tir cacbon va bao gdm hydro va
cacbon 1a cac nguyén t thiét yéu va mot hodc hon mdt nguyén tir khac trong sb cac
nguyén té duogc chon tir nthém gém bo, oxy, luu huynh, nito, phospho, silic, va halogen.
Dbi véi mbi nguyén tb trong sb bo, oxy, luu huynh, nito, phospho, silic, Va halogen, sb
lugng nguyéﬁ ttr dugc bao gdm tét hon 14 nim trong khoang bing 20 hoic nhé hon, t6t
horn nita 1a ndm trong khbéng bing 10 hodc nhé hon. |

Hon nita, axit polyamic t6t hon 13 c6 cAu triic duge biéu dién bai cong thirc hoa
hoc (16) hodc (17). Cu thé 13, t&t hon 13 X trong cong thirc héa hoc (14) va Y trong cong
thirc hoa hoc (15) 12 gbe ciia axit tetracarboxylic dugc bidu dién bai X! va Y!, mét cach

tuong ung, va goc cua axit tetracarboxylic nam & dau mach cta axit polyamic.

0
0 0O H H o , .
Il 1 | | | 1] 1
* c—X'-C-N—T—N c—X'" o (16)
/\ Y
R200C COOR® - R400C 3
m
IV S S I
. E—y1-E-A—y—~ c-y? (17)
R°00C COOR® R700C  COOR!

n
(_Tron_g cong thtcc hoa h§c (16), X! chi gbc ctia axit tetracarboxylic Chlfl';':l 2 nguyéﬁ t
cacbon hoéc nhidu hon, T chi gbc ctia diamin chira 2 nguyén tir cacbon hoic nhiéu hdn,
va m 14 sb nguyén duong). (Trong cdng thtrc héa hoc (17), Y chi gbc ciia axit
tetracarboxylic chl’ra 2 nguyén tir cacbon hogc nhidu hon, U chi gdc ctia diamin chira 2
nguyén tr cacbon hodc nhiéu hon, n 13 sb nguyén duong, va tir R! dén R7 doc 13p chi
nguyén tir hydro, nhém hydrocacbon c6 1 dén 10 nguyén tt cacbon, hoic nhém

alkylsilyl c6 1 dén 10 nguyén tir cacbon).

Vi du vé axit tetracarboxylic c6 thé tao ra X hodc Y nhu sau. Vi du v& axit

tetracarboxylic thom nay bao gdm hop chét axit tetracarboxylic thom mot vong nhu axit
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pyromelitic va axit 2,3,5,6-pyridin tetracarboxylic; cac ddng phan khéc cua axit
biphenyl tetracarboxylic nhu axit 3,3°,4,4’-biphenyl tetracarboxylic, axit
2,3,3’,4’-biphenyl tetracarboxylic, axit 2,2°,3,3’-biphenyl tetracarboxylic, axit
3,3°,4,4’-benzophenon tetracarboxylic, va axit 2,2,3,3’-benzophenon tetracarboxylic;
hop chit bis(dicarboxyphenyl) nhu 2,2-bis(3,4-dicarboxyphenyl) hexaflopropan,
2,2-bis(2,3-dicarboxyphenyl) hexaflopropan, 2,2-bis(3,4-dicarboxyphenyl) propan,
2,2-bis(2,3-dicarboxyphenyl) propan, 1,1-bis(3,4-dicarboxyphenyl) etan,
1,1-bis(2,3-dicarboxyphenyl) etan, bis(3,4-dicarboxyphenyl) metan,
bis(2,3-dicarboxyphenyl) metan, bis(3,4-dicarboxyphenyl) sulfon, va
bis(3,4-dicarboxyphenyl) ete; hgp chét bis(dicarboxyphenoxy phenyl) nhu

2,2-bis[ 4-(3,4-dicarboxyphenoxy) phenyl] hexaflopropan,

2,2-bis[ 4-(2,3-dicarboxyphenoxy) phenyl] hexaflopropan,

2,2-bis[ 4-(3,4-dicarboxyphenoxy) phenyl] propan, 2,2-bis[ 4-(2,3-dicarboxyphenoxy)
phenyl] propan, 2,2-bis[ 4-(3,4-dicarboxyphenoxy) phenyl] sulfon, va

2,2-bis[ 4-(3,4-dicarboxyphenoxy) phenyl] ete; cac ddng phan khac ctia naphtalen hodc
axit tetracarboxylic thom da vong nhu axit 1,2,5,6-naphtalen tetracarboxylic, axit
1,4,5,8-naphtalen tetracarboxylic, axit 2,3,6,7-naphtalen tetracarboxylic, va axit
3,4,9,10-perylen tetracarboxylic; va hop chit bis(anhydrit monoeste axit ciia axit
trimelitic) nhu p-phenylen bis(anhydrit monoeste axit cta axit trimelitic), p-biphenylen
bis(anhydrit monoeste axit ciia axit trimelitic), etylen bis(anhydrit monoeste axit clia
axit trimelitic), va bisphenol A bis(anhydrit monoeste axit cla axit trimelitic). Vi du vé
axit tetracarboxylic béo nay bao gdm hop chét axit tetracarboxylic mach béo nhur axit
butan tetracarboxylic; va hgp chét axit tetracarboxylic vong béo nhur axit xyclobutan
tetracarboxylic, axit 1,2,3,4-xyclopentan tetracarboxylic, axit 1,2,4,5-xyclohexan
tetracarboxylic, axit bixyclo[2.2.1.]heptan tetracarboxylic, axit
bixyclo[3.3.1.]tetracarboxylic, axit bixyclo[3.1.1.]hept-2-en tetracarboxylic, axit

bixyclo[2.2.2.]octan tetracarboxylic, va axit adamantan tetracarboxylic.
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Céc axit néu trén c6 thé dugce st dung khi chiing & dang anhydrit axit, este hoat
tinh, hodc amit hoat tinh. Hai hodc hon hai axit c6 thé dugc sir dung két hop. Ddi véi
muc dich st dung trong d6 do bén nhiét 1a can thiét, t6t hon 12 axit tetracarboxylic thom

chiém 50% mol hodc 16n hon trong tong lugng axit tetracarboxylic.

Viéc str dung axit tetracarboxylic chira nguyén tit silic nhu axit dimétylsilan
diphtalic va 1,3-Bis(axit phtalic)tetrametyl disiloxan co thé 1am tang d6 két dinh v&i 16p
16t va d6 bén véi plazma oxy dugc st dung dé 1am sach va tuong tu va xtt Iy ozon UV.
Tét hon 12 axit tetracarboxylic ndy chira nguyén ti silic chiém tir 1 dén 30% mol trong

tdng luong axit tetracarboxylic.

D4i véi axit tetracarboxylic duge néu & trén lam vi du, mdt hodc hon mot
nguyén tir hydro nim trong gbc axit tetracarboxylic c6 thé dugc thay th‘é bing nhém
hydrocacbon cc’)' 1 dén ‘10 nguyén tr cacbon nhu nhém metyl va nhém etyl; nhém
floalkyl c6 1 dén 10 nguyén tir cacbon nhu nhém triflometyl; hodc cdc nhém khac nhu F,
Cl, Br, \?2‘1 I. Hon nita, néu n6 duge thay thé béng nhém axit nhuw OH, COOH, SOsH,
CONH3, va SO;NH>, thi n6 dugc wu tién trong trudng hop st dung lam ché phém nhua
nhay quang nhu dwgc mo ta sau ddy bai vi n6 cai thi¢n do hoa tan cua nhya trong dung
dich kidm c6 nudée. |

T va U t6t hon 13 nhém hydrocacbon hoa tri hai c¢6 2 dén 80 nguyén tir cacbon x}a
¢6 thé 1a nhém hitu co hoa tri hai c6 2 dén 80 nguyén tir cacbon va bao gbm hydro va
cacbon 1a cac nguyén td thiét yéu va mdt hodc hon mdt nguyén tir khéc trong sd cac
nguyén t6 dugc chon tir nhém gém bo, oxy, luu huynh, nito, phospho, silic, va halogen.
Déi voi mdi nguyén t6 trong sb bo, oxy, luu huynh, nito, phospho, silic, va halogen, sd
lugng nguyén tir dugc bao gbm tot hon 12 nim trong khoang bang 20 hodc nhé hon, tht

hon nita [a ndm trong khoang biang 10 hozc nhé hon.

Vi du v& hop chit diamin tao ra T hodc U bao gbm hop chit diamin nim trong

danh sach néu trén cua hop chit amin da héa tri va hop chit diamin tao ra hop chét (b)
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duoc biéu didn béi cong thirc héa hoc (1) (sau diy thuong dwge goi 12 hop chét diamin

tao ra hop chit (b) dugc biéu dién béi cong thire hoa hoc (1)).

Diamin néu trén c6 thé dugc st dung & dang thong thudng cia né hodc & dang
diamin trimetylsilyl héa twong ing. Hai hodc hon hai diamin c6 thé dugc sir dung két
hop. P6i v6i muc dich st dung trong d6 do bén nhiét 1a can thiét, tt hon 13 hop chét

diamin thom chiém 50% mol hodc 16n hon trong téng hop chit diamin.

Viéc stt dung diamin chira silic, nhu 1,3-bis(3-aminopropyl)tetrametyl disiloxan
va 1,3-bis(4-anilino)tetrametyl disiloxan, lam thanh phin diamin c¢6 thé 1am tang tiép
xac voi 16p 16t va do bén véi plazma oxy dugc st dung dé 1am sach va twong tu va xtr ly
ozon UV. Tét hon 12 hop chit diamin chira silic nay chiém tir 1 dén 30% mol trong téng

lwong hop chét diamin.

Ngoai cac hop chét liét ké & trén, hop chit diamin tao ra T hogic U ciing bao gdm
hop chét diamin tao ra hop chét (b) dwoc bidu didn bai cong thire hoa hoc (1), trong_dé
mot hodc hdn mot nguyén tir hydro co trong d6 dugc thay thé bang nhéfn hydroéacbon
c6 1 dén 10 nguyén tir cacbon nhu nhom métyl va nhém etyl, nhém floalkyl ¢6 1 dén 10
ngﬁyén tﬁ: cacbon nhu nhém triflometyl, hodc cac nhom khéac nhu F, Cl, Br, va I. Hon
nita, néu n6 duge thay thé bing nhém axit nhu OH, COOH, SO3H, CONHz, va SO;NHa,
n6 dugc wu tién trong trudng hop st dung lam ché phim nhua nhay quang nhur dugc mo

t4 sau ddy béi vi n6 cai thién d6 hoa tan cuia nhua trong dung dich ki€ém c¢6 nudc.

Dbi voi hop chit axit polyamic chira céu trac duoc biéu dién boi cOng thirc héa
hoc (16) hodc cc‘)hg thirc hoa hoc (17), s6 14n 13p ciia don vi axit polyamic t6t hon 14 bang
5 hodc 16n hon, tdt hon nita 1a 10 hodc 16n hon. Ngoai ra, sb 1an 1ap tot hon 1a bi‘mg 500
hoédc nho hon, tét hon nita 1a 200 hogic nhé hon. Néu s 1an 13p nim trong khoang nay,
thi phén t&r luong cé thé duoc kiém soat trong khoang uu tién. Déi véi m trong cong thire
hoéa hoc (16) va n trong cong thirc héa hoc (17), né chi cin d4p g yéu ciu vé s6 1an lap

uu tién cta cac don vi axit polyamic theo sang ché. Do d6, m va n tét hon 12 bang 5 hozic
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160 hon, t6t hon nita 13 10 hodc 16n hon. Ngoai ra, s6 lan 13p tot hon 12 béng 500 hodc

nhé hon, t6t hon nita 12 200 hoic nho hon.

Sau khi bd sung dung méi, ché phdm nhya axit polyamic theo sing ché co thé
duoc st dung lam vecni. Nhu dugc md ta sau ddy, mang chira axit polyamic c6 thé duoc
tao ra bing cach rai vecni ndy trén bé mit cua cac 16p 16t khac nhau. Mang polyimit c6
thé dugc tao ra bang cach imit hoéa axit polyamic trong mang nay. Dung méi hitu hi€u
bao gdm dung mdi phan cuc khong proton nhu N-metyl-2-pyrolidon, y-butyrolacton,
N,N-dimetyl formamit, N,N-dimetyl axetamit, va dimetyl sulfoxit;- ete nhu
tetrahydrofuran, dioxan, propylen glycol monometyl ete, propylen glycol monoetyl ete,
dietylen glycol monometyl ete, dietylen glycol monoetyl ete, dietylen glycol etyl metyl
ete, va dietylen glycol dimetyl ete; keton nhu axeton, metyl etyl keton, diisobutyl keton,
ruou diaxeton, va xyclohexanoh; este nhu etyl axetat, propylen glycol monometyl ete
axetat, va etyl lactat; va hydrocacbon thom nhu toluen, xylen, chiing co6 thé dugc sir

dung riéng r& hoic két hop duéi dang hdn hop ciia hai hodc hon hai chét.

' Vecni c6 d6 nhot thip c6 thé thu duoc ngay ca khi né chira ché phdm nhya axit
polyarhic theo sang ché v&i ndng do cao. Do d6, khong c6 giéi han cu thé vé& ham luong
wu tién cta dung moi, nhung né tét hon 1a bing 50 phan khéi lugng hodc 16n hon, tét
hon nita 1a 100 phan khdi lwgng hodc 16n hon, va t6t hon 1a 2000 phan khdi lugng hodc
nhé hon, t8t hon nita 1a 1500 phan khdi lrgng hogic nhé hon, trén 100 phan khéi lugng
axit polyamic (a). Néu né nim trong khoang trong d6 cac yéu ciu nay dugc dap tmg, thi
d6 nhét thich hop d& phti c6 thé duoc bao dam dé gitip d tao ra 16p phit 6 d6 day duoc
kiém soét thich hop. Di véi sang ché, nén dugc phii bing mang chtra ché phim nhua
axit polyamic dugc tao ra ba‘mg cach phu nén bang vecni chira ché phim nhya axit

p'olyamic va sdy dé loai bo dung mdi dugc goi 1a nén phii mang.

Axit polyamic theo sang ché c6 khéi lugng phan tir trung binh theo khi luong

gbc polystyren tét hon 1a 100000 hoic nhd hon, tét hon nita 1a 80000 hoic nho hon, va
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con tdt hon nita 13 50000 hodc nhd hon, khi duoc x4c dinh bing phép sic ky thdm gel.
Néu n6 nidm trong khoang nay, thi sy ting dd nhdt ciia vecni c6 thé duoc ngin chin co
hiéu qua hon ngay ca khi vecni ¢6 ndng do cao. Hon nita, khéi lugng phan tir trung binh
theo khdi lvgng t6t hon 13 2000 hoc 16n hon, tét hon nita 1a 3000 hogc 16n hon, va con
t6t hon nita 1a 5000 hozc 16n hon. Néu khéi lugng phén tir trung binh theo khéi lugng
bﬁng 2000 hodc 16n hon, ¢ thé tranh dugc viée thu duoc vecni ¢6 dd nhét thép qua muic
va bao dam kha nang phi tbt.

Ché phim nhya axit polyamic theo sang ché c6 thé dugc chuyén hoa thanh ché
phdm nhwa nhay quang bing cach bd sung chit tao axit quang hoat. Viéc st dung chat
tao axit quang hoat dé tao ra axit trong phén dugc chiéu xa sao cho phén dugc chiéu xa
c6 d0 hoa tan ting trong dung dich kidm c6 nuéc, gitip cho mu in duong tinh duqc tao
thanh sau khi hoa tan phén dugc chiéqua. Viéc stt dung hgp chit epoxy hodc chét tao
lien két ngang bang nhiét nhu duwge mo ta sau day cing véi chét tao axit quang hoat gitp
axit dugc tao thanh trong phan dugc chiéu xa thic ddy phan tmg tao lién két ngang clia
hop chét epoxy va chét tao lién két ngang bing nhiét, dAn dén su tao thanh mAu in Am

tinh do su khong hoa tan cua phén duoc chiéu xa.

Vi du vé chat tao axit quang hoat néu trén bao gom hop chat quinon diazit, mudi
sulfoni, muoi phosphoni, mu6i diazoni, va muoi iodoni. Hai hodc hon hai chat nay c6

thé duqé bd sung dé thu duge ché phim nhua nhay quang c6 do nhay cao.

Vi du v hop chéit quinon diazit néu trén bao gbm hop chét polyhydroxy lién két
v6i axit sulfonic ctia quinon diazit nho lién két este, hop chét polyamino lién két véi axit
sulfonic ctia quinon diazit nho lién két sulfonamit, va hop chét polyhydroxypolyaminno
lién két v6i axit sulfonic ciia quinon diazit nho lién két este va/hodc lién két sulfonamit.
Tét hon 12 50% mol hodic 16n hdn trong s6 cac nhém chirc trong hop chét polyhydroxy

va hop chét polyamino dugc thay thé bang quinon diazit.

Déi véi quinon diazit dugce sit dung cho sang ché, ca hai nhém 5-naphtoquinon
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diazit sulfonyl va nhém 4-naphtoquinon diazit sulfonyl dugc vu tién. Hop chét este
4-naphtoquinon diazitsulfonyl hép thu anh séng trong khoang vach i ciia dén thiy ngan,
va do d6, né thich hop cho su phoi séng vach i. Hop chét_este 5-naphtoquinon diazit
sulfonyl hip thu 4nh séng trong mién bao gém vach g ctia dén thity ngén, va do dé, n6
thich hgp cho sy phoi séng vach g. Péi véi sang ché, t6t hon 14 st dung hodc hop chét
este 4-naphtoquinon diazit sulfonyl hodc hop chét este S-naphtoquinon diazit sulfonyl
tuy thudc vao budc soéng cia 4nh sang duoc st dung dé phoi sang. Hon nita, chét c6 thé
chtra hop chét este naphtoquinon diazit sulfonyl ¢ ca hai nhém 4-naphtoquinon diazit
sulfonyl va nhém 5-naphtoquinon diazit sulfonyl trong mdt phan t, hodc ché phim
nhua dugc st dung co thé chtra ca hai hop chit este 4-naphtoquinon diazit sulfonyl va

hop chit este S-naphtoquinon diazit sulfonyl.

Trong s6 cac vi du vé chat tao axit quang hoat, thi mudi sulfoni, mudi phosphoni,
va mudi diazoni duoc vu tién bdi vi ching c6 thé on dinh vira phai thanh phan axit duge
tao ra boi su phoi sang. Muoi sulfoni dugc wu tién déc biét. Ngoai ra, chat téng nhay va

chét twong tu ciing c¢6 thé dugc st dung khi can.

Dbi véi séng ché, ham luong chét tao axit quang hoat t5t hon 14 tir 0,01 dén 50
phén khi lu()"ng trén 100 phan khdi lugng axit polyamic (a) trén quan diém ting do nhay.
Trong cac chét ne‘iy, hop chét quinon diazit t6t hon 12 chiém tir 3 dén 40 phin khéi lugng.
Téng hérﬁ }luqng mudi sﬁlfoni, mudi phosphoni, va mudi diazoni tbt hon 1a tir 0,5 dén 20

phan khéi luqng..

Ché _phém nhua nhay quang theo sang ché c¢6 thé chua chét tao lién két ngang
bang nhiét nhu dugc thé hién béi cong thirc hoa hoc (31) duge néu du6i day hodc chat
téo lién ké'f ngang bing nhiét c6 cAu trac dugc thé hién boi cong thirc hoa hoc (32) duc_fc
néu dudi day (sau day, cé hai déu dugc goi 1a chét tao lién két ngang bang nhiét). Chét
tao lién két ngang bang nhiét ndy c6 thé tao lién két ngang gifta cac hop chét 13 axit

polyamic (a) hodc véi cac thanh phén phu gia khac, nhd d6 dé tao ra mang polyimit c6
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dd bén hoa hoc va do ciing cao.

(Trong cong thirc héa hoc (31) néu trén, R! chi nhém lién két héa tri tir hai dén bon. R
chi nhém hydrocacbon hoa trj mdt c6 1 dén 20 nguyén tir cacbon, C, Br, I, hogc F. R
va R3* doc 12_‘1}5 chi CH,OR?® (trong d6 R3¢ 12 nguyén ttr hydro hodc hydrocacbon hoa tri
mot c6 1 dén 6 nguyén tit cacbon). R 12 nguyén tir hydro, nhém metyl, hogc nhém etyl.
Hon nita, s 1a mot s& nguyén tir 0 dén 2, va t 1a mot sd nguyén tir 2 dén 4. Néu c6 nhidu
R32, thi chiing c6 thé gidng hodc khac nhau. Néu ¢6 nhiéu R* va R3, thi chung ¢6 thé
gidng hoic khéc nhau. Néu c6 nhidu R3S, thi chung c6 thé gidng hogc khac nhau. Vi du

vé nhom lién két R3! dugc liét ké dudi day).

R41 * *
#——x  *x——S0p,—* *4'—* *+R43 *"—*
R42 * *

SIS HEe
XO-HX YOO

R46 R48 R5o * * — *
* % * R52 R53| /. \ | R54
N\ 7 |
R47 R49 R51 * * *
55 57
. R R "
* * R56 R58
\r—\_/
N ool et
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(Trong cong thirc héa hoc néu trén, tir R*! dén R chi nguyén tr hydro hogc nhém
hydrocacbon hda tri mot cé 1 dén 20 nguyén tir cacbon trong d6 mdt hodc hon mot

nguyén tr hydro co th dugce thay thé bang Cl, Br, I, hoic F).

* —N(CH,OR%) (H), (32)

(Trong cbng thirc héa hoc (32) néu trén, R chi nguyén tir hydro hogic hydrocacbon héa
tri mot ¢6 1 dén 6 nguyén tix cacbon. Hon nita, u bing 1 hoic 2 va v bang 0 hoic 1. O day,

u+ v bang 1 hoic 2)).

Trong cong thirc (31) néu trén, R* va R* chi CH2OR* (trong d6 R 12 nguyén
tir hydro hodc hydrocacbon hoa tri mdt ¢6 1 dén 6 nguyén tir cacbon) 12 nhém c6 thé tao
lién két ngang bing nhiét. R3 t5t hon 12 nhém hydrocacbon héa tri mot c6 1 dén 4

nguyén tir cacbon, t6t hon nita 13 nhom metyl hodc nhom etyl, gitp chit tao lién két

2
A

ngang bang nhiét c6 cong thirc hoa hoc (31) duy tri mirc d phan tng vira phai va d6 on
dinh luu trit cao.
Vi du wu tién v& chét tao lién két ngang bing nhiét chira cAu triic dugc biéu dién

boi cong thirc hoa hoc (31) duge liét ké dudi day.

H3CO OCH;, HaCH,CO OCH,CH3
o~ oo
H3CO O OCH; HaCH,CO O OCH,CH3
CHsO . OH OCHj CHsCH,O0  OH OCH,CHg
HaCO—\ OCHs HaCH,CO OCH,CH3
o Ao oo
H,CO O OCHs HaCH,CO O —OCH,CH3
CHsO OH OCHj CHsCH,O OH OCH,CHs
H3CO OCH, CH3CH,0 OCH,CH3
"HO QOH HO 4@2
H3CO OCH; CH4CH,0 OCH,CH3
@ = |
\ §
OH OCH; CHsCH,0 OH OCH,CHs

CH30
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Trong cong thirc héa hoc (32), R¥ chi nguyén t&r hydro hodc nhém
hydrocacbon hoa tri mt c6 1 dén 6 nguyén tir cacbon, t6t hon 1a nhém hydrocacbon héa
tri mot c6 1 dén 4 nguyén' tir cacbon. Hon nita, trén quan diém d6 én dinh ctia hop chét
va d6 4n dinh luu trit cia ché phdm nhua nhay quang, R37 tét hon 1 nhém metyl hodc

nhém etyl va hop chét t6t hon 1a chira 8 hogc nhé hon 8 nhom (CH2ORY).

Vi dy wu tién vé chét tao lién két ngang bang nhiét chira nhém durgce biéu dién

bdi cong thirc hda hoc (32) dugce liét ké dudi day.

0
o} i H CO/\N)LN/\OCH
)k PN )L A~ 3 3
~ ~ HsCO” "N” "N” ~OCH;, >_<
HCO N N OCHe H H,CO_ _N_ N_ OCH
| H,Cd  OCH, A G
o)
1
. : ) 0 :
0 HsCH,CO™ N "N OCH,CH
P PN H3CHZCO/\N)LN/\OCHZCH3 . H -
HiCH,CO” “N” "N” O OCHCH;
H H HaCH,CO_N_ N._OCH,CH,
HsCH,CO ~ OCH,CH; Y
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Ham luong chit tao lién két ngang béng nhiét t&t hon 13 10 phin khéi lwong
hogc 16n hon va 100 phan khdi lwvong hoic nho hon trén 100 phan khéi lugng axit
polyamic (a). Néu ham luong chit tao lién két ngang bang nhiét bang 10 phan khéi
lugng hodc 16n hon va 100 phan khéi lugng hoic nhd hon, mang polyimit c¢6 do bén cao

va ché phém nhua nhay'quang ¢4 d6 6n dinh luu trit cao s& thu duge.

Ché phdm nhya axit polyamic theo séng ché con co thé chira chit tao axit béng
nhiét. Chét tao axit béng nhiét sé& tao ra axit khi dwgc gia nhiét sau khi hién hinh nhu

dwgc mo ta sau dy, thic ddy phan tng tao lién két ngang giira axit polyamic (a) va chat
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tao lién két ngang bang nhiét, va cling thic ddy su tao vong ctia vong imit trong axit
polyamic (a). Diéu nay s& tao ra mang polyimit ¢6 do bén hoéa hoc dugc cai thién va ton
that mang giam. Axit dugc tao ra béi chét tao axit bang nhiét t6t hon 13 axit manh, n6 tbt
hon 1a axit aryl sulfonic nhu axit p-toluen sulfonic va axit benzen sulfonic hodc axit
alkyl sulfonic nhu axit metan sulfonic, axit etan sulfonic, va axit butan sulfonic. Déi véi
sang ché, chét tao axit béng nhiét t6t hon 1a hop chét axit sulfonic béo dugc biéu dién béri
cong thirc hda hoc (33) hodc (34), va hai hodc hon hai trong s6 céc hop chét nay c6 thé

dugc st dung.

S
Q 33)
I N—o—ﬁ—R61
(0]
62_c— —_Q —
R%-8-0. N-° ﬁ Res

Trong céc cong thirc hoa hoc (33) va (34), tir R®! dén R c6 thé gidng hodc khéc
nhau va c6 thé c6 nhém hitu co c6 1 dén 20 nguyén tir cacbon, tbt horh 12 nhém
hydfocacbon c6 1 dén 20 nguyén tir cacbon. Chiing c6 thé 12 nhém hitu co ¢6 1 dén 20
ﬁguyén t&r cacbon va bao gdm hydro va cacbon 1a cac nguyén t6 thiét yéu va mot hodc
hon mot nguyén tir trong s6 cac nguyén t6 duge chon tir nhém gdm bo, oxy, lwru huynh,

nito, phospho, silic va halogen.

Vi du cu thé vé hop chét dugc biéu dién bdi cong thirc hoa hoc (33) duoc liét ké

dusi day.
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Vi du cu thé v& hop chét duoc bidu dién bdi cong thirc héa hoc (34) dugc liét ké

dudi day.

Ham lugng chét tao axit bing nhiét t6t hon 12 bang 0,5 phin khéi lugng hoic 16n
hon va 10 phin khéi lugng hozc nhé hon trén 100 phén khéi lugng axit polyamic (a) trén

quan diém thtc d4y phan tng tao lién két ngang.

N6 ¢6 thé chira hop chéit c6 nhém phenolic hydroxyl khi can dé gitip chét hién
hinh kidm khi hién hinh ché phdm nhya nhay quang. Vi du vé hop chéit c6 nhém
phenolic hydroxyl bao gbm, vi du, cic san phim c6 thé mua dugc tir Honshu Chemical
Industry Co., Ltd., véi cac tén thuong mai sau ddy: Bis-Z, BisOC-Z, BisOPP-Z,
BisP-CP, Bis26X-Z, BisOTBP-Z, BisOCHP-Z, BisOCR-CP, BisP-MZ, BisP-EZ,
Bis26X-CP, BisP-PZ, BisP-IPZ, BisCR-IPZ, BisOCP-IPZ, BisOIPP-CP, Bis26X-IPZ,
BisOTBP-CP, TekP-4HBPA (tetrakis P-DO-BPA), TrisP-HAP, TrisP-PA, TrisP-PHBA,
TrisP-SA, TrisOCR-PA, BisOFP-Z, BisRS-2P, BisPG-26X, BisRS-3P, BisOC-OCHP,
BisPC-OCHP, Bis25X-OCHP, Bis26X-OCHP, BisOCHP-OC, Bis236T-OCHP, metylen
tris-FR-CR, BisRS-26X, va BisRS-OCHP; cac san phém ¢ thé mua duoc tir Asahi
Organic Chemicals Industry Co., Ltd., v6i cic tén thwong mai sau day: BIR-OC,
BIP-PC, BIR-PC, BIR-PTBP, BIR-PCHP, BIP-BIOC-F, 4PC, BIR-BIPC-F, va
TEP-BIP-A; va cic san phdm khac bao gdm 1,4-dihydroxy naphtalen, 1,5-dihydroxy
naphtalen, 1,6-dihydroxy naphtalen, 1,7-dihydroxy naphtalen, 2,3-dihydroxy naphtalen,
2,6-dihydroxy naphtalen, 2,7-dihydroxy naphtalen, 2,4-dihydroxy quinolin,
2,6-dihydroxy quinolin, 2,3-dihydroxy quinoxalin, antraxen-1,2,10-triol,
antraxen-1,8,9-triol, va 8-quinolinol. Néu hop chét nay ¢6 nhém phenolic hydroxyl

duogc sir dung, thi ché phidm nhya nhay quang thu dugc s& gan nhu khong hoa tan trong

-23-



29827

chét hién hinh kiém tru6c khi phoi sng, nhung s& d& hoa tan trong chit hién hinh kiém
sau khi phoi sang, din dén t6n thit mang gidm khi hién hinh va bao ddm sy hién hinh

nhanh va d& dang. Do d6, do nhay s& dugc cai thién dé dang.

Hop chét c6 nhém phenolic hydroxyl néu trén t5t hon 1a chiém 3 phan khéi
luong hodc 16n hon va 40 phan khdi lwgng hodc nhé hon trén 100 phén khéi lugng axit

polyamic (a).

Ché pham nhwa nhay quang theo sang ché c6 thé chira chit cai thién tiép xuc. Vi
du v& chat cai thién tiép xuc nay bao gdm chit két hop silan nhu vinyl trimetoxysilan,
vinyl trietoxysilan, epoxy xyclohexyl etyl trimetoxysilan, 3-glyxidoxy propyl
trimetoxysilan, 3-glyxidoxy propyl! trietoxysilan, p-styryl trimetoxysilan,
3-aminopropyl trinﬁetox&silan, 3-aminopropyl trietoxysilan, va 7 |
N-phenyl-3-aminopropyl trimetoxysilan, cling nhu cht chelat titan va chit lchelat ﬁhém.
Céc chét khac bao gdm hop chit amin thom chtra alkoxysilan va hgp chét amit thom

chtra alkoxysilan nhu liét ké du6i day.
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Ngoai ra, hop chét dugc tao ra nhd phan tmg gitta hop ch4t amin thom va hop
chét silic chira alkoxy cling c6 thé duge st dung. Hop chét nay bao gbm, vi du, hop chét
duoc tao ra bang cach phan ing hop chét amin thom vé6i hop chét alkoxysilan ¢6 nhém
phan tng v6i nhém amino nhur nhom epoxy va nhém clometyl. Hai hoac hon hai trong
s6 cac chat cai thién tiép xtic néu trén ¢ thé duge st dung. Néu chit cai thién tiép xtic
ndy duoc st dung, thi mang nhya nhay quang co thé tiép xuc tét hon véi vat lieu nén nhu
14t silic, ITO, SiOy, va nitrua silic trong budc hién hinh. Ngoai ra, sy tiép xuc duoc cai
thién gilta mang polyimit va vat li¢u nén c6 thé ting d6 bén véi plazma oxy va xt ly
ozon UV dugc thyc hién dé 1am sach. Ham luong chét cai thién tiép xuc tdt hon 12 béng

tir 0,01 dén 10 phan khdi lugng trén 100 phan khéi lugng axit polyamic (a).
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Ché pham nhya axit polyamic theo sang ché co6 thé chura hat v6 co véi muc dich
cai thién dd bén nhiét. Nguyén liéu cta hat vo co duge str dung cho muc dich nay bao
gém kim loai nhu platin, vang, paladi, bac, déng, niken, kém, nhom, sét, coban, rodi,
ruteni, thiéc, chi, bitmut, va \}onfram va oxit kim loai nhu silic oxit (siiica), titan oxit,
ﬁhém oxit, kém oxit, thiéc oxit, vonfram oxit, ziriconi oxit, canxi cacbonat, va bari
sulfat. th‘)ng c6 gidi han cu thé vé hinh dang ca hat vo co ndy, vané co thé 12 hinh cau,
hinh elip, hinh det, hinh que, hodc dang soi. pé ngan nglra sy tdng d¢ nham bé mit cta
mang polyimit dugc tao ra tir ché pham nhua axit polyamic chtta hat v6 co nay, duong
kinh hat trung binh cta hat vd co t5t hon 12 bang 1 nm hozc 16n hon va 100 nm hogc nho
hon, t6t hon nita 12 1 nm hodc 16n hon va 50 nm hodc nhd hon, va con t8t hon nita 13 1

nm hoéc 16n hon va 30 nm hoéc nhéd hon.

Ham lwong hat vo co tét hon 1a bing 3 phan khéi lugng hoc 16n hon, t5t hon
nitala 5 phén khéi luéng hoac 16n hon, va con t5t hon nira 1a 10 phén khéi luong hoic
16n hon, va tét hon 12 100 phan khéi lugng hogc nhé hon, tét hon nita 12 80 phan khéi
lurong hodc nhé hon, va con tSt hon nira 13 50 phﬁn khdi lugng hodc 1nho hon, trén 100
phén khéi lugng axit polyamic (a). Do bén nhiét s& da cao néu ham luong hat vo co bang
3 phén khdi lugng hodc 16n hdn, va mang hoa ran thu dugc s& ¢6 do bén da cao néu né

béng 100 phan khéi lugng hodc nho hon.

Ché phdm nhya axit polyamic theo sang ché c6 thé chira chit hoat dong bé mit
dé‘ cai thién kha nang iohﬁ. Chét hoat dong bé mat hitu hiéu bao gém chét hoat dong bé
mit hoa hoc chira flo nhu Fluorad (nhan hiéu dang ky) san xuit béi Sumitomo 3M,
Megafac (nhén hiéu dang ky) san xuét boi DIC, Surflon (nhan hiéu ding i{}’/) san xut
bdi Asahi Glass Co., Ltd.; chét hoat dong bé mit siloxan hitu co nhu KP341 san xuht béi
Shin-Etsu Chemical Co., Ltd. DBE san xuét boi Chisso Corporation, P‘onﬂow (nhén
hiéu diing ky) va Glanol (nhén hiéu dang ky) san xuét boi Kyoeis.ha Chemical Co., Ltd.,

va BYK san xuét béi BYK-Chemie; va chit hoat dong bé mit polyme acrylic nhu
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Polyflow san xuit béi Kyoeisha Chemical Co., Ltd. Him luong céc chét hoat dong bé
mat nay t6t hon 13 bing tir 0,01 dén 10 phén khéi lwgng trén 100 phan khéi luong axit

polyamic (a).

DPugc md ta dudi ddy 13 phuong phép tao ra ché phdm nhya axit polyamic theo

sang ché.

Axit polyamic (a) c6 thé dwoc polyme héa bang phuong phéap da biét. Cu thé 1,
né c6 thé duge tao ra bang cach polyme héa thanh phén axit nhu axit tetracarboxylic va
dianhydrit axit twong ung, este hoat tinh, va amit hoat tinh véi thanh phﬁn diamin nhu
diamin va diamin dugc trimetylsilyl hda twong ng trong dung mdi phan ing. Hon nita,
hop chét axit polyamic c6 cAu triic dugc biéu din béi cong thirc hoa hoc (14) hoic (15)
& diu mach c6 thé thu dugc bang cach diéu chinh ty 1¢ mol giira thanh phin axit va thanh

phén diamin bang 16n hon mot.

Dung moi phan tng hitu hi¢u bao gbdm dung moi phan cyc khong proton nhu
N-metyl;z-pyrolidon, y-butyrolacton, N,N-dimetyl formamit, N,N-dimetyl axetamit, va
dim.etylisulfoxit; ete nhu tetrahydrofuran, dioxan, ete propylen glycol monometyl, ete
propylen glycol monoetyl, ete dietylen glycol mohometyl, ete dietylen glycol mondetyl,
ete dietylen glycol etyl metyl, va ete dietylen glycol dimetyl; keton nhu axeton, metyl
etyl keton, diisobutyl keton, ruou diaxeton, va xyclohexanon; este nhu etyl axetat,
propylen glycol monometyl ete axetat, v etyl lactat; va hydrocacbon thom nhu toluen,
xylen, chung co6 thé dugc st dung riéng r& hodc két hop mot hodc hon mdt chét. Hon nia,
dung moi duge st dung dé chuén bi vecni du kién c6 thé duoc st dung trong ban mo ta

nay dé tao ra vecni ma khong cén phan tach nhwa sau buéce tao ra.

Hon nita, nhom carboxyl trong axit polyamic dugc st dung cho sang ché co6 thé
dugc este hoa bang nhém hydrocacbon ¢6 1 dén 10 nguyén tir cacbon hodc nhém
alkylsilyl c6 1 dén 10 nguyén tir cacbon.

Hop chét (b) duoc biéu dién boi cong thirc hoa hoc (1), ¢o thé c6 ngudn gbc tir
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hop chit amin da hoéa trj hoic hop chét diamin. Cu thé 13, n6 ¢6 thé thu dugc bang cach
cho phan rng nhém amino trong hop chét amin da hoa tri hodc hop chét diamin véi hop
chét tao ra céu triic c6 cong thirc héa hoc (2) nhd phéan ing véi nhém amino. Vi dy vé
hop chét nay phan Gng v6i nhém amino d8 tao thanh cdu triic duoc thé hién bdi cong
thire hoa hoc (1) bao gdm diketen, axit B-keto, axit B-tioketo, axit B-ketimino, axit
a-sulfinyl carboxylic, axit a-sulfonyl carboxylic, axit a-phosphinoyl carboxylic, axit
a-nitro carboxylic, axit a-xyano carboxylic, va cac dAn xut cia chung. Cu thé hon, hop
chét nay bao gém diketen, axit axetoaxetic, dime tioketen, axit 1,2-benzo
isoxazol-3-axetic, axit metan sulfinyl axetic, axit metan sulfonyl axetic, axit
2-(p-toluensulfonyl) axetic, axit diphenyl phosphinoyl axetic, axit nitro axetic, va axit
xyanoaxetic. Trong cac chét nay, diketen, axit axetoaxetic, axit 2-(p-toluensulfonyl)

axetic, va axit xyano axetic dugc uu tién.

Tiép theo, phurong phap tao ra vecni tlr ché phidm nhya axit polyamic theo sang
ché dugc giai thich dudi day. Vi du, vecni ¢6 thé duogc tao ra béng cach hoa tan axit
polyamic (a) va hop chét (b) duoc biéu dién béi cong thitc héa hoc (1) trong dung mai,
cung vdi chét tao axit quang hoat, chét didu chinh hoa tan, chét cai thién tiép xuc, hat vo
co, chit hoat dong bé miit, v.v., khi can. Su hoa tan nay cé thé dugc thuc hién bﬁng cach
khuéy, gia nhiét, v.v. Néu chét tao axit quang hoat dugc st dung, thi nhiét do gia nhiét
thich hop dugc sir dung nam trong khoang, thudng 1a tir nhiét d6 trong phong dén 80°C,
trong d6 ché pham nhua nhay quang c6 hiéu suit khong thay d6i thu duoc. Khong c6
gidi han cu thé v& thtt tu hoa tan c4c thanh phan nay, va vi dy, hop chét c6 do hoa tan
thép nhét c6 thé dugc hoa tan dau tién tiép theo 1a cac chét khac theo thr ty dd hoa tan.
Hoic, sy hoa tan cac thanh phﬁn dé tao thanh bot khi khi dugc hoa tan b%mg cach khue‘iy,
nhu chit hoat dong bé mat va mot s6 chét cai thién tiép xtc, c6 thé dé sau cc thanh phﬁn

khéc sao cho su hoa tan cac chét xép sau s& khong bi can trd bdi su tao bot khi.

Vecni thu duoc tdt hon 13 duogc loc bang bd loc dé loai bo bui va hat. Bo loc ¢6
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kich thudce 16 bﬁng, vi dy, 10 um, 3 pm, 1 pm, 0,5 pm, 0,2 pm, 0,1 um, 0,07 pm, hodc
0,05 pum c6 thé str dung duogc, méc du khong c6 gidi han cu thé vé kich thuéc. BO loc st
dung d& loc c6 thé dwgc 1am tir vat lidu polypropylen (PP), polyetylen (PE), nylon (NY),

va polytetrafloetylen (PTFE), trong d6 polyetylen va nylon dugc wu tién.

Tiép theo, phuong phap tao ra mang polyimit bang céach sir dung vecni dugc
diéu ché tir ché phdm nhya axit polyamic theo sang ché dugc giai thich duéi day.

Trude tién, vecni dugc féi trén 16p 16t. Lép 16t hitu hi€u bao gdm 14t nén bang
silic, gali asenua, hogic chat tudng tu; nén thily tinh tir thily tinh saphia, thiy tinh voi
natri cacbonat, thuy tinh khong c6 kiém, hodc tuong tu; nén kim loai tir thép khong gi,
dff)ng, hodc tuong tu, va cac chét khac nhu 14 kim loai va nén gém, trong d6 viéc st dung
nén thiy tinh duogc vu tién. Phurong phap pht vecni hitu hiéu bao gbm phu ly tAm, phit

khe, pht nhiing, phu phun, va in, cdc phuong phap nay ¢6 thé duogc st dung két hop.

Trudce bude phu, 16p 1ot ¢6 thé dwogc xir Iy so bd bang chét céi thién tiép xtac nhu
dugc mo ta & trén. Vi duy, chét cai thién tiép xtc ¢6 thé dugc hoa tan br?mg tir 0,5 dén 20%
khdi luong trong dung mdi nhu isopropanol, etanol, metanol, nuéc, tetrahydrofuran,
propylén glycol monometyl ete axetat, propylen glycol monometyl ete, etyl lactat, va
dietyl adipat dé chuan bi dung dich, sau d6 dung dich nay dugc st dung dé xtr 1y bé mat
16p 16t bang k¥ thuat thich hgp nhu phu ly tdm, phu bang khuén khe, phti bing thanh gat,
phi nhiing, pht phun, va xt Iy hoi nuéc. Viéc sdy chan khong c6 thé dugc thuc hién khi
cAn, tiép theo 1a xit Iy nhiét & nhiét do tir 50°C dén 300°C dé ting toc phan (ng giﬁ'a nén
va chét cai thién tiép xuc.

Buéc phu thﬁéng duoc tiép theo bai budc sy mang phii vecni. Phuong phép
sdy hitu dung bao gdm phuong phép sdy giam ap, phuong phap sdy nhiét, va su két hop
cua ching. Phuong phap sdy giam 4p bao gbm, vi du, quy trinh trong d6 16p 16t c6 mang
phu dugc tao thanh trén bé mit cia n6 duge dat trong budng chan khéng, tiép theo 1a

giam 4p suét trong budng chan khong. Bude sdy nhiét duge thuc hién bang cach st dung
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dung cu nhu bép dién, 16 sdy, va tia hdng ngoai. Khi st dung bép dién, mang phu dugc
dit ngay trén bép hodic duge giit bing bd ga nhu kep d& dugc cb dinh trén bép trong khi

sdy bang cach gia nhiét.

Cé cac kep do khac nhau tir cac vat liéu khac nhau bao gém kim loai nhu nhém
va thép khong gi va nhya tong hop nhu nhya polyimit va Teflon (nhan hiéu dang ky),
nhung kiéu kep d& bat ky c6 thé 1am viéc c6 hiéu qua néu chiing c6 do bén nhiét. Chiéu
cao kep dd thich hop co thé dugc st dung tiy thudc vao kich thude 16p 16t, kiéu dung
mdi dugce st dung trong vecni, phuong phap sdy duoc str dung, v.v., nhung né t6t hon 14

tir khoang 0,1 dén 10 mm.

Tay thudc vao kiéu va myc dich cia dung méi dugc sir dung trong vecni, vige
gia'nhiét duoc fhuc hién t&t hon 12 & nhiét d6 nim trong khoang tir nhiét do trong phbng
dén 180°C trong tir 1 phit dén vai gio. | o

Khi ché phdm nhya axit polyamic theo séng ché chua chét tao axit quang hoat,
mau c6 thé duge tao thanh bing cach xit Iy mang pht khd bang phuong phap duge md ta
duédi day. Tia quang hoa tac dung vao mang phi nhd man chén cia méu du kién. Tia
quang hda co kha nang phoi sang bao gdm tia cuc tim, 4nh sdng nhin thdy, chum
electron, va tia X, trong d6 vach i (365 nm), vach h (405 nm), va vach g (436 nm) clia
deén thuy ngén d&qc uu tién d6i voi sang ché. Néu mang nhay quang dfro*ng, c4c phan
phoi sang bi hoa tan bing chit hién hinh. Néu mang nhay quang 4m, cac phén phoi sang

cting lai va s€ khong tan trong chét hién hinh.

Sau budc phoi sang, chit hién hinh dugc st dung dé loai bé phan phoi sang ciia
mang duong hodc phén khéng phoi séng clia mang 4m dé tao thanh mau dy kién. Khong
can quan tim dén mang 1a duong hay am, chét hién hinh wu tién bao gdbm dung dich
nuée cia hop chit kiém nhu tetrametyl amoni, dietanol amin, dietyl aminoetanol, natri
hydroxit, kali hydroxit, natri cacbonat, kali cacbonat, trimetyl amin, dietyl amin, inetyl

amin, dimetyl amin, dimetylaminoetyl axetat, dimetyl aminoetanol, dimetyldminoetyl
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metacrylat, xyclohexyl amin, etylen diamin, va hexametylen diamin. Trong mot 5O
truong hop, dung moi phan cyc nhu N-metyl-2-pyrolidon, N,N-dimetyl formamit,
N,N-dimetyl axetamit, dimetyl sulfoxit, y-butyrolacton, va dimetyl acrylamit; ruogu nhu
metanol, etanol va isopropanol; este nhu etyl lactat va‘ltpropylen glycpl monometyl ete
axetat; va keton nhu xyclopentanon, xyclohexaon, isobutyl keton, va metyl isobutyl
keton c¢6 thé dugc bd sung riéng ré hodc két hop vao cac dung dich kiém c6 nudc ndy.
Dbi voi mang am, cling c6 thé sir dung dung mdi phan cyc & trén khong chira duhg dich
kiém c¢6 nudc, h-oaflc ruou, este, hodc keton co thé duoc bd sung riéng ré& hodc két hop.
Thudng thi, viéc rira trong nude duge thuc hién sau bude hién hinh. Thém 1an nita, nu6c
duoc st dung d8 rira ¢6 thé chira rugu nhu etanol va ruou isopropylic, va este nhu etyl

lactat va propylen glycol monometyl ete axetat.

Cubi cfmg, viéc xtt 1y nhiét dirgc thue hién trong khoang nhiét d6 tir 180°C hodc
cao hon dén 600°C hoic thp hon dé hoa rén mang phu. Axit polyamic nam trong mang
nhua chira axit polyamic dugc imit hoa trong budc hoa rin nay dé tao ra mang polyimit.
Me‘uig polyimit nay duoc tao ra nhd budc imit héa c6 thé duoc str dung thuan lgi [am vét
liéu cho mang bdo vé b& mat va mang ngin cach gitra cac 16p cia c4c phén it ban din,
16p ngan cach va 16p dém cla cac phén tr dién phét quang hiru co (phan t& EL hitu cO),
mang fajo phéng ctia cic nén tranzito mang mong, cac 16p ngén cach clia tranzito hitu co,
bang mach in mém, nén cho man hinh déo, nén cho giéy dién tr mém, nén cho cic pin
mit troi mém, nén cho cac bd loc miu mém, chét gin két cho céc dién cuc cla pin thu

c4p ion lithi, v keo dinh cho chét ban dan.
Vi du thye hién sang ché

Séng ché s& dugc minh hoa duéi diy mdt cach chi tiét hon dwa vao cac vi du,
nhung cin hiéu ring séng ché s& khong dugc hi€u la bi gidi han ¢ cac vi du nay. Doi véi

s6 14n do n, thi n = 1 trir phi duge quy dinh khac.

(1) Po d6 nhét
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Vecni duoc didu ché duge hoa tan trong N-metyl-2-pyrolidon dé chuén bi dung
dich c6 ham lugng chét rin bing 10% khéi lugng va viéc do duge thyc hién & nhiét do
25°C bang cach sit dung mdy do do nhdt (TVE-22H, san xuét bai Toki Sangyo Co.,

Ltd.).
(2) Do khbi 1u¢ng phén tr trung binh theo khéi lugng

Khéi lwong phan t trung binh theo khéi lugng dua trén polystyren dugc do
bang céach sir dung phép sic ky thdm gel (Waters 2690, san xuét boi Nihon Waters K. K.).
Cac cdt TOSOH TXK-GEL a-2500 va 0-4000 dugc cung cip bai Tosoh Corporation

dugc sir dung cung véi 16p di dgng N-metyl-2-pyrolidon.
(3) Tao mang polyimit

Vecni duoc loc dudi ép suét béng cach st dung bd loc 1 pm dé loai bo cac vat la.
Bing cach sir dung thiét bi phti - hién hinh Mark-7 (san xuét béi Tokyo Electron Ltd.),
qua trinh phi quay dugc thyuc hién trén lat silic 6 inso theo cach sao cho chiéu day mang
sau khi xtt Iy nhiét so b trong 4 phut & nhiét do 140°C bang 15 pm, va sau d6 viéc xtt ly
nhiét so bd nay duge thuc hién. Mang da xu ly nhiét so bo dugc xtt 1y nhiét & nhiét do
350°C trong 30 phl’it trong dong khi nito (ndng d6 oxy béng 20 phén friéu hoeflé nhé hon)
tfong 10 sy khi tro (INH-ZICD, san xuét bai Koyo Thermo Systems Co., Ltd.) dé taé ra
mang polyimit. Sau d6, mang polyimit nay dugc tach khoi nén .lét silic bang cach nhiing
trong axit flohydric trong 4 phut va sau d6 mang dugc sdy bang khong khi. Mang

polyimit thu dugc theo cach nay dugc st dung d& do trong cac muc tir (4) dén (7).
(4) Do d6 gian kéo sau cung, ng suét kéo sau ciing, md dun Young

Viéc do dugc thuc hién bang cach sir dung may thir nghiém van nang T ensilon
(RTM-100, san xult boi Orientec Co., Ltd). theo tiéu chuan cong nghiép Nhat Ban

Q) apénese Industrial Standard: JIS K 7127: 1999).

Pidu kién do nhu sau: chiéu réng clia mau thtt nghiém bang 10 mm, khoang
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cach cap bang 50 mm, tdc do thir nghiém bing 50 mm/pht, sb 1in do n = 10.
. (5) Do nhiét do chuyén ho4 thay tinh (Tg)

Viéc do dugc thuc hién trong dong khi nito bang cach sir dung thiét bi phan tich
nhiét co (EXSTAR6000 TMA/SS6100, san xuét bai SII NanoTechnology Inc). Viéc gia
nhiét dugc thuc hién trong diu kién sau. MAu dugc gia nhiét dén nhiét do 200°C trong
giai doan thir nhét d8 loai bo nude hép phy va dugc 1am mat xubng nhiét do trong phong
trong giai doan th{ hai. Trong giai doan thir ba, viéc do dugc thuc hién voi toc do gia
nhiét bing 5°C/phit dé xac dinh nhiét d6 chuyén hoa thuy tinh.

(6) Po hé s gidn nd nhiét (coefficient of thermal expansion: CTE)

- Viéc do dugc thue hién b%lng cach st dung cung thiét bi va cung trong diéu kién
nhu dugce st dung dé do nhiét do chuyén ho4 thity tinh dé x4c dinh hé sb gian né dai
trung binh trong khoang nhiét d¢ tir 50 dén 200°C.

(7) Po nhiét d6 giam khdi lugng 5% (Td5)

Thiét bi do khéi lugng tic dung nhiét (TGA-50, sén xuit boi Shimadzu
Corporation) dugc st dung dé do trong dong khi nito. Viéc gia nhiét duge thuc hién
trong diéu kién sau. Mau dugc gia nhiét dén nhiét do 150°C trong giai doan thi nhét dé
loai bo-nuée hip phy va duge lam mat xubng nhiét do trong phong trong giai doan thir
hai. Trong giai doan thtr ba, viéc do dugc thuc hién voi toc do gia nhiét béng 10°C/phut
@& x4c dinh nhiét do giam khéi lugng 5%.

~(8) Po 'H-NMR

Thiét bi cong hudng tir hat nhan (EX-270, san xuét béi JEOL Ltd.) dugc skt
dung cung véi dimetyl sulfoxit dugc doteri héa lam dung moi duge doteri hoa dé do phd
TH-NMR.

Dugc liét ké dudi day la tir viét tit cua cac hop chét dugc sir dung trong céc vi

du téng hop, vi du polyme hod, vi dy, va vi du so sanh.
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CHDA: trans-1,4-xyclohexan diamin

DAE: 4,4’-diaminodipheny] ete

p-PDA: p-phenylen diamin

m-PDA: m-phenylen diamin

TAM: tris(4-aminophenyl) metan

TAB: 1,3,5-tris(4-aminophenoxy) benzen
BPDA: 3,3’,4,4’-bipheny] tetracarboxylic dianhydrit
ODPA.: bis(3,4-dicarboxyphenyl) ete dianhydrit
PMDA: pyromelitic dianhydrit

DIBOC: di-tert-butyl dicacbonat

DMAP: N,N-dimetyl-4-aminopyridin

CPME: xyclopentyl metyl ete

NMP: N-metyl-2-pyrolidon

THF: tetrahydrofuran

Vi du tdng hop 1: hop chit A

Nhiét ké va que khudy c6 canh khudy duge 14p vao binh bén ¢b ¢6 thé tich 300
ml. Sau d6, 100 g THF dugc bd sung trong dong nito khod va dugc khudy & nhiét do
trong phong. Sau d6, 10,00 g (49,94 mmol) DAE va 61,01 mg (499,4 umol) DMAP
duoc bd sung va viéc rira duoc thuc hién bang 10 g THF. Sau khi 1am ngudi xubng nhiét
d6 10°C hoécthép hon, 8,607 g (102,4 mmol) diketen dugc pha lodng bang 10 g THF
dugc nho giot vao. Sau khi két thac viéc nho giot, nhiét d§ dugce nang 1én 30°C va viéc
khudy duoc thuc hién trong 1 gid. Sau khi 1am mét, cin dugc thu hdi bing cach loc. N6

dugc siy dé tao ra hop chit A dugc biéu dién bdi cong thirc hoa hoc (A). Luong thu
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duge bing 12,03 g (phan tram hiéu sudt bing 65%).
O O © O O
PPt JL @
N N
H H

Vi du téng hop 2: hop chit B

Nhiét ké va que khudy c6 canh khudy dugc lép vao binh bdn ¢ ¢6 thé tich 300
ml. Sau d6, 100 g THF dugc bd sung trong dong nito khd va dugc khudy & nhiét do
trong phong. Sau do, 10,00 g (92,47 mmol) p-PDA va 113,0 mg (924,7 pmol) DMAP
duge bd sung va viée rita dugce thyc hién br?mg 10 g THF. Sau khi [am ngudi xuéng nhiét
d6 10°C hoiic thép hon, 15,94 g (189,6 mmol) diketen dugc pha loang bang 10 g THF
duoc nho giot vao. Sau khi két thuc viéc nhé giot, nhiét 46 duoc nang 1én 30°C va viée
khudy duoc thuc hién trong 1 gi¢. Sau khi lam mét, can dugc thu hdi bﬁng cach loc. Vigc
két tinh lai duoc thuc hién bang etanol, tiép theo 1a viéc séy dé tao ra hop chat B dugc
bidu dién béi cong thitc hoa hoc (B) duge néu dudi ddy. Lugng thu duge bang 19,99 g

(phén trim hiéu sut bang 78%).

QNONJ&{’ ®

Vidy tdng hop 3: hop chit C

Nhiét ké va que khudy c6 canh khudy dugc lip vao binh bbn cb co thé tich 300
ml. Sau do, 100 g CPME dugc bd sung trong dong nito kho va dugce khudy & nhiét do
trong phong. Sau do, 10,00 g (92,47 mmol) m-PDA va 113,0 mg (924,7 pmol) DMAP
duge bd sung va viée rira duge thue hién bang 10 g CPME. Sau khi lam ngudi xubng
nhiét d6 10°C hoic thip hon, 15,94 g (189,6 mmol) diketen dugc pha lodng bang 10 g
CPME dugc nhd giot vao. Sau khi két thuc viée nhd giot, nhiét d0 dugc nang lén 30°C
va viéc khudy dugc thuc hién trong 1 gio. Sau khi lam mat, cdn duge thu hdi bang cach

loc. Viéc két tinh lai dugc thuc hién b'ﬁmg etanol, tiép theo 1a séy dé tao ra hop chit C
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dugc biéu dién bdi cong thic héa hoc (C) duwge néu dudi ddy. Luong thu dugce béng

14,48 g (phan trim hiéu suét bing 57%).
o O Q O O
MN N/U\)J\ (C)
. H H

Vi du tdng hop 4: hop chit D

Nhiét ké va que khudy c6 canh khudy dugc 1p vao binh bén ¢b ¢6 thé tich 300
ml. Saﬁ ldé, 100 g CPME dugc bd sung trong dong nito kho V.é dugc khuéy & nhiét do
trong phong. Sau do, 10,00 g (87,57 mmol) CHDA dugc bd sung va viéc rira dugc thuc
hién bing 10 g CPME. Sau khi 1am nguéi xubng nhiét d 10°C hogc thdp hon, 15,09 g
(179,5 mmol) diketen dugc pha lodng béing 10 g CPME duge nho giot vao. Sau khi két
thiic viéc nho giot, nhiét 40 duoc nang 1én 30°C va viéc khuéy duoc thuc hién trong 1
gid. Sau khi lam mét, cdn dugc thu hoi béng cach loc. Viéc két tinh lai dugc thuc hién
.bﬁng etanol, tiép theo 1a viéc séy dé tao ra hop chit D dugc biéu dién bai cdng thirc hoa

hoc (D) dugc néu duéi day. Luong thu dugc bing 16,24 g (hiéu suat bing 66%).

O 0

Vi du téng hop 5: hop chat E

Nhif_‘:t_ké va que khudy c6 canh khudy dugc ldp vao binh bbn ¢b o thé tich 300
ml. Sau do, 80 g THF dugc bd sung trong dong nito kho va duoc khudy & nhiét do trong
phong. Sau d6, 10,00 g (34,56 mmol) TAM va 63,33 mg (518,4 umol) DMAP dugc b
sung va viéc rua dugc thuc hién bang 10 g THF. Sau khi 1am ngudi xubng nhiét 46 10°C
hodc thdp hon, 9,152 g (108,9 mmol) diketen dugc pha loang bang 10 g THF dugc nho
giot vao. Sau khi két thiic viéc nho giot, nhiét d¢ dugc néng 1én 30°C va viéc khuéy duoc
thyc hién trong 1 gio. Sau khi 1am mat, cdn dugc thu hdi bang cach loc. N6 duge sdy dé

tao ra hop chat E duge biéu dién béi cong thirc hoa hoc (E). Lugng thu duge bing 16,66
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g (hiéu suét bang 89%).

Vi du téng hop 6: hop chéit F

Nhiét ké va que kﬁuéy ¢6 canh khudy dugc 1dp vao binh bén ¢b ¢6 thé tich 300
ml. Sau d6, 80 g NMP duogc bd sung trong dong nito khd va viéc khudy duogc thuc hién &
nhiéf d6 trong phong. Sau dé, 10,00 g (25,04 mmol) TAB dugc bd sung va viéc rira duge
thuc hién b'?lng 10 g NMP. Sau khi lam ngudi xubng nhiét d 10°C hodc thip hon, 6,31 g
(75,11 mmol) diketen dugc pha lodng bing 10 g NMP dugc nho giot vao. Sau khi két
thiic viéc nhé giot, nhiét 40 dugc nang 1én 40°C va viéc khuéy duoc thuc hién trong 1
gid. Sau khi lam mat, dung dich phan ung dugc st dung lam dung dich NMP cta hop
chét F dugc biéu dién béi cong thic hoa hoc (F).

o O

P

NH
: 0 o (F)
HN ; o
o)j/\ ° ﬁo
o) N0
. H :
Vi du téng hop 7: hop chit G

Nhiét ké va que khudy c6 canh khudy duoc lip vao binh bbn ¢b co thé tich 300
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ml. Sau d6, 130 g NMP dugc bd sung trong dong nito kho va viéc khudy duogc thuc hién
& nhiét do trong phong. Sau d6, 10,00 g (79,29 mmol) melamin duogc b sung va viéc rira
duoc thuc hién béng 10 g NMP. Sau khi lam ngudi xuéng nhiét d6 10°C hodc thép hon,
20,00 g (237,9 mmol) diketen dugc pha loadng bang 10 g NMP dugc nhé giot vao. Sau
khi két thuc viéc nhd giot, nhiét do dugc ning 1én 60°C va vi€c khuéy duoc thuc hién
trong 2 gid. Sau khi 1am mat, dung dich phan tng duoc st dung 1am dung dich NMP cua
hop chét G dugc biéu dién béi cong thirc héa hoc (G).

o O

A

¥ ﬁ ©
G
N*N/)\N 0

H

H
o)
o)

Vi du téng hop 8: hop chit H

Nhiét ké va que khudy c6 canh khudy duoc 1dp vao binh bbn cb co thé vtich 300
ml. Séﬁ d6, 70 g NMP duoc bd sung trong dong nito kho. Sau do, troﬁg khi viéc khudy
dﬁqc thue hién & nhiét do trong phong, 8,496 g (99,88 mmol) axit xyanoaxetic dugc bd
sung va viéc rua duc,ic thuc hién béng 10 g NMP. Sau khi xac nhén dugc sy hoa tan clua
axit xyanoaxetic, dung dich dugc lam mat xubng nhiét dd 10°C hoic thip hon. Sau khi
lam mat, 16,60 g (102,4 mmol) carbony! diimidazol dugc bd sung va viéc rira dugc thuc
hién bing 10 g NMP. Sau khi b sung, viéc khudy dugc tiép tuc qua dém & nhiét d trong
phong. Trong ngay tiép theo, 10,00 g (49,94 mmol) DAE dugc b sung va viéc rira dugc
thuc hién bang 10 g NW. Sau khi bd sung, viéc khudy dugc tiép tuc thém qua dém &
nhiét d6 trong phong. Dung dich phan img dugc sir dung lam dung dich NMP ctia hop

chit H dugc biéu dién bdi cong thitc héa hoc (H).
o)
POROW -
NC\/Mﬂ HJ\/CN
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Vi du téng hop 9: hop chit I

Nhiét ké va que khudy c6 canh khudy dugc 1ap vao binh bén ¢d c6 thé tich 300
ml. Sau d6, 70 g NMP duqc‘bé sung trong dong nito khd. Sau do, trong khi viéc khudy
dugc thuc hién ¢ nhiét do trong phong, 21,40 g (99,88 mrﬁol) axit 2-(p-toluensulfonyl)
aketic duoc bd suhg va viéc rira dugce thue hién bang 10 g NMP. Sau khi x4c nhan dugc
su hoa tan cda axit xyanoaxetic, dung dich dugc lam mat xubng nhiét d6 10°C hoic thép
hon. Sau khi larh mat, 16,60 g (102,4 mmol) carbonyl diimidazol dugc bo sung va viéc
rira duoc thue hién béng 10 g NMP. Sau khi bd sung, viéc khuéy duogc tiép tuc qua dém
O nhiét do trong phong. Trong ngay tiép theo, 10,00 g (49,94 mmol) DAE dugc bd sung
va viée rira duge thuc hién bang 10 g NMP. Sau khi bd sung, viéc khuéy dugc tiép tuc
thém qua dém & nhiét do trong phong. Dung dich phan tng dugc st dung lam dung dich

NMP cuia hop chét I dugc biéu dién béi cong thirc hoa hoc ().

Qgﬂﬁﬁ"ONLgQ

Vi du tdng hop 10: hop chét J

Nhiét ké va que khudy c6 canh khudy duoc 1ip vao binh bdn ¢ c6 thé tich 300
ml. Sau do, 100 g THF dugc bd sung trong dong nito kho va dugc khudy & nhiét do
trong phong. Sau d6, 10,00 g (49,94 mmol) DAE, 11,12 g (109,9 mmol) trietyl amin, va
61,01 mg (49,94 pmol) DMAP dugc b sung va viéc rira dugc thuc hién bang 10 g THF.
Sau khi 1am ngudi xuéng nhiét d6 10°C hoac thép hon, 10,71 g (104,9 mmol) anhydrit
axetic dugc pha lodng bang 10 g THF dugc nhd giot vao. Sau khi két thuic viéc nho giot,
nhiét do duogc nang 1€n 40°C va viéc khudy dugc thuc hién trong 1 gio. Sau khi 1am mat,
can dugc thu hdi bang cach loc. N6 duge sdy dé tao ra hop chit J duoc biéu dién boi

cong thirc héa hoc (7). Lugng thu dugc bing 9,120 g (higu suit bang 55%).
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JUCACE S

Vi du téng hop 11: hop chdt K

Nhiét ké va que khudy c6 canh khudy dugc lap vao binh bdn ¢b c6 thé tich 300
ml. Sau d6, 100 g THF dwogc bd sung trong dong nito kho va dugc khudy & nhiét do
trong phong. Sau d6, 10,00 g (87,57 mmol) CHDA duoc bd sung va viéc rira duoc thuc
hién béng 10 g THF. Sau khi 1am ngudi xudng nhiét ¢ 10°C hoic thép hon, 39,18 g
(179,5 mmol) DIBOC dugc pha lodng bang 10 g THF dugc nho giot vao. Sau khi b
sung, dung dich dugc gia nhiét 1én nhiét do trong phong. Sau mdt tudn, cin dugc thu hoi
bang céach loc. N6 duoc sz‘iy dé tao ra hop chit K duogc biéu dién béi cong thirc héa hoc

(K). Luong thu duge bing 17,90 g (hiéu suit bing 90%).
o H 0
 HOml

Vi du polyme héa 1: nhya a (vi dy tir 1 dén 3 va tir 5 dén 8 va vi du so sanh 2 va

3)

‘Nhiét ké va que khudy c6 canh khudy dugc 1dp vao binh bbn ¢b c6 thé tich 200
ml. Sau d6, 85 g NMP dugc bd sung trong dong nito khd, va nhiét d§ dugc nang 1én
40°C. Sau khi nang nhiét d9, trong khi viéc khudy duoc tiép tuc & nhiét do trong phong,
11,41 g (57,00 mmol) DAE dugc bd sung va viéc rira duge thuc hién bing 10 g NMP.
Sau khi x4c nhan duogc su hoa tan cia DAE, 13,09.g (60,00 mmol) PMDA dugc bd sung

va viéc rira dugce thuc hién bfmg 10 g NMP. Sau 2 gi¢, dung dich dugc 1am mat.
Vi du polyme héa 2: nhya b (vi du so sanh 1)

Nhiét ké va que khudy c6 canh khudy dugc 14p vao binh bdn cb c6 thé tich 200
ml. Sau do, 85 g NMP dugc bd sung trong dong nito kho, va nhiét d§ dugc nang 1én

40°C. Sau khi nang nhiét d9, trong khi viéc khqu thuc hién & nhiét do trong phong,
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6,007 g (30,00 mmol) DAE duogc bd sung va viéc rira dugc thuc hién bf“ing 10 g NMP.
Sau khi xac nhén dugc su hoa tan ctia DAE, 6,544 g (30,00 mmol) PMDA dugc bd sung

va viéc rira dugce thyuc hién béng 10 g NMP. Sau 2 gio, dung dich dugc lam mat.
Vi du polyme héa 3: nhya ¢ (vi du 4 va vi du so sanh 4)

Nhiét k& va que khudy c6 canh khudy duoc lip vao binh bbn ¢b co6 thé tich 200
ml. Sau do, 85 g NMP dugc bd sung trong dong nito kho, va nhiét d§ dugc nang Ién
40°C. Sau khi ning nhiét d9, trong khi vi¢c khudy thuc hién & nhiét dd trong phong,
11,41 g (57,00 mmol) DAE dugc bd sung va viéc rita dugc thuc hién béng 10 g NMP.
Sau khi x4c nhén duoc su hoa tan cia DAE, 13,09 g (60,00 mmol) PMDA dugc bd sung
va viéce rira dugc thuc hién béng 10 g NMP. Sau 2 gio, 1-hexanol (6,000 mmol) dugc bd

sung va viéc rira dugc thuc hién bing 5 g NMP. Sau mot gid, dung dich dugce 1am mat.
Vi du polyme héa 4: nhya d (vi du 9 va 10 va vi du so sanh 8)

Nhiét ké va que khudy c6 canh khudy dugc lip vao binh bon ¢b ¢6 thé tich 200
ml. Sau d6, 100 g NMP duoc bd sung trong dong nito kho, va nhiét do duge nang 1én
60°C. Sau khi ning nhiét d9, trong khi viéc khqu thuc hién & ﬁhirét d6 trong phong,
6,164 g (57,00 mmol) p-PDA duge bd sung va viée rira dugce thyc hién bang 10 g NMP
Sau khi x4c nhan duoc su hoa tan cia p-PDA, 17,65 g (60,00 mmol) BPDA dugc bd

sung va viéc ria duoc thuc h1¢n bang 10 g NMP. Sau 4 gio, dung dich dugc lam mat.
Vi du polyme héa 5: nhua e (vi du so sénh 7)

Nhiét k& va que khudy c6 canh khudy duoc lip vao binh bbn cb c6 thé tich 200
ml. Sau _dé, 85 g NMP duge bd sung trong dong nito kho, va nhiét do dugc nang lén
60°C. Sau khi ning nhiét d9, trong khi viéc khue“'ly thue hién & nhiét do trong phong,
3,244 g (30,00 mmol) p-PDA dugc bd sung va viéc rira duge thi,ré hién bing 10 g NMP.
Sau Khi xéc nhan dugc su hoa tan cia p-PDA, 8,827 g (30,00 mmol) BPDA dugc bd

sung va viéc rira duqc thuc hién bang 10 g NMP. Sau m{t khoang thoi gian, do nhét clia
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dung dich polyme hod tidng, 1am cho khong thé tiép tuc khudy dugc nita.
Vi du polyme héa 6: nhya f (vi dy 11 va vi du so sanh 10 va 11)

Nhiét ké va que khudy c6 canh khudy duogc lap vao binh bbn cb c6 thé tich 200
ml. Sau d6, 75 g NMP dﬁ‘qc bd sung trong dong nito khd, va nhiét d§ dugc ning lén
60°C. Sau khi nang nhiét d9, trong khi viéc khuéy duoc tiép tuc & nhiét do trong phong,
5,424 g (47,50 mmol)VCHDA duqé bé sung va viéc rira dugc thuc hién bing 10 g NMP.
Sau khi x4c nhan duoc su hoa tan cia CHDA, 10,30 g (35,00 mmol) BPDA va 4,653 g
(15,00 mmol) ODPA dugc bd sung va viéc rira dugc thuc hién b?mg 10 g NMP. Sau 4 gio,

dung dich dugc lam mat.
Vi du polyme hoa 7: nhya g (vi du so sanh 5)

Nhiét ké va que khudy c6 canh khudy dugc 1ap vao binh bén ¢b co thé tich 200
ml. Sau d6, 85 g NMP dugc bd sung trong dong nito kho, va nhiét 4o dugc ning lén
40°C. Sau khi ning nhiét d9, trong khi viéc khudy duoc tiép tuc & nhiét do trong phc‘)ng,
11, 41 g (57,00 mmol) DAE va 868,1 mg (2,000 mrnol) TAM dugc bd sung va vige rira
dugc thyc hién bang 10 g NMP. Sau khi x4c nhén dugc sy hoa tan cla DAE va TAM,
13,09 g (60,00 mmol) PMDA duoc bd sung va viéc rira dugc thuc hién bang 10g NMP.
Sau mot khoéﬁg. thoi gian, dung dich polyme hoa dugc tao gel, lam cho khong thé tiép

tuc khudy dugc nita.
Vi du polyme hoa 8: nhya h (vi du so sanh 6)

Nhiét ké va que khudy c6 canh khudy duoc lap vao binh bén ¢b co thé tich 200
mi. Sau do, 85 g NMP duqc bd sung trong déng nito kho, va nhiét d6 dugc nang lén
40°C. Sau khi nang nhiét dé trong khi viéc khudy dﬁqc tiép tuc & nhiét d6 trong phong,
11 41 g (57,00 mmol) DAE va 1,198 g (2,000 mmol) TAB dugc bd sung va viéc rira
duge thue hién bang 10 g NMP Sau khi xac nhan dugc sy hoa tan cua DAE va TAB,

13, 09 g (60 00 mmol) PMDA duge bd sung va viéc rira duge thyc hién bang 10 g NMP.
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Sau mot khoang thoi gian, dung dich polyme hoa dugc tao gel, lam cho khong thé tiép

tuc khuéy duoc nita.
Vi du polyme héa 9: nhya i (vi du so sanh 9)

Nhiét ké va que khuéy ¢6 canh khudy dugc 1ip vao binh bbn cb c6 thé tich 200
ml. Sau d6, 100 g NMP dugc bd sung trong dong nito kho, va nhiét do dugc néng lén
60°C. Sau khi ning nhiét d9, trong khi vi¢c khqu duoc thuc hién ¢ nhiét do6 trong phong,
6,164 g (57,00 mmol) p-PDA va 378,4 mg (2,000 mmol) melamin dugc bd sung va viéc
rira dugc thue hién bing 10 g NMP. Sau d6, 17,65 g (60,00 mmol) BPDA dugc bd sung
va viéc rira duge thuc hién bang 10 g NMP. Sau 4 gio, dung dich dugc lam mét, nhung
melamin dugc phat hién 12 két tia ma khong trai qua phan Gng.

Vi du tir 1 dén 11 va vi du so sénh tir 1 dén 11

Hop chit tir A dén K thu.du:qc trong vi du tdng hop tir 1 dén 11 va dung dich
nhuya tr a dén i thu duge trong vi du polyme hod tir 1 dén 9 duoc st dung dé chudn bj
mau vecni c6 ty 1& mol dugc néu trong bang 1 va 2.

Béang 1 va2 thé hién két qua danh gi4 ctia miu Ve.cni dugc diéu ché trong V1 du
tr 1 dén 11 va vi du so sanh tir 1 dén 11 va két qua do dd gian kéo sau cling, ing sut kéo
sau cung, mo dun Young, h¢ sb gian nd nhiét, nhiét do chuyén ho4 thuy tinh, va nhiét do

giam khoi lugng tac dung nhiét 5% ctia mang polyimit dugc tao ra tur mau vecni.
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Vidu 12

M3u vecni c6 dd nhét bang khoang 2 Pa-s (d6 nhét thuc té bing 1,97 Pa-s) duge
didu ché tir nhya va hop chét A véi ty 18 gidng nhu dugc sit dung trong vi du 1. Sau khi

luu trﬁ & nhiét d6 23°C trong 1 tudn, vecni c6 d0 nhét bing 1,94 Pa-s.
Vi du so sanh 12

Ngoai trir viéc sit dung DAE thay cho hop chit A, quy trinh gidng nhu trong vi
du 12 duoc thuc hién d chudn bi vecni c6 d6 nhét bing khoang 2 Pa-s (d9 nhét thuc té
béng 2,01 Pa's). Sau khi Iuu trit & nhiét 4o 23°C trong 1 tudn, vecni c6 dd nhét tang

manh dén 2,92 Pa-s.
Vidu 13

Vecni ¢6 ham luong chét rén bang 15% dugc didu ché tir nhua a va hop chit A
véi ty 1€ mol duge st dung trong vi du 1 duoc rai trén nén thiy tinh ¢6 chiéu day bang
0,7 mm bang cach phii khe d8 tao thanh mang l6ng ¢6 chidu day bang 200 pm. N6 duoc
sdy & nhiét do 140°C trong 10 phut, va nén thiy tinh ¢6 mang pht day 30 pm thu duoc

sau budc say.

Sau d6, nén thiy tinh trén dugc gia nhiét trong nito ¢ nhiét do 350°C trong 30

phut dé tao ra nén thiy tinh pht bing mang polyimit c¢6 chiéu day mang bang 20 pm.
Kha ning tng dung cdng nghiép

Séang ché dé cap dén ché phim nhya axit polyamic c6 thé tao ra dung dich c6 dd
nhét thdp. Sau khi dugc héa rin, mang phu c6 tinh chat vat Iy t6t va co thé duge sir dung
thuan loi 1am vat liéu cho mang bao vé bé mit va mang ngéan cach gitta cac 16p cua phén
tr ban din, 16p ngin cach va 16p dém cia phén tr dién phat quang hitu co (phan tir EL
hitu co), 16p tao phéng ctia nén tranzito mang moéng, 16p ngin céach cﬁa tranzito hitu co,

bang mach in mém, nén cho man hinh déo, nén cho giay di¢n t&t mém, nén cho pin mat
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trdi mém, nén cho bd loc mau mém, chat gan két cho cac dién cuc ctia pin thir cap ion

lithi, va keo dinh cho chét ban dan.
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YEU CAU BAO HOQ
1. Ché phim nhya axit polyamic bao gbm (a) axit polyamic va (b) hop chit duogc bidu

dién béi cong thirc héa hoc (1):

24v),

trong d6 Z 1a nhom hitu co hoa tri hai hodc cao hon c6 2 nguyén tir cacbon hoéc

nhiéu hon, V 12 cu tricc dugc biéu din béi cong thirc héa hoc (2), va k 1a mdt s6 nguyén

ho o

N

w e
R12

trong d6 & 1a nguyén tir oxy hodc luu huynh va W 14 nhém rit dién tir, vaR' va

bing hozc 16n hon 2.

*

R'? doc 1ap 12 nguyén tir hydro hodc nhém hydrocacbon ¢ 1 dén 10 nguyén tir cacbon.

2. Ché phim nhua axit polyamic theo diém 1, trong 46 W trong cong thirc héa hoc (2)

duoc biéu didn bai mot cong thire bét ky trong sb cac cong thire hoa hoc tir (3) dén (10):

+—4 (3) —< @)
R21 R22
N—-R24 S,/O
* ——/< (5) *— (6)
R23 \R25
7
8 () +—R ®)
AN /\
R26 R27 R28
9
* —N\ + (9) *—C=N (10)
O -

trong d6 tir R*' dén R?® doc 1ap 1a nhém hydrocacbon c¢6 1 dén 10 nguyeén tir
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cacbon hodc nhém hitu co ¢6 1 dén 10 nguyén tir cacbon, va bao gdbm hydro va cacbon 13
cac nguyén t6 thiét yéu va tir 1 dén 10 nguyén tit khac trong sb cac nguyén td dugc chon

tir nhém gdm bo, oxy, luu huynh, nito, phospho, silic va halogen.

3. Ché phim nhya axit polyamic theo diém 1 hoic 2, trong d6 V trong cong thirc héa hoc
(1) dugc bidu din boi mot cong thirc bét ky trong sé cac cong thirc héa hoc tir (11) dén

(13):

H O
* J<__/<° (11)
CHs
. N—( (12)
C=N

4. Ché phdm nhua axit polyamic theo diém bét ky trong sb cac diém tir 1 dén 3, trong d6
k trong cong thirc héa hoc (1) 1a mét sé nguyén bang 2 hoic 3.
5. Ché phdm nhura axit polyamic theo diém bét ky trong s6 cac diém tir 1 dén 4, trong d6

“(a) axit polyamic™ chira c4u triic duoc biéu dién béi cong thirc héa hoc (14) hodc (15):

(0]
)\ _COOH
«—X 0 (14) *—Y\ (15)
Y COOR!
(0]

trong d6 X trong cong thirc hoa hoc (14) chi nhém hiru co héa tri ba hodc cao
hon ¢6 2 nguyén tit cacbon hodc nhiéu hon; Y trong cong thirc hoa hoc (15) 1 nhém hiru
co hoa tri ba hodc cao hon c6 2 nguyén tir cacbon hoic nhiéu hon; va R! 1a nguyén tir

hydro, nhém hydrocacbon c¢6 1 dén 10 nguyén tir cacbon, hodc nhém alkylsilyl ¢6 1 dén
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10 nguyén tr cacbon.

6. Mang polyimit bao gdm polyimit dugc tao ra bang cach imit héa ché phim nhya axit
polyamic theo diém bét ky trong s6 cac diém tir 1 dén 5.

7. Phuong phép san xudt mang polyimit bao gdm budc imit hoa ché phim nhuya axit
polyamic theo diém bat ky trong s cac diém tir 1 dén 5.

8. Nén thiy tinh dwgc phit dwgc tao ra bang cach phi nén thily tinh bang vecni chtra ché
phim nhura axit polyamic theo diém bat ky trong sb cac diém tir 1 dén 5 va loai bo dung
moi bing cach siy.

9. Nén thity tinh dugc pht bang mang polyimit dugc tao ra bang cach gia nhiét nén thuy
tinh dugc pht theo diém 8 & nhiét d6 nim trong khoang tir 180°C dén 600°C.

10. Phuong phép tao ra nén thily tinh dugc phii bing mang polyimit bao gdm buéc imit

hoa, bang cach gia nhiét, nén thiy tinh dugc phu theo diém 8.
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