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Linh vue ky thuat dugc dé cip

Sang ché dé cap dén mang polyimit va san pham nhiéu 16p dugc phi kim

loai.
Tinh trang k§ thuit ciia sang ché

‘Théng thudng, san pham nhiéu 16p dugc phii ddng bao gdm la ddng va
mang polyimit dwoc bé tri trén bé mit ctia né duoc biét 13 duge st dung trong céc
linh vuc khac nhau. Bang mach trong d6 mau dong duoc tao ra tir 14 dong ctia san
phim nhiéu 16p duoc pht déng can ngan chin su giam céac dic tinh dién (cu thé
1a c4c dic tinh dién méi) mic di duoc tao 4m. Do d6, mang polyimit can ngin
chan sy giam cac dic tinh dién moi khi duogc tao Am, ttc 13, c6 cac dic tinh dién
mdi hut 4m thép.

Vi du, d& dé xudt mang polyimit thu dugc bang cach cho 5 phan mol 4,4-
diaminodiphenylete (ODA) va 95 phan mol 4-aminophenyl-4-aminobenzoat
(APAB) phan tmg v6i 100 phan mol p-metylphenylenbis(axit trimelitic monoeste

anhydrit cta axit ) (xem tai liéu sang ché 1).
Danh muc tai liéu vién dan

Tai liéu sang che
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Tai liéu sang ché 1: Céng bd don yéu ciu cdp bing ddc quyén sang ché
Nhét Ban chua tham dinh s6 2009-299009
Ban chat k§ thuat ciia sang ché
Van @& duogc giai quyét boi sang ché

Tuy nhién, c6 han ché déi véi viée cai thién cac dac tinh dién méi hut 4m
thdp bang mang polyimit duoc md ta trong Tai liéu sang ché 1.

Sang ché dé xut mang polyimit va san phdm nhiéu 16p dugc phi kim loai
6 cac dic tinh dién mdi hit 4m thép tdt.
Cach giai quyét van dé

Sang ché (1) bao gdm mang polyimit, c¢é tang ton that dién moi nhé hon
0,010 sau khi dugc ngam trong nude ¢ 25°C trong 24 gio.

Sang ché (2) bao gdm mang polyimit duoc mé ta trong sang ché (1), c6 hé
s6 gidn nd am & 25°C bang hoic nho hon 14,0 ppm/RHY.

Sang ché (3) bao gdm mang polyimit dugc mé ta trong sang ché (1) hoic
(2), ¢6 hé s gifin né nhiét bang hodc nhé hon 40,0 ppm/K, va cé nhiét d6 chuyén
héa thuy tinh trong khoang bang hogc 16n hon 250°C va béng hodc nhé hon
350°C.

Séang ché (4) bao gdm san pham nhiéu 16p duoc phi kim loai bao gém mang
polyimit dugc md t trong sang ché bat ky trong sb céc sang ché (1) dén (3); va 14

kim loai dugc b tri trén mot mit theo hudng do day clia mang polyimit.
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Céc hiéu qua cua sang ché

Mang polyimit va san phdm nhiéu 16p duoc phu kim loai theo sang ché c¢6
cac dic tinh dién méi hat 4m thap t6t.
Mo ta van tit hinh vé

Fig.1 13 hinh v& mit cét ngang clia mot phuong an ciia san phdm nhiéu 16p
dugc phut kim loai theo séang ché.
MG ta chi tiét sang ché
Mang polyimit

Mang polyimit c6 d6 day dugc xac dinh trude va kéo dai theo hudng mét
phing vubng goc véi hudng d6 day. P day cuia mang polyimit 1a khéng bi gisi
han cu thé, va, vi du, béng hoac 16n hon 10um, t6t hon 1a bé'mg hoac 16n hon
50um, vavi du, béng hodc nho hon 1000um, tot hon 1a béng hoac nho hon 500pum.
Céac dac tinh cia mang polyimit

Cac dac tinh cia mang polyimit dugc mo ta.
Tang ton that dién méi ctia mang polyimit sau khi ngdm trong nuéc

Mang polyimit ¢6 tang t6n that dién moi (tand) nho hon 0,010 sau khi dugc
ngam trong nudc & 25°C trong 24 gio. Khi tang tén that dién moi cia mang
polyimit sau khi ngdm trong nudc la bang hosc 16n hon 0,010 dugc md ta & trén,
bang mach bao gdm mang polyimit khong thé ngin chin sy gidm céac dic tinh

dién ctia bang mach khi duoc tao 4m. Bang mach nay thu duoc béng cach tao mau
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14 kim loai ctia san pham nhiéu 16p dugc phu kim loai (duoc mé ta sau day, xem
Fig.1) bao gdm mang polyimit. Phuong phap x4c dinh tang tén that dién mai cta
mang polyimit sau khi ngdm trong nudc s& dugc md ta chi tiét trong Vi du dudi
day.

Mang polyimit sau khi ngdm trong nudc cé tang tén that dién méi t6t hon
13 bang hodc nho hon 0,0090, tot hon nita 14 bing hozc nhd hon 0,0085, con tét

hon nita 1a bing hodc nhé hon 0,0080, dic biét tot hon 1a bang hoic nhod hon

Hé sd gifin nd 4m (coefficient of humidity expansion, CHE) ctia mang polyimit

Mang polyimit c6 hé sé gisin nd &m ¢ 25°C, vi du, bang hoic nho hon 22,0
ppm/RH%, t6t hon 13 bang hodc nhod hon 15,0 ppm/RH%, t6t hon nita 13 bang
hodc nhé hon 14,0 ppm/RH%. Khi hé s6 gisn né am ctia mang polyimit bing hoic
nho hon gidi han trén dugc mo ta ¢ trén, mang polyimit ¢6 cac dédc tinh dién moi
hat 4m thép tét. Do d6, c6 thé ngan chin su cong vénh cla san pham nhiéu 16p
duogc pha kim loai bao gdm mang polyimit khi san pham nhiéu 16p dugc phi kim
loai ndy duoc tao 4m. Hé sé gifin nd 4m clia mang polyimit 13, vi dy, bang hodc
lén hon 1,0 ppm/RH%. Phuong phép xac dinh hé sd gifin né 4m cua mang

polyimit s& dugc md ta chi tiét trong Vi du dudi day.
Hé sb gidn nd nhiét (coefficient of thermal expansion, CTE) ctia mang polyimit

Mang polyimit c6 hé sb gidn nd nhiét, vi du, b.'?lng hoac nhé hon 50,0

ppm/K, t6t hon 12 bang hozc nhé hon 45,0 ppm/K, t6t hon nita 14 bang hoic nho



51632 5/34

hon 40,0 ppm/K, con tét hon nita 13 bing hodc nho hon 35,0 ppm/K, dic biét tdt
hon 12 bing hodc nhé hon 30,0 ppm/K. Khi hé sé giin né nhiét cia mang polyimit
1a bang hodc nhé hon gidi han trén duge mé ta & trén, mang polyimit ngan chin
su gidn nd trong khi gia nhiét, tic 14, c6 cac dac tinh gidn nd nhiét thép tdt. Do
d6, c6 thé ngin chin sy cong vénh ctia san pham nhiéu 16p duge phu kim loai bao
gbm mang polyimit khi san phdm nhiéu 1ép dugc pht kim loai nay dugc gia nhiét.
Heé s gifn nd nhiét cua mang polyimit 13, vi du, bang hodc 16n hon 1,0 ppm/K.
Phuong phép x4c dinh hé s gifin nd nhiét cia mang polyimit s& dugc mo ta chi

tiét trong Vi du dudi day.
Nhiét d6 chuyén héa thuy tinh (Tg) ciia mang polyimit

Mang polyimit c6 nhiét d6 chuyén héa thiy tinh, vi dy, trong khoang tur
250°C dén 350°C. Khi méang polyimit c¢6 nhiét do chuyén héa thiy tinh trong
khoang dugc md ta & trén, mang polyimit c6 tinh v6 dinh hinh vao trong khi gia
nhiét, diéu nay lam cho khé dinh huéng céc phan ti polyimit. Diéu ndy ngin céc
phén tr polyimit dugc dinh huéng theo huéng trong dé ung suat duoc tac dung
trong khi gia nhiét. Két qua 13, ¢6 thé ngin chin su cong vénh cua sén pham nhiéu
16p duge phu kim loai bao gdm mang polyimit. Cu thé, nhiét d6 chuyén héa thiy
tinh clia mang polyimit 14, vi du, bing hodc 1én hon 250°C, tét hon 12 bang hoic
16n hon 270°C, va vi du, bang hodc nhé hon 350°C, tét hon 1 bang hodc nho hon

290°C, tbt hon nita 1a b.%mg hodc nh6 hon 280°C. Phuong phap xac dinh nhiét do
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chuyén hoa thily tinh ctia méang polyimit s& dugc mé ta chi tiét trong Vi du duéi
day.
Tao mang polyimit

Viéc tao mang polyimit 14 khong bi gi6i han cu thé va mang polyimit 13 san
phim phén tmg cua thanh phan diamin va thanh phan dianhydrit cta axit. Cy thé
hon, mang polyimit 13 san phim polyme héa ngung tu ctia thanh phan diamin va
thanh phan dianhydrit cta axit.
Thanh phan diamin

Theo mot vi du, thanh phﬁn diamin chira, vi dy, p-phenylendiamin, diamin
thom th& nhat, va diamin thom tht hai.

P-phenylendiamin c6 thé duoc viét t4t 1a PDA. Ty 1& mol ctia PDA trong
thanh phan diamin s& duoc mb ta sau.

Diamin thom tht nhat va diamin thom tht hai ¢6 cong thirc cdu tric héa
hoc khac nhau. Mit khac, diamin thom tha nhét va diamin thom th( hai déu duoc

thé hién bang cong thic (1) sau day:

H,N @Y—@—NHZ (1)

(trong d6 Y 12 it nhdt mot nhém duge chon tir nhom bao gdm lién két don, -O-, -

COO-, -S-, CH2-, -CH(CH3)-, -C(CH3)2-, -CO-, -SO2-, -NH-, va -NHCO-).
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Nhém amino (-NH2) duge lién két véi nguyén tir cacbon nam & vi tri para

s0 v41 nguyén tir cacbon dugc lién két véi Y.

Cu thé, dé l1am diamin thom th& nhit va diamin thom tht hai, 4,4’
oxydianilin trong d6 Y trong cong thic (1) la -O-, 4-aminophenyl-4-
aminobenzoat trong d6 Y trong cong thuc (1) 1a -COO-, 4,4’-metylendianilin
trong d6 Y trong cong thic (1) 1a -CH,-, va bis(4-aminophenyl)sulfon trong d6 Y

trong cong thire (1) 1a -SO,- dugce st dung.

Tbt hon néu diamin thom tht nhét 13 4,4’-oxydianilin, va diamin thom tht
hai 1a 4-aminophenyl-4-aminobenzoat. 4,4’-oxydianilin c6 thé duogc viét tit 1a

ODA. 4-aminophenyl-4-aminobenzoat c¢6 thé dugc viét tit 1a APAB.
Ty 1€ mol cta cac diamin

Mai ty 1é mol ctia PDA, diamin thom th nhét, va diamin thom th hai
trong thanh phan diamin 13, vi du, bing hodc 16n hon 10% mol va, vi du, bing
hodc nhoé hon 70% mol. Khi mdi ty 16 mol cua cac diamin thom thir nhét va tha
hai ndm trong khoang dugc mo ta & trén, co thé cai thién cac dic tinh dién moi

hut 4m thap ctia mang polyimit.

Ty 1& mol ctia PDA trong thanh phan diamin t5t hon 13 bang hoic 1én hon
15% mol, tét hon nita 13 bang hodc 16n hon 20% mol, con tét hon nita 14 bang
hoic 16n hon 25% mol, dic biét tét hon 1a bang hodc 16n hon 30% mol, tot hon
nhét 14 bang hodc 16n hon 40% mol. Khi ty 1& mol ctia PDA 12 bang hoc 16n hon

gidi han duédi duge mé ta & trén, c6 thé lam gidm hé s6 gidn né nhiét cua mang
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polyimit. Ty 1é mol ctia PDA trong thanh phan diamin t6t hon 13 bang hodc nho
hon 65% mol, tot hon nita 12 br?mg hodc nho hon 60% mol. Khi ty 1€ mol cia PDA
14 bang hodc nhé hon gi6i han trén duge md ta & trén, c6 thé cai thién cac dic tinh

dién méi hiit 4m thp ctia mang polyimit.

Ty 16 mol cua diamin thom tht nhat hodc diamin thom thi hai trong thanh
phan diamin t6t hon 13 bang hozc 16n hon 25% mol, va t6t hon 13 bang hodc nho
hon 55% mol, t&t hon nita 12 bing hodc nho hon 50% mol. Khi ty 1& mol cta
diamin thom th(r nh4t hodc diamin thom thé hai trong thanh phan diamin 13 bang
hodc 16n hon gi6i han duéi va bang hodic nhé hon gi6i han trén nay, mang polyimit
¢6 céc ddc tinh gifin né nhiét thip tét, va con ¢ cac dic tinh gidn no am thap tot
(su gidn nd trong khi tao 4m duoc ngin chin). Do d6, cé thé lam giam su cong

vénh cua san phdm nhiéu 16p dugce phi kim loai trong d6 mang polyimit duge

ghép 16p trén 14 kim loai.

Khi diamin thom tht nhét 1a ODA va diamin thom th@ hai 13 APAB, ty 1&
mol ctia diamin thom th( nhét trong thanh phan diamin tét hon 13 bang hogc 16n
hon 25% mol, va t8t hon 1a bing hoiic nhd hon 55% mol, tét hon nita 14 bang hodc
nho hon 50% mol, va ty 1€ mol cua diamin thom thir hai trong thanh phan diamin
t6t hon 12 bang hodc 16n hon 25% mol, va t6t hon 13 bang hodc nhé hon 45% mol,
t6t hon nita 1 bing hodc nhé hon 40% mol. Khi ty 1& mol cua cdc diamin thom
tht nhét va tha hai ndm trong khoang dugc mé ta & trén, mang polyimit c6 céc

dac tinh gidn né nhiét thap tdt, va con ¢6 céc dac tinh giin nd am thap tét.
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Khi thanh phan diamin chi chtra PDA, diamin thom th@ nhéit, va diamin
thom thu hai, téng ty 1é mol clia cac diamin thom thi nhét va thir hai trong thanh
phan diamin 13 phan con lai cta ty 16 mol cua PDA trong thanh phan diamin, va
cu thé, vi du, bﬁng hoac 16n hon 30% mol, t6t hon 12 béng hoéc 16n hon 35% mol,
t5t hon nita 1a béng hoéc 16n hon 40% mol, va vi du, béng hodc nho hon 90% mol,
t6t hon 13 bang hodic nho hon 85% mol, t6t hon nita 14 bang hodc nhé hon 80%
mol, con t6t hon nita 1a bﬁng hodc nhé hon 70% mol, dac biét t6t hon 1a béng hoac

nhd hon 60% mol.

Téng phin mol cua diamin thom thi nhat va diamin thom thi hai so véi
100 ph'fm mol cua PDA 13, vi du, béng hodc 16n hon 10 phén mol, tot hon 12 béng
hodc 16n hon 25 phan mol, tét hon nita 13 bang hosc 16n hon 50 phan mol, va vi
du, b?mg hoac nho hon 1000 phén mol, t6t hon 1a béng hodc nhé hon 500 phén
mol, t6t hon nita 1a béng hodc nhé hon 200 phﬁn mol, con tot hon nita 1a béng

hozc nhé hon 100 phan mol.

Khi diamin thom th& nhét 14 ODA va diamin thom thir hai 14 APAB, phan
mol cta diamin thom tht hai so v&i 100 phin mol cta diamin thom thi nhat 13,
vi du, b?mg hodc 16n hon 25 phén mol, t6t hon 12 béng hoéc 16n hon 50 phén mol,
tot hon nita 13 b?mg hodc 16n hon 75 ph?ln mol, va vi du, béng hodc nho hon 300
phén mol, tot hon 12 bz‘“mg hodc nho hon 200 phﬁn mol, t8t hon nira 1a béng hoédc

nho hon 150 phan mol.
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Thanh phan diamin c6 thé chira, vi du, amin béo (bao gdm, vi du, diamin
dang axit dime dugc mé ta trong Cong bd don yéu cau cip bing ddc quyén séng
ché Nhat Ban chua thim dinh s6 2015-193117) va tuong tu dé 1am céc diamin

khéc trir PDA, diamin thom tht nhét, va diamin thom thi hai dugc mé ta & trén.

Tt hon néu, thanh phan diamin khéng chira cac diamin khac (cu thé 1a cac
diamin dang axit dime), ma chi chira PDA, diamin thom thtr nhét, va diamin thom

thr hai dugce mo ta & trén.

Sau day, c4c 1y do thich hop cua viée thanh phan diamin khéng chira diamin
dang axit dime, ma chira PDA, diamin thom thir nhét, va diamin thom thit hai s&
dwoc mé ta. Khi mang polyimit trong d6é thanh phan diamin chira diamin dang
axit dime dugc tao am, alkyl mach dai trong khung chinh cta gbc diamin dang
axit dime c6 tinh linh dong cao. Piéu nay lam ting hé sb gidn né am cla mang

polyimit.

Mat khac, trong mang polyimit trong d6 thanh phan diamin khéng chia
diamin dang axit dime ma chtta PDA, diamin thom th nhét, va diamin thom th
hai, alkyl mach dai c6 tinh di dong thép do su tuong tic gitta cdc phan tr manh
bdi cac vong thom trong PDA va cac diamin thom thtt nhét va thit hai, va cu triic
ctng dua trén cdc vong thom nay. Didu nay lam giam hé s6 gifin nd 4m clia mang
polyimit.

Alkyl mach dai trong khung chinh cia gbc diamin dang axit dime c6 bac

tu do cao. Bac tu do nghia 1a khoang thé tich dédng ké ma cho phép khung chinh

10
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ctia gbc diamin dang axit dime quay va dao dong. Do d6, su gia nhiét ¢6 xu hudng
lam tang tinh linh dong cua alkyl mach dai, din téi su ting hé sd gidn nd nhiét
ctia mang polyimit. Mat khac, trong mang polyimit trong d6 thanh phan diamin
khéng chtra diamin dang axit dime ma chira PDA va céc diamin thom thir nhat va
thir hai, bac tu do 1a thip do su twong tic gifta cic phan tr manh béi cac vong
thom trong PDA va céc diamin thom thr nhét va tha hai, va cdu tric ctng dua
trén cac vong thom nay. Do d6, mic di mang polyimit dugc gia nhiét, hé sb gidn

nd nhiét cia mang polyimit giam di.
Céc vi du khac vé thanh phan diamin

Thanh ph.:?ln diamin khong bi gidi han & mot vi du duge mo6 ta & trén, va dé
lam vi du khéc vé thanh phin diamin, thanh phan diamin khong chira PDA ma
chtra diamin thom th(t nhét va diamin thom th{ hai duoc st dung. Pé lam vi du
khac vé thanh phan diamin, t6t hon néu, thanh phan diamin khéng chira PDA ma

chi chira diamin thom tht nhat va diamin thom th& hai.

Khi diamin thom th( nhat 1a ODA va diamin thom tht hai 1a APAB, ty 1é
mol clia diamin thom th(r nhét trong thanh phﬁn diamin 1a, vi du, belmg hoac 16n
hon 10% mol, tét hon 1a bing hodic 16n hon 20% mol, t6t hon nita 1a bang hoic
16n hon 30% mol, con tét hon nita 14 16n hon 50% mol, va vi du, béng hodc nho
hon 90% mol, tét hon 1a bing hodc nhé hon 80% mol, 6t hon nita 1a bang hoic
nho hon 70% mol. Ty 1€ mol cia diamin thom thir hai trong thanh phan diamin

13, vi du, bing hodc 16n hon 10% mol, t5t hon 14 bang hozc 16n hon 20% mol, tét

11
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hon nira 13 bing hodc 16n hon 30% mol, va vi du, bing hoic nhé hon 90% mol,
t6t hon 13 bang hoic nhé hon 80% mol, tét hon nita 13 bing hoic nhé hon 70%
mol, con t6t hon nita 14 nhé hon 50% mol. Khi diamin thom thir nhét 1a ODA va
diamin thom thi hai 14 APAB, ty 1& mol ctia diamin thom thi hai so v&i 100 phan
mol clia diamin thom thir nhét 13, vi du, b%mg hodc 16n hon 10 ph::in mol, t5t hon
la béng hodc 16n hon 25 phﬁn mol, t8t hon nita [a béng hodc 16n hon 50 phén mol,
con tdt hon nita 14 bang hodc 16n hon 60 phin mol, va vi dy, bang hodc nhé hon
1500 phan mol, t5t hon 1 bang hodc nhé hon 1000 phan mol, tét hon nita 13 bang
hodc nhé hon 200 phin mol, con tét hon nita 1a nhé hon 100 phan mol, dic biét
t6t hon 12 bing hodic nhé hon 80 phin mol. Khi ty 16 cia c4c diamin thom thir nhat
va thr hai nim trong khoang dwoc md ta & trén, c6 thé 1am giam tang ton that dién
moéi clia mang polyimit sau khi ngdm trong nuéc, va con co thé 1am giam hé sb
gifin né 4m va hé sb gidn nd nhiét ctia mang polyimit.

Thanh phéan dianhydrit cta axit

Thanh phan dianhydrit cta axit chira, vi du, dianhydrit cta axit chira vong
thom. Cac vi du vé dianhydrit cta axit chita vong thom bao gbm dianhydrit ctia
axit tetracarboxylic thom. Céc vi du vé dianhydrit ctia axit tetracarboxylic thom
bao gdm dianhydrit cia axit benzen tetracarboxylic nhu dianhydrit cua axit
benzen-1,2,4,5-tetracarboxylic (con dugc goi la dianhydrit cia axit pyromelitic);
dianhydrit ctia axit benzophenon tetracarboxylic nhu dianhydrit cua axit 3,3°-4,4°-

benzophenon tetracarboxylic; dianhydrit cta axit biphenyl tetracarboxylic nhu

12
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dianhydrit cua axit 3,3’-4,4’-biphenyl tetracarboxylic, dianhydrit cua axit 2,2’-
3,3’-biphenyl tetracarboxylic, dianhydrit cua axit 2,3,3’,4’-biphenyl
tetracarboxylic, va dianhydrit cia axit 3,3’4,4’-diphenylete tetracarboxylic;
dianhydrit cua axit diphenylsulfon tetracarboxylic nhu dianhydrit cua axit 3,3’-
4,4’-diphenylsulfon tetracarboxylic, va dianhydrit cua axit naphtalen
tetracarboxylic nhu dianhydrit cua axit 2,3,6,7-naphtalen tetracarboxylic,
dianhydrit cua axit 1,2,5,6-naphtalen tetracarboxylic, dianhydrit cia axit 1,2,4,5-
naphtalen tetracarboxylic, va dianhydrit coa axit 1,4,5,8-naphtalen
tetracarboxylic. Cac chét nay co thé duoc st dung mdt minh hodc két hop. Tét
hon néu, dianhydrit cta axit biphenyl tetracarboxylic dugc st dung, t6t hon nita

néu dianhydrit cta axit 3,3’-4,4’-biphenyl tetracarboxylic dugc st dung.

Thanh phén dianhydrit cta axit ¢6 thé chira cac dianhydrit ctia axit khac trir
dianhydrit cua axit chira vong thom. Tét hon néu, thanh phan dianhydrit cta axit
khéng chira cac dianhydrit cia axit khac, ma chi chira dianhydrit cua axit chira

vong thom.

Ty 1é ctia thanh phan diamin v&i thanh phan dianhydrit cta axit duge diéu
chinh sao cho lugng mol ctia nhém amino (-NH;) cia thanh phan diamin 13, vi du,
bang lwong mol ctia nhém anhydrit ctia axit (-CO-O-CO-) ctia thanh phan anhydrit

cua axit.

Phuong phap san xudt

13
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Mang polyimit thu dugc bing cach cho thanh phan diamin (bao gdm mot
vi du va mét vi du khac) va thanh phén dianhydrit ctia axit phan Gng véi nhau.
Phan tng nay 13, mic du khong bi giéi han &, phan Gng da tring ngung, va dé lam
phuong phap thuc hién cua nd, vi dy, phuong phap hai budc thong qua axit

polyamic dugc stir dung.

Vi dy, thanh phan diamin va dung méi hitu co dugc tron dé didu ché dung
dich thanh phan diamin. Dung méi hitu co 1a khong bi gidi han cu thé, va céc vi
du cua ching bao gom céc dung moéi khong proton phén cuc nhu N-
metylpyrolidon (NMP), dimetylformamit, va dimety] sulfoxit; cdc dung moi ete;
cac dung méi este; cac dung moi hydrocacbon béo; va cac dung moi hydrocacbon
thom. Tt hon néu, dung méi khong proton phan cuc dugce sir dung. Dung mdi
hitu co dugc tron véi lugng, vi du, bﬁng hodc 16n hon 100 phﬁn khdi lugng va, vi
dy, bing hodc nhé hon 1000 phan khdi lugng, so véi IOOVphén khéi luong cua
thanh phan diamin. Ty 18 phan trim ctia thanh phan diamin trong dung dich thanh
phﬁn diamin 13, vi du, béng hoéc 16n hon 1% khdi luong va, vi du, béng hoac nhé

hon 10% khéi luong.

Sau d6, dung dich thanh phan diamin va thanh phan dianhydrit ciia axit
duge tron dé diéu ché hdn hop. Luc nay, lugng thich hop ctia dung mdi hiru co ¢o
thé duoc bd sung vao hdn hop néu can.

Sau d6, hon hop thu duge dugc gia nhiét. Pidu nay cho phép thanh phan

diamin va thanh phan dianhydrit cta axit dugc phan (mg da cong hop mé vong,

14



51632 15/34

dé dung dich axit polyamic dugc diéu ché. Nhiét do gia nhiét 1a, vi du, béng hoidc

16n hon 50°C va bang hoic nhoé hon 100°C.

Sau d6, dung dich axit polyamic duoc phu cho vt liéu nén, va dung méi
hitu co dugc loai bo, sau dé gia nhiét san phém tao ra. Pidu nay cho phép axit

polyamic duoc phan Gng loai nude déng vong, dé axit polyamic duoc amit héa.

Vat liéu nén c6 dang tim kéo dai theo hudng vudng goc véi huéng do day.

Deé lam vat liéu nén, 14 kim loai, tam nhua, hodc tuong tu dugc st dung.

Dé loai bé dung méi hitu co, dung dich axit polyamic duoc gia nhiét & nhiét
dé, vi du, bang hodc 16n hon 100°C va bang hodc nhod hon 150°C. Bé amit héa
axit polyamic, axit polyamic dugc gia nhiét, vi du, trong chan khong & nhiét do,
vi du, bang hodc 16n hon 300°C va bang hodc nho hon 450°C, vi du, trong thoi

gian bang hodc 16n hon 1 gid, t6t hon 13 bang hozc 16m hon 2 gio.

Bang cach d6, mang polyimit dugc bé tri trén mot mit theo hudng do day

cua vat liéu nén di thu duoc.

Sau d6, vat liéu nén duoc loai bo.

Két qua 13, mang polyimit da thu dugc.
San pham nhiéu 16p duoc phi kim loai

Tiép theo, san pham nhiéu 16p dugc phi kim loai bao gbém mang polyimit

sé& duoc mo ta dua vao Fig.1.

15
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San pham nhiéu 16p duoc pht kim loai 1 bao gdm mang polyimit 2, 14 kim

loai 3 dugc bd tri trén mot mit theo hudng d6 day ciia mang polyimit 2.

Mang polyimit 2 tao thanh mit con lai theo huéng d6 day ctia san pham

nhiéu 16p dugc phi kim loai 1.

L4 kim loai 3 tao thanh mot mit theo huéng do day cta san phim nhiéu 16p
duoc phu kim loai 1. L4 kim loai 3 tiép xuc véi toan bo mot mat theo hudng do
day cta mang polyimit 2. Cac vi du v& vat liéu cia 14 kim loai bao gbm dong, sit,
va thép khéng gi, va tbt hon néu déng duge st dung. Do day cua 14 kim loai 3 13,
vi du, bang hodc 16n hon 10pm, t6t hon 1 bang hodc 16n hon 50pm, va vi dy,

bang hodc nhé hon 1000pum, tt hon 1a bang hodc nhé hon 500um.

Trong phuong phép san xuit mang polyimit, 14 kim loai 3 dé lam vat liéu
nén khéng dugc loai bd ma dugc dé lai. Két qua 13, san phdm nhiéu 16p dugc phu
kim loai 1 bao gdm mang polyimit 2 va 14 kim loai 3 nbi tiép & mot phia theo

hudng d¢ day da thu dugc.

D6 day cua san pham nhiéu 16p duge phu kim loai 1 13, vi du, bang hozc
16n hon 20pm, tét hon 1a bang hogc 16n hon 100pum, va vi dy, bang hodc nhé hon
2000pm, tot hon 13 bang hodc nhé hon 1000um.

Chtrc nang va céac hiéu qua

Do mang polyimit c6 tang t6n that dién mdi nho hon 0,010 sau khi dugc
ngam trong nudc & 25°C trong 24 gio, nd c6 cac dac tinh dién moi hut 4m thép
tot.

16
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Do d6, bang mach (khong dugc thé hién) c6 mau kim loai duoc tao ra tir 14
kim loai 3 trong san phim nhiéu 16p dugc phu kim loai 1 ¢6 thé ngan chin su

giam cac dac tinh dién mo6i mac du dugc tao am.

Ngoai ra, khi mang polyimit c6 hé sb gidn nd 4m & 25°C bang hoidc nho
hon 14,0 ppm/RH%, mang polyimit ¢6 cac dic tinh gidn nd 4m thap tét. Do do,
c6 thé ngin chin sy cong vénh clia san phdm nhiéu 16p duge phi kim loai 1 khi
dugc tao am.

Khi mang polyimit c¢6 hé sé gifin né nhiét bang hoidc nho hon 40,0 ppm/K
va ¢6 nhiét do chuyén héa thuy tinh trong khoang bang hodc 16n hon 250°C va
bang hodc nhé hon 350°C, ¢6 thé ngan chin sw cong vénh cia san phim nhiéu

16p dugce pht kim loai 1 sau khi gia nhiét.
Vi du dugce cai bién

Trong vi du dugc cai bién, cac s6 chi din giéng nhau duoc dua ra dbi véi
cac bd phan va cac budc tuong ing voi mdi trong s6 cac bod phan va céac budc
trong mot phuong an, va phén mo ta chi tiét ciia chiung dugc bd qua. Ngoai ra, vi
du duoc céi bién ¢6 thé dat duge chirc nang va hiéu qua giéng nhu chirc ning va
hiéu qua cua mot phuong an trir khi dugc chi r6 theo cach khéc. Ngoai ra, mot

phuong an va vi du duoc cai bién ctia né cé thé dugc sir dung két hop thich hop.

Nhu duge thé hién bang cac dudng nét khuat trén Fig.1, san phim nhiéu
16p duoc phu kim loai 1 ¢6 thé con bao gdm 14 kim loai thtt hai 4 dwgc b tri trén

mit con lai theo huéng do day cia mang polyimit 2. L4 kim loai thir hai 4 ¢ chu

17
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hinh giéng nhu 14 kim loai 3 dugc mé ta & trén. Trong san phdm nhidu 16p duge
pht kim loai 1, 14 kim loai thir hai 4, mang polyimit 2, va 14 kim loai 3 duogc bd

trf ndi tiép vé mét phia theo hudng do day.

Dung dich thanh phan dianhydrit cta axit ¢ thé trude hét duge diéu ché
bing cach tron thanh phan dianhydrit cia axit va dung madi hiru co, sau dé tron

thanh phan diamin véi dung dich thanh phan dianhydrit cta axit.
Vi du thue hién sang ché

Céc gié tri bang sb cu thé cua ty 1& trén (ty 18 ham luong), gid tri cia dic
tinh, va thong s sir dung trong phan mé ta sau day ¢ thé duoc thay bang cac gia
tri gidi han trén (cac gia tri béng sb6 duoc xac dinh 1a "hoic nho hon" hodc "thép
hon") hodc céc gia tri gi6i han dudi (céc gi tri biang sb dugce xac dinh 14 "hosc
16n hon" hodc "cao hon") clia céc gia tri bing so tuong tng ctia ty 18 tron (ty 18
ham lugng), gia tri cua dic tinh, va thong s6 duge mo ta trong phan "Mo ta chi
tiét sang ché” dugc md ta & trén. "Phin" va "%" 14 tinh theo khéi lugng trir khi

dugce chi 18 theo cach khéc trong phan mé ta sau day.
Vidu so sanh 1

Luong 129,77g PDA, 60,07g ODA, va 2943ml NMP duoc bd sung vao
binh tach ¢6 dung tich 3000ml, va hon hop dugce khudy & 25°C trong 20 phit. Sau
do, 441,33g dianhydrit cla axit 3,3°-4,4’-biphenyl tetracarboxylic dugc bb sung

vao d6, va hdn hop thu dugc duge khudy & 80°C.
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Sau do6 viéc khuéy duoc dung lai, va hdn hop dugce dé ngudi dé diéu ché
dung dich axit polyamic mau nau. Dung dich axit polyamic nay dugc phu cho 14
dong day 12pm (BHY-82F-HA-V2, dugc san xuét boi JX Nippon Mining &
Metals Corporation) bang thiét bi phu (SA-201, duoc san xuét boi Teste Sangyo
Co., Ltd.), va siy & 80°C trong 15 phiit va sau d6 & 120°C trong 25 phut bang may
sdy c6 quat thoi. San phdm di sy duoc gia nhiét thém & 390°C trong 185 phit
trong 10 gia nhiét chan khong dé bing cach dé duoc imit héa. Theo cach ndy, san
phdm nhiéu 16p duge pha ddng 1 bao gdm mang polyimit 2 va 14 dong 3 ndi tiép
d3 thu dugce. Sau dé, 14 déng 3 duoc hoa tan bang cach st dung dung dich FeCls,

dé thu dugc mang polyimit 2.
Vi du so sanh 2

Trong dong nito, 12,01g ODA va 140ml NMP da loai nudc dugc bd sung
vao binh tach c6 dung tich 300ml, va hdn hop dugc khudy & 40°C trong 20 phit.
Sau d4, 17,65g dianhydrit cta axit 3,3’-4,4’-biphenyl tetracarboxylic va 10ml
NMP d4 loai nuée duge bd sung vao do, va hdn hop thu duge duge khqu o 80°C.
Sau d6 viéc khudy duoc dimg lai, va hdn hop duge dé nguodi dé didu ché dung
dich axit polyamic mau niu. Dung dich axit polyamic nay duoc phu cho la dong
day 12pm (BHY-82F-HA-V2, dugc san xuét boi JX Nippon Mining & Metals
Corporation) bang thiét bi phti (SA-201, dugc san xuét boi Teste Sangyo Co.,
Ltd.), va siy & 80°C trong 15 phtt va sau d6 & 120°C trong 25 pht bang mdy siy

c6 quat thoi. San pham d3 sy duoc gia nhiét thém & 390°C trong 185 phut trong
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16 gia nhiét chan khéng dé bang cach d6 duoc imit héa. Theo cach nay, sin phdm
nhiéu 16p dugc pht dong 1 bao gdm mang polyimit 2 va 14 dong 3 ndi tiép da thu
dugc. Sau dé, 14 dong 3 duoc hoa tan biang cach st dung dung dich FeCls, dé thu

duoc mang polyimit 2.
Vidusosanh 3

Trong dong nito, 10,27g APAB va 100ml NMP d3 loai nudc duge bd sung
vao binh tach ¢6 dung tich 300ml, va hdn hop duge khudy & 40°C trong 20 phit.
Sau d6, 13,24g dianhydrit cia axit 3,3’-4,4’-biphenyl tetracarboxylic va 18mi
NMP d4 loai nude duge bd sung vao do, va hon hop thu duoc duoc khuéy G 80°C.
Sau d6 viéc khudy duoc dimg lai, va hdn hop dugc dé ngudi dé didu ché dung
dich axit polyamic mau niu. Dung dich axit polyamic nay dugc phu cho 14 dong
day 12um (BHY-82F-HA-V2, dugc san xuat bsi JX Nippon Mining & Metals
Corporation) bang thiét bi pha (SA-201, duoc san xuét boi Teste Sangyo Co.,
Ltd.), va sdy & 80°C trong 15 phut va sau d6 & 120°C trong 25 phut bang may sy
c6 quat thdi. San pham di siy duoc gia nhiét thém & 390°C trong 185 phut trong
10 gia nhiét chan khong dé bang cach d6 dugc imit héa. Theo cach nay, san pham
nhiéu 16p duoc phi ddng 1 bao gdm mang polyimit 2 va 14 ddng 3 ndi tiép da thu
duogc.

Sau do, la déng 3 duoc hoa tan béng cach str dung dung dich FeCls, dé thu

duoc mang polyimit 2.

Vi du so sanh 4
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Lugng 0,50g ODA, 10,84g APAB, va 120ml NMP da loai nudc dugc bd
sung vao binh tach ¢6 dung tich 300ml, va hdn hop dugc khudy & 40°C trong 20
phut. Sau d6, 14,71g dianhydrit cia axit 3,3’-4,4’-biphenyl tetracarboxylic va
10ml NMP d loai nuéc duoce bd sung vao do, va hdn hop thu duoc duge khudy
& 80°C. Sau d6 viéc khudy duoc dimg lai, va hdn hop dugc dé ngudi dé diéu ché
dung dich axit polyamic mau nau. Dung dich axit polyamic nay dugc phu cho 14
dong day 12pm (BHY-82F-HA-V2, duoc san xudt boi JX Nippon Mining &
Metals Corporation) bing thiét bi pht (SA-201, dugc san xuét béi Teste Sangyo
Co., Ltd.), va sdy & 80°C trong 15 phut va sau dé & 120°C trong 25 phut bing may
sdy ¢ quat thoi. San pham di sy duogc gia nhiét thém & 390°C trong 185 phut
trong 10 gia nhiét chan khong dé bang cach d6 dugc imit héa. Theo cach nay, san
pham nhiéu 16p duogc pht dong 1 bao gdm mang polyimit 2 va 14 dong 3 nbi tiép
da thu duogc. Sau do, 1a déng 3 duoc hoa tan béng cach str dung dung dich FeCls,
dé thu duoc mang polyimit 2.
Vidul

Trong dong nito, 5,42g ODA, 4,11g APAB, va 100ml NMP da loai nuéc
duoc bd sung vao binh tach ¢6 dung tich 300ml, va hon hgp dugce khudy & 40°C
trong 20 phat. Sau d6é, 13,24g dianhydrit cua axit 3,3’-4,4’-biphenyl
tetracarboxylic va 14ml NMP d2 loai nuée duge bd sung vao do, va hdn hop thu
duge duoc khudy & 80°C. Sau d6 viéc khudy duge dimg lai, va hdn hop duge dé

ngudi dé didu ché dung dich axit polyamic mau nau. Dung dich axit polyamic nay
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duoc phii cho 14 ddng day 12pum (BHY-82F-HA-V2, dugc san xuét béi JX Nippon
Mining & Metals Corporation) bang thiét bj pht (SA-201, dugc san xuét béi Teste
Sangyo Co., Ltd.), va siy & 80°C trong 15 phiit va sau d6 & 120°C trong 25 phut
bing may siy c6 quat thoi. San phim dé siy duoc gia nhiét thém & 390°C trong
185 phut trong 10 gia nhiét chan khong dé bing cach d6 dugc imit héa. Theo cach
nay, san phim nhiéu 16p dugc phii dong 1 bao gdm mang polyimit 2 va 14 dong 3

ndi tiép da thu dugc. Sau do, 14 ddng 3 dugc hoa tan bang cach st dung dung dich

Vidu2

Trong dong nito, 14,27g PDA, 8,81g ODA, 10,04g APAB, va 470ml NMP
dugc bd sung vao binh tich c6 dung tich 1000ml, va hon hop duge khudy & 40°C
trong 20 phit dé didu ché dung dich diamin. Sau d6, 64,73g dianhydrit cua axit
3,3’-4,4’-biphenyl tetracarboxylic va 21ml NMP da loai nudc dugc bd sung thém
vao do, va hén hop thu duoc dugc khudy & 80°C. Sau d6 viéc khudy dugc dimg
lai, va hon hop duoc dé nguoi dé thu dugc dung dich axit polyamic mau nau.
Dung dich axit polyamic nay dugc phu cho 14 dong day 12pm (BHY-82F-HA-
V2, duoc san xuét bai JX Nippon Mining & Metals Corporation) bang thiét bi
phu (SA-201, duoc san xuét bdi Teste Sangyo Co., Ltd.), va sdy & 80°C trong 15
phut va sau d6 & 120°C trong 25 phut bing may sdy c6 quat thoi. San phim da
say duoc gia nhiét thém & 390°C trong 185 pht trong 16 gia nhiét chan khong dé

bang cach d6 duoc imit héa. Theo cach ndy, san pham nhiéu 16p dugc pha dong
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1 bao gdm mang polyimit 2 va 14 dong 3 néi tiép da thu dugc. Sau d6, 14 dong 3

duoc hoa tan bang cach sir dung dung dich FeCls, dé thu duoc mang polyimit 2.
Vidu3

Trong dong nito, 2,16g PDA, 2,00g ODA, 4,57g APAB, va 105ml NMP da
loai nude dugc bd sung vao binh tach cé dung tich 300ml, va hdn hop dugc khuéy
& 40°C trong 20 phut. Sau do, 14,71g dianhydrit cua axit 3,3’-4,4’-biphenyl
tetracarboxylic va 13ml NMP d3 loai nuéc duoc bd sung vao d6, va hdn hop thu
duoc duge khudy ¢ 80°C. Sau d6 viéc khudy duoc dimg lai, va hdn hop duoc dé
ngudi dé didu ché dung dich axit polyamic mau nau. Dung dich axit polyamic nay
duogc phu cho 14 déng day 12um (BHY-82F-HA-V2, duoc san xuét bai JX Nippon
Mining & Metals Corporation) bang thiét bj phii (SA-201, dugc san xuét béi Teste
Sangyo Co., Ltd.), va sdy & 80°C trong 15 phut va sau d6 & 120°C trong 25 phtt
bing may siy c6 quat thdi. San phim di siy dugc gia nhiét thém & 390°C trong
185 phut trong 10 gia nhiét chan khong dé bang cach d6 dugc imit héa. Theo cach
ndy, san phdm nhiéu 16p dugc phu dong 1 bao gdbm mang polyimit 2 va 14 dong 3
nbi tiép da thu duoc. Sau do, 14 dong 3 dugc hoa tan bang cach st dung dung dich

FeCls, dé thu duoc mang polyimit 2.
Vidu4

Trong dong nito, 0,97g PDA, 3,60g ODA, 4,11g APAB, va 100ml NMP da
loai nudce dugce bd sung vao binh tach c6 dung tich 300ml, va hdn hop duoc khqu

& 40°C trong 20 phat. Sau d6, 13,24g dianhydrit cua axit 3,3’-4,4’-biphenyl
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tetracarboxylic va 10ml NMP d3 loai nu6e dugc bd sung vao dé, va hdn hop thu
duoc duoc khqu o 80°C. Sau do viéc khqu duoc dung lai, va hdn hop duge dé
ngudi dé diéu ché dung dich axit polyamic mau nau. Dung dich axit polyamic nay
duoc phu cho 14 ddng day 12pm (BHY-82F-HA-V2, duoc san xuét bai JX Nippon
Mining & Metals Corporation) bang thiét bi phti (SA-201, dwoc san xuit boi Teste
Sangyo Co., Ltd.), va siy & 80°C trong 15 phut va sau d6 & 120°C trong 25 pht
bang may sdy c6 quat thdi. San phdm da sdy dugc gia nhiét thém & 390°C trong
185 phut trong 10 gia nhiét chan khong dé bang cach dé dugc imit héa. Theo cach
ndy, san phdm nhiéu 16p duoc phu dong 1 bao gdm mang polyimit 2 va 14 dong 3
ndi tiép da thu duge. Sau do, 14 dong 3 dugc hoa tan bang cach str dung dung dich

FeCls, dé thu duoc mang polyimit 2.
Vidu5

Trong dong nito, 1,08g PDA, 6,01g ODA, 2,28g APAB, va 100ml NMP da
loai nuge duge bd sung vao binh tach cé dung tich 300ml, va hon hop duge khudy
& 40°C trong 20 phat. Sau d6, 14,71g dianhydrit cua axit 3,3°-4,4’-biphenyl
tetracarboxylic va 21ml NMP di loai nuéc dugc bo sung vao d6, va hdn hgp thu
duogc duoc khuéy o 80°C. Sau do viéc khqu dugc dung lai, va hdn hop duge dé
ngudi dé didu ché dung dich axit polyamic mau nau. Dung dich axit polyamic nay
dugc phii cho 14 déng day 12pm (BHY-82F-HA-V2, duge san xuét boi JX Nippon
Mining & Metals Corporation) bang thiét bi phu (SA-201, duoc san xuat boi Teste

Sangyo Co., Ltd.), va sy & 80°C trong 15 phit va sau d6 & 120°C trong 25 phut
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bing may sdy c6 quat thdi. San phdm da sdy duoc gia nhiét thém & 390°C trong
185 phut trong 16 gia nhiét chan khong dé bang cach d6 dugc imit héa. Theo cach
nay, san pham nhiéu 16p duge phil ddng 1 bao gdm mang polyimit 2 va 14 dong 3
ndi tiép da thu duge. Sau do, 14 ddng 3 duogc hoa tan bang cach str dung dung dich

FeCls, dé thu duge mang polyimit 2.
Vidu6

Trong dong nito, 2,70g PDA, 3,00g ODA, 2,28g APAB, va 100ml NMP da
loai nuéc dugce bd sung vao binh tach ¢é dung tich 300mi, va hdn hop dugc khudy
& 40°C trong 20 phut. Sau d6, 14,71g dianhydrit cia axit 3,3°-4,4’-biphenyl
tetracarboxylic va 15ml NMP da loai nudc dugce bd sung vao do6, va hdn hop thu
duoc duoc khqu o 80°C. Sau do viéc khuéy duoc dung lai, va hdn hop duge dé
ngudi dé diéu ché dung dich axit polyamic mau nau. Dung dich axit polyamic nay
duoc phu cho 14 déng day 12pum (BHY-82F-HA-V2, dugc san xuét bai JX Nippon
Mining & Metals Corporation) bang thiét bi phi1 (SA-201, dugc san xuét boi Teste
Sangyo Co., Ltd.), va siy & 80°C trong 15 phiit va sau d6 & 120°C trong 25 phut
bing may siy c6 quat thdi. San phim di sdy dugc gia nhiét thém & 390°C trong
185 phut trong 10 gia nhiét chan khoéng dé bang cach d6 dugc imit héa. Theo céch
nay, san pham nhiéu 16p duge pht dong 1 bao gbém mang polyimit 2 va 14 dong 3
nbi tiép da thu duoc. Sau d6, 14 dong 3 dugc hoa tan bang cach sir dung dung dich

FeCls, dé thu dugc mang polyimit 2.
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Ty 1€ mol cta cac thanh phan diamin trong cac vi du va cac vi du so sanh

duoc thiét 14p va dugc mo ta trong bang 1.
Danh gid mang polyimit

Cac mang polyimit 2 cda cac vi du va cac vi du so sanh dugc danh gia theo

cac muc sau ddy. Cac két qua duge mé ta trong bang 1.
Tang ton that dién méi cia mang polyimit sau khi ngdm trong nudc (tand)

Mang polyimit 2 dugc ngdm trong nudc tinh khiét & 25°C trong 24 gid. Sau
d6, mang polyimit 2 duoc 1iy ra khoi nudc tinh khiét, cic giot nho nudc trén bé
mat ctia mang polyimit 2 dugc lau di, va tang ton that dién mdi (tand) clia mang
polyimit 2 dugc do ngay bang may céng huéng dién moi SPDR (dugc san Xuét

bdi Agilent Technologies Japan, Ltd.).
Hé sb gifin nd nhiét (CTE) clia mang polyimit

Mang polyimit 2 dugc cét thanh kich thude chidu rong 4mm va chiéu dai
40mm dé tao thanh mAu. Mau nay dugc dit trong may phan tich co nhiét
(TMAQA400, dugc san xuit boi TA Instruments), va duoc gia nhiét tir 0°C dén
200°C & tde do gia nhiét 2 °C/phut dudi tai 0,01N. Sau do, mau dugc lam ngudi
tir 200°C dén 0°C & tde d6 lam ngudi 20°C/phut. Sau do, mau duoc gia nhiét lai
tir 0°C dén 200°C & téc do gia nhiét 2°C/phit, va hé sb gidn nd nhiét trung binh

ctia mau & 100°C dén 200°C dugc xéc dinh 13 hé sb gidn nd nhiét.

Nhiét d6 chuyén héa thiy tinh (Tg) cia mang polyimit
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Mang polyimit 2 dugc cit thanh kich thudc chiéu rong 5mm va chiéu dai
40mm dé tao thanh mau. Mau nay dugc dat trong thiét bi do d6 nhét dan hoi dong
(RSA-2G, dugc san xuét bdi TA Instruments). Mau dugc gia nhiét tir 0°C dén
450°C trong khi bién dang dugc tao ra cho mau & tin s 1 Hz trong dong nito, mé
dun dan hbi tich trit khi kéo E” va md dun dan héi ton hao khi kéo E” ctia mau
duoc do dé thu dugc tang tdn thét (tand = E”/E’). Chép dinh cia tang ton thét
duge xac dinh 1 nhiét d6 chuyén héa thuy tinh (Tg) cia mang polyimit 2.

TYA A a2 A/ N\ Atha A g Al 1
Hé s0 gian né am (CHE) ctia mang polyimit

Mang polyimit 2 duoc cit thanh kich thudc chidu rong 4mm va chiéu dai
20mm dé tao thanh miu. Mau nay duoc gin v6i mam cip cia TMA kiéu kiém
soat do &m (HC-TMA400SA, dugc san xuit boi Bruker AXS). Trong ché do kéo
trong diéu kién nhiét dd khong ddi 25°C dudi tai 2g, mau duoc tao Am & d0 Am tir
RH 4%dén RH 85% & téc d6 RH 4%/phut. Khi d6 4m dat t&i RH 85% va sau do
mau dugc kéo dai & 1 pm/gid, diém kéo dai 16n nhit dugc thiét 1ap, va hé sb gian

nd 4m (CHE) ctia mang polyimit 2 dugc x4c dinh.
Panh gi4 san phdm nhiéu 16p dugc phu dong

San phim nhiéu 16p duoc pht dong 1 trong qua trinh, tic 13, san pham
nhiéu 16p duoc phu dong 1 trude khi 14 dong 3 dugc loai bd, ctia mdi vi du va vi
du so sanh duoc dénh gia theo cac muc sau ddy. Cac két qua nay dugc mo ta trong
bang 1.

Su cong vénh ctia san phim nhiéu 16p dugc phi dong sau khi tao am
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San pham nhiéu 16p duge pha dong 1 duge cit thanh kich thude chiéu rong
4mm va chiéu dai 50mm dé tao thanh mAu. Theo cach riéng r€, nude c6 nhiét do
80°C dugc cho vao bd phén chira ¢6 dung tich 2000ml, va gid dng thir nghiém B
bang thép khong gi (96mm x 188mm *x85mm: dugc san xuat boi Sanwa Kaken
Kogyo KK) trong dé mét trén va mat dudi céd mét ludi duge dit trong bd phan
chtra. Mt trén cua gia éng thtr nghiém dugc dat ¢ vi tri cdch mét nudce trong bd
phan chira 7cm theo chiéu théng ding. Sau do, mau duoc dit trén mit trén cla
gia éng thir nghiém & khoang cach lcm. Sau do, bd phéan chira dugc bit kin. B
phan chira d3 bit kin dugc dé yén & nhiét d6 méi truong bang 25°C trong 72 gio.
Trong thoi gian dé yén, mang polyimit 2 ctia mau dugc tao am theo sy bay hoi

cua nudc.

Sau do, mdt dau theo chiéu doc cia mau dugc ¢6 dinh voi mot mat cua tam
phang, va khoang cach tir mdt mat nay dén dau con lai theo chiéu doc ciia né dugc

do.
Su cong vénh dugc danh gid theo céc ti€u chi sau day.
Tét: Khoang céch gitta dau con lai va tAm phang 1a nho hon 15mm.
Kém: Khoang cach gifta diu con lai va tm phéng 1a bang hozc 16n hon 15mm.
Su cong vénh ctia san pham nhiéu 16p dugc phu ddng sau khi gia nhiét

San phim nhiéu 16p duoc phi ddng 1 dwoc cét thanh kich thudce chiéu rong
4mm va chiéu dai 50mm dé tao thanh mau. Mau nay duoc gia nhiét trong 10 &
200°C trong 15 gid, va sau do dugc dé nguodi. Mot dau theo chiéu doc ctia mau
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dugce ¢o dinh véi mét mat cua tam phang, va khoang cach tir mot mat nay dén dau

con lai theo chiéu doc ctia né duoc do.

Su cong vénh dugc danh gia theo cac tiéu chi sau day. Cac két qua dugc

mo ta trong bang 1.
Tét: khoang cach gitra ddu con lai va tAm phang 14 nhé hon 13mm.

Kém: khoang cach gifta ddu con lai va tAm phéng 14 bang hozc 16n hon 13mm.
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Mic dit cac phuong 4n minh hoa ciia sang ché dugc dua ra trong phan mb
ta & trén, phuong an nay chi nham muc dich minh hoa va khéng dugc hiéu theo
cach gi6i han. Cai bién va thay ddi theo sang ché ma s& 14 rd rang dbi véi nguoi
¢6 hiéu biét trong linh vuc nay duoc bao gdm boi yéu cAu bao ho sau day.

Kha nang ap dung trong cong nghiép
Mang polyimit duoc sir dung trong san pham nhiéu 16p dugc phu kim loai.

M6 ta cac so chi dan

1 san pham nhiéu 16p dugc phu kim loai

2 mang polyimit

3 lakim loai (14 dong)
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YEU CAU BAO HQ

1. Mang polyimit 13 san phdm phan tmg cua thanh phan diamin va thanh phan
dianhydrit clia axit, trong d6 thanh phan diamin chta p-phenylendiamin, 4,4’-

oxydianilin, va 4-aminophenyl-4-aminobenzoat, va
mang polyimit nay cé tang t6n that dién méi nhé hon 0,010 sau khi dugc
ngam trong nudc & 25°C trong 24 gio.

2. Mang polyimit theo diém 1, trong dé mang nay c6 hé sé gidn nd am & 25°C

bang hodc nho hon 14,0 ppm/RH%.
3. Mang polyimit theo diém 1, trong d6 mang nay
6 hé sb gifin né nhiét bing hodc nhé hon 40,0 ppm/K, va

6 nhiét do chuyén héa thuy tinh trong khoang bang hoic 16n hon 250°C

va bang hozc nhé hon 350°C.
4. Mang polyimit theo diém 2, trong dé mang nay
c6 hé sb gidn nd nhiét bf?mg hodc nhé hon 40,0 ppm/K, va

6 nhiét d6 chuyén héa thuy tinh trong khoang bang hozc 16n hon 250°C

va bang hodc nho6 hon 350°C.
5. San phim nhiéu 16p duoc phu kim loai bao gom:
mang polyimit theo diém 1; va

14 kim loai duogc bd tri trén mot mit theo huéng dd diy ctia mang polyimit

nay.
6. San pham nhiéu 16p duoc phi kim loai bao gom:
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mang polyimit theo diém 2; va

14 kim loai dugc bd tri trén mot mit theo hudng d6 day cua mang polyimit
nay.
7. San pham nhiéu 16p duge phi kim loai bao gdm:

mang polyimit theo diém 3; va

14 kim loai duoc bd tri trén mot mit theo hudng d6 day ciia mang polyimit
nay.
8. San phim nhiéu 16p duge phu kim loai bao gdm:

mang polyimit theo diém 4; va

14 kim loai duoc b6 tri trén mét mit theo hudng d6 day cia mang polyimit

nay.
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