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Linh vuc ky thuat dwoe dé cap

Sang ché dé cap dén hop phan nhya, mang hop phan nhya, mang déng ran
(mang luu hoa), cAu truc rong st dung ching, va thiét bi ban dan. Cu thé hon, sang
ché dé cap dén hop phﬁn nhua thich hop dé str dung cho mang bao vé bé mit hodc
mang phan céch lién 16p trong cac bd phén ban dan hodc cac thiét bi cam tGng, ciu
tric cta hé théng vi co dién ti (microelectromechanical systems: MEMS), va dang
tuong tu.

Tinh trang k¥ thuit cia sang ché

Thong thuong, vat liu trén co s¢ polyimit va vat liéu trén co so
polybenzoxazol vugt troi vé chiu nhiét, cach dién, va ddc tinh co hoc da dugc su
dung rdng rdi cho mang bao vé bé mit va mang phan cach lién 16p trong cac bd
phén ban dan. Gan day, do yéu cAu vé mat d6 cao hon va hiéu nang cao hon ctia céac
bd phan ban dn, cac vat liéu co tinh nhay sang da dugc yéu cu ddi v6i mang bao
vé bé mit va mang phén cach lién 16p trén quan diém hiéu qua san Xudt.

Mait khéc, vat liéu nhay sang can duge xt Iy & ty 1€ khudn dang cao d6i voi
cac chu trac dong goi trong cac b phan ban dan va MEMS trong nhitng ndm gan
day. Pé dap ung yéu cAu nhu vdy, vét liéu nhay sang dwa trén quang trung hop
cation kidu khuéch dai hoa hoc duogc boc 16 (Vi du, Tai li¢u sang ché 1). Ngoai ra,
vat liéu dya trén quang trung hop cation dy tinh dé cai thién dic tinh co hoc va dic
tinh nhiét bang cach bao gbm nhua epoxy ¢o chu tric dic biét trong hé théng quang
tring hop cation kiéu khuéch dai héa hoc duge boe 16 (Vi du, Tai liéu sang ché 2).
Tai liéu vién dan

Tai liéu sang ché
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Tai liéu sang ché 1: WO 2008/007764 A

Tai liéu sang ché 2: JP 2019-38964 A
Ban chét k§ thuit clia sang ché
Van d& can giai quyét

Tuy nhién, trong vat liéu dva trén quang trung hop cation nhu dugec mo ta
trén day, kho dat duge mot cach twong xung ca dic tinh co hoc va ddc tinh nhiét.
Cu th&, khi mat do lién két ngang duoc cai thién dé cai thién nhiét do chuyén pha
thity tinh ctia mang dong ran lam chi sd cua dic tinh nhiét, 40 bén kéo va d6 gidn
dai ctia mang dong r4n 1am chi sd cta dic tinh co hoc 12 kém. Mit khdc, khi thanh
phin mém déo dwgc dua vao dé cai thién do ben kéo va do gian dai, nhigt do
chuyén pha thity tinh ctia mang dong ran giam.

Trude cac trudong hop nhu vay, nho cac nghién ciu séu, cac tac gid sang
ché d3 phét hién ra rang vt liéu dya trén quang tring hop cation st dung it nhat
mot hop chéat polyme duge chon tir nhém bao gdm polyamit, polyimit, polyamitimit,
va polybenzoxazol c6 kha ndng xur ly mau, va 1a vuot troi vé nhiét do chuyén pha
thuy tinh ciia mang dong rin va d6 bén kéo va do gifn dai cua mang dong ran.

Giai quyét van e

Sang ché giai quyét cac van dé néu trén nhu sau.

Hop phan nhua bao gdm (A) hop chét polyme va (B) hop chét c6 kha ning
trung hop cation, trong d6

(A) hop chat polyme 1a it nhit mot hop chit duge chon tir nhém bao gdm
polyamit, polyimit, polyamitimit, va polybenzoxazol, va

hop phan nhya con bao gbm (C) chét khoi mao trung hop cation.

Hiéu qua dat dugc cua sang ché

Sang ché dé xuit hop phan nhya c6 kha nang xt ly mAu va vuot trdi vé

nhiét do chuyén pha thiy tinh ciia mang dong rin va do bén kéo va do gian dai cta

mang dong rén trong diéu kién dong rin nhiét do thip, mang hop phan nhya, mang
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dong rén, cAu tric rong st dung chung, va thiét bi ban dan.
M6 ta chi tiét sang ché

Hop phan nhya theo séng ché bao gébm (A) hop chét polyme va (B) hop
chét ¢6 kha ning trung hop cation, trong d6 (A) hop chét polyme la it nhét mdt hop

chit dugc chon tr nhém bao gdbm polyamit, polyimit, polyamitimit, va

polybenzoxazol, va hop phan nhya con bao gbm (C) chit khoi mao trung hop cation.

Nhu dugc md ta sau, (A) hop chét polyme 1a it nhit mot hop chit duoc
chon tir nhom bao gbm polyamit, polyimit, polyamitimit, va polybenzoxazol. Luu y
rang moi tién chét polyimit va tidén chét polybenzoxazol tuong ung véi polyamit
duoc mo ta trén day.

Khi hop phan nhua theo sang ché bao gdm (A) hop chét polyme, hop phan
nhua la vuot trdi vé kha nang tao mang khi dinh hinh thanh dang mang, va la vuot
troi vé& do bén kéo va do gidn dai cla mang dong ran. Trong lugng phén tir trung
binh khdi ctia (A) hop chat polyme 1a khong duge gisi han cu thé, nhung trong
lwong phan ti trung binh khéi ctia né t6t hon 1 1.000 hoge 16n hon va 200.000 hodc
nhé hon. Ngoai ra, (A) hop chét polyme c6 thé duoc st dung mot minh hodc hai
hogc nhiéu hon hgp chét nay c6 thé dugc sir dung & dang két hop. Luu y rang trong
luong phén tir trung binh khéi cta (A) hop chét polyme theo sang ché dugc do bang
sdc ky thdm qua gel (phuong phép GPC) va dugc tinh theo polystyren.

Ngoai ra, hop phan nhya theo sang ché tt hon 1a chira (A) hop chét polyme
¢ gbe axit carboxylic & dau tan cung mach phén tir. Cu thé hon, hop phan nhua
theo sang ché chira (A) hop chét polyme, va dau tan cing mach phan tir cta (A) hop
chét polyme t6t hon 1 ¢6 cdu tric tao ra tir gbc axit carboxylic. Mién 1a hop phan
nhua theo sang ché chira (A) hop chét polyme c6 ciu trac trong do dau tan cung
mach phéan t&r dugc tao ra tu gbc axit carboxylic, hop phan nhya cling ¢6 thé chua
hop chét polyme ¢6 cAu trac trong d6 dau tan cung mach phén tir 1a khong tao ra tu

gbc axit carboxylic. Luu y rang, khi hop phan nhya theo sing ché chua hop chét
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polyme trong do dau tan cung mach phén tir khong ¢ chu truc tao ra tir gbe axit
carboxylic, ham luong cta nd tot hon 12 cang nho cang tét. Cu thé, ham luong cia
hop chét polyme trong do d4u tan cung mach phén tir khong co6 cAu tric tao ra tir
gbc axit carboxylic t6t hon 1a 0 phan khdi lugng hodc 16n hon va 10 phan khéi
lugng hoac nhé hon, t6t hon nira 12 0 phan khéi luong hodc 16n hon va 5 phan khéi
lugng hogc nhé hon, va ddc biét tot hon 1a 0 phan khéi lugng hodc 16n hon va 2

phan khdi luong hodc nho hon, dya trén tong 100 phan khédi luong ctia (A) hop chét

polyme trong do6 d4u tan cung mach phén tir c6 c4u triic tao ra tir gde axit carboxylic.

Ngoai ra, hop phin nhya theo sang ché t6t hon 1a chira (A) hop chét polyme
6 chu truc trong do dau tan cung mach phén tir duoc tao ra tu géc axit carboxylic,
va mién 1a hop phan nhya chira (A) hop chét polyme c6 chu tric trong d6 dau tan
cung mach phan tir duoc tao ra tu gbc axit carboxylic, ham lugng cua nd la khong
duoc gidi han cu thé, nhung trong 100% khéi luong ctia hop phan nhya, t6t hon 1a
chira 20% khdi lugng hodc 16n hon va 95% khéi lugng hoge nhé hon ctia (A) hop
chét polyme ¢6 céu tric trong d6 dau tan cing mach phan tir dugc tao ra tir gdc axit
carboxylic, tot hon nita 1a 30% khéi luong hodc 16n hon va 85% khéi lwong hodc
nhé hon cta n6, va dic biét tdt hon 1 30% khdi luong hodc 16n hon va 70% khoi
luong hodc nhé hon ciia n6. Khi hop phén nhua chira 20% khdi lwgng hodc 16n hon
cua (A) hop chét polyme c6 cAu tric trong do6 d4u tan cung mach phén tir dugc tao
ra tu géc axit carboxylic, d0 bén mang cua mang dong rén dugc cai thién. Mat khac,
khi ham lugng cua (A) hop chét polyme c6 chu tric trong d6 dau tan cung mach
phan tir dugc tao ra tu gbc axit carboxylic 1a 95% khdi luong hodc nho hon trong
hop phan nhya, phan ung trung hop cation dé dang thuc hién, va tinh chiu hoa chat
cia mang dong rén duoc cai thién. Ngoai ra, ham luong cta (A) hop chét polyme ¢6
cAu trac trong d6 dAu tan cung mach phén tr dugc tao ra t gbc axit carboxylic tot
hon nita 1a 70% khdi lwvong hodc nho hon trong hop phan nhuya.

(A) Hop chét polyme t6t hon 1a c6 céu tric trong do d4u tan cung mach
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phén to dugc tao ra tu gbc axit carboxylic. Khi dau tdn cung mach phén tir ctia (A)
hop chét polyme c6 cAu tric tao ra tir gbc axit carboxylic, d4u tan ciing mach phan
tit ¢6 thé ¢ clu trac phan tr ma khong c6 chu triic ddu amin ma c6 thé déng vai tro
nhém chtrc Grc ché dbi véi trang hop cation. Két qua 13, tt hon 1a trén quan diém
rang kha ning trung hop cation twong xung co thé dat dugc ngay ca khi polyamit,
polyimit, hodc polyamitimit dugc sir dung.

O day, cAu tric tao ra tir gbc axit carboxylic & d4u tan cung mach phén tr
ctia (A) hop chit polyme 1a nhom hiru co tao ra tir gbc axit carboxylic ma c6 thé cdu
thanh polyamit, polyimit, hodc polyamitimit, va chi cdu tric tao ra tir axit
monocérboxylic, axit dicarboxylic, hop chét clorua monoaxit, hop chét clorua diaxit,
va axit tetracarboxylic, hodc anhydrit axit va dianhydrit axit cua nd, hodc dang
tuong tu. Trong sé céc cAu triic néu trén, ciu tric trong do dau tan cung mach phén
tir cia (A) hop chét polyme dugc tao ra tir gbc axit carboxylic ddc bigt t6t hon 1a
cAu trtc tao ra ti dianhydrit tetracarboxylic. Céu trac trong do6 d4u tan cung mach
phan tir dugce tao ra tlr dianhydrit tetracarboxylic t6t hon 13 trén quan diém cai thién
do dn dinh bao quan cta hop phén nhua trudce khi dong rin béng nhiét. Mit khac,
tdt hon 1a trén quan diém ring, vé mang dong rdn, nhom anhydrit cta axit
carboxylic ¢ dau tan cung déng vai trd nhom chirc dé phan tmg, va tinh chiu nhiét
va tinh chiu hoa chat duoc cai thién sau khi dong rén béng nhiét.

Hon thé nita, (A) hop chét polyme t6t hon 12 tan trong chit kiém. Tan trong
chat kiém 13 wu tién, do su phat trién ¢6 thé duoc thuc hién véi dung dich nude
kiém ma khong st dung dung mdi hitu co ma gay ra ganh nang vé moi trudong trong
su phat trién khi xt Iy mau. Thuét ngit "tan trong chit kiém" nhu dugc st dung &
day (trong ban md ta nay) chi chét ma hoa tan véi luong 0,1 g hodc 16n hon & 25°C
so v6i 100 g dung dich nude tetrametylamoni hydroxit 2,3 8% khéi lugng. Dé c6 do
tan trong chat kidm, (A) hop chit polyme cin ¢6 nhom chire tan trong chét kiém.

Nhom chirc tan trong chét kiém 12 nhém chte ¢6 tinh axit, va vi du cu thé vé chung
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bao gdm nhém hydroxyl cta phenol, nhém carboxyl, va nhom axit sulfonic. Trong
sb cac nhom chite tan trong chit kiém dwgc mo ta trén ddy, nhom chitc tan trong
chét kiém t6t hon 12 nhém hydroxyl cua phenol do céc vAn d& nhu d6 on dinh bao
quan cua hop phan nhya nhay sang va sy dn mon day dong lam chét dan dién. Tirc
1a, (A) hop chét polyme t5t hon 1a hop chét ¢c6 nhém hydroxyl phenol trong mach
phén tu.

Vi du vé ciu tric (nhém hitu co) trong do6 dau tan cung mach phan tt cta
(A) hop chét polyme duoc tao ra tir gbc axit carboxylic bao gdm axit dicarboxylic
thom, dianhydrit cta axit thom, axit dicarboxylic vong béo, dianhydrit clia axit
vong béo, axit dicarboxylic béo, va dianhydrit cia axit béo, nhung khong gi6i han ¢
d6. Ngoai ra, chung dugc st dung mot minh hodc ¢ dang két hop ctia hai hodc
nhiéu hon cua ching.

Trong céc cdu triic néu trén, nhom hitu co tao ra tlr gbc axit carboxylic vong
béo dugc uu tién trén quan diém rang nhua trong sudt c6 thé dugc thiét ké cho bude
séng dugc sir dung khi tao mAu hinh va két qua 13, kha nang xtr Iy mau tét ¢6 thé dat
dugc véi mang mong.

Theo sang ché, (A) hop chat polyme tdt hon 1a polyamit, polyimit, hodc
polyamitimit, va tdt hon 1a hop cht c6 it nhit mot hodc 16n hon chu trac dugce chon
tr cAu trac c6 cong thirc chung (1) va (2).

[Cong thitc hoa hoc 1]
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(Trong cdng thirc chung (1) va (2), X! va X2 doc 1ap 1a nhoém hitu co hiru co
hoa tri hai dén hoa tri mudi, Y' va Y2 doc 1ap 1a nhom hitu co hoa tri hai dén hoa tri
bén, va R 1a nguyén t& hydro hodc nhom hiru co ¢o 1 dén 20 nguyén ti cacbon. q 1a
s6 nguyén tr 0 dén 2, var,s,t, vaudoclap la s6 nguyén t 0 dén 4).

Y! va Y2 trong cong thirc chung (1) va (2) 12 nhém hitu co hoa tri hai dén
héa tri bdn, va 1 nhém hiru co tao ra tir diamin.

Y! va Y2 trong cong thirc chung (1) va (2) cua (A) hop chit polyme tot hon
la bao gdm gbc diamin ¢6 nhom hydroxyl phenol. Khi gbc diamin c¢6 nhom
hydroxyl phenol la dugc bao gbm, do tan vira phai cua nhya trong chit phat trién
kidm c6 thé thu dugc, do do6 twong phan cao gitra phan tiép xuc (boc 10) va phan
khong tiép xtic (khong boc 10) co thé thu duoc, va mau mong mudn c6 thé duge tao
ra.

Vi du cu thé vé diamin c6 nhom hydroxyl phenol bao gbdm diamin thom
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, 2,2’-ditriflometyl-5 ,5°-dihydroxyl-4,4’-diaminobiphenyl, bis(3-

amino-4-hydroxyphenyl)fluoren, va 2.2’ -bis(triflometyl)-5,5’-dihydroxybenzidin,
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hop chét thu dugc bang céach thay thé mot sb nguyén tir hydro cua cac vong thom
nay va hydrocacbon véi nhom alkyl hodc nhom floalkyl ¢6 1 dén 10 nguyén tt
cacbon, nguyén ti halogen, hodc dang tuong tu, va diamin cé chu trac duoc thé
hién dué6i day, nhung khong gi6i han & d6. Diamin khac duoc copolyme hoa ¢ thé
duoc st dung nguyén trang, hodc dudi dang hop chét diisoxyanat hodc trimetylsilyl
diamin twong tmg. Ngoai ra, hai hodc nhiéu hon thanh phan diamin nay c6 thé dugc
st dung & dang két hop.

[Cong thitc hoa hoc 2]

[Cong thuc hoa hoc 3]
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Y! va Y2 trong cdng thirc chung (1) va (2) ¢6 thé chtra gbc diamin c6 day
thom khong phai ddy thom néu trén. Bang cach copolyme hoa ddy thom nay, tinh
chiu nhiét co thé duoc cai thién. Vi du cu thé vé géc diamin c¢6 diy thom bao gﬁ”)m
diamin thom nhu 3,4'-diaminodiphenyl ete, 4 4'-diaminodiphenyl ete, 3,4'-
diaminodiphenyl metan, 4.4'-diaminodiphenyl metan, 3,4'-diaminodipheny! sulfon,
4,4'-diaminodiphenyl sulfon, 3,4'-diaminodiphenyl sulfua, 4,4'-diaminodiphenyl

sulfua, 1,4-bis(4-aminophenoxy)benzen, benzin, m-phenylendiamin,  p-

phenylendiamin, 1,5-naphtalendiamin, 2,6-naphtalendiamin, bis(4-
aminophenoxyphenyl)sulfon, bis(3-aminophenoxyphenyl)sulfon, bis(4-
aminophenoxy )biphenyl, bis{4-(4-aminophenoxy)phenyl}ete, 1,4-bis(4-

aminophenoxy )benzen, 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-
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4 4’-diaminobiphenyl, va 2,2’-bis(triflometyl)-4,4’-diaminobiphenyl, va hop chét
thu dugc bing cich thay thé mot sd nguyén tir hydro cta cic vong thom nay va
hydrocacbon v6i nhom alkyl hodc nhom floalkyl c6 1 dén 10 nguyén t cacbon,
nguyén tr halogen, hodc dang tuong tu, nhung khong gigi han ¢ d6. Diamin khac
duoc copolyme hoa co thé duoc st dung nguyén trang, hodc dudi dang hop chét
diisoxyanat hodc trimetylsilyl diamin tuong ung. Ngoai ra, hai hodc nhiéu hon
thanh phan diamin nay c6 thé duogc sir dung & dang két hop.

Trong cong thitc chung (1) va cong thie chung (2) theo sang ché, X! va X2
la cac géc axit carboxylic, va nhom hitu co hoa tri hai dén hoa tri muoi.

Gbc axit carboxylic t6t hon 1a c6 cAu tric tao ra tur dianhydrit
tetracarboxylic vong béo. Turc 1a, (A) hop chét polyme la it nhit mot hop chét duoc
chon tir nhém bao gdm polyamit, polyimit, va polyamitimit, va t&t hon 1a con ¢o6
chu trac tao ra tir dianhydrit tetracarboxylic vong béo. Khi gdc axit carboxylic ¢o
chu tric tao ra tir dianhydrit tetracarboxylic vong béo, do truyén séng cta hop phan
nhua d6i véi bude song tiép xtic 14 gia ting, va xir ly v6i mang day 20 um hodc 16n
hon 14 thuén loi. Hon thé nita, mdc du ly do nay la khong 1o rang, tot hon 1a trén
quan diém rang, khi (A) hop chit polyme co ciu truc tao ra tir dianhydrit
tetracarboxylic vong béo, kha nang phan mg cua trang hop cation 1a cao hon va
tinh chiu hoa chit ctia mang dong rén duoc cai thién, so vdi dianhydrit cta axit
thom.

Hon thé nita, trong sd dianhydrit tetracarboxylic vong béos, dianhydrit
tetracarboxylic vong béo co chu tric da vong tot hon 12 trén quan diém cai thién tinh
chiu hoa chat va cai thién tinh khang di cu ion khi dugc dinh hinh thanh san phém
dong ran.

Ngoai ra, (A) hop chét polyme theo sang ché tt hon 12 ¢ cu truc tao ra tir
hop chit duge thé hién bang it nhat mot trong s6 cac cong thirc chung (3) va (4) sau.

[Cong thitc hoa hoc 4]
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(4)

(Trong cong thie, R!, R?, va R? doc lap 1a nguyén ttr hydro hodc nhom
metyl.)

Khi (A) hop chét polyme ¢6 chu tric tao ra tir hop chit c6 cong thic chung
(3) hodc (4), bd khung nhya c6 tinh mém déo, do d6 t6t hon 1a trén quan diém co do
tan cao trong dung mdi hitu co, kho gay két tua nhua trong hop phan, va c6 do 6n
dinh bao quan vuot trdi, lam hop phan nhya trude khi dong ran.

Ngoai ra, vi du cu thé v& nhom hitu co tao ra tir dianhydrit tetracarboxylic
vong béo ¢o cAu tric da vong bao gom dianhydrit 4-(2,5-dioxotetrahydrofuran-3-
yl)-1,2,3,4-tetrahydr0naphtalen—1,2-dicarboxylic, dianhydrit 4-(2,5-
dioxotetrahydrofuran-3-yl)-4-metyl-1,2,3 /4-tetrahydronaphtalen-1,2-dicarboxylic,
dianhydrit  4-(2,5-dioxotetrahydrofuran-3 -yl)-7-metyl-1,2,3 ,4-tetrahydronaphtalen-
1,2-dicarboxylic, va dianhydrit norbornan-2-spiro-2’-xyclopentanon-5’-spiro-2”’-
norbornan-5,5*,6,6”-tetracarboxylic, dianhydrit norbornan-2-spiro-2’-
xyclohexanon-6’-spiro-2’ *_norbornan-5,5"",6,6”-tetracarboxylic.

Hon thé nita, gdc axit carboxylic c6 thé bao gdbm dianhydrit axit khong phai

dianhydrit tetracarboxylic vong béo ¢6 cAu tric da vong. Vi du cu thé vé chiing bao
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gdm céc dianhydrit tetracarboxylic thom nhu dianhydrit pyromellitic, dianhydrit
3,3’,4,4°-biphenyltetracarboxylic, dianhydrit  2,3,3°,4° -biphenyltetracarboxylic,
dianhydrit 2.,2’.3,3’-biphenyltetracarboxylic, dianhydrit 3,3°,4,4°-
benzophenontetracarboxylic, dianhydrit  2,2°,3,3 -benzophenontetracarboxylic,
dianhydrit 2,2-bis(3,4-dicarboxyphenyl)propan, dianhydrit 2,2-bis(2,3-
dicarboxyphenyl)propan, dianhydrit 1,1-bis(3,4-dicarboxyphenyl)etan, dianhydrit
1,1-bis(2,3-dicarboxyphenyl)etan,  dianhydrit bis(3,4-dicarboxyphenyl)metan,
dianhydrit bis(2,3-dicarboxyphenyl)metan, dianhydrit bis(3,4-
dicarboxyphenyl)sulfon, dianhydrit bis(3 4-dicarboxyphenyl)ete, dianhydrit 1,2,5,6-
naphtalentetracarboxylic, dianhydrit 9,9-bis(3,4-dicarboxyphenyl)fluorenic,
dianhydrit 9,9-bis{4-(3,4-dicarboxyphenoxy)phenyl} fluorenic, dianhydrit 2,3,6,7-
naphtalentetracarboxylic, ~dianhydrit 2.3,5,6-pyridintetracarboxylic, ~dianhydrit
3,4,9,10-perylentracarboxylic, va dianhydrit 2,2-bis(3,4-
dicarboxyphenyl)hexaflopropan, dianhydrit 3,3°,4,4 -diphenylsulfontetracarboxylic,
dianhydrit 1,2,3,4-xyclobutantetracarboxylic, dianhydrit 1.2,3,4-
xyclopentantetracarboxylic, dianhydrit 1,2,4,5-xyclohexantetracarboxylic,
dianhydrit 5-(2,5-dioxotetrahydrofuryl)-3 -metyl-3-xyclohexen-1,2-dicarboxylic,
dianhydrit 2,3,5-tricarboxy-2-xyclopentanaxetic, va  dianhydrit  2,3,4,5-
tetrahydrofurantetracarboxylic, nhung khong giéi han ¢ d6. Ngoai ra, chung dugc
st dung mot minh hodc & dang két hop cua hai hodc nhidu hon céc chét nay.

Ty s6 mol cua cAu tric ¢6 cong thirc chung (1) va (2) theo sang ché co thé
dwoc x4c dinh bang phuong phap tinh tir ty s6 mol ctia cac monome dugc st dung
khi trung hop hodc phuong phép phat hién cac dinh cta ciu triic polyamit, cAu tric
tidn chét imit, hodc céu tric imit trong nhya thu duge, hop phan nhya, hodc mang
d6ng rén sir dung thiét bi cong hudng tir hat nhan (NMR).

(A) Hop chét polyme ¢6 cAu trac trong do dau tan cung mach phan tir dugc

tao ra tlr gbc axit carboxylic ¢6 thé thu duge, vi du, trong truong hop cua polyimit
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¢6 gde axit carboxylic & dau tan cung mach phén tu, bang c4ch gia tang ham lugng
ciia anhydrit axit déi v6i diamin duoc st dung khi tring hop. Lic do, gia dinh ring
téng s6 gbc axit carboxylic cia (A) hop chét polyme 1a 100% mol, téng sd gbc amin
t5t hon 14 60% mol hodc 16n hon va 98% mol hodc nhd hon. Tc 13, (A) hop chit
polyme t6t hon 1a hop chét thu dugc bang cach trang hop trong d6 tdng s6 gdc amin
12 60 dén 98% mol, gia dinh rdng téng s& gbe axit carboxylic la 100% mol. Khi
tdng sb gbc amin 1a 60% mol hodc 16n hon, trong luong phén tir trung binh khéi dé
dang trd thanh 1.000 hodc 16n hon, va kha ning tao mang khi dinh hinh thanh dang
mang 1a vuot troi. Khi tbng s6 gbc amin 12 98% mol hodc nho hon, ty s6 trong d6
hop chét polyme c6 gbc amin & dau tan cung trong dugc bao gbm, 14 giam, phan
ng trung hop cation dé dang thuc hién, va tinh chiu hoa chét cia mang dong ran
duoc cai thién.

V& phuong phap khac dé thu duoc (A) hop chét polyme c6 ciu tric trong
d6 diu tan cung mach phén tir duoc tao ra t gbc axit carboxylic, (A) hop chat
polyme ciing ¢6 thé thu dugc bang st dung hop chét cu thé, cu thé 1 anhydrit axit,
axit monocarboxylic, hop chét clorua monoaxit, hodc hop chét este don chuc hoat
tinh trong so hop chét thuong duge st dung lam tac nhén chan dau tan cung.

Ngoai ra, dAu tan cung mach phén tir ctia (A) hop chét polyme dugc chin
bang tac nhan chan d4u tan cung cua axit carboxylic hodc anhydrit axit c6 nhom
hydroxyl, nhom carboxyl, nhom axit sulfonic, nhom thiol, nhém vinyl, nhom etynyl,
hogc nhom allyl, do do ty 1¢ hoa tan cua (A) hop chat polyme trong dung dich nude
kiém va dic tinh co hoc ciia mang dong ran thu duoc co thé dé dang diéu chinh
duwoc dé ndm trong khoang uu tién. Ngoai ra, nhidu tac nhan chin dau tan cing ¢o
thé duoc phan ung @& dua vao nhidu nhom dau tan cung khac nhau.

V& anhydrit axit, axit monocarboxylic, hop chat clorua monoaxit, va hop
chét este don chuc hoat tinh 1am tac nhén chéan dau tan cung, anhydrit axit nhu

anhydrit phtalic, anhydrit maleic, anhydrit nadic, anhydrit xyclohexandicarboxylic,
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va anhydrit 3-hydroxyphtalic, axit monocarboxylic nhu 3-carboxyphenol, 4-
carboxyphenol,  3-carboxythiophenol, 4-carboxythiophenol, 1-hydroxy-7-
carboxynaphtalen, 1-hydroxy-6-carboxynaphtalen, 1-hydroxy-5-carboxynaphtalen,
1-mercapto-7-carboxynaphtalen, 1-mercapto-6-carboxynaphtalen, —1-mercapto-5-
carboxynaphtalen, axit 3-carboxybenzensulfonic, va axit 4-carboxybenzensulfonic,
hop chét clorua monoaxit trong d6 cac nhom carboxyl nay dugc clo héa axit, hop
chét clorua monoaxit trong d6 chi ¢6 mdt nhom carboxyl cua axit dicarboxylic nhu
axit terephtalic, axit phtalic, axit maleic, axit xyclohexan dicarboxylic, 1,5-
dicarboxynaphtalen, 1,6-dicarboxynaphtalen, 1,7-dicarboxynaphtalen, va 2,6-
dicarboxynaphtalen dugc clo hoa axit, va hop chét este hoat tinh thu dugc bang
phan mg cua hop chét clorua monoaxit v6i N-hydroxybenzotriazol, imidazol, hodc
N-hydroxy-S-norbornen-2,3-dicarboximit, va dang twong ty 1a duoc uu tién. Hai
hozc nhiéu hon hop chét nay co thé dugc st dung.

Hop chét polyme trong d6 céc tac nhan chin dau tin cung nay dugc dua
vao la (A) hop chét polyme c6 clu trc trong do d4u tan cing mach phan tr duoc
tao ra tu géc axit carboxylic. Tac nhan chan dau tan cung ma cd thé dugc st dung
dé thu duoc (A) hop chét polyme c6 ciu trac trong do d4u tan cung mach phén tir
dugc tao ra tur gbc axit carboxylic ¢6 thé d& dang phat hién dugc bang cac phuong
phép sau. Vi du, (A) hop chét polyme trong d6 tic nhén chan dau tan cung dugc
dua vao duoc hoa tan trong dung dich axit dé phan hiy thanh thanh phan amin va
thanh phan anhydrit axit ma la cac don vi cAu thanh, va tac nhan chin d4u tan cling
duoc sir dung theo sang ché co thé dé dang phat hién duoc bang sic ky khi (GC)
hoic NMR. Theo cach khéc, tic nhan chdn dau tan cung co thé d& dang phat hién
duge bang cach do truc tiép thanh phan nhya trong do6 tdc nhén chan dau tin cung
dugc dua vao bang séc ky khi nhiét phan (PGC), hoac do phd hdng ngoai va do phd
13C-NMR.

Theo séng ché, (A) hop chét polyme duoc tbng hop, vi du, bang céc phuong
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phép sau, nhung khong gi6i han ¢ do. CAu trac polyimit dugc tbng hop bing
phuong phéap da biét rd bang cach thay phan diamin bing monoamin bic mdt lam
tac nhan chin dau tan cung hodc bing cach thay dianhydrit tetracarboxylic bang
anhydrit dicarboxylic 1am tac nhén chan dau tan cung. Vi du, phuong phép nhu
phuong phap phan (mg dianhydrit tetracarboxylic, hop chit diamin, va monoamin &
nhiét do thdp, phuong phdp phan ung dianhydrit tetracarboxylic, anhydrit
dicarboxylic, va hop chét diamin & nhiét do thdp, va phuong phap thu dieste tir
dianhydrit tetracarboxylic va ruou, va sau d6 cho dieste tao thanh phan ung véi
diamin va monoamin trong sy c6 mdt cua chét ngung tu dugc su dung dé thu duoc
tién chit polyimit. Sau do, polyimit c6 thé dugc tong hop st dung phuong phap
phan (ng imit hoa da biét rd.

Theo sang ché, t5t hon néu (A) hop chét polyme dugc trung hop bang
phuong phép da mo ta trén day, sau do nap vao lugng 16n nudc, chét 16ng hdn hop
clia metanol va nuéce, hodc dang tuong tu, két tua, loc, séy, va tach. Nhiét do séy tbt
hon 14 40 dén 100°C va t6t hon nita 12 50 dén 80°C. Bang cong doan nay, cic thanh
phin monome va oligome khong phan g nhu dime va trime dugc loai bo, va dac
tinh mang sau khi dong ran bang nhiét co thé duoc cai thién.

Ty 1& imit héa theo sang ché c6 thé d& dang xac dinh dugce, vi duy, béng
phuong phap sau. Trudc hét, phd hép thu hdng ngoai cta polyme dugc do dé xac
nhan su ¢6 mit cta dinh hap thu (gan 1780 cm™ va gan 1377 cm™) cia cAu trac imit
do polyimit gay ra. Tiép theo, vat liéu thu duge dugc thu bang polyme Xt Iy nhiét &
350°C trong 1 gid duge st dung lam mau c6 ty 1& imit hoa 100%, phé hép thu hong
ngoai ctia né dugce do, va ham lugng cta nhém imit trong nhua trude khi xt Iy nhigt
14 dwoc tinh bang cich so sanh cac cuong do dinh gan 1377 cm’! cta nhya trude va
sau khi xtr 1y nhiét dé xac dinh ty 18 imit héa. Ty 1¢ imit hoa t5t hon 1a 50% hoic
16n hon va tét hon nita 1a 80% hodc 16n hon do thay dbi vé ty 1& dong vong trong

qua trinh dong ran béng nhiét ¢6 thé duoc ngan chan va tac dung lam gidm ng suét
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¢6 thé thu duoc.

Hop phan nhya theo sang ché bao gdbm (B) hop chét c¢6 kha ning trung hop
cation. Vi du vé (B) hop chit ¢6 kha ning trang hop cation bao gbém hop chét ete
vong (hop chét epoxy, hop chét oxetan, va dang tuong tu), hop chét khong no kiéu
etylen (vinyl ete, styren, va dang tuong tw), bixyclo orthoeste, spiro orthocacbonat,
va spiro orthoeste.

Céc hop chét epoxy da biét rd va dang tuong tu cd thé duogc st dung lam
hop chat epoxy, va bao gbém hop chét epoxy thom, hop chit epoxy vong béo, va
hop chét epoxy béo.

Vi du vé hop chét epoxy thom bao gdm glyxidyl ete cua phenol hoa tri mot
hodc da tri (phenol, bisphenol A, phenol novolac, va hgp chit ma 14 san phém cong
alkylen oxit ctia nd) co it nhét mot vong thom.

Vi du vé hop chét epoxy vong béo bao gdm hop chét thu duoc bang cach
epoxy hoa hop chét ¢6 it nhit mot vong xyclohexen hodc xyclopenten v6i chat oxy
hoa (3,4-ep0xyxyclohexy1metyl-3,4-epoxyxyclohexancar‘boxylat va dang tuong tu).

Vi du vé hop chét epoxy béo bao gdm polyglyxidyl ete ctia rugu polyhydric
béo hodc san phim cong alkylen oxit cua n6 (1,4-butandiol diglyxidyl ete, 1,6-
hexandiol diglyxidyl ete, va dang tuong tu), polyglyxidyl este cla axit polyprotic
béo (diglyxidyl tetrahydrophtalat va dang tuong tu), va san phim epoxy hoa ctlia
hop chit khong no mach dai (dau dau nanh epoxy hoa, polybutadien epoxy hoa va
dang tuong tw).

Vé hop chit oxetan, hop chit da biét ro va dang tuong tw co thé duge st
dung, va vi du vé n6 bao gdbm 3-etyl-3-hydroxymetyloxetan, 2-etylhexyl(3-etyl-3-
oxetanylmetyl)ete, 2-hydroxyety1(3-ety1-3-oxetanylmetyl)ete, 2-hydroxypropyl(3-
etyl-3-oxetanylmetyl)ete, 1,4-bis[(3—etyl-3—oxetanylmetoxy)metyl]benzen, oxetanyl
silsesquioxetan, va phenol novolac oxetan.

Vé hop chit khong no kiéu etylen, cac monome ¢ thé trang hop cation va
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dang tuong tu da biét £ ¢6 thé duoc st dung, va monovinyl ete béo, monovinyl ete
thom, vinyl ete da chuc, styren, va monome chira nito ¢6 thé tring hop cation 1a
duoc bao gom.

Vi du v& monovinyl ete béo bao gdm metyl vinyl ete, etyl vinyl ete, butyl
vinyl ete, va xyclohexyl vinyl ete.

Vi du vé monovinyl ete thom bao gdm 2-phenoxyetyl vinyl ete, phenyl
vinyl ete, va p-metoxyphenyl vinyl ete.

Vi du vé vinyl ete da chic bao gdm butandiol-1,4-divinyl ete va trietylen
glycol divinyl ete.

Vi du vé styren bao gém styren, o-metylstyren, p-metoxystyren, va p-tert-
butoxystyren.

Vi du vé monome chira nito c6 thé trung hop cation bao gébm N-
vinylcarbazol va N-vinylpyrolidon.

Vi du vé& bixyclo orthoeste bao gdbm  1-phenyl-4-etyl-2,6,7-
trioxabixyclo[2.2.2]octan va 1-ety1-4-hydroxymetyl-2,6,7-trioxabixyclo-
[2.2.2]octan.

Vi du vé spiro orthocacbonat bao gf“)m 1,5,7,11-tetra0xaspiro[5.S]undecan
va 3,9-dibenzyl-1,5,7,1 1-tetraoxaspiro[5.5]Jundecan.

Vi du vé spiro orthoeste bao gdm 1,4,6-trioxaspiro[4.4]nonan, 2-metyl-
1,4,6-trioxaspiro[4.4]nonan, va 1,4,6-trioxaspiro[4.5]decan.

Trong s6 cac hop chit c6 thé tring hop cation nay, hop chit epoxy, hop
chit oxetan, va vinyl ete 12 dugc uu tién, hop chét epoxy va hop chét oxetan 1a uu
tién hon, va hop chét epoxy 1a dac biét uu tién. Trong s6 céac hop chét nay, t6t hon
néu hop chét epoxy 12 hop chét epoxy da chic ma la chét 1ong & nhiét do thuong
(20°C), va c6 duong luong epoxy 80 g/eq. hodc 16n hon va 160 g/eq. hodc nhé hon.
Khi hop chét epoxy da chic 1a chit 1ong & nhiét do thuong, t&t hon 1a trén quan

didm cai thién tinh tuong thich véi (A) hop chét polyme va thu dugce kha niang xu ly
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mau tot. Mit khac, khi duong luong epoxy ctia hop chét epoxy da chirc 1a 80 g/eq.
hodc 16n hon va 160 g/eq. hodc nho hon, tot hon 1a trén quan diém cai thién tinh
chiu nhiét va tinh chiu hoa chit ctia mang dong ran.

Vi du v& hop chit epoxy ma 1a hop chét epoxy da chirc ma la chat 1ong &
nhiét do thuong va c¢6 duong lugng epoxy 80 g/eq. hodc 16n hon va 160 g/eq. hodc
nho hon bao g@)m TEPIC-VL, (tén san phém, dugc san xuat boi Nissan Chemical
Corporation), hop chét epoxy loai bisphenol A, hop chét epoxy loai bisphenol F, va
SHOWFREE BATG va SHOWFREE PETG (tén san pham, déu duoc san xuét boi
SHOWA DENKO K .K.).

Ngoai ra, (B) hop chit c6 kha ning trung hop cation co thé dugc st dung
mot minh hodc hai hoadc nhiéu hon céc hgp chét nay c6 thé duoc str dung & dang két
hop.

Ham luong cua (B) hop chét ¢6 kha ning trung hop cation t5t hon 1a 30
phén khdi lugng hodc 16n hon va tdt hon nita 1a 50 phén khdi luong hodc 16n hon
trén quan diém c6 kha nang dong rAn cation twong ximg va cai thién kha nang xu ly
mau khi téng s6 (A) hop chét polyme 12 100 phan khdi lugng. Mt khac, ham lugng
t6t hon 12 200 phan khdi lugng hodc nhd hon trén quan diém rang khong dinh 1én bé
mit cta mang khi dinh hinh thanh dang mang va thao tac tré nén dé dang.

Hop phan nhya theo sang ché bao gém (C) chit khoi mao trung hop cation.
(C)Chét khoi mao tring hop cation tryc tiép hodc gian tiép tao ra axit boi anh sang
hodc gia nhiét dé gay trung hop cation. V& (C) chét khoi mao trung hop cation, hop
chAt d3 biét 15 ¢6 thé duogc st dung ma khong gidi han cu thé, nhung mudi sulfoni
14 wu tién. Vi du cu thé vé (C) chét khoi mao tring hop cation bao gbém mudi phirc
iodoni thom va mudi phirc sulfoni thom. Vi du cu thé v& mudi phtc iodoni thom
bao  gobm  diphenyliodoni tetrakis(pentaflophenyl)borat, diphenyliodoni
hexaflophosphat, diphenyliodoni hexafloantimonat, va di(4-nonylphenyl)iodoni

hexaflophosphat. (C) chét khoi mao tring hop cation ndy co thé duge st dung mot
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minh hoic hai hodc nhiéu hon cac chét nay co thé dugce sir dung ¢ dang két hop.

Theo sang ché, (C) chit khoi mao trung hop cation t5t hon 1a chit khoi mao
quang trung hop cation. T6t hon 14 trén quan diém kha ning tao tuong phin vé tién
trién trung hop cation gitta phan dugc chiéu sang va phan khong dugc chiéu sang
bang cach chon chét khoi mao quang trung hop cation lam (C) chét khoi mao trung
hop cation, va tao mAu bang cach hoa tan hop phan nhya voi chét phat trién (chét
hién hinh) bét ky.

Ham luong cta (C) chét khoi mao trang hgp cation t6t hon 14 0,3 phan khéi
lugng hodc 16n hon, tot hon nita 1a 0,5 phén khdi luong hodc 16n hon, va tot hon
nita 13 0,7 phan khéi lugng hodc 16n hon gia dinh ring (B) hop chét c6 kha nang
trung hop cation 1a 100 phan khdi luong. Do do, hop chit c6 kha ning trung hop
cation c6 thé c6 kha nang dong ran twong ximg, va kha nang xt ly mau c6 thé dugc
cai thién. Mat khac, ham lugng t6t hon 14 10 phﬁn trong lugng hodc nho hon va 1t
hon nita 1a 8 phén trong lugng hodc nhé hon trén quan diém cai thién do 4n dinh
bao quan cua hgp phan nhya trude khi dong ran.

Trong hgp phan nhya theo sang ché, chit 1am nhay co thé dugc sir dung dé
hép thu tia cyc tim va cAp quang nang da hép thu cho chét tao axit boi 4nh sang. Vé
chit 1am nhay, vi du, hop chét antraxen (dan xuit 9,10-dialkoxy-antraxen) ¢6 nhom
alkoxy & cac vi tri 9 va 10 1a uu tién. Vi du vé& nhom alkoxy bao gbém nhém alkoxy
¢6 1 dén 4 nguyén t& cacbon nhu nhom metoxy, nhém etoxy, va nhém propoxy.
Dan xuit 9,10-dialkoxy-antraxen co thé con c6 phan ti thé. Vi du v& phan ti thé
bao gdm nguyén tir halogen nhu nguyén tir flo, nguyén tr clo, nguyén tr brom, va
nguyén tit iot, nhém alkyl co 1 dén 4 nguyén tir cacbon nhu nhém metyl, nhém etyl,
va nhém propyl, nhom alkyl este cia axit sulfonic, va nhom alkyl este cua axit
carboxylic. Vi du vé alkyl trong nhom alkyl este cua axit sulfonic va alkyl este ctua
axit carboxylic bao gbm alkyl c6 1 dén 4 nguyén to cacbon nhu metyl, etyl, va

propyl. Vi tri thé cua cac phan tir thé nay t6t hon 1a vi tri 2.
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Hop phan nhya theo sang ché co thé bao gdm chit lién két ngang bdi nhiét,
va hop chit ¢6 nhém alkoxymetyl hodc nhom metylol la dugce uu tién.

Vi du vé hop chéat c6 nhom alkoxymetyl hodc nhém metylol bao gém
DML-PC, DML-PEP, DML-OC, DML-OEP, DML-34X, DML-PTBP, DML-PCHP,
DML-OCHP, DML-PFP, DML-PSBP, DML-POP, DML-MBOC, DML-MBPC,
DML-MTrisPC, DML-BisOC-Z, DML-BisOCHP-Z, DML-BPC, DML-BisOC-P,
DMOM-PC, DMOM-PTBP, DMOM-MBPC, TriML-P, TriML-35XL, TML-HQ,
TML-BP, TML-pp-BPF, TML-BPE, TML-BPA, TML-BPAF, TML-BPAP,
TMOM-BP, TMOM-BPE, TMOM-BPA, TMOM-BPAF, TMOM-BPAP, HML-
TPPHBA, HML-TPHAP, HMOM-TPPHBA, HMOM-TPHAP (ddy déu la céc tén
san phém, duoc san xuit béi Honshu Chemical Industry Co., Ltd.), NIKALAC
(nhan hi¢u da dang ky) MX-290, NIKALAC MX-280, NIKALAC MW-100LM, va
NIKALAC MX-750LM (day déu la cac tén san pham, dugc san xuét boi Sanwa
Chemical Co., Ltd.).

Hop phan nhya theo sang ché co thé con bao gdm hop chit silan. Hop chét
silan 1a dugc bao g@)m, do d6 cai thién su bam dinh cua mang phu nhua chiu nhigt.

Vi du cu thé vé hop chit silan bao gdm N-phenylaminoetyltrimetoxysilan, N-

phenylaminoetyltrietoxysilan, N-phenylaminopropyltrimetoxysilan, N-
phenylaminopropyltrietoxysilan, N-phenylaminobutyltrimetoxysilan, N-
phenylaminobutyltrietoxysilan, vinyltrimetoxysilan, vinyltrietoxysilan,

vinyltriclosilan, vinyltris(B-metoxyetoxy)silan, 3-metacryloxypropyltrimetoxysilan,
3-acryloxypropyltrimetoxysilan, p-styryltrimetoxysilan, 3-
metacryloxypropylmetyldimetoxysilan, va 3-metacryloxypropylmetyldietoxysilan.
Ngoai ra, néu cin, hop phin nhya theo sang ché c6 thé bao gdm chat hoat
dong bé mat, este nhu etyl lactat va propylen glycol monometyl ete axetat, rugu nhu
etanol, keton nhu xyclohexanon va metyl isobutyl keton, va ete nhu tetrahydrofuran

va dioxan nhim cai thién tinh tham w6t véi chit nén. Ngoai ra, hat vo co nhu silic
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dioxit va titan dioxit, bdt polyimit, hodc dang tuong tu c6 thé 1a duogc bao gém
nhdm ngan chian hé s6 gidn nd do nhiét, gia tang hing s dién moi, lam giam hang
6 dién mdi, va dang tuong tu.

Hinh dang ctua hop phan nhua theo séng ché truée khi dong ran 1a khong
gi¢i han, va vi du vé n6 bao gdm trang thai vecni va dang mang. Mang hop phan
nhua theo sang ché c6 dang mang lam hinh dang cua hop phan nhya theo sang ché,
tirc 13, 1a mang phu hop phan nhya tao ra tir hop ph?ln nhua theo sang ché. Do do,
mang hop phan nhya theo sang ché ¢ thé 1a mang hop phan nhya dang mang tao ra
trén 16p nén, ttc 13, co thé 1a hop phﬁn nhua ¢6 mang phu hop phén nhua tao ra tu
hop phan nhya theo sang ché trén 16p nén, hodc b thé 13 & khudn dang khong ¢
16p nén. Khi dugc sir dung ¢ trang thai vecni, dung dich thu duoc bang cach hoa tan
cac thanh phan tir (A) dén (C) va cac thanh phan thém vao néu can trong dung moi
hitu co ¢6 thé duoc sir dung. Ngoai ra, mang hop phan nhya dugc thu, vi du, bang
cach phu hop phan nhya theo sang ché 1én 16p nén va sau do6 sdy vat liéu thu dugc
néu can.

Tiép theo, phuong phép san xudt mang hop phan nhya st dung hop phan
nhua theo sang ché s& dugc md ta. Mang hop phan nhya theo séng ché duoc thu
bing cach phu dung dich (vecni) cua hop phan nhya 1én 16p nén, va sau do sdy vat
liéu thu duoc néu cin. Vecni hop phan nhya dugc thu bang cach thém dung moi
hiru co vao hop phan nhya. Dung méi hitu co duoc st dung & day cé thé 1a dung
moi hitu co bt ky ma hoa tan hop phan nhya.

Vi du cu thé vé dung mdi hitu co bao gdm ete nhu etylen glycol monometyl
ete, etylen glycol monoetyl ete, propylen glycol monometyl ete, propylen glycol
monoetyl ete, etylen glycol dimetyl ete, etylen glycol dietyl ete, va etylen glycol
dibutyl ete, axetat nhu etylen glycol monoetyl ete axetat, propylen glycol
monometyl ete axetat, propyl axetat, butyl axetat, isobutyl axetat, 3-metoxybutyl

axetat, 3-metyl-3-metoxybutyl axetat, metyl lactat, etyl lactat, va butyl lactat, keton
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nhu axeton, metyl etyl keton, axetylaxeton, metyl propyl keton, metyl butyl keton,
metyl isobutyl keton, xyclopentanon, va 2-heptanon, rugu nhu ruou butylic, ruou
isobutylic,  pentanoyl, 4-metyl-2-pentanol, ~ 3-metyl-2-butanol, 3-metyl-3-
metoxybutanol, va rugu diaxeton, va hydrocacbon thom nhu toluen va xylen cling
nhu N-metyl-2-pyrolidon, N-xyclohexyl-2-pyrolidon, N,N-dimetylformamit, N,N-
dimetylaxetamit, dimetylsulfoxit, va y-butyrolacton.

Ngoai ra, vecni hop phén nhua co thé duoc loc st dung giéy loc hodc bg loc.
Phuong phép loc 1a khong dugc gidi han cu thé, nhung phuong phap thuc hién loc
bang loc 4p lyc st dung bd loc c6 duong kinh hat gitr lai 1a 0,4 um dén 10 um la
duoc uu tién.

Mang hop phan nhya theo séng ché t6t hon 1a tao ra trén 16p nén va duoc st
dung. Lop nén 1a khong dugc gidi han cu thé, va cac mang c6 ban trén thi truong
nhu mang polyetylen terephtalat (PET), mang polyphenylen sulfua, va mang
polyimit ¢ thé thuong dugce st dung. B& mit ghép ndi gitta 16p nén va mang hop
phan nhya co thé duge xtr 1y bé mat bang silicon, chét lién hop véi silan, chét tao
chelat v6i nhdom, polyure, hodc dang twong tu dé cai thién sy bam dinh va kha néng
boc. Ngoai ra, do day cta l6p nén 1a khong dugc gidi han cu thé, nhung tot hon 1a
nam trong khoang tir 10 dén 100 um trén quan diém kha ning gia cong.

Ngoai ra, mang hop phan nhya theo sang ché c6 thé c6 mang bao vé trén
mang dé bao vé bé mat. Do do, bé mit cia mang hop phé”m nhua nhay sang c6 thé
duogc bao vé khoi cac chét 6 nhi®m nhu rac va bui trong khong khi. Vi du vé mang
bao vé bao gdbm mang polyolefin va mang polyeste. Mang bao v¢ t6t hon 1a ¢6 luc
dinh nho v6i mang hop phén nhya.

Vi du vé phuong phap phu vecni hop phéan nhya 1én 16p nén bao gébm
phwong phap nhu pht quay str dung méy pht quay, phi phun, pht l&n, in ludi, may
phu ¢co tdm phét, may phu co dAu tao hinh khuon, méay phi cén, may phu 16i, may

phu kidu thanh, may phu lin, may phi lan comma, may phu kiéu in 16m, may phu
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ludi, va may phu co dAu tao hinh khe hep. Ngoai ra, do day mang &p dung thay doi
theo k§ thuat phi, ndng do thanh phdn chat ran va do nhot cla hop phan, va dang
twong tu, nhung thong thuong, do day mang sau khi sdy t6t hon 1a 0,5 pm hodc 16n
hon va 100 wm hodc nhé hon.

pé séy, 10, tAm gia nhiét (bép ham), tia héng ngoai, hogc dang tuong tu co
thé duoc st dung. Nhiét do sdy va thoi gian sdy ¢co thé nam trong khoéang trong do
dung mdi hitu co ¢6 thé duoc bay hoi, va t&t hon 1a dit khoang thich hop trong dé
mang hop phan nhya nhay sang 1a ¢ trang thai khong dong rén hodc ban rin. Cu thé,
séy tét hon 13 duoc thuc hién nam trong khoang tir 40°C dén 120°C trong 1 phut
dén vai chuc phut. Ngoai ra, nhiét do co thé 1a ting dan bang cach két hop cac nhiét
d6 nay, va vi dy, xtr ly nhiét co thé 1a duoc thuc hién & 70°C, 80°C, va 90°C trong 1
phiit mdi lan.

Tiép theo, phuong phéap xtt Iy mAu vecni hop phan nhya theo sang ché hoic
mang hop phan nhya st dung vecni hop phan nhya, va phuong phap ¢p-ghép nbi
bé‘mg nhiét vecni hop phén nhya v6i bo phan khac s& duge mo ta ¢6 tham chiéu dén
cac vi du.

Trudc hét, phwong phap tao mang phu hop phan nhya trén 16p nén st dung
hop phan nhya theo sdng ché hozc mang hop phan nhya st dung hop phan nhya s&
dugc mo ta. Khi vecni hop phan nhya dugc sir dung, trudce hét vecni dugce phu lén
16p nén. Vi du vé phuong phap pht bao gdm phuong phap nhu phu quay st dung
may pht quay, phii phun, phu lan, va in luéi. Ngoai ra, d0 day mang &p dung thay
dbi theo k§ thuét phu, n@)ng dd thanh phén chét rin va dd nhot cta hop phén nhua,
va dang tuong ty, nhung thong thuong, t5t hon 1a pht sao cho do day mang sau khi
sdy 1a 0,5 pm hogc 16n hon va 100 pm hodc nho hon. Tiép theo, 16p nén da phi
vecni hop phan nhya duoc sdy dé thu dugc mang phu hop phan nhya. Dé séy, 10,
tAm gia nhiét, tia héng ngoai, hodc dang tuong tw ¢6 thé duoc st dung. Nhiét do séy

va thoi gian sdy c6 thé 1a trong khoang trong d6 dung mdi hitu co c¢6 thé duge bay
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hoi, va tét hon 1a dit khoang thich hop trong do mang pht hop phan nhua la & trang
thai khong dong ran hodc ban rén. Cu thé, séy tot hon 13 dugc thuc hién nam trong
khoang tir 50 dén 150°C trong 1 phut dén vai gio.

Mit khac, khi mang hop phﬁn nhya duoc st dung, mang bao vé dugce béc ra
khi ¢c6 mémg bao vé, va mang hop phén nhua va lép nén dugc dat ddi dién v&i nhau
va dugc ghép ndi bang cach ép-ghép ndi bang nhiét dé thu dugc mang phi hop
phan nhya. Ep-ghép ndi bang nhiét ¢6 the duge thuc hién bang x1t 1y ép nhiét, xt ly
ghép 16p bang nhiét, xu ly ghép 16p bang nhiét chan khong, hodc dang tuong tu.
Nhiét do ghép néi tét hon 14 40°C hodc cao hon trén quan diém su bam dinh va kha
nang gan vao 16p nén. Ngoai ra, dé giit mang hop phan nhya khoi bi dong ran ghi
ghép ndi va phan giai ctia qud trinh tao mau trong cac budc tiép xtic va phat trién
khoi suy gidm, nhiét do ghép ndi tot hon 1a 150°C hodc thap hon.

Trong truong hop bét ky, vi du vé 16p nén dugc sir dung bao gdbm manh
silic, gdm, gali arsenua, bang mach hitu co, bang mach vo co, va 16p nén trong do
vat liéu cdu thanh cua mach digén dugc b tri trén cac 16p nén nay, nhung khong gidi
han & d6. Vi du vé bang mach hiru co bao gbm vat liéu ghép 16p ma ddng chat nén
thuy tinh nhu vai thiy tinh va tAm ghép 16p ma ddng epoxy, tam ghép 16p ma dong
composit nhu vai thily tinh khong dét va vat liéu ghép 16p ma ddng epoxy, 16p nén
nhiét déo va chiu nhiét nhu 16p nén nhuya polyeteimit, 16p nén nhua polyete keton,
va 16p nén nhua trén co sé polysulfon, va 16p nén mém déo nhu 16p nén mang phu
ddng polyeste va 16p nén mang phu ddng polyimit. Ngoai ra, vi du v& bang mach vo
co bao gdm 16p nén gbm nhu 16p nén alumin, 16p nén nhom nitrua, va 16p nén silic
cacbua, va 16p nén trén co s& kim loai nhu 16p nén trén co s& nhom va 16p nén trén
co s& sit. Vi du vé vat liéu ciu thanh ctia mach dién bao gém chéit dan dién bao
gom kim loai nhu bac, vang, va ddng, tr& khang bao gbm oxit trén co s& vO co hodc
dang tuong tu, dién moi thép bao gém vat liéu trén co s6 thiy tinh va/hodc nhua,

ho#c dang tuong tu, dién moi cao bao gom nhya, hat vo co ¢o hang so dién mdi cao,
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hodc dang tuong ty, va chét cach dién bao gém vat liéu trén co s¢ thuy tinh hoac
dang tuong tu.

Tiép theo, mang phu hop phan nhya tao ra bang phuong phép trén dugc
chiéu xa bang birc xa quang hoa qua vét chén ¢6 miu mong mubn cAn duoc tiép xc.
Vi du vé birc xa quang hoa dugce st dung cho tiép xuc bao gém tia cuc tim, tia nhin
théy, chum electron, va tia X. Theo sang ché, vach i (365 nm), vach h (405 nm),
hogic vach g (436 nm) cta den thiy ngan tét hon 1a duoc st dung. Trong mang hop
phan nhuya, khi 16p nén co6 chit luong vat liéu ma cho céc tia sang nay truyén qua,
tiép xtic co thé 1a duoc thuc hién ma khong boc 16p nén tir mang hop phén nhua.

Dé tao ra mau (mau hinh), phan tiép xtc dugce loai bo bing chét phat trién
(chat hién hinh) sau tiép xic. Chét phat trién t6t hon 1a dung dich nuéc
tetrametylamoni hydroxit, hoac dung dich nudc hop chit c6 tinh kiém nhu
dietanolamin, dietylaminoetanol, natri hydroxit, kali hydroxit, natri cacbonat, kali
cacbonat, trietylamin, dietylamin, metylamin, dimetylamin, dimetylaminoetyl axetat,
dimetylaminoetanol, dimetylaminoetyl metacrylat, xyclohexylamin, etylendiamin,
hodc hexametylendiamin. Trong mot s6 truong hop, cac dung dich nude kiém nay
c6 thé& bao gdm dung moi phén cuc nhu N-metyl-2-pyrolidon, N,N-
dimetylformamit, N,N-dimetylaxetamit, dimetylsulfoxit, ~y-butyrolacton, va
dimetylacrylamit, rugu nhu metanol, etanol, va isopropanol, este nhu etyl lactat va
propylen glycol monometyl ete axetat, keton nhu xyclopentanon, Xyclohexanon,
isobutyl keton, va metyl isobutyl keton, va dang tuong tu, mot minh hodc & dang
két hop cua vai loai.

Su phat trién c6 thé dugc thuc hién bang phuong phap phun chat phat trién
néu trén 1én bé mit mang pht, ma chét léng chét phat trién 1én bé mat mang phu,
ngdm mang phu trong chét phat trién, ngdm mang phi va tic dung song siéu &m vao
d6, ho#ic dang tuong tu. Cac diéu kién phat trién nhu thoi gian phat trién va nhiét do

ctia chét phat trién trong budc phat trién c6 thé 1a cac diéu kién ma qua do phén tiép

25

25/44



43754

xuc duogc loai bo va mau ¢6 thé dugce tao ra.

Sau phat trién, xr 1y rira tét hon 1a dugc thuc hién véi nude. O day, ruou
nhu etanol va rugu isopropylic, este nhu etyl lactat va propylen glycol monometyl
ete axetat, va dang tuong tu ¢o thé 1a ciing duge thém vao nudc dé thuc hién xu ly
rua.

Hon thé nira, xir Iy nung 6 thé 1a duoc thuc hién trudc phat trién néu can.
Két qua 1a, phén giai clia mau sau phét trién c6 thé duoc cai thién, va khoang cho
phép cua cac diéu kién phat trién c6 thé ting. Nhiét do cta xur ly nung t6t hon 1a
nam trong khoang tir 50 dén 180°C, va cu thé, tét hon nita 1a nam trong khoang tir
60 dén 120°C. Thoi gian tot hon 1a 5 gidy dén vai gio.

Sau khi tao mau, hop chét ¢6 thé tring hop cation va chit khoi mao tring
hop cation khong phan Ung van con trong mang phu hop phan nhya. Do do, khi ép-
ghép ndi hoic dong ran bang nhiét, cac chét nay co thé bi phan huy boi nhiét tao ra
khi. Dé tranh hién tugng nay, t6t hon 1a chiéu xa toan bé mit ciia mang phii hop
phén nhua sau khi tao mau véi anh sang tiép xuc dugc mo ta trén day dé tao ra axit
tir chét khoi mao trang hop cation. Két qua 1a, phan Gng ctia hop chét ¢6 thé tring
hop cation khong phan tng thyc hién khi ¢p-ghép ndi hoic dong rin bing nhiét, va
su tao khi tao ra tir qua trinh phén hiy boi nhiét c¢6 thé duge ngan chan.

Sau phat trién, phan tng lién két ngang bai nhiét dugc tién hanh bang cch
cho tiép xtic véi nhiét do 150°C dén 500°C. Bang céch lién két ngang, tinh chiu
nhiét va tinh chiu hoa chét c6 thé duoc cai thién. Vé phuong phép xu ly nhiét,
phuong phap dé chon nhiét do va nang dan nhiét do hodc phuong phap dé chon
khoang nhiét do nhét dinh va thuc hién x 1y nhiét trong 5 phit dén 5 gio trong khi
lién tuc nang nhiét do co thé duoc chon. Mot vi du vé dang dé cép trudce bao gém
phuong phép trong d6 xu ly nhiét 1a dugc thuc hién & 130°C va 200°C trong 30
phat mdi Jan. Mot vi du vé dang dé cap sau bao gdm phuong phap dé nang tuyén

tinh nhiét do tir nhiét d§ trong phong dén 400°C trong 2 gio.
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Mang dong ran theo sang ché 14 mang doéng rAn thu dugc bang cich dong
rdn mang pha hop phan nhya cua hop phan nhua theo sang ché hoic mang hop
phan nhya theo sang ché. Mang dong rén theo sang ché thu dugce bang cach dong
ran mang phi hop phan nhya cua hop phan nhya hodc mang hop phan nhua theo
sang ché ¢6 thé duge sir dung cho linh kién dién tr nhu thiét bi ban dan. Thiét bi
ban din néu trong sang ché chi thiét bi chung ma c6 thé hoat dong bang cach su
dung céac dac trung cta bd phéan ban dan. Thiét bi quang dién t&r hodc bang mach
ban din trong d6 bo phan ban din dugc ndi véi 16p nén, thiét bi trong d6 nhiéu cac
b6 phan ban din dugc ghép 16p, va thiét bi dién ti bao gdm céac bd phan nay déu
duoc bao gdm trong thiét bi ban dAn. Ngoai ra, linh kién dién tir nhu bang mach day
da 16p dé ndi cac bd phan ban dén cling dugc bao gdm trong thiét bi ban din. Cu thé,
mang la thich hop dé str dung cho céc mg dung nhu mang thy dong ctia thiét bi ban
din, mang bao vé bé mit ctia bd phan ban din, mang phan cach lién 16p gitra bd
phan ban din va day din, mang phén cach lién 16p gilta nhiéu cc bd phan ban dan,
mang phan céch lién 16p gifta cac 16p day din cua day dan da 16p cho lap dat mat do
cao, va 16p phan cach ciia b phén phat quang dién tr hitu co, nhung khong gidi han
& d6, va c6 thé dugc st dung cho nhiéu Gng dung.

Mang dong ran theo sang ché ¢6 thé ciing dugc st dung lam ph?m che phu
clia cAu tric (sau day, goi l1a cdu triic rdng) co phan rong. Ttc 1a, chu trac rdng theo
sang ché 1a ciu trac rong trong do6 phan che phu cta cAu tric rong 1a mang dong rin
theo sang ché.

Céu trtc rong 1a chu trac gdbm phﬁn thut vao hodc nhd ra dugc bb tri trong
linh kién di¢n tur va phan che phu, va dugc tao ra bang ép-ghép ndi bang nhiét mang
hop phan nhya theo séng ché v6i phan thut vao hodc nho ra. Sau do, néu can, phan
khong can thiét duoc loai bo bang phuong phéap xur ly mau néu trén, va xur ly nhiét
1a duoc thuc hién, do do cAu trac réng co thé duoc tao ra dudi dang ph?ln che phu

cua cau trac rong.
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Do day cua phan che phu cla cAu tric rong theo séang ché tt hon 12 10 um
hozc 16n hon va 30 pm hodc nho hon. Khi d§ day cua phan che ph 1a 10 pm hodc
16n hon, t6t hon 1 trén quan diém céi thién do bén mang ctia phan che phu khi ciu
trac rong duge tao ra. Mat khéac, khi do day cua phan che pht 12 30 pm hodc nho
hon, cdu tric rong co thé dugc 1am mong, do do tdt hon 12 trén quan diém gop phan
lam giam kich thudc cua linh kién dién tur.

Hon thé nita, ciu tric rong c6 mang dong rén theo sang ché t6t hon duge
chin véi nhya duc dé ting cuong do bén nhu linh kién dién ti. Tuc 1a, cAu tric rong
theo sang ché t6t hon 1a c6 cu triic trong d6 phan chu vi ngoai duge chén bang
nhua duc. Khi phan chu vi ngoai clia cAu trac réng duge chan voi nhya dic, phuong
phap duc €p chuyén hodc phuong phap dic €p la noi chung dugc st dung. Phuong
phap dtc nhu duge mo ta trén day duoc tao ra béng cach rét nhua chan duge hoa
tan & khoang 180°C vao chu vi cua linh kién dién tir & ap suat khoang 6 MPa. Tuc
1a, khi chdn, ap suét khoang 6 MPa dugc tic dung vao phan che phu cua ciu tric
rong & nhiét do cao. Khi mang dong ran dugce st dung lam phan che phu cta ciu
tric rong c6 dd bén mang thap, phan che phu cua chu tric rong co thé bi udn, dan
dén pha vo cAu trac cua no. Trong truong hop nay, cAu trac rong st dung mang
dong ran theo sang ché 1am phan che phu cua cAu trac rong ¢6 do bén mang twong
xung, va do do hiéu suét cua linh kién dién tir trong bude chin nhua dac dugce cai
thién.

Trong mang hop phan nhya theo sang ché, ty 1¢ giam trong lugng khi mang
phit hop phin nhya dugc gia nhiét & 200°C tét hon 12 0,01% hodc 16n hon va 1,0%
hozic nhé hon. Khi ty 1& giam trong luong la nam trong khoang néu trén, thanh phan
khi thai tir mang pht hop phan nhya duge ngdn chin khi mang dong ran duge tao ra
lam phan che phu cua cAu trac rdng, va truong n6é qua muic cia cAu trtic che phu
hodc ubn do co ngét dong rin 6 thé duge ngin chan.

Luuy réng, dbi véi ty 1é giam trong luong khi gia nhiét & 200°C, st dung
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méy phan tich nhiét trong, ty 1¢ giam khdi luvong 1a dugc tinh sau khi 8 dén 12 mg
khéi lugng ctia mang phu hop phan nhya duge can, nhigt do nang tr 40°C lén
200°C & the d nang nhiét do 10 °C/min, va sau d6 mang phi hop phan nhya la
duoc gift trong 60 phut, dua trén trong lugng sau khi gitt mang phu hop phan nhua
& 40°C trong 10 phit trong trang théi trong d6 khi nito duoc suc ¢ 100 mL/min.

Ngoai ra, d6i v6i mang hop phan nhua theo sang ché, mang phui hop phan
nhua ot hon 1a c¢6 dd nhét nong chay 0,5 x 10® MPa-s hodc 16n hon va 1,0 x 107
MPa-s hodc nhé hon & 40°C. Khi mang pht hop phan nhya clia mang hop phan
nhua c6 do nhét nong chay 0,5 106 MPa-s hodc 16n hon & 40°C, tinh dinh bé mit
ctia mang & nhiét d trong phong la gidm, va thao tac mang la thuén loi. Mat khac,
khi mang pht hop phan nhya cta mang hop phan nhua c¢6 d6 nhét nong chay 1,0 x
107 MPa-s hodc nho hon & 40°C, vét nit mang & nhiét do trong phong giam, khuyét
tat cla mang giam, va hi¢u suat dugc cai thién.

Do nhdt néng chay cua mang phi hop ph?m nhua & 40°C ¢co thé dugc do
bang phuong phap sau. Trudce hét, mang pht hop phan nhya cia mang hop phan
nhua dugc dat déi dién véi nhau va duge ghép ndi bang ép nhiét & 60°C dé thu
dugc mang hop phan nhya ghép 16p. Cong doan néu trén duoc 1dp lai voi vat liu
ghép 16p cho dén khi mang phu hop phan nhya c6 d6 day ctia 600 dén 700 pm. Tiép
theo, d6 nh4t nong chay phirc hop ¢co6 thé thu dugc béng cach doc gia tri ciia do nhoét
nong chay phirc hop ¢ 40°C khi mang phu hop phan nhya da ghép 16p duge thuc
hién phép do néng nhiét do & tdc d6 nang nhiét do 2 °C/min tir 30°C 1én 80°C, tan
s6 0,2 Hz va do bién dang 1,0% st dung luu bién ké.

Nhu duge mo ta trén day, hop phan nhya theo sang ché ¢o thé duge st dung
lam ph?m che phu cua cAu trac rong. Cu thé, khi duoc sir dung lam phén che phu, do
bién dang rdo & 180°C sau khi mang pht hop phan nhya cia mang hop phan nhya
dugc dong ran béng nhiét tdt hon 14 0,5% hodc 16n hon va 2,5% hoac nho6 hon. Khi

d6 bién dang rdo 1a 0,5% hodc 16m hon, d6 bén clia mang dong ran la cao, va khi
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linh kién dién t& c6 mang dong ran theo sang ché 1am ciu tric che phu cta cAu trac
r6ng duogc chén béng nhua duc, su tao vét nat trong cu trac che phu dugc ngan
chin, va hiéu suét cta linh kién dién tir dugc cai thién. Mt khac, khi do bién dang
rdo 1a 2,5% hodc nhd hon, su udn cua ciu tric che phu duogc ngan chin boi ap luc
khi dugc chin béng nhua duc, va cai thién hiéu suat cua linh kién dién ti dugc chan
bang nhya duc ¢o thé duogc cai thién trong khi gitt dugc phin céu tric rong.

Phuong phap d8 do @ bién dang rdo & 180°C sau khi mang phu hop phan
nhua dugc dong ran bang nhiét c6 thé dugc thuc hién nhu sau. Trude hét, mang hop
phan nhya ma trén d6 mang phu hop phan nhya c6 do day cia 30 pm dugc taora la
duoc ghép ndi bang ép nhiét voi bé mit bong cta la dong. Sau do, mang nén dugc
boc ra, va sau d6 dugc tiép xtic st dung may tiép xtic néu can. Sau do, gia nhiét va
dong rin la dugc thuc hién & 180°C trong 1 gio su dung 10 tro. Phan 14 dong cua 14
ddng thu dugc voi mang dong rén 12 duge dn mon st dung dung dich sat (ITT) clorua
dé thu dugc mang dong rén cta mang phu hop phan nhya. Tiép theo, mang dong
ran thu duge duge cht thanh kich thuéc 8 cm x 1 cm. Sau d6, st dung may thur da
ning, mau mang dong ran thu dugc duge dat vao budng & 180°C va duy tri trong 6
phit cho dén khi nhiét do la 6n dinh, tai trong kéo 1a sau d6 ap dung v6i khoang
cach kep 1a 5 cm va tai trong khong d6i 5N, va do bién dang sau 300 gidy duoc doc,
do d6 do bién dang rio c6 thé duoc do.

Vi du thuc hién sang ché

Sau day, sang ché s& dugc md ta cu thé ¢6 tham chiéu dén Vi du, nhung
sang ché 1 khong gidi han & do.

<Panh gid vé Kha nang xir Iy mau>

Mang béo vé clia mang hop phan nhya san xuét duoc trong mdi Vi du va Vi
du so sanh dugc boc ra, va mat da boc duoc ghép 16p 1én méanh silic 4 inso st dung
thiét bi ghép 16p kiéu mang bom chan khong (MVLP-500/600 duoc san xuét boi

MEIKI CO., LTD.) trong cdc diéu kién gdm nhiét d6 ma néng trén va duéi la 80°C,
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thoi gian tao chan khong la 20 gidy, thoi gian ép chan khong la 30 giay, va ap sudt
ghép ndi 1a 0,5 MPa, tao ra mang hop phan nhya trén manh silic. Sau do, sau khi
16p mang nén duge boc ra, vat chan co cac mau vé6i cac kich thuée 16 xuyén 30
ume, 20 pm@, va 10 ume duge dat vao thiét bi tiép xtic, va tiép xuc duoc thye hién
& luong tiép xac 1000 mJ/cm* (chuyén i vach i, tiép xtc budc song toan dai) sir
dung den thily ngan si€u cao ap trong didu kién gdm khoang tréng tiép xtc 100 pm
gifra vat chén va mang hop phan nhya nhay sang. Sau khi tiép xtc, gia nhiét sau khi
tiép xtc duge thuc hién ¢ 120°C trong 10 phit trén tAm gia nhiét. Sau do, trong phat
trién nhing, phén khong tiép xtc dugc loai bd st dung dung dich nudc
tetrametylamoni hydroxit 2,38% khdi luong, va xt 1y rira voi nude duge thuc hién.
Thoi gian phat trién 1au gép hai 1an thoi gian khi phan khong tiép xtc dugc hoa tan
hoan toan. Mau thu dugc theo cach nay dugc quan sat dudi kinh hién vi quang hoc,
va kich thude nho nhit khi khong c6 bat thuong nao nhu tdc trén mau dugc xac
dinh khi danh gia vé khé nang x{r Iy mau. Ngoai ra, truong hop trong do tat ca cac
mau duge hoa tan duge xac dinh 12 0 (kém).

<Panh gié v& Nhiét do chuyén pha thiy tinh>

Theo cach giéng nhu trong phuong phap danh gia kha nang xt Iy mau, 16p
nén dugc thay dbi tir manh silic sang 14 ddéng (CF-T9DA-SV-1, dugc san xuét boi
Fukuda Metal Foil & Powder Co., Ltd.) c¢6 kich thude phang 10 ¢cm x 10 cm, va
mang hop phﬁn nhya duoc tao ra trén 1a dé)ng. Sau d6, 16p mang nén duoc boc ra,
va sau do tiép xtic duge thuc hién 6 luong tiép xac 1000 mJ/cm? (chuyén dbi vach i,
tiép xtc budc song toan dai) st dung den thily ngan siéu cao 4p. Sau khi tiép xic,
gia nhiét sau khi tiép xuc duoc thuc hién & 120°C trong 10 phut trén tdm gia nhiét.
Sau do6, str dung 10 tro (INL-60, dugc san xuit boi Koyo Thermo Systems Co., Ltd.),
nhiét do duge nang tir nhiét do trong phong dén 200°C trong 60 phut trong moi
treong khi N» (ndng d6 oxy: 20 ppm hodc nho hon), va sau do xt Iy nhiét duoc thuc

hién & 200°C trong 60 phut dé thu dugc mang dong ran ctia mang hop phan nhua
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tao ra trén la dong.

Sau do, chi ¢6 14 dong clia mang hop phan nhya tao ra trén 14 ddng duoc
hoa tan trong dung dich sét (II) clorua, va vt liéu thu dugc duogc rira voi nude, va
sdy bang khong khi dé thu duoc mang dong ran chi chira mang hop phan nhua.
Mang dong rén thu dugc duge cét thanh manh thir c6 kich thude 5 mm x 40 mm, va
phép do duoge thyc hién st dung thiét bi do d nhét dan hdi dong DVA-200 (dugce
san xuit boi IT Measurement Control Co., Ltd.) trong céc didu kién gébm khoang
cach gifta cac kep la 20 mm, tAn s6 1 Hz, khoang nhiét do la nhiét do trong phong
dén 350°C, tbc do nang nhiét do 5°C/min, va bién dang do 1a 0,1%, va nhiét do cho
gid tri dinh cta tan = m6 dun dan hdi tich trit/md dun dan hdi mAt mét, ma tir d6 ty
s6 cia mo6 dun dan hdi tich trit v6i md dun dan hoi mat mat duoc tinh, dugc xac
dinh 1a nhiét do chuyén pha thiy tinh. Ngoai ra, trong truong hop trong do mau
duogc hoa tan trong danh gia vé kha nang xt 1y mau, nhiét do chuyén pha thuy tinh
khong duogc danh gia va truong hop nay dugc xac dinh 12 0 (kém).

<Panh gid vé Do bén kéo va Do gidn dai>

Mang dong ran chi chira mang hop phan nhya dugc thu theo cach gidng
nhu trong phuong phap danh gid nhiét do chuyén pha thily tinh. Mang dong ran thu
duoc duge cit thanh manh thur ¢6 kich thudce 10 mm x 80 mm, va phép thir kéo
dwoc thuc hién & nhiét do trong phong, khoang cach gifta cac kep ciia 50 mm, va
téc do kéo 50 mm/min st dung mdy thir da nang AG-Xplus (dugc san xuét boi
Shimadzu Corporation) va cam bién luc 50 N dé do dd bén kéo (ing suit khi dut)
va d6 gian dai (46 dai khi dut). Phép do dugc thuc hién trén 10 manh thi cho mdi
mau thtr, va gid tri trung binh cta tp 5 diém duoc thu tir cac két qua. Ngoai ra,
trong truong hop trong d6 mau dugc hoa tan trong danh gia vé kha nang xtr Iy mau,
d6 bén kéo va do gian dai khong dugc danh gia truong hop nay dugc xac dinh 1a0
(kém).

Hop chét dugc st dung trong mdi Vi du va Vi du so sanh dugc téng hop
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bang cac phuong phap sau.

Vi du tong hop 1: Tong hop Hop chét diamin chira nhom hydroxyl (a)

2,2-bis(3-amino-4-hydroxypheny)hexaflopropan (sau day, goi la
BAHF)(18,3 g, 0,05 mol) dugc hoa tan trong 100 mL axeton va propylen oxit (17,4
g, 0,3 mol) va hdn hop dugce lam lanh dén -15°C. Dung dich thu duoc bé“mg cach
hoa tan 3-nitrobenzoyl clorua (20,4 g, 0,11 mol) trong 100 mL axeton dugc thém
vao biang cach nho giot. Sau khi két thuc nho giot, hdn hop duge phan ing ¢ -15°C
trong 4 gio, va sau do nhi€t do dugc dua vé nhiét do trong phong. Chét rén két tia
mau tring dugc tach bang céach loc va sdy chan khong ¢ 50°C.

30 g chét rin mau trang thu dugce duge dat vao ndi hip bang thép khong gi
¢6 dung tich 300 mL va dugc phan tan trong 250 mL metyl cellosolve, va 2 g 5%
paladi-cacbon dugc thém vao. Hydro dugc dua vao bang binh khi cAu, va phan tng
khir dwoc thuc hién & nhiét do trong phong. Sau khoang 2 gio, phan ung dugc két
thiic sau khi xac nhan dugc ring binh khi ciu khong con xa nira. Sau khi két thuc
phan tmg, hop chét paladi 1am chét xuc tac dugc loai bo bang cach loc, va hén hop
duoc ¢d st dung may quay bay hoi dé thu duoc hop chat diamin chira nhom

hydroxyl (a) c6 cong thirc sau. Chét rén thu duoc dugc st dung nguyén trang cho

phan Ung.
[Cong thitc hoa hoc 5]
-
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Vi du tong hop 2: Tbng hop Polyamit (A-1)

Trong dong nito kho, BAHF (29,30 g, 0,08 mol) duoc thém vao 100 g vy-
butyrolacton (sau day, goi la GBL), va hdn hop duge khuéy va dugc hoa tan ¢ nhiét
dd trong phong. Sau do, ete 4,4'-diphenyl cta axit dicarboxylic diclorua (29,52, 0,1

mol) duge thém vao timg it mot trong khi duy tri nhiét do ciia dung dich phan ng 4
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210 dén 0°C, va sau khi két thtic thém, nhiét do duge nang lén dén nhiét do trong
phong, va dung dich phan ing dugc tiép tuc khudy trong 3 gid. Tiép theo, dung dich
phan tmg dugc nap vao 3 L nudc dé thu gom két tha trang. Két tia nay duoc thu
gom bang céch loc, rira 3 lan bang nudce, va sau do sdy trong may sdy chan khong &
80°C trong 5 gio.

Vi du téng hop 3: Tong hop Polyimit (A -2)

Trong dong nito kho, BAHF (29,30 g, 0,08 mol) dugc thém vao 80 g GBL,
va hdn hop dugc khqu va dugc hoa tan o 120°C. Tiép theo, 4-(2,5-
dioxotetrahydrofuran-3-yl)-1,2,3 /4-tetrahydronaphtalen-1,2-dicarb oxylic dianhydrit
(sau ddy, goi 1a TDA-100) (30,03 g, 0,1 mol) dugc thém vao cung véi 20 g GBL, va
hdn hop duoc khudy & 120°C trong 1 gio va sau do khudy & 200°C trong 4 gio aé
thu dugc dung dich phan ung. Tiép theo, dung dich phan tng dwugc nap vao 3 L
nuge dé thu gom két tua tring. Két tia nay duge thu gom bang cach loc, rira 3 1an
bang nudce, va sau do sdy trong may sdy chan khong & 80°C trong 5 gio.

Vi du téng hop 4: Toéng hop Polyamitimit (A -3)

Trong dong nito kho, hop chét diamin chra nhém hydroxyl (a) (31,43 g,
0,08 mol) dugc thém vao 80 g GBL, va hon hop duoc khudy & 120°C. Tiép theo,
TDA-100 (30,03 g, 0,1 mol) dugc thém vao cung v6i 20 g GBL, va hdn hop dugc
khudy & 120°C trong 1 gid va sau do khudy & 200°C trong 4 gio dé thu dugc dung
dich phan Ung. Tiép theo, dung dich phan Gng dugc nap vao 3 L nuée dé thu gom
két tua tring. Két tha nay dugc thu gom bang céach loc, rra 3 14n bang nudc, va sau
d6 sy trong may sdy chan khong ¢ 80°C trong 5 gio.

Vi du tong hop 5: Téng hop Polyimit (A-4)

Trong dong nito kho, BAHF (25,64 g, 0,07 mol) dugc thém vao 70 g GBL,
va hén hop duoc khudy va dugc hoa tan ¢ 120°C. Tiép theo, dianhydrit norbornan-
2-spiro-2’-xyclopentanon-5’-spiro-2"’ -norbornan-5,5*,6,6>’-tetracarboxylic (38,44

g, 0,1 mol) dugc thém vao cung v6i20 g GBL, va khudy & 120°C trong 1 gio va sau
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d6 khudy & 200°C trong 4 gio dé thu duoc dung dich phan Ung. Tiép theo, dung
dich phan ung dugc nap vao 3 L nudc dé thu gom két tha tréng. Két tia nay dugc
thu gom bang céch loc, rira 3 lan bang nudc, va sau do sdy trong may sdy chan
khong & 80°C trong 5 gio.

Vidul

10 g polyamit (A-1) thu dugc trong Vi du tong hop 2 1am thanh ph'?m (A),
10 g TEPIC-VL (tén san pham, dugc san xuat boi Nissan Chemical Corporation)
Jam thanh phan (B), 0,6 g CPI-310B (tén san pham, dugc san xuét béi San-Apro
Ltd.) lam thanh phan (C), va 0,8 g KBM-403 (tén san pham, dugc san Xuét boi
Shin-Etsu Chemical Co., Ltd.) lam hgp chét silan duoc hoa tan trong GBL. Luong
dung mdi thém vao dugc didu chinh sao cho chét phu gia khong phai dung moi
dugce xdc dinh 1a thanh phan chét rin va ndng do thanh phan chét rén 12 60% trong
luong. Sau do, loc ap luc duge thuc hién st dung bd loc ¢6 duong kinh hat gitt lai 1a
1 pm dé thu duge veeni hop phan nhya.

Vecni hop phﬁn nhya thu duge dugc phi 1én mang PET co @0 day cua 50
um st dung may phu lin comma, va vat liéu thu dugc duge séy & 120°C trong 8
phiit, va sau d6 ghép 16p véi mang PP c6 d6 day 10 um lam mang bao vé dé thu
duoc mang hop phan nhya. D day clia mang hop phan nhya duoc diéu chinh dén
25 um. St dung mang hop phan nhya thu dugc, kha ndng xt 1y mau, nhiét do
chuyén pha thuy tinh, va do bén kéo va do gian dai duge danh gid nhu duge mo ta
trén day. Két qua dugc thé hién trong Bang 1.

Vidy2 dén9

Mang hop phan nhya dugc san xuit theo cach giéng nhu trong Vi du 1, va
kha ning xtr Iy mau, nhiét do chuyén pha thiy tinh, va do bén kéo va dd gian dai
dugc danh gia nhu duge mo ta trén day ngoai trr ¢ chd cac thanh phén tlr (A) dén
(C) va cac thanh phan khéc dugc thay bang cac hop chét c6 céac cAu tric sau, va ty

1& tron cua ching dugc thay d6i nhu dugc thé hién trong Bang 1. Két qua duge thé
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hién trong Bang 1.

Vidu 10

Mang hop phan nhya dugc san xuét theo cach gidng nhu trong Vi du 2, va
trong danh gia vé kha ning x& Iy mau, danh gia duge thuc hién theo céach tuong tu
ngoai trr ¢ chd dung dich nudc tetrametylamoni hydroxit 2,38% khdi luong va
nuée dé rira duoc thay bing propylen glycol monometyl ete axetat va rugu
isopropylic, theo thur tu. Két qua dugc thé hién trong Bang 1.

Vi du so sanh 1

Mang hogp phan nhua dugc san xuit theo cach giéng nhu trong Vi du 9
ngoai trr ¢ chd cac thanh phan tir (A) dén (C) va cac thanh phan khéc dugc thay
béng cac hop chat ¢6 céc ciu tric sau, va ty 1€ trdn cia ching dugc thay ddi nhu
dwoc thé hién trong Bang 1, va kha ndng xir Iy mau, nhiét do chuyén pha thiy tinh,
va do bén kéo va dd gian dai duge danh gia nhu duge mo ta trén day. Két qua duogc

thé hién trong Bang 1.

Bang 1-1
Hop phan nhua (phan khéi luong)
Vidul | Vidu2 | Vidu3 | Vidu4 Vidu5 | Vidu7
Polyamit
100
(A-1)
Polyimit (A-
100 100 100 100
Thanh 2)
phan (A) | Polyamitimit
100
(A-3)
Polyimit (A-
4)
1007
Thanh | TEPIC-VL 100 100 100 50 50 |
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phan (B) PETG 50 50
BATG 50
Thanh CPI-2108 6 6 6 3
phan (C) | CPI-310B 6 6
Hop
chét KBM-403 8 8 8 8 8 6
silan
Kha nang xir Iy mau
30 10 20 10 10 10
(hm)
Nhiét d6 chuyén pha
255 255 265 260 270 235
thay tinh (°C)
Do bén kéo (Mpa) 110 100 105 100 90 95
Do gidn dai (%) 12 9 10 7 6 8
Bang 1-2
Hop phén nhya (phén khdi lugng)
ViduS8 Vidu9 Vidu10 Vi du so sanh 1
Polyamit (A-
1)
Polyimit (A-
100 100
Thanh 2)
phan (A) | Polyamitimit
(A-3)
Polyimit (A-
100
4)
1007 100
Thanh TEPIC-VL 150 100 100 100
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phan (B) PETG

BATG

Thanh CPI-210S 9 6

phdn (C) | CPI-310B

Hop
chit KBM-403

silan

Kha ning xtt Iy mau
10 20 10 10

(um)

Nhiét do chuyén pha
215 265 225 160
thay tinh (°C)

Do bén kéo (Mpa) 95 105 100 65

Do gitn dai (%)

Bang 2
Vidull Vidul2 Vi du so sénh 2
Hop phén nhya Vi du 2 Vidu5 Vi du so sénh 1
Ty 1é giam trong luong
0,1 0,3 0,1
(%)
Do nhét nong chay (Pass) 1,8 x 10° 3,0 x 10° 0,2 x 10°
Do bién dang rdo (%) 2,4 2,0 4,0 B

Luu ¥ rang cAu trac cta hop chit duoc st dung trong mdi Vi du tong hop,
Vi du, va Vi du so sanh dugc thé hign dudi day.

(A) Hop chit polyme
A-1: Polyamit ¢ gdc axit carboxylic & dau tan cung mach phén ti
A-2: Polyimit ¢ gbc axit carboxylic & d4u tan cung mach phén ti
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A-3: Polyamitimit ¢6 gbc axit carboxylic & d4u tan cung mach phan ttr

A-4: Polyimit ¢ gbc axit carboxylic & dau tan ciing mach phén tir

Hop chét polyme khong phai (A) trén day

1007 (nhwa phenoxy loai BisA, dugc san xuét boi Mitsubishi Chemical
Corporation)

(B) Hop chét c6 thé tring hop cation

TEPIC-VL (dugc san xuat bai Nissan Chemical Corporation), chét 16ng &
nhiét d6 thuong, duong lugng epoxy = 128 g/eq.

PETG (dugc san xuAt boi Showa Denko K.K.), chit 16ng & nhiét do thuong,
duong lugng epoxy = 90 g/eq.

BATG (duoc san xuét béi Showa Denko K.K.), cht 16ng ¢ nhiét d9 thuong,
duong lugng epoxy = 113 g/eq.

[Cong thitc hda hoc 6]
O

o P NN
Q NN

'y

TEFIC—- VL

BATG

39

39/44



43754

(C) Chét khoi mao trung hop cation

CPI-210S (chét tao axit bai 4nh sang trén co SO mudi sulfoni, duoc san Xuét
bdi San-Apro Ltd.)

CPI-310B (chét tao axit bdi 4nh sang trén co s¢ mubi sulfoni, dugc san xuat
bdi San-Apro Ltd.)

Hop chét Silan

KBM-403 (3-glycidoxypropyltrimetoxysilan, dugc san xuét boi Shin-Etsu
Chemical Co., Ltd.)

<Dénh gia vé Ty 1¢ gidm trong lugng>

Mang bao vé ciia mang hop phan nhya san xuét duoc trong modi Vi du va Vi
du so sanh dugc boc ra, va 8 dén 12 mg cta mang phu hop phan nhya dugc lay ra
st dung dao bay. Sau do, stt dung th_iét bi nhiét trong TG/DTA6200 (dugc san XuAt
boi Hitachi High-Tech Science Corporation), khdi luong dugc doc dé tinh ty 1€
giam trong lugng sau khi nhigt d6 néng tir 40°C 1én 200°C & téc dd nang nhiét do
10 °C/min, va sau d6 mang phu hop phén nhya 1a dugc gift trong 60 phit, dua trén
trong lrong sau khi gitt mang phu hop phan nhua & 40°C trong 10 phut trong trang
thai trong d6 khi nito duge suc ¢ 100 mL/min.

<D0 nhét nong chay>

Mang bao vé ctia mang hgp phan nhya san xuét duoc trong mdi Vi du va Vi
du so sanh dugc boc ra, va mang phu hop phan nhya ciia mang hop phan nhya dugc
dat ddi dién voi nhau va duge ghép ndi bang ép nhiét & 60°C dé thu dugc mang phu
hop phan nhya da ghép 16p (vét lidu ghep 16p ctia mang hop phan nhua). Tiép theo,
vat liéu ghép 16p ctia mang phu hop phan nhya thu duoc bing cich boc mang PET
cua vat liéu ghép 16p ctia mang phu hop phan nhya va mang pht hop phan nhya thu
dugc bang cich béc mang bao vé cua mang hop phan nhua duoc dat d6i dién véi
nhau va dugc ghép ndi bang ép nhiét nhu dugc mo ta trén day dé thu duoc vat liéu

ghép 16p cua mang phu hop phan nhya. Sau do, cong doan néu trén dugc lap lai vé1
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vat liéu ghép 16p cho dén khi vat liéu ghép 16p ctia mang phd hop phan nhua c6 do
day cua 600 dén 700 um. Tiép theo, gié tri cua dd nhét néng chay phirc hop ¢ 40°C
khi vat liéu ghép 16p cia mang pha hop phan nhya dugc thuc hién phép do nang
nhiét d6 & tin s6 0,2 Hz, do bién dang 1,0%, va toc do nang nhiét o 2 °C/min tir
30°C 1én 80°C st dung tim song song co thé loai bo c6 duong kinh 15 mm véi luu
bién ké MCR302 (dugc san xuit béi Anton Paar GmbH)

<Po bién dang rio>

Mang dong ran chi chra mang hop phﬁn nhya dugc thu theo céch gidng
nhu trong phuong phap danh gia nhiét do chuyén pha thuy tinh ngoai trir & chd do
day ctia mang phu hop phan nhya 1a 30 pm. Mang dong rdn thu duoc dugc cit
thanh manh thtr ¢6 kich thuée 10 mm x 80 mm, manh tht thu duge duoc dat vao
budng & 180°C st dung mdy thur da néng AG-Xplus (dugce san xuét boi Shimadzu
Corporation) va cam bién Iyc 50 N va duy tri trong 6 phut cho dén khi nhiét do
duoc dn dinh, sau do tai trong kéo dugc 4p dung & tai trong khong ddi 5 N voéi
khoang céach kep 12 5 cm, va do bién dang sau 300 gidy duoc doc, va do bién dang
tir khoang céach kep ban dau duoc xéac dinh 1a do bién dang rdo.

Vidullval2

Mang hop phén nhua thu duge trong Vi du 2 va 5 dugce str dung dé danh gid
ty 1& giam trong lugng, do nhdt nong chay, va do bién dang rdo nhu dugc md ta trén
day. Két qua duge thé hién trong Bang 2.

Vi du so sanh 2

Mang hop phé‘ln nhya cta Vi du so sanh 1 duge su dung dé danh gia ty 1&
giam trong lugng, do nhét nong chay, va do bién dang rdo nhu dugc mo ta trén day.

Két qua dugc thé hién trong Bang 1.
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YEU CAU BAO HQ
1. Hop phin nhya nhay sang 4m bao gbém (A) hop chét polyme va (B) hop

chét c6 kha nang trung hop cation, va c6 kha nang dong rin bing phan ung trung
hop cation, trong do

(A) hop chét polyme la it nhét mot hop chit duogc chon tir nhom bao gdm
polyamit, polyimit, polyamitimit va polybenzoxazol,

d4u tan cung mach phén tir cta (A) hop chét polyme c6 cAu tric tao ra tr
gbc axit carboxylic,

(B) hop chit c¢6 kha ning truing hop cation 1a hop chit epoxy ba chirc
va/hodc bbn chire,

ham lugng cta (B) hop chit c6 kha nang trang hop cation 1a tir 50 dén 150
phan khdi luong tinh trén 100 phan khdi luong cia (A) hop chét polyme, va

hop phan nhya nhay sang 4m con bao gdm (C) chit khoi mao trung hop
cation.
2. Hop phan nhya nhay sang &m theo diém 1, trong d6 (A) hop chét polyme la
tir 30 dén 70% khdi lwong, va (B) hop chit ¢6 kha nang trang hop cation la tir 30
dén 70% khéi lugng, gia dinh tdng s6 toan bd hop phan nhya nhay sang 4m la
100% khéi luong.
3. Hop phén nhua nhay sang am theo diém 1 hodc 2, trong do (A) hop chét
polyme 1a hop chét thu dugc bing cich trung hop trong do téng sb gbc amin 1a tur
60 dén 98% mol, gia dinh rang tong s6 gbe axit carboxylic 1a 100% mol.
4. Hop phan nhya nhay sang am theo diém bat ky trong s cac diém tir 1 dén 3,
trong d6 (A) hop chét polyme 1a it nhit mot hop chat duge chon tir nhém bao gdm
polyamit, polyimit, va polyamitimit va con co chu trac tao ra tur dianhydrit
tetracarboxylic vong b€o.

5. Hop phan nhya nhay sang am theo diém bt ky trong sb cac didm tir 1 dén 4,
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trong do ciu trac trong do dau tan cung mach phan tir cia (A) hop chét polyme
duoc tao ra tir goe axit carboxylic 12 cAu tric tao ra tir dianhydrit tetracarboxylic.

6. Hop phan nhya nhay sang am theo diém bét ky trong sé cac diém tir 1 dén 5,
trong do6 (A) hop chét polyme c6 chu tric tao ra tir hop chat dugc thé hién bang it
nhit mot trong sb cac cong thic chung (3) va (4) sau:

[Cong thitc hda hoc 1]

trong d6 R1, R2, va R® doc 14p 1a nguyén tir hydro hogc nhém metyl.
7. Hop phén nhua nhay sang am theo diém bét ky trong s cac diém tir 1 dén 6,
trong do (A) hop chét polyme 1a hop chit c6 nhom hydroxyl phenol trong mach
phéan tur.
8. Hop phan nhya nhay sang am theo diém bat ky trong s cac diém tir 1 dén 7,
trong d6 (B) hop chit c6 kha ning trung hgp cation 1a hop chét epoxy da chirc ma la
chét 16ng ¢ nhiét do thuong va c6 duong lugng epoxy 80 dén 160 g/eq.
9. Hop phan nhya nhay sang am theo diém bét ky trong sé cac diém tir 1 dén 8,
trong do (C) chét khoi mao trung hop cation 1a mudi sulfoni.
10. Mang hop phan nhua nhay sang 4m bao gdm mang phu hop phan nhya tao

ra tir hop phan nhya nhay sang am theo diém bét ky trong sé cac diém tir 1 dén 9.
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11. Mang hogp phan nhya nhay sang am theo diém 10, trong d6, khi mang phu
hop phan nhya duge gia nhiét 6 200°C, ty 1& giam trong luong nam trong khoang tir
0,01 dén 1,0%.

12. Mang hop phan nhya nhay sang am theo diém 10 hodc 11, trong d6 mang
phu hop phan nhua c6 d nhdt nong chdy nim trong khoang tir 0,5 x 10° dén 1,0 x
107 MPa-s ¢ 40°C.

13. Mang hop phan nhua nhay ééng am theo diém bt ky trong sd cac diém tir
10 dén 12, trong do, sau khi mang phu hop phﬁn nhyua dugc dong ran bé’mg nhiét, do
bién dang rdo & 180°C nam trong khoang tix 0,5 dén 2,5%.

14. Mang dong rdn thu duoc bang cach dong ran mang pht hop phan nhya cla

hop phan nhua nhay sang am theo diém bat ky trong sé cac diém tir 1 dén 9 hodc

mang hop phan nhya nhay sang am theo diém bat ky trong sé cac didm tir 10 dén 13.

15. Céhu tric rong, trong d6 mang dong rin theo diém 14 duoc st dung lam
phan che phti cia cAu trac c6 phan rdng (sau day, goi la ciu trac rong).

16. CAu trac rong theo diém 15, trong d6 d6 day cua phan che phu ndm trong
khoang tir 10 dén 30 pm.

17. Linh kién dién tu, trong do cAu trac rong theo diém 15 hogc 16 ¢ cu tric

trong do phan chu vi ngoai dugc chén bang nhua duc.
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