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Linh vue k§ thuit dwoe dé cap

Séng ché lién quan dén polyme flo héa c6 nhom chite alkoxysilyl hitu dung
trong diéu ché ché phim phu dé tao 16p phi chéng ban va chéng trdy. Lop phi nay dic
biét hitu dung trong linh vuc son phd hang dién tr tiéu dung hodc 6 to.

Tinh trang ky thuit ciia sang ché

Trong linh vuc thiét bi dién tir tiéu dung nhu dién thoai di dong, may tinh bang,
may tinh x4ch tay va noi tht 6 t6, cac nén khac nhau duoc s dung, chéng han nhu
thity tinh, kim loai, chat déo, composit v.v. Nguoi ta thuong mubn bao phi cac nén
nay véi 16p phit dé 1am sach, chéng ban va chdng tray. D& lam sach c¢6 nghia 1a bé mat
ky nudc, dau va/hodc bui ban. Lép phu dé lam sach gidm hoic loai bé nhu ciu 1am
sach bé mit.

Pi biét trong linh vuc k¥ thudt ciia sang ché ring cac polyme flo héa, cu thé 1a
(per)flopolyete (PFPE), ¢6 tinh chit khéng dinh va bbi tron va ¢ thé duoc sit dung dé
tao ra 16p pha dé lam sach va chéng ban. Tuy nhién, nhua nhu vay chi tan trong dung
moi flo hoa va do d6 kho st dung trong didu ché ché pham phii ma khong st dung cac
dung moi ddc biét. Van dé khac voi polyme gbc PFPE 1a thong thuong ching khong
c¢6 kha nang chdng ban va tray tdt.

C6 nhu cu cung cép ché phim phu chdng béan, bén va dong thoi chdng triy.
Nguoi ta con mudn 16p phit bam chic vao cac nén khac nhau duoc sir dung trong hang
dién tir tiéu diing hodc cong nghiép 6 t6, chang han nhu thiy tinh, kim loai, hop kim,
nén anot héa, chat déo, composit v.v.

Ban chit ky thuit cia sang ché

Dé giai quyét cac nhu cdu dugc d& cap trén day, sang ché d& xuit, & khia canh

thir nhét, polyme flo hoa c6 nhém chire alkoxysilyl, ¢6 thé thu dwoc bang phuong phap

bao gdm céc budec:
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a) cho (per)flopolyete (PFPE) c¢6 nhém chitc OH phan mg v6i polyisoxyanat A
trong diéu kién phan tng tao thanh uretan, dé thu duoc hop chit trung gian c6 nhom
chirc isoxyanat B,

b) cho hop chat trung gian B phén tng v6i monoamin bac hai c¢6 nhém chirc
alkoxysilyl C, d thu dugc polyme c6 nhém chire alkoxysilyl.

O khia canh khéc, sang ché dé xuét ché phdm phi, bao gdm polyme flo héa c6
nhém chirc alkoxysilyl theo khia canh thu nhét va/hodc nhua silicon flo hoéa thu dugc
bang cach thily phan polyme nay, va nhua silicon khong flo khac.

Séang ché con dé xuét phuong phép phu nén, bao gdm phii ché pham phi theo
sang ché 1én nén va hoa rin ché pham phi.

O khia canh khac, sang ché dé xuét nén dugc phi thu duge theo sang ché.

Mo ta vin tit cac hinh vé

Fig. 1 (a) minh hoa nén thuy tinh chua phu (trén) va nén thuy tinh da phu véi
16p phu theo sang ché (dudi).

Fig. 1 (b) minh hoa twong tu nhu Fig. 1 (a), nhung sau khi lau véi miéng gié.
M6 t4 chi tiét sang ché

Sang ché dé xuét polyme flo héa ¢6 nhém chire alkoxysilyl. Polyme nay c6 gbe
(per)flopolyete (PFPE) va chtra cac nhom alkoxysilyl & cubi mach polyme.

Polyme flo hoa ¢6 nhom chire alkoxysilyl theo sang ché ¢6 thé thu dugc bang
phuong phép bao gdm céc budc:

a) cho (per)flopolyete (PFPE) c6 nhém chirc OH phan ng v&i polyisoxyanat A
trong diéu kién phan tmg tao thanh uretan, d8 thu dugc hop chit trung gian c6 nhém
chure isoxyanat B,

b) cho hop chét trung gian B phan Umg v&i monoamin béc hai ¢6 nhém chue
alkoxysilyl C, dé thu dugc polyme c6 nhom chire alkoxysilyl.

Buorc (a)

O bude (a), (per)flopolyete c6 nhém chirc OH dugc cho phin ung véi sd mol
du cta polyisoxyanat A dé thu duoc hop chit trung gian ¢6 nhém chirc isoxyanat B.

Céc (per)flopolyete (PFPE) la polyme flo hdéa bao gdm mach polyoxyalkylen
mach thing hoic mach nhdnh mot phén hodc toan bd, chira cac don vi 1ap c6 it nhét
mot lién két ete day xich va it nhit mét ban phén flocacbon. PFPE c¢6 thé duoc chia

2



43168 317

thanh cé va khong ¢6 nhém chirc; loai khong c6 nhom chire bao g6m mach PFPE c6
cdc ddu mang cac nhom (per)haloalkyl, trong khi loai ¢6 nhém chiic bao gdm mach
PFPE c6 it nhét hai dAu, trong d6 it nhat mot ddu c6 nhém chie. PFPE ¢6 nhom chire,
cu thé 1a PFPE c¢6 mot hodc hai nhém chire, bao gdm mach PFPE c¢6 hai dau, trong do
mdt hodic ca hai ddu mang nhém chirc. Trong mot s& phuong 4n, ¢6 thé wu tién s
dung PFPE c6 hai nhém chue. Trong cdc phuong an khac, PFPE ¢6 mot nhém chirc
duogc st dung. Tuong tu, hon hgp PFPE c6 mdt va hai nhom chirc c6 thé duogc st dung
trong budce téng hop (a).

PFPE dugc st dung trong sang ché c6 nhém chire OH, c6 nghia I it nhét mot
d4u ctia mach polyme mang nhém chirc hydroxyl (hydroxyl cubi mach). Nhom cubi
mach ciing c6 thé 1a -CH,OH. PFPE c6 nhom chire OH t6t hon la ¢6 monohydroxyl
cudi mach (PFPE monool) hodc dihydroxyl cudi mach (PFPE diol). Trong truong hop
nhém chirc monohydroxyl, dau kia tbt hon 1a mang nhom clo héa hoan toan, vi du nhu
-CF;.

(Per)flopolvete ¢ nhom chirc OH t6t hon 12 ¢6 phan tr lugng trung binh s tir
400 dén 4000. Mn c6 thé duoc x4c dinh bing phwong phap sic ky thim thau gel (GPC)
str dung chuén polystyren v6i tetrahydrofuran 12 pha dong.

(Per)flopolyete c6 nhém chirc dihydroxyl cé thé ¢6 cAu tao tong quat HO-(CF,-
CF,-0),-OH hodc HO-(CF,-CF-0),-(CF,-0),-OH. N6 ciing ¢6 thé bao gdm céc khoi
véi cac don vi etylen oxit va ¢ chu tao téng quat:

HO-(CH,CH,0),-CH,-CF,-R¢-CF,-CH,-(OCH,CH,)-OH

trong d6 p va q la céac s6 nguyén duoc chon doc 14p v6i nhau tir 0 dén 50, tot
hon la tr 1 dén 50, trong d6 Rs 1a gdc hai nhém chic c6 chu tao (per)flopolyete
(CF,CF,0),, (CF,0), hodc (CF,-CF»-0),-(CF,-O)y, va trong d6 n va m la cac sb
nguyén duge chon doc 14p v6i nhau tir 1 dén 100. Khi ca p 14n q khong phéi bang 0,
polyme tao thanh c6 kha ndng phén tan trong nudc t6t hon. Uu tién hon 1a p nam trong
khoang tir 1 dén 5 va q trong khoang tir 1 dén 5. Thay vi nhom -OH, nhém -CH,OH ¢6
thé dugc sur dung.

(Per)flopolyete c6 hydroxy cudi mach ¢6 sin dang thuong phim cta Solvay
nhu Fluorolink® PFPE, hoic Fomblin® PFPE, vi du nhu Fluorolink® 5174X,
Fluorolink® E10H, Fluorolink® PEG45. Vi du v& PFPE ¢6 monohydroxyl cubi mach
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(PFPE monool) dang thuong phim bao gom PFPE1600 va PFPE3200 cta Tianjin
Changlu Flrorochemicals, va PFPE AL-2 va PFPE AL-4 cua Chemours.

Polyisoxyanat A 1a hop chét c¢6 cac nhom isoxyanat phén ung va cé s6 nhom
chirc isoxyanat it nhét 14 2. T6t hon 13, cac diisoxyanat duoc st dung. Tuong tu, hén
hop céc polyisoxyanat ¢ thé dugc sit dung. Polyisoxyanat c6 thé 14 béo, béo mach
vong hodc thom. Vi du vé polyisoxyanat thich hop bao gdm hexametylen diisoxyanat
(HDI), 2, 2, 4- va/hodc 2.4,4-trimetyl hexametylen diisoxyanat, p- va m-tetrametyl
xylen diisoxyanat, metylen bis(4-cyclohexyl isoxyanat) (MDI hydro hoéa), 4, 4-metylen
diphenyl isoxyanat (MDI), p- va m-phenylen diisoxyanat, 2, 4- va/hodc 2,6-tolyen
diisoxyanat (TDI) va cic san phim cong ctia chung, va isophoron diisoxyanat (IPDI).
Polyisoxyanat uu tién bao gbm diisoxyanat béo nhu IPDI va HDL. Tét hon nira 13,
diisoxyanat béo mach vong nhu IPDI dugc sur dung.

Phan ung & budce (a) duoc tién hanh trong diéu kién phan tng tao thanh uretan.
Pidu kién phan tng tao thanh hop chit uretan néi chung la da biét doi véi nguoi thong
thao trong linh vuc k¥ thudt cua sang ché. Nhiét dd phan tmg c6 thé trong khoang tir
40 dén 160°C, &t hon 14 trong khoang tir 50 dén 100°C. Cac chat xuc tac truyén thong
c6 thé duoc sir dung ching han nhu dibutyl thiéc dilaurat (DBTDL), thiéc (II) octoat,
diazobicyclo (2.2.2) octan (DABCO), Zn ACAC, thiéc octoat. Lugng chit xuc tac tot
hon 1a tir 0,005 dén 1 phan khéi luong trén 100 phan khdi lugng clia monome tao
thanh uretan.

Phéan tmg (a) tot hon 13 dién ra trong dung mdi hiru co hodc hdn hop dung moi.
Dung modi thich hop bét ky, khong phan tng véi cac chit tham gia phan ung c6 thé
dugc str dung. Vi du bao gdbm este (ching han nhu etyl axetat, propyl axetat), dung
mdi thom (ching han nhu toluen), dung mdi xeton (ching han nhu axeton, metyl etyl
xeton, metyl isobutyl xeton, cyclohexanon, rugu diaxeton); hydrocacbon béo; ete
(ching han nhu dietyl ete, tetrahydrofuran) va hdn hop cta ching. Dung mdi hiru co
wu tién bao gdm n-butyl axetat, N-metyl-pyrolidon, toluen, metyl isobutyl xeton
(MIBK), metyl etyl xeton (MEK), metoxy propyl axetat (PMA), hodc hdn hop cta
chung.

Phan ting & budc (a) t5t hon 1a duogc tién hanh véi sé mol du ciia polyisoxyanat
A. Do @6, hop chét trung gian c¢6 nhém chie isoxyanat B dugc tao thanh trong phan

4



43168 5/17

umg nay c6 nhom churc isoxyanat va co thé tham gia va buéc phan tng theo sau. Ti 1¢
mol gitra PFPE va polyisoxyanat A t6t hon 1a tir 1:1 dén 3:1.

Hop chét trung gian B t6t hon 13 c6 phan tir lugng trung binh sd tir 400 dén
4.000, tét hon 13 tr 500 dén 3.000. Mn c6 thé dugc xé4c dinh bing phuong phép sic ky
thim thau gel (GPC) st dung chuin polystyren véi tetrahydrofuran 1a pha dong. Hop
chét trung gian B t6t hon 1a khong c6 nhém chirc cacboxyl. Hop chét trung gian B
ciing t6t hon 1a khong ¢6 nhém chirc OH.

Buore (b)

O bude (b), hop chat trung gian c6 nhém chirc isoxyanat B dugc cho phan tng
v6i monoamin bac hai c6 nhém chire alkoxysilyl C, dé thu dwgc polyme c6 nhém chirc
alkoxysilyl theo sang ché.

Monoamin ¢6 nhéom chirc alkoxysilyl C la aminosilan bédc hai v61 mdt nguyén
t nito, trong d6 nguyén t nito duoc thé v6i hai nhém giéng hodc khac nhau, it nhét
mdt trong s6 d6 mang nhém chirc alkoxysilyl. St dung cac aminosilan béc hai trong
qua trinh didu ché polyme cubi ciing dugc cac tac gia sang ché tin rang gop phéan vao
kha ning chéng ban va chéng triy ctia 16p pht chira polyme tdt hon 1a aminosilan bac
mot.

Trong mdt s6 phwong 4n, wu tién hon 1a ca hai nhom lién két voi nguyén tir nito
cia aminosilan C mang nhom chuc alkoxysilyl. Hop chit nhu vay c6 thé duge goi 1a
(bis-silyl)amin. Trong cic phuong an khac, chi mét trong hai nho thé mang nhom chirc
alkoxysilyl.

Céc (bis-silyl)amin thich hop cé thé ¢6 cong thic chung nhu sau:

HN-(Y-Si-(OR)x(R2)s)2 ()

trong do Y 1a ndi ddi hodc nhém alkylen C1-C10 b2o hoa ¢6 hai nhom chure, R,
va R, ddc lap v6i nhau 1a nhom alkyl C1-C3 alkyl, x 1a s nguyén dugc chon tir 0 dén
3. Y tét hon 12 nhé alkylen C1-C4, t6t hon 14 etylen hodc propylen. R; va R, tt hon 1a
nhém alkyl C1-C3, t6t hon 12 nhém metyl hodc etyl.

Vi du vé& aminosilan c6 hai nhém chitc alkoxysilan bao gdm  bis-(2-
trimetoxysilyletyl)amin, bis-(2-trietoxysilyletyl)amin, bis(3-trietoxysilylpropyl)amin
(c6 san véi tén thuong mai Dynasylan® 1122 cua Degussa), bis(3-
trimetoxysilylpropyl)amin (c6 san véi tén thuong mai Dynasylan® 1124 cia Degussa),
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bis(4-trietoxysilylbutyl)amin. T6t hon 13, (bis-silyl)amin C 1la  bis[3-
(trialkoxysilyl)propyl] amin, t&t hon 1a bis[3-(trimetoxysilyl)propyl] amin.

Vi du vé& aminosilan ¢c6 mdt nhom chirc alkoxysilan bao gdm N-(n-butyl)-3-
aminopropyltrimetoxysilan (c6 san véi tén thuwong mai Dynasylan® 1189 cua
Degussa), N-(n-butyl)-3-aminopropyltrietoxysilan, N-cyclohexyl-3-
aminopropyltrimetoxysilan (c6 san véi tén thuong mai Geniosil® GF 92 cia Wacker
Chemie), N-cyclohexyl-3-aminopropyltrietoxysilan, N-cyclohexyl-
aminometylmetyldietoxysilan (c6 san cua Wacker Chemie v6i tén thuong mai
Geniosil® XL 924), N-cyclohexylaminometyltrietoxysilan (co san cua Wacker
Chemie vé6i tén thuong maiGeniosil® XL 926), N-phenylaminometyl-trimetoxysilan
(c6 sin ctia Wacker Chemie véi tén thuong maiGeniosil® XL 973). Chung ciing thich
hop trong sang ché, mic di co thé it duoc vu tién.

Phan ung ¢ budc (b) tét hon 12 duoc thuc hién trong dung méi hitu co hoac hdn
hop dung moi. Dung mdi thich hop 1a dung m6i nhu da duge dé cap trén day d6i voi
phan tng & budce (a). Tét hon 13, khong c6 diamin va diol ¢6 mat trong qua trinh tong
hop, vi viéc st dung ching sé dAn dén tang ngoai y mudn phan t lugng cua polyme.

Tién trinh cua phan tmg & bude (b) co thé dugc theo doi bang cach phan tich
ham lugng NCO theo thoi gian. Phan Gng dugc ngung lai khi khong con xdce dinh ham
lugng NCO nira.

Polyme c6 nhém chiic alkoxysilyl tao thanh chita céc lién két uretan. Polyme
t5t hon 14 c6 phan tit lugng trung binh khbi Mw trong khoang tir 2.000 dén 20.000, tot
hon 1a trong khoang tir 4.000 dén 15.000. Polyme t6t hon 1a phén t lugng trung binh
s6 Mn trong khoang tir 1.000 dén 8.000, t6t hon 1a trong khoang tir 2.000 dén 6.000.
Phén t&r lugng nhu vay khién c6 thé st dung polyme c6 nhoém chuc alkoxysilyl lam
chét phu gia (hoa tan) trong hé gbc dung mbi.

Polyme tao thanh t6t hon 1a khong c6 cac nhom cacboxylic va hydroxyl. Do do,
chi s6 axit t&t hon 1a duéi 5 mg KOH/g, t6t hon 1a 0 mg KOH/g. Chi s§ axit c6 thé
dugc do bang phwong phép chudn do dién thé, vi du nhu theo tiéu chudn DIN EN ISO
3682. Tét hon 13, polyme tao thanh khong ¢6 nhém chire OH. Chi sé hydroxyl tot hon
1a <5 mg KOH/g, t6t hon 1a 0 mg KOH/g. Chi s6 hydroxyl c6 thé duoc do bing
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phuong phép chudn do dién thé st dung phuong phap TSI, vi du nhu theo tiéu chuén
ASTM E1899-08.

Nhém chire alkoxysilyl ctia polyme thu dugc c6 thé dugc thiy phan trong nudc
hodc dung méi rugu, tuy chon v6i su c6 mat cia chét xuc tac ngung tu silanol.

Polyme thu dugc hodc nhya silicon chira flo thu dugc trong qua trinh thiy phén
polyme thu dugc co thé duoc ding mot cach thuén lgi trong diéu ché ché phim phu,
cu thé 13, v6i vai trd chét phu gia ctia nhya silicon khong flo.

Ché phdm phi.

O khia canh khac, sang ché dé xuét ché phim phi bao gdm polyme flo héa cé
nhém chirc alkoxysilyl dugc mo ta trén ddy va/hodc san phim thiy phéan cia n6 (nhua
silicon flo hoa), cung v4i nhya silicon khong flo.

Ché phim phu tét hon 14 bao gdm nhua silicon flo héa, c6 thé thu dwoc biang
cach thuy phan polyme flo hoa c6 nhém chuirc alkoxysilyl dugc mo ta trén day, va
nhua silicon khong flo.

C6 thé thu dugc nhya silicon flo hoa c6 bang cich thiy phan nhom chuc
alkoxysilyl cua polyme dugc mod ta trén day trong nude va/hodc dung moéi rugu. Tét
hon 13, rugu hoic hdn hop ruou dugc st dung. Ruou thich hop bao g6m, vi du,
metanol vi etanol. Han hgp ctia nudce v6i rugu (hodic hdn hop rugu) c6 thé duge sir
dung.

Trong mot phuong an, qua trinh thiy phén co6 thé dugc tién hanh vé6i su c6 mat
clia chét xuc tac ngung tu silanol. ChAt xtc tac nhu vy 1a da biét dbi véi chuyén gia
trong linh vuc sang ché.

ChAt xtc tac thich hop, vi du, 1a mubi kim loai (vi du nhu ziriconi nitrat, nhdm
clorua), hop chét co kim, cu thé 1a hop chét co thiéc (vi du nhu dibutyl thiéc dilaurat,
dibutyl thiéc axetoaxetonat), axit va bazo nhu amin bac ba (vi du nhu trietylamin,
trietylenamin hodc 2,2'-diazabicyclo[2.2.2]octan (DABCO)). Axit cling ¢ nghia la
axit Brensted va Lewis. Vi du v& chit xuc tic axit bao gdm axit sulfonic va céc dan
xuit ctia no, vi du nhu axit metan sulfonic, axit 1-propan sulfonic, axit 1-pentan
sulfonic, axit dodexylbenzen sulfonic, axit p-toluen sulfonic. Trong mot sb phuong én,
c6 thé wu tién st dung chét xtc tac axit, cu thé 1 axit sulfonic hoic din xuit cia no,

cu thé hon 13 axit p-toluen sulfonic.
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Nhua silicon khong flo ¢6 thé duge didu ché bing cich thiy phan silan khong
flo D. Thuén loi 1a qua trinh thiy phén c6 thé duoc thuc hién ngay tai chd, trong qua
trinh diéu ché ché phém phu.

Silan khong flo D tét hon 14 silan ¢6 nhém chirc. Trong mot phuong 4n, né ¢
thé chira thém nhém chire khéc, chang han nhu nhém amin hodc epoxy. Trong mot s
phuong én, silan ¢6 nhém chic alkoxy khong chira nhém chitc amin. Vi du v& silan
nhu vay bao gdm metyl trimetoxysilan (MTMS), metyl trietoxysilan (MTES), phenyl
trimetoxysilan (PTMS), phenyl trietoxysilan (PTES), bis [trimetoxysilylpropyl] etan
(BTES), metacryloxypropyl trimetoxysilan (MAPTS), mercaptopropyl trimetoxysilan
(MPTES), tetraetyl orthosilicat (TEOS), tetrametyl orthosilicat (TMOS), 3-
glycidoxypropyl trimetoxysilan (GPTMS).

Trong mot s6 phuong én, silan khong flo D 1a aminosilan ¢6 nhém chire alkoxy,
chéng han nhu aminosilan bac mdt hodc bic hai. Aminosilan ¢é nhém chirc alkoxy bac
mot c6 thé ¢ cong thirc tong quat sau day:

NFHL-X3-8i(Rs),(OR )3y (an

trong d6 X5 1a ndi doi hodc nhém alkylen C1-C10 bao hoa ¢6 hai nhém chure,
R; va Ry doc 1ap véi nhau 13 nhém alkyl C1-C3 khéc, y 1a sb nguyén dugc chon tir 0
dén 3. X; t5t hon 13 nho alkyl C1-C4 c¢6 hai nhém chue, t6t hon 13 propylen hoic
butylen. R; va R, t&t hon 14 ca hai déu 13 nhom etyl. Aminosilan c6 nhém chic alkoxy,
vi du, c6 thé 1a N-(monoalkoxysilylalkyl) amin, N-(dialkoxysilylalkyl) amin hodc N-
(trialkoxysilylalkyl) amin. Véi vai tro nhém alkoxy, cic nhém metoxy va etoxy duoc
uu tién v6i nhém etoxy duge dic bi€t uu tién. Trong phuong 4n wu tién, aminosilan c6
nhém chire alkoxy 1a N-(trietoxysilylpropyl) amin, con duoc goi 1a (3-aminopropy1)-
trietoxysilan (APTES).

Cac aminosilan bac hai c6 thé twong tw nhu da mo ta trén day dbi véi
monoamin b4c hai ¢6 nhém chic alkoxysilyl C dugc mé ta trén day.

Trong mét sb phuong 4n, c6 thé wu tién sir dung hdn hop aminosilan va hop
chat khong phai aminosilan.

Qué trinh thiy phan silan D ¢6 thé duoc tién hanh véi Su ¢O mdt cua nude
va/hodc (cac) dung méi ruou, ching han nhu nhitng dung méi dugc mo ta trén day dbi
VGi qua trinh thity phan polyme flo héa ¢6 nhém chirc alkoxysilyl. Trong mot phuong
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4n, cac chit xuc tac ngung tu silanol c6 thé dugc sir dung, vi du nhu nhiing chét xtc
tdc dugc mo ta trén day.

Trong mdt sd phuong 4n, ¢ thé vu tién tién hanh qua trinh thay phan cia ca
polyme flo héa c6 nhém chirc alkoxysilyl 1an silan khong flo D ngay tai chd trong qua
trinh diéu ché ché phim phu. Trong phuong 4n khéc, c6 thé thuén loi khi tién hanh
thity phén riéng biét va sau do, tron nhua silicon flo h6a va khong flo héa tao thanh.

Theo d6, ché phidm phu c6 thé duoc diéu ché bang cach pha tron polyme flo hoa
¢6 nhom chic alkoxysilyl va silan D dugc md ta trén day vo6i su ¢ mat cua nudce
va/hodc dung méi ruou, tét hon rugu hodc hdn hop rugu. Trong phuong an khac, ché
phdm phu ¢6 thé dugc didu ché bang cach pha tron nhua siloxan flo héa va khong flo
hoa dwoc didu ché riéng biét.

Ché phdm phu tét hon 12 bao gdm tir 0,1 dén 50 % khdi lugng 14 nhya silicon
flo hoa, tinh trén tdng khdi lvong ché pham phu.

Ché phdm phu tét hon 14 bao gdm tir 50 dén 99.9 % khdi lwgng 1a nhya silicon
khong flo, tinh trén téng khdi luong ché phdm phu.

Khéng mudn chiu su rang budc cia 1y thuyét bat ky, cac tac gia sang ché tin
rﬁng st dung nhya silicon khong flo héa trong cung ché phém tao ra mat do lién két
ngang cao hon sau khi hoa ran, didu nay gép phan tao 16p phii chic hon. Do d6, 16p
phti da héa ran c6 thé c6 kha ning chéng mon va chéng ban tét hon. Thém vao do, sir
dung nhua silicon ci flo héa 1an khong flo héa trong cing mot ché phim dugc tin 1a
din dén phén tang trong qué trinh héa rén va tich cac nhya thanh nhiéu 16p hodc ving.
Pidu nay s& dan dén kha ning tuong hop tét hon ctia ché phim phu véi cac nén khac
nhau, vi du nhu nén thiy tinh, v0 co, kim loai va str.

Ngoai cac nhya duge mo ta trén ddy, cac nhua két dinh khac cling c6 thé c6 mit
trong ché phdm phu, chang han nhu polyuretan, polyete, polyeste, polyacrylat.

Ché phdm phu tét hon 1a gbc dung méi. Ché phim phii gbc dung méi bao gdm
dung méi hitu co hodc hdn hop dung mdi hitu co véi vai trd pha 16ng chinh khi diéu
ché va/hodc son phi ché pham phu. “Pha l6ng chinh” c6 nghia 12 dung méi hitu co ciu
thanh it nhat 50 % khéi lugng cta pha 10ng, tét hon 12 it nhit 80 % khdi lwong, t6t hon
12 it nh4t 90 % khéi lugng, trong mét s phwong 4n tham chi 100 % khéi luong. So véi
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ché phdm phu gbc nude, ché phdm gbe dung méi dugce tin 13 ¢6 mot sd tinh nang tbt
hon, vi du nhu chéng tray.

Ché pham phii t&t hon 13 bao gdm tir 10 dén 70 % khdi lugng, t6t hon 1a tir 20
dén 60 % khéi luong 12 dung méi hiru co, tinh trén tong khdi luong ché phdm phu.

Vi du vé dung mdi hitu co thich hgp bao g@)m ruou (nhu etanol, isopropanol, n-
butanol, n-propanol), este (nhu etyl axetat, propyl axetat), dung moi thom (nhu toluen),
dung moi xeton (nhu axeton, metyl etyl xeton, metyl isobutyl xeton, cyclohexanon,
rugu diaxeton); hydrocacbon béo; hydrocacbon clo héa (nhu CH,Cl,); ete (nhu dietyl
ete, tetrahydrofuran, propylen glycol monometyl ete) va hon hop cta ching. Dung moi
hiru co wu tién bao gdm butyl axetat, N-metyl-pyrolidon, toluen, metyl isobutyl xeton
(MIBK), metyl etyl xeton (MEK), propylen glycol monometyl ete va metoxy propyl
axetat (PMA), hoic hon hop ciia ching.

Ham luong rén cta ché phim phu theo sang ché c6 thé trong khoang tir 1 dén
90 % khbi Iuong, t6t hon 1a tir 5 dén 65 % khéi lugng, tt hon 1a tir 10 dén 50 % khéi
lugng.

Ché phdm phua c6 thé bao gdm thém céc chit phu gia thong thudng da biét,
chéng han nhu chét don, chét chéng oxy hda, chét 1am ph:fmg, bdt mau, hat chéng mai
mon, chét kiém soat dong chay, chit hoat dong bé mit, chit héa déo, chét thic drfly két
dinh, chét 6n dinh hoa 4nh sang va cac chét khac.

Sang ché con dé xuit phuwong phap pht nén, bao gdm son phi ché phim phu
theo sang ché 1én nén va hoa ran ché phim phu.

Ché pham phu c6 thé dugce phii 1én nhiéu loai nén bang cac phuong phap thong
thudng da biét bao gdm phun, ldn bang con lan, phi gat, rét, son bang co hodc nhung.

Ché pham phi t&t hon 13 ¢6 thé hoa ran bang nhiét. Qua trinh héa ran tét hon 1a
dugc thuce hién & nhiét do cao, vi du nhu trong khoang tir 40 dén 190°C, tét hon 1 tur
50 dén 150°C. Nhiét d6 hoa rén c6 thé duge chon tity theo nén. Chuyén gia trong linh
vue sang ché biét nhiét do hoa ran pht hop. Cac phuwong phap dét néng thong thuong
d3 biét co thé dugce st dung, vi du nhu dat trong 10.

Ché phdm phi theo sang ché c6 thé dugc phu 1én nhiéu loai nén bao gdm nén
kim loai va nén phi kim loai, chéng han nhu thiy tinh, kim loai, hop kim, nén anot héa,
chit déo, composit v.v. Nén thich hop bao gdm polycarbonat acrylonitril butadien

10
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styren (PC/ABS), polycarbonat, polyacrylat, polyolefin, polyamit, polystyren,
polyamit, thuy tinh, g5, d4, nhdém, nhém anot héa, hgp kim nhdém, hop kim nhom
magié, dong, polyme/chat déo gia cudong bing soi cacbon (CFRP). Tét hon 1a, nén 1a
thay tinh hodc nhom.

Ché phim phu theo sang ché c6 thé duge sir dung dudi dang chi mét 16p duge
phu truc tiép 1én nén, hoidc hé nhiéu 16p, vi du nhu son 16t, son nén hodc son boéng.

Ché phim phu theo sang ché c6 thé dugc sir dung trong nhiéu nganh son phu
khac nhau, ching han nhu, hang dién tir tiéu dimg, 6 t6, bao bi, san va do g6, do gia
dung, thily tinh va cira s, thiét bi thé thao.

Sang ché con dé& xuét nén dugc phu 16p phu thu dugc tir ché phdm phu theo
sang ché. Cac 16p phu theo séng ché ¢6 cac tinh chét chung rét tot bao gdm bam dinh
va chéng triy. Thém vao dé, cac 16p phit cling c6 céc tinh chit d& 1am sach va chéng
ban rt tot nhu 6 thé duoc kiém nghiém vai but danh dAu vinh vién va hoa chét.

Vi du thie hién sang ché

3ang ché s& duoc chimg minh trong d6 tham khao cac vi du sau day. Moi phar.
vatilé phén tram duogc tinh theo khéi lugng trir khi duge quy dinh rd khéc.

Fluorolink® E10-H — Perflopolyete etoxyl héa cé dialcol cubi mach cua Solvay,
phén ti lugng trung binh (NMR): 1,700 don vi khéi luong nguyén tir (AMU), dd nhét
dong & 20°C: 115 mPas.

Dynasylan® 1124 — bis(trimetoxysilylpropyl)amin ctia Evonik

IPDI - isophoron diisoxyanat

DBTDL — dibutyl thiéc dilaurat

MIBK - metyl isobutyl xeton

BAC - butyl axetat

PMA - metoxy propyl axetat
Vi du 1: Téng hop chit phu gia flo

Tru6e hét, 60 g Fluorolink® E10-H duoc nhd giot vao 15 g IPDI véi 0,05 g
DBTDL & 60°C trong khoang 1 gi¢. Sau khi mdt nira cuia isoxyanat phan ung, 25 g
Dynasylan® 1124 va 50 g BAC dugc nhé giot vao hdn hgp phan ung trong khoang 30
phut. Sau d6 phéan tng tiép dién dén khi khong con phat hién duge NCO ty do.

Vi du 2: L6p pht chéng van tay

11
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Trude hét, 80 g Dynasylan® 1124 trong 80 g BAC dugc thily phén v6i 3,6 g
nude va 70 g etanol trong khoang 3 gi¢ ¢ nhiét do phong. Sau do 1 g chat phu gia flo
duoc diéu ché trong Vi du 1 va thém 250 g BAC nita dugc thém vao hé phan tng.
Phan tng tiép dién khodng 2 gid va san pham dugc thu lai sau khi loc véi gidy loc
25um. '

Vi du 3: Kha nang cta 16p phu

Nén thiy tinh dugc xtt Iy bing plasma. Ché phim phu chéng van tay dugc didu
ché trong Vi du 2 dugc phun 1én céc nén thuy tinh va nhom dén do day mang kho tir 2
dén 4 um. Méu dugc hoa rin & 150°C trong 30 phut va sau d6 dugc dat ¢ nhiét do
phong dé hoa ran lién tuc trong 5 ngay.

Goéc tiép xuc tinh, do cimg but chi va tinh bam dinh cta 16p phi duge do. Goc
tiép xuc tinh dugc do trén dinh cta 1an lugt cac 16p phu da hoa ran, v6i phuong phap
nho giot ¢ dinh 20. Céc giot nho dugc quy dinh 1a 3 pl/giot, va nhiét do do khoang
20°C. Géc tiép xic dugce do bang cach st dung thiét bi do DataPhysics v6i phan mém
SCA 20. D9 ctmg but chi dugc do theo kiém nghiém chuan trong d6 bit chi (tir 9B
dén 9H) dugc st dung. Do bam dinh dugc do biang kiém nghiém bang dinh theo tiéu
chudn ASTM D3359-02. Két qua kiém nghiém do két dinh c6 thé thay ddi tir OB — két
qua kém nhét (trén 65% clia ving bi cat chéo bi bang dinh boc ra) dén 5B — két qua t6t
nhit (0% ving bi cit chéo bi boc ra).

Két qua dugc trinh bay trén Bang 1.

Béang 1. Tinh chit bé mit

Goc tiép xuc tinh /°

- Nudce 108~111
- Diiotmetan 85~88

- Etylen glycol 94~97
D0 cing but chi (trén thiy tinh) 9H

D6 cung but chi (trén nhdm) 2H

Do bam dinh (trén thiy tinh) 5B

D0 bam dinh (trén nhom) 5B

12
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Tinh chét d& 1am sach

Céc tinh chét d& 1am sach dugc kiém nghiém bintg cach viét chit “stain” véi
but danh dau vinh vién hiéu ZEBRA véi muc den 1én nén da duogc phu.

Fig. 1 (a) cho thiy nén thuy tinh khéng phti & ntta trén va nén dugc phu ché
phém phi duge diéu ché & Vi du 2 & ntra dudi.

Fig. 1 (b) cho thiy cac nén nhu trong Fig. 1 (a), nhung sau khi lau myuc bang
miéng gié.

C6 thé thdy ring muc den khong co lai trén nén thiy tinh khong phu (Fig. 1 (a),
nua trén). Trai lai, muc den co lai thanh giot 1i ti trén bé mit ctia 16p phu theo sang ché
(Fig. 1 (a), ntra duén). Diéu nay c6 nghia 14 nén duge phi theo sdng ché ¢6 tinh ky muc.

Sau khi lau (Fig. 1 (b), ntra duéi), bé mit dugc phu theo sang ché sach va
khong cho thiy muc con lai bat ky. Khong thé lau sach muc tir thiy tinh khéng phu
(Fig. 1 (b), nira dudi). Pidu nay chimg té cac tinh chit dé lam sach cua 16p phu theo
sang ché.

Mai mon bing bui nhii thép

Kha ning chéng mai mon dugc kiém nghiém bing cach sit dung thiét bi mai
5750 Linear Abraser cia TABER®. Kiém nghiém dugc thyc hién véi cac vat nang 0,5
hodc 1 kg trén bui nhui thép #0000 dat 1én tdm duoc phu (dién tich bé mit cha xat 1
cm x 1 cm). Vén tc mai mon dugc dit & 60 chu ky /phut, khoang cach 1a 60 mm. Sau

kiém nghiém, goc tiép xic nuéc (WCA) duge do mot lan nita. Két qua dugce trinh bay

trén Bang 2.
Béang 2.
WCA truée kiém nghiém WCA sau kiém nghiém
1000T /500 g 108-111° 105-107°
2000T /500 g 108-111° 100-105°
3000T /500 g 108-111° 95-101°
1000T / 1 kg 108-111° 95-105°

13
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Nhu dugce trinh bay trén Bang 2, goc tiép xuc nuéc khong gidm dang ké sau
kiém nghiém. Diéu ndy c6 nghia la 16p phu da giit lai phan 16n c4c tinh chat chong ban

va dé lam sach.

14
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YEU CAU BAO HQ

1. Polyme flo hoa c6 nhém chirc alkoxysilyl, c6 thé thu dugc bang phuong phap
bao gdm céc bude:

a) cho (per)flopolyete (PFPE) c¢6 nhém chiic OH phan tng voi
polyisoxyanat A trong diéu kién phan tmg tao thanh uretan, dé thu dugc hop chét
trung gian c6 nhom chuc isoxyanat B,

b) cho hop chit trung gian B phan tmg v6i monoamin béc hai c6 nhom
chuce alkoxysilyl C, dé thu duge polyme c6 nhom chire alkoxysilyl.

2. Polyme theo diém 1, trong d6 (per)flopolyete c6 nhém chirc OH la PFPE c6
dihydroxyl cudi mach, hoic PFPE c6 monohydroxyl cubi mach.

3. Polyme theo diém 2, trong d6 (per)flopolyete c6 dihydroxyl cudi mach cé cong
thire tong quét

HO-(CH,CH,0),-CH,-CF»-Rs-CF,-CHy-(OCH,CH,)-OH
trong d6 p va q la céac sd nguyén dugce chon dc 14p v6i nhau tir 0 dén 50,
Rrla géc ¢6 hai nhém chuc c6 ciu tao perflopolyete (CF,CF,0),, (CF,0), hoac
(CF,-CF»-0),-(CF»-O)y, va trong d6 n va m 1a céc sb nguyén dugc chon doc lap
v6i nhau tir 1 dén 100.

4. Polyme theo diém bat ky trong sb cac didm tir 1 dén 3, trong d6 polyisoxyanat
A 1a diisoxyanat béo mach vong.

5. Polyme theo diém bét ky trong sb cac diém tir 1 dén 4, trong 6 monoamin bac
hai ¢6 nhom chire alkoxysilyl C 1a bis[3-(trialkoxysilyl)propyl] amin.

6. Ché phim phu gbc dung moi bao gdm polyme flo héa ¢ nhéom chirc
alkoxysilyl theo diém bat ky trong s cac diém tir 1 dén 5 va/hoic nhya silicon flo hoa
thu dugc bang cach thity phan polyme nay, va nhya silicon khong flo khac.

7. Ché phdm pht theo diém 6, trong d6 nhua silicon khong flo dugc thu bang cach
thiy phéan silan khong flo D.

8. Ché phim phu theo diém 7, trong d6 silan khong flo D dugc chon tir

alkoxysilan, aminosilan ¢6 nhém chirc alkoxy va hdn hop cua ching.

15



43168 16/17

9. Phuong phap phu nén, bao gém son pht ché phim phu theo diém bét ky trong
s cac diém tir 6 dén 8 1én nén, va héa ran ché phdm pha.

10. Nén duoc phi thu duge theo phuong phép cia diém 9.

11. Nén theo diém 10, trong d6 nén dugc chon tir thily tinh, kim loai, hop kim, nén
anot hoa, chit déo va composit.

12. Nén theo diém 11, trong d6 nén dugc chon tir nhém bao gbém polycarbonat
acrylonitril butadien styren (PC/ABS), polycarbonat, polyacrylat, polyolefin, polyamit,
polystyren, polyamit, thuy tinh, g5, déng, nhom, nhom anot hda, hop kim nhom, hop
kim nhom magié, polyme/chét déo gia cuong bing soi cacbon (CFRP).
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(@) (b)

Fig. 1
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