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

S i kI |11
CUC SO HUU TRi TUE
1-0035920

(517  COSF 220/26; C0O8G 81/02 (13) B
(21) 1-2018-05875 (22) 17/07/2017
(86) PCT/EP2017/068048 17/07/2017 (87) WO 2018/019642 01/02/2018
(30) 16181390.2 27/07/2016 EP
(45) 26/06/2023 423 (43) 25/07/2019 376A

(73) CLARIANT PLASTICS & COATINGS LTD (CH)
Rothausstr. 61, 4132 Muttenz, Switzerland
(72) PANDEY, Someshwarnath Dinanath (IN).
(74) Cong ty TNHH Tam nhin va Lién danh (VISION & ASSOCIATES CO.LTD.)

(54) COPOLYME KHOI POLYME CUA POLYACRYLAT-SILAN, PHUONG PHAP

TAO RA COPOLYME KHOI VA, HON HOP POLYME CHUA COPOLYME NAY
(57) Sang ché dé cap dén copolyme khoi polyme cua polyacrylat-silan c6 cong thirc chung
(D):

| A

|
R? R? RT(CHJ, RT (CHY),
|
P
(CHy), (CHa),

LS S
RO | ORE RO | ORS
RSO RSO

trong d6 m va n dgc 1ap voi nhau, la cac sO nguyén nam Ltrong khoang tur 2 dén 4000; p
1a s6 nguyén nam trong khoang tir 0 dén 5; q 1a s6 nguyén ndm trong khoang tir 1 dén 5; R1
1a hydro, nhom alkyl mach thiang hodc mach nhanh c6 tir 1 dén 4 nguyén tir cacbon; R2 la
hydro, nhom alkyl mach théng hodc mach nhanh c6 tir 1 dén 18 nguyén tr cacbon; R3 1a
hydro, nhém hydroxyl, nhém alkyl mach thang hodc mach nhanh cé tir 1 dén 4 nguyén tr
cacbon, hodc nhom Cy-Ci4 aryl; L 1a nhom amin (-NH-) dai dién gbc lién két, nhém amit (-
C(O)NH-), nhém uré (-NHC(O)NH-), nhom uretan (-OC(O)NH-) hodc nhoém metylen (-
CH,-); R4, RS va R6 doc lap v6i nhau, 12 hydro, nhém alkyl mach thang hoic mach nhanh
c6 tir 1 dén 8 nguyén tir cacbon hodc nhom polydimetylsiloxan; va R7 1a hydro hodc nhom
metyl.
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Linh vue ky thuat dwoc dé cap
Séang ché dé cap dén copolyme khdi cia polyacrylat-polysilan méi. Sang ché

ciing d& cép dén phuong phap tao ra copolyme khéi ctia polyacrylat-polysilan.

Tinh trang k§ thuét ciia sang ché

Polyme dua trén acrylat dugc st dung rong rii trong cac ung dung cho chét
dinh, chét bit kin va trong céc 16p phti do chiing ¢6 chi phi twong d6i thap. Mot wu
diém dic biét ciia polyme dua trén acrylat 1a kha ning twong thich cta n6 voi cac
polyme khac nhu polyme hodc copolyme duwa trén olefin gidng polypropylen.
Polyme dya trén silan tuong d6i dét. Chung khong thé twong thich véi nhiéu polyme.
Tuy nhién, ching c¢6 do 4n dinh oxy héa nhiét vu viét, nang lugng bé mat thép va
duoc ung dung l1am chit phu gia trong cac 16p phi va chét déo.

Trong khi cac polyme dua trén acrylat va silan riéng 1¢ ¢6 cac uu diém va nhuoc
diém riéng, hdn hop cua chiing tao ra hé thdng polyme lai 1 khong 6n dinh vé mit
nhiét dong va cubi ciing dan dén sy tach pha vi mé va thay ddi cac dic tinh phdi tron
theo thoi gian.

Céc copolyme cuia polyacrylat va monome dya trén Si dd dugc biét dén. Vi du,
US-2015119536 A1 va US-2013012653 Al md ta copolyme silicon-acrylic dugc
diu ché bang phan tng ctia hdn hop chira polyme silicon va hén hgp chita monome
acrylic v6i chit khoi mao gbc va chét xuc tac x40 tron am.

US-2015119526 Al boc 10 polyorganosiloxan dugc cai bién acrylic thu duoc
bing sy nhil héa va polyme héa ghép hdn hop chia polyorganosiloxan, monome
metacrylat v monome c6 thé copolyme héa c6 nhém chire carboxyl, amit, hydroxyl
hodc vinyl.

JPH-02258815 A md ta copolyme thu dugc bing cach copolyme héa

triorganosilyl (met)acrylat véi (met)acrylat chira nhom triorganosiloxysilylalkylen.
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Copolyme khdi 12 mot loai copolyme ddc biét dugc tao thanh tir cac khdi cua
cac don vi monome d3 dugc polyme hoa khac nhau. Cac copolyme khéi c6 thé két
hop céc dic tinh cla c4c loai polyme riéng l¢ bén trong ching va do d6 rat hip dan
cho nhiéu ung dung. Do d6, mong mudn cung cdp copolyme khéi két hop mdt cach

thuan loi cac ddc tinh cla ca acrylat cling nhu polyme silan.

Ban chit k§ thuit ciia sang ché

Séang ché dé xuét copolyme khéi cua polyacrylat-polysilan c6 cong thirc chung

@:
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(CHZ)q (CHZ)q
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trong do:
mvan dodc 1ap vdi nhau, 1a cac sd nguyén nim trong khoang tir 2 dén
4000;
p 1a s6 nguyén nam trong khoang tir 0 dén 5;
q 1a s6 nguyén nam trong khoang tir 1 dén 5;
R! 12 hydro, nhom alkyl mach théng hodc mach nhanh cé tur 1 dén 4
nguyén tir cacbon;
R? 12 hydro, nhom alkyl mach thng hodc mach nhénh co tir 1 dén

18 nguyén tir cacbon;

-3



35920

R3 1a hydro, nhém hydroxyl, nhom alkyl mach thing hodc mach
nhénh c6 tir 1 d&n 4 nguyén tit cacbon, hodc nhém Ce-Cia-aryl;

L la lién két don hoic nhém hoéa tri hai -NH-, -C(O)NH-,
-NHC(O)NH-, -OC(O)NH- hoac -CHaz-;

R* R3vaR® doc lap véi nhau, 12 hydro, nhém alkyl mach thang hoic mach
nhanh ¢c6 tr 1 dén 8 nguyén t cacbon hodc gbe
polydimetylsiloxan; va

R’ 12 hydro hodc nhém metyl.

Mo ta chi tiét sang ché

Nhu duge st dung & day, “n” dung dé chi mtc do polyme héa cia khéi
polyacrylat (A) ctia copolyme khéi ctia polyacrylat-polysilan c6 cong thirc (I). Theo
phuong an dugc vu tién, n nam trong khoang tir 10 dén 3000, tot hon nita 13 tir 50 dén
2500, tét nhat 1 tir 100 dén 1000.

Nhu duoc st dung ¢ ddy, “m” dung dé chi mac do polyme hda cua khéi
polysilan (B) ciia copolyme khéi ctia polyacrylat-polysilan c¢6 cong thirc (I). Theo
phuong én dugc uvu ti€n, m ndm trong khoang tir 10 dén 3000, t6t hon nita 12 tir 50
dén 2500, tt nhét 12 tir 100 dén 1000.

Cac nhom R! duge wu tién gdm hydro, metyl, etyl, propyl, isopropyl, butyl,
iso-butyl, t5t hon nita 1a hydro, metyl va etyl.

Cac nhom R? duge wu tién gdm hydro, metyl, etyl, propyl, isopropyl, butyl,
iso-butyl, tét hon nita 12 hydro, metyl va etyl. Theo mdt phuong 4n dugc vu tién dic
biét, R! 1a hydro va R? 12 hydro. Theo mdt phuong dn dugc uu tién ddc biét khac, R!
14 metyl va R? 1a hydro.

Tét hon 13, p 14 sé nguyén nam trong khoang tur 0 dén 3, tbt hon nita néu p 12 0
hozic 1, t6t nhat néu p 12 0.

Tt hon 13, q 1a sé nguyén nam trong khoang tir 1 dén 3, tbt hon nita néu q 1a 1
hoic 2, tbt nhit néu q 12 1. Theo mot phuong an duogc wu tién dic bigt, pla 1 vaqla

1.
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Theo mot phuong an duge wu tién dédc biét khac, m nam trong khoang tir 100
dén 2200, n nim trong khoang tr 100 dén 2200, p ndm trong khoang tir 0 dén3vaq
nim trong khoang tir 1 dén 3.

T6t hon 13, R? 13 hydro, nhém alkyl mach thing hodc mach nhanh ¢6 tir 1 dén
4 nguyén tit cacbon, hodc nhom Cs-Cro-aryl, vi du, phenyl hogc naphtyl. Tét nhét 13,
R? 1a hydro.

Tét hon 13, L 1a nhém -CHp-.

Tét hon 13, R, RS va R® 1a hydro, nhom alkyl mach thing hodc mach nhénh c6
tir 1 dén 6 nguyén tir cacbon hodc gbc polydimetylsiloxan.

Tét hon 13, R7 1a nhém metyl.

Theo modt phuong an duge vu tién dic biét, it nhét mot trong s cac nhoém RY,
RS va R®1a gbc polydimetylsiloxan.

Polydimetylsiloxan (PDMS) c¢6 cong thtre (IT):

CH,

HO—P%i—O—};H (1)

CH,

trong do:

x nam trong khoang tir 6,5 dén 4054 sao cho trong luvong phén ti trung binh sb
nam trong khoang tur khoéng 500 g/mol dén khoang 300.000 g/mol.

Theo phuong 4n duge wu tién, trong lugng phan tir trung binh s6 cia PDMS
nam trong khoang tir 500 g/mol dén 20.000 g/mol.

Tbt hon 13, ty 1€ trong lugng gitta PDMS va tfong lwong téng ctia copolyme
khéi clia polyacrylat—poiysilan ¢6 cong thire (I) ndm trong khoang tir 1:2,8 dén
1:24023.

‘Mot khia canh khac cua sang ché 13 phuong phap tao ra copolyme khéi cia
polyacrylat-polysilan c6 cong thic (I) bao gdm budc polyme hoa polyme acrylat c6
cong thic “khéi (A)” va polyme silan c6 cong thirc “khdi (B)” véi su c6 mit cua

chit khoi mao va & nhiét d6 phan tng t6i da 1a 120°C.
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Trong lugng phéan tr trung binh s6 cua polyacrylat khdi A t6t hon 14 nim trong
khoéng tir 400 g/mol dén 3,04 tri¢u g/mol, t6t hon nita 1a ndm trong khoang tir 10.000
dén 220.000 g/mol.

Trong lugng phén t trung binh s6 cua polysilan khoi B t6t hon 14 ndm trong
khoang tir 490 g/mol dén 7.204 triéu g/mol, t5t hon nita 1a ndm trong khoang tir
24.500 dén 539.000 g/mol.

Tam thoi, ty 1€ trong lugng gitta polyacrylat khéi A va polysilan khéi B khi tao
ra copolyme khdi ctia polyacrylat-polysilan ¢6 cong thire (I) nim trong khoang tir
1:1,8 x 107 dén 6204:1. Copolyme khéi ctia polyacrylat-polysilan c6 trong lwong
phan ti trung binh s6 nim trong khdéng tir khoang 890 g/mol dén khoang 7.207 trigu
g/mol.

Polyacrylat khéi (A) duoc tao ra bang cach polyme héa monome acrylat trong

hdn hop phan tng thi nhit. Phan tng polyme hoa c6 thé dugc thuc hién bang quy
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trinh polyme hoa bang dung dich, khdi, huyén phi hozc nhil twong. Cdc monome
acrylat thich hop gdm vi du, alkyl este mach thing hodc mach nhanh tir C; dén Cis
clia axit metacrylic, bao gdm metyl metacrylat, etyl metacrylat, n-butyl metacrylat,
octyl metacrylat, lauryl metacrylat, stearyl metacrylat; acrylat este, nhu alkyl este
mach thang hozc mach nhanh ti Ci dén C1s cua axit acrylic, bao gbdm metyl acrylat,
etyl acrylat, n-butyl acrylat va 2-etylhexyl acrylat.

Hon hop phan tng tha nhit tiy ¥ ¢6 thé chita dung mdi nhu nude, axeton,
methanol, isopropanol, tetrahydrofuran (THF), clorofom, axeton, dimetylformamit,
dimetylsulfoxit, metyletylketon, hodc hdn hop ctia chung. Viéc polyme hoa monome
acrylat co thé c6 mat chit khoi mao. Chét khoi mao ndy tdt hon 1a duge lua chon
dua trén céc thong sd nhu kha ning hoa tan cta n6 trong mot hodc nhiéu thanh phan
khéac (vi du, monome, dung mdi); thoi gian ban thai & nhi¢t do polyme héa mong
mudn (t6t hon 12 thoi gian béan thai nam trong khoang tr khoang 30 phut dén khoang
10 gid), va 6n dinh. Cac vi dy vé chét khoi mao bao gdm céc hop chét azo nhu 2,2'-
azobis (isobutyronitril), axit 4,4'-azobis(4-xyanovaleric), 2,2'-azobis [2-metyl-N-
(1,1-bis(hydroxymetyl)-2-(hydroxyetyl)]-propionamit, va 2,2'-azobis [2-metyl-N-
(2-hydroxyetyl)]-propionamit; peroxit nhu t-butyl hydroperoxit, benzoyl peroxit;
natri, kali, hodc amoni persulphat hodc hdn hop cta ching. Hé théng khoi mao oxy
héa-khir ciing c6 thé duge sir dung, nhu vi du persulphat hodc peroxit két hop voi
chat khir nhu natri metabisulphit, natri bisulfit, natri formaldehyt sulfoxylat, axit
isoascorbic, hodc hon hop cta chung. Nodng do ctia chat khoi mao dugc st dung
trong quy trinh polyme hoa t6t hon 1a duge lua chon dé thu duge mic do polyme
héa mong mudn. Tét hon 13, ndng do cua chit khoi mao nim trong khoang tir 0,2
phan trim trong lugng dén 3 phén tram trong luong, va t6t hon nita 1a tir 0,5 phan
tram trong lugng dén 1,5 phan tram trong luong, dua trén trong lugng clia monome.

Ngoai ra, hdn hgp phan Gng thir nhit c6 thé con bao gdm chit xdc tac, nhu vi
du phirc chit chelat ctia kim loai chuyén tiép. T6t hon 13, phirc chét chelat ctia kim
loai chuyén tiép 1a phirc chét coban (II) ho#c (1II) chelat nhu, vi du, phtrc chét dioxim
ctia cac phirc chat coban (II), coban (II) porphyrin, hodc coban (II) chelat cua céc

hop chéat iminohydroxyimino, hop chit dihydroxyimino, diazadihydroxy-
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iminodialkyldecadien, hodc diazadihydroxyiminodialkylundecadien 1an cén, hodc
hdn hop ctia chung.

Hon hop phan tng thit nhét néu trén duoc gia nhiét tam thoi dén nhiét d6 nam
trong khoang tu 20 dén 150°C, tét hon 1a tir 50°C dén 80°C. Phan tmg nay c¢6 thé
tiép dién trong khoang thoi gian tir 1 dén 5 giv. Ham luong chét rin & thoi diém hoan
thanh phan tng polyme hda thuong la tir 5 phan trim trong luong dén 70 phan trim
trong luong, va tot hon nita 14 tr 30 phén tram trong luong dén 60 phén tram trong
luong, dya trén trong luong tdng ctia nhil trong hodc huyén phi trong nudc.

Trong hdn hgp phan Gng thir hai, monome silan dugc polyme hoa dé tao ra
khéi polysilan (B) ctia copolyme khéi c6 cong thire (I). Céac vi du v& monome silan
bao gdm (3-acryloxypropyl)tris(trimetylsiloxy)-silan; sin phidm phan tmg cla 2-
hydroxyetyl acrylat v6i 3-isoxyanatopropyltrietoxysilan; san phim phan tGng cta 2-
hydroxyetyl metacrylat vdi 3-isoxyanatopropyltrimetoxysilan; san pham phéan tmg
ctia 2-hydroxyetyl acrylat v6i 3-isoxyanatopropyltrimetoxysilan; san pham phan tng
ctia 2-hydroxyetyl metacrylat v&i 3 isoxyanatopropyltrietoxysilan; san phidm phan
ing clia 3-aminopropyltrimetoxysilan véi glyxidyl metacrylat; san pham phan tmg
ctia 3-aminopropyltrietoxysilan véi glyxidyl metacrylat, san pham phan tng clia axit
acrylic v6i (3-aminopropyl)trimetoxysilan; san phdm phan tng cla axit acrylic v6i
(3-aminopropyl)trietoxysilan; san pham phan g clia metacryloyloxyetyl isoxyanat
v6i  (3-aminopropyl)trimetoxysilan; hodc  san phdm phan {mg cua
metacryloyloxyetyl isoxyanat v6i (3-aminopropyl)trietoxysilan.

Nhu duoc st dung & day, cac thuat ngir “hdn hop phan tng thi nhét” va “hdn
hop phan Gng thtt hai” khong dugc hidu 1a c6 bat ky han ché nao doi véi trinh ty cla
quy trinh phan tng do ching co6 thé thay thé cho nhau. Vi duy, trong quy trinh phan
tmg, hdn hop phan tng thir hai c6 thé dugc phan Gng trudc hdn hop phéan tng thir
nhét.

Hon hop phan tng tht hai néu trén tiy y chta dung mdi, nhu nude, axeton,
methanol, isopropanol, THF, clorofom, dimetylformamit, dimetylsulfoxit,
metyletylketon, hodc hdn hgp cta ching. Viéc polyme héa monome silan ¢6 thé ¢6

mit chit khoi mao. Chét khoi mao thich hop 1a cac chat duge mé ta trude d6 v6i hon
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hop phéan Ung thi nhét. Nong do clia chit khoi mao trong hon hgp phan tng thir hai
latr 0,2 phé‘m tram trong luong dén 3 phr?m tram trong lugng, va t8t hon nita 1a tir 0,5
phan trim trong lugng dén 1,5 phan trim trong lugng, dya trén trong luong tdng cla
monome silan. Hon hop phan tng thit hai con ¢ thé bao gdm chét xuc tac nhu duge
& cap trude d6 dbi voi hdn hop phan tng thir nhét,

Tét hon 13, hdn hop phan tng thi hai dugc gia nhiét dén nhiét do ndm trong
khoang tir khoang 40°C dén 75°C, tdt hon ni¥a 12 tir 50 dén 65°C. Phan ting c6 thé
dugc tiép dién trong thoi gian nam trong khoang tir 1 dén 4 gio.

Phan tng polyme hoa @8 tao ra copolyme khéi ctia polyacrylat-polysilan c6
céng thirc chung (I) cé thé dugc thyc hién bang quy trinh polyme hoa bang dung
dich, khéi, huyén phii hodc nhii twong. Quy trinh polyme héa c6 thé 1 quy trinh lién
tuc, quy trinh theo mé hodc nira me. Khéi polyme acrylat A va khéi polyme silan B
dugc polyme hoa tam thoi v6i sy c6 médt cia chét khoi mao va & nhiét do phan tng
nam trong khoang tir 40 dén 120°C, t6t hon 1a tir 50 dén 80°C. Theo mdt phuwong én,
phan g polyme héa duoc thuc hién bang phan tmg polyme hoa bang dung dich.
Theo mot khia canh khac, phan tng polyme héa dugc thuc hién bang phan Ung
polyme hoa khdi. Phan tng nay c6 thé tiép dién trong khoang thoi gian 1én dén 5
gid, t6t hon 1a tir 1 dén 5 gio.

Theo mot phuong an, khéi polysilan (B) cta copolyme khéi ¢ cong thire (1)
dugc ghép véi it nhét mot nhoém polydimetylsiloxan (PDMS). Theo mdt phuong én,
monome PDMS nhu PDMS dau cubi hydroxyl duge phan Gng véi khéi polysilan B
véi sy cd mét cua chét xtc tac polyme hoa ghép dé tao ra khdi polysilan B ghép
PDMS. Theo mdt khia canh khac, viéc ghép PDMS duoc thuc hién sau phan tng
polyme hoéa gilta khéi polyacrylat A va khéi polysilan B d& tao ra copolyme khéi ctia
polyacrylat-polysilan c¢6 cong thirc chung (I).

Su polyme héa ghép cbd thé duogc thuc hién véi su ¢6 mit cia dung moi. Céc
dung mdi thich hgp nhu vay bao gém nudce, axeton, methanol, isopropanol,
tetrahydrofuran (THF), clorofom, axeton, dimetylformamit, dimetylsulfoxit,

metyletylketon, hogc hdn hop cta chiung. Phan tng polyme héa ghép ¢d thé dugc
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khoi ddu bang chit khoi mao. Cac chét khoi mao thich hop gdm cac chét khoi mao
duge md ta trude d6 dbi v6i hdn hop phan tng thir nhét.

Céc vi du v& cac chit xtic tic polyme héa ghép 1a cac chat dugc chon tir nhom
bao gdm bazo hitu co, axit carboxylic va cac hop chét hiru co-kim loai bao gdm
titanat hitu co va céc phic chit hodc carboxylat ctia chi, coban, s&t, niken, kém va
thiéc. Céc vi du vé cac chét xtc tc bao gdm dibutyltin dilaurat (DBTL), dibutyltin
dioctoat, dibutyltin diaxetat, octoat chira thiéc, oleat chira thiéc, chi octoat, kém 2-
etylhexoat, coban naphtenat, coban octoat, sit 2 etylhexoat, bis(axetylacetonyl)di-
isopropyl titanat, di-isopropoxy titan di(etylaxetoaxetat), tetrabutyl titanat,
tetranonyl titanat, etylen glycol titanat, tetrabutyl zirconat, ctylamin, hexylamin,
dibutylamin, piperidin, etylen diamin, octadexylamin axetat, axit p-toluen sulphonic
va axit axetic. Cac chét xtc tac dugc wu tién 1a cac hop chét thiéc hitu co, vi du
dibutyltin dilaurat va dibutyltin diaxetat. Chit xtc tac tét hon 1a dugc bd sung vao
v6i lwong nam trong khoang tir khoéng 0,01 dén khoang 1 phan trim theo trong
lwong, t&t hon nita 1a khoang 0,05 dén khoang 0,5 phén tram theo trong luong, va t6t
nhét 12 tir khoang 0,1 dén 0,2 phén tram theo trong lugng ctia polyme thanh phén.

Hon hop phan mg polyme hoa ghép dugc gia nhiét dén nhiét d6 nim trong
khoang tir khoang 40°C dén 75°C, tét hon nita 1a tir 50 dén 65°C. Phan tng c6 thé
dugc tiép dién trong thoi gian nam trong khoang tir 1 dén 5 gio, tot hon 1a tur 1 dén
3 gio.

Copolyme khdi ctia polyacrylat-polysilan ¢6 thé tang cudng hinh thic bé mit
do polyme it bi xudc hon do ndng lugng bé mat thap cua khdi polysilan va ddng thoi
¢6 kha nang tuong thich t6t v6i cac polyme khéc do khéi polyacrylat. Trong mot Gng
dung cu thé, copolyme khdi theo sang ché c6 thé tang cudng tinh chéng xudc cla
polyme, nhu polyolefin, khi dugc phéi tron v6i nhau.

Néu khong can giai thich thém, ngudi ta tin rang ngudi c6 hidu biét trung binh
v& linh vuc k¥ thudt ndy c6 thé, st dung phan mo ta & ddy, st dung sang ché & pham
vi day du nhit. Céc vi du sau dugc dua vao dé cung cép thém huéng dan cho ngudi
¢6 hiéu biét trung binh vé linh vuc k§ thuat nay trong qua trinh thuc hi¢n séng ché

duoc bao ho. Cac vi du duge cung cap chi 1a vi du tiéu bieu d€ gop phan cung cap
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thong tin vé don séng ché. Do d6, cac vi du ndy khéng nhiam gi6i han sang ché, nhu
duoc xac dinh trong cac diém yéu ciu bao ho kém theo, theo bat ky cach nao.

Nhu duoce st dung & day, nhiét o chuyén pha thiy tinh (Tg) cua polyme la
nhiét do tai d6 polyme chuyén tir trang thdi cting, gibng thuy tinh & nhiét do thap
hon Tg sang trang thai ldng hodc gidng cao su & nhiét dd cao hon Tg. Tg cua polyme
thudng dugc do bang phép do nhiét lugng quét vi sai (DSC) st dung diém gitra cta
dong nhiét so v6i chuyén tiép nhiét do lam gié tri Tg. Déi véi copolyme khdi, mot
Tgcod thé duogc do, hodc tinh toan, dbi véi pha duogc tao ra béng khéi polyacrylat, va
Tg khac dbi véi pha dugce tao ra boi khéi polysilan. "Tg trung binh", hodc "Tg tong
thé" ¢6 thé duoc tinh ddi véi hé théng nhu vay dudi dang trung binh ¢ trong s6 ctia
lugng polyme trong mdi pha cta Tg nhét dinh.

Trong lugng phan t cia cac polyme tdng hop hau nhu ludn ludn 12 hdn hop
ctia cac mach khéc nhau vé trong lugng phan tit, tirc 13, c6 "su phan b trong lugng
phan ti" dugc dé cap dén dudi dang chi s§ da phan tan. Cin ctt vao sy phan bd trong
luong phén tir, dic diém diy du nhét cta trong lwong phén tir cia mot mau nhat dinh
1a x4c dinh toan bd su phan bd trong luong phan tir. Dic diém nay thu dugc bang
cach tach cac thanh phdn ctia su phan b va sau d6 dinh lugng s6 lwong ctia mdi
thanh phin c6 mit. Nhu dugc st dung & déy, cac thuat nglt “trong lugng phan tir
trung binh s& (Mn)” va “trong lugng phan tlt trung binh trong lugng (Mw)” dugc xéac
dinh bing sic ky thim gel (GPC).

Vi du thye hién sang ché
Vidul
a) Toéng hop polyme silan:

Binh day tron (RB) ba c¢b duge gin v6i binh ngung va dudng din Schlenk aé
thy khi bang nito. Binh RB dugc dit trén may khudy va dia néng c6 khay gift nhiét.
Khi nito dugc suc qua binh RB d4 dugc gia nhi€t so bd va séy kho dé loai bo d6 4m

bét ky trude khi polyme héa.
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Khoang 10 gam metacryloxypropyltrimetoxysilan dugc liy trong binh RB va
nhiét do duoc ting 1én 63°C. Azobisisobutyronitril (AIBN) (0,04 g) dugc bd sung
fimg giot vao binh RB. Sy bét dAu cta phan tmg duge thé hién bang sw gia ting do
nhét ciia hdn hop phan tng. Tiép tuc gia nhiét va khudy trong thoi gian 2 gio nita.
Lam ngudi hdn hgp phéan tng.

b) Tdng hop polyme acrylat:

Khoang 40 gam metyl metacrylat (MMA) cung v6i 100 mililit (mL)
tetrahydrofuran (THF) dugc cho vao binh RB ba cb da dugc tiy khi bang nito. Nhiét
dd cua hdn hop phan tmg dugc ting 1én dén 60°C. Moi truomg khi nito duge duy tri
thong qua duong din Schlenk. Sau khi dat dugc nhiét do nay, 0,16g
azobisisobutyronitril (AIBN) dugc bd sung vao hdn hgp phan Gng. Su bét dau phan
ting duge thé hién bang su hinh thanh cic chit rin. Phan ung dugce tiép tuc trong thoi
gian 1 gio. Miu duge 14y ra khoi hon hop phan tng sau thoi gian 1 gio dé xac dinh
dic tinh thém. Polyme acrylat thu dugc tir vi du nay dugc déc trung bang cach sir
dung NMR. Dit liéu NMR 'H NMR (400MHz, CDCl3) 6 3,7-3,5 [COOCHs], 3 2,0-
1,5 [C(CH3)CH>], § 1,5-0,5 [C(CH3)CH>] xac nhén sy hinh thanh cua polyme. Phép
phan tich trong lugng phén tir duge thyc hién trong dung mdi clorofom bing cach
str dung GPC véi chét chudn polystyren va dugc liét ké trong bang 1. Polyme acrylat
¢6 trong lugng phan ti trung binh trong lugng (Mw) bang 209000, trong lugng phan
tr trung binh s6 (Mn) bang 73000 g/mol va chi sb da phan tan bang 2,8.
¢) Téng hop copolyme khéi:

Khoéang 1,6g hdn hgp phén Gng chira polyme silan trong Vi du la duogc lay
trong mdi truong khi tro va dugc bd sung vao binh trong Vi du 1b. Phan tng duoc
tiép tuc trong thoi gian 1 gio nita va sau d6 khoang 10g polydimetylsiloxan (PDMS
M 500 g/mol) dugc bd sung vao binh RB cung véi 0,2g dibutyltin dilaurat
(DBTDL). Phan tng dugc tiép tuc trong thoi gian 2 gid nita va dugc két tha trong
lugng du methanol. San phém thu dugce sau d6 duogc loc va séy kho trong 10 chan
khong & nhiét do 40°C trong thoi gian 24 gio dé loai bo cac luong nho methanol khoi
san phdm. San pham copolyme khéi thu dugc theo cach nhu vay sau d6 dugc can aé

cO duogc hi€u suét béng 89% va duoc st dung dé x4c dinh dic tinh thém. Sy hinh
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thanh copolyme khdi dugc xac nhan bﬁng NMR nhé sy xuét hién dinh ¢ § 0,3-0,0
twong tmg voi [Si-CHs]. Phép phén tich trong lwong phan tir ctia copolyme khéi dugc
thuc hién trong dung moi clorofom bang cach st dung GPC vdéi chit chuin
polystyren va dugc liét ké trong bang 1. Copolyme khdi ¢6 trong lwgng phan ti trung
binh trong lugng (Mw) bang 240000, trong lwgng phan ti trung binh s (M) bing
105000 va chi s da phan tan bang 2,3 nhu dwoc thé hién trong bang 1.

Bang 1: Dt liéu GPC cua acrylat va copolyme khéi

Vi du My (g/mol) M (g/mol) Chi s6 da phan tan
1b 209000 73000 2,8
lc 240000 105000 2,3

Tg ctia polyme dugc ghi lai bang cach str dung DSC (Perkin Elmer DSC 6000)
& tc @0 gia nhiét bang 10°C/phut. Copolyme khéi c6 hai Tg (Tg thir nhét twong tmg
v6i PDMS xuét hién & khoang nhiét do tir 50°C dén 70°C va Tg thir hai twong tng
véi acrylat xuét hién & khoang nhiét do tir 140°C dén 150°C.

Phan tich nhiét trong lugng TGA (Thermogravimetric Analysis) ciia copolyme
khéi dugc do bang cach st dung Perkin Elmer TGA 4000 dé biét nhiét do phan huy.
MAu copolyme khdi dugc gia nhiét trong mdi truong khi nito va budce gia nhiét dugc
tiép tuc dén nhiét do 1én dén 700°C & toc dd bﬁng 20°C mdi phit. TGA cta copolyme
khéi cho thdy su bit dAu phan hily & nhiét do bang 250°C ma chi ra d¢ thich hop ctia
céc polyme khdi ndy trong cac phuwong phép xt 1y polyme thong thuong.

Vidu?2
a) Tong hop polyme silan

Khoang 13g hydroxyetylmetacrylat duoc 14y trong binh RB va dugc bd sung
20,5g 3-isoxyanatopropyltrimetoxy silan. Binh RB dugc thdi khi nito va budc thdi
khi nito dugc tiép tuc trong toan bd khoang thoi gian phan tmg. 0,04g dibutyl thiéc
dilaurat (DBTDL) dugc bd sung vao hdn hop phan tng va nhiét do duoc ting lén
dén 65°C. Phan tmg dugc tiép tuc trong khoang 1 gid. Viéc hoan thanh phén tng
duoc thé hién bing su bién mét cta dinh isoxyanat & 2270 cm’! bang cach str dung

quang phd hoc tia hdng ngoai (IR).
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10 g san phdm phan tng duge 14y trong binh RB trong mdi truong khi nito va
0,03g AIBN duoc bd sung vao d6. Nhiét do dugc tang lén dén 63°C va phan mg
duoc tiép tuc biang cach gia nhiét lién tuc trong thoi gian khodng hai gid trong moéi
truong khi nito. Hon hop phan ing duge 1am mat va duoc gift trong mdi trudng khi
nito cho dén 1an sir dung tiép theo.

b) Tong hop polyme acrylat:

Khoang 30g MMA dua liy trong binh RB véi 250 mL THF. Khoang 0,4 g
AIBN dugc b sung vao binh nay. Nhiét d duoc ting 1én dén 63°C va tiép tuc duogc
gia nhiét trong thoi gian 1 gio. Su bét dau phan ting polyme hoa dugc quan sat bang
su hinh thanh cua cac chét rin trong hdn hop phéan tmng.
¢) Téng hop copolyme khéi

San phim tlr vi du 2a dugc bd sung trong diéu kién khi tro vao binh RB trong
vi du 2b va phan ing dugc tip tuc trong thoi gian mot gid nita. Khoang 7,5g PDMS
(Mn 500 g/mol) cung véi 0,18g DBTDL dugc bd sung vao hdn hop phan Gng va
phan tng dugc tiép tuc trong thoi gian hai gio nita. Két thic phan tng, san pham
copolyme khéi dugc két tia trong Iuvgng du methanol va duoc sdy kho. San phdm c6
thé duoc dic trung bai NMR, DSC va TGA.

Vidu3
a) Tong hop polyme silan

Khoang 10 gam metacryloxypropyltrimetoxysilan dugc liy trong binh RB va
nhiét do dugc tang 1én dén 63°C. Khoang 0,04g AIBN duoc bd sung tir tir vao binh
RB. Sy bit dau phan tGng dugc thé hién bang cach lam ting do nhét cla hdn hop
phén tng. Tiép tuc gia nhiét va khudy trong thoi gian 2 gid nita. Lam ngudi hdn hop
phan Ung.

b) Tdng hop polyme acrylat

Axit acrylic 7,2g dugc liy trong binh RB chira 100 ml toluen dugc gdn vao
thiét bi Dean stark. 1-octanol (13g) duoc bd sung vao cung véi 0,2¢ axit para toluen
sulphonic (PTSA). Hon hop phéan tng duge hdi luu. Viée két thic phan ung duge
thé hién bang su bién mét ctia dinh hydroxyl cua 1-octanol gifta 3200-3400 cm!

bang quang phd hoc IR. Phan (mg dugc ding lai sau 4 gi¢ sau khi co su bién mét
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ctia dinh hydroxyl. San phém phan Gng dugc hoa tan trong diclometan va dugc rua
béngnuéc.Smnphénlduqcséykhéuénna&iyﬂphatkhmavéduqccédacbéngcéch
st dung thiét bi bay hoi kiéu quay. Khoang 20,2g san pham phén tmg duoc 14y trong
binh RB trong mdi trudng khi nito va dugc gia nhiét trong thoi gian hai gio véi su
c6 mit cia 0,2g chét xtc tac AIBN. Phén nho cua san phidm duge bd sung vao
methanol dé két tua xac nhan su hinh thanh polyme. Sén phém dugc dé ngudi va gitt
trong moi truedong khi nito.
¢) Téng hop copolyme khdi

B4 sung 2,7g san phim trong Vi du 3a vao san pham trong Vi du 3b trong moi
treong khi nito. Phan tng dugc tiép tuc trong thoi gian 1 gio. Khoang 2,7g PDMS
(M, 500 g/mol) cung v6i 0,05g DBTDL duoc bd sung vao hdn hop phan tng bing
cach gia nhiét lién tuc trong thoi gian 2 gio. Lam ngudi hdn hop phéan tmg va dugc
két tia trong methanol du, dugce loc, sdy kho va duoc str dung dé xac dinh dic tinh

thém.
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YEU CAU BAO HQ

1. Copolyme khéi polyme ctia polyacrylat-silan ¢ cong thirc chung (I):

R

trong do:

mvan

Rl

RZ

R3

R1 R7 R7
n m
(1
O O o O OO O
R2 R2 R3  (CHy, R®  (CHy),
(CHZ)q (CHZ)q
I I
/Sl\ /Sl\
RO | OR® R4O | ORS
R50 R3%0

doc lap voi nhau, 1a cac s6 nguyén nam trong khoang tir 2 dén
4000;

1a s6 nguyén nam trong khoang tir 0 dén 5;

1a s6 nguyén nam trong khoang tir 1 dén 5;

14 hydro, nhém alkyl mach théng hodc mach nhanh c6 tur 1 dén 4
nguyén tir cacbon;

14 hydro, nhém alkyl mach thang hodc mach nhanh c6 tir 1 dén
18 nguyén tir cacbon;

1a hydro, nhém hydroxyl, nhém alkyl mach thang hozc mach
nhénh c6 tir 1 d&n 4 nguyén ti cacbon, hodc nhém Ce-Ci4-aryl;
]a lien két don hodc nhém hoéa tri hai -NH-, -C(O)NH-,
-NHC(O)NH-, -OC(O)NH- hodc -CHa-;
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R* R3vaR® doc lap v6i nhau, 14 hydro, nhém alkyl mach thing hoic mach
nhanh ¢6 tr 1 dn 8 nguyén t cacbon hodc gbe
polydimetylsiloxan;

R’ 12 hydro hodc nhém metyl; va

trong d6 it nhat mét trong sé R*, R’ va R®1a nhém polydimetylsiloxan.

2. Copolyme khéi theo diém 1, trong d6 m 12 s& nguyén nam trong khoang tir 100
dén 1000,

3. Copolyme khdi theo diém 1 hoic 2, trong d6 n 12 sd nguyén ndm trong khoang tir
100 dén 1000.

4. Copolyme khéi theo diém bit ky trong s& cac diém néu trén, trong do6 p 1a sb
nguyénnén1&0ngkhoéngtﬁ()dén3.

5. Copolyme khdi theo diém bét ky trong s& cac diém néu trén, trong d6 q la sb
nguyén nam trong khodng tir 1 dén 3.

6. Copolyme khdi theo diém 1, trong d6 ty 1& trong lugng gitta polyacrylat khéi (A)
va polysilan khdi (B) nim trong khoang tir khoang 1:1,8 x 10’ dén 6204:1.

7. Copolyme khéi theo diém 1, trong d6 trong lwgng phén t trung binh s6 ciia nhém
polydimetylsiloxan ndm trong khoing tUr khodng 500 g/mol dén khoang
300000 g/mol.

8. Copolyme khdi theo diém 1, trong d6 ty 1& trong luong gilta nhom
polydimetylsiloxan (PDMS) va trong lugng tdng cla copolyme khéi polyme cia
polyacrylat-silan ¢6 cong thirc chung (I) ndm trong khoang tir 1:2,8 dén 1:24023.

9. Copolyme khdi theo diém 1, trong d6 R! 1a hydro, metyl hodc etyl.

10. Copolyme khdi theo diém 1, trong d6 R? 1 hydro, metyl hodc etyl.

11. Copolyme khéi theo diém 1, trong d6 R 1a hydro.

12. Phuong phép tao ra copolyme khéi polyme ctia polyacrylat-silan theo diém 1,
bao gdbm budc polyme héa polyme acrylat c6 cong thirc “khéi (A)” va polyme silan
cécﬁngthﬁc“khéi(BTl

& nhiét do phan tng tdi da bang 120°C:
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R R
n P
khéi (A)
0 0O 0 0
R2 R2
R7 R7
m
khéi (B)
0 O 0 0
R®  (CH,), R® (CHyp),
(CH,), (CH,),
| |
_Si. _Si.
R0 | OR® R4O | ORS
R50 RS0

13. Hdn hop polyme chita copolyme khéi theo diém 1 dé tang cuong tinh chéng

xudce cua polyme.
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