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Linh vue k§ thuit dwgc dé cip

Sang ché d& cap dén chat mang xuc tac. Cu thé hon, sang ché d& cap dén chit mang xuc
tac trén co s& polymetylaluminoxan réan, cing nhu viéc polyme hoa olefin bang cach sir
dung chét nay.

Tinh trang ky thuit ciia sang ché

D4 biét ring etylen (va o-olefin néi chung) d& dugc polyme hoa & ap sut thap hoic &p
sut trung binh véi su c6 mit cua céc chit xtc tic kim loai chuyén tiép nhit dinh. Cac
chét xtic tac ndy dwoc goi chung 1a chit xtc tac Zeigler-Natta.

Mbt nhém riéng biét clia cac chat xtc tac Ziegler-Natta ndy, c6 tac dung xtc tdc qua
trinh polyme ho4 etylen (va a-olefin néi chung), chira chit hoat héa aluminoxan va chat
xtc tac kim loai chuyén tiép metaloxen. Metaloxen chutra kim loai lién két gitra hai phéi
tir n°-xyclopentadienyl. Néi chung, céc phéi tir n’-xyclopentadienyl dwoc chon tir -
xyclopentadienyl, n’-indenyl va n’-florenyl.

Theo truyén théng, cac phan tmg c6 chét xuc tac 1a chét xuc tac Ziegler-Natta trén co s&
metaloxen d4 sit dung chat xic tic ndy trong pha dung dich. Tuy nhién, k¥ thudt nay c6
nhidu nhuoc diém, dang cha ¥ nhét 1a sy kho tach mot cach c6 hiéu qua chat xuc tac ra
khoi méi trudng phan tmg va sau do tai sinh né d& sir dung tiép.

Vi polyetylen (ciing nhu cac polyolefin khac) c6 gia tri cao trong nganh cong nghiép,
nén can c6 chit mang pha rén cai tién c6 kha ning mang chét xuc tac Ziegler-Natta trén
co s& metaloxen mot cach c¢d hi¢u qua.

Sang ché da duoc tao ra d¢ giai quyét cac van dé néu trén.

Ban chét ky thuit ciia sang ché

Theo khia canh tht nhit, sang ché d cap dén chit mang pha rén thich hop dé mang
chit xtc tac metaloxen, chit mang pha rén nay chira polymetylaluminoxan rin duoc cai
bién bang cach cho né phan tng voi hop chét c6 cong thirc (I) hodc (IT) nhu duge xac
dinh trong ban md ta nay, trong d6 ty 1€ mol gitta hop chét c6 cong thire (I) hodc (II) va
polymetylaluminoxan rén trong chit mang pha ran nim trong khoang tir 0,0001:1 dén
0,3:1.

Theo khia canh tiép theo, sang ché dé xuit phuong phép diéu ché chit mang pha rin
theo didém bAt ky trong sb cac diém néu trén bao gdm céc budc:

cho polymetylaluminoxan ran vao dung moéi thu nhét;
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cho polymetylaluminoxan ran thu duoc ¢ bude a) tiép xtGic voi mot hodc nhiéu
hop chét ¢6 cong thire (I) hodc (IT) nhu duoc xac dinh trong ban mé ta nay; va

tach san phém thu dugc ¢ budc b);

trong d6 ty 1& mol gita hop chat c6 cong thire (I) hoic (II) va polymetylaluminoxan
ran dung & budc b) nam trong khoang tir 0,0001:1 dén 0,3:1.

Theo khia canh tiép theo, sdng ché dé xut chat mang pha rin thu dugc, thu duoc
mot cach truc tiép hodc ¢6 thé thu duoc béng quy trinh dugc xé4c dinh trong ban mo
ta nay.
Sang ché cling mo ta viée str dung chit mang pha rin duoc xac dinh trong ban mé ta
nay 1am chit mang pha ran dé mang chit xtc tic metaloxen.
Theo khia canh tiép theo, sang ché dé xuat hdn hop xuc tac gdm:

hop chét ¢6 cong thire (II1) nhu duge xac dinh trong ban mé ta nay; va

chit mang pha ran nhu dugc x4c dinh trong ban mé ta ny.

Theo khia canh tiép theo, sang ché dé xuét phuong phap didu ché hdn hop xuc tac
nhu duoc xéc dinh trong ban mo ta nay bao gdm cac budc:

cho chat mang pha rin nhu duoc x4c dinh trong ban md ta nay vao dung méi
thich hop;

cho chit mang pha ran thu dugc & budc a) tiép xtic voi hop chét ¢6 cong thirc
(ITI) nhu dugc xac dinh trong ban mo ta nay; va
tach san pham thu duoc tir bude b).
Theo khia canh tiép theo, sang ché dé xuét hdn hop xtc tac thu duge mot cach truc
tiép hodc c6 thé thu dugc bang quy trinh dugc xac dinh trong ban mé ta nay.
Sang ché cling md ta viéc sir dung hon hop xtc tac nhu dugce xac dinh trong ban md
ta nay lam chat xtic tac polyme héa dé didu ché polyolefin.
Theo khia canh tiép theo, sang ché dé xuét quy trinh san Xuét polyolefin (vi du
polyetylen), quy trinh nay bao gém budce cho cac monome olefin phan Gng véi su ¢
mit ctia hdn hop xtc tdc nhu duoc x4c dinh trong ban md ta nay.
M6 ta vin tit cac hinh vé
Mot hodc nhiéu vi du khong lam gigi han pham vi cia sang ché s& duoc md ta dudi
day, cac vi du nay chi nhim muc dich minh hoa, c6 dua vao cac hinh vé kém theo,
trong do:
Fig.1: 14 anh chup SEM (do phong dai 250 14n) cta cac miu PE tir chét xuc tac trén
co 56 MAO rén (a) khong duge cai bién, va dugc cai bién bang phuong phap A véi
muc don cua (b) B(Cg¢Fs);1a2 %mol,
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Fig.2: 14 anh chup SEM (d6 phong dai 250 14n) ctia cac mau polyetylen tir chit xuc
tac trén co s6 MAO rin dugc cai bién bang 20 %mol B(C¢Fs); bang phuong phap A.
Fig.3: 12 anh chup SEM (x4000 do phong dai) ctia cac mau MAO rén tir (a) miu déi
chung, va dugc cai bién bang (b) 10 %mol B(C4Fs)s, va (c) 40 %mol C¢FsOH theo
phuong phéap B.

Fig.4: 1a anh chup SEM ctia MAO rin dugc cai bién bang chat cai bién, ty 16
pentaflophenol: Al 1a a) 0,0005:1, b) 0,4:1 va c) 1,2:1.

Fig.5: 12 anh chup SEM ciia MAO ran dugc cai bién bang chét cai bién, ty 18 4-
flophenol: Al 1a a) 0,0005:1.

Fig.6: 1a anh chup SEM ciia MAO rin duogc cai bién bang chét cai bién, ty 1é phenol:
Allaa) 0,0005:1.

Fig.7: 1a anh chup SEM ctia MAO ran dugc cai bién bang chat cai bién, ty 1& axit 4-
flophenylboric: Al 1a a) 0,0005:1.

Fig.8: 1a anh chup SEM ciia MAO rin dugc cai bién bang chét cai bién, ty 1é p-
toluen sulfonamit: Al la a) 0,0005:1.

Fig.9: 12 4nh chup SEM (dd phéng dai 250 14n) ctia cic miu PE tir cac chit xuc tac
trén co so (a)-(d) khong duoc cai bién va (e)-(h) 5% mol B(C¢Fs); MAO rin duoc
cai bién bang 4 phirc chét zirconoxen.

Fig.10: 1a anh chup SEM (x1000 do phdng dai) cia céc mau PE tir cac chét xtc tac
trén co sé (a)-(b) khong dugc cai bién va (c)-(d) 5% mol C¢FsOH MAO rin dugc cai
bién bang 2 phirc chit zirconoxen khéc.

Fig.11: 1a hinh vé& thé hién vung dugc chon cua phé 'H NMR trong dg-THF cuia
MAO rén duoc cai bién bang BPh; véi mire don 5% mol theo phuong phap B.
Fig.12: 1a hinh v& thé hién ving duoc chon ciia phé 'H NMR trong dg-THF cua
MAO rin dugc cai bién béng B(C¢Fs); vé1 mirc don 5% mol theo phuong phéap B.
Fig.13: 1a phé “F{'H} NMR trong ds-THF ciia MAO rin dugc cai bién bing
B(CgFs); v61i mirc don 5% mol theo phuong phap B.

Fig.14: 12 hinh v& thé hién ving duoc chon cua phd 'H NMR trong dg-THF clia
MAO ran dugc cai bién bang Al(CgFs); v6i mie don 5% mol theo phuong phéap B.
Fig.15: 1a phd “F{'H} NMR trong ds-THF ctia MAO rin dugc cai bién bing
Al(C¢Fs); voi mie don 5% mol theo phuong phéap B.

Fig.16: 13 hinh vé& thé hién ving dugc chon ctia phd 'H NMR trong ds-THF cua
MAO rin dugc cai bién bang {4-F} C¢H,B(OH), véi mirc dén 5% mol theo phwong
phap B.
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Fig.17: 1a hinh v& thé hién ving dugc chon cia phd 'H NMR trong dg-THF cua
MAO rin dugc cai bién bang {3.5-F},C¢H;B(OH), véi muc don 5% mol theo
phuong phéap B.

Fig.18: 1a phd F{'H} NMR trong dg-THF ctia MAO rén dugc cai bién bing {3,5-
F},C¢H3;B(OH), véi mae don 5% mol theo phuong phap B.

Fig.19: 1a hinh v& thé hién ving dugc chon cia phd 'H NMR trong dg-THF cua
MAO rin duoc cai bién bing C¢FsB(OH), v&i mirc don 5% mol theo phuong phap
B.

Fig.20: 1a hinh vé& thé hién vung dugc chon cua phé 'H NMR trong dg-THF cua
MAO rin dugc cai bién bing {4-F}C H,OH véi mirc don 5% mol theo phuong phap
B.

Fig.21: 12 phd “F{'H} NMR trong ds-THF cia MAO rin dugc cai bién bing {4-
F}C H,OH v6i mire don 5% mol theo phwong phap B.

Fig.22: 12 hinh v& thé hién ving dugc chon cia phd 'H NMR trong ds-THF cua
MAO rin dugc cai bién bang {3,5-F},C¢H;0H véi mirc don 5% mol theo phuong
phép B.

Fig.23: 1a phd “F{'H} NMR trong ds-THF ctia MAO rin dugc cai bién bing {3,5-
F},C¢H30H véi mire don 5% mol theo phuong phép B.

Fig.24: 12 hinh v& thé hién ving duoc chon cia phéd 'H NMR trong dg-THF ciia
MAO ran dugc ci bién bang C4FsOH v6i mirc don 5% mol theo phuong phép B.
Fig.25: 1a phd "F{'H} NMR trong ds-THF ciia MAO rin dugc cai bién bing
CeFsOH v6i mtre don 5% mol theo phuong phap B.

Fig.26: 1a phé ''B DEPTH SSNMR (quay & tan s6 15 kHz) ctia 5% mol BPh; MAO
rin duge cai bién theo phuong phap B.

Fig.27: 1a phd “F DEPTH SSNMR (quay & tin sé 15 kHz) ciia 20 %mol B(CgFs)s
MAO ran dugc cai bién theo phuong phap B.

Fig.28: 1a phd ''B DEPTH SSNMR (10 kHz spinning) ctia 20 %mol B(C¢Fs); MAO
ran dugc cai bién theo phuong phap B.

Fig.29: 1a phd "F{'H} DEPTH SSNMR (quay & tin s6 24 kHz) cia 5% mol
Al(CgFs); MAO rin dugc cai bién theo phuong phap B.

Fig.30: 1a pho “F{'H} DEPTH SSNMR (quay & tin s6 10 kHz) ciia 5% mol {4-
F}C¢H,B(OH), MAO rin dugc cai bién theo phuong phéap B.

Fig.31: 1a phd ''B DEPTH SSNMR (quay & tin s 24 kHz) cta 5% mol {4-
F}C¢H,B(OH), MAO rin dugc cai bién theo phuong phép B.
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Fig.32: 1a ph6 F{'H} DEPTH SSNMR (quay & tin sé 10 kHz) cia 5% mol {3,5-
F},C¢H;B(OH), MAO rin duoc cai bién theo phuong phap B.

Fig.33: 1a phd "B{"F}{'H} DEPTH SSNMR (quay & tan s 24 kHz) ctia 5% mol
{3,5-F },C¢H3B(OH), MAO ran duoc cai bién theo phuong phap B.

Fig.34: 1a phé "F{'H} DEPTH SSNMR (quay & tin sb 24 kHz) ctia 5% mol
C¢FsB(OH), MAO rén duoc cai bién theo phuong phap B.

Fig.35: 1a phd "B{"’F}{'H} DEPTH SSNMR (quay & tan sd 24 kHz) ctia 5% mol
C¢FsB(OH), MAO rin duoc cai bién theo phuong phap B.

Fig.36: 1a phé “F{'H} DEPTH SSNMR (quay & tin sé 15 kHz) cta 10 %mol {4-
F}C H,OHMAO rin dugc cai bién theo phuong phap B.

Fig.37: 1a phd "F{'H} DEPTH SSNMR (quay & tin sé 24 kHz) cta 5% mol {3,5-
F},C¢H30H MAO rén duoc cai bién theo phwong phép B.

Fig.38: 1a phd F{'H} DEPTH SSNMR (quay & tan sb 15 kHz) cta 10 %mol
C¢FsOH MAO ran dugc cai bién theo phuong phap B.

Fig.39: 12 phd DRIFT (cta s6 NaCl) cia MAO ran duogc cai bién bang BPh; v6i muc
don 5% mol theo phuong phap B.

Fig.40: 1a phd DRIFT (cta s6 NaCl) ciia MAO rén duoc cai bién bing B(C¢Fs); voi
muc don 5% mol theo phuong phap B.

Fig.41: 1a phd DRIFT (ctia s6 NaCl) cia MAO rin duogc cai bién bang {4-
F}C¢H4B(OH), v61 mirc don 5% mol theo phuong phap B.

Fig.42: 1a phé DRIFT (cua s6 NaCl) cia MAO rin dugc cai bién bing {3.5-
F},CsH;B(OH), véi mire don 5% mol theo phuong phap B.

Fig.43: 1a phd DRIFT (ctia s6 NaCl) cia MAO rén duoc cai bién bang C4FsB(OH),
véi mire don 5% mol theo phuong phép B.

Fig.44: 1a pho DRIFT (cta s6 NaCl) ciia MAO rin dugc cai bién bing {4-
F}C H,OH v6i mire don 5% mol theo phuong phap B.

Fig.45: 1a phd DRIFT (cta s6 NaCl) cia MAO ran dugc cai bién bing {3,5-
F},C¢H30H vé1 mtrc don 5% mol theo phuong phap B.

Fig.46: 1a phd DRIFT (ctia s6 NaCl) cia MAO ran dugc cai bién bing C¢FsOH voi
muc don 5% mol theo phuong phap B.

M5 ta chi tiét sang ché

Cdc dinh nghia
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Nhu duge sir dung trong ban md ta nay, thuét ng “alkyl” dugc dung dé chi cac gbe
alkyl mach théng hodac mach nhanh, thuong c6 1, 2, 3, 4, 5 hodc 6 nguyén tir cacbon.
Thuat ngit nay bao gdm cac nhém nhu metyl, etyl, propyl (n-propyl hodc isopropyl),
butyl (n-butyl, sec-butyl hodc tert-butyl), pentyl (bao gdm neopentyl), hexyl va cac
nhém tuong ty. Cu thé, alkyl c6 thé c6 1,2, 3 hodac 4 nguyén tir cacbon.

Nhu dugc st dung trong ban mé ta nay, thuat ngit “alkenyl” duoc ding dé chi cac
géc alkenyl mach théng hodc mach nhanh, thuong c6 2, 3, 4, 5 hoac 6 nguyén ti
cacbon. Thuit ngit nay bao gdm cac gdc alkenyl chtra 1, 2 hodc 3 lién két doi
cacbon-cacbon (C=C). Thuit ngit nay bao gdm ca cdc nhém nhu etenyl (vinyl),
propenyl (alyl), butenyl, pentenyl va hexenyl, ciing nhu ca cac chit ddng phén cis va
trans cuia chung.

Nhu dugc sir dung trong ban mé ta nay, thuat ngir “alkynyl” duge dung dé chi cac
gbc alkynyl mach thing hodc mach nhanh, thudong c6 2, 3, 4, 5 hodc 6 nguyén tir
cacbon. Thuat ngit nay bao gébm cac gbc alkynyl chira 1, 2 hodc 3 lién két ba cacbon-
cacbon (C=C). Thuat ngit nay bao gdm ca cac nhém nhu etynyl, propynyl, butynyl,
pentynyl va hexynyl.

Nhu duge sir dung trong ban md ta nay, thuat ngir “alkoxy” dugc ding dé chi gdc -
O-alkyl, trong d6 alkyl la mach théng hoac mach nhanh va ¢6 1, 2, 3, 4, 5 hodc 6
nguyén ti cacbon. Theo mot nhém céc phuong an, alkoxy co6 1, 2, 3 hoac 4 nguyén
~tir cacbon. Thuét ngit ndy bao gdm ca cdc nhom nhu metoxy, etoxy, propoxy,
isopropoxy, butoxy, tert-butoxy, pentoxy, hexoxy va cac nhom tuong tu.

Nhu dugce st dung trong bdn mo ta nay, thuat ngit "aryl" nhu dugc st dung trong ban
md ta nay dugc ding dé chi hé vong thom c6 6, 7, 8, 9 hodc 10 nguyén tir cacbon
trén vong. Aryl thudng 1a phenyl nhung c6 thé 12 hé nhan da vong, ¢6 hai hodc nhiéu
vong, it nhit mot vong trong sé cac vong nay la vong thom. Thuat ngir ndy bao gdm
ca cdc nhdm nhu phenyl, naphtyl va cdc nhom tuong tu.

Nhu duge str dung trong ban mé ta nay, thuat ngit “carbocyclyl” dugc dung dé chi
gbc vong béo ¢6 3, 4, 5, 6, 7 hodc 8 nguyén tir cacbon. Nhom nay c6 thé 14 hé vong
¢6 lién két cau hodc hé nhan da vong. Thong thuong hon, cac nhom xycloalkyl 1a
don vong. Thudt ngit nay bao gdm ca cic nhém nhu xyclopropyl, xyclobutyl,
xyclopentyl, xyclohexyl, norbornyl, bixyclo[2,2,2]octyl va cac nhom tuong tu.

Nhu duge st dung trong ban md ta nay, thuét ngit "heteroxyclyl" dugc dung dé chi
gbc nhan di vong bdo hoa (vi du, heteroxycloalkyl) hodc khong bdo hoa (vi du
heteroaryl) c6 3, 4, 5, 6, 7, 8, 9 hodc 10 nguyén tr trén vong, it nhat mot trong sb
chung duoc chon tir nguyén tir nito, oxy, phospho, silic va luu huynh. Cu thé,
heteroxyclyl bao gdbm vong hodc hé vong c¢6 3 dén 10 canh va cu thé hon vong c6 5
hodc 6 canh, ma c6 thé 1a bdo hoa hoic khong bao hoa.

_7-
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Vi du, géc di vong dugc chon tur oxiranyl, azirinyl, 1,2-oxathiolanyl, imidazolyl,
thienyl, furyl, tetrahydrofuryl, pyranyl, thiopyranyl, thianthrenyl, isobenzofuranyl,
benzofuranyl, chromenyl, 2H—pyroly1, pyrolyl, pyrolinyl, pyrolidinyl, imidazolyl,
imidazolidinyl, benzimidazolyl, pyrazolyl, pyrazinyl, pyrazolidinyl, thiazolyl,
isothiazolyl, dithiazolyl, oxazolyl, isoxazolyl, pyridyl, pyrazinyl, pyrimidinyl,
piperidyl, piperazinyl, pyridazinyl, morpholinyl, thiomorpholinyl, ddc biét la
thiomorpholino, indolizinyl, isoindolyl, 3H-indolyl, indolyl, benzimidazolyl,
cumaryl, indazolyl, triazolyl, tetrazolyl, purinyl, 4H-quinolizinyl, isoquinolyl,
quinolyl, tetrahydroquinolyl, tetrahydroisoquinolyl, decahydroquinolyl,
octahydroisoquinolyl, benzofuranyl, dibenzofuranyl, benzothiophenyl,
dibenzothiophenyl,  phtalazinyl, naphthyridinyl, quinoxalyl, = quinazolinyl,
quinazolinyl, xinolinyl, pteridinyl, carbazolyl, p-carbolinyl, phenanthridinyl,
acridinyl, perimidinyl, phenanthrolinyl, furazanyl, phenazinyl, phenothiazinyl,
phenoxazinyl, chromenyl, isochromanyl, chromanyl va cic gbc twong tu.

Thuat ngit "heteroaryl" nhu duge st dung trong ban mo ta nay duoc dung dé chi hé
nhan di vong thom c6 5, 6, 7, &, 9 hoac 10 nguyén tr trén vong, it nhat mét nguyén
ttr trong s6 chung duoc chon tir nguyén tir nito, oxy va luu huynh. Nhoém nay c6 thé
1 hé nhan da vong, ¢ hai hodc nhiéu vong, it nhat mot vong trong sd cac vong nay
1a vong thom, nhung thong thuong hon 14 don vong. Thuét ngit nay bao gdm ca céc
nhom nhu pyrimidinyl, furanyl, benzo[b]thiophenyl, thiophenyl, pyrolyl, imidazolyl,
pyrolidinyl, pyridinyl, benzo[b]furanyl, pyrazinyl, purinyl, indolyl, benzimidazolyl,
quinolinyl, phenothiazinyl, triazinyl, phtalazinyl, 2H-chromenyl, oxazolyl,
isoxazolyl, thiazolyl, isoindolyl, indazolyl, purinyl, isoquinolinyl, quinazolinyl,
pteridinyl va cdc nhom tuong tu.

Nhu duoc sir dung trong ban md ta, thuat ngtt "halogen" hoac “halo” nay dugc dung
dé chi F, Cl, Br hodc 1. Cu thé, halogen c6 thé 1a F hodc Cl, trong d6 CI 1a thong
dung hon.

Nhu duge st dung trong ban md ta, thudt ngt “duogc thé” nhu duoc st dung trong
ban mo ta nay lién quan dén géc dugc dung dé chi mot hodc nhiéu, dic biét 1a tdi da
5, ddc biét hon 1a 1, 2 hodc 3 nguyén tir hydro trong gbc néu trén dugc thé mét cach
doc 1ap v6i nhau bang s twong ing ciia cac phan tir thé dugce néu. Thuat ngit “tiy y
duoc thé” dugc dung dé chi viéc duoc thé hoac khong dugc thé.

T4t nhién, can phai hiéu ring cac phan tir thé chi & cac vi tri ma chung c6 thé thé vé
mit hoéa hoc, chuyén gia trong linh vue nay c6 thé quyét dinh (biang thuc nghiém
hodc bang ly thuyét) ma khong cin nd Iuc khong phit hop cho du ¢6 thé ¢ su thay
thé cu thé. Vi dy, cac nhém amino hodc hydroxy chira hydro tu do c6 thé 1a khong
6n dinh néu lién két v6i nguyén tir cacbon c6 cac lién két khong bio hoa (vi du
olefin). Ngoai ra, tat nhién, ciing can hiéu rang cic phan tir thé duge mo ta trong ban
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md ta niy c6 thé ban than chung duoc thé bang phén tir thé bat ky, dbi véi giéi han
néu trén, & vi tri thay thé thich hop nhu duoc chuyén gia trong linh vuc nay cong
nhan.

Chiit mang pha rin

Nhu duge néu trong phin mé ta trén ddy, sang ché d& cip dén chit mang pha rin
thich hop dé mang chit xtc tic metaloxen, chit mang pha rin nay chta
polymetylaluminoxan rin duoc cai bién bang cach cho né phan tmg véi hop chat co
cong thuc (I) hodc (II) nhu duogc thé hién dudi day:

X
Re R, 0
Rf—g—z
Re N !
Re

() (1)

trong do
X la nhém hydroxyl hodac nhom B(Y), hodac nhom AI(Y),,

trong d6 mdi Y doc 1ap duge chon tir hydroxyl, phenyl va naphtalenyl, nhém
bat ky trong sb cac nhom nay co thé tiy y duoc thé bang mot hodc nhiéu phan
tir duogc chon tr halo, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl va
trihaloalkyl;

R, va Ry, doc 1ap 1a hydro, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-
4C)alkynyl, halo hoac trihaloalkyl, hodc

R, va Ry, duoc lién két, sao cho, khi cling véi cac nguyén tr ma chiing gin
vao, chung tao thanh vong thom ¢6 6 canh ma tiy y duoc thé bang mot hodc
nhiéu phan tir dugc chon tir halo, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl
va trihaloalkyl;

R¢-R. ddc 1ap 1a hydro, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
halo hodc trihaloalkyl;

Z 1a hydroxyl hodc nhom -NRR,,
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trong do Ry va Ry doc 1ap duge chon tir hydro va (1-4C)alkyl;

Ry la (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl, trihaloalkyl hodc nhém
phenyl ma tuy y dugce thé bang mot hodc nhidu phan tir dwgc chon tir
hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl, halo va trihaloalkyl;

trong d6 ty 1& mol gitta hop chit c6 cong thire (I) hodc (IT) va polyaluminoxan
rén trong chit mang pha rin nam trong khoang tir 0,0001:1 dén 0,3:1.

Chit mang pha rin theo sang ché c6 mot s6 uu diém so véi cac chat mang pha rin
khéc. C6 1& dang cha y nhét, khi duoc ding dé diéu ché chat xtc tac Ziegla-Natta
trén co s& metaloxen c6 chit mang ding dé polyme hoa olefin, chat mang pha rin
theo sang ché lam ting dang ké hoat tinh xuc tac.

Cén phai hiéu rang thuat ngit “polymetylaluminoxan ran” va “MAO ran” nhu dugc
st dung trong ban mo ta nay déu duoc ding dé chi hop chit & dang pha ran c6 cong
thirc chung —[(Me)AlO],—, trong do6 n la s& nguyén nam trong khoang tir 10 dén 50.
Polymetylaluminoxan rén thich hop bat ky c¢6 thé duoc st dung.

C6 su khac biét dang ké vé dac tinh va ciu tric giita polymetylaluminoxan ran va
metyl aluminoxan (khong ran) khac. C6 18 dang chu y nhat 13, polymetylaluminoxan
ran khéc biét v6i metyl aluminoxan (MAO) khic & chd né khong hoa tan trong cac
dung moi hydrocacbon va do d6 dong vai tro lam hé chit mang khong dong nhat.
Polymetylaluminoxan rin hitu ich trong viéc diéu ché chit mang pha rin theo sang
ché khong hoa tan trong toluen va hexan.

Trai véi metyl aluminoxan (hoa tan trong hydrocacbon) khong ran, theo truyén thong
duge st dung 1am cac gdc hoat héa trong qué trinh polyme héa huyén phu dic hoic
dé cai bién bé mat cua chit mang rin riéng ré (vi du SiO,), polyaluminoxan ran dugc
néu trong sang ché 1a thich hop dé sir dung lam chit mang pha ran, ma khong can ¢6
thém chét hoat héa. Do d6, chit mang pha rén theo sang ché 1a khong c6 cic gbc bat
ky khac ma co thé dugc xem 1a chét mang rén (vi du cac chit vo co nhu Si0,, Al,Os
va ZrO,). Tuong tu, chi chit mang ran vo co duge st dung trong hdn hop xtc tac
theo sang ché 1a chit mang pha rin theo sang ché (tirc 1a khong can mot chat mang
ran bd sung nao nhu SiO,, ALO3 va ZrO,). Ngoai ra, nho chirc nang kép cua chét
mang pha ran theo sang ché (lam chit mang xuc tic va lam gdc hoat hoa), hdn hop
xuc tac theo sang ché khong chira cac gde hoat hoa xuc tac b sung.

Theo mdt phuong an, polymetylaluminoxan ran duoc didu ché bang cach lam nong
dung dich chtra polymetylaluminoxan va dung moi hydrocacbon (vi-du toluen), dé
két tha polymetylaluminoxan ran. Dung dich nay chtta polymetylaluminoxan va
dung méi hydrocacbon c6 thé dugc diéu ché bing céch cho trimetyl nhom phén tmg
v6i axit benzoic trong dung méi hydrocacbon (vi du toluen), va sau d6 1am néng hdn
hop thu duoc.
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Theo mdt phuwong 4n, polymetylaluminoxan rin duoc diéu ché theo phuong phap

sau.:
axit benzoic Tién chat Nhiét MAG Nhiét MAO
AIM 3 m——— S - ran
& 15°C ?.IE s 80°C 80°C
30 phit 1en chat 28h 28h
Aluminoxan

Céc tinh chét cua polymetylaluminoxan rin cé thé duoc didu chinh bang cach thay
d6i mot hodc nhiéu bién xu Iy dugc sir dung trong khi téng hop né. Vi du, trong
phuong phap néu trén, cac tinh chit ciia polymetylaluminoxan ran cé thé duge didu
chinh bang cach thay ddi ty 18 Al:O, bang cach ¢ dinh lugng AlMe; va thay doi
lrong axit benzoic. Vi dy, ty 1€ AL:O 1a 1:1, 1,1:1, 1,2:1, 1,3:1, 1,4:1 va 1,6:1. Thich
hop, néu ty 1& AL:O 1a 1,2:1 hodc 1,3:1. Theo cach khac, cac tinh chit cia
polymetylaluminoxan ran c6 thé duoc didu chinh bang cach ¢ dinh luong axit
benzoic va thay dbi lugng AlMe;.

Theo phuong an khéac, polymetylaluminoxan ran dugc diéu ché theo phuong phap

sau:
Bude 1 Budce 2 Budc 3
axit benzoic  Tién chat Nhiét Nhiét MAO rén
AlMes » Aluminoxan 2 MAO g
0.5h + CH,4 gﬁ hC
100 °
15°C

Theo phuong phép néu trén, cac bude 1 va 2 co thé duge giit khong doi, con bude 3
thay ddi. Nhiét d6 ctia budce 2 ¢6 thé nam trong khoang 70-100°C (vi du 70°C, 80°C,
90°C hoac 100°C). Khoang thoi gian thuc hién budc 2 cé thé nam trong khoang tir
12 dén 28 gio (vi du 12, 20 hodc 28 gio). Tot hon 13, khoang thoi gian thuc hién
bude 2 ¢6 thé ndm trong khoang tir 5 phut dén 24 gio. Budce 3 ¢ thé dugce tién hanh
trong dung moi nhu toluen.

Theo mot phuong an, ham lugng nhom trong polymetylaluminoxan ran nam trong
khoang 36—41 % khbi luong.

Polymetylaluminoxan rin duoc dung trong sang ché khac biét & chd né c6 do hoa
tan cyuc ky thdp trong toluen va n-hexan. Theo mdt phuwong 4n, dd hoa tan trong n-

hexan & nhiét do 25°C cda polymetylaluminoxan ran nam trong khoang 0—2 %mol.
Thich hop 1a, dd hoa tan trong n-hexan ¢ nhiét do 25°C cua polymetylaluminoxan
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rdn nim trong khoang tir 0—1 %mol. Thich hgp hon, néu d6 hoa tan trong n-hexan &
nhiét d6 25°C cua polymetylaluminoxan ran nam trong khoang tir 0—0,2 %mol. Theo
cach khac hodac ngoai ra, d0 hoa tan trong toluen & nhiét d§ 25°C cua
polymetylaluminoxan rdn nam trong khoang tir 0—2 %mol. Thich hop 13, d6 hoa tan
trong toluen ¢ nhiét do 25°C ctia polymetylaluminoxan ran nim trong khoang tir 0—1
%mol. Thich hop hon, néu do hoa tan trong toluen & nhi¢t do 25°C cua
polymetylaluminoxan ran nam trong khoang tir 0—0,5% mol. D6 hoa tan trong céac
dung mdi c6 thé do dugc bing phuwong phap nhu di dwoc md ta trong JP-
B(KOKOKU)-H07 42301.

Theo phuong 4n dic biét thich hop, polymetylaluminoxan rén la nhu dugc m ta
trong US2013/0059990, W02010/055652 hoic WO2013/146337, va c6 thé thu duoc
tor Tosoh Finechem Corporation, Japan.

Theo mot phuong 4n, ty 1& mol giita hgp chit c6 cong thirc (I) hodc (II) va
polymetylaluminoxan rin trong chit mang pha rin nim trong khoang tir 0,0001:1
dén 0,2:1. Thich hop 14, ty 1& mol gitta hop chdt c6 cong thic (I) hodc (II) va
polymetylaluminoxan rin trong chit mang pha rin nim trong khoang tir 0,0001:1
dén 0,1:1. Thich hop hon, néu ty 16 mol giita hop chat c6 cong thirc (I) hodc (II) va
polymetylaluminoxan rin trong chit mang pha rin nim trong khoang tir 0,0001:1
dén 0,07:1. Thich hop nhét, néu ty 18 mol gitta hop chat ¢6 cong thirc (I) hodc (II) va
polymetylaluminoxan rén trong chit mang pha rin nim trong khoang tir 0,0001:1
dén 0,05:1.

Theo mot phuwong 4n, Z la hydroxyl.
Theo phuong an khéc, X 1a nhém hydroxyl hodc nhom B(Y),.
Theo phuong an khéc, X 1a nhém hydroxyl hodac nhém Al(Y),.

Theo phuong an khac, mdi Y doc 13p dugc chon tir hydroxyl, phenyl va naphtalenyl,
nhom bét ky trong sb cac nhém nay c6 thé tuy y duge thé bang mot hodc nhidu nhém
duoc chon tir flo, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl va trifloalkyl.

Theo phuong an khéc, mdi Y ddc 1ap duoc chon tir nhém hydroxyl hodc nhom
phenyl ma tiry y dugc thé bang mot hodc nhiéu phan tir duge chon tir flo, hydroxyl,
(1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl va trifloalkyl.

Thich hop, néu mdi Y doc lap dugc chon tr nhém hydroxyl hodc nhém phenyl ma
ty y dugc thé bing mot hogc nhidu phan tir duge chon tir flo, (1-4C)alkyl va
triflometyl. _

Thich hop hon, néu mdi Y doc 1ap dugc chon tr nhém hydroxyl hodc nhém phenyl
ma tiry ¥ duge thé bang mot hodc nhiéu phan tir dwgc chon tir flo va triflometyl.
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Theo mdt phuong an, mdi gbe R,-R. doc lap 1a hydro, hydroxyl, (1-4C)alkyl, (2-
4C)alkenyl, (2-4C)alkynyl, halo hodgc trihaloalkyl, hodc

R, va R, dugc lién két, sao cho, khi ciing véi cic nguyén tr ma ching gin vao,
ching tao thanh vong thom c6 6 canh ma tuy y.dugc thé bang mot hodc nhidu phan
tir duoc chon tir halo va trihaloalkyl.

Thich hop, néu mdi gbc R,-R. ddc lap 1a hydro, hydroxyl, (1-4C)alkyl, (2-
4C)alkenyl, (2-4C)alkynyl, halo hoac trihaloalkyl, hoac

R, va R, duoc lién két, sao cho, khi cling véi cdc nguyén tir ma ching gén vao,
ching tao thanh vong thom c6 6 canh ma tuy y dugc thé bang bén nhém, mdi nhém
doc 1ap dugce chon tir halo (vi du flo) va trihaloalkyl (vi du triflometyl).

Thich hop hon, néu R,-R. doc 1ap 1a hydro, hydroxyl, (1-4C)alkyl, 2-4C)alkenyl, (2-
4C)alkynyl, flo hodc trifloalkyl.

Tham chi, thich hop hon, néu R,-R, doc lap 1a hydro, (1-4C)alkyl, flo hodc
trifloalkyl.

Thich hop nhét, néu R,-R. doc 1ap 1a hydro, metyl, etyl, tert-butyl, flo hodc
triflomety]l.

Theo phuong an khac, Ry la (1-4C)alkyl, trihaloalkyl hodc nhém phenyl ma tuy y
duoc thé béng mot hoac nhiéu phﬁn tir duge chon tir hydroxyl, (1-4C)alkyl, halo va
trihaloalkyl.

Thich hop 1a, R¢la (1-4C)alkyl, trihaloalkyl hodc p-toluenyl.

Thich hop hon, néu trong d6 Ry 1a metyl, etyl, triflometyl hodc p-toluenyl.

Theo mét phuong an, hop chit c¢6 cong thire (I) hodc cong thire (II) duge chon tir
mdt hodc nhiéu hop chit trong sd cac hop chét c6 cong thire sau:
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OH OH OH B(CeHs)2
F F FaC CFs

F

Al(CeF

B(CeFs)2 B(OH), . 6F5)2

F F T F F
—$—OH

F F © F F

F F

B(OH), B(OH), OH OH
i F F i
F F F F F F
F F

Theo mot phuong an, hop chét c¢6 cong thire (I) hodc cong thue (II) dugc chon tir
mot hodc nhiéu hop chét trong sb céc hop chét co6 cong thirc sau:

X O L,

B(CéFs)2 B(OH),
o
F I
—S—OH
i
F
F F

Thich hop, néu hop chat c6 cong thire (I) hodc (IT) duoc chon tir mot hodc nhiéu hop
chit trong s cac hop chit c6 cong thire sau:

-n

T

-
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OH B(CeFs)2
F F F F
F F F F
F F

Thich hop nhét, néu hop chat c¢6 cong thire (I) hodc (IT) 1a hop chit sau:

B(CgFs)2
F F
F F
F

Theo mot phuong an, chit mang pha ran c6 ham lugng nhém nam trong khoang tir
23 dén 40 % khdi luong. Thich hop 13, chat mang pha ran ¢6 ham lwong nhém nam
trong khoang tir 28 dén 40 % khdi lwong. Ham lwong nhom chat mang pha rin c6 thé
duoc xac dinh, vi du, bang phuong phap ICP-MS.

Theo mét phuong an, dién tich bé mit BET cia chdt mang pha rin nam trong
khoang tir 10,0 dén 20,0 m*mmoly,;™.

Theo khia canh khac, sang ché ciing dé cap dén chat mang pha rin thich hop dé
mang chit xtic tic metaloxen, chat mang pha ran nay chira polymetylaluminoxan rn
duogc cai bién bang cach cho né phan tng véi hop chit ¢ cong thire (I-X) nhu duge
thé hién dudi day:

X
Re Ra
Rd Rp
Re
(1-X)

trong do

X 1a nhém hydroxyl hodc nhom B(Y),,
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trong d6 mdi Y 1a pentaflophenyl; va
mdi gbe R,-R. 12 flo.

Theo mdt phuong &n, ty 1& mol gitta hop chit c6 cong thuc (I-X) va
polymetylaluminoxan rin trong chit mang pha rin nim trong khoang tir 0,0001:1
dén 1:1.

Diéu che chat mang pha ran

Nhu duge mé ta trong phan md ta trén ddy, sang ché con dé cap dén phuong phap
didu ché chit mang pha rin duoc md ta trong ban mé ta ndy bao gdm céc budc:

cho polymetylaluminoxan rin vao dung méi thir nhét;
cho polymetylaluminoxan ran thu duoc & budc a) tiép xtic voi mot hodc

nhiéu hop chét c6 cong thire (I) hodc (I) nhu dugc xac dinh trong ban mo
ta nay; va
tach san pham thu duge & budc b);
trong d6 ty 1& mol giita hop chat c6 cong thie (I) hodc (II) va polymetylaluminoxan
ran dugc su dung & budc b) nam trong khoang ttr 0,0001:1 dén 0,3:1.
Chat mang pha ran theo sing ché dugc diéu ché mot cach truc tiép bang cach sur
dung céc diéu kién phan tng ém dju.
Budc a) ¢6 thé bao gdbm cac budc:
két tiia polymetylaluminoxan ran ra khéi méi trudng phan tng,
tach polymetylaluminoxan ran da dugc két tiia ra khoi moi truong phan tng, va
phan tan polymetylaluminoxan ran sau khi tach trong dung méi thtr nhét.

Theo mét phuong 4n, mot hodc nhiéu hop chét ¢6 cong thire (I) hodc (II) duoc sir
dung & budc b) duge cho vao dung méi thi hai.

Céc dung mdi thir nhét va tht hai ¢ thé giéng nhau hodc khac nhau. Hop chét béo
hodc thom thich hop bét ky ¢6 thé duoc sir dung, bao gdm toluen, benzen va hexan.
Theo mot phuong an, ca dung méi thir nhat va thir hai déu 14 toluen.

Budc b) ¢6 thé dugc tién hanh & nhiét d6 ndm trong khoang 18-150°C. Thich hop 1,
buge b) duge tién hanh & nhiét d6 nim trong khoang 18-50°C. Thich hop hon, néu
buédc b) duge tién hanh ¢ nhiét d6 nam trong khoang 20-30°C. Thich hop 13, buée b)
bao gdm viéc tron polymetylaluminoxan ran thu dugc & bude a) véi mot hodc nhiéu
hop chat ¢6 cong thie (I) hodc (II) nhu dugc xé4c dinh trong ban mo ta nay.
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Theo mdt phuong an, budc b) con bao gém viée xir Iy bang siéu 4m hdn hop chta
polymetylaluminoxan rin va mot hodc nhiéu hop chét c6 cong thirc (I) hodc (II).
Viée xir ly bang siéu 4m c6 thé duoc thuc hién trong khoang thoi gian 0,1-24 gidy
hodc 0,1-5 gio. Thich hop la, viéc xr ly béng siéu am dugc thuc hién trong khoang
thoi gian 0,5-1,5 gio. Khi viée xir Iy bang siéu am duoc st dung, thich hop néu budce
b) dugc tién hanh & nhiét d6 nim trong khoang 10-65°C, t6t hon 1a nim trong
khoang 18-50°C. Thich hop hon, néu khi viée xtr ly béng siéu am dugc st dung,
thich hop 1a budc b) dugce tién hanh ¢ nhiét do nim trong khoang 18-35°C.

Theo mot phuong 4n, budc b) con bao gdm viée xi Iy bang siéu am hdn hgp chira
polymetylaluminoxan ran va mot hodc nhidu hop chit ¢6 cong thie (I) hodc (II),
trong d6 nhiét do ctia hdn hop khi viéc xt ly bang siéu 4m bat ddu ¢ nhiét do
15-25°C, va trong d6 nhiét do ctia hdn hop nay tiang dén 40—80°C (vi du 40—65°C)
trong qua trinh siéu am.

Theo mot phwong an, khi buée b) bao gém viée xtr Iy bang siéu am hdn hgp chira
polymetylaluminoxan ran va mot hodc nhiéu hop chit ¢6 cong thire (I) hodc (II),
nhiét d6 ctia hon hop nay co thé khong ting qua 85°C trong qua trinh thuc hién buée
b). Thich hop 14, khi budc b) bao gdm viéc xir ly bang siéu 4m hdn hop chua
polymetylaluminoxan rin va mot hodc nhiéu hop chit c6 cong thire (I) hodc (II),
nhiét do ciia hdn hop nay c6 thé khong ting qua 65°C trong qué trinh thyuc hién budce
b).

K§ thuét siéu 4m thich hop bét ky c¢6 thé dugc sir dung. Thich hop 13, khi viéc xur 1y
bang siéu am duoc st dung & budc b), thi né duoc tién hanh trong bé nude siéu 4m.
Thich hop 14, tin s6 siéu 4m duoc sit dung & bude b) 1a >15 kHz.

Tac gia sang ché da bat ngd phat hién ra rang viéc xir Iy bang siéu 4m hdn hop chua
polymetylaluminoxan ran va mot hodc nhiéu hop chét c6 cong thire (I) hoéc (II)
tranh duoc viéc can phai tién hanh budc b) & nhiét dd cao, ma nhiét do nay dugc cho
1a d4n dén sy thoai bién chit mang pha rin.

Theo mdt phuong an, ty 1& mol giita hop chit c6 cong thic (I) hodc (II) va
polymetylaluminoxan ran duoc st dung & budc b) nim trong khoang tir 0,0001:1
dén 0,2:1. Thich hop 1a, ty 1&é mol gitta hop chét c6 cong thiue (I) hodc (I) va
polymetylaluminoxan rin dugc st dung & budc b) nam trong khoang tir 0,0001:1
dén 0,1:1. Thich hop hon, néu ty 18 mol gitra hop chét c6 cong thie (I) hodc (II) va
polymetylaluminoxan ran duoc st dung & budc b) nim trong khoang tir 0,0001:1
dén 0,07:1. Thich hop nhét, néu ty 18 mol giita hop chat c6 cong thire (I) hodc (II) va
polymetylaluminoxan rin dugc st dung & budc b) nam trong khoang tir 0,0001:1
dén 0,05:1.
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Theo khia canh khéc, sang ché con d& cap dén phuong phap diéu ché chit mang pha
ran dugc mo ta trong ban mé ta nay bao gdm cac bude:

cho polymetylaluminoxan ran vao dung mdi thir nhat;

cho polymetylaluminoxan rin thu duoc & bude a) tiép xic v6i mot hodc nhiéu
hop chat ¢6 cong thire (I-X); va

tach san pham thu dugc & budc b).

Hén hop xiic tdc
Nhu duoc mé ta trong phan md ta trén day, sang ché ciing dé cap dén hdn hop xtc
tac gom:

hop chét c6 cong thire (IIT) nhu dugc thé hién dudi day; va

chit mang pha ran nhu dugc xac dinh trong ban mo ta nay

Rg R7
a— ()
R2 / RG
//’
" P Rs
\x/
/7 '\
Y Y
(I1D)

trong do
mdi gbe R; va R, doc 14p 1a hydro hodc (1-2C)alkyl;

mdi géc R3 va Ry doc 1ap 1a hydro hodc (1-4C)alkyl, hodc R; va Ry
duoc lién két sao cho, khi ciing vé6i cac nguyén tir ma chiing gin vao, chiing
tao thanh vong thom ngung tu ¢6 6 canh tiy y duge thé bang mét hodc nhidu
phan tir duge chon tir (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-
6C)alkoxy, aryl, heteroaryl, vong cacbon va di vong, trong ¢6 mdi nhém aryl,
heteroaryl, vong cacbon va nhém di vong tity v duoc thé bang mot hodc nhidu
nhom dugce chon tir (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy,
halo, amino, nitro, Xyano, (1-6C)alkylamino, [(1-6C)alkyl],amino va -
S(O),(1-6C)alkyl;
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mdi géc Rs va Rg doc 1ap 1a hydro hodc (1-4C)alkyl, hodc R; va Ry
duoc lién két sao cho, khi cliing véi cic nguyén tir ma chiing gan vio, chung
tao thanh vong thom ngung tu ¢ 6 canh tuy ¥ duoc thé bang mot hodc nhiéu
phan tir duge chon tir (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-
6C)alkoxy, aryl, heteroaryl, vong cacbon va di vong, trong 6 mdi nhom aryl,
heteroaryl, vong cacbon va nhom di vong tily ¥ dugc thé bang mét hodc nhiéu
nhém dugc chon tr (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy,
halo, amino, nitro, xyano, (1-6C)alkylamino, [(1-6C)alkyl],amino va -
S(0),(1-6C)alkyl;

mdi géc R; va Rg doc 1ap 1a hydro hodc (1-4C)alkyl, hoac R; va Ry
duoc lién két sao cho, khi cling véi cac nguyén tir ma chung gin vao,
chung tao thanh vong thom ngung tu c6 6 canh tity y dugc thé bang
mot hodc nhiéu phﬁn t& dugc chon tir (1-6C)alkyl, (2-6C)alkenyl, (2-
6C)alkynyl, (1-6C)alkoxy, aryl, heteroaryl, vong cacbon va di vong,
trong d6 mdi nhom aryl, heteroaryl, vong cacbon va nhém di vong tiry
vy duoc thé bang mot hodc nhidu nhém duogce chon tir (1-6C)alkyl, (2-
6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, halo, amino, nitro, Xyano,
(1-6C)alkylamino, [(1-6C)alkyl],amino va -S(O),(1-6C)alkyl;

Q 1a khong ¢6 mit (trong trudong hop d6, mdi vong xycopentadienyl
duoc lién két voi hydro & vi tri nay), hodc la nhém lién két cau duoc
chon tir -CH,- hoic -CH,CH,-, hodic c6 thé tuy y duogc thé bé“mg mot
hodc nhiéu nhém duge chon tir (1-4C)alkyl, (2-4C)alkenyl, (2-
4C)alkynyl va aryl, hodc Q 1a nhom lién két cau -Si(Ro)(Ry)-,

trong d6 Rg va Ry ddc lap 1a (1-4C)alkyl, (2-4C)alkenyl, (2-
4C)alkynyl hodc aryl;

X la zircon hodc hafini; va

mdi nhém Y doc lap duoc chon tir halo, hydrua, (1-6C)alkyl, (1-
6C)alkoxy, aryl hodc aryloxy, ma tity y duoc thé bang mot hodc nhiéu
nhom dugc chon tir (1-6C)alkyl va halo.

Cén phai hiéu rang cong thirc cau tric (1) duge néu trén day chi nham muc dich dé
thé hién cac nhom thé duoc 0 hon. Vi du minh hoa vé su bd tr khong gian cua céc
nhém duoc thé hién trong ciu tric dudi day:
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Ciing can phai hiéu rang, tuy thudc vao do giéng ciia cic phan tir thé R;-Rg, cac hop
chét theo sang ché c¢o thé c6 mit dudi dang cac chit dong phan meso hoic rac, va
sang ché bao gdm ca cac dang ddng phan nhu vay. Chuyén gia trong linh vuc nay sé
hidu duoc rang hdn hop chua céc chit dong phan ctia hop chét theo sang ché c6 thé
duoc st dung dé xuc tac, hodc cac chét déng phén co thé duogc tach ra va duoc st
dung riéng biét (st dung cac k¥ thuat da biét trong linh vuc nay, nhu, vi du, két tinh
phan doan).

Néu céu tric cta hop chat co cong thire (II) 14 sao cho cac chit dong phén rac va
meso c6 mit, thi hop chit nay c6 thé c6 mit chi & dang rac, hodc chi & dang meso.

Hbn hop xuc tac theo sang ché c¢o tinh ning xtc tic wu viét khi so véi cac hop
chit/cac ché phém metaloxen hién c6 dugc st dung dé polyme hoa a-olefin. Cu thé,
so v6i chit mang MAO dang ran tuong ty, ché phim theo séng ché, chtra chit mang
MAO rén cai bién, c6 hoat tinh xuc tic ting dang ké trong viéc homopolyme héa va
copolyme hoa a-olefin.

Hop chét c¢6 cong thire (1) ¢6 thé duge ¢d dinh trén chat mang pha ran bang mot
hozic nhiéu twong tac ion hodc cong hoa tri.

Trong ché phim theo sing ché, chit mang pha ran theo sang ché chi str dung chét
mang ran vo co (ttc 1a, khong can chét mang ran bo sung nhu Si0,, AL,O; va ZrO,
nao). Ngoai ra, nho ¢6 chire nang kép ciia chit mang pha ran theo sang ché (lam chit
mang xuc tic va cac gdc hoat héa), nén hdn hgp xuc tic theo séng ché khong chua
cac gdc hoat hoa xtic tic bo sung.

Theo mét phuong an, mdi gbc R; va R, 14 hydro.

Theo phuong an khac, mdi gbc R va Ry doc 1ap 1a hydro hodc (1-4C)alkyl, hodc R;
va Ry duoc lién két sao cho, khi cing v6i cac nguyén tir ma ching gin vao, ching
tao thanh vong thom ngung tu c6 6 canh tily y dugc thé bang mét hodc nhidu phan tir
duogce chon tir (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl va (1-6C)alkoxy.

Thich hop, néu mdi gbc R; va Ry doc lap 1a hydro hoidc (1-4C)alkyl, hodc R; va Ry
duoc lién két sao cho, khi cung véi cac nguyén tr ma chung gin vao, chiing tao
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thanh vong thom ngung tu c¢6 6 canh tuy y dugc thé bang mot hodc nhiéu phan tir
duoc chon tr metyl, etyl va tert-butyl.

Theo phuong an khéc, mdi géc Rs va Rg doc 14p 1a hydro hodc (1-4C)alkyl, hodc Rs
va Rg dugce lién két sao cho, khi cung véi cac nguyén tir ma chung gin vao, chung
tao thanh vong thom ngung tu c6 6 canh tuy y dugc thé bang mot hodc nhiéu phan tir
dugc chon tir (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl va (1-6C)alkoxy.

Thich hop, néu mdi gbc Rs va Rg doc 1ap 1a hydro hogc (1-4C)alkyl, hodc Rs va Rg
duoc lién két sao cho, khi cing véi cdc nguyén tir ma chung gan vao, chiing tao
thanh vong thom ngung tu c¢6 6 canh tuy y dugc thé bang mot hodc nhiéu phan tir
dugc chon tir metyl, etyl va tert-butyl.

Theo phuong an khéc, mdi géc R; va Rg doc 1ap 1a hydro hoac (1-4C)alkyl, hodac R,
va Rq duoc lién két sao cho, khi cing vdi cac nguyén tir ma ching gan vao, ching
tao thanh vong thom ngung tu c6 6 canh tuy y duoc thé béng mot hodc nhiéu phén to
dugc chon tir (1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl va (1-6C)alkoxy.

Thich hop, néu mdi géc R; va Rg doc 1ap la hydro hoac (1-4C)alkyl, hodc R; va Rg
duoc lién két sao cho, khi cing v6i cic nguyén tr ma ching gin vao, ching tao
thanh vong thom ngung tu ¢6 6 canh tuy y dugc thé bang mot hodc nhiéu phan tir
duogc chon tir metyl, etyl va tert-butyl.

Theo phuong an khac, Q khong c¢6 mdt, hoac la nhom lién két cau duoc chon tir -
CH,- hoac -CH,CH,-, hodc c6 thé tuy y dugc thé béng mot hodc nhiéu nhom dugc
chon tir (1-4C)alkyl va phenyl, hodc Q 1a nhém lién két cau -Si(Ro)(R)-,

trong d6 Rg va Ryo doc 1ap 1a (1-4C)alkyl hodc aryl.

Theo phuong an khéc, X 1a zircon.

Theo phuong an khéc, mdi nhéom Y ddc 1ap duge chon tir halo.

Thich hop, néu mdi nhém Y 1a Clo.

Theo phuong 4n khac, hop chét c6 cong thic (IIT) ¢6 céu tric nhu duogc thé hién
trong cac cong thuc (I1Ila) hodc (I1Ib) nhu dugc thé hién dudi day:
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trong do
X, Ris Roa Ria Rug Rsa Rea R7a va Ry, ¢6 dinh nghia bit ky trong sé céc
dinh nghia dugc néu trong phén mo ta trén day 1an luot d6i voi X, Ry, Ry, Rs,
R49 RS: R6: R7 va R8

(ITTb)

trong do
Q. X, Ryp, Rap, Rap, Rup, Rsp va Rgp, ¢6 dinh nghia bat ky trong s cac dinh
nghia dugc néu trong ph?m mo ta trén day 1an luot dbi véi Q. X, Ry, Ry, R3,
R4, Rs va Rg;
mdi gbc R, doc 1ap 1a halo, (1-4C)alkyl hodc phenyl; va
nlao, 1,2, 3 hoic 4.

Theo phuong an khéc, hop chit c6 cong thirc (III) c6 ciu trac nhu dugc thé hién
trong cong thuc (I1la), trong d6 X 1a Zr.

Theo phuong an khéc, hop chét ¢6 cong thirc (II) ¢6 chu tric nhu dugc thé hién
trong cong thuc (I11a), trong do mdi géc Rz Raa Rsy va Rg, 12 hydro.

Theo phuong an khéc, hop chit co cong thirc (III) c6 ciu trac nhu dugc thé hién
trong cong thuc (I1la), trong do6

mdi géc Rz Raa, Rs, va Rg, 18 hydro; va
i) R3, va Ry, doc lap 1a (1-4C)alkyl va Ry, va Rg, 1a hydro, hodc

i) R3, va Ry, dugc lién két sao cho khi cung v6i nguyén tir cacbon ma chiing gan vao
cung tao thanh nhém aryl ¢6 6 canh ma tuy y duoc thé bang mot hodc nhiéu phan tir
duogc chon tir halo, (1-4C)alkyl va phenyl, va

-2



35167

R;, va Rg, duogce lién két sao cho khi cing v6i nguyén tir cacbon ma chiing gin vao
cung tao thanh nhém aryl c6 6 canh ma tuy y duoc thé bing mot hodc nhidu phin tir
dugce chon tir halo, (1-4C)alkyl va phenyl.

Theo phuong an khéac, hop chét co cong thtc (III) cd cAu tric nhu duogc thé hién
trong cong thac (I1Ib), trong d6 X 1a Zr.

Theo phuong an khéac, hop chét ¢co cong thuc (III) cbd cAu tric nhu duoc thé hién
trong cong thire (I1Ib), trong d6 mdi gbc Ryp va Ry, 12 hydro.

Theo phuong 4n khac, hop chét ¢6 cong thirc (III) ¢6 ciu tric nhu duge thé hién
trong cong thuc (I1Ib), trong do mdi géc Rsp va Ry, 1a hydro, hodc Rz, va Ry, dugce
lién két sao cho khi cing véi nguyén tir cacbon ma ching gin vao cung tao thanh
nhém aryl c6 6 canh ma tay y dugc thé béng mot hodc nhiéu phﬁn tir dugc chon tur
halo, (1-4C)alkyl va phenyl.

Theo phuong 4n khac, hop chit ¢ cong thie (IIT) ¢6 ciu trac nhu duogc thé hién
trong cong thuc (IIb), trong do mdi géc Rs, va Rgp, 1a hydro, hoac R, va Ry, dugce
lien két sao cho khi cung véi nguyén tir cacbon ma chung gan vao cung tao thanh
nhom aryl ¢6 6 canh ma tily ¥ duoc thé bang mot hodc nhidu phan tir dugc chon tir
halo, (1-4C)alkyl va phenyl.

Theo phwong 4n khac, hop chét ¢é cong thire (III) c6 cu tric nhu dugc thé hién
trong cong thuc (IIIb), trong d6 Q 1a nhom lién két cu duoc chon tir -CH,- hoic -
CH,CH,-, hodc c6 thé tuy v dugc thé béng mét hodc nhiéu nhém duoc chon tir (1-
4C)alkyl va phenyl, hodc Q 1a nhom lién két cau -Si(Re)(Ryo)-,

trong d6 Ry va Ry, doc 1ap 1a (1-4C)alkyl hodc phenyl.

Theo phuong an khéc, hop chét c6 cong thire (IIT) c6 cdu trac duge thé hién trong
cac cong thac (Ilc), (I11d), (IlTe) hoac (IIIf) nhu dugc thé hién dudi day:

trong do

X, Ry, va Rg, c6 dinh nghia bat ky trong s6 cac dinh nghia dugc néu trong
phin mé ta trén day l1an luot d6i véi X, R, va Rg
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Cl \CI
(I11d)

trong do

X, Q, Rig, Rog, Rsq va Rgq ¢6 dinh nghia bét ky trong sb cac dinh nghia dugc
néu trong phén mo ta trén day lan luot déi voi X, Q. R, Ry, RsvaRg

(IlTe)

trong do

X, Q, Rye, Ry, R3e va Ry, c6 dinh nghia bét ky trong s6 cac dinh nghia dugc
néu trong phﬁn mo ta trén day lan luot dbi voi X, Q. R, Ry, Ry vaRy; va

mdi gbc R, ddc 1ap 1a (1-4C)alkyl hodc phenyl
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Ras Ras
Q
. @\
\\\

R1f \\ //

P
Cl Cl

(I1If)

trong do

R, 0, X, Q, Rys, Rop Rap, Rup Rspva Rep c6 dinh nghia bat ky trong sb céc dinh
nghia dugc néu trong phr?m mo ta trén day lan lugt d6i vai R, n, X, Q, R}, Ry, Rj,

R4, Rs va Re.

Theo phuong 4n khac, hop chit c¢6 cong thirc (III) ¢6 cau tric nhu duge thé hién
trong cdng thire (Illc), trong d6 mdi géc Ry, va Rg doc 1ap 1a metyl hodc n-butyl.

Theo phuong an khéc, hop chit c¢6 cong thuc (III) ¢6 chu trac nhu duoc thé hién
trong cong thic (I1Id), trong d6 Q 1a khong ¢6 mit (trong trudng hop d6 mdi vong
xycopentadienyl duoc lién két voi hydro & vi tri ndy) hodc 1a nhom lién két cau duge
chon tir -CH,- hodc -CH,CH,-, hodc c6 thé tuy y dugc thé béng mot hodc nhiéu
nhom duge chon tir (1-4C)alkyl va phenyl, hodc Q 1a nhém lién két cau -Si(Ro)(Ryo)-

trong d6 Rg va Ry doc 1dp 1a (1-2C)alkyl hodc phenyl.

Theo phuong an khac, hop chat ¢6 cong thuce (III) ¢6 cu tric nhu dugce thé hién
trong cong thie (I11d), trong d6 mdi géc R4, Rog, Rsq va Rgq doc 1dp 1a hydro hoac
(1-3C)alkyl.
Theo phuong 4n khac, hop chit ¢6 cong thirc (III) ¢6 cdu tric nhu duoc thé hién
trong cdng thirc (Ille), trong d6 mdi géc Rye, Rye, R3e va Ry dOc 1ap 1a hydro hodc (1-
3C)alkyl.
Theo phuong an khéc, hop chit ¢6 cong thirc (III) ¢6 ciu truc nhu duge thé hién
trong cong thirc (Ille), trong d6 Q 14 nhém lién két cau duge chon tir -CH,- hoic -
CH,CH,-, hodc ¢6 thé tity y duoc thé bang mot hodc nhiéu nhém duge chon tir (1-
4C)alkyl va phenyl, hodc Q 12 nhom lién két cau -Si(Ro)(Ryo)-,

trong d6 Rg va Ry doc 1ap 1a (1-2C)alkyl hodc phenyl.
Theo phuong an khéc, hop chit ¢6 cong thirc (III) ¢6 cdu truc nhu duge thé hién
trong cong thic (Ille), trong d6 mdi gbe R, doc 1ap 1a metyl hodc tert-butyl
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Theo phuong 4n khac, hop chét co cong thiae (III) c6 cAu trac nhu duoc thé hién
trong cong thire (I1If), trong do moi géc Ris Rop Rap Ryp, Rsp va Rge dOc 1ap 1a hydro
hodc (1-3C)alkyl, va

mdi gbe R, doc 1ap 1a (1-3C)alkyl.

Theo phuong 4n khéc, hop chét ¢6 cong thiic (III) ¢6 céu trac nhu duge thé hién
trong cong thuc (IIIf), trong d6 Q la nhom lién két cdu dugc chon tir -CH,- hodc -
CH,CH,-, hoac c6 thé tuy v duoc thé béng mot hodc nhiéu nhom duge chon tir (1-
4C)alkyl va phenyl, hodc Q la nhém lién két cau -Si(Re)(Ryp)-,

trong d6 Ry va Ry doc lap 1a (1-2C)alkyl hodc phenyl.

Theo phuong an khéc, hop chit ¢6 cong thie (IIT) ¢6 cdu trac bat ky trong sé cac ciu
trac tir A dén F duoc thé hién dudi day:

Theo phuong an khéc, hop chat ¢6 cong thire (IIT) c¢6 cdu trac bat ky trong sé céc cau
truc tir A dén E duogc thé hién du6i day:
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Trong hdn hop xuc tac theo sang ché, hop chét bét ky trong sb cac hop chét c¢6 cong
thirc (I1I) c6 thé dugc tao ra v6i chat mang pha rin bat ky duge xac dinh trong ban
mo ta nay.

Theo phuong an dic biét thich hop, khi Q (trong cong thirc (III)) 1a etylen, Ry duoc
chon tir hydro, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl va halo.

Diéu ché hon hop xuc tac

Nhu dugc md ta trong phin moé ta trén déy, sang ché con dé cap dén phuong phap
didu ché hdn hop xuc tac nhu duge x4c dinh trong ban mo ta nay, phuong phap bao
gbm cac bude:

cho chit mang pha ran nhu duoc x4c dinh trong ban mo ta nay vao dung moi
thich hop
cho chét mang pha ran thu duoc & budc a) tiép xic véi hgp chit co cong thirc
(IIT) nhu dugc xac dinh trong ban mo ta nay; va
tach san pham thu duoc tir bude b).
Chit mang pha rin theo sang ché dugc didu ché mot cach truc tiép bang cach sir
dung cac diéu kién phan ung ém diu.
Chuyén gia trung binh trong linh vuc nay sé& biét dugc cac dung mdi thich hop dé su
dung & budc a), va bao g@)m toluen, o-xylen, mesitylen, pentan, hexan, heptan,
xyclohexan va metylxyclohexan. Thich hgp 13, dung moi dugc st dung & budc a) 1a

toluen.
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Budc b) ¢6 thé bao gbm viée tron cac chit phan tng trong khoang thoi gian tir
0,05-6 gid. Bude b) co thé duoc tién hanh & nhiét do nam trong khoang tir 1 dén 3
gio.

Ung dung

Nhu dugc ban luin trén diy, sang ché cling mo ta viéc st dung chat mang pha ran
dugc xac dinh trong ban md ta nay lam chat mang pha ran dé mang chat xuc tac
metaloxen.

Chit mang pha rén theo sang ché c6 mét sb wu diém so vé6i chat mang pha ran khac.
C6 1& dang chu y nhét 13, khi dugce ding dé diéu ché chét xic tac Ziegla-Natta trén
co s& metaloxen c6 nén mang dung dé polyme hoa olefin, chit mang pha rin theo
sang ché co tac dung lam ting dang ké hoat tinh xuc tac.

Theo mot phuong 4n, chit mang pha rin duoc sir dung dudi dang chit mang pha rin
dé mang chit xtc tic metaloxen trong phan @ng polyme héa olefin (vi du eten).

Nhu duge ban ludn trén day, sang ché ciing mé ta viée sir dung hdn hop xuc tac nhu
duoc xac dinh trong ban mé ti nay lam chit xtc tic polyme héa dé diéu ché
polyolefin.

Nhu duge ban luan trén day, sang ché ciing dé cap dén quy trinh san xut polyolefin
(vi du polyetylen), quy trinh nay bao gdm budc cho monome olefin phan ng véi su
¢6 mit ctia hon hop xtc tac nhu duge x4c dinh trong ban mo ta nay.

Hdn hop xuc tac theo sang ché co tinh ning xtc tic wu viét khi so véi cac hop
chét/cac ché phim metaloxen hién nay dugc sir dung trong viéc polyme hoa a-olefin.
Cu thé, khi so véi loai chét mang MAO dang ran tuong tu, ché phém theo sang ché,
chtra chét mang MAO dang rin cai bién, c6 hoat tinh xuc tac tang dang ké trong viéc
homopolyme hoa va copolyme hoéa a-olefin.

Phan m6 ta duéi ddy mo ta cdc phuong 4n duge wu tién cia phuong phap theo sang
ché.

Do chi chit mang ran v6 co dugc sit dung trong hdn hgp xic tic theo sang ché 1a
chit mang pha ran theo sang ché (tirc 13, khong cin mot chit mang ran bd sung nhu
Si0,, Al,O5 va ZrO, nao), nén ché phim nay c6 thé dugc sir dung ma khong can c6
chit mang vo co. Ngoai ra, nhd chirc niang kép ctia chat mang pha rin theo séng ché
(lam cht mang xuc tic va cac gbc hoat héa), hdn hop xtic tac theo sang ché co thé
duoc str dung ma khong cin c6 cac gbe hoat hoa xiic tac bd sung.

Theo mot phuong an, polyolefin 1a polyetylen. Trong cic phuong an nhu vay,
monome olefin la cac phan tir eten.

Theo phuong an khac, polyolefin la copolyme dugc tao ra tir cic monome eten chura
mdt hodc nhiéu (4-8C) a-olefin véi luong chiém 1-10 % tong khéi lugng cia céc
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monome. Thich hop, néu (4-8C) a-olefin 1a 1-buten, 1-hexen, 1-octen, hodc hén hop
cta chung.

Chuyén gia trong linh vuc polyme hoa olefin s€ c6 thé chon duoc cic didu kién phan
g thich hop (vi du nhiét do, ap suét, thdi gian phan tng v.v.) d6i v6i phan ung
polyme hoa nhu vdy. Chuyén gia trong linh vuc nay cling s€ co thé diéu chinh cac
thong sé cua quy trinh dé tao ra polyolefin cé cac tinh chét cu thé.

Vi du thye hién sang ché
Vi du I - Diéu ché MAO rin

MAO rén hitu dung trong viée diéu ché chit mang pha ran theo sang ché ¢6 thé dugc
diéu ché théng qua phuong phép lam thich tng v6i phwong phap t61 uu hoa cua Kaji
va cac ddng tac gia trong patent My s 8,404,880 B2, phuong 4n 1 (So db 1). Bé
ngan gon, mdi MAO rin da dugc tdng hop dugce goi 1a MAO ran (Bude 1, ty 18
Al:O/Budc 2, nhiét dd tinh theo °C, thoi gian tinh theo gio/Budce 3, nhiét do tinh
theo °C, thoi gian tinh theo gid). Do do, cac diéu kién tong hop dugc thé hién trong
So dd 1 s& tao ra MAO ran (1,2/70,32/100,12).

BUOC 1 BUOC 2 BUGC 3

1 PhCOH  Tién chit b Nhiet ,
15 °C + MeH 70 °C 100 °C
0.5h 32h 12 h

So d6 1 - Téng hop MAO rén (1,2/70,32/100,12)

Ong Rotaflo chita dung dich trimetyl nhom (2,139 g, 2,967mmol) trong toluen (8
mL) dugc lam lanh dén 15°C cung véi viéc khuéy nhanh, va axit benzoic (1,509 g,
1,239mmol) duoc bd sung trong diéu kién suc N; trong thoi gian 30 phut. Su sti bot
(c6 1& 1a khi metan, MeH) dugc quan sat va hdn hop phan ting xuat hién dudi dang
huyén phil mau tring, huyén phti nay dwoc lam 4m dén nhiét do trong phong. Sau 30
phut, hdn hop nay xuét hién dudi dang dung dich khéng mau va duge lam néng
trong bé dau & nhiét dd 70 °C trong thoi gian 32 gio (téc do khudy 1a 500 vong/phut
duoc st dung). Hén hop thu duoc 1a dung dich khéng mau khong chira chét keo, sau
d6 chét nay duoc 1am néng & nhiét do 100°C trong thoi gian 12h. Hon hop phén tng
nay duoc lam lanh dén nhiét d¢ trong phong va hexan (40 mL) dugc b6 sung, dan
dén két tia 1a chit rdn mau tring ma dugc tich ra bing cach loc, dugc rira bang
hexan (2 x 40 mL) va duogc lam kho trong chdn khéng trong thoi gian 3 gid. Tong
hiéu suét = 1,399 g (71% trén co s& 40 % khdi lugng Al).
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Vi du 2 - Diéu ché chit mang pha rin
Phuong phap A

Thir nghiém: Binh cau Schlenk dugc nap MAO rén (Vi du 1) va chét cai bién duoc
bd sung toluen, va thé phén tan thu duoc duoc lam néng & nhiét do 80°C trong 2 h
cling véi viée tap xody déu. Hon hop nay duge 1am lanh dén nhiét d6 trong phong va
céc chit rin khong hoa tan dugc dé lang. Dich ndi trén bé mat duoc loai ra bang cach
ling gan va huyén phu dic con lai dugc rira ba lan bang hdn hop hexan:toluen theo
ty 16 2:1 va duoc lam kho trong chdn khéng qua dém, dé tao ra MAO ran duogc cai
bién dudi dang chit ran chay tu do.

Phuong phap B

Thir nghiém théng thuong: Binh cau Schlenk nap thé phan tin MAO rin (Vi du 1)
trong toluen duge bd sung dung dich chira chat cai bién trong toluen va binh cau nay
dugce siéu 4m trong bé nude & nhiét dd moi trudong trong thoi gian 1 h. Hon hop thu
dugce dugce dé lang, dich ndi trén bé mat duoc loai ra bang cach ling gan va huyén
phu dic con lai dugc rira ba lan béng hdn hop hexan:toluen theo ty 1& 2:1 va duoc
lam kho trong chdn khéng qua dém, dé thu dugc MAO ran dugc cai bién dudi dang
chit ran chay tu do.

OH OH OH
ﬁj s ol ole
F CFs

B(CeFs)2 B(OH),

OH
F F Q
—ﬁ—OH
F F °
F F
F
Al(CgFs)2 Al(CgF5)C

S S X

Céc chat cai bién
Vi du 3 - Xdc dinh dic diém cvia chat mang pha ran va nghién civu polyme héa
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Pé danh gia tinh nang xuc tac ctia chit mang pha rian, mot loat hop chat metaloxen
dwoc mang trén nhiéu chit mang pha ran. Trong thir nghiém thong thuong, chét xtc
tac metaloxen (vi du rac-etylenbis(1-indenyl) zircon diclorua, (EBI)ZrCl,) va chét
mang (MAO ran duoc cai bién) duoc nap vao binh ciu Schlenk va toluen (40 mL)
duoc bd sung vao. Hén hop nay dugc lam noéng & nhiét do 80°C trong bé dau va
dugc tao xoay déu dé dam bao lam bat dong hoan toan phtrc chit metaloxen (viéc
khudy duoc tranh dé ngin ngira su két tu). Sau 2 gio, hon hop phan tng dugc liy ra
khoi bé dau va duge dé lang, trude khi ling gan dich ndi trén bé mit khong mau va
lam kho hoan toan trong chdn khong.

Khi diéu ché xong, danh gia kha niang ciia chat xic tac metaloxen c6 chit mang
trong viéc xuc tac qua trinh polyme hoa etylen thanh polyetylen. Trong thir nghiém
polyme hoa thoéng thuong, chit xic tic dugc ¢ dinh (10 mg), chat khu
triisobutlynhém (150 mg), va hexan (40 mL) duoc thém vao dng Rotaflo cao ap nay.
Khi etylen lién tuc duoc cip vao 6ng & ap suit du 2 ba trong khi polyme héa & nhiét
d6 70°C. Sau 30 phut, phan tmg duoc dimg lai bang cach 14y dng nay ra khoi bé dau,
va loai khi trong chdn khong. Polyme duogc tach ra trén thuy tinh frit, dugc rira bang
pentan (50 mL) va dugc lam kho trong chan khong & nhiét d trong phong trong 1
gid. Mai thir nghiém polyme héa dugc tién hanh it nhat hai 1an dé dam bao kha ning
tai 14p cia két qua twong Gng, va ning suit trung binh dugc tinh theo don vi
kepegear b7

Ddi v6i cac nghién ctru polyme hoéa trén quy mo 16n, qua trinh polyme hoa etylen
duoc thuc hién trong thiét bi phan tng kiéu ndi hdp lam bing thép khong gi dung
tich 2L khi cac duong dan khi nito va etylen ndi truc tiép vao thiét bi phan Gng nay.
Trudce tién, dé 1am sach hé théng, thiét bi phan tng dugc hut chan khong va dugce suc
khi nito tro vao trong thoi gian 1 gid va n-hexan da dugc lam khé duge dién day.
Sau do, trietylnhém (TEA) duoc nap bang pipet vao thiét bi phan tng, sau d6 1a chit
xuc tac da duge hoan thanh, chét xuc tac nay duge diéu ché trong hop tho tay duge
vao trong binh chit xtc tac ldy mau tiéu chuin trong méi truong khi nito. Sau do,
nito ¢6 ap suét 3 ba dugc thay bang etylen 3 1an va duoc giit trong thiét bi phan tmg
ndy & 4p suit 3 ba truéc khi bat ddu khudy. Khi thiét bi phan tng nay dugc lam nong
dén khi nhiét do thip hon diém thiét 1ap 5°C, thi chit xtic tic dugc phun vao thiét bi
phan Gng nho 4p sudt etylen duoc phun véi n-hexan da duge lam khd. Khi etylen
duoc dua vao thong qua bo diéu khién luu lwong khéi luong dé 1am cho thiét bi phan
g dat dén diém thiét 14p c6 ap suét tong & 8 ba va nhiét do cling dugc kiém soat &
80°C. Viéc polyme hoa duoc tiép tuc trong 1 gio, trong khi tbc do6 nap liéu duoc ghi
lai. Cubi ciing, phan mg dugc cho dimg lai bang cach giam ap va giam nhiét do.
Hbn hop nay duoc rét vao khay va duoc lam kho & nhiét do trong phong dé loai bo
dung méi ra khéi polyme.
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Cdc phite chat (EBI)ZrCl, ¢6 nén mang

(EB)ZrCl,

Bang 1 dudi day thé hién dit liéu cua viée xac dinh ddc diém va polyme héa dbi vai
cac mau MAO rin duoc cai bién bang phuong phap A véi B(C¢Fs)s.

Bdng 1. Dit liéu cua viéc xdc dinh ddc diém va polyme héa doi véi cdc mau MAO
rdn dwoe cdi bién bang phwong phdp A véi B(CgF's)3, AI(CsFs); va Al(C4F's),CI. Cdc
diéu kién polyme hoa : 2 ba, 50 mL hexan, TIBA.

Chatcaibién  Ty1é  %hiéu BETcoachat %khdéi  Hoat tinh chat

mol suét mang lugng xUc tac
M:Al chét /m*mmol,;” Al /kgppmoly,'h!

mang trong

chat

- mang

Chat doi 40,0
chimg 0 88 17,8 13686
B(C¢Fs); 0,02 87 15,0 32,6 13972
Al(CgFs)s 0,02 83 X 30,9 12670
Al(C4F5),Cl 0,02 80 X 32,5 11461

Mic dir cac chét cai bién trén co s& Al lam tang hoat tinh chat mang & mtrc ma thap
hon mot chit so v6i chit déi chimg, nhung da cho rang didu nay 1a do viée st dung
nhiét do tuong dbi cao trong Phuong phap A. Du dinh rang cac chét cai bién nhu vay
s& mang lai céc két qua cai thién khi chit mang duoc didu ché theo Phwong phép B,
ma str dung céc diéu kién nhe nhang hon. Céc nghién ctru so bd da tng hd cho gia
thuyét nay.

Fig.1 cho thy cac anh chup SEM cua cac mau polyme trén bing cacbon, diéu nay
chimg t6 rang c¢& hat va hinh thai hoc PE 1a khong bi tac dong dang ké boi chit mang
dugce cai bién bang B(CgFs); (Fig.1b) ddi vi mau dbi chimg (Fig.1a). |
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Bang 2 du6i day cho thdy viéc xac dinh dic diém va dir liéu polyme hoa ddi véi cac
mau MAO rin dugc cai bién biang phuong phip A véi lwong ting ctiia B(C4Fs); (so
voi dit liéu cua Bang 1).

Bidng 2. Dit liéu cua viéc xdc dinh ddc diém va polyme héa doi véi cde mau MAO
rin dwoc cdi bién bang phwong phdp A véi B(CsFs)s khi tang ty 1é don. Céc diéu
kién polyme hoa : 2 ba, 50 mL hexan, TIBA
Tylémol %hiéu BET ciachit % khoi Hoat tinh chét

M:Al suat mang luong Al xuc tac
chét mang /1r12mm01A1'1 trong chét /kngmOIZr'lh'1
mang
0 &8 17,8 40,0 13686
0,01 88 14,6 35,3 10787
0,02 87 15,0 34,9 11533
0,04 58 10,6 23,0 11739
0,10 59 12,8 23,5 14028
0,20 48 9,6 19,0 14402

Mic d ty 18 don chét cai bién 12 0,01, 0,02 va 0,04 din dén viéc 1am cho hoat tinh
chit xtic tac thap hon mét chit so v&i chéat dbi chiing, nhung da cho rang diéu nay 1a
do nhiét do tuong dbi cao duoc st dung trong Phuong phdp A. Du dinh rang cac
chét cai bién nhu vay s& mang lai cac két qua cai thién khi chit mang duoc didu ché
theo Phuong phép B, ma sir dung cac diéu kién nhe nhang hon. C4c nghién ctru so
bd da ung ho cho gia thuyét nay. Ciing chi y ring cac két qua dugc minh hoa trong
Bang 1 chung t6 ring ty 16 don B(C¢Fs); bang 0,02 c6 thé khong lam cai thién cac
hoat tinh khi chit mang duoc diéu ché bang phwong phép A.

Anh chup SEM (Fig.2) da khang dinh ring c& hat va hinh thdi hoc PE duoc giit
nguyén véi chit xtc tac duge cai bién bang 20 %mol B(CgFs)s.

Béng 3 dudi ddy thé hién dir lidu ciia viéc viée xéc dinh dic diém va polyme hoa ddi
v6i cac miu MAO rén duoc cai bién theo phuong phap B v6i hai chat cai bién khac
nhau B(C6F5)3 va C6F5OH

Bdng 3. Dit li¢u cua viéc xdc dinh ddc diém va polyme héa déi véi cde méu MAO
rén doc cdi bién theo phirong phdp B véi (EBI)ZrCl,. Cdc diéu kién polyme héa : 8
‘ ba, 1000 mL hexan, TEA.
Chat cai Tylé  %hiéu %khoi  Hoat tinh chét xuc tac

bién mol sudt lwong /kgpgmoly,'h!
M:Al chit Al trong
mang chat
mang
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Chat do6i
ching
B(CeFs)s
C¢FsOH

0,10
0,40

0

93,2
72,9
98,8

35,1
24,8

143608

211559
262977

Céc anh chup SEM cua cac miu MAO rin dugc gin trén bang dong (Fig.3) da cho

thdy rang ¢& hat va hinh thai hoc khong bi tic dong déng ké béi cac chit mang duoc
cai bién B(CgFs); va C¢FsOH so vai chat ddi chimg.

Bang 4 dudi day thé hién dit liu cda viéc xac dinh dac diém va polyme hoa doi vai

cac mau MAO rin duoc cai bién véi ty 18 don 10 %mol theo phuong phip B véi hai
chét cai bién khac nhau B(CgFs); va C¢FsOH.

Bdng 4. Dii liéu cua viéc xdc dinh ddc diem va polyme héa doi voi cac mau MAO

rdn dwge cdi bién & mike dén 10 %mol theo phwong phdp B véi (EBI)ZrCl, Cdc diéu
kién polyme hoa : 2 ba, 50 mL hexan, TIBA.

Chét caibién 1Y 116 Mausic ° MU o kn§i  BETcia  Hoattinh
1\1/1{1& ! cta chat S ue}t luong chat mang chat xtc tac
: mang chat Al /m*mmol A /kgpgmoly’
mang trong I 'h!
chat
mang

Chét dbi ching 0 Khong 88 39,7 15,0 12515
mau

B(C¢F5s)3 0,10 Khoéng 62 24,9 18,6 16009
mau

{4-F}C¢H,OH 0,10 Mau da 92 36,7 12,0 11366
cam

{4- 0,10 Mau 87 34,8 14,9 6891

CF3}C¢H,OH xanh 14

cay

{3,5- 0,10 Mau 93 37,0 14,7 9178
F}2C6H3OH Xam

{3,5- 0,10 Mau do 95 37,9 11,9 3945
CF3}2C6H3OH sam

CeFsOH 0,10 Khong 92 36,5 14,4 13340
mau
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Bang 5 cho thiy rang dit liéu polyme hoa polyetylen d6i voi MAO rin duge cai bién
bang pentaflophenol véi cic lugng khac nhau theo phuong phap B.

Bdng 5: Dit liéu tém 14t ciia MAO rin dwoc cdi bién bang pentaflophenol (% khoi
leong Al) va MAO rdn dugc cdi bién /(EBI)ZrCl, (% khoi lwong Al, % khoi luong
Zr, hoat tinh, céng sudt) va cdc tinh chdt ciia polyme (ty trong khoi, My, MWD).

Tylé MAOran Chatxactic  Hoat tinh Ty M, MWD
M:Al dugc cai  hoan thiéq % 104 trong
(mol)  bienAl ICP (%khoi (Kgp/mol,r  Khoi
(% khoi lwong) h) (ml/g)
lugng) -
ICP
Al /r
Poi 36 36 04 18.8 0,38 180,109 4,30
chiing
0,01 27 27 03 32,8 0,44 186,827 4,78
0,05 24 24 03 34,2 0,44 182,812 4,42
0,1 21 21 04 32,0 0,37 192,566 4,47
0,4 17 17 03 57,9 0,38 147,578 3,88
0,8 15 15 05 16,8 0,37 158,497 4,11
1,2 10 10 03 19,7 0,33 193,992 4,59

Céc diéu kién polyme hoa : 25 mg chat xtc tac, 2,5 mL TEA, 80°C, 8 ba, 1 L hexan

Ham luong nhom (% khéi lugng) ctia MAO rén dugc cai bién giam tir 27, 24, 21 dén
17 khi chét cai bién duge st dung nhidu hon. N6 cho biét su c6 mit ctia hgp chit
phenol trong san pham cai bién tuong ung véi lwong phenol bd sung. Véi ty 1& 0.4,
né da thé hién hoat tinh chét xuc tic cao hon gip 3 1an [hoat tinh: 18,8 so véi 57,9
x10* Kgpg/moly,-h] so v6i MAO ran khéng dugc cai bién/(EBI)ZrCl,. Ty trong khéi
ctia thu duoc polyme nam trong khoang 0,33 — 0,44 ml/g, khodng nay 1a c6 thé chép
nhan duoc ddi v6i qua trinh polyme hoa.

Phre chét ("*"Cp),ZrCl, ¢6 nén mang

nfBu/@X\ ,{@\n-Bu
. s
N

N7

AZr,
Cl” cCli

("®"Cp),ZrCl,
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Bang 6 thé hién dir lidu polyetylen polyme héa ddi véi MAO rin dugc cai bién bang
pentaflophenol véi cac lugng khac nhau theo phuong phép B.

Biéng 6: Di liéu tom tdt ctia MAO rdn duwoc cai bién bing pentaflophenol (% khoi
lwong Al) va MAO rin duwoe cai bién/(""Cp),2rCl, (% khoi lwong Al, Zr % khéi
lwong, hoat tinh, cong sudt) va cde tinh chdt ciia polyme (ty trong khéi, My, MWD).

Ty1lé  MAOrin Chitxictac  Hoattinh Ty trong M, MWD
M:Al  dwoccai  hoan thién <10 khoi
(mol)  biénAl(% ICP (% khdi (Kgp/molyh) — (MV2)

khoi luong)

lugng) -
ICP
Al Zr
Pbi 36 40 0,8 31,2 0,34 142,466 2,54
chung
0,0005 40 34 0,6 38,2 - 0,35 138,051 2,54
0,001 35 35 0,6 34,9
0,01 27 33 0,4 53,7 0,39 139,519 2,51
0,05 24 33 0,4 40,9
0,1 21 37 0,5 30,7
0,4 17 30 0,3 36,9
0,8 15 14 0,2 53,1
1,2 10 12 0,3 37,6
1,6 9 12 0,2 45,9

Cac di€u kién polyme hoéa : 25 mg chat xtc tac, 2,5 mL TEA, 80 °C, 8 ba. 1 L hexan

Viéc tang luong chat cai bién (chat cai bién: ty 1& Al nim trong khoang tir 0,0005
dén 1,6) dan dén viéc lam giam ham luong Al (% khdi lugng) cia MAO rin dugc
cai bién va ham luong Al & Zr (% khéi luong) trong MAO rin duogc cai
bién/("®'Cp),ZrCl,. O ty 1& 0,01, da cho thdy hoat tinh cao nhit bang 53,7 x
10* Kgpr/molz-h ma 1a cao hon so vé1 MAO ran khong duge cai bién/(nB“Cp)22rClz
biang 31,2 x 10* Kgpe/molz-h. Ty trong khéi clia polyme thu duge nim trong khoang
0,35 — 0,39 ml/g ma c6 thé chap nhan dugc dbi v6i qua trinh polyme hod huyén phu
dic. Su cai bién MAO rin khong lam anh huéng ding ké dén cac tinh chét cua
polyme nhu trong lugng phan tr va sy phan b trong luong phan tir nhu dugc thé
hién trong Bang 6. Hinh thai hoc cia MAO rin duoc cai bién van kiém soat tot.
Chung c6 hinh dang gidng béng ngd véi c& hat 4-7 micron (Fig.4).

Béang 7 thé hién dit liéu polyetylen polyme hoa d6i v6i MAO ran duoc cai bién bang
4-flophenol theo phuong phap B.
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Bing 7: Dit liéu tém tdit ciia MAO rdn dwoc cdi bién bang 4-flophenol (% khoi
liong Al) va MAO rin dwoc cdi bién/("™"Cp),ZrCl, (% khoi heong Al Zr % khoi
liwong, hoat tinh, cong sudt) va cdc tinh chdt cia polyme (1y trong khéi, My, MWD).

Tylé  MAOran Chatxactic  Hoattinh Ty trong M, MWD
M:Al  dugccai  hoan thién 10" khéi
(mol)  biénAl (% ICP (%khoi (Kgy/mol,h) —(Ml/g)
khoi lugng)
lugng) -
ICP
Al /r
Déi 39 40 08 31,2 0,34 142,466 2,54
chung
0,0005 40 - - -
0,05 40 37 0,49 29,83
Céc diéu kién polyme hoéa : 12,5 mg chat xuc tac, 2,5 mL TEA, 80 °C, 8 ba. 1 L

hexan.

Béng 8 thé hién dir liéu polyetylen polyme héa dbi véi MAO rin dugc cai bién bing

phenol theo phuong phap B.

Bing 8: Dit liéu tém tdt cia MAO rin duwoc cdi bién bing phenol (% khoi long Al)
v MAO rdn dige cdi bién/(™ Cp),ZrCl, (% khoi lwong Al, Zr % khéi heong, hoat
tinh, cong sudt) va cdc tinh chat cia polyme (ty trong khoi, My, MWD).

Ty1lé  MAOrian Chatxictac  Hoattinh Ty trong M, MWD
M:Al  dugccai  hoan thién 10" khéi
(mol)  biénAl(% ICP(%khdi (Ko /molyh) — (MU8)

khoi lugng)

lugng) -
ICP
Al /r
béi 39 40 0,8 31,2 0,34 142,466 2,54

ching

0,0005 35 36 0,56 37,75

Céac diéu kién polyme hoa : 12,5 mg chét xuc tac, 2,5 mL TEA, 80 °C, 8 ba. 1 L

hexan.

Luong bd sung chét cai bién cao hon (chét cai bién cao hon:Al) tao ra ham luong Al
va Zr thip hon trong MAO rin dugc cai bién va MAO rin dugc cai
bién/("®"Cp),ZrCl,. Hinh thai hoc cia MAO ran duge cai bién duge thé hién ro qua

SEM, (Fig.5 va 6).
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Bang 9 thé hién dit liéu polyetylen polyme hoa d6i v6i MAO rin duoc cai bién bang
axit metansulfonic theo phuong phap B
Bing 9: Dit liéu tom tdt ctia MAO réin dwoc cdi bién bang axit metansulfonic (%
khéi heong Al) va MAO rén dwoc cdi bién/("™"Cp),ZrCl, (% khoi eong Al, Zr % khoi
liong, hoat tinh, céng sudt) va cdc tinh chat ctia polyme (ty trong khoi, My, MWD).

Tylé  MAOrian Chiatxtictic  Hoat tinh Ty trong M, MWD
M:Al  dugccii  hoan thién «10" khéi
(mol)  bién Al (% ICP (% khoi (Kgpg/moly,-h) (ml/g)

khoi lugng)

lugng) -
ICP
Al Zr
Péi 39 40 0,8 31,2 0,34 142,466 2,54
chung
0,0045 36 36 048 33,8 0,35
Céc diéu kién polyme hoa : 12,5 mg chat xtc tac, 2,5 mL TEA, 80 °C,8ba. 1 L

hexan.

Ty 1& chét cai bién:Al bing 0,0045 cho thdy hoat tinh cao hon la 33,8x 10
Kgpr/molzh v6i ham lugng Zr thép hon 1a 0,48 % khéi lugng. Ty trong khéi 12 0,35
ml/g c6 thé chip nhan duge d6i v6i qué trinh polyme hoa huyén phu dic.

Bang 10 thé hién dit liéu polyetylen polyme héa d6i véi MAO ran dugc cai bién
bang axit 4-flophenylboric theo phuong phap B

Bing 10: Dit liéu tom tdt cria MAO rdn dwoc cdi bién bang axit 4-flophenylboric (%
khéi lwong Al) vi MAO rén duwoc cdi bién/("™ Cp),ZrCly (% khoi luong Al, Zr % khoi
liwong, hoat tinh, cong sudt) va cdc tinh chdt ciia polyme (ty trong khéi, My, MWD,).

Ty1lé  MAOrian Chitxictac  Hoattinh Ty trong M, MWD
M:Al  dugccai  hoan thién 10" khéi
(mol)  bién Al (% ICP (% khoi (Kg,p/molyh) — (ml/g)

khoi lugng)

lugng) -
ICP
Al Zr
Déi 39 40 0,8 31,2 0,34 142,466 2,54
ching '
0,0005 33 36 0,48 33,1 0,30

Chét xtc tac hoan thién 0,0125 g, TEA (200mmol/L) =2,5 mL, T = 80°C, P =8 Ba,
dung moi hexan 1 L
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Ty 1 chit cai bién:Al bang 0,0005 di cho thdy hoat tinh tang la 33,1x 10°
Kgpp/moly,h. Fig.7 thé hién hinh thai hoc cia MAO rén dugc cai bién.

Bang 11 thé hién dit liéu polyetylen polyme héa dbi véi MAO ran dugc cai bién
bang 3,5-Bis(triflometan)phenol theo phuong phap B

Bing 11: Dit liéu tém tét ciia MAO rin dwoe cdi bién bang 3, 5-
Bis(triflometan)phenol (% khéi lwong Al) vi MAO rdn dwoce cdi bién/(™"Cp),ZrCl,
(% khéi lwong Al, Zr % khéi lwong, hoat tinh, cong sudt) va cdc tinh chat ciia
polyme (ty trong khoi, My, MWD).

Tylé  MAOran Chatxactaic  Hoat tinh Ty trong M, MWD

M:Al  dwoccai  hoan thién 10" khéi
(mol)  bién Al (% ICP (% khdi (Ko, /molyh) — (MUg)

khoi lugng)

lugng) -

ICP

Al Zr

Dé6i 39 40 08 31,2 0,34 142,466 2,54
ching
0,0006 34 38 0,51 34,6

Céac diéu kién polyme hoa : 12,5 mg chit xtic tac, 2,5 mL TEA, 80 °C, 8ba. 1 L

hexan.

Béang 12 thé hién dir lidu polyetylen polyme héa dbi véi MAO ran duoc cai bién
bang p-toluen sulfonamit theo phwong phép B.

Bing 12: Dit liéu t6m tdt ciia MAO rdn dwoc cdi bién bang p-toluen sulfonamit (%
khéi lwong Al) va MAO rén dwoc cdi bién/("™ Cp),2rCly (% khoi lwong Al, Zr % khéi
liwong, hoat tinh, cong sudt) va cdc tinh chét ciia polyme (1) trong khéi, My, MWD).

Tylé  MAOrian Chatxictic — Hoat tinh Ty trong M, MWD

M:Al  dwoccdi  hoan thién 10" khéi
(mol) bién A,l (% ICP (% khoi (Kgpp/molz, h) (ml/g)

khoi luong)

lugng) -
ICP
Al Zr
Pbi 39 40 0,8 31,2 0,34 142,466 2,54

ching
0,0005 32 36 0,58 28,40

Céac diéu kién polyme hda : 12,5 mg chat xuc tac, 2,5 mL TEA, 80 °C, 8 ba. 1 L

hexan.
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Fig.8 thé hién hinh thai hoc ctia p-toluen sulfonamit-MAO ran duogc cai bién voi ty 18
mol 1a 0,0005.

Phtte chit (Ind),ZrCl, ¢6 nén mang

5\ /;
N 4
\ s
~ 7
N
N\, Y

lzr\
cl” ¢

(Ind),ZrCl,

Bang 13 thé hién dit liéu polyetylen polyme héa ddi véi MAO rin dugc ci bién
biang pentaflophenol theo phwong phép B.

Bdng 13: Dit liéu t6m téit ciia MAO rén duoc cdi bién bang pentaflophenol (% khoi
luong Al) va MAO rén dwoc cdi bién/(Ind),ZrCLy (% khoi lwong Al, Zr % khoi luong,
hoat tinh, cong sudt) va cde tinh chdt ciia polyme (1y trong khéi, My, MWD,).

Ty I¢ MAO rin  Chét xuc tac Hoat tinh Ty trong M, MWD

M:Al  dugccdi  hoan thién 10" khéi

(mol)  bi€n Al (% ICP (% khoi (Kgpp/moly,h) (ml/g)
khoi lugng)

lugng) -
ICP
Al Zr
Péi 36 41 0,78 18,47 0,34 142,466 2,54
chung
0,0005 40 0,32
0,4 17 19 044 28,4

Céc diéu kién polyme hoa : 25 mg chat xuc tac, 2,5 mL TEA, 80 °C, 8 ba. 1 L hexan.

Viéce cai bién MAO rin bang pentaflophenol vdi ty 18 chit cai bién:Al 1a 0,4 dugc sir
dung dudi dang chét hoat hoa ran déi voi (Ind),ZrCl, c6 thé tang cuong hoat tinh
chét xtc tac 1a 28,4 KgPE/gCath.

Phuc chét "C(*"Flu,Cp)ZrCl, c¢6 nén mang
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Bang 14 thé hién dir liéu polyetylen polyme hoéa d6i v6i MAO rin duoc cai bién
bang pentaflophenol véi cac lugng khac nhau theo phuong phéap B.

Bdéng 14: Dit liéu t6m téit ciia MAO réin dieoc cai bién bang pentaflophenol (% khoi
Iwong Al) va MAO rén dwoc cdi bién/™ C("™Flu,Cp)ZrCl, (% khoi lwong AL Zr %
khéi heong, hoat tinh, cong sudt) va cdc tinh chdt ciia polyme (ty trong khoi, My,

MWD,).
Tylé  MAOrian Chatxictac  Hoat tinh
M:Al  dugccai  hoan thién «10"
(mol)  bin Al (% ICP (% khoi (Kgpp/moly,-h)
khoi luong)
lugng) -
ICP
Al /r
Péi 36 38 0,58 53
chung
0,0005 40 36 0,6 6,2
0,001 35 38 0,67 5,5
0,01 27 37 0,67 5.4
0,05 24 30 0,34 11,6
0,1 21 29 0,29 15,9
0,4 17 16 036 9,2
0,8 15 12 0,40 7,7
1.2 10 11 0,13 32
1,6 9 11 0,08 1,0

Céac diéu kién polyme hda : 25 mg chat xtc tac, 2,5 mL TEA, 80 °C, 8 ba. 1 L hexan
Céc nghién ctru bd sung

Bang 15 thé hién dir liéu xac dinh dic diém va polyme hoa dbi v6i cdc miu MAO
rén dugc cai bién bing B(CeFs)s theo phuong phap B véi cac ty 1¢ don khéc nhau, va
hoat tinh polyme hoa véi 2 chat tién xuc tac zirconoxen khéc.
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Bdng 15. Dit li¢u cua viéc xdc dinh ddc diém doi véi cde mau MAO ran dwoc cdi
bién bang B(CsF's); theo phirong phdp B véi cdc ty 1é don khdc nhau, va cdc hoat
tinh polyme héa véi 2 cht tién xiic tdc zirconoxen khdc nhau.

Tylé  Hiéusuidt ICP-MS BET cuachit  Hoat tinh (kgppmoly, 'h™)

M : Al cia chdt cta chit mang .
(mol)  mang (%) mang (m’mmol, )  (EBDZrCl,  ("Cp),ZrCl,
(% khoi
luong Al)
0,00 94 38,5 16,6 12692 11900
0,01 89 38,1 14,2 15662 10827
0,05 78 36,4 15,2 16718 9690
0,10 62 32,5 16,8 - 16106 9346
0,20 44 25,3 11,6 17834 9088

Bang 15 cho thiy hoat tinh polyme héa st dung (EBI)ZrCl, va (""Cp),ZrCl, khi
B(CgFs); duge st dung 1am chét cai bién ¢ cac ty 16 mol khac nhau. Piéu nay da cho
thdy c6 su ting v6i chat dau nhung c6 su giam véi chat sau.

Béng 16 cho thdy di liéu cua viéc xac dinh dac diém va polyme héa ddi voi cac mau
MAO rén duge cai bién biang C¢FsOH theo phuong phap B véi cac ty 1& don khac
nhau, va hoat tinh polyme héa véi 2 chit tién xtc tac zirconoxen khac nhau.
Bang 16. Dit liéu cua viéc xdc dinh ddac diém doi véi cde mau MAO rén dwoc cdi
bién bang CsFsOH theo phirong phdp B véi cdc 1y 1é don khdc nhau, va hoat tinh
polyme héa véi 2 chdt tién xiic tdc zirconoxen khdc nhau.

Tylée  Hiéusuadt ICP-MS BET cuachdt  Hoat tinh (kgpgmoly, 'h™")

M : Al cia chit  cia chat mang .
(mol)  mang (%) mang (m’mmoly ") (EBDZrCl,  (""Cp)ZrCly
(% khoi
lugng Al)
0,00 94 38,5 16,6 12692 11900
0,01 93 37,5 15,6 12500 8119
0,05 83 36,8 14,8 13330 9099
0,10 91 34,4 14,4 13023 7655
0,20 93 25,4 11,9 14392 5153
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Bang 16 cho thdy hoat tinh polyme héa bang cach sit dung (EBI)ZrCl, va
("BUCp),ZrCl, khi CeFsOH duge sir dung 1am chét cai bién v6i céc ty 1& mol khéc
nhau. Didu nay da cho thdy c6 su ting v6i chit diu nhung c6 su gidm véi chét sau.
Céc bang tir 17 dén 19 cho thiy trong lwgng phan tir ctia polyetylen bang cach su
dung cac chat cai bién khac nhau trén MAO rin va cac phiic chat khac nhau.

Bang 17. Cdc hoat tinh polyme héa va dir lieu GPC doi véi MAO rén khéng duwoc

cai bién (Doi chitng) véi 5 chat tién xiic tdc zirconoxen khdc nhau.

Chét tién xuc tac Hoat tinh M,  PDI
(kgPEm()er—lh_l) (kg/mol)

(EBI)ZrCl, 12692 99,0 3,5
("*'"Cp),ZrCl, 11900 2548 27
Me2gB (B2 F1u,I*)ZrCl, 5849 5856 2.8
Me2SB(Cp.I#)ZrCl, 9468 1782 2,7

Bang 18. Dii liéu vé hoat tinh polyme héa va GPC doi v6i MAO rén dwoc cdi bién
bing B(C4Fs); v6i mikc don 5% mol theo phirong phdp B véi 5 chat tién xiic tdc

zirconoxen khdc nhau.

Chét tién xuc tac Hoat tinh My, PDI
(kgpgmolz, 'h™")  (kg/mol)

(EBI)ZrCl, 17512 101,6 4,0
("*"Cp),ZrCl, 9690 289,9 2.6
Me2gB (B2 F1u,I*)ZrCl, 6319 633,6 3,0
Me2SB(Cp,I*)ZrCl, 7020 2521 25

Bang 19. Dir liéu vé hoat tinh polyme héa va GPC doi véi CsFsOH MAO réin dwoc
cdi bién véi mire dén 5% mol theo phwong phdp B véi 5 chdt tién xiic tde zirconoxen

khdc nhau.
Chét tién xtc tac Hoat tinh M,  PDI
(kgpemolz, 'h™")  (kg/mol)
(EBI)ZrCl, 13330 132,9 3,7
("B'Cp),ZrCl, 9090 290,6 2.7
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Me2GB (B2 Flu,[*)ZrCl, 8016 662,2 3.3

Me2gB(Cp,I*)ZrCl, 7671 1855 3.2

Céc két qua dugc thé hién trong cac bang 17-19 da cho thdy rang su cai bién cta chét
mang khong anh hudng truc tiép dén trong lugng phan tir clia polyetylen thu dugc.

Bang 20 cho thiy dir liéu cua viéc xéc dinh dac diém do6i v6i cdc miu MAO ran
duoc cai bién bang cac chat cai bién khac nhau véi mie don 5% mol theo phuong
phép B, va dit liéu polyme hda véi 3 chat tien xuc tdc zirconoxen khac nhau.

Bdng 20. Dit li¢u cua viéc xdc dinh ddc diém doéi véi cdc méu MAO rin dwoc cdi
bién véi mike dén 5% mol theo phirong phdp B, va hoat tinh polyme héa véi 3 chdt

tién xuc tdc zirconoxen khdc nhau.

Chét cdi bién  Hi¢u ICP-  BET Hoat tinh (kgprpmoly, 'h™")
suat ~ MS (m?
(%) A% g

Khéi (EBDZr  ("™'Cp),Zr MSB(Cp,

lwong) Cl, Cl, 1%)ZrCl,
~Chatdoichimg 94 385 16,6 12692 11900 9468
. o 0 IO e
364 143 15662 10827 7020
33 D9 549’047 0530
384 150 4052 5414 5718
305 135 R3¢  devd = 3030
337 152 3243 3617 7956
{4-F}‘ H,OF 90 - 20 0 b O el
{35F}2C6H3OH 91 355 150 4158 9629 8066
@ier . 0 3 R Sl e gl

Bang 21 cho thay dit liéu quang phd dbi voi polymetylaluminoxan ran dugc cai bién
va cdc phire chét khac nhau.

Bang 21. Di¥ liéu quang phé déi voi cdc mau MAO rin dwoc cdi bién véi mikc don
5% mol theo phwong phdp B.

Chit cdibién  NMR trong THF- SSNMR DRIFT
ds
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'Hey  “F{'H} 'Hdyw "“Fdw "B  FWHH v(em)
(ppm) Jr (ppm) (ppm) (ppm)  dise  (Hz)

Me (ppm)
Chét dbi ching —0,60 n/a - - - -
_Ben . 081 - sem P
B(CF)), -0,64  —1232, - ~-166 84 674 2315,
~158,3, (), 1641
~164,2 -157
= e g e b
- = . 1583 —124 . =
_ __ = _ @ ¢ @@ -
{4-F}CHB(OH), -0,71 $ -0,82  —111 18 8231 #

T ms s 0 iy 108 s 16 9346 '

F}'2C6H3B(QH)i . 42, .
. 655 -
C6F5B(OH)2 —-0,64 s -1,31  —166, 7,3 3183 1647
, —135 (m)
6,29
)

EEeEor s Ges aEbG s REaEs e
35F,CHOH  —080 -1135 -145 110 na  na 2468,
: 2115
5,68
¢ enen. | om0y 1 o o
... -169,0, = e

SDLA Tod Ae e Ao o A cas 1 o 5 A 1.2 P
Pho khoéng dugc phan giai hoan toan do do hoa tan kém.

#*Phé cho thay khong c6 su thay dbi so véi mau ddi chimg (v = 3550, 2951, 2632,
2391, 1593, 1531, 1441, 1252, 1211 ecm™).

Cac hinh v& Fig.9 va Fig.10 cho thdy cic anh c6 kich thudc hién vi cia céc
polyetylen khac nhau bang cach s dung céc chét cai bién khac nhau va cac phirc
chét zirconoxen chirng minh rang hinh dang cua polyetylen van khong thay dbi.

Céc hinh vé& tir Fig.11 dén Fig.25 da cho thdy phd NMR & trang thdi dung dich cua
cac polymetylaluminoxan ran dugc cai bién khéc nhau thé hién sy hop nhat ctia chat
céi bién trong san pham.

Cac hinh v& tr Fig.26 dén Fig.38 da cho thdy phd NMR & trang thai rin cla céc
polymetylaluminoxan rin duoc cai bién khac nhau thé hién sy hop nhat ctia chit cai
bién trong san pham.

Céc hinh v& tr Fig.39 dén Fig46 di cho thdy phd DRIFT cla céc
polymetylaluminoxan ran dugc cai bién khac nhau thé hién sy hop nhit ctia chat cai
bién trong san pham.
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Mic di cac phuong 4n cu thé cia sang ché da duoc md ta trong ban mé ta nay nham
muc dich tham khdo va minh hoa, nhung cac céai bién khac nhau s& dé dang thuc hién
dugc boi chuyén gia trong linh vuc nay ma khong ndm ngoai pham vi cta sang ché
nhu duoc xac dinh trong cac diém yéu cau bao ho kém theo day.
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YEU CAU BAO HOQ

1. Chit mang pha ran thich hop dé mang chét xuc tac metaloxen, trong d6 chat mang
pha rin nay chira polymetylaluminoxan ran dugc cai bién bang cach cho né phan

g v6i hop chit c¢6 cong thire (I) hodc (IT) nhu duge thé hién dudi day:

trong do

X 1a nhém hydroxyl hoac nhém B(Y), hodc nhom Al(Y),,
trong d6 mdi Y doc 1ap duoc chon tir hydroxyl, phenyl va naphtalenyl, nhom bt ky
trong sb cac nhom nay c6 thé tiy y duoc thé bang mot hodc nhidu phan tir dugc chon
tir halo, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl va trihaloalkyl;

R, va Ry ddc 1ap 1a hydro, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-
4C)alkynyl, halo hodc trihaloalkyl, hodc

R, va Ry, duoc lién két, sao cho, khi cung voi cac nguyén tir ma ching gén
vao, chiing tao thanh vong thom cé 6 canh ma tuy y dugc thé bang mot hodc nhiéu
phan tir duoc chon tir halo, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl va
trihaloalkyl;

R.-R. doc 14p 1a hydro, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
halo hoac trihaloalkyl;

7 la hydroxyl hodc nhém -NR,R,,

trong d6 R, va R, doc 1ap dugc chon tir hydro va (1-4C)alkyl;
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Ry 1a (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl, trihaloalkyl hodc nhém
phenyl ma tuy y dugc thé bang mot hodc nhidu phan tir dugc chon tir hydroxyl, (1-
4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl, halo va trihaloalky];
trong do ty 1€ mol gitta hop chét c¢6 cong thire (I) hodc (II) va polymetylaluminoxan

rén trong chit mang pha rin nam trong khoang tir 0,0001:1 dén 0,3:1.

2. Chit mang pha rin theo diém 1, trong d6 Z 1a hydroxyl.

3. Chét mang pha rin theo diém 1 hoic 2, trong d6 khi X 1a hydroxyl

i) mdi gbc R,-R. doc 1ap 1a halo; hodc

ii) R, va R, duoc lién két, sao cho, khi ciing véi cac nguyén tir ma ching gin
vao, ching tao thanh vong thom c6 6 canh ma tuy y duoc thé béng mdt hodc nhiéu
phan tir duoe chon tir halo, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl va
trihaloalkyl, va

R.-R. doc 1ap 1a hydro, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl,
halo hodc trihaloalkyl; hodc

iii) moi géc Ra, Ry va R ddc lap 1a hydro, hydroxyl, (1-4C)alkyl, (2-
4C)alkenyl, (2-4C)alkynyl, halo hodc trihaloalkyl, va

mdi gbe Ry va R, doc 1ap 1a hydro, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-
4C)alkynyl hodc trihaloalkyl; hodc

iv) mdi géc Ra, Ry, Ry va R doc 1ap 1a hydro, hydroxyl, (1-4C)alkyl, (2-
4C)alkenyl, (2-4C)alkynyl, halo hodc trihaloalkyl, va

R, 1a hydro, hydroxyl, (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl hodc halo.

4. Chit mang pha ran theo diém 1, 2 hoic 3, trong d6 bat ky mot hodc nhiéu trong s6
cac didu kién tir (A) dén (C) sau duoc 4p dung:

(A) mbi Y doc 1ap duogc chon tir nhém hydroxyl hodc nhém phenyl ma tuy y duoc
thé bang mot hodc nhidu phan tir duge chon tir flo, hydroxyl, (1-4C)alkyl, (2-
4C)alkenyl, (2-4C)alkynyl va trifloalkyl;

(B) mdi Y doc 1ap duge chon tir nhém hydroxyl hodc nhém phenyl ma tiy y duge

thé béng mot hoac nhiéu phén tr dugce chon tur flo, (1-4C)alkyl va triflometyl;
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(C) mdi Y ddc 1ap duge chon tir nhom hydroxyl hoac nhom phenyl ma tiry y dugc

thé bang mét hoic nhiéu phén tir dwgc chon tir flo va triflometyl.

5. Chét mang pha rén theo diém bat ky trong s cac diém néu trén, trong d6 bat ky
mot hodc nhiéu trong sb cac diéu kién tir (A) dén (F) sau dugc ap dung:

(A) R,-R. doc 1ap 1a hydro, hydroxyl, (1-4C)alkyl, 2-4C)alkenyl, (2-4C)alkynyl, flo
hodc trifloalkyl;

(B) R,-R. doc 14p 1a hydro, (1-4C)alkyl, flo hodc trifloalkyl;

(C) R-R. ddc 14p 1a hydro, metyl, etyl, tert-butyl, flo hodc triflometyl;

(D) Ry 14 (1-4C)alkyl, trihaloalkyl hoic nhém phenyl ma tiry y duoc thé bang mot
hodc nhiéu phan tir duoc chon tir hydroxyl, (1-4C)alkyl, halo va trihaloalkyl;

(E) R¢la (1-4C)alkyl, trihaloalkyl hodc p-toluenyl;

(F) R¢1a metyl, etyl, triflometyl hodc p-toluenyl.

6. Chat mang pha rin theo diém bat ky trong s6 cac diém néu trén, trong d6 bat ky
mdt hodc nhiéu trong sb cac diéu kién tir (A) dén (F) sau duoc ap dung:

- (A) ty 1& mol giita hop chét c6 cong thirc (I) hodc (IT) va polymetylaluminoxan rin
trong chit mang pha rin nam trong khoang tir 0,0001:1 dén 0,1:1;

(B) ty 1¢ mol gitta hop chét c6 cong thire (I) hozc (1) va polymetylaluminoxan ran

trong chit mang pha rin nim trong khoang tir 0,0001:1 dén 0,05:1.

7. Ch4t mang pha ran theo diém bat ky trong sb cac diém néu trén, trong d6 mot hodc
c4 hai diéu kién (A) va (B) sau dugc ap dung:
(A) hop chét c6 cong thire (I) hodc (IT) duge chon tir mdt hodc nhiéu hop chét trong

sO cac hop chat c6 cong thirc sau:
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(B) hop chat ¢6 cong thire (I) hodc (IT) duge chon tir mdt hodc nhiéu hop chit trong

sO cac hop chat ¢6 cong thire sau:

8. Phuong phép diéu ché chit mang pha ran theo diém bat ky trong s6 cac diém néu
trén bao gdm céc budc:

a) cho polymetylaluminoxan rin vao dung méi thir nhét;

b) cho polymetylaluminoxan ran thu dugc & buéce a) tiép xtic véi mot hozc nhidu
hop chit c6 cong thire (I) hodc (IT) nhu dugce xac dinh trong diém bat ky trong s cac
diém néu trén; va

c) tach san phdm thu duge & bude b);

trong d6 ty 1& mol gifta hop chét c6 cong thire (I) hodc (IT) va polymetylaluminoxan

rin dugc str dung & budc b) nam trong khoang tir 0,0001:1 dén 0,3:1.
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9. Phuong phép theo diém 8, trong d6 bat ky mot hodc nhidu trong sd cac diéu kién
tir (A) dén (G) sau duge ap dung:

(A) mot hodc nhiéu hop chit ¢6 cong thirc (I) hodc (II) duge sir dung & bude b) duoc
cho vao dung méi thtr hai;

(B) budc b) duoc tién hanh ¢ nhiét d6 nim trong khoang 18-150°C;

(C) budce b) duoc tién hanh ¢ nhiét d6 nam trong khoang 18-50°C;

(D) dung mdi thir nhat dugc chon tir toluen, benzen va hexan;

(E) dung mai thir nhat 1a toluen;

(F) dung moi thir hai dugc chon tir toluen, benzen va hexan;

(G) dung mdi thu hai 1a toluen.

10. Phuong phép theo diém 8 hoic 9, trong d6 budc b) con bao gbm viée xtr Iy bang
siéu &m hdn hop chira polymetylaluminoxan rin va mot hodc nhiéu hop chat ¢ cong

thie (I) hoac (II).

11. Hon hop xtc tac gom:
a) hop chit c6 cong thire (IIT) nhu duge thé hién dudi day; va

b) chét mang pha rin theo diém bt ky trong s6 cac diém tir 1 dén 7

Rs Ry
a—L()
//, Re
//,
N p Rs
\x/
/7 '\
Y Y
(II)

trong do

mdi gbe Ry va R, dde 1ap 14 hydro hodc (1-2C)alkyl;

mdi géc R; va Ry ddc 14p 1a hydro hodc (1-4C)alkyl, hodc R; va R4 dugc lién
két sao cho, khi cliing véi cac nguyén tir ma chiing gén vao, ching tao thanh vong
thom ngung tu ¢6 6 canh tiy y duoc thé bing mot hoic nhiéu phan tir duge chon tir

(1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, aryl, heteroaryl, vong
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cacbon va di vong, trong d6 modi nhom aryl, heteroaryl, vong cacbon va nhom di
vong tiry ¥ duge thé bang mét hoac nhiéu nhom duoc chon tir (1-6C)alkyl, (2-
6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, halo, amino, nitro, xyano, (1-
6C)alkylamino, [(1-6C)alkyl],amino va -S(O),(1-6C)alkyl;

mdi gbe Rs va Rg doc 1ap 1a hydro hodc (1-4C)alkyl, hodc R; va Ry duoc lién
két sao cho, khi ciing v6i cac nguyén tir ma ching gin vao, chiing tao thanh vong
thom ngung tu c¢6 6 canh tuy y duoc thé béng mot hodc nhiéu phén tr dugc chon tur
(1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, aryl, heteroaryl, vong
cacbon va di vong, trong d6 mdi nhom aryl, heteroaryl, vong cacbon va nhom di
vong tiy v dugc thé bang mot hodc nhiéu nhém duge chon tir (1-6C)alkyl, (2-
6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, halo, amino, nitro, Xyano, (1-
6C)alkylamino, [(1-6C)alkyl],amino va -S(O),(1-6C)alkyl;

mdi gbe R, va Rg doc 1ap 1a hydro hoic (1-4C)alkyl, hodc R; va Ry dugc lién
két sao cho, khi cling v6i cdc nguyén tir ma ching gin vao, chung tao thanh vong
thom ngung tu ¢6 6 canh tity ¥ duoc thé bang mot hodc nhiéu phan tir duge chon tir
(1-6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, aryl, heteroaryl, vong
cacbon va di vong, trong d6 mdi nhém aryl, heteroaryl, vong cacbon va nhém di
vong tity ¥ duge thé bang mot hodc nhiéu nhém duge chon tir (1-6C)alkyl, (2-
6C)alkenyl, (2-6C)alkynyl, (1-6C)alkoxy, halo, amino, nitro, xyano, (1-
6C)alkylamino, [(1-6C)alkyl],amino va -S(O),(1-6C)alkyl;

Q khong c6 mat, hodc 1a nhom lién két cAu dugc chon tir -CH,- hoic -
CH,CH,-, hoic ¢6 thé ty y dugc thé bang mot hodc nhiéu nhom duge chon tir (1-
4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl va aryl, hodc Q 1a nhém lién két cau -
Si(Ro)(Ry)-,

trong d6 Ry va Ry doc 1ap 1a (1-4C)alkyl, (2-4C)alkenyl, (2-4C)alkynyl hodc
aryl;

X 1a zircon hodc hafini; va

mdi nhém Y doc 1ap duoc chon tir halo, hydrua, (1-6C)alkyl, (1-6C)alkoxy,
aryl hodc aryloxy, ma tuy y dugc thé béng mét hodc nhidu nhém dugc chon tir (1-

6C)alkyl va halo.
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12. Hdn hop xc tac theo diém 11, trong d6 bat ky mot hogc nhidu trong s6 cac didu
kién tir (A) dén (K) sau duoc 4p dung:

(A) mdi gbe R; va R, 13 hydro;

(B) mdi géc Rz va Ry doc 14p 1a hydro hodc (1-4C)alkyl, hodc R; va R4 dugc lién két
sao cho, khi cling v6i cac nguyén tir ma ching gin vao, chiing tao thanh vong thom
ngung tu cé 6 canh tuy y duoc thé bang mot hodc nhidu phan tir duge chon tir (1-
6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl va (1-6C)alkoxy;

(C) mdi gbe Rs va Ry doc 1ap 1a hydro hodc (1-4C)alkyl, hodc Rs va Ry dwoc lién két
sao cho, khi ciing v6i cac nguyén tir ma ching gan vio, chiing tao thanh vong thom
ngung tu cd 6 canh tuy y duogc thé béng mot hodc nhiéu ph?m ti duoc chon tir metyl,
etyl va tert-butyl;

(D) mdi gbc Rs va Rg doc 1ap 1a hydro hodc (1-4C)alkyl, hodc Rs va Rg duoc lién két
sao cho, khi cung vdi cac nguyén tir ma chung gin vao, ching tao thanh vong thom
ngung tu ¢ 6 canh tuy y dugc thé bang mot hodc nhiéu phéan tr duoc chon tir (1-
6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl va (1-6C)alkoxy;

(E) mdi gbc Rs va Rg doc 1ap 1a hydro hodc (1-4C)alkyl, hodc Rs va Rg duoc lién két
sao cho, khi ciing v6i cdc nguyén tir ma ching gan vao, ching tao thanh vong thom
ngung tu c6 6 canh tuy y dugc thé béng mot hodc nhiéu ph?m t& dugc chon tir metyl,
etyl va tert-butyl.

(F) mdi gbe Ry va Rg doc 14p 12 hydro hodc (1-4C)alkyl, hodc R; va Rg dugc lién két
sao cho, khi cung véi cac nguyén tir ma ching gin vao, chiing tao thanh vong thom
ngung tu c6 6 canh tuy y dugc thé bang mot hodc nhiéu phéan tr duoc chon tir (1-
6C)alkyl, (2-6C)alkenyl, (2-6C)alkynyl va (1-6C)alkoxy;

(G) mdi gbc R, va Ry doc 1ap 1a hydro hoac (1-4C)alkyl, hodc R; va Rg dugc lién két
sao cho, khi cung véi cac nguyén tir ma ching gin vao, chiing tao thanh vong thom
ngung tu c6 6 canh tuy y dugc thé béng mot hodc nhiéu phén t& dugc chon tir metyl,
etyl va tert-butyl;

(H) Q khong c6 mat, hodc 1a nhém lién két cau dugc chon tir -CH,- hodc -CH,CH,-,
hodc ¢6 thé tuy ¥ duge thé bang mot hodc nhiéu nhém dugce chon tir (1-4C)alkyl va
phenyl, hodc Q la nhom lién két cau -Si(Ro)(Ro)-,

trong do Ry va Ryo ddc 1ap 1a (1-4C)alkyl hodc aryl;

(I) X 1a zircon;
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(J) mdi nhém Y ddc 1ap duge chon tir halo;
(K) khi Q 1a -CH,CH,-, thi R4 dugc chon tir hydro, hydroxyl, (1-4C)alkyl, (2-
4C)alkenyl, (2-4C)alkynyl va halo.
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