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Linh vyc k§ thuit dwoc dé cip

Sang ché dé cap dén chét xic tac metalocen bat d6i ximg, phuong phép diéu

ché chiing, va st dung chiing dé xtc tac quy trinh polyme hoa olefin.
Tinh trang k§ thuit ciia sang ché

D3 biét rang etylen (va a-olefin néi chung) c6 thé duge polyme héa d& dang
& ap sut thap hodc trung binh véi sw ¢6 mit ciia cac chét xic tac kim loai chuyén
tiép nhét dinh. Cac chéat xuc tac nay dugc goi chung 13 chit xtc tac dang Zeigler-

Natta.

Nhém chét xuc tac dang Ziegler-Natta cu thé ndy, xic tic quy trinh polyme
hoa etylen (va a-olefin néi chung), bao gdm chét hoat héa aluminoxan va chét xtic
tac kim loai chuyén tiép metalocen. Metalocen bao gdm kim loai gin két giira hai
phéi tir dang n’-xyclopentadienyl. Néi chung, cac phdi tir dang n’-xyclopentadienyl
dwoc chon tir n°-xyclopentadienyl, n’-indenyl va n’-florenyl.

Ciing d biét cac phéi tir dang n’-xyclopentadienyl nay c6 thé dugc cai bién
bang rat nhiéu cach. Mot phwong phép cai bién cu thé 1a dwa nhom lién két vao gitra

hai vong xyclopentadienyl dé tao ra ansa-metalocen.

Rat nhi€u ansa-metalocen ctia kim loai chuyén ti€p 1a da biét trong linh vuc
ndy. Tuy nhién, vin c6 nhu ciu vé chét xiic tic ansa-metalocen dé dung trong cac
phan {mg polyme hod polyolefin. Cu thé, van c6 nhu ciu vé chat xtic tic metalocen

méi ¢ hoat tinh/nang suét polyme ho4 cao.

Cling ¢6 nhu cdu vé cht xic tic c6 thé tao ra polyetylen c6 dac diém dic
biét. Vi du, mong mudn tao ra chat xuc tac c6 kha ning tao ra polyetylen mach
thing c6 ty trong cao (linear high density polyethylene - LHDPE) v6i mirc phan tan
turong dbi hep vé chiu dai mach polyme. Ngoai ra, c6 nhu cau vé chét xtc tac cb
kha nang tao ra polyetylen c6 khdi luong phén tir thdp hon, bao gdm sép polyetylen.
Ngoai ra, ¢6 nhu cdu v& chét xuic tac c6 thé tao ra copolyme polyetylen c6 su két

hop co-monome tt va d6 ddng déu giita cac phan tir t6t clia dic tinh polyme.
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WO02011/051705 d cap dén chét xtc tic ansa-metalocen trén co sé hai phdi

tr n)5-indenyl dugc lién két qua nhém etylen.

W02015/159073 d& cap dén chét xuc tac ansa-metalocen trén co s& hai phdi

tir n5-indenyl duge lién két qua nhém silylen.

US2015/119539 dé cap dén metalocen khong dbi xtng, hé xtic tac chira hop

chat nay va st dung ching dé san xuat metalocen cé d¢ dang cau cao.

Mic du cac k¥ thudt trén day tao ra cac uu diém, vAn c6 nhu ciu vé chét xtc
tac ansa-metalocen c6 hoat tinh polyme hod cai thién. Ngoai ra, do gia tri cao ma
nganh cong nghiép dit ra dbi véi cac nguyén lidu nhu vy, cling ¢é nhu ciu vé chit
xuc tac ansa-metalocen c6 kha nang xtc tic quy trinh diéu ché polyetylen c6 khéi
lwong phén tir thdp hon, bao gdm sap polyetylen. Tham chi con mong muén hon

rang chét xuc tac c6 thé duge tdng hop mét cach dé dang.
Ban chét ky thuat ciia sdng ché
Sang ché di dugce tao ra tir cac muc dich néu trén.

Theo khia canh thir nhét, sang ché dé xuét hop chat theo cong thire (I) dugc

x4c dinh trong ban mo ta nay.

Theo khia canh th hai, sang ché @ xuét ché phdm chira hop chit c6 cong

thire (I) duoc x4c dinh trong ban mé ta ndy va nguyén liéu nén.

Theo khia canh thtr ba, sang ché d& xuit viéc sir dung hop chit ¢6 cong thic
(I) duoc xac dinh trong ban mo ta nay hodc ché phim duoc xac dinh trong ban mé

ta nay dé polyme hod mét hodc nhiéu olefin.

Theo khia canh thtr tu, sang ché d& xuit quy trinh polyme hoa bao gdm cac
buéc: a) polyme héa mot hodc nhiéu olefin v6i sy ¢6 mit ciia i. ché phdm nhu duoc

x4c dinh trong ban mo ta nay.

Theo khia canh thir nam, sang ché d& xut quy trinh polyme ho4 bao gdm cac
bude: a) polyme hoéa etylen véi sy ¢6 mit cia i. ché pham chira MAO rén va hop
chét theo cong thirc (IT) dugc xac dinh trong ban md ta ndy; va ii. hydro; trong d6 ty
1¢ mol gitra hydro va etylen & bu6c a) nim trong khoang tir 0,0365:1 dén 0,3:1.
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M0 ta vit tit cac hinh vé

Vi du vé sang ché s& dugc md ta, chi nhdm muc dich minh hoa, dua vao cac
hinh v& kém theo, trong d6:

Fig.1 thé hién phé 'H NMR cta M2SB(Cp™* 1%)ZrCl, (298 K, 400 MHz,

clorofom-d;).

Fig.2 thé hién phd 'H NMR cia M2SB(Cp™",1*)ZrCl, (298 K, 400 MHz,
clorofom-d,).

Fig.3 thé hién hoat tinh va nhiét d6 ciia polyme hoa etylen bang cach sir dung
nén MAO ran/M2SB(Cp,I*)ZrCly: [Allo/[Z1]o = 300 (hinh vuéng mau den),
[Al]o/[Zr]o = 200 (hinh tron mau d6), [Al]¢/[Zr]o = 150 (hinh tam gidc mau xanh da
troi) va [Al]y/[Zr]o = 100 (hinh tam gidc ngugc mau hong). Cac diéu kién polyme
hoa: 10 mg chét xtc tac, 50mL hexan, 2 ba, 30 phut, va 150 mg TIBA.

Fig.4 thé hién hoat tinh va thoi gian ctia polyme hoa etylen bang cach sir
dung nén MAO ran/2SB(Cp,1*)ZrCl,: [Al]o/[Zr]o = 300 (hinh vubéng mau den),
[Al]o/[Zr]o = 200 (hinh tron mau d6), [Al]/[Zr]o = 150 (hinh tam gidc mau xanh da
troi) va [Al]y/[Zr]o = 300 (hinh tam gidc nguoc mau hong). Cac didu kién polyme
hoa: 10 mg chét xuc tac, 50mL hexan, 2 ba, 70°C, va 150 mg TIBA.

Fig.5 thé hién hoat tinh va nhiét d6 cta polyme ho4 etylen b%mg cach su dung
nén MAO rin/ M2SB(Cp,I*)HfCl,: [Al]ly/[Zr]y = 200 (hinh vudéng mau den),
[Al]o/[Zr]o = 150 (hinh tron mau d6), va [Al]y/[Zr]o = 100 (hinh tam gidc mau xanh
da troi). Cac diéu kién polyme hoa: 10 mg chét xuc tac, 50mL hexan, 2 ba, 30 phut,
va 150 mg TIBA.

Fig.6 thé hién hoat tinh va thdi gian cta polyme hoa etylen bang céach st
dung c6 nén MAO ran/ M2SB(Cp,I*)HfCl,: [Al]y/[Zr]o = 200 (hinh vudéng mau
den), [Al]¢/[Zr]o = 150 (hinh tron mau do), va [Al]y/[Zr], = 100 (hinh tam gidc mau
xanh da troi). Cac diéu kién polyme hod: 10 mg chit xtic tc, S0mL hexan, 2 ba, 30
phut, va 150 mg TIBA.

Fig.7 thé hién ning sudt va nhiét d6 dbi véi nén MAO rin/
Me2SB(Cp,I*)ZrCly: [Al]lo/[Z1]o = 300 (hinh vudng mau den), [Al]y/[Z1], = 200 (hinh

tron mau d6), [Al]y/[Zt]o = 150 (hinh tam gidc mau xanh da trdi) va [Ally/[Zr], =
-4-
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100 (hinh tam gi4c nguge mau hdéng). Cac diéu kién polyme hoa: 10 mg chét xuc
tac, S0mL hexan, 2 ba, 30 phut, va 150 mg TIBA.

Fig8 thé hién ning sudt va nhiét d6 déi véi nén MAO
ran/M2SB(Cp,I*)HfCl,: [Al]ly/[Zr]o = 300 (hinh vudéng mau den), [Al]y/[Zr], = 200
(hinh tron mau d6), [Al]¢/[Zr]p = 150 (hinh tam gidc mau xanh da trdi) va
[Al]l¢/[Zr], = 100 (hinh tam giic ngwoc mau hdng). Cac diéu kién polyme hoa:
10 mg chét xtc tac, 50mL hexan, 2 ba, 30 phut, va 150 mg TIBA.

Fig.9 thé hién ning suét (truc tung mau den, bén trai) va khdi luong phan tir
(truc tung maiu xanh da troi, bén phai) va luong H, duoc ding 1am chit nap liéu
ddng thoi bing cach st dung nén MAO ran/M**SB(Cp,1*)ZrCl, véi ty 16 [Al]e/[Zr],
13 200 (hinh vudng), 150 (hinh tron) va 100 (hinh tam giac). Céc diéu kién polyme
hoa: 0,05 mg chét xtc tac, 5SmL heptan, 8 ba va 80°C.

Fig.10 thé hién khéi luong phan tir, M,, (truc hoanh) dbi véi quéa trinh
homopolyme hoa va su tao thanh sap PE bang cach sir dung chét xtc tic MAO
ran/MSB(Cp,I*)ZrCl, bang cach sir dung cac ty 18 [Al]y/[Zr], khac nhau. Céc diéu
kién polyme hoa: 0,05 mg chét xuc tic, 5SmL heptan, 8 ba va 80°C.

Fig.11 thé hién ty 1& hip thu cta etylen d6i v6i quy trinh polyme ho4 etylen
bing dap tmg hydro bang cach st dung chit xic tic MAO ran/M**SB(Cp,I*)ZrCl,
bing céach sir dung ty 18 [Al]¢/[Zr], bang 100 (bén trai) va 150 (bén phai). Cac diéu
kién polyme hoa: 0,05 mg chét xac tac, SmL heptan, 8 ba va 80°C.

Fig.12 thé hién khdi luong phan tir, M, clia quy trinh polyme hoa etylen
bing dap tmg hydro bang cach st dung chit xic tic MAO ran/M*SB(Cp,I*)ZrCl,
bing céach sir dung ty 18 [Al]¢/[Zr], bang 100 (bén trai) va 150 (bén phai). Cac diéu
kién polyme ho4: 0,05 mg chét xuc tac, SmL heptan, 8 ba va 80°C.

Fig.13 thé hién ty 16 hip thu cua etylen ddi véi quy trinh copolyme hoa
etylen va 1-hexen; bang cach sir dung chét xic tac MAO ran/M**SB(Cp,I*)ZrCl,
bang cach sir dung ty 18 [Al]o/[Z1], bang 100 (bén trai) va 150 (bén phai). Céc didu
kién polyme hoa: 0,05 mg chit xuc tac, SmL heptan, 8 ba va 80°C.

Fig.14 thé hién khdi luong phén tir, M,, dbi v6i quy trinh copolyme hoa
etylen va 1-hexen bing cach st dung chit xic tic MAO rin/M*SB(Cp,I*)ZrCl,

-5



36345

bang cach st dung ty 18 [Al]¢/[Zr], bang 100 (bén trai) va 150 (bén phai). Cac diéu
kién polyme hoa: 0,05 mg chit xtc tac, SmL heptan, § ba va 80°C.

Fig.15 thé hién vét CEF dbi véi quy trinh copolyme hoa etylen va 1-hexen
bing cach st dung chit xuc taic MAO rin/**SB(Cp,I*)ZrCl, bang cach sir dung t
18 [Al]¢/[Zr], bing 100 (bén trai) va 150 (bén phai). Cac diéu kién polyme hoa:
0,05 mg chit xtc tac, SmL heptan, 8 ba va 80°C.

Fig.16 thé hién phd 'H NMR cta hai chit doéng phin cia
Me2SB(Cp™e,1%)ZrCl, véi ty 18 40:60 v6i nhém metyl trén vong xyclopentadienyl
(298 K, 400 MHz, benzen-dg).

Fig.17 thé hién phd 'H NMR cia mo6t chit dong phin cia
MeaSB(Cp " 1%)ZrCl, v6i nhém n-butyl trén vong xyclopentadienyl (298 K,
400 MHz, benzen-dg).

Fig.18 phé 'H NMR cua chit dong phéan khac ctia M2SB(Cp™",I*)ZrCl, v6i
nhom r-butyl trén vong xyclopentadienyl (298 K, 400 MHz, benzen-dg).

Fig.19 thé hién phd 'H NMR cla mét chit dong phan cia
Me2gB(Cp™© 1%)Z1Br, (298 K, 400 MHz, benzen-d).

Fig20 thé hién phd 'H NMR cua hai chit dong phén cia
MeaSB(Cp™e I*)Zr(CH,Ph), voi ty 186 40:60 véi nhém metyl trén vong
xyclopentadienyl (298 K, 400 MHz, benzen-dj).

Fig21 thé hién phé 'H NMR cia hai chit ddng phén cua
Me2SB(Cp™e,I*¥)ZrMe, véi ty 18 40:60 véi nhém metyl trén vong xyclopentadienyl
(298 K, 400 MHz, benzen-dy).

Fig 22 thé hién ciu tric tinh thé d6i voi MZSB(Cp™eI%)ZrCl, va
Me2SB(Cp™* 1*)ZrCl,.

Fig.23 thé hién hoat tinh va nhiét d6 cta quy trinh polyme ho4 etylen bang
cach st dung nén MAO rin/ M2SB(Cp™I*)ZrMe, (hinh tron),
Me2SB(Cp™©,1*)Zr(CH,Ph), (hinh tam gidc ngugc), M2SB(Cp™®,1¥)ZrCl, (hinh tam
giac). Cac didu kién: 10 mg chit xdc tac, 50mL hexan, 2 ba, 30 phut, 150 mg TIBA
va [Al]o/[Zr]o = 200.
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Fig.24 thé hién hoat tinh va thoi gian ctia quy trinh polyme hoa etylen bang
cach st dung nén MAO ran/™M2SB(CpY©I1*)ZrMe, (hinh  tron),
Me2SB(CpM© 1*%)Zr(CH,Ph), (hinh tam gidc nguogc), M2SB(Cp™® 1¥)ZrCl, (hinh tam
giac). Cac diéu kién polyme hoé: 10 mg chit xtc tic, 50mL hexan, 2 ba, 80°C,
150 mg TIBA va [Al]y/[Zr]o = 200.

Fig.25 thé hién ning suit va nhiét do clia quy trinh polyme hoa etylen bang
cach st dung nén MAO  ran/™M2SB(Cp“©I1*)ZrMe, (hinh  tron),
MeSB(CpM© 1%)Zr(CH,Ph), (hinh tam gidc nguogc), M2SB(Cp™® 1*¥)ZrCl, (hinh tam
giac). Cac diéu kién polyme hoa: 10 mg chét xiic tac, 50mL hexan, 2 ba, 30 phiit,
150 mg TIBA va [Al]o/[Zr], = 200.

Fig.26 thé hién nang suit va thoi gian clia quy trinh polyme hoa etylen bang
cach st dung nén MAO ran/™2SB(Cp™I1*)ZrMe, (hinh  tron),
MerSB(Cp™,1*)Zr(CH,Ph), (hinh tam gidc nguoc), M2SB(Cp™°,I*)ZrCl, (hinh tam
giac). Cac didu kién polyme hod: 10 mg chit xtic tic, 50mL hexan, 2 ba, 80°C,
150 mg TIBA va [Al]y/[Zr], = 200.

.Fig.27 thé hién hoat tinh va nhiét do (bén trai) va hoat tinh va thoi gian (bén
phai) ctia quy trinh polyme hod etylen bang cach sir dung M2SB(Cp™® I*)ZrCl, dugc
mang trén MAO rin (hinh vuéng), LDH dugc cai bién MAO,
LDHMAO/Mg3AlCQO;, (hinh tam giac) va silic oxit dugc cai bién MAO, ssMAO,
(hinh tron). Céac diu kién polyme hod: 10 mg chét xtic tic, S0mL hexan, 2 ba,
150 mg TIBA va [Al]/[Zr], = 200.

Fig.28 thé hién hoat tinh va nhiét d6 (bén trai) va hoat tinh va thoi gian (bén
phai) ciia quy trinh polyme hoa etylen bang cach sir dung Me2SB(Cp,I*)ZrCl, duge
mang trén MAO rin (hinh vudng), LDH dugc cai bién MAO,
LDHMAO/Mg;AICO;, (hinh tam giac) va silic oxit dugc cai bién MAO, ssMAO,
(hinh tron). Cac diéu kién polyme hoa: 10 mg chit xfic tac, SOmL hexan, 2 ba,
150 mg TIBA va [Al]y/[Zr], = 200.

Fig.29 thé hién hoat tinh va lugng phitc chit bt dong d6i voi quy trinh
polyme héa etylen bang cach sir dung nén MAO ran/ M2SB(Cp,I*)ZrCl,. Cac diéu

_7-
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kién polyme hod: 10 mg chét xtc tac, SOmL hexan, 2 ba, 150 mg TIBA, 30 phut va
80°C.

Fig.30 thé hién hoat tinh va lugng TIBA dbi v6i quy trinh polyme héa etylen
bang cach st dung nén MAO rén/ M2SB(Cp,I*)ZrCl, (hinh vudng) va cé nén MAO
rén/ M2SB(Cp™,1¥)Zr(CH,Ph), (hinh tam giac ngugc). Cac diéu kién polyme hoa:
10 mg chit xac tac, S0mL hexan, 2 ba, 30 phut va 80°C.

Fig.31 thé hién hoat tinh va chét hoat héa khac nhau cho quy trinh polyme
héa etylen bang cach sir dung nén MAO ran/M2SB(Cp,I*)ZrCl, va nén MAO
rén/M2SB(Cp™e,I*)Zr(CH,Ph),. Céc didu kién polyme hoa: 10 mg chit xuc tac,
50mL hexan, 2 ba, 30 phut va 80°C.

Fig.32 thé hién hinh 4nh SEM dbi véi polyetylen dugc tao ra tir nén MAO
rén/Mesz(cp,I*)Zrcb,' Me2SB(Cp™e,1%)ZrCl, va M2SB(Cp,I*)HfCl,, va LDH dugc
cai bién MAO, LDHMAO/Mg;AlCO,, M2SB(Cp,I*)ZrCl, ¢ nén. Céac diéu kién
polyme hoa: 10 mg chét xtic tac, 50mL hexan, 2 ba, 30 phiit va 80°C.

Fig.33 thé hién ty 1& hip thu cia etylen dbi v6i quy trinh polyme hoa etylen
v6i dap tmg hydro bang cach st dung chit xtc taic MAO rin/MSB(Cp™®,I*)ZrCl,
voi ty 1€ [Al]o/[Zr]o lAé 200. Cac diéu kién polyme hoé: 0,05 mg chét xtc tac, 5mL
heptan, 8 ba va 80°C.

Fig.34 thé hién khéi lugng phan tir, M,,, cla quy trinh polyme hoé etylen v6i
dép tng hydro bang cach sir dung chit xic tic MAO ran/M“SB(Cp™*,1*)ZrCl, véi
ty 1€ [Al]o/[Zr]o 1a 200. Cac didu kién polyme hoa: 0,05 mg chit xic tac, SmL
heptan, 8§ ba va 80°C.

Fig.35 thé hién ty 1& hdp thu cla etylen d6i v6i quy trinh copolyme hoa
etylen va 1-hexen; bing cach st dung chit xic tic MAO ran/M**SB(Cp™®,I*)ZrCl,
véi ty 16 [Al]o/[Zr]o 12 200. Céc didu kién polyme hod: 0,05 mg chat xtic tic, SmL
heptan, 8 ba va 80°C.

Fig.36 thé hién khéi luong phan tir, M,, d6i voi quy trinh copolyme hoa
etylen va 1-hexen bang cach sir dung chét xtic tic MAO ran/™**SB(Cp™**,I*)ZrCl,
voi ty 1€ [Al]y/[Zr], 1a 200. Cac didu kién polyme hoa: 0,05 mg chit xuc tac, SmL
heptan, 8 ba va 80°C.

-8
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Fig.37 thé hién vét CEF dbi v6i quy trinh copolyme hoa etylen va 1-hexen
bang cach sit dung chit xic tic MAO ran/M*SB(Cp™*,1¥)ZrCl, véi ty 18 [Al]y/[Zr],
12 200. C4c didu kién polyme hoa: 0,05 mg chat xtic tac, SmL heptan, 8 ba va 80°C.

Fig.38 thé hién khéi luong phan tir va nhiét do clia quy trinh polyme ho4
etylen bing cach st dung nén MAO ran/ Me2SB(Cp™©,1%)ZrCl,. Cac diéu kién
polyme ho4: 10 mg chét xtic tac, 50mL hexan, 2 ba, 30 phut, 80°C, 150 mg TIBA
va [Al]o/[Zr], = 200.

MO ta chi tiét sang ché
Dinh nghia

Thuét ngit “(m-nC)” hodc “nhém (m-nC)” dugc sir dung mot minh hodc dudi

dang tién t6, ding dé chi nhém bat ky ¢ tir m dén n nguyén tir cacbon.

Thuét ngit “alkyl” nhu dugc sit dung trong ban mé ta nay ding dé chi cac
géc alkyl mach thang hodc mach nhanh, thudng c6 1, 2, 3, 4, 5 hodc 6 nguyén tir
cacbon. Thuit ngir ndy ding dé chi cic nhém nhu metyl, etyl, propyl (n-propyl
hodc isopropyl), butyl (n-butyl, butyl bac hai hodc tert-butyl), pentyl (bao gbm
neopentyl), hexyl va cadc nhém tudng tu. Cu thé, alkyl c6 thé c¢6 1, 2, 3 hoic 4
nguyén tir cacbon. |

Thuét ngit “aryl” nhu dugc sir dung trong ban mo ta nay dung dé chi hé nhan
thom bao gbém 6, 7, 8, 9 hodc 10 nguyén tir cacbon vong. Aryl thuong 12 phenyl
nhung c6 thé 13 hé nhan da vong, cé hai hoic nhiéu vong, it nhét mot trong sb cac
vong d6 1a vong thom. Thuéat ngir néyv ding dé chi cac nhém nhur phenyl, naphtyl va
cac nhém tuong tu.

Thuat ngir “aryl(m-nC)alkyl” c¢6 nghia 1a nhém aryl dugc gin két cong héa
tri vao nhém (m-nC)alkylen. Vi du vé& nhém aryl-(m-nC)alkyl bao gébm benzyl,
phenyletyl, va cdc nhom tuong tu.

Thuat ngit “halogen” hodc “halo” nhu dugc st dung trong ban mo ta nay
dung dé chi F, Cl, Br hoac I. Cu thé, halogen c6 thé 13 F hoic Cl, trong d6 CI 13 phd
bién hon.

r
A%

Thuat nglt “dugce the” nhu dugce st dung trong ban mo ta nay dé chi gbc c6

mot hodc nhiéu, tét hon 14 1én dén 5, t6t hon nira b%lng 1, 2 hodc 3, nguyén tif hydro
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trong gbc nay duge thay thé doc 1ap véi nhau bing s6 phan tir thé dugc mo ta twong
ung. Thuat ngit “tuy y dugce thé” nhu dugc sir dung trong ban md ta ndy c6 nghia 13

duoc thé hodc khong duge thé.

Tét nhién, cAn phai hidu ring phin tir thé chi & nhing vi tri ma ching c6 thé
c6 hoat tinh hoéa hoc, ngudi c6 hiéu biét trong linh vurc nay co thé quyét dinh (bing
thuc nghiém hodc 1y thuyét) ma khong can nd luc qua mirc cho du ¢é thé thuc hién
duoc thay thé cu thé. Vi du, cac nhém amino hodc hydroxy cé hydro tr do c6 thé
khong én dinh néu gin két voi nguyén tir cacbon c6 céc lién két chua bio hoa (vi
du, olefin). Ngoai ra, tit nhién cin phai hidu ring phén tir thé dugc md ta & ddy ban
than chung c6 thé dugc thé bang phan tir thé bt ky, tiy thudc vao giéi han trén day
d6i véi céc thay thé thich hop nhu dugc hidu boi nguoi ¢6 hiéu biét trong linh vure
k¥ thuét nay.

Hop chét theo sang ché

Nhu duge mé ta trén ddy, sang ché d& xuét hop chét c¢6 cong thic (I) duoc

thé hién dudi day:

trong do:

mdi Ry, Ry, R; va R, doc 14p duge chon tir hydro va (1-4C)alkyl;

mdi R, va Ry, ddc 1ap 1a (1-4C)alkyl,

X 1a zirconi hodc hafini; va

mdi Y doc 1ap dugc chon tir halo, phenyl, aryl(1-2C)alkyl, hodc
(CH,),Si(CH3),, bét ky trong sb ching tuy ¥ dugc thé bing mét hodc nhiéu (1-
3C)alkyl hodc halo;
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tfong do z béng 1, 2 hoac 3;
v6i didu kién it nhat mot trong sb Ry, R,, R; va Ry khong phai 14 hydro.

CAn phai hidu ring cong thic cdu trac (I) duoc dai dién trén ddy dugc du
dinh dé thé hién c4c nhém phan tir thé mét cach rd rang. Mot minh hoa dai dién nita
vé su sip xép khong gian ciia cic nhém duge thé hién trén theo cach khac duge thé

hién dudi day:

Ciing can hiéu rang khi cac phdn tir thé R; va R, khong gidng véi 1an luot
c4c phan tir thé R; va Ry, cac hop chét theo sang ché c6 thé c6 mat dudi dang chét
ddng phan meso hodc rac, va sang ché bao gdm ca cic dang déng phan nhu vay.
Ciing can hiu ring mot sb chat dong phén vi tri khac duge dy dinh bdi cong thire
(I), nhu cac chét dong phan c6 mit khi vong xyclopentadienyl durgc thé bang 1, 2
hodc 3 nhom (1-4C) alkyl (vi du, metyl).

Nguoi ¢6 hiéu biét trong linh vic nay can hiéu ring hdn hop chira chit dong
phan cta hop chét theo sang ché c6 thé duogc st dung cho cac g dung xic téc,
hozic chit ddng phan c6 thé dugc tich va st dung riéng biét (bang cach sir dung k¥

thuat d3 biét trong linh vuc nay nhu, vi du, két tinh phén doan).

Néu chu tric cia hop chat c6 cong thire (I) dé chat ddng phan rac va meso

ton tai, thi hop chét nay c6 thé cé mat chi & dang rac, hodc chi & dang meso.

Khi so sanh v6i phitc chét trén co s& xyclopentadienyl metalocen d6i ximg
hién s&n c6, hop chét ansa-metalocen trén co s& xyclopentadienyl bét d6i xtng theo
sang ché dic biét hitu ich dung lam chét xuc tac trong quy trinh polyme hoa olefin,
dac biét 13 etylen. Cu thé, cac hop chit theo sang ché c6 dic tinh xtc tac cai thién
khi dugc st dung trong quy trinh diéu ché sap polyetylen, dugc danh gia cao trong
cong nghiép. Ngoai ra, cac hop chit theo séng ché c6 dac tinh xuic tac cai thién khi
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duoc sit dung trong quy trinh diéu ché copolyme duoc tao ra tir quy trinh polyme
hod etylen va mot hodc nhiéu a-olefin khac. Copolyme dugrc tao ra theo cich nay cé
d6 ddng déu gitra cac phén tir thap.

Theo mdt phuong an, mdi Y doc lap duge chon tr halo, metyl, propyl,
neopentyl, phenyl, benzyl, va CH,Si(CHjs)s. T4t hon 13, mdi Y doc 1ap dugc chon tir
halo, metyl, propyl, neopentyl, phenyl va benzyl. Tét hon nita 13, mdi Y doc lap
dugc chon tir halo, metyl va propyl.

Theo mot phuong 4n khac, mdi Y doc 1ap duge chon tir halo, (1-5C)alkyl (vi
du, metyl, etyl propyl, butyl hodc pentyl), phenyl, benzyl, va CH,Si(CHjs)s. Tt hon
13, mdi Y doc 1ap duoc chon tir halo, metyl, propyl, neopentyl, phenyl va benzyl.
Tét hon nira 13, mdi Y doc lap duoc chon tir halo, metyl va propyl.

Theo mdt phuong 4n khac, ca hai nhém Y déu 13 metyl.

Theo mot phuong 4n khac, mdi Y doc 1ap 12 halo. Tét hon 14, it nhit mot
nhém Y 14 clo. Tt hon nita 1, c hai nhém Y déu la clo.

Theo mot phuong 4n khac, mdi R, va Ry, doc 1ap 1a (1-3C)alkyl.

Theo mot phuong 4n khic, mdi R, va R, doc 1ap 14 metyl hodc propyl. Tét
hon 13, it nh4t mot trong sé R, va Ry, 13 metyl. Tét hon nira 13, ca R, va R, déu 13
metyl. Theo cach khéc, ca R, va Ry, déu 1a etyl.

Theo mot phuong an khéc, X 1a zirconi .

Theo mét phuong an khéc, mdi Ry, Ry, R; va R, ddc 1ap duge chon tir hydro,
metyl, n-butyl va t-butyl.

Theo mot phuong an khéc, hop chét cé cong thirc (I) cé cong thirc chu trac
(Ia) hoic (Ib) dugc thé hién dudi day:
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(Ib)
trong do:
R, Ry va Y ¢6 dinh nghia bét ky trong sd cac dinh nghia duoc néu trén diy;
m bé‘mg 1,2,3,hoac 4; va
Q 1a n-butyl hoidc t-butyl.

Theo mdt phuong 4n cta cac hop cht ¢6 cong thirc (Ta) hoic (Ib), mbi R, va
Ry, ddc 14p 1a metyl hodc propyl. Tét hon 13, it nhit mot trong sd R, va Ry, 12 metyl.

Tét hon nita 13, ca R, va Ry, déu 13 metyl.

Theo mét phuong an khac cua cac hop chét c6 cong thirc (Ia) hoic (Ib), mbi
Y doc l4p dugc chon tir halo, metyl, propyl, neopentyl, phenyl, benzyl, va
CH,Si(CHs);. Tét hon 13, mdi Y doc 1ap dugc chon tir halo, metyl, propyl,
neopentyl, phenyl va benzyl. Tbt hon nira 13, mdi Y ddc 14p dugce chon tir halo,

metyl va propyl.
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Theo mot phuong 4n khéac ctia cac hop chét cé cong thire (Ia) hogc (Ib), mdi
Y doc 1ap 14 halo. Tét hon 13, it nhit mot nhém Y 13 clo. Tét hon nita 13, ca hai
nhém Y déu 13 clo.

Theo mdt phuong 4n khac ctia cac hop chat c6 cong thire (Ia) hozc (Ib), it
nhat mot nhém Y 12 brom. Tét hon nita 13, ca hai nhém Y déu 1a brom.

Theo mdt phwong 4n khac cta cac hop chét c6 cong thirc (Ia) hodc (Ib), ca
hai nhém Y déu 12 benzyl.

Theo mdt phwong 4n khac cia cac hop chét c¢6 cong thirc (Ia) hoic (Ib), ca
hai nhém Y déu 13 metyl.

Theo mdt phwong 4n khéc clia cac hop chit c6 cong thirc (Ta) hozc (Ib), m
bing 1, 3 hodc 4. Tét hon 13, m bang 1.

Theo mét phuong 4n khac, hop chit cé cong thie (I) cb cong thic chu tric
(Ic) hoic (Id) dugc thé hién dudi day:
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(Id)
trong do:
mdi Y doc 14p c6 dinh nghia bat ky trong sb cac dinh nghia duoc néu trén
day;
m b?lng 1,2, 3, hodc 4; va
Q 1a n-butyl hodc t-butyl.

Theo mot phuong 4n cda cac hop chét ¢6 cong thie (Ic) hodc (Id), mdi Y doc
1ap dugc chon tir halo, metyl, propyl, neopentyl, phenyl, benzyl, va CH,Si(CH3)s.
Tét hon 13, mbi Y doc 1ap duogc chon tir halo, metyl, propyl, neopentyl, phenyl va

benzyl. Tét hon nita 13, mdi Y ddc 1ap dugc chon tir halo, metyl va propyl.

Theo mét phuong an khéc cda cac hgp chét c6 cong thie (Ic) hoic (Id), mdi
Y doc 14p 12 halo. Tét hon 13, it nhit mét nhém Y 12 clo. Tét hon nita 13, ca hai
nhém Y déu la clo.

Theo mot phuong an khéc cua cac hgp chét ¢6 cong thie (Ic) hodc (Id), it
nhét mot nhém Y 14 brom. Tét hon nita 13, ca hai nhém Y déu 12 brom.

Theo mot phuong an khéc cta céc hop chét ¢6 cong thie (Ic) hodc (Id), ca
hai nhém Y déu 13 benzyl.

Theo mot phuong 4n khéc ctia cac hop chét c¢6 cong thuc (Ic) hodc (Id), ca
hai nhém Y déu 1 metyl.

Theo mot phuong an khéac cia cac hop chét c6 cong thirc (Ic) hodc (Id), m
bang 1, 3 hodc 4. Tét hon 13, m bang 1.

Theo mot phuong én khéc, hop chét c6 cong thirc (I) c6 cong thirc chu tric
(Ie) hoac (If) duoc thé hién duéi day:
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trong do:
m béng 1, 2, 3, hodc 4; va

Q 1a n-butyl hodc t-butyl.

Theo mot phuong an cta céc hop chit c6 cong thirc (Ie) hoic (If), m bang 1,

3 hodc 4. Tt hon 13, m bang 1.

Theo mot phuong 4n, hop chét cé cong thire (I) c6 cong thire chu tric bat ky

trong sO céac cong thirc cdu truc sau:
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Theo mdt phuong an hop chat ¢ cong thiic (I) cé cong thirc cAu trac bat ky

trong s6 cac cong thirc cau truc sau:

_si.) S
, gj=<4r el Zr,Me
33 " 33 b

Ché phim theo sang ché

Nhu duge mé ta trén ddy, sang ché ciing dé xuét ché pham chira hop chét c6

coéng thire (I) nhu duge xac dinh trong ban mo ta ndy va nguyén liéu nén.

Khi so sanh v6i phirc chét trén co s& xyclopentadienyl metalocen dbi xtmg
hién s&n c6, hop chét ansa-metalocen trén co s& xyclopentadienyl bat ddi xing co
nén theo sang ché dic biét hitu ich ding lam chét xtc tac trong quy trinh polyme
hoa olefin, déc biét 1a etylen. Cu thé, ché phém theo séang ché c6 dic tinh xuc tac cai
thién khi dugc st dung trong quy trinh diéu ché sap polyetylen, dugc dénh gia cao
trong cong nghiép. Ngoai ra, ché phim theo sang ché c6 dic tinh xtc tc cai thién
khi duge st dung trong quy trinh didu ché copolyme dugc tao ra tir quy trinh
polyme hoa etylen va mot hodc nhiéu o-olefin khac. Copolyme dugc tao ra theo

cach nay c6 d6 dong déu gitra cac phan tir tot.

Trong ché phdm theo sang ché, hop chit c6 cong thirc (I) duge c¢b dinh trén

chét nén. Hop chét c6 cong thirc (I) c6 thé dugc ¢b dinh truc tiép trén nén, hoic qua
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lién két cAu nbi thich hop. Hop chat ¢6 cong thire (I) ¢ thé dugc cb dinh trén nén

bang mdt hodc nhiéu turong tac ion hodc cong hoda tri.

D3 biét rang nén 13 nén rin, theo nghia 13 n6 khong hoa tan trong trong cac
diéu kién can cho quy trinh polyme ho4 olefin. Theo mot phuong én, nén dugc chon
tir silic oxit, LDH (hydroxit hai 16p), MAO ran, hodc nguyén liéu nén v6 co khac
bét k. Ché phim chrra silic oxit, LDH hodc nén MAO rin 13 hiru ich ding 1am chat
xuc tac di thé trong quy trinh polyme hoa pha huyén phil dic hozic copolyme ho4

olefin, déc biét 1a etylen.

LDH dugc 14y 1am vi du bao gdbm AMO-LDH (LDH dung mbi hitu co c6 thé
tron 1dn nu6c), nhu cac LDH c¢6 coéng thitc [MgAlL(OH),[* (A"
)xn-y(H,0).w(dung méi), trong d6 0,1<x>0,9; A = anion, vi du, CO32‘, OH, F, CI,
Br, I, SO.%, NO; va PO,*; w 12 s6 nho hon 1; y bang 0 hodc sb 1én hon 0 tao ra
hop chét tuy ¥ duge hydrat hod véi lugng theo hé s6 ty luong hoic luong khéng
theo hé sb ty lwong ctia dung madi hitu co ¢6 thé tron 14n nude (dung moéi AMO),

nhu axeton. Can phai hiéu rang dung méi AMO c6 the dugc trao doi voi nuée.

Céc nén nhu silic dioxit va AMO-LDH c6 thé dugc dua vao xir Iy nhiét truée
khi sir dung. Viéc xit 1y nhiét duoc 14y 1am vi du bao gdm viéc 1dm néng nén d&én
400-600°C (dbi véi silic dioxit) hoac 100-150°C (dbi véi AMO-LDH) trong méi

treomg khi quyén nito.

Cic nén nhu silic dioxit vd AMO-LDH c6 thé con chira mot phin
metylaluminoxan (MAO). Céac nguyén liéu nhu viy co thé duoc goi 14 MAO nén
silic dioxit va MAO nén LDH.

Céc nén nhu silic dioxit va LDH c6 thé duoc sir dung ddng thoi véi cac dang
chét hoat héa riéng biét. Cac dang chat hoat hoa thich hgp bao gbém hop chit nhom
hitu co (vi du, hop chit nhom alkyl). Tét hon, néu chét hoat héa 1a triisobutylnhém
(TIBA).

Theo phuong &n dic biét thich hop, nén duoc sit dung trong ché phdm 1a
MAO rén. Ché phim chira nén MAO rén dic biét hiru ich dung lam chit xtc tac
trong quy trinh diéu ché sap polyetylen, dugc danh gia cao trong cong nghiép. Céc
thuat ngtt “MAO rin”, “polymetylaluminoxan” va “polymetylaluminoxan ran”
dwoc st dung ddng nghia & ddy ding dé chi nguyén liéu pha rin c6 cong thic
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chung -[(Me)AlO],-, trong d6 n 13 s6 nguyén nim trong khoang tir 10 dén 50. MAO
ran thich hop bat ky c6 thé duge st dung.

C6 4t nhiéu su khac biét vé tinh nang va cu tric co ban gira MAO rin va
MAO khac (khong rin). C6 18 dang cha y nhét 13, MAO rin dugc phan bit véi cac
MAO khac vi né khong hoa tan trong cic dung mdi hydrocacbon va do d6 hoat
dong nhu hé nén di thé. MAO rén hiru ich trong ché phdm theo sang ché khéng hoa

tan trong toluen va hexan.

Trai v6i MAO khong rén (hoa tan trong hydrocacbon), dugc sir dung truyén
théng 1am cac dang chit hoat héa trong quy trinh polyme hoé huyén phi dic hoic
@2 cai bién bé mit ciia nguyén liéu nén ran riéng biét (vi dy, SiO,), MAO ran hitu
ich theo sang ché thich hop ding 1am chét nén pha rén, ma khong cin bd sung chat
hoat héa. Do d6, ché phim theo sang ché chira MAO ran khong c6 dang khac bat ky
c6 thé duge xem 13 chit nén rin (vi du, nguyén liéu vd co nhu SiO,, ALO; va
Zr0,). Ngoai ra, chiic nang kép da cho cia MAO ran (chét nén xic tac va céac dang
chét hoat héa), ché phdm theo séng ché chira MAO rén khong chira cac dang chét

hoat héa xtic tac bd sung.

Theo mot phuong an, MAO rin dugc didu ché bing cach lam néng dung
dich chira MAO va dung méi hydrocacbon (vi du, toluen), dé két ttia MAO rén.
Dung dich chira MAO va dung mdi hydrocacbon c6 thé dugc didu ché bang cach
cho trimetyl nhém phan ung véi axit benzoic trong dung moéi hydrocacbon (vi du,

toluen), va sau d6 1am néng hdn hop thu duge.
Theo mdt phuong an, MAO rin dugc didu ché theo quy trinh sau:

Axit benzoic Tién chit

A3M83 > Aluminoxan
15°C
30 pht +CHy
Lam noéng Lam néng .
— s MAO ™ o MaOTER
20 °C 100 °C
28 h 14 h

Céc dic tinh caa MAO rén c6 thé dugc didu chinh béng cach stra ddi mot
hodc nhiéu bién sé duge st dung trong qué trinh téng hop né. Vi du, trong quy trinh
néu trén, cac dic tinh cia MAO rén c6 thé dugc didu chinh bang céach thay dbi ty 18
AlL:O, bing cach cb dinh hrong AlMe; va thay d6i lugng axit benzoic. Ty 1& Al:O
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duge 14y lam vi du bng 1:1, 1,1:1, 1,2:1, 1,3:1, 1,4:1 va 1,6:1. T6 hon, néu ty 1¢
AL:O bing 1,2:1 hodc 1,3:1. Theo cach khac, cac dic tinh cia MAO rén c6 thé dugc
diéu chinh br?mg cach ¢b dinh lugng axit benzoic va thay dbi lugng AlMe;.

Theo mét phuong an khac, MAO rin dugc didu ché theo quy trinh sau:

Budc 1

Axit benzoic Tién chét
AE M e 3 » Aluminoxan
0.5h CH
.{_
4
15 °C
Buwéc 2 Buwdc 3
Lam néng Lam néng i
.............................. e MAO ——— = MAOTR
- 28h 14.h
100 °C

Trong quy trinh néu trén, bude 1 va 2 c6 thé dugc gitt khong ddi, véi budc 2
duoc thay dbi. Nhiét d6 cua budce 2 cb thé 13 70-100°C (vi du, 70°C, 80°C, 90°C
“hodc 100°C). Thoi gian cia bude 2 ¢ th8 ndm trong khoang tir 12 dén 28 gio (vi
du, 12, 20 hodc 28 gio). Thoi gian cua budc 2 cd thé nim trong khoang tir 5 phiit

dén 24 gid. Buée 3 c6 thé duge tién hanh trong dung moi nhu toluen.

Theo mdt phuong an, ham luwong nhom ciia MAO rin nim trong khoang 36-
41% khbi Iugng.

MAO rin hitu ich 13 mdt phin clia sang ché dugc ddc trung bdi kha nang hoa
tan cuc ky thdp trong toluen va n-hexan. Theo mot phuong 4n, kha nang hoa tan
trong n-hexan ¢ 25°C ctia MAO rin 12 0-2 mol%. Tt hon 13, kha ning hoa tan
trong n-hexan & 25°C clia MAO rén 13 0-1 mol%. Tét hon nita 13, kha ndng hoa tan
trong n-hexan & 25°C cua MAO ran 12 0-0,2 mol%. Theo cach khac hodc ngoai ra,
kha nang hoa tan trong toluen & 25°C ciia MAO ran 12 0-2 mol%. Tét hon 13, kha
ning hoa tan trong toluen & 25°C cuia MAO ran 12 0-1 mol%. Tét hon nita 13, kha
nang hoa tan trong toluen & 25°C cia MAO rén 13 0-0,5 mol%. Kha ning hoa tan
trong cac dung moi cd th8 do dwoc bang phuong phip dugc md ta trong JP-
B(KOKOKU)-H07 42301.

Theo phuong 4&n thich hgp cu thé, MAO ran 13 nhu dugc md ta trong
US2013/0059990, W0O2010/055652 hoic W02013/146337, va thu dugc tir Tosoh

Finechem Corporation, Nhét Ban.
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Theo mdt phuong an, ty 1€ mol gifta nguyén li€u nén va hop chit ¢ cong
thirc (I) nim trong khoang tir 50:1 dén 500:1. Tét hon 13, ty 1& mol gilta nguyén liéu
nén va hop chit c6 cong thire (1) nim trong khoang tr 75:1 dén 400:1.

Theo mot phuong an khac, khi X (cia hop chét c6 cong thirc (1)) 14 hafini, ty
1€ mol gitta MAO ran va hop chét ¢ cong thirc (1) nam trong khoang tir 125:1 dén
250:1.

Theo mdt phuong 4n khac, khi X (cla hop chat c6 cong thirc (1)) 1 zirconi,
ty 1€ mol gita MAO ran va hop chét c6 cong thirc (II) nim trong khoang tir 175:1
dén 350:1.

Theo mot phuong an khac, khi X (ctia hop chét c6 cong thic (1)) 12 hafini, ty
16 mol gitta MAO rén va hop chét c6 cong thic (I1) nam trong khoang tir 50:1 dén
250:1.

Theo mdt phuong an khéc, khi X (cta hop chét c6 cong thic (1)) 1a zirconi,
ty 1€ mol gitta MAO ran va hop chit c6 cong thic (1) nam trong khoang tir 50:1
dén 350:1, hoic theo cach khac, ty 16 nay nam trong khoang tir 50:1 dén 250:1.

Téng hop hop chét theo sang ché |

No6i chung, quy trinh diéu ché hop chat theo sing ché nhu duge xac dinh
trong ban mo ta nay bao gom:

(i) cho hop chét c6 cong thirc A:

R, Rs
O\ N0
Rz
2M* R,
A

(trong d6 mdi Ry, Ry, R3, Ry, R, va Ry, 12 nhur duge xé4c dinh trén day va M la
Li, Na hoic K)

phan ng véi hop chét c6 cong thirc B:
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X(Y')a
B

(trong d6 X 1a nhu dugc xac dinh trén ddy va Y’ 1a halo (cu thé 13 clo hodc
brom))

v6i st ¢6 mit cia dung moéi thich hop dé tao ra hop chét ¢ cong thirc I':

va tuy y sau do:

(ii) cho hop chét c6 cong thirc I’ trén day phan tng v6i MY’ (trong d6 M 1a
nhu duoc xac dinh trén ddy va Y’ 1a nhdm Y nhu dugc xac dinh trong ban mo ta
niy ngoai halo), véi su ¢6 mit cia dung méi thich hgp dé tao ra hop chat c6 cong

thirc I”” duoc thé hién dudi day.

I’D

Tt hon, néu M 13 Li & bude (i) ctia quy trinh d3 duoc x4c dinh trén day.
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Theo mdt phuong an, hop chét c6 cong thirc B duoc tao ra duéi dang solvat.
Cu thé, hop chét ¢ cong thirc B ¢ thé dugc tao ra dudi dang X(Y’)s. THE,, trong
d6 p 1a mét sd nguyén (vi dy, 2).

Dﬁng mdi thich hop bit ky c6 thé duge st dung cho bude (i) cta quy trinh d
dugc x4c dinh trén diy. Dung méi dic biét thich hop 14 toluen, benzen hodc THF.

Néu hop chit ¢6 cong thirc I can Y khong phai 13 halo, thi hop chét c6 cong
thire I trén day c6 thd duge phéan (g tiép theo cach di duge xac dinh & bude (ii) dé
thu duogc hop chét cé cong thirc I”.

Dung mdi thich hop bit ky c6 thé duoc str dung cho budc (ii) clia quy trinh
da dugc xac dinh trén ddy. Dung méi thich hgp co thé 13, vi du, dietyl ete, toluen,
THF, diclometan, clorofom, hexan DMF, benzen v.v..

Ngudi ¢6 hiéu biét trong linh vuc k¥ thuét ndy s& c6 thé chon loc duri_rc cac
didu kién phan tng thich hop (vi du, nhiét do, 4p sut, thdi gian phan tng, su lic
v.v.) @i v6i quy trinh tong hop nhu vay.

Céc quy trinh c6 thé didu ché cac hop chit c6 cong thirc A néu trén 1a da biét
trong linh vyc k¥ thuat nay. Vi du, quy trinh téng hop phdi tir di-natri etylen-bis—
hexametylindenyl c6 coéng thitc A dugc mo ta trong J. Organomet. Chem., 694,
(2009), 1059-1068.

Hop chit c6 cong thirc A thudng co thé duoc diéu ché bang cach:

(i) cho hop chét c6 cong thirc C:

C

(trong d6 M 1a lithi, natri, hodc kali) phan Gng v6i mot duong luong cua hop

chét c6 cong thirc D dugc thé hién duéi day:
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Si(Ra)(Rp)(Cl)2
D
(trong d6 R, va Ry, 12 nhu duoc xac dinh trén day)

dé tao ra hop chét c6 cong thic E dugc thé hién duéi day:

(ii) cho hop chét ¢6 cong thirc E phan tng véi hop chat c6 cong thuc F

duge thé hién duéi day:

(trong d6 Ry, Ry, R3 va Ry 14 nhu duge xic dinh trén diy, va M 14 lithi, natri
hodc kali).

Hop chét c6 cac cong thitc C va F c¢6 thé duge tong hop d& dang bang k§y
thuét da biét trong linh vuc nay.

Dung méi thich hop bét ky c6 thé duoc sir dung cho bude (i) clia quy trinh
trén day. Dung mdi déc biét thich hop 1a THF.

Tuong ty, dung mdi thich hop bat ky c6 thé duge sit dung cho bude (ii) cia
quy trinh trén ddy. Dung méi thich hop c6 thé 13, vi du, toluen, THF, DMF v.v..
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Nguoi c6 hiéu biét trong linh vuc k¥ thuit ndy s& c6 thé chon loc dugc cac
didu kién phan tng thich hop (vi du, nhiét d6, ap suét, thdi gian phan tmg, su lac
v.v.) d6i v6i quy trinh tbng hop nhu vay.

Sir dung theo sang ché

Nhu dugc mo ta trén ddy, sang ché ciing dé xuit viéc sit dung hop chét»c()
coéng thirc (I) duge xac dinh trong ban mo ta nay hoac ché phdm dugc xac dinh

trong ban mb ta nay dé polyme hoa mot hogc nhiéu olefin.

Céc hop chét va ché phim theo sang ché c6 thé duogc str dung 1am chét xtc
tac trong quy trinh diéu ché nhidu polyme, bao gém polyalkylen (vi dy, polyetylen)
c¢6 khéi luong phén tir khac nhau va copolymé. Polyme va copolyme nhu vay c6 thé
duoc diéu ché béng cach polyme hoa pha dung dich ddng nhét '(Vi du, bang cach sir
dung cac hop chat theo sang ché), hoic polyme ho4 pha huyén phi dic di thé (vi du,

bang cach st dung ché phim theo sing ché).

Theo mot phuong an, mdt hodc nhiéu olefin 13 etylen. Vi vay, cac hop chét
va ché phim theo sing ché 13 hitu ich trong quy trinh diéu ché polyetylen
homopolyme.

Theo mot phuong an khic, mot hodc nhiéu olefin 13 etylen, vd monome
etylen duoc polyme hda véi sy c¢6 mat cuia hydro. Cac hop chat va ché pham theo
sang ché dic biét hiru ich trong quy trinh didu ché khéi luvgng phan tir thip hon, cu
thé 13 sap polyetylen. Polyetylen c6 khdi lugng phan tr thip c6 thé co khéi luong
phan tir nim trong khoang tir 1000 dén 30.000 Da. Theo cach khac, polyetylen c6
khéi lwong phén tir thap c6 thé c6 khéi lwong phan tir nim trong khoang tir 1000
dén 25.000 Da. Theo cach khac nita, polyetylen c6 khéi lugng phan tir thép cé thé
6 khéi lugng phén tir ndm trong khoang tir 1000 dén 15.000 Da.

Polyetylen c6 khéi lugng phan t thip dugc danh gia cao trong cong nghiép
do dic didm doc ddo ma cic nguyén liéu nay c6. Két qua 13, polyetylen c6 khdi
lwong phan tir thip dugc tim thdy trong nhiéu cic tng dung cong nghiép. Sap
polyetylen 12 polyetylen co khéi lwong phan tir thip, do khéi luong phan tir ciia nd,
c6 dic tinh vat Iy gibng sap. Cac sap polyetylen ¢ thé duoc didu ché bang cach
polyme hoa etylen véi su ¢6 mit cua chit c6 kha ning kiém soat khdi lugng phén tir
cua polyme dang phat trién. Hydro 13 chit kiém so4t hiéu qua khéi luong phan tir
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ctia polyetylen. Do cac ddc tinh polyme ddc dao ctia chung, cac sap polyetylen duoc
str dung trong cong nghiép trong nhiéu tng dung khac nhau, tir bdi tron dén cai bién
bé mit. Thong thudng, sap polyetylen 1a dang rin hodc ban rén & nhiét do trong
phong, co khéi wong phan tir, Mw, nam trong khoang tir 2.000 dén 10.000 Da. Ché
phim theo séng ché, cu thé 12 cac ché phim chia MAO rin 1am nguyén liéu nén,
dic biét hiru ich dung lam chét xtic tac trong quy trinh didu ché sap polyetylen bang

cach polyme hoa etylen v6i su ¢6 mit cta hydro.

Séap polyetylen duoc didu ché bang cach polyme héa etylen véi su c6 mat
ctia hydro va hop chat hodc ché phdm theo séng ché c6 thé c6 ty trong 0,96-0,97

glem’.

Theo mot phuong an khac, mot hodc nhiéu olefin 13 etylen va mot hodc
nhiéu (3-8C)o-olefin (vi du, 1-buten hodc 1-hexen). Vi vay, cac hop chét va ché
phim theo séng ché hitu ich ding 1am chit xic tac trong quy trinh didu ché
copolyme dugc tao ra tir quy trinh polyme hoé etylen va mot hodc nhiéu (3-8C)a-
olefin. Copolyme dugc 14y 1am vi du duoc diéu ché bing cach polyme héa etylen va

1-buten, va cé ty trong 0,93-0,95 g/cm3.
Phuong phap theo sang ché

Nhu duoc xac dinh trén day, sang ché ciing dé xuat quy trinh polyme hoa
bao gém cac budc: a) polyme héa mot hodc nhiéu olefin véi su c¢6 mit cia i. hop

chét hodc ché phém dugc x4c dinh trong ban mo ta nay.

Hop chét va ché phdm theo sang ché c6 thé dugc st dung lam chét xtic tac
trong quy trinh diu ché nhiéu polyme, bao gbm polyalkylen (vi du, polyetylen) c6
khdi lugng phan tir khac nhau va copolyme. Polyme va copolyme nhu vay c6 thé
duoc didu ché bing cach polyme hoa pha huyén phu dic dbng nhat (vi du, bang
cach st dung cac hop chét theo sang ché), hoic polyme hoé pha huyén phu dic di

thé (vi du, bang cich st dung ché phim theo sang ché).

Theo mot phuong 4n, mot hodc nhiéu olefin 13 etylen. Vi vay, hop chét va
ché phdm theo sing ché 13 hitu ich trong quy trinh didu ché polyetylen
homopolyme.
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Theo mét phuong 4an khac, budc a) bao gém viéc polyme héa mot hodc
nhidu olefin vé6i sy c6 mat cia ché phdm duoc xac dinh trong ban mé ta nay. Tt

hon 13, ché pham chita MAO rédn lam nguyén li€u nén.

Theo mot phuong 4n khéc, budc a) bao gdbm viéc polyme héa etylen véi su
c6 mit cta i) ché phdm duoc x4ac dinh trong ban mod ta ndy, va ii) hydro. Ché phim
theo sang ché, cu thé 1a cac ché phdm chita MAO rin 1am nguyén liéu nén, dic biét
hiru ich ding 1am chit xdc tic trong quy trinh diéu ché polyetylen c6 khdi luong
phan tir thip, nhu sap polyetylen. Theo cAc phuong 4n nay theo sang ché, hydro
hoat dong dé kiém soat khdi lugng phan tir cia polyetylen dang phat trién, dan dén
thu dugc polyme cé d6 nhét (va khbi lwong phan tir) nim trong khoang quan sat
duoc d6i vai sap polyetylen. Nhu da dé cap trén day, polyetylen cé khéi luong phan
tir thdp, nhu sap polyetylen, dirgc ddnh gid cao trong cong nghiép, do cac dic tinh
doc dao cua chung, 1am cho ching tr¢ thanh Ung vién thich hop dé sir dung trong
nhiéu tmg dung.

Theo c4c phuong 4n trong d6 budc a) bao gdm viéc polyme héa etylen véi
su ¢6 mit caa i) ché phdm duoc xac dinh trong bin mo ta ndy, va ii) hydro, ty 1¢
mol thich hop bét ky giira hydro va etylen c¢6 thé dugc sir dung. Theo mot phuong
4n, ty 18 mol gitra hydro v etylen nim trong khoang tir 0,001:1 dén 0,3:1 (tir 0,1
mol% dén 30 mol% hydro trong dong nap liéu etylen). Theo cach khac, ty 1& mol
gifta hydro va etylen nim trong khoang tir 0,001:1 dén 0,15:1. Theo cach khac nira,
ty 18 mol gitra hydro va etylen nim trong khoang tir 0,001:1 dén 0,1:1. Theo cach
khac nita, ty 1& mol giita hydro va etylen nim trong khoang tir 0,005:1 dén 0,08:1.
Theo cach khéc nita, ty 16 mol giita hydro va etylen nim trong khoang tir 0,01:1 dén
0,08:1. Theo phuong 4n cu thé, tj 1& mol giita hydro va etylen nim trong khoang tir
0,03:1 dén 0,05:1. Theo phuong 4n cu thé, ty 1é mol gitra hydro va etylen nim trong
khoéng tir 0,005:1 dén 0,05:1.

Theo cac phuong 4n trong d6 budc a) bao gbm viée polyme héa etylen véi
su ¢6 mit cta i) ché phdm duge xac dinh trong ban md ta ndy, v ii) hydro, buéc a)

c6 thé duogc thue hién & nhiét d6 ndm trong khoang tir 30°C dén 120°C.
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Theo cac phurong an trong d6 budc a) bao gbm viéc polyme hoa etylen véi
sw c6 mit cia i) ché phim dugc xac dinh trong ban md ta nay, va ii) hydro, budc a)

c6 thé duoc thyuc hién & 4p suat nam trong khoang tir 0,1 dén 1Mpa (1 dén 10 bar).

Theo cac phuong an trong d6 budc a) bao gbm viéc polyme héa etylen véi
su c6 mat cua i) ché pham dugc xac dinh trong ban md ta nay, va ii) hydro, budc a)
c6 thé duoc thuc hién trong khoang thdi gian tir 1 phut dén 5 gio. Tét hon 13, budce
a) c6 thé dugc thue hién trong khoang thoi gian tir 5 phut dén 2 gio.

Theo mot phuong an khac, mot hodc nhiéu olefin 13 etylen va mot hoic
nhiéu a-olefin (vi du, 1-buten hodc 1-hexen). Vi viy, hop chét va ché pham theo
sang ché 13 hiru ich ding 1am chét xtic tac trong quy trinh diéu ché copolyme dugc

tao ra tir quy trinh polyme ho4 etylen va mot hodc nhiéu (3-8C)o-olefin.

Theo cac phuong an trong do etylen duoc copolyme bing mét hoic nhiéu o-
olefin, lugng cia mot hoac nhiéu (3-8C)o-olefin, tinh theo luong cla etylen, 1a
0,05-10 mol%. Tbt hon 13, luong cia mot hodc nhiéu (3-8C)a-olefin, tinh theo
lugng cua etylen, 1a 0,05-5 mol%. Tt hon nira 13, lugng ctia mdt hodc nhiéu (3-

8C)a-olefin, tinh theo lugng cua etylen, 1a 0,05-2 mol%.

Theo cac phuong an trong do etylen duoc copolyme bang mot hoic nhiéu a-
olefin, buéc a) co thé dugc thuc hién & nhiét do nam trong khoang tir 30°C dén
120°C.

Theo cac phuong an trong do6 etylen dugc copolyme bing mét hoic nhiéu o-
oléﬁn, bude a) c6 thé duge thuc hién & ap sudt ndm trong khoang tir 0,1 &én 1Mpa
(1 dén 10 bar).

Theo cac phuong an trong d6 etylen duoc copolyme bing mét hogc nhiéu o-
olefin, budc a) c6 thé dugc thuc hién trong khoang thoi gian tir 1 phit dén 5 gio.
Tét hon 13, budc a) ¢ thé duge thuc hién trong khoang thoi gian tir 5 phut dén 2
gio.

Theo mdt phuong 4n, bude a) dugc thuc hién v6i sy c6 mat cia mot trong
nhiéu hop chit dugc chon tir trietyl nhom, metyl aluminoxan, trimetyl nhém va
triisobutyl nhom. Tét hon 13, bude a) duge thuc hién véi sy c6 mat cia triisobutyl

nhdm hodc trietyl nhém.

-28-



36345

Nhu duge md ta trén ddy, sang ché ciing @& xuét.quy trinh polyme hoa bao
gdm céc budc: a) polyme hda etylen v6i sy c6 mat cia i. ché phim chira MAO rén

va hop chit theo cong thirc (IT) dugc thé hién dudi day

(1)

trong d6 X 1a zirconi hoZc hafini; va ii. hydro; trong d6 ty 1€ mol gifta hydro

va etylen & budc a) ndm trong khoang tir 0,0365 dén 0,3:1.

Quy trinh theo sang ché, ding ansa-metalocen trén co s¢ xyclopentadienyl
khong dugc thé bat d6i ximg c6 cong thic (ID), dan dn tao thanh polyetylen c6 khdi
lugng phén tur thép, nhu sap polyetylen, c6 cac dédc tinh déc biét ¢6 lgi. Cu thé, cac
quy trinh dung hop chit c6 cong thie (I) ¢6 thé duge dung dé tao ra sap polyetylen
c6 khéi lugng phén tir dac biét thip (n3m trong khoang tir 2000 d&n 10000 Da).

Polyetylen (vi dy, sép polyetylen) dugc tao ra bang quy trinh dung hop chat
c6 cong thie (I) c6 thé c6 khéi lugng phan tir, M,,, thdp hon 5000 Da. Theo cach
khac, polyetylen (vi du, sap polyetylen) dugc tao ra bang quy trinh ding hop chét
¢6 cong thirc (IT) ¢6 thé ¢ khéi lugng phén tit, My, thap hon 3000 Da.

Theo bm(f)t phurong 4an, ty 1€ mol gitta hydro va etylen & budce a) nam trong
khoang tir 0,0365:1 dén 0,1:1. T6t hon 13, ty 1€ mol gitta hydro va etylen & budc a)
nim trong khoang tir 0,0365:1 dén 0,08:1. T5t hon nita 13, ty 1& mol gifta hydro va
etylen & bude a) ndm trong khoang tir 0,038:1 dén 0,06:1. Tét nhat 13, ty 1& mol gifta
hydro va etylen & buéc a) nim trong khoang tir 0,04:1 dén 0,055:1.

Theo mot phuong an khac, bude a) duge thyc hién & nhiét do nam trong
khoang tir 30°C dén 120°C.
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Theo mdt phuong 4n khac, buéc a) duoc thuc hién & 4p sudt nim trong

khoang tir 0,1 dén 1Mpa (1 dén 10 bar).

Theo mét phuong 4n, & bude a), ty 1& mol gitta MAO rin va hop chit c6

cong thirc (I) ndm trong khoang tir 50:1 dén 400:1

- Theo mdt phuong 4n khac, & bude a), ty 1& mol gitta MAO rén va hop chat
¢6 cong thirc (I) nim trong khoang tir 125:1 dén 400:1. Tét hon 13, khi X (trong
hop chét c6 cong thire (IT)) 12 hafini, ty 16 mol gitta MAO ran va hop chét c6 cong
thirc (II) nidm trong khoang tir 125:1 dén 250:1. Tét hon 13, khi X (trong hop chit c6
cong thire (I1)) 13 zirconi, ty 18 mol gitta MAO ran va hop chat cé cong thirc (II)
nim trong khoang tir 175:1 dén 350:1. Tt nhat 13, X (trong hop chét c6 cong thirc
(ID) 12 zirconi, va ty 1& mol gitta MAO rén va hop chét cé cong thic (II) bang 175:1
dén 225:1.

Theo mdt phuong an khéc, khi X (trong hop chat c6 cong thic (II) 1a
zirconi, ty 16 mol gitta MAO ran va hop chit c¢é cong thirc (II) 1a tir 250: 1 dén
350:1.

Theo mét phuong an, budc a) dugce thuc hién vdi sy c6 mat cia mot trong
nhidu hop chit duoc chon tir trietyl nhém, metyl aluminoxan, trimetyl nhém va
triisobutyl nhém. Tét hon 13, bude a) dugc thuc hién véi sy c6 mét cua triisobutyl
nhom hodc trietyl nhém.

Vi du thwe hién sang ché

Vidul- Té)ng hop hop chét

So d la du6i ddy minh hoa quy trinh téng hop cac hop chét
Me2SB(CpR,1*)ZrCl, bt dbi ximg theo sang ché (trong d6 “SB” dé chi lién két cau
nbi silic, “Cp™ @& chi xyclopentadienyl dugc thé bang R, va “I*’ @& chi per-metyl
indenyl). T4t ca cac phan tmg dugc thuc hién trong quy trinh tbng hop mot ndi gia
tir clo silan synthon, Ind*SiMe,Cl, bang cach sir dung mudi kiém tuong tGng trong
tetrahydrofuran, tiép d6 13 phan g lithi hoa trong tetrahydrofuran va cudi cing 12

buéc tao phirc bang cach st dung zirconi tetraclorua trong benzen.
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;Si ‘xz Cl
% "ol

MezSB(Cp"e%1%)
i) LicpMe®, THF, 2 h

ii) 2 "BuLi, THF, 1.5 h
iii) ZrCly, CgHg, 16 h

‘é::;( ) LiCp™, THF, 2 h i) LiCpMe, THF, 2 h

s ~Tgo n)2“BuL| THF, 1 h O’ n)2”BuL: THE, 1h _ ‘g -
\%ZR iiiy ZrCly, CgHe. 16 h

n

iii) ZrCl,, CgHg, 160 ¢ zr,
cl
Msa

Me,SB(Cp™BY 1) Ind*SiMe,CI Me,SB(Cp™e ")

i) LiCp¥®4 THF, 4 h
i) 2 "BuLi, THF, 1 h
iii) ZrCly, CgHg, 16 h

“si R
4 / Zr'\CI
. cl

Me,SB(Cp™e4, 1)

So @ la - Téng hop cac hop chit M2SB(Cp",1*)ZrCl, bat déi xtng khac
nhau theo sang ché

Fig.1 thé hién phd "H NMR ciia M2SB(Cp™*,I*)ZrCl, (298 K, 400 MHz,
clorofom-d;). Fig.2 thé hién phd 'H NMR ciia M2SB(Cp™ . 1%)ZrCl, (298 K,
400 MHz, clorofom-d;). Phé "H NMR cua vat liéu roi d6i voi M2SB(Cp™e,1*%)ZrCl,
va M2SB(Cp™*,1*)ZrCl, di chimg minh su c6 mit ctia hai chit déng phan dua trén
phdi tir xyclopentadienyl.

So @ 1b dué6i diy minh hoa quy trinh tdng hop cac hop chit bat dbi ximg
Me2SB(CpR,I*)ZrCl, bét ddi ximg khac nhau theo sang ché (trong d6 “SB” dé chi
lién két cAu néi silic, “Cp™ @& chi xyclopentadienyl duge thé bang R, va “I*’ @ chi
per-metyl indenyl). T4t ci cac phan tmg dugc thyc hién trong quy trinh tbng hop
mot ndi gia tir clo silan synthon, Ind*SiMe,Cl, bang céach st dung mubi kiém tuong
tng trong tetrahydrofuran, tiép d6 13 phan tng lithi héa trong tetrahydrofuran va
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cubi cing 13 budc tao phiic bing cach st dung zirconi tetraclorua trong

n._Si ‘.\
— ler"”\
Ph Ph
Me

Ve sB(Cp"e,I*)Zr(CH,Ph),

benzen.

2.2 KCH,Ph, CgDs,

70°C,60h

-s

,SI .’SI "

- Zrogy oy ZiCly, CeHg, 160 . ZrCly, CeHe, 16 h s Zr
@ %\ R ="Bu Cl L 'l
o
R Me

"Bu Me:SB(Cp"BY,1*)ZrCl, MegB(Cp"e,1*)ZrCl,
ZrBry, CsHs, 16 h
R = Me 2 Meli,
: Toluene, 4 h
#/ #
siod “si
Zr, —l ,
Nie Me

Ve:gB(Cp™e,1*)ZrBr, Me-sB(CpMe,I*)Zrivie,

So dd 1b - Téng hop céc hop chat M2SB(Cp®,1*)ZrCl, bat dbi xtmg khac
nhau theo sang ché

Fig.16 dén 21 thé hién quang phd 'H NMR dbi voi M2SB(Cp™*,I¥)ZrCl,,
Me2SB(Cp™,1#), MeaSB(Cp™ 1%)ZrCl, Me2SB(Cp™*,1*)Z1Br,
MeSB(CpMe 1¥)Zr(CH,Ph), va M2SB(Cp™e,1*)ZrMe, & 25°C trong benzen-ds lam
nbi bat cac cong hudng do mdi mbi phirc chat. Fig.22 thé hién cAu tric phan tir dbi
v6i Me2SB(CpMe,1%)ZrCl, va M2SB(Cp™* 1*)ZrCl,.

Vi du 2 - Nghién ctru quy trinh homopolyme hoa etylen

Ngoai c4c hop chit di tdng hop trong Vi du 1, M2SB(Cp,I*)ZrCl, va
Me2SB(Cp™,I*)HIC, (trong d6 nhém Cp khéng duge thé, dugc thé hién dudi day)

cling duoc diéu ché, sau d6 duoc phan tmg véi MAO rin v6i lugng khac nhau (ty
1€ gitta nhom va Hf/Zr).
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MAO ran duogc sir dung trong vi du nay co thé dugce didu ché thong qua su
phtl hop cta cac quy trinh di t6i wu héa trong phuong 4n 1 cia US 8,404,880 B2
(So dd 1) cia Kaji et al.. D& ngin gon, mdi MAO rin di téng hop dugc dai dién 13
MAO rin (Budc 1 ty 1& Al:O/Budc 2 nhiét d6 theo°C, thdi gian theo gid/Buéde 3
nhiét do theo°C, thoi gian theo gid). Do d6, cac didu kién tdng hop duogc thé hién
trong So dd 2 duéi day s& thu duge MAO rén (1,2/70,32/100,12).

Buéc 1 Budéc 2 Bwéc 3
1PhCOsH  Tién chat LAm nong Lam néng
2.4 AlMes Aluminoxan = PMAO — MAO rin
15°C + MeH 700 100°C
0.5h 3Zh 12h

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

Ong thubc tiém Rotaflo chira dung dich trimetyl nhém (2,139 g, 2,967mmol)
trong toluen (8mL) dwoc 1am ngudi dén 15°C két hop khudy nhanh, va axit benzoic
(1,509 g, 1,239mmol) dugc bd sung trong diéu kién théi khi N, trong thoi gian 30
phut. Hién tuong sti bot (c6 1& 13 khi metan, MeH) dugc quan sat va hdn hop phan
ng xuft hién dudi dang huyén phi mau tring, duge dé 4m 1én dén nhiét d6 trong
phong. Sau 30 phit hdn hop niy xuit hién & dang dung dich khong mau va duge
1am néng trong bé dau & 70°C trong 32 h (tdc d6 khudy 14 500 vong/phit duoc sir
dung). Hén hop thu duoc 13 dung dich khong mau khong chia chit gelatin, sau d6
dugc 1am néng & 100°C trong 12 h. Hdn hgp phan u’ng dugc 1am ngudi dén nhiét do
trong phong va hexan (40mL) dugc bd sung, thu dugc két tia rin mau tring dugc
tach bang cach loc, dugc rira bang hexan (2 x 40mL) va dugc 1am khd trong chan

khong trong 3 h. Téng nang suit = 1,399 g (71% tinh theo 40% khdi lugng Al).

Khi MAO rin d3 duoc didu ché, lugng hop chit metalocen khac nhau duoc
mang trén né (dugc dai dién bang su thay dbi ty 1¢ giita nhom va Hf/Zr). Trong hop
dung ging tay, MAO rin va do phtrc chdt dugc can trong 6ng Schlenk. Toluen
(50mL) duoc bd sung vao Schlenk va hdn hop phan tng duge tao xody & 60°C
trong 1 gid. Chét rin c6 mau duoc dé yén thanh dung dich trong, khong mau dugc
ling gan, va chét rin ndy dugc 1am kho trong chan khéng (40°C, 1 x 107 mba). San

phim duoc nao ra trong hop dung ging tay véi nang suét dinh lwong.
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Pic tinh xtc tic caa M2SB(Cp,I*)ZrCl, va M2SB(Cp™ I*)HfCI, metalocen

c6 nén MAO ran dugce nghién ctru.

_}“{ X=Hf hodc Zr
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" }
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ci Cl

Fig.3 thé hién hoat tinh xuc tac ciia ché phdm M2SB(Cp,I*)ZrCl, cé nén
MAO ran khéc nhau dudi dang ham cua nhiét 49, trong quy trinh homopolyme hoé
etylen. Fig.4 thé hién hoat tinh xtic tac cua ché phém Mesz(Cp,I*)Zer c6 nén
MAO rén khéc nhau dudi dang ham cia thoi gian, trong quy trinh homopolyme hoa
etylen. Fig.3 va 4 di chimg minh dugc ty 1€ gitta nhdm va zirconi [Al]y/[Zr], 12 300
tao ra hoat tinh cao nhét theo thoi gian va nhiét d6 ciia quy trinh polyme hoa.

Fig.5 thé hién hoat tinh xic tic ciia ché phim M2SB(Cp,I*)HfCl, c6 nén
MAO rén khac nhau duéi dang ham cta nhiét do, trong quy trinh homopolyme hoa
etylen. Fig.6 thé hién hoat tinh xuc tic cia ché pham M2SB(Cp,I*)HfCl, c6 nén
MAO rén khéac nhau dudi dang ham cua thoi gian, trong quy trinh homopolyme hoa
etylen. Fig.5 va 6 cho thiy ring khi MAO ran/ M2SB(Cp,I1¥)HfCl, duoc sir dung, ty
1€ [Al]o/[Z1]o béng 150 da ching minh dugc c6 hoat tinh cao hon so véi 200:1 hodc
100:1 theo thdi gian va nhiét do cta quy trinh polyme hoa etylen. Piéu nay dua ra
gia thuyét 13 sy khir hoat héa mot phan ciia chit xic tc véi mirc cao ciia hop chat
hafini.

Fig.7 thé hién ning suit xtc tic ciia ché pham M2SB(Cp,I*)ZrCl, c6 nén
MAO rin khac nhau duéi dang ham cia nhiét d9, trong quy trinh homopolyme ho4
etylen. Fig.8 thé hién nang suit xtc tic cia ché phim Me2SB(Cp,I*)HCL, c6 nén
MAO rén khac nhau duéi dang ham ctia nhiét d9, trong quy trinh homopolyme hoa
etylen.

Ngoai nghién ciru vé cac dic tinh xic tac cia M2SB(Cp,I*)ZrCl, va
Me2SB(Cp™e 1*)HfCL, metalocen c6 nén MAO ran, cic dic tinh xic tic cha

metalocen c6 nén MAO ran dugc mo ta trong cac So d6 1a va 1b cling dugc nghién
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ctru. Fig.23 dén Fig.26 thé hién hoat tinh va ning sudt d6i v6i quy trinh polyme ho4
pha huyén phii dic etylen bang cach st dung metalocen c6 nén MAO ran dugc md
ta trong céc So dd la va 1b. Cac hinh v& nay cho thdy ring M2SB(Cp™*,I*)ZrMe,

hoat dong dac biét.

Fig.27 va Fig.28 thé hién hoat tinh d6i v6i quy trinh polyme hoa pha huyén
phi dic etylen bing cach st dung M2SB(Cp™®,1*)ZrCl, va Me2SB(Cp,I*)ZrCl, dugce
mang trén ba nén khac nhau, tirc 1a polymetylaluminoxan ran (sMAO), hydroxit hai
16p duoc cai bién metylaluminoxan (LDHMAO) va silic dioxit dugc céi bién
metylaluminoxan (ssMAQO). Céc dd thi nay d& chimg minh dugc cic phic chét c6

nén SMAO ¢6 hoat tinh cao nhat tiép d6 12 LDHMAO va ssMAO.

Fig.29 thé hién phtc chét khac nhau tii trén polymetylaluminoxan rin
(sMAO) dbi véi M2SB(Cp,I*)ZrCl,, ching minh dugc ring thu dugc hoat tinh

mong mudn, cao hon véi mic tai cia phirc chat trén bé mat thap hon.

Fig.30 thé hién mic do anh huéng cta sy thay ddi lugng chét khi
triisobutylnhém (TIBA) déi véi cac dic tinh xtc tac ciia V**SB(Cp™'°,1*)Zr(CH,Ph),
va M28B(Cp,I1*)ZrCl, ¢6 nén MAO ran trong quy trinh polyme ho4 pha huyén phi
dic etylen, chung minh dugc rang chi can luong nhd TIBA dé thu dugc hoat tinh

cao nhat.

Bang 1 dudi ddy thé hién dit liéu quy trinh polyme hoa etylen pha huyén phi
dic déi véi MSB(CpMeI*)Zr(CH,Ph), va M2SB(Cp,I*)ZrCl, c6 nén MAO ran
trong d6 quy trinh polyme hoa dugc thuc hién trén a larger lab rép ky sinh trén cay.
Dit liéu nay cho thiy rang hoat tinh ctia chét xuc tac ting c6 thé tich phan tng ting,
nhung viéc ting ham lugng TIBA d6 thu duoc sy cai thién khong dang ké vé hoat

tinh va ndng suat.

Bang 1. Hoat tinh thu duoc (kgpg gCAT'l h'! bar'l) va nang suét (kgpe gCAT'l h
1, d6i véi quy trinh polyme hoé etylen trong huyén phi dic bang cach sir dung
Me2GB(Cp,I*)ZrCl, va M2SB(Cp™,1*)Zr(CH,Ph), dugc mang trén MAO ran véi
[Al]o/[Zr]o = 200. Céc diéu kién polyme hoa: 10 mg chét xuc tac, 250mL hexan, 2
ba va 80°C.
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£ Chatxic | pyp, Hoat tinh Niing suit
Chat xtc tac tac Mg ke gCAT-l b bar kgpr gcl AT
Mg gio”
Me2SB(Cp,I*)ZrCl, 9,6 150 mg 10014 1,52
Me2SB(Cp,I¥)ZrCl, 9,5 750 mg 9160 1,39
Me2gB(Cp™e I*)Zr(CH,Ph), 9,8 150 mg 10612 1,61
Me2gB(Cp™® I*)Zr(CH,Ph), 9.8 750 mg 11898 1,81

Fig.31 thé hién muc d6 anh hudng ciia sy thay dbi chat khir d8i vé6i cac dic
tinh xtic tac cia MZSB(CpM©,1*)Zr(CH,Ph), va M2SB(Cp,I*)ZrCl, c6 nén MAO rén
trong quy trinh polyme hod pha huyén phii dic etylen, chitng minh dugc rang
trietylnhdm tao ra hoat tinh téng thdp nhit. Tin rang di xay ra hién trong déng bam
khi MAO dugc st dung két hop véi M2SB(Cp,I*)ZrCl, c6 nén MAO rén dan dén
 thu duoc hoat tinh thép.

Fig.32 thé hién hinh 4nh SEM ddi véi polyetylen duogc tdng hop bang cach
sir dung metalocen cé nén khac nhau. Metalocen cé nén MAO rén xem ra thu dugc
hinh thai hoc polyetylen tét nhét.

Fig.38 thé hién khdi lugng phin tir clia polyetylen dugc tao ra tir
Me2SB(Cp™e, 1*)ZrCl, c6 nén MAO ran dudi dang ham ciia nhiét do polyme ho4.

Vi du 3 - Nghién ctru polyetylen c6 khdi lrong phén tix thip

Me2SB(Cp,I*)ZrCl, ¢6 nén MAO ran (trong d6 nhém Cp khong duoc thé,
duogc thé hién dudi ddy) duoc chon dé nghién ciru khi ning cia ché phim theo sang
ché xtic tic quy trinh polyme hod etylen thanh polyetylen cé khéi luong phan tir
thip, bao gdbm sap polyetylen, bang cach st dung hydro dé kiém soat khéi luong
phéan tr cia mach polyme dang phat trién.

Cl

Fig.9 thé hién nang sudt (truc tung bén trai) va khdi luong phan tir
polyetylen (truc tung bén phai) cua ché pham M2SB(Cp,1*)ZrCl, c6 nén MAO rin
khac nhau dudi dang ham cia ndng d6 hydro khac nhau trong dong nap liéu etylen.

Dir liéu nay duogc trinh bay trong Bang 2 duéi day.
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Bang 2 - Hoat tinh thu duoc (kgpg/gcat/h) va khéi lugng phan t&, My,
(kg/mol) d6i véi quy trinh polyme hoa etylen trong huyén phu dic bang cch sir
dung duoc mang trén MAO rin/ MSB(Cp.I*)ZrCl, dudi dang ham ctia ham luong
nap li€u H,. Céc diéu kién polyme hod: 0,05 mg chét xuc tac, 5mL heptan, 8 ba va
80°C.

H2 HOi.lt tinh M, w T. el,max
mol%) | AIZr | o e om | agimo) | MM | o)
0 200 14,2 35 142
0,8 200 9,7 29 9,7
1,6 200 5,7 22 5,7
0 150 13,2 50 24 111,6
0,8 150 9,6 25 2,7 110,4
1,6 150 42 13 33 109,8
0 100 125 40 473 111,6
0,8 100 ' 11,6 25 2.5 110,6
1,6 100 4.8 14 2,7 109,8

Fig.10 thé hién khéi lwong phan ti (truc hoanh) d6i v6i quy trinh
homopolyme hoa va su tao thanh sép polyetylen bing cach sir dung ché phdm MAO
ran/ M2SB(Cp,I*)ZrCl, & céc ty 18 [Al]y/[Zr], khac nhau.

Fig.9 va 10, va Bang 2 cho thiy rang d6i v&i ché phdm MAO ran/
Me2SB(Cp,I*)ZrCl,, khi ty 18 [Al]¢/[Z1], giam (nghia 13 ting lugng phirc chét bat
dong trén chat xdc tic), c¢6 su giam vé khdi luong phan tir (tir 22000 dén
13000 kg/mol) v6i ning suit khong dbi.

Fig.11 thé hién ty 18 hép thu cia etylen dbi v6i quy trinh polyme ho4 etylen
v6i dap tmg hydro bang cach st dung chét xuc tic MAO ran/ MSB(Cp,I*)ZrCl,
bang cach sir dung ty 18 [Al]o/[Zr], bang 100 (bén trai) va 150 (bén phai). Fig.12 thé
hién khéi lugng phan tir, M, cia quy trinh polyme hoa etylen v6i dap tmg hydro
bang cach st dung chat xtic tic MAO ran/ M2SB(Cp,I*)ZrCl, bang cach sir dung ty
16 [Al]o/[Zr], bang 100 (bén trai) va 150 (bén phai). Fig.11 va 12 chimg minh kha
ning ciia MAO rin/ M*SB(Cp,I1*)ZrCl, trong viéc tao ra sap polyetylen vdi ty 18
[Al]o/[Zr], bang 100 va 150.

Bang 3 dudi dy so sanh cic dic tinh xdc tac, trong quy trinh diéu ché sap
polyetylen, chira M**SB(Cp,I*)ZrCl, va chuin thuong phim, ("BuCp),ZrCl,, c4 hai
déu duoc mang trén MAO ran véi ty 18 [Al]o/[Zr], 12 200.
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Bang 3. Hoat tinh thu dugc (kgpg/gcar/h/ba) va khéi Iuong phan tir (kg/mol)
dbi v6i quy trinh polyme hoé etylen véi dap tmg hydro trong huyén phu dic bing

cach st dung nén MAO ran.

Thoi
K. o . Ty 1€ mol . Hoat tinh M,
Chat xic tac [Al]o/[Zr], H, :C, (%1;(‘3 kegpe/gcar/h/ba | (kg/mol) Mm,,
(nBuCp),ZrCl, 200 0,044:1 2 1,38 3,26 2,5
Me2SB(Cp,I*)ZrCl, 200 0,0459:1 1 2,5 2,74 3,8

Céc diéu kién polyme hoa: 80°C, 8,5 ba, 1000mL Hexan

Dit liéu duoc thé hién trong Béang 3 cho théy rang MAO ran/
Me2GB(Cp,I*)ZrCl, nhanh hon hai 1dn MAO rin/ (**'Cp),ZrCl, (chudn thuong
pham) khi duge st dung véi cﬁng luong hydro. MAO ran/ MezSB(Cp,I*)ZrClz da
chitng minh c6 khdi lvong phan tir dic biét thap, M, = 2743 Kg/mol, nhin manh
kha nang 1am chat xtc tac hiéu qua cia ché phim nhu vy trong quy trinh diéu ché

sap polyetylen.

Ngoai dit liéu duoc thé hién trén day vé MSB(Cp,I*)ZrCl, c6 nén MAO ran,
Me2gB(Cp™e,1*)ZrCl, ¢6 nén MAO rén (dugc mb ta trong So dd 1a) ciing duge chon
d8 nghién ctru kha ning cua ché phdm theo sang ché dé xic tac quy trinh polyme
hod etylen thanh polyetylen c6 khéi lugng phan tir thip, bao gdm sap polyetylen,
béng cach sir dung hydro dé kiém soat khéi lugng phéan tir cia mach polyme dang
phat trién.

Béang 4 va Fig.33 va 34 thé hién dir liéu d6i véi quy trinh polyme hoa pha
huyén phu dic etylen v6i him lugng thay dbi hydro khac nhau bang cach st dung
MeaSB(Cp™© 1*)ZrCl, c6 nén MAO ran.

Bang 4. Hoat tinh thu dugc (kgpg gear” b bar™) va khéi lugng phan tir, M,
(kg mol™), d6i véi quy trinh polyme ho4 etylen trong huyén phu dic bang cach sir
dung MPSB(Cp™© I*%)ZrCl, dugc mang trén MAO ran v6i [Al]ly/[Zr] = 200 duéi
dang ham ctia ham lugng nap liéu H,. Cac didu kién polyme hoa: 0,05 mg chit xic

tac, SmL heptan, § ba va 80°C.
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, £ H H, (mol% Hoat tinh M,

v Phirc chat (pszi) : ) kmCAT.'l gi(‘)"l bar’ kg mol M,/M,
MegB(Cp™e I1%)ZrCL, | 0 0 1,30 320 3,0
MESB(Cp™e 1%)ZrCl, 1 0,8 0,33 23 3,5
Me2gB(CpMe I1%)ZrCL, | 2 1,6 0,85 15 2,9

Béng 4, cling nhu Fig.33 va 34, cho thiy ring khi MSB(Cp™,1*)ZrCl, c6
nén MAO rin duoc sir dung thi ty 18 hip thu va khéi lugng phan t giam khi muc
nap liéu hydro ting din dén polyetylen c6 khéi lwong phén tir ¢6 xu hudng vé phia

khéi lugng phan tir ciia sap polyetylen.

Vi du 4 - Nghién ctru quy trinh copolyme hoa

Me2SB(Cp,I*)ZrCl, ¢6 nén MAO ran (trong d6 nhém Cp khéng duoc thé,
dugc thé hién dudi ddy) duge chon dé nghién ciru kha ning cia ché phim theo sang

ché @ xuc tic quy trinh copolyme hod etylen va (3-8C)o-olefin, cu thé bing 1-

hexen.

Bang 5 duéi day thé hién hoat tinh thu dugc, khéi lugng phan & va gia tri
CEF dbi véi quy trinh polyme hoa etylen va co-polyme hoa etylen va 1-hexen trong
huyén phi dac bang cach st dung M2SB(Cp,I*)ZrCl, duoc mang trén MAO rén.

Bang 5. Hoat tinh thu dugc (kgpg/gcat/h), khéi lugng phan tir (kg/mol) va gia
tri CEF ddi véi quy trinh polyme hoé etylen va co-polyme hoa etylen va 1-hexen

trong huyén phii dac bing cach sir dung dugc mang trén MAO ran.

[ Al] O/[Zrlo [Hexen] nap li¢u [Hexen] cop HO?t ﬁnh' . MW M, n/ T el,t6i da

(nL) (mol%) | kgpp/gear/gio | (kg/mol) | M, | (O

200 0 0 14,2 73 2,6 111,1
200 125 0,6 20,2 85 2,4 107,2
200 250 1,0 18,5 60 2,1 104,1
150 0 0 15,0 440 33 111,7
150 125 0,45 16,6 403 3,0 107,5
150 250 0,8 19,1 363 2,8 105,0
100 0 0 15,9 396 3,0 111,5
100 125 0,5 26,2 417 3,2 107,4
100 250 0,9 28,2 349 3,4 104,6
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Céc diéu kién polyme ho4: 80°C, 8 ba, SmL Heptan

Fig.13 thé hién ty 1& hip thu cia etylen dbi v6i quy trinh copolyme hod
etylen va 1-hexen; bing cich st dung chat xtc tac MAO rin/ M2SB(Cp,I*)ZrCl,
bang cach sit dung ty 18 [Al]o/[Zr], bing 100 (bén trai) va 150 (bén phai). Fig.14 thé
hién khéi luong phan tir, M,, dbi voi quy trinh copolyme ho4 etylen va 1-hexen
bing cach sir dung chat xiac tic MAO ran/ M2SB(Cp,I*)ZrCl, bang cach str dung ty
16 [Al]o/[Zr], bang 100 (bén trai) va 150 (bén phai). Fig.15 thé hién vét CEF d6i véi
quy trinh copolyme hoa etylen va I-hexen bing cach st dung MAO ran/
Me29B(Cp,I*)ZrCl, chét xic tac bing cach sir dung ty 1& [Al]y/[Zr], bang 100 (bén
trai) va 150 (bén phai). Fig.13 dén 15 cho thiy rang trong quy trinh copolyme hoa
etylen va 1-hexen, muc do hép thu ciia 1-hexen ting khi lugng 1-hexen ting.
Fig.13-15 cling da chung minh duoc khéi luong phan tir clia copolyme khong thay
dbi khi ting lugng 1-hexen, nhung nhiét do rira giai giam. Day dugc xem 1a trudong

hop cho ca cac ty 1€ [Al]y/[Zx]o.

Ngoai dit litu dugc thé hién trén day déi véi MPSB(Cp,I*)ZrCl, ¢ nén
MAO rin, M2SB(Cp™©,1*)ZrCl, c¢6 nén MAO rén (duge mb ti trong So dd 1a) ciing
duogc chon dé nghién ctru kha ning cia ché phdm theo sang ché dé xuc tac quy trinh

copolyme hoa etylen va (3-8C)a-olefin, cu thé bang 1-hexen.

Bang 6 va Fig.35 dén 37 thé hién dir liéu déi v6i quy trinh copolyme hoa
etylen pha huyén phd dic va 1-hexen bing cach st dung M2SB(Cp™*,1¥)ZrCl, c6
nén MAO ran.

Bang 6. Hoat tinh thu dugc (kgpg gCAT'l h! bar'l), khéi lwong phan tir, M,
(kg mol™), va gia tri CEF d6i v6i quy trinh polyme hoa etylen va co-polyme hod
etylen va 1-hexen trong huyén phi dic bing cach sir dung M*SB(Cp™*,1*)ZrCl,
duoc mang trén MAO rin véi ty 1& [Al]o/[Zr], = 200. Cac diu kién polyme hoa:
0,05 mg chét xtic tac, SmL heptan, 8 ba va 80°C.

Hoat tinh
. X [Hexen]yqp licu S DS | M, To i aa
Phikc chat uL kgpg %,CaArT' gio’ kg mol ™! M,/M, °oC
Me2SB(Cp™ I¥)ZrCl, 0 1,51 371 3,0 113,1
Me2SB(Cp™e I*)ZrCl, 125 1,58 294 2,4 108,1
Me2gB(Cp™ I¥)ZrCl, 250 2,06 289 2,5 105,1

-40-



36345

Fig.35 va Fig.36 cho thiy ring khi M*SB(Cp“*I*)ZrCl, c6 nén MAO rin
dugc sir dung thi ty 18 hip thu ting (1én dén khir hoat héa vé6i 250 pL) va khdi lugng
phén tir 1a trong ty vdi mac nap liéu comonome (1-hexen) ting. Tuong tu, Fig.37
thé hién vét CEF lién quan va mirc nap liéu 1-hexen ting din dén su giam nhiét do
rira giai 1am ndi bat su gia tang két hop. Bang 6 ciing c¢b thém cho cac dir lidu nay.

Mic dii cic phuong 4n cu thé theo sang ché d3 dugc md ta & ¢y nhim muc
dich tham khao va minh hoa, c4c ci bién khac nhau s& 13 hién nhién d6i véi ngudi
c¢6 hiéu biét trong linh virc ndy ma khong tach roi khéi pham vi cua sang ché nhu

dugc x4c dinh trong phan Yéu cau bao ho kém theo.
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YEU CAU BAO HQ

1. Hop chét c6 cong thire (I) dugc thé hién duéi day:

trong do:
mdi Ry; Ry, R; va R, doc 14p duge chon tir hydro va (1-4C)alkyl;
 mdiR, va Ry ddc lap 1a (1-4C)alkyl;
X 14 zirconi hoac hafini; va
mdi Y doc 1ap duge chon tir halo, phenyl, aryl(1-2C)alkyl, hodc
(CH,),Si(CHs)3, bat ky trong s ching tiy v duoc thé bang mot hoic
nhiéu (1-3C)alkyl hogc halo;
trong d6 z bang 1, 2 hoic 3;
hoic mdi Y doc 14p 1a clo, metyl, propyl, neopentyl, phenyl, benzyl,
va- CH,Si(CHj)s3;
v6i diéu kién it nhét mot trong sb Ry, Ry, R3 vaRy khong phai 1a hydro.
2. Hop chét theo diém 1, trong d6 mdi Y doc 14p la clo, metyl, propyl, neopentyl,
phenyl, benzyl, va -CH,Si(CHj3)s.
3. Hop chét theo diém bt ky trong s6 cac diém 1 hoic 2, trong d6 A) it nhat mot
nhém Y 14 clo; hodc B) ca hai nhém Y déu 13 clo; hodc C) ci hai nhém Y déu 1a
metyl; hodc D) c& hai nhom Y déu 13 benzyl.
4. Hop chét theo diém bt ky trong sb cac diém 1, 2 hodc 3, trong d6 4p dung mot
hogc nhidu myc A) dén D) bat ky sau day: A) R, va R, mdi doc 1ap 12 metyl hozc
propyl; B) cad R, va Ry, déu 1a metyl; C) X 12 zirconi; D) mdi Ry, Ry, R; va Ry doc
14p dugc chon tir hydro, metyl, n-butyl va t-butyl.
5. Hop chét theo diém bt ky trong s& céc diém néu trén, trong d6 hop chit c¢6 cong
thitc (I) cé cong thirc cAu trac (Ia), (Ib), (Ie) hodc (If) duoc thé hién dudi day:
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Q
N )
\Zr':
Cl 4 Cl
(If)

trong d6 R,, Ry va Y ¢6 dinh nghia bét ky néu trong diém bit ky néu trén; m bing 1,
2 3 hodc 4; va Q 1a n-butyl hoic t-butyl.

6. Hop chét theo diém 5, trong d6 A) m bang 1, 3 hoic 4; hoic B) m bing 1.

7. Ché phim chtra hop chat c6 cong thirc (I) theo diém bét k¥ trong s6 cac diém néu
trén va nguyén lidu nén, tly ¥ trong d6 nguyén liéu nén 13 MAO ciimg.

8. Ché phm theo diém 7, trong d6 A) ty 16 mol giita nguyén liéu nén va hop chit c6
cong thire (I) nim trong khoang tir 50:1 dén 500:1; hoic B) ty 1& mol giita nguyén
liéu nén va hop chit c6 cong thire (I) ndm trong khoang tir 75:1 dén 400:1.

9. Quy trinh polyme héa bao gém budc a) polyme héa etylen véi su ¢6 mit cia i.
ché phdm chira MAO rén va hop chét c6 cong thire (II) duoc thé hién dudi day:

(1D

trong d6 X 1a zirconi hodc hafini; va ii. hydro; trong d6 ty 1€ mol gitta hydro

va etylen & bu6c a) nim trong khoang tir 0,0365:1 dén 0,3:1.

10. Quy trinh theo diém 9, trong d6 X 13 zirconi.
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11. Quy trinh theo diém 9 hodc 10, trong d6 A) budc a) duge thyc hién ¢ nhiét 46
ndm trong khoang tir 30°C dén 120°C; va/hodc B) buéc a) dugc thuc hién & 4p suat
nim trong khoang tir 0,1 dén 1Mpa (1 dén 10 bar).

12. Quy trinh theo diém 9, 10 hozc 11, trong @6 A) ty 1& mol gitra MAO rin va hop
chat c6 cong thire (IT) nim trong khoang tir 125:1 dén 400:1; hosc B) X 13 hafini va
ty 1€ mol gitta MAO ran va hop chit ¢6 cong thirc (1) ndm trong khoang tir 125:1
dén 250:1; hoic C) X 13 zirconi va ty 1€ mol gitta MAO ran va hop chét c6 cong
thirc (IT) ndm trong khoang tir 175:1 dén 350:1. |

13. Quy trinh theo diém bét ky trong s cac diém tir 9 dén 12, trong d6 ty 1& mol
gifra hydro va etylen & budc a) nim trong khoang tir 0,04:1 dén 0,055:1.
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