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ABSTRACT

weight with improved properties and acceptable processability has

been allocated to many research efforts. In the slurry polymerization,
immobilization of homogeneous metallocene catalyst on a nano-sized support leads
to improved mechanical and thermal properties in addition to controlled morphology
and appropriate particle size distribution of product. Specific surface area of support
particles can be an effective parameter affecting the immobilization process of catalyst
and product properties. In this research the main purpose was to produce PE/nanosilica
nanocomposite, using an in-situ polymerization technique, in a disentangled state.
Methods: A metallocene catalyst, such as zirconocene dichloride (Cp,ZrCl,), was
immobilized on the surface of modified nano-fumed silica particles. Three grades of

l l ypothesis: Production of polyethylene (PE) of a relatively high molecular

nrfmo-fumed silica having specific surface areas.qf 380, 200 aqd 50 m%/g were usF:d.
' First the surface of thermally pretreated nanosilica was chemically modified using

polyethylene, methylaluminoxane. Then, by adding the catalyst, Cp,ZrCl,, immobilization reaction

metallocene catalyst, and activation of the catalyst were performed simultaneously. Finally ethylene

polymerization was conducted using the prepared catalyst under the atmospheric
pressure of monomer at 30°C.

disentangled state, Findings: The maximum polymerization yield was related to the heterogenized
nano-fumed silica. catalyst on nanosilica with a specific surface area of 200 m?/g. The results of solid
state drawability and buildup of modulus in time sweep rheometry exhibited that the
synthesized polyethylene is in the less entangled state. Reducing the concentration
and density of the active sites on the heterogenized catalyst resulted in the reduced
number of chain entanglements. Tensile test results showed that nanocomposite
samples possess better mechanical properties compared to the pure polyethylene,
an indication of appropriate distribution of silica nanoparticles into the polyethylene
matrix which was evidenced using SEM images.

immobilization,
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Fig. 1. Co-catalyst immobilization reactions on nano-fumed silica support and the activation of the catalyst.
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Table 1. Conditions of polymerization reactions and samples
code (Ethylene polymerization reactions was performed in

400 mL of toluene media at 30°C for 1 h).

Sample Support
Catalytic system Support type
code weight (g)
PE-Non Homogeneous - 0.0
PE-A380 Heterogeneous Aerosil 380 0.1
PE-A200 Heterogeneous Aerosil 200 0.1
PE-AOX50 Heterogeneous Aerosil 0x50 0.1
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Table 2. The results of polymerization reactions.

) Activity Nanoparticles percentage
Sample Polymer weight (g) )
(kg,./mol, .h.atm) (Wt%-Approximately)

PE-Non 4.1 820 0

PE-A380 3.5 700 2.5

PE-A200 11.8 2360 1
PE-AOX50 4.9 980 2
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wlobe 51 oslizal sy b (JoSd50 O35 mss 5 IS5
g gl (D3l sy LU Gl gl wlie 35U
Ol o 5 GG Sls 50 Oy o (G) JLLES T
(GG, Mty sidle &gl Jga oy 208 03 5% oo edalion A5
Obe 31 e ol Ly e (e S5IUI L el sal 4
e 5 o %S Aerosil380 (sl)ly 4sel iyl SL (slad sl
Oeamen 3)ls 1y sdddle b adsl Jade o 2l Aerosil200 (gl5ls
gles U J s 4 Oy 5 e A5 Ol cad sl dgde 2 05531
Loy ol JsS50 035 5 b Sa)s0e 8 e 51 al Olgees
DS B O el 2L alie )5 das e 0L 1) el
odss PE-A200 & 400 ;5 545 g0 d@uu s «osd gl
A 5l 5ol sS ke 35 Olojy 5 siis ad gl Jode el ol LS
S o b (S g S Oge3l 53 S Jl s s 1 e
035505 25wz 55 (pl dslie bl ods i gad ol 5o ol
Ol B adisel sl ol Wse nl IS5 O35
SlS 25 S o8 5950 035 b ek 253 Sl g el
ol (5 7205 0l 53 e (S35 5505 arly ol o s 3Ly i
el by g OS5l B 5t nl s e
Slad sad (535 Oles S (52555 Oga3l plnil L V4] I .o
S Ol Sl esls 0L (sline I 58050055 L UHMWPE

sl VA e b o dlaly ls J 550 055 40 s

XRD Qg&jT@lﬁw}ﬁ
4 USE 3 A BNV L Ll YO a3 sde 53 XRD (el =l

‘"“ WA GLT = juo € o losds 939 Jlw rosly 559)9i5 9 pole (ol Alxo

1000001
100001
<
(=™
=
£ 10001
=
-8 —PE-A380
E -=-PE-A200

1004

—+PE-AOXS50
10 . : : : :
0 500 1000 1500 2000 2500

Draw ratio (%)
PE-A200 slads sai (gl 5 AlS S o 3 228 s e=F IS
PE-AOX50 5 PE-A380
Fig. 6. Tensile modulus versus draw ratio for samples

PE-A200, PE-A380, and PE-AOX50.

piS Ao y3) sdidediS slasls ys 58 5 LS el 'fL‘,j
C)M{KJ@M‘)J)M)J U’:i\fe\ go}i_gcla.wuiq"‘ﬁ‘b('/
S Rl 51 U s aiS oS sboles s o

el g3 5008 50 o Sle 5 2l 50 Olee

2590 Pl (i s
Gla Sa,50 5 oy wb DL o3l 5w S s Gl
A JSE s aiged (sl Oles Llas s Osasl b el
sprs lialie Gb eyl 4 e bl alie S L
G Corpe ol sl sladised o K )35

333 o S35 22 5 9 d5s e (G ) S Jsde 5

300~
2504
£ 2001
=)
E 1501 ~PE-A380
Z 1004 =-PE-A200
~PE-AOX50
50+
0 T T T T .
0 500 1000 1500 2000 2500

Draw ratio (%)
By Gl IS o e (S plSoul VIS
PE-AOXS50 5 PE-A380 [PE-A200
Fig. 7. Tensile strength versus draw ratio for samples PE-

A200, PE-A380 and PE-AOX50.



53053055 093 PRI Ans Sl 539 \Salawgils s ugllio KT LIS asls

XRD &3 g0 31 3l olirnlos (6 ym (SO gai S s =T sl

Table 3. The crystallinity of the synthesized samples, calcu- JL
lated from the XRD test. E FEACKS
Sample Crystallinity (%) g JJ\M_\ PE-A200
PE-Non 57 - JL
PE-A380 67 ——
PE-A200 68 Y VN
PE-AOX50 69 0 10 20 30 40 50 60 70 80 90

2609
5 PE-A380PE-A200 PE-AOX50 (glass 505 XRD (sla ;801 -4 Je
.PE-Non
Fig. 9. The XRD patterns of PE-AOXS50, PE-A200, PE-A380

CS = Gl Caasdome slml 5 L3S0 oy ey sla s
oAl s Lol eS8 dlast (D3 pl dewsas s iy
3t syms Jol A gl 2 4 g b Al Sl and PE-Non samples.
b Kok p s Lol slal 5 S35k ds s da S, 456 S
o)‘.,\.:‘ &Lg l;_ Q\)Jyla Aoy u,:.u”bﬁ‘ l; cJ.w)L;d )}444.: Jujjjﬂ
Lol oddig 385 i slaataa 355 Joa pliates d> 0 ol

55 aplos Sy ol Sl o Sl LS el 0k el LS
Sl s el XRD (851 eslinal okl kS5
Wlead i Sla o 5 ek Sosk (S b B Gy
w3 loms Ol il (pl s (S 5he 8 (I s b e
S & 5 s ls s WS 5 e sk
e i Eles S 4 (A) 55 Gy )3 gl 5 Cliw
A AFA) o (Pl goie 25 ol 5wl il il

S o Ol 1y alaly ol () slas ool ol Ky o)

g el by S T talS e Al s e
2 S e e S il Ll s sl S sl
38t doys 5 o3l 3] 0,a 5 Chaichana ia s
o3 (LLDPE W5 55 o sllie S 5JBIS wL Ol pea) KL

A
DC:ACTCAH (¥)
S 5L o o St b 4 4 55 L oo 50lS 50 (Lo s o
a;ﬂm,;uﬁﬁ@,a;;\)sj;u ol 3 g, o el sdldeslina
Sk o3 ale pa b 5l als 0L XRD (sla Sl
sk S o e 4 O30 s o3Il 4 ek sad ol 6l
ol okl ¥ s 53 (Sush Slle s s e LS
Sl ©ly Sush doss X Jadr slaesls 4w g L
590 U oK S50 5l sddag ey 4 Cod 158 S0
o p&n U elie 5 J13 sy el Bl SRl 1
Jole i sl dsl Jlssls ks Wy peddastlis JI g el

L PE-AOXS50 & 500 oS s 51 SEM ypmi -1+ IS a5 93 GLls DS Aul b Al 4 x5 bl Dl 3 s

-VO"@”L@K))J. a0 G ks Lo 55 D360 sy el Ay 5 plianes
Fig. 10. SEM image of fracture surface of PE-AOX50 sample oo nl i o e ) 50 Aol ol s s planes
with a magnification of 7500. O 55 Hsls ey (Sosk s n Rl el 5o

WAA OUT — st i 0 e 1939 w0 Jlus rask (53999385 9 gl spole lmo iy



5 30950,5 U933 PMSIK AuS 12 5393 L9l 3 wgllio H5 LS ol

(b)

PE-AOX50 (b) 5 PE-Non (a) :lad sai 3l edldiediS slayl o Ch.ﬂ SISEM sl -V s
Fig. 10. SEM images of the surface of drawn tapes of samples: (a) PE-Non and (b) PE-AOXS50.

SNl e @55 55 O 4 Juate (Spah Gla il b 60
5 b3 S s sl e ASL Aerosil OX50 ol )3
SVSEM. g coddiodelS (slajly € 5es 03 sk (S
4.8 PE-Non 5 PE-AOXS50 & 50i 53 3l sl 55 slasl 5 e
S sl et edalin 5 05l g e edis V) K j3 4SS
s sl 5 Cosd gles 5l S s RIS anl s b sl
S S L A slaa¥ U155 o IS S 53 laigr U
25 adalie Laad 3 i S 15 e (65) S g p 25es
sl Jlat Ve im 31 eS Culbes U BU 555 (ooman
(Crad 53 S (o s RIS Aol b (b ) LS Rl Sl
Lol p (b Ol i s 5 e b & D3 L O 2l

Bb e odyd S

S 5 4o

Aol 5 LAl Gk 56 0 by o FTIR (sl ol
MAO | Koo LS son slass S clase 0Li MAO
L STy s slaes S 4yl 4 am g bl ools ST,
LSS S Res SIS L Sty B MAO
e lie S5IUIS s ol Sies ol Sl eyl 1y (CpZrCL)
oalinal (osline slaoy s mhaw L) (5355 Sk 5L £ 55 4w (555

r\r AAA OUT — pao <€ 0 plosd (09 39 5 Jlw ouly (SI9IgiSS 9 pole oole Almo

I L a0l et il b S ) 2 LLDPE Sy
sl b oo S350 e 355 00 3L 5 (Soo5k b s ml
Saas S 5 6ok glanY Ole glas o> (Ve nm ) 5 S
Sl sase Kl dos e Soy5e S sl s b
Ll awlis dianS |l se Ol SIS andl el al

&:»..A‘ 03; )‘j.\jlb L;Ju‘

Cat 3apols gl Sl 3
PE-AOXS0 & g Lot el SIVD+ 3855 LSEM , poos
5535 S 316 B3 ol B i 5 i Ve IS s
o s o 0L (6 ey e Sl 53 ) (s, S, L BLE)
Lo acalee 3l gl Vo nm s ga o g a8 Ve IS
Aerosil OX50 &ly3 Law st lad o5l el G Sl wasg
SoSam |y Syl oyl xS 2 OlF e ol Foonm s 50
Sl o b osd Wl (b el el Sas aidl S
MAO Jilye 46 w5 o il 3.6 JS2 S50
Ol b Olgeas Olejan Hsba 0pd L b 5o (5, OAdCS L
55 b3S e Jate S w1 0T 563 S Jee 3
A bl 05 s Jelse 51 0 Wl e alad 53 Yl



e (e il S Olomes all s S S350 S
708 (San S50 Sl oal Cnsay jadks 53 Lo i (S35 55 S
SAROMES dops aslin b Guzas s (Sasl SUE
Ol il Ol e Keal SIS 51 Lol sle el
A8 sty G ) i e o 53) sl s
Sl Sas50 S sbml e by v g5, Il S clile

Db Sy Sy 55 S

&lp

1. Kaminsky W. and Laban A., Metallocene Catalysis, Appl.
Catal., 222, 47-61,2001.

2. Chanzy H., Day A., and Marchessault R.H., Polymerization on
Glass-supported Vanadium Trichloride: Morphology of Nascent
Polyethylene, Polymer, 8, 567-588, 1967.

3. Rastogi S., Yao Y., Ronca S., Bos J., and van der Eem J.,
Unprecedented High-modulus High-strength Tapes and Films
of Ultrahigh Molecular Weight Polyethylene via Solvent-free
Route, Macromolecules, 44, 5558-5568, 2011.

4. Kheradmand A., Ramazani A.S.A., Khorasheh F., Baghalha M.,
and Bahrami H., Effects of Nanographene Oxide as Support
on the Product Properties and Performance of Ziegler-Natta
Catalyst in Production of UHMWPE, Polym. Adv. Technol., 26
315-321, 2015.

5. Jamjah R., Zohuri G.H., Javaheri M., Nekoomanesh M.,
Ahmadjo S., and Farhadi A., Synthesizing UHMWPE Using
Ziegler-Natta Catalyst System of MgCl, (ethoxide type)/TiCl,/
Tri-Isobutylaluminum, Macromol. Symp., 274, 148-153, 2008.

6. Alt H.G., The Heterogenization of Homogeneous Metallocene
Catalysts for Olefin Polymerization, J. Chem. Soc., Dalton
Trans., 11, 1703-1710, 1999.

7. Bashir M.A., Monteil V., Boisson C., and McKenna T.F.L.,
Avoiding Leaching of Silica Supported Metallocenes in Slurry
Phase Ethylene Homopolymerization, React. Chem. Eng., 2,
521, 2017.

8. Franceschini, F.C., Tavares, T.T.D., Bianchini D., Alves M.
D.M., Ferreira M.L., dos Santos J.H.Z., Characterization and
Evaluation of Supported rac-Dimethylsilylenebis(indenyl)
Zirconium Dichloride on Ethylene Polymerization, J. Appl.
Polym. Sci., 112, 563-571, 2009.

G5 30930,5 U9 IR And 5l 5393 SLHawIL 3 Yuwgllie ST LIS s

sl S50 L (wlie Lld 5o) sl 0ud ek sl
P G S T T PN [P S W R W
023b (p i el ol pll s L 555 2t (e slle
.Jﬁv~' mZ/g Lﬂoﬁ}?b%ﬁb@bfﬁd“%
Dhre ool A3 4B S S by oS (S50 S s n Gl
Q.<AAL.: 5 oNer gl 0618 sdalowsas Sl ks ol Ol

9. Mortazavi M.M., Ahmadjo S., Dos Santos J.H.Z., Arabi H.,
Nekoomanesh M., Zohuri G.H., Brambilla R., and Galland
G.B., Characterization of MAO-Modified Silicas for Ethylene
Polymerization, J. Appl. Polym. Sci, 130, 4568-4575, 2013.

10. Ahmadjo S., Arabi H., Zohuri G.H., Nejabat G.R., Omidvar M.,
Ahmadi M., and Mortazavi S.M.M., In Situ Silica Supported
Metallocene Catalysts for Ethylene Polymerization, J.
Petroleum. Sci. Technol., 4, 21-29, 2014.

11. Kaminsky ~ W.,  New
Catalysis, Macromol. Chem. Phys., 197, 3907-3945, 1996.

Polymers by  Metallocene

12. Dubois P., Alexandre M., and Jérome R., April. Polymerization-
filled Composites and Nanocomposites by Coordination
Catalysis, Macromolecular Symposia, 194, 13-26, 2003.

13. Alexandre M., Martin E., Dubois P., Garcia-Marti M., and
Jérome R., Use of Metallocenes in the Polymerization-filling
Technique with Production of Polyolefin-based Composites,
Macromol. Rapid Commun., 21, 931-936, 2000.

14. Alexandre M., Martin E., Dubois P., Marti M.G., and Jérome R.,
Polymerization-Filling Technique: An Efficient Way to Improve
the Mechanical Properties of Polyethylene Composites, Chem.
Mater., 13, 236-237, 2001.

15. Ronca S., Forte G., Tjaden H., Yao Y., and Rastogi S.,
Tailoring Molecular Structure via Nanoparticles for Solvent-
free Processing of Ultra-high Molecular Weight Polyethylene
Composites, Polymer, 53, 2897-2907, 2012.

16. Li W., Guan C., Xu J., Mu J., Gong D., Chen Z.R., and Zhou
Q., Disentangled UHMWPE/POSS Nanocomposites Prepared
by Ethylene in Situ Polymerization, Polymer, 55, 1792-1798,
2014.

17. Gote R.P., Mandal D., Patel K., Chaudhuri K., Vinod C.P., Lele

WAA OUT — st i 0 e 1939 w0 Jlus rask (53999385 9 gl spole lmo igta



18.

19.

20.

21.

22.

23.

24.

G5 3)930,5 U9 I And Sl 5393 LI 3 wgllie ST LIS s

A.K., and Chikkali S.H., Judicious Reduction of Supported Ti
Catalyst Enables Access to Disentangled Ultrahigh Molecular
Weight Polyethylene, Macromolecules, 51, 4541-4552, 2018.
Heidari A., Zarghami H., Talebi S., and Rezaei M., A
Disentangled State Using TiCl,/MgCl, Catalyst: A Case Study
of Polyethylene, /ran. Polym. J., 27, 701-708, 2018.

Heidari A., Talebi S., Rezaei M., Keshavarz-Mirzamohamadi H.,
and Jafariyeh-Yazdi E., In Situ Synthesis of Ultrahigh Molecular
Weight Polyethylene/Graphene Oxide Nanocomposite Using
the Immobilized Single-Site Catalyst, Polym-Plast. Technol.
Eng., 57, 1313-1324, 2018.

Aerosil Granulated Fumed Oxides. Evonik Degussa Technical
Information, 1341, 2008.

Vansant E.E, Van Der Voort R., and Vrancken K. C., Studies in
Surface Science and Catalysis, Characterization and Chemical
Modification of the Silica Surface, 93, Chapts. 2 and 5, Elsevier,
1995.

Chukin G.D. and Apretova A.L, Silica Gel and Aerosil IR
Spectra and Atructure, J. Appl. Spectrosc., 50, 418-422, 1989.
Velthoen M.E.Z., Muifioz-Murillo A., Bouhmadi A., Cecius
M., Diefenbach S., and Weckhuysen B.M., The Multifaceted
Role of Methylaluminoxane in Metallocene-Based Olefin
Polymerization Catalysis, Macromolecules, 51, 343-355, 2018.
Launer P.J., Silicone Compounds Register and Review, Petrarch

Systems Inc., Bristol, England, 1987.

Y10

AAA OUT — pao <€ 0 plosd (09 39 5 Jlw ouly (SI9IgiSS 9 pole oole Almo

26.

27.

28.

29.

30.

31.

. dos Santos J.H.Z., Krug C., da Rosa M.B., Stedile F.C., DupontJ.,

and de Camargo Forte M., The Effect of Silica Dehydroxylation
Temperature on the Activity of SiO-Supported Zirconocene
Catalysts, J. Mol. Catal., A: Chem., 139, 199-207, 1999.
Panchenko V.N., Semikolenova N.V., Danilova 1.G., Paukshtis
E.A., and Zakharov V.A., IRS Study of Ethylene Polymerization
Catalyst SiO,/Methylaluminoxane/Zirconocene, J. Mol. Catal.,
A: Chem., 142, 27-37, 1999.

Eilertsen J.L., Rytter E., Ystenes M., In Situ FTIR

Spectroscopy during Addition of Trimethylaluminium (TMA)
to Methylaluminoxane (MAO) Shows no Formation of MAO—
TMA Compounds, Vib. Spectrosc., 24, 257-264, 2000.
Panchenko V.N., Zakharov V.A., and Paukshtis E.A., Study of
the Supported Zirconocene Catalysts by Means of UV/Vis and
DRIFT Spectroscopy, J. Mol. Catal., A: Chem., 240, 33-39,
2005.

Lemstra P.J., van Aerle N.A.J.M., and Bastiaansen C.W.M.,
Chain-Extended Polyethylene, Polym. J., 19, 85-98, 1987.
Talebi S., Disentangled Polyethylene with Sharp Molar Mass
Distribution; Implications for Sintering, PhD Thesis, Technische
Universiteit Eindhoven, Eindhoven, The Netherlands, 2008.
Chaichana E., Bunjerd J., and Piyasan P., Effect of Nano-SiO,
Particle Size on the Formation of LLDPE/SiO, Nanocomposite
Synthesized via the in Situ Polymerization with Metallocene

Catalyst, Chem. Eng. Sci., 62, 899-905, 2007.



