CHAPTER III

EXPERIMENTAL

In the present work of mixed solvent of crystallization step of C4-LLDPE, C¢-
LLDPE and Cg-LLDPE with preparative TREF technique, the experiment was

divided into four steps.

1. Operational testin,

2. Study of branc by'meansof**C= spectroscopy.
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The detail of the exp 1€ vas . n the following.
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3.1 Reagents and solvents

Table 3.1 Chemical 1%

Reagents amyS&lvents Y Supplier
xylene iii H EI 3 “ EI p 1 eaxie S.A., Spain

U

methanol ¢ ~ Merck Gengm
BT PR E R T et Fitay 1]

acetone g ' Germany'

Irganox 1010 Lab Scans Co., Ltd., Ireland

silicone oil Down Corning., USA

ethylene glycol Lab Scans Co., Ltd., Ireland

glycerol Merck, Germany
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3.1.1 Linear Low Density Polyethylene (LLDPE)

There are three LLDPE samples i.e. ethylene/l-butene copolymers (Cy-
LLDPE), ethylene/l1-hexene copolymers (Cs-LLDPE), and ethylene/1-octene
copolymers (Cg-LLDPE). All samples were donated by Thai Polyethylene Co., Ltd.
(TPE), Thailand.

3.2 Preparative TREF a@‘j’//{z

The instrumental™sctup~ce ' s of a hi sure liquid chromatography
(HPLC) pump (Seri¢ ) '
MWEF33), a stainless s

reservoir, and fraction g0

in scheme 3.1. The TREE were stainless steel columns
loaded with 15 g glass be cribed in Scheme 3.2. It consists
of a one-tube glass and stainless steel columr . d with glass beads (part A). The
glass beads have a 2 mm dlamé‘{légmort : -." into the column. The temperature
of the column is co:::golled u§fﬂg":‘9l}’i;'J mpe ure contr onsisting of a silicon oil
bath, circulating th¢ Sil-threugh-the-outer-tube-oi-the- mn (parts E, F, and G)

equipped with a the e top of the column allows

mﬂ' ta
|
us to measure the temperature inside the column (part B), as shown in scheme 3.2. For

$§i§iiiitoiiEIM"?ﬂﬁﬁ? it b
‘Q‘W’] aﬂﬂ‘ml umwma ¢
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Scheme 3.2 Schematic view of the preparative TREF column.
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3.3 Preparative TREF using single solvent

3.3.1 C&-LLDPE

A 0.5 g sample of C4-LLDPE was completely dissolved in 30 ml of hot xylene
with 0.1 g of Irganox 1010 as an antioxidant at 120°C, and hold for 30 min. Then the

polymer solution was transferred to th F column loaded with 15 g of glass beads

as an inert support. The TREF ped and cooled down from 120°C to
20°C with a cooling rate of
7°C/h, 8°C/h, and 10°C/h

temperature was ralsed u

e co ;vere also varied to 3°C/h, 5°C/h,

te perwble at 20°C for 30 min, the

precipitated with p e experiment of LLDPE

samples was performe ly the weight percent was

calculated as equation b e tive fraction was investigated branching

Weight percent (9% = weight ated poﬂner x 100 (D)
welght of polymer sample

ﬂU&J’WIEJ‘ﬂ‘ﬁ‘WEﬂﬂ‘ﬁ
ARIAINITUNRIINYIN Y

3.3.2 CeLLDPE

A 0.5 g sample of Ce-LLDPE was completely dissolved in 30 ml of hot xylene
with 0.1 g of Irganox 1010 as an antioxidant at 120°C, and hold for 30 min. Then the
polymer solution was transferred to the TREF column loaded with 15 g of glass beads
as an inert support. The TREF column was capped and cooled down from 120°C to

20°C with a cooling rate of 1°C/h. The cooling rates were also varied to 2°C/h, 3°C/h,
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and 5°C/h. When the temperature was stable at 20°C for 30 min, the temperature was
raised up from 20°C to 120°C with rate 10°C/h stepwise. Then the fractionated
polymer was collected at 20°C, 30°C, 40°C, 50°C, 60°C, 70°C, 80°C, 90°C, 100°C,
110°C, and 120°C, respectively. The collected polymer was precipitated with pure
methanol, dried and weighed. The experiment of LLDPE samples was performed
three times for each one. Finally the weight percent was calculated as equation (1).
The cumulative fraction was investigated branching content and melting behavior by
NMR and DSC, respectively.

3.3.3 C3-LLDPE

The procedure conditig . . same as the manner of

3.4.1 Ethylene glycol in xylene: 2

AL

For determining e glycol in xylene, the non-

solvent like ethylene glycyl (EG) concentratlon was varied from 0.1% to 1.0% was

impured into X ﬂ ﬂﬂs of LLDPE samples
such as Cs-L ﬁ;y @-O? ?1 Mﬁﬁ respectively. The procedure
conditi tj m [i lvent system.
Exceptqﬂ:ﬁ ﬁmﬁmﬂﬁﬁin PI d Cs-LLDPE

were observed.
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3.4.2 Glycerol in xylene

For determining the proper percentage of glycerol in xylene, the non-solvent
like glycerol concentration was varied from 0.1% to 1.0% was impured into xylene as
a good solvent for crystallizing three kinds of LLDPE samples such as C4-LLDPE,
Cs-LLDPE, and Cg-LLDPE, respectively. The procedure condition was the same as
the manner of preparative TREF in single solvent system. Except, measured DSC and
GPC. The major fractions of C6-LLDP€ élfl f/-LLDPE were observed.

3.5 Branching content wn bJ l3cmtroscopy [49-54]

a Jeol JNM-A 500 MHz FT-NMR

| sol db\.m benzene-d and ODCB at 130°C.
0 the -de_ 1na on, of Pranchmg content. A pulse

BC.NMR spec
spectrometer. The pol

hing with 2 s acquisition time and 12 s
relaxation delay in the swee w1d$ft0f 1"; ppm. eliminate nuclear overhauser
enhancement effect (NOE), an 1h§é£se'gét£{1pling pulse program was selected.
The chemical shift aﬂmgnmen'ts’ “of pol'yn;\zg"‘cfih‘ms foll ed ASTM D 5017-91

method which was st '.,:,_“_;_.m;_.,_;_;________;_;_-_;»;__-__r_;_-, 1k of polymer samples were

I ; e methylene carbons). The
fractionated polymer was welghed around 0. 12 g and dlssolved into a 10 mm NMR

tube by 0.6 m vﬂl E(ﬂﬁ Zl‘gr!nﬁ ‘HEIWT ﬂ:a- internal signal lock.
Then the tube ogetiized i ven at 120°C for 3 to
4 h, the ts:%ﬁ ﬁtgﬁ the heating
step and ﬁfjda ﬁﬂd uﬁﬁﬁﬁ 21)1 in at 130°C.
The spectrum was recorded. The integration limit of each LLDPE was shown as

Appendix A.l. The calculated branching content of each LLDPE was shown in the

bottom equations following.
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3.5.1 C4+-LLDPE

BC-NMR spectrum for the ethylene/I-butene copolymers is divided into
regions as dictated by resolution and certainty in assignments. The methane and
branch methylene resonances also overlap badly with nearby polymer backbone
methylene resonances. The representative BC.NMR spectrum of C4-LLDPE was
given in Figure 3.1 with assignments. Where A, A, B, C, D, E and F are the area
i A (see Table A-1 to Table A-3).

The integration limits given beloy n@ into account for the isolated

branches, but also b

parated b3 ethylene unit and branches

next to each other. Th or branching was shown as below.

CH, —CH,

AULINENINYINT
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Figure 3.1 "C-NMR specifuni o

From the recorded spec

AULINHRITNYNT

gz = CH carbons: 2B +2C /
awaa@ﬁ@rﬁﬁiuwiwmaﬂ

E = moles ethene: (2D + 2E + 2F - A'-B)/4

Therefore, the branching content of C4-LLDPE can be calculated by

Branching content = 1000(mole%]1-butene)

2(mole%ethene) + 4(mole%]1-butene)

36
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3.5.2 C¢-LLDPE

The representative BC-NMR spectrum of C¢-LLDPE was given in Figure 3.2
with assignments. Where A, B, C, D, E, F, G and H are the area under peaks which
were assigned in Appendix A (see Table A-1, Table A-2, and Table A-4). The
integration limits given below not only take into account for the isolated branches, but
also branches which are separated by one ethylene unit and branches next to each
other. The terminology of C¢-LLDPE fo

'r ching was shown as below.

ﬂ‘uﬂ’mﬂ"f s
amamim

Figure 3.2 *C-NMR spectrum of ethylene/1-hexene copolymers.
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From the recorded spectrum, mol% co-monomer of C¢-LLDPE can be calculated by

Mole% 1-hexene = 100% X H/ (H + E)

When

) ‘ A>3 —H]/2+H'
Therefore, the branchin, ‘ an be calculated by
Branching content

e

y |
AULINENINYINS
S ARTAININARIINYINY

The representative BC-NMR spectrum of Cg-LLDPE was given in Figure 3.3

with assignments. Where A, B, C, D, E, F, G, H, I and P are the area under peaks
which were assigned in Appendix A (see Table A-1, Table A-2, and Table A-5). The
integration limits given below not only take into account for the isolated branches, but
also branches which are separated by one ethylene unit and branches next to each

other. The terminology of Cg-LLDPE for branching was shown as below.



v B o br o B v

CH, —CH, —CH, — CH—CH, —CH, —CH,

5 CH, Hexyl branches

ARA9N

Lyt v 0 by a1

| o — 35994

[N SN N NN S TS N N TN NN TN W N OO N O OO |

60 S0 40 30 20 10 QPPM
l’o'e""F 06#’_;"" I"’{

IAtB+CH

Figure 3.3 >C-NMR spectrum of ethylene/1-octene copolymers.
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From the recorded spectrum, mol% co-monomer of Cg-LLDPE can be calculated by

Mole% 1-octene = 100% X O/ (O +E)

When
= ‘
0,=CH =D]/3
[ -'\N\\ "’u.{\
d a\} 3B+H+P+D)]2+0
Therefore, the branching ulated by
Branching content — )1-0 .‘:‘

c% l-octene)
¥

AULINENINYINS
ﬁ;ﬂ%ﬁﬁﬁﬁﬁmﬁﬂ s

LLDPEs was shown as Appendix A (see A.3).
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3.6 Measurements of melting temperature by DSC [S5]

A Mettler Toledo Star System differential scanning calorimeter was used for
the thermal analyses. Samples, weighing about 2-5 mg, were sealed in crimped
aluminum pans. The peak area and temperature calibration were performed using
pure indium. The melting behavior of each LLDPE whole polymer and its fraction at
cooling rate 1°C/h of single solvent system was studied. The sample were heated to
170°C and maintained for 15 min, cool it either 1 or 20°C/min to 30°C, and reheated
at 20°C/min to 170°C. Both heat ‘ ‘i//f ing thermograms were collected. The
DSC thermogram of each fre ionated ‘po 3& whole polymer were showed in

..J

Appendix B. —
3.7 Characterization of : i | trit GPC [55]
Molecular wei 0l E istribution of whole polymer

samples (see in Appendix %;ﬁﬁ?"t@
Vel

chromatography. Two hundr mkﬁ‘;hj a 0. lution of polyethylene in TCB

aters 150 C gel permeation

0 a column set consisting of three
o

Styragel packed (Water Inc.) 3 1s (one each of 10%, 10°, and 10° A).

ne standards and narrow fractions

of linear, unbranched| polyethylen yrene  standards were assigned

|
polyethylene moleculdr weights based on polystyrene versus polyethylene standards

SR Polyslyqeﬂﬁu? WW L%‘wrgﬁaﬂvﬁability.
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