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Abstract : In the polymerization of ethylene to produce crystalline polvethylene wax using the homogeneous titanium-based catalyst, the
effects of various parameters such as cocatalyst, temperature, pressure, comonomer and time on the performance of catalyst and the
properties of polyethylene wax were investigated. The properties of polyethylene wax obtained were characterized in terms of molecular
weight, molecular weight distribution, crystallinity, density and morphology. Among the polymerization features with a series of mixed
cocatalyst systems of (CHs)sAl (i-CaHo)sAl, (C:Hs),AICH and (ColHs)sALCE, it turned out that the combination of (CoHs);Al and
(C:HskALCl; was more effective than any other combination. It was noted that the activity of catalyst and the properties of polyethylene
wax were affected by the polymerization parameters, ie. time, temperature and hydrogen partial pressure. The various kinds of crystalline
polyethylene wax could be obtained by careful control of these parameters. Also we could obtain low density polyethylene wax which has
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Fig. 1. Reaction scheme of ethylene oligomerization.
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Fig. 2. The apparatus for polymerization of batch reaction
system AD/DA : Analog-Digital converter, AT :
Agitator, H : Heater, M : Motor, MFC : Mass Flow
Controller, PG : Press. Gauge, TC : Temp. Controller,
TM : Trap of Moisture, TO : Trap of Oxygen, PR :
Press. Regulator.
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Table 1. Effects of Cocatalyst on Catalytic Performance
biv Catalyst Cocat.1 Cocat.2 Py, PeL Poa | Pi, /P | Temp ’I‘ir.ne Activity* Mn MWD
mmol/L mmol/L mmol/L atm atm atm % T min
1 0.01 - 3 (EASC) 20 10 30 ™ 100 60 2 6770 31.0
2 0.02 - 3 (EASO) 20 10 30 T 100 60 1 9080 214
3 0.01 - 3 (TIBA) 20 10 30 T 100 60 05 2000 4.3
4 0.02 - 3 (DEAC) 20 10 30 T 100 60 <05 -
5 0.01 - 3 (TEA) 20 10 30 7 100 60 <05 - -
6 0.02 - 5 (DEAC) 20 10 30 7 100 60 <05 - -
7 0.02 2 (TEA) | 2 (TIBA) 20 10 30 77 100 60 1 9840 84
8 0.02 2 (TEA) | 2 (DEAC) 20 10 30 7 100 60 11 3960 86
9 0.01 2 (EASC) | 2 (DEAC) 20 10 30 7 100 60 5 24760 114
10 0.02 2  (EASC) | 2 (TIBA) 20 10 30 i 100 60 95 9670 9.7
11 0.02 2 (TIBA) | 2 (DEAC) 20 10 30 7 100 60 <0.025 - -
12 0.01 2 (TEA) | 2 (EASC) 20 10 30 ™ 100 60 30 12670 40
13 0.02 2 (TIBA) | 2 (DEAC) 20 10 30 77 100 60 <0.025 -
14 0.02 2 (DEAC) | 2 (EASC) 20 10 30 T 100 60 4 7070 176
15 0.01 25 (TEA) | 05 (EASC) 20 10 30 7 100 60 18 10000 38
16 0.01 15 (TEA) | 15 (EASC) 20 10 30 7 100 60 25 15020 5.8
17 001 1 (TEA) | 2 (EASC) 20 10 30 71 100 60 12 13760 5.2
18 0.01 2 (TEA) | 15 (EASC) 20 10 30 7 100 60 13 24940 95
19 0.01 2 (TEA) | 1 (EASC) 20 10 30 77 100 60 26 4300 5.1
20 0.01 3 (TEA) | 1 (EASO) 20 10 30 77 100 60 20 4120 73
21 0.01 05 (TEA) | 05 (EASC) 19 11 30 63 80 90 28 22430 6.6
22 0.01 1 (TEA) | 1 (EASC) 20 10 30 67 & 120 42 18480 56
23 0.01 2 (TEA) | 2 (EASC) 26 4 30 87 110 80 40 28110 44
24 0.01 2 (TEA) | 2 (EASC) 22 8 30 73 80 70 36 23740 5.3
25 0.01 3 (TEA) | 3 (EASO) 18 12 30 60 80 - 30 15 6810 56
26 0.01 3 (TEA) | 3 (EASC) 22 8 30 73 80 30 25 9600 45
27 0.01 3 (TEA) | 3 (EASC) 24 6 30 80 80 30 20 7180 54
28 0.01 3 (TEA) | 3 (EASC) 22 8 30 73 80 120 20 21490 47
29 0.01 3 (TEA) | 3 (EASC) 24 6 30 80 80 120 15 17000 6.3
30 0.01 3 (TEA) | 3 (EASC) 26 4 30 87 80 120 10 15630 53
31 0.01 3 (TEA) | 3 (EASC) 24 6 30 80 9% 100 38 8080 58
32 0.1 10 (TEA) | 10 (EASC) 15 15 30 50 130 30 30 7083 7.2
33 0.1 10 (TEA) | 10 (EASC) 15 15 30 30 135 30 10 6617 6.3
H 0.04 10 (TEA) | 10 (EASC) 20 10 30 67 105 65 25 6520 42
35 0.01 10 (TEA) | 10 (EASC) 21 9 30 70 &0 40 10 8740 40
36 0.01 10 (TEA) | 10 (EASC) 22 30 73 100 24 25 1330 24
37 0.01 10 (TEA) | 10 (EASC) 24 30 80 80 30 20 4520 48
Remarks = = =
1. Activity” © kg-wax/mmol-Ti. 3.21.13314% %E—,O{L E}i;%‘:’f o Zore] L3518 2o
2. TEA : (C:HskAl TIBA : (i-CiHo)Al, DEAC : (GHshAIC ANk o g adAEAe A, Age 258 FF 239
EASC : (CoHs)ALCl A, ARAFAE 22, 1%ke 7AEE 2N Fie] o F
o4t}
ByE 43S Vet webd 24, Bae B BEE Table 30l &%= Wato] me exo) A4 24, FA4F, £
2l dol] g AR AT FEARE 608 HES g £EE Yol 848 2xvt A v 33
o 2 gl A astdt ox nedA 299 9 34l Astae
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Table 2. Effects of Polymerization Time on Catalytic Perfor-

E 100 T T T T T
mance :: so | (=304
Division 1 2 3 4 5 £ eof
4
Catalyst (mmol/L) | 001 | 001 | 001 | 001 | 001 P
z 20 F
Cocat.l (mmol/L) 2 2 2 2 2 2 , 1 1 1 1
Cocat.2 (mmol/L) 1 1 1 1 1 £ 30000 - T ' ' ' .
£ 34000 i
Ph, (atm) 20 | 20 | 0 | 2 | 2 . AN .t tm ]
= 18000 | .- P =20atm ]
Pe  (atm) 6 6 6 6 6 §otsooo \‘%\ e
£ 9000 - S e -
Poa  (atm) % | % | % | % | % R N .
s 3000 | . , . .
Temp. () 100 100 100 100 100 .
T T T T T
Time  (min) 10 20 30 60 120 = s A
. Z i "///' -e
Activity _ : o P
- 3 : 6 12 30 Z 1E = P som
(kg—wax/mmol-"Ti) 0 s A == - o e
=z - - P, .=20am p
Mn 2450 | 3611 | 3804 | 4150 | 13110 : e
5 1 L I L 1
MWD 78 52 54 43 43 "o s 10 15 20 25 30

Partial pressure of hydrogen (atm)

Fig. 3. Effects of partial pressure of hydrogen.

Table 3. Effects of Polymerization Temperature on Catalytic
polym. conditions : Ti = 0.01 mmole, Cocat. 1/Cocat. 2

Performance
mole ratio =2/1 time =1 hr, temp = 100°C, Py = 30 atm.
; Catalyst Cocat.] Cocat.2 Py, PeL Proa
P ol VL VL | am | am | a
T Tt | ool | am | am | am A B REG5 oHE deUY. 2 el 4y
1] o [ o ERK | % o FHEAAIME DA FAAYos EoYan §4}
2| oo [ 2 ERERE T A ¥AY 2T Yehie Aoz BUY & gxw, 2
5] oo |z | ERERE S7h 5ol wek 100 T 120 CAM AHY B e w
e | ERRRE ETE UE F oA 2R 230} HolRle age ex &
: - - oA % B4F de) dolo 9% Aoz 2HEY.
5(0.01'2f1’20f6(26
A 1 2; =2 043
| Py, /Pow | Temp Time . 3.4. $as Oi!EEJ slol e g
Div | ™, ,C min | Activitys | Mn | MWD Table 49t Fig. 3ol 49 ojedal wjo] wa ghxro) Ay
1 l - ] % l o ‘ - S ‘ 6 A EAF 2 BAY REZ YLD Fig. 3904 ¢4
: G FHTRAFE Aol BAY) FaEL] Zraw 7
2l m | | w9 | am | 4 o A%E BT AT AR AR S0 0
sl w0 | 5 | e | 46 s wegel Fuso] Aol 4A Yo} Ay
b 24 = 3 O 4 Z715
sl w R EXE T AEEENT AE0)E BEEEA O 2 oz Zihsa)
BARel grsht Aoz BudY w3 2w 248 oy
2l T | ] % | 0 || e MBS FR ANAL Faol ¥R g Bay g
Remarks B A7 Ahze ZedYdY FHAM GordonLo 16]
L Activity” * kg-wax/mmol-Ti. TE TR Sl W 2Ag R¥s) pass poz
) ) ) B39, Talyors(17) # Bergerg-2[18] ¥ Bxo o
Ad Z1te Ao 90 T8 fadEdy 5 ge G2 VA g Row wasdd 1y 42gA9l 2
TH 240 9AR 9 FFeEs} Zsbde) wel Rzl AYA g2 AzddE g4 aF8 HH paag
FEIAHIL 120C olFole FH3 PAY% pase Asne (CHRAVGILRACEZA Sel4 Fakeb] ge oatg
e ol d Age 42 FEe Lml 2o w2} Fig. 3o Aetqict. #4850 Z7h8e] g} zoje oy
e Gl FUhH ol AgolEo] A dojy AjzaR = AT FolEx AYL Uty o= way x 7
UEEE Bk Agols WEEEI § 2 Loz Zjje Aol mE JYR Ao} 2a0h FAR o Qe 445
2AFe] Zade Aoz AuHgy WSl o3 FULEEQ olgke) A go] Zolx) HEd A
£ 224 FEE Feolddl Az 259 8 CoME y SE FEAT B Aol BAGle] FaRge] Zrlay v
= EAF BX62E YBUDL 255 g wa) o A2 EF WAL ARE mon ogd pae Zuj o)
A7) A#ste] 100 T 120 ColA b Fe BAE 2r(2) S50 WE Fa9 WA Fojo me 2y Lxay
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Table 4. Effects of Partial Pressure of Hydrogen on Catalytic Performance
Catalyst | Cocatl | Cocat2 Py, P Proat Temp Time .
i . i P % . Activity™ M MWD
D mmol/L | mmol/L | mmol/L atm atm atm b Puxa 96 T min ity "
1 0.01 2 1 24 6 30 7 100 60 20 3616 46
2 0.01 2 1 20 8 28 71 100 60 20 3189 47
3 0.01 2 1 20 10 30 67 105 50 26 6430 41
4 0.01 2 1 19 5 24 9 100 60 2 6106 49
5 0.01 2 1 18 12 30 60 100 60 30 7265 43
6 0.01 2 1 17 11 28 61 100 60 36 9213 40
7 0.01 2 1 16 4 20 80 100 60 40 8250 6.2
8 001 2 1 16 4 20 80 100 60 10 5524 47
9 0.01 2 1 14 10 24 38 100 60 % 9151 5.1
10 0.01 2 1 14 10 24 42 100 60 35 12563 41
11 | 0.01 2 1 12 8 20 60 100 60 40 8070 55
12 0.01 2 1 12 18 20 40 100 60 80 13798 37
13 0.01 2 1 11 17 28 39 100 60 55 20490 33
14 0.01 2 1 10 14 24 42 100 60 5 11026 52
15 0.01 2 1 8 12 20 40 100 60 0 17230 40
16 0.01 2 1 6 22 28 20 100 60 5 19110 33
17 0.01 2 1 6 24 30 42 100 60 70 27535 34
18 0.01 2 1 5 19 21 21 100 60 30 13790 3.7
19 0.01 2 1 4 16 20 20 100 60 40 22350 38
Remarks
L Activitys : kg-wax/mmol~Ti. AR ARo] ol FHHo o} FH F Eeto 4T 2
) 7 FRFEATe] 3502 WY BAAE & & W ol
Apsha i . } Z34 JldeA B3 270 sl o2, Be-lo] FHF
[s) ~ o] 5 o °© 0 j a1 = = ) = F
Tatle 4¢) 1-1oehd A9 @ &S = 40% s Fdd o8 ZuLsedd gHe FHol oF
Y P ?’fv:x}:okﬂ }0,000"]_’61"’:}'5 .‘?——} F Al =3 ojd Aoz AHY Zgngdn AN e BA[21)
Table 4_91 6, 1}91 A% vluA %é}& %%&Zi?l_loooC, 30 N A & Q9w oPd Hutg o] AMLd we o
atm ©]3toll A} 50 kg-wax / mmol-Ti, hr =9 184E& Y& Aol B9tk T 150ccE A7VE A4S BA% BEs 292
=3}
A ok WA vehd A9E gAEEel gaAAA A3 A
A=A g2 Aot
35 354 cc oJFE FUFAE BEE 091 g/ec otz GojAA
Addst ya-1e 33POR AdEge axg 447 op 4@ Eule FEWAl 9% ALEY AL 091
7} Yatel Fe-19) §F& »ﬂﬁr/‘]ﬂ?‘i/‘i 43 Z3%E Table g/ecdl Aoz B, Fig 49 C NMREA oA Table
ol UERRSiTh Hul-19) FFol wE B, AR E L 59 1 27444 9 2& 0%Hg/ecd §F FHAE /AL
AF £ 50 3¢ A £ i oY AIL 57 gl wele] 527, & ¥e-18 100cc F8tol & 091 glec
o) vate $FYY ASole A % Fd-19 &2 o] 228 grs Z@u] Fo Be-1 o] 2~3mol % A
sigte] o3 cgH T AR HAY HHYEE Fol *F T Z3go] gokd At EATES < 5 Aok
Agso] Ay g2 oz AZFAHAA olHF Bl T
5 AAHA Fato g2 Fo FHE Ao 71AE AR F 3.6. B8 ¥A9 24
Agch TEE AY T AT o2 60 ccd) FH-1E Zaod 9 ARA Zogd A BEH BAS
Z0) o] = ¥ 5 - 3 = ” A iz
FUF Aol gx dAE o3, Lo w22 @i Fof & Table 6o YERHAT 31898 #e FeldE
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Table 5. Results of Copolymerization®

Div Buter*lze-l klch‘]:;;v/ Density Mo | MWD Buter}Se—l
| mmoiTi | ¥ %
1 0 164 0.9 3580 48
2 30 210 091 6050 45
3 60 150 091 3370 40
4 80 6.0 0.91 1610 6.6
5 100 100 0.91 1870 59 2.03
6 100 40.0 0.91 3250 6.1 312
7 150 290 091 1020 | 229
Remarks

*1 : Polymerization conditions : Ti = 0.01 mmol/L,
Cocat. 1 = 2 mmol/L, Cocat. 2 = 1 mmol/L, Py, = 20 atm, Pg
= 6 atm, Pow = 26 atm, temp. = 100 C, time = 1 hr

*2 © Amount of comonomer at polymerization

*3 . Butene-1 content in the polymer obtained.

Table 6. Properties of Polyethylene Wax Obtained

ok
i)

Properties Unit Method Se(ul:é)rlso;'l
Mn GPC 3189
MWD GPC 471
Density g/cc ASTM DI1505 0.9
Softening point ' T ASTM E28 12747
ey | o | e |
imy, | oy | Asmuvs | s
DSC ‘ 79

Crystallinity ’ % (
Bulk density J

Remarks

*1: Polymerization conditions :
Cocat. 1 = 2 mmol/L, Cocat. 2
=20 atm, Pp. = 6 atm, P =

g/cc ' ASTM DI18% 0.20

Ti = 0.01 mmol/L,
=1 mmol/L, temp. = 100, P,
26 atm, time = 60 min.

A S2(5F A 98 =4S DSCE BAE A3 A3}
e 121471C, ARE LE: 11459CY 1 8 gz
2325 Vgt dukEel 100% ARAY num Zejodalg
8 IR 294 J/gsh A MmN e i AAges oF 79
%RI, 2H7) WEE 248 AW 020 g/eccn A3 shore},
ol B4l g SEMoz mwe pas A3} Fig. 53
d 0o 553 d8g Jeygd. o)gs o o UL
g0l & AR Zelvis} Lojo) E2-d 84y
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Fig. 4. ®C NMR spectra of polyethylene wax obtained.
(a) high density polyethylene wax(Table 5, div. no. 1)
(b) low density polyethylene wax(Table 5, div. no. 6)

Fig. 5. SEM photographs of polyethylene wax obtained.



Fig. 6. Photograph of spherulites of polyethylene wax obtained.
(magnification : 200, Crystallization conditions : 135 T,
9 hrs).
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Fig. 7. EDS spectra of polyethylene wax obtained.
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