LM £

1933 948 713 ZEelolddle] uokHer 4
NAE ole)2 Zo)&aH5A)E Ziegler-Natta Zvje] 7)
doleke H71AR1 AVIE AX HE X Fols BE &
T 2okl 1197t gradeo] JiLE plastic 279 A4S

o]F3 Urt.

B FAo| A= o]21%F polyolefin % HDPE, LDPE ¥
PP 39 37FA AF 2% 330l #slo Loz uF
[ =

A4 TUlo] =50 &g
o5 7T B4 ¢ Az
Aestath

Sa = 3% 714e 3
Yol thek a5 40

2.2 B

2.1 HDPE = 23

HDPE(High Density Polyethylene) MAtgAe 23}
27, &9, F3F% 2 NeFdugel wEl A o
27k F7g0] o] ot oj8 FA vhrd £9(so-
lution), %&i)(slurry), 7}%(gas phase) F&urS-2H
ol APIAE Yz = et 24 A BAS 7ieks)
A 71g8ltt olF FHo) B SV E 1o 29
&k ?

2.1.1 &3] 25

2.1.1.1 wekEH3  8k27[(stirred-tank heavy diluent)

=

Rk A 9h3-71= HDPE A4t 270 A g 4o
A AA L] EL FAA o)F Ag-slal 9len inert
gl SFES R AT FEEe w7
o] WHads vhgr) Ry Y7k #3712 T AA

5
gk dE MFgelA o] TS wol AMe-sta A

&3] Mitsui, Montedison, HoechstEe] o] 2H& =
a1 9lck.? o] TR ME T g2 FAHo] glu
¥ 9hg7le) Avle 2o wkerle S wat d&
2 g RO} qich ARAEY BAYE REES
&3l FHH Fukgvle vk zA(SE, o4 2 Jga
U FEHA U9 2 WA ZIE rhesiAl "ok Ayt
By e ExE ¥} e AF
22 BAE ¥ 7} Qo A EAAb) o] &¥c), muk
b2 T2 79 iR E inert ©ElrEAEFES A}
B3h=d S EA H4akg @o] 23 9loy} C7o C89
2 RE 27|% 3ith, Heavier S}l ARg9) olge
w2 QoA 24¥ 4= 9o} nEA el Bt o o
Hi Bufe] FAA B2 duArt e gshs wdel 9
ol Yutdoz vt uke-3g-e MDPE Aabo] o]y
ot oA gako]l Be 49 AE UL, agglome-
ration 57} gopr] Azewrt AhEch, FuEas
FE C=7F AMEY C=% 4k} v)Ho) vzl £

o iy

c&_lﬁ_lzi
o o iU

o
=

=
=

Lo

¢

bR
1967 AMgdsy FARE 3
1970  University of Illinois at Cham-
paign-Urbana 4} A}
1973  University of Illinois at Cham-
paign-Urbana B}A}
1967~ SAv R YF 434
1968
1973~ Texas Instruments Inc. Central
1974 Research Center
1974~ Union Carbide Technical Cen-
1979 ter
1979~ Exxon Chemical Co. Baytown
1985 Chemical Technology Center
1985~ #@ashFng THATLT
1990
1990~ A48T 4Es A+
A

Review of Olefin Polymerization Processes

A& 8384 4 (Jae Hwang Byon, Samsung Chemical Technology Center, San 2-6, Moon Ji- -Dong, Yusung-

Ku, Daejeon, Korea 305-380)

DEADEL 7|s Al 4 W 35 19939 64
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B 1L gy g vn

T b 98 F8H |4 89 1% 8
F 7N EA} Phillips Hoechst Stamicarbon Dupornt ucc BASF
Montedision
Dow
Mitsui
Zol A Supported Mg-Supported Ti-Mg-Al TiCl4/VOCI3 Supported Supported
CrA Z-NA AAEA Al(i-Bu)3 CrAl/Ti-MgA Cr
vhg-7] 5 Z(loop) Ak CSTR CSTR Fludized bed Stirred-bed
¥Hg-7] w8 71(CSTR)
£ i-butane n-hexane n-hexane cyclohexane - -
23 25(0) 85~110 80~90 130 140~150 85~100 110
&4 (atm) 30~35 7.8~30 30 80 20~30 35
A F Al ZHhr) 15 20~2.7 0.17 0.08~0.17 3~5 4
HEE(%) 97~98 95~98 95 99
Rt o ] 2R Fa R S Fi Fa
454 MWD % Bimodal A 4t H-MWPE A} 4713 MWD z#do] &0]z &3
MDPE, LLDPE MDPE LLDPE, MDPE A 4}71% LLDPE Q47v%
RN e g 7bE EAEFRE &
U AEAL el 4 H e Egsle Ria-a ghobsl gt
ol g 2ksd 7]
sEaF
o e
Zdurt deo g s wEo Aol ARgE7Vssh}. Mitsui F7HAI7IAL, EAe] B-AlEgg Z7EA17) 7] wiol] whe-&
49 4-methyl-pentene-1& FTFA 2 sl MDPEE ot whggee] HHg Hulo] g4tdth. APHel HY
AL ot o1 9 HH b} Sk o] Reld 27 Zoje FA 2HAR AEEHE 49 9IS WA

U7k e gk o FE TG welz FHsol
Erdhietsl 2200 BoI8) Aol binodsl g2l A
Abo] s S5 B e B

LEAE A &
Bl
2.1.1.2 &= d}=27[(loop reactor) I
F2x 98 9L ZYgA Al 43 gA AR

Hojgt=rl 53] Al 702 A Hyxro F2 wkg F

© & HDPE A|E-L AAsta gtk o] TR0 2 =9g
oA nd= ZEjdgd AFE g 9l =3 LL-
DPE7}A] Aate] 7hs8lch,® Balseast 27K M, /M,
=10~20) F=o]7)ell FEAY 7HF A FAE 4
Al S 9e Aol 7 2 AFolth? Z8) glojA
AFe) MIzde vhe2e s 2HE skt I ule}
o2 g 93~110T2 318 3k & 2571 &8
7P“4 A 277t Fotx] MIZE AR, o] 39 Ho)
ALeA 25 111C(USP 438120) o) A5 BE 107Col
A3 gvle £2 gilto|it isobutaned} e £uj
AR, WS- isobutane &l 49] 4, FVEk
g, ogd g9 FIIgE O FAs A 3
&10}- gk ¥RE MUl A Y] g s e 2o A4S

2

r mlm X rﬂ,
r-{o
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o &5 Ao A o] AL 4.5kg-PE/
g-cat. o], Zofjue} AEF LS 1% molch M 1
Woll ZvitAkRe 1~3 ppmoldtz i vk, whkg.7)
FHEex 43 2717 QA 94311 273%9. A
e0zlE 2 Feglo] o188 + okstar, UA
3}37‘@"1 A2 & e &8y iEi @755“:} =5
BhE719] FAA BAdE wkSde BRI EsfA
%11745401% 30, F7A1738&(space time yield, kg-PE
/hr m®) 2 whgvlel HWA/RY] v), wgleh YzheA)
Sfol A, $2 GUBAS aln AR, Fxar
$719] QASAG= 34 A (process side) o] A §-A 9] A
¥ 3, dH(turbulenece), £33 WzH44E 2123 =}
o] AR B7] wiiol At FHNA 71 Fas
ZUWFE 2% ™ol 0.1TH A z4s]ojor &
oh, Aol M-S 98~99% ol whE 7o Eolrhs
) ofe#ligke] 1~1,5% 7} flare2 discharge ),
2.1.2 ¢} 8% ZH(medium pressure solution pro-
cess)
A AYAoE AT Q= 494 $FL NBAS
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® 37H Fe7t dch

AR, oA vE AT FHEL Fui9)
+ F3lM sy, 120 Ao R {3
A= A-e fEel Hash, (&)

=4, FUTHEDG 1 v ol oA vd
A, 9ede vl SUEe TEAoE
3, w¥Eg-7lol Eofvbe whe-E
(ZHW 72/ The)

A, @Bz AL dETHA FARE &% 2 g
oA Fxsht Rig-He g7 YRS Sl H4
#ot 2ev 4 vhEES 23 SR gt (B9

| 4L E—Q@PAE selgont 7VHEAEY e &
Zof gelA e SojEle} VPEEE e 2E
NE FEEAYC] B L &xoMe nEAY 93
(softening) =11 1 &-2}e] S3=7} Aoks |
& 2% WSl £o) olo) ek, e} foAF A

$ 121Coldol N Zgo] 71sdks] mERte] ¥3i(deg-
radation)El Lxd TEAS &=t o wre W9
2E7A 7hsstth, oleldt W ¥
Ao} FAEFS 2Ao] hsEAl gk, et o 39
7V 2 EEe Sulislge) @ R A Fgef YRt
ol Ethe A At St g fAH e} 343
F7e7) el o] 2 AFS ANY 5
ojth? Wx, MI, BaA, EXBRIz Ao BAL
Z2Azed 4ee FdEe Fge s 3‘-5—;’-3}3’— 2
#HE 72 FHEEEA 2AE =y M) B2 AES
At & dolle £45 AMSl] 23 YA AFF
upshgro] Ex}ko] Frkge ute} SAH T} A F
7Fet7] Wikl MIZ} 0. 5015ke] AE-& Matalr] Hsire
WS TAaAAL she dRe AUL ok o] 3
oA BRFEE zAL SvjzAdulel wexe) WA
2 Z2H& 3hed durdoz B Bl F2 AN
Aol Hetaith, w2 BAES 2 e BASEES A
F& T vbA2 dACA monomers] FEE SV} AlA
FoEA Fojit), FEL ZullAl g E3E Hol
g A olAE AFL colorel FIe FE W9
Zoj At 013"76’4]*1 EAY oS dFHQ] o)t ”
2ol AZeNME AEL colord] A7} glov) BE
AFAA ZA7F Holgrh, 2 FEL SulRALE A
Ast7] fste] &4 SFuuE AMEElD o

213 2|14 g 33

714 f%% vks-71= HDPE(high density polyeth-
lene) Az} WAl AHEHE A 9 shiz UL g}
o]=(Union Carbide, UCC)$} BASF, BP(British Pet-
roleum), Amoco 5 g]E|AlollA AEABIL ¢ oo EF

UCCAFe] % o 2052 o] Sofol @i Aratolst

1:
O_u

=]
T

& Apste] FRY,

N

h
i

O::
z,
e o
_‘
'z
o

DA oEn 7| A48 335 19939 6¥

T 196840] Heo® THES e stic). 2

UCColl M+ Eletwd i%«] TR EWE AMgE
ok djFEe LLDPE #E 2 A&A¥(injection mol-
ding), HDPE A Z(MI7} 40]) dibelli= Blehy £ 2,
HDPES] ¢4 (blow molding, MIZ} 0.1 o}3h) A&
A= AEEWE AMRFY.

AF A=e gl FYEs Fase gof s =
A, FdEAEs Zegd, 21, 4-vgHe-],
HA-15F ola, AFe Mle FYUSE oo 243
th 2 o530 UCC FHIA 27} 0.9640] 1, MIv}
8.0%1 HDPEE 4343taizl & wolji= whs-7i9ke] 7]3) =
AL olgdl 67.57 mol%, 44 10.42mol%, g 7.56
mol%, A4 12,44 mol% o]t}, ¥hE7)e] 2L T A
F9 Sm(FdEA e bl ule} kA, g o
o] WolAH U= 7+4%a, YA B (particle aggro-
meration) o] WABhE &= Wolzlc), wehA Wx7l 0,
918 g/em®el AE A2A] FHLEQl 90T zo,;sh
HE7) gEe A HE st Aok A
3} F#F(minimum fluidization flow rate, Gmf)& 7]11].4
24, 939 727] € dxd o3 BAEY, 2YeFe
Gmfe] 4~69f=2 g}, =5 ¥hg7]e) wkggdd 37+ L
/DH|Z 4o]m, FTAIZFES
hr-ft®e] o},

UCC 34N AE2vls RAEE/ Qe T4
o AMgEH, EletgEmold 2EEm g vt o
2477 o) o] A},

o] AEEuoiA EletEdvlz AT A9ole
Fol23E A& AANR EEeElEEME F9lsly "]’5}
ket o 9AIZE AR ZAd,

3kH BASFolAM = UCCAleb= 9] stirred-bed reac-
torg ARESl=d UCCY 24 2Pt 52 o5, ¢y
(500 psig, 100~110C) o2 & o}, == At
HAE o]&F Z& SARI=(CrO Al FulE A}g-3ic

FAQ) oldA2 uker]o W REow By F
o 0.1ft/seco] =8 =2 WwtEg FHFCE vEkgol
g vhg-7)e] AR E Wit SsEe ddde
1500 psig, 32TCollM S-%3le] WHe7|2 AE Yt AL
g, 10

2.2 LDPE £ & Process

LDPE(Low Density Polyethylene) &3 ZA2 4
3= peroxide 52| XA Ee] GEsol 2)& HAH free
radical & ©]-835}] ethyleneS 3= 1231g TAHO
2, benzene B E& 3 solutlon =28 rE &7
ethylene 78 AMESh= bulk £ 58 &3t} 0|83t
% 2= ethylene} polyethyleneol supercritical
fluid7} 5o] FY3E FA3h o] 2o whe} pol-

(space time yield)+ 81b/
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ymer$} ethylene?] A%e)7} o]2olzch 2 me wgte)
LDPE 3#& %& whgHd(25, 88 kcal/mol) 3} Zito]| 7}
7he- WE kg £ w2 A& FAAAMT Aitel e
3kt

221 St 38 3

LDPE g3 9] 71& 742 38 194 B upe} o]
2ele 54 A, 58 9 ¢ 2949 A% PR
TA=e] itk w719 FF ¥ 1,500~3, 000 atm
© 2] primary compressor?t hyper compressorE ©]-&
gk 2vA| 9] & HA-L AR ¥hg719) ethylened] 8
AFEL 15~30%0]3, ghg7]olA f&H e EFE
- high pressure separator(HPS) 2} low pressure sepa-
rator(LPS) & o] 43 2049} 7t A4S AXHA 47
o} njuke-8 ethyleneo 2 BE¥th ¥ FAE ext-
ruder® AX AZ oz &35 vyrg- ethylene e 24z}
high pressure recycle(HPR)Z} low pressure recycle
(LPR) & AA wg7le] Afddct. 42 4 Fa%
FEE WAE FH ve719] 8 2312 1,500~3,000
atm® 180~350T =2, E 20 IAZ JH9 ¥iSo] &
Aol oygth? 23 ukerlolA W £RE W &
2o AF A A FUFS WA oEAN 2
o) 713l o|wf A3 W32 cooling jacket ¥ A=
Z9]5)= ethylened] e feed L5 E 0] 83} A A=
& AAEo] rh

ol9} e ¥t TA 9 7B AL 19399 ICIVT A
o2 2P o2 LDPEE A3k o]i® dA7x 24 W
HA gokx, FA 7Iee HHe 7 RE¥E 58S
A7 e BFo g olRA ft. v EAHE HHE
23} Bop= $F WheY) FokEA 83 w-e-d A A%}
e &5 2 23S @5 AdEo] o HIde
33 24 Ao SHo & M v)Se] TR
AR LD FF vhEUIEe ¥Fel= ZA tubular
reactor®} autoclave reactor2 o] i1, autoclave
reactors= t}A] single zone reactor$} multi-zone reactor
2 TR goi(3g 2). ol wkgrle) o] ©E o]
&= backmixing®] HEolul, oli= E 30| AT nhe} o]
38 A 2 AF9] A4S A

O 0% oft do

rE

)

o2

HRP

l _— |
Prim Hyper Reactor [—{ HPS —{LPS
Comp. Comp.

2% 1.LDPE & ¢ 2%

182

¥ 2. LDPE 3% ¥+ 3=

- Abdeol o7 A whg
O;+M— Ry
- WA Al of g AL k-
I—20
M+®-—R;
EE we
RetM—>Rpi (DD
SRR
Rn"'Rm_)PnXm
Ry +Ry—> Py +Py
L4 ol W
R+S—P+Ri (DD 234
Ry+M— Py +Ry (w1 SFA
Ryt+Pn—>Py+Rn  (n,m)l) L&A
- Short chain branching

(n,m)1) combination termination
(n, m)1) disproportionation termination

R,—> Ry’ (m1)
+ B-scission
R,— P+ @ (m1)

1 — 1
—
Y ]

(a) Tubular reactor

| 3

1y B

(c) Autoclave reactor
(Multi-zone reactor)

(b) Autoclave reactor
(Single zone reactor)

0% 2. LDPE 58 987

2.2.2 Tubular Bt27|
Tubular ¥+8-71 73-9-oll&= backmixinge] A3d g7 =
ol ¥h37] Zolo| wl 2= 9 EHe E¥It gE
et grEle whe 7] olo] wel 2asht 2R enE
=1

m
rlo
lo
H
o
i
it
oX.
rlo
M
_);L
o
= Mo
W
ojft
2
o
o
1 o
oX,
2
2o ot R 2

Hol gt e w3
At 832 10~13 vHE/d o1 Hu tube WH L 2.5~
3incholt}, Tubular ¥+&-7]9] ¢ licensors-< BASF,
Ato Chimie, ANIC, Imhausen International, VEB %
o2 7 BHEY 54 L AFY B4 Fo $EE E

N
i
of
ﬂ?
oL
ofk
o
fu
g, A
2
N,
oft
B
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4o JERAZ .

2.2.3 Autoclave BIZ7|

Autoclave ¥He-71= EL backmixing g -FAFo 2N
U L= B¥ AejoA wg7] o] 7iestka, vhg
71 98 FAA Foe 2N £ $F 4EHE A4 F UES
A0 h?® weta wigdel thrEe ethylene
feed®] 255 50CHER WA FAIgo2A AA€H
Autoclave WH&7164] Aibe e £R)e] 2448 T8 34014
B vlel o] wkg7] WjolAe] backmixing patternoi]
2)3le] tubular ¥Hg-710 4 2k= A3 )2 long chain bra-
nching(LCB) 7%& ztAl®h % o)ejg LCBY 723
ztele W, MI F9 A9 E40) 43S Frh. Mole-
cular weight distribution(MWD) % ¥h2-7]¢] mixing &
el ofa] JEe wom, uwpebA vh37] Fejol ule} A
Fo 9 £x% ZEXA FH(E 3). Autoclave ¥HE
719] &9 A4 fEE Ao 97 109HE<]Y single-zone
reactor®] 799l L/D(length/diameter) 7} 2~4 AE 2
2 Ao 91, multi-zone reactors] 7o) L/D
7} 15~20 JE2A] zone vith T 25F th=d 38

4 QA A=Y Ath? Autoclave WHE7)E o]83H=
MA F8 LDPE ¥4 licensor£2 ICI, Du Pont, Gulf,
CdF, USI 522X 7t 3459 34 B4 2L AFEY &
Az F8 $52 E 59 Jehidch

2.2.4 7H4t qiEk

LDPE ¥4 71&¢} %32 mixing £4°] ©& autoc-
laves} tubular ¥Hg-719] SHAIE FEE7] 93t 2714
WEo g F3slo] gt 1 shis 271 olde Wl
A% e HER A3 T /MAA 2 ethyleneg £
b Rk WS it 34 oA £ &= BXE
MAske wraelw, % oa shl= autoclave ¥HE-7]9)
kel g AR|ate BEg- F3HE ¥-2l8Rs multi-zone reac-

—————

(a) LCB from autoclave reacror (b) LCB from tubular reactor

213 3. LDPE 3§ w87l m& LCBY 72

H 3937 ¥ 0& ¥ 2 B4 54
Tubular ¥-& 7] Autoclave ¥}H-$ 7]
« Mixing no backmixing perfect backmixing
(plug flow pattern) (uniform distribution)
e 3% 24
- 9 2,500~3,000 atm 1,500 atm ©] 3}
-2 = 180~350C 220~260T
- 20~30% 15~20%
o #R9 BEAY 54
— Branching wider distribution large amount of LCB
—LCB &) comb-shaped branching busy branching
A9 7E EA
-3 A = tear rdsistance
7HEA ESCR*
impact strength
o TR F &5 packing film 3}& coating
*ESCR : Environmental Stress Cracking Resistance(\}-3- 87 g A)
¥ 4. 592 LDPE tubular 3% licensorS# 33 54
BASF Ato Chimie ANIC Imhausen VEB
Z5z4 ~3200 1200~2600 2000~-2700 1500~ 3000 1500~3000
2+ = (atm) ~340 - — 150~335 100~350
£ T=2(T) 25~30 21% 017 24~27 18~36 -
7R A] A Oxygen Oxygen Peroxide/Oxygen Oxygen -
FA A
MI(g/10min) 0.2~30 0.2~20 02~10 0.2~70 0.2~50
2 5 (g/em?) 0.917~0.930 0.918~0.925 0.920~0.925 0.915~0.935 0.916~-0.930
Grade 3 1.* F 1.* High film grade EVA(VA 30%) EVA MI=0.20]%
dinsity= 0.92~0.95
Al g 19423 196413 19703 - -

*H 1. Film, wire, cable, blow molding, injection molding, extrusion coating, pipe extrusion(filmo] 3 grade%)

DEXoHEtn) & A4 35 19939 69
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tor(MZR) 5¢] ¥ 37].4 mixing £/4-& NA3hk=
oh% B3] MZRe A we7]e] 54 2 FX)9)
48 tubular ¥H&-7]$} autoclave ¥-2-7]2] mixing
A5E FIE .‘F'.?JE}. olyd 4 Ve dHe
mel ttEA 87 FA 9 B & %ol 93] Zpo]
k. S Sold el 2% olze) sl AFS)
WA Kb carryout bagol] G B4l 24 S Fol g,
o] k9] 7ol = cellophane ] thA|E BEHo g 4=x]o] 31
FaAdel i) £3E& gt f

el LDPE A4t @42 19730 §4F 518to] Dow
Chemical 2%-E autoclave 34 7% 134 o)) H7],

i

ﬁ i ‘“L oEz
18 ox OF oot
= g8

N
-

o

Q2.
== 4n

¥ 5. 52 LDPE autoclave #73 licensors % 3 54

A4, &l So] tubular 2 autoclave FAHL T8

3 7hs Foli, WE AkYo] 1993 2o IS 43

g oz o] Fule A= & 8 line] A4+ dujofAd 93,1
=/d AN HEE 77%—’1‘*4— itk = LDPE AJAE9]
= B3 34 78 wet E 6o eI

&

Du Pont Gulf Oil CdF Chimie
gz
et 9 800~ 1500 atm 1,000~1,300 atm 1,500~2,000 atm
2 = 200C 150~250C 150~335C
Agg 10~20% 10~20% Hi 18%
7H A A peroxides peroxide/Z catalyst
FA B4
MI (g/10 min) 0.2~100 02~70
9% (g/cm?) 0.915~0.933 0.915~0.935
Grade Rotational molding, bottle, tubing, Film(EA, EAA) Film, wire & cable, blow mol-
injection molding, extrusion mol- ding injection molding, extrusion
ding, film, pipe, wire & cable coating, pipe, extrusion & powder
A7 E 19434 196913 19653
E 6. LDPE ¥4 5} =¢] &%
A s A | & % 2 g | 9 71| 4 48 2l
F A Autoclave Tubular Autoclave Tubular Tubular
Licensor Dow Chemicla Dow Chemical CdF MPCL BASF
7le £ A171 1973 1979 1990+ 199144 19914
% A3 s o4 G o 4 o Ak
line 2 2 1 1 1
line 3 &% 30,000 120,000 120,000 92.000% 100,000%
F 8% 60,000= 240,000 120,000 92,000 100,000
gz
7R A A Peroxide Oxygen Peroxide/Z-N Z v} Oy/Peroxide Oxygen
& & (kg/cm?) 1,000~ 1,600 2,200 1,000~ 1,600 2,800 3,000
£+ =0 200~280 290~305 200~800 250~340 250~315
AL (%) 16~18 18 23~28 20~30
w27l W d 2 zone autoclave 1 tube 4 zone atutoclave 3 tube 23 3 tube &
48 3¢ 3 point & 2F5+9] 2% B8 7Y 4 point E4F9 [ 1,2 ¥hg7l BAEA 11,2 Bkg7] BAFg
AAA FY ” 3 ” Z} jbg-7) BAE9 ”
B A
MI 04~-0.6 0.3~6.0 — 0.3~20 0.25~-36
Density 0.915~0.939 0.919~0.921 - 0.920~0.925 0.918~0.928
Copolymer EVA(5~15%) EVA(5~15%) - EVA(15%) EVA(15%)
T8 &5
QF& coating &, film&, YT, FZ coating -, filmg, WEL, fiimg, Y¥&,
g, RS FEELEL, NEY PR oy FEEYE,
TEAEE FTEHYEE 3984
184 Polymer Science and Technology Vol. 4, No. 3, June 1993



S "¢l (Isotactic Polypropylene, IPP)& $HAd3t=t] 42
§ o]F 1957dd) HE= Italyo] MontecatiniAl7} Zieg-
ler-Natta Zo)E AM-3he 2HEE T, o)F
Ao ME HA SUiE FgslEs 2 FHE0 A
Hof skoh. 2% 3097 Eyjzeg(ols} PPt A3
I = Z2]oigl(o|st HDPEaL H3h o vls) A2
s ﬂ%é o]x}-7l-§_ 7]-A-] 9 q]—w—g)ﬂ 9531 AL
I glem S slEEAd g WEaAdo] o)
ol B8 Eoka Aol $23 FYAEY 2AE
A 23 87), FoldRA, 9&7)7], A4, B4 L Az}
7] 1%% & Fopl M da AHsn ek 3
P= MAAIH o= oF 8070¢] 3JA}7}F 10005} ton/yre)

2 )I:i k1 rlo

o N

A EZ Asia 9ok

PP T 5 o) A /Med ol oF 304
ol Ak Az 71629 HMEH Seje)ley, Wae
4, 713EEEA Sog Az Wyl tsl Hol Qm,
TEF TAHNMNE 238 A, TAHYPP(o|5} APPein
A AA FHo T A 14 FHNA o] F BHo]
25 AE A 30 371X 5431 Anjrte] Saig)
= AFEC] AAE L Yok

3.1 &£88| 25

éaial L sl solide] BE7} FolA whg

58 2ds] 43 AAFHQ FHo s AL

%ﬂls}ﬂﬂ 3 8l B5A] PEEE go] I3 IPP7}

dH5ES BA5t 5u) W43 PVC, LDPE th&9] Bol A7) Wi W3 2o NYFRITHN AW ¢
FAG] Hol a2 FHE A FHAYS 24 AE oY 27IFANZL vid Ho g AEe) A
B 933747 oF 2009 ton/yr FAAGLR Bl Q] W AP} 5o Balol Uk, BA) 2eBAS AWk Y=
T8 oF 20%71 F71E Aol FUME 19724 713} 2. 2= Mitsubishi, Hoechst, Exxon, Hercules o]
HeR3t7t 35 ton/yr FEE AL AL JAIE o)) Ao ol 7|gEe T4 B A ashE o
FEE 94e ALt 1992901 % 1509 tons] A4 &9} g}, 568
B 7 53 Edzegd 3 339 vn PE
Himont Union Carbide
i N . I
& A Mitsui Toatsu Mitsui Petrochem. BASF (SPHERIPOL) (UNIPOL) Solvay
¥4 e @ 54 Liquid Phase Liquid Phase Bulk Gas Phase Liquid Phase Gas Phase Liquid Phase
Non-Solvent Slurry & Gas Phase | Stirred bed Bulk Slurry Fludized Bulk Sturry
= 1 SAC(Modified T-Cat(2nd Ti-Mg HY-YS Catalyst SHAC Catalyst TiCls
TiClg) HY-HS Cat)
o) | dAFAA >95% 98~99% 95~99% >97% 9%6~99% 98%
T & | 700(kg-PP/g-Ti) 1000(kg-PP/g 8(kg-PP/g 15(kg-PP/g Zul}) 500(kg-PP/g-Ti) 3(kg-PP/g
Aol g 4) -Z ) TiClp)
T F| 2+x(0) 50~80 70~80 70~75 40~70 60~65
4=
(KG/em?) 15~35 10~38 272 30~31 35 40
u}-2-7) CSTR & 1st RX : Stirred 1st RX : Loop & +5% uter) Loop &
3 Type Rainbow 3
2nd RX : bed ¥-3-7) 2nd RX :
FrEFHS) fFrEENE
Comonomer Ethylene Ethylene Ethylene Ethylene Ethylene Ethylene
Solvent N.A. None None None None Hexane
4| Polymer¥ = 2) Deactivation. Drying No Drying Drying Pelletizing Drying
Drying Pelletizing
kA A A Good Good Moderate Good Moderate Good
Pro-
d;‘; £EE4 | MI:05~15 MFR : 0.5~50 MI:05~1500 | MFR:0.1~400 | MI: 08~36
% ¥ | Homon Random, | Homon Random, Homon Ran- | Homon Random, | Homon Random, |Homon Random,
Block & & Block 5 & dom, Block % Block Block 5 Block 5 %
24 T/ 21 &% TBEF 63 T+ 2 FF
=WHYA Licensing | Z¢4#358 HZE3e, FE, TGAH, A R
RS TFHd e A

AZXED 7)E A4 335 19934 69
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Mitsubishi Petrochemical-&- 1968134l YOKKAICHI<]
WAE 3. 59HE TEE 3 RS AJAE o)) 19780l =
Zul ZAL AA FAo| Wagle 18 EFWE MLl
Kashimao]l @4} 69+ 7529 348 #%len, Mitsubi-
shi Petrochemical®] 34-& A& F2| gely, ¢F9)%F,
HA9] FE Zo]7] 98] sodium butylate 3-& hydro-
xide €402 V-8 Ajsh= 34, v Al 23
Aol Wahe AL 7ZAAF17] 93t aluminum alkoxide
2 AEFS Agse 34, FY 848 ZVHRI7) 98
ZujE 259 4, ZEHPO R HAXshs TH, 9
g2 §efo] 5~40% < ZEYHE A4kslr) 93 284
% o2 TFAE Uk

Hoechst 33L& diluent-&2|2] 3RO Zuf HAF
A, Fre-(55~65C, °F 10719H 34, &) 33,
7L FRFE ) MAE FE3h= 34, B93F,
hydrocarbon&i & #8, F#Ash= ¥4, AL A=
3He d3o = FAFo] glom o] IR YUY E oF 1,
04 kg-monomer/kg-PPo]t},

Exxon FA& stirred tank, fluid-bed Z-& pipe ¥+g
7% AHE3HE two-stage TEE THOEX T3 LxE
Z74317] 948t Fd¥zHevaporate cooling) P& A
2313 reflux spraying W&oz wher) W Zgvs}
e A& 22713 ok w2 E=egad 23t
Hol e &mE Qlof7] 918l steam injectiond} recir-
culation 4)& AL2-511 extruder YoA] Zalvje Az}
AlAX AFS] FE54E HEAI)E o] B4t

Hercules F42 diluent-£3a &322 50~100
T, 5~30C 71ty B3-S A7 F 20 BaA7]
2, Zu) FRALE FEsla, AR g8 FH ¢
Zte} diluentE £2)A17) F ARAI 1 SHPAE BYstn
Al FH oz FAH] Utk

.23 24

HIFAH L Gl E AMEER] ol A3} 2umE FAE
W2 A3 o224 productle] Hele] =y £
w7 HolA £ulg] FH 713EHE 9 HE 9A)
TEEo] Hojum &8l IR KAt B4,
7NAFR Adeo] Fasith A2 Hagye 1yl Evs
AHS3R= 3o 24 Sumitomo, Phillips Petroleum,
Dart, Solvay, Montedison/Mitsui, Mitsui Toatsu -]
A3t glom, uiry-o & THo) BgTile B
B8 40~50% 2 FA5k= dhH o] 3.2 85~95
%E HAgL o] FHY AHe wgr)e] space-time
yield7} gobA] Eule] 828 2t A7to] ¥iztsn =
WS 21, gk ghgge) e e g 7hae
T e Aol ldh. BasgeAL sty Y= 1Y
ol @8 EsA 208 et 2.

g

¢

186

Sumitomo ¥R ZE2 AZE 0] U+ 6719 F7 vt
718 AMgehe AA Z2dd Wa Feeges Hol
Row, Fajo} wen], 47} ST SO s F9H
A WESEte] ThE £0 2 WEE el B FAIRS ¢
3.54%te] A adt)h FHEEYE FANLIET 2o
FHY A o) Aol oF 10% M vk %
o] gith

Phillips Petroleum 342 W3 £33 CE loop
Fel9] W-57)12 A183t}, Phillips 3R] 9J&tH &4
Riewol 34 Ry} 9hE712 Bol7bd we-g §F,
W52 columndlA] #E|Ho] AREE 49 By}
oA FAE BEFE & 2evjs o] ukgr) 2 29150
S22 ZE|Wrl Uk vz AlE viRe dAE £Y
g4,

Dart #3-2 A% £88) 34024 Zev 53¢ 34,
ZW 2R Zu) A1k APPE AAsh= Zev] A
4, EHE Axstn HAAE Astn HAs, &
& A% SHHE nhRel 339 A FYow =
= 4 vk Dart FA9] nla] T2 Mitsui/Montedi-
son, Solvay, BASF &A% FYslth, Darte] 39A &
T 3L A4 Zugd &g 3REYy 3 TH,
g& 34 fulE ARk AEY TS gAE T
A1 5709 ribbon blender ¥HS-7]2 FAE6] glo
o ribbon blender ¥+3-7)= Ay Lo wyz A3},

1974\ Solvay= 71&9] Zujut} 457} 4~549) o]
Foln Zejee] &ef %A} gE-0] 15~20 ppmel 18
A TiCly i Mastych I Solvay 249 <J&}4 po-
wder, fluff, flake thAle] =} =717} 23 bulk den-
sity7F 22 THe] YGRS 96% ©14Fo] 250u o]4to]
™ bulk density= 0.48 g/cm®) 7} A g 78 a2
HAstA)d dart gich Solvay £3 24 A =21
Ag AHEshe 88l FZ8 wherad FREgne 3
ZWE A7 Yidske FAY AL gRles TAEY
Ro sEH T3 vkS-71% parallel double loop 3
Hlojx ZEe)M F3 w-&-7|= parallel double loop ¥HS-
719} single loop ¥h3-7]2 o} gich. Solvay F4-& Zni
Az 34, 5229 F3 34, 2TAH 2 A,

2xr 35 $, vhte] 349 570 3o o]foR

o

Mitsui-Montedison 332 719 A2 HaLela
HogH & lineL RZe|Wyt A28l & lined
Zolvl9} ZHE FAlo] AASHAG Holglth o
2 FH 2 AAE F4 TR, AR HE @ [F
, Z=w, APPo} 314 &rf 3 34, &0 Az &
g2 FEo] 9o, oF WAEY Azl ¢ AF B
BASF -#33# U3t} Mitsui-Montedison A 2]

H

off of fob o
oxl ox F1 oX

M1 o
o lo
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3 3L hydrocarbon diluent$} &uj& Y= suk vk
7l Z2gdlo] Al&Ho R FYHHEA o]FoAT) ¥l
ol e FHEL UA vk Bemy) AAE £ F
Amvt M2 Fejsle 1zAIZ] 3 dds) 33, atactic
Z2oio} Sule Fhe] ALHQ FH2 Bj4A7Ich B
20

33 J|d=eEH

714E3F AL 1962d BASFo) 9]8] 502 siws
o w371 Hejof ulel fluid bed, vertical stirred
bed, horizontal stirred bed9] ez HFHr}, Fluidi-
zed bed process+ Union Carbide, BP Chemicals, UCC
& Shell Oil, Mitsui Petrochemical & HimontoA] z)=d
sk glom 7|Ee], AT Al BlE 75% o)3tY] energy
5 AMgoE A3 o] gdo). Vertical stirrd bed process
BASF, El Pasor} Aleislx ¢Jom, horizontal stirred
bed processi= Amoco7} ARl Q). 7AERER L
F7o] 7hedsted Aulu)zt A 1A FA e B8] 40%, A)
2Alt] FAe )3l 10~20% Ax A" w§ 2o
2 energy?] Yo7} A7HEH product7}t thFsihs A
dol ldk &, 71EREAe Zaddls} 7HE comono-
mer2he] FFHA] comonomer?] -S& o] WAEE
A 7173142 ZF monomer %%¢] AY3 controlo]
olf-rg AFWe] comonomer FF FHo| o)HTh=
@l Atk 7AFHTAS AEL Qs 719E) H)
reFalA 2fshE ohea g, 13141516

&9 Chisso ¥ 3] tighfalol A58 Amoco &
A< horizontal, compartmented, stirred-bed ¥he-7]
systemo]™ horizontal stirred-bed ¥+g-719] AR Z4
e e Y ZEt glol ey ¢ A u
E T AE Ao SHoltt.

ICI= Montedison 7143 BASF 7148 7122 390
H ICT 332 714 2% TAH o2 5umeoldle] titanium
halide ] Fwi& AMg-She] Ricv]e] &2 R} 0,5~3,
5Col el &xo)A E8HEe ATAA 100~500umAlole] PP
AFg THET,

Shell FAole H55 W7 714 58 74, 954
B zrZed B 3, F A2 2, Y A
&3 o] AUtk

E-3] Mitsui PP ¢ 342 7|28 0 2 o]eiz] Monte-
disonAke} 71&-& /NEkdt 7o 2 Montedison/Mitsui 23
L82% 4HA HAFHIETFRHLE ol 70d
Zuke] A 1A SEe) TR vlasle] a2 4%,
Aakelgo] 53% Ax AZE A 34 A7]eFe] dhto)
o}, Mitsui 4588 o] 7|&g £ o] /A3 Hy-
pol Process = Mitsui 11.f-9] 7)&-8 /st on, o
719 53L& o GEAE sk 3PS 248

olo oo of\

OEX s Il A4 A 35 19933 649

st iEAQ ouix] e 2waEs, Zuje] 4o] uf
% %o} APP9] AA7F daglal, impact gradeE 47
AR 4 der, dYd FEe -l ale 49
grade 7to] go]g A4S six1 gloh, B2

4. 2 B

ol =99 HDPE, LDPE, PP £% ¥#4& 34
o= 7t 4L vluwsle Bglrl, LDPEY A4+ o137}
2l 14 A I FHE o|F o AAHA FAHS
E oo ure g Qg AR Fapu), &3 Al oz
sl HA} 2 o] 8-&o] el A= o] Hojxrtal =
Aol Ao}, TEu o}F Fuldle Y4 EE AFo]
Ze 54 o0 dEd ol e 3 A 2 3
71& Jidol M= gl

HDPE/PP % 34L& &uly My UHS #AS
AL Qo] Zufjo] A F3to] T THY vE $9E
AR 4 vl Qluk, L F9ke Ziegler-Natta Zvjjo] 7§
o] I FHE o]Fo] o}, o] ZMEL Aol uE
BAREC] Ao A7) PR A BES) o= Bx ¢
< Zlo] gdstn &gt F-alo] We low polymers 913k
T4 trouble A7 o]2 Q8] TRA FF FA
deol Aok Zo] BATH o2 &) F 2l Zrls multi-
site Zuj = EQc)). e} A2 pl=9) EXXON, 929
ujzo] 5§ FAHOR sl AdstEy] Alatsla gle
single site Fujolle ZE &4do] FUslug mi§ Fo
BAF £X(M/M, =2)& 713 58] 74T polymerE
BE 7 Ue T 548 M dEAE] Fu)7) Zirco-
nium Metallocene &vjjo]n] & 10dZE FTo o]zst
FuE 7o 2 3= 2F F4 o] PEE ¥ &3 polyolefin
B ohl2} PSEe] A 2] £F Bols 5 Ao
7tk

iy
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