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A Study on the Controlled Rheology Polypropylene
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Abstract : The controlled rheology products(CR products) were obtained from the degrad-
ation reaction of normal polypropylene resin(blow molding grade) with mixing of organic
peroxide in the extruder. Molecular weight distribution and rheological, mechanical and
optical properties of CR products were measured according to the peroxide content. Poly-
dispersity index of CR products were decreased from 8.2 to 4 with the increasing the per-
oxide content. And, from the relationship of melt flow rate and intrinsic viscosity, it show
that degradation was occured more effective at higher molecular weight portion than the
lower molecular portion, The shear stress of CR products was higher than the normal
polypropylene which has simillar melt flow rate at low shear rate region, but reverse pattern
was showed at high shear rate, High transparency film could be obtained from the contro-
lled rheology of polypropylene with the peroxide mixing, without the loss of stereoregularity,
crystallinity, melt flow properties and mechanical properties such as tensile strength and

elongation.
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18§14} polyolefinf-¢] L EAX) = A A 0]
B2 A Uil A31aHE, i free-radical 3 4 A A ol
oA AL 7t dojrini, ol § A3huk-gol
oa) A B xpee] A3tel g EAFE LI Fol
the Aol oA RE FeiA g’

BEA72Y 33548 e Ee 22 9d 2 Eo
U EE AT &M AA o ey
g FA s, olei g Fel Hoid g
o] ¥k8-© 2 peroxideE A X Eajdch EelZz2Y
A4 2 2hr) g auk-g-7] 7ol o 3 A = Beachel
7} Beck*, Tsuchiya$} Sumi® 5 o8] s2E
ola) A= o] gtok 2y ohE SHAA T
e Felza2gA e gt d
Ho] F471 ddH = H¥go e A3t Ay,
249 dax sy shaol o Aste Ao
dojutA) getdt, WA FH 9} S dawg
o g B At EFel L2 PR 9 g7
=S8 E, QA8 2 A3 A F A5y
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of polymer-radical & & Al &}7] W&o Tz
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o ZZz2dd Az o] & gt} 17
U oA 7x) {71338 E S o] 835t EElER
"o EAF 2 ExFg £X Aojg o] 44
o] BAo) 3t A7t 53 AAolh

upehA] B Q7o Zel =2 Aol dukEQ)
ARA 5 HMA el {IIRIHES HHS
% extrudertfoll A ASAIA BRI L EAHF X
£ Alolata FgH oz EApFgo] Alojx o] Azd
2oz B 2 A% £, % 5
A, NAH 3, 2R 8%, 38 42 F& vl
e

AlEHZE

5%9] ¢4% F Z2HIFA(S DA R/(F))
of ZlZuitoz dAFF AFAME HH ol
HAEolE A3l 88/ E5A BANRE
A &3] 2.1, controlled rheology <+X](°] 3} CR

Zolgl A+ FA4EF B—110(Blow-molding -

grade) Al 5ol I g3t {7 HASES H7Heto
Az 38 tH( Table 1).

AAE A ZA A Z A= calcium stearate
(Nippon oiliit, Ca(C;Hz0,).), BHT(Yoshitomi
jit. 3.5-di-t-butyl-4-hydroxy toluene), Irganox
1076(Ciba Geigyijit, n-Octadecyl-(4-hydroxy-
3,5-di-t-butyl phenyl) propionate)& Al-&3%
A, &4 PP 1000g9} calcium stearate 1.0g, BHT
1.5g, Irganox 1076 1.0g< 71Euito2 3 71sld
A B8AZA 438 A A

CREZ AZA #7938 24 = per-Kadox-14
(Kayaku Nouryijit, 1.4-bis-(t-butyl peroxy iso-
propyl) benzene)E B-110 F4EF A& 1000g3
0.10goN A 0.357kA] H7tsted 2+ Hobgd H=
Henschel mixert}j ol A 10 7t £33t )& pelletiz
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Table 1. Melt Properties, Mechanical Properties and Molecular Weigt Distribution of Pure and Controlled

PP
Perkodox Average
. —14 Molecular Weight
Classification &/ 10008) [MFR] [7] *n Tiw MWD [ov] [e] Remark
(x10°) (X10°)
B-110 - 0.90 2.55 - - - — —  Blow Molding grade
FO-120 - 1.55 2.25 - - - - — Bopp grade
Vergin  Y-130 - 42 1.89 - - - — —  Flate Yarn grade
J-150 - 85 1.67 — - - — —  Injection Molding grade
FR-160 - 15.4 1.51 - - - - —  Fibre grade
B-110A - 1.0 242 0.47 3.85 8.2 322 640 Stabilizer, added
FO-120A - 1.8 2.16 0.43 384 8.8 345 520
Normal Y-130A - 44 L.79 0.34 2.79 8.1 341 540
J-150A - 8.0 1.66 0.25 2.60 10.1 348 540
FR-160A - 14.8 1.46 0.20 2.10 10.6 340 540

B-110B 0.10 22 . 197 0.55
B-110C 0.15 3.0 1.83 0.47
Controlled B-110D 0.20 41 172 0.47
B-110E 0.25 54 157 043
B-110F 0.30 78 1.50 0.44
B-110G 0.35 104 137 0.44

326 59 322 620
268 57 322 640
244 52 321 660
222 51 310 610
201 46 304 610
182 42 304 600

[MFR] : melt flow index(g/ 10min). [#] :
[o,]:yield strength(kg / cm?) [&]:elongation( %)

ero] & APSFAATY. 7}, B E Al
tetraline, heptane 2 trichlorobenzene %-& 5+
Al k& ALG-EHATH

MFR, [7], ¥ EERSS54E3Y

Melt flow rate(MFR)2] =3 & melt indexer
& A3k 230, 2,160g3H5 SHASTM D123
8)oll A AP ow, THHE([7])= Autovis-
cometer (Sinkawajit. model AVS-1)& A}8-3}<
135ColA 24384t ojd M =4 BHT 0
3%E H713 tetralined AM83A

28842 E4Y2 InstronAle] Capillary Rhe-
ometer(model 3211) & A}-8-3}<] shear rate 1 3}¢]

£ shear stress & A 3l ZA}slQ o0, 2H &
¥ 3= 2307, capillary 9] diameter+ 0.03inch, length
£ linch(L /D 33.3) 8 AF&319ch

2| #13¢ #1035 19893 129

intrinsic viscosity (dl/g)

BAE 9 EA3 x| £

Expe D Bxpa 2 ¥ o] 2742 Gel Permeation
Chromatography ( Watersiit. Model 150C) & A} &
3o 3519 0.5 23 2% 135T ol A mobile phase
2= trichloro benzene& A}&-3l%it} dolA ch-
romatograph2 R €] %7 £23(Mn), 2%
@ EA%My) 2 MWD(My / M,) & F3HiTh

oIE 2tz ol &3

A Bxe] FAHL UA A&7 E o} 43o
=7 2mm 2] Sheet& | &3} t}& gear ovenu] o
A] annealing(50C-20A]13t, 23C-60 %& 5 -244]
Z+) A1Z2) ¥ Universal Testing machine (Instron
AL model 3211) .2 ¥k ZA 3 th o|H cro-
ss-head speed= 30mm / min2 324 3} t},
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Isotatic Index(1I), Y= 3 Haze

Isotatic index( Il )&= heptane(hoiling) 2.2 10
Aj7 22 AR og Ao 58 A
v 24 adz F3s9oH, AdsE Alse
Pagdoz EHste 23T

1 3= ASTM D150501 &8t} I = e #os
2389t 23§ A8 120TA 1A17, 12
0CANAM 2 2% 23T 7HA] 1A 7ol AR A MY F
23°col A} 1A 7t t] annealing A17] & &3 31 o},

Haze &3 & film-& T-die film 4 & 71(Modern
MachinaryA} model E-40)& A}4-3}o] £ 30cm,
57 30pme] casting film& Al 225t Ao,
o] film& &% 23C, FE 60%2] 2 g5AdlA
2417} annealing Al 71 & AM8-3th £ & Haz
e meter(model NDH-2B) & A}-&3ldd ASTM D1
003 E3A

dnt g

E2|=2Z el E3l Mechanism

ZZ2 g7 2L a-olefineF o L&A=
AR Ado] vimA A A, A4 D free-
-radical 344 5ol &) FH471 4A L=
71EAl olEld Ba7t dolud ERFF Al
oF &FHE g SAY T A3yt Fytd)

Benchell %} Beck® = 413} 2|3 Zej22 g
9] B3} 7} hydroperoxide®} peroxy radical & 73-F
3l 3 = = mechanism$ At on, T3
Tsuchinya®} Summi+ radicalol] 2J%F Zg]Z2d
A 9] B8 7)TE B-scission ¥Hg-0. 2 Ayt

EAE A K7 HAEES Huist Eejx
2Yd & Aelstgonz ety o3 AAut-e
GAE AR FH Wyl dojuA H AL=R
AzZrEch g7 2 A A= F7FAA g
S ANFHorz Ltale] 9§ B39} B-scissionol
olg Rz} FAlo] Mad o ofZFrh

AN S
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Organic peroxide —— > R°

R« +~CH,~CH~ CH, ~CH~
CH, CH,
————>R—H+~CH,—~C—~~CH, ~

|
CH,

SR

PP° O, PP--0 -0~

PP—-0—-0°+PP—-H —» PPOOH+PP*
2PPOOH — PP—-0—0°+PP—~0°+H,0

PP—-0° - ~P-CH,—C=0+ °CH,—CH—
| 1

CH, CH,
-2
~CH—CH,—C°—CH,~ $-scission
| |
CH, CH, >

~CH°+4CH,=C—CH,~
| |
CH, CH,

F714t8kE Hotol| IHE MFR 9 [7]2] WHEt

Fig. 12 AP Fr1adstE A7 F7hel
W& CRES MFR# [7]9] ¥3H(Table 1 #X)
& =A% Aolth Fig, 1€ B 2413189 7l
o] F71& ¥ MFR2 £7}3t1 [7]e A3}
BAEE L Uk o) S B¢ A3t E o
Fo| 718 75 T2 F4 9 B uts
of F7t5 o] EAHe] st dojyr] gEez
Azt [(7]31S T2 B30 &8 =2 [z]
el Wzle EAe] Wl o8 F2 Auly
WY 8§ 549 sl MFRES £33 ool =
Chain®] &ej(4 : branche] AE), ¥ Xz ¥
Fo Mz 43 der) aEx] 483
ol haiM e FAHEHS] o] 2r EAH BEE
G gL Foh, Qe o 2 log{ MFR]# (7)Aol o &=
HAHAZ dhE, 2 HF ERFolgs
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g E¥71 F 3 AEAFA} 449
g &g 3te MFRo] # At}

Fig. 2= 3 4% % CRE 9] [7]9 MFR} 9] #A
E o5 FFol =AIF Aolth log(MFR) 3
(7] Atelolle AE dnal #AZ Add= RS
%4 4 9o, 71g71E vlastd F4Fe MFR
o v CRE <] MFRo] [7]¢] #slej 2§ 3
£ 5o A e AL ¢ F gl uEh A Fig
29} & A ZEz2YAL S NSER
3217l CRES HS ExF XV FolAA
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Fig. 1. Melt flow rate (MFR) and intrinsic visco-
sity (7) changes of controlled rheology products
according to the peroxide, Perkadox-14 contents,

O: normal
@: CRoroguct

Log (MFR)

[7] (d1/8)

Fig. 2. Melt flow rate (MFR) vs, intrinsic viscosity
(7) for normal and controlled rheology products,
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B2AF ZAad @& MFRe F7180] 3A4E
vl ol Aoz AyztEr),

X 3 EXEHEES| HY

Fig. 32 CR¥ 9] GPC chromatogram& 343}
& gapdstel mel vepd Aol {743 E
o Hrlgo| FIIEFE RAF RE LM O] A XA
g 2oz ol5E AL B F 9o, olF5H =&
Yo AEAGF G99 & PR U TERF
F o kgl 1 Bol A AL Y F+ A
o, E3 Exg EXe Zx W T 98-S ¢
F Ak Fig. 4= #7124131 5 9] Yrlgdo) wrE
CRZ 9] My, My, @ MWDE £4]8 Aolth §7)
HarslE o] Frlgo] F71sl= CRES Mye &
Ml Qe HE My 3 Z2ste 48
& + glen, gty MWDE A4S ¢ ¢
Atk ole f71BAgLE Q3 FYzadd ]
A AEAF 99y Eofungs 1EAF FY
Mg Baur-go]l o Bo] dojur} gEoe
AE = lon, o] {7132 a1 &) 9§
sl ot EAF R ExF EXE 23T
F UASE & = 3loh

BERS BYo| HE

YEEAE 2L EAFEX 7|7 AYA9

Elution volume

¢ M. W. >
Fig. 3. GPC chromatograms of controlled rheology
products according to the Perkadox-14 contents,
some of chromatograms (B-110B, B-110D, B-110
F) are omitted for clarity.
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FEEA, & 7H3AN miAe S AEEI
st debE = — A3 9 #A & Fig. 50 HA|
Sk WA BAge] T52 Aeswmv)
242 & AL BASY, EAY 2}
F< CRES A$(FA)7t EAFEES Qe

351 055 _
~ | d =
E: X
x 254 + 0457
X d =
= T

15 0.35

MWD (FMw / Mm)
[=2]
i

L1 I 1 1 1
0 005 010 0.15 020 025 030 0.35

Perkadox- 14 content(g / 1000g)

Fig. 4. Average Molecular Weight (Mw, Mn) and
polydispersity (MWD) change of controlled rheology
products according to the Perkadox-14 contents,
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Fig. 5. Shear stress vs. shear rate for normal polyp-

ropylene ( )} and controlled rheology products

BAEAEA) Y BLETG AdEE Ao A Hs}
7} A28 ¢ 4 Utk Fig. 68 v 23 ¥]£3
‘MFR #& = A859 RR55AL v I3l Ro
th MFRgko] 1.8~3.020 -5 (44) 2e A

M= B-110B(CRF) 9] Ax+g-3 o] 24 e}
ARt £ A& E F Ao A& FO-120A(F A&

o} Aggol tih 24 vEIES ¢ 4 AUrk
T3 B-110C9} FO-120A2] S EAS vwsiy
©, B-110C(CRE) 2] MFRo| F1-120A(FAE)
o] MFRE T} AXg @& Addnr Joore
H 23 AGSH S AT & AdSro A
CRE9 dgdggo] ti #FHolAE & 5 U

<]

2orr

o]} Ze& FAL Y-130A, B-110D ¥ B-110
E9 #3554 FM(74), Fig. 79 J-1504, B-1
10F 2 B-110G9] #3544 FH(4A), agn
FR160A¢} B-110G9 554 F4(FA) A%
#E Aol Yele AL ¥ F U

ol¢} e AT S Bd AnvtHog po
MFRE zte ZE) 22339 Qlojr CREL B4

Zof v])35] 22 shear rate § ¥ ol A = shear stress

6.5

Log 7
Log 7

5.0

YO
wk

Log 7

Fig. 6. Shear stress vs, shear rate for polypropylenes
with different range of melt flow rate ( —:
(MFR) 1.8~30, ----- : (MFR) 4.1~5.4),
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85 J-150A 1. FR-160A

2'. B-110G

log 7

Log 7

Log T

Fig. 7. Shear stress vs. shear rate for polypropylenes
with different range of melt flow rate (—: (MFR)
7,8~104, ----- : (MFR) 10.4~14.8).

7} oA B& A FE Bo|v L shear rated o
A= 9 3]7 shear stress7} ZolA A He BE¥E
weltln fad 4 gith ol EAFEEV £
Zzzgddo S4REEH 2 %L vAde
AL or|3n, CRES B+ AAEY 5LdH 4
e A H A AL A3 ¥E v}
olchst A zhg o)

#2UT W AR ¢

Fig. 82 Table 152 4% % CRES ¥E84=
2 A1 Rolch aYolA F4EFS B+ MFR
o] zjojo) ol&) FEFEE 2 W37t o, CR
Z 9] 7%= MFReo] 718 wet #E4=ES
AAsE AL Boln, 2 MFRe| 3% B4F
7} CREZ9] FEZJEE vlzs] BE A JHAA
CREZ 9 gE3=rt 34FY $EF=RY
Se Age 2ol Ath

%9 Table 1914 A48 28 CRES 3+
WAz 2 Wslyt 9en, 600% o4l FE
4L ARFAS

R AEA ] QF5EA-L chain 9| entanglement

Faln A13d A10%E 19899 12¥

Yield strength (kg / cm?)

MFR (g / 10 min)
Fig. 8. Yield strength vs, melt flow rate for normal
polypropylene and controlled rheology products.

7} 2 98g vxeg 1EF Jg9 vgo]
A L0 BAF ol x AR, 73
(spherulite) 8] 7] & 9 o watA
2 A 39 CREL 7143 Eol 2% £3)
yhg-o] AT &G upe} go| LEAF F g
A ol @o] Yoyt Fig. 87 22 A37} YehtA
g Aoz YzE

Isotactic Index(ll), X3 W Haze| H3}

§ B2 23 G} FYZEEAY
AAFHAH AR E L filme] FFA vix =
Q&g gotr 7] 93l isotatic index(II), Y=
hazeE &% 3t Table 291 FA&TH o714
AR = Us 22 Natta " J 0.2 828 go)
t}, Table 2614 % 4F 2 11 Table 19 &%
£ 9] 119} v ma] & o 08%FE R gE
el el ole AYA Hote dRAS
g o AAEE AEAFA s} Lol 23
£25 U7 YEez AztEch CRES I+ #7]
AR e Hrlge] 18 8 IIx Z4de
Aee Bolu AAF H& 0.6~11%¥=
ZAE RYE Y 4 AUk CRESY B9 77 B4t
38 o] H7lFo] B FE IV} #AaHE olfe
Baf ubgoll o8] AEAFA 7} FAEH 7] W2l
§7)gAtalE ol o] g Baj uhgo) FHZ2YA Y
YA FHAANEe gL FA Fedn 5 8l
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Table 2. Isotactic Index /Density ,Crystallinity and Haze of Polyprpylene Samples

Isotactic Density Crystallinity Haze
Sample

Index (g/cm) (%) (%)
B-110A 96.8 0.9070 64.8 3.3
B-110B 96.2 0.9055 62.9 0.3
B-110C 96.2 0.9060 63.6 0.3
B-110D 96.1 0.9060 63.6 0.3
B-110E 95.7 0.9058 63.3 0.3
B-110F 95.7 0.9058 63.3 0.3
B-110G 95.7 0.9068 64.6 0.3
FO-120A 97.0 0.9085 66.7 3.0
Y-130A 96.5 0.9086 66.8 21
J-150A 96.5 0.9084 66.6 1.6
FR-160A 96.3 0.9080 66.1 1.3

D]'.
w3 AFgrdd o FAE ] gt 64

8~66.8%, CRZ 2 629~646%2A, MAHo2
2o 4Ee] 2385 vlsted CRES 2A 3t
T} 7 R g EAEE LS ¢ 5 Uk
U5 2PA YT X Fo A3z
olg] gt FEL gl o3 chaine] U
group ©] @o] AUV dfFolatn g +
Aok 2y AA st A3t Fo] 3] wfiEof
71AR, 8 Aol EFFE AA ZE A0
2 58 4 Ak

2131} 30 gm casting filmoll o §F haze &3
AAE 2 FAEF F 3304 1322 MFR
o] 2718 4 Z haze gto] A A= ARG
et o, CRES A% 25 039 & 14
AdE vla] Fido] ol ¢ 58 Ao2 Y}
ot
dtH oz uEAEe FHAgL AAYSImr)
28 Bagel g 2 Bajg Ry}

29 AAY, gt 2 AYe A4 243
4EF3 CREo|l M2 & Ao)7t YA e

2 AR Ert BP9 vA e G FAY

T UAS Aegtn AgEch 2 A FEe] As
MFRo| 3718 8 £ do] thh A= AL

ooy L

ke o o we

S
%
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$AFe ga Beoln,
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CRZ9] 7% hazegto
032.2 & g& A3 A2 o & MFRES
ZHe g o 2 Holfilme] E3 4
g o] ZA AeH}y YA 5

= A E o
Aok

ZejZ2 g d o bbb A A 2 {79 e S
HB71etA &7 Yol A d3AA Zezady o
AT L BAYg BXo AHolg Ax3tgod,
F71 94318 FrbEo] mel Mw 38 X 10°e)A]
1.8 X 10°, Mw/Mn 82014 4.27tx] ¥ 542 #
H i},

olE CREEH T Fq2M BAgo)

Aojd A F3EFETHS] YATHAY, A3, A% 7%

£, $84554 2 $u4 5o WslE mm 24}
st
CRES AT, 2H24E 2 ARP=:

T 713384 E o] Hrteko] Futatel whek oFzk 2
ste BEE Bou A4E v ZA AHsekd
A e dBE B4 FASHL

CRE9 881554 ZAHE T F4F &)
8- shear rate & o] A = shear stress7} At] o
2 A IA el o, -2 shear rate 8ol A
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t 2388 FolA= FFS Yoy o)l B
x| o] Fopd d 7Iglg Aoz HasR
o}, 3 CRELS 233 B X9 Eo] Fojyo
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o] ZelZ 29 film-graded] TE 3} gt
7tedE Be FUTh

2oE

1. K. Y. Choi and W, H, Ray, Polymer, 8, 17
(1984).

2. British Patent, 1,442, 681(1972).

3. W, C. Sheehan, J. Appl. Polym. Sci., 3, 2359
(1964).

4. H, C, Beachell and D, L. Beck, J. Polym. Sci.,
Part A, 3, 457(1965).

5. D. J. Carlsson, F, R, S, Clark, and D. M,
Wiles, Textile Res. J. 46, 590(1976).

6. A, Garton, D, J. Carlsson, and P, Z. Sturgeon,
Textile Res. J. 47, 423(1977).

7. Y. Tsuchiya, and K. Sumi, J. Polym. Sci., Part
A-1, 7, 1599(1969).

8. ke, HINE, “®{LPj LW Handbook”,
KRGt 1976, P, 6

9. ¥ _Lad, “MIHERKE", Plastic Age, 1976, P.

E2|H A13¢ #1032 19899 129

10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

20.

207

S. C. Einhorn and S. B. Turetzky, J. Appl.
Polym. Sci., 8, 1257(1963).

WEIEZ, “SHHEE", Plastic Age, 1980, P.
146.

# R, “WH e, PLastic Age, 1976, P.
216.

H. H. G. Jellinek, “Aspects of Degradation
and Stabilization of Polymers”, Elsevier, 19
78, p. 92.

P, Parrini, Makromol. Chem., 38, 27(1960).
D. W, Van Krevelen, P, J. Hoftyzer, “Properti
es of Polymrs”, Elsevier, 1976, p. 17.

R. D. Deanin, “Polymer Structure, Properties
and Applications”,Cahners Publishing Co,,
1972, P, 316 & p. 352

5L, “EHZ2YASTA, FAY, 19
76, P. 345.

“Modern Plastics Encyclopedia 1968”, McG-
raw- Hill, 1967, p. 19

F. W, Billmeyer, Jr,, “Textbook of Polymer
Science”, 2nd ed., John Wiley & Sons, 1971
, p. 237

“Modern Plastics Encyclopedia 1968”, McG -
raw-Hill, 1967, p. 545

847



