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Table 1 High temperature *C NMR results of the iPP samples
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Figure 1 Thermal protocol for self-nucleation behavior study
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Figure 3 Schematic presentation of the self-nucleation domain (Domain 2)

and annealing domain (Domain 3) of iPP resin
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Table 2 Thermal treatment conditions and measurement time of samples varying T,

Ta/C Other conditions Measurement time/min
T, =168C AT=4C 267
Ta=167C Tsrange=167~139C 267
Tq=166C Hold time z,=15min, 267
T, =165C Rate of 20°C /min 267
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Table 3 Thermal treatment conditions and measurement time of samples varying ¢,

ta/min Other conditions Measurement time/min
tq =1 min Ta=167C, AT=4C 155
tg =15 min T, range=167~139C ., 267
tq =30 min Rate of 20°C /min 388

t =15 min
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Figure 6 SSA results of PP-2 with different z,
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Table 4 Thermal treatment conditions and measurement time of samples varying AT

AT/C Other conditions Measurement time/min
AT=3C Ta=167C, 330
AT=4C T.range=167~139°C, 267
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Table 5 Thermal treatment conditions and measurement time of samples varying T, Range

T, Range/C Other conditions Measurement time/min
T,=167~139 267
T,=167~143 238
T.=167~147 Ta=167°C, AT=4TC 210
T.=167~151 hold time ¢#,=15min, 185
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N 5 HRT LA M e S A5 L 4 e SSA AR G 43 G i 1R S BT X I B[R] ) 5 A K
473 il LS AT BRI EE N 139°C R R B 159°C i, SSA Bt (9 I 1L 8] A 267 min 2> 2 124 min., 44
JT 2 I QSR AT RLORAIE S SRE T7 3 Bl S R 3B 4R TE SSA RPN o AR

M8 Hral DL L Bl 73 il JEE 9 [ 69 BRIELEE A 139°C #2713 159°C i, A4k BE E T, A9 80Z
W8 A 3 A UL R, SSA il £k AR H B T T AR g, B ATTAS A RO R LA A Y
Oy B AR EEIEAAR A o X YWY X T PP-2 SR U6 0 R BE VO 167 ~159°C 2 DLARIE SSA #4391k A
BAFR e T) . AR R BRI AR TH 2 163°C L BT i3 B Ay SSA i £k I 58 42 & AR 1284k . 70 2 g
T8 . NI 3T PP-2 SRUE . 0 JUl S I 167 ~159°C i . 73 R BE T3 8 4s - HOr AR e i

LA LB 5 G 25 A F 52 PT LA M S R TPP B SSA B G A A L R T 4 Gl R 5 3 AR B



o 174 = N ¥ i1} Eild 2013 4F 9 A

TE A% I 1 v 2 LR 21 2 8 R0 TS R AR ek e b R S AR E A 23 BRE T A B8 L 8 0 ik AR il
IR B0 e A5 R A 0 8 o A5 B LR R AR LR A Oy A i I R R . O T — P RE EAR R
3 98 BE Y LG T R A ML 4 4 D L DL B 1 (PP IR R A R AR IS B O B ST MR I
oA SIS ¥ VBN 21 /9 PP-1 A PP-3 . BEAT A [A) I VG L SSA A gk, 5 B SSA i 2k

UL 9,
T,=167-163
T =167-159
T, =167-155
T, =167-151
T,=167-147
T,=167-143

T,=167-139

Heat Flow, Endo Up

L '
120 140 160 180 200

Temperature (°C)

P8 PP-2 iy SSA #AS i £k (AL 73 Sl B2V D

Figure 8 SSA results of PP-2 with different fractionation temperature region

A

. \ T, = 167-159 J\\
T, = 167-155 Totertse |
/\/\ T, =167-155
- Tss -
T, =167-151 ] s |- —
T, =167-151
T, =167-147
/\f\ T,=167-147 >
T, =167-143 \

120 140 160 180 200 120 140 160 180 200

Heat Flow, Endo Up
Heat Flow, Endo Up

Temperature (°C) Temperature (°C)

9 PP-1(Z KD PP-3(4 D Y SSA #7324 il £ (A8 70 R Y D
Figure 9 SSA results of PP-1 (Left) and PP-3 (Right) with different fractionation temperature region

M9 CZe D AT LA M % PP-3 SR i T4 5 A o 5 R RE 470 35 B4/ . 2 SSA VP i T
Rt K2 N 139°C A2 159°C I, Fe 2% SSA il £ 14 TR 1 5 206 Rl A 1) 55 I 50 LT AT 84 DRI T
SFRLE Ly S R B A PP Y PR BV D 167 ~159°C I 73 G BE 1 By - B r R Fe i

SR NI 9 A D rhal U L 8 v 5 ML B2 20 70 3% i AL 2 10 PP-1 Ok Uk, 24 SSA - iy T
FRUEEE N 139°C A2y 159°C Iy . PP-1 4 SSA iy £k b f5 g J 6 falt e 1% 5 B2 08 9 Ik T K iy Ll 0
& B L. X UL Y PP S A Y e S L A O A i R I — HLs/N SSA 2 S BE E
OrORRE LI R AR . DI Oh TR E SSA B2 GLRE J1 . 167 ~159°C Y 3 Gk B R 2 A T Y .

B E B RIEFE AT R0 X T 55 AL RE 4 0 3 e B0 Y dPP R UL /N SSA B 9 43 S0 VG T =
167~159°C 2 LAF At 98 1 43 9 Be J1 . IF $2 T+ SSA 3 G i) 43 SRR 5 SR T X T8 55 L 20 73 & 3R
Z 1 (PP R UL I8/ SSA FA G 14 73 I E i FEDRS HI 55 23 S RE J1 o i dPP i1 g A JLE 21 7 ¥ LA i A I
AR MR T R O

TEET XA RS54 /Y (PP #E4T SSA B M i m] RLALTE D0 09 AN 5] A X 1 9 o8 70 0 ) 3tk B2 Y T )



591 = N ¥ Eild . 175

B

T SSA S G535 S RE 1 A4 SR
1 i

ARSCHEFE T SSA F I3 G A AN 5 T M ok B 70 A ) BB L BT AS B RY S5 1R TN T

(DXF T iPP R, e A 0 A AL BR FE T, B #%° Domain 2 Y IR 5

()X T (PP il SSA #3907 53 OCR B SCHETE T 02 75 68 78 70 02 R A% IR 1) v 55 KL 32 2 73 445 b
FERURE SR T B, 5 B i B 45 BT T R R R SSA I SO JE VI A S % 1 R T B
SSA S5 BB KR 5> HRAE v TE S 75 BE 70 53 (e 1 55 KL RE 2 43 e BROHC 45 5 BE 0 45 R 1Y Al s i
T SSA s By BEAE R AE 23 SR8 T A AT EE R S R s DL S S 1 O 4 v 43 OO L T i A
/N SSA 53 G BE S T 1 75k AT L3 R 0 OO

) i TASE Y (PP A i (14 73 1 2540 FL B M 22 S K R G FE AT S A [ 43 1 S5 A8 1 (PP R B I, AT
DL 3 U8 SSA 43 9 B2 10 Bl AEDRAIE 3 OO I AT 32 T L 48 5 SSA 3 i, HAR M uE, an 2k PP
Y R B v A BB 2H 40 B IR 4 TR R G IR B FL L PR E R A R BE 2 S5 9 TS 40 46 s 2R
(PP R 1Y 5 S BB 20 40 % Bl b BB L AT DA SSA AR G T BRI EE L 8 A 40 S AR L 4R )
&S

(O XF F AW 58 H (1 (PP A g, 3 2 F 58 45 2 LT et SSA oy G 25k 5 AL BIR B T, =
167°C  AHSE TR BERIRR AT=4°C #4550 B8 [ 167 ~139°C , 45+ B i i) £, = 15min, Fh [ i 2 26
20°C /min.,

5 W -

[1] Muller A, Arnal M. Prog Polym Sci, 2005, 30: 559~603.

[ 2] Muller J, Hernandez Z, Arnal M, Sanchez J J. Polym Bull, 1997, 39: 465~472.

[ 3] Cser F, Hopewell J, Shanks R. ] Therm Anal, 1998, 54; 707~719.

[ 4] Pietikainen P, Starck P, Seppala J. ] Polym Sci, Part A; Polym Chem, 1999, 37. 2379~2389.

[ 5] Starck P, Lehmus P, Sepala J. Polym Eng Sci, 1999, 39: 1444~1455.

[ 6] Gueugnaut D, Rousselot D. J Appl Polym Sci, 1999, 73; 2103~2112.

[ 7] Marquez L, Rivero I, Muller A. Macromol Chem Phys, 1999, 200: 330~337.

[8] Arnal M, Sanchez J, Muller A. ANTEC Proc, 1999, 57 2329~2333.

[ 971 Lodefier P, Jonas A, Legras R. Macromolecules 1999, 32: 7135~7139.

[10] Zhang M, Lynch D, Wanke S. J Appl Polym Sci, 2000, 75: 960~967.

[11] Shanks R, Amarasinghe G. Polymer, 2000, 41; 4579~4587.

[12] Sierra J, Ospina S, Montoya N. ANTEC Proc, 2000,58:2485~ 2489,

[13] Arnal M, Balsamo V, Ronca G, Sanchez A, Muller A, Canizales E, Urbina de Navarro, C. ] Therm Anal Calorym. 2000, 59:
451~470.

[14] Drummond K, Hopewell J, Shanks R. J Appl Polym Sci, 2000, 78 1009~1016.

[15] Kravchenko R, Sauer B, McLean R, Keating M, Cotts P, Kim Y. Macromolecules, 2000, 33: 11~13.

[16] Vandermiers C, Moulin J, Damman P, Dosiere M. Polymer, 2000, 41; 2915~2923.

[17] Starck P, Lofgren B. J Mater Sci, 2000, 35: 4439~4447,

[18] Cser F, Hopewell J, Tajne K, Shanks R. J Therm Anal Calorim, 2000, 61 687.

[19] Liu W, Kim S, Lopez J, Hsiao B, Keating M, Lee I, et al. ] Therm Anal Calorym, 2000, 59; 245~255.

[20] Shanks R, Amarasinghe G. J Therm Anal Calorym, 2000, 59; 471~482.

[21] Zhang M, Lynch D, Wanke S. Polymer, 2001, 42: 3067~3075.

[22] Chen F, Shanks R, Amarasinghe G. Polymer, 2001, 42. 4579~4587.

[23] Karam A, Jimeno M, Lezama J, Catari E, Figueroa A, Rojas de Gascue B. J Mol Catal Chem, 2001, 176 65~72.

[24] Lustiger A, Soares JB, Pi Shan CL.. ANTEC Proc, 2001, 59: 1835~1839.

[25] Tanem BS, Stori A. Polymer, 2001, 42: 5389~5399.

[26] Arnal M, Sanchez J, Muller A. Polymer, 2001, 42;: 6877 ~6890.

[27] Sabino M, Feijoo J, Muller A. Polym Degrad Stab, 2001, 73; 541~547.



. 176 = N ¥ i1} Eild 2013 4F 9 A

[28] Paolini Y, Ronca G, Feijoo J, Da Silva E, Ramirez J, Muller A. Macromol Chem Phys, 2001, 202; 1539~1547.

[29] Jokela K, Vaananen A, Torkeli M, Starck P, Serimaa R, Seppala J. J Polym Sci, Part B: Polym Phys., 2001, B39: 1860~1875.
[30] Czaja K, Sacher B, Bialek M. J Therm Anal Calorym, 2002,67 ;547 ~554.

[31] Starck P, Lofgren B. Eur Polym J, 2002, 38: 97~107.

[32] KangJ, Yang F, Wu T, Li HL, Cao Y, Xiang M. Eur Polym J, 2012, 48; 425~434.

[33] KangJ, Yang F, Wu T, Li HL, Liu DM, Cao Y, Xiang M. J Appl Polym Sci, 2012, 125; 3076~ 3083.

Application and Optimization of Successive Self-nucleation and Annealing
Fractionation on the Analysis of iPP Tacticity

KANG Jian, YANG Feng., CHEN Jin-yao, CAO Ya, LI Hui-lin, XIANG Ming"
(State Key Laboratory of Polymer Materials Engineering , Polymer Research Institute of Sichuan
University , Chengdu 610065, China)

Abstract: Owning to the advantages such as easy-sampling, free of solvent, high efficiency and relative low cost of the
required instruments, Successive Self-nucleation and Annealing (SSA) fractionation has been widely applied in the analysis
of ethylene/a-olefin copolymers. However, it has rarely been successfully applied in the analysis of PP. In this study. the
self-nucleation behavior of PP had been studied. Based on the results, obtained, a SSA thermal protocol for iPP was
designed, and the influence of important parameters (the first thermal treatment temperature T, ; holding time ¢, ;
temperature gap between adjacent T, AT; fractionation temperature region) on the fractionation results and efficiency, were
thoroughly studied. The results showed that, for iPP samples, the optimal thermal parameters are T, =167°C, t, =
15min, AT=4°C, cooling/heating rate = 20°C /min, fractionation temperature region = 167 — 139°C. The variation of
fractionation temperature region plays a most important role in determining the efficiency of SSA. For iPP with different
tacticity, one must flexibly modify the parameters above, to achieve a balance between efficiency and fractionation results.

Key words: SSA; Polypropylene; Stereo-defect distribution





