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Enhancement of polypropylene performance by adding a nucleating agent

Takahiro Inoue

Nucleating agents are important polymer additives that enhance the performance of crystalline polymers by
promoting crystallization and controlling crystal structure. Among crystalline polymers, polypropylene (PP) utilizes many
nucleating agents, such as talc, sorbitol derivatives, and metal salts of carboxylic acids. This study focused on calcium
salts of 4-methyl cyclohexane-1,2-dicarboxylic acid (MHPA-Ca), a novel nucleating agent for PP to evaluate its
nucleating performance for PP and the physical and optical properties of injection-molded products.

Firstly, the nucleating efficiency of MHPA-Ca was evaluated as compared with that of calcium salts of
cyclohexane-1,2-dicarboxylic acid (HHPA-Ca), which has a similar structure to MHPA-Ca and is one of the most
effective dispersed-type nucleating agents for PP, i.e., insoluble solid nucleating agents. The nucleating efficiency of
dispersed-type nucleating agents is determined by the size and shape of solid particles. Therefore, both samples were
prepared to have the same size and shape. The crystallization temperature (T,), measured by differential scanning
calorimetry (DSC), was used as an indicator to evaluate its nucleating efficiency. Non-isothermal crystallization
measurements by DSC revealed that PP/MHPA-Ca exhibited a significantly high T, compared to PP/HHPA-Ca and
accelerated the crystallization rate. Consequently, the molecular orientation of PP/MHPA-Ca in injection-molded
specimens increased, resulting in higher stiffness.

Secondly, the nucleating performance of MHPA-Ca was compared with that of 1,3:2,4-bis-O-(4-
methylbenzylidene)-D-sorbitol (MDBS), which is known as a soluble-type nucleating agent, i.e., nucleating agents that
dissolve in a molten polymer and segregated during cooling. PP/MHPA-Ca exhibited a pronounced nucleating
performance even at a low addition level of 0.01 wt% and showed higher T, over all additional ranges. This is due to
differences in the mechanism of nucleating agents. While PP/MDBS showed comparable rigidity, it significantly
improved transparency at additions of 0.2 wt% or more, whereas PP/MHPA-Ca showed only slight improvement. This
indicates that transparency requires not only higher T, but also the suppression of light scattering by the nucleating agent
itself.

Finally, the shrinkage behavior of injection-molded products comprising PP with MHPA-Ca and MDBS was
evaluated. These nucleating agents shortened the time until gate sealing at injection molding. Especially, PP/MDBS had
a short gate-seal time compared with PP/MHPA-Ca. This indicated that MDBS exhibits excellent nucleating performance
in a flow field. The shrinkage of PP with nucleating agents was prominent due to high crystallinity with rapid gate sealing.
Furthermore, the shrinkage anisotropy of PP/MHPA-Ca was reduced compared with PP/MDBS at a low holding pressure.
This is due to isotropic molecular orientation in the core region of injection-molded products of PP/MHPA-Ca. The
structural characterization indicated isotropic molecular orientation in the core region of PP/MHPA-Ca. Crystal growth
in all directions from numerous MHPA-Ca particles was responsible for the low level of molecular orientation in the core
region. Considering that it is extremely difficult to achieve isotropic shrinkage for injection molded products of PP
containing nucleating agents, this novel crystallization nucleating agent, MHPA-Ca, is industrially beneficial.

The conclusion of this doctoral thesis is as follows: This novel nucleating agent for PP, that is MHPA-Ca,
showed superior nucleating performance compared with conventional nucleating agents. Furthermore, the shrinkage
behavior of injection-molded products was isotropic compared with that containing conventional nucleating agents. These
characteristics of the nucleating agents contribute to the enhanced performance of PP and make them suitable for industrial
applications.

Keywords: polypropylene, nucleating agent, crystallization, injection molding, shrinkage
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FIGURE 1.1 Carbon dioxide records at Mauna Loa Observatory, Hawaii 2
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FIGURE 1.2 Production volume of plastics materials in Japan®
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FIGURE 1.3 Polypropylene market size trend and forecast by demand field”
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FIGURE 1.4 Hierarchical structure of isotactic polypropylene.'>
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(Z R DA e K OV IRl D o3 T2 e U7z, Fo, )RR R OB PR IC - 2 D52 I
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FFCEDH, ABFSETIL, PP 1%L C MHPA-Ca & MDBS % H VT, 3 H B G D R IR 28
NG R DR AT U7z, 5 H AR il D UNE #13, 8 7 [F] (Machine Direction, MD) &
JitAV&HEE 5[] (Transversal Direction, TD) T4 3 22T s D#lEL, MD J5 1A Chha LI L7k
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2-1-1. RVTBE L A

TAVEIF IR F ALy (PP) DY FTAF = — AR HE 3 F —HE 1T 90 — 100

MJ Kgpotymer' TV, ADORY <= — I FELEZAIR D | H72 D TR/ —1HE DA KD
HIVTWD M, [AERIC I LR B OBLENOE | & 15 572D B2 RN T
DTANF —HEEZW OIS HLZLTEE THL, HHREOEE | I ANV 2 A L%
AT HZEICEY, B 1 HH720 DL —{HE BT 5, SHIT, ALK &7
DRI i O BLE BT 2 D720 AEFEF TS THAFELW, A OBINIE, Hf Ak
DRI A7 VA A BTG T HEMEL TGRS TND 39, SHIC, 2O PP ©
R E B D720 . I s ORINEE B EAIC ) ESERZENTES,

PP HDfESRMEAIEL T, ki x e EMER SN CWD, BIZIE, 217 5D 7L A Y F 00
LA O IDVRV R RYE 1029, =7V RUR GBI D, VBT AT VAR 202, nY R
bG350 B —R gk 313D kL 39 A hig 20 YL h— LR b & T =k —
WERALE 49 TIRRLEW P70 BT OND, DL, AT JLA F T A,
TV T RS, VPR AT VA R 1 — R MR, BERGEEEH XA R PP ISR,
BAWERZ 7, ZAUT 0B AN S ND, 0 B ORZAIMERB IR, B A X
TR, BEREFEIC Lo TRIESND, 7 BIHER ZEINT2 HEL TX, IR BRe)E
HEITIAE R AR 27010, Vo =27 L & BRI A IS B D70 IR 52 &
W%, — T, IVE NI RLEY /= — )V RE AW, TIN R EPITEERL PP (2
WML AU BRI B RS U THT I L L BAME 27 97, A IR IIE B RIR . ol U 7 ke
W, BECIROMEEZ LT 22RO TND,, ZAUTIRMEZ AN FES VD, TAFRELEE
FOFEFHOFTEH, VIVE M= )L REZHIRR ) = b — /L REANL, fidb b MSE 5L 4%
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2L BIAMEL ) EESEARZEND BIAAIL L THBN TS 3738 &5, N, N?- 2 7m~
XNV IV ARF IO L5 72 BEREE AN T DO 74970 L7 4V AOVERLZIE L T
WD P EERORERZANCINZ T, PP KL TEAIMERE A R AR~ — b IE(ET D, B2
1E. RY (4-AF-1-_0F )P R Y raF D RIE =L a5 KRR
UAF T INL T 3D R =)L T ba—)L 3 REFHND, THDHF T, R (4-AFL-
1- 7)) LRV 7 a T AT PP OB A I IS E L 2L HBI TS 7Y, IHIZ,
B R = F L AT ORISR, BZ1E-30 °C min T PP OREAIEL T 20, Lol
G, ZBDORY~— RREAIORZAINEREI LT IR ORI & Heig L Cride vy,

2-1-2. EEHIERE

— RN, A A ORAMERR 2 H T ORE AR (T) IZ &> TRHiiS v Tnd, £
NoITIEH | RAEEEBERH (DSC) T~ THITE 3%, BAINERE D &l LA 2 b e
B TSN BL | e m o F OT A3 m<70 %, 12720 | #HEREE A OB AINEREI IR E)
BIZEo TORWEEZZ TS 29, FHAIEOLEAIE, a7 E T3y FRLR S5 T2,
E L2 ETORHE, T2ROBEIET A7 N2 A DT, BN 2B R L TORWT 2 VT,
o ZFHEE AN AT RE T D,

2-1-3. VAR ERL B

53 BRI A LR U A 2 & I OFE B EZRI O C | VAR iR @RI PP ISKIL
TEWWT &2 52 BN A CH D, FIZIX, REFBRT N YL Do AFYeRkaT X
NVEEEEIE (L ra~F -1 2-U VR U AR 100 vvoa [22.1] AT AU H
NWRCEREBIE., Y rn [22.1] ~T T UMV R A B 2 IR ARSIV R 4
JBHE IR RTEND, EOHRTYH, raaF Yol 2-U VRV RS L A (HHPA-Ca)
Levrnm [22.1] ~TEVANRCEEDFTNIT AR PP KL CTib @V T &2 525, 972
DOT, M EOBLEDGIX, ZRHOAIDRBIRER B W EE 2 5,
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2-1-4. HIY

ATl PP HAOBFHFEEER LU T, FT-ICBBENT 4-ATF s ranFkY o 12-2
TV T1 VT 5 (MHPA-Ca) & VY2, MHPA-Ca ZiINL 72 PP DT,/X HHPA-Ca DX
TR DAE SAEAINZRINL 72 PP KV @, Z OFE R B AN A 2 v 2 A 2
ZELHEL . PP ORIMEE B 57201 C LEMICIEF ITH 1 Thd, RECILoBARANC T +
— AL TEEAIMERRZ T L7, KL F- A R TR, BER E AT, iR MR ORi#% T&{kL
RN WG T HZ L TES,

2-2.  FHBr

2-2-1. JEpER

PP LLC, HiROT AV ZIF v 7R) 7 ae’L kTR ~— (774 LK) 7 1® H-700, £
KEAETITA LR ~—) & V-, AL 71—l AR (MFR)IZ 9 g 10 min™ (230 °C, 2.16 kg)
THY, FOVE) 3 F B L OVE &) 8, 24 67,000 Da, 340,000 Da Thd, i

EuAZ AL LT, MHPA-Ca % O HHPA-Ca Z iV /=, FIGURE 2.1 [ZZ N EF N DO b ERE 2=

m¥

OI

o
- Ca* - Cca*
(o]

o o)
FIGURE 2.1 Chemical structures of 4-methyl-cyclohexane-1,2-dicarboxylic acid (MHPA-

Ca) (left) and cyclohexane-1,2-dicarboxylic acid (HHPA-Ca) (right).

FEEAZ AL FREO T IEICTERR LTz, £T7KE(L TR T A (NaOH, 4.12 g, 100 mmol) &
K (300 @) (TIEMRELT=, ZIND 4-AF JL-12-2 70 ~FH VA LR R K Y (MHPA .
9.31 g, 50.0 mmol) Z Nz . ZDIEAEW% 23 °C (2T 1 BB L, Wi, LT e
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KF#) (CaCl+2H,0, 7.72 g, 52.5 mmol) Z /K (50 g) (ZIEfREL . BSOS Z 7=, % 23
(2T 2 RFEITEHR L7, T8I K CTHEF L7z, TEEZ 150 °C 12T 24 IpfH L2228 LT,
MHPA-Ca DUILEIL 91 %72 -7,

HHPA-Ca OERUZDWTIL, KER{L T RJY A (NaOH, 5.20 g, 126 mmol) 27K (300 g) IZ
WIR LT, I 1,2-37anFH Pk VR iR K Y (HHPA, 10.0 g, 64.9 mmol) 2% .
ZOIREWZ 23 °C 12T 1 RERRFRLIZ, I, Akl e “ K (CaCly 2H,0,
9.70 g. 66.0 mmol) 7K (50 ) ([Z¥ARL . SUSITINA T2, A 23 °C 12T 2 IpfHHERL
72, TR . K TUENE LT, LM% 150 °C 12T 24 REEZE 2458 L7, HHPA-Ca ORI

91 %= -7,

2-2-2. B LR

P (ZXL T, BB LBhIEAIE L T Z YA h—)L TR TIF A (3-[3,5--tert-T7 T /L-4-ER
X7 z=L] et r—h) (AAH /v 7 A% 1010, E— T — 2 ZAT7)0.05 wt%E kA
(2,4-Ftert-TFNT 2= )V) T AT AN AN T T+ A® 168, B —T—TZT7)0.05 wt%%
Mz, EHICSESERIWIMEORE A ZINZ, ~ vz 3IFH— (UM 2E, = =ik
THERNSA) 12T 1000 rpm T 5 /R EA Liz, fEdmAIOUSINEIL 0.01, 0.02, 0.05,
0.10. 0.20, 0.50 Wt% CTd 2, Z bz (Rl J5 [ i i (KZW15TW-45MG-NH, #RzUa
TI7) & AV T200°C ICTRAL, XLy AR, 27 2—REEATV2—FDH
1% 45 THY, A7V =2—281% 15 mm THDH, A7V =—[ElEEEIE 250 rppm TH D,

RDIIe_ Ly NI, D 77 40 R O BT (NS40-5A, FFE#IE T3S 4h) 2
RWT, ERAERRIE LT, SR D 4 S0 —2 OIRFE 1T X755 200, 200, 200,
180 °C (ZHIHIL 7=, A2V 2—[al#53E 1 100 rpm THD, AR UES 1 mm) 1 TR OSEMHICT
R U7 (B EE 26 mm s FHETE ST 60 MPa, S HIRR] 10 £, mEIRE 10 £, 5
PATNEAL 2T R, ERBIAR I AR — b 40 °C IR 7o SRS H FRdE LT,
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2-2-3. HIE

FE Al D7 —) A HARIN 3 (FTIR) A7 MLiE, FTIR 24i& (Spectrum 400, 78—
b~ —) B O TRRHIEE (ATR) 12T 72, ATR 7L —heL T A7 € R/ZnSe %
Tz, A% v H#iPHIE 4000 — 650 e, Z3fFRE 4 em', JIERIEL 16 (A THEML T,

AR EZ A OB TEVE T, BAE B — R 2BV FRFRI E 251 (TG-DTA) (DTG-60H, #Raxt:
RS EESRUERT) 2 W CRAE L 72, Yo7 /W3 EEFE T (50 mL min™) 127C 25 °C 2°5 600 °C £ T
HAEIEEE 10 °C min! THIE L=,

R A DEN T v — [ 3EAE 7B (SEM) (S-3400N, #EA St A 21T 72)
ERWCTBIEL, Vo7 ds /7 I7F e Ca—T 7 Lz, IEEBIEIX 15kV TH D,

B EZ A ORLE S AR 1TV — W —RLE A 7 (F AZ—H A —3000, < /L 3—1+/3F Y
T AT AR 2 W TRIE L2, B0 BuEE O W A% ) — VLT,

A ORREHBIZT VI U T — = Avh 77— (BET) b 3% i 8 Il & 25 &
(BELSORP MINI X, vA27mhTw 7« ~)URRA ) 2 O TRIEL . BET ORIV R L
77

PP/MHPA-Ca & PP/HHPA-Ca DOiffifh{bi %, DSC(DSC8500, /¥ —F > x/L~—) %
WTAUDT ARG FICTHIE LT, o7 mid 8mg ELT-, £hb% 200°C (IZHIREL ., 2@
JEZHT 72012 5 RFF LTz, ZIDBT 2R E T 572D IZFIEHE 10 °C min! (27T 50
°C FTWHILTz, T 1% DSC B RO — 7 @R Uz, WIEIXS 70 2 BISEML
7=, T.OFEBRFRFEIT 0.5 °C K chHo7e,

SIRAE A LE 1T DSC 2 AW CTHIEL 72, 200 °C T 5 /0 BRRF L=, &9 7V Idk
IHE 750 °C min 12T 140 °C (TR AL T, FRORFFL, R bR (¢ ) Z2E LI,
ty /20 F FRAERLIC BT DR — 7 DOEED 50 %IZETHETITN N DIFHIEEFR LT,

SR O R TIA A X BREIT (2D-WAXD) /3% — (%, X R BT E 24 &
(SmartLab, $REHUH27) IS TRIE L7, Cu-KaBHE— 205 45KV, 200 mA THRETLTZ,
PRI 60 BP Thho T2,
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L) & FAVT 23 °C THIELT, E¥EHIX 10 Hz THEML-, AT IRBIE O J7 AL ik
JEAh D MD J7 [0 Th D,

SR S DT AAE (f i — A T 7 A) 1353 R E 2 (CM-5, A= V2R RS
) &R TRIE Lz, FEFE 10 °LLCHEMLI-, AROERITIT, SLRSCHEEFIC LS T
b 2720 BEDOTEBIMENHD, 4Rl HIRITEE TRIISNOMIKAEER R T 556
[CHOWDIEHEA LI TR D65 ELT- O, 87T CIE X° JIS T 2 °#illyd 10 “HEF CHIET S
ZERPRDHINTND, A BIOIEEF 10 °2 ) D1, FIGURE 2.2 (27337580, #2235 753 50 cm
ONLECHEE 8.8 cm DB ABIE T 25 EITH Y T 5,

2 ° 1R %

FIGURE 2.2 @HJ7ED 2 4737 L 10 ot

2-3.  FEREBE
2-3-1. VARV JBIE O E

FTIR A7 LiX MHPA-Ca & HHPA-Ca O i&E 2 E 3 57212457, MHPA, MHPA-
Ca, HHPA, HHPA-Ca ® FTIR A~<Z7k/L% FIGURE 2.3 {2777, MHPA & HHPA % 1880-

1830 cm™ & 1800-1750 cm™ (2RI REAG T 5, ZAUTERED VRSV BRICRIET D, —
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J7. MHPA-Ca & HHPA-Ca 1% 1570-1520 cm™' & 1450-1400 cm™ [T IS R &R, FE

NEBIED N NVARF T FOIERFRERFRD AR T IRENIRE 5 141669,

Transmittance / a.u.

FIGURE 2.3 Fourier-transform infrared spectroscopy (FTIR) spectra of

MHPA vy S R L
MHPA-Ca
----------------- “ . "----- l"l’ll" I”'
HHPA T Y
i L
Y
HHPA-Ca W
2500 2000 1500

Wavenumber / cm™

MHPA, MHPA-Ca, HHPA, and HHPA-Ca.

1000

FIGURE 2.4 |~ MHPA-Ca & HHPA-Ca ® TG-DTA #hifiz =4, EHL50H% 7 A8 BE

J% 460-560 °C 12 50-55 %D EEHATEOHILDH, TABLE 2.1 125 %E 50 %0 B & O

FEaRd, ZNOOEERIIZNEND VAR TR RE DO AR OEFITER T2, &

H5E 400 °C LL EOEWIHEWEZ <37~ . MHPA-Ca & HHPA-Ca DX 553 PP O HIEL

T K O R D L9 72 BRI TR E I TH 22 1E T D,
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FIGURE 2.4 Thermogravimetric-differential thermal analysis (TG-DTA) curves of

MHPA-Ca (left) and HHPA-Ca (right).

AN /V1d

MHPA-Ca & HHPA-Ca @ SEM [#jf%4% FIGURE 2.5 |Z;59°, MHPA-Ca & HHPA-Ca D7

TS LR THA XL EICNS, ZHZENOR T3 BB L2 EE 2-3 pm. 8 0.5 um T

D,

FIGURE 2.5 Scanning electron microscopy (SEM) images of

MHPA-Ca (left) and HHPA-Ca (right).
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L7z, MHPA-Ca ® D50 |% 21.0 + 0.2 um, HHPA-Ca ® D50 % 24.0 + 0.4 um Té%, MHPA-
Ca DR EAEIT 17.8 £0.3 m? ¢!, HHPA-Ca O HLFEFEIX 19.6 £ 02 m* g! THDH, 2D LD
|\Z MHPA-Ca & HHPA-Ca ORI AXETERDME TN D728 | [FI IR &R T O Sz 4
PERED LSS FIRETH D,

TABLE 2.1 Temperatures at 5% and 50% weight losses, average particle size, and specific

surface area of MHPA-Ca and HHPA-Ca.

Sample MHPA-Ca HHPA-Ca
Temperature for 5% weight loss (°C) 500 508
Temperature for 50% weight loss (°C) 548 555
Average particle size D50 (um) 21.0+0.2 24.0+0.4
Specific surface area (m* g') 17.8+0.3 19.6 £0.2

2-3-2. FEEEAIEZUSINLT-RY 7 ae’ Ly Ofk b8

FIGURE 2.6 |Z PP & ftAZ Al 0.10 wi% sl PP @ DSC ORI #i#R S 255 — 5 dhfi 47
Ty BRI K OV 1 10 °C min! U7z, B —ZIRET I3RS BRIy EHL
72o FFIZ MHPA-Ca ININZEDZE L<IENNL 72, MHPA-Ca iRAN PP O fb b BAGR X 3
X% 140°C ThoTz,

FIGURE 2.7 |Zf5 b ZAI OB E LT, DR Z R, WOk btz z 4 & (0.01
wt%) IINTHZEICED, T,OZRM EARROLND, L L5, 0.20 wt%PL Bt
THT, OEEINTIEEAERD B2, I51Z, PP/MHPA-Ca |34 [BIRH L 7= 4 COFFH O TR

JNEIZ3 T PP/HHPA-Ca K0T, 2777,
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Heat Flow

'§T PP I I I 10°C min™ 'g T R 10 °C min™ J
: s e G
V 204g I: i .
- . 20J g™ I:
PP/HHPA-Ca 2 .
- i PP/HHPA-Ca
§ 4/\
o 5 i
[ PP/MHPA-Ca ’
PP/MHPA-Ca _/L
i\ ]
x x
| wvyf .
80 100 120 140 160 180 80 100 120 140 160 180
Temperature / °C Temperature / °C

FIGURE 2.6 Differential scanning calorimetry (DSC) cooling and 2nd heating curves of
PP, PP/MHPA-Ca, and PP/HHPA-Ca. The cooling and heating rates were 10 °C min.

The content of each nucleating agent was 0.10 wt%.

140 ,

Ca

PPIMHPA
136 :

-

132

) Ir)/'/*' PP/HHPA-Ca
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120
0

T /°C

124

0.1 0.2 0.3 0.4 0.5
Content / %

FIGURE 2.7 Crystallization temperature (T,) as a function of the weight content of MHPA -

Ca (red circles) and HHPA-Ca (blue diamonds).
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TABLE 2.2 |Z PP/MHPA-Ca, PP/HHPA-Ca DT, @5 (T,,) . BlfEEE: (Ahp) . PP O i,

LA™Y, PP OfEd LT R AU IV FE L, -

Crystallinity = A:f , (2-1)

Ahye

ZZCAhs I PP DRAREL, Ah, 1T PP OSERAE S ORMEEL (207 1 g1) THD 9,

TABLE 2.2 Crystallization and melting behaviors of PP, PP/MHPA-Ca, and PP/HHPA-Ca.

Sample Content / wt% T, /°C T /°C Ahp /11 ¢! Crystallinity / %
PP 0 125.1 164.7 99 48
PP/MHPA-Ca 0.01 132.6 164.6 104 50
0.02 132.8 164.2 106 51
0.05 133.7 164.9 108 52
0.10 134.1 165.4 109 53
0.20 134.9 165.3 112 54
0.50 135.2 165.4 117 56
PP/HHPA-Ca 0.01 129.2 164.3 104 50
0.02 129.6 164.7 104 50
0.05 130.2 165.0 105 51
0.10 130.8 163.7 104 50
0.20 131.3 164.2 103 51
0.50 132.2 164.5 110 53

FIGURE 2.8 |Z PP &gt Al 0.10 wt% I PP 0> 140 °C "COSERRS fb Ak dhR A 7~ 4
Do byl E SO RBAL ARG R L7, FIGURE 2.9 I3, # %A1 OMRINEL, 140 °C
TOERAE I T Dty /%R T, ty /513 MHPA-Ca J O" HHPA-Ca OIRIEDIEINT 2
(ZONTHEMET D, FrIC, ARSI E I COZ R ITREL PP/MHPA-Ca 135772 0.01 wt%
DIIMTE R, BNy ), L 72%, ZOZEIT MHPA-Ca 23D BEINITH | SO RIE 12
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WA DEFERE CE DL R D,

8 T PP 140 °C
Ly || e——
PP/HHPA-Ca
; \/__—
3
L
g
T PP/MHPA-Ca
2]
x
L
0 5 10 15 20

Time / min
FIGURE 2.8 Isothermal crystallization curves of PP, PP/MHPA-Ca, and PP/HHPA-Ca

at 140 °C. The content of each nucleating agent was 0.10 wt%.

10
140 °C
[ ]
8
c 6
S
®
) PP/HHPA-Ca
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0 0.1 0.2 0.3 04 0.5
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FIGURE 2.9 Crystallization half-time t;,, at 140 °C as a function of the weight content of

PP/MHPA-Ca (red circles) and PP/HHPA-Ca (blue diamonds).
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ZZETORREDBRDZEN 373D, MHPA-Ca X HHPA-Ca & A R0, L HIFE A3
AU THDHITHEDH T HHPA-Ca JVENAINERE THDOZ LA RT, 72720, BUEDEZ
7. ENHDOREATEEOE OB RIT 703> TV Ve, fEsEA R £ micki75 PP
fa D TEZF 2 LR D RTREVENN B Z HiD,

2-3-3. FEAEEAI A IINUTZR) 7 a e’y 41 RO Sh O f s L e

2 FREORE A TN Z AU PP S H BRSO S & 4 el L 72, FIGURE
2.10 (2, PP/MHPA-Ca &5\ % PP/HHPA-Ca ®JEX 1.0 mm @ PP H k> WAXD /3
B —2H T, EBLLOY T A PP Oafhd (110), (040), (130), (111)/(131) HEHIZH 3k
9% 13.8°,16.6°, 18.2°, 21.0 ° [T/ — 7 2388 5415 (FIGURE 2.10 O 1 O THE
BT DI T —HHEFT) P, LnLARSS, PP OBEIZH TS 16.1 ° (S5 EIHT 43k
HEeh -7z,

PP/MHPA-Ca PP/HHPA-Ca

_—J\/\,\_/\ 0.50 0.50

0.20 0.20

E» 0.10 } 0.10
= =
C c

Q 0.05 o 0.05
£ £

0.02 0.02

0.01 0.01

___J\./\/\/\ 0 0

10 15 20 25 30 10 15 20 25 30
2 theta / degree 2 theta / degree

FIGURE 2.10 Wide-angle X-ray diffraction (WAXD) profiles of injection-molded plates
comprising PP/MHPA-Ca (left) and PP/HHPA-Ca (right).

The numbers represent the weight contents of each nucleating agent.
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Hermans D6 B4 (F) 13 FE2D Wilchinsky D 511259 (110) & (040) 17 D J5 07 43 Afi
o TRILE 99,

3{cos?¢p)—1

F o= ese 2.2)
(cos?p) = 1 —1.099 (cos?p;10) — 0.901 (cos?y40), 2.3)
(cos?ppr) = Jo 1 (Dnir) €0S? P Sin P dppr (2.4)

Jo' 1 (@nid) Sin i db s
ZZToldAE il e EN T W ORI DA EE GILRFE D (hkl) i OERR 7 1) &S 7180 £ B
LI I70L £ ¢ T (hkl) H D FRE /347 Tdh D, PPAIMHPA-Ca & PP/HHPA-Ca DSt H R AL D
Fid [ B9%% FIGURE 2.11 2779, MHPA-Ca &%\ M X HHPA-Ca OIRINZEY, PP D45 1-Hid

[ ZHE NEH7-, PPAMHPA-Ca % PP/HHPA-Ca XY &\ BLA E 2R3,

0.27 ,
L
0.24
PP/HHPA-Ca
®
0.23
0.22
0 0.1 0.2 0.3 04 0.5
Content/ %

FIGURE 2.11 Orientation function F of injection-molded plates of

PP/MHPA-Ca (red circles) and PP/HHPA-Ca (blue diamonds).

S RSO it D ) AR A A 327012 BROREBRMESE B2 VT 23 °C D5 3RATHEH
PER (E°) 2 E 7=, PP/MHPA-Ca, PP/HHPA-Ca ® E D E#E 2% FIGURE 2.12 (27”7,
MHPA-Ca & HHPA-Ca OEAMIED | E LT, ZHud, @V s L EEISER T 585 2
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25

20}

15}

E'/ GPa

1.0 |

05

PP PP/MHPA-Ca PP/HHPA-Ca
FIGURE 2.12 Tensile storage modulus E’ at 10 Hz of injection-molded plates at 23 °C.

The content of each nucleating agent was 0.10 wt%.

FIGURE 2.13 (ZJZ& 1 mm O BRGSO SME 2R, iR A O IRINTEE 0.10 wt%
Td%, MHPA-Ca, HHPA-Ca ZiRINL Th e A(LE T PP OFEIMEZSE LTz, a3t
BRI YD | BREBIC LD BRELZIHIL 7272 &35 2 Hivb, PP, PP/MHPA-Ca, PP/HHPA-
Ca D ELE (AT a— ATy I R)FENEH 9.2, 8.3, 8.7 THD,

| PPIMHPA-Ca| | PP/HHPA-Ca

FIGURE 2.13 Photographs of injection-molded plates with 1 mm thickness.

The content of each nucleating agent was 0.10 wt%.
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LD PP HI O E Al THD MHPA-Ca 2B LTz, £ DIZAIMEREE PP Db AR
7afE EZ R O — D &35 2 HivH HHPA-Ca LI L7, DSC JIE RS B2 v T, MHPA-Ca
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PP 53 F-8HDBEL A XN 72, FERDE =R — 4T AT B A 27V 2 A SO FEiE
SDOFRNEREBE T HE ZOF RO AN LTI 120 Tl f e
IRV THIREHEINAZEEMFFT 5, SHI, MItESH) E3572 | B & D8 5% %<
L, AT AL HETED, ZOZLF TEMICIEF ITH I THD,
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FIGURE 3.1 Chemical structures of DBS (left), MDBS (center), and DMDBS (right).
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FIGURE 3.2 Electron micrographs of MDBS fibrils”.
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FIGURE 3.3 2D-WAXD profiles of skin layer and core layer of injection-molding

specimens comprising PP and PP/MDBS '°.
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FIGURE 3.4 Chemical structures of MHPA-Ca (left) and MDBS (right).
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R TY A =)L T TH A (3-(3,5-U-tert-7 F/L-4-bRuaF%s 7 =)L) 7’4 xr—h) (f/L
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H w7 A8 1010, B —o—T AT T7) LR R (2,4-D-tert-T F LT 2 =)L) T AT 7 AR (ALK
T AP 168, B —x—T A7) HRIFIEL T, AT T UL T A (A B TR
S EER L, TR ZNORMEIT 0.05 wit% Thod, ~r =/ 3x % — (UM 2E, =Jf
= b AR AU 41) 12T 1000 rpm T 5 43 TR G | [R5 0] B sl A (KZW15TW-
45MG-NH, BERAEHET 7 7 ~0) ZHOCTERIE G L. Uy MAERLU-, IRV IRE X
240 °C TIT7o7c, AZVa—d L/D 1% 45, EAARIE 15 mm ThdH, A7V =2—ORIERHEE L 250
rpm THD,

Doy NI, D 77 40 b O BT (NS40-5A, HFE#E T3S 4h) 2
T, FIGURE 3.5 (TR ZODEHLNBERS L TR E R RIZIR (90 X 10 X4 mm) D
R AAERL 72, BHIEIREEIE 240 °C, &HIR L 40 °C THIE LTz, ERER RIEROR
5% 771 TABLE 3.1 [ZR T BRI CTRIB LI,

Flat plate Rectangular bar
Flow direction Flow direction
35 mm 90 mm
35 mm ) r A \
0.5mm < \/240 mm ~/2
10 mm
DSC, WAXD, Haze Flexural test
FIGURE 3.5 Flat plates and rectangular bars
TABLE 3.1 Processing conditions at injected molding.
Conditions Flat plates Rectangular bars
Injection speed / mm s™! 26 26
Injection pressure / MPa 60 100
Injection time / s 10 25
Cooling tme / s 10 16
Cycle time / s 27 47
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3-2-3. HIE

il em AR (T,) LR (Ty) 13s 2 E A BVE R (DSC) (DSC8500, /X —F v =L~ —) %
AT, NI LAEFR FICTELE, o7V ERIL 8 mg Thb, H 7 /LiE 200 °C 12
FRL, R~ —DOBBIEZH T 72012 5 7 frFFLIC, £D#% ., Yo7 V2RI 10 °C
min” T 50 °C [ZHHILTZ, DSC Rl AR OB — 7R EZ [T, | L L TER LI, Zhinb
T R DI 7 L & FRHEE 10 °C min™ T 200 °C [Z5H-R.L7=, DSC 2nd iR ih
oW — 7R AT, |2 L7-, FIGURE 3.6 |Z DSC /& 5474, PP Off s b E 1%
ATV EH L,

Crystallinity = AA:f , 3-1)
pc

ZZTAhg X PP ORMFEEL, Ahy 13 PP D5EAFEROBAFEL (2071 g!) THD 12,

DSC conditions

Hold 5min

%) 200 °C|----------------,

o

—

2

o

(] Cooling Heating

g— (-10 °C/min) (10 °C/min)

O 50°C| -

= F »' Hold 1min

Non-isothermal crystallization
measurement R

Time / min

FIGURE 3.6 Temperature profile of non-isothermal crystallization and melting

measurements using DSC.
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A AL (8/2) 13 DSC ZHIVWTHIEL 72, 200 °C T 5 R FFLIZ#E, K7L
(TR 750 °C min™ (27T 140 °C IZMEIL T, FRMRFFL, 1,2 HE LT, t 513, Fil
FEEALICBITDREAL — 7 DHFED 50 %IZETHETITHNLEEMEEF L=, FIGURE

3.7 2 DSC HIE M2 RT,

DSC conditions

Q 2000¢|-cecee ] Hold Smin Crystallization half-time ¢,

B Rapid cooling (-750 °C/min) t1/2

5 A S

© 140 0C|--------fmmmmm oo T

8 Heating Isothermal crystallization ©

€ measurement IGE)

O 50°C|-L----mmmeeee--

= 50% of peak area
Time / min

FIGURE 3.7 DSC conditions of isothermal crystallization measurement.

SRR i D — kot WAXD /32—, X #REl4r25E (SmartLab, BRI +EU A7) %
WTHIE LT, Cu-Kofte — A1 45 kV, 200mA CHRE L7, BRETRERIT 60 B CH D,

TR, T REREBREE (68TM-5, A Abry V¥ o3y =4 UITVR) & H
VT, 23 °CL 50%RH BREE FICC, JIEEFML 7z, 3B EL T, HH R CTIERLE
RIGROFRER F (90 X 10 X4 mm) 2 FV V2, SR BERE 64 mm O FRER Fr o> H i | Amr B2 41
Rz HROEFOHAE RI LOSFRFEOFAE R2 (ZEDBHE 5.0 mm Thd, sBREE T 2

mm min"! D7 A~y REE CEE LT,

FIGURE 3.8 Three-point bending tests
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TV —EREAER L, Oy L — R AR (No.556 MERARERIE 1T, BRSNS RS
BERVERT) &2 FIVNTL 23 °C, 50 %RH Bi 85 RIS CIIEZ F L7z, 3BT &L T, 5 I a%
THERL 7R ROZIROFERFT (90 X 10 X4 mm) & v 7z, /o T, BB o s, R
A OREF AN EAA TRESH ATV, /yFHORDIEA 8.0mm (Z725ED12MT
L7, fIB G ATy VIR ThHS,

BT A=A A—H— (~—RXA—%— NDH8000, H ARE MG TEKXSH) 2T
HE 2 FE G LT, > 71X FIGURE 3.5 OYEARDIES 1 mm D4y 208 LT, H17E 5 FE
% FIGURE 3.9 |Z/R9, ~— X%, B A 2l 2& 8055, #li#ELcE->T A
FE055 0.044 rad (2.5 ©) LA EZFNIZ BB E Ay REEFRSI, RIEHER R (T,) 1267
HILHOZ I (Ty) DI TRIND D, o T BAMERBWNIEE | ~— R K< A2, HIEIX
YT NS BEIEL, O EERE LT,

Ta Ty :HEEEE <«
Haze = — x 100
It T, :SHRBEXR

ZRER

FIGURE 3.9 ~—X|7E D JF

3-3. FEREBE

3-3-1. fEEEERIEZTINUT- R 7L OfE b 258

FIGURE 3.10 (Z DSC O3 EE 10 °C min”! TORRR A =T, fEenEHIORINET
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0.2 wt% T D, A OWRIMZEY FHLLT, 28 EH- Lz, FIZ MHPA-Ca IRINL7ZES, B8
# CTdh5, FIGURE 3.11 \ZHS B AIO RN &ET, ORMRE R, MHPA-Ca D6 T I
0.01 wt%HAaMIZ ER L7z, —J7. MDBS (28T, T 0% 0.1 wt%hHigenc ER Lz,
W5 DT EBI, INE 0.5 wt% TIHZEAERIUT, 2R LTz, J2 THBRIEANZ LI,
MDBS DOIHMEDIEF D206 BARRIZIE 0.01-0.05 wt%D5G6, TAIE FLz, Z
AU Kristiansen 5225 &L TV 5912, MDBS 73 PP ~EfE T 247 IR R\ Lo TTL MK
TLz&E 2 b5 Y, TABLE 3.2 |2 PP/MHPA-Ca & PP/MDBS DT, T,,. Ahp. PP O

{LEE %73, MHPA-Ca #INI2XEY MDBS ¥RINE i LT, mW i eafbE 2=,

TABLE 3.2 Thermal properties of injection-molded plates of PP, PP/MHPA-Ca, and PP/MDBS.

Sample Content / wt% T, /°C T /°C Ahp /11 g! Crystallinity / %
PP 0 120.2 163.6 109.1 52.7
PP/MHPA-Ca 0.01 129.5 164.4 106.0 51.2
0.02 130.7 165.2 107.6 52.0
0.05 132.4 165.1 110.9 53.6
0.10 132.9 165.8 114.5 55.3
0.20 133.8 165.6 114.7 55.4
0.50 135.5 166.8 112.4 543
PP/MDBS 0.01 120.0 164.4 104.2 50.3
0.02 119.9 163.7 109.2 52.7
0.05 120.1 163.6 104.5 50.5
0.10 124.9 164.1 104.2 50.3
0.20 131.1 164.6 106.1 51.3
0.50 135.1 165.9 106.5 51.5
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8T 10 °C min’”
c|| pp SERAL
Ll
2 v 20J 9_1I:
3 PP/MDBS
LI- e ]
B
()
T
PP/MHPA-Ca V

o) l V

X

L

80 100 120 140 160 180
Temperature / °C

FIGURE 3.10 DSC cooling curves of PP, PP/MHPA-Ca, and PP/MDBS.

The content of each nucleating agent was 0.2 wt%.

140 T

PP/MHPA-Ca

/

135

130
MDBS

T /°C

125

120

115
0 0.1 0.2 0.3 0.4 0.5

Content / %
FIGURE 3.11 Crystallization temperature T, as a function of the weight content of nucleating

agents.
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FIGURE 3.12 |Z PP LA EAZA 0.2 wt% iR PP @ 140 °C TOEIRGS b difra <9,
EEAIARASN PP XM R Y — 2 2 oRSIRWDN, BEAIRINY > 7 /IR — 7 2R LT, 5
Tk AR b RS B U7 5 B LR R (¢ /,) 2 FIGURE 3.13 (T3 7§, IR TI8Y ¢y,
IS B A OB EOHIINE EHIZFIHEL 72, MHPA-Ca 1% 0.01 wt%lEE O &OFRINT
SRty BRI LTZ, SHIT, ty 50 0.2 wt% TIZE—EEIZEL TV D, A RI1T MHPA-Ca
1D ET, RIET AV NE A LE B CEDEERIET D,

FIGURE 3.11-3.13 /%, MHPA-Ca % MDBS JVE A REZ R 2 LA FE LT, FF

(IRIRINEIZ BV T, O ABEE THD,

T PP ' 140 °C

Endo

PP/MDBS

Vs

PP/MHPA-Ca

Heat Flow

Exo
-

0 5 10 15 20
Time / min

FIGURE 3.12 DSC crystallization curves of PP, PP/MHPA-Ca (0.2 wt%),

and PP/MDBS (0.2 wt%) during isothermal crystallization at 140 °C.
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10

u \ 140 °C
8
c 6
E PP/MDBS
< 4 \
\
0 i PP/MHPA-Ca 1
0 0.1 0.2 0.3 0.4 0.5
Content/ %

FIGURE 3.13 Crystallization half-time t,,, at 140 °C as a function of

the weight content of nucleating agents.

3-3-2. FESEERIETINU IR 7 e e Lo i H R S O R 1 L

2D-WAXD 27T, i R i OfE db s A e L7z, X #RE — AT 7V mic kL
through view D J7[2>5 A& L7=, FIGURE 3.14 (2 20707 7 A )V &Rkd, 2 TCOV T
1%, 13.8 °, 16.6 °, 18.2 °, 21.0 ° THMEREIITE —27 %2R 7, 6L PP Daftd (110) .
(040) . (130), (111)/(131) KT D, fidb A XEAHBEDRHLE — IR, # AN
HFEVEELZIF 20, PP OBEIE 16.1 TRV EIHTE — 2 &7 908, ARAFEDETHH 7
VTR SV o T, WO DRSS ANI A Z AR T HIER BV TND A 1310
MHPA-Ca |% MDBS &[RRI, aftZ AT 5 BAFRRE AL L T 283 3o Te, K
WP LTS BRI i D iR EA L O BLE DB I £ D,
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T T T 1 1 T
PP/MHPA-Ca PP/MDBS
0.50 0.50
0.20 0.20
} 0.10 } 0.10
k%) ‘®
c c
9 0.05 2 0.05
£ £
0.02 0.02
0.01 0.01
0 0
1 1 1 1
10 15 20 25 30 10 15 20 25 30
2 theta / degree 2 theta / degree

FIGURE 3.14 WAXD profiles of injection-molded plates comprising

PP/MHPA-Ca (left) and PP/MDBS (right).

Hermans Bc A1 BE4 (F) 13 FRC D Wilchinsky 1£IZ4E> T, (110) i1 & (040) D FHALfH 5540
MHEHRLE T,

2.y —
3(cosz(p) 1 (3‘2)

(cos?¢p) = 1 —1.099 (cos?p;19) — 0.901 (cos?Pga0) (3.3)

F =

(cosqu ) = f:l (Pni) cos?Ppi sin Gpi; AdPrii
ikl f:l (Pnky) Sin Pprr APprr

34

ZZTColdAE Al e BN T O O FE | ¢IIHREE D (hkl) O ERR 7 1 &R EY 5 17 O [
A NI PIZIST 5 (hkl) H O FRE 53470 T,

PP/MHPA-Ca & PP/MDBS D i it O A B4 FIGURE 3.15 (2773, i d i Al
DEIMZED FHHEEIE SO PP 7y F#HOR M A ISt 72, DSC 7 —# (FIGURE 3.11,
3.13) L[FEIERIC, 2D 80D MHPA-Ca [XIRINE 0.01 wt%isINCE x| Bl E A inSw7=, Zh
SNz EURIC Lo T R~ —HOF MFER A IIHI S 72720 THY , 4705 R Th
%o MDBS D6 iINE 0.1 wi% Ll EDGE | Fidmv EZ 7~ L7-, PP/MDBS D4 HipkIE
an DA L@ TR 2R 928 RSO TV, TAUT o MRR DT M TE R
SNHMHBIRITE R 32 B MERGEL A 375 819,
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0.22 :
PP/MDBS
/‘\\
0.20 \\
9 \‘
L o018 % o PP/MHPA-Ca
0.16
0.14
0 0.1 0.2 0.3 0.4 0.5

Content/ %
FIGURE 3.15 Orientation function F of injection-molded plates of PP/MHPA-Ca and

PP/MDBS as a function of the weight content of nucleating agents.

= R RRER LS B — R R T HH R S D T SRR R 2 i A 5721, 23 °C

THIEZ LTz, #5 Al ORI &L i PR O BIf% % FIGURE 3.16 (279, THIL

7=&DIZ, D 8D MHPA-Ca IRANZEY | #fF FEPERIZHASANTHIN LT, A& 0.2 wt% L

CiX. MDBS &7, #hiF BRI R E L7z, 2 DM Mo Bl & R TH D,

PP/MDBS Tl H kI O st g IR

% MDBS OIEMREELL T CRIE T 2281280, MR KREEDDHIENFNHILT
N3 10

FIGURE 3.17 |Z/Rr 93912, #iF ROV TH [RIEEDFE 3tg b=, MDBS @ 0.02

Wt 5T T DR/ B D PRI L5 i F it =R L g P50 033773724 i, FIGURE 3.11 (Z

TR ~7= 1912, MDBS O AR R I K12,

HR PR | BRI IR v LB —TE BRI O B2 % TABLE 3.3 (27,
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Flexural Modulus / GPa

PP/MHPA-Ca |

"
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Content / %
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FIGURE 3.16 Flexural modulus of injection-molded bars of PP/MHPA-Ca and PP/MDBS

as a function of the weight content of nucleating agents.

55

45

Flexural Strength / MPa

40

35
0

PP/MHPA-Ca

PP/MDBS

0.1 0.2 0.3

Content / %

0.4 0.5

FIGURE 3.17 Flexural strength of injection-molded bars of PP/MHPA-Ca and PP/MDBS

as a function of the weight content of nucleating agents.
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TABLE 3.3 Mechanical properties of injection-molded bars of PP, PP/MHPA-Ca, and

PP/MDBS.
Sample Content  Flexural modulus Flexural strength Charypy  impact
/ wt% / GPa / MPa strength / kJ m™
PP 0 1.41 43.0 2.0
PP/MHPA-Ca  0.01 1.59 48.3 1.3
0.02 1.61 49.1 1.3
0.05 1.64 49.7 1.6
0.10 1.67 50.1 1.9
0.20 1.71 51.1 1.4
0.50 1.75 51.8 1.7
PP/MDBS 0.01 1.36 41.8 2.0
0.02 1.34 41.7 2.0
0.05 1.37 42.2 2.0
0.10 1.49 45.2 2.1
0.20 1.67 49.3 2.0
0.50 1.78 49.8 2.0

FIGURE 3.18 |ZJEZE | mm OHHBIE MO ~N—lZ2 R, iR ORIMIEY ., %

BIPED A _E U7z, #FI2 MDBS WINCEVZE LA _ELTWAZEDN 503D, MDBS (38 H AT

D AR B DAy F-Hl A2 EL< T 5, 5T, a7 @l MDBS #i# TSRy T —2
5 PP Oft L BT T 5728 . PP OEREEDIERZFRE T 5, 2161259 MDBS |3 PP
OB OARBIR NELIRD T ED BEL A TS L, B AMER B~ 7n s 819,
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FIGURE 3.18 Haze values of injection-molded plates as a function of

the weight content of nucleating agents.

4. R

PP (M1} OFT LR SEZHICH D MHPA-Ca DEZHINERER . PP Db BN fE Sz H 0 —
S T&HD MDBS LR L 7=, DSC HIE LY, MHPA-Ca [ZFEEIRBENC B W CT. 8 LL |
AL BRGSO Tty W52 L2 ABNI LT, ZOBAREMEIZIEE 1D BED
WINE, B 21% 0.01 wt% TS RBET D, T EFH-T5720 ., FHEIZIZEWT MHPA-Ca
WINZED PP Oy FEEMIIEAIL | fEREL TRWRIPEZR 5-2 5, BB A2 V2 A LOFLHE
MR E~DFRNERZE 2 58 ZOFBURE AN TAE RSN LN HIFTED,
FIMHAIE 2 E ORI T IEIZB O THRIH ATREE B 2 DD,
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4-1. =S

4-1-1. BIBILHE I C B2 RIE 3N+

it f PR 15 20 - S U D 5 R Ry M OV 2 DA 1. BN A2 361 % B /e
ThD ', FHRIE CIE, ERLICE S T2 OF v BT A O~ FE L%, FrE
TANTIHENIED, DL 2B EE T 5, —RAICHIEE 16 ReRLINETONEZ —
PN &P 5 € DR BIEIL —EMEETHS . Tha RIS M5, FIGURE 4.1 (25

53 F OUUHE MR 2~ FRITHEPE S 0 1, R tEm o L B0 mAFICH b E
PRI 720 L IR E W, 16T IUEE R D2 &3, A& 20 F O S HROR S oD F2 1
EEHIET 272D EE ThH D, IR TEORLS £72, FTH Y & ORI B 57
DHEETHD,

Primary shrinkage

Se_c_qndary shrinkage

Dimension

Time
FIGURE 4.1 Typical curve of shrinkage for polymer : a. mold cavity dimension at initial

temperature, b. mold cavity dimension heated by molten polymer, ¢ dimension after primary

shrinkage, d. dimension after secondary shrinkage
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FIGURE 4.2 (U C 8% K AE 3RS R X A s 2, IR 23BN Tah%0
MBHRFMEIC Lo TIRIES VD, MG I RTINS B AL T, Ak % 22 WP T

TWD, BIA TS RIREE | B R SRS ORI PRIERFR] &R0EE | i HIR 722 L

IZBLTTHS 1Y, Jansen H1%, RYFue’Lr (PP) Z VT, S HIEEE | IARNREE , 7R
B PRIEDRBIZOWTEHIE L2 Y, ZOfER ., SR EIL TD 5 OIS 25—,
SN EEIL MD 5 R OUHERIZ BT 522 A LT, SHICIREIL MD Flne TD J )
DM TR ET HT LA WE LT, IHIT Jansen B AL MR 43 FOUUHEIZ L T, IREETE
IR D3 b BB DR F- L7257 LIC OV TH A L2 9, Kwon B, FERMEE S FIC
BUVTIRIERF M AR EDS, i S PEm 20 F IR TORERF M 232 SCBL 32 BB R BN T
bHZLEWE LTz, TNOOWMEIIREPINHEEHIE T 27DICB BT XETHHILE T
BT 7,

R 5% 2=36d
SHHED RE
1R IEREfE)
— VE5fe
(= o—IVEER]) s
SRR
> I IRIREE
%%ﬁ;;‘z ) HR BREEIRE
e # B pEEt REGEE
; bﬁm%&?ﬁt firii SR AE T ED
2T N—, 5F BEE
BT & kg ~Fi&EHA

FIGURE 4.2 Cause and effect diagram for shrinkage®.

P (TR TAAMT 3 —< AR EN20 | PUHORE M E 5 &L TR ST
WD P LS B RS BB T D72 | SHE RO 31T D ORI E B B 2 il i 45 28
[TEHEETHD, Midhfblid PP THR % i A2 BN 52 LIV TS5, Thboh

54



4

i
i

4-AF - I ONFT A L] 2D T VIR TR I L DR ERINARY) 70 e’ L O R G % 8

T, YNVE R VREAWIE PP OFBARAFILL TSN TR, TNOIXEWMEZ 0 Fd
HIEWTED W0, YA NV AL EITEERL PP IZIEfREL . A /77 A3 —LL T
352 LIRS EEZ A L L TI<, 55 2 B 5 3 EDOMIFEICER VT, 4-AF L-v7unF
P-1,2-U IV BRIV B (MHPA-Ca) 28 PP OFTBLRE SEZ A L T, VL e h—
IVREERIROT 7T -1 2-U IV RV W L LT I A R A R
ZEEHBNITLIZ 3,

4-1-2. HHY
AAFFETIL, PP ORIEINHEZE B~ MHPA-Ca D% EAZZAML . 1,3:2,4-84-0- (4-AF
IR DYT ) -D-YVE R—/L (MDBS) S L 72, 512 PP O R iEE IZBIL T, INAEIC

52 5B Rz i A LT,

4-2.  FEEr

4-2-1. JEAFEL

THROT AV 27 F 7RI 7 ae L (PMI00A, Vo7 r~—ath) ALz, £D 2
V7 —L AR (MFR) 1% 230 °C, 21.6 N Ofaf H FIZFV\ T 30 g min' Tho, HOEE) o1&
EE BB BITENZE I 35000, 179000 Da Thod, iR i B &G (DSC) THIR
W 10 °C min™ CHRIE L7-f@lSIE, 164 °C ThD,

A AT )L a1 2-D T VIR g VT Mt (MHPA-Ca) & 1,3:2,4-E2-0- (4- 2
FIRVYF ) -D-Y L E R—/L (MDBS, 7 /L4 —/1® MD, #r H AH LR 256 5
BHRIEL TR LTz, £ b0k H#iE % FIGURE 4.3 (R,
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FIGURE 4.3 Chemical structures of (a) MHPA-Ca and (b) MDBS.

4-2-2. BTV FHER

FEEZAIOTIMNEIT 0.40 Wt% THD, SSHIZERLEG IEAILL T, <X YA h—/LT 7
F A (3-(3,5-U-tert-7 F/b-4-tRaFxL 7 =)L) Fat’tx—k) (LT /v 7 A%® 1010, £ —
T—T AT T) LN R A-Dtert-T F N T =)L) T AT 7 ANAN T T+ 2® 168, B —T—
TATT) RNz, FRIAIEL T, AT TV A (B B TR S 27
INUTze ABFFEDUINAILTT 2 TABLE 4.1 (2R,

TABLE 4.1 Polymer additive formulation

Sample PP PP/MDBS PP/MHPA-Ca
MDBS (wt%) 0.40

MHPA-Ca (wt%) 0.40

Irganox 1010 (wt%) 0.05 0.05 0.05

Irgafos 168 (wt%) 0.05 0.05 0.05

Calcium stearate (wt%) 0.05 0.05 0.05

FHOFEMEHL, [F 7 A Al i (KZW15TW-45MG-NH, #k & tt7 27 /~01)
TIRMOL, XL ERIL7-, A7V 2—DFS (L) EEAE (D) DR (L/D) 1L 45 THYH, A
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IV a—DEAT 15 mm THD, A7V a—[A#EH X 250 rpm TH D,

oo~y MRS 7 110 b O i HEIEHE (FNXT10I, H AR T3l th)
ZHNT, 60 x 60 x JEX 2 mm OFEHUTIE LTz, BIIEIREE I 240 °C IZHIEIL 7=, AL
TABLE 4.2 [Z7~ G SR TR 72 (5 D EE 100mm s™, S HIE /) 100 MPa, 2271 =
— [EHAHEE 100 rpm, ST HIFEIERER] 0.25 70, ORIERR] 39.75 b, (R ENRERH 10 7 i ¥
IIHEA D60 F) , B-EIT 10, 20, 40, 60, 80 MPa (2T L7, IR ~—{3 40 °C (214
ST AT VLT — M@ U T H - FRIE L2, BRI 72 E 1T, &RWNICERE
722 DOES B —FRE LI, 7 —NIEOE B Y—% CHIL, 77— BN 7=l D
JESEY—% CH2 &LT-, ENZE D' —DELREIT 3mm THDH, FROKREIEES

oY —D(E% FIGURE 4.4 |Z7~7,

TABLE 4.2 Injection molding conditions

Parameter Conditions
Resin temperature (°C) 240
Injeciton speed (mm s™) 100
Injection pressure (MPa) 100

Screw rotaion speed (rpm) 100
Injection filling time (s) 0.25
Holding time (s) 39.75
Cooling time (s) 10

Cycle time (s) 60
Holding pressure (MPa) 10, 20, 40, 60, 80
Mold temperature (°C) 40
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FIGURE 4.4 Schematic diagram of the injection-molded specimen
(a) measurement locations for specimen dimensions

(b) locations for pressure sensors installation and analysis
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4-2-3. JIE

SEROESIL, T VXV /XA (CD-S20C, SRRV ) 2 VW CHIE L 7=, FIGURE
4 |[Z/RLT=, MD F1aE TD H D EE&EZIE I 3 D ATOALE THRIE LT, 21X, Lyp;
IZMD1 DN EORSEFRT, IR (S) IX FieomitELz Y,

Lo—Ly

S, =
X Ly

4.

I TLIETDE, LIS IO REDO RS THD, ABFZETIL, Lyld MD, TD &
HIZ 60 mm L7z, SHERIEE 23 °C, 50 %RH OEREE FI2TC 24 FERIFHE %L 2T 7, HIE
(XA 24 WERIRICEMEL 72720 | fEdsAb, B, iR R NI LD RIHE Btk 35
— YR & IR A R L 72,

S BRI Sh 0 "Rt IA £ X RRIET (2D-WAXD) (3, X #R[E 372 & (SmartLab, #ReU2tE
U)W THIE LTz, Cu-Kaid e — A1 45 kV, 200 mA THEGF L7, BUEFRERTIT 180
BWThd, X BIREHE — AT 7 VEIZKL through view J7 AI2NB RS L2,
HEXT — ok 2 el 37206, 77— Mrb 4 mm(Td1) |, 30 mm (Td2) . 56 mm (Td3)
DOEEEETORBR T O R OALE TIML T,

R BEMEE (POM) B HI3, R E B EE (ECLIPSE LVI00POL, ¥k & tt=a V) a—
gL R) E VT, BIEESIRT, 7aA=L FC, K EIC 530 nm M2 50 EH (MR)
R AL CRIZEA1T 572, MD-ND @ (ND (ZFEE A1), T7ROBESHMEZRT) OENT ¢
IVIEIRIRE R A AT L — LR HI7mh— 5 (RX-860, KA TEEMA D) 2T
L 72, 74V ADJEIIE 10 pm THD,

4-3.  FEREEE

4-3-1. BTINOFE KT 28

FIGURE 4.5 |Z§HH B S H £ ) —CHI & CH2 TELRINE 77 thf
Zond, BREE 40 MPa IZUTZBROMETH D, & HIFFE ((RERF 25 Te) 13 40 RICEREL
7o WIEBGEDD, BBEZ 10 B TORMREII O FIZF —h— VR ECT 2R IR
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95, 22T —hr— BV DIL, ST ORI TRRIZEB W T — N s B k528

Nt

T, BIEZ v ET AN~ LIAD IR 2o T RRED Z 2N, 77— — VBRI, SRk
KZwmT 5281220, B EIMEESNAZE T, ZLLEMHESND, FL T, D FEMEDES
WNE MDBS IO 5N B Thd, REOZOFERIX, 3 BEORREFE LI, UL, 7/~

X

mp

EEBRBEF (DSC) oMz b e, PPIMHPA-Ca OfE s LR (T,) I% PP/MDBS XY E)»
o7z 32, DSC JWE LI TITo QW ZEE B E T 5L, AlEOfkE FiL, LIaiRE L
WY | MEAEIRO MDBS 23 5itEh 7 A CEL A L, @l PP 231 DM ONEDSHRE R O XD I,
f LR EZ NS T2 LB 2 D 729, 20fER PP/MDBS 11 #)55 Cld PP/MHPA-
Ca JVHELSELL , W —h— VIR 22072,

(a) CH1 (b) CH2
100 ' ' Y 100 ' Y T
Holding Pre§sure 49 MPa Holding Preissure 49 MPa
—PP —PP
& 80 ——PP/MDBS Iy 80 - - PP/MDBS
s | i i e PP/MHPA-Ca s | i i e PP/MHPA-Ca
T 60 Q 60
(@) (®)
® ®
A @ 40
=] . 2 \\.
] \. 7] :
4 "-.\ 8 %
a9 it o 20 :
% \ [
T T e AR L
0 e ot atatat e N
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time /s Time /s

FIGURE 4.5 In-mold pressure curves of PP (solid line), PP/MDBS (dashed line), and

PP/MHPA-Ca (dotted line) at CH1 (left) and CH2 (right).

4-3-2. FESEAIZIRINU TR 7 a e L o G H R i OIS 25 Eh

B % TRARE D MD (Syyp) DULHEZR1T FIGURE 4.6 (2R, Syyp1ESypaE. BHINEH%F
RCHDHTD | AL ThD, SHIT, R A DOH D Sy p, 133k F Dl (MD1, MD3) OULHE
RIVOTITE Y, T_XTOMEIL, Jo 7NV OFEEIZ R ARELEBITBA LT, Syp
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VS BRI O BN L EE L 7=, 512 MDBS ZiNd5&, B, ZokERiTksZnL,
R LEOHEINE RSN — R — L AR AERICRRATAEEZE LN,
FIGURE 4.7 |Z7" T 8912, Sppld7 — IS CURWIAERZ R UTZ (Srpr < Stpz < Stp3)o

AU BRIE OLRE TRRIZB W T, LRV, mWEDNICSHEINDT20THD 9,

MD1 MD2 MD3
25 25 25
g
2048 20 S 20f-R
. 9 . . &
= Ry o < PPIMDBS s o |
15 -2 PP/MDBS 15 T sPiiPAts T 15 [ o Qe PP/MDBS
(/)§ 6 PP/I;/IHPA-CEa (/J§ Q (/)§ o PP/I}/IHPA-CEa
1.0 0 |g 1.0 ? ﬁ 1.0 E g
PP | o] PP | & PP Q
(<} Q@ i Q ;
Q Q | Q
0.5 i i 0.5 1 i 0.5 i i
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Holding pressure / MPa Holding pressure / MPa Holding pressure / MPa

FIGURE 4.6 Shrinkage factors in the MD (Sup) values as a function of holding pressure at
various positions in the MD of injection-molded plates comprising PP (circles), PP/MDBS

(diamonds), and PP/MHPA-Ca (squares).

TD1 TD2 TD3
2.5 2.5 25 .
20 20 20 o)
m] m]
R o 2 o ¢ 2 o
15 g PP/MHPA-Ca=-q 1.5 0 -------------- 8 ~-PP/MHPA-Ca=] 1.5 Q-—-PP/MDBS
o °© Y & Pprivss o T PPIMDBS o 9 g PPimPAce
Sl 8 6 @ g
1.0 Fo T 1.0 O g 1.0 PP...& 6
PP 4 i PP Y
T 9 L
05 i i 05 i i 05 i
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Holding pressure / MPa Holding pressure / MPa Holding pressure / MPa

FIGURE 4.7 Shrinkage factors in the TD (S7p) values as a function of holding pressure at
various positions in the TD of injection-molded plates comprising PP (circles), PP/MDBS

(diamonds), and PP/MHPA-Ca (squares).

MD & TD DOUVE R 7% Rt o@ gLz,

S, = b2 (4.2)

STDi
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ZZCSup2lE MD FRIOMD2DNLE DG TdrD, Srpiid TD J5 0D TDiDALE O ULHE
HTHD, SgS VWA UL 720U Ch D L% 7”7, Jansen HIE, fRIED%)
REEHIZ, F— DO FEBEOBIEE LT, PP HHHH I L OULHE B HEEFFFEL TD, 1
BTG 57 HEAMEE DB E LB T DT EEWE LTz, FRIZy —MIIZB W THS
INTdHD Y,

PRIEES, DIEDBIFR%Z FIGURE 4.8 (2759, PP & PP/MHPA-Ca D54, fRITIL7 — NI
SDTDIEFRVNTSJATIEEAE R L I27 > T2, TRIEDY 40 MPa LA F D56 Soi3iEE 1 TH
0. TR BEFHNTHHEL TWDZEE R T, PRIED 60 MPa LL LSS | S,1% 1 KiK)»
Teo ZRUTY T AN TD NS REUMELIZZ 8 AR T, — 7, 77— NI<DTD1ITIL, K&
UWMRIEDERIZS 3R EN, ZAUTELMIFEF LT IS0 72 SR T O 8o 72281280,
MD F I RKESUHMELT-Z &R/ 95, [RICELH T, {KWRIE ClX, PP/MDBS DS, Df
FEREL FRITT —MESDIKREV, BNRO@Y, PP/MDBS (X PP/MHPA-Ca LHEET 5L, it
BT, M b MEES L, 7 — = LV ETORF N ERE LTz, EORER. 072
FHENAN R LTI BN KRELpoT2EB 2 HND,

MD2/TD1 MD2/TD2 MD2/TD3
1.6 T 1.6 1.6
14 ¢ 4 14 1.4
o PP/MDBS
i PP/MDBS
12 E D S PP/MHPA Ca 1.2 e % 1.2
3 i 0 o PPi i 3 o 1 3
e i “ | PPIMHPA-Ca “ & PPMDBS
1o & ? 10— a_PP{; T3
PP/MHPA-Ca
0.8 0.8 0.8 PP
063 20 40 60 80 100 065 20 40 60 80 100 063 20 40 60 80 100
Holding pressure / MPa Holding pressure / MPa Holding pressure / MPa

FIGURE 4.8 The anisotropy of shrinkage (S,) values as a function of holding pressure at
various positions in the TD of injection-molded plates comprising PP (circles), PP/MDBS

(diamonds), and PP/MHPA-Ca (squares).
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4-3-3. FESEERZEINUT-ARY 7 ae’L s S H R S O A 1S

HHRTE D 2D-WAXD A A—1% 3 DONE ., 1726 Tdl, Td2. Td3 THIELZ, 72

B AREIL 40 MPa ThA, &HIS LD 20081377 2774/ % FIGURE 4.9 (=~ L7,

Td1 Td2 Td3
: " . PP/MHPA-Ca S F WS PRIMHPA-Ca JL ML PP/MHPACa

' . Seeeenaemraa, P P . . Yeaenae eeaemmea, P T - taametea .
—~ \ -
=l N = N B .
] 1 ~ k%) 1 k%) 1 r /
c LAY /\ c Ty Sy \ c Yo \
o 1\ vw~/ N\ PPMDBS | 8 1\ v~ \ PPMDBS | © 1 Y V=T peivpes
|-~ T Meael-- JdEf--- 7 ol o=l .-~ Y Mool

10 15 20 25 30 10 15 20 25 30 10 15 20 25 30

2 theta / degree 2 theta / degree 2 theta / degree
FIGURE 4.9 WAXD 2 theta profiles obtained at various positions in plates comprising PP
(solid lines), PP/MDBS (dashed lines), and PP/MHPA-Ca (dotted lines).

The holding pressure was 40 MPa.

P AT13.8 °016.6 °, 18.2 °, 21.2 CITHIHERIEIHTE — /& /R LT, ZALE 4L PP Dot
?(110) . (040). (130). (111)/(131) EITAEE F2, Banld 16.1 ° (ICEHTE— 2271325, b
e EZAIARAINOD PP O Tdl, T 72bbH0 —MNEIIZB W TS, 77— MESTIERVEW
R O], m W ABIIS TNCSHENDT20 BibE AT D 79, LinL., fdZAlZamne
72 PP TIL, BabIT S e o7, 2T MHPA-Ca, MDBS E4H12, adbZ2 et 35725 T
HDs

FIGURE 4.10 |2, 2 (4.3) KO E H U2 d G EE (x.) ERIEOBRE =T,

_ Zilci
Zilci"'Zanj

Xc (4.3)

ZITI L F TR TSR Y — 2 IR e — D Th D,
FEEAZAIOERINZEY , PP OfEfb b E A NS T, SOICHE AL X RIEAHIN 3512
DT Lz, ZAIUTEWENZB W TR E R E MK T 35720 Th D Y, #fiZAl
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EIRILIS 6 OB NESIa o T, TR EZAIA PP DRIER OB L7251 T
BB

Td1 Td2 Td3
65 d 65 d 65
60 60 60
0o PP/MHPA-C
PP/MHPA-Ca = o PP/MHPA-Ca ° 0 g b & a
2,88 8 L o =488 & 8 & |-= > 8. f
255 o 255 ! Y 255 fo - Qe .
2 .8 i PP/MDBS i PPIMDBS
3 ¢ PPMDBS| 3 : S ; :
= o e i = ] <>
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FIGURE 4.10 Crystallinity y,. values as a function of holding pressure at various positions

in the plates of PP (circles), PP/MDBS (diamonds), and PP/MHPA-Ca (squares).

Hermans Bt [7) B4 (F) 1L FELO Wilchinsky EIZHE->T, (110) f & (040) o nHEt R L
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o
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F = 3 (coszqo) 1 (4‘4)

(cos?p) = 1 —1.099 (cos?p19) — 0.901 {cos®Pgag) (4.5)
@

<Cosz¢hkl) _ f:l (Pnkt) c0S2Ppi Sin Ppir AdPrit 4.6)

Jo 1 ($nict) sin Pk APt
T2 TolIAb i REY 7 M O O FE | IIAeE D (hkl) T O MR IT 7 LR EY 7 [ O] D
A NIHAL A PIZI51T D (hkl) TH O IRE 534 Thd,

FIGURE 4.11 |2 EEFORAfR%Z7~r T, FIGURE 4.11 1Y, Fi, £ COV 7 /MZH T
F—MnBEENDEEBITIR T T 528030735, PP/MDBS OF X PP X° PP/MHPA-Ca L0 &>
27z, Tenma HZIAUE, HHAIE O L7258 5 TI, PP 25 F85& MDBS ik | 3B 7 1)
iR TR 5 2D, =23 v LRI, BB 7 I CEL I L 72 MDBS kD & fin o AE
Uo7 PP 43 18I 5 iR - THRSEL R 35, FFICAF U BICB W THE Th D,

PP/MDBS DOFIXREDOHIMEEHITAK T LIz, Liu HIZkDE, 7'X— /L Rk Al L5
HIE DS R WS EE TE R L2 N ENHE S TS P, RIFFRIZEBWTH, BV EICE
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Y MDBS e TR L COZRWRTREMEDS DY, ZAUZIVF /NS Zp o= alREE DR D, —

7J5C, PP/MHPA-Ca OF X, fRIEOHINEEHIZHE LT,

0.20 Td1 . 0.20 Td2 0.20 Td3
015 gt PP/MDBS 0.15 0.15
Q ° PP/MHPA-Ca
PP/MDBS -
w 0.10 -88 g g L 0.10 o ) PP/M[H:]PA Ca W 0.10
PP og 8 ]
°© 6 8 PP/MDBS
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FIGURE 4.11 Hermans orientation function (F) values as a function of holding pressure at
various positions in the plates comprising PP (circles), PP/MDBS (diamonds), and PP/MHPA-Ca

(squares).

5t HH SR b D PP 435 0 i LI (MD-TD 1) 27l 32728012, (110) H DS 110,
&, (040) 1 D I a0y PTRIE L ZFH R LTz, BRI D LA | Ia10y/I 040y 135K 1.4
ThHHZENMESNTND 9, FIGURE 4.12 (ZPRJE & (110y/I0a0) P BARE R T,
Ia10y/I040) (T ETOH T MATEBNT, = bBENDIC SN TR T L2, EbIZ,
PP/MHPA-Ca DI(119)/I(0a0)% PP X PP/MDBS JV{&7~>7z, Ziid PP/MHPA-Ca 7* MD-
TD mNICELML THHT, EHNThHI LA/ T %, PPPIMHPA-Ca O% 71728 M1,
ZHDOEIRD MHPA-Ca FLF-22H42TOH M~ZERFE MR EORK L0 D, —FHT
PP/MDBS Dl (119)/I(0a0)lE V28 ZAUZ PP 4 FEHOENEL M A RE LT, ZHUEIRIE
EEBIZEBIR T LT,
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Td1 Td2 T
3.5 d T T T T 35 d 35 d3
©¢ 4  PPPMDBS
3.0 ! o 3.0 3.0
o PP é PP
s o 9 9 9 & g o 9 Q o o) s
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= = PPMDBS | S
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FIGURE 4.12 I(110)/l040y Vvalues as a function of holding pressure at various positions in

the plates of PP (circles), PP/MDBS (diamonds), and PP/MHPA-Ca (squares).

BICAmIEBEMEE (POM) % VT PP O 4y Bl &~ 7z, BT/ m A=V F T,
SRR E A D MD-ND HABIE2 L7, HHEREIC 530 nm 2253 B O4R) % . (a)ffi AL
TWRWBIZ AL (b)ff AL TWDHBIZESAED POM 5 E% FIGURE 4.13 (27”7,

ND J7 M OESFBEIZIR <720, 2 mm Thd, PP IXEDEAEREITEZRT 729D, PP 4>
T8 MD AR ML TV A5G, H<EATLH (L F—7 —a 13 530nm KV REW),

FIGURE 4.13 0553035180, T _XTOV T I/VFAN - aT i iEE R 7, 5, Ax .
a7 HEEOTT TEIIAT VB IO HAEE DL, 7 TR T DR B 5720 47 1Bl
M2355<72%, LINLZRING ABFFETIZS —MEIZBW T, AF V@12 TRiargiles
WTCH MDD FHIZ@EW TR Z R LTz, ZAUE, SIS U DA E B (8 i Eh)
TR BRI 2D 72D OREICEDMENC I, a7 D5 T8 E m L7
LEZHND P, aT@OBLMIZHE B 5L, PPAMHPA-Ca %, PP/MDBS &bl 5L, 7 —
IABBENTALIE THAHTA2RTd3 T, HEVELA DD DALV, 2L MHPA-Ca ki F-7>
HEFINZ PP OFEALDHET T 52828, a7 BICB W TR\ R Z R LIZEE 2
Y QR
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FIGURE 4.13 POM images of the MD-ND plane at various positions in the plates obtained

at a holding pressure of 40 MPa. (Top) PP, (center) PP/MDBS, and (bottom) PP/MHPA-Ca.
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PP/MDBS & PP/MHPA-Ca DAF U J@D/ES(E, Td1ETd2 TIXFL TH DA, Td3 T
PP/MDBS 7% PP/MHPA-Ca JOAF U JENIED o7, Zhd, SRINOE K T 2B OfE R
ZRWTHE b E BTz

CHERISND, EHITLREEAX VB DRI O BELRIZ OV TIL, PP/MDBS (3R EOHE N>
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FIGURE 4.14 Skin layer thickness as a function of holding pressure at various positions in

the plates comprising PP (circles), PP/MDBS (diamonds), and PP/MHPA-Ca (squares).

LLED I, b db A A1 o0 R U 0D 52 05 \ it
EEZRIARTIN G PP LIS T 28| #E AR LN T 28 OO | WUHE B 5 I3 8 KT
S, ZOBIGHE, EVaT BIZEV T MHPA-Ca ki 10D FIHICHERIL N ETHZ LI
ELR 32, F HIE fh FHI TR WG I RS BSND e BET DL,
MHPA-Ca |35 I I £,

\Z % 5.2 5, MHPA-Ca O

DIV, %

68



4

i
i

4-AF - I ONFT A L] 2D T VIR TR I L DR ERINARY) 70 e’ L O R G % 8

4-4.  fEiw

AREE I, 2 RO LA Z TSR PP A>D7e D5 H A b 0 BB UG 5 B)
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7 —h— LV ETORHITEL /2%, DSC #l7E Tl PPPMHPA-Ca |% PP/MDBS J0 i ki
FER @AY, PP/MDBS (37— b — VR I RIS E ) DME T 357 — by — VR A
PP/MHPA-Ca J0HE, ZAUIHT BRI O 572 5 236\ TIIAER ©© MDBS 23 Bl 77
BRI L, AR PP IZ361T DI OSSO SO & | i L EE A NS 77z &
BEZHND,

5 R i 0 i A 1 O FEAT CId, PP/MHPA-Ca D=7 J& Tl PP 231854V 5 I B
ML TWAHIEARLT, 25000 MHPA-Ca Ki 1B TO I M~OFEmREICED, =27 &
TIVEWEL 2RI &E 2 bD,

ol S AL 2 TN U T2 5 H R T D U A3 e WO ER I, i ORS BE S L 7 — Ry — L R
W2 THD, IHIZ, MD ULHfEI% PP/MHPA-Ca & i L C PP/MDBS 23\, ISHE 2 05 1 1%
PP/MDBS &8 LT PP/MHPA-Ca (3/)h&VY, 24U PP/MHPA-Ca D=7 JEIZIRB W THETHY
IZRLE L TV DI THD, fEmEEAIZTIILT: PP B BRI il AV 07 7 I 2 e 1R 9%
ZEDHEFICHETHH LB ET DL, ZOHBUREELA . MHPA-Ca |3 TEEMICAAET
b5,
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55 Bt

KERSCTIE. FERERIRINCE AR 7 ae L (PP) O EtERe (kA B L C. #i7-72 PP
A CTHD 4- AT v 7 a1,2-UH VR RSV I (MHPA-Ca) Z RN 72
PP OfEELMEREZLINCT D2 EE BINEL TIFEA £ 7-, BARMYIZIZ, MHPA-Ca %
WINL7z PP OFGEALFEIRC, 2 DSBS D 1R e B IS B A 3 L
PP O A1 % fEHTL . MHPA-Ca O g% Al L L CORHEA BN LT,

(1) 4-AFN-7u~FH L 1,2-D VR BRIV T DE PSR ERY e’ L RER (5
2 %)

PP FDOFH ORE %Al L T, MHPA-Ca DA R OF M A £ L7z, gt LT,
MHPA-Ca LIPS THY , 23D ieb BRIV PP BAID —>ThHLHY 7m~Fi-1,2-
DAV TV S (HHPA-Ca) & Vi, JEICERL PP IS AR 7 & LT
REZFEAE S5 15y B O A Tl %, AN FETM T DL L T R AR RS
(DSC) I LD IE L7k S AR EE (T,) 2 Az, 23 O i A A5 O %71 2 SR s e R A1)
H DY AXRLIIRIZ L TRIESNDTD | TAXRLIEIRDIITL 72D INTERIL | #2177 -
72, Al AR A Z BN LT PP 3Bk i O BT OfE S . MHPA-Ca 1%, HHPA-Ca L FLERL T, JF
IR RGIRE (T,) 2770, f s bl A LGRS T 22803930 572, EHIC MHPA-
Ca {3 HHPA-Ca LIl U CIR I SHE S b3 2720 | S HROERRER D PP 53 F-8HD R A]
JE£1X HHPA-Ca JOHEINL 2> D@ W RAIWEZ R L7, MHPA-Ca (X, #fdb b2 L <<,
INOEWEINEE AT 53 D720 | TEMICIER A i EHInA cd o,

(2) 4-AF N2 7T Y L 12-DANR BN LT DY NE N— )V RIERI OHERE
(% 3 %)

PP DY ARG fb k%I O MHPA-Ca & 1,3:2,4-E2-0-(4-AF LU DY T 0) -D-Y

JVE—/L (MDBS) DFZAMEREC DWW TR i 2 i L7z, %% F 138 PP U2y F L

JVCERIRL =6 v HNRFE CHT Y UG S A RE 7 37 TR ) 6 i A & L Crb s, A
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FEETTIE, MDBS 2% PP (&5t U CH 3 DI EE S IR LI A i L7, AR IS iz
#I> MDBS 1 PP (Z 0.2 wt%LL LRI 22 Lz i s bR (T,) O _E&- 5 bR
DEREDTRBDHAVIZAS, S HREEH O MHPA-Ca IZIRINEAD 0.01 wt%lLIEH 170N
HCSX ., DRERFL , 2 TORIMEEFLFE T MDBS XY@V T, AR LTz, ZAUTEEAI RO
BB OB WK 355 2 HivhH, MDBS 1X MHPA-Ca E[RIFRFELL ORI A A 7RL
[FIFREE DORIMEZ 7R L7z, MDBS X PP O VEZ 7] W58 A ThHZENFHIL T
HT &M FBHMEIZ DN TEH MHPA-Ca ELHEHR LT, O F, MDBS (3 0.2%LL EOEINT
FELEIMED M EL7223 MHPA-Ca (XD T ML UE L2 T, §705, PP D%
P ET 70T, fE IR EZ B D D7 CREA B & O JEHELE M2 5708 | i
DR FDEENRDHZED DT,

(3) 4-AFN-TITaA~FY U -1,2-THNVR BN T JETRIRY) 2L v O R IHE
ZH(EE4E)

R A DR FUIARY < — Of b AR S | b T 7y — &l 524
ThD, TIUTLEN R~ —D J)F R R OV R 2 ] ESE D720 T I 26
OB E B 2570 lRIEMOREIZAETLMADOET R0 BRI fh 03 K ABLG D ] 23
WIFF &S, RETIL, PP %L T MHPA-Ca & MDBS % FV T, S H S i O A A 26
NG R DAL T2, PP KL CHRE S AIZ RN 2 2 LA K0 BOF dh D I 2R D 1Y
MRBD BT, iz, 7 —MPENBELS R HIT 23T, JitdLe T B 5 7] (Transversal
Direction, TD) J5 1A DU I TN+ DA 2R LTz, —F | SR R ORI (SN
VARMHIEZ TR L 721212, 7 — M BBHIR D3 L7 W ISR T B ) & @b 52 &1
FO IHERDIR T AR SNT, ZIHDRIBIEZEEI DO LI HOUWT, PP A S O
Ay a7 S (SRR TS IR HIER R DS | @ AT KRR O FiE®h 7 1 L2 B A
L TR R AR VBEIE T D, — )7 AU S NEARE AV C L RO EIREE 072 | it
FIEFN DT KRS D 7 TB & TER T 5, ) & MRHTL | MEEETT 572, I &
UAEIEDFEAT Tl PP/MHPA-Ca D=7 g Tl&, PP 43 T8 EFIICE ML TV AT &R
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L7z, %4k MHPA-Ca ki 170352 TOH ~OFE R EIZEY, 27 8 TR B Z 7R
FTEBZBND, AN RT3 R S O IE A B VBRI, B s EE L —
R — A RFRNZO ThDH, SIHIT, MD IUfEIL PP/MHPA-Ca &L C PP/MDBS A3 @&\,
ILHE B 5 PEIX PP/MDBS & LE#LC PP/MHPA-Ca [3/h&EVy, Ziuid PP/MHPA-Ca D17 &
IZBWTHEL IR L TWD72D Thd, etz Al Z iUz PP 3 B 23 % 5 Y72
INHEZ MR T D2 NI IR TH L a2 BT DL, ZOHBIRE LA, MHPA-Ca X
TEMICA R THD,

SHOBEE

HHO PP HOREEEAITHSD MHPA-Ca @D PP [ZxIT BEEHINMERE S ) R, S
PE. BOBAGHEZE B2 52 DB DWW Rl A AT o 72, BEAFO PP FHE k% # CdhDH HHPA-
Ca X° MDBS &L T, BZAIMERE MBI TISY, 2% FRYICEL AL CTI8Y | IUHE S 5 PEDS
INELI2DZEHADINT LTz, L LIRDD, A OVE RIS | )8 A lR72 L D AINAN
FDRE PP DOy F RO KM OTRICE DB L LT U B 7 W iRE
T2V, ERLOMEZEEEX IR X AR BEHHIE 2 VT MHPA-Ca O B Sk 1S AT 2
ML . MHPA-Ca Ot i i I8 -0ks T B2 90~ PP OfG fbiIE L HEf T2 28T i
AN OVERBEEZ DN TEDEE X TD, o, s AL &8 A iR7e & DIRINF & o
AR DN THRIEEITIZEIZED | BIMEDOEIHAR DR HT 7222 D FE Bl A HE
PERSHDEE 2 TND, FIBIHE R BN S CIEE B [~ DU DU THIREEAS
HTHDHEER D, TDTDITIT S FEIM O A2 =R TTHNCFEN 3§ 2 %R H D, K
ZEDRFFEBTE DO — BTS2 N Th D,
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