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2 o: 393 9|38 e £Us}e isotactic polypropylene (iPP) FH2ad] =g FAbdArgx)
7 (SEM : scanning electron microscope)$ A|AEFH|YE AHsigct. £ A7E Fdl9 iPP
TP HGe N Y=AL 3wty KMnO,(s)/64.7 wt% H,S0,/32.3 wt% H;PO, etchant
243} o PAIZE TAZONA HHe) BESAE FT ASE ¢ F ATh B A7) YA of
AYg ol g3t Vet RE=2X9) Wt e} 4 pattern© 2 o7, 7R FHE T
Y & Yo, S5 dYHe Hesjed PP 7R TrY REEA9 nATEE AQLY
A BEY 5 Aok

ABSTRACT : Introducing the permanganate chemical etching procedure, a new spherulite in-
vestigation method of scanning electron microscope (SEM) is developed for the observation of
isotactic polypropylene (iPP). New chemical etching conditions for iPP spherulite are as fol-
lows; etchant formulation is 3 wt% KMnO,(s)/64.7 wt% H,S0,/32.3 wt% H3;PO, and etching
time is 7 hours at room temperature. The spherulite morphology of iPP can be observed clear-
ly by an SEM. &-Spherulite and #-spherulite can be characterized and classified by the mor-
phology contrast and lamellar growth pattern which are revealed after permanganate etching.

Keywords: etching, SEM, KMnOy/H PO/ HySOy, polypropylene, spherulite, brightness, lamellar,
morphology.
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Isotactic polypropylene (iPP)¢] A3+ ZE PP
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dtoln], SEM& o] 4¢ AHEHHA A& v
@ Ageln st

Padden® Keith=? 110~140 'C9 S=HSA
AQ3% PP ZE2X], FHAYL, L£AFAT
£ E3lo PP-F#¢] a-forme] type I, type II
spherulite2} B-forme] type III, type IV spherulite
9] thekdt ez EAEE A 8 1en, Norton
5o° TEME )43 iPP 749 M1t &L §
E} cross-hatching, banded spherulite 5 iPP &
E24 B4¢ 47% v da, Olley 5&° 7ABZ
< 4% 3 QPge AL Vagas'? iPP
R2E2x BEAHFFE F3 PP supermolecular
structured]] # A7& R vt At

E A7 JEad? gty q3de Al
FALAAE 0] 7] (SEM [ scanning  electron micro-
scope)& o|&-3le] iPP A @] HYPF A HEN
] gdd B AFold. ol 7|Ed At PP
2EzX e A% PPN g2 TEME A
#EugelH, replica AZ F FHIHHo] wf§- F
Zsle] SEME o] 4% mE2A] Fad] FL3lv]dl
£ dE&o] A7) WEoltt. gtA Hi THEBHEA
T AGAUe SEME NHFuEe] AL 93
£ dpdAes iPP 3 #EE 9§ AHEud 3t
34 U e HEshe AL FFHoz gk £ d
FoAEe 38y e S uA= FaJAANE
gjetste] @esistn 71 AAslEM R PP RE2
A #Hdo| Hgg e AAHE FYsha iPP
Qo] B4 A7t SEM& ol4% iPP 7% @Y
£& /gsle iPP 3 d3d 848 5 U=E
Fhe Zlo] & A7 E & 53 F ot

4 #

B AFd A= etchant9] 24, A TS A4
sto] HAe] N AZAE Fo} iPP 73 A HE
@ & de F9F qAries gyt . o
£ 9t ZAgal gt g 23s
Blo] ARSI g AxE Y S48, B
g /4 / 843 (KMnO,/HPO/H,S0) el =
g 7oz 2AuE AFAIHEA HFHo| A=
AL = HYeom AL FYsUTh AP

w2 A22¢ A6z 1998 1149

etchant®] 44 F APLAE AASS GAH3n
e Agzd g g3y QA e 2227
£ 934

Al 2. AEE AERSIR(F)S homo-PPY
HJ400 (MI=8.0, p=0.91)& o]&-3} MetlerAtel
hot stage2 A)EF sheet (200 °C melting¥
quenching) & o] &3l A|HE& ANZ2F F A3l
DE2AE BAYt fFEYE 2E2EYEH 4
A (NU100 : AL &35 & AME-8lo] Al 23} T

Etchant % 7|7|. Etchante= KMnO,(s), 85%
HPO,, 95% H,SO, &€, AJHFEu|ol= Metler
9] hot stage®} Y& NikonAle] Optiphot-2 33
u] 7 (optical microscope ; OM)& A}&-3(4c}. =%
Azd AHe ZAYAAN ZHAAY HAHL H3o
RigakuAle] Rint2000 3zt X-4 3ABA7] (wide
angle X-ray diffractometer ; WAXD)®Z 40KV
x40mA ZZA4A B3 1°9 £E2 26=10°~
30° 717 FRsPen, 49 RERA BFL Jeol
A} FAMARE A7 (SEM ; JSM-LV5800)& A&
At BE2A] BN SHuEe 7R FdE
47 pattern T #EZAA, 99 wiak 300~
300088 2] MM 3 3%t

AEdE 4Ee JudEe AN 2exAe 4
2oz n3sL, A7, etchante] FF % =
4, =& HUIATIEA FYP3Poy, AL
1A 7 A 36A170712) W 3A Z ot

AlEAMIA. Hot stage BollA AIRE A|&E o
T F ZRFE 1A AAHFD AR3pFA 128
7t 4F ¥ oMb Ed] ¥a ultrasonicatord] A 30%
7} sonication8h=*"316— ZF e FAbBF 2 F 0}
HE (2SHHY)—¢o g eY3ig). -

Zysi2zo] g PP 3o ZJEX| .
IPP FA3@dl 2{P 38y qJzde $4¢
F o) QAN HEH TR AFEEE Detn
7] 93t hot stage® ©|&¥ T2EZH 4L
(110~140 C)A 8t Ao Hrle= B 9
sl nEExle] AT HA%, artifact, F24 3}
zZexe EXdEz AR

S2gHso| OB PP T2 REERX T
IPP 74 23 A5t A3 xAS AP F 243
3} 249 wWE F+HY AEE AHRS H3H T
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2733 43 +Y38. YL hot staged o] %
3l T8 FRBIAA A|HE AR o] AjHE
%7 X-A gHEZAIE o83l PP AAT=
£ A9 EIL, screeningd F o J 3] FAPA A}
Aoz RERAE B ¢o= FYIUYG.
3, WAXDE o|&% iPP 74 BdA gEA9
characterization& Tunner-Jones 5-¢]% A ¢t K-

@ A3l o)
Z3o 3 @

AReA =% ute}l Zo| 4P iPP 7RI
o ¥ HY RE2XE d& 7 U dYxHLE A
Yil= A4 B QTFE 5o Az oAy
ANAY 3% 4 PP 739 A%SS A9 es 523
A3 Yoz S PEHAL)

oljajx=zie| 4. IPP TR T HEF A=
A4 d¥e fPzrak (KMnO,), 34 (HS0)),
4 (H3PO,) o ZAu9} o AA S ZH AN ¢
gt Table 12 Ay AxE 293 A
old], x| w& RE=x $A4FIE Fig. 1, 2
o} 2t}

Fig. 1A} o] Gzt (7 wt% )/ QAr=A <]
HA¥AA (Exp )& 5AZ AAEEE Aldsiae
TA2 Tl oEYem, ZxHd HdutHez
etchantol] €3t artifact”} Ve gtk 5417 o
3 AFAM Aoz WA REBAE e
quadrite Feje] F3& I 5 Yoy} TP

A7} B8 FASAH ¥29 artifacty} 24
3oy 2lgllale] radial growth pattern $ 73¢] o
ATz e Jgstx o Aga (7T wi% )/
% 240 AY AAZ (Exp O) 2N &
A%o] etchantel] 2]¢ B} ol2 ¢Igt AW
9] &Aooz Qe FAH Tadls AR grl
o] g AR LA (Twi%)/FA 24L& A
3l A2 AAIgEAA B 5= 99l
7Y/ (A4 or BA}) AL HHE AU/
B4 2ANA Hdzidtel Aske AW
A FARe RE2AE BIFIHNH(Fig 2). d¥L
/A& 2/1 vlEE FASEAM Hgziike] g
HE 1.3, 3, Twt% 2 FAL WA 7EA 33}
At Gt 1.3 wi% 9 18417, 36417 AF
AN 25 FH& (Exp M) 23 5 devt 739
BAE THAA AA 7} EERIA o]# g g A=
A& FHE3ll= A o] ok AL 3wty
AEATE 5AIZL, TAA PR 2 E22AE B
(Exp M)¥ + en 14417t 0]F 9= etchant
o o]# artifact EAo] FHAFHEE FHoE &
2En sl A¥A e TAI7LE ol A quadrite el
o] iPP F39] 47 FHFHA etdete] radi-
al growth pattern®& X934 RoF1 ¢lo] PP
74 A FEF =1YE ¢ F Uk viHve
2 AHANTE 2957 98 etchante] =&
F7MND Twt% L/ /4 2430 HEe
FYAHExp V). 2827 908, 3/ 34
oA 73 RE2AE FAY & o) 908 A

Table 1. IPP Spherulite Morphologies from Various Etching Condition(Formulation, Composition)

etchant composition (wt%)

eXp N0 NG,  H,50,  HPO, etching time (hr)  morphology results

I 7 93 1.0/3.0/5.0/7.0 A Shr-spherulite morphology (artifact)

I 7 93 1.0/3.0/5.0/7.0 X swelling and artifact

m 13 65.8 329 18.0/36.0 X spherulity morphology (swelling)
o 5hr-spherulity morphology

I\ 3 64.7 323 5.0/7.0/14.0/25.0 ° 7hr-spherulity morphology

o/x atrifact (14hr/25hr)

A 1.5hr-spherulite morphology
A 3hr-spherulite but swelling

v 7 62 31 1.5/3.0/14.0/20.0 y ) 4hr-spherulite but artifact
A 20hr-spherulite but artifact

@ Good image, © >A medium image, X bad image.
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(b) Etching time 5hr by 7 wt% KMNO,/H,S0,

Figure 1. Etched morphology of iPP spherulite by
phosphoric and sulfuric acid.

el A o He] dslo] A9 Hato] HHEA £
3, 347 d¥dAEs REEAY AYEs) @
¥a} opg} etchante] 9% BHAYoE RE23
B A g-3l7] oYk 144171, 2041749 A
HAEFNA F4E B F oy FAHFAHA APge
2 Rojd Zo| vehtn Sl artifact® A AL
€ REEXE 4 R

olate]l MAEATANA PP 73 T H§E
etchant ZA (3 wt% KMnO,(s)/64.7 wt% H,S0,,/
323wt% HiPO)T A7 (Thr)e] dAzAE
¥ 7 A} e AAAH S B3 Az
ZFA WL PP mAFRe TR RERA=
TEM£ replica 22| iPP RE2AE AAT $
AR Th

#ajof A22d A6E 19983 114

(a) 1.5 wt% KMnO, at etching time 18 hr

b3 /AN

{(b) 3 wt% KMnO, at etching time 7 hr

77 LS I N )]

(c) 7 wt% KMnO, at etching time 1.5 hr

Figure 2. Spherulite morphology of iPP by different
concentration of KMnO, in H,SO,/H;P0(2/1) formu-
lation.

S2EYs 43 2 d7dA " AEY F
dAd= PP 739 S4& A3 S3lg 22
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Table 2. Spherulite Morphology According to Dif-
ferent Crystallization Temperature (1 hr)

rulite

1, whe ;

I shape sz results

100°C 60x 85 un large spherulite size

120C quadritie 50x60, 60x 80 am . s

10t £0X50, 60X80 m homogeneous size and distribution
small spherulite size

T spherical M {more crystallization time needed)

Ao & 233 AsH 79 RESXE BF
sttt F2243 488 943 AH& hot stage
A AAFLE (110, 120, 130, 140 C)E WA
71dA  1AZEY FEARFIANA  AzIHHh
Table 2& F2AA3 HA¥AHRE 294F AHeoldh
WAXD 4843 (Fig. 3)= 130 C $23% 3 A

11 18 CSURF ACE 7]

(a) 100 C

11 30 CRUNE B E /]

(©130¢C

-110C-1hr
-120C-1hr
~130 T-1hr
0 N -140 C-1 hr
10.000 15.000 20.000 25.000 30.000

Figure 3. WAXD of iPP crystallized at different crys-
tallization temperatures (1hr).

89| ghatde] wirpZo] Fa (111)/(041) wAle
ezl A=7t $38hs AdA nucleio] A3
TR 4Ao] 223 APPL &Y + o,
140 T A fel= AR Has T8I A|73o]

(2 9% (RURF BUE J
s - e

(d) 140

Figure 4. Spherulite morphology of iPP crystallized at different crystallization temperatue(1 hr).
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Table 3. Spherulite Morphologies of Different
Crystallization Time at 135 °C

crystallization morphology
fime (13 ©) (110) (300)-8 (040) (130) (111)/(041) K-value (by SEM)
10min 100 7% 5  59/55 1=15 m*
Ymin 100 ¥ 37 5B =25 um*
60mn 100 4 18 25 36/19 0027  50x75um

120min 100 6 3B 36 47/32 0034 50x70um fom

% Not fully developed.

REale] 2P Po] BEFEHE & F At o
749 g2X FFEA(Fig. H)AAx Yepdd.
adqA 140 CAM = TFHo| FE3] 4AA @
RAE £ olon, A¥AndA FHL gzl
radial growth2 13l YA FHo] AHL Q)
A TR FE] 7 AYL FEY & Urh
110~130 co] =E=2A A T4 AW Ay

AQTIINCT /28]

(a) 10 minute

[IHR S/ £6J1

’ (¢) 60 minute
Figure 8. Spherulite morphology of iPP at different crystallization time (7; 130 C).

#2io] A22¢ A6z 19989 114

10000 |
»g 8000 |-
& 6000
'g 130 T- 10 min
g 0 130 T- 30 min|
2000 130 T- 60min
0 130 T-120 min
10.000 15,000 20,000 25.000 30.000

2Theta (deg.)

Figure 5. WAXD of iPP crystallized at different crys-
tallization time (7", ; 130 C).

A iPP o739 4% 2% dehlz ot £E,
Table 29]4 ZARgLE7t FEFEF 739 A717)
A Jebdg € 5 Aded -7 39=st 473
pattern- o] 2L E} WoldTE 7 4%
£571 gAe RelA 7]Ag. Fig. 494 & +

41‘3.‘..1.*“1(115)\

s
(d) 120 minute
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Axol 7 AL FHZANA radial Foz
Y4A3 branching 2t (5~40°)8 &x&48A ayg
27} A8l dendrite RE24& Yehllz g¢&
£ 5 on olg F3lY B AFE i ¥yd
3ty dYx7e] iPP wATZE & Y1
=& ¢ 5 U

EHSAIZE HENE (135 'C). A3z e
7o RE2AE B Al 1359 T
A ZAsAIZE AP AP FY3ac
Table 3& ZAslA|7t] w2 AP E AT A
olW, Fig. 5¢} 6& AR}t wg PP AX
Tz 7R nE2XE vehd RHolth. WAXD
4823 (Fig. 5)dA AR 0] F71E5-E vt
AV FFrel v WbE A crystal sizesl 7}
& B 5 9eon, 26 16°5H29 (300) wkabdd)
A AR EAE AT F Ut ol: FEFA
3 HgE Lxzo] gAY P HuY 5
de LEYUE HANAFE Aol Fig. 6& AY
Al a7Ho REZAE Uehle oz 434
3} X Zhol A& FAHo| WLEA AAYL B F
AeH ol Fig. 58] WAXD ZAxe} gtl a1gq
A TRL 4¥o2 JFslod o)F AHF A
282 93%lo quadaticd REZANE FHINT Q
& BoF1 Q. Fig. 6(a)e] 1087 AR
U ANge A% AF H&4de 10 mme] 7L
radial growthe] Z7|gAo] UL HAZ:m 9o
H, 30% A Y Ao 7R ANAHQ =)
7} 20~30 tmol A 100 wm74x] JAsa Yo =
E 30% olFo FASEY AAME TR radi-
al growth®} tJEo]| dendrite®e] B E 2|7} A
3] @as ok

IPP #X2| Characterization. Table 4= iPP 3
3 2E22A9 AT YYzAe AT Aot
Norton#} Keller=f t}o}st iPP 349 wEZzx8
#E3lo, iPP 74 REZAE type I, type II
o] o737 type I, type Vo] gT7Ro2 BF
¥ don, olF THL YF-Ee Be I
AP AA3 ZANMNE a-THol FE o2}
I Bad v glvh, £33 Aboulfaraj S22 bulkdt
Alg2] SEME 0|43 REZA FHNA o-FH
H]3te] g0l B} gA Yebdg dgsigo
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Table 4. IPP Spherulite Morphology and Charac-
terization

formation

Morystal spherulite birefringence cond.

characteristic morphology

- characterized by  cross-
hatching (80.4° for IPP)

- Mainly radial but tangential
growth existing

-small portion of tangential
growth lamellar

type I positive 134 |

type I negative 138¢C 1

- igid growth lamellar
type Il negative | 122°C | - uniform contrast under pola-
rized light
-periodic  face-on/edge-on
type I negative | 126~132°C  morphology
- banded and twist structure

B ~phase — brighter image

a —phase — dark image

Figure 7. Image constrast of e-spherulite and &
spherulite in SEM observation.

15000 }-
10000+
Ei
8
£ 5000}
0 by £-nucleator
10.000 15.000 20,000 25.000 30.000

2Theta (deg.)
Figure 8. WAXD of iPP crystalized by #nucleator.

(Fig. 7). 2d9A & 5 U%°] o742 parallel
3t a-lamellae®] Aoz SEM #EA] 2x1dx}9]
Bo] FUdlA AT A& YEhW, g 7AE v
=Y REZAZ 2xpdaY] dNAE R o)z
At FPAA ¥ A& FAd.

A7HY WH. 7R BFL =z a
A ALdEsiste] Nu-100& ol &3l Az=d
ANRe REZXE FASY AT + AU (Fig.
8, 9). Fig. 9ellA] nE=2x]9| W79} apalal 4%

Polymer(Korea) Vol. 22, No. 6, November 1998



FAAAG A AN S E 222 7o #F

R 87 /28)} = IR (97287

(b) Made by S-nucleator
Figure 9. Spherulite morphology of iPP by SEM.

(a) Crosshatching morphology of iPP a-spherulite (b) Interface of a/8 spherulite
Figure 10. Crosshatching and interface of @/ 8 spherulite morphology.

pattenoA] bright (rigid, banded) & 9%°] 4774 Table 2), FHAZ AxF A ae JHAIExYe
FHYL Y F A BF =EFHY (135 C A A5 RAFEQL (300) wALE #EER F gle

&l #2237 A6E: 19983 114 915
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o, §3] YA & |43 A=Y Nas FAFK-
value)7}® 0.6852 £ Fcrystale] B¥XE @
4 At REEA [FED FUAE 0]&F MRS
FT7Rol A gl 124 Yeliu L& E F
Arh LEzAYo 2 AZF AU ARRGA A
Hog Ui rigid¥ fEH7 Fge FAAEEL B
AF5 glew, FHUAE o]8F HYHIAM banded
spherulite2] type IV, rigid lamellar growth pat-
terng] type Il #X<] EQE &AE + U

Fig. 10& o/f 7739 AW RE2XY T34
o9& F§ Aoz Oy & § U%o] tagential
4t crosshatching @pPdzE #AY 5= gloy, A¥H
¢ dendrite ¥eho] rigid¥ T4 REEXE A
Aoz WAMFS] epdte] o] FHrke Al-
Raheil 5-9)'° 49279} A}

52243 d¥e B £ A7 ggE Al
HEY Byo] PP A<} ez dR patten T
PP-ujA 2 gae] FHT ide & & AU
o, SEMdA #dE wE2A] sjo|g o|&3lo] iPP
T7A¢] characterizationd] #% 7|€& HJE
At

4 £

£ A7E F3o iPP 739 viATE @3 A
& 3t o AES 8Y¥E 5 AT EATA
3y PP 7R HEH YA 3wtk
KMnO,(s)/64.7 wi% H,S0,/32.3wt% HPO,
etchant ZAJo|d, I AAIZE TAIZMIA HA o BE
ZAE FI S & F Y BER T2
Al BAAZexr =3, AASK ] AFE
quadrited T F7} F7tske PP 749 AF
& AAY 7= ASiT). ol9de = PP-73] BEZA
alolE RE2RA)2] contrast®} lamellar growth
pattern. 2 o774, F7HE TEE T UL B
ol &} crosshatching, dendrite 5 iPP v|H| T2 &
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AAPUA B&E + 2o iPP uAl7= A7 &
AFAM ALY ABEHHO] F83A ARE F
UsE & F AU

AR 2 2Ye] Fule A3, A F AT
d B =& F AT RdTLe JAUFH 9
AY F /48 BT =& oA g AAdF
37]&49 Chemical Sector®] A3tAX A 7HAle]
kg A
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