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ABSTRACT: Permanganate chemical etching technique which is suitable for the investiga-
tion of polyolefin microstructure was developed. In this study etchant concentration and etch-
ing time were used as experimental variables. New chemical etching conditions are as follows;
etchant formulation is 7 wt% KMnO,/H;PO,, and etching time for various types and shapes
of polyolefin are from 30 to 60 minute at room temperature. Washing procedures for etched
sample are washing by distilled water, hydrogen peroxide and finally 30 minute acetone
sonication. The observed morphology, both surface and cross-section, with this new technique
have good reproducibility.
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(A) Etching time: 1 hour

(B) Etching time: 2 hour

(C) Etching time: over (7 hour)

Figure 1. Etching by 7 wt% KMnO,/c-H;P0,(8.5 %)
solution.
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Figure 2. Etching by 2 wt% KMnO,/c-H;PO, (8.5 %)
solution.
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Table 1. Comparison of Etchant Concentration
with Surface Morphology (LDPE)

4 ® ©

solution Lhour 2hour over washing
® @ d-water
Figure1 7wt% KMnO, X 0 A @HO
Figure 2 2 wt% KMnO, A O @ acetone
(sonication)

@®-good image, O> A-medium image, X-bad image.

Table 2. Result of Surface Morphology Observa-
tion with 7 wt% KMnO,/H;PO,

etching time
sample shape morphology (A? (B). (© etc.
3min 60 min

LDPE fim Figued @ 0 -
LLDPE film  Figure 4 o) ® -
LLD/LDBLEND film Figure 5 [ ) A -

block-PP sheet  Figure 6 O O @ 45min

PP compound sheet Figure 7 A ® A 4min

homo-PP film  Figure 8 X X A 120min
@®-good image, O> A-medium image, x-bad image.
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(A) Etching time: 30 minutes
Figure 3. Etching by 2 wt% KMnO,/c-H;P0, (8.5 %) solution.

(A) Etching time: 30 minutes (b) Etching time: 60 minutes

Figure 4. Surface morphology of LLDPE by etching.

(A) Etching time: 30 minutes

Figure 5. Surface morphology of LDPE/LLDPE blend by etching.
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5)e] &AZAME= 308 o FA] 243 morphology Hof Hidzel 2 o] AA= Ut
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(C) Etching time: 60 minutes

Figure 6. Surface morphology of polypropylene block
copolymer.
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(C) Etching time: 60 minutes

Figure 7. Surface morphology of post reactor block
PP blend compound.
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(A) Etching time: 30 minutes

(B) Etching time: 60 minutes

(C) Etching time: 120 minutes

. Surface morphology of homo-PP film
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Table 3. Result of Cross-section Morphology Ob-
servation with 7 wt% KMnO,/H;PO,

etching time
sample  shape morphology (A) (B (0]
Omin 15min over 30 min
LDPE film Figure 9 ®

LLDPE fim Figurel0 A A-45min A-60min

LLD/LD BLEND film Figurell A ® ©0-3min
block-PP  sheet Figure12 A L] O-45min
PP compound sheet Figurel3 A [ (0-30min

homo-PP  fim Figurel4d A @-45min @-30min

®-good image, O> A-medium image, *-bad image.
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T4 Folt}. Fig. 10(a)e] 2 FH& g 23
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= Fig. 10, 11(b), ()M = & 4= e}, 4473
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(B) Etching time: 15 minutes
cs

e

(C) Etching time: 60 minutes

Figure 9. Cross-sectional morphology of LDPE,

Wee Bl B Angls oz ghedof &
ZAelth. Fig. 9~Fig. 1144 LDPE, LLDPE €&
9] & o3Azx7¥e LDPE, LLDPE/LDPE blend
EE 158, LLDPE 3089le < 2= 9t}

Fig. 129} Fig. 132 block-PP, block-PP com-
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(A) Etching time: non etching

sy

=

(C) Etching time: 45 minutes

Figure 10. Cross-sectional morphology of LDPE.

pound9] WA FAHRZ JHAFS  block-PP,
PP comopound 2% 15#0] HHEL HoAF
Fig. 12614 oAsA] o2 AlRS =
PER7} 127 45 3l&e BaFa gen, o
A matrixd] FAkE &2l 73 morphology
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(A) Etching time: non etching

(C) Etching time: 45 minutes

Figure 11. Cross-sectional morphology of LDPE/

LLDPE blend.
t odE yEelA & PERS Uehiin) 4349
7% holed w2 shdhd WhE o2 deld PER

NFsHA e A
< PERY 7lEl&
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(A) Etching time: non etching

(C) Etching time: 30 minutes

Figure 12, Cross-sectional morphology of polypropyl-
ene block copolymer.

#72 block-PPuje] PERe] BAAEE #Hs})
oz whd, o AF A8l Fig. 12(h), (c)dME=
olg9 7lgl& AU} AA=HS AAHQ A4
(PER)®] £X & &ol3lA &2 & YA I}

#2lH A213 A3z 19974 5

(C) Etching time: 30 minutes

Figure 13. Cross-sectional morphology of post reactor
block-PP blend compound.

Fig. 12(c)9l M= etchante] ¢Jsir] PER ¢ddo] &+

As] AARH J&e & F ey, (b)OUHE A
Ho=2 T4 PER 49 Z v]Z4 EPR Jguto]
AA=L PE 992 PER g5l v ‘éElH a
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(A) Etching time: non etching

(C) Etching time: 60 minutes

Figure 14. Cross-sectional morphology of homo-PP
{ilm (BOPP).

He JIXHA E=AEL B
over etching® o] #4H% H,Hoﬂ _‘.ﬂ_gs} PE d<g %
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Table 4. Optimum Etching Time for Various
Shape and Species of Polyolefin with 7wt %
KMnO,/H;PO, (85%) at Room Temperature

sample shape surface cross-section
LDPE film 30 min 15 min
LLDPE film 60 min 30 min
LLD/LD blend  film 30 min 15 min
homo-PP film over 120min  45min
block-PP sheet 45 min 15 min
PP compound  sheet 60 min 15 min

w3 block-PP9] morphology ##& A=
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