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Preparation and Properties of Modified Polyethylenes :
1. Preparation and Properties of Dispersions in Water

Jae Heung Lee' and Sang-Hun Lee
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ABSTRACT

Modified polyethylenes with polar side groups of -COOK, -CONHs, and -COOH were
prepared at a dispersion state in water by reacting poly(ethylene-co-methylacrylate) (PEMA)
with agqueous solution of KOH and ammoenia. Types and their contents of side groups were
investigated by infrared spectroscopy, elemental analysis and atomic absorption analysis.
Solution viscosity and surface tension were also measured as a function of solid contents.
Stability and transparency of the dispersions were greatly affected by the content of COOK
in the side groups. The stable dispersion could be prepared at a composition of COOK of 20
mole% at least. The transparency was increased with increasing the COOK contents, but
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decreased with increasing the amide content at a constant composition of COOK. Solution
viscosities increased abruptly at a lower solid content when the COOK contents were increased,
implying higher entanglement between the chains in dispersions with higher content of
hydrophilic COOK group. The dispersions of higher COOK content revealed lower surface tension

values.
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GROUPF, DISPERSION, IONIC POLYMER
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Figure 1. Structures of ionomers.
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Table 1. Materials
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polviethylene-co- Chevron Chem. Co. technical

methvlacrylate) (PEMA)
(20 wt%)

ammaonia water
(28% NHa)

KOH Kokusan Chem. Co.

(85% KOH)

water

Oriental Chemical Co.

extra pure

extra pure

delonized. distilled




10 R

infrared spectroscopy (IR) 3o aye] #
2 A Eosign)

HA F71e] gel& ¢l IR ¥337](Shi-
madzutt IR 43518 o4&l = 2F 1 ym F
7 B ~deds Fagct 379 2L
FAlelr] glafe] ojrlel o] kil 93t A
4+ 242 Elemental Analvzer (Perkin-
Elmertt, Model 24005 ARESlE a0 potas-
sium ¥4 A& LAlE o AsE A% &
ez oAz F ohA A% Qe A8
A ol S9g Ay ¥z HHste] U4ERY
A7 {Perkin-Elmer A}, Model 603)% =jzka}
et

Alz¥ pEAde] He g guizgel L34
& 500 mL wle]Ad Yx mlEle] 70TE
7hdsle] £8 dEwA dAAZ Fl=
sampled A3 F 2 F U8E sty
s HxAAH 2y FgekE sl JuAE
ol-4sled 25T elA S el wHAY SAL
Fisher Surface Tensiometer (medel 21)%&
Apgatgl A S4-E Brookfield HEAE Al
235149}

3.1, MM oPilE

£ dqeliE PEMA® sle wdeladde]=
= olzlaldle]l KOH, etmu]ole} ukeA# Figure
33} ko] Z4je] -COOK, -CONHz, -COOH ¥
kS -COOCH; 2 o]Foizl WA Fejddel
& Azslgoh B edqtel 4] ARLE Figure 39
dedl 2] x&= o 0,925 ddelmdyelE &
H y&= 0,075 Axe]x Mo Kot} &
AFolAe SH2 & HE 4 2§79 &
v 7ES Apggich = COOKe] Bk af
(a+b+c+d)E 2¥EtHa=CO0OK, b=COOH,
¢=CONH:, d=COQCHs;).

oluf2] wkE wlyhF2 A Al A
HhE-2 2 B4 SNa uhgele}l daoizic)

PEMA %2] Weolzdue]=7|2] stzndr|e
nucleophilicdt g7]ell 2fsf, Hale] FTAute}
-OCHy7|s} 3482 57192 #3ke] ool
t} ol& e vepld Figure 49} 2r},

[a3
o
pcil

1 2 AW 3(3) 2002

e hydrolysis
'fCH.CE;)x ch;?H}, m-‘-ﬂy—“-;—)
=0
OCH,

€CH,CH, :Ix--fCH.CHJ +—(CH3CH) y— (CH,CH} ,— (CH,CH¥
C=0 ?nﬂ C=0 ?no

|
oMt OH NH,

Figure 3. Preparation of modified polyethylenes
with various pendent groups from

0 CH,

PEMA.
Hu @ 4
=0 Hu :,"::%
D—CE3 D—CH3
—
N - T S Ta-a + -ocH,
CQ-CH:, Hu

* HNu ; nuclecphilic attacklng group
Figure 4. Substitution reaction of PEMA with
nucleophiles.

B oadgef|a] A ofgEel gEels (NHi),
KOH, & 5& 257} &2 nucleophile So]c},

ZhH A ghekee] oAl dl-E nucleophile
£ =3} leaving group2% 24§ 3t} F
NHyb OH, HiQ 52 nucleophiles] sl
leaving groupdl #e|th = -OCH; % leav-
ing group ¢|94 nucleophile® zH:-& 3hc}
olg]3t o] f-2 qlafA] 2 Aol o] Fefal o
# HRE&-E2 A 27l AHA uhEoe vpAut 2P
3 ubg-A|7t el H3d =xbel x5 FHE
AAEL 7] 2L uhE 249 2= 2 HkE
<= 5o #F5-H)

PEMAZ] 7F5Esiel ammonolvaise] vheput
+ nucleophile®2 nucleophilicitv®] =Z7]&
TAHE Jepd o539t fk, RE alkyl7|E
viepdc)

NH; » RO » HO ) NH; @ H:0

weba] 2 dFolae] whg e oeet 2
o] s]5eiairyn B 4 9le},

214 NHa:NHy 9 OH, H:0¢l 2Js] PEMA
9] o 2E17]7} FAHE e} Halgo] alojuir
AHE £7] F -COOHE K¢ AHgslo



HA Feolodale] A 3 &Y

“OH(H,0 % .44 Q-
R-C-OCH, _SR(R0) o Pow—E . nlox
~0CH,

Ton || wH, (NHy)
(#,0)

ot o, W0R)
(-0CH, )
Figure 5. Reaction mechanism for various pendent
groups.

R-C-NHo

-COOK ™7} 5t} o] wl A4% -COOK & £
A ks ZlE wpE] goer m® obE AAl7)el
-CONH: 8} K™s} v A3 -COOH & A3}
NHa(NHz e 'OH, H:0, -OCHz; 52 344
utel c}2 72 A o|zlE e e}
Wi oh5 Figure 59 3t}

o] abal P2 mleARE 7 Al x4
85 Alzte] AT Fo) AL -COOCHs,
-CONH:, -COOH, -COOKE 27|12 #x ¢
= uA Eeddden 279 FxE [R &9
Efo] o3, :A¥E A4EH T AA $47]
of 2]2t potassium 422 galstgich

Figure 6& PEMAS} PEMA, <tsio} &%=
KOH=Z4E #Az¥d @A ZFoldgad(m-PE 1
2 m-PE 2)¢ IR ~#Eg}22] PEMAA =
1740 cm ' 2] olzE] 2] slznd B4
w37k Belp Al Feloedlld M= o] 57}
Aobx] 7t glel X2 1660 cm ' 2] ofviel
T I We @ 1550 em -0 -COO EA H
©r} Helm ik, 2= PEMAS] -COOCH:7}
-CONH: 3 -COOK=Z ##s9ss o 4 9l
t}, M-PE 2+ m-PE 1ich ¢tgijo}s o]
Aasielr] Wil 1660 em Yte] ofufel = |
alert Bods] o =4 He]n i) eojiteny
5] PEMA2] o~E|7]&= SeF4], e ey
o} T o8] FAL wbel ofz] r}E & Wi
ahgiee o $ gy 2 oE 7| -CONH:,
-COOH, -COOK 2= 2$ ¢ 4 it}

whgakdl Fof Qo= Abefo] wilE Abu
B A5 PEMA & vher]d ¥ &%
& 2od #Hd%e] PEMAS #HA £42%
(Tm) e]sellrle A2 ed# o] wloja]r} Hrn
ojn wmle] AlxtEwl £5-% PEMAZF Qelsile
o] Fofuba obzbe] o] A5 PEMAS]

CloAE e aal B4 11

ABSORBANCE

UL RILLUL I rHEOU‘;:EYcC”I I:l mEn ama
Figure 6. Infrared spectra of PEMA and modified
polyethylenes.

Frlogie] Wte sab(diffusion)® WA 3%
e A E PEMA 5713l o 28] 24 7
Faf2t ammonolysis 8h-ge] Yo} S7)8) 3
FAe] AR o2 3pAe] #A PEMAZ} A A3
Eo obAlgl B4l Abel R wiahd] ¥o = uksa)
Ze] PEMA #8 — &F3 (25t gejg] =
+ gepule wok: w4) — #HE(Gel- like) —
24 Be pad gAE AAH S AAEe] E
o}, 2 uhSea]e= 225T oA RS- 7ke] 164]7F
7 sksb wkge] 72| ebA =i},

o

uhg-go] 2Ale] AMES] S8 24 ¥ A
Aee] B4 Ao v g3E FA)Er] 5
slo] PEMAS] g8k 34473 KOH, ¢=y
ol €2 kg WA Agsgrl Az
v Al g|ofEldl2| potassium oFE FAREE At
Weel=mdye]= B W] o] AMEE potas-
siume ty-E HA F2ledald i 9l
Zo] Walgt &, £7] £2 potassium car-
boxvlates WHREE2] Awle] 2jsfa] FAle]
7hsdE o ¢ slen AxENos S &
g9 oplolsle] e Gudest 2
vl el o akg- wiglcl,

Figure 7+ potassium carboxvlate®] ek
& 2AAFA whggellA] ghidolet w2 wE
wEAlg] 90 WA Feldigdd sle &7 &
potassium carboxvlate2 A%k 25 oA
olrfe]ez|o] & Wl HolFa gt} Potas-
sium carboxvlate $eke] zkewl 22] 2] o}
vlelorle= g 52 shuyo} e & F3%E



12 ) af & -

w
Ll 'S
3
Z wf
i
(=)
[%]
2 wf
Fi-d g
o | Il i -
0 Al (] an 100

NH.OH Content {wt %)

Figure 7. Changes of amide group contents except
for potassium carboxylate in pendent
groups with ammonia water content in
reactants{numerics in figure mean cook
contents).

Hhon) po?ae%ium carboxylate W7} Z7}siql
2 sgke] FolHE ¢ 4 gltl Potassium
carboxylate?} 70 B9l f‘*—?—oih— atgije} ]
£ F7HAE potassium carhoxyvlates ]2
3 57] F olvle| =g wiEe]| 80% ol =77}

ofgicle 78 o £ gl
3.3. &7|o]| M2 Ry SAHE|

PEMA 42 1& T9bol] —z—-g— oA 5
of KOH, %EYelsl uhg-Al7|d w5 24,
+E 58 E7e upap FAbe] °T‘-=1-'.; 7§ e
gl ozl Azl slsskec olﬁ o)
A gt ulel 3re] PEMA Hdlo] #yise] €b
o] dofgde “3‘53} "'1""' Fi l'ﬂfﬂfi]ﬂ Ao
2 Aztge] AXER BAEo] ol Aol H
7] Alztsis Z]ﬁ"‘“i % 7'1"]"\’1 £3)= 7]
el Ao FAHEg

Figure 8§& £712] 3Avld oE Fof —E*
o] 753 49 E& Jepd Flez W ;‘-?I A
FAte] o] Qg A THlA &
27] % -COOK 24e] Holx 20% o|4 =
of k3t £E4HE 9% 4 g9lon elule]ry
ko] AHojAq kg A4S d=d ozt
23 -COOK 2A4n|7F A4S o 5= ok

_1
=

r$:

,-_1
e

-

o1

4 A3 = AW 3(3) 2002

COOK Content {moke %)
B
= =

=

Amide Content {mode )

Figure 8. A diagram showing dispersion sta-
bilities in terms of pendent groups of
modified polyethylene(the shaded area
means the dispersions are unstable).

-
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on the Transparency of m-Polyethylene
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111 a0 42 28 Translucent
IV 30 a9 1 Translucent
vV 30 i) ) Opague
VI Al 36 15 Transparent
VII 70 24 f Transparent
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