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Abstract : The com starch was treated with propylene oxide, 1,2-epoxybutane, glyeidyl methacrylate, maleic anhydride, caprolactone,
respectively, in order to alter the hydrophilicity and the reactivity of starch. When the starch was not dried, poor reaction was observed
except the reaction with propylene oxide or maleic anhydride. The treated starches were grafted with styrene by several different
polymerization methods. Solution polymerization and redox polymerization using cerium(IV) ion show poor grafting efficiency and poor
vield. Encapsulation of starch with polystyrene by suspension polymerization was difficult due to the hydrophilicity of the starch. Among
the examined methods, emulsion polymerization was found to be the suitable way to graft styrene onto starch.
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PS yleld = (F%d
X 100 (%)

GP (graft percent) = (graft PS / starch) X 100 (%)

GE (graft efficiency) = (graft PS / 3% PS) x 100 (%)
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Scheme 1. Reaction of MA and starch.

Table 1. Amount of MA Feed versus Reacted MA to Starch
Feed 5% 10% 20%

Reacted MA 2.2% 41% 71%

* 9% based on the amount of starch.
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Fig. 1. IR spectra of MA substituted starch: a) MA 2.2%,
b) MA 4.1%, c) MA 7.1%.
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Fig. 2. Relationship between the amount of substituted MA
and IR absorbance ratio C=O/C-H.
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Scheme 2. Reaction of starch and epoxy compound.

Table 2. Modification of Starch by Various Epoxy Compounds

Substituted Epoxy/Stach

Exp. # NaOH(g) GMA(g) PO(g) EB(g) amount () wi%

M1 15 10 - - 253 56
M2 3 10 - - 383 85
M3 15 - 10 - 319 72
M4 15 - 20 - 119 54
M5 15 - - 20 038 16

* Each contains starch 50g.

* GMA : glycidyl methacrylate.
* PO : propylene oxide.

* EB : 1,2-epoxybutane.
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Scheme 3. Reaction of starch and caprolactone.
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Table 3. Preparation of Starch-g-Poly(styrene) by Solution
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-85 - 439

Table 4. Preparation of Starch-g-Polystyrene by Suspension

Polymerization Polymerization
i i PS GE
Exp. ¢ Styrene Toluene Starch AIBN Reactlon PS nyeld GP(%) GE(%) Starch Bead .
() (g (g) (g) time (hr) (%) Exp. # welght . Shape yield
kind &t formation o o
Sol 161 193 - 013 6 23 - - g) %) (%)
So2 45 5 10° 025 75 332 23 15 Sul B B 0 Eiead ;mt? avg. 976 ~
S3 20 100 ¥ 02 6 24 05 09 a. ot mm
Sd 50 60 755 04 6 242 297 184 SuZ untreated 3 X white suspension 50.8 -
S 45 5 10 0% 15 305 178 129 6% MA
Su3 . 2 X " 800 216
So6 45 d 100 025 75 2% 205 160 " substituted
So7 45 55 10° 025 75 318 19 136 bead of avg. dia.
? Untreated starch. uq PPOCEMA o of Oommand g,
b oo substituted unreacted starch
Starch containing 3% MA. L.
c L. precipitated
Starch containing 6% MA.
d _ 319% PO . _
DMF was used as a solvent. ; S
Sub substituted 2 X white suspension 556 278
3.2.2. Ammonium cerium(IV) nitrateol| 2|3t redoxE &t Sub 38% 'EB 9 % " 612 86
ol o] FHFEL 0.16%2 2E|do] A FFHA A%S substituted
S Byt AEAY EE A HdolFr] st wEge * Each contains water 70ml, tricalcium phosphate 0.3g, SDBS
S0mlE 58t vhestAY, tidle] AXNE ZoAEldS = 0.003g, BPO 0.2g and styrene 27.2g
A 4 9leE ITAHLu9l DMFE ALl 28488 096%E * O means bead formation and X means no bead formation.
A9 FEEA &Ath o] ammonium cerium(IV) nitratedl
9% redoxZ ol alkyl (metha)acrylates, acrylonitrile 53 Table 5. Preparation of Starch-g-Polystyrene by Emulsion
2o 24 wRAE(14] g EdE 2o} AgAne 23 Polymerization
A FAGAGE de A74E Aot AY $Y A Fecd o
H1sl. Exp. # styrene KPS Reaction condition  yield (jE EP
) %) (%) (%)
3.2.3. SEEE W _® i
A B b i . ——o,
a hr 30min/55TC, ~ -
o] Aol mhek ARARI} AW Be Zo] EAF= El 10 01 then 15min/05C 84 521 765
*]‘Eﬂiﬁj};};ﬂﬁl Fgol AAHA(F ALTH 28T B2 ¢ 10 ol " 817 2 30
o] 1 d) Adol gle e} Z(HUdoRE FeEEH
el e we . E3  ° 6 005 4Hmin/5C 81 495 403
Aol EE) beadsd FAjo) JthEd wabd AEL 2EA
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o] O Aj ol oroli A 5
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AR EA sty E/"E]E" deA9 Ay ] 1R Ee e ® 6% MA substituted starch.
2 g€& 4 7 A bS] AR AFAL FANT)7] Y5 Each contains water 30g, Igepal CO-8%0 035g, SDBS 0.03g,
o Hdd AES A}%—Es}d OL} 9 ATt Fdle] AE NaHCOs 0.58g, and starch 6g.
o] ~EEY} wsErHTE Bo REHOZ Mogll e
AL o] 2901 bead: HAHA 2Tt GMA Al AL NS H5Eo2 ZAAZEY PS yield7t A 81%2 =4
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