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Project Title Preparation and Characterization of Starch-Based Composite
Foams
Investigator Asst. Dr. Ratana Rujiravanit
Year 2004
Abstract

Starch-based composite foams were prepared by baking a mixture o f starch
and a synthetic biodegradable polymer (i.e., poly(vinyl alcohol), poly(lactic acid), and
poly(e-caprolactone)) in a hot mold. This process can be used to prepare a thin walled
object, such as a plate. Scanning electron micrographs of the cross-sectional view of
the foams showed that the cellular size is very dense in the outer layer and les dense
in the inner layer, The effect of relative humidity, storage time, the presence of
synthetic biodegradable polymers; and the presence of plasticizers (i.e., glycerol, urea,
and ammonium chloride) on tensile and flexural properties were investigated. For all
formulations, the amount of relative humidity which gave the maximum value of the
ultimate strength of the foams-was 42%, whilé the storage time which gave the
maximum value of the ultimate strength of the foams was 2 days (only tested for a
fixed relative humidity of 42%).

Addition of the synthetic biodegradable polymers improved the ultimate
strength and the elongation at break of the foams. Increasing the plasticizer contents
increased the elongation at break at the expense of the ultimate strength. Water
absorption and biodegradability of the foams were also studied. Increasing the
synthetic biodegradable polymer contents increased the water resistivity of the foams.
Enzymatic degradation tests showed that the foams were degraded by enzyme a-

amylase.
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AIUHUIN
X
. Umanmnuvuvsanouwaan vy

-=|' -5 wt o owr & ;
M19191 1.1 HavesnNuYuTInsasBuuanuruveslviuainula

M uFIning WEnammi (%)
(%) 1 r 3 4 5 i namnaaniuy
1 1248 | 1261 | 1192 | 1339 | 1245 | 1257 0.52
32 1725-] 1834 | 1895 | 1888 | 1796 | 1827 0.70
42 2162 | 2026 | 2191 | 2198 | 2005 | 2117 0.93
52 2499 | 2466 | 2406 | 2402 | 2512 | 2457 0.51
67 2758 | 2690 | 2929 | 2683 | 2722 | 2755 1.01
75 3381 | 3593 | 3357 | 3240 | 3279 | 3370 1.37

; 3 -h "
M990 0.2 wavesnIMTHTNTNEAo UM v sneumedalvlili-wedladia

IeaN00R 10%
AT UG : Binuniy (%)

(%a) 1 2 3 4 5 o mmmaniou
1 8.57 8.66 8.74 9.37 9.39 8.95 0.40

32 11.87 1238 | 1293 11.60 | 13.38 12.43 0.73

42 1830 .| 1746 | 1790 | 1647 | 17.59 17.51 0.63

52 2041 zn.lf- 20.020) | | 49014 1943 19.84 0.53

67 2280 | 2216 | 2282 | 2254 | 172 | 2281 0.57

75 2848 |- 297 2845, | 28070 | 30.02-| 2895 || 086
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' X ; 3 -
A151971 1.3 BaveIR NN UGININE Ao SR NNT UV Ineveaalds-wed hiia

11eaNooA 30%
AENEning Uhnummndu (%)
(%) 1 2 3 4 5 whn | monmandeu
11 6.34 6.11 6.85 6.35 6.48 642 0.27
12 nes | w7 | 104 1938 | ot | 1078 0.86
42 15.21 14.75 15.67 15.01 14.75 15.08 0.3%
52 17.27 16.53 17.64 17.27 17.67 11.27 .45
67 2003 2003 | 1857 | 1952 | 19 | 1975 0.85
75 21901 2294/ | 2233 | 2329 | 2207 | 2296 0.3%

H y E < ’ =1 ey
M15190 0.4 HavBIn TR SRS e o e Ra Y- e Suandn

HeAA 10%
PTG ﬂ!‘ummméu (%)

(%) I 2 3ot 5 R [P —
1l 8.68 8.22 7.99 7.05 8.57 8.1 0.65

32 1295 | 1355 | 1272 | 1236 | 1328 | 1297 0.47

42 16.35 17.17 17.54 1831 17.21 17.31 0.71

52 20.53 1955 | 2090 | 2135 | 2236 | 2094 1.03

67 2245 | 222170 23.08 | 2092 2208 | 2215 0.79

75 2571 || 2165 | 25.020 | 2615, 2699 |c 2631 402
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' z \ & a
5197 1.5 Have IR NUTHFNTINS AU MR NNTMYe Ineuvada vl -weduanfin

UM 30%
mmENHINE USnainamiii (%)
(%) 1 2 3 4 5 wis | nammasanion
-
I 6.81 6.28 6,39 5.53 6.82 6.37 0.53
3 1005 | 1182 | 999 o 1000 | 1142 | 1065 0.89
42 1439 | 1593 [p 1527 | 1419 | 1399 | 1475 0.81
52 1627 | 1791 1793 | 17200 | 1691 17.25 0.71
67 1958 | 1990 | 1951 | 2035 | 947 | 19.40 0.36
75 21.05 21.66 21.74 21.88 22.60 21.79 0.55

1 ‘ LY 3 a 2]
M0 1.6 HavBIANMTUAITIMSAeUT e NITUYBInouvean Vil s-weRmTns

HOAINY 10%

A diing nwmmiy (%)
(%) | 2 3 4 5 e | el
I 8.86 8.58 1.31 8.81 £.99 8.51 0.69
32 13.61 13.78 12.34 13.00 12.80 13.11 .59
42 1895 | 1814 | 1836 | 1868 | 1731 18.29 0.62
52 21.35 20.77 20.62 20.71 19.15 20.52 0.82
67 2010 19.08 19:40 20:13 21.33 20,01 0.87
75 2328 23.52 2345 22.01 2284 23.02 (.62
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i .E 1 = -
M1319% 0.7 Bavean NurUGIInsneUSInua NN uvesneuvedal vt -nednlng

uaninu 30%
AmuFINE YSnamamidu (%)
(%a) 1 2 3 4 5 iaf Anmanion
T 7.61 698 | 639 7.06 7.15 7.08 0.37
32 1.9 | 1041 | 1012 f 197 | w20 | 1077 0.79
42 1568 | 1574 | 41526 | 1515 | 1560 | 1549 0.26
52 1681 | 1740 | 1632 | 1559 | 1691 | 1660 0.68
67 2000 | 1909 | 1940 | 2002 | 2133 | 2001 0.87
75 2328 | 2351 | 2345 | 2201 | 2284 | 2302 0.62
M3 0.8 mevesda MR ude I e IR REme ATV NNt
nm Wnmn i (%)
(M) 1 2 3 4 5 1o nmmmnion
I 9.20 8.21 9.07 §.88 9.01 8.84 0.39
2 954 | 944 | 900 | 974 | was | 940 0.26
3 1001341077 11063 1 1133 | 1097 0.27
4 1229 | 1247 | 16 | 1318 | 1220 | 1235 0.55
5 1860 | 17.85 | 1780 | 17.85 | 178 | 1786 0.50
7 2162 2026 | 2191 | 2098 | 2005 | 2147 0.93
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' 3 i
M15199 0.9 paveam lumsiiunelSinaanuruveneuvedalvuutlenedliia

eaneana 10%

nal USnan i (%)
ﬁ“} 1 2 3 4 5 10y nImneAmaow
1 7.56 6.62 7.31 7.82 6.60 718 0.54
2 8.36 8.53 8.47 §.12 8.12 §.32 0.19
3 8.80 8.97 9.34 9.67 9.25 9.20 033
4 9.67 10.55 10,12 10.13 1132 10.36 0.60
5 13.93 1498 | 13.93 13.51 13,03 13.88 0.72
7 1R100| 4746 | 1791 16.46 17.58 17.50 0.63

' 4 » .=. =
3199 0,10 ravesnalumsiivdedSinannuuusneuveda vt s-wedliia

UPANDADA 30%

1 WEnmn A (%)

(W) ] 2 3 4 5 wir | momnsenio
| 599 | so4 | si2 | s | s | sa4 0.43
2 714 7.30 745 725 7.43 7.31 0.13
k] 7.85 7.43 7.18 1.76 157 7.56 (.26
4 578 8.06 8.60 E.35 £.13 838 .30
5 1052 [“1104°7 1146 | 1086 988 | 1074 0.59
7 1521 | 1475 | 1567 | 1501 | [ 1475 |- 15.08 0.38




35

ﬂ' o i A - - -
M3 111 paveanm lumsiuaelmnannuruveneunetnlvuut-weduandn

1A 10%

M Wanwaudy (%)

() 1 2 3 4 5 i nanmandeu
I 7.25 8.61 879 7.60 8.09 7.60 .44
2 8.86 8.00 §.12 810 8.97 8.41 0.46
3 1045 | 1085 9,49 9.34 9.25 9.88 0.72
4 10.38 11.44 1047 10.61 11.04 10.79 0.44
5 1206 4276 | 1267 | 1395 14.38 13.17 0.96
7 1635 1717 1754 18.31 17.20 17.31 0.71

' . \ X &
A15190 1.12 paveam lumsiudolSnunnuruvesneueaa vuuils-weduaniin

UoFA 30%

1Al ﬁmqlmmi"u (%)

(W) 1 2 3 4 5 o AAmAmAon
1 5.39 513 5.58 575 5,98 5.59 0.29
2 7.49 6.50 7.33 721 727 7.16 0.38
3 786 7.98 8.58 8.79 849 8.34 0.38
4 9.01 9.30 9.21 942 9.29 9.24 0.16
5 1089 | 1095 | 1139 | 1287 | 1184 11.59 0.82
7 1438 | 1593 | 1527 | 1409, | 1399 14.75 0.81
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- P .
A15190 7.13 Havesnm lumsiiuaelSinannuvuvssneuneanlvuud e-nedminsuan

Tnu 10%

3 1.|?mmm1u'ﬁu (%a)

() 1 2 3 4 5 who | moanewendon
1 7.02 7.04 7.70 7.33 741 730 0.28
2 8.14 7.99 8.60 §.33 §.45 8.31 0.24
3 9.76 9.16 965 | 10000 | 9.72 9.66 0.31
4 1070 fo1126 | 1184 | omess |l o7 | 14 0.45
5 14871 1503 | 1470 | 1446 | 1348 | 145 0.61
7 18.95¢ | 4804 | 1836 | 1868 | 1731 | 1829 0.62

. > 3 - &
M9137 0,14 Havoana lumsiudedSnue neiivve sneuvedn vt s-vedmnsuan

T 30%

A WS (%)

() 1 2 3 alnd 5 A ———
| 5.3 5.85 5.17 541 553 545 0.26
2 7.49 765 741 6.79 6,78 122 0.41
3 1.56 7.07 7.06 744 1.36 7.30 022
4 5.45 8.59 8.56 2.30 8.09 .40 021
5 1047 |16~ 981 | 1108 1178 | 1096 0.83
7 1568 || [1593 | 1526 | 1545, | 1560 | 1549 0.26
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1 5 s L7 L] 1
M1 1.1 HRVBIRNUTHTUVINSABMMITUITIR e IReuvean i nutls

T MNS3unsaRa (MPa)

(%) 1 2 3 4 5 who | maummandon
J 0.2386 | 02390 | 02254 | 02277 | 02109 | 02283 0.0115
32 0.2861 | 02795 | 02660 | 02725 | 02514 | 02711 0.0133

42 03220 : 0.3265 03135 | 03174 0.3311 0.3221 0.0070
52 0.2319 02665 | 0.3037 0.2536 0.3242 0.2760 0.0375
67 0201241 0.2213 0.2145 | 0.2215 0.2203 02212 0.0170
75 02015 0.2103 02014 0.1997 0.2043 0.2034 0.0041

M19199 1.2 HovRIA NI A MYINSAem ST unsnavesneuveanllauds-wed ladia

1PANBIDR 10%
g MNS3U59Ra (MPa)
(%) 1 2 3 4 5 why | namnmendou
I 02970 | 02714 | 03156 | 0.2698 | 02674 | 02842 0.0212
32 0.3461 | 03618 | 03488 | 0.4039 | 03950 | 03711 0.0267
42 04432, | 04064 | 04254 | 04126 | 04325 | 04241 0.0148
52 03425 |00.3488) [ 03771 ) 013424 <[03563] 0.3535 0.0143
67 03462 | 03217 | 03989 | 02805 | ‘0.2914 | 03077 0.0262
75 02987 | ~0.2706 | 0.2854 | .0.2845 | 02806 |- 0.2839 0.0101
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= A wowe d st =) & =l o
171N V.3 H‘ﬂ'l.lﬂh!ﬂ'.'l'I:!.I‘IHHH'I"I'ﬂ‘ﬁﬂ!ﬂfﬁﬁﬁﬁﬂlﬁﬂﬂﬂ'ﬂﬂlﬂﬂﬂﬂﬂﬁﬂjﬂﬂllﬂﬂ-ﬂﬂﬂ\huﬁ

IeANBBD? 30%
A uFIing MNITVUTIAL (MPa)
(%) 1 2 3 4 5 wh | monmandon
11 0.3756 03872 0.3954 0.3842 0.3756 0.3877 0.0152
32 04258 | 04369 | 04371 | 04362 | 04289 | 04352 0.0275
42 0.5313 0.4990 0.5243 1.5136 0.5302 0.5197 0.0185
52 0.4689 .4596 0.4523 04512 0.4602 04578 0.0266
67 04125 04187 0.4105 0.4200 04185 0.4156 0.0091
75 03845 | 03759 | 0.3805 | 03841 | 03776 | 03805 0.0038

d: i & & &1 1 i o = = )
157197 1.4 Hh"llﬁiﬂ"]‘l“'liﬂﬂ!lﬁﬂﬁﬂﬂﬂ'lﬂ"l‘.ii"lll.lﬂﬂﬁ‘ﬂIH'I‘IﬂNﬂBﬁ’ﬂTﬂN!l‘ﬂd-ﬂﬁmmﬂﬂﬂ

HDBA 10%

A MMIIVNTIR (MPa)
(%) 1 _z 3 4 5 who | mammowndon
i 0.2575 | 02616 | 0.2502 | 0.2649 | 02503 | 02569 0.0066
32 0.3149 | 02816 | 03009 | 03037 | 02770 | 0.2956 0.0158
42 0.3340 | 03352 | 03351 | 03433 | 03401 | 03375 0.0235
52 0.2846 | 0377 | 02974 | 03143 | 03202 | 0.3086 0.0176
67 0.2659 0.2932 02731 (.2849 02631 0.2761 0.0127
75 (L2426 | "D.2418 0.2411 0.24009 0.2421 0.2417 0.0007
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c{ E ar s &0 1 Pk r=] &y = &
ATIN VS HAVBIANHTHTHNNEADAIM I TIVNFTINIVDIARDUTD Hﬂiﬂﬂllﬂd-ﬂﬂﬂuﬂ 191}

Ho¥A 30%
AR uENNE AMITTVNTIAT (MPa)
(%) 1 2 3 4 5 1ehy nImnmmnAou
11 0.3881 0.3673 03812 0.3902 03851 0.3824 0.0041
i2 03985 | 04522 | 04019 0.4155 04153 0.4167 0.0212
42 04790 | 04742 |.0.4494 | 04521 | 04587 | 0.4607 0.0314
52 04066 | 03302 | 03373 0.3538 0.3421 (1.3540 0.0301
67 03267 | 03066 | 03058 | 03017 | 0.2959 | 03073 0.0116
75 02698 | 02700 | 02678 | 02658 | 02699 | 0.2688 0.0018

MIT 4.6 HOVBIN B UIINEROR 1N 153NS I Sneawe S Trludle-wedn Tvstan

T 10%
g ANT5 U537 (MPa)
(%) 1 2 3 4 5 whn | momemandon
1 02458 | 02495 | 02754 | 02451 | 42558 | 02543 0.0125
12 0.3297 | 03039 | 03047 | 03017 | 03281 | 03136 0.0139
42 0.3984 | 03977 | 04155 | 03116 | 0.3871 | 03821 0.0407
52 02962 | 02510 | 02711 | 02654 | 02726 | 02713 0.0163
67 02311 (|70250% § 02335 | 025201, 0:2103| 02355 0.0170
75 0.2117-| "0.2085 | 02215 |-02103" | 02124 | 02129 0.0050




6l

M9197 0.7 HavBIR N HFITEABAIMIT ISRV e anlvbiil-vedmInsuan

TN 30%
ARG AMITVUIAI (MPa)
(%a) 1 2 3 4 5 iafin nammasaindon
1 03585 | 03182 | 03724 | 03841 | 03924 | 03651 0.0292
iz 0.3969 0.3944 0.4334 (0.4256 0.4053 04111 0.0174
42 04283 | 03874 | 04158 | 04241 | 03961 | 04104 0.0174
52 0.5087 {},.’;l 57 0.5152 0.5295 0.5313 0.5201 00098
67 03301 03239 | 03541 | 03058 | 03287 | 03285 0.0172
75 03012 (L3025 0.3102 0.3025 7 0.3100 0.3053 0.0044

-4 i i - -] o
A15191 1.8 savesnalumsiudemnissunsansvesneuvaanlvluonutl

1m AMITUVUSIA (MPa)

() 1 1 3 4 5 win | momasamdeu
| 0.5632 | 03840 | 0.6069| 05411 | 05491 | 05689 00267
2 07525 | 07876 | 08185 | 07500 | 08235 | 07864 00349
3 0.6585 | 0.6487 | 0.6570 | 0.6493 | 0.6603 | 0.6547 0.0053
4 04612 | 04138 | 04390 | 04140 | 04508 | 0.4358 0.0214
5 03305 | 03694 | 03564 | 03519 | 03635 | 03544 0.0148
7 03220 | 03265 | 03135 | 63174 | 03311 | 03221 0.0070
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lﬂ. ] ] i LT 4 = 3 oy oy
A15719N V.9 ﬂﬁﬂ'ﬂﬂl’]ﬂ'ﬂ“ ANTINUABAINIITUUTIAIVBINDBUND Eﬂiﬂuuﬂa'ﬂﬂﬁ11“a

HeANBINA 10%

na MNSTUNTIRL (MPa)

() 1 2 3 4 5 10f nTmATRNADY
I 09292 | 08605 | 0.8986 | 08741 | 09209 | 0.8967 0.0294

2 14659 | 13332 | 13702 (12419 | 10981 | 13019 01393 |
3 0.8120 | 08359 | 07883 | 0.8047 | 0.8591 | 0.8200 0.0277

4 050104 | 06560 | 05375 | 0.5334 | 05692 | 0.5613 0.0569

5 04515 | 04487 | 04413 | 04782 | 04617 | 0.4568 0.0140

7 04432 | 04064 | 04254 | 04125 | 04325 | 04240 0.14%6

M50 110 waveanalumsiuA e IMITuns i weanouneaalvuutle-wedhiia

HpANBARA 30%
1a ff‘_mni'mmﬁa (MPa) E
(TH) 1 2 i 3 4 5 1o M MmAan
1 11309 | 11303 | 10061 | 10576 | 13205 | 1.0891 0.0554
2 13818 | 16718 | 1.6482 | 15035 | 1.5461 | 1.5503 0.1171
3 1.0438 10964 1.0721 0.9632 0.947% 1.0247 (.06
4 0.7062 | 0.8284 | 0.8843 | 06832 | 07854 | 0.7775 00837
5 05606 0.5580 05787 (0.5453 0.5234 0.553 0.0204
7 05313 049900 | ‘0.5234 | 05136 | 05302 05197 0.0185
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A13197 1.1 wavesnalumaiiudemnmssvussfaveaneuvednlvluutl a-weduanin

1A 10%

) AMSTVUSIA (MPa)

() 1 2 3 4 5 1in puraea S
I 07979 | 0.7904 | 07968 | 07316 | 08124 | 0.7858 0.0313
2 10476 | 09544 | 09537 10244 | 09483 | 09857 | 0.0467
3 0.8665 | 09810 | 0.7969 | 08092 | 08092 | 0.8526 0.0767
4 05420 | 06225 | 0.4922 | 04797 | 05103 | 05237 0.0571
5 03832 |03820 | 04364 | 03893 | 03951 | 03972 0.0040
7 03340 | 03352 | 03350 | 03433 | 0.3400 | 03375 0.0014

19199 .12 avesnailumsifunemimssunsan e sneunedaivuut s-weduanin

10%A 30%

nal AIN15 3015979 (MPa)

() 1 2 3 4 5 1o nvmnaAmAne
a 09269 | 09322 | 09723 | 09573 | 09022 | 0.9382 0.0273
2 12806 | 1.3407 | 13587 | 12138 | 13358 | 1.3059 0.0591
3 09339 | 09762 | 09678 | 10383 | 09558 | 09743 0.0391
4 07428 | 07718 | 07202 | 07439 | 07317 | 0.7421 0.0192
5 0.5477 0.5061 0.5057 0.4959 0.5458 0.5202 0.0359
7 05090 04842 | 04304 | 04521 | 04187 | 0.4607 0.0412
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d' wl ) 1 ad = = =Y
AN V.13 Haveaald ﬂ"ﬂuﬂ"lil.ﬂ‘llﬂﬁﬁ'lﬁ] TIUUTINIVDIA Eﬂ“ﬂﬂﬁiﬂﬂu{t&ﬂ aan ﬂﬂillﬂﬂ

T 10%

na AIMITuNIIRe (MPa)

() 1 2 3 4 5 whv | mownewndo
1 0.7313 0.7323 0.6051 0.6166 05117 0.6394 0.0936
2 0.9218 0.9095 | 0.9330 (L.8199 0.9426 0.9055 0.0494
3 0.7449 | 07427 | 07103 | 0.6648 | 07218 | 0.7169 00325
4 0.4696 | 04951 0.5139 0.4919 0.5123 0.5026 0.0276
5 0.4041| 04136 | 04108 | 04028 | 03998 | 0.4062 0.0057
7 0.3984 | 03977 0.4155 03115 0.3871 0.3821 0.0407

M99 1.14 paveanm lumsiiudanmsiunsifave sneunedn vl s-wedn Insuan

T 30%

1 ANSTUNS IR (MPa)

() 1 2 3 il " 5 oAl nTmAAIRT e
E 0.8575 | 0.8790 | 07267 | 07416 | 0.8674 | 0.8149 0.0742
2 12226 | 11918 | 14511 | 12120 | 14750 | 13105 0.1399
3 1.1382 1.0505 0.9908 0.9479 0.9910 1.0237 0.0737
4 0.5569 | 0.6041 | 0.6647 | 06012 | 06308 | 06115 0.0398
5 0.6005 | 05582 | 0.4171 | 05102 | 05812 | 05334 0.0732
7 10,4283 || 03874 | 04158 | 042410 | 03961 | 0.4104 0.0178




M15130 1.15 mmsiuussfavesneueialvluninuilaniinfivesen

Yimnamanai lnwses ANITTUNSIAL (MPa)
(%) 1 2 3 4 5 wis | nomnmanion
5 0.2436 | 02111 | 02019 | 02054 | 01873 | 02099 |  0.0207
10 02082 | 01926 | 01895 | 01835 | 01743 | 01896 |  0.0125
15 01947 | 0.1883 | 0.859| 01813 | 01858 | 0.1872 |  0.0049
20 0.0454 | 0.1441 .| 01299 [ 01423 | 01421 | 01208 |  0.0424
25 0:0988 | 0.1020 | 0.0965 | 0.0984 | 01027 | 00997 |  0.0026
masft v.16 mmsiuisadsusnssmodalmnuilsiiigie
Vinamaad lswos AN TUITIAI (MPa)
(%) 1 2 3 4 5 0 P
5 02509 | 02249 | 02407 | 02024 | 0.1973 | 02233 0.0233
10 04857 { 01945 | 01959 02065 | 0.1894 | 0.1944 007
15 0.1979- | 01778 | 0.1809 | 0.1712 | 0.1846 | 0.1825 00099 |
20 0.1710 | 0.1154 | 0.1042 | 0.0909 | 01092 | 0.1181 0.0309
25 0.1258 | 01334 | Q. 1‘2‘3&7 01301 | 01246 | 01276 0.0040
M31e 117 msTuissiavesneamedaivuornudefiinenluiion naelsd
Vinamanadlased M3 Fusafa (MPa)
(%) 1 2 3 4 5 iwdy | monarndon
5 0.2305C| 02412002652 | 02494 | 0.2571 | 0.2489-] o0.0135
10 0.2144 | 02153 | 02161 | 02179 | 02169 | 0.2161 0.0013
15 0.1853 | 0.1850 | 0.1930 | 0.1858 | 0.2051 | 0.1909 |  0.0086
20 0.1218 | 01372 | 01795 | 0.1188 | 0.1583 | 0.1431 0.0250
25 0.1489 | 0318 | 01309 | 0.1342 | 0.1472 | 0.1386 |  0.0087
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i j [ |
M3190 1.1 HavRIANMFUTININSARMNIHAN & 9amavesneuvedalvuinuila

Mg MNIBART B YAVIA (%)

(%) 1 2 3 4 5 adn ATnE AT
1 3.69 4.02 4.28 4.01 163 393 0.2667
iz 445 4.67 4.61 4.46 4.56 4.55 0.0951

42 608 | 621 | 638 | 620 | 629 | 623 0.1110
52 6.80 6.33 6.56 6.50 6.16 6.47 02416
67 5:.6? 6.47 6.32 662 6.50 6.51 0.1372

75 6.52 6.49 6.51 6.48 6.42 6.48 0.0391

' 3 . v &
M3 7.2 HEVRINNUF UM S oMM SR & 9avInveneunodalvlamili-ned

Thiia ueaneand 10%

Mg MMstai o gaua (%) ]
(%) 1 2 3 4 5 1 nINmARNANY
1 6.01 5.89 6.12 5.99 5.82 597 0.1154
32 6.44 6.24 6.13 6.52 6.08 6.28 0.1918
42 1.62 8.12 8.05 1.61 G.78 7.64 0.5336
52 7493 86 750 7.58 778 7.73 0.1835
67 7.56 1.75 811 822 1.61 7.85 (.2984
75 7.88 .91 7.85 786 . | 28 7.86 0.0370
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M50 A3 HaveIRNUTUTIINEAEMMSHAN M QavIavesneuwedaivlmil-nod

Thiia ueaneaed 30%
R e MMSEARI o AR (%)

(%) 1 2 3 4 5 win | mavmasnion
11 4.38 4.26 422 4.18 4.32 4.72 0.0798
32 581 | 562 532 548 5.64 5.57 0,1 840
£ 687 | 6% [a691 {704 | 702 | 696 0.1070
52 708 718 | 704 | 72| 698 | 71 0.1023
67 29 726 | 7109 | 739 | 682 | 715 0.2143
75 7.21 748 7.18 7.19 1.22 7.19 0.0181

-=|' ‘ LTI ] - T = r
M990 A4 HAVDIAIWTUTUIINEABAINIEHAM & gaviavesneuvadn vt i-nod

HAARAN 1BFA 10%

Mg MNIDANT U AN (%)

(%) 1 2 ¥, 4 5 whn | nomammie
¥ 5.1 504 | 491 4.82 523 5.02 0.1617
32 621 | 643 | 629 | 646 | 645 6.36 0.011%
42 7.04 6.92 698 | 7.04 7.00 6.99 0.049%
52 7.44 7.25 7.39 7.14 7.42 732 0.1287
67 7.82 T.EV]; 7.74 7.78 .63 7.71 0.0u23

75 7.82 164 798 |..7.69 782 7.75 0.0812
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4 .& [T T | o -
M131971 1.5 HAVBIANHFUTININSABAINILAM 2 gAavIavesneuneanIvuuili-ved

HARAN LA 30%

AN AINSOAAI 01 9AVIA (%)
(%e) 1 2 3 4 5 it nmmmnion
1" 386 | 378 | ad2 | 409 423 | a0 0.1884
32 460 | 457 508 | 4.84 a7 4.76 0.2079
42 645 | 625 |, 621 6.31 595 | 624 0.1714
52 641 634 | 665 | 644 | 620 | 64 0.1039
67 6.61 654 | 656 | 663 670 | 661 0.0830
75 667 /| ‘653 664 | 685 | 661 6.66 0.1183

= A o w4 - o = =
AT A6 HAVBIRNHETUTUHNEADINISEARNT QF'I‘I.I'lFI‘llEQﬁ‘EIHHBﬁ"FITﬂH“{IJ-ﬂﬂ‘ﬂﬂ‘l

Insuanlnu 10%
AuEIng Antstana v 9Av1A (%)

(%) 1 2 3 _ 4 5 win | Anmasanion
11 512 5.29 5.09 532 532 522 0.1134
32 648 631 641 | 621 1.09 6.50 0.3452
42 7.14 7.00 719 7.29 7.10 T7.14 0.1073
52 8.12 7.61 2.01 7.69 771 T.82 0.2229
61 853" | &4 633 | 750 | 864 | 788 0.9782
75 788 | |'836 | 846 || M 1.52 7.98 0.4089
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ot A e oar d1 & e = -
A1 A7 HRUBIANHYTHTHNNEADATINITHARAT qﬂ1”1‘11]EQﬂBH“'ﬂﬂ'ﬂTﬂ”“{l-“ﬂﬂﬂﬁ'l

Twsuanlnu 30%
Mg AM3EANI U AR (%)

(%) 1 2 3 4 5 who | namnasndon
1" 4.1 4.18 371 425 3.86 4.02 0.2672

32 4.96 .72 5.1 481 487 4.89 0.1490
42 6.01 6.94 6.11 6.2i 6.08 6.27 0.24%8

52 6.90 6.81 669 6.83 6.87 6.82 0.0806
67 6.81 6.28 6.53 6.62 6.94 6.36 0.2554

75 6.91 6.57 6.32 6.54 6.29 6.52 0.24%5

Mm31ail .8 waveanalumisiivaenInsiam o gauninussnsmeanivuanuls

o M3 B o1 9AA (%)
() | 2 3 4 5 e | samnawndon
1 4.27 4,16 4.52 4.32 443 4.34 0,1 398
2 5.25 5.24 4.96 E,OI 5.56 5.40 039497
3 SH0 | S9L | S88 | 557 | 492 | sel 04111
4 508 573 6.38 6.12 608 6.05 0.2354
5 G.18 im 5.89 5.84 5.85 589 0.1735
7 6.08 6.21 6.38 6.21 6.2 6.23 0.1110
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M3 7.9 waveana lumsiiudenIMsdan w aunvesneunedniuuil-nedlaiia

liaanaa ﬂﬁ 10%

M MMSHANT D YAVIA (%)
() 1 2 3 4 5 win | wowmemnde
1 5.93 517 527 5.13 5.79 5.45 0.3737
2 6.43 6.16 6,53 6.25 6.36 6.34 0.1457
3 7.14 7.02 6.83 7.16 7.16 1.16 0.1421
4 1.88 132 782 7.88 7.52 7.68 0.2523
5 7.66 7.56 7.84 7.44 7.35 7.57 0.1913
7 7.62 212 8.05 1.61 6.78 7.64 0.5336

M1 7.10 wavesnalunsiuaedImsEan m gamavesneuvedalvlunili-nedliia

HPANDIDA 30%

B} MASAM o AR (%)

() I 2 3 e 4 5 wis | mommando
| 5.03 4.62 4,84 5.14 4.94 491 0.1981
2 5.91 5.81 598 | 601 615 5.97 0.1257
3 6.87 700 | 675 7.20 7.06 6.97 0.1732
4 722 7.13 7.54 7.33 7.42 7.32 0.1614
5 7.62 771 730 | 599 | 728 738 0.2893
7 6.87 690 | 691 7.04 712 6.96 0.1070
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@119 .11 paveana lumsiiuaemmstnda w gavinveneunedalvluutle-ned

HARAN UBTA 10%

na AMMSHAR o VA (%)

() 1 2 3 4 5 who | anmemandou
| 5.57 4.34 548 5.29 5.18 5.21 0.2861
2 6.96 6.71 698 6.67 6.24 6.71 0.2991
3 7.41 6.93 6.76 7.11 7.15 7.07 0.2415
4 144 753 165 7.42 7.32 7.47 0.1243
5 7.04 71 15 7.00 7.14 7.08 0.0653
7 7.04 6.92 6.98 7.04 7.00 6.99 0.0498

M99 7.12 pave anarlumaiuaenInsing o gavinvesneuvedalviuuta-ned

HARAN HDTA 30%

M AMNITBATT ™ QAVIA (%) o
() I 2 3 4 5 who | naemanis

I 463 | 43 | 462 | 415 452 4.45 0.2014

2 6.14 5.69 587 | 536 5.94 5.80 0.2040

3 663 | &l 623 | 6.0 6.24 6.26 0.2139

4 6.60 6.64 658 | 647 6.45 6.54 0.0834

5 6.58 6.2 6.31 657 6.38 6.42 0.145)

7 5.98 645 6.25 6.21 6.31 6.24 0.1714
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M1 713 waveanarlumsiiuden1Msondl o gaviavesneunedalvlunt-nedm

Trsuanlnu 10%

1 MDA o gAvIR (%)
() 1 2 3 4 5 10 AN AL
1 5.05 5.14 538, | sz 5.18 5.19 0.1090
2 6.61 595 6.26 6.26 6.01 6.21 0.2609
3 6.96 6.83 7.38 6.68 6.63 6.90 0.2957
4 6.64 116 6.33 6.85 6.98 6.79 0.3204
5 7.26 715 7.01 6.84 7.26 7.10 0.1798
7 ' 4 7.00 7.19 7.29 7.10 7.14 0.1073

M99 1.14 wavesnalumaiunenImgadd u avinvesneuveda Tt s-wedm

Trsuanlnu 30%

1@ MDA o ganA (%)

)] 1 2 k. 4 5 wls | sownnwenion
| 4.79 5.08 4.88 457 458 478 0.2145
2 | 5.56 579 566 | 5.60 5,58 5.63 0.0928
3 6.22 6.18 591 6.28 5.91 6.10 0.1770
4 6.28 6.62 6.53 6.21 597 6.32 0.2599
5 6.24 647 6.43 6.62 6.47 6.44 0.1361
7 6.01 6,94 6.11 6.21 6.08 6.27 0.3813
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Wwnawaadlased ANTHART D PAVIA (%)
(%) 1 2 3 4 5 16 nIHAMANAD L
5 698 | 661 | 687 | 693 | 681 | 684 0.1435
10 791 | 736 | 756 | 748 | 784 | 163 0.2360
5 752 | 735 | 480 | 756 | 789 | 77 0.1600
20 7271 | 805 | 796 [ 768 | 766 | 7.8 0.1799
25 803 | 812 | 799 | 821 | 794 | s0s 0.1075
M n.16 MMt waauIavesnmmeanirnutliiiydy
Phinammafivaos AMMITAT 0 VIR (%)
(%) 1 ) 3 4 5 win | nowmmmmdeu
5 688 | 671 | 604 | 691 | 657 | 662 0.3530
10 741, 4 748 | 746, | 265 | 721 | 743 0.1566
s 756 {764 | 241 | 766 | 755 | 7.56 0.0980
20 763 | 754 | 168 | 784 |75 7.64 0.1309
25 P38 | 765 | 789 | 768 | 79 7.70 0.2153

=t ' o a e =t P
1371940 .17 MmsEanI o ﬂﬂ'll'lﬂ'l.l'ﬂﬂﬂﬂfllﬂﬂﬁ'ﬁtﬂ!lﬂ1ﬂuﬁ%ﬂﬂllﬂ'lﬂﬂﬂlﬂﬂ ﬁﬁﬂl‘l'iﬁ

Pnomami lages MMIARD 0 YAYIA(%)
(%) 1 ) 3 4 5 indo nanmandou
5 6.64 6.69 6.97 6.91 6.89 6.82 0.1456
10 7200 | 7200 | 728 | 700 | s | 702 0.0990
15 1.21 7.18 1.29 7.02 7.41 7.22 0.1437
20 751 | 744 | 761 | 736 | 731 | 744 0.1192
25 745 | 742 | 768 | 768 | 794 | 76 0.2106




73

i w Y a
1. MMITuusdlnssevesneuvednivly

M99 4.1 HaVBIRNHTHTININEAemMITunsalA1sevesneuwednlvluanutla

AR FIING AINITUNIITAII0 (MPa)
(%) 1 2 3 4 5 1nf naRmARADY
I 04497 | 03830 | 04577 | 03183 | 03269 | 03871 0.0657
32 0.5262 | 03786 | 05235 | 04905 | 05411 | 04920 0.0660
42 05930 | 06845 | 05795 | 05889 | 07388 | 0.6369 0.0710
52 05551 | 04400 | 05383 | 0.5749 | 06030 | 0.5424 0.0616
67 04899 | 04355 | 04758 | 0.5024 | 04956 | 04799 0.0266
75 04629 | 04679 | 04513 | 04454 | 04583 | 04572 0.0089

4 q .E s s = =
A5199 4.2 Have I N UTUYIMEAB MM S5 uNs 116 ssevesneunedalvunil-wedladia

HORNDBDA 10%

Mg AnssuisalAase (MPa)
(%) 1 2 3 4 5 win | mownasniow
¥ | 09203 | 08497 | 08711 | 09276 | 09917 | 09121 0.0552
32 10552 | 11393 | 10227 | 1.0452 | 1.0960 | 1.0m17 0.0461
42 13387 | 10795 | 10728 | 11571 | 15146 | 1.2326 0.1906
52 14600 | 10852, [ 1194}, | 1.2886. |-1.0886 | 1.1633 0.0841
67 0.9422 '|0.9693 | 1.1489| 10650 | 1.0795 | 1.0410 0.0845
75 09565 | 10634 | 1.0309 | 0227 | Loo1s | 10150 0.0395
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1 5 L L ] r £
A9190 4.3 HRveIN NUFUFMINEAMIMISUusalAssevesnauneinllunil-wedlaiia

IpaNBIBA 30%
ARFIYNg mmsiunsalfiaae (Mpa)
(%) ] 2 3 4 5 Wi | monmanden
11 1.1080 1.2042 L0176 1.0257 1.1432 1.099% 0.0791
iz 1.3317 1.3785 1.3916 1.3992 1.4221 1.3846 (0.0335
2 1.5725 | 15477 | 1.6766 | 13714 | 14808 | 1.5208 0.1131
52 1.4030 1.3953 1.3030 1.3035 1.3916 1.3613 0.0486
67 11736 |1.2407 | 11413 | 11945 | 12548 | 12010 0.0469
75 1.0544 11829 0.9766 1.0222 1.0463 1.0565 0.0769

v a
M1319N 9.4 HAVDINNUFY

O 10%

YingnenImsiuissinsevaneuneialvluil-veduanin

AATINE MmnsSusaifage (Mpa)
(%) 1 2 3 4 5 whu | nomaamiou
1 0.8821 | 0.8709 | 08176 | 08158 | 08327 | 0.8438 0.0308
32 10663 | 1.0594 | 1.0423 | 10745 | 1.0317 | 10548 0.0175
42 13371 | 13191 | 13308 | 12608 | 14772 | 1.3450 0.0798
52 1.0961 | 1.1463 | 1.0100 | 1.0415 | 09953 | 1.0579 0.0627
67 1.1207°| 1.0612 | 09985 | 10243 | 1.0572 | 1.0524 0.0461
75 1.0660 | 10257 | 09962 | 1.0758 | 09609 | 1.0249 0.6479
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li E a1 I = - -
AN 4.5 Hﬂﬂﬁiﬂ?]ﬂi“iﬂﬂﬂﬁﬂﬂﬂ'lﬂ"l"igﬂlﬁQT‘EQQH'l.lﬂﬂﬂﬂ'll'l"lBﬁﬂiﬂﬂuﬂd-ﬂ&mmﬂﬂﬂ

DA 30%

- ANTITUNsalNgae (MPa)
(%) 1 2 3 4 5 why | mavmaamion
1 10057 | 1116 | 11657 | 12008 | 12560 | 1.1670 0.0649
32 13785 | 12881 | 12764 | 12901 | 127as | 13015 0.0435
42 1.6789 | 1.2365 | 1.6003 | 13820 | 18532 | 1.5504 0.2437
52 1.3760 1.3841 14283 1.2860 13212 1.3591 0.0558
67 1.3268 1.3476 1.1674 1.2860 1.2937 1.2842 0.0698
75 1.2562 1.0994 11097 1.1940 1.1894 1.1698 0.0651

; 5 » -
M5197 4.6 HAveIM MUY TSRS uls A seveneuveanIvaudle-vedaiing

naninu 10%

F T B )
APUFUTUNING ANFIN3IIR20 (MPa)

(%) 1 2 3 ‘ 4 5 i nIINGIAINADY

i 0.7440 | 06868 | 0.8004 | 08510 | 0.7173 | 0.7599 0.0658

32 12809 | 1.2689 | 09422 | 03516 | 09671 1.0621 0.1989
42 1.]0?4 1.1832 | L1275 | L1923 1.2226 1.1666 0.0477
52 0.9101 1.1476 1.1393 0.9043 1.1208 1.0444 0.1256
67 0.9673 1.0540 | 09960 | 0.8843 | 0.9301 0.9663 0.0644

75 0.7749 0.9323 1.0135 | 0.3618 11020 0.9369 0.1275
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; X ; i
M1 4.7 HaveInNUTHTNINsAemINMTuNsalAseve snennednlvuuila-wednins

nanlnu 30%
T Ansiuusaliage (MPa)
(%) | 2 3 4 : s | svmmnoln |
1 1.0949 | 12663 | L2310 | 10813 | 12132 | 1.1773 0.0838
12 1.4777 1.4479 1.510] 1.3387 1.3982 1.4345 0.0675
42 1.6826 | 15255 | 17500 | 15558 | 1.7766 | 1.6583 0.1133
52 1.3629 1.3366 1.2290 1.3565 1.2186 1.3087 ().0804
67 14373 14521 | 13319 | 14636 | 13271 | 1.4024 0.0672
75 1.2273 1.2858 1.3647 7 1.3459 1.2849 1.3017 0.0547

M13197 4.8 HaveanmlumsiiuasmimsSuusalfevesneuneanivuoinutl

1 mnssunsaliaan (MpPa)
(Tw) 1 2 3 4 5 why | Arnsiansu
I 24426 | 25699 | 23090 | 23376 | 22871 | 23892 0.1172
2 27772 | 29675 | 28427 | 28780 | 29501 | 28823 0.0783
3 14933 | 15382 | 14772 | 15502 | 1.4440 | 1.5006 0.0438
4 11268 | 1.1654 | 1.1347 | 1.1432 | 1.1728 | 1.1486 0.0198
5 0.9090 09175 0.9327 0.9962 08718 (0.9255 0.0454
7 05930 | 0:6845 | 05795 | 05889 | 07388 | 0.6369 0.0710




17

M990 1.9 waveanm lumafudemimsiunsalfssevesneunednlunili-wedlhiia

noaneaRn 10%

na mnsiuusalfase (Mpa)
() I 2 3 4 5 P ee—-
! 27539 | 27559 | 2629 | 28076 | 28420 | 27578 0.0806
2 26370 | 3.1391 | 23632 | 34561 | 3.7370 | 3.1665 0.4422
3 23137 | 24581 | 19468 | 19452 | 26029 | 22614 0.3059
4 1.5760. {19224 | 20499 | 1.6373 | 1.8443 | 1.8060 0.1973
5 11676 | 13040 | 14038 | 16098 | 17192 | 1.4400 0.2240
7 1.3387 | 10795 | 410728 | L1571 | 15146 | 1.2326 0.1506

3199 .10 waveanm lumaiusdenimsiunsalassevesnounefaTvuntle-nedliiia

1aa ﬂﬂﬂﬂﬁ‘ 30%

M AInsiunsalfiam (Mpa)

() 1 2 . 3 4 5 1fie IR ANABY
| 43571 | 44819 | 32029 | 35605 | 29094 | 3.7023 0.6954
2 53763 | 6.0382 | 64886 | 59775 | 39285 | 55618 0.9950
3 25507 | 42645 | 42603 | 29127 | 3.5041 | 3.4985 0.7759
4 27570 | 29011 | 29827 | 27618 | 25639 | 27933 0.1600
5 14427 | 0.0200| 17088 | 20482 | 13706 | 1.7180 0.3149
7 15725 | 15477 16766 | 13714 | 14808 | 15208 0.1131
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A1 4.1 Haveanmlumsmuaeamsiuniilfsovesneuneanlvuntle-weduandn

DA 10%

nan MNsTusalnage (MPa)
{"I‘H} 1 2 3 4 5 iai nnmnAou
1 2.0250 2.4305 23228 23447 2.2668 0.1531 0.1023
2 40074 | 40300 | 40339 | 42770 | 4.0929 | 4.1082 0.1059
3 23402 | 22920 | 2.4390 | 23857 | 2.5910 | 24096 0.1150
4 15537 | 15007 | 15778 | 17278 | 15854 | 1607 0.0689
5 1.6083 1.6561 1.4894 1.4411 1.5255 1.5441 0.0874
7 1.3371 1.3191 1.3308 1.2608 1.4772 1.3452 0.079%

M990 4.12 avoana lumsiiuaenImsiunsalnssevesneunean vt s-weduandn

HaA 30%

N AMms3unsalnage (MPa)

() 1 2 k] 4 5 infn nInAARIEN

1 23571 27269 | 8069 | 2.8350 | 2.8323| 2.8098 0.0498

2 51607 | 5.1751 | 5.1942 | 51652 | 51832 | 51756 0.0135
3 | 27841 28069 | 28231 | 3.1994 | 3.0124 | 29252 0.1782
4 1.8867 1.8148 1.9703 | 2.1805 | 2.0634 1.9832 0.1442
3 1.6570 1.7770 1.8602 | 1.6509 1.7122 1.7314 0.0880

7 1.6785 1.2365 | 1.6003 13820 1.8532 1.5520 0.2437




79

A19191 .13 maveana lumsifuaen mssunsaldsevesneuneiaivund s-wedn lng

uanlnu 10%

nm mmsivnsaliae (Mpa)
() I 2 3 4 5 ifio nnunmAnBou
I 22061 | 22229 | 23265 | 1.7689 | 1.7841 | 2.0617 0.2644
2 3.2855 | 32342 | 33750 32696 | 33685 | 33066 0.0623
3 28614 | 34994 |13.1573 | 28795 | 31712 | 30538 0.1681
4 17049 | 18885 | 19925 | 16666 | 1.7924 | 1.8090 0.1335
5 16300.| 16127 | 15150 | 14814 | 1.7630 | 1.6004 0.1105
7 11074 | 10832 | 11275 | 11923 | 12226 | 1.1666 0.0477

M3 4,14 pavoanalumstiuaemmsivus lfsseve neuneialvluutls-wedmIng

uaninu 30%

M MNITUIsalfa90 (MPa)

(1) 1 2 3 4 5 wis | aammandou
1 41533 42519 44813 | 44725 | 42144 4.3147 0.1522
2 57900 | 55681 | 56916 | 56802 | 57586 | 5.6977 0.0856
3 3.5041 18844 3.7937 3.7092 3.9765 17736 0.1807
4 21969 | 19324 | 19253 | 2.0046 | 1.7975 | 19713 0.1464
5 17841, | 17857 | 0.7471 | 19312 47855 | 1.8067 0.0715
7 1.6826 | 15255 | 19501 15558 | 1.7766 | 1.6583 0.1133




15199 4.15 AIMISunsalassevesneunednlvuainuanindivesea

B0

Winumwanad lages Amsiuusaliiage (MPa)
(%) 1 2 3 4 5 iwho | mamemenieu
5 1.1829 | 0.7954 | 08186 | 0.7532 | 0.8330 | 0.83766 0.1738
10 0.5365 | 0.6322 | 0.5927 | 0.5160 | 0.5247 | 0.5604 0.0500
15 02632 | 02906 | 02452 0.2947 | 0.1883 | 0.2564 0.0431
20 0.1993 | 0.2456 | 0.1387 | 0.1960 | 0.1587 | 0.1876 0.0412
25 01109 | 0.0865 ﬂ.flﬂ? 00900 | 0.1105 | N.1000 0.0113
M 1.16 mmsuisaifasovosnesmedslvhinutliiiySe
Vhnumaed laved mmssunzalfase (Mpa)
(%) 1 2 3 4 5 wig | avsmmandon
3 09556 | 09014 | DB422 | 0.9478 | 08150 | 0.8924 0.0625
10 005628 1 0:6337 | 05639 .| 06126 | 0.5559 | 0.5856 0.034%8
15 0.3658 | 03441 | 03653 | 0.3693 | 03658 | 03620 (.0101
20 0.2989 | 02739 | 0.2866 | 0.2961 |/0.2608 | 0.2833 0.0159
25 0.1920 | 0.1777 | 0.2120 | 0:2173 | 0.2445 | 0.2087 0.0255

MITeN 4.17 mMmssuusalfssovesnsumedaliuoinutlantiuenluiion naelsa

Wnomaadlsiaed AMsTunsaifage (MPa)
(%) 1 2 3 4 5 win, | monmandou
5 09311 [L0.930) V08719 |F0.8560 | 0.8719 || 0.8922 0.0356
10 0.5542 | 0.5626 | 05733 | 05578 | 05733 | 0.5642 0.0088
15 0.3938 | 03930 | 03804 | 04028 | 04023 | 0.3945 0.0091
20 0.2498 | 02325 | 0.2438 | 02342 | 02498 | 0.2420 0.0083
25 0.1943 | 02120 | 0.1838 | 0.2141 | 02031 | 0.2015 0.0126




Bl

v &
2. MMstanatiesInusalnasevesneuiedniviy

MIT 0.1 HavRIR NN UT A NIReMMIBARIIIoI NI IR 190 ve aneN VD EA eI

utly

M uFng snsiaddiennusaifase (%)
(%) 1 \ 2 3 4 5 0y nIHmANADY
1 4406 | 1380 | 04591 | 4662 | 4594 | 4527 1.2855
32 4985 | 4892 | 4872 | 4928 | 4971 | 4930 0.486%
42 50.78 | 4952 | s235 | s271 5179 | 5143 1.2904
52 5128 /| So60 | 5282 | sis6 | s127 | 5150 0.8162
67 s 4| S22 4522 | skl | 5113 | s1s) 0.4260
75 5030 | s183 (| s202 | 5132 | 5228 | 5155 0.7801

[ F § 3 4 =
31970 9.2 HAVRIANUTUTININENEMMSIAN DI INNI T3 pvo InoNve A a TV unila-

wod 12%ia noanoaed 10%

Mg mmsdadtieannisalam (%)
(%o} 1 2 3 4 5 e namnaANADL
I ag47 | SLI1 | 5031 | 4986 | 4880 | 4971 1.0832
32 5123 | 5098 | 5273 | 5232 | 4992 | 5144 11182
42 56.69 |- 55.55. | 5943, 4 5672 | 5590 5686 15223
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Starch/carboxylated polymer composites

Abstract

This invention relates to an inhibited non-solubilized granular starch modified by less than 5% of a
carboxylated polymer. In addition, a process is provided wherein a non-solubilized, substantially
granular starch is mixed with a carboxylated polymer, dried to form a starch/carboxylated polymer
blend and then physically treated to form a starchfcarboxylated polymer composite. Further, this
invention relates to the improved industrial and food products prepared from these starch/carboxylated
polymer composites.
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Intern'l Class: CORJ 003/00
Claims
We claim:

1. A composite composition comprising a carboxylated polymer and starch wherein the weight ratio
of carboxylated polymer to starch is less than about 1:20 and the composite demonstrates inhibition as
compared to a corresponding untreated blend.

2. The composite composition of claim 1 wherein the weight ratio of carboxylated polymer to
polysaccharide is between about 1:200 to about 1:50.

3. The composite compaosition of claim 1 which, when heated at a temperature of 95.degree. C., has a
delay in the onset of viscosity of at least 2 minutes as compared to the corresponding untreated blend.

4. The composite composition of claim 1 wherein the carboxylated polymer is selected from the group
consisting of xanthan, low methoxyl pectin, carboxymethylcellulose and polyacrylic acid.

5. The composite composition of claim | wherein the starch is a waxy starch.
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6. A process for preparing a composite composition comprising the steps of: (a) preparing a mixture
of a carboxylated polymer, a starch and a solvent; (b) drying the mixture to form a dried
starch/carboxylated polymer blend with a moisture content below 20%; and (c) physically treating the
blend so that an aqueous solution to achieve a composite that demonstrates inhibition; provided that
throughout the process the starch does not completely gelatinize.

7. The process according to claim 6 wherein in step (a) the starch is added to a solution of the
carboxylated polymer in the solvent.

8. The process of claim 6 wherein in step (a) the carboxylated polymer is added to the starch which is
mixed in the solvent.

9. The process of claim 6 wherein in step (a) the carboxylated polymer and starch are first blended
together to form a blend, and then the solvent is sprayed on the blend.

10. The process of claim 6 wherein the carboxylated polymer is selected from the group consisting of
xanthan, low methoxyl pecim, carboxymethylcellulose and polyacrylic acid.

11. The process of elaim 10 wherein the carboxylated polymer is carboxymethylcellulose.
12. The process according fo claim 6 wherein'in step (c) the physical treatment is heat or irradiation.
13. The process of claim 6 wherein when the physical treatment of step (c) involves temperatures of

greater than about 120 .degree. C., the moisture content of the dried blend of step (b} is less than about
1% by weight of the blend.

14. The process of claim 6 further comprising treating the dried blend of step (b) with acid.

15. The process of claim 6 wherein the weight ratio of carboxylated polymer to polysaccharide used in
step (a) 15 less than about 1:20.

16. The process of claim 15 wherein the weight ratio-of carboxylated polymer to polysaccharide is
about 1:200 to about 1:50.

17. A composite composition prepared according to the process of claim 6
18. A composite composition prepared according to the process of claim 9.
19. A composite composition prepared according to the process of claim 15.

20, The composite composition of claim 1 wherein the starch is chemically crosslinked and the
Brabender viscosity profile demonstrates a double plateau.

21, The composite composition of claim 20 wherein the starch is a waxy starch.

Description
[0001] This application claims priority from provisional application No. 60/30%,063 filed Jul. 31,
2001.

FIELD OF THE INVENTION

[0002] This invention relates to an inhibited non-solubilized granular starch modified by less than 5%
of a carboxylated polymer. In addition, a process is provided wherein a non-selubilized, substantially
granular starch is mixed with a carboxylated polymer, dried to form a starch/carboxylated polymer
blend and then physically treated to form a starch/carboxylated polymer composite. Further, this
invention relates to the improved industrial and food products prepared from these starch/carboxylated
polymer composites.
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BACKGROUND

[0003] Native and modified starches have been used for many years in the food industry to provide
processed foods with improved product appearance and increased consumer appeal. Starches can
impart desirable properties to food products, ranging from shape retention and sliceability to desirably
grainy and pulpy textures in sauces and dressings. Sources of starch include roots, root-like or tuber
plants and cereals.

[0004] When native starch granules are dispersed in excess water and heated they become hydrated
and swell. The swelling of the granules results in an increase in viscosity which, in unmedified starch,
peaks at temperatures in the range of 56.degree. to 95.degree. C. This increase in viscosity is a desired
property in many food and industrial applications. Swollen, hydrated starch granules, however, are
quite fragile. When a granular starch slurry is maintained at temperatures greater than 80.degree. C.,
the starch granules begin to fragment and the viscosity breaks down. Shear or conditions of extreme
pH also tend to disrupt and fragment the granules, so that the starch polymers dissociate and become
solubilized, leading to-a rapid breakdown of the initially high viscosity.

[0005] Both the swelling of the starch granules and the breakdown in viscosity can be inhibited by
treating the starch with chemical reagents that introduce covalent intermolecular bridges or crosslinks
between the starch melecules. The crosslinks reinforce the associative hydrogen bonds holding the
granules together, restricting the swelling of the starch granules, which inhibits the disruption and
fragmentation of the granules, This allows the starch to delay solubilization during cooking and results
in a desirably "shorter” texture instead of a "slimy" and cohesive texture,

[0006] A reduction in the disquption and fragmentation of the granules can also be achieved according
to the method described in U.S. Pat. Mo. 5,718,770 wherein the thermal treatment of starch granules
results in properties characteristic of the crosslinked starches. Accordingly, chemically crosslinked or
thermally inhibited starches are used in many applications where a stable viscosity starch paste is
needed.

[0007] Other means of seducing the rapid breakdown. in starch solutton viscosity have been explored.
For example, U.S. Pat. Nos. 5,424,088 and 4,298,729 describe a composition of a carboxylated
polymer, which may be xanthan, and starch which is characterized by reduced dissolution in water
and increased acid, heat and shear stability. Both processes require that the starch be at least partially
gelatinized (solubilized). Because of the resultant increase in viscosity caused by the partial
gelatinization, the processcis limited to relatively low solids contents and drying becomes an
undesirably energy-intensive , process.. Further, since, gelatinization disrupts the starch granule,
solutions of the xanthan/starch compositions are unable to maintain a satisfactorily high viscosity or
provide delayed gelatinization during cookout.

[0008] Carboxylated polymer and starch compasitions have been investigated foruse in a variety of
applications. For example, WO 00/32064 describes a controlled-release, digestible carbohydrate
material (possibly starch) which is coated, encapsulated, entrapped or embedded in a crosslinked
polysaccharide matrix. U.S. Pat. No. 5,895,804 describes a thermosetting system which may comprise
a polysaccharide (including starch) and a carboxylated polymer. However, both of these systems
require high amounts, greater than 5% by weight, of the expensive carboxylated polymer.

[0009] There is an ongoing need to provide starch compositions which are able to address the problem
of breakdown in starch viscosity and do not require high levels of expensive components, toxic
chemicals and an energy-intensive processes,

[0010] The present invention provides a process for obtairing a novel, granular starch modified by
less than 5% by weight of carboxylated polymer which possesses these properiies to a degree
exhibited only by chemically crosslinked or thermally inhibited starches. The invention further relates
to the improved foods prepared from these composites,
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SUMMARY OF THE INVENTION

[0011] This invention relates to an inhibited non-solubilized granular starch modified by less than 5%
of a carboxylated polymer. In addition, a process is provided wherein a non-solubilized, substantially
granular starch is mixed with a carboxylated polymer, dried to form a starch/carboxylated polymer
blend and then physically treated to form a starch/carboxylated polymer composite, Further, this
invention reiates to the improved industrial and food products prepared from these starch/carboxylated

polymer composites.

[0012] The novel process of the present invention comprises mixing the starch, carboxylated polymer
and a solvent; drying the mixture to form a blend; and physically treating the dried blend with heat or
irradiation to give the composite. Drying and subsequent physical treatment may be optionally
conducted in one step,

[0013] The composites prepared according to this method are inhibited and are characterized by
properties equivalent to those obtained via chemical crosslinking such as stability to heat, shear and
pH changes. The process may be manipulated o produce composites with variety of desirable solution
properties including, for example, non-cohesive, short textures, higher viscosities, delayed
gelatinization and/or improved solution stability.

[0014] This invention also relates to the improved foods and industrial products prepared from the
composites which exhibit improved freeze/thaw stability, viscosity and texture, as well as reduced
syneresis in certain applications.

DETAILED DESCRIPTION

[0015] This invention relates to an inhibited non-solubilized granular starch modified by less than 5%
of a carboxylated polymer, In addition, a process is provided wherein a non-solubilized, substantially
granular starch is mixed with a carboxylated polymer, dried to form a starch/carboxylated polymer
blend and then physically meated to form a starch/carboxylated polymer composite. Further, this
invention relates to the improved industrial and foad products prepared from these starch/carboxylated

polymer composites.

[0016] All starches and flours (hereinafter “starch®) which substantially retain their granular form and
are substantially non-solubilized may be suitable for use herein and may be derived from any native
source. A native starch or flour as used herein, is one as it is found in nature. Also suitable are starches
and flours derived from a plant obtained by standard breeding techniques including crossbreeding,
translocation, inversion, transformation or any other method of gene or chromosome engineering to
include variations thereef. In addition, starch or flours derived from a plant grown from artificial
mutations and _variations of the above generic composition which- may be produced by known
standard methods of mutation breeding are also suitable herein.

[0017] Typical sources for the starches and flours are cereals, tubers, roots, legumes and fruits. The
native source can be com, pea, potato, sweet potato, banana, barley, wheat, rice, sago, amaranth,
tapioca, arrowroot, canna sorghum, and waxy or high amylose varieties thereof. Particularly useful
starches are waxy starches, including waxy maize, waxy tapioca, waxy pea, waxy wheat, waxy rice,
waxy potato, waxy sorghum, and waxy barley. As used herein, the term "waxy" is intended to include
a starch or flour containing at least about 95% by weight amylopectin and the term "high amylose” is
intended to include a starch or flour containing at least about 40% by weight amylose,

[0018] Conversion products derived from any of the starches, provided such conversion does not
completely destroy the granular nature of the starch, including fluidity or thin-boiling starches
prepared by oxidation, enzyme conversion (e.g., with alpha-amylase, beta-amylase, pullulanase,
isoamylase, or glucoamylase), acid hydrolysis, heat and or acid dextrinization, and or sheared
products may also be useful herein.

[0019] Chemically modified starches may also be used, provided such modification does not
completely destroy the granular nature of the starch. Such chemical modifications are intended to
include, without limitation, crosslinked starches, acetylated and organically esterified starches,
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hydroxyethylated and hydroxypropylated starches, phosphorylated and incrganically esterified
starches, cationic, anionic, nonioni¢, and zwitterionic starches, and succinate and substituted succinate
derivatives of starch. Such modifications are known in the art, for example in Modified Starches:
Properties and Uses, Ed. Wurzburg, CRC Press, Inc., Florida (1986).

[0020] Physically modified starches may also be used, provided the modification does not completely
destroy the granular nature of the starch. As used herein, a starch that has been completely solubilized
indicates a starch in which the granular nature has been completely destroyed. A starch which has an
incompletely destroyed granular nature is a starch which retains some granular character such as
starches in which the granules swell but are not completely solubilized. Thus the useful starches of the
present invention include all starches which have a substantially granular nature, whether the granules
are swelled or not, as long as they are not completely solubilized.

[0021] The composite compositions of the present invention also comprise a carboxylated polymer.
The term polymer is intended to include oligomers, and biopolymers, wherein the biopolymers are
naturally occurring polymers. The polymers may be modified or unmodified. Such modifications may
include but are not limited to cross-linking, neutralization, hydrolysis, enzyme treatment and partial
esterification. The polymers have a weight average molecular weight of at least 1,000 and preferably
10,000 or more. The actual molecular weight of the polymer is not a limiting factor.

[0022] The synthetic carboxylated polymers which may be used in the present invention include,
without limitation, pely(acrylic acid) and carboxylic-acid-functionalized polyesters and polymers
prepared from monomers such as vinyl acetate ("VA"), (Meth)acrylic acid, maleic anhydride
("MAnh"), maleic acid, itaconic acid ("IA"), crotonic acid ("CA"), and beta-carboyl ethyl acrylate
("BCEA"). As used herein (Meth)acrylic denotes both acrylic and (methyl)acrylic acid and esters
thereof,

[0023] Other carboxylated polymers useful in the present invention include, without limit, alginate,
xanthan, carboxymethylcellulose, low methoxyl and high methoxyl pectin, pectic acid, hyaluronic
acid, polyaspartic acid and polyglutamic acid, oxidized starch, oxidized guar, and carboxymethylated
starch, These examples are not limiting and the starches of the present invention may be used in
combination with virtually any polycarboxylated polymer. Preferred carboxylated polymers are
xanthan, low methoxyl pectin, carboxymethylcellulose and polyacrylic acid.

[(024] The present invention describes an inhibited starch and carboxylated polymer composite
composition and the process for making these composites. This process effectively results in
encapsulating or "coating” the outer surface of the starch granule with the carboxylated polymer,
which, after drying forms a blénd. The blend is then physically treated to form the composite so that
upon solubilization; the swelling of the starch is inhibited.

[0025] The process is achieved by mixing the carboxylated polymer in a solvent, followed by addition
of the starch. Alternatively, the carboxylated polymer may be added, neat or'as a solution, to the
starch'in a solvent. Further, the starch and carboxylated polymer may bé mixed in the absence of the
solvent, and then the solvent is added to the mixture of the starch and carboxylated polymer. For
example, the solvent may be sprayed on the dry blend. In each case, the starch is in a granular,
substantially non-gelatinized form. The solvent is preferably water.

[0026] An acceptable range of carboxylated polymer to starch expressed in weight percent ratios is
about 1:500 to about 1:20; particularly from about 1:200 to about 1:20; and especially particularly
from about 1:200 to 1:50. The ratio of carboxyl:hydroxyl groups in the carboxylated polymer versus
starch is also greater than 1:80.

[0027] After adding the granular starch, carboxylated polymer and solvent in any order, the mixture is
agitated. Agitation may be accomplished by all forms of mechanical mixing, such as 2 Hobart mixer,
enclosed mixing vessel or extruder. Any suitable aqueous or organic solvent may be used to facilitate
the agitation. The preferred solvent is water in a concentration of about 45-75% wt %/wt %. The
starch/carboxylated polymer mixture may be optionally dewatered using conventional methods such
as filtration and centrifugation.
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[0028] The starch/carboxylated polymer mixture is then dried to a moisture content of less than 20%.
Drying methods may include, without limitation, spray-drying, freeze-drying, air-drying, flash-drying
and vacuum-drying, particularly air-drying, with the proviso that the drying method does not
completely destroy the granular nature of the starch. The dried starch/carboxylated polymer mixture
may optionally be ground.

[0029] After drying, the starch/carboxylated polymer blend is physically treated to form an inhibited
composite. Before physical treatment, acid may be optionally used to vary the degree of physical
inhibition exhibited by the treated composite. The physical treatment may include heat or radiation
treatment (e.g. infrared and Cobalt(60)), particularly heat treatment. Heat treatment may be carried out
at temperatures of from about 60.degree. C. to about 200.degree. C., or from about 80.degree. C. to
about 120.degree. C., provided that if temperatures greater than 120.degree. C. are used, the
starch/carboxylated polymer blend has been dried to a moisture content of less than about 1%
moisture. The heat treatment must be carried out in such a way to ensure that the starch is not
completely gelatinized. Particularly switable methods of heat treatment include extrusion, oven and
fluidized bed treatment,

(0030] The time required t6 complete inhibition of the composite is dependent upon the means of
heating and by the composition and moisture content of the starch/carboxylated polymer mixture. For
example, a 1:100 wifwt % carboxymethyl cellulose ("CMC"): waxy corn starch mixture may be
heated in an oven from about 1 second to about 24 hours, as long as the starch does not completely
lose its granular nature. Generally, in the temperature range of from about 80.degree. C. to about
120.degree. C., treatment times of less than four hours are sufficient to give a composite with a
desirable degree of inhibition. All ‘other variables being equal, longer treatment times result in
composites with greater inhibition. Likewise, treatment to form the composites at higher temperatures
results in more rapid achievement of inhibition compared to treatment at lower temperatures,

[0031] Additionally, methods in which heat transfer is more efficient, such as the fuidized bed
method, require less time to complete desired degrees of inhibition. Further, less heat treatment is
generally required for mixtures containing higher levels of carboxylated polymer.

[0032] The mixing and/or drying and/or physical treatment steps may be carried out in a process
reactor that is capable of performing all unit operations or by using appropriate pieces of equipment
for the individual process steps.

[0033] The starch/carboxylated polymer composites prepared by the aforementioned process are
formed by "coating” the outer surface of the starch granule, leaving the granule substantially intact,
though the granule may swell. Solutions of these composites exhibit inhibition and have desirable
properties similar to those of chemically cross-linked starches. These properties include stability to
heat, shear and pH changes. Additional properties include a non-cohesive short texture with no
lumping, higher viscosity and delayed pelatinization during cook-out with improved solution stability.
Further, the process provides a substantially white compesite, particularly Suitable for food
applications.

[0034] Additionally, composites prepared by first mixing the starch and polycarboxyated polymer and
then adding the solvent, for instance by spraying the solvent on the starch/polycarboxylated polymer
mixture, then drying the mixture to produce a blend and physically treating the blend, provide
substantially improved delayed in gelatinization during cook-out. For example, when heated at
95.degree. C., a solution of the composite prepared according to this method exhibits a delay in the
gelatinization of the starch of at least 2 minutes, in some cases up to 10 minutes. In contrast, at
95.degree. C., the starch of the comresponding untreated blend immediately begins to swell and results
in almost immediate gelatinization of the starch.

[0035] The composites of this invention may be used to improve a variety of products including food
and beverages, paper and paper board, pharmaceuticals (including controlled release applications),
adhesives and personal care products. Food and beverages is intended to include, but is not limited to,
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sauces and gravies, salad dressings and mayonnaises, cultured products such as yogurts and sour
cream, puddings, desserts, baked goods, instant foods, soups, candies including gelled candies,
batters, breadings, and coatings and beverages, particularly baked poods, gelled candies, batter,
breadings and coatings, particularly as opacifiers for cream soups and non-dairy foods and in fruit/pie
fillings as well as bulking agents in dietary foods. In adhesive applications, the composites of the
present invention are useful as fillers or film-forming agents. Personal care products comprising the
composites of the present invention are intended to include, but are not limited to creams and lotions,
mousses and gels, hair care products, and deodorants.

EXAMPLES

[0036] The following examples are presented to further illustrate and explain the present invention
and should not be taken as limiting in any regard. All percents/parts used are on a weight/weight basis,
and temperature is in Centigrade unless otherwise noted,

[0037] The following starches were used throughout the examples: waxy corn starch
(AMIOCA.RTM., commeicially available from National Starch and Chemical Company) and
chemically cross-linked starch (FIRMTEX ETM. commercially available frem Mational Starch and
Chemical Company). The following carboxylated polymers were used throughout the examples:
xanthan (KeltroLRTM. from Keleo), carboxymethylcellulose ("CMC", commercially available from
Hercules, Incorporated) and low methoxyl pectin (commercially available from Hercules,
Incorporated).

[0038] Procedure A: Measurement of Inhibition

[(039] The inhibition of the composites is indicated by comparing the Brabender viscosities of the
composite with their corresponding untreated blends. Viscosity profile are obtained with a C. W.
Brabender viscoamylograph (obfainable from €. W. Brabender Instruments, Inc.). The physically
treated composite sample (27.0 g) and water (473.0 g) are slurried together without pH adjustment and
added to the cooking chamber of fhe viscoamylograph. The slurry is ramped to 50.degree. C.,
followed by controlled heating at 1.5.degree. C/min from 50-95.degree. C. The solution is then held
at 95.degree. C. for 20 minutes, followed by cooling at 1.5.degree. C./min from 95-50.degree. C.
Throughout this temperature profile; the viscosity of the solution is measured. From the peak viscosity
(highest viscosity  observed on the viscosity curve recorded on the chart recorder of the
viscoamylograph) and the final viscosity (viscosity at 95 .degree. C.+10 minutes), the % breakdown is
calculated based on the following equation;

% Breakdown viscosity=[(Peak viscosity-Viscosity -at 95.degree. C. after 10 minutes)/Peak
Viscosity].times, 100,

[0040] Those composites that display a lower percentage breakdown compared to the corresponding
untreated blends of the carboxylated polymer and granular starch, are deemed inhibited. In addition,
where the composites do not exhibit a peak viscosity or the final viscosity is higher than the peak
viscosity, the composite is also deemed inhibited.

Example 1

Preparation of a Starch/Carboxylated Polymer Composite

[0041] A 1:100 xanthan:waxy corn starch compesite was prepared by air drying, followed by heat
treatment in  a  pre-heated oven  according to the following  procedure,
[0042] Xanthan (25 g) was added to 2.5 liters of de-ionized water and the mixture stirred using a
mechanical paddle (Baldor Electric Co., Electric Lab Stirrer with a strade blade impeller) for more
than 1 hour, until the solution is fully hydrated. Starch powder (1666 g) was added to the 1% xanthan
solution and the slurry stirred for 1 hour in a Ross Mixer. Additional starch (834 g) was added and
stirred for a further | hour in the Ross Mixer, The mixture was then air-dried until the resultant
powder had less than 20% moisture content (moisture level measured using a CSC Scientific Digital
Moisture Balance). The powder was ground and filtered through a 60 mesh size screen.
[0043] The ground material was heated at a temperature of 120.degree. C. for varying times of
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between 2 to 8 hours in a pre-heated oven and their level of inhibitions measured according to
Procedure A, described above.

[0044] As is demonstrated by Graph 1, as the treatment time was increased while the temperature was
maintained at 120.degree. C., the composites become more inhibited as shown by a decrease in
percentage breakdown viscosity.

Example 2

Effect of Carboxylated Polymer:Starch Ratio.

[0045] Xanthan:waxy com starch (1:20, 1:100 and 1:200) composites were prepared according to the
procedure detailed in Example 1, varying only the relative amount of xanthan and starch used for each
sample. The level of

[0046] inhibition for each sample was then measured according to Procedure A.

[0047] As is shown by Graph 2, samples containing higher levels of xanthan showed progressively
greater degrees of inhibition.

Example 3

Effect of Types of Carboexylated Polymer upon the Composite

[0048] Three samples of 1:100 carboxylated polymer:starch composites were prepared as described in
Example 1. In one sample, the polycarboxylated polymer was xanthan, in the second,

[0049] carboxymethylcellulose and in the third, a 50:50 combination of xanthan and
carboxymethyleellulose. Each composite was heat treated for 4 hours at 120.degree. C.

[0050] Composites made with different polycarboxylated polymers had different viscosity profiles.
For example, as Graph 3 demonstrates, unlike the composites containing xanthan, the
carboxymethylcellulose composite possessed a delayed viscosity increase.

Example 4

Effect of Temperature upon the Heat-Treatment of the Composite Preparation

[0051] A 1:100 CMC/waxy com starch composite was prepared as described in Example 1. This
composite was heat treated in a fluidized bed reactor ("FBR"). The composite was added to the FBR
at room temperature. The FBR was then ramped up to 120.degree. C. and for a second sample to
150.degree. C. respectively. Samples were obtained once the FBR had reached 120.degree. C. (1=0)
and at 150.degree. C. (t=0), respectively. For the sample heated to 150.degree. C., an additional
sample was removed after 180 minutes at 150.degree. C. (1=180).

[0052] The Brabender viscosities were measured for these heat-treated composites, but in this case,
the Brabender profile was performed at pH3 and at 5% composite solids. The heat-treated composite
sample (23.0g), 50.ml of an aqueous solution of citric acid monohydrate (prepared by diluting 387 ]
of citric acid monohydrate to 1000 ml in a volumetric flask) and water (407 g) were slurried and
added to the cooking chamber of the viscoamylograph, The aqueous buffer solution of citric acid
monohydrate: was. prepared by mixing 1.5 volumes jof solution A svith 1.0 volumes of solution B,
where solution A is prepared by dissolving 210.2 grams of citric acid monchydrate with sufficient
purified water in a volumetric flask to make 1 liter and solution B is prepared by dissolving 98.0
grams of tri-sodium citrate dihydrate With sufficient purified water in a volumetric flask to make 1
liter. The slurry. was ‘ramped to 60.degree. C., followed by controlled heating at 1.5.degree. C./min
from 60-92.degree. C. The solution was then held at 92.degree. C. for 15 minutes.

[0053] As Graph 4 illustrates, samples prepared at a temperature above 120.degree. C. showed a
significant increase in inhibition, even at relatively short treatment times.

Example 5

Comparison of Properties of Composites and Blends

[0054] A 1:100 xanthan:waxy corn sfarch composite was prepared according to the following
procedure, Waxy com starch (750 g) was slurried at 30% concentration, Xanthan (7.5 g) was
dispersed at 0.5% concentration. The starch slurry and xanthan solution were combined using a
mechanical paddle (Baldor Electric Co., Electric Lab Stirrer with a straight blade impeller) for 1 hour.
This slurry, which was at room temperature, was spray dried. Spray drying conditions were: Inlet
temperature 220.degree. C., outlet temperature 95-100.degree. C., atomizing air pressure 30 psi. Spray
drying lasted for 1.5 hours. The sample collected was passed through a 60 mesh size screen. The
material was heat treated in a pre-heated oven at 120.degree. C. for 4 hours and its level of inhibition
measured according to Procedure A.
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[0055] This composite was compared to a material prepared from a starch that was was sclubilized
prior to drying as described in U.S. Pat. No. 4,298,729. Briefly, jet cooked (138.degree.) waxy corn
starch (460 g) was combined with xanthan (4.6g) as a 0.5% solution using a straight blade mixer and
spray-dried under the following conditions: Inlet temperature 220.degree. C., outlet temperature 95-
100.degree. C., atomizing air pressure 30 psi. Spray drying lasted for 1.5 hours. The sample collected
was passed through a 60 mesh size screen and heat-treated in a pre-heated oven at 120.degree. C. for 4
hours, The sample's inhibition was measured according to Procedure A,

[0056] As demonstrated by the results recorded in Graph 5, the composite material was desirably
more viscous than the solubilized starch materials prepared as described by U.S. Pat. No. 4,298,729,

Example 6

Effect of Type of Starch on the Composite Properties

[0057] A 1:100 xanthan: potato starch compesite was prepared according to the procedure of
Example 1. The level of inhibition was measured according to Procedure A and compared to a sample
of potato starch alone,

[0058] As demonstrated by the walues in Graph 6, formation of the carboxylated polymer/starch
compaosite provided significant inhibition for potato starches as well as comn starches described in the
previous examples,

Example 7

Effect of the Preparation Method on the Viscosity Profile of the Final Composite

[0059] A dry-blend (384 g, 12% moisture) of carboxymethylcellulose (CMC) and a waxy corn starch
(CMC:Starch=1:100) was loaded in a "HobartMixer" (type N-50; Hobart Corporation, Troy, Ohio,
US). While mixing the blend {equipment setting 1) 342 g water were sprayed onto the dry blend
within 5 min. Subsequently, the moistened blend (50.3% moisture) was mixed for 0.5 hours. The
resulting mixture was air-dried until the moisture content of the powder was less than 20%. The dried
powder was then heat-treated for 4 hours at 120.degree. C. in a pre-heated oven. Graph 7 compares
the viscosity profile of the composite product prepared according to this method and a 1:100 CMC-
waxy com starch composite that was impregnated as described in Example 1 and heat treated in a
fluidized bed for 30 min at 120.degree. C.

[0060] The data presented in Graph 7 demonstrates that differing viscosity profiles can be obtained by
varying the impregnation and heat treatment method. Therefore; it is possible to meet specific
application needs by changes in the preparation method.

Example 8

Effect of Starch Modifications on the Composite Properties

[0061] Composite of 1:100 carboxymethylcellulose:starch were prepared as described in Example 1.
The starch used was a native waxy com starch and a chemically cross-linked. Both composites were
heat treated at 120.degree. C. for 4 hours and their degree of inhibition measured according to
Procedure A,

[0062] As the graph below illustrates, the composite containing the

[0063] chemically cross-linked starch showed a unique double plateau in its Brabender viscosity as
compared to the native waxy corn starch.
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Claims

What is claimed is;

1. A starch lactide diester derivative having the formula: ##STR4##

where St is starch, R is alkyl of 1 to 3 carbon atoms, X is H, alkali metal, alkaline earth metal or
ammonium and from about 1 10 10% by weight of the diester group, based on tiie weight of dry starch,
is bound to the starch.

2. The starch derivative of claim 1 wherein the R is methyl.
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3. The starch derivative of claim 1 wherein the starch is high amylose having at least 40% by weight
of amylose content.

4. The starch derivative of claim | wherein the starch is high amylose corn starch,

5. The starch derivative of claim 1 wherein the starch is further modified with about 1 to about 15%
by weight of bound alkylene oxide having 2 to 6 carbon atoms,

6. The starch derivative of claim 5 wherein the alkylene oxide is propylene oxide.
7. The starch derivative of claim 1 wherein the R is methyl.

8. The starch derivative of claim 1 wherein from about 1.5 to 5% by weight of the diester group is
bound to the starch.

9. The starch derivative of claim 8B wherein the starch is high amylose starch having at least 40% by
weight of amylose content.

10. The starch derivative of claim 9 wherein the R group is methyl.

L1. The starch derivative of claim 10 wherein the starch is high amylose corn starch.

12. The starch derivative of claim 10 wherein the starchis further modified with about 1 to 15%, by
weight, of bound alkylene oxide having 2 to 6 carbon atoms,

13. The starch derivative of claim 12 wherein the starch is high amylose corn starch and the atlcylene
oxide is propylene oxide.

14. The starch derivative of claim 13 wherein the starch has at least 65% by weight of amylose
content.

15. The method of preparing a starch-based foam product comprising extruding starch having the
composition of claim 1'in the presence of a total moisture content of up to about 25% and at a
temperature of from about 100 to 250.degree. C.

16. The method of claim 15 wherein the starch has at least 40% by weight of amylose content.

17. The method of claim 16 wherein the starch is further modified with from about 1 to about 15% by
weight of bound alkylene oxide having 2 to 6 carbon atoms,

18. The method of claim 17 wherein the starch is high amylose corn starch having at least 65% by
weight of amylose content and the alkylene oxide 15 propylene oxide.

19. The method of claim 15 wherein from about 1.5 to about 5% by weight of the diester group is
bound to the starch,

20. A method of preparing a starch lactide derivative wherein starch is reacted with lactide in an
agqueous causlic system.

21. The method of claim 20 wherein the lactide has the formula: ##STRS##

where R is alkyl of 1 to 3 carbon atoms. .

22. The method of claim 20 wherein the system has a pH of aboul 7-1a about 10.

23. The method of claim 20 wherein the starch is high amylose starch having at least 40% by weight
of amylose content,

24. The method of claim 20 wherein the starch is high amylose comn starch.

25. The method of claim 20 wherein the starch is further modified with from about 1 to about 15% by
weight of bound alkylene oxide having 2 to 6 carbon atoms.

26. The method of claim 25 wherein the starch has an amylose content of at least 65% by weight and
the alkylene oxide is propylene oxide.

Description
BACKGROUND OF THE INVENTION

This invention relates to starch lactide diester derivatives and the preparation of such derivatives
involving the reaction of starch with lactide in an aqueous caustic media. These derivatives are
particularly useful in the formation of starch based foam products having increased flexibility and
strength, and compatibility with synthetic polymers.

Various starch derivatives and modifications have been disclosed over the years and recently there
have been many attempts to develop modified starches with biodegradable and other physical and
chemical properties.

A review of starch derivatives and particularly starch esters can be found in "Starch: Chemistry and
Technology”, second edition, edited by R. L. Whistler et al., Chapter X, 1984. Additional disclosure
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of starch ester derivatives can be found in "Medified Starches: Properties and Uses", edited by O. B.
Wurzburg, 1986, pp. 55-77.

U.S. Pat. No. 5,540,929 issued Jul. 30, 1996 to R. Narayan et al. Discloses biodegradable
compositions comprising polysaccharides grafted with a cyclic aliphatic ester monomer in the
presence of an organometallic polymenization agent. PCT patent application WO 95/25750 published
Sep. 25, 1995 discloses starch derivatives grafted with aliphatic polyesters which are prepared in a
procedure wherein a cyclic ester such as a lactone is polymerized with starch in a bulk polymerization
using a transition metal catalyst. Japanese Patent 05125101 dated May 21, 1993, is disclosed in
Chemical Abstracts 119:183207r and shows starches grafted with lactones or lactides using a non-
aqueous solvent system.

Despite the various disclosures of starch derivatives and the preparation thereof as noted above, there
still is the need for a starch derivative that is useful in the formation of foam products having
increased flexibility and strength, and increased compatibility with synthetic polymers such as
polvcaprolactone, polylactic acid and polyesters.

SUMMARY OF THE INVENTION

This invention relates to starch lactide derivatives and the method of preparation where starch is
reacted with lactide in an aqueous caustic medium. More particularly, this invention is directed to
starch lactide diester denivatives having the following formula: ##STR1#4

where St is the starch base matenial, X is H, alkali metal, alkaline earth metal or ammonium, R is alkyl
of 1 to 3 carbon atoms, and from about I to 10% by weight of the diester group is bound to the starch,
based on the dry weight of starch.

DETAILED DESCRIPTION OF THE INVENTION

This invention involves starch lactide diester derivatives which are useful in preparing starch foam
products having increased flexibility and strength. The starch lactide derivatives have the formula (1),
described above, and are prepared by modifying or reacting starch with lactide in an aqueous caustic
system.

The base starch material used as the starting starch material in preparing the modified starch lactide
may be any of several starches, native or modified. Such starches include those derived from any plant
source including corn, potato, wheat, rice, tapioca, sago, sorghum, waxy maize and high amylose
starch, i.e. starch having at least 40% and more particularly at least 65% by weight of amylose
content, such as high amylose corn, etc. Starch flours may also be used as a starch source. Also
included are the conversion products derived from any of the former bases including, for example,
dextrin prepared by hydrolytic action of acid and/or heat; oxidized starches prepared by treatment
with-oxidants such-as sodium hypochlorite; fluidity, to-thin. boiling starches prepared by enzyme
conversion or mild acid hydrolysis; and derivatized and crosslinked starches.

The starting starch material used in this invention, as described above, can be unmodifed or modified
and the term starch as used herein includes both types. By modified it is meant that the starch can be
derivatized or modified by typical processes known in the art, e.g., esterification, etherification,
oxidation, acid hydrolysis, crosslinking and enzyme conversion. Typically, modified starches include
esters, such as the acetate and the half-esters of dicarboxylic acids, particularly the alkenylsuccinic
acids; ethers, such as the hydroxyethyl and hydroxypropyl starches; and cationic starches such as
starch modified with 2-diethylaminoethyl chloride (DEC) and starch modified with quaternary
ammonium reagents such as  3-chlowo-2-4-hydroxypropyltrimethylammonium  chloride; starches
oxidized with hypochlorite; starches reacted with crosslinking agents such as phosphorus oxychlonde,
epichlorohydrin, and phosphate derivatives prepared by reaction with sodium or potassium
orthophosphate to tripolyphosphate and combinations thereof. Derivatized starches include cationic,
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anionic, amphoteric, non-ionic and crosslinked starches. These and other conventional modifications
of starch are described in "Starch: Chemistry and Technology”, second edition, edited by R. L.
Whistler, et al.,, Chapter X, 1984. Due to the nature of the starch ester, other modifications should
preferably be accomplished before treatment with the lactide to avoid hydrolysis of the starch ester.

The starches of this invention can be granular or dispersed, i.e., cooked, extruded, spray-dried, etc. In
the case of modification of dispersed starches, the final product must be recovered by means other
than filtration. This includes, but is not limited to spray-drying, freeze-drying, precipitation from
solvent, etc.

In one preferred embodiment, the starch material is a high amylose starch, i.e., one containing at least
40%, by weight to amylose and more preferably at least 65%, by weight, of amylose.

One modification of the starch starting material that is especially useful in this invention is the
etherification with alkylene oxides, particularly those containing 2 to 6, preferably 2 to 4 carbon
atoms. Ethylene oxide, propylenc oxide and butylene oxide ars exemplary compounds that are useful
in etherifying the starting starch material, with propylene oxide being especially preferred. Varying
amounts of such compounds may be used depending on the desired properties and economiics.
Generally, up to 15% or more, more parlicularly 1 to 15% and preferably, up to about 10%, more
particularly 1 to 10% by weight, of bound alkylene group, based on the weight of starch, will be used.

The starch lactides of this invention (1) are prepared by reacting starch with lactide or lactide
derivative, i.e. a cyclic ester having a six membered ring with the formula: #4STR2##

where R is alkyl of 1 to 3 carbons and preferably 1 carbon atom. The lactide or cyelic diester is
formed from its corresponding a-hydroxy acid by esterification.

The starch starting material is modified or reacted with lactide by adding starch and lactide in a
caustic aqueous medium at room temperature using either an aqueous slurry or aqueous dispersion of
the starch material. The reaction is carried out under alkaline conditions at a pH of aboui 7 to 10 and

preferably about 7 to 8. The pH is conveniently controlled by the periodic addition of a dilute aqueous
solution of an alkali material.

Any alkali material may be used as the alkali reagent or alkali medium in the method of this invention.
Particularly useful alkali materials are the alkali metal hydroxides and alkaline earth metal hydroxides
or the Group IA or IIA hydroxides, oxides, carbonates or other salts. Illustrative alkali materials are
sodium hydroxide, potassium hydroxide, calcium hydroxide, ammonium hydroxide, magnesium
hydroxide, sodium carbonate and trisodilim phosphiate. Preferred alkali dre the alkali metal hydroxides
and most preferred is sodium hydroxide and potassium hydroxide.

The reaction is carried out at room temperature (typically about 22.5.degree. C.) although a range of
temperatures can be used, more particularly about 5 to 45.degree. C. and preferably about 20 to
30.degree. C.

The amount of lactide to be used in medifying the starch material will vary to some degree depending
on the properties desired and the nature of the starch. While the amount of lactide can vary from about
1 to 50% or more, based on the weight of starch, more panicularly from about 1 to 30% and
preferably from about 5 to 20% by weight of lactide will be used based on the weight of starch. The
amount of derivative group bound to the starch, i. e. ##STRI##

will be from about 1 to 10% and preferably from about 1.5 to 5% by weight, based on the weight of
dry starch.
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The lactide modified starches of this invention are particularly useful in preparing starch-based foams.
Such foam products have improved flexibility and strength and can be prepared using an extrusion
process in accordance with known procedures. Typical extrusion processes for forming starch foamed
products are disclosed in U.S. Pat. Nos. 5,043,196 issued Aug. 27, 1991 to Lacourse et al. and U.S.
Pat. Mo. 5,756,556 issued May 26, 1998 to Tsai et al. In such patents, which are incorporated herein
by reference, 30 extrusion of starch is carried out at a temperature of from about 100 to 250.degree. C.
under a total moisture content of up to about 25%, more particularly from about 8 to 25% and
preferably about 10 to 21% by weight, based on the weight of starch. Addition of a nucleating agent
or salt to the starch feed also is useful to improve processing and properties of the expanded product.
The lactide modifed starches of this invention may also be useful in the preparation of other
biodegradable articles and products of different sizes, shapes and forms and may be made by a
number of operations such as foaming, filming compression molding, injection molding, blow
molding, extrusion, co-extrusion, vacuum forming, thermoforming, and combinations thereof,

The modified starches of this invention will provide better compatibility and enhanced physical
properties when blended with synthetic polymers such as polyvinyl alcohol, polycaprolactone,
polylactic acid, and polyesters,

Depending on the application, the modified starch can range in amount from about 1 to 99% and
preferably about 10 to 50%, by weight, of the blend.

The following examples further illustrate the embodiments of this invention. In the examples, all parts
and percentages are given by weight and all temperatures are in degrees Celsius unless otherwise
noted.

EXAMPLE 1
Medification of Starch with Laetide (3,6-Dimethyl-1,4-dioxane-2,5-dione)

A total of 1000 g of Hylon VI I starch (high amylose com starch with about 70% amylose content,
available from National Starch and Chemical Company, was slurried into 1500 mL of cold (200C)
water in a 4 L stainless steel beaker and mixed with an overhead stirrer until uniform. The reaction
vessel was equipped with a pH control unit set to deliver 3% NaOH solution to a set pH point of 7.5.
Powdered I-lactide was added at a rate of 5 g/15 minutes until a total of 100 g of lactide were added.
The reaction was stirred an additional hour while maintaining the pH. The pH of the slurry was then
adjusted to 5.0-6.0 with dilute HCI and the slurry was filtered and washed with water to remove
residual reagents. The sample was then spread onto trays and air dried to about 10% moisture.

Analysis of the starch derivative was accomplished by slurrying 5.000 g of sample with known
moisture into 250 mL of distilled water. The slurry was heated in a boiling water bath for 10 minutes
and cooled to room temperature by placing in a cold water bath. The sample was then titrated to a

phendlphthalein end point using 0.1 N NaOH. Fifty (50) mL of 0.1 N NaOH was added and stirred for
48 hours in a sealed beaker. The sample was titrated until colorless with 0.1 N HCl and the quantity of
HCl recorded. The amount of bound lactide was determined using the following formula:

% bound lactide=144.13 [5.0-(mL HCl.times.0.1)]/anhydrous sample weight

The results for different starch samples are given below in Table 1,
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TABLE 1
Sample Starch Type Treatment Level (%) Bound Diester %)
1 Hylon VI1 5 1.79
2 Hylon VI1 10 2.26
3 Com 10 2.54

The examples shown above illustrate the modification of starch with lactide under aqueous condition
to provide modified starches with diester lactide pendent chains.

EXAMPLE 2
Extrusion of Diester Lacude Containing Starches

The modified starch prepared in Example 1 was dry blended with microtale (nucleating agent) for a
total of 2% ash. The moisture content of the starch was measured and additional water was added to
the extruder at the inlet to obtain a total of 17-19% water in the material exiting the die. The starch
was fed into a Wemer-Pfleidercr Z8K-30) twin screw extruder configured with 7 barrels and moderate
shear design. The sample was heated to 1500C (thermal and mechanical energy) by the time it got to
the die. Foaming occurred as the molten starch exited through 5 mm openings at the end of the die
body. The product was allowed to equilibrate to 50% relative humidity and then evaluated for
compressibility and resilience and compared to other samples made with unmodified starches. The
foamed products made with different modified samples is shown below in Table2.

TABLE 2
Starch Type Maodification (% bound) Foam Properties

Hylon VII none brittle
Hyloa VII Propylene Oxide (5%) fair

Comn Propylene Oxide (4%) brittle
Hylon VII Lactide (2.5%) fair
Hylon VII Lactide (2.3%}Propylene Dxide (5%) good

Com Lacnde (2.5%) fair

The samples illustrated in-this example demonsirate improved propértics when the starches are
modified with lactide. Addition of other modifications such as propylene oxide show cven further
improvements.




AONUUIMNIUSNNG :
ANAINTUNIINENRE



	ปกภาษาไทย
	ปกใน
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	สารบัญ
	บทที่ 1 บทนำ
	บทที่ 2 ที่มาของปัญหาและผลงานวิจัยที่เกี่ยวข้อง
	2.1 ที่มาของปัญหาที่ทำการวิจัย
	2.2 งานวิจัยที่เกี่ยวข้อง

	บทที่ 3 วิธีการวิจัย
	3.1 วัตถุดิบ
	3.2 เครื่องมือและอุปกรณ์
	3.3 วิธีการทดลอง

	บทที่ 4 ผลการวิจัยและการวิเคราะห์ผล
	4.1 โครงสร้างระดับจุลภาคของคอมพอสิตโฟม
	4.2 ปริมาณความชื้นในคอมพอสิตโฟม
	4.3 สมบัติเชิงกลของคอมพอสิตโฟม
	4.4 สมบัติการดูดซับน้ำของคอมพอสิตโฟม

	บทที่ 5 สรุป
	รายการอ้างอิง
	ภาคผนวก



