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Thesis Title Effect of Sodium hydroxide and/or Maleic anhydride-grafted-
Polypropylene (MAPP) on Properties of Polypropylene Reinforced
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Thesis Advisor Asst.Prof.Dr.Jutarat Prachayawarakorn
ABSTRACT

This research aimed to study properties of polypropylene composites reinforced by
Meranti hardwood sawdust. The composites were compounded in a single-screw extruder and
then compressed into testing specimens using a compression molding machine. The influence of
filler loadings and filler particle sizes on physical and mechanical properties of PP were
studied. In addition, the sawdust was surface-treated with sodium hydroxide (NaOH) and/or
maleic anhydride-grafted-polypropylene (MAPP) compatibilizer. It was found that the suitable
content and particle size of the sawdust were 30% and more than 100 mesh. The mechanical
property improvement, i.e. tensile strength, elongation at yield, Young’s modulus, flexural
strength and flexural modulus were obtained from the use of MAPP compatibilizer. In addition,
similar property enhancement was found with the NaOH treatment. It was shown that the
optimum concentration and time for NaOH treatment were 5% and 60 min, respectively.
Moreover, the NaOH treatment and the addition of compatibilizer resulted in the greatest overall
mechanical properties. The result from TGA technique showed that the use of NaOH and/or
MAPP caused the slight increase of the onset thermal decomposition temperatures of the
composites. Futhermore, water absorption of composites increased with the incorporation of the
sawdust and the MAPP. However, NaOH treatment brought about the decrease of the water

absorption of the composites.
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3.1 maadl waz Tagnlluanuise
1. Woansonau (Polypropylene, PP) : Moplen® HP550R (High flow polypropylene
homopolymer resin) 91NU3EN HMC POLYMERS COMPANY LIMITED deuiiaaan1sni

3.1

A15191 3.1 auiiAvesneansonau (Moplen” HP550R) [37]

quiin ‘ﬁ’.l]lﬂ Moplen® ASTM
HP550R METHOD
9931073 l1ia (Melt flow rate, g/10min) 22 D 1238
AMUNUIUY (Density, g/lom’) 0.90 D 792B
ANUUYATIAT B ANTIN (Tensile strength at yield, | 33 D 638
MPa)
$peazn3Aegn o 9An31N (Elongation at yield, %) 9 D638
Mﬂﬂﬁﬁ TR0 (Flexural modulus, MPa) 1450 D 790A
ANV ULTINTZUNA (Notched izod impact strength at | 15 D 256A
23 °C, J/m)
Qmﬂ{]ﬁmilﬁ EJ?“]J (Deflection temperature at 455 kPa, | 92 D 648
OC)

Y < ° A J v
2. Uanen 1A suen (Shorea foxworthyd) : nnlsanuiulesiwesnaly
a a 1 A aa 4
3. woawsoNauAenNIAleNIAENUOU 1aAT18a (Maleic anhydride grafted

polypropylene , MAPP) : Fusabond“P MD353D Naulianda1s1en 3.2
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519N 3.2 autiAveaneansonauaenidrsnaonueulans1ed (Fusabond P MD353D) [38]

auiidin'll Fusabond” P MD353D ASTM METHOD
ANHUWUY (Density, g/em’) 0.90 D 792
JERUMIADNI MAH  (wi%) qaun FTIR (Dupont)
$931M3 1M (Melt flow rate, g/10min) 22.4 D1238, 160 °c /0.325kg
yanaonmal (°C,°F) 136 (277) D 3418
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Rheomax R252 : HAAKE

2. 1ATe9UANAIAAN (Grinder) iiu A 600 : Bosco Engineering

3. IATRINAROUANNUYULTIA (Universal testing mechine) : LLYOD Instrument
LTD. 34 LR 30K

4. 1A30INAADUANNUTTINTELUNN (Izod impact tester) : UTHN Yasuda Seiki
Seisakusho 31 258-PC IMPACT TESTER

5. m%‘mmaanmmu%anmmmfa{ﬁ ( Hardness tester, shore D) : Yasuda Seiki
Seisakusho Ltd. i: U DXT

6. m?mﬁﬂﬁug 1 (Compression molding machine) i: U LP-20 : Lab Tech Engineering
Company LTD.

7. ﬂé’mqamﬁﬁﬁ&ﬁﬂm@mmudmﬂim (Scanning electron microscope, SEM) :
UTHN LEO JU 1455 VP

8. 1Tl IEHaNtAN1NANTou (Differential scanning calorimeter, DSC) ’iq"Ll
Pyris Diamond DSC: Perkin Elmer
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1 100 - -

2 85 15 12-34
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5 70 30 12-34
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7 70 30 >100
8 55 45 12-34
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10 55 45 >100

2. MmsHaugasan 9 Tunyuzila

o d'al A a A = 39/ A v A =3
3. NW%GQWﬁuﬂqﬂqﬂWﬁuﬂQﬂnﬁpuﬂ83ﬂuﬂﬂﬂ3Qﬂ?&ﬂi@ﬁ@ﬂiﬂﬂﬂiﬂﬂaﬂﬂﬂuﬂu
a ~

e lagldaungi 165 170 180 uag 190 asrwales awdwy tazl¥aiuiisen 35

U

1 I
IDUADUMN

4. heanaunld luadransosuanaiadn

. H a I o 1 o
5. DUYRINANNFMIUMIUANYUNYN 105 DI UyaFod 11ual 24 ¥ Tuanouiives
a =

9 ] 9 v
erulUaug 1 Taenie0aug1 (Compression molding machine) QMg 210 oAU To

& a o & A q o2 d o -
Wunal 5 v vazoadie IMFuanusuauiunal 5 un
Y
5. @A¥UNUNATDY

9
6. NAFIUANTAAI 9 VOIFUNU MUKV 3.3.4




333 mslSulysanifvesTagranlnaan

A (% a d'd A dd’ = 1
La’ﬂﬂq&]ﬁlﬂﬁlﬁﬂﬂﬂuI‘Wﬁﬁ‘ﬂllﬁlmﬁTﬂﬂi?ﬂﬂﬂ@:ﬂuiﬂﬂyiﬁﬂ

Y Y
3.3.3.1 MsUsuliaiurites
o A . = N,
-ihaeswmslumsazareTandon leason loaduduiosas 5 10 uaz 15
oy o 1 a <3| =
TagihminaeSunasiilumat 30 60 taz 120 i
o 1 I 1 dyd' Y 3 Y oy A ana
- Usumanuiunsaanvestimos it unansdiei ie nsnozdan

244 a = o w <
- 9UVADINYUN YN 105 DIAUFALFITIUUIVUNAIN

3.3.3.2 MSINTONAI089NATDY
Y Y
W3euFUNUIY 4 anYUL A9l
= Qs’ dyd' d' (BN ] [ dy a 9 =
- 15 euFUNUMINUEAReN hikumsSuleiui drearsazatoTsdeyle-

ason lsauaz idmslFassionan MAPP

Y
A A 9

= Qy dytﬂ' d' [ | [ =
- gsensuunnU@esi ludumsUsulyaiiuai dreasazate Tandon la-
4 9 [
asonlua uazl¥arssienay MAPP
= Qy dyd' d' ] 1Y dy a 9 =
- @seuFuOUMINUResikuM TS UlenuAn remsazate Tudenle-
4 q 9 ]
asonlwa uazlul¥arssrenay MAPP
= Qy dyd' d' ] 1Y dy a Y =
- @seuFuOUMINUResiH UM uleiuAn dremsazate Tudenle-
4 9 [
asonlua uazl¥arssienay MAPP
- MmMseausRen e 3.3.2

Y

A AqYYY v v A A
nygLyie ﬂﬁlﬂﬂ! MAPP ‘Vlhlclf hlﬂllﬂ 2318 5 % A9UIUNULIADY

334 msnageuaniaeg q vasTagaenlnan
1 < @
wimsnaaeuu 5 anvae
1. nageuaNlAana
v =2 9 o 1 [ = 1 [ Y =< A
- aufANaNTIAe INTUMANNUTWIIAY ANERAT TOYATNITAIEA M JANTIN
wAa Y o o 1 [ Y [ vy
- aulianulnege MMFuAmIANNIUWIIIANe LazoRaa 1A1ID
<
- ANNMAITINTZUNN
<
- ANNUUILTINA
2. Anwautianianienin
9
- Segazmagaduii
=) A Y
3. AnYIANIAN1NANNTOU

a Q' Aaa o
- avlwlelsuwFeamnutInIaes N3



4. AnEFUFIUING

Jda 3 1
ﬂé}’ﬂ\i’l}‘ﬁﬂﬁSﬁuﬂlﬁﬂﬂﬁﬂullﬂﬂﬁﬂﬂﬂﬁ']ﬂ
a o 1y oo
5. ﬂ"li')mﬁ'lgﬁﬁTﬂﬂaﬂ\lﬂﬂsb'u

wiesyiSeaniudiosudursusaanlnIng W ladines
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wAa 1 a o a o 1 Y] 4
AUUAAN 9 "’U’ENW’E)a!,‘JJ’E)'iﬂ@ﬂJIWﬁﬂulfg])Vnﬂﬁﬂﬂﬁ’ﬂ‘]JG]']%J?JWIiﬁTLl@N 9 AIN15 197 3.4

H 1 a 4 a
Vﬂi'l\‘iﬁ 34 WATIIUAN 9 lumsnageuneamesnoy Inda

auiia nesgiui ldnaaou NUeNT1891U
ANUUANITIAT (Tensile strength) ASTM D 638 MPa
wefaaN 3% (Modulus) ASTM D 638 MPa
I 4 =S A 2
WosIFUAMIAIIA U JAATIN ASTM D 256 kJ/m

(%Elongation at break)

mmu%aﬂ@ (Hardness) ASTM D 785 Shore D

mmu%miﬂﬁ'wa ASTM D 790 MPa

(Flexural strength)

woAdd 17990 (Flexural modulus) ASTM D 790 MPa
E4
fosazmigaduii ASTM D 570 %
(% Water absorption)
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E Tensile strength
F¥UNATDU
(MPa)

Pure PP 275102
PP+ SD 12-34 1% 71 15 % 16.4 0.2
PP + SD 12-34 1% 71 30 % 147102
PP+ SD 12-34 1% 71 45 % 141105
PP+ SD 35-99 1% 71 15 % 16.6 0.4
PP+ SD 35-99 1% 71 30 % 149%0.6
PP + SD 35-99 1% 71 45 % 14310.1
PP+ SD >100 1% 71 15 % 174104
PP+ SD >>100 1% 71 30 % 15.710.5
PP+ SD >100 1% 71 45 % 142102
PP + SD >>100 % 71 30 % + MAPP 2% 16.40.3
PP+ SD >100 1% 7 30 % + MAPP 3% 16.5%0.3
PP+ SD =100 111% 7 30 % + MAPP 5% 16.9%0.3
PP+ SD >100 1% 7t 30 % + NaOH 5% 30 11 17.0%0.3
PP+ SD >>100 1% 7 30 % + NaOH 5% 60 11 17.0%0.3
PP+ SD 100 1% 71 30 % + NaOH 5% 120 1171 16.2%0.5
PP+ SD 100 1% 1 30 % + NaOH 10% 30 1171 16.6£0.2
PP+ SD 100 1% 71 30 % + NaOH 10% 60 1171 15.7%0.5
PP+ SD >>100 1% 7 30 % + NaOH 10% 120 11 15.6%0.3
PP+ SD 100 1% 71 30 % + NaOH 15% 30 1171 15.8%0.2
PP+ SD >>100 114% i 30 % + NaOH 15% 60 11 15.630.4
PP+ SD >100 1% 7 30 % + NaOH 15% 120 11 15.2%0.5
PP+ SD >>100 1% 7 30 % + NaOH 5% 60 11 17.130.4
+ MAPP 5%
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F Elongation at yield
F¥UNATDU
(%)
Pure PP 7.4%03
PP+ SD 12-34 1% 71 15 % 4.27%0.1
PP+ SD 12-34 1% 71 30 % 4.17%0.1
PP+ SD 12-34 1% 71 45 % 3.8%0.2
PP+ SD 35-99 1% 71 15 % 427%02
PP+ SD 35-99 1% 71 30 % 4.3%0.1
PP + SD 35-99 1% 71 45 % 3.910.2
PP+ SD >>100 % 71 15 % 4.5%0.1
PP+ SD >100 1% 71 30 % 4.4%0.1
PP+ SD >100 1% 71 45 % 43%0.2
PP+ SD >100 1% 7 30 % + MAPP 2% 4.510.1
PP+ SD =100 111% 7 30 % + MAPP 3% 4.470.1
PP + SD >>100 1% 71 30 % + MAPP 5% 4.6%0.1
PP+ SD >100 1% 7t 30 % + NaOH 5% 30 11 4.7%0.1
PP+ SD 100 1% 7 30 % + NaOH 5% 60 111 47%0.1
PP+ SD 100 1% 71 30 % + NaOH 5% 120 1171 4.8%0.1
PP+ SD >100 1% 71 30 % + NaOH 10% 30 1171 4.810.1
PP+ SD >100 1% 71 30 % + NaOH 10% 60 1171 4.7%0.1
PP + SD >>100 1% 71 30 % + NaOH 10% 120 11 4.610.2
PP+ SD >100 1% 71 30 % + NaOH 15% 30 1171 4.8%0.2
PP+ SD 100 1% 1 30 % + NaOH 15% 60 1171 45301
PP+ SD >100 1% 7 30 % + NaOH 15% 120 W1 4210.1
PP+ SD 100 111% 7 30 % + NaOH 5% 60 111 4.970.1

+ MAPP 5%
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K Tensile modulus
F¥UNATDU
(MPa)

Pure PP 160.518.8
PP+ SD 12-34 1% 71 15 % 274.418.1
PP+ SD 12-34 1% 71 30 % 330.019.3
PP+ SD 12-34 1% 71 45 % 440.416.3
PP+ SD 35-99 1% 71 15 % 330.019.2
PP+ SD 35-99 1% 71 30 % 342.617.4
PP + SD 35-99 1% 71 45 % 356.718.5
PP+ SD >>100 % 71 15 % 359.216.3
PP+ SD >100 1% 71 30 % 379.018.4
PP+ SD >100 1% 71 45 % 421.616.3
PP+ SD >100 1% 7 30 % + MAPP 2% 377.3%7.7
PP+ SD =100 111% 7 30 % + MAPP 3% 380.614.9
PP + SD >>100 1% 71 30 % + MAPP 5% 395.014.2
PP+ SD >100 1% 7t 30 % + NaOH 5% 30 11 395.7%12.4
PP+ SD 100 1% 7 30 % + NaOH 5% 60 111 40821122
PP+ SD 100 1% 71 30 % + NaOH 5% 120 1171 383.119.2
PP+ SD >100 1% 71 30 % + NaOH 10% 30 1171 382.614.7
PP+ SD >100 1% 71 30 % + NaOH 10% 60 1171 385.513.9
PP + SD >>100 1% 71 30 % + NaOH 10% 120 11 379.1%10.2
PP+ SD >100 1% 71 30 % + NaOH 15% 30 1171 392.9%5.5
PP+ SD 100 1% 1 30 % + NaOH 15% 60 1171 381.528.9
PP+ SD >100 1% 7 30 % + NaOH 15% 120 W1 376.4%7.2
PP+ SD 100 111% 7 30 % + NaOH 5% 60 111 410.1%11.0
+MAPP 5%
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E Flexural strength
F¥UNATDU
(MPa)
Pure PP 40.910.5
PP+ SD 12-34 1% 71 15 % 35.910.5
PP+ SD 12-34 1% 71 30 % 33.1%0.9
PP+ SD 12-34 1% 71 45 % 27.1%0.4
PP+ SD 35-99 1% 71 15 % 37.9%0.5
PP+ SD 35-99 1% 71 30 % 35.5%1.0
PP + SD 35-99 1% 71 45 % 33.510.7
PP+ SD >>100 % 71 15 % 39.5%1.0
PP+ SD >100 1% 71 30 % 36.810.4
PP+ SD >100 1% 71 45 % 34.7%1.0
PP+ SD >100 1% 7 30 % + MAPP 2% 36.710.8
PP+ SD =100 111% 7 30 % + MAPP 3% 37.5%0.7
PP + SD >>100 1% 71 30 % + MAPP 5% 38.210.3
PP+ SD >100 1% 7t 30 % + NaOH 5% 30 11 36.710.4
PP+ SD 100 1% 7 30 % + NaOH 5% 60 111 383405
PP+ SD 100 1% 71 30 % + NaOH 5% 120 1171 35.1%1.0
PP+ SD >100 1% 71 30 % + NaOH 10% 30 1171 39.9%t1.1
PP+ SD >100 1% 71 30 % + NaOH 10% 60 1171 36.0%1.0
PP + SD >>100 1% 71 30 % + NaOH 10% 120 11 36.810.9
PP+ SD >100 1% 71 30 % + NaOH 15% 30 1171 36.210.8
PP+ SD 100 1% 1 30 % + NaOH 15% 60 1171 3443405
PP+ SD >100 1% 7 30 % + NaOH 15% 120 W1 28.9%1.0
PP+ SD 100 111% 7 30 % + NaOH 5% 60 111 39.740.4

+ MAPP 5%
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Flexural modulus

GIQ:HVI@’d’O‘]J
(MPa)
Pure PP 1040.8117.8
PP+ SD 12-34 1% 71 15 % 1133.2£17.9
PP+ SD 12-34 1% 71 30 % 1178.8136.4
PP+ SD 12-34 1% 71 45 % 1184.0124.7
PP+ SD 35-99 1% 71 15 % 1175.6129.1
PP+ SD 35-99 1% 71 30 % 1195.6139.4
PP + SD 35-99 1% 71 45 % 1206.8125.5
PP+ SD >>100 % 71 15 % 1199.25%10.2
PP+ SD >100 1% 71 30 % 1205.4+18.4
PP+ SD >100 1% 71 45 % 1217124.6
PP+ SD >100 1% 7 30 % + MAPP 2% 1190.4135.6
PP+ SD >100 1% 7 30 % + MAPP 3% 1207.0143.8
PP+ SD >100 1% 7 30 % + MAPP 5% 1303.5118.8
PP+ SD >>100 1% 7 30 % + NaOH 5% 30 11 1201.41+39.5
PP+ SD 100 1% 7 30 % + NaOH 5% 60 111 1299.2437.3
PP+ SD 100 1% 71 30 % + NaOH 5% 120 1171 1029.9£35.3
PP+ SD >100 1% 71 30 % + NaOH 10% 30 1171 1127.2438.6
PP+ SD >100 1% 71 30 % + NaOH 10% 60 1171 1045.6129.1
PP + SD >>100 1% 71 30 % + NaOH 10% 120 11 872.4%23.6
PP+ SD >100 1% 71 30 % + NaOH 15% 30 1171 1116.7%23.3
PP + SD >>100 % 1 30 % + NaOH 15% 60 1171 1030.9233.9
PP+ SD >100 1% 7 30 % + NaOH 15% 120 W1 868.26128.4
PP+ SD 100 111% 7 30 % + NaOH 5% 60 111 1398.6216.9

+ MAPP 5%
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K Impact strength
¥UNATDU 5
(kJ/m")
Pure PP 2.2510.1
PP+ SD 12-34 1% 71 15 % 2.2610.2
PP+ SD 12-34 1% 71 30 % 2.5710.1
PP+ SD 12-34 1% 71 45 % 2.5210.1
PP+ SD 35-99 1% 71 15 % 2.3240.03
PP+ SD 35-99 1% 71 30 % 2.47%0.03
PP + SD 35-99 1% 71 45 % 2.4910.1
PP+ SD >>100 % 71 15 % 2.267%0.1
PP+ SD >100 1% 71 30 % 2.30%0.1
PP+ SD >100 1% 71 45 % 2.347%0.05
PP+ SD >100 1% 7 30 % + MAPP 2% 2.2410.1
PP+ SD =100 111% 7 30 % + MAPP 3% 2.1130.1
PP + SD >>100 1% 71 30 % + MAPP 5% 2.2610.03
PP+ SD >>100 1% 7 30 % + NaOH 5% 30 11 2.2630.03
PP+ SD 100 1% 7 30 % + NaOH 5% 60 111 226301
PP+ SD 100 1% 71 30 % + NaOH 5% 120 1171 2.25%0.1
PP+ SD >100 1% 71 30 % + NaOH 10% 30 1171 2.2240.03
PP+ SD >100 1% 71 30 % + NaOH 10% 60 1171 2.2310.04
PP + SD >>100 1% 71 30 % + NaOH 10% 120 11 2.2510.1
PP+ SD >100 1% 71 30 % + NaOH 15% 30 1171 2.22%0.1
PP+ SD 100 1% 1 30 % + NaOH 15% 60 1171 2.20%0.04
PP+ SD >100 1% 7 30 % + NaOH 15% 120 W1 1.96%0.1
PP+ SD 100 111% 7 30 % + NaOH 5% 60 111 237401

+ MAPP 5%
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F Hardness
F¥UNATDOU

(Shore D)
Pure PP 61.1%0.6
PP+ SD 12-34 1% 71 15 % 66.210.2
PP+ SD 12-34 1% 71 30 % 66.710.8
PP+ SD 12-34 1% 71 45 % 67.9%0.7
PP+ SD 35-99 1% 71 15 % 67.0%0.9
PP+ SD 35-99 1% 71 30 % 67.310.6
PP + SD 35-99 1% 71 45 % 68.610.8
PP+ SD >>100 % 71 15 % 67.3%0.5
PP+ SD >100 1% 71 30 % 68.810.8
PP+ SD >100 1% 71 45 % 67.9%0.5
PP+ SD >100 1% 7 30 % + MAPP 2% 64.010.7
PP+ SD =100 111% 7 30 % + MAPP 3% 64.510.6
PP + SD >>100 1% 71 30 % + MAPP 5% 65.010.5
PP+ SD >>100 1% 7 30 % + NaOH 5% 30 11 67.8%1.1
PP+ SD 100 1% 7 30 % + NaOH 5% 60 111 67.610.8
PP+ SD 100 1% 71 30 % + NaOH 5% 120 1171 67.2%1.2
PP+ SD >100 1% 71 30 % + NaOH 10% 30 1171 66.410.3
PP+ SD >100 1% 71 30 % + NaOH 10% 60 1171 66.110.6
PP + SD >>100 1% 71 30 % + NaOH 10% 120 11 65.5%1.1
PP+ SD >100 1% 71 30 % + NaOH 15% 30 1171 66.010.9
PP+ SD 100 1% 1 30 % + NaOH 15% 60 1171 64.5%1.0
PP+ SD >100 1% 7 30 % + NaOH 15% 120 W1 65.010.7
PP+ SD 100 111% 7 30 % + NaOH 5% 60 111 66.140.3

+MAPP 5%
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2 Water absorption
FUNATDU
(%)
Pure PP 4 U 0.29 0.1
Pure PP 7 U 0.43 1027
Pure PP 15 U 0.41 *0.15
Pure PP 30 U 0.48 1 0.24
Pure PP 45 U 0.43 10.20
Pure PP 605 U 0.41 1023
PP+ SD >100 1% 71 30 % 4 51 1.3510.13
PP+ SD >100 1% 71 30 % 7 51 1.70%£0.17
PP +SD 100 % 1130 % 15 Ju 1.9810.21
PP+ SD >100 % 11 30 % 30 u 2.8310.19
PP+ SD >100 1% 1 30 % 45 Ju 3.38%0.36
PP+ SD >100 1% 71 30 % 60 Ju 3.55%0.09
PP+ SD >100 1% 7 30 % + MAPP 5% 4 Ju 1.2910.05
PP+ SD >100 1% 7 30 % + MAPP 5% 7 Ju 165+ 0.04
PP+ SD >100 1% 71 30 % + MAPP 5% 15 31 1.9210.03
PP+ SD >>100 114% 1 30 % + MAPP 5% 30 5 2.41%0.06
PP+ SD >100 1% 1 30 % + MAPP 5% 45 5 2.970.07
PP+ SD 100 11% 71 30 % + MAPP 5% 60 31 3.17£0.03




Ed
Funaaoil

Water absorption
(%)
PP+ SD >100 1% 7 30 % + NaOH 5% 60 W1#1 4 Ju 1.7310.21
PP+ SD >100 1% 7 30 % + NaOH 5% 60 W1#t 7 Ju 2.1010.21
PP + SD >>100 (1% §1 30 % + NaOH 5% 60 1% 15 u 2421031
PP+ SD >>100 1% 71 30 % + NaOH 5% 60 117 30 S 3.4410.22
PP+ SD >100 1% 7t 30 % + NaOH 5% 60 1171 45 514 3.7130.22
PP+ SD >>100 1% 71 30 % + NaOH 5% 60 117 60 1 4.0310.31
PP+ SD >>100 111% 7 30 % + NaOH 5% 60 U171+ MAPP 5% 3 1.14%0.02
PP+ SD 100 1% 7 30 % + NaOH 5% 60 W17+ MAPP 5% 7 51 1.4510.11
PP+ SD >100 1% 1 30 % + NaOH 5% 60 U1ii+ MAPP 5% 15 51 1.74%0.11
PP+ SD 100 1% 1 30 % + NaOH 5% 60 U1ii+ MAPP 5% 30 5 2.5410.42
PP+ SD 100 1% 1 30 % + NaOH 5% 60 U1ii+ MAPP 5% 45 51 3.4510.16

PP + SD =100 134% 9 30 % + NaOH 5% 60 119+ MAPP 5% 60 U

3.5810.29
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