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Siwaporn Butrat 2011: Steam Explosion for Chemi-Thermo Mechanical Pulping of Physic Nut
(Jatropha curcas Linn.) for Paper Packaging Applications. Master of Science (Packaging
Technology), Major Field: Packaging Technology, Department of Packaging and Materials

Technology. Thesis Advisor: Mr. Lerpong Jarupan, Ph.D. 131 pages.

This research aims to utilize an agricultural waste of physic nut as raw material for chemithermo
mechanical pulp. Chemical composition and morphological properties were analyzed prior to the determination
of optimal condition for a steam explosion at the pressure of 0, 13, 15,17, 19, 21 kg/cm2 for 3 min, equivalent
to severity conditions (LoglORo) 0,3.31, 3.45,3.57, 3.69 and 3.81, respectively. The resulted pulp was then
pretreated by an immersion in an alkali solution of 0, 5, 10 and 15 based on oven dried weight, the ratio of
water to dried pulp 1:10, cooking temperature 105 OC, time to maximum for 15 min, time at maximum for 60
min. Comparative strength properties from various pulping conditions showed that the handsheet undergone
the steam explosion gave the highest pulp yield, brightness, and strengths in terms of tensile and tear indices
(p<0.05). The pulp was formed to handsheets by chosen three conditions nonsteam explosion and 15%
alkalinity, steam explosion at severity level of 3.31, 5% alkalinity, and severity level of 3.31, 10% alkalinity
with the addition of sizing agents of alkyl ketene dimer (AKD) and cationic starch at concentrations of 0, 0.5,
1.0 and 2.0% based on oven dried weight. Those sizing agents were used to enhance mechanical and physical
properties of the formed handsheets. The results showed that, at every level of both sizing additives, the
handsheet that was used the pulp undergone the steam explosion with severity level equal to 3.31 and 10%
alkalinity gave the best mechanical properties in terms of bursting (2.21-2.61 kPa.mZ/g) and tensile (37.63-
45.87 Nm/g) indices. Nevertheless, the handsheet that was used the pulp undergone the steam explosion at
severity level of 3.31 and 5% alkalinity gave the highest ring crush resistance index (0.059-0.078 kN/m);
whereas the handsheet used the pulp that had not undergone the steam explosion with 15% alkalinity gave the
highest tear index (4.24-5.42 mN.mz/g) and the best brightness (22.65-29.71%). Water absorption tends to
decrease with the increase of both sizing additives. The handsheet with pulp undergone the steam explosion at
severity level of 3.31, 10% alkalinity with 2.0% AKD and cationic starch was reported the lowest water
absorption. This can be affirmed by surface analysis using scanning electron microscopy (SEM). Mechanical
properties between the resulted handsheets and kraft liners were compared. The handsheet with the pulp that
had not undergone the steam explosions with 15% alkalinity and that of severity level of 3.31, 10% alkalinity

gave relatively comparable properties in terms of tensile and bursting strengths to the kraft liners.

Student’s signature Thesis Advisor’s signature
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ﬂiziwlﬂmm NIIAATHUT UINU HAaSHUNNWUN ﬂ?iﬂﬂﬂ?ﬂﬁﬂﬂ“]ﬁJ‘L!TJJﬂ?HJﬁ'IﬂﬂﬂHﬂi%ﬂTH

o J Yo 2o any Y 1
V5590w lagldiFiana1es laun

' o 4 . I ' ¥
7.1 mmi@ﬂéﬁumuumauu (Water absorption-Cobb method) L‘]Jummi@jﬂél?llui
A A =< F dy A A o =) ]
NIDUDINAI ﬂﬂﬁSQTHﬂﬂ“ﬁN]l'J@]ﬂwuﬂ 1 ANINNUAT mﬂmzaznammwuﬂ TG]EJNWU'JEJ
I 2 =< = Y 1 g}l ~ 1] v o <
uJu g/m “]Nﬂ'li@ﬂ%ﬂﬂ]@ﬂlﬂﬁ?ﬁﬂ’gﬂigﬂ'l'ﬂuullﬂ')'lm’fll‘wu‘ﬁIﬂﬂ@]i\iﬂﬂﬂ??ﬂl!ﬂlillﬁﬂﬂlﬂﬂ

NITAH (WIATIIURATININTTV, 2550)
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1 v W I A ¥ o {

7.2 AYNTUNE (Contact angle) UATMINATOUMIgATULN Tagms Tayunvounad
v v v A [ = Yy 3 =K A = [ a g‘/ A v W
AuATNUAIVETEY Faaad lirudsauianstlenvesiagytiaiy veantyudusa

[ 1 E . 1. 2 .
wua Ingjaz liveuti1 (Hydrophobic) in1s:Tlen (Wettability) n1509AA (Adhesion) Hay
o a o 1 { v o < 3 oy

WAIUAD (Surface energy) f1 AIUNIANNYNTUNT VINAEANILIA1INYOD 111 (Hydrophilic)

= =KX Aa [ a
msen mMsvaaa HASHAINUWIGN (?flﬂﬂ?, 2551)

substrate 1 [ ]

(M )

d' v o A ?,' o dy a = =2 = =
MNAN 13 YUTUATNHIAUINTSINUNUNI (@) llllllﬂﬁﬁ]ﬂclfll (V) UNIYATY

NNz ANANG (2550)

WA

8. auum%’uq VYINILAH (Other properties)

autiaouq vesnszaudina laun n3vin Wi (Electrical conductivity) n151i
ANUToU (Thermal conductivity) D19 RGGINGEN (Acoustical conductivity) ﬂ’JTJJ‘L{éiJ (Softness)
I a v Aa ' o 9y
AL (Hardness) Tagunautiamiailinasonisi l)dnuvesnszas lunszaisni
@ J a v & ' [ o A o 1
vssynmaauAamamiusgguiulumssunsanszihininszaweg 1850 1wy anudumnsang
2 g ! ! o 1
2UNIU (Ring crush resistance) FuiuaNuamsnveInIzaENIzA LT INANNTZ 061
o 2L A o ] & v A A o o= s 2
minaveUuveUVeITUNAde Mimnldwelurnumiumeniowedudn aunTzNITY
= = ] I 1 Y
nadoudegnge Tasliniitedlu kN/m ManudunsanaaumIuveInszats g
A =1 o v ] ) 1 . =2 J
me%zummauwuﬂﬂﬂmaﬂummmumaﬂﬂﬂam (Box compression strength test) "]NL‘]JL!
Ao 1 I A 9 1A Y 1 A o o
Auamnsuuaemineunuindeudienazyuasdumussgnasegniln nszanazihuh
v o o [ 4 wad { o [l
nszapasugnininduiiudesdsumsnaaeuiveganiati iz auiiozii iy 1dws el

(WATFIUATINNTTH, 2550)
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¢ aa
glnsamazisms

gilnsal

Aaov A

1.1 mat (Jatropha curcus Linn)) 019 13 minaanii3seiislsgissanenndns
12 aselidwmiuinszvesntsznoumanivazdagndule

13 Twdewlaasenled (Sodium Hydroxide, NaOH)

1.4 1ehaueanodsd (Ethyl alcohol) (Merck, 1/5meteasnil)

1.5 nsagandsn Wududesas 97 (Merck, szimaeosuil)

1.6 TaaeulsTodamla (Sodium thiosulfate) (Merck, Uszmengasuil)

1.7 Tnunaiienlololad (Potassium iodide) (Merck, Uszimetoasail)

1.8 lalmAeuesnsian (Disodium oxalate) (Carlo Erba, Useimadana)

1.9 Tnunasenlalaswe (Potassium dichromate) (Merck, ﬂi%mﬁ!ﬂ@iﬂ‘ﬁ)

1.10 Tnunaideualesaniun (Potassium permanganate) (Carlo Erba, 13zing

Y
111 vl
1.12 dananaulames (Alkyl ketene dimer, AKD) ¥0119n135/1 EKA DR D10 U350
Eka Chemicals (Thailand) Co.,Ltd. AMUHUIUY 99710 kg/m3 ﬂ‘%mmmmwﬁa%’eaaz 12.5+0.5
] I~ [ =
AANNIUNTA-A19 2.0 D9 4.0
1.13 una'looaiinaasy (Cationic Starch) ¥9N19713A1 TAPLINK-3, iud11/e1da
9 [
Wannsina, Uszma'lne anusudosas 11.56 Annuilunia-ang 6.24 3enmsunui
0.0035
a 14 a A [ %’ L] = v a Aaxn 14
1.14 asweames 3 ¥iia emsiSuammiazsiemssamevesdananau lames

13HN Eka Chemicals (Thailand) Co., Ltd. ¥ON19MIAN NP882, PL1510 ttag ATC8510
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2.1 Lﬂ%ﬂ\iﬁﬁlﬂﬁﬁuﬂiﬂ (Soxlet fat extractor)

22 1A%easuiiage1e1h (Steam explosion)

2.3 Lﬂ%mm?}mmmmu@ (High consistency refiner) (Kumagai riki kogyo,
Uszmadiilu)

2.4 Lﬂéﬂmﬂﬂ%‘ﬁﬂmgum%ﬂi (Centrifugal separators) (Kumagai riki kogyo,
Usznadjilu)

2.5 Liﬁ'mﬂi zmm?ja (Disintegrator) (Kumagai riki kogyo, U3 zmﬁﬁjﬂu)

2.6 m‘%mﬂﬂﬁ ’e)‘lJﬂTlﬂJLﬂl!’Sﬁ ﬁzl?jﬂ (Canadian standard freeness tester) (Kumagai riki
kogyo, ﬂizmﬁﬁjﬁu)

2.7 Lﬂémﬁugﬂﬂimm (Handsheet former) (Kumagai riki kogyo, ﬂizmﬂﬁjﬁu)

2.8 Lﬂdﬁ'ﬂﬁﬂﬂ%ﬂl}’”l(Hydraulic pressing) (Kumagai riki kogyo, ﬂi%mﬁfﬁﬂu)

2.9 m’%maumzmmmuﬂ’au (Rotary dryer DR-200) (Kumagai riki kogyo,
Usznadiu)

2.10 m%ﬁﬂmmwm (Digital micrometer for sheet thickness) (Kumagai riki kogyo,
ﬂszmﬂnjﬂu)

2.11 m’%mi’@ﬁm’;mﬁﬁuumﬁumq (Burst strength measurement) (Kumagai riki
kogyo, ﬂizmmjﬁu)

2.12 Lﬂ%ﬁﬂmmmﬁ’mdauﬁﬁa (Schopper tensile tester) (Kumagai riki kogyo,
Uszmnadjilu)

2.13 193eeTamAudIUAeMI AN (Elmendorlf tearing tester) (Kumagai riki
kogyo, ‘]Jizmﬁtljﬂu)

2.14 Lﬂ%wﬂaaummﬁﬁuuﬁmmmmu (Testometric micro 350, England)

2.15 yan3oeiloAnBIN1TATII (Cobb sizing test method)

2.16 m‘%aﬁwmﬁ’mﬁﬁ (OCA 15EC, Dataphysics, Germany)

a

k4
2.17 gaunugamnginazlsnannusudung (WTC binder, Uszimadand)

u
Y v

2.18 AT DIAALHUFUNATOL (Test specimen cutter) (Kumagai riki kogyo, ﬂ’igm?’{ﬁuﬂu)
2.19 ndevianvuiadule

2.20 1AFNANDS (Desicator)
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221 inseaders i dumansinyas

222 azunsasauasulTFUNNG 0.5 uALAT

223 azunsasavnaTu TFIIA 2 muAma s

224 AZUNTIRAVADOULIA 200 1%

225 1930a%9azBoanaiivy 3 @H1e (Shimadzu BX300, Japan)

2.26 nilouaauaadvisudanly

ad
IBNI
A A yvo A 1o
1. mmmu"!uamnnmaym

o A 1o A 1 < { o (% [ < { @

1.1 whneayjeai Idonmsquinn lundasimhimsdalundimsinuines ndald ld
' Y ?y = <3| =

valszna 1 o neuazalndlnizoulszuna 60-70 sarusaiee el 15 win

A o o 4

iemdaesseive |

j A Vo A 2 Y A 2 Y1 R qy v

1.2 Whinsamnrusuaouusn iasosgessn 1 neuralvudeluusseme

TRunaminaye

Y Y
1.3 anvuaru liduTaglFazunsavuna 0.5 uaz 2 wudmas Tagldvunadsulddu

NEUAZUNTI 2 LFUAIAT UAANUUASINTI 0.5 LFUAIAT

Y H Y
14 hau ldduimumsdavuands manudu uaziimsussyldge az 200 n5u

¥ o Y
(W UNLNN)

a d J = ) 2 q' 1o
2. ams1zﬁmﬂﬂizn@umemuuamummmmﬂmmnmym

Y J ]

1 Y I a 1 ) a L4
2.1 quaIBgNIAAY 10 N TOUNTUASLNTITDUYUIN 40 (LY u']llﬂjm'i']xcﬁﬁ'l

[

J = dy
p3AdsZNoUMIANAIY
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2.1.1 mmzmaiuuaamaaﬁ—mu@u (Alcohol-benzene solubility) A1UNINTI U
TAPPI T204
2.1.2 msazaglueans ﬁ@é{ (Alcohol solubility) AMUNINTFIU TAPPI T264

9
2.1.3 msazma"lum%’@u (Hot water solubility) @1UN1ATIIUMINATOUTAPPI

T207

2.1.4 msazaeluasavaslm@onlaason ludiuduiosaz 1 annasgu
TAPPI T212

215 Bnatidh (Ash) AINNIATIIU TAPPI T211

2.1.6 s TaTawag Tad (Holocellulose) 31A5121AM3B Acid chlorite Y99
Browing (1967)

2.1.7 USwa@niiu (Lignin) MuA914 TAPPI T222

2.1.8 smnaueanusaglad (a-cellulose) AUW1ATFIU TAPPI T203

2.1.9 Usunaunwu Ay (Pentosan) A1NNIATTIU TAPPI T223

22 dusedhain lidy iomauianiameinmdulonu3iues Franklin (1937)

22.1 anuenudule (Fiber length)

222 anunudule (Fiber width)

2.2.3 QiU (Lumen)

224 ANUMUINTUYAE (Thickness of cell wall)
3. Waniio

o & WYy A a v ! A A Y ? A X yoyd o

3.1 uwulluaumm&m!,m NTNTHLﬂﬁﬂQiSLUﬂ@?ﬂUlf’JHT LWE’JLLﬂﬂL‘L!@UhJVI'iSWU

1 o 9 o 2 & A 2
ﬂ’ﬂll?l!ui\i@n\‘lﬂUIﬂﬂhlGIfﬂ'J”lllﬂu 0,13, 15,17, 19 uag 21 kg/cm Wunan 3 UIN NUYU

#108190'18 Iaeldnzunsa 200 1%

a di d' Y o 1
3.2 W1NE1WE1G]LEJEW]]1¢]‘H€NW1Hﬂigﬂﬂuﬂ1§
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Y IS4 ¥
ﬂﬁNﬁ 2 ﬂ’JHJ?“L!LLiQﬂﬁi%mﬂﬂﬂﬁlblfJHW

Taseiianun awguusamssziadaelenh
s2AUAMUARTY (ke/em?) 0 13 15 17 19 21
Wnangenda (nuuia) 200 200 200 200 200 200
a1 (W) 3 3 3 3 3 3

o Sld'l a k) Bol o %’ o o %’ o Y A [
33 ‘m"lwmumiizm@ma'l@mmmumuﬂ 150 NN (WIHUNLHY) IWBNINTITHA

AzMIVAENAD 1

1 P g o
3.4 uxlidreTa@en laasen lsananuduiuiosas 0, 5, 10 az 15 ¥o9iIMIN
d' Y [ [ a°I J 4' [ % 1 a Idl 1Y =
wouka Tagdasidiuthaeoniny 1 ae 10 guvgl lumsuaiszal 90-100 perwaIFoe

a a

Tagldadaguuigiigega (Time to max) 15 W17 uazaNgurnilgege (Time at max)

U u

1 %2714

Yy 9 A

A o A wa1 A o A A A Y
3.5 Lll’f)‘VﬂﬂTi‘]JQ”].l@]WﬂLfJ@ﬂi‘U@13JL'J@1 ummn"lmmnm@mmaauuuinu Iﬂﬂglclf
1 1 { A A o 2 ) { A o a
538314']\15814’)']\1‘1%1!‘17‘1 0.05 YaatuaT MNITUALT 3 mwmgﬁg%mmﬁqmwguqq Iﬂﬂﬂ’)’ﬂﬂil

4 1 g 1A Y] [ 1
PsinaubenetiIdegnszan 1 o 10 dau

I~ @ [ 4 H Y [ 4 9 Y %’ Y
3.6 NuMve o ldanmarminsod s ldazunssuuna 200 ey 19 liazen

A a o ann =S 4
iogAmsinlgnseves Imdeu laason lua

3.7 vfSuamanasben la
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a Awar A g = Y ' o
MA1T19N 3 fﬂi‘]Jg(]‘]JG]G]E]LEJ?Jﬂ'Jﬁl’(?ﬂiLﬂﬂJLLaZﬂ'ﬂiﬁﬁluﬂ’GHﬂWﬂ'ﬁUﬂ

a 9 %,/ A [
ﬂ133Gl,umismmmﬂ"lamwmmu

odefne ) .
0,13,15,17,19,21 (kg/cm’) 3213 UIN

seouTaneonlaasen lsa( Sosaz) 0 5 10 15
S (AFULTI) 150 150 150 150
PAINA IR0 1:10 1:10 1:10 1:10
nmﬁqqmwgﬁqqu (W) 15 15 15 15
naNgugigaIga (UIM) 60 60 60 60
guuiin 1% (osruaaiFoe) 105 105 105 105

A
SOUMIUALED (391) 3 3 3 3
FTILILHINIIUUA (HadIAT) 0.05 0.05 0.05 0.05

3.8 e 1dnInmsuanIAINNEATZUDUED (Freeness) ATUNIATTIUNTNATOL

Y
TAPPI T227 Lmzﬁmﬂmmumaau MuUNIATIIUNMINATOU TAPPI T205

3.9 dwgen ldAninmsuagudlegramaidliaunasgiu TAPPI T236 1o
a 4 a a A
nszrmifsnaantiulume

[ v

v A A a A 9 dy dy
3.10 AABDNANNIENIHUISTUUDINITHANLYD TaglgaverInnail

a d' é 1 1 9
3.10.1 USunuwandnigodiegiz93ooas 60-80
3102 MANNDAITZU0UED sz 300 Haaans
, 2 4 P ), . 2 : y
3.10.3  anvaziugILoue voube 1w ANNendelumsyugluru aAnuaa

A
UDILYD



38

4. Aaenanziiminzanvesmsl¥msnudndegaauifnnundwsve wrunaaoy

A d' d' g’/ 1 9 a d' d' gl/ d' =
4.1 @onEe NNz ay IUTUADUND UK HAAENAMIZHNDANY
a Aa Yo a ad J o Yy 9 Ay @ 1 ¥ o
@ﬂﬁWﬁIﬂﬂi%ﬂﬁﬂﬁﬂﬁuqﬂmﬂi TEAUANWVNUVUFITNITBIAL 0, 0.5, 1 LI 2 NTUADUIUUN
A Y a 4 o Y Y Ay @ 3 ¥ o
lﬂﬂl!ﬂ\illﬁgllﬂﬁhl’f)ﬂfJUﬂﬁﬁ'li%' TEAVANUVNVUNTDYAL 0, 0.5, 1 1AL 2 NTUADUINUN

| )
LYBDLYIN
= a 4 v < v
5. 5111-!3ﬂ!!a83!ﬂi13‘Pii;TN‘iJGlﬂﬂm!ﬂlx‘l!!ﬁﬁ‘lﬁ)ﬁlmuﬂﬂﬁi’)‘u

< g Y 4‘ d’ o o ' ' o di
5.1 mmwumﬂamuﬂ?mmwmmmiumimuwuwﬂﬁa°u ﬂf]uu'llf]'f)h],ﬂﬂigi]'lﬂ‘lu
A A & =1 [ a o A =
1A504NIZNBY U1 5 UIN IﬂﬂiﬂHWQﬂ!ﬁﬂ"NGUﬂ!$ﬂ1ﬂ1Tﬂﬂﬁ@U‘ﬂ 25 D3y

& o o A A
HRATUINNMITUAIATDINTZ 10D

a PRy a 1
52 wsgnaINoaeINIauwiia ldun NP2, PL1510 ay ATCS510 1Su1as 200
Y ] ' ]
ppm AT LANTENINMTTUFUUHUNATOUINDIANNTANANYOIT T UUEDIINDIB 05D

1 Y Y @ ¥ a A A A ? o '
gamnidazidule vz anlumsaiua ndudamsesnssnagednasainms laens

v 1
[ C4 I

° o o 1o a an S Y A o 2 a ~AA
MuAaUIULATTeznaMMYUA ims ladananau lamesudasudunaniluiuiin o
d' =R A dd‘ a a dd‘ a a 4 a dd‘ a
HDIUNN 15 181 ATC8510 110N 20 nuaa loosiinaas s JWIAN 30 @y PL1510 tag
1 Y ]
NN 45 1A NP8S2 3N UNTLIEEDADIUATY 1 UIN
Y

A A k) [ g‘x = ] A %} o 2
53 MigeNnszBad 1ung ﬁ]1ﬂLl‘L!"Uug‘].]LLW‘L!TI@?T@‘]JVI‘LH‘HUWJT@?;@WU 80 g/m

v A4 2

' A = wa < Aa ]
ﬂlﬂlﬂi@ﬂﬂlugﬂuwumﬂﬁﬂu LW@ﬂﬂHWﬂmﬁNU@]ﬂ’JmLLﬂNLLNVIMWamﬂ‘]ﬁmmmﬂ%ﬁﬁ

9

a aa s a 4
aﬂﬁﬂ@lullmllﬂil,!,ﬁ$Llﬂﬁ1@®ﬂuﬂﬁﬁﬁ%
o 1 cs'dg! YR A A %,’ I =1
5.4 umwumﬁaumugﬂ"lﬂmumimﬂmwm@maamﬂunm 5UIMN

1 ] so} ! 4 =
5.5 u”ILLWL!‘V]@]ﬁ'@‘U“ﬁaﬁ‘ﬂ‘L!TﬂllWﬂﬂ@ul"’ﬁ)ﬂﬂ%@Qﬂﬂﬂi$ﬂ1ﬂqm°ﬂgh 105-110 9FLCEAIFHUE

DUIULHUNATDULI



39

= Y

5.6 Wuwunagoud 1a 19g
Y

[

Y
ﬂ']sl']ﬂ’NiJEIﬂ)"L! ﬂﬂuﬁWﬂﬁ“ﬂﬂﬁfJUﬁNUﬂMW]ﬁgiu quua

A

<3 ] wa aol o ¥ Aa 1
ANUUTALTA Vernanid auiamsdumui uazdnyazuiine 11
= Qy % (] 1 o
5.6.1 I938UFUAIDINNDUINNTNATOU AIUNIATFIU TAPPI T205
5.6.2 MANLANIAIFIU (Basic properties)

&
n.  USNUANNFU (Moisture content) AINNIATIU ISO 287
9
v. WIMUANIATIIY (Basis weight) AUNIATFIY TAPPI T205
f. AUKUT (Thickness) AIWUINTIIU TAPPI T205

3. AUNUIUY (Density) AMUIATFIU TAPPI T205
563 auANNITALTI (Strength properties) Az AUANIRA (Optical properties)

. mmﬁ’mu,mﬁum’q (Bursting strength) @1U119531U TAPPI T403

U ANUATULTIAN (Tensile strength) AMUNIATIIU TAPPI T494

A, AMUAIULTIANVIA (Tear strength) ANUIATFIU TAPPI T414

3. mmﬁmuﬂﬂmmmu (Ring crush resistance) AMUW1NTF1U TAPPI
T818

9. AIAWVIIAIN (Brightness) 1Az AINMUTLLE (Opacity) MNIATIIU

TAPPI T452
wa 3
564 auiamMIAUMuI (Absorption properties)

n. AINIYATUII (Cobb test) TAPPI T441

1 v Cd %’
V. MYNTUATVDINEAUT (Contact angle) AUNIATIIU ASTM D 5946-04

[ g a 1 4 [ A g
5.6.5 aﬂymgquOﬂlﬂQLLNUVI@]ﬁ@ﬂ!ﬁ@ﬁﬂﬂﬁ}f}ﬂﬂﬁ}ﬂﬂﬂaﬂiiﬂﬁﬂmﬂﬂﬁ@uuﬂﬂ

@94n319 (Scanning electron microscope, SEM)
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6.1 vukunadgeui IdnFeuieudunszamwildmaussyimai ldun

6.1.1 ﬂigﬂﬁell‘l’iﬁﬂ?@]WﬂJﬂJWﬁijWHQ@]ﬁWﬁﬂﬁiM 170-2550
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wehimsimszresnlsgneumaniivesnaeen Tasuendinsizd luaiuvouiie I
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:, . Miia ¢ Yminvedona)
pAlsznaumaAll 7
wldenayd  ile'ldey LAY

myazaielueanssea-luudy 523 6.08 2.28
myazaeluneanesed 1.19 0.45 1.47
msazatelurhion 2731 11.58 8.78
msazaneluareiosas 1 41.85 23.13 33.84
Yunauh 10.70 2.00 6.13
TeTa-15ag laa 89.20 73.36 75.37
antl 18.79 21.53 24.11
uoavrag lad 69.95 50.41 57.06
i oy 8.63 21.17 19.11

2. aulAmeInnve B INDIaLA)

Wennsananianeneininnnaseh 5 nuanduleluaiuvesdldonayje
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. SeIGH
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