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JUN 2022 WYATNIBY 2007

@91UN Grand Blue Wave Hotel Shah Alam
Perbandaran, Seksyen 14, 40000 Shah Alam, Selangor Darul Ehsan, Malaysia

Day 1 (Nov. 20, 2007)
08:30-09:00 Registration

Opening Remarks
09:00-09:15 Tatsuo Katsura

Senior Vice President, AIST, on behalf of Representative of Biomass-Asia Research Consortium, Japan

09:15-09:30 Kunio Oguri

Deputy Director General,Agriculture, Forestry and Fisheries Research Council Secretariat, MAFF, Japan

09:30-10:00 Break

Special Lecture
Chair: Zainal Abidin Mohd Yusuf ( Vice President, SIRIM, Malaysia )

10:00-10:30 Lignocellulose refinery system must be realized for global environment and economy
Kenji liyama
President, JIRCAS, Japan

10:30-11:00 Coffee Break

Plenary Lecture

Chair: Yasuyuki Yagi (Councillor, International Affairs Dept., AIST, Japan)
11:00-11:25 Food Security with Biofuels: FAO Perspective

Abdolreza Abbassian

Secretary of the Intergovernmental Group on Grains, FAO, UN
11:25-11:50 Biomass for Energy Generation in Malaysia

Anuar Abdul Rahman

CEO of Pusat Tenaga Malaysia (PTM)
11:50-12:15 Biomass for Material Application

Peesamai Jenvanitpanjakul

Deputy Governor, Thailand Institute of Scientific and Technological Research(TISTR), Thailand
12:15-12:40 Policy and Legislation on Biofuel Utilisation

Datu Dr. Michael Dosim Lunjew

Secretary General, Ministry of Plantation Industries and Commodities Malaysia

12:40-14:20 Lunch/ Poster Session

Keynote Speech
14:30-15:00 H.E. Dato’ Sri Dr. Lim Keng Yaik

Minister of Energy, Water and Communications, Malaysia

Future Prospect of Biomass Utilisation in Asian Countries

Chair: Masayuki Kamimoto (Research Coordinator, AIST, Japan)
15:00-15:25 Biomass-Asia Project-Second Stage: Research and Technological Development for

Sustainable Biomass Utilization in Asian Countries

Kinya Sakanishi

Representative of Research Core for Asian Biomass Energy, AIST, Japan
15:25-15:50 The Road Map of Chinese Biomass Energy Development

Haibin Li

Guangzhou Institute of Energy Conversion (GIEC),

Chinese Academy of Sciences (CAS), China

15:50-16:10 Coffee Break

16:10-16:35 Rice-Sugarcane Complex Model
Klanarong Sriroth
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Associate Professor, Department of Biotechnology, Faculty of Agro-Industry, Kasetsart University, Thailand
16:35-17:00 Palm Complex Model

Wahono Sumaryono

Deputy Chairman for Agroindustry and Biotechnology,

Agency for Assessment and Application of Technology (BPPT), Indonesia

- Panel Discussion -
Asian Partnership on Sustainable Environmentally Benign Biomass Production and Utilisation
Moderator: Yukihiko Matsumura (Professor, Hiroshima University, Japan)

17:00-18:30
< Panelists >
China:The Development of Biofuels in China
Dehua Liu
Professor, Director of Institute of Applied Chemistry, Department of Chemical Engineering, Tsinghua University
Indonesia : Biofuel Development in Indonesia
Petrus Panaka
Professor, Project Development Advisor, PT Gikoko Kogyo Indonesia
Malaysia : Sustainable Biomass Production and Utilisation - Profit, People and Planet -
Mohamad Ali Hassan
Dean, Faculty of Biotechnology and Biomolecular Sciences, University Putra Malaysia (UPM)
Philippines: Non-fossil Energy
Luis F. Razon
Director, University Research Coordination Office, Associate Professor, Department of Chemical Engineering, De La Salle
University
Thailand : Asian Partnership on Sustainable Environmentally Benign Biomass Production and Utilization
Nuwong Chollacoop
National Metal and Materials Technology Center (MTEC),
National Science and Technology Development Agency (NSTDA)
Vietnam : Seaweed: Potential Biomass for Ethanol Production
Truong Nam Hai
Deputy Director, Institute of Biotechnology, Vietnamese Academy of Science and Technology (VAST)
20:00-21:30 Reception
hosted by Dato’ Dr. Halim Man
Secretary General for Ministry of Energy, Water and Communications, Malaysia

Day 2 (Nov. 21, 2007)

<Room 1>
Palm Oil Energy Complex Model

Chair:
Chen Sau Soon (SIRIM,Malaysia)
Tomoaki Minowa (AIST, Japan)

09:00-09:20 Palm Qil Industry in Malaysia
Dato' Dr. Choo Yuen May,
Deputy Director-General, Malaysian Palm Oil Board

09:20-09:40 Electricity Generation from Palm Oil Mills in Indonesia (extended abstract)
Soni Solistia Wirawan
Head of Institute for Engineering and Technology System Design (Engineering Center), BPPT, Indonesia

09:40-10:00 Palm Oil Energy Complex and CDM
Yoshihito Shirai
Professor, Graduate School of Life Science and Systems Engineering, Kyushu  Institute of Technology, Japan

10:00-10:20 Potential of Oil Palm Trunk as a Source for Ethanol Production
Ryohei Tanaka
FFPRI, Japan co-authored by Yutaka Mori (JIRCAS)
Mohd Nor Mohd Yusoff (FRIM)
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Othman Sulaiman (USM)
Shu Yoshida (Sojitz Machinery Corporation)

10:20-10:40 Coffee Break

10:40-11:00 Biomass Plastics from Palm Oil Mill Effluent in Malaysia
Mohamad Ali Hassan

Dean, Faculty of Biotechnology and Biomolecular Sciences, University Putra Malaysia(UPM), Malaysia

11:00-11:20 Co-firing of Biomass with Coal for Power Generation
Suthum Patumsawad

Assistant Professor, Department of Mechanical Engineering, King Mongkut’s Institute of Technology North Bangkok

(KMITNB), Thailand

11:20-11:40 Benchmarking of Biodiesel Fuel Standards for Vehicles in East Asia
Shinichi Goto
Director, Research Center for New Biomass Technology Research Center, AIST, Japan

11:40-12:00 Production of Second-Generation Biofuels from Palm Wastes
Shinichi Yano
Senior Research Scientist, Biomass Technology Research Center, AIST, Japan

12:00-12:20 Discussion

<Room 2>
Utilisation of Agriculture and Wood Wastes

Chair :
Guangwen Xu (CAS, China)
Takahiro Yoshida (FFPRI, Japan )

Brazil: Brazilian Present and Future Ethanol Production - Biomass Ethanol Potential
Elba P.S.Bon

Associate Professor in Biochemistry, Chemistry Institute,

Federal University of Rio de Janeiro

Cambodia: Biomass in Cambodia
Lieng Vuthy
Deputy Director, Department of Energy Techique, Ministry of Industry, Mines and Energy

China: High Efficient Conversion of Cellulosic Process Residue into Middle-Caloric Gas
Guangwen Xu
Professor, Institute of Process Engineering, CAS

Indonesia: Agricultural and Wood Waste Potentials and Utilization in Indonesia
Unggul Priyanto
Director, Energy Resources Development Technology Center, BPPT

Japan: Biomass Refinery Systems -Case Studt at Miyako Island, Japan-

Yoshiyuki Shinogi

Head, Laboratory of Farmland

Engineering, Department of Land and Water Resources, National Institute for Rural
Engineering, NARO

10:20-10:40 Coffee Break

Laos: Brief Report of Biomass in LAO PDR
Bouathep Malaykham

Chief of Electric Power Management
Division, Department of Electricity,
Ministry of Energy and Mines
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Myanmar: Anhydrous Ethanol Production
Su Su Hlaing

Lecturer of Department of Chemical
Engineering, Mandalay

Technological University

Philippines : Outlook of Biomass Industry in the Philippines
Ruby B. De Guzman

Supervising Science Research

Specialist Alternative Fuels and

Energy Technology Division,

Department of Energy

Thailand : Zero Waste Agriculture for Jatropha Plantation
Siriluck Nivitchanyong

Assistant Director, MTEC,

Alternative Energy Program Host,

NSTDA

Vietnam : Utilization of Agricultural and Wood Wastes in Vietnam
Tran Dinh Man

Deputy Director, Institute of

Biotechnology, VAST

Discussion

Moderator's Summary
Moderator: Yukihiko Matsumura
(Hiroshima University, Japan)

12:20-13:30 Lunch/ Poster Session

For Sustainable Biomass Utilization

Chair: Yoshihito Shirai (Professor, Kyushu Institute of Technology, Japan)
13:30-13:55 Asia Biomass Community

Issei Sawa

Senior Manager, Liquid Biofuel, New Energy Business Unit, Mitsubishi Corporation, Japan
13:55-14:20 Financing for Biomass and Renewable Energy Projects

Mohd Nordin Che Omar

Manager of High Technology, representing Chairman of Bank Pembangunan Malaysia
142:0-14:45 Evaluation of Environmental Impacts of Biomass Utilisation by LCA
Masayuki Sagisaka

Deputy Director, Life Cycle Assessment Research Center, AIST, Japan

14:45-15:10 Improving Drought and Salt Stress Tolerance in Plants by Gene Transfer
Yasunari Fujita

Senior researcher, Biological Resources Division, JIRCAS, Japan

15:30-16:00 Coffee Break

Way Forward Session

-Panel Discussion-

Moderator: Shinya Yokoyama (Professor, The University of Tokyo, Japan)
16:00-17:30 Moderator's Summary : Energy Situation in Asian Region

< Panelists >

Haibin Li, China

Wahono Sumaryono, Indonesia
Kinya Sakanishi, Japan

Mohamad Ali Hassan, Malaysia
Peesamai Jenvanitpanjakul, Thailand
Tran Dinh Man, Vietnam

for the 5th Biomass-Asia Workshop
Closing Remarks
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1730-1740 Masakazu Yamazaki

Vice President, AIST, Japan

1740-1750 Chen Sau Soon

Senior General Manager, Environment & Bioprocess Technology Centre
SIRIM, Malaysia

20:00-21:30 Workshop Dinner hosted by AIST

Day 3 (Nov. 22, 2007)

Technical tour
1. Waste to Energy Plant, Banting
2. Biodiesel Palm Qil Mill, Labu
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A1519 A.3.1.1 anaveslszmatode (113) 2003)

A3.1.1

GDP szanns msldndanudesdy  msides co,
[GUSD]*1 [M]*2 [Mtoe]*3 [Mt-C]*4
vy luagaananw 5 0.3 3 2
ou et 168 215 118 91
ilu 4,876 128 517 336
YA 586 48 205 124
VALY 99 25 54 41
Warud 85 82 32 19
apsasglsznru 1,375 1,288 1,190 1,127
bpY
RGN 93 4 22 14
1awiu 314 23 98 69.6
Ine 141 62 74 58
NEAUN 38 81 21 17
Weid 9,246 3,467 2,783 2,280
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AN A4.13 uaasntageysius luszuuedlo

a 7 w % 4 ] a ] 7

Ysmaiiugu ANyl dauetelumenvesntiteiug e
1o
159 N (H261) mkgs”
o -2 -1 -2

AUAU Pa (hania) Nm =m" kgs
WA, 91U J(39) Nm=m'kgs"

o v - -
NHINU W (3a9) Js'=m’kgs”

MIN A4.14 mglassnszuueale

Yoydnual (¥0) dlsznen dadnual (¥o) @lszneu
da (19912) 10' d (19%) 10"
h (18A19193) 10’ ¢ (1UR) 107
k (N 1a) 10’ m (Jaq) 10°
M (ng) 10° M (lurag) 10°
G (7ng) 10° n (W1 lu) 10°
T (1N95%) 10” p (Wln) 10"
P (INQ2) 10° £ (luTa) 10"
E (19n%g) 10" a (89 1) 10"
Z (ang) 10" z (151 Te) 107
Y (80NN2) 10* y (son1q) 10

A Y A o = a o ' @ ' ' ' a
1 ionilu 1114 idendiguassatannsa@eudiaulumgig 0.1-1000 ndaoe1u5u 50 pm liin5:diou 0.05 nm
Fa v
*2 mieiuguvewda Ae kg Tnefiguassaldgminumi ¢ dredrasu 29 mg Tinasld 20 mke
A 9 ' v o 1 2 o Yo Y o ' ' q 9
*3 oM a3 g YUt 1IN ugIura1es Mamsoldmglassald dediusu 21 Mike lild 21 kg

anAuNUIY “kg” AIDI1UFY 20 kg/m” WiAIT 1Y 20 kg/m’

A4.2 mM3nlasuniie

9 1 Y g A9 vo o ) o S a " ¢ A~ '
ufnmslgmieed louszuui ldsumsuusin Tudimvemdsnu Audusunisdensisaniedisum
N ) y & o & IS T A a a
iuaudugaines ldnssnamniudl. msulaswesmieduiludemales s lueda
A (a = ' a A = = o ' a g °
oS Tuntimissesnelasmitedy gaslumandsumitedaduilu dedraugu gunglidlu °c T,
1 < v o ' 9
wilasuiln K T, Tdningasasae i
Ty = Te + 273.15
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A A '
maqmﬂmﬂaﬂuwum
L, =254x 1072 Lin

dlsznou Ap 2.54 x 1072 m/in

sl A ' o o A& o A a 9 v A ' o ' '
“L!fnﬁ!ﬂﬁEl’lﬁ’iL!'JEJ@HWH'ﬁ%']ﬂﬁu’JE]WHﬁ1u“Hﬂ1EJ“] 7 LWI“L!‘VIW“L!’Jﬂlﬂllﬂﬂﬂsl‘b'q&;ﬁlﬂﬂﬂuﬂu?ﬂ AIDY NIV

4
~

1500 ft/h vzdewily m/s 18andail

1ft=3.048 x 10~ m uaz 1h = 3600 s Iag

1500 ft/h = 1500 (3.048 x 10~ m)/(3600 s)
= 1500 (3.048 x 1071 m)/ (3600 s)
=0.127 m/s

Tumsnldsuniireluaums Tasmsunuidregaslaoumitelugumsanils endredruiloldgasnlasu

v
miedmsuanuauleiin

3816.4

ln(pTOT,) = 18.30363 — m

annsoasuilumiisea’le gasmanlaowiu

Prom = 7.50062 x 1073

dtounu 1dihy

3816.44
227.02 + (T — 273.15)

In(7.50062 x 1073) + In pp, = 18.30363 —

3816.44
227.02 —273.15+ Ty

In(7.50062 x 1073) + In pp, = 18.30363 —

3816.44

= - _3 -
Inpp, = 18.30363 —In(7.50062 x 10~3) 227021 (T, — 273.15)

1@

3816.44

Inppy = 23.1964 — ——————
f1Ppa 4613 + Ty

=) a IS
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. v Y
Tunthees ld waaamsne Tuuuisiuuaaalsna ieanudnle 3.937x10' Tuiiifie 3.9370E+01 Aadl0d1991AM514

A4.2.1
1m = 3.2808 ft = 39.37 in

AT A4.2.1 @Alsznounnuen

m ft in

1 3.2808E+00 3.9370E+01
3.0480E-01 1 1.2000E+01
2.5400E-02 8.333E-02 1
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1 Y 1
1319 A4.22 dlszneunlasuniitevosiun

m km’ a ha acre mu (ﬁk)*] tan (}i)*2 tsubo (t?)*3
1 1.000E-06 1.000E-02 1.000E-04 2.4711E-04 1.5000E-03 1.0083E-03 3.0248E-01
1.000E+06 1 1.000E+04 1.000E+02 2.4711E+02 1.5000E+03 1.0083E+03 3.0248E+05
1.000E+02 1.000E-04 1 1.000E-02 2.4711E-02 1.5000E-01 1.0083E-01 3.0248E+01
1.000E+04 1.000E-02 1.000E+02 1 2.4711E+00 1.5000E+01 1.0083E+01 3.0248E+03
4.0468E+03 4.0468E-03 4.0468E+01 4.0468E-01 1 6.0702E+00 4.0805E+00 1.2241E+03
6.6667E+02 6.6667E-04 6.6667E+00 6.6667E-02 1.6474E-01 1 6.7222E-01 2.0165E+02
9.9174E+02 9.9174E-04 9.9174E+00 9.9174E-02 2.4507E-01 1.4876E+00 1 2.9998E+02

3.3060E+00 3.3060E-06 3.3060E-02 3.3060E-04 8.1694E-04 4.9590E-03 3.3335E-03 1

*1 189U

*2 ﬁﬁ?ﬂﬁjﬂu: 1 cho (H]) = 10 tan (%), 1 tan (&) = 10 se (i)

+3 dmSunsaitnauazih 1 tsubo 81430 1 bu ()
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131 A4.2.3 aailszneulasuniineuda

kg t short ton (tn) long ton (1.tn) 1b (pound) oz (ounce) Kan (& ,Japanese)
1 1.000E-03 1.1023E-03 9.8421E-04 2.2046E+00 3.5274E+01 2.6667E-01
1.000E+03 1 1.1023E+00 9.8421E-01 2.2046E+03 3.5274E+04 2.6667E+02
9.0719E+02 9.0719E-01 1 8.9286E-01 2.0000E+03 3.2000E+04 2.4192E+02
1.0160E+03 1.0160E+00 1.1200E+00 1 2.2400E+03 3.5840E+04 2.7095E+02
4.5359E-01 4.5359E-04 5.0000E-04 4.4643E-04 1 1.6000E+01 1.2096E-01
2.8349E-02 2.8349E-05 3.1250E-05 2.7902E-05 6.2500E-02 1 7.5600E-03
3.7500E+00 3.7500E-03 4.1336E-03 3.6907E-03 8.2672E+00 1.3228E+02 1
shot ton 1iluniiaoged  long ton 1lunitesengy
M3 Ad.2.4 Sdszneunlfeumielsings
m L ft US gallon UK gallon bbl koku (f)*1
1 1.0000E+03 3.5315E+01 2.6417E+02 2.1997E+02 6.2898E+00 5.5440E+03
1.0000E-03 1 3.5315E-02 2.6417E-01 2.1997E-01 6.2898E-03 5.5440E+00
2.8317E-02 2.8317E+01 1 7.4805E+00 6.2288E+00 1.7811E-01 1.5699E+02
3.7854E-03 3.7854E+00 1.3368E-01 1 8.3267E-01 2.3810E-02 2.0986E+01
4.5461E-03 4.5461E+00 1.6054E-01 1.2010E+00 1 2.8594E-02 2.5204E+01
1.5899E-01 1.5899E+02 5.6146E+00 4.2000E+01 3.4972E+01 1 8.8143E+02
1.8038E-04 1.8038E-01 6.3699E-03 4.7650E-02 3.9677E-02 1.1345E-03 1

*1 ¥U28Q1Ju: 1 koku (%) = 100 sho (7F)

4
=1

& a o a ' a a 3 o § a o ' 1 " W
*2 119059 UsmesmaesuielagldmitedSas «N” dSnastitlumesnaniizilnd (0°C, 1.013x10° Pa) $10619 A1 22.4 Nm® 91170 1 kmol

o v a o q Yq ¥ 4 qu '
#3 dmsvaasuuzin 1wy <L e lduanaiann < uag «1”
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A1519 A4.2.5 alsenevasuriignasau (1)

J kWh kcallT KcalJP kL oil equivalent t oil equivalent

1 2.7778E-07 2.3885E-04 2.3889E-04 2.5826E-11 2.3885E-11
3.6000E+06 1 8.5984E+02 8.6000E+02 9.2973E-05 8.5984E-05
4.1868E+03 1.1630E-03 1 1.0002E+00 1.0813E-07 1.0000E-07
4.1860E+03 1.1628E-03 9.9928E-01 1 1.0811E-07 9.9982E-08
3.8721E+10 1.0756E+04 9.2483E+06 9.2500E+06 1 9.2483E-01
4.1868E+10 1.1630E+04 1.0000E+07 1.0002E+07 1.0813E+00 1

Fd
*1 @UNINUAIED "TOE”

o a Aa 4 { @ { < @ a J 1
« mamunlszaninmuesnszuiums TasmwziiedssmsfSeuiisuanudounas i wasoulihuaowiundsnuguugiivamaasiioun Tagsms

4
=

i 4 i
Melszaninmudsnunadieiy Uszansnmldluiaglszasdifouanuuandudazlssne vietvuegiunsal lugiuly 1 kwh=9.42MI auudtszaniam

b

¥4
NEINUATIVY 1A 38.1% FMTUNIANEL 1971

A5 A4.2.6 drtlseneunasurulenasau

J Btu kgf m ft 1bf HP h

1 9.4782E-04 1.0197E-01 7.3750E-01 3.7417E-07
1.0551E+03 1 1.0759E+02 7.7810E+02 3.9477E-04
9.8066E+00 9.2948E-03 1 7.2324E+00 3.6693E-06
1.3559E+00 1.2852E-03 1.3827E-01 1 5.0734E-07
2.6726E+06 2.5331E+03 2.7253E+05 1.9710E+06 1

Btu €211910 HUI8QUNYNBINGH
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1519 A4.2.7 alszneunlasuriieanuau

Pa psi kgf/ em’ atm bar Torr
1 1.4499E-04 1.0194E-05 9.8697E-06 1.0000E-05 7.5010E-03
6.8971E+03 1 7.0307E-02 6.8073E-02 6.8971E-02 5.1735E+01
9.8100E+04 1.4223+01 1 9.6822E-01 9.8100E-01 7.3585E+02
1.0132E+05 1.4690E+01 1.0328E+00 1 1.0132E+00 7.6000E+02
1.0000E+05 1.4499E+01 1.0194E+00 9.8697E-01 1 7.5010E+02
1.3332E+02 1.9329E-02 1.3590E-03 1.3158E-03 1.3332E-03 1

1 dyd A . W R A o [l
*1 1 Torr = 1 mmHg wmﬂmﬂu%auﬂﬂa (Torricelli) mmaumim{;

v b4
*2 ifefuiedesedndmiuanuay gniuazing anuaugnitazanuiunIisnysudy A uaz G MU§Iy ANwaY

a

9
(NIIANINANNAUVITHINA AIUUANVAWNININANANVAUGNT 1 atm #AAIDEIUFY 5 atmG = 6 atmA

ANNAUIND
ANNAUGNT
ANUAUDIIENNA
101.325 kPa
— ANNAUGYYINA

1]
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AT A4.2.8 atlszneunlasuriieniag

W Metric horse power HP kegf m/s ft 1b/sec Kcal/sec
1 1.3596E-03 1.3410E-03 1.0197E-01 7.3756E-01 2.3885E-04
7.3550E+02 1 9.8630E-01 7.5000E+01 5.4248E+02 1.7567E-01
7.4571E+02 1.0139E+00 1 7.6042E+01 5.5001E+02 1.7811E-01
9.8066E+00 1.333E-02 1.3151E-02 1 7.2330E+00 2.3423E-03
1.3558E+00 1.8434E-03 1.8182E-03 1.3826E-01 1 3.2383E-04
4.1868E+03 5.6925E+00 5.6145E+00 4.2694E+02 3.0880E+03 1
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] 1 Hq Yy o dy
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o 1 o ] I
Tua1s (Molar): wiheea'lo 1 Tua1sveueaneasd (temuea) luaisazas 1 kg invaiu
A 3 = 9
Tua (MuUea)/ans (81582a18) VNATIVIULNUAIY “M”

1 1 I
Tutaa (Molal): viieea'le 1 Tuuaavedueanaaad luansazans 1 kg Inveiu

v
Tua (e uea)ynTansu (a15aza1s) VIATIVGULINUAIY “m”

¢ 7 a o \ - 7 o (o J 7
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1 ] I3 a I 1
wgH (Proof US): Hegluminegied nesidudlSinasiiuaoum

A

< o a o 3 < ¢ g 3 I a :
w3¥l (Proof british): ifumsIafianiuiin 100 nlefifudawuazueanssed 75.1 wesidudyuly odsinas w

v
A

. Y < ¢ < ! ¢
VoI ﬁﬂ (W/57.1) X 100 — 100 ﬂﬁﬂ ﬂ?1ﬂl%}ﬂ%}uﬂlﬂﬂllﬂﬂﬂﬂﬂﬂﬂ 75 Lﬂa%{wuﬁiuwmawgwunmlﬂuﬁuﬂ

U

A4.3.2 ANNYUIIMA

k4

Yy 9 4 A a = o = 7 [ I A 1 = 09;
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v

72 2o P 2 o 2 a o A A
Wesuarmin: wWesiyuaveuihmiiniiaia 1 nlansuvesaisazats Unulotu wt% 130 mass%

Y
% i

a J . A a = o I < d o < 1 Y a I ] 1
UINY (Brix): IdouRenulesiFumimmin ed1elsnam ldamnsaldusndg lunilsvesnnunuiuiu
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A4.4 QU

u

a ts ad a bt ' ° a '
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K2R TR = 1.8TK
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R 2K TK = (5/9) TR

R 2 °F TF = TR — 459.67
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1AUDTADN QANYAT 519 hvitinezaow [g/mol]

1 H laTasou 1.0079
2 He EIGIEY 4.0026
3 Li Aoy 6.941

4 Be STRETGELY 9.0122
5 B Tusou 10.811

6 C Msuou 12.0107
7 N TuTasiou 14.0067
8 0 ONFIIU 15.9994
9 F lgooiu 18.9984
10 Ne tioou 20.1797
11 Na Tasiaew 22.9897
12 Mg UUN LT 24.305

13 Al ogilition 26.9897
14 Si ¥a Inu 28.0855
15 P oavlesa 30.9738
16 S Falos 32.065
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GRRECGE YANYAIHN 519) Wminezaow [g/mol]
17 Cl AROIU 35.453
18 Ar 917nou 39.948
19 K Twunendeon 39.0983
20 Ca UABLT Y 40.078
21 Sc AUNUABY 44.9559
22 Ti Tnmidieon 47.867
23 \% MNUAY 50.9415
24 Cr Tasiiiey 51.9961
25 Mn e 54.938
26 Fe losou (man) 55.845
27 Co Tavoea 58.9332
28 Ni unna 58.6934
29 Cu avililos 63.546
30 Zn Faq (Fanzd) 65.39
31 Ga unatdey 69.723
32 Ge wosuiey 72.64
33 As 915 197in 74.9216
34 Se Ao 78.96
35 Br Tusiiu 79.904
36 Kr Astaou 83.8
37 Rb PRIGIEEY 85.4678
38 Sr anToURYY 87.62
39 Y giinion 88.9059
40 Zr wosneuiion 91.224
41 Nb TuTeriiowy 92.9064
42 Mo Tuaaiu 95.94
43 Tc AU 98
44 Ru PRUGIEY 101.07
45 Rh Ts¥iaeu 102.9055
46 Pd GG 106.42
47 Ag Fanes (13u) 107.8682
48 cd AL 112.411
49 In DUIAY 114.818
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50 Sn nu @yn) 118.71
51 Sb woud Tuil 121.76
52 Te magiae 127.6
53 I loTodu 126.9045
54 Xe FuoU 131.293
55 Cs FIF e 132.9055
56 Ba ITELY 137.327
57 La HaUNMUY 138.9055
58 Ce 300 140.116
59 Pr wauss lodtiiow 140.9077
60 Nd flelafioy 144.24
61 Pm Tnsiiey 145
62 Sm CRETRTETaRY 150.36
63 Eu g1a)ow 151.964
64 Gd unladriion 157.25
65 Tb mos Do 158.9253
66 Dy A Insigon 162.5
67 Ho goalioy 164.9303
68 Er rootoy 167.259
69 Tm NIGIEY 168.9324
70 Yb gimoriion 173.04
71 Lu qifioy 174.967
72 Hf aliiion 178.49
73 Ta UNUNMAN 180.9479
74 w NITaU 183.84
75 Re Sl 186.207
76 Os GRGIILY 190.23
77 Ir 1003 1AYN 192.217
78 Pt UWaANTIN 195.078
79 Au Tnda (no9) 196.9665
80 Hg W53 200.59
81 Tl GIGREL, 204.3833
82 Pb 1aa (mf%:]) 207.2

-261-

=) a IS
ANDAITHINIDLDLYY



£
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83 Bi taia 208.9804
84 Po Tnlawioy 209
85 At oM 210
86 Rn 15A0U 222
87 Fr w5 uFen 223
88 Ra 151983 226
89 Ac oaiiion 227
90 Th GIEEE 232.0381
91 Pa Tnsunaiion 231.0359
92 U g1 238.0289
93 Np i Tnidiow 237
94 Pu wg lauilon 244
95 Am NI I FHON 243
96 Cm BRIETY 247
97 Bk BIGEGIGIEY 247
98 cf unavesiion 251
99 Es Toud laufiow 252
100 Fm ooy 257
101 Md AR 258
102 No Tudidoy 259
103 Lr AT T 262
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1BNIUOA C,H,OH 1 -277.1 159.86 -173.9
mu C,H, g -83.8 229.60 -31.9
lNnau C2H4 g 52.5 219.56 68.4
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M3 veUNOU g -282.98 LOFAN LOFA 1 -874.3

oon lya
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Wosiin uodn -254.24 WNUea 1 -725.7
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