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Report Title A Preliminary Study of Partial Oxidation and Pyrolysis of Saw Dust in
Molten Salt Mixture of ZnCl, and KCI
By Miss Passarin ~ Jongvisuttisun
Miss Ladawan  Suwannarungsri
Miss Wanida Hoosen
Advisor Asst. Dr. Prakob Kitchaiya
Co-Advisor Mr. Boonchai  Chotiviriyavanich -
Report for Bachelor Degree of Chemical Engineering
Department of Chemical Engineering, Faculty of Engineering

King Mongkut’s Institute of Technology Ladkrabang

Abstract

This project is the preliminary study of molten salt mixture as a thermal energy storage.
The energy from partial oxidation of saw dust was stored in the molten salts and transferred to the
pyrolysis saw dust. The eutectic composition of KCI / ZnCl, salts is at the weight ratio of 51 : 49
that has the melting point of 430 ° C. Basic physical and chemical properties of reaction products
were studies. There were three phases of the products : solid, liquid and gas. Gas product
contained a gas mixture that has an acid component and component containing double-bonds
between carbon-atoms. Liquid product has organic acid component and component containing
double-bonds between carbon-atoms. Its colour is dark brown with boiling point in range of
105 - 110 ° C and the density of 1.1 g/cm3. It has the polar compositions that is soluble in water
and ethanol and insoluble in hexane. The solid left in the reaction was mixed in the eutectic salts
and look like charcoal. After separation of the charcoal from the eutectic salts by disslove the
salts in water and filtration, the filtrate was evaporated, and obtaining recovery of the eutectic

salts.
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Type Examples

Single (one cation + one anion) LiCl; NaNO,;K,CO,

Binary mixture (two cations + same anion) LiCl + KCI; Na,SO, + K,SO,
Termnary mixture (three cations + same anion) LiINO, + NaNQ, + KNO,
Quatemnary mixture (four cations + same anion) NaCl + KCI + MgCl, + CaCl,
Reciprocal (different anions and cations) LiNO, + NH,NO, + NH,Cl
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Power Metals/materials Chemicals
Solar/thermal: collection, |Extraction: refractory Fuels: cracking, catalysts
storage, transfer metals, actinides,lanthanides, transition,

and light metals

Nuclear: homogeneous Processing: heat Plastics: curing, etching,
reactors, reprocessing treatment, annealing, vulcanizing

quenching, cleaning,

cementation,

electroforming
Batteries: load leveling, Surface finishing: Pyrolysis: recycling,
traction, reserve anodizing scrap traeatment,
(military) plating hazardous materials

disposal

Fuel cells: power stations, [Joining: fluxes and slags Synthesis: organics,
autonomous units for welding, brazing,soldering, and gases

electroslag refining '

Composites: glasses, Special applications:

ceramics, slags liquid crystals, single-

crystal growing, matrix

Recycling
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Process

Operational

Projected

Metals extraction

Aluminum, beryllium, alkali metals,
alkaline earth metals, refractory

metal, transuranic elements

Transition metals,

lanthanides, noble metals

Metals purification

and recycling

Aluminum, beryllium, magnesium,

lanthandes, actinides

Alkali metals, alkaline
earth metals, noble metals,
transition metals, coinage

and white metals

Metals treatment

Anealing, quenching, cleaning
cemetration, welding, brazing,
soldering, electroslag refining and

welding

Metalliding, electroplating,
electroforming, anodizing,

leaching, partitioning

Nonmetals production

Fluorine, other halogenes, glasses and

ceramics

Carbon, silicon,
phosphorus, sulfer,

germmanium, semiconductors

Nonmetals/organics

processing

Fuel cracking, catalysis, organics
synthesis and modification, plastics
curing, etching, recycling rubber;
vulcanizing, waste disposal,

pyrolysis, gasification, gas scrubbing

Extension and expansion in

most areas

Power generation and

storage

Thermal energy storage,

batteries (reserve)

Heat transfer, fuel cells,
batteries (load-leveling and
traction), nuclear (fission
and fusion), solar energy

conversion (various routes)
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Physical Chemical/electrochemical
® High thermal conductivity ® Wide range of thermochemical stabiliy
® High thermal capacity ® Good solvents
® | ow density @ High reaction rates
® Moderate viscosity ® Good electrochemical stability
® Optically transparent (pure) @® | aw gas solubilities (except by chemical interactions)
® High electrical conductivity @ | ow dielectric constants
®  Mutual miscibility ® Adjustable acid-base properties
® High surface energy, good wetting|® Nonaqueous environment

with low contact angles ® Standard potentials depend on system and differ from
@ Newtonian fluids aqueous
® [ ow vapor pressure ® Corrosive

®

Hygroscopic
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Type Examples Typical characteristics

Simple ionic LiBr, NaCl, KF lonized, stable, high melting, low vapor
pressure, low density, low viscosity,

good solvent

Simple polyanionic LiNO,, Na,SO,,KCN, lonized, fairly stable, moderate on
metal caboxylates temperature and pressure, low density,

low viscosity, tendency to glass

formation
Network/polymer/glass |CaB,0,, Na,PO, Limited ionization dependent on
Be,SiO, Temperature and composition, stable,

high melting, very low vapor pressure,

dense, viscous, glassy

Molecular ICI, AlBr,, Hgl,, Limited dissociation depending on
picric acid, sodium temperature and pressure, limited
benzoate stability, low melting, high vapor

pressure

Aqueous/hydrated LiCIO, 3H,0 lonized, stable, very low melting, vapor
Na,S,0, 5H,0 pressure (H,0) dependent on
Ba(OH), +48%wt. H,0 temperature, pressure and atmosphere,

dense, viscous, supercooling tendency
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Ll

Material Tamperature Uses Limitations
range
Borosilicate glass <450 C Containment, insulator Devitrification, poor

seals to noble metals

PTFE (Teflon) <300C Containment, insulator, Opaque, low
fabrication tempeartures

Special glassasand {<700 C Containment, optics Cost, fabrication

silica problems

Oxide ceramics <1500 C Containment, insulator Fabrication restricted,

(AI203, Zr02, etc.) soluble in some melts

Refractories, minerals [Very high Containment, insulator Expensive, limited

(BN, SiC, pyrophyllite, ; fabrication, variable

diamond, etc.) composition

Noble and refractory |Various Containment, conductors, |Expensive, reactive or

metals furmace shields soluble in some melts

Vitreous carbon <1500 C Containment, conductors Fabrication restricted,

variable properties

accordind to source

Graphite/pyprolytic  {<1500 C Containment, conductors, |Porous/anisotropic,
graphite furnace shields unsuitable for

oxidizing conditions




11

2.5 Methaveamsilszgnalfiniovasumadl2]

o S| W < a d 4 a
2.5.1 mm56‘naaummmaﬂumnmﬂumsmumm%’eummm&amﬂmﬁawaﬂnszcm

I+ (Molten salt heat transfer — solar power tower)

iesnninfenaeummnrsadiudinatlunmstemanudouiigungiig
19 faiuie e undonaoumar ¥ lumswaa ihdondwaserfiadlae
qu'lﬂﬂwf‘:gmd'luﬂszmaﬁﬁgam?m"?;é"guﬂaﬂaﬁﬁa‘l%mﬁﬂwﬁmwinmﬁﬂ'lu
lasviuazinge lumsniuanudounnuasefiadive Tase: 19nszanadsieundoiad
Wllsmfufivesunas dendeldsunudoundrssihardeufindeiulllaem
I snhidaunsomanAounmudou (Heat exchanger) wordadiulorhdmuily
nyuluiamendadiunszua ifhde nszumsiEdeida Ao Miafidessdead

a a P v o @ Aa A
uerafiad lualSunaann & llmwnsath Tl gMnlsemanfigiiomeavunla

o ° a d' i T-PAI <
2.5.2 hasnasumaranusannlflunisnanlansiludiaiudsenevveuran

(Pyroprocessing of non-ferrous metals)

indenasumarasaiin g lumskda Tane i liddrulseneuveamanla
wu egivy Tnmidioy laenszurumskiaegitue: 1995usnegitiuesnainogiivn
o Qs é H 4 =~ H
(egiitiueenlad ALO,) dulWfhduiiunszuunsiliFedewasfundunonnuiige
daunszuaunseaa lnnuionezlunszurunsn W ldnszwea ldd lumsnaa
o’: a = A c‘/‘ ~ o aaa o ~
TJuapumsuan lvnuiiods Yuusnlnnudiousenledezinljisofuaneiuuay
@ ' a 7 2
mfveu @inlda il Taside) naredlu Tnmidleuaaszanelse (Ticl,) Fuilundoves
a A gy a ¢ v 4 q va N e R
Tnnudien We'ld lnmidlsumaszane lsaudrezdesmasume iiauuSgnsuniu
o’a‘ 9/ ° ° aaa 1Y S A A A @ d A d
nnvussasnh lahlfiseniu TnReursouuniiBonlunsyuaumssumesvse Taad
Y a @ SN a . .
(Hunter or Kroll process) v larannuaine Inmdieuailos (Titanium sponge) WaY
a s A A a o 2 P o o w
Tsfounanlss wie uuni@ouaanlss & lnmidlevmlostiazdiumsasduluns

waa Innmudloude 11



253 malsegndlfindenasuvarhusadiForn@a (Molten salt electrolytics — fuel

cell)

A Aa ¥ s 4 a P i & A
indevasumaltonldluigad Fomdsuiniigafemnaonduysunio
s a o A o & " aa A v a
asvons (eRsunsvenauazindemsvamadugsudiourse lddadeoy) Ineey
b 4
Hndenasumandiuasazaiwdfalnslan (Electrolyte) Tuadidomas dodouveq

A a ;d A @ 1 o’l’ o 9/ 3 G"’
INAFUAUAD NABUABULNANWNANT E)‘H‘U’ﬂﬁ‘ﬂz‘V]'llﬁﬂ'lf,jﬂ151ﬁf~3']uﬁu

U 1 d a U v a =
2.6 feehsveunalulatiniseandiatulasliinderasuirial (Molten salt oxidation

technology) [5], [6]

2.6.1 N13AIAVDUTE (Waste treatment)

ndevasumarr s llszend 15 lunszuaumsesndinduseadoiidu

amsouriod lavdnyaz vesnss uaumsdiudsgilii 2.1

CO,, H,0, N,, excess O,

Off-gas cleaning (If required)

Feed

=P Removed salt particles

Air =wpE
Salt and/or
material
Spent salt
recovery
disposal 2
option

(If no recovery)

51l 2.1 nszanunshidavedslasldindenasuman(s)
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2.6.2 Coal gasification
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v v b4 v

regiigungiilszan 900 — 1,000 wwmFen NgunglithndeesfmiAdiudiss
dfasowazifudrnarlumshemanudou dedwrurmudnlddtulfnsalezuan
9 1 < Y a o Jc;ﬂ 4 &L a o I J (K
faeesas e Iwdasuaindume  ediuilseneuvesndaiuaiss iuagiuan

o o
AUAIU



14

v [ a [ o a 9/
" f1an1irvednsyuIunIsegiinIuauussonianaaiuain 14 eziilu
A o ol
msveuweuenlwduazinele Tasiugeeunsoth U1 lugdveshwdunsizd 18
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Tngininszurunisiieginnuduussernis wu Smu dudu

2.7 s::‘u‘uqmnﬁn (Eutectic system) [7]

a

szuugNNAn Ao suuilingmieds 2 sdawauiuludasidiuan q shligungl

Qv
'

o Q’Q’: o ot e M
ﬁaﬂummaﬂmmnqmﬂgunaeummﬂnmmmaﬂ?amsmqmuuq dmiudasidund

AY0RUIMAIAINGARENI AYNAAN (Butectic point)

gamgll °C

400
A
300[ YBIHA2 B
200
€

100{— YD A+B

0
A 100 AaaIuNay 0
B 0 100

3 2.2 AednumunaugavBIITILEMAAN[T]

a 3 y aQ 4 A A \
vaurunmesueldail  quuglivasumalvesmisizannsiiolidnsguilinaueg

bed T v b4
Wuvpamandesie @y Ae uay Be wnuiuiige e d9Sondn gagmnan figaiiewdl
guvpivasumMaINMNgaYeIzIy  MsHauNYRgmnAnlguauliAmiousgIems

a b P a A
VSN IUATHIZHaDUMAINIgUNTIAIN
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2.8 ndeuargmaAnd M uguMaiifn g 450 esraiTe [8]

indeunzgmnAniitiganaeuaIdIni 450 eernwaiFud wozduSaniiimsdou
wlaarladmiumsiundenumudoudidel  nfelumsn wazlulasy)  leasenlud
aanlsd uazgen’lsa

Taot lnae sdfigavaoummgenh 450 ssrmuwaiden udindegmnAniifiganasy
mandfimnzavaunsaldifutaafuanudeuld  18insAnuifieafudutaoelsd ©
gAvaoumMal 318 svnwaded wazlinnwiouvesnisnasuman 180 nlagaden laniuy
Fafaae lsanasumalnedul ulasesearouaziinnunidauiafundiesiunld
UszTenl1d urdernaelsduns Idndounae lsaraufuthundogmnfniiaunsothunld
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UIAVIMN

3.1 438720 (Biomass) [9], [10]

a < z.g a A 9 Y A A oA P2y p=1 o
YN MaNede Womdei ldnnau limsedsliada Tuuiadnnmesindenuagey
' < wmy A qy99 Ll a < = d °
aguazenusnaseenunldla weldidileldiedy ereluimanuiaminmannsoi
$4
ndumn 1918 nal fail
4 s v :’ P=3 9 o/ 4
asveulasenleditiogluvssomeuaz luthezgaas 1l ldlunssuaumsdane v
4 a o S &L g ' = @ a o
ueraeraadiums lulawsa Sohain) danezeglugiueaiadinin wienuaeIhag
A o 4 -~ s o ISy A
sufusinlfinansdunseduagann B luiuszmivesdnssadwyeswndinmaus
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oimszgnas llsaufumsusuluwaadinmesnuduasueulasen leduasih nszuiu
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msnanuatiz NGy Inidanilaesmsvoulasenlaaszgnir i ldadwuiadinming
é’ 9/ A a [ I'd o o [ a = 1 9/ ~
i udadefamsdunseiumemiuoufsznduoenuInnuIadanmisnd 12 ldundanm
k4 1
FuFomdsmimduunldinild
Wesnnuaadanmiuninensidianumaiavaoveuniivagdag wiadanmiuiiy
a ‘d o < v é a L]
Fuinfianudfgedunisvesmsugis lanmsizuaadnmasadunldils: leanlld
1 v o o s < o = o
sgnenanvane lheedunminmidluems Wule niewdaiug  wazuiaFinmés

¥ ] 4
msaldlse Teniluglesandenu IihuazidemdTasusndanmausonlfouihude

maela lngedenszuaunITA e
3.2 aauisznevvslarInnlaulszana
- Lignin 25 %

- Carbohydrates or sugar 70 % (Celloluse and hemi-celloluse)

- Extractive 5 % (Smaller molecular fragment)
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33 metsvestSinamsiiuatimnlflFlugdwasamu (9]

wasusnuai 15 luanisewiminnaamamzindlssana 942 quads* a9
o o 4o o v 4 s o de o e
7.1 quad Minsnuadundsuithaduinldlmi delSunavesndsnumbnduun i lnid
1N 3 quadlddmiuidnefouns Idundsemlunszuaumsgeamnssy wisaunld
¥
dmTumsmiavezuaziyomdsdmSumnuzansad lduinnumadinm  wadnnd
a c§ v a o o 9/ [ aQ 1 Y a d'
nanvaerindwdazaiangminnlfifundenlulSuadieng i faaalugili 3.

* (1 quad = 10,000,000,000,000,000 BTU)

Agriculture

Forest and Paper Products

31 3.1 me lmdsaunnuaadanmluanigensmiol

ualuanuduesawds mslduadinwdluduitouwinms 1¥masssuna diseain

L Y

k4 ] 14 (]
msldmasssumaiuse IFtuguédnd suFemdahunaiwasianuuiveu yaand Aoy

45680
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P=1 < v @ 4 v Y] A 0 ] d'o @
vosnaTminoselumstszniaseensdamstuaunedey @y ludsensndmsy

<
tNUNIN

3.4 NAINUN 1A INIIANINN

o @ l £ A o v 4
g mEiuniwensegerilananusothuunszuaums ldnaiegnie e ld

a @ o L)
ﬂﬂﬂNWLﬂuNﬁﬂﬂmcﬂﬂNﬂ (BU

o mmsmﬂ?musﬂummuaa

- Wldenludwe lvdadundsnuanudounaznszua twih

- wielflfnsoimsiidinadiufie (Gasification) sz@udsvhlviAadiumes

o o 3 a c: v A o
Funs1eH (Syn-gas) udwh IdiduFomdshazen wu wnuea uazduq Aggl

3.2

Biomass

Production

Forestry

- thining

- residues
Agriculture

- grain

- straws

= manures

- energy wood

- oil plants

Trade & Industry

faN

- sawn industry residue

- wood industry residue

- used wood

- organic residue

Biomass

Processing

Mechanical

= chipping

- cleavimg

- pelleting

- briquetting
- pressing
Thermal and / or

chemical
- drying
- gasification

- pyrolysis

- esterification

Biological

N

- alcohol fementation

- methane

Biomass

Fuels

Solid Fuels

- pellets

- charcoal
Gaseous Fuels
- biogas

~ wood gas
- hydrogen
Liquid Fuels

5 ethanol

- methanol

=

- Fischer-Tropsch liquids

- oil from plants

- oil from pyrolysis

- esters

51 3.2 waadwaiaen i ldnnuradanmio]

Biomass

Conversion

Heat

= single stove

- central heating

= heating plant

Electricity & Heat

- steam turbine

- gas turbine

CHP plant with

- steam & gas turbine

- Stiring engine

- combustion engine

- fuel cell
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Tnlslada
4.1 M3Inlslada (Pyrolysis) [11]

flunszuunsuanameTuenavesdisdunsd wu  Ulas@en (Petroleum) 170%2
am Faenrderlugnnziivswnneondion Tusasgamalisznin 200 — 600 s
wadee Tnnuduussma wanfusiR IdnnU§Rsedinwend veunaunzfy Tag
i limaasaeiiduvewdees1dus  dnld (Charcoa) daufifiuveamarszalsznoudan
dsazawiiazaeiIdGonin nsalwlsandion (Pyroligneous acid) (T4 WnIusa 0%
Tau  nsnozedn dudu Sudndliazmedh gy dsudy (Tar) Haze¥UEADY (Pitch)
dmiunaasuaiidufme 18us Mansueulaoenlyd Mamsueuveuenlyd Mafimu

2] (4] o )
MalaTasuuas e TuTasou ausuluusunw

n s laga
Y
Yo Senh vouml Gond finay
8115 (Charcoal) nialnlsdniiod famsueuneusn lod
(P-"’mli%“eous acid) farlalasau
n30111U (Oil)

51 4.1 waduainnms nlslegari2]
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a a xg A' a a N
Smnnszuaums nls ladeiadufigamgiiqets 1000 erwamsanseannni

a o Jd v v o o n‘; =2 ) 9/ a o o 9
wansuaidingenduie  FafiRsermsahmnidfiunszuumsnaatadaunsizvld
& o o o % 4 & o a A o v
Falsznovdas  Malalasouduiaasusuveusnled  demayiatiomwsatinls

a ng 9/ o o SO g a g a Y
‘]_I‘SZIﬂ‘iful‘ﬂuﬁ'l'iﬂﬁﬁuiuﬂ‘liﬁdlﬂiw‘Hﬂ'likﬂi]ﬂ"l\i q FIUTNAINAALTDINAIUHIDINIEY

BIOMASS + AIR

— 5 PRODUCT GASES

MOLTEN SALT

—» MELT SIDESTREAM

FOR ASH REMOVAL
g1t 4.2 mndaimdansizd lasastiendh (Feedstock) fip waanm uagameslunses

Ufnsalusspnionasumaigungil 1224 essuaaiufll]
[y d'cl U a o d
4.2 o deninansNannam
4.2.1 Bdﬁﬂizﬂﬂﬂﬂlmgfﬂqau (Compoeosition of the raw material)
o s = 1 K a df P [ a 9
peRlsznovvesingAvansotsdequantaloduvedinganld  laeszy

Slusasrdiuveslalasoudemsveu  wilavesingauntleugnszuaums Inlslade

Suilaeddiaficunsovendamaifinais loszme (Volatile matter) 1A



21

4.2.2 gamgiveanyInlslada (Pyrolysis temperature)

Ed
gangluems Inls lagaszlinadenalsunazesdlsznouvesans loszime
pgugy Waiimsiarwdeusd1edn q unauiu Nguvgil 350 — 400 perwaITye
a1 leszmamuiuedsiasy  TilSnanniganigungivseana 450 oeen
) ¥
waioaias sxfilsuuaansedesanSudiogungiinani 500 eenwaien saiu
v 9 v [}

Tudiosduszutiens InTsladaeondiu 3 duaou duf 1 lusregamail 100- 300
) 24 a a v d v g Jd : q’/‘ =
perniaiior Maidurdasusdiduingfiueen lodvesmsueunaniy dun 2 wwld

2 ' A o S v a o
asloszmeny 3 lu 4 dwvesas leszmenies Idviavue  uazdugaiozifame
1 l‘é d' 1 T o ‘:‘ 1 a d‘
lalaswududiulngsailumei iasmiu - dalugaf 43 uassnavessuiug

e liigungiia 9

Differential mass loss

| |
T T 1

-+

300 350 400 450 500 550

Tcmperalure,oc
4' aQ 3 a o oS 3 P ar
Jin 43 sumanaamsiufinie 1y (Differential mass Toss) NYUNHUAI[13]
4.2.3 9A5IN31HN 130U (Heating rate)
a g 9 ~ ] Q’II a o 1
ga3INs IanuieuzinadeilSunauazesdilsznovvesms losemy 15y

=1 q' R a ] =1 o a 1 d'
SrnimsmuanudouliufauiuedesiaEa e liinaas losemounnig

o o ~ e 1 g Qs {
Uszanans 3 dwSuantowdanmsidanudoudn 52 vSed Jusgiuszeznad
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Flunsianudoundiagavautegungiigaievesns nlslega (T, )dnnvie
YesniszeznanlFlumsignse Inls lade (T,)
T, >> T, uaasihiioasimsldanuioudn

T AW 5]
T, << T, uaasniisasimsivanuiouss
4.2.4 YHAVYDIBYNIA (Particle size)
P L) 1 a o a P v o dos
yuinveseymaiioninaneranaail lannsnls ladauasianuduiuiiy
Y 9/ 9 e o = e o 9
gasimsldaudoudas  lunsditvinaveseymealivunalugind  dasimsliany
v . b4
Zouszdunzgungiimaoidini duiueeldms leszmelSinanisend

4.2.5 ANNAY (Pressure)

l T + 4
ufimanineiezlimaemanaasloszme  Weanuaugavuezanysina

wawaan 14

43 M35 laBaoe1957a13 (Fast pyrolysis) [14]

dy a 3 { a = v
aszuauMsiiiiaduiigamgiige uadaamezgalianudousdiesiagalag

Usenneandeu waatusa ldnnmsaaisda lasdulngdiule azessvounaduazay

Y o ' U @ ] ) 242 9 At ¥ 9
1 MdenrIuMsNaua? (Condensation) 2 ldveamanfihmauniains Manusou
k Vg al el o P 4 4 2w pE v
(Heating value) i1 )NUATINUIYDIUUULIFBINGY '1ufum:‘nmm1ﬁﬂumﬂuﬂﬁmsNaﬁmuh

9«
TaomsIndsladauds  mslnlsladaeiesadafide 185unsauguediedeeldnles

IBUARAKAR (Yield) ¥BUBUnaIq

4.3.1 andarvaInszuIums nls ladaedrasias?

] 3
dnuazidauesnszuaumsil ldun
- fgasmsldanufounazdasimsaremanudougs Jehnmstleuniad

AMATVUIAEN
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] = a a aaa a v A v
- Fesinnnuguaamaiinsmelfisonnls legaduedd egiidszua
500 DIFIBAITE
- msldanuEy (Coding) pd1sInEuA lofafivannms Inlslogae 14
naasuaiduly lessud (Bio-oil)
a o d o g4 ¢ & a o d a o R A a [ :y
nanfuauannae Julosssd dellnloswudnaainaite 30 % WeMvunumsAsAuU

! 24 J 8/ ° L3 a [
dumauazaw e gmindunidlunszuaumsdn dsgy)

PP

-

¥ \ V4
Y4 b

P
4

e
R L

| Buidising gas ?‘ .

Gasrecyele W -

51l 4.4 nsvvaumsintsladaedasas muungdladiun (Fluidize bed) [14]

Tasseravosdalnsaiffionldfumnniiqafenuurige ladiua esnnie
v
femsfidnunazamsvnosua (Scale-up) lunszuaunmsdesdiduneumseuu
33 . v
(Drying) Wumadnmilanusudnd 10 % iemugulindadsusivesnainlal
a o’ (K A a A E [~ a
Ysuanhegiesiiga vazauiaveswradmnmidewdrlufnrslvunalssinu
A d' < d' o c:l * aaa a 4 1
2 lulnswas Fazdoadunneidndsmengiliiuleld U§iseunainldeds

d
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43.2 vouran laonms nlslada (Pyrolysis liquid)

v ) Y .

vounan laonms nls ladadusasSon ldnaevodud vaavanlann

ms3nlslaga Pyrolysis oil Bio-oil Bio-crude-oil Bio-fuel-oil Wood liquid Wood oil
! . ; : o ©

Liquid smoke Wood distillates Pyroligneous tar Pyroligneous acid 4% Liquid wood %4

4' 9 a dy 9 9 P= 1 Y v 9/ oy o -:3,
vouran laonms nls lagailes Iaanudoulnd@estuaanuionveuiniuge

a A v Q'I c{ a
WA (Uszanm 16-18 MI/Ke) Fadnuae Iaen ldvesvesmarn ldnnms Inlslagea
9 '] v

weiidnuazdussanaraunsalunuramasileni i ldvarvedagu 1dlundedu
v ’
111 (Boiler) f19%iu (Turbine) 14 Insdnvauznemenwyesveamadn lannms ulsla

1 v
et azuaas 13 luansneh 4.1 Al

M9197 4.1 SANAENNMeNNIBWBIMaln laanns Inls lase [14]

Physical properties - Typical value
Moisture content 15-30%
pH s 205
Specific gravity 1.20
Elemental analysis drybasis C 56.4%
H 6.2%

0 (by difference) : 37.3%

N 0.1%

Ash 0.1%

HHV as produced (depends on moisture ) 16-19 MJ/Kg
Viscosity (at 40 °c and 25% water ) 40-100 cp
Solid (char) 0.5%
Max 50% as liquid

Distillator

1 ] v
AN 4.1 IWTDRT AN YD vouradn laonns nls lada 1aasdl

degeades
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1.4
a Ay ¥ al e < ' o ¥ A P Hq v &
Fvpsvoaradn iannms Inls laFaiusziuediumsaiunsouinsinmily i
a 9 a dd&’ 10 : 9/ : &K 4A
voamari1denmslnls lada erveeiidaud a1 thmadu hetauas  1uaubedes
. ¥
S uedauninudveamanilaeinms 1nls laSa Taeelitiheady
2. nay
Ay P R~ e s i & o
wpamaan 1danns s lagdan lasziinauadionunsa Fevoumadtiszilsznew
9 9/ a & da’: [ A S ] I's P= ) o
Srvansiszneuiiudeg sia Felaeaemsiiualuagad @y Wesuad lan nsnes
aan X d‘d P=1 9/ o d' a 9
Fan lalouds ensysznoviitivia luanageuazll lnseasavesnusenyuwou
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a wn 1 A o
AN N.1 AUTUUAAN €| vaunaelvlunmsnaaes [31

5o MW | mp(c) | bp(’ ) Cp Hiatmp | Pp=a-[bx 10°]T ( gm/em’)
(cal/deg mole)|(kcal/mole) a bx 10’ Rang (K)
KCl | 7456 | 772 1407 16.0 6.34 2.1359 | 0.5831 | 1050-1220
CuCl, |134.44| 498 B 23.6 > - = -
MgCl, | 95.22 714 1418 22.0 10.3 1.976 0.302 | 1000-1240
ZnCl, |136.28| 286 732 24.1 245 2.69 0.512 723-910
19 0.2 AUANTAMSC Maamﬁagmnﬁnmﬂumsnﬂam (1]
5o mp(’c) | AH'M Ps Cp(s) Cp() s
(kg | ke/)) | (kI/Kkg) | (kI/Kkg) | (MI/m)
KCl-ZnCl, 430 218 241 0.67 0.88 530
(51-49)
KCI-MgCl,| 435 351 2.1 0.79 0.96 740
(67-33)
MW w3alumna
mp  ANADNIMAY
bp  qaLADA
Cp  mamnuganuiou
arwdeulumsvaouman
p AMUHULIY

a 9 .q' < 1 1 ) [
S ‘]Ji3J'lﬂ.!ﬂ’ﬂll'i@uﬂgﬂlﬂu%ﬂﬁﬂ')ﬂﬂ‘i‘)ﬂﬁ‘i‘ljﬂQ’Jﬂﬂ




MANUHIN Y

Safety data sheet (ZnCL) [15] MERCK

1.

Identification of the substance/preparation and of the company/undertaking
Identification of the product

Product name: Zinc chloride technical grade

Composition/information on ingredients
M: 136.28 g/mol
Molecular formular (Hill):  Cl,Zn

Molecular formular (struc.): ZnCi,

Hazards identification
Causes burns. Very toxic to aquatic oganisms, may cause long-term adverse effects in the

aquatic environment.

First aid measures

After inhalation: fresh air. Summon doctor.

After skin contact: wash off with plenty of water. Dab with polyethylene glycol 400.
Immediately remove contaminated clothing.

After eye contact: rinse out with plenty of water for at least 10 minutes with the eyelid held
wide open. Immediately summon eye specialist.

After swallowing: make victim drink plenty of water (if necessary several litres), avoid

vomiting (risk of perforation!). Immediately summon doctor. Do not attempt to neutralize.

Fire-fighting measures
Suitable extinguishing media:

In adaption to materials stored in the immediate neighbourhood.
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Special risks:

Non-combustible. Ambient fire may hazardous vapours. The following may develop in event
of fire: hydrochloric acid.

Special protective equipment for fire fighting:

Do not stay in dangerous zone without suitable chemical protection clothing and self-
contained breathing apparatus.

Other information:

Contain escaping vapours with water. Prevant fire-fighting water from entering surface water

or groundwater.

Accidental release measures

Person-related precautionary measures:

Avoid generation of dusts; do not inhale dusts. Avoid substance contact.
Environmental-protection measures:

Do not allow to enter sewerage sywstem.

Procedures for cleaning/absorpt ion:

Take up dry. Forward for disposal. Clean up affected area. Avoid generation of dusts.

Handling and storage
Handling:

No further requirments.
Storage:

Tightly closed. Dry. In a well-ventilated place. At +15°C to + 25°C.

Exposure controls/personal protection

Personal protective equipment:

Protective clothing should be selected specifically for the working place, depending on
concectration and quantity of the hazardous substances handle. The resistance of the
protective clothing to chemicals should be ascertained with the respective supplier.

Respiratory protection: required when dusts are generated.
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Eye protection: required

Hand protection: required

Industrial hygiene:

Immediately change contaminated clothing. Apply skin-protective barrier cream. Wash hands

and face after working with substance.

Physical and chemical preperties

Form: solid
Colour: white
Odour: Odourless

pH value at 100 g/1 H,0 20°C) =5

Melting point 283°C
Boiling point "%, W,
Ignition temperature not available
Flash point not available
Explosion limits ~ lower not available
upper not available

Density (25°C) 291 g/fem’
Bulk density 1400 — 1800 kg/m’
Solubility in

water (25°C) 4320 g/l

ethanol (20°C) soluble

. Stability and reactivity
Conditions to be avoided
no information available
Substances to be avoided
no information available
Hazardous decimposition products

in the event of fire: See chapter 5.
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13.
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Texicological infermation

Acute toxicity

LD, (oral, rat): 350 mg/kg.

Further toxicological information

When dusts are generated: Damage of: respiratory tract. Inhalation may lead to the
information of oedemas in the respiratory tract.

After contact with substance: Burn of’ eyes, skin, mucous membrane.

After swallowing: irritations of mucous membranes in the mouth, pharynx, oesophagus and
gastrointestinal tract. Pain, vomiting, diarrhoea.

After uptake of large quantities: drop in blood pressure, cardiovascular disorders, collapse.
Further data

The product should be handled with the care usual when dealing with chemicals.

Ecological information

Ecotoxic effects:

Biological effects: Highly toxic for aquatic organisms. May cause long-term adverse effects
in the aquatic environment. Hazard for drinking water supplies.

Fish toxicity: L.macrochirus LC,,: 3.3 mg/l/96h;

The literature data available to us do not conform with the labelling prescribed by the EC.
The EC has dossiers which have not been published.

Further ecologic data:

Do not allow to enter waters, waste water, or soil.

Disposal considerations

Product:

There are no uniform EC regulations for the disposal of chemicals or residues. Chemical
residues generally count as special waste. The disposal of latter is regulated in the EC
member countries through correspoding laws and regulations. We recommend that you
contact either the authorities incharge or approved waste disposal companies which will

advise you on how to dispose of special waste.
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15.

Packaging:

56

Disposal in compliance with official regulations. Handle contaminated packaging in the same

way as the substance itself. If not officially specified differently, non-contaminated

packaging may be treated like household waste or recycle.

Transport information

Land transport
Classification
Name

River transport
Classification

Sea transport

Classification
Ems
MFAG
Name

Air transport
Classification

Name

GGVS, GGVE, ADR, RID

8/l1c

2331 ZINKCHLORIDE, WASSERFREI
AND, ADNR

not tested

IMDG, GGVSee

8/UN 2331/PG 111

8-06

145

ZINC CHLORIDE, ANHYDROUS
ICAO.IATA

8/UN 2331/PG III

ZINC CHLORIDE, ANHYDROUS

The transport regulations are cited according to international regulations and in the form

applicable in Germany (GGVS/GGVE). Possible national deviations in other countries are

not considered.

Regulatory infermation

Labelling according to EC Directives

Symbol:

R-phrases:

C Corrosive
N Dangerous for the environment
34-50/53 Causes burns. Very toxic to aquatic organisms,

may cause long-term adverse effects in the

aquatic environment.
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EC-No.: 231-592-0 EC label

Other information
Reason for alteration
Change in labelling.
General update.
Regional representation:

This information is given on the authorised Safety Data Sheet for your country.
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Safety data sheet (KCl) [15] MERCK

Identification of the substance/preparation and of the company/undertaking
Identification of the product

Name : Potassium chloride

Composition/information on ingredients
Molar mass : 74.55

Molecular formular : CIK

Hazards identification

No hazardous product as specified in Directive 67/548/EEC.

First aid measures :

After inhalation : fresh air.

After skin contact : wash off with plenty of water. Remove contaminated clothing.

After eye contact : rinse out with plenty of water.If pain persists,summon eye specialist.
After swallowing : make the victim drink plenty of water, induce vomiting. Sommon doctor

if feeling unwell.

Fire-fighting measures :

Suitable extinguishing media :

In adaption to materials stored in the immediate neighbourhood.

Special risks :

Non-combustible. Ambient fire may liberate hazardous vapours. The following may develop
in event of fire ; hydrochloric acid.

Special protective equipment for fire fighting :

Do not stay in dangerous zone without self-contained breathing apparatus.

Other information :

Prevent fire-fighting water from entering surface water or groundwater.
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Accidental release measures
Person-related precautionary measures:
Avoid generation of dust ; do not inhale dust.
Procedures for cleaning / absorption:

Take up dry. Forward for disposal. Clean up affected area.

Handling and storage
Handling :

No further requirements.
Storage :

Tightly closed. At +15 °C to +25 'C. The data apply to the entire pack.

Exposure controls / personal protection

Personal protective equipment :

Protection clothing should be selected specifically for the working place, depending on
concentration and quantity of the hazardous substances handled. The resistance of the

protective clothing to chemicals should be as certained with the respective supplier.

Respiration protection : required when dusts are generated.
Eye protection : required

Hand protection : required

Industrial hygine :

Wash hands after working with substance.

Physical and chemical properties

Form : solid

Colour : white

Odour : odourless

pH value : at 50 g/l H,O0 (20°C) 5.5-8.5
Melting point : 773 b o)
Boiling point : 1413 °C
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Sublimation point : 1500 C
Ignition temperature : not available
Flash point : not available
Explosion limits :  lower not available
upper not available
Density : (20°C) 198  g/em’
Bulk density : ~1000 kg/m’
Solubility in : water (20°C) 330 g/
ethanol (20 °C) almost insoluble
ether  (20°C) insoluble

Stability and reactivity :
Conditions to be avoided :

no information available
Substances to be avoided :

no information available

Hazardous decomposition products :

in the event of fire : See chapter 5.

Toxicological information

Acute toxicity

LD,, (oral rat) : 2600 mg/kg.

Specific symptoms in animal studies :

Eye irritation test (rabbit) : Slight irritation.
Further toxicological information :

After eye contact : Slight irritations.
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After swallowing of large amounts : cardiac dysrhythmia, cardiovascular failure.
Further data : However, when the product is handled appropriately, hazardous effects are

unlikely to occur.
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12. Ecolegical information

13.

14.

15.

Ecotoxic effects :

Quantitative data on the ecological effect of this product are not available.

Further ecologic data :

No ecological problems are to be expected when the product is handled and used with due

care and attention.

Disposal considerations

Product :

There are no uniform EC Regulation for the disposal of chemicals or residues. Chemical
residues generally count as special waste. The disposal of the latter is regulated in the EC
member countries through corresponding laws and regulations. We recommended that you
contact either the authorities in charge or approved waste disposal componies which will
advise you on how to dispose of special waste.

Packaging :

Disposal in compliance with official regulations. Handle contaminated packaging in the same

ways the substance itself. If not officially specified differently, non-contaminated packaging

may be treated like household waste or recycled.

Transport information

Not subject to transport regulations.

Other information
Reason for alteration :

Chang in the chapter on toxicology. Change / addition in the chapter 5.General update.
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M A1 QUANTANIIN AN YIN A qluaeTuzveaal [16]

Foos gaslassadie | gadea ( C) | anumuuiu(gem’)
NINBLTAN CH,COOH 118.2 1.049
U C H, 80.10 0.879
1o Tnaenasu CH,, 80.7 -
PNABLHIAR CH,0, 77.0 -
PNUBA C,H,0H 78.0 0.789
3-19710 1BNIHY €. 118.5 -
nsanesun CH,0, 100.5 -
uasusaelinu CH,, 98.43 -
ussuDALENIIY CH,, 68.74 -
AaLeaNsana CH,0H 64.7 0.791
whawenan lay CH,0 782 -
UDSUDADBNINY CH,, 125.5 -
Ingou C,H, 110.62 0.703




M99 A2 aandRvesMaiigamgll 27 ssruwaden A2INAY 1 Us5NNA[L0]

Foers gaslasead | anunuuiukegm’)
fnu CH, 0.650
amfuouuouenlyd Co 1.137
mfuoulavenlyd co. 1.787
SIBNaU C,H, 1.056
Ay CH, 1.137
BINu C,H, 1.219
Tnswu C,H, 1.787
Talasiou H, 0.081
DONTLIY 0, 1.300
Tulasiou N, 1.137
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mannnammaiunsaiBmaununsnazdan

° A o a s ¥ ¥
NI %"lu’luIua‘uﬂQﬂiﬂluﬂi'ﬂWﬁﬁﬂ‘U'd'ﬁaﬁa’]ﬂi"mﬂ U’Jiaﬂiﬂﬂ‘l“ﬁﬂﬂ'numluﬂlu 0.1

Twans
15uasvesasazanelydon leasen laa 9.3 Uanaas
Sasuveasazalenlngg 10 dagaas
90 NV, = NV,

Tas N, fio awdudusesasazae lsnonlansonlad
v, fie Usmasvesmsazasls@onlaasonlas
N, fiv anuduiuresmszaroiieds

V, A9 U511R5909m3za10A20619

N, = (0.1x9.3)/10
= 0093 Tuas

A o v dy a o [ : a aa ]
Faensazatedlsetiuannaaduyusuvad 1 asului 20 Faddas w'ldn
luasazaigaiedny 1000 daaaas UiSuawesnsa 0,093 ua

9/ a Aaa a a -3
1 luaisazane 20 danans wllsuwveensa 1.86x10° lTua

foudunsaezagan laniwaalumnavesnsaezdanngulidiudauniy
Wi luenavesnsavsdn 60 niude lua

wld Sinmvesnsa 1.86x 10 °x60 = 11.16 x10” ASN CH,COOH

uaaedl 1 nSuvesndadusiveamaalilsiunse 1116 x10° n¥u CH,COOH

b 4
Ay 100 niuveswdadusvewradliUFinansa 11.16 nSy CH,COOH





