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Abstract

Educational system designed to produce Biogas from food
waste. By comparing the quality of pigeon dung. And the value of the pig was used as the
catalyst. In anaerobic conditions. Purpose was to compare the quality. And the amount of gas
from the two types of catalyst used and the process of building a compost bin for households in
the city. Which places the living repository of materials Rajamangala University of Technology
PhraNakhon. Bangkok campus as a place of experimentation. The fermentation process is used
for the same condition is temperature materials and processes in each trial, which takes a total
of 60 days, separated by a period of preparation. During the experiment. And at the conclusion of
the experiment. The 10-day period of preparation for the trial and during the 40 days of the
conclusion of the 10-day trial that the mixed infection. And rubbish food for 10 days to wait for
an extended amount of infected nodes Jane Mehta. The index values are measured. System
including temperature fermentation - acid alkaline VOCs. Hydrogen sulfide, oxygen, carbon
monoxide and methane gas in the range 12.00 pm - 13.00 pm every day for 30 days

The result was the conclusion that Swine manure
fermentation properties of methane higher than the pigeons in 3: 1, can be seen
from the measurement equipment and systems. The odor is caused by the pigeons
is very low and almost no odor. When compared to the after-fermentation of swine

manure to 19 days, while the smell of fermentation of swine manure odor remains



()

disturbed. And the quality of the fire pig is still a better value quality Ignition dove by
observing the color of the flame.

Keywords : Food waste, biogas, fermenter
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http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B3%E0%B8%A1%E0%B8%B0%E0%B8%96%E0%B8%B1%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%81%E0%B9%8A%E0%B8%AA
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%9A%E0%B8%84%E0%B8%97%E0%B8%B5%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2
http://th.wikipedia.org/w/index.php?title=%E0%B8%8B%E0%B8%B1%E0%B8%A5%E0%B9%84%E0%B8%9F%E0%B8%95%E0%B9%8C&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%A2%E0%B9%88%E0%B8%AD%E0%B8%A2%E0%B8%AA%E0%B8%A5%E0%B8%B2%E0%B8%A2%E0%B9%81%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%A1%E0%B9%88%E0%B9%83%E0%B8%8A%E0%B9%89%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%95%E0%B8%B2%E0%B8%A3%E0%B8%B2%E0%B8%87%E0%B8%98%E0%B8%B2%E0%B8%95%E0%B8%B8
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%A5%E0%B8%82%E0%B8%AD%E0%B8%B0%E0%B8%95%E0%B8%AD%E0%B8%A1
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B9%82%E0%B8%A5%E0%B8%AB%E0%B8%B0
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B1%E0%B8%8D%E0%B8%A3%E0%B8%B9%E0%B8%9B
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B4%E0%B9%88%E0%B8%87%E0%B8%A1%E0%B8%B5%E0%B8%8A%E0%B8%B5%E0%B8%A7%E0%B8%B4%E0%B8%95
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C%E0%B9%80%E0%B8%84%E0%B8%A1%E0%B8%B5
http://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B8%8B%E0%B8%B4%E0%B9%80%E0%B8%88%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99%E0%B9%84%E0%B8%94%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B9%84%E0%B8%8B%E0%B8%94%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%9E%E0%B8%B7%E0%B8%8A
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%AE%E0%B9%82%E0%B8%94%E0%B8%A3%E0%B9%80%E0%B8%88%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%AE%E0%B9%82%E0%B8%94%E0%B8%A3%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%8A%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B9%80%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B8%87%E0%B8%9F%E0%B8%AD%E0%B8%AA%E0%B8%8B%E0%B8%B4%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%8A%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B9%80%E0%B8%9E%E0%B8%A5%E0%B8%B4%E0%B8%87%E0%B8%9F%E0%B8%AD%E0%B8%AA%E0%B8%8B%E0%B8%B4%E0%B8%A5
http://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B2%E0%B8%A9%E0%B8%B2%E0%B8%AD%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B8%A4%E0%B8%A9

agdsmon melasaznisunindiduduldyaduuidesiefiau eweunsodnlans Tunauwnd
Tensmelavesauld,

1.7.7  Lower Explosive Limit (LEL) &adueiiszyfiavsuinalessimevondeinday

'
[J

i fansaviilinisssdeld wnfiusunaeendiaufidieans (UEL = Upper Explosive Limit)
msilvavesfnaluemafifiszdunududusgseninsdn LEL uag UEL Aedndutisiiguides
Aan1siAseLUn
1.7.8  9M51N155UN1528150UN38 (Organic Loading Rate ; OLR) aasidentw
wnzautumeluladnisiisathids/eadesine mutnuasdundsiiduingivlulasenis
1.7.9 svezainisiniuinde (Hydraulic Retention Time ; HRT) 9zdas
wanzaufumalladfidenldlunistihdatude/veadefindn

1.7.10 Mo (Bsnge: pH gau1an Potential of Hydrogen ion) tHusfiuaniain
Junsaduvavesasieiinnujiseveslelasiaulesou (H') aunsonaaeulivais s 1ngisd
fosuaywanfoviaaeumenszmvandaanmsasuddmiuiiaviinansafitey d1iia1san
og1sdefigamniivies Ay 7 wanshansiuunandlifigdidunseniowa wu dhuians
fndlintosndn 7 wansindunse wazdannndy 7 uansinduug


http://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B2%E0%B8%A9%E0%B8%B2%E0%B8%AD%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B8%A4%E0%B8%A9
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%94
http://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%9A%E0%B8%AA
http://th.wikipedia.org/w/index.php?title=%E0%B9%84%E0%B8%AE%E0%B9%82%E0%B8%94%E0%B8%A3%E0%B9%80%E0%B8%88%E0%B8%99%E0%B9%84%E0%B8%AD%E0%B8%AD%E0%B8%AD%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%94%E0%B8%B2%E0%B8%A9%E0%B8%A5%E0%B8%B4%E0%B8%95%E0%B8%A1%E0%B8%B1%E0%B8%AA

N8 uazeUINAYIVaY

ndgninnuriauaaunasunisuindulunaie s Aunnalanislaia
msfnwanuslunsiieindanulugiuuuiig e lhdundumawnuBmgseuain
[23 a @ A & av v o 56 ¥ [l 1 Y]
fedinmidunadenunilailignineiuidssyndldedisunsnatgludagdu lne

v o Y o = av a o £ = < v o
@Wﬂiﬂﬁﬂﬂ?ﬂﬂ%?ﬂ’ﬁﬁmﬂ’lL@ﬂﬁ'ﬁ LEITUIYYNENYIVDN LW@LUHLLN’JWNSLUFHT’\]@VH

ey

Tasenssedl
2.1 fe@inm
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q
[y

2.8 ITLNNYIUD9



10

2.1 AYFNIN

aviend. (2550) lelviseazidunin dninemansfunuiefiinannisdesaaoniaves
ansBun3dnda wsnluamsswil 17 T Robert Boyle uax Stephen Hale Tnevisandldynisnis
naumznevludisisuaznsiaaudainldifediawnse  AnlildaesTun lud 1859  Sir
Humphrey Davy lﬁﬂdwﬂ”i’jﬂuﬁwﬁLﬁmmﬂ%i’aﬁguﬁﬁ”w:ﬁmuag'@ha Tuduielul 1859 lading
a¥refaminieluaniigldennia(anaerobic digester) Tuilundausn wazseunlud 1985 1u
Sangulafinsfnduuinnssulnaitunlegldsdn foandafauds thineglugalidesainam
auu wedsU1907 Alednseendniunsdwmsudminiadinmlueesud

Tudhanenssuil 1930 mavsiieluannzliornafizuduiiinluwimaindsnstu
wn Fu WEnsideduaiuesnugdunidiiduiildinuiiteowesiinng  Anwdeanng
wndeufidesenmsiiyiiuTnvesgduniameant

Tuguunluyszmamasiaun  nslefi1gtinMaINIENIINITINEATHIBLAYOINITINN
asseu awnsailunmudondmsundanusiagn lnezifiewasainamionisvienms T
30 Ytkunn Hesguraresduidouardumeildlfnsatuauunmsndnfiefaninszdu a¥adou
Fawonanazanadi@nuds Sadunsanniszvedlasmiendsnuveanise Tuussmanmu
wa? mstwalulagniseanietinnluld Sadunisannisuassuangsiuiefngiseunsean
é%ﬂLL’Jﬂﬁ@NﬁﬁU’?‘u%% fadeulnsuas uenaniilinandanaosldsne wuledurdd

miwmuuiaﬂmaqmeﬂqmﬁmmmmaamau’mqmwmmu Agdanm3edad
mwddyundu wszlunstisuieaesdym Jatusguiavesvianss  UssnAsiuds
Uszimalnesnaflinisdaaiunisnanfietanm wagatvayugivhnisuanfiedanmluguuuy
FIN9)

"Friendly fuel trains'. (2548) lalusiwazidendl Aadanw (83nqe: Biogas 13D
digester gas) w30 lulafing Ae ALTIANTUAILEITNYIRIINAITRINYDEEA1LUDIAITOUNTE
nmelaannefiusiAaneen@iau (anaerobic digestion) Tnaraluagnuneis A Sy AAnan
n15veln (fermentation) ves a138wn3d Inenszuiunistanansaindulaluvauves nowadnd
wagAuvswnaninfs  nanfedlelusinundansduns sndnuuuiwdunaiuiuienaiaiig
Fanm ustiuisawAnannIsnIemgeg

13 1 [~ & [2] 3 s

psAUsznavadulng L duuiaiiini(CH,) Ytz 50 - 60 % wazfingasvaulasanlys

(CO,) Uszanmu 25 — 35 % drudndeiluniavinou 9 wu lalaau (H,) saniau (O,)
lalasiaudalaa (H,S) Tulasiau (N) wazlen

e milvedudnAe Merudl wag w1S¥N1% (marsh gas) Juduunasvisiulie

A2 Ada d' = a R &
nszurunsiilunfeulunisdeu veady dssiandunidvavatgluilunszualain wonain


http://th.wikipedia.org/wiki/%E0%B8%A0%E0%B8%B2%E0%B8%A9%E0%B8%B2%E0%B8%AD%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B8%A4%E0%B8%A9
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%B5%E0%B9%80%E0%B8%97%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%AB%E0%B8%A1%E0%B8%B1%E0%B8%81
http://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B2%E0%B8%A3%E0%B8%AD%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C
http://th.wikipedia.org/w/index.php?title=%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B9%81%E0%B8%AA%E0%B9%84%E0%B8%9F%E0%B8%9F%E0%B9%89%E0%B8%B2
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daneyldudrdaihame Welsa lase msldmetanmiu msuimstansvends fimslésy
msaduayunsglidunisfiaiie  ansveulaeenled  Tuduvsseinefidudunagues
Usingnisaiiieunszan (greenhouse effect) @runiswnlvg Aedanm Felfedimudu
fiulsyneunanazaye1nni

AN5197 2.1 WEASAAEIUVBINTTININ

fine TaaU3unns (%)

dnu 50 - 60
Asusulaponlen 25 - 35
Tulnsiau 2-7

lalasiau 1-5

lalasiaudalua Bntios
ASUBUNBUUBN R Bntios
fradug antiay

(i1 - http://www.thailandindustry.com/suru/view.php?id=12547&section=9&rcount=Y)

Y 6

Piyde wargatiusi (2544) et Rrefianaw agdiindniuindiennie
Antioy uazdgamniifidanliuszanal 700 °C (hifufiiwa 350 °C  thifuiuudu uas
Tnsinsu Ussanad 500 °C) aaumguvasadlnussans 870 °C

fgdinmusenaunie 3wy (CHy) Useua 60%  arsusulassnlen (CO,)
Uszanas 40% uaglelasiaudaliid (H,5) Ussnavagunnndt 1% uenanidafiansdus
8n szezvainisiivagiinadediuysznouiny (Juesiousd) uinda 50% 61
dnuusznouiimudiingt 50% Medinmazdnlnlaliuiu lulssdnfedinmideld
Tuta 3 - 5 fuusn szdellannsaiieindaldunld esnnilduusznevvosdinu
i1 uenanigumgilunisdesaasuazeiavesua axiinadoduusznouiinudg &1
gampilunistesaaemaglsdudseneuiinugs uiieindsldiiusinuos druyad

NARDAIWUSENOUMSILNU AINNSI9N 2.2



http://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%8A%E0%B8%B7%E0%B9%89%E0%B8%AD%E0%B9%82%E0%B8%A3%E0%B8%84&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9A%E0%B8%A3%E0%B8%B4%E0%B8%AB%E0%B8%B2%E0%B8%A3%E0%B8%88%E0%B8%B1%E0%B8%94%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%B2%E0%B8%A3%E0%B9%8C%E0%B8%9A%E0%B8%AD%E0%B8%99%E0%B9%84%E0%B8%94%E0%B8%AD%E0%B8%AD%E0%B8%81%E0%B9%84%E0%B8%8B%E0%B8%94%E0%B9%8C
http://th.wikipedia.org/wiki/%E0%B8%9B%E0%B8%A3%E0%B8%B2%E0%B8%81%E0%B8%8F%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%93%E0%B9%8C%E0%B9%80%E0%B8%A3%E0%B8%B7%E0%B8%AD%E0%B8%99%E0%B8%81%E0%B8%A3%E0%B8%B0%E0%B8%88%E0%B8%81
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AN5197 2.2 WEASAAEIUVBINBTININ

vllnvaya daudsznauiinu
1ad7 Yarny 65 %
yadnin (Ua, 1n, viw) 60 %
Waans 67 %
a9 suinly 55 %
A9 59 %
e 70 %
Tulsd 58 %
YYLINAT 50 %
a1%318 63 %
NNAUTN 52 %

fivey (2553) 9189731 A1e@ann (Biogas) fie MefiAntuannnisviingdesaansves
A199UNIIAILITNTIINYT  (Biological Treatment) aelaaniizlieinia (Anaerobic
Condition) asrUsznaundnvasinedinimlaeialuagldun Medmu (CHA) Uszunas 60-70 %
frapnsuaulneanled (CO2) Uszanm 28-38 % uagfedus Uszann 2 % wu lelasiaudald
(H25) Tulpsiau (N2) wagleth Wudu esanfeeisueulaeenles Wufefinsiauaylaifel

Aatu AandRvesiedinmildduremalidsguegfuusinamesfing dnu

fredanimAnannszuaunsmstesaaievesiandunid veanfie dnivieusudues
Foandnd sudsssyadosiiluesdunid  Taenssuiunisdesaneianuaintuainnis
yhauvesgAunisaiaieg luanneiilionna fedaninannsoifetuldiesmussueidg
anmiianzay viaintulussuusdefng nanfeidelniinuiifasdunisninuumiudy
nanuiaziafig Fanm

dleawdusenousagasuiu wu SuuaiiSe a158undd emnsasy wazdundoudue
Fmnzauuslifoondiau nsruiunsadeiedinm  fawnsaialdausssuralaeiud Tu
S35uTATY Aetinmaninluteiiinisudn Auwit veaau arldauuazt Tsundiiii
viuds TulBenlsifsutu Tévemeadn udu sehslsfaunisifaluaneiinanuiwd
fufunsruiunsiiin lusssund Sednsimsairefiedaininasdviedidugnimunlag




13

s39uv1R udludvimnssuuds dmnsaradssruniunnfionuaudanndeusaliivnzay
TuuafiGeannsavianuldsnda auidesns wiednionilsde Imnsiieenuuussuundning
Fanmde gidlesssuuivesansdunid  wazannzmsviauiimnzanvosuuadisongul
¥aUanday  wavhnsassEnnzdingn  tieliuuafieaunsaviauldnuiiiamnsdug
ABINTT

lunsudnfinedinmiegnainngsy ’mmuw%ﬂﬂa a159Uns38 (Organlc Matter ‘I/IE]SSLH‘LJ’]LEW
W30UUFHINLTNURAFIMNTTUNIINITNEAT YUYY wazrsudsdad Wy tdefieenain
Tsaruuilaiudvensa lssnuaiminsuuiduiu lsenunaliinsedes lsenuima 1sunundn
P Vo e \ A& a a6 ¢ 2 v = -

Loaneges L5ednd vesyuvuwanzdunluvezdunid vhsuans Wy lnedndeviseves
dodananavgnieudnssuuiinindevseveds dusyihmihngesaavansduniduaylafine
Frndunandnainn1siida uenandansdunsandesaalssniazdonateunInaznay
a A& N wa v o o a a6 ° v ) a v

uvsy Feaslinuaudilnafsadeduniduagarunsatunldiduansusulisiu e

Uszindalveiudszwenuasnssy  IUsmnaingiududiwuununeliinezdu Sudznd
Urduthifu 1hana wagvduaesdns Imamzmuﬂmmﬁgﬂw%mma‘mqLﬂwml,vré’n‘f%daiﬁﬁmfw
Bosuaunnuazd naumiiu stuuthdauiidsuuulfosndauiadudnmadonvias sl
wawdn Tdutedinmnduaildlunssuiunisudnlean egnslsiny  dneamlunisudnfne
%amwﬁ?u%uasgjﬁ’ué’ﬂwmsamﬁaLLaziJ%mmsuamfﬂL?lsJ WAnaFInIS97 2.2

A15799 2.3 FneANlUNISRAARILTINN

RN lsiu wsuny $ana LPNIUDA
LUAAINUIUDIUN 6 6y STUU Y m3
ANSHAR AUV 0.70 6.39 9.30 64.40 191.75
Yude m’ /nsuaEs 15.00 0.40 9.86 0.11 10.00
sEUUUNUAULAYSIY a1u | 10.50 2.56 91.70 7.08 1917.50
3

m” /A
AT m/ Sude m 10.00 35.00 350 7.00 35.00
AT INTI AU m” /A 105.00 89.46 320.94 49.59 67112.50

w1 : yaldwasuiedawindon vanewe) : Joyananant 2550

ludssinelnedinsndnfitedinmainveadesludgsislunatvgaainnssy  wu Tu
gaamnssuuwdaiy drdudidu nsudssudad aufamisuans  wazidwenglidanamnssy
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Usztanaue) dnnanguszian Tuvazvesdsaistymaudwnden uagluanfeiiudia
aosnsnasulusdiann  delunisldvendeliiinuselosddeudisliinanafisanssiu
mhsnunaszlisnisiesatvayuuazduasuliinnisldaulusesine Tanneg19193edene

Aneiyimnssudaneden inldimAdeiinetuietinwlugsmedmig wums
NARRNYTINMAINTEELUL high solids Tneiinsyinmsiisuthwzvszndy msnaninedaniwan
waliuuy completely mix  nsudnfedaninaintndeidudduuuuaadudugedie
N3¥UIUN1T anaerobic baffle reactor naanauni1sidninglalasiaudalndlagly biofitter way
wwndn Wus nusemanilinmeaesitlussdutesfiRniswagluniaauny

= 6V =
2.2 N YN VIITSUUNIYYINTN

2.2.1 wuafiGefiisadasiunisudnfngdanin

f1e@n I (Biogas)  LARIINTTUIUNITEDEAAN8a1TBUNIENTlATIad
adududou Taun aslulawmsn TWsau wazletu Weldiduasonmslunismsdinvemuadise
Tunguitlalldoina nsaunsoudssianguuuaidonuuiiseistuldidu 3 «in fe

1. uuafi3sa¥iensn (Acd Former Bacteria) uupfiSenguilazdovaais
asouvasluthisilunsndunideag

2. wuaTiSeassiivy (Methane Former Bacteria) vntinfigesaanansndunse
TUdutneiimy warasveulneanled

3. LuAillsgaRagdaLn (Sulfate Reducing Bacteria, SBR) USuauualluAiiLse
viadaziuegfunmiduduvestamn  (50.°)  ludide Tnsasvimihiideeandiausin
a15Usznaudann ﬁﬂﬁwﬁau%’alwmagﬂugﬂsum%LWmﬁuﬁwHLm (H,S)
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Methane and
carbon dioxide

c

0o

@

w

Intermediates o

[higher arganic acids, o

2

Step 2 G

Acidogenesis L9 N w

- Large 0

£y carboxylic g

acids and s

alcohols a.
Step 1 A

Complex
organic material

A 2.1 uwansduseulazUfizenisiiefietanm
(111 : http://www.greenenergynet.net/images/tec/pic_technology5.JPG)

2.2.2 Fusaunsilasuansdunsdlmdufnastaninisneazidennail

sumeuit 1 nsge (Hydrolysis)

Tutupeud ansduridluanalvey WWud amdlulawse sy uagludu aegn
wueiiSegosanelinasanmiumsdunidiuanaidin ammifivesnssuaumsdesaaetuey
fuleulmifignudeseenmnanuuaiise nfmnudiuduvesansdurid anududuveaoules

gamndl waznsdudaszninvouledivansdunid [Wudu
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Tumeudt 2 waz 3 Msadiensn (Acidogenesis and Acetogenesis)

Tutumeuil ansduvidluanadnduiuasmansusivesnsdesluduneuusn oz
gnideulndunsndunidudinlutanaldn 1wy nsmezddn (Acitic  Acid) nsalnslnledn
(Propionic Acid) nsmtaesn (Valeric Acid) kaznsauaain (Lactic Acid) lagluailiiseasnansa
Tnonsafiinduasiinanosdfngeanlutiinaiiiniian  uasiifneansueulaeenled  way
lelasiuintuludunoudie  wefideaiensnaedsnnmaaigivlnguasnumusonis
Wasuulamesanmmadeuldfiniuuaiiieadiadivg ewinnssuiunisadafinudinlng
Fasmsldnsnezdnnduasiedu uwinsaladussmeieildannssuiunistevaaeanssunies
vanewin Faunwdawuaiioaiadmulianunsailuldlunseuiunisaiedmuld Tnelunse
ladussimedevuinlag Wy nsalnsinledn  nsadanisn Wudu v liAnnsazauvensa
Sunidusuanitlussuy sssumasslaiinsadenszuiunslunmsisunsaluiussmededs
swnlnainaefunsnesdiin (Acetogenesis) FethevilildiAnnisazauveinsndunisly

TUU

sumauii 4 nsad1edimu (Methanogenesis)

Tunszuiunsasiatedmuazasnaann nsnezdin Measueulaeanien (CO,)
wazialalasiau (Hy) Aldainnszuiunisadranse Tnenuaiiioadedmy (Methane Former
Bacteria) Msaafafivmuilld 2 wuu wuuusnasdninnisivdsunsaesdindufedinu Tay
Aowdu 70%  vesfefimuiiietuldlussuy  Snuuunilafneinnissausfuvefing
ansvaulneenleduasiglalasiaulvinanadufnedivn wuefiFedduiasadmuasyiulald
Fuazannuiadeudnadenisisuivladeudiann  drdfilesfivangaudenisiiaures
wuAfiouay Tasannsaaiydulalddlurisfiorssan 6.8 - 7.2 uvoninilguvndftnase
Sarmaaipdulnguiy SniuuafiGelunguilfesnmsasemsiilassadslidudouluns
frsadn  FafunsidviavesuuaiSefiduiadaivmudduegfunsinurenuaiidely

Tunaulalaslada wazn1sasniania lnguuafisennnaufawinued 1 edunusiy (“voufilosdu
YBITTUUNLTININ,” 2009)
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Jeff (2554) syt wnluiauy feuuafiisenasadinniglianiiglioinie(anaerobic) Tu
WATFINVDIY MUY 9x808E1T01MNTHAzUaREAEA199) FITIRITmNUME LnIluLau 3
agaeviialaowtseonludussinvvdng audnyaeniawadingi(cytology) (Alexander,
1961).

e A Rod-shaped Bacteria

o (a) Non-sporulating, Methanobacterium

o (b) Sporulating, Methanobacillus

e B. Spherical

o (a) Sarcinae, Methanosarcina

o (b) Not in Sarcinal groups, Methanococcus
Methanogentiufimuilaziinduiuladn Nedireutrsesulnnonisilasuwlasegnansiuiuy
& = N = =] = 1 CY Y a £ 1 1
MNINEAIN ©TaN19LAL Farndnisildeunladag 1nsiuiuLindufazdamanssnuaanis
Wudauwaznsinieg egalsinmumuniluauiuaunsasglilaglifiomsiiuiuliuudu
=
\hou

a a

LAATINIMANAINNITNLTNVBIATBUNTE LU TRFUNSITIMINKUATIS BLgUAUNT TN

¥V

a¥198mu (methane-producing  bacteria)n3aiun1luiau wagadunidnguaiiansa (acid-
producing bacteria) 11%1egegluaniizliennia lunseuiunsdesluanglionnia Wunisi

AUV ihujisendesaaneansdun3d asndaliindedilassassidudeuandulasadie
Nuteutesandudug v

[

nszurunsmindesluanzlfoniawuadu 4 Jusail

o w A

1.1alas8%a(Hydrolysis):  @159unsg(AwigNn todnd) desAUsznaud1Agyf
aslulanse ludu waglushu wuaiiseasydendulediondnsneagans (extra  cellular
enzyme) untgavarslasassluanasududeuliunnasduluanaluies (monomer) 1y

ﬂ’]iEJ"e]‘EJﬁmEJLL{]QL‘ﬁuﬁWHaﬂQIﬁﬁ nsdesaangluudunsalutiy waznisgesldsiudunsnozil

Tu

aaa

2.UaTATATY Y30 wedlalauda(Acidification/ Acidogenesis):n15888@a18@159UNIE
WWanea (monomenNdunsaseinedne (volatile  fatty acid) NSAANSUDU WANDIDAR

asvaulneanluawanluide wazrlalnsiau
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3.0:3l019LuTd (Acetogenesis) Wasunsaszmeieilunsnesdfinusendessdive
FaHuassadundnlunsnaniiny

4. luedu vie wWniluaiuda (Methanization/Methanogenesis): n3nozdfin waz
uq 9ndu 2 Tfeensueulasenleduaglalanauuisdy andidnssuiunsdeuduiing

Tnenilulal (methanogen) (http://www.thachaibiogas.com/page/2/, 2013)

CH3COOH —> CH4 + CO2

AsARLaRN Ty Ansusulneanlas

2CH3CH20H + CO2 —> CH4 + 2CH3COOH

wyUea Asuauleeanlys Ty NSReREIRN

CO2 + 4H2 —> CH44 + 2H20

asuaulseanlan Lalasau Jwu in


http://www.thachaibiogas.com/page/2/
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2.3 AUENURAYDINLYINN

Tun1sif1esdrnnunlgUselos i undanuy  Andsuntaannfiedinimasduiu
dnau (%) vesfinedimuniegluilofinedinin Failauaudinly dedl

AN5197 2.0 WERIATNAINUINNAIFTINN

AMENUANIYYININ A

AAudau (Heating Value) 21.5 MJ/m’ (8198971 CH, 60%)

AN danlu 25 cm/s

[ 1 1 d’lj a ¥ = 3 . 3
gnsdenenawelnaslunislvdmmeud (AWF) | 6.19 m -air/m -gas

g ivgdlueinia 650 deg C
gaunnininlnves CH, 600 deg C
A1ALANTBU (Cp) 1.6 kJ/m’-deg C
ANRAUILUY 1.15 ke/m’

- http://www.greenenergynet.net/tec_Biogas.html)

AaauUAMaalivasNandvasinadanin

a15197 2.5 uansdndiuesrlsznouwsazsialuingianim Insasdiuinlaeluwdednm
wfivmnaufinefinu (CH 4 ) egussundosay 50-80 dauflmderdudauudeuldun fe
msueulnoonles (CO 2) Aalelasiaudalis (H2S) Tulasiau (N 2) sendiau (0 2) loth
(H20) LLazmiUizﬂauﬁm wu Twaenwau (Siloxanes) il slianarasiudoulufnadaninay

Y] 1 A o a A a
Fuiuuramseingaunldlunisugs



http://www.greenenergynet.net/tec_Biogas.html
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AN5199 2.5 LAA9DIAUIENOUVDIRNYTININ

YU R8I
i (CH 4) 50 - 80 % vol.
Asuaulaeanlen (CO 2) 20 - 50 % vol.
lalasiaudalla (H 2 S) 50-5,000 ppm
wonlule (NH 3) 0-300 ppm
29N3LU (0 2) < 1% vol.
Tulpsiau (N 2) 1-4 % vol.
AT (H 2 O) 2- 5% wt (Bush)

(Fis http://www.doeb.go.th/knowledge/data/2Compressed Biogas.pdf)

AaauUAnlUvasinsdanin

RN UNALULaERYTNENAIN (2553) ethnmiduurdandsnuianngg
nanTultiesliegdoitiosanate BauIavaEnIanaLnuNsldomarie fugunsali
v 1% & avyya ! o= ] ey v o -
Aosn1sANTounweIndaliluegned wu nawnunisldiavey (LPG) Tuasaiseu n3eenn
anans 1AsesauLIne nilssdulown sruuiimuduLuugady sautansldluguvesuasadnedu

Az waz/viveldiuinTessuddmiugudimsendandanu luduieldivgunsalluiisingg

Aelunnsy



http://www.doeb.go.th/knowledge/data/2Compressed_Biogas.pdf
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M31 2.6 wanaaautRveaingdInm

wa &Y a ~ ) (%]
AMANUAYDINIYYVININ (1 0 "C ANAU 1 UT581nA)

J3uad CH, 65-70 %
Y3 CO, 30-35 %
Usuau H,S 1,000 ppm
ANANE UV 24.48 MJ/m’
AnLSaUa v 25 cm/s
gamglunlngdlueinie 650 C
A1AUYANNTBU (Cp) 1.6 kl/m’-°C
ANUNULUY 1.15 kg/m’

d‘ wa 24 a
#1319 2.7 LEPNAUENUATBINIYTININ

A0 1 gnuIAnNg dMANUToUTguUY : nawny

fine9Ry (LPG) 0.46 Alan3u
dhsfuuudu 0.67 803
dhifuiiea 0.60 8015

vsfuian 0.55 @3

Wuldd 1.50 Alansu

i (Auade) 1.20 Ala¥ad-dalus

(i - http://www2.dede.go.th/km_ber/e-learn/lessond.pdf)

AuantawaznsliAAMToY

Hoaann €O, ufeasiuarlaifalal frduauifvesiatanlududomadeiuog
futsinaufesion (CHy) Wuddy auautind dguosiedinmlduninsiifufneiignlide
luussginmia Tidianudeuuseanu 600 BT.U/gnuradvn (@wsuieiinuliaiaiiuou
1000 BT.U/gnunariwn ) siefudanin 1 gnunadumsaglienufouiiouidudlidus
0.74 Alan3y

Aafinuuiansarliid ndu sa Wewnludagldfeg o, 1 wagwdsnu 5,000-6,000
KcaUM’ 91 15 °C . mwsiu 735 wufmnsvesuson @ H,S ﬁﬂzﬂuagjlﬂuﬁamiﬁﬂﬁtﬁmmi

= ] | a < P oA Y A a v a & e Ao 9 v g 1%
dNNIDULLATAINAULNRUU LLG]LN@QﬂLNWIMNQ%Nﬂauu@‘HaQ QJLVIULTJUﬂ'W"?WW]’]IVL‘lJumENLVa'ﬂ@Eﬂﬂ



http://www2.dede.go.th/km_ber/e-learn/lesson4.pdf
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INF1EAAIULLY ~164.4°C wianunsaanUuinsatld 600 wiligaaIukiy Ay Sesiiy
lugninvaamaiNeamaiinl  (www.agro.cmu.ac.th/e_books/602472/E.../Aau1%203.doc,
2555)

2.4 U23w6n49 NUNaRanNISHEANN 19NN

| a a6 a & a I a:' Y o &
ﬂqiﬁﬂﬂﬁaqﬂaqﬁﬂu‘ﬂiﬁLLa%ﬂqimamﬂqeﬂN{jﬂ‘ﬂﬁJ@qﬂ 9 Lﬂﬂ?m@ﬂﬂﬂ@@lﬂu

2.4.1 9aumnAlun13LAUsZUU (operating temperature) wluiau liaunsanuse
gaunINAINYIeawnla Svnnaaumgianassindt 10 °C wuafiseasveavinny aaumgily
a 1 [ (Y A 6 v 1 ara o
n1siAusrvvkUnduasssgdunualidvasuniluiay laualeildn (Mesophilic) wag
wiasluan (Thermophilic)

o Ui MWleEn vinuldffeyssinm 20°C — 45°C uAf
winzaNfigafe 913 37 °C - 41 °C lnglutneamglisviviuuaiiediulvgludminasdu
wilelan

o wosluian yhaulafludisguugiingand Invaumginvunzauian

Y
AoUszanal 50 °C - 52 °C usifignusavinnulugamginasuluiia 70 °C

Y

wuafisoMuleilanduilsiuivadidunnninneslufian  uenanidiaunsanusons
Wasuulawesanmwnaenldnniuneslaiid ndnse vildssuundnieiinmilduledian
iafesndn uivaziRedfueamgifsganinlussuuildinesluianailunstis 1SsUjisendea
Wignsnsuaninveaindt Teidedntevessyuuinesiumian Aonsfidesldndsnuainaeusnin
unadeulitszuy vilionalsmdanugnsining

2.4.2 anudunse - a9 (pH Value) A1pH 1‘7immzauﬁqfﬂiummémﬁ”w%amwﬁa
SEUIN 7.0 - 7.2 A1 pH iuﬁwﬁﬂﬁﬁuagjﬁusthwmmwﬁﬂﬁw wsglutiausnuuafisefiass
nsmazadansaduiuuanuasyiiliidn pHan a1 @advin pH anaddindt 5 Aazvgn
nsTUIUNSERBLar T MunTS BNy nisiAewUATiEeme Methanosen Tusaulmsoniny
Junsadnaann wazazliwdadulamn pH dni 6.5 lurasieveanssuiunis anududu
289 NH, szanndumunsgesaaslulasauiiiinty Swsdmwaldan pH finlasetaiv 8
UNsEITEUURARSLTALETios pH avegsening 6.8 - 8

2.4.3 dn1duasuaunalulnsiau (C/N Ratio) dnsdruveiasususislulngiauves
YL UNTINAUNTOLIHENMYTININ ARAawe 8 — 30 uidnTdIUNWINTAUNgAFIMSUNITHER
ingTanmAsUszaa 23 d1dnsdrunisuausiolulasiau gunn tulnsiauazgn Methanogen


http://www.agro.cmu.ac.th/e_books/602472/E.../ตอนที่%203.doc
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ihlulfifiowesalusaulsidiesuazasvunogiena 151 dwaldldfeidos widvin /N Ratio
sanng fazvililulasuinnuarlvinsfudusenlude wonludevgluifiudn pH Fadvn
A1 pHgefie 85 AemFudufiviu  uwuafiderlisiuauMethanogenanas uanaIniuin
CN ratio eguenwileandie 8 - 30 awililidndiudimameildiduiedug
afvoulneenludgeiu yadnilnsanizaneidnmduaivoudelulnsauingauiian
sesaanfAlduananaenaeninauuaziawens  variniaddnsdiuaniuousolulnsioud
Aoutsazge eehdlsfimuanunsairingAuiidsnnauaiueudelulnsiougenaniu Sagiud
fismmdmanivewsiollasiauls elvldingauifisnaduaiveusslulnsiauidesns

2.4.4 Uanauansdun3didngszuu (Loading) USinaansdunididigssuufie Usunm
anssunagimsuinlddminlunsas iy SedmnnintSnaisuiutunniiuly fezdealiian
pH anasnnAuluGiiesanluriusnveinszuiunisie acdogenesis ﬂsmsgﬂwﬁwﬁum) U
vilszuudumaniiosan methanogen mevas danasiiiniusssfavdossuduszsuuln
v widmnUSinaansdunididngszuutiosfneiingnld feztesnmilusne wihiuilaldiu
sEUURNmLiaINsan ilioamindvuslugiiululaelidduiu

2.4.5 388L9a1N1SANAUENTUNSE UGN (Retention time) Szezlaanlunisin
Lﬁumiaw‘%ﬂué’wﬁﬂﬁuagﬁ’uﬂ‘%mm wazUseLnvea B uns T Audn U didnuasuay
AnuautATuand1e Aull saufaguiuvresszuu/dmin mnsgeznatlunisindudulutasl
wodmiunuafiSefiaznaniedinm uenaniuafiSesnegnieeenainszuuiuiuludema
Tiduaunuaiisy anasly ﬁﬂﬁLLUﬂﬁL‘%ﬂﬁmﬁaagjﬁwmiéaUhjﬁul,l,azmaﬁﬂ,ﬁﬁh pH Tugsndin
anas  Tu sty msiszeznarsnivuiuiuluasildiAnneneuvesanssunIsi
wuaise gevaaeudazanegriiidenindvwialunglaglidndy sveznailunisinivay
TvgjavUseanag 14 - 60 Ju %ua&jﬁ’uf]a%’whm Mg ANTSC gauniivunlazUszinnyes digester
LazUSunaEsBunseTiay svovnatlunsiniutuduivduuedidesidandunuwinlus
Tagladfinsidueomns  esinsyeznainsinfudumnedessesnaifuuai Sodesnsiite
dosomslivun sruielnsfauiwuaiiseddosemslinuafinungnnuin waiideasds
laipgainnsuine s
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2.4.6 USunauvaauds (Total Solid Content, TSC) Solid content ¥9a15dUNIIluU
nmswanmedinnuiaduaesssaude

e High-solid (Usunauveantags) TSC @indn ~ 20%

o Low-solid (U3uaswesudes) TSC dndn ~ 15%
fminfleanuuudniuiiuansdund high solid aededldwdsnuunnnitlunmsguingney
Gslurry) weilesnnluszuu hish solid mmLﬁﬁm%’umaﬂﬁﬂuﬁwﬂﬂmﬂ’iw NuiildRazdosnin
Tunmsnauiu dandn Low solid awmizﬂﬂuLﬂiaﬂaummiﬂﬂsuwaﬂmuuaamwaumm ¥NOU UAN
maﬂ%wwmﬂfmLuaamﬂﬂimmmamsaumwmemlﬂawu ﬂivuuﬂmmiwmm”ﬂaummm

£
a fa

Iﬁﬂ’J’]ﬂVl"lﬁLVlﬂWiVii:!um JULAZNTLANYFIVDIVDILUATILSE LLa“ﬁ’]ﬁ’eJ‘lW]iEJWUuLLa“ﬂ’ﬁV]LL‘Uﬂ‘VlLiEJ

[
=

ANsndUREaNsBUNTSad19vn DeRthelinistesuasNMINEaRAmSITY

2.4.7 nsAanAan (Mixing) N13AaNLAARZNaY W1 uay a15dunsd WudiundAnydn
drunsizazyinlinuaiisedulanuaisdunsdlaegns 09 vinlvwuaiiisevinaulasgned
UsgAnSanunniu  dwalyin1siinfieisitunazanniy uonanddsdestunisanaenoumay
AzNauasy (Scum) F1nznaue199zlUgnto NN UTEUIET01NEIIINE]

2.4.8 13597919 (nutrient)  @1501MITNLUANILTEADINITNONITLATYLAULR
yanuiialiuainasusuazlalasamauwad Jeillulasiau dames Weanesa lUumaldey

=

waatfey wenaninfisigAdndululsunadesuing wu  wdn wuenida dudty dined

lavead #aidoy Huanu waztiiadudu uivezdunidlnenaluasiisigemsmaniluszaun
aunanaiies wszazuy lunsulinddudndudeaduarsomislag asly

2.4.9 @1589U8euaza1sive (inhibiting and Toxic Materials) 1t nsaludiussivels
lelasiau visewanlully sudiesnlessuy, a1sity, lavienddn, a1sviAnuaze1nm1ee) wWuay
WY ageUTue aunsadmaduginisasadule waesnmsndnievesuaiiela

519 teosululSunes (wu oy, Wusadey, waaey, winfiley, Fawles, weuluiew)
ansatiensziunsivlnvesuaiidowuiy  wddmnuimaduinfegdwaidufivle
sndegraulenluilsluuSuna 50 - 200 fansurednsazilunad Frelunisiadydulnves
WUATILSY LLGiLﬁaimﬁmmLﬁﬁm%’uéuamauimﬁagaﬂ'h 1,500 fanSuroansfazSudmaide Tums
ey Tangmtinuiesussan (1Wu nesuas, Tiia, Tasiley, dingd, nzi LLas?iuq) TuUSunndi
ey Frglunisasgaulavesuuaiise LLGiLﬁammL‘ﬁwﬁuqﬁ%ﬂuﬁw ("Friendly fuel trains".
(Oct. 30, 2005). New Straits Times, p. F17.)


http://th.wikipedia.org/wiki/%E0%B9%84%E0%B8%AE%E0%B9%82%E0%B8%94%E0%B8%A3%E0%B9%80%E0%B8%88%E0%B8%99
http://th.wikipedia.org/wiki/%E0%B9%81%E0%B8%AD%E0%B8%A1%E0%B9%82%E0%B8%A1%E0%B9%80%E0%B8%99%E0%B8%B5%E0%B8%A2
http://th.wikipedia.org/w/index.php?title=New_Straits_Times&action=edit&redlink=1
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2.5 Yaantdlun1sudin
sunSedngndesaanslinnvinaunsaldiluianuinivdanmus aguisiaaziiaay

q

¥
) A A

WzauNINnIiaguIsTiamemaranisiuuLazmalinlinsldianndesdonseiisaung

[y

szavyiliietin milauyuas liduamaasesia iWeswininguszasanddgusynimils
a o A = A @ = % P - v D
Y9INSHANTETINN A N1sildsuTaqmdeldainadisounasyuyy Amladieluviesdu
WldlianUselewl Wisuvesvsevosndenadundsunien
wenanyadninazyanuudnawianainfiviaiuisaunlfiluiagmdniiendafig
Franw BunSeTnganaviaiuivziinuantinieduainsiy Gsazvildanuainsalunisnis
nadinneneiuld lunsudnfiedininaiunsaldianuinuatesinsiunuls widesrneds

Jaduiugiu Mwsngausan I sasyAulawasnIsynauYeuAS s luY

AENYALANNY Yaedannindsdindudirydassiuntsuaninedanniineraludl

C/N  Ratio Aduduiussznivlsiuasveulneenloduazlulnsiauniegluian
duvisd aruantegluglvesdndiusenineaniveulneanleduazlulasiau M3endn /N ratio
gns1d O/N NilA1agsening 20 - 30 %Lﬁuﬁﬁﬁmmzﬁqmﬁm%’mﬂwﬁmwul%fmmﬂ

v o | Al Y ' I3 A v

§19n51dIu O/N awn 9 wuadiisemniluauagldlulasauainianegrasiaiuieaing
lUshunddusieims wazagldihufisenuaisveulasenleaniegluian agvilvgnsinisuda
gglumenduiu Mensidi ON dwnn 9 lulasiauaggnianldesesninuazavasluglves

a = ~ | & | 1y} | o Y I3 |
weuluily wewlafleaziiueainandunsa - s vasiagluvendn drAmaudunse - A1s as
1 8.5 Jaguiln azBuduiiviewuafiserinliszmnsvasuaiiowmluaulosasilingn s

ANSHANN YN

NINAANEIUNAUNUINNY ALY
v 5 9] I v a Y v & ¢ . & A ) av Yo

wenaesirlunaaseQaedfiuiungiundes(Napier grass) (duitwndanunlasu
avaulalunisiusdafinetinmieldundsnunawnulugduuudigg Wesandufied
Ugnliiglunaneiiuivesuseing dnandngedia 70-80 duselssal amnsafiuiieilasnags-6

& 1 a o < A v =2 o = v - v v

Asael waglunisuan 1 seu deanansaiuiiedlauiuis 5 U neuilagdeslansiuieasnund
sausial dwmsudunulunisugnadeies 7,000 vmnselsdel@undnaisivewnsdnd, nes

91M5dm7 2548 NaglusiuafunazAeiiuiien 5 eu/A%ufisuinnu 0.1 UIsenn. uegEn
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%30 100 vnsefiungan wazllifnanmlun1suanine?iningadia 100 au.u.Aefiunganavse

dntlenilalidnenmlunisuaningCBG lausyunal 45 nn.Aefunean

a [ ca

TurgReniun1sINIT B naan1asniienanuNas Sue Ulasaeuluninauulay
uds 1wu dunaziellnsidemmal (LPG) Wuniseeniidrfglunisannisianinisiigi
dy a A = 6V a o o [ 6 [~ S d‘dw
WoasUlns@euanuanUsene NMUsSIUYIRRE1USULILEUs (NGV) LTUn19aenniangnIn
widensiitadninnaiedsenis Ineaniga1unsvudRInuaInangylineguaniuiviod sing
555u1R ndaymssnannuinieinmlundnumadenianaansandetulalulssmne

Y] 1 a a v :ﬁ" a I3 [ =3 & a ] a [ LY
NNsrngagasdunsdluanzliennia Feilesrusenaunanidutiaiimu wulheituiuiie
5550978 (Natural gas) Lilanun1sUsuUgsiedin mliusansagaunsanaunuingsssuya iy
fude1eg Muszmals wasdrslsiniululagiunisudafiedaninaindndeuadnivas
geamnssy SaldngnmlidiiismesrensiinmaunuanudensiegsssuivesUsenald
ATUNSHARA BTN NN (Energy crop) Jadumadenifidneaimdnniwmilslag

nsliduingavlunisnanfingCeG eldnaunufinesssuriidadniverususiusuiansaly

(http://www.thainews70.com, 2013)
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WgAvdmSunaaiwdmnIn
loufyadaivnvin TIunsveds UdeINTsRILERAYNTINNINITNYATITULTIY
wlsduduvsnddsanuaiauiiudiauiu lssnuraldnsgdes lssnudinig 1ssunde

S Vv 1% o

Loanaged 153endnd uazannveyyuYy WU Anseis Lusu
n1sasaUandnfingdanInLuugInsinnag

nMsudnfeTan nkuugmaRIguadivagaufuinunnisedes Jadudns
Uszanae 10-20 67 AR5taana1adiniii® Aues 6 WA EUTOUIN 5.25 lUAT (VWIAVRIURRY
fnund1e 2 wns 817 4 e an Lwns ) JUsHans 590 7.8 gnuieaiuns weniudiu
YBANAT 5.9 gnUIANLUAT M1 1.7 gnuieiiuns anunsananinadininsedulaussuna 35 %
Yoawasval wiawiiu 2 gnuiadiuns dufissedensinfesiuauil TUldfunmssudmsy
Tviemnsluasasouldwed (148w 0.15 gnuiadiunsdedalug) lugagnsily fuosuds
Uszanal 15 % dslutensindesnisihiifidiunanvosondsuszana 3 % dduniswdafing

sanandfedldnisdndiuveyanariiviniu 1: 1 89 1:4 du Jamsiauyaiuas 24 Gas uagld


http://www.thainews70.com/
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U1 Tuag 24 - 96 a5 NS0LWIAUAITIAYIENIRENIURETIUIY 6 @7
(http://guru.google.co.th/guru/thread?tid=78c3981a0c00026¢, 2554)
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HanedInm duidndiluagluiinlsinavesinemsidnduy

INMITBNUVBINTUNATY U W.A.2544 wuinvezyadssilasBunidignedasaas
Ihedndiugefasiafieiimuldunlaedimaainnisdnunuide Barlaz 1wl a.a 1987 wui
895 IMTAR MaBInmaziiudy WelluTunaasduridluvezyaresiininiuy Combs wavauy
(1988) laAnwinavesnIshenvezyatoufazUssinndenadsunlanninedinwiiineinns
wiinyanes nudesauszneuiunlesldde azhlgnsinmainieiinuiiunndu wasinayi
Tlgndanuuny

d! a v a Q" 1 1 = d' U U % s .

alanan1snumuuIdgluednfiiuinlinunisfnyiieituanuduiusues Organic
Carbon content #3® Total organic carbon sadndIuAITLAAAIWY  AINRANTUIUTU
ANMUTUADNISIAAMTEMUAENUTT vInnsruIunIsuindanuTueglugie 10-15 % agdl
HansENuURen1stasaaganTBuns s slaemiluanuiiunmu gausenisiiafinelinuaved
lugefesa 60-80 A1NNTTIEUTBINTUNATNY U 0./.2544 1Ao7 HAWITuves Borlaz wag

ARIY,1987; Kinman, 1987 Wag Hartz,1983 wuinisiiuanuduluyanesagyilvidnsinisiia

Frafimull AuTuNIn (Wwww.agro.cmu.ac.th/e_books/602472/E.../aauii%203.doc, 2554)


http://guru.google.co.th/guru/thread?tid=78c3981a0c00026c
http://www.agro.cmu.ac.th/e_books/602472/E.../ตอนที่%203.doc
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i - Audu (2550)

o a

Nneziuigadailasianzyata ane fid O/N wavedil 24 Jamngiviinan
viinfe@inn Tuvasfiyanuilan O/N e 8 Yagiien /N geazdomauiutanidan C/N i
dielildriadoves N egluszduiidesnis fegns 1wy vanminfetinmluussimeduagld
Wred1ldlidudrevesvendinuasiniudtsyanuy nisludszinaiudiavssly
wadraan (U yaau werhlilde oN eglussivaunailisnmnsdafeiinmiinduog
aviiane

aududuvesiaguiin neufiazvinisteutaguiinithdaninyadnlnoianzyatya
anean adomantuilusimam 111 wifiJuyauiasfeaiuuimanilvinntuielifan
wdfndenududumuiidonis Wy 1:1.25 vie 1:2 winaduideshildnmiulumsgduia
nedeinniuly evesyaaranasnuds uazdufimiesly yavedanumisnnnifuly
wavrlrnensivavesiefiintuludiudnswesdmn luiiaesnsdiinandnieayléiiosndn
finasasidu uonarnturgdesudndevuiouduy 1wy tavds iy senfou Hazdu

UszdnSanlunisninazanas (Yeyan wazany, 2550)
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2.6 NN

waannJaamingndeslaauuaiize wmluauluanmlionmanieludmdnfaziinfie
Tanmiigadalanansndillddsslondld nmnfiwderiwesduazvounadulunanaos s
UselowiBnedravisiildanventn Wutendninmuazdmindaniniianansniludiudge
Unganulaluegad

mm?imé‘amﬂﬁwﬁﬂﬁaﬁwmﬂgﬂLLUU nnfifuvesud simifniun svaneiluiey
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UNAaNUBN

ee

auvunnuanfidnasidudiuusznevvesninle nnfiiluvesraiuazinzeyis

o v

Vendn drundumiersvegamuandaduniniiuiass sxivesudaundniivminegiiuie

a

LY <
UNAzUUNILaE AU

nmnensaziidnwasiduilowendu Insuentuliuin wninghvideudluidadiun
waesEnIakayadn Fudlinsanagnina1ingiviuneunszleuindwmse vendnnin

wmdoseninfvzdullodeniu (Yayun wazaus, 2550)

Uszleun1edunisinens

nnyadaldanmandnfietinmannsodliduleld dndefivanonen) faid
Hesnlurueiidnsmindursfinindisuudasanstsznavlulnnaulugadelinaredy
wouludeRfivamnsniluldldienin uasdilinuand@nfnirdeinilunisldusvussiuie

nsinunsltlan AT ude (http://teenet.chiangmai.ac.th/btc/introbiogas.php, 2555)

mﬂ‘ffﬂszia%ﬁﬁﬂuLn‘lﬁmﬂ‘siuuaxﬂ?jﬁm’i (Agricultural and feeding applications)

1 mwhdethdanam fo maiverdosaaienanayeims iawiy way Yanfides

aanglsumiinlaeldansiss Ao mmiiana vieiReqdunis lushsdmiivnyausunseiildi
winfiidmdesina Feannsanunldusslovdls Wu smhduldl dunduiesi shndh

2 mvdinyinde fie nsthvgrdesdaty WinAYY LAvYey 31NN1IVNATY LY LAY

i wwile wWasnualdl wmiinlagerderuiuniamednineivesgdunidlunsdesaasuss

fandn meldaniziandeufimngauisludiuaudu guvgd Usuia eondiau auld
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a aea Yy & o v I a3 ° = o |
ﬁqiaumiﬂmﬁaﬁaaqﬂLL@'JLUUNQ“?@ﬂQULaﬂs]auqm']a‘UUW'] lllilﬂau 1R I181UVRIEITUSENDU
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I 1 z': dl 1 I3 4 v al' o
Asuaudelulasiaudl Wevuiunsgesaasasaauysalagladendiniaiuisadnldldlunng
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Usuugsnanmaulailuegned 3nsmdniinde awnsasusladu 2 35 AedSnesuununieolu
viau NudsniinverlagldinIesinsna


http://teenet.chiangmai.ac.th/btc/introbiogas.php
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3 nmiludesdad Ao unmsthuegsmanewemsiimdonnmssulss- nuvde
UsznouawnsiliiAesdng wu THidesans Hesan

4 msiweadeutuiuUseiud (Land reclamation)nsihuesidesnusulgaiiudi
fio msthieeadevily i Tanannsneasne wieyaserans nnagneuansz ULt TRt
Ao iduazninvesdedug Adnmnuuiunmsunindiuazadnyindetanim inldfuuseiud wu
oL duvay WWule aunuuiiienuaaBesnuiiuiifidosnisensduaiugs denuninves
Fevdovsrlufiuiidend1iuds avanunsoihfiuiidun WlHusslondld wudgniulsl ada
aua1sIsae nieanuinroundoule wazgnaiiseraisidaiiugelduinin
(http://ptech.pcd.go.th/p2/waste-util-knowlage-view.php?kid=23, 2556)
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2.7 AMUANAMNLATEFAD

i (WUY) T8 nnneaedldinedinmindalaluiaagugaln wudi
ansogalndmsunsdulauulagndsyssana 15-20 wifiseTu dedemdinie 1 61 ialiang
naassnsminieldlaluszezan 1 weou WeRarsananusunuiiedinmiiiaduluuseyiu

) o A o Y a & an v v O v v vey =

na99103uN 30 wesnsniinazlyvusunaiienlaanas dstudidesnisldiiedaninlunis
ifudaduna 60 wiisetu sewihnsiuduaudmdnlidu 4 63 Fssunulunisivdandn
Aadinmuazgunsaisznauda dvag 500 v Anluduauduviadu 2,000 v n1sUszynd
o a 23 a % A 2V v A = % L2
sguunskaninedinmanldluaiisou deddsveziatUseann 6 Weu 39gANNU ¥8I31n
Tunanunsaldsruuniseaniiedianinlulangesq auasuan 1 Vaglidealdanglag i
Tuvauzineiualouiansdy LPG vuiags 15 Alansy 1 deviethou luan 1 Ydeaderildane
(12x300) Anluidu 3,600 v Feaguladnluszeznan 1 U msldfedanmazdieuszndn
Aldgannsldufansiu LPG Anduiu 1,600 vl azwiuinszuunisuaning@aning

AnuAuatdnsuiluldluaiseu


http://ptech.pcd.go.th/p2/waste-util-knowlage-view.php?kid=23
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2.8 MuIeiinieatos

Wesilng, Usalamd uagidde, (2553) AMetinmainewsemnsgnuasiidululedmu 4
mssudiunsneassiussuususuusuafdimsudnlitosnit 50 ans/u Wuszuusewies
600 3l sremaluladifoidennunadeusussUURARMETIANAINLABEIMIS YUIRnIusn
Usganas 200 Alandu/du ndwinnismegsuiiussuunaniigluledimu wuinlaguninfiieg
Awnu 97.27%Mewarsusulaeenlen 2.74% wagiglalasiaudalna 2.43 drulududiu wie
0.000243% TagU3uas wazdaimnudou 35.16 MJ/m’ fdnsnnlunsirluldduineia
soeudldsoll Tuvaefiannmues Off gas Ioannmiaiinu 58.33 % feaueulnoenled

a1 % wazfelelasiaudalis 27 dalududiu FsaunsarhlUldlunsudalninlanely

=g L4 o/ ¢ a =2 a (23 IS
BYINY , SUINUY  WAZENIUAUI (2554) NTUFNY : NITHANNIYYINININVE LAY
9113
mvualminisanwinisvdnvezuuuldldesndiau Tudmdn (reactor) wuuniuauysal
- Y v § 2 & < a o o o Y
Aududu 8 Wesldudveundesin (%TS)  aungidmiuszuunisndnvegivinduy

55 aAwALEed FanaanNnInTIainnuauTRLAAIRINAITI9N 2.9

M1319 2.9 AnvandRveseenldlunisnnaes

.. 2. UATIIVAUN UIN. UT1AUY3
TSRS vhaprnnvesuds gegiieududu 8%TS | vssfinnududu 89%TS
Total COD (g/L) 31.52 35.38 74.96
Soluble COD (g/L) = = 18.57
oH 7.51 7.4 4.59
Total Solids (g/L) 25.25 79.65 80.68
Suspended Solids (g/L) 11.78 36.18 43.02
Total Volatile Solids (¢/L) 19.33 76.97 50.32
TVS/TS 0.76 0.97 0.62
Alkalinity (g/L) 1.73 1.68 0.36
Total Nitrogen (g/L) 0.46 0.62 0.19
Phosphorus- PO43- (g/L) 0.26 0.25 0.15
tCOD : N 69 57 395
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Aafnniindnladesduszneuvesinenieg fe Mednu freaiueulneonleduas
falalasiaudalg WofiansaniesdusznovresieiinufindalalundTu arnnanisvnaes
wuruAngdanmiifefimudussdusznouwiiu 23.2 - 70 % TneriusuLsnueenIsnaass
UinamesfneiinuazdiiesanegluannznsuuivesnuaiiFelunguiindnfiedinuuayd
USnamesnuaiiBeiites Weszuuiindanzaunadien HRT fsq nuinldesduszneuvesfing
fuudeilndifestu ananisuaasmuiiesiusznavvesiadinulufedinmidanede
WinAU 52.34%

sudefefinuduegiuannyiunadouefvyan 99nn1mAaes wud1 Ui
Arafivuiindsldfianudeulunua HRT (fednwlvmududuansdunidundiaed a1 OLR
agifidumy HRT flanaq) # HRT Ay 21, 15.5, 13, 10.5 waz 7.5 Tu @ursandannwiinule
WU 0.163, 0.192, 0.205, 0.286 4a% 0.257 Mske  CODyumowl 71871 HRT 4 S Aasfiinudings
éfrantosanuliffedmuiniuluiugaieromnafussuufoudl 151983mnaaes Ty
A1 TCOD fiigsvuuilrnfuysusiuiiuTunngisuesdn TCOD winfu 45.14 - 94.47 oL denia

fonsAuIMHAKARMedlinuiinTusien COD Ngnldly

U381 (2539) MIuenidouiavivesuuaiiiedsannsondninuan undsiidnnsgos
ameansdunidingluaninzlieandiau 7 fednsdslfriumsnsedulitnsndaiinuuds uas
1§ nageauauasalunsRERTMLaINa1TemIsENe 9 Weksnunsiluauiiaiuaunse
aslun1suaniiny fegreiifinisdesaansdunie 7 fegrany wnsiluau 9 anewus a1unsn
Fuunla 5 agiuglaun Methanobacterium uliginosum, Methanobacterium formicimum,
Methanosarcina mazei, Methanobrevibacter smithii, Methanospeara sp. warnsluaud
Tanansasiuunls 4 aewuslidodn M2,M6,M7,M9 au@ansaluniswan Smuvesunsilu
Auusazaeiusuandstululastuag iy a1susznouaniveuiifiesdusznovegsieite
annsalfidu ansemsiiendaiiny Weldansuseneumsueusie 4 o Melalasiauuas
fgasveulaeanles ozdemn wvsuea Wesum  Iawmdaarduiduansemisaes wuinain
gmshuan1efiidfng lelasiwusazfieasveulasenledduaisemns M. smithii ndndmu
Ienniign 74% dnluevnsifordamumsiluiauiisl susaduassn wie M9 Alilansa

Iuunld ndedlinuaaniande 68% dlusimsisinesiumduaisemis M. smithii nanilnu



33

lpanniian 61% wazaumsnluiau M7 Nl awnsaduunlandniinuld 74% wag 69% A1nwNs?

ueakay aunsaaduduasenmsauanau

BUWYY (2554) NsAnwnaveslendinuasuniinsindenindeusununisuanine
Fanm Taeldvinnsneasnduszeziian 90 TufnwiUSunamwesfingdinmuaznisanadloniy
ﬁmﬁmﬂmdaﬂaaLLazﬂwﬁﬂmﬂmimﬂuﬁwmeﬁﬁiwﬁﬂu&@ﬁ%m

nsnnasadunisvinuuy Batch Process lnsniunuosdUsznausiasiuresis 4 &
Uiselmiloutuvmn Tiun Usinauavesdusznavvesyaros wasiteilldiiudussuulneuus
daufisendu 4 deldun 1) SUisen (O Uszneumeyares 2.5 Alansu 2) daUfizen (U)
Usgnausieyades 2.5 Alansu wazdevdinaguaiuuy 0.5 Alansy 3) defisen (L)
Usenaumeyadey 2.5 Alansu wagdevidn 0.5 AlanfuUnegimuas wag 4) deUfizen (UL)
anvinoUsznaudfoyades 25 Alansu wazdensin 025  Alanfudarquitduuuuay 0.25
Alansudnegaua

a [2] a [

HANISNAARINUT HRUfATE 4 TUSHuietinwazaugaiiens aaUfasen C

[y [ aaa

20,500 #adn5u feUfne1 U 22,760 faaniu aeufjisen L 26,560 Aadniu wagfaufisen UL

a

27,315 Jaansu wagludleszasd 3 (¥edudl 61 297U9 90 ¥9IN15NAABY) STUUHUSLENTA W

ISP a aaa

Tumsmdndled danadevesdeuffisen C wiriu 37.24 Wesdud dsUfA3en U Wiy 34.05

(9 [y

Wesidus §eUifsen L wihiv 39.13 wWesidud wazdaufise UL winiu 42.74 Wesidus &

)

wandliiudn s fseiileminddiutioiudnsn1snaningdanmn waziudnsnsindng

]

lodldrnindaujisenldddendniae wazdwfasenidendnegfiuasaunsaiagnsinis
HARA9YININ waziNdnIINSARTlaflananIdU e niidensinegauuuns Wedendinld
MiuaiagiuuNziiUsEansannsidndlefuaziiuUsunanmetinmliwansdieiu e

Weudunismelendnlilanizanuans

Uszuia (2547)N15HARNYTININNNLUNAsluNszuILnsHanuLIULAe IS NSy pdane
MMelnan17¢l509nBLAULUUEBITUADY NISHARNIDTININANNUIAIIUNTEUIUNTYBYERIUANE

Tnannelssandiauiuuasstunaulussiunesljufinisssuudsznaumediminnsn JUsuns
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(%
aaa (Y [

n1svgdn 27.73 asuazdmdnnisiuTuinsnisuin 52.83 Gns Fedalfisemsasedatiinisniu
HANTTUB SIS
d' o a d' @ [ [ a [ a = U
Woaniuszuuiszezaniunin 15 10 wazs Tu Anl udmns1n15Uauansdunsgmiu
2.45 3.06 wavd.45 NSUYLafnpans.Tu AINAINU NNITANYINUINUTEANTAINANTINIAAT LD
ATlAeYIENINg 88.68-93.69 LWasidunusyansnmnismdnvesudavisnuniin10g5e1i973.49-
87.45 Wosldun Uszdnsnmnisminvesudessnenauainieysenin 85.11-94.32 1Wesidun

wazUsEaNSNINNISAITRA1Ue LT ILUIUaD A 198 5¥1119 88.75-95.62 Wosidunlaen

a a

szazIaIAuin 15 JU 9ns1n15Uaua1souUNse 2.45 nSudlennodns.Ju JuszansSainnng

1%
a a =

Adna13lefgegamiiu 93.69 Wesidunuiuiunig@inmimunlaeiaiefiindu 4.28
Ansnatu dnwilwvulueinlsenaunaiu 64.91 Was@unaiunszeznaniuin 8 Tu 8m9
n1sUauansdunse 4.45 NFudlednedns. iu IUseaniamnisindnaglonasgainiiu 88.68
= a a & g S a ) a a a P
WeslunuSinuneiiawivaalagiafeiiadu 15.87 dnsneiu uaziineinmiingagana
21.05 anspotu dneilivuluasnlsenaumniu 67.78 1aswiua
wiiugy1 wazsIuiling (2551) MSANYINSHANNIFTININAINTIIAVeIAYT Tuadu
Yaslu 10U wazninudn InsnisusinludauunzuazuuuiineNaniiglsonnia dusunisusin

wuunzuazkuuiinglainsfinvmavesunavesds vlinvesingiv uavdnsaunisnauiu

a a

VoIINAUNINTHALINAURUUARIUAZAUYIA

9

ANKANITNAADINUIT USUIUVeILTaNS 088y 5 VaInINUan IMUS LN 1NN

[ a a a

Nan w1fiu 27 TaddnsnonuingAuwns dmSunsninibuuraingAuaedrlndnstaIuves

. | 9

MAwaAwazaInUn 1:3 ansandnnigdaninlauiniian wniu 23 faddasnonsuingauuns n

Wwiinminaalaunigadmsunsnaningivaiuaie Tudnsiawvedlu : @y nmnwéa 9

[ a

1:3:3 laUSuIUN 190N 24 Ta3ARTHBNTUIROAULIG N1SNALNINWAALAZE IR UNDNTIaIU

q

1:3 TydhwSunisuinuuuianglaglygnsinisUeuansdunseniiu 3 AlansunegnuiAniunsin

noTu USunanadinmannigaussana 26 daaansnensy TngAuLm

a

wa¥ad (2539) nisandSuayaleeyuyy Aen1sly Raunsdsssund (EM)  lumiy

a

Ny 250 W@, 5ua, 138, wag 0.5 wa. Aeyanay 10 nn. Wisueuiuilildgdunidsssuni

(EM) Ingldyarlosyarulssinmiayin #aldaneainaaluwnmeuiauasuouwiu N15ANKYIIRY
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Tdulmeans funun1snaassuu Completely Randomized design vinnnsvmaes 3 @1 Tu
WAag AU IUYDIAUNSEETTUYIR (EM)
INHANIINARDINUTT NITUITNARBINERRUNTESTTUVIF (EM) 250 wa. sioyanee 10

nn. ansaanuTuinayadeslaunigaissesar 98.74 ilaiUSeuliuiunssuisnaasanly

a 6

RUNIISITUYIR (EM) 5 wa. uaz 1 ua. soyaces 10 nn. Faanasievay 98.35 uay 97.86

MNEIAU WUNLiLANAuNNeEdR dunssuItnaaenldauvsgsssueiR (EM) 0.5 wa. Aaya

tloy 10 An. Tsanassosay 97.28 1 dauunnf19eg19itedALN9EDRA (p < 0.05) WAANUT

o

a

Tunssaisnaaesnlylldqfunidsssud (EM) anunsoanUSunyarasassosay 98.60 FeU3unwu

d‘ 1 1 ! a v o U aa o U QA ’0’ Idl a é{
Vla@a\ﬂlmﬂ?’mLLG]ﬂG]N’P]EJN@JUEJﬂ’]ﬂQJJV]NﬂﬂG] (P < 0.05) @wsuUsuIUUILNATUIINNITARN

a

USunauyanaetu n35uisnnaeiildqauvidsssuyna (EM) 250 ua. deyares 10 nn. @1usain

&

Uunanhiiedulsunniigadeann 2.147 an. Tuduusnidu 5.731 nn. Tuiud 28 vesnisvaaes

= 1 ! aa v aa N9 ¥ a a ¢ a ]
GUQ"L@JQJF’TJ']NLLmﬂ@qﬂiumqqaﬂG]ﬂ‘Uﬂii@J’Jﬁ‘Vl@aaﬁmi%ﬁ!aumiﬁﬁiﬁﬂ%’]@ (EM) 5 ua. az 1 ua. G\@%ﬁ

e

Nag 10 nn. ﬁﬁﬂ%mmﬁ%ﬁmumﬂ 2.016 wag 2.232 nn. \Ju 5.377 uay 5.433 nn. AMUAIRNU

o w aa v a

I ! | Ao aa g v a6 a
LLG]@J?‘YJ’]@JLLG]ﬂW’NE]EJ’N@J‘UEJﬁ']ﬂiUVnﬂﬁﬂGmUﬂiﬁ@J'JﬁVlﬂa93%17]?}@14%58553&]%7(5] (EM) 0.5 wa. tag

o

1%
a =

nysuIsvaaeafilildrdunidsssumd (EM) IneduSunanininiuain 2.082 uag 1.883 nn. 1y
5.254 uag 5.070 An. mua1au eungillaeiadevesyanssludmeasininynnssuisneasdluy

FUAMUINTDINITNARDY AzaINIUUTTOINIAUTZIIN 1-2° 9 LATANAININAIGY Lﬁ'aL‘%'msi’hq
AT 2 veennINnaed aumsﬁﬁu@mmwmam Turazfianudunsa-ae (PH) ludmaass
auifinan 4.24 Tufuusnvosnisaaeadu 5.54, 5.96, 8.15 uay 9.39 Tusuil 7, 14, 21 uaz 28
YINITNATDINUEINY NANITIATIZVDIAUTENBUN LATIURIYaNDEY NUTIATSUBUARAIRIN
Yovaz 47.75 TuSuusniidedewas 39.71 luiudl 28 vssmisvnass lolasiauanasaniosay
537 wiaedovar 4.47 uavdamesanasainiovar 245 wdedesas 0.73 Tuvasdilulasiau

[LTUINNSesay 2.53 Wusesay 3.18

WUWINS, $1lw waziiuiin (2538) N1sAnwiAunmMEandaeningise 31nNNsungendoe

v oa a £ ' o Y ) ¢ d & - ] P Yo
wisidendulsvesnunsumdn laeldeiseludng 6 Weidud veslmingendey Tddndiu
99911 : oA 3 8Ms1AB 1 : 1, 1.5: 1 way 2 : 1 l¥svevianlunisydn 3 svey Ae 3, 4

WAL 5 dUANY 1A8YinN1SUNN I UUDTLUUR ANNKANITNAABINULN
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gandeunindnsiUdsuwas fe vilvivendesiidnwaryudu dnduguvesweuluie &
nswWasuwlaswesUSunandeledntos warnisuineensealagldiui : sendes Tudns 1 @ 1
wazndln 3 dUan asvinlilavendeeniindnnnInianige

¥ £% v
a IS

wazmsiiindnaiuvesdvilisondesiinnudugluiaziinites

A (2551) MsuARLNEimuaInNAINTIaaIn Iy teglvieulaumnianisan
gUwesesunialaglunszuiunisvdnuuung (Batch fermentation) ﬁﬁmsmwmamwmi
wiinuuulse1ne (Anaerobic condition) metflaauian 3-4 Yu msteulsumismsaguies
seundalurananaunn 500 faaans UsIIAsImMEINTIY (working volume) 350 dadans &l
nswsseulsunounisilUlalnenaunintinia (Molasses) fu 1ilusnsiau 1 : 9 uagiinis
wUssuUSunaneulsy 4 seaudl 5, 10, 15 uaz 20 nSu AuEIFU wadfafinsuusiuanngng

winuy 4 @nnghe anensminiuuil (Static condition) Aigaumngiivies (ALadsgumngives

a

20+5°C) d@nmgmsviainiuuisfigumgdl 37°C @n12MININLUUEIN8AIINEI50U 150 rpm

9 Y

Mgaunnll 37°C waganenimsnssueulouiady 4 Juneunismiinuuuisnaaumgiives

INNANINAGBINVIMNYANIINAaesluTinIsHEnuNatinuinTundndumnaulugle

Wuunadinweilaunansueulneenlun (CO,) waznuunalalasiau (Hy) luuSinaniisadnuoy
0’1’ dy‘ﬂ a a IS o ' a

Wy wenueulwuiiiiussansamluniseesaaienindiuiadinuuiiawnulaaluynyn
nInaaes lngannsneassiiUuameswdaivuanul ndelyusunaeuley 5 n3u Tuns
winfunINFIadIn UL 50 NSty teuleyasiivseaninmlunisesvaaiglafan
Tnafivunamewdsianunanas 140 fadnsunednsdmiuisasulaieulanifivuszdniawly
N158RENINTINIFANUY 1IN WNUIA U 1R luasandawn alulaiiiosninydunse

AU N 18 aneugilylunsdunsemeulsutuunguiios

UWWSHAaA (2551)  nsedaunalalasiauaninnindanaaain uu1inisrnaulagly
qﬁum%amaﬁuqu’%qmé nunsEUILNISinAiinismuaanglsenaung 3 - 4 fu luw
ananlunlananauna 500 dadansluannzwenlaglyusunsimiingia (Working volume) 350
faddns MAa3I50U 150 s0U/UNTigamndll 37 ssrwaidea lasiinisuusiuaininudy

n3A - A9 (pH 5.0, 5.5 uag 6.0) wazyiavesownsidendelagluyad 1 il 3 Wanandsly
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Reinforced Clostridial Medium wWuemwnswaglugail 2 983 3 Warandslyuingu 1in1siAy
waalulngiau (Urea) wavvloanlesa (KH204) asld (@msuganivauaglvindunluduumasly

Tnsauwazneanasa)

1%
o

NMINARDINUN NnYAn1INAaedinmndsunglalasiauiadunsyailyeimisiazin
naw eenslsinnu Tuganisvaaesiilviinauiiiaianudunsa-ang 5.5 azlunalalasauiniu
gafiandl 6%vA  Tudaluan 30 ndsantuniswdnunalalnsiauazanatos 195IA5YNYANIS

Nnasy

ffiorainainarmnuilunsa-nsiines | anassevianszuaunavininalugudinig
wanunalalnsiaures C. butyricumuenainddmua Uinahmaduaufiiudnuiefedia
answanonsudnunalalasian ?iammmmewm‘fﬁmaSum‘u?jaqqsﬁu TemafiaziAauna
lalasiauiszanuaeas ﬂmmnmﬂmamimaaﬂumm%ﬁwﬂé"u‘ﬁ'ﬂﬂmmmuﬂsm-ma 5.5
wuTUTamaBuawiy 20,08 niunedns Tuvaziluyaduiinngs (ady 25.78 n3um

9dn3) Aeiudsagulnnaianulunsn-aasUSuadinasuay J8vsnandAyneani1suEn

wnalalasiau lnensluadunssnunssuunsmdnuuuny

8178w (2547) ASHAANILTININAINNITEREEANELAEINITA8lnanglSeanTiay
wumaE st unaulusziu Semi-pilot scale NMIANYIUTZANTAINNITANLTUNITVDITEUY
NARNTTININIINMSE BEdATELABEITAelnanEls D nTlauLUUMNE T UdBsTunely
326U semi-pilot  scale  UTznaUABEIMNNNTATIUIL 1 SAazamtnnwiuIIWIL 3 69
nofukuuaynsy lnemuualudsseziiuinaisdunis 25 Ju dewfina1veaudeiavuely
ANTATANELAYENMSTINITEUUN 4 1Y 5 uas 7 LU@iL%um(fmﬁﬂmaﬂ%mm) TagAAU USRI
A15UDURITOUNS BT UUMNAY 1.47, 4.21 kA 6.38 NSUYLaAn0ans - 1U AUAIRU

PINNANITNARBINUIN TR INSNEANIBTINMALTUIN 1,065.70 1Wu1,355.80 way
1,518.28 @ansaaiu wsawniu 1.21, 1.54 uay 1.72 ansnodns-iu auaisu tnedinieiinud
weanUsENeU 49.29 - 46.33 Wasiiundmiuuszansnmlunisidndlofiaigats 9597 wWoes
Funuavdszansnmlunisidnvesudeimuniiaunifu 89-90 wWesiuniiiofiuaveuds

NvualuaTazaeLAwIMISIUY 5 way 7 L‘UE)iL‘%L!G]LL@ﬁ?ﬂ‘UENLL%QﬁQﬁN@IUﬁWiazaWEJLﬁ‘HE)’]‘Vﬂi
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A o A

WU 4 LU EunilansIN1sHaRN TN 1ne ansuTlefnse voudaignidn @19 5 wag 7

Y Y

< N o a = = v a LY a U
Woslunlnadsnsin1skanniedin nlasnginunensuglenniiu 0.81 wag 0.37 ansnansy

o w [ a [

a5 aa = = o 2 = ° o
%I@@Wﬂﬂﬂ'm@ LLa%@mi’]ﬂWiNa@mq"?ﬁsﬁjﬂq‘WLLﬁzﬂ']"mJLV]uG]E]ﬂi@JGUQQLLGUQVIQﬂﬂW ALN1AU 0.93 Lay

Y

a o & A o w o
0.43 ARINDNTUYDILWNONNIAAN AIUANU

a3y , 1w wae Sszaius (2553) MaUTeuiisulsunaniedinmainnsuingagns
suiulugamsuazyagnsmiumaiay dunsinviiienisuiieuuiuuniedinimain
nsvdnyagnssiuivlugremnsiaryaanssiudunisdian ludnsiaiu 15 1 1 Alandu dudan
wasnndnluuad 3 Ju ludwmdnauin 150 L anglagaumgiives 31nHan1snaaeanuii
USunaunedinimainnsvdingagnssiuiulugnamnsuazyagnssiuiunsuiaunanisane
USnauniedinmainmsvdnyagnssiuiulugismnsuagyagnssiudunisdiay wundsunu
metanmitlaainnisninyagnssiafulugrmnsiuazyaanssanfunsuiay mnfu 73.12 L
ey 91.68 L muaduazkiiuai niedin nazanainnsvdnyagnssiudunisdian 1nnainis

niinyaanssuiulugann

2330UNT , 933Y UWALESINT (2553) ANEAINAITHANNIFYININIINATVINLAYENNG
laukazidennangiauiiouns WunsanwiUSeuieudnenImnIsHAAN1wTINININNN TN LAY
FnualunazUdonnateiduiiouns Usunamnunaueenisfisesy 5% taelynsmin
wuwenyiemaiduiasvina e lumavinuuulsemiawuin 1 L Usineslsamads 05 L
sypzinamin 10 Ju msudnuuuwessezamisn 9 Yu uaznsudnuuunewiessyeziamiin
7 u 91nn3ANEINUIN nsneasdnuuueniiuszanSaannisiidn VS fienuwuuuned
goaudaanun TS 5% annisvsiniresinaalyuasiudennadoiduiiouns daunmifu 60.27 %.
LAY 68.28 % ANNAIAU NIYYINNELENWINU 1,439 mL wag 1,170 mL auaIfu @AngnInnng

NAANETINTNNIAY 57.56 mL/g Lag 46.8 mL/g AUaIAY
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35115 UIU

j;dLLUUﬂﬁ‘i%’sﬂ%’aﬁLﬁums%&Ju:umnmaaq Lﬁaﬂqﬁ]ﬁmﬂ‘%ms LAZAMAINANBTINN
PNLAYeres ngldyaans LLazgauﬂﬁiwL‘“ﬂuﬁaLs'aﬂﬁﬁ'%m TRefiTunaUNISANEINIT
< %
3.1 MsNUTIUTINTRYA
3.2 @DUNYINNITNAADY
3.3 Jangunsal
3.4 TURDUNITLASLUNNS

3.5 YURBUNITAHUNISAN®IIY

< v
3.1 NMSLNUIIVIIUVDYA
N15AUTIUTINTeYaUITuAsed Taud Teyanieiuyiuin LagAUAINTes
edinmiiinainnisudn lnewisdiwesnldialaun Anse - A1 gaunnll a158unse

STWEY 9anTY AsUsLLauanlys talasiaudalnd Sy (Wesiudnisanl) 1Wudy

3.2 #01UNIINTTNAABS
USIUAUNEI01AS aYasal <o U AugInemansiazinalulad umineide

wAlulagvenansuas Audnszuasmile

AN 3.1 WARSADUNLTYINN1SNAaDY
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3.3 Janaunsal

12
[ [

3.2.1 Vi PVC 3 i3
via PVC 2 i
3.2.2 7781 2 1 6 u
3.2.3 U848 90° 6 YU
3.2.4 ndeuen 2 i
3.2.5 f9UUIA 120 893
fauu1n 200 8013
3.2.6 \wian 4 vy
3.2.7 Méduniadeoundu
3.2.8 anguna
3.2.9 welailua 6 yu
3.2.10 anguia
3.2.11 awih 6 u
3.2.12 yaans
3.2.13 gauniisiu
3.2.14 \AYUIEDINIT
3.2.15 N3zAvanNd

a

3.2.16 Useningauuqll
3.2.17 1AR0sTnfinesu IBRID MX 6
3.2.18 auanzlni

3.2.19 idoudandn

3.2.20 AAULNAT

3.2.21 INYOLAY]

3.2.22 AONEIU

3.2.23 nNTFalAU

3.2.24 lvAas

3.2.25 pglu

1 viau
1 viou
29U
29U
59U
3 €19
209
29U
29U
4 v
59U
2 1du
1 &
100 Alansy

100 Alansy

(Al 3.2)
(il 3.2)
(il 3.2)
(MWl 3.2)
(Al 3.2)
(n il 3.4)
(n il 3.4)
(Al 3.2)
(n il 3.2)
(n il 3.2)
(Al 3.2)
(n il 3.2)
(n il 3.2)
(n il 3.8)
(n il 3.9)
(n il 3.26)
(n il 3.6)
(n Wil 3.7)
(AWt 3.5)
(il 3.3)
(n Wil 3.3)
(AWl 3.3)
(n Wil 3.3)
(n Wil 3.3)
(Wil 3.3)
(n Wil 3.3)

(mwﬁ 3.3)

40
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AN 3.3 gunTainie

Al 3.4 §99U10 120 uag 200 FAsUERU  nawdl 3.5 Ledesinfinesu IBRID MX 6

a

AN 3.7 Useninengaumgdl

U

AT 3.8 Yagns AN 3.9 Yaunisu
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»
3.4 VUABUNITLATLUNTS
3.4.1 Femaassuviedasia
1. insTavuiavesdeddaulaudevuin 200 das dvuranduga
120 tuluns n319 50 WURLUAT §99U10 120 a7 JYUINAIINET 80 LYURLUAT

A9 45 LYURLUAS

AT 3.10 S3wnn 120 A0S A 3.11 Saunn 200 ans

2. dvefiwSeudiguANas kaginuaiue1veienaely wagvins
FAMIUVUIAT P NNUALALVBLANDINITEND 50 WURIAT YI9NIUENT 70 WURIAST Vionaane
A19817 40 WURLUAS Y19AUL17 50 WURLUAS YB719NIN 10 WWURIAT (VUINVDIVIDAU kAL

v & & | a a P o & v =gy & i a 1] v ° vy a a

yiofanInazaunINNINeSU1e9 iesananludssnedenatasuidnluaievinlidaadiaunnd
AUNIINTNLLERN)

3. WsuTain ApnIsuantvuInAIuN IS ueRlduLinn1saula

= @

Tilaneviouueanudteanidunan wWelddmsuanzsontion

d‘ L ¥ = 1 v 1
AN 3.12 LaAaNWUsUBeANDUDAD
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3.4.2 35115U52NaUNIMINANY

1. 111156918 3UTd A TUUN0IfevUIn 200 Gas 3 Flaun

a

1 Y 2 23 ° v W {
JTUMN 6 U 2477 397 UAIRU 9NN 3.10

NN
NV

AW 3.13 LAASANLMALIANINITIRN LTI A ULIUNN DS

a

[ ¥ [

2. wnedadudnads vunm 2 2 geenfufiednation 65 wuRuns 1 3 uax
vn 2 877 dudndigaandudiedietion 5 - 10 wufwns 13 Bimsanesi 2 Tuwun
Fenduilominiderhnisuszneuriedu viearsnasufovaniuduasvasfanssuiuse
fann vhlildannsausznourieiisnanld vievis 2 msnsiuetiatios 40 wuRiunsly

ST 1138 viuw 45° vi3e 60° nvielavienils

NINT 3.14 UARSANUMUEINNNN9AELT AN 199
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3. ¥nsde1vie PVC vuas1eqilansauunlsenouttnAudanlusiiiug

U ¥ U | 9(; v 1 1 QBJ 2 | 3 | 1 a 1 U 24 5
AN laun vieunau viefsnin” Meniuw” vielde s way viereaeing

—F—— -

il

NNA 3.15 UAAIATUMUNNIsLszNaLYias

a. ladedalunng Yszneuirduedlusosudifionnunuvesvie Wi
Fuflondadruiiviinisuszneuiionnuutuun Tudiuusznouse

5. ilevhmsuszneuiaialuusazdrndiminnisbeinndalaau ielngeiniad
oUdneUYiBLarisszaranselinuaUssaInm 1 - 2l

v
v A

Mtin1sUsEnoudminuuliaudAyuIngalunng TunaunIsnsuunis

1% '

<

Wosanlddrunsuidunivusdmsunisiasd o wazyinn1suinAig nafeneensIagn
sedssendiludiudsenaunneg 8neay sziewuanisengulildeendiauliinaulise
USUUVDI80NTLAUDL19UIN %qmﬂ%”ﬂwaLsi’f’ltcjizwiuﬂ‘%mmmﬂmﬁ]ﬁﬂﬁlf?jaﬁ'musé’hm

13901901819 F9AraINalRTEUUAULA?
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3.3.3 Bnsusznauiiuiufing
1. 191839U70 6 MU 2 § USLIUAIUT1990489UA 120 8T 919 2 979 Uag

1IN 6 U 1§ TENINNAE

0,

e e, S I

AN 3.17 BAASHITLANESANTURDINET haE LNNIARNUAY

o 1 Ay v oo Y v [ & 1,2
2. U1 PVC Alomsoulinaiunusenau lawn 31870879 7 way

U U 3
LNNINAINUAY

Y
fl
0

A /A
) —/
1 3

v
AN 3.18 WAAIHILUUINISUTENDU 1180 kAL ANIAANUAY

3. Wevhnsusznouasaluwiazaliviinistinnddlaau welngeniad

RUUSIIVBUYBUALTINTEUEIATTOINIWIU TR 1 - 2 Fal

v

= = [ [ o v & [23 Y v [ N o =
FILUBNINTUTLNDUIEUUNINLUN LLﬁZiNLﬂ‘Uﬂ’]“ULSU’WYJBﬂu‘ﬂguaﬂﬂmzﬂﬂgﬂm 3.23
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3.5 dumuMIANIUNIANYIATY
3.5.1 JuppuNsANTUIY

1. thyagns wosyaunurautidndn 1 3 whldadludoiindield
7-15fu esemaiindTnavesdunidiifisameayarunsadesaaiseimsifuled i
A 3.24

2. \ilovifnyaun uazyagnsnsuiimun nsidnavuszemsludmsinnis
pdausnaslutiina 30 Alandu uasiunswioluluuium 15 - 20 AlanSureduani

3. Y199 TAUSIA ka1 THMeSR199) Tugaean 12.004. — 13.00u.

VBINN U

'0?]' PID 2
_20.2 65.8 8,

" Wyol

cO
245

ppm

AT 3.23 LAAULABIEDINTT AT 3.24 FDUAAINAVUETININITNTIVIA
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NN 3.25 LANINISAALENLAYYETNAIERN WAzl liaunsagesaaslanaurinnisiiu

3.5.2 Yunaun1ssuTUtaya
g.’l < v wva 1 6V IS
3.5.2.1 YunaunsinudeyanmuanUineg vasinadianw

1. myinen Aesinu Tngldia3esinfinegu IBRID MX6 fifnld
Masesarlafigan 5 9ia f PID, O, H,S, Co, %LEL (Wosiusvasieiinu Yalaonis
Taaeviefidefuiniostniednluludufufiendsntdy ndeszgafudiaiouidies
wansresiefifineludafiu danmi 3.25

2. myinAn pH agldnszawdniidlunisinen pH lageinszany
anifaluume v ludmtnudinniioudvesnyavandatuaiTnangssitemen pH luds
wiin fan1wdl 3.29

3. Myingamail lagldusenin lagldusenguasluludmdn 5 uni
ud3ahdungAgamgfinigludmin danmd 330

i Mlr
1'l5 79 4 W

4 6 8 10 12 1

A7 3.26 Uananseayinal pH AN 3.27 wanensingamgiaieusen
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3.5.2.2 YURIUNISAIIIAUTUIUNIYAINNITANN

1. wIgmihdsunn 1 dns dmfunmsauriinisingungiineu uag
VRIN1INAGRY taIeuLiiguna
2. vimstufingandaminidigedanufing seinsesreunadises
1 I3 v @ e Y o < dl' [
2. eanpunaandunuingiiumwiaiveriinisgalu
3. dnvugdnunuiuienes Tiladaieiuinaiusounus
Mvaaes

4

4. dordsduinaseundiedui wednwivailn wazegumaiill

a

5. ymsinssegiainsan b wazgaumgiiiieuseningumgivng

q

10 w19t 1Wuran 30 u

6. IAVUTNNNANITNAGDS

7. ynsasuNa

A9 3.28 gUNTEIMINEY N 3.29 WnUSua 1 Ans aslundeneseuly

t “;:
d' ° | v v A & o
AN 3.30 YMN1FVBNUDAIENDELNBLAUAIUTDU
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A9 3.31 uansnsinguugiineuneaes AW 3.32 uananTingunivaienaaes

AN 3.34 wansuan lWAieudiavinnisan iy



3.5.2.3 M3l991uLA389A5293ARY% Multi Gas Monitor|BRID MX6
yafadanmdn

Installed Current
Sensor(s) Reading(s)

0z so02 H2S /

20.9 0 0
%BVOL  PPM PPM \ Unil(s) of

Battery cg I.IlE]L P[l’D Measure

Status PPM  %LEL  PPM Curriit
leon \ E] Benzene  114a| _— oo

Datalog Response/Correlation
Status Icon Factor (for PID/LEL)

LI DULANINAT TR T

ABLUAPAINA

Left

Down

fuALAN

AT 3.35 Multi Gas Monitor IBRID MX6

) % Ay
?Juﬁlauﬂ’lﬂﬂm'mmaﬂﬂu
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1. fAewrnsinAnnAsInsvinIssdnaIa1ee Tuesesnowri

ANFIPANLD991N USEIRNITNIIANILVULILNL YINLTANINNTASIaTnAaamaauls &

31

anunsavihnssdnelaeiduay Sensor > Zero All > OK 1ndusednaglitasesiinisinde

Toyainieanty wUTINUUILAAINANITLATREAIAIY FININT 3.25 AuNNAUTINGA1IN

Pass Feanunsaununldauly wndadanlausingaiin Fail Tviinis Zero Al 8nAssaunin

v
1 U
YEANTUVNUNUA
View Sensor Data [¥] Zero Complete
Sensors 02 502 H2S
Calibrate Zero All Sensors? Zeroing Pass Pass Fail

Bump Test
Peaks
Sensors 4
Location

co LEL PID
Pass Fail Pass

AT 3.36 WAAIATINANUYTDAATDINGIVIANAY
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nan153dewUIn1siiansaneeniiu 2 wide laud nansesiniadsunafeiinan
nsndnlagldiiisaufisenseninyagns wasyauniisiu uae Han1snsIvTAUsEaNSAIN

vasfgiinannsusiniawueromsiagldisauisenseninayaans wazryauniisiu lng

1%
o

I a IS S
S1uavdunUesnuIdeiinneluil

4.1 annzwindexlunmeass

4.2 namsnsanuaNRvesfsiAnannsinlaeldiis e fisensenineyaans
WaryauNNsu

4.3 wansanaiauszansnmvesineiiisannisusinlagldfussujitorsening
Yagns uaryaunisu

4.4 wanaselannauiy

4.5 9AUI8Na

4.1 annzuandeulunismaasy

[

nsnwluassillfunisidowuunnass  (Experimental Research) lmzende
anwwindenluviesntufe Nuninuianueauninendemalulagsisuananszuns lunsvin
MInaaedide lnsulsanaaeseandu 2 ua laun gaildyauniisny uwasyaildyagnslu
o ~ o Y o ) = a s a agllo./
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AN5199 4.1 ARSI NITE1USUNISAN®W

WHnes Y Heyanial IGRRRER
sendLau (0,) VOL% 02 0 .. 30 VOL%
asdunIdsemedia (voC )’ ppm PID 0 ... 2000 ppm
Talasiaudalug (H,S)° ppm H2S 0 ... 500 ppm
ansuauneuslas (CO)° ppm co 0 ... 9,999 ppm
o (CHy )’ 9%LEL LEL 0 ... 100 %LEL
N30 — Ang (pH ) ° - pH 1..14
goumnil (€)' °C °C 0..100 °C

NI 4.1 1. W5 1AwmesilgdmsunsAne eandau (0,) ey voLw 14

dydnwal 02 ToRdun15n519TA581I18 0 - 30 VOL%

a ¢ Y

2. ansdunidsemedig (VOC ) dntaedu ppm 1ddydnwal PID TdRdunas

ATI9TATLUIN 0 — 2000 ppm

Yy

3. lglasiaudalue (H,S ) fnedu ppm Tddyanwal H2S ToRdun1snsiain
381379 0 — 500 ppm
a.p5upuNauslan (CO) duiiadu ppm Midydnwal CO TdRdan1snain

521371490 — 9000 ppm

Yo

5. T (CHg ) Snhedu %LEL [dydnwal LEL fRdun1snsiainsening
0 - 100 VOL%

= 1 aa v o 1

6. n3A — A9 (pH ) dydnwalidu pH lafinule IRdeonsinsewine 1 - 14

o (% L aa v

7. gamgdl (°C)  fviselu °C Tddydneal °C dxdelunisiasening
0 - 100 °C
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4.2 Wan1snsAauURvasineniiaaInnisudnlaelddaseufisenszning

UAGNT UATYAUNNIIU

31NNSANYINITNAaRIlAEN13ATIInAuauTRvesiedInmilaann1suinaaen
sreelIan 30 Ju Tugiaaan 12.00u. - 13.00U. ¥83N9 TuI8LATa9IANA Multi  Gas
. ¢ v ~ v a 1 2
Monitor IBRID MX6 Fafine@in1niinsaanuusenauaig 0endiay arsusuleuanlyd
a a6 3 @ 4 ~ 5 1 Y wa = @
ansdunidszivieiny” lalasiaudalid dy’ (n1snsainnuauiAvenTaefinisauans
= YR i [ a o Y al v Y act
714.1) dafnTn - A1 (pH)  nnseavinda waz Jneumngll meUseningungiizs
LAAHARIANTIUANINAT 4.2 Uag 4.3 Mg msudn Medimuaindamdnyaansiuian
W1INN31 gaunfisrvegiuiiuladn wavazanatedesaasuiieommsiitdifuvualy wiya
unfisruiuaziietuses ag19d1 wiiienmsasgneesaunualuudifauusdaimuluds
Lldanasegayagnsusegidla 8nnssunmuea lelasiaudalndvesyauniisrutuiiaisiind

YagnIee1un Feaenndesiuauyigiun1sidenlandly

UGS,

1. pondiau msimanasegwoidedunisviinidesninluszosusndsasdivuaiiFonguld uayldldoondiou
Urtuifueg deeendiauazgaldluaumslasuuaiiiengausn

2. ansuaumpuenler Ysinaes CO azifiniunaennimaaes udunaninnisléoondiauatisroiiosnin
wuasenguldoandauludisssesusn

3. asdunidsemeine dmnuuusiuseyuinasadldib Fafnduannszurunaviin wiensiinideni
53U

4. lelostaudalug danuusiuseiinasailfifulageziimanasmiussoznanmsgndesaanslasuuadise

5. flnu iieduannnsziunstes 4 Juneu lfud lelaslada uedintiadu exdlmaiuda uasmluedu vio
wynluauedy veauuafiFenguiuyiluiay

6. fpH Awsnzauianlumsudnfedanmiossying 7.0 - 7.2

7. quugiumeand wilaflan shawldmnzaudigafetna 37 °C - 41 °C wesluflan shauldimnzaudian
A% 50 °C - 52 °C
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[

Fudi 0, VOC H,S co CH, pH °C
1 12.4 129.5 500 474 30 7 30
2 11.1 138.5 500 417 31 7 32
3 10.9 145.8 500 432 31 7 31
4 10.5 148.5 500 473 31 7 30
5 10.5 153.6 500 577 31 6 31
6 10.3 132.5 500 584 31 6 30
7 10.3 142 500 622 31 7 30
8 10.5 134.3 500 648 37 7 30
9 10.6 138 500 754 49 7 30
10 10.7 137.8 | 498.9 823 54 6 30
11 10.8 139.4 | 49358 865 62 7 29
12 10.9 1282 | 499.8 874 71 7 27
13 11.2 1158 | 4815 997 71 6 27
14 11.4 103.7 | 490.5 1009 71 6 31
15 11.5 1093 | 497.4 1155 71 6 30
16 11.7 1062 | 498.3 1213 71 6 30
17 11.9 1048 | 492.7 1349 78 7 30
18 12 90.8 496.4 1378 84 7 31
19 12.1 96.3 497.8 1355 94 7 30
20 12.4 87.5 481.5 1399 92 7 31
21 12.5 85.3 498.1 1412 90 6 30
22 12.6 83.2 478.2 1400 89 6 31
23 12.7 82.8 499 1415 87 6 30
24 12.9 79.2 489.4 1500 77 7 31
25 12.6 67.5 497 1381 65 7 30
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M3199 4.2 uananan1snTinnaautRinedinmandmingagns (ve)

Fudi 0, VOC H,S co CH, pH °C
26 12.8 68.4 479.1 1298 61 6 31
27 12.9 733 463.5 1186 57 6 30
28 12.8 75.8 457.3 1187 55 6 30
29 12.9 783 448.7 1186 50 7 30
30 13.1 80.4 434.4 1185 45 7 31

137 4.2 uansranisasiatanadmesifnlunsmeaaesldnalsing i
9onT1au AxdlA1ANASHY 10 - 12 VOL% (USinaeenBiaunisanasausiiousin 2 - 5
VoL% \flesngmaassindudestianduiiornsneaey viliiiuinaoendiauain
aouonilvainlulumdufuie sudunaliiidiesndaudinefidsmsuaniuad 4.2)
USinuaansdunidszinedis 1Suanasegisselilosmasnnismaass UTuiua1veefing
Faloslaoonled Suanasedisdeiiomasananaaes Usinumaniusuueusles fuTua
fifinfusddaifenaenszeziiariinismaass Usinuavesieiing Afiutuegng
soifleatuiu usiilonwnsiligndesaangluaunuslugisiuil 19 vesmsmaassIuiumes
AafinufBuiiezanasedidaidontuiu Insluszozusnaldly iewiozommesilald
wonUszinnvesenasa i luded miunmaassunngaaindetuediadng Saldvin
nsneassUAsuensildundumudingiug luiuil 10 madsingiFuame ety
Gufiviinadueradiulide aufeiuil 19 veanimaaes Twanisdunanisal aglinns
Fnprmsegnetioslunng 9 - 10 Yuveaniswiinide Ansa - dne duilnrunsii 6 - 7 @
oglursfimngandmiuaiydule uarmsidnentewsiluuduiudeuvaiiZedivh
winndafelimy wasUSuaaigaumgiies fanuudsiunuanineimalngsouiduiy
Tnoildwinan - gean lavinsainduinniinde 27 - 31 ssmwaidea delidwaditndmiunns
naaosiiilesnnidonuafiGomsiluaud usndudodddusinngug i 37 - 41 asen
wardua lunsvinufATenfmangan (‘Friendly fuel trains'. (Oct. 30, 2005). New Straits
Times, p. F17.)



http://th.wikipedia.org/w/index.php?title=New_Straits_Times&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=New_Straits_Times&action=edit&redlink=1
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[

Fudi 0, VOC H,S co CH, pH °C
1 17.6 173.6 165.4 497 6 7 30
2 17.4 163 201.7 659 10 7 29
3 17.1 144.6 190.5 797 13 7 29
4 17.3 1493 | 201.8 768 16 6 30
5 16.9 1862 | 208.7 920 18 6 30
6 16.6 1469 | 2114 1121 19 7 30
7 16.5 156.7 | 2145 1026 20 6 31
8 16.3 1353 | 2083 1128 20 6 29
9 16.2 139.9 | 2157 998 20 6 29
10 16 1529 | 201.6 1018 21 7 30
11 15.8 162.7 183.4 1010 20 7 27
12 15.6 140.7 179.3 958 20 6 27
13 15.5 156.8 183.4 975 20 6 30
14 15.2 116.7 186.6 963 21 7 30
15 15.2 114.8 182.7 910 21 7 30
16 15 108.7 182.4 888 22 6 30
17 14.8 102.5 187.7 896 25 6 30
18 14.6 92.5 187.7 885 25 6 30
19 14.4 97.5 180 830 28 7 30

20 14.3 88 173.5 835 29 7 30
21 14 81 171.3 805 33 7 31
22 13.7 73.4 169.5 758 35 7 30
23 13.6 73 167.8 745 35 6 31
24 13.1 72.2 165.6 715 35 6 31
25 13.3 63 158.8 709 36 7 31
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M391 4.3 WanINan1snsIinRuaNURi9YInmANmInyaun iU (vie)

Fudi 0, VOC H,S co CH, pH °C
26 13.1 57.9 149.5 680 35 6 31
27 13.2 58.9 132.9 716 34 7 30
28 12.8 59.3 138.3 713 34 6 30
29 12.4 60.5 145.8 708 35 6 30
30 12.2 61.7 150.1 701 35 7 31

£
& o

NA15197 4.3 memamﬁmammmmLma?znmiunwwmaaﬂéfwaﬂmngdw A
99n1U edA1AuALTY 12 - 17 VOL% Fslidwafindmsunisnaass (Usuaeondiau
MSANANIUANLTIBUIYI 2 - 5 VOL% iesaninaasssndufendnnduiievhnisniivaey
lrivsnaeandiauannieuensilvadilvlusdufiuine sudunaliinesndiauiia
Fans19anaNail 4.3) Usunauenansdunsdssimvedis Suanategeiloimasnnismaass
USunauavesfiasdameslnoenles Suanategrdeiiotnasnnisvaaosuazafilugig
150 ppm Usinaanansuaunausles fusinafifistuedrweidedlutud 6 Sundilugas
Yufl 6 - 11 upgBuanamdsantu FFanmnsallimudfiuitenaiisesfavesderodiu
fneesdaiumedeilddvesieasueuteusledanas Usinamvesieiinu ffisty
Tuvinaudesegwoidentuiu dnse - sre dufinauasity 6 - 7 Feglurrsiiansan
dmsuesaydivln wardsdnveadewsluaudadudeuvaiiSefivnininaafeiin
uazUTinurgamaiied fanuuusiunsanmeimalagseuituiiu laefiddan - gegn
lasandusnnilnfe 27 - 31 ssAwaldes mlmmmamunmmum51/mammummﬂwa
LL‘UWLﬁ&JLmﬂumuuumLﬂumaﬂw%mmqmwgﬁw 37 - 41 asmgaidea lun1svinufisen
Fmnza ("Friendly fuel trains". (Oct. 30, 2005). New Straits Times, p. F17.)



http://th.wikipedia.org/w/index.php?title=New_Straits_Times&action=edit&redlink=1
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4.3 uan13n35299nUsEanSnmvasiteniinannisudnlaeldasau)nsen

FENINYAGNT WAZYAUNNITIU

31NN1SANBINAADIINIINTN A8 ALYV 8111 5TYIN191n 1590111 5VD
wiinendemaluladsvusmansruasinldiduemsdmiuidsatonuaiide uarldde
waans uazyaunfinuainidudes ilddmsuduidelunmasaujiten Sedidadauly
MINANRe LABzDIMS 30% yaderinainit 50% lufiussy 200 dns Tagldinanvhmandh
Fowduian 10 Yu wazsenansiinf1esn 30 Ju sauduiian 40 u Fennsneassda
UszansnmazianannUSunaiivindy wazldssoziainsinlidunan 60 unfiwindu Tag

AveadldsreziiaInisienve lumyiong fAwm1sIansuai 4.4 uag 4.5 fall
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i yagns i yagns taan yagns Laan yagns taan yagns taan yagns

(uni) (gnuug) (uni) (gaumgf) Gui) (gaumgf) Gui) (gnunigd) (Auni) (gnungh) (uni) (aumgi)
0 35 310 84 620 100 920 100 1230 100 1540 100
10 36 320 85 630 100 930 100 1240 100 1550 100
20 37 330 86 640 100 940 100 1250 100 1560(26) 100
30 38 340 87 650 100 950 100 1260(21) 100 1570 100
40 40 350 88 660(11) 100 960(16) 100 1270 100 1580 100
50 42 360(6) 89 670 100 970 100 1280 100 1590 100
60(1) 44 370 91 680 100 980 100 1290 100 1600 100
70 46 380 93 690 100 990 100 1300 100 1610 100
80 48 390 95 700 100 1000 100 1310 100 1620(27) 100
90 50 400 97 710 100 1010 100 1320(22) 100 1630 100
100 52 410 98 720(12) 100 1020(17) 100 1330 100 1640 100
110 54 420(7) 100 730 100 1030 100 1340 100 1650 100
120(2) 56 430 100 740 100 1040 100 1350 100 1660 100
130 58 440 100 750 100 1050 100 1360 100 1670 100
140 60 450 100 760 100 1060 100 1370 100 1680(28) 100
150 62 460 100 770 100 1070 100 1380(23) 100 1690 100
160 64 470 100 780(13) 100 1080(18) 100 1390 100 1700 100
170 66 480(8) 100 790 100 1090 100 1400 100 1710 100
180(3) 68 490 100 800 100 1100 100 1410 100 1720 100
190 70 500 100 810 100 1110 100 1420 100 1730 100
200 72 510 100 820 100 1120 100 1430 100 1740(29) 100
210 74 520 100 830 100 1130 100 1440(24) 100 1750 100
220 75 530 100 840(14) 100 1140(19) 100 1450 100 1760 100
230 76 540(9) 100 850 100 1150 100 1460 100 1770 100
240(4) 7 550 100 860 100 1160 100 1470 100 1780 100
250 78 560 100 870 100 1170 100 1480 100 1790 100
260 79 570 100 880 100 1180 100 1490 100 1800(30) 100
270 80 580 100 890 100 1190 100 1500(25) 100 1810 100
280 81 590 100 900(15) 100 1200(20) 100 1510 100 1820 100
290 82 600(10) 100 910 100 1210 100 1520 100 1830 100
300(5) 83 610 100 920 100 1220 100 1530 100 1840 100
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taan yagns taan yagns Laan yagns Laan yagns a0 yagns taan wagns
(i) (aumgd) (Aunil) (i) Qi) (gauungi) (Aunil) (aumgd) Qi) (9umgd) (Auil) (aaumgd)

1850 100 2160(37) 100 2470 100 2780 100 3090 100 3400 100
1860(32) 100 2170 100 2480 100 2790 100 3100 100 3410 100

1870 100 2180 100 2490 100 2800 100 3110 100 3420(57) 100

1880 100 2190 100 2500 100 2810 100 3120(52) 100 3430 100

1890 100 2200 100 2510 100 2820(48) 100 3130 100 3440 100

1900 100 2210 100 2520(43) 100 2830 100 3140 100 3450 100

1910 100 2220(38) 100 2530 100 2840 100 3150 100 3460 100
1920(33) 100 2230 100 2540 100 2850 100 3160 100 3470 100

1930 100 2240 100 2550 100 2860 100 3170 100 3480(58) 99

1940 100 2250 100 2560 100 2870 100 3180(53) 100 3490 99

1950 100 2260 100 2570 100 2880(49) 100 3190 100 3500 99

1960 100 2270 100 2580(44) 100 2890 100 3200 100 3510 99

1970 100 2280(39) 100 2590 100 2900 100 3210 100 3520 98
1980(34) 100 2290 100 2600 100 2910 100 3220 100 3530 98

1990 100 2300 100 2610 100 2920 100 3230 100 3540(59) 98

2000 100 2310 100 2620 100 2930 100 3240(54) 100 3550 98

2010 100 2320 100 2630 100 2940(50) 100 3250 100 3560 97

2020 100 2330 100 2640(45) 100 2950 100 3260 100 3570 97

2030 100 2340(40) 100 2650 100 2960 100 3270 100 3580 97
2040(35) 100 2350 100 2660 100 2970 100 3280 100 3590 97

2050 100 2360 100 2670 100 2980 100 3290 100 3600(60) 96

2060 100 2370 100 2680 100 2990 100 3300(55) 100

2070 100 2380 100 2690 100 3000(51) 100 3310 100

2080 100 2390 100 2700(46) 100 3010 100 3320 100

2090 100 2400(41) 100 2710 100 3020 100 3330 100
2100(36) 100 2410 100 2720 100 3030 100 3340 100

2110 100 2420 100 2730 100 3040 100 3350 100

2120 100 2430 100 2740 100 3050 100 3360(56) 100

2130 100 2440 100 2750 100 3060(52) 100 3370 100

2140 100 2450 100 2760(47) 100 3070 100 3380 100

2150 100 2460(42) 100 2770 100 3080 100 3390 100
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M YauUNNIIY M yaunivsu 1281 yaunivsu 1281 LAUNNIIY 8 YAaUNNTIY 128 AUy

(Aunil) (aumi) (i) (gauungi) Qi) (gauungi) Qui) (aumgd) Qi) (9umgd) (Auil) (aaumgd)
0 35 310 75 620 100 920 100 1230 100 1540 100
10 36 320 76 630 100 930 100 1240 100 1550 100
20 37 330 v 640 100 940 100 1250 100 1560(26) 100
30 38 340 78 650 100 950 100 1260(21) 100 1570 100
40 40 350 79 660(11) 100 960(16) 100 1270 100 1580 100
50 42 360(6) 80 670 100 970 100 1280 100 1590 100
60(1) 44 370 81 680 100 980 100 1290 100 1600 100
70 46 380 83 690 100 990 100 1300 100 1610 100
80 47 390 84 700 100 1000 100 1310 100 1620(27) 100
90 48 400 85 710 100 1010 100 1320(22) 100 1630 100
100 49 410 86 720(12) 100 1020(17) 100 1330 100 1640 100
110 50 420(7) 87 730 100 1030 100 1340 100 1650 100
120(2) 51 430 90 740 100 1040 100 1350 100 1660 100
130 52 440 92 750 100 1050 100 1360 100 1670 100
140 53 450 93 760 100 1060 100 1370 100 1680(28) 100
150 54 460 94 770 100 1070 100 1380(23) 100 1690 100
160 55 470 95 780(13) 100 1080(18) 100 1390 100 1700 100
170 56 480(8) 97 790 100 1090 100 1400 100 1710 100
180(3) 57 490 99 800 100 1100 100 1410 100 1720 100
190 58 500 100 810 100 1110 100 1420 100 1730 100
200 59 510 100 820 100 1120 100 1430 100 1740(29) 100
210 60 520 100 830 100 1130 100 1440(24) 100 1750 100
220 62 530 100 840(14) 100 1140(19) 100 1450 100 1760 100
230 64 540(9) 100 850 100 1150 100 1460 100 1770 100
240(4) 66 550 100 860 100 1160 100 1470 100 1780 100
250 68 560 100 870 100 1170 100 1480 100 1790 100
260 69 570 100 880 100 1180 100 1490 100 1800(30) 100
270 70 580 100 890 100 1190 100 1500(25) 100 1810 100
280 72 590 100 900(15) 100 1200(20) 100 1510 100 1820 100
290 73 600(10) 100 910 100 1210 100 1520 100 1830 100
300(5) 74 610 100 920 100 1220 100 1530 100 1840 100
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M YauUNNIIY M YauUNNTIY 1281 YauNNTIY 1281 LAUNNIIY 8 YAaUNNTIY 128 AUy
(i) (aumgd) (Aunil) (i) Qi) (gauungi) (Aunil) (aumgd) Qi) (9umgd) (Auil) (aaumgd)

1850 100 2160(37) 100 2470 100 2780 100 3090 100 3400 100
1860(32) 100 2170 100 2480 100 2790 100 3100 100 3410 100

1870 100 2180 100 2490 100 2800 100 3110 100 3420(57) 100

1880 100 2190 100 2500 100 2810 100 3120(52) 100 3430 100

1890 100 2200 100 2510 100 2820(48) 100 3130 100 3440 100

1900 100 2210 100 2520(43) 100 2830 100 3140 100 3450 100

1910 100 2220(38) 100 2530 100 2840 100 3150 100 3460 100
1920(33) 100 2230 100 2540 100 2850 100 3160 100 3470 100

1930 100 2240 100 2550 100 2860 100 3170 100 3480(58) 100

1940 100 2250 100 2560 100 2870 100 3180(53) 100 3490 100

1950 100 2260 100 2570 100 2880(49) 100 3190 100 3500 100

1960 100 2270 100 2580(44) 100 2890 100 3200 100 3510 100

1970 100 2280(39) 100 2590 100 2900 100 3210 100 3520 100
1980(34) 100 2290 100 2600 100 2910 100 3220 100 3530 99

1990 100 2300 100 2610 100 2920 100 3230 100 3540(59) 99

2000 100 2310 100 2620 100 2930 100 3240(54) 100 3550 99

2010 100 2320 100 2630 100 2940(50) 100 3250 100 3560 99

2020 100 2330 100 2640(45) 100 2950 100 3260 100 3570 99

2030 100 2340(40) 100 2650 100 2960 100 3270 100 3580 99
2040(35) 100 2350 100 2660 100 2970 100 3280 100 3590 98

2050 100 2360 100 2670 100 2980 100 3290 100 3600(60) 98

2060 100 2370 100 2680 100 2990 100 3300(55) 100

2070 100 2380 100 2690 100 3000(51) 100 3310 100

2080 100 2390 100 2700(46) 100 3010 100 3320 100

2090 100 2400(41) 100 2710 100 3020 100 3330 100
2100(36) 100 2410 100 2720 100 3030 100 3340 100

2110 100 2420 100 2730 100 3040 100 3350 100

2120 100 2430 100 2740 100 3050 100 3360(56) 100

2130 100 2440 100 2750 100 3060(52) 100 3370 100

2140 100 2450 100 2760(47) 100 3070 100 3380 100

2150 100 2460(42) 100 2770 100 3080 100 3390 100
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Usinansanvezensiet @8 20 ke x 36 A% = 720 kg/d
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CERTIFICATIONS

| Directive/Code Certification Marking

Standard

| ATEX' | Ex ia I1C T4 Ga
Equipment Group and Category: Il 1G

EN 60079-0: 2009
EN 60079-1: 2007
EN 60079-11: 2007

[ 1EC 60079-0: 2004

|IECEx’ Ex ia IIC T4 Ga T4
1EC 60079-1: 2001
1EC 60079-11: 1999
|uL? Class I, Group AB C D T4 UL 913 7" Ed.

Class 11, Group F G
Class 1, Zone 0, AEX ia 1IC T4

UL 60079-0 5" Ed.
UL 60079-11 5" Ed.

The IECEx examination certificate is IECEx UL0O7.0004X with marking code Ex ia IIC T4 Ga for an ambient
temperature range of -20°C to 40°C, with the alkaline battery P/N 17131046-3 or -20°C to 55°C with the li-ion

battery pack, P/Ns 17131038-1, and 17131038-2,

"The MX6 multi-gas monitor complies with relevant provisions of European ATEX directive 94/9%/EC and EMC

directive 2004/ 108/EC.

"The EC type examination certificate is DEMKO 07 ATEX 0626395X; for equipment group and category 11 1G;
with marking code Ex ia I1C T4 Ga an ambient temperature range of -20°C to 40°C, with the alkaline battery pack
P/N 17131046-3 or -20°C to 55°C with the li-ion battery pack, P/Ns 17131038-1, and [ 7131038-2,

Land 2

The MX6 multi-gas monitor is constructed with reference to published standards of directive 7223EEC, to

eliminate electrical nsks and fulfill 1.2.7 of ANNEX II of directive 94/9/EC.

*The MX6 is UL classified only as to intrinsic safety for use in Class 1, Division 1, Groups A B C ID; T4 and Class
11, Groups F, and G and Class I, Zone 0, AEx ia I1C T4 classified locations with the li-ion battery pack P/Ns
17131038-1, and 17131038-2 for T ambient < 55°C or alkaline battery pack P/N 17131046-3 for T ambient < 40°C.

WARNINGS AND CAUTIONARY STATEMENTS

IMPORTANT: Failure to perform certain procedures or note certain conditions may impair the
performance of this product. For maximum safety and optimal performance, please read and

follow the procedures and conditions listed below.

A IMPORTANT: Read and understand this manual before operating.

A IMPORTANT: The instrument must be charged before its first use.

IMPORTANT: Be sure fo turn off the instrument before (1) servicing the unit or (2)

replacing the battery.

IMPORTANT: Battery contacts are exposed on battery packs when they are removed
from the instrument. Do not touch the battery contacts and do not stack battery packs on

top of each other.
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Warning: Explosion hazard. Only replace batteries in non-hazardous locations. Alkaline
battery pack is only approved for use with Duracell MN 1500 or Rayovac LR6 batteries.
Do not mix batteries from different manufacturers. Replace all batteries at the same time.

Prior to each day’s use, a bump test should be performed. If the instrument does not pass
the bump test, a full calibration is recommended.

Oxygen deficient atmospheres may cause combustible gas readings to be lower than
actual concentrations.

Oxygen enriched atmospheres may cause combustible gas readings to be higher than
actual concentrations.

Verify the calibration of the combustible gas sensor after any incident where the
combustible gas content has caused the instrument to display an over-range condition.

Silicone compound vapors or other known contaminants may affect the combustible gas
sensor and cause readings of combustible gas to be lower than actual gas concentrations.
If the instrument has been used in an area where silicone vapors were present, always
calibrate the instrument before next use to ensure accurate measurements,

Sensor openings and water barriers must be kept clean. Obstruction of the sensor
openings and/or contamination of the water barriers may cause readings to be lower than
actual gas concentrations.

Sudden changes in atmospheric pressure may cause temporary fluctuations in the oxygen
reading.

Charge battery, service unit, and use its communication port only in non-hazardous
locations. Not for use in oxygen-enriched atmospheres.

WARNING: Substitution of components may impair intrinsic safety and may cause an
unsafe condition.

AVERTISSEMENT: La substitution de composants peut compomettre la securite
intinseque.

CAUTION: For safety reasons, this equipment must be operated and serviced by
qualified personnel only. Read and understand the instruction manual completely before
operating or servicing.

ATTENTION: Pour des raisons de sécurité, cet équipment doit étre utilesé entretenu et
réparé uniquement par un personnel qualifié. Etudier le manuel d'instructions en entier
avant d'utiliser, d'entretenir ou de réparer I'équipement.

CAUTION: High off-scale readings may indicate explosive concentration.
ATTENTION: Des lectrures supérieures a I'échelle peuvent indiquer des concetratoins
explosives.

CAUTION: Any rapid up-scale reading followed by a declining or erratic reading may
indicate a gas concentration beyond the upper scale limit which may be hazardous.
Canadian standards association (CSA) has assessed only the combustible gas detection
portion of this instrument for performance according to CSA standard C22.2 No. 152.
CSA No. 152 certification applies when the instrument is calibrated to 50% LEL CH,,
and for a temperature range of 0°C to 40°C.
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CAUTION: Before each day’s usage. sensitivity must be tested on a known
concentration of pentane or methane equivalent to 25%-50% of full scale concentration.
Accuracy must be within -0% to +20% of actual concentration. Accuracy may be
corrected by referring to the zero/calibration section of the instruction manual,

The MX6 multi-gas monitor is certified as intrinsically safe for Zone | Classified Areas
within an ambient temperature range of -20°C to 40°C, with the alkaline battery pack and
-20°C to 55°C with the li-ion battery pack.
NOTE: The MX6 is CSA certified according to the Canadian Electrical Code for use
in Class I, Division | Hazardous Locations within an ambient temperature range of -
40°C to 40°C for the alkaline battery pack and -40°C to 55°C for the li-ion battery
pack.

The MX6 multi-gas monitor is constructed with reference to published standards of
directive 2006/95/EC, to eliminate electrical risks and fulfill 1.2.7 of ANNEX 1I of
directive 94/9/EC.

WARNING: The use of leather cases can produce inaccurate readings with diffusion
(non-aspirated) gas detection instruments for specific monitoring applications. Leather
cases should be used ONLY as carrying cases, and NOT for continuous monitoring, with
diffusion instruments configured to measure gases other than O,, CO, CO,, HaS, and
combustible gases (LEL/CHy).

Industrial Scientific recommends the “2 & 2 Sampling Rule” when sampling with a
motorized pump and tubing, one should allow for 2 minutes plus 2 seconds per foot of
tubing used, prior to noting the monitor readings. This allows time for the gas to reach
the instrument and for the sensors to react adequately to any gases present. [SC
recommends that Teflon-lined Universal Tubing Kit, part number 18109206, be used
with the pumped versions of the MX6 iBrid when sampling for the following gases:
Chlorine (C12), Chlorine Dioxide (Cl02), Hydrogen Chloride (HCI), or volatile organic
compounds (VOCs). VOCs are detected using Photo [onization Detector sensors (PIDs).

Contact vour service representative immediately if you suspect that the MX6 monitor is
working abnormally.

Specifications subject to change.

Y-V
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The following instructions pertain to the use of the MX6 in conjunction with MSHA
approval.

Conditions of Use:

MSHA approved for use with the following battery packs only:
(A) Replaceable alkaline battery pack, P/N 1713-1046-6, consisting of three each of
either of the following 1.5 V battery types: Duracell MN 1500 or Rayovac LR6.
* Do not mix batteries from different manufacturers.
= Batteries must be replaced in fresh air.
* Replace all batteries at the same time.

(B) Rechargeable lithium-ion battery pack P/N 1713-1038-4, or -5, containing two or
three 3.6V, 1.8 amp-hour Lithium Batteries.
» The lithium-ion cells are not user-replaceable.
* The lithium-ion pack must be charged in fresh air only.

CAUTION: For compliance determinations required by 30 CFR 75, Subpart D, the monitor
must display "CH4" and *%VOL" during the monitor's start-up sequence.

CAUTION: The Model MX6 iBrid Multi-Gas Monitor must be configured to include a
catalytic sensor, Model 4L-LEL, P/N 1710-5081, (CH4, 0-5% v/v).

CAUTION: The IR (infrared) methane sensor reading is not to be used for methane
concentrations below 5% in air.

CAUTION: The Model MX6 iBrid Multi-Gas Monitor must be calibrated according to the

procedure specified in the instruction manual.

CAUTION: In applications requiring MSHA certification, the IR sensor for detecting up to
100% v/v methane-in-air the sensor must be calibrated manually; the DS2 docking station cannot
be used to calibrate the IR sensor. The recommended calibration gas for IR methane sensor
calibration 1s 99% volume methane.

CAUTION: When calibrated using methane concentrations less
than 5% of volume, reading accuracy of the infrared methane
sensor may not be guaranteed to be better than +/-20%

INDUSTRIAL SCIENTIFIC 6
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Hardware Overview

The MX6 multi-gas monitor is Industrial Scientific Corporation’s next-generation handheld,
“dockable,” multiple gas monitoring instrument. It includes up to five temperature-compensated
sensors to monitor up to six ambient gases across the full temperature range of the instrument.

Sensor Openings
(Filters Beneath)

g by

Sensor Filter Visual Alarm
(Beneath <: (Beneath Sensor
Sensor Openings)
Openings)
Chassis —»
LCD
Wrist Strap 5-Way
Connector Navigation
(Not Shown) \ Button
¥ )
Battery Charging IR Communications
Contacts (Not Shown) Port (Not Shown)
Up Enter
Left Right

Down

NOTE: The backlight of the LCD is enabled for 7 seconds each time a button is pressed. Any
additional button press during the 7 seconds reset the timer for an additional 7 seconds.

INDUSTRIAL SCIENTIFIC 7
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Key Features

Audio
Indicator

Used for alarming, warnings, and the optional confidence indicator. There are
two levels of audio gas alarms based on the frequency of the beeps and the
length of delay between beeps.

Low-level (level-1)  Low frequency beeps with a long delay
High-level (level-2) High frequency with short delay

For all sensors but oxygen, if the gas reading is above the high alarm level, the
instrument sustains the high alarm until the gas reading is below the high alarm
level, then the instrument switches to the low alarm until the gas reading is
below the low alarm level. For the oxygen sensor, a high alarm only is
indicated for both oxygen enrichment and depletion.

Vibrating
Alarm

Optional pulsing alarm that is used for limit alarms and as a confidence
indicator.

Visual Alarm

The instrument has alarm LEDs located beneath the opague sensor array at the
top of the unit. There are two levels of visual alarms based on the length of
delay between the LED flashes.

Low-level (level-1)  LEDs are pulsed with a long delay
High-level (level-2) LEDs are pulsed with a short delay

The LCD backlight flashes as part of all alarm sequences, except for the
battery low condition. The wvisual alarm is also used as the confidence
indicator which, when enabled, blinks the LEDs once every 30 seconds.

Infrared (I'R) An optical media interface (per [tDA physical layer specification) is located on
Port the bottom of the instrument and is used for infrared (I/R) data transmissions at
speeds of 115200 bytes/second.
Clip/Connector | Located on the back of the MX6 for hands-free gas monitoring. A wrist strap
| is also provided to protect against drops during operation.
Cradles | Three different cradles are available for use with the MX6 multi-gas monitor.

I ¢ Charger Charge the internal batteries
* Datalink Download data (e.g., events) to a host computer
] ¢ Charger/Datalink  Combination of both.
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Color LCD

The STN color graphic liquid crystal display (LCD) uses a 256-color palette
(including a gray scale) and graphics for displaying information.

Menu-Driven
User
Interface

The user interface is menu-driven and contains the LCD, Navigation Button,
Audio Indicator, Vibrating Alarm, and Visual Alarm. It consists of two different
main menus. The background color of the LCD identifies the current menu.

e Normal Operation Menu White background on LCD
e Configuration Menu Yellow background on LCD.

During Normal Operation Mode, the menu bar is hidden, but can be displayed by
pressing the center [ENTER] navigation button. The menu bar has a five-second
time out. If no button is pressed within five seconds of the menu being
activated, it is deactivated.

Security

Access to the Configuration Menu can be protected using a security password.
When activated, this password must be entered in order to access and change the
parameters within the Configuration Menu.

Alarm Events

Fifteen alarm events for the instrument are recorded into a FIFO queue in non-
volatile memory and are time stamped. An event is recorded any time that the
instrument goes into alarm. Ewvent information (which can be downloaded from
the instrument) includes instrument serial number, sensor type, sensor serial
number, gas type, peak exposure level, alarm duration in minutes and seconds,
and date and time that alarm occurred.

Error Events

Fifteen error events for the instrument are recorded into a FIFO queue in non-
volatile memory and are time stamped. An error event is recorded any time that
a fault occurs (including pump faults and fault events during the self-test). The
information stored for each event includes instrument serial number, fault that
occurred, fault error code, date and time stamp, and any pertinent data (i.e.,
pump current reading).

Datalog

Datalogging is a feature that allows a variety of system parameters to be
: recorded at regular intervals (and saved internally) for retrieval (and viewing) at
| & later date. The datalog feature saves the following information:

| s Gas Type s (as Reading
e Time of Day * Date
» Temperature » Battery Level
¢ Alarm Conditions Flagged s UserID

| « STEL o Site D
o Snapshot Enabled/Disabled o TWA

E NOTE: Data saved for one year can be downloaded within 15 minutes.

| NOTE: Data is saved in case of power loss.
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Quick Start Menu Flowcharts
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Configuration Menu

Revised:
LAM — 18 Feb 07

Charging the Battery

The MX6 multi-gas instrument is powered using an internal alkaline or Lithium-ion (Li-ion)
rechargeable battery. The Li-ion battery is partially charged before it leaves the factory, but
must be fully recharged prior to use. To charge the battery, follow the steps listed below.

1.

Insert the power cord of the charging eradle into an appropriate wall outlet.

2. Place the instrument in a Charger or Charger/Datal.ink cradle.
I
4. Wait 8 hours for the MX6 to be fully charged.

Note that the LCD on the MX6 shows that the battery is charging.

INDUSTRIAL SCIENTIFIC 11
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Under the main menu [View] option, there is a [Battery] menu option. The menu provides a link
to the Battery Status screen.

The Battery Status screen shows approximately how much run-time is left on the instrument.
The instrument polls the battery manager every second to get a battery voltage reading. The user
is able to cycle through the main battery and any attached modules to get the battery status.

|View Sensor Data [X] Battery Status

¥ Main Battery
Profile

Wireless
Help 3
Configure Exit |

NOTE: The Battery Status screen is shown for 15 seconds, after which, the instrument returns
to the Normal Readings screen.

The Battery icon on the NRS visually reflects the current status of the battery life as well.

| % Charge Remaining
100% =15% >50% =25% =5%

oo 4| O

Color | Blue Blue Blue Blue Yellow
NOTE: If the battery life remaining is less than H2S 02
one hour, the battery icon also flashes on the 100 Z20.9
display and has an audible battery low alarm. If the PPM %o WOL
runtime 1s less than 10 minutes, instrument alerts
the user of impending shutdown by showing “Low LEL Co2
Battery” on the lower central part of the display, 100 100
where the response factor would be. If there is a “YoLEL PPM
response factor there, the “Low Battery™ is
displayed instead of the response factor. Lowjiaftery 23:21
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Menu Operation Basics

The actions that are initiated by pressing the five-way navigation button may vary significantly
based on (1) the user’s location within the menu structure, and on (2) a particular action item of
interest (of many) on one individual screen. Focus refers to a way of identifying that single item
(from possibly several items) on the LCD screen.

There are several types of “indicators™ that may be present on any given LCD screen within the
menu structure of the MX6 instrument. These indicators include:

single function buttons (e.g., OK button)

radio buttons (e.g., select user profile)

check box buttons (e.g., an enable/disable check box)
text box windows (e.g., user-supplied site name)

s combo box windows (combinations of these).

Typically, the [LEFT] and [RIGHT] navigation buttons are used to change the current focus and
cycle through those items on the screen that allow some form of user intervention. The item that
currently has the focus is usually denoted with highlighting or a border.

Select PID Response Datalog Comments
Factor
Zero All Sensors? " Benzene E!;L: your comments
@ Maring Diesel
€ Custom 1

0K | I:ancel] [ oK ] 0K I Clear I

The actions of other buttons are typically dependent on the type of item that has focus. For
example, when a checkbox control has focus, the center [ENTER] navigation button toggles the
check on and off. When a group of radio button controls has focus, the [UP] and [DOWN]
navigation buttons are used to switch focus between the controls and the center [ENTER]
navigation button is used to complete the selection.

When a text box is displayed, the user changes the value of each character one at a time. Once
the focus is on the text box, pressing [ENTER] allows changes to be made to the character values
in the text box. The user changes the character value of the field by using the [UP] and [DOWN]
navigation buttons. The list of available characters varies by text box. The user advances to the
next character using the [RIGHT] navigation button. The user can backspace to the previous
character using the [LEFT] navigation button,

To get the focus on the combo box, the center [ENTER] navigation button must be pressed. If
the user presses the [UP] or [DOWN] navigation buttons when the focus is on the combo box,
the user can scroll through the list of entries. To select one, the user must press the [ENTER]
navigation button once the focus is on the desired entry. Pressing the [RIGHT] or [LEFT] key
removes the focus from the combo box.

If the backlight is off, the first button press only turns on the backlight. If the backlight is on, the
first button press triggers the action.

INDUSTRIAL SCIENTIFIC 13
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Power Up and Shut Down

Two key operation basics are powering up the

instrument and shutting it down.

To power up the

MX6 instrument, locate, press and hold the center
[ENTER] navigation button for at least 3 seconds.

After power up, a series of startup screens are
displayed on the LCD. Optional startup screens may
be displayed depending on vour configuration.

Up Enter

Left Right

Down

To shut down the instrument, hold the center [ENTER] navigation button for more then two
seconds. A confirmation screen is displayed to provide verification of the shut down.

Normal Operation Mode

After the optional Startup Self Test is
completed, the instrument displays the
Normal  Operation  Mode. The
Normal Readings screen is the default
screen displayed while the instrument
is in Normal Operation Mode. Other
options include View Menu Options,
Sensor Menu Options, and Datalog
Menu Options. Configuration menus
and options are accessed through the
Configuration option of the View
Menu,

Up to six sensors may be installed in

Installed
Sensor(s)

™

Current
Reading(s)

0z 502 HZS
209 0
%VOL PPM PPM \ .
Unit(s) of
Battery c[;) LI[E]L P(I)D Measure
Status PPM  LEL PPM ———
Icon \ L Benzene 11:34a — Time

the instrument. As a result, the screen Datalog Response/Correlation
layout of sensor information varies Status lcon Factor (for PID/LEL)
based on the number of sensors that
are actually installed.
Display Component Attribute | Normal Mode |  Alarm Mode
| Color I Black | Black
Sensor Name T 2 1 7
| State . Solid ' Solid
: ! Color | Black | Red
Sensor Reading I - ; -
| State | Solid g Solid
: | Color i Black Black
Sensor Units f 1 -
State | Solid

14 INDUSTRIAL SCIENTIFIC
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NOTE: For over range conditions, a blinking “OR” is displayed in red as the sensor value. If
the alarm is a STEL or TWA, the word “STEL" or “TWA" are shown to indicate the
corresponding alarm.

Sensor names are displayed as solid black text during normal operation, and blinking black text
during alarm conditions. The sensor readings are displayed as solid black numerals during
normal operation, and solid red numerals during alarm conditions. Units (e.g., % Vol, ppm,
%LEL, etc.) are displayed as black text beneath the sensor readings. Below is a summary of
navigation instructions available for the Normal Readings Screen (NRS).

Destination Description

Press and release the center [ENTER] navigation button. Use the [UP],
[DOWN], [LEFT] and [RIGHT] navigation buttons to navigate the menus.

Menu Displa : - . . i
P1Y | Once activated, the menu is deactivated if no buttons are pressed within five

seconds.
Shutdown Hold the center [ENTER] navigation button for more then two seconds.
Battery Status | From the [VIEW] option, select [BATTERY ] to view the battery status,
Datalog From the [DATA] menu option, select [VIEW DATA] then [MEMORY

Memory Status | STATUS] to display the Datalog Memory Status screen.

When there is more the one sensor, it is possible to view the installed sensors
one at a time. Pressing either the [LEFT] or [RIGHT] navigation button
causes the Sensor Selection (S8) menu to be displayed along the right side of
the screen.
The Sensor Selection menu lists the currently installed sensor and the
selection “All” (the default). Navigate the Sensor Selection list using the
Sensor [UP] and [DOWN] navigation buttons (with wrap-around),
Selection When a sensor is selected, press the center [ENTER] navigation button to
display the selected sensor in Single Sensor Layout mode. The §S menu
| remains on the left. If the “All” list item is selected and the center [ENTER]
| navigation button is pressed, all currently installed sensors are displayed and
| the SS menu is deactivated. When the SS menu is activated and a sensor
other than the one selected goes into alarm, then that sensor alarm type (in
| red) is cycled with the sensor name.
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View Menu Options

Wiew Sensor Data [¥] |

Dizplay MHumeric
Batterny Text
Prafile Graphical
Wireless Foae

Help 3
Configure |

Wiew Senzor Data  [¥]
Dizplay

Prafile
Wireless

Help 3
Configure

oz  s02
20.9 0
%®VOL PEM
oo LEL
o 0
PRM  SLEL
Benzene

Hzs
PEM
PID
0
FRM
11:34a

Battery Status
% Main Battery

T

Exit i

W Sensor Data  [=]
Drizplay 3
B attery
Prafile
Wireless

Help b

Enter Passviord

characters

or | cancel |

oz HZS co
High

o g Ok

WO LEL PID

Low QK OK

PAM  WLEL pEM

E] Hemtens  12:3%

|Wiew Sensor Data

Diizplay 3
Battery

Wireless
Help 3
Configure

=]

Select
user Profile
IR Tolkein
" Edgar Rice Busughs
7 tlive Cusslar
M G Wells
" Joha () Customar

DE Cancel

16
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Configuration Menus

Under the main menu [View] option, there is a
[Configure] menu option. This menu provides access
to the Configuration screens of the instrument. The
user must enter a password to get to the Configuration
Menus (if a password has been set). If the password is
still the factory default of nothing, no password
protection is set. In this case, the instrument directly
enters Configuration mode.

If the password is anything other than the factory
defaunlt value, the [Password] screen is displayed. The
[Password] screen is used to enter a password for
verification, as well as changing the current password.
This password can and should be different than the user
profile passwords.

|V|ew Sensor Data [x]

Display 4
Battery

Profile
Wireless

Help 2

NOTE: Passwords are a minimum of three characters
and a maximum of 10.

Enter Password

1234567890

3- 10 characters

N(_)TE: If llhe user uses any 11;1\'igali(.m hLitlUH? whille oK [ ) |
this screen is displayed, the screen time-out timer is
suspended. The screen time-out timer suspends for 30
seconds after the last navigation button is pressed.

NOTE: I[fthe user doesn’t remember the password, entering “412" as the password and pressing
the [LEFT] and [RIGHT] navigation buttons simultaneously resets the password to nothing.

The initial Configuration Screen consists of several
pieces of information:

Config  Sensor Data [¥]

*« Conlig, Sensor, and Data Menus
s Exit button

e Save Profile button. | Save pm.a.,|
NOTE: All screens under the Configuration menu
have a yellow background.
Configuration

The Exit Button and the [x] exits Configuration mode and returns to the Normal Readings
screen. Changes to the configuration are saved while the instrument remains on, but do not
affect the current profile.

The Save Profile Button exits the Config mode and returns to the Normal Readings screen.
Changes to the configuration are saved to the current profile.

INDUSTRIAL SCIENTIFIC 17
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NOTE: To reset the password to nothing, the user must enter “412" as the password, and then
press and hold the [LEFT] and [RIGHT] navigation buttons simultaneously.

NOTE: If a time for a configuration screen to remain showing is not specified in this document,
it is 90 seconds. After 90 seconds the instrument returns to the main Configuration screen. After
5 minutes of being on the main configuration screen, the instrument returns to the NRS.

NOTE: If the instrument is still reading gas while in configuration mode, and there is an alarm,
the instrument returns to the normal readings screen, but then allows the user to go back into the
Configuration menu.

The Configuration, Sensor, and Datalog menus are explained in their own chapters later in this
manual.

Calibration Policy

Gas detection instruments are potentially life-saving devices. Recognizing this fact, Industrial
Scientific Corporation recommends that a functional (“bump™) test be performed on every
instrument prior to each day’s use. A functional test is defined as a brief exposure of the monitor
to a concentration of gas(es) in excess of the lowest alarm setpoint for each sensor for the
purpose of verifying sensor and alarm operation and is not intended to be a measure of the
accuracy of the instrument. If an instrument fails to operate properly following any functional
“bump” test, full instrument calibration should be performed prior to use. If conditions do not
permit daily testing, bump tests may be done less frequently based on instrument use, exposure
to gas, and environmental conditions. The frequency of testing is best determined by company
policy or local regulatory agencies.

Industrial Scientific further recommends that a full instrument calibration be performed using a
certified concentration(s) of Industrial Scientific branded calibration gas(es) monthly to ensure
maximum accuracy. Use of calibration gases from manufacturers other than Industrial Scientific
may void product warranties and limit liability claims against the manufacturer.

These recommendations are based on safe work procedures, industry best practices and
regulatory standards to ensure worker safety. Industrial Scientific is not responsible for setting
safety practices and policies.

Prior to each day’s use, a bump test should be performed. If the instrument does not pass
the bump test, a full calibration is recommended.

18 INDUSTRIAL SCIENTIFIC
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Zero All Option

Under the main menu [Sensor] option, there is a [Zero All]
menu option.

If [Zero All] is selected, the MX6 displays the verification
question. At this time, the focus is on the OK button.

o If Cancel is selected, the user is returned to the NRS and
the zeroing is skipped.

e If the OK button is selected, the zeroing of the sensors
starts.

If there is a CO: sensor present in the instrument, it is zeroed
last. Zero air must be applied to zero a CO; sensor. The
instrument prompts the user to apply zero air. The focus is on
the OK button. If the user selects the OK button, the CO-
Sensor starts zeroing.

By pressing the [LEFT] or [RIGHT] key. the focus moves
from the OK button to the Cancel button and back again. If the
user selects Cancel, the CO; sensor 15 not zeroed.,

If there is an oxygen sensor installed in the instrument, it is
calibrated during the zeroing operation.

When the zero is finished, the results screen is displayed.

Selecting OK, by pressing [ENTER] when the focus is on the
OK button, returns the instrument to the NRS, If OK is not
selected, the instrument asks if the user wants to calibrate after
a 15 second time-out. The calibration confirmation screen will
have focus on the Cancel button.

Yiew | Sensor Data  [¢]

Calibrate
Bump Test

Zero All Sensors?

Cancel I

Sensors
Zeroing

Calibrating
Apply Zero Oxygen
Air from a cylinder. 30.2

fero Complete

02 S02 H2S
Pass Pass Fail

co LEL PID
Pass Fail Pass

[ ok | cancel| [ 90 gl || ok |
Calibrate Option

The instrument alarms are deactivated during the calibration to save battery life.
[Calibrate] option is selected. the instrument displays the confirmation screen shown below. If

Cancel is selected, the user is returned to the NRS.

If the
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If the user selects OK, all the installed sensors are zeroed first (following the Zero All steps) and
then calibrated. After the zero, the results are shown, for 5 seconds and then the calibration of

the first sensor begins.

View | Sensor Data [X]
Zer Al

Bump Test
Peaks

Sensors >
Location

Zero Complete
02 502 H2S

Calibrate Pass Pass  Fail
All Sensors?

CO LEL PID
Pass Fail Pass

DK |

| ok | Cancel

The screen to alert the user 1o connect gas to the instrument is then shown. Once the sensor
starts to read gas, the calibration begins. The user has 5 minutes to apply gas before the
calibration times out. Gas should be applied at a flow rate of 0.5 Ipm. If the user chooses to skip
the sensor, the instrument will move to the next sensor. The Abort option aborts the calibration
and shows the Cal Complete screens.

calibrating... Calibrating...
0z 8502 H2S
Ve BOO0:Paes Afply co
cCO LEL PID 100 ppm 98
Pending Pending Pending co
_ski | _—

When the calibration is finished, the following screen shows the passed. marginal, skipped, and
failed sensors, when six sensors are installed. All passing sensors must first pass a zero check.

0z
30.9

Pass

co

Calibration Complete

Calibration Complete
502 H2S 02 502 H26
2 30.9 r
Fail Pass Fail
LEL PID £o LEL PID
25 2 OFF 25 2
Pass Fail Shipped Pass Fail
G| ok |

20
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Bump TEST Option

Under the main menu [Sensor] option, there is a [Bump Test]
menu option.

View |Sensor Data [X]

If the [Bump Test] option is selected, a confirmation screen is
displayed. If Cancel is selected, the user is returned to the
NRS. If the user selects OK, all the installed sensors are
bump tested, starting with the first sensor.

The screen to alert the user to apply gas to the instrument is then shown. The user has a fixed
number of seconds to apply gas and select Start before the bump times out. If the user selects
Skip. the bump for this particular sensor is not done. The instrument moves on to the next sensor
in the list.

If the user selects Start, the bump test is started for this sensor. The sensor must reach a gas
reading of 50% or greater (user selectable in configuration menu) of the applied gas (calibration)
concentration within 60 seconds (user selectable in configuration menu) to pass. Once the sensor
has done so, the word “pass™ is displayed for 3 seconds before the instrument moves on to the
next sensor.

After all the sensors installed in the instrument have been bump tested, a result screen is shown.
The user must acknowledge this screen to continue, by selecting the OK button. If all the
sensors have passed the bump test, the instrument goes into NRS. If any sensor failed the bump
test, after viewing and acknowledging the results, the instrument asks the user to continue, or
calibrate the failing sensor(s). If the user selects the Cancel button, the sensor is not calibrated
and the instrument moves on to the next sensor in the list. If the user selects OK, the failing
sensor is calibrated.

Bump Test Result
Bump Test oz 02 HzS

Apply CO Pass Fail Pass

100 ppm co LEL PID
Pass Pass Pass

ok | cancel | start | skip | ok |

If there is more than one sensor that failed the bump test, they are calibrated in order (top row
left to right, bottom row left to right on the Normal Readings screen), one at a time — each time
prompting the user to choose whether to calibrate the sensor or not.

Bump Test
All Sensors?
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Datalog Menu Options

Wiew Sensor |Data  [<] |

Wiew Data
Comments
User/Sites

Create New Session?

ok | Caeel |

Wiew  Sensor | Data €] |

Mew Seszion

W =}
Cammerits

Tty Graph
User/Sites p Thwdd Mumeric
—————— 71— STELGraph
STEL Numeric
Ewent Log

temary Status

Wiew Senszor |Data  [¥] |

Mew Session
Yigw Data 4

Set Current Ulser
——  Set Curent Site

Cammerts

Datalog Trends |~ . STEL Trends [~ .
C o [aleil
© Hzs © His
o o
@ an @ Al

Pravious| Hest | OK oK
Event 15 of 15 Datalog Memory
Sensor: H2ZS Recording lmnual:.
Peak: 22 ppM 50 seconds
Alarm Time: Carrent Session: 3
0 hr 2 min 44sec mﬂamnul':gell“_“
Date: 23 May 06 e
Timne: 23:45:21 oK I

Datalog - Set User Datalog - Set Site
IR Tolkein = T Fower Fari ]
" Edgar Rice Buroughs ' Deparment §
7 clive Cussler
O M G Wells " Corirol Room
' Johm Q Customer = € Denadrent 1 -
0K | cancel| ok | cancel|
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Configuration Menus

These are similar to the earlier menus, but these menus provide a deeper layer of access for
detailed operational configuration of the device. As such, the settings presented in these three
chapters should only be adjusted by experienced personnel, as inadvertent or accidental changes
to these settings could alter the devices operation significantly. To prevent inadvertent or
accidental changes to these critical parameters, these settings, which are collectively referred to
as the *Configuration/Administration Menus,” are password protected.

Options of the Admin menu include the following:

¢ Password (Setting passwords)
e Clock (Setting time and date)
e Language (Language settings)
¢  Company (Company information)
s Defaults (Restoring default settings).
Config  Senzar Data  [] rE?nE Sensor Data  [X]
o
Alarms  » Clack Alarms 3
Dizplay  »  Language Display  »  Language
Statup  »  Company R B A AT Statup  » Company Clock
Profiles 3 Prafiles 3 Drefaults Date 05 Dec 2005
Wigless  » :123455?390 Wirless ¥ Time 12225 PM

e I~ 24-hour clock

oK Cancel _ox | cancel|

Corfig Sensor Data [¢] Corfig  Sensor Data  [%]

sann WEGEL Passve

Al.a'ms b Alarmg » Clack

Digplay ¥ Displap »  Language

Statup  » Company Pl St Statup Gompany Name
Profiles  »  Defaults Profiles —~ »

: =
\Wireless ¥ Wieless - » S

Comfig  Sensor  Data  [4]

Passuord
Alarms » Clock
Display ~ »  Lahguage
Startup 13
Profiles 3 Load Factory
"'j Default Settings? |
Afireless
__ox | _cancel

The [Config] [Alarms] menu option allows the user to setup the alarms. Each of these alarm
options are checkbox items which can be toggled between checked and unchecked by focusing
on it and pressing enter.
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If any two of these alarms are disabled and the user checks the box to disable the third alarm, a
screen is displayed to verify this action. Selecting OK disables the third and final alarm. A
screen is displayed, notifying the user of the action.

Config  Sensor Data  [X]

admin |
¥ Aydio
Display ¥ Hisual
Startup p ¥ Yibrate
Frafiles »  Latch
‘wireless  » Confidence b

Unlatch Alarms?

oK Cancel

Disable the
Alarms?
ALARMS
ox_| concer] DISABLEDI

If'all 3 alarms are disabled, “ALARMS OFF!™ is displayed on the bottom of the NRS in red.

Config = Sensor Data  [<]
Admin v

v Audio
b ¥ Wisual
Statup ¢ ¥ Vibrate
Prafiles  »  Latch

TS Confidence

v Audio

Wisuial
Vibrate

Config  Senzar  Data  [x]
Adrniry 3
Alarmns 3
Display ¥ Fave Profile |
Startup ~ »

Save Profile
Liser Mame
| [Fohn Smith

Password (sptisasl)

Delete

| [Bizaase7an
o l Lancel

Corfig Sensor  Data [X]
Admin 3
Alarms 3

® Time
Statup ~ » Temp
Prafles  »  Both

Wireless ¥ g pip Factar
LEL Factar
Both
Delete
User Profile
<Names?

24
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SENSOR SPECIFICATIONS AND CORRELATION FACTORS

Sensor specifications

Sensor properties Accuracy Response time
{typicaly
| N A
- T : I g c §.§
= @ = ]
g £ Ec 5 z g2 53¢
. £ 2 g2 5 o 25 2CL2/ 750 T90
s 5 ng in 2 2Eg o L ES L2
8 g | 83 | se2 | g2 | 28 FEs
Sensor Category H -5.; =B =t n EE @ 8 5 62
Gas Names § E (%ol %LEL, or ppm) degrees (°) (%} (%) (%) Sacands (s}
Oxygen
T Py Sy T T T
| 0% to 30% | | WCinS5°C | 15t095 | 205 | £08 5 10
[0} 0 E i +04% ol | i |
/aen : P a0 131F) |
Combustible
T T T T T ] T [ T
Combustible [LEL | © | 0%l | 10%LEL | -20°C1055°C | 151095 | 50 | £150 | 15 | 35
' { 100%LEL T (or 10 ppm) | (4°Fto 131°F) | ' ' a !
Combustible LEL IR 0%to | 10%LEL = -20°Cto56°C = 151005 = 50 2150 15 35
100% LEL {-4°F to 131°F)
Methane CHi | R | 0%t | LO%WLEL | 20°C155°C | 151095 | £50 | 150 | 10 | 25
100%LEL | | (4°F 10 131°F) ; |
| | i i i i i i i 1
Methane [ CHil © | 0%twS% | 001%vl | -20°CS5°C | 151095 | %50 | =150 | 15 | 35
! i oy o O | (4°Fta 131°F) | i ] | |
L S e e N N e ] i i H H
Toxic
) i 010 500 | 20°CW55C | 151005 | £50 | +150 |
A {NHs | E 10 | L3 a0
mmonia 3 , pom | ppm | (4F 0131°F) | ; s 5
CabonDiodde | €Oz | R | 0%Mo5% | 00M%wol | 20°C055°C | 151095 | 50 | 2150 | 10s
s P Sy | @R |
! | | | 1 : { | |
Carbon Monoxide co | E | 001500 | 10ppm | 20°Cto55°C | 151095 | £50 | 150 155
. |l il | (-4“F|o131“F}| |
Carbon Monoxide co | E 1010999 10ppm | -20°Ct055°C | 151095 | £50 | x£150 | 15s |
{11 —rip ot | (4F0131°F) | ' |
€O | E  |011500 | 10ppm | -20°C55°C | 151095 | 50 | 150 155 | 50s
Carbon Monoxide and | ppm | [4°Flo 131°F) i
Hydrogen Sulfide i ]
(COSH sensor] HzS E 0500 | O1ppm | 20°C55°C | 15095 | +50 | =150 155 | S50s
ppm (4°F to 131°F)
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Sensor specifications

Sensor properties Accuracy Response time
{(typical)
- = ® g 2
. f = f=4
g |z 2. z | 88 8%y
i g gg = e ST 3ED
= = = 55 55 = £ 5 | T50 T90
5 g s | 83 288 2% | §§ &t
= & o c il S EC S -0 ez
Sensor Category E 5 =5 =9 med wm & < o 5 Eo
w
Gas Names § 5 {Savol, %LEL., or ppm) degrees (') (%) (%) (%) Setonds (s|
Chiorine [ Ck | E 010100 | O1ppm | 41°Cta50°C | 15095 | +100| 2250 | 25s | 120s
ppm | | (108°F o 122°F) | i
Chiarine Cl: E 00100 | Ofppm | -20°C040°C | 151095 |+100 | 2150 | 255 | 120
ppm | (4°F to 104°F)
Chiorine Dioxide | ClOz | E ! 0tetppm ! 001ppm | -20°C1055°C | 151095 | £5.0 +180 | 30s | 120s
| | | | | (4°Fto 131°F) | | | 1
Hydrogen Hz E 002000 10pm | -0°Cio55°C | 151095 | £50 @ +150 | 35s | 120s
g {-4°F lo 131°F)
Hydrogen Chioride HC E 030 | Ofppm | -20°C©55°C | 15095 | +50 . 21650 | 50s | 150s
e | (4°F to 131°F) | i
HydrogenCyanide | HCN | E | Oppmio | OJppm | -20°C1055°C | 151095 | 450 | #1650 | 25s | 80s
| e AT A N R
Hydragen Sulfide HaS E 00500 | 01pom  -20°C1056°C | 151095 | +50 %150 | 15s  50s
ppm (4°F 10 131°F)
NirogenDioxide | NO:  E | QMo180 | Ofppm | -20°C1055°C | 151095 | 50 %150 | 15s | S0s
ppm | | (4°F 0 131°F)
Niric Oxide NO E 0101000 | 10ppm | -20°C1055°C | 151085 | £50 | =150 | 15s | S50s
ppm (-4°F ta 131°F)
Phosphine P | E | oto150 | 001ppm \ 0°Cl55°C | 151095 | £50 | £150 | 10s | 30s
' ppm- | 4°Fto 131°F |
I | | | | ¢ ) I | |
Phosphine [P E  loto1000 | 10ppm | 20°Clo55°C | 150095 | +50 | =150 |
i g { (4F 10 131°F) | 1|
| | P i P 1 H i i
Sulfur Dioxide {80z | E ! 00150 | 01ppm | -20°Cto55°C | 151095 | £50 | 2150 | |
- . {oppm o ! (4°F 10 131°F) | g |
Volatile Organic VOC | 10BeV | 0102000 | 0.1 ppm [ 20°C05SC | 15095 |£100| 2200 | 155 | 505
Compaounds | (FIDY |

[ ppm | | HF 10 131°F)
|

T Sensor technology: "C* stands for catalytic, "E” for edectrochemical, "IR" for infrared, and "PID" for photoionization detector.
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LEL and LEL correlation factors for combustible gases

Sample gas* LEL LEL correlation factors
(% vol) Calibration gas
Butane  Hexane  Hydrogen  Methane Pentane Propane

Acetone 25% 1.00 0.70 1.70 1.70 0.80 1.10
Acetylene 2.5% 0.70 0.60 1.30 1.30 0.70 0.80
Benzene 1.2% 1.10 0.80 1.90 1.90 1.00 1.20
Butane 1.9% 1.00 0.58 1.78 167 0.83 1.03
Ethane 3.0% 0.80 0.60 1.30 1.30 0.70 0.80
Ethanol 3.3% 0.89 0.52 1.59 149 0.74 0.92
Ethylene 2.7% 0.80 0.60 1.40 1.30 0.70 0.90
Hexane 1.1% .M 1.00 3.04 286 142 1.77
Hydrogen 4.0% 056 033 1.00 094 047 058
Isopropanol 2.0% 1.10 0.90 200 1.90 1.00 1.20
Methane 5.0% 060 0.35 1.06 1.00 0.50 0.62
Methanol 6.0% 0.60 0.50 1.10 1.10 0.60 0.70
Nonane 0.8% 222 1.30 395 in 1.84 229
Pentane 1.4% 121 0.71 215 202 1.00 125
Propane 21% 097 0.57 1.72 1.62 0.80 1.00
Styrene 0.9% 1.30 1.00 2.20 220 1.10 140
Toluene 1.1% 1.53 0.89 2 255 1.26 1.57
Xylene 1.1% 1.50 1.10 260 250 1.30 1.60
JP-4 — — - - - 1.20 -
JP5 - i — = - 0.90 -
JP-8 - - - - — 150 -

NOTE: The table above provides the LEL for select combustible gases®. It also provides correlation factors that help
the safety technician and instrument operator determine the actual percentage LEL when the sample gas differs from
the gas that was used to calibrate the unit.

For example, if the unit reads 10% LEL in a pentane atmosphere, and was calibrated to methane, the actual
percentage LEL is determined as follows:

1. Locate the table cell where the sample gas (pentane) intersects with the calibration gas (methane).

2. Multiply the cell's value (2.02) by the unit's LEL reading (10%) to calculate the actual concentration of
20.2% LEL.

* The combustible gas list is not a comprehensive list of all combustible gases that can be detected by the MX6. For
additional information about combustible gas detection and the MX6, contact the ISC Technical Service department.
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WARRANTY

Industrial Scientific Corporation’s MX6 iBrid™ portable gas monitors are warranted to be free
from defects in material and workmanship under normal and proper use and service for as long
as the instrument is supported by Industrial Scientific Corporation.

The above warranty does not include sensors, battery packs, and internal pumps, which are
warranted to be free from defects in material and workmanship for 24 months from date of
shipment, except where otherwise stated in writing in Industrial Scientific literature
accompanying the product.

Limitation of Liability

THE WARRANTY SET FORTH ABOVE IS STRICTLY LIMITED TO ITS TERMS
AND IS IN LIEU OF ALL OTHER WARRANTIES, GUARANTEES, EXPRESS OR
IMPLIED, ARISING BY OPERATION OF LAW, COURSE OF DEALING, USAGE OF
TRADE OR OTHERWISE, INDUSTRIAL SCIENTIFIC MAKES NO OTHER
WARRANTIES, EITHER EXPRESSED OR IMPLIED, INCLUDING BUT NOT
LIMITED TO THE WARRANTIES OF MERCHANTABILITY OR FITNESS FOR
PARTICULAR PURPOSE.

SHOULD THE PRODUCT FAIL TO CONFORM TO THE ABOVE WARRANTY, BUYER’S
ONLY REMEDY AND INDUSTRIAL SCIENTIFIC'S ONLY OBLIGATION SHALL BE, AT
INDUSTRIAL SCIENTIFIC'S SOLE OPTION, REPLACEMENT OR REPAIR OF SUCH
NON-CONFORMING GOODS OR REFUND OF THE ORIGINAL PURCHASE PRICE OF
THE NONCONFORMING GOODS.

IN NO EVENT WILL INDUSTRIAL SCIENTIFIC BE LIABLE FOR ANY OTHER SPECIAL,
INCIDENTAL OR CONSEQUENTIAL OR OTHER SIMILAR DAMAGES, INCLUDING
LOSS OF PROFIT OR LOSS OF USE, ARISING OUT OF THE SALE, MANUFACTURE OR
USE OF ANY PRODUCTS SOLD HEREUNDER WHETHER SUCH CLAIM IS PLEADED
IN CONTRACT OR IN TORT, INCLUDING STRICT LIABILITY IN TORT AND
WHETHER INDUSTRIAL SCIENTIFIC HAS BEEN ADVISED OF THE POTENTIAL FOR
SUCH DAMAGES.

Industrial Scientific’s total liability hereunder from any cause whatsoever (except liability from
personal injury caused by Industrial Scientific’s negligence), whether arising under contract,
warranty, tort (including negligence), strict liability, products liability or any other theory of
liability, will be limited to the lesser of Buyer’s actual damages or the price paid to Industrial
Scientific for the Products that are the subject of Buyer’s claim. All claims against Industrial
Scientific must be brought within one year after the cause of action arises, and Buyer expressly
waives any longer statute of limitations.
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It shall be an express condition to Industrial Scientific’s warranty that all products be carefully
inspected for damage by Buyer upon receipt, be properly calibrated for Buyer’s particular use,
and be used, repaired, and maintained in strict accordance with the instructions set forth in
Industrial Scientific’s product literature. Repair or maintenance by non-qualified personnel will
invalidate the warranty, as will the use of non-approved consumables or spare parts. As with any
other sophisticated product, it is essential and a condition of Industrial Scientific’s warranty that
all personnel using the products be fully acquainted with their use, capabilities and limitations as
set forth in the applicable product literature.

Buyer acknowledges that it alone has determined the intended purpose and suitability of the
goods purchased. It is expressly agreed by the parties that any technical or other advice given by
Industrial Scientific with respect to the use of the goods or services is given without charge and
at Buyer’s risk: therefore, Industrial Scientific assumes no obligations or liability for the advice
given or results obtained.
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INDUSTRIAL MANUFACTURER DECLARATION OF CONFORMITY
SCIENTIFIC c € Déclaration de Conformité Constructeur

The company Industrial Scientific Corporation, Oakdale, Permsylvama USA, declares that
the following new material intended for use in Explosive Atmospheres:

(La société Industrial Scientific Corporation. Oakdale, Pennsyivania USA, atteste que le matériel newf destiné a
étre utilisé en Atmosphéres prlamrr désigné ci-aprés ;)

Gas detector (Détecteur de gaz) MX6 with optional Sampling Pump SP6

comply with the requirements of the following European Directives :
(e st conforme aux exigences des Directives Européennes suivantes:)

Dm'urw' Européenne ATEX 94/9/CE du 23/03/94 : A lmosphrn': Explosives

A) No. of EC type examination certificate: DEMKO 07 ATEX 0626395X
(N® Attestation CE de Type du matériel:)
Issued by the Notified Body no. 0539: UL International DEMKO A/S, LYSKEAR 8
(Deélivrés par I’ Organisme notifié sous e numéro 0539) P.O. Box 514, DK — 2730, HERLEV, DENMARK
B) No. of EC type examination certificate: INERIS 08 ATEX 0026X
(N® Attestation CE de Type du matériel:) INERIS 10 ATEX 0027X
Issued by the Notified Body no. 0080: INERIS, rue Taffanel, 60550 Vemeuil

(Délivrés par I’ Organisme notifié sous le numéro 0080) en Halatte, France

Reference European Standards (Normes ewropéenes de réfrence)
Rules of construction (Régies de construction) : ENG60079-0, EN60079-1, EN60079-11, EN50303
EN60079-26, EN60079-29-1, ENS0104, ENS50271

Category (Catégorie): @ G @ 11 2G I M1/ M2 (with IR module)
ExiallC T4 Ga Exiadl
Ta: -20°C to 55°C (Li-1on Battery) T, -20°C to 55°C (Li-Ion Battery)
T, -20°C to 40°C (Alk Battery) T, -20°C to 40°C (Alk Battery)

EN60079-29-1, EN 50104

Production Quality Assurance Notification No. of the Oakdale factory SIRA 00 ATEX M008D
(IN® de la Notification Assurance Qualité de Production de |'usine de Oakdale)

Tssued by the Notified Body no. 0518: SIRA Centification Services, Rake Lane
(Délivrés par | Organisme notifié sous le maméro 0518) Eccleston, Chester CH4 9IN, UK

Dlrrcllw E Mmphnm CF.M 2(1)4/1 08/(’ E CompanbllmE ltcrronmgnénquf

Harmonised applied standards: EN 50270
(Normes harmonisées appliquées)
On behalfl of the mamufacturer On hehalfl of (he manufacturer representative in EC The ATEX Authorized unuml-lvr
Fowr le fabricant Fou le représentant di fabricart dans | UE La Fersorme Akonsée ATEX
Industrial Sdentific Corporation Industrisl Scientific Oldham ;Z:- ﬂ//é_
1001 Oakdale Road Z1EST -BP 417
Onkdale PA, 1507 USA 62007 ARRAS Cedex ~FRANCE Tom Mikulin
Te +014127564353 Tel +33321608080 Director, Engineering
www.indsci.com Directewr Technique
30 May 2012
OUR MISSION
4 Fregervng human ie on, above and belowthe eath 1SO 14001:2004
CERTIFIED Orliverng haghest qualdy, best customes serice CERTIFIED

every ransaction, every tme
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iBrid™ and MX6 iBrid" are trademarks of Industrial Scientific Corporation.

All trademarks and registered trademarks are the property of their respective owners.

These help materials or any part thereof may not, without the written consent of Industrial
Scientific Corporation, be copied. reprinted or reproduced in any material form including but not
limited to photocopying, transcribing, transmitting or storing it in any medium or translating it
into any language, in any form or by any means, be it digitally, electronic, mechanical,
xerographic, optical, magnetic or otherwise.

The information contained in this document is proprietary and confidential and all copyright,
trade marks, trade names, patents and other intellectual property rights in the documentation are
the exclusive property of Industrial Scientific Corporation unless otherwise specified. The
information (including but not limited to data, drawings, specification, documentation, software
listings, source or object code) shall not at any time be disclosed directly or indirectly to any
third party without prior written consent.

The information contained herein is believed to be accurate and reliable. Industrial Scientific
Corporation accepts no responsibility for its use by any means or in any way whatsoever
Industrial Scientific Corporation shall not be liable for any expenses, costs by damage that may
result from the use of the information contained within this document. The information
contained herein is subject to change withoul notice.

INDUSTRIAL SCIENTIFIC
CORPORATION
Industrial Scientific Corporation Phone: 412-788-4353
1001 Oakdale Road Toll Free; 1-800-DETECTS (1-800-338-3287)
QOakdale, PA 15071-1500 Fax: 412-788-8353
USA Service: 1-888-788-4353

Web: www.indsci.com

Although every effort 1s made to ensure accuracy, the specifications of this product and the
content herein are subject to change without notice.

©2007, 2009, 201 1, and 2012 Industrial Scientific. All rights reserved.
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Americas

Industrial Scientific Corporation
1001 Oakdale Rd.

Oakdale, PA 15071-1500

USA

Phone: +1 412-788-4353
1-800-DETECTS (338-3287)
e-mail: infof@indsci.com

Industrial Scientific Corporation
125 Enterprise Dr.

Pittsburgh, PA 15275-1222

USA

Phone: +1 412-788-4353
1-800-DETECTS (338-3287)
e-mail: info@indsci.com

Europe/Middle East/Africa
Industrial Scientific Oldham
Z.1.Est - rue Orfila

B.P.417

62 027 Arras Cedex

France

Phone: +00 800 WORKSAFE
+33 321 60 80 80

e-mail: info@eu.indsci.com

Industrial Scientific - Winter GmbH

Gernotstrafle 19

44319 Dortmund

Germany

Phone: +49 231 9241 0
e-mail: info.de@eu.indsci.com

Industrial Scientific Oldham
Oldham CS S.R.O.
Prokopova 148/15

130 00 Praha 3

Czech Republic

Phone: +420 234 622 222
e-mail: info@eu.indsci.com

Industrial Scientific FZCO
P.O. Box 261086, Jebel Ali
Dubai

United Arab Emirates
Phone: +971 50 455 8518
e-mail: info@eu.indsci.com

Industrial Scientific UK
Unit 6 Glebe Farm
Turweston, Near Brackley
NNI13 SJE

England

Phone: +44 12 80 70 61 14
e-mail: info@eu.indsci.com

Industrial Scientific Asia-Pacific
290 Guigiao Rd.

Pudong, Shanghai 201206
People's Republic of China
Phone: +86 21 5899 3279

+86 400 820 2515

e-mail: info@ap.indsci.com

Asia Pacific/China

Industrial Scientific Corporation Pte. Ltd.
7 International Business Park

#03-01 TechQuest Building

Singapore 609919

Phone: +65 6561 7377

e-mail: info@ap.indsci.com

Industrial Scientific Pty.
Unit 1, 95 Salmon St.
Port Melbourne, 3207 VIC
AU

Phone: +03 96447777
e-mail: info(@as.indsci.com
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Parameter/gas Symbol Range Resolution
Inflammables gases LEL (catalytic) 0 ... 100 % LIE (LEL) 1%
Inflammables gases LEL (infrared) 0 .. 100 % LIE (LEL) 1%
Methane CH4 (catalytic) 0..5vol. % 0.1%
Methane CH4 (infrared) 0 ... 100 vol. % 1%
Oxygen 02 0...30 vol. % 0.1 %
Carbon dioxide CcO 0 ... 1000 ppm 1 ppm
Carbon dioxide CcO 0 ... 9,999 ppm 1 ppm
Hydrogen sulfide H2S 0 ... 500 ppm 0,1 ppm
Carbon CO/H2S (COSH) (CO) 0 ... 500 ppm (CO) 1 ppm
monoxide/Hydrogen (H2S) 0 ... 200 ppm (H2S) 0.1 ppm
sulfide**

Hydrogen H2 0 ... 1000 ppm 1 ppm
Nitrogen monoxide NO 0 ... 1000 ppm 1 ppm
Chlorine Cl2 0 ... 100 ppm 0.1 ppm
Nitrogen dioxide NO2 0 ... 100 ppm 0.1 ppm
Sulphur dioxide SO2 0 ... 100 ppm 0.1 ppm
Hydrogen cyanide HCN 0 ... 30 ppm 0.1 ppm
Hydrochlorate acid HCL 0 ... 30 ppm 0.1 ppm
Ammonia NH3 0 ... 100 ppm 1 ppm
Chlorine dioxide Clo2 0..1ppm 0.01 ppm
Phosphine PH3 0.5 ppm 0.01 ppm
Phosphine PiHg 0 ... 1000 ppm 1 ppm
Carbon dioxide CcO2 0..5vol. % 0,01 %
VOC (general) PID 0 ... 2000 ppm 0.1 ppm

** Combined sensor

fiun : http://www.industrial-needs.com/technical-data/gas-detector-mxé6-ibrid.htm
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[

Fudi 0, VOC H,S co CH, pH °C
1 12.4 129.5 500 474 30 7 30
2 11.1 138.5 500 417 31 7 32
3 10.9 145.8 500 432 31 7 31
4 10.5 148.5 500 473 31 7 30
5 10.5 153.6 500 577 31 6 31
6 10.3 132.5 500 584 31 6 30
7 10.3 142 500 622 31 7 30
8 10.5 134.3 500 648 37 7 30
9 10.6 138 500 754 49 7 30
10 10.7 137.8 | 498.9 823 54 6 30
11 10.8 139.4 | 49358 865 62 7 29
12 10.9 1282 | 499.8 874 71 7 27
13 11.2 1158 | 4815 997 71 6 27
14 11.4 103.7 | 490.5 1009 71 6 31
15 11.5 1093 | 497.4 1155 71 6 30
16 11.7 1062 | 498.3 1213 71 6 30
17 11.9 1048 | 492.7 1349 78 7 30
18 12 90.8 496.4 1378 84 7 31
19 12.1 96.3 497.8 1355 94 7 30
20 12.4 87.5 481.5 1399 92 7 31
21 12.5 85.3 498.1 1412 90 6 30
22 12.6 83.2 478.2 1400 89 6 31
23 12.7 82.8 499 1415 87 6 30
24 12.9 79.2 489.4 1500 77 7 31
25 12.6 67.5 497 1381 65 7 30
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[

Fudi 0, VOC H,S co CH, pH °C
26 12.8 68.4 479.1 1298 61 6 31
27 12.9 733 463.5 1186 57 6 30
28 12.8 75.8 457.3 1187 55 6 30
29 12.9 783 448.7 1186 50 7 30
30 13.1 80.4 434.4 1185 45 7 31
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[

Fudi 0, VOC H,S co CH, pH °C
1 17.6 173.6 165.4 497 6 7 30
2 17.4 163 201.7 659 10 7 29
3 17.1 144.6 190.5 797 13 7 29
4 17.3 1493 | 201.8 768 16 6 30
5 16.9 1862 | 208.7 920 18 6 30
6 16.6 1469 | 2114 1121 19 7 30
7 16.5 156.7 | 2145 1026 20 6 31
8 16.3 1353 | 2083 1128 20 6 29
9 16.2 139.9 | 2157 998 20 6 29
10 16 1529 | 201.6 1018 21 7 30
11 15.8 162.7 183.4 1010 20 7 27
12 15.6 140.7 179.3 958 20 6 27
13 15.5 156.8 183.4 975 20 6 30
14 15.2 116.7 186.6 963 21 7 30
15 15.2 114.8 182.7 910 21 7 30
16 15 108.7 182.4 888 22 6 30
17 14.8 102.5 187.7 896 25 6 30
18 14.6 92.5 187.7 885 25 6 30
19 14.4 97.5 180 830 28 7 30

20 14.3 88 173.5 835 29 7 30
21 14 81 171.3 805 33 7 31
22 13.7 73.4 169.5 758 35 7 30
23 13.6 73 167.8 745 35 6 31
24 13.1 72.2 165.6 715 35 6 31
25 13.3 63 158.8 709 36 7 31
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Juh

0, VOC H,S co CH, pH °C
26 13.1 57.9 149.5 680 35 6 31
27 13.2 58.9 132.9 716 34 7 30
28 12.8 59.3 138.3 713 34 6 30
29 12.4 60.5 145.8 708 35 6 30
30 12.2 61.7 150.1 701 35 7 31
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M YauUNNIIY M yaunivsu 187 yaunivsu 1287 LAUNNIIY 8 YAaUNNTIY 1 AUy
(Auni) (anungd) (Auni) (aumgf) (Aun) (anumgf) (un) (anungf) (Buni) (aumgf) (i) (anmgf)
310 84 620 100 920 100 1230 100 1540 100
10 36 320 85 630 100 930 100 1240 100 1550 100
20 37 330 86 640 100 940 100 1250 100
30 38 340 87 650 100 950 100 1570 100
40 40 350 88 1270 100 1580 100
50 42 670 100 970 100 1280 100 1590 100
370 91 680 100 980 100 1290 100 1600 100
70 46 380 93 690 100 990 100 1300 100 1610 100
80 48 390 95 700 100 1000 100 1310 100
90 50 400 97 710 100 1010 100 1630 100
100 52 410 98 1330 100 1640 100
110 54 730 100 100 1340 100 1650 100
430 100 740 100 100 1350 100 1660 100
130 58 440 100 750 100 100 1360 100 1670 100
140 60 450 100 760 100 100 1370 100
150 62 460 100 770 100 100 1690 100
160 64 470 100 1390 100 1700 100
170 66 100 100 1400 100 1710 100
490 100 100 100 1410 100 1720 100
190 70 500 100 100 100 1420 100 1730 100
200 72 510 100 100 100 1430 100
210 74 520 100 100 100 1750 100
220 75 530 100 1450 100 1760 100
230 76 100 100 1460 100 1770 100
550 100 100 100 1470 100 1780 100
250 78 560 100 100 100 1480 100 1790 100
260 79 570 100 100 100 1490 100
270 80 580 100 100 100 1810 100
280 81 590 100 1510 100 1820 100
290 82 910 100 1210 100 1520 100 1830 100
610 100 920 100 1220 100 1530 100 1840 100

ecl
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M YauUNNIIY M yaunivsu 187 yaunivsu 1281 LAUNNIIY 8 YAaUNNTIY 1 AUy
(i) (aumgd) (i) (gauungi) Qi) (gauungi) Qui) (aumgd) Qi) (9umgd) (Auil) (aaumgd)
1850 100 2470 100 2780 100 3090 100 3400 100
2480 100 2790 100 3100 100 3410 100
1870 100 2180 100 2490 100 2800 100 3110 100
1880 100 2190 100 2500 100 100

2510 100 3440 100
3140 100 3450 100
3150 100 3460 100
3160 100 3470 100
1930 100 2240 100 2550 100 2860 100 3170 100
1940 100 2250 100 2560 100 2870 100 3490 99
1950 100 2260 100 2570 100 3190 100 3500 99
1960 100 2270 100 2890 100 3200 100 3510 99
1970 100 2590 100 2900 100 3210 100 3520 98
2290 100 2600 100 2910 100 3220 100 3530 98
1990 100 2300 100 2610 100 2920 100 3230 100
2000 100 2310 100 2620 100 2930 100 3550 98
2010 100 2320 100 2630 100 3250 100 3560 97
2020 100 2330 100 2950 100 3260 100 3570 97
2030 100 2650 100 2960 100 3270 100 3580 97
2350 100 2660 100 2970 100 3280 100 3590 97
2050 100 2360 100 2670 100 2980 100 3290 100
2060 100 2370 100 2680 100 2990 100
2070 100 2380 100 2690 100 3310 100
2080 100 2390 100 3010 100 3320 100
2090 100 2710 100 3020 100 3330 100
2410 100 2720 100 3030 100 3340 100
2110 100 2420 100 2730 100 3040 100 3350 100
2120 100 2430 100 2740 100 3050 100
2130 100 2440 100 2750 100 3370 100
2140 100 2450 100 3070 100 3380 100
2150 100 2770 100 3080 100 3390 100
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M YauUNNIIY M yaunivsu 187 yaunivsu 1287 LAUNNIIY 8 YAaUNNTIY 1 AUy
(Auni) (anungd) (Auni) (aumgf) (Aun) (anumgf) (un) (anungf) (Buni) (aumgf) (i) (anmgf)
310 75 620 100 920 100 1230 100 1540 100
10 36 320 76 630 100 930 100 1240 100 1550 100
20 37 330 v 640 100 940 100 1250 100
30 38 340 78 650 100 950 100 1570 100
40 40 350 79 1270 100 1580 100
50 42 670 100 970 100 1280 100 1590 100
370 81 680 100 980 100 1290 100 1600 100
70 46 380 83 690 100 990 100 1300 100 1610 100
80 47 390 84 700 100 1000 100 1310 100
90 48 400 85 710 100 1010 100 1630 100
100 49 410 86 1330 100 1640 100
110 50 730 100 100 1340 100 1650 100
430 90 740 100 100 1350 100 1660 100
130 52 440 92 750 100 100 1360 100 1670 100
140 53 450 93 760 100 100 1370 100
150 54 460 94 770 100 100 1690 100
160 55 470 95 1390 100 1700 100
170 56 100 100 1400 100 1710 100
490 99 100 100 1410 100 1720 100
190 58 500 100 100 100 1420 100 1730 100
200 59 510 100 100 100 1430 100
210 60 520 100 100 100 1750 100
220 62 530 100 1450 100 1760 100
230 64 100 100 1460 100 1770 100
550 100 100 100 1470 100 1780 100
250 68 560 100 100 100 1480 100 1790 100
260 69 570 100 100 100 1490 100
270 70 580 100 100 100 1810 100
280 72 590 100 1510 100 1820 100
290 73 910 100 1210 100 1520 100 1830 100
610 100 920 100 1220 100 1530 100 1840 100
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M YauUNNIIY M yaunivsu 187 yaunivsu 1281 LAUNNIIY 8 YAaUNNTIY 1 AUy
(i) (aumgd) (i) (gauungi) Qi) (gauungi) Qui) (aumgd) Qi) (9umgd) (Auil) (aaumgd)
1850 100 2470 100 2780 100 3090 100 3400 100
2480 100 2790 100 3100 100 3410 100
1870 100 2180 100 2490 100 2800 100 3110 100
1880 100 2190 100 2500 100 100
2510 100 3440 100
3140 100 3450 100
3150 100 3460 100
3160 100 3470 100
1930 100 2240 100 2550 100 2860 100 3170 100
1940 100 2250 100 2560 100 2870 100 3490 100
1950 100 2260 100 2570 100 3190 100 3500 100
1960 100 2270 100 2890 100 3200 100 3510 100
1970 100 2590 100 2900 100 3210 100 3520 100
2290 100 2600 100 2910 100 3220 100 3530 99
1990 100 2300 100 2610 100 2920 100 3230 100
2000 100 2310 100 2620 100 2930 100 3550 99
2010 100 2320 100 2630 100 3250 100 3560 99
2020 100 2330 100 2950 100 3260 100 3570 99
2030 100 2650 100 2960 100 3270 100 3580 99
2350 100 2660 100 2970 100 3280 100 3590 98
2050 100 2360 100 2670 100 2980 100 3290 100
2060 100 2370 100 2680 100 2990 100
2070 100 2380 100 2690 100 3310 100
2080 100 2390 100 3010 100 3320 100
2090 100 2710 100 3020 100 3330 100
2410 100 2720 100 3030 100 3340 100
2110 100 2420 100 2730 100 3040 100 3350 100
2120 100 2430 100 2740 100 3050 100
2130 100 2440 100 2750 100 3370 100
2140 100 2450 100 3070 100 3380 100
2150 100 2770 100 3080 100 3390 100
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