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Preechaya Chaisamm 2008: Developing Adsorbent to Study Volatile Organic Compounds (VOCs)
Emission in Para-rubber Wood Furniture Manufacturing. Master of Science (Environmental
Technology and Management), Major Field: Environmental Technology and Management,
Department of Environmental Science. Thesis Advisor: Assistant Professor Tunlawit Satapanajaru,

Ph.D. 118 pages.

Large amount of wood waste and volatile organic compounds (VOCs) emission from production
process are major problems in Para-rubber wood furniture manufacturing. The objective of this research was to
develop adsorbent to study VOCs adsorption efficiency by low cost activated charcoal produced from Para-

rubber wood.

The activated charcoals were prepared by using Para-rubber sawdust from Para-rubber wood furniture
manufacturing in Chonburi province, Thailand. Phosphoric acid (H,PO,) was used as activating agent with 2:1
impregnation ratio. The material was activated at 450°C or 550°C for 60, 90 or 120 min. Results shows that the
suitable condition was the activation at temperatures 450°C in 120 min. Iodine number and BET surface area of
activated charcoal produced in this condition were 786.71 and 1,635.65 mzfg, respectively. Adsorptions of VOCs
were conducted both in laboratory and in factory. Twenty one VOCs were found and four evident VOCs of air

pollutants such as toluene, ethylbenzene, p-xylene and o-xylene were mainly observed in every study.

Adsorption isotherm of toluene, ethylbenzene, p-xylene and o-xylene are expressed relatively well
with Freundlich model. It has shown that VOCs adsorption on activated charcoal produced from sawdust are
multi-layer adsorption. The results of t-test shows that the VOCs adsorption efficiency of the activated
charcoal produced from sawdust and that of activated charcoal in commercial active gas tube were not
significantly different at 95% of acceptable confidence. It could substitute for monitoring as a low cost

activated charcoal in actual place.
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9.2 Chlorinated VOCs 1138 halogenated hydrocarbons
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13.1 active sampling
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Y
FR87) Haznasnulumsgaduaua 1Al (Hameed et al., 2007)

ANVATIUUVUTIABINIAAFUMNAUMITNTUAY INAINANNAFIUIIN
9 4 [
ﬁumﬁmm‘?u (heterogeneous surface) s?f’mmiﬂszmﬂéf’;uuuuluaﬁ“ummmmmm%'eumm
(Y] d a 1 = N :’I 0’
MIAAFUUNUAINIAAINMIAAFULLUWAI0TU (multilayer sorption) NM5152gna 14
a a < (% o
AuMINTUATETUIBDINITAANLLUDN TNUUFIAUDINGINUNTAATULUYATNAAVDIA
4 1 % o 1 a @ o
AUINANNTYATUVDIAIAAT (Hameed and Daud, 2007) Tasa1 C, aasdaFunadigady
~ @ [ A a Yy 9 A v A
Aaauga W Tuniu/nsy) C, Aolsmannududuvessasngngagunnatauga (U1 lu
1% a Aaa A 1 d' a d‘ = a
NSW/A0AaNY) K, 1az n Aomasnamuaumsniuay Taeh K, uaasdslsmannuansaly
NMIAATUVBIAIAAGY (adsorption capacity) (Hameed et al., 2007) 11aZ 1/n UIVONDIAIINLT
[ 3 4 a oaj
VDIN1TAAYL (adsorption intensity) (Kalavathy et al., 2005) VoI NU UNUR I AETU
™ 1 1 1 1 1 [ I~
Tagia 11 1/n agdisnegsznineo D91 winuaasandrlng o mnmi lusuaastannuniu

Y 2 2
WURIMAWFUNIAMIIY (Haghseresht and Lu, 1998)

A

iensanmanuduiutszninlinadgaduiyeduganas
a a -4 ! @ a J a ! 1w
UsinaensounidszeNgngaduawauuagiuvesaumsiauiiosuazguay flviad

] 9
LLﬂﬁGING] AUTUNTTUNATIU (ﬁ\W]TiNﬁ 7) mﬂwamsﬁﬂy"mmaumgmgmm‘imawmﬁq

2
] 1 1w a J v A v v da o
amuﬁﬂﬂﬁ'mum ﬂ"mu1Jizmn‘ﬁmsmﬁu%mmauwummgﬁju R) VOULUVITAINTIHA
k4
1Y) a a -4 v a 1 1 o
“HU@]"I?Jﬁ?JﬂTi‘V‘quHﬂWU@Qﬁ”li’(’)iﬁ/l?ﬂizmmﬂﬂ 4 YUA flﬂ"l!élgllﬂﬂélj 1 3NNV UIABINITAA

[ 4 <3 l a [ a 4 ua/' a @
FUMWaNMILauTos Llﬁﬂ\i{lﬁ)!,ﬁu'ﬂ‘waﬁﬂ'iillﬂTiﬂﬂ“]illﬁTii’]“L!‘ﬂ?ﬂﬁSLWEJ‘VN 4 YUA G?])’JEJ@’J

[ a

1 [ Y o y a a o a
aagurianuniudnraaanay ldeamst annsaesuielaa Arouvuiiaesveslguay

u

k4
v @

= ' P o Aa &~ 9 Yy o o o o
Q‘Ll‘L!"lNﬂEﬂ'J]’l,ﬂ31fﬂ5@@%'”‘V]Lﬂﬂ“l]‘LliJl!u’JIullﬁE]ﬂﬂﬁ@ﬂﬂlllllllliﬂﬁ@\iﬂ1§@jﬂ°ﬁﬂﬁa18ﬂfu
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~ ' A a Ao = o &
MINN 7 ATPNNH N Gnllﬁllﬂﬁ"l]@iwjzuﬂf’lﬂ,mguaﬂmEJiﬂJ’ENﬂﬁﬁﬂBWﬂﬂu

Freundlich Cs = KFCe”n Langmuir C/C = 1/ab + C/a
VOCs . .
R K, I/n R a b
Toluene 0.94 70.42 0.70 0.82 5000 0.00002
Ethyl benzene 0.98 0.04 0.98 0.90 5000 0.00001
p-Xylene 0.98 0.01 0.99 0.74 10000 0.000003
o-Xylene 0.98 0.03 0.97 0.98 5000 0.00001

1 = ] I @ o
Hnaya A1 K, Irivedu wlunsw/nsuy (ng/g)

a & & o o . . A o qva & a
maaﬂ;umf mgﬂumi@,wmmuwmwu (multilayer sorption) Fam InanuAUUraY
QS’I { % o 4 I a
% (heterogeneous surface) NN 19 LAAINTINANUTURUTVDINIAATUMUAUUAF ULV

a a 4 a { 1 Y] ] a 1 v W A A

WIUAYVRIENTOUNTI52IM0 4 Fiia NANUNTUAI Arefgadusian UANTUATIHAA

<3 Y 3 [l
vines Ideemns uaadiimiuduasawasauFuved 1/n (adsorption intensity) Wi aunaau
o ° ' o Ay Y Y & =
Anv049 In K, 91nmMIfmuagalae In C, uaz In C, manusui laninsmuaaslimuds

Y Y
AMuLTluMIgaFUIUUNUAIA10%Y (Kalavathy et al., 2005) 198 toluene 1#A11Tu

v Y ' v o v A a ] A

anuamnsolumsgagsudrenrunuiudnines Ideramannaa lagega soeasuio ethyl

benzene, o-xylene L& p-xylene MUY

A o = 1w 1 a Ao Y [
diohmamsAinyvesmalsae naumsdguasnd o ldun
= =} @ = [ a = J Y Y] A @ A 1
MIfToumeuAUHaMIANIMIYAFUMTIUNTITLIHEAITAADUS) (LAAIAINITIN 8) WU
ANINMIANINMIAFUETOUNI G32IMe 4 Fila Aogadurianuiuiudnnaan ey 1
1913119 K, iuaasdalsmannuaunsalumsgaduuesiigaduiosniiainmsgady
a 4 qu; a o o a y 4 o o a 4 o
ATOUNTIT2ENT 4 Fila IeAIgATUFIADLY 0 1vTleaINAIgaTUTTaDLY TAgniia
d‘ Q' 1 dy d‘Q v d‘ [ Y ] 9 Y d’ Q‘ dy d’a U v
oAU TuMIgAFUNMINANITAV T 1M IFMINTEAUNBINNHENAIA U
v

HuadrensaNan1Izau (Kim et al., 2006) A159AFVINTANIANUNINGS CoAIPO4-5

molecular sieves (Liu et al., 2004) 118Z15%U Ambersorb 563 (Sheng and Cheng, 1999) 5 SPTER



& Toluene m Ethylbenzene
9.50 - A p-Xylene ® o-Xylene
.
9.00 . I //‘./;5
8.50 o % A
8.00 - . YT
n T AT
© 7.50 1 =
7.00 e T
" A
6.50 -
A
6.00 -
550 I I I I I I 1
7.50 8.00 8.50 9.00 In Ce9.50 10.00 10.50 11.00

a v o @ a a A a A Yy 9
MAUN 19 ﬂi’]‘i/\lﬂ')’lllﬁll‘wu‘ﬁﬂ’lﬁ@ﬂcﬁﬂllﬂﬂwzuﬂ%mﬂﬂﬁ'ﬁﬂuﬂiElﬁgﬂ/ifl 4 FUA NANNUVNUY

a9 Tuanzgungiing

9
were 17819197

=
N

Q u

a v o a 1 v o A a
(’E]il!‘lﬁiﬂll‘l’gi}@\i) é’fasm’J@ﬂcﬁuwuﬂmuﬂmmﬁwamm

d‘ =) = ' dl ' a = osj Jw a o d‘
M3 NN 8 Lﬂiﬂ‘UWIEJ‘UﬂTﬂQVWING] ﬂﬁJﬁiJf‘l"li"’ll’f)xi’l/\lﬁq‘l!ﬂ%‘l]@ﬁﬂ"liﬁﬂ’]eﬂﬂiﬂuﬂ‘ﬂx‘l"lu%]ﬂﬂu“]
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J v U dd’ a J v v d ﬂ‘]ﬁﬂﬂ“f{“‘”ﬁﬂ a
DUNNNUANNAN DIUNNNUN AU bentonite
o CoAIPO4-5
e liienamnn impregnated AC (gas phase)
- v 2 molecular sieves -
NMIANHIATIU (gas phase) ANUVNVUUDY o-xylene
v (gas phase) o Ly
VOCs (gas phase) ANUVNVY 10-15 v v UIENTIDYDY 99.5
v P ANUYNVY 0.7-11 - Y
ANUANTY 0.5- 5 X10 Haaniu/lianons e o TavlifimaSunfae
QQQQQQ laaniw/iaaans
yaansv/vanans (Kim et al., 2006) (Zaitan et al., 2008)
(Liu et al., 2004)
2 2 2 2
R K. Im | R K. Im | R K. Im | R K. I/n
Toluene 0.94 | 7.60X107 | 0.70 - 4.8210.26 - - - - - -
Ethylbenzene | 0.98 |3.77X10"°| 0.98 | - - - - - - - - ;
p-Xylene | 0.98 [9.42X107°10.99 | - | - | - | - | - | - | - - -
o-Xylene | 098 [2.82X10™[097 | - | - | - 099|074 126 - [2.28X10°| 0.63

1 1 < a A [
winenve A1 K, Ity dad lua/nsu (mmol/g)
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o a J ! 1 @
minaaosfnyIMIgatyluanzuazanududuvesdsdunidszmenuanaianulu
QBJ} J @ @ v A 4 {
MsANEIASIH AUMIANYINIQATUAIIATUBUNIIszIMeNan Iz VB IAIVOIH NI Y
(Moringa oleifera pods) (Akhtar et al., 2006) LL@Z15%¥U Ambersorb 563 (Sheng and Cheng,
= 9 a =~ J Y 9 U z dy =
1999) 59194M3 1¥aNTBUNTIT2MEANUANTUFINTININAADIATIHINN TuMsFnEINg
o J v o { A o
QAT toluene YDA Kim LazAME (2006) SI8mUANTUAIINMNMINTZAUAINTATNAN1IZDNA)
nanududu 10-15 Haansw/iadans M3ANYINTATU o-xylene AIBAN bentonite YDA
Zaitan HazAME (2008) NANUdNAY 0.7-11 Hadnsw/Alaaans uazmsAnyINT9ad
o-xylene UD4 Liu agAMe (2004) Gg])’JEJﬁ’ﬁ@,W]?U"]ﬁQM CoAIPO,-5 molecular sieves fe
a a’a} 12 o A Yy 9 3 dyd
o-xylene UTgNTI0vaz 99.5 Tag lilimssunlasuanududy (msneasaassiidnyinisge
Iy a 4 { fAa Aa o a Aaa [ 1
FUA150UNIIszineNnNuINTY 0.5- 5 x10° Tadniw/iladans) nnaurguesiladonie
09/’ A ' 2 o Y1 Ay Y =3 o a ~ Y @ a A
naruafina1nu e e K, aldanmsAnyinmsgaduasounsdsznisarsiagatiaous

Y 1 [ 1 v o J Y =2 09.1’ dy
Iimganimagaguatsaunuiuannay 1deemns lumsAneiasil

Y 1 H
wenvniuden/Seuiioy A11/n NsendInNULTIVEINMIQATY
< { a o 1 o a o a
vosnuiluiuAIraIeFU WNMIINNMINAABINTAATUAITOUNI G521HET 4 AR
' v o 9/ Y Y A a o 9 Y o
aunududnnes o Tiuu Tdumanudluivmuuuaesuiesndargadu
wiiaauq Tumsnnaila en3umsnAaeIMsgadi o-xylene AI8EN3QATULTIA CoAIPO,-5
molecular sieves (Liu et al., 2004) dutilosnandunguesilodovesnnududunazaning
A X v A 1 9 9 o FAl Y I
voue s lglumanaassdaninanunueay mlvamanuusvesmsgasuveannuiy
A a o Aqw = o 2y Vo A Y = v Y o A
WuFmMaeFui ldanmsAnwinsaiidesninaii ldninmsanmmsgadudieiagaue
AIUNNATUNAIINNTNABBIAIAIIYATUFIA CoAIPO,-5 molecular sieves 0191HBIN1IN
1 9
Y] a . va [ [ [ 1 o a
A139AFVFIA CoAIPO,-5 molecular sieves Ipnauiiailuaisgadunivaedisaon i ldina
v o 1 = q’j 1 U . = 1 Y d‘ 9
MIHANAUIZNIN TanNaliI981990UVD o-xylene (Liu et al., 2004) adawalial 1/n 11@
11NNINAABIAINGTI WINNNNMIANBINIYAFUATOUNT 3 8IMe18R A URUNUADINIEY

9 =2 3 dy
bliJElNWﬁ”liilﬂﬁﬁﬂETﬂiﬁu
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a o d
2. IUMSNATOUMIITNUVDINAANUNAUUVL active gas tube

=2 a a 1 a S J Y ] a
2.1 msfneriatazdsnamsdantacsasounsdsamielunoanu Isenunan

a 4
wosinos

= 1 a =4 a dAa 4 9
ﬂTiﬂﬂH"lﬂTiﬂﬁﬂ‘]Jﬁi’)flﬁ"liﬂu‘ﬂiﬂigﬁ"fEJGluiixNTLlNﬁ@]LWf’Jiumﬂﬁ“ﬂTﬂhliJﬂNW”li"l
] £ o = [ ] ~ o < [ [ Y 1 I~
meuﬂumm@ﬂiﬁm WHINYALYT IﬂflVl"IﬂTiLﬂ‘]J@'l'Jf’]EJNGI,L!W@QWuﬂlﬂﬂiiﬂﬂTu!ﬂuL')aT 30
a9 I @ v . 9 Y A @ o a U v o oA
UIN ANYYANUAIBYINLU D active sampler Glﬁ]ﬁ’iﬁE]ﬂLl,ﬂﬁﬂﬂiiﬂﬂﬂﬂﬂcﬁﬂ%uﬂﬂ'luﬂﬂﬂu@‘ﬂ

o o a <Y A 9 [ dy
auly taziwiinsImszialenIod GC/MS llﬂwamu
a a A J
2.1.1 ¥UAVDITTOUNTYTSINY

MI3YFUATINATIINUN Taai/TouNeu retention time HAZA1 m/z
GufJqmiLm'az%ﬁmmmsazmﬂmmﬁm VOCs Japanese 52 component indoor air (N1ARUIN 9)
1 a a 4 a 1
WUNENIDTEYFHAITOUNId5zive 21 1dwila 1Aun methylene chloride, benzene, toluene,
ethylbenzene, m-xylene, p-xylene, styrene, o-xylene, 3-ethyltoluene, 4-ethyltoluene, 1,3,5
trimethylbenzene, 2-ethyltoluene, decane, 1,2,4-trimethylbenzene, 1,2,3-trimethylbenzene, n-
undecane, 1,2,4,5-tetramethylbenzene, dodecane, decanal, tetradecanec 4181& pentadecane
o A ag A o A yy v
Iﬂﬂﬁ'?llﬁﬂﬁ]TLLuﬂﬂiglﬂV]ﬁﬁi’)u‘ﬂiﬂiglﬁfJ‘VIﬂﬁ'Jﬁ]W‘U‘VN 21 BUA llﬂ@nJTﬂiﬁ’diNImaf}a

% 11‘ 2 dy
(LANIAIAIT N 9) ATl
a J .
7 ozlsianlelasA1sueu (aromatic hydrocarbon)

agulalasmiveunthaumuiulassadandn 14 via 18un
benzene, toluene, ethylbenzene, m-xylene, p-xylene, styrene, o-xylene, 3-ethyltoluene, 4-
ethyltoluene, 1,3,5 trimethylbenzene, 2-ethyltoluene, 1,2,4-trimethylbenzene, 1,2,3-

trimethylbenzene 9% 1,2,4,5-tetramethylbenzene



- 9 Aa ~ o A A
MI1N 9 TA33er519 1NaNAYeIAITOUNTITLHENT 21 FUANATIINY
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A ag wialuana .
A1IOUNTITLINY C,H, . Tnssainluana
(n5/Tua) d
H
Methylene Chloride |
CH,CI, 84.93 o
(Dichloromethane) cre / H
Cl
I
Ho _C. _H
B C H 78.11 (I; ﬁ
enzene .
676 Hzcc‘\(l.l,/c'-.H
H
H
H A H
Toluene C,H, 92.14 |
H™ 5" "H
CH
Ethylbenzene CH,, 106.17 O/\
CH5
m-Xylene CH,, 106.16 @\
CHj
p-Xylene CH,, 106.16 H3C@CH3
e
Styrene C.H, 104.15
0-Xylene CH,, 106.16 ﬁj/
CHs,
3-Ethyltoluene CH,, 120.19




q‘ Y a ~ Qa’l a A 1
19199 9 TﬂﬂﬁﬂﬂmaqammmiaumfJizmsmq 21 FUANATIINY (71D)

61

A ae wialuana .
AIOUNITIILINY C,H, ) Tnseasaluana
CH;
4-Ethyltoluene CH, 120.19
HC
1,3,5-Trimethylbenzene CH, 120.19
CH;
2-Ethyltoluene CH,, 120.19 CHa
Decane C,H,, 142.29 P T W Wl
CHs
CHj
1,2,4-Trimethylbenzene CH, 120.19
CHs
CHs
CHa
1,2,3-Trimethylbenzene CH, 120.19
CH-
n-Undecane C,H, 156.31 /\/W
CHj
CH:
1,2,4,5-Tetramethylbenzene C,H, 134.22
H4C
CH,
Dodecane C,,H, 170.34 N N
D "\/\/\/\/\?0
ecanal C,,H,,O 156.2
Tetradecane C, H,, 198.39 o o
Pentadecane CH,, 212.42 ﬁﬂ"‘ﬁf"kﬁﬂf r‘*..,r.f'f"‘\
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) ozavhdnlalasnsueu (aliphatic hydrocarbon)

! ¢ Ao ¢ 1w g
ﬂquﬁWﬁﬂﬁgﬂi’)‘Ullﬁliﬂﬁﬂ1§Uﬂu numsveueznouaenuluay
Tapila 7 siin 1&un methylene chloride, decane, n-undecane, dodecane, decanal, tetradecanec
I0% pentadecane fﬂ”lﬂslgll’t]ﬂ;]asllﬂﬁ Colorado Department of Public Health and Environment (2006)

1 ' a A ' a a 4
ﬂmnﬂiwmNam%lasumaﬂﬁ'ﬂaﬂﬂa@wawyﬂizmwfmaum%szma@anmam

]
A o W

9
a o 1 a a 4 J
NITUIUNTTHAAVUA N Iﬂﬂ‘ﬁuﬂﬂl@ﬁﬁﬁﬂu‘ﬂ%ﬂi%mﬂ ﬁTﬂﬂJulﬁ}LLﬂ xylene L1Q¥ toluene 31N
A J 3 [ a N J a A A '
NFTUIUMSAADLLAANDT UBNIINHUEDNNUEITOUNTITLvriaounamnsatanlaoe
a 1 ] 1 -4 Y
AMNMNITUIUNMTHANA N LFU ﬂi%U’Juﬂ”li’f]iJLLﬁ/QllﬁjEJNWﬁ"l miwumﬂiﬂmﬁau‘w‘u
) s Ia 7 o { a £
wlesiines mssumlesiines 1Fuwa uazmﬂmmiﬂmiﬁgmﬂﬂm”ﬁ (Industrial technology
development institute, 2005) INNIWN 20 GC/MS TATIN TATUATUURITITAZABUINTFIU
. . ~ = o a =4 A o 3w '
VOCs Japanese 52 component indoor air Seuneunuasaunsosemenmmsinualedaluy

@ 4

Y vy A o Y . a ] . Aq ¥ &
UOINURWWHAANUNAULLUD active gas tube LASHANNUNNITA active gas tube ‘V]Glﬂﬂﬂu

A

a o Y Aa a a 4 a
NANINTUND NN Wﬂcﬁuﬂﬂlﬁ)\?ﬁ'li@uﬂgﬂiglﬁﬂ 5 ¥URA AD toluene, ethylbenzene, m-xylene, p-

~

Y
@ a o 4
xylene LI01¥ o-xylene GLH?]’)HJL"IBJ}M‘{’IIHT]E;N 1/1qGlumimﬁauﬁ'wwaﬁﬂmméfmmu active gas tube
a o 4 9 .
HAZHARNUNINTANITA active gas tube ﬂWﬂﬂT’iﬁﬂ‘]&ﬂWﬂﬂi%ﬂﬂﬂlﬁ)\‘lﬁﬁlﬂﬁ@ﬂl\‘lﬂuﬂﬁ
1 a -4 o 1
1anaosa150UNT 52111804 Lee et al. (2003) m“lﬁ%zu'lﬁmma toluene, ethylbenzene, m-
as/' a dyd a =4 v A a 1

xylene, p-xylene 1482 o-xylene N4 5 FUALYUAITOUNTITLenannamsdandaseninais

A 4 1 [
nasuvestiees lag Papasavva et al. (2001) 145 €1 toluene, ethylbenzene L1AE xylene 11l

a 4 1 1 ) 4 09)1

ﬁﬁﬂu‘ﬂgfJﬁ%!fVi‘(’Jﬁﬂaﬂﬂﬁﬂﬂﬂ'lﬂ@]’J“I/naganJ‘UfNﬁﬁﬂ"lﬁﬂﬂﬁu UBNVINUU ethylbenzene Hag

v a =4 ~ 1 v o = A s Y
xylene gduumsounidgsaienaadassnindimazarevosasnaoumosHnosonale

Fmiumssunidszmeviasuiimuiy pudeyalsnfifades
AUMIRINULAZETANVDS Brown (2008), American Conference of Governmental Industrial
Hygienists [ACGIH] (2008), National Institute for Occupational Safety and Health [NIOSH]
(1998), 40ccupational Safety and Health Administration [OSHA] (2008) taig SWorld Health
Organization [WHO] (2006) Tananin methylene chloride Lﬂuﬁaﬁmzmﬂﬁﬁﬂﬂ%’
Tagia 1y ilesnnidluniislumsszneunasiuiiianuiusuanetoouaziinnuaunsa

a

a I'd a 3 ]
lumsazarearsounid lavaeyilailueged 3sonlslunszurumsmaniivod

'
A o @

& o <
gaarinysuTaena llsaunalugaamnssud benzene iumsazarednn lugadivingsy
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12000 4

10000 4
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150000 J

100000

soooo

g000 3 1 (n)
5000 2 4.5 6 11 12
3 9, Jot
4000 4 13 » 39
2000
— T T LI IlLl L L T _ T LI -
e 10.00 15.00 20.00 2500 30.00 35.00 40.00 45.00 s0.00
uuuuuuu
uuuuuuu
2s0000 ]
200000 (s")
150000 ]
100000 |
soooo ] 1
ol h— . - . ﬂ . [ . ; , , ,
[rime- ” 1000 1580 200 250 =000 E= a0bo PELT s0.00

sso000
uuuuuuu
uuuuuuu
Q)

T T
10,00 15.00

T T
2zo.00 =s.00

T T
s0.00 F5.00

T
40.00

T T
45.00 s0.00

1. methylene chloride

2. 2-butanone

3. chloroform

4. 2,4dimethyl
pentane

5. 1,1,1 trichloro
ethane

6. 1,2-dichloroethane

7. benzene

8. carbontetrachloride

9. iso-octane

10. n-heptane

11. trichloroethene

12. 1,2 dichloro

propane

13. bromodichloro
methane

14. 4-methyl-
2-pentanone

15. toluened-8
(internal standard)

16. toluene

17. n-octane

18. dibromochloro
methane

19. tetrachloroethen

20. ethylbenzene

21. m-xylene

22. p-xylene

23. styrene

24. o-xylene

25. Alpha-pinene

26. 3-ethyltoluene

27. 4-ethyltoluene

28.1,3,5 trimethyl

benzene

29. 2-ethyltoluene

30. Beta -pinene

31. decane

32. 1,2, 4trimethyl
benzene

33. 1,4dichloro

benzene
34.1,2,3 trimethyl
benzene
35. limonene
36. n-undecane
37.1,2,4,5 tetramethyl
benzene
38. dodecane
39. decanal
40. tridecane
41. tetradecane

42. pentadeca

MNH 20 GC/MS 1asu 1AsuATNUDL (M) M1392M8NINTIIH VOCs Japanese 52 component

. . = Yy 9 [ A aa = s 1] A s
indoor air NANMAUNUY 5,000 uﬂuﬂiu/maam wseuneuny (V) MIoUNTY

A o 2 o ' ] vy a
sxmwmTm'imumamﬂuwmwumﬂwam

o J9Y

9 a

NUNAULLUU active gas tube 1AL (A1)

a J { o 3 o I ' o d .
f‘ﬂiﬂlﬁ/ﬁEligLﬂﬂﬁ‘ﬂ"lﬂﬁlﬂU@?@ﬂ?ﬁiuﬁ)ﬂﬂwuﬂﬂﬂﬂﬁGlﬂm“ﬂﬂﬁﬁ}"l active gas tube
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a & Yo/ % a 9 A = I a 9 1 1 2%
wianile uiiagiiusgiions oluene unu iWosninlianuiuiviosnualauauiialy
mMsagaeiioum benzene ATl udalin1s 19 benzene Ysmmioslumsnanes a3y
@ U 4 o a . < 1 {
Aag iy A15vasau A15MANUAze1A 52109 81 1agd 1,2.4-trimethylbenzene I Ua15 i 1F0

= g’ a z I 1 @ a o =)

Tugaemnssnd imentazisdu Sawnaduasdyunsdnlunsnannias Tean dodecane

I ) a o 3 1 g} o I
IHludhazaneluasdunsdanes sudeiuavdsenevveainiudiya decanal 1y
a15152n01 aldehydelFalgauaslfinanaunaz samna dowldlugaamnssuidosmsnau

I =& 1 [ = I @ o A ] g’

decane tuntialudintseaovvesma Isduuaziudiiiazaten liaza1e1in tetradecane

I @ Aaaa o a 4 o w 3
Thiluansananlulgnseuaiivazansirazaeluniiniuinaza1siivaluiu pentadecane
I o o [ o w Y I LY o [ o 4
Wuashazanedmsuniinuazanssida lusuueziduasdinad s umsdansieinig

I a

1A%l 1,2,4,5-tetramethylbenzene (durene) lHiiluansazatelugaevnssunanadn nuagens

A a v 3 A g o s a 3 Ja 9
INAOUAY styrene Iiuasisuaulumsdunsiziens warganuaznannng deuldly
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Methylene chloride 7.055 +2.076
Benzene 1.637 *1.554
Toluene 47.124 £5.674
Ethylbenzene 167.213 +95.584
m-Xylene 54.064 +22.752
p-Xylene 72.971 +53.932
Styrene 0.597 +0.202
o-Xylene 55.663 +£32.749
3-Ethyltoluene 1.327 +0.574
4-Ethyltoluene 0.672 +0.301
1,3,5-Trimethylbenzene 0.355 =+0.146
2-Ethyltoluene 0.313 +0.175
Decane 0.313 +0.168
1,2,4-Trimethylbenzene 0.720 £0.157
1,2,3-Trimethylbenzene 0.141 +0.095
n-Undecane 0.376 +0.146
1,2,4,5-Tetramethylbenzene 0.164 =+0.059
Dodecane 0.088 +0.046
Decanal 0.012  +0.009
Tetradecane 0.049 +0.036
Pentadecane 0.055 +0.029
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Benzene ACGIH 2.5 ppm (STEL) 0.818 ppm
NIOSH 1 ppm (STEL) 0.818 ppm
OSHA 5 ppm (STEL) 0.818 ppm
Toluene NIOSH 150 ppm (STEL) 23.562 ppm
Ethylbenzene ACGIH 125 ppm (STEL) 83.607 ppm
NIOSH 125 ppm (STEL) 83.607 ppm
m-Xylene ACGIH 150 ppm (STEL) 27.032 ppm
NIOSH 150 ppm (STEL) 27.032 ppm
p-Xylene ACGIH 150 ppm (STEL) 36.486 ppm
NIOSH 150 ppm (STEL) 36.486 ppm
0-Xylene ACGIH 150 ppm (STEL) 27.831 ppm
NIOSH 150 ppm (STEL) 27.831 ppm
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(Haansw/gnnanuas) (Waansu/gnnanuas)
Methylene chloride 8.131 +2.352 7.055 +£2.076 0.594 *
Benzene 1.439 +0.948 1.637 +£1.554 -0.243 *
Toluene 47988 49.598 47.124 +5.674 0.134 *
Ethylbenzene 102.028 +56.142 167.213 +95.584 -1.019 *
m-Xylene 29.529 £10.524 54.064 +22.752 -1.695 *
p-Xylene 44.857 £23.001 72,971 +£53.932 -0.831 *
Styrene 0.285 +0.208 0.597 +0.202 -1.864 *
0-Xylene 33.999 +£13.002 55.663 +£32.749 -1.065 *
3-Ethyltoluene 1.719 +0.752 1.327 +0.574 0.718 *
4-Ethyltoluene 0.860 +0.333 0.672 +0.301 0.726 *
1,3,5-Trimethylbenzene 0.405 +0.254 0.355 =+0.146 0.299 *
2-Ethyltoluene 0.524 +0.193 0.313 +0.175 1.401 *
Decane 0.264 +0.173 0313 +£0.168 -0.354 *
1,2,4-Trimethylbenzene 1.475 +0.168 0.720 +0.157 5.685 **
1,2,3-Trimethylbenzene 0.367 +0.205 0.141 +0.095 1.727 *
n-Undecane 0.459 +0.211 0.376 +0.146 0.558 *
1,2,4,5-Tetramethylbenzene 0.255 +0.099 0.164 +0.059 1.363 *
Dodecane 0.059 +0.032 0.088 +0.046 -0.907 *
Decanal 0.005 +0.005 0.012  +0.009 -1.121 *
Tetradecane 0.057 +0.017 0.049 +0.036 0.348 *
Pentadecane 0.205 +0.102 0.055 +0.029 2.461 *
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Residual

Filtrate

Normality
(o) 0000 0001 L0002 0003 .0004 L0005 .0006 .0007 L0008 0009
L0080 10625 11613 1.1600  [.1575 L1550  L.1538 L1513 L1500  1.1475  1.1463
.00%0 1.0438  1.1425 11400 11375 11363  1.1350  1.1325  1.1300  1.1288  1.1275
0100 11250 11238 11225 L1213 11200 L1175 L1163 L1150 L1138 11113
0110 1.1100  1.1088  1.1075 11063  1.1038  1,1025  1.1000  1.0988  1.0975  1.0963
0120 1.0050 1.0938 1.0925 1.0500 1.0888  1.0875  1.0863  1.0850  1.0838  1.0828
.0130 1.0800  1.0788  1.0775  1.0763  1.0750  1.0738 10725  1.0713  1.0700  1.0688
.0140 1.0675  1.0663  1.0650  1.0625  1.0613  1.0600 10588  1.0575  1.0563 - 1.0550
0150 1.0538 10525  1.0513  1.0500  LO4BB  1.0475  1.0453  1.0450  1.0438 ° 1.0425
L0160 1.0413  1,0400  1.0388  1.0375  1.0375  1.0363  1.03s0  1.0333  1.0325  1.0313
.0170 1.0300  1.0288  1.0275  1.0263  1.0250  1.0245  1.0238  1.0225  1.0208  1.0200
.0180 1.0200 1.0188  1.0175  1.0163  1.0150  1.0144  1.0138  1.0125  1.0125  L.OM13
.019%0 1.0100  1.0088 10075 1.0075  1.0063  1.0050  1.0050  1.0038  1,0025  1.0028
.0200 1.0013 10000 1.0000 0.9988 09975 09975 09963 09950 09950  0.9938
0210 0.9938 09925 09925 09913 09900 0.9%0 09888 0.9875 09875  0.9863
0220 0.9863 09850 09850 0.9838 09825  0.9825  0.9813 09813 09800  0.9788
0230 09788 09715 09775 09763 09763  0.9750  0.97% 09738 0978 09725
0240 0.9725 0.9708 09700 09700 0.9688  0.9688  0.9675  0.9675  0.9663  0.9663
0250 0.9650 0.9650 09638  0.9638  0.9625 09625  0.9613  0.9613  0.9606  0.9600
0260 0.9600  0.9588  0.9588  0.9575  0.9575 09563  0.9563  0.9550  0.9550  0.9538
0270 0.9538  0.9525  0.9525 09513  0.9513 09513 09506  0.5500 09500  0.9488
.0280 0.9488  0.9475 0.9475 0.9463 0.9463  0.9463 0.9450 0.9450 (.9438 0,9438
0290 0.9425  0.9425  0.9425 09413  0.9413 09400 - 0.9400  0.9394  0.9388  0.9388

- 0300 09375 09375 09375 09363 09363 09363 09363 093150 0.9350 0.9346
0310 09333 09333 09325 09325 09325 09319 09313 093  (CIW0] 09300
.0320 0.9300 0.9294 0.9288 0.9288 0.9280 0.9275 0.9275 0.9275 0.9270 0.9270
0330 09263  0.9263 09257 09250  0.9250
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Department of Chemical Engineering,
Faculty of Engineering, Kasetsart University

Wl e
. /W = 50 Phaholyothin Road, Ladyao, Jatujak, Bangkok 10900 THAILAND
/‘a‘” [HE\‘@ Tel. +66 2942-8555 ext. 1203 Fax. +66 2561-4621 http://www.che.eng ku.ac.th

April 11, 2007
Subject: Analysis report

Dear Sir,

The Department of Chemical Engineering, Kasetsart University has analyzed the BET

surface area of _4 samples using Autosorb-1 (Quantachrome) and the results are as follows:

Items Type of Specimens BET surface area, (n"/g)
1 Activated carbon 450°C/2 1,635.65
2 ~ Activated carbon 450°C/1.3 S 6320
B Activated carbon 550°C/2 1,430.04
4 ~ Activated carbon 048.94

(Assoc.Prof. Dr.Metta Chareonpanich)
Analysis Lab Coordinator
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Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
Butosorb for Windows® Version 1.24

~~mple ID samplel
cription Activated carbon 4500C/2
ments
aple Weight 0.0306 g
iorbate NITROGEN Outgas Temp 200:0 °C Operator onglovely
ss-Sec Area 16.2 A?/molecule Outgas Time 15.0 hrs Analysis Time  568.7 min
Ideality 6.580E-05 P/Po Toler 0 End of Run 04/07/200%
.ecular Wt 28.0134 g/mol Equil Time 3 File Name Cl 1.RAW
.ation # 1 ¥ Bath Temp. =35 PC SW Version 1.24
AREAR-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA
MultipoinEaBRREESlsi iy i« ol oot oo enins S S U o e s Y12 636EF03 mt/g
Langmuir Surface Area..... ok i RN R e e e i e 2.324E+03 m?/g
BJH Method Cumulative Adsorption Surface Area.........ee..... 2.485E+03 m?/g
BJH Method Cumulative Desorption Surface Area......ssnesssss 1.370E+03 m2/g
DH Method Cumulative Adsorption Surface Area........... ----- 2.558E403 m?/g
DH Methed Cumulative Desorption Surface Area.........eeeen.. 1.483E+03 m?/g
t-Method External SUrface Aread........ceeeecessens tesesessss 1,555E+03 m2/g
t-Method Micro Pore SUrface Bred......ceceeencnonnanannnnnnns 8.078E+01 m3/g
DR Method Micro Pore Aread........cecececea-n- o reas etk 157878402 mily

PORE VOLUME DATA

Total Pore Volume for pores with Diameter

less than 3498.6 A at P/PO = 0.99450...ccsuesrasesasssssasss L1.039E+00 cc/g
BJH Method Cumulative Adsorption Pore Volume................ 1.130E400 cc/g
BJH Method Cumulative Desorption Pore Volume................ 8.313E-01 <cc/g
DH Metheod Cumulative Adsorption Pore Volume........eeee..... 1.122E+00 cc/g
DH Method Cumulative Desorption Pore Volume.......... Bea e e 8.563E-01 cc/g
E-Method MicroPPore VMelume . . oot itieeiaanacaaasossssnsens 5.478E-02 cc/g
DR Method Micro Pore VOlUmMe. ...ssesesosess ssssasassssnnnsnsn - B.350E-01 cc/fg
HEK Method Cumulative Pore Volume...... e Vatewae ton . pint o 5wt o e 6.991E-01 cc/g

SF Method Cumulative Pore Volume............ e s e s S ey - el TE=DA" ‘Scig

Average Pore Diameler....veeuverececcanancanannnns teeesesas.. 2.541E+01 A
BJH Method Adsorption Pore Diameter (Mode) .....eeeeeeeenennn 8.965E+00 A
BJH Method Desorption Pore Diameter (Mode)........ teeseess.. 1.425E+01 A
DH Method Adsorption Pore Diameter (Mode)..........eveeeenn 8.965E+00 A
DH Method Desorption Pore Diameter (Mode).................. 1.425E+01 A
DR Method Micro Pore Width ....... ifE e e Sk e 0 M e e 7 6.337E+01 A
DA Method Pore Diameter (Mode).......eeveveceenenneanannans 1.800E+01 A
HK Method Pore Width (Moda) ot itttk 15 o dares rcis er & wee.. 9.225E+00 A
SF Method Pore Diameter (Mode)..... et DSl 5 stere seves saabee s 5 15 6T0EX0L, oA

DATA REDUCTION PARAMETERS

Thermal Transpiration : OFF
Last Po Acquired 778.59 mm Hg
MaxiDose : ON
Initial Fill : OFF
DoseWizard : OFF

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm"3 x kJ/mol




Quantachrome Corporation

Quantachrome Autcosorb Automated Gas Sorption System Report
Butoscrb for Windows® Version 1.24
S~mple ID sample2
cription Activated carbon 4500C/1.3
ments
aple Weight 0.0460 g
sorbate NITROGEN Outgas Temp 200.0 °C  Operator
ss-Sec RArea 16.2 A?/molecule Outgas Time 15.0 hrs  Analysis Time
Ideality 6.580E-05 P/Po Toler 0 End of Run
.ecular Wt 28.0134 g/mol Equil Time 3 File Name
:ation # 1 Bath Temp. 77.35 PC SW Version
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA
Multipoint BET....ccceesssssnennnn i Tt i S S R SR (O f
Langmuir SULface AT@a.....eucecasaiasaasannassssassssassssnss 2.359E+03
BJH Method Cumulative Adsorption Surface Area.........eeue.. 2.578E+03
BJH Method Cumulative Desorption Surface Area............... 1.365E+03
DH Method Cumulative Adsorption Surface Ared@.....sssseeessss 2.659E+03
DH Method Cumulative Desorption Surface Area..... esmeressass 1.4B0E+03
t-Method External Surface Area........ e e e L e S 0 B e B EEEDR
t-Method Micro Pore Surface Area........-ceeeceas e sateie s aree o o =085 EED2
DR Method Micro Pore Area...............eeves e & arfelerattie e « Ml B S B 03
PORE VOLUME DATA
__ Total Pore Volume for pores with Diameter
less than 4290.8 A at P/Po = 0.99552. .. c.vuueuercnnanancnnns 9.463E-01
BJH Method Cumulative Adsorption Pore Volume................ 1.041E+00
BJH Method Cumulative Desorption Pore Volume......... sesssses  1.217E-01
DH Method Cumulative Adsorption Pore Volume................. 1.037E+00
DH Method Cumulative Desorption Pore Volume................. 7.505E-01
t-Method Micro Pore Veolume..... ETaluath s st e, e sl ar e nb e wate o m e a . Pl Il B=02:
DR .Methed Micro PoXe:VOLME. it ateaeaanaaeaanassnsssnss 6.587E-01
HE Method Cumulative Pore Volume.....ueeeeeeeeaeeececenennn 7.175E-01
~ SF Method Cumulative POre VOlUME......cocececesssosssnnnnnns 7.309E-01
PORE SIZE DATA
Average Pore Diameter.............. N ENE ey Ll A e lfyn = alile g 2 2.276E+01
BJH Method Adsorption Pore Diameter (Mode)..........eevew... B8.905E+00
BJH Method Desorption Pore Diameter (Mode).................. 1.427E+01
DH Method Adsorption Pore Diameter (Mode)......uoveiennnnnnn 8.905E+00
DH Method Desorption Pore Diameter (Mode)........... seessss  1.427E+01
DR Method Micro Pore Width e S Yuhe i Faf il e atafins Xa¥ ol HPat s el o Taks a0 6.383E+01
DA Method Pore Diameter (Mode)............ e PR [ < 1] 1) vl
HK Method Pore Width (Mode)......... T A e T R 9.125E+00
S5F Method Pore Diameter (Mode)......... el e e ot ban = eral =% 1.661E+01

DATA REDUCTION PARAMETERS

Thermal Transpiration : OFF
Last Po Acquired 778.68 mm Hg

Additional Initialization Information Not Recorded.

BJH/DH Moving Average Size : 1

Interaction Constant (K) 2.9600 nm~3 x kJ/mol

onglovely
624.6 min
04/08/2007
C2_1.RAW
1.24

itk St S 2
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“=mple ID
cription
ments
nple Weight
iorbate
ss-Sec Area
Ideality
lecular Wt

cation #

Multipoint

Quantachrome Corporation

Quantachrome Autosorb Automated Gas Sorption System Report

sample3

Butosorb for Windows® Version 1.24

Activated carbon 5500C/2

0.0490 g
NITROGEN

Outgas Temp 200.0 °C

16.2 A?/molecule Outgas Time 15.0 hrs
6.580E-05 P/Po Toler 0
28.0134 g/mol Equil Time 3

1 Bath Temp. 77.35

BET s n »

Langmuir Surface Area
BJH Method Cumulatiwve Adsorption Surface Area............
BJH Method Cumulative Desorption Surface Area............

AREA-VOLUME-PORE SIZE SUMMARY

SURFACE AREA DATA

DH Method Cumulative Adsorption Surface Brea.............
DH Method Cumulative Desorption Surface Area..........o...
t-Method External Surface BArea...........cceeecax- S
t-Method Micro Pore SUrface Ar€a@........oseeseeencnannnns
BR Method Milcre: Pore ATeA. ....ccuacaacncanansssnsnnens S

Total Pore

Volume for

less than 3973.8 A at

PORE VOLUME DATA

pores with Diameter
| e S o M e e

BJUH Method Cumulative Adsorption Pore Volume.............
BJH Method Cumulative Desorption Pore Volume.............
DH Method Cumulative Adsorption Pore VOluUmME....:sscssssss
DH Method Cumulative Desorption Pore Volume..............
t-Methed Micro Pore Volume........... N e T e T

DR Method Micro Pore VollMe...cveeiecacvorsnnnsn o
HE Method Cumulative Pore VOlumMe.....ocieieveecanncennnnn
SF Method Cumulative Pore Volume....ccevetotcecocasnnnnnn

PORE SIZE DATA

Average Pore Diameter........ceceencnnnnnnnna M e S
BJH Method Adsorption Pore Diameter (Mode)....oveeveesoas
BJH Method Desorption Pore Diameter (Mode)........oveeunn.
DH Method Adsorption Pore Diameter (Mode)........ S
DH Method Desorption Pore Diameter (Mode).....eeenesasnes
DR Method Micro Pore Width e oA ST T e e
DA Method Fore Diameter (Mode).....ceeveveveanas o
HK Method Pore Width Madea) o i o ior eaie. SO N

SF Method Pore Diameter (Mode)........ R L R A TR

Interaction Constant (K)

DATA REDUCTION PARAMETERS

Thermal Transpiration : OFF
Last Po Acquired 777.70 mm Hg
MaxiDose : ON
Initial Fill : OFF
DoseWizard : OFF

BJH/DH Moving Average Size : 1

Operator
Analysis Time
End of Run
File Hame

PC SW Version

... 1.430E+03
ses 1.974E+03
se. 2.010E+03
ses 1.217E+03
.v. 2.049E+03
.+« 1.315E+03
..» 1.367E+03
v 6.270B+01
... 1.482E+03

ves 8.209E-01
... 8.616E-01
... 6.527E-01
ves  8.533E-01
... B.774E-01
... 4.235E-02
... 5.268E-01
... B.055E-01
... 6.182E-01

... 2.296E+01
<.+ B.997E+00
... 1.427E+01
... B.997E+00
ses 1.427E+01
... 5.728E+01
... 1.840E+01

«ess B.8TS5E+00

vea  1.596E+01

2.9600 nm"3 x kJ/mol

onglovely
659.8 min
04/07/20075
C3.RAW
1.24

Y [ e Jpe Jpe (e g e fpe
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Quantachrome Corporation

Quantachrome Autosorb Automated Gas Sorption System Report

Autosorb for Windows® Version 1.24

DATA REDUCTION PARAMETERS

Thermal Transpiration : OFF
Last Po Acquired 779.66 mm Hg
MaxiDose : ON
Initial Fill : OFF
DoseWizard : OFF

cample ID sampled

cription Activated carbon

ments i

aple Weight 0.1008 g

sorbate NITROGEN Cutgas Temp 200=0; °C Operator
'ss-Sec Area 16.2 A?/molecule Outgas Time 15.0 hrs Analysis Time
Jdeality 6.580E-05 P/Po Toler 0 End of Run

lecular Wt 28.0134 g/mol Equil Time 3 File Name

cation #° ik Bath Temp. TG PC SW Version
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA
Mul-Ed poimEs BEISRELINRII |  Shetalidd G0 S0 T cavars, & el w3 a7s) & vaysl 3/ atare @ LAB9E+02
Langmitir S Face iAEeal, v 4 o i, e LGOI L Ly il aa s = W W 3 1.330E+03
BJH Method Cumulative Adsorption Surface Area............... 9.989E+02
BJH Method Cumulative Desorption SUrface Ared@........oeces.. 2.439E+02
DH Method Cumulative Adsorption Surface Area@...........eee.. 1.049E+03
DH Method Cumulative Desorption Surface Area.........e.c..--- 2.666E+02
t-Method ExXternal Surface Ared@......ceceeecccsssessnssannnns 3.649E+02
t-Method Micro Pore Surface Ared.......c.ceecensssnnnacasanas 5.840E+02
R Method IMilcEe Poretleaa il . | oin s de s crtite st s sve s sl e sms o s 1.303E+03
PORE VOLUME DATA

Total Pore Volume for pores with Diameter

less than 3803.8 A at P/Po = 0.99494. ... .iuuirnnnnnnannnan 5.047E-01
BJH Method Cumulative Adsorption Pore Volume.........coee... 3.298E-01
BJH Method Cumulative Desorption Pore Volume.......eeeesesss 1.342E-01
DH Method Cumulative Adsorption Pore VOlUmMe.....eoeseeenaass 3.321E-01
DH Method Cumulative Desorption Pore Volume.............o... 1.393E-01
t=Methcd: MicrolPore WOLMIME Y o i v aiis o s die s e a s a & e 5a ala & alera aa 3.050E-01
DRiMethod: Milcre EoEe - Mol - 00y & e v e dane s aberd s bysit st & sifes o 4.631E-01
BE¥iMethod (Cumlative Pore VoluMe . ou oo ae e amme s s s e s aisale s o 4.578E-01
SE. Method Cumulative Fore VOLUME. . . cciaasaesisssnssonssnsss 4.594E-01

PORE SIZE DATA

Average Pore Diamelber..iiuicecenserenassmcaanscansssssssnnns 2.127E+01
BJH Method Adsorption Pore Diameter (Mode).....ieieeeeeneaans 8.923E+00
BJH Method Desorption Pore Diameter (Mode).......ccecceeenan. 1.420E+01
DH Method Adsorption Pore Diameter (Mode).....eeeeeeenasasns 8.923E+00
DH Method Desorption Pore Diameter (Mode).....eeeseessnssns 1.420E+01
DR Method Micro Pore Width @ .......i.uiiiiienssssnsssnannnns 4.613E+01
DA Method Pore Diameter (Mode) ..... . oeeirinonennsnnssansnnnnas 1.520E+01
HE Method Pore Width UM B & St PR o G e o e o ooy e 9.175E+00
SF Method Pore Diameter (MOOe) ...v:ereresensssssssocanessss 1.670E4+01
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Sofia, Bulgari :

15, Acad. Iv. Evst. Geshov, Blvd. Ceﬁificaied OM-System
Fax/Phone: (0359 2) 954-11 19 iSO 8001:2000
www hveitest.com ‘e-mail @ infol@hveitest.com

DQ 07_00-12

CERTIFICATE OF QUALITY
No. C6 — 1/ 2006

CHARCOAL SAMPLING TUBES

ﬁ Characteristics = Value l
o : ! _\_ e M e
l_IY.PEEf the sorbent tubes ; Adsorbent tubes Charcoal 6 x 70 |
Catalogue No. et R | STEER s 41
I Lot # £ o L 810 L
l_ggst Pewier 7 0 DT o 05003 !
‘__ l_?esrgn parameters e L
Overall length of the glass tube, mm e O _m____g
Outside diameter, mm T 8.0+0.2 |
Internal diameter, mm S e AN 40+0.2 ]
Thlckness of the glasswal,mm = [ ROEERO5 S 5 i
Diameter of tt of the tips, mm e i 20x03 =)
Length of the backup serbent g_y_a_a_r ‘mm 3 T Sttt | R . S0 )
PN& sight of the backup sorbent layer, mg i B 50+8 : I
F’olyurethane foam separator, mm i 40%0.2 G
[Length of the sorbent layer, mm Sy o S 14+ 2 1
\-Wenght of the sorbent layer,amg> 25 JEa2 100 £ 15 |
1 Glass wool packing, mg | : F5RE2 ____1f
By % Characteristics of materials 4
: Glass tubes T Neutral glass for use in the i
medicing |
"Polyurethane foam DR, j R j
| Type of glass wool b g | Silanized |
| Diameter of the glass woci fibres, um = g2l |
T ool Nt D R -1 Coconut Charcoal : _____j
ir Particle size distribution: ‘ I
! Up to 100 pm ! 25 % !
; From 100 to 250 um | 6.5% ]
l From 250 to 1100 pm [ 86 0%
1 ___Above 1100 um 5%
PMetal clamp S ! Stainless Steel
Samplmg_paramaters

LPressure drop at flow rate 150 cc/min, mm H;O
| Adsorption capacity toward toluene, not less than
i Desorption efficiency by carbon disulphide : '

Sofia, 2006
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a Jy A
NFAUANITITHAIYINTII GC/MS

1. MIMENNITNHINZ AN

manmziimuzan TnelFasaza1on1asgIu VOCs ¥iia Japanese 52 component
indoor air ta¢ Toluene d-8 (internal standard) AATIEH Iag GC/MS ARAUYIIA DB-5MS, 60
m. x 0.32 mm., 1.0 um film thickness Y99 J&W Tuiiosdulimaiin SCAN mode oM
Retention time ¥94/130201631A3§ 1M VOCs 34 Idan e fining ey Aeqaimaiiaudud 35°

9 9

9}d‘ as = [ v Q' a = d' [ Q' ~
uazﬂﬂm’qmmguu 10 WM VTaRINUMNNGUHHUIUDN 220 °C NOATINITINY 5 °C/UM 5

' v
A

~ ya o & ~ . . Ay ¥ a s
HUIN Llagﬂqum@m‘ﬂﬂuu LIATIUNITU 52 UIN Retention time LAY m/z T]ulﬂﬁ]’]ﬂﬂ’]ijlﬂﬁ’lgw

Q U

' '
A 1

LEAIRIA15199 9-1 1BNTIUAT Retention time YOIA511055 U182 TumsAazians
1 Y 1
fethaiiemtiatazTiaues vocs uldmaiin Selected-ion monitoring (SIM) 418

J a 1< [ {
peak retention time UBNHITUAALYURA uaauiluns chromatograms AININN 9-1
2. M35a314 Calibration curve

R1M3e319 Calibration curve Tag1¥a1502010010551UVOCs ¥l Japanese 52
component indoor air NNANMTVUTHANAU 6 ANMTUTU AD 500, 1000, 2000, 3000, 4000 LA
5000 ng/ml G‘ﬁmeiazmwm%'u%’u%ﬁmiazmﬂmmgm toluene-d8 (internal standard) RV

1 a L4 4 a

19U 935 ng/ml 5IWBYAIY VINMMIUATIZHAIBIATOI GC/MS WUFHAYDI VOCs 183 40

a o qu/ 2 o Ay Y < . v o d 1 .
¥ila AU peak N lAumaauilu peak ratio aznilaudNRUFTEHI peak ratio Y4
A130¢01011ATTIUAD internal standard NTLAVANUTNTUAY dauaaslumaruIn

v o J 9 1 2 & 2 1 Y o

ANuANRUTYeINTM1NATI U HaAIA0A1 R d9a1 R voauaazaisannsoagl]d A
MINHLINT 92 FaTA19GIZNI190.8140 - 0.9995 chromatogram YOITTAZAIGNINTFIY
VOCs %1l Japanese 52 component indoor air 148% Toluene d-8 (internal standard) LLAAIAININ

<
WUINN 31



MINNHINT 1 A1 Retention time UAY m/z YDIF1TASAIWNIATIIU VOCs

102

doarsisznou Retention time m/z
(min) first ion secondary ion

1 Methvlene chloride 6.79 84 49
2 2-Butanone 9.56 43 32
3 Chloroform 11.44 83 85
4 2.4-Dimethvlpentane 11.56 57 43
5 1.1.1-Trichloroethane 12.87 97 99
6 1.2-Dichloroethane 13.4 62 64
7 Benzene 13.94 78 77
8 Carbontetrachloride 13.98 119 118
9 Isooctane 15.66 57 56
10 n-Heptane 16.4 43 71
11 Trichloroethene 16.51 130 131
12 1.2-Dichloropropane 16.72 63 32
13 Bromodichloromethane 17.39 83 85
14 4-Methyl-2-pentanone 18.97 43 58
15 Toluene-d8 20.5 98 100
16 Toluene 20.77 91 92
17 n-Octane 22.48 43 85
18 Dibromochloromethane 22.83 129 128
19 Tetrachloroethen 23.03 166 165
20 Ethylbenzene 25.94 91 106
21 m-Xvlene 26.37 91 106
22 p-Xvlene 26.45 91 106
23 Stvrene 27.47 104 103
24 o-Xvlene 27.54 91 106
25 Alpha-pinene 29.53 93 91
26 3-Ethyltoluene 30.61 105 120
27 4-Ethyltoluene 30.78 105 120
28 1.3.5-Trimethvlbenzene 30.96 105 120
29 2-Ethvltoluene 31.43 105 120
30 Beta-pinene 31.61 93 69
31 Decane 31.92 57 43
32 1.2.4-Trimethylbenzene 32.1 105 120
33 1.4-Dichlorobenzene 33.15 146 148
34 1.2.3-Trimethvlbenzene 33.32 105 120
35 Limonene 33.55 68 93
36 n-Undecane 35.83 57 43
37 1.2.4.5-Tetramethylbenzene 36.97 119 134
38 Dodecane 39.39 57 43
39 Decanal 39.71 57 41
40 Tridecane 42.69 57 71
41 Tetradecane 45.78 57 71
42 Pentadecane 48.76 57 71




= 3
120005 23
: 25,127
10000 ] 19 P 37 39 40 41
] 0] 34
5000 1 132
] 21
6000 14 24 3
] Dol 33
4000 1
f 12 &617 3 35 u38 a
2000 ] ||\‘_13 1 | M}&S R
) : T T T T I T T I T T T T I T T 1 T I i‘ Ill-l 1 I T T 1 T I T T T T I T T T I T T T T I T 1
Timg--= 10.00 15.00 2000 25.00 30.00 35.00 40,00 45.00 50.00

1. methylene chloride
2. 2-butanone

3. chloroform

4. 2, 4dimethylpentane
5. 1,1,1 trichloroethane
6. 1,2-dichloroethane
7. benzene

8. carbontetrachloride

9. iso-octane

10. trichloroethene

11. 1,2 dichloropropane

12. bromodichloromethane

13. 4-methyl-2-pentanone

14. toluened-8 (internal standard)
15. toluene

16. n-octane

17. dibromochloromethane

18.
19.
20.
21.
22.
23.
24.

tetrachloroethene
ethylbenzene
m-xylene
p-xylene

styrene

o-xylene

Alpha-pinene

25. 3-ethyltoluene

26. 4-ethyltoluene

27. 1,3,5-trimethylbenzene

28. 2-ethyltoluene
29. Beta —pinene

30. decane

31. 1,2,4-trimethylbenzene

32. 1,4dichlorobenzene

33. 1,2,3-trimethylbenzene

34. limonene

35. n-undecane

36. 1,2,4,5 tetramethylbenzene
37. dodecane

38. decanal

39. tridecane

40. tetradecane

41. pentadeca

MIEUINT 91 GO/MS TasinIasunsuueIaIaza1saAsgIL VOCs Japanese 52 component indoor air AAMANYY 5,000 U1 TunSu/iianans

1ta Toluene d-8 (internal standard)

€0l



AINRUINT 92 A1 R” U949 VOCs 40 Fiia 910N13a319 Calibration curve
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A 2 A 2
¥ONT R YOI R
Methylene chloride R*=0.9852 Beta-pinene R’ =0.9972
2-Butanone R’ =0.9284 Decane R’ =0.9228
Chloroform R’ =0.9916 1,2,4-Trimethylbenzene R’ =0.9847
2,4 Dimethylpentane R*=0.9590 1,4-Dichlorobenzene R =0.9682
1,1,1-Trichloroethane R’ =0.9916 1,2,3-Trimethylbenzene R’ =0.9809
1,2-Dichloroethane R’ =0.9913 Limonene R’ =0.9890
Benzene R’ =0.9913 n-Undecane R’ =0.9827
Isooctane R’ =0.9927 1,2,4,5-Tetramethylbenzene R’ =0.9668
Trichloroethene R*=0.9973 Dodecane R’ =0.9761
1,2-Dichloropropane R’ =0.9948 Decanal R’ =0.9590
Bromodichloromethane | R> = 0.9927 Tridecane R*=0.9410
4-Methyl-2-pentanone R*=0.8176 Tetradecane R*=0.9292
Toluene R’ =0.9974 Pentadecane R’ =0.9253
n-Octane R*=0.8140 Carbontetrachloride R’ =0.9881
Dibromochloromethane | R = 0.9934 Stryrene R*=0.9770
Tetrachloroethene R*=0.9967
Ethylbenzene R’=0.9935
m-Xylene R’ =0.9664
p-Xylene R*=0.9894
0-Xylene R*=0.9979
Alpha-pinene R*=0.9995
3-Ethyltoluene R*=0.9877
4-Ethyltoluene R’ =0.9771
1,3,5-Trimethylbenzene | R’ = 0.9659
2-Ethyltoluene R*=0.9757
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Methylene chloride 2-Butanone Chloroform 2,4 Dimethylpentane
R?=0.9852 R?=0.9284 R?=0.9916 R? =0.9590
3 0.4 5 1
*
o 251 o / o 4] o 081
2 = 03 = = P>
T 2 IS] < P 5]
x @ ® € 3. T 06
g 15 7 8 02 8 g
< < < 2 * < 04 -
x 1 x x ~
© [ > [ [
9 05 / $ 01+ e / & o2 /
0 T T T 0 *— T T T 0 T T T T T 0 T T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
ANy (ng) auaingu (Ng) ANy (Ng) ANy (Ng)
1,1,1-Trichloroethane 1,2-Dichloroethane Benzene Isooctane
R?=0.9916 R2=0.9913 R?=0.9913 R?=0.9927
4 4 8 3
/ 25
23 2 3 2% . 2
g / g £ / g 2
(] © (o] (o]
o 2 3 2 g 4 o 15 (3
5 /. M * < ¢ 1
x x x x 1
g1 3 14 g 21 ]
o / Q a & o5 7
0 T T T T T 0 T T T T T 0 T T T T T 0 T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
ANy (ng) ANy (ng) aNuiuzu (ng) ANy (ng)
Trichloroethene 1,2-Dichloropropane R = 0,998 Bromodichloromethane 4-Methyl-2-pentanone
R? =0.9973 2 R? = 0.9927 R2=0.8176
25 4 4
.
o 2 P o 15 ~ 23 ~ 23
T T T ol )/
o ] 14 o 4
" 15 m © o
o o 1 o 2 o 24
< 1 < / < <
x = x x
[ < % < <
& 05 Pt g os & 1 & 19
0 T T T T T / 0 T T T T T 0 *—o > T T T
0 1000 2000 3000 4000 5000 6000 0 ! ! j ! i 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
0 1000 2000 3000 4000 5000 6000
Az (ng) A2ingu (ng) Aingu (ng)
AN (Ng)

MWHUINA A1 Calibration curve VOIA1TATAYUINTIIU VOCs ¥R Japanese 52 component indoor air
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Toluene n-Octane Dibromochloromethane Tetrachloroethene
R?=0.9974 R?=0.8140 R?=0.9934 R?=0.9967
10 2 4 4
o 8 - o 151 o 3| o 3]
g e g . 2 g g
< 4 < ) < <
£ & 0% g L
0 T T T T T 0 *—o *> T T T 0 T T T T T 0 T T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
AN (Ng) ANy (ng) ANy (Ng) a7N2ingy (ng)
Ethylbenzene m-Xylene p-Xylene 0-Xylene
R? =0.9935 R? =0.9664 R? = 0.9894 R? =0.9979
15 5 15 12
o 12 ~ o4 * o 12 - 2 9 /
T T T T
x g x 31 o x g % /
g g > ] . g s
< 64 < 2 < 64 <
3 3 % 3 3
¢ 3 g &1 < ¢ 3 = & 3 /
0 T T T T T 0 T T T T T 0 T T T T T 0 T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
auiugiu (ng) ANy (Ng) ANy (ng) auiuu (ng)
Alpha-pinene 3-Ethyltoluene 4-Ethyltoluene 1,3,5-Trimethylbenzene
R? = 0.9995 R?=0.9877 R =0.9771 R? =0.9659
5 15 15 15
.
o 4] o 12 o 121 o 12
= = = * E=1
] N 5 o] (] b ol * 3 9 /
© @ @ «
| 2 2 2
< 24 < 6 < 6 < 6 *
™ 3 / ™ 3 <
jo) o} o o}
14 3 34 4
Q a / a 74 Q2 3
0 T T T 0 T T T T 0 T T T T T 0 T T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
AM2iNgY (Ng) AN (ng) AN (Ng) A2iugu (ng)

MNHUINT 21 (91®) Calibration curve VDIA1TALAPUINTIIY VOCs ¥UA Japanese 52 component indoor air
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2-Ethyltoluene Beta-pinene Decane 1,2,4-Trimethylbenzene
R =0.9757 R?=0.9972 R =0.9228 R? =0.9847
16 - 8 5 15
.
.
o 12 2 6 o 44 o 124
T © ksl T
4 @ @ 3 % @ g
< / < < 2] . < 6/
x ~ ~ x
[ © © [
g / $ 27 g1{ 4 ° £ 39
(3
0 T T T T T 0 T T T T T 0 T T T T T 0 T T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Ay (ng) Aa2iugu (ng) auiuu (ng) AaudY (ng)
1,4-Dichlorobenzene 1,2.3-Trimethylbenzene Limonene n-Undecane
R? =0.9682 2 —
" R? =0.9809 R2 = 0.9890 R?=0.9827
15
Y 4 4
.
o 9 o 12 o 3] .4 2 3]
g 5 s 3 5
o % % 9 o o
g 6 o 8 24 8 21
< / < 64 < <
~ ~ x
© < < [
$ 3 - & 3 $ 1 g
(3 (3
ol & 0 ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
ANy (ng) Al (ng) ANy (ng) Ay (ng)
1,2,4,5-Tetramethylbenzene Dodecane Decanal Tridecane
R2 = 0.9668 R?2=0.9761 R? =0.9590 R?=0.9410
20 5 5 6
* .
o 16 * o 4 o 4 o 5
g 15 g 5 d g 5] . g 41
g ¢ 8 g g 3 .
< 8 < 24 < 2 < 2
X x x * x
< < <4 @
& 4 & 14 & 14 L
(3 . (3
0 T T T T T 0 T T T T T 0 T T T T T 0 T T T T T
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
auiuiu (ng) aainddu (ng) audiuiu (ng) auiutiu (ng)

MWRUINT A1 (910) Calibration curve YDIANTAZANWUINTIIU VOCs FiA Japanese 52 component indoor air
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Tetradecane

R?=0.9292

*

Peak Area Ratio

— e

0 T
0 1000

2000 3000 4000

AN (Ng)

5000 6000

Peak Area Ratio

Pentadecane

R?=0.9253

/

1000 2000 3000 4000 5000 6000

AM2iNgY (ng)

Peak Area Ratio

Carbontetrachloride

R?=0.9881

P

/

/

0

1000

5000

2000 3000 4000 6000

ANy (Ng)

Stryrene

R?=0.9770

15

124

Peak Area Ratio

Pt

3000

1000 2000 4000 5000 6000

auiuiu (ng)

MNEUINT a1 (s19) Calibration curve UD4E158LA1INIATFIU VOCs yUA Japanese 52 component indoor air
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(@) mimuﬁﬂﬁwﬂ?mmﬂuamm 191493 Determination of Particulate Emissions
from Stationary Sources WOIAMTNNANFUIARDUUNILTLNATNTTOWSAT (United  States
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