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Ruttanaporn Eaknooch 2011: Development of Volatile Compound Absorption Sheets
Forming by Wood Charcoal and Pulp. Master of Science (Environmental Technology
and Management), Major Field: Environmental Technology and Management,
Department of Environmental Science. Thesis Advisor: Assistant

Professor Jukkrit Mahujchariyawong, Ph.D. 95 pages.

Wood charcoal is a good material for odor and moisture adsorption, but application of charcoal
as adsorbent for toxic substrate is still limited. This research aims to develop absorbent sheet
which made from powdered charcoal and pulp for various and easy implementations.
Adsorption efficiency of indoor volatile compound was also investigated with combination of
three types of powdered charcoal; mangrove, bamboo and eucalyptus and two types of pulp;
mulberry pulp long fiber and eucalyptus pulp short fiber. Powdered charcoal was classified into
two sizes, smaller than 53 micron and 53-300 micron, and used for adsorption efficiency
investigation. The result showed that adsorption efficiency of mangrove and bamboo charcoal
for ammonia and formaldehyde gas removals were higher than eucalyptus charcoal. Mangrove
and bamboo charcoal have similar surface characteristics by SEM images as open pore, while
eucalyptus charcoal has small and long pore. The adsorption efficiencies of mulberry and
eucalyptus pulp for ammonia removal were 48.00 and 33.33%, formaldehyde removal were
44.00 and 16.67%, respectively. In the case of lab-scale adsorbent sheet, adsorption efficiencies
of ammonia and formaldehyde removals were 99.33 and 88.00 % and efficiency of factory-scale
adsorbent sheet showed 98.80 and 83.33%. Moreover, total volatile organic compounds from
acrylic emulsion paint could be adsorbed 97.79 % by adsorbent sheet. The best absorbent sheet
formed by charcoal size less than 53 micron and eucalyptus pulp, thickness of 90 grams, had
adsorption capacity of ammonia and formaldehyde gas at 180.00 and 63.33 mg/g, respectively.
This study showed the potential of modified adsorbent sheet for new product development that

have ability to remove volatile compound, which harmful and annoying indoor air pollution.

Student’s signature Thesis Advisor’s signature
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Test condition TE
Sample area (mz) 0.00025
Chamber volume (L) 0.26
Air change rate () 90
Air supply (ml/min) 39
Sampling after 30 min

Temperature (°C)

Humidity (%R.H.)

VOCs sampling flow rate (ml/min)

VOCs sampling volume (L)

Inlet air
Cleaning process

VOCs analysis method

25+1
Room condition (55+10)

39
1
High purity N,
Cleaning with pure water then placed in an TE for 30 min at 260 °C

TDS-GC/MS
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M9 5 ’ﬁﬂTJgﬂﬁ%Lﬂinﬁ’ TVOC @Q]J’J‘(’J TDS-GC/MS

Variables Condition

TDS Perkin Elmer ATD400
GC/MS HP6890/Agilent5973

Column RTX-1 (105mx0.32mmx3um)

Carrier gas and flow

Temperature program

MS condition
Mode
Electron energy

Detection mode

He (99.99%)
40 °C (5min) — 70 °C (5min) —150 °C (5min)

— 200 °C (5min) = 220 °C (5min) — 240 °C (5min)

EI (Electron ion)
70 ev

TIC (scan), m/z: 35/350

N1: Kim et al. (2006)
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Term

Definition

Porous solid

Open pore

Interconnected pore

Blind pore (Dead-end

pore)
Closed pore

Closed pore
Void
Micropore
Mesopore
Macropore

Pore size

Pore volume

Porosity

Total porosity

Open porosity

Surface area

Solid with cavities or channels which are deeper than they are wide
Cavity or channel with access to the surface
Pore which communicates with other pores

Pore with a single connection to the surface

Cavity not connected to the surface

Cavity not connected to the surface

Space between particles

Pore of internal width less than 2 nm

Pore of internal width between 2 and 50 nm

Pore of internal width greater than 50 nm

Pore width (diameter of cylindrical pore or distance between opposite
walls of slit)

Volume of pores determined by stated method

Ratio of total pore volume to apparent volume of particle or powder

Ratio of volume of voids and pores (open and closed) to volume

occupied by solid

Ratio of volume of voids and open pores to volume occupied by solid

Extent of total surface area as determined by given method under

stated conditions
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= )
MINN 7 (919)

Term Definition

External surface area  Area of surface outside pores
Internal surface area Area of pore walls
True density Density of solid, excluding pores and voids

Apparent density Density of material including closed and inaccessible pores, as

determined by stated method

3N Francoise e al. (1999)
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M 11 emsansounsdszmosuazlinaiudugasuriia ME6 ansagasyla

TVOC mg/m’*h

Acetonitrile (CAS); Methyl cyanide; Cyanomethane; Ethanenitrile; Ethyl
nitrile; Methane, cyano-; Methanecarbonitrile; CH3CN; Acetonitril;

1 Cyanure de methyl; USAF ek-488; Methylkyanid; NA 1648; NCI-C60822; 004
Rcra waste number U003; UN 1648; AN; Ethanonitrile
2-Propanol, 1-methoxy-; .alpha.-Propylene glycol monomethyl ether;
Dowanol-33B; Dowtherm 209; 1-Methoxy-2-hydroxypropane; 1-

? Methoxy-2-propanol; 2-Methoxy-1-methylethanol; 1-Methoxypropan-2- 0058
ol; Propylene glycol monomethyl ether; Monopropylene glycol methyl

3 Toluene 0.018
Benzaldehyde (CAS); Phenylmethanal; Benzenecarbonal; Benzaldehyde
FFC; Benzoic aldehyde; Artificial Almond Oil; Benzenecarboxaldehyde;

* Almond artificial essential oil; Phenylmethanal benzenecarboxaldehyde; 0013
Benzadehyde; NCI-C56133; Oil of Bitter Almond; Ar
Benzaldehyde, 4-[[(4-methyl)phenylamino]carbonylmethoxy]-; 2-(4-

’ Formylphenoxy)-N-(4-methylphenyl)acetamide # oo

6 Nonadecane, 3-methyl- (CAS); 3-Methylnonadecane 0.018

7 MYRISTIC ACID, OCTYL ESTER 0.048
1-(2-DIMETHYLAMINOETHYL)-1,2,3 4-

8 TETRAHYDROPHOSPHINOLINE 1-SULPHIDE; 1(2H)- 0.028
Phosphinolineethanamine, 3,4-dihydro-N,N-dimethyl-, 1-sulfide (CAS)

9 3-Quinolinecarboxylic acid, 6,7-difluoro-1,4-dihydro-4-oxo-, ethylester 0.013
Phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl- (CAS); 4-Methyl-2,6-di-tert-

0 butylphenol; BHT; P 21; CAO 3; AO 29; CAO 1; AO 4K; DBPC; P 21 §; 0216

2,6-DI-TERT-4-METHYLPHENOL; Buks; Ional; Ionole; Deenax;

Dalpac; Stavox; Vianol; Topanol; Ionol 1; Dibunol; Ionol CP
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TVOC mg/m’*h
N-Methyl-1-adamantaneacetamide; 2-(1-Adamantyl)-N-methylacetamide
11 0.004
#
PENTAN-1,3-DIOLDIISOBUTYRATE, 2,2,4-TRIMETHYL-; 1,3-
Di(isobutoxycarbonyl)-2,4,4-trimethylpentane; 2,2,4-Trimethyl-1,3-
2 pentanediol diisobutyrate; Propanoic acid, 2-methyl-, 2,2-dimethyl-1-(1- 091
methylethyl)-1,3-propanediyl ester; 1,3-Pentanediol, 2,2,4-trimet
Total 0.865

1 a A = A ' o a o
msnﬁ 12 ﬂfJﬂﬁ’ﬁﬁE]u‘l/]ﬁﬂi%mEJi’HJ!m%‘]Jiill1mﬂlmug]ﬂ@]5ﬂ°]5uﬂ ME90 ﬁﬂJﬁﬂ@leﬂUhlﬁj

TVOC

mg/mz*h

Cyclopropane carboxamide, 2-cyclopropyl-2-methyl-N-

1 (1-cyclopropylethyl)-

Benzene, methyl- (CAS); Toluene; CP 25; Methylbenzene; Toluol;
Methacide; Antisal 1a; Methylbenzol; Phenylmethane;
METHYLBENZENE(TOLUENE); Benzene, methyl; Methane, phenyl-;
NCI-C07272; Tolueen; Toluen; Toluolo; Rcra waste number U220; Tolu-

2 sol; UN 1294;

Butane, 1,1'-oxybis- (CAS); n-Butyl ether; 1-Butoxybutane; Di-n-butyl
ether; Butyl ether; Dibutyl ether; Dibutyl oxide; n-Dibutyl ether; 1,1'-
Oxybisbutane; Butyl oxide; di-butyl ether; 1,1'-Oxybis[butane];

3 (n-C4H9)20; Ether butylique; UN 1149; bis(n-Butyl
(3,5-Di-tert-butyl-2-hydroxyphenyl)ester of tert-Butylphosphonoic acid;
Phosphonic acid, (1,1-dimethylethyl)-, mono[3,5-bis(1,1-dimethylethyl)-2-

4 hydroxyphenyl] ester (CAS)

5 Nonadecane, 3-methyl-; 3-Methylnonadecane
Azetidine; Azacyclobutane; Azete, tetrahydro-; Trimethylenimine; 1,3-

6 Propylenimine; Trimethylene imine

0.016

0.014

0.054

0.019

0.030

0.050
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TVOC mg/m’*h
7 Eicosane, 2-methyl-; 2-Methyleicosane; 2-Methylicosane # 0.020
8 N-Methyl-1-adamantaneacetamide; 2-(1-Adamantyl)-N-methylacetamide # 0.021
9 N-Methyl-1-adamantaneacetamide; 2-(1-Adamantyl)-N-methylacetamide # 0.013
10  N-Methyl-1-adamantaneacetamide; 2-(1-Adamantyl)-N-methylacetamide # 0.014
Phenol, 2,6-bis(1,1-dimethylethyl)-4-methyl- (CAS); 4-Methyl-2,6-di-tert-
butylphenol; BHT; P 21; CAO 3; AO 29; CAO 1; AO 4K; DBPC; P 21 §;
2,6-DI-TERT-4-METHYLPHENOL; Buks; Ional; Ionole; Deenax; Dalpac;
11 Stavox; Vianol; Topanol; Ionol 1; Dibunol; Ionol CP 0.067
12 TRANS-2,3-METHYLENEDIOXY-B-METHYL-B-NITROSTYRENE 0.003
13 3-Quinolinecarboxylic acid, 6,7-difluoro-1,4-dihydro-4-oxo-, ethylester 0.002
14 3-Quinolinecarboxylic acid, 6,7-difluoro-1,4-dihydro-4-oxo-, ethylester 0.003
Borane, diethyl[1-ethyl-2-(methoxymethyl)-1-butenyl]-, (Z)-; Diethyl[(1Z)-
15 l-ethyl-2-(methoxymethyl)-1-butenyl]borane # 0.254
Total 0.580

M 13 emImsounsdTzmosunazlinaiuiugagusia BE6 amningadula

TVOC mg/m’*h
Acetonitrile (CAS); Methyl cyanide; Cyanomethane; Ethanenitrile; Ethyl
: nitrile; Methane, cyano-; Methanecarbonitrile 0.013
8.alpha.,12-Epoxy-13,14,15,16,17,19-hexanorlabdane; Naphtho[2,1-
2 b]furan, dodecahydro-6,9a-dimethyl-, [3aS-
(3a.alpha.,5a.alpha.,6.alpha.,9a.beta.,.9b.alpha.)]- (CAS) 0.007
3 4-Phenyl-12-oxa-4-azatricyclo[5.4.1.0(2,6)]dodec-9-ene-3,5-dione 0.005
2,3-dihydro-6-(trifluoromethyl)-7-methoxy-1H-benz[elisoindol-1-one; 1H-
* Benz[elisoindol-1-one, 2,3-dihydro-7-methoxy-6-(trifluoromethyl)- (CAS) 0.006
5 2,9-Diacetyl-5,6,11-trimethyl-5H-benzo[b]carbazole 0.008
6 3-Quinolinecarboxylic acid, 6,7-difluoro-1,4-dihydro-4-oxo-, ethylester 0.010
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M3197 13 (Ad)

TVOC mg/mz*h
Silicic acid, diethyl bis(trimethylsilyl) ester; 3,3-Diethoxy-1,1,1,5,5,5-

’ hexamethyltrisiloxane; Diethyl bis(trimethylsilyl) orthosilicate # 0.009
PENTAN-1,3-DIOLDIISOBUTYRATE, 2,2,4-TRIMETHYL-; 1,3-
Di(isobutoxycarbonyl)-2,4 4-trimethylpentane; 2,2,4-Trimethyl-1,3-

i pentanediol diisobutyrate; Propanoic acid, 2-methyl-, 2,2-dimethyl-1-(1-
methylethyl)-1,3-propanediyl ester; 1,3-Pentanediol, 2,2,4-trimet 0.616

Total 0.674

M 14 emIasounsdszmostazlinaiudugaguriia BE9 amningadula

TVOC mg/m’*h

Acetonitrile (CAS); Methyl cyanide; Cyanomethane; Ethanenitrile; Ethyl
nitrile; Methane, cyano-; Methanecarbonitrile; CH3CN; Acetonitril;

: Cyanure de methyl; USAF ek-488; Methylkyanid; NA 1648; NCI-C60822; 0031
Rcra waste number U003; UN 1648; AN; Ethanonitrile
Propanoic acid, 2-methyl-, 1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl

2 ester; 1-[2-(Isobutyryloxy)-1-methylethyl]-2,2-dimethylpropyl 2- 0.572
methylpropanoate #

Total 0.604

A4 o v a A = N ) a ~
WerNaM AT IdUNTITTMeT T eumeunUYT UM IBUNTS
FEHBNGY 1UTY (Benzene) INg0Y (Toluene) BNTAIUTY (Ethylbenzene) a Tadu
~ [ <3| a A 1 ' J
(Xylene) 58n321Tasge11 BTEX tluasounsdszmisirelunguuesas lalasaisueu

I AAa 9 A 1 & A Y v W dy
Lﬂumimwmmihum‘ﬂz:mnquwm (I|NUILaZ AU, 2552) lewami@ﬂcnmm
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Date: 05/12/2010 Page 1
Quantachrome Corporation ﬁ1¢ﬂ,25n53
Quantachrome Autosorb Automated Gas Sorption System Report ”
Rutosorb for Windows® Version 1.19 Wl 311
Sample ID Eucalyptus Charcoal
Description
Comments
Sample Weight 0.0518 g
Adsorbate NITROGEN Cutgas Temp 300.0 °C Operater rungrueang
Cross-Sec Area 16.2 A?/molecule Cutgas Time 3.0 hrs Rnalysis Time 209.4 min
NonIdeality 6.580E-05 P/Po Toler 0 End of Run 04/30/2010 12:37
Molecular Wt 28.0134 g/mol Equil Time 3 File Name AS972333.RAW
Station # 1 Bath Temp. 77.40
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA
v
Multighint BRT (Rl Wy ves s usil el pr s R S veaees  T.748E+01 m?/q
Single Poldpl: BEL. ioh vv vies calh 9w 40 i s o0 & A ] T.174E401 m2/g
LAMgmuilE SUERKCOUBTEE « o aimatre iis o dieen oot ssia s Wie s iy s L.ZOTEFOZ B /g
t#Method External- Surface BEEEuLG o s saiiiiasioss s s « five s I8 7.748E+01 m?/g
t-Method Micro Pore SUEFAGE ATESccic. «os s noassens cosan e ves  0.000E+00 m2/g
DR Method Micro Pore Area........... P TRT 00 O RERSRS, | S 1.172B+02 ‘m2/g
PORE VOLUME DATA
t=Method Micre BPEEE VOGS st s o ute slis ot s ot e el R 0.000E+00 cc/g
DR Method Micro Pore Volume€............ s SN s < el By s 4.164E-02 cc/g
HK Method Cumulative Pore VOlUME.......eeeeeescecrcnsanaesse 2.915E=02 | ide/g
SF Method Cumulative Pore VoOlUMe.......veeonernnenonnnnnss s 3. 029802 yeeiq
PORE SIZE DATA
DR. Method MicEc POLE WIAERN .. cion el sie st el os 3oahe S 5 wiars 1.581E+02 A
DA Methed Pore Diameter (Mode)............. PP N1 T 1.840E+01 A
HK Method Pore Width (jlleTars, . A o N . S 1.358E+01 A
SF Method Pore Diameter (Mode) ........ecccssinnsecennnnsans 2.547E+01 A

DATA REDUCTION PARAMETERS

Thermal Transpiration : ON
Effective Molecule Diameter (D) 3.5400 A
Effective Cell Stem Inner Diameter (d) 4.0000 mm
Last Po Acquired 783.92 mm Hg
Additional Initialization Information Not Recorded.

BJH/DH Moving Average Size

Interaction Constant (K) 2.9600 nm13
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Date: 05/12/2010

Sample ID
Description
Comments
Sample Weight
Adsorbate
Cross—Sec Area
NonIdeality
Molecular Wt
Station #

Page 1
Quantachrome Corporation ﬁ wil. 251/53
Quantachrome Autosorb Automated Gas Sorption System Report :
Autosorb for Windows® Version 1.19 Wil 4/11
Eucalyptus Charcoal
0.0518 g
NITROGEN Outgas Temp 300.0 °C  Operator rungrueang
16.2 A?/molecule Cutgas Time 3.0 Hrs Analysis Time 209.4 min
6.580E-05 P/Po Toler 0 End of Run 04/30/2010 12:37
28.0134 g/mol Equil Time 3 File Name AS972333.RAW
E Bath Temp. 77.40

SINGLE POINT BET

Single point area = 71.74 m?/g at
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Date: 05/12/2010

Sample ID
Description
Comments
Sample Weight
Adsorbate
Cross-Sec Area
NonIdeality
Molecular Wt
Station #

Quantachrome Corporation

Quantachrome Autosorb Automated Gas Sorption System Report

Autocsorb for Wind

Eucalyptus Charcoal

0.0518 g

NITROGEN Qutgas Temp
16.2 A?/molecule Outgas Time

6.580E-05 P/Po Toler

28.0134 g/mol Equil Time

1 Bath Temp.
MULTIPOINT

P/Po Volume
[ee/g] STP

4.9248e-02 10.6852
7.8957e-02 . 14.5350
1.015%e-01 16.1103
1.2493e-01 17.0406
1.5115e-01 18.8014
1.7450e-01 18,8571
2.0120e-01 20.4376
2.2653e-01 20.9658
2.5168e-01 21.4305
2.7715e-01 22.9336
3.0108e-01 23.5846

Area =

Slope =

Y = Intercepkt
Correlation Coefficient =

=

ows® Version 1.19

300.0 °C  Operator

3.0 hrs Analysis Time
0 End of Run
3 File Name
77.40

BET

1/(w((Po/P)-1))

3.879E+00
4.719E+00
5.616E+00
6.703E+00
7.578E+00
8.518E+00
9.860E+00
1.118E+01
1.256E+01
1.338E+01
1.462E+01

7.748E+01 m?/g

4.368E+01

Page 1

finil. 251/53

Wih s/

rungrueang

209.4 min
04/30/2010 12:37
AS972333.RAW
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Date: 05/12/2010

Quantachrome Corporation

Page 1

Al 251/53

Quantachrome Autosorb Automated Gas Sorption System Report

Autosorb for Windows® Version 1.19

Sample ID Bamboo Charcoal

Description

Comments

Sample Weight 0.0607 g

Rdsorbate NITROGEN Qutgas Temp 300.0 °C QOperator
Cross—-8ec Area 16.2 A?2/molecule Cutgas Time 3.0 hrs Analysis Time
NenIdeality 6.580E-05 P/Po Toler 0 End of Run
Mclecular Wt 28.0134 g/mol Fquil Time 3 File Name
Station # 1 Bath Temp. 77.40

AREA-VOLUME-PORE SIZE SUMMARY
SURFACE AREA DATA

MnlEipolalls BRT. . oo coe® e M oo I 00 00 actcnminisiore minanse mumie soe RN o
SingledPoint BET.: €S sohs s-ss i vr it e - =05 mie o3
Langmuir Surface Area::..c....evvas S R O g e L TR
t-Mefhod H¥ternal ‘Surface AbBfum i ouisls o a5 Gma s 255 5 aisleis sl
t=Methad Micrto PBEE SULTECE DEEA L. ohs b srow Ss e dhesl e eimin s &
DR Method Micro Pore Area...... ¥ punIRaS TS eeamgeeawy gl

PORE VOLUME DATA

HE Method ‘Cumalative Bofe NVolOmEL . s o - aemp o sssern el s os
SF Method Cumulative (POLE VOLUME. « o a5 o «'e ane sfein o aimse samio sleisns o

PR Methodi Mitrs EbYel Wadth oo cuwfbreiarn astusine A Ehe e ol e s
DA Method Pore Diameter (Mode).......... s ()0 B0 W< TR & &
HK Method Pore Width [l fe)e o0 IR N WY "R W oree ) M AR, ¢
BF MetharlhiPofe DiamSreruMatlel | ... .ok cleloastirtiersis s v ol s -

DATA REDUCTION PARAMETERS

Thermal Transpiration : ON
Effective Molecule Diameter (D) 3.5400 A

6.702E+01
6.687E+01
1.013E+02
3.798E+01
2.905E+01
9.281E+01

1.513E-02
3.298E-02
3.062E-02
3.096E-02

7.418E401
1.740E+401
1.358E+401
2.538E+01

Effective Cell Stem Inner Diameter (d) 4.0000 mm

Last Po Acguired 781.88 mm Hg 5
Additional Initialization Information NoE<REGL}

Interaction Constant (K)

w611

rungrueang

89.9 min
04/30/2010 15:40
AS972334.RAW

cc/g
ce/e
so/g
cc/g

I e T
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Date: 05/12/2010

Sample ID
Description
Comments
Sample Weight
Adsorbate
Cross—-Sec Area
NonIdeality
Molecular Wt
Station #

Quantachrome Corporation
Quantachrome Autosorb Rutomated Gas Sorption System Report

Autosorb for Windows®

Version 1.19

Bamboo Charcoal

0.0607 g
NITROGEN Outgas Temp 300.0 °C Operator
16.2 A?/molecule Outgas Time 3.0 hrs Analysis Time
6.580E~05 P/Po Toler 0 End of Run
28.0134 g/mol Equil Time 3 File Name
1 Bath Temp. 77.40

SINGLE POINT BET

Single point area =

66.87 m?/g at ngb

|-

Page 1
nwl. 251/53

wh 71

rungrueang
89.9 min
04/30/2010 15:40
AS972334.RAW
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Date: 05/12/2010

Sample ID
Description
Comments
Sample Weight
Adscorbate
Cross-Sec Area
NonIdeality
Molecular Wt
Station #

5
3
1

i
1
4
2
2
2
2
3

Quantachrome Autosorb Automated Gas Sorption System Report
Autosorb for Windows® Version 1.189

Quantachrome Corporation

Bamboo Charcoal

0.0607 g
NITROGEN Outgas Temp 300.0 °C  Operator

16.2 A?/molecule Qutgas Time 3,0 hrs Analysis Time
6.580E-05 B/Po Toler 0 End of Run
28.0134 g/mol Equil Time 3 File Name

1 Bath Temp. 77.40

P/Po

.0825e-02
.5160e-02
.0046e-01
.2772e-01
.5165e-01
.7661e-01
.0175e-01
.2677e-01
.5053e-01
.7682e-01
.0175e-01

MULTIPOINT BET

Volume 1/ (W((Po/P)-1)
[cc/g] STP
1725657 2.438E+00
18.3796 3.53BE+00
18.8954 4_729E+00
19.4152 6.034E+00
19.7860 7.229E+00
20.1629 8.512E+00
20.4799 9.874E+00
20.7787 1.129E+01
21.4781 1.245E+01
21.7458 1.408BE+01
22.0028 1.572E+01

Area = 6.702E+01 m?/g

Slope = 5.250E+01

Y = Intercept

Page 1

#ml. 251753
nih 8/11

rungrueang
89.9 min
04/30/2010 15:40
AS972334 .RAW
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Date: 05/12/2010 Page 1
Quantachrome Corporation ﬁwﬂ 251/53
Quantachrome Autosorb Automated Gas Sorption System Report :
Autocsorb for Windows® Version 1.19 WﬁH 9/11
Sample ID Yeesarn Charcocal
Description
Comments
Sample Weight 0.0433 g
Adsorbate NITROGEN Outgas Temp 300.0 °cC Operator rungrueang
Cross-Sec Area 16.2 A?/molecule Outgas Time 3.0 hrs Analysis Time 106.9 min
NonIdeality 6.580E-05 P/Po Toler 0 End of Run 05/07/2010 16:14
Molecular Wt 28.0134 g/mol Equil Time 3 File Name AS972335.RAW
Station # 1 Bath Temp. 77.40
AREA-VOLUME-PORE SIZE SUMMARY
SURFACE ARFA DATA
'
Multipoint BET...ueaw B T i T e N e R e Y e . 4.739E+01 m2/g
S1HGLeIPOIHE BET . of e « Ghasbe v s naous@lis casm searsisos Reitipunss «as 50 65 4.591E401 m?/g
Liangiitie SHETaCAWREED v v s ol e s =R Res oG8 - OF TR e e e e 7.597E+01 m?/g
t-Method External Surface Ara@......tesseeressassanesssanenn 4.739E+01 m?/g
t-Method Micro Pore Surfarce Breds...ssbssssssns soi et ssine s 0.000E+00 m?/g
B Method Micrae Pore AFesfsee T .. e Steiisiine . - e - aew 6.405E+01 m?/g
PORE VOLUME DATA
t=Method \MICrolBerae Nolime ... a0 aferdlle o « Bl o an o by ovnn 5ol thin s min 0.000E+00 cc/g
DR Method Micro POre VOlUmME. ..ueeessenroassonanasssssnsassan 2.276E-02 cc/g
HK Method Cumulative Pore Volume..... e A R NG 1.842E-02 cc/g
SF Method Cumulative POre VOIUME.....c...seceeecenaasansnnans 1.866E-02 cc/g
PORE SIZE DATA
DR Method Micrc Pore Width  ....cv.iiuieveannnn. B L el . 1.203E+02 A
DA Method Pore Diameter (Mode) ......ieeeemoneneeenenennnnnn 1.800E+01 A
HK Method Pore Width IMOEEY ..or Murhebe o Wl ! = lelole = min =i L WSEAZEE0 ] S
SE Methed Pore Didmetdz (Mode) suu ix etashrse i dn s 1%k o i 2.519E+01 A

DATA REDUCTION PARAMETERS

Thermal Transpiration : ON

Effective Molecule Diameter (D) 3.5400 A
Effective Cell Stem Inner Diameter (d) 4.0000 mm
Last Po Acquired 779.95 mm Hgs

BJH/DH Moving Average Sﬁgi;pq¥i$‘

-

Interaction Constant (K) 2.9600 Toi"3gK
=
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Date: 05/12/2010

Sample ID
Descripticn
Comments
Sample Weight
Rdsorbate
Cross—Sec Area
NonIdeality
Molecular Wt
Station #

Quantachrome Corporation
Quantachrome Autosorb Automated Gas Sorption System Report
RButosorb for Windows® Version 1.19

Yeesarn Charcoal

0.0433 g
NITROGEN Outgas Temp 300.0 °C Operator
16.2 A?/molecule Outgas Time 3.0 hrs Analysis Time
6.580E-05 P/Po Toler 0 End of Run
28.0134 g/mol Equil Time 3 File Name
1 Bath Temp. 77.40

SINGLE POINT BET

Single point area =

Page 1

Nl 251/53

min 1011

rungrueang
106.9 min
05/07/2010 16:14
AS972335.RAW
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Date: 05/12/2010

Sample ID
Description
Comments
Sample Weight
Adsorbate
Cross-Sec Area
NonlIdeality
Molecular Wt
Station #

5
37
i
1
2
1

2
2
2
2
3

Yeesarn Charcoal

0.0433 g
NITROGEN

16.2 A?/molecule
6.580E-05
28.0134 g/mol

1

P/Po

.0555e-02
. 6955e-02
.0132e-01
.2602e-01
.5133e~01
.7691e-01
.0001e-01
.2629%e-01
.5164e-01
.764%e-01
.0098e-01

Y - Intercept =

Correlation Coefficient

Quantachrome Corporation
Quantachrome Autoscrb Automated Gas Sorption System Report
RAutosorb for Windows® Version 1.19

Outgas Temp
Outgas Time

P/Po Toler
Equil Time
Bath Temp.

MULTIPOQINT

Volume

[ec/g] 'STP

8.6747
10.2801
10.8053
11.4432
11.9050
12.2470
13.1243
13.5212
13.9726
14.3334
15.0892

Rrea =

Slope =

c

300.0 °C Operator

3.0 hrs Analysis Time
0 End of Run
3 File Name
77.40

BET

1/(W((Po/P)-1)})

4.811E+00
6.489E+00
8.348E+00
1.008E+01
1.198E+01
1.404E8+01
1.524E+01
1.724E+01
1.926E+01
2,133E+01
2.283E+01

4.739E4+01 m?/g

7.246E+01

Page 1

v 25153

w1 11

rungrueang
106.92 min
05/07/2010 16:14
AS972335.RAW
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RAE Systems Inc.

1339 Moffett Park Drive
Sunnyvale, CA 94089 USA
Tel: 1.408.752.0723

FAX: 1.408.752.0724

Detection Tube and LP-1200 Pump Operation &
Maintenance Instructions

& CAUTION:

« Wear safety glasses and gloves when opening tubes or handling open tubes with sharp
edges.

« Always test the pump for leaks before use to ensure proper sample measurement.

« Dispose of spent tubes according to local regulations. Potentially hazardous materials are
given under the section “Reaction Principle” supplied with each type of tube.

Tube Tip Breaker Pump Shaft Pump Stroke Counter Volume Indica tor

A ‘ ~

Pump Inlet e g g L
s 1Y End of

— == —— Flow
— Indicator

Pump mlei Nut

Tube Tip Resevoir Cover Plunger Alignment Markings Plunger Handle

TUBE MEASUREMENTS

Testing Hand Pump for Leaks:

Insert an unopened tube snugly into the inlet of the aspirating pump. Pull the plunger one full stroke
and wait 2 minutes. Rotate the plunger dot away from the pump-shaft alignment mark, and allow the
plunger to be drawn back into the pump shaft. Keep your hand on the shaft to keep it from springing
back too suddenly. There are no leaks if the plunger returns to within 3 mm of its ariginal position.

Measurement Procedure:

1. Break both ends of a new detection tube using the tip breaker on the side of the pump. Insert the tube
until it stops and then back off about 1 mm before breaking. The latter procedure allows the tip to fall
into the tip reservoir at the end of the pump shaft.

2. Insert the tube securely into the rubber pump inlet with the tube arrow pointing towards the pump.
3. Select the sample volume desired and align the red dot on the plunger with the red line on the pump

shaft. Pull the handle quickly until it latches at ¥ or 1 full stroke (50 or 100 mL) and wait for the
indicated sampling time to allow the air to be drawn through the tube. Flow is complete when the end-

of-flow indicator returns to its full brightness.
4. For additional pump strokes, rotate the handle % turn left or right and push it back fully without
removing the tube from the pump. Then repeat Step 3.
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Reading Tubes:

1. Read the concentration directly from the scale printed on the tube. If a non-standard number of pump
strokes was used for sampling, multiply the reading by the correction factor given on the tube data
sheet,

2. Read the tube immediately after air sampling, as colors may change, fade, or disperse with time.

3. The reading is taken as the furthest distance along the tube that the color change just becomes visible.
If the leading edge is diagonal instead of perpendicular to the axis of the tube, use the average value.

4. Check the data sheet supplied with each box of tubes and apply any CFs (Correction Factors) for
temperature or humidity. Multiply the observed reading by the CF to obtain the true value.

PUMP MAINTENANCE (MODEL LP-1200)
Pump End Fitting GasketRing Pump Shaft Pump End Fitting

' by |

Resevoir Cover
~

Pump Inlet

Pump Inlet Nut

InletFiler  Check Valves Plunger Gasket Plunger Rod Plunger Handle

Tube Tip Reservoir

Remove the tube tip reservoir cover as needed to empty the broken glass reservoir that is in the pump
end fitting.

Pump Inlet and Filter
The rubber pump inlet can become worn with use and result in leaks. Unscrew the pump inlet nut and
replace the rubber inlet. If the inlet is not replaced, inspect the inlet filter and replace or clean as
necessary.

Pump Mechanism

1. The plunger gasket may leak if worn or not well lubricated. To replace the gasket, unscrew the pump
end fitting on the handle side and pull the plunger out of the pump shaft. After replacing the gasket,
carefully push the plunger back into the shaft; use a fine screwdriver or tweezers to help ease the
gasket into the shaft. Lubricate the inside of the shaft with vacuum grease to ensure a good seal.
Caution: Do not over tighten the plunger gasket. It could cause a sudden loss of vacuum.

2. The inlet check valve may cause leaks if worn or not lubricated. Unscrew the end fitting on the inlet
side and pull out the disk-shaped rubber-inlet check valve. Replace as necessary adding a light coat of
grease around the hole.

3. Replace the outlet check valve gasket if there is resistance on the return stroke. Using the special tool
or needle-nose pliers, unscrew the plunger tip from the plunger rod. Replace the O-ring, check valve
gasket as necessary, and reassemble.

4. Inspect the gasket ring in the inlet end fitting and replace if damaged before screwing the end fitting
back on.

File: N/Tubes/Pumps/LP-1200 Vers. 4/29/03
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S RAE

5 Y S TEMS

Gas Detection Tube Data Sheet

Ammonia NH;

RAE Systems, Inc.
1339 Moffett Park Dr.
Sunnyvale, CA 94089 USA

Telephone

408-752-0723

Tube Orders 1-888-723-8823
Web www.raesystems.com

No. 10-100-15

Extended Standard Extended
Range Range Range
Range (ppmv) 12 - 250 25 - 500 50 - 1000
No. of Pump Strokes 2 1 0.5
Sample Volume (mL) 200 100 50
Sample Time (min) 2% 1 1
Correction Factor 0.56 1 2

Precision (Relative Standard Deviation)*: <+ 12%
Linearity with No. of Pump Strokes: r* = 0.998

Humidity: No effect at 10 - 90% RH. At <6% RH muiltiply the reading by 0.8.

Temperature Range: 0-40°C Temp (°CI°F) | 0/32 | 10/50 | 24/75 | 40/104
@ 50%RH (32-104°F) [com Factor | 13 | 1.0 | 1.0 | 1.2

Storage Life: 2 years in darkness at 3 - 10°C (37 - 50°F). Refrigeration required.

Color Change:

Reaction Principle: Prelayer reduces humidity effects
3NH; + H3PO4s — (NH.):PO4

Purple —» Beige

Cross-sensitivity: Concentration Apparent
Substance (ppmv) Reading*
Butylamine 300° 200
Diethylamine 100" 90
co 250 0
CO; 50000 0
H.S 250 0
S0, 500* o*
NO2 200 0
CH, 25000 0
Hexane 1500 0
Toluene 200 0
Isobutylene 5000 0

*Data based on RAE pumps and tubes used in standard range.
At 50% RH. *Reduces reading in mixtures

Other Possible Interferences: Amines and other bases

Caution: Dispose of spent or expired tubes according to local regulations.
Possibly hazardous materials are given under the section Reaction Principle.

Eila M ATuhac\Miata ChoateNawANET2 1AN-1 S Ne

Varcian 10VS N




81

RAE Systems, Inc. Telephone  408-752-0723
S 1339 Moffett Park Dr. Tube Orders 1-888-723-8823
SYSTEMS Sunnyvale, CA 94089 USA Web www.raesystems.com

Gas Detection Tube Data Sheet
Formaldehyde HCHO  No.10-121-05

Extended Standard Extended
Range Range Range
Range (ppmv) 0.1-5 0.8-40
No. of Pump Strokes 5 1
Sample Volume (mL) 500 100
Sample Time (min) 5x2 2
Correction Factor 1 1.5

Precision (Relative Standard Deviation)*: <+ 20%
Linearity with No. of Pump Strokes: r* > 0.995

Humidity: Humidity (RH) | <5% | 30% | 50% | 80%
Corr. Factor 1.0 0.85 0.79 0.75

Temperature Range: 0 -40°C Temp (°C/°F) | 0/32 | 10/50 | 20/68 | 30/86 | 40/104

(32-104°F) o Factor | 1.27 | 110 | 1.0 | 087 | 079

Storage Life: 2 years in darkness at 5 °C (40 - 77°F). Refrigeration preferred.
Color Change: Yellow — Reddish brown

Reaction Principle: 3HCHO + (NH,0H)3 » HsPO4 — HzPO4 + 3H,C=NOH + 3H;0
HsPO, + Base — Phosphate (dye color change)

Cross-sensitivity: Concentration Apparent
Substance (ppmv) Reading”
Acetaldehyde 3 3
Propionaldehyde 3 3
Acetone 3 Entire tube”
Methyl ethyl ketone 3 Entire tube®
CH.4 25000 0

co 500 0

CO; 1000 0

H.S 100 0

SO, 100 0
Hexane 2000 0
Toluene 100 0
Isobutylene 100 0.5
Isopropanol 2000 0
Phenaol 25 0
Styrene 20 0

*Data based on RAE pumps and tubes used in standard range.
# Faint brown color over entire stain length. 100 ppm gives stronger color.
Note: In dry air the background color may change: read only reddish-brown color.

Caution: Dispose of spent or expired tubes according to local regulations.
Possibly hazardous materials are given under the section Reaction Principle.
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3.2.4 Reading Tubes

1. The concentration of the compound being measured is read directly
from the scale printed on the tube.

2. The reading is taken as the furthest distance along the tube that the
color change just becomes visible. If the leading edge is diagonal
instead of perpendicular to the axis of the tube, use the average of the
minimum and maximum values. The three tubes shown in Figure 3-4
are all read as 0.9.

il

100

L |

ﬁ

10
20

Figure 3-4. Reading of various types of endpoints after sampling.

3. Read the tube immediately after gas sampling, as colors may change,
fade, or disperse with time.

4. If a non-standard number of pump strokes was used for sampling,
multiply the reading by the Correction Factor given on the tube Data
Sheet (Chapter 5).

5. If humidity and temperature corrections are necessary as indicated
on the Data Sheets, multiply the observed readings by the given
Correction Factor(s) (CF) to obtain the true concentration. For more
details and a theoretical discussion, see Chapter 4.3 on the effects of
humidity and temperature.

6. The user must be aware of potential interfering compounds in the tube
measurements. Interferences can be either positive or negative.

available information for possible interferences. Failure to
consider interferences may lead to dangerously inaccurate
readings.

-T CAUTION: Always examine the data sheet and other

13
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Tenax-TA Tube

&3



This Data Sheet Contains Important Information About The Product.

Thermal Desorption Sampling Tubes for Gerstel TDS2/TDSA
17.8cm length x 6mm OD x 4mm ID

Sampling Stainless Steel ﬂis-& Glass
QOutlet Screen Frit Sampling
X Inlet

; N R R R R S e

/ e e & y‘;t

I

Glass Tenax TA
Wool (60mmiapprox 180mg) GO010358
Stainless Steel

I Tenax TA 2
Stainless Stesl Stainiaas Siesl
Screen (60mm!appr:\;x 180mg)

GOO1321A

Tenax® TA Adsorbent*

Tenax TAis a porous material based on 2,6-diphenylene oxide polymer. Itis used to
trap volatile and semivolatile compounds with an upper temperature limit of 320°C.
The material has a low affinity for water or methanol. Water has a very low
breakthrough value on Tenax adsorbents. Typically, a carbon molecularsieve is used
as a backup adsorbent when sampling for very volatile analytes (i.e., smaller than
dichloromethane).

Tube Storage

Tubes are conditioned in an oven at 320°C under inert gas flow for 8 hours before
placement in the storage container provided. To prevent contamination of the
adsorbent, do not expose to the environment before using. For best resuilts, collected
samples not analyzed immediately should be stored at reduced temperatures.

Sample Collection
Sample flow should be in the same direction as the arrow on the tube.

Thermal Desorption

Desorption flow must be in the direction opposite the sample collection flow, described
above. Flash heating of the adsorbent tube is preferred to slow heating at lower
temperatures.

Collection Tube Conditioning

We recommend that you recondition the tube before each use. Pass dry, oil vapor-
free inert desorption gas through the tube at aflow rate of 30-40mL/min and heat the
tube to approximately 10-15°C above the desorption temperature required for your
application.

For more information about this product, or other adsorbent tubes, please call our Technical
Service Department (800-359-3041 or 814-359-3041).

* Tenax is a registered trademark of Enka Research Institute Armhem
T7990238 SUPELCO
©1999 Sigma-AldrichCo Bellefonte, PA
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MUHUINT D1 MINAAVINVBIFNIUANNAUAATZANAVDIFNTY  closed (C), blind (B),

through (T), interconnected (I), together with some roughness (R)

MIWUINA 21 MUV sZIANINTY

Term

Definition

Closed pore
Blind pore(Dead-end pore)

Through pore

Interconnected pore

Roughness pore

Cavity not connected to the surface

Pore with a single connection to the surface

Pores which are open at both sides of a membrane or porous
plug

Pore which communicates with other pores

All cavities which are wider than they are deep
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M519WUINA ¥1 Todien Correction Factor (D)

Residual

Filtrate
Normality

© 0000 .0001 0002 0003 0004 0005 0006 0007 0008  .0009
L0080 L1625 L1613 11600  LISTS 01550 10538 LASI3 LS00 LM475  L.1463
0090 LI 11425 L1400 LI3TS  LI36) L1350 LI3ZS L1300 LI288  LI27S
0100 LIS L1238 L1225 LI213 L1200 LUTS L6 LIS LIB LK
0110 LII0 L1088 11075 L1063 L1038  1.1025 11000 10988  1.0975  1.0963
0120 10950 10938 10925 10900 10888  1.0875  1.0863 10850 1.0838  1.0828
0130 10800 10788 L0775 L0763 1O7S0 10738 L0725 10713 10700 1.0688
0140 10675 10663 1065 10625 10613 10600 10588 10575 10563 1050
0150 10538 10525 10813 10500  LO4BR L0475 L0463 10450 10438 1.0428
0160 10413 1,0400 10388 10375 L0375 10363  LOISO 10333 10325 1.030
0170 1.0300 10288 10275 10263 10250  L.O245 L0238 10125 10208 1.0200
0180 10200 10188 LOI7S 10163 1010 L.0I44 L0138 10125  L.OMZS  LOLI3
019 10100 10088 10075 10075 10063  1.0050 10050 10038 10025  1.0025
0200 10013 10000 1.0000 09988 05975 09975 09963 09550 09950  0.9938
0210 09938 09925 09925 05913 09900 09900 09888 09875 09875  0.9863
0220 09863 09850 09850 09838 09825 09825 09813 09813 09800  0.9788
020 09788 09775 0975 09763 09763 09750 09750 09738 097 0978
0240 0.9725 09708 09700 09700 09688 09688 09675  0.9675 09663  0.9663
0250 09650 09650 09638 09638 09625 09625 09613 09612 09606  0.9600
0260 09600 09588 09588 09575 09575  0.95%3 0953 09550 09550 (.95
0270 09538  0.9525 09525 09519 09513 09513 09506 09500  0.9500  C.9488
0280 0.9488  0.9475 09475 09463 09463  0.0461 09450 09450 0.9438  0.9438
02% 05425 09425 09425 05413 09413 05400 . 0.9400 09394 09388  (.9388
0300 09375 09175 09375 09363 09363 09363 09363 09150 09350  0.9M6
0310 09333 09333 09325 09315 05325 039 09313 09313 09300 C.9300
0120 09300 09294 09288 09288 09280 09275 09275 09275 09270 09210
030 00261  0.9263 09257 09250  0.9250
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