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Technology of VOC Measured as Qualified Laboratory of Blue Angel Mark
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Abstract

Technologies and systems for measuring volatile organic
compounds (VOCs) were established to obtain the Blue Angel
Mark for hard copy devices at an early stage of the improvement
of the environment for measurement.

Purge-and-trap gas chromatography/mass spectrometry (P&T
GC/MS) was introduced, and detailed requirements for VOC
analysis were studied.

A clean-booth was set up to minimize background noise while
measuring trace quantities of VOCs. To obtain proper
measurement conditions, the collection rate of low boiling point
(bp) VOCs and the recovery rate of high bp VOCs were examined.
Results confirmed that acceptable conditions were obtained.

Detection of 1ng benzene was achieved by using Carbotrap as
a sorbent and by adopting a desorption temperature of 320°C.

Creating a database of relative response factors (RRFs) and
retention times (RTs) of standard VOCs, including 169 species,
allowed us to improve the accuracy of qualitative and quantitative
measurement of VOCs released from hard copy devices.

Through this work, we gained the ability to determine by
measurement the qualification of devices for the Blue Angel Mark
and were certified to conduct such measurements by the
Bundesanstalt fir Materialforschung und -prufiing (BAM) in
November 2006
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Table 1 Maximum permissible emission rates from hard copy

devices
Total VOC Benzene Styrene Ozone Dust
Pre-operation Tabletop device Tmg/h _ _ _ _
phase Floor-mounted device 2mg/h
- Color 18mg/h Color 1.8mg/h  Color 3.0mg/h
Printing phase BW  10mg/h 0.05mg/h BW 10mg/h  BW 15me/h 40mg/h
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3. 1 EE
P&T : JTD505H A45#1 1.3
GC/MS : QC-QP2010 5 B4 it

3. 2 W|EE, REA
WA AP (& ¥ 120mm, WNEE12mm, #H%E16mm)
W #5%#) : Tenax-TA (35/60mesh, 1300mg)

3. 3 Purge-and-trap &
Desorption temperature : 250C
Desorption time : 15min.
Desorption gas flowrate : 50ml/min.
Cold-trap high temperature : pyrolysis(280C )
Cold-trap low temperature : -40C

Cold-trap sorbent : Tenax -TA
Transfer-line temperature 280C
Needle heater : 280T

Cold-trap heater : 200C

Head press : 112kPa

Column flow 1.0ml/min.

Split ratios : 1/20

GC/MS5&M:

Column : HP-IMS(Bonded 100% dimethylpolysiloxane)

Length : 60m

Internal diameter : 0.25mm

Phase thickness : 0.25 um

MSD scan : 33 to 400 Scan time 5.5 to 39min.

Oven temp program : 40 C for 4 min, 5C /min. up
to 140C, 10C /min up to 240C, 25C /min. up
to 290C , keep for 3 min.

DET.TEMP : 200C

IF.TEMP : 280C
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Fig.2 P&T GC/MS chromatogram of air in laboratory
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Fig.3 P&T GC/MS chromatogram of air in clean-booth

Table 2 VOC concentrations in laboratory air and in clean booth
air (as toluene equivalent.)

(ug/m3)

Substance Airinlab Airin clean booth
2-Butanone 3 <2
Trichloromethane 36 2
Furan, tetrahydro— 125 8
Toluene 19 <2
Acetic acid, butyl ester 3 <2
Ethylbenzene 3 <2
Styrene 5 <2
Nonane 6 <2
Decane 11 <2
1-Hexanol, 2—ethyl— 29 3
TVOC 239 13
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Table 3 Quantities of Tenax-TA tube adsorbed VOCs in laboratory
air and in clean booth air (as toluene equivalent.)

o)

Substance Lab Clean booth
Trichloromethane 545 <1
Furan, tetrahydro— 72.9 1.6
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Injection unit
Methanol solutions of hexane, Septum Tenax-TA
cyclohexane, toluene, and styrene &
Al N [l
Micro-cylinder
Connector
Hegas  DP
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ee oo )
Air ® e oo Suction pump
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L] L] L]
© Suction pump
SO [
M1 M2
Two absorption tubes are connected in series and both tubes are analyzed.

Fig.4 Schematic diagram of low bp VOC collection rate
experiment

100% f ~— &
Toluene Styrene

—~ 80% | ‘\.\‘

X

< Hexane

2 60% |

b Cyclohexane

c

2 40w |

5}

Q@

8 204 }

0%

0.2L/min 0.2L/min 0.4L/min
50min 100min 50min

Absorption flow rate (I/min) and time (min.)

Fig.5 Collection rate of low bp VOC
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Fig.6 Recovery rate of high bp VOC

SR VOCOM i B5 (CHoEM) & iz mys
DIERTHRSNL2, nANFH T4~ (16) 122w T10ng
T100%, 100ngT H80% UL ED LKA E S5 Z LAt
o7z BKEAEIZHIYS$ 510ngT, C10 ~ Cl6ich 7z
DIZIZ100%D RS SN TEB Y, Sk SEifEo
HEDSORHED BRIFCTHh -7z,

7 CarbotrapiC & B3N E O

Tenax-TA32,6-diphenylene oxide® % fLE K1) ~—
TH 5720, Tenax-TAD L DAY D I IHIB S
TLEHe ML LTRIRVEY, 72/, Tk

N7z Y, RVZTIVFe FiEshsg, 7v—x
VIV = HEHT =5 TRV EVIZOWT, il
DOVOCIKHARTHEWEOMI FTHREZER SN TEY,
h— R ROWEROEHAITEREN TS, BTk
Wi #) & L CCarbotrap (C 20/40mesh 1000mg) #* #%

KONICA MINOLTA TECHNOLOGY REPORT VOL.5(2008) 69



HLTED, ZOWEEONYEVIHT 200501
DWTHHEBI o7,

Tenax-TAD 8 — Y & b T v 7O B #E S T
CarbotraplZ 284 7 L7zRy B3 shinwa &
NbhroTBY, =V & M7 v 7OREESMOKE %
BZkhol

Tenax-TA%Z W72 X V¥ v of & %2100% &
L C, Carbotrap% W 7= DRI %2 KD 7z, PR
HEIZIE PV v D8% HI W72,

WAEBEDO ) — Ty 7HE (BEE7ELEE BO-
15) DIEMBIRENI0C TH LD =V & T v
7 O BB O _ERRAB00T & % > T b, Fig. 7 12K
& 9 AR ES00C TIX60 MM EE 2 B 2 %2 o C
S EIRIZNBREIETH B Z Ebh o7,

PEX 72 L EEORSIMEBIREZ340C T THIT NS
) IAMOER 2 B % - 72858, Fig. 818 T X9
VB EE320C, 154 TlEIT100% O MR A 5 M,
Tenax-TAZ W78 5nglBETH o 72XV BV D
HE TR 1ngE TWHEE o720 72, RRFIZDOW
THCV.(%)TI%THo7,

100%

[

(=3

R
T

60% I

Recovery rate (%)

20% I

Desorption time (min.)

Fig.7 Recovery rate of benzene: desorption at 300°C
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Fig.8 Recovery rate of benzene: desorption at 15 min.
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Table 4 RT & RRF of standard VOC

substance CAS.No Gr__RT RRF substance CAS.No Gr__RT RRF
Hexane 110-54-3 A 6278 0.49 3-Carene 13466-78-9 G 20.280 0.83
Ethyl Acetate 141-78-6 B 6300 0.37 Benzyl Alcohol 100-51-6 E 20.285 0.46
Methyl acrylate 96-33-3 C 6303 0.31 Benzeneacetaldehyde 122-78-1 C 20.391 0.50
Trichloromethane 67-66-3 D 6.316 0.23 Benzene, 1-methyl-3—(1-methylethyl)— 535-77-3 D 20394 0.92
Isobutyl alcohol 78-83-1 A 6591 0.50 Benzene, 1,2,3-trimethyl- 526-73-8 A 20402 0.86
Furan, tetrahydro— 109-99-9 D 6.605 043 Benzene, 1-methyl-4—(1-methylethyl)- 99-87-6 D 20520 0.84
Cyclopentane, methyl— 96-37-7 C 6814 0.39 1-Hexanol, 2-ethyl- 104-76-7 A 20549 0.80
1-Butanol 71-36-3 B 7377 044 Benzene, 1,2-dichloro- 95-50-1 C  20.567 0.57
Benzene 71-43-2 A 7383 0.59 Indane 496-11-7 C 20787 0.76
GCyclohexane 110-82-7 A 7590 032 Benzene, 1-methyl-2—(1-methylethyl)- 527-84-4 D 20994 0.83
Pentanal 110-62-3 B 8053 046 B ¥ ine, N,N-dimethyl 103-83-3 B 21.026 0.66
3-Pentanone 96-22-0 D 8096 0.38 o—Cresol 95-48-7 C 21.083 0.51
Trichloroethylene 79-01-6 D 8364 0.32 Cyclohexane, n-butyl- 1678-93-9 D 21170 1.01
Disiloxane, hexamethyl— 107-46-0 C 8402 0.48 Acetophenone 98-86-2 A 21311 0.72
Methacrylic acid methyl ester 80-62-6 B 8671 0.50 Benzene, 1,3-diethyl- 141-93-5 B 21.405 0.96
Heptane 142-82-5 A 8759 0.72 Benzene, 1-methyl-3—propyl— 1074-43-7 C 21482 0.83
Butanoic acid, methyl ester 623-42-7 D 9.001 0.53 Benzene, 1,4—diethyl- 105-05-5 C 21617 0.84
1-Propene, 1,3—dichloro—,(E)- 10061-02-6 Cc 9357 0.39 Benzene, 1-methyl-4—propyl— 1074-55-1 B 21.644 0.84
Cyclohexane, methyl—- 108-87-2 B 9409 0.50 Benzene, butyl- 104-51-8 A 21691 0.87
Methyl Isobutyl Ketone 108-10-1 G 9462 067 p~Cresol 106-44-5 C 21.781 048
2-Pentanone, 3-methyl- 565-61-7 D 9910 0.56 m—Cresol 108-39-4 E 21817 047
Propylene Glycol 57-55-6 E 9987 0.17 Benzene, 1,2-diethyl- 135-01-3 B 21837 079
1-Propene, 1,3—dichloro—(Z)~ 10061-01-5 C 10.038 0.34 1-Octanol 111-87-5 A 21993 0.71
1-Pentanol 71-41-0 B 10539 0.55 Benzene, 1-methyl-2—propyl- 1074-17-5 B 22.060 0.84
Toluene 108-88-3 A 10610 0.74 Phthalan 496-14-0 C 22187 0.58
Cyclopentanone 120-92-3 D 10.782 0.45 Benzene, 2—ethyl-1,4—dimethyl— 1758-88-9 B 22417 0.83
Hexanal 66-25-1 A 11469 0.62 Benzene, (2-methyl-1-propenyl)- 768-49-0 C 22534 074
3-Penten—2-one, 4-methyl— 141-79-7 C 11469 057 Benzoic acid, methy! ester 93-58-3 D 22557 057
N-Ethylpyrrole 617-92-5 C 11.952 0.54 2-Nonanone 821-55-6 B 22612 0.81
Isobutyl ether 628-55-7 D 11.966 081 Benzene, 4-ethyl-1,2-dimethyl~ 934-80-5 C 22677 0.82
Acstic acid, butyl ester 123-86-4 B 12225 0.65 Styrene, 2,5-dimethyl— 2039-89-6 C 23018 0.76
Octane 111-65-9 A 12316 0.89 Nonanal 124-19-6 A 23049 0.77
Furfural 98-01-1 C 12352 0.31 Benzene, (1,1~dimethylpropyl)~ 2049-95-8 B 23.050 0.87
1-Butanol, 3-methoxy— 2517-43-3 C 12911 047 Styrene, 2,4-dimethyl- 2234-20-0 B 23178 0.76
1-Pentanol, 2-methyl- 105-30-6 D 13.031 0.68 .epsilon.—Caprolactone 502-44-3 G 23259 0.38
Cyclotrisiloxane, hexamethyl— 541-05-9 A 13279 0.19 .alpha~Isophoron 78-59-1 B 23415 0.69
Heptane, 2,5-dimethyl- 2216-30-0 D 13710 091 Undecane 1120-21-4 A 23629 1.07
1-Methoxy—2—propyl acetate 108-65-6 D 14.152 0.61 Pentanedioic acid, dimethyl ester 1119-40-0 C 23648 0.50
Ethylbenzene 100-41-4 A 14207 0.80 Benzene, 1,2,4,5-tetramethyl— 95-93-2 B 23826 0.82
1-Hexanol 111-27-3 A 14394 0.62 Benzene, 1,2,3,5-tetramethyl— 527-53-7 C 23922 078
m-Xylene 108-38-3 C 14518 0.1 o-Methylacstophenone 577-16-2 D 23927 0.65
p—Xylene 106-42-3 B 14576 0.82 Acetic acid, 2-ethylhexyl ester 103-09-3 G 24723 0.89
1-Butanol, 3-methyl-, acetate 123-92-2 D 14643 0.74 Benzenamine, 2-methoxy— 90-04-0 E 25056 0.52
Cyclohexanone 108-94-1 D 14731 0.61 m—-Methylacetophenone 585-74-0 D 25073 0.60
Gyclohexanol 108-93-0 B 14819 0.63 Benzeneethanol, .beta.—methyl- 1123-85-9 C 25.137 0.58
3-Heptanone 106-35-4 C 14.897 0.60 Benzene, pentyl— 538-68-1 B 25144 0.88
Styrene 100-42-5 A 15234 0.79 1-Nonanol 143-08-8 A 25378 0.71
n—-Butyl ether 142-96-1 B 15.305 0.85 p—Methylacetophenone 122-00-9 C 25457 0.56
Acrylic acid butyl ester 141-32-2 A 15343 0.62 Cyel iloxane, d + 541-02-6 A 25697 091
o-Xylene 95-47-6 C 15403 081 Naphthalene 91-20-3 D 25740 071
Heptanal 1M1-711-7 B 15417 0.69 .alpha.~Terpineol 98-55-5 C 26018 0.68
Trisiloxane, octamethyl— 107-51-7 D 15.867 1.04 Benzenamine, 4—methoxy— 104-94-9 E 26.205 0.29
Propanoic acid, butyl ester 590-01-2 A 15.900 0.61 Decanal 112-31-2 A 26314 0.80
2-Cyclohexen—1-one 930-68-7 C 16.098 0.50 1-Dodecene 112-41-4 B 26.397 0.97
Hexylene Glycol 107-41-5 E 16.109 0.52 Acetic acid, octyl ester 112-14-1 D 26471 0.82
Nonane 111-84-2 A 16.242 1.02 Benzothiazole 95-16-9 D 26,590 0.40
Benzene, (1-methylethyl)- 98-82-8 A 16.716 0.86 Dodecane 112-40-3 A 26724 1.12
Octane, 2,7-dimethyl— 1072-16-8 D 17.390 1.23 Benzenamine, 3-methoxy— 536—90-3 E 26742 0.32
Benzaldehyde 100-52-7 B 17.395 0.67 Cyclohexyl isothiocyanate 1122-82-3 B 26.829 0.64
Allylbenzene 300-57-2 C 17416 0.87 Benzylacetone 2550-26-7 C 27015 0.59
.alpha.—Pinene 80-56-8 A 1749 0.88 Acrylic acid, 2—ethylhexyl ester 103-11-7 D 27025 084
Benzene, propyl- 103-65-1 A 17.857 0.88 Cinnamaldehyde, (E)- 14371-10-9 C 27.636 044
Camphene 79-92-5 D 17.969 1.02 Pentasiloxane, dodecamethyl— 141-63-9 D 28.140 0.87
m-Ethyitoluene 620-14-4 A 18.143 0.91 1-Decanol 112-30-1 A 28.166 0.72
p—Ethyltoluene 622-96-8 A 18.225 0.85 Naphthalene, 2-methyl- 91-57-6 C 28784 0.70
1-Heptanol 111-70-6 B 18.286 0.65 Undecanal 112-44-7 A 28971 0.79
Benzene, 1,3,5-trimethyl- 108-67-8 B 18429 091 2-Ethylhexyl methacrylate 688-84-6 C 29.069 0.88
Phenol 108-95-2 A 18460 0.38 Naphthalene, 1-methyl— 90-12-0 D 29.153 0.87
5-Hepten—2-one, 6-methyl- 110-93-0 D 18664 0.69 Tridecane 629-50-5 A 29254 1.15
.alpha.—Methylstyrene 98-83-9 C 18.764 0.78 Nonane, 2,2,4,4,6,8,8-heptamethyl- 4390-04-9 D 30033 1.23
o-Ethyltoluene 611-14-3 A 18811 0.85 Cyclot il dod hyt 540-97-6 A 30156 0.74
2-Octanone 111-13-7 C 18899 0.79 1-Undecanol 112-42-5 B 30467 0.62
Butanoic acid, butyl ester 109-21-7 B 19.233 0.75 Biphenyl 92-52-4 D 30577 0.69
m-Methylstyrene 100-80-1 C 19.260 0.77 Isobornyl acrylate 5888-33-5 B 30.689 071
o—Methylstyrene 611-15-4 D 19.292 0.79 Dodecanal 112-54-9 A 3175 0.80
Benzene, tert-butyl- 98-06-6 C 19.325 0.86 Tetradecane 629-59-4 A 31361 1.19
Octanal 124-13-0 B 19349 0.75 (+)-Longifolene 475-20-7 B 31797 0.90
Benzene, 1,2,4-trimethyl- 95-63-6 A 19.380 0.85 1-Dodecanol 112-53-8 B 32415 0.66
p—Methyistyrene 622-97-9 D 19.385 0.78 o-Hydroxybiphenyl 90-43-7 C 33031 0.51
Benzene, 1,3-dichloro— 541-73-1 D 19.540 0.54 Pentadecane 629-62-9 A 33149 1.22
Benzene, 1,4—dichloro— 106-46-7 A 19.767 0.58 Butylated Hydroxytoluene 128-37-0 B 33.149 0.81
Heptane, 2,2,4,6,6-pentamethyl- 13475-82-6 C 19.898 1.25 Bibenzyl 103-29-7 C 33271 0.76
Benzene, sec-butyl— 135-98-8 B 20.050 0.85 2,2 4-Trimethyl-1,3-pentanediol diisobutyrate 6846-50-0 B 34513 1.02
Decane 124-18-5 A 20061 1.05 Hexadecane 544-76-3 A 34684 1.24
Cyoclotetrasiloxane, octamethyl— 556-67-2 A 20.180 0.95
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devices with respect to awarding the environmental label for
office devices with printing function according to RAL-UZ 122
ECMA-Standard 328, Determination of Chemical Emission
Rate from Electronic Equipment

1S01600-6: Indoor air -part6: Determination of volatile organic
compounds in indoor and test chamber air by active sampling
on Tenax-TA sorbent, thermal desorption and gas
chromatography using MS/FID

JIS X 6936 : Histkdn-4 v >, MEEARILEW RO LAD
PRI )k

KONICA MINOLTA TECHNOLOGY REPORT VOL.5(2008) 71



