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dimethoxymethy-silane, 2,2-dimethoxybutane, tetrahydro-2-methyl-furan, 1,2-ethanediol, silicic acid (tetramethyl
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Abstract: In this study, VOCs of black gel pen inks was screening to identify individual characteristic of gel
pen inks. Detected VOCs was total 20 species(isopropylalcohol, 2-methyl-2-propanol, 2-butanone, hydrazinecarbo-
thioamide, benzeneacetic acid (ethyl ester), benzeneacetic acid, dimethoxymethy-silane, 2,2-dimethoxybutane,
tetrahydro-2-methyl-furan, 1,2-ethanediol, silicic acid (tetramethyl ester), 1,2-propanediol, propyleneglycol, 3-ethyl-
3-hexanol, 1,1-dipropoxy-propane, 2-butoxy-ethanol, 2,2'-oxybisethanol, 1-butyl-benzene, 2-pyrrolidinone, 2-(2-
butoxyethoxy)-ethanol). We detected 2,2-dimethoxybutane (3.02~47% ratio) and tetrahydro-2-methyl-furan
(1.19~52.19% ratio), 1,2-ethanediol (52.83~95.84% ratio). In case of manufacturer, manufactured ink was able
to discriminate between Japan and Korea by distinct characteristics (Japan: 1,2-ethanediol, 52.83~95.84%, Korea:
1,2-propanediol, 76.17~93.51%). The results of this study indicated that distinct characteristic about manufacturers
and brands could make a classifring tool of inks for identification of between gel pen inks.
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Table 1. List of black gel pens

Sample No. Country Manufacture Pen name
GP 1 Korea Dong-A Jellzone
GP 2 3-Zero
GP 3 Miffy
GP 4 Jellitto
GP 5 MonAmi N.Jell
GP 6 Jell-Line
GP 7 Evergreen.265
GP 8 Tixjell
GP 9 JELLER502
GP 10  Japan Pentel ENERGEL
GP 11 HybridGelGsipFine
GP 12 Hybrid Gel Gsip Dx
GP 13 ZEBRA SARASA
GP 14 SAKURA GELLY ROLL FINE
GP 15 Germany STAEDTLER triplusgel-liner

GP 16 Gelion
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Table 2. Analytical conditions of HS-SPME GC/MS for
determination of VOCs in black gel pen ink catridge

GC Info. Simadzu 2010
DB-624 (60 mx0.32 mml.D,

Column 1.8 umd)
50 °C (3 min) - 10 °C/min -250 °C
Oven Program (5 min)
Inlet Temp. 230 °C
Carrier Gas He at a constant flow of 1 mL/min
Inlet Mode split (25:1)
Detector MSD(EI)
Mass range 35~500 amu
Acquisition Rate 20 spectra/sec
Ionization energy 70 eV
Ion Source Temperature 230 °C

SPME Headspace sampler

75 pm Carboxen™ - polydimethyl-

SPME fiber siloxane(PDMS)
Extraction time 20 min
Extraction Temperature 90 °C

Sample volume 100 pL
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acid, dimethoxymethy-silane, 2,2-dimethoxybutane, tetra-
hydro-2-methyl-furan, 1,2-ethanediol, silicic acid (tetra-
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ethyl-3-hexanol, 1,1-dipropoxy-propane, 2-butoxy-ethanol,
2,2-oxybisethanol, 1-butyl-benzene, 2-pyrrolidinone, 2-
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Fig. 1. Total ion chromatogram of VOCs obtained by HP-SPME GC/MS.
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Table 3. The identified VOCs in black gel pen ink catridge
Samples No. Korea Japan Germany
Dong-A MonAmi Pentel zebra sakura  staedtler
Component GPl GP2 GP3 GP4 GP5 GP6 GP7 GP8 GP9 GP10GP11 GP12 GP13 GP14 GP15GP16
Isopropylalcohol 931 - - - - - - - - - - - - - - -
2-Methyl-2-propanol - - - - - - - - - - - - - - 244 -
2-Butanone - 222 066 0.83 992 - 9.68 536 423 - - 029 2.02 0.6 0.72 943
Hydrazinecarbothioamide - 2.43 - - - - 1159 - - - - - - - 073 7.24
Benzeneacetic acid
(ethyl ester) - - - 083 836 - - - 39 - - - - - - -
Benzeneacetic acid - - - - - - - - - - - - - 075 - -
Dimethoxymethyl-silane - - - - - - - 55 - - - - - - - -

2,2-Dimethoxybutane 20.9510.04 3.2 4.15

34.4847.8141.2718.79 15.14

19.5 147 127 895 3.02 3.02 13.68

Tetrahydro-2-methyl-furan - 221 1.53 1.19 18.8652.1922.8213.68 13.39 27.6722.56 1.26 7.75 1.74 1.6 19.62
1,2-Ethanediol - - - - 121 - - 15.5520.26 52.8362.7395.84 81.28 80.78 10.0612.38
Silicic acid 273 11 1.08 1817 - 146311421299 - - - - - 305 -
(tetramethyl ester)
1,2-Propanediol - 80.3793.5176.17 - - - - - - - - - - 78.3737.65
Propyleneglycol 69.74 - - - - - - - - - - - - - - -
3-Ethyl-3-hexanol - - - 07 - - - - - - - - - - - -
1,1-Dipropoxy-propane - - - - - - - - - - - - - 033 - -
2-Butoxy-ethanol - - - - - - - - - - - - - 1076 - -
2,2'-Oxybisethanol - - - - - - - 203321.76 - - 101 - 202 - -
1-Butyl-benzene - - - - - - - - - - - 035 - - - -
2-Pyrrolidinone - - - 1506 - - - - - - - - - - - -
2-(2-Butoxyethoxy)-ethanol - - - - - - - 938 827 - - - - - - -
Total (%) 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
A2 165 A4 ZE ABNM HEHAJLH tetra-  GP)F EU4F 2F(GP15, GP16)A HEEH ] oH

hydro-2-methyl-furan®] 749 1.19~52.19%% GP1<
A L3k 1552 A& AZ5 AT}, 2-butanone?]
A% 029~9.92%2] W E GPl, GP69| Ak A8
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GP4oM = AZHA LRy BUAE 5 F 3
Z(GP5, GP8, GP9)ollM AZEHE 548 AT +
A}k 2 dEAE A E 55(GP10, GP11, GP12,
GP13, GP14)3} ZUAt 23 (GP15, GP16)d = 25
AEHI 53] &2 A9 52.83~95.84%2] W9
2 22 HES AATS & 5 AU silicic acid
(tetramethyl ester)2] 7-%- 1.1~18.17%2] W= dh=F
A 9% F 7E(GP2, GP3, GP4, GP5, GP7, GP8
GP9)ll A HEHNLH HUA 15(GP15)IA 7

Helow dENAME AEFHA ¥ 12
propanediol®] 73-%-, SF=A4t FolAE 3% (GP2, GP3,

53] =t FobAlEe] A 76.17-93.51%]
2 22 3888 39T £ JA). ES sEA
GP19X = propyleneglycol®] 69.74%=Z &=L
isopropylalcohol®] 9.31%% &=L T-EA 80 =
AZEHA 23Ut} 2-pyrrolidinone®] 73-¢- =AM AlF
GP4l A R 15.06%= 72 3L 2-(2-butoxyethoxy)-
ethanol> =4k GP8F GP9°] Rulw|A|FoA =t 7
St EAF sakuraA EF9 G TrEA R E=
HAE5A &g+ 1,1-dipropoxy-propane3} 2-butoxy-
ethanol°o] AEHE Z2& &1 5 UATH

w9

Analytical Science & Technology



HS-SPME GC/MSE o8-8 Al =1.9] 307 A& 427
Table 4. Clustering history of the relationship between gel pen groups and detected VOCs
Components Cluster Group 1 Group 2 Group 3 Group 4
Isopropylalcohol 9.31 - - -
2-Methyl-2-propanol - 0.61 0.41 -
2-Butanone - 1.11 4.42 0.58
Hydrazinecarbothioamide - 0.79 2.05 -
Benzeneacetic acid(ethyl ester) - 0.21 1.53 -
Benzeneacetic acid - - - 0.15
dimethoxymethy-silane, - - 0.92 -
2,2-dimethoxybutane 20.95 5.10 24.92 9.49
Tetrahydro-2-methyl-furan - 1.63 18.39 12.20
1,2-Ethanediol - 2.52 597 74.69
Silicic acid(tetramethyl ester) - 1.99 8.06 -
1,2-propanediol - 82.11 25.76 -
Propyleneglycol 69.74 - - -
3-ethyl-3-hexanol - 0.18 0.12 -
1,1-dipropoxy-propane - - - 0.07
2-butoxy-ethanol, - - - 2.15
2,2"-oxybisethanol - - 3.39 0.61
1-Butyl-benzene - - - 0.07
2-Pyrrolidinone - 3.77 2.51 -
2-(2-Butoxyethoxy)-ethanol - - 1.56 -
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Fig. 2. Dendrogram showing the relationship between gel

pen groups and detected VOCs using the modified
hieradical cluster method (nearest neighbor, euclidean
distance).
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Fig. 3. Clustering history of the relationship between gel pen
groups and detected VOCs using PCA analysis.
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