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The Analysis on the VOC, Contents and
Ozone Production Contribution of A Marine Paint in Korea
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Abstract

In this research, a few paints in the shipyard were selected and analyzed for the component and ozone production
in marine paint using TVOC and GC/FID, ozone generation index (MIR, POCP) to establish measures of VOC; ef-
fectively. The concentrations of TVOC ranged between approximately 300 ~400 g/L. and 400 ~ 500 g/L, respecti-
vely and these showed 37% of whole. Our results indicated that the main constituents of marine paints were m,p,o0-
xylene (49%), ethyl benzene (10%), toluene (8%) and 2-propanol (5%). It was also found that xylene concentration
have relatively higher impact on ozone generation. The types of paints were also investigated for their potentials.
The biggest contributor was the 1 Pack Finish paint. The rest is, in their contributing order, 1 Pack Finish paint, 2
pack Finish paint, Anti-fouling paint, 2 Pack A/C paint, Ballast paint and 1 Pack A/C paint.
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Table 1. A category of paint products and the number of
products.

Classification Number of products

Anti-fouling 6
1 Pack A/C 3
2 Pack A/C 8
1 Pack Finish 2
2 Pack Finish 7
Ballast 4

*All paint products was dilute with thinner
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Table 2. A list of target standard compounds.

Molecular formula RRF

No. Name of compounds

1?9/ Benzene CeHg 2.81
241 Chloroform CHCl, 0.13
3% n-Hexane C¢H,, 2.06

4% 2-propanol
5% Methyl ethyl ketone

C,HO[(CH;)CHOHCH;,] 2.05
C,H;O[CH:COCH,CH,]  1.80

6" Dichloromethane CH,Cl, 1.42

74 1,1,1-Trichloroethane  C,H;Cl, 0.46

8" Trichloroethylene C,HCl, 4.75

9% Ethyl benzene CsH, 0.75
10Y  Toluene C,Hg 0.82
117 Tetrachloroethylene C,Cl, 5.49
12*) o-Xylene CsH, 0.94
13 m-Xylene CsHy 0.99
149 p-Xylene CsHy 0.98
15 n-Butyl alcohol C,H,,0 1.22
16 PGMEA CoH,,05 1.80
17 MIBK C.H,,0 1.16
18  n-Butyl acetate C¢H,,0, 1.50
19  Ethyl acetate C,H;0, 2.24
20" Isopropyl benzene CoH, 7.06
21°" octane CgH g 0.87
22" nonane CoHy, 0.90
23" decane CoH,, 1.16
24" undecane C,H,, 1.64
25" dodecane C,Hy 5.26
26" 1-methoxy-2-propanol  C4H;,0, 2.16
27°"  Methyl methacrylate  CsHgO, 1.51
28" isobutanol C,H,,0 2.39
29°1  ethyl alcohol C,HO 4.16
30°  n-Butyl acrylate C,H,,0, 1.46
31°" M-Pyrol CsH,NO 7.83

“Designated VOC, by Ministry of Environment

®IThe compounds which has response factor (EPA published Response
Factors)

*PGMEA: Propylene glycol monomethyl ether acetate

*MIBK: Methyl isobutyl ketone

*M-Pyrol: 1-methyl-2-pyrrolidinone
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Table 3. GC analysis condition.

U A £R9) VOC, FHEE 8 eEAY| G Ee B AT 571

Device name 6890 N
Inlet tem. 230°C
Split ratio 1:20
Injection amount TuL
Initial tem. 50°C
Isothermal fixed time 11 min.
GC/ Heating rate © 6°C/min.
FID Oven tem Final tem. O 150°C
: Isothermal fixed time @ 10 min.
Heating rate @ 10°C/min.
Final tem. @ 210°C
Isothermal fixed time @ 10 min.
Detector tem. 250°C
Carrier gas He
Device name 7890 A
Inlet tem. 230°C
Split ratio 1:5
Injection amount lulL
Ge/ Initial tem. ' 50°C
MS Isothermal fixed time 7 min.
Oven tem. Heating rate © 6°C/min.
Final tem. 210°C
Isothermal fixed time @ 20 min.
Detector tem. 250°C
Carrier gas He

*tem.: temperature
*Column: DB-624 (30.0 m x 250 um % 1.40)
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Table 4. The summary of marine paint analysis.

VOC, W/O 14
189.1+260.2

VOCs Quantity (g/L)
>_VOC (14 type)

TVOC
419.1£50.0
347.8~467.7
399.6+16.4

388.4~418.5

Water
(%)

Non-volatile
(%)

Specific gravity
(g/mL)

’15 VOC,
legal standard

Number of

products

Classification

15.2~704.0
138.0£68.0

15.0~282.5

155.5+£88.4
85.8+43.9

2.99+2.66
0.19~6.82
1.57+1.14
0.26~2.24
0.54+0.63
0.19~2.07
0.13£0.03
0.11~0.14
0.36£0.06
0.28~0.43

0.34+0.14
0.14~0.46

68.99+£5.78

62.36~79.21

1.24~1.86"

1.53+0.23
1.23+0.07

500

Anti-fouling

88.5~215.6
91.6+64.2

48.2~134.0
186.4+124.7

66.04+7.02
64.93 ~68.06
70.21£10.79

54.47~85.21

1.19~1.32

1.33+0.14
1.11~1.48

1.06+0.12
097~1.14

550

1 Pack A/C

19.1~172.2

160.5+£106.9

29.0~355.3

408.0£113.5
327.8~488.3

384.0+100.9
216.5~501.1

550

2 Pack A/C

84.9~236.0
113.2+£105.9

592.7+£36.3

567.0~618.4

43.53+3.05
41.37~45.68

66.42+7.31

500

1 Pack Finish

33.2~331.8

75.2~276.6

199.9+79.4
160.7+£26.7
138.7~194.1

421.3£68.6

315.9~514.0
393.44+130.2
291.0~583.8

56.07~78.03
69.00£6.90
52.30~77.66

1.28+0.09
1.18~1.47

1.30+0.10

500

2 Pack Finish

91.0£51.2
46.0~158.8

1.21~1.44

400

Ballast

aMean + SD, "Min ~ Max
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Fig. 1. The comparison of average VOC, content of tested paints.
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Fig. 2. The distribution of individual components in marine paints.
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Fig. 3. The variation of generated O; with TVOC contents in tested marine paints (line: VOC, legal standard).
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Table 5. The calculated O; generation of VOC; in marine paints by ozone generation index.

O, generation (g - O;/g - VOC)

Classification TVOC (g/L)
MIR POCP
Anti-foulin 419.1450.04 1,520.0+514.4 24,373.8+8,695.2
) & 347.8~467.7" 1,074.9~2,529.0 13,533.6~35,838.3
1 Pack A/C 399.6+16.4 774.0+341.4 14,722.4+6,062.8
388.4~418.5 446.4~1,245.0 9,541.3~23,229.3
384.0+100.9 1,366.9+835.1 19,746.3+11,594.6
2 Pack AIC 216.5~501.1 324.8~2,660.3 4,846.4~37,261.0
| Pack Finish 592.7+36.3 4,013.5+1,285.9 51,702.6+14,512.3
567.0~618.4 2,727.6~5,299.3 37,190.3~66,214.9
2 Pack Finish 421.3+68.6 1,625.8 +429.9 25,130.8+7,826.5
315.9~514.0 718.9~2,156.6 9,484.3~32,568.1
Ballast 393.44+130.2 1,446.5+190.2 20,645.9+2,299.1
291.0~583.8 1,219.1~1,685.0 17,239.1 ~23,515.2

‘IMean + SD, *’Min ~ Max
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