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Abstract: Recently, candles have been widely used to create a romantic atmosphere and to heat tea. In this
study, a small combustion chamber for candle was designed using an 0.008 m® bell jar. The emission factors
of combustion products were then measured. The combustion chamber includes a glass dish, which prevents
candle flame from affecting the composition of the gas emitted through the exhaust outlet. The outlet in the
combustion chamber was designed as a cone shape, and it was lengthened to prevent flow from the outside,
which could affect the homogeneous composition of the exhaust gas. The temperature at the outlet of the chamber
was 34 °C~41 °C. The major combustion products of the candle, such as such aldehydes and acids, contained
oxygen. The mass specific emission rates of benzene, toluene, ethylbenzene, and TVOC were 0.04 pg/g, 0.01 ng/
g, 0.02 ng/g, and 3.81, respectively. The mass specific emission rates of formaldehyde, acetaldehyde and benzaldehyde
were 4.48 pg/g, 1.09 pg/g, and 0.67 ng/g, respectively. Considering the different compositions of the candle samples,
their mass specific emission rates were similar to those obtained by using a large chamber 0.17 m*~50 m’ in size.
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Fig. 1. Schematic diagram of 8 L bell jar.
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Table 1. Analytical conditions of TD-GC/MS

Table 2. Analytical conditions of HPLC

TD (ATD 50, Perkin Elmer, USA) HPLC Waters, module 1

Tube desorption 300 °C for 10 min, 45 mL/min (N, gas) Detector UV/vis 360 nm

Cold trap temp. -30 °C Apollo C18, 250 mm x 4.6 mm, 5 pm
. . Column .

Trap desorption 320 °C (15 min) particle (Alltech)

Transfer line temp. 200 °C Flow rate 1.0 mL/min

i i Mobile phase ACN:Water(65:35

Split ﬂ(?W during Trap 20 mL/min ool p ( )

desorption Injection volume 20 pL

Split ratio 20:1

GC/MS (QP-2010, Shimadzu Japan)
ZB-IMS (60 m x 0.25 mm LD., 0.25

Column pm film, Phenomenex, USA)

Carrier Gas He, 1.06 mL/min

Oven temp 40°C(5 min)ﬁ7 0C/minﬁ2‘50 °C—
10 °C/min—300 °C (10 min)

Ion source temp. 200 °C

Interface temp. 270 °C

lonization EI 70 ev

Y 7k2)E 80 mL/min o] FHS=E
S Table 19] A 89 U3 EAxA0=R
2gstath ol 2 dol AHgFde AHAF=
0.9997 ©]itt.
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Table 3. Distribution of temperature at each points of
combustion chamber

Temperature (°C)

Site
Type 19 Type 2% Type 39

1 30.3+0.01 41.8+0.02 62.910.06
2 22.1+£0.03 36.4%+0.01 44.0£0.02

A 3 154.9+0.14  45.8+0.02 59.3£0.02
4 187.2£0.52 - -
5 27.5£0.03 48.4%+0.05 56.2£0.02
6 20.8£0.05 49.5+0.02 48.2+0.02
1 77.8£0.19  26.7£0.07  42.9£0.05
2 115.4£026 29.9%+0.08 44.7£0.05

B 3 128.7£0.20  36.3+0.08 55.2£0.05
4 104.5+£048 12.9+0.19 36.5£0.03
5 13452020 33.2+0.10 48.31+0.08
1 - - 34.5+0.04
2 - - 37.7£0.03

C 3 - - 40.91+0.04
4 - - 37.4£0.02
5 - - 38.4£0.06

a)Type 1; 0.008 m? bell jar only, b) Type 2; glass dish is installed
in 0.008 m? bell jar, c) Type 3; glass dish is installed in 0.008 m?
bell jar and lengthened exhaust oulet
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Table 4. Effect of glass dish in the combustion products

Concentration (ug/m®)

Compound
Without glass dish With glass dish
Benzaldehyde 1.47 £ 0.74 16.66 £ 0.71
Benzonitrile 1.03 + 0.40 7.96 + 0.45
Benzoic acid 0.14 £ 0.20 20.28 + 4.41
Phenylpropiolic acid 29495 + 100.20  19.48 + 3.87
Phenylmaleic anhydride ~— 2.21 + 0.25 30.73 = 3.03




242

Hyung-Jin Lim and Man-Goo Kim

Table 5. TVOC and High rank concentration compound of 5 site in bell jar

Concentration (ug/m’)

Outlet Site

Phenylmaleic

Benzaldehyde Benzonitrile Benzoic acid . TVOC
anhydride

Lower side of center (B-1) 16.71 8.23 22.26 31.55 90.74
Upper side of center (A-2) 16.63 8.30 21.63 32.39 92.27
Center (A-3) 17.87 8.45 26.98 34.13 100.96
Left side of center (A-4) 15.60 7.28 14.86 26.32 72.49
Right side of center (A-5) 16.48 7.56 15.69 29.25 77.95
Average 16.66+0.71 7.96+0.45 20.28+t4.41 30.73+2.65 86.88£10.08
RSD, (%) 4.86 6.44 24.78 9.85 13.24
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Fig. 4. TIC of combustion gas sampled at the A-3 site. 1;
benzene, 2; toluene, 3; ethylbenzene, 4; benzaldehyde,
5; benzonitrile, 6; benzoicacid, 7; phenylmaleic
anhydride, 8; 2-Phenylbenzoquinone.

Table 6. Volatile organic compound concentration of candle
combustion products

RT Concentration

No. (min.) Compound (ng/m’)
1 9.86 Benzene 1.06+0.21
2 13.40 Toluene 0.18+0.04
3 16.86 Ethyl benzene 0.4610.06
4 18.69 Benzaldehyde 16.66+0.71
5 19.14 Benzonitrile 7.96+0.45
6 23.30 Benzoic acid 20.28+4.41
7 30.57 Phenylmaleic anhydride 30.73+2.65
8 32.20 2-Phenyl benzoquinone 50.22+9.99

Analytical Science & Technology



Evaluation of the combustion chamber for burning candle and measuring the emission factor of its’ combustion products 243

tso] A S AT 1A =
FAAARF7IEZEQ] WA, BF, dduzle] Ay ¥
715 BEFEE ZH7ZF 30 pg/m®, 1000 pg/m’, 360
pg/m’® o] th18 ofof] H]&] o] Ao ALE-SH A4
Al Aagh FxoA At davk: F 7 EEE
o] -+ Z+7} 1.06+0.21, 0.18+0.04, 0.46+0.06 pg/
m’o 2 FelFEd vty g FFoly, HEE
A o]9lo] WizdHslo|=, Wizo|EY 2 wlxAE
o BE 16.66+0.71, 7.96£0.45, 20.28+4.41 pg/ml
HistedA 108 A= 2 F=5 Vel I H

ug/m’, o E
U sto] == 25.7142.28 pg/m’, oL EH Q+obAH E
& 1.64+044 pg/m’, HELE|Eo|=E 10.89+2.16
ngm’o 2 Edeslol =7t 7 & BEE U
o AAE AXYAHE FA ELdste] =71 vOC

Table 7. Aldehyde concentration of candle combustion products

Compound Concentration (pg/m?)
Formaldehyde 105.76+6.81
Acetaldehyde 25.711£2.28
Acrolein+Acetone 1.6410.44
Butyraldehyde 10.89£2.16
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E4oe WA, S5, Aldiido] Zhzt 0.04 pgg,
0.01 pg/g, 0.02 pg/gS = vebstth WA, EF<3t o
guilAl o] A utEE T = Marco Derudi 5(2014)

Table 8. Comparison among emission factors measured for different chambers

Reference This work M. Derudi'® M. Derudi®  Okometric Study®®  F. Maupetit'®

Chamber size 0.008 m? 0.17 m? 0.17 m? 50 m? 323 m?
B 0.04 0.13 0.02~0.37 ND <1.00
T 0.01 0.23 0.03~0.46 <1.00
EB 0.02 0.02~0.11 <1.00

Emission factor X 0.04 0.05~0.16
(ng/g) TVOC 3.81 5.36

FA 448 291 1.09 7.09~141.30
AA 1.09 1.12 0.38 1.77~8.48
BZA 0.67 0.55 0.00~11.30

B; Benzene, T; Toluene, EB; Ethyl benzene, X; Xylene, TVOC; Total volatile organic compound, FA; Formaldehyde, AA; Acetaldehyde,

BZA; Benzaldehyde
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2 Maupetit (2009)2] 32.3 m?
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