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Formaldehyde Emission of Building Materials and
Effect of Carbonized Board on Their Reduction'
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ABSTRACT

This study was carried out to investigate the formaldehyde emission of building materials and effect of carbon-
ized-board (c-board) on formaldehyde reduction using a chamber method. As a result, reduction performance of form-
aldehyde was in the order of c-board (90%), c-bamboo board (84%), diatomite-based panel (82%), allophane-based
tile (78%), Pinus densiflora timber (58%), MDF (54%) and gypsum-based board (46%) for approximately 12 days. In
1.9 m® chamber filled with particleboard (PB), the formaldehyde reduction performance of c-board was significantly
increased with increasing input amount of c-board for 68 days. In particular, the formaldehyde emissions can be re-
duced above 40% and 75% by input rate of 10% and 30% c-board, respectively, in given ratio of chamber volume
and PB area.
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Table 1. Sample information

% geuso] gk A7 A

Materials Features Sample codes
Wood timber oven-dried Pinus densiflora timber Wood
MDF commercial MDF (EO grade) made by UF resin MDF
c-board carbonized at 800C using commercial MDF c-board
c-bamboo board carbonized bamboo with volcanic stone and binder c-bamboo
Reference board diatomite with slaked lime and natural pulp Ref. 1
gypsum with cement Ref. 2
mainly volcanic ash soil (allophane) Ref. 3

Wood MDF

Fig. 1. Surface appearances of each sample.
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Table 2. Experimental information for long-term formaldehyde adsorption test

PBs in chamber

c-boards in chamber

c-boards input rate (%)

Chamber Number Area Number Area Against to chamber Against to
(ca) (m’) (ea) (m?) volume PBs area
1 16 2.56 - - - -
2 " 1 0.05 29 2.2
3 " 3 0.16 8.7 6.5
4 5 0.27 14.5 10.8
5 10 0.55 29.1 21.6

\,
AN

¢ %“"
9 Yy

36
i
Samples Sample holder
i
\‘-.\ Internal duct —»_ ¢ &
I ———

Stirring fan

Airflow in chamber

Fig. 2. Schematic diagram of apparatus for short-term formaldehyde adsorption test. A. air control unit; B. std.
gas mixing unit; C. sampling pump; D. clean air generator; E. 20 ¢ chamber; F. laminar flow unit; G. fan; H.

magnetic stirrer I. thermostatic incubator.
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Fig. 3. Appearances of each chamber for long-term formaldehyde adsorption test.
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Fig. 4. Short-term formaldehyde emission (A) and adsorption (B) of each wooden building material.
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Fig. 5. Long-term formaldehyde emission (A) and adsorption (B) of particleboards filled chamber and its effect

of c-boards input amount.

3} 5 oF 80%9] FAdstolE 2 A 2 A
o g¥A glo] B Aue §AE £HE Lehy

TH(Watanabe et al., 2005). $FH UHt MDF= 54%
Zo| BATsiol= FAEE Uehyort ol g

shek A9 22 A5 oF 90%71A A FEEA
<tll, o= g3t os) MDF7} thad i 25
7427 BoBM(Lee et al., 2016) |5 Wklof =AY
she HAIZIEe B 2 sehy A Aol S

Eel7] lEog HAus 4= Qith Lee et al. (2007)
o Beh ul Bet ol wEpe § Heh) A4
Ao EetrstolE A 5S Boke A, B
Slol= A7 oF 80~90% o] Ao BES Ty
342 oo Aoo] g 3] oA} =o AoE HI
sk ole. E BAAR ©EI|EE o 8T thE
ATolAE MDF A=Al A2 S ol 6%o]

1__0

e vgE TGS Wt BEstols Su
2 of 3%rkA] FaAd 4 Gk Ao Hushm

) th(Darmawan et al., 2010).
32, ESIHE0| ZY| SUHS|E X ds

Fig. 5% PBR #9121 19 m’ 27]9] 4w v 5o
iR g 717k, 1, 3, 5, 100 E5te] &ddg|s}
o= WEWA) B 1 FHEB)E 68U BT KL
2 ZARSE Aotk PBERE Y7 e YRe=

au)

Zogslol= H%7} 1.61 ppm7HA] &
Ad & A 68d At _roﬂ—t— 1.20
Aasigrh. Teh SEHES o 1o
st Sl Base Sqlh e
%ol wlsl Hat oF 10% 7r2dko] 68U At Foj
= Edtste|l= =71 1.08 ppme] $=X|& YERH
o £ gehuso] Relagol Z7Ko] uket B
stol= it 27 gastel 10d) 5909 49 3
o 68%2] FAHSlo|EE FAE & 9= A
2 Yepgth. Park ef al. (2016)2 PB 2 MDF] 3
ddstols WEFE TE 24 Blud A
PB+= ¢F 5.03 mg/¢(= 0.70 ppm)2] Zdd|sto|=&
F=31 HhH, MDF+= ¢F 1.15 mg/¢ (= 0.16 ppm)E
%3t 202 Rusly k. Brown (1999) E3+
]

Ell-M o o

ol 2704 PB:= MDF Xt} oF 1.3u] o]Are] &
|slol =g W& AoR Huska gt g
(2016)> PBS} MDFZ 600°C ol 4] gta}s}
- $eE vt A3, =3 MDF7)
Lrehd

A

12 off o o

in}

Lee et al.

°l&9|
Bt PB wck o L7 019l & s
Ao EJ_o}jl = O]g} Zro] EAw

frefl=d e

5
=]

_9,

— 332 —



AZA R Eestol= u

80
2 y = 3.0067x + 11.441
Q R?z=0.971
o
c 60
i<l
B
2 y = 2.2315x + 11.441
o 40 | R2=0.971
0]
k]
S
=
[
i
© 20
E -8 against to particleboards area
o
L -O- against to a chamber volume
0 1
0 5 10 15 20 25 30

c-boards input rate (%)

Fig. 6. Correlation between c-boards input rate and
formaldehyde reduction rate.

Kol whet Bovjstol= AuEL A
A% tehyon], 2 2440 R 2
HE 09712 e ueh Eat el
MDFS] Sjol 4 PB oy €5 MDFS| F2lulg,
w) o] S} MDFO] FJul&7k] pvalueks oF
0.0152 mj< Lk 22322 Uehfjo] €3} MDFe] &
o) Amol FATsol= A7 A onlE A

o

oo
[e)
-

Mo

1_.0

BAE Hehdls Ao ZAE I oheba] & ﬁﬂf
g B3l A =7 4 PB 9H iy weiRs
oF 10% FAT 3¢ Fdulsto| == oF 38% 17;

2 & glon ERREE oF 30% E=QIsthH o
75% ol ¥o ulgE EUTdtol=g A

=
T AOR o dHt.

[o) Ko
nn )

=]

2 E

AL 24F AZARY BerE|stol=
& Wk, Gepacel £l o

<2 Uehsion, 23 W) el

= 7% olie] EUUSolES A%
Ao Uehith 53] & Q75 £
7o) 27] 9 7leh SRR E] AA|sH

9 iR e ofFt Azt wu}

o] EEhREo) Rol gl weh o yEs
Eolystol= A7k wvte] dhgt ool a7t
woickn ghaEich weba Augsldel A4
ZU0717] e Ao BUA ASA R B
Ho WS Atk oJnlE Hxn, o7t &
A%E WgARe) HES 9% $§ AT 5
Hojof & RO AzHL

in)
ol

[T rln Bt o v ofy rﬂ

REFERENCES

Arts, J.H.E., Rennen, M.A.]., Heer, C. 2006. Inhaled
formaldehyde: Evaluation of sensory irritation in
relation to carcinogenicity. Regulatory Toxicology
and Pharmacology 44: 144-160.

Brown, S.K.
aldehyde and VOC emissions from wood-based
panels. Indoor Air 9: 209-215.

Casset, A., Marchand, C., Purohit, A., Calve, S.,
Uring-Lambert, B., Donnay, C., Meyer, P., Blay,
F. 2006. Inhaled formaldehyde exposure: Effect
on bronchial response to mite allergen in sensi-
tized asthma patients. Allergy 61: 1344-1350.

Darmawan, S., Sofyan, K., Pari, G., Sugiyanto, K. 2010.

Effect of activated charcoal addition on form-

1999. Chamber assessment of form-

aldehyde emission of medium density fiberboard.
Journal of Forestry Research 7(2): 100-111.

Ferdosian, F., Pan, Z., Gao, G., Zhao, B. 2017.
Bio-based adhesives and evaluation for wood
composite application. Polymers 9(2): 70.

Im, D.-H., Chu, Y.-S., Song, H., Lee, J.-K. 2009.
Formaldehyde adsorption and physical character-
istics of hydrothermal reacted panels using po-
rous materials. Journal of the Korean Ceramic
Society 46(6): 627-632.

— 333 —



A - o] 1l

Ingrosso, G. 2002. Free radical chemistry and its

concern with indoor air quality: an open
problem. Microchemical Journal 73: 221-236.

JIS A 1901. 2015. Determination of the emission of
volatile organic compounds and aldehydes by

Small

Standard (JIS),
Standards Association, Tokyo.

Kim, H.-J., Song, K.-D., Lee, Y.-G. 2008. A study

of mock up test for reduction of HCHO using

building  products- chamber method.

Japanese Industrial Japanese

the functional gypsum board. Korean Journal of
Air-Conditioning and Refrigeration Engineering
20(12): 814-819.

Korea Ministry of Environment. 2004; 2017. Indoor air
quality control in public use facilities, etc. act.

KS F 2612. 2011. Performance test for evaluating
the reduction of formaldehyde concentrations by
sorptive building materials. Korea Standards
Association, Seoul, Republic of Korea.

Lee, H.-Y., Park, S.-B., Park, J.-Y., Lee S.-M. 2007.
Emission characteristics of volatile organic com-
pounds by finishing in a newly constructed
wooden house. Journal of The Korean Wood
Science and Technology 35(6): 83-90.

Lee, M., Kang, E.-C., Lee, S.-M. 2016. Evaluation of
anti-sapstain activity of rice powder adhesives modi-
fied with wood preservatives. Journal of The Korean
Wood Science and Technology 44(6): 872-879.

Lee, M., Park, S.-B., Byeon, H.-S., 2014a. Sound ab-
sorption and physical properties of carbonized fi-
berboards with three different densities. Journal
of The Korean Wood Science and Technology
42(5): 555-562.

Lee, M., Park, S.-B., Byeon, H.-S., Kim, J.-I. 2014b.
Developing of

sound absorption composite

boards using carbonized medium density
fiberboard. Journal of The Korean Wood Science

and Technology 42(6): 714-722.

- o]AY

A - u

Lee, M., Park, S.-B., Lee, S.-M. 2016. Comparison
of moisture absorption/desorption properties of
carbonized boards made from wood-based
panels. Journal of The Korean Wood Science
and Technology 44(3): 424-429.

Lee, O.-K., Choi, J.-W., Jo, T.-S., Paik, K.-H. 2007.
Adsorption of formaldehyde by wood char-
coal-based building materials. Journal of The Korean
Wood Science and Technology 35(3): 61-69.

Oh, S.-W., Park, S.-B., Kim, J.-I., Hwang, J.-W.
2013. Effect of carbonization temperature on the
thermal conductivity and electric properties of
carbonized boards. Journal of The Korean Wood
Science and Technology 41(1): 58-63.

Park, B.-D., Kang, E.-C., Lee, S.-M., Park, J.-Y.
2016. Formaldehyde emission of wood-based
composite panels with different surface lami-
nation materials using desiccator method. Journal
of The Korean Wood Science and Technology
44(4): 600-606.

Park, S.-B. 2007. Charcoal board absorbing harmful VOC
using wood-based panel and manufacturing method
thereof. Korea Patent. No. 10-07765450000.

Park, S.-B., Lee, M., Son, D.-W., Lee, S.-M., Kim, J.-I.
2014. Fire performance of carbonized medium
density fiberboard manufactured at different
temperatures. Journal of Wood Science 60: 74-79.

Park, S.-B., Lee, S.-M., Park, J.-Y., Lee, S.-H. 2009.
Manufacture of crack-free carbonized board from
fiberboard. Journal of The Korean Wood Science
and Technology 37(4): 293-299.

Watanabe, O., Fukumizu, H., Ishida, H. 2005. Effect
on reduction of harmful substances by using po-
rous material with meso-pores. Tokyo, Japan,

of 4th

Environmentally Conscious Design and Inverse

Proc. International Symposium on

Manufacturing, pp. 143-144.

— 334 —





