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Released from Plywood in an Environmental Test Room
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2.1 BRERBEOXEELER
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Table 1. S a7 e FEBERSBRES LUNEROH FE

Materials used for the test room
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heater 9. % humidifier
R sensor for temperature recording af outside

sensor for hunddity recording at outside
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sensor for humidity control

temperature and humidity recorder
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T 1 ppm) EUE ®%®3ﬁa5myzm&@%@zm,mmy1h,@@uzm
Chbe CWHDS B, GREYA, CL C

LisbDTH 4, £ Bl, B2, Ba® 3L, 4

S & 9 v & LT
COMBDIDI, Ly F 77 VEEHD
% Table 2124

al L o W 7/7n y 70 L YL:{

EIBC 2485 Uic b D D — D il

(3lemX3lem) OB 2 (Bemxbem 108 LTlEL (Fvr—

TR LI, 722, B2 3Rk ETH B,

fRT 56

2.

YA, REE240mm OF Vi B 300 mi

Table 2 # = & H
Detail of plywoods tested

; ‘ | | N »
. A B | B2 B3 . C ok D
1 i
A o A B B B
B AR B 3. 2 72.12,8 '78.1.17 | 731,17
5 W v by B 1w b e V
i i # 50w Sy 5w
B X (mm) 3.0 2.5 2.5 2.5
& KB () 9, 2~10.4]  9~~10 | 10,5~11 | 10, 5~11
% Bl i i it
v ”f 9~--{Lz,< 0.70 0.05 4.3 0,53 6.0 12.0 16. 6
i \
(o. ur) (u u°) {:%) (3 a) (}3.6) (15 v)
- . v be O f
0. 84 0. 06 \4 o/ 8.1 10. 3 17.8
e 0.68Mm | . B,
o OB nil . L\/ 79 fi #1A H
e wi e L24mMm |y
o7 BLO#E moc. < 7% il = HE A
240 - -
. — 250
A .
) 0 B -
% # (D) — 15
7N # i 50 50 50
o wx 35 45 40
Plowm o owm 5 1.5 1.5
i (g/(3ocm)® 27 29,5 29
a - ¥ 2 (Bkglom®) 30min. 23min. 25min,
dow P A (LW0kglem®)  120%Ceosec. [120°CoSsec. [120°Cé0sec,

*1 Mark of plywood.
*2  Formaldehyde concentration in water by desiccator method (Desiccator value).
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SHRBE(C) = ¢ X2.07(ppm)
BB B L BRIC 2 BOBRIRE L, PBEE & - THERE Lz,

5. R BENELIBFEORTEELME
THROORBEOFHE
4. OFEBTE, 30°C, 80 B RH ORMFTOLRPEEL B Licss, 0 £KEDAOE - BETO
RPBEA 30°C, 80% RH TOMEMED DHET 5 2 LARL B2, ROK S HERE L,

Foh =2 5T Emgl Wit & B s 4 % 2 v 2 PHEGEESENA O DEAE 12 585
&%K%ﬁb,ﬁ»@%%&%%mhw,%%K&fmmwﬁ,fn¢%wm%a+wa;w7tr@&
----- PR U EBD N ARET, SORMEBEAEE L, & SEHIRE (S8 @%0.2V) T

g, Zlesdicfi - BEOHME 22.4~30°C, 4~80% RH T4 %,

6 ABERLER

6.1 30°C, 80% RH {Ch(F 25 hilti

BRI E Table 3 IWR Uy 2 ORERD SO HEAB T2 2 ROE BV TH S,

(1 —BOPSNED 255 WIEOREBE & &I SrhEEIRIET 2,

(2 : JiC A F SRR N R

®) FHr—s—Eick ﬁﬁw,%%ﬁ@%ﬁ%@fﬁ%%ﬁ&@%?%1ngﬂuF@ﬁm<A,
Bl, B3 I3, WIN& A AT AFE FOREL BT 28

6l ® BB - Wb T D 0.8 ppmi®9~1. 0 ppm® % il - 723
EARLTIN S,

DFEIWC Table 3 095, WHARBES 4 KO EOE

3 RBEE, PV -4~ BORBRBSLT ey b5 & Fig.

5 ORBTRUCBINERY, OIS REMICBNEEZD

S[PBREOBEL, FUhr—2 R ToRBOBETS AE

RAVLTATFTEF AR BE ppm

il covome | METEBZLEERLTOA, UL, MREOBARLT L
° " FLEh ot 2R Q) F v r— 2~ 20°C TOW

4 / w, Qs2V(ETie) E, JPREET0°C TORETH 720, BIEPEANLE
e - BB ED5H 5723,

L) 4’ o\

; " ToswmER
7 7
g2

ST 24 WO MR LR BN E D b o b

oaﬁ« 10 5 20 DKL, SPEERRE TSRS XY, W
FUT-F-iKiaaokh B E (M) b

Brfuc ki 2 B0k On) BE TS, BEOBHICEHO
Fig. 5 T‘/}f P AT B e (m) Wik e HICD %
%;i@“sﬁ%ﬁ(_gmc’ 80%RH, 24 TRAVLDGEELND, LA, SGEDEBIETE LDTA
R o B&
Relations between desiccator SHEDLNAY, TEHOAKRC,
value and formaldehyde e "
concentration in air (passed =07 Y7 —# ~IEOEBERIAE S, HEICLORDTmD
24 hours at 30°C, 30%RH). 1 s ) ”
Solid line : measurcd Dotted BRDS TR PNH 50 5.
line : presumed.




CGREX S OREL - &
Formaldehyde concentration in air in the environmental. test room

- : . i . R i :
o TR ! A B1 ; B2 | B3 Cl i Ccz2 D
i ; I on 1 i I
1 ‘ |
0.70 | 0.0 43 0.83 6.0 12,0 16,6
30°C, 80% RH 051 24
7.9 ‘
0.68 0. 5% 2,5 3.7 0. 46 (350c,> 15.8 20. 4
78%
24 52 0. 41 3.4 3.8 0. 45 5.1 15.5 16.7
48 5 0.28 4.0 3.7 0.42 5.2 5 15,9
72 0. 31 4.2 4.3 5.0 -
2.9 7.4 8.3
96 . (23°C,) (22 rJDCC) ('5°C,)
78% (\ 76% 76%
12
0 O}ch 12,3
( 200, ) (30’(,,' s )
L\ 70%
3/
12ms/h 5 0.55 2.4 0. 49 9.5 7.9
24 0,39 1.8 0,28 7.1
48 6.3
3.0
72 7 (21“(:,)
68%
0.78
96 21°c,)
| 60%

%] Desiccator value.

¥2  Rate of ventilation,

*3  Time after setting of plywood.

*) Formaldehyde concentration in air at 30°C, 80% RH.

6.2 BAENEL FHEOTFREOHELOLT
BEIEBD oy b7 AT VRIS S

b VBOOS & LT ORBIEIET A8, 55 0 IAES

LT RV L T IV v

v AT T e RO
SR O OBV AT VT b PR
M=m8& (mgl/h)

m 2 PRI IR & DRER T

Formaldehyde release per unit area (mg/h-m?®)

haFFE  Surface area of specimen (m?)

ﬂi%m/\muéug Hv LT e i M (Formaldehyde absorbed by specimen) (3
[0 q? ©8 (TUJR) revreosrenorsssssomiommn st s st %))

C B RN LT ATV

i



52— MAERBEDIERE 8262 %

Formaldehyde concentration in vessel (ppm = mg/kg dry air)
a' @ Propovtlonai coefficient (mg/hppm-m?)
BB OETREC 3
C xC’wEUI mexp(m

EARE LT bhbh Mﬂ)u, Tihb 1) 8
—FEWI D, (2) TOWMORTEE b ¥
BRi5 <, L8 cH 1) \K)J)luc}: DISSEHBENS DRI A Dy LT A,
COEICEBD RV LT T & FEBMBD RV LT AT e FI3AE] F-Jf‘ bm“@‘fcw) T, HE Lo
EDWNFELT FREO &S RS z J‘UZ’»»VZ.}//? TZTHEH U,

SER DR S —T 3 DEHIBIECIE
C= C«,Fl —exp( L2 [ TS UU U D
Coo=mMA/(@" A+ Q) v (8)
Vo Volume of room  (m3)
Q Rate of ventilation (m3/h)

A FBREOER  Area of specimen  (m2)
UedsaT, (8) &0, Q=91 KBV THEN Ly Y088 Lk S OEHRREE Qu &, Q=Q,
B D Cop EAPETNE, BUFBREML CEICLD mBLO o 254
EHOT @=Qs @ B EIEBY 2 VEHETERE Cos, Cot &

D35, Cu & LTARELEH 24 IO TORPRIEE LD, Qu=2.4m¥h20.2V, Qu=12m¥h

X, 5@z Dm,a

X
“H B FTT 61 OREE

Table 4. BH Y ORIC I DB Liom, o 35
E DK (80°C, 80 RH 24FE NS
Values of m and &' by Fus’'s formula and presumed
formaldehyde concentration by formula (8)

j A Bl Bz | B3 | (1 C2 D ofE  Z
0.70 | 0.05 | 43 | 055 | 6.0 12,0 | 16.6
m (mg;n-m?) 4,61 1 X1,21%
a’(mg/beppmem?) 0.156
30°C, 80% RH,
5 0 29.5
s 2. 4m8/h%:0, 2V 0. 57 0,4 16,7
12m3h=1 vV 0. 39 6.1
= 25m8/his2 3.3
(@) 38m8/ha:3 2.2

*1 Desiccator value

*2 (R Coefficient (30°C, Ippm IHH¥%4 2 1m3 19 mg . Milligrams of formaldehyde per 1m3 air at
30°C, 1ppm).

*3 Measured

*4 Presumed
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Table 5. &

ESR) Ly ) &
{mi/s)
Tl o O~1. 8
¥4
14
14
"

il s ENIDY

ho, &

SHVt . AL

Table 4 WiR Lok

A TR R B

A s '3;1

T B,

ETHHEINTR LY,

6.3 GNBNELISEOEREECRE

Table 6, 3
Trial cale ulatmn of iommldehydo (‘ouuntrat ion in air
differed in amount of plywood by formula (8)*#

9,72 23.3

2.1
1

Table 4 ¢ pih om=1.9

(A1 21 mg/homz“ ' ={0,3 (mgz: ’h»ppm-mz‘ (L i
Plywood : Desiccator valw myg/l. The value of m and o’ are asﬂumﬁd from the rosults of
Table 4 as m=1.9(x 1. 21mg/hem?), ¢’ =0 3(mg/ppmem?).
9 Oalculated formaldehyde concentration in air
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AEICHD, BOBHLE LT BEMEE 8 BEMAME L, HINRPA O RERAH & X (hgos
o HHIOBEWEE) OMF, LR ELLL—FHICAREERT S LRE L, SABEER 9=1V
& Q=2V KONTITE -7z, RITKERE Table 6 JCRT
6.4 - BENERESEORRBEONE
BEEA BRI I L S B B O KPR (b, B - WEOZORBE & bl Fig. 6 KIRL,
BORTEPBREL ZNEIE LAKOR - BEESER LU, ~BIKRE -BELS, 2o Ns
CEE > TRBPBRESNE LD, BICOZITRE - WEIMEL tm L, WhBEBELLS L&D

2 al
puite s 5 2 5 8
el 5g S W e N w
B> - [
3 T e e N O o3 2 2 8
RO 5588 I g 2z S
g
¥y FO 38=8 g g SIS 3
ﬁ’ a o~
—~ OO o Q © © !
gE o S883 s s S g
@ @ @ BHE ~w~mw 10 i ~ o L
{°C) (%) (ppm)
80 4

8
o o

26,601 2
22500 1
181404 0 : — , - :
0 1 2 3 4 5
# o8 B W (|
Fig. 6 il - BELEL I & O PBEEL (@250.27)

Changes of formaldehyde concentration in the test
room according to temperature and humidity
changes.

1.0 °
1.0 80% e
- 70% 278
B ool 60%  Nosp :
g 50%  H 25°%
e
" 081 k2 22.5'(;
0.
0.4+ ¢
225 25 275 30 40 50 GIO 70 8‘0
®OOR o) o OR OB OE ()

Pig. 7 W« MERRL 2560B8RE (9%0.2V)
Converting coefficient at different teraperature
and relative humidity.
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o LT, 30°C, 80% RH k5
(O BB

1,7, Fig. 6 Ol No. 4 (30°C, 80% RH) & No. 6 (30°C, 72% RH) » 5,
L0006 LR B5, HAD T Ui (Fu e 8 -TED
T, S V=111 mifms T T A R I 30°C B 5 ¢l 0.010 &b, TREDIEH

o, JGEE No. 4 & No. 1 (22.4°C, 44% RID M @ AR5 &,

11222 mg/ly oo

¢ =0.006 & LicHid b =0.064
----- =0, 010 & Lcis P =0.050

Elh, FLT, LGSO

s Fig, 6 R L, 60K
i CEL-HULTEY, K@) BLUD, 80% RH
DRI &, 22.5~30°C, 45--80% RH D!

THELHDEEON A,

e

LiRd 5L,

S, W WEEgRS

K UHE UEERT
R, @%0.2V T
Ly, 300, £=0.057,

ks, TP, @ OEILE

LT OREREAF R

HAR LN, Ty -2 —ikT 5mgll FROBE
FR L fofs L, 30°C, B0% RHEL i) 24U
q =0.008 »5F SRR Fig. 7 00 &5,

Fov s T AT e FRSHEBICE S0,

SR D kv A

TS B L

1Sk T

OBIEE, WEMe LTE

1

W

APl “‘h Wk

WRRE (V) 12.6 m3 O
LTOAKE 10, 9 mB 4,

YT RV T

Tmg/ll LITOGHE, BE h7o b OEER (@) 0.2V

‘\aj i Ns//J-\}'T)]/]dt-}

%17z (Table 3, Fig. 5%

@

fb;(f( UJ\) )\) O)> [>4H

bR HVBE (R

DESEL, F YA A
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Concentration of Formaldehyde Released from

Plywood in an Environmental Test Room
Tsuneo Martsomoro™®
Summary

Formaldehyde released from bonded wooden materials, especially from urea-formaldehyde
bonded plywood, has given rise to odor problems in newly built houses. In this paper,
formaldehyde concentration in air in an environmental test room with setting of plywood was
measured under different conditions of temperature, relative humidity and rate of ventilation.
Then the values were analyzed with relation to temperature, humidity and ventilation, and
were also compared with the degree of formaldehyde release measured by a laboratory method
called desiccator method®,

# Desicealor method:

Ten pieces of bem X 15 cm specimen are held in a desiccator (diameter of trunk part:
about 24 cm, capacity: about 10 liters) with a crystallizing dish (diameter: about 12 cm, height:
about 6cm) keeping 300 m/ distilled water. The desiccator is kept at 20°C for 24 hours.
After that, concentration of formaldehvde in the water is determined optically by acetylaceton
method originated by T, WNasa®,

The test room is 2.60m % 1.88m X 2,58 m (height) (Volume : 12.6 m3) inside, thermally

insulated and covered with zine plated steel sheet. The air is agitated by two circulators

(capacity:1.4 m3/min each). Temperature and relative humidity are controlled by heaters

and humidifier in the room at 30 4 0.5°C, 80 + 2 as the standard condition (Fig. 1 and
Fig. 2).

Rate of ventilation of the room is calculated by decreasing speed of formaldehyde concen-
tration after heat evaporation of 0.6ml formalin (37%) (Fig. 3). Results are as in the

following table.

Inside condition Qutside condition

Rate of
! s ventilation
. i Movement P Movement !
lemp of air Temp. VA )
. o PR
Closged 9r 1 4°C calm 2.4 mdh

- holes (4 1.4 mdimin
wao boles PR 2/
- <2 circulators mdih
opened at oposite upside A0 i © 1e calm v
and downgide corner : 2

*17 ¢ Volume of the test room

Measuring method of formaldehyde concentration in air is as follows:

Witt’s filtration apparatus (capacity: 4.0 liters, attached ball joint, cock and glass tube)
as an alr sampling vessel is vacuumized and connected to the joint of air sampling glass tube
of the test room, and the cocks opened to sample the air in the test room. The vessel is
set in the formaldehvde collecting apparatus shown in Fig. 4 Fresh air is passed through the

vessel and the air is iniroduced into 10 mi water in a test tube at the speed of one liter
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er minute for 20 minutes. Formaldehyvde concentration in collecting water (¢) is determined

optically by aceiylaceton method., Formaldehyde concentration in air (C) is approximately
calculated by the following f@rmula.
Con (0o Vi V)« (22, 4/30) « ((273+8)/273) (ppm)
¢: Formaldehyde concentration in cellecting water (mg/liter)
Vi Volume of collecting water (ml)
Vei Volume of sampled air (liter)

t: Temperature of air ey

Plywood tested are shown in Table 2. They are bonded by urea-formaldehyde or melamine-
urea-formaldehyde adhesives, and distributed from (.05 mg/liter (B1) to 16,6 mg/liter (D) in
the desiccator value. Twelve sheets of plywood (0.91m X 1.82m X 12=19.9m?%  are set in
the test room so as to expose one side to air (¢f. Fig. 2). Then the temperature and relative
humidity of the room are risen to 30°C, 80% within 4 hours. After 5 hours (one hour at

least passed at 30°C, 80%), 24 hours, 48 hours and so on from the sotting of plywoods,
I :

3

formaldehyde concentration in air is measured. Results are shown in Table 3. From the
results, the plywood having the desiccator value of one mg/liter or less, formaldehyde concen-
tration in air is surely less than one ppm (parts per million) at @ =0.2V (. Rate of
ventilation, V7 Volume of room).

According to the theory of S, Fuyu ¢f «l®, formaldehyde concentration in air is expressed

as formulas (7) and (8). From two formulas substituted the obtained conceniration (time:

24 hours, 2 0.2V and 1 V) into formula (8), m and o’ are calculated by solving the simul-
tanecus equations, and from the value of m and ¢/, formaldehyde concentration at @ =0, 2V,
3V etc, can be calculated. The results of the calculation are shown in Table 4 and also
plotted in Fig. &.

From these, if the @ is 2V or more, formaldehyde concentration will be about one ppm
or less, when the plywood, having the desiccator value Smgjliter or less, is used for the test.

To examine the effect of temperature and humidity on the formaldehyde concentration,
air condition is changed stepwise (22.4~30°C, 44~-80% RH), and the concentration is measured
at each step. Results are shown in Fig. 6.

When formula (8)

MC'{Iw(SGMt)p}a{IIM(SOMR)Q}
C: formaldehyde concentration at 30°C, 80% RH
C/: formaldehyde concentration at t°C, R % RH
p and ¢: changing rate of formaldehyde concentration per one degree € and one
per cent EH
is assumed, ¢ is calculated as 0. 006 from the result in Fig. 6, test No. 4 and No. 6, and also
calculated as 0.010 from the result of previous paper®. When ¢=0.008 (Average of 0.006
and 0.010) is taken, p is calculated as 0.057 from the resulis in Fig. 6, test MNo. 4 and No. 1.
By substitution p=0.057, ¢4=0.008, and temperature and humidity at measuring point in
Fig. 6 into formula (9), presumption values are calculated, and the values are shown in the
last colunun of Fig. 6. The values show very good agreement with the measured values.
From these analyses, empirical formula (9) and value of p and ¢ seem to be very acceptable
at similar conditions to the test. According to them, converting coeflicients are calculated as

shown in Fig. 7.



