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Concentration of Formaldehyde Released from

Plywoods under Dry-Heat Exposure®.

Shigehisa Isnigara**, Hikaru Sasakr** and Takamaro Maku**

Abstract

Tests on formaldehyde liberation from lauan plywood made with each six type typical
wood adhesives were carried out at 20°, 50°, and 70°C for 300days.

The amount of the liberated formaldehyde in air was quantitatively determined by a gas
detector ( Gastec No. 91, GASTEC CORPORATION, TOKYO, JAPAN ) at selected intervals.
The effects of duration of storage, temperature of dry-heat exposure, and kind of adhesive
on formaldehyde liberation were determined.  The factors that have the greatest effect on
formaldehyde liberation from the lauan plywoods were kind of resin adhesive and temperature
of dry-heat exposure. The amount of liberated formaldehyde from the resin adhesives was
found to increase in the order of resorcinol-formaldehyde, <<phenol-formaldehyde, < phenol-
resorcinol-formaldehyde, <polyvinyl acetate cross-linked, <<melamine-urea-formaldehyde, <and
urea-formaldehyde resin. The large amounts of released formladehyde vapours from the
plywood made with urea-formaldehyde resin adhesive in dry-heated air are injurious to health.

The amount of liberated formaldehyde from the lauan plywoods can be reduced by pro-
longed storage and elevated temperature of dry-heat exposure.

Gas-liquid chromatgraphic analysis of 2, 4-dinitrophenylhydrazones of the released form-

aldehyde and carbonyl compounds from the plywoods were also investigated.
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Table 1. Composition, formulation and curing coﬁdi‘"tions
of adhesive resins used in this study.

Resin Composition For(rrll)ﬁiastlon Curing gonditions
Polyvinyl-acetate . resin 100 |
Cross-linked PYAc resin 28? hardner (sulfonic 130°C for 4 min
(PVAC) ? | acid type) -10
resin 100
Urea—formaldehyde molar ratio is wheat flour 10 o .
1U: 1.9F water 15 130°C for 4 min
hardner (NH,CI) 1
. . i 100
Melamine—urea melamine 249 resin .
formaldehyde urea . 62; | Wheat flour 131 130°C for 4min
(MUF) 37% formalin 70% hardner (NH,CD) 1 ‘
Phenol-formaldehyde molar ratio is resin 100 o .
(PF) 1P : 2F extender 5 145°C for 4 min
B . phenol resin 15% .
Phenol-resorcinol resorcinol resin 859, | LeSil ‘ 100 . .
formaldehyde 1 to ] hardner (paraform) 130°C for 4 min
(PRF) molar ratio is 20
1:0.8F
Resorcinol- resin 100
formaldehyde resorcinol resin - 100% | hardner (paraform) 130°C for 4 min
(RF) 15
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FHE L 72,
HERE RO MBI OV TRATRY TR W TREL (ilite,
2 -2 HBJk

RESH- 1#0% Fig.l @RT Lo/ ) av s aRBIVDIKE Y Y =2 v = 285 Ui 460ml O 7
ABRBRDOAT VAR LICE T, YV 2 v T AEDRRL 2 5 v ATk > TERL, MENC L BESE
BOBIMIYY) 2 VI oL > THRBETEL L 51T L1,

W T AREIINE ORI U EREAC IS W TONEL, BT 5 LT X - TERDER Shic
& EHEFULCREECH B X 5Tl

MEIR T 20°C, 50°C +s L0 70°C & L1z, 7ods 100°C LA EDIREE iR insvc L 2 5B BOWIE K X
{, ¥V ava aEI X AR AROIIRR RA M 7074 E O EBR TR i 5100°CE & 08150°C
TOREI L7,

B, PrEDRBICHRICCERERIC RS &, FIEOREICEE LIz L& Bity 7 AR HPICE LT
QAR EE L, F OB IR B AL AT L F v FIEBEE R IE L1,

R LT AT e FOREOREDL, FHAN 7 AREWD VY a v I 2EO—HIT T 2 lMiA T L, flio—7
DEH LD 200ml DFEIREZE > ) VO TGEA, T BELEHEO 7 AEMEC L h JIE L, #
TEWE DTSR B 650ml A FEHE - U7s, AEBCHE L BB o MZERHIL 0.5~20 ppm THHAH, D
A B2 55O RPRER R T L O IHEIR eSO RS 2000 ml OFIPRTHEERN L CIEL, §
R L W BABRFOKFRE Y RDI, KL LTV
Fe ¥ OBREL 3RBK O MEED THTRL 0 e —

o Soft silicon tube

FEERIZ I\ T 2 FEO W ABEE O x 6[ Silicon cop
HExtRa L&A, 205 biltiREERASHT
BGH AT v 7 No. OI*¥ i\ HERMEL 7 vF 0
7 4 b vk LY DNPHpE2 2 L ORTICE
BADSEED BRI D TAER T LELGH AT »

7 No.91 %\ 7,

—F, KGHAFv 27 No.9l {ThL a7 L5
E FOEMAMID 7 45 e FEBIOAF LV VIZ L
STHLHMTHRA LT AT e FEREUOE B E
U, ¥l bV, = AT AERBI0N— 5 L5
DI L > THE T DD RORBA D Specimen
T DNPHJE:2420 2k 5 TChA AT AT & FF
DAFHEL, ¥ A27a< 275710 L DR A
7T e FORERRLT, Ticbb, 2, 4-dini-
otrophenylhydrazine 1.5g % 2N-HCI 1000 mlZ
BRLTH I A7 4 A2~ TPBL, 20 100ml i YYDy~ »>T Fig 2 IR$ L5717k
FERHEEEC Y L, FIEDREIC24RFRIZETE L3l JOBSRAERCY £ LT 10ml/F THE

—

Stainless steel tube

Fig. 1. Sampling tube

* EHE® L 3 EEOTWE A ABIMEC OV THEERBR T TV, ThBD5H 7eF 47 & b vk O
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HAT 9 7 DB TH-Tok LT 5D,
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Fig. 2. Sampling and collection method of aldehydes

Table 2. GC operational condition

Column : OV-17 2.0 % on Chromosorb W

(AW-DMCS) 3 mm id X 1.0 m
Col. temp : 185° —> 295° C at 6° C/min
Carrier : Nz 70 ml/min at 1.3 kg/cm?
Detector . FID
Det. temp. :340° C
H, : 40 ml/min
Air ¢ 1.1 ml/min
Sens. 102 MQ
Range o 0.01V
Inj. temp. :340° C
Chart speed : 10 mm/min
Sample size bl
Internal standard ¢ Aanthracene
Equipment model ¢ Shimadzu GC-5AP;TFE
ITG-4AX

Lt, 7/ & FEUL 2, 4-dinitrophenylhydrazone DAL L THE L™, X6 Zhk 50 ml o CClL
TR LA A7 r~< } 25 71 LT, SOROHN A7 v< 7T 74T Table. 2 O H TH D,
NEHEREA 7 v b SV E LI EDRBETAT e FDsr~< 275 403 Fig.3 DXl 1c,

3 WRLEE
3 -1 JEIRE & AL AT AT e FikEORGR

B, =T 4 IAR= FBDRA LT AT e FEIHBEREEEC L > THE L RLyHD, Sk
DTN GRAENRD ORELRE 10, Wittman® S HILRE - A 4747 e FEiREEHRS
FACTEGE Lz =5 4 2 AR = FIZDWT, Bl 1 7 A AL 274 7 e PG BORRR ALY JIE

K ppm ~$10 ppm DOH ART AT e F A DNPH OWERIGC L O Sh DRI 2E& L7 v 7
B Y RDI-E CAEIREC VT 97.5% U ETH -7,
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Formaldehyde concentration, ppm

ACH W58 OB 28107 (1976)
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Fig. 3. Gas chromatographic separation of the DNPH
derivatives of aldehydes.
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Fig. 4. Formaldehyde concentration versus dry-heat exposing
time after a month of storage at 20°C, 65%R. H.
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LOBEL W EEREL T B,

AKBTIARY & OBRA b, AiELES H30AM, 20°C, BIRIBRESS% DIEiR BRI i & L
AL AT LF e FOREREMA LT, Fig. 4 1220°CI 85\ TAMTL D HHF B R4 27 45 b Kok
ORI R LI DTH D, Bl 1 AMOIERIC ST 5 AL a7 A4 F e FiRHEITH ST
IR, RIS DO T TR OBEE A G TS U AR IR T5, Wb BER (20°0)
TOHRLLT VT e FORMDOEN L DIXUF T, A 1BH (GHRESEH37H) O 5ppm L
Ergi s, 378 (k4 7 B) THA AT AT e FORKHEIL 1ppm & 72 % 2 B 0L FILiE
18T, 67 A (WHKT ¥ A) WEL TLORMBIEMEE /-7, %/ PVAc 5108 MUF 225
DAL AT AT e FORM S S, PVAc Tix1 7 A k2 7 A) © lppm, 2 77 (B4t
37 A) T 0.5ppm Lighiish ORCHI > ThA A7 A Fe FORKREAED Hh, —JF MUF Tk
18T 2.2ppm O D 528 3B TIREB & /e -7, 2h b UF, PVAc %Lt MUF %< 5
FITENE S in DIIET 5 Av a7 40 7 e FORL 2 BRIZFOR UIck A, T7ob b ARl %45 H
MICHEEEC 2 CRAT B 2 &0vbn b, U EDEREND, AEBRTHW: 6 MEOTHHREEHD 5 %
UF X0 PVAc TELUEL ARV TXEIRTO AL A7 4T e FOMEAERCHEY, &
UF orhZHBklEEE) 77 €V 7~ VERMEE LTHCWS 2 813, RKYCFRERTHEAIR
HELTHMY Tl LRSI L 5,

32 INBRER XOEERIOBE L AL AT LT e FRIEREOBR

6 FIHOTHEEHIZ O TRE L .AWROIMBRE & AL 474 F e KO ERFA(LOBGRY RS
i LT Fig.5 I PRF D hwmLlic, ThiCk b & PRF SO AAL AT AT e FREBEIZINERE
B B> T 1 7 B ORI, 50°CORBICIRYID24MRRTE L & Tk I D AL 4
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Fig. 5. Formaldehyde concentration vs. dry-heat exposing time.
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7o F e FOBIT 200C DFAD 2.8f%, T0°CICRTE LAz L&D LA ATET S, S0 L 5T
BED FFIC Y »Tha A7 AT e FORHEIIRINT 225, FiEcl~re 200C DBE LR, BRORE
EELIAET LT, inspaiasize 18T 20ppm AR /e b, 2 7 ARFRET S LB R & e -
too AEEMCHLT: 6 FEEED 5 B RF, PRF %L 08 PF s Fkk/afm 25800 bhe (Fig. 7 B LOf
8 2, :

SR LOEERCK L, UF THlk Lo g nga, Fig 6 oid 2 LN TED L HIT, 500C TOH 1 H
Bic3sit D RL A7 4 F e FORER 200C DFRDF 3.2 %, S HIT70°C It s\ T L e e TIRE
12 23,3 2T L, MBS X »ThL AT A5 e FORIITZ o TR ERD 70°C A EDIMEATIL S HIZHK
LUii2id s Lo e FHEh S, £10, T0°COMMAT TR BERMORBE & LITHr AT 17 e FOR
BT AT B0, OBEFNCILTHr A7 A F e FORBIIRBECHD, Lrbtoid
WL, 1B CRMHSTHRD B L 7 s X2t Sh s v 47 47« POk 39 ppm,
2 R CBUHS45F) L1+ A (B 2 7 ) oFhTEhFh 29 ppm $s LU 28 ppm A3t S,
X523 7 HRL006 7 BTFRFR 4.5ppm 3 L0 3.0 ppm 2RI SN, SO X HITEFICHYT S
MBGETFTOUF M BOAAL AT AF & FOREEIEET LA LEChIc b0, UF ZHHREEZED
V7 E Y F— v VEOBERBKMEE LTHWS ZERHEE L LRI L S,

HNT, HEERIOBEE AL AT AT e FOREEOMFEA 25 &, 20°C Tik (Fig.4) UF>PVAc~
MUF>PRF~PF~RF DJEC(ETL, 7 3/ BIgHE#IR L0 PVAC 22bO AL A7 47 v FOREE
2%\, 1o, Fig. 7 1054 L 512 50°C Tif UF>MUFc>PVAc>PRF~PF~RFDJEL7ch UF B LT
MUF o7 3 7 BifgiEg s 5ot { 200C OFh &g REDOHEF A v, 70°C Tk Fig.8 O L5
2. UFS>MUF~PVAc=>PF~PRF~RF & 7ch UF %5 EEFITHE IR aF00 b I D R A7
AF e FEIL MUF %L 0" PVAC B TETEL, FhFEh1l s AT 10ppm L0 5ppm, 37 AT
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Fig. 6. Formaldehyde concentration vs. dry-heat exposing time.
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Fig. 7. Formaldehyde concentration vs. dry-heat exposing time.
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Fig. 8. Formaldehyde concentration vs. dry-heat exposing time.
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4ppm B LV 3.5ppm, XHIZ 67 AT 2ppm LW 3ppm &7c D&M 2 4 HC 2ppm LIF

Lish, 3y AEFEELICL O TIREAE I CEBEED A A7 A 7 e FERINT2ICE EE 72,
EDEEREND, T OOARXERAKRME L LTHC 284, UF ARV aITE, T, —Eilii

DB AT/ S S s L > TEWRPICETNARAL LT AT e FEFET D ZEMTEL LD ETHEX
hZ)o

33 HAIRTLNIFT74TLERALT AT E FORE

T

HCHO

Detector response ————————=—
1. S.

P A A

Retention time, min.

Fig. 9. Gas chromatogram of the DNPH derivatives of released aldehyde gases
from the plywood made with urea-formaldehyde resin adhesive exposing at
70°C for a day after a month of exposure at 70° C. Conditions, see Table 2.
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Fig. 10. Gas chromatograms of the DNPH derivatives of released aldehyde gases
from the plywoods made with resorcinol-formaldehyde and polyvinyl
acetate cross-linked resin adhesives exposing at 70°C for a day after a
month of storage at 20°C, 65%R. H. Conditions, see Table 2.
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HDERL EERIZ

2. AN ATATe FORMIFRHMOREE & ITETFT 2, & S UF &bk <HEEHI AV 7o G e Tl
BT T2 7y A% FoRT5 &R 4T AT FORMIEALDIET T 5,

3. UFTEMRLIGMDOFA LT A7 e FORERILEDDTEL, LrbRUECh27cd Ihi
HUWHEE ) 7 7€) 57— v 2 YERAEBERME L LTI 5 2 L4 T,

b HABEEC L > THERE D ISR AA AT AT e FRER LI E oH UF>MUF ~PVAc>
PRF~PF~RF DIEC i &EAME T L7z,

5. Wb ahicn A A DNPH IRIZ L » TR, A7 m~ b 275 710X » Tl A il b 2 A,
EFDBUNEANA LT AT v FTH - o, O DRFERS b F Shtc,

2 £ X B

1) H. Sasaki et al, Woop REsSearcH, No. 59, 58 (1976)

2) WHERRE ., AMILE, 29, 306 (1974)

3) WEA KT, dbid, 29, 310 (1974)

4) SRR RE s, ibid, 12, 63 (1957), MGAWF#R, No.98, (1957)
5) O. Wittmann, Holz als Roh-Werkstoff, 20, 221 (1962)

6) H. J. Deppe at al, tbid, 23, 441 (1965)

7) L. Plath, ibid, 25, 63, 169, 231 (1967) 26, 125 (1968)

8) H. Petersen et al, ibid, 30, 429 (1972), 31, 463 (1973), 32, 402 (1974)
9) V. Berger, Holztechnol. 5, 79 (1964)

10) M. Toma’'s, ibid, 5, 89 (1964)

11) H. Wild, ibid, 5, 92 (1964)

12) R. L. Christensen, For. Prod. J. 22 (4) 17 (1972)

13) J. M. Harkin et al, ibid, 24 (1) 27 (1974)

14) H. G. Freeman et al ibid, 21 (9) 54 (1971)

15) G. Stoger, Holzforschung u. Holzverwertung, 17, 93 (1965)
16) H. Neusser et al, ibid, 20, 101 (1968)

17) H. Silbernagel et al, ibid, 20, 113 (1968)

18) MSAREFRIZA, AM I, 27 (11) 547 (1972)

19) FAAE R, ibid, 29 (1) 18 (1974)

20) FAAEER, FREBAHR, No.262 (1974)

21) ZAMRERED, JUARRERL A, No. 257, 13 (1975)

22) EFEFIH3A, ibid, No.281, 1 (1975)

23) EHEFIS 37, ibid, No.283, 9 (1975)

24) K. Kallio et al, ]J. Chromatography, 65. 355 (1972)

25) H. Halvarson, ibid, 57, 406 (1971)

O

— 110 —



FE « @0 kL AT AT e KOKREE

26) R. J. Soukup et al, Anal. Chem., 36, 2255 (1964)
27) AR AED, RFEFRER
28) FHHFZ, JePkEERLA#H, No.269, 11 (1974)

—111—



