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B1E EEREBISEAROESE L AT LT e FELOEROBILAL AT LT E F
Relation between free formaldehyde content in urea formaldehyde resin
adhesives and emitted formaldehyde from plywoods glued with the adhesives.

ROFBNEBEIE A o E R | REBIREERR O Dlith AR DB AR
al.{&llmlgssigi urea formaldehyde resin FILT AT F¥S Exposed time of
- - ——— Emitted - formaldehyde. from plywood
;o= Ll kL AT AT e FO plywood glued with \(fiaxl‘liogs : ' '
" _ | urea plywood, formaldehyde
Mark g’:g;gzt free forrg%l) resin adhesives £/(30cm)? (days)
A T 2,47 0.118 7
B 2.66 0. 080 10
C 3.63 0. 063 60
D 4,20 ' 0. 428 1
E 4. 67 0. 327 1
F © 0.60 ' 0. 086 1
G 0. 26' 0. 022 1

Notex1l. ¥ 7% #| A~E---HH
” F, G438l (&K% L HLEA&DRFERIE

Adhesive A~E-.-... Urea formaldehyde resin on the market.
Adhesive F, G-:-- Urea formaldehyde resin of low molar ratio (made by our
’ laboratory)

*2. & B A~C-B7EH A~C TEA—»—THLE
% iR D~G-f#l D~G THHTHY |
plywood A~C ..ot Glued with adhesives A~C in each plywood factories.
plywood D~G -:----Glued by adhesives D~G in our laboratory.

#3. AWABA LY 4RRIBREDOD LIS RAcA A AT AT E VR
Amount of urea formaldehyde emitted from test piece of plywood under re-
duced pressure for -4 hours. Co :

w4 WEEESSEET 5 ETOMKE

Time to measurement after manufacturing.

H2E ZEOWMIEIRES LREBIFEERICX 2ERMOBM AL AT LT e Vi
Amount of emitted formaldehyde from plywood glued with urea formaldehyde
. resin adhesives containing various combined chemicals were added.

w ) & Al ij‘ided ba?mouft gﬁgﬁﬂgoﬂ;gaﬁl\dZﬁb ;r;atfr];% -
Kinds of combined chemicals (%) plywood g/(sow)ﬂ
#& & fn Control 0 0. 428~0, 327
R # Urea ' ' 5 0.187
v V' i ¥ v Resorcinol 5 0. 249
A 7 3 v Melamin -5 0.232
AN % ¥ Wheat flour 26.6 0.292
% © ¥ Soybean flour ' 26.6 0. 230
# € A4 v Casein 16.6 .0.113
# % 4. v Casein 22,2 0.014
W % Blood albumin 26.6 0.145
£ 5 # v Gelatin ' 18 0.027
£ 5 # v Gelatin 18 0. 166

Note *1 ARHRKF XV ARHBED S LiTHERAHL AT LT E FE .
Amount of formaldehyde emitted from test piece of plywood under reduced
pressure for 4 hours.
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(1) SEEHEARICX 3 ST DRIERE
SR REIMBRBRN L BRERAN L 0N & (UTLE) OFRICLSERMIROLE, T2
BEROEPSER LGB AELZ DO TRDbL, . o

2 & #
A OFBII A ERDOF TR
B < &

{EWEHRDOT J IS A 5508 (B ¥) itfETS B.W.GL 414, RE 38mm DDHODT,
HIEREN AR LD AWV VTG LEDD, EHRRATRIVERLT, <E5FK2 1ML
T 0.00lg ¥ THET %,

4 ¥ =

BROBRREFT oI Db, <E¥RLY, ThEE—H—FhO7 = VET VE=7A%EHK (10%) #
CREACREL, FHLTHR BV, 205MFA—KETERLZOL I KEL, TRV, STzt
BEHVTERLZDOD, 0.00lg $THRET %,

(5) BIERERORT

I ERBISE

HBREOLEOFRIC L ZERWORR, 2E¥ORNLHEMT 5,

B psk(or . (RBHDL ¥ 0ER(2)—(RBEDL FOEER()
ERRSH) RRAD L FORE(D X100

(1) BRI, >FOR»LEHT 5,

SRIE A= HBRIREANTAE I L %Oiiiﬁi/}\$(@_
~ HERERTAE S-S X0 RBRSE(%)

(i) AIRMEISRIC X 5 SCOFERE
. SCDORAERBERDO X SRR LI,

R SV DFEAIKEE
T RERTTOREZRIFL TV 5,
PR SR P35k 7r o T FREE,

oo NI X OOSRAE LT B,
i aREIIE SURHD XS THEL TV 5,

+44 o ITRLECREL TV D HDEXTLEh X VIEL DTV 5,

2. THRRILALATILTE FOBEIER

(1) HBIREKDORK

ik & ERICTE LB 2 —EEHOBNICANT, S SRAE LA e SBEL 100cc %1%
HERZEELLT, K3cc ZANRAEC 1 2HEEL TRIBES &5,

2 B =

WRICHER T = =1 e F 757 Vil (1%) 0.25ccxnx CHB#L 5 HRME# 7=9>7vitr Y
e (1%) % 0.25cc MATIHREL, 5HHKERIRER (35%) lcc ZMATREDIREAL,
R KT AT iRk B 1 5 DPICREREMORERIZAVTHET 5,
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(3) BiEHEROERR
KHBBEORRE p.p.m. ZAWVS,
1p.p.m.=1md OBLHIC lec @ Gas Fi2iX Vapor #&TrE &% RT,

m £ B

1 EERERS L SCOME
RERBEERIEAORE— SV AT AT FREAME LREGEORAL AT AT E ¥, K, KiE
BUEDREMTH D, X5 ZNITHHERPNES SN TEARRET 570, ThoOM—KSE2, 3
DOREFNIT OV T ICOREZRTT L.

(1) #Bpk

ME 20mmORBEICHE S BERTHEL 52 0, 2L 7ROEMICL F3ARBAL, < FHHR
EOREC R L 5 i ER L TR O Vapor ifth X4, 20°C i 108 R,

RER%L ER L VERFELOX 5 COBEFTROL,

(2) HROKRBXVUEE

HIRCTT S, REMERONMHILARIOEFAE Lz, L LEOBEEIE, SOROE—K
TS, BLRIOTMCE VIBEL TV 5, COEEE, REBIGEEHR & LRO(LE R RSE R
PEROEFRE LB 5OTREVREELOND, £LT—F, VEETRIEROER L Ex5hT
WEEZBDALTY VRT R AD Vapor THRILHEEIEMAE 25, RIREICIZI D X 51 S0°
BBDB, COERTRELTWERALLAT AT FOPREER, —ROSGKRPATRCEZEETh TS
DXV RBPCEHBEOHCKIERRTHB2D, dLINLORICE W TICREL B EThiE
ZHRRTEOERSERMICL 5D THS S LHESND, LirLER, ARESIBEME LS
THD, WROERMEMNELALREINTVEZ L 3FEXONE, £OX SiHELIGER, ki
ECRELHETDHE, THIRA AT AT L FEKOLEIRED, FOBREE, SHIEE »50iX
HEOREBECX VEETHLOTRARAVIEELT, 2FOERITHB L.

2. FILLTILTE R EXUVOMER

A, KHPRAL AT AT E P XCREIRE & STORIG

FREREAPERRELEL S ERKTTREL LAY, BRPTE, §IXTHenCBbT 5. %o
SCDEFFIE, KM TRLCEET DR TIIR WD, BILOETZICTHIZ LIXTE
Ve B3 ES, EMOHMOEAEZZIRTL, KEXRELRPLEHCINCERTS 0TS
%o '

TAI=Un, TRV AGEDOEEL, KAHTHRILINEECH B LIEZEO X0% 21 5,
72, FROOKBEI S ST L LIFh BB EIZE V.

—%, K AT AFE FOTHERIE H-CHO T, 107+ 7 e ¥% —CHO (—c{§) 23572
7t F R-CHO O—EEZ2L, BIEEfEd2. LaL, sAAT7 AT e FABHEEZS 5EOLE
X LT REAS S 5. ChZEBOTRAORIEET 508 © ¥f (H.COOH) tX>THZ %
LDTH5EVbh TS,

Thbb, bOLIMPE FAAT AT FAEBTD B2 2L, £ pH 1% 2.5~3.5 ORcd
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Results of nail rusting tests in cells containning urea formaldehyde resin or

various kinds of chemicals.

B ® om B g e o E £ i %
Items of measurment Appearance of rust
| B R | MR B K Note
ERWAE Ratio of Observation
b Weight : 3 A#|10R8
Sample loss f(v)gght After After
(%) 3 days | 10 days
i 7K — -
Water 0.26 1.0
A L o= YV . T ¥ B B7W%)
Formaline 0.30 1.2 + + Industrial useo

25 &k A A _ _ IT¥H
Para formaldehyde 0.26 1.0 + + ”

1]

T AF -V [RE _ /

Di-methylol urea 0.31 1.2 + lg’{zg(: by our test
REBBEEZEA ks (E565%)
Urea formaldehyde 0. 34 1.3 + ++ On the market
resin adhesive (65%solids)
JR-3E 4t g B B Al HHEIR(ER550%)
Urea formaldehyde 0.36 1.4 + ++ Diluted resin
resin adhesive (50% solids)

%i? EhﬁﬂﬁféﬁA‘higa#%?iﬁﬂ 0.38 s . A .

rea-phenol co-condensation . . -
resin adhesive On'the market
FE LB
BILT v E=7 A 0.27 1.0 - _ (209K
Ammonium chloride . : Reagent first class
_ (20/a aq.)

JAF R —/LR%+@E&:7 vE= L (20/7J<?"‘i1§)

Di-methylol urea+ammonium 0.82 3.2 + +++ 5% ﬁﬁﬁmﬁRrggg(ﬁggs

chloride (20%agq. soln.5parts)

R%ﬁiﬂ%?ﬁ?&ﬁ'l+?§{t7 vE=Y .

Urea formaldehyde resin 1,19 4,6 +++ +++ Iﬂ ._l-; As above

adhesive+ammonium chloride

RFERREA A+ % NT 73V .

Urea formaldehyde resin 0.83 3.2 ++ +++ f E As above

adhesive+sulfamic acid

REBINEEERI+1 I FALK Y

BT vVE=T A

Urea formaldehyde resin 0.91 3.5 ++ +++ [l + As above

adhesive+di-ammonium-

imid-sulfomic acid

R%{’t gﬁﬁﬁ#@’fﬁiﬁﬂ%fﬁfiﬂ

+ 35 VE= reasphe-

nol co-condensation resin .14 4.4 ++ +++ [ E As above

adhesive+ammonium chloride

7 x4~ A R H _ WO
Phthalic acid paint 0.20 0.8 - On the ?garket
AFNZF NG b Y . _ _ BRI H
Methyl-ethyl-keton 0.15 0.6 Solvent of paint
7 F - N _ WOl &
Buna-N 0.11 0.4 - On the rrlrr;arke
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b5, XD izk %L, ;@@ﬁb&f&i@#ﬁ&@ﬁ&kk6%@?%6&3%1»\6 /”cL’C, @&LT@
fRaEER, B4 DEECEVWTTREOL S CHEEINTWS,
BECC) fpEk Mles®
X 1018k

0 0.1 EULgR

15‘ ) 1.2 SAU:I‘ERVY

25 162 Waaro

50 3.3 Eiwes and Lovoren i

%WA7w%tb%,ﬁt47wﬁ)T¢ﬂbt%®%ﬂ§?é&&ﬁk&é,u@imﬁ KAD
Cannizaro FGiz%5< % DTH %,
2 CH;04+H,0——>H-COOH+CH,O0H

;@ﬁmm7wﬁ)”k;ofﬁ@éhé#H&GﬁETMﬁéhék%k%k 59,

Eio, LT VEVERATY VB BN T R ARIBL TRbh S A F A {bd, KROL Sic
AA AT AT E FORITHERIC XS TRE B3O TH 5. -

6 CH,O+NH4C1——>N(CH3)3-HCI+ 3H.COOH

CRBORLAT AT FOIHIEAL, WO & & SCLRA LT V&R L ORFE D 51
B, EF TN, REMISEER, BILT vEvERECRER X CEELZE 2T, <XAndo
Vapor ZEMIETHRL, SHIAIE LTHE 5 BEOZ KT HRLASY, MEDL ¥OR
ERARE B LI, , N

DVT, KALAT AT FORHRECHELMBRDIC, 37 dL AOHERYE 2 TRKOIRITE
FHICENTHRL 2 ) o

(1) "HREBFHE

WNE3 I DEZRAT S 7~ s &k@k@~ﬁ@ﬁ§kﬁﬁbrk< WK, Wo5RCETERAE
Foyr -2 ~ORMECKE, O LCTREROY 5 AMEEL TS, L7 7 « VAEE LLE
Wﬁmk£®k®5$®<%%ﬁﬂ#,ﬁ%%ikbfﬁﬁﬁk%ﬁkmnmlvk,Tﬁbfﬁ%u
— MR A T I BT 5. ﬁﬁ&,:yﬂmaﬁmwgﬁ%%ﬁbf+»A7»%tr&m%t#o
b, {ERLVELTHEL, Eiﬁ&$%wﬁbho

(2) RROFRS X OB ‘
%4§Kﬁbtlomﬂﬁﬁﬁ,?Eb%¥&5EE®ATMMHﬁﬁmkwT%;{%m%ﬁ%%ﬁ
LTwd, LL, BEBECKSZEERBIRIE RO TVH I LI, RIS SORMILEREL,
S5 IR ORBTH SCRRET 5 2 & 2FRLT 5. -
ik,ﬂ7*»AaR$Mh§%ﬁ®% , BOBODOF—RT 60~75% LLEDOBECKVTITRE
ALTVSZ 21, BEOHENASV I LERLTEY, ifn7+»A@ﬁﬁE§ﬁ9$mk%m*
LW, RAVATAT FORERPEET DL LETRL, SHRBECOV L, WRECRDEERL
ATNT e FOSENELRD, TOKPREDKERD, THCEEFHEFINCERL T—BL Eoxt
T5RISHEMBE SN0 TREVWIEE R 5,

EHiT m7/%/®ﬁmmmﬁ?nn %%LT?/% 7&&&V&D@ﬂ?éw,2001uf'
ETHDERDONT,
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BER X CHREREORK 2R/ P ICERT 5 IREMIEEER,
RS RAA, WILT VE=T AL B EDL0RED XTORBRIER
Results of nail rusting tests in cells differing in temperature and relative

—111 —

humidity, and containning urea formaldehyderesin adhesives, para-formaldehyde

or ammonium chloride,

X— ® H Items of

= ~ 3
T m&ment Wei%ht l%ss a?? ter /io df;rs( %) " gbsef’xgatifﬁ =
Temp. : S5vy R%ﬁﬂ‘éjaﬂ"l’f@7 Ngs vy ﬁiﬁiﬂ%‘z? R %{57y
B Blank | Urea |Para |Ammo-| Blank | Urea |Para [Ammo-
cC) resin [formal- [nium resin [|formal- |nium
dehyde |chloride] dehyde |chloride
45 0.24 0.19 0.20 0.14 — - — —_
20 60 0.25 0. 21 0. 20 0. 14 - - +— —
75 0. 29 0.23 0.42 0.16 — —_ + —
95 0.29 0.33 1.74 0.16 — + ++ —
45 0.24 0.16 0.16 —_ — —
40 60 0. 20 0. 20 0.21 — — —
75 0.18 1.09 1.11 — ++ 44+
95 0.23 2.70 2.66 — ++ +4

BER RAATATE VEERLBEORLDPEDOEVEXCAR AL LT AT E F
Results of nail rusting test in cells &iffering in relative humidity and

formaldehyde content in the air.

AERTEE mfet:srﬁsrr?ént 5B R A MR B ﬁ)@%ﬂwlxix7llf7't Fo
R Weight los(sy) Observation Fgrmaldehyde content
LA o in the air (p.p.m.)
DEE 20°C Period
gg‘;;gfgﬁrgf PHIRIRE ~(days) 1o | 30 | 60 | 10 | 30 | 60 | 10 30 | 60
(2 midity in20°C (%)
45 0.18 | 0.11 — . 100 100
0.5 60 0.12 | 0.17 — — 75~100| 75~100
75 0.59 | 0.37 + + 100<C 100<
45 0.22 | 0,27 — — - 5 7~10
0.1 60 0.24 | 0.11 — — — 15 5
75 0.17 | 0.27 — + 5 10
45 0.14 | 0.18 — — — 20 20
0.01 60 0.17 | 0,14 — — —_ 20 10
75 0.16 | 0.25 — + 20 10
95 0.42 | 1.28 + + 20 5

5 RIMEOHKBIZE Y, [B-A AT AT e FIRERICICEESTLEHEELT, FYr—2—HN
CHEHER AL AT AT e FORERE L T35 51 AOTFERZE X T 20° C K TCRAKROBIEZR TR O/#
RTHD. EELEL S, BAERELTORAAT AT L FOFERN S\ E PAPIRE, BERSE
LRSI DT VD, Lirl, SRl SEORRTIE, BEDHARLSMCHERA S &3

Hhivic,
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RALTAT e FORBKERS lp.p.om. THYH, FOMREIXN 5p.p.m. THhH5, 10p.p.m.
WENE, BREFIERL CEEREE L5,

ERCAREETHENICE VTS 2D, 20p.p.m. HEDBFI V. Fi, 4% ETREBLE
JSOBRZ KRR T 570, BROUEMEOZT L EF/BECL B EREZLNLV. TRITh0b
5, WHEEMCE W TSTRREET2HER, BEOEIMCER 1ICEWTRDE 5 b ERSER
MOBEHB D LEL B, UL, ZOREOWRC S X T0T, ERRCEAREEAT 5541, 0
AR D RIE AV AT LT e P BBELBICRET SR A AT AT e FRIEET DI
EQEBRYTLOLER, BLERWCEHTERANATAT E FREbDTOR\WC L BHEINS,

B. EERIPOHEE AL AT AT FEGULRL AT AT e FOBG

@ REMNGEEAR PO AL 2T LT e FORE

1) AEoAR

EER (- F $-120) 1g% 1 I1DARTFR2LED, KTCERICT 5.

(2) HER X CHIEE

@ X DFRU AR 0.25cc ZHABZITE VKT 3ec &L, ERE21CX lE L ILEHES,
25p. p.m. ToHD7,

(3) HEERPOBTHEANL LT LT e FEEOEH

HERECHEOBERZRIE 100cc THDH. PXITHE 0.25cc D AL AT AT E F EHEIEX, K
Rk WHEHENh 5,

30.03(g) 100(cc) _ . e
25(p.p.m) X 92, 4C1) XlOOOOOO(cc) 0.00335(mg)--5E0. 25ccrh DR L AT LT FOER

FB DR 12/1000ccTH 572D, HEA 1ghOlHiA L 27 L7 e FOBERIKRRIC K Dk 5,

0. 0033581112%)(?500000 =13.4(mg)- IR 1g HOWHAN LT LT FOER

b) IREBNEEERIDS DGULA L AT AT e FOHIE

(1) #BH3s X CHIERE

REBIGEER (RTHD 100g & 20%35{L7 v & vkiEik 58 2IBGL, %0 1g % 100cc D4
AT 20°C HEVTOGHIRELICDD, TDESK 25cc ZILEEDK 3cc il S8 Tla) & [k
WHIE LTz,

(2) BEMBITHRLLATAT e FOEREDOEH

7p.p-m. (EHRGEX 25¢:TH 5 .)
(8) IREEDEHM

EWE popom. IRRRIC K DEMT B,

100€€C) _ 98(n. 1. 111, Yeeeees e
7(p.p.m.) X 25(cc) 28(p. p.m.) £ p.p.m.

ﬁiﬂiént’é%&@é’éfﬁm 100cc TH 57, #F lg OFH LAV AT AT e FOEERKAC X
DEHENS,

30. 03(g) 100(ce)  _ _ 0 AN en s =y .
28 (p.p.m.)X 23.4CD) X 1000000(cc) 3. 75(y)=0. 00375mg=0. 0038mg------ ¥t 1g 25 DIk
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HALAT AT FOEER
© HwraT7ATe FoSILROEH
@) X () DRIEEH S, REBIEEZERZELT v v BEATHEELT S L&, 305%ETIK

W LAEKIER L AT AT e FOREBRIOEGEE L AT AT e FITHT 5 HIX

0. 0038(mg) <100 — 9,
13.4(mg) 0-027(%)

ThH%.

Z OPMERFEBIET{ LD FED 1 BITH S0, wHill, @ikl & OBLIRE S X OB, H50
EELRIOBHIC L2 TRES LI LHATH D,

3. RILLTILFER—ELT7TVEZILREL 33T

A, BLRIRZIES Lichi <Y v EXSVCORIR
FBIXEWTHRDE L 5T, K EOERBORIIBLANREG OB IR TSV,
REWIEEEROWLE ST, SECHARRCHET 2ME (F8HDY kTS hi ko, Bx
OBE(LH L BFERIR DO R L AT AT e F & O(LEE SR X B LRI QMRS 0 b ET 5l MR £k &
SO THARO pH 2B L THELI €51 DTH 205, IhbHDITVENTHEELMBIDICD
EDXSCERLT,

1 # #

D da=y vl O AL~ Y v ($937%) &, KT 1:10 ifiRL TRV,

i) BELH)-- B LRGOEIL7 vE=v LA (NH,CL), RAA7 73 v§g7 vE=v 2 (NHSO,;
NH), 13 Fanavigs7ve=va [NHCIQNNY] &3mmm09%kiin s LTV,

(2) MErHH:

BEAHRELT vE= v AT 2VTIE, ®wAAT AT FIZHL 6:6, 6:4, 6:2 mol & L7275,
4 itk DR D 5 Bl Lic BARKOL 52 ZHBEITA
NTHER 1 LRI LTRlE L7,

£k, BLT7T vE=Y AT OWTIX mol iz X %SV
Y5 RIGHEE RS iwic, FRAWO pH OL{LE i~k

GE 1R,
(3) HBROEES X OELE
1 7 CHa0s NHact=orol: 2mol 6 BICRT X 5 ICHHLAIOBITI, LT v ViEik
— T KEDbORbOEbAROECRED, LinbiRmREicIL
T 5 4 picscnoTues,
i’ St R Y o . N .
=4 PERIOD (hr BL7 vE=Y A1, KRXDOXSKEGLTERMHECD %2
Time when mixing RET B, :
B wa<l v LT VEYD 6 CH;0-+ANH,Cl——>(CH,)sN+4HCI+4H,0
mol LR & D pH NH,Cl—>NH,0H+HCl
pH change of mixtures of EREE L 2T\ b DTH 5D, BEO XK &

formaline and ammonium ‘
chloride differing in mix- & SEKEMEMT 555, BBEEMCBET 558, Hix

ing ratio. 10 L HIEBITE SN T VoD BN RE Lk hidis
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FOR BILAIDEAR L SVOREE
Results of nail rusting tests in cells containning hardness with the

different mixing ratio.

<— TEHH 7
T Items of & & # 4 R | B IR 09 8l = mé’ﬁ")(g’&)
HILATILT e\ measur- . .
B ¥ E{E#I% LI ment . . pH of mixed solution
(20% ) N Molar ratien AN Weight loss Observation
KB W formaldehyde ™ 5 4 % 3 B #%
Hardner \ and \ after Sdaysjafter 3days
(20%aq.) hardner (%) min|
NH,Cl1 6:2 0. 86 +++ 3.4 1.83
NH,CI 6:4 0. 99 +++ 3.1 1.65
NH,C1 6:6 1.45 ++4 2.9 1.53
NH,SOzNH, 6:2 0.27 +++
/' SO;NH a1 .
NH\SO:NH: 6:1 0.33 +4+ 2.85 1.1
B7EVy,

Thz, BEROEHEORD R, HMEERATLEN EOKLT vE =Y ARIFINT 5 2 L3RR
Lt hide s,

B. B{LRIGC 31 5 B R R O T 2 [LERE ORlE

BIE7 vE=y ALAORMC L D SCRATH D LIEATEHDO LKV TH B, BT 35
HCREROEHFEEEOERDO S5, EOBRENMEMT 20550, TME LSOO ILICH T 57RE
%5 H5HEMTRD X 5 ITIE L,

1) #ABHE

WA 450cc DB AE XY 100cc DIEHEIC, BDOEDAA LT AT L F 0.06 mol LT v+
=% A %20%KIEWET 0.04mol ZIRET S, BHRLT 20°C T 20k X X 90°C T304 MIME %R
NOEEE 7 A wfllE L,

(2) HEE#ADEE

7k 3cc ZIRMEICANT, 100ce/30M A EDRETHREZ LB TLORETL L ThL. RBCHE
B LKRIE 0.5cc M TEBBL, SDTr—F =V lec 2METREL, REbCE4«DEBEY
tET 5,

(3) BlzfE

S HREAOBE(c)  FAELH  HEME.pm) EHRGEC(C)

(°C) (D

No.1 450 - 20 20 2 50

No. 2 100 20 20 8~10 50

No. 3 450 90 0.5 5 50
) BEOHH | |

HEREROBERLRIT 500cc TH D, ERURKENL 50cc TH 7, No.1, No. 208 MEE
TNENAFIC LD 20p.p-m. KXV 85~100p.p.m. THB, Thk VEMOERE, KACLOT
kD5,
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- M(g)
X mg/m3=Vp. p. m. X 52, 4(D)
M:ﬁ&@%%i
dxic, No.l 53X No.2 DFhEHOEEE# ADEEIL, 32.6mg/md kX5 149.5mg/m*Th 5,
%ﬁ@éeﬁm4mwxux>mwcrb5t&,ﬁﬂﬁ%%&btw&ﬁxmﬁiiumﬁuxm

450(cc)
No.1 32. G(mg)x—-——1 000000C2) =0. 0146(mg)

100(cc)
. . K=
No. 2 149. 5(mg) 1000000(22) 0. 0149(mg)

b, EEEOMEREREL, .
HC
FAATATFEe N (b7 vE =% A=0.06mol : 0. 04mol—>0. 04dmol=1.46g Th % & Thif, Bl
X DRSS 0.0146~0. 0149mg=50.015mg Th 1V, HHEOZILRIIRATHEBTE 5,

SRR R (%) U—ll%%%’%mw 001(%)

ARz LT, No.3D90°C, 305 RDERESILEIZ20°C, 208D 2.5(5TH 5.
BBIAO LRGREMET DHELERY, B L AT AT e FORBCLIVECOEELIRLS
LB BY, [IPAAL LT AT e FORIFEREL R CIBETIE, BBYADRERL, &La717eF
4 B, 1 BIICATEY EHET 5,
ZZRBVWTHEIBNLL S, SCCHTIRERIREORLVATATE VXL, JROERIC
XB5HRREVE &%TLTLéoit,45FZ»$V&V7V%=7AH,%@ﬁAMOpHmﬁw
TVE2Y ALK BRTETTE5OREL, K FOREEBIEN DLV 21T, £RT 5O L
PEETDILELOLND,
4. BHROEAFAIEL T ORIER
MEROEERIC IV, REBIREZERIC X 24HOEBERMOFERIL, < Fxxke L B4,
D A~y vhoXEg, 2) BEAIRIC X 2 oEK, 3) RERECHFEMTSH S L0
ZaINLH, ThHRTRTERRCHKL< Y VEDWTITE2RDDTH D, < Eioxd 3RISiE»i
DHEERDIDTHDLELXLND, LHL, RISERMPLHL< ) VEBRLELTH, RRREOLIEMA
REZE5E25N5HDTHBHPD, AR OVTREOKEZHE L.
(1) #ABtoFAR
i) BEEAl - IREBEREEAR (=— = A F $-120) 100 Zhic, BbH (20% BILT vE =7 2KiE
) 5 HMERA LI,
i) &4R---++-25cmX 25cm, | E1mm, &KE12% D 7+ BRI EEH% 30g/(30cm)? D#IETRML
10kg/cm? DJEFT 20°C I\ T20RHEIER L7z,
i) & & RINI-1-(3) DRMEET B,
(@) B SRS
mm%7ikTLtE§%ﬁkﬁ»L@%4%k%%b,x®a®<%5t&1ﬁatrAm@@1
RCS57 1 VIBEAL TR T —FTHDDIT, 30emx40em OF Y =F Ly RCEBEQERL &
CADTHALT—EWINE B0 AL A7 4T e FREEIIO 2 ORIERIC Lt o TEIE LD D,
ERLYLLCEREAET 5.
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BI1E HROEILAIEENE

Condition of treatment for plywood in nail rusting tests.

p— B % & HOA B E
Treatment | Relative humidities in which Relative humidities in the air
plywoods were conditioned for with which plywoods were en-
72 hours at 20°C immediatly af- closed by polyethylene bags
Number ter finishing of cold pressing :
(%) (%)
N—1 non conditioning 45
N—2 ” 65
N—3 ” 85
N—4 ” 95
AL—1 45 45
AL—2 65 45
AL-3 85 45
AH—1 45 95
AH—2 65 95
AH-—3 85 95

HE8E SROBMELELITCEITELLATATEF
Results of nail rusting tests in the polyethylene bags containig plywoods
treated as in table.

HigEE Items of TR R R W IR OB 2 S RLATLT

measurment b FOIRE
JER S5k %Iﬂli;le%%o d Weight loss? . Observation fé’rfgiidgl%ﬂz
Condition (days) o air (p.p.m.)
of treatment
for plywood w 20 30 10 20 30 10 20 .| 30
N—1 0.35 | 0.41 + + 10 50
N—2 0.67 | 1.37 + ++ 25 50
N—3 0.80 | 1.84 + ++ 50 60
N—4 1.10 | 1.63 ++ | ++ 50 30
AL—1 0.240.27| — — - 6 6
AL—2 0.19 , 0.19 — — — 6 6
AL—-3 0.19 | 0. 16 — +— | +— 30 . 50 50
AH—1 0.40 | 0.90 — + ++ 6 20 60
AH-—2 0.42 | L.17 | +— | ++ | ++ 20 20 60
AH-—-3 0.70 | 1.74 + + + 40 40 50

(3) HBROHERI X OB

BEERITTT X 51, A—&HTHBEIhcARSREARORRES L RECL DT, KRR LAT
AT E FIRERSIVL E0EERIREZRICT S,

Thbb, BREAHOHEIERERL LDRHALTD, FAROEHDHITHRNDREZED
TICERFRT 5. iz, BELEEZ LBED, FY=F UV VEHATIHEORK[H DRENEH VG
B3, SUBBELTL %, ZhIZHLEAHRAL AT AT e FER, REAMEE LSS
HITH D, EEEAED DO, MPICKEEC TS 528, BT fRicin>TL 5,
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CRLDT ERARCEEINDEB PRV AT AT Fi, —ERBETREINZDIOTIHTE—F
BTdY, TOLDTEERICEYLQEEZ INLVDOE, BEEEOLEL LKW EH BT EETL
TWdEEX D, SOCHEE, EBRROBRELC L BHKRCHEA VAT AT e Fid, BbEHCk>
TREKLY, LYRMBELREOFVIZ LIRS, ZORDIKIRELIC X 2158, FRTB LA O @RIR
M X 5 E5ROEETBTHARBIC IO TEERZAELRTVWEEXLLND,

5. SUDOBALEFRICOVT

AR OEERICE D, { FOIVREOTRMETIE, BLAEZEDLER, EEFOKET R L AT L
7 e FELAIRAC X AILERSAERME ETH D, ThOLBPHEEN K £B/ERT 5 E08ED b h
7o XD, ZIUOHILICEE TEERIS X OCBLAORRE FHABECERL, SOCREBRBEEIT
T EOMEE LT niE b,

L2L, ThH0Z LB LAT, EfTh RIBACIRB AL AT AT FESSURRET 25
HAORKELT, PEDESREREZ AR,

1 & B

i) &t JEE 12mm (5ply) O FHOMIES
i) pEEsE a) =729 —v (k)
b) 7vE=77 (1:10)

(2) *ERHH:

Fl— &M TS SN AR T (30em)? DEFEOFiIZ 2L D, —HEXFHAAOELLTHL, &
FIOKA AT AT FROFFILAIEEE LT, 1232727 Y —vE, thd 127 vE=T7KEHDON
BT —R ATV~ LTHL, ILREEOLDIT, BRZLELLVHDLOAF 3 2Df%E20°C D
BIGRIBEE 45%, 65%, 85%DIEIREIRENICH <.

FAONIICIL, FORDOLESAZ 1ML LTH 7 AMABRICD ) T THRICHET 5. Fx L T20
ARIE L7-Db, FNORHm AL AT AT FORIERTLV, < EOEERIOERRIE L.

(8) HEBIUHBE

BIRKLTT IO, BR—BEOHIEVTR=T 7Y —vishERD Y, 7 vE=T7TKHELRIT
BERNEEMTH D, LrL, HHEFREEMTORK TIPS ML TIRITRELTED, 0K
AITRBROEEEMMIET 52 L3 TER .

ERBERICH LTIV OB IER B E T 5546, BRAITOHLIL, BRdhLAaT LT E FROD
BilbERix b, HE, BECIVIDOLTHMLTREDK V. 5D, F— 31— U1 2RBIcH L TER
HBORVIWEZERLATNERSE VS 2, TRICKT5FHEMSEML, »o, HEOScEnThr»
EOEHETHDZ ENRFRENS,

ZTT, ShkUEEREEVTHRONERERFALT, 2EDX S5TEET 5,

B HEKB—EDHIRZF—DREMIGEEHF X CRI—OBELAIZ BV TERET 5 54, £ O EA
He, BT, HERRER 3 X OVE S, IRE, B EOEBEUSTRT—ETHNE, EBEOIVICRET
BRNAAT AT E FRKFIEIFA—BETHY, LIEBOTARABCEET 5DDHIER—BTHB2ITD
LDTH b, LOYA, BEDEMEE X THL LI REBNEHIHS, HELLBILICL>THEL BHAR
Bk A7 AT E FORBELDTOEVIDTH S, £hp ik, STCCEETSLOX, KREHCHE
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FIOR FHTHLEEZ LEAROIRERF AL AT LT E FIRE
Formaldehyde content in the bags containnig plywoods treateds with some
chemicals and results of nail rusting test in the bags.

PR AR OIMIATORIE RO B AROSCL AL AT ATE ¥
Pre-treatment of plywoods Formaldehyde content in the bags containning
tested plywoods treated with some chemicals and

results of nail rusting tests. .
BELLEAD | 7 BRRERD |4 B F A HEEIR IR EES KHHAL AT
PPk EE (20°C) ifd}:"’A7"’ Chemicals for | Weight Observation | 7 FikEE
Relative hu- - | treatment loss Formaldehyde
midities in Formaldehyd content in the
which plywood| content in the . air
were conditi- | air after 7 (%)
oned days p.p.m. p.p.m.
Non-treating 0.12 — 5
45 5 Airclean 0.09 - 3
Ammonium 0.12 — 3
Non-treating 0.18 — 7
65 15 Airclean 0.13 - 5~7
Ammonium 0.17 — 5~7
Non-treating 1.42 + 25
85 20 Airclean 0.92 + 3
Ammonium 0.98 + 7~10
95 20 Non-treating 2.25 + 10
LCEFENLDDTH S L TE, ThOEBAORKIBE L DTV T HMEDIDTH Y, ik

LD, ThOORMEIBET 5 LD TE S, TLTIVRFEET 55 OHAE, BLHIOBREM
X BB DERER I OB A CEARIORMNEDMS, BUERE, BUERMOTE DD DL
FRE LRSS RHCHER L VLT 52 L EBERTH 5, '
Fh@x, SCORAEZHIET 5DIIHARIORMPERNC L 2H0ME LI X&KL, BETH
KEIBBECLTHHREE2HT 5 B FETH D L EL D,

v 5 2

REBMREAER 2 EH LSO ATRS, ThicHMERINBT 54B2BRT 52 2050, £
OFERF—MHC AL AT AT Fitd 5 EINTW5DS, hDFRE RN 5\ IEES I3 5ic oV TR
RERTOERWED, 2, 3 DEREHL TR L, '

1. EBFE

BT BREE MBS0, JIS A5508 HIET S B.W.G. $14, X 38mmDEFHL ol
MBI L LT, FEOMBRECRVTRA L ST ZRIRMBIROERTE, SCRLELEDEERY
BELRBRILZDD2THO DL, FRCEORBRIEICE T 2EFFICHRR EORBN ST 5 %
AAT AT FOSHIREZREIELT, SCORREZHAEL .

2 EBRERB I UHE

1) REBIEEERIPOEMBE S & S COBRICE VT, BRSO TR TIC I PR 4 Uicns, £ Ol
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EMEREE R R TR < IREMIBEER LA, @ rr a7 07 e F—B LRI R
TREHET S L5, SCKERTELDORALATATE FX O SBLAIE DILERGER DD HIC
S L ESNB(E3 K. _ o

2) FwAATATFE FE—RSTE, EEREERICEVC FSALATAT e FOFEERBE—EOH
%ﬁ%%EEK&W%t,W*ﬁEWTH$AA7w¥EFOﬁEiKHWWKéUK;6<¥@Eiﬁ
LEPEILY, ELBELRVATAT e FEFREOEICICHT 2EECHIBEOFBATHE &
PHALA (BF4E, 5K,

3) X5, REMIEHEROBILBCEILTHEIADRA LT AT E FiX 20°C, 305#%Ic35\ T
W, EOEEMOEET bl AT AFE KO 0.03% Th 0, FUEEROHM k1 a7 AFE F
DERRERMNEX ORI HERT S 5,

£ HAATAFE PO AR E SCORRTE, #ILT v =9 AFLAIC X 55405 b
DELETHBEL, LaLRMECHHILTELL2TVv 5, TNRBELEIGICR W TET B D1
e, %OREICRESS S NS (6 %),

5) mALTAFE LT vE= Y AOILERRIC X 04T 5 EREOMMEICH LAIL T 5 1 ik
1%, 20°C HEWTH 0.001%TH D, "AAATATE FIZL BRTAKLVD, SCRBELTREEER
W A LA,

6) FEBRLEIVT, {EDITRRBRWThIREOBENSHIEMEL TV 5, L0k, WHEEW
CERIN TV 4 DWEEZRVTD, BEORELSEVEAERITLEENM1H 5,

) Wi, ARICHT BBROBE RS b, BEAM & MEEATO AR AR CK ¥, S
VCRITRA AT AT FVRAIE LR, BEAMZEEC Ld o, BoEREckihinidhiE
WL EENIE . LA L, BEAELEOLON, KEBECISWVWTLITERLEL, AP RLAT A
Fe FOBELE GETE H8E). '

8) HEELATRMACHT 5 SOOBEREE LT=T 7 ) — Vo7 vE=TRKERRICA L — LT
BEPORNL LT AT E FEIFR L TECRE<SHED, Sk EDIVRXH L THEMREBD O, FEH
DS IRCIERME L EOED D Z DRIRBLTALL, ELTROMMCMELE0EEEET 5 LEM#ET
EXNC TEN |

9) WxiT, VORI HIEEAROERBZEYICTR, BEOTRCKT ZBHTCL T4k
SHEEECHIET S LFETH B EHE XD,

X Bk

1D RIS « B 0 RRTF AT IMRCGE T H), REBIEESEMNEAVIEROAL< Y VB
wwoWT, MEtiig, 98, (1957) p. 117~126. ‘

2) Warker, J. Frederic : qumaldehyde, Reinhold Publishing Corporgtion, (1953) p. 86.

3) : - — p.164.

4) BRI - B 0 RRF - FHIE % ¢ HERERICET HHE (558 8D, SREBIEES OB Kkt
{bRliC>WC, shakiiek, 113, (1959) p. 21~36.

5) EARRKRTF @ REXK.
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Studies on Plywood (Rep. No. 13).
The influence of formaldehyde emitted from plywood glued with
urea formaldehyde resin adhesive on rust of metal.

Mihoko Nogucui
(Résumsé)

I Introduction
Metal goods contained in a plywood cabinet which has been glued urea formaldehyde
resin adhesive often become corroded. It is generally known that this can be traced to
formaldehyde in the urea formaldehyde resin, but there are many unsolved problems con-
cerning other factors, their relations, and the methods for prevention.
The author has therefore studied these unsolved problems by carrying out the following

experiments.

I Experimental

1. Testing method for corrosion of iron.

Metal specimens used were some nails 38 mm long regulated by JIS A 5508 (R.W.G.#14).
The nails were contained in closed vecsels having various humidities. The state of the
corrosion being generated on the test nails was observed at the same regular intevals,
and the weight loss of test nails was measured. On the other hand, the quantity of
formaldehyde in the air was estimated, then, after making appropriate observations, the
author computed the results in the manner shown in the following paragraph.

1) Percentage of weight loss in test nail (%)

Original weight before testing—Final weight after testing
Original weight before testing

2) Ratio of corrosion (observed on the nails after testing)

_ Weight loss percentage under testing condition %100 -
Weight loss percentage under bosic condition

3) Results of observation.,

— The condition of the nail before testing remains unchanged.

+— The lustre of nail is lost.

+ The rust is generated in a small part of the nail.

++ Dotted rust can be clearly seen.

+++ The nail is completely covered with rust.

2. Estimation of quantity of formaldehyde in the air (Colorimetry).

At first the air loaded with formaldehyde was passed at a rate of 100! per min throu-
gh a midget absorbe tube containing 3ml of water. Then 0.25m! of 1%-phenylhydrazin was
added to the solution and left for 5min. Next, 0.25ml of 1%-kalium ferricyanate was added
to the same solution. And after 5min, 1ml of 35%-hydrogen chloric acid was added, then
the solution turned rosy. The colours of this solution were compared with that of
standard solutions which were previously prepared in the same way, and which contained
a known quantity of formaldehyde.
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T Results of experiments

(1) In order to diminish formaldehyde emitted from plywood, it is definitely effective to
add combined chemicals or abbuminous substances to urea formaldehyde resin (Table 1,2).

(2) 1If each component of urea formaldehyde exists separately in the definite condition,
the amount of nail rust is rather little. However, it is markedly increased in the case
of mixing the resin and hardner (Table 3).

(3) When the corrosion of nail is tested by such a condition that urea formaldehyde
and peraformaldehyde exist respectively in the same quantity at 20°C in temperature and
45~95% in relative humidity, the nails become rusty in both cases at move than 60~75%
humidity. Consequently, it is clear that the corrosion of nail is affected by not only formalde-
hyde, but also humidity, Moreover, the fact that the weight loss of nail by corrosion
in the case of paraformaldhehyde is move than that of urea formaldehyde, seems to be
affected by quantity of formaldehyde. In the case of changing the quantity of paraform-
aldehyde at the definite circumstance, the weight loss of nail increases in proportion to
the quantity. And the rust of nail is move affected by humidity than quantity of formalde-
hyde (Table 4, 5). Besides, formaldehyde isolated by hardening reaction in 30 min at
20° C is about 0.027% of free formaldehyde in urea formaldebyde.

(4) The influence of ammonium chloride on the rust of nail is greatest among several
hardness, and this tendency increases arth increase of quantity in ammonium chloride.
Hydrochloric acid gas vaporised from hydrochloric acid, which is generated in reaction of
formaldehyde with ammonium chloride, is 0.001% of hydrochloric acid for 20 hours at
20°C.

(5) In the case of containing the nails and plywoods, which were made under similar
condition, in an air tight vessel at differerent relative humidities for some specific num-
ber of minutes, the corrosion of nail is insignificant at low humidity, whereas it is signi-
ficant at high humidity. If the test nails are put into a plywood cabinet just fabricated,
the corrosion of nail and the quantity of formaldehyde emitted increases. This is because
of the fact that humidity is increased by moisture in the plywoods in spite of low humi-
dity in initial air condition (Table 7, 8).

(6) In order to diminish the corrosion of nail and the formaldehyde gas emitted, it is
effective to spray some chemicals over the plywoods (Table 9). However, these methods

are not always practicable because of its process and cost.

v Conclusion

Hitherto it has been generally known that the corrosion of metal goods can be traced
to the effects of 'formaldehyde, whereas in this experiment it can be recognized that, if
the nail is used as test metal, the corrosion is not affected by quantity of formaldehyde,
but affected by combined chemicals of formaldehyde with hardner and humidity in which
plywood cabinet is tested.

As moisture and formaldehyde in the plywood which was fabricated under similar
conditions, are generally volatilized with the lapse of time, a plywood cabinet in which
metal goods are contained should be desiccated in order to elimivate formaldehyde imme-
diately. In short, to prevent the corrosion of metal in the plywood cabinet, it is desirable

to possess completely a knowledge of all relevant condition by studying precisely how to
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use resin adhesive, how hardening occurs and how to desiccate the plywood in manufactu-

ring the cabinet. i .



