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Table 1. = )7 BIGEEAORA & HHE

Formulations and properties of extended urea resin adhesives.

Maﬁ of adheives A | " B = C'F T D: e i “?’%F G
& it T
fesin | Extending ratio
[ g ,J?Ige;rlés.l;} 100 100 » 100 100 100 100 100
E Wheat flour ' 5 10 15 30 50 75
%g Water 74.5 15 | 30 60 100 150
ﬁHalili:nerﬁu 5 5 5 5 S 5 5
fl’ljisc?;it(fdse) 128 6 (Zg) °6 75 79 96
l%jesigﬁc'o‘ﬁeg:/o) 69 61 55 48 37 28 22
Eéx%izﬁfu&%) 0 12.5 25 45 90 150 225
?ellﬂfji (br) 2.7 3.5 5.0 7.7 16.5 24.2 40.9
gﬁ?ﬁié}’;) 7.5 9.1 10.0 17.6 26.7 47.8 74.6

) 1. KEGBEHGEmC B BHETr—-2<% 6rpm THE, ( ) P 12rpm DHF,
BEFIRE 23°C
2. @lERR =) 7THEEEROBES ONER - K - BARRNROEERIC KT HE, ek,
$HR =) 7HEEESFOBIER 2% Th D
. WEYHEMERIHRETS L0 (UMER - K) 0=y 7THRIBESRICYT R
4. BREIRER], BEEReRIIRERRE 20°C, R.H. 65%1k\THIE
T3, 7FOERO—WCEL 16mm, 1§ 110mm O bORFEMA LA (Fig. 1), b0 XROMR
% Table 2 kXU Table 3 RLTc,

(2) # & #

D =9 7HEESH : AERETESRESHE =) 7THIEEE =~ — =1 F$120 2FH L, Bk
LT v e =y & 0%KEE =) 7THIBROBRCKH L 5 BN L, T JOMEH L LT
INEMEFERL, TOREGHEMEES Table 1 KRL, ks, BULKHECLS X 5KTINEHOE
B0 1.5~2 FOBBHTHER LI, Table 1| WRTAREOESHIC, FEC A~G OFEXOITR
B ER LI,

2) EBY=ABlE= <D 2 VEER  BRHERRSHEN 2 ¥V - EQ-09 HFEROEEMHAL
foo COEBFFOWEIY, BEHS 37£1.5%, FHEE 130£20 £4 X (BEREESR %\ 30°C i TRIE),
pH 4~5 TH - 1z,

3) AHA vEEH DR TIERRSHNTLEAE » &1 v AMEER DY b4 P-100s &, D
FoEETKEMLZ, 30 FLENLZALTHIBRCLTHBHER LA,

([ et EEA () 100
] x 250



Table 2. =V =R OHIR & B8 &l
Preparing conditions of EZOMATSU laminated wood.

e g i Fefig © = LR
B B %Jrez re*gn ﬂa?ihe%ives% A s VHER | ALV
Adhesives Polyvinylacetate #E AR
resin emulsion Casein glue
A B c D E F G adhesive
§ SELARE (g/em?) 0.42 0.42 0.44 0.44 0.43 0.44 0.43 0.43 0.43
o = Specific gravity (0.47~0.39)((0.47~0.39)((0.47~0.40)|(0.47~0.40)|(0.47~0.40)[(0.47~0.40)|(0.47~0.40) (0.47~0.39) (0.47~0.39)
©
g K B
&g g Flat grain
ﬁi Grain § ) lﬁ}_ 2 2 2 2 2 2 2 2
astar
D @ grain
Bl s k. ®wWG
wE (€3:2:3) 12.41+0.6 12.74+0.7 13.4+0.6 12.6+£0.6 12.6+0.9 13.61+0.8 13.0£0.5 13.7+0.5 13.7+0.5
g 1(V[oisture ::iontent hod) (13.4~11.1)[{(14.1~11.1) (15.0~12.2)((13.9~11.1)|(13.8~10.8)|(14.9~12.4)(13.8~12.1) (14.2~13.2) (14.2~13.2)
6] by oven dry method
Bk (°O) T T
& % g Dry bulb 21.5 P ’ P P P ’ 23.3 P
temp.
Temp. at | 5 e B A — -
the time | 1 ;ﬁzbl(ﬂl? 2 p p p p p p 18.6 p
Of gluing te:np . 2 4 4 74 7 7 . v
® 4 & Ggm)
B &l Amount of spreading 330 4 7 7 7 7z 7 7 p
] lue
2l g
=
Sl 7 W B OB B (min)
& 8| Assembly rime 27 s 30 25 27 29 23 21 16
(3 2
% s Ciaming procaure” : ’ ’ ’ ’ ’ ’ ’ ’
o
5 kTR (C)
“Ho Dry bulb
temp. 8 i 1 1)
?ﬂ.ﬁ%ﬁ: ﬁwﬁﬁiﬂgﬁ@ Room temperature setting
uring et bu
condition | temp.
FE#f ] (hr)
Clamping 24 7 7 2 7 7 7 2 7z
time

I Note: ( ) AIZmAK~BR/PMaH b+ max~min, +--FEHE{FE standard deviation.

(B - FE) (ol #) B LKy

(F&



Table 3. 7R OMIR & BB KM

Preparing conditions of BUNA laminated wood.

= BEfE © = L ilE =
; &% #l - I)Urez; re%;n g?lhe%ves% A YDa VEER | €Sy
Adhesives Polyvinylacetate | # & #l
A B c D E F G ;gs;ligsﬁr:ulsion Casein glue
2| SEAME (glemd) 0.64 0.65 0.64 0.64 0.65 0.65 0.66 0.63 0.62
o § Specific gravity (0.69~0.61)|(0.69~0.61)[(0"69~0.55)|(0.70~0.60)((0.70~0.62)|(0.70~0.60)[(0. 72~0.60) (0.67~0.60) (0.66~0.59)
N
=
3 § H 7 Z 7 . 7 2 2 7
|’ Grain Flat grain
Yt
[=}
o8
wE & K KO .
;Ik.t: (%ﬁ&) : 11.6+0.7 11.3£0.5 12.0+£0.6 11.5£0.5 11.5+£0.4 11.6+0.4 12.01+0.6 13.24+0.2 13.240.2
'E’[ Moisture content (13.4~10.1)|(12.6~10.4)[(13.3~10.8)|(12.8~10.1)| (12.2~9.9)[(12.8~10.8)|(13.3~10.8) (13.5~13.1) (13.5~13.1)
8 (by oven dry method)
BERERE(CC)
& g g Dry bulb 21.5 ’ » P ’ P P 2.3 ’
T ot
the time Wet bulb 18.0 P 4 y) Y V. 2 7
of gluing tezenp u . v 2 2 s s 4 18.6 2
g B & Gm)
g Aimount of spreading 330 7z % 2 2 7 2 7 7z
S| glue
7| 7o v & B (min)
* g| Assembly time 48 ” 50 49 50 4 48 22 18
°f E & E 71 (kglem®) ]
& % Clamping pressure 15 K 7 7 K 7 2 P P
3 HERIRE(°C)
®wo Dry bulb
temp. €1 & BE 1)
fﬂi%ﬁ: (ﬁ%ﬂ?ﬁﬁ{)ﬁ(&@ Room temperature setting
uring €t bu
condition | temp.
FEFfiRg ] (hr)
Clamping 24 4 7 7 7 7 2 7z 7
time

I : Table 2 ids7c U
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2. #HAMOBHEN

=) THIREZER LI DR R 2KEhE, Y = flf=~1 2 o VESRIRS IO v v
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3. ERMEERBROFELAROHERA

(1) FEEERR

FBRLE : ASTM D 805(ASTM D 905) i X 5 HRET = » 7 RAMRBRIC L 5 L & L, BAKRS,
RITHER, SKBEREE LI,

RBREROHEENE « “ERIPHIEEE RSN L Z AR L o1, Tibb, TRIBHEERD
B/MED 10%U LT, FHED: 0% EOBETHR TN EEEEEHE TS, L, EETAN
& 100kg/em® &z ZHEUT, MR TNXEFME L HE L ORBERROREA LB 2 & At
TE%.)

(2) TAEEERR
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The portions of test specimens cut from the beams.
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Table 4. FEEBEFCLS
Initial gluing faculties of EZOMATSU
ES Y 7 15
Urea resin
A B c D
A B 8 X (kg/cm?) 85.9+10.6 80.1+7.6 84.5+8.9 89.0+16.8
Shear strength (102.7~73.9) (92.6~66.5) (99.4~55.8) (106.4~66.5)
K # B E (%) 93.8 80.1 97.7 -95.7
Wood failure (100~80) (100~40) (100~75) (100~90)
W oE @ K
Number of testing 24 z 59 24
& K =X (&% 12.4+0.6 12.740.7 13.440.6 12.640.6
Moisture content (13.4~11.1) (14.1~10.9) (15.0~12.2) (13.9~11.1)
EEIRE (°O) '
AR ORE Dry bull;{temp. 23.0 27.5 25.0 27.0
Temperature R C
at the time | {BZk °C) .
of, testing Wet bullftemp. 21.5 2.0 23.0 24.5
& : Table 2 Tk U
Table 5. BEEEHICIS
Initial gluing faculties of BUNA
EX D) 7
Urea resin
A B C D
A M X (kg/cm?) 155.2+5.2 153.4+£9.6 . 152.6+13.7 146.0+17.7
Shear strength (163.5~141.2) | (174.7~136.5) | (176.0~110.0) | (168.2~121.2)
KB M R (%) 100 97.5 92.0 84.3
Wood fajlure (100~100) (100~85) (100~50) (100~50)
H OE @ K
Number of testing _ 28 ” 59 28
=3 i R (% 11.6+0.6 11.34£0.5 12.5+0.6 11.5+0.5
Moisture content (13.4~10.6) (12.6~10.4) (13.9~11.5) (12.9~10.1)
5 EREE (°C)
R ORE Dry bulb temp, 30.0 23.0 18.0 24.0
Temperature = -
at the time | [BEKE °C)
of testing Wet bull?temp. 26.0 21.0 14.5 23.0

& : Table

2 TRkl




ERMCBT AR (F 12 8) (KRB - AFE - T

7EIEEEEFNEE 11 #i Fig. 2RI AEL LRI,
(4) BBRcHALCEBBEE, RBREFRSCOVCTLE 1l SiERAKRRDOTERT S,
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READIER S Tadle 4 35X Table 5 KiRkL1z, =V <Y DP&iL, G EED=Y 7HIgHEEH
FOFEL FOMOBEEFIL, WThiBEOPHESELTIL W52, 7roHErIL, A, B, C, D

==y REM DR BEE R

laminated wood glued with various adhesives.

i B = # FE e = AfilE= <o a v
adhesives BEA A €A vEEH
E F G Polyvinylacetate resin Casein glue
emulsion adhesive .
88.4+7.2 90.5+8.3 64.94+9.9 71.44+11.9 80.8+7.4
(102.1~78.7) | (104.3~72.9) | (82.4~48.9) (91.0~44.0) (95.0~67.0)
83.1 94.6 50.6 99.4 100
(100~40) (100~80) (90~10) (100~90) (100~100)
2 4 4 16 4
12.6+0.9 13.6+0.8 13.0+0.5 12.7 13.1
(13.8~10.9) (14.9~12.4) (14.1~12.1) (13.7~11.0) (14.5~12.0)
25.0 28.0 30.0 10.0 2
23.7 26.0 27.0 7.0 2
7R OFBEEEE

laminated wood glued with various adhesives.

kB & A B E = ABIE= <A D2 v
adhesives BEH hEA VEEF
E F G Polyvinylacetate resin -Casein glue
emulsion adhesive
126.4+18.7 110.1+13.7 76.94+13.2 154.8+15.3 153.3+19.4
(149.5~80.0) | (129.4~85.8) | (114.7~62.9) (177.0~116.0) (191.0~121.0)
16.8 3.0 0 90.3 88.8
(75~0) (10~0) (100~60) (100~60)
2 2 4 16 2
11.54+0.4 11.6+0.4 12.04+0.6 12.0 11.5
(12.2~9.9) (12.8~10.8) (12.9~10.6) . (13.1~10.5) (12.8~10.0)
23.0 25.0 2 16.5 14.0
22.0 23.5 2 12.5 10.0
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Table 6. HREEFITLS

Evaluatxon of gluing faculties of laminated

a
Q - b
3 oK HEE (%)
o| & & A Delamination & 5
g Adhesives i Number of
ﬁg E] 3 £ 1 5 * & & " ‘testing
{igglggr' of Average Max. Propriety
1 A 16 0 0 O 5
" }Z B 16 0 0 O 5
79| C 19 0 0 @) 5
ol p 16 0 0 O 5
- I8 &
22| E 16 2.0 30 x 5
b| B g | F 16 6.3 57 x 5
5D ﬁ“ ~ .
/s 2l G 16 ©18.6 43 X 5
= | BEex
=Q < =g
N S o
Q| % s
v
83
2 =2 % E8o 3 0 0 O 3
Ly 805
# 589
Be S8
i Ml
HEA VEEFH
Casein glue 3 0 0 O 8
§ A 16 0.3 2 O 5
78| B 16 0.3 3 O 5
791 C 19 0.1 1 @) 5
Bal oD 16 1.4 9 O 5
# S| E 16 11.7 52 X 5
g 5| F 16 34.9 99 X 5
7 a 5| G 16 40.6 100 X 5
Z
2| K= o
> ~ 3§
L 0w
L’_:/- g'g
:.j .E‘U.g 3 . 16.5 31 X 3
/1/*% .E"EE
e R E
REF|
H LA EEE
Casein glue 3 0 © O 3

B ABELADOMIIERK, XHEIITRE#HK O Pass, X Fail

TR = < % —Jig

Delamination
N

Fig. 2 Efft e = A#flg=~1 2 2 VEBRIC X ba‘ﬁﬁgbi SEERT DB
The model figure of delamination of a glueline formed with
polyvinylacetate resin emulsion adhesive.

‘,_
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E R DEEEEREDHIE
wood with. various -adhesives.
f
1cycle 2cycle 3cycle
TS HEER (%) FSEER (%) ILEEER (%)
Delamination Delamination Delamination
o\ R KAHF B|IPR BH|IE K|F B|IPF BH|IE K|AH K
Ave. Max. |Propriety Ave. Max. |Propriety Ave. Max. Propriety
0 0 O [¢] (0] O 6] 0 O
0 0 O 0 0 @) 0 0 O
0 0 @) 0 0 @) 0 0 O
2.5 13 O 5.2 26 X 7.6 38 X
0 0 O 3.4 11 @) 10.5 28 X
4. 95 X 48.6 95 X 51.8 100 X
19.7 43 X 36.6 66 X 48.9 67 X
0 0 @) 0 0 O. 0 0 @)
0] 0 O 2.9 8 @] 3.7 8 O
0 0 O 0 0 O ] 0 O
0 0 O 0 0 O 0 0 O
0 0 O [¢] o] O 4.7 24 X
0 0 O 2.7 14 @) 8.0 40 X
50.9 81 X 54.7 86 X 64.1 91 X
78.4 92 X 84.8 100 X 92.6 100 X
95.8 100 X 98.6. 100 X 100 100: X
0 0 @) 3.8 8 O 10.3 26 X
0 0 @) 0.4 1 O 2.4 7 @)

EED=) 7HEEEER L, R = A#i=~1 0 VEBRIB IO 21 vEEANVTHIERED
iigEEE TR L, B, F, G, #EAO=) 7THIFEEF, LORCHEETARD LA,
2. MREEME
REAO#ERY Table 6 WRLA, =Y~ YDBARKIE, E, F, G HEAD =V 7 #IgEERIC s
RELEDOI, 7FOHFIE, E, F, G OARAED=) 7 BHIREEHIS JOFRE = A#iE =~ 1
g VEERICHRETRESZED bhi, 7k, BRRE = lE=~< 12 2 vESFIOBE, & JERRD
EEOBEERBC Fig. 2 CRWTERCRLL X 3 1Big (F 28 ERIBeo0 €, Wil o
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Teble. 7. HEHEERIC X 2 LM OBEEMEREDHIE

Evaluation of gluing faculties of laminated wood with various adhesives.

R . RAMRER 3 < HER B ® &
sWO?d fflhiifg s Block shear test Delamination test . Proptrl'ietfy of
pecies ASTM D 805 a £ (1cycle) synthesis
g1 A O O o 0
78| B o O o o
75| C O o o o
Ba| D o 0 O O
§§ E O x o x
Ia ﬁ@ F O X X X
S =) G O X X X
S [F=y
- < =
Q |®.58
va | Eo gl
= a%go @] O @] O
E-EE
#gead
HaS8g
B & = S
HEAV
B E A @) @) @) @)
Casein glue
§ A O @) @) @)
;%8| B ® O ® o
75| C O ) O @)
Bel D O o O o
#8| E x X X X
gg F X X X X
7 5| 6 x x X x
g BE= o
>A BT s§
s §§
=258 o O X o x
Ly 8oz
#Lad
g S8
) = S
hEA vV
& A O @) O O
Casein glue

E:l. OHIXEH, XHIXTEK
2. BAWRBR LI BERROMH & HOMEMSNE, BEMTXE

I IRKEOVIREE) 2Bk, R EORMESRETDH » 7er 2 ORBR TR LB it SHEe
LTHIESE L,

v % 7
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MIEEh LicHIERRE L »C, 78y 7 BABRBIEE L L HRRIERLHEL, Table7 ikth
FROEEXTR LI, ks, ARCEWTIRHCBELTEL YA 7 L EOERICI WV HEL, 2h
2Bk, BANBRBRBEROEE LI ERBEROBRE LS —BR L TRVWEENSVOT, EEEREDHN
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2. BEEBRIOEEMERE

(1) =y 7EilgEE#H

INEMEHETAHE, TORRTII=Y~Y, FFrEi, DEATRLLEAIWIHARESR
OEIER 8% F CHHMEBRALEZ bh 5, X hReREEIICEATvbb LEIER 5%58E
ETTORBLEL DI D, £ LTRERCKT MBI FEEYRA LSS, BRTEDRNDY, i,
=2 ) TEEORRATHHEBMEXBRTHLEOHEN DD Z LIXEHE Ih T2,

(2) Efe=1E=<12 3 vEEF

=Y =V, HEEEE, MAESEE VBRI NEEERRLIY, 7r0BE, HEEEE 4
e BT DM ABEEIEL, EECART I afFCB O TRITREBTH -1, ST, EEERY = L8105
=AY g VEERIOMIKES, BEREO=Y) 7HRIEESACEELT, W LBV, 44
Bl 2KPREZHFHA6BETHAORMELT, afkoThst 24 BETHEZ LOEE D LD
hTw3BI5ELBRS,

(3) »E1 vEEH

=Y'=Y, 7rOMEBCOWT, PHEEER IOMAESEEL VMR TRERELRLTV S,

V 1 E

LRI REM OEEFIE LT, — A AVWbh w5 =) 7HIBEERIOZ 4 S—HmoBE L,
ZORREBETOVCTRE LIz, ¥EEEC = Afili= <12 3 VESRR IV » €1 vEBHICOWLT,
{CHERERM OBBEH L L TOBEEEZRHALILLOT, KESX¥DLE) THS,

(1) =2V 7EEEZRC/NER*HEBET5858, FRRTIDEETRbLLEIEE 48 %7 ¥ TrHE
BREEZBIhBD, XD REMEXHZTCEREA (ISR 5%) »ELREBbhs,

(2) e = flE=~ro s vERRII= V<Y OBE, MRS, WABEEL L RIFkE
BRLTVB, 7FHEDOWTHRE L, MBS RIFTh 5%, MABESERIFEER &0 =Y 7HlEES
FichLThE B, ZORBERLL—HCEETS L3V v, BREHOBEEIIHEYET,

(3) H¥q vEBERII=Y~y, 7rmEEL bIHMEEES JOWMAESEL bHEEEYRL
TWwb, L, ZORBICELCESAIRETRIN T3 L00h TRIIRENR IO EHVT,
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Studies on Laminated Wood. (XII)

Gluing faculties of laminated decorative wood glued with

various kinds of adhesives.
Kazumi MorivAa, Minoru NisuinarA and Minosaku Sucano
(Résumé)

Urea resin adhesives have been widely used for laminated decorative wood in our coun-
try. But they have rarely been used Witﬁout extending them with filler or extender. We
studied therefore extended urea resin and investigated extending limitation. And we studied
also polyvinylacetate resin emulsion adhesive and casein glue and investigated gluing facul-
ties at the time of using them for laminated decorative wood. The results were summarized
as follows:

1. It was found that extended urea resin with wheat flour should not be extended
more than 55% resin content.

2. Good glue bonds were obtained at the time of preparing EZOMATSU samples glued
with polyvinylacetate resin emulsion adhesive. But durabilities of BUNA sample glued with
the adhesive were lower than the ones glued with extended urea resin adhesive (55 % resin
content).

3. Good glue bonds were obtained at the time of preparing EZCMATSU and BUNA
samples glued with casein glue.



