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SRICEEDOMI A, MEEERNETEFRELTOVIV Y — b —— L TV T—BDERS
1T78\y, BIERY TIREX0.12~0.38mmOEHK CRESH L7 77 b FTRERIHEMRED 2, &
PEEANTE0B THEC L o THCEET 7 =/ — AV IV ¥— bt —— 1A LEARICOWTHE
DEEMHECTHEERROBREZEBE Lz, TORT, MEATHERINIHEOT LR T L VWK
e BB VDR INBEET TR, VIV Y — POBERTSTRWEERFR VI Y v — RO
B, ThbbEEENEAEL, MEROEKTE2ED 3, 2)xD7®d, TOHMDDDOVI Y ¥ — FRIR
WMELTERILLZ 77 MREAVAHEITIIES 0.2~0. 25mm, FEE 0. 658T% DD D (FI5ERI50%
DBE) BEYTH D, POFNTHIMERNEOEMEZET L ENRTEL L LEHELL, LT
AHTIE, ThHOFMRERAV, BTEBCI 55— — v B AELRIANTEIERZ L LTHlE
OB LIV Ivo— rRBEL, Thigt—S—VvA LSRR OWTEMEL 2284, 2H%2K
BLAEDTLORKREZATHY OEIERN0%DBEDHR LB L THRET 5.

EMEEFTRS DD, THEWLEWERFETHERREE REARTAEER), WEE
TLE« THALRE - AKEBREE, AFRINKE, TREREAEZATRARE (RPELE
K.K.), BERBRICOWTCHREVW R WIREMRED 2, LD ELDThi VBt IHER
TeEboBT EMERBRMAZSRCHESEHT 5.

R BRMEOHRO—ERIL, FUE BFAMFERS (196444 B) THREL.

I LPys—bhF—n—LA1ERnEE

1. Lorvo— ot TnitE

i) #UBEEY ATRY ¥ LA U< Floatation system D&% « ot

i) # B8 AIERY LR YBICAMEECEE LMD 7 = 7 — A RBIEY T, 7 =/ — 1,
VAT =, RAATATE FOEALF 0.95:0.05:2.0, NaOH OfftlE T CTHR L. &R
BOKIEE Fig. 1 0Lk THb, 7=/ —/ 26.8kg & 37% kA< VU v 48.6kg #IRA L, 20%Na
OH %mxT pH % 9.0 iFH%EL (20% NaOH 2.0/ %2E L), »EFERHS5 90~95°C TRISHE
L, KAE (RSH 58 # & - THHL, THhICHKZET L THIESSEEL TS5 ETITmI s

(1) AMBMARRBMERRTEEZE
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¥ Materials | ratio
0 mol. rati
g & » - Phenol %68k 095
WIOL n 8 - Resorcinol .65k 005
AR Res 2 Formaline 486k 2.0
> £ $S1h —3 3 20%4a0H 252
5 2 Vo= oYES " Methanol  1.65%8
m =z 533 Se¥ S
2 F2ERS EQn T N Final product
[ ) % L£Oo a2 X
= == | | Viscosity 0.58 poise (20°c)
100 - Solid content  46.0 %
Water dilutability 390
90090 +
Temperature
7001 7.0
500F 501
300 301
Water dilutability
1

0 30 6|0 9|0 IéO
REACTION TIME (mim
Fig. 1 kit = / — A RBlIEO RIGRE

Process of neutral water-soluble phenolic resin synthesis.

NaKERBISICHT AESRTEDLT) 2% 300 T ZahiEfy 60°C wRHEL, vV v/ —)L 1.65kg
BERBDO AR ) —LMCHER LTSI, ¥ 80°C TELRREE 23, &% pH »7LITFiCik
B X 5ic NaOH 1Ak CH% L7z (20% NaOH 0.5 #EmL7c). £DM VY L/ —AiRimc &
> TIKFIEEI RSN 5 2SR KI 13 5F (P:R:F=0.9:0.1:2.0 OfPAIMBERLLS), £O%
BACETT 5. VALY —AEMHE 80°C TOREKI 1 BMITRIGE kD,  FoHhiiiiEis pH
7.3, ZKFOEE 390, HEEE 0.58 K4 X (20°C), #HEEMS 46.0% TH ol THhEMLBERIGELT 50%
A&7 —VTHRRUTHW .

i) E K AL THEEALA4EDS5 DL, Table 1iIKRLARELLZ 57 AT HOLD3
&, ThbbEIFhFh A:0.12, B:0.20, F:0.22mm 03 0%fVvic, 205, B, F, iXATHY
CREBETREEENESNZIDTH S, ZO3HEOIPCWEDHTHEZ T X B4 —S— V1 H7
el iR algR e kD 5 FHARDO LD, BEORKDIREILLZ 77 ML TRHOFKIE, BEM
MpHD 1 EEdbeTHBICH Lz (Table 1),

iv) HCEBC LA~ - v PARAREEIERERD S FHAR IO RKITOWT, A
Y O U—1—ii) FHRBROFECUEL, HMIFSROBEOBIERIRE & SIFROBRE KD 5 & & b
i, BADEIER (84~53%) DVvovo— 20K ) (—ERIBKRBICER 5 LI X b &% « TR
Lo TREE LA b2 EA), (1) Fh bR EERRE LTRVWARBRAAROEENZAIET S &, (@)
HLIvy— bt ad—— U LEAREEREROL VX LRBRIHET 2 LD 2 00ERICL 5T
VOV Y~ FOBEBEBC X B4~ — v A DR BRI L,
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Table 1. vIvy—  AEMROWE L BTER DD OREKENEE
Properties of base papers for resin sheet and the minimum

resin content enough to self-bond.

JE #  Basis weight BHEEB LA — S~
. i s ey
B = %ﬁ w7 g% = X ¥ Basis B % E Minimum resin content
: : Thickness | weight Bulk enough to self-hond
Symbol Kind of g density (Volatile 8%)
pulp (mm) (g/m?) %
A KP 0.12 62.5 0.52 42
B KP 0.20 110 0.55 40
F KP 0.22 141 0.64 43
E _KP 0.24 124 0.49 40
G KP 0.25 151 0.60 40
H KP 0.24 165 0.69 43
j %zﬁﬁgf 0.38 226 0.59 40

T, VIV Y~ MERES (130~140°C T L0HMHER L7 L SOBERED B8 %I s X5k
Bravie—aL, SRR VEHLL,

- _ (vove— o) — (REROHE)
&g (R.CH CETEAE 3 > £2x 100 (%)

DETE1IERE LTEKE12%, EX 1.2mm, 20X20cm O H-SEEEAV, v ove— 1%
BERE LTI 774 EREER Lic, BUEREGIFER & F U< EHl2kg/cm?, 130°C « 1057 & L7,
ZOERD S ABOERMEE NHBRR % & - T (WRAZINEE LT D) KBk I O&EH 3OS
NRREIT R ol T DOFERE Table 2 WWRLcH (EEXEREERESN, TERIEMESN), &lg=x
0% EE L LTENUTIRAR S LEFNVRCET T 2HA» % v,

EHRE2EREL TRV IV I~ 22171, EX 3.7TmmD 57V 3 754 FiRCA—~-I—v
AL (A== v A &R T H DD LR L), 156X15cm CYWF LAz b D% (Eih 4 B —63°C 12k
B EER20RRT) D4 Doz LBRICHE Lice £ LTE D594 7 ABICh Vv Iy o F ORI Y, +
— 3= v A ORME RO S i5h o b DEOH, 594 7 ARELRChLUANC L Vv ¥ — F ORMEE £
Chdbox xEHE LT, Table 2 OREAMICRLE, ZORBREZE 1 EROEENRBOFER L IBET
5E, BEEBEEND 10kg/cm? LDV IV ¥— bEA—S— LA LEbORE 2 ERTIRTRC
OFl, TibbBEMhiiEs 41 7 igblkbsd —— A ORMERbTZ Lidkr o7z, ThHDER
b, B 1 EROFETREOEMEE NS 10kg/cm? D EDEE®ETRT VIV v~ FIZEDES
L BF— - vA BHRETH D LHE L,

IS 2 00ERERY D, FEKICOVTHCERIC L 54— — VA BUREARIKSISELHET
%% Table 1 DHEMOTEL TH B, —RIFEMBFE VLD, BENE W OIZODEH %HE&%M
BT HEAN Arohf_,

THRZDESTENRRMEL, HiHED Flow BEWVWEADEREKRE VIV o — | OEEOR
GEBRHT 570, BX 1.2mm O 5 #ikE 20°C, BIREE 85%, 65%, 45% OIEIRERES X
B Y nFATFyr—2—f (20°C) THELTEKEISY, 12%, 8% LU 2% @ﬁtﬁzygﬁ?g Ls
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Table 2. VIV y— tOEIRR LIEEZEHOER
Adhesion strength of plywoods bonded with resin sheet varying

resin content.

Resin sheet Kind -‘Adhesion strength (kg/cm?) Number %3
Base | Resin of of Ovexi)l;aying
paper | content test Mean Min. Max. specimen | self-

(%) bonding
5 N # | 22.2 (o) 18.5( 0) 25.5( 0) 10 *
- B 24.3 (0) | 20.0(0) 28.5 ( 0) 10
N 21.1 ( 5) 13.3 (0) | 26.5 (20) 14
A “2 B 18.7 (15) 12.8 ( 0) | 29.5 (40) 14 O
N 15.3 (0 8.0(0) 22.2( 0) 7
40 B 9.9 ( 03 5.4 ( 0) 13.6 ( 0) 7 X
. N 20.8 ( 0) 16.5 ( 0) 24.5 ( 0) 10
52 B 26.5 ( 03 24.0 ( 0) 30.4 ( 0) 10 O
. N 24.2 ( 2) 17.7 ( 0) 28.5 ( 5) 14 o
B B 21.3 ( 0) 15.0 ( 0) 28.8 ( 0) 14
© N 20.8 ( 0) 16.3(0) | 25.3(0) 14 o
B 16.9 ( 0) 11.2 ( 0) 22.4 ( 0) 14
N 15.1( 0 7.5(C0) | 240(0) 14
i ¥ B 12.3 ( o% 6.2(0) | 20.8(0) 14 x
5 N 18.9 ( 0) 13.4 ( 0) 24.0 ( 0) 10 o
B 19.5  0) 17.3 ( 0) 23.8 ( 0) 10
; N 23.3 ( 7 18.2 (5 30.2 EIO 14
F 43 B 24.3 (27% 21.1 ¢ o% 26.6 60% 14 O
N 14.9 ( 2) 5.1(0 27.5 (10 14
39 B 13.6 Em) 1.0 { o% 23.2 %ao% 14 x
5 N 25.3 (14) 17.3 ( 0 36.9 (80 14 o
B 22.7 (15) 15.0 ¢ 0 26.9 (50 14
N 21.8 (11 10.1( 0) 29.6 (50 14
E 38 B 18.1 (163 9.1¢0) | 24.2 (60 14 x
N 1.2 (o0 6.4 (0) 18.1 ( 0) 14
3z B 6.7 ( o% 4.3 ( 0) 10.9 ¢ 09 14 X
N 23.1( 3) 17.6 ( 0) 27.5 ( 5) 14
46 B 26.1 (14) 20.5 ( 09 34.2 (65) 14 O
2 N 19.9 (17) 15.5 ( 0) 23.2g 80) 14 5
G B 24.3 (15) | 20.0 ( 0) 30. 7(100) 14
N 18.6 ( 4) 15.1(0) 21.9 (20) 14
39 B 18.4 ( 1) 10.9 ( 0) | 24.3 (10) 14 o
N 12.3 ( 1) 3.8 ( 0) 16.3 ( sg 7
36 B 9.1 ( 0) 6.7 ( 0) 1.4 ( 0 7 x
N 19.7 ( 0) 18.1(0) 21.0 (10) 14
H 42 B 23.8 ( 4) 18.1 ( 0y | 31.1(25) 14 O
% N 20.2 (12) 17.3 ( 0) 24.2 (60) 10 o
B 24.0 ( 7) 18.4 ( 0) 28.2 (20) 10
” N 20.7 ( 4) 16.8 ( og 27.5 (40) 14 o
] B 25.3 ( 0) 18.1 ( 0 25.2 ( 0) 14
43 N 24.8 (11) 21.0 g 0) 27.5 (40) 14 0
i B 26.2 (25) 21.9 ( 0) 31.8 (50) 14
N 14.7 ( 3) 9.4(0) 18.6 (10) 14
o 34 B 11.7 (10) 8.6 { 0) 15.2 (25) 14 X

*1 N : Normal test (tested dry); B : Boil test (tested wet after 3 hrs. boil)

*2  Wood failure (%)

*3 Results of boil and dry cycle test of resin sheet overlaid plywood.

*4 (O :Possible (The resin sheet overlaid lauan plywoods ( 3 ply, 3.7 mm, 15X15cm) sho-
wed no delamination of resin sheet after 5cycles of 4 hours boiling and 20 hours drying
at 63°C.J

% : Impossible [Showed delamination of resin sheet in the above cycle test]

Veneer : Birch, 1. 2mm 3 ply, u=12%
Press conditions : 12kg/cm?, 130°C, 10 min.
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Table 3. VI vy — + DAY E AN EKEORR
Changes of bonding characteristics of resin sheet with wood moisture content

(Values show adhesion strength of plywoods bonded with resin sheet).

Resin sheet . i -
€ Adhesion strength Moisture content of veneer (%)

Base Egrsltn (kg/cm?)

18 12 8 2
paper (%)

Mean | 22.6 (17)% 23.6 (13) | 24.4 ( 6) | 15.9 ( 4)
Tested dry Min. 14.4 (0| 14.2C0)| 18.4(0)| 10.2(0)
Max. 30.4 (50) | 30.6 (30) | 27.7 (20) | 23.7 (10)

A 45
Tested wet Mean | 23.5 (14) | 24.9(2)| 21.6 (4)| 13.9 (0)
after 3 hrs. | Min. 20.2 (0)| 20.3C0)| 12.3(0) 8.8 ( 0)
boil Max. | 28.2 (80) | 27.0 (20) | 31.8 (20) | 22.2 ( 0)
Mean | 21.5 (15) | 19.8 (12) | 20.1 ( 5)| 17.0 ( 2)
Tested dry Min. 16.0 (0)| 13.0C0)| 13.8(C0)| 10.4 (0
F 45 Max. 29.7 (60) | 26.6 (50) | 23.4 (20) | 25.4 (10)

Tested wet | Mean | 24.8 (33) | 23.4 (12) | 22.3 (7)| 15.1 (0)
after 3 hrs. | Min. 19.8 (10) | 20.6 (0) | 17.9 ( 0) 8.4 (10)
boil Max. | 29.6 (80) | 26.9 (30) | 27.8 (30) | 29.4 (10)

* Wood. failure(%)

Veneer : Birch 1.2 mm, Three-ply plywoods were bonded with resin sheets.
Hot pressing conditions : 130°C, 10 min, 12 kg/cm?.

Number of test piece : 14.

RO EERRR LT o 7c. £OREIX Table 3 DT L ThH T, BHICEWEKRDOHEEIX
BlE LT 8 ~18% CRRFIBREDEENE R L,

V) VIV~ tORELSEIRE DBORBRCH LIV IV Y — FoiELME Table 4 TR
Uiz BEMRIIERS D8 ~8.5% kb X 52y tr—L Lz, FKA, FieoWIXECEETRER
FREEEROIV LS v v — 28D, BB OV TRRLLEVRIEEDOIDTH -7,

ThHDUVTY v — MIFECRRATFHRBRA Vv o v & — P 0= E LTHERAL, TOEBEER

Table 4. T2/ NIV y— FORESELHE
Manufacturing conditions and properties of phenolic resin sheets.

i o VIV~ +OHEE
R OK B g = %ﬁéi@%gﬁ@ HEAGRRE Properties of resin sheet
R BT ET (AR o
Base Solid content Temperature at Dr.ying Resin Volatile = &
paper of resin solution | middle of dryer time content content Thickness
(%) (@) (min.) (%) (%) (mm)
A 33 85 ~ 90 4 42 ~ 43 8 ~ 8.5 0.17
B 37 85 ~ 90 3.5 45 ~ 46 8 ~ 8.5
F 41 80 ~ 85 . 3.5 43 ~ 44 8 ~ 8.5 0.28

(Basis weight of resin sheet)—(Basis weight of base paper)
- - - X100
(Basis weight of resin sheet)

*9 Weight loss after drying at 130~140°C for 10 minutes.

*1 Resin content (R.C.) =
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Table 5. BRI E L DRV Y
Properties of cured

Resin 4, Tensile strength*3 (i{g/ls mm)
sheet Thick-
———— ness Machine direction Cross direction
Base | Resin| (mm) 0C 25°C oG 25°C
paper c(c%'g. Dry (R.H. 65%) Wet ( Xaﬁc:sr ) Dry (R.H. 65%) Wet ( ;Zait:irs )
—*2 0.12 5.8 : 1.7
A 42 0.14 17.0 (2.4)%8 15.3 (3.8) 6.4 (2.0) 6.0 (3.6)
53 | 0.15 18.8 (2.4) 16.5 (3.8) 7.2 (2.0) 6.0 (3.5)
— 0.20 12.5 4.9
B 45 0.24 27.8%(2.7) 22.1 (8.3) 13.2 (1.9) 11.7 (3.6)
52 | 0.25 | 27.4%(2.7) 28.5 (8.4) 16.4 (2.1) 13.8 (3.3)
— | 0.22 12.1 7 5.7
F | 43 | 0.26 31.0%¢(2.4) 30.8 (4.0) 19.2 (2.8) 18.9 (3.7)
50 | 0.29 33.3%¢(2.3) 28.8 (3.4) 18.8 (1.9) 1.3 (3.5)

*1 B EMERE TERICII S ATHE{L® L7, Resin sheets for tests are cured at

*2 ENEFEHEZTR T, Non-resin-treated base paper.

*3 a9 —HiENERIE, Schopper tensile machine.

*4  10mm IO ZHAV, HE% ke/15 mm T#E L7z, Width of test piece : 10 mm,

*5  Rh#iREEOfEYY,  Elongation at rupture.

*6 JIS Z—0208 DRy » FHMAL, CaCls (Rff2~3mm) #913g, #&KEHx Dry 40°C
38°C ; Dry side : CaCly ; Time of test : 2 hours.

*7 20°C, R.H. 2% HREORIZFHEL L, BERXINTHEERZTT. Based on the

Table 2 DHFIZTFEN TV S, ZLTINLIIFRDOTE HEEEC L 54— - V1 BARETH 5
LEx LI,

VIV Y~ b RATV VAR S &, BURE THAERE TIEEE L Lo b D (130°C, 1057
D#HMHE% Table 51T/R L. SIER 50~53%D SN — 7 & 42~45%D 7 N — TR K L4, Bl
RDIRE, FHEEKE, BKE, KBKJBHEEL SWEHOTLEENRE LN, RIE « TKiT X 5~
T EB B DI b 5 T,

2. F—nN—LqniE

i) BRAEHR F7v37534D 3.65~3.75 mm &K (FHRAEKIE 1.0—2.0—1.0mm) TLKE
& 11~13%, #EEANLT = 7 — A BIETX DELE, ERFHRSEDL R THS, MHE 180 Fv v
FR—AR—THv T+ v EF L,

BEARORA 1 751+ —~vTD528HV 100 %, PRBAIT0H, £ 20%, &amo pH 10.1°

® ff £:330g/m? w JE :10kg/cm?, 9 4 Ryfd

Zh JE:10kg/cm2, 130°C, 6%

i) F—S—v1 &k

VIV Y- FRETROZ L HEHEERERTOT, BEDAR L > Th — 3= V4 FTBZENTE
Do A~ — VA RIEBREOHERK, BERKEFREIATHRY LRUTH 5, ThbbES 0.2mm, 722



VIV Y — bRk BA— -V BT AR (ETH) (BE) —105 —

vy - 0 H%E
resin sheets.

Equilibrium moisture con- Dimensional change *7(%)
tent at 20°C .and relative Water Vapor
humidity (%) of absorption | permea- | Machine direction Cross direction
(25°C, 24 bility * 20;—10 25°C 20°C 25°C
32 65 2 : R.H. water R.H. water
hrs) (%) (g) 95% 2¢ hrs | 959 24 hrs
0.53
3.4 5.1 0. 43
0.09 0.13 0.33 0. 46
0.10 0.15 0.30 0. 50
5.4 9.5 — 0. 14 0.19 0. 41 1.53
3.8 5.4 39 0.35 0. 10 0.16 0. 25 0. 40
3.4 4.9 33 0. 33 0.11 0.16 0.25 0.38

130°C for 10 min. between hot plates without pressure.

Strength : converted into the unit of kg/15mm.
«wet 38°C; 2 Eeffliki®, Apparatus:JIS K—0208; Wet side : dry temp. 40°C, wet temp.

length conditioned at 20°C, 32% relative humidity and values show elongation.

FBUBEEDY v = VIRETEI 5 KT oA LT 125~130°C, 155, Eii12kg/cm? THEKE
BOBEICFA@ED VIV ¥ — bt —-3— 1A L,

s, DBOTREZEEICT 50, A— - VA SRCRER LYY o — L OFRIKLS L &5
BEER LTS EMLTERT S L 2L, ARARE N TRT (B0 X 5 KR MR BES R 1w
Y LRIELTRTS, £0HOEHARENTRLE.

m Loy y— bt—n—L A GROMRMERER

FHE LA — I VA SROTHEMRZ AT OSIFRN0%D L IV v — b — =V A HiROZE
Wi T 57, RURHEOBRIMES ARBCHL, 1584132 E KB LA dORDVTHEIRHIMNE, B
Kk, SREANZEE LR, BANE ARRIIABHETHTHY, ThOLOBRIZEAREDOTETD
%, '

. & #

BRERE T L > TRE LAV IV o — F DEIRRIM2~45%D D DDIENIL, HEDLDOERL
LTHTHRY OSIgR50~53%D Vv Iy ¥ — b oA —-3— v LSRR DHBE LTEX R, ThDE—FE
LT Table 6itR LTz, TERFRBROT LI FRALELVY Y ¥~ P OFMKILS (Table 1) L&fEERE
B LAELDTH D, ENEERNIZA—S53, B—52, F—500BRERTH » T, FHRABIROERILZ
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Table 6. iEABRAB—-F X

List of plywoods for weathering tests.

SR RO F et L4 R VY ¥~} Resin sheet R
= = Eiw s DR
i = ? " & RgoR s & i * Thicmkness of
Symbol of Overlaid or not Thickness of .
plywood base paper Resin content plywood
(mm) %) (mm)
Non-overlaid

N (base plywood) *! - - 3.4~3.5
A—53 Both side overlaid 0.12 53 3.6~3.7
B—52 As above 0.20 52 3.7~3.8
F—50 As above 0. 22 50 3.8~3.9

’ Non-overlaid - _ -

N (base plywood) *2 3:65~3.75
A—42 Both side overlaid 0.12 42 3.8~3.9
B—45 As above 0.20 45 3.95~4.05
F—43 As above 0.22 43 3.95~4.1

*1 Veneer construction : Lauan, 3 ply, 0.9—2.0—0.9mm.

Adhesive : Phenol-resorcinol-formaldehyde (mol. ratio 0.9 : 0.1 : 2.0, pH : 7.1, vis-
cosity at 20°C : 6.0 poise, solid cont. : 46.5 %, water soluble resin) mixed
with 5% soybean flour and 10% water.

*92 Veneer construction : Lauan, 3 ply, 1.0—2.0—1.0mm.

Adhesive : Phenolic resin on the market (water soluble) mixed with 10 % filler and

20 % water (pH of mixture : 10.1).

7v 3754 0.9—2.0—0.9mm, BEFRET =/ —A—V VLY ——FKNATATE FOENLILE
0.9:0.1:2.0 &L, O-1-iD) LRI LTER LI REDKIBHET = 7 — L REIEEER] GRRISH
FS : 3,585, pH:7.1, 58 6.0 1 X (20°C), Solid content : 46.5%) % 100 &8, XE ¥ 588, 7K
10HZIRELDDTH %,

F— - VA BARD VIV v — FBIZA—4213E, B—45, F—43IXEFEHR VWL ERETH -7,

2. RBFE

1) BHNE A BTHRY LFIUT, 30.5%X30.5cm OHEIO = » IR WIBE LT = 7 — L TREIIE
THU, WEHBELCHE, HECHL 45° ERSETRE L (196146 A), 1£ILEDOED
1 #oFEEE & 0T LB o L.

i) HEEES XOHEE WREER T 5o cllE LAEBIRE, KEbh, BRKE, £
71, BRI, BEEDRETH DM, ZhOOBIERE, BERESICRBADE ) HRFHRY LTS
HDTHIET B,

3. RBRERLIUER

SHEREERIT Table 7~12, Fig. 2 ~5Rli,. ZhbD 5 HLA&KN, A—53, B—52, F—50 @
BAEL B 04, 1ERIV2EDODIOE D2V TR THEShTWSLDTHY, 3EDIOILS
Bl BmMLcdDTH 5,

i) B EARRITE - TEETHHBLOEMIIEIER 50~53% DFE LR UL XEEIIEFE
Bz Zsb L, BHEE & MBSV T L7z (Table 7).
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i) FEHHh 2ERBLL A—42 AT, hik A—53 ORBHOLIN I D HED o7,
CORERE LTRREHNBEDR « < 002 LARIC KT 5EEBRTET S VI EED »OHE
FT5E, VvIVI—trOERESDEL Ko7 X 2T, (1) WHEIRBRSESROBKESHEML,
ZDDTARER, VIV I~ EDIBH - TR X DEIE - BHEOESY A—53 XD bRtk o7
z &, @) REHFNCEFRT D v YV v~ OBEROERER (dry) OFERYERES B THTRS 5550
T ol l, MEDRDLEELZLNLS, B—45, F—43 TV £ TO & ZARRENIE DL TV
7t\» (Table 7)),

i) WAkE T, EAHOHEICOVTVRIE, AIEES 50~53% 55 42~45% it AT T 5
T L X TROKEEE Fig. 210Hbh5 < B Y, 8RB ORIKE (Table 7, HF8#D &
A—42/A—53 =0.40/0.23 % 1.7, B—45/B—52 = 0.24/0.08 = 3.0, F—43/F—50 = 0.32/0.07 =
4.6 DTEL 2~55iTi B, EtTERE (Table 7, HARW) 13 6.4~10.7 (KT 5%, Z & THEMR
WERTRY o7 L < Fig. 2 OB/KEE»LRACK > THELLDDTH 5,

X 100

#EAE (Covering efficiency) = [1—(F2) ]

2L, Wov i & —-3— L1 GROKRIE 24, 48 H 5 VI 72RO RAKE

Table 7. BHEARBRIZL DL I v v — A —o3— v A ERONEIIB X K2 L
Changes of appearance and water absorbing property of resin sheet
overlaid plywoods by outdoor weathering test.

Itemes of observation and measurement
Kind | Outdoor Surface | Amount of
Color
of |weathered crack absorbed
N Gloss . (Number of| water by Covering
plywood| time Licht Dominant|p :totion|  cracks 5X5cm .
1ghtness lzvj‘vt% purity |crossed by | specimen [efficiency
g center line |for 48 hours
(vear) (% (mp) (%) of 30cm) ()
0 glossy 18.5 587.5 51.5 0 0.23 89.5
A—53 1 little 12.8 591 42 0] 0.25 88.6
2 none 10.8 591.5 33 5~7 0.51 76.4
3 9.1 591.5 20 18~30 0.81 63.1
0 glossy 16.1 588.8 45.5 0 0.08 96.5
B—52 1 little 12.5 593 44.5 0 0.13 94.3
2 none 10.8 589. 4 36.5 o] 0.24 88.7
3 9.6 521.5 20 0 0.18 91.9
0 glossy - 13.4 588.7 39.5 0 0.07 96.8
F—s0 1 none 10.4 589.8 30 0 0.10 96.0
2 8.9 586 22 0] 0.25 88.1
3 9.1 591.5 20.5 [¢] 0.32 85.5
[¢] a little 22.1 586.6 44 0 0. 40 83.1
A—42 1 none 9.3 586.5 26.5 o] 0.75 65.2
2 9.6 588.2 21 12~20 1.48 34.2
0 a little 18. 587 44.5 6] 0.24 89.1
B—45 1 none 9.3 587.5 30 [¢] 0.38 82.9
2 9.2 590 20 0 0. 47 78.2
(0} a little 14.7 588.5 42.5 0 0.32 86.1
F—43 1 none 9.8 587.2 28.5 0 0.30 86.6
2 9.2 590 20 0 035 83.7
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Changes of water absorbing property of resin sheet
overlaid plywoods owing to outdoor weathering. -
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Table 8. BIMIEK ARBICE B VIV ¥ — b A —— v A BIROEE NZEL
Durability of adhesion strength of resin sheet overlaid plywoods.

Adhesion strength (kg/cm?2)
. Outdoor weathered for:
Kind of plywood Kind of Before (size : 30X 30cm)

values weathering { year 2 years
Non- Min. 12.6 ( 5)* 13.3 ( 20) 10.o0( 0
overlaid N Max. 18.6 ( 85 17.9 ( 65) 15.0 (100
- Mean 15.2 ( 35 15.9 ( 37) 1.5 ( 34
Min. 16.9 ( 50) 17.9 (1003 16.3 ( 70)
A—53 Max. 23.9 glOO) 24.2 (100 20.6 (1003
Mean 19.5 ( 90) 21.0 (100) 18.3 ( 94
. Min. 17.3 ( 80) 15.6 ( 80
Overlaid B—52 Max. 23.9 (100) 19.3 (100
Mean 21.0 ( 96) 17.5 ( 93
Min. 14.0 ( 80) 14.0 g 70
F—50 Max. 21.6 EIOO) 21.6 (100
Mean 17.3 ( 96) 17.9 ( 89
) Min. 15.0 ( 40 11.3 ( 20) 8.7 ( 5)
N‘(’)‘;eﬂaid N Max. 21.9 (100% 15.3 gloo) 17.0 (100
Mean 17.7 ( 80) 12.8 ( 60) 12.9 ( 60
Min. 14.0 E 10) 9.3 ( 0)
A—42 Max. 19.6 (100) 20.6 ( 95)
Mean 17.1 ( 80) 16.1 ( 50)
. Min. 11.3 ( 15) 13.0 ( 5)
Overlaid B—45 Max. 19.3 (100) 20.3 g 60)
Mean 15.6 ( 60) 16.8 ( 30)
Min. 14.3 ( 60) 10.6 ( 0
F—43 Max. 19.6 ( 95) 20.0 ( 60
Mean 17.6 ( 85) 14.9 ( 25

Number of specimen ' 20 8 8

* Wood failure (%).
B Type adhesion strength test pieces are prepared after weathering test.
Adhesion strength is culculated according to the formula of P/Sx0.9%1.2.
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Table 9. BAE AR B LIV v — A —I— v A SRS ¥ v 7 5REk (Er) %L
Modulus of elasticity in bending (Er) of outdoor weathered
resin sheet overlaid plywoods.
in.~ 3 o 2
Outdoor Kind Eg, Mean (Min.~Max.) (108 « kg/cm?)
weathered of Angle of grain direction of face veneer (8)
time (year) plywood 0° 45° %0°

0 127 (117~137) 17.2 (16.1~18.6) 14.9 (13.7~16.1)
1 N 84 ( 80~ 86) 6.5 ( 6.4~ 6.6) 11.2 (10.9~11.4)
2 85 ( 82~ 88) 7.6 ( 7.2~ 8.1) 11.6 (10.3~12.4)
3 — — —
0 159 (148~179) 39.5 (38.3~41.0) 38.9 (36 5~40. 1)
1 A—s3 144 (143~145) 34.0 (83.7~34.6) 34.6
2 124 (123~125) 31.5 (29.9~33.6) 30.2 (29. 8~30. 9)
3 122 (117~128) 28.8 (27.6~29.6) 24.2 (24.0~24.4)
0 135 (129~142) 45,3 (44.2~45.8) 43.4 (42.6~44.2)
1 B—s2 121 (116~131) 42.9 (41.7~43.5) 34.3 (82.0~37.3)
2 123 (121~126) 39.5 (39.2~40.1) 39.6 (39.0~40.0)
3 123 (121~124) 38.1 (37.7~38.6) 38.8 (37.4~40.6)
0 130 (125~133) 54.0 (54.0~54.0) 50.5 (49.5~51.8)
1 F—50 114 (111~119) 49.4 (47.8~50.6) 36.6 (34.7~37.5)
2 110 (108~113) 39.1 (38.7~39.6) 40.8 (39.7~42.0)
3 124 (122~127) 42.9 (42.3~43.6) 37.3 (36.0~38.6)
0 125 (122~128) 17.4 (17.1~17.6) 27.4 (24.2~31.2)
1 N 109 (107~112) 4 (7.2~ 17.7) 22.2 (21.4~22.6)
2 97 ( 95~100) 7.5 ( 7.3~ 7.6) 23.9 (23.1~25.0)
3
0 123 (104~135) 27.3 (26.7~27.8) 34.5 (33.3~35.7)
1 A—42 113 (108~118) 26.8 (26.2~27.3) 30.7 (29.9~31.5)
2 116 (105~122) 20.8 (20.6~21.1) 24.5 (23.7~25.2)
3
0 138 (135~144) 44,9 (44.7~45.1) 44,3 (43.4~44.8)
1 B—ad5 125 (112~140) 34.8 (33.3~36.6) 34.8 (33.2~36.4)
2 113 (106~119) 33.6 (32.0~34.5) 34.7 (32.8~36.1)
3
0 137 (134~143) 44,6 (43.2~45.2 46.0 (45.8~46.2)
1 F43 132 (125~135) 41.8 (39.8~43.1 42.7 (42.1~43.0)
2 125 (120~129) 39.9 (39.1~40.9) 37.5 (86.5~38.2)
3

Number

Size of specimen
Span length

of specimen :

Table 10.

3 pieces in each direction.

: 2 X20cm
: 15cm (center loading)

BHER ARt X 5 VI vy— b d—o3S— vt HIROD
SR ¥ v /R (Br) %1t

Modulus of elasticity in tension (Er) of outdoor weathered

resin sheet overlaid plywoods.

Er, Mean (Min. ~Max.) (108 - kg/cm?)

Kind Outdoor
of weathered Angle of grain direction of face veneer (8)
lywood time (year
pyw (year) 0° 45° 90°
N’ o] 85.7 (84.0~ 86.5) 15.1 (15.0~15.3) 73.6 (61.3~ 81.3)
1 71.6 (63.3~ 82.0) 6.1 ( 5.5~ 6.7) | 51.3 (44.1~ 61.2)
A2 0 97.5 (88.0~107.0) 20.3 (19.1~21.9) | 99.2 (91.5~104.1)
1 76.6 (75.6~ 78.2) 17.9 (15.8~21.2) | 78.5 (70.8~ 86.5)
F—a3 0 101.3 (88.4~111.0) 26.7 (25.5~28.4) 93.6 (88.4~ 96.8)
27.4 (26. )} )

96.3 (86.4~101.5)

91.9 (85.3~100.0
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Table 11.

&8 (WBF)

—111—

BHZ ARBICEBLVIV I — b A —— LA BHRDBEED X (or) DZ1L

Tensile strength (o7) of outdoor weathered resin sheet overlaid plywoods.

in. ~ . k 2
Outdoor Kind o7, Mean (Min. ~ Max.) (kg/cm?)
weathered of Angle of grain direction of face veneer (8)
6
ime (Year) plywood o0° 45° %0°
0 751 g740-770 151 (129a~198§ 621 (505~718)
1 N 314 (231~393 64 ( 60~ 70 528 (517~541)
2 292 (276~323) 57 ( 54~ 61) 422 (388~465)
3 — — —
0 810 (770~882 186 (183~189 719 (604~865)
1 A—s3 780 (755~797 196 (193~200 566 E458-6253
2 803 (667~9%09 190 (185~193 786 (731~832
3 409 (399~419 125 (121~131 609 (517~673)
0 787 (724~868 223 (213~239) 673 (613~732
1 B—s52 704 (677~1729 207 (202~212) 724 (616~799
2 719 E656ﬁ«77o) 245 (234~252 768 (710~841
3 635 (623~645) 191 (185~195 526 (459~574
0 627 (574~658 182 (128~224) 522 %417»«619%
1 F—s50 711 (706~716 228 (218~238 364 (306~458
2 659 (649~669 174 (166~179 650 (620-705%
3 602 (545~632 140 (128~150 317 (298~328
0 532 (423~667) 106 ( 89~123) 664 (528~800)-
1 N 397 (385~409 53 ( 52~ 53) 658 (585~728
2 249 (171~289 57 ( 46~ 70) 626 (571~730
3
0 756 (672~843) 201 (177~231) 852 (760-953%
1 A—42 532 (379~760) 146 (142~149) 885 (834~972
2 493 (435~533) 115 (113~119) 571 (491~640)
3
0 663 (629~700) 238 (228~244 763 618-951g
1 B—4s 702 g575~780) 194 (192~197 755 (612~893
2 554 (461~603) 143 (141~145 717 (645~778)
3
0 782 (750~825) 217 (199~234) 1008 (1000~1015)
1 F—43 528 (463~631) 237 (230~242) 993 ( 940~1039
g 547 (530~586) 147 (122~168) 595 ( 510~ 681

Number of specimen

Shape of specimen

. RBREIIESDEMREL,

: 3 pieces in each direction.

: see Fig. 5 of Report 5 of this series.
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Table 12. RO « SEEY v SMRE B XOBERVBI TR XIET VI v~ T
F =3 v A DR
Effect of resin sheet overlay on modulus of elasticity in bending (Eg)
and in tension (Er) and tensile strength (¢r) of plywoods (Values
show ratios between overlaid and non-overlaid).
Ratio of mechanical properties Ratio of tensile
Kind - strength of 45°
Ratio of Er Ratio of Er Ratio of or direction and 0°
of [En (overlaid) ] [ET (overlaid) ] [o’T (overlaid) or 90° direction
plywood Eg(non-overlaid)JJLEr(non-overlaid) Jlor (non-overlaid)] (45%) «
[y
0° 45° | 90° | ©0° 45° | 90° | ©0° 45° | 90° [mm or 9o°)]
Non-
overlaid N 1.00, 1.00| 1.00 1.00] 1.00| 1.00 0.20
A—53 1.26| 2.30] 2.61 1.08| 1.62] 1.16 0.23
Overlaid | B—52 1.07| 2.63 2.91I 1.05| 1.94[ 1.08 0.28
F—50 1.02 3.14| 3.39 0.84 1.58] 0. 84 0.29
Non- , -
overlaid N 1.00] 1.00; 1.00; 1.00] 1.00, 1.00[ 1.00| 1.00; 1.00| 0.18
A—42 0.98] 1.57| 1.27| 1.14] 1.34] 1.35) 1.42 1.90 "1.44 0.24
Overlaid | B—45 1.10] 2.58 1.62 —] — —| 1.25 2.25| 1.29 0.31
F—43 1.10] 2.57| 1.68 1.18 1.77| 1.27| 1.47( 2.05| 1.71 0.22
* TOEBKEBIETE, SROBEFMIZASL v, The more value shows the less anisotropy.

or (0° or 90°) : or (0°) E 721X or(90°) ©5h, KABEEE 5,
or (0°) or o7 (90°).

N]

1

o—oQ=
%0 =45"
—se 0=90°
--—-Ratio of modulus of elasticity in tension

0

Larger or, either

[ J: Kind of plywood

© RATIO OF TENSILE STRENGTH

Fig. 4

2 0 [ 2

5 0 |

2 5 0

B I¥ <3 E &
QUTDOOR WEATHERED TIME (Year)

BAEL ARBRIC X BARDOTBRY BIELiLB XEFT v I vy — b A —S— v 1 OHR

‘Effect of resin sheet overlay on tensile strength (or) of outdoor weathered plywoods
(Values show ratio of. or between of weathered and of unweathered plywood).
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Effect of resin sheet overlay on modulus of elasticity in bending (Egr) of outdoor
weathered plywoods (Values show ratio of Ep between of weathered and of

unweathered plywood).
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Studies on the Resin Sheet Overlay. Report 7.
On the weathering test of self-bonding phenolic resin sheet overlaid plywoods.

Tsuneo MATsumoTo

(Résumé)

In order to improve the durability of plywood under exterior conditions, a series of phe-
nolic resin sheet overlay tests have been carried out in our laboratory. In Report 5 of this
series, results of weathering test of phenolic resin sheet overlaid plywoods were repofted.
The base papers of those resin sheets were (.12 to (.38 millimeter thick, and resin contents
of the sheets were approximately 50 per cent.. In that report, satisfying durabilities in the
outdoor weathering test of the resin sheet overlaid plywoods were observed in the case of the
resin sheet containing 50 per cent resin and prepared from the base paper of 0.22 millimeter
thickness and 141 grams per square meter in basis weight.

In this report, phenolic resin sheets were prepared so as to contain a lower resin (42~
45%), but still enough to self-bond by hot press without more glue or other film glue, than
that in Report 5(50~53%), and base papers used were (.12 to 0.22 millimeter thick. Then
these resin sheets were overlaid on both sides of base plywoods, and the overlaid plywoods
were exposed outdoors for weathering test. Results of the test were compared with those
of Report 5.

1. Manufactures of phenolic resin sheet overlaid plywoods.

i) Apparatus for manufacture of resin sheet: Same as in Report 5.

ii) Resin: Water soluble and neutral phenol-resorcinol-formaldehyde resin as in Report
5. Molar ratio is phenol 0.95 : resorcinol (.05 : formaldehyde 2.0, and sodium hydroxide
was used as a catalyst. The process of the resin synthesis is shown in Fig. 1. To get the
necessary consistency, the resin solution was diluted with 50% methanol.

iii) Base papers : Shown in Table 1. Base paper F showed sufficient but A insufficient
vresults in Report 5. The minimum resin contents of each base paper for self-bonding overlay
are shown in the sixth column of Table 1. As in Report 5, the term “Resin content” and

“Volatile content” bear the following values:
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Resin coutent ———W—P— %100 (%)

v
Volatile content =%+SWS X100 (%)

Ws : Basis weight of resin sheet.

Wpe : Basis weight of base paper, conditioned at 20°C, 65% R.H.

Wg : Basis weight of resin sheet after drying at 130 to 140°C for 10 minutes.

iv) Resin sheets : Manufacturing cnditions of resin sheets are shown in Table 4. Three
kinds of resin sheet were used in the following overlay test. As may be seen in Table 2,
they show good self-bonding characteristics.

v) Base plywood : Three ply, 3.65 to 3.75 millimeters thick lauan plywoods (veneer
construction : 1.0—2.0—1.0mm) bonded with phenolic resin adhesive and sanded with # 180
sandpaper.

vi) Overlaying conditions : As in Report 5, resin sheets were applied on both sides of
a base plywood under the pressure of 12 kilograms per square centimeter, for 15 minutes
at 125~130 degrees centigrade. = The overlaid plywoods were named respectively A-43, B-
45 and F-43.

2. Outdoor weathering. test of overlaid plywoods.

Plywood specimens (30.5X30.5cm in size and edges sealed with room temperature setting
phenolic resin) were exposed outdoors so as to face south and to incline 45 degrees against
the ground. Plywood specimens used in the test are listed in Table 6. After one, two and
three years, the mechanical properties, water absorption and adhesion strength of the exposed
plywoods were tested. The weathering test will be continued for five more years.

3. Results

The results of weathering tests are shown in Table 7 to 12 and Fig. 2 to 5 comparing
them with the results of the previous report (Report 5). Sampling of specimens and method
of measurements are the same as in Report 5. h

i) The minimum resin contents sufficient to self-bond are 40 to 43% (Table 1).

ii) Modulus of elasticity in bending (Eg) and in tension (Er) and tensile strength (or)
of resin sheet overlaid plywoods are superior to the values of non-overlaid plywood, especial-
ly in 45 degrees direction to grain of face veneer. Therefore, overlaid plywoods show less
anisotropy than non-overlaid plywood as was the case in Report 5 (Table 12).

iii) The durabilities of plywood are improved by resin sheet overlay. A little change in
mechanical properties and in adhesion strength of each overlaid plywood was observed after
two years outdoor weathering, and the changes were a little more than those of Report 5.
Comparing the durabilities of overlaid plywood A-42, B-45 and F-43 with those of A-53, B-52
and F-50, (1) surface cracks appeared more in A-42 than in A-53 after two years weathering,
(2) ratio of modulus of elasticity in bending and ratio of tensile strength between weathered
and unweathered plywood in Fig. 3 and 4 showed a tendency that the ratios of the overlaid
plywood A-43, B-45, F-43 and A-53 evidently decreased with length of weathering time,
although the ratio of B-52 and F-50 did not show such an evident decrease.

From these results the following fact is obtained : The resin sheet overlay containing
42~45 per cent. resin shows slightly less durability than that containing 50~53% resin. But
the final conclusion about the effect of resin sheet overlay will be ascertained after further

weathering test.



