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COHETHRETE ZHRAHOERMIL Table 1 DLkH THSA, 1HEE LTUIKD 5D O-me-
thylol phenol (LAF OMP & [i%-4), P-methylol phenol (PMP), 2-6 dimethylol phenol (2:6 DMP),
2-4 dimethylol phenol (2.4 DMP) 3} X (¥ 2-4:6 trimethylol phenol (2:4-6 TMP) Tk %,

2 %RITIR D 4 D tetramethylol dihydroxy diphenyl methane, trimethylol dihydroxy diphenyl me-

Table 1. MK/ DN TGRS XL ORA
The molecular stracture and emithed colour of the component of early condensed phenol resin.

A. One nucleus

OH OH
| |
0 l/\I—CH-ZOH (M.P. 84~85) (2 CHgOH—l/ \I—CHZOH (M.P. 94~96)
A4 red-purple N blue-purple
O-methylol phenol 2.6 dimethylol phenol
(I)H (|)H
(3) |/\I (M.P. 125~126] (1) /\l—CHgOH [(M.P. 91~92.5]
e -~ maroon
\./ red y
CH,OH CH,OH
P-methylol phenol 2-4 dimethylol phenol
OH
1
(5) CHzOH—|/ \I—CHZOH (M.P. 85~86-5)
\b/ blue-purple
H,OH

2-4-6 trimethylol phenol

B. Two nucleus

(,:HfH y 9H20H tetramethylol dihydroxy

RN AN .

(1) OH \.— P CH, \—| J OH diphenyl methz.mle
CH,0H CH,0OH blue-purple
(,:EZOH __(FHEOH trimethylol 2

(2) OH—<_>—CH2—<_>—OH ’ P
CH,OH blue-purple
CHOH dimethylol ’

(3) OH—<_>—CH2—<_I>—OH P ’

CH20H maroon

CILOH dimethylol 2

(4) OH—<_\—CH2—<_>—0H ’ ’

(|3H20H blue-purple
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Table 2. TEHIRIC X 57 = 2 — AIISESERI OB &4 D& &
Quantitative analysis of early stage condensed component
of phenol formaldehyde resin adhesive by the direct method.

Period Method Zero point 2.4.6 2.4 2.6 Two .
of of PMP OMP 3t
- Before | After | TMmPp | 1 o
reaction | treatment develop | develop DMP DMP nucleus

. A 3827 191 46 74 80 40 97 0 528
30 min B 5.0 | 1.2 | 1.9 ] 2. 1.0 | 2.5 0| 13.7
60 min A 3638 77 205 122 53 144 229 0 830
B 2.1 5.6 3.3 1.5 4.0 6.3 0 22.8
90 min A 4095 84 294 259 110 172 230 0 1149
B 2.1 7.1 6.3 2.7 4.2 5.6 0] 28.0
120 min A 4478 23 523 163 169 106 255 0] 1239
B 0.5 11.7 3.6 3.6 2.4 5.7 0 27.5
150 min A 3980 52 460 344 101 169 215 21 1362
B 1.3 11.6 8.6 2.5 4.2 5.4 0.5 34.1
180 min A 4427 255 717 177 37 198 115 33 1532
B 5.8 16.2 4.0 0.8 4.5 2.6 0.7 34.6

Remarks: (1) A is the count per minut on the spot of filter paper.
(2) B is A/the count per minut on the spot of filter before developx 100 (%).
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LNTE D, E7, Table 1 ONTHEERD LWL RIS, #F o —AEEZFXTHALLATAFELF
CHETAD, 72/ —ARBEAMLIEA F e =L EOKTEDRDD CMP %k LIcENEBEOSF
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Table 3. #t¥c X% 7 =/ — AIIRERSRI OwEA Y O & &
Quantitative analysis of early stage condensed component of phenol
formaldehyde sesin adhesive by the extract method.
- CPM
Period | ¥ " | Method | zero | 2.4.6 | 2.4 2.6 Two i}
of tond- of . PMP OMP & =
reaction :.I‘d(l) treatment | point TMP | DMP DMP nucleus
A 0 53 89 90 46 101 0 379
) B 0 2.3 3.3 3.4 1.7 3.8 0 | 14.5
30 min | 2678 c 18 45 90 23 101 0
D 6.5 16.2 | 32.5 8.3 | 36.5 0
A 0 124 106 65 141 93 0 529
. B 0 4.6 3.9 2.4 5.2 3.5 0 | 19.6
60 min | 2687 C 41 53 65 70 93 0
D 12.7 16.5 | 20.2 | 21.7 | 28.9 0
A 0 400 220 132 225 197 0 | 1174
. B 0 | 16.0 8.8 5.3 9.0 7.9 0 | 47.0
90 min | 2503 C 134 110 132 113 197 0
D 19.5 16.0 19.2 16.5 | 28.7 0
A 0 644 200 210 120 180 0 | 1354
. B 0 | 19.8 6.2 6.5 3.7 5.5 0 | 41.7
120 min | 3246 C 215 100 | 210 60 180 0
D 28.1 13.1 | 27.5 7.8 | 23.5 0
A 0 555 | 335 112 181 114 17 | 1314
. B 0| 15.6 9.4 3.1 5.1 3.2 0.5 | 36.9
150 min | 3565 c 185 168 112 90 114 =
D 27.7 | 25.1 16.7 13.5 17.0 —
A 20 977 338 78 232 90 55 | 1770
. B 0.6 | 29.3 | 10.1 2.3 6.9 2.7 1.6 | 52.9
180 min | 3340 C 326 169 78 116 % =
D 41.8 | 21.7 | 10.0 | 14.9 | 11.6 —

Remarks: (1) The count per minut of dried phenol resin adhesive
of amount zero point.
(2) A is CPM of extracted solution on each spot.
(3) B is CPM of extracted solution/CPM of standard X 100.
(4) C is calculated CPM (CPM of extracted solution X

number of CH;OH).
(5) D is the percentage of each spot in the total count.
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L 5 Hk
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et

II-1. ZIHY 260 L LTHRRIGE LR, BkEESELOHIHZ

72/ —=nA 1mol HRAATAFEF 1~2mol & 10 % Fit Y — 28 WAE 7 =/ — ALK L 5% i
%z, HHRHRREA LT, SR LRA D 1.5~4 B 95°C i TINBURIGE LTtk 60~T70°C 12 TR
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Ry 55 % TR U CEFER & ¥ 5.

T DFMCRLE U BTER O E b X OB AR, Table 4 1[5t 2350 Th b,

AR X CRIGHEOBERY Ok, D& DL ETEERE, FClibkiEo &2 58 L Tw 5 & EHbh
%,

(1) =rHTIE, 1:1.5~1:2 NF<HTwB, 1:3 2L THDTYEH, RIGHHEZR L UL, #
FEMREC B\ TR E LD & D L CGEEDRL,

(2) Mz EL LIdBard, Berkodbond i, S hod ok, RIGKHEEL T+

DWED BB,
II-2. SACTILAHYY ZMIEL LT, MBARKEE LY, ChITEEZMATHIL, @IESEZTKRS
BELHEAE

Z7z/—=nAlmol LARALATAFE F 1.56~3mol I& 10 it Y — 4% 7 =/ — A XL T2 %
Mz, BRAHEEMA LT, #HELLN D 90~95°C KGR L5 & LY 1.5 Refilic Tk ik L,
10 iafEE e TR L, BIED 2R LD 5B, Sk & HIZ 60~70°C I TIRENK LiEA# Lo,
AR = ARTHERLTCVS vES 55 % 215,

Z DEMTHE U BTERIO W E I X O BGEMEREIL Table 5 1IR3 L4 D Th %,

PagtRE, & CmpPKEERE b RIUE, BIEES 18 0d 0o d<h T3, L LR &
bk, B 15 odoa k<, EAME 1:2, KISHEME 1.5 BEAHL T3,

II1-3. BEEZEMELE L, MBARKEELOEESEZSEEL, ChEISICHRABEELDZHE

7z /—/1lmol, K/ILAT LT F2mol I N2 g% 7 =/ —riexb L 10 %z, RN
90~95°C AR IGE L, RIS EET 5IC\ e bR BRI IS H L THIIES 2 B LT
SHEL, ThEEHIZ 60~T70°CICTIRIE, BKELDT, A FAT7La—LETHRLT, v rke
55 % &3 %o

T DGMACHE L ICESTERI O E S X O BEGEMEREIL Table 6 (7R3 2% Th 5.

Table 6 DR LHWIT 5 &, FHRB-CHEIHE LRRICH T, EHEMEREA IBIEL i 4 2
Db BT, RIBEMIEI B DO, HEESIO pH HECEG b 2 E 2 b,

1~3 DREIg HZERBED 7 = / — MEROBELD 5%, 3 (IPEERID pH METEF T, BEBEOM
FHER BN T, HEREEIRD, HBEENLL, BN 1~2 A Shs,

2T, 1 QBRI X AERERIOMBECOWTHRNE L5 & L35,

-4 HEEBRR

—BICH R ST\, FORIZER W TE, 225 9 FR 27 L 3 0 shell flour 72 &% Fb TR X h
TV 30T, NEE LOREBEINC X BB OV TR E TR 5. B LAY = 7 — AV BIRBSERIO &
LT, Fbb, 7=/ iRV ATAF L FOEARIL 112, FGRES X OCRIEHEIL 95°C
T3 Mef], KHEE(L 2.5poise Tz, ZDHEYUL Table 7~8 It Lk D Th 5,

NEBIC X BIEBIUL, 20~40 WOMBFINCE TR OIS, FEELC X 2MEOBAK L
20~40 I, 4T 20 P BV THERC R Sh s,

III-5.  Solidite & O EEEkAER

i Th 2 =F-LERD  Solidite & KRR L 7oA %, Table 9 R+ X 5 KB IERIIULTE
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Table 4.

7 = / — VIREBSERI O L BRI

Properties and adhesion strength of low temperature setting phenol resin adhesives (phenol

1 mol : formaldehyde 1.2~3 mol, catalyst NaOH 10 % soln. 5 parts for phenol 100 parts,
period of heat reaction 1.5 to 3 Ars at 95°C, then dehydrate in low pressure at 60~70°C

till resin content about 65 2%, moreover add methylalcohol till resin content 55 %).

T ) EEEE LTNBURIGE LT, BUKEEaE Ldk
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No. of phenol resin adhesives 1~3 4~6 7~9 10~12
Phenol : formaldehyde mol ratio 1:1.2 1:1.5 1:2 1:3
pH at start of heat reaction 7.5 7.5 7.4 7.3
pH at end of heat reaction 7.3 7.3 7.2 7.1~7.2
Viscosity at 20°C (poise) 2.3~2.5 2.4~2.5 2.5~2.7 2.7~2.9
Normal Max. 29.6 (10) 29.7 (100) 25.6 (100) 27.6 (80)
test Min. 24.3 (0) 25.6 (10) 21.2 (100) 13.0 (0)
kglem? Ave. 25.5 ( 4) 28.6 (78) 21.7 (100) 21.2 (24)
15 Boil Max. 29.5 (5) 35.8 (100) 24.8 (100) 30.0 (90)
s test Min. 19.3 (0) 28.8 (40) 21.2 (0) 21.2 (0)
2 Ave. 24.8 (1) 32.3 (85) 22.8 (80) 25.6 (58)
Boil Max. 33.9 (5) 28.7 (100) 25.7 (100) 28.5 (100)
repeat Min, 24.6 (0) 20.4 (10) 21.7 (30) 18.2 (20)
© test ~ Ave. 27.8 (2) 24.2 (81) 23.7 (66) 23.5 (68)
wn
o
5 Normal Max. 33.2 (80) 25.3 (100) 32.0 (100) 27.6 (100)
g test Min. 27.4 (5) 21.6 (100) 27.5 C0) 17.7 (80)
'§ 2 Ave. 29.3 (39) 22.7 (100) 28.3 (67) 24.8 (95)
[}
;, o Boil Max. 26.6 (0)| 28.5 (100) | 27.3 (100) | 27.6 (100)
4 'h test Min. 18.2 (0) 19.9 (100) 23.3 (5) 21.3 (0)
5 rs P Ave. 23.2(0) | 25.2 (100) | 25.2 (64) | 23.3 (73)
g
% Boil Max. 23.8 (0) 23.3 (100) 28.0 (100) 20.5 (100)
A repeat Min. 18.5 ( 0) 19.8 (100) 22.3 (5) 12.2 (0)
test ~ Ave. 23.3 (0) 21.7 (100) 26.2 (73) 18.3 (39)
Normal Max. 32.5 (100) 31.3 (100) 33.5 (100) 35.2 (100)
test Min. 21.6 (90) 25.3 (80) 25.3 (10) 23.2 (10)
2 Ave. 25.6 (99) 27.3 (85) 31.0 (80) 26.7 (80)
50 Boil Max. 27.8 (100) 22.8 (100) 33.2 (100) 25.3 (80)
'h test Min. 20.4 (60) 18.8 (40) 25.3 (40) 20.7 (30)
& P Ave. 23.8 (93) | 20.8 (88) | 23.6 (79) | 22.2 (75)
Boil Max. 26.6 (100) 23.3 (100) 33.1 (100) 24.3 (100)
repeat Min. 19.2 (90) 17.7 (70) 25.0 (80) 15.3 (10)
test ~ Ave. 20.2 (98) 20.6 (86) 28.6 (91) 21.0 (69)

Remarks : (1)

Species of veneer :
(2) Moisture content :
(3) Construction of plywood :
(4) Preparation of adhesives :

beech, thickness 1.5wmm, rotary veneer.
10.5~12.3 %

1.5 mm thickness veneer, 3 ply.
hardner (Naphthalin sulfonic acid 50 %

soln. ) 10 parts add to phenol resin solution parts.

(5) Rate of spread :
(6) Cold press :
(7) Hot press :

(8) Number of test pieces :

385 g/m

pressure 15 kg/em?, 1hr, room temperature.
pressure 15 kglem?, 3 min, 110°C.
18~20 at each test.
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Table 5.

%153 &

BES 2 B M Lt 7 = 2 — VSIBEGERI O ME & BEEMERE

Properties and adhesion strength of low temperature setting phenol resin adhesives (phenol,

1mol : formaldehyde 1.5~3 mol,
period of heat reaction 1.3~1.5Ars. at 95°C,
till pH is 7, the resin separate from this soln.,

content about 55 %).

BN T Y e LT, MBEGE LY, ZHERY L ChfL,

catalyst NaOH 10 % soln. 20 parts for phenol 100 parts,
then HCI 10 % soln. add to this phenol resin
the resin is added some methanol till resin

No. of phenol resin adhesives 38 14 15 16
Phenol : formaldehyde mol ratio 1:1.5 1:2 1:2 1:3
Period and temp. of heat reaction 95°C, 1.3hrs| 9.5°C, 1 hr |95°C, 1.5 hrs| 95°C, 1 hr
pH at start of heat reaction 8.5 8.5 8.5 8.5
pH at end of heat reaction 8.1 8.0 8.0 7.9
Viscosity at 20°C (poise) 2.1 2.2 2.2 2.1
Max. 28.6 (100) | 381.8 (100) | 31.2 (100) | 32.8 (100)
Normel test Min. 27.0 (10) | 25.8 (80) | 22.2 (100) | 22.7 (90)
2R kgjem? Ave. 28.2 (85) | 27.6 (93)| 26.5 (100) | 27.0 (99)
[TVIN)
=
i g Max. 36.7 (100) 30.9 (100) 29.3 (100) 25.8 (100)
g 5 Boil test Min. 31.5 (40) | 22.6 (0) | 23.6 (40) | 19.6 (50)
G '§ 2 Ave. 34.2 (40) 25.6 (43) 26.8 (85) 33.2 (91)
g
B Max. 38.5 (100) | 29.4 (100) | 30.3 (100) | 24.8 (100)
Boil repeat test Min. 31.2 (90) 16.6 (0) 23.3 (60) 19.7 (0)
2 Ave. 34.3 (98) | 21.2 (79)| 27.0(80) | 23.4 (48)
Remarks : Same in Table 4.
No. of phenol resin adhesives 17
Table 6. [Baflts UTKIGE LD, BIE
Phenol : formaldehyde mol ratio 1:2

mESHL, XLIPKESE L
D7 =/ — VEIBETER O ME
& PEEMERE

Properties and adhesion strength of low

temperature setting phenol resin adhesives
(phenol 1 mol: formaldehyde 2mol, cata-

lyst N/2 HCl soln. 10 parts for phenol 100
parts, period of heat reaction 15 min, when
the solution become white cloudy, rappidly
cool and separate, then dehydrate in low
pressure at 60~70°C till resin content
about 65 %, moreover add methylalcohol
till resin content about 55%).

Period and temp. of heat reaction

95°C, 15 min

pH at start of heat reaction 1.2
pH at end of heat reaction 1.2
Viscosity at 20°C (poise) 1.85
Max. 33.8 (90)
Normal test Min. 30.6 (0)
% o kglem? Ave. 32.3 (22)
a2 05
£ "§ Max., 27.2 (100)
o o Boil test Min. 19.7 (40)
% ‘g P Ave. 23.2 (85)
=
g Max. 25.0 (100)
Boil repeat test Min. 21.2 (90)
P Ave. 23.1 (99)

Remarks : Same in Table 4.
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The adhesion strength of lauan plywood glued with wheat flour extended phenol resin
adhesive (No. of adhesive 9, that is mol ratio 1:2, period of heat reaction at 95°C,

3 hrs, see Table 4).

" Phenol resin adhesives No. 9 100 100 100 100
2 O
2 E Wheat flour 0 12 24 36
-
5 <
g s Methyl alcohol 0 8 16 24
AE
Hardner 10 10 10 10
Max. 17.6 (100) 18.2 (100) 19.1 (100) 18.8 (100)
Normal test Min. 13.7 (50) 14.7 (70) 16.3 (90) 11.9 (100)
v;‘;, ~ kglem? Ave. 15.3 (68) 15.5 (85) 17.2 (95) 14.6 (100)
0 ‘g
| =Rt
= Max. 16.3 (100) 13.8 (100) 11.4 (80) 13.7 (15)
5]
o S| Boil test Min. 10.8 (70) | 11.4 (20)| 9.2(0)| 103(0)
Q
i E 4 Ave. 12.2 (89) | 12.1 (50) | 10.1(26)| 11.6(5)
v Max. 11.9 (90) 11.8 (80) 11.7 (50) 11.5 (80)
Boil repeat test Min. 9.9 (60) 9.8 (25) 9.0 (5) 9.5 (5)
2 Ave. 10.8 (75) 10.9 (52) 10.0 (22) 9.8 (20)
Remarks : (1) Species of veneer : lauan, rotary veneer.
(2) Moisture content : 10.5~12.6 %.
(3) Construction of plywood : 1.2X1.9X1.2 mm.
(4) Hardner : Naphthalin sulfonic acid 50 % soln.
(5) Rate of spread : 385 g/m?
(6) Cold press : pressure 10 kg/em?, 1hy, room temp.
(7) Hot press : pressure 10 kgfcm?, 4 min, 110°C.
(8) Number of test pieces : 18~20 at each test.
Table 8. No. 9 ©7 =/ — VBIEESRRIC & AEEELOMERH
The adhesion strength of lauan plywood glued with diatomaceous earth extended phenol
resin adhesive (No. of adhesive 9, that is mol ratio 1:2, pericd of heat reaction at
95°C, 3hrs, see Table 4).
Phenol resin adhesives No. 9 100 100 100
g 8
% = Diatomaceous earth 0] 7 14
[
s =
& E Methyl alcohol 0 13 26
<P
Hardner 10 10 10
Max. 17.7 (100) 17.8 (100) 15.0 (60)
Normal test Min. 13.7 (50) 15.0 (100) 13.9 (5)
g - kglem?® Ave. 15.2 (68) 16.7 (100) 14.3 (21)
of )
g2 Mas. 15.8 (100) 19.3 (100) 13.2 (100)
n & .
o Boil test Min. 10.8 (70) 14.8 (100) 10.1 (5)
£ g
g 8 2 Ave. 12.3 (89) 16.7 (100) 12.3 (46)
< B
- Max: 12.3 (89) 18.7 (100) 13.0 (90)
Boil repeat test Min. 9.9 (60) 13.8 (90) 9.1 (5)
2 Ave. 11.0 (75) 16.0 (99) 11.1 (44)

Remarks ; Same in Table 4.
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B, BLABETFFThTHED, wihd 2 8/ - A B THOT, KEEE SO TWWREND
%, XbIC, naphthalin sulfonic acid @ X 5 7afEtBEEIZ HH Lic Ul bW R A 5 5,

IV KEMET = / — LEEEER ORE

72/ =D 1UBEREIL 2RI, AFr— AENMMT 5 LIEADT, KERERRSH, 7
2/ —LNERLATATE FEBROTALH ) OFEEDOS L TRIGI®D L, 7=/ —AFKMEED OH &
LTANYD, felzif Na LEHL, WD -ONa i o5 KkENolisELts, X5k

Table 9. Solidite »ERE7 =/ — ARIEHTER] & O HIHER
The adhesion strength of beech plywood glued with Solidite (room temperature setting
phenol resin made by Mitsui Chemical Co. —trade name) and No. 9 phenol resin adhesives,
that is mol ratio 1: 2, period of heat reaction at 95°C, 3 hrs, see Table 4.

. Solidite No. 9 resin
Sort of phenol resin
Preparation P 100 100
of adhesive Naphthalin sulfonic acid 10 10
50 % sol.
Max. 32.2 (100) 38.7 (100)
Normal test Min. 28.2 (30) 33.8 (90)
kglem? Ave. 29.6 (89) 35.2 (99)
Adhesion strength Max. 32.2 (90) 31.9 (100)
(wood failure) Boil test Min. 26.3 (40) 27.6 (90)
wood fature ” Ave. 29.6 (63) 29.8 (99)
Max. 29.3 (100) 32.5 (100)
Boil repeat test Min. 20.3 (10) 26.0 (100)
2 Ave. 25.8 28.6 (100)

Remarks : Same in Table 4.

IR SNIHFERII — RIS EE A TE L, RIS R AN S B0 D T, W7 AH VETH Bk
D, WEFEM OEER IOEEEE LR T W RALD B,

INHDORREHRE LI = 7 — AEIIEETERIORSE L LT, KO 2MAE L bR,

1. 77 ) e UCnERIGE L b T8k

2. TAh Y EfEEE UTONEBRIGE LD, KMEMETFT LA, VLY —agimnLT, s
T Lo b KA O BT 2 Wit 4 5 7%

BEDTHECEDTT 2/ = A 2hA AT AF e FOE AL X OUR GR O B o\ THRE R 77
o7z,

IV-1. ZLAHY Z6iEE L THRRISE LB HE

72/ =/ 1mol EHRNLATAFE F 1.5~2mol I 10 ZFEy — sBWx 7 =/ — AL 20%
i, MR HER A A U LR b 4~14 BRI, 60~80°C ([ CINERISE L, IR CRE
WKL, BRI 50 % OFBE DTS 5 5, = D4 TR LIcERERR X OHlG oWE
B L OBFEMREIL, Table 10 RTE%60 Th 5,

CORERNDEET LR, RIFEENES 22 INBNREMER Th B dic, MECEBMLEL,
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Lo b RIBHIROMELRE B D 2, RIFES 28 O DI, Fv GEES &AM O RE/ER 3
AHFHEID kb Fo BEERD7 = 7 —ABIEEKROEESN) 2KEL, Lad Fyv 2 Fc owTh
b2 Fw CRMOBESD X D EZ 2%t B, HE LABTERHBON RO b Lie7 =/ —
NEIEDER AR LT B3 D L2 B,

ek, WTROBRICK THERO BN i, hiET Ly bEREDKL, Lok Fe  Fv
2 Fw LOAEFT =/ — ARSI A BT BB B,

Table 10. 7% ) Zflitr UCEEBIC TIERIGE Lbletk, ke Lok
7 = 7 — VIR & ER DK SIIEESERI O & BEE MR
Properties and adhesion strength of phenol resin adhesives (phenol 1mol : formaldehyde
1.5~2mol, catalyst NaOH 20 2 soln. 20 parts for phenol 100 parts, period of heat reaction
4 to 14 hrs at 60~80°C, then dehydrate in low pressure at same temperature till resin con-
tent about 50 %) and commercial water soluble adhesive.

No. of phenol resin adhesives 22 28 Commercial adhesives
Phenol : formaldehyde mol ratio 1:1.5 1:2
Period and temp. of heat reaction 60°C, 14 hrs 80°C, 4 hrs
pH at start of heat reaction 8.6 8.6
pH at end of heat reaction 8.2 8.1 10.2
Viscosity at 20°C (poise) 1.35 2.42 1.28
Max. 31.4 (100) 31.5 (20) 24.8 (10)
Normal test Min. 24.2 (30) 23.5 (0) 17.2 (0)
o g\; kglem® | Ave. 25.2 (66) 28.3 (7) 22.5 (2)
)
g
g £ Max. 32.2 (60) 34.6 (15) 25.7 (10)
o & Boil test Min. 17.7 (0) 22.0 (0) 15.7 (0)
3 7 | Ave 25.7 (20) 24.3 (3) 22.0 (2)
= O
2B Max. 30.5 (90) 36.5 (30) 22.6 (0)
Boil repeat test Min. 17.7 (5) 22.4 (0) 16.8 (0)
4 Ave. 25.0 (34) 27.5 (8) 20.2 (0)

Remarks : Same in Table 1.

IV-2. ZNAHY EiEE LTRSS Lo, KFMENMETLRC, LYLS/—LERNLT,
T Lo d KB EOZEER ORIE®

72/ = 0.9~0.95 LAAATAFE F 2mol i 20 % Fik v — #¥AWEA 0.085 mol flz, A
HER A LB Liend b, 45 4, 90~95°C I THEVGHE Lab-@aHI L, WIR50°C UFTry vy
27— 0.05~0.1mol % XU methanol Z4RE U EIRNL, & HIT 2hrs, 65~T70°C i THES
%, KFEEEAHIFIC 350 < B E TIET LAz 023, vy — LoRINeE DERKE 5,

DL X b WY UERERI O E s X OEESEERRL, Table 11 KRT2RD TH%,

ks, 2D7 2/ —AEDSL, v/ -V ALY, —ADELR 0.9:0.1 L0, Tvy
VY= MEX BA == U KT ATRCGE 3 VR L OGE S VI o B A RUREGERIR JOR (8
38 ovove— MEKIEL LT, 75, 0.95:0.05 @ik, Rl GE4H)Y, GE58H) ovev
v— MARIEL LTh, ThENEAL, ERRBREL TV 5,
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Z DHIETREE U BRI KSR AT, Lr b Th B DI, 22idfd NaOH soln. Z7Rn
LT, #Fm—A3 (-CH:OH) B8X0'7 =/ —AD OH MHDKkEA Na &EBL, o -ONa &7x
D, KEBEBTBH, INEADHELIC Lo T 2 5k, 3k LHEa A M+ 34, KMENMETT
BW, T T7 2/ —AMYWHEHD S, 7=/ — D OH ORI & IKICR 3 BEEMREEAK & 78 B1H
FRbD, ZEICU YAy s — VLR (g/100 g HiO) A% 103.0 T, 3ok X KRBT AHEE
HLTWBDT, ZORIMCL Y, SlcUKMENKNRTEL0LEbN5, Jiebh, RIGHFIEA
Dfev VY s — AP A F r— bR L, FOKEL Na N1 T, KEEOKRS VY — L
fexdET oo b2, T Ly SEMEO KRR BERFRIEETE L0 L Bbh s,

Table 11. 747 VY Zflgt & LCTMBURGE Led, IKAEIMET LIzERic
VYA Y — AR, X SIINBUR G LT K T,
Lad o 7 = 2 — A BRSSO E ks & O BGEHRE
Properties and adhesion strength of neutral and water soluble phenol resin (phenol 0.9~0.95

mol : formaldehyde 2 mol, catalyst 20 % NaOH 0.85mol are mixed and agitated for about
45 min at 90~95°C till hydrate degree decrease 300~350, then cool till inner temperature
slow down 50 °C, resorcinol 50 %5 methanol solution add in this solution, moreover agitate
for 2 hrs at 65~70°C).

No. of phenol resin adhesives 31 46
Phenol : resorcinol : formadehyde mol ratio 0.9:0.1:2 0.95:0.05:2
Pericd and temp. of heat reaction 90°C 45 min, 65°C 2 hrs 90°C 45 min, 65°C 2 hrs
pH at start of heat reaction 8.6 8.6
pH at end of heat reaction 7.0 7.2
Viscosity at 30°C and resin content 1.20 poise, 46.5 % 1.18 poise, 46.4 %
2Q Max. 29.2 (100) 25.6 (100)
EN Normal test Min. 14.0 (20) 13.8 (20)
[}
% 5 kglem® | Ave. 21.7 (80) 21.4 (65)
‘s
E - Max. 30.7 (100) 24.8 (100)
%3 3 Boil test Min. 19.3 (0) 15.2 (0)
2E ’ Ave. 23.4 (61) 20.7 (54)

Remarks : (1) Species of veneer : lavan, thickness 1.2 mm, rotary.
(2) Moisture content : 10.2~11.8%.
(8) Construction of plywood : 1.2X1.2X1.2mm, 3ply.
(4) Preparation of adhesives : soybean flour (benzen extracted) 10 parts
add to phenol resin solution 100 parts.
(5) Rate of spread : 385 g/m%
(6) Cold press : pressure 10 kg/em?®, 2 hrs at room temperature.
(7) Hot press : pressure 10 kg/em?, 8 min, 120°C.

T2/ =N VYAY S =R AT AT e FiE 0.9~0.95:0.05~0.1: 2 mol CTEMLT BHRIT,
VY = L OB & X OVSMEEICHEY S B, TNEOS T E, BEFERIOWEIZF < T3
2, EEAE L B DT, EliCT bbbty Yy, — ADEMED 0.025~0.03mol Th, KEMN
HLIEHTZENTELZ AW BLMCENI, FIRMORENIEL, RIESEG bV YAy /s — &R
MLTh, 7=/ — MSIEESERIEZ G T2 LAVTE D0, MEEIES, MEIVNTH D d, KM
RIEZ BT IEe blg o RE7S 5.
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il

7 2/ — MEIREE TR R BT 50, AR, ERM, -T2 AR iR EOERITE G TE
ALV DTHSA, BLBENETE D &, EERIAEIHEE LTV BB L E T\ 2y,
KFA A VIREN PO L DIBETE RV RS vLbhTuh 5,

72/ ANERALT AT e FEEE Y - S OMBC L ) 7 =/ — ABIEOmEfER M T ERL, O
BICAN LT AT e FO—fiE UC TI XA SR RFTHRA LT A7 e FTERLT, —EHMI LR
REORBZ LD, 2IRIER—-—/r= /57 —CHBELHHL, AHy PR2EEERIOHE
BT GM A9 Y4~k DHELT, BRAOBTEH~I,

FDHER, O-methylol phenol 35X ¢ P-methylol phenol (%j%4> L, 2-4-6 trimethylol phenol (¥
L, 2-4 K L0F 2-6 dimethylol phenol (I3l HZT Shich o7z,

BRKOMTIRGE L MR : OBI#EA 4 L0 5o R L 2 &F AV ElEA—&4TARL, +
DEFEURE T2 = B, BIES D1EIN L 2-4-6 trimethylol phenol DNAY LD & EEELEREDM
IO T B LAV L7z,

T2 = AT, L RRBUEED 7 = v — A BIIEESERIE LG, (1) 7 Y Rl e L Ok
RIGE L THKIEE & Ld D778, (2)BT 7 L U 2l & UCINERGE Lo, Zhiclaiz iz
THRRL, BWIES WS B LD 2778k, (3) Biamts LTRIGE L, MRS &2 8 L, X Sk
e LD ATEREDIHIELDE, A X ORIGEROFEL e LT, 2-4-6- trimethylo]l phenol
DL & B B BEEIRC X BRI BRI DGR T 5 - LB L,

B, KEWY =/ —ABIBERRIL LT (1) 7A5 ) 2figs UTnEURGE Lo 5758, (2)
T A Rl e U OMESUGE L ZKRENMET LickRic, Ly —AgiiinLT, $iT, L
b KRR OB £ D 2 Fkie2&, Ttk JORIGHHE & OBRE RN, HLoHET
IR DEFERIL BASE Lz,

ko 18
D bk - HEHE - L - B BOTEE, B FEETITS, (1954) po 1~25.
2) JEF - B0 - &R - KB MERRCET 0%, $£7H, R L KX 5REBEEERHO/RK L %
DEEFEHREICOT, P, 118, (1959) p. 1~20.
3) Freeman, J.H. : Anal. chem., 24, 955, (1952).
4) FEA - HEPY - TR - Tk, 55, 369, (1952) : 56, 196, (1953).
5) WA - JAP ¢ TMk, 57, 689, (1954).
6) Freeman, J.H. : Synthesis of the polymethylols of phenol. JACS, 74, 6257, (1952).
DBRE: vovy— A — = UM RETHME H3H, ARKBEIRCLI Vv vy — roMiELA+
— A U MEE L O — S — U A SR OTIMEE R, MR PraR, 143, (1962) p. 137~155.
WK v vy — MZXBA— - VAT B, $5%, FEHROEI R S RRIEEIELY
SVy— A= A= v AROWMIE L FOMEYERER, P, 150, (1963) p. 67~87.
9 AR v vy — b= A= U T AR, AR, AREL VY- ARV A
W OB, MR, 148, (1963) p. 125~140.
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Research for the Improvement of Wood (Rep. No.9).
The synthesis and adhesion property of phenol-formaldehyde resin adhesives.
Kunisuke Horioka and Akio OKURO
(Résumé)

The high temperature at curing, red-brown staining by colored resin adhesive, and low or
high hydrogen ion concentration of phenol resin adhesive have retained much of their popularity
for use in water-proof plywood, exterior type laminated wood, and high moisture resistant par-
ticle board.

Therefore, experiments have been caried out with a view to improving the properties of
phenol-formaldehyde resin adhesive, in which paraformaldehyde labeled with radioisotope !C are
used as the materials of adhesive, phenol and formaldehyde are allowed to react for the conden-
sation with catalyst (NaOH soln.), then the phenol-formaldehyde resin is made.

The sample (small amount of phenol resin adhesive) of condensation at this process is taken
from this reaction, then separaied by paper-chromatography. According to the counting of the
run of flow of spots, the components of the phenol-formaldehyde resin adhesive are measured
(quantitative analysis). This reveals that O-methylol phenol and p-methylol phenol decrease
slowly, but, 2-4:6 trimethylol phenol increase ; 2:4 and 2-6 dimethylol do not change at all
practically.

An examination of adhesin property was conducted in these plywoods glued with samples of
phenol resin adhesive picked up at each stage of same condensation (without radioisotope), and
the experiments made clear the role of 2:4:6 trimethylol phenol and resin content.

Alcohol soluble and lower temperature setting phenol resin adhesives are made by the follo-
wing three methods.

(1) Phenol and formaldehyde are allowed to react with the catalyst of NaOH solution (1.5

~3 hrs at 95°C), then dehydrated and condensated.

(2) Phenol and formaldehyde are allowed to react with the catalyst of NaOH solution (1.3
~1.5 hrs at 95°C), then HCl 10 % soln. is added to this phenol resin till pH is neutralized.
The resin is separated from this soln., and to the resin is added some volume of methanol.

(3) Phenol and formaldehyde are allowed to react with the catalyst HCl N/2 solution (only
15 mim). When the solution becomes cloudy white, rapidly cool and separate ; then dehydrate
in low pressure at 60~70°C, and add methanol.

According to the examination of adhesion property, the method of .(1) and (2) both give
good results, because these phenol resin adhesives have much 2-4-6 trimethylol phenol.

Water soluble phenol resin adhesives are made by the following two methods.

(1) Phenol and formaldehyde are allowed to react with the catalyst of NaOH solution for 4
to 14 hrs at 60~80°C, then dehydrated.

(2) Phenol and formaldehyde are allowed to react with the catalyst of NaOH solution for 45
min at 90~95°C till hydrate degree decreases 300~350, then cool till inner temperature slows
down to 50°C, a small volume of resorcinol 50 % methanol solution is added to this solution,
then agitated for 2 hrs at 65~70°C.

According to the examination of adhesion property, the methods of (1) and (2) both give
good results, because these water soluble phenol resins (especially, the phenol resin adhesives
made by the method of (2), have perfect water solubility and pH is almost entirely neutralized,

having much trimethylol phenol and dimethylol resorcinol.





