MESRITEES 2098 (5B 7H)

RLIZX 2 IREMIEHZAEROEHK &
7 DEFEMERE 12O\ T

7 (ESRE = S A
g ¥ R OFO
# B Mm%
X = A SR

I &

il

HEHERGTHE (BITHIC R & W3) v —9%— LCHAL 5 201
(1) R.IL REOREIRRNTR LB UALENTERZ LD Z &
(2) R.IXEOfEH & FE 2 RTEEBREECHEHL b2 b
(8) BHHRORINNEL b THBICF I BZ L

REDFHRELDOTWENLTHOT,C T A INRFEL BT, RESIFEEH OWGEY (U,
FRBEEAALTY VDRLDICHEA L TWS AL W BERY X - - 7w~ 75 74— X DGRELYY, b
LHALDTEELI RE OZARY r 2T v FHZ LI b, MESOERYT, IGEFEEAT -
T L EEMRE O R M T\, MERICEI T 5 BFTES 3 T 2 I BRERIR NG X 0, T DRSS
TGRS OSTEIH b RIT R R4 s

¥, RFEMIBENG ZBERL T, TOEEMEEMT LA, 2omknT, RITShiciEErAn
T, #Hitcled REBIEHEER ORISR LIRE TS & L b8, TOEHFRD Z LWL L,

IO DEERND, BEFEHIEOR EICEEALS ) 521E0 ) Tk, X B Dimensional stability &
Kl BB AR EHE DB & R L o\

ISR RIEHEE £, 4 HER 2 W REEE, MEARMERLS WCRESHAD= R JORE
EREECH LELCE D EHTS & b, KPFERD T LY VERIL T iib A RHB M E B R
BHERE T SRR E S LHE LR T 2R ThH 5o InBERERI OIS DR, 75 OCWCHERER
BCOWTE, M AM IR S TS IRE Shc BH AR AHE AR O L, B 5K
FThb,

) KEEHEUE R EREETESE « B+
D~ (&) KHEHER D ERTEE



HERABIBITERE H 1135

I R.IL [CL2REBEREROEKE “C OEWR

1. REBEEERORE

RE: a7 AFeroeslizl:1.8 2L, FIEOEBER

X0t pH D%&ME Fig. 1 0B ) ThbD,
FRE. .o 180.2 g7

RV v (37TW%)..394.5 cc(pH 5.2 Bk
pHS8.0
20% Na-CH;COO .. 7cc

ED—|! »
239 NH,OH........ 2 ce VeV

MMU—}
U
EROEAMC TRIEEFIAL , 10 58IC Nj>*CO 1me  MDUD-|

BERML, FIGH105-C i RE (Si, Se....Si) 0.17 cc

LD, 2EN3.TcclieD X5 EBKE L OTHRL
LOREMECEEICBN L, 72— =5 — 0k
=4:2:2 OEEK T, 20°C [EESMCHELEBE LD,
PHT,  NH:

* Add. Na2C0s so
790 . N> €0 _ dehydration

3 30}
1
1
1

0O 10 20 30 4 50 60 70 80 90 00 (0 120 10 250
So St S2 S3 Sa S5 S ST S8 S9 S Su Se Sis Min

Fig. 1 “C TZF -~ i jREEM PaHerE o Bk 4 -
The condition of condensation of urea-resin
adhesive rabeled with *C
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In order to improve the pro-
perties of adhesion of urea
formaldehyde resin adhesive,
urea rabeled with radioisotope
"“C are used as the materials
of adhesive. Urea and form-
aldehyde are reacted the
condensation with catalyst,
then the wurea-formaldehyde
resin are made. The samples
of condensation at this pro-
cess are taken from this re-
action at each 10 minutes, then
separated by the paper-chro-
matography. This photograph
are shown the spots and the
run of flow (Rf) of the com-
positions(mono-methylol urea,
di-methylol urea, methylen
di-urea and others. Accord-
ing to the counting of the
spots, the quantitative analy-
sis of this reaction in all stage
are conducted.
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Table 1 [JREMIIREEREHI O/ D RE

Run of flow (Rf) of composition of urea formaldehyde resin adhesive

Sort of composition of urea Simplified Molecular | Run of flow
formaldehyde resin adhesive mark weight (Rf)
Urea U 60.06 0.430~0.438
Mono-methylol urea MMU 94.08 0.460~0.469
Di-methylol urea DMU 126.11 0.500~0.510
Methylen di-urea MDU 88.09 0.366~0.370
Methylen di-urea derivative MDUD 0.407~0.414
Etherized derivatives ED Highest spot
Mainly di-methylen urea and other 0-point

Eh<—-2LbDTHS,

—fRIC IR FGEAEE 40 5 bW E THEENED LN, RELFL~v) VINEEL TS FHE1L
7 2AF e — LJRENEL, 40 G bWEDFRTF e - ARENERL, LR 2AFLVYFRE =-7
MEZED Z A Y Fid 40~50 G LW b REBRS,

ZIhb DG HRETRI0L, SO LD TR TN ERIRL, ERFERS Rf L —H T3
DE D RN, JREBIBERS O RE & rFE L OBIFRIL Table 1 1R,

2. REBEEZRRSBIRICEITEY Y 7L Paper-strips ® Count JlE

SR—RTCEC X VB ShBIRC, FEHRCIST, TAThOMBGOAXY bv—21L7%
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The moving of important composition of urea formaldehyde resin adhesive
rabeled with C in the process of condensation



Table 2

WEAEREO K v 71D Paper-strip (oW~ T o Count jilj52

The count-measuring of paper-strip of samples of urea-formaldehyde resin in the process of condensation

S Number of samples o o
N \(&eriod of reaction) S: (10 min) Sa. (20 min) S (30 min) Ss (40 min)
Count | A Count H | Count [ Count -~ . | Count
T Cou;)a;; percen-| Rf | U-R n(l.:l(r)rtll?;r percen-| Rf | U-R n?l(x)#l;letr percen-| Rf | U-R nﬁ(r)rlll‘t!;;r percen-| Rf |U-:R
Spot - |pumber tage tage tage tage
i I
K = 442 32.6 357 40.2 431 43.6 | 663 | 28.3
1 604 44.7 0.435 U 344 38.8 0.435 U 314 31.8 0.435 U 574 24.5 0.435 U
2 308 22.7 0.460MMU 186 21.0 0.463MM U 243 24.6 0.463MM U 302 12.9 0.463 MM U
3 199 8.5 :0.500 DMU
4 272 11.5 0.550
5 199 8.5 0.600
6 | 136 5.8 0.645 E
7 ! X i
8 | |
Total 1354 100 | 887 100 988 100 2344 | 10 ‘
o - o |
% “Number of samples - — | —
\ (period of reaction) Ss (50 min) Ss (60 min) | S: (70 min)
Count It S T T Ry | - T
T Count Count l Count Count Count Count ’
Spot number | percentage | Rf U-R |number‘ percentage Rt U-R numberl percentage Rf + U-R
. - o ‘ _
IR =8 1145 41.0 246 13.8 217 | 12.0
1 283 10.1 0.367 | MDU 236 13.2 0.369  MDU 211 11.7 0.369 | MDU
2 259 9.3 0.410 MDUD 216 12.1 0.414 MDU D 233 [ 12.9 0.414 (MDUD
3 231 8.3 0.465 | MM U 241 13.5 0.500 | DM U 244 | 12.4 0.458
4 221 7.9 0.500 | DMU 211 11.8 0.525 211 11.6 0.495
5 241 8.5 0.570 ) 215 12.0 0.550 226 12.5 0.505 | DMU
6 188 6.6 0.605 208 11.8 0.585 240 13.2 0.585 |
7 235 8.3 0.645 E 211 11.8 0.620 i E 249 13.7 0.630 E
8 | ; i
Total 2793 100 1784 | 100 ! 1811 100
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Number of samples
(period of reaction) Se (80 min) Sy (90 min) Sio (100 min)
Count
Count Count Count Count Count Count
Spot T number!percentage Rf U-R number{percentage Rf J‘ U-R number | percentage Rf U-R
Jit 7L D e } 311 ‘ 14.9 24 | 12.0 !
1 249 11.2 0.369 | MDU 310 14.8 0.369 | MDU 220 11.3 0.368 | MDU
2 289 13.1 0.414 MDUD 307 14.7 0.414 MDUD 240 ‘ 12.3 0.407  MDUD
3 241 10.9 - 0.455 | 305 14.5 0.455 l ! 247 0.440
4 254 11.5 ' 0.485 ! 298 | 14.2 0.500 | DMU | 260 ‘ 13.4 . 0.500 | DMU
5 250 11.3 0.505 | DMU 280 14.4 0.515 | 257 | 13.2 0.475
6 232 10.5 0.515 283 14.5 . 0.550 E 283 14.6 0.480
7 } 175 7.8 ) 0.550 i ‘ | 204 ’ 10.5 0.605 E
8 261 11.8 0.585 E \
Total | 2214 100 2094 100 1 I 1845 100
Number of samples|
. (period of reaction) St (110 min) Sia (120 min) Sz (130 min)
Naunashe ‘
Count
. Count Count Count Count Count Count
S;)t-‘ - number | percentage Rf U-R | imber percentage Rf U-R | imber percentage Rf U-R
|
Jit L 282 8.6 362 13.1 362 17.6
1 320 9.8 0.370 | MDU 385 13.9 0.340 ‘ 355 17.2 0.366 | MDU
2 300 9.2 0.414 MDUD 392 14.2 0.366 | MDU ‘ 342 | 16.6 0.414 MDUD
3 988 i 30.2 0.473 ' 300 10.8 0.407 MDUD, 284 . 13.8 0.475
4 592 ! 18.1 0.500 294 10.5 0.450 ! 230 11.2 0.515
5 280 8.6 0.510 | DMU 273 9.9 0.480 ' 224 10.9 0.565
6 270 8.3 0.585 264 9.5 0.515 262 J 12.7 0.615 E
7 237 7.2 0.625 E 260 9.4 0.550 {
8 240 8.7 0.625 ' .
Total 3269 100 2770 100 2059 100 : !
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The moving of important composition of urea
formaldehyde resin adhesive rabeled with “C in
the process of condensation
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The adhesion property of
plywood glued with wurea
formaldehyde resin adhesive
that are dehydrated each con-
densated solution (Si, Ss, S,
S and Si) in this process

of condensaion
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The mechanism of adhesion

(5) *E‘K@Hﬁ$bi S F 'C*kii%ﬂﬂb T5 5, fE ELTAFUV for wood

VP RESINT B 1T Do F(;l;;.:: cohesion of adhesive

MESRERICBIT 5 UFIEE 3 MAM OEEEECBIT2 7% i Fp: Van der Waal’'s force in
. 1 2 T the interface of the adhesive
BOTHBAC LT Fig. 5 OREA LAM & OG5 FHE Fr layer and wood surface
DYEAZEL TWAIDIE, FRAFrv—LREFTHD ELEL2 DN Fw: the cohesion of wood

%o ERIEEEOBES Fc ODEAXELTWA DL, 2FLvFRELELLNS,
I REEIEER S OEHK & & DB HERE

AR ST, REMIFEEROMKG D5 b, HEOIEALT S EXSE, BEA L AN & 05 FH
BIJ1Fr 2835 F 2 7 v — A RFE, HEEROEES Fc OERERUTWS 2T v v FIRERETHD
ZEEPALMT LI, TIRBNWT, T2 2Fv —nARFE, FRFIFv-ARERBIOF 2 FLVRELH
L, FOEEMHIEC O WTHIERFoT, EROFHEDOTHY [ThA T 5,

1. REBEERSEEOEGRYY

(1) =7 2F%—AJREORR IR 2008, KLY 7o 4g % 200cc DKTHRL, KB
L, 37% A<V v 270cc ZTHFL, HKiR%x 3~6°C L35, REXMZ THD 10 58, RED A
ZEUMH TR Y 7 a2 BB, SR THERBEIZTS, MHEKOMAL 110~112°C,

@) FrFe - RFEDAK 3% wr<V v 540cc KEELAY Y a 8g RIEML, ZhICR
#2008 BMZD. ZOLFHKEIT 15°C K THD%, MAELT 25°C 23iud, ZORIFEH X
DIREES TS0 5, 30°C H#L o X 5ikeL, 28~30°C Icffo, RFEXMZ THD 15 HEITHR
B 2wl U CHRIL, RER Y v & R I BITRA Y AFRRL IR 5 - WIS oRRIL 122~126°C,

B) FAFLVREOANK 37% k<Y v 540 cc TR 200 g HEERL, 1N HCl 2¥mL T
pH 3 L, 50°C =T 30 SRS €51, BEOWTARET S, LOWTA X RIBKEERE
W5, FHESOMAT 280°C, |

2. REEBEERS TSI E/ AFO—LRE, FAFO-LRRSLUFAFLVRROER

1) Frrv—-nRHK F2FUvVYRE PERCIHEE  EESIOCEAARBREZICF2Fe
— VIREDEGEHERNLE T Y ATHot: (Table 3),

@) ®72Fv—nARFE, FAFLVRE PMEBRIDEE /2 2Fv - ARFLNEROHRK
IZBEIVD, FAFL vRBERRMLIE, ¥tk X OMhkEEHE A THS (Table 4),

@) Fr2Fe—nREK v/ 2Fv-ARE PMEBCIHEE  HBEEHEEIVIELF TR
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FRrFw - LR, F2FLrvRBERAC X 2FEEIEL

Relation of the ratio of composition of dimethylol urea and dimethylen urea
to the adhesmn strength glued w1th the preparatxon (No 1~5)

Preparation and adhesion strength I No. 1 l No. 2 | No. 3  No. 4 | No. 5
. Di-methylen urea 0 25 | 50 75 | 100
oRa“oo .‘t’.fo Di-methylol urea 100 75 | 50 25 | 0
e ellen Wheat-flour 60 60 | 60 | 60 60
H.O 140 190 | 240 290 340
Mean 5.2 9.9 0
(81 3/a) (46 3) (1 25) (©) (®)
30.7 31.8 17.7 12.1
Normal test Max. (90) (100) (5 )
Adhesion Min 23.3 14.4 11.5 ‘ 8.2 |
strength of : (40) (5) (0) (O) ‘
Kaba plywood Mean 5.2 ; i 0
(kg[em®) ) (o) (0) (0) ‘ (©)
Hot and cold Max 6.4
soak test " ©) (O) (0) (0
. | 2.5 |
Min. | %G (| <2> <o>
20.7 18.4 11 4.5 0
Mean | (35 (9818) (20.63) (1. 25)
26.4  21.4 12.4 6.2
Normal test Max. (100) (100) (40) (5 |
Adhesion Min 15.5 15.5 | 10.4 | 3.1 |
strength of : {60) (90) (5) ©)
Lauan plywood Mean 5.0 | 2.7 0 ‘ 0
(kglem®) () ' (0) (O) \ @ .
Hot and cold Max 5.9 \
soak test : () (0> i \
4.3 |
Min. N Yo I
Remarks: Conditions of adhesion rate of spread
Birch 1.2mm, Lauan 1.3mm 3 ply. 40 g/(30c¢m)% presser, Birch 15kg/cm?®, Lauan
10 kg/cm?®, cold press 20 hour, Hot press 95°C—5 min.
Table 4 €7 2Fvw— AR, F2F v vRELAIC X 2BEEITENL (HEEH  IER)

Relation of the ratio of composition of mono-methylol urea and di-methylen urea
to the adhesion strength glued with the preparation (No. 6~10)

Preparation and adhesion strength ‘No 6 ‘No 7 ’No 8 ‘No 9 No 10

E;no Of"" " Di-methylen urea .0 25 ’ 50 ! 75 100
omDositio ) Mono-methylol urea 100 75 50 25 0
cal::é) ﬁsll] ér“ wheat flour 60 60 60 60 | 60
H.0 140 190 ’ 240 290 340
13.5 16.2 9.2 | 7.8 0
Mean o o © o o
15. 19.1 10.9 | 10.7
Normal test Max. 0 (0) (0 o |
Adhesion Min 11.2 13.0 | 6.2 5.4 |
strength of : ) | (@) ON
Kaba plywood M 0 0.5 | o | 0.8 ° 0
(kglem®) can @ O O O @
Hot and cold Max. | ' 0.8 I 3.4
soak test : ) | (O]
. ‘ 0 0 |
1\«111’1. (O) ; (O)
7.9 10.5 8. 6.2 0
Mean ‘ (0) 1 (6.88) | (18.8) | (6.25) ©)
9.6 12.1 10.4 8.1
Normal test Max. 0 (10) (30/ RET))
Adhesion Min ' 6.8 9.3 5.4
strength of : ) (5) (10) (©)
Lauan ply}vood Mean 3.5 | 3.3 3 0
(kglem*) ) (0) (6 25) © | (@
Hot and cold Max 5.0 11
soak test : ON (o) | (10) \ 0)
. 2.8 | 2.8 0
Min. © ‘o © o

Remarks: conditions of adhesion

is the same of table 3.
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Table 5 F 27w —AJREK, ®/ 27w RFRLALIC L DEEIEM CHEHF - /Pd)
Relation of the ratio of composition of mono-methylol urea and di-methylen
urea to the adhesion strength glued with the preparation (No. 11~15)

Preparation and adhesion strength ‘ No. 11  No. 12| No. 13 No. 14 1 No 15
. Di-methylen urea 0 25 50 75 | 100
coli?tcl;)(;i?ifon Mono-methylol urea 100 75 50 ¢ 25 0
ang Aller wheat flour 60 60 . 60 60 60
H.O 140 140 140 140 140
Mean 13.5 19.3 | 33.8 | 28.9  27.4
(0) (4.38) (14.38) (23.75) ' (81.3)

. 15.5 15.4 37.1 . 39.1 | 30.1
, Normal test Max. ©) (5) (80)  (100) . (90)
Adhesion Min 11.2 14.4 29.5 25.6 | 23.3
strength of : ) © @ O (o
Kaba plywood Mean 0 2.0 1.8 | 3.4 ‘ 5.2
(kglcm®) () () (©) !
Hot and cold M 2.9 3.4 4.0 | 6.4
soak test ax. ) ©) ) )
Min 1.2 0.8 1.6 | 2.5
. © O O (O

Mean 12.2 22.3 . 22.0 | 20.7
(o) (12.5)  (100) (81.25) | (82.5)
9.6 14.3 24.8 25.0 26.4
Normal test Max. . (O) (20) " (100) ! (100) (100)

Adhesion Min 6.8 | 136 18.3  17.2 | 15.5
L strenglth ofd : ) glg) ‘ (100) 530) | gég)

auan plywoo 3.5 . 4 .
(kglem®) Mean © O <o> o) ©
Hot and cold Max. . 5.0 6.2 5.9
soak test (O) i )] (O) (0) ©)

Min. 4.2

4.3
‘o o "© (o)? )

Remarks: conditions of adhesion is the same of table 3.

Table 6. F 2 Fwv -1 [RFHK, F2FL vRERAHCIHEEHAOENL CGEER . KEH)
Relation of the ratio of composition of di-methylol urea and di-methylen
urea to the adhesion strength glued Wlth the preparatnon (No. 16~20)

Preparatlon and adhesion strength ’ No. 16 ‘ No. 17 ' No. 18 \ No. 19 ' No 20
ol Di-methylen urea 0 25 50 75 100
C(Fr:tg’s.‘t’fon Di-methylol urea 100 75 50 25 0
anc‘? ﬁlller Soybean flour (ext.) 30 30 30 30 30
H-0 150 200 250 300 = 350
26.2 19.0 11.6 8.7 0
Mean 7100y (15.88) | (0)  (0) (0
30.1 21.4 15.5 11.5
' Normal test Max. (100) (70) © ‘ (O)
Adhesion Min 17.4 | 17.1 . 5.6
strength of 1 (100) | (10) \ (O/ (0)
Kaba plywood ' 13.0 0
(kglem?) 1 Mean %8 Yo, G @ ©
Hot and cold Max 16.0 | 7.4 | 3.6
soak test : (o @, O
. 9.6 3.7 1.9
Min. ©  ©  ©
15.1 7.4 3.7 (]
Mean D) (3380) (2899 (155 (O
18.3 11.2 11.2 4.5
Normal test Max. (60) (50) (50) (5) i
Adhesion Min 12.7 8.4 3.1 |
strength of : (20) (10) (O) | ©)
Lauan plywood Mean 8.2 0 0
(kglem®) l (4.5) ‘ (3 75) (o) \ (0 ©)
Hot and cold Max 9.3 \ |
soak test : (5) ! (10)
Min. <0> (O)

Remarks: conditions of adhesion is the same of table 3.
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Table 7. €7 2Fw—aA R, F25rvREMEHC X 28FEEML CEES | K29
Relation of the ratio of composition of mono-methylol urea and di-methylen urea
to the adhesion strength glued with the preparation (No. 21~25)

Preparation and adhesion strength ’ No. 21 ' No. 22 | No. 23 ' No. 24 ‘ No. 25
oo Di-methylen urea | 0 25 1 50 75 100
colfr?t(;(;it()if)n Mono-methylol urea | 100 | 75 50 25 0

ang ller soybean 1;1{01(1)1" (ext.) | 30 30 30 . 3 , 30

2 150 200 250 + 300 | 350
- 16.2 10.1 5.9 | 3.2 (¢}
Mean @ o o o o
20.5 14. .
Normal test Max. | ) ©) (O) \

Adhesion Min 9.6 7.4 4. i
strength of . ©) ©) ) (0) |
Kaba plywood . 7.8 2.0 0 0

Ckglem?) Mean G ke @ © @

Hot and cold Ma 9.6 ! 3.3
soak test o (o i (O) !
. L4407
Min 1 o) <o> |
11.2 4.0 0 0
Mean (1075 (o) () ©
Normal test Max. lgég) ‘ ?23) ‘ 4&8) |

Adhesion Min., | 99 i 3.7 3 \
strength of : ! ()

Lauan plywood Mean 6.1 2.4 1.0 0 0
(kg[cm®) @, @ (@ (o
Hot and cold Max 6.7 | 2.5 1.9 |
soak test : i @ @

: 5.3 ' 2.2 0.8
Min. o @

Remarks: conditions of adhesion is the same of table 3.

Table 8. F2F v —LRE, T/ 2Fv - ARIFMGSHE X 5EFHEL (EEH . KEH)
Relation of the ratio of composition of di-methylol urea and mono-methylol
urea to the adhesion strength glued with the preparation (No. 26~30)

Preparatlon and adhesion strength ‘ No. 26 l No. 27 ’ No. 28 ‘ No. 29 ' No. 30
B . Di-methylol urea o1 25| 50 | 75 100
colfr?;féc;ifiin Mono-methylol urea 100 75 | 50 | 25 0
and filler soybean I%oel)r (ext.) 30 30 30 30 30
2 150 150 150 | 150 150
o 16.2 ‘ 19.5 30.7 | 29.5 26.2
o a2 g9 en ey Gw
Normal test Max. | © (100 (30) 1 (90) (100)
Adhesion Min 9.6 | 16.7 = 28.5 | 26.0 | 17.4
Kstt)renigth ofd : ) ) 9(;) ; glo) ‘ (éOO)
aba plywoo 7.8 5.8 . .0 1 13.0
(kglem?) Mean | ") (@ (@ @ (© (3.7
Hot and cold Max. | 9-(6) ’ 1163) \ 1062) 11&2) 1<2.o)
soak test (0 0 (o ‘ 0 (10
: 4.7 8.4 7.9 9.6
Min. o) L © <o> © ©

11.2 10.9 14.8 18. 15.1
Mean | (1475) (135 i(s;; 75) | (28 .8) (4;)

. | 12,9 ' 12,9 1.1 1.1 18.
Normal test Max. i (30) ‘ (30> (100) ; (100) ‘ (60)

Adhesion Min 9.9 ‘ 11.5 11.6 | 12.7
strength of q : (10) (o) (10) (30) (2o
Lauan plywoo 6.1 8.2
(kglem®) Mean OR (o) ; (s. 25) L (4.5) . (4.5)
Hot and cold Max 6.7 " 10.1 11.8 9.3
soak test : (o) (O) ‘ (10) (10) ()
6.5

. 5.3 7.1
Min. ) 75) o ) (o), @ (O

Remarks: conditions of adhesion is the same of table 3.
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—ARE NEBOBTEL VRTH S, MIKEFHERE TR D LF 2 7 v - A RE L /DEBDOZDHE N
BETHHN, STV TRFAFr —ARE 75, &/ 2Fv - R3E 25 ¥, /IEL 60 5, 7k 140
MoOFEE Tholc (Table 5),

(4) FrFv-—aRFE F2FLVRE KEBCIHEE BESICESKBEMRLIZFT2Fe
— LRBDEBERNE T YA THofc (Table 6), 7ok Table 3 & Hik3 % LMKEEEAR L L Tus
B0I, HEXOERCILLDOTHS,

(B) /7257w —nRFK, FrTLVRE KEBCIEE T/ 2Fv -2 REOEEERIKR
BIEE, HHER X OMKEEEEO VTR K THB (Table 7). Table 4 LM T2 L, 77 vHo
BA, EEH/NEGERGIER IV,

6) FrFv—nRFK, F2FrvRE KEBCIHEE  EBER IOWKESEEEOWTHhLF
2 FV — A REVHEINT A1 o TAREKEELTWS (Table 8), Table 5 & k35 LB CHE
L, REGOBERH DT L\,

EROERC LD F2F e — A REOHRENIBEL T 2 L2 TERD, F2FL v REFRIKCH L
TEWTH D1, BEAR ELOFEI Wb LBbhb, 2 F v v FRBEKEETH DD, EE
BOBENR EOFERHD D L BN S,

V.  REFERRFEE KL=V OFEFMC &2 REHEORE

REBMIRO LGB T, RBOTERIMC X 2EEANOWARS, HFTED LELLND, Tebb,
RFEEGERMUISEE, BEFRICHENT, 2 F v vhDhenwZ L3BESTELbR, i To%E
Brcd 2 FL vl 2 7w — At DEIE S, FIGHE, #1005 TEEINERLLS X5 RElATk
D, FOBMCRGEHIELEES, 2 FL v FREOLERFHGT, BIEOREME & ORMYEINTEL,
¥ 60 47< B After reaction B 70T, AXAEEHOET B 2 &3, BELBifEn><
bbb, '

L7enoC, JREBOGEERMTIE 2 77 — At D L\, BEREHOKRE L, PLPRERDED B IR
fEric&deELDLND,

IR RO ERYL & LT, RFEL AL~V vO AL 11 1.8, SUGEE 85°C, £FIGHRH 150 4
b, flBid 20% Na .« CH,CO: & NH.OH %L, 2 KBMOBIFICEHRE 60 Stk i
W, IR —R EERDOZITE D RO 4 DDFERIZ DL TEREY I 2o

ERCER LI RIRIBIRAS, BED 1, A<y vIRES/FTER 37% W, pH 3.02 CRIGK
TH# 10% Na,CO; ¢ pH 7 HIEL, v ¥ vEELT 60% * THiKL -

1. EEFEC L3REHBEORE ’

HIEES 1 Fa=y)y 219g wxt L 20% Na - CHsCO: 5cc, conc NH,OH 4¢c ¢ pH 7.0 &
B DT, THTUEOEMHET2MERL2 D, DWTRE 90g ¥z, 30 5T 85°C T
BENEATHIICL, ThU# 120 5FGS€5,

BO 30 HEE 5o E,  FThLER 15 52 LicHEEHE - HM5 Y 5 2B pH 2 — % —
AL pH 2L, RFNC Paper chromatography i X DR DOHESZBEL 7.

2. 2RAMIC & BREBEORE
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Z OSERTIE, 2 RESMOFH & &

c e
3 100 secondary addition of urea 10% NazC0s - O L S CBEL, REOAXER
. (and formaldehyde ) dehydration
ey kY M BEE, RELRL~<Y vEEN
I \
i/ \ = - - Y
8 V._mpsrgture decrease by secondary \ \ THEE, b OBICiEY —K
ton
= \ 2 [ 3 =)
7 .—pH |tncrease by secondary \ —————— ‘“*%ﬁﬁﬁl’ Z‘)“%k 2 é{mﬁ“ﬂn@%k :FE
ion
L MERTAEB TN T, T0E:
6 Y
L ‘ KHWALAEZLRBEN, WTho

EA D Fig. 6 DL FHEATr T =2
— i Lichiv, BERERIE EED el
A i A it i HER LTS, 2 F v — A toEs

The new condition of condensation of urea-resin
adhesive combined with the secondary addition DI E 2 bR, 2RKREMTIE pH

of urea (and formaldehyde) DL & R T R B 1

|
;
0 20 40 60 8 100 120 M40 160 180 Min
|

Thb,

BlEES2 RELAA<V vEEETOFEALMEOZmIc BN . Tibb, s~y vy
109.5 g = 20% Na +« CHsCO: 5c¢c & conc NH,OH 4cc 5 XURE 452 &Mz 85°C EENE
STHb 30 5, LFEERT 60 SHCHBEDREL L~ Y vEMZ S, 2w MX2RENE
30 G S OB EFITL D EDEMTA) L A%THS.

BIEES3 (2 L RiD L IANMELRRET O LR TH Y, 2REMETIX (1) LALHEAET
Hbo

BIEES 4 FA=Y v, MBRIRFERRO;OHEHUREOR 1/2 % 2 RIFMUIz. 2 RKEME
TIX 1:8.6 TADEIAT, (3,4 &Ll pH OTHADPB L) TH DA 2 REMOEIZ (2) 1% pH
7.0 $TEALA 3), 4) 1X NH.OH 1cc OFATER L,

EROFATRRINAMIEES 1 ~ 4 OEGEHITH N 3Ply WL T, HEEHERRE 7>
foo EREBIEEBEHIFN T L FvRE LT, 60% BALT, ZHIEBLH L LT 20% NHCI 5

Table 9.  JRIEMIGEREA OERERIEA S X O° 2 RIFIMOFELER O BEEMRED LK

Compared with the adhesion property of the standard method (resin No. 1) and the

new synthesis method by secondary addition of urea or urea and formaldehyde
(resm No 2 3, 4) of urea formaldehyde resin adheswe

"I Adhesion | |

Normal Adhesxon
N : | strength |
sg_};eSl?}? | Calculating | (kg/em®) of | Calculating | st;exég;htof
Resin No. (k /ng SO by standard | hot and cold | by standard ————— X 100

glem | method 100 |soak test and] method 100 Normal

and wood | wood failure .\ adhesion

failure (%) | (%) l strength

|

1 18.9 (1.5) | 100 11.8 ‘ 100 62.4
2 21.6(83.2) | 114 21.7 183 100.3
3 24.4(81.7) ! 128 18.6 157 76.1
4 24.0(95.3) 126 18.3 155 76.4

Remarks: Adhesion conditions
Birch 1.2 mm 3 ply, moisture contents of veneer 10.5%, resin content percentage
0%, hardener 5 parts of 20% NH,CI solution to urea resin, rate of spread 35 g/ft?,
hot press 15 kg/em?®, 95°C, 5 min.
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WA Mx T, Table 9 IRLI X 5 Is&kC, AWEIED, Hikk X RS KEE IR BE T,

Table 8 K EDEENRIDFTHDEM, LFvE 60% OREMIGHATLD DT, EENILPME
WS, EEREOHEEHC LT T 2 RISMOBLEHRIIRDO Z L F <R TS,

(1) 2 REBIMOFEEBITHIEEE ST 14~28% E\o

@) BEAKEFEML 55~83% < T3,

(3) EESRORGKEFMIERERE ML T 60% BETHAHDIN L, BIEES 2 0 2 K5Hm
i L BRI, B EE S L RS INIEE LV LN ET AR TH D 2B X
HMIEES 3 B L 4DV ThICR W Th, EEADOIL 76% LT, EEMIECILLT 15% < Hu
FhTw5b,

LIRS 2 REIINC X BEEF OFELER, W02 5 L5 TFRBIAOWMECESTHF 25w
—AREL, EENOBENOHECEE TS 2 7L v FREOSERY BB L Hihskiy, ikt
DE HCEEZ2b D L BbNd, OV TUIKEARM, iz TAiK, v —27-4/1K, Rl
R—F A 7K - FEOREMECEETH b0 L Bbh b,

V ZBELIUBE

HC TT A SR REBIREE A AR T ABRICE VT, MEREEIRL, thit—~-7w
~ PRI DAL T, HMESEF - v v ARECTERR LD, Rf 12X VRS OERET ok,
—R— 2w FCHRSDOEELZ 7 AL 2 — == 2L T, EHRTDOARY L DB Y v +%H
ATP— AT Y R—LHR I P AF T F-LIVABTE LRI DT, R=R=Zw=iZLD
FERE SN DEE R Tof. ILCHIERIC R THRILL e idik v 7 v R 65% ICBEMR
KU, TOBWEEREZANT, #55 3ply AREERL, ToEEMREoRME 7o (Fig. 4).

T DOFEREDPDROFEFHNHEE I N D

1) EFEH LAM L OFTHBIN Fr OfffI%EL TV DRFELLTF 2 F v —ARFETHS.

Q) BEEEOBES Fe OfFARELTWALDRELLT2AFL Y FRETH S,

D 2 ODFHRDOESFic /e B DIk Fig. 2, Fig. 3 35X Fig. 4 0FEBERECLZLDTHS,

L LB D RE &2 Y v MBI WISERER DO L F v RN 40% BETH LI, 581K
DRIEC B EERI RSy BEEREL G, v FvEY 60% i LMIR» 5, ERoMcETRE
HEATTOHI LRHEETHOT, T CEMERCIT NS OELBERTETFETH B, £
DOFEE OEFTEI LTI TH S L Bbh, EROHERLCHRREIETSIRY, EITrThh s LiZEx
Bhgus,

RIZ LROFHRALIEE T2 EMN%EL DT, 7 2Fv ARk, FrFv-1REK F2FLrvRHE
e (e (e AN I

BERENI SHS D 5 B 2 MO EHMAAHE T, PMEGS IOKREH THREL T, HiEY 6~7 pois/
20°C 1278 % XD ICkHRIRML T, EEHLFARL, ARERAMEL. TOEEMERERLEE L Ic/ART,
Table 3~8 IK/RT LK H THOT, KOHAXIF.

1) F2F v — A FFRTERER &AM L OH0G FHIB D12 8h 3 7cdic LR EEZ L TW2 2%
BB OBEND A LTI ETFOMELND B, FORERE -,
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2) =7 2Fv - AREIF 27— LRBIE LTV, SFHBIHRED o, BERKE

%%LTL‘%O
@) F 7L vRBEILSFEEIFE XCEBEADOVWTROEELEL TIuiEd b o, T LAEREN
ﬁE%ﬁF“ELbTL\ZJQ

TIRBWT, FRAFULVRRBIRERL DL, FAFe A REFERIT2F L vFREISEL, &
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X578 2RI L BH L WEEER A EE L.
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@) BHKEERE/L 55~83% b3 <h, MkiRERXEL T\ 5.

(8) WREHEES LMKEERE I NTELL, 2HGWASER L LT, HEhdoThob,

LI ED#ERELD 2 RKIINC X D EER OFHEER, W25 LOFREOEXEET5F 27w
—VIRER L EEEHOBEEN OB X ET 5 2 7 v v FREOEER L E L o, HAHRA
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Research for the Improvement of Wood (Rep. No. 7)
The synthesis and its property of adhesion of urea formaldehyde resin
adhesive made from radioisotope urea

Kunisuke Horioka®, Mihoko Nogucui®, Kazumi Moriva® and Akio Ocuro¥

I Introduction

The reason why radioisotope are used for the tracer are stated as follows:

(1) The chemical reaction of radioisotope is the same as the stable isotope.

(2) The radioisotope continuously emits the radiation indicating the sorts and
orientations.

(3) The detection and measurment of radioisotope can be done easily and exactly.

Therefore, in order to improve the properties of adhesion of urea formaldehyde
resin adhesive, urea rabeled with radioisotope ''C are used as the materials of adhesive.
Urea (containing **C rabeled urea) and formaldehyde are reacted for the condensation
with catalyst, then the urea-formaldehyde resin is made.

The samples (small amount urea resin adhesive) of condensation at this process are
taken from this reaction, then separated by paper-chromatography®%. According to the
counting of the run of flow of spots, the compositions of the urea-formaldehyde resin
adhesive are measured (quantitative analysis). Moreover, the examination of adhesion
property is conducted in these plywoods glued with samples of urea resin adhesive
picked up at each stage of condensation. Then, the result of property of adhesion is
analysed from the standpoint of mechanism of adhesion.

In adition, the main compositions of urea resin adhesive are synthesized®?®, the
properties of adhesion on each composition are tested and analysed. In this case,
according to the results of analysis, new synthetic method of urea-formaldehyde resin
adhesive is suggested, with a proof that it has a very excellent property of adhesion.

These results herein reported will not only make possible the improvement of
property of adhesion, but will develop the manufacturing of improved wood of dimen-
sional stability.

II Synthesis of urea formaldehyde resin adhesive and
the tracing of radioisotope *C

1. Manufacturing of urea formaldehyde resin adhesive
The mol ratio of urea: formaldehyde is 1: 1.8, the temperature and pH of condensate
reaction are shown in Fig. 1.

Urea 180.2 g

Formalin (containing 37 w% formaldehyde) 394.5cc (pH 5.2)

20% Na-CH,COO 7 cc PH 8.0
23% NH,OH 2cc

The reaction is begun by the above-mentioned preparation, radioisotope of Eg“> CO

1 mili-curie are added after 10 minutes. Samples (Si, S:, Ss........ Si3) of volume 0.17
cc of urea formaldehyde resin adhesive are picked up each 10 minutes for the reaction
from flask. Then, the distilled water of volume 0.20 cc is added to each sample. The
diluted solution, one drop of capillary is coated on the zero-point. As discussed
previously, most developing solvents in partition chromatography are two-phase systems
or mixtures of miscible organic solvents. The chemical nature of the solutes to be
chromatographed usually suggests the class of solvents or mixtures to be used.

i Chief of Wood Improvement Section, and chief of Glue and Glued Materials room.
@@ Members of Glue and Glued Materials room.
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Therefore, the developing solvents of the ratio of buthanol: ethanol: water is 4: 2: 2,
and the solvents are developed in constant room temperature at 20°C, and kept still
for 17 hours.

The method of development is the ascending chromatography. The ascending
technique of paper chromatography, used by ScuonseiN, GopPPELSROEDER et al., has many
advantages over the descending technique, e.g., consistency of results, simplicity of
apparatus, and the ease with which a large number of analysis may be made. The
apparatus consists of an airtight chamber of suitable size and a container for the
solvent placed at the bottom of the chamber. One objection to the ascending method
is that the upward flow of solvent is slower than the downward flow, as in descending
chromatography, resulting in inconsistent movement of the solute after the solvent front
has traveled more than 25 cm. The filter paper used is Toyo Filter Paper No. 51 A, and
the coated point of dilute urea formaldehyde resin is located at the point of 2c¢m
upward of the lower edge of the filter paper 40x40 c¢m. After coating the solution, the
filter paper is dried for 1 hour. Then, the paper sheet is fastened to the swirl made
by the stainless steel, the solvent trough is placed at the bottom of the chamber, and
the lower edge of the paper is immersed into the solvent.

After being developed, the paper sheet in dried in the cold and dark room, then
the silver nitrate solution containing ammonia (Tollen’s reagent) is sprayed, and coloured
partly.

The coloured spots are marked by a pencil, and the excess of silver particles are
washed by 20% solution of Na.S.0;, and the paper strips of each sample of urea
formaldepyde resin adhesive in the condensate process are prepared.

The method of determination of the run of flow (Rf) is shown in the following
three methods:

(1) Dyeing method (mentioned in the above).

(2) Autoradiography method.

(3) Geiger count method.

Phot. 1 shows the filter papers that are dyed with the spots of mono-methylol urea,
di-methylol urea, methylen di-urea and others by the silver nitrate solution containing
ammonia (Tollen’s regent). Then, according to the counting of the spots, the quantitative
analysis of this reaction in all stages are conducted.

Moreover, to determine the composition of urea resin solution, each composition is
synthesized preliminarily; the Rf of the composition that has been measured previously
is the same as that of this experiment. The relation of the Rf of compositions of
urea resin adhesive to these molecular weights are shown in Table 1.

2. Count measuring of paper-strips of samples in condensation process of urea
formaldehyde resin adhesive

The filter paper developed by the method of many spotting and one dimension
development has each composition marked by the dyeing method and is cut off in 25 mm
widths. The radioactivity of the cut-off paper strips is measured on each spot by the
gass-flow counter, and continuous chromatography scanner Table 2 shows the result.

Count percentage is that when the radioactivity in the condensate solution containing
radioisotope **C dropped on the zero-point is 100, the ratio of each spot is calculated
from the total of count number. Fig. 2 shows the trend of the moving of composition.
molecular weight of compositions of U.R. A.

ition, count percentage
In addition, count percentageX Atomic weight of C*

-, the moving

of compositions is known in terms of time.

Plotting the result of this calculation, the conclusion is shown in Fig. 3.
According to the fact that radioisotope is included, it is possible to make quan-
titative measurement by counting, and the moving to other compositions becomes
possible.

(1) Urea descends lineally in 40 minutes after reaction begins.

(2) Mono-methylol urea increases up to about 30 minutes and then, decreases rapidly
and moves to di-methylol urea or methylen di-urea in 50 minutes.
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(3) Di-methylol is formed after 40 minutes and increases gradually, and decreases
rapidly after 100 minutes and moves to methylen di-urea.

(4) Methylen di-urea is formed in 50 minutes and increases rapidly in 110 minutes.

(5) Di-methylen urea contained in zero point increases up to about 50 minutes and
then decreases, moves to others.

3. The adhesion property of urea formaldehyde resin adhesive in the process of
condensation.

Si, Se, Ss and Sy, are dehydrated under the low pressure by sucker at 60°C and the
resin content is 65%. The Kaba (birch) plywood is manufactured under the following
condition and the adhesion property test conducted.

Construction of plywood: Kaba veneer, 1.5; 1.5; 1.5 mm, 3 ply.

Moisture content of veneer: 10.5~10.8%

Preparation of adhesive: Urea resin 100 parts, hardener solution of NH,CI 20% 5

parts, fluorescent 0.3 parts.

Spreading rate: 35 g/ft*

Pressure: 15 kg/cm?®

Temperature and period of pressing: 95°C, 5min at testing.

Moisture content of this plywood is 11.2~11.5% and the adhesive property is shown
in Fig. 4.

(1) Because the main composition of S, comprises mono-methylol urea and di-
methylen urea, the adhesion property of normal, and hot and cold soak test is low.

(2) Because the main composition of S has di-methylol urea and di-methylen urea,
the adhesion property of normal, and hot and cold soak test increases rapidly.

(3) Because the main composition of Ss~S;, consists of di-methylol urea and
methylen di-urea, normal adhesion property is somewhat low and adhesion property of
hot and cold bath soak test increases.

(4) Despite the fact that normal adhesion property of Si: decreases in parallel with
the decreases of di-methylol urea and methylen di-urea increases, adhesion property of
hot and cold soak test decreases.

(5) Wood failure percentage increases up to S;, which is due to the increase of
methylen di-urea. As discussed in ‘‘Research for the improvement of wood, Rep. No. 3
on the mechanism adhesive of adhesion for wood’’, it is concidered that Van der Waal’s
force between adhesive and lumber is di-methylol urea, and cohesion F¢ of adhesive is
derived from di-methylen urea and methylen di-urea.

1. The synthesis and adhesioniproperty of the composition

ot urea resin adhesive

In this chapter, we intend to discuss the adhesion property of mono-methylol urea,
di-methylol urea and prove the above-mentioned items.

1. Synthesis of urea resin components®®

(1) Synthesis of monomethylol urea. 200g¢ urea and 4g barium hydroxide are
dissolved in 200 cc water, and to this mixture 270 cc 37% formalin is added drop by drop
with stirring and ice cooling, during which time the temperature of the solution must
be kept at 3~6°C. After 10 minutes when urea is added, carbon dioxide gas is led into
the solution, then the precipitated barium carbonate is separated by suction filtration
from the solution. Monomethylol urea is precipitated from the filtrate when it is
concentrated in room temperature. The prepared monomethylol urea crystal melts at
110~112°C.

(2) Synthesis of di-methylol urea. 8 g barium hydroxide is dissolved in 540 ¢cc 37%
formalin, and to this mixture 200 g urea is added; at that time the temperature of the
solution is ascended to 25°C by heating, then controled at 28~30°C. After 15 minutes
when urea is added, the solution is neutralized by carbon dioxide gas, the precipitated
barium carbonate is separated by filtration from the solution. Di-methylollurea is
precipitated from the filtrate when it is concentrated in room temperature. The prepared
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dimethylol urea crystal melts at 122~126°C.

(3) Synthesis of dimethylene urea. 200g urea is dissolved in 540 cc 37% formalin,
pH of the solution is adjusted to 3.0 by 1 normal hydrochloric acid. After about 30
minutes when the reaction begins at 50°C, the solution precipitates a white compound.
This precipitate, namely dimethylene urea, is separated by filtration from,the solution,
washed with water and dried. The prepared dimethylene urea melts at 280°C.

2, Adhesion test with urea resin components such as monomethylol urea,
dimethylol urea or dimethylene urea

(1) Adhesion test with dimethylol urea, dimethylene urea and wheat flour. In both
the normal test and hot and cold soak test, the more dimethylol urea an adhesive
contains, the higher adhesion strength it has (see Table 3).

(2) Adhesion test with monomethylol urea, dimethylene urea and wheat flour. The
adhesive containing monomethylol urea, dimethylene urea and wheat flour has higher
normal and waterproof adhesion strength than that containing only monomethylol urea
and wheat flour (see Table 4).

(3) Adhesion test with dimethylol urea, monomethylol urea and wheat flour. In
normal test, the adhesive containing dimethylol urea, monomethylol urea and wheat
flour has higher adhesion strength than that containing only dimethylol urea and wheat
flour. In waterproof adhesion strength, the adhesive containg dimethylol urea and
wheat flour has maximum strength for the birch wood, but the adhesive containing 75
parts dimethylol urea, 25 parts monomethylol urea, 60 parts wheat flour and 140 parts
water has maximum strength for the lauan wood (see Table 5).

(4) Adhesion test with dimethylol urea, dimethylene urea and soya-bean flour. In
both the normal test and hot and cold soak test, the more dimethylol urea an adhesive
contains, the higher adhesion strength it has (see Table 6).

When results in Table 6 are compared with those in Table 3, the former shows higher
waterproof adhesion strength than the latter. This fact is owing to different extender.

(5) Adhesion test with monomethylol urea, dimethylene urea and soya-bean flour.
The more monomethylol urea an adhesive contains, the higher normal and waterproof
adhesion strength it has (see Table 7). The wheat flour is better than the soya-bean
flour as an extender for lauan wood (see Table 4 and 7).

(6) Adhesion test with dimethylol urea, dimethylene urea and soya-bean flour.
Both the normal and waterproof adhesion strength tend to increase with content {of
dimethylol urea (see Table 8). The soya-bean flour is better;than the wheatZflour as
extender (see Table 5 and 8).

The above mentioned experiments made clear the role of dimethylol urea, and it
is surmised that the dimethylene urea is not useful for improvement of cohesion strength
of an adhesive by reason of its insolubility in water, but the methylene di-urea is useful
by reason of its solubility in water.

v New preparation of urea formaldehyde resin adhesive by secondary
addition of urea or urea and formaldehyde

In synthetic process of urea resin, a possibility to raise up adhesion strength of
resin is attained by secondary addition of urea to the reacting solution. When this
method with secondary addition of urea is compared with the standard method, it is
surmised that the former product has less methylenation than the latter. According to
our past studies, after 100 minutes reaction begins, the ratio of methylene and methylol
component becomes the ratio indicating the maximum adhesion strength, but the product
at this time is too little in methylen di-urea component to show ample stability, therefore
it is reacted still more about 60 minutes as after-reaction, then, the product shows good
stability and also no significant lowering in adhesion strength.

From such a standpoint, it is surmised that a urea resin which has much methylol
component, high adhesion strength and a little low stability can be prepared by secondary
addition of urea.
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Synthetic method of urea resin

In this report, therms of the standard synthetic method of urea resin are as follows.
Molecular ratio of urea and formaldehyde is 1: 1.8; reaction temperature is 85°C; total
reaction time is 150 minutes; catalysts are 20% Na-CH3;COO aqueous solution and conc-
NH,OH solution. In a modified method, comprising secondary addition of chemicals,
secondary addition is done after 60 minutes when reaction begins, and amounts of
secondary additional chemicals are half of the total. In all cases, when reaction is
finished, the product is neutralized to pH 7.0 by 10% Na.CO; aqueous solution and
dehydrated to about 60% resin content under diminished pressure.

Chemicals used are as follows: Urea is manufactured by Kanto Chemicals Co. Ltd.,
and is deer mark, extra pure; formalin is manufactured by Electric Chemical Ind. Co.
Ltd., industrial use, and contains 37 weight % formaldehyde, pH 3.02.

1. Preparation of urea resin by a stardard method

Resin No. 1

219 g formalin is mixed with 5cc 20% Na-CH;COO aqueous solution and 4c¢c conc-
NH;OH solution (at that time pH becomes 7.0, therefore in the following cases these
amounts of catalysts are adopted) in flask with three necks and 90 g urea is added to
this mixture. The mixture is heated to 85°C (thermo-elevating time is 30 minutes), and
kept at this temperature for 120 minutes (therefore, the total reaction time is 150
minutes).

Every fifth minute in first 30 minutes, namely thermo-elevating period, every fifteenth
minute in the following period, pH of reaction product is measured by glass electrode
pH meter made by Toa-denpa Ind. Co. Type HM-51and sample forpaper chromatography
is spotted on filter paper.

2. Preparation of urea resin by secondary addition of chemicals

In these methods, time and amounts of chemicals of secondary addition are set as
above, and the following cases are examined,

(1) Urea and formalin are secondarily added.

(2) Urea, formalin and catalysts are secondarily added.

(3) Urea is secondarily added.

The reaction schedule is shown in Fig. 1. These modified methods differ in temporary
descent of temperature and temporary ascent of pH at adding time, and in more methylol
component of product from the standard method.

Resin No. 2

In this case, urea and formalin are secondarily added. 109.5g formalin is mixed
with 5 cc 20% Na-CH;COO, 4 cc conc-NH,OH and 45 g urea. After 30 minutes when the
mixture becomes 85°C, in other words, after 60 minutes when reaction begins, 109.5¢
formaline and 45 g urea are secondarily added. Others are similar to the case of the
standard method except the fact that sample for paper chromatography is spotted every
fifth minute for 30 minutes after secondary addition.

Resin No. 3

In this case, urea, formalin and catalysts are secondarily added. The period from
the beginning of reaction to the secondary addition, ratio of chemicals is similar to the
case of the standard method.

Resin No. 4

In this case, urea is secondarily added. The period from the beginning of reaction
to the secondary addition, molecular ratio of urea and formaldehyde is 1: 3.8.

In cases of Resin No. 3 and 4, pH descent in the first period is slow, but it needs
1 cc conc-NH,OH more to ascend pH to 7.0 at the time of secondary addition, although
more NH;OH is unnecessary in case of Resin No. 2.

The test of adhesion strength on the above four urea resin adhesive was conducted
by manufacturing the birch 3 ply plywood.

Because each urea resin adhesive is dehydrated to 602 as resin percentage, the
hardener of 5 parts of 2)% NH,Cl solution is added to it, and the test pieces of plywood
under the condition of Table 4 and the normal, hot and cold soak test was conducted.
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The result of Table 1 indicates that since it is urea resin adhesive only of resin
percentage of 60%, the adhesion strength is a little lower than the usual, but in normal
adhesion strength, the resin adhesive of secondary addition of urea is 14~28% more,
particularly in adhesion strength of hot and cold soak test where it is 55~83% more
than the standard and in normal adhesion strength and adhesion stength of cold and hot
soak, No. 2 of resin adhesive shows an almost equal value of normal test and hot and
cold soak test, and while resin adhesive made by standard method shows 62%, those of
No. 3 and 4 show 76%, good enough to indicate more adhesion strength of 15%.

The above result indicates that the new manufacturing of resin adhesive of secondary
addition, i.e., the new manufacturing method, taking consideration of di-methylol urea
which contributes to the action of Van der Waal’s force and methylen di-urea which
contributes to the cohesion of resin adhesive, seem to be helpful for improvement of
property of adhesion and accordingly, it may contribute to the improvement of quality
in wood such as plywood, lumber core plywood, laminated wood and particle board.



