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Tsuneo Marsumoro : Two Parameters Characterizing
the Composition of Urea-Formaldehyde Reaction

Products as Adhesives
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Table 1. CHKIZA 512 RFE-FIL L T 0F & RIS O KA

Water solubility of U-F reaction compounds found in literatures

) ! g ' A Fo—
s f/\mJE o s VISR
MgE & B R Water] C B Methyiol
LL]L;?‘? Compound Rational formula 5%111111; . Reference ais({r(())ﬁz()

) o | (%)

\ : !

e/ 4 Fa—uviER | cocNH CHOH + |8k 33.3

[ ] . NH-CHy;OH 1 8) p.13 50 0

P E — e | 50,0

byAFeevRE COSNE-CHO0H T 9 ps >
7 | NH . — Do 0“’4
T { C()/\N¥I>CHZ* 9) D. 30~
AFUVYIRE | co<§§ LHQNH>CO o+ 5332 02| O
T/ AF A W NH-CHyNH- -, ‘ ) -
fFryvRE COSNH T NH OO ST B pse ) IES
CHyOH l ‘
AFLY R _NH-CHaNH- - .
, Y o Rz CO\NH NH/LO + 1 8) p.s7 31,2
LHzOH CHZOH |
_NH-CHyNH-~, L | D p3~a
CO<yHu-CHyNH~ CO* 93 p.30~31
o NH-CHyNH- | ) pb
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| CHyOH
R - ;
3 ;/%%vylUbﬁi'H(NH*CO—NHwCHQﬂH%CO'NHz + |2 0
T T g T
S ‘ _ |7 p1o
“ Thi%ﬁlﬂ(wﬂ CO-NH-CHzsNH-CO-NH, 99, 101102
I T \ ‘, )
| RYRAF LY - | 7) p.10
s \ iR H(NH*LOﬂNH~CH95NHWCOfNHﬂ ~ 9)p. 101102
*OEE AN T AIE  Presumed
4 T Soluble

RIEE f iR s Insoluble or scarcely soluble
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Number of llteratme cited and page (s) on which the description about the compound can be seen.
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Y ¥ & 5SEREIC 2T B 85°C AR, 0.5, 1.5 %00k L 3. 5 BHITEGE U 7218 T AR50
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Properties of the urea-formaldehyde reaction products as the samples

1 o E3F B S I
| Unconcentrated product o Conu,ntratﬁd product
Y
500 <4k R /r\j—g)ﬁﬁﬁj .
oo 90CC B IUBHTR ERD PH o RIS | HIEGSO)
RSB | O pll pH after volatilel 4L /il  Non- |
Sample I;e ;ZU;? gf régctexgg ‘neutra 1;3;1 content / | volatile] Viscosity
85°C (pH- (pH- (105°C, Appearance | content at 25°C
. : ! = 6 hr) (poise)
hr)* Meter) | Meter
| (G0 eter) | Meten | &) L@
! 52 DV:%) |
| RIALZ | oo LR
1 0.5 R 49 Much 67.8 | poasd ﬂk'é\
: ! precipitate | T
after cooling B
| BT,
61 4 49 E%jﬁbﬁ 69.8 S
2 1.5 N ‘ .2 49 ittle 9. "
6.0 ! precipitate (#3, 80rpm)
) - - B after cooling|
- 6.1 5. NE I3 y
s o2 i 6.0 7.2 49 White-turbid 69.7 (#2, dOrpm)
i ‘ N ;  - S R T
6.1 ! " n M3 A | 6.5
4 6.0 6.0 | 7.9 4| White-turbid 70.9 (42, 30orpm)
* 85°C F TOM : 20 3, Time to 85°C : 20 minutes.

o &).,Ay’u\*}‘}‘}f‘/]\j‘g High viscosity because of precipitate.
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NTWV5Ee LAd->AMOBRETREL, SEROBELPRLEIS EdNEIRD 3RO G
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Table 3. H FHF X B ic B Y 2 WKk o & &
Mixing ratios of glue in glumg test

Eabo] oo e B
Rz | Bk Mixing ratio DR FE % 4)  Gelation time at 19~21°C (T)
i #t | Non- . - f Non- (hr) B
volatile | % k| 7K volatile] - )
Sample; content | Sample NH,CI Water | content Aging time (hr) _
in mixture o | 5 \ 24
(D) (part) | (part) | (part) (%) ‘ -
1 67,8 100 1 22 55 32< T <48 ‘ 32< T<48 | 32 T< 48
2 69, 8 100 1 12 L62 13T <24 | 24<{T<28 | 24<T<28
3 69.7 100 1 5.6 65 9 T<15 ‘ 10/T<16 10 T<16
4 70,9 100 1 5.6 | 66 9o T<15 ' ‘ 5.0
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2.8.2 #  %H ]

R0, 720,76 glem8, SR 12%) OF XEE T BT IMT, Ff

4 AW B i3 JE & 18

Bl FCiZE & 10 mm, i 30 mm, & 155mm g, %/ x5y /il

mm, 30 mm, £ X 50mm o e,
2.8.3 # A #® 1

MY 200 g/m? fH 24 B4 HU TR ORI o o THAF Uz, 1

P AWERRNICIE LIS 712 0 b %,
7w ATy 7R IE 16 MR L, 15 kg/em? TG, BETwy 142, s nzg .y TEHBITOEE
i, CO& s UMBcEmEiLTE L, 20°C, 66% RH
T—BAE GAE L OBMA I3 VAL 2405 B 2L 1T dh - fe o

C2ER) Lo biglEl, <0k 2, 20°C, 65% RH

2.8.4 1 )k
REILS BT GUERIG 25 mm X 25 mm) £ 4 i, d75bhb1

72 DG 20 o> SRR FT A & D, 45 10 7% 1 BRI & kLK

U, WwiiL7zob e g [’ — I“*_—q
R o

STt A S, TIS K 6801-73 ic BB 5

Bl owmm

2.8.3THAE Licg A

% (60°C MKIT 3 1R

RO I Lice 7w ATy EERIVIZEEE Uic b 0 B IR e
Ao GREG 30 mm X830 mm) Thby, & 8 Ak whetbt s ik - oo d a0
WA Lo A MRABRI o F B 13 R 700 kg/min, b
BRI O Z L3 AY 300 kg/min TH B, 15k, KRB OIE
e Fi 17 Tl

K& Fig. 1 ICRY, e s Tl o
b 50 e

Fig. 1 B ilghr ook » Ik
Test specimens for adhesion
strength test,

Table 4. JRIEHS « AATEB/EERG O L 3 L ONEEDSEEIC B K9
Effect of the concentration and temperature at water soluble
and insoluble pdrt sepdrdtlon on the muﬁured values

20°C
o R e S
[ 3t . Ve e ¢ SowR A
. Concentration o ‘ ZX {{;at'gf H K E * V/‘?at{e(;}r "
Sample | of non-volatile Methylol in | . Methylol in . o
| water soluble i insoluble part | water soluble ‘ msolub]e'pdrt
| (%) part (%)* Rk | part (%)* | RO
| | |
| 3 22,5 | 25.2 : 24.5 ? 16. 8
| | : ’
3 3 18,2 ‘ 35, 1 21,1 | 22.9
| 14 16.5 59.6 \ 18. 4 1 45.3
S ‘ ] - ,,‘ — _—
! 3 20.8 18. 4 22.0 | 13.3
4 ‘ 8 19,2 23.7 20. 2 ‘ 19.5
‘ 14 18.7 ‘ 27,3 ! 19. 4 23.7
* “‘»FU(D/MQ"‘/\ xI4 544 Per cent based on non-volatile.




- 94— MERBIGUI RS 32915

3. HEERLEER

3.1 HEENESOSHERGCMEEE OBR
KAV BT IC d5 1) 2 AN SR I ds X ONRLIE D 32 Sk 3, AR 4
DDNTHIE Lz fldia Table 4 1CoRd o WMEZRIR U712y TH 4 fcd, W EHREDEY
BEARE L UBEAIKE, 20RO RS T S IRELS NS g IR & LTHLESN S, €8T
INOOMBEEZEL, 2.1 TR LI ICIHEEAEROBRER LIH3% & Lic, MEOREL KL
D5, oyl (3,000 rpm T 16 531D OBROERIRNUB L GO EBIC X » TIPS 5, T
TREABZREREICS T d L, 200C 213 40°C ORB R TIFEIE » Th o B HEe il 4
PR K - CULEAIC 2033 5 L) 1, 320 B OB O EEIITIC K A HE R, Sllofes
NTHMES—EICRIN D EWEE L, MIEEBICL, BN OREA(LE 732~ D154
BEMWT, DHETOWEA 40°C I 5 2 T H A SN, AT IR Lo, 15 L 2508
D& Ui
3.2 REBERILLTILFERORGERABEEELOBF
2.2 TONFRBE RN LT UVF € FEDGREBRICH T, EEIHE L Th 540 2.5 BEHRGE L
0, WHoMRsRLNLEHIKED, 85°C ol Tk 5 SRR LT

AR BV E LT,

-

Table 5. f5 B © W i &

Results of parameters determination

- ) URE T 0 BB
| Lccvmg temperature for one
i hour before separation B
s e e { % | 20°C 40°C
e ENER SO jJ 7z fﬂJ ) e S
[ i Free forme | 18 BE In ) 1B ,
. Non- Aging aldehyde Methylol | #5 {8 Ilg Methylol 15 1l
Sample volatile time at (Per cent | 8TOUD 38 Water group as | Water
content 65°C based on CHyO in insoluble CH,O in insoluble
Ticuid resi}l) water part water ‘ part
14 soluble part| (Pm Ily) soluble part] (Pm Ilsy)
) (Pm Ig) (thp) )
(%) (hr)y v (@) 1 (et | (%)* @* | G
\ 0 0. 52 322 | 169 | 38 | 65
|
1 | 67.8 8 0,43 28.3 24,7 31,1 16.5
li | 24 0. 48 i 22,2 37,0 | 25,9 ; 26,5
S I “
‘ | 0 0.69 | 2.1 | 3.0 | 107
2 | 69, 8 | 8 0. 56 24,6 26,1
24 0. 61 21.3 34, 3 23,9 26,7
0 75 22,5 25,2 245 | 168
3 69,7 8 0. 82 22,3 23,3 23.0
24 0.93 21,0 i 25,9 21,7
0,85 20.8 18, 4 22,0 i .3
4 70.9 1.02 20.8 | 17.8 20,6 | 7.0
i |
24 1.12 19.7 ] 19.2 0 202 | 186

* Per cent based on non-volatile,
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Lok Sample 1 | 2 | 3 L 4
39
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[
S
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Table 6. {58 S U /KinTERR S
tho 4 Fo—vEE

AT OB E W > TV AHENEZHY, <D

. SRER ORI T IENOE N S OF E &L
Methylol group in water soluble :1&!&%0)-]«3“]“ J (_Im )ULU 1 JO)AE(/\ J@liufx’f_, L/%)
component calculated from the TN EAERLTN S,
parameters
S — TR L R A5, I X - TRIELR
IRy oD A F v — vk e e ; - .
« w1 | Methylol group as CHZO:Lin DA Fa— iR Flid & Table 6 DT &<
AR water soluble component -
) 00/ LENATY
Sample (Pm I)Xlu)AE]OO PmII) (%) $5H
B 20°C } ae KIBHEIRSY D 4 F 5 v i -
I 38.7 37.2 1
g 37,6 37.2 100—4f
. * | - 7 Fbb, 0BRSS E SRR
2 33.5 33 s . ek e 1 ,
% o0 o (R T, KIEHEROI RO £ F 0 — VAR b
28 33.9 33,2 . B o )
Y 2.6 SIS {120 TWL T8, MET KRR
|
% ‘ 20.1 2 4 HZOEMEL LTV DCEERLTN D, BisH
34 29.1 28.8 WRIBTED PN B S M CDWNT, 2D A Fa—w
St 28.3 28.3 B (CHO & LT % § 7 &, Table 1 0%
4y 25,5 } 25, 4 6ROC LB, CHOLOIELS, Table 6 O
4g 25,3 » 24,8 B i LCa s =, SR oK £/ 2
H i UCA 5 &, iR T QIR 1€
e 24, 4 24 8 [H 2 LOH D i b T

* IR 65°C I 51 B AL E R T TR IRR, AT MRS, R
Suffix shows the time of aging at 65°C in Ml1Moboniizsb0Thy, k2, 3, 4&
o RS I L rohs o CRAERAIN 2 2 12 2 D)

LOBOBEML T EAE DPBPOME T ENTE S, —HBEBIIC BT 2N ERBHTH Y

b, PR BEMRMEAMET S &, MBI LIS SN S XD ICIER L oA S e L OBINsIE TS

BH%, KBV @ 4 F o~V EEBBROEIZ/NE D, 20 BARBRPOEBRI:TORIES, &

W o0 BB thfn » jhE (C OB THRBURD wv A TUF e FORBINHBEINS) Lickh & ol




Table 7. 3  #  ® & R B & &

Results of adhesion strength test

R B I # & A B R OB AR
~ Method of test Compression shear test*s N Cross-lap tension test*3

BB BBOg Kind of test | B E R B | WEKAR | % E A B | FEHKXR
Sample - - A Normal test®! | Hot soak test*? ! Normal test*! i Hot soak test*?
B R g e o e | T e i T —
e on NRELE m g Pm o o= | kwmoR R o= | RE¥ R % | AME  m x| k@k  F
N%m‘ber - %r %fC e S Strength | .F. | Strength | W.F. = Strengtl W.F. | Strength | W.F.
S T e e (kgiem?) | (%) (kgiem® | (% . (kg/cm?) %) | (kglem® | (%) N
‘ o . 36 0 64 24 . \ <
G 34,8 i 6.5 ( O 48) ‘ C ( o- V"Qf") ‘ ( O~ 90) C ; C : 6] 6] \\
. 5 - 7 79 ) . R . N
1 3 31,1 16,5 a ( 0 \,/114) ( ‘ C { 0] G N
| | | v
24 259 26.5 o < 0o ( | 0 ¢ 0 o =
| Vo i
| i 99 | 2 | 87 s | 3.4 3 29.6 !
~ e M T | N .
¢ . %00 1.7 1 (¢ 59-195) (0~ 20) | ( 66~ 96) | ( O~ 90) | ( 2.0~ 5.0) ¢ (20.231.1) (0~ 5)
L . 112 1 92 56 5.8 i 27.8
2 ; 1 X ; ) ] . p . )
Z 8 26.1 LS 0 70~162) L (0~ 5)  ( 59-104) | ( 10~100) | ( 3.4~ 6.8) ¢ (20,0~30.4) | { 0~ 20)
| o L o 67 143 I 03 52 | 3.9 23. 4 13
| | 297 0.0 (56~198) | ( 0~ 70) | ( 77~102) | { 0~100) | ( 2.8~ 5.2) ¢ (12.9~31.9) | ( 0~100)
. o 65 166 3t | 92 2 13,9 29. 8 13
; - ‘ (124~186) ( 0~100) | ( 80~115) | ( 0~100) ( 9.0~19.2) | ( O~ 20) | (26.4~34.2) ' ( O~ 30)
3 8 L 230 20.2 164 | 71 98 77 14,3 0 29.5 46
| 2 (72~203) | ( 5~100) | ( 82~115) | ( 50~100) | ( 9.8~21.7) | ( O~ 5) (23.9~33.1) | ( 0~100)
‘ ” L - 185 8 | 108 44 11,7 4 | 260 23
| : - | (106~213) | ( 50~100) | ( 94~~120) | ( 10~100) | ( 8.3~14.8) | ( O~ 15) | (19.1~30.6) | ( O~ 50)
e — | — : I ;
. L 20 —_ 203 62 109 | 53 ; 29.1 35 =
’ j R T (176~238) | ( 0~~100) | ( 83~133)  ( 0~100) | (20,0~34,2) 1 { 0~ 95) =
) . A 188 73 1 81 | 31.7 28 ~
B ¢ 20.¢ Vo0 (160~232) | ( 5~-100) | ( 98~125) | ( 10~100) | (25.1~41.8)  ( O~ 90)
s s | 194 | o7 | 100 | 30.5 12
2% 190 1 1700219) | ( 70~100) | ( (100~100) | (23.3~33.7) | (O~ 30) ‘
#] Tested dry after conditioning at 20°C, 65% RH. - -
<

*#2  Tested wet after three hours’ soak at 60°C.
1 (FE/h~k) Average (Minimum~Maximum) (Number of specimen : 10 pieces for compression shear test and 8§ pieces for cross-lap tension test) I
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Two Parameters Characterizing the Composition of

Urea-Formaldehyde Reaction Products as Adhesives

Tsuneo Matsumoro™@

Summary

Urea-formaldehyde adhesive is a mixture of many kinds of urea-formaldehyde reaction
compound (such as monomethylolurea, dimethylolurea, methylendiurea and other diurea, triurea
compounds and so on) and polyvinyl alcohol, carboxymethy! cellulose or starch as a component
to increase the tackiness of the liquid. The properties of the adhesive depend on the kinds
and relative amounts of urea-formaldehyde reaction compounds in the adhesive, but they are
not easily determined.

In this report, two parameters, namely Pm Iy and Pm Iy, were determined as a set of
measures to express the properties of urea-formaldehyde reaction products, instead of de-
termining the composition of urea-formaldehyde reaction compound in the products. And
relations between the parameters and reaction time, storage stability and adhesion strength
were discussed.

Two parameters are as follows,

Pm Iy : Percentage of methylol group in water soluble part in the sample, based on non-
volatile matter (resin solid measured by drying for 6 hours at 105°C). Water soluble and
insoluble part are separated by the following process; the sample is diluted so as to become
3% of non-volatile content, and the liquid is kept one hour at 40°C, and then separated cen-
trifugally for 15 minutes or longer at about 3,000 rpm. The sum of methylol group and free
formaldehyde in the clear liquid (Mox + F) is determined by iodometry. On the other hand,
free formaldehyde (F) in the sample (U-F reaction product) is determined by ammonium
chloride method. The methylol group in water soluble part is calculated by subtraction of (F)
from (Mon + F).

Pm Il @ Percentage of water insoluble part in the sample, based on non-volatile matter.
Water insoluble part is determined by drying (for 6 hours at 105°C) and weighing of the pre-
cipitate which is centrifugally separated in the process of measuring the Pm Iy,.

Urea-formaldehyde reaction products as samples (Table 2, Sample 1-4) were synthetized
by the following conditions; Molar ratio : F/U=1.8 (urea 540 g, formaline 1,314 g), initial pH
(by pH meter) : 9.0, time to 85°C : 20 minutes, reaction time at 85°C : 0.5, 1.5, 3.5 and 6.0 hours.
About a quarter reactant was sampled at each reaction time. One more batch was repeated, and
two samples with the same reaction time from two batches were mixed and neutralized. Then
the mixtures were concentrated to about 70% non-volatile content by vacuum concentration.

Results obtained are as follows :

1. Combination of Pm Iy and Pm Il can be a set of measures of the extent of condensa-
tion in an initial stage of urea-formaldehyde reaction, and of the component change in a sto-

rage period.
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2. The adequate range of the extent of condensation as an adhesive seems to be expressed
by ranges of the parameters. And the parameters are likely applied to a means of quality
control in production of urea-formaldehyde resin.

3, Within the conditions of this report, samples with the Pm Iy less than 25% and the
Pm 11 less than 20% showed good stability for storage and good gluing property.








