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INTEREEDIATE~TEL PERATURE-SETTING FHENCL, : ISORCINCL, AKD MELAMINE GLUES—’E
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o

We Z. CIQCA, Technologist
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Introdggpion

This report is part of an investigation being made at the Forest
Products lLaboratory to determine satisfactory gluing conditions fer room-
temperature-setting and intermediate-temperature-setting phenol, resorcinol,
and melamine resin glues. It deals specifically with the effect of the
moisture content of the wood at the time of gluing on the quality of gzlue
jointse

Thirteen zlues, representative of tuu phenol, resorcinol, and mela-
mine room- and intermediate-temperature-setting types, were included in
this study.

The moisture content of the wood glued varied from 2 to 25 percent.

Procedure

The «lues were mixed in accordance with the meanufacturers' instruc-

tions.

Flywood Joints
Yellow birch vevéer 1/16=-inch in thickness selected for straightness
of grain and freedom from defects was cul into 8~ by 8-inch squares and
nditioned to approximately 2, 6, 11, 17, 21, or 25 percent moisture con-
,eAt in constant temperature and humidity chambers. The conditioned sheets
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lT%l mimeograph ie one ci a series of ‘ro;ves reports prepared by the
Forest Products laboratory to further the nation's war effort. The re-
sults here renorted are preliminary and may be revised as additional
data Tecome availatle.

hils work was done partly with funds provided by the ANC Committee on Wood
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Lireraft Structures and partly by the Bureau of Ships of the Navy
Department.




of veneer were spread with glue, assembled into three-ply panels, and
clamped in portable presses under a pressure of 150 pounds per square inch.
The assembly times employed were within the limits recommended by the
manufaoturers. OUne_resorcinol glue was cured in a constant-temperature
room at 75° F.; all the other glues were cured at higher temperatures in

a kiln in which the temperature and humidity were controlled to hold the
‘moisture content of the wood oonstant. Details of the élulng conditions

glvon in table 1.

After removal from the curing chamber, all panels were conditioned
to a moisture content of approximetely 1l percent, cut into standard
Pl‘WOOd-Jclnt specimens, and tested for shear strength in a plywood test-
ing machine with the load applied at a ratc of approximetely 750 pounds
per minute.

Five panels wore prepared with each glue for eack of the moisture
content values. Each pancl waes cut into 12 specimens, 4 of which were
testcd dry, tosted wet after 48 hours' soaking in water at room tempora-
ture, and 4 tested wot after 3 hours' immersion in boiling water.

LogkRlo T ns,

Hard maple blocks, 7/8 by 2- 1/2 by 12 inches in size, were selected
for straightness of grain, freedom from defects, and specific gravity of
0.63 to 0.71, based: on welbht and volume whon oven dry. These blocks were
conditioned to approximately 6, 11, 17, or 21 pcrcent moisture content,
surfaced to 3/4 inch in thi ckness, and glued together in stacks of four
laminations. All laminations in anv one stack were of the same moisture
contonts Pressure of 200 pounds per square inch wes applied by means of
pressure-equalizing rocker-head clamps. The joints were cured in e kiln
in which the humidity conditions wa"e such as to maintain throughout the
curing period the molsture content of the wood at the time of gluing,
Uthor gluing details arc summzrized in table 2.

afteor removal from the kiln, the assemblies were conditioned for 2
to 3 weecks to armoisture content of 10 to 12 vercent and cut into step-type
block=~shear test specimens.

Two assemblies, each composed of four laminations, were prepared
with each gluc at each meisture content. Five step-tvpe specimens, each
having three test joints, were obtained from ecach assembly. The specimens
were tested in shear in a universal testing machine with shearing head
noving at a rate of approximately 0.015 inch per minute.
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The averaged resalts of the tests on the birch plywood joints are
lven in ceble 1 and those on the hard maple block joints in table 2.
Following are summarized conclusions drawn from the data for which it
we.s_arbitrarily assumed that a shear strength of 400 pounds per square

. inch or better 1ndlcated an ucnoptaole joint for the plywood and a shear

h of 2, 800 vounds ber squarc inch or bctte r indicated an Qgggptw

§m1§ JDlnt trenvth for +the maple blocks. -

basis, acceptable plvwood joints were obtained with all
%;ntermSqu+@»t01permfkre~oett¢n phenol glues tested on

; noilsvure content range of 2 to 2b percent inclusive.
save aoceot“ulp results in “he range from 2 to 11
in the wet and dry tests but only at 6 percent in the
ith tire boiled specimens from 2- and ll-percent veneer averag-
08 than 400 pounds per sguare inch. Glue B is a solution
Cll low nrnvol tile content of & hirthly slkaline, verv water

3 ivs
“ﬁlufle. Duﬂnol sin. £11 The other nlkencl slves in this study were oi

hirnh nonvolatile UOﬁtent_@"sSblVCd in & mixture of alcohol and water.

Acceptable joint strengths were obtained

ith mavle block joints,
made with the internediate-te

: Pﬁ-ratur c-setting phenol glues in the range

of 5 to gl QQ oeht_Laclu re, excert for ﬁ110 5, which gave satisfactory
nlock joints only at 6 and 11 *“rc&atn

Lone of the melamine zmlues gave accepbtable joint strengths on 2
ent veneer. Glue ¥ formed acceptabls joints in veneer ofﬂall moisture
ts except 2 pe rccnt. The same was_true of-;
beil tests on specimens made of vsnesr of
%ent _and alsc of slue

™

G
3,,oxoept for the &r;

venger of 21 and 25 percent moisturs conternt.

joint tests on maple

_Ppercent inclusive.

o 31 ~lues all producsd. at?b0t5b1<,JQ_ ts in birch

1n +the rance of 2 to 25 porcent inclusive zcept glue J, which
: ints that had a shear strength of less tuan 4 o0 Doundu per square
ineh on vencer of 2 percent moisture contont.

plywoo

S0y
.l(

ﬁ(-.(-@_p’tablc’ jeints
l2 bloclks zlued at

qor01nol slues studied
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Conclusions

Considerin; both shear strength and wood failure, it appears from
the data that, with two possible exceptions, all of the glues studied
conld be used on birch or maple in the moisture content range of 6 to 21
percont inclusive with reasonable assurance that, with good gluing condi-
tions, strong joints would be obtained. The exceptions are glue B on wood
of 17 and 21 percent moisturc content, and glue G on wood of 21 percent
moisture contemt.

The phenol plues and most of the resorcinol glues produced satis-
factory jeints in birch plywood at 2 percent moisture comtent, but in
goneral the melamine glues did not perform satisfactorily on wood at 2
percent moisturc.

Acceptable joints were made from birch veneer of 25 pcrcent mois-
turc content with glue H, a melamine glue, with all resorcinel slues

studied, and with all phenol glues studied, except glue B,

Hote

Although strong joints were obtained in this study with many of

£
the resin yluss on wood of rather nigh moisture content, it should not be
inferred from this report that suche high wmoisture content values are to

be rececomended. Cther contingencies such ss blistering in hot pressing
and the desirability of having the final mocisture content of the glued
product at the approximate moisture content attained in service are

[ important reasons for placing closer limits on permissible moisture

Y contents. -
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Takle l.--Results of joint tests on birch plywood glued at several moisture-
content values with room- and intermediate~temperature- settlng
resin glues.

: Gluing conditions : Average results of plywood
R e S joint tests=
Glue code :Approximate: Spread_ Assembly :Curing s-—-—r-=--msr—mcmmmm—— e mmemeee o
symbol : moisture time stemper-: Tested : Tested : Tested
and type content :(closed) :atured : dry iwet afteriwet afdber
i of veneer : : ¢ 48-hour : 3-hour
: simmersionsimmersion
tin water tin boiling
$ t s s ¢ water
: Percent Grams : Minutes : © F, : :
A : 2 24 : 26 - 30 : 160 443-100 : 455-78 : 434-100
(phenel) : 8 3 26 :26 - 30 : 160 442-99 : 583-99 : 543-99
: 11 g 25 : 26 - 30 : 160 : 457-100 : 519-100: 482-100
: 17 ¢ 24 : 26 - 30 : 160 : 486-100 : 510-99 : 482-99
: 21 : 20 : 21 - 25 : 160 : 511-100 : 567-98 : 524-93
25 22 '+ 16 = 20 : 160 ¢ 480-99 : 490-99 : 463-100
B 2 i 24 : 23 - 30 : 190 : 468-74 : 410-80 : 392-75
(highly ¢ 6 : 28 : 21 - 28 : 190 549-61 : 460-100: 432-95
alkaline, ; 11 : 26 : 26 - 30 : 190 4515-76 : 4420—100: 4:391--92
water 5 17 : 24 :18 -30: 190 : -562-15 2350-25 : Z348-25
soluble, ¢ 21 s 24 : 17 - 29 : 190 : £1861-0 : =157-0 : =158-0
phonol) : 25 : 24 116 -30: 190 : 2136-0 : 2163-0 : 2136-0
¢ 2 3 23 326 - 30 : 180 : 559-93 : 514-99 : 488-100
{phenol) 8 24 ;21 - 25 : 180 : 501-100 : 580-100: 519-100
: 11 3 25 1 26 - 30 ;: 180 501-100 : 527-100: 510~100
g 17 : 24 : 26 - 30 : 180 541-96 3 617-96 ¢ 565-99
3 21 g B9 3 21 - 25 s+ 180 : 468-74 : 53362 1 495=89
3 25 3 24 :+ 16 - 20 : 180 ; 501=74 : 571-78 : 504-95
] g 2 5 22 ;36 -40 : 160 : 494-91 : 556-100; 514-100
(phedol) : 6 i 24 136 -40: 160 : 439-66 : 530-97 : 528-100
: 11 i 26 : 36 - 40 : 160 448-98 : 502-98 ; 462=-99
g 17 : 24 : 36 - 40 : 160 ; 468-86 : 531~100: 517-100
: 2l 26 : 36 - 40 : 160 : 513-91 : 483-99 : 484-100
: &5 24 : 36 - 40 : 160 474-86 : 529-89 : 494-100
B : 2 g 25 : 26 ~ 30 : 140 : 436-~75 s 51194 : 473-100
{phenol) 6 i 28 121 - 25 : 140 : 475-99 ; 563-97 : 529-100
g 11 3 28 : 26 - 30 ; 140 492-89 : 613-98 : 535-100
g 17 24 : 26 - 30 : 140 471-~70 ¢ 6538-85 : 471-85
: 21 23 : 21 - 25 : 140 438-69 : 504-79 : 514-99
g 25 g 23 : 16 - 20 : 140 466-69 : 580-98 : 553-94
(Continued)




Table le.--Results of joint tests on birch plywood glued at several moisture-

content values with room- and intermediate-temperature-setting

resin glues (continued)

: Gluing, conditions : Average results of_ plywood
L ) it L R joint tests=
Glue code :Approximate:SpreadE:AssemblyY:Curing e e e m s
symbol ¢ moisture ¢ Time :temper-: Tested : Tested : Tested
and typve ¢ content :{closed) :aturel : dry itwet after:wet after
: of veneer 3 2 : : 48~hour : 3=hour
: : :immersionsimmersion
. ¢ : : : 3 :in water :in boiling
: : 3 : : : ;. water
: Percent : Grams : Minutes : ° F. : 3 :
F 3 2 : 27 :+ 26 - 30 : 120 : 252-27 : 2333-20 : 195-13C
(melamine ): 6 : 28 126 ~30: 120 : 418-95 1 409-100: 379-93
' 11 i 2¢ 2 26 - 30 ¢+ 120 : 454~96 ; 454-100: 408-99
s 17 : 27 1+ 26 - 30 : 120 : 436=64 : 508=91 1 466=74
: 21 : 26 3 26 - 30 : 120 : 436«70 : 493-93 : 422=69
: 25 § 27 ¢ 26 = 30 ; 120 ¢+ 413=39 : 449-92 3 394=57
H H H 2 2 : H
G H 2 : 21 ¢ 22 -« 30 : 180 : 347=34 3 347=57 3 271-29
(melamine): 6 : 22 : 21 -29 ¢ 180 i 449-100 : 445-100: 462-100
5 11 : 25 1 22 - 30 : 180 : 478-57 : 501-98 : 514-100
: 17 % 19 : 22 - 30 : 180 : 488=-69 : 531-100: 520-98
3 2l : 18 : 21 - 29 : 180 : 3429 s 42473 @ 44372
s 25 : 24 122 - 30 : 180 : 364-11 : 444-54 : 450=54
H : 2 : 20 : 22 - 30 : 180 : 261-24 : 218-31 : 164-28
(melamine ): 6 3 23 : 21 =29 : 180 : A4T0-99 : 445-99 : 417-97
H 11 : 24 : 22 - 30 : 180 : 513=-56 : 512-100: 513=97
t 17 g 15 : 22 - 80 : 180 : 531-100 : 501-100: 511~100
: 21 3 17 : 21 =29 : 180 ; 502-91 : 477-99 : 509=99
: 25 : 19 : 22 - 30 : 180 : 433-100 : 444-100: 486-99
I 3 2 : 24 : 23 - 30 : 140 : B865-91 : 0548=97 : 538-92
(resorcinolk 6 : 28 321 -28: 140 : 547-90 : 548-93 : 501-81
A 11 ] 25 : 26 -~ 30 : 140 : 563-69 : 595-91 : 554=89
17 i 23 : 18 - 30 : 140 : 567-95 : 579-88 : 548=-90
B 21 : 23 : 17 - 29 :+ 140 : 569-96 : 561-82 : 524~-88
; 25 : 23 : 16 - 28+ 140 : 598-87 : 565=65 : 540-76
H : 3 : 3 : H
J B 2 : 24 : 22 - 30 : 140 . 358«-87 1 336=69 1 396~92
(resorcinol) 8 : 23 :+ 21 =29 ; 140 : 406-92 ; 412«93 : 410-98
: 11 1 24 122 - 30 : 140 1 491-99 ¢ 455«92 1 432-99
g 17 : 23 118 =30 : 140 3 534=99 : 570-97 3 523=100
H 21 3 23 : 17 - 29 : 140 : 533-98  531-100: 506~100
: 25 7 25 16 - 28 ¢ 140 : 520=-80 | 56530-93 1 502«100
¢ H

(continued)
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Table l.--Results of joint tests on birch plywood glued at several moisture-

content values with room- and intermediate~temperature~setting

resin glues (continued)

Gluing conditions ¢ Average results of plywood

g e i T e m me——— o : joint tests~
Glue code :Approximate:SpreadE:Assembly :Curing s==-=====--- e
symbol ¢ moisture ¢ time stemper~: Tested : Tested 1 Tested
and type : content : (closed) :atured : dry swet afteriwet after
: of veneer : g g q ¢ 48=hour : 3-hour
: : g ¢ ] :immersion:irmersion
: : : A d tin water :in boiling
3 g : water
2] P R T T e e et mrnE L L e ——— e e
: FPercent : Grams : Minutes ; © F, : : :
t

424-68 : 4£69-85

K s 2 : 20 : 18 - 30 140 : 414-73
(resorcinol)} 8 i 20 17 - 29 : 140 : 486-90 : 492-84 : 506-80
, : 11 ¢ 19 : 16 - 28 : 140 : 471-99 : 502-96 : 511-93
: 17 : 23 : 18 - 30 : 140 : 534-98 : 529-99 : 487-98
: 21 ¢ 24 17 -29 : 140 : 551-94 : 560-96 : 535~96
: 25 : 22 : 16 ~ 28 : 140 : 517-92 : 549-98 : 515-98
L : 2 : 22 : 14 - 16 75 : b56T7=84 : 512=50 : 497-100
(resorcinol) 6 i 24 : 14 -16: 75 : 601-83 : 542~97 : 519-100
: 11 i 24 14 -16: 75 : 500-88 : 516-98 : 522-99
: 17 i 24 : 14 -16: 75 : 519-93 : 519-94 : 500-99
: 21 : 23 ;14 -16: 75 3 529-83 : 531-95 ; 522-98
: 25 s 24 : 14 - 16 : 75 : 518-B1 : 486w«92 : 481-100
I : 2 i 23 ¢ 26 =30 : 140 :+ 460-95 : 464=97 ; 434-100
(resorcinal ) 6 i 23 121 -25: 140 : 462~95 : 512-100: 471-100
: 11 i 23 126 =30 : 140 : 455-97 : 540-100: 469-99
: 17 t 24 :26-30: 140 s -533-83 3 544-100: 493-100
: 2l i 23 21 -25: 140 : 504-100 : 525-100: &06-100
: 25 : 24 : 16 - 203 140 i 469-T6 1 473-86 3 457-95

iPlywood cenditioned to about 11 percent moisture comtent before testing. The
first value is the joint strength in pounds per square inch; the second value
is wood failure in percent. Rach value is the average for 20 joint tests
except for those bearing footnote 4.

2. o . c
—lumber of grams of wet glue per square foot of single glue line.
éPlywood cured. for 24 hours at the tempcrature noted.

4 -
—Average of 40 joint tests.
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Table 2.--Results of shear tests on maple blocks glued at several

moisture-content values with room--and intermediate-

temperature~setting resin glues

: : Average resulti of
Glue : Gluing conditions H joint tests=-
designation g~-=v=- e e B e § T e b e =
and type :Approximate: Spread& :Assembly :Curing : Shear + Wood
: moisture : time stenmper-: strengbh : failure
scontent of :(closed) :ature2 : :
: wood 3 : : : H
: Percent : Grams : Minutes : ©° F. :Pounds per : Percent
: T T T T :square inch:
A g 6 f 38 : 29 - 30 : 160 : 3,531 : 31
(phenol) 11 : 43 29 -30: 160 : 3,380 :+ 87
: 17 f 45 $ 29 - 30 ¢+ 160 2,808 6 96
t 21 : 43 : 27 - 28 ¢ 160 2,892 : 82
B 1 6 : 38 3 28 -30: 190 : 3,422 s 79
(highly : 11 : 38 :28-30: 190 ¢ 3,702 :+ 96
alkaline, 17 : 48 : 28 - 30 ¢+ 190 2,162 : 22
water solu-; 21 g 46 ¢ 20 - 27 ¢+ 190 1,346 g 4
ble, phenol) : : : : :
C ] 6 ] 48 : 283 - 30 ¢ 180 : 3,210 ] 70
(phenol) : 11 : 40 ;28 -30: 180 : 3,358 1 82
¢ 17 g 38 : 28 - 30 180 3,292 g 84
: 21 : 36 : 24 - 26 180 : 2,961 : 61

e e®  ae ae

& ¢ 4% : 29 - 30

D 160 ¢ 3,467 : 79
(phenol) 11 : 38 :27 -28: 160 : 3,125 : 68
g 17 th 41 : 29 - 30 : 160 : 3,029 ¢ 81

: 21 : 40 : 27 - 28 160 : 2,885 : 82

E : 6 : 42 :+29 -30: 140 : 2,804 : 36

(phenol) 11 : 43 29 -30: 140 : 3,155 : 70
17 : 50 :29 -30: 140 : 2,832 : 176
21 : 50 : 27 -28 : 140 : .2,882 : 87

6 ¢ 40 : 28 - 30 ¢+ 120 2,920 B 52

e &% ¢ es s
.
e
.

F
(melaming) 11 : 37  :29 -30: 120 : 2,980 : 80
2 17 d 40 : 26 - 30 ¢ 120 2,984 H 87
A 2l g 42 : 24 - 26 ¢ 120 2,843 g 70
G g 6 g 40 126 ~30 ¢ 180 34251 : 26
(melamine) 11 : 45 ;26 -30: 180 : 3,296 ¢ 94
g 17 : 34 : 25 - 30 : 180 2,947 : 88
¢ 21 g 33 : 26 - 30 ¢+ 180 2,825 ¢ 76

(continued)
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Teble 2.--Results of shear tests on maple blocks glued at several
rnioisture=-content valueqlgéth room- and intermediate-
temperature-setting resin glues (continued)

: : Average results of
Glue : Gluing conditions g joint testsx
designation g=-=-w=-- i it T TP ———— e ————————_— =
and type :Approximate: bpreadz shssembly :Curing : Shear : Wood
: moisture ¢ time :temper-: strength : failure
:content of :(closed) satured . g
3 wood H ¢ : : s
' : Percent : Grams : Minutes : © F. Pounds per Percggz
b ¢ E s qhare inch:
H 3 6 : 36 i 26 -~ 30 ¢ 180 3,089 g 79
(melamine) 11 : 36 : 26 - 30 : 180 3,192+ 88
: 17 H 34 t 26 - 30 ¢ 180 2,948 : o8
q 2l B 30 : 26 ~ 30 ¢ 180 2,867 g 83
I : 6 3 36 : 28 - 30 ¢ 140 3,718 : 62
(resorcinoel) : 11 ¢ 37 P28 - 30 140 3,380 : 72
: 17 A 31 : 28 -~ 30 ¢ 140 2,937 : 84
G 21 : 30 : 24 - 26 ¢ 140 2,901 : 81
J : 6 : 42 : 29 - 30 ¢ 140 3,004 : 31
(resorcinol): 11 : 36 : 29 - 30 : 140 3,153 : 80
: 17 2 42 : 28 - 30 ¢ 140 2,982 : 83
: 21 g 39 : 27 - 28 ¢ 140 3,141 : 79
X 3 6 B ¥ : 28 - 30 ¢+ 140 3,256 : 84
(resorcinol): 11 : 3¢ : 24 -26: 140 : 3,185 : 72
: 17 R 35 : 28 - 30 : 140 3,154 i 66
g 21 g 39 : 24 - 26 ¢ 140 2,940 g 52
¥ 3 6 5 39 : 29 - 30 ¢ 140 3,277 B 91
= (resorcinol): 11 : 40 $27 -28 % 140 : 3,169 3 91
: 17 : Ll ¢+ 25 - 26 £0 3,054 : 76
g 21 g 58 23 = 24 ¢ 140 2,829 : 82

—Bloeck joints conditioned to 10 +to 12 percent moisture content before
testing. PBach value is the average for 30 jeint tests.

2,
—Number of grams of wet glue per square foot of single glue line,
double spread.

3 .
—-R#lock joints cured for 24 hours in a kiln at the temperature stated.
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