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ABSTRACT

Black liquors from kraFt pulping and as well as a purified kraft 

lignin were reacted with formaldehyde over the temperature 

range 30-70°C. The activation energy was about 12.9 Real 

per mole.

They were also heat treated to "activate" the lignin 

and some were also reacted with formaldehyde or furfuraldéhyde.

These treated soulutions were then mixed with phenol- 

formaldehyde (PF) resols and used as plywood adhesives.

They were first used in suspension at pH 5.3-5.5 with an 

a c id-curing PE resin. This method proved unsatisfactory.

When used as solutions mixed with polyrnethylophenol 

resols at solids content varying from 40 to 60 per cent 

of total solids (resol solids plus black liquor solids) 

and pH about 12.0, good bonding was obtained v/ith either 

crude or methylolated black liquor or kraft lignin solutions 

on 3/8 inch (9.6 mm) aspen poplar plywood pressed at 350°F 

( 17 7 ° C ) for 5 min and 150 pounds per square inch (1034 kPa). 

Phenolic resin requirements were 40 to 56.5 percent a f - 

the amount required when pure PF is used.



RESUME

On a étudié la réaction de la formaldéhyde entre 30 

et 70°C,avec la lignine des eaux résiduelles du procédé 

kraft et avec la lignine kraft purifiée. L*'énergie ■ 

d ’activation s ’élève à 12.9 K cal par mole. On a procédé

à la même étude sur ces solutions après un traitement thermique 

d'activation de la lignine.

Ces solutions ainsi traitées furent mélangées à des 

colles phénol-formaldéhyde et utilisées comme adhésif pour 

c o n t r e p l a q u é s .

On s ’en est^servi en premier lieu, sous forme de 

suspension après mélange à une colle phénol-formaldéhyde 

thermodurcissable à un pH acide, mais sans succès. On a 

essayé également, des mélanges avec une colle p h é n o l i q u e ‘du 

type résole à haute teneur en formaldéhyde, à un pH de 12.0. 

On a obtenu de bons résultats en utilisant soit les eaux 

résiduelles,soit la lignine kraft non-traitées ou traitées 

à la formaldéhyde. On a utilisé ces mélanges pour faire 

des contreplaqués de peuplier de 3/8 po (9.6 mm) d ’épaisseur 

dans les conditions suivantes: température de la presse,

350°F (177°C): durée de mise sous presse 5 min: pression,

150 livres par po (1034 kPa). La quantité de résine 

phénolique nécessaire ne représentait que 40 à 56.5 pourcent 

de la résine utilisée dans une colle phénol-formaldéhyde.



INTRODUCTION

The rapidly increasing price of petroleum and natural 

gas from which phenol and formaldehyde are derived, makes 

it desirable to replace part of the phenol-formaldehyde 

resins used in plywood bonding with cheap waste lignin.

Large amounts of Jignins are available from the waste liquors 

of the kraft pulping process. The black liquors could be 

used directly after concentration, or the dissolved lignin 

could be used,^after precipitation. This paper is an 

extension of previous work on the subject, recently reported(l).

Because of the successful use of highly methylolated 

phenol-formaldehyde resins (PMP) containing no free formaldehyde 

in the preparation of thermosetting, exterior grade plywood 

adhesives from bark extracts (2), it was thought worthwhile 

to experiment with these PMP mixed with kraft lignin solutions 

and unpurified black liquors.

MATERIALS AND METHODS

Reagents

Phenol was used as solid crystals of reagent grade; 

paraformaldehyde was U.S.P. grade; formaldehyde as 37 percent 

solution, reagent grade containing 10 percent methanol; 

sulfuric acid 96 percent, reagent grade; and sodium hydroxide 

in pellet form, reagent grade.
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Kraft black liqour

The black liquor was obtained as a concentrate from Reed 

Paper Co. Dryden, Ontario. It had a non-volatile solids 

concentration of 51-52 percent, a density of approximately

1-33 and a pH of 12.8. The lignin content was about 48 ----

percent of the total solids. Softwoods were used in the 

pulping operation.

i

Plywood veneers

Rotary cut ^aspen poplar veneers (Poputu.4 &Le.mu£oZde..6 

M'lchx,) 1/8-inch (3.18 mm), 12 inches (300 mm ) square, with 

a moisture content of 5-6 percent were used.

Kraft lignin precipitation

The black liquor concentrate was heated to 85 -90°C 

and 50 percent sulfuric acid was added dropwise with stirring 

to a pH of about 2.5. After cooling, the coagulated lignin 

could be easily filtered off and washed free of acid and 

salts on the filter with cold distilled water. The lignin 

cake was dried under vacuum at 60°C. A 30 percent solution 

of this lignin was prepared by suspending it in water and 

adding solid NaOH with stirring to give 6 percent NaOH.

The pH was 12.4.

Pf resol preparation

The procedure outlined by Dolenko and Clarke (1) was 

f oliowed.
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PMP resol preparation

A suspension was prepared by adding 78 g of 

paraformaldehyde,, to 132 g of water and heating it at 90°C 

for 30 min. in a 3-neck flask equipped with a condenser, a ' 

stxrrer and a thermometer. Without cooling, 94 g of phenol 

crystals were added with constant stirring. The suspension 

was then cooled to 25°C and 77 g of a 37.5 percent NaOH solution 

was added slowly. The temperature gradually rose to about 

85 C. The flask was then immersed in an ice bath and the 

temperature dropped to 50°C. The clear solution was then 

placed in a water bath at 90-95°C and heated for 45 min.

The solids content was 45.0 percent by weight and the pH '

*^ * ̂  * The mole ratio of formaldehyde to phenol was 2.6:1.

The solution contained no free formaldehyde.

R e s o r c i n o l - m o d i f i e d  PMP resol

The procedure was similar to that described for PMP 

resol preparation. After adding the NaOH solution and 

cooling to 40°C, 37.6 g of resorcinol was added (20 percent 

of weight of phenol). The temperature rose slowly to about 

50°c, 6.8 g Of paraformaldehyde was added and the solution 

heated at 90-95-C for 45 min and cooled rapidly to room 

temperature. The pH was 11.1.

Methylolation of black liquor and kraft lignin solutions 

To 167 g of black liquor, 47.5 ml of distilled water 

and 35.0 g of 36.1 percent formaldehyde solution was added

- 3 -

• - ./4



so as to obtain approximately 5 percent formaldehyde on the 

total weight of the mixture. The mixture was placed in a 

constant temperature water bath, 5 mL aliquots were withdrawn 

at intervals and the unreacted formaldehyde estimated by 

potentiometric titration to pH 9.3 following the sodium sulfite 

method (3). This procedure was repeated at three temperatures 

and the activation energy of the methylolation reaction 

was thus determined.

Some of the black liquors were also treated with 

furfuraldehyde^(5 percent by weight of black liquor), heated 

at 80°C for 1 h a n d  mixed directly with the PMP resols.

Gel time determination

A 10 g sample of black liquor was placed in a test tube, ' 

20rnm diameter x 140 mm with a standard taper joint, fitted 

with a condenser and a small magnetic stirrer. The test tube 

was placed in a water bath kept at 95°C. The gel times were 

determined at 4 concentrations of paraformaldehyde. The gel 

time was token as the time at which filaments appeared at 

the tip of a glass rod dipped in the solution and withdrawn.

Upon cooling, the solution gelled.

A c t i v a t i o n  of black liquor or kraft lignin s o l u t i o n

The solutions were poured into a 2 L autoclave and heated 

in an oil bath at 175°C for 6 h. Portions of these solutions 

were methylolated as described above.

- 4 -
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Black liquor-PF dispersions

To a given weight of crude, methylolated, or heat 

treated black liquor, concentrated sulfuric acid was added 

dropwise with stirring to a pH of about 5. Acid-curing PF 

resol was then added to give the desired ratio of total 

black liquor solids to PF resol solids (9:1 or 4:1) and 

the pH readjusted to 5.0-5.5. The suspensions were thixotropic.

A similar procedure was used for the PMP. resol.

Black liquor or^kraft lignin-PMP solutions

To a given weight of black liquor or kraft lignin 

solution, PMP resol (45 percent solids content) was added to 

give the desired ratio of black liquor solids to PMP solids.

A filler consisting of 30 percent wood meal, 50 

percent calcium carbonate and 20 percent wheat flour was 

used at 10 percent(w/w)in some of the mixtures. In others, 

ball-milled white spruce bark was added, the amounts varying 

from 10 to 14 percentfw/w) of the mixture.

A typical glue mixture was prepared thus: To 25 g of

black liquor (51 percent solids content),30 g of PMP resol 

(45 percent total solids content) and 5 g of the mixed filler was 

added with stirring. The ratio of PMP total solids to black liquor 

solids was 1.05:1 and total solids in the mixture was 51.7 

percent. The viscosity before adding the filler was 90 

MPa.s (cP) as measured with the Brookfield viscosimeter.

After addition of the filler it was 205 Mpa.s and after 

heating at 65°C for 10 min it was 410 MPa.s. The mixture

***/£>
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was used at the latter viscosity. After standing at room 

temperature for 24 h, the viscosity was 450 MPa.s.

Other mixtures using activated, heat treated black 

liquor and methylolated black liquor were prepared in the 

same manner.

These mixtures could be adjusted to any desired 

viscosity by mild heating. By using bark as filler to 

increase the viscosity it was possible to omit the heating 

of these solutions.

Preparation of pTlywood samples

The crude black liquor, heat treated, and methylolated 

black liquors were applied in suspension at a pH of 5.0-5.5 

with a hand roller to the "tight side" of the veneers at a 

rate of 90 g/m of total solids of glue line (about 8 g /ft*2 . 

Total solids were the combined solids of the 

black liquors and the PF solids. To prevent frequent 

blowing" upon release of pressure, the samples were given an 

open assembly time of 15-20 min, followed by a closed 

assembly time of 10 min. The 3-ply samples were then pressed 

at 150 pounds per square inch (1034 kPa), at 350°F (177°C) 

for 10 min.

The black liquor or kraft lignin-PMP solutions were 

applied to the veneers with a hand roller at two different 

rates, 2.8 g G f PMP solids per square foot (30.1 g / M 2 ) or 2.0 

g PMP solids per square foot (21.5 g / M 2 ).
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The assembled veneers were prepressed at 150 pounds per 

square inch (1034 kPa) at room temperature followed by 

pressing at 350°F (177°C) for 5 or 10 min at 150 pounds per 

square .inch )( 1034 kPa). Some samples were also pressed at ~ 

300°F (149°C). The three-ply panels were cooled to room 

temperature and conditioned 2 days under ambient conditions 

and cut into standard shear specimens.

The shear specimens were tested for: a) dry bond

strength b) wet bond strength after boiling in water for 

4 h. A total af . 30 specimens were obtained from each panel; 

eight were tested in the strong direction (pulling the lathe 

checks in the veneer closed) and eight in the weak direction 

(pulling the checks open). .The dry shear strength is reported 

as the average of the results obtained in the strong and the 

weak directions. The same procedure was followed for the shear 

strength of the boiled specimens except that seven samples 

were tested in the strong direction and seven in the weak 

direction. The wood failure on the sheared specimens was 

evaluated and the results averaged in the same manner.

RESULTS AND DISCUSSION

The rates of reaction of formaldehyde with kraft black 

liquor at 3 different temperatures are shown in Figure 1.

The initial amount of formaldehyde added was 5 percent of the 

weight of liquor. From these curves an Arrhenius plot was 

constructed and the activation energy estimated at 54 kd(12.9 

Kcal) per mole.

. . ./8
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Similar curves were determined with purified kraft lignin 

solutions where a reaction rate slower by a factor -of about 2 was 

observed.

Gel times for the crude black liquor and the heat treated 

black liquor at ?5°C..are shown in Figure 2. The heat ~ ■'/’

treated black liquor is much more reactive towards paraformaldehyd 

than the untreated liquor. Purified kraft lignin and heat 

treated purified kraft lignin solutions behaved similarly 

(Figure 3) although reactivities of both lignins are much 

lower than those of the crude black liquors. This is no 

doubt due to the^loss of water-soluble, reactive low molecular 

weight lignins during the precipitation of the kraft lignin. 

Results of shear strength tests obtained when mixtures 

of either the acid-curing'PF or the PMP resol with kraft 

black liquors were applied in suspension to poplar veneers 

at pH 5.0-3.3 are shown in Table 1. Two ratios of total 

black liquor solids to total PF or PMP solids were used,

9:1 and 4:1. The object was to determine the behavior of 

these mixtures under acidic conditions. Difficulties were 

encountered in spreading these suspensions evenly with a hand 

roller, especially the PF-black liquor mixtures at a 4:1 solids 

ratio. PMP-black liquor suspensions were easier to handle 

and gave somewhat better results but only at 4:1 solids ratio 

and with the heat treated black liquor. At higher PF and PMP 

solids ratios, the suspensions could not be applied to the 

veneers because of lumping.

. . ./9
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As shown in Table 2 most black liquor-PMP mixtures 

investigated gave insufficient wood failures at a press temperatur 

of 14 9 ° C and a press time of either 5 or 10 min. Under these 

conditions the f ur f ural-treated black liquors gave the best 

results. In most cases, a temperature o f ( l 7 6 ° C )  and a press 

time of either 5 or 10 min were required to give sufficient 

v/ood failure. The methylolated black liquors gave the highest 

wood failures under these conditions. All these liquors 

were diluted to a solids content of 35 percent and the 

viscosities varied from 200-350 Mpa.s after heating at 6 5°C 

for 10 to 15 min. The mixed filler amounted to 8-10 percent 

of the weight of the mixture.

As shown in Table 3, glue mixtures with a 1:1 ratio 

of total PMP solids to black liquor solids, used at a press 

temperature of 176°C and a press time of 5 m i n ,,generally 

gave good wood failure dry and wet, even with the untreated 

black liquor. However, these wood failures were obtained at 

a fairly high loading i.e. 2.8 g per square foot (30 g/m^) PMP 

solids giving a decrease of phenolic resin requirements of about 

35.4' percent over the quantities used commercially with PF resins 

(about 4.6 g per square foot of veneer or 50 g /m2 ). The use 

of these low molecular weightPMP resins is also an important 

factor. The small increase in percent v/ood failure observed 

with some glue mixtures after the 4-hour boil indicates a 

probable decrease in the strength of the wood itself.

As shown in Tabic 4,surprisingly good results may be 

obtained at even lower total PMP solids to black liquor solids

ratios (0.63:1) especially with the heat-treated black liquor.

.../10



10

The decrease in phenolic resin requirement is 56.5 percent. 

Although some of the wood failures reported fall below the 

80 percent average for all samples tested as required by the 

Canadian Standards Association (CSA) (4) it should be noted 

that all these samples were tested for shear in both the 

strong and weak directions.

The strength properties of aspen poplar plywood observed 

when the black liquor is replaced by purified kraft lignin 

solutions are shown in Table 5. Even at the low spreading 

rate of 2.0 g per square foot (21.5 g/m ) in all cases 

acceptable wet wood failures were obtained. A somewhat 

longer press time, perhaps 7 min, would give even better 

results. The use of 10 percent of finely ground white spruce 

bark as a filler gave good results even with the untreated 

kraft lignin solutions

The results obtained when a resorcinol-modified PMP 

resol mixed with black liquor was used are shown in Table 6.

By using a resorcinol-modified resol it was hoped to lower the 

pressing temperature. This was reported for glue mixtures 

containing wattle tannin (5). However, this was not observed 

with kraft black liquors.

It is difficult to give a meaningful estimate of the 

savings realized by using these mixtures. If 40-50% of a 

rather expensive adhesive such as PMP may be replaced either 

by untreated black liquor costing 1/10 to 1/18 as much or 

by methylolated black liquor costing 1/5 to 1/4 as much, 

apnreciable savings mav be realized.

.../II
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CONCLUSION

This preliminary study indicates that mixtures of a low 

molecular weight highly methylolated phenol-formaldehyde resol 

and eith&r kraft black liquor or purified kraft lignin,, when 

used to prepare 3-ply poplar plywood, gave good bonds having 

considerable water resistance. No pH adjustment of the black 

liquors was necessary nor was fractionation into high 

molecular weight fractions required. The black liquors may 

be treated with formaldehyde or given an activating heat

treatment. However, under proper conditions, especially
\

v/ith ground white spruce bark as a filler, untreated black 

liquors may be used.
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TABLE 1. EFFECT OF COMPOSITION OF VARIOUS BLACK LIQUOR-PF 
OR PMP RESIN SUSPENSIONS AT pH 5 ON CURING PROPERTIES OF 
3-PLY ASPEN POPLAR PLYWOOD (1/8 INCH VENEERS).

Black Liquor 
Samples1 Resin

Liquor Solids Shear strength2(osi)
Resin Solids Dry 4-h boil

BL PF 9.1 220 (40)3 65 (0)
4:1 could not be spreadMBL 9:1 246 (46) 90 (23)
4:1 could not be spread

HBL r i 9:1 238 (28) 133 (0)
4:1 230 (32) 179 (50)MHBL vv 9:1 236 (38) 86 (10)
4:1 250 (65) 130 (0)

BL PMP 9:1 210 (30) 80 (0)
4:1 236 (73) 127 (0)MBL 9:1 233 (65) 128 (10)
4:1 258 (80) 175 (27)

HBL n 9:1 226 (35) 120 (15)
4:1 263 (82) 148 (70)MHBL If 9:1 230 (50) 110 (30)
4:1 287 (83) 169 (45)

Press temp. 17 7 ° C (330 °F); Dress time: 1 0  m i n  n i  1 S O  r » o i
BL: untreated black liquor, MBL: Methylolated black liquor,
HBL: heat treated liquor, MHBL: methylolated heat treated liquor.

2psi x 6.89 = kPa

3Average percent wood failure.



TABLE 2. EFFECT OF TEMPERATURE AND PRESS TIME 
PROPERTIES OF 3-PLY POPLAR PLYWOOD BONDED WITH 
MIXTURES.

ON CURING 
BLACK LIQUOR-PMP

Black Liq’u or T emp. Time Shear strenqth,t (psi)1
Samples °F(C°) (Min) Dry 4-h boil

BL 300 (149) 5 250 (45) 167 (10)ii h 10 276 (45) 125 (0)
i r 350 (177) 5 269 (65) 189 (35)
n t i 10 285 (75) 156 (65)

HBL 300 5 239 (5) 153 (0)
h h 10 274 (70) 195 (40)
i t 350 5 265 (46) 169 (10)
n h 10 255 (85) 184 (65)

MBL 300 5 253 (15) 109 (0)
h h _ 10 200 (0) 117 (0)
h 350 5 277 (73) 193 (68)
h h 10 231 (90) 171 (95)

FBL2 300 5 250 (50) 190 (35)
h h 10 250 (65) 156 (45)
n 350 5 277 (50) 196 (50)
i t i t 10 258 (75) 195 (65)

FHBL 300 5 258 (60) 172 (56)
h i i 10 254 (35) 168 (25)
h 350 5 289 (90) 207 (53)
i t i t 10 274 (85) 197 (85)

PMP So lids/sq. ft: 2.8 (30. 1 g/ m2 )
PMP so 1 ids/liquor sol ids : 1 .5:1
To tail solids in gl ue mixture : 45 perc en t
M i x e d f il1er : 8-1 0 percent of glu e mi xtur e
Vise:os it y range : 200-350 at 25 °C MPa .s ( cP)

1psi x 6. 89 = kPa

2FBL: furfural-reacted black liquor; FHBL:
and heat treated black liquor.

Furfural reacted



TABLE 3. CURING PROPERTIES OF 
WITH PMP-BLACK LIQUOR MIXTURES 
PRESS TIME.

ASPEN POPLAR PLYWOOD 
AT 330 °F (177 °C) AND

GLUED 
3 MIN

Black Liquor 
Samples

PMP Solids 
Liquor Solids

Shear Strength 
Dry

1(psi) 
4-h boilBL

HBL
MBL

MHBL

1:1
?i
ii
n

240 (80) 
260 (80) 
275 (80) 
274 (90)

176 (90) 
188 (80) 
182 (90) 
217 (85)

PMP solids/sq ft: 2.8 g (30.1 q/ m 2 )
Viscosity range: 450-650 MPa.s (cp) at 25°C
Mixed filler: 10 percont of glue mixture
Total solids in glue mixture: 47.8 percent. 1

1psi x 6.89 kPa



TABLE 4. CURING PROPERTIES OF ASPEN POPLAR PLYWOOD GLUED
WITH PMP-BLACK LIQUOR MIXTURES AT A LOW TOTAL SOLIDS RATIO.

Black Liquor 
Samples

PMP Solids Shear Strenath (csi)1
Liquor Solids Dry 4-hr boil

BL 0.62:1 265 (90) 182 (54)
HBL if 268 (95) 167 (90)
MBL ii 277 (85) 168 (63)

PMP solids/ sq ft veneer: 2.0 g (21.5 g / m 2 )
Temp. 350°F (177°C), press time: 5 min.
Bark filler: 14 percent of glue mixture.
Viscosity range: 9,000-9,500 MPa.s (cp) at 25°C.

1psi x 6.89 - kPa



TABLE 5. CURING PROPERTIES OF ASPEN POPLAR PLYWOOD GLUED
WITH PMP-PURIFIED KRAFT LIGNIN SOLUTION MIXTURES.

Solutions PMP Solids Shear Strength (psi)1 Filler
Solution Solids Dry 4-h boil

KL2 1:1 266 (70) 200 (90) 9% mixed
HKL »? 250 (90) 179 (95)
MKL M 297 (80) 209 (95)

MHKL It 251 (90) 179 (85)

KL It 231 (83) 140 (95) 10% bark
MKL I t 323 (80) 215 (95)
HKL It 270 (47) 206 (95) .

PMP solids/sq. ft veneer: 2.0 g (21.5 g/mz )
Kraft lignin solution: 35.5% total solids
Viscosity ranges: 9% mixed filler: 450-650 MPa.s at 25°C
10% bark filler: 2000-2500 MPa.s at 25°C
Temp: 350°F (170°C), presstime: 5 min.

1 psi x 6.89 = kPa

2KL: untreated kraft lignin solution, HKL: heat treated
solution MKL: methylolated lignin solution, MHKL: methylolated
heat treated solution



TABLE 6. CURING PROPERTIES OF ASPEN POPLAR PLYWOOD GLUED
WITH MIXTURES OF RESORCINOL MODIFIED-PMP RESOL AND BLACK LIQUOR

Black Liquor 
Samples Temp. °F

Press 
Time (min)

Shear Strength (psi)1 
Dry 4-h boil

BL 300 (149°C) 5 244 (74) 179 (40)
HBL i i i i 245 (54) 138 (40)
MBL h — - II  . • — - 303 (60) 178 (10)

BL 350 (177°C) II 275 (70) 193 (35)
HBL h II 280 (61) 172 (38)
MBL h II 266 (69) 177 (75)

PMP solids/sq ft veneer: 2.0 g (21.5 g / m 2 )
PMP solids/black liquor solids: 0.68 = 1
Bark filler: 7.5% of glue mixture
Viscosity range: 9,000-10,400 MPa.s (cp) at 25°C

1psi x 6.89 k Pa
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