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(§7] ABSTRACT

A method of manufacturing a lignosulfonate-phenol-
formaldehyde resin includes heating a mixture of phe-
nol. formaldehyde, lignosulfonate and alkali at a tem-
perature of 60° C. to 100° C. and a pH of 8-13. The
lignosulfonate comprises about 5 to about 8O percent of
the total weight of phenol, formaldehyde and lignosul-
fonate and the lignosulfonate is mixed with said phenol
and formaldehyde before substantial reaction between
said phenol and said formaldehyde. Also disclosed are
fibrous articles manufactured using this resin as a
binder.

20 Claims, No Drawings
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LIGNOSULFON ATE-PHENOL-FORMALDEHYDE
RESIN BINDER

Vatter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

FIELD OF THE INVENTION

The present invention relates to a lignosulfonate
modified phenol-formaldehyde resin particularly useful
in the formation of man-made boards and molded ob-
jects including fibers or fibrous particles bonded to-
gether with the lignosulfonate modified phenol-for-
maldehyde resin. More particularly, the present inven-
tion relates to a method of manufacturing a novel bind-
ing resin comprising phenol, formaldehyde, and about
30% to about 60by weight lignosulfonate added to the
phenol and formaldehyde prior to any substantial
amount of phenol-formaldehyde polymerization. The
present invention also relates 10 the method of manufa~-
turing fibrous and particle objects using this novel resin
binder and to the method of manufacturing these arti-
cles.

BACKGROUND OF THE INVENTION AND
PRIOR ART

Synthetic resin binders, such as phenol-formalde-
hyde, added in the manufacture of fiberboard, such as
hardboard and particle board, represent a substantial
portion of the coat of manufacture. Many attempts have
been made to substitute all or a portion of such synthetic
resin binders with less expensive components. For ex-
ample, attempts have been made to utilize lignin-con-
taining spent digestion liquors to form binding resins
capable of bonding fibers and fibrous particles in the
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formation of a fiberboard, as set forth in U.S. Pat. Nos. -

7,849,314 and 3,095,392. As set forth in the Guss U.S.
Pat. No. 2,849,314, in spite of the many processes pro-
posed for obtaining resinous compositions from sulfite
liquor, for the most part such products have found little
or no commercial application as thermosetting impreg-
nating agents, binders or adhesives and particularly in
the field of production of improved cellulosic and other
fibrous materials.

In accordance with the Herrick U.S. Pat. No.
3,095,392, a lignosulfonate is added to a reacted mixture
of phenol and formeldehyde to form a modified phenol-
formaldehyde resin for use as a fluid loss control agent
in drilling muds and portland cement slurries. In accor-
dance with the Herrick method of manufacture of the
lignosulfonate modified phenol-formaldehyde resins,
the phenol and formaldehyde are permitted to react
prior to the addition of the lignosulfonate.

In accordance with the principles of the present in-
vention, it has been found that new and unexpected
results are achieved in the formation of a lignosulfonate

modified phenol-formaldehyde resin when the lignosul-

fonate is added to phenol and formaldehyde prior to a 60

significant amount of reaction between the phenol and
formaldehyde.

SUMMARY OF THE INVENTION

In brief, the present invention is directed to the manu-
facture of modified phenol-formaldehyde resins by sub-
stituting a portion of the phenol with a lignosulfonate.
In accordance with an important feature of the present

45
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~ liquor is recovered from the pulping process,
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invention. the lignosulfonate should be in eontact with
the phenol and formaldehyde at the beginming of the
reaction. Since lignosulfonate is a by-product of many
pulping processes, it is economically desirable to substi-
tute the lignosulfonate for phenol to provide the ligno-
sulfonate-phenol-formaldehyde resin of the present 1n-
vention.

In accordance with another important feature of the
present invention, the lignosulfonate modified phenol-
formaldehyde resin of the present invention can be used
to bind fibers and fibrous particles in the production of
fiberboard and other fibrous articles, such as insulation
board and fiberglass mats, to provide new and unex-
pected strength, water resistance and dimensional sta-
bility.

Generally, in the manufacture of a phenol-formaide-
hyde resin two moles of phenol are reacted with one
mole of formaldehyde. In accordance with the princi-
ples of the present invention, five to eighty percent by
weight of this phenol can be substituted with a lignosul-
fonate and the mixture heated to form the lignosulfon-
ate-phenol-formaldehyde resin of the present invention.
Heating generally is carried out at a temperature of
60°~100° C. for a period of 1-5 hours to achieve the
lignosulfonate-phenol-formaidehyde resin of the pres-
ent invention. To achieve the full advantage of the
present invention, the lignosulfonate should be In
contact with the phenol and formaldehyde in mixture
prior to the formation of any substantial amount of
phenol-formaldehyde polymer so that the lignosulfo-
nate is available for reaction at the beginning of poly-
merization.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The lignosulfonate-phenol-formaidehyde resin of the
present invention is prepared by mixing a lignosulfo-
nate, phenol and formaldehyde and adding caustic, or
some other chemical capable of liberating hydroxyl ions
in water, thereby raising the pH to 8-13 to begin the
polymerization reaction. To achieve the full advantage
of the present invention, the caustic should be added in
an amount sufficient to raise the pH of the reactant
mixture to a value of about 9-11. The lignosulfonate 1s
added to the reaction mixture prior to any substantial
amount of phenol-formaldehyde condensation to
achieve unexpected strength, water resistance and di-
mensional stability when the resin is used as a binder In
the manufacture of fibrous articles.

The lignosulfonate may be relatively pure lignosulfo-
nate or may contain a substantial quantity of, up to
about 80%, impurities. For example, the lignosulfonate
source may be a spent sulfite cooking liquor from the
pulping of wood in the composition that the cooking
or a ligno-
sulfonate composition obtained by concentrating such
spent sulfite cooking liquors. Modified lignosulfonates
are also useful in forming the resins of the present inven-
tion. Such modified lignosulfonate products are uniden-
tified complex polymeric materials derived from the
components of spent ‘sulfite liquor, as described in the
Steinberg et al U.S. Pat. No. 3,505,243. The major solid
component of a spent sulfite iquor is lignosulfonate and
the liquor also contains a significant amount of carbohy-
drates and smaller amounts of waxes, resins and diges-
tion chemicals. The lignosulfonates useful for reaction
in manufacture of the lignosulfonate-phenol-formalde-
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hvde resins of the present invention can be obtained
from any spent sulfite iquor including sodium, calcium,
ammonium, and magnesium based liquors. Further,
spent alkaline (black) digestion liquors can be sulfited to
provide a lignosulfonate source for polymerization (n 1n
accordance with the manufacture of the resins of the
present invention. While such black liquors usually
contain a larger percentage of non-lignin components,
any lignosulfonate source having at least about 5% by
weight lignosulfonate may be used for reaction, as is,
without further concentration for reaction with phenol
and formaldehyde in manufacturing the resins of the
present invention. Further, when such resins are used as
binders in fibrous articles made by the wet process,
most of the non-functional impurities from the spent
liquor, such as inorganic slats and the like, will be
washed out through the mat during formation and any
minor amount of impurities which are retained in the
mat or sheet generally do not present a manufacturing
problem and do not cause deterioration of the physical
properties of the fibrous article.

In accordance with the method of the present inven-
tion, phenol, formaldehyde, water, and a lignosulfonate
source, such as waste sulfite cooking liquor from the
pulping process, are charged to a reactor equipped with
a stirrer, thermometer, and condenser, and the mixture
is warmed to about 45° C. At this point, a base capable
of raising the pH of the reactant mixture, for example a
caustic such as sodium hydroxide, is added to the mix-
ture in a controlled manner to control the temperature
rise to about 1° C. per minute. To achieve the full ad-
vantage of the present invention, the condensation is
started with little or no alkali in the reaction mixture,
and the alkali is added incrementally to control the
condensation steadily until the desired degree of poly-
merization is achieved. After the temperature reaches
about 90° C. (after about 45 minutes) the temperature of
the reaction mixture is held constant for about 1 to 3
hours to achieve a desired degree of polymerization.
The mixture is then cooled and diluted to about 20%
solids or less to prevent further polymenazation.

In accordance with an important feature of the pres-
ent invention, the formaldehyde-phenol mole ratio in
the reaction mixture should be in the range of 3.6-1.2

10
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and the hydroxyl ion liberator (caustic) to phenol mole 43

ratio in the reaction mixture should be in the range of
1.0-0.2. The amount of lignosulfonate can vary over a
wide range of about 5-80% by total weight of phenol,
formaldehyde, and lignosulfonate in the reaction mix-
ture.

To achieve the full advantage of the present inven-
tion, the percentage by weight of phenol, formaldehyde
and lignosulfonate based on the total weight of the
reaction mixture should be in the range of 10-70% and
the polymerization reaction should be carned out at a
temperature in the range of about 60°-100° C.

In accordance with the following example 1 a ligno-

sulfonate-phenol-formaldehyde resin was prepared by
substituting 30% of the phenol with a lignosulfonate.

EXAMPLE 1

M

30% LIGNOSULFONATE SUBSTITUTION

Percent Dry wet
Solids Reagent Moles Grams Grams

N

90 Phenol 1.0 94.0 104.4
50 Waste Sulfite 40.3 80.6
Liquor (50% ligno-

50

33

60

65

-continued
W0 LIGNOSULFONATE SUBSTITLTION

Percent Dry W o1

Sahds Reagent Moles Grams Jrams
M
sul{fonate)

37 formaldehyde 3.0 0.0 2412

50 Caustic (NaOH) 0.5 100 .10

Water 142 S

244 3

M

All of the components except the caustic are charged to
a reactor equipped with a stirrer, thermometer, and
condenser. The components are mixed and warmed to
45° C. At this time, the caustic is added tn such a manner
as to control the temperature rise to 1° C. per minute.
After the temperature reaches 90° C. (about 45 min-
utes), the temperature is held constant for 2 hours unti!
the viscosity of the resin mixture reaches about 10 to
about 200 centipoises. The mixture is then cooled and
diluted to 20 percent solids.

In accordance with an important feature of the pres-
ent invention, polymerization should be terminated
when the reaction mixture reaches a viscosity in the
range of about 10 centipoises to about 200 centipoises
when measured at a pH of about 10.3. Resins polymer-
ized in accordance with the present invention 10 a Vis-
cosity in the range of about 10 centipoises to about 200
centipoises will provide new and unexpected bonding
between fibers and fibrous particles and, when used in
the wet process to manufacture fiberboard or other
water-laid fibrous sheets, will precipitate out of forming
water, having a pH of about § or less, onto the fibers 10
provide new and unexpected bonding strength and
bonding maintenance as evidenced by the internal bond,
modulus of rupture and boil swell data set forth in the
following tables.

To achieve the full advantage of the present inven-
tion, polymerization should be terminated when the
reaction mixture reaches a viscosity in the range of
about 10 centipoises to about 100 centipoises, measured
at a pH of 10.3. Resins of the present invention prepared
by terminating polymerization at a viscosity of about 20
toabout 60 centipoises have provided new and unex-
pected bonding when used as a binder in the formation
of fibrous products, such as fiberboard.

Polymerization can be terminated in any manner,
such as by cooling the reaction mixture to about room
temperature and diluting the mixture to about 20%
solids, as set forth in Example 1. Dilution to about 10%
to about 30% solids slows resin aging by slowing fur-
ther polymerization to lengthen resin shelf life to at least
about 1 month at room temperature.

The resin of example 1 was then compared to a typi-
cal phenol-formaldehyde resin in the manufacture of a
fiberboard using typical binder incorporation levels of
39, and 1%. It was found that the fiberboard manufac-
tured with the resin binder of the present invention had
new and unexpected physical characteristics of
strength, water resistance and dimensional stability as
indicated by the test data set forth in Table 1.

TABLE I

30% Lignosuifo-
natephenol for- 1009 Phenol-formal-

maldehyde Resin dehvde Resin

Resin l 1 ! 3
Level (%)

Specific 912 898 926 39K
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TABLE I-continued

M
30 Lignosulio-
natephenol! for- 100 Phenol-formal-

maldehvde Resin dehvde Resin

Gravity
One hour-
boui

swell
Internal
Bond
Modulus
of
Rupture

511 54.0 60.9 731

| 60 128 101 89

4069 3002 3293 JOB7

(ps1)

The above data clearly shows superior properties at a
lower rate of resin usage in typical fiberboard manufac-
ture using the lig-nosulfonatc-phcnol-fonnaldehyde
resin of the present invention compared to a conven-
tional phenol-formaldehyde resin. The lower boil swell
and higher internal bond and modulus of rupture are
avident at the 25% reduction of resin in the board.

To achieve the unexpected strength, water resistance
and dimensional stability using the resin manufactuicd
i accordance with the principles of the present inven-
tion in the formation of a fibrous article, the lignosulfo-
nate should be reacted with the phenol and formalde-
hyde prior to any substantial polymerization between
the phenol and formaldehyde. The first two rows of
data, set forth in Table 2, were obtained from 7/16"
fiberboard manufactured using 1% of the resin manu-
factured in accordance with Example 1 and the data set
forth in the last two rows of table 2 was obtained from
7/16" boards manufactured using a resin made by intro-
ducing the lignosulfonate after the beginning of poly-
merization between the phenol and formaldehyde (lig-
nosulfonate addition after 1.75 hours and after 2.25
hours of reaction). The total cook time for each resin 1s
2.5 hours. It is clear from Table 2 that new and unex-
pected results, both in terms of the one-hour boil test
and the modulus of rupture, are obtained when the
lignosulfonate is introduced to the reaction mixture
prior to any substantial amount of reaction between the
phenol and formaldehyde.

TABLE 2
Modulus
Parts Lignosul- One-Hour of
[.igno- Parts Parts sulfonate Boil Rupture
suifonate Phenol Resin  Intro. (Pe) (pst)

M

5

10

15

20

235

30

35

40 above test) leads to a polymer

45

- TABLE 2-continued
Micduius
Parts Lignosui- Cne-Hour b
Ligno- Parts Parts suifonate Boul Rupture
sulfonate Phenol Resin Intro (el Ik
diately
50 50 'z Aller 2.25 85 2 4,404
hours

M

The one hour boil test data were collected by boiling
a 1% 12 inch test sample for one hour, measuring the
change in caliper of the sample and expressing the result
as a percentage of expansion. The smaller boil vailues
indicate superior performance. The modulus of rupture
data were collected in accordance with ASTM-1037
and shows new and unexpected results for the lignosul-
fonate-phenol-formaldehyde restn manufactured by
lignosulfonate addition prior to phenol-formaldehyde
polymernization.

An easy test can be performed to determine how long
the phenol and formaldehyde 1n caustic, aqueous solu-
tion can be heated without formation of the phenol-for-
maldehyde pre polymer in order to define, for the pur-
pose of this disclosure, the point at which it 15 too late to
add the lignosulfonate to achieve the new and unex-
pected results of the present invention. Phenol and
formaldehyde is cooked in a caustic, aqueous solution
for a given length of time and the pH then lowered to
less than 5. If an emulsion does not occur when the pH
s lowered below 5.0, then the mixture is only composed
of starting materials and/or oligomers. If an emulsion
begins to form, the polymerization has just begun.

In accordance with an important feature of the pres-
ent invention, the lignosulfonate can be added to the
phenol, formaldehyde, caustic aqueous mixture at any
point in time up to, and including the formation of an
emulsion when the pH of the reaction mixture (without
lignosulfonate) is lowered to less than 5. Further heat-
ing past this point (emulsion or less, as defined by the
having a measurable
viscosity at 40% solids i.e. measureable with Gardner
bubble tubes.

The data set forth in Table 3 shows the superiorty of

.the resins manufactured in accordance with the present

invention when the lignosulfonate is added prior to
phenol-formaldehyde pol ymerization, as compared 10
resins manufactured when the lignosulfonate 1s added

after the beginning of polymerization.
TABLE 3

Some Polymenzation:

Degree of
Pre-polymer

Pre-polymer

Substantially No Polymenzation:

Gardner Bubble Tube

Emulsion or Less Cagable of measuring Viscosily

r Emulsion Emuision None Emuision A/B A-l A-l
2.2 10 2.2 2.2 2.2 2.2
0.32 0.52 0.32 0.32 0.32 0.32
1.8 [.5 1.8 2.0 2.5 2.5
40 40 S0 30 40 50
56.7 56.4 643 61.2 7.1 o0 R
4,569 . 101 4936 4,840 4,159 4,297

Phenoi-formai- 2.2
dehyde Ratio
Caust-Phenol 0.12
Ratio

Total Cooking 2
Time {(hours)

9% Lignosulfonate 30
Substitution

Test Results:

One-Hour Boil (%) 37.1
Modulus of 341

Rupture {psi}

30 70 ! [mme- 63.8 4.862
diately
50 50 l Imme- 62.5 5,285

What is claimed:
1 A method of manufacturing a lignosulfonate-
phenol-formaldehyde resin coOmprising
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heating a mixture of phenol. formaldehyde. lignosul-
fonate and alkali wherein said lignosulfonate com-
prises about 5 to aboul 30 percent of the total
weight of phenol, formaldehyde and lignosulfo-
nate. said lignosulfonate consisting essentially of the 3
lignosulfonates in a waste sulfite or sulfited cooking
liqguor as recovered from a pulping process. and
wherein said lignosulfonate is mixed with said phe-
nol and formaldehyde under alkaline conditions
before substantial reaction between said phenol and
said formaldehyde; and

heating said mixture to form a lignosulfonate-phenoi-

formaldehyde polymer.

2 The method of claim 1 wherein said mixture 1S ¢
heated at a temperature of 60° C. to 100° C. and at a pH
of 8~13 to form said polymer.

3 The method of claim 1 wherein said phenoi, form-
aldehyde and lignosulfonate are mixed prior to heating.

4. The method of claim 1 wherein said lignosulfonate g
comprises abouit 30% to about 60% by total weight of
lignosulfonate, phenol and formaldehyde.

5 The method of claim 1 wherein said lignosulfonate
comprises about 40% to about 50% by total weight of
lignosulfonate, phenol and formaldehyde. 25

6. A method of manufacturing a man-made board
comprising contacting a plurality of fibers with a ligno-
sulfonate-phenol-formaldehyde resin and hot pressing
said resin contacted fibers together to cause said fibers
to adhere to each other in a desired configuration, 30
wherein said resin is formed by heating a mixture of
lignosulfonate, phenol and formaldehyde, said lignosul-
fonate consisting essentially of the lignosulfonates in a
waste sulfite or sulfited cooking liquor as recovered from a
pulping process, said lignosulfonate being added to said 37
phenol and formaldehyde under alkaline conditions
before a substantial amount of reaction between said
phenol and said formaldehyde and heating said mixture
to form said polymer.

7 The method of claim 6 wherein said mixture 1s
heated at a pH of 8-13 for a period of time sufficient that
said polymer has a viscosity in the range of 10 to 200
centipoises and then cooling the reaction mixture to
retard further polymernization.

8. A method of molding a fibrous object having a
predetermined configuration comprising disposing 2
fiber-resin composition in a mold cavity, closing said
mold cavity and applying heat and pressure 1o said
composition to adhere said composition together into ¢,
said predetermined configuration, wherein said fiber-
resin composition comprises a plurality of fibers and a
lignosulfonate-phcnol-formaldchydc resin formed by
mixing a lignosulfonate, phenol and formaldehyde to
form a reaction mixture adding alkali incrementally 10 55
control the temperature rise of the mixture during reac-
tion and heating said mixture to polymenze said mix-
ture, said lignosulfonate consisting essentially of the ligno-
sulfonates in a waste sulfite or sulfited cooking liguor as

10

45

recovered from a pulping process, said lignosulfonate 60

being added to said mixture under alkaline conditions
before a substantial amount of reaction between said
said phenol and said formaldehyde.

65

8

9 The method of claim 8 wherein said ignosulfonate
comprises about 50% to about 309 by total weight ot
lignosulfonate, phenol and formaldehyde 1n said resin
mixture.

10. The method of claim 9 wherein said lignosulfo-
nate comprises about 40% to about 60% by total weight
of lignosulfonate, phenol and formaldehyde in said resin
mixture.

11 The method of claim 8 including heating said resin
mixture at a temperature of about 85° to about 95° C. to
form said polymer.

12. An article of manufacture comprising a plurality
of fibers adhered together under heat and pressure with
a lignosulfenatc-phenol-fomaldehyde resin wherein
said resin is formed by mixing a lignosulfonate, phenol,
formaldehyde, and an alkali to form a reaction mixture
and heating said mixture to polymerize said mixture,
said lignosulfonate consisting essen tially of the lignosulfon-
ates in a waste sulfite or sulfited cooking liqguor as recov-
ered from a pulping process. said lignosulfonate being
added to said reaction mixture before a substantial
amount of reaction between said phenol and said form-
aldehyde.

13. The article of claim 12 wherein said lignosulfo-
nate comprises about 30% to about 60% by total weight
of lignosulfonate, phenol and formaldehyde in said resin
mixture.

14. The article of claim 12 wherein said lignosulfo-
nate comprises about 40% to about 0% by total weight
of lignosulfonate, phenol and formaldehvde in said resin
mixture.

18. The article of claim 12 wherein fibers include
cellulosic fibers.

16. The article of claim 15 wherein said cellulosic

fibers are wood fibers.
17. The article of claim 12 wherein said fibers include

fiberglass.
18. A lignosulfonate-phenol-fonnaldehydc resin

formed by
heating a mixture of phenol, formaldehyde, a2 hgno-
sulfonate and alkali wherein said lignosulfonate
comprises about 5 to about 80 percent of the total
weight of phenol, formaldehyde and lignosulfo-

. nate, said lignosulfonate consisting essen tially of the

lignosulfonates in a waste sulfite or sulfited cooking
liguor as recovered from a pulping process, and
wherein said lignosulfonate is mixed with said phe-
nol and formaldehyde under alkaline conditions
before a substantial amount of reaction between
said phenol and said formaldehyde; and

heating said mixture at a temperature of 60* C. to 100°

C. to form a lignosulfonat:-pheno]-formaldehyde
polymer;

cooling said reaction mixture when the wviscosity

reaches 10 to 200 centipoises to retard further poly-
merization.

19. The resin of claim 18 wherein the reaction mix-
ture is diluted to 10 to 30% solids after the viscosity of
the reaction mixture reaches 10 to 200 centipoises (0
prevent further polymerization.

20. The resin of claim 19 wherein the reaction mix-

ture is diluted with water.
L x » o ]
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