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ADHESIVE COMPOSITIONS COMPRISING TYPE-II CELLULOSE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application No. 

62/056,072 filed September 26, 2014, tire entire disclosure of which is incorporated 

herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to compositions, which are 

useful as adhesives, especially for engineered wood products. More particularly, it 

relates to compositions comprising type-II cellulose, and in some embodiments, 

lignin. 

BACKGROUND OF THE INVENTION 

[00031 Phenol-formaldehyde (PF) resins are commonly used adhesives in 

engineered wood products, including plywood and oriented strand board (OSB), 

because of their weather and water resistance, making them suitable for exterior 

applications. 

[0004] Phenols used in making PF resins are typically derived from 

petrochemicals and, as a result, can be too costly for use and may be undesirable 

from an environmental perspective. It would be desirable to employ compounds 

that reduce the overall amount of phenol demand to decrease costs and improve the 

adhesive resins from an environmental standpoint. Several attempts have been made 

to employ lignin in adhesive resins to decrease overall phenol use, since lignin 

contains moieties structurally similar to phenol, and lignin is a renewable material 

(see, for example, United States Patent No. 4,303,562 to J.VV. Mollis, Jr. et at). 

[0005] Most con v entional technical lignins are a byproduct of the pulping 

industry, and different pulping processes affect the types and amounts of chemical 

functionalities present in lignin. Despite this array of structural differences, as well 

as the varying purity of the materials, among other factors, the technical lignins 
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studies to date do not perforin acceptably in adhesives. Tims, there remains a need in 

the art for improved adhesive compositions made from or containing renewable 

materials. The present invention addresses this need. 

BRIEF SUMMARY OF THE INVENTION 

[0006] The present invention generally relates to admixtures and compositions 

useful as adhesives, especially for wood products. In particular, disclosed herein are 

admixtures comprising an adhesive resin and cellulose, in which at least a portion of 

the cellulose is type-II cellulose, 

[0007] Also disclosed herein are compositions comprising an adhesive resin, 

in which the adhesive resin comprises a condensation product of formaldehyde and 

at least one phenolic compound, wherein the condensation product is formed in the 

presence of cellulose, and at least a portion of the cellulose is type-II cellulose. 

[0008] Further disclosed herein are wood products, particularly engineered 

wood products, such as plywood and oriented strand board, comprising cured 

admixture and/or cured composition, as described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The accompanying drawings, which are included to provide a further 

understanding of the invention and are incorporated in and constitute a part of this 

specification, illustrate aspects of the invention and together with the description 

serve to explain the principles of the invention. The abbreviations used herein are 

described fully in the Detailed Description of the Invention section, except the 

abbreviations used to represent the residues comprising lignin and the residues 

comprising lignin and cellulose are presented in Example 1. In the drawings: 

[0010] FIGURE 1 shows the 13C CP-MAS NMR spectrum for SHR-50 (see 

Example 1). 

[001.1] FIGURE 2 shows the deconvolved and fitted curve in the C6 region of 

the l3C CP-MAS NMR spectrum for SHR-50 (see Example 1). 
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[0012] FIGURE 3 shows the X-ray diffraction (XRD) spectrum of the 

cellulose in the SHR-50 residue (after removal of lignin by alkaline extraction, see 

Example 1), 

[0013] FIGURES 4-5 illustrate the cure speed for various phenol-

formaldehyde (PF) resin mixtures, in which a portion of the plywood PF resin or 

oriented strand board (OSB) PF resin has been substituted with various materials 

(see Example 1). PF resin mixtures were prepared, substituting 30 wt.% of the 

plywood PF resin (Figure 4), and 30 wt.% of the OSB PF resin (Figure 5), with the 

indicated material, the fatter comprising lignin and/or type II cellulose. 

[0014 | FIGURE 6 compares the performance of plywood PF wood adhesives 

containing SHR-50 (i.e., type-II cellulose and lignin) in accordance with an 

embodiment of the invention, with otherwise identical plywood PF wood adhesives 

containing lignins derived from other processes (e.g., Kraft, Alcell, etc.) and which 

do not contain type-II cellulose (see Example 3). 

[0015] FIGURE 7 compares the performance of plywood PF wood adhesives 

containing SHR-50, and SHR-50-AR (each containing type-II cellulose and lignin) 

in accordance with some embodiments of the invention, with otherwise identical 

plywood PF wood adhesives containing lignins that have been purified from SHR-

50 (i.e., SHL-50) (see Example 4). 

[0016] FIGURE 8 compares the performance of plywood PF wood adhesives 

containing lignin and type-II cellulose derived from hardwood (SHR-50 and SHR-

80) with plywood PF wood adhesives containing lignin and type-II cellulose derived 

from softwood (SHR-60-SW) (see Example 5). 

[0017] FIGURE 9 compares the performance of a commercially obtained 

OSBPF wood adhesive admixed with residue (SHR-80) comprising lignin and type-

II cellulose derived from hardwood at various levels of alkali (NaOH) addition (see 

Example 7). 

[0018] FIGURE 10 compares the performance of a commercially obtained 

plywood PF wood adhesive admixed with residue (SHR-80) comprising lignin and 

type-II cellulose derived from hardwood at various levels of alkali (NaOH) addition 

(see Example 8). 
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[0019] FIGURE 11 illustrates the cure speed for a PF resirs mixture, in which a 

portion of the plywood PF resin has been substituted (30% replacement of the PF 

resin) with a residue comprising lignin and type II cellulose, and wherein the 

lignin/'cellulose residue is added during the formation of the PF resin by-

condensation of phenol and formaldehyde. The cure speed, as measured by adhesive 

performance, is compared to that for the same PF resin wherein the control does not 

have any resin replaced (see Example 9). 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] As employed above and throughout the disclosure, the following terms, 

unless otherwise indicated, shall be understood to have the following meanings, 

[0021] As used herein, the phrase "substantially free" (of a component) means 

have no more than about 1%, preferably less than about 0,5%, more preferably, less 

than about 0.1%, by weight of the component, based on the total weight of any 

composition containing the component. 

[0022] As used herein, the singular forms "a," "an," and "the" include the 

plural reference unless the context clearly indicates otherwise. 

[0023] While the present invention is capable of being embodied in various 

forms, the description below of several embodiments is made with the understanding 

that the present disclosure is to be considered as an exemplification of the invention, 

and is not intended to limit the invention to the specific embodiments illustrated. 

Headings are provided for convenience only and are not to be construed to limit the 

invention in any manner. Embodiments illustrated under any heading may be 

combined with embodiments illustrated under any other heading. 

[0024] The use of numerical values in the various quantitative values specified 

in this application, unless expressly indicated otherwise, are stated as 

approximations as though the minimum and maximum values within the stated 

ranges were both preceded by the word "about." In this manner, slight variations 

from a stated value can be used to achieve substantially the same results as the stated 

value. Herein, when an amount, concentration, or other value or parameter is given 

as either a range, preferred range, or a list of upper preferable values and lower 
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preferable values, this is to be understood as specifically disclosing all ranges 
formed from any pair of any upper range limit or preferred value and any lower 
range limit or preferred value, regardless of whether ranges are separately disclosed. 
Where a range of numerical values is recited herein, unless otherwise stated, the 
range is intended to include the endpoints thereof, and all integers and fractions 
within the range. That is, the disclosure of ranges is intended as a continuous range 
including every value between the minimum and maximum values recited as well as 

any ranges that can be formed by such values. Also disclosed herein are any and all 
ratios (and ranges of any such ratios) that can be formed by dividing a recited 

numeric value into any other recited numeric value. Accordingly, the skilled person 
will appreciate that many such ratios, ranges, and ranges of ratios can be 
unambiguously derived from the numerical values presented herein and in all 

instances such ratios, ranges, and ranges of ratios represent various embodiments of 
the present invention. 
[0025] Herein, the PF replacement level is the amount of PF resin (weight of 
solids) that is replaced by an equal amount (weight of solids) of a lignin, cellulose, 
or lignin and cellulose component. For example, a 30% replacement level of PF 
resin with an 8HR residue would have a 70 PF / 30 8HR ratio by weight of solids of 

the two components. 
[0026] Herein, "wt.%" of a component Z in a composition or admixture, 
unless expressly stated to the contrary, means weight percent of Z based on solids; 

i.e. solid weight of component Z as a percentage of the weight of total solids of the 
composition or admixture. 
[0027] A supercritical fluid is a fluid at a temperature above its critical 
temperature and at a pressure above its critical pressure. A supercritical fluid exists 

at or above its "critical point," the point of highest temperature and pressure at 
which the liquid and vapor (gas) phases can exist in equilibrium with one another. 
Above critical pressure and critical temperature, the distinction between liquid and 

gas phases disappears, A supercritical fluid possesses approximately the penetration 
properties of a gas simultaneously with the solvent properties of a liquid. 
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Accordingly, supercritical fluid extraction has the benefit of high penetrability and 

good solvation. 

[0028] Reported critical temperatures and pressures include: for pure water, a 

critical temperature of about 374.2 °C, and a critical pressure of about 221 bar; for 

carbon dioxide, a critical temperature of about 31 °C and a critical pressure of about 

72.9 atmospheres (about 1072 psig). Near critical water has a temperature at or 

above about 300 °C and below the critical temperature of water (374.2 °C), and a 

pressure high enough to ensure that all fluid is in the liquid phase. Sub-critical water 

has a temperature of less than about 300 °C and a pressure high enough to ensure 

that ail fluid is in the liquid phase. Sub-critical water temperature may be greater 

than about 250 °C and less than about 300 °C, and in many instances sub-critical 

water has a temperature between about 250 °C and about 280 °C. The term "hot 

compressed water" is used interchangeably herein for water that is at or above its 

critical state, or defined herein as near-critical or sub-critical, or any other 

temperature above about 50 °C (preferably, at least about 100 °C) but less than 

subcritical and at pressures such that water is in a liquid state. 

[0029J Biomass is a renewable energy source generally comprising carbon-

based biological material derived from living or recently-living organisms. The 

organisms are or may have been plants, animals, fungi, etc. Examples of biomass 

include without limitation wood, lignocellulosic biomass, municipal solid waste, 

manufacturing waste (wood discards such as sawmill and paper mill discards), 

agricultural waste (including corn stover, sugarcane bagasse, rice hulls, oat hulls, 

etc.), food waste, black liquor (a byproduct of wood pulping processes), etc. Wood 

can be, for example, hardwood, softwood, annual fibers, and combinations thereof. 

Biomass typically comprises cellulose, hemicellulose, and lignin. Any suitable type 

of biomass can be used as a feedstock for the inventive lignin described herein. 

Fossil fuels are generally not considered biomass even though ultimately derived 

from carbon-based biological material. The term "biomass" as used herein does not 

include fossil fuel sources. 

[0030] As used herein, a "residue" refers to the solid material portion 

remaining after treatment of lignocellulosic biomass by processing with sub-critical, 

6 



WO 2016/049569 PCT/US2015/052438 

near-critical, or supercritical fluid comprising water. "Residue" includes both: (1) 
the solid residue when isolated (e.g, separated) from a liquid fraction; and (2) the 
solid residue when present with liquid fractions, such as (a) in the form of a slurry 
obtained after a treatment (e.g., before liquid traction is removed); (b) in the form of 

a slurry after further processing (e.g., where additional liquid may be added or the 
solids partially solubilized, for example, with base), or (c) in the form of a solution 

(e.g., after treatment to form a solid, but after further processing to form a solution). 
In some embodiments, the residue is the solid portion (which may have some 

residual liquid in it) remaining after supercritical hydrolysis of lignocellulosic 
biomass 
10031 [ As used herein, "cured" means the result of the application of sufficient 
heat and/or pressure and/or time, acid or base catalysis, or a reaction with 
crosslinking chemicals, such as cyclic carbonates or epoxy compounds, or by 
combinations thereof, to crosslink or set the composition. Curing typically is 
performed when the admixture or composition is at its point of end use, for example, 
joining pieces of wood together (e.g., to form plywood or OSB). 

[00321 As used herein, "extender" refers to a substance added to an admixture, 
adhesive, or composition, for example, to optimize bulk, weight, viscosity, opacity, 
and/or strength. An extender may also be employed to save on costs by reducing the 
required amount of a component material (e.g., PF resin) in the admixture, adhesive, 

or composition. Suitable extenders for use in admixtures, adhesives, compositions, 

articles of manufacture, and processes of the invention, include, but are not limited 
to, starch, wheat flour, corncob flour, chalk, sodium carbonate (soda ash), potassium 
carbonate, calcium carbonate, ammonium sulfate, wood powder, wood bark flour 
(such as Super Bond branded products), quebracho, glass beads, silica, and mixtures 
thereof. As used herein, "extenders" do not include lignin or cellulose. 
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[0033] Herein "cooked" or "cooking" refers to the process of forming the 

adhesive resin, such as, for example, the formation of the condensation product of 

formaldehyde and at least one phenolic compound, whether by catalysis, heat, or 

any other suitable means to form the condensation product. 

[0034] As used herein, an "admixture" is a composition (a mixture) that is 

produced by mixing two or more components. Herein, "an admixture comprising an 

adhesive resin and cellulose" means that the cellulose is mixed with and dispersed in 

the adhesive resin, in a pre-cured mixture and in the absence of "cooking," since the 

adhesive resin has already been formed. Specifically, the term "admixture" does not 

include adhesive applied to the surface of a non-particle substrate. 

[0035] Cellulose can comprise a number of crystalline structures. Natural 

cellulose, known as a type-I cellulose, can comprise Ia and Ip structures. The amount 

of Ia and Ip structures depends on the type of the natural cellulose. For example and 

without limitation, the cellulose produced by bacteria and algae may be enriched in 

Ia, while cellulose of plants consists mainly of Ip. Type-I cellulose may be converted 

to a stable crystalline form of cellulose known as a type-II cellulose. The conversion 

of the type-I cellulose to the type-II cellulose may be achieved by different routes, 

for example and without limitation, by mercerization (alkali treatment), regeneration 

(solubilization followed by recrystallization), subcritical and supercritical water, ball 

milling of cellulose in presence of water and the like. As one of ordinary skill in the 

art would readily appreciate, the different crystalline phases of the cellulose product 

may be analyzed using X-ray diffraction (XRD). The specific XRD pattern of a 

crystalline solid reflects the crystal structure. Using Cu Kcx radiation, the XRD 

spectrum of the type-I cellulose show two peaks at 20: a primary peak around 22.5° 

and a secondary peak around 15.5°. The XRD spectrum of the type-II cellulose 

shows a primary peak at 20 around 19.9° and a secondary peak around 12.1° 

[0036] The present invention generally relates to admixtures and compositions 

useful as adhesives, especially for wood products (wood adhesives). A wood 

adhesive is capable of bonding with wood and/or capable of bonding two (or more) 

pieces of wood or wood strands. Herein, the term "wood adhesive" does not include 

a molding composition, since the technical requirements of effective operation are 
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very different. In particular, disclosed herein are admixtures comprising an adhesive 

resin and cellulose, in which at least a portion of the cellulose is type-II cellulose. 

[0037] Suitable adhesives used in engineered wood products, including 

plywood and oriented strand board (OSB), include a variety of thermoset polymers. 

Two types of resins are particularly dominant for use in these engineered wood 

products: phenol-formaldehyde (PF) and poly(diphenylmethane diisocyanate) 

(pMDI or MDI), and both are suitable in the present invention. Amino resins are 

also suitable, for example, urea-formaldehyde (UF), melamine-formaldehyde (MF), 

melamine-urea-formaldehyde (MUF), phenol-urea-formaldehyde (PUF), melamine-

urea-phenol-formaldehyde (MUPF), phenol-melamine-urea-formaldehyde (PMUF), 

guanamine-formaldehyde, benzoguanamine-formaldehyde, and aceto-guanamine-

formaldehyde as known in the art. Other amine-bearing materials may be used to 

form analogous amino resins by similar techniques, including glycoluril, thiourea, 

aniline, and paratoluene sulfonamide. Epoxy resins, unsaturated poly esters, and 

combinations or hybrid resins of the aforementioned resins, such as a pMDI/PF or 

pMDI/UF resin are also suitable. PF resins are preferred for exterior applications. In 

some embodiments of the invention, the cellulose component can be incorporated 

into an adhesive in combination with lignin. In some embodiments, the cellulose 

and lignin are incorporated separately into an adhesive. In some embodiments, the 

cellulose and lignin are present as a mixture and are added to an adhesive as the 

mixture. In some embodiments, the cellulose is present in a residue along with 

lignin resulting from biomass processing (e.g., using hot compressed water, 

supercritical water, acid hydrolysis, enzymatic hydrolysis, or any combination 

thereof). In some embodiments, the cellulose is first separated from this residue 

(e.g., separated from lignin) prior to incorporating the cellulose (or a portion thereof) 

into an adhesive. In some embodiments, the cellulose is not separated from the 

residue containing lignin prior to incorporation of the resid ue into an adhesive. In 

some embodiments, both the cellulose (or a portion thereof) and residue can be 

added to an adhesive. 

[0038] The cellulose, the residue containing cellulose, or a combination 

thereof can be added to an adhesive in two different ways: (1) before "cooking" an 
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adhesive to form a resin, or (2) after "cooking" (i.e., added after the resin has been 

formed by cooking). Combinations of (1) and (2) are also possible. 

[0039] Condensation products of the reaction of a phenolic compound and 

formaldehyde can be either potentially thermosetting (also known as "resols") or 

thermoplastic (also known as "novolacs"). A resol is formed when formaldehyde is 

used in molar excess under (normally) alkaline conditions, while a novolac is 

formed when phenol is used in molar excess under (normally) acid conditions. By-

reacting with sufficient additional formaldehyde under alkaline conditions, it is 

possible to convert a novolac to a resol. A two-stage resol prepared in this way 

differs in certain physical properties, such as intrinsic viscosity, from a resol made 

by direct reaction of phenol and formaldehyde under alkaline conditions. 

[0040] PF resins of the resol type typically are produced by condensation of a 

phenolic compound (e.g., phenol) and formaldehyde, typically at 8G-95°C in the 

presence of abase (e.g., NaOH) to produce polymeric PF resin, which then may be 

used as adhesive for production of various engineered wood products. When 

preparing engineered wood products, adhesive and wood can be pressed together 

under heating ("hot press") in order to create the engineered wood product. Type-II 

cellulose (optionally in combination with lignin) can be used to form compositions 

in at least two different ways. In option (1), type-II cellulose (and optionally lignin) 

is present during the polymerization of the at least one phenolic compound and 

formaldehyde to form the resin, and the type-II cellulose may or may not be 

incorporated into the resin structure. If lignin is also present along with the type-II 

cellulose, then the lignin may be incorporated into the polymeric resin structure due 

to the phenolic moieties on lignin. In option (2), type-II cellulose (and optionally 

lignin) is added after the resin has already been polymerized. In this option, the 

type-II cellulose (and lignin, if present), are simply admixed with the already-

formed resin, and therefore the cellulose and lignin are not incorporated into the 

resin structure in option (2), absent any heating and/or addition of a catalyst that 

would favor such reaction. These compositions formed in options (I) and (2) are the 

compositions that are formed prior to any curing of the compositions, for example, 
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as wood adhesives when making engineered wood products, such, as plywood and 
OSB, 
[0041] When employing formaldehyde and at least one phenolic compound to 
form a resin (i.e., a PF resin), the formaldehyde reacts with the at least one phenolic 

compound at the ortho or para sites (if available) to form a hydroxymethyl phenol 

moiety. The hydroxymethyl phenol moiety then reacts with either another free ortho 
or para site to form a methylene bridge, or with another hydroxymethyl group to 
form an ether bridge. These reactions continue, forming oligomers and/or polymers. 
In option (1) above, the type-II cellulose (and optionally lignin) is/are added during 
this polymerization/oligomeriza.tion process. In some embodiments of option (1), 
the lignin is the at least one phenolic compound added for the polymerization/ 
oligomerization reaction. In some embodiments of option (I), the lignin is added in 

addition to the at least one phenolic compound (e.g., phenol) for the 

polymerization/oligomerization reaction. In one such embodiment, the lignin is pre-
reacted with phenol ("pbenolation") and then "cooked" with formaldehyde. In some 
embodiments of option (1), for the polymerization/ oligomerization reaction, the 
type-II cellulose and lignin are added as a residue of lignocellulosic biomass 
processing. 
[0042] In option (2) above, the type-II cellulose (and optionally lignin) are 
added to the oligomers and polymers after they have been formed (i.e., not during 

the polymerization/oligomerization). In some embodiments of option (2), however, 

the admixture of the type-II cellulose, optionally lignin, and the pre-formed 
oligomers and polymers may foe heated, for example, to react the type-II cellulose 
and/or optional lignin with any free binding sites on the oligomers, polymers, or 
starting materials, prior to any curing. A further embodiment of option (2) includes 
the addition of lignin only (without cellulose) during the polymerization/ 

oligomerization reaction of the at least one phenolic compound and formaldehyde to 
form the resin, followed by addition of type-II cell ulose and optionally lignin after 
the polymerization/ oligomerization reaction is finished or substantially finished 
according to option (2). In. this latter embodiment of option (2), the lignin may be 

the at least one phenolic compound added for the polymerization/ oligomerization 
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reaction; or, alternatively, the lignin may be added in addition to the at least one 
phenolic compound (e.g., phenol) for the polymerization/oligomerization reaction. 
In one such embodiment, the lignin is pre-reacted with phenol ("phenolation") and 
then "'cooked" with formaldehy de. In some embodiments of option (2), the type-II 

cellulose and lignin are added as a residue of lignocellulosic biomass processing. 
[0043] Some embodiments envision a combination of options (1) and (2), such 
as adding the type-II cellulose and optionally lignin during the polymerization/ 
oligomerization reaction according to option (I), and also adding type-II cellulose 

and optionally lignin after the polymerization/ oligomerization reaction is finished or 
substantially finished according to option (2), either in two discrete steps, or in 
several steps up to and including continuous addition as the polymerization reaction 

transitions to being complete. Another embodiment includes the addition of type-II 

cellulose and optionally lignin during the polymerization/ oligomerization reaction 

according to option (1), and then adding lignin (without cellulose) after the 
polymerization/ oligomerization reaction is finished or substantially finished 
according to option (2). 

[0044] Suitable phenolic compounds include, for example, phenol, catechol, 
resorcinol, tannins, or any combination thereof. In general, phenolic compounds that 
have positions available to react and crosslink are suitable for use. 
[0045] The amount of cellulose in the adhesive admixture or in the wood 

adhesive (weight % of cellulose solids based on total weight of adhesive admixture 

solids or wood adhesive solids) can be at least about 1 wt.%, e.g., at least about 2 
wt.%, at least about 4 wt.%, at least about 6 wt.%, at least about 8 wt.%, at least 
about 10 wt.%, at least about 12 wt.%, at least about 14 wt.%, at least about 16 
wt.%, at least about 18 wt.%, at least about 20 wt.%, at least about 22 wt.%, at least 
about 24 wt.%, at least about 26 wt.%, at least about 28 wt.%, at least about 30 
wt.%, at least about 32 wt.%, at least about 34 wt.%, at least about 36 wt.%, at least 
about 38 wt.%, at least about 40 wt.%, at least about 50 wt.%, or at least about 60 
wt.%, based on the total weight of the adhesive on a dry basis. Alternatively, or in 
addition, the amount of cellulose in the adhesive admixture or in the wood adhesive 

(weight % of cellulose solids based on total weight of adhesive admixture solids or 



WO 2016/049569 PCT/US2015/052438 

wood adhesive solids) can be less than about 60 wt.%, e.g., less than about 50 wt.%, 

less than about 40 wt.%, less than about 38 wt.%, less than about 36 wt%, less than 

about 34 wt.%, less than about 32 wt.%, less than about 30 wt.%, less than about 28 

wt.%, less than about 26 wt.%, less than about 24 wt.%, less than about 22 wt.%, 

less than about 20 wt.%, less than about 18 wt.%, less than about 16 wt.%, less than 

about 14 wt.%, less than about 12 wt.%, less than about 10 wt.%, less than about 8 

wt.%, less than about 6 wt.%, less than about 4 wt.%, or less than about 2 wt.%, 

based on the total weight of the adhesive on a dry basis. The amount of cellulose in 

the adhesive admixture or wood adhesive can be bounded by any two of the 

foregoing endpoints, or can be an open-ended range. At least a portion of the 

cellulose is type-II cellulose. The cellulose in the adhesive admixture or wood 

adhesive may be either wholly or partly type-II cellulose. 

[0046] The amount of type-II cellulose in the cellulose in the adhesive 

admixture or wood adhesive (wt.% based on solids) is at least 5 wt.%, and can be at 

least about 8 wt.%, e.g., at least about 10 wt.%, at least about 12 wt.%, at least about 

14 wt.%, at least about 16 wt.%, at least about 18 wt.%, at least about 20 wt.%, at 

least about 22 wt.%, at least about 24 wt.%, at least about 26 wt.%, at least about 28 

wt.%, at least about 30 wt.%, at least about 32 wt.%, at least about 34 wt.%, at least 

about 36 wt.%, at least about 38 wt.%, at least about 40 wt.%, at least about 42 

wt.%, at least about 44 wt.%, at least about 46 wt.%, at least about 48 wt.%, at least 

about 50 wt.%, at least about 52 wt.%, at least about 54 wt.%, at least about 56 

wt.%, at least about 58 wt.%, at least about 60 wt.%, at least about 62 wt.%, at least 

about 64 wt.%, at least about 66 wt.%, at least about 68 wt.%, at least about 70 

wt.%, at least about 72 wt.%, at least about 74 wt.%, at least about 76 wt.%, at least 

about 78 wt.%, or at least about 80 wt.%, and can be as high as 100%, based on the 

total weight of the cellulose solids in the adhesive admixture or wood adhesive. 

Alternatively, or in addition, the amount of type-II cellulose in the cellulose in the 

adhesive admixture or wood adhesive (wt.% based on solids) can be less than 100 

wt.%, e.g., less than about 80 wt.%, less than about 78 wt.%, less than about 76 

wt.%, less than about 74 wt.%, less than about 72 wt.%, less than about 70 wt.%, 

less than about 68 wt.%, less than about 66 wt.%, less than about 64 wt.%, less than 
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about 62 wt.%, less than about 60 wt.%, less than about 58 wt.%, less than about 56 
wt.%, less than about 54 wt.%, less than about 52 wt.%, less than about 50 wt.%, 
less than about 48 wt.%, less than about 46 wt.%, less than about 44 wt.%, less than 
about 42 wt.%, less than about 40 wt.%, less than about 38 wt.%, less than about 36 
wt.%, less than about 34 wt.%, less than about 32 wt.%, less than about 30 wt.%, 
less than about 28 wt.%, less than about 26 wt.%, less than about 24 wt.%, less than 
about 22 wt.%, less than about 20 wt.%, less than about 18 wt.%, less than about 16 
wt.%, less than about 14 wt.%, less than about 12 wt.%, less than about 10 wt.%, or 
less than about 8 wt.%, based on the total weight of the cellulose solids in the 
adhesive admixture or wood adhesive. The amount of type-II cellulose in the 
cellulose in the adhesive admixture or wood adhesive can be bounded by any two of 
the foregoing endpoints, or can be an open-ended range, 

[0047] In embodiments where the cellulose is incorporated into an adhesive 
admixture or wood adhesive without first being separated from the residue 
containing lignin (resulting from processing/hydrolysis of lignocellulosic biomass), 
the amount of cellulose in the residue (wt.% cellulose based on the total weight of 
the residue on a dry basis) can be at least about 8 wt.%, e.g., at least about 10 wt.%, 
at least about 12 wt.%, at least about 14 wt.%, at least about 16 wt.%, at least about 
18 wt.%, at least about 20 wt.%, at least about 22 wt.%, at least about 24 wt.%, at 
least about 26 wt.%, at least about 2.8 wt.%, at least about 30 wt.%, at least about 32 
wt.%, at least about 34 wt.%, at least about 36 wt.%, at least about 38 wt.%, at least 

about 40 wt.%, at least about 42 wt.%, at least about 44 wt.%, at least about 46 
wt.%, at least about 48 wt.%, at least about 50 wt.%, at least about 52 wt.%, at least 
about 54 wt.%, at least about 56 wt.%, at least about 58 wt.%, at least about 60 
wt.%, at least about 62 wt.%, at least about 64 wt.%, at least about 66 wt.%, at least 
about 68 wt.%, at least about 70 wt.%, at least about 72 wt.%, at least about 74 
wt.%, at least about 76 wt.%, at least about 78 wt.%, or at least about 80 wt.%, 
based on the total weight of the residue on a dry basis. Alternatively, or in addition, 

the amount of cellulose in the residue can be less than about 80 wt.%, e.g., less than 
about 78 wt.%, less than about 76 wt.%, less than about 74 wt.%, less than about 72 
wt.%, less than about 70 wt.%, less than about 68 wt.%, less than about 66 wt.%, 
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less than about 64 wt.%, less than about 62 wt.%, less than about 60 wt.%, less than 
about 58 wt.%, less than about 56 wt.%, less than about 54 wt.%, less than about 52 
wt.%, less than about 50 wt.%, less than about 48 wt.%, less than about 46 wt.%, 
less than about 44 wt.%, less than about 42 wt.%, less than about 40 wt.%, less than 
about 38 wt.%, less than about 36 wt.%, less than about 34 wt.%, less than about 32 
wt.%, less than about 30 wt.%, less than about 28 wt.%, less than about 26 wt.%, 
less than about 24 wt.%, less than about 22 wt.%, less than about 20 wt.%, less than 
about 18 wt.%, less than about 16 wt.%, less than about 14 wt.%, less than about 12 
wt.%, less than about 10 wt.%, or less than about 8 wt.%, based on the total weight 
of the residue on a dry basis. The amount of cellulose in the residue can be bounded 
by any two of the foregoing endpoints, or can be an open-ended range. The 
remaining portion of the residue typically substantially comprises lignin. Thus, to a 

first approximation, the amount of lignin in the residue containing both lignin and 
cellulose can be calculated by subtracting any of the foregoing percentages from 100 
%. For example, if the residue contains about 30 wt.% cellulose, then the lignin will 
be present in an amount of about 70 wt.%. At least a portion of the cellulose is type-
II cellulose, 
[0048] The amount of type-II cellulose in the cellulose in the residue (wt.% 

based on solids) ranges in quantity in the same manner as described above for the 
amount of type-II cellulose in the cellulose in the adhesive admixture or wood 
adhesive (wt.% based on solids). 

[0049] In embodiments where the cellulose is incorporated into an adhesive 
admixture or wood adhesive without first being separated from the residue 
containing lignin (resulting from processing/hydrolysis of lignocellulosic biomass), 
the amount of residue in the adhesive admixture or wood adhesive (wt.% based on 

solids) can be at least about 1 wt.%, e.g., at least about 2 wt.%, at least about 4 
wt.%, at least about 6 wt.%, at least about 8 wt.%, at least about 10 wt.%, at least 
about 12 wt.%, at least about 14 wt.%, at least about 16 wt.%, at least about 18 
wt.%, at least about 20 wt.%, at least about 22 wt.%, at least about 24 wt.%, at least 
about 26 wt.%, at least about 28 wt.%, at least about 30 wt.%, at feast about 32 
wt.%, at least about 34 wt.%, at least about 36 wt.%, at least about 38 wt.%, at least 
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about 40 wt.%, at least about 42 wt.%, at least about 44 wt.%, at least about 46 

wt.%, at feast about 48 wt.%, at feast about 50 wt.%, at feast about 52 wt.%, at feast 

about 54 wt.%, at least about 56 wt.%, at least about 58 wt.%, at least about 60 

wt.%, at least about 62 wt.%, at least about 64 wt.%, at least about 66 wt.%, at least 

about 68 wt.%, at least about 70 wt.%, at least about 72 wt.%, at least about 74 

wt.%, at least about 76 wt.%, at least about 78 wt.%, or at least about 80 wt.%, 

based on the total weight of the adhesive admixture or wood adhesive on a dry basis. 

Alternatively, or in addition, the amount of residue in the adhesive can be less than 

about 80 wt.%, e.g., less than about 78 wt.%, less than about 76 wt.%, less than 

about 74 wt.%, less than about 72 wt.%, less than about 70 wt.%, less than about 68 

wt.%, less than about 66 wt.%, less than about 64 wt.%, less than about 62 wt.%, 

less than about 60 wt.%, less than about 58 wt.%, less than about 56 wt.%, less than 

about 54 wt.%, less than about 52 wt.%, less than about 50 wt.%, less than about 48 

wt.%, less than about 46 wt.%, less than about 44 wt.%, less than about 42 wt.%, 

less than about 40 wt.%, less than about 38 wt.%, less than about 36 wt.%, less than 

about 34 wt.%, less than about 32 wt.%, less than about 30 wt.%, less than about 28 

wt.%, less than about 26 wt.%, less than about 24 wt.%, less than about 22 wt.%, 

less than about 20 wt.%, less than about 18 wt.%, less than about 16 wt.%, less than 

about 14 wt.%, less than about 12 wt.%, less than about 10 wt.%, less than about 8 

wt.%, less than about 6 wt.%, less than about 4 wt.%, or less than about 2 wt.%, 

based on the total weight of the adhesive on a dry basis. The amount of residue in 

the adhesive can be bounded by any two of the foregoing endpoints, or can be an 

open-ended range. The residue typically comprises, consists of, or consists 

essentially of lignin and cellulose. 

[0050] In some embodiments, the residue has a moisture content (wt.%) of 15, 

14, 12, 10, 8, 6, 4, 2, or 1. Each of the foregoing numbers can be preceded by the 

word "about," "at least about," or "less than about," and any of the foregoing 

numbers can be used singly to describe an open-ended range or in combination to 

describe a close-ended range.. 

[0051] The adhesive admixture or wood adhesive comprises cellulose, at least 

a portion of which is type-II cellulose. The cellulose in the adhesive admixture or 
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wood adhesive comprises, consists of, or consists essentially of cellulose having a 

type-II structure. In some embodiments, the cellulose in the adhesive admixture or 

wood adhesive additionally comprises cellulose having a type-I structure and/or 

cellulose having an amorphous structure, or any combination thereof. Relative 

amounts of type-I cellulose, type-II cellulose, and amorphous cellulose can be 

measured using solid-state 13C CP-MAS NMR spectroscopy, as described more 

fully in the examples herein. In some embodiments, the ratio of type-I cellulose to 

type-II cellulose in the cellulose product, on a dry weight basis, is about 0.5:9.5, 1:9, 

1.5:9.5, 2:8, 2.5:7.5, 3:7, 3.5:6.5, 4:6, 4.5:5.5, 5:5, 5.5:4.5, 6:4, 6.5:3.5, 7:3, 7.5:2,5, 

8:2, 8,5:1,5, 9:1, or 9.5:0.5. In some embodiments, the cellulose in the adhesive 

admixture or wood adhesive is at least 99 wt.% type-II cellulose on a dry-

basis. Each of the foregoing numbers can be preceded by the word "about," "at least 

about," or "less than about," and any of the foregoing numbers can be used singly to 

describe an open-ended range or in combination to describe a close-ended range. 

[0052] In some embodiments, the cellulose product can comprise type-I and 

type-II cellulose having any of the ratios herein, and the cellulose product can 

further comprise amorphous cellulose. The ratio of amorphous cellulose to total 

amount of type-I and type-II cellulose, on a dry weight basis, can be 0.5:9.5, 1:9, 

1.5:9.5, 2:8, 2.5:7.5, 3:7, 3.5:6.5, 4:6, 4.5:5.5, 5:5, 5.5:4.5, 6:4, 6.5:3.5, 7:3, 7.5:2.5, 

8:2, 8.5:1.5, 9:1, or 9.5:0.5. Each of the foregoing numbers can be preceded by the 

word "about," "at least about," or "less than about," and any of the foregoing 

numbers can be used singly to describe an open-ended range or in combination to 

describe a close-ended range. 

[0053] In some embodiments, the residue is formed by a process comprising 

subjecting size-reduced biomass to liydrothermal treatment at a temperature of about 

140 °C to about 280 °C, thereby forming a solids fraction; optionally, further size-

reducing the solids fraction; and treating at feast a portion of the solids fraction, 

which optionally has been further size reduced, with hot compressed water having a 

temperature of about 300 °C to about 550 °C, thereby forming the residue. The 

hydrothermal treatment can have any suitable temperature (°C), such as 140, 160, 

180, 200, 220, 240, 260, or 280. The hydrothermal treatment can employ any 
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suitable pressure (bar), such as 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 

75, 80, 85, 90, 95, or 100, The hydrothermal treatment can employ any suitable 

residence time (min), such as 1, 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 

110, or 120. The treating with hot compressed water step can employ any suitable 

temperature (°C), such as 250, 260, 280, 300, 320, 340, 360, 370, 375, 380, 390, 

400, 410, 420, 430, 440, or 450. The treating with hot compressed water step can 

employ any suitable pressure (bar), such as 50, 75, 100, 125, 150, 175, 200, 221, 

225, 230, 250, 275, 300, 325, 350, 375, or 400, The treating with hot compressed 

water step can employ any suitable residence time (sec), such as 0,1, 0.2, 0.4, 0.6, 

0.8, 1, 1.2, 1.4, 1.6, 1.8, 2, 3, 4, 5, 6, 7, 8, 9, or 10. Each of the numbers in each of 

the foregoing number listings can be preceded by the word "about," "at least about," 

or "less than about," and any of the foregoing numbers can be used singly to 

describe an open-ended range or in combination to describe a close-ended range, 

with respect to a particular parameter (e.g., temperature, pressure, and residence). 

[0054] In some embodiments, plywood exhibits a bond strength of at least 

90% (e.g., at least about 92%, 94%, 96%, 98%, 100%, 102%, 104%, 106%, 108%, 

110%, 115%, 120%, 130%, 140%, 150%, 160%, 170%, 180%, 190%, or 200%) of 

the bond strength of a different plywood prepared with an otherwise identical wood 

adhesive that does not contain the type-II cellulose (or residue, as described herein). 

[0055] In some embodiments, oriented strand board exhibits a bond strength of 

at least 90% (e.g., at least about 92%, 94%, 96%, 98%, 100%, 102%, 104%, 106%, 

108%, 110%, 115%, 120%, 130%, 140%, 150%, 160%, 170%, 180%, 190%, or 

200%) of the bond strength of a different oriented strand board prepared with an 

otherwise identical wood adhesive that does not contain the type-II cellulose (or 

residue, as described herein). 

[0056] Some embodiments of the compositions and methods disclosed herein 

are set forth in the following clauses, and any combination of these clauses (or 

portions thereof) may be made to define an embodiment of the methods disclosed 

herein. 

[0057] Clause 1: An admixture comprising; 

an adhesive resin; and 
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cellulose; 

wherein at least a portion of the cellulose is type-II cellulose. 

[0058] Clause 2: The admixture of clause 1, further comprising lignin, 

[0059] Clause 3: The admixture clause 1, wherein the cellulose is present in 

the admixture in an amount of about 5 wt.% to about 50 wt.%, on a dry basis, 

[0060] Clause 4: The admixture of clause 2, wherein the total combined 

weight of the lignin and the cellulose, based on the total combined weight of the 

lignin, the cellulose, and the adhesive resin, on a dry basis, is about 10 wt.% to about 

80 wt,%. 

[0061] Clause 5: The admixture of clause 2, wherein the cellulose is present 

in an amount of about 20 wt.% to about 80 wt.%, based on the total combined 

weight of the lignin and the cellulose, on a dry basis. 

[0062] Clause 6: The admixture of clause 1, wherein the adhesive resin is an 

amino resin, a phenol-formaldehyde resin or a poly(diphenylmethane diisocyanate) 

resin. 

[0063] Clause 7: The admixture of clause 2, wherein the admixture is formed 

by providing the lignin and the cellulose in the form of a residue and mixing the 

adhesive resin with the residue. 

[0064] Clause 8: The admixture of clause 7, wherein the residue has a 

moisture content of less than about 15 wt.% prior to the mixing. 

[0065] Clause 9: The admixture of clause 2, wherein the admixture is formed 

by providing the lignin and the cellulose in the form of a residue and mixing the 

adhesive resin with the residue, wherein the residue is obtained by supercritical 

hydrolysis of biomass. 

[0066] Clause 10: The admixture of clause 2, wherein the admixture is formed 

by providing the lignin and the cellulose In the form of a residue and mixing the 

adhesive resin with the residue wherein the residue is obtained by a process 

comprising: 

subjecting size-reduced biomass to hydrothermal treatment at a temperature of about 

140 °C to about 280 °C, thereby forming a solids fraction; 

optionally, further size-reducing the solids fraction; and 
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treating at least a portion of the solids fraction, which optionally lias been further 
size reduced, with hot compressed water having a temperature of about 300 °C to 
about 550 °C, thereby forming the residue. 

10067 [ Clause 11: The admixture of clause 11, wherein at least a portion of 
the cellulose is type-I cellulose, 
[0068] Clause 12: The admixture of cla,use 1, further comprising a base. 
[0069] Clause 13: The admixture of clause 12, wherein the base is soda ash or 
a metal hydroxide, such as sodium hydroxide. 
[0070] Clause 14: The admixture of clause I , further comprising urea, biuret, 
a derivative thereof, or any combination thereof. 
[0071] Clause 15: The admixture of clause 1, wherein the adhesive resin is a 
phenol-formaldehyde resin. 

[0072] Clause 16: The admixture of cla,use 15, wherein the phenol-
formaldehyde resin is a resol resin. 
[0073] Clause 17: The admixture of clause 16, wherein the phenol-
formaldehyde resin is a novolac resin. 

[0074J Clause 18: The admixture of clause 1, further comprising an extender. 
[0075] Clause 19: The admixture of clause 1, wherein the admixture is a 
wood adhesive. 
[0076] Clause 20: Cured wood adhesive of clause 19. 
[0077] Clause 21: Plywood comprising the cured wood adhesive of clause 20. 

[0078] Clause 22: The plywood of clause 21, wherein the plywood exhibits a 
bond strength of at least 90% of the bond strength of a different plywood prepared 
with an otherwise identical wood adhesive that does not contain the type-II 
cellulose. 
[0079] Clause 23: An oriented strand board comprising the cured wood 
adhesive of clause 20. 

[0080] Clause 24: The oriented strand board of clause 23, wherein the 
oriented strand board exhibits a bond strength of at least 90% of the bond strength of 
a different oriented strand board prepared with an otherwise identical wood adhesive 
that does not contain the type-II cellulose. 
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[0081] Clause 25: A composition comprising an adhesive resin, wherein the 
adhesive resin comprises a condensation product of: 
formaldehyde; and 
at least one phenolic compound; 
wherein the condensation product is formed in the presence of cellulose; 
wherein at least a portion of the cellulose is type-II cellulose. 
[0082] Clause 26: The composition of clause 25 , wherein at least a portion of 
the cellulose is type-I cellulose. 
[0083] Clause 27: The composition of clause 25, wherein the at least one 
phenolic compound comprises lignin. 
[0084] Clause 28: The composition of clause 25, wherein the at least one 
phenolic compound comprises phenol. 

[0085] Clause 29: The composition of clause 25, wherein the at least one 
phenolic compound comprises phenol and lignin. 
[0086] Clause 30: The composition of clause 25, wherein the lignin is pre-
reacted with phenol prior to the condensation reaction with formaldehyde. 
[0087] Clause 31: The composition of clause 25, wherein the cellulose is 
present in an amount of about 5 wt.% to about 50 wt.%, based on the total combined 
weight of the formaldehyde, the at least one phenolic compound, and the total 
cellulose, wherein amounts are on a dry basis, and wherein the total cellulose 
includes type I cellulose, type II cellulose, and amorphous cellulose. 

[0088] Clause 32: The composition of clause 27, wherein the total combined 
weight of the lignin and the cellulose is about 10 wt.% to about 80 wt.%, based on 
the total combined weight of the formaldehyde, the lignin, and the total cellulose, 
wherein amounts are on a dry basis, and wherein the total cellulose includes type I 
cellulose, type II cellulose, and amorphous cellulose. 
[0089] Clause 33: The composition of clause 27, wherein the cellulose is 
present in an amount of about 20 wt.% to about 80 wt.%, based on the total 
combined weight of the lignin and the total cellulose, wherein amounts are on a dry-
basis, and wherein the total cellulose includes type I cellulose, type II cellulose, and 
amorphous cellulose. 

21 



WO 2016/049569 PCT/US2015/052438 

[0090] Clause 34: The composition of clause 27, wherein a residue 
comprising the lignin and the cellulose is present during the formation of the 
condensation product, and wherein the residue is obtained from supercritical 
hydrolysis of biomass. 
[0091] Clause 35: The composition of clause 34, wherein the residue has a 
moisture content of less than about 15 wt.%. 
[0092] Clause 36: The composition of clause 27, wherein a residue 
comprising the lignin and the cellulose is present during the formation of the 
condensation product, and wherein the residue is obtained from a process 
comprising: 
subjecting size-reduced biomass to hydrothermal treatment at a temperature of about 
140 °C to about 280 °C, thereby forming a solids traction; 

optionally, further size-reducing the solids fraction; and 
treating at least a portion of the solids fraction which optionally has been further size 
reduced with hot compressed water having a temperature of about 300 °C to about 
550 °C, thereby forming the residue. 

[0093] Clause 37: The composition of clause 25, wherein the condensation 
product is formed in the presence of base. 
[0094] Clause 38: The composition of clause 25, further comprising urea, 
biuret, a derivative thereof, or any combination thereof. 

[0095] Clause 39: The composition of clause 25, further comprising an 

extender, 
[0096] Clause 40: The composition of clause 25, wherein the composition is a 
wood adhesive. 
[0097] Clause 41: Cured wood adhesive of clause 40. 
[0098] Clause 42: Plywood comprising the cured wood adhesive of clause 41. 

[0099] Clause 43: The plywood of clause 42, wherein the plywood exhibits a 
bond strength of at least 90% of the bond strength of a different plywood prepared 
with an otherwise identical wood adhesive that does not contain the type-II 
cellulose. 
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[0100] Clause 44: An oriented strand board comprising the cured wood 

adhesive of clause 41, 

[0101J Clause 45: The oriented strand board of clause 44, wherein the 

oriented strand board exhibits a bond strength of at least 90% of the bond strength of 

a different oriented strand board prepared with an otherwise identical wood adhesive 

that does not contain the type-II cellulose. 

[0102] It is to be understood that the invention also provides embodiments that 

result from the combination of any of the embodimen ts disclosed herein or described 

in the Examples, unless such combination is mutually exclusive. 

[0103J The invention is further illustrated by the following examples, in which 

all parts and percentages are by weight, unless otherwise stated. It should be 

understood that these examples, while indicating preferred embodiments of the 

invention, are given by way of illustration only and are not to be construed as 

limiting in any manner. From the above discussion and these examples, one skilled 

in the art can ascertain the essential characteristics of this invention, and without 

departing from the spirit and scope thereof, can make various changes and 

modifications of the invention to adapt it to various usages and conditions. 

[0104] The present invention is further defined in the following Examples, in 

which all parts and percentages are by weight, unless otherwise stated. It should be 

understood that these examples, while indicating preferred embodiments of the 

invention, are given by way of illustration only and are not to be construed as 

limiting in any manner. From the above discussion and these examples, one skilled 

in the art can ascertain the essential characteristics of this invention, and without 

departing from the spirit and scope thereof, can make various changes and 

modifications of the invention to adapt it to various usages and conditions. 

EXAMPLES 

EXAMPLE 1 

[0105] This example demonstrates the production and testing of various 

materials containing type-II cellulose and/or lignin for use with adhesive resins in 

the manufacture of engineered wood products (e.g., plywood and oriented strand 
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board). The following lignin samples, lignin-containing samples, and type-II 

cellulose containing samples, and combinations thereof, have been tested: 

• SH residues (SHR) with various compositions and from different feedstock 

(hardwood and softwood) 

o Air-dried: SHR-50, SHR-70, SHR-80, (where "-XX" designates the 

approximate weight percent lignin content based on solids, see Table 

1) 

o Alkaline slurry of SHR-80 at 30% solids and NaOH added in an 

amount of 10% of SHR solids (solids on solids): SHR-80-Alk 

® Lignins of high purity extracted from SHR-50: 

o Dried: 
8 NaOH-extracted: SHL-50 
8 40% ethanol extracted: SHL50-E40 

o Alkaline solution of SHL-50 (lignin was not precipitated from the 

alkaline solution, the solution was concentrated to solid content of 

25%; the amount of NaOH was 20% of the total solids): SHL-Allc 

• Cellulose remaining after extraction of lignin from SHR-50 

o The cellulose remaining after extraction of lignin from SHR-50 using 

NaOH was collected (SHR-50-AR). This residue still contains lignin 

(see Table 1), but the majority of the sample is cellulose. 

• Lignin precipitated during acid hydrolysis (AH) of xylan oligomers 

(XOS) after hemicellulose hydrolysis process): XAHL 

HHR and SHR-XXpreparation 

HHR: Sub-critical Hydrolysis Residue of hardwood biomass. 

[0106] Size-reduced biomass comprising hardwood having an average particle 

size of less than about 500 um was mixed with water to form a slurry. The slurry 

was reacted at a temperature of about 170-245 °C and a pressure of about 35-62 bar 

for a period of about 1-120 minutes (termed "the HH process"). The reaction 

mixture was cooled to less than 100°C and depressurized to less than 10 bar. The 



WO 2016/049569 PCT/US2015/052438 

cooled and depressurized reaction mixture was then filtered using a filter press. The 

liquids correspond to the xylo-oiigosaceharide (XOS) stream. The solids correspond 

to the HHR sample. The solids were collected and re-slurried with water. 

SHR-XX.: Supercritical Hydrolysis Residue of hardwood biomass; residue 

containing approximately XX% lignin, based on solids. 

[0107] The slurry from above was pumped at a rate of about 160 kg/h to about 

200 kg/h at ambient conditions, while sub-critical, near-critical, or supercritical 

water having a temperature of about 360 °C to about 600 °C and a pressure of about 

200 bar to about 600 bar was contacted with the slurry at a rate of about 485 kg/h to 

about 505 kg/h (termed "the SH process"), and the resulting reaction mixture 

maintained at reaction conditions for about 0,1 sec to about 10 sec.. The resulting 

reaction mixture was cooled to ambient conditions, and the mixture subjected to a 

filter press to obtain SH solids (SHR) and a liquid gluco-oligosaccharide (GOS) 

stream. Three different SHR solids were prepared with lignin content of about 50, 

70 and 80% and thus called SHR-50, SHR-70 and SHR-80, respectively . In general, 

SHR solids having different lignin contents can be prepared by varying the reaction 

conditions: generally higher temperature and/or longer residence time lead to higher 

lignin content (since more cellulose is hydrolyzed and removed in the liquid GOS 

stream), and generally lower temperature and/or shorter residence times lead to 

lower lignin content (since more cellulose remains unhydrolyzed and remains with 

the solids). 

SHR-60-SW preparation 

[0108] The SHR-60-SW sample was prepared from softwood (loblolly pine, 

Pinus laeda) under the same reaction conditions described above for the SHR 

hardwood samples. 
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XAHL preparation 

[0109] The solution of xylan oligomers (XOS) obtained after HH processing 

of hardwood feedstock underwent acid hydrolysis (AH) under the following 

conditions: 95-150 °C, 0.1-6% sulfuric acid, 10-500 g/'L oligomer, 5 min to 5 hours. 

After AH, the precipitated material (lignin) was collected by filtration, re-slurred in 

water to form a fine suspension, filtered, exhaustively washed with water on the 

filter, and dried to produce XAHL preparation. 

SHR-80-Alk preparation 

[0110] 50% (w/w) NaOH solution was added to wet SHR-80 residue with 

moisture content of 40% under vigorous stirring at room temperature. The amount 

of NaOH was 10 g per 100 g (on dry solids basis) SHR-80. Water was added then 

to adjust the moisture content of the slurry to 70%. 

SHL-50, SHL-70, andSHL-80preparation 

[0111] Aqueous sodium hydroxide solution (T% NaOH by weight) was used 

to produce sample SHL-50 from SHR-50, sample SHL-70 from SHR-70, and SHL-

80 from SHR-80. Lignins were extracted from SHRs at room temperature under 

mixing during 3 hours at liquid:solid (L:S) ratio of 10:1 (w/w). The alkaline lignin 

solution was then separated from the undissolved solids by centrifugation. These 

undissolved solids correspond to SHR-50-AR described below. Lignin was 

precipitated from the combined NaOH solution by adjusting pH to 2.0, filtered, 

washed with water to neutral reaction and dried, to form the SHL-XX samples. 

26 



WO 2016/049569 PCT/US2015/052438 

SHR-50-AR preparation 

[0112] The solids remaining after NaOH extraction of SHR samples to 

produce SHL-XX (as described above) were collected. These solids still contain 

lignin (see Table 1), but the majority of the sample is cellulose, 

SHL-50-Alk preparation 

[0113] As described above, lignins (such as SHL-50) were extracted from 

SHRs (such as SHR-50) by addition of aqueous sodium hydroxide solution (1% 

NaOH by weight) at room temperature and mixing for 3 hours at L:8 ratio of 10:1 

(w/w). The alkaline lignin solution was then separated from the undissolved solids 

by centrifugation, While one portion of the alkaline solution was acidified to 

precipitate a solid lignin sample (such as SHL-50 - see above), a second portion of 

the solution was instead concentrated by water evaporation in a rotary evaporator at 

45°C under vacuum to achieve a solids content of 25%. The latter sample is the 

SHL-50-Alk, 

SHL50-E40 preparation 

[0114] Samples of SHL50-E40 were prepared by extraction of the SHR-50 

with 40% (w/w) EtOH (L:S=10). The solution was separated by centrifugation and 

the undissolved solids were extracted in the same manner 2 more times. The 

combined solution was evaporated to dryness in a rotory evaporator at 40°C and the 

solids (lignin) in the rotary evaporator were collected. 

Preparation of PF admixtures 

[0115] Phenol-form aldehyde (PF) admixtures with lignin/cellulose (e.g., 

lignin/cellulose residue from supercritical hydrolysis of biomass) were prepared by 

blending lignin/cellulose, NaOH, and PF resin. Target solids contents of the blends 
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were 50-58 wt.% for oriented strand board (OSB) PF-lignin/cellulose blends, and 
38-42 wt.% for plywood PF-lignin/cellulose blends. Water was added if needed to 
achieve these solids content ranges. Unless otherwise stated in the examples, all of 
the adhesive preparations are admixtures of the PF resin and cellulose and/or lignin, 

as defined elsewhere herein. 

Compositional analysis of the samples 

[0116] The compositional analysis was performed according to the standard 
NREL protocol for biomass analysis (NREL/TP-510-42618, herein incorporated by 
reference in its entirety). The results are shown in Table 1. The sugars fisted in the 
headings of Table 1 are xylan, glucan, arabinan, galactan, rhamnan, and man nan. 

The glucan content corresponds to the cellulose present in the sample. 

Table 1. Compositional analysis of samples 

Sample % Ash % Xyl % Glu % Ara % Gal % Rha 
% 

Mar, 

Total 
sugar 

% 

Total 
Lignin 

Total 

XAHL 0.03 1.1 0.2 0.04 0.08 0.06 0.19 1.7 91.1 92.8 

SHR-50 0.10 1.3 42.2 0.23 0.04 0.34 0.21 44.2 56.6 100.8 

SHR-70 0.2.1 0.5 29.4 0.04 0.05 0,05 0.13 30.2 68,1 98.3 

SHR-80 0.38 0.4 18.8 0.03 0.03 NT) 0.16 19.5 / !. i 96.5 

SHR-60-SW 0.10 0,8 30.2 0.02 0.21 ND 1.05 32.2 63.8 96.1 

SHL-50 0.26 0.2 0.65 0.02 0.03 0.02 0.06 0.98 98.0 99.2 

SHI.. -70 0.60 0.22 0.48 0 0.08 0.08 0.07 1.53 95.7 97,2 

SHL-80 0.40 0.33 0.38 0 0 0 0 1.11 93.6 94.7 

SHL-60-SW 1.5 0.20 1.17 0.06 0.07 0.07 0.47 3.47 91.1 94.6 

SHR-50-AR ND 0.74 76.4 0.04 0.04 0.04 0.63 77.9 16.5 94.3 
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Sample % Ash % Xyl % Glu % Ara % Gal % Rha 
% 

Man 

3 ota] 
sugar 

7b 

Total 
Lignin 

3 otal 

SHR-80-AR 0,12 1.4 73.8 0.20 0.10 0.70 0.10 73.8 24.7 98.5 

ND: not c etermined 

NMR analysis of extracted lignins 

The NMR spectra were recorded on a Bruker AVANCE 500 MHz 

spectrometer at 300 K using DMSO-t/6 as the solvent. Chemical shifts were 

referenced to TMS (0.0 ppm). For the quantitative 13C-NMR, the concentration of 

lignin was 35% weight on volume; a 90° pulse width, a 1.4 second acquisition time 

and 1.7 second relaxation delay were used. Chromium (III) acetylacetonate (0.016 

M) was added to the lignin solution to pro vide complete relaxation of all nuclei. A 

total of 20,000 scans were collected. The spectra were processed and the data are 

calculated according to previously published procedure (Capanema, E.A., 

Balakshin, M.Yu, Chang, H-m., Jameel, H, (2005) Isolation and characterization of 

residual lignins from hardwood pulps: Method improvements. Proc. 13th Intern. 

Symp. Wood Fibre Pulping C, Auckland, New Zealand, v.Ill, 57-64, incorporated 

herein by reference in its entirety). The CO, COOR, OH, ArH, "j3," OCH3, and 

aliphatic contents are measured by quantitative l 3C NMR and are in the units "per 

100 aromatic rings." These features are measured using the NMR methods set forth 

in U.S. Patent Application Publication 2014/0275501, hereby incorporated by 

reference in its entirety. The syringyl:guaiacyl ratio (S/G) and Degree of 

Condensation (DC) were also recorded. The results are reported in Table 2. 

I Characteristics j SHL-50 j SHL-70 SHL-80 SHL50-E40 j XAHL j SHL-SW 

I Tg, °C | 102 | NR NR 61.5 1 NR 1 NR 
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Characteristics SHL-50 SHL-70 SHL-80 SHL50-E40 XAHL SHL-SW 

Total CO 15 15 12 22 64 36 

Non-conjugated 
CO 

5 6 5 9 32 6 

Conjugated CO 10 9 7 13 32 10 

Total COOR 12 14 15 11 24 37 

Aliphatic 
COOR 

9 10 11 9 20 16 

Conjugated 
COOR 

3 4 4 2 4 1 

Total OH 112 116 107 126 128 96 

Aliphatic 50 48 44 50 36 50 

Primary 29 27 25 28 17 33 

Secondary 21 21 19 22 19 17 

Phenolic 62. 68 63 76 92. 46 

8/G 1.19 1,17 1.13 1.55 0.57 NA 

Ail I 213 207 204 206 201 228 

Degree of 
condensation (DC) 

33 39 43 33 62 72 

p-O-4 15 14 10 14 trace 13 

P-P 5 4 4 4 trace 6 

P~5 3 2 2 4 trace 7 

OCHj 122 119 118 123 73 81 

Oxygenated 
aliphatic 

108 91 87 101 80 107 

Saturated aliphatic 49 54 62 52 103 168 

Sugars 
(approximate) 

1 1 1 1 1 2 
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Characteristics SHL-50 SHL-70 SHL-80 SHL50-E40 XAHL SHL-SW 

Mn, Da 1077 1123 1187 672 1240 1526 

Mw, Da 4386 4003 4255 1337 3350 4865 

PDI 4,07 3.56 3.58 1.99 2.70 3.19 

NR: Not reported 

Cellulose Supramolecular Structure by °C CP-MAS NMR 

[0118] Solid State 3jC CP-MAS NMR spectroscopy was used to determine the 

relative amounts of, type-I cellulose, type-II cellulose, and amorphous cellulose in 

the following lignin / cellulose residues (described above): HHR, SHR-50, and 

SHR-80. 

[0119] Solid State 13C CP-MAS NMR spectroscopy is a well-established 

method to determine the supramolecular structure and crystallinity of cellulose, as 

discussed, for example, by Zuekerstatter, G., et at,, in "The Elucidation of Cellulose 

Supramolecular Structure by I3C CP-MAS NMR", Lenzinger Berichte, 87, (2009), 

38-46, incorporated herein by reference in its entirety. Generally, the obtained 

spectrum of cellulose exhibits easily separable resonances from crystalline and less-

ordered domains for the C4 and C6 atoms in the anhydroglucose unit (AGU). The 

cellulose C4 signal is particularly well resolved and stretches over a wide chemical 

shift range from about 79 ppm to 91 ppm. Prior work in the art has established that 

the signals at about 89 ppm and 84 ppm can be attributed to crystalline and non­

crystalline (amorphous) components, respectively, the relative components of which 

may be determined either by integration of peak areas using fixed integration limits, 

or by signal decon volution. Herein, the spectra are analyzed by the method of 

deconvolution as described in the reference cited above. In differentiating between, 

and quantifying relative amounts of, type-I cellulose, type-II cellulose, and 

amorphous cellulose, it has been found advantageous to analyze the C6 line shapes, 

the resonances for which are well-separated. 
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[0120] The following residues, prepared as described above (Example I), were 
further studied by I3C CP-MAS NMR. spectroscopy to ascertain structural 
information, crystallinity and cellulose type for the cellulose component of the 
residues: HHR, SHR-50, SHR-80. For each residue, samples were prepared for 
NMR study as follows: the samples were exhaustively washed with water to remove 

residual water soluble matter and exhaustively extracted with 80% (volume/volume) 

aqueous dioxane at room temperature to eliminate the maximum amount of lignin 
from them. Usually, for SHR residues, about 85-90% of lignin originally present in 
the sample was removed by this procedure; and for HHR residues, about 50% of 

lignin originally present in the sample was removed by this procedure, 
[0121] Solid state NMR spectra were obtained for these washed and extracted 
preparations. The !jC CP-MAS NMR spectrometer preparation and operating 
conditions are described in the cited reference (page 39, second column). To 

eliminate residual lignin signals from the spectra, the spectrum of the corresponding 
pure extracted lignin (SHE) was acquired and subtracted from these spectra. The 
signal due to -OMe groups at about 56 ppm was used for normalizing the spectra 
before the subtraction. The pure extracted lignin for each of the HHR, SHR-50, and 
SHR-80 samples was obtained by subjecting separate fresh samples to extraction at 
room temperature under mixing during 3 hours at liquid:solid (L:S) ratio of 10:1 
(w/w) using 1 wt.% aqueous sodium hydroxide solution. The alkaline lignin 
solution was then separated from any undissolved solids by centrifugation, and the 

solubilized lignin was precipitated by adjusting the pH to 2.0, followed by filtering 
and washing with water, with subsequent drying. These pure lignin samples for 
each of the HHR, SHR-50, and SHR-80 samples were used in the spectrum 
subtraction. 
[0122] Because the C4 region for HHR shows only type-I cellulose, the 
analysis is more readily performed on this C4 chemical shift range (from about 79 

ppm to 91 ppm); in the case of SHR-50 and SHR-80, the C4 region shows 

significant amounts or predominantly type-II cellulose for which the C6 region 
(chemical shift range from about 58 ppm to 67 ppm) is more readily analyzed. 
Figure 1 shows the spectrum for SHR-50. The deconvoluted and fitted curve in the 
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C6 region for SHR-50 is shown in Figure 2. The spectra for HHR and SHR-80 are 
not shown, but the deconvolution and curve fitting was done in the same manner. 
The L,C CP-MAS NMR analysis of HHR, SHR-50, and SHR-80 is presented in 
Tables 3, 4 and 5, respectively. 

Table 3. 13C CP-MAS NMR analysis of sample HHR, 

! | 8 (ppm) Width 
(ppm) 

Normalized 
Integral 

Io 89.41 0.44 0.87 

I I(x+f5 | 88.75 0.66 21.08 

Ip 87.92 1.17 27.13 

paracrystalline j 88.30 1.75 7.31 

accessible fibril surface j 84.34 1.15 10.42 

accessible fibril surface j 83.25 0.95 8.10 

inaccessible fibril surface j 83.92 2,35 14.00 

amorphous cellulose j 82.06 1.85 11.08 

4. "C CP-MAS NMR analysis of SHR-50 

| 
8 (ppm) Width 

(ppm) 
Integral 

(%) 

crystalline I 65.63 0.77 5.93 

crystalline I 64.79 0.81 11.66 

crystalline II 63.06 0.51 28.2,4 

crystalline II 62.32 0.51 29.14 

fibril/crystallite/disordered 63.61 0.90 7.76 

fibril/erystallite/disordered 61.58 0.46 2.50 
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fibril/crystallite/disordered 61.16 0.64 7.01 

fibril/crystallite/disordered 60.77 0.51 2.63 

fibril/crystallite/disordered 60.45 0.46 5.13 

Table 5, 13C CP-MAS NMR analysis of SHR-80 

8 (ppm) Width 
(ppm) 

Integral 
(%) 

crystalline II 63.04 0.46 40.63 

crystalline II 62.29 0.49 44.39 

fibril/crystallite/disordered 62.68 0.69 2.2.5 

fibril/crystallite/disordered 61.60 0.18 0.60 

fibril/crystallite/disordered 61.10 0.55 5.63 

fibril/crystallite/disordered 60,44 0.60 6.51 

[0123] Using the curve fitting results, the relative ratios of type-I cellulose, 

type-II cellulose, and amorphous cellulose were determined as follows. For the 

HHR sample, ratio of type-I cellulose to amorphous cellulose was about 1:0.77. 

There was no type-II cellulose in the HHR sample. For the SHR-50 sample, the 

ratio of type-I cellulose to type-II cellulose to amorphous cellulose was about 

1:3.3:1.4. In other words, for the SHR-50 sample, the ratio of amorphous cellulose 

to total amount of type-I and type-II cellulose is about 1:3 (1.4/(1+3.3)). For the 

SHR-80 sample, the ratio of type-II cellulose to amorphous cellulose was about 

1:0.2. There was no type-I cellulose in the SHR-80 sample. 

[0124] Type -II cellulose is not found in naturally occurring biomass. The 

HHR residue (step 1 residue) resulting from mild hydrolysis conditions of the 

biomass feedstock that enters the process also does not contain type-II cellulose. 

However, the analysis of the ljC CP-MAS NMR spectra shows that the cellulose 

present in the SHR-50 and SHR-80 residues resulting from the supercritical water 
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hydrolysis of the step 1 solid residue is largely (57.4% for SHR-50) or almos t 
entirely (85.0% for SHR-80) type-II cellulose (the remainder of the cellulose being 
amorphous). 

Crystallinity by X-Ray Diffraction, XRD 

[0125] Separately, one of the solid residues from the supercritical water 
hydrolysis step (SHR-50, after removal of lignin by alkaline extraction) was purified 
by 4 different routes, yielding purified white solids (PWS-1, 2, 3 and 4) and the 
samples were further analyzed by x-ray diffraction ("XRD") using a Rigaku 
SmartLab X-Ray diffractometer equipped with a monochrometer using a Cu Ka 
radiation step size of O.O5°(20) and a count time of 5 sec at each step. The results are 
shown in Figure 3. 

[0126] It was found, based on the presence of the peaks at 15.5° and 22.5 (for 
cellulose I) and those at 20 and 12.1 (for cellulose IT.) in the XRD of all samples 

analyzed, that under the employed supercritical conditions the type I cellulose was 

partially converted to type II cellulose. The estimated degree of crystallinity for all 

samples is shown in Table 6, calculated using the XRD peak height method, a 
technique well known in the art (see, e.g., Segal I.,, Creely J.J., Martin A.E. Jr, 
Conrad CM,: An empirical method for estimating the degree of crystallinity of 
native cellulose using the x-ray diffractometer. Tex Res J 1962, 29:786-794, hereby 

incorporated by reference in its entirety). 

Table 6. Estimated degree of crystal!i nity in %. 

PWS 1 PWS 2 1 ?\ VS3 PWS 4 | 
83 88 j 80 83 j 

[0127] X-Ray diffraction can be used to estimate the overall degree of 
crystallinity, and can be used to identify the presence (and type) of different 

crystalline species, but it cannot be used to ascertain the relative amounts of each 
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crystalline species. Nonetheless, the x-ray diffraction results are consistent with the 

findings from the solid state !3C CP-MAS NMR study. 

Carbonyl Content in Purified Cellulose Samples 

[0128] Carbonyl content (CO) and molecular weights for cellulose products 

were determined using a combination of fluorescence labeling and GPC. The HHR, 

SHR-50, and SHR-80 samples (discussed above), prior to any extraction or washing, 

were used in this example. 

[0129] Each of these samples was exhaustively washed with water to remove 

residual water soluble matter and exhaustively extracted with 80% (volume/volume) 

aqueous dioxane at room temperature. The solids remaining after extraction were 

subjected to a sodium chlorite extraction as follows: 1 g of solids was mixed with 

200 mL of 0.2 M sodium chlorite solution in 0.2 M sodium acetate buffer solution 

CpH of 5), The resulting mixture was agitated by shaking for 48 hours. After 48 

hours, the solids were filtered and then washed with water and ethanol. This chlorite 

extraction was repeated once to remove impurities and obtain pure cellulose. The 

obtained cellulose (designated in the table below by "-x") was measured for CO 

content and molecular weight according to Rohrling et al, "A Novel Method for the 

Determination of Carbonyl Groups in Cellulosies by Fluorescence Labeling, 2. 

Validation and Applications," (Biomacromolecules (2002) 3, 969-975), hereby 

incorporated by reference in its entirety. Briefly, a solution of the fluorescence label 

([2-(2-aminooxyethoxy)ethoxy]amide "CCOA") is prepared by dissolving CCQA in 

50 mL of 20 mM zinc acetate buffer, pH 4. About 20-25 mg of dry cellulose sample 

is then suspended in 4 ml, of the acetate buffer containing the label. The suspension 

was then agitated at 40 °C for 168 h. The suspension was then filtered, and the 

solids activated by performing a solvent exchange from water to DMAc, followed 

by filtration. The activated solids were then dissolved in 2 mL of DMAc/LiCl (9%, 

w/v) at room temperature. The solutions were then diluted to 0.9% (w/v), filtered 

through a 0,45 m filter, and then analyzed by GPC. The GPC system employed 

fluorescence, MALLS, and refractive index (RI) detectors with four serial columns. 
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A dn/dc of 0.140 rnL/g was used. The eluent was DMAc/LiCl (0.9%, w/v), flow of 
1.00 mL/min, four columns in series (PL gel mixedA ALS, 20 pm, 7.5 x 300 mm), 
fluorescence detection (290 nm excitation, 340 nm emission), injection volume 100 
|iL, and run time 45 mill. The results are shown in Table 7. 

Table 7, Carbonyl Content and Molecular Weights of Various Pure Cellulose 
Samples 

HHR-x 

Mw 
(kg/moi) 

368.2 

M* 
(kg/moi) 

86.3 

Ms 
(kg/moi) 

1129 

PDi 
(kg/moi) 

4.3 

CO (fimol/g) 

50.7 
SHR-50-x 28.7 20.2 43.8 1.4 97.3 
SHR-80-x 96.5 51.5 253.7 1.9 219.1 

Bondability Tests Using the Automatic Bond Evaluation System (ABES) 

[0130] Two commercial liquid PF resins (resol type) were sourced and used in 
combination with different materials of the Invention at various PF/lignin ratios for 

the ABES tests. The ABES system is commercially available, including testing 
equipment from Adhesive Evaluation Systems, inc. The first commercial resin was a. 
more condensed PF resin with a solids content of 44% (including about 8.5% 
NaOH) and a viscosity of about 750 mPa.s (750 cps) at 25°C, suitable for softwood 

plywood manufacture. The other commercial resin was a less condensed PF resin 
with a solids content of 5 7% and a viscosity of about 150 mPa.s (150 cps) at 25°C, 

suitable as a face layer adhesive for OSB manufacture. 
[0131] To prepare a sample for the ABES tests, the moisture content of a test 
sample (cellulose and/or lignin) was first determined by the oven-drying method. 

For test samples in the solid form, the sample was ground into a fine powder and 

then mixed manually and thoroughly with a commercial liquid PF resin at a 
calculated dry weight ratio. For test samples in the form of a mud, a thin slurry, or a 
solution, the sample was directly mixed manually and thoroughly with a commercial 
liquid PF resin at a predetermined dry weight ratio. Dried SFTR samples were used 
for further experiments. PF resins were prepared, substituting 30 wt.% (Figure 4) of 
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the plywood PF resin, and 30% (Figure 5) of the OSB PF resin, with the indicated 
material, 
[0132] Sliced maple veneers 117 mm x 20 mm x 0.8 mm (conditioned at 50% 
RH & 20 °C) were used for the test. The glue was applied in a way to form a 

bonding area of 20 mm x 5 mm, which adheres to the faces of two substrates, one on 
the other. 
[0133] Almost immediately after each bond was cured to the required level, it 

was tested to destruction in shear mode. The shear test pulls the two substrates in 
opposite directions in the plane of the adhesive glue layer and should have a 
cohesive failure mode (i.e. it should fail through the adhesive bulk and not at the 
adhesive-substrate interface). For this test, the tensile load was monitored digitally 

during bond pulling, and the shear-stress-to-failure (area corrected peak load) was 

calculated. Five replicates were performed for each resin sample. For this 
bondability test, the press temperature was 150°C at 2 MPa, the press time was 90 
seconds, and the test reflects the maximal strength of an adhesive at complete cure. 
[0134] In order to assess the strength and integrity of adhesion between wood 
and adhesive, the percent wood failure is determined after a plywood specimen has 
been subjected to shear test destructively. High percent wood failure corresponds to 
low adhesive failure, indicating that the adhesive bond is stronger than the wood 
substrate. Therefore, high percent wood failure is usually interpreted as satisfactory 
adhesion. The higher the wood failure percentage, the better the quality of adhesive 
bonding in the plywood. 
[0135] The cure speed (at selected PF replacement levels) indicates how fast 
the resin cured, and this is an important characteristic to predict the productivity of 
the industrial process equipment, the hot press specifically (for example, to form 
laminates), which could be a bottleneck at a mill. Figures 4-5 report cure speed data 
(shear strength as a function of press time). The cure speed test was performed at 
120°C at selected press time points. 
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Results and discussion 

[0136] Bondability and cure speed tests were conducted to evaluate adhesive 

performance of the cellulose and/or lignin/PF resin mixtures at different substitution 

levels. The data were compared with commercial plywood and OSB resins used as 

the reference. 

[0137] The results show (Figures 4-5) that various types of the test samples in 

different forms (dry, alkaline solution, alkaline slimy) can successfully replace a 

portion of PF resins in plywood and OSB adhesi ve glue mixes ("PlyPF" is the 

control plywood PF resin, and "OSB-PF" Is the control OSB PF resin). XAHL was 

less successful at higher substitution ratios (above 30%) as well as SHR-SW in the 

case of plywood glue. For OSB replacement test, SHR performed well, whereas 

XAHL performed poorly and failed at the substitution level of above 20%. 

Interestingly, the phenolic content of XAHL is notably higher than the phenolic 

content of the lignin in most of the other samples (see Table 2), even though higher 

phenolic content is conventionally thought in the art to improve the performance of 

lignins in adhesives. 

[0138] In some embodiments, in order to improve miscibility of the materials 

with the PF resins, NaOH was added to the lignins/SHR to generate either a. true 

solution or slurry. Moreover, addition of alkali to the samples significantly 

improved cure speed of OSB PF/cellulose-lignin mixtures (Figure 4). 

EXAMPLE 2 

[0139] This example demonstrates performance of plywood samples produced 

using a. commercial PF glue mix, in which certain proportions of components of the 

glue mix have been replaced with SHR-80 from Example 1. 

[0140] The plywood samples were constructed from 1/8" Douglas Fir veneer, 

15" x 15", 3-ply, glue spread rate of 32 Ibs/MSF single glueline, press pressure of 

185 psi, press temperature of 150 °C, assembly time of 20 min, press time of 3 min 

and 4 min, and all measurements were performed in replicates of three. The glue 

mix employed was prepared using a commercial softwood plywood liquid PF resin 

having 44% solids, along with the various additives, including flours (e.g., corncob 
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and/or wheat) and soda ash. A portion of the PF resin and additives component on a 
solids basis was replaced with SHR-80 in amounts as follows: 0% (control), 10% PF 
and 10% additives (10% R), and 20% PF and 20% additives (20% R). Additionally, 

in a fourth sample, 10% of the PF resin on a solids basis, as well as all additives, 
were replaced with SHR-80 (10% PF and all additives). For example, considering a 

1 kg sample of the commercial PF resin, the four samples contain: 

Control: 0.7 kg PF + 0.3 kg additives 
10% R: 0,63 kg PF 0,27 kg additives + 0.10 kg SHR-80 
20% R: 0,56 kg PF + 0,24 kg additives + 0.20 kg SHR-80 
10% PF and all additives: 0.63 kg PF + zero additives + 0.37 kg SHR-80 

[0141] Plywood panels were stored for one week before cutting and testing. 
Thirty-two specimens were cut from each panel for testing the bond performance 
according to CSA Standard 0151-04, hereby incorporated by reference in its 
entirety. Lathe checks were in the open configuration when preparing half of the 32 
specimens (the O specimens), and lathe checks were in the closed configuration 
when preparing the other half of the 32 specimens (the C specimens). Eight 
specimens each of the O specimens and C specimens were treated with the 
vacuum/pressure water soak cycle (Table 8) and eight specimens each of the O 

specimens and C specimens were subjected to the boil-dry-boil cycle (Table 9) 
conditions prior to the shear test, according to the CSA standard. The shear test was 
conducted using a plywood shear testing machine when the specimens were still 
wet. The shear strength and wood failure percentage were recorded for each 
specimen. The average shear strength and wood failure percentage were obtained 
from all specimens, as measured according to CSA Standard 0151-04 and ASTM D 
5266-13. The results are shown in Table 8 and Table 9. The numbers in 

parentheses represent standard deviations. 
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Table 8, Shear test r< .•suits of plywood pa nels after vacuum/pre ssure treatment 

Glue mix Press time (s) Shear Strength (psi) Wood failure (%) 

Control 
180 128 (44) 79 (18) 

240 123 (42) 85 (15) 

10% R 
180 120 (49) 74(18) 

240 121(46) 87 (9) 

20% R 
180 129 (35) 78 (17) 

240 130(42) 84 (8) 

10% PF and all 
additives 

180 124 (46) 63 (23) 10% PF and all 
additives 240 130(52) 91 (9) 

Table 9, Shear test n isults of plywood pa nels after boil-dry-boi I treatment 

Glue mix Press time (s) Shear Strength (psi) Wood failure (%) 

Control 
180 126 (50) 91 (10) 

240 116(45) 91(10) 

10% R 
180 120 (45) 83 (15) 

240 116(44) 89(11) 

20% R 
180 118 (31) 83 (14) 

240 124 (35) 87 (9) 

10% PF and all 
additives 

180 124 (37) 64 (26) 10% PF and all 
additives 240 111(47) 92 (7) 

[0142] As can be observed, the glue mixes showed strong bonding strength 
and strong water durability (Table 8) and resistance to accelerated aging (Table 9). 
The reactivity of the glue mix containing the solid residue (containing type-II 
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cellulose) of lignocellulosic biomass processing was maintained at a level 
comparable to the commercial glue mix when SHR-80 was used at a level of 10% or 
20% substitution of glue mix solids. The results demonstrate that solid residue 
(containing type-II cellulose) of lignocellulosic biomass processing can be a viable 
product and a major ingredient in wood adhesives for the manufacture of exterior 
grade plywood and OSB, as well as other engineered wood products, 

EXAMPLE 3 

[0143] This example compares the performance of plywood phenol-
formaldehyde (PF) wood adhesives containing SHR-50 (i.e., type-II cellulose and 

lignin) in accordance with an embodiment of the invention, with otherwise identical 
plywood PF wood adhesives containing lignins derived from other processes (e.g., 
Kraft, Alcell, etc. ) and which do not contain type-II cellulose. The performance was 

measured using the ABES system, similar to that described in Example 1. 
[0144] The inventive composition included SHR-50 described in Example 1. 
The comparative lignins employed were aspen soda (AS1), birch kraft (BK1), 
Douglas Fir organosolv (DFO), Pine soda (PS2), Alcell hardwood organosolv (RP), 
soda grass (SG), and softwood pine kraft (SR). 
[0145] Admixtures of PF and SHR, or PF and comparative lignins, were 
preparedto achieve an admixture having an overall solids content between 38 wt.%. 

The lignins and lignin/cellulose residues were added at a PF replacement level of 

30% based on PF resin solids; NaOH at 10% wt/wt based on dry weight of the 
SHR/lignin residue, and the additions were made in the following order: (i) 
lignin/SHR residue, (ii) NaOH as a 25% solution, (iii) PF resin and water. A control 
was also tested, which was a plywood PF resin having a solids content of 38 wt.% 
(PF-2-38%). All samples except the control contained 10 wt.% sodium hydroxide. 

[0146] Sliced maple veneers were conditioned at 50% relative humidity and 
20 °C and then cut into strands of 117 mm x 20 mm x 0.7 mm and used for the 

ABES test. The resulting admixtures were applied to the conditioned sliced maple 
strands to form a bonding area, of 20 mm x 5 mm, and the bonds cured at a 
designated temperature (110 °C to 150 °C), for a press time of 90 sec, at a press 
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pressure of 2 MPa. Immediately after each bond is cured, the bonded wood sample 

was tested to destruction in shear mode. Tensile load was monitored digitally during 

bond pulling and shear stress-to-failure (area -corrected peak load) was calculated. 

Five replicates were performed for each press condition. The results are shown in 

Figure 6, 

[0147] At least at the higher press temperatures, the data show that the 

inventive PF-SHR-50 sample (comprising both lignin and type If cellulose) has 

comparable performance to the two PF controls, and that these three samples 

significantly outperform all of the comparative technical lignin samples. Again, the 

type II cellulose provides improved performance in these PF wood adhesives, 

EXAMPLE 4 

[0148] This example compares the performance of plywood phenol-

formaldehyde (PF) wood adhesives containing SHR-50 (e.g., containing type-II 

cellulose and lignin) and SHR-50-AR (solids remaining after extracting lignin from 

SHR-50, which solids are mostly cellulose, such as type-II cellulose) in accordance 

with some embodiments of the invention, with otherwise identical plywood PF 

wood adhesives containing lignins that have been purified from SHR-50 (i.e., SHL-

50) and a combination of SHL-50 and SHR-50-AR (i.e., "SHL-50+AR", which is an 

attempt to re-make SHR-50 prior to lignin extraction). Preparation of the SHR, SHL, 

and AR samples is described in Example 1, except the preparations in this example 

also contained 10 wt.% NaOH on a dry basis (based on the dry weight of 

lignin/cellulose residue). 8HL-5Q+AR was prepared by simply blending SHL-50 

and SHR-50-AR residues in the same proportions (by weight of solids) as obtained 

from the original SHR. The PF replacement level was 30%, and the order of mixing 

was: (i) PF resin (ii) lignin/cellulose residue, (ui) 10 wt% NaOH based on dry 

lignin/cellulose residue (added as a 25% by weight NaOH solution). A control PF 

resin was also tested ("PF"), which does not contain any lignin or cellulose. The 

performance of these adhesives was measured using the ABES system, similar to 

that described in Examples 1 and 3. The results are depicted in Figure 7. 
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[0149] The sample for which the replacement component is closest to 

representing "pure" lignin, PF-SHL-50 (SHL-50 is ~1% cellulose) is the weaker 

performing sample. The PF-SHR-50 sample, where the replacement component 

comprises lignin and type II cellulose (having lignin:cellulose ratios of 56:44) shows 

performance close to that of the PF con trol resin. And the sample comprising 

predominantly type II cellulose, PF-SHR-50-AR, (with a ligninxellulose ratio of 

16:76) provides the best performance, marginally outperforming the PF control. 

Although other factors may have an effect (e.g. molecular weight and crystallinity of 

the cellulose, etc.), the observed adhesive performance is correlated with the relative 

proportion of the type II cellulose content substituted into the PF resin adhesive. 

EXAMPLE 5 

[0150] This example compares the performance of plywood phenol-

formaldehyde (PF) wood adhesives containing lignin and type-II cellulose derived 

from hardwood (SHR-50 and SHR-80) with plywood phenol-formaldehyde (PF) 

wood adhesives containing lignin and type-II cellulose derived from softwood 

(SHR-60-SW). The lignin/cellulose residues are added at a 30% level of PF resin 

replacement. A control plywood PF resin without any added lignin or cellulose was 

also tested. The performance of these adhesives was measured using the ABES 

system, similar to that described in Examples 1 and 3. Preparation of the SHR 

samples is described in Example 1, except the preparations in this example also 

contained 10 wt.% NaOH on a dry basis (based on the dry weight of lignin/cellulose 

residue), and the order of addition was: (i) PF resin, (ii) lignin/cellulose residue, (iii) 

10 wt.% NaOH (added as a 25% by weight solution). The results are depicted in 

Figure 8. 

[0151] The data imply that the soft wood derived residue (63.8 lignin: 30.2. 

cellulose) has a. comparable performance to the hard wood derived residues, 

EXAMPLE 6 

[0152] This example compares the performance of a commercially obtained 

plywood phenol-formaldehyde (PF) adhesive resin admixed with various residues 
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(SHR-50, SHR-70 and SHR-60-SW) comprising lignin and type-II cellulose derived 
from hardwood (or softwood, in the case of SHR-60-SW) at various levels of resin 
replacement (10 wt.%, 20 wt.%, 35 wt%, and 45 wt.% replacement). A control OSB 
PF resin (0 wt.%), i.e. without any resin being replaced with lignin or cellulose, was 
also tested. The performance of these adhesives was measured using the ABES 
system, similar to that described in Examples 1 and 3. Preparation of the samples is 
described in Example I, except the preparations in this example also contain 10 
wt.% NaOH (based on the dry weigh t of SHR-XX residue), and the order of addition 
was: (i) PF resin, (ii) SHR-XX, (iii) 10 wt.% NaOH (added as a 25% by weight 
solution). The results are shown in Table 10, below. 

Table 10. Shear test results (MPa) for plywood panels for various PF 
Replacement Levels 

PF resin 
substitutio 

n XAHL SHR-50 SHR-70 SHR-SW 

% AVE STD AVE STD AVE STD AVE STD 

0 6.49 | 0.62 6.49 0.62 6.49 0.62 6.49 0.62 

10 5.73 0.56 6.94 0.91 6.91 1.3 6.96 1.07 

15 6.24 | 0.75 6.99 0.82 6.67 0.78 6.20 0.37 

20 5.82 | 0.35 5.82 0.78 6.42. 0.71 6.35 0.98 

30 6.28 | 0.22 6.62 0.56 6,69 1.18 6.66 0.86 

35 5.40 | 0.19 6.26 0.38 6.03 0.77 5.89 0.26 

45 5.52 | 0.29 6.15 0.25 5.83 0.29 5.74 0.42 

[0153] The PF-SHR-XX performs well at a substitution level of up to 30%; 

notably, better than the control PF resin at levels of 10% and 15% PF replacement. 
However, further replacement (to 35% and 45% substitution levels) results in 

progressively lower performance. Again, the hard wood derived residues (SHR-50 
and SHR-70) are comparable to the residue derived from soft wood biomass (SHR-
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60-SW). As noted earlier (Example I), the performance of XAHL is generally-

poorer, 

EXAMPLE 7 

[0154] This example compares the performance of a commercially obtained 

oriented strand board (OSB) phenol-formaldehyde (PF) wood adhesive admixed 

with residue (SHR-80) comprising lignin and type-II cellulose derived from 

hardwood at various levels of alkali (NaOH) addition (PF-SHR-80-AlkX, where 

"X" indicates weight percent of alkali based on the dry weight of SHR-80 residue). 

Lignin/cellulose material was employed in the OSB PF resin at a replacement 

amount of 30 wt.% in all admixtures except the two controls, A control OSB PF 

resin (0 wt.%) without any resin being replaced or any alkali addition was also 

tested (PF), as was a control resin with 30 wt,% resin replaced but without the 

addition of alkali (PF-SHR-80). The performance of these adhesives was measured 

using the ABES system, similar to that described in Examples 1 and 3, Preparation 

of the SHR-80 and the blending protocol is described in Example 1, and the order of 

addition was: (i) SHR-80, (ii) 10 wt.% NaOH (added as a 25% by weight solution), 

and then add the combination to (in) PF resin. The results are depicted in Figure 9. 

Addition of NaOH in all of these PF adhesive formulations aids in decreasing the 

viscosity of the formulation. Without wishing to be bound by theory, it is believed 

that the performance of OSB resins is more affected by alkali addition compared to 

plywood resins (see Example 8 below), because commercial plywood resins (pH 

around 13.5) are already at a higher pH than the commercial OSB resins (pH around 

10.5). 

EXAMPLE 8 

[0155] This example is similar to Example 7, except that a commercially 

obtained plywood phenol-formaldehyde (PF) wood adhesive is employed instead of 

an OSB resin. The plywood PF resin is admixed with residue (SHR-80) comprising 

lignin and type-II cellulose derived from hardwood at various levels of alkali 
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(NaOH) addition (PF-SHR-80-AlkX, where "X" indicates weight percent of alkali 

based on the dry weight of SHR -80 residue). Lignin/cellulose material was 

employed in the plywood PF resin at a replacement amount of 30 wt.% in all 

admixtures except the two controls. A control plywood PF resin (0 wt.%) without 

any resin being replaced or any alkali addition was also tested (PF), as was a control 

resin with 30 wt.% resin replaced but without the addition of alkali (PF-SHR-80). 

The performance of these adhesives was measured using the ABES system, similar 

to that described in Examples 1 and 3, Preparation of the SHR-80 and the blending 

protocol is described in Example 1, and the order of addition was: (i) SHR-80, (ii) 

10 wt.% NaOH (added as a. 50% by weight solution), and then add the combination 

to (iii) PF resin. The results are depicted in Figure 10. 

[0156] The addition of alkali at the 10% and 20% level to the PF-SHR-80 

sample has little or no effect compared to the performance observed for PF-SHR-80 

without alkali. As indicated above, this may be because commercial plywood PF 

resins are supplied at high pH (around 13.5). 

EXAMPLE 9 

[0157] This example demonstrates the preparation and performance of an 

adhesive resin that has been prepared by condensing ("cooking") formaldehyde and 

at least one phenolic compound (phenol and/or lignin) in the presence of type-II 

cellulose to form an adhesive resin. 

[0158] The procedure is as follows: Using a water bath at 70°C, 200 g phenol 

was melted and 193.9 g of the molten phenol transferred (via a 105°C pre-heated hot 

beaker and glass funnel) into a flask; stirring was started and the temperature 

maintained at 50°C. 83,1 g cellulose, lignin or cellulose/lignin residue was added 

over 20-30 min; then 108 g water, and then 33.12 g 50%> sodium hydroxide solution 

was added. A further 10.18 g water was added after 15 min at 50°C. A first portion 

of 37% aqueous solution of formaldehyde (245.26 g) was added over 10 min, at 45-

5Q"C, after which the temperature was raised and maintained at 65°C for 15 min, 

with continuous stirring. A second portion of 37% formaldehyde solution (122.63 

g) was added over 10 min, at 65°C and maintained at temperature for 10 min. 33.12 
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g 50% sodium hydroxide solution was added and the temperature slowly raised to 

85°C, over 20 min. A further 44.16 g 50% sodium hydroxide solution and 122,95 g 

water was added and the temperature adjusted to 80°C. The total reaction time at 

80°C, after the addition of all reagents, was 6h 50min. The mixture was cooled 

(using a cold water bath) to 25°C. The resin was transferred to a container and the 

viscosity measured at 25°C, The pH, gel time, % non-volatiles and % NaOH were 

determined. 

[01.59] Figure 11 shows the cure speed (Shear Strength plotted against Time) 

for an in-situ preparation of a. modified PF resin prepared (polymerized) in the 

presence of a lignin/cellulose resin (SHR-80), such that the proportion of reactants 

equates to a formal 30% replacement of the PF resin with SHR-80. The cellulose 

modified PF resin (PF-SHR-80-in situ) prepared via the in-situ polymerization has 

the same cure speed as the control PF resin and equal or better adhesive performance 

in terms of the observed shear strength at 120°C. 

EXAMPLE 10 

[0160] This example demonstrates performance of oriented strand board 

(OSB) samples produced using a commercial PF resin (57% solids content) in which 

certain proportions of the resin have been replaced with an alkaline slurry of air-

dried SHR-80 from Example 1. 

[0161] The alkaline slurry of SHR-80 was prepared by mixing air-dried SHR-

80 with water and sodium hydroxide (5% relative to SHR-80 on a solids on solids 

basis) to form SHR-80-Alk slurry, and then diluted with water to give a 30% solids 

content. The OSB panels were made in a 3-layer structure with a face-core-face 

weight ratio of 25:50:25, using the following procedures. 

[0162] The surface strands (aspen strands) for the OSB were combined with 

each sample shown in Table 11 at a resin solids loading rate for both face layers of: 

4% PF resin for control OSB panels (Samples 1 and 4); 3% PF and 1% SHR-

80/NaQH (25% PF replacement with alkaline SHR-80, Samples 2 and 5); and 2,4% 

PF with 1,6% SHR-80/NaOH (40% PF replacement with alkaline SHR-80, Samples 

3 and 6) for experimental OSB panels. The resin for the core layer in all control and 

48 



WO 2016/049569 PCT/US2015/052438 

experimental OSB panels was pMDI at a 2% solids add-on level (on a dry wood 

weight basis). Core strands were combined with a commercial fast cure pMDI resin 

at alevel of 2.0% solids basis (on a dry wood weight basis). The resins were applied 

in a drum blender with a spinning disk atomizer at 10,000 to 15,000 rpm for the 

surface and core layers. Surface resins were applied between 20°C - 30°C. 

Commercial emulsion wax was applied to the surface and core strands at a level of 

1.0% solids (on a dry wood basis) in a drum blender with a spinning disk atomizer at 

4000 to 9000 rpm. Moisture content of the blended strands was targeted at 6,5% for 

the surface and 4.0% for the core. The blended materials were then manually formed 

into randomly oriented mats measuring 86 cm x 86 cm (34 in. x 34 in.) with a 50/50 

surface to core weight ratio. Pressed panels were targeted for a density of 609 kg/m3 

(38 lb/ft3) and a thickness of 11,1 mm (0.44 in.). The press temperature was 215°C 

(419°F). Three panels from each binder application were then pressed for 150 sec 

and a second set of three panels were pressed for 180 sec. All panels were hot 

stacked for 24 hours. The key test parameters and results are listed in Table 11. 

[0163] The physical and mechanical properties of the 86 cm x 86 cm (34" x 

34") OSB panels produced were tested according to ASTM D 1037-06a and CSA 

0437.2-93, herein incorporated by reference in their entirety. The property 

parameters included static bending modulus of elasticity (MOE) and modulus of 

rupture (MOR), internal bond (IB), 24-hour soak thickness swell (TS), and water 

absorption (WA). The results are shown below in Table 11. 
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Table 11. Properties of OSB Panels 

Sample 

Static Bending 
Internal 

Bond 
(Mpa) 

Thickness Swell 
24 Hour soak 

Sample PF Resin 
Substitution 

(%) 

Press 
Time 

(s) 
MOE 
(MP a) 

MOR 
(MP a) 

Internal 
Bond 
(Mpa) 

Thickness 
Swell 
(%) 

Water 
.Absorptions 

c%) 
(Commercial Target) (>3100) (> 17.2) (> 0,345) (< 25) (NA) 

1 0 150 4100 24.5 0.403 14.3 2.7.4 
2 25 150 4500 25.7 0.345 15.2, 2.8.9 
3 40 150 3900 25.6 0.389 16.5 31.1 
4 0 180 3900 22.8 0.448 13.3 25.0 
5 25 180 4400 25.7 0.391 14.1 27.2 
6 40 180 3700 24.5 0.410 13.7 28.5 

[0164] The PF control resin shows a. similar performance profile at the two 

press times, 150 s and 180 s, indicating that the PF control resin has cured 

completely at 150 s press time. 

[0165] The majority of the samples show a performance profile that is close to 

that of the commercial PF resin controls, and surpasses the commercial test 

requirements in all areas. 

[0166] Accordingly, the inventive wood adhesive compositions described 

herein are viable materials to partially replace PF face resin in OSB and plywood 

industrial manufacturing. 

[0167] While the preferred forms of the invention have been disclosed, it will 

be apparent to those skilled in the art that various changes and modifications may be 

made that will achieve some of the advantages of the invention without departing 

from the spirit and scope of the invention. Therefore, the scope of the invention is to 

be determined solely by the claims to be appended. 

[0168] When ranges are used herein for physical properties, such as 

temperature ranges and pressure ranges, or chemical properties, such as chemical 

formulae, all combinations, and sub-combinations of ranges and specific 

embodiments therein are intended to be included. 
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[0169] The disclosures of each patent, patent application, and publication cited 
or described in this document are hereby incorporated herein by reference, in their 

entirety. 
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WHAT IS CLAIMED: 

1. An admixture comprising: 

an adhesive resin; and 

cellulose; 

wherein at least a portion of the cellulose is type-II cellulose. 

2. The admixture of claim I, further comprising lignin. 

3. The admixture of claim 1, wherein the cellulose is present in an amount of 

about 5 wt.% to about 50 wt.% of the total composition, on a dry basis. 

4. The admixture of claim 1, wherein the cellulose is present in an amount of 

about 20 wt.% to about 80 wt.%, based on the total combined weight of the lignin 

and the cellulose, on a dry basis. 

5. The admixture of claim 1, wherein the adhesive resin is an amino resin, a 

phenol-formaldehyde resin or a polyfdiphenylmethane diisocyanate) resin. 

6. The admixture of claim 1, wherein the admixture is formed by providing the 

lignin and the cellulose in the form of a residue and mixing the adhesive resin with 

the residue, wherein the residue is obtained by supercritical hydrolysis of biomass. 

7. The admixture of claim 1, wherein the admixture is formed by providing the 

lignin and the cellulose in the form of a residue and mixing the adhesive resin with 

the residue wherein the residue is obtained by a process comprising: 

subjecting size-reduced biomass to hydrothermal treatment at a 

temperature of about 140 °C to about 280 °C, thereby forming a 

solids fraction; 

optionally, further size-reducing the solids fraction; and 

treating at least a portion of the solids fraction, which optionally has 

been further size reduced, with hot compressed water having a 

52 



WO 2016/049569 PCT/US2015/052438 

temperature of about 300 °C to about 550 °C, thereby forming the 

residue, 

8. The admixture of claim 1, wherein the admixture is a wood adhesive, 

9. Cured wood adhesive of claim 8. 

10. Plywood comprising the cured wood adhesive of claim 9. 

11. An oriented strand board comprising the cured wood adhesive of claim 9, 

12. A composition comprising an adhesive resin, wherein the adhesive resin 
comprises a condensation product of: 

formaldehyde; and 
at least one phenolic compound; 
wherein the condensation product is formed in the presence of cellulose; 
wherein at leas t a portion of the cellulose is type-II cellulose. 

13. The composition of claim 12, wherein the at least one phenolic compound 
comprises lignin. 

14. The composition of claim 12, wherein the at least one phenolic compound 

comprises phenol. 

15. The composition of claim 12, wherein the total cellulose present is in an 
amount of about 5 wt.% to about 50 wt.%, based on the total combined weight of the 
formaldehyde, the at least one phenolic compound, and the total cellulose, wherein 
amounts are on a dry basis, and wherein the total cellulose includes type I cellulose, 
type II cellulose, and amorphous cellulose. 

16. The composition of claim 12, wherein the cellulose is present in an amount 
of about 20 wt.% to about 80 wt.%, based on the total combined weigh t of the lignin 

and the cellulose, wherein amounts are on a dry basis. 
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17. The composition of claim 13, wherein a residue comprising the lignin and 
the cellulose is present during the formation of the condensation product, and 
wherein the residue is obtained from supercritical hydrolysis of biomass. 

18. The composition of claim 13, wherein a residue comprising the lignin and 
the cellulose is present during the formation of the condensation product, and 
wherein the residue is obtained from a process comprising: 

subjecting size-reduced biomass to hydrothermal treatment at a temperature 
of about 140 °C to about 280 °C, thereby forming a solids fraction; 

optionally, further size-reducing the solids fraction; and 
treating at least a portion of the solids fraction, which optionally has been 

further size reduced, with hot compressed water having a temperature of 
about 300 CC to about 550 °C, thereby forming the residue. 

19. The composition of claim 12, wherein the composi tion is a wood adhesive. 

20. Cured wood adhesive of claim 19, 

21. Plywood comprising the cured wood adhesive of claim 20. 

22. An orien ted s trand board comprising the cured wood adhesive of claim 20. 
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