SPECI FI CATI ON NOVEL LI GNI N DERI VATI VES, MOLDED PRODUCTS USI NG TH% f@l\/l? AND
PROCESSES FOR MAKI NG THE SAME 5 TECHNI CAL FI ELD The presentOfeR

relates to a teehnical field of utilizing |lignophenol derivatives obtained
by phenol -derivatizing lignin, which are one conponent of tinber. Mre
particularly, the present invention r$8BCHICATIOMN technical field in which
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petroleum, coal and the like, which have been predicted to be depleted. Such a forest

resource, i.e., a lignocellulose resource, is composed of hydrophilic carbohydrates,
such as cellulose, hemicellulose and the like, and a hydrophobic lignin (polyphenol),
20  which form the interpenetrating network (IPN) structure and an complicated complex
in the cell wall. The lignocellulose resource imparts useful properties to various
materials, because of the structure of the complex.
Two methods are known for utilizing the known lignocellulose resource, i.e.
timber. One is a direct utilization of the lignocellulose material by cutting or
25 machining the lignocellulose resource, i.c., the complex itself, and processing it into
construction materials or furniture building materials having a predetermined shape, or
processing the lignocellulose resource into chips or fibers for manufacturing molded
products. The other is an indirect utilization of the lignocellulose material by
extracting only cellulose, a component of the complex, and making a pulp of the
30 product.
In view of the expected depletion of fossil resources in the future, the reuse of
lignocellulose resources is important in the both utilization forms.
However, in the current situation, if a construction material is prepared

according to the direct utilization method, it will have a predetermined shape and be



conparatively large; therefore, treatnents such as grinding and
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20 the lignocellulose resource with sulfuric acid, whereby lignin is separated from
cellulose, because lignin has a bound phenol derivative. In addition, the second
application teaches processes for manufacturing a novel cellulose-lignin molded
product by using the hybrid lignin, which was provided in the first application, as a
binder for a molded cellulose material.
25
DISCLOSURE OF THE INVENTION
' Accordingly, an object of the present invention is to provide novel materials
having improved functions that are formed by further secondarily-treating this hybrid
lignin and to provide cellulose molded products utilizing these novel materials. In
30 addition, another object is to provide methods for reusing the cellulose molded
products by utilizing these novel materials.
In order to accomplish the aforementioned objects, the present inventor made
the following inventions.

That is, a first invention is a novel process for producing a lignin derivative,



whi ch conprises using a |ignophenol derivative containing a di phenyl propane
unit formed by binding a carbon atom at an ortho-position relative to a
phenol i ¢ hydroxyl group of a phenol derivative to a carbon atomat a
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derivative co | ni ng.a di phenyl propane unit 25 having a cross-1inking
functi onal grQG%;nmapﬁﬁ hﬁs I nvention, preferably, the phenol derivative
I's p-cresol,[the cross- Trnking fundtional group form ng conpound is

f or mal dehydel and the cross-1inking flunctional group is a hydroxymnethyl
group. A fourth invention is a novelf lignin derivative (hereinafter
referred toJas "a 5 i gnin cross-lji nking derivative ") having a
cross-1inking fund hroup at an ortho- position and a para-position of

a phenolic hydroxy of a ligngphenol derivative

15
A third invention is a process for producing a novel lignin derivative, which
comprises heating a lignophenol derivative containing a diphenylpropane unit formed
by binding an aromatic carbon atom of a phenol derivative to a carbon atom at a
benzyl-position of a phenylpropane fundamental unit of lignin, with a cross-linking
20 functional group forming compound under alkali conditions, by which the introduced
phenolic hydroxyl group of a phenol derivative and/or a phenolic hydroxyl group
originally existing in lignin can dissociate, to introduce a cross-linking functional
group at an ortho-position and/or a para-position of the phenolic hydroxyl group,
thereby obtaining a lignin cross-linking derivative containing a diphenylpropane unit

25 having a cross-linking functional group.



cont ai ni ng a di phenyl propane unit fornmed by binding an aromati c carbon atom
of a phenol derivative to a carbon atomat a benzyl -position of a

phenyl propane fundanmental unit of lignin. In this lignin derivative, a
preferable cross-linking 10 functional group is a hydroxynethyl group. A
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subst r at 40 maifergtiongl giosp poahydiexymethyl EaWPA cross- 1 i nki ng derivative .
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In this invention, the substrate molding material preferably is cellulose fiber,

20  because cellulose fibers are-readily available and are easily separated from the
arylcoumaran derivative for reuse in a variety of ways.

A sixth invention is a molded product produced by molding fibrous, chip-like,
or powdery substrate molding materials, characterized in that said molded product
contains the aforementioned lignin cross-linking derivative .

25 This molded product has increased strength and water-resistance if molding
substrate materials are bound by the lignin cross-linking derivative . Preferably, the
lignin cross-linking derivative s are cross-linked, because cross-linking further
increases strength and water-resistance,

A seventh invention is a method of treating a molded product, which

30 comprises adding a solvent having affinity for this arylcoumaran derivative to a
molded product containing the arylcoumaran derivative to recover the arylcoumaran
derivative.

According to this invention, the arylcoumaran derivative is a binder material

and can be reused and efficiently extracted and separated from a molded product. In



S solvent having affinity for a Iignophenol derivative, the cellulose
fiber is also readily separated. Tinmber, waste tinber, end tinmnber,
her baceous plants, agricultural waste and the |ike can be used as the

l'ignocel lul ose material and thus, lignocellulose materials are efficiently
used and reusdditionQusing this treatofent{ hmwoldihg sibtatd nunial Odh bé Rersably depdrated at
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cellulose component and the lignin component are efficiently used.

BRIEF DESCRIPTION OF THE DRAWINGS _
20 FIG. 1 is the structural formula showing a phenylpropane unit of lignin.
FIG. 2 is a view showing a structure that may be derivatized at an -positi on
and a -position of the phenylpropane unit of lignin.
FIGS. 3 (a) to 3 (d) are views illustrating examples in which a sub-unit is
derivatized at an aromatic ring of the phenylpropane unit of lignin.
25 FIG. 4 is a view showing a first method for synthesizing a lignophenol
derivative,
FIG. 5 is a view showing a second method for synthesizing a lignophenol
derivative.
FIG. 6 is a view showing the reaction of lignin with a phenol derivative using
30  concentrated sulfuric acid at an interface of a phenol derivative phase in a two phase
phenol derivative/concentrated sulfuric acid solution.
FIG:-'7 is a view showing a schematic in which a phenol derivative is
selectively introduced at an -po sition of a lignin sidechain.

FIG. 8 is a view showing a partial structure of lignin that has undergone



spectrum of a |ignophenol derivative. 5 FIG 10 (a) shows a
differential spectrumof ground lignin and FIG 10 (b) shows a differenti al
spectrum of a |ignophenol derivative. FIG 11 (a) is an IR spectrum of
ground lignin, FIG 11 (b) is an IR spectrumof a lignin sulfate, and FIG
11 (c) is anslrﬁttan&&bnmmhlﬁllhtrgdmmrbﬂa plehbl édrivegive t @n -gabiia)n b adignin
H NMR spectrum of .an acetate conpound of a |ignophenol 10 derivative and
FIG 12 (b) iRe haig . VR spectrum of an acetate conpound of ground I|ignin.
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showi ng the dh&wé b RieieR:Asp Bytﬂh%m%ﬁeymou Bedivgiigphenol  deri vatives

obtai ned fromlignophenol materials of" various origins. FIG 16 is a view
showi ng a sub-unit F6. all(agisgphi@rspecttom ofagroved figain, |F§Gu$é(ﬂb)2ﬁs ant IR spectrum

synt hesi ze an | counmr.an % e. 17 is oW ,n n

aryl coumar an 8%%‘1 ‘@tigrﬁg?&g ﬁ 1§ﬁ8\lﬁ\ﬁaegﬁ‘8n8 n@@‘?“?r@&?’%"&ourmr an
uni t obtained frompgGl 1gnepReRotH- NMR\éﬂéétMﬁn @wtaﬁla@eﬁtéov(nﬁﬁém & £1i8860heas] @
phenol deri vat iive, FIG_19 is one UV spectrum of an

aryl cound? an dgdystig andeFIGsl2 (b) is an 1 EQIMR meqtam@ aé aprasipicccaptpand|af ground
spect rum of %P/ﬁl yl coumaran derivative. FIG 21 is a view show ng one
S

exanpl e of a pectrumof a lignin cross- linking derivative . FIG 22 is
a vi ew showi ng one Féganpl ﬁ; af diagraRskeeiag! the) pields bf ¢ighoplinos Herivhtikdsnom
derivative .G 23 is a view show ng one exanple of a lignin

st ruct ural cB%%?%L“&?et%atQIIFIFQﬁé)’%‘élﬁcﬂrlgi@? ‘i vative using p cresol as a
pnencl ! VL) o 50, 3021850 SREHR LIS, AR 8165l o
exchangeldret hothdubedserédbl,i appearaness, ahova dgscpimngcsqi’vmtaﬁmdcgrmphémﬂ derivatives
per i odat e- oxi gtaagr{e%nfrom htgrn%celﬁose materials of various origins.
FIG. 15 is a diagram showing the distribution of hydroxyl groups in
lignophenol derivatives obtained from lignophenol materials of various origins.
FIG. 16 is a view showing a sub-unit of a lignophenol derivative that is used
20 to synthesize an arylcoumaran derivative.
FIG. 17 is a view showing an arylcoumaran unit,
FIG. 18 is a view showing one example of an arylcoumaran unit obtained from
a lignophenol derivative obtained by using p-cresol as a phenol derivative.
FIG. 19 is one example of a UV spectrum of an arylcoumaran derivative.
25 FIG. 20 is one example of an IR spectrum of an arylcoumaran derivative.
FIG. 21 is a view showing one example of a UV spectrum of a lignin cross-
linking derivative .
FIG. 22 is a view showing one example of an IR spectrum of a lignin cross-
linking derivative .
30 FIG. 23 is a view showing one example of a lignin structural conversion to a
lignophenol derivative using p-cresol as a phenol derivative, an arylcoumaran
derivative and a lignin cross-linking derivative .
FIG. 24 is a view showing principle aspects of a nucleus exchange method.

FIG. 25 is a view showing principle aspects of a periodate-oxidation



FIG 26 is a view show ng one exanple of the structural analysis in which a
nucl eus- exchange net hod and a peri odat e-oxi dati on nethod are applied to an
aryl counmaran derivative. 5 FIG 27 is a view showi ng steps for
manuf acturi ng a nol ded cel | ul ose product using a secondary derivative. FIG
28 is a vi ewreahawtng steps for manufacturing a nol ded cel | ul ose product
using a secondary derivative, FIG 29 is a view show ng transference of a
secondary deri vat i kAol aLBiew ghawiag opy expaiple phtheosirusturg!l aeplygimtin fvhich a

nol ded prOd%tcLeu‘waEﬁh ep\sﬁﬁ’?ﬁocbaﬂldsgl ?%hggatylﬁléa?% 2 Ce?cfje:frjeva fg)l‘fc% th! &

30 is a view show ng s manu turrn ul'ose™product
usi ng a secangdapymamnideaivatiee. FIG 31 is a view showi ng steps for

manuf acturi ng a ed. cel |l yl ose product ng.a secondary, derivati ve.
FIG 32 Ps a vi ev%ﬂ’b% 8 as‘i‘%‘ﬁ§ﬁ%’rngrsé m?gug&cgg%ﬂwﬂ%?q¥wﬁeﬁo a
substrate copgid gggcloﬁgargqfeg%g%'from a nol ded product. FIG 33 is a view
showi ng the steps of exanples 1 to 3. FIG 34 is a diagram show ng the

properties of a |ikjto@Benalviekeshvwingwstepsnidr arnifhcturangyd amlideai cedludieseipradicye,
which is a derivative.thereof . FIG 35 is a diagram show ng the

di stri buti orfSB¥8 h3FEPBRAY HFSEIE-and the phenolic frequency for a

| i gnophenol deri vaftm/ezgan@l AR YSHoRUARIBdhsHREA éabf i sed¥Hdary ld%neanve upon
derivative thereof. FIG 36 is a diagram show ng the properties of

| i gnophéRol remevaidy distilatibraods solveatrfrom ermekiet ipntduss, ‘dbnctl\satweuehad/\mhzztteds

a derivativ 37 1s a diagram show ng the distribution of
hydr oxyl grgl&épg angirtyh e“gﬁté holic frequency for a lignophenol derivative and

a lignin cross-limkGIgodeaivey iskeéwitldi stépsi for enatl@facyiaiove nioldddesdiluldsk Grodfti S
a view show ng the state where a test piece is supported and a load 30 is

appl i ed in ARG dargderivetivs. 39 (a) is a graphical view show ng Prmax;
FIG 39 (b) is a vm@wmgwan Whice! dens 38 ﬁ&nufa%tlﬂ ngsmfof&%ﬁ“@dg@%mﬁc@

40 is a graphical view show ng vol U ge rat
cel l ul 038 pru@dlgcetsacehdajyalehlvmmhenol derivati ve.

FIG. 32 is a view showing steps for recovering a secondary derivative and a
substrate constituting material from a molded product.

'FIG. 33 is a view showing the steps of examples 1 to 3.
FIG. 34 is a diagram showing the properties of a lignophenol derivative and an
20  arylcoumaran derivative, which is a derivative thereof.

FIG. 35 is a diagram showing the distribution of hydroxyl grdups and the
phenolic frequency for a lignophenol derivative and an arylcoumaran derivative, which
is a derivative thereof.

FIG. 36 is a diagram showing the properties of a lignophenol derivative and a

25  lignin cross-linking derivative , which is a derivative thereof.

FIG. 37 is a diagram showing the distribution of hydroxyl groups and the
phenolic frequency for a lignophenol derivative and a lignin cross-linking derivative ,
which is a derivative thereof.

FIG. 38 is a view showing the state where a test piece is supported and a load

30 1is applied in a strength test.

FIG. 39 (a) is a graphical view showing Pmax; FIG. 39 (b) is a view showing
MOE,; FIG. 39 (c) is a view showing MOR.

FIG. 40 is a graphical view showing volumetric change rates of a molded

cellulose product using a lignophenol derivative.



FIG .41 is a graphical view show ng volunetric change rates of a nol ded
cel l ul ose product using an aryl counaran derivative. FIG 42 is a graphical
vi ew showi ng vol unetric change rates of nolded cellul ose products using a
| i gnophenol derivative, an aryl coumaran derivative and a 5 lignin
cross-1inking deri G A s »egppldtilveky, showiagmohiheaeie. cah@e rdsi & & molded

di agram showi ng.a co rj son of ter-absqrption and volunetric change
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ar yl counr an der | vaIty Rl aaghipfital ViEW oWl VRSBV BHAnKE rates of molded
respectively. FIG 44 is a diagram show ng recovery rates of various

derivatives febwhoae pooductioising aphguphenocBESTvaITEES RORCGARRENNG Bdfiva Had a

| NVENTI Mo . ying..out the present invention will be explained in
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l'ignocel | ul ose mat @ Gal44 isre dibgirdrh Ghowild Redgbryt haged bORBESLY HEPPRIVERIESH &l
can be 2'([) used éﬁgj[any form such as powder, chips or the |like, a powder

I'i gnocel FQIl o L0ldag ROdust has advant ages for efficiently extracting the

| i gnophenol derivative. Mreover, the lignocellulose material may be a
waste tinber or an end tinber of a lignocellulose material, or a feed or an.

agri cul t ur al BESSt MORES EOR G4RR YING O1ET THROREVENTEONal nay be used. 25

In order to produce,a ryl coumaran_derivative or a._ljgnin crgss-linking
derivative fromt hyqdﬁéé%%%‘éqqyﬂ%%t the PEsseRs inventinnawill bejexploined yr detat belqw.s
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I dechali I It ich f he 30, |ignin skel etaon
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the fundanmental skeleton is a structure of the 9 carbons shown in
structural fRsThateQuUSPlants sugh as micenparns beai andrtbe likhecanybbused 4 #Hyaw hoaterial
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20+ used in any form such as powder, chips or the like, a powder lignocellulose material
has advantages for efficiently extracting the lignophenol derivative. Moreover, the
lignocellulose material may be a waste timber or an end timber of a lignocellulose
material, or a feed or an agricultural waste containing a lignocellulose material may be
used.

25 In order to produce an arylcoumaran derivative or a lignin cross-linking
derivative from the lignocellulose material, a phenol derivative must first be bound to
the lignin of the lignocellulose material to produce a lignophenol derivative from the
lignocellulose material, in which a phenol derivative is introduced exclusively at an -
position (benzyl-position) of a sidechain of a phenylpropane unit, which forms the

30  lignin skeleton (this step is referred to as a first derivatization step).

In the present specification, the phenylpropane unit in lignin refers to a unit,
of which the fundamental skeleton is a structure of the 9 carbons shown in the

structural formula of FIG. 1. In this structure, the symbol -O(H) shown bound to an

aromatic ring means that, in some cases, a hydrogen atom is bound to the oxygen atom



of the aromatic ring, thereby formng a hydroxyl group and in sone case,
this oxygen atomtogether with anot her phenyl propane unit constitutes an
ether linkage. Wthin this phenyl propane unit is included an unit in which
various structures shown in FIG 2 are substituted at an -pos i tion or a

-posit i on of the sidtgatvating OheleB® formingUNBAITERY 18¢rotpiahd Gh sbi@ cAE MMl exygen
ring. Also included js a unit in which an aromatic ring is bound to another
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structural irregularity of lignin and further secondarily-derivatized the
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20 material as a lignophenol derivative. In this example, lignophenol derivative means a
polymer containing a diphenylpropane unit in which a phenol derivative is introduced
at an -position of a sidechain of a phenylpropane unit of lignin via a C-C linkage.
The amount and molecular weight of the introduced phenol derivative in this polymer
varies depending upon the lignocellulose material used as a raw material and the

25 reaction conditions.

The first method is a method described in the first application noted above
(JP-A 2-233701).

In this method, for example, a lignocellulose material, such as wood powder
or the like, is mixed with a liquid phenol derivative (such as cresol or the like) to

30 dissolve the lignin in the phenol derivative. Then, concentrated sulfuric acid (for
example, 72% sulfuric acid) is added to the lignocellulose material to mix and to
dissolve the cellulose component. According to this method, the phenol derivative
containing the dissolved lignin and the concentrated sulfuric acid containing the

dissolved cellulose component form a two phase solution. Lignin dissolved in the



di ssol ved cel | ul ose conmponent forma two phase solution. Lignin dissolved
in the phenol derivative only contacts the acid at an interface in which
t he phenol derivative phase contacts the concentrated acid phase. As a
result, a cation at a sidechain - position (benzyl-position), which is a
hi ghl y react iphendlj desivefive ohlygenntadis tidaavidbnbn Getefhéd inewhichirthe passbli derivative
produced by contact with the acid, binds to the phenol 5 derivative. As a
result, the 8&.80.[:0:&8?'(?35?igpgc?rgrqtﬁfp u@?é_e'atgﬁ H’e_re-SHBs Bt fatignnaty f idecopie -
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added to a | ghgle eX8RSH 0 N, preci pi s, Lhat . ar
col |l ected ang di ssol vedgﬁérphgﬁgglgﬁlg?ﬁw c%ast gﬁé}nlaerqs% &bﬁ%ﬁpér%éﬁc%g?e?ﬁaée rognltgyed
by centri f ugatolesulardeighteligriat thachasdeeh | mader it atiswanelecolae epédicy Bﬁcleﬁh%e
thyl

acet one-sol ub 2 roducts are added dropwi se_to a | arge excess of e
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of f fromt hedé)ﬂi%ti:vléia'ft@tb%ﬁ%l%s'itﬂﬁsviﬁ@g))?reg@li@ﬁfd}%@ﬂ%ng %feaa&%duﬁgs are dried

in a desjiccator with phosphorus penta e to obtai ow nol écul ar wei ght
crude |iYhophenol 8akregizan obthedigraphénny detizativeyfromhthe glhenelr daritative phsseacan

dried ti I | U4 th de. | henol .derivat | ) be al 25
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as such as a |ignophenol derivative solution in the seconda derivati zed
treatment. |$PUECtsl andl dissohivrd imfacetong. | Agatsmel ingbloble predictsalaré semoxedl by

i th | £ar | t ,_which.djsspl |
or 1 qui . pronsindautt 38 e aGIRABIuAE LRORICR R cohthiithedd TR HEQofir3thble,
FIG 5 (3henmioddetsi arat addedsdropinige &6 aplargdNextessaof QEBENéthet @Ad agk dpresipaded

to this | ignPcelIuI ose terial to dissolve the cellul ose
ractions are collected. The solvent is distilled off from the precipitate fractions and

the precipitate fractions are dried in a desiccator with phosphorus pentaoxide to obtain

a low-molecular weight crude lignophenol derivative containing the lignophenol

derivative as a dried portion. In addition, the crude lignophenol derivative can be also

25  obtained by removing the phenol derivative phase by simple distillation under reduced

pressure. Moreover, the acetone-soluble products can be used as such as a lignophenol
derivative solution in the secondarily-derivatized treatment.

In a second method, after a lignocellulose material is mixed with a solvent (for

example, ethanol or acetone), which dissolves a solid or liquid phenol derivative, the

30  solvent is distilled off as shown in FIG. 5 (phenol derivative sorbing step). Next, a

concentrated acid is added to this lignocellulose material to dissolve the cellulose

component. As a result, similar the first method, for lignin dissolved with the phenol

derivative, a cation at a highly reactive site (sidechain -posit ion) of lignin that was

produced by contact with the concentrated acid binds to the phenol derivative and the



component. As a result, simlar the first method, for lignin dissolved with
t he phenol derivative, a cation at a highly reactive site (sidechain -posit
ion) of lignin that was produced by contact with the concentrated acid

bi nds to the phenol derivative and the phenol derivative is introduced
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converting natur a? i gr%l n iorﬁ%g Og hlglngcr:leol}ouﬁoeno gfc%fralf y&ﬁe@és@gr tgﬁlgglens%’rg?t%%éo% S
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Sanpl o of i 11ed WA 11 GAPHE (hCHPRARE o PEFEh o leBohdengrotnds | fegmitely

obt ai ned2d r omtbahedd £danveO@ sition of the lignin sidechain by these methods. Introduction of
the phenol derivative at a phenylpropane unit of lignin and the amount that is
introduced can be confirmed by '"H-NMR. Selective introduction at an -positi on of a
sidechain of a phenylpropane unit also can be confirmed by 'H-NMR and nucleus-
exchange analysis.

25 Moreover, in FIG. 8, a step for converting natural lignin into a lignophenol
derivative by these methods is represented by showing a change in a partial structure of
the lignophenol derivative.

In addition, FIGS. 9 (a) and 9 (b) show a UV spectrum of a sample of milled
wood lignin (hereinafter referred to as “ground lignin”) obtained from defatted wood

30  powder by a Bjorkman method and a lignophenol derivative (lignocresol) sample in the
case in which cresol was introduced as the phenol derivative into the lignocellulose
material. FIGS. 10 (a) and 10 (b) show an ionization differential spectrum (Ei
spectrum) of the respective samples of FIGS. 9 (a) and 9 (b). In FIGS. 9 (a) and (b)
and FIGS. 10 (2) and (b), the lignophenol derivative shows a very sharp peak at 280



30 powder by a Bjorkman nethod and a |ignophenol derivative (lignocresol)
sanple in the case in which cresol was introduced as the phenol derivative
into the lignocellulose material. FIGS. 10 (a) and 10 (b) show an
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(b)) used i sodibfiShydoxidg soluBogpect rum of the |ignophenol derivative has a
very sharp absorption as conpared with lhgni n sulfate prepared using only

d
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derivat2oe hsbirabl tBResuHjhgatdy 848Ny group. Conversely, a strong absorption based on

the adjacent 2H of a phenol ring is apparent near 800 cm™. This result is more

consistent with that of the UV spectrum.
FIGS. 12 (a) and 12 (b) show an 'H-NMR spectrum of the lignophenol
derivative (lignocresol) used in FIGS. 9 (a) and 9 (b), the acetate thereof (FIG. 12 (a)),
25  and the acetate of a ground lignin sample (FIG. 12 (b)). Although the acetoxy proton
area (1.6-2.5ppm) overlaps with a methyl proton of the introduced cresol, it is clear
that, from the signal pattern, the lignophenol derivative has many pheneolic hydroxyl
groups and still retains an aliphatic hydroxyl group. In addition, a methoxyl proton
and an aliphatic sidechain proton (2.50-5.20 ppm) are clearly apparent and thus, it is
30 believed that the irregularities of the natural lignin have been reduced. In addition,
from the integrated values of the various peaks in these spectra, the amount of the
aliphatic hydroxyl group and the aromatic hydroxyl group can be quantified and the
amount of introduced phenol derivative (p-cresol in this spectrum) can be also

quantified.
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In addition, the lignophenol derivative had a slightly pinkish-white
appearance, even though it was treated with a concentrated acid and a large amount of
cresol was introduced. This is greatly different from the lignin phenolized with a

25  sulfuric acid or hydrochloric acid catalyst, which had a black color.

FIG. 15 shows the amount of hydroxyl group in lignophenol derivatives
(lignocresol) obtained from various origins using the same conditions as those for the
samples in FIGS. 10 (a) and 10 (b). The lignophenol derivative does not have a benzyl
hydroxyl group at a sidechain -pos ition and on the other hand, the sidechain -

30 positional hydroxyl group is retained in the same amount as that of a ground lignin.
Phenolic hydroxyl groups are greatly increased as a result of cleavage of the benzyl

aryl ether in lignin and introduction of cresol in the treating process.

(Lignophenol derivative as a starting material for synthesizing an arylcoumaran
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hydr oxyl 2gr OpRenol derivatives, such as phenol, alkylphenols, such as cresol and the like,

methoxyphenol, naphthol and the like, divalent phenol derivatives, such as catechol,
resorcinol and the like, and trivalent phenol derivatives, such as pyrogallol and the
like, are appropriate, because these derivatives do not have any substituents at an
ortho-position relative to a phenolic hydroxyl group.

25 Confirmation of the formation of such lignophenol derivatives can be

confirmed by 'H-NMR and nucleus exchange analysis.

(Lignophenol derivative as a starting material for synthesizing a cross-linking lignin
derivative)

30 The lignophenol derivatives, which can be used to synthesize a cross-linking
lignin derivative of the present invention, are not particularly limited. In the present
invention, a cross-linking functional group is introduced into a site that is an ortho-
position or para-position relative to the phenolic hydroxyl group, which introduction

site inherently exists in the phenylpropane unit of lignin, because when the cross-
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-functiongd gsessRitvénkd affvo or more sites among an ortho-position and a para-position relative
to the phenolic hydroxyl group is used, such as 2,4-xylenol, 2,6-xylenol and the like,
because a cross-linking functional group introducing site is no longer present in the
introduced phenyl derivative, only the cross-linking functional group will be

introduced into the main lignin structure.
25 Therefore, by combining a phenol derivative having a cross-linking functional
group introducing site and a different reactivity with a phenol derivative having no or a
different introducing site number, or combining two or more of them, the number of
sites for introducing a cross-lining functional group in a lignophenol derivative can be
controlled and as a result, .the cross-linking degree of the cross-linking lignin

30 derivative can be controlled.

 Preferred phenol derivatives, which can also introduce a cross-linking
functional group at an introduced phenol derivative side, are phenol and cresol
(particularly, m-cresol). In addition, preferred phenol derivatives, which do not

introduce a cross-linking functional group into the introduced phenol derivative, are
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20 More particularly, this alkali treatment is performed by dissolving a
lignophenol derivative in an alkali solution, permitting the reaction to proceed for a
period of time and, if needed, heating.

Alkali solutions used in this treatment may be any alkali solution as long as it
can dissociate the phenolic hydroxyl group of the introduced phenol derivative in the

25 lignophenol derivative, and the type and concentration of alkali conditions or the type
of solvents and the like are not limited, because when the aforementioned dissociation
of the phenolic hydroxyl group occurs under alkali conditions, a coumaran structure is
formed by the adjacent groups.

For example, in the case of a lignophenol derivative in which p-cresol is

30 introduced, an aqueous NaOH solution can be used. If treatment is performed at an
alkali concentration of 0.5 to 2N for 2 hours, it has been confirmed that the degree of
low-molecular species and the formation of arylcoumaran derivatives from the
lignophenol derivative are slightly different depending upon the concentration of the

alkali solution.
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group siges abwin an arylcoumaran derivative in which more phenolic hydroxyl group sites are
transferred from an -po sition-introduced phenol derivative side to the main lignin
structure, a higher reaction temperature is preferable. The heating temperature is
preferably not lower than 80 a nd not higher than 160. Wh en the temperature is
much lower than 80, the reaction does not proceed sufficiently and, when the
25 temperature significantly exceeds 160, non -preferable reactions result. More
preferably, the temperature is not lower than 100 and not higher than 140, In
addition, heating is preferably performed under pressure.
One example of such a treatment utilizes conditions under which an aqueous
0.5N NaOH solution is used as the alkali solution and the treatment is performed at
30 140 for 60 minutes in an autoclave. In particular, these treatment conditions are
preferably used for lignophenol derivatives that are derivatized with p-cresol.
In low molecular species formation treatment of a ligno-hybrid derivative in
the alkali solution, for example, the reaction is stopped by cooling or the like, the pH is

lowered to around 2 using a suitable acid, such as 1N hydrochloric acid or the like, to
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lignop eno erivative using p-cresol as a phenol derivative.

(Structure of an arylcoumaran derivative)
The percentage of the coumaran skeleton and the phenolic aromatic ring in the
25  thus obtained arylcoumaran derivative, the amount of introduced cresol, the amount of
a hydroxyl group and the entire structure can be confirmed by a nucleus exchange
method, 'H-NMR or the like.
A UV spectrum (solvent: tetrahydrofuran) and an IR spectrum (KBr method)
of an arylcoumaran derivative are shown in FIGS. 19 and 20.
30
(Preparation of a lignin cross-linking derivative )
A lignin cross-linking derivative refers to a derivative in which a cross-
linking functional group is introduced at an ortho- and/or para-position relative to a

phenolic hydroxyl group of a lignophenol derivative. The weight-average molecular



nononer and a polyner in the alkali solution. 20 FIG 1.8 shows
one exanple of an aryl counaran unit obtained from a |ignophenol derivative
usi ng p-cresol as a phenol derivative. (Structure of an aryl courmaran
derivative) The percentage of the coumaran skel eton and the phenolic
aromati c ri ngvéight hie meferatiys2@it a nddOar yd dheremasundesf \atrodueed t drossalinking
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mixing a polymerizable compound, such as formaldehyde, glutaraldehyde, diisocyanate
and the like, with these compounds under conditions in which the phenolic hydroxyl
20  group in a lignophenol derivative can dissociate. Because the -aryl ether linkage also
dissociates under such conditions, the lignophenol derivative is low-molecular species.
Upon mixing of the lignophenol derivative with the cross-linking functional
group forming compound, in order to efficiently introduce the cross-linking functional
group, a cross-linking functional group forming compound is preferably added at 1 or
25 more mole-amount with respect to the aromatic ring of the lignin phenylpropane unit in
the lignophenol derivative and/or the introduced phenol ring. More preferably, it is
added at 10 or more mole-amount and, further preferably, 20 or more mole-amount.
Then, the cross-linking functional group is introduced into the introduced
phenol ring under conditions in which the phenol derivative and the cross-linking
30 functional group forming compound are present in alkali solution, or by heating if
necessary. While the heating conditions are not particularly limited so long as a cross-
linking functional group is introduced, the range of 40 to 1 00 is p referable. When
the temperature is lower than 40, the cross-linking functional group forming

compound reaction rate is very low and, when the temperature is higher than 100,



m xi ng a pol yneri zabl e conpound, such as fornmal dehyde, gl utaral dehyde,
diisocyanate and the like, with these conpounds under conditions in which
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20  derivative, an arylcoumaran derivative and a lignin cross-linking derivative are shown

in FIG. 23. In this example, p-cresol is used as a phenol -derivative and a

hydroxymethyl group is introduced as the cross-linking functional group.

(A method for confirming the properties of the lignophenol derivative, the
25  arylcoumaran derivative and the cross-linking lignin derivative)
1. Confirmation of production of a coumaran unit and quantification of the distribution
of the phenolic aromatic ring
The structure of an arylcoumaran derivative, or more particularly, the
structure of an arylcoumaran fundamental unit, can be confirmed by comparing, before
30 and after the alkali treatment, the frequency of the phenolic properties of the cresol
ring and the lignin aromatic ring (mainly guaiacyl ring) by a ring conversion method
combined with a periodate oxidation treatment.
A nucleus exchange method is a procedure by which a phenol monomer is

quantitatively obtained from a phenol polymer, such as lignin, in a medium in which



A WV spectrum (sol vent: tetrahydrofuran) and an IR spectrum (KBr nethod) of
an aryl counmaran derivative are shown in FIGS. 21 and 22. In addition, in
one exanpl e of structural conversion of lignin, a |lignophenol 20
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20 analyzing example, the fundamental unit of other arylcoumaran- derivatives can be

similarly confirmed. The symbols shown in FIG. 26 represent the following structures:

Gp: Phenolic guaiacyl ring
GE: Ether type guaiacyl ring
25  CP: Phenolic cresol ring introduced at an -posi tion

CE: Ether type cresol ring introduced at an -posi tion

As shown in FIG. 26, when this lignophenol is nucleus exchange-treated,

because cresol has a cresol ring at an -pos ition at high frequency, a DPM type

30  structure is formed between guaiacyl ring-cresol ring from initiation. Therefore, the

lignophenol is rapidly nucleus exchanged and, regardless of the phenolic properties of

the guaiacyl ring, the guaiacyl ring and the cresol ring are liberated as a monomer.

That is, cresol liberation is of all CP origin and guaiacyl ring (guaialcohol and
catechol) liberation is of GP and GE origin.



The foll ow ng expl anation provi des one exanple for analyzing the

| i gnocresol exenplified in FIG 23, which is one kind of a |lignophenol
derivative using p-cresol as a phenol derivative, and an aryl coumaran
derivative shown in FIG 26 that is obtained by using this |ignophenol as a
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20
(Preparation of a lignophenol derivative sample and an arylcoumaran derivative
sample)
Each sample used for the nucleus exchange treatment and the periodate
treatment was prepared as follows:
25 The lignophenol derivative sample was prepared as follows: After p-cresol

was adsorbed onto wood powder, 72% sulfuric acid was added to treat at room
temperature for 60 minutes, all the reaction solution was placed into an excess of water
and the insoluble fractions were collected by centrifugation, dialyzed and dried. The
dried material was extracted with acetone, the soluble fraction was added dropwise to
30 an excess of ethyl ether, and the resulting insoluble fraction was dried on P,Os.

An arylcoumaran derivative sample was prepared by treating the lignophenol
derivative (lignocresol) obtained as described above in a 0.5N aqueous NaOH solution
at 140 for 60 minutes, acidifying to pH 2 with IN hydrochloric acid, washing the

precipitates under neutral conditions, lyophilizing and drying on P,0s.



either alone, and either before and after the alkali treatnment, and the
peri odat e oxi dati on deconposition and the treatnment conbined wth nucl eus
exchange and by the difference in yields thereof. Mre particular
procedures are indicated below 20 (Preparation of a |ignophenol derivative
sanpl e and an aryl coumaran derivative sanple) Each sanple used for the

nucl eus exchzapl%e trt.eagﬁkxent nd the periodate treatnent was prepared as
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an excess of Ift.hyktrepierrecagene dthsohaselkdtiongf 1Ns@Bubl e fracti on was dried on
Plerr]dJerr]. An aryl coumaran derivative sanple was prepared by treating
t he |ignophenol derivative (lignocresol) obtained as descri bed above in a

0. 5N aqueous (-Nggg@g*&h\tﬁggﬂug&%g for 60 mnutes, acidifying to pH 2 with

1N hydrochl ori ¢ aci I'ng preci pitates under neutral conditions,
| yophi I'i zi ng and draisnigatde ak{oant bPpdignophenol (derieptaveadt an adflcoumarahaiesivative
exchange rea enti The reagent u§ed for the nquCI eus eXéhan e treatnment was a

9
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conpl ex (contai ned at 25% al ai Tesque, Y trda pure reagent) at a
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a |l ignophenol.deri.vative or .an aryl.coumaran derivat,ivye sanpl

o acad | nto. Fuarearel b itul o ettt o, o et ab 0o RRE, FrRBi i 4
steel balls hearsStDuringBeatiaBdthé oohteis ia the GhBURVE Weh@BEi®ed 6PE2 130 MAsteadded
t hereto. The autocl ave was sealed and stirred for 10 m nutes or nbre to
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the reacti onautdelaveulas el vompletdlgreiaus, thé aufiRlavel whdoPened, and the contents
were transferred into a 100 ml beaker by washing with a small amount of diethyl ether
(Wako Pure Chemical Industries Co., Ltd., extra pure reagent). A solution of a known
20 amount of an internal standard substance (dibenzyl (Tokyokasei Kogyo Co., Ltd. extra
pure reagent)) in benzene (Wako Pure Chemical Industries Co., Ltd., extra pure
reagent) (12 mg/ml) was added thereto, the ether-insoluble was filtered with a glass
fiber filter (Whatman GF/A 4.5 cm) and washed a few times with diethyl ether. The
filtered material was transferred to a 300 ml separating funnel and a saturated sodium
25 chloride solution and sodium chloride (Nakalai Tesque, Inc., extra pure reagent) were
added with vigorous shaking to inactivate the BF;. The ether layer was recovered and
concentrated to about 10 ml relative to 1 ml of a reagent. The concentrated material
was transferred into a 50 ml Teflon-liner screw vial, anhydrous sodium sulfate (Wako
Pure Chemical Industries Co., Ltd., extra pure reagent) was added and dehydrated

30 overnight at the cool place.

(Quantification of product)
50 1 of the dehydrated ether solution was placed into a 1 ml Teflon-liner

screw vial, one droplet of pyridine (Wako Pure Chemical Industries Co., Ltd., extra



pl aced into water, and the reaction was stopped by cooling. Silicone oil
adhered to the autoclave was w ped conpletely clean, the autoclave was
opened, and the contents were transferred into a 100 m beaker by washi ng
with a small anount of diethyl ether (Wako Pure Chem cal Industries Co.,
Ltd., extra puegcagsageand 10A1solf uBisdtrimethylsiybwrifi®roacetouide, BSTEA (Aldeichal

t andard b di Tokyok i . Lt t
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to stand at roomtenperature for 1 hour to performthe TMS treatnent. A TMS
derivative of€ohnii tsermt kmdtistdempel 306 nyimant i fi ed by gas chromat ogr aphy
(GLC). The produce u(?t was calculated from a 5 calibration curve for
a nononer. The G.C- H’né were as follows: Apparatus: YANAG MOTO G 3800
Col um: Crossli nkedFﬁmﬂlwh siitbopcon capillary colum (Quardrex s2006:0.25 nm
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(Preparation of a periodate oxidizing reagent)

20 500 ml of a solution of glacial acetic acid (Wako Pure Chemical Industries
Co., Ltd., extra pure reagent): water (3:2 (v/v)) was added to 15 g of sodium
methaperiodate (Nakalai Tesque Inc, extra pure reagent). The periodate oxidizing

reagent was placed in a brown reagent bottle and stored at 4.

25  (Periodate oxidation treatment)
1 ml of glacial acid was added to 100 mg of a lignophenol derivative or an
arylcoumaran derivative sample to dissolve the sample as soon as possible, and 15 ml
of a periodate oxidizing reagent was added with stirring to perform the treatment at 4
for 3 days. After treatment, the mixture was added dropwise into 200 ml of ice-cooled
30 water under stirring, the resulting precipitates were centrifuged (5, 3500 rpm, 10
min.) to recover the precipitates, washed with cool water, and lyophilized to dry over
P20s in order to obtain the periodate oxidation treatment sample. This sample was
nucleus exchange-treated as described above, and subsequently the product was

quantified according to the aforementioned product quantifying method.



Carrier gas: Helium Detector: FID (Preparation of a periodate oxidizing
reagent) 20 500 M of a solution of glacial acetic acid (Wako Pure
Chem cal Industries Co., Ltd., extra pure reagent): water (3:2 (v/v)) was
added to 15 g of sodi um net haperi odate (Nakal ai Tesque Inc, extra pure
reagent). Tha. Raenficationoi e amoynt efhgendussdsrgsioherdihydroaybgroup r eagent

bottl e and stored 4...25. (Perjodate oxi.da treatnent). 1. m of glacial
acid was added to %nﬁﬁ%@f\oé Eitbﬁ(?ﬁ}?élﬂ I°fd8{r?‘gﬁ?fiv‘§e EH#QYVP&IUWQ% n"as
derivative safplyged By HISNMRE the sanple as soon as possible, and 15 m of

a periodate oxidi zi ng reagent was added with stirring to performthe
treatment at 4 for ’Eiledayb,rld mtmoundemdrrﬁm arylprumaran udesivatise adersdpreparedi se

into 200 nder stirring, the resulting
precipita es%%@?ﬁ%@ég? {)5 %S ad’e%fe )éeteggﬁ’g pm 10 min.) to recover the

preci pi tates, washeghchi 200 ngook th@tsempleanst 13y gighod pzttobenzAldeh9de (PRBYasi 4h
order to obtain the periodate oxidation treatnent sanple. Th| s sanpl e was

nucl eus exchabigenal rstandard ecreceighebaresble infand s umls sipbemhich ts grmarlately
was quantifig ?ss@ﬁr%ﬁrﬂ' tér%tetdhfy@ﬂ% ﬁ?ﬁ@%a'té’d‘ H10Ps£3 an%uﬁﬁh dlfl g@ﬂogestaﬁﬁ’ﬁje

2. Quantification of t e anoun uce creso group
Quanti fi cat i mmﬁsstoh&danma lv.tltlpdedtefrhfeddahmdfcmﬁ$@ingaaiﬁEﬁpein’dor¢yp1p@t@wpomﬁl a
anal yzed by ' {\alg? The h brid conpound and the aryl counaran derivative
were pr e&gr eéa%‘B OF MFFFEE §t|s or as an acetyl ated nat erl al. Each 20 ng

of the sanple and 34 fgmé}l-tmb& ﬂqeng%ﬁe%@eﬁgme@s 'Qheg‘%HStF%ﬁﬂéfd

wer e wei ghed precise Into a vial, which was conmp e I ssolved in
deut erat ed pynahsiﬁonaablmutmeatwbbac magncxﬁ@ram(lalnca)appmattaaaagufad;tumd e T ACKds
di ssol ved only w .deut erated chl orof o sing an E orf pipgette to
obtain a 10" Fefhe FEEROSHvE R Frmlile hh g gmoBht AR RdBefE piegoes
using an R- 9@kichwed ﬁco?cﬁﬁ%&fﬂ{effﬁtlb@ﬁlgtdéﬂ)&lmi@ﬁ@ﬁhoﬂﬁgnet' C resonance
appar at us nmanuf actured by TACH . Fromthe integrated curve of the

resul tingSchart, the anmount of introduced cresol was cal cul ated according
to the foll o%ggy&gﬁ cul ating method. 15

The following is an example of an analysis that can be applied to the
lignocresol produced using cresol as a phenol derivative, an arylcoumaran derivative
produced by further treating this lignocresol and a cross-linking lignin derivative.

20
(1) Quantification of the amount of introduced cresol
‘ 'H-NMR was performed using the HITACHI R-90H Fourier transformation
type nuclear magnetic resonance apparatus. From the integrated curve for the resulting
chart, the amount of introduced cresol was obtained according to the following
25  calculating method. -
I wt%={Pwt/PmxPn/PixCi/Cnx(Cm-1)}/Lwtx100
I mol/C9={Iwt%/(Cm-1)}/{(100-Iwt%)/Lm}
Wherein:
Iwt%: Amount of introduced cresol (wt%)
30 Pwt: Weight of PNB (mg)
Pn: Number of aromatic ring Hs in PNB (4)
Pi: Integrated value of an area indicating an aromatic ring 4H signal in PNB (8.40-7.80
ppm)
Ci: Integrated value of an area indicating a methyl group 3H signal in introduced cresol



(Analysis) The followi ng is an exanple of an analysis that can be applied
to the lignocresol produced using cresol as a phenol derivative, an

aryl coumaran derivative produced by further treating this lignocresol and a
cross-linking,lignin derivative. 20 (1) Quantification of the amount of

I nt roduced c&%§8rkéﬁpmwﬁ was performed using the H TACH R-90H Fouri er

transfornmati .t L€ resonance appar at From t he
i nt egrated cﬁ?‘vé‘y‘?‘g?&ﬁé’?%é‘g???%&@ﬁ%@@ Iﬁreo(agﬁ‘%ﬁﬂtgs%;@? ntroduced cresol
was obt ai ned Gorhiotkcutartweeighteoffintrbdvded@radol (1088l cul ati ng met hod. | wt %

Pwt / PnxPn/ Pi_xCi [.Cnx ) wtx 100 | nol / C9=

E | wt 9% (Cm 1) }L/V{t( f%gé%bg‘{oﬂeSV\ﬁQQIH:dePW%e)A%th of introduced cresol
(w90 SO sPuEmMCehmBlnFofinkBlocltred M6 COf aromatic ring fs in PNB (4)
Pi: Integrated value of an area indicating an‘aromatic ring 4H signal in
PNB (8. 40- 7. 8anpMujecalar weightopfdt wmt ofiligren ¢20n area i ndi cati ng a net hyl
group 3H signal in introduced cresol (2.40-1.60 ppm) Cn: Number of
protons of a methyl group introduced cresol (3) Cm Ml ecul ar wei ght of

i ntroduced crgpQuadtifiiiok W the/¥rh et &fhyh}&?pngfoﬁggl) (hybrid derivative) (nm)

5 | nol /C9: Anmount of mtroduged cresol Lm Mol ecul ar wei ght of
1 unit of lignin (2deasutementeinti{NMRt wes petformed amsing theosamy cappaydtusyaothe

Me t . S rf ormed,usi ng the same apparatus. as_the 10
At or enentonaipreshb8ctk Spta® dah ol B8 e sk spEols: Bisaring EDRGa. Pl e
the integrat éstegratedecdroe fonthel @sultihg REathBetamddi® T PPREnoNt }@d%@)?c%rg.gp and

hydroxyl group and that of an aliphatic hydroxyl group were calcul a )
accor di ng to%li"ﬁeo S aliphajicc Aydioxyl i groumeieredealpelateds ecedrdingHto NhR foplestimgim

for an acetylalgflinglfiofias an area
Because the 'H -NMR spectrum for an acetylated sample has an area
15  indicating a phenolic acetoxyl proton signal (2.40-2.03 ppm) and an area indicating an
aliphatic acetoxyl proton signal (2.03-1.60 ppm) that overlap with an area indicating a
methyl proton signal of that introduced cresol (2.40-1.60 ppm), each integtated value

was corrected according to the following equations:

20  Aph=Aph'-OphxAar/Qar
Aali=Aali'-OalixAar/Oar
Aph: An integrated value for an area indicating a phenolic acetoxyl proton signal
(corrected value)
Aph': An integrated value for an area indicating a phenolic acetoxyl proton signal in an
25 ° acetylated sample (corrected value)
Oph: An integrated value for an area (2.40-2.03 ppm) that overlaps with the phenolic
acetoxyl proton of an acetylated sample in the original sample
Aar: An integrated value for an area indicating an aromatic proton signal (7.80-6.30
ppm) in the acetylated sample
30  Oar: An integrated value for an area indicating an aromatic proton signal (7.80-6.30
ppm) in the original sample
Aali: An integrated value for an area indicating an aliphatic actoxyl proton signal
(corrected value)

Aali'. An integrated value for an area indicating an aliphatic acetoxyl proton signal



15 indicating a phenolic acetoxyl proton signal (2.40-2.03 ppn) and an
area indicating an aliphatic acetoxyl proton signal (2.03-1.60 ppm that
overlap with an area indicating a nethyl proton signal of that introduced
cresol (2.40- 0.p each integrated val ue was corrected accordl ng to
the fol | ow nqéégﬂ.uéﬁBd’rP@) ipghe aggsyiaisgsempfshx Aar / Car Aal i =Aal i Cal i xAar / Car

Aph: An integhat.e aﬁ%gfat%%al?@ K@f ?ﬁal‘é&ddg(\(%t i '39 tht%QPH/é\ﬂ ea i néll‘ Cglﬁe% ?10

signal (correcte I ntegrated va

phenol i ¢ acetaeidxyppottom of thgreektylatedisar@ie in ﬂfeedxyglaila@ln@ampl e (corrected
val ue) Oph: An inte ,géat ed val ye for n area (2. t hat overl aps
with the phenolic at®t d8aunho t}Hﬁr‘b"fy aﬂ{o'él?:é"(%fl & ‘&agegn?ﬂsédlvd’oﬁlh@eé? |°Qrfﬁ%ﬂed
sanpl e Aars Amlidit egrated value for an area indicating an aromatic proton
signal (7.80-6.30 ppm) in the acetylated sanple 30 Qar: An integrated
value for an area indicating an aronatic proton signal (7.80-6.30 ppnm in

t he original te ted r an area indicating an
al i phatic actR Ww@?%t/%rﬁgﬁﬁ ?‘g p&@“ﬂ&ﬂug) Aali': An integrated

val ue for an grvﬁﬂ)miaplﬁ/?@tmim%@h?/hn&b@&ﬂ chﬁp@(pxyl proton signal
(2.03-1.60 ppm in the acetyl ated sanpl e : An integrated value for an

area (2.03- 1 60 pprr) that overlaps with the phenolic acetoxyl proton of the

car oul at ad badRh-Oi e B PRARRIBL O fRLn o Tyeroxl oroup was

phOHW %= ( Pwt /{mpwﬂmhﬂmh(w+@1mAﬁAAm— ) PaobPxPn/ Pi X (Aph+Aal i) / AnxAcm
1)} ]x 100 10 ali O-wt %( Pwt/ PnmxPn/ Pi xAal |/ AnxOHM) /[ ALwt - { ( Pwt / PnxPn/ Pi x
(Aal i +Aph)/AnxAcm 1)}] x 100 phOHnol / C9) =(phOHM % OHM / {(1 00-1w %/ Ln} 15

L A PG o S

15 aliOHmol/C9=(aliOHwt%/OHm)/{(100-Iwt%)/Lm}

phOHwt%: the amount of a phenolic hydroxy! group (wt%)
Pwt: Weight of PNB (mg)
Pm: Molecular weight of PNB (151)
20  Pn: Number of aromatic ring Hs in PNB (4)
Pi: Integrated value for an area indicating an aromatic ring 4H signal (8.40-7.80 ppm)
in PNB
Aph: Integrated value for an area showing a signal of phenolic acetoxyl proton
(corrected value)
25 An: P_roton number of a methyl group in an acetoxyl group (3)
OHm: Mass number of a hydroxyl group (17)
ALwt: Weight of acetylated lignin (mg)
Aali: Integrated value for an area showing a signal of aliphatic acetoxyl proton
(corrected value)
30  Acm: Mass number of an acetoxyl group (43)
phOHmol/C9: Amount of phenolic hydroxyl group (mol/C9)
Iwt%: Amount of introduced cresol (wt%)
Lm: Molecular weight of 1 unit of lignin (200)
aliOHwt%: Amount of an aliphatic hydroxyl group (wt%)

-~ —



Pm Mol ecul ar wei ght of PNB (151) 20 Pn: Nunber of aromatic ring Hs in
PNB (4) Pi: Integrated value for an area indicating an aromatic ring 4H
signal (8.40-7.80 ppn) in PNB Aph: Integrated value for an area showing a
signal of phenglic acetoxyl proton (corrected value) 25 An: Proton nunber
of a methyl grEQHMel/GH %ev@man@lwhpth Bydrokyh griviip $meli@82r of a hydr oxyl
group (17) ALwt: Weight of acetylated lignin (ng) Aali: Integrated val ue
for an area showi ng a signal of aliphatic acetoxyl proton (corrected val ue)

30 Acm MassS3.rfQuunéificafiormof ah@dmxyﬂnemwogtbu(pﬂo?)a Ipdyhierd sk Dlikify 1@ tfati9b

phenol i c hydroxyl group (npl/ Iwt % Amount of introduced cresol (w%

Lm Ml ecul ar wei gh‘fxnc?F‘amP%lst e’@flalp?‘bhﬂﬁ“’( ppwhick foomatdehy derivaatused aara Cross-

al i phati c shydg n

hydroxyl gr oﬁlprge(ﬁ?{r% ?{nggm%g(lv%ﬁ@ur?tlfip Ica H(?%g %dﬁg}? oé(yﬁ)éqrﬁg}'r%g{rhg'g r&upawas
| i gni n cross-ihirptticed akeniorass-Mekidg fanam:dae greuexplaianed thelcave iwhewdithd other
f or mal dehyde S. us§d as a Cross- i nki ng functional group form ng

conpound and H xﬁﬁ‘?é’tphywabr H"lﬁf?d\ﬂﬁ%‘l’l it r SEHFEEE F8ua Ber odedermingd nglmxlarly
functional grEythaldefy8O wal Jahﬁal&@& Qcddieix g ttoht‘ﬁe%ﬁﬁﬁvd#%idt%gai g{eoé‘s%u}ﬁ\@ﬁon

.introduced, a structure can be determned simlar
cal cul at ed adbarfgrmaldehydetie ailontrodqug aeqdmdrwnmhyll'gfomssurrptl on that

formal dehyde is all e a dro group. 10 HMt %

: i ght 2?5 hydr oxyr%wvl/o ‘453; ?’6\’? 9%’(‘5?#’}/@ tF%SB (mg) Pm Mol ecul ar wei ght
of PMB (151) Pwt WuighebfPNBa(ran)Htl cring Hin PNB (4) Pi: Integrated val ue
for an area showing an aronmatic ring 4H signal (8.40-7.80 ppm in 15 PNB

M : I ntegrat eBmyMaleculygr weighteeBMBnOWilhg a met hyl ene signal (-CH2-OAc) in a
hydr oxymet hyl pgueinérsrlotatid rRBH in PNB (4)

Pi: Integrated value for an area showing an aromatic ring 4H signal (8.40-7.80 ppm) in
15 PNB
Mi: Integrated value for an area showing a methylene signal (-CH,-OAc) in a
hydroxymethyl group (5.20-4.70 ppm)
Mn : Proton number of a hydroxymethyl group (2)
HMm: Mass number of a hydroxymethyl group (31)
20  Aph: Integrated value for an area showing a signal of phenolic acetoxyl proton
(corrected value)
Aali: Integrated value for an area showing a signal of aliphatic acetoxyl proton
(corrected value)
An: Proton number of a methyl group in an acetoxyl group (3)
25  ALwt: Weight of acetylated lignin (mg)
Acm: Mass number of an acetoxyl group (43)
HMmol/C9: Amount of a hydroxymethyl group (mol/C9)
Iwt%: Amount of introduced cresol (wt%)
Lm: Molecular weight of 1 unit of lignin (200)
30  HMwt%=(Pwt/PmxPn/PixMi/MnxHMm)/[ALwt-
[Pwt/PmxPn/Pix(Aph+Aali)/Anx(Acm-1)]}]x100
HMmol/CO=(HMwt%/HMm)/[ {(100-(Iwt%+HMwt%)}/Lm)

4. Average molecular weight



Wn: Proton nunber of a hydroxynmethyl group (2) HVm Mass nunber of a

hydr oxymet hyl group (31) 20 Aph: Integrated value for an area showi ng a
signal of phenolic acetoxyl proton (corrected value) Aali: Integrated val ue
for an area showi ng a signal of aliphatic acetoxyl proton (corrected value)
An: Proton nunber gMe&SWhi}ll ofeverpgs melacuae veight igr oupenophend deriyafive, an

Wei gh f | i B .. , f. t 4
ol o AnciioBhtan GG A Th a8 sCHIRRE ARGy @ ARE Rt rofheY By (gt?
£ ot o kil gt S o pomso 701t
HMM %= ( Pwt / PnxPn/ Pi x X - mxPn/ Pi x I nx( Acm
1)]}](§(| 00 HWPEHY @awﬂmwmmﬂ[ dogpewdtetrbrdoniiray }&H (manpfpetuserd by Wako

mol ecul ar sweirght ChenlYBASHEENRE!,, £id. A%EFA emhﬁwe%gdngﬁgxgritmg%:ag Yerivative in a

| i gnophenol derivative, ‘an arylcounaran deriva

cross- | i nki ngestenbe;astirning wath pénfchrmixdr by diyedlvpeompidtelgnadding roak alyoplehyf afk
sanpl e for neasurenent was. prepared | aci ng,about 2 nj of distilled and
degassed t et ARAYHA 1’uP'&FFSE’}I'ﬁPf‘R’PHBthbééFu?sedmbiﬂtm[) %andpfffe*uéﬁ@m%éP make
| ndustries., dohfbleteB* haiort!a8d" SRERY kviftd ONTBE Ofijtde kv at e ok
test tube, sti]rﬂ?)i?\a%hth I:itwtaouc m xer 1to dleggo vl\eIt@é%rrﬁf et er, g di ngsgrﬁrég
dropl et of arsoaditigns asrpacfodlowmis: sol ution in THF as an internal standard

substanc% to make conpletely uniformand filtering with a COSMONI CE Filter
"S". The Reasuri ng conditions were as follows: 10 Col um: Shodex KF802 and

KF804 Sol ventColdinh: She¥xe¥s02 andKF04. Detector: UV (280nm) 15 Range:
0. 32 Anmount of sanple: 50 1
Solvent: THF
Flow rate: 1 ml/min.
Detector: UV (280nm)
15 Range: 0.32

Amount of sample: 50 1

A calibration curve was made using a Polystyrene standard (Mw: 390000,

233000, 100000, 25000, 9000, 4000, 2200, 760); bisphenol A_and p-cresol provided

20 that molecular weight of polystyrene was multiplied by a ratio of Q factor (0.5327)
taking the molecular form of a hybrid derivative and an arylcoumaran derivative as

well as polystyrene into consideration. The weight-average molecular weight (Mw),
number-average molecular weight (Mn) of each sample were calculated according to

the following equations and a variance ratio (Mw/Mn) was also calculated.

25
Mw= (HixMi)/H i
Mn= Hi/ (Hi/Mi)
wherein Hi is the Height of chromatogram read every 0.5 mi
Mi: Molecular weight read from the calibration curve every 0.5 ml
30

(Material for molded product other than the arylcoumaran derivative and the lignin
cross-linking derivative )
As molding materials that are used for manufacturing molded products of the

present invention, natural or synthetic fibrous, chip-like or powdery materials are used

- -



A calibration curve was made using a Pol ystyrene standard (Mwv. 390000,
233000, 100000, 25000, 9000, 4000, 2200, 760); bisphenol A and p-cresol
provi ded 20 that nolecul ar weight of polystyrene was nmultiplied by a ratio
of Q factor (0.5327) taking the nolecular formof a hybrid derivative and
an_ aryl counmeamalding\abstratc asatonals imadgivioy$o yhesadignin degeativiederTitei form offthe

of aach sampriofecSbateis e don TRE MR ORFa 10 Lo Do ¢

vari ance rat ivadélyWsdn) was al so cal culated. 25 Mv= (HxM)/H i M= H/
(H/M) wherein H is the Height of chromatogramread every 0.5 m M:
Mol ecul ar vvei ght r by fiorens muddiagl substieteomatarialee variaug fiberspsuchoag mtugall at

or ) deg.progck Sl OB AN SOMIBRIr LUBL S A bOR! B

manuf act ur i ngibers tegclpd Gductiesofiberdeapbeseed. i nvention, natural or
synthetic fibrous, chip-like or owderé materials are used as nol di ng.
substrate material SAMARGRIbersorFellglospe Eel}si afsi preferablaathogause they fase meadily

e oD BiE tRd bR abid.© ALOthe! oMl ket BESRad O BB  thatfich Py,

forms can be wdely use rous no ng substrate mat vari
fibers such aemivhemicil pumip 5nd mljlpstmycled\fmmah&ehp«ﬂpgcar well dsi veioms arefieial
fibers, géass ber cera bers, and fibers rec cl.ed fromtgese fibers

can be ulBd. A ?rérsgn @Ff— psiag thesp ap Séﬁé‘fBWéP asi eanfeussde they are
readily avail abl e @(hdarx‘iW ﬁﬂ%&ia@'fﬁr sﬁéh ttﬁ'@ csm}ubs&l, ?aRr | ﬂa%r tﬁﬁ@ﬂ‘ﬁi@bﬁﬁkmgps

pul p, chem cal pulp, sem chem cal pul ps recyc fromthese pu
as well as vaomuﬁtrguatrpe and a droaddeafl melals Lalrawematcbelr or sym-tthwmrfﬂadr sechnag papes e
pul ps as a raw terl aw mat Eél al..for such the

cel lul ose fi t%‘*l ’tkﬁg?f ﬁ%@r%eﬂpoétm‘ﬁs@ﬁd’aga%Sﬁﬂ PYiLzed-ce and a

broadl eaf tree as dnraaditioH, Velldlose Cﬁibéﬂ@%btdlﬂ@fabyfdp@ﬁtﬁn§%ﬂoﬁ§ P&ﬁ@fs such as
mul berry, kenaf, Manila herrp, straw and bagasse can be utili ze

addi t i onl5 cebpandsseevrspppers andthe lkel whick pre pulp mgoqsca&qddugdmt@mu&cgue% frem
15 boar ds, %Wﬁpﬁﬂﬁéée rﬁ&%ﬁp%l %gy bg\héecdh are pul p processed products
om ? ’

manuf act ur ed®
As chip-like molding substrate materials, various materials such as natural or

synthetic various hydrocarbon, metal, glass, ceramic and the like can be used. As

hydrocarbon chips, natural cellulose chips from timber or non-timber materials may be

20. used. As metal chips, alumina chips may be used. As ceramic chips, chips such as

Al;03, SiO; and the like may be used. Fro.m the same reason as that for fibrous
molding substrate materials, cellulose chips are preferable.

As powdery molding substrate materials, a molding material which is made

into a powder by grinding or is originally in powder form and which is derived from

25  the same material as that for the aforementioned chip material can be used.

(Preparation of a molded product using an arylcoumaran derivative and/or a lignin
cross-linking derivative )
In order to prepare a molded product, only an arylcoumaran derivative can be
30 used, or only a lignin cross-linking derivative can be used, or both the arylcoumaran
derivative and the lignin cross-linking derivative can be used.
In order to prepare a molded product using an arylcoumaran derivative and/or
a lignin cross-linking derivative (hereinafter referred to as secondary derivative or the

like), a secondary derivative or the like, which is in melted state or a solvent dissolved



a lignocellul ose material, also may be used. As chip-like nolding substrate
materials, various materials such as natural or synthetic various

hydr ocarbon, netal, glass, ceramc and the |like can be used. As hydrocarbon
chips, natural cellulose chips fromtinber or non-tinber materials nay be

20. used. Astate(Bsreafiss this| siptenis refarisd teags biguefied state), depdded te 1w polding
chi ps such a I r i . [ . . I t .
oo roason. SLORFAE bRl dnd SRy RLHUF of WP RE N0 s SRRl P B8 55
chi ps are preabhddlEide. As powdery nol ding substrate materials, a nolding

material which is de into a powder by grinding or .is aoriginally in powder
form and which is Eﬁ}q SePdrmdsy vative, or g Freh*ﬁateég}téﬁs §akipg gpropgftics hggen it

af or ement 50NQYafdts SR itRE ?lis{leﬁ@d‘s@ﬁ d}}'l?oeg sollﬁcf r R3¢ KL Wdkn Gf %%c{%ﬂagpgqnw ? dyigd

using an aryl coumaran derivative and/or a lignin ctoss-Ii rivatirve )
In order to pyelistilding thosaeentmtd oot the digugfied statey be eduen i bsoldiéfiesvfrdomveme hed

be 30 used, .or.only..a ljgnin cross-|inkin eriyative can be used, or
both the ar yIsEag% RS hH@r# aﬁq%\?%‘v?aﬁaoﬂeﬁtéesl ?‘gin&’ﬁ Hég_spmpﬁmer?garﬁé’f?‘ﬁ\dpéttefiv@y
can be used. ukﬂﬁzﬁfgdﬁlrchta%am@ﬁbﬁexfy @H_ligﬁﬁ'lgﬁfr_&?’éé‘i;[thb'%é&ﬁd%ﬂ' B4 4194 rtl?éqlilée

derivative and/or a lignin cross-I1nki né:; erivative (herei'nafter referre
to as second#&py bgased/ag @ bimder fartneutniikeydhesinganeldihg spbeatevmatenigdsor t he

li ke, whigh is in S or_.a .sol vent di | ve state_ (herginafter
this st a{l g i s ref e?iﬁJ ee%&?g)e,é@%ﬁipéé%a{?tz% gf&eeﬁn?ﬁfeg Pe{ag‘é%i’ the %Fc%éad'?' Tvative
substrate naberthalikandusuallgcsusl thréleghi ¥ pidcess Y whith 4 skRndaryt ddrivative wefthed
state and is_ solidified. The secondary derivative or the |ike exhibits

caki ng propel¥¢ds a3obH1qn state is addathiosthe maldinganaterjakindis liqusfied jand shereafter,

solid. That i ARPT | et i n§.0; id [.stildj t he. spl vent
off fromt helﬂ?el %]%12%?35 dé{lgfeg, CH{(g’r &Iv\ﬁélhdc?{s g ?)‘Tvlﬁlglhfal se%}é??%rﬁ] dae rfr‘r%ﬁ?%ar S eaﬁ{ée §§/
cool i ng, t he tlad$vdgl staateEs abaadt, heﬁe@tuimblﬁ@nd&]qhds@ guidahedt bb@lﬁd.ar e exgi bi t ed.

By utilizing such caki n roperty exhibiting process,, the, secondary.

dgri vat i ié gr the | 'hseseeaﬁdagx ‘f?é’éla%{‘é% ! tg‘? ﬁfgérso ‘H%Onnﬂl’le@ah?rﬁmalfh%rh%‘g‘y in the

mol di ng substgaad & WAL kid §ccog}gary derivative ofBESHYY & F#E@Q?&’ riﬂ%agafl:i/%rﬁg ak 5

t he nol ded product, the secondary derivative or the S usua assed
t hrough a pr eelvsst iusedhforh this s derovatiovey solatiomataceteney ethemol,i kgethancd, stidxianepn

tate i dd t | di ng. nat erJ al dis li fied dt fter, th
ol vent i o IS iaTA of 6 Xt GEsh i HH HUL RGLRE AT ey | Pt o ra
the like in thRndaly devalR bf tAEdBR s8ASLDLIANSEih ANty ito]¥thedidink"Ely

cool ed.
20  separating a secondary derivative or the like from a lignocellulose material may be also

used.
For example, as a method for preparing 2 molded product, a method
comprising steps shown FIGS. 27 to 31 is provided.
As shown in FIG. 27, a cellulose fiber is molded, and this molded product is
25 impregnated with a secondary derivative or the like solution and a solvent is distilleci
off. By removal of a solvent by distillation, the secondary derivative or the like
provides caking properties and adhesive properties to molding materials. As a result,
the secondary derivative or the like is attached to the cellulose fiber to obtain a molded
product in the state in which the secondary derivative or the like acts as a binder. If
30 needed, this molded product may be further molded by pressurizing and/or heating.
Alternatively, as shown in FIG. 28, a cellulose fiber is molded, and the
molded product is impregnated with a secondary derivative or the like solution .
Thereafter, the solvent is distilled off by pressurizing and/or simultaneously heating

this molded product. By removal of the solvent by distillation, a secondary derivative



15 The secondary derivative or the like solution used herein is a
liquid in the state in which the secondary derivative or the like is

di ssolved in a solvent. As a solvent used for this derivative sol ution,
acetone, ethanol, nethanol, dioxane, tetrahydrofuran, or a m xture of each
of them wi t AT thetldee prawidss cakiag propertesand; asthesize peansridestp meldingmptesialsy Ahe
i ke sol uti I [ f : SliZ4 0, r at.l .
secondary darrut  QebohPad AbRB pRbat B bESLE PBEN 2 sccoR BRI AL IRy
used. For exaniikeactsiss abimeliehogh boobtainedar i ng a nol ded product, a met hod
conprising steps shown FIGS. 27 to 31 is provided. shown jn FIG 27, a
cel lul ose fiber i $GyTdIRG o éfiﬁ!ihqcffi showay %ﬁl@-oﬁuevd 28, 8econdary JSH%MEYE O t h

a secondgr Ytti%eﬁlké’%tt'ré’x{%fé}ge;cf @ethle !slhﬁgf%zgf Qhe %%@soa@én\feagéuua%mﬁ!s‘féea. 'Oirwﬁfhzey*

By renoval of a sol vent I Ssti t he secondary derivativ

| i ke provi desowakansferpnopdo thesurfard lagtresiemplifiedpeith iansarylvonmladimderivative.
mat eri al s. a. result, the seconda erivative or..the like i,s attached to
Uhe cell ui odBaf isnrioies’ BBPSH P SORALY ESHAN oF Hie ke & Averted Tarint Rutthe
secondary dejyeyadfl R WoldEE prbégetaciTheFore, HeRdgde al faré@/amcﬂﬁﬁd&_d seddHdiry

nol ded product may be further nolded by pressurizing and/or heating.
Al t er nat i velgtivaiiyegitghe like iFpesemtdn the guifhed lager fide)by attaching dedlatizgly snindl

| ded d .S | Lt h dar.y deri J lik
ol ut o - 45bphsoF dR “HREAERy o SRR Tk 81 oo Pllef Mg “Saron
si nul t aneougdsistdiRat Aid) strehgthnohslet pbo! by Biher BifdVied adfioh Nef 88 “esundbly

distillation, a secondary derijvative or the like provides caking
properties Q?F(H"aéﬁ’ﬁégit%h%? epdhe swsfacedayebisiieng naterials. As a result, a

| i gnophenol nol de | e t L Ny W C lLyadi or
the like acts as gn @%ﬁ%ﬁg’cg{\hg@ﬁggtg&%ﬁ %g@é’ Oﬁﬁgﬁﬂ%ﬁf@@%&%g&?&%ﬁ%ﬂ&’sﬁ%
FI GS. 27 anie28n aaylsannmdardyerideﬁ?e/@&ithlﬁinﬂ flécl;m atll'f@dphkleolidbritvaﬁmfweﬁrl?r@dsdlp
the surface |ayer side in the solvent distil]atiqgn step. FIG 29 shows
transfetencd E%&( HX@BF‘P‘?&E@‘&QV@PI@%&WW dicigntly OQ_F?UA‘P‘%/I coumaran
derivative. That Esymé, |3/ dewaTRUPIG 030 SEEANAMIN0sAb 3! e BimdiEy blakesd S
attached to the surface layer of the nol ded product. erefore, because a
| ar ge anpunimpregsaed mwith ythel secomiaryw detivativee of ithe like, pheselvenvns wistilledr éffice

L2 1 9 SR g LohSbh B RaRE oyl oL e Secondry
strength can be oRicasrlgsh BY tHi§ ehethdliangkcBRddrd Melvatiie of BEONRENY afiftiedabiav e
or the like on the surface | ayer side.
20 fiber in advance using the adhesive properties by distilling the solvent off. As such, by
molding with héating and pressurization using a fibc;r to which a secondary derivative
or the like is attached in the solid state in advance, a molded product in which a
secondary derivative or the like is uniformly distributed throughout the product can be
molded via from the liquid state to the solid state. Therefore, this method is preferable
25  as a process for preparing a molded product having uniform properties.

Further, as shown in FIG. 31, a powdery secondary derivative or the like is
mixed into a cellulose fiber and molded by beating and/or pressurizing. Alternatively,
prior to the final molding, a provisional molding step can be performed by
pressurizing. Thereafter, such provisionally molded product is heated to mold and, if

30 necessary, pressurized. According to this method, the solvent distillation step becomes
unnecessary. In addition, a molded product in which a secondary derivative or the like
is uniformly distributed throughout the product can be formed and thus, a molded
product having uniform physical properties can be manufactured.

In addition, upon preparation of the molded product from various molding



In this case, particularly when a highly hydrophobic aryl coumaran i s used,
i.e., an aryl coumaran derivative synthesized froma |ignophenol derivative
with cresol, 15 a highly hydrophobi c nol ded product can be efficiently
obt ai ned. Further, as shown in FIG 30, after cellulose fiber in the

unnol ded st dR¥erialsiand acsgrandagy derivativeeorshe bikeiarg vidtomal moiding defarhendlding or

th | t 4 nTDer this [fi i ded heat. i
and or - pr os etk el Kb be' IEAGR. Shieekd e sdeBl Ari FUE e o
the like is stdpsandyebe hddeal. 2br exhinpRy when adWa06EpUpiis dséd e AIRESUMEB material,

properties ba>zl distillin &arhe solvent_off. As such, by nolding with heating
and pressuri%Z¥F} Hﬁcﬁﬁéi%% YiRrpesss {7 iRpming amelied pradyct gad iavprevisongt mokding

like is gtte}ﬁaﬁgdidﬁldgﬁgem&o,lngfibgh@é@ad&@g\r@%gﬁ?@cg@?ed product in which a

secondary derivative or the Tike 1s uni stributed throughout the

product can be nolded via fromthe liquid state to the solid state.
Therefore, this thod is preferagble 25 _as a progcess for, preparing a

nol ded prodégfepﬁg%oﬂgoc%lﬁfflf’g{“?ﬁ B‘i"gﬂ%truts?r&?‘ lignin.gress-liang dexiretive JFl G 31, a
powdery secondary Jgex i@dby Sroiudt NRifg % Clikriin Nersedil el oge £

and nol ded by heating and/ ofprpruessu#igzi nég IAI treﬁ%ftl%‘%gl%rﬁ%klibgr’ ?% {nﬁgﬁﬁg
final nol di ngbsteatpraani B¢ oighgihenetl by etoep livkimgband drehtingretie byoklis Substzatag.

Ther eaf t gr, provishonal v .ol ded product .i s, heated to no and, if 30
necess atrlye/ , 61? ale{‘gllgablr l|r°z‘§e{’g i.SChA@%olr“ﬁil% 1% s’tlﬁ’ikglgﬂé‘frﬁ?csﬁl,vet e agﬁ_?l}f’éint _hgf‘g’ﬁ Pyt Pon
step beconmeaccomnpRred aith prleBsudiziigd. | PBrmaidIPbE BfbsRIRLNGS alsE YL HI: By heating
secondary der,i va(ij,lﬁ\,/ or the like Is uniformy distributed throughout the

product can YN gdhe splygat off memdhe meldingcsubstietermatonial tor mhpthy & ictesis-
properties gaRideadRatbiaGhiheHauidAde Jdfleq upon preparation of the mol ded
Ing S

product from various no material's and a secondary derivative or the
like, provisional Inttheliage wffpmeolded grotmcdlin aviioh tirog- imtile biCaARr&R-linking
vari ous sglgect ed and added egnd further other additional steps may be
added. For SXEKHPIE WaReperiommedy dhe hydrophobicilyeés ampravednendii g pasticataralthe a
wet process s@Engh M inpo9egss for formng a nol ded product and a provisional
nol ding 5 method and the |ike may be used and are different processes.
(Preparation of a nolding product using a lignin cross-linking derivative)

I n a nol ded ,pr oduct ing,a lignin crass-linkin erivative, the nmoldin

Subetrat o o SRERYEE kR Eishuimaip (oebial? ot My BRMEd RIREVHY 1 he w0l i g

substrate 10  naiFEthad, ak @hokh Gh FIGE32, iPidBng b ESS 2l doNenP o ﬁﬁf;lir‘éé’éxft}‘x?olhéd
on o

attached. Heating may be acconpanied w t'h pressurizing. Format
cr oss- | #hksprogdust, sthe gerodnes| @argge respetateg into fibers and an arylcoumaran derivative,

which can be recovered.

The arylcoumaran derivative is extracted from the molded product using a
solvent having affinity for the arylcoumaran derivative (hereinafter referred to as the
present solvent).

25 In this case, the present solvent may be acetone, ethanol, methanol, dioxane,
tetrahydrofuran, a mixture of one of these solvents and water, or an aqueous alkali
solution and the like. Considering simplicity, acetone and alcohol are preferable. In
addition, considering the cost, an aqueous alkali solution is preferable.

More particularly, during the recovery of the arylcoumaran derivative,

30  whether the original shape of the molded product is maintained or the molded product
is processed into small pieces, the molded product or the small pieces are dipped into a
solvent having affinity for the arylcoumaran derivative and further stirred. As a result,
the arylcoumaran derivative is extracted into the solvent. By processing the molded

product into small pieces and stirring into the solvent, rapid separation and extraction

-



when distilling the solvent off fromthe nol ding substrate material to
which a cross- linking derivative in the liquid state is attached. In the
case of a nolded product in which cross-linking of a cross-1linking 15
derivative wgs%Perfor rrg% t he hydrophobicity is inproved and, in )
particul ar, CRETRE POSYPIs- i Hlicspatyieb. where sy, evigingt shepeaof Itho mraldedh product is

derivative f n ugt.) . N E 3 di.n
again a sol vgﬁ{ﬁiaotogﬁéeq%?ﬂetgfen%? ’ ﬁrrltgl aégféf)glgﬁfanpd?egaégl? Xw?% HQ’PB?(?%)C% S%Igéntslgavmgg
separ at ed i naffifitbérsthandylaoumanphaerivatiee) e rthe sélive, isdincdyueais Rr example,

recovered. The arvyl counpran derivative is extracted fromthe nol ded product
using a sol v8REO %?\ﬁ"ﬁgaq&ﬁ’f rgintlotS;‘F“‘IdotP eXHractayithowy shiEring depasiigtlagein the case of a

(hereinafger Rk : V, = e,
he proscnt uuae sabub e it (RURSEPHLA0C G Rlohy, 2 thg aryloouhibah Ueliv A0S
t et r ahydr of uisaiitersleditg herextrattedrmndodt thbh esme simhey éhe¢ modded] pratiact, is diteaded to be
aqueous al kal_] | yt.i.on d the like. I deri Ssinplicit acet one,  and
al cohol are Sépeaigf‘gb?t&m? %Hﬁaﬁf@ﬁfb%gﬁﬁﬁ%w {lﬁ%ntgﬁéli“?ldéhpéﬂﬂ‘}ébﬁsdlpped
al kal i sol ut i1 ahqREQTsaNRA Solufb Bndairkégul arly, during the recovery of
the aryl coumaran derivative, 30 whether the original shape of the nol ded
product is maintai dedseth,tthe resbikrdd mryplgaumaian gemeatbsedan rieoutiizdd apaiacas,

t he nol d p t the || .pieces are di d,int sql vent . havi ng,
affinity for (’?lﬁ%{?saﬁg/{dgol@ n%‘f@ﬁoxbégip\ﬁﬁai@/téonaﬁg r‘?‘ﬂﬁ?%é’(‘)‘g{cﬁr 3H.adﬁét1°é” rBeging
t he aryl counsutatrattembepialsvial Wedepatedtht ithy Sanid8@me Pal B8 tutiliB¥d REAE S Fhfibus
t he nol ded pr.oduct into small pieces and stirring into the solvent, rapid
separation afgldsippdditiogto prepgzatinmeotpelded produist er nat i vel y, when t he
original shape of the nolded product is desired to be numintained, the
aryl coumaran derivative is dipped into a solvent having affinity for the
aryl coumar an(Resoiveryt afieeligiinteradseinkin g derivative nfromanmetded pfrbductexanpl e,
acetone)_ and allowed to. stand to extract wfhout stirring, In particular,
in the c]aile of a 5™ abr‘g‘ltﬂpnﬁ’q@ﬁb@? r‘%‘llae‘irﬁf@“icblls DESPAEPdabY: dptting Bdtheyt erass-
when t he aryligigd i i 1M idSdd e

Same time. ool e MR oAb JRHEREPGar B BoTHe AT AnE Bt plddit
mat eri al s byusipg atsolvegt bavingaffinite fort the lignind embspiinkingt ddriativppas wastthe aise

aqueous al kali .,sol utjon and stirred. such,, the_recovered_aryl coumar an
dgr i vative (a:fdprr] %8 W#CPP?&?%@%WWW& §€ﬁ'emi/§?‘f18%sa?ﬁp’é¥ der ithe Ligain rrags-ligking
preparation @drivabiveearePicRedife! Sthahbl, detdhinodNdioRRelitheahydrofuran, a mixture of one

20  of these solvents and water, or an aqueous alkali solution and the like. Considering

simplicity, acetone and alcohol are preferable. In addition, considering the cost, an
aqueous alkali solution is preferable.
According to the present invention, a lignophenol derivative is obtained from
various lignocellulose materials via a phase separating process with a phenol derivative
25  and concentrated acid and this derivative is further secondarily-derivatized to obtain an
arylcoumaran derivative or a lignin cross-linking derivative that can be complexed
with various fibers to prepare a molded product. The derivative and the fiber material
in the molded product are separated from the molded product. Therefore, by using an
arylcoumaran derivative and a cross-linking derivative as a material for molding,
30  preparation of the molded product and separation can be repeatedly performed.
Therefore, a lignocellulose can be efficiently reused.
Arylcoumaran derivatives produced according to the present invention can be

used as an ultraviolet absorber or a lignin material having low protein absorbing

properties.



substrate materials that were separated at the sane tinme can be utilized
again in various fields in addition to preparation of nolded products.
(Recovery of a lignin cross-linking derivative froma nol ded product) 15

I n addition, when the nol ded product, i s prepared by heating w thout cross-
linking, the Iigni HERFsYOPS- HRllﬂﬁg daevatieR § peoduse Bearding, ortba PRFSSA itention

mol ded produghn ¥gh3ed Qs %%W?cﬁl; rét ngt Qf}{ LPtrlr]glrl% Ir?]fgg e;ﬂ%te'n‘x Qﬂéd?b | Q5 S1dr V16lepd

derivative , as was the case e ary vative. Ive

havi ng af fi niabgorberrontthe likegni n cross-1inking derivative are acetone,

et hanol , met hanol, di oxane, tetrahydrofuran, a m xture of one 20 of these
sol vents and water, or an aqueous al kali solution and the |Iike. Considering
simplicity, & and al cohol are preferable. In addition, considering
the cost, an aqueous al kali solution is preferable. Accordlng to the
present invention, Ehel f@MpngrﬁiaHMS Ulustrate the pissentnimgeftiom \/Iarﬁhouﬁullowmg

derivati ve 25 pfeemoR T ARERRY SRR it AR ionl uothe o poumaran

secondari | y- defivatdd &frida 1ignialtrédstlikingd i @B pad ré@vierabf ¥R hWeridativditom a
cross-linking derivative that can be conplexed with various fibers to

prepare a nolddedprodyet are erplagned; \Theisteps of Exemplas bier3 pwetshowal iniFiG: B2.

nol ded prgduct are separated fromthe nol ded product. Therefore, by using
an aryl courmaran derivative and a cross-linking derivative as a material for
nol di ng, 30 (Epamplariyti on of the nol ded product and separation can be

repeatedly perforned. Therefore, ,a lignocellul ose can be efficiently
reused. Aryl zémfé?%wﬁ% Hgpephepakd #eli¥ed according to the present

i nvention can be ugg s%'i‘ Hétiaﬁgﬂgp@kn@ibs&ﬁ‘%gﬁvé’rw@sl éﬁ?ﬁ@s&l a5 i Pinus

having | ow protein a sor I ng propert nin cross lvative
s produced adbunbirgy asche hignpeedsibose matesalt aoenrdmgl tdaéleuﬁaéldmg atepsi ﬂ“(hht irsg to

el enent h drop li,c hi te|n absor ber travi ol et absorber

The 1 ke1Ss B0 Mhyasersty, Heelied fof TeRsiep s Fluelsh Aoednf cooind fphating

i nvention. | 'abélh% ol d-ombats géangﬁlﬁm WRieRetha Phian "pﬁun%efgai derdited A8 tpoazfdeﬁ
cel lul ose fiber using an arylcoumaran derivative and a I1gnin cross-Iinking

derivative, &and theouytry vefs wald; rsticnsdi \aad i allowied ot %talmd)lom‘exlnyrtd@umprag@te the
expl ai ned. T%oﬁt ednvédegfmﬁ%( arTcI%eso? ]'I‘herea er, &' Re S\;I]ooovc\{npowdeﬁ'l v%ias ?hmly spread in a vat

and allowed to stand in a draft until the acetone odor is lost due to distillation of the
20  acetone. The amount of Cy unit in the lignin in the Pinus Thunbergii defatted wood
powder was calculated based on elementary analysis of the lignin in the Pinus
Thunbergii defatted wood powder.
Then, 250 g of wood powder with p-cresol adsorbed thereon was placed into a
beaker, and 1200 ml of 72% sulfuric acid was added thereto while stirring with a glass
25 bar. After stirred for about 10 minutes, the mixture was further stirred with a stirrer
for 1 hour and thereafter, the reaction was stopped by the addition of 10 L of water.
After allowing it to stand for a few days, the precipitate fraction was deacidified by
dialysis. After the precipitate was dried in a drier at 40 for a few days, the
lignophenol derivative fraction was extracted with acetone, the acetone fraction was
30 added dropwise to a large excess of benzene : hexane (2:1) (v/v) while stirring, and the
produced precipitate was washed with ethyl ether. Afterwards, the precipitate was
dried at room temperature and atmospheric pressure, and dried over phosphorus
pentaoxide under reduced pressure to obtain the lignophenol derivative (lignocresol).

The molecular weight, the amount of introduced cresol, the hydroxyl group
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(Exanple 1) (Synthesis of a |ignophenol derivative) Lignocresol as a

| i gnophenol derivative was synthesized using Pinus Thunbergii as the

| i gnocel | ul ose material according to the following steps. That is, to 15

Pi nus Thunber defatted wood powder was added an _acet one sol ution

cont ai ni ng atfgiffl Btl%l@da%unh@o}ﬁérprppg&y dregpenrgy] ofithis lignaphene; dergvative are
Thunbergi i d and the m xture was well stirred and
allowed to s%&%gggﬁ?g%t@gﬁ%?mregnate t he wood powder with p-cresol.
Thereafter, the wood powder was thinly spread in a vat and allowed to stand

in a draft un r a§etoneoor | ost detQ istillation of the 20
acetone. The @i’fﬁﬁ‘ﬁ e Hroyashesiy ot anary feoumagan derivativ®le Pi nus Thunber gi i

def att ed. 3100d _powdety yeheaRlfophdict hehysest e&aﬁﬂeeggrm@l@wxssaﬁs@eag&gso

lignin in the Pinus defatted wood

powder with pmtoésol. 5éblzaqu¢mld stokianmdrydwasdqnlsalcuadn; wtas padedaloge 2 aamldsz()merh
of 72% sul furi Cld er.eto |Ie W th ss 25

bar | At cer saiedive ard hedd Mot A F Giros au AR Alared i Febef . R Gaption, gas

with a stirregofRa by héBth@”CLcIdiﬁé&%tﬁ'H 2t RERT mcm}ecm&cssaap% B¥odR8d

addition of 10 L of water. After allowing it to stand for a few days, the
preci pitate fpreeipitels was «dlectedi by expnbryfuging, yanids washede to t ieatyat. ecﬂ‘bﬁtm@tmgs

dried in dr 4 ew d el nol deriv i i Q
wasext r A0 edripRbiscBab lroPrE RSty o TRRAEERS P oY bl IR,
a | arge exceggeghrdenabagi ainaxﬁa@urﬂ&aﬁ)dehvéwf: WThé endlkilat R@ighdnthetdmount of
produced precipitate was washed with ethyl ether. Afterwards, the

preci pi t at e vidgodugedsrasoly Bshydearys geaupr Estibytion and pherelic bﬁo@@élﬁ frequeny are

dried over Eg%qﬁlﬁ(}@e?&gﬂgbge under reduced pressure to obtain the
| i gnophenol derivative i gnocresol). The nol ecul ar wei ght, the anount of

i ntroduced cresol, the hydroxyl group di stribution and the phenolic
property frequency of this Lignophenol rivative are _shown in FIGS. 34 and
35. (Exarpl eo(%xar@ﬁlﬁi ssfS ofp g %}P&&ﬁ%ﬁfn&%@qv&woe) 5

the |ignophenol derjabiieolapiPdBisted Bedotd eBtid ¥C@at B BRardthlef
a 0. 5N aqueous sodi u% % rdrOX| ds(aaé s%qﬁtlgn \E/:ltht %:\gehg ?Hnto a sgtﬂg.l es?ﬂiéteee
aut ocl ave andl‘heemeé@uw waight and mermmmtamfdmtddmﬂﬂ ctesol eficthis ¥ijgrocresdtaren

was st opped b¥ coal :ﬁ%a gm dified to pH 2 with IN hydrochloric acid, the
produced pr et BWP&P 3%¢ol l ect ed by centrifuging, and washed to neutral.

The resulting 20 g of this lignophenol derivative was placed into three-necked flask, was
20 dissolved with 1.2 L of a 0.IN.aqueous sodium hydroxide solution, and 180 ml of a
37% formaldehyde solution (corresponding to 20 mole-amount of formaldehyde
relative to introduced cresol and the main lignin structure aromatic ring) was added,
heated at 60 for 3 hours to introduce the cross-linking functional group. The reaction
was stopped by cooling, acidified to pH 2 with 5% hydrochloric acid and the whole
25 solution was transferred into a dialysis membrane, where the acid and unreacted
formaldehyde were reinoved. After dialysis, a sample was recovered by lyophilizing
and dried over phosphorus pentaoxide under reduced pressure to obtain the lignin
cross-linking derivative . The molecular weight and the amount of introduced cresol of
this lignin cross-linking derivative are shown in FIG. 36. In addition, the hydroxyl

30  group distribution and the amount of hydroxymethyl thereof are shown in FIG. 37.

(Example 4: Attachment of various derivatives to a cellulose fiber mat)
Regenerated paper was used as the cellulose material, was dipped into water

overnight, splitted well and thereafter, fibers were aggregated using a cylinder having a
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10 precipitate was |yophilized and dried over phosphorus pentaoxi de under
reduced pressure to obtain an aryl coumaran derivative. The nol ecul ar

wei ght, the anobunt of introduced cresol, the hydroxyl group distribution
and phenolic,.property.frequency,_are shown in FIGS, 34 and 35. 15 (Exanple
3: Synt hesi sdlgweg?rﬂfg‘hf)ﬂt WGE’S- Fﬁﬁkitﬁg aggreRdtstwasedehydeptedt pod dricdds psenase sed
accordi ng t anhtheveTe dIRtdia : | ecul ar wei ght and
t he amount of inyroduced creg%ﬁog?gqqéinF?gﬂggggég Igggﬁghown in FIG 36.
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20 di ssol ve i.th L.of a 0.1 N agueous sodium hydr oxi de sol ution, and
180 i of o S PISPHED A0S0 BBl PRAROE G BEE0 i th e ABSHNER HbHREe of
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aromatic ring) was added, heated at 60 f or 3 hours to introduce the
cross-linking functional group. The reaction was stopped by cooling,

acidified t ] % | qric.,acid and the whole 25 solution was
transferredctilﬁyg%’aaméiogloysai@X%gbﬁpeaﬁgn%éfg the acid and unreacted
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havi ng a di amet er of about e aggregat e was
dried to pr@pedetermined amzonnngofathl afierementidneaboolutidbO0formeanchngent hivek neigsd of

9 mMmm A.pgat piece, A 2 9Q.mm ,for preparing sanple for the strength
test, ar]igf1 a sﬁ% ra%}yec% %{a%igbnge?%r PrEvaF ﬁ%‘gt%e SERGPRIIGR deravafiyeeras
absor bi ng t efthchlr & Gidfios meﬁnﬁieE@é(?f‘ af ERE 6fh5%,fldbﬁroﬂ7§b%?e?§kcﬁvgﬁéQB a

disc saw. (1) Preparation of a mat for the strength test gno nol
derivative obladuiend stainkerastsick container havingyt ciametenof dér tmat The ligimicoes- i n

20% by wei oREien SRR Eo RbMiRed T BRFREE, Dol kP it piteed it refo ot

attached to15%, which was dipped in the solution overnight to allow the solution to thoroughly

20 permeate for attachment into mat piece A. Thereafter, acetone was gradually
evaporated while turning over mat piece A every 1 hour, to attach various derivatives
to mat piece A.
Mat piece A was removed from the container at the point in time when the
acetone appeared to completely evaporated from the container based upon visual
25  observation, the remaining acetone in the interior of the mat was evaporated in a blast
drier at 60, and the weight was measured. The initial weight of a mat was subtracted
from the weight after attachment of the derivative to calculate the amounts of various
derivatives.
With regard to mat piece A having an attached cross-linking derivative , after
30  the cross-linking derivative was attached thereto, heating treatment was performed at

170 for 60 minutes to prepare a heat-treated material.

(2) Preparation of a mat for the water absorbing test

The lignophenol derivative obtained in Example 1 or the arylcoumaran



a mat piece A at a rate of 15% by weight. That is, the aforenentioned

| i gnophenol derivative, the arylcoumaran derivative or the lignin
cross-linking derivative was di ssolved in acetone separately to prepare a
sol ution for atta,ch:@%_, and_a predeterm ned anount of the afor egeor}tiﬁor}ed
sol uti on f ordeiYakive Rbkingd i Exrraple Zwas attachad o ynag pigosdd at meattq ghopndAd or

deri vati ve osoknsy RO IBEAN SErNAL Y8 PSR bARRCHd G Bl 045 MMlion, o

pieces at a rate o Yo Of respective Inac ndri ca
st ai nl ess st Bghincanssalinkinghderivativa diasmttachiedofo 4 Gnatnpiedh® hi grratio fcdl¥s by
l'i nking derivativye.o ' attached to mat piece A at a

tajned in le 3. wa
ratio of 159%"Cighb %{odﬁiﬁﬁ%‘ﬁ ﬁﬁl‘gﬁgeg@hﬁ?;on overnight to allow the

sol ution g0 thorougfdrkovd?, mapgrez%isewftervaﬁba@amfveg RHACHER! wBeSiflted at 170
Thereafter, acetone was gradually evaporated while turning over nmat piece A

every 1 hour fort 60 aminushs tar prepsred deaivineated smaterinkst nespectivély Ketly pheatdreatedas
renoved fromthe. contai ner at .th oint in time en t.h cetone a ar ed
o ool et o Pt oAt shcrdh o ind Siitopists tsTiet M aleeds feShe o ROk
observati on, dédativenei ni ng acetone in the interior of the mat was

evaporated in a blast drier at 60, and the weight was nmeasured. The initial
wei ght of a mat waEoswompacisen in rassessmentvdesibeds balpwata gempelnmapipiedee with

derivati t c t 0 [ erj vat i ve W, 0
mat oo A Rebiel it BEr@R WA duftle JHohQHE£57 e’ B “Repq s} uhRIBE dnl
cross- i nki nBxalapley akéepe fomtheadttaabingdtépie Addooreghriiing g tomtail neatt pieees a heat-
performed at 170 for 60 mnutes to prepare a_heat-treated nmaterial. (2)
Prepar ati on Bfatgd sampperd wadpiaparsd bihesting g L 1@ &or 'Iéﬂsmnil‘&ﬁ%phenol
derivative obtained in Exanple 1 or the aryl counaran derivative obtained
in Exanple 2 was attached to mat piece B at a ratio of 5% 10% or 20% by
wei ght, respéitamyat §¥; Assassthemt)t o the mat for the strength test. In

addition,_a lignin cross-linking derivative t ed to a mat piece B
e e of | S0 MFHIGRs mets that Rropared gere fSraikiorhs Milfeag fefist n ¢ oot s
Mor eover, mat piecesr B with various derivatives attached were heated at 170

for 60 mnutes to prepare heat-treated materials, respectively (only
heat - t r eat ed(Apnearanat) was prepared for the mat piece having the attached

gnin oross. 1 nki A S8EbAAEY S ches 8k CHEREH hIANL RaREPERSTONT descr bed
The various mat pieces turned brown as a whole, and heat-treated materials

20 made by heat-treating the mat pieces were all uniformly and densely colored.

(Mat strength test)
Mat piece A for the strength test and the control mat piece were tested using a
span length of 80 mm and using the steel apparatus shown in FIG. 38 for supporting
25 the test piece and providing a load. A concentrated load was applied to the entire
width of a span center from the surface of the test piece and the average load rate was 2
mm/min,
According to this test apparatus and method, a load-deflection curve was
prepared and, from this curve, modulus of elasticity (MOE) and modulus of rupture in
30 bending (MOR) were calculated. In addition, Pmax was calculated.
The results are shown in FIGS. 39 (2), 39 (b) and 39 (c).
From the results of FIGS. 39 (a), 39 (b) and 39 (c), the arylcoumaran
derivative was excellent for each of Pmax, modulus of elasticity and modulus of

rupture in bending as compared with the lignophenol derivative. Therefore, it was seen



10 not hi ng attached thereto was nade according to the sane steps as those
of this Exanple, except for the attaching step. Al so regarding the control
mat piece, a heat- treated conpound was prepared by heating at 170 for 60
m nutes. (Exapple 5: Assessnment) 15 Vari ous mats thus prepared
were tested Bt thsemoldadopsadyc Paths the( apyleoamanare emmetivea pitachednthergsp dnesthe

wer e obser vedu¥ehh gt rk Qu .eces turned brown as. a

whol e, and hegt ° tér}ga'?tgﬂ{kﬁlé?%rl%'ﬁga% ew?ffgathg €o§%§é%rfd1§§ erg?lldﬁé R (elu?’}aPSIBg etggs
were al | uni flignopheran diedeased. y Iic alditied, it(Wt seehriemgthle dreRohmihin dérd@EivA Hagr
the strength.test and the control mat piece were tested using a span | ength
of 80 nm and IH?F?'IVQC%I ﬁ’é‘cg?réé? aatﬁB‘é?raF\Ts‘Pé"ﬁSMt /as pptainesgby 6‘?Ws‘991;§6‘#19¥1ﬁ’@82tge

the test Bi eqfndpHedd] ¥tidheg. @ | 0ad. A concentrated |oad was applied to the
entire wwdth of a span center fromthe surface of the test piece and the

average | oad rate Wdere@vamithe moldek producty(teat-trhated nesterialp maingt the @osh-linking
nmet hod, a | oad-.defl ecti.on_curve wa r epar and, fromthis curve, nodul ys
of el asticity TNEESC did ahﬁléfﬁ‘; &eaé‘?rsgrﬁ?ﬁ’dp%‘%ﬁﬁs b clastigihy pRd) magtys Qferugture in

cal cul at ed. IbendigdithidthosEORIheVEFlco i I '
FIGS. 39 (). 39 (b) and 39 (cée).§ ﬁrgomﬁi{hlf\lzde?ggﬂﬁgn%? S‘}é‘!l‘ste%.eﬁ?fgat?gg,m%’gl?ﬁ?n

and 39 (c), tbﬁegr%ﬁtb'l wgua¥edan derivative was excel lent for each of Pmax,
nmodul us @f el asticity and nodulus of rupture in bending as conpared with

t he Iignophenol derivative. Therefore, it was seen t hat .t he nol ded
product w t h (Wateraabgbrbinges)n derivati ve attached thereto has the increased
strength as conpared w th the correspondi ng nol ded product using the

|'i gnophenol deri vat’ $&inless staeli ngtoras placeghen seeshottemtoft haatwateoweardded so

derivative hgs:yifier @¥gdcd ‘thfiﬁ itﬁgpxﬂez n%ti%;'rjxgqgrth% e Qa{erv‘@ﬁ%éb %’%]I g%g thY

| ow- nol ecul arizing the 5 I gn rirvative. reover,
product (heatemperatued ofisvater slay maintagndchet 25 0SSt &t rieceg Bdprepapdd & thadwater
dul us of ruptuyre in bending

Than £holt: ofPTREmEToT LR SHEmeUSR AL A SAITEE e 166ah A TAE HE: Birehgh h
can be great kbt ipper QUfdce dPmat piece B and allowed to stand for 1 hour in order to maintain
the upper surface of test piece B at 3 cm under the surface of the water, so as not to
float.
After a predetermined period of time, the immersed mat piece B was taken

20 out, placed on a stainless steel net and after 10 minutes, the test piece was rapidly
rolled onto a filer to remove water droplets on the surface thereof, the weight and
dimensions were measured and a volumetric change rate relative to before immersion
in water was calculated. The results thereof are shown in FIGS. 40 to 42.

In addition, mat piece B after immersion in water was allowed to stand at

25 105 for 15 hours in a drier, removed, cooled, and the weight and dimensions thereof
were measured. A volumetric.change rate of mat piece B after drying was calculated
and compared with the volumetric change rate after immersion in water in order to
assess the dimensional stability of the molded product. The results are also shown in
FIGS. 40 to 43.

30 As is apparent from the results of FIG, 40, the unheated material of the heat-
treated material of mat pieces B with a lignophenol derivative attached thereto at
various amounts displayed a volumetric change rate of about 5 to 10% and after drying,
had a volumetric change rate of about -3 to 2%.

To the contrary, mat pieces B with an arylcoumaran derivative attached



(Water absorbing test) A stainless steel net was placed on the bottomof a
vat, water was added so that the distance fromthe net bottomto the
surface of water was 3 cmand the tenperature of water was naintai ned at
25. Mat piece B prepared for the water 15 absorbing test was inmersed
therein and dhetely fuheated: materinband heat-togateshmatgaial)phatt @ v obumethie ahapge rate of
surface of | 0 t 1, haur. in der intain
the upper surPess’of BERt Bheciithe SadhBRE 400 10,0 Ml baalh e e REAL

so as not to dhangé ratékfter inamprsixtiehavaternweds gialiladdo ¢Hat bF e, mbid@d?mﬁrcwdthntﬁb
pi ece B was taken out gl aced on a stainless steel net and after_ 10

20 ) A
m nutes, the 18ROPhERQl deriyative Abfaghed F}WF?thPn@nEbGrea.Wfaisllé?_r gt rdifferpacovatfgr re-
dropl ets @n t&?in%&”tﬁ@%lﬂrﬁ'@rv@égf?s %&%t‘ﬁ@'tﬁ%tt P@fage G RPSORNE. Whef (SRARHS e41).
and a volunetric change rate relatfive to before inmersron in water was
cal cul at ed. THerefosylths dithensémfal amabilth@fna mat pfleGSB #ithtan #lcolmasadidrivanive

mat piece B after j rsion.in te s alJowed.to stand at 25 105 for
15 hours in a?t@f’{“'éi mg?eémg&e s@%f"eﬁf igvgtrtf’c] tﬂ?@%%}hﬁﬁ%ﬁ@o&?h‘éﬁg’ﬁ?ﬁ§%§W§F186f
ver e rreasure%aﬁlmkmaaﬁhsmeligﬁ&ﬁe%l d&ivapivece B after drying was

cal cul ated and conpared with the volunetric change rate after imrersion in

water in order to d®sadgitiomeldiongthiabpidcesB aith theycross-linkingodatibdtipe oattached

The resulitys I.n .40 t0.43 0 . . As_is_ apparent
The ¢ esulige. 3hfet it U8 FLRe 8 3ot 1o spmepo S PP BR e
material of mefurpddebRk (B ntailh that! Yegsrenh@ibiof 6 iwaér Meeratiagingthndhengtiowat
various amounts dj spl ayed a _volunetric change rate of about” 5 to 10% and
after dryingSethdbat maf pisee B with thegerossrlinking dasyiative 3 attachesh, thrste thad better

contrary, maty;pi 13- agy: r | vative att. . her.et o
(unheat ed rratdéllrﬂibgﬁigrgar% § t#ég{}-' t %g{ géé S?r%ﬁgr‘%tlﬂ? g%%ég%&%i orflgtnélt% g?é%d%tgntég Fatse
of about 7 t dinkiitg derdvaiveenttdechednfierebmtiadiabouit 60846 tof theowatéredbsosptionl dhehagBf
the volunetri chan%% bate aqflter imersion_in water. was simlar to_that of
the nol d prtﬁ%ia’éfp £ B VHE the grrdoneren desivatixg ipttachad: thetetqiandhhat pbmahpiece
t here was no gr ) f ‘vb €5 ' LR, eV g
great as that S’gi?})rtgé ilhm%?gﬁgo% ?Jﬁiv\‘jaé%r éfatt(ag}é%d g?%l\e&gl??aTﬁe%gor% 8, %fé‘%vater
di mensi onal gestande yapimproved byiceess-lking fseaFI6n WRe touthis figurke chmphiiven was
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From these results, it was clear that by attaching the arylcoumaran derivative

- 20 or the lignin cross-linking derivative obtained by further secondarily-derivatizing
lignocresol to a molding substrate material, the water absorption of the mat was
reduced. As a result, dimensional stability with respect to moisture was imparted
thereto. In particular, this tendency was remarkable in mat piece B with the lignin
cross-linking derivative attached thereto (heat-treated material).

25
(Example 6: Test for recovering lignocresol from a board)

Mat piece B for the water absorption test with each of a lignophenol
derivative, an arylcoumaran derivative and a cross-linking derivative was prepared
according to Example 4, and was used as a mat piece for the recovery test. With

30  respect to the material with the lignophenol derivative attached thereto and the material
with the arylcoumaran derivative attached thereto, a non-heated material and a heat-
treated material (170, 60 min.) were prepared to obtain a mat piece for the recovery
test and, with respect to the lignin cross-linking derivative , a heat-treated material

(170 , 60 min.) was used as the mat piece for the recovery test. The amount of each

-~



I n addi tion, although mat piece B with the cross-Iinking derivative
attached 10 thereto had a volunetric change rate of about 7% after
imrersion in water, the volune returned back to nearly that before
imrersion in water after re-drying and thus, it was seen that nat piece B
with the crosderivating fhe beattacked wes 20% doheeighhperoveightdf Hest cedlulaserfilres iimaery
stability. W respect to water absorption, mat piece B with the cross-

| i nki ng deri VAttve attached thereto had about 60% of the water absorption
of that of 15 the Thésephesew&evinterbdtieinds MbeRUBRmMANUEHEFVAL b Wealat ARSHRGds,
thereto and that of mat piece B with the |ignophenaol derivative attached
thereto; thusthey tw%sal@é‘@ﬁ ohgiandydere? - dab'égvlgh%csélrm thepimmergiapy solution was

I
heat od e kSR Fahed i THE, the Sibtil’y GETRAAAIES, REL COREACOTaE
t hese resul t swas dlstuasd offeand theatsubiingfrhatddt was tdrel BraytecovieraIfeattidar Mhatrestdts

20 or the Iign' n cr,o}s{ -I% king derivative obtained by further
secondari | y- dBF YW 1% 3‘31 ‘Gnocresol to a nolding substrate material, the

wat er absorption of ot hgp ﬁtﬁ\eﬁtﬁ@@&gﬁéofﬁeaueﬁw%Ptf?réagf;%éo%ﬁiméhawdatkay

Wi th respect to nmoisture was Inparted therefo. In pa I's tendency
was renmar kabl\easmcmsﬁrecﬂ)l ece Bwith the lignin cross-linking derivative

attached thereto ( eat ed mat e 6. Te for L
recovering |ignocr 2@@? b?t BT VEDA ?a%‘sﬁ/]ﬁ%thfﬂ gg@%eg&haﬁtﬁ@e ?W%pﬁfYaéWe
test with eacdpedfalsd hdtdBRIARE DR IoneBidevatt 1h&&>e11arbserrﬂéteﬁmaAa@a&edﬂ ¥ ﬁghi‘ﬁecr@&d
a cross-1linki nrgq1de“ vative was prepared according to Exanple

used as a matlighiegdemwmtivenwas esovered dueso its prash-l@ded straepest tb t he
e " he | cuagisgol, 6" et o, T BRLER R0, A STl

wi th the aryl coumaran derivati Ve

and a heat - tdeeivutide,r@tlglos@maferid) wds récdViered) iniBé eeuzhbleatfel to obtain a mat
pi ece for _the recovery test and, with _respect to the |lignin cross-|inking
derivati @ , a heatAt Fecks ageordingte she firsycvention and, the fousth igwention, ila@mritaat is

pi ece for theaz %@‘63&% Bﬁs& légr-m@elf’d'fﬁéénk?ﬁﬁyh?(ag{}].\?tuféjed’f' ?{) Y& 1o8%e can be

attached was ul ose inevery case.
These mats V\mfﬁcienﬁ)amhhded and)a abwdhncﬁﬂmlal maferfEHEari be prosiddd. Afterwar ds

they were allowed t nd faor SWIthOUt rr|n e i mMmer si on
sol ﬁt! on was 5 &f gt ﬂé@%égﬂ tl?FFaW 1?1'|0f1]1 “énQWcPrPWgeaé}%?ﬁicﬁﬁ be
sol ution wer %a@@ﬁ%éb?ﬁoraf@'dﬁn%ﬁ ﬂblﬁidgj itﬁ)gTrgﬂce mafBd] GhE chR B ddafd sdfatstbd ARd

was used as a recovery fraction. The resu
20  reused together with a molding substrate and a binder material.
According to the sixth invention, a molded product can be provided that has
water-resistance and strength,
According to the seventh invention, an arylcoumaran derivative can be
efficiently and repeatedly utilized and a molding substrate material can be efficiently

25 reused.



are shown in FIG 44. As apparent fromthe results of FIG 44, 100% of the
aryl counmaran derivative was recovered. 10 The better recovery
rate is further effective in that the aryl coumaran derivative does al so not
remai n on one side of the cellulose material. Atrace of a lignin cross-

| i nki ng derivative was recovered due t oCLAEMSross-1inked structure. In
addition, in the case of the |ignophenol derivative and the aryl coumaran
derivative, cellulose material was recovered in the reusable state. 15

As such, acchbrdi pgodess tfae ﬁrbﬁﬁdm% ny @ik Migaid deAeathwr WhichnY&mpHisdR, usihgna n
that is a conponent of .a |ignocellul ose conplex structure of a forest
resource canigsapkenol élle@mtll‘gﬁ eAntaipingqa émeaylnmaﬂ@: waiti lopmped battandial acearbore

d d t d b
P ovi ot hafeth it l orthotfisidd teledBAGHL h8bouS HIRLESH SPORARER o8I Erivafiys,
and can be agai ¢ars@patoat edaai&dzﬂQ)osni‘cﬁlUGEd phejgsdpf@hnwﬂlﬁdamdﬁtdldirﬂgof lignin,
substrate andg%&l%lnder mat eri al . ording to the sixth invention, a nol ded

product can?2B D8 FRIOXHEER "H&’é‘ t thdé%’FBQt%ﬁBE AP sRIsEnbANR! GeEbQsr AtoRy
to the sevephfes Ql'!'c@ﬁtdoﬁﬂnw?@ |ng SW%”hﬂﬁBk%’laéﬂo\ﬂ &afd"di s%c t§'t%' 95151nya nd

repeatedly utilized and trat’e can I ci ent
reused. arylﬁolpnme slsnfmmvqocamdamlmggmaamknomhaiangmunnd;ehmh ataoum,araxﬂl«eleton
conpris usi deri vati ve cont ai a. di phenyl propane unit
f or med Eé bih 8’5‘ l?anngtocgﬁlpg’ﬁnﬂﬁr%af’ﬁling&&l ¥h relative to a

phenol i ¢ hydroxyl group of a phenol derivative to a carbon atomat a
benzyl - p05|t|on of a phenyl propane fundanmental unit of lignin, and binding

an oxygen aforh Vel ﬂiénﬂ*y@ﬁfﬁé@?llve gmgwnmdbsaﬂwrfoﬂpwmg drﬁ!nlcda%bmnlaaa@rﬂnagm@r
| kal d { t t
o ar 1 coumth gSauharh, Wil SOWhIUR YAl SBGIRR £ Mant 35 B8 fbasit fing o4 "

coumnar an skpheﬁylproipeneuﬁltbougﬂmto an aromatic ring of a phenyl propane unit
of lignin. A novel lignin derivative represented by the foll ow ng

chemi cal® for@%ﬂ“&lc TRylA; ng an arylcounmaran unit in which a coumaran

skel eton i s[pouma—to am aromatTc 1T)ng of a phenyl propane unit of lignin. 15
Chem cal fofmula: 3. A process for |producing a novel lignin derivative,

whi ch conpr|ses heating a

3. A process for producing a novel lignin derivative, which comprises heating a
lignophenol derivative containing a diphenylpropane unit formed by binding an
20  aromatic carbon atom of a phenol derivative to a carbon atom at a benzyl-position of a-
phenylpropane unit of lignin, with a cross-linking functional group forming compound
under alkali conditions under which a phenolic hydroxyl group of an introduced phenol
derivative and/or a phenolic hydroxyl group originally existing in lignin can dissociate,
to introduce a cross-linking functional group at an ortho-position and/or para-position

25  of the phenolic hydroxy!l group to obtain a lignin cross-linking derivative containing a

I




| i gnophenol derivative containing a di phenyl propane unit fornmed by binding
an 20 aromatic carbon atom of a phenol derivative to a carbon atomat a
benzyl - position of a phenyl propane unit of lignin, with a cross-Iinking
functional group form ng conpound under al kali conditions under which a
phenol i ¢ hydrdéplianylprepgneatnitimviing a orhsedhkirpefunttioten igratp. ve and/ or a
phenoli ¢ hydroxyl group originally existing in lignin can dissociate, to

i ntroduce a cross-linking functional group at an ortho-position and/or

par a- posi ti om. 24 nefel tilpgip hRpiohiife Matin@X X! cro§QHRkihg fﬁlﬁkﬁbﬁhl?%ﬂohgnétnan ortho-
cross-linking derivative containing a = di phenyl propane unit having a
cross- | i nki ngOFitioBtangfarl a prrgesitipn lativedp 4 plpmotic dwdrazad igveuthaf a iignaphenol

cross- i nki ng.f:upetd | Pi: 0-_pQsiti nd/or a para ,position
relative 15 0 ge%'ﬁgﬁ%% ?@%’g‘%ﬁ%gﬁﬁ%‘?ﬂ lprgé%&au?’iggﬁ%ﬁ‘gﬁ%lablgdmge?’} 55&‘?‘?} carbon
cont ai ni ng a atbrphfrayplEnopdedvativiet tofDearben AorPiandi BREZ AN RIATEDLT & pheAPBropahom
of a phenol derivative to a carbon atomat a benzyl-position of "a

pheny! pr opan@HAtigSN.| i gnin. 5. A ol ded product obtained by mol ding a
fibrous, chip-like or powdery nolding 10 substrate material, which
conprises the aryl coumaran derivative according to claim3. 6. A nolded
product obt aisned nilded ipdodugt abtditedobiy , melding hifkisroos, ¢ipdikeest powdérygmolding
substr at Omatel%i al V\/{ﬂ (:51 c}(llrrﬁ)ri ses th lﬂ%)ﬁni n cross-|inking derivative
accor di ng t o SEPSIFak; patepial, whigh comprses: the apyleonmargn deriuptinspcsprting to chanm dn
conprises adding a solvent having affinity for an aryl coumaran derivative
to a nol ded product containing the aryl coumaran derivative and recovering
the aryl counfir #nmpdded,praduet obtained by molding a fibrous, chip-like or powdered molding

substrate material, which comprises the lignin cross-linking derivative according to

claim 4,

15
7. A method for treating a molded product, which comprises adding a solvent having
affinity for an arylcoumaran derivative to a molded product containing the

arylcoumaran derivative and recovering the arylcoumaran derivative.
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