; 1"e3eH8../t33767TH8Pk NOVEL LI GNI N DERI VATI VES, SI NG
THE SAME AND PROCESSES FOR MAKI NG THE SAME 5 TECHNI mﬁ @mmmfp‘} sMAR 2002
invention relates to a technical field of utilizing I gnopheno derivatives
obt ai ned by phenol -derivatizing lignin, which are one coffBnent of ti nber.

More particularly, the present invention relates to field in
whi ch nol ded 10 products are produced using novel g wmﬂ IMIml ned by

further secondarily treating lign hyatives wth t materi al s
and nmol ding materials are recoverggﬂﬁﬂgbggﬁ@b | ded prod E'"for reuse.
BACKGROUND OF THE | NVENTI ON 15 Recently, there has been increased an
interest in forest resources that can be continuously used as industrial
raw materials, instead of fossil resogurces, suc etrol eu oal and the
li ke, which haveN Qéé’#M@B{IE&@ERﬂgAEéV@pM@EQE%BBQD ?EIﬁe‘ég}N sour ce,
i.e., a lignocellulose resource, is conposed of drophilic carbohydrates,
such as cel | ul ose, THERSAME SANBPROAGESRESI FQR MéﬂéNﬁ Vi 3ORBi ¢ 1ignin
(pol yphenol ), which 20 formthe interpenetrating network (IPN) structure
and ars conplicated conmplex in the cell wall. The lignocellul ose resource
inparts useful properties to various materials, because of the structure of
t he conpl BRCHNIGCATeFHIAD are known for utilizing the known |ignocell ul ose
resource, i.e. tinber. One is a direct utilization of the lignc~cellul ose
materi al by cutThagresenteaiahémioty rdateshe ki gohriehl dledd eofr esbzingelignophenol he
conplex itself, and processing it into construction materials or furniture
bui | di ng dBived sblamedgy phdnoedetiestizing digahgpehich ared S esAp et bE tilnber.

| i gnocel | ul ose resource into chips or fibers for manufacturing nol ded

product s. MbRE p&ftft@lariys 1R te%dmr ﬁ%nuém ké1aRkitoNhOtedhecal ifE® ¢€WHIb IOl ded
material by extracting onFy cel lul ose, a conponent of the conplex, and

maki ng a Imhgctefar& o QEUEing hBv¥i R eRfald Bgta@ﬁ%@eﬁf gdrtHeP s &onaskisf «tass |
_resources in the future, the Teuse of 5 lignocellulose resources’is

| mpor t ant ;o PG A kL AR 108: hAdFRs lipa‘ﬁi’cﬁ&mlg'rﬂatteﬁ%l Catt 10 vePLd Bk 0N,

if a const tron material 1s prepare accor o the direct utilization

nmet hod, i £rmned shape and be conparatively |arge;
t her ef orelthe}tlﬁrléél @T@Y(fd&ég%rﬁgg% grinding and finely-dividing are usually

necessary to reuse the construction material. In addition, thernosetting
resins
BACKGROUND OF THE INVENTION
15 Recently, there has been increased an interest in forest resources that can be

continuously used as industrial raw materials, instead of fossil resources, such as
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), which
20 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 lignecellulose material by cutting or machining

o
(]}

the lignocellulose resource, i.e., the complex itself, and processing it into construction

materials or furniture building materials having a predetermined shape, or processing the



10 used in nolded products are difficult to separate from wood chi ps and
fibers. Therefore, in the direct utilization form after the fir3t1qsﬂﬁRanﬂ
portion of the lignocellul ose resource is discarded, in many cases'w thout
reuse. Moreover, in the indirect utilization form only cellulose is
recovered and utilized to make a fiber or sheet. 15 Sinilarly, in t he
direct utilization form the entire Ilgnocellulose resource, |

cel I ul ose.and n are not reused al so t he i ndj t||| i on
form ©; gietpcelpfien? ol o By i aetgrllnauagkfﬁ Y Lf&fy be
reused or not. reysed und i.n C Lh circunstance nin is an ani c
subst anceXPRal 4 pLirectiu uzava%o fﬁr@CFWQFW&r@Z yieeHagong BrP S erhe
present inventor considered the function of gnln as a conpl ex

const i t utd FRYNAGREY 04 thesrmplesyanslBialing 4 E@Pt% appducht i ons that are
directed to extraction of lignin fromthe lignocellulose resource in a
functional i zed foview Thiefaxpseted sigpletianidriopsl rapuives & Hspluiterat therrese of

1- 686 (JP-A 2-233701) and the second application is Japanese Application
No. 8-026l9grageulist strodraes iofmpomearftiihitingbatdht wilofativhiferl®s cor r espondi ng

I nternational application). The first application teaches nethods of

bondi ng a phenoHoskevenain ke tourtehe difugtionelif w osestriesionr amtena, ist pespaadd er,
contacting the 2 | i gnocel | ul ose resource with sulfuric acid, whereby
|ignin i sagepdingtiedhé domrcelilivdingemeleeRusevillilgien padeRrdnsidshipensld be
derivative. In addition, the second application teaches processes for

manuf act ugdm raunavellarg‘eel thete@6@; |theifinBn IS AP IoPiadedg B} d UShd1g-dividid)y Rrd d
l i gnin, which was provided in the first application, as a binder for a

mol ded celduali9SRcossaR! & tedkse thd &SAHRREn FratdHE. | N\/E(M;h%' ANeERbSHINAL YesiRD

obj ect of the present invention is to provide novel material s havi Ag
| proyed fQaGhinilged Bﬁiduéfsearé foﬁ‘é@lt'?é( séﬁé’iﬁt@?forﬁ ‘%%g:g JSC d afidt £ 5' e e

hybrid 10 lignin and to provide cellul ose nol ded pr ts ut izing t ese

novel mat grihaly ec'xﬂﬂ?z%bfu 591311 aﬁ*(é?‘iﬁl:eﬁrs?lak@%t driod 8f ﬂ{?q}gn@éelnﬁbg@%ou&% is

reusi ng the ce Iu ose no product s by ut| Izing t novel materials.

I n order é gggqghﬁﬁglé gsaﬁﬂgﬁgﬁﬂﬁéoned obj ects, the present inventor
n is

made t he omnng I I'ons a first invention is a nove

process Tor B OGNSRk b ! fE! Rafled! Vafilatfon WOLENOROTBIITER KO LAGNBred od

| i gnophenol derivatrve’ con ai nrng phenylp rdpan uni

a carbon at 0 jon relatlve to a phenolic hydroxyl group of
a phenol @%ﬁ?%ﬁ&ﬂgg ohg cg?ﬁgﬁ ‘atom at a benzyl -position of a

hen ropane f nt.a t of bi ndi n en atom of the
el haoe f S %mz’bﬁBérsmtm%oeaﬁ%f&nﬂm%mrhﬁ%a CFilaet resBiart Fons,
by which t dj t t, bt
dor 1 vat i vES BORRA A e ot A SioA therl RS iz LA PERET SUKE |
b dt t I f ol In thi

ovonc | ont R ab! oM RIS BeEROER: A be e et i

second invention is a novel lignin derivative (hereinafter referred to as
"an 25 ar S3EODSHFAMS@BFE v at i ve") represented by the follow ng chenical
formul a and having an aryl coumaran unit in which a coumaran skeleton is
bound to an ar omaghiB if @RPrERnis supyanee that existeHylaseopagenisnintermonglad creith
formula: OH5 Athird invention is a process for producing a novel lignin
deri vl i vecllulpsech Tlamressas insentpngeoasidertophe fonctier iofatignia eor somiplex a
di phenyl propane unit formed by binding an aromatic carbon atom of a phenol
deri vat i veonstitefingambtemiahandprevicushefited tpasipplicatiofs thapirerditestagipareatraction
fundanental unit of lignin, with a cross-linking functional group formng
conpound ohbgnindr&mlthe bgmatietlutoss redpprevhinchfunkdonalizeddooed Tihkdiret applit6tion
hydroxyl group of a phenol derivative and/or a phenolic hydroxyl group
ori gi nal | 5 Japanese Application No. 1-55686 (JP-A 2-233701) and the second application is

Japanese Application No. 8-92695 (unpublished as of the filing date of this
25  corresponding International application). The first application teaches methods of

bonding a phenol derivative to the lignocellulose resource and, thereafter, contacting the



existing in lignin can dissociate, to introduce a cross-linking functional
group at an ortho-position and/or a para-position of the phenolic hidiaRY2002
group, thereby obtaining a lignin cross-linking derivative containing a

di phenyl propane unit having a cross-linking functional group. 15 In this

i nvention, preferably, the phenol derivative is p-cresol, the cross-Ilinking
functional group form ng conpound is formal dehyde and the cross-1Iinking

functiongl ar i.s_a hydroxynethyl grou fourth.ipventi i ve

[ ni n_adiePseiBes el PRE TR HBYE, A48 Poeto) M if RREH 8 Bed cRuRBee
derivative " avi.ng a cross-linking functional. group at an ortho 4 H)
bosi 1§ on Tretse 1iEni a5s PoRPRsoL ey an Aol hee Sins et Pa asitshon
derivative contajning a di phenyl propane unit forned, by binding a ronatic
carbon atRIRFEFeHIS RS2 deng ApPYe qedulpse diasim malden BiodeHBByPe B@m rh of
a phenyl propane fundanental unit of lignin. In this lignin derivative, a

pr ef er abl léigmir.owbiahi Wes aEpvEdatcin Bsafirsgapplication, as anBiader {arer mpldegh erlplosg
fifth invention is nolded products formed by nolding fibrous, chip-Ilike, or
powderly smbistighte materials, characterized in that said nol ded products
contain an aryl coumaran derivative. This nolded product has increased
strength and water-resistance because of the 10 connection of substrate

nol ding materials using the aryl counaran derivative. In addition, the

aryl coumeD ESCIHes URE O¥FelMBANMENBEDNY extracted from a nol ded product using
a solvent having affinity for the arylcoumaran derivative and can be

separ at ed from Abeordidgly ngh oBfeet balthe presth mventemts e prdide aubslt mategials

nol ding material preferably is cellulose fiber, 15 because cellul ose fibers
are readihayigy ahpaike fancticiscthanstd foraRAM AfEthdrs2BdAdMeil Midatiap ThIsYbrid
derivative for reuse in a variety of ways. A sixth invention is a nol ded

produgt prgfdHcAad RYprovidd n&lfdl&)sfeohh%lde‘ah'Kbdh:bﬂéeutilﬁ)iin%%‘é%%rﬁ(ov%ll'tlﬁétéﬁhﬁ. In
nol ding materials, characterized in that said nol ded product contains the

af or ement } Qfig6h |an@MHed 0Bfe® i tol grb1 139 ri&hbY@tdr YBusing thelhiRI AR HE 8 pPsliits has
i ncreased strength and water-resistance it nolding substrate materials are

bound by i@gﬁhgg IRl RRST haft{a]g derivative . Preferably, the lignin
cross-1inking dé ivative s are cross-|inked, because cross-|inking further

| nor eases st engl bt doUBLehofish Il A8fne BN SR NHE BB i cdFahee of

treating a nol ded product, conpri ses vent havin

affinity ﬁ@@oﬂ8®ﬁg§%¥kﬁﬂﬂﬁaran derivative to a nol ded product containing
t he aryl courar an rivative to recover the aryl counmaran derivative. 5

15 That is, a first invention is a novel process for producing a lignin derivative,
which comprises using a lignophenol derivative containing a diphenylpropane unit
formed by binding a carbon atom at an ortho-position relative to a phenolic hydroxyl
group of a phenol derivative to a carbon atom at a benzyl-position of a phenylpropane
fundamental unit of lignin, and binding an oxygen atom of the hydroxyl group to a 3 -

20  positional carbon atom under alkali conditions, by which the hydroxyl group can
dissociate, to obtain an arylcoumaran derivative containing an arylcoumaran unit in
which a coumaran skeleton is bound to an aromatic ring of a phenylpropane unit of lignin.
In this invention, the aforementioned phenol derivative is preferably p-cresol.

A second invention is a novel lignin derivative (hereinafter referred to as “an

o
[@]]

arylcoumaran derivative”) represented by the following chemical formula and having an

arylcoumaran unit in which a coumaran skeleton is bound to an aromatic ring of a lignin



According to this invention, the arylcoumaran derivative is a binder

mat eri al and can be reused and efficiently extracted and separate€1f §§1ﬂm2
nol ded product. In addition, using this treatnment, a nolding substra
material can be reusably separated at the sane tinme. 5 In this invention,
the nolding material preferably is cellulose fiber. Wen the nol ding
material is cellulose fiber, as a result of treatnment with a sol vent havi ng
affinity for a Ii%no henol derivative, the cellulose fiber is also readily
separ at e®NeRYIRERANC MY o ti mber, end tinber, herbaceous plants,

agricultural waste and the 10 |i ke can be used as the |ignocellul ose
material ald'efHER fFPHKRocel | ul ose materials are efficiently used and
reused. Further, in this invention, the nolding material preferably is

cel lul ose fil® ob(@ined by spl,itting a lignocellul ose material. \Wen the

mol di ng d71f i ber obtained by splitting a 15
| i gnocel | novel nol ded product is forned using a
| i gnocel | Mor eover, cellulose fiber is readily avail able and

is easily separatel om a |ignophenol derivative, which is utilized again
in a variety of ways{ In particular, when a |ignophenol derivative is
obtained froma |igmogellul ose material, both the cellul ose conponent and
the lignin conpong efficiently used. 20 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 i dt ructural formula showi ng a phenyl propane unit of
lignin. FIG-2 is ¥ show ng a structure that nmay be derivatized at an
C~ -position and a™~3~position of the phenyl propane unit of lignin. 25
FIGS. 3 (a) to 3 (d)jare views illustrating exanples in which a sub-unit is
derivatized at an aqaﬂaq)c ring of the phenyl propane unit of lignin. 6
FIG 4 is a view shgWwng’a first nethod for synthesizing a |ignophenol
derivative. FIG 5As a view showing a second nethod for synthesizing a
_l'ignophenol derivative. 5 FIG 6 is a view showi ng the reaction of lignin
wi th a phenol derivative using concentrated sulfuric acid at an interface
of a phenol derivative phase in a two phase phenol derivative/concentrated

sul furg’ ¢ acid sgl #tiOfhvention 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 functional
group forming compound under alkali conditions, by which the introduced phenolic

10  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 having a cross-linking
functional group.

15 In this invention, preferably, the phenol derivative is p-cresol, the cross-linking
functional group forming compound is formaldehyde and the cross-linking functional
group is a hydroxymethyl group.

A fourth invention is a novel lignin derivative (hereinafter referred to as “a

lignin cross-linking derivative ") having a cross-linking functional group at an ortho-



FIG 7 is a view show ng a schematic in which a phenol derivative is
selectively introduced at an a -position of a lignin sidechain. 10 HI'GMAR 2002
is a view showing a partial structure of lignin that has undergone
structural conversion by introduction of a phenol derivative at an cx
-position of a lignin sidechain. FIG 9 (a) shows a UV spectrum of ground
lignin and FIG 9 (b) shows a WV spectrum of a |ignophenol derivative. 15
FIG 10 (a).shows, a differential spectrumof ground lignin and FIG. 10 (b)
Shovs & (OPKIGH &PatsBEY itiope BRMOURIPIEHB &I6HT 4t Jetonmeeo! Sariyaivel <
an IR spectrumof ground lignin, FIG 11 (b) is an IR spectrumof a lignin
sul f at e, CARHRIMNE,a %wlxeeylﬁrgpaaw vt SpERed B Ripding ay3EPRRAG CAERON; YoM 0k 2
FIG 12 (a) is an 'H- NVR spectrum of an acetate conpound of a |ignophenol
20 deri vathenel daitvativeto azarhep 4temaad o hgnz)vposser of apherylaroriae fardaeaigound
of ground lignin. FIG 13 is a diagramshow ng the yields of |ignophenol
deri vat i wadt ¢frlognihi dnobisllignioderinat e, iagrefeadbly grosstsnkong gumesiona] goupdisias a
di agram showi ng el enentary anal ysis results, an anount of 25 introduced
cresob, dppearyamabyl granp. a di ssol vi ng sol vent for |ignophenol derivatives
obtained fromlignocellul ose materials of various origins. r FIG 15 is
a di agr am show Adiftinenwinsioniibuiolded ptodugdy faxyled dyomphiiing fibrouws) ghintike, or
derivatives obtained fromlignophenol nmaterials of various origins. FIG 16

i's a viewown Rgb&rasbmaterialsofchardcigieahgntat daid wadldvé prbaédctt coresdl dn0
synt hesi ze an aryl coumaran derivative. 5 FIG 17 is a view show ng an

aryl courmf{rﬁlr@ouﬁia;an ddrfeatil8. 1s a view showi ng one exanpl e of an aryl coumaran
unit obtained froma |ignophenol derivative obtained by using p-cresol as a

phenol derivatiygis didifed pibdudt RACINEXANR &r&HgiRabhl/waREGEEINEE b8t huse of the
aryl coumaran derivative. FIG 20 1s one exanple of an IR spectrum of an

aryl ceu j [ i - 4 ' . | A UV
19 ”Bcro?ﬁg&ﬁfd Y&ubYiFate %1?{?%:%%1321%&&@ tﬁWamf:{}Méﬁ'ﬁ%g'a?rsﬁﬁéﬁv@ £ a@ditin,

spectrum o Ignin Cross rivative . VI ew show hg

~one exanje a9§1c8{?mhfén58&%eh%‘ &dn Beléagﬂif Txtfal@Rd from a molded product using a

solvent having affinity for the arylcoumaran derivative and can be separated from the
molding material.

In this invention, the substrate molding material preferably is cellulose fiber,

15 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 .

20 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 comprises

25 adding a solvent having affinity for this arylcoumaran derivative to a molded product

containing the arylcoumaran derivative to recover the arylcoumaran derivative.



l'i nking derivative . FIG 23 is a view show ng one exanple of a lignin
structural conversion to a 15 |ignophenol derivative using p-creso] 1adAR 2002
phenol derivative, an aryl counmaran derivative and a lignin cross-1linking
derivative . FIG 24 is a view show ng principle aspects of a nucl eus
exchange nmethod. FIG 25 is a view showi ng principle aspects of a

peri odat e-oxidation treatnent. FIG 26 is a view show ng one exanple of the
structural anal ysis,i iheh. ugl e d. - :

peri odat e- oxi da’%(lgéooﬁdlrlr@t ‘r%é‘%“g’eﬁﬁ%{‘]’i @5 #ik&ﬁﬁl}aa?{/}f’g%{iﬁ%p%nl%{e]gp@g in\]/aeu.:'“?ill G
27 is a view show n teps f.or nuf act yri ng a | ded cel | ul.ose produ

using a %go(ﬁl&a ‘S/redlgﬁeﬁgie\;%?leﬁqgex&ﬁcﬁeg aé]ra\ﬁeé’\#%ﬁcg Ry asl{@éjg fp(gBducq' h
manuf acturing a npl ded cel |l ul ose product 25 using. a secondary derivatjve.
FIG 29 (diion aanerbin e meanreplingsihsraiBaEnak g Bersirathysspasled at
removal 8 by distillation of a solvent froma nol ded product, which

sol vent HAeIs&Bf VM%d t he secondary derivative. FIG 30 is a view show ng
steps for manufacturing a nol ded cellul ose product using a secondary
derivative. 5 Fnghiginvertien,vhemoldiogimeeseleprefarablynasealosefivay a nol ded
cel l ul ose product using a secondary derivative. FIG 32 is a view show ng
steps for recov®thengha meldovglamaieritdris wallilpge ditgr.aas alyssulbog treaimernttwith rg
material froma nolded product. FIG 33 is a view showi ng the steps of
exanpl es sbltemt Javibg FFiGity3Fer iaslignapbageladersiuiventhet balyosepEben ssaled readily

| i gnophenol derivative and an aryl coumaran derivative, which is a

derivati wepataegdeof . FIG 3~ is a diagram showi ng the distribution of

hydr oxyl groups and the phenolic frequency for a |ignophenol derivative and
an aryl coumar anTighdry#abté@imbdi| €A iifbar,dRfbacabis/slahiieagefuliutsl widte anbtlies a
di agram show ng the properties of a |ignophenol derivative and a lignin

crossygl | ngeNgarfBE ivéad iakahe 1MHo6E111Sse nitRériaadndv ehusNEiBeEellutdse. mdteriass are
-di agram showi ng the distribution of hydroxyl groups and the

efficiently used and reused.
Further, in this invention, the molding material preferably is cellulose fiber
obtained by splitting a lignocellulose material.
When the molding material is a cellulose fiber obtained by splitting a
15  lignocellulose material, a novel molded product is formed using a lignocellulose
material. Moreover, cellulose fiber is readily available and is easily separated from a
lignophenol derivative, which is utilized again in a variety of ways. In particular, when
a lignophenol derivative is obtained from a lignocellulose material, both the cellulose

component and the lignin component are efficiently used.

20
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is the structural formula showing a phenylpropane unit of lignin.
FIG.72 is a view showing a structure that may be derivatized at an « -position
and a B -position of the phenylpropane unit of lignin.
25 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.



phenolic frequency for a |lignophenol derivative and a lignin cross-]inkin
derivative , which is a derivative thereof. 20 FIG 38 is a view ihb\MARgZ&]Z
the state where a test piece is supported and a load is applied in a
strength test. FIG 39 (a) is a graphical view showing Pmax; FIG 39 (b) is
a view showng MOE; FIG 39 (c) is a viewshowing MOR FIG 40 is a

gr aphi cal view show ng volunetric change rates of a nolded 25 cellul ose

product using |4 gnophengl derivative. Fl S i i Wi ng
vol unetric chaﬁFglg'rgtlgsa of Y WoIVieE %eﬁrSFcrg? tlhéﬁotsoé %rrg%%g{lhggé r%y n?ﬁh?#&
arylcoung%an derivative. FIG 42 is a graphical view show ng volunetric
change r BY¥al¥e.-np| ded cel | ul ose products using a |lignophenol derivative,
an aryl coumaran_derivative and a lignin c oss-l'qking'genivative ,
respectively, ByGonphr KGN, SBowing 2489 awdh%%rahs MOGHAT a2 JHAORPFRYN of
wat er - absor pti on and volunetric change rates for nol ded cel | ul ose products
usi ng a ldegvarenol derivative, an aryl coumaran derivative and a lignin
cross-linking derivative , respectively. FIG 44 is a diagram show ng
recovéry rates BIG.\faisi puiswighawiagitheseactiomad liaslinavithp? phieral. de1y aBFSPSMBDES
FOR CARRYI NG OQUT THE | NVENTI ON Modes for carrying out the present invention
wi || be eoptaitrated swlfame acid dedromtedface ok a phesenderivativet ploase ima two phase
aryl coumaran polynmer and a cross-linking lignin derivative are produced
from a | igheackddridavive/contantatd sdbiréd acidgolutipmi n. The 15 |ignocel | ul ose
material containing lignin refers to the woody part of a plant. Mre
particul arly, VEIG.OUS atvieeshowily Ascheanatican ausich & phenol kicsiadiieafs seieeesclyand
vari ous herbaceous plants, such as rice, corn, beet and the like, can be

used as gn{rawi Bt flanak -ﬁﬁ@itiéﬁ@fhili%ﬂﬁﬁﬁhééﬂa%.e material. In addition,
al t hough the |ignocellul ose material can be used in any form such as

powdel, chips ofid.hg kikeiewd POWIRE o bHRE QluehRe MBERM Bat MRS Wflergone
-advantages for efficiently extracting the |ignophenol "derivative. Moreover,

the I'i gnagRlchihPSEVERSE blinRBMcBBndrWesHeBol HERItIVeTat 3R @OsbstdidPef a Ahn

|l ignocel lul ose material, or a feed or an agricultural waste containing a
li gnocel |Wlasg;jraterial may be used. In order to produce an aryl coumaran
derivative or a lignin cross-linking 25 derivative fromthe |ignocellul ose

material, a phepf&. &?z{)i s\ﬁ%wsvan'vJ%ecfnjulir?Bf Q?OLHHUI'?gniB%nd FIG. 9 (b) shows a UV

spectrum of a lignophenol derivative.
15 FIG. 10 (a) shows a differential spectrum of ground lignin and FIG. 10 (b) shows
a differential spectrum of a lignophenol derivative.
FIG. 11 (a) is an IR spectrum of ground lignin, FIG. 11 (b) is an IR spectrum of
a lignin sulfate, and FIG. 11 (c) is an IR spectrum of a lignophenol derivative.
FIG. 12 (a) is an 'H-NMR spectrum of an acetate compound of a lignophenol
20 derivative and FIG. 12 (b) is an 'H -NMR spectrum of an acetate compound of ground
lignin.
FIG. 13 is a diagram showing the yields of lignophenol derivatives from
lignocellulose materials of various origins.
FIG. 14 is a diagram showing elementary analysis results, an amount of
25 introduced cresol, appearances, and a dissolving solvent for lignophenol derivatives

obtained from lignocellulose materials of various origins.

1



the lignin of the lignocellulose material to produce a |ignophenol
derivative fromthe 10 | i gnocel | ul ose material, in which a phefal MAR 2002
derivative is introduced exclusively at an cx position (benzyl-position) of
a sidechain of a phenyl propane unit, which fornms the lignin skeleton (this
step is referred to as a first derivatization step). In the present
specification, the phenyl propane unit in lignin refers to a unit, of 5

whi ch the fundapgntda . .S, tr f LR t he
truct ural formih Brioa gedipyioifl B dli#hfoR or hiBra ERHBEE, Aok
bound to an. aromatjc.ri ans that, in.so cases, .a.hydrogen atomis
bound to eﬁbvab‘)Y%8’?}tagfeg:}?%[flnﬁ{gﬁl8p§?rb%ﬂ?t8“?lisﬁg,Vap%? 8% %or ni ng a hydr oxy!
group and in sope.case, this oxygen atom.together wth_ another .

eyl propane. uhTG- Bttt Lo RE SeRBrn S BBroRiEho) E R that is used to
phenyl propane unit is included an unit in which various structures shown in
FIG 2 ar¥nshasiac anaraleodmagi ¢erivasiyéi tion or a a -position of a sidechain
of the fundamental unit of the aromatic ring. Also included is a unit in
whi ch %an ar omat FEGr1'his 4 viepothewing annsylseymagpaitit uent or anot her

phenyl propane unit. Four exanples are shown in FIGS. 3 (a) to (d) as

exanpl es of var FHusl&isarmiewshewingsontexamplophean arylesmarae nnl obfirediGomtder
aromatic rings include one or two net hoxyl groups bound to an

or t ho- posiignaphenel ddrivative @btaipttehyp bsiog@-cresdleaseaphdnpdidexyatigr.oup, or one
met hoxyl group is bound to one or ortho-position and a carbon atom which
bi nds to the ot FeG. YisdamesKaalipleiot b UViapedtsurbolind atrylcoim@acinhdsrivative.
ortho-position. Hereinafter, in the present specification and draw ngs, the
aromatic rings BOGAR0 isvet dxagipleophenRIspeapaniefunidrykbuliagii derivaltiveh ar e
described in the specification and in the drawings, are intended to include
all sych vari at FpEs21 li§ at iewhe®8RE onb\ekBiptof @ Wﬁfebﬁhmhéf/hﬂ niPEfoss-
functional features is fornmed by introducing the predeterm ned phenol
derivati VEn@ihgldeti#ave POsi tion to decrease the structural irregularity of
lignin and further secondarily-derivatized the resulting 25 |ignophenol
derivative. Curipentby.is bhAE® HoRihPMBnBRkBRAE bPhn AR REfruRG0f b IPnih kfbsd-

| i gnocel | ul ose 11 material as a Tignophenol derivative. In this exanple,
Iignophenﬁhkﬂngyﬁgﬁyg'neans a polynmer containing a di phenyl propane unit in
whi ch a phenol” derivative is introduced at an a -position of a sidechain of

a phenyl pr OpaneFlfl@! %3 Qg l\ji isﬂf)%ﬁa@ ﬁng'egagnbf%k@tgﬁlilgﬁglef@ﬁgwﬁtl c@ngrg@lnetBLg ar

wei ght of the introduced pheno fvative Int ol yner variles

L e e e e R R L O

appl i catign, net ve (JP- -233701). In this nethod, for exanple, a
IignocelI@N%%@gﬁgiégg%lrﬁgﬁéﬁr§§%X%0d powder or 10 the like, is mxed with

a liquid phenol riyative uch as cresol or the like) to.dissolve fhe
Hgnin i che pRoord Bk ¥t Y inE el iaE nadiees A nab Rl REhE Reliod
exanpl e, 72@65u¥%ﬁr&§.acid i,S added.tolthe lig ceIL%{ose ﬂgﬁerial to mx
and to di ssol ve [tHe?e F YICSsETDRR SREHIPIC ARSSHE? HyPT 4akF X HEHIRB dTeaient:
phenol derivati cqnt.ai ni.ng the dissolved Lignin and the concentrate
Sulfuric acid cSiParhing YIRY HiOSGBE 9BA SXAMP Bb&ns: SHECHER AnE5SFommii

phase solution. Lignin dissolved in the phenqgl derivative only contacts the
acid &0 aRU$lRYSFTERESE nMEHIAh e 2pMSABA2GN1GAHGN, eMpthede 28D APREEE {Hean
concentrated acid phase. As a result, a cation at a sidechain a -position
(benzyl - pé@ﬁl@quémﬁr?n\%ilﬁﬁ“ies a highly reactive site of a lignin fundanent al
constituent unit and is produced by contact with the acid, binds to the
phenol derivati WéG. Ad ina véew showingestepreiosimamnufaciaxing @ meldedicebalosearaduct he
20 a -position via a CGC linkage. In addition, a benzyl aryl ether |inkage
i s made i nsioglaoecomtdaey dedvatsyreci es by cl eavage. As a result, lignin is made
into | ow nol ecul ar species and a |ignophenol derivative, in which a phenol
derivative is imGodBded vaidw ahdwempydtegrofor tmamfaftudng andaldedtcallulose ptoducent
unit thereof, is produced in the phenol derivative phase (see FIG 6). The
| i gnophenakindersevatdare dedvadnen extracted fromthis phenol derivative phase.
25 The |ignophenol derivative is obtained as a part of an aggregate of |ow
mol ecul ar wei ghtFIGL g9iida bt sKBsinpesnsfeeeel dTtadse@oh @iy et iOaN @lip&EPR&IR&1 by
cl eavage of the benzyl aryl 12 ether linkage in the lignin. Methods for
i ntroduci ng a phenol derivative at a benzyl position via a phenolic hydroxyl
group are known. Extraction of the |ignophenol derivative fromthe phenol
derivative phase can be perforned, for eganple, according to the follow ng
met hod. That is, the phenol 5 derivative phase is added to a | arge excess
of ethyl ether to obtain precipitates that are collected and dissolved in

o, A o, o o o . =



10 precipitate fractions are dried in a desiccator with phosphorus

pent aoxi de to obtain a | ow nol ecul ar wei ght crude |ignophenol deriviaMARe 2002
containing the |ignophenol derivative as a dried portion. In addition, the
crude |ignophenol derivative can be al so obtained by renoving the phenol
derivative phase by sinple distillation under reduced pressure. Moreover,

t he acetone-sol ubl e products can be used as such as a |ignophenol 15
derivative sol.utj.on i.n_th ondari|y-derivatized. tr n I nd
mot ho, - 4t apulefibg hice PG BEIRARRE & profeh 5, SV BB g, e B By
exanpl e, ethapol .or. acetone), which dissolves a solid or |liquid phenol
derivatiﬁﬁFOWEEYQSVVQHP'is distilled off as shown in FIG 5 (pheno
derivative sorbjing step).. Next, a concentrated acid is ded Eq this

i gnocel | ul ose THf-etd 1814 YigWathostipg ateph dot mapifaskiingga mﬁgﬁﬁ&ﬂq%wgduct
result, simlar the first nmethod, for lignin dissolved with the phenol

deri vat i WiSinga §eRaNgArYaderiVativghl y reactive site (sidechain cx -position) of
lignin that was produced by contact with the concentrated acid binds to the
phenol5 deri vat i FEG.ahldisttheiephgheoting steps £o1 panpiactyringd medded padhupse proguct
addition, lignin is made into | ow nol ecul ar wei ght species by cl eavage of
t he benzyisizg yseanidery dérmkediye. The properties of the 25 resulting

| i gnophenol derivative are not different fromthose obtained by the first
met hod. Then, tHBHEGI32i0phdew|shdeing atepy dor scopxtring aestcbydaryl degiviatdvepheda
derivative. Extraction of 13 t he Iignophenol derivative fromthe liquid
phenol deguby¥ahic\@nplivasiagaritetigl foemfomobikd protiie. sane manner as that of the
first nmethod. Alternatively, the whole reaction solution, after treatnent

Wi th a concentrBIGBAR dvichwsshowasgthd sitps e §s1@H 3water and the
insoluble fractions are collected, dialyzed and dried. Acetone or al cohol

is adged to thipiG. 3y iseddiaptah E%wﬁl@qhé?_@oﬂejrﬁé@@m@ﬂgho @fnloy akiiVARiveSand an
extracted. In addition, simlar to the first nmethod, this soluble fraction

is added gp%%_ﬁ?aﬁ QerdhtRAC GRSctOh aSddiWatiOt IRdredf. the Iike and the _
| i gnophenol derivative is obtained as an insoluble fraction. Also in this

nmet hod, siml arkyg : 2150 s Hean . b o] o]
derivative soIu??%hQ?JEQ?Egﬂgg§0%§§F?F9?g§¥?3g???PHg?y?@%ﬁ?&%ﬁﬁh%omgfmﬁﬂese
two ki nds : -y [ f ext ing
and separ 2 e L En 08 o LB o ey R R A Ry P L Fieh
econom ca e§§§§%ﬁ$e%%§s phenol derivative is used. In addition, because
this nethog can treat a |arge anount of lignocellulose naterial with a
| essoy. amount o onol .. derjvat iy it i i.t gbl af. | . e
synt hLosi s of Ii g%@cg??su?géaeg?%rsﬁbgt”? (t'-:hse. pﬂfgeéreéoq;?a @%%%heggfsg%é\?rag iecanldna
whi ch a phenol deergti%e.i%.seleﬁtivelxiintpod ggdjgt an c~ -position of
the |igni g%?d%%ﬁ%?%‘B§ FREYE el 5@§§alﬁ¥?%dﬁ% 1BR0f t he pheno

unt . t hat

derivati t ) it of ligni. . th i
dervative oL 2GR0 DRI MO ATURANHS: BB Bl g,
B ol R BB 505: a4 AR P SRS E g

converting natural lignin into a |lignophenol derivative by these nethods is
represent@H“@¢5§H3“Pﬁgvéﬂﬁﬁﬁﬂbe in a partial structure of the |ignophenol
derivative. In addition, FIGS. 9 (a) and 9 (b) show a UV spectrumof a,
sanpl 0 of i | | e&TGod% 19 3 Yisnshonaps theaftalerwhee alee Piscs iasuprptrdand a lpadis)
obt ai ned from defatted wood 25 powder by a Bjorkman nethod and a

| i gnophenapplipgrinaastrapgth tssgnocresol ) sanple in the case in which cresol was
i ntroduced as the phenol derivative into the |lignocellul ose 14 mat eri al .
FIGS. 10 (a) andl®03913) shographidabnicrashowingi Frhex;ehlG.a19 dpesaruaw(shoming
spectrum of the respective sanples of FIGS. 9 (a) and 9 (b). In FIGS. 9
(a) and (MOBENHEIGRIISc) 10a ¢ew slmoviplg)MORhe | i gnophenol derivati ve shows a
very sharp peak at 280 nm and 300 nm respectively. Moreover, a shoul der
peak that was oli6r védisad drigghitadingiew Showing| eslghtetisc dhange trites pfeyinoaided
lignin sanples was not seen at all in a |ignocellul ose derivative. This
resul p5 shewsulb&aprodutt dng @mghbpsiadd degeamary structural change, such as
generation of a conjugated system other than the sel ective phenolization at
the sidechain apigowit isof dripiiba biegnisﬁb\ph%nymma@ethuﬂfgé rate§ dIr OGHSIEEd I N
the first derivatized step and that, accordingly, the conjugated system

di sappears and the structural diversity is 10 di m nished. The |ignocresol
used was obtained by mxing 10 mMl of p-cresol with 20 ml of 72% sul furic
acid per 1 g of wood powder and stirringgat 25C for 60 minutes according to
the aforenentioned first nmethod. After neasurenent of the UV spectrum the
sanpl e was dissolved in nethyl cellul ose. After neasurenment of the ~ E

o e Y o o



derivative (lignocresol) used in FIGS. 9 (a) and 9 (b), the acetate thereof
(FIG 12 (a)), and the acetate of a ground lignin sanple (FIG 121(b)MAR 2002
Al t hough the acetoxy proton area (1.6-2. Sppn) overlaps with a nmethyl proton
of the introduced cresol, it is clear that, fromthe signal pattern, the

| i gnophenol derivative has many phenolic hydroxyl groups and 5 stil

retains an aliphatic hydroxyl group. In addition, a nethoxyl proton and an

al i phati c_si dechai roton (2.50-5.20 m_.are clearly apparent and thus,
itis be|‘i°§\‘ig et%%@“‘?I’I’élnigﬂneﬂﬁfc&”mairae%g%mﬂtwg' natural |ignin have been
reduced. In addjijion, fromthe integrated.values of.the various peak

t hese spectra, Hglé g?m‘ﬁn? grrhigal Xfq My W?I“Cglcgweaﬁ%[e? %qufé{]l c
hydr oxyl group can be quantified and the anpunt of |ntroduced phenol %0
deri vat i VEIEHSEr IOENCTs (ising & LigNaphenol) deriyatys, ARsY YN darivelivs ang a
shows the yields of |ignophenol derivatives obtained by introducing

p- cresol légnia cprserivikingAeneativge esRestivelynBE €ompapisen.mat eri al s (wood powder)
of various origins (expressed as weight %relative to the |ignin contained
in wodd powder BEHd 4his adiegrdm shoiwidgs dompasidon of watessabisprptiant andevadimewience
in the separating properties are 15 observed anong tree species for both
coni f er oushangeemitandobrmakiledatelinloss . produciddinsingna {igesphdniodndgrimativie, an
derivatives are obtained by using 10 mM of p-cresol and 20 mM of 72%

sul furi c agicduparanldgiitiveaad apoguie cressdarkdngdetivativee, @bpeoeivent.i oned fir st
met hod. FIG 14 shows the properties (elenentary analysis results, the
amount of i ntropLGed4 g5 esdlagrap phonaine e@scoaBely dates AfWwdiibusoderbitiveoffromrd ous
| i gnocresol sanples 20 produced by introducing cresol into |ignocellul ose
mat eri al spouRapro@ysler) of various origins (those obtained under the same
conditions as those for the lignocellulose material of FIG 10). As
compaged with the ground lignin sanple, which is believed to have little
_structural change in the isolating step, the |ignophenol derivative has 5%

hi gher cagpof MOBENFORNEARRY NG OGFYEER IRV ogased on cresol bindi ng
for both coniferous trees 25 and broadl eaf trees. Introduced cresol is

about 25% (abOUMoédgg%rr@Jréﬁg% 8hﬁh%ﬁgi:§e%'i %nii%ﬁgﬁillfr%g?xﬁ%%d A LAMMW O 9

nol / C9) in broa tree S been prov nore than 90%

t the bindi an. i d . ) fion. Lo

el ght - aver age BoSebiem anrehith SrSH3 R8s RRirertha 4 SraRahaaE ighft,

derived f i d, i ' I i :

Cer el TRANERR S WAMAERA, el Y, b BoREORY Sbib POt |
h th I th I t d 5 the like. | ddjti th

1 onofhenbenaan blosf AR Ray TR AP PelePC e WY iyt Sk hpeble Merough

it was trea oncentrated acid..and a | arg

. Ii.ed vxf'jth a. c . e a ugtt of cresol .was
i nt r oducePETUFRIRLLY; vabions; [reesyispels a8, COPIGIAUS nHeTs, g?ﬁoﬁg%ﬁ noT 5z e AV EHORS
sul furic acid or hydrochloric acid catal %, W?Ich Bad a bl ack coIor.flo
FIG 15 sHOBACDHE PARSRECDE RGRresig ot B ttier i Gt Bhane) Sxforay Mgl for
11300 i) ) A T R B2

derivative does not have a benzyl hydroxy|l group at a sidechain c~ .

- posi t i oniTaRRy & RRCh ahPOMgRAChipH Of dheidiifaianPo¥ dgoldgRqcsHulosayaRIEKH has oup
is retained in the sane _anount as that of a ground |lignin. 15 Phenolic

hydr o5/ atenpeesr rgetfigiently mxtmsiag s digpaphgnol oderayatiygageMoreavse thzyl
aryl ether in lignin and introduction of cresol in the treating process.

(Li gnophehighoagdufosat meierigh maysbara wagtenameet QF amoends yimbessifzi digngaellulose
aryl coumaran polyner) 20 A lignophenol derivative, which is used for

synt hesi zimatereah, @y Feedunranaagrpol yrarwaste comapries edignonelédbsomatard umayeke
that the carbon at an ortho-position relative to a phenolic hydroxyl group
of i ntrodusseld phenol derivative is bound to a sidechain a positional carbon
of a phenyl propane unit of lignin. That is, the fundanental structure shown
in FIG 16 is régurded.tolprofués ahbaryldeingdraneddrivativegorofa tiggin etdsed kel
phenol has 25 no substituents other than hydrogen. However, in the present

I nvents onderiviivienFione utelgiieenolosk inftdefl, bhthehbDaapheivel maarfiebé B8uhd té 0t
intended to be limted to such a structure 17 and it may have ot her
substi t uepdeSligdif dthide RI@DEMMuISRE GlatdrfAtb ProdGderh MTRrndpRe ) Ak RABve tthsn RRENO!
derivative that is introduced into a phenyl propane unit is described and
expressed in drawings is intended to include phenol derivatives having
various substituents. Because the phenolic hydroxyl group of such

i ntroduced phenol s dissociates 5 under glkali conditions and an

aryl coumaran structure is formed by rearrangenent with the adjacent groups,
t he phenol derivative for synthesizing a |ignophenol derivative, which is

v - o - o T



(Li gnophenol derivative as a starting nmaterial for synthesizing a
cross-linking lignin 20 derivative) The |ignophenol derivatives, mﬁﬁ&hM&%ﬁmgz
be used to synthesize a cross-linking lignin derivative of the present
invention, are not particularly limted. In the present invention, a
gross-linking functional group is introduced into a site that is an

ort hoposi tion or para-position relative to the phenolic hydroxyl group,

whi ch i ntroduc n site.25.inherent] ists.in. the y opane unit of
i gni n,  beeIRsElne Al imeBigh m%@%ﬁw%ﬁqamapg YRty 9 o
any S|te of .a diphe Qpane unit of a henol 18 derivativ

o ysot | nRASigoR (I B TOB LA e hagY AL ORgRs FHAHIER IV ACEdicabunt
and adj ustnent of an introduced anmount by introducing a cross-linking

f unct i onaskedgtom pthig step dnrafersed Fﬁ?%%iﬁé%cﬂeﬂWéH@“Qi’eﬁ*m)atl ve side can be
acconpl i shed by selecting the phenol derivative to be introduced. 5 That

i s, because thelwthsspresdantigperificatran itbmphenylpropansunitin bgniveiers te Aangs pho
position or para position relative to the phenolic hydroxyl group under

al kal ifne whindi the dfnsddgenthl skeletophenadtivctirgdfohy 9 carboms slioveooi tteesruonmah at
| east one of the ortho-position or the para-position relative to the

phenol i ¢ forohnudxyt FIG.ouplmothid stendtider debuyatbgh REOH) shewi beend o an hrogmajzheéng |
derivative, the cross-linking functional group 10 also will be introduced
at the inipeasdidar ipkemelcasal b \hgtitogen ateie is boumy Wethe bRy gémstdaeot the aromatic

l'i gnophenol derivative of the present invention, because the sidechain a

- posi ti onghg GAERSH fefminige Hydgeky1 @W&d@fn@@mml this?d geh Qtom idhdrivaith i S
ort ho- posi t| on or para-position relative to phenol derivative phenolic

hydroxyl gfaHe: ﬁ&yﬁﬁﬁﬁ%éﬂﬁ?&&%’hiutb@aﬁ"&ﬂﬁ? linRa@bt @i n a cross-1inking
l'ignin derivative when at |east two sites 15 of two positions and one

para- gpsi tion 1 &y fhinVigig é?l'}?prB ﬁil:%ﬁl?ﬁ%ﬁ@hflféﬁ'ﬂ%:ﬁﬁh e V&fousMifuchirk

_becones a site for bi ndl g to tﬁe phenyl propane unit and thereafter,

anot her SERg b PG9 aAGANAL 004P. JRIAHUCL T8 Mekforca SEBAAIn of the

Conver sel gnop eno er| vativ Renol derivative havi ng

substi t u.eflfnsdaﬂ'n fa%nﬂrofrmé glaﬁ'lltlzﬁ %Dﬁgsloaﬂﬁﬂlgrea?s Fgﬁlt tih Qhi@ 8 Bromatic rhn%1

para-position relative roxyl group IS use suc

2, 4-xyl en0| s b u%tﬁo aXJ)t?lnp éub%ﬁﬂle]%pgr l\ﬁ(hﬁer ﬁ%%?IﬁGp%%(HnQF SFA | rc]:klalal%leﬁ%ng %ho%‘x?l

group i nt Foduci ng el ntroddee

d | k f b d
AN 5%% B FsBrimBeL B aef%“%ta'fé"ﬁ%f Fings Ra' b s shifSatfylnt ™ ©
h | ki t | d d di f.f. t
lorel i Glgra 50%9%&%& @P?@E@Wé | P RO PRyl I P e fniic, "

t b f th b f ite
forCimen ogquetﬂﬁ%w;aoe?fd@éw%rﬁ%e%&@wﬁérow Shhe Mo aE SRR CRA0 08¢  ve

can be .
or ortho-position and a carbon atom, which binds to the other fundamental unit that is

bound to the other ortho-position.
Hereinafter, in the present specification and drawings, the aromatic rings
20  derived from a phenylpropane unit of lignin, which are described in the specification and
in the drawings, are intended to include all such variations.
In the present invention, a material having more functional features is formed by
introducing the predetermined phenol derivative at this & -position to decrease the
structural irregularity of lignin and further secondarily-derivatized the resulting

lignophenol derivative.

[\"]
[W]]

Currently, there are two methods for extracting lignin in a lignocellulose

11



controlled and as a result, the cross-linking degree of the cross-1linking
lignin derivative can be controlled. Preferred phenol derivatives, which
can al so introduce a cross-linking 5 functional group at an introduced
phenol derivative side, are phenol and cresol (particularly, mcresol). In
addition, preferred phenol derivatives, which do not introduce a
cross-linking functional group into the introduced phenol derivative, are
2, 4-xyl enol Pre ation o

d 2 6- ena a n_ar derivative)
' or der HYeBE % fh?l HORRL gttt ie. b b eROmBle, HhoBbHorGRSREADyE Sk
derivative, a li hen erivative having.g carbo n.an ortho position
el at | ve POYTHEDHEREE acélﬁgawgﬂpaa? it To e herel deivADke s relBtid  ned
|'i gnophenol derivative, i henol derivative is bound to the carbgn at
a si dech@Pn®cRosi{ier pf @éﬂﬂe&ham Hahsnprgrane wnit of ligninvia 2 CsCilinkeged Thsder
al kali conditions. This alkali treatnent step dissociates a phenolic
hydr oxy| agrowmpasd maecubtrewoightief thednirodueephopakderiatiyguiadbisarol yer varies
sidechain cx -position, formng a bond with the sidechain a -positional
car boA anidpendinpepoanthet iignoceliioae anatetiel asedapyla savhanatefipk ape th@yeadtion
treatment, a coumaran structure represented by the structural fornula bel ow
can 20 beohditived. at the si dechain cx -position. This treatment |eads to
etherification of the phenolic hydroxyl group of the introduced phenol
derivative by fDiefitst aretindd ia almsttlod desveidead i thefirengdplicatiga noreylabgveo (P-and
t he carbon of the introduced phenol derivative, and the appearance of a new
phenol i ¢ hga3Tnyl group at a benzene ring of a main lignin structure. As a
result, this alkali treatnment also transfers a phenolic hydroxyl group 25

(phenol acti vi t)thfd @BINAA, For-eR@fmipld, ANigddicENEllecE chapdteN Obuchedsi wadd %i@wli@r dhe
main lignin structure. 20’ Mor e partlcularly, this alkali treatnent is

per f Q'brTEQhQYlkg' 39RIx¢H R tRa hi qmpm ldeﬂeaﬂlofea(swﬁ ak Rr301 8t KRl lhke? Qb ldl‘ids@ﬂzse
permttlngt ereactlon to procee f or aperlo of tinme and needed

heating. (f\ ‘ﬁ hin §10t|hH(tj;Jh9fi‘§l H3RAGVE. iR, ddmRebaBRl s[rpfxné%cﬁmfoab%@}hfnes%%t' on

as long as | can ssociate the phehol i ¢ hydroxyl group o

lntroducesqmaﬁ%%id)qgs G e anb 8811DQNARARAPL ABF iRl ﬁsol@@ghetgbql%é’s%e

and concentration’o |t|ons or the type o vent s an i ke

are not ldn%d}o%gn b?fé C%’ﬂﬁﬂng tﬁ? %(Prtﬁgilﬂgh@gﬁfg'l&tl%%%'n%lhl % t(Plt‘: cﬁ&%lved

phenolic oxy group rs un er ‘a tions

T onopridip GRS chiceblE ARARY o 08 BBRinid8 PR IRTE Fupldl, i BARg o
a lignop h erlva ive -Ccreso uce an agueo
solutlon&§an be us nent erforned at n .al ka i conc m:sﬁ}'on

of 0.5 t JOBR % YO B ﬁ"%%uwl““m& 0 aisSo B8 if e b s Ap Tl grEty

| gnopherfsi deH TuETuS ehEpiGh R tereplhy pﬁ%s‘ée”%&a” 15 s PerFten w2 1 1°
dor | vat | JRAAGF R el § SFsh Fatetaier RPRUPH idl bPUNEn bR g Yo
the || ke TRHGR SHE HEETD fHarten GanaaiioBlo T o R HURCHUTY pRURG R e
limtation. in.a range for which the fornation of an aryl counaran derivative

is not prasibibdeds tedpe @&%{wbﬂ%rwaéweam%@a%,rtaﬁpa@?qlvdafwe'évwdnﬁ@ wrediat thent | y

obtai ned by heating an al kali 20 solution to a tenperature of not [|ower
t han 3000 €&-positionyHi 2 Lok, linkager Jn edditian ah berspyl waliapecrrhinkage ivprade el@ lavr e
efficiently by heating an alkali solution to a tenperature not |ower than
t he boi | |rngle|§uianﬁpqq11@rg@tﬁlea,mer Asrgssill. dignin ishaadepamiopr moksgutanapecies andhe
heating tenperature is increased, the production of |ow nolecul ar species
by cl eavagbgodphehel dgivativg] inewhieh a phekabderivativedsntteativcad ahe bheatl ipogitith
tenperature range of 120C to 140C for identical alkali solutions and
concent r atfi ofundaman@addorstiowent uhit hixsebf énpmidscedimahe gpheatderiastivdphdsedsdeng
tenperature is increased, phenolic

FIG. 6). The lignophenol derivative is then extracted from this phenol derivative phase.

25  The lignophenol derivative is obtained as a part of an aggregate of low molecular weight

lignin that has been made into a low molecular species by cleavage of the benzyl aryl
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21 hydr oxyl groups derived froman aromatic ring derived fron1£geM$§LﬂER
lignin structure are increased and phenolic hydroxyl groups deriv
i ntroduced phenol derivative are decreased, in the aforenentioned
tenperature range. Therefore, the degree of |ow nol ecul ar species formation
and the degree of transference of a phenolic hydroxyl group 5 site from an
a -position-introduced phenol derivative side to a phenol ring of the main
lignin st t adj us i r thd in
or der "t o eHitE fkGef 3f, e BLY S MEnS: IISpLBREHREN BAIRE Rt Rye HARd Mo
derivative in which nore phenoljc hydroxyl group sites are transferred from
an c~ -pé@??“@ﬁg?ﬁﬂ#%&%%%gyﬁﬁéﬁggmﬁ%f¥%gﬁ?vg'side to the main lignin
structure, a higher reaction tenperature .is_preferable .10 The heatin
Cemper at u e | 5 HEHHORRN I BEIIRAREY | aNiYatB EOaEEn ] G R g e
When the tenperature is nuch lower than 80 C , the regctign does no
proceed PEFIOTBESN{OTy CRHBPICWHEROT h‘égtt%n‘ﬁérg’tlm“&irﬁﬁihp canthe} lexNeeddcndo c
, non-preferable reactions result. Mre preferably, the tenperature is not
| ower 5t halerivyad s ahesensraddedep langaexeanef ethyl el to obfaimpigeimigtgssthat are
preferably performed under pressure. 15 One exanple of such a treatnent
utilizes cotlndietdi ok dissebredwin clecmeaqueesiend iBNIpkloHpduats are remavesy bys
the alkali solution and the treatnment is perfornmed at 140C for 60 m nutes
i n an autceoirifugatiomampditite aastare-salls prodects mencorxenttateidorEheaacetpnes@nbls| y
used for |ignophenol derivatives that are derivatized with p-cresol. In | ow
mol ecul arpregens e dddeddtopwmist tealargatxodss af lethyhethey land dhalpreicipatates fractmortshe
20 al kali solution, for exanple, the reaction is stopped by cooling or the
| i ke, thearphdliecleanerk@ solvanoindisdillegi off @roswithabprecipitatt, feaetbnfisandNhe
hydrochloric acid or the like, to regenerate the phenolic hydroxyl group
(as an OjbreéiPum:,frmmntsmee rdefed| fni Hdegieenbptial fHospherepdntadigedo obashad
-under neutral conditions and after |yophilization, further dried over
phosphor yswpebleaairdeveidit @ré@S Ulignophendll YdGRUMRE aBofRIHIMAL tee, ligndphendl
lignin 25 derived derivative having a counmaran skel eton, can be obtai ned.

An aryl cyinRhale d6hi ¢ ld Ydttiba. anlddaNidh, 9 EMREIIMROPREKA dRHRELPe Shii BE talol
(an 22 arylcounran unit) in which a phenol ring is introduced at a

si dechai g ! r : goat 4981126 ot uR h ane
oo A aRSLLA00ls 68 ARRPAOR Aot i 49 bbb P

skel et on ;ﬁé%sgggmﬂddrgov@r,ﬁhﬁ]azgtg;m?soww ?&m&% @h?éﬂl’ésa{ucﬁqsﬁh%%ﬁoﬁ)henol

pr ef er abl'y to 2000. addition, an aryl coumaran 5 deriva avi ng an

ar y\ couMBI AR 0L ofliod i sdboRu Ml GVl UBIMIEA A, Uni 1) IS preferable. An
aryl coumaran derivative neans both-”a nononer consisting of such an
aryl coumaran ungt rtiall i f. Al [ i ng
an aryl counmar aninu%?‘?c%(] gtrgﬁiéé@’?d’féet?%al#rgoﬁgid%g??;",[bq?r%‘%:lllggﬂ gg@g{lﬁaar %ﬁ]g%ﬁ rllan
derivative that is a,mxture of the mongner and,the.polynmer.. An. ..
aryl counsssatrgeifafiy detleSnr bt 5RETRLr 800 g e iRt BEhoL fivasiye. he
conpounds_derived.via the cl eavages he,benzyl .aryl ether bond and a
-aryl et hsé)ﬁlveﬂléﬁél désfm%dgﬁtgpq‘?eﬁ’@lwg‘g tth F?(ﬁe%s(l%gﬁncho eThEL 5rﬁ°ﬁ%‘n§kﬁ%§p’3' R, %
aryl coumar an der.ivyatiye. ual ly, .the ar ourmar an.derivative jjS 0 i ned
Y 2 xeneeniraed i it IAHE thy Shit dERER SIS TAIGHA B P gl PIbost
conpounds in addition to ? npnﬁger %nd a olyger,in_t e al kali, solution. 15
FIG %8 SHIROWSAE &shfisallofimifardng luglmathadd: o Hemigt 4pspducs Wik e phenol
| i gnophenol derivative using p-cresol as a .phenol derivative. (Structure of
an aryl codfrirasiNedacalan iay 8)nghly tsaetdenpisgésidechaie Cmosiiom of Lgndr dhatawed t he
phenolic aromatic ring in the 20 thus obtained aryl coumaran derivative, the
anount of piogueestby sani@eewath, the wengerstaied a¢idabings t@ A phgnol dermatiyhanésig r e
structure can be confirmed by a nucl eus exchange nethod, 'H NVR or the
like. A Upkenopdetivaiime(schireducedttbereamy din ofdition) lignia iarmade mpedaw umeleaBar
nmet hod) of an aryl counmaran derivative are shown in FIGS. 19 and 20. 25
( Pr epar at weighofspeciks dyi cleavagssefl thekbargyllerylveathevdinka@8 TheAptdpgniies of the
cross-linking derivative refers to a derivative in which a cross-Iinking
f unct2mdnatesgitingpigndpheriol ddticed dre ant diffenent feomltloose phrangblsy thedirstmbdibdy e
to a phenolic

Then, the lignophenol derivative is extracted by a liquid phenol derivative. Extraction of

13



hydr oxyl group of a |ignophenol derivative. The wei ght-average nD&qCMhﬁrﬂmz
weight is preferably 2000 to 10000 and the amount of introduced
cross-linking functional group is 5 preferably 0.3 to 1.5 nol/C9 unit. A
hydr oxynet hyl group is preferable as the cross linking functional group. A
lignin cross-linking derivative can be obtained by m xing a |ignophenol
derivative with a conpound that can forma cross-|inking functional group

on the I i,g gg @%nogggglm Je/fio {nothmxaq;aﬁdg R deLRdibL BRS.hnMY Gltedfed in

phenol i c enol erl va | ve W |

The condi tions under wh nal i c th nol
derivati \}é € HPF MHPDELY %‘tag ép’é’ @@Eg} Itl§/ qo%(‘ﬁﬁ % 1ve sw é\e reg?tf(&?poqug
solution. .The type and concentrati ali conditio

ol vent 2k G ABEH R EhO JOTFFH AT RSHT Eiaﬁef ggot%%ﬁ%ﬁor}swa%ﬂ@xw
group of the hybrid conmpound d|5500|ates or, exa

sodi um h)}ﬂ?%k'i’]@ér%%‘loﬂﬁ pErclestade dipdwrgd &Fﬁér rigdo gacqt ?Fk?rn C%‘?ﬁ{df F@)‘iiFé’Iqtog‘?‘

that is introduced into the |ignophenol derivative is naot particularly

i mit éd. daind rentesial andkr hignpbriol Bpryatiieos sxiragiese Inaddition SimAgr ksthedirsan
be introduced at an aromatic ri of the main lignin structure or at an
aromatic mctthgdotihlsﬂ@éulblntfmdgneﬁjacgi@drﬂbbp\dl#thatl iewecss o eehyp ather euthgrlike andne
cross-linking 20 reactive group can be introduced into the aforenentioned
aronmat i ¢ thehgoopittnioy deixating ia gbtdipedes ambiseluderpmatidn. such as for mal dehyde,
gl ut ar al dehyde, diisocyanate and the like, with these conpounds under

condi tions in wAisohint tids pieehod,i dimidadiyoay| acgtanepsalubla produapdemnie vded iavat | ve
can di ssoci ate. Because the a -aryl ether linkage al so dissoci ates under
such condigriophenoltdegivhiige eplueinnlfotltici seadndagily siekiouti pingetatmentspeci es. 25
Upon m xi ng of the |lignophenol derivative with the cross-Ilinking functional
groupof or m ng commAesediwe kikdsdef niedh@fsf ithé @Bédnd mRticaluskichhe £ keslod foKi Ng
functional 24 group, a cross-linking functional group form ng conpound

is pref er@@ia}éuﬁgdmsﬁaréﬂ@a NPAHHERO EdRVRALRE Wit Atetient @lcdhel, iflecotoaiTaili, ¢
ring of the lignin phenyl propane unit in the |ignophenol derivative and/ or

the introgueed RESHUNO! H&GvarNRTiS ug)é@fﬁraeafahyon 'b%célfseéiﬁliqefﬁetﬁbd &6h ﬁ&am@e%]
nol e- anmount and, further preferably, 20 nore nol e- anount . e

Cr oss- "%@&tf&nﬁgm@ﬁhl&%%ﬁtekﬁl WAt ‘a%gﬁg Abghitdea %ﬁ&de&%tme@ph

ring under conditions in e phenol rlvatlveadthe Cross- I’|nk|ng

funct i onal.; bRt | 40 pgle SORPRUISEAADNAIEH! alduhial | ool ution, or by

heat i ng necessar t he hea conditions are not parti cul arl y

MRS, 5O, Lonopfs AkesLnkiag lﬁ%gﬁ%w%?enn%;o%gmzte LRt a0
the cross-|l] n i J I r i

| ow and, Wi 9541% 3B oo S4Reafh By iHeROBEIAC, IGR0UARI & e kBl |
addi ti on othein ducmnofthe rossll Ln i,onal

lignin, s ec,rhvaélwetaljie RIS TPPALS E}ltfotg %ﬁgﬂqé?gﬁb ggllriﬁuna 80
reacting vmthltself C,t0.80C is re. raI and about
6001 5 1 uFeEmersy HASPR SRR, laﬁefi%thoq g 87 off RGBT St PiageiR o
Concent r aRAGH! r'erSﬁeQ%aﬁ%ﬂsé"cE peantipmeay EruME atd Sﬁh‘%n?%'eﬁa%gpgnéﬁagﬁ%e
and di al yzed to renove the acid and unreact ed cross-]i.nkjng futhl or’l1

gr oup?® or i ng cHMIERAR: IMALEr SdidatiGRIler COMETURAYIALTR “EBH’OVE?é‘d 1ggophenol

I yophi lization or the like. If needed, the sanple is dried over phosphorus
pent aoxi deerptiysdrtheseamedwdp ieEepesenteddy shawing agthangs iymPATLEY éggcqurfmzf ng
derivative ) Wiether the desired functional group has been introduced at

t he o- postheilignophepnlpissivelive rel ative to the phenolic hydroxyl group in the
thus obtained lignin cross25 linking derivative or not, and the entire
structure can bén eduitionnEHGHyY9 d4ahamd B(b) ekawmangd spschrom, of msawRleoe! milded

i ke. 25

a
Tnerdd cHGcatlﬁ)ethe

wood lignin (hereinafter referred to as “ground lignin”) obtained from defatted wood
25 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
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A WV spectrum (sol vent: tetrahydrofuran) and an IR spectrum (KBr Tefpﬂ%)zmﬁ
an aryl counmaran derivative are shown in FIGS. 21 and 22. In addition/"n
one exanpl e of structural conversion of lignin, a |lignophenol derivative,
an aryl coumaran derivative and a lignin cross-linking derivative are shown
in5 FIG 23. In this exanple, p-cresol is used as a phenol derivative and
a hydroxynet hyl group is introduced as the cross-Ilinking functional group.

(A nethod_for. confitdn the_pr riies of the |igngphenol. deriyative, -t he
aryl couna?’&%"&g'r Péfgénvggéﬂﬂ af‘ﬁeﬂ)g?b sél? Y i h‘g’“ﬁ‘b‘% ﬁ%er plal .ERFeC}{‘%Y% 2
Confirmation of  production. of a cou it an apt Li i 1qQn _qf,. the
distri but?%ﬁtrBF‘)toﬁghepWéH%qu@ %P&iﬁwlﬁény (I'f' gnglg r(ggt ﬁ]’ﬁ‘%?aéat‘?%zfpgl(ef)ﬁ’%r an
derivative, or npre p%rticuLarIy, the structure of an arylco nargg

f undament BIGSG (2) eag lb)et%mm%aob&r&wmhﬁaﬁ anter b sRargrRsak Al ¢l pppand

al kali treatnent, the frequency of the phenolic properties of the cresol
ring and 30k niE TespeRAtY el o eI VET, ngy shenalidar ;peghéﬁ@!cwas rqbsgyvesyatathe; kppger
conversion nethod conbined with a periodate oxidation treatnment. A nucleus
exchange wav¢lengthsside pr depieviousyligihin samplgsheabnonsseonaral] én quignoceldelose| y
obtained froma phenol polynmer, such as lignin, in a mediumin which boron
trifluorideiaBive) Tandreault ahgpes grat gt afmplhened seaprdpy stenturalidhenggsoth e of
lignin 20 with phenol in this nucleus exchange nmethod introduces medi um
phenol at genesatitechioa corguggiod systamn ovher thamite sl abeive phtnolizaaioi v hiensidectaiane
type structure between a lignin aromatic ring and to further |iberate this
lignin ar (mmpbi;i@iohiiﬂgheaﬁgxgugihahﬂ@hqianeI’unithﬁs prolecaind the pigatdedivaldM dtop aRd | on
of the remai ning introduced nmedi um phenol and liberation of a phenol ring.

By utilizifg h&@raiagnl i that tofupdtePesybieas difappbas #@BChé Qiructi®l AOSritons at
25 which the phenyl ring is bound to an aliphatic sidechain in a

phenyi@r oganiaished ! TAE likh&dtesb1&aed Ras Gﬁttaﬁ{daitf}ﬂﬁixiﬂ?lo mllof padeédiivai 20 il b
_known that periodate treatnent quantitativel'y destroys tﬁe phenol i c

aromati C £5H0 iR péM :po an@EREAES a4 B0 M muedtSacedrding|9€
t h loBwoed poER andTBkfRg 5@1‘03 i £

method utilizing this procédure, the distribution of hydroxyl groups in a

lignin ar i L : : I tal | [ AL c
9 RJSTEX a‘r%r%{eh{)bg.u?g?d fikstdnethog. Sqﬁfee'i] ﬂé&&ﬁx%ﬂ’ré%@% BRe9 ebt’??rln ﬁﬂ:sk%ﬁg)le

anal yzed. nmeasuring t equency of the phenoli¢ propérties

g];uﬁrgsa?\r ﬁ%lg"t d%%/&lg%f‘lr&ﬂzﬁxﬁr}eghgu%%ﬂ&%'se.” e @ S0 ehfeHt "Gt RhOIUCES Opeirufnle

measurements were performed using methyl cellulose and 1N sodium hydroxide

15  solution.
FIGS. 11 (a) to 11 (c) show an IR spectrum (KBr method) of a ground lignin
sample, a lignin sulfate sample (FIG. 11 (a)) prepared from defatted wood powder using
a Tappi method, and the lignophenol derivative (lignocresol) (FIG. 11 (b)) used in FIGS.
9 (b). IR spectrum of the lignophenol derivative has a very sharp absorption as compared
20  with lignin sulfate prepared using only 72% sulfuric acid and it demonstrates that auto-
condensation, which would make the molecule rigid, is not generated. In addition, little
absorption is apparent near 1650 cm™, which would be attributable to a conjugated
carbonyl 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

25  spectrum.

FIGS. 12 (a) and 12 (b) show an 'H-NMR spectrum of the lignophenol
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nucl eus exchange nethod is provided bel ow. The foll ow ng expl anation

provi des one exanple for analyzing the Iignocresol exenplified inq{H GARI002
which is one kind of a |ignophenol derivative using p-cresol as a 10 phenol
derivative, and an aryl coumaran derivative shown in FIG 26 that is
obtained by using this |ignophenol as a starting material is explained. By
utilizing this analyzing exanple, the fundanental unit of other

E{Eé' C8§”?Jee"é‘l?@Siékﬂéf"ioﬁf%ﬂf@%daﬁ _F@FEJ@?@} @&95@5,]{5@’? f%fsﬁtéﬁeﬁﬁh.%%fgﬁ?i%i?? Bing
Cposi t§ ortnethe pHiar OF Y seoupEigin oGl Rl Goag AlhARen (e BEERT pefondred

shown in FIG 26, when this |ignophenol is nucleus exchapge-treated,
because dilesdioPREY oaea%%whrairﬁag& PRIl ‘hﬁé%‘F?‘ij%ﬁgéfesﬁﬂghlsfql@dLﬁ‘é%{c?,o”h
DPM type structure is formed between guaiacyl ring-cresol ring from

i ni tiati dhe sTgTal @pde@, thaHenpepfikaphdadratiye hapomany phgreke dydiaxiyh gseupsasyl
regardl ess of the phenolic properties of the guaiacyl ring, the guaiacyl
ring and sthkeregaing an aliphajicarysirox Hegravpdimadditignriomethoxyhptoton an¢ pegbphats:

|l i beration is of all CP origin and guai acyl ring (guaial cohol and catechol)
| i ber at i cridéchaof px@Pom 2l 5EE.20 ipgi).ar@iclearlyHippavent .anditbns,tihaes peli¢oulathat the
treatnment is perforned, because cresol (CP) is all phenolic, the cresol
ring is desguhyeidsafdhe abtutdidigdanthabe iveen rédncptierdaladditipmifeonythe intggiasedal so
destroyed. An ether type guaiacyl ring (GE) remains and |iberation by a
nucl eus exdaiangeths®hiiots pedkeiid@beseipgcirfieahaamophesditiecal phatiahydraxyd @rdupE) .
5 On the other hand, when an aryl counaran derivative is produced as a | ow

nol ecul aranp@e iae&natti@hwokgnga@hp%@h bequdhfifiéd hivd MiCdRoSnt&fGhab@ecedrrhed by
the alkali treatnment and the sanme nunber as that of the hybrid conpound

bef org t h@ralakat i(pick@al Bitis Spechrudi)adan®il aléd GeardiTtkda cresol ring are
-li berated. Wen t%l s | ow nol ecul ar "speci es conpound i s nucl eus

exchange- tr eat eg[@f { $5nb0€ (REHIQEAHE 1igh6BhdRN deriMiVesBbrhthefl BYe i RFd dueims o
ring (CE) formng an arylcoumaran structure is |iberated. Therefore,

whet her cx ;3BFhi ESJEé;)JtS‘lt %{%ﬁg ififcPighodesuRRY Mtk Aals orjpglEpdﬁﬁé?gg{ R/Qriétgbe

al kali treatnent or n er a coumaran unit was fo ) an

whet her F&%gi??%r%%e@%?% 1% URESe Q?‘f‘ﬂé’ 1ig£i§i %‘r?%%ﬁé’d E}P‘gtpgﬁ g@%eﬁﬁ}{% éﬁé ng

or not, 1I. ra co ran structure uce , can

conf i rrTEﬁ\éilgtldnEé&jui%éﬁ%é%gpl:&p%F%hgqe%g%lghgﬂ%%gnéehﬂ{[ t ;?cpgcll%tgﬁg%g?%\fng?s are,

per form nuc nge treatnen

el t her, befior.&, andh 811 Gt L1818l Kol ! LEARIRNL - and J be Berk odat ey oxigaton

deconposi PPSSH Ine eus ‘exéhange ahd by fhe

di £ erencg [yl §hidfof BSHARes YR SoBlivs iy 6 359 8268 S A3 990,
sulfuric acid per 1 g of wood powder according to the aforementioned first method.

FIG. 14 shows the properties (elementary analysis results, the amount of
introduced cresol, appearances and dissolving solvent) of various lignocresol samples
20  produced by introducing cresol into lignocellulose materials (wood powder) of various
origins (those obtained under the same conditions as those for the lignocellulose material
of FIG. 10). As compared with the ground lignin sample, which is believed to have little

structural change in the isolating step, the lignophenol derivative has 5% higher carbon

content and 5% lower oxygen content based on cresol binding for both coniferous trees

o
Ut

and broadleaf trees. Introduced cresol is about 25% (about 0.65 mol/C9) in coniferous

trees and about 30% (about 0.9 mol/C9) in broadleaf trees and it has been proved that
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20 (Preparation of a |ignophenol derivative sanple and an aryl coumaran
derivative sanple) Each sanple used for the nucl eus exchange treaf ma@g azp@z
the periodate treatnent wasprepared as foll ows: The |ignophenol deri {\)
sanpl e was prepared as follows: After p-cresol was 25 adsorbed onto wood
powder, 72% sul furic acid was added to treat at roomtenperature for 60

m nutes, all the reaction solution was placed into an excess of water and

s BRI BT R,
d.th I
ot oD SRS SRS 80 R, AL e R IS L 1,

prepared by treating the lig henol 5 derivative (i gnocresal) obtalned as
descri bedramseaiferpus tGCSﬁHQdE:éEE%ﬂN&GLFfs@I Bropdigabitrees olurthsr, Bty lignaphgaol
acidifying to pH 2 with 1IN hydrochloric acid, washing the precipitates
under neuderisfative metidiyodissolvesolshyarionis sglvenes. duoh aymethanob cthimol egngtend & of
a nucl eus exchange reagent) 10 The reagent used for the nucl eus exchange

t r eat entthedikea m xture of phenol (Nakalai Tesque, Inc., extra pure
reagent), xylene (Nakalai Tesque, Inc., extra pure reagent) and boron
trifluoride- phehoiddivompltbx lignoptieaiohdekiwttivaS94d dNskghitlyi pitkishuehitd appearancts a
pure reagent) at a volune ratio of 19:10:3. 15 (Nucl eus exchange treatnent)
A suit abl eyearongh @f was tregiedphiehal caheentvated weidandin largel amourarafncrdsoliwad i ve
sanple was placed into a 3 m stainless steel mcroautoclave already

cont ai ni ngilowcet eThishalgkatfyodifRtdrtrfrdt thélign pherdiizad mieH gysifexehanoer
reagent was added thereto. The autoclave was sealed and stirred for 10

m nutes ofy d?Qétﬁoh@abﬂr@gﬁgétzﬁfhtiélﬁhé@@b%k%olé){o Thereafter, the autoclave
was imrersed into an oil at 110C and heated for 4 hours. Duri ng

heatifg, the copi@nys ifhWehAURRRIARVEr WORRXSE ! grbﬁﬁ 18V agNopfntl r&éfrﬁ/%tlv@J ter
conpl etion of the reaction, the autoclavée was taken out of the oil bath,

pl aced 'n((t) w@%ees o%@ﬂnw%rormﬁhb ﬁlssd @fpgty)afk %&e@ﬁdlﬂsmmﬁ&e%r%é
t | et el

adher ed he au ocl ave was w pe cl ean, the autoclave was

d, t f
%gﬂsng W q?#lgselsnﬁgﬁ§nms ﬁ?hgfl%gﬁbzt hy? @n}&{gﬂe?c{;\éﬁn@ %?%d%uem ca Ve abty nzty ! i es
C., Ltd. hycFr)é;[(}rfl gl%%p €at” £30Rhdin @ -%8L1?1t0' Ofhd®bn aAnk ARG ﬁlggpdﬂhte%ldecham 7 -
positional hydroxyl group is retained in the same amount as that of a ground lignin.

15  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
polymer)

20 A lignophenol derivative, which is used for synthesizing an arylcoumaran
polymer of the present invention, requires that the carbon at an ortho-position relative to
a phenolic hydroxyl group of introduced phenol derivative is bound to a sidechain @ -
positional carbon of a phenylpropane unit of lignin. That is, the fundamental structure
shown in FIG. 16 is required. In FIG. 16, the aromatic ring of the introduced phenol has

25  no substituents other than hydrogen. However, in the present invention, the introduced

phenol ring of the lignophenol derivative is not intended to be limited to such a structure



29 an internal standard substance (di benzyl (Tokyokasei Kogyo (%o1 dZUﬂZ
extra pure reagent)) in benzene (Wako Pure Chem cal Industries Co. I_H't!f\
extra pure reagent) (12 ng/m) was added thereto, the ether-insol ubl e was
filtered with a glass fiber filter (Watman G-/ A 4.5 cn) and washed a few
times with diethyl ether. The filtered material 5 was transferred to a 300
m separating funnel and a saturated sodium chloride solution and sodi um

Ui gor ous SHPRg e PAAE by pBFuenyfiate BréeRl R P a0 SRy g

concentrated about 10 m relativ of area . oncentrated
mater i al RZEok ferfarive A if g yCadip a?@ﬁlﬁ‘nfqnaﬂswn&e? ﬁwcvﬁbaﬁ and ERDE s
sodi um sul fate.  (Wako Pure Chemical Industries 10 Co., Ltd., extra pure
reagent) Sawinesds HHePdsSHpdRelrde PBoRY! Hlegivatings havdng yatiow spbstituents.
(Quantification of product) 50 ~c 1 of the dehydrated ether solution was

pl aced into a 1Bpgauvefthophenolir hydiosyl graup, obpchdingdacedphpyels disfocialrsi o
Pure Chem cal Industries Co., Ltd., extra pure 15 reagent) and 100 ~c 1 of
Bis (tri mmdhybﬁdaliydoyxditidﬁslamdra;lawmméa,m SETFEare( 8l fdrmed by 9earvgngaereat adided
thereto, and allowed to stand at roomtenperature for 1 hour to performthe
TMS t r eattirerddjacanT B wper theaphaml aferivativb dontspothasiniges lignepheramitddrivadvby
gas chromat ography (G.C). The produced anount was cal cul ated froma

cal i br at i whichuis wael ased torsyotiesize Tanear@léo vnmaran tpobyraemvef ehaprdsehl awentidn),
Appar atus: YANAG MOTO G 3800 Colum: Crosslinked nmethyl silicon capillary

col um ( Qimptly @quidOfifat Bt 12bstdie bithoSgbsiti@ngldtive: 13.0ne phohdlid mdrbkﬂ@esls)s
Sensitivity: 10-1 25 Attenuator:1/1 Columm tenp.: Initial tenp.: 130C

6mn. 30 free, that &, tBer@ i&/0 Bubdritiett dtRBt posifBk; bedaRsé itRia csrﬁimpomaaﬁ)@vm
Carrier gas: Helium5 Detector: FID (Preparat| on of a periodate oxidizing

reageff ) RRBmd a Sfie forSHniNOR @Bt MAiRQiAin aeakiute. a%@re(ﬁ’éﬁh@ul@kl&emgﬂgmlﬁﬁﬂ

I ndustries Co., Ltd., extra pure reagent): water (3:2 (v/v)) was added to

1~ g of S@ﬂ:‘ann dBLRGRE: | etat easlﬁ&hémkaélﬁy 8?{@&6199 sl aEXtESDIPYAE trh%agi‘l‘(@t)

The periodate oxi di zing reagent was pl ace brown reagent bottle and

st or ed atffg@ 191?%‘%[0'1 O{i’&}h‘?h&xérfbafﬂ Hkérﬁ%féﬁ %Leﬂol"qegf\fatlg'leécétﬂzlh ACtH VR,

added to I‘gnophenol deri'vative aryl counmar an

derivativ ér%méeanh(?hghﬁéOzln\ﬁquwfeﬁggagﬁ v§l? X %c?&sﬁlgga#ol%q t&? li@e of

a periodate oxldizing reagent was a ||’r| orm-t

treat rent , gt Ong)osr%te?’bg&@ o Rk Cer A ERLIR! nor psvegmg 446 tpﬁémedaféea% drppwi se

into 200 T i‘Ce- Co0 rrln esul precipitates
wer e ntrifuged 3500 r to recover the precipitates,
washelf w ?%“é‘g‘bf"% 40 B oR SR Tl &ow ary over P i

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
20  derivative)

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 Tross-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

25  inherently exists in the phenylpropane unit of lignin, because when the cross-linking

functional group is introduced into any site of a diphenylpropane unit of a lignophenol
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20 order to obtain the periodate oxidation treatnment sanple. This sanple
was nucl eus exchange-treated as descri bed above, and subsequentliﬁtﬁﬁg k2
product was quantified according to the aforenentioned product quantlTtylng
met hod. 2. Quantification of the amount of introduced cresol and hydroxyl

group Quantification of the ampunt of introduced cresol and hydroxyl group

was 25 analyzed by "H -NVR The hybrid conpound and t he aryl counaran

derivati e : - tyl at ed
ot o 2l CCESRCS0 GUeGTE e Ehin deATRVER B, O P2 enaal deyde. (PN) as

o el oA PSR NELAIEH S SRR b b U (o
tylati, I i | ved .5 I ith d - at I f i
e e RATRLE, 85 FhERS MR St SEF LSRR

- NVR f d i R-90H F i t f tion t I
e e e Lo e 0,20 S0 CoM S A S L Tl

curve of the resulting chart, the amount_ of _introduced, cresol was 10

cal cuPat ed accob@tis besapsfetheotrpenlinkingiuagtional gowp ihbyrodusgdpy thesyrthere
following is an exanple of an analysis that can be applied to the )

| i gnocr esisitimo @ ceata uBPHGoE risksiveato dhpHplreaplidehydraxyl @rown vuadgr cdkatincan
derivative produced by 15 further treating this lignocresol and a

cross- | i rdondgidnisgrni whadr avpienokic hiydjox@lgnouyd idéssocisrespfwheneatdeasimneodf the

i ntroduced cresol 'H NVR was perforned using the H TACH R-90H Fourier

t ransf or mathoepodigigme aruttee paranmapitédn celadsonande apeolat hydrdxybmarbte of the
integrated curve for the resulting chart, 20 the anount of introduced

cresol wastrobi@idyt@nar Bl inta ligndphenbbddriwitivg, thal @ussalinkiggfehdtishal group
w%{Pwt/Pm X Pn/Pi X CG/Cn X (Cm1)}/Lwt X 100 |

ol / G9={ | aM JA1CHE 1ntkdductAQt tivd ok ated/Pigdnil Qeriddtivenie. Anount of introduced
-cresol (w9% Pw: Wight of PNB (ny)

In order to produce the lignophenol derivative of the present invention, because
the sidechain @ -positional carbon of the lignin phenylpropane unit and the carbon that is
ortho-position or para-position relative to phenol derivative phenolic hydroxyl group are
bound together, in order to obtain a cross-linking lignin derivative when at least two sites

15  of two positions and one para-position relative to one phenolic hydroxyl group are free,
one site becomes a site for binding to the phenylpropane unit and thereafter, another
cross-linking functional group introducing site can remain.

Conversely, if a lignophenol derivative in which a phenol derivative having
substituents at two or more sites among an ortho-position and a para-position relative to

20  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.

Therefore, by combining a phenol derivative having a cross-linking functional

[ )
Ot

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
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32 Pn: Nunber 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 G :

I ntegrated value of an area indicating a nethyl group 3H si gna]p1iMAR 2002

i ntroduced cresol 5 (2.40-1.60 ppm) Cn: Nunber of protons of a nethyl group
i ntroduced cresol (3) Cm Mol ecul ar weight of introduced cresol (108) Lw:

Wei ght of lignocresol (hybrid derivative) (ng) | nol/C9: Anmount of

i ntroduc cresol .(pol /.C9) .10 L ecul ar wei ght of .1 uni.t .of .| iqni

(200) (oyornRensihn Srosriing TnbRRt ciBhpalodyedinntadhubu it A e

"H- NVR was per.fornmed using the sane. ar at us t he af.orenenti.oned .
appar at uSBIEUAT GRE fna Tedith 'ASASRETISREREA rE b ectos RSk RERENE Sy aiveat e
curve for the resulting chart, the anobunt of a phenolic hydroxyl group and
that of &3ndciGREOIledhydroxyl group were cal cul ated according to the
followi ng cal cul ati ng met hod. Because the "H -NWVR spectrumfor an
acetyl at ed sanpPefersed apheapbadiriaitivas, nghigh ppathoalse WEOUdERY | 2 pEsHhingingnal
(2.40-2.03 ppm) and an area indicating an aliphatic 20 acetoxyl proton

si gnals ( XuogidnabOgiopp) at hat indvasiucag pliemio] aderivasizei sidecatd mpeaohendytregobt on
signal of that introduced cresol (2.40-1.60 ppm, each integrated val ue was
corr ect edpacomtatlyngmt-cresdg. f dh | alaitaign,e gredeirehspheAph=dapivatiQph Whikdr A@ano25
Aali=Aali'-QCali X Aar/Car Aph: An integrated value for an area indicating a
phenol i ¢ iagetiooeybh qostinkiagdinatti@sl gro@p dnroedtecthtnoauoe) pApindl: dekivativeegreat ed
value for an area indicating a phenolic acetoxyl proton signal in an

acetyl at ezi4sgngiod ahdQra-egleadl.val ue) Oph: An integrated value for an area
(2.40-2.03 ppm that overlaps with the phenolic 5 acetoxyl proton of an
acetylated sanple in the original sanple Aar: An integrated value for an
area indicating an aromatic proton signal (7.80-6.30 ppm) in the acetyl ated
sanpl® CaiprefMatidt 604RhRAoRh48n WeFivaivgr ea i ndi cating an aromatic proton
-signal (7.80-6.30 ppm) in the original sanple 10 Aali: An integrated val ue
for an area indifaidendy Bbta} hPRANILSuRER AL vBIOL ¢on b AAophGHITRELELyY A UE)

Aali': An integrated value for an area 1 ndicating an al1phatic acetoxy

Prot on, o1 @flosk fo/08er kB8R cPRMink 1 LBoRGEH BHED RATRLEOBC 1 And DEERGA' e

val ue for overlaps wt e phenolic

acet oxyl RALAN BloubhSt 3 HALEMBAIP | SeddiediBe 8 GRS e sAapNt

of hydrox rou s calcula ased ‘upon these ed val ues!

PRSP, T S e S A LR By e
I BP0 ity om0 X100

This alkali treatment step dissociates a phenolic hydroxyl group of the phenol

derivative that was introduced at the sidechain @ -position, forming a bond with the

sidechain B -positional carbon and at the same time, cleaves the 3 -aryl ether linkage.

By this treatment, a coumaran structure represented by the structural formula below can

20  be formed at the sidechain « -position. This treatment leads to etherification of the

phenolic hydroxyl group of the introduced phenol derivative by formation of a bond

between the phenolic hydroxyl group and the carbon of the introduced phenol derivative,

and the appearance of a new phenolic hydroxyl group at a benzene ring of a main lignin

structure. As a result, this alkali treatment also transfers a phenolic hydroxyl group

25  (phenol activity) from an @ -position-introduced phenol derivative to the main lignin

structure.

20



34 al i OHnol / CO=(al i OHwW % OHM) / { (100- 1wt %/ Ln} phOHwt % the anount of a
phenolic hydroxyl group (wt% Pwt: \Wight of PNB (ng) 5 Pm Mol qcplmR 2002
wei ght of PNB (151) Pn: Nunber of aromatic ring Hs in PNB (4) Pi:
Integrated value for an area indicating an aromatic ring 4H si gnal
(8.40-7.80 ppm in PNB Aph: Integrated value for an area show ng a signal
of phenolic acetoxyl proton (corrected 10 val ue) An: Proton nunber of a

(17) Aot el QM re PR FEHRal a5 Ry Beto ML Rea QYR e PO
A WS eﬁ%ﬁﬁa?s bRy el E%X aﬁﬁ eRibPreed f@ﬁ%&%?loépféﬁéenﬁ% ¢

hydr oxyl grou HDI[CQ) |wt % Amount of introduced cresol (W% Lm

Mol ecul ar'' #tg ?ﬁmﬁ uni t of | i gni n (200) 20 al i OHwt % Anount of an

al i phatic hydroxyl group (w OHhol / C9: Ampunt of an al i phati c hydr oxyl
group (nol/C9) Al ka@%wewwﬂdn tBlrS tEeRPEROBANDEIARY ajk%iaﬁowloa 4silgRg s it
cross-linking derivative An exanple is explained bel ow in which

f or malbdepaediprosiaie e abenplisr bydroryl giokprif thadatrodwead pficdgp devatiygin the
conpound and a hydroxymet hyl group was introduced as a cross-1linking

f unct i ondigmppbemol derivative, andahe type andenopcenteatimnhafralkalhconditians o ihepyBsof
was introduced, a structure can be determned simlarly. Formal dehyde was
cal cul at esbleeneoand tg like ateendtdithoed nopcagseatvhem tionafonemerstsemgdt dissocidiain of
formal dehyde is all introduced as a hydroxynet hyl group. HMa % : Wei ght of
hydr oxymatibygheoli&fhydrdm gré¥p gbturefurddsB alkal) conditibbs,eg coamaven ghiictafe RVB
(151) Pn :Nunber of aromatic ring Hin PNB (4) Pi: Integrated value for an

area showonge@byah®ndjatentdrogpsdH signal (8.40-7.80 ppm) in PNB 10 M:
I ntegrated value for an area showing a nethylene signal (-CH -QAc) in a

hydr opynet hyl  greupx4fpR0-id. the &RE)ofMA lighdphedl BerPAIveOin vyl O¥NEBE hy!
-group (2) HvVm Mass nunber of a hydroxynethyl group (31) Aph: Integrated

val ue forizadaé&RR as BQYEJIY Nu G 98RkioRfcaR BB NS d. CIf 2G8irRent is P&rPé Rk dla an alkah
(corrected val ue) Aali: Integrated value for an area showing a signal of

al i phat | Cceeh@a¥dn Qf 0loR éﬁogoE %B&ﬁs%'l’rhﬁ%d@? co‘ﬁ'ff?x’h@@ tHé’t rde%freéaof’?&\{r‘y !

group in an acetoxyl group ( acetylated I'igni™n

Acm MasspBHEREE sBEciBaff BieCtoHnatbR R a§§11€‘))umaran derivatives from the lignophenol

derivative are slightly different depending upon the concentration of the alkali solution.
15 In addition, the lignophenol derivative will readily rearrange under alkali
conditions and heating to form a coumaran structure. Conditions such as a temperature,
pressure and the like when the heating is started can be set without particular limitation in
a range for which the formation of an arylcoumaran derivative is not promoted. For
example, an arylcoumaran derivative can be efficiently obtained by heating an alkali
20  solution to a temperature of not lower than 100°C. In addition, an arylcoumaran
derivative may be obtained more efficiently by heating an alkali solution to a temperature

not lower than the boiling point thereof under pressure.
It has been proved that, if the heating temperature is increased, the production of
low-molecular species by cleavage of the B -aryl ether linkage is promoted in the heating

temperature range of 120°C to 140°C for identical alkali solutions and concentrations. In

[\]
(W)}

addition, it has been also proved that, as the heating temperature is increased, phenolic
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Hvhol / C9: Anount of a hydroxynethyl group (nol/C9) Iwt% Anmount of

i ntroduced cresol (wt9% Lm Mlecular weight of 1 unit of lignin {20MAR 2002
HMM %= (Pwt / Pm X Pn/Pi X M/ Nn X HV) /[ ALw -[ Pwt / Pm X Pn/ Pi X (Aph+Aal i)/ An
25 X (Acm1)]}] X 100 H™rol / CO=( HMm % HMM) / [ { (100- (| Wt %-HMM % }/ Lm) 36

4. Average nol ecul ar wei ght Measurenent of average nol ecular weight in a

| i gnophenol derivative. an aryl coumaran derivative and a lignin
cross-1linkin erivatjve s perforned b el. 5 pernegation.chronmatography.
A canl e SO cetiBsi e RorD Rh s oy ey PO st S ShoehTF Al
and degassed tetrahydrofuran (THF) (manufactured b ko Pure Chem cal

| ndust r i égcreaggdpnd ghepplic B&?@&VE%‘)QQH% fleriyrd fé%rﬁlﬂfn@g\@qedﬁw%ﬁrwtwa arg
test tube, stirring with a touch m xer to dissolve conpletely, adding one
dropl et cleceasedhour thpafaremenaenesofampesature range. aTherctors ehaadessea oy
substance to nmake conpletely uniform 10 and filtering with a COSMONI CE
Filter " SholeThlar apenies fonmatomdnd therdegnger @f taansfaknessl a goinohis:hydhode gragrs02
and KF804 Solvent: THF Flow rate: 1 mi/mn. 15 Detector: UV (280nn) Range:
0. 32 Anowite fodmsampd -positiGnaniroducsdl phenat demvaivevadevts a iphdeolusnggf ¢he main
Pol ystyrene standard (Mwx 390000, 20 233000, 100000, 25000, 9000, 4000,
2200, 760)gnibisepbwpotantbandjusted bgshd rqacton denpdrhatre.nThetciv) iarorden whgromiote
pol ystyrene was nultiplied by a ratio of Q factor (0.5327) taking the

nol ecul arlohomdledhla spybies dodigdtionadrdvebiaindambryddotntaunaenaghed {nvahichemase
wel | as polystyrene into consideration. The wei ght-average nol ecul ar wei ght

(My),  nungfiehaMerBdeot! @oup aitevirdantMiedofroRAsh &apaYigomeiteodirke YHrher
accordi ngﬁ}tﬁo t he 25 %I?‘gvmbng equations and a variance ratio (MN/ML?) was

al so cal cyliplagde sk to thMimaik Lgdin Strddibfe, %Oﬂ'ﬂgh%ﬁﬁ:‘hdﬂ {emperiiutdMs prehighgen Hi

is the Height of chromatogramTead every Mol ecul ar wei ght read
¢ . . . _ '
romi{fe ¢ hgitg{%ﬁgg)&%}ﬂgen%\éé??e\;g?l? 4Bt lé\g(:f/ﬁ‘}a%rig(?t. iy nmgfl?r aQOLEHEC .

_other than t ve an e lignin cross-11nking

der valt | v TRLALGPB ST LS 0B} ALE 870 X ARIMEAGUL 19 ARCORS

products o0 he pre i nvent1on, natural or synthetic fibrous,

or povxder%/qfﬂg}e%hgaééd,%ﬁﬁ’?ﬁéj ﬁ@p%&d}@'sﬁg@gc%fr@f&&@é@ds”@é@ ?lel&h-igpet@fja%:lé : gn

to these gnin derivatives. ormo € I'ng subs eria
o e ST, BRI SR R SR SIS Mo el oo
than 140°C. In addition, heating is preferably performed under pressure.

15 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 140°C
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

20  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
regenerate the phenolic hydroxyl group (as an OH group), and the resulting precipitates
are centrifuged, washed under neutral conditions and after lyophilization, further dried
over phosphorus pentaoxide. As a result, an arylcoumaran derivative, i.e., a lignin-

25  derived derivative having a coumaran skeleton, can be obtained.

An arylcoumaran derivative is a lignin derivative containing a structure (an
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synt hetic various hydrocarbon fibers, netal fibers, glass fibers, ceranic
fibers, and fibers 15 recycled fromthese fibers can be used. A gghgmg
cellulose fibers are pref erabl e because they are readily avail ab e a
reproduci ble. As the cellul ose fiber, mechanical pulp, chem cal pulp,

sem chem cal pul p and pul ps recycled fromthese pul ps, as well as various
artificial cellulose fibers synthesized using these pulps as a raw nateri al
can be used. 20 As a.

teri h.th |, I ul b
Cimbor 1§ Aueory & LB MO B Prsnel it L R GueR.a ¢ SRschg® o FijiliGha
terial, tinber fib h | b Kk ,
St aw an/PERRGASOR ERATAOTRRF S0 prP SAUITEPBRNe GBI /45 I5GHn (P BLPE waﬁwed

by splitting various products such as boards, newspapers_and_the |i

whi ch ar @hsnylprepasedudeanhiQmsca SOUmMARSKelFiemas shwa iIpEI0; dRodde w&éé
material, also naY be used. As chip-like nolding substrate material s,
various revemgeamslesulan weighhivpatfemblgd00 tosyRhetincaddinpmuan yricovmeron,
nmetal, glass, ceramc and the |ike can be used. As hydrocarbon chi ps,

nat ur & cierivative dhavfignsn farpleotmatesr uoit ofof-3t tariey nmfdf@?i(&lrsianwylt&jeumis)e&. As
metal chips, alum na chips may be used. As ceram c chips, chips such as
Al, 0;, Sigoefeastdet en hiyeoumarabheletivedve Rreans boeh 8 anenomearsamsasinghedt sucbran
fibrous nolding 5 substrate materials, cellulose chips are preferable. As
powdery ryitongasdibamitabed natpplymes ,paalaml dianingmat &rmdamentdl cbnit Shavigie annt o
a powder by grinding or is originally in powler formand which is derived
fromthe a?rg IBuiRtAr bl (a@sedshatanf id pdig, RRieAE Rt honeshtdtap deH stivedhacRn be
used. 10 (Preparation of a nolded product using an aryl counmaran derivative

and/ or a higfieNoL RS HohbRict REdABE ip6MhMe An Brydédi@harh® dRFORAYE nday Bkl
product, only an aryl coumaran derivative can be used, or only a lignin

CrossSy | rh:ﬂnﬁﬁé R w&&&a{% %@weeco&aﬁﬁﬁndgrdemw vnmleaémhwgr%rfaﬂe deripatjve

.and t In cross-| |nk|ng derivative can be used In order to prepare

a nol dednﬁgﬁgldgggd Uslangs %Yﬁ W ef [ 3f lgé'fdlp‘ﬁ@ﬁél‘{emaﬂfy gl::egﬁgd gfyggrm this

cross-1li I ng derivative erel nafter red to as s eri atlve

the | t t
or 8ol SRl GRPLN SOUERL IR ROUSO Ul Bes B Gy oigle
T 38t A PRSI PSS e
secondary_deri vatl e or the | kelke ty PlttS cakl ng properties when it changes
fromthe TP H%Ff stpa[vmfirr% o%%ST( q. o is, when it precipitates into a

lid by di | h | ff h fied [
Sol i af .yes' fs ronF IO ShO% AFE gemml g?meﬁ@l%bﬁﬁé%?@e%?o%ﬂt?%%s“‘f“fﬁﬁa'% ne

caki ng pr i es xhi bited. B Zi N9 25 such a caking property
exhi bi ti ng (L? ]s‘?erf"i‘i‘éwgé‘ég’rgdéfcvséle?ﬁ Q/Bb"f’\% 6HYEY¥E | i ke can be used as a
bi nder for nutually adhering nol ding substrate materials. 39 Ther ef or e,

upon preparation of the nolded product, the secondary derivative or the
like is usually passed through a process in which a secondary derivative or
the like fsﬁr%t‘gﬁIthaPc?ﬁy@PélF’érqnsdeéﬁ’@é‘Me)c o the nolding material and is

i quefied and thereafter, the solvent is distilled off, or a process in

whi ch a seconda@e@éfqe\t}é@ﬁexpé the coyrmanapiskeleton prd ths) H*wnshgtaaqrea'il%ﬂaud@ahe

heated to nelt and liquefy and then cool ed.
20 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.
25

(Preparation of a lignin cross-linking derivative )
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The secondary derivative or the like solution used hereinis aliquidin
the state in which the secondary derivative or the like is dissolqu1iﬁ $12mﬁ
solvent. As a solvent used for this derivative solution, acetone, ha %

nmet hanol , di oxane, tetrahydrofuran, or a m xture of each of themw th water
can be used. In addition, a secondary derivative or 10 the |like solution
obtained in a step for synthesizing and separating a secondary derivative
or the like fromp,a l.i ganocel |l ul ose fgri d

as a net hod form&}%ﬂﬁgroﬁgq g%r(ﬂ‘%r odug?rsqg)é et”ﬁ% 8”&]&&“& f?fos? )mm)rgom
FIGS. 27 to 31 is provided. As shomn I.n se f|

mol ded, dHgcheRal erpvRy sy Prutiged 2 §“f§”1°rrﬁ‘r“gé‘ﬁaﬁaé6rpﬂﬂ ‘r?“ re bvc?ntt?a? yhenohc
derivative or the Iike solution and . a sol ve E is distilled ﬁnova
of a sol viBiroxyl gipup ot 2atigeepheppk ded¥ S Ear ¥ ?iéqu%léff?‘(Féa%Frmto 4%65& b¥i des
caki ng properties and adhesive properties to nolding materials.

resul t, thefesakly?@apyo dBPOYand the agprovyof iptredycsd aquadnéqng Sdrtcnenélegrpup@%e
fiber to obtain a nol ded product in the state in which the secondary

deri vat i vieretarabliye0.BitRel . 5d0el/@Q8 vaithiA dedroxymeiyl rgredpds préfembio ksidhe grasduct
may be further nol ded by pressurizing and/or heating. Alternatively, as
shown i n laking Z&)ctwnekgiowpose fiber is nolded, and the nol ded product is

i npregnated with a secondary derivative or the |ike solution . Thereafter

t he solvent is Ai Hgninl edbsedlinking dessastivdg zam dpeaobtaaredsbyruhixame auEgyodieadl ng
this nol ded product. By renoval of the solvent by distillation, a secondary
deri vat i véerprativeewlthke cprpoufi@ hab cankfong preopsrlinking andchchidsirégp on the
properties to nolding materials. As a result, a lignophenol nolded product

in the stagmp h@n&\ifﬂe@haﬁvs&s:wadamaededsmdmbhyey @hidbhe phkgolachyidréQyl C?roapoﬁ
bi nder can be obt ai ned. According to nethods shown in FIGS. 27 and 28, a

secongar ythQQ{gn\éﬁhéﬁ@ derivhtiee WilkQidsscihfeansferred to the surface |ayer side
in the solvent distillation step. FIG 29 shows transference to the surface

llayer exenplifiefeWohhitfhsAndet WHTBY @ﬁ'e deEdMAL h &oxghgléodpsef thedlibAbRnol
anount of secondary derivative or the like is attac to the surface | ayer

of the méé}%tﬂ"e%'lﬂc(&ssozﬁé%f@ﬁ?uall SAHSE ifal ﬂft%e%‘i’i@diﬂ&olgfxong.e"‘{‘ﬂ@qgﬁeﬁand
y

derivative or th e 1s present the sur ace ayer S| att |ng a

rel ativel y, sapll.:ampeite Akaf an&ﬁggggga yhéjg‘(ﬂwrﬁtd E,Gbe setdhsltl(lljdLqur{lﬁ%% X ng

product havi ng water-resistance and stre can al ne

2L ON, O kS FREBRARI HBERRELNG, Gnl ngbﬂlggsmﬁegﬁm@g fager pﬁy,?ar

si de. S cas artrc I C ar cou

used - €. ,1Na%%u%wg S&ﬁ%rﬁhdrgﬁﬁle\éﬁ %% tehueS zed from ali gnophenol

deri va I VE W Creso rop ob| c 1ded product can be
efficiently obt %ged Fur

in the unnol ded aresy § &%’gi Wgﬁﬂglt gﬁ)% fl}?t lfsl g gBﬁ%"gtrl?/t%gg{ ubgﬁﬁ%}’e‘a 8fr

ngt: h;eaﬂ%fp‘ée?ﬁﬁ'%bggg{ﬁﬁrgf‘ﬂﬁﬁy llml?edd ° Ily cr-ggserh%i%[ge unC%lQl!la gfrcl)l?perrnay%e use e0d by

long as it can be introduced at an aromatic ring of the main lignin structure or at an
aromatic ring of the introduced phenol derivative. More particularly, the cross-linking

20  reactive group can be introduced into the aforementioned aromatic compound by mixing
a polymerizable compound, such as formaldehyde, glutaraldehyde, diisocyanate and the
like, with these compounds under conditions in which the phenolic hydroxyl group in a
lignophenol derivative can dissociate. Because the (3 -aryl ether linkage also dissociates
under such conditions, the lignophenol derivative is low-molecular species.

25 Upon mixing of the lignophenol derivative with the cross-linking functional

group forming compound, in order to efficiently introduce the cross-linking functional
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According to this nmethod, a secondary derivative or the like is att@ghﬁg%H%UZ
a fiber in advance using the adhesive properties by distilling the I t
of f. As such, by nolding with heating and pressurization using a fiber to
whi ch a secondary derivative or 20 the like is attached in the solid state
in advance, a nol ded product in which a secondary derivative or the like is
uni formy distributed throughout the product can be nolded via fromthe
liquid state to the.sglid state. Ther?fore this mat.hod gslﬁnefgégb{? as a
process B AR HEKLEBRGRONT) SSatR FOTIPE LRSS ROFISFAY 2dded AL f 1 Her
as shown in Fl 31, a“E mderg secondaéﬁtdetiva iv%.on tge l.ike is 25 .m xed
into a cEMEIRYE MY resBFide Upy AI0aIAt N & AL IR PEERYIpFgpgne unit in
Alternatively, prior to the final polding, a provisjonal nolding step can
be per f otk dieBYPRRIeS SigFivatiyg and/pr the Th@?‘gléﬁiewhen@héwgpr MorsiRgRisr8lY ndl iged
product is heated to nold and, if necessary, pressurized. According to this
met hod, tHdedal Uar mgre mol¢-amoynt endspunbeioprsterablye 8 98 Argre myjled@iWiton, a
nol ded product in which a secondary derivative or the like is uniformy

di st rbbut ed t hrBheghabt drhes-linkidgcfunctinndle gfampnisd iztnetiuchdsinta tholidkeddysedduct
havi ng 5 uni form physi cal properties can be manufactured. In addition, upon
pr epar at iphenaif ringeumdzlr dedhditieduit whidmtharpheos! wetidating: wad ethe a¢resahidkimg
secondary derivative or the like, provisional nolding before nolding or a
nol di ng rfehdtashaC aitole fuahingUSIpetideaieedredont addidiliapelufiont bebyohdwing if
addi tional steps may be added. For exanple, when a fibrous pulp is used as
t he nol dinges¥atyer Walile te Wehtid® coHAEEASaR nA pAkiiclaQ ¢ éigsitddogo fomigisngcrdss-

nol ded product and a provisional nolding nmethod and the |ike nmay be used
and are djdf ﬁmc_tﬂamggx@ﬁsss iftfyRRad aht @i g 04070l @i 1T Dri9 Pusterabsd. "Wikn
lignin cross-Tinking derivative ) In a nolded product using a lignin
crossyl I ke rkgng,%fdtmt by Gowef NBafFONY tHS &Hmiﬂ%g AR iBRaIS b ANDBAARY DY
cross-linking and heating the nolding substrate material to which the

linking qrassuhinki ndefd ¥ 3khVew Sl WiRETAL e Léu?aisrmg%{}gh%@ eaided

with pressurizing. Fornmation of cross$-links I's ‘al so poss eat'i ng

when di Strieélétisoq,lq.ra{gﬁh g@%afmsn g{e‘hefme@#ﬁm ﬂg%g?séki%ﬁgmam sgg[%ggtiﬁtﬁ he

whi ch a cross-Ti nki erirvative 1 n I qul ate 1s attache
f | ded i i _Linki linki _
dor tvat i GG BEEARe LR TR L AR RO o8 Bl iRanl o ekbhg with

particul ar, stren oS, | oved. (Rec ry .of a yl ¢o r

Gor i vati Ve o RO PLRL D SRe 3 Rots pSTARLE *ha2ogRDeRCy s TR Brerqpye.
addi again a | vent. ta the present .ol ded product, the oduct . can.be
separated into ?F%é?%cthgﬁdsﬁﬁogggf%yoﬁﬂ%y%ﬂbceﬁpa\?ﬁwfg}Utm %‘ﬁc{ 3%1Lélttylrl,g’a?1v'tg’e
recovered. .The arylco ran derivative is extracted fromthe I pr.oduct
s g o SoidesSTEAeHy TaY fitnt g Bl FaneepGiieh diur el igpil pi DPER
(hereinafter referred to as th resent solvent). 5 1In this case, the,

b esent SER My s b as A RERo, S RAnbReid g iatect 6 Sross inking
tetrahydrofuran, a m xture of one of these solvents and ter, or an
aqueous alURGIPNA OBIAUPOIPTERBE tI0RURE: S JEAYHE ShamSrmeIe yS TEERMETHE Bind
al cohol are preferable. In addition, considering the cost, an aqueous,

al kal i solyaphidigatian gF shetikp df ngeged. she sampleais| driedypysrppaspotus RepErOFidst
the aryl counaran derivative, whether 10 the original shape of the nol ded
produdét iwndenireduses®acss¥ret he nol ded product is processed into small pieces,
t he nol ded product or the small pieces are dipped into a solvent having
affinity for the aryl coumaran derivative and further stirred. As a result,
the aryl counaran derivative is extracted into the solvent. By processing

t he nol de@tprcaduct ailignon srekilinkirgdsiaivestirring into the solvent, rapid
separation and extraction 15 becone possible. Alternatively, when the

ori gi nal shape Whdthe tielddeided fiorttiohali grodeSias ddet dntveducrd rit ahérechositiom or
aryl counmaran derivative is dipped into a solvent having affinity for the
aryl coumepaosidioni Madtiveeio et plidnelis Hydeskyli gronprinagieeus obtHnedXiginl eross-
acetone) and allowed to stand to extract wthout stirring. In particular,

in the caggkial @rfmbigt NGHrsphstanat ®e BHtRE | AtuchleN@ard be &ddnir@ee 1Sy St fEdlewdren
the aryl counaran derivative Is intended 20 to be extracted and, at the sane

tinme, the.mphiedmRiRAUCE-NSIR &t @edad to be separated into nolding materials
by splitting or the Iike, the nolded product is dipped into an aqueous

al kali solution and stirred.
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As such, the recovered aryl counmaran derivative can be utilized again in
various fields in addition to preparation of nolded products. In ﬁgqigignmmz
nol di ng substrate 25 materials that were separated at the sane ti C ﬁ be
utilized again in various fields in addition to preparati on of nol ded
products. 43 (Recovery of a lignin cross-linking derivative froma

nol ded product) In addition, when the nolded product is prepared by heating

o A e UL, RSO S G R BT

fromthe nol ded pro ng a so avi

cross-1linking, derivative ,.as was the r aryl coumar an derivative.
Sol vent I‘Fé\/‘?rgbcoéfﬁair?ﬁ Boriydgiverang Sﬁ?ﬁﬂi‘%%iés'séff’?éﬁ?ng derivative are
acetone, ethanol, 't hanol , di oxane, Letrah qrofuran, a.m xture . of gne of
these sol vents Hhad4iipar in gpe 5ﬁalaaffee SRR coBBFISHInoAE i Helignqaherof
Considering.sanIicity, acetone and al cohol are preferable. In addition,
consi der i Hgiviatige caysarylogy megandrib@tiye and g |ligniberess-biaking dsrivpEvareshown in
According to the present invention, a |ignophenol derivative is obtained
from Viar | Bi§s 23 ghoihés pxdmeBle, peresol a3 used 26 appengd desivptivaendg pdsexgsetivt h a
phenol derivative and concentrated acid and this derivative is further
secondar i grpupes intettduzedias theolyoss-hnking £ny¢teanabgreup. deri vative or a lignin
cross-linking derivative that can be conplexed with 15 various fibers to
prepare a nol ded product. The derivative and the fiber material in the
nol ded product are separated fromthe nol ded product. Therefore, by using
an aryl coaleativdifer iceafiivihgahe propekiiasofl tha kigngpletaiol dedivatdy eq shedarfRio@fmaddn f or
nol di ng, preparation of the nolded product and separati on can be repeatedly
per f or nedderhgivefagt @he ardskSimReey lighiasRrivativie efficiently reused. 20
Aryl coumar an derivatives produced according to the present invention can be
used g an CAIrAMRNQf pROEREREA O @lco@mlatNirit AFRE @landlfichayh BEtHeQMétHbati6h Bf
absorbing properties. Lignin cross-linking derivative s produced according
to the pregghenbiiySRmAR & be used as a switching elenment, a hydrophilic
hi gh protein absorber, an ultraviolet 25 absorber or the |ike. 44
Exanpl es The f olrh,owt gk 8 glﬁfléddnﬁlasr'éﬁ %ﬁvst@@e,@&me abUARG Y, e sirpcthr@
foll owi ng Exanpl es, preparation of a nolded product of a cellul ose fiber
using an [ ' MeTpY - A inki ' i

& ¥ Egﬁéﬁnﬁé}aﬂ%ﬂd’a@ﬁén\{ﬁ i cn ge%?@g&%gﬁ d!o'nﬂ}‘a'rﬂxg, 8efory ahd éf‘tezrhe

and recovery o erirvative froﬁ1a uct” are’ expl aine

i anophent Bop Terrt@ 1R ARRE ob S biinoR orp B of R ciRUEhERha L ©
t hesi uUsi Pj il the |i || ul rial .

aecor i ngrEut kARt PHEGRAHIY Bhabuind iy i ARG PR M Gl i

wood pomdegq§¥¥&:gq%ggoaﬂegﬁﬁaﬁne sol ution containing about 3 nol e-anbunts
per Iigni% Pt SROE A i hus Thunbergii defatted wood powder and the

€

m xture was well, stirred and allo to stand overnight to, i npregnate the
Most powtior it £ BublelE SxERiAeE matRd, 1% RESRSNE Bl iilith, & Snei RGeS &
a vat and allowed.to.15 stand in.,a draft until ,the ,acetone odqgr is |qst, due
Co distil AUAREAIGY ORETREh M. 2 Phtaok ABLMCTouR A, HER, 40 eriBeftiughim WHCH he
Pi nus Thupbergii_ defat wood powder was cal cul ated based on el enentary
anal ysi s B@rwﬂ&ﬂwgﬁpr(b%5 e hf&ﬁgxemaﬁgé’ﬁgw e PESERY waﬁaﬁﬂgﬁhg‘mn,
250 g of wood powder with p-cresol adsorbed thereon was placed into a 20

beakef0 aWdthphgnohip this mpsbeps arehange mesher Nk dyeriarcdiney Riteaoha 3 Hideghain Cng

with a glass bar. After stirred for about 10 m nutes, the m xture was
furt her stpositian @f tlignan side fefomgra diphenylmethane type structure between a lignin

aromatic ring and to further liberate this lignin aromatic ring as guaialcohol or the like
and repeated DPM formation of the remaining introduced medium phenol and liberation
of a phenol ring. By utilizing the quantitative properties of this reaction, the position at
25  which the phenyl ring is bound to an aliphatic sidechain in a phenylpropane unit of lignin

can be determined.
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1 hour and thereafter, the reaction was stopped by the addition of 10 L of
water. After allowng it to stand for a few days, the precipitat¢'ﬁm@ﬁtggm
was deacidified by dialysis. After the precipitate was dried in a drier at
40 C for a few days, the |lignophenol 25 derivative fraction was extracted
wi th acetone, the acetone fraction was added dropwi se to a | arge excess of
benzene : hexane (2:1) (v/v) while stirring, and the produced 45
precipitate was W T I . , . PEEG P

dried at roon1tgﬁ%@&ﬁ?ﬁfégg%§££¥ﬁﬂ§%ﬂ§§?%ﬁ%%g%%ﬁ%%ﬁ g%§33$$§§53#%ﬁ%?8Wﬁ§
phosphor u ent aoxi de under reduce ressyre to obtajn.the |ignophenol

Gor vat | venelg AEpate e ShabSHs FEEIP A whingneomprast fishafe praPR Piiines
cresol, the hydroxyl group 5. distributjon and the phenolic propert )
fr equency%?hwmtglql?%ﬂlﬁ% H%ﬂ“@e?fle\/g‘ﬁtirkpé‘t‘gflé’??ﬁgw&l BTRHAGIN as‘lllé)“elﬂ&}/%*ﬁ?“c
(Exanmpl e 2: Synthesis of an aryl coumaran_ derivative) 4 g of the |ignophenol
deri vat i vingphdianedy-pasitiominsioduced\pliengl g cpadeianagei 10 of a 0. 5N
aqueous sodi um hydroxi de sol ution, was placed into a stainless steel

aut oclave and héamethaghfo1 a0@seung ehehtraquensydfdhe pherpliopropatics ofitbe ceasot i on
was stopped by cooling, acidified to pH 2 with 1IN hydrochloric acid, the
produced pngengtheagumiawyd ringldndaoatirmingpnedpnctiomphide conthaners it by aitibiging al .
The resulting precipitate was | yophilized and dried over phosphorus

pent aoxi deudlewkeex chenlgremé thprdeis puodded belowai N an 15 aryl coumar an deri vati ve.
The nol ecul ar wei ght, the amount of introduced cresol, the hydroxyl group
di stribution an@hplfenowiny epdpedtion proeifisevay eab@pihfomanalyzidg3he 13¢hoanshoB5.
(Exanmpl e 3: Synthesis of a lignin cross-linking derivative ) 20 Lignocresol
was obt ai pednFeRel M FIG. 28, WhectSisBRe Keddoa BEnéptRboDerbxaiR!®ink p-thol as a

nmol ecul ar wei ght and the anount of introduced cresol of this I'ignocresol

are speWNphdhdrld&rivabve, 28d AnQrylcBhiatdndORRERElshE@hiiN FIGY 26 R iPbBRRkd BY O
>three-necﬁed flask, was dlssofved with 1.2 L of a 0.1N aqueous sodi um

hydr oxi dey§gk UhisOfgnopREndiBR Msta@fin@ md3EASisf QpIBhAEh LU $IRLiHE ItAR analyzin

(correspondi hg to 20 nol e-anount of fornmal dehyde rel ative to i ntroduce

cresol ang}fg%ﬂﬁemhé' flh@th&hest 'hgﬁtb'f 1O iSdSO?l Id-rﬁﬂx?)de\‘\@%ti@gsd%gm lﬂ:e@ﬁﬁﬂlal‘?ﬁ_he

60C 46 r 3 hours to I ntroduce the cr ng functional group.

react! of ¥esiHAPPRAk WmEAOkhOIn iRFIE] 38 Sl enP thetollobiing ShAAEACH] Ol €

acid and e so ionwas transferr Into a |al§€|s menbr ane, where
the acid and unreacted fornal dehyde were renoved. After dialysis, a sanple
was recovered by |yophilizing and dried over

15 Gp: Phenolic guaiacyl ring
GE: Ether type guaiacyl ring
CP: Phenolic cresol ring introduced at an & -position

CE: Ether type cresol ring introduced at an ¢ -position

20 As shown in FIG. 26, when this lignophenol is nucleus exchange-treated,
because cresol has a cresol ring at an @ -position at high frequency, a DPM type 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

25  liberation is of all CP origin and guaiacyl ring (guaialcohol and catechol) liberation is of

GP and GE origin.
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5 phosphorus pent aoxi de under reduced pressure to obtain the lignin
cross-linking derivative . The nol ecul ar wei ght and the anount of 1 ﬁg 2002
i ntroduced cresol of this lignin cross-linking derivative are show% |m 1 G
36. In addition, the hydroxyl group distribution and the anount of

hydr oxynet hyl thereof are shown in FIG 37. 10 (Exanple 4: Attachnent of
various derivatives to a cellulose fiber nat) Regenerated paper was used as

h | I ul i al di ' [ | i | | d
ner oat ter 11 BAPEetier inap rohaEtme b Rpa S e Galed BoandP s a Sl "

about 10 ¢m Thep, the aggregate s dehydrated.and . dried .o prepare a. mat
navi ng o RRCATGARE S1eoSa0 SO0 N SRR &' 11 eeuBeoteptiolid sBAER g e
A 20 nmm X 90 mm for preparing sanple for_the strength test, and a mat

pi ece B, %9 SeHPYAh Anther Bipsraustpcy! SmgNQEX {fﬁn%lﬁ%aaétlwraéwwbian@lqlw
were cut and taken fromthis fiber mat using a notor disc saw. (1)

Pr epar at icggh@igeameiiod peevidpeorly tbe §on-pheselioguaineyliinghdpRknol derivati ve
obtained in Exanple 1 or the aryl counaran derivative obtained in Exanple 2
was abtached toOnHhes ather hirsk evieraan @rylgpimanin degjvatye orpROYEy aswsi - | n
addition, the lignin cross-linking derivative was attached to a mat piece A
at a r at enolecdla®oshgciewi thhst ligtaesdlsis diteetlaf mrodemsnexauapge-ticgredpbnetind alkali
derivative, the arylcounaran derivative or the lignin cross-I|inking

deri vat i wecat@sntdafd chy exdmen n2mbac ek othat Epthe aheirid icompoepdrteefares dhcutalkahi f or
attachnment, and a predeterm ned anmount of the aforenentioned solution for
at t achnenteatmsnneide gusRPAr dhglayid socreb@itribgard ligerapdenWhedrthis lodemhioledulae or
the aryl coumaran derivative was attached to various nat pieces at a rate of
5% 10% aypeditYocohfponRfgtis MRilcleusi dkcRags-irbsted G@ler Shaipatiogstestréfineagndmily nar
having a dianeter of 10 cm The lignin cross-linking derivative obtained in

Examploe %iH@eaddrbanhad YRtmHEHLary @unfarhRirlct@fe $a%Wervglich was di pped
~in the solution overnight to allowthe 5 solution to thoroughly perneate

for attachment ipfQedfet wRLEGER aﬁ‘:&)tog_ﬂﬁ)rneﬁftlto%ﬁcecﬁ&%gﬂnﬁ pRIdIbaAMA Ldhrbon in

evaporated while turning over piece A every 1 hour, to attach various

derivati vigg a}lﬁli@a\}\ﬁgﬁﬁﬁh@)t (YRRt 9%‘8uéa¥@f§uﬂi?m¥?erniédoc?Pyﬁd?ga&P%éi ?gheat

the point I'n acetone appeared to conplete evapor at e rom

the i nt entBRoLF ERFEerHEr Yetd SbEly BaRRel (ALh P Ruah0f) KPR NGRS A SR

wei ght arCaT PR el Sl pigRbed B ek, Bl Be SBUAS) BT R o LBGeX
croseh i iRl Ag Rl gt o< Ry gprbin e 8, SXindt SR PER Tinlt mens
o AR RIS G AR
Ay | counsiSERTIgS I Aine Sepghen RO P R EICDS Rueihagt 2BR 24 tBe SHETC B ce
B at a ratiaq of 5% 10% or 20% by wei ght, respectively, simlar to the mat

for the str¥fi§enherEt . I n addition, a lignin cross-1inking derivative was
attached to a nmat piece B at a ratio of 20% by weight, simlar to the mat
for the strengt Maregertiguarayoesdureidre ipdicasddel@Wh vari ous derivati ves
attached were heated at 170C 25 for 60 mnutes to prepare heat-treated
mat er4%al s, respectively (only heat-treated material was prepared for the

mat piece having the attached lignin cross-linking derivative ) 48
(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:
The lignophenol derivative sample was prepared as follows: After p-cresol was
25 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
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For conparison in assessnent described below, a control mat piece with

not hi ng attached thereto was nmade according to the sanme steps as those of_
this Exanple, except for the attaching step. Al so regarding the cdnirdR @2
pi ece, a heat-treated conmpound was prepared by heating at | 70C for 60
mnutes. 5 (Exanple 5: Assessnent) Various mats thus prepared were tested
for the follow ng itens. (Appearance) 10 The various nat pieces were

observed with the naked eye. Th rious .pat pieces turned brgwn.as a.
whote. - ardssiahte! FrBlBon it epleted Heeimy MasBor Adesall, Wharied: "aREBicder e
all uniformy and densely colored. (Mat strength test) 1 t piece A for

t he strerf@?%“@gé"tasafﬁ‘dr%f% Rt ?‘Eﬂ‘o%g{ﬁ%ﬁ@iﬁ@? Factioasy aaeff“@&r&ovglasﬁow(;hgth
of 80 mm and using the steel apparatus shown in FIG 38 for supporting the
t est pi ec@icémOfmth/]i Wherg aad tratesultingdpslnbledradionoyes dried apprPed to the
entire width of a span center fromthe surface of the test piece and the
aver age | oad rafe agloRmangmierivativeotadinlg was prapered dut tragped Hieukgraphenol

nmet hod, a | oad-deflection curve was 20 prepared and, fromthis curve,

modul s oderslagist i(Bgnocré¢ddDR)btaindd A dedanibedfabovpinug @.5Nnaduends NgOH\VR tioe e
calculated. In addition, Pmax was cal cul ated. The results are shown in
FIGS. 39 140)°C 3& 60)mmutes3%c{difyingrionpH 2 wids UN siydfochld3R& adid, (vedshiBO teb)
and 39 (c), the arylcounmaran derivative was excellent for each of Pnax,
modul us Opreéipatatdsaindyr A raTRAHtiti®onef lyophilizirg and deiel og P25;.as conpared with
t he I'ignophenol derivative. Therefore, it was seen that the nol ded product

with the aryl coumaran derivative attached thereto has the increased
strength as 49 conpared with the correspondi ng nol ded product using the

| i gnophenglr.gehiiybt ¥ Guclels 8€eahb@Reageht)was seen that the aryl coumaran
derivative has inproved function as a bi'nder, even when it was obtained by

| ow- npf ecul ari zirRg r&%\%nl LONCRRGRC uERLE REkAMGe &%ﬁﬁee{t%as , hﬁixmeciﬁdplﬁaﬁﬂuct

_(heat-treated material) using the cross-Iinking erivative had a nuc

greater P(Wﬁkalmlqua QIC.,eL)ﬁ% 'pmet Yea%@gt)m(?l'gngs(l\@afka[ali'pféérqﬁe,i the., extra pure

reagent) and boron trifluoride-phenol complex (contained at 25%, Nakalai Tesque, Inc.,

extra pure reagent) at a volume ratio of 19:10:3.

15  (Nucleus exchange treatment)

A suitable amount of a lignophenol derivative or an arylcoumaran derivative
sample was placed into a 3 ml stainless steel microautoclave already containing two steel
balls for stirring, and 2 ml of a nucleus exchange reagent was added thereto. The
autoclave was sealed and stirred for 10 minutes or more to homogenize the contents.

20 Thereafter, the autoclave was immersed into an oil bath at 110°C and heated for 4 hours.
During heating, the contents in the autoclave were stirred every 30 minutes.

After completion of the reaction, the autoclave was taken out of the oil bath,
placed into water, and the reaction was stopped by cooling. Silicone oil adhered to the
autoclave was wiped completely clean, the autoclave was opened, and the contents were

25  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 amount of
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bendi ng than those of the arylcoumaran derivative and it was seen that the
strength can be greatly inproved. (Water absorbing test) 10 A sta.Lr]I ﬂ?\ﬁ 2002
steel net was placed on the bottomof a vat, water was added so that e

di stance fromthe net bottomto the surface of water was 3 cm and the
tenperature of water was maintained at 25 C. Mt piece B prepared for the
wat er absorbing test was imersed therein and a stainless steel net as a

i ght I h f t DI B I d.t t and
For 1 nodt IeRbar s aReans (GGl Ehadhd BBy ro T Ereplle’s
der th 1 f t . t t I Af t
or edot or fFRE Hdp Patzte (Ve PrRChiRsRCimneted son b G TuRdress) (12

pl aced on a stainless steel net and after 10 m nutes, the test pi.ece.was
rapi dly rpginay et added thesgtoy she chisransRiple wWeg dileared okith e glass rithes filter
t hereof, the weight and di nensions were neasured and a volunetric change
rate rel dWhasmas BAct-8 crheed syashed afapatises with diothyh pidgr-aTeuliltered matetipk s
t hereof are shown in FIGS. 40 to 42. In addition, mat piece B after
i mer $i orwantrarsferredves a H00onk sepasattgafvanal and s Gatugated sofinu shionidg sgtuteam
removed, cool ed, and the wei ght and di nensions thereof were neasured. A
vol unet r i andsodinge chlarieedNakelti Fesme, Beafekem purgicagemas ecahddddaw bl vigodous
conpared with the volumetric change rate after imersion in water in order
t 0 assessshaking2b idadrbrasd dreaBF st Hid ttheylaykr Wae reaivded prdcementriied toabulit S
are also showmn in FIGS. 40 to 43. 50 As is apparent fromthe results of
FIG 40, tihsluehgas edl nmterd slagedt. (T deathtistal athtemilerairansferred imbacHs B
with a lignophenol derivative attached thereto at various anounts displayed
a vol unet| geaBaNGRr safed Ofal adNytirdustsddiifosartdt gko Payd Cemh@d Iadustries
vol unetric change rate of about -3 to 2% 5 To the contrary, mat pieces B
W th gn afyl ¢eaMBLRNpERIed @ty R adbidcd sl ddiRideied ovenesitad tRatesliRhceand
heat-treated materi aI)) had” a volunetric change rate of about 7 to 10% and
after drying, had about -1 to 1 % That is, although the volunetric change
rate after imrersion in water was simlar to that of the nol ded product
with the }A | ive attached thereto and there was no great
differenc@l&gﬁ?ggﬁgéef)gﬁgﬁd\r%b the volune 10 was as great as that before
| Mmer sion i n Wa?ﬁrul(c?ietﬂf: IE_IIeIE?drétJeIl'et T&%Bﬁ&ﬁ%ﬂwastmgce?igpdiI ﬁﬂaerfl%In@I eIr'sEQéV\pf a
tached t

mat piece B wth an arylcoumaran derivative at ereto can be said to

' EaI’ ot e[w?l,{‘?rgeﬁgg Lort BIRARE I‘*S’é‘.f LW“I‘%I A I’EI‘E%EC&S@HZI“B’? SR
ate B aioet om0 FHLER PR Al Gutiie PR A TR e

nearly that before i rsi,on in water after re-dryin ng .t hu Lt was, seen
Chat ot BPecEga PRty et ahgyBa shindg afomygipiird, ER Jip Tapeira Riee
better di ional stahility. Wth respe to ter absorption,. .mat, piece B
ot the CHBLGRRRRS TG GerMidetalyt SIFRdtnekard T T o BOUEER whes
wat er absorption of th of .the 2 t piece Bwth t aryl cqumar an

Glor Lvar i veBmesEeY (GHEDo ThAdednetd Griauat Yo cEleues Tiont heaPEoRRss
derivative attached thereto; thus, it was seen that water-resistance was

i mproved BY MEBRMET nkphGLCseendiiiens wore as{oflais: f i gure, conparison was
performed on a heated nmaterial of each derivative having an attached anpunt
of 2088. Fromthese results, it was clear that by attaching the

aryl coumaran derivative or 25 the lignin cross-linking derivative obtained
by furt heAppeéisd XANAIMOTGB8RY |i gnocresol to a nol ding substrate
material, the water absorption of the mat was reduced. 51 As a result,

di mensi on&blunmbCrasshinkdd methed pélécon capibamt celemmatQiargeaxt 82000HHE2&tom 1.
particular, this tendency was remarkable in mat piece Bwith the lignin

cr oss- | i nEbmdgenigthiOr2g icwne Fént edtieds¢)heret o (heat-treated material).

Sensitivity:10-1
25  Attenuator:1/1

Column temp.: Initial temp.: 130°C, 6min.
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5 (Exanple 6: Test for recovering |lignocresol froma board) Mat piece B for
the water absorption test with each of a Iignophenol derivative, ap{ MAR 2002
aryl coumaran derivative and a cross-|inking derivative was prepared
according to Exanple 4, and was used as a mat piece for the recovery test.
Wth respect to the material wth the |ignophenol derivative attached
thereto and the material wth the aryl counaran 10 derivative attached
thereto, a non-hﬁa%e (ﬁBhﬁﬁIaI and a heat-treated material (170C, 60 mn.)
were prepared to obftain " a mat piece for the recovery test and, with respect
to the lignin crgss-linki? <§§rivative , & heat-treated material (170C, 60
mn.) was used aIWPhgtht %p ce for the recovery test. The anmount of each
derivative tq be attg§§%$ was 20% by wei ght per wei ght of the cellul ose
fiber inlBIFSHYN LemR: hese mats were i mersed into about 30 ml of THF in
a vial. Afterwards, they were allowed to stand for 2 days w thout stirring,
the i mer<rBAT &8 dHelgm was filtered, washed with THF, the filtrate and the
washi ng sol ution were conbined, THF was distilled off, and the resulting
fract Pon gisctasddDas a recovery fraction. The results are shown in FIG 44,
20 As apparent fromthe results of FIG 44, 100% of the aryl counaran
derivative was recovered. The better recovery rate is further effective in
that the aryl coumaran derivative does al so not-remain on one side of the
cel | ul osgPrataeatical of Ap¢niaiage okidizihg gedgentr ossl i nki ng derivative was
recovered due to its cross-linked structure. 25 In addition, in the case of
t he | i gnophenol 5akemi vah isviatiendftgheisirack do voidr(@aldePure alheneicalclaklhstries €o.

mat erial was recovered in the reusable state. 52 As such, according to
the firstLidn\eRithipaRe aageitewhRu(3R (viwgiiasadded t@Ds B dfvatiuns necthapepiodant of
a lignocellul ose conplex structure of a forest resource can be efficiently
utiliped @ngtaii TeyydeUne! dxenapureRéAichd). TRIpRR IR HREhg AGSOHALN0plaeed e
-fifth invention, a nolded product can be provided that can be 5 easily

i ncor por af Bwnceéht MM BLd siobst 41af°e material and can be again separated
and reused together with a nolding substrate and a binder material .
According to the sixth invention, a nolded product can be provided that has
wat er -resi stance and strength. According to the seventh invention, an

aryl cou Ro8&E I0addi 68 tFdrmPEn 10 efficiently and repeatedly utilized and a
nmol di ng ngs?ratg nat%ria can)be efficiently reused. 53 CLAIMS 1. A

pocess or Brof el BEAREle LGSR Lt MG R UERRIELIS,E

t - it relati | i ) I f
o Soron ARl IR BTSSR Sah PR DL s ©
AR R MR D R R

car a I COon 1 ons

d whi th I . di i,at t 0.obtal . I
ander 0 o S OB, SR AP A S EBHRY,
b dt ti i f h I it JHigpin. 2. .
SRR NIRRT N R
coumar an Skel oL 81 LgBund La0 SIETRL| S g o1, BeTYLPrcRae Unktoo,

conpri ses heatin% a | ignophenol derivative containing_a diphenyl propane
uni t r ndehye 19PHAN HHE ASTIQHBER T daten HrAtasnsastPle pRs clampds iWast pudedy a
carbon atom at a benzyl-position of a phenyl propane unit of lignin, with a
cross- | i niichgngaitestcdnsl descoibsd f draviengnd ofiseaentiydEie aradaict veasndrantified
under which a phenolic hydroxyl group of an introduced phenol derivative
and/ or a iserdng ¢o Hyedrorepengionad poedugt qaantfying methed. in i gnin can

di ssociate, to introduce a cross-linking functional group at an

or t ho- pos2.tQuamtdimtion of draamposntt dfantroflucddecrpsrd rodihy dhozdi @xgup group to
obtain a lignin cross-linking derivative containing a di phenyl propane unit
havi ng a cr oss- Ruakiificatfannof itikmamaymowyd. infrodécatoemisol kaeihyddeiil vaxbup ewas
having a cross-linking functional group at an ortho position and/or a para
posi tamn el pledws Hh-NMBhenol i ¢ hydroxyl group of a |ignophenol derivative
contai ni ng a di phenyl propane unit fornmed by binding an aromatic carbon atom
of a phenol deriryathpeid @ompoah®Oih@leNaaylcoumernay deRodivd Oerdfprdpared as
phenyl propane unit of lignin. 5 A nolded product forned by nolding a
fibrous, chip-like or powdered nol ding substrate material according to
claim 2.
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54 6. A nol ded product obtained by nolding a fibrous, chip-Ilike ?r 002
powder ed nol di ng substrate material, which conprises the lignin 1 T MAR 20
cross-linking derivative according to claim4. 7. A nethod for treating a
nol ded product, which conprises adding a solvent having affinity for an

aryl coumaran derivative to a nol ded product containing the aryl counaran
derivative and recovering the aryl counaran derivative. 55
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"Y' " " \Wai aaa8ccc* dddebeef } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
ca]ca]ca]ca]calcalc 11 MAR 2002
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca! fbfffffg@,)knmo! 0" opgqgst yvvvv-wew
wxKxxxxW_y}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
ajca]ca]ca]calcalca]calc aJca]ca]ca]ca]lca]ca]ca]calc

a]J ca] ca] ca] ca! _yeyfyny|y| QMKt yvvvv- wewwx KxxxxW_y} xsni d_Z] ca] ca] ca] ca] ca] ca

] ca] ca] cei,] G 91?1; ej(fachCar gg% gigg%@oﬁﬁﬁg](gg] cal ca]ca]ca]calc

a] ca] ca] caJ cal ca] ca] ca T0%& ()-10%Z& ()-s10%Z& ()-&

109Z& () -,.10%7& ()~ ,S@OY& ().-.Y,109%Z& () -j 6Ri.K-9$2%10%& () 53"
109Z& § 3 -P&ig‘f/%%a%d-‘ia#‘i‘?g%g%{“ e@w&m&g 6‘§’235 %%&&“ﬁ%ﬁﬁﬁ%@ it l)é B &-HET80704 0
0Z& 6- #10%&Z& () -

410928 ()P 18/02&' ()-"0@10%& ()-Y. PA0%& ()-, & #109%Z& ()- ~689: ;
<bC9$79%4. 0% @109%&Z& () - &10%&& ()-F. 10Z 10Z L

10Z>MLOYZEE" l)t-egr-a#efbv(f)ﬁ&e RE: Weﬁ%@é@atwg a methyhernupsi digneldm ndrpgduggd gresol
109Z& ()-Z10%& ()-1  109%&Z& ()-m0%Z& ()- @10%& ()-enB dEbCI$Z%4 0%
1092Z&5( ) -(23zRO0PPI109Z&' () - Y0%Z& () - @10%Z& () - @10%Z& ()-B e

r dEbCO$Z9409%Z @ 109Z&' () - L*109%Z& () - 3(-#10%Z& () -, & #109&Z& () - &$mPA09ZE&’ () -
"109%Z& ()CH:INohbeuxiNgosTHd%mehyl gamp introduced cresol (3)

10Z° >s109%&Z& () -: - #10%Z& () - 8% 0%Z& () - 0@10%Z& () -

Y. PA0%Z& 1) Miledutayieligh} ofirdeagiucyd cle@in@D8Y& ()-,! nbd0%&Zz& () -,

 mA0% ()-,)! 0% Z& ()-&10%& ()- Lz[PE:! 10Z 10Z

10Z" > 109%A84: (WeighBoPaigAdir¢gol (BT Eeriyativé) (MEDOR' ()-"!1 9O ()- g} "<PE:!
1 69*nPd.0% } & ()-3

mé/aom&' (D mbIENPARGL&O( JntrdddUER Cleso HinydIded) X- & () - f &LO%E () - 3SUW | ~_"PB4
1

10 Lm: Molecular weight of 1 unit of lignin (200)

(2) Quantification of the amount of hydroxyl group
Measurement of 'H-NMR was performed using the same apparatus as the
aforementioned apparatus based on the same sample preparing method. From the
15 integrated curve for the resulting chart, the amount of a phenolic hydroxyl group and that
of an aliphatic hydroxyl group were calculated according to the following calculating
method.
Because the '"H -NMR spectrum for an acetylated sample has an area indicating
a phenolic acetoxyl proton signal (2.40-2.03 ppm) and an area indicating an aliphatic
20  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 integrated value was
corrected according to the following equations:
Aph=Aph'-Oph X Aar/Oar
25  Aali=Aali'-Oali X Aar/Oar

Aph: An integrated value for an area indicating a phenolic acetoxyl proton signal
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10 10'F 109%& ()-F 10%&' ()-) >s10%G& ()-!x S#L10%GGE ()-!19*npd 0% () -3

_“rdEPB4 10 110%& ()- @10%r& ()-3 10%& () - 11 MAR 2002
10%&' () -1 @10%r& ()-4' 10%r& ()- 7 B! dEPB4 10 1Y " 10%r& () -

10%8' () - - #10%& () - - #10%& () - "PA0%T& ()-F 10%& ()-B!!!"n"""dEPB4 10

1F. %4.0%r& () - @ &10%& () - 9*#10%m& () - Y

3(10%18&' () -, &L0%& () - &$Z9A0%&' () - " Qu##$s$SAEPBA 10

L: 10%1& ()~ 819 096me )-1

S610%18! }QYF‘&% /&%L”é-fz-#m%r&' ()-"0-#10%& () - $$$$$$% %bC 10

@ 10%r& () - @10%& ()-3 | 10%r& ()-&L0%& .() -G, 10m.10m o

10> 10%@'@5‘%9@@/&1%%&%? yEe @g‘a'&)ﬁ&%&ﬁécﬁlg‘gé%“a@ OSSP IO 1EBYE A - 5
10%r& () - 10%r& ()-'y' ' ' (]1((dEbC 10 &$nPA0%Te ()-Y "10%& ()- 10%r& ()-Y

10

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

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
(2.03-1.60 ppm) in the acetylated sample

Oali: An integrated value for an area (2.03-1.60 ppm) that overlaps with the phenolic
acetoxyl proton of the acetylated sample in the original sample

The amount of hydroxyl group was calculated based upon these corrected

values:

phOHwt%=(Pwt/Pm X Pn/Pi X Aph/An X OHm)/[Alwt-{Pwt/Pm X Pn/Pi X

(Aph+Aali)/An X Acm-1)}]X 100

aliOHwt%=(Pwt/Pm X Pn/Pi X Aali/An X OHm)/[ALwt-{(Pwt/Pm X Pn/Pi X

(Aali+Aph)/An X Acm-1)}]1X 100

phOHmMol/C9)=(phOHwW%/OHm)/{(100-Iwt%)/Lm}
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10%v& () - 10%1& () - nPd0%r& ()-())*b***dEbC 10 s6° 10%r& ()- | 410%m& () -
£2109%m8' ()-" 010%& ()-1.10%m8 ()-, & #10%1& ()- *9+~+++++++bC 10 3 1 T MAR 2002
| 109& ()-&L0%& ()- 10m 10m 10mi>t 10%&' () -: 10%& () - 8MPAO%& () - ++, +, | , ,
-dEbC 10 " 109%&' ()- @10%& ()- %0%& ()- GLOY%& ()-3 109%& ()-4109%& () -
-[---8.C..dEbC 10 Y 10%& ()-&L0%& ()- @10%& () 0/(10%&' ()-10%& () -

109%& () - /<///(0dEbC 10 | @ 109& () - 9* F10%& (

a0 BB G B4R 4@%/%082-"?5‘1%‘if‘i&i%ﬁ?ﬁ%‘yﬁ()
10%&' ()-Y | 109%6&' () - &109%& () -
phOHwt%: the amount of a phenolic hydroxyl group (wt%)
Pwt: Weight of PNB (mg)
5 Pm: Molecular weight of PNB (151)
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
10 value)
An: Proton 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
15 value)

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)
20 aliOHwt%: Amount of an aliphatic hydroxyl group (wt%)

aliOHmol/C9: Amount of an aliphatic hydroxyl group (mol/C9)

3. Quantification of a hydroxymethyl group of a lignin cross-linking derivative
An example is explained below in which formaldehyde was used as a cross-
25  linking functional group forming compound and a hydroxymethyl group was introduced

as a cross-linking functional group. Also in the case where the other functional group
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10 10 10" > 109 ()-: 109 () - 02223g333dEbC 10 | @O%G& ()-- 109%G& () - |

10968 () - 109%G8 ()- 10%& ()-Y 10%G& () - 3@444506dELC 100 " 10%G8 ()- )
10%6&' ()- 1098 ()- 10958 () - nPA0%ss ()-1 TL0%GS () - 06556m667dEbC 14 1 MAR 2002
F. npA0%GE ()- @ 109G& ()- 9*109G& ()- 3(109G& ()-, &LOYGE () - &$nPA0YGCE () - 7
7n7777GSdELC 10 : 10%G& ()-8 10%&' ()- 610938 ()- 4109%3& ()-

f210%68' () - 010%c&' () - G3I 8J8KSL8MB8SOLC 10 F

e BT (IS sty e
AO%E accordmg to the following equation on the assumption that formaldehyde is all
introduced as a hydroxymethyl group.
HMwt% :Weight of hydroxymethyl (wt%)
5 Pwt :Weight of PNB (mg)

Pm: Molecular weight of PMB (151)
Pn :Number of aromatic ring H in PNB (4)
Pi: Integrated value for an area showing an aromatic ring 4H signal (8.40-7.80 ppm) in
PNB

10 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)
Aph: Integrated value for an area showing a signal of phenolic acetoxyl proton

15 (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)
ALwt: Weight of acetylated lignin (mg)

20  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)

HMwt%=(Pwt/Pm X Pn/Pi X Mi/Mn X HMm)/[ALwt-[Pwt/Pm X Pn/Pi X (Aph+Aali)/An

o
ot

X (Acm-1)]}]1%X 100

HMmol/C9=(HMwt%/HMm)/[{(100-(Iwt%+HMw1%)}/Lm)
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61002& ()* %"G%‘ re?ijewfa#w&- ()-s0-#10%& () - EEEEEEFZGH-\ :
10Z! @A0%&' ()-'a | %0%GE . ()-!1 0% ()- ' Y10%<k ()-3 10Z .10Z. .
1028&>10%2& () - HAPIRKMEXMPF @\C?agfowp@i%m ¢)yin ‘!’)%%—‘%Wié@% 8%‘-“"“”5- an
,, 10968 () -1 mPAdO%& () - & @PA0%&R () - &YA0%& () - XMVMVMWAOOO-\ ; 107! ! @
VA 0%& () -aiYiseumanmrdqryailveoaryve, [ {gnimncIess inking gerivanyge ey performed by gel
110968 () - OPQURST} Uz[ 9~\:
5 permeation chromatography. A sample for measurement was prepared by placing about
2 ml of distilled and degassed tetrahydrofuran (THF) (manufactured by Wako Pure
Chemical Industries., Ltd., extra pure reagent) and each 1 mg of derivative in a test tube,
stirring with a touch mixer to dissolve completely, adding one droplet of an about 4%
p-cresol solution in THF as an internal standard substance to make completely uniform

10 - and filtering with a COSMONICE Filter “S". The measuring conditions were as follows:

Column: Shodex KF802 and KF804
Solvent: THF
Flow rate: 1 ml/min.
15  Detector: UV (280nm)
Range: 0.32

Amount of sample: 50 x1

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

20 233000, 100000, 25000, 9000, 4000, 2200, 760); bisphenol A and p-cresol provided 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 caliculated according to the

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



10Z! | SOYA0%& ()-- @mPAOYR ()-!; @GnPAOYR ()- nPAOYR ()-!1 nbAOY& ()-!
94.09%& () -} U V2V3VAVEVEVWWE © 107! I N | 9%.09%& () - M | 940%HH& () - My&LOpd MARF2032
10 10 10>10% ()-!S SO%A0%& ()-- Wi YZZO\}[ <~\:

10Z! ! &9A0%& ()-'!18&IA0YR ()-' nRAOYR ()-!; nbAOYR ()- Y40 ()- & ;

VAOVR () - &\ AMAAAANGS I\ 102! ! #1 Y0%& () - nf &10%& ()- 10 10 10&>10%&' ()-!S
LO%L0% ()- @ LOY%0% ()- @6 "aabRccdz[ 9{\: 10Z! D, &40%& ()- 4

%4 0% ( Jx) L ¢ {A; 0%r& ()-mM @ |9%0% ()-m1* |9%40%& ()-nde]f g
gggggzod%wlg%%%%%% 10m 10m 10m>10%m& ()-! N |1 4940%& () -

1T 49409 | So, 89A0%®' ()-4 gbhh j{jk#n}[9dY: 10Z! N} @A%%' ()-!;
/A 0 UGS, {*l%}iﬁ%ﬁ%@l{ ! 8)/&0%%‘ ()-J' U W&S?J/Ee&' ()-L! N 0

e TR P M e A RS

009658 (Vi MOISTUMMREDAvE 107 B cpbpaion urva By (05 Wizen1098: () -1 1

9* 0% ()-S!' X 9*%0%& ()-S! S9*%0%& () - Swgyzz: || 4} zX6dY:

10! 1 99%40%' ()-g! @

nAd0%&' ()-!1nPd0%& () -1 nPd0%Z& ()-! 6l mdo%& ()-!I nd0%z& ()-4}~{\: 10!!
(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 as

10 molding substrate materials in addition to these lignin derivatives. The form of the
molding substrate material is not limited to these forms and various forms can be widely
used.

As fibrous molding substrate materials, various fibers such as natural or
synthetic various hydrocarbon fibers, metal fibers, glass fibers, ceramic fibers, and fibers

15 recycled from these fibers can be used.

Among others, cellulose fibers are preferable because they are readily available
and reproducible. As the cellulose fiber, mechanical pulp, chemical pulp, semichemical
pulp and pulps recycled from these pulps, as well as various artificial cellulose fibers
synthesized using these pulps as a raw material can be used.

20 As a raw material for such the cellulose fiber, either timber fiber using a
coniferous tree and a broadleaf tree as a raw material, or non-timber fiber such as paper
mulberry, kenaf, Manila hemp, straw and bagasse can be utilized.

In addition, cellulose fibers obtained by splitting various products such as

boards, newspapers and the like, which are pulp processed products manufactured from a

o
(1]

lignocellulose material, also may be used.

As chip-like molding substrate materials, various materials such as natural or
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a powder by grinding or is originally in powder form and which is derived from the same

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

10  (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
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.

15 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
state (hereinafter this state is referred to as liquefied state), is added to a molding
substrate material and a secondary derivative or the like in this liquefied state and is

20  solidified.

The secondary derivative or the like exhibits caking properties when it changes
from the liquefied state into a solid. That is, when it precipitates into a solid by distilling
the solvent off from the liquefied state, or when it solidifies from a melted state by
cooling, the adhesive properties and the caking properties are exhibited. By utilizing

25 such a caking property exhibiting process, the secondary derivative or the like can be

used as a binder for mutually adhering molding substrate materials.
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) @1OW&Ia()sol%?lgrl\ll%tg'tgr?sxaldd%gzto]'t(f)lg molding material and is liquefied and thereafter, the
solvent is distilled off, or a process in which a secondary derivative or the like in the solid
5  state is added, heated to melt and liquefy and then cooled.
The secondary derivative or the like solution used herein is a liquid in the state
in which the secondary derivative or the like is dissolved in a solvent. As a solvent used
for this derivative solution, acetone, ethanol, methanol, dioxane, tetrahydrofuran, or a
mixture of each of them with water can be used. In addition, a secondary derivative or
10  the like solution obtained in a step for synthesizing and separating a secondary derivative
or the like from a lignocellulose material may be also used.
For example, as a method for preparing a 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
15  impregnated with a secondary derivative or the like solution and a solvent is distilled 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
20  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 or the like provides

[A]
[} ]

caking properties and adhesive properties to molding materials. As a result, a

lignophenol molded product in the state in which a secondary derivative or the like acts
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410%}| & (Iransfarooel @ thy sdef ayer exemplified with an arylcoumaran derivative. Thatis, a

5 large amount of secondary derivative or the like is attached to the surface layer of the
molded product. Therefore, because a large amount of secondary derivative or the like is
present on the surface layer side by attaching a relatively small amount of the secondary
derivative or the like, a molded product having water-resistance and strength can be
obtained by the binding action of the secondary derivative or the like on the surface layer
10  side.

In this case, particularly when a highly hydrophobic arylcoumaran is used, i.e.,
an arylcoumaran derivative synthesized from a lignophenol derivative with cresol, a
highly hydrophobic molded product can be efficiently obtained.

Further, as shown in FIG. 30, after cellulose fiber in the unmolded state is

15 impregnated with the secondary derivative or the like, the solvent is distilled off.
Thereafter, this fiber is molded by heating and/or pressurizing.

According to this method, a secondary derivative or the like is attached to a fiber
in advance using the adhesive properties by distilling the solvent off. As such, by
molding with heating and pressurization using a fiber to which a secondary derivative or

20 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 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

o
Qt

mixed into a cellulose fiber and molded by heating and/or pressurizing. Alternatively,

prior to the final molding, a provisional molding step can be performed by pressurizing.
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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

5 uniform physical properties can be manufactured.
In addition, upon preparation of the molded product from various molding
materials and a secondary derivative or the like, provisional molding before molding or a
molding method can be variously selected and added and further other additional steps
may be added. For example, when a fibrous pulp is used as the molding material, a wet
10  process or a dry process for forming a molded product and a provisional molding method

and the like may be used and are different processes.

(Preparation of a molding product using a lignin cross-linking derivative )
In a molded product using a lignin cross-linking derivative , the molding
15  substrate can be strengthened by cross-linking and heating the molding substrate material
to which the linking cross-linking derivative is attached. Heating may be accompanied
with pressurizing. Formation of cross-links is also possible by heating when distilling
the solvent off from the molding substrate material to which a cross-linking derivative in
the liquid state is attached.
20 In the case of a molded product in which cross-linking of a cross-linking
derivative was performed, the hydrophobicity is improved and, in particular, the strength

is improved.
(Recovery of an arylcoumaran derivative from an molded product)
25 Further, as shown in FIG. 32, by adding again a solvent to the present molded

product, the product can be separated into fibers and an arylcoumaran derivative, which
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solvent having affinity for the arylcoumaran derivative (hereinafter referred to as the
present solvent).

5 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, whether

10  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

15  become possible. Alternatively, when the original shape of the molded product is desired
to be maintained, the arylcoumaran derivative is dipped into a solvent having affinity for
the arylcoumaran derivative, but the solvent is non-aqueous (for example, acetone) and
allowed to stand to extract without stirring. In particular, in the case of a molding
substrate material using a cellulose system, when the arylcoumaran derivative is intended

20  to be extracted and, at the same time, the molded product is intended to be separated into
molding materials by splitting or the like, the molded product is dipped into an aqueous
alkali solution and stirred.

As such, the recovered arylcoumaran derivative can be utilized again in various
fields in addition to preparation of molded products. In addition, molding substrate

25  materials that were separated at the same time can be utilized again in various fields in

addition to preparation of molded products.
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In addition, when the molded product is prepared by heating without cross-
linking, the lignin cross-linking derivative can be recovered from the molded product
5 using a solvent having affinity for the lignin cross-linking derivative , as was the case for
the arylcoumaran derivative. Solvent having affinity for the lignin cross-linking
derivative are 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

10  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
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

15  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,
preparation of the molded product and separation can be repeatedly performed.
Therefore, a lignocellulose can be efficiently reused.

20 Arylcoumaran derivatives produced according to the present invention can be
used as an ultraviolet absorber or a lignin material having low protein absorbing
properties.

Lignin cross-linking derivative s produced according to the present invention
can be used as a switching element, a hydrophilic high protein absorber, an ultraviolet

absorber or the like.

o
Qt
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derivative and a lignin cross-linking derivative , and recovery of each derivative from a

5 molded product are explained. The steps of Examples 1 to 3 are shown in FIG. 33.

(Example 1)
(Synthesis of a lignophenol derivative)
Lignocresol as a lignophenol derivative was synthesized using Pinus Thunbergii
10  as the lignocellulose material according to the following steps. That is, to Pinus
Thunbergii defatted wood powder was added an acetone solution containing about 3
mole-amounts per lignin C, unit in the Pinus Thunbergii defatted wood powder and the
mixture was well stirred and allowed to stand overnight to impregnate the wood powder
with p-cresol. Thereafter, the wood powder was thinly spread in a vat and allowed to
15 stand in a draft until the acetone odor is lost due to distillation of the acetone. The
amount of C, 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
20  beaker, and 1200 ml of 72% sulfuric acid was added thereto while stirring with a glass
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°C for a few days, the lignophenol
25  derivative fraction was extracted with acetone, the acetone fraction was added dropwise

to a large excess of benzene : hexane (2:1) (v/v) while stirring, and the produced
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reduced pressure to obtain the lignophenol derivative (lignocresol).

The molecular weight, the amount of introduced cresol, the hydroxyl group

5  distribution and the phenolic property frequency of this lignophenol derivative are shown

in FIGS. 34 and 35.

(Example 2: Synthesis of an arylcoumaran derivative)
4 g of the lignophenol derivative obtained in Example 1 was dissolved in 80 ml
10  of a 0.5N aqueous sodium hydroxide solution, was placed into a stainless steel autoclave
and heated at 140°C for 6 hours and allowed to react. The reaction was stopped by
cooling, acidified to pH 2 with 1N hydrochloric acid, the produced precipitate was
collected by centrifuging, and washed to neutral. The resulting precipitate was
lyophilized and dried over phosphorus pentaoxide under reduced pressure to obtain an
15  arylcoumaran derivative. The molecular weight, the amount of introduced cresol, the
hydroxyl group distribution and phenolic property frequency are shown in FIGS. 34 and

35.

(Example 3: Synthesis of a lignin cross-linking derivative )
20 Lignocresol was obtained according to the same method as that of Example 1.
The molecular weight and the amount of introduced cresol of this lignocresol are shown
in FIG. 36.
20 g of this lignophenol derivative was placed into three-necked flask, was
dissolved with 1.2 L of a 0.1N aqueous sodium hydroxide solution, and 180 ml of a 37%
25 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°C
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cooling, acidified to pH 2 with 5% hydrochloric acid and the whole solution was
transferred into a dialysis membrane, where the acid and unreacted formaldehyde were
removed. After dialysis, a sample was recovered by lyophilizing and dried over
5 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 group

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

10 (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
diameter of about 10 cm. Then, the aggregate was dehydrated and dried to prepare a mat
having a diameter of about 100 mm and a thickness of 9 mm.
15 A mat piece A, 20 mm X 90 mm, for preparing sample for the strength test, and
a mat piece B, 20 X20 mm, for preparing a sample for the water absorbing test were cut

and taken from this fiber mat using a motor disc saw.

(1) Preparation of a mat for the strength test
20 The lignophenol derivative obtained in Example 1 or the arylcoumaran
derivative obtained in Example 2 was attached to this mat piece A at a ratio of 5%, 10%
or 20% by weight. In addition, the lignin cross-linking derivative was attached to a mat
piece A at a rate of 15% by weight. That is, the aforementioned lignophenol derivative,
the arylcoumaran derivative or the lignin cross-linking derivative was dissolved in
25  acetone separately to prepare a solution for attachment, and a predetermined amount of

the aforementioned solution for attachment was added separately so that the lignophenol
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of 10 cm. The lignin cross-linking derivative obtained in Example 3 was attached to mat
piece A at a ratio of 15%, which was dipped in the solution overnight to allow the
5 solution to thoroughly 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
10  observation, the remaining acetone in the interior of the mat was evaporated in a blast
drier at 60°C, 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
15 the cross-linking derivative was attached thereto, heating treatment was performed at

170°C 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
20 derivative obtained in Example 2 was attached to mat piece B at a ratio of 5%, 10% or
20% by weight, respectively, similar to the mat for the strength test. In addition, a lignin
cross-linking derivative was attached to a mat piece B at a ratio of 20% by weight,
similar to the'mat for the strength test.
Moreover, mat pieces B with various derivatives attached were heated at 170C
25  for 60 minutes to prepare heat-treated materials, respectively (only heat-treated material

was prepared for the mat piece having the attached lignin cross-linking derivative ).
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was prepared by heating at 170°C for 60 minutes.

(Example 5: Assessment)

Various mats thus prepared were tested for the following items.

(Appearance)
10 The various mat pieces were observed with the naked eye.
The various mat pieces turned brown as a whole, and heat-treated materials

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

(Mat strength test)
15 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 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
20  prepared and, from this curve, modulus of elasticity (MOE) and modulus of rupture in
bending (MOR) were calculated. In addition. Pmax was calculated.
The results are shown in FIGS. 39 (a), 39 (b) and 39 (c).
Front 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
25  as compared with the lignophenol derivative. Therefore, it was seen that the molded

product with the arylcoumaran derivative attached thereto has the increased strength as

49



111 4AnPA0%EE () -1 10%68' () - 10938 () - 10%G& () - - #10%S& () -
@109G& () - 7>??4@AARAIELC  1!!14 @ 109%G& () - 9* 109G& () - 11 MAR 203
(- #109G& () - & #109C& () - &SMPAO0YEE () - @L0%CE () - @AAAVBBBIELC

111 48nPA0%GE () - " BH#10%GE () - | 4#10%6& () -

f2#10%58' () - LO- #10%S&' () - F. Y0%38' () - BOCRCSCTCUCVCCChC 1! 4@ 109%Z&' () -
@#10%2&' ()-& 109Z& ()- 10G 10G 10G0>1093& ()- : #10%C& () - CCODDD2EEJELC

%I():Vél& 0 (@gﬁ& %%@éh&&%ﬁ'@@g n%itgf,@ﬁﬁ'({d)uct using the lignophenol derivative. In

1114S, 10 W& 0% & & 1
e 0oz (3% H&%—W—‘H—#WP? %Béﬁgt tpf: &QIJ‘W é)l(d)egsl gzk? Hpr@tecpt/%ctlg% as a binder,
4109 & L& L 0#109 - Y. A 0%z & 1.JJJJ 1111%
%‘0(%?>&.( )e)%nlwlb &o am 0160%2211)@(2}1& &g&é@@gﬂ?slvatwe
CH#109%Z& () - LLONO>CPQ{ Y7 = 1' I'1p S % 0%& (2 M aS, %d0%&' ()-M\S, %d0%°
&- O)-M@ ZO/d_OO/MO(ryqver the molded product (heat-treated material) using the cross-linking
5 derivative had a much greater Pmax, modulus of elasticity and modulus of rupture in

bending than those of the arylcoumaran derivative and it was seen that the strength can be

greatly improved.

(Water absorbing test)

10 A stainless steel net was placed on the bottom of a vat, water was added so that
the distance from the net bottom to the surface of water was 3 cm and the temperature of
water was maintained at 25°C. Mat piece B prepared for the water absorbing test was
immersed therein and a stainless steel net as a weight was placed on the upper surface of
mat piece B and allowed to stand for 1 hour in order to maintain the upper surface of test

15  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 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

20  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 105C
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

o
(W]

dimensional stability of the molded product. The results are also shown in FIGS. 40 to

43.
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amounts displayed a volumetric change rate of about 5 to 10% and after drying, had a
volumetric change rate of about -3 to 2%.
5 To the contrary, mat pieces B with an arylcoumaran derivative attached thereto
(unheated material and heat-treated material) had a volumetric change rate of about 7 to
10% and after drying, had about -1 to 1%. That is, although the volumetric change rate
after immersion in water was similar to that of the molded product with the lignophenol
derivative attached thereto and there was no great difference, after re-drying, the volume
10  was as great as that before immersion in water (see FIG. 41). Therefore, the dimensional
stability of a mat piece B with an arylcoumaran derivative attached thereto can be said to
be better. In addition, the amount of water absorption was almost same as that of the
lignophenol derivative.
In addition, although mat piece B with the cross-linking derivative attached
15  thereto had a volumetric change rate of about 7% after immersion in water, the volume
returned back to nearly that before immersion in water after re-drying and thus, it was
seen that mat piece B with the cross-linking derivative attached thereto had better
dimensional stability. With respect to water absorption, mat piece B with the cross-
linking derivative attached thereto had about 60% of the water absorption of that of the
20 mat piece B with the arylcoumaran derivative attached thereto and that of mat piece B
with the lignophenol derivative attached thereto; thus. it was seen that water-resistance
was improved by cross-linking (see FIG. 42, in this figure, comparison was performed on
a heated material of each derivative having an attached amount of 20%).
From these results, it was clear that by attaching the arylcoumaran derivative or
25  the lignin cross-linking derivative  obtained by further secondarily-derivatizing

lignocresol to a molding substrate material, the water absorption of the mat was reduced.
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5 (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 respect to the material
with the lignophenol derivative attached thereto and the material with the arylcoumaran

10  derivative attached thereto, a non-heated material and a heat-treated material (170°C, 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°C, 60 min.) was used as the
mat piece for the recovery test. The amount of each derivative to be attached was 20% by
weight per weight of the cellulose fiber in every case.

15 These mats were immersed into about 30 ml of THF in a vial. Afterwards, they
were allowed to stand for 2 days without stirring, the immersion solution was filtered,
washed with THF, the filtrate and the washing solution were combined, THF was
distilled off, and the resulting fraction was used as a recovery fraction. The results are
shown in FIG. 44.

20 As apparent from the results of FIG. 44, 100% of the arylcoumaran derivative
was recovered.

The better recovery rate is further effective in that the arylcoumaran derivative
does also notremain on one side of the cellulose material. A trace of a lignin cross-

linking derivative was recovered due to its cross-linked structure.

o
(%]

In addition, in the case of the lignophenol derivative and the arylcoumaran

derivative, cellulose material was recovered in the reusable state.
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According to the fifth invention, a molded product can be provided that can be
5 easily incorporated into a molding substrate material and can be again separated and
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
10 efficiently and repeatedly utilized and a molding substrate material can be efficiently

reused.
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atom at a benzyl-position of a phenylpropane fundamental unit of lignin, and binding an
oxygen atom of the hydroxyl group and a B-positional carbon atom under alkali conditions
under which the hydroxyl group can dissociate, to obtain an arylcoumaran derivative
containing an arylcoumaran unit in which a coumaran skeleton is bound to an aromatic ring

of a phenylpropane unit of lignin.

2. An arylcoumaran-lignin derivative having an arylcoumaran unit in which a

coumaran skeleton is bound to an aromatic ring of phenylpropane unit of lignin.

3. 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
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 of the phenolic
hydroxyl group to obtain a lignin cross-linking derivative containing a diphenylpropane unit

having a cross-linking functional group.

4. A novel lignin derivative having a cross-linking functional group at an ortho-
position and/or a para position relative to a phenolic hydroxyl group of 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 unit of lignin.

5. A molded product formed by molding a fibrous, chip-like or powdered molding

substrate material according to claim 2.
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6. A molded product obtained by molding a fibrous, chip-like or powdered molding

substrate material, which comprises the lignin cross-linking derivative according to claim 4.
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.

55



