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Treating time (hr}

1:5 % SO,-DMSO, 140°C, 1hr;2:10%
S0,-,140°C, 1hr ; 3 : 10% SO, 140°C, 2br;
4:5% S0,-5% H;0-, 140°C, 3hr;5:10%
Fig. 2 Relation between the per cent preci- SO,-, 140°C, 3hr ; 6 : 5 % SOz~ 140°C, 6hr.

pitate to wood prepared from cooking

liquor by addition of water and treating

time of cooking with 5 or 10% SO, in

DMSO at 140°C. O: 5% SO,-DMSO, @ :

10% SO.,-DMSO

Table 1 Assignments of bands in the L R. spectra of milled-wood lignin and 5%
SO,-DMSO dissolved substance.

5% S0;-DMSO
. M. W. L. dissolved
Assignment substance
g |emt | g | emt
Bonded O-H str. 2,91 3435 2.94 3400
CH antisymmetric str. 3. 40 2940 3.45 2900
CH str. in tertiary CH groups 3.48 2880 3.47 2890
C=0 str. of 8 keto groups 5.77 1730 5.77 1730
C=0 str. of « keto groups 6,02 1660 6. 02 1660
C=C str. of benzene ring 6. 28 1595 6. 38 1600
C=C str. of benzene ring 6. 65 1505 6, 67 1500
C—H bend 6.85 1460 6,85 1460
C—H bend in methoxyl groups 7.02 1425 7.02 1420
O—H in plane bend 7.35 1360 7.30 1370
Unassigned - 7. 46 1340
C—O—C asymmetric str. of arylether linkages 7.90 1265 7.87 1270
C—0—C asymmetric str. of aryl alkyl ether linkages 8.15 1230 8.15 1230
C—0—C asymmetric str. in dialkyl ether linkages 8. 90 1120 8. 90 1120
C—O0—C symmetric str. in dialkyl ether linkages 9.70 1030 9.70 1030
10. 85 922 | 10.87 920
C—H out of plane bend 11, 45 875
C—H out of plane bend 11. 95 835 | 11,90 840
16.10 620
C—0—C bend (18.90)| (530)| 18.80 535
21,20 470
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YRo CH HAZEARBICHIET 5, 920cm™ ORI HERD CH MAEARBICLZ L&
NTWB 0, RBEBIZFAS TR, 800cm™ LITORIE & TSBBS LTIV, SERY 7
= VE 560 & 470cm! ARTICSE ORIt H D, TRIERTEE 535cm™! IKFHVRINAERT X h
T3,

b5, MBEBRERDD IR X~ Lol &

LT, 5% SO,—DMSO #¥#T 1 ~ 6 K, N LA |
140°C TREL 7z A FERBED T h % AT AL AR
Fig. 4 1CRY, $7, WLE~H Vs, &0 _§'§tfgfiitx¥mM“” | r\“éj
o -2 BrXFa—tre—-z20D IR zx~xs AR N1 M s ”‘I
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WREBED T NE, BEDT -2 £2B2ICL v M e
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snza sy 00 C=0 fhFEIRE IC RS Wave number {em™)

3 1730cm™! oW MBS & bR D Fig. 4 Infrared spectra of unsolved residues
L, ~3+1o—-20@EHEERLTVS, &2 of wood cooked with 5% SO;~DMSO solu-
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NI PNMEDVT, D Ocm™ o B X & :1:1hr;2:2hr;8:3hr; 4:4hr;5 :5hr
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Table 2 : Assignments of bands in the I R. spectra of a-cellulose, untreated wood,
holocellulose and 5% SO;-DMSO unsolved substance.

5% SO,-DMSO

Assignment a-cellulose :V%torgated holocellulose | unsolved
‘ substance

B - ¢ Jem | p fem '] p [em!'] p | em’!
Bonded O—H str. 3.03 | 3300 | 3,03 | 3300 | 3.03 | 3300 | 3.03 | 3300
C—H str. 3.45 12900 | 3.45 | 2900 | 3.45 | 2900 | 3.45 | 2900
C=0 str. in glucuronoxylan 5.77 | 1730 1 5,77 | 1730 | 5.77 | 1730
Lignin 6.02 | 1660
O—H bend in absorbed water 6.10 | 1640 | 6,05 | 1650 | 6,10 | 1640 | 6,05 | 1650
Lignin 6.28 | 1595 6.25 | 159
Lignin 6.65 | 1505 6.65 | 1505
Lignin, CH; bend in xylan, and OH in | ¢ g5 | 1460 | 6.85 | 1460 | 6.85 | 1460 | 6.85 | 1460
plane bend . . . .
CH, bend in cellulose 7.00 11430 | 7.00 | 1430 | 7.00 | 1430 | 7.00 | 1430

CH bend in cellulose and hemicellulose | 7.30 | 1370 | 7.30 | 1370 | 7.30 | 1370 | 7,30 | 1370
O—H in plane bend in cellulose and 7 49 1335 7 49 1335 7 49 1335 7 49 1335

hemicellulose
CH, wag. in cellulose 7.60 | 1315 | 7.58 | 1320 | 7. 60 | 1315 | 7.60 | 1315
CH bend 7.81 | 1280

.. 7.94 | 1260 7.94 | 1260
Lignin
Lignin and OH in plane bend 8.13 11230 | 8.06 | 1240 | 8.06 | 1240 { 8,06 | 1240

Band in cellulose and hemicellulose 8.30 | 1205 | 8.30 | 1205 | 8.30 | 1205 | 8,30 | 1205

C—0—C antisymmetric bridge str. in | g 62 | 1160 | 8,62 | 1160 | 8,62 | 1160 | 8,62 | 1160
cellulose and hemicellulose

Lignin and O—H association band in | 9 07 | 1170 | 8,93 | 1120 | 9,01 | 1110 | 9.01 | 1110
cellulose and hemicellulose . : : )

C—O str. in cellulose and hemicellulose | 9.45 | 1060 | 9.45 | 1060 | 9.45 | 1060 | 9.45 | 1060
Lignin and C—O str. in cellulose and | g 70 | 1030 | 9.70 | 1030 | 9,70 | 1030 | 9,70 | 1030

hemicelluose

C—O str. in cellulose and hemicellulose [10.10 | 990 10.10 | 990 10,10 | 990 10.10 | 990
C, group frequency in cellulose and 11,10 | 895 |11.10 | 895 |11.10 | 895 [11.10 895

xylan
Lignin 11,90 | 835
O—H out of plane bend 14,90 } 670 [14.90 | 670 (14,90 | 670 14.90 | 670

DRKEERY, BEOWEHEL, FOMINENROBHRE oy 9 5& Fig. 5 525
N3, W&k, WIFhOBALNEERE & SICBBTICEET 3~ 2o — BN
BWPTBCLnMONE, $72, Fig. 4 ickT, 1500cm™ DY 7= v F —/v v M EsH
& EBICRD, MEL, MBICLEY 2=V DEHE BT 5, 1460cm™ QEINE Y 7= D
CH Z£ARE), +v 70 CH, £AKRE, OH @AEARBEBEINTED, ®UEAMT
FHHETH B4, o —2bB X0 SO,—DMSO MEE i T3 RIC 7S 3, 1430cm™ o CH,
EAHFRHICLIENE 7Y, a—F2 B2 —XOR7 MR OAKRNWIDTEHD, &I
O —ZICEMBE -2 3N TVE, a—k 0 —2, @NLEAMHICEINTED LA S 1335cm™
DB B -2 L XN rve ~20 OH HAEAREICHET 5, LaL, Frtn
o -2z, #NFEAM, SO,—DMSO WMEEMEICOWTIE 1315ecm™ DOEHIRE & D HEEHE

oTWB, a—trv —xTiF 1280cm™ o CH & MAIEShIC K 2RI AHE &0 Ic8n &4 3 0%
> SO,—DMSO MLEEEH S & Tl 1230cm™ OWIRE DER DIk O ABENE S 75 - T 5o
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Fig. 5 Decrease in hemicellulose in unsolved Fig. 6 X-ray diffraction curves of unsolved
residues of wood with treating time for residues of wood cooked with 10% SO,-
solution of 5 or 10% SO, in DMSO at DMSO liquor at 140°C. 1 untreated wood;
140°C O : 5% SO;, no water ; @ : 10% SO, 2: cooking lhr, vac. dry 24hr ; 3 : cooking
no water ; A : 5% SO;, 5% water. 2hr, washed with CHCI;; 4 : cooking 3hr,

vac. dry 48hr.

Zo 1230cm™ fAEicit ) =y, wra—BEUAI oo —2icET B H D SO,—
DMSO MEEE L ST, ThoNEL-TH U -TNBEEEZ b5, 1205cm™ DOFHHOE
Wik OH mAEMRFE VS RES H 2205, HEMNTEY, 1110em™ ORI Y 7'=vic &
BARME, tra—x, ~A1trn—-20 OH £46BNEEREIN TS, ZOMOTNE
DFBIZ2WTiE Table 2 DREBMODBL MDA LD,

WICEHED SO,—DMSO BEHME L DB Shi- NAREED X BEFzHs7, Fig. 6 i,
10% SO,—DMSO WLk, BEE&%E S NI2 0o fVAREL, T 3720 DMSO %Kk
btﬁﬂmﬂwfwﬁﬁﬁi@E%ﬁﬁﬁﬁ@m%%m@*ﬁ&ﬁkéﬁf@xbtoDMK)
i1 260= M°ﬁﬁm@k%éﬁnu-%JC%Iifz?C&mb,cnm%i@%ﬁféqko
BBT2LIIC, AMOero —2BRNTOREEE 755 SO,—DEA—DMSO BFRLED
BEIC, COREEBDIVEREBRORESELE LTV I HEBRERLOBRICHEEESAN
WZ EAEEET 3L, Fig. 6 ORIz SO0,—DMSO EHEIC L 3 MBE s+ LT — X EEREEICE
IEEZ N EERT, T5bb, 20 SO,—DMSO iEMEIckD, Vr=y, A1k

—ZFBEBEINDH, O —DOERDITH B0 -2 ZOREREBET SHBEINT,
BHEIALWENWD T EICTE 5,

3. 2. SO,—7 3 v—DMSO Wik 3 Ao

5 % S0,—DMSO ¥#¥gic SO, &Zxrd DEA AL B+ HA, 140°C TAM A
Bl dDBERIMEBEOBEEE Fig. 7 KR, MED, TOBERICEK - TAMES
REMBEINT, BHERE6FETTHIT LA LN 5. COBE, BHEEZBERAAED
KICRALTOURBAEL 8h - e Fio, REABRO IR 27 bbb, ~iern—2x
BEEYV 7= O BEREL LN EnFBAEE N, THb S, SO,—DMSO ¥ikic DEA %
Mz 7ol ARy, 140°C TAMZRET 2 &S iIcidere -2 2B B LEOERD 2, SO—
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Fig. 7 Relation between unsolved residue
of wood treated with SO,-diethylamine
(DEA)-DMSO solutlon and treating time.
(SO; 5%, SO, : DEA =1 : 1 moles, wood :
solution = 1 : 10 by weight, 140°C)

1ol % 0 2% 20 15 10 5
246 (deg.)

Fig. 9 X-ray diffraction curves of wood
trated with 5% S0,-10% DEA-DMSO sol.

Residue (%)
g

Qoo o g at 140°C. 1 : treating 1 hr, vac. dry 24hr;

° ° 2 : 1hr, vac. dry 72hr ; 8: 1 hr, washed with

05 3 10 15 20" CHCI; ; 4 : 2hr, vac. dry 72 hr; 5 : 3hr, vac.
S0,-Diethylamine (mole/mole: glucose unit) dry 72hr ; 6 : 3hr, washed with CHCI,.

Fig. 8 Relation between the unsolved resi-
due of a-celluose treated with SO,-DEA-
DMSO sol. and the concetration of the SO,
DEA (1 : 1 moles) complex.

DMSO BB TOEARICER LAV =y, A3t -2 BERBHRLELREEVZ B,
FkOEE L 20°C TIT->BAKORAIUERBE N, —F, TH YV sKBIDEN a—+
no—x 04g 270 —28% 1 mole $7:8 1~20mole @ SO,—DEA §# k%41 DMSO
(20ml) KT 24hr. 20°C THBEY B L &, 3mole DIt SOz—DlgA BEABTELVER O
A9 B L% Fig 8 ItiRT, RORERIIZOROEBRLERNKRNL LA THEMEMICIZIEL
<), COBEHEMBETHEL VI —2R3BRT 2600, KOt —2idd< & b lasEs
ICEHRENLDENZ B,

I, LMD 5 % SO0,—10% DEA—DMSO ¥ % A % 140°C T 1 ~ 3 SR 0E
L, BEZPER, HELRIZOE 700 ru sl LARROREREICET 3 X HEFH
E4sfms% Fig. 9 icRd, TOME Fig. 6 to#LvBELnL LS i, 2o SO,—DEA
—DMSO ERLEICL D, L<IC 20 DEAEMICEH LOBRIREAL, €0 - fERBEIC
FEAEELTNREENZ B, CHEBEHLT, Fig. 10 A# 0.8 #7200 — R EEBA
ENH1D 1~20 mole ® SO,—DEA (1 :1) sthkx4¢s DMSO (20ml) Vi THLER (24hr,
20°0) &, 7 ook sk lc@Ro X BRERT, K& SO,—DEA §kEEDOBEIC
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Intensity
Intensity

3B 30 2% 20 15 10 5 3% 30 2% 20 15 10 5
28 {deg) 26 (deg)

Fig. 10 X-ray diffraction curves of wood Fig. 11 X-ray diffraction curves of wood
treated with SO,~DEA-DMSO sol. and sub- treated with DEA or DEA-DMSO sol.. 1
sequent washing with CHCI; followed by DEA, 140°C, 3hr; 2 :70% DEA-DMSO,
drying. Numericl values in parentheses 140°C, 3hr; 3:60% DEA-DMSO, 140°C,
represent the concentration of SO,-DEA 3hr; 4 : 10% DEA-DMSO, 140°C, 3hr; 5
complex in mole per mole glucose unit of DEA, 20°C, 24hr; 6: 80% DEA-DMSO,
wood cellulose. 20°C, 24hr ; 7:20% DEA-DMSO, 20°C,

24hr.

o, AMBEETOE Lo —EEBEREERASH, &<, 0 10moe PIETELW
C&ﬁ%%héocwcém*HM%E¢T,C@%&K&thm—zﬁ%%ﬁﬁmﬁbﬁé
CEERLTOVBODTHAS, 7B, SO, & DEA ¢ 1:1 gk2HR T2 EE20 EET
% &, Fig. 9 ©5% SO,—10% DEA—DMSO BEH10TAM 1 MAME T 2 & 05 &k,
Fig. 10 TR TW A BAIcEd 2L, AMEED 2 v a—x5EHE 1 mole #7: 5 2. 81 mole
» SO,—DEA gl TcBE Lz &Lictsy, Fig. 10 & Fig. 9 5& U);(jmgg{;{s{yg% 5B,
%, O3V SO,—DEA #8Kkic L 300 — 2 DERICIE E@hﬁﬁkﬁﬁb%é TEHEE
AN BBENRD B,

WNT, Fig. 9 5010k vmohn 3 kMt o -2 BRATO ILSBD £l SO—
DEA $aDERIC ET DDTHE &5 BT 30 UTO BREERA . T, A%
DEA & BLUEEIEED DEA—DMSO BETHRELADDICDNT X BRIEFEiT- 70
Fig. 11 KB on - BRO¥PERT, BLD, 9 DEA ickhAM%E 140°C T3RMF 2
i 20°C CURFRIMET 3 & &, LWTRDBATHCOREAMD X MRIZELEAM D2
EELRNT EBAEION G, —BICAMEBVWLELD — 22 —BBOT IV CRET LT IV
ML ERT 3 EBRMOENTVSEA, BHOT7 IV Ths DEAKL-TT I VA
AP EDLC EIBEANTEHARLAENE VWS Z LKl 3, & bic, Fig. 11 &b, K#% DEA
—DMSO #igIc & » TRBRICIET 2 & &ich, 2T, REAHO X BRTELERHD £
NEESHINENZ S, F74HD5, DEA (2 DMSO OBt 0T 7 3 Yo — 2 E4H
FTHERLALNENS Z EITEE, FLTRIC, AMEZEr ko SO,—DEA %k CRBRIC
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24 (deg.)
3l 30 25 20 15 10 5 Fig. 13 X-ray diffraction curves of regene-
rated holo-and a- celluloses precipitated
29 (degy from its SO,~DEA-DMSO sol. with water
Fig. 12 X-ray diffraction curves of wood or chloroform. 1 : holocellulose, regenerated
treated with SO,~-DEA (1 : 1 moles) sol.. by water ; 2 : holocellulose, by CHCI, ; 8
1:107°C, 1hr, vac. dry 312hr;2: 107°C, a-cellulose, by water ; 4 : a—cellulose, by
2hr, vac. dry 312hr ; 8 : 140°C, 3hr, vac. dry CHCI,.

288hr ; 4: 140°C, 4hr, vac. dry 288hr;5:
20°C, 215hr, vac. dry 312hr ; 6 :20°C, 24hr,
vac. dry 72hr.

WMELAAMO X BEHRRE kS (Fig. 12), ML OBE»E LS I, BEKRMITESIC
WMBEAMD X R EELE2nERL, AMFOEro -2 & SO,—DEA ks ORT 4
LA EER LT NE EWEA S, T74bb, DEA Z+nBETRMAINLAYEREEZRE I
U5, DEA %1 SO, &A% ERKT 3 & 2DEEIEtre —XBREAK BT h At
EYMERRT AHNELD2LSICHB LS T it b, Fig. 6 ORREEIERT L, b
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SO,—DEA gkDE5Ick B LT B,

fbl, SO,—DEA—DMSO BRICHEBE L Fotrn -2 BE0 a—t 0 —2 % ki XU
sau kN LAICBAL, BEZWAAPICOWNT X BEHRT-7. Fig. 13 ittt -7
Na—zBEHD 3 mole @ SO,—DEA %2444 2% DMSO BEICEHEH Lzt reE —2IC2
WTORRERT, lmowc san 'J‘IVA/ﬁ'CEELtﬁ"Zﬂ/D — 2580 X HiEdr s
X, 7-& 213 Nelson b@ﬂ‘b’(b‘é%h??%twm— Z, /J\nbzgxtz::—ztc7 E22 )
LTER LRt LD — 202 NICED THEUL TV, ERtLre 28BN/ & ER
o ChitZ s Fig. 10 OBRLEICHT 25HBEZEMNT 20 TH2, KBTHELAL &
o -0 20=12° & 28° FHBEICELNIEHBOKOER/ 0 —BELY, THE—
I BRPHEICIE T B08, TOE—7DNEN SERENBINICE > TS LT NS

3. 3. SO,—7 3 »—DMSO BEIKRIC X 5 #FERILE A O L

FRD & 5 ic @AM % SO,—7 3 v—DMSO B TMELTH, AMIERH>OETIE
BFHoONLL, FCT, TOEMBEEICKHT 2 SO,—DMSO BRLEEEAL LT « ZOHIA
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BOHRICODOTRICERF Uz, 9, 58L010% SO,—DMSO pgaiiiE (140°C, 6 1
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o =2 EGE) s DMSO B ciusE (20°C, 248R) Lice TR 5D S VDOBEHEILAE]
MEREICELT, Thehn8 1 BXU17.2%THD, 2D Fig. 7 OREHBELUTENIC
FEALTW B, gitEic kD SO,—DEA—DMSO IZEBT 3L 2 EWVWARVET
Hb. BHELTZOBRBRERMBORED IR 227 b MicDWTHEEL 2248, iR~y bic
BRI ORI T Tz, 5% SO,—DMSO ML ICH 5T 17. 5% NaOH skiAH CHLE
ULTAREEICDOWTORKBIBRNTOHEUDOMR BB ON, MF, 5% SO,—DMSO ik
ML, B1ta DMSO 1t KD BB T2UEEMME L0 Bk, i LAERIC2VT, 1
mole D7) a—2EEE-D 9 mole ® SO, & DEA %41 DMSO iAW TRIBRICILE U 7223,
COBAIT1IG3 O/ 527 4 vs —52BRETERBLUA LRI ENEO0, BRPTORR
DFHZINETTO 2HICHLTELSARE L, BREBIN-THEBLTED, BROTEE
HESRICE L, LML, TOFRICKDEDSNABRERBO IR 227 P VBT 380
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Résumé

On treating birch wood meal with a solution of SO, in dimethylsulphoxide (DMSO) under
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D
the delignifying condition, it is found that cellulose does not dissolve out with the solution
from the wood cell wall, and yet no changes in crystal structure of cellulose is observed.

The dissolved lignin) and the part of dissolved hemicellulose can be precipitated by adding
excess water to the treating liquor. The lignin thus obtained shows almost the same
infrared spectrum as that of milled-wood lignin. When diethylamine (DEA) is added to
the SO,-DMSO solution, and the wood meal is treated with this mixed solution under

conditions of delignificatior?and/or of dissolution of cellulozs)e,4>lignin and hemicellulose
become unextractable (insoluble). In this case, the crystal structure of cellulose is
remarkably changed depending on the SO,-DEA concentration in spite of the fact that
cellulose is not dissolved out of the wood cell wall. Thus, it is found that some cellulose
complex is formed even within the crystal region of original cellulose due to the presence
of SO,-DEA molecular complex, and that a kind of amorphous or decrystallized wood is
obtained by the combined procedure of this solution-treatment and subsequent chloroform
washing followed by drying. In connection with this, it is shown that certain amounts of
cellulose dissolve readily in specified concentrations of SO,-DEA-DMSO solution, and that
regenerated celluloses prepared from this by contact with water, or, preferably with
chloroform, have a markedly decrystallized form. From the experiment concerning the
dissolution of the SO,-DMSO delignified residue into SO,-DEA-DMSO solution, it is
shown, that some sol-like strong swelling of the sample, which is fully expanded and
dispersed in the whole solution, is formed, and this result reveals the dissolution potential.



