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Fig. 1. Separation of degraded lignin.
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Table 1. Yields of dimethylsulfide from sulphate lignin (1)
~ NayS NaOH React. L. Yields of dimethylsulfide
added added I temp. Lignin T
(%) (%) ec) (g) mé g % to lignin| % to OMe
15 5 200 1.9668 0.009 0.008 0.39 28
15 5 230 2.0248 0.070 0.059 293 213
15 5 260 2.0170 0.180 0.152 7.56 54.7
15 10 200 1.9605 0.007 0.006 0.30 22
15 10 230 2.0194 0.065 0.055 273 19.8
15 10 260 1.9762 0.190 0.161 8.14 59.0
30 5 200 1.9845 0.015 0.013 0.64 46
30 5 230 2.0292 0.080 0.068 3.34 242
30 5 260 2.0026 0.190 0.161 8.03 53.2
30 10 200 1.9933 0.015 0.013 0.64 46
30 10 230 2.0620 0.073 0.062 3.00 217
30 10 260 1.9836 0.210 0.177 8.97 65.0
45 200 1.9724 0.014 0.012 0.60 43
45 230 1.9072 0.122 0.103 542 393
45 260 1.8892 0.200 0.196 8.97 65.0
45 10 200 1.9516 0.013 0.011 0.56 41
45 10 230 1.9018 0.120 0.101 534 38.7
45 10 260 1.8912 0.220 0.186 9.85 71.3
Table 2. Tabulation for three-way layout
Na,S A 4, 4s
P Yo
Temp,~NaOH , B } B, B, [ B, B, L B,
C, * —391 —400 —366 — 366 —370 —374 —2267
C, —137 —157 — 96 . —130 112 104 — 304
Cs 326 384 » 373 ' 467_‘ ‘ 467 1 555 2572
o | —202 l -173 | -89 { —27 . 209 1 285
: T=1
Yi.. —375 —118 ‘ 494
Table 3. Analysis of variance (1)
Source of estimate S ‘ & 1 %4 ( v’ \ F, } E (V)
A 66,431 2 33,236 354*% 6% +mna’y
B 1,513 1 1,513 16%* o%+incy
C 1,974,482 2 987,241 10503%* | %+ lIma
AXB 189 2 95—|— — (6% +noaxk)
BxC 8,755 2 4,378 ViE=94 AT** o4 +lopx}
CxA 35,784 4 8,746 $l=6 93%% | o%+mapxh
E (AXBXC) 373 4 93—|— — " ohtoaxdxe
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Fig. 2. Interaction between NaOH quantity and reaction temperature,
and Na;S quantity and reaction temperature
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14% L 7c b, FEFHCECEE -T2,
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B ERBEEMOBEAY 2B b RIS E DA S 230, 260°0C D2 & L T ER
BTl ot, FiBlO—BHOERIZ s TIL, 200°C ORBEE TR E A LB A F A KIG
NfilchbhicwZ & H - T, ZOBREIBRA L, hoBERCIEHLy — 48, 3
Wy —FERESIehh, ATREEL S, FKERXRDOLEEY TH B,

= A X ¥ X # K
NaS &, % (ﬂ'%ﬁ*"’) A; 15, A 30 m=2
NaOH B, % (X3 *) B, 0, B, 10 n=2
&]’Eﬁgy °C Cl 230, Cg 260 P::Z
REE % (HRR) Dy 5, D; 15, D3 25 g=3
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SEREEEL 2 Table 4 IR L 72,

£F -2 27 (@) 20T 108 () U, W3z Tables # 5 %, £E®), BIFH
%R, Table 6 DHMAHRC E &le, = OBAOFERILFERIES 344% T
LRENKE L, ROTHILY —ZFHRMBETHBH, FiHBRT 200\ RTELEA
OHRTHD, FLRERRM LA s XITREL D) LEHEY — FORMBEI KX HET
b, coBs, AERBOTEERLE WO TEKED BTG EET 5,

Table 4. Yields of dimethylsulfide from sulphate lignin (2)

Sulfur NaOH NayS Yields of dimethylsulfide
added added added React. temp. .

(%) (%) (%) ¢C) % to lignin % to OMe
5 0 15 230 0.6 43
5 0 15 260 0.5 36
5 10 15 230 1.5 10.9
5 10 15 260 6.0 434

15 0 15 230 04 29
15 0 15 260 0.3 22
15 10 15 230 0.6 4.3
15 10 15 260 23 16.7

25 0 15 230 0.2 14

25 15 260 0.2 14

25 10 15 230 0.3 22
25 10 15 260 0.3 22
5 0 30 230 34 246
5 0 30 260 6.5 471
5 10 30 230 59 427
5 10 30 260 8.4 62.2
15 30 230 25 18.1
15 30 260 36 26.1
15 10 30 230 38 215
15 10 30 260 8.2 59.4
25 30 230 12 8.7
25 30 260 1.6 11.6
25 10 30 230 24 174
25 10 30 260 34 246
35 0 15 230 0% 0
35 0 15 260 0* 0
53 10 15 230 0* 0
35 10 15 260 0* 0

* Not used for statistical design, but listed only for reference.
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Table 5. Tabulation for multiple-way layout.
J By B
, D D» Dy Yije- Dy Dy D; Y
7 P -
A Cy —21 —23 —-25 —69 —12 —21 —24 —57
! C» —22 | -4 | -2 ~71 33 | —4 | —2 5
- S - ‘ —
A (&) 7 - —15 —10 32 11 -3 40
? Gy 38 ~11 36 59 55 7 121
Y.z 2 —-10 —76 -—114 112 41 —44 109
Y. Y.
Table 6. Analysis of variance (2)
Source of S v F v F E(V
estimate ¢ 0 0 V)

A 5,985 1 5,985 —i 9.04—— 28.1%* o4+ Imnoy

B 2072 | 1 | 2072 313 973%* | gt kmnoy

C 1,457 1 1,457« |— 220 6.85%* | g%+ kinot:

D 3,424 2 1,712« |—| 2.57«|— 8.04%* a%—}—klma%,
AXB 92 1 2| — <1 W (o%+mnoaxh)
BxC 409 1 409—— <1 (%+knopx?)
CxD 498 2 249|—| <1 (6% +klocxD)
BxD 388 2 194—— <1 (o%+kman=D)
CxA 187 1 187 «—|— 2

187 <1 : V}£=212.8 (GE+ln‘7AXL)
AXD 485 2 243 |—| <1  gp=18 (6%+Imapx%)
AxBXC B | 1 Bl <1 | 0%+ no%x mxc)
BXCxD 142 2 Tl—— <1 - (6% +ko%xcx D)
CxDxA 53 2 27——| <1 (6% +1locxpxa)
DxAXB 219 2 110—|—| <1 (0%+mapxAxB)
E 1,323 2 662—|— (0%t 04x%xCx D)
) A KHEDBREORE & E ORI
= Y;. 1
.. =X = a+ npq Z
ER2 XY, G1.=11%, 0,;.=42% 23z bh, HEOREEIFECI > THETS

L, 9B% EERACTENTIZ09% L 5,
ii) B; K#EORFHOWE £+ OREE

A

H.j..= f.j..

=q-+

Y. 1

mpq “h

Ry

ERED 44.=17%, A...=36% LIt HhHEEOHEE IR L 09% TH 5,
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%,
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Fig. 3. Influence of each factor on the yield of dimethyl sulfide
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h

s T: ByRC kT D7 — 261,
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LI MNTH B,
@) BtV —5EZRFEMOEE

CHETOERBERY D BEHEOFHBERME DMS [NEBRIMZHEL S LAYWDEEE
BEx i, &R, RICREUACEELERIBLY —F0BTHL LMo T, LI
Do TILILHILY — FEHXBEML, 50% (RAKD & LT ER {17 > Thic, TOFHE
B4 6% HmNOBE & T 5,

ZOBEFORRIILFLY ~FBOKZ50% & U, #kY - FE, RKIGEEX Q) o
BELARCLE T ORI T v F AT - TV, Lo T HI) OERICHIT S A,
KEEL DRICENR S BN E S EBRTHITL, AKBZE LT ey 7HICER Lo &
%, FEEL LT—HCB\BiThiX iy, ZZTET 23 HBEThITBELLLE 5T,
BEAIE BERIERIRBLEL TEX 2R BT - 20T my MTX»TREH
BiT& %), =T A, A (50% Na,S i) otk 7 e v 2 Yl BB YT~ D
LL, AABET27 -2 1I-1) oL 0% FBEMR LT HEH Lic, Table 7 (2 ¥ L {177
ST DOKBHRTHD, B, B REL#E 2, B4k (1R8N 1 TREEB) ok
Y RMEAHR (a=54, h=10) % 177g > CH#IBHER Table 8 -5 b, 47#ksr#iZk Table 9 %
5%,

Table 9 12 X HIXER B 0BB X Z bbb TheL, LT By, B, % Hiic b KB

Table 7. Yields of dimethylsulfide from sulphate lignin (3)

Na,S added NaOH added | React. temp. Yields of dimethylsuliide
(%) (%) ) % to lignin % to OMe
50 5 200 0.9 6.5
50 5 230 6.4 46.4
50 5 260 10.3 74.6
50 10 200 0.9 : 6.5
50 10 230 6.1 442
50 10 260 9.9 718

Table 8. Tabulation for split plot design

J Bl Bz
B Cy C, | Cs Cy C, Cs Yo
A, 48 0 36 —48 -1 45 —16
A, —45 10 49 —45 7 45 21
Y. —93 10 85 —93 6 90
T=5
Y.;. 2 3
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Table 9. Analysis of variance (3)

Source of
estimate S 4 v Fo EW)
B 0.2 1 0.2~ 2 001 Tt nottlok
A 114,2 1 114.2« —-—l 6.1 %+ no%+mneyy
E (AXB) 186 1 1860 21 oY+ nol
C 1,6367.3 2 8,183.7«|—| 930.0** o%+Ima};
AxC 18 2 9 «—|— 1.0 %+ me?xc
£ 347 4 87 |— o,

Table 10. Analysis of variance (3)

Source of estimate S o v Fy
A 114.2 1 114.2 12.8%*
C 16,367.3 2 8,183.7 919.5%*
E 715 8 89

EEZDONRRENTHS, Tk B, B, AXC O Fii/hZ3 o TINT2REEZE T
T LTHEmHELSSHIEL, Table 10 &+%, ZHBEOEMELOH 5 2 LA
B2 AUTHhiNb, HEZ L -

TRO X i fEE R T » 7, . 6

) A RKEORVHOWE L T OKE i

fbs. = Fp. = a+ )r;in 7% g

FRI D 63.=51%, i4..=58%, F0 _z
HEOREL 028% Th o, —h# Fig.d s
Z7ey LT, >

ZDX O Ay Ay KERICILFEAIZE
PBD, AAKED TN LI Edbns, - A
FISEE D C KB 2\ Tk B i+ 4 b 45 50 %
AT B & IR Fbr s, B s a o wrels o8

) EES - x ok dimethyl sulfide.

A, CHREBEETHHND, TRARI TR T —ZOBEENLOADS,

(g = T = mz ﬂ-i:az-i'/;:l'c;— 4
[Y,. Y..x T > !

=a+(\ mn + Im  Imn) H
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Tidob 63.3=95%, £1.3=101% % 5 %5, HEDOKE L 5% FEHE R\ T 04%
L Bhb, RENRIL101+:04% THE 2 BR D,

4) ERHERCLZIEROBE

WLy — & X 59 7= v b DMS A OB 2\ Tk < P. KLASON 75 sulfide
ion DB LB LERL VB2, CHIIBETLZARLRTWS, BIb Fig.5 o
ERFE2 bR S, BRYOER O KIGE sulfide ion iT & % K% 7 B # ¢ methyl mercapti-
de ion H34: U, & 2 B i3 2 © mercaptide ion 23D 4 b o LA BEZL LT DMS
52 BETHDOTH D,

NaO-7>-C-C-C _ _ [NaO-7S-c-c-C
[ & ] tg-- NaOH | g +[ 20-0) ]
X X

/
CHO Na©
NaO-{y-C-C-C _ Na0-7y-C-C-C
[ 06> ] +CH;S l\5*‘0H-»CH330H3+[3 o ]
CH:O x Na© x

Fig. 5. Mechanism of the production of DMS from sulphate lignin.
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BHWELTRIG L, T A AZ <+ 757 4 —DB, RIGKHSEERIRLCEA
Thcdb DMS OG5 #iE I THLDCHEALIELLDOT, TEM T rn A2 EE LD
DT, Lal, ZT0oBREOHEBIRISEHACELVWEEIL b0 L&z,

RIGEREZ 2\ Tt Crown Zellerbach T 200~250°C?» % %\ ik 410°F (210°C)®
ELTWED, HxD0ERTREERE CRITTHTH -7, FLHEOHEMIKIESME
KEMTHELTWEDD, Zo—BOERTRERNER TR, BN EETELX
2L TWwb, LaL, 2hipHIZX50d, FAKB Y — FEILRC I 508, 52
RERCIA20MIFHTHD, SRILTHENTILEND S,

BHGY ORC IIETE Y - FHEMAREREMY LT LELTHER, Ha2D
ERTIHEY ~FOPHRUZ LA EADNT, RERNOBEOZAZOMENRD SR
T3, ZOHFFRIE G, XEMNLERGEIGRE &Ly - X EmMED-2T, &
CEHIBRAERDRELYE LTV, REBCOWCTRFBES ZBHER TIIOR X WER
(EHRNED653%) 2 TV5H0Y, KlEs7 57 +) V=V TREREBTH -1, Tihb
B4 (300°C, 3hrs, Na,S & 15%, NaOH & 2%) CTHRINE D 386% &M LT
509, HADBE, Th XD Lix BB MASM: (260°C, 70 min, Na,S & 15%, NaOH
5%) T540%+14% L5 ERERX 2, THRRIGKROEES v 7V v /LI BHARY
e } 75 7ENMERAD DMS 0K E DL, EREXIEHC L TW5 2 L RRTA,
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COELGHERD LAMORKNCI 20 EX NS, KBERTRENEELTRT D
DL 73.2%29% (HEHINE) TH 52, I OFE S TiL, HEARON 28 RERIIRIE T
T AFAEDT4% 2 DMS L L S B EERLTVWH 2 & L—FT 5,
BB LB AR X By, Thid- AT IHCRT S L
POHOKEILD 7' 7 2 A TRBEEWE DT v A, REOERELhCHE LCRIE
FHOBES, EEEOSHOMBYERTILENS L1 TH D, = 2 TE DMSH
BersdsEELRT, FofAbEOBRE, NELYXR T 2ERYKRY L CEARNE
BL+o00nEHBTH 5,
(65) RIEERBEOBE
RICBRIFEHOLEL), HBBEL L TE&7 57 v a VICT# LI, ~—~—7
B2 b T A IR —TFARES THDL L 7527 va VA RBEAERDNEA
Ey PhBEzlehot, Licn-T Tablell @B LAz Dk Fy o TLbNedh @
DETH D, ZOEOBTIL ENRVIST Hizk o The b b L LBERLR TV AHH7,
EpLkH, E£EY DL pyrocatechol ¥ X 0% @ methyl-, ethyl-, propyl-F#Efk TH
T, iz’ 3 phenol, guaiacol bR L bbb, EHEE Tlid %2 cresol HOFLE
ISR ME L5, Flo—I8 protocatechuic aldehyde, vanillic acid @ X 5 7cBi{b4p
LEIEL TV A0, BHEEIEHENTRELBECEHEAL, i TldoEmLs, —h,
cresol X B £ HEOBECVEXALNIDT2RAEDLEZLDNETHS 5,

Table 11. Paperchromatography of degraded ligihin

colour
Solvent Substance Ry <diaz. sthanilic) AyByCs | AgB,C: | AiBiCy
aci
o-cresol {0.55) orange trace
p-cresol (0.40) purple trace
G III guaiacol (0.32) orange + + +
phenol 0.27) yellow + + +
4n-propyl catechol (0.13) purple grey + trace
4-ethyl catechol 0.53 purple grey + +
4-methyl catechol 0.37 »” + +
pyrocatechol 0.26 » + +
G1II protocatecalllélé%y de 0.17 orange + trace
vanillic acid 0.15 orange +
unknown (1) 0.25 peech +
unknown (2) 0.37 yellow +

distance of the spot from base line
distance of the spot dihydroeugenol from base line

Ry value in brackets =
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Z Dl kT FOTHRBLELEL TV B2, B4 F AL RIGEDOHERER, KEH3E pyroca-
techol BB LTWBEE2 bR, FIABCI - TRSBERELLDLEAS,

IV. # =

257 M) T2vhb Y AF AT 7 A4 FEBE SO TERESRGLRE T 570D
Wby — %, Witk — &, BEERE, ROCRESYERLE L TERFERCI IV E 2O
BAUbNIHER RoL i iERY 27,

1) HEEODCILRREL S S ERITH H, 200~260°C o % B Tix 260°C At
BbLIWHERYE LI,

2) RUBIRELAOERTIERLY - FOoENRELRYREBF LTS, WY — &
R ZOERBHEA TG LA LYDRETR ST, EEEEOHINL DMS RBC L LAERY
Brbil, LrlBEOBEITHEY —FELOBETI LB YET S,

3) BEINEBRRIGEEE LTHILY — 2 ENE 50%, Hiy — 4 5~10%, RIGE
[ 260°C, 70 43 o RGEEEIT 101204% (%) 7 = v) THEHRRECH L TIX 732129%
THote, LHLBLY ~ £HEMEO VM, b i HI-(1) wisit 5 A, B,Cs D
#HEHE (NaS 15%, NaOH 10%, 260°C) T4 8.25+0.19% (BHINED 598+1.4%) D
INE&H %z btz

4) RGBSy 7= w484 & LT pyrocatechol ¥ L 0% ® methyl-, ethyl-,
propyl FEEAENNL DV ELE LTS, ZHIB 2 F ARG C-C §54 o YW 23 A
B {flebhicl EE2RTHOTH B,
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Summary

To obtain information about the reaction conditions for dimethylsulfide production
from sulphate lignin, multiple-way layout experiment was set up. The factors here
adopted were sodium sulfide, sodium hydroxide, free sulfur and reaction temperature.
The results obtained were as follows:

1) Among all factors reaction temperature was dominant. The optimum reaction
temperature was 260°C within the applied conditions.

2) The quantity of sodium sulfide added had also large effect. The factor, sodium
hydroxide showed little effect, and free sulfur clearly showed undesirable effect on
the yield of dimethylsulfide at least under the conditions here adopted. But one
should bear in mind that the effect of the latter appeared to be closely connected with
the quantity of sodium hydroxide, accordingly with pH. Further experiment should
be carried out under the other reaction conditions to make clear the effect of free
sulfur.

3) The best yield of the dimethylsulfide 10.1+0.4% (73.22-2.9% on the theoretical
value) was obtained at the reaction condition 50% Na,S, 5% NaOH and 260°C in
70 min. In the case of small quantity addition of sodium sulfide (15% of the sample)
the yield of 8.25+0.19% (59.821.4% on the theoretical value) could be obtained at
the reaction temperature 260°C.

4) In the residual reaction liquor, pyrocatechol, methyl-, ethyl- and propylcate-
chols were detected as main degraded products of the lignin.



