) 7= v DRFACT BB T 5 R B 490

I e TTF U —HEHELEBIV
=y L H—FE oL L Es

m = g;(l)
By bid 5@‘(2)
3—;_‘—; * IE(3)

I &

i

V7= VRIRO—HEE L, KIEARRIC L VERT = 7 — A% D D720, EREE LTRHEOER
EHLEFREEDTE 72 ZORMORIGIZ BT, MO XRINART & 2TV LIZE
[ $ NN

T lin, REEEMEEEIC TR0 TREARROBHIC £ Tl O LIZRE Y, SMELAHELT, W
DIRHBHO LRI Y BiE T 558, BEDBEICIIRICEE AV RS, BIEY 7
=/ —AEE LB ERE, (1) )7 =YOMEILATEORBEENLIBZL, (2) BREO
HIEEATZ &, (3) KRMBRBEEMRLS 5203 0ThHb.

BT OV TIIRTEY 2B D5&, 1 smrd—F 2V —F I LA PRERVIFROTELM F05H
Co-Mo-EEit, Ni(CO). #k\VER¥EX /. BICHRBTT NI WlEE BT BT L EAOLDOT,
PR DLLRRT B Lo L7, $FAROEREMSBIT. BXEFIRLHEAL, 4BRFOXY
BrLb. V7 =y ORFISIRI T BHEEHORE ) BBE L1

o0 % B 7 &

I-1 ZEBREKIUERFE

AE 330ml D&Y FRNBA— b7 v —FIZRBY 7=V 308 BH 90g wfffEr L dIEAL
MEEIZKES AREA. EEETICNE, REXE7:. RGREIZET 2 CORMIIF 0T TH 5.
RIGHMEIMEREICEL Thrbmsvk Rk EcL L, MEAhIEE. HREEN200°C UTesb
I CIREELODT 7,

-2 # ¥l

HBHI B ARMEE TERR S LHEELZ - BRBREAMBLREY 7 = v T, BL&RTOKE
BAEL. 100 Ay Y L UTORDORER Lo TORBIEL LTAFHEFERLELDDOTHY, 2B
DIRESM & Etr. ZODPERIIAKS 15.25%, K53 0.55%. 71t VAES 6.79%, A bFrHk

¥ RO Y 7 =vOoBERTICEET2HE] &2E
(1) HEHESHERERAHRATIAMESE « T20E (2) AHEIHEIERFTIIER
(3) TEHKEE WA LA MR AR A RIARZEE R
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&8 11.11%, BTERE 89.06% TH.

o-3 & I
TROY 7 v ~F W7 — % 10% Tk Y — SERTIRY, SBABESERY- 7218, SRy - 4C
ﬁ@b(ﬁmbf:o

BRELTY 2 e~y —ABRAWEOR, V7=V OFMAREE L ORKRERYICTT 2 6RE
BRIFIEIDThHB, TNILY 7=V DKRIEFEPNRT = 7 — VB, EBRRENE LAY 2
BmAaFy) —AFEEOWE LB LTI D, £z, RIEMOIWMOR, AROBMESESERL D B
—ERDFNRY 7=V BEPNS ODERBLTHDEVIBHIZD LD, TENIZDIDBAA. 7V F
V-t B HBWVIEY S =V LV BRKREEREE - AT HELTERATZOTH B, v 7
vy ) —ARAVBEOBREZOEEHEAL 5 5 LAMMOERIC L OTHHA TV 3,

-4 ff %

I-4-1 =) 7FVEE=a-L OB

R =0+ 0.1mol (Co &L T 5.899) $IUEVFFVEET <Y 0.1mol (Mo 9.62) ¥%H
Fh 200ml ORFGHKICERL, 28% 7 v E=YKT2 LV EHEKY pH 1.8~2.0, £V 77 VX
pH 7 M2, =30 MEICEEEL 1008 ¥BEL, LHERBRLTEH—CT 2, RiZE) 77 VER
WEMZ CHILEE L, KB EIZ0°CITMAL, HHLODO1IHHMRIEZ €5, RIGH D pH X 6.4
Lisdo KBRS 7 A7 45— G-3 TREIFEEL, 500m! OFEKTLERHEL, KIEERVT
b 110°C 12 24 B IRT 5. HIRMITASTHRL, 7Yy — 9 —hicREE. ERCEDDERT
LT3, v

I-4-2 =) 7FVE2-VIDOET

HOEMBUDTRBLI, TV FVEE= L —EEBRLIGREY 10~30g ¥EX 130om, JE2.2cm D
FEBPRIZFEL, FRFICAND, Zhic KOH L8 KCl TEBL 72KES A LB, HEO
R B 715 FTERE (400, 450, 500°C) 2 - Cm#L, 3EEHERETS. KEWREIZ K 400
ml/min Th 3,

I-4-3 ¥RINAREEER

EROZELRIEL I Co-Mo-EE# L 7.58 2HRMAER E L7z, ZOFicEEhD Co LT Mo

Lo(3%) ExEFI% DHEERIZETIhZN 0.358 BLV
Orthogonal Array Ly(3%) 0.572CH D, FEY 7 =vicHL

%1% Levels|
1 2 3 4 # 8.7% LitB,
No.
M-4-4 =9 frieh—FE=

1 1 1 1 1
2 1 2 2 2 Sy h—R2NOMERE
8 ! 3 3 3 BEWC 2y PTRRL, YR~
4 2 1 2 3 .
5 2 2 3 ) Y —VIZEERL, EDE TRV,
6 2 3 1 2 FOWMBERIT b.p. 43°C, HEH
7 3 1 3 2 1.310° , S3fRRE 60°C TH 3.
8 3 2 1 3 .
9 3 3 2 1 5 RisFH

KR FRREDO ST AEI X DT
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B L7z Co-Mo-BE:DFAIIZ TOBRTEREY 1ETFICE Y, Ni(CO): DHECIMERY 1R
Floe D70 WTFR B TED Le(3) BERETIERICH Y DI TTIe27. Z0HE, ERFOEHED
HZLoHETCE T, FRFHOTEERIC OV TIMOERITERIC E 2T idisbisv, Lal, Z
NICEOTH DL XMW ERFRHY, REFHCHEBELRIDD I LNTE 3,
I-51 Co-Mo-B#E+ ¥ s L-HEORLEHENDH Y DT
EFe L CIRIGRE. RIGFRH, KEDHE, MECBTREYLY, TROILIHIDIF,
FI®¥1 K & B E 300 340 380°C
FIE2 XK & ®% M 05 1.0 1.5k
FI%E3 KEzMHE 60 80 100 kg/cm?
FiF4  AEORTEE 400 450  500°C

I-5-2 Ni(CO)s RfibfEL L7-HEDRECFEHENH Y DT
BTERGRE. RIGHH, KEOPES L OCMERNE GERicNT2&B=» 7 VEDR) LD
72e

FIE1 i E B 1 6 11%
FI‘®2 K & B OE 360 380 400°C
71%3 K & B B 05 1.5 2.5hrs.
FIFEL KEWYPE 60 80 100 kg/cm?

D OERIRFIL, ALBRICLY 7V E 27807,

06 3 2 & #

Rt A=t 7 v—7%ZFRICEBALTHLEREF ABFRREL, £O—FELOTAY VKX
2T CO:, CnHen, O:. CO, CHy, He 2ZNENDHTL 720

0-7 RSO o

RIGHEH ASHRIRH L, Fig. 10 QB L TRRIGEE. £50K. PHEREH. +HEH.
LFRtEh. RETTR . BEREL L.

I8 R—=n—=oO2I574—

EEBURIC OV TIIR -~ 2=} 757 f —IZ XD TRADRAE T2

BEEHIIIiSMY o2& { GI. xylene/methyl ethyl ketone/formamide (25:25:1) X O GII.
ligroin/dimethyl formamide (300:1) ¥ M\ 720 ~— 2 —(IHFEEK No. 50 #{FMH, THEIC LD
oo RAZCTVILLIZALN T 7 2 VBEEFL, RHNILHEO-HD—CEBL Ay P LTEMELRL
720

I RNBEEREIUER

-1 Co-Mo-EFE+ Ml LIBE

FERRERY Table 1~3 [cE L biz, %72, THhHBZETFOHRIE SWO 75— D FHE & LT
Fig. 2-(1)~(9) ITFRL1zo ZDHE, WIETTHRL 3BOTF— 9 —OFBETHE b, HEREEL L
TOAEKRE DD,

M-1-1 # ASHEER

KERINERIZK 1.0~6.00 ITFISKRELERDH D, V7=V EERME 2002 (28T 2 TINE LB
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IRFACS R
Hydrogenolysis products

— A——H A

Gas Gas analysis
B L o B
Centrifuge
|
| I [
% %= 7K ] 3 L OB
Residue + Catalyst Water layer Solvent and produced oil
= — 7 =~
Ether extraction Ether extraction
| | |
23 % TS BT & K
Residue + Catalyst Inso}uble Sohllble Water
|

l
BB (VA ¥ —-SBEHEM)

Rectification (with Widmer column)

I |
BHS L OCEERM BEPA P (b.p.<<100°C)

Solvent and heavy oil Light neutral oil

10% l\'IaOH

~ B & I -

Insoluble Soluble
HEE T HEHE 70 (6% H:SO,)
Heavy neutral oil Neutralization
| I
i

w B W = — FEERS
Precipitates Ether soluble
2 5 W =
Polymerisates i Total phenols

#ZH¥ (<150°C/5mm Hg)

Distillation
r |
B R B AT BB T
Distilled' residue Distillable phenols
[
R
Pitch

Fig. 1 KEERDODHEEE

Separation of Hydrogenolysis products.
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Table 1. =3V b « Y7 FVIZXBAMMKDRBY 7 = v OKRELSRE
BIS&ps L O F ASH
Hydrogenolysis of wood hydrolysis lignin with Co-Mo catalyst.
Reaction condition and gas analysis.
Lignin (moisture free) 25.43, Co-Mo-kieselguhr 7.5 g.
w s1 | s2 | s3| sa| ss | se | sz | s8 | so
=]
-2 | Temperature, °C 300 300 300 340 340 340 380 380 380
S| Time, hrs. 05| 1.0l 15| 05| 1.0l 1.5/ 05| 1.0| L5
8| H. inita kg/cm? 0 60 80| 100 80| 100 60 | 100 60 80
= | Reduced temp. o
S| catalyst, °C j| 400 500| 450| 450| 400 | 500| 500 | 450 | 400
Y1 H; volume at 0°C, [ | 10.95 | 14.34 | 18.38 | 13.54 | 18.17 | 10.96 | 18.02 | 10.94 | 14.39
~
Max. pressure, kg/cm? 160 192 243 249 315 206 318 290 330
Final pressure, kg/cm? 160 188 241 249 306 206 318 278 304
Fin. pres. at room
temp.. kg/om? 50 77 95 77 84 55 86 55 61
oR,eé‘d}‘al gas volume at 10.28 | 14.04 | 18.25 | 14.26 | 16.41 | 10.23 | 16.24 | 10.33 | 11.46
co { % 2.67 | 2.62| 1.89| 3.30| 2.8l | 4.24| 4.08( 7.55| €.91
2 1 0.27 | 0.34]| 0.35| 0.47 | 0.46| 0.43| 0.66| 0.78 | 0.79
CnH { % 0 0 1.68 | 0.82| 0.40| 0.61] 0 0.20 | 0.20
@ niin 1 0 0 0.31| 0.12| 0.07| 0.06| 0 0.02 | 0.02
A o { % 0.82| 1.01| 0.84| 1.24| 0.80| 0.81| 1.02| 0.82| 0.81
g 2 1 0.08 | 0.14| 0.15{ 0.18| 0.13| 0.08| 0.17| 0.08| 0.09
b co { % 0.21| 0.60| 1.05| 1.24| 1.00| 1.01| 2.04| 2.24| 1.42
K 1 0.02 | 0.08| 0.18| 0.18| 0.16| 0.10| 0.33| 0.23| 0.16
CH { % 0.91| 0.96| 0.95| 7.48| 4.75| 6.67 | 13.94 | 16.73 | 18,14
¢ i 0.09 | 0.14| 0.17| 1.07| 0.78| 0.68| 2.36| 1.73| 2.08
H { % 95.39 | 95.04 | 93.59 | 85.92 | 90.24 | 86.66 | 78.92 | 72.46 | 72.52
2 1 9.82[13.40 | 17.09 | 12.24 | 14.81 | 8.88 | 12.72| 7.47| 8.32
Absorbed Ho, !/ 1.13| 0.94| 1.29| 1.30| 3.36| 2.08( 5.30| 3.47 | 6.07
Table 2. =2.UL b « 2V FFVICLBRMMKIREY 7 = v OKRFEILT B
Hydrogenolysis products of wood hydrolysis lignin with Co-Mo catalyst.
w si | s2| s3| s4| ss| ss| sz | s8| so
Water produced g trace | trace | 17.7 | 12.2| 21.5 11.7 13.1 19.8 | 12.6
Residue g | 3.61| 7.92| 7.97| 8.00|10.64| 8.40| 9.86|13.80 | 10.90
Light neutral oil g | 4.83| 2.49|13.38|21.90| 12.62 | 11.90 | 18.34 | 18.57 | 28.72
Heavy neutral oil g |76.30 | 81.45 | 56.58 | 60.24 | 39.30 | 67.84 | 63.11 | 48.61 | 45.51
Polymerized products g | 22.74 | 17.75|10.22 | 2.00 | 1.14 | trace — — —
g | 2.70| 3.44| 9.0212.43 | 11.65|12.36 | 9.28|10.92| 7.28
Total phenols {% 10.62 | 13.53 | 35.45 | 48.89 | 45.81 | 48.68 | 36.43 | 42.90 | 28.59
g | 1.40| 1.94| 6.32| 5.61| 3.59| 5.00| 4.16| 6.64 | 3.15
Distillable phenols { % 5.51 | 7.63 | 24.81 | 22.06 | 14.12 | 19.66 | 16.36 | 26.11 | 12.39
%* | 8.00]11.0 |35.8 |31.8 | 20.4 |28.4 |23.6 |37.6 [17.9
I . g | 1.30| 1.50| 2.70| 6.82| 8.06 | 7.36| 5.12| 4.28| 4.13
Distilled residue {% 5.12 | 5.90 | 10.61 | 26.80 | 31.70 | 28.90 | 20.10 | 16.84 | 16.23

%* : Per cent to pure lignin calculated from methoxyl content.
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Table 3. =S4t - ) 77 VEOKRKILSBIZ L>TEL N
T2/ —NVEDOR—R—r= 57 4 —
Paperchromatography of phenols obtained by hydrogenolysis with Co-Mo.

—_;;;;;;;:?E{;125325“‘!2§i—333;____ 51 | 52 | 53 | 54 | 55 | 56 | 57 | 58 | 59
1,3-Dimethyl-pyrogallol(0.19) | — + + | ++| + + - — _

N Unknown (0.27) — + + — — — — + +
= | Unknown (0.28) - - — + + + e+ o+ +
C | Unknown (0.34) - | - — | ++ | + 4 + + +
£ | Phenol (0.40) | |t | A R
% | Guaiacol (0.55) e R o R ER RS T s
E m-.p-Cresol (0.60) - - - - - Sl R N e g EE S
§ | 3.4—Xylenol (0.72) I i e A R
S | o-Cresol (0.85) - = = + |+ |+ |FEErE
p-Creosol (0.93) + | ++ |+ ]+ * + |

m-, p-Ethylphenol (1.0) - | = | = | + | + | £ [+t ]|+t

Unknown (0.15) -
Unknown (0.20) +
Unknown (0.25) - -
Pyrocatechcol (0.30) - -
Methylcatecol (0.40) — —
Unknown (0.42) ) - —
Unknown (0.50) - -
Ethylcatechol (0.53) + | ++
Propylcatechol (0.65) - -

++ | ++ [ FF | T
++ | + [+ =

I+

o Il I N IR B

Solvent mixture GIT**
W+ + o+ W+
+
_I.

+
+
+
+
|
+ W

Rt values of GIII were calculated as follows :

Ri= distance of the spot of a substance from the front
f=—
distance of the spot of n-propyl phenol from front

* GIil : Half saturated ligroin with dimethyl formamide.
*¥% GII : Xylol/Methyl Ethyl Ketone/Formamide, 25:25:1

PHETE L 3.7~23.9 A LEBH, ERCIEROY 7 rn~Fy /) —ABBLEINTHEYDOEOY
IRAFFVEEZTNBZE, RBY 7= VvOMENEVWZ END, V7 =VvORCHBEN:KRE
PHBZLIIRETH B,

Fig. 2-3) R INEKCREDHENKHNT, TOLALLBICELI KRBNELHEL TV 5,
¥7:, MERTRE 450°C DB AL, RICKRERRERDRVCONRNTH S, KIGHHR L OKE
MPEOEMIC L O TIETHERHDLNDNR, THEHYURTHS I RILKEF ADOREETHRIG
BECHEDZANRFIRE LS HbbhT3—Fig. 2-(1),

m-1-2 & ¥

PEERIFOREDNY 7 r A H VY THEHIY 7 r Y ) —LOBRTEERYTHB. ZOHEDR
EREOCHEMILAL ERMAICHD b T3 —Fig. 2-(4), fENBRTRE T, 450°C DHHIT
BASBOTHABHESEZAZLERLTW 5, Lvl, BHEUHEOHE L RTHRITEMR TSIV
HRTH2,
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CH4 + CnH2n CO=2+ CO . Hz2 absorbed
-
=
LSt 1.5} 40
1.0 1.of 4 30
oSt o5} 2.0 -~
1 N L . 1.0 .
Cat.
(red.temp) 400 450 S00 —e— 400 450 5C0 400 450 500 °C
Temp. 300 340 380 —o0— 300 340 380 300 340 380 °C
Time . 30 60 90 —a— 30 6 00 30 60 90 Min,
Press. 60 80 100 —o— 60 80 100 60- 80 100 kglm»
(1) (2) (3)
12
g| Light Neutral Oil E] Heavy Neutral Oil | Dist. Residue + Polym.
g ]
© 70
20} 70} \5 60r
) s0
15f 60} 40t
30
jot 5ot 20t
10
Cat.
(red.temp) 400 430 50 —e— 400 450 500 400 450 500 °C
Temp. 200 340 380 —O—— 300 340 380 300 340 380 °C
Time 30 60 97— 30 €0 90 30 60 90 Min.
Press. 60 €0 100 —o—— 60 80 100 GO 80 100 kg/em
(4) (5) (6)
o Total Phencls o Distillable Phenols = Water Produced
®] X 3
A40F 30°t 15T
30f 20t 10t
20r r 10} St
Cat,
(red.temp) 400 450 500 —e— 400 450 500 400 450 500 °c
Temp. 300 340 380 —o— 300 340 380 300 340 380
Time 30 60 90 —— 30 60 90 30 60 90 Min,
Press. 60 80 100 —— 60 €0 100 60 80 100 kgflem?
(7) (8) (9)

Fig. 2 Co-Mo iz & 2 KFKILIEIER
Results of hydrogenolysis with Co-Mo.
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m-1-3 % %

SERERICOVTE, ZORBRRGRES L 00 BERECHES BOAE <, RGRETIX
340°C, MEETTREETIE 450°C ItV TRAMEERL TV 3—Fig. 2-(N. L ZA%%, KETHEYE
WIZBVTIZEDAEFVHELTRL TS OAEOBTRET, 450°CHRETH S Z & ¥ M5 —Fig.
2-(8)e RIGIRE, FEfIL, ZOWAL LDCEEBRESHLTHENLEAL TS, EOBHRILE
bOTIRNE I Thb. KIGER, FHIE 80kg/cm? TRIDHRVNBLFZTVB LI THEMN,
SR AT 60 kg/em? DL EDRIETIZ7 = / —VEDHERICAE BB SE L TWisWEBbh 3,

ERUETHRD LVEREEX O TS TRABERRE 26.11% <, M) 7/=v (X bFo LB
LY 7 = VIZRBIOR T0% BE L HEE) 37.6% LI 0T\ 5, SMHSMELRTRE 450°C, KIGRE
380°C, RIGFF 1R, KEGME 60 keg/om? T 5o '

m-1-4 MmO

Remyr= b S 57 4 — 2k BEERIE, Table 3IRLIZEFYTHB, TOMABUTREICZDOT
His B0, EEFWE LT phenol, guaiacol, m-,p-,o-cresol, catechol EThd, Z0M. 3.4-
xylenol, p-creosol, 2,4-xylenol, dihydroeugenol &% s b7z,

IhBD7 2/ —VEOBRIIRIGREIC Lo TELERL, BREDCHEICITA M+ L HEENE
{, BEXEL 512N T guaiacol FEMEIIEAL, 2ffi7 = / —VEREAT 3, IHIEHREL
E2fli7 =/ — AW L, ®7 7 2/ —VERENT 3LV EHANAY LS KRbIL TS, F
b, 300°CORIGEECIIRIGER & & 3i2 guaiacol, p-creosol FEANEAL TW< 23, phenol @
Biz/ e, catechol EdITE AEERL TRV, 340° CTiL guaiacol AFE D% <, p-creosol 23K
WTHBICERT o catechol b Z DRIGRE TIxHEd %\ phenol DR, BHICHEIML, xylenol
B VBB ERLIZU DS, 380°C DKGIRETIE guaiacol, p-creosol i3 & iz AL, phenol,
cresol ¥R EWMD LD T 5B, catechol BIZRICHRM B0 FDLENAL BRDARETKINEELRL TS
2 M BTH B, £72, 340°C ORIGEEE I dihydroeugenol & FisbN 57, 380° TITFEL
¥, L7:sDT, catechol, ¥7:R3NBFOE/) 7 2/ —A~NERBLIZBDTHS I,

R—S—g = b 7T AP BISAS 1,3-dimethylpyrogallol D AH y b RTBBRHH, ZHIE
BELLFERY 7= v BORERMAE TN b EBbh b,

M-2 Ni(CO). it L LIciBE

EEERIT Table 4~6 /R L 720 Ex. No. 41, 42 i3, ZOERHERICEBEORVF—F —Th
BNEELHL LI, £/, M-1 OHELAR HFRFOBRYAZ7o0, FERILIZIEOT -7
—%FHEL LT, Fig. 3-(1)~(9) IcRR Lo

M-2-1 7 ASHHEER

AIVHADREIMERBOMENRARELL TTEY, 6XHEMOBEIEEBOERF R TV 5—Fig.
3-(1) BEDLFLLBICAT VHABIHEAL TV EDIL Co-Mo-HBLMHOFEELAKTH
Bo KROMEDHEIITE AL T\, 1272 KGR 90 S BERBYRL T2 OIFTHT, BHIER
BRIL & bic A 7 Y A SHAT BT THDo UL, Co-Mo-BlbMIRIc 11T b bl D RIGH:
FI 60 e BT TV H0i, ALERERT SOTHY, BFLS EREOBRY Lz i hd Li
72V,
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Table 4. =y # v« H—R=2NZ X BIKERBY 7 =V OKFLSE
RO LU0 A5
Hydrogenolysis of wood hydrolysis lignin with Ni(CO)4 catalyst

Reaction condition and gas analysis.

' Ex. No.
111 112 113 114 115 116 117 118 119 41 42%

T—
§ | Catalyst, % 1 1 1 6 6 6 11| 11 11 1 5
-'g’ Temperature, °C 360 380 400 360 380 400, 360| 380 400 400, 400
S | Time, hrs. 0.5 1.5 2.5 1.5 2.5 0.5 2.5 0.5 1.5 1.0 1.0
< | He init. kg/cm? 60 80| 100 100| 60 80 80| 100 60| 100l 80
‘054-3 Hzvolume at 0°C /| 11.38| 15.67| 20.47| 19.86| 12.00| 19.29| 15.76| 19.64| 13.70| 19.90, 71.04

Max. pressure, kg/cm? 217 281 339 300 265 320 285 352 335 308 310

Final pressure; kg/cm? 217 276] 330 294 264 320 275 352 335 — —

Fifi. préss. at room
temp., kg/cm?
Reisual gas volume at

48 54 60 71 38 60 54 83] 48 68" 53

0°C, 1 9.10) 10.58| 12.28| 14.10] 7.60| 14.47| 10.64 16.30| 10.96| 13.90| —
o, [ % 3.83 3.75| 4.42| 3.76| 7.83| 4.25 4.97| 2.91 9.84 3.30 —
11 0.35| 0.40| 0.54 0.53] 0.60| 0.61] 0.53 0.47| 1.08 0.46] —
% 0 0.22 0 0 0 0 0 0 0 0 —

CnH:n {
! 0 0.02] 0 0 0 0 0 0 0 0 —
2 o ( % 1.58 0.66f 1.63 1.65 3.09 1.62 0.90 1.35 1.34 2.4 —
E L, 0.14 0.07| 0.21] 0.23 0.23 0.23 0.10 0.22 0.15 0.34 —
; co {% 7.04| 12.58| 16.37| 10.35| 28.40] 4.45| 20.73 16.14| 31.26| 2.20| —
&) 4 0:64| 1.33 2.01f 1.46] 2.16] 0.64] 2.21| 2.63 3.43] 0.31 —
CH, {% 3.90| 0.85| 15.52] 5.17| 12.14] 14.26] 1.62 3.12 10.69| 14.66] —
, l 0.35 0.09| 1.91] 0.73] 0.94| 2.06] 0.17| 0.51] 1.17| 2.40| —
' A{‘% 83.65| 81.94 62.06| 79.07| 48.54 73.79| 71.78| 76.48| 46.89| 76.98]  —
1 7.62| 8.67| 7.61| 11.15| 3.67| 10.68| 7.63 12.47| 5.13 10.33 —
Absorbed Has, l 3.76| 7.00 12.86 . 8.71] 8.33| 8.61 8.13| 7.17] 8.57| 8.57| —

* 67.8 2 (moisture free) Lignin was used.

—BLRFEDREEIZ OV T, Co-Mo-BHEREDFE LI TOBKERILT 2, Tisbb, Ni(CO).
ERAWRE EOREIAMLTEBNI & COREZE 1B THD, LItt2T, Fk CO LA
EREOBBIC L BIDLEZTI, Ticbb, MEENS < RNE CO RERITALILDL, KGR

&, ;)iﬁ“\%Faﬁﬁij:tf;m;t@&i ViR D, L, KGEE 380°C b, F/xREHR 90 S L
TIHILAE—EERRL TV 5—Fig. 3-(2), Zhix CO BENH M bicisiig, Ni(CO). &
Ni ORI PEBRNEILT 3720 THH 5o KRIUPEDHEIEL S AEL, L 80kg/om? TH
4&%&7Lﬂx&$%h@ﬁ@f?tgb LA THB ZHITBER L ORIERELOEEDEOEE

RREVDEEZDNBDTHOT, -EBEIE CO DREBNMECIIHE ) BEINDZ Lidls
WThHAHI,

D KRBRBINEIZOWTIE, IERINE 6 % OB A BEMER T TIENT, @mmk?{tﬁr@ﬁ%a*
v, RIGE, BE, BHOLAE & dizEALTH23—Fig. 3-3),
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Table 5.

HERBBERE B 1515

MRGREY 7 =v X Y OKRILS Y

Hydrogenolysis products from wood hydrolysis lignin.

\EX'N"' | 12| 1s| 14| us| e| 17| 1s| 19| ar | 4a2*
‘Water produced, g 8.18] 11.43| 18.31] 10.72| 15.41} 13.01| 12.76[ 10.83| 16.00| 10.58| 46.14
Residue, g 0.52| 0.29| 0.68/ 0.83] 1.48 0.52 1.19] 1.06] 2.12| 0.43 3.00
Light neutral oil, g 10.57| 11.76| 21.64| 13.88| 14.26| 15.20| 9.87| 6.40 15.76| 23.02| 84.73
Heavy neutral‘oil, g 60.35| 47.56| 36.10| 42.67| 43.21| 48.64| 45.78| 52.15| 38.77| 47.20| 89.32

g 9.81] 7.71f 8.10] 10.59| 13.50| 10.11| 8.73] 6.8l 6.07 — —
Total phenols {
% 38.58] 30.32| 31.85| 41.64| 53.09| 39.76| 34.33| 26.78| 23.87 — —
g 4,13 3.34f 4.36| 5.38 7.07| 6.04 2.57| 2.61| 2.94| 4.80 15.92
Distillable phenols, { % 16.24( 13.13| 17.15| 21.16| 27.80] 23.75| 10.11| 10.26| 11.56{ 18.80| 23.50
26%%| 23.4 | 18.9 | 24.7 | 30.5 | 40.1 | 34.2 | 14.6 | 14.8 | 15.2 | 27.1 | 33.9
Distilled residue { g 5.68 4.37| 3.74] 5.2l 6.43] 4.07] 6.16] 4.20] 3.13 — —
% | 22.3|17.2|14.7]20.5(25.3|16.0|24.2 16.5 | 12.3 - -
* 67.8 g (moisture free) Lignin was used.
** Per cent to pure lignin calculated from methoxyl content.
Table 6. KFEILFBIZEOTELNI7 =/ —VEDR—A—yu< b I T7 4 —
Paperchromatography of phenols obtained by hydrogenolysis.
111 112 113 114 115 116 117 118 119
Phenols (Rt value)
Unknown (0.13) —+ + + + + + + + +
Unknown (0.14) + + + + + + + + +
1,3-Dimethyl-pyrogallol(0.19) | + — — + — - + - -
= | Unknown (0.30) + |+ |+ |+ |+ |+ |+ |+ |+
O | Unknown (0.35) + | -+ |+ |+ |+ |+ -+
£ | Phenol (0.40) S s I e R e L s
% | Unknown (0.5) + - + + + + + - +
E Guaiacol (0.55) ++ | - - + - = + - -
§ | m-,p-Cresol (0.60) s P e e I T R s
& | 3,4-Xylenol (0.72) S e e e e i T B B B
0-Cresol (0.85) + | + |t |+ |+ |+ |+t
p-Creosol (0.93) ++] ? =+ —+ - ? + + -
m-,p-Ethylphenol (1.00) + O G ok o ol B o o B e o R 4 + ? | ++
— | Unknown (0.25) + + - — — + + =+ -
(f, Pyrocatechol (0.30) +++ + + +4+ (+++ + |[+++] + +
E Unknown (0.37) - - — - - + — + -
’é Methylcatechol (0.40) ++ | 2 | £ |+ |+ |+ | ++]| + | ++
= Unknown (0.45) - — - — - + - - -
_;g Ethylcatechol (0.53) +4+4+| * + + + + +4+ | + +
& | Propyleatechol (0.65) + + + + + + + + +
m-2-2 # # i

BRI Co-Mo RMENHE L Hik, TOARFIY 7 v F ¥V Thd. RERHOPEIE
A EADEAERL, RIGEER 400°C ICESTEHICY 7 v ~F 4V OHKRE ATV 5 —Fig.3-
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g L CHa 3 o Hz absorbed -
3
2.5}
Lsf 1o
2.0f
Lo} 8
1.5t
osf 6
1.op
- L 1 L 4. 1 1 —
Cat. { 6 [ —_— 1 6 [ | © [ %
Temp. 360 380 400 —0— 360 380 400 360 380 400 °C
Time 30 90 150 —— 30 90 150 30 90 150 Min.
Press. 60 80 100 —a— 60 80 100 60 80 100 kg/cm®
(1 (2) (3)
3 <l
E|l  Light Neutral OIL §| HeavyNeutraloil | Dist.Residue + Polym
S S °
20f 60} sor
N
15t . sof a0f
N
o} a0} 301 ~
Cat. 1 6 [N —_—— | (5] [ 1 6 7
Temp. 360 380 400 —_— 360 380 400 360 380 400 eoc
Time 30 90 150 —_— 30 90 150 30 90 IS0 Min.
Press. 60 80 100 ——— 60 80 100 60 80 100 Kg/cm?
4) (5) (6)
x| Total Phenols | Distiliable Phenols | Water Produced
50+ 301 207
0t 4 20t ist
77
30} 10} 101
Cat. ! 6 11 — 1 6 It | 6 %
Temp, 360 380 400 —o— 360 380 400 360 380 400 e°c
Time 30 90 150 —_— 20 90 150 30 90 150 Min.
Press. 60 80 100 —q— 60 80 100 60 80 100 Kkg/em2
(T (8) (9)

Fig. 3 Ni(CO)s iz X 2 KEIDBOKER
Results of hydrogenolysis with Ni(CO)..
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Wo RGENHETIcL , MERIX11% TINEETER Lz, PUEBEMIC OV L ALBEERO
Hé L BoBRkicd 5 —Fig. 3-(5),

m-2-3 B ¥

SBERONBICE VT, MEENRENLTERBEYEL TV, Tiabb, 6 ZHMERIZETED
BTHD L5 BARTRL T 5. FIGRE, KRR MOBRICHS X 5 Th o, i
BE AR TE oV, RIGFHEIT 90 S TIRENRELRL TV 24, ZHEMOERD FRILHRO
12EUE0nd LAIsWw—Fig. 3-(7),

BH7 =/ —VENRBROWTHMEENMIOBERICHEL TRICAE IR ERL, R 6 ¥R
BRBAREY 52TV 5, MOEROHRIT, ZOERFHEORHENTIHILA LB EHRL B
&\ —Fig. 3-(8),

FREIC B 2 REFAIRCRE 380°C, RIGHR 2.5hr., KEWMME 60 kg/cm?, fRIEFRME 6
%T, REAHE7 = / —VEFRFHIHL 27.8% (V7= v HicwL, 40.1%) ¥ 5% 7,

it L7z Ex. No. 41, 42 3 Z OERFED & IZBRIS T2 BRTH 328 TOoBERNET
ZRIGEWEREFHEDOHE ERERL, L2 T—EHOERBRICIIASHREIRVWEEDLN S,

M-2-4 Ft CO #RADHE

Ni(CO): BRINBHAHINL 723558 (11%), KREDBORENL LAMEINIEAND 5. BHEKE
HORERBA T 2HE, TOEHELTELLNDZ LI, RIENTRRIODEHNRIELEIFOE
ITHhI2%EL, RICREFTLTEC, 7=/ —VENPUMETZEE02D0TCHD, 11%B=y 5 H
— A= VEMOGE, BRERRERSET 20RHENRREEbNS, TOEAIT Fig. 3-(1), (3).
@ rbEBNB LI, A9 VHADRERRDIEL, KRENE, BEIHHNENETLTV3E
W EEIZESNTW B,

BB S BOB AL, ASSABRARI RKIEHFIC AL T B2, SRR 7B EI A —
FIV—THRBECEBE v YA T 4 L ARICEET B COEENLLT, —FBMED=y FAH—~
A= NVOFEMTEBRTHAHZ Lnlbh b, LL, EELIDLAKEEREEINTVWEDTHD 0
b, FRREMICEE Lisd vidleb iz, Ni(CO)y ITHETTIX 60°C Y ETHfEL, €B Ni & CO
HARERTDZ LRI ABI TS, LaL, KECSBIGIZE W TIRIGE 200~300 kg/cm?
BEICET 3006 Ni(CO)2Ni+4CO nRIGIIRIGERE, ENCI2THhIPEEEO>TWId0E
EXbN, £H—- K= VREMTHHOIT TRV, Lhl, FASHOBRTIE, Plshbia CO BD
RENRBOND, BRI L VHEINSE COBL, FARFERIZLZ COBRRELTHS & Table
7 DZEL 8B,

Table 7. CO DFLEE Volume of produced CO gas.

Catalyst added 1 6 11
Theoretical volume of CO from
Ni(CO); added 0.39 2.29 4.18
CO in residual gas [ 0.6~2.0 1.5~2.2 2.2~3.4
CO per cent to residual gas 1.8~3.0 11.0~18.3 20.5~34.3
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—RIZBRE T APICHBO CO Bt@DHLI D Z LIFEOMEDBEIZ DML TV 32, Ni(CO %
AviZ&ici, ThEGLVECDDOLSCH, HEVEEBTHD, Ticbdb, 1%EMETD 0.6
~2.001 T, CO nEmFEAE 0.39/ HELTEbHTEV . ZOHEIIL, MERTL2HHBL T
B2HDEELTIV. 6 BHBMETILEORENSE=y 7y VIZBRL T2 LBbABH, RKisHFic
723 Ni(CO)y REBEL TV 3 Z ENREDBNT, 11% Tit, HBMBOEBRLUTASHEINTV 3128
ERRVTHA5,

R, AROKRIEDBZBT 2WETKES ARCFET 3 CORREEEET 2L Vb THY
Bz =y Y VBEICH L CRRBVCBEE TR T LA LY KEF AL 3~5%0D CO NFEE
&, TOEBHINE, ERBLEECHLNCBYEEFXL DI LrRESH TS, LaL, EAMES
SBHI-FR=ADZLL, HHHUH CO LHEALEHODDOTHNE, MEHL LTOFBITAEL
I iebit b DL Bbh b, 722, BEFAFOCOFERRELDZ L, TTIC1LBHEMEDORE
TIOMERL LT COREYIOTHY, BAFMETHD 6 %DHETIT11~18.3% OFRE Y
RLTWB, LzhiDT, LI%HEMBORE, RIGHATSEGTLRA27-0, MEFe w5 X, ¥
LABMSRE= v 7 27 ¢ v RRICHTH U TRPICAR L e 0072 &, 36 X0 CO IEE#20~34.3%
LV BRETHET 30 KRRDIENRDIERY, KEERTFET L2120 Bbh 5,

M-2-5 FEiEmmoMR

R—R—p =S T7 4 —i2EOT M-1-4 OHELRABCT7 = 7/ ~VEOREERITEV, ZOFER
% Table 6 TR L 720

Co-Mo-EEEE A D& & DFEEIE, guaiacol DL EA P FUAMEYETR7 =/ —AMENRE LD T
BT L ThBo Co-Mo-HEHLMETIT, 380°C ORIGREICI\VTT DALY D guaiacol BBBH
haizdprbb g, Ni(CO)s Tk 360°C DRIGRETHEFET 2DAT, 380°C HLETIIRDL
g, L7232 TC, 1ZEAEMR2MM7 = / —/v, phenol, cresols, xylenols FTHMEL TR EIZ
6%, 2035 HLERSFIE pyrocatechol, phenol, m-, p-cresol “Cdh ¥V, F#iZ L DT catechol FHEfk,
o-cresol, 3,4-xylenol ZENWIML TL %, 7 = / —AEOMERKIT Co-Mo-fEr AW /-B&L B K
JBEEDOLER L & diz guaiacol FHEfks D catechol 3, X HIZ monophenol FHANEELT 3,

catechol D RIL, H7Y BB THB, Ex. No. 111 LTt 116 DKM 7 = /7 — V53w RITIEELS
TRELT, 2fi7 =/ —VEESBILIHER, fiH T 4.3% EBY 7 =viZNL 7.2%), %#ET
it 23.8% (BBY 7/ =VIZHL 5.7%) RXAT a—-NVETHBZ LMDz, RN, RIEFHD
HEILDDIIE H T 2 — VR T . ZEOMMRTEL LT pyrocatechol Tdh 5%, ZDfft p-methyl,
p-ethyl, p-propyl catechol 23_—.,¢—27 v =+ 757 4 —IZXOTCRAEIN TV 3,

IV VI =y DKELDREE

V7=V aFIT phenylprop;me TPREHEMEL, ZAREREBEL L O THEAL TR LELDLAT
Wb, ZOBERIIEMETH BN, XL LT7 =/ — AL MOBERM O =—FLEGEELT
Vo 7 2= - AERAE, ERASE OMICRR—REBEEDIOTVEINLIN TV 3, Lk
Ly RMIMKRZBY 7=V DX 5 ICABBETLEINZIOE, dEDTr b ) F=viidhin) Bigo
THEEDTHDIDEHEEIND, 72& 21T, MKAMIZ L 2OT—BDO= — 7 VESITIMTE N B A,
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A TITHREDEL. DULARFE—REBGIIHEML TV 3 Z LB RIIH 7L ItV SREZ bR T
39 7=voORENLEGR ALY, ZOSBBELEETIE Fig. 4 0Ze{ 3 THAI. &
NFBTEKELEDIRY. BICABRENZLE, 1) TELSBOERILHEHEIND BN THS,

1B OB IH 5, propyl catechol (V) 35 L% n-propyl phenol (VI) #5222 LiTV3EThis
Vo II E A5 13 methyl catechol (XII) #~T p-cresol (XIII) #&5 %2 % & & 3T, phenol ® 2. 4-B
WEOBHETE L 155, IR B IXERRC p-cresol 4L, RARRZEFNLISO p-BREDER TS, =D
k37 p-Bifafkoiz sz, V,XII, XVInh m-BREGDIELED L, VI B&%5 5 phenol
D 3.5-BRGESETEITHAD. Lvl, REOKRILSEBW T, p-BREDHTRFICEBICFET
3. FNITBFRNZEZLND LI, p-BREDHIRETHEHDTHA I, o-BIRGEITIIRIEE
LY IX 28T, HAWVITEFEESN L 5. phenol F/ITED ethyl FHElkIX, EFE lignin skelton
b, HBWIE VI, VIII. XVI ERXLEOMLTELDDEELDBND,

PECEVBEALY 7=V OKRREDBHOBEREHBL 5 203, ORI DIEBE { ORIERY
BhRdD. £OHICiE diphenyl Bx b 0723 D, phenol OV BHufk, 3, 4-BRMEIRENEEL T
3LBbhd. ZRDIIMOY 7 = VLS LOBLEOREIC L O TRINCE U REa] 0 b
EEqNB,

vV # &

Co-Mo-E#E+ 35 L T8 Ni(CO), ke L, ERTEFIRIC L ZERIERICD L5F, FEROHR
BRI Lo COHBEETIHIOASHRERFRIBAZZLICLY, ERTEFRORERGRDI:
», MEAFORBIIEL BB EVIRENHB L. ZCBOERTIZAARTHZ L IAOFRTFHO
TEERCOWTIERRTE ISV, LhL, BIXENLEFI ICRIPROPBCEFERET S
TeiRLY, ROEBRAEEBEHICT I ENTE D00, FRARERAEL LTETRTHS,

ETEBRERDLD, Co-Mo. Ni(CO)s MMENFEITIHBLTVZ DI EE7 =/ —VEDERI A
FVHADFLE, KERIRE, HI2WVITERKOBRIRE, KRLSBRICOEESHELBR L It ERHE
—BNIRBIREBL TRV L ThD, THTENWETHD 7 = / — VEINKRERBO P RIBHE
THBHILILL B, TIbbRGETTHTY, HRBEFTIWVITEV, BE, AROBCIWTIEK
RENKIRZIEE, IVEREEL S, AERTIILTLDZ I Tlxied, DLAEBLAERERERN
TIREERIRYE, RFAEREELZTVD, CHIIKREEDOIDOOETLY, 779 FVI/DREIIYR
FTOERBEOHPMERR 7 = / ~VEEZ B ICIFRETH DI LOREMTH D, Liznt>T, filffEe LT
KEBEINRT CHh TV 2L, TOEEZOMBEMICHFE LWL TV 2w iz, T8
bHLI2 vV IRREL. TOBRELFOINVEFEBICKRELL TRELTHicTIEIDOH S
fEC. BEBREBI2D VI 0RG DL IERNTH D,

Co-Mo FHEIZ IV TREIYI DT, RIGEENLRNELS TIFEEBD 7 =/ ~VEYEXZZLTH
%o LdL, FOMMRIT guaiacol FHilfki%<, 380°C DRIGIPB VT BBRET 5, Zhidb®:T
ZEFBE U T phenol, #F7:iF catechol # MR ETAFFITITFEM LIV 270V, F-FEORERLE
HeTHLRERRGEBOERLFE LS v,

Ni(CO)s 2ERAL7-HE. BUERMNBIELLSETHY. Lind, FOHEMRIE phenol, cresol .
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35 L0 catechol Y EFHELTHT Lhb, CV)ET?EEE‘JE:@&?EB%’C’%%O Ni(CO)s MLV iERER
L7-BihiL,  ZOMENBIEIC X SEET 2720, RISHTAMBLTELEB= v 7 MIE D THMIS
WFLLTHBTIDLHRIND, Ll, BRESBLTV2D TR, —EixA—R=rL L
TERFELTVS, 2D X 57 Ni(CO)s ZDDDONTRALIDEEZILL TV 20 E 5 M DOWTITHTE
Tl ZORDBIEHNDORERIC E 7270iF id b gy,

ZD—EDOERIZ BT B RESRMAEL, Ni(CO): HNE62% FRBHIHN L), KREMME 60 kg/cm?, K
JSREE 380°C, RUGHER] 150 5C, BHEMEM (150°C/5mm Hg) 27.8%TH 5,

TCIC M-2-4 ThR7 L5z, KEHFAHRIZED CO BEEL TV THMEERICINTE AL HE
BHLNINZ &b, CO RELHMED L IRWKRST A, EE3REFFAFRALTHEIZ LW
BOLEZLN, LR DTKEMERFTIAREILF A2V PO TWBKEMEFBIEIC BV T
i3, TTRIBARFHLELRVIZTHA,

RERICERY 7= v ORELZT - BARMEZTERISH, THE KERFR, RbO%ic=y7r
N = K=V ORE LR -HEAREXERHAETOBARERRICEH T .

x ik
1) W« oK : R#FEE, 7. 19 (1961)
2) i RAT
3) Coscia, C.J., SCHUBERT, W.J. and NorD, F.F. :J. Org. Chem., 26. 5085 (1961)
4) Z¥ - il b (5 -2 0KREEM, VI, (1942) p. 89

Hydrogenolysis of Lignin (IV).
Hydrogenolysis with the catalysts Co-Mo-kieselguhr and Ni-carbonyl.

- Akira SAKAKIBARA, Isao ABE and Tadashi ARAKI

(Résumé)

Hydrolysis lignin was hydrogenated with the catalysts Co-Mo-kieselguhr and Ni-carbonyl.
The experiments were designed by the orthogonal array Le(3*). Four factors in the case of
Co-Mo are : reduction temperature of Co-molybdate, reaction temperature. reaction time, and

initial hydrogen pressure.

Level 1. Reaction temperature 300 340 380°C
Level 2. Reaction time 0.5 1.0 ~ 1.5hr.,
Level 3. H: initial pressure 60 80 100 kg/cm?
Level 4. Reduction temperature of catalyst 400 450 500°C
In the case of Ni(CO)4, reaction conditions were arranged as follows :

Level 1. Per cent of catalyst 1 6 11%
Level 2. Reaction temperature 360 380 400°C
Level 3. Reaction time 0.5 1.5 2.5 hrs,
Level 4. H; initial pressure 60 80 100 kg/cm?

Thirty grams of hydrolysis lignin (11.1% methoxyi, 15.25% moisture) was reacted in a 330

ml. autoclave with 90 g. of cyclohexanol as a solvent.
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Results and Discussion.

1. Hydrogenolysis with catalyst Co-Mo-kieselguhr.

Results are shown in Table 1~3 and Fig. 2. It is obvious that the reduction temperature
of the catalyst has a predominant effect on the yield of total and distillable phenols (b.p. <150
°C/5mm Hg), and optimum reduction temperature is 450°C. Reaction temperature influences
the phenols yield somewhat, but initial hydrogen pressure scarcely. The best result was obtained
by the condition with the catalyst reduced at 450°C., reaction temperature 380°C., reaction time
1 k7., initial hydrogen pressure 60 kg/cm?®. Yield of distillable phenols in this condition was
26.11% to the sample lignin.

Constituent of phenols was identified by means of paper chromatographic method. Chroma-
togram revealed the presence of phenol, cresols, xylenols, catechols, guaiacol, p-creosol and
dihydroeugenol. Guaiacyl derivatives were decreased gradually according to elevated reaction
temperatures ; on the other hand catechols and monophenols were increased.

2. Hydrogenolysis with catalyst Ni-carbonyl.

The results are listed in Table 4~6. Inspection of Fig. 3 indicates that the amount of the
catalyst has a significant effect on the yield of phenols. Excess amount of the catalyst retards
the hydrogenolysis reaction. This phenomenon is presumably due to CO gas produced from
Ni(CO)s during high temperature reaction.

The best yield of distillable phenols was obtained with the condition of reaction temperature
380°C., reaction time 2.5 ks, initial hydrogen pressure 60 kg/cm? and 6 % catalyst.

By means of paper chromatography, pyrocatechol, phenol and m-,p-cresol were identified
as main products, and catechol derivatives, o-cresol and xylenols as by-products. Only small

amounts of guaiacyl derivatives are recognized.
Conclusion

From this design interactions between each factor are not detected. But they suggest the
most significant factors, which make the subseguent experiment design easy. From the series
of experiments, it was found that predominate factors are the reduction temperature of the cata-
lyst in the case of Co-Mo, and amount of the catalyst in the case of Ni(CO)s. Rather low
initial hydrogen pressure (60 kg/cm?) is favourable, and the reaction temperature 380°C. is
presumably the optimum one, considering the yield and constituent of phenols.

Catalyst Co-Mo gave much more guaiacyl derivatives. This characteristic is one of the
defects of this catalyst, because phenols with methoxyl are unfavourable as industrial raw ma-
terials. Catalyst Ni(CO), is superior in this point compared with Co-Mo. The reason for the
excellent result with Ni(CO)q is conceivably due to that at first Ni(CO), is dissolved in solvent,

and then decomposed to finely dispersed Ni metal during reaction, which reveal catalytic activity.



