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V7=V DRRISBC L - T7 =/ — VIR D Hlcd, RISEGEOBRE & hOicERE 1T - 1,

EBA—F=AD5H, =9 A H—FE= VROV TUTHTRD OBAEIIFEC L 2 ERBIIC X b Ak
E 6 BRMOGEN S » & b distillable phenols DIREA#WAT B Z & Ha - fo, £ DOEHMEE, Kl
PEBLTVD LIRS E TS, 1~ 6%ORMOBEEOMRY b ) DT, & TRRE
T 7 v R X 5 RERETER A EA L, AEFEIX 60~100 kg/cm? OFEFE Tkl LAKEDHI T
FLLOT 60 kg/em? —5E L Lis,

—7, EAHhE LTREH GEFARIBEEEROBCER) ¥BV B0 RLRNT2BENTHE
EBEEERIC X - TEREED ), BROBEENID 20 Y ) —ADOEBRIIHE Lick ¥ & /o oht,
EVBRTHEI—R =, a0 bR hEe LA 8D TEROZERE TS, vk, 1
R = v AR E Lo 2, 3 DERYLNT L,

I RBRF*E

I-1 EES LUERAZE

BB, ERARIMED LAKRTHD, FL LT 380cc 05h FERA— 7 v —THAGA, —
B 500cc, 1000cc ZED LD HHEMA LI,

-2 & %

HIEDERR, BRBEAMEILY 7= v a3 LTER L, —TilEEOcD, TR 7R
SOMWBY 7= v LR E L,

I-3 & #

ERIEERCID Y ) —~RX Y s e ~F v/ — A REAIE Licns, fidasEho 5 5, b.p. 163°C/25
mmHg M D&~ (UEREE —LEFHT) BLOFDX—ARILEERGLTE » 755 DE
Hih OIBRREEREHT) LR CESTRS LTHV,

O TEHECESHERENAHRA/FIATRERE GHUBBEARRFRER) - T¥E+
Q) MELCETHRERENAMRAFATREE Q) LBBEIKEEBFNLE
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I-4 i 4%

BB H— K= AT D F FWAICHIRLCHA, A MERINES — 7 L —FHTHHH Lo 150
~180°C, 1Refifm# L, Ni (CO), 4L T CO @k Licts, AREEALTERLL,

REBE= vy VOBRILIBIE LTOEDT U RV M =VICHEBE LTER LI, 3%RBT7veE=v 2
KB 100cc @V 7= 35g Finx, HPELCHRERER MEE=v 7L 58 & 8cc DKITHMHL
TRELRDDHRRCINEL S, #30 SHCREIF®, KA¥EL, RBR=»> L E LTHRBELR) /=vE
ERBEAT 5,

I-5 RiSHoRE

RIS OB LIZITRROERTH 528, distillable phenols & 1T b.p. 163°C/25mmHg DT
BuLoltbDbHo, JHTEFOKRILSFREEEROE, OFSEERME L, ThIl LoWHED
Bl REAME LTEEATIBAREBELLLOTH %,

I6 7/ —LEOHRSAT L I5T 4 —

S H Y KGL-2 WA, =/ 7 =/ — VEOSEICIEEAIGE L CHIEDR (30~50 £ » &
=), EEMEAE LT T.CP. 5%, HPO, 3 %% 52/, RE 140°C, FEJ7 0.Tkg/cm?, # 5 ) & —
#AE LT He #F, ¥ 50cc/min DTl - 72,

27 = / —NVBFEOBBECITIER 7 v = P TEOHELFER (SH, 30~502 v~ o) K30%~v =
F—ARGEL, 2mDH T AT 190°C, He FSH 40cc/min DG TIT7E - 7o,

17 RESTVHRECLBIRIGEHEODY DU

MR OEBFER D Ni (CO)y Rt LicHa, RIBEL 60kg/cm?, FRIEEIT 380~400°C »t
L, ML 6 B BETH - b, KBEE LTLORIERE o7, ¥/ Ni (CO)y OGMITX5T
ET5 CO FRADEELEMBID, HOIUDSHLTEBE=v 71 L, COERELLGERE, 0
FIRMULEELBERCE 5, KBEDHL Y DI 2EFD LB D TH S,

ERRM

FisEE A : 4, 380°C, A4, 400°C
RiGkE:Ed B : B, 304, B, 904

mg® C:C 3% Co 6%
(V7 =vEtTseB Ni %)

g ORRE D ¢ D, S0, D, A0
RGBELMOER & OMCRERMBAEL LR LND, FT7VvEKEDED LI ITHEAL,

4| b, D 4, | D D
B, G G B| ¢ G
B. 2 Cl Cz Bz Cz Cl

I RBER&ELIUER

-1 Ni (CO), MiBC L B5FHFREZ RV CEREEE
I-1-1 5— % OIFAT
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I-7 DT &b YDl iedfEEx A,

DEGIRERER F TORMN 120 & EEIHNG605) ¥ELL,

PiBH L M5°C ImETER LA,

SV EATER LIRS Table 1 i &, =
No. 231, No. 235 (XD DB X » ERITEN SR Lz, T/ b, No. 231 RBEBKFOHED 7=

— 161 —

D5b,

%%, No. 235 XBED=2Y tr—1

Table 1. fifif Ni (CO),, WIS 7 v~/ — L E AWTHIASR Y 7 = v OKRILSHE

Hydrogenolysis of hydrolysis lignin with cyclohexanol as a solvent

in the presénce of nickel carbonyl catalyst.

Ex. No.

(231) 232 233 234 (235) 236 237 238 239 241 242
Sample, g 27.7 Vi ” ” 7 ” 7 7 ” ” ”
Solvent, g 90 ” Y ” ” Y V4 ” ” ” V4
Catalyst, % 3* 3* 6 6* 3 3 3* 6 6* 6 3
React. temp., °C 400 400 380 400 400 400 380 400 380 380 380
React. time, min. 30 30 90 90 90 90 90 30 30 30 30
Max. press., kg/cm? 292 295 272 300 370 310 243 297 255 216 210
Gas vol. at 0°C, [ 10.0 10.7 8.5 10.0 14.9 1.6 7.5 11.1 8.2 7.5 7.5
Gas analysis
CO, % 8.0 57 53 67 9.1 67 6.1 27 45 1.5 8.6
CnH2n 9 0 0 0 0 0 0 0 0 0 0 0
co % 12.7 11.8 15.4 15.4 24.1 21.5 12.6 7.9 9.4 11.2 7.9
CH, % 24.8 24.2 22.9 18.5 23.1 32.0 29.4 21.4 17.2 12.7 13.4
H, % 53.8 56.5 57.1 62.6 41.9 43.0 52.2 68.8 67.8 68.0 71.8
At;fl?,f’/ez%ol{é’ﬁgnin 3.2 3.2 3.3 3.4 34 39 3.6 2.5 25 3.2 2.8
Products
Unreact. resid., 9** | 0.73 0.90 0.63 0.79 3.21 1.50 1.86 0.72 0.78 1.09 0.53
Water, g 18.0 12.6 16.9 17.6 19.2 19.6 18.3 12.5 7.40 11.0 8.1
Distillate, g 47.5 50.3 45.5 37.8 31.8 35.4 36.7 43.7 47.3 52.9 57.3
Dist. resid., g 13.2 9.9 10.5 10.0 8.0 19.6 10.6 6.4 11.5 14.8 15.3
Phenols, g 6.80 6.35 7.26 8.69 6.68 7.22 6.17 7.89 9.84 9.51 8.97
Phenols, %** 24.6 22.9 26.2 31.4 24.1 26.1 22.3 28.5 355 34.3 32.4

* BH UbfliEs /4% Catalyst was decomposed before reaction.
** GERY S =vicgd B ,t— v+ Percent on lignin.

() EBEENSERY Excluded from the experimental design.

REEBREIRMAER 2 BET5 &, FLATERETHY, RIBRIL 100%T, RISEORE
AT AES APERBE LB T2 &b, FTEKEN AIRTESTHSH, 7=/ —1E
DRBEIL LA—BCEFTH S, ZOBRIAFRMEELDOLDIIHE VBRI ThhVASI VWL

RLTB, V7= 2008 Hich ORIUKFEE A FITRIT 3~ 4mol BETHS,

X, 2bhteT =/ —VEOFERY F=vitgTh 3~V VRS TFVERCHTIIDE EOFD S

7B,
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Al Dl D2 Az D1 .Dz
B, C; 349 C 32.4 B, C, 229 C;28.5
B, C 223 C;262 B, C, 3.4  Cy 261

D5 ABCD, O¥IED A, No. 239 & No. 241 DEHETH S,
BE#ELY 28.1 (@) 0%, 10 (W) FLTOFOMBFEL DL b,

Ay Dy D, A, D, D,

B 68 43 111 B, —52 4 | —48

B, —58 —19 | =77 B, 33 —20 13
10 24 34 =19 —16 | —35

MYPENLBIEE SEBERDGESIEL OB LOFDLEDTH %,
o & E

Analysis of variance

Source of Estimate S [ Fy/
A 595. 2 1 23.3%
B 2016.2 1 78.8%
C 3741.2 1 146. 1**
D (AxBxC)t 36.2 1 V— Vig=25.6 —
AxB . 7750 1 ¢'p=2 302. 7**
AxC 253 1 9.9
AXD (BxO)f 15 1 )— -
2 14406. 8 7

Folto.09=18.51, Fy'¢o.00=98. 49
t D %R LB 0 3 TREOER

BUSFERC L D, REEROEYT{CEBEL LTRET S LHEED b 5 b OIXEELILS,
AXD DRERMGEANCELT, THEENST<, D & & bBMAFRCASL0T, D 0ER
T LM RBO MBI\ b DL E T, A B C ¥ERET5 3TMEEL LTEHTE
o TDXSRLTEEIZ kDB L AXBXC OFEENE D AT 36.2 &7cb, BXC OEENLAXD
LEMED 15 L7eh, T TRTCALTH S,

TTCEDIO>I 3B, E L, AXBXC %2 5L, BXC 3BETKRL F, DX 1T
Liebnb, The7—r LTHBEAR, BRELLLON F/ THD, Tibd, RLEE 4,
FISHRE B k& b2 5 BERAETHEREENS D, R C X0, A, BHEORERRII1 %EE
AETEHRL frotc, & OEDORIGTIHRE L RHORERAL S5 & L IHMNCTIEL b h 5 0
T, ThHOFRIMEETRELDTHS,

) A, B ofafrbe RO TAEOHEE )

RGEE A, RISKM B L OMOREEANERTHE b, KREORTE L HERE LT LRk s
COTHEAD RO THEL > FD L 5 RS,
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s s Yije .1 36
Hij. =Tij, =a +—n %
FAU pige i AiBj OBEDEREOHRETHE 2
a, h: PAEZEHC A IoE,  Yis: AiBj - 32
DEESHYEBGEDOTFT —2F, n: C Ok .g
L o8
RSB %4,8,=33.7, Ta,3.=24.2,
Z4,8,=25.7, Z4,5,=28.8 o4
h¥x777{bLT Fig. 1 %5 3%,
(2) C ROWTORKMEDRFHOHEE 20
380 400 °C
C DEKEDBEGISEDT L KD B, A Az
~ Y. 1 react. temp.
Her=Te=at— s Fig. 1. i0RIC 3 XITTRIGERE & KSR D
we ‘
Fo g2 nr: C 4 Vs C Influence of reaction temperature
RIEL skt Lo ORSPHHERE, kGl D and time on the yield of phenols.
7F—s#, 11 AoKYER, m: B Dk
3 PN
#’ 32 N
Fiebb 10=25.9, 2,=30.3 3
>
HEDBEIOEDOT LB, o8}
— Vig
B=t @5/ E
24 |
BwBIEFERRTIX F=1.09 &/s5,
75 7{tLizb 0% Fig. 2 xR,
20 -
(3) BERMOME 2 S
T COEFF@EEEOHERTH, A, B,C, AXB catalyst
. X Fig. 2. Rk LIz TEEoKE
BHEETHY, BXC R TES0D, H2MEE Influence of quantity of catalyst
DR EFOHEEIOEFD L ELLNS, on the yield of phenols.

/\

ﬁAiBjCk: ptait+bi+ (ab) ij+ck
——— T —— A
=p+ai+bj+ (@b)ij+u+ce—p

SO T S X

ur B, air BT A © i KBEOFE, bt BF B 0 j ABEORE,
cx: BAF C 0 kAMEDER, (ab)ij: A, B DiEHEHD AiBi KEDFE,
T: 77— 2 #&H0
OREBRTEAREY 52 58811 ABC, THHML, ERDD ZOXRGEOBRTFHOHEEEYRDS
&,

Pamc=35.8  Lith,
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COEEOMEERDS &
B=t(#'s, )=/ FE-
fi2L,  NR R

TEBLRCEROBEET 1
BB IEHBFIT B\ Tk F=1.88 L7cB,

L7zhtoC, EEROEMHTIE 35.811.88% & 7%, Livl, ZOHEORERAIEICIREDOL T
{, ZOMERLBRCANDUERD D, & OFRETIbHb, 380°C, 3045, MEE 6 %TE7 =/ —~n
Hohic guaiacol KXV FOFREEXEA TS, CDX KA M FUAEBPETE7 =/ —1LEiXH
RONOBEMLIIFE LR, FLSBEOBEL LRIDOTA b AEYFLEWT =/ —VE
EX BRERBETRETH D, FD L5 EIEYAND & A:B.C,(400°C, 905, fmf 6 %) DEE
b I, ZOBEORTEHOHEL

Poaimic=30.9%1.88% k7B,

No. 231 & 232 %5X0t No. 235 & 236 O 7 = / —VEREXYHB L TASL L, ZOMORIL L7
LU 3.6%Thh, PHEXELSD L, HEOHENCHY, T OERISBRETLIN S LY
M5,

I-1-2 CO # ADEFBTDO\T

CO # ADEHEE LB 1= Ni (CO)y #HLMUDSMLILDE, FOEEFRMULILOXLEL.
LDTHBH, SESWMORBIIZEN N L xR LI, —H, BEH AHhD CO BiL 6 %MD & &l
HOSE, REBhrbbTHE VERFADLRIL, Thid 150~180°C, 60 5D FfTidfmfiss.
THEHBE LI o TeledTHH 5. L L, KIGHOBLEC X - TEDORENSHLTND & L1345
RERAE L CO ¥ ADBE TSI, Lcdis T, HRIMMEBEENDRVES (3%) CiXFDXERHL
bhTnd, Lal, WTFhC LTHSFEAEY Limbnd, LW DEoicy = 2 —ASIRE D%
P EW D HEE, CO H ADFAEN C OBETRHIEC/LbRLC X RLTWADIE T, Mg ©
DHEENTE Lo TcZ EILI8D, CORBRINLIVEELATREY D - TD, W50k, H5EE CO
DEENFRTES O, FRAELYBCHET B UNENLLD, COFr AT L bEAE
S TWABKREN A2 A POETETSERTS LT E D26 TH D,

I-1-3 RIBE

KFEHE 60~100kg/cm? OFEFATIL, LA, 60kg/cm? DHH L WRERART & LIXHIHR TI2ITHE
ETEDN, TOEBRCECTATANELD ol L2 EBE L TW5D, ThII2HNC7 = 7/ —L 8
RENIL RotcZ ETHBID, LichisT, TOBMDRIE TR I h BEICERET LT F/R
LDEELDLRD, L, HFRERC KT, BRPTOKEMBIRTETHS00, HENET
WIXBEN B D, HEKR(LEED X 5 TR T, COFRNE-EVTHILLEBbISD,

I-1-4 Mg

BV T 1, 6, W0%DOMBIRMED > H 6 %53 LWFRERLICY, 3%OB/LEBLTLY
WEOFRIL L D AE G, MBERIRDOSEND I 4, 5 BHENELORBELVELBEbhE,

M-1-5 RSIEEE & K
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FICBE L HEOMCREEANTET S Z LIXSR D = & T, TOEALENRESRELELT
%, 380°C & 400°C LW FhALWLHAREZOKERKHE OEAbLY¥IZX > T, 205 bEARERY S
2B DEEDHRET, BMELEBEREOREL L ESHOERIC F il udeb vy,

Table 2. #MEHEWAIL L, Ni(CO), Tt s Lica Ok (KEFE 80kg/cm?)
Hydrogenolysis with pine tar as a solvent in the presence
of nickel carbonyl catalyst.

Ex. No. 131 135 132 127 211 212 122 210 128 129 124 130 133
Sample, Hydrolysis lignin » » » w» » w» # o o SPx*
g 34 34 34 34 76.3 76.3 34 76.3 34 34 34 34 40
-Solvent, Pine tar+4pine oil » - » 7 ” ” ” Yz V4 V4 ”
Ratio 40:40 40:40 0:80 40:4090:100 90:90 40:40 90:90 40:40 40:40 40:40 40:40 0:80

‘Catalyst, % 2.0 43 2.1 43 52 52 09 52 21 43 09 2.1 1.9

Ret?m"'p” oc | 380 380 380 380 380 380 380 380 400 400 400 400 380

React.
time, min. 30 30 90 90 - 90 90 120 120 30 30 60 90 90

Max. Plgjeme| 211 183 172 211 286 325 228 210 228 220 — 231 157

Gas VoLt | 9.0 6.1 82 10.3 53.5 46.3 10.6 48.3 111 10.6 114 12.6 8.5

Gas analysis
CO, % |14.8 22.6 13.6 15.8 6.

CnH2n 9% 0 0 0 0

6.5 14.9 9.9 152 13.0 14.8 11.5 17.5
0 0.2 0 0.5 0.8 0 0 0
co % 50 9.6 8.0 7.7 9.
CH, % |38.4 26.0 58.0 55.7 14.

H, % |41.5 41.4 20.4 26.9 73
Absorbed H,

mol. /200g 4.3 4.6 4.8 4.5 4.3 4.4 4.0 54 4.1 4.8 4.5 4.9 50

4.5 11.5 9.9 21.9 7.8 12.9 7.5 3.7
19.9 27.6 16.6 22.1 64.6 48.1 71.9 64.0

g m N O

70.7 43.4 61.7 39.6 14.9 26.1 10.9 12.5

lign.

Products

Ut gpwe| 45 5.6 44 69 50 56 80 53 10.4 123 9.4 IL1 19.0
Water, g 8.7 — 3.7 6.2 16.2 18.7 2.8 17.2 10.2 10.0 12.5 11.4 10.3
Total oil, g [109.0 109.3 122.0 107.2 239.5  — 108.2 238.9 108.9 106.3 105.1 104.2 104.5
Distillate, g | 37.3 42.9 45.4 39.6 106.7 98.7 — 94.8 38.6 44.6 46.4 44.7 42.1
Dist. reSid'g' 28.8 29.5 17.4 24.1 117.5 — 48.8 — 23.1 20.6 39.3 15.1 14.6
Ne“"a“ﬂ;g 27.3 34.8 36.3 29.2 8.3 70.9 — 73.2 28.5 34.3 38.3 35.2 34.5
Phenols, g [10.0 8.1 9.1 10.4 25.4 27.8 9.1 21.6 10.1 10.3 8.1 9.5 7.6
Phenols,9**| 29.4 23.8 26.7 30.6 33.3 36.5 26.8 28.3 29.7 30.3 23.8 29.4 22.3

* HHBRER -V 7 BRIR A B BT X 5 Lignin precipitated from sulfite waste liquor by
TR LY 7=V heating. (159 ash)
** ) ST s -V b Percent on lignin.
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I-2 AFELTHRBMEEALLSES

BIRD & 5 R EAREEBC X » TV /= v E2RET 258, <—A MRTEATLZOTHHAS,
—A ME LTERShAEER, (1) BEMcHEYETo2L, (2) R—A P LTREEN DD L
(3) B0 EBENBIFRI ED3DOTHD, bbHA, TENILY 7/'= v OXRILSEERY < —
A MEE LTERRT DI THEA, BT hicsbs b ORER LT libicy, L33 &M
PEETHLOE LTHRIEHD b.p. 280°C DL LD % — s I UEEAGEE Shic, fERAREYE D5
BLEOFEENOEE LTY 7 rady/ —ARERE LTER Licst, BMRlEE AV BE08RY 25
7o, D EFOEBRITIRbRI,

HRD X 5 CRANTERIEEC L &S\ TF A v LicDTh B RN Licicd, TOEED

Table 3. Fe(CO)s Co(CO)s ¥ L0 NiCO; %l & Licif & Dk
Hydrogenolysis with catalysts Fe (CO); Co (CO); and NiCO,

Ex. No. 308 310 312 309 313 320 311 160* 161 162 163
Sample, S.P. »  Hydrolysis lignin Vi ” ” ” ” ”
g 30%* 30 32 27.6 32.2 32.2 21.6 30 30 31.4 30.9
Solvent, Pine tar+pine oil » ” ” Vi Vi 7 ” ”
Ratio 30:30 30:30 41:41 30:30 41:41 41:41 30:30 55:25 55:25 55:2555:25
Catalyst, Fe(CO);s » ” ” ” » Co(CO); NiCO;3 » 7 ”
% 1.9 .t 1.0 2.0 1O 1O 0.9 39 3.0 30 3.0
H, init., kg/cm? 80 70 80 80 80 80 80 60 80 80 80
React. temp., °C 380 400 380 380 380 400 380 380 380 380 380
React. time, min. 90 30 90 90 150 90 120 150 120 90 60
Max. press., kg/cm? 200 210 259 258 260 284 238 167 189 203 20!
Gas vol. at 0°C, [ 26.8 28.9 27.3 16.8 32.4 355 6.2 9.6 28.3 24.9 28.4
Gas analysis
CO, % 6.3 7.7 1.2 6.4 83 7.0 55 27.8 9.5 8.1 10.5
CnH2n % 0 0.6 0 0 0 0 0 0.9 0 0 0
CO % 5.8 8.5 5.6 4.1 7.2 7.0 6.8 7.9 6.2 6.8 6.4
CH, % 33.0 44.5 28.5 35.1 28.2 36.6 19.6 45.5 45.1 38.6 33.2
H, % 54.8 54.5 52.2 39.8 53.0 50.1 67.4 19.0 39.2 44.1 49.4
Absorbed H,
mol./200g lignin 8.6 8.2 6.9 10.5 6.1 6.0 11.3 4.4 12.9 12.3 11.7 .
Products
Unreact. resid., 9 21.0 24.0 36.0 25.5 — — 24.7 12.7 8.8 10.0 10.0:
Water, g 8.6 19.3 14.3 12.4 — — 13.4 11.8 — — 1.2
Total oil, g 63.9 59.5 91.0 67.5 86.1 135.1 66.6 107 83.1 83.8 8l.6

Distillate,
(<b.p. 163°C/25mm) | 26-5 25.7 24.9 24.1 5l.1 44.9 28.3 18.1 351 347 29.6

Neutral oil, g 21.1 20.6 18.8 18.9 46.0 40.0 23.3 13.3 29.7 29.3 24.3.
Phenols g 54 51 6.1 52 51 49 50 4.8 54 54 5.3
Phenols, % 21.0 17.0 19.1 18.8 15.8 15.2 18-1 16.0 180 17.2 17.2

* 300cc DA — + 7 Vv —FTEL Reacted with 300cc autoclave.
(fthix 500cc DA — + 7L —F)
** JRoE 14.3% Ash content: 14.394 on the lignin.
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F=FEWE Lice LIchtis T, 2K LTHRE LTV BA—BOBERITMD 2 ENTED LB,

FEHUL Table 2, 3DELBHTHD, BEL -V ERBEHOESHIIAES 1:1 2L, V5=V
T L2~2.7 Rz I,

I-2-1 KERRE

KRBEBRIREI BRI v 7 m~Fy/ — % AOREE I L LTRORLL, Ni(CO), Tik 4.0~5.4
mol/200g lignin T%%, Fe(CO); Titzh X $£< 6.0~10.5 mol L7ch, IHic Co(CO); Tik
1.3 mol TR LT\ %, E—ffs AU 1B MR et b RIBEME HE I3 L, $ iS5\
EBIREIMATS, Lrl, BRY 7=Vt X523 E, FE—ELER L RBRE BN Tk
BNE E 7 = / —VERNE & ORTCHEBIBIRIL o\ 23, EEARERT T ARRINE DA F Wi —e
7=/ —NVERED L (Co>Fe>Ni) 15ThHs, foiil, ThixEREH —F =1V EOBEICH,HE D,

1-2-2 B&EE

BERIY 7 e~®H/ —LBERE L ECERD EDID S5 (~10 fDER DS i,
REKEHEN TR/ DG EHAT S, CHIIRKEEEE VD L3 LABARGRER 2 &
Bbhn, Fe(CO); Co(CO); DBFAIVTHIERDORELRL, 20~36%0GEY 7=V )KEIAT
5, L L, ZhoofHIBAT X - TREDLDTLEDEERE L2 o\ 2 LAMIORBRTHAL I
2, CORREELZHEL TR, MEORFREBCERIS20 b Lhin 23, BTRNHTHS,

HHHRER N 7B D DR V) 7 = v & Aics, BRI Fe(CO)s TRENLY /=vEETH 2

2, BOLLDHEEL TV IRGERA L TELB L LALETH D, Ni(CO), 0FAITIKRGEZRT
TEELY 7= v EABEL D,

0-2-3 7=/—NERE

Ni(CO), fuffiz >\ T3k 180°C/4~5mmHg ¥ TOPHicDOWT, %7 Fe(CO)s Co(CO); fififfian>
HAik 163°C/25mmHg ¥ TEH Lz DRDOWT 7 = 7 —VEREE (T - oo BREDEDD,
REBENOHETH LHHBCHH RV OBERSH L, BERLID 7 =/ —VEOSEETIIEER
AR D THB LI EnD, 7=/ —VERERC DSV TERERMS & LARETHD, Lists
T, HHEREENCTHEESE LTBRTELH, BAYEZ B4, L, HEMOLBILGT L BHMT
el —RER S UORMERE VWA, #MEOEEN T hE EBRCRECRETH I LiXies L
5THb, LicdisT, A PFYARPBINWEECENRRYLOLSONETRYELELDONS,

KEA— b7 v —TRER LiBEe No. 210~212), 7 =/ —ASEREM L\ O EOHEE D
B IDTH DD,

Fe(CO)s H AL 3 HUED T VIEHER 7 = 7 ~ B EL B2, LBRMCERME O RELE-S, &
BIXFRO L B HFE L BAT 5,

Co(CO)s 1HEZBRBIA T2 1 HITH % 2%, 2B 7BEmE Fe(CO)s 0BFELBRLTV 2, 7=/ —
NVEREL Fe(CO)s DEBEMEL D/ 7\ A3, LR OBHES,E L, RSHAET LT EidLE
z2bhd,

FRRIRESWEL D OILEE ) 27 = Vit Ni (CO), DBEATELY 7=V X D hRRERED 7 = 7 —VEY
H228, Fe(COs 2FEMATE LHRIHTHS, HIEFAWMESS NI CiLBREREX, Feio
RFEEYE2 272D THD, JOEREREL, RN LT, M Fe(CO)s 21X <, WNEL
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% (Y 7=v), 380°C, 90 HFDOLEMTT =/ —AEHRE 19.1% &5 27, LirL, BEEETOD
DHFFISBEL DRI b IR,
I-3 NiCO; £migs Lizina

fifs ) 7= v iCRE LB OTENT RT3 2 LIXRROAFRIESETIRD LR TV 54,
SEIRBDBL THURTH D, REELS 5BR0MBILOBE EHELR TV, RR=» 7V
BEOBBTEICY 7= vERENTRETH LD, —IB OHBADKRLEREYRALI,

R = » r VEIRERBPCHRBAEC L, 2L T—#ETIhT Ni /s (NiCO;—NiO—Ni) &
Exbhb, EBFEEIZ Table 3 DLk hTH% (No. 160~163),

No. 160 D Z4i¥ 300cc, No. 161~163 i% 500cc DA — F 7 v —FTRIG LIcb D TH B0 b, HED
KBz TEiw,

REBIEITIZIT 12~13 mol/200g lignin TIELHBETH D, “hids 7 »+v 7L h LkERM
R BEL TSR TH S, No. 160 O HTAERS ARED D 4. 4mol LS WEERRLI,

BRERIL9~13%7T Ni (CO), DBFE LY 205, MERYETRRSREIL 8 ~10%EET
H5o

163°C/25mmHg ¥ TD7 = / —ABIIRK R E & DTBinl, 2RAT 18.0% OFERELRL
oo 2.5 BEIDES, 16. 0% TRREL o T3, ZHIIAEN AREDLDHT, BEH L 2RO
BELHE VBRI ALVEEL RS,

BUHEEDOR——r <+ 757 4 —ORBTIL2M7 = / —MRIIEAERERT, €/ 7=/~
VB EDBR TV,

I1-4 7x/—AMEOHRIAT M ITT 4—

7 = ) —VEOHRICOWTIIERR— =2 r= } 57 4~k 5 TD, 1UZEOBEEYH -1,
ZITRHFAZ =I5 7 4 —IC X D ABDORS LA HEE L,

277 =) —ABEH LTIRARES E LT No. 212 (g Ni (CO),, #{bv 7 =), No. 313 (s
Fe (CO)s, ¥V 7 =), X0t No. 310 (fifit Fe(CO)s, S.P. Pk V 7' =v) DF »— b % Fig. 3-
W~@) TR L, ’ '

Rabh5X5127 =/ —AEHERRCThLIZEA LRRTH 22 HEMOB LRI S VR -
fmao7;/—»%10&Lta?oﬁ@&ﬁ@%%i%@%@%ﬁ?&ogoia{&60

7 =/ = VEORKIER

Ex. No. 212 313 310

Phenol 10.0 10.0 10.0

o-cresol 6.3 7.2 5.7

m-cresol 5.3 5.8 11.3

D-c:ﬁsoll henol ) 14 11.7 8.7
o-ethylpheno

(or+2, 4-xylenol) 12.5 1 7.9

m-, p-ethylphenol 14 11 8.9

" 3, 4-xylenol 6.3 4 3.2

4 n-propylphenol 9.4 4.2 3.4
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phenal (1) No.212

p-cresol

o-ethylphenol

2,4-xylenol m-, p- ethylphenol

M 4n-propylphenol

M (2) “No.3I3
J\W 3)  No 310
10 20 30

Fig. 3 #7722/ - VEOHF AR/ r= /57 54—
Gaschromatography of monophenols.

40 50
time, min.

pyrocatechol

4n-propyl- p-methyl-
- Y
catechol catechol

unknown
T

p-ethyl-
catechol

5 10 15 25
1lime, min.

Fig. 4 2ffiv =/ —AEOHAIR= V57 45—
Gaschromatography of catechols.

27 = 7 —NVEEIZOTik No. 212 OBRMES D F x — b % Fig. 4 IR Ui . £ DKL pyrocatechol
(10), p-methylcatechol (6.8), p-ethylcatechol (4.3), 4n-propylcatechol (5.4) A 3FERELTHDH,
D2, 3 ORHERSEET S

IV #5 =

Ni(CO),, Fe(CO)s, Co(CO),, NiCO; #filifie: LT, AHEELY 7=, HHHER /7B D DPRER
V7= v kkRILSEL, DE¥FOBRE RIS

(1) Ni(CO), #flfits L, EBRIHEEIC L - TV 7=V R AEHRLIBE,

a) FUSIRE, FUSKRE, MR XONRE L REOMORERANARESRY, MR 6 %M
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bobblnzEvss T,

b) Ni (CO)y 2B LHSHLIEEE, TOF FEALCHEIIMMENRCHEREN AL itn
27

©) T DHEEMEENIC BT 5 BERMNY, KBME 60 ke/cm?, FIGIRE 400°C, SUSHERH 90 &, fi
BEYRINE 6 % DT, distillable phenols DiLEIE 30. 911, 88% TH - 12,

(@) BHE LT EER LIES, RISRHORLN7 = 7 —VEIREK b % b SRS L
Vo Fe(CO)s %flift & THUSIRE DA RME SRICE L5, BERELS 20~6%CRELI, 7=/
—VBIRE E LTI, KSRAIE 80ke/cm?, ROGIRE 380°C, RUGHER 90 4, MUGRINE 1 %605AT,
163°C/25mmHg ¥ TOEM T = 7 —5 19.1%TH- 17z,  Co(CO), ik Fe(CO)s & RMRIBRI XA
SHETH DA, X OEENOIVEEbRS,

(3) NiCOs % ) 7' = v ic¥s LI A OARILSMORERL, ARAE 80kg/cm?, RILIRE 380°C, K
FORERE 1205, fBOAINE 3 9% DT 163°C/25mmHg ¥ CIBHT B 7 = 2 — 5 18.0% T HF 21,

W FA27e= 57 43— X5 7=/—LVEOSHRERL £/7=/—NV0E4E, phenol, p-
cresol, o-,m-, p-ethylphenol % Fp5k4+& L, “O\~T m-cresol, o-cresol, 3, 4-xylenol, 4n-propylphenol
NRVWEIhic,

247 = / — A Ti¥ pyrocatechol, p-methyl-catechol, p-ethylcatechol, 4 n-propylcatechol. s X ¢
2, 3OS %A LD,

ks UCHEA L Ni(CO), it P Wi HEARIEETERRESE OB ABRE R IO
Fe(CO); MIfEIC D\ CZEFEA DL O SIREY W e B W R TERRES 6 MEAH EEl, REH
HEHT 5,

b [N

1 ME %P8 B3R IE: MEPER, 151, p. 137, (1963).
2) MR ¥-E5F B HEADER 163, p. 139, (1964).
3) WELLER, S. et al.: Ind. Eng. Chem., 42 330, (1950).
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Hydrogenolysis of Lignin (V).
Hydrogenolysis with the catalysts metal carbonyl and nickel carbonate.

Akira SakAkIiBARA, Katsuo Opa and Minoru Kusota
(Résumé)

Hydrolysis lignin and precipitated lignin from sulfite waste liquor were hydrogenated in the
presence of catalysts Ni(CO),, Fe(CO);, Co(CO); and NiCO,.

(1) The experiment of hydrogenolysis with the catalyst Ni (CO), was designed by Ilatin
squares, and the results are as follows:

(a) Reaction temperature, reaction time, quantity of catalyst and interaction between
reaction temperature and reaction time are significant.

(b) Difference between effects of the catalyst decomposed by heating before the reaction
and of undecomposed one is not recognized.

(c) The yield of distillable phenols in optimum condition (400°C, 90 min. 6 95 catalyst) is
30.9+1. 889 on the lignin used.

(2) The hydrogenolysis with the catalyst Fe(CO); and pine tar as paste oil gave good yield
(19.195) of low boiling phenols (<b.p. 163°C/25mmHg), but large quantity of unreacted residue.

Characteristic of Co(CO); as a catalyst was shown to be almost similar to that of Fe (CO)4
but more reactive than the latter.

(3) Optimum condition (380°C, 120 min. 3 94 catalyst) of the hydrogenolysis with the
catalyst NiCO; gave the yield of phenols (<b.p. 163°C/25mmHg) 18. 09.

(4) The phenols were analyzed by the method of gaschromatography. Main products are
phenol, p-cresol, o-, m-, p-ethylphenol, pyrocatechol, methyl-, ethyl- and 4 n-propylcatechol, and
byproducts m-, o-cresol, 3, 4-xylenol, 4 n-propylphenol.



