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The Kinetics of Delignification in Oxygen-Alkali pulping*!

Byoung Muk Jo*? - Dong So Shin*?
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ABSTRACT

In order to obtain more detailed information concerning the degradation of lignin in the oxygenealkali
pulping, single stage isothermal delignification of pine wood meal (Pinus koraiensis S. et Z.) was studied in
the oxygenealkali system at five temperature levels (110°C,120°C,130°C, 140°C, 150°C) for 60 min..
The rate ¢ nstant, activation energy, oxygen and alkali consumption during the oxygenealkali
delignification were determined by the kinetic method. The 2/5 of total lignin was eliminated at the
start of the reaction. The delignification rate constant was about 3 times that of caustic soda pulping.
The activation energy was about 1/3 lower than in caustic soda pulping. Like oxygen consumption,
alkali consumption was also rapid early at the reaction and almost ceased after about 10 min.. The
degradation reaction of lignin was strongly dependent upon the pH decrease of the cooking liquor
by organic acid generated in pulping. The lignin in the oxygenealkali pulping degraded into lower mol-
ecular weight and had more hydrophillic properties. The methoxyl group  decreased considerably

at the first of oxygensealkali delignification, while the carbonyl, carboxyl and phenolic hydroxyl

group increased rapidly.

Key words: delignification; oxygenealkali pulping.
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Table 1. Age, DBH and height of Korean pine
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P. koraiensis 45 32 13

Hong cheon-Gun, Gangweon-Do
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Table 2. Reaction conditions for oxygen e alkali delignification of pine wood meal

Cooking Cooking temp. NaOH charge Oxygen pressure

No. °C) (% on wood) (kg/cem? at 20°C)
1 110 8 9
2 120 8 9
3 130 8 9
4 140 8 9
5 150 8 9
6 150 4 9
7 150 6 9
8 150 10 9
9 150 12 9
10 150 8 5
11 150 8 7
12 150 8 11
13 150 8 13

Liquor to wood ratio, 10:1

Reaction time, 60 min.

Fio) ool 5% 2w (stainless steel bomb)oll
Al AR, AU =2 P AE Y 105 10
* Toer7xl BERAIZ choh 20Tl 4l ATAE FET) 7k
W2 H Asted Table 29 &ffo2 Biel 21T
skl eh

&M = Fig. 1ol 418l 2o} He)
col)flioll 2l B pRiAI7L H Eaiieol 4 fEFERE

Zalol & (polygly -

b o 1 o T TP

: Stainless steel
reaction bomb

: Polyglycol bath

: Hot plate

: Oxygen bomb

: Magnetic stirring bar

: Pressure gauge

: Valve

: Regulator

-
TommoOrm P

Fig. 1. Reactor for oxygenealkali delignification.
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0:1 7! K

éf—l Rate of delignification

k : Rate constant

g : Lignin content at zero time

¢t : Lignin content at time t respectively
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Arrhenius equationP_i#—H Ezt€ k37 sl
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ol log keb 1/Tsbw EEBE 7} par sl ol

k . Rate costant

Fith

=} {activation energy) %

E ! Arrhenius activation energy, cal/g mole
Ae
R : Universal gas constant, cal/g mole °K
T : Absolute temperature, °K
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%) =A;

Frequency factors

BXlOU

Alkali consumption (
o 7] 4]
A D Amount of alkali in cooking liquor
B : Residual amount of alkali in waste liquor
after reaction
24. Bk - VERRE e M o) BEE TR
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AL WEKS g s s1mstd 0.46/1.212] i
Tloll 41 0.38mg~] = vl
o}& M AR 5g0) AR sk BEHAR: UK
MALE] 1.53% 71528 3o 5.0/1.530]4 3.
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49.62 mg-5 100m@A BT 2] BLIT Bl of] $E A g A E ol 4
B 7L sk EHIA S 100— (49.62 +3.2740.
38) =46.73(m2) ol glvh. o) @& Kol fRAI B
# HEES Ksbach

RT a
P v v

c;_iL
=8

E R ok

n;= 0.00104 (P.—P,)

o 7| 4
P : Oxygen pressure, kg/cm’

V!
: Universal gas constant, 0, 082050 -atm/
°K

a : Constant, 1.360£%-atm/mole?

b : Constant, 0.03183¢/mole

. Mole. of O, at P, pressure

Gas volume, ¢

mole

n, . Mole.of O, at P, pressure

Wood meal
(extractivle free)

OzeNaOH NzsNaOH
cooking cooking
_13_l_acE 1ig. Residue Black lig. Residue
e H2504 e H:S0s

pH=2 pH=2
prmesiionny —
Sol. ppt. Sol. ppt.
Washed Washed
0.02M HC(! 0.02M HCI
Vacuum dry Vacuum dry
95% Dioxane 95% Dioxane
—_—
Insol. Sol. Insol. Sol.
Ether
Ether sol. QAL Ether sol. NAL
* OAL: oxygen * alkali lignin
NAL: nitrogen e alkali lignin
Fig. 2. Isolation of lignin preparation.
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TAPPI Standard T209su—72¢l =he} =l %
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T kA B 2o gRE e R E REETAE
B4l 7141 150C 9 ihif (oil bath)oll 4 4075 M
ANEEE 173l el 7Hd B TH 500mg *d#l vhel of 3
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CH; 0(%) =
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o] 7] 41
A ml of NaOH solution required for the
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¥ Hydroxyl amine ¥
ERgsls) T2 A olul 40g8 B 80mest 95%oii 8l &
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hush it (oil bath) ol 4 3057R0 fuBMILEE 8193 v},
Htl?ﬁsf% TH 0 INFASME FEK S L o) &
st ebg e FhEARE skl ok

e

(A—B) x Nx4.5
w

Carboxyl (%) =

o714
A m¢ of NaOH solution required for the
specimen
B : m# of NaOH solution required for the
blank
N : Normality of NaOH solution
W Moisture free weight of the specimen in
grams
(4) o =t shol =S AR HE
MK Smég vl o B MRS 91k 7
G BEAA 10mezst chg, o] & 2me &
Hzhed 0.2NFARSME SR SmEP A Abg g
Al sl 10mezt =l =5l o] & dbett HkE
Wow shadck
oot FALShHER A HAL 0. 2NMiE O 2 915}
fid--ak 7 el B SR ERS ARG o
chg SRR (Unicam Model SP-700 Dou-

ble beam ultraviolet spectrophotometer) 2] Z¥HH]
ofl T eltE ARHEIKR-S, el el et S0k
T el A I A Eeld Kt AR £
e vlg gl

o3 300nm-E0 RERKLE Aa maxE el
obElell e o) KRS R ek
17xAa max

Phenolic hydroxyl (%) = 2000 = X 100



KB GIE 564

19824 6 A 33

AA max
of 714 R
2.7, BH R BAF Blade ok ss el kg

B P B 1dd gl Imgx el 2l K
£ 400mg9 Rfb# ez (KBr)zl & B&AA EH
a2 SMbae S5ERE deuhs RO XK
FE5t (Perkin Elmer Model 337 Infrared spectro-
photometer) & #fsle] & ol 2kl Adbig 1k
R A= EelE Mgk ok
2.8, MFE - SRR B 2l 1de TR

iz

2em @ X40em Z712] frei 3 A (column) o o} 48FF
fil&<k 228 (buffer solution) 2.8 3§ %417 Se-
phadex G-100% #Estd A o 31 (gel filtration)
£ frahad el

olel BEEHHEC 2 sl o2 3mes)

Aa max .

il

AR W%

Hetgl o e FA3MES 0.3g/2 ¥ ER
BUEH 0.3g/0BE ] BE KEKS A

HHEE = 80mé/hr. 2 24l Fal & o e}
(fraction collector) & # 20meviele] HHKS 4
44 (quartz cell)oll ¥ FHKETZ 280nmol A
o] WKEE AT 45T BHMRE ERstd o

BR % ER

1. BO3E - UM Belaulol 0ixXle REE
Fo ¥E
1.1, BOEIRE 9 BUCHRe w8

Table 3% 2l 2x] &HEc] 28 8%4 zu5F K
¥& &% 110C, 120C, 130C, 140C % 150C 9]
EELUGTRE R 6057 iRl el d UL (isother-

mal delignification) 8+ #5& el ch

Table 3. Isothermal delignification in oxygense alkali cooking of Korean pine wood meal

Reaction Reaction Replication
. . Total Mean S.D.
temp.(°C) time (min,) 1 I 11

0 28.8 28.8 28.8 86.40 28.80 0
10 24.2 24.4 24.3 72.90 24.30 0.099
20 22.8 23.5 234 69.70 23.23 0.378
110 30 21.7 223 22.1 66.10 22.03 0.305
40 20.7 20.8 20.4 61.90 20.63 0.208
50 18.7 19.2 18.9 56.80 18.93 0.251
60 17.8 18.0 17.4 53.20 17.73 0.305

0 28.8 28.8 28.8 86.40 28.80 0
10 23.2 22.7 22.8 68.70 22.90 0.264
20 21.3 21.8 21.7 64.80 21.60 0.264
120 30 20.6 20.3 20.4 61.30 20.43 0.152
40 19.5 19.0 19.2 57.70 19.23 0.251
50 18.2 17.8 17.6 53.60 17.87 0.305
60 16.4 16.1 16.3 48.80 16.27 0.152

0 28.8 28.8 28.8 86.40 28.80 0
10 21.3 214 21.0 63.70 21.23 0.208
20 194 19.5 19.9 58.80 19.60 0.264
130 30 18.2 17.9 17.8 53.90 17.97 0.207
40 16.9 16.5 17.0 50.40 16.80 0.264
50 15.1 15.7 15.3 46.10 15.37 0.305
60 14.1 13.7 13.5 41.30 13.77 0.305

0 28.8 28.8 28.8 86.40 28.80 0
10 17.3 17.4 17.8 52.50 17.50 0.264
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Reaction Reaction Replication
temp. (1C) time (min.) I il I Total Mean 5.D.
20 15.5 14.9 15.3 45.70 15.23 0.305
140 30 13.1 12.7 12.7 38.50 12.83 0.230
40 11.3 11.1 10.9 33.30 11.10 0.199
50 9.5 9.7 10.0 29.20 9.73 0.251
60 8.3 79 8.2 24.40 8.13 0.208
0 28.8 28.8 28.8 86.40 28.80 0
10 13.0 13.3 13.4 39.70 13.23 0.208
20 10.1 9.6 9.7 29.40 9.80 0.264
150 30 7.9 7.6 7.7 23.20 7.73 0.152
40 5.9 6.0 6.4 18.30 6.10 0.264
50 4.6 4.9 4.7 14.20 4.73 0.152
60 3.4 3.5 3.3 10.20 3.40 0.100
Table 4. Analysis of variance for isothermal delignification
Source D.S. S.S. M.S. F.
Total 104 5,185.71
Main plot
Replication 0.016 0.008
Time 3,069.453 511.576 7,628.932**
Error 12 (.805 0.067
Sub plot
Temp. 4 40.434 13.478 268.359**
Time x Temp. 24 2,072.191 86.341 1,719.151**
Error 56 2,813 0.050

Table 5. Difference between average value of Table 4.and its significance at five percent leve:

\ Time (min.)
0 10 20 30 40 50 60 Mean
Temp. (°C} ™\

110 28.80 24.30 23.23 22.03 20.63 18.93 17.73 22.23
120 28.80 22.90 21.60 20.43 19.23 17.87 16.27 21.01
130 28.80 21.23 19.60 17.97 16.80 15.37 13.77 19.07
140 28.80 17.50 15.23 12.83 11.10 9.73 8.13 14.76
150 28.80 13.23 9.80 7.73 6.10 4.73 3.40 10.54
Mezn 28.80 19.83 17.89 14.65 14.77 13.32 11.86 17.48

L.S.D. [(W2) — (W) = 0.206
L.S.D. [(Mz) — (M1)] = 0.139

L.S.D. [(W:iM2) — (WiM1)} = 2.99
L.S.D. [(W:M) — (WiMy)] = 2.60
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et sk ek

D. F. Nelson (1977)-& &zl BrARS wHelstd

Alkali charge (NaOH% on O.D. woodmeal)

Fig. 3. Effect of alkali charge on delignification in
oxygen » alkali pulping
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12 } §

Cooking temp.: 150°C
10l Cooking time: 60 min.
Alkali charge: 8%

Residual lignin (%)
F [=2]

" ro e

0 5 7 9 11 13
Oxygen pressure (kg/cm? at 20°C)

Fig. 4. Effect of oxygen pressure on delignification
in oxygen e alkali pulping.
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DfIRE Sl ek

sl el &t A2 1.1 Kido(1973) %2+ B.M. Jo (19
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Abrahamssor® O. Samuelson(1979) o] %3l whs}
ze| BERIES12) Whne] =l BEFEC WHHEE S WA
5o e KR oj2d o plhke g IEF)e
Eold A2 E BHFBERES vkl wrl HEUA
o8 wodzlch

o 2b4 Okg /em® 2| BERETIREAR o Hifrlek
o] Mz EEES| sho] =84l el (-OH} ol 8t
o] E2 s &4 gleld (-O0H) o] H7t wolu ~E0]
2l e] ol Hal bl el Wl A el 2l F ke
ol 5y FIEA A BHS REsleR KiFel B
o] 3.4%KH#oll wabAl B uk L Pk &l E
o Blkel 2l Bel S skl sl BielayfF
o A o] o F2A s Aoz B4 ek
AE A HBFEBE Y Okg /em?KHES] BRI S0
Bi# - obgelZimg el andell Zbak 2R doe
skeks gleh

2. BE¥ - WSl Belad RICEE
le) dd bEAH
Flg 54 Table 39 #H5 =ols BFH - ¥
ﬁﬁ#‘ﬂl 42 Wil RS sheba b BATKERFN
& AR %f—faliﬂ % % ted o] &
xifﬁ el = (semi log graph)ell [
o] Kol of 2] EEE - ‘%{%‘a ?xﬁéédl*i 2] 1

Initial phase

.--—‘oi-----
JISC

Final phase

Residual lignin (%)

Reaction time (min.)

Fig. 5. Pattern of delignification in oxygen ealkali

pulping.
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4] %2 #160% 7}

BEE KBS

WIRE o} R el &l

B "1 RAK{LHS] Abdako]
2 ak Bie 2yl 23 8 =2 Fa4 )
o] el 7l shvh o Bsl lo] g

Tdo]l BHEl+ “bulk delignification”2] & 2 EpS,

ol Bel oy #EE
7b HK S = Rl

3 EH

ek el B -

7t EHA Bl 4z 1?11%
% B RoK{kAgel s

“residual delignification”Fep 2 D&?}‘%‘}
obibe] M= Wil ¢zl

MR ou 7t 294 B 2l Eiol fudigt

“bulk delignification™ x| 2}

ofel] flof2 A2 i
L'}

3 kL] izl W el ol BE 49 AEE
o]+ “residual delignification”Befg 2 =Hedd] (K47

s glet,

—REo g @RI el e RO A9 “bulk

delignification” B ol] 4

1 2/3%E | 2l o] BHlE

mal homolysis) ©.2 2] 219 ki k5 f7F £

Frords] 7] el
o] #ifke

(condensation),

(radical transfer) 2} 22

Wil Ao ¥ 4 ook

185°C ] mifd ol el 9 &~

2| RG-S X
T. N. Kleinert(1975) +

ER

“residual delignification” sl 4
ol pkxl HEEEelcl A 5o Al
et = E (grafting) % ebel ZHéatr

fr3t7]

% &M (ethanol-water

delignification) E&ioll 4 “bulk delignification”>] 10
& #dhE el bRy

ARG BSR4 2T H
Eiel A B - el AfRE

oo} s =

2.2, Wie] B SEEEH (k) 21 gt

Table 62 BE¥% -

oate|EmR el Wizl g

iR & ol 4
GRS e o),

BIEE

BE kel & AMIREY 2 USRI xiar 8

2 -1‘11 E{O IF’O zF 94 5 “1el S
o Hool A ol 4 FIshel 2/5 K Kol 2k B/} ﬁm'] e et b ”ﬁ i f =
o Y 3 ? Ao g FISHK i ;
olal AL 10~150CS] ) (Sl 4 Bk T R
2ol AR 9oz AT olaa “bulk delig- frel & ﬁﬁc’ﬂ“ =1 =S 2] R
o) e
nification”EHiol 41 el T BEES AUR (ther. T AAH
Table 6. The regression equation of isothermal delignification in oxygens alkali pulping
Reaction temp. (°C) Regression equation Correlation F. ratio
110 Y = 1.4204 — 4.8110*X ~—0.9947 375.51**
120 Y = 1.3930 — 2.88¢10°%X —0.9953 421.10**
. 130 Y = 1.3654 — 3.65¢103X ~0.9977 880.95**
140 Y = 1.3108 — 6.63#10°X —0.9993 2750.6**
150 Y = 1.3216 — 1.14#102X —0.9987 1473.4**
Table 72 Table 69 3142256 k=log (¢ A avle] 10585 PIlickAlal A S5 Hits

—ov) o kel wet el BAE 8%, BF
FEJ 9kg/cm?, ¥ 1 :108 &MTol 6076 %
I % - oZel A A0 & KERRER Kel
oy RIGERERE BEd 2ol
E Table 82 Bl Kol =& BUCER
o WiiE Ad E—-EMEto s BE- SRl AW
oF BWH - o] AW Bel g TS e X
IEHEFHRE Wwe seld
a4 o] & A8 A4 e Yk (intercept) kol
ko Afreld gEachFY e gor et
vheb, Bl 150°C e 7A¢ gREAAMmS eladg s 28
L 8%ol Heal 2 874 Y=1.2316—0.00114X 2] Y]
Habe 17.05% k#Eejodct, olei®t ERe Bielz
W OB Al SR uks) o] R - @bel FAHel

B2 o RUSEREZE R el RICEIRIe SRR
el 1yl AR IS 7ok Tkl A & fERel
ek,

Table 7. Rate constant(k) and Qio value of oxygene
alkali delignification

Reaction temp. Rate constant

(°C) K(V/hr.) Qo
110 .07 0

120 0.18 1.06
130 0.22 1.22
140 0.40 1.82
150 0.71 1.78
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Table 8. Comparison of rate constant at same cook-
ing conditions in various delignification
system

Delignification rate
constant k(l/hr.)

Delignification system

Oxygen ealkali pulping
Alkali charge: 8% NaOH
Oxygen pressure: 9 kg/cm? 0.71
Temperature: 150°C

Caustic soda pulping
Alkali charge: 8% NaOH
Nitrogen pressure: ( kg/cm? 0.23
Temperature: 150°C

Liquor to wood ratio, 10:1

Table 7o 4 o} bnl BEF - obabel KAfgal 4ol T
2] y] RS R 0170 4 Sel 0. TIRE 2
TEMERLY 7} ol atel] w%a% 2R BRE 7wkl
ol vb, Rt el BT Bl v BUTEEE e o
o B o) =xE stebsbr] $8) Qe w
Kalef,

o w (bR T MUGHE 7E Fob T
B S kAl Al F O RA, BOCIRA 7 10T
Eobabell whel of 2k 1 BOEEE - f57F slewl A
FEpga R = 110CA 4 130T 7= Quakel 2vkA
=zl Gubrh 130Tkl RUGER A Bl 4 o W] 2
A e sbgA s 54E Bodeh

Table 88 #54%.9F 7ol e <gelR 3 =Z{Lik
o lBak= A% 4 ook M e A0 0,239
st E - 2y Al 0.718 4 3ffelilv 2
B E RS H R Y 2 3 s v#EP»M»S: el ¢RIt
obu FEERS] 7%, Biwl el el RMILE T
gk e ' }3, = 9} & Zelo),

pllel #5585 Fasted 2o, @H - o2e] &
ol fiel el Bl E& PGl 2] ffx‘{ifi
Mol 24 g2 7 ddreh

F. F. Nelson(1977) %8 < g 2 E A5 (P. elli-
ofti) K¥p2| Mh%k - ote] B ERlA L el
W RIEE R R KO 135T W 0601 51 A
Al 45C® 10T Fobddl =tel 1158 %71 8 &#
Aizled ] E. Evan(1979) sk ghe] RACRIE 7F el
2 el srowloryl mit el sbar i ¥ex vial

v Fgshmed Ak KRERS S 85 gl

= L. Olm(1979) & Aeb=e Effl A of BRI
A ORI ER e ket K120/K1102] 25
1.27, K150/K1402] 7% 1.53% 5t o] BUTIRIE 7H
FETE UUNEERES O, B Quatel Az W
#edl A KBRERY Q.ahdl WMAE ol —Hs|
= S Ve ok

gl T. N. Kleinert (1976) & =2 48l 4
#oeookahe] Bieliigl o] RIEHEBER Y HelZEg
wek L5f5vh S| a & orhfietby T8 4§
S ostel EEARel Miel o (EERERES] kS G
shgioh, cinl K CEEER = Aokl Hal 3(5F
KEE okzl MMEE ROl wul ol = (Al s A
GFffol Al MR o Fol AR vealel
2.3, Bieliry] pOBet iEME(E ol AR (E) 3t

110°Cal 4 10T 24 o2 FUMLPESE B « e
A o] itk fbel v =) (E) b2 27, T56cal/mole] S vt

Table 9. Relationship between temperature and rate

constant in oxygen salkali delignification

Temperature X W Y (In R x 10%)
(°0) (°K'Y (sec’h)
110 2.610 x 10° 1.491
120 2.542 x 103 1.609
130 2.480 x 107 1.810
140 2.420 x 10° 2.408
150 2.353 x 107 2.982

Table 9 3= o i&¥fbol vzl b8 HiHssl A
BiERRE & ArrheniusiA e el *EE Kk logk
=log A—E/2.30BRX1/TE BRIAZ k& log ket 1/T
o} @A 7b tan 6= ~E/2.303R )-8 EiFo s 4
e ME S FlHstel & MIEHXRESE 2 RIE
off A 8] fiwi 2 J wu:%f“ HH k) 2] IR aE

% Xob va Helsbed FRE Helch

= Fig. 6-& Table 99 X Yabé
feAsked log A%l YKt tan §=-E/2.303R¢| 7|
£71% Al A4 by AS 28 Ao 110T
off 4 150l A3l log kb 1/THS a4l Y=17.1
29 —6065. 5X & (r=—0.948) A5 &= kb 4l g
A4l A 7p A= del shebd o] A4 ubA 4 s o)

sl Ak
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30F

20 ¢

Rate constant (In ke10% esec!)

1.0 p

A\
A\

A . 'l S . A

236 242 248 254 260 2.66

Reaction temperature (°k!, x 10°%)

Fig. 6. Effect of temperature on the rate constant.

271 % atHsbed Biel 2ylol sl &ML =l 3k
2 k& wk 28x10° cal/molesK#ie] gl

olefsb A kBRel FERME = T. N Kleinert (1976)
7b R W KBS EBEsled 2 21.0X10° cal
/molerth Eoul ol & K EERS AL AT
Ae el EEe) HEE 5ol A3 HRe
Bodaich e} olefgt KRS FEHE oAl
L2 AnpTEkelvt Ao chlef Rl &tk v
= zkel 32.0%10° cal/molek ol [haf 4] 1= & ¢ b
steh

2 B Aechlol A vl o] EfE{Tel 4l
) bhE) 2 el olel ol sl HebEZ Bl 4
= FEKFel el 2liiyle) 2K iG-S oAl
o} Mol Bt TaEe BE - obkel Aol 7
¢ EEFES WMol ol RAESF O o T As] AF
ol Aoy & ¢ el ol M- L e
F el Eaty ol 5 Al vkx Bl oy kel 4
9 HkS-AE CEHHO] Ml 4 5 gt Al E et

Wi Ao 2§ AffEshod ok

3. Be% - YWiio| EEEOATR0IKS YUZER
Table 10 % 118 f# - oztel Applfiald

Table 10. Alkali consumption in the oxygen e alkali delignification at constant temperature (150 °C)

Alkali consumption o
(%) Replication

Reaction Total Mean S.D.
time (min) I 11 11
0 0 0 0 0 0 0
10 48.7 49.1 48.5 146.3 48.77 0.303
20 53.2 52.8 53.1 159.1 53.03 0.207
30 55.4 54.9 55.2 165.5 55.17 0.251
40 56.8 56.6 56.9 170.3 56.77 0.153
50 57.6 57.2 57.8 172.6 537.53 0.304
60 58.5 57.9 58.0 174.4 58.13 0.320
Table 11. Analysis of variance for alkali consumption
Source D.F. S.S. M.S. F.
Total 20 7937
Reaction time 6 7936 1323 2218**
Error 14 0.835 0.0596

L.S.D. 0.05=0.428
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Table 12. pH of black liquor in oxygen e alkali delignification at the constant temperature (150 °C)

\ pH of black liquor

Replication

Total Mean S.D.
Reaction time (minﬂ I 1 i
0 13.2 13.6 13.5 40.3 13.43 0.208
10 10.3 10.1 10.2 30.6 10.20 0.099
20 9.8 9.5 9.8 29.1 9.70 0.173
30 9.1 8.7 8.9 26.7 8.90 0.199
40 8.2 8.4 8.3 24.9 8.30 0.099
50 7.9 7.8 7.8 23.5 7.83 0.057
60 7.4 7.5 7.3 22.2 7.40 0.099
Table 13. Analysis of variance for pH of black liquor in oxygenealkali delignification
Source D.F. S.S. M.S. F.
Total 20 75.03
Reaction time 6 74.74 12.46 594 .9**
Error 14 0.2932 0.0209
L.S.D. 0.05 = 0.253
gl rulell sl dgel, H SR ER ] HE 21
SRR 109 7 A ekl W W A5 ol= Table 12 %
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Table 14. Oxygen consumption in oxygenealikali delignification at the constant redction temperature

(150°C)
Oxygen consumption Replicati
\ (%) cpacanon Total  Mean S.D.
Reaction time (min.) \ I I III
0 0 0 0 0 0 0

10 52.73 53.08 54.27 160.08 53.36 0.807
20 68.07 61.04 59.88 181.79 60.60 0.626
30 64.27 65.42 63.48 193.17 64.39 0.975
40 69.17 68.23 67.34 204.74 68.25 0.915
50 72.02 72.95 73.18 218.15 72.72 0.614
60 76.49 77.16 76.98 230.63 76.88 0.345

Table 15. Analysis of variance for oxygen consumption

Source D.F. S.S. M.S. F.

Total 20 1,230

Reaction time 6 1,229 2,049 4,306**

Error 14 6,660 0.4757

L.S.D. 0.05 = 1.208
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Fig. 8. Oxygen consumption during oxygenealkali
delignification.
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Fig. 11. Transport phenomena of oxygen in oxygene

alkali delignification. (R.B. Phillips)
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Table 16. Delignification and proportional amount of each fraction in dissolved lignin by oxygen » alkali &

nitrogen » alkali cooking

\ Cooking

Oxygen e Alkali Nitrogen e Alkali

Classification

Original lignin (%) 28.8 28.8
Residual lignin (%) 3.8 16.3
Eliminated lignin (%) 25.0 12,5
Delignification rate (%) 86.8 43.4
pH of black liquor 7.4 12.2
Dioxane insoluble (%) 3.2 4.3
Dioxane soluble (%) 46.9 59.8
Ether soluble {%) 5.7 7.4
Water soluble (%) 44.2 28.5
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Table 17. Functional groups of lignin preparation
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A BN sk He 5 MR Hiel ol BT 4
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Lignin Methoxyl Carbonyl Carboxyl Phenolic hydroxyl
(OCHs) (CO) (COOH) (ph. OH)

Wood meal

MWL 14.82 0.13 (.64 2.87
Residual lignin

NAL 13.91 0.18 1.08 3.11

OAL 13.27 0.21 1.12 3.78
Dissolved lignin

NAL 11.63 0.26 1.14 4.14

OAL 10.48 0.37 2.92 5.72

Table 18. Relationship between functional group of oxygen e alkali dissolved lignin and reaction time

\ Functional

2 roup (%) Methoxyl Carbonyl Carboxyl Phenolic hydroxyl
tui'ic(lrg?n) \ (OCHas) (CO) (COOH) (ph. OH)
0 14.82 0.13 0.64 2.87
10 12.18 0.20 2.15 4.75
20 11.72 0.26 2.55 5.23
30 11.25 0.31 2.70 5.44
40 10.87 0.32 2.84 5.51
50 10.81 0.35 2.87 5.64
60 10.48 0.37 2.92 5.72
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Fig. 15. Ultraviolet spectra of lignin preparations.
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Fig. 16. Infrared spectra of lignin preparations.
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