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rise to the formation of some catechol groups.
The number average molecular weight of the
lignin fraction varied from 1000 to 2000 g/mole
without any direct correlation with the process
conditions. The yield of aldehydes |iberated
upon alkaline oxydation was minimal for the
most drastic conditions indicating a probable

condensation of phenolic rings.

Modified (sulfonated and oxidized) steam
explosion lignins, recovered after processing
at 40 bars for 80 sec, were tested as disper-
sants and sequestrants. The results did not
appear to be very promising. Other applications

should be contemplated,

Chemically modifying the lignin prior
to or during steam hydrolysis seems to be
the only chance of getting a pure cellulosic

residue with acceptable DP.
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TEAR INDEX

BURST INDEX
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Fig.
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Table 3. RED MAPLE CTMP PRODUCED FROM FRESH CHIPS

NaOH, % 5 5 5 5 5 o 8 8 8 8 8 8
Na,S0,, % 0 0 5 5 8 8 0 0 5 5 8 8
SPECIFIC ENERGY, MJ/kg  4.34 5.17 2.48 5.10 2.8 5.41 3.30 5.26 2.79 4.56 3.08 5.13
FREENESS, m) 86 86 228 139 275 138 200 76 229 126 255 100
BULK, cm?/g 3.06 2.83 3.16 2.91 3.20 3.05 2.94 2.65 2.89 2.62 2.95 2.57
BRIGHTNESS, % 39.3 36.1 44.1 45.6 49.8 48.5 34.3 31.0 38.3 38.5 45.7 43.7
OPACITY, % 98.9 99.1 96.5 96.6 94.5 95.9 98.8 99.3 96.0 97.9 95.5 96.9
BURST INDEX, kPa-m?/g 0.77 0.76 0.40 0.54 0.41 0.53 0.62 0.91 0.60 0.84 0.69 0.96
TEAR INDEX, mN'm?/g 2.79 2.33 2.24 2.27 2.10 2.17 2.24 2.20 2.24 2.18 2.44 2.66
BREAKING LENGTH, km 2.23 2.18 1.72 2.10 1.70 2.06 1.87 2.49 1.90 2.41 1.98 2.53
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KRAFT LIGNIN

DIOXANE LIGNIN

18 16 § (ppm)

Figure 1. Silicon-29 NMR spectra of trimethylsilylated softwood lignins

ry alkanol groups different from those in nati-

ve lignin structures.

Kraft lignin was then modified by NaEH4-
~reduction, catalytic hydrogenation, dimethyl
sulfate methylation, MeOH-HC1 methylation, and
carboxymethylation; Si-29 NMR spec‘ra of the
resulting lignin derivatives after trimethyl-

silylation are also presentei and iuterpreted.

CONCLUETIONS

Reproducible £i-29 NMR spectra of trime-
thylsilylated lignins and lignin derivatives
can be obtained using modern measuring proce-
dures at reasoiable demands on measuring time
and sample amount (~ 100 mg), Spectra afford,
at least, semiquantitative information on dis-
tribution of OH and COOE groups and reflect
also the structure of arylalkyl units in lignin
macromolecule.
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This effect was reported in literature (2) several
years ago. The mechanism of delignification 1is

an electrophilic attack of the hydroxonium ion

on the aromatic nuclei. Some patents (3) claim
special effects for hydrogen peroxide deligni-
fication under acidic conditions. For example,

a specific effect of heavy metal ions on the
delignification process is claimed. Another patent
describes the application of chelating agents

to reduce viscosity losses, and claims no effect

of heavy metals on the delignification process.

In all of these application cases, hydrogen per-
oxide reacts with significantly lower deligni-
fication intensity compared with strong alkaline

conditions.

If the application of hydrogen peroxide and oxygen
is combined, the curve for the delignification
rate in the alkaline area is very close to those
for oxygen and hydrogen peroxide as single com-
pounds. Acidic conditions result in a significant
increase of the delignification rate. Figure

2 illustrates this effect.

In fact, at low pH-values delignification with
Hzﬂz/D2 is nearly as efficient as in the presence
of alkali. A 50 % decrease of lignin content

is achieved, as figure 2 shows.

Delignification | a2
95 100 30
8o 25
2o
6o
15
4o
To
20 5]
1234567880121
pH
Figure 2. Comparison of the delignifica ion
rates achieved with hydrogen roxide,

oxygen and the combination of Loth
as a function of pH-value,

Z) Reaction parameters for acidic H,0,/0,-de-
lignification. s £
Our laboratory-scale trials were made with
Consistencies between 9 % anc¢ 25 %. There
18 very little change in delignification if

th ;
® Consistency is increased. Very significant,
h°'°uer,
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1s the effect of pH on delignifica-

tion. To obtain a steep decrease in lignin con-

tent, it should be lower than 4,

The oxygen pressure is of less importance. The
presence of oxygen is obviously necessary to
get a better effect than with hydrogen peroxide
alone. There 1s a synergistic effect if both
chemicals are combined. As figure 3 i1llustrates,
in the presence of nitrogen, the delignification

rate worsens,

Without pressure, but in the presence of air,
results are slightly better than with nitrogen.

On the other hand, increasing the oxygen pressure

from 0. 2 MPa to 0.7 MPa does not improve results.

The synergistic effect becomes obvious 1f the
pulp is reacted with hydrogen peroxide first,
and oxygen 1s added only after nearly total
consumption of the peroxide. The resulting de-
lignification rate is poor compared with the

combined addition of both chemicals.

Delignificationy A
% o] 30
03MPa pressure without

8o 25 with: pressure
15

Lo
1o

20 ] I I

Figure 3. Effect of the addition of oxygen or

air to acidic peroxide delignification.

In the presence of Ooxygen, a relatively small
amount of hydrogen peroxide already causes a
significant effect on lignin content. This is

1l1lustrated in figure 4.

The reaction requires an elevated temperature

In order to take place correctly. For example,

at 50 °C the peroxidr concentration is nearly
unchanged afte; one hour, as is the lignin pop-
tent. If the reaction time 1is prolonned, the
amount of residual peroxide decrease "-|Gwly

due to decomposition, but delignifi ‘0N remains
poor. If heavy metal i1ons are added, '"® peroxide
consunption becomes more rapid, bulbt witlligyt

a change in | IppEa number pulp. The addition
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Figure 7. Bleaching of sulfite pulp with the

sequence EGP-PDS—P.

]

As mentioned in a previous paper, an EOP-stage
incréaées the cleanliness of the pulp. Therefore,
the [OP—PUS-P—bleached pulps have the same or
a slightly better cleanliness already at a lower
brightness level, compared with standard pulps.
for an integrated mill, therefore, a lower bright-

ness may suit demands without any problems.

If a higher level of brightness is required,
the demand for bleaching chemicals like hypo-
chlorite or chlorine dioxide 1s low. A final
bleaching stage with hypochlorite or chlorine
dioxide easily yields a brightness above the
90 % remission level. The amount of TOX produced
in such a H- or D-stage normally is less ‘'han
200 -

ton of pulp.

300 g of organically bound chlorine per

The i1nitial delignification steps CUP-PDS-EP
reduce the demand for active chlorine in the
final D-H-stage to a level below 3 % even for
magnefite pulps with kappa numbers around 30.
All results so far reported deal with sulfite

pulps. The reason for this is simple: there are

no kraft pulp mills in Germany. Nevertheless,
we also made some promising trials with the P0q~
Lrea'ment on kraft pulp. As figure B shows, a

Pﬂs-ﬂlnqe can be used as a pretreatment stage

prior to an alkaline oxygen-delignification stage.

Namely, POSapretrealmenl increases the overall
delignification rate. With the same reaction
conditions in the oxygen stage after PO_-pre-
treatment, significantly lower kappa nu;hprs

are achieved.
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Kappa | Viscosity |Breaking length
20 dm’/ kg km (6oo CSF)
unbleached 32 1330 92
Oxygen bl 19 1240 8.7
PO.,-Oxygen bl. 12 1170 83

Conditons in 0 : 15%Na0H,0.3 MPa 0, 12%conc,lo0°C.15h
! « POg: 075%H,0,.2%H,S0,.0.3MPa 0,,12%conc,95°C. a5h

Figure B. Treatment of kraft pulp with a PO_-
stage prior to oxygen deiignjficaﬁlon.
Depending on 1ntensity of the PDS-stage, the
strenght of the pulp 1s somewhat lower than
when treated with oxygen alone. The major draw-
back seems to us the necessity to switch the

pH of the pulp from strong alkaline to acidic,

and 1n the oxygen stage to alkaline again.

In principle, the Pﬂs-pretreatment should be as
useful as a nitrogen dioxide - or an ozone-
pretreatment for the extended oxygen deligni-

fication of kraft pulp.

5) Result of the pilot plant trials.

The pilot plant was designed to show the
feasibility of the PDS—staqe in the PUq~H~H-
the old C-E-h-H-

sequence. If 1t would fit intn

bleach plant installations, only slight changes

of the equipment would be necessary. In the
bleach plant of the B-line of PWA Waldhof,
run at

all stages are 10 % consistency 1n

upflow towers with displacement washing systems

on top of them. Therefore, the retention

times are fixed.

The Pﬂs~staqv should fit within the retention
time of either the C-stage or the E-stage. These
are 1% and 90 minutes, respectively. The

pilot plant's retention tower was a steel

tube of approximately I m in diameter. Its
height was 22 m, which corresponds ‘o the
height of th» E-tower.

The unbleached pulp was heated with steam

and piled in a tower. Wi'h a medium-consisten -y
gyro pump the pulp wa lnken out of the tower.
Because of the Lqh ipacity of the pump,

mos! of the pulp wan recveled back to the

























isotherm according to the following equation: REFERENCES
1. GUTMANN D. The Donor-Acceptor Approach to
e, 2 Molecular Interactions, New York 1978.
ps Ol S KH- <
L KL' % 2. FOWKES F.M. in Microscopic Aspects of Ad-
hesion and Lubrication, Ed. GEORGES J.M.
where I' is the sorbed amount in pumol/g cellu- Amsterdam 1982.
lose, c¢ is the equilibrium concentration in
mmol /L, Fm and K; are the constants of the Lang-
muir model and KH is the constant of the Henry
model. Figure 2 shows the model fit for the
sorption of pyridine on microcrystalline cellu-
lose.
Figure 3 illustrates the time dependence of the
sorption. A significant amount is sorbed almost
instantaneously but the rate rapidly decreases

and equilibrium is not completely reached after
24 h.

0.51

0‘00 5 10 15 20 25

TIME h

Figure 3. Sorption kine€tics for pyridine on
microcrystalline cellulose. Start
concentration in solution 0.42 mmol /L.

-
AV

-

CONCLU® IONS
‘_gﬁllu!ose shows an amphoteric behaviour towards
L

the reference substances used. Presumably the

active groups are the hydroxyls in the glucose
The cgmﬁiéx éorptiéﬁ.iéothéfmé and the sorption
kinetics might be explained assuming that both
~.2urface adsorption and bulk absorption take
p]ace.-;gé-Lancmuir component would then corre-
SPOnd to adsorption on the exposed cellulose
Surfaces and the linear Henry component to bulk
absorption in the amorphous regions of the cellu-
lose. The surface adsorption can be expected to
occur fapidly, whereas the bulk absorption is a
slow process involving diffusion in the cellu-

108e, which could explain the kinetics observed.
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coefficient for the carbonyl band has been estimated

from the case where the AKD had reacted with CH ;0H.
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Figure 1. IR spectrum for a cured and extracted
sheet. The baseline used In the

calculations is also shown.

CALORTMETRIC INVESTIGATIONS

Another way that could be used to trace the
reaction is to follow it calorimetrically. If the
_value 0.047 X obtained in the IR-study is taken and
we estimate an enthalpy of 100 kJ, we can expect a
total evolution of heat of the order of 100 mJ per
gram of pulp. A sensitive calorimeter needs at least

an hour to come to equilibrium after the sample has
been placed in t, which means that the temperature
must be lowerc! to ensure that the reaction has a
half 1life of at least a couple of hours. This also
meins that the calorimeter must be able to detect a
couple of uW. It was therefore decided to work at

40°C and with the LKB-Biological Activity Monitar
Calorimeter,

A

which has this level of sensitivity.
pulp sample impregnated with dichloromethane and

a pulp sample impregnated with a 1 Z solution of AKD

In dichlor methane were placed in the calorimeter.

In the sam,le with AKD there was an excess of

generated heat. When this axcess heat was plotted

logartthmically against time a straight line was

obtatned that pave a half 1ife of the reaction of 8.6

he If the activation energy and the reaction rates

determiqed at ilgher temperatures (1) are used, a

half life of 5.2 b Wwould be expected. This is as

close an apreement 48 can be expected for this tvpe

Af experiment.
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DRY

HYDRATED

PPM

Figure 4. 13C CP/MAS NMR spectra of Esparto grass xylan
corresponding to the "dry” and "hydrated” polymorphs.

The line broadening effect of the latter on the C-1 resonance of the
cellulose, as illustrated in Figure 5, demonstrates the difficulty in
interpreting the effects of fine structure vs. heterocomposition

HOLOCELLULOSE

7 \
| HYDRATED XYLAN
I T 1 |

1C0O

PPM

Figure 5. 13C CP/MAS NMR spectra of Esparto grass holocellulose
and hydrated xylan. ;
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assigned to H un.ts (Fig. 3B).

A spectrum of a softwood showed a weak signal

Spectra of two

monocotyledons (bamboo and Cordyline australis)

showed only signals from G and § units.

Figure 2.

Figure 3.

130
PPM

160 150 140
Carbon-13 CP/MAS NMR spectra of

Pseudowintera colorata wood.

10
PPM

160 150 130
Carbon-13 CP/MAS NMR si sctrum of
wood from two rimu (Dacrvdium

cupressinum) trees.

Etherification

Structures with Bg-0-4 ether linkages are

labelled s®, G® and H® in Table 1.
lqcking this linkage are labelled Sf, Gf

nf,

Structures

and
Fig. 3 shows that the extent of

etherification can varv from sample to sample,

éven within a species.

Lignin/tannin ratios

Condensed tannins

contribute signals at 145

and 155 ppm. 1In the case of pohutukawa wood
(fig. 4), simulation of the NMR spectrum gave a
lignin-tannin ratio of 2.5 (by weight) . ome of

the
but

veys of Eucalyptus and Nothofaqus
found Particularly low lignin/tanni:

tannin was extracted by refluxing ethanol ,

most ended up in Klason "lignin". 1In our

species we

ratios for

E. botryoides and N. fusca,
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1. FERRIGE, A.G. and LINDON, J.C.

B
160 150 140 130
PPM

Figure 4. Carbon-13 CP/MAS NMR spectra of
(A) pohutukawa wood (Metrosideros
excelsa), (B) tannin extracted
with acetone/water at 20°C.
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BRANCHING PROBABILITY
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figure 4. Weight average degree of polymerization of
primary chains as a function of s, (Symbols as
in Figure 3.).
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Figure 3. Extent of reaction of primary chains as a

function of weight fraction of lignin in
solution,

A =organosolv lignin from Black Cottonwood.
O =alkali lignin from Black Cottonwood.
© =alkali lignin from Western Hemlock.

Thus the gel point and a_ are approached as ;;
approaches Infinity, or else as 1/;; approaches
zero,

In Figure 6, the values now found for a

are plotted against l/I;. Although the curvefis
not llnear, It has been extrapolated to

1/;; = 0 by use of a fltted polynomial. The
limiting value found Is 0.33 which Is In

agreement wlth the theoretlcal value of 0.33

expected for a tetrafunctional branch polnt
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Figure 5. Crosslinking density as a function of s,
(Symbols as in Figure 3.)
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Figure 6.. Branching probability as a function of s.
A =alkali lignin from Western Hemlock.
V =alkali lignin from Black Cottonwood.
" 0 =organosolv lignin from Black Cottonwood.

system, and |s substantially distant from the
value of 0.50 which should be associated with a

trifunctional branch polint assembly.

Similar calculations have been made for the

organosoly Cottonwood lignin fractlions. These
results, along with those previously reported
for an alkall Hemlock lignin are shown In

Flgures 3 through b.






Table 1

some Characteristics of R-15 Lignin Fractlons: Purification Method Two

= = 3 -
Fraction Time ) g Hn.i Mu.i Alefa = 5 dg/dfl Hw.i/ n, 1
(min) (g) (g) (mole em g °) (em” g ) iy
F-0(® 2.5 0.107 0.031 - - - - - -
12 7ol 0.235 0.100 2250 4725 0 0.14 0.187 2.1
F=2 13 0.324 0.195 3375 7760 0 0.12 0.192 255
F=3 21 0.274 0.275 3280 10280 -1.2 0.10 0.184 3,1
PoLE 30 0.301 0.363 3170 11430 -2,1 0.11 0.188 3.6
: PRSIt 240 0.394 0.478 3715 17575 1.4 0.09 0.190 4.7
Pafe s it 52 0.329 0.574 3540 24200 1.3 0.10 0.192 6.8
SIS 70 0.234 0.642 5010 24050 -0.6 0.11 0.195 4.8
g B S 95 0.479 0.782 4770 36200 0.9 0.06 0.191 7.6
F-9 135 0,405 0.901 5900 43600 T 0.04 0.189 7.4
F-10 240 0eEd 0.963 6450 54900 Larl 0.01 0.193 8.5
(a). Determinations were made for the mixtures of F-0 plus F-1 which is
"~ {dentified as F-1* {in Table 3.
Table 2
Analytical Characteristics of Certaln Lignin Fract.ions.(aJ
Fraction c H 0 -OCH3 Unit Calculated
(%) (2) (Z) (%) Weight C6 - C3 Unit(b)
F-1 56.79 6.02 37.19 13.91 210.1 CQH9.8203.94(UCH3}0.96
F=5 59,44 6.22 34.34 15.43 202.1 C9H9.5503_33(0CH3)1-01
F-10 58.85 6.17 34,98 13.14 200.8 CQHQ.SGOJ.SA(OCHB)O.BS
(a) Fractions from R-15 using purification Method Two; (b) Mean molecular weight
of C -C. structural unit = M_ = 204.5.
6 3 o
Table 3
; (a)
Properties of Lignin Fractlions
F
SESCULOR S g F-2 F-3 F-4 F=5 F-6 F-7 F-8 F-9 F-10
Parameter
5 0..00 0.195 0.275 0.363 0.478 0.574 0.642 0.782 0.901 0.963
_; 5 4725 6200 7390 8370 10580 12860 14050 18020 21380 23540
M 2250 2685 2835 2910 3070 3140 3270 3465 3665 3770
n,i
M o 2 2.3 2.6 2.9 3.5 4.1 T T 6.2
;& 245t 30.3 36.1 40,9 5.7 62.9 68.7 88.1 105 115
l!;; 0,0433 0.0330 0.0277 0.0244 0.0193 0.0158 0.0146 0.0114 0.0095 0.0087
i; 11,0 13.1 13.9 14.2 15.0 15,4 16.0 16.9 17.9 18.4
p' 0.900 0.919 0.921 0,920 0.921 0.922 0.925 0.927 0,931 0.933
p' 0.006 0.008 0,014 0.018 0.024 0.026 0.025 0.027 0,027 0,026
ﬂf 0.055 u,085 0.137 0.174 0,220 0.233 0.237 0.255 0.257 0.265
77 20,3 23.7 24.3 26.0 24,3 264.6 25.7 26..4 28.0 28.8

(a)

Fractions from R-15.

(b) F-1* = F-0 plus F-1,
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Figure 2 shows that the decrease in the
electrophoretic mobility is directly related to a
ransfer of JH-C-PAM from the MCC to the coarse fiber
fraction, the reason for this transfer being that the
adsorption is slower onto the coarse fiber fraction
(slow penetration of the polymer into the porous cell
wall of the fibers) than onto the MCC fraction. The
faster rate of adsorption onto the MCC fraction is
probably due to the smaller size of the substrate and
correspondingly smaller diffusion distances finto this

substrate.
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Figure 2. JH-c-PAM adsorption onto microcrystalline
cellulose. *H-C-PAM added to a
suspension containing 2 g/l bleached
softwood kraft fibers and 100 mg/1 N
microcrystalline cellulose. Same

experiment as {in Fig. 1.
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These experiments are further sub;:antlated by data
showing different adsorption kinetics onto the fiber
fraction and onto the MCC fraction, and by
experiments with non-porous fibers (nylon) where
these transient surface potentlal effects and polymer

transfer effects are absunt.
REFERENCES
l. STRAZDINS, E., Tappl 55:1691 (1972)

STRAZDINS, E., Tappi 57:76 (1974)

3. LINDSTROM, T. and SOREMARK, Ch., Jo
Collold Interiace Sci. 55:305 (1976)

22







Filgure 2 shows that the decrease in the
electrophoretic mobtlity is directly related to a
~ransfer of JH-C-PAM from the MCC to the coarse fiber
fractlon, the reason for this transfer being that the
adsorption 1s slower onto the coarse fiber fraction
(slow penetration of the polymer into the porous cell
wall of the fibers) than onto the MCC fraction. The
faster rate of adsorption onto the MCC fraction is
probably due to the smaller size of the substrate and
correspondingly smaller diffusion distances into this

substrate.

1 I

) Ll
FIBRE CONC =2 g/I
| MICROC. CELL CONC =100 mg/I

PAM I ADD. © 4 mg/I

s_ .2ﬂ_
: 6 05

5+ a

3t S A
6%

|

PAM ADSORPTION ON MICROCRYST CELL (mg/g)
2~
U

5 10 15 20
TIME AFTER _ADDITION (min)

Figure 2. JH-C-PAM adsorption onto microcrystalline
cellulose. H-C-PAM added to a
suspension containing 2 g/l bleached
softwood kraft fibers and 100 mg/1 9
microcrystalline cellulose. Same

experiment as in Fig. 1.

g o e =

/
These experiments are further substantiated by data

showing different adsorption kinetics onto the fiber
fraction and onto the MCC fraction, and by'
experiments with non-porous fibers (nylon) where
these transient surface potentlal effects and polymer

transfer effects are absent.
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For the DHP's it has been demonstrated, that mol% H, mol% G, mol% S,
OMe}CQDU, OICQDU values can be calculated independently from each
other on the basis of IR spectra. The R values for that kind of calcu-
lations were around 0.985 and subsequently the corresponding s values
were low.

The best way to estimate the number of OH groups by IR spectroscopy
seems to be the evaluation of difference spectra recorded by substrac-
tion of spectra from acetylated and non acetylated lignin.

IR data of MWL's and dioxande/HC1 1ignins can be jointly evaluated.
DHe/CQDU values of 36 preparates of these types has been predicted
on the basis of IR spectra giving values of R = 0.998 and s + 4,

OHe/CQBﬂ values of 120 Willstatter lignins has been predicted result-
ing in R = 0.956 and s + 5.

IR spectroscopy is a good screening method for lignin classification.
With this method it can be demonstrated, that some of the dicotyledone
plants (e.g. Brachylaena hutchinsii Hutch (Compositae); Tectona grandis L.
(Verbenaceae))have guaiacy) lignins. Many dicotyledone species have
1ignins containing only a few percent of syringyl units demonstrating
that boundaries are fluid between typical guaiacyl and guaiacyl/syringyl
classification groups.






















































Table 1. Products from the Reaction of 8-1 Diol I with Hydrogen Peroxide and Oxygen

Yield, Mole %

Compound H-0, Stabilized@ H505 UnstabilizedP Oxygen®
Ethoxy 8-1 Diol, I 70 31 14-18
Stilbene, IV 16 - -
Stilbene, V 3-4 - -
Ethyl vanillin, VI 6-7 15 60
Ethyl vanillic acid or hydroxyl- (Trae) 4 -
substituted ethyl vanillin

w-Hydrox ;acetoguaiacone IX — 2 (Trace)
Guaiacylglycol, VII - i 2 4 ; - 7-8
Ethoxyhydroquinone, VIII . . . (Trace) Wy 15 i T -
Methoxyhydroquinone = l : — Soes " I, = (Trace)
1,2,4-Trihydroxybenzene i - il <! RS = TR -
Ethanol ;@i ~~, ke 17 % 4-5
Methanol ' T 15 29 36

Reaction Condltlons s I

3[H202]/[B -1 diol) = 3, [8-1 d1011 = 0.07 x 1073, [DTPA]

10-3, 45°C, 4 h, pH 10.5, in vacuo.

bas in "a" except DTPA and MgSO4 were omitted and reaction

W

Coxygen added continuously for 4 h at 45°C and pH 10.5

0.4 x 103, [Mgsog) = 0.16 x

was performed under N

Table 2. Reactivity of a, B-Unsaturated Phenols with Alkaline Hydrogen Peroxide@

Initial Residual H20) Residual Phenol

Compound pH Atmosphere % of Applied $ of Applied
trans-Stilbene - o 9.0 in-vacuo 99-100 97
trans-Stilbene - 10.5 in-vacuo 97-100 98
p-Methoxystilbene - 1 9.1 in-vacuo 78 85
p-Methoxystilbene 05 : in-vacuo 87-90 96-97
4,4'-Dihydroxystilbene 10.5 in=vacuo 86 76
4,4'-Dihydroxystilbene 13.0 " nitrogen 96 96
4,4'-Dihydroxystilbene 9.0 ' in-vacuo 74 65
Isoeugenol i . 10.5 nitrogen 82 83
Isoeugenol 13 nitrogen 90 96

apeaction conditions: [modell=5.89x1073; [H202]/[DTPA]=0.40x10“3;

45°C, 2 h

(MgSO41=0.17x10"3;



- H c@ OH | —= i
£ o OCH3 OCH3
r i H _ H

FIGURE | OUTLINE OF PRIMARY REACTIONS IN TREATMENT OF B -1 DIOLT WITH ALKALINE
HYDROGEN PEROXIDE '
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SCHEME I

Delignification via AHQ-induced SET Reactions
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SCHEME II
Delignification via AHQ Adduct Reactions
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composition can most readily be explained in
terms of the difference in the carbohydrate
degradation mechanism in kraft (alkaline
peeling-off reaction) vE., alcohol (acid
hydrolysis) pulping.

Alcohol pulps had strength properties
similar to 'kraft since equivalent tear-tensile
relationships were obtained for both processes.
Thus, at equal breaking lengths alcohol and
kraft pulps had tear indices within 1.0
mN.mzfg of each other for both bleached and
unbleached pulps. Both bleached pulps had
higher tear indices than unbleached when
compared at the same breaking length.

Strength properties of unbleached alcohol
pulp were 62-792 of kraft at 24 mL/g kappa no.

and 74-82% at 18 mlL/g kappa no. (Table 2) when

compared at 1.50 cm3/g bulk.

Table 3

3
BLEACHED PULP PROPERTIES AT 1.50 em™ /g BULK

Table 2
UNBLEACHED PULP PROPERTIES

AT 1.50 cmag/gm BULK

Alcohol Kraft
Kappa No., mL/g 24 18 24 18
Tear Index,_mN.mzfg 5.7 6.1 T2 T8
Burst Index;”gPulmzlg _5;5 Ik 4.7 h;2
Breaking lengths, km s 8.2 B2
Viscosity, mPa.s 29.4 29.2 49.0 36,7
Relative refining time 9.0 1.0 3.6 2.6

Once bleached to 88 brightness (by CDED

for alcohol and CDEDED for kraft), the
difference between the two types of pulps was

practically eliminated: when samples with the

same initial éappa no. were compared, the
Properties of alcohol pulps were within AL 4
of kraft. (Table 3) Thus alcohol pulps, in
ipite of having lower unbleached strengths than
t¢raft, produced bleached pulps with comparable
physical properties, probably because lower

chemical charges and fewer ftages were required

to achieve the same target brightnass,
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Alcohol Kraft

Original kappa no., mL/g 24 18 24 18
Tear index, mN.mzfg Bl 7S 15D RS
Burst index, kPa.mZ/g 3.0 2.9 o0 g
Breaking length, km Fe35c-9 6l E55H
Viscosity, mPa.s 30%91 2248 27.3 23.7
Relative refining time i Al ) e8I 3
Beatability of unbleached pulps, as
inferred from relative refining times,
followed the order: lower kappa alcohol >

lower kappa kraft > higher kappa kraft »
higher kappa alcohol. This order remained the
same after bleaching.

CONCLUSIONS Alcohol pulps from the APR
Process compared favorably with kraft pulps.
They were obtained in higher yields and
bleached to high brightness levels with less
chemicals and in fewer stages than kraft
pulps. While unbleached alcohol pulps had
strength properties below kraft, bleached
samples were comparable and in some instances
easier to refine. This study confirmed that
alcohol pulps exhibit properties suitable for
replacement of kraft pulps in  papermaking
applications.

REFERENCE

(1) Lora, J.H. and Aziz, S. "Organosolyv
pulping: a versatile approach to wood

refining" Tappi J., in press.
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The fermentability of the hemicellulose hydrolyzates was tested using

Fusarium oxysporum as a model organism. This organism ferments xylose,

galactose, glucose and mannose to ethanol with a good yield but is severely
inhibited by acetic acid. In the hydrolyzates obtained using T. reesej
enzymes the ratio of sugars to acetic acid was 5:1 (g/g), and at a
carbohydrate concentration of 30 gl ! the acetate concentration was 6 ‘RIES
The extent of acetate inhibition could be remarkably reduced by carrying out
the fermentations at neutral pH, at which the acetic acid was completely
dissociated.

To summarize, the acetyl- and 4-0-methylglucuronic side groups of the
xylan backbone of birchwood were found to limit the utilization of the raw
material in two ways: by affecting the yield in enzymatic hydrolysis and
through the inhibitory effect of the released acids.
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the facilitation of recycling of unhydrolyzed
cellulose, deserve to be tested also in the
context of acid-catalyzed hydrolysis.

7. The question about the type of lignin
products that may be obtained from ligno-
cellulosic biomass processing remains enig-
matic but ought not to be ignored. Additives
to phenolic adhesives represent a very
limited outlet for biomass lignins. Bio-
degradation studies, while fundamentally
rewarding, have so far revealed little
application potential for biomass processing.
Alkaline oxidation remains the most effective
pathway to low-molecular weight lignin
products. On the other hand, conversion of
lignin, in some manner, to liquid fuel
products would ideally complement alcohol
fuel production.

8. 1In the biomass field, the importance of
non-utilitarian free scientific inguiry has
never been sufficiently recognized. This
lack of activity needs to be rectified in
order to complement the data base which
process technology badly needs for its

sound evolution.
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py considering the differing phenolic content
‘and crosslinking densities of the middle lamella

and

secondary wall lignins, differences that

have been demonstrated by experimental results

[7] and theoretical analysis [1].
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Likewise, the hemicellulose fraction deserves attention as a chemical
feedstock. Our present interest focuses on three chemicals, furfural
from hardwoods and annual plants and hydroxymethylfurfural from soft-
wood , as well as acetic acid from both. Due to the high concentration
of pentosans and hexosans in the hemicellulose fractions, their yield
should be higher than from conventional spent liquors that consist
mainly of lignin.

If compared with conventional pulping acetosolv pulping offers the
following advantages:

- The pulping chemicals, acetic and hydrochloric acids, are recovered
by distillation

- Losses of acetic acid may be compensated by acetyl groups in wood

- The evaporation energy of acetic acid is less than one fifth from
that of water

- No pressure vessels are needed

- Lignin and hemicelluloses are obtained separately and in a low con-
densed,sy)fur-free form

- No sulfur or chlorine containing effluents are produced

- The amount of wash waters is drastically reduced.
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Total ion chromatogram of ether extract of oqueous chlorination filtrate from the oqueous chiorination of acetovanillone.
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Figure 2

Chemical ionization mass spectrum from chromatogram (18.2 min) of the ether extract of the agqueous chlorination of acetovanillone.
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, Figure 3

Electron impact mass spectrum from chromatogram (18.2 min) of the ether extract of the aqueous chlorination of ocetovanillone.
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Figure 4

Electron impact mass spectum of 3,5,5-trichloropent—4—en—2—one.

274































References

1. CLAUSSEN, P., ACS Symp. Ser. 154 (Syni.

Memb., Vol 2): 361 (1981).
2. MICHAELS, A.S., Chem. Eng. Prog., 64(12):31

(1968).

3. NAKAO, S., NOMARA, T., KIMURA, S., AIChg J.
25(4):615 (1979). <L

4. WOERNER, D.L., Ph.D. Dissertation, U, of
Washington, (1983).
5. WOERNER, D.L., McCARTHY, J.L., AIChE Symp

Ser., 232, (80):25 (1984).

MIXING | MAKE (P—
B HEE %
u »
FEED RETENTATE
Fos 4 G
- “—J
e P AN EATE—
| FICTER i

6. BOTTINO, A., CAPANNELLI, G., J. Memb, fci
L6150 (1983) ;
Fo300} — — BOTTINO DATA lao s
L = MODEL PREDICTION 0
] L
X J I
70 D
R S
A 200k
T 1% &
E E
J
250 1 ¢
# tin %
100 ¢ 4 40 |
0
! [ "

10 15 20 x5
SOLIDS CONCENTRATION

Figure 2. Model Iit to Batcn Concentration Data
of Bottino. Initial Values: 10,000 L of £03%
lignin SSL at 100 g/l total solids on a .69 m?

‘ i 2 ;
ot membrane with a km—]uo L/m™/hr. RlLigrin)=.75
R(non-lignin solids)=0.0.

l.u

_ e - - > L
; _— 22 -'I""-._—._ ;
L \ ,"" —om 8= — o 260
U 0.8} /r',. - - |
0h.; A / b g 2
b es
bl g o 5
1 g 0.6F X » 7 ePmy 180 N
Vi 4 V.4 w COWENIWT (08 ¢
: e A
1 \\ ){, T —— S0e® s 160 N
1 0.4 A o s !
ML ‘- Yy eeaesaa m- R
ﬁ //—._\\'—-1_/\\ % 120 A
)/ \\ i T
Y T i ik |
u_zf‘/ Dt ""“-.._ 80:
= 2 8
1.0 2.0 ‘a
TIME (HOURS)
Figure 3. Model Fit of SSL production. Screms A-

Batch Concentration. Scheme B- Batch COnTHItra~-
tion to 1/2 initial volume followed by 24211~

tration to 90% purity then concentrate.

rigire 1. Typical Block Diagram cof Ultrafiltratior

Batch Operation.
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Figure 4. Production of HMKL by Batch Concentra-

tion. Effect of membrane area.
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Figure 1. The effect of ethanol (50%) on soda-
AQ delignification of unextracted Nor-
way spruce chips at 1709 for 90 min
using a 20% alkali charge at a 5:1
liguor-to-wood ratio
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Figure 2. Effect of ethanol concentration and
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AQ derivatives on the lignin content
of pulp from extracted Norway spruce
woodmeals in 1N NaOH at 1600C for 1h.
Data of soda-AQ cooks of chips are
also included
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Figure 3. Effect of ethanol and AQ derivatives
on carbohydrate stabilization from
extracted Norway spruce woodmeals in
IN NaOH at 160°C for 1 h. Data of
soda-AQ cooks of chips are also
included
60—
8 55
Q =
=1 =
W
~ S
i L
S50
|
= | O NaOH-EtOH
P / A NoOH-AQ(0.1%)
as[ @ ® Na OH~- EtOH- 40 (0.1%)
A 1 O RN [T
20 410 60 80 100
Kappa Nao
Figure 4. Effect of ethanol (50%) on the delig-

nification selectivity from soda-AQ
pulping of Norway spruce at 170°C



