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Recovery of Solvent and By-Products from
Organosolv Black Liquor

J.1.BOTELLO, M. A. GILARRANZ, F. RODRIGUEZ,* and M. OLIET
DEPARTAMENTO DE INGENIERIA QUIMICA

FACULTAD DE CIENCIAS QUIMICAS

UNIVERSIDAD COMPLUTENSE DE MADRID

28040 MADRID, SPAIN

ABSTRACT

The recovery of acohol and by-products from ethanol-water and methanol—water
pulping liquors was studied. The recovery system proposed consists of three
stages: black liquor flashing, lignin precipitation, and precipitation distillation of
mother liquor. At the flash stage, 47 and 51% of the alcohol in the black liquor arere-
covered for ethanol and methanol processes, respectively. The lignin recovery yield
at the precipitation stage is 67% for ethanol black liquor and 73% for methanol black
liquor. The distillation of precipitation mother liquors enables recovery of 98%
ethanol and 96% methanol from this stream as distillate, whereas the distillation
residue contains significant amounts of sugars, furfural, and acetic acid that can bere-
covered. The study concludes with the overall mass balance for the recovery system
proposed.

INTRODUCTION

In spite of being the most used pulping process, the kraft process suffers
from several innate disadvantages. Thus, it generates emissions and effluents
of a highly objectionable nature and the cost of a modern kraft mill is enor-
mously high because of the nature of the chemical recovery process and the
necessary environmental control measures. One answer to these concerns of
the chemical pulping industry is the introduction of aradically new technol-
ogy. In this way, organosolv pulping processes have been presented as a
proven alternative to the kraft process (1). Organic solvents are used as pul p-
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2432 BOTELLO ET AL.

ing agentsin these processes (2, 3). Several factors are responsible for thein-
terest in organosolv processes: the efficient recovery of solvent isfeasibleand
practical (4), they have a substantial capital cost advantage over acomparably
scaled kraft mill [which can be used to reduce the mill’ s size so they become
attractive at 300 tons of pulp/day (against 1000 tons of pulp/day for a new
kraft; see Ref. 4)], the process is environmentally benign and there is no air
pollution by malodorous gases since the pulping is sulfur-free (5-7), and the
pulps can be bleached easily without chlorine sequences (8).

Another important advantage of the organosolv processesis their ability to
produce substantial quantities of useful by-products (lignin, sugars, furfural
and acetic acid) in addition to pulp. Furthermore, the organosolv processes en-
ables the recovery of by-products in easily handled forms. The development
of markets for these by-products and their ultimate market value will eventu-
aly add significantly to the economics of the organosolv process. The variety
of productsfrom organosolv pul ping by-products and their applications can be
found elsewhere (9, 10). Lignin, for example, has been tested with positive re-
sultsin numerous applications (11, 12).

Among the great variety of cooking solvents proposed in the literature, low
molecular weight aliphatics alcohols, such as ethanol and methanol, are the
most used dueto their low cost and minimum environmental impact (1, 2). Be-
sides, their high volatility in respect to water enablestheir easy recovery from
black liquor by distillation.

This study isacontribution on the recovery of solvent and by-productsfrom
organosolv black liquors. A better understanding of thisissueis required due
to the great importance of the recovery system for the economy of the organo-
solv processes.

EXPERIMENTAL

The experimental study consists of four stages. wood cooking, black liquor
flashing for partial recovery of the solvent, lignin precipitation by black liquor
dilution with water at different pH values, and final solvent and by-products
recovery by distillation. In addition, the pulp and the lignin recovered have
been characterized. The work concludes with a proposal on the most suitable
recovery system for the black liquors studied.

Two autocatalyzed cooks of Eucalyptus globulus were carried out, one in
50% ethanol-water (w/w) and another in 50% methanol-water (w/w). The
liquor was exclusively composed of alcohol and water. The heating rate was
3°C/min. The cooking temperatures were 183 and 185°C for ethanol and
methanol pulping, respectively, and the time at these temperatures was 100
minutes. These cooking conditionswere found to be the most suitablefor each
alcohol in previous works (13, 14)
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Equipment and Procedure

Industrial size chips (approximately 30 X 20 X 5 mm) were taken from a
pulp mill. After air drying, the moisture content of the chips was 16.2%
(TAPPI test method 264). The chemical composition of the wood was as fol-
lows: 21.9% lignin (TAPPI test method T 222), 47.2% cellulose (TAPPI test
method T 203), 23.4% pentosans (TAPPI test method T 223), 2.5% extrac-
tives (TAPPI test method T 204), and 0.3% ash (TAPPI test method T 211).
All values given above are on an oven dry wood basis.

The equipment used to carry out the cooking experiments has been previ-
ously described (15). It consists of apressure vessel of 4 L (Zipper Clave, Au-
toclave Engineers, Erie, PA, USA) provided with an external heating system,
forced liquor circulation, and measurement and control of both pressure and
temperature. The autoclave was loaded with 429 g of dry wood and 3 L of
liquor, and the system was purged with nitrogen; a slight overpressure of 0.2
MPawas maintained to avoid flashing and boiling of the liquor. At the end of
the cook the system was cooled and the black liquor collected. The cooked
chips were defiberized in 0.1 M sodium hydroxide (20 L/kg dry wood) and
washed thoroughly with water.

To carry out the lignin separation by precipitation at the conditions corre-
sponding to areal process, the composition of the black liquor was adjusted to
that corresponding to the concentrated black liquor leaving the flash, whose
composition was determined by computer-assisted simulation (PROSIM,
Logiciels de simulation de I’Ecole Nationale Supérieure d'Ingénieurs de
Génie Chimique, Toulouse, France). To simplify, the flashing of black liquor
was made from full pressure to atmospheric pressure. Thus, the black liquor
was concentrated in arotary evaporator and the concentrations of the volatile
components were adjusted to their respective values.

Thelignin was precipitated from the black liquor by dilution with water and
acidulation with sulfuric acid. The precipitation was carried out at 25°C in a
beaker provided with amagnetic stirrer. The lignin precipitated was separated
by centrifugation at 3500 rpm for 10 minutes. Once the most suitable dilution
ratio to achieve lignin precipitation was established the influence of pH was
studied. Sulfuric acid was used to acidify the black liquor. The lignin precipi-
tation yield was calculated from the difference between the lignin concentra-
tion in concentrated black liquor and the lignin concentration in precipitation
mother liquor.

Pulp Characterization

Total Yield. After air drying of the pulp, it was weighted and the pulp
moisture content was determined according to TAPPI T 210 test method.
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Rejects Weight. The pulp was screened using a Somerville device af-
ter laboratory wet disintegration of 75,000 rotations (Blchel van der Korput
B.V.,Vendelier, The Netherlands). Therejects were collected and weighed af -
ter drying at 105°C.

Screened Yield. Screened yield was calculated from total yield and re-
jects weight.

Pulp Viscosity. Theintrinsic viscosity of the pulp was determined ac-
cording to SCANC15:62 test method.

Kappa Number. The kappa number was determined according to
TAPPI 236 test method.

Acid-Insoluble Lignin in Pulp. TheKlason lignin content of the pulp
was established according to TAPPI T 222 test method.

Black Liquor Characterization

Lignin. UV spectrophotometry at 280 nm was used to determine the
lignin concentration in both black liquors and precipitation mother liquors
(16). The samples were diluted with pH 12 buffer solution (0.1 M boric acid
adjusted to pH 12 with sodium hydroxide) to the proper concentration range.
A purified lignin sample obtained from the black liquor by dilution with water
(2:2) and acidulation to pH 2 with sulfuric acid was employed as standard.

Sugars. The sugars concentration in the black liquor was determined by
HPLC using aHi-Plex Pb column (Polymer Laboratories) and arefractive in-
dex detector (Waters 410 Differential Refractometer). To eliminate ligninin-
terferences it was precipitated from black liquor samples by dilution with wa-
ter (1:2). Prior to injection the sample was neutralized with PbO. The analysis
conditions were: oven temperature, 85°C; detector temperature, 40°C; mobile
phase, water; flow, 0.6 mL/min; injection volume, 25 L.

Furfural. A black liquor distillate sample of 10 mL was mixed with 0.5
mL of anilineand 2 mL of acetic acid, and the mixture was stirred until the de-
velopment of a pink coloration. After 15-20 minutes the absorbance of the
sample was measured at 510 nm.

Acetic Acid. It was determined by titration: 50 mL of black liquor was
titrated with 0.1 N sodium hydroxide until pH 6.5 was reached. This pH value
correspondsto thetitration end point for acetic acid in both ethanol 50% (w/w)
and methanol 50% (w/w).

Lignin Characterization

Molecular Weight Distribution. Gel permeation chromatography
(GPC) was used to determine the lignin molecular weight distribution. A
series of three columns (Waters Ultrastyragel) with different pore sizes (100,
500, and 1000 A) and a refractive index detector (Waters 410 Differential
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Refractometer) were employed. Narrow calibration was carried out with
polystyrene standards (162—38,000 daltons). The analysis conditions were
oven temperature, 38°C; detector temperature, 40°C; mobile phase,
tetrahydrofuran; flow, 1 mL/min; injection volume, 25 uL. The GPC
parameters determined were: weight-average molecular weight (M),
number-average molecular weight (M,,), polydispersity (M\,/M,), and z-
average molecular weight (M,).

Phenolic Hydroxyl Groups. A spectrophotometric method based on
the difference in absorption at 300 nm between phenolic units in neutral and
in alkaline solutions was used to determine the phenolic hydroxyl groups con-
tent of lignin (17).

Carbonyl Groups. The lignin carbonyl groups content was calculated
from UV spectroscopy measurements after lignin reduction with an excess of
sodium borohydride in akaline solution (18).

RESULTS AND DISCUSSION

Pulp

The characteristics of the pulps obtained in the cooking runs are shown in
Table 1. In both cases the lignin content of the pulp is high compared to the
usua lignin content of kraft pulps. This fact does not affect significantly the
quality of the pulp since the organoslv pulps can be bleached easily (8). The
viscosity values are rather low for both pulps. However, the loss of viscosity
of organosolv pul ps during bleaching has been reported to be low (19). There-
fore, the viscosity of the pulps obtained can be considered as acceptable. The
screened yield were 55.8 and 54.3% for the ethanol and the methanol pro-
cesses, respectively. This concordance between these values is due to the fact
that the operating conditions used in each case are very similar.

TABLE 1
Pulp Characterization®
Ethanol Methanol
Kappa humber 29 21.7
Klason lignin (%) 7.8 5.8
Viscosity (mL/g) 1039 1112
Total yield (%) 55.8 54.3
Screened yield (%)° 55.8 54.3

@ Percentages on oven dry wood basis. Pulping conditions: 50%
alcohal (w/w), 100 minutes, and 183 and 185°C for ethanol and
methanol pulping, respectively.

b\Weight of rejects was negligible in both cooks.
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TABLE 2
Black Liquor Composition Before and After Flashing?
Prior to flash After flashP
Ethanol Methanol Ethanol Methanol
Alcohol (g) 457.0 460.0 2445 (53.5) 226.8 (49.3)
Water (g) 457.0 460.0 330.0 (72.2) 360.2 (78.3)
Furfural (g) 0.71 1.05 0.66 (93.5) 1.01(96.4)
Acetic acid (g) 1.85 1.52 1.52 (82.0) 1.31(86.2)
Lignin (g) 28.92 28.82 28.92 (100) 28.82 (100)
Xylose (g) 1.84 5.16 1.84 (100) 5.16 (100)
Glucose () 153 3.40 1.53 (100) 3.40 (100)
Galactose (g) 0.91 1.47 0.91 (100) 1.47 (100)
Arabinose (g) 1.47 2.32 1.47 (100) 2.32 (100)
Mannose (g) 1.03 0.67 1.03 (100) 0.67 (100)

aReferred to 1 L black liquor at the flash entrance.
bFiguresin parentheses are the percentages remaining in the concentrated black liquor.

Black Liquor Flashing

The composition of the black liquorsis shown in Table 2 for methanol and
ethanol cooks. The amount of lignin extracted in both casesis practically the
same. The generation of acetic acid in the ethanol cook is higher than in the
methanol cook, whereas the methanol cook produces more furfural and much
more sugars. The pH of the black pulping liquor is 3.99 and 4.02 for the
ethanol and methanol pulping, respectively. The composition of the concen-
trated black liquor after flashing is also shown in Table 2. Alcohol, water,
acetic acid, and furfural are the components recovered in the flash vapors. The
nonvolatile substances are recovered quantitatively in the concentrated black
liquor. The amount recovered for each component in the flash vapors can be
calculated asthe difference between inlet and outlet flash streams. The greater
volatility of methanol and higher cooking temperature of the methanol cook
determine ahigher recovery for methanol (50.7%) than for ethanol (46.5%) as
flash vapors. From these values it can be seen that a substantial amount of al-
cohol is recovered in both cases, which shows the importance of the flash
stage in the economy of the recovery system. The high recovery is dueto the
fact that the black liquor enthalpy is used in the separation. Although the
amount of water recovered is moderate, it also helps to reduce the water con-
sumption. In spite of the fact that furfural and acetic acid have high boiling
points, significant amounts of these substances can be found in the flash va-
pors. The occurrence of these substances might become a drawback because
they can scale up due to solvent reuse.
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Lignin Precipitation

Theresultsin Table 3 indicate that the precipitation of the lignin contained
in the concentrated black liquor leaving the flash can be accomplished suc-
cessfully by dilution with water. The dilution of the concentrated black liquor
does not imply a significant increase of the pH owing to the buffering effect
of acetic acid and other organic acids released by wood during the cook. As
can be seen in Table 3, the lignin precipitation yield for ethanol black liquor
increases as the dilution ratio israised. A substantial increment of the precip-
itation yield (from 59.9 to 67.0%) is attained when the dilution ratio changes
from 1:0.79 to 1:1.68. However, the increase of the precipitation yield is low
from adilution ratio of 1:1.68. Therefore, adilution ratio of 1:1.68 isthe most
appropriate ratio to use. The use of very high dilution ratios would lead to a
great volume of mother liquors and a great consumption of energy at the dis-
tillation stage.

A different behavior can be observed for methanol black liquor precipita-
tion. Thus, the lignin precipitation yield is higher for methanol black liquor
(65.1% for 1:0.63) than for ethanol black liquor at low dilution ratios (59.9%
for 1:0.79). The precipitation yield increases slightly when the dilution ratio
rises from 1:0.63 to 1:1.45, and it decreases significantly from 1:1.45. In this
case adilution ratio of 1:0.63 has been chosen as the most suitable ratio since
it enables a precipitation yield very close to the maximum and does not in-
volve ahigh volume of precipitation mother liquors. The difference in behav-
ior observed between the ethanol and methanol lignin in the precipitation
study may be caused by the different molecular weight distributions and func-
tional groups contents. Thus, the methanol lignin is more soluble, due to its
higher functional groups content and lower molecular weight. Thisleadsto a
lower precipitation yield.

The results of lignin precipitation for different pH values at the dilution ra-
tios selected above are contained in Table 4. In the case of ethanol, the effect
of pH on the increment of the precipitation yield isvery low. Thisyield varies

TABLE 3
Lignin Precipitation Yield vs Black Liquor Dilution
Ethanol Methanol
Dilution Precipitation yield (%) Dilution Precipitation yield (%)
1:0.79 59.9 1:0.63 65.1
1:1.68 67.0 1:145 67.6
1:258 67.1 1:2.27 63.3
1:3.48 68.3 1:3.09 60.8
1:4.38 67.5 1:3.90 58.6
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TABLE4
Lignin Precipitation Yield vs pH
Precipitation yield (%)
Ethanol, Methanol,
pH dilution 1:1.68 dilution 1:0.63
3 67.1 67.6
2 67.6 70.3
1 68.5 72.1

between 67.1 and 68.5%. Therefore, the use of acid to improve lignin precip-
itation is not recommended. For the methanol black liquor a substantial in-
crease of the precipitation yield can be attained by the addition of acid. A pH
value of 2 is the most suitable because it allows a good precipitation yield
(70.3%) for moderate acid consumption. The acidulation to pH 1 can be re-
jected since theincremental increase of precipitation yield does not justify the
great increase of acid consumption. The lignin precipitation yields obtained
are similar to the lignin precipitation yield for wheat straw soda black liquors
(20) and lower than that for the kraft black liquors (21).

The properties of the lignin isolated at the precipitation conditions selected
are shown in Table 5. Both lignins have similar properties. However, some
differences can be observed. The molecular weight of the methanol lignin is
lower than the molecular weight of ethanol lignin, as shown by the M,, value.
The higher fraction of high molecular weight in the ethanol lignin can also be
seen from the higher value of M,. Likewise, this fact determines a wider
molecular weight distribution, which is reflected in the higher polidispersity
value (M,/M,,). The functional groups content is slightly lower for ethanol
lignin. The lignins isolated have a functional groups content and a molecular

TABLES
Lignin Characterization
Ethanol Methanol
My 3020 2778
Mn 1053 1197
Mw/Mp, 2.87 2.32
M, 9081 6135
Phenolic hydroxyl (%, w/w) 1.83 1.94
Carbonyl (mol/Cg) 10.7 X 10~4 112 x 10°*
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weight distribution similar to those of other organosolv lignins that have been
successfully employed as components of ligno-phenol-formaldehyde resins
(22).

Solvent and By-Products Recovery System

Theusual recovery system for organosolv black liquorsincludesflashing of
the black liquor, lignin precipitation, and distillation of precipitation mother
liquor, as shown by others (4, 6, 23). The recovery system proposed for the
continuous process, illustrated in Fig. 1, can be simulated from the experi-
mental results, which have been obtained in batch runs.

Thelower heat of evaporation and higher volatility of the a cohol compared
to water enables its partial recovery at the flash stage. The overhead vapor,
which contains alcohol, water, acetic acid, and furfural, is condensed and sent
to the cooking stage. As was mentioned above, the concentration of furfural
and acetic acid in the condensate is significant. The rise in black liquor con-
centration for these substances due to solvent reuse is described by the fol-

lowing expression:
o~ 100 — x\ < [ Y
C_CI<1+ X )jzl<100> @

where C isthe concentration in the black liquor after | alcohol reuse cycles, C;
Is the concentration in the black liquor for abatch cook, y is the percentage of
black liquor by-passed around the flash stage, and x is the percentage of the
substance evaporated at the flash stage. The accumulation of acetic acid will
be higher than that of furfural since its volatility is also higher. The effect of

Acidified
Water Alcohol Water Soda

< N

Alcohol Recoved

Water 9 Alcohol
Furfural
Acetic Acid

Wood___pf 1y cESTER FLASH »| PRECIPITATION | »| DISTILLATION

Lignin
(Low mol. weight)
Sugars
Sodium Acetate
Furfural
Water

Pulp
Lignin
(High mol. weight.)

FIG.1 Pulping and recovery system studied.
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FIG. 2 Acetic acid concentration in black liquor vs acohaol reuse cycles.

alcohol reuse on the acetic acid concentration as a function of the percentage
of black liquor by-passed around the flash stageisshown in Fig. 2. Inthisfig-
ure the effect of black liquor by-passing on acetic acid accumulation is also
shown. A flash stage without black liquor by-pass would result in arisein the
acetic acid concentration of the black liquor. This rise would have values of
22 and 16% for the ethanol pulping and methanol pulping, respectively. In
both cases it would not lead to a significant change in the acidity of the pulp-
ing medium since the acids released by the wood are weak and the cooking
medium is buffered. In the case of furfural, the rise in the concentration has a
value of 6.9 and 4.0% for the ethanol and methanol pulping, respectively.
Therefore, the accumulation of volatile species can be considered as accept-
able. If part of the black liquor were by-passed around the flash stage, the ac-
cumulation would be lower. For instance, in the ethanol pulping when 30% of
the black liquor is by-passed, the rise in the acetic acid concentration has a
value of 13%. However, the enthalpy of the black liquor by-passed cannot be
used in the flash stage. To summarize, the black liquor by-pass around the
flash stage is not necessary.

At the precipitation stage the lignin fraction with a higher molecular weight
IS separated as a precipitate whereas the low molecular weight lignin remains
dissolved in the precipitation mother liquors. These mother liquors also con-
tains sugars, acetic acid, and furfural. Prior to the distillation tower, soda is
added to the mother liquors (6). The addition of soda avoids lignin precipita-
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tion in the stripping section of the distillation tower, where the alcohol con-
centration dropsdramatically. It aso neutralize organic acids (i.e., acetic acid)
which arerecovered in the distillation residue as sodium organic saltsand pre-
vents their recovery in the distillate.

The simulation of the distillation showed that the distillate contains only
traces of furfural due to its high boiling point (162°C). The first plate of the
rectification section of the distillation tower does not contain nonvolatile sub-
stances, such as sugars, lignin, and organic acids salts, but contains a signifi-
cant amount of furfural. A side draw from this plate could be sent to another
distillation tower where furfural would be obtained as a distillation residue
and the distillate would contain the alcohol and the water (4). This alternative
would also increase water recovery. The recovery of furfural as a chemical
commodity could improve the economics of an acidic organosolv process.
However, the recovery of furfural could be difficult due to itslow concentra-
tion in the black liquor. The solvent recovered at the distillation stage is sent
to the cooking stage after mixing with the flash condensate and with make-up
streams of water and alcohol. The distillation residue can be concentrated and
marketed as a syrup or it can be spray dried.

The simulation of the distillation allowed us to determine the number of
plates of the distillation tower needed for different alcohol recovery yields.
The results are plotted in Fig. 3. The number of plates needed for the distilla-
tion column is moderate up to an alcohol recovery yield of about 96-98%.

D T - T T T - T T T T

1 ®
®7  —=—methanol ]
£0- —e— ethanol i

Distillation theoretical plates

5 ]
L ]
4 / '/
- u o
] /./ ./
54 " o .
e
10 T j T i T T T T T T T
D0 74 A 5] B 100

Alcohol recovery (%)

FIG. 3 Didtillation plates vs alcohol recovery.
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TABLEG6
Mass Balance for the Ethanol Process®
Stream 1 2 3 4 5 6 7 8 9 10 11 12 13
Alcohol 4798 22.31 25.67 25.67 25.67 25.16 0.51 0.51 47.98
Water 4798 1334 3464 1095 144.14 144.14 1.05 143.09 3359 47.98
Furfural 0.080 0.0052 0.075 0.075 0.075 Traces 0.075 0.0052
Acetic acid 0.24 0.043 0.20 0.20 0.043
Lignin 3.04 3.04 2.04 1.00 1.00 1.00
Xylose 0.19 0.19 0.19 0.19 0.19
Glucose 0.16 0.16 0.16 0.16 0.16
Galactose 0.095 0.095 0.095 0.095 0.095
Arabinose  0.15 0.15 0.15 0.15 0.15
Mannose 0.11 0.11 0.11 0.11 0.11
Soda 0.13
Sodium 0.27 0.27
acetate

@Basis: 100 weight units of black liquor at the digester outlet.

From thisyield range the number of plates of the column increasesremarkably
as the alcohol recovery israised, which means higher investment and operat-
ing costs. According to Fig. 3, the most suitable recovery yield for the distil-
lation stage is 98% for ethanol and 96% for methanol, which can be accom-
plished with 21 and 24 platestowers, respectively. Thefeed plate of thetowers
calculated are the 10th for ethanol and the 14th for methanol.

TABLE 7
Mass Balance for the Methanol Process®

Stream 1 2 3 4 5 6 7 8 9 10 11 12 13
Alcohol 4768 2417 2351 2351 2351 2257 094 0% 47.68
Water 4768 1035 37.33 4094 78.27 7827 Traces 78.27 37.33  47.68
Furfural 011 00039 0.10 0.10 010 Traces 0.10 0.0039 =
Aceticacid 015 0021 013 0.13 0.021 c
Lignin 2.90 2.90 204 086 0.86 0.86 6
Xylose 0.52 0.52 0.52 0.52 0.52 £
Glucose 0.34 0.34 0.34 0.34 0.34 =
Gaactose  0.15 0.15 0.15 0.15 0.15 <
Arabinose  0.23 0.23 0.23 0.23 0.23 E
Mannose 0.067 0.067 0.067 0.067 0.067 2
Soda 0.088 A
Sodium 0.18 0.18 5
acetate =
Sulfuric acid 0.052 0.052 2
@ Basis: 100 weight units of black liquor at the digester outlet. §
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Recovery System Mass Balance

The recovery system mass balance for a continuous process is shown in
Tables 6 and 7, where the number of the streams correspond to those
indicated in Fig. 1. The mass balance was established from the separation
yield for the different species at each stage and was calculated on the basis
of 100 weight units of black liquor leaving the digester. It is an approximate
balance since it does not take into account minor constituents such as tars,
extractives, lipids, and carbohydrate degradation products. The results ob-
tained in this study are in general in good agreement with those reported by
others (24, 25). In these works it has aso been shown that cellulose accounts
for 50-55% of the initial dry wood weight, and the main by-products (high
molecular weight lignin, sugars, furfural, and acetic acid) for 25-30%; the
rest, about 20%, are tars, extractives, lipids, and other wood degradation
products.

The main characteristics of methanol and ethanol processes are summarized
in Table 8. The dilution factor needed for ethanol black liquor precipitationis
higher than for methanol, so a higher amount of precipitation mother liquor is
fed to the distillation tower. This means greater energy consumption at this
stage. On the other hand, sulfuric acid is not needed to precipitate ethanol
black liquor, which reduces the cost of chemicals. The consumption of sodais
similar in both processes. Alcohol consumption is higher for the methanol
process than for the ethanol process (2.0 vs 1.1%); however, thisis not a seri-

TABLE8
Comparative Study between Ethanol and Methanol Processes

Ethanol Methanol
Dilution ratio at precipitation stage 1:1.68 1:0.63
pH at precipitation stage 34 2
Dilution water at precipitation stage (L/kg wood) 7.27 2.75
H,S0O,4 consumption (g/kg wood) — 3.49 E
NaOH consumption (g/kg wood) 8.62 5.9 3
Distillation tower feed (I/kg wood) 11.6 7.11 z
Distillation plates 21 24 2
Make-up alcohol (%) 1.06 1.97 <
Make-up water (%) 70.0 78.3 f
Pulp (g/kg wood) 558 543 =
High molecular weight lignin (g/kg wood) 1354 137 c
Low molecular weight lignin (g/kg wood) 66.4 57.8 5
Sugars production (g/kg wood) 46.8 87.8 §
Sodium acetate (g/kg wood) 17.9 121 )
Furfural production (g/kg wood) 4.98 6.72 2

@)
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ous disadvantage for the methanol process since methanol is cheaper than
ethanol. The amount of by-products obtained in both processesissimilar. The
main difference is the higher amount of sugars produced in the case of
methanol.
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