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THE ROLE OF METHANOL IN A

METHANOL ACID SULFITE PULPING PROCESS

INTRODUCTION

Bublitz and Hull(1) have developed a methanol/water acid sulfite

pulping process that produces a high yield, fully de-fibered pulp

from western hemlock (Tsuga heterophylla) in one hour or less

(Table I). The two most significant features of this process are its

ability to pulp wood successfully in acid conditions isothermally,

and its fast pulping rate (one hour compared to five to six hours

for present commercial acid sulfite processes).

The physical and chemical properties of methanol were examined

in an attempt to explain the above phenomena. The physical properties

of methanol as compared to water may allow faster movement of

pulping chemicals in penetrating wood, which could account for the

isothermal pulping capability of the above process. Under acid

conditions, methanol is a good nucleophile and may combine chemically

with wood lignin. This chemically bound methanol may be increasing

the pulping rate. Experiments were developed to study the above

properties of methanol.

A third consideration in adding methanol to pulping liquor for

a commercial pulping process is the high cost of the methanol. Its

thermodynamic properties and recovery for re-use are briefly

examined.

Knowledge of the role of methanol in the process may provide

further enhancing adjustments to the process parameters, and may

suggest other more effective chemicals for use in the pulping process.
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TABLE I : PARAMETERS OF BUBLITZ AND HULL PULPING PROCESS (1)

WOOD SPECIES WESTERN HEMLOCK (Tsuga heterophylla)

WOOD CHIP SIZE 0.1875 in. to 0.375 in.

0.48 cm. to 0.95 cm.

PULPING LIQUOR : WOOD RATIO. 7 : 1

AMOUNT OF SULFUR DIOXIDE.... 20% TOTAL SO2 on OVEN DRY WOOD (By Weight)

.... 70% FREE SULFUR DIOXIDE

.... 30% COMBINED SULFUR DIOXIDE

BASE MAGNESIUM (Process also works with

SODIUM and AMMONIA)

ORGANIC SOLVENT METHANOL

AMOUNT OF METHANOL 30% of PULPING LIQUOR (weight basis)

COOKING TEMPERATURE 165° C. (ISOTHERMAL CONDITIONS)

COKING TINT". 60 MINUTES

The above conditions are optimal for pulping speed and

pulp quality.



LITERATURE REVIEW

Pulping Chemical Penetration Of Wood Chips

Wood chip penetration by pulping chemicals is more critical

in acid sulfite processes than in other pulping processes. The

wood must be completely penetrated at a lower temperature ( 110°C

to 120°C ) than an efficient cooking temperature ( 155°C to 165°C ).

Commercial acid processes typically allow one to three hours to

raise the temperature to the required level.

If temperature rises too rapidly before the bisulfite and

base ions fully penetrate the wood, the commonly observed phenomenon

of dark centers or burned cooks occurs, resulting in low yield and

high screened rejects. The chemistry of this phenomenon is generally

accepted as an acid hydrolysis of lignin, forming a highly reactive

benzyl alpha carbonium ion (2). Without the presence of nucleophilic

bisulfite ions to combine with them, the carbonium ions irreversibly

combine with aromatic carbons. Extensive occurences of these

combinations renders the lignin molecules insoluble in the pulping

solvent.

Casey (3) states that the free sulfur dioxide penetrates wood

up to four times faster than the combined sulfur dioxide. Possibly

the free sulfur dioxide moves as a gas while the base ions are

solutes that move mainly by diffusion through the pulping solvent.

The long penetration times have been quite costly to acid

sulfite pulp mills and several techniques have been devised to

3
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shorten them. Many mills that produce chemical pulps for newsprint

furnish have switched from calcium acid sulfite to magnesium

bisulfite processes with the development of magnesium recovery

processes. A modern bisulfite process is much less acidic than

a calcium acid sulfite process, resulting in a reduced effect

of the pulping chemical penetration phenomenon. Other mills may

use a presoak stage with base liquor, steam packing of the wood chips,

or steam pressurizing of the digester. The Va-purge technique (4),

developed by the Pulp and Paper Research Institute of Canada and

consisting of a series of steam pressurizations and pressure

releases, has worked well in laboratory cooks but has been too

expensive for commercial applications. All of the above techniques

are at best only marginally successful, and are themselves time

and energy consumers.

The methanol acid sulfite process of Bublitz and Hull (1)

uses isothermal conditions at 165°C. This may be possible

in part because of faster liquor penetration with the presence

of methanol. Experiments were designed to compare methanol acid

sulfite wfth aqueous acid sulfite chemical penetration of wood

chips.

The Chemistry Of Methanol And Acid Sulfite Pulping

Since the methanol acid sulfite process developed by Bublitz and

Hull produces a full chemical pulp in one hour, methanol should have

additional effects on the pulping process beyond just eliminating

the low temperature, chemical penetration stage of the process to
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attain a full chemical pulp in such a short time. The presence of

methanol should also increase the delignification rate of the acid

sulfite process.

Delignification involves both fragmentation of the lignin

molecule and then making the lignin fragments soluble in the

pulping solvent (5,6,7,8). The predominant chemical reaction in

acid sulfite pulping is an initial acid hydrolysis of benzyl alpha

carbon ether (or alcohol) bonds, forming a carbonium ion. (Figure I).

The existence of this benzyl alpha carbonium ion as an intermediate

step in an SN1 reaction pathway is generally accepted by most

investigators (6,7,8,9), and is probably the only significant

lignin fragmentation reaction in acid conditions. Because only

about seven percent of the aryl-propyl units of lignin contain

an alpha carbon ether group (7), lignin is not extensively

fragmented, which further means that relatively large molecular

weight lignin fragments must dissolve in the pulping solvent.

Further complications arise when lignin condensation reactions

occur, linking lignin fragments together again by highly irreversible

carbon-carbon bonds. The benzyl alpha carbonium ion is a strong

electrophile and can chemically combine with even weak nucleophiles,

including the aromatic carbons of lignin itself. (Figure III)

In acid, methanol is a good nucleophile in SN1 reactions(10,14).

Considering the amount of methanol present in the pulping liquor of the

Bublitz and Hull process (35 molecules of methanol to every bisulfite

ion),(Table II) methanol should compete favorably with the bisulfite

* SN1 = Nucleophilic Substitution Reaction; Unimolecular(10).



FORMATION AT THE BENZYL ALPHA CARBON (7)
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FIGURE II : PROMINENT FEATURES OF SOFTWOOD LIGNIN (7)
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FIGURE III: POSSIBLE CHEMICAL COMBINATIONS WITH LIGNIN ALPHA-

CARBONIUM IONS IN METHANOL ACID SULFITE PULPING.
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0.0282 : 0.9844 : 3.9722

1 : 35 : 141

= 0.0282 moles of HS0-
3

Mole Ratios

Methanol/Water Liquor Water Liquor

0.0282 : 5.722

1 : 203

8

TABLE II : MOLE RATIO COMPARISON BETWEEN WATER AND METHANOL/WATER

LIQUORS.(With 7 : 1 Liquor : Wood ratio and S02/Wood=20%)

Computation of Molar Quantities

Total SO2 :

CH3OH
: H2O

Total SO2 :

H20
0.0469 : 0.9844 : 3.9722 0.0469 : 5.722

1 : 21 : 85
1 : 122

HS03
- :

CH3OH
: H2O HS0- : H0

3 2

Methanol/Water Liauor (wt/wt = 30%/70%)

1 mole of CHOH
31.5 grams CH3OH X 3 = 0.9844 moles of CHOH

32.0 grams
3

1 mole of H0
71.5 grams H2O X

2
= 3.9722 moles of H2O

18.0 grams

1 mole of
SO2

3.0 grams SO2 X = 0.0469 moles of SO2 TOTAL
64.0 grams

Water Liquor

X

X

1 mole of H2O

= 0.0187 moles of free SO2

= 0.0282 moles of HS0-
3

= 5.7222 moles of H20

0.0469 moles of SO2 TOTAL

0.0187 moles of free
SO2

103.0 grams H2O

3.0 grams SO2

18.0 grams

1 mole of SO2

64.0 grams
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ion in combining with the carbonium ion, and compete even more

favorably with the aromatic carbons of lignin in combining with the

same carbonium ions. Although the combined methoxyl group is also

a good leaving group in acid (10), thus making the reaction

reversible, the presence of the methoxyl group - even for a short

time - should prevent significant lignin condensation. This

blocking capability of the lignin bound methanol may be the most

important feature of methanol in the pulping process (11). It

should conserve bisulfite ion and produce shorter, less condensed

lignin fragments which would also be easier to dissolve in the

pulping solvent.

The second stage in delignification is dissolving the fragmented

lignin in the pulping solvent to remove it from the wood

carbohydrates. Sulfonation of the fragmented lignin should make

it highly soluble in water; however, lignosulfonates are known not

to be highly soluble in the primary alcohOls (12).

Kleinert's organosolv pulping process (13), using liquor

composed of 42.2% ethanol and without acid or other pulping

chemicals, produced a lignin precipitate when the ethanol was

evaporated from the spent liquor. Probably Kleinert's process is

essentially an ethanol extraction of lignin. Other investigators

(11,14,15) report similar lignin precipitation phenomena in alcohol

pulping processes when the alcohol is evaporated from spent

pulping liquor.

The Bublitz and Hull pulping process includes sulfur dioxide

and sufficient magnesium base for bisulfite ions to exist such that

lignin sulfonation should be occurring. Recent work in sulfonation
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reactions has been summarized by Gellerstedt (2). Sulfonation

seems to be limited to the propyl carbons of the basic lignin

propyl-aryl units.

The most likely sulfonation reaction occurs at the alpha

carbon by the acid catalyzed SN1 pathway previously mentioned.

( Figure I ). This reaction is essentially irreversible in

the temperatures and pressures used in pulping.

Sulfonation or fragmentation of the lignin molecule at the

beta carbon in acid conditions has not been found. Although an

important fragmentation site in alkali pulping, the beta carbon

appears to be stable to acid reactions on lignin, including beta

carbon ether bonds.

Work with model compounds strongly suggests that sulfonation

does occur on the lignin gamma carbon. The gamma carbon does not

seem to be involved in the polymeric chemical bonds between the

lignin propyl-aryl units, but exists mainly as a primary alcohol

group (-CH2OH), with some also existing as an aldehyde group (-CHO).

(2,6,7). Presently, the exact reaction pathways for sulfonation

are still not fully known. Gellerstedt and Gierer (9) suggest

an acid catalyzed SN1 reaction similar to the accepted pathway

for the alpha carbon. This reaction involves only gamma carbons

that exist as primary alcohols, where the alcohol group is first

protonated, then leaves the carbon as water, with the gamma carbon

remaining as a carbonium ion. The carbonium ion, as a strong

electrophile, should chemically combine with any available nucleophile,

such as the bisulfite ion. (Figure IV).

The gamma carbons that are aldehydes can be directly sulfonated



1 1

FIGUR.E IV : SUGGESTED LIGNIN GAMMA CARBON SULFONATION PATHWAYS (2)

WITH SATURATED PROPYL GROUPS
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FIGURE IV : SUGGESTED LIGNIN GAMMA CARBON SULFONATION PATHWAYS

(continued)

WITH STILBENE STRUCTURES
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FIGURE IV : SUGGESTED LIGNIN GAMMA CARBON SULFONATION PATHWAYS

(continued)

NUCLEOPHILIC ADDITION AT AN ALDEHYDE GROUP

0

C

H- C - R

H - C - RI

H+ , HS03
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by a nucleophilic addition reaction in acid conditions (10),

(Figure IV).

The nucleophilic addition reaction of bisulfite ions to lignin

gamma carbons that are aldehydes seems plausible and consistent

with organic chemistry literature; however, an acid catalyzed SN1

reaction at the lignin gamma carbon when the carbon is a primary

alcohol does not. (10,14,15). Primary alcohols - even when in

strong acid solutions with the alcohol group protonated - do not

appreciably dissociate into HOH and R-H2 because of the large

amount of energy necessary to remove the HOH from the highly

unstable R-&I2 (carbonium ion). When the "R" of R-hH2 has sp2

carbon bonds (that is, "R" is -C=C- ), as in stilbene structures,

the carbonium ion is more stable than when "R" is made up of fully

saturated carbons. Nevertheless, the primary carbonium ion should

still be essentially unstable (14).

An SN2 reaction pathway might be a more likely pathway for

sulfonation at the lignin gamma carbon. A strong nucleophile (such

as a bisulfite ion) possessing a significant amount of kinetic

energy should be capable of forcing the HOH from the gamma carbon

and becoming chemically bound to the carbon itself (Figure IV)

(10,14,15) .

Methoxylation of lignin gamma carbons by adding methanol

to an acid sulfite pulping process may be highly restricted.

Although methanol does have nucleophilic properties, it is not

nearly as strong a nucleophile as the bisulfite ion. If

methoxylation occurs at the gamma carbon, it should only happen with

SN2 = Nucleophilic Substitution Reaction; Bimolecular (10).



the SN1 reaction pathway. Furthermore, when methanol is added to

an aldehyde in acid conditions, a hemiacetal forms only if there

is no water present (10,15),(Figure V).

Thermodynamic Properties of Methanol

One problem in developing the methanol acid sulfite process

for commercial application is the high cost of the methanol (16).

An efficient recovery and recycling of the alcohol is a must. A

review of methanol thermodynamic properties (17,18) indicates that

the energy to evaporate methanol is less than the energy to

evaporate an equal mass of water. . Chemical recovery by evaporation

of methanol in a methanol acid sulfite process should require less

energy than in a comparable aqueous acid process. Kleinert's work

with an aqueous ethanol pulping process in a small scale pilot plant

demonstrated heat economy in the ethanol recovery system because

of the lower heat of vaporization of ethanol compared to that of

water (13). In addition, the energy to recover methanol should

also be less than the energy to recover ethanol, the more commonly

used alcohol in organosolv pulping experiments.

Additional energy savings may also appear in heating fresh

pulping liquor to cooking temperature. Methanol has a lower

specific heat than water in the temperature and pressure ranges of

pulping. The thermodynamic effects of mixing water, methanol,

sulfur dioxide, magnesium oxide, and wood chips on the thermodynamic

properties of isolated, pure chemicals is unknown.

Any energy savings could help defray the cost of the methanol.

15



FIGURE V : HEMIACETAL FORMATION FROM AN ALCOHOL AND AN ALDEHYDE (10)
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NOTE: The hemiacetal would only form in the absence of water.

In water, the aldehyde and alcohol remain, even at room

temperature.
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DEVELOPMENT OF EXPERIMENTAL PROCEDURES

Pulping Chemical Penetration of Wood Chips

Experiments were designed to compare methanol acid sulfite with

aqueous acid sulfite chemical penetration of wood chips. Four

methods of determining pulping chemical penetration were considered:

color dyes, pH indicator dyes, autoradiography, and scanning electron

microscopy / energy dispersive x-ray analysis (SEM/EDXA). Color

dyes offer the easiest approach and can be used as a preliminary

investigation to give approximate chemical penetration rates for

more rigorous analysis. pH indicator dyes such as bromphenol blue,

methyl orange, and bromthymol blue are suggested by Casey (2);

however, determining a pH gradient across only one centimeter of

wood may prove difficult. Also, these pH indicator dyes do not

show the actual location of the pulping chemicals.

Autoradiography (19) has the advantage of being able to trace

a specific pulping chemical by labelling it with a radioisotope (35S,

27Mg, or 14CH30H). Its disadvantages include working with radioactive

materials and producing radioactive wastes that are sensitive and

costly to handle. Another disadvantage is the time involved in

developing effective laboratory procedures. Exposure times for

photographic emulsions alone may take two to three weeks.

A preliminary experiment was performed using color dyes to

produce approximate chemical penetration rates. These approximate

rates were then used as parameters in a more detailed investigation

17
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involving the SEM/EDXA.

The EDXA is capable of determining the relative distribution

of specific chemical elements across a specimen's surface. The

detectable elements of interest in this investigation are magnesium

and sulfur. Since the EDXA detects the total amount of an element

present regardless of its chemical state or valence, it is

incapable of discriminating between these different states or

valences. It is thus impossible to know if the detected sulfur is

sulfur dioxide gas, sulfurous acid, bisulfite ions, or other sulfur

containing compounds.

Discerning between the different chemical states of the

sulfur dioxide pulping chemical can only be done indirectly with

the EDXA by tracing magnesium. If sulfur dioxide alone is added to

water, the following chemical reactions occur:

(gas) SO2 ===2t.
SO2 + H20 H2SO3

H+ + HSO --- 2H+ + S03

Work by Campbell and Maas (20) using vapor pressure and

conductivity measurements at 20°C and atmospheric pressure suggests

that equilibrium remains mostly to the left, with sulfur dioxide

as either a gas or only mixed with water and relatively little

of it as sulfurous acid. More recent work (21) using pH indicator

probes, capable of remaining accurate in elevated temperatures and

pressures, indicate that pH increases with increasing temperature.

This suggests that the equilibrium under pulping conditions is

shifted even further to the left. When a small amount of base is

added to the sulfur dioxide and water mixture, bisulfite ions are

formed. Further addition of base causes formation of monosulfite



ions. The following equations describe these reactions:

H20 + SO2
-7,==

H2S03

H2S03 + MOH -7==
MHSO3 + H20

MHSO3
+ MOH --- M2S03 + H20

The change in pH and the concentrations of the different sulfur

containing ions is shown is Figure VI. The methanol containing

process of Bublitz and Hull remains at an acid pH of about 2 to 3.

It is generally accepted by most investigators that the sulfur

compound responsible for lignin sulfonation is the bisulfite ion (8).

To have bisulfite ions present in pulping liquor, a base cation is

necessary. The cation used for the methanol acid sulfite process in

this study was Mg++, although Na+ or
NH4

would also work. The reason

for using magnesium is because a recovery process for it is

commercially available whereas for ammonia there is only recovery

of the SO2, and for sodium, recovery is much more difficult. Also,

in acid conditions, more bisulfite ions exist at a lower pH with Mg++

than with the other bases (5,23),(Figure VI).

If sulfur is detected by the EDXA and magnesium is not, then

the sulfur is most likely sulfur dioxide. If both elements are

detected by the EDXA in the same location, then bisulfite ions are

most likely present. Any abnormally high concentrations of magnesium

or sulfur in the wood chips that could interfere with the EDXA scan

for the magnesium ion and sulfur dioxide pulping chemicals was not

anticipated. However, an EDXA scan of wood chips not exposed to

pulping liquor was planned and conducted.

19



FIGURE VI : THE CHANGE IN THE DIFFERENT CHEMICAL STATES

OF SULFUR OXIDES WITH INCREASING BASE (21)
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The Chemistry of Methanol and Acid Sulfite Pulping

Preliminary laboratory work in evaporating and drying spent

liquor from methanol acid sulfite cooks produced some startling

results. After evaporation of the methanol, no precipitation

was observed from the aqueous portion of the spent liquor. After

oven drying the spent liquor solids easily dissolved in water, but

were mostly non-soluble in either methanol or ethanol. Other

investigators (11,13,22) report lignin precipitates with alcohol

evaporation from spent liquors of alcohol solvent pulping processes.

However, these alcohol solvent pulping processes do not use sulfur

pulping chemicals.

The above information suggests that the Bublitz and Hull

methanol acid sulfite process is predominantly an acid sulfite

process with methanol as a beneficial additive rather than a true

organic solvent pulping process where methanol would be an extraction

solvent for lignin. The fragmented lignin is dissolving in water

which suggests that the lignin is being sufficiently sulfonated for

it to be hydrophilic. It is also known that lignosulfonates are

not highly soluble in the primary alcohols. (12).

From literature information and the above concepts, the

fcllowing is a suggested model for what occurs chemically in

Bubl',tz and Hull methanol acid sulfite pulping process:

1. In addition to the possible faster movement of pulping

chemicals into the wood chip, burnt cooks are possibly

avoided because methanol prevents lignin condensation.

21



2. Lignin fragmentation occurs by acid hydrolysis of benzyl

alpha carbon ether bonds, forming a carbonium ion. This

mechanism would be the same for all acid pulping systems.

3. Both methanol and bisulfite ions can combine with the

benzyl alpha carbonium ion. Because of the large amount of

methanol compared to bisulfite ion (Table II), methoxylation

would initially occur much more rapidly than sulfonation at the

alpha carbon. However, because the methoxylation reaction

is reversible and the sulfonation reaction is not,

methoxylation should progressively be replaced by sulfonation

with extended pulping time until the exhaustion of bisulfite

ion. Methanol should therefore prevent excessive lignin

condensation by being chemically bound to the alpha carbon.

4. Sulfonation of the lignin fragments occurs to the extent that

the lignin fragments become hydrophilic and dissolve in the

aqueous pulping solvent.

Sulfonation occurs:

at the benzyl alpha carbon by an
SN1

reaction pathway.

by nucleophilic addition to the gamma carbon when the

gamma carbon is an aldehyde group.

by an S12 reaction pathway to the gamma carbon when the

gamma carbon is an alcohol.

5. Since methanol is not a strong nucleophile, it should not

significantly combine with the gamma carbon, but will compete

with the bisulfite ion only at the alpha carbon site.

If the pulping chemicals behave as theorized above, then the

maximum amount of methanol chemically bound to lignin should be

calculable. Using literature values for the amount of softwood

lignin in spent liquors of acid sulfite pulping systems (5,7), the

maximum amount of combined methanol in a Bublitz and Hull process

cook of 15 grams of oven dry wood and a 60% pulp yield was
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calculated to be from 0.041 grams to 0.067 grams (Table III).

An experiment was designed to trace the movement and ultimate

destination of methanol in the Bublitz and Hull process by using

14carbon labelled methanol. Besides determining the amount of

methanol chemically bound to lignin, this methanol tracer experiment

should also show whether any of the methanol is chemically combined

with wood carbohydrates, and may benefit further study of methanol

recovery from spent liquor of solvent pulping systems.

Thermodynamic Properties of Methanol

Since the thermodynamic effects of mixing water, methanol,

sulfur dioxide, magnesium oxide, and wood chips in a sealed

digester and bringing the digester up to cooking temperature of

16500 are not known, a calorimetry experiment was designed to

determine the energy required to bring both water and methanol/

water digester charges to cooking temperature. The specific heats

(17,18) of isolated chemicals indicate an energy savings of 11%

over water acid sulfite for the methanol/water acid sulfite process

(Table IV).
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FIGURE VII : STRUCTURE AND NOMENCLATURE OF

A LIGNIN ARYL-PROPYL UNIT.

OCH3

BENZYL or ARYL GROUP

ARYL METHOXYL GROUP

1

PROPYL GROUP
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22700 AMU's of lignosulfonate

1 molecule of lignosulfonate

aryl-propyl units

molecule of lignosulfonate

X
1 (C6-C3) unit

186 AMU's
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TABLE III : MAXIMUM THEORETICAL AMOUNT OF METHANOL

CHEMICALLY COMBINED WITH LIGNIN

Part A. Quantities Obtained from Literature Sources.

Average molecular weight of a lignin aryl-propyl unit (5).

MW of (C6-03) unit with the formula:
C9H7.802.5(OCH3)0.96

C : (9 + 0.96) x 12 = 119.5
H : (7.8 + (3 x 0.96)) x 1 = 10.7 MW = 186
0 : (2.5 + 0.96) x 16 = 55.4

With a cook of 15 grams of o.d. wood and a 60% pulp yield,

there are 6 grams of dissolved wood solids in spent liquor.

The percentage of dissolved wood solids that are lignosulfonates:

55 (+ 5) % (7).

The percentage of benzyl alpha carbons with an ether or alcohol

group: Alcohols = 17.5 (+2.5) %

Ethers = 7.0 (+1.0) %
Total (-C-OR) = 24.5 (+2.7) %(7).

The percentage of gamma carbons as (-CH2OH): 75 (+ 5) % (21).

The average molecular weight of lignosulfonates in spent liquor:

MW .. 22700 (7).

The average number of aryl-propyl units in one molecule of

lignosulfonate: (AMU = Atomic Mass Unit)



TABLE III : MAXIMUM THEORECTICAL AMOUNT OF METHANOL

CHEMICALLY COMBINED WITH LIGNIN (cont'd.)

Part B: Abbreviations.

(C6-C3)
= a lignin aryl-propyl unit.

o.d. ,mod = oven dry wood.

d. wood solids = dissolved wood solids.

LIGSO3
= lignosulfonate.

@C-OR = a benzyl alpha carbon ether or alcohol group.

yC-OH = a gamma carbon alcohol group.

Part C:

1. Maximum theoretical amount of methanol chemically combined with

lignin if the benzyl alpha carbon is the only reaction site:

0.4 (+0.005) gm of d. wood solids
15 (+0.05) gm of o.d. wood X X

1.0 gm of o.d. wood

0.55 (+0.05) gm of LIGS03 1 mole of
LIGSO3

X

1.0 gm of d. wood solids 22700 gm of LIGS03

122 moles of (C6-C3)0.245 (+0.027) moles of @C-OR

1 mole of LIGSO3 1 mole of (C6-C3)

1 mole of methanol 32 gm of methanol
X

1 mole of @C-OR 1 mole of methanol

0.14 (+0.02) grams of methanol combined with lignin in a cook with

15 crams of o.d. wood and a 60% pulp yield, if the

benzyl alpha carbon is the only reaction site.

X

X
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Part D:

NOTE: Having methanol chemically combined with lignin at every

possible reaction site should not be anticipated. In aqueous

acid sulfite pulping systems that are used to produce

bleachable grades of pulp, the degree of lignin sulfonation is

usually between 0.3 and 0.5 S/OCH3; (6). The OCH3 group in

the "S/OCH3" term is the aryl methoxyl group on the aryl-propyl

unit of lignin. Since 96% of the lignin aryl-propyl units of

softwoods have one aryl methoxyl group and there are 0.995

sulfonation reaction sites (alpha and gamma carbons) per lignin

TABLE III : MAXIMUM THEORETICAL AMOUNT OF METHANOL

CHEMICALLY COMBINED WITH LIGNIN (cont'd.)

Part C:

2. Maximum theoretical amount of methanol chemically combined with

lignin if the alpha carbon and the gamma carbon are reaction sites:

0.4 (+0.005) gm of d. wood solids
15 (+0.05) gm of o.d. wood X X

1.0 gm of o.d. wood

0.55(+0.05)gmofLIGS031mole of LIGSO 122 moles of (C6-C3)
X 3 x

1.0 gm of d. wood solids 22700 gm of LIGS03 1 mole of LIGSO

0.245 (+0.027) moles of @C-OR
X

1 mole of (C6-C3)

1 mole of methanol 32 gm of methanol
X

1 mole of reaction sites 1 mole of methanol

0.56 (+0.06) grams of methanol combined with lignin in a cook with

i0.75

(+0.05) moles of YC-OH

1 mole of (C6-C3)

15 grams of o.d. wood and a 60% pulp yield, if both the

alpha carbon and gamma carbon are reaction sites.
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TABLE III : MAXIMUM THEORETICAL AMOUNT OF METHANOL

CHEMICALLY COMBINED WITH LIGNIN (cont'd.)

aryl-propyl unit(5), then 29% to 48% of the potential

sulfonation reaction sites are actually sulfonated.

Methoxylation should have similar percentages of reaction

because for the theoretical calculations, both sulfonation

and methoxylation are assumed to occur by the same reaction

mechanism (acid hydrolysis of lignin).

Part E:

Incorporating the percentages of reaction from Part D into the

theoretical amounts of chemically combined methanol calculated in

Part C shows:

0.041 grams to 0.067 grams of methanol combined with lignin in

a cook with 15 grams of o.d. wood and a

60% pulp yield, if the benzyl alpha

carbon is the only reaction site.

0.160 grams to 0.270 grams of methanol combined with lignin in

a cook with 15 grams of o.d. wood and a

60% pulp yield, if both the alpha carbon

and the gamma carbon are reaction sites.
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TABLE IV : CALCULATED HEAT ENERGY SAVINGS IN HEATING A DIGESTER

CHARGE TO COOKING TEMPERATURE BY USING METHANOL IN

THE PULPING LIQUOR.

PART A: SPECIFIC HEATS OF ISOLATED MATERIAL

WATER = 1.0 calorie / °C - gram.

OVEN DRIED WOOD = 0.32 calories / °C - gram.

METHANOL = 0.566 calories / °C - gram.

SULFUR DIOXIDE = 0.34 calories / oC - gram.

** APPROXIMATELY 11% SAVINGS IN HEAT ENERGY **
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PART B: CALCULATED SAVINGS WITH A LIQUOR : WOOD RATIO OF 7 : 1

AQUEOUS LIQUOR 70% WATER / 30% METHANOL LIQUOR

6.8 PARTS WATER (IN LIQUOR) 4.7 PARTS WATER (IN LIQUOR)

1.0 PART OVEN DRIED WOOD 2.1 PARTS METHANOL

1.0 PART WATER (IN WOOD) 1.0 PART OVEN DRIED WOOD

0.2 PARTS SULFUR DIOXIDE 1.0 PART WATER (IN WOOD)

0.2 PARTS SULFUR DIOXIDE

7.8 PARTS at 1.0 cal/°C-gram 5.7 PARTS at 1.0 caleC-gram

1.0 PART at 0.32 cal/°C-gram 2.1 PARTS at 0.566 caleC-gram

0.2 PARTS at 0.34 cal/°C-gram 1.0 PART at 0.32 cal/°C-gram

0.2 PARTS at 0.34 caleC-gram

8.19 caleC-gram versus 7.28 caleC-gram



EXPERIMENTAL PROCEDURES

Pulping Chemical Penetration

A western hemlock(Tsuga heterophylla) plywood peeler log obtained

from the Willamette Industries/ plant at Dallas, Oregon, was used

exclusively for the wood samples of this experiment. The original

diameter of the log was thirteen to fourteen inches and the sample

pieces cut from it were all located approximately the same distance

from the center of the log, close to the outer edge. The reason

for this was to obtain wood samples with similar physical properties

and as even aged as possible.

In acid conditions, pulping chemicals penetrate wood in the

longitudinal grain direction up to one hundred times faster than

in either the radial or tangential transverse directions (21). The

sample pieces, measuring 1.59 cm by 1.27 cm by 27.94 cm, were cross-

cut at 2.54 cm intervals, 1.27 cm deep such that longitudinal

penetration could occur to a depth of 1.27 cm into the wood.

(Figure VIII).

Bomb digesters made of 316 stainless steel one inch pipe were

used for all testing.

The actual experiment was carried out in the following

procedural steps:

1. 8 bomb digesters were prepared with identical pulping liquor

parameters except that half contained water alone as solvent and half

contained methanol/water (30%/70% by weight) as solvent.
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FIGURE VIII : WOOD SAMPLE USED FOR CHEMICAL PENETRATION EXPERIMENT



Digester liquor charges were as follows:

Chemical Digesters: (1,2,3,4) (5,6,7,8)

Sulfur Dioxide 2.9 grams 2.9 grams

Magnesium Oxide 0.5 grams 0.5 grams

Methanol 29.0 grams

Water 96.6 grams 67.6 grams

Total weight of liquor per digester = 100 grams 100 grams

NOTE: The above amounts were used to keep the pulping chemical

concentrations in the liquor the same as in the Bublitz

and Hull process.

Paired digesters were charged simultaneously and placed in a

heat bath at 165°C and removed according to the following

schedule: Digester Numbers Time in Heat Bath

1/5 3 minutes

2/6 6 minutes

3/7 10 minutes

4/8 15 minutes

The paired digesters were removed simultaneously and rapidly

cooled in cold running tap water.

4 The wood samples were removed from the digesters - again

simultaneously - and immediately placed in a hot (105°C) drying

oven for 24 hours.

The wood samples were first sectioned by sawing them in a

cross grain direction and then split on a radial section with

a wood chisel. The splitting produced a clean, uncontaminated

surface for the EDXA scan (Figure IX).

The sectioned wood samples were mounted on SEM studs with

Dupont Duco cement.

A carbon coating was applied to the wood samples under vacuum
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FIGURE IX : SECTIONING AND MOUNTING WOOD SAMPLE FOR SEM/EDXA
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by the SEM/EDXA techician. The carbon coating is necessary

because SEM specimens must have an electrical conducting surface.

The scanning electron microscope used was manufactured by

AMRAY of Bedford, Massachusetts, Model Number 1000A, and the energy

dispersive x-ray analyzer was manufactured by KEVEX of Foster City,

California, Model Number 7077.

The experimental procedures used to prepare the SEM/EDXA wood

samples were also used for the preliminary study with color dyes.

Both the red and blue dyes were commercial acid dyes used for paper

products. They were first mixed with water and then added to

concentrated pulping liquors in equal amounts.
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14Procedures for Pulping Experiment Using C Labelled Methanol

There were three main objectives in the 14carbon labelled

methanol pulping experiment:

To determine the amount of methanol chemically combined

with wood lignin.

To determine the amount of methanol chemically combined

with pulp carbohydrates.

To determine the final location of all the methanol in

the process for an analysis of its recovery and re-use.

For the first two determinations, isolation and identification

techniques were necessary. Lignin was isolated as lignosulfonates

by a patented process developed by Quimby and Goldschmid (23).

Ultra violet spectroscopy was then used to identify and quantify

the lignosulfonates against a standard obtained from Crown Zellerbach.

Pulp carbohydrates were isolated by a modification of Klason lignin(24)

determination procedures: the pulp material that dissolved in

the 72% sulfuric acid was assumed to be degraded wood carbohydrates.

The third determination was accomplished by taking samples for

radioactivity counting at each procedural step in the experiment.

Quantitative amounts of the methanol added to the process could then

be traced in the process.

The laboratory pulping digester was fabricated from a twelve

inch section of 316 stainless steel one inch pipe . A 316 stainless

steel sleave container, made to fit into the bomb digester, was

used for quick removal of the cooked chips. This container

reduced the internal volume of the bomb digester to the extent
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that to have an oven dry wood charge of 15 grams, the liquor : wood

ratio had to be reduced from 7 : 1 to 5.5 : 1. The wood

chips also needed agitation and hand packing to fit into the

digester.

Quantitative radioactivity counting was done by liquid

scintillation counting. 14Carbon emits only a low energy beta

particle (0.156 million electron volts) when it disintegrates. The

most accurate method of counting low energy beta paticles is to

dissolve (or suspend) the emitting element in a liquid fluor.

The close proximity between the emitter and the fluor reduces

absorption losses of the beta particles. A liquid fluor is a

chemical that, when hit by a beta particle, emits a photon. Assay

is then done with a photometer. The counting instrument used was

a Beckman Model LS-200.

The actual experiment was carried out in the following

procedural steps: (Figure X)

The digester was charged using the liquor parameters in Table V.

The digester was then sealed shut for the duration of the cook.

No pressure relief was used in the process.

The charged digester was immersed in an ethylene glycol bath that

was maintained at 165oC. The bath was mechanically rocked during

the cook.

After one hour in the hot bath, the digester was rapidly cooled

in running tap water.

The digester was opened and the spent liquor was gravity drained

from the cooked wood chips. The experiment then separated into
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FIGURE X : BLOCK DIAGRAM, 14CARBON TRACER EXPERIMENTAL PROCEDURES
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. Distillation

3. Precipitation

1 4. Wash Precipitate

Dry Precipitate
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10. + Water
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+ Water

. + Wash Water

10. + 72% H

'DRAINED PULP

. Defiber Chips
4

3. Vacuum Drain

5. Vacuum Drain
1

6. Press Pulp
1
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9. Pulp Yield

+ Ethanol
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TABLE V : PARAMETERS OF CARBON-14 RADIOTRACER EXPERIMENT

WOOD SPECIES WESTERN HEMLOCK (Tsuga heterophylla)

WOOD CHIP SIZE 0.1875 in. to 0.375 in.

0.48 cm. to 0.95 cm.

LIQUOR : WOOD RATIO 5.5 (82.5 grams : 15 grams)

AMOUNT OF SULFUR DIOXIDE 20% TOTAL SO2 on O.D. WOOD (3 grams)

70% FREE
SO2

(2.1 grams)

30% COMBINED SO2 (0.9 grams)

AMOUNT OF BASE As MAGNESIUM DIOXIDE (0.5625 grams)

AMOUNT OF METHANOL 30% of LIQUOR (24.75 grams)

COOKING TEMPERATURE 165°C (ISOTHERMAL CONDITIONS)

COOKING TIME 60 minutes

AMOUNT OF WATER (56 grams)

TOTAL WEIGHT OF DIGESTER CHARGE = 98.9 grams

NOTE: Amounts in parentheses are the actual amounts used in the

digester charge.
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two procedural streams: (A) Spent Liquor Analysis and (B) Pulp

Analysis.

A. Spent Liquor Analysis

Methanol was separated from the spent liquor by fractional

distillation, followed by water distillation to insure maximum

removal of methanol from the spent liquor.

To a 10 gram aliquot of aqueous spent liquor, 13 mls of a 5%

aqueous solution of Hyamine 10-X (24) was added. A complex of

Hyamine 10-X and lignosulfonates precipitated from the above

solution.

The solution from step #2 was mixed by vortexing and then

centrifuged for 10 minutes.

The liquid phase was decanted from the sample, the precipitate

pellet was then washed with 10 mls of distilled water, and again

centrifuged. This step was repeated twice.

The precipitate pellet was dried at 110°C.

The dried pellet was dissolved in 6 mls of 95% ethanol.

3 radioactivity counting samples of 2 mls each were prepared from

the solution in step #6.

To another 2 gram aliquot of aqueous spent liquor, 2.5 mls of a

5% aqueous solution of Hyamine 10-X was added. A complex of

Hyamine 10-X and liqnosulfonates again precipitated from the

solution.

The solution from step #8 was mixed by vortexing and then

centrifuged for 10 minutes.
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The liquid phase was decanted from the sample, the precipitate

pellet was then washed with 5 mls of distilled water, and again

centrifuged, This step was repeated twice to insure removal of

excess Hyamine 10-X.

The precipitate was dried at 110°C.

The dried pellet was dissolved in 5 mls of 95% ethanol.

5 mls of 95% ethanol containing 1.0 gram of potassium hydroxide

was added to the solution of step #12. A precipitate again

formed.

The solution of step #13 was vortexed and centrifuged for 10

minutes.

The liquid phase of the sample was then decanted, and the

precipitate pellet was washed in 5 mls of 95% ethanol. This

step was then repeated.

The liquid phase again was decanted from the sample and the

the precipitate pellet was dried at 110°C.

The final pellet was dissolved in 5 mls of distilled water.

2 radioactivity counting samples were madefrom 4 mls of the

aqueous solution of step #17 (2 mls per sample).

The remaining 1 ml from step #17 was diluted volumetrically

with distilled water to produce a series of samples for

UV spectroscopy.

B. Pulp Analysis

The digester was washed out with distilled water, and added to

the drained wood chips. Total amount of water was 175 grams.

The wood chips were de-fibered in a blender for 5 minutes.
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The wash water was then vacuum drained from the pulp.

200 grams of distilled water were added to the drained pulp

and blended for 5 minutes.

The second wash water was vacuum drained from the pulp.

The drained pulp was then pressed into a pad to remove more

water.

The pressed pulp pad was air dried for 24 hours.

The moisture content of the air dried pulp was then determined.

The pulp yield was also determined.

10 mls of 72% sulfuric acid was added to a 0.5 o.d. gram sample

of pulp.

The samplefrom step #10 (without dilution) was placed in a

boiling water bath for 2 hours.

The remaining solids were then filtered from the above solution

under vacuum.

The filtered solids were dried and the amount of pulp that

dissolved in the sulfuric acid solution was then determined

from the amount of solids.

Distilled water was added to the dissolved pulp solution to

make a final solution volume of 10 mls. This added water replaced

the water lost to evaporation in the process.

Radioactivity counting samples were prepared from the final

10 ml solution of step #14. Each counting sample contained

2 mls from the above solution.

The amount of residual lignin in the dissolved pulp was

determined by UV spectroscopy.



Calorimetry Experiment on Pulping Digester Charges

The objective of this experiment was to determine the amount of heat

needed to raise a digester charge containing methanol from ambient

temperature to 16500, and compare this amount of heat with that needed

for an aqueous sulfite digester charge . The parameters for each

digester charge are presented in Table VI.

The calorimeter was fabricated from a wide-mouth Dewar flask

covered with a 1.5 inch thick sheet of Styrofoam. 3000 grams of de-

ionized water was used as the heat sink, with the volume of the

calorimeter about 3.5 liters. Electric stirrers continuously

operated to keep the heat uniformly distributed throughout the

heat sink. A smaller digester than the regular bomb digesters was

fabricated for this experiment because the digester had to be totally

immersed in the small heat sink of the calorimeter. An ethylene

glycol bath was used to heat the digester to 165°C.

The actual experiment was carried out in the following

procedural steps:

Heat empty digester to 165°C in the hot oil bath.

Record initial temperature of the heat sink.

Transfer hot digester to calorimeter.

Let the temperature of the heat sink and digester equilibrate, and

record the final temperature.

Calculate the amount of heat content for the digester alone.

42



TABLE VI : DIGESTER CHARGES FOR CALORIMETRY EXPERIMENT

43

Methanol / Water Aqueous

Oven Dry Wood 9.0 grams 9.0 grams

Sulfur Dioxide 1.8 grams 1.8 grams

Magnesium Oxide 0.3 grams 0.3 grams

Water 42.6 grams 60.9 grams

Methanol 18.3 grams

Total Weight of Liquor 63.0 grams 63.0 grams

Total Weight of Charge 72.0 grams 72.0 grams



Charge digester (Table VI).

Heat charged digester to cooking temperature.

Record initial temperature of the heat sink.

Transfer the hot charged digester to the calorimeter and allow

the temperature of the heat sink and digester to equilibrate.

Record the final temperature of the heat sink.

Repeat steps #6 through #10 for both digester charges, changing

the water in the heat sink for each immersion. Some of the

ethylene glycol adheres to the digester and contaminates the

heat sink.

To determine the heat content of a digester charge, subtract the

heat content of the digester alone from the heat content of

a charged digester (digester contents plus digester),
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RESULTS AND DISCUSSION

Penetration of Pulping Chemicals into Wood Chips

Use of Soluble Dyes.

Penetration of wood with dyes was used as a preliminary method

of developing this experiment. Wood chips were immersed in methanol

and aqueous pulping liquors that contained a blue acid dye. Under

ambient conditions of 200C and atmospheric pressure, the dye moved

ten times faster in the methanol liquor than in the aqueous liquor

(Figure XI).

Under pulping conditions of 165°C and sealed digesters, the

dyes themselves were bleached out in about ten minutes. Some of the

dye had fully penetrated the wood chips within ten minutes, however,

and the wood chips immersed in the methanol liquors seemed to have

more dye in them, but no quantitative measurements could be made.

(Figure XII).

Use of the Scanning Electron Microscope with an Energy Dispersive,

X-ray Analyser.

In contrast to the dyes, the SEM/EDXA provided excellent insight

into the actual pulping chemical penetration. In both methanol and

aqueous liquors, sulfur had fully penetrated the wood chips within

three minutes under pulping conditions, and was uniformly distributed

throughout the wood. Figure XIII shows the EDXA scan through the

center of a wood chip that was penetrated by sulfur compounds.
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FIGURE XI : DYE PENETRATION UNDER AMBIENT CONDITIONS

(20°C AND ATMOSPHERIC PRESSURE)
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DIE PLEIBATIOA

BOTH:IMMERSED IN ACID SULFITE PULPING LIQUOR

ATMOSPHERIC CONDITIONS ( 68 DEGREES F., 1ATMOSPHERE PRES

WOOD SPECIES: WESTERN HEMLOCK (SAME TREE)

TIME IN LIQUID: 140 MINUTES
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WATER TIME IN 165° C. METHANOL / WATER

HOT OIL BATH

2 MINUTES
II

I

1""M47.7

LI MINUTES

7 MINUTES

12 MINUTES

14 V

FIGURE XII : DYE PENETRATION COMPARISON DETUEEN

METHANOL AND AQUEOUS LIQTTORS
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FIGURE TETT : EDXA LINE SCAN FOR SULFUR

[-A

SOLVENT: WATER EDXA SCAN: SULFUR

TIME IN 165°C OIL BATH: 3 MINUTES MAG: 20X

OUTSIDE EDGE 515 mm
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The chemical state of the sulfur is probably free sulfur

dioxide. Bisulfite ions would not penetrate wood as fast as the

sulfur dioxide does, and would move mainly by diffusion through the

solvent. Furthermore, the diffusivity of sulfur dioxide is greater

than the diffusivity of bisulfite ion(25). Casey(3) suggests that

free sulfur dioxide could be moving as a gas.

The EDXA scan for magnesium shows the major differences in

chemical penetration of wood between the methanol and aqueous liquors.

Figure XIV shows magnesium penetrating wood 4 to 5 times faster with

methanol liquor than aqueous liquor. Since the magnesium was added

to the pulping liquors as magnesium oxide and it was in the presence

of sulfur dioxide, magnesium bisulfite should exist wherever both

magnesium and sulfur are found in the EDXA scan. Bisulfite ions are

accepted as the chemical responsible for lignin sulfonation(2,6,7,8).

The following are suggested reasons for the above phenomena:

Because of the vapor pressure of methanol, the pressure in

pulping digesters containing methanol would be greater than the

pressure in aqueous systems. Thus, the methanol pulping liquor

should penetrate the void spaces of air dry wood faster.

Chemical diffusivity in the methanol/water (30%/70%) solvent is

1.2 times faster than in waterTable VII).

More swelling of the wood chips was observed in the methanol

liquors than in the aqueous liquors; although no quantitative

measurements were made of the swelling.

This fast chemical penetration of wood chips may be one of the

major reasons for the short pulping time needed to produce full

chemical pulps with the Bublitz and Hull methanol acid sulfite

process.



FIGURE XIV EDXA SCAN FOR MAGNESIUM

.11M04.

UPPER PHOTOGRAPH SOLVENT: METHANOL/WATER, EDXA SCAN (BOTH PHOTOS): MAGNESIUM

4- OUTSIDE EDGE 12 r44 CENTER OF CHIP 4' MAG: 20X

LOWER PHOTOGRAPH SOLVENT: WATER, TIME IN 165°C OIL BATH (BOTH PHOTOS): 6 MIN.
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0

MB
u (at 500C)

TABLE VII : DIFFUSIVITY IN PULPING LIQUORS

Part A: Diffusivity Equation (25).

(7.4 x 10-8) (0 MB)2 T

DAB
--

0.6
U VA

Part B: Definitions of Terms.

DAB
= diffusivity of solute A in solvent B

A = the solute.

B = solvent (water). B' = solvent(methanol/water,30/70%).

MB
= molecular weight of solvent B.

T = absolute temperature.

u = viscosity of the solution.

0 = association factor for the solvent.

VA = solute molal volume.

Part C:

Solvent

Water Methanol Methanol/Water
Variable: (30%/70%, wt/wt %)
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?art D: Ratio of the Diffusivity in Methanol/Water (30%/70%) Solvent

to the Diffusivity in Water.

-8 1

(OIMB' 1 [(2.39x22.2)1r(7 x 10 .) (0,M131)2T
o.6

u, VA 1.0 .1 0.504 JL

1 , is =1.2
.4 x lo-8) (0 mB )21 (0

MB
)2i 1(2.60x18.0)2'

uv
0.6

1 u ] 1 0.547A

2.6 1.9 2.39

18.0 32.0 22.20

0.547 0.403 0.504



Pulping Experiment Using 14C Labelled Methanol

A. Determination of the Amount of Methanol Chemically Combined

with Wood Lignin.

The total amount of spent liquor after methanol distillation

was 30.4 grams per cook, which represents only 57% of the spent

liquor: the other 43% remained with the cooked wood chips and would

be removed by pulp washing. An aqueous solution of Hyamine 10-X

was added to a 10 gram sample of the above 30.4 grams. The

lignosulfonates dissolved in the spent liquor sample precipitated

from the solution in a complex with the Hyamine 10-X. After drying,

the precipitate was dissolved in methanol, and three radioactivity

counting samples of equal amounts were prepared from it. From the

above information and radioactivity data tabulated in Table VIII, the

following calculation was made:

1.02 (+0.02) x 105 DPM 30.4 gm
X X (3 Counting samples) X

1 counting sample 10.0 gm

1.0 gm methanol 1

X -- 0.041 (+0.001) grams of methanol

3.95 x 107 DPM (0.57)
chemically combined

with lignin in a 15

gram cook and 60%

yield.

The above determined amount seems consistent with the maximum

amount of combined methanol theoretically calculated to be between
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TABLE VIII : 14CARBON TRACER EXPERIMENTAL DATA

Standard Activity Determination:

A sealed vial containing methanol enriched with 14CH3OH was broken
in a test tube containing laboratory methanol and thoroughly
mixed. A 1 gm sample was removed and its radioactivity was
counted to determine the radioactivity per gram of the methanol
used in the pulping experiments. The activity of this sample was
too large for the radioactivity counter to count accurately, so a
dilution of 13.6 gm of fluor/0.1 gm of sample was made:

2.903 x 105 DPM X (13.6/0.1) = 3.95(+.06)x107 DPM/gm of methanol.

Sample Name #1 #2 #3 #4
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Columns

1 = DPM of the sample. (DPM = Disintegrations Per Minute).

2 = Sample size.

3 = Total amount of material that sample was taken from.

4 = Amount of methanol contained in the material of column #3.

* The activity of the distillate sample was too large for the
radioactivity counter to count accurately. A dilution of
(15.6 gm of fluor/0.1 gm of sample) was made:

4.94 (+0.05) x 105 DPM X (15.6/0.1) == 7.71 (+0.11) X 107

Distillate*

iqueous Spent Liquoi:

7.71(+.11)x107

2.70(+.2) x105

3.0 gm

2.0 gm

21.2 gm

27.4 gm

13.8 gm

0.09 gm

First Wash Water 4.13(+.04)x106 2.0 gm 179.0 gm 9.36 gm

Second Wash Water 5.86(+.18)x105 2.0 gm 201.0 gm 1.49 gm

rulp soluble in 72% H2SO4 4.80(+0.2)x103 2.0 ml 10.0 ml 0.0025 gm

Hyamine 10-X Precipitate 1.02(+.02)x105 10 gm 30.4 gm 0.041 gm

I,+
-Li,mosulfonates 2.47(+.16)x104 2.0 gm 30.4 gm 0.047 gm
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0.041 grams to 0.067 grams (Table III). This supports the model for

methanol reactions in the Bublitz and Hull process as suggested on

pages 21 and 22.

Further analysis was conducted to confirm lignosulfonates in

the precipitate by using UV spectroscopy. The problem with this

analysis is that Hyamine 10-X contains an aromatic group in its

structure that absorbs light in the UV spectrum in the same

regions as the lignosulfonates (Figure XV). It was therefore

necessary to isolate the lignosulfonates from the Hyamine 10-X,

which was done by the patented process of Quimby and Goldschmid(24).

In the patented process of Quimby and Goldschmid, 88% of the

lignosulfonates of a spent liquor sample can be isolated as a

potassium lignosulfonate salt from an ethanol solution containing

Hyamine 10-X and lignosulfonate. A 2 gram aliquot of aqueous spent

liquor was used in the patented process, and the potassium

lignosulfonate saltfrom it was then dissolved in 5 ml of distilled

water. 1 ml of this solution was then used to make dilution samples

for UV analysis and the remaining 4 ml were used for two 2-ml

radioactivity counting samples. A UV standard was prepared from

Orzan-S, a product of Crown Zellerbach Company. The absorbance peak

height at 280 nm for the standard was 22.4 mm and for the unknown

was 43.3 mm (Figure XVI).

The amount of lignosulfonate in spent liquor from the above

information was:

43.3 * 5 ml 30.4 gm
1.0 x 10-4 gm of LIGNIN-S03 X ---- X 100 x x X

22.4 1 ml 2.0 gm

* 100 = Dilution factor from the UV sample preparation.



I(--------
CH3
I

CH3
C ---

CH3
I

CH2
1

CH3
C ---

CH3

o

I

CH

I 2

CH2
I

0

I

CH2
I

CH2
I

CH3
N -

CH3
1

H20

CH3

FIGURE XV : STRUCTURE OF HYAMINE 1 O-X

55

I

(



FIGURE XVI : UV ABSORBANCE SPECTRUM FOR LIGNOSULFONATES
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3.95 x 107 DPM
== 0.047 (+0.003) grams of methanol combined

with 2.93 grams of

lignosulfonate.

In comparison with the theoretical calculations, the only

difference for the experimental calculations is in the amount of

lignosulfonate in the cook. The value used in the theoretical

calculation was 3.3 grams of lignosulfonate (From Table III, 55% of

the dissolved wood solids in spent liquor are lignosulfonates, and

there are 6 grams of dissolved wood solids in spent liquor of a cook

of 15 o.d. grams of wood and a 60% yield: 0.55 x 6 = 3.3). Adjusting

the theoretical value would show:

2.93 gm
(0.041 gm to 0.067 gm) X == (0.036 gm to 0.059 gm)

3.30 gm

as the amount of methanol combined with lignin.

The theoretical amount of methanol chemically combined with

lignin shown above was derived by assuming that it would combine only

with alpha carbonium ions. If the gamma carbon was forming a carbonium

ion as suggested by Gellerstedt and Gierer (9), then methanol should

also be combining with it, which suggests that more methanol would
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1

X == 2.93 grams of lignosulfonate in the total cook.
0.88 0.57

The amount of methanol chemically combined with lignin as calculated

from the isolated potassium lignosulfonate procedure was:

5 ml 30.4 gm 1 1

2.47 (+0.16) x 104 DPM X ---- X X X ---- X
2 ml 2.0 gm 0.88 0.57

1.0 gm of methanol



1 gm methanol
X

3.95 x 107DPM
0.0025 gm methanol/gm pulp == 0.25%

( by weight)
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be combined with lignin than what was experimentally determined.

Gellerstedt and Gierer based their suggested gamma carbonium

ion formation on a model compound study of acid sulfite reactions.

With stilbene structures, they found sulfonation to occur with the

gamma carbon. Their suggested reaction path is an acid catalyzed,

SN1, which would have the carbonium ion intermediate: R-h2 . A

more likely path would be an SN2 with no carbonium ion formation

(Figure IV). The bisulfite ion is a strong nucleophile and should

be able to react in an
SN2

reaction, whereas methanol is not a

strong nucleophile and would not react in an
Sn2

reaction, but only

in a carbonium-ion-forming SN1 reaction path.

B. Determination of the Amount of Methanol Chemically Combined

with Wood Carbohydrates.

A 0.5 gm o.d. sample of pulp was placed in 10 ml of 72%

sulfuric acid and heated in a boiling water bath for two hours.

48% of the pulp dissolved in the acid and was assumed to be

carbohydrates, and all of the methanol in the 2 ml radiation

counting samples was assumed to be chemically combined with the

carbohydrates. The amount of methanol thus calculated to be

combined with wood carbohydrates was:

4.8 (+0.2) x 103 DPM 1 counting sample 10 ml of acid
X X

1 counting sample 2 ml of acid (0.5 gm pulp)(0.48)
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Although the amount of methanol chemically combined with

carbohydrates determined above is quite small, it is larger than

expected. Possibly, the assumptions stated above for this experiment

allow a significant amount of absorbed methanol to be counted as

chemically combined methanol. UV analysis shows 0.6% of the acid

dissolved pulp to be lignin, which would account for 14.5% of the

methanol found in the solution, assuming the lignin had the same

degree of methoxylation as the spent liquor lignosulfonates.

C. Mass Balance for Determining Methanol Flow in the Pulping Process.

Figure XVII shows a diagram of mass flow for the methanol acid

sulfite cook containing the 14carbon labelled methanol. The mass

values in the blocks were calculated assuming:

the dissolved materials in the digester were uniformly mixed

and were therefore able to proportionally split in the mass

flows,

there was no preferencial sorption on the pulp by any

particular chemical,

all of the dissolved chemicals and liquids were miscible

and did not separate during the experiments,

the dilutions were well mixed and were therefore homogenous

solutions.

The mass values marked with asterisks (*) are the methanol quantities

determined by radioactivity counting of the added tracer.

In comparing the experimental values with the calculated ones,

there do not appear to be any significant differences. The only



FIGURE XVII : MASS FLOW IN A METHANOL

ACID SULFITE COOK

14.20 gms Me0H
21.20 gins TOT

Aqueous
Spent Liquor

2.10 gins CHEM
3.40 gins D.W.

0.05 gins Me0H
24.85 gins HOH
30.40 gins TOT

0.09 0.01

(NOTE: This amount too high;

most likely because of "color

quenching" from aromatic carbons.

,

200 gms Vacuum Drained
Water Pulp

Vacuum Drained
Pulp

9.00 gms PULP
gms CHEM

9.00 gms PULP gms
175 gins 0.20 gins CHEM 0.35 gins Me0H
Water 0.40 gms D.W. 17.98 gins NOR

Drained
1.70 gms Me0H 27.20 gins TOT

Wood Chips
33.00 gins HOH
44.30 gms TOT

9.00 gins PULP

1.50 gins CHEM #2 Wash Water

2.60 gins D.W.

10.50 gins Me0H
#1 Wash Water 0.17 gms CHEM

0.35 gins D.W.,/A 1.49 + 0.05 grams
Digester Charge

23.70 gms HOH
1.30 gins CHEM 199.00 gins HOH

2.20 gins D.W. 1.45 gms Me0H
47.30 gins TOT

15.00 gms WOOD 8.80 gins Me0H 201.00 gins TOT
3.60 gins CHEM 166.70 gins HOH

24.75 gins Me0H 9.36 4. 0.17179.00 gins TOT
55.55 gms HOH
98.90 ms TOT

Distillate

7.00 gins HOH 13.8 + 0.26
Drained

Spent Liquor

2.10 gms CHEM
3.40 gms D.W.

14.25 gins Me0H
31.85 gins HOH
51.60 gins TOT



24.65 (+0.31)
X 100

24.76 (+0.31)
== 99.6 (+1.8) % of the process

methanol is in a

flow stream

available to a

recovery system.

Spent liquor evaporation seems to work well if carried past

methanol evaporation to include some water evaporation. Also, pulp

washing in this laboratory cook used a large amount of clean wash

water in two washing stages (375 grams of water to 9 grams of pulp),
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material which retains methanol seems to be the cooked wood chips.

Possibly, the methanol is weakly sorbed on the wood fibers and remains

there as long as the fiber bundles remain intact because in the first

washing stage, the wood chips are defibered in a blender, and slightly

more methanol was found in the water drained from this first washing

stage than was anticipated.

Adding the amounts of methanol from each flow stream as

determined by the radiotracer counting, and comparing it with the

methanol in flow streams that a methanol recovery system could

include, should give the percentage of process methanol that is

possibly retrievable for

Flow Stream

re-use:

Total Recoverable

#1 Wash Water 9.36 (+0.17) grams 9.36 (+0.17) grams

#2 Wash Water 1.49 (+0.05) grams 1.49 (+0.05) grams

Pulp 0.02 grams

Distillate 13.80 (+0.26) grams 13.80 (+0.26) grams

Aqueous Spent Liquor 0.09 (+0.01) grams

24.76 (+0.31) grams 24.65 (+0.31) grams
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whereas a modern commercial process would likely use counter-current

washing stages and bleach plant effluent as wash water. Commercial

methanol recovery thus would not be expected to be as efficient as

the laboratory recovery.



Calorimetry Experiment on Pulping Digester Charges

The experimentally determined heat savings of 6.2 (+1.5) %

( Table IX ) was less than the predicted 11% savings (Table IV).

This was partially anticipated because the predicted 11% did not

take into account the heats of solution for mixing methanol, water,

pulping chemicals, and wood chips (Data tabulated in Table X) .

The heats of solution, however, should not be large enough

to explain the total difference between the above two percentages.

Other factors that might account for the difference are:

The difficulty in determining an accurate heat energy savings

by measuring the difference between the two pulping liquors'

total heat energies. The total heat for a methanol liquor was

133.8 calories/°C and for an aqueous liquor it was 137.8

calories/°C. The small difference between these two quantities

was close to the sensitivity limit for the measuring

instruments, resulting in a large error term for the

experimental heat savings.

The specific heats for the predicted heat savings were

literature values determined at 20°C and atmospheric pressure,

and may not be valid in the range of pulping pressures and

temperatures.

Chemical reactions should also have been occurring, and

thermodynamically they would most likely not be the same in

the two different pulping liquors. In the ten minutes that

it took to acquire the calorimetry data, the wood chips in

the methanol liquors were much lighter in color than the ones
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TABLE IX : ENERGY SAVINGS CALCULATED FROM CALORIMETRY

OIL BATH TEMPERATURE AT TIME OF REMOVAL OF DIGESTER.

To
INITIAL TEMPERATURE OF CALORIMETER HEAT SINK.

Te
= EQUILIBRIUM TEMPERATURE OF CALORIMETER WITH DIGESTER.

MASS OF DIGESTER (STAINLESS STEEL - 316): 635.36 grams.

MASS OF DIGESTER CONTENTS (WOOD + PULPING CHEMICALS + SOLVENT):

63 grams

MASS OF CALORIMETER HEAT SINK (DISTILLED WATER): 3000 grams.

HEAT CONTENT OF DIGESTER:

rT-
To

X 3000] = 73.0 (+ 0.2) calories / °C
LTh - Te

HEAT CONTENT OF DIGESTER CONTENTS:

F -
I ie -c
1

T -
x 3000 73.0

h;

T
_

HEAT SAVINGS WITH METHANOL / WATER SOLVENT (IN PERCENTAGE):

- HEAT ,

(METHAT2!OL/WATER)

FEAT
(AQUEOUS)

6L.8 - 60.8 (+1.0)

64.8 (+0.2)

X 100

X 100 = 6.2 (+1.5) %
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TABLE X : CALORIMETRY DATA

TEST CH3OH
Th To Te

HEAT CONTENT

if (wt/wt5)
(oc) (oc) (oc) (cal/°C)

DIGESTER BLANK:

Th
OIL BATH TEMPERATURE.

To
INITIAL TEMPERATURE OF CALORIMETER.

Te
EQUILIBRIUM TEMPERATURE OF CALORIMETER.
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1 0/0 162 34.50 37.52
_

72.8
2 0/0 162 27.30 30.50 73.0 -- 73.0 + 0.2
3 0/0 167 26.30 29.65 73.3_

L 0/100 168 27.15 33.35 65.1-

5 0/100 167 28.02 34.15 64.7

6 0/100 163 28.45 34.35 64.6 -- 64.8 + 0.2
7 0/100 165 28.35 34.35 64.8

8 0/100 165 28.45 34.40 64-9-

9 30/70 167 28.15 34.15 62.5-
10 30/70 169 28.60 34.60 60.9

11 30/70 169 28.80 34.75 60.0 -- 60.8 4- 1.0
12 30/70 165 28.55 34.35 60.2

13 30/70 165 28.60 34.40 60.2_



in aqueous liquors, indicating that more pulping reaction

had already occurred in the methanol liquor.

Although the heat energy savings were not as high as expected,

a 6.2 percent savings in digester heating for a pulp mill may still

represent a significant cost savings.
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SUMMARY AND CONCLUSIONS

The methanol acid sulfite pulping process can be done under time

saving isothermal conditions probably because of the faster

penetration of the wood chips by the pulping chemicals (the cations

and the bisulfite ions). Prevention of lignin condensation by

methanol may also occur early enough in the cook (before bisulfite

ions fully penetrate the wood) to allow for the isothermal conditions.

Being able to pulp isothermally only partially explains the

short pulping time needed for the methanol acid sulfite process.

Wood delignification should also be occurring much faster than in

aqueous systems. The proposed model for lignin methoxylation mainly

at the alpha carbon site seems consistent with the experimental

data. Methoxylation of lignin alpha carbons reduces lignin

condensation by preventing the alpha carbons from combining with

aromatic carbons of other lignin fragments. In the absence of this

effect, the lignin fragments may eventually become insoluble in the

pulping solvent. The above methoxylation phenomenon thus should

increase the delignification rate by:

Keeping the lignin fragments small and more soluble in the

pulping solvent.

Since methanol competes with bisulfite ions for reaction with

the alpha carbonium ion, less bisulfite ions are lost in

reaction; thus, the bisulfite ion concentration remains

higher, longer.
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3. Allowing the pulping conditions to be more acidic. (The

delignification rate is proportional to the rate of acid

hydrolysis of lignin(5).)

A second stage in delignification involves making the lignin

fragments soluble in the pulping solvent. The Bublitz and Hull

pulping process differs from most other alcohol containing pulping

processes (11,13) in this stage. Whereas in most alcohol processes,

the alcohol is the solvent responsible for dissolving the lignin

fragments, the Bublitz and Hull process is essentially an acid

sulfite process where sulfonated lignin fragments dissolve in the

mostly aqueous solvent. Water is still the main solvent component

in the Bublitz and Hull process such that when the concentration of

methanol exceeds 30% and the water is less than 70% of the pulping

liquor, the solubility of the sulfonated lignin fragments in the

liquor decreases. Evidence of lignin sulfonation in the Bublitz

and Hull process is suggested by the following:

1. The pH, the amount of sulfur dioxide, and the amount of

magnesium oxide is the same for this process as in aqueous

acid sulfite processes. The chemistry of these systems

suggests that lignin sulfonation occurs.

2 After methanol is evaporated from spent liquor, no

precipitation occurs from the remaining aqueous solution.

3. Dried spent liquor solids of the methanol process:

will not dissolve in methanol.

will not dissolve in ethanol.

easily dissolve in water.

* Lignosulfonates are not highly soluble in the primary alcohols(12).
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4. The Hyamine 10-X precipitation from spent liquor is a salt

of lignosulfonate and Hyamine 10-X, and would not occur with

unsulfonated lignin.

The amount of methanol determined to be chemically combined with

wood carbohydrates (0.0025 gm/gm of pulp) provides no evidence of

any prevention of carbohydrate degradation by methoxylation at an

active degradation site on the carbohydrate molecule. The reduction

of carbohydrate degradation and high pulp yields (65% to 70%)

characteristic of the Bublitz and Hull process are probably a result

of the carbohydrates being exposed to harsh pulping chemicals for a

much shorter time (one hour) than in aqueous pulping processes (4

to 6 hours).

Successful wood pulping by the methanol acid sulfite process

has been demonstrated in the laboratory. The next step is to develop

this process for commercial applications. The high cost of methanol

suggests the necessity of efficiently recovering it for re-use.

Experimental analysis shows that only a small amount is lost in

chemical bonding to wood components:

To lignin = 5 kg/Ton of pulp

To carbohydrates = 2.5 kg/Ton of pulp

Adequate recovery (99.6 (+1.8)%)- of the methanol added to the process)

appears to be possible by an evaporation process of spent liquor and

pulp wash water.

Another benefit of using methanol that should help defray

its costs involves its thermodynamic properties. The calorimetry

analysis demonstrated 6.2 (+1.5) % savings in energy to bring
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a digester charge to cooking temperature over a comparable aqueous

process. Its low boiling point should also produce energy savings in

the evaporaters (11).

Further study should now center on developing a recovery

system for the methanol and developing the best pulping liquor

parameters for commercial quality wood chips.
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