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Abstract approved: 

The preparation of holocellulose accurately and rapidly is very 

important to study the nature and relationships of the carbohydrate 

components and the substituent groups, acetyl, carboxyl, and methoxyl. 

In as much as bromine was thought to be less destructive to 

wood than chlorine, it was decided to attempt to isolate the holo

cellulose quantitatively from wood by using bromine. In addition, it 

was decided to study the bromination reaction of wood under different 

conditions. 

Because delignification of wood with bromine depends on many 

factors such as time of each brorr1ination, temperature of the basic 

solution, concentration of the basic solution, nurnber of brominationa 

and extractions, bron1ine concentration and the effect of an ice-water 

jacket, it was decided to study and investigate these factors in full 

detail. 

A summary of the results obtained 1s as follows: 



1. A new procedure for holocellulose determination by using bro

mine for delignification of wood was developed. The results ob

tained by the new procedure agreed within one percent with the 

theoretical value. 

2. Bromolignin samples were prepared by the action of bromine on 

moist wood samples. The solubility of bromolignins was exam

ined in different solvents. Of those used, it was found that 

l, 4 dioxane was the best solvent for the bromolignins . 

.3. Five minute intervals for each bromination were found to be the 

most suitable time for a quantitab.ve yield of holocellulose. 

4. The temperature of the basic solution was found to be 7 0 
0 

C, 

since this was the most effective temperature to obtain delignifi

cation of the sample with minimum degradation. 

5. The concentration of the basic solution was found to be five per

cent monoethanolamine in l, 4 dioxane. 

6. The number of brominations and extractions necessary for com

plete de lignification of wood was found to be nine for Douglas -fir 

(soft wood) and four for Black Oak (hard wood). 

7. The use of elemental bromine was necessary for complete deligni

f cc:ation of wood. Two milliliters of bromine per one gram wood sam

rJ e were needed for each bromination. 

b. The use of an ice-·water jacket found necessary in other proced

ure s was omitted in this procedure and the reaction was per

formed quantitatively at room temperature. 
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A NEW PROCEDURE 

FOR THE DETERMINATION OF HOLOCELLULOSE 

INTRODUCTION 

It has been long desired to isolate the holocellulose or the en

tire carbohydrate fraction in wood accurately and rapidly. The isola

tion of holocellulose is very important to study the nature and rela

tionship of the carbohydrate components and the substituent groups, 

acetyl, carboxyl and methoxyl. 

Skelettsubstanzen, a carbohydrate fraction similar to holocel

lulose was first isolated by Schmidt (14, p. 1144) by using chlorine 

dioxide in a solution of pyridine in water. This procedure required 

about one month to be completed. Complete delignification of soft

woods was not accomplished without some loss of carbohydrate rna

terial. 

A rapid method was developed by Ritter and Kurth in 1933 (1 0). 

They found that holocellulose could be obtained by repeated alternate 

treatments of the extractive -free maple wood with chlorine and 

alcohol-pyridine solution. The purpose of an organic base was to 

neutralize all of the hydrochloric acid formed during the chlorination 

treatment and also to make the solvent slightly basic so as to m-

crease its solvent action on the chlorolignin. The procedure re

quired about ten hours to be complete. A small percentage of lignin 

remained in the residue which was removed in 30 minutes with a 
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solution of a calcium hypochlorite. 

To obtain a quantitative yield of holocellulose from spruce 

wood, a softwood, the chlorination-pyridine -alcohol procedure was 

modified (8). The concentration of pyridine was changed from 15. Oo/o 

to 50. Oo/o. Also the bleach treatment of the delignified spruce halo

cellulose was omitted. This procedure was improved by Van Beckum 

and Ritter (12 and 13) by replacing the pyridine with monoethanola

mine. An extractive - free wood sample was alternately treated with 

chlorine gas and a solution of hot 95o/o alcohol containing 3% of mono

ethanolamine. The time required was reduced to about three hours 

and a rather sharp end-point was claimed to be obtained. The chlo

rination and extraction treatments were repeated until the residue 

became white following chlorination and was no longer colored by 

addition of the hot solvent. This procedure was approved as Tappi 

Standard analytical method, T 9-m (10). A chlorination apparatus 

for this procedure was devised and described by Kurth (9). 

The Tappi Standard procedure was further improved by Holmes 

and Kurth (5 ). They found that So/o monoethanolamine in 1, 4 dioxane 

was a more effective solvent for the chlorolignin than 3o/o monoethanol 

amine in 95o/o ethanol. Also the temperature could be lowered from 

75° C. to 50° C. By applying this new procedure to a sample of 

Douglas -fir wood, the number of chlorinations and extractions to 
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give a lignin - free product was reduced by two or three. Slow filtra

tion in the last few treatments because of gelatinization or hydrolysis 

of holocellulose was not observed by using dioxane. The time re

quired by the new procedure was approximately two hours instead of 

three hours by the Tappi Standard procedure. 

A chlorite method for the holocellulose determination was de

veloped by J ayme in 1942 (14, p. 1145) and was modified by Wise and 

co-workers (15), but it was found later that it gave a more highly de

graded product than does the chlorine -ethanolamine method. They 

treated the sample with sodium chlorite and acetic acid at 70 to 80° 

C. for one hour intervals. Four treatments were found necessary 

for softwoods, whereas three treatn1ents were sufficient for most 

hardwoods. All of the lignin cannot be removed from the wood sam

ple by this procedure without loss of carbohydrate material. The 

procedure, as now developed, does not give a lignin - free holocellu

lose in quantitative yield. 

In general the application of halogens to the delignification of 

wood has proved to be one of the most fruitful of procedures. In the 

halogenation reactions of moist woods, oxidation as well as substitu

tion may take place and addition occurs at the double bonds. Bro

mine was first used by Muller (14, p. 1140) who successfully deligni

fied wood and isolated a cellulose preparation by successive 
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treatments with bromine water and dilute ammonium hydroxide. 

Bromination has been suggested as a means of estimating the 

residual lignin content of unbleached pulps. Recently pulp bleaching 

with bromine was investigated (6). The use of elemental bromine for 

the estimation of lignin content was suggested by Kuerschner, et al. 

(7). The bromination of lignin in an acidic medium has been studied 

by several investigators. In general, it was found that partial substi

tution of the lignin and also a cleavage of side chains takes place. 

Bromine consumption was found to be dependent on the bromine 

concentration, the solvent and the reaction time used. It is also 

known that the acidity of the reaction medium has some influence on 

the bromination reaction and the addition of hydrochloric acid exhi

bits a catalytic effect. The bromination of unbleached pulpsby means 

of an acidified N/10 potassium bromate-bromide solution was inves

tigated by Theodor and Roberge (6). The conclusion was drawn that 

lignin - free cellulose and hemicellulose fractions are not attacked 

by this reagent. 

Bromolognin was isolated from wood as a chocolate- brown 

powder by Fuchs and Horn (2, p. 327). Other bromolignins from 

spruce and beech were obtained by Karrer and Widmer(2, p. 328) by 

treating the wood with acetyl bromide for 12 hours at room tempera

ture. Other attempts to prepare bromolignin were made by many 
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investigators. Unstable bromolignins with different bromine content 

were usually obtained. 

The purpose of the present work was to develop a procedure to 

delignify the wood with a minimum of hydrolytic and oxidative action 

on the cellulose and its associated polysaccharides. It was also the 

purpose to isolate holocellulose quantitatively from wood by using 

bromine instead of chlorine gas and to study the bromination reaction 

of the wood under different conditions. It was believed that this 

could be done by using bromine since it is less destructive to wood 

than chlorine. 

Inasmuch as bromine is a liquid at room temperature, it can be 

measured or weighed and is more convenient to use than chlorine gas; 

bromine in a small bottle is easier to handle than chlorine in a gas 

cylinder. 
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SAMPLE PREPARATION 

Douglas-fir wood was used in all the experiments of the pre

sent work. A Wiley Mill was used to grind the wood chips to the de

sired particle size. Classification of the ground wood, according to 

particle size was made by sieving through standard wire mesh 

screens. Four different fractions were obtained; the coarse fraction 

was retained on a 40-mesh screen, followed by a fraction which 

passed the 40-mesh screen, but was retained on a 60-mesh screen, 

a fraction which passed through 60 mesh screen but was retained on 

an 80-mesh screen and the finest fraction which passed an 80-mesh 

screen was discarded. 

To make the sample represent the whole wood as much as pos

sible, the coarse fraction was reground until the entire sample 

passed a 40-mesh screen. In order to get the most advantageous 

particle size to be used for analysis, a certain maximum in size 

must be established in order that the chemical reagents used may 

have access to the interior of the wood particle. On the other hand, 

if the sample is too finely divided, alterations in a number of wood 

constituents may take place during the grinding and in the isolation of 

the holocellulose. The Forest Products Laboratory (3) adopted a 

procedure of selecting a 60-80 mesh fraction, the fine material 

being discarded, for cellulose determinations. 
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The two fractions (40-60 and 60-80 mesh) were extracted separ

ately in a large Soxhlet-type extractor with an azeotropic mixture of 

ethanol and benzene. This was followed by water extraction at 100° C. 

until the samples were thoroughly extracted. The samples were then 

thoroughly air-dried and stored in stoppered glass bottles to keep a 

constant moisture content. 
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EXPERIMENTAL PROCEDURE 

PRELIMINARY INVESTIGATION 

In the halogenation reactions of moist woods, oxidation as well 

as substitution may take place and addition occurs at the double 

bonds of the lignin. The most serious reaction is the formation of 

halogen acid during the halogena_tion of the lignin. This can attack 

the easily hydrolyzable polysaccharides in the wood, which in turn 

may cause a loss in the yield of the holocellulose. The factors stud

ied were solubilities of bromolignins, time of bromination, tempera

ture of the basic solution, concentration of the basic solution, num

ber of brorninations and extractions, bromine concentration, and the 

effect of a cold water jacket. 

Preparation of Bromolignins 

The bromolignins had to be isolated to test their solubilities. 

Twenty-five grams of extractive -free 40-60 mesh wood meal were 

used. The sample was placed in a large C -porosity fritted glass 

funnel. The wood was moistened by water and the excess moisture 

was removed by suction. Then bromine was added in excess and the 

funnel was covered by a beaker. The reaction was allowed to pro

ceed for 10 minutes at room temperature. At the end of this tirne, 
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the excess bromine was removed by mild suction. 

Four different solvents were used in the extraction of the bro

molignin as indicated in Table 1. The bromolignins were extracted 

by 300 milliters of each solvent in three portions at room tempera

ture. The extracts were evaporated by air suction to about half 

their volume, poured into 500 milliliters of cold water and acidified 

if basic. After ten minutes, the bromolignins were separated by 

filtration on a Buchner funnel and using No. 1 filter paper. The Pre

cipitates were air dried and weighed. The filtrates were all a very 

dark orange color indicating that they contained a substantial amount 

of bromolignins. No attempt was made to recover these water-

soluble bromolignins. 

TABLE 1 

Yield and Appearance of Various Bromolignins Preparations 

l. 

Solvent 

5o/o monoethanolamine 

in 1, 4 Dioxane 

Yield of bromolignins 

l. 66 grams 

Description 

Reddish- brown 

2. 1, 4 Dioxane l. 63 grams Reddish- brown 

3. Methanol l. 65 grams Light brown 

4. 95o/o Ethanol l. 72 grams Tan 
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Solubility of Bromolignins 

For the purpose of determining the solubility of the bromolignins 

in various solvents, 0. 100 gram samples were accurately weighed 

and placed in a small test tubes. Three milliliter of the solvent at 

room temperature were added, and the solutions were thoroughly 

1nixed. The solutions were centrifuged for five minutes, and the re

lative solubilities were estimated by a visual comparison of the color 

of the solution and the amount of insoluble residue. 

TABLE 2 

Solubilities of the Bromolignins Preparations 
1n Various Solvents 

Bromolignin Preparations Order of decreasing solubility 

1 2 3 4 5 6 

l. 5o/o monoethanolamine 
in a 1, 4 Dioxane D DjM A M E I 

2. 1, 4 Dioxane D D/M A M E I 

3. Methanol D D/M A M E I 

4. 95o/o Ethanol D D/M A M E I 

(D - 1, 4-Dioxane; M - methanol; E - 95o/o Ethanol; I - 99o/o isopro

panol; A - acetone; D/M - 50o/o methanol m 1, 4-Dioxane.) 
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From the results in Table 2, it is clear that 1, 4 dioxane was 

the best solvent for bromolignins of those tried. The solubilities of 

the bromolignins in 1, 4 dioxane were next compared with their s olu

bilities in 1, 4 dioxane containing 5o/o monoethanolamine. It was 

found that 1, 4 dioxane alone was approximately as effective as the 

basic solution. 

It was found by Holmes and Kurth (5) that monoethanolamine in 

1, 4 dioxane was superior to any other combination of basic solvents 

for the extraction of chlorolignins. For this reason it was decided to 

use 1, 4 dioxane as the solvent and monoethanolamine as the base in 

all of the following experiments. 

A General Procedure for Preliminary Investigations 

To study the effect of different factors on holocellulose pre

paration a general procedure was followed in all the subsequent work. 

One gram sample of 60-80 mesh was accurately weighed into a frit

ted glass crucible of C-porosity. The sample was treated by three 

milliliter elemental bromine at room temperature. At the end of 

each bron1ination, the excess bromine was removed by suction for 

about two minutes, then washed with 1, 4 dioxane at room tempera

ture and remove the washing by suction. This was followed by add

ing the hot basic solvent and was left for two minutes, then removed 
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by suction. The hot basic extraction was repeated once more, then 

followed by washing twice with l, 4 dioxane at room temperature and 

twice with cold water. In the last extraction the sample was washed 

twice by ether. Then holocellulose was dried for three hours at 

105 ° C. oven, cooled and weighed by the standard weighing procedure. 

The moisture content of the wood sample was determined. Also 

the lignin content of the extracted wood meal was found to be 27. 97 

percent by the Tappi Standard 72 percent sulfuric acid method T 

13-m ( 11 ). Therefore, the correct holocellulose content should be 

approximately 72. 03 percent. All the results were on ovendry basis. 

Effect of Time of Bromination 

To determine the effect of bromination time on holocellulose 

yield, four samples were brominated at different time intervals. 

The time used for each bromination was three minutes for the first 

sample, five minutes for the second sample, ten minutes for the 

third sample and fifteen minutes for the fourth sample. Elemental 

bromine was used for brominations and 5 percent monoethanolamine 

in 1, 4 dioxane at 70° C. for extractions. The brominations and 

extractions were repeated seven times. The results obtained are 

shown in Figure I which indicated that degradation of holocellulose 

will occur if longer periods of time were used. From Figure I it 
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was clear that five minutes was the most suitable time for each bro

mination. So it was decided to use five minutes for each bron1ination 

in all the subsequent work. 

Effect of Temperature of the Basic Solution 

Since delignification of wood and degradation of holocellulose 

depend upon the temperature of the basic solution used for extractions, 

it was decided to treat five samples with basic solutions at different 

temperatures. The first sample was extracted with 5 percent mono

ethanolamine in 1, 4 dioxane at 50° C., the second at 60° C., the 

third at 70° C. , the fourth at 80° C. and the fifth at 90° C. The 

samples were brominated and extracted seven times. The results 

obtained are shown in Figure II. 

From Figure II it is clear that lower temperature is not suffi

cient for delignification of the wood and high temperatures caused 

degradation of the holocellulose. It was also found that 70° C. was 

high enough for delignification of the sample without any degradation 

effect on holocellulose. Therefore, it was decided to use the basic 

solution at 70° C. for all the subsequent work. 
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Effect of Concentration of the Basic Solution 

The use of monoethanolamine was to neutralize all of the 

hydrobromic acid formed during bromination and also to increase 

its solvent action on the bromolignin. The effect of concentration 

was studied by treating four samples with the basic solutions at dif

ferent concentrations. The first sample was extracted with one per

cent monoethanolamine in 1, 4 dioxane, the second with three percent, 

the third with five percent and the fourth with seven percent. These 

samples were brominated and extracted seven tin1es and the results 

obtained are shown in Figure III. By repeating the same procedure 

using 1, 4 dioxane without a base an 88. 4o/o yield of holocellulose was 

obtained which showed that it was necessary to use a base to delig

nify the wood. 

From Figure III, it was clear that at least 3o/o base should be 

used to effect the delignification of the sample. It was also found 

that five percent base was sufficient for our purpose. Therefore, 

it was decided to use five percent monoethanoL-1.mine in 1, 4 dioxane 

in all the subsequent work. 

Effect of the Number of Brominations and Extractions 

To determine the effect of the number of brominations and 

extractions, five samples were treated under different numbers of 
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bromi.nations and extractions. The first sample was brominated and 

extracted for one time, the second for three times, the third for 

five times, the fourth for seven times and the fifth for nine times. 

The results obtained are shown in Figure IV. After the first bro

mination and extraction, the holocellulose was more than 1OOo/o which 

means that not all the brominated lignin was removed by the first 

extraction and this extra weight was due to the heavy bromine atoms. 

It is also clear from Figure IV that at least seven brominations 

and extractions should be used. Usually the last traces of lignin 

were removed very slowly and it was necessary to use nine bromina

tions and extractions for complete delignification of the sample. 

Effect of Bromine Concentration 

Two samples were treated by using different bromine concen

tration. The first sample was treated by a concentrated bromine 

water in excess amount at room temperature. The second sample 

was treated by elemental bromine at room temperature. The amount 

of bromine used for each bromination was three milliliters. A 

yield of 81. lo/o holocellulose was obtained from the first sample, 

which still contained a significant amount of lignin. The second 

sample gave a yield of 72. 4o/o holocellulose. Therefore, it was de

cided to use elemental bromine instead of bromine water for 
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complete delignification. In an attempt to determine the required 

amount of bromine needed for each bromination the above procedure 

was repeated using one, two and three milliliters bromine for each 

bromination. 

TABLE 3 

Effect of Amount Bromine on Holocellulose Yield 

Nurnber of ml. bromine used Apparent holocellulose 

o/o 

1 75. 0 

2 72.4 

3 72.4 

From Table 3 it was clear that two milliliters of bromine 

were sufficient to complete delignification. Although this amount 

was in excess of what was needed for each bromination, it should be 

used to assure that bromine will reach every particle of the wood 

sample. 

Effect of Water Jacket 

To study the effect of ice-water jacket on the holocellulose 

preparation, two sample were treated under different conditions. 

The first sample was brominated using ice-water jacket. The 
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second was brominated without a jacket at room temperature. 

TABLE 4 

Effect of Water Jacket on Holocellulose Yield 

Method used Apparent holocellulose o/o 

1. Using ice-water jacket 78. 7 

2. Without ice -water jacket 72.4 

From Table 4 it was clear that the bromination of wood could 

be perforn-1ed without the use of an ice -water jacket. By using ice

water jacket the bromination reaction was slowed down so that a sig

nificant amount of lignin (6. 3o/o) was left in the holocellulose sample. 

Because the bromination reaction is less exothermic than 

chlorination, the bromination reaction is slower at low temperature, 

the bromination reaction has less destructive action on wood, it was 

decided not to use an ice-water jacket and to conduct the procedure at 

room temperature. 
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HOT .OCE:LLUT ,OSE PROCEDURE 

The lignin content of the extracted wood meal was found to be 

27. 97 percent by the Tappi Standard 72 percent sulfuric acid method 

T 13-m ( 11 ). Therefore, the correct holocellulose content should be 

approximately 72. 03 percent. 

According to Atchison (1} it was found that holocellulose pre

pared from 40-60 mesh wood and 60-80 mesh wood were es sel1tially 

identical, but the use of 60-80 r.nesh wood decreased the time neces

sary for preparation. Therefore it was decided to use 60-80 mesh 

wood meal for the analyses. 

The reagents used are commercial grade 1, 4-dioxane and 

Eastman white label monoethanolamine, distilling between 168-171° 

C. The bromine was purified grade. According to Holmes and 

Kurth (S) the basic solution should be left for 24 hours before use 

because it is desirable to use the clear supernatant solution. 

No special apparatus is needed. The bromine can be added 

from a burret which is covered by a beaker. The fritted glass cru

cible was mounted on a suction flask which is connected to a suction 

pump. All the experiments must be done under the hood. 

The procedure adopted for holocellulose determinations was as 

follows: One gram of air-dried, extractive -free 60-80 mesh wood 
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sample was accurately weighed in a fritted glass crucible of C-poro

sity on the analytical balance. The moisture content of the sample 

was determined accurately on another portion of the wood. The sam

ple was moistened with cold water and after stirring the excess water 

was removed by suction. Two milliliters bromine was added from a 

burret and the crucible was covered by a beaker and was left for 

five minutes. 

At the end of bromination time the excess bromine was re

moved by suction for about two minutes. This was followed by add

ing 1, 4-dioxane which was removed by suction after standing for one 

minute. The addition of dioxane at room temperature is to dissolve 

the excess bromine and hydrobromic acid and remove it by suction. 

Two successive portions of five percent (V/V) monoethanolarnine in 

1, 4-dioxane at 70° C. were added and stirred thoroughly. Each por

tion was allowed to stand for two minutes before removal by suction. 

This was followed by washing twice with dioxane at room temperature 

and twice with cold water. 

The above procedure was repeated nine times in case of 

Douglas fir-wood. If the sample turned white after bromination and 

removal of the excess bromine or if a very little color change occur

red upon addition of the basic solution, the sample was assumed to be 

substantially lignin-free. 
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The sample was then washed with 1, 4-dioxane until neutral 

followed twice with diethyl ether. Next the sample was air-dried, 

oven-dried at 105° C. for three hours, cooled in a desiccator, and 

weighed in a stoppered weighing bottle. Duplicate determinations 

were made and the average yield for holocellulose was 72. 4 percent 

which is a good agreement with the theoretical value. The time re

quired for brominations and extractions w2.s a little rnore than two 

hours. Slow filtration due to gelatinization or hydrolysis of the 

holocellulose was not observed in this procedure. 

The lignin content of the holocellulose sample was determined 

by the standard 72o/o sulfuric acid method. The holocellulose sample 

used for the analysis must be air dried with a known moisture con

tent. 0. 05 lignin content was found in the holocellulose sample 

which means that it was substantially lignin-free. 

APPLICATION OF THE BROMINATION PROCEDURE TO A HARD 
WOOD SAMPLE 

In order to test the applicability of the procedure to other 

woods, a sample of a hard wood, black oak was used in addition to 

the Douglas -fir previously described. The black oak sample was 

ground in a Wiley Mill, screened and the 60-80 mesh fraction was 

used. The sample was then treated with an azeotropic mixture of 

ethanol and benzene followed by water at 100° C. until the sample 
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was thoroughly extracted. 

The lignin content of the black oak sample was then determined 

by the 72 percent sulfuric acid method, and it was found to be 21. 4 

percent. Therefore the theoretical holocellulose content should be 

approximately 78. 6 percent. 

TABLE 5 

Effect of Number of Brominations and Extr2,ctions on 
Holocellulose Content of Black Oak 

Number of Holocellulose Li.gnin in 
Brominations and Extractions % Holocellulose 

4 78.9% 0.8o/o 

5 75. Oo/o 0. 1o/o 

By applying the bromination procedure to the black oak sample, 

it was found that four brominations and extractions was sufficient. 

The holocellulose yield was 78. 9% which was in good agreement with 

the theoretical value. A 0. 8% lignin was left in the holocellulose. 

In an attempt for complete delignification of the sample, five bromin

ation and extractions was used. As a result the lignin content was 

reduced to 0. lo/o, but the holocellulose wa_s degraded with a loss of 

3. 6o/o below the theoretical value. 
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A comparison was made between the holocellulose prepared by 

the bromination procedure and that prepared by the chlorination pro

cedure using chlorine gas. 

The chlorination procedure 1s described by Holmes and Kurth 

(5). Four chlorination and extractions were found to be necessary 

for complete delignification. The holocellulose yield was 79. 2% 

which was m good agreement with tbe theoretical vc..lue. A 0. 52% 

lignin was still retained by the holocellulose sample. 

A conclusion could be drawn that holocellulose prepared by 

either bromination procedure or chlorination procedure was approxi

mately the same, and the yield obtained by both procedures agree 

within one percent with the theoretical value. 
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DISCUSSION 

Since the bromination of wood depends upon different factors, 

the bromination reaction and its conditions were studied in several 

details. 1, 4-dioxane was proved to be a more effective solvent fo1· 

bromolignins than ethanol which is used in Tappi Standard procedure. 

The temperature of the basic solution was taken as 70° C. It 

was found that the theoretical yield of holocellulose was obtained be

tween 65° C. and 75° C., since at lower temperature delignification 

was not complete and holocellulose hydrolysis occurred at higher 

temperatures. 

It was also found that the use of monoethanolamine as a base 

was necessary to increase the solvent ability of the solution and to 

neutralize all hydrobromic acid formed during bromination. A basic 

solution of three to five percent base should be used for complete 

delignification. 

The time necessary for each bromination was found to be five 

minutes. A longer time cause degradation of the holocellulose sam

ple. The use of elemental bromine was found to be necessary, since 

concentrated bromine water was not satisfactory to give a lignin-free 

sample. 

A new procedure for holocellulose determination by using 
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bromine was developed. This new procedure was easy to handle, 

since neither an ice-water jacket nor special apparatus was needed 

as that used in Tappi Standard procedure (11 ). The total number of 

brominations and extractions necessary for holocellulose determina

tion by the new procedure was nine for Douglas -fir wood meal (soft

wood) and four for black oak sample (hard wood). This means that 

bromine is as effective as chlorine gas for the delignification of wood. 

Frequently the last few treatments with the Tappi Standard pro

cedure were prolonged by exceedingly slow filtration. This is due to 

carbohydrate hydrolysis by the excessive number of chlorinations. 

No slow filtration was observed with this procedure. The time 

required for holocellulose determination of Douglas -fir sample aver

aged slightly more than two hours, excluding the time necessary for 

sample preparation and drying of the holocellulose. The time re

quired by Tappi Standard method was little more than three hours, 

that is one hour was saved by the new procedure. 

The end-point of the new procedure does not appear to be 

greatly improved over that of the Tappi Standard procedure. Bro

minations and extractions were stopped when the sample appeared to 

be white or when a little color change was observed upon the addition 

of the hot basic solution. The end--point could be improved by the 

addition of a chemical compound either to the hot basic solution or 
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to the wash solutions. Many orgar.ic and inorganic compounds which 

give color reactions with lignin may be used. Phenols, aromatic 

bases and heterocyclic compounds were used to give color reactions 

with lignified materials (14, p. 414). 

The holocellulose yield was determined quantitatively by the 

new procedure. A . 05 percent lignin content was remained in the 

holocellulose sample after nine brominations and extractions which 

means that the sample was substantially lignin-free. A holocellulose 

yield of 72. 4 percent was obtained which was in good agreement with 

the value predicted from lignin determination. 

Application of the new procedure for holocellulose determina

tion of a black oak sample (hard wood) proved to be as quantitative as 

that used for Douglas-fir sample (soft wood). It was also observed 

that the holocellulose prepared from a hard wood sample was n10re 

rapidly degraded than the soft wood sample if an excessive number 

of brominations and extractions were used. 

The new procedure gave similar results to the Tappi proced

ure as modified by Holmes and Kurth(5 ). Both procedures gave re

sults which were within one percent of the theoretical value. 

http:orgar.ic
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SUMMARY 

The purpose of the present work was to develop a new proce

dure for holocellulose determination. Bromination of wood was used 

as a means for wood delignification. Since delignification of wood 

depends on many factors such as, time of bromination, temperature 

of the basic solution, concentration of the basic solution, number of 

brominations and extractions, bromine concentration and the effect 

of ice-water jacket, it was decided to study and investigate these 

factors in full details. 

Bromolignin samples were prepared by the action of bromine 

on moist wood sample. These bromolignins were extracted with 

four different solvents and were isolated as a brown powder. The 

solubilities of bromolignins were examined in six different solvents. 

As a result it was found that 1, 4-dioxane was the best solvent for 

bromolignins. 

The effect of bromination time on holocellulose yield was in

vestigated. A series of experiments were co:nducted at different 

time intervals and the apparent holocellulose percent was deter

mined. The conclusion was drawn that five minute intervals were 

the most suitable time for a quantitative yield of holocellul.ose. To 

study the effect of temperature of the basic solution, a wide range of 
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temperatures was used. After holocellulose content was deter

0 . 
mined for these samples, it was found that 70 C. was the most 

effective temperature to obtain delignification of the sample with 

minimum degradation. The use of an organic base was to neutralize 

hydrobromic acid formed and to increase the solvent action on bro

molignin. Monoethanolamine has proved to be very effective in com 

bination with 1, 4-dioxane. 

A series of experiments were performed using different con

centrations of the base in 1, 4-dioxane. It was found that five per

cent monoethanola.mine in 1, 4-dioxane (V/V ratio) was the most ef

fective one . 

In an attempt to determine the number of brominations and 

extractions needed for complete delignification of a Douglas -fir 

sample, five samples were treated with different numbers of bromin

ations and extractions. It was found that the minimum number of 

treatments was seven and the maximum was nine to obtain a lignin 

free sample. 

When the wood sample was treated with a concentrated bromine 

water a significant amount of lignin was left in the holocellulose 

sample. Therefore, it was necessary to u s e elemental bromine for 

complete delignification. To dete r mine the amount of bromine needed 

for each bromination, three samples were treated using different 
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am'Ounts of bromine for each bromination. Two milliliters bromine 

per one gram sample was sufficient to give a quantitative yield. 

The effect of ice-water jacket was determined by treating two 

sampl_es, the first by using ice - water jacket and the second sample 

at room temperature without any jacket. It was found that the bro

mination reaction was slowed down by t h e use of ice - water jacket and 

a significa n t a mount o f lignin was retained in the s a mple. It w a s also 

found that the rea c tion cou ld be conduc ted quanti t a tively at r oom tern

perature. 

A proc edure f or holocellu los e d e termina t i on by using bromine 

was developed. The s a mple used was Dou glas - fir wood meal. The 

procedure recommended for the holocellulose determination is as 

follows: One gram of air dried, extr active-- fr e e, 60-80 mesh wood 

sample whose moisture content was known, was accurately weighed 

in a fritted gla ss crucible (C or M porosity) . 

The sample was moistened with cold water and a fter stirring 

the excess water was removed by suc t~ on. Two milliliters bromine 

0 
were added from a burret and: the crucible w a s cove red by a beaker 

and was left fo r five minutes u nder the h ood. At the end of bromina

tion time the excess bromine was. r e move d by suction for about two 

minutes. This wa s followed by adding dioxane at room temperature 

which was removed by suction after standing for one minute. Two 
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successive portions of five percent {V/V ratio) monoethanolamine 

in dioxane at 70° C: were added and stirred thoroughly. Each por

tion was allowed to stand for two minutes before removal by suction. 

This was followed by washing twice with dioxane at room tempera

ture and twice with cold water. 

The above procedure was repeated nine times in case of 

Douglas-fir wood. When the sample turned to be white after bromin

ation and removal of the excess bromine or when a very little color 

change occurred upon addition of the basic solutions, the sample was 

assumed to be substantially lignin - free. 

The sample was then washed with 1 , 4-dioxane until neutral 

followed twice with diethyl ether. The sample was then air dried, 

oven dried at l 05 ° C. for three hours, cooled in a desiccator, a,nd 

weighed in a stoppered weighing bottle. The time for brominations 

and extractions was little more than two hours. The holocellulose 

yield agree within one percent of the value predicted by lignin deter

minations. 

An application of the bromination procedure to a hard wood 

sample {black oak) was performed and a comparison between chlor

ination and bromination procedures we re achieved. It was found 

that holocellulose yield obtained by both procedures was in good 

agreement with the theoretical value. 
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