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SOLVENT EXTRACTION OF LIGNIN WITH DIOXANE 

OBTE CT IVE 

The basic aim of this investigation was to find an 

economical method of producing a coimnercial lignin which 

would be a suitable raw material as an extender in the 

production of plastics. 
It was hoped that the experiments and work corn- 

pleted would provide the essential information necessary 

to develop the method and process fuither. 



2 

INTRODUT ION 

Each year there Is a lIiIn proluctlon of over 

2,500,000 tons, most of which Is burned or run down the 

sower. Sorno of this linin is recovered by treating the 

waste liquors from pulp mills with acid and obtaining a 

powdered lignin resin. This resin Is used as an extender 

with phenolic resins. However, the amount of lignin used 

by this means is not large. 

Up to the present timo no large measure of success 

has been achieved in using It alone or as a reaction prod- 

uct in a commercial plastic. As a plastic the lignin ob- 

tamed by present nethods lacks flow characteristics so 

necessary for a satisfactory molding material. The spe- 

cific properties of the plastic are limited when using 

lignin obtained by present methods. 

Lignin is also used as a binder in a lignin enriched 

fibrous cellulose. The resulting mixture is pressed Into 

sheets and used in the building Industry. 

If an economical method could be found for recover- 

ing the waste lignin and yet produce a suitable product 

whose properties are better than those obtained by pros- 

ont means, the major problem would be solved. 

. B. Pewter has developed a method (4, P. 106-109) 

of obtaining lignin from the Soda or Kraft pulp-making 

process ana they claim that the product has a low melting 
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point and is moldable. It is used for a paper base lami- 

nato in the manufacture of table tops. The color is a 

deep walnut brown and the resulting product is very tough 

and stable. 
It is hoped that the work in this thesis will help 

in finding an economical process of obtaining a lignin 

with good 'oporties for use as an extender and as a 

resin. 
The methods of isolating lignin may be divided into 

two classes: (1) those that depend on the removal of 

the cellulose and other components, leaving the lignin 
as an insoluble residue, and (2) those that depend on the 

removal of lignin from the cellulose and other substances. 

The methods of class one, as mentiod above, use a 

rather drastic treatment of the wood generally with a 

strong acid. Class two includes the sulfite method which 

is the basis of the sulfite pulping process, an alkali 
method which is used In the production of paper pulp, 

separation by alcoholysis including the dioxane method, 

and extraction with phenols and other miscellaneous 

methods. 

In whatever method used, it is difficult to obtain 

a lignin which is similar to the native lignin. Brauns 

seems to have been the most successful in obtaining a 

native lignin on a very small scalo suitable for labora- 

tory purposes. The discussion here is concerned with 



commercial scale production methods. The methods of class 

one are rather drastic and seem to give a polymerized 

lignin. The sulfite method of class two gives a lignin 

not in the free state but in the form of water soluble 

sulfonic acids. The alkali method of class two seems to 

give an undesirable polymerized lignin. Separation by 

alcoholysis is objectionable because in all cases a prod- 

uct is obtained containing the alkyl or aryl group in 

combination with the lignin. 

It was decided that the work in this thesis would be 

confined to the extraction of lignin with dioxane. Pi- 

oxane contains no hydroxyl groups, is unreactive, is a 

food solvent, and has reasonable cost. 

The method of separation of lignin from wood with 

dioxane was patented in Germany by Engel and Wedekind in 

1932. However, the efforts of these German scientists 

seem to have been chiefly directed toward obtaining a 

lignin for laboratory purposes. 

Since it is known that dioxane offered a good pos- 

sibility as a solvent for the extraction of lignin, it 

was decided to use it and determine how the various vari- 

ables would affect the process. 

In the method (3, P. 2434-8) used by Engel and 

Wedekind the wood was warmed with dioxane in the pres- 

ence of small quantities of catalysts, HC1 or HAc, on a 
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water bath for 12 to 22 hours after which the 1iiin was 

precipitated by ether. The equipment seems to have been 

a flask with a reflux condenser. The presence of a cat- 
alyst seems to be essential. The German scientists bave 

not attempted to determine the exact effect of varying 

the concentration of acid used as a catalyst or the 

length of the extraction time. iigel and Wedekind used 

1000 C as the extraction temperature. 

The materials comprising the extractives of wood 

are multitudinous and when wood is extracted with dioxane 

it can be assumed that there will be a complex mixture 

of many components in the solution. In general these 

components can be divided into three classes as listed 
below with the various components in each class. 

Soluble 
in 

Water 

Cyc1oss 
Sugars 
Polysaceharides 
Salts 

Wood 

SoThble 
in 

Aic 0h01 

Coloring Matter 
Tannins 
Phiobaphene s 
Some Water Soluble 

Soluble 
in 

rther 

Fats 
Fatty Acids 
Phyt oat erol 
Resenes 
Resin Acids 
Waxes 

In the dioxane extract there would probably be an 

appreciable amount of each of the components listed. The 



components which are soluble In water and in ether are 

undesirable and lt is evident that these components can 

be removed from the lignin precipitate by treatment with 

warm water and ether. If the lignin precipitate were 

treated with alcohol, the tannins, phlobaphenes and 

others could be removed but in so doing the alcohol 

would also dissolve a considerable amount of the llln. 

Since the tannins and phiobaphenes are phenollo in char- 

actor, it would not seem objectionable to have them 

present in the comtnercial ligriln for use in plastics. 

Therefore, the alcohol treatment was eliminated. 

There have been numerous studies and structural 

forimilas proposed for lignin, but this thesis was not 

concerned with the determination of formulas for liln. 

The main objective of this study was to obtain a product 

which showed good promise of being a suitable raw maten- 

al for the plastics Industry. The quantitative determina- 

tion of the methoxyl groups present serves as an indi- 

cation of the nature of the product as well as the color 

of the product obtained. Numerous color reactions can 

be used to determine whether or not the product is lignin. 

The variables encountered in the extraction of 11g- 

nm are: (1) concentration of the acid used as a cat- 

alyst, (2) extraction time, (3) temperature, (4) pres- 

sure. Those conditions which are the most economical and 
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give a suitable product would be the ones to use. There 

seems to be nothing in the literature which would indi- 

cate exactly how all those variables affect such an ex- 

traction. Engel and Wedekind completed their extraction 

at 1000 C. They varied the acid concentration but have 

not indicated in detail what its effects were. They have 

also indicated that in from 12 to 22 hours of extraction 

a certain per cent of lignin was obtained, but it is not 

known definitely how it varies with time. The expon- 

ments performed by the German scientists were completed 

at one atmospheric pressure. 

If the method proposed in this thesis is to be of 

value, it is necessary to know in detail how the vari- 

ables affect the extraction. The effect of acid concen- 

tration and time can be determined by means of extrac- 

tions in a Soxhiet extractor. To determine the effect of 

temperature and pressure, it will be necessary to use 

some type of a pressure vesse]., probably an autoclave. 

The work in this thesis is directed toward finding how 

the variables of acid concentration and time affect such 

an extraction. 

Aronovsky and Gortner (1, P. 1270) have done some 

work on the extraction of lignin with dioxano using an 

autoclave. Their extractions were completed at a pres- 

sure of 60 psi. The per cent lignin obtained by this 
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method was approximately 15. 

A considerable amount of experimental work romains 

to be done using an autoclave at various pressures. The 

conditions encounterad while using an autoclave will more 

closely approach those which might be used in an indus- 

trial process. 

The chief value of the work in this thesis is as 

follows: (1) to determino a feasible method of extract- 
ing the li;nin, recovering the dioxane, precipitating the 

lignin, filtering, treating the residue, etc., (2) to 

determine how the acid concentration and time affect the 

extraction, (3) to determine an economical moans of re- 
covering the dioxane from tho water solution, (4) to de- 

termino how various percentages of water in the dioxane 

will affect the extraction, (5) to investigate the per- 

oxide formation in the dioxane, (6) to determine how much 

dioxane is absorbed by wood chips, (7) to determine ho 

concentrated a lignin extract can become before lignin 
commences to precipitate, and (8) to determine the dilu- 
tion of concentrated lignin extract necessary to recover 

100 per cent of lignin. 
The boiling point of dioxane is 101.6° C and there- 

fore it is very difficult to separate dioxane and water 

by ordinary distillation. It was found that dioxane eau 

be separated from water by salting the dioxane out of 



solution and that this method would seem to offer the 

best possibility for success. Various bases and salts 
were used in these experiments. 

Ethers tend to form peroxides if exposed to air for 

any considerable length of time. When these ethers are 

distilled, explosions frequently occur. If dioxane is 
to be used, a means must be found to inhibit this per- 

oxide formation and make the ûioxane safe to distill. 
It was found that a small amount of water in the dioxane 

will inhibit this peroxide formation and will probably 

be satisfactory providing a reasonable per cent yield of 

liin is obtained. There is a method (2,P.52-54) of 

removing peroxides from dioxane by passing the dioxane 

through activated A1203. 
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PRO C EDURE 

Procedure for Obtaining a Ropresentative Sample of Wood 

A few extractions were completed using White Fir and 

the majority of the extractions were completed using 

Jestern Hemlock since it is the chier source of pulp for 

the paper industry. 

The samples of wood wore obtained from the forestry 

department at Oregon State 

tions of trees about 10 or 

wood was solid and all the 

about - inch long and from 

pared from theso samples o 

College. They were cross sec- 

12 inches in diameter. The 

bark was removed. Chips, 

* to - 
inch wide, were pro- 

wood. 

Moisture Determination in Wood Sample 

A representative sample of wood was ground into saw- 

dust and a small sample was placed in a weighing bottle. 

The sample was dried at a temperature of approximately 

1000 C for two hours. From the loss in weight the per 

cent of moisture was readily calculated. 
These results were checked several timos. 

Ligiin Extraction 

The wood sample was cut into chips approximately 

inch long and from * to inch wide and this sample was 



then weighed. The weighed chips wore placed in a 300 ml. 

Soxhiet extractor. Approximately 450 cc. of technical 

grade dioxano were placed in the Soxhiet extractor with 

enough concentrated lid to make the desired acid concen- 

tration in the dioxane. The extractor was heated by 

means of a hot plate and the heat was so adjusted that 

bhere were between 4 and B siphonings per hour. The heat 

for all comparative samples was so adjusted that each 

apparatus siphoned at the sans interval of time. Thus 

the results are comparative. 

At the end of the desired extraction time the ex- 

tract was filtered and distilled. The distillation was 

continued until only 10 or 15 cc. of concentrated solu- 

tian remained in the flask. The condensed, distilled 
was re-used after purification. The concentrated 

extract was diluted with warm water in the ratio of ap- 

proximately 10 to 1. This water precipitates the ligiin 
plus numerous other substances. A very small amount of 

N114C1 was added each time to help precipitate the liin. 
Warm water was used since it was thought it might help to 

prevent the precipitation of sugars along with the lignin. 
The solution containing the lignin was filtered 

through a weighed fritted glass filter using a Bailey 

ring and a suction flask. The lignin precipitate was 

washed with warm water to dissolve any sugars and other 
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carbohydrates which were precipitated with the lignin. 

This lignin precipitate was dried at approximately 70°C 

for atout 3 hours and then washed repeatedly with ethyl 

ether until further washings with clean ethyl ether pro- 

duced no coloration of the ether. 

The lignin precipitate was thon dried for several 

hours at approximately 60°C until further drying produced 

no additional loss in weight. The glass filter arid 11g- 

nm precipitate were then weihed. The per cent lignin 

residue was then calculated. 

Lignin Extraction With a Certain kìnourìt of ater 
Added to the D1xane 

The procedure for the extraction was the same as 

with pure dioxane except for a certain amount of water 

being present in the dioxane. The amount of water added 

varied from 3% to 30%. 

Recovery of Dioxane from Water Solution 

The boiling point of dioxane is 101.6°C and water 

100°C. Therefore the soparation of these two substances 

by distillation is impossible. 

It was decided to try the method of salting the di- 

oxane out of the solution. Various salta and bases were 

used including NaOH, NaC1, NH4C1, ZnO, Na0003, and CaC12. 

The procedure when using NaOH was to prepare a 
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concentrated NaOH solution about 11 normal. This solu- 

tion was standardized. Fifteen cc. of H20 and 10 cc. of 

dioxane were placed in each of several gas burettes. 

Concentrated NaOH was added to each burette In an amount 

which would make the desired concentration of the water 

layer. The concentration varied from 10 to 30 per cent. 

The number of cc. of dioxane recovered was determined and 

the per cent dioxane recovery calculated. 

The procedure when using the remaining salts was to 

add the required amount of dry salt to each of several 

burettes containing 15 cc. of H20 and 10 cc. of dioxane 

such that the resulting water layer would be of a certain 

concentration of salt. The cc. of dioxane recovered was 

then noted. The concentrations of the water layers were 

varied. 
The experiments were repeated until the results 

clearly indicated the exact nature of the separation. 

Recovery of the Dioxane Absorbed by the Chips 

The procedure for determining the exact amount of 

dioxane absorbed per unit weight of chips was as follows: 

After the completion of the dioxane extraction of 

the lignin, the dioxane solution was completely removed 

from the Soxhiet extractor containing the chips. About 

450 cc. of water were added to the Soxhiet extractor and 
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the extraction was continuod for four hours. The water 

solution containing the dioxane removed from the chips 

was drained from the Soxhiet and the dioxane was re- 

covered by salting the water-dioxane solution with NaOH. 

The dioxane was separated in a separatory funnel and 

measured in a burette. Since the original weight of the 

dry chips and the cc. of the dioxane recovered were 

known, the cc. of dioxane absorbed per unit weight of 

chips was now also known. 

At the end of the four-hour water extraction the 

above experiment was repeated with fresh water to de- 

termine whether or not all the dioxano had been removed 

from the chips in the first four-hour extraction. 
The above experiment was repeated with other samples 

of chips until the results were nearly the same. 

Procedure for Determining How uch to Dilute th 
Concentrated Lignin Extract in Order to Recover 

u t ion 

A small amount of the lignin precipitate was weig1ed 

and placed in a beaker. One hundred cc. of dioxane were 

added to dissolve the lignin. Then water in the ratio of 

3 parts of water to 1 part of dioxane was added. The 

solution was filtered in a fritted glass filter. Addi- 

tional water was added to the filtrato in the ratio of 5 

to 1 and the resulting solution filtered in a clean 
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filter. This procedure of dilution and filtration was 

repeated. Each filter was dried and weighed and the 

weight of liiin obtained from each dilution was ob- 

tained. 

Duplicate samples were run in all cases. 

Peroxide Determination 

A small amount of Kl is dissolved in a small amount 

of dilute acid so that HI will be formed. The solution 

to be tested is mixed with this HI solution and if there 

are peroxides present the free iodine will be liberated 

which is tested with starch solution. This is not an 

exact quantitative test, but it does give comparativo 

results. The more peroxides present, the darker will be 

the co1ca when tested with starch solution. 
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1T'1TTtfl 
.LIJULiJ. 

Lignin Extraction With Pure Dioxane 

Eamples i to 5 inclusive were white fir sawdust and 

the acid content varied from 0.1% HOi to 0.2% HC1. Ex- 

traction time varied from 12 to 23 hours. The results of 

these 5 extractions offer no conclusive results, but they 

do indicate that a 0,1% acid concentration dOes not give 

a good extractIon. 0.2% HOi gives somewhat botter re- 

suits, giving as much as 21.54% lignin residuo in 23 

hours of extraction. 

Samples G and 7 were performed with western hemlock 

sawdust and with an acid concentration of 0.1% for sample 

6 and 0.3% for sample 7. The results of these two ex- 

tractions give results similar to those of samples 1 to 

5 in that they show 0.1% HC1 as giving a low yield while 

0.3% HC1 gives a reasonably good yield. 

Figure I Indicates the rato of extraction for the 

remaining samples using western hemlock chips and pure 

dioxane. An acid concentration of 0.2% seems to be too 

low. The rate of extraction for those samples with an 

acid content of 0.4% to 2.0% seems to be approximately 

the same. Higher acid concentrations such as 1.5% and 

2.0% hive a hig1or rate of extraction during the first 
4 hours, after which the rate decreases. All samples 
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seem to give a fairly rapid rate of extraction during the 

first 8 hours. It is to be noticed that a 0.4% acid con- 

centration gives as good a yield as 1.5% acid concentra- 

tion at the end of 8 hours and a higher per cent yield at 

the end of 16 hours. 

The color of the lignin residue obtained start with 

a very light brovn at a low acid concentration of 0.2% or 

0.4% 11Cl and becomes progressively darker as the acid 

concentration is increased. 1.5% or 2.0% HC1 gives a 

very dark product. This is expected since higher acid 

concentration causes greater polymerization. 

Lignin With Water Added to the Dioxane 

Since dioxane tends to form peroxides and is danger- 

ou& to distill, it was thought that the addition of a 

certain per cent of water to the dioxane would inhibit 

the peroxide formation and yet give a satisfactory yield 

of product. 

From the results of the extractiorEwith pure di- 

oxane, 0.4% 11Cl concentration was chosen as the optimum 

acid concentration since it gives the most satisfactory 

yield and the color of the product obtained is light in 

color. 

Samples 19 through 24 inclusive were extracted with 

a 0.4% 11Cl concentration and with varying percentages of 
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water in the dioxane. Sample 25 was completed with 1.0% 

HOi. The results of the extractions are shown in Table 

VIII and Figure II. From these results it is apparent 

that a small percentage of water in the dioxane will 

yield as high a per cent of lignin as pure dioxane. 

Sample 25 with 3% water present yields 16.6% lignin at 

the end of 8 hours' extraction time which is nearly the 

same yield as that obtained using pure dioxarie and an 

acid concentration of 0.4% HC1. Sample 15 with pure di- 

oxane and 0.4% HC1 yields 17.08% lignmn at the end of 8 

hours. 

From those results it is indicated that a water cone 

centration of as high as 3% can be used In the dioxane 

with satisfactory yields. The presence of this amount of 

water would inhibit the peroxide formation and make the 

dioxane solution safer to handle. 

The color of product obtained is light brown. 

Results of Dioxane - Water Separation 

The method of salting the dioxane out of solution 

was used. Several salts and bases wore used in these ex- 

periments including NaOH, NaCl, NH4C1, ZnO, CaC12, and 

Na2003. 

The NaCl concentration in the water layer was varied 
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from 14% to 26% with no separation of dioxane. At 26% 

concentration, crystals of NaCI formed in the bottom of 

the burette. 

There was no separation using NH4C1, ZnO and CaC12. 

The CaC12 concentration was increased to as high as 40%. 

Na2CO3 gives a separation into two ayers. The re- 

sults using Na2CO are shown in Table III. The concen- 

tration of Na2CO3 was varied from 14% to 24%. A large 

amount of water separates with the dioxane layer even at 

a high concentration of Na2CO3 and this is not satis- 

factory. The uso of sodium carbonate as a salting out 

agent seems to be unsatisfactory. 

Sodium hydroxide seems to give satisfactory results. 

The results using NaOH are shown in Tables IV and V ar 

also in Figure III. If the concentration of NaOR in the 

water layer is increased to 24% or higher it is possible 

to recover 96% to i00% of the dioxane originally in solu- 

tion. 

These experiments were repeated several timos in 

order to verify that the results as shown are accurate, 

Exporiments to Determine the Necessary Dilution 
of the Coriintrated Lignin Dioxaño Solution in 
Order to Precipitate all of hi Lignin 

The results of those experiments are shown in Table 

VI and differ somewhat in regard to the per cent recovery 
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of the lignin, possibly due to experimental error. 

Duplicate runs on redissolved lignin solutions indicated 

that it required a 7 to i dilution of the original con- 

centrate in order to recover 100% of the lignin. From 

77% to 97% of the lignin was recovered with a 3 to i 

dilution. 

These results were verified on an original extracted 

solut ion. 

Results of Experiments to Determine the Amount of 
Iioxane Absorbed by the chips and Later Recovered 

These results aro shown in Table VII. The average 

amount of dioxane absorbed per gram of wood chips on the 

dry basis is 1.09 cc. 

Results of Experiments to Determine How Much 
a Dioxane Lignin Solution can be Concentrated 
Before Lijznin Precipitates 

With all extractions the dioxane lignin solution was 

concentrated to about 15 cc. before any ligrìln precipi- 

tatod. The amount of lignin residue in those solutiona 

varied from 0.1 to 1.8 grams. 

Therefore it is possible to concentrate the solu- 

tion to 10% or 12% lignin by weight before the lignin 

residue commences to precipitate. Concentrating those 

solutions too much mit tend to cause greater poiyrneri- 
zation and be harmful to the product. Also if the 



24 

solution is concentrated too much it would be more danger- 

ous since increased peroxide concentration might result 
in an explosive mixture. 

Result of Peroxide Determination 

This test was performed on technical grade dioxano 

and also on the dioxane recovered from the distillation 
of the lignin dioxane solution. 

The technical grade dioxane was found to contain 
some poroxides. This experiment does not give an exact 
quantitative determination but just comparative results. 
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CON CLUB IONS 

The results of this investig,ation may be summarized 

in a few general conclusions. 

One: It is possible to extract liiin with pure di- 

oxane and obtain 60% to 70% of the 1iiin in a 

reasonable length of time. 

Two: It is possible to obtain a good yield of liiin 

with 3% of water present in the dioxane. 

Three: Lower acid concentration such as 0.2%, 0.4% and 

0.6% give lighter colored products. Higher acid 

concentrations such as 1.5% and 2% give very dark- 

colced products probably due to greater poly- 

merizat ion. 

Four: An acid concentration of 0.4% HCÌ seems to give 

as good yields as higher acid concentrations while 

any concentration lower than 0.4% does not give 

a good yield. 

Five: Dioxane can be recovered from the water solution 
by salting the dioxane out of solution with sodium 

hydroxide. A 30% NaOH concentration in the water 

layer will give nearly 100% separation of the 
dioxane. 

Six: It requires about a 7 to 1 dilution of the concen- 

tratod 1igin extract in order to precipitate all 
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of the lignin in solution. 
Seven: The amount of dioxane absorbed by the chips aver- 

ages approximately I co. per gram of chips, and 

this dïoxane can be recovered. 

Eight: The lignin extract can be concentrated to approxi- 

inately 10% to 12% lignin by weight in solution 

before lignin commences to precipitate. 
Nine: There are considerable amounts of peroxidea 

present in technical grade dioxane. These can 

be removed and it is believed that a small amount 

of water present will inhibit further peroxide 

formation. 

Ten: The color of the product obtained at a lower acid 

concentration appears good. The methoxy]. content 

is approximately 15%. 
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TABLE I 

Lignin Extraction With Pure Dioxane 

Sample Wood Form of Timo Color of' 

"umber IJaed Sample Acid (Tirs.) Yield Product 

i White Fir Sawdust 0.1 
2 White Fir Sawdust 0.1 
:3 White Fir Sawdust 0.2 
4 White Fir Sawdust 0.1 
5 White Fir Sawdust 0.2 
6 West. Hem. Sawdust 0,1 
7 West. Hem. Sawdust 0.3 
8 West. Hem. Chips 0.3 
9 West. Hem. chips 0.2 

* Samples B and 9 were discarded. 

TABLE I]: 

8 3.7 Light Br. 
12 8.2 Light Er. 
16 13.56 Light Br. 
16 9.8 Light Br. 
23 21.54 Light Br. 
24 7.6 Light Br. 
24 20.97 Light Br. 
* 
* 

Liin Extraction With Pure Dioxano 

(iostern Hemlock Chips) 

Cumulative Lignin Residue* 
Sample % 4 8 12 16 24 30 Color of 
Number Acid Hrs, Firs. Urs. Tirs. Tirs. Tirs. Product 

10 0.2 3.34 8.68 11.82 l5.61 15.3 15.9 Light Br. 
11 0.6 9.43 16.00 17.55 18.17 Med. Br. 
12 1.0 5.26 0.36 11.76 L.12 14.6 Dark Br. 
13 1.0 8.74 14.57 17.03 17.75 Dark Br. 
14 1.5 16.28 17.40 18.53 19.33 Dark Br. 
15 0.4 9.61 17.08 19.87 21.00 Light Br. 
16 0.2 5.70 9.83 13.10 16.19 Light Br. 
17 0.3 6.60 15.43 18.3? 19.30 Med. Br. 
18 2.0 12.63 

* Based on moisture-free sample. 
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TABLE III 

Results of Dioxane Water Separation Using Na2CO 

cc. gins. cc. 
Con. Na2CO3 cc. Dioxano Na,CO. in 
in HpO Layer Water Used Adea Dioxane Layer 

14 25 5.65 4.07 13.8 
16 25 5.65 4.76 12.6 
20 25 5.65 6.25 10.6 
24 25 5.65 7.90 9.2 

TABLE IV 

Results of Dioxane Water Separation 

cc. cc. cc. cc. 
Cone. H20 1120 Dioxane NaOH* Dioxane 

Layer Used Used Added Recovered Recovery 

10 15 10 4.80 8.95 89.5 
12 15 10 5.37 925 92.5 
13 15 10 5.98 9.30 93.0 
14 15 10 6.62 9.35 93.5 
15 15 10 7.30 9.30 93.0 
16 15 10 8.02 9.35 93.5 
17 15 10 8.83 9.30 93.0 
18 15 10 9.65 9.45 94.5 
19 15 10 10.50 9.50 95.0 
20 15 10 11.45 9.50 95.0 
21 15 10 12.46 9.40 94.0 
22 15 10 13.52 9.65 96.5 
24 15 10 15.92 9.60 96.0 
26 10 10 12.50 10.00 100.0 
28 10 10 14.81 10.00 100.0 

* Normality = 11.105 



TABLE V 

Resulta of Dioxane Water Separation 

Cono. H20 
Layer 

co. 
H20 

Used 

cc. 
Dioxane 
Used 

co. 
NaOH* 
Added 

cc. 
Dioxane 
Recovered Recovery 

10 15 10 4.6 8.30 83.0 
12 15 10 5.86 9.10 91.0 
14 15 10 7.26 9.20 92.0 
16 15 10 8.90 9.25 92.5 
18 15 10 10.71 9.35 93.5 
19 15 10 11.74 9.40 94.0 
20 15 10 12.89 9.30 93.0 
21 15 10 14.08 9.40 94.0 
22 15 10 15.35 9.45 94.5 
23 15 10 15.75 9.52 95.2 
24 15 10 18.38 9.60 96.0 
25 15 10 20.05 9.65 96.5 
26 15 10 21.90 9.63 96.3 
27 15 10 24.0 9.70 97.0 

* Normality = 11.105 

TABLE VI 

Results of Dilution of Concentrated Extract With Water 

RunNo.1 : RunNo.2 
We ight of : We ight of 

Dilution Residuo Recd'.reiyDi1ution Residuo Rec6ery 

3 to 1 0.896 9'7.1 : 3 to 1 0.226 77.1 
5 to 1 0.013 1.41: 5 to 1 0.016 5.46 
7 to 1 0.024 2.6 : 7 to 1 0.007 2.37 
9 to 1 None : 9 to 1 None 
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TABLE VII 

Dioxane Absorbed by Chips 

Weight of cc. co. 

Sample Wood Sample Dioxane Dioxane Absorbed 
Number (gms.) Recovered per Gram of Wood 

16 13.710 13.55 0.987 
17 12.612 13.34 1.06 
18 13.823 16.90 1.22 

TABLE VIII 

Lignin Extraction With Water and Dioxane 

(Westeii Hemlock Chips) 

Sample Timo Linin Color of 
Number Acid Water (Hrs.) Residuo Product 

19 0.4 10 8 2.06 Light Br. 
20 0.4 20 8 0.955 Light Br. 
21 0.4 30 8 0.818 Light Br. 
22 0.4 5 8 7.35 Light Br. 
23 0.4 10 8 3.78 Light Br. 
24 0.4 5 8 5.77 Light Br. 
25 1.0 3 8 16.60 Med. Br. 



SAMPLE CALCULATIONS AND DATA 

SAMPLE NO. 15 (Typical for all extractions) 

Wt. of wood sample and beaker = 51.501 gins. 
Wt. of empty beaker 38.706 gins. 
Wt. of sample = 12.795 eins. 
Per cent moisture = 9.25 
Wt. of sample on dry basis 11.615 'nis. 
Acid content 0.4 

Wood used - Western Hemlock 
Form of wood sample - Chips 
Amount of 37% Rd to add to 150 cc. 1.407 cc.* 

Extraction Time (hours) 1-4 5-8 9-12 13-16 

Time started 5:27 5:15 4:45 9:05 
Time ended 9:27 9:15 8:45 1:05 
Nt. of filter and 

treated residue 31.844 26.423 26.401 24.751 
Wt. of empty filter 30.726 25.555 26.077 24 .620 
Wt. of ligni.n residue 1.118 0.868 0.324 0.131 
Per cent lignin 9.61 7.47 2.79 1.13 
Cumulative % lignIn 9.61 17.08 19.87 21.00 

* Calculation of cc. of 37% HC1 (Sp. gr. 1.188) to add 
to 150 cc. of dioxane to make 0.4% ¡ICi 

Sp. gr. of dioxane = 1.03 
X 

(150) (1.03) + 0.004 

x 0.618 gm. ¡ICi 

O 618 
0.37(l.188) 

MO ISTURE DETERM INAT ION 

:ft. of wood sample 
Nt. of dried sample 
Loss in weight 
Per cent moisture 

= 1.407 cc. 37% ¡ICi 

= 1.969 gins. 

1.787 gma. 
= 0.182 gma. 
= 0.182 (100) 

= 9.25% wet basis 
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