
AN ABSTHACT OF THE THESIS OF 

Harry John Kiefer for the Ph. D. in Chemistry 

Date thesis is presented July 31, 1951 

Title The Chemical Composition of the Bast Fibers of 

Douglas Fir Bark, Pseudotsuga Taxifolia (Poir.) Britt. 

Redacted for privacy 
ìb st rac t 3oroved (Maj or Professor) 

The purpos. of this inveetiation was to determine the composition of 

Douglas fir bark bast fibers to obtain information that might lead to more 

complete utilization of Douglas fir tinber resources. A].inot 1.5 million 

tons of bark are destroyed or burned as hog fuel each year. It was found 

that the best fibers compae 36 to 47 per cent of the air dried bark as re 
oejved in the nails. Structural examinations of the fibers in bark sections 

by means of e microscope revealed the presenc. of a ring type or layer 

structure. Ph. fiber is surrounded b a wall or matrix of reddish-brown 

liiified material which by microscopic examination appeared to be removed 

by dilute aqueous alkali solutions. This lignified matrix seems to be re- 

eponsihie for the relatively high U.gnin content of the fibers (44.8 per 
oint oven-dry, extractive-fre. basis). The presence of this lignified well 
also appeared to b. at least pertly responsible for the difficulty experi- 

eno.d in isolating holooellulose from the fibers. 

Extractive contenta of the fibers ware obtained by suocesaive extraction 
with: hexano, benzene, ethyl ether, hot water and ethanol. Yields obtained 

on an oven dry basis were: hexane, 1.59 per cent; benzene, O.9S per cent; 
ethyl ether, 0.38 per cent; hot water, 9.1 per cent; ethanol, 0.96 per cent, 

This relatively low sum of extractives (13.5 per cent) indicated that it 

would not be feasibl to utilize the fibers as a source of extractives, 

particularly wax and dihydroquerostin. Holoceliulose determinations on the 

extractive-free Libera by means of oonventional methods revealed that de- 

gradation of the cellulose occurred when attempts were made to obtain hob- 
cellulose with less than .4 per cent lignin. It was found that after the 

bark fibers had bean extracted dth a dilute alkali solution, a holcoellulose 

fraction containing from 0.1 to 0.3 per cent lignin could be obtained. This 

fraction could uot by definition be correotly called "holocellubose5 sino. 

9.3 per cent carbohydrate material was removed by the alkali along with 22.0 
per cent lignin. The carbohydrate material removed by the alkali was found 
to consist of 1.89 per cent pexitosans, 2.62 per cent uronic acid anhydride 
and 5.49 per cent hexosan. The "holocellulose" isolated after the alkali 

extraction was found to contain 77.8 per cent alpha cellulose, 1.6 per cent 
beta cellulose and 20.6 per cent gannue cellulose. The composition of the 

alpha cellulose was ash, 0.24 per cent; lignin, 0.27 per cent; niannose, 

1.04 per cent; xylose, 0.5]. per cent; galactose, none; glucose, 97.94 per 

oent. An analysis of the total carbohydrate of the extractive-free fiber 
was round to be: galactose, 3.54 per cent; manxioae, 6.31 per cent; xyiose, 

11.03 per cent by fermentation or 9.90 per cent by pexitosan determination; 

arabinose, none; and glucose1 39.85 per cent, based on the weight of ex- 

tractive-free fiber. Three fractions of "lignin" materials from the fibers 
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were i8o1Eted and 8tudied, The fraction of "11in" removed by one per cent 
sodium hydroxide repre8ented 49 per cent of whet appeared aa Klaaon lignin 
on the whole oxtractive-free fibers. This easily removed "lignin" material 
waE found by infrared and chnical analyie to resemble a high molecular 
weight phenolic acid rather than what i8 generally deeignated lignin. A 
functional group analysis by methylation etudìes revealed that this phenolic 
eoid contained1 methoxyl, 4.3 per oent; cerboxy group, 4.9-5.3 per cent; 
phenolic hydroxyl, .3 per cent; and alcoholic hydroxyl, 4.2 per oent, On 
tkia baeis, one building unit of molecular weight, 850-918, would contain one 
oerboxyl, one nthoxyl, two alcoholic hydroxyl and four phenolic groups. 
Based upon a molecular weigt of 85o, funotiona]. group data, and the elemen- 
tary composition (4.l2 per cent carbon, .33 per cent hydrogen), an empirical 
formula was proposed for the Douglaa fir bark fiber phenolic acid. 

Infrared atudie confirmed the presenoc of the oarboxyl group in this 
phenolic acid and served to ahow the Binhilarity of the acid to the phioba-. 
phones isolated from the Douglas fir bark beet fibera. Axì ultraviolet ab- 
eorption spectrum of the sodium hydroxide 8oluble phenollo acid showed the 
maximum absorption peak in the 280 milEmioron region. This behavior has 
been found to be ooion to many linin, tannin and phiobaphena preparatione. 
Oxidation of the pbenolio acid fr the best fibers yielded l.b3 per cent 
vanillin. Evidently, the phenolic acid does not resemble lignin in respect 
to the presence of a vanilliza nucleus. This is in accord with the infrared 
spectrum which shows little indication of the preeence of carbonyl groups. 
The low methoxyl content of the bark fiber phenolic acid is comparable to 
the methoxyl content of the phiobaphene which was found to contain 2.77 per 
cent nthoxyl. This relationship to phlobaphene was further displayed when 
the infrared spectra of the two materials were found to be almost identical. 
Both spectra displayed strong carboxyl or ester absorption and little or 
no carbozyl abaorption. 

The liin extracted frxi Douglas fir bark fibers by means of dioxane- 
BC]. solution was obtained in 10,8 per cent yield. Au 11.8 per cent yield 
based on the weight of oven dry, extractive-froc fibers was obtained when 
the fibers had been previously extraoted with one per cent sodium hydroxid. 
solution. These yields are equivalent to about 24 per cent of the total 
"Kiason 1jin" in the ertraotive-free fiber. Dioxane lignin was found to 
possess more similarity to soft wood native lignin than to the phenolic 
acid of the fibers. By methyletion studies its functional groups were found 
-to be: methoxyl, 14.3 per cent; a1cohoio hydroxyl, 4.4 per cent; phenolio 
hydroxyl, 3.2 per cent; carboxyl group, 2.5 per cent. The preparation of 
a phenylhydrazone derivative and infrared absorption ahow the presence of 
a carbonyl group in the dioxane-HC1 lignixi. This dioxane lignin was the 
only fraction of the bark fiber lignina which exhibited decisively the 
presence of carbonyl groups. 

The 72 per cent sulfuric acid or Kiasori Lignin amounted to 44.8 per 
cent of the axtractive-free bark fibers and repre8ented the total uignin 
oontent as it is conventionally determined. Its spectra showed it to be 
similar to the other two preparations but possessing decreased functional 
group contents. Therefore, the "lignin" in the beat fibers is not a homo- 
geneous material and further work on ita chemistry should be performed on 
purified homogeneous fractions. 
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TEE CHEMICAL CO?POSITION OF THE BAST FIBERS OF 
DOUGLAS FIR BARK, PSETJDOTStIGA TAXIFOLIA (PoIR.) BRITT. 

INTRODUCTION 

The purpose of this investigation was to determine the coinpoBi- 

tion of Douglas fir bark bast fibers to obtain inforration that might 

lead to more complote utilization of Douglas fir timber resources. 

It is estimated that an average of 6.2 billion board feet of Douglas 

fir timber are cut annually (46, p.3). Since there are approiinat.ly 

S20 pounds of bark per 1000 board feet of timber, almost l. million 

tons of bark are destroyed in waste burners or burned as hog fuel 

each year (14). 

In the past few years, lumber manufacturers and users have taken 

heed of this great waste of raw material. Encouraging potentialities 

for Douglas fir bark utilization have been found in the extractives 

removed by neutral solvents (22, 28). Useful products found consist 

of wax, tannin and dihydroquerc8tin. The wax demonstrates properties 

comparable to high priced, imported waxes. Douglas fir bark tannin 

has been used for some time to produce leather at a tannery in Dallas, 

Oregon. Dihydroqueroetin, e "flavonoid" compound, possesses prop- 

erties of pharmaceutical value; it is also an antioxidant for the 

prevention of rancidity of fats and oils. 

riother possibility for the utilization of Douglas fir bark 

rests upon a physical separation into its structural components. The 

Weyerhaeuser Timber Company at Longview, Washington has initiated a 

process whereby the bark is separated into cork, fiber and amorphous 

powder. These bark products are finding increasing use in plastie 
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compositions, adhes.vcs, oil-well drilling muds and as a soil condi- 

tioner. Production, which began in 1947, has advanced to more than 

one million pounds per month, but this quantity still represents 

only a minor portion of that available. 

8earoh of the literature revealed that little information is 

available de8crihing the chemical composition of any of the physically 

separable components of Douglas fir hark. This investigation of the 

bast fibers was then undertaken with the thought that a more complete 

knowledge of the chemical composition of one of the major ooLponents 

may lead to greater utilization of this ist source of raw material. 
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SOURCE AND PREPARATION OF BARK SAMPLES 

A 8tUdy was made to determine the approximate fiber content 

present in Douglas fir bark. Four samples of OO grams each were 

ground on a Gruendler hainnìer mill, air dried and thon screened by 

means of a Rotap shaker. The fractions which were larger than 40 

mesh were ground on a Sprout-Walcron attrition-type mill and screened 

again by means of the Rotap shaker to effect bettor fractionation. 

Repeated screening resulted in fractions each consisting predominately 

of either amorphous powder, fiber or cork. 

Sample No. i oonsisted of bark taken from trees ranging from 

110 to 260 years in age. They had been felled one month prior to 

sampling on the Crciwn-Zellerbach holdings in Molalia, Oregon. 

Equal quantities of bark were taken from top and bottom log sections. 

Sample No. 2 was taken from this same area but from trees ranging 

from 80 to 9 years in age. Sample No. 3 was a random selection 

taken at the Corvallis Lumber Company in Corvallis, Oregon; Sample 

No. 4 was also a random sample taken from the Chapman Company in 

Corvallis, Oregon. 

The results obtained are presented in Table 1. Obviously, the 

values obtained are only approximate because of the impossibility 

of realizing absolute separation by a screening process on material 

of this nature. The amorphous fines passed through standard 100 

mesh screen; fibers passed through 40 mesh screen and were largely 

retained on bO and 100 mesh; cork particles were retained on 20, 30 
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TABlE i 

COLCSITION OF AIR-DRIED BARK IN WEIGHT PER CENT 

Sample Fiber Cork Fines Loss 

No. i 
110-260 years 36. 41. 17.8 4.2 

No. 2 

8O-9 years 47.8 33.4 1S.5 3.3 

No. 3 

Randox, Corvallis 
Lumber Company 35.4 32.2 18.2 14.2 

No. 4 

Random, Chapman 
Company 41.2 24.8 29.0 5.0 

No. 5 
Weyerhaeuser Co. 
Production Data 38 28 -- 
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and 40 mesh screens. The 1038es reported were almost entirely corn- 

posed of fines lost as duet. 

Fibers for the chemical analysis were obtained in an almost pure 

state by stirring the crude fiber fraction in five tines it volume 

of distilled water at room temperature. A small portion of wetting 

agent aided in the separation. By virtue of their greater specific 

gravity, the fibers readily sank to the bottom of the container, 

thereby allowing the cork and woody impurities to be skimmed from 

the surface. The purified fibers were then filtered off on a large 

B1chner funnel, air dried and placed in sealed jars for storage. 

Since Sample No. i was believed most representative of the tun- 

ber cut, fibers from this sample were used exclusively for the 

analysis. 



I. STRUCTURAL CHAR.ACTERISTICS 

Douglas fir bast fibers are sharply-pointed, spindle-shaped par- 

ticles of a red-brorn color. Their largest diameter is such that they 

may pass through 40 or 60 mesh screens; a very small portion passed 

through loo mesh and were found .th the amorphous fines. Other phys- 

ical properties of the fibers that are pertinent to their use as 

fillers and in the plastics industry have been described (10, 48). 

The physiological significance of the bast fibers and their 

functions have not been entirely clarified. However, it is generally 

believed that the psence of the fibers in the bark imparts strength 

and protection to the inner functioning elements, particularly the 

sieve tubes (6, p.29). 

The following photomiorographs were taken of thin bark sections 

to illustrate the general appearance and position of the fibers in 

the bark layer. The general pian for preparation of wood sections 

involved the removal of moisture from the sample by means of solvents 

and a replacement with embedding paraffin. Several procedures using 

amyl acetate, dioxane, and alcohols were tried but found to be un- 

successful. Apparently the cork layers were plasticized and softened 

to the point where they crushed under the microtome blade and would 

not support the harder fibers. Sections were finally made from un- 

embedded material, The blocks were placed in the microtome, and, 

before each section was cut, a small amount of melted paraffin was 

wiped aoross the surface with a warm scalpel. This was followed by 
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a brief chilling with ice. The sections were then out and affixed to 

the slide with a dilute gelatin adhesive ('tHaupt's" adhesive). After 

drying, the paraffin was removed by placing the slide in X101e The 

slides were then stained using Heidenhain's hematoxylin end safranin 

schedule as modified by Esau (12). The stained slides were then 

mounted in H. S. R. synthetic resin (Scientific Supplies). Photo- 

inicrographs were made on Eastman Super XX film, developed in D-42 

contrast developer. 

Views of these section8 are showi in Figures 1, 2, 3 and 4. 

Figure 5 shows the isolated fibers. 

II. EXTRACTIVE CONTENTS OF ThE FIBERS 

The extractives removed from Douglas fir bark by means of neutral 

solvents have been previously described (22, 28). It was decided, 

however, to make a comparison of the extractive contents of the fibers 

to those of the cork fraction (20) and whole bark. From these data 

it should be po8sible to determine the feasibility of utilizing the 

fibers for their extractive oontents. 

The plan of analysis was essentially that used in the extractive 

studies made upon the whole bark (28). Duplicate 25 gram samples of 

fiber, moisture content 3.80 per cent, were extracted successively 

with hexane, benzene, ethyl ether, hot water and ethanol. The hot 

water extraction was that of T.A.P.P.I. procedure T 1 m-45 (42); 

other solvent extractions were made by extracting for six hours in 

Soxhiet-type extractors. In each case except that of the hot water 
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FIGURE 3 

RADIAL SECTION OF DOUGLAS FIR BARK (40 X) 

1. Wood or xylem 
2. Canibium 
3. Bast fiber 
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FIGURE 4 

CROSS SECTION OF DOUGLAS FIR BARK BAST FIBER (1000 X) 

1. Ring structure 
2. Pit 
3. Cell cavity or lumen showing living protoplast 
4. Crushed sieve oeils 

S. Phloem parenohyma 
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ISOLATED DOUGLAS FIR BARK BAST FIBERS (8 i) 
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extraction, the solvent containing the extractives was filtered into 

a tared, glass evaporating dish and evaporated to near dryness on a 

hot water bath. Drying period was completed by means of an eight 

hour period in a vacuum oven at 600 C. 

Results obtained together with the results of previous investi- 

gations are shown in Table 2. The results obtained indicate that the 

hast fibers are relatively poor in extractives, particularly the 

waxes and dihydroquercetin. It would therefore not be advisable to 

utilize the fiber fraction of the bark as a source of these substances. 
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TABLB 2 

COPARATIVE ELTRAOTIVE CONTENTS OF DOUGLAS FIR BARK FRACTIONS 

Per Cent Oven Dry Weight of TJnextrcted Sample 

Solvent Fiber Cork1 ijhole Bark 

Hexane 1.59 5.84 5.47 Light yellow wax 

Benzene 0.95 2,50 2.52 Brown wax 

Ethyl Ether 0.38 19,00 5.9 Dihydroqueroetin 

Hot Water 9,61 7.10 6.68 Tannin, Carbohydrates 

Ethanol 0.96 6.91 7.70 Phiobaphene 

13.49 41.35 28.32 

Hergert, Herbert L. The chemical nature of Douglas fir cork. 

M.S. Thesis, Oregon State College, 1951. 



EXPERIMENTAL PROCEDURE 

An overall percentage composition of the bast fibers as deter- 

mined by T.A.P.P.I. Standard Methods of Wood Analysis (42) Is pre- 

sented in Table 3. Values in the literature for Douglas fir wood 

are presented as a means of comparison. 

exjnatjon of the values in Table 3 revealed that the great- 

est difference between the bark fibers and the wood exists in the 14 

per cent higher lignin content of the bark fibers. The methoxyl con- 

tent of the Klason lignin from the fibers was found to be approximately 

one-half that of the wood. This indicated that the fiber lignin is 

different or contains a fraction differing from that of the wood. The 

ash content of the fiber was also found to be considerably higher than 

that reported for the wood. 

The plan for more complete wialysis of the fibers in this inves- 

tigation was first an examination of the carbohydrate portion followed 

by a characterization of lignin fractions separated by various means. 

I. CARBOHYDRATE PORTION OF THE FIBERS 

Hol000llulose. Investigations by Wacek and Schon on spruce bark 

(44), Lewis et al. (30) on redwood bark, and Kurth (26) have demon- 

strated the difficulties encountered in separating the cellulose por- 

tion of barks from lignin. Similar difficulties were also experienced 

in the cource of this investigation of the bast fibers from Douglas 

fir bark. 
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TABLE 3 

COMPARISON OF DOUGLAS FIR BARK BAST FIBERS AND WOOD 

Per Cent Oven Dry Weight of Materials 

Fiber 
2 

Wood 

Ether Solubles 2.92 1.32 

Alcohol Solubles 8.65 5.46 

Hot Water Solubles 2,58 2.82 

Sum of Extractives 14.15 9.60 

Ash 0.601 0.175 

Liin 44.80 30.15 

Holooellulose (Chlorite) 54.58 71.40 

Pentosan8 (Uncorrected) 8.62 10.11 

Methoxyl 3.59 4.75 

Methoxy]. on lignin 7.16 15.203 

Aoetyl 2.39 0.593 

Uronic Acid Anhydride 4.62 2.803 

2 Graham, Harold M. and Ervin F. Kurth, Constituents of extractives 
from Douglas fir. Ir1ustrial and engineering chemistry, 41: 
409-414. 1949. 

3 Lewis, Harry F. The significant chemioal components of western 
hemlock, Douglas fir, western red cedar, loblolly pine and 
black spruce. Tappi 33:299. 1950. 

The solubilities in Table 3 are reported on the basis of the 
oven dry unextracted materials and were determined successively in 

the order ether, alcohol and hot water. All other analyses are re- 
ported on the basis of the oven dry extracted material and were de- 
termined on the extracted sample prepared in accordance with 
T.A.P.P.I. procedure T 12 in-45. 
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Attempts to prepare holoocliulose by means of the nionoethanol- 

amine and chlorination procedure T 9 m-45 (42) proved unsuccessful 

because of filtration difficulties. Therefore, an attempt was made 

to prepare holocellulose by a modified method of Jayme, employing 

sodium chlorite and acetic acid (50). To determine conditions which 

might prove satisfactory for isolation of the holocellulose, a series 

of determinations were made on 2.5 gram samples of the fibers. Du- 

plicate samples were subjected to a different number of treatments 

with sodium chlorite and acetic acid in the following manners The 

sample was placed in a 250 milliliter Erlennîeyer flask with 1w 

milliliters of water, 10 drops of glacial aoetio acid and 1.5 grams 

of sodium chlorite. The flask was then placed in a hot water bath 

maintained at 70 to 80° C. for one hour. At the end of the one hour 

period another addition of the same amount of sodium chlorite and 

acetic acid was made. These additions were repeated each hour for 

the number of times indicated in Table 4. Upon completion of the 

treatments, the flask was removed from the water bath and cooled to 

room temperature before filtering on a sintered glass cruoible. The 

holooeilulose was washed th ice water and finally acetone to facil- 

itate drying in a vacuum oven at 50° C. t-o constant weight. This 

method of drying was used because it was found that when the bark 

fiber holocellulose was prepared in the foregoing manner and dried 

in an oven at 1050 C,, it became hardened to such an extent that sub- 

sequent lignin determinations on the holocellulose were difficult 

to check. 



TABLE 4 

CHLOR I TE HOLOCELLULO SE DETER1iINATIONS 

Per Cent Oven Dry Weight of Extractive-free Fibor8 

Lignin Holooellulo se 

Test on Corrected 

No. Treatment Holcoellulose Ho].00ellulose for Lignin 

i A 4 treatments, cooled 

Total Linin 
plus 

Holoceliulose 

to room temperature 
and filtered 61.42 7.35 Só.90 100,98 

2 A 4 treatments, held at 
room temperature 24 
hrs. before filtering 9.16 6.66 ó.O8 100.88 

3 A 4 treatments, held at 

room temperature 48 
hrs. before filtering 57.76 5.55 54.58 99.38 

i B b treatments, cooled 
to room temperature 
and filtered 55.26 5,05 52.47 97.27 

2 B 6 treatments, held 
at room temperature 
24 hrs. before filtering 52.35 2.42 51.07 95.87 

i C 2 treatments, 000led to 

room temperature, fil- 

tered, followed by 2 

more treatments, cooled to 
room tperature and filtered 58.33 5,42 55.15 99.95 
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Table 4 8h0W8 the result8 of hol000llulo8e determinations carried 

out on the fibers under various conditions. 

The total lignin value on the extractive-free bast fibers was 

found to be 44.80 per cent by the 72 per cent sulfuric acid method 

T 13 m-4g (42). This value was used in mang the calculations in 

Table 4. Data shown in the table indicate that if an attempt is made 

by this method to reduce the lignin content of the holocellulose to 

less than six per cent, degradation occurs. An attempt was made to 

determine if seine of the degradation could be avoided by filtering 

off the holocellulose after two treatments and then continuing the 

treatment with fresh water and reagents. In this manner an excess 

of the hot reagents and reaction products would not be in contact 

with the holocellulose for as 

obtained (Test 1 C, Table 4) 

by this method, since one per 

out appreciably degrading the 

were made employing a similar 

tory than 1 C. 

long a period of time. The reault8 

Lndicated that some advantage was gained 

cent more lignin could 'be removed with- 

holocellulose. Other determinations 

procedure, but none was more satisfac- 

One per cent sodium hydroxide extraction of the extractive-free 

fibers. It has been shown that with materials in which the lignin 

is difficult to remove, an extraction with dilute alkali may be ad- 

vantageous in obtaining a cellulose fraction suitable for analysis 

(41). This procedure was investigated using the T.A.P.P.l. method 

T 4 m-44 (42), whereby a one gram sp1e of extractive-free fibers 
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in 150 milliliters of one per cent sodium hydroxide solution is placed 

in a boiling water bath for one hour. It was found that 31.35 per 

cent of the oven dry weight of fiber was extracted by the alkali. A 

lignin determination on the residue indicated a 33.21 per cent lignin 

content. This figure shows that 22.0 per cent lignin and 9.35 per 

cent oarbohydrate material of the extractive-free fibers were removed 

by an extraction conducted in this manner. 

Holocellulose determinations on the alkali extracted fibers. 

Both the monoethanolarnine holocellulose determination, T 9 m-45 (42) 

and the chlorine dioxide holooellulose determination (50) were at- 

tempted on the alkali extracted fibers. In the case of the mono- 

ethanolainine procedure, a chlorination of the material is followed 

by an e±raction of the chlorinated lignin vith a monoethanolamnie- 

ethiol solution in which the chlorinated lignin is soluble. The 

ohiorination-extraction procedure i8 repeated until the lignin i8 

removed as evidenced by no further color change in the material 

being treated. Eight chlorination cyclt8 were used in treating the 

fibers; filtration became difficult in the last two cycles, but an 

end point was indicated at this point. 

In the case of the chlorine dioxide method dexoribed in the 

foregoing section, it was found that only three treatments with 

sodium chlorite and acetic acid were necessary to reduce the lignin 

content to a point where the cellulose could be used for further 

investigation. 

Resulta of holocellulose determinations are shown in Table 5. 



TABLE S 

HOLOCELLULOSE DETERMINÂTIONS* 

Per Cent Oven Dry Weight of Extractive-free Fibers 

Treated with One Per Cent Sodium Hydroxide 

Test 
No. Treatment 

1 8 ohioririation oyolea 
followed by monoethanol- 
amine extraotions 

2 3 treatznents with 
sodium chlorite and 
acetic acid 

Holooelluloee* 

66.45 

o8.ol 

Liiin 
on 

Holocellulose 

0.10 

0.382 

Holcoe lluloue 
Corrected 
for Lignin 

66.39 

67.79 

Total Liiin 
plus 

Holooellulose 

101.00 

* By exact definition this is not true holocellulose because 9.35 per cent carbohydrate material was 

also renoved with 22.01 per cent "lignin'1 by the prior one per cent sodium hydroxide extraction. 



22 

These resulta indicate that either method may be employed for pre- 

paring a cellulose fraction suitable for further analysis. This 

fraction could not by definition be correctly called holocellulose 

since 9.3 per cent carbohydrate material was removed by the one per 

cent sodimi hydroxide extraction along with the 22.01 per cent 

"ligxiin". To determine the nature of the soluble cellulosio mate- 

rial, pentosan and uronio acid determinations were performed upon 

the fibers before and after the alli extraction. The soluble por- 

tion which appeared as Klason lignin was characterized in the section 

of this investigation dealing with liain. 

Pentoians were determined by Tollents method, T 223 m-43, where- 

by the pentosans are decomposed by 12 per cent hydrochloric acid, and 

the furfural evolvea is eihed as the phioroglucinide (42). TJronio 

acid anhydride content was determined by the method of Whistler, 

Martin and Harris (49), whereby the CO2 evolved on deoonposition of 

the polyuronides is absorbed on ascarite and weighed. Pentosan 

values were corrected for furfural evolved from the polyuronidea 

(36). 

Results of these determinations are shown in Table 6. The data 

given in Table 6 indicated that 25.0 per cent of the pentosans and 

5b.7 per cent of the polyuronide material were removed under the 

oonditions of the one per cent sodium hydroxide extraction employed. 
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TABLE 6 

PENTOSAN AND POLYTJRONIDE DETERMINATION ON FIBERS 

Per Cent Oven Dry Weight of Extractive-fres Fibers 

Extractive 
Free Fibers NaOH Treated Removed by NaOH 

pentosans (Corrected) 7.7 lO.O 1,89 

Uronic Acid Anhydride 4,62 2.92 2.62 

Hexosans (Difference) 41,84 

Total Removed by 1% NaQE 9.35 

Alpha, beta1 and gamma cellulose. A sample of holocellulose was 

prepared from the sodium hydroxide extracted fibers by the chlorine 

dioxide method employing three treathents with sodium chlorite. This 

holocellulose was then examined for alpha, beta, and gamina oellulose 

by the method of Laurier (29). This teohniue is based upon the oxi- 

dation of the cellulose fractions with excess potassium dichromate; 

the excess dichromate is then determined by titration with Lohrts 

salt. Results obtained are shown in Table 7. 

TABLE 7 

FER CENT OVEN DRY WEIGHT OF HOLOCELLULOSE 

Alpha Cellulose 77,8 

Beta Cellulose 1.6 

Gamma Cellulose 20.6 
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Sugar componenta of the holooellulose. A qualitative paper- 

ohromatographic analysis was applied upon the hydrolyzate from Kiason 

lignin determinations on extractive-free fiber prepared acoording to 

T.A..P.I. method T 12 m-45 (42). Th13 method of separation, applied 

to sugar mixtures by Gordon (9, 18), depend8 upon the difference in 

partition coefficients of the sugars between the stationary water 

phase and the moving solvents on filter paper. The apparatus employed 

consisted of a glazed sewer tile eight inches in diameter and approxi- 

niately th.ree feet in length which had been ground flat on the bell end 

to facilitato 8ealiflg the top by means of a glass plate. The tile was 

thßn plaoed in an upright position in a pan two inches deep. The pan 

was filled with water which had previously been saturated with an 80 

per cent butanol-20 per cent ethanol mixture. 

To prepare the paper chromatogram, large sheets of Whatman No. 1 

filter paper were out into strips 43 by 12 centimeters in size. One 

por cent aqueous solutions of reagent grade glucose, galactose, man- 

nose, xylose and arabinose were prepared; a small amount of each of 

these suc;ar solutions was then introduced as a circular spot five 

millimeters in diameter and one centimeter apart on an horizontal 

line drawn 7.5 centimeters from the top of the paper strip. The end 

of the strip containing these sugar spots was then placed in a glass 

trough suspended across the ledge formed by the bell on the inside 

of the glazed tile. The trough was filled with a mixture of 80 per 

cent butanol and 20 per cent ethanol which had previously been 

saturated with water. The entire system was allowed to stand fron 
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18 to 24 houra in a constant temperature room at 240 C. 

After drying the paper 8trip, the sugar spots were boated by 

spraying the paper with a mixture oontaining equal parts of 0.1 N 

silver nitrate and 5 N wmoniuin hydroxide solution. The strip was 

then dried in an oven at 1050 C. for five to ten minutos; the sugars 

appeared as dark spots on a light background. By comparing the posi- 

tion of the known sugars with that of the unknown, a qualitative es- 

timation was made of the sugars in the unknown hydrolyzate. 

The detor:inations were ¡nade upon the filtrate fron the lignin 

determinations made on th extractive-free Douglas fir bast fibers. 

This filtrate contained the carbohydrate fraction of the fiber hy- 

drolyzed by the acid to simpie sugars. The solution used for the 

test was prepared by neutralizing with barium carbonate, filtering 

off the precipitated barium sulfate, ooncentrating the solution of 

barium uronate and sugars, treating with alcohol to precipitate the 

insoluble barium uronate, filtering and distilling off the alcohol 

from the sugar-containing filtrato. The residue of sugars was dis- 

solved in a small amount of water, and the solution obtained was 

used for the tests. 

Glucose, -alaotose, xyloaa and mannose or arabinose or both 

were found to be present. The latter two sugars were found at ap- 

proximately the same positions on the developed chroxnatograin in 

both the known and unknown determinations. Wise has shown that man- 

foso, arabinose and certain other sugar combinations cannot be read- 

ily differentiated by present paper obromatographic methods (2). 



However, mannose was easily determined in the presence of the other 

sugars in wood by its oharacteristic phenyihydrazone (51). No arab- 

iflOSO was found by fermentation analysis in the following quantita- 

tive assay. 

Microbiological assay of sugars in holocellulose. A two gram 

sample of extractive-f'ree hast fibers was hydrolyzed, according to 

the T.A.P.P.I. lignin determination, T 13 m-45 (42). ifter hydroly- 

318, 38 grams of calcium carbonate were added slowly to the hot so- 

lution to neutralize the sulfuric aoid present. The solution was 

then heated until the pH had reached 6-7 a indicated by Alkacid test 

paper; it was then allowed to settle overnight before making up the 

8olution to 1400 milliliters and filtering. The precipitate of cal- 

cium sulfate was not washed; instead, the volume was measured and 

40 milliliters was allowed for the bulkage of the calcium sulfate. 

The ratio of the volume before filtering to that after filtration 

gives a measure of the amount of the original sample in the hydroly- 

zate to be analyzed (51). 

The filtrato was evaporated to a thin syrup (about 25 mi.11i- 

liters) under reduced 

125 oubio oentimeters 

ciuni uronatos to proc 

calcium uronates were 

orated off on a steam 

mately 75 milliliters 

pressure at 800 C., filtered and poured into 

of 95 per cent ethanol. This caused the cal- 

Lpitate out. After standing overnight, the 

removed by filtration and the alcohol was evap- 

bath. The thin syrup was diluted to approxi- 

and clarified with 10 milliliters of 10 per 



27 

cent zinc sulfate solution and an equivalent nount of sodium hydrox- 

ide solution according to the method of Browne and Zerban (8, p.846). 

After clarification the solution was made up to loo milliliters 

in a volumetric flask and 25 milliliter aliquots wore inoculated with 

the proper organisms for the sugar determination as shown in Figure 6. 

Fermentation procedures. Fermentations re made in much the 

same manner as those of Wise and Appling (53). Standard suspensions 

of yeasts 'tore prepared from bottle slants of 48 hour culture 8. In 

all oases fermentations were carried out in an agitator at 300 C. 

for 24 hours. .Aliquot portions of the fermented solutions were di- 

luted to within the range of the Somori reagent used for reducing 

value determinations (40). 

Standard reducing sugar curves were prepared using reagent grade 

glucose, xylose, galactose and arabinose. Reduoing values were di- 

termined by Somo,'i's method (40). Paper ohromatographio methods 

employed on the fiber hydrolyzate had previously indicated the pres- 

ence of glucose, galactose, xylose, and niannose and/or arabinose. 

Mannose was determined by means of its phenyihydrazone (51). No 

arabino8e was found to be present by fermentation analysis. 

Results of the sugar analysis are shown in Table 8. 
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TABLE 8 

CARBOHYDRATE FRACTION OF DOUGLAS FIR BARK BAST FIBERS 

Per Cent Extractive-free Fibers 

Galactose 3.54 
Mannose 6.31 
Xylose (Fermentation) 11,03 
(Xylose, calculated from Pentosans) (9.90) 

Arabinose 0.00 
Glucose 39,83 

Total Reduoing Sugar (Fermentation Basis) óO.7]. 

Analysis of alpha cellulose from bast fibers. Three five gram 

portions of extractive-free fibers were given four treatments with 

sodium ohlorite and acetic acid to delignify them. These residues 

were then treated with 17, per cent sodium hydroxide, T 203 m-44 

C 
42), to obtain alpha oellulo8e for analy8is. Determinations were 

then made for pentosan, mannan, ash, and lignin. Galactose was found 

to be absent by the muoio acid test (3, p.528). Results of these 

determinations are shown in Table 9. Xylose was calculated from the 

pentosan valuo. 

TABLE 9 

COMPOSITION OF .ALPH.A CELLULOSE FROM BAST FIBER 

Per Cent Oven Dry Alpha Cellulose 

Ash 0,24 
Lignin 0.27 
Marixiose 1.04 
Xylose (0.453 per cent Pentosans) 0.51 
Galactose O 

Glucose (Difference) 97.94 
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LIGNIN COLPOIiENTS OF ThE BAST FIBERS 

Three fractione of 1iiin from the bast fibers were examined to 

characterize the lignin portion. The first material investigated was 

that lignin removed by the one per cent sodium hydroxide extraction 

discussed in the previous section on holocellulose. The second 

fraction was obtained by extraction with a solution of dioxane con- 

taming 0.4 per cent HC1 catalyst. This dioxane-HC]. soluble lignin 

was studied as obtained directly from extractive-free fibers and also 

as obtained from extractive-free fibers previously extracted with one 

per cent sodium hydroxide. A third fraction was the residual liin 
of the fibers which could not be removed by one per cent NaOH and 

dioxane-liCi solution and was obtained as Kiason or 72 per cent sul- 

furio acid lignin. 

I. SODIUM HYDROXIDE SOLUBLE "LIGNIN" 

It was shown previously in this investigation that 22.01 per cent 

of the materials in the extractive-free fibers which appeared as 

Kiason lignin was removed by a one per cent sodium hydroxide ex- 

traction, T 4 m-44 (42). In the course of investigating this mate- 

rial it became evident that it closely resembled a high molecular 

weight phenolic acid rather than what is generally termed lignin. 

This fraction will therefore be referred to as a phenolio aoid frac- 

tion rather than lignin. 
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Solubility in sodium hydroxide. A study was made to determine 

the amount of material removed from the extractive free beet fibers 

by means of aqueous sodium hydroxide solutions of various conoen- 

trations ranging from one to twenty per cent. Five saniples weighing 

1.5 grams each were extracted with lO milliliters of alkali in 2O 

milliliter flasks, The flasks were maintained at the temperatur. of 

a boiling water bath for one hour. Upon removal from the water bath, 

eaoh sample was filtered on a tared, sintered glass crucible, washed 

with distilled water, 25 milliliters of five per cent acetic acid and 

finally with distilled water until the washings were free of acid. 

The residue was then wa8hed with acetone and other before drying in 

a vacuum oven at 60° C. for four hours. Liin determinations by 

the 72 per cent sulfuric acid method were made on the dry residues. 

Results are shown in Table 10. 

It is apparent from the data in Table 10 that a one per cent 

sodium hydroxide solution removes almost the same amount of lignin 

as a ten per cent solution. A twenty per cent solution removes only 

2,3 per cent more lignin than a one per cent solution. Apparently 

the dissolved lignin is an easily removed fraction, whereas the re- 

idual lignin is tightly bound chemically or physically in the bast 

fiber. 

It was decided that a one per cent solution of sodium hydroxide 

would be used for the preparation of the soluble lignin fraction for 

investigation. Fifty grams of the extractive-free fibers were 

treated with 1500 milliliters of one per oent sodium hydroxide 



TABLE 10 

SODIUM HYDROXIDE EXTRACTIONS OF DOUGLAS FIR BARK FIBERS 

Sodium 
Hydroxide 
Solution 

0% 

1% 

5% 

10% 

15% 

20% 

Per Cent Oven Dry Extruotive-freo Fibers 

Residual 
Sodium Lignin Dissolved 

Hydroxide in Insolu- Lignin 
Insoluble bio Portion (by Difference) 

44.80 

32 

Dissolved 
Celluloses 

- - 

68.65 22.79 22.0]. 9.34 

64.13 21.10 23.70 12.17 

64.60 20.87 23.93 11.'7 

64.97 20.48 24.32 10.71 

63.89 20.47 24.33 11.78 
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solution on a boiling water bath for one hour. The solution was then 

filtered on a B1ohner funnel1 and the filtrate was treated with suf- 

ficient dilute hydrochiorio acid to render it just acid to litmus. 

A voluminous, brown precipitate formed and was allowed to settle 

overnight. The supernatont liquid was decanted from the precipitate, 

and the preoipitate was transferred to centrifuge tubes where it was 

washed twice with distilled water. 

The washed residues were dissolved in dioxane in which carbohy- 

drabe material is insoluble. The dioxane solutions were dried for 

several days over anhydrous sodium sulfate, then filtered and siowiy 

dropped into a large volume of ether with agitation. In this way a 

light-brown, amorphous precipitate was obtained. The ether-dioxane 

solution was decanted from the precipitate, which was air dried, 

ground in a mortar, washed with hexano and then dried for three hours 

in a vacuum oven at 600 C. The yield of purified product was 6.1 

grams of a calculated yield of a total of 9.8 grams. By evaporating 

the mother liquor and washings to 300 milliliters under vacuum, 1.9 

grams more of the phenolio acid precipitate were obtained. Thus a 

loss of 1.8 grams was sustained. This may be attributed to diffi- 

culties in the isolation and incomplete precipitation. 

Properties of the alkali soluble phenolic acid. The dried pow- 

der was found to be soluble in dilute alkali solutions forming a dark 

red solution. After drying, the phenolio acid was only slightly sol- 

uble in dioxane, methyl and ethyl alcohol, acetone, pyridine and 
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ethyl soetate, whereas the moist precipitate when first isolated could 

be dispersed canpletely in dioxane or acetone. 

No color reaction was obtained with phlorogluoinol and hydro- 

ohloric acid. Upon heating, the material turned dark and eventually 

charred. A 72 per cent sulfuric acid lignin determination on the 

phenolic acid gave a 79.4 per cent "lignin" content after correction 

for ash (0.931 per cent). Since the methoxyl content of the phenolio 

acid before the lignin determination (4.34 per cent) and the methoxyl 

content of the residue (4.28 per cent) remained substantially un- 

changed, it may be concluded that little or no carbohydrate material 

was present. The loss was evidently due to solubility of the phenolic 

acid in 72 per cent sulfuric acid. 

Methylation studies on the phenolic acid. Diazomethane in ether 

inethylates only the acidic hydroxyls such as carboxylio and phenolio 

hydroxyl groups. Dimethyl sulfate with sodium hydroxide methylates 

all hydroxyls except the carboxylic hydroxyls which are saponified 

in the alkaline medium. From the methoxyl values obtained under 

these various methylation procedure8, it is possible to calculate 

the percentage of phenolic hydroxyls, alcoholio hydroxyls and car- 

hoxyl groups in the substance being investigated. 

The ph8nolic acid from the ba8t fibers was methylated according 

to the procedures outlined in the following sections. All methoxyl 

determinations were made according to T.A.P.P.I. procedure, T 2 in 

(42). 
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Methylation with diazomethane. The phenolio acid was methylated 

to constant methoxyl content with diazomethane in the following man- 

ner: Two grains of the finely powdered material wore dispersed in 20 

milliliters of dioxane and two milliliters of dry methanol. Fifty 

millilitors of dry ether containing the diazomethane generated from 

six grams of nitrosoxuothyl urea (4, piloS, p.4ô2) were then distilled 

into the reaction flask, and the flask was allowed to stand in the 

refrigerator overnight. This methylation procedure was carried out 

four times; the fifth methylation indicated that the methoxyl value 

was constant at 21.77 per cent. 

Methylation with dimethyl sulfate. Two grams of phenolic acid 

were dissolved in five milliliters of one per cent sodium hydroxidej 

35 milliliters of 30 per cent sodium hydroxide and 35 milliliters of 

dimethyl sulfate were added separately and dropwise with agitation 

over a six hour period while maintaining the mixture just alkaline. 

The reaotion flask was maintained at 200 C. by means of a water bath. 

After all the dimethyl sulfate had been added, the solution was acidic 

and methylated lignin had preoipitated from solution. The solution 

was centrifuged, and the precipitate was again di8solved and rerneth- 

ylated in the same manner. The solution was maintained slightly 

alkaline and allowed to stand overnight. It was then poured into 

200 milliliters of water; filtered and the filtrate was made acid 

to litmus with dilute sulfuric acid. The precipitated lignin was 

centrifuged and the clear liquid was decanted off; distilled water 
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wa2 added to the preolpitate and allowed to stand overnight. It was 

again centrifuged and then dissolved in 50 milliliters of acetone. 

The acetone solution was dried over anhydrous sodium sulfate for 

48 hours. 

The filtered acetone solution was added dropwise with agitation 

to 500 milliliters of ether from which the inethylated liiin separa- 

ted as i insoluble orange colored powder. The powder was filtered 

off on a sintered glass crucible, washed with ether and finally 

petroleum ether. It was then dried in a vacuum oven at 600 C. for 

three hours. A value of 25.99 per cent methoxyl was obtained for 

this material. 

Methylation with dimothyl suirate and diazomethane. The sample 

of phenolio acid previously methylated with dimethyl sulfate was 

dissolved in dioxane and nmethylated to constant methoxyl with diazo- 

methane methylation. The completely methylated material was found 

to be partially soluble in dioxane and acetone. Methoxyl determina- 

tions revealed a methoxyl content of 29.2ô per cent. This indicated 

that carboxylio or enolic hydroxyl groups were not methylated in an 

alkaline dimethyl sulfate solution due to the saponification of the 

methoxyl group as soon as it formed. 

A summary of the information obtained by nmethylation studies is 

presented in the following three tables. 
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TABLE 11 

METHOXYL DETERMINßTIONS ON TEE 1THYLAThD BARK FIBER PEENOLIC ACID 

Per Cent by Weight of Katerials 

A - Residual lignin insoluble in 1% NaOH BILd 72% sulfuric acid l2. 

B - phenolic acid soluble in 1% sodium hydroxide 4.3 

C - (B) methylated with diazomethane 21.8 

D - (B) methylated with dimethyl sulfate 26,0 

E - (B) niethylatod with dimethyl sulfate and diazoniethane 29.3 

TABlE 12 

METHOXYL GROUPS ADDED IO THE PEENOLIC ACID 

Per Cent by Weight 

F - Due to phenolic and carboxylic hydroxyl groups, (C-B) 17.S 

G - Due to carboxylic acid hydroxyl groups, (E-D) 3.3 

H - Due to phenolic hydroxyl groups, (F-G) 14.2 

I - Due to alcoholic hydroxyl groups, (D-B-E) 7. 

TABLE 13 

FUNCTIONAL GROUPS IN PHENOLIC ACID BEFORE NETEfYLATION 

Per Cent by Weight 

Methoxyl 4.3 

Carboxylic Acid 4,9 

Phenolic Hydroxyl 8.3 

Alcoholic Hydroxyl 4.2 



Calculations from the foregoing data reveal that the apDarent 

molecular weight of the phenolic acid unit is 918 grains, assuming 

that it is monocarhoxylic. Based on this assumption, the molecule 

would contain one methoxyl group, one carboxyl group, four phenolio 

groups and two alcoholic hydroxyl groups. 

Diazomethane in ether inethylates only the acidic hydroxyl groups; 

sinoe phenolic acidic hydroxyl groups form ether linkages when meth- 

ylated, only methylated carboxylic hydroxyls should be saponified by 

alkaline solutions. 

This should serve as a means for oonfirming the presence of car- 

boxylic acid groups. For this purpose, one gram of phenolic acid 

which had previously been methylated with diazoethane wa saponified 

for one hour in ten per cent alcoholic potassium hydroxide. When 

cool, the saponification mixture was acidififd and poured into 200 

milliliters of distilled water. The precipitate was washed with 

water several times in centrifuge tubes, then filtered on a sintered 

glass crucible and dried under vacuum at 600 C. for six hours. 

The methoxyl content of this sample before saponification was 

22.4 per cent; after saponification it was found to be 18.8. This 

indicated that 3.6 per cent methoxyl was present in ester form. By 

the previous xnethylation procedure, 3.3 per cent ester methoxyl was 

found. These values may be considered reasonable checks for the 

presence of carbcxylio acid groups; and they are equivalent to 5.3 

and 4.9 per cent carboxylic acid groups respectively based on the 

weight of the phenolic acid. Calculation of the molecular weight 
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from .3 per cent carboxyl gives 8S0 granìs and closer values for the 

ratio of one carboxyl group, one methoxyl group, four phenolic groups 

and two alcoholic hydroxyl groups. Consequently, this value was used 

in developing an empirical formula for the phenolio acid. This formu- 

la is presented in a following section dealing with combustion 

analyst s. 

Oxidation of the phenolic acid to vanillin. The presence of the 

vanillin type structural configuration is quite characteristic of 

most softwood lignins. Substantial yields (17-24 per cent) have been 

obtained from liain when it was oxidized under the proper conditions 

(4, p,32S). Since the sodiuni hydroxide soluble phenolic acid appear- 

ed as Kiason lignin, it was decided to subject it to a nitrobenzene- 

alkali oxidation id determine quantitatively the yield of vanillin 

obtained. In this manner its resemblance to what is generally termed 

lignin would be revealed. The nitrobenzene oxidation was carried out 

in a manner siiíiilar to that of Freudenberg et al. (lb). 

Twenty grams of the phenolic acid were dissolved in 600 muli- 

liters of two normal sodium hydroxide and placed in a steel bomb with 

35 milliliters of nitrobenzene. The bomb was placed in a large ro- 

tating digester and maintained at 1600 C. for 2. hours. After cool- 

ing to room temperature, the reaction mixture was steam distilled to 

remove aniline and nitrobenzene. The still residue was then acidi- 

fled and exhaustively extracted with benzene In a separatory funnel. 

Sodium bisulfite solution was used to extract the vanillin from the 
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benzene; the bisulfite addition product was acidified, placed in a 

hot water bath and a stream of air was forced through the solution to 

rnove sulfur dioxide. 

Vanillin was quantitatively determined by the method of Hibbert 

and Tomlinson (21), whereby the m-nitrobenzoylhydrazone of vanillin 

is weighed. A yield of 1.63 per cent vanillin was obtained. Thi2 

indicates that the phenolic acid portion of the bast fibers does not 

resemble lignin in respect to the presence of a vanillin nucleus 

which readily yields vanillin under these conditions. 

Carbon and hyrogen combustion analysis. The phenolic acid was 

analyzed by the conventional, dry-combustion methods (13). Data ob- 

tamed are compared to those of fir wood (4, p.296), Braun's spruce 

native lignin () and to a high molecular weight '1acid lignin" from 

redwood bark (30). The combustion analysis of the dioxanc 1iiu from 

Douglas fir bark bast fibers is also included in Table 14. The diox- 

ane lignin more closely resembles the wood lignin and is almost iden- 

tical with Braun's spruoe native lignin in elementary analysis. 

Both of the bark "acid lignin" materials have higher oxygen 

content than the wood lignin. This might be expected in view of the 

more acid nature of these lignin-like materials in the bark. 

An empirical formula for the Douglas fir bark fiber phenolic acid 

was proposed from the foregoing combustion analysis data and the ratio 

of functional groups calculated for this material in the foregoing 

section dealing with the methylation studies on the phenollo acid. 
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This empirical formula was based upon the assumption that on a 

weight basis the phenolic acid contains one carboxyl group, 5.3 per 

cent; one methoxyl group, 4.3 per cent; two alcoholic hydroxyl groups, 

4.2 per cent; end four phenolic hydroxyl groups, 8.3 per cent. The 

molecular weight of the rnonocarhoxylio acid based on 5.3 per cent 

carboxyl content was calculated to be approximately 850. 

HO OH 

HO OH 

HO 
C36H35013 OCH. 

HO COQ 

TABLE 14 

E1IMENTARY COMPOSITION OF "LIGNIN" MATERIALS 

per Cent by Weight 

Carbon Hydrogen 

Douglas fir wood Klason lignin 64.9 4.9 

Redwood bark "acid lignin 57.1 5.0 

Douglas fir bark fiber phenolic acid 54.12 5.33 

Braun's spruce native lignin 63.89 b.07 

Douglas fir bark fiber dioxane-HC1 lignin 63.88 6.04 

II. DIOX»E LIGNIN OF T DOUGLAS FIR BARK FIBERS 

Isolation. Wedekind and Engel found that dioxane in the pres- 

ence of O.]. to 0.7 per cent hydrochloric acid removed lignin from 

wood. They succeeded in obtaining a C-erman patent for this procedure 

(45). Nikitin and Orlcwa (34), in reviewing Wedekind's work, 
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recognized the fact that this reactive and soluble type of dioxane- 

lignin should more closely resemble the lignin as it appears in wood 

than the liin obtained by more drastic reagents or by alcohols which 

may react with the lignin. Because of the foregoing reasons, it was 

decided to attempt to extract ligriin from the bark fibers by this 

method and characterize the product obtained. 

The extractive-free bark fibers were extracted in Alundum cru- 

cibles with a 0.4 per cent hydrochloric acid-dioxane 8olUtiOn by means 

of Soxhiet type extractors. After nine hours the dioxane was no long- 

er removing lignin, as evidenced by lack of color in the solvent re- 

turning to the receiving flask. The dioxane-lignin solution was dis- 

tilled to remove most of the dioxane, and the concentrated solution 

was poured into a liter of distilled water. A small amount of ammo- 

nium sulfate was added, and soon a voluminous light-brown precipitate 

formed. This was allowed to settle overnight. The aqueous layer was 

decanted from the preoipitated lignin, whioh was then washed with dis- 

tilled water in centrifuge tubes, dissolved in purified dioxane and 

dried over anhydrous sodium sulfate. This dried dioxane-lignin solu- 

tion was filtered and the lignin precipitated in a large volume of 

ether. It was filtered on a sintered glass crucible, washed with 

ether and hexane, then dried in a vacuum oven at C. for five 

hours. The yield of purified lignin was 7.7 per cent based on oven 

dry fiber or 17 per cent of the total Klason lignin content of the 

fiber. A Klason lignin determination on the dioxane extracted fiber 

residue revealed that 10.8 per cent of the total lignin content had 
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actually been removed by the dioxane. The loas in purification may 

be attributed to the observed tendency of the dioxane lignin to form 

oolloidal solutions especially during the washing prooess. 

Properties of dioxene lignin. The dried powder was found to be 

soluble in dilute alkali solutions producing a dark red ooloration. 

It was dissolved by dioxane, methyl and eth:4 alcohols, acetone, 

pyridine, and ethyl acetate. Phioroglucinol-hydrochioric acid re- 

agent gave a negative color reaction. 

Methylation of dioxane lignin. The methods employed for methy- 

lation studies have been discussed in the foregoing section dealing 

with methylation of the high molecular weight phenolic acid from the 

bast fibers. These methods were applied to the dioxane lignin. A 

phenylhydrazone of the dioxane lignin was also prepared by the pro- 

cedure which Brauns employed in native lignin studies (s). Results 

obtained in the methylation procedures are shown in Table l. 
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TABLE 15 

TEOXYL DETERMINATIONS ON BARK FIBER DIOXA1'E-IC1 LIGNIN 

Per Cent by Weight 

A - Residual lignin insoluble in dioxane-EC1 9.5 

B - Dioxane-FC1 1iin 14.3 

C - (B) methçylated with diazomethane 21.6 

D - (B) inethylatod with dimethyl sulfate 27.6 

E - (B) methylated with diniethyl sulfate and diazomethane 29.3 

F - Methoxyl content of phenyihydrazone 11.4 

TABLE 16 

ThOflL GROUPS ADDED TO TJ DIOXANE-HC1 LIGNIN 

Per Cent by Weight 

G - Due to phenolic and carboxylio groups, (C-B) 7.3 

H - Due to oarboxylic hydroxyl groups, (E-D) 1.7 

I - Due to pheriollo groups, (G-H) 

J - Due to alcoholic groups1 (D-B-I) 7.7 

Table 17 shows the calculated functional groups present in diox- 

ano lignin before methylation. As a means of comparison, the values 

available for Braun's spruce native liiin (5), redwood bark phenolic 

acid (30), and Douglas fir bark fiber phenolic acid are included. 
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TABLE 17 

FUNCTIONAL GROUPS IN VARIOUS "LIGNIN" PREPARATIONS 

Per Cent by Weight 

Methoxyl Alcoholic Phenolic Carboxylic Acid 

Spruce native lignin 14.8 5.1 3.8 

Redwood bark acid 2.7 2.1 7.8 6.4 

Fir bark phenolic acid 4.3 4.2 8.3 4.9 

Fir bark dioxane lignin 14.3 4.4 3.2 2.5 

The dioxane lignin from the fir bark fibers shows methoxyl eon- 

tent similar to what is found in conventional lignin preparations 

from wood. This 14.3 per cent inetboxyl content is considerably high- 

er than the 4.3 per cent methoxyl of the phenolic acid extracted from 

the fibers with one per cent sodium hydroxide. The dioxane lignin was 

then treated with one per cent sodium hydroxide in the same manner as 

employed in the extraction of the phenolic acid to ascertain if the 

alkali had split off inethoxyl due to ester linkages. A methoxyl 

determination on the dioxane lignin so treated was found to be 13.2 

per cent. This indicated that the dioxane lignin did not contain an 

appreciable amount of saponifiable methoxyl groups. 

The dioxane lignin was then subjected to a Kissen lignin deter- 

mination with 72 per cent sulfuric acid; 87.6 per cent appeared as 

Kiason lignin, methoxyl content 13.1 per cent. Kudzin in a study of 

native lignins from various wood8 has shown that they yield approxi- 

mately 90 per cent Kiason lignin when treated with 72 per cent 
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sulfuric acid (2g). 

Extraction studies. The data in the foregoing seotions indicated 

that the sodium hydroxide fraction and the dioxane fraction differed 

considerably in many respects, particularly in methoxyl content and 

solubility. It was interesting to note that the 'tKlason lignin" from 

dioxane lignin of the fibers was able to be redissolved in warm di- 

oxane-HC1 solution. The "Kiason lignin" from the sodium hydroxide 

soluble phenolic acid was not soluble in warm dioxane-HC1 solution. 

The extrao-tive-free bark fibers were treated with one per cent 

NaOH, dioxane containing 0.4 per cent 11Cl, and 72 per cent 8ulfuric 

acid to deterimine the "lignin" yields obtained with each reagent when 

it was used in various sequences. This procedure revealed the be- 

havior of the "lignin" fraction removed by each and gave an indication 

of the homogeneity of the fraction. Methods of extraction were those 

desoribed in the foregoing sections. All fhigninu yields reported 

are based upon the Kiason lignin found in the extracted residue. 

An extraction was also made using dioxane without the 0.4 per 

oent hydrochlcrio acid catalyst. After twelve hours of extraction, 

only 1.7 per cent of an oily, amorphous material was removed from the 

fibers. A dark red color appeared in the dioxane solution immediate- 

ly upon continued extraction with the addition of the 0.4 per cent 

hydrochloric acid to the dioxane. This indicated that the acid was 

necessary for the lignin extraction. 

The following table presents the yields and methoxyl contente 
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TABLE 18 

LIGMN YIELDS UNDER VARIOUS EXTRACTION SEQUENCES 

Per Cent Oven Dry Ex-tractive-free FiberE 

Extraction Lignin % Methoxyl 
Sequence Yield in Lignin 

A 

1. 1% NaOR 22.0 (diff.) 4.3 
2, 72% 112SO4 22,8 12.5 

B 

1. Dioxane-EC1 10.8 (dill.) 14.3 

2. 72% 112SO4 24.0 9.5 

C 

le 1% NaOH 22.0 4,3 
2. Dioxane-EC1 11.8 (diff.) 13.5 

3. 72% H2SO4 11.0 11.1 

D 

1. Dioxane-ECÌ 10.8 14.3 
2, 1% NaOE 5.2 (diff,) 8.3 

3. 72% H2SO4 28.8 6.6 



of lignin extractions conducted i various sequences. Calculations 

were based on the 44.8 per cent Kiason lignin content of extractive- 

free fibers. 

The data in Table 16 show that the amount of dioxane-HC1 lignin 

reroved did not vary greatly (10.8 to 11.8 per oent) regardless of 

the order of extraction. Th6 sodium hydroxide soluble phenolic acid, 

hawever, appeared to become insolublized by dioxane-HC1, and there- 

fore appeared in the Kiason lignin of the fiber residue. This was 

substantiated by the fact that isolated sodium hydroxide phenolic 

acid "lignin" before and after treatment with 72 per cent sulfuric 

acid was found to be practically insoluble in hot dioxane-HC1. The 

dioxane-HC1 lignin remained soluble under these conditions, These 

data therefore indicated that when the extractive-free fibers were 

extracted with one per cent sodium hydroxide or dioxane-FC1 or with 

sequence "C" of Table 18, reasonably homogeneous fractions of "lignin" 

materials were obtained. 

III. INFRARED ABSORPTION SPECTRA OF THE "LIGNIN" FRACTIONS 

The infrared absorption spectrum of an organic substance iE 

probably its most import&tt and informativa physical property. This 

is especially true in the oase of a material such as lignin, where 

most other physical properties are not significant. Infrared studies 

of lignins have not been extensive, and interpretations of the spectra 

have not been developed to the point where a conclusive answer to the 

lignin problem can be given; however1 infrared data have served to 
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substantiate certain chemical data and thus aid in bringing the prob- 

leni clouer to solution. 

A Perkin-Elnier single beam infrared spectrometer was used in this 

investigation. A Nujol blank was run prior to each sample, which had 

been prepared as a Nujol mull. It was found after considerable ex- 

perimentation that the best performance was obtained by using a 25 

per cent concentration of the sample in Nujol. The thoroughly dried 

sample and Nujol were first well ground in a mortar and then mulled 

on a glass plate with a glass muller. 

The phlobaphene used for the infrared data was prepared by pour- 

ing the alcohol extractives from the Douglas fir bark hast fibers into 

water in which it is insoluble, It was filtered off; washed with hot 

water, then dissolved in acetone and dried over anhydrous sodium sul- 

fate. The dried acetone solution of phiohaphene was then precipitated 

into ether; filtered, washed with ether and then hexane to remove 

occluded ether. The prepared phiobaphene was dried in a vaouum oven 

at bO° C. for five hours. A portion of this purified phlobaphene was 

treated with one per cent sodium hydroxide in the same maimer as that 

employed in the isolation of the phenolic acid from the fibers. 

These prepared phiobaphene materials were then compared with the 

sodium hydroxide soluble phenolic acid to ascertain suspected similar- 

ities, Methoxyl content of the phiobaphene was found to be 2.77 per 

cent; the sodium hydroxide treated phlobaphene contained 2.31 per 

cent methoxyl. 

Regions of the curves where Nujol and atmospherio carbon dioxide 
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show strong absorption were smoothed out. For Nujol these regions 

were in the vicinity of 2945 centimeters1, 1460 centimeters1 and 

1380 centimeters. For carbon dioxide the region was in the vi- 

cinity of 2320 oentimeters. 

Figure 7 shows the similarities and differences between the 

phenolic acid, dioxane-HC1 lignin and the 72 per cent 8ulfuric acid 

lignin from the Douglas fir bark bast fibers. it is at once apparent 

that the curves possess an overall similarity to each other. Thi8 

basic pattern is also evident when these curves are compared to the 

infrared curves of various lignina studied by Kudzin (25) and Jones 

(23). The broad band at 3350 centimetera-, which was found in all 

of the various "lignin" spectra, is attributed to the presence of 

hydrogen bonded hydroxyl groupa. (Nitrogen compounds are an exoep- 

tion.) (38, p.6). 

These bonded structures do not permit distinguishing between the 

various types of hydroxyl groups other than carboxylic. Absorption in 

the region of 1725 oentimeters is attributed to the presence of 

ester or carboxylic acid groups. Herein lies the greatest difference 

observable between the Douglas fir bark fiber lignin fractions and 

the spruce native lignin spectra of Jones (24). Spruce native lignin 

displayed only a slight absorption plateau in this 1725 centimeters- 

region, whereas all of the Douglas fir bark "lignin" preparations ex- 

hibit definite absorption in this region. This substantiates the 

carboxylic acid evidence obtained by methylation studies. Figure li 

shows the effect of ester formation by means of diazomethane upon 
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the phenolic acid of the bark fibers. The increased absorption in 

the oarboxylio acid and ester region (1725 centimetersl) is at once 

appa rent. 

Another difference between the spectra of the Douglas fir bark 

fiber ttliins" and those of Jones (23) is the apparent lack of car- 

bonyl absorption in the region of 1663 centimetera exhibited by 

the bark fiber "lignina". The dioxsne-IIC1 1iin of the fibers is 

the only fraction which resembles the native lignin in respect to 

the presence of carbonyl absorption. This is shown in Figure 9 and 

further verifies the chemical evidence of similarities between nativo 

spruce lignin and the dioxane-HC1 lignin fraction from Douglas fir 

bark bast fibers. 

Absorption in the region of 1600 and 1500 oentiiiieters1 is at- 

tributed to he a function of the aroiatio nucleus (33, p.16). This 

type of absorption is strongly in evidence in all of the spectra. 

The significance of the absorption in the region of 1260 oentimoters1 

to 1075 oentimeters' shown by all the lignina has not been verified 

but is probably due to aromatic and aliphatia carbon to oxygen bonds 

(24). The spruce native lignin and dioxane lignin show great simi- 

larity in this region as shown by Figure 9. 

Figure 8 shows spectra made of the fractions removed from the 

Douglas fir bast fibers in the sequence: one per cent sodium hydrox- 

ide, dioxane-HOl and 72 per cent sulfuric acid. The spectra of these 

fractions were almost identical to those taken from the fibers in 

other extraction sequences (Table 18), as is evident by oomparing 



Figure 7 with Figure 8. This similarity of speotra substantiates the 

evidence of homogeneity in the NaOR soluble phenolic acid, dioxane- 

JiCl lignin and Kiason lignin fractions. 

Figure 10 is a comparison of the phenolio acid from the Douglas 

fir bark bast fibers and phiobaphene from the same source. A spectrum 

is also shown for some of this phlobaphene which had been treated 

with one per cent sodium hydroxide in the same manner that was used 

in isolating the bark fiber phenolic acid. These spectra are almost 

identical, particularly in the case of the NaOH treated phlobaphene 

and the phenolio acid. The presence of oarboxylio acid or ester 

groups at 1725 oentiineters and the absence of oarbonyl groups at 

1663 oentimeters is in evidence. These similarities definitely 

establish a relationship between the phlobapherie and the fiber phe- 

nolio acid. 

The spectra of Kiason lignin preparations from the bark fibers 

show diminution of absorption by functional group6. This was also 

found to be true in the case of spruce Kiason 1iiin (23). Behavior 

of this nature may be attributed to the fact that 72 per oent sul- 

furic acid may have destroyed some of these groups or that the physi- 

cal nature of lignin isolated by this method does not permit suitable 

grinding and mulling to obtain a fino enough particle size to reveal 

the spectra. It was found in this investigation that thorough 

grinding of the samples in Nujol was highly essential. 



Ultraviolet ab8orption spectra, Figures 12 and 13. A Becnan 

quartz apeotrophotometer was used to obtain ultraviolet spectra of 

the sodium hydroxide soluble phenolic acid as well as the dioxane- 

ECl lignin and its methylated derivatives. All of the spectra ex- 

hibit maximums in the range of 280 rnillimiorons and minimums in the 

range of 260 millim.icrons. Differences are not apparent between the 

dioxane-HC1 lignin and its methylated derivatives. Nord and Sohubert 

(3g) studied ultraviolet spectra of native lignin and lignin isolated 

from wood decayed by various fungi. All of these spectra show the 

same structure and maximums as the curves in Figures 12 and 13. 

In the light of work on the ultraviolet speotra of various 11g- 

nm preparations, the results of the ultraviolet spectra examinations 

are not very conclusive. Gladìng (17) holds that the oharaoteristio 

absorption maximum of many lignin preparations and related compounds 

at 280 zaillimicrons can be attributed to the presenoe of pyran or 

furan ring structures as proposed by Freudenberg (15). Aulin-Erdtman 

also supports this view (2). Jones (23) oontends that the character- 

istic bands are specifically attributable to the oxygen-substituted 

nuoleus in lignin. 
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DISCUSSION 

The investigation to determine the quantity of fiber in Douglae 

fir bark revealed that it oomposes 36 to 47 per cent of the air dried 

bark as received in the mills. These values compare quite well with 

the data from the iNeyerhaeuser Company, where production of fiber from 

Douglas fir bark amounts to approximately 38 per cent of the bark. 

Redwood bark wastos have been estimated to contain more than 25 per 

cent fiber (30). 

Structural examinations of the fibers in bark sections by means 

of a inicroBoope reveal the presence of a ring type or layer struoture 

( Figure 4) . A center cavity or lumen appears to contain living pro- 

toplast. Pits terminating in the lumen are also in evidenoe. The 

fiber is surrounded by a wall or matrix of reddish-brown lignified 

material whioh by microscopio examination appears to be removed by 

dilute aqueous alkali solutions. It seemed reasonably apparent after 

oompletion of this investigation that this liiified matrix is re- 

8ponsible for the relatively high lignin content of the fibers. The 

presenos of this lignified wall also appears to be at least partly 

responsible for the difficulty experienced in isolating holocellulose 

from the fibers. It was found that after the fiber had been treated 

with dilute alkali, conventional holocellulose prooedures oould be 

applied. 

Figure 1 shows how the fibers first become prominent in the 

relatively inactive outer bark. As the tree grows, the outer bark 

becomes onpressed and the softer portions become distorted. The 
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fibers, however, because of their high density, retain essentially 

the sante shape as shown in the inner bark (Figures 2 and 3). 

Extractive contents of the fibers were found to be relatively 

low at l3. per cent as oomçared to the bark cork fraction extraotives 

content of 41.3 per cent found by Hergert (20). The fiber extractives 

show more similarity in content and composition to Douglas fir wood 

than to the bark cork fraction (Table 3). It is apparent that it 

would not be feasible to utilize the fiber fraction as a source of 

wax and dihydroquercetin. 

Holocellulose determinations ôn the Douglas fir bark fibers re- 

vealed that the T.A.P.P.I. method T 9 m-45 employing monoethanolamine 

was not applicable due to filtration difficulties because of the one 

per cent NaOH soluble phenolic acid material surrounding the fibers. 

The chlorite method (50) wa found to be more successful, but when 

attempts were made to reduce the linin content of the holocellulose 

to less than 5.4 per cent, degradation of the oellulose occurred. It 

was found that after the bark fibers had been extracted with a dilute 

alkali solution, both the monoethanolantine and the chlorite hob- 

cellulose method could be successfully applied to yield a hobocellu- 

lose fraoton containing from 0.1 to 0.3 per cent lignin. This 

fraction could not by definition be correctly called tthob000llulosetl 

since 9.3 per cent carbohydrate material was removed by the one per 

cent sodium hydroxide extraction along with the 22.0 per cent "big- 

nm". The carbohydrate material removed by the alkali was found to 

consist of 1.89 per cent pentosans and 2.62 uronio acid anhydride. 
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The remaining 5.49 per cent consisted of hexosan material character- 

ized in the total carbohydrate analysis. 

The "holocellulose" isolated after the alkali extraction was 

found to contain 77.8 per cent alpha cellulose, 1.6 per cent beta 

cellulose and 20.6 per cent gamina cellulose. According to Krasmer 

(54, p.180), alpha cellulose from wood puips has a molecular weight 

of 90,000 to 150,000; beta cellulose, 3000 to 15,000; and gamma 

cellulose, less than 3000. 

The composition of the alpha cellulose was found to be2 ash, 

0.24 por cent; lignixi, 0.27 per cent; mannose, 1.04 per cent; xylose, 

0.51 per oent; galactose, none; glucose, 97.94 per cent. An analysis 

of the total carbohydrate of the extraotive-free fiber was found to 

be2 galactose, 3.54 per cent; mannoso, 6.31 per cent; xylose, 11.03 

per cent by fermentation or 9.90 per cent by pentosan determination; 

arabinose, none; and glucose, 39.85 per cent, based on the weight of 

the extractive-free fiber, It was interesting to note that bark 

fibers from redwood were found to contain no galactose or arabinose 

(30). 

Three fractions of "lignin" materials from the Douglas fir bark 

fibers were isolated and studied. Each fraction was found to display 

its own individual homogeneity upon analysis and extraction. The 

fraction of "lignin" removed by one per cent sodium hydroxide repre- 

sented 49 per cent of what appeared as Kiason lignin on the whole 

extracti-ve-free fiber. This easily removed "lignin" material was 

found by infrared and chemical analysis to resemble a high molecular 



weight phenolic acid rather than what is generally designatid lignin. 

A functional group analyai8 by methyletion studies revealed that 

this phenolio acid contained: methoxyl, 4.3 per cent; carboxy group, 

4.95.3 per cent; phenolic hydroxyl, 8.3 per cent; and alcoholic 

hydroxyl, 4.2 per cent. On this basis, one building unit of molecular 

weight, 8S0-918, would contain one oarhoxyl, one methoxyl, o alco- 

holic hydroxyl and four phenolic groupa. 

Based upon a molecular weight of SSO, functional group data, and 

the elentary oonipoaition (S4.12 per cent carbon, S.33 per cent 

hydrogen), the following empirical formula was proposed for the Douglas 

fir bark fiber phenolic acid: 

HO OH 

HO OH 

HO C361135016 

HO COO.. 

Infrared studies confirmed the presence of the oarboxyl group 

in this phenolic acid and served to show the sirilarity of the acid 

to the phiobaphenes Isolated from the Douglas fir bark bast fibers. 
An ultraviolet absorption spectrum of the sodium hydroxide soluble 

pheriolic aoid showed the maxin'um absorption peak in the 280 mliii- 
micron region. This behavior has been found to be common to many 

lignin, tannin and phlobapheno preparations. Various theories of 

its significance have appeared in the literature. Jones (23) con- 

tends that absorption in this region is due to oxygen substituted 

benzene nuclei. Aulin-Frdtmaxrn (2) and Glading (17) support the 

view that this absorption at 280 milliinicrons can be attributed to 



the presence of the pyran or furan ring as proposed by Freudenberg 

(15) in his proposed lignin 8truotures. 

Oxidation of the phenolic acid from the bast fibers yielded 1.63 

per cent vanillin. This ±8 a low yield compared to the 17 to 24 per 

cent yields obtained from materials which e.re generally termed lignin. 

Evidently, the phenollo acid does not resemble lignin in respect to 

the presence of a vanillin nucleus. This is in accord with the Infra- 

red spectrun which shows little indioation of the presence of oarbonyl 

groups. It is also in agreement with its low methoxyl content of 4.3 

per cent. Softwood lignins are generally considered to contain about 

14.8 per cent inethoxyl. The low methoxyl content of the bark fiber 

phenolic acid is comparable to the inothoxyl content of the phloba- 

phene which was found to contain 2.77 per oent mothoxyl. This rela- 

tionship to phiobaDhene was further displayed when the infrared 

spectra of the two materials were found to be almost identical. Both 

spectra displayed strong oarboxyl or estor absorption and little or 

no carbonyl absorption. It is interesting to note that a low methoxyl 

lignin fraction was found by Wacek and Schon in pine bark (44). Also 

redwood bark fiber contains a high molecular weight phenolic acid of 

low nthoxy1 content (30). 

The lignin extracted from Douglas fir bark fibers by means of 

dioxane-HC1 solution was obtained in 10.8 per cent yield. An 11.8 

per cent yield based on the weight of oven dry, extractive-free fibera 

was obtained when the fibers had been previously extracted with one 

per cent sodium hydroxide solution. These yields are equivalent to 



about 24 per cent of the total "Kiason lignin" in the extraotive-free 

fiber. Dioxane lignin was found to posaesa more similarity to 8oft 

wood native lignin than to the phenolic acid of the fibers. By meth- 

ylation studie8 its functional groups were found to be: methoxyl, 

14.3 per cent; alcoholic hydroxyl, 4.4 per oent; phenollo hydroxyl, 

3,2 per aent; carbcxyl group, 2. per cent. This content of funo- 

tional groups is comparable to that of spruce native lignin () 

with the exoeption of the carboxylio acid groups which are presum- 

ably not present in native lignin. In this regard it is interest- 

ing to note that Jones in his infrared study of spruce wood native 

lignina (23) and Kudzin in his infrared study of hardwood lignina 

(25) mentioned the presence of absorption bands and plateaus in 

the ester and carboxylic acid band region of 1710 to 1725 conti- 

!neters. However, no explanation for this observation was given 

by either investigator. This evidence for the presence of estor or 

carboxyl groups has not been accounted for in any of the proposed 

formulae for native lignin, of which Braun's struoture is an 

example (5). 

The preparation of a phenylhydrazone derivative and infrared 

absorption at 1663 oontimetors show the presence of a carbonyl 

group in the dioxane-HC1 lignin. This dioxane lignin was the only 

fraction of the bark fiber lignina which exhibited decisively the 

presence of carbonyl groups. 

The 72 per con-t adfuric acid or Kiason lignin amounted to 

44.8 per cent of the ex-tractive-free bark fibers and represented 



67 

the total lignin content as it is conventionally determined. This 

yield is considerably higher than the Kiason liin content of Dougla8 

fir wood which is reported as 30.1 por cent (19) . Residual liain in 

the fibers as determined by the Kiason method varied according to the 

prior treatmt of the fibers. Treatment of the fibers first with 

dioxane-HC1 solution, then with one per cent sodium hydroxide solu- 

tion (equenoe D, Table 18), yielded 10.8 per cent dioxane lignin, 

5.2 per cent sodium hydroxide soluble phenolic acid and 28.8 per oent 

residual Kiason lignin. When the sequence was changed to treatment 

first with sodium hydroxide followed by dioxane-TTC1 (sequence C, 

Table 18), the yields were 22.0 per oent phenolie acid, 11.8 per cent 

dioxane-lignin and 11.0 per cent residual or Kiason ligriin. These 

data indicated that, by employing sequence C, the prior dioxane-EC1 

treatment converted much of the phenollo acid into a form no longer 

soluble in one per cent sodium hydroxide; it therefore appeared in 

the Klason lignin. This is substantiated by the fact that Kiason 

lignin from sequence D (Table 18) contained a correspondingly lower 

methoxyl content (6.6 per cent) than Kiason lignin from sequence C 

(11.1 per cent methoxyl). All of the Klason lignin preparations 

from the bast fibers displayed infrared spectra which were almost 

identical to each other and to the phenolic acid spectra. The in- 

frared spectrum of spruce Kiason lignin (23) showed the same ab- 

sorption characteristics but with lese intensity, thereby displaying 

a somewhat flatter curve. 



It seems evident from an observation of infrared spectra deter- 

mined on various types of lignin preparations (23, 25) and phlob- 

phene that an overall similar pattern exists for these materials 

even though they have been isolated by different means. 



S tTh!MARY 

An investigation was made to determine the approximate portion 

of bast fibers in Douglas fir bark. Thin bark sections were pre- 

pared and examined under the microscope to ascertain tie general 

appearance and position of the fibers in the bark layer, Successive 

extraction of the fibers with appropriate solvents revealed that the 

extractive contents were relatively low. Conventional holoocliulose 

procedures were found to be satisfactory after the fibers had beau 

subjected to a dilute alkali extraction. Alpha, beta and gamma 

cellulose determinations were made on the holocellulose fraction. 

Sugars found in the hydrolyzed holocellulose fraction were galactose, 

marmosa, xylose and glucose; no arabinose was found. The alpha 

cellulose was essentially glucose anhydride (glucosan), accompanied 

by small amounts of mannan, xylan; galactan was not found in the 

alpha ceiiuJ.cse. The "lignin" portion of the bast fibers was 

separated into three distinct fractious: one per cent sodium 

hydroxide soluble, dioxane-EC1 soluble, and the residual 72 per 

cent sulfuric acid ljijn, which was insoluble in either of these 

solvents. The sodium hydroxide fraction resembled a high molecu- 

lar weight phenolic acid as shown by methylation, oxidation, infra- 

red spectra and ultraviolet spectra studies. These same procedures 

revealed that the dioxane-RC1 lignin strongly resembled spruce na- 

tive lignin with the exception that a small amount of carboxyl 

groups was present. The residual 72 per cent sulfuric acid lignin 
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spectra showed it to be siini1r to the other two preparations but 

possessing decreased functional group contents. Therefore, the 

"lignin" in the bast fibers is not a homogeneous material and fur- 

ther work on its chemistry should be performed on purified horno- 

geneous fractions. 
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