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Lignin le one of the biggest unsolved waste protlems 
o:f the United States. The main source is pulp and raper 
mills. Another potential source of lignin is wood waste. 
It could be nade available by hydrolysis of the wood. The 
biggest barrier to solving the lignin problem is the lack 
of knowledge concerning its chemical structure. It cannot 
be isolated unchanged. Preudenberg considere it to be the 
result of etherification of six simple units. This is 
su.pported by the yields of vanillin and syringic aldehyde. 
Other supporting evidence is the products obtained from the 
hydrogenation of wood an lignin. The lignin structure may 
be summarized as being a derivative of phenylproine, present 
in wood in various degrees of condensation. Lignin is im- 
portant because it has possibilities as a source of aromatic 
CoLlpOUfldB. t present it is being utilized as a source of 
vanillin and certain plastics. The chief disadvantages of 
the plastics are the dark color and 1.0w water resistance. 
The chief ac1vantge is their cheapness. 

Cellulose is an exauple of a material which is not 
plastic in an unchanged state. However, the chemical 
derivatives are excellent therciioplaetics, as for example, 
cellulose nitrate an cellulose acetate. Lignin alone 
hae certain plastic properties. It may be molded but the 
result is poor. It seems reasonible to believe that the 
derivatives of lignin might have different properties. 

Of the several ways that lignin could be changed chetni- 

cally it was decided to use the reactivenese of the hydroxyl 
groups and prepare ester or ether derivatives. The lignin 
used was precipitated from soda liquor. The benzoate 
derivitive was prepared using benzoyl chloride, the acetate 
derivative using acetic anhydride, and the methyl derivative 
using dirnethyl sulfate. .iethoxyl, moisture, ash, carbon and 
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hydrogen deterninations were run on the raw material and 
products. cetyl and benzoyl deternintione were run on 
the respective derivatives. Solubility of the materials 
in various solvente was also tested. 

The raw materials and derivatives were molded with wood 
flour and the molded bars broken on a machine to determine 
their strength. Water resistance was aleo tested. The 
strongest molded uterisl was prepared with lignin acetate. 
The unchanged lignin gave a speciL'nen with the least water 
resistance. 

An attenpt was made to calculate the amount of acetyl- 
ation, benzoylation, and methylation. Roughly, six benzoyl 
groups, five acetate groups and two methyl groups were 
introduced into each lignin molecule. 
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PEPAR&TION AND PROPERTIES 
OF TKE ACETYL, EO1L AND THYL 

DiRIVA TI1flf3 OF 5 OD LI NIN 

I. INTRODUCTION 

Lignin is one of the biggest unsolved waste problene 

of the United States. The main source of this waste lignin 
is the pulp -mfld paper tnills, where the U.gnin is the result 
of the pulping of the wood. Eaentially the pulping 

process consists o separating the cellulose from the rest 
of the wood by dissolving the rest of the constituents of 

the wood which includes the lignin. The cellulose content 
of wood varies from 40 to 60 per cent, while the lignin 
content of wood varies from 25 per cent in the Eucalyptus 

tree to 38 per cent in Incense cedar, averaging around 

30 per cent for most common woods (17). ?rom the pulping 
procese it is estinated that every year two il1ion tons 
of lignin in the for. of 5,430,000,000 gallons of liquid 
mast be disposed of (2). This waste is difficult to 
dispose of because if it is thrown Into the sower it causes 
bad river pollution. This 1.ignin ay be easily recovered 
by precipitating it from solution with certain cheap che:i- 
cale, such as lime or sulfuric acid. 

potential source of lignin is the treendoas a:iioant 

of wood. tmisted in the lumber industry. It is estimated tbat 
finiahed Lumber is only 24 per cent of the tree (e). The 



remaining 76 per cent, which is now largely thrown away 

or turned, contains a large tonnage of lignin. It could be 

made available through an inexpensive hydrolysis process 

which could furnish not only lignin bat a liquor suitable 

for alcoholic fernentation (10). 

One of the biggest barriers to the solution of the 

lignin problei is the lack of knowledge concerning its 

chenical structure. It is impossible to isolate it an- 

ch;inged. It is not anifor.ii, varying with different kinds 

of wood, and even varying in different parts of the same 

tree (17). 

The simplest definition of lignin is thst it is the 

non-carbohydrate portion of woody tissue (12). According 

to Hibbert (9) its purpose appears to be that of giving 

strength and rigidity to the cell wall. 

One of the earlier theories of lignin structure was 

P10P05d by 11L5OI1 who eag:e3ted tIt lignin i a conifer- 

rl trpe of condensation polymer (9). 

14 1+ i4 

HO C- c = C -'Z - 0 tI 
o 
C 

Joniferyl alcohol 

Preadenber in 1939 regarded lignin as a product 

resulting from the etherification of the following and 

sinilar units (3). 
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Hibbert (9) in supporting this £orna1a hs pointed out that 

it le in agreenent with (a) the large yields of vanhllin, 

around 25 per cent based on the lignin content from spruce 

wood, and the still higher combined yields of vanhllin and 

syringic aldehyde, around 45 per cent, from rìle wood; 
0 Hco 

VaIlIttth 

U 

(b) vidence that spruce lignin is a mixture of condensation 

polymers formed from simple units containing an aromatic 

ring t»ìving a 3-carbon side chain; Cc) Hydrogenation of 

wood and of extracted lignins to give high yields of cyclo- 

heane derivatives having a 3-carbon side chain, and evi- 

dently derived from the above type of unit, present either 

in relatively simple or iore complex forn. 

The structure of lignin could be summarized as being 

a derivative of phenylpropane, that it is present in wood 

in different degrees of condensation varying from si znple 

units to complex aggregates (8). 

From a chemical viewpoint lignin is important beciuse 

of its possibilities as a source of aromatic compounds. .t 

the present time coal is the chief source of aromatic com- 

pounds, euch as toluene. Aleo, the supplies of coal will 

not last forever. Vhat is needed is a renewable source of 

s.ch chemicals. 
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Lignin Is being utilized as a source of vanhllin. The 

production Is fror;i 300,000 to 400,000 pounds per year, or 

at least half the national conewnption (2). However, this 
does not represent a bìr'e uc s one paper mill produces 

more than enough lignin to supply the entire demand. 

Lignin 18 being used to a oertin extent to ke 

plastics. One example is the isonite ].ignin p1stic. In 

this oase the lignin is not sep&rated frona the wood. The 

wood chips are cooked under pressure and then exploded by 

re1ese of the pressure. This treatment partially hydro- 

lyzos the heinicelluioses. The fiber is pressed into tte 
at pressures of 50 to 300 pounds per 6care inch at 180 oc. 

This sets the lignin so that the board cannot be torn apart 

and reformed (14). 

The Liarathon paper mill ases calcium lignin eulfonate 

to make laminating sheets with the aid of heat and pressure. 

(14). Oalciu.m lignin sulfonate is the lignin recovered 

from waste sulfite liquor from the sulfite pulping process. 

The U. 3. Forest Products Laboratory at Liadison, Wis- 

consin, has developed a wood plastic which utilizes the 

bonding power of lignin (18). Sawdust is hydrolyzed with 

acid or aniline to give a product which may be molded at 

150 °C. at pressures of 3,000 to 4,000 pounds per square 

inch. The result is a hard, black, dense material. 

Lignin is also used as an extender for more expensive 
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plastice (lb). With it pheno1-for1ciehyde resine be 

di1uteì to give & resin which be used in place of !nixee 

calling for a higher percentage of phenol-for1dehide 

resin. 

camples o± suggested lignin resins from the litera- 

ture Include one prepared from alkali lignin (13). The 

lignin is condensed with various aromatic amines to give 

fusible resins. another suggested resin is obtained by 

precipitating the lignin from soda liquor with an acid and 

heating with a poLycarboxylic organl.c acid (19). This 

yields a fusible resin. In another example the lignin pre- 

cipitated soda liquor is added to a strong acid in an 

amount equal to that required fvr neutralization (16). A 

resin similar to the phenol-forldehyde resins my be 

obtained from soca liquor (6). The precipitated lignin is 

mixed with phenol and molded as anq phenol-formaldehyde 

resin. According to the inventor this resin has good water 

resistance. 

These lignin plastics have two disadvantages which 

prevent them from gaining wider acceptance. They are 

generally dark brown or black in color, which makes them 

a poor competitor for the more expensive resins which may 

be brightly colored The lignin resins generally have a 

low resistance to water, which mske them unsuitable for 

many applications. However, they are generally very mex- 
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pen$ive, a finished molding cornpou.nd costing abou.t five 

cents a pounc (2), e contrasted to the cost of thirty to 

sixty cents a pound for pheno1-fornldehyde molding com- 

positions (3). 
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II. STATNT OP TEE PROBLE1 

Pure cellulose is not a plastic. It decomposes on 

heating, and cannot be molded by heat and pressure. How- 

evor, certain of the chouioal derivatives of cellulose are 

very excellent thermoplastic materials, namely, ethyl 

cellulose, cellulose nitrato, celluloEe acetato, and other 

cellulose esters. The physical characteristics of the 

cellulose derivatives are very unlike those of the original 

compound. 

Lignin alone has certain plastic properties. It may 

be molded with heat and pressare, but the resultant product 

has low water resistance and is relatively wesk and brittle. 

It seems reasonable to suppose that lignin derivatives 

would differ from the original. 

This study was undertaken to prepare derivatives of 

lignin in order to studî the changes of plastic qualities. 
It was felt that a large change might take place in the 

molding characteristics. 
Lignin is capable of entering into three different 

types of chemical reactions. The first kind of reaction 

concerns the functional groups such as the hydroxyl, 

ruethoxyl and carbon-methyl groupe. The second kind of 

reaction is substitution, such as the reaction with 

chlorine, bromine and nitric acid. The third type of 
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reaction attacks the carbon framework, such as tbt 
reaction produced by fusion with potash or hydrogenation. 

It was felt that the greatest possibilities lay in 

utilizing the reactiveness of the hydroxyl group. The 

lignin could be chìnged either by esterification or by form- 

Ing ether derivatives. 



III. RIi1TL PROCDUR1 

Preparation of the lignin 

Black soda liquor, obtained from the E'verett Pulp 

and Paper Company, of 62 per cent solids content, was used 

as the starting material. Pifty grams of the liquor was 

diluted with 150 ml. of water. Hydrochloric acid, 1.5 N., 

was then added and the pH measured with a Beckmann pH 

meter. The liquid was thon centrifuged, the clear liquid 

poured off, tap water added to the original volume and the 

material washed by centrifuging again. 

The precipitated ].ignin was dried at a low temperature 

and tested for pentosan by boiling with 12 per cent hydro- 

chioric acid (17). There were only traces of pentosans 

present. 

Lignin was prepared by precipitating at pH's of 2, 4, 

and 6. Methoxyl determinations by the method of Christen- 

sen, Priedun and Sato (5) gave 

pH 2 13.8% methoxyl* No ash 

pH 4 13.0% methocy1* l.99 ash 

pH 6 13.3% methoxyl* 333 ash 

Since lignin is the only constituent of wood which 

contains methoxyl groups (except pectin, which is soluble) 

and because pure lignin is ash free (17), the pH of 2 was 

*eed on ash free material. 
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chosen Thr fu.rthei prec1p1tt1on. 
Phirty-foxr hundred grams of llqu.or was acidified to 

a pH of 2 and the material. centrifuged and washed twice. 

It was dried in air and then in s vacuum oven at 8 tern- 

peratare of 50° C. for eight hours. 

Lenzo7l derivative of lignin 

The benzoyl derivative was prepared by a modification 

of the method of Beckmann, Liesehe and Lehmann (4). One 

hundred grams of the dried lignin was dissolved in two 

liters of pyridine. The solution was stirred while benzoyl 

chloride was added a drop at a time. The addition was 

completed in an hour and a half. The teuperatare kept 

below 30° C. After standing for twenty-four hours the 

solution was poured into twenty liters of twentj-five per 

cent sulfuric acid. The acid was decanted from the mater- 

ial which was then washed with a little water. The mater- 

ial wae then dissolved in 500 ml. of pyridine and precipi- 

tated with ten liters of diethyl ether. The precipitate 

was centrifuged from the ether solution and the solids 

concentrated by dissolving in benzene. The benzene was 

evaporated under a vacuum. The derivative was then ground 

to a powder, washed with cold water on a Bu.chner funnel and 

dried in a vacuum oven at 500 C. 
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Acety]. derivative of lignin 

The acetyl derivative was prepared by a modification 

of the method of Powell and Whittaker (15). One hundred 

and fifty grame of dried lignin was mixed with 150 g. 

(139 ml.) of acetic anhydride. few drops of concentrated 

sulfuric acid were added to start the reaction. The mixture 

stood 18 hours and was then poured into ice water. The 

solid derivative was broken up, washed with cold water, 

dried in the vacuwii oven at 500 C. and ground to a powder. 

Methyl derivative of lignin 

The methyl derivative was prepared by a modification 

of the tnethod of Powell and ,Vhittaker (is). One hundred 

gratas of the lignin was dissolved in 600 g. of 3 per cent 

sodium hydroxide solution. Seventy-five milliliters of 

demethyl sulfate was added slowly with shaking. fter 
standing for 18 hours the solid was filtered off on a 

Buchner funnel, dried under a vacuum at 500 C. for 8 hours, 

then ground to a powder. 

Analyses of the products 

iIethoxyl, moisture, ash, carbon and hydrogen cister- 

minations were run on the lignin used for the derivativee 

and on each derivative. Acetyl and benzoy]. determinations 

were ran on the respective derivatives. The acetyl and 

bsnzoyl derivtives were hydrolyzed with sodium hydroxide 
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solution, acidified with sulfuric acid and then steam 

distilled. The acid was titrsted with sodium hydroxide. 

The carbon hydrogen determinations were run according to 

the method given in Fisher (7). 4elting points were taken 

in a capillary tube. Qualitative teste of the solubility 

of the lignin and derivstives were made by adding O.]. g. 

of the material to 3 ml. of solvent. 

Plastic properties 

The derivatives were mixed with wood flour and molded 

in a Carver Laboratory hydraulic press, heated with elec- 

trical platens. Breaking tests on molded bars approximately 

x x 5 inches in size were run on a Tinius Olsen testing 

machine. Molded specimens were also soaked in water for 

24 hours and the gain in weight determined. 



IV. pERfl1NT1L RU1 

Table i 

0CH' H20 Ash C 

Soda lignin 8.57 4.10% l2.60 56.0% 
Acetate ester 9.1.9 3.83 0.0 59.3 
Benzoate ester 5.30 11.75 0.0 69.2 

ethy1 ether 22.55 14.9 1.18 59.8 

Acetate ester 24.8% acetate 
enzoate ester 48.7% benzoate 

The ash values are on a dry basis. 
are on a dry, ash-free basis. 

Table 2 

Solubi lities 

13 

H m.p. 
5.49% 150-60° 
5.70 141-2° 
5.47 132-3° 
5.97 155-7° 

C, H, and OCH3 values 

Solvent Soda lignin Benzoate. Acetate. iIethy1 eth. 
Acetone s S S S 

Ethyl alcohol pe i pe pe 
5%NaOH 8 i L PS 
Chloroform i s s 8 

Benzene i ps i i 

Ligroin i i i i 

Glacial acetic s ps s S 
5%HCI I i . i 

Vater i i i i 

Ether I i. i I 
Ethyl acetate s e s s 
Dioxane e s e S 

s ooap1ete solution 
PS coloration with sorne undissolved particles 
i no coloration of the solvent 
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Molding xperimenta 

xplanation of the tables 

Time is the length of time that the mold was at the 

temperature given. Pressure Is in pounds per square inch. 

Water absorption is the per cent increase in weight after 

soaking in distilled water for twenty-four hours. The 

lignin and derivatives were as described in table 1. 

The formula used in computing the breaking strength (1) 

Is S = 3 P 1 

2 b a2 

S is the maximum filer stress in pounds per square inch. 

P Is the breaking load in pounds. 

1 Is the distance between supports in inches. 

b is the width of the beam in Inches. 

d is the depth of the beam In inches. 

Table 3 

Lignin acetate 

Specimen no. #4 #5 #7 # 
of lignin 25% 254 25% 25% 15% 

/O of wood flour 75% 751 75 )75% 

Time 30 min. 30 ruIn. 30 min. 40 min. 30 wIn. 
Temperature OC. 1300 1300 1400 105° 1300 
Pressure 2500 2500 2500 2500 2500 
IIax. fiber stress 32,850 34,200 26,300 54,800 39,850 
Water absorption 5.0'o 24.5% 3.8 9.?p 6.9% 
Specific gravity 1.35 1.395 1.355 1.39 1.40 
Pounds per eu.. ft. 84.3 87.2 84.7 86.9 8'?.3 

-one dry wood flour, other wood flour contained 
'7, H20. 



Table 3 cont. 

Lignin benzoate 

Specimen no. #10 
of lignin 25% 

o of wood flour 75% 
Time 30 min. 
Temperature oc. 1300 
Pressure 2500 
iax. fiber stress 42,900 
Water absorption 13.4% 
Specific gravity 1.405 
Pounds per ou. ft. 87.6 

ethyl lignin 

Cpecimen no. 
% of lignin 

of wood flour 
Ti me 
Temperature OC. 

Pr e s sur e 
1ax. fiber stress 

Water absorption 
Specific gravity 
Pounds per cu.. ft. 

Precipitated lignin 

#11 
25% 
7 
30 min. 
130° 
2500 
16,350 
10.3% 
i 37 
85.5 

#15 
25% 
75% 
30 min. 
1300 

2500 
33,500 
3.4% 
1.38 
86.2 

#12 
25% 
75% 
30 min. 
130° 
1000 
15,350 
10 . 9 
1.345 
84 O 

1.5 
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V. DL3OUIU1 OF RifMIJLTS 

The primary purpose o this study was to deterrßine 

the possibility of using the aterial as a o1ding compound. 

Because more of the acetite lignin was available a greater 

number of specimens was molded from it. The strongest 

specimen was found to be the one that was molded at the 

lowest temperature. This could be explained if the lignin 

acetate deteriorated orì being heated. 

The lignin benzoate comparable to one of the lignin 

*ìcetates was stronger and had a greater water resistance. 

The water resistance of the different specimens was found 

to te the highest in the ones molded at the highest temper- 

atures. Evidently the heat changed this characteristic as 

well as its bonding strength. 

The anchnged precipitated lignin had more water 

resistance than any of the others. However, it was not as 

strong. 

The methyl lignin was the poorest of the four, having 

the least strength and least water resistance. 

411 attempt was wade to determine the amount of change 

that had taken place in the lignin. The formula for the 

original lignin was assumed to be C40H36013(OCH3)4. This 

le based on carbon, hydrogen and methoxyl determinations of 

a sulfuric acid lignin prepared and analyzed by H. A. South- 
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worth. This lignin was prepared from an extracted wood. 

Analysis of the original lignin used in preparing the 

derivatives gave: 0, 56.0; H, 5.49; OCH3, 8.57. Theore- 

tical: C, 62.3; H, 5.65; OCH3, 14.6. It is quite evident 

that the original lignin was very impure. This material 

was used because it is the material which would be comner- 

daily availb1e. Also, in the preparation of the den- 

vativea nost of the impurities will be removed. 

Analysis of the lignin benzote gave: C, 69.2; H, 

5.47; 00H3, 5.30; 06H500, 48.7. By assuming that an 

average of six benzoyl groupe were added to each lignin 

unit the theoretical values would be: O, 70.0; H, 4.89; 

OCH3, 8.42; 06H5000-, 49.3. 

Analysis of the lignin acetate gave: C, 59.3; H, 

5.70; OCH3, 9.19; CH3COO-, 24.8. By assuming than an 

average of five acetate groups were added the theoretical 

values wou.ld be: C, 61.3; H, 5.48; OCH3, Il.?; CH.,CO0-, 

27.9. 

na1ysls of the methyl ether of the lignin gave: C, 

59.8; H, 5.97; OCH3, 22.5. By assuming that an average of 

two methyl groups were introduced the theoretical values 

would be: C, 62.9; H, 5.93; OCH3, 21.2. 

In general, there was fair agreement with the carbon 

and hydrogen values assumed and found. The worst disagree- 

mont was found in the methoxyl values. 
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