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F ORE O1D 

"Lignin is one of the world's greatest industrial waste and 

stream pollution problems. An enormous supply of lignin taxes our 

ingenuity to provide methods for disposal and challenges our seien- 

tific ability to determine its nature and possible use." 

Edwin C. Jahn (14) 
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A STUDY OF ThE CHE2ICAL UTILIZATION OF 
3CflOLLM LIGNIN TH1OUGJ4 C1ENICAL MODIFICATION BY 

REACTION WITh CERTAIN M9.CNIA TYPE NYT1OGFJJ COMPOU!JJ)S 

I. INTRODUCTION 

Review 2. Chemistry 

The abundance (14, 9) of 1inin has proved for the past loo years 

to be an incentive to research workers to determine Its structure and 

a poss.tbie uso. Lignin is usually defined s the non-carbohydrate 

portion of extractive-free woody plant materials. The structure is 

still unknown, an extensive use has riot been found, &nd only an in- 

definite definition of lignin exists. All of these indicate the lack 

of funrlanìental knowled:e about 1iìuin. Ljgninz derived from different 

plants have common relatins1ip, yet have definite differences. Even 

lirith front one plant can be separated into several fractions by dif- 

forent solvents. These facts, and the fact that hmm does not split 

into definito hui1din units, have hindered te researcl- chemist in 

establishing the correct stictu of li'nin and in deve1opin a sub- 

sequent utilization. 

A number of investigators (2, 12) give ligniri a molecular weL ht 

of about 9O and many aree that softwood lic'nin has five hydroxyl 

rroups of which one or two are aliphatic in nature (19, 2, 10) . There 

are ost certainly aromatic groupings in hignin as evidenced by aro- 

matie conpounds obtained from wood by alkali fu8ion (19), aromatic 

substances isolated by ethanolysis of lignin (13, 4), and aromatic 

derivatives obtained through hich pressure catalytic hydroenat1ons 

(19, 11). 
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kreudenberg (7) has suggested that 11flin is a product result- 

ing from the etherification and condensation of the following units: 

HOH HCO H3 

OOcH Ci cpQOCH3 
IjCoH CH CH& Rz 

I ( 
I 

HCOH HCOH IfCOH 
I 

i I 0H O-CH OH 
R R R 

(cz) (b) (Q (d (f) 

?henyl propane seems to be the fl1ndaiental structure. 

A f oriula which seems to best fulfill the requirements set forth 

by the facts found and the theories propounded by hr nm chemists 

is the following: 

ti 

T 
I 

c-c. 

OH OH 

¿-t 

¿ -C-cRi 
t It 

0H O 

-c 
- ç 

- C zO 

I4 ti 

The above formula will be used to calculate any theoretical values 

although it is well understood that it may not represent exactly the 

structure found in choh1er lignin. 
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?,lthin the past few years investi.-ator have found the nunber 

of reactive groups arid cleavage products arid this kna1ec1e has 

helped in the utilization of lignin. There are now a number of uses 

but niost of them are of little importance. 1mong them are suiphite 

waste liquors for alcohol and yeast production, for roads, and for 

fertilizers; suiphite hmm for loather tanning; lignin for adhe- 

sives, fuels, in cements, in storage batteries, for removal of iron 

from iter, for the production of vanillin (27) and for hignin pias- 

tics (25), This thesis deals primarily with the last of the above 

uses. 

feview choller ?rocoss 

In l92(, Scholler (22, 23, 8) in Germany developed a process 

for hydrolyzing wood to obtath a dilute solution of supars which 

then could be fermented to alcohol or converted to feeding yeast 

(6). In the United states interest in this process has grown rapidly 

during the past few years because of our large war-tine need for 

ethanol and protein feeds. In this method wood chips are hydrolyzed 

to wood sugars by subjecting the wood to hot dilute sulphuric acid 

(o.2-l.2) at 170_1800C and about 150 pounds pressure. Nearly all 

the carbohydrate material is hydrolyzed and the lignirz (25-30% of 

te wood) remains as an insoluble residue. This residual lignin has 

usually been used as a fuel at the plant, as a road binder, or dumped 

as waste. A flow sheet of the process is given in Figure 1. 

The need for either product, alcohol or feeding yeast, is un- 

doubted especially at the present time; however, the economic aspects 
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(16, 3) of the Schofler process have deterred the est.abli$hmerit of 

a plant in this country. The cost of manufacturing alcohol by this 

process is euch as to yield & substantial profit at war prices, hut 

ecoeds the pre-war costs of zaking alcoìo1 synthetically or frani 

rnolasses If a profit could be secured from the lignin, the future 

of the Scholler process in this country would be assured. The 

Pacific Northwest beine an important lur±er area has tremendous wood 

wastes which could be turned into alcohol or feeding yeast by the 

Scholier process The linin problem is then particularly pertinent 

to the chemists of this area. 



II. EXPERIMENTAL PROCLDYE1 

?ethods 

The Scholler lignin as received was a brown powder admixed with 

chips that 'viere only partially hydrolyzed, This material had been 

obtained in a pilot plant operation carried on by the 11. S. Forest 

Products Laboratory and sent to Oregon State College for this study. 

The ligneous material was ground in an attrition mill to get it into 

a more usable state. 

The moisture content was obtained by drying a welc'hed sarnrle 

in an oven at 1050C., arid the acidity of the lignin wa determined 

approxinately lr a crude titration. One samrle of li-min was shaken 

with water for five minutes and another for ten minutes. Both were 

filtered and aliquote titrated with standard sodium hydroxide, 

The lignin content was determined by the standard procedure set 

up by the Forest Products Laboratory at !adison (21). Approximately 

two rams of air-dry material of known moisture content was weighed 

into a tared sintered las crucible (G.3). The material was ex- 

tracted for four hours in a Soxhiet apparatus with 95 ethyl cicoLol, 

followed by extraction for four hours with alcohol-benzene solution 

(l-2 parts, respectively, by volume). The solvent was removed by 

suction, the residue was1ed with alcohol by suction to remove the 

berizene, and tLen extracted for three hours with hot water, and 

finally dried. The dried material was triturated in the crucible 

with 40 ml. of 72.0% sulfuric acid at 20°C. The acid was added in 

small portions and mixed thoroughly with the material, care being 
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taken not to allow the teuiperature to exceed 200G. The resu1tinr 

rïxture was transferred to a two liter Lrlenrieyer f1ak, diluted with 

1500 ml. of distilled water, making the concentration of sulfuric 

acid exactly three percent, and boiled for three hours under a reflux 

condenserm The residue wa filtered into the tared sir.tered glass 

crucible, washed free of acid by means of hot water, dried to con- 

tant weight at 105°C. in an oven, cooled in a desiccator, and 

wej-'hed. The 1inin content was calculated as a ercentae of the 

oven-dry unextrcted wood. 

olubility of the lignin was determined by adding 10.0 rars 

of lignin to 100 ml. of solvent arid mixir for one hour on a shaking 

machine. The solution was filtered and an aliquot evaporated to dry- 

ness on a hot plate or under an evaporating lamp, dried in an oven 

at 105°C, desiccated over phosphorous pentoxide, and weighed. Where 

this method was not practical as in the case of sodium hydroxide, 

use of Nessler tubes proved practical for the color cou1 be matched 

to the color of a solution of known concentration. The known was 

usually prepared as an ethanolamine solution. Solubilities are ex- 

pressed as grains per 100 ini. of solvent. 

Condensations of ariine-lignins with forraldehyde were carried 

out by following the procedure described tr D'Alelio (5). Formalin 

was placed in a one liter three necked flask fitted with mechanical 

stirrer and reflux condenser. To this solution were added sodium 

carbonate dissolved in water and 28% ainnioniuri hydroxide. The react- 

ants were mixed and a saaple taken for formaldehyde testing. The 



amine corapound wa next added, stirred, and sap1ed for formaldehyde. 

The reaction mixture was heated to a ruild reflux arid a sample taken 

for formaldehyde. Saxaplin and te8ting for formaldehyde were con- 

tinued throughout a two how reaction period. At the end of this 

period the reaction mixture was cooled to roorri temperature and the 

pl4 adjusted to between 6.5 and 6,8 with either citric acid or sor!ium 

carbonate solution. The reaction mass was then usually evaporated 

to dryness for molding purposes by a vacnim evaporation setup. 

The test method. for formaldehyde was also one sugeited by 

D'Alelio (5). One nl. of the saniple to be tested for aldehyde was 

added to 20 ml, of alcohol in a 125 ml. Erlenmeyer flask containing 

three drops of 1% alcoholic bromphenol blue. The solution was neu- 

tralized with acid or base which were approxfrately 0.5 and 0.3 ., 

respectively. 7 ml. of a lO aqueouí hydroxylamine hydrochloride 

were added, the solution shaken, and set aside for five minutes. 

It was thai titrated to neutrality with standard sodium hydroxide. 

A blank was run on the reagents. The formaldehyde content is re- 

portec as grars of formaldehyde pr 100 nl, of solution and was cal- 

culated by the following formula: 

$ P)IL L4.b-&n'L N. ai NOH ais 
50111. /jOO pil. 

»i 

sil!, t1+i-cu,t Res - 



Apparatus 

Preparation of derivatives usually required only standard lab- 

oratory equipmit such as a three necked flask equipped with a mer- 

cury sealed s tirrer and a reflux condenser. Muoniations required 

the use of the bonh of the Parr hydrogenator. This vas useful since 

it could stand the pressure developed, the action of the amnontun 

hydroxide, and temperatures could be controlled while the whole mass 

was nixing. Eoldings required the use of a ten ton Carver prese and 

a racid for a 5 X " test bar. 

Total nitrogen content was determined by a micro-Kjeldahl method 

usinr an apnaratue built in the department. Joference to Figure II 

will illustrate the usefuilness of this machine, for the digestion 

is done in the flasks which are then attached to the machine for the 

rtina. The terial, being usually athydrous, was wei'hed from a pig 

onto a cigarette paper using a micro balance. About a 10 rag. sample 

was used; the paper being transferred to the digestion flask. Li- 

gestion rdxture was one ira. of concentrated, nitrogen free sulphuric 

acid and a Imife point of catalyst (1 plus 3 CuSO4) (le). lo 

ml. of standard hydrochloric acid wore put under the condenser 'with 

the tip of the latter well into the liquid. The digestion flask was 

put on and 4 ml. of 40% sodium droxide run into it slowly by a 

cranking motion of the stopcock. Stea;r was turned into the flask 

by shutting off the cianp on the trap and steaming was continued for 

4 minutes. After that the standard hydrochloric acid container was 

lowered so the tip of the condenser ws just over the surface of the 
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liquid and the apparatus was 5tearied for one iriute longer. The tip 

of the condenser was rinsed with distilled water nd the hydrochloric 

acid container rerioved for titration. The digestion flask wis re- 

maied and the male joint rinsed with distilled rater to prevent arty 

sodium hydroxide from 8ticking the next digetiorì flask onto the 

apparatus. The trap could be drained and the steari kept running 

through it until the next determination. This proved to be a very 

accurate and precise iritruznent. Titration of the hydrochloric acid 

was acconiplished using one drop of methyl red indicator and a stand- 

ard sodium hydroxide solution. The hydrochloric acid solution nrnst 

be boiled for about 15 to 20 seconds before titration. 10 ml. micro- 

burrettes were used and the sodiuni hydroxide was titrated against 

potassium acid phta1ate while te hydrochloric acid was standardized 

acalnst the sodium hydroxide. The nitroen content vas chiculated 

by the fo1lirg formula: 

nL Of t3.ca s N. of - ( n/. x ¿V, of bse)J s ,q ioo 

Ç sIe 

VYI i-iii, bi u5ed * »ii. ae -poi- !a.ik 
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III EXPFIUMENTAL FFSULTS 

Initial Experiments 

The lignin after grinding wac a brown po:der and sorie of the 

hydrolyzed wood could probably have been screened out here for it 
still had sornewhat of a fibrous character. This was not desirable 

for fibrous particles could be utilized as a filler to give greater 

strength to any pias t.icc formed. 

The moisture content of the lignin as the sane as that of te 

wood flour that is kept in the laboratory which 

of air dry weiglt. The linin content (21) was 

reference to Table I will sh it to be 77.7%. 

that the higher the ratio of lignin to cellulos 

tie but more water resistant the ligniri plastic 

lastics might be exected to be similar. 

Scholler lignin proved to be only slightly 

is 7% on the basis 

of course high and 

Since it is a fact 

is, the more brit- 
is; Scholler lignin 

soluble in all corn- 

mon laboratory reaents; the best solvents were ethanolarnine, 5% 

sodiun hydroxide solution, dioxane, and a 2O solution of ethano- 

maline in water. Table II presents a comparison of the different 

solvents used. 

Several test tube reactions (26) were tried with lignin, of 

which only a few are worth mentioning. lromine in carbon tetra- 
chloride was decolorized. Scholler lignin Fave none of the charac- 

teristic tests for an aldehyde linkae which include the Tollens, 

Fuchsin-aldehyde, and the Fehling tests. The Schotten-Bauxìann re- 

action took place vigorously w;ile acetyl chloride and benzenesulfonyl 
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TABLE I 

Linin ieterrnination 

II 

95; alcohol, alcohol- 
benzene, and hot 
water cxtrctables lO.7 1O.63 

H2504 soluble material 11.55 11.64 

Lignin content 77.70 77.72 

100.00 99.99% 



TABLE II 

Linin Sc1uhi1itie 

Solvent gibo ini, 

Acotone. . . . . e . . s e . s s . s s 0.8 
95% abco}ol . . . . . . . . . . s . . . . e e . . S 0 S S 0 8 
n-amyl acetate . . . . , . . , . , , 0.2 
i -anl alcohol . . . . . . . . . . . . . . , . . . . . . . , 0.7 
1enzene. . . . . . . o . I S S S S 0 0.2 
n-butyl alcohol. . . S S S S s . . . . . . . 0.4 
C hioroforin , . . , . . . . . 0.3 
C yclohexarie . , . . . . , , , , , o i. 

t; ioxane. . e s s s s S S b S S s S ..... s . 1.2 
Dioxane. . . s s s s s s e s s 1l 
L tÌanolaxiiine . . e 2.0 
2 0, ethanolamine . . . . . . . 1.2 
3. 0 ethano1arrine , , , , . . . . 0.9 
io: ethanolarniie . . . , . 1.3* 

. ther. . . . s s s s t s s s s s s s s 0.3 
5hydroch1oricacid . . . . . 

kethanol . . . s s s e I S s s a e s e 

t itroetane. . . . . . . . . 0.3 
itrornethaiie . . . . , ..... . . 0.4 

2 -nitropropane .......... . . . . . . 0.2 
retroleum ether, , . . . . * * . . 0.1 
fyridine . . . . . * . * . 0.9 

so3iui hydroxice * * . . . . . . 

¿osuene. . . s . . s . . * . * 

ater. . . . . * * . . . * . 0.4 

*Refluxed for one hour with li;nth, then tested for solubility. 
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cMorlde cave no apparent change. Periodic ¿cid test for multiple 

hydroxy]. croups was positive arid phthalic anbydride with linin 

lumped into a hard ball of rn&terial. These reactions, although few 

in number, tell much of the nature of Scholler lipnin. 

Aniline plastIcs (25) have been of interest to the lipnIn ehem- 

Ist for many years and yet the chemistry is not too well known. 

Several experiments were performed in order to analyze for any in- 

crease in nitrogen content upon treatment of lipnin with aniline. 

To 50 grams of dry wood in a three necked flask were added 400 

grams of water and 10.5 grams of aniline; while to a second hatch, 

In addition to the reactants of the first, 24.2 rams of concentrated 

hydrochloric acid were added. Lfter four days of reactIon at room 

temperature, samples of the first batch of wood (Product II) con- 

tamed only 0.25% nitrogen and the second hatch (Product III) con- 

tamed 0.26. This was only a sli.t gain as the original wood (Pro- 

duct I) had a nitrogen content of 0.13%. Both batches were refluxed 

for four hours, filtered, washed until washinj.s were negative to an 

aniline color test, dried at l050C, and desiccated over phosphorous 

pentoxide. A solution of bleaching powder added to a solution of 

aniline In water gives a violet color when concentrated and dimin- 

ishes to a light blue and finally to a colorless solution as the 

aniline content decreases to zero (17). This has proved to he a 

very sensitive test. A Kjeldahl on the first hatch shed that very 

little reaction had occurred during the four hour reflwc period as 

the average nitrogen content was 0.27 (Product IV). The second 
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batch had l.1 nitrogen (Product V). 

3ome aniline hydrolyzed wood prepared by the Forest Products 

Laboratory method (25) (Product VIII) contained 2.l nitrogen. In 

this iethod wood is hydrolyzed in a digestor with aniline and water 

using a pressure of 160 psi. The resultant digested mass is fil- 

tered, washed with water, and dried. ven with this drastic trat- 

iient very little nitrogen has been combined. 

To 50 grams of air dry lignin were added 396.5 grass of water 

arid 10.5 grars of aniline. The material was refluxed for four hours 

and then filtered hot. The mass was washed alternately with two 25 

ml. portions of alcohol and two 25 ml. portions of water until the 

water gave a negative color test for aniline. Af ter the material 

was dried the nitrogen content was 1.15 (Product VI). The filtrate 

and washings were a murky, broirn color and part of this filtrate as 

distilled until the distillate gave a negative aniline color test. 

The residue was concentrated and dried under an evaporation lamp, 

and the nitrogen content was determined as 4.5. (Product IX). 

To 50 grams of air dry lignin were added 10.5 grains of aniline, 

2C.1 grains of concentrated hydrochloric acid, and 30 grams of water. 

The nass was treated the same as the preceding one. The washed 

anhline-lignin contaïned only 0.75 nitrogen (Product VII). The 

murky filtrate was neutralized with sodium hydroxide, a green col- 

loidal precipitate was allowed to settle, and the top of the solu- 

tion was decanted. The colloidal precipitate was washed with water 

usinc: centrifuging and decantation. Then it was dried under the 
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evaporation lamp arid a Kjeldahl gave the nitrogen content as 1.37% 

(Product X). The solid from the filtrate of the ftrst aniline-ltg- 

nm p;aration was soluble in acetone while the solid from the col- 

loidal precioitate of the filtrate from the second aniline-lignin 

preparation was not. 

Ten trams of ligrin with 2.1 graas of aniline were pressed in 

a one square inch circular mold at 175°C. and 1000 psi. The product 

was a dark brown, good 1ookin', uniform disk. The disk was broken up 

and ground in an attrition mill to get it into a more usable state. 

The ground niatera]. was then steam distilled to get rid of any un- 

combined aniline. The mass was filtered hot and the residue dried 

while the filtrate was being evaporated to dryness. The residue from 

te distillate (Product XI) contained O.9'7 nitrogen while the resi- 
due from the filtrate (Product XII) contained l.75. Table III gives 

the data of the abe exeriments. 

Substitution heactions 

To introduce more nitrogen into the molecule it is necessary to 

put onto the structure some active groups that can subsequently react 

ivith amine trpe compounds. Since linin decolorizes bromine in car- 

bon tetracíloride an exerimont was undertaken to substitute bromine 

ato into bcnzene rings and also to saturate any aliphatic double 

bonds. From the theoretical structure of lignin the amount of bro- 

mine to be used can he calculated. If all the replaceable hydrogens 
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TABLE III 

!Cjeldahl Fesu1ts of Aniline Reactïon5 

% N in 
Product heaction Product 

I (a) Blank on wood 0.13 
(b) " 'I H 0.13 

II (a) Yood i- aniline + water 0,27 
(b) 

n n n 

(c) " t' 'I 0.25 

iii: (a) ood + aniline t water 11Cl 0.21 
(b) " u H 0.31 

Iv (a) ood - aniline -t- vater 0,25 
(b) ' t' t' 0.29 

V (a) Vood -s- aniline -t- water + 1C1 0.9e 
( b) Vt t? ti j 

( e) n 1.25 

VI (a) Lignin aniline -s- water 1.14 
(b) " n ii 

1.15 
(c) T! I 1.15 

VII (a) Lignin t aniline + water PCi 0.76 
( b) n n ft n 0.74 

VIII (a) Forest iroducts Lab. aniline hydrolyzed. 1i-rnin 2.17 
( b) fi l H H 2.04 
( c) n Il I ft u n 

Ix (a) Solid from filtrate of VI 4.73 
( b) 

I, II i) 
5.33 

( c) n n u 
4.10 

( d) 
t, ft ,t 3.91 

X (a) Solid from filtrate of VII 1.37 
( b) 

f, fi ti 1.33 

XI (a) Lignin -s- aniline (molded) 1.00 
(b) ' n ,i 0.93 

XII (a) Solid from filtrate of XI 1.75 
( b) 

It t It ti U 
7/ 
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were substituted there would be eleven in number which woulci require 

eleven o1es of bromine. There is only one possibility of addition 

'which would require another mole. Using 0.1 mole of lignin, 1.2 nioles 

of bromine, and 300 ml. of carbon tetrachioride to iake a slurry, the 

eperirnent was carried ont in a three necked f1ak equipped with sep- 

aratory funnel, stirrer, and reflux condenser. The bromine ws added 

to the ligntn and carbon tetra&loride raduaily and enou;h heat as 

used to start the reaction. The heat of reaction wa then enouh to 

carry the reaction until all the broxiine had been added at which time 

heat wa applied to bring the contents to a 
reflux0 After one hour 

the water was drained fron the condenser and it was used as an air 

condenser. Excess broThe and hydrogen bromide 'here carried off to 

a beaker of water. Sorne carbon tetrachioride was carried over with 

the excess bromine and therefore the reaction fla3k had to be replen- 

ished from tire to time1 Yheri the color of brorine was no longer dis- 

tinL-uished in the reflux condenser the reaction was stopped arid the 

mase transferred to an evarating dish vhere lt was taken to dryness 

-i.th ari evaporation lamp. The broraligriin looked quite sirriilar to the 

original but differed by beln slightly darker in color. The brorn- 

lignin was found to contain 3O.82 bromine which is in asreenent with 

results of other irivestiators (12) on 11in obtained from a differ- 

cnt source. These same investigators dai 'ed that bromine substituted 

for hydroxyls and methoyls on lignin as eli as certaIn hydroens. 

Bromlignin f all future reactions was prepared exactly as in the 
foregoIng' experiment. 



The brornlignin was found to be very active a it would react 

with aniline in the cold and bee3n to set up. If nil1iie was added 

to brotlinin ori a watthglas arid placed in an oven at 950CS, the 

material would harden into a shiny, brittle, black io1id, Miline 

was reacted with browJinin in nauch the carne manner as it had been 

reEcted with wood arid the original lijneous material. Usina a three 

necked flask equipped with a mechanical 5tirrer and a reflux conden- 

ser, a slurry of the bromlignin was foxiied with water. Àfter the 

addition of aniline, the rou1ting mixture was llored to react one 

tour at room tec -rature and then r'efluxcd for three hour$. The re- 

suiting uateril wa cooled, neutralized with 4O sodium hydroxide, 

filtered, and washed dth water. Yith constant stirring the ats was 

then steam distilled to get rid of any uncombined aniline; the dis- 

tillate being tested with bleaching powder s olution continuously n- 

tu negative. The mass wa filtered, washed, dried, and an analysis 

rave 3.28$ iitrogen (Product XIII). The filtrate was distilled until 

the di5tiilate was negative to aniline color tests and then evaporated 

to dr'msss. Analysis on this (Product XIV) prcwed 6,47% nitrogen coui- 

bined. Another reaction of aniline with brornljnjn tsing a four hour 

reflux pøriod and no reaction time at room tetnperature s}owed only 

3.2% nitrogen combined (Product XV). 

In an effort to introduce more nitrogen into the ring, ammoni- 

at ions were tried. nhydrcus aronia as bubbled through a carbon 

tetrachloride slurry of bromlignin. Heat was g iv-on off at first hut 

finally heat had to be applied to keep the mixture 1niost at the 
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boiling point. After a three hour reaction period the nias was trans- 

ferred to an evaporating dish and dried under the lamp. The result- 

ing materiJ. was washed free of rrtuoniu bromide ith water by detect- 

ing the bromide ion in the washings wit silver nitrate. The material 

(Product XVI) after dryin.c' was tested for nitrojen and there was 2.0% 

found. In another experiment anhydrous ammonia was passed throw"h 

Vor six hours and 5.0% nitrogen was colined (Product XVII). 

The formation of primary amines of aliphatic compounds is possi- 

hie by the above method but it is not feasible with aromatic com- 

pounds. A more dastic treatment was relied upon (2e). o grams of 

broinlignin vere reacted in the bomb of the Parr hydrogenator with 200 

ml. of 2 ammonium hydroxide in the presence of about 0.5 grams cup- 

rous ocide arid 0,5 grams cuprous chloride. Reaction times flere usually 

four hours. This method was used to prepare enouh ammoniated iinin 

for other experiments. An average nitrogen content of ail the amnoni- 

ated uignin products (Products XVIII through XXVI!) was 7.7. Date. 

ori Kjeldahl determinations of both the aniline-lignins and the ammo- 

nia-lignins are presented in Table IV. 

Condensations ni Woldins 

Since certain ammonia type compounds undergo condensations with 

formaldehyde, such reactions of the lignin compounds were atterpted. 

Table V shows a comparison of lignin, aniline-lignin, anmonia-lirnin, 

and urea conder.sations with formaldehyde. The reactants were kept 

constant at 157 ml. of water, 43 ml. of formalin, 0.OS çrams of sodium 
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TABLE IV 

Kjoldahl heu1ts of i1ine-Linin and Anmonia-Ltgnins 

%N in 
Product Reaction Product 

XIII (a) Aniline + bron1ignin + water 3,31 
(b) " 

ft n 3,24 

XIV (') Solid from V;ashings of xrii 6.45 
( b) " 

t, n t 

xv (a) Aniline -- brornlic-nin .f- water 3,34 
(b) n n 't 2,97 

XVI (a) 1H3 + brorniignin i- Cd4 (.3 hours) 1.94 
( b ) ft n ? U 

1 . 
c) n ft It ti 2.13 

XVII (a) NH3 t. brom1ijnin +CC14 (6 hours) 4.97 
( b) 

" n ti 

5.03 

XVIII (a) N114011 -I- bron1ignin i' catalyst (4 houm) 7.93 
( b) 

ti ti n H 
7.97 

( e) 
H fl r D 8.15 

XIX (a) NH4O} -- brorniignin -f- cta1yst (4 hours) p.69 
( b) 

u ti n n 77 
( e) 

Is n ti u 8.32 

xx (a) N}140F! 4- broinlignin -t- catalyst (4 hours) 8.47 
( b) 

t u n 7.88 

XXI (a) Nji4O}i t brorniignin * catalyst (4 hours) 8.73 
( b) 

I) I, ft fi 8.87 

XXII (a) N14O} t brom1inin --cat1yst (4 hours) 6.90 
( b) 

ft f n 
7.15 

nuI (a) Mi4OJ 4- bromlignin i- catalyst (4 tours) 7.62 
( b) 

1 H ti n 745 

YLXIV (a) Nh40} -t-brcinlignln -f-catalyst (11 hours) 7.68 
( b) 

n ti il 
8.67 

( Continued on next Dane) 
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TABLF. IV (Cori Lnued) 

N in 
Product Reaction Product 

X)V (a) N}4OH + brorniignin + catalyst (3 hours) 7.04 
(b) 

T, 8 u n 6.53 

XXVI (a) N140h + brorniignin catalyst (3 tours) 7.13 
(b) 

IT IT I! 8 7.12 

XXVII (a) NH4O}i + brora1inin + catalyst (3 hours) 7.47 
(b) It II ft It 753 
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carbonate, ¿mnd 2.14 ui. of 2 innìoruiun hydroxide. 5 'ram of 1inir 
were used in one reaction, 53 gratis of anioniatec lignin used in ari- 

other, ] grars of urea used in a third, and the aniline-lignin re- 

suiting from reaction of /O grars of bromlignin with aniline wa used 

In the fourth. The amount of urea used was such that the nitrogen con- 

tent in the condensation reaction would be sin'ilar to that in t1e amco- 

niated material. In Table V, oo represents a saiiple taken of te re- 

actants, o a sple taken after the amine compound had been added, 

R a sample taken at reflux, and the numbers represent the reaction 

time in minutes (5). A blank run on the reagents us ed in the titra- 

tion required 0.5 ml. of sodium hydroxide which is taken into account 

wt:en calculatir the amount of formaldehyde in solution. 

Table VI presents data on the moldings of the compounds pro- 

pared and also on sorne miscellaneous moldings which were made for 

comparison, and on some o the tests run on these products. The mold- 

in conditions had to be repulated, and they were taken as l5°C. and 

;o psi. with a five minute reaction period at l50C. The mold was 

heated as rapidly as possiilc with electric platens and cooled with 

air after the five minute period. The mold was always preheated to 

60°C. before the reaction material ws introduced. The pressure was 

never allowed to drop until the mold had cooled to 60°C. at which time 

the product was removed. About two hours were required to reach the 

185°G, and about 30 minutes were also required for the cooling pro- 

cess. The mold parts were always dusted with zinc stearate for lubri- 

cation. The moisture content was always 3% based on the dry lineous 



TABLE V 

Linin Condena ationa 

Samples Lignin NP3 Lbnin Aniline-Lignin Urea 

A 13 Â B A B 

00 7.5 6.58 7.5 6.58 7.6 6.67 7.5 6.58 

o 7.? 6.20 6.3 5.45 7.1 6.20 6.s 5.63 

7,1 6.20 4.7 3.95 7.0 6.11 2.1 1.51 

15 6.9 6.02 4.2 3.48 6.ç 6.02 1.9 1.32 

30 6.8 5.92 3.8 3.10 6.8 5.92 1.8 1.22 

60 6.8 .92 3,5 2,82 6,7 5,83 1.8 1,22 

120 6.8* 5.92 3.0 2.35 6.5* 5.63 1.8* 1.22 

Am1. NaOH used in the formaldehyde test 

B}CRO content of the solution in grams per 100 ml. of solution 

ot run but assi4med. 



TAT?LT: VI 

Molded Product8 

Ligneou Grains other 
material subetance iemarks 

1. 25 . lignin - 24.0 * brown color - little flow 
f.ir looking 

2. 25 g. ECHO 
anhlthe-lignth - - * dark brown - little uio 

3. 25 g. lignin 5.0 g. aniline 1.6 7(5 very good looking 
1.9 g. paraforxa dark brown hard 

4. 25 g. aniline-lignin 6. g. furfural 8.6 * good flow but brittle 
fairly good looki 

5. l7. g. aniline-lignin 2.0 g. aniline 2,1 * flow but brittle 
7.5 g. wood flolAr 3.4 g. £urfural fairly ¡ood looking 

6. 25 g. lignin 5.0 g. aniline 0.8 * very good looking 
6.0 g. furfural brittle hut hard 

7. 25 g. NH3 lignin - - * no flow - poor 

8. 25 g. ECHO 
NH3 lignin - - * no flow - poor 

9. 25 g. NE3 lignln 4.3 g. paraform - * no flow * poor 

10. 25 g. N3 1mm 13.75 g. furfural - * no flow - poor 
(Table continued ori next page) C.' 



TAPLP VI (Continued) 

Ligneous 3rars other 
xateria1 substance 

:11. 10 g. lignin 10 g. aniline 

12. 5 g. brornlirnin 

5 g. wood flour 5 g. aniline 

13. 5 g . broxrJ.ignin 
5 g. wood flour 5 g. aniline 

14. 12.5 g. bromlignin 12.5 . aniline 

15. 25 . ÌIL?nin 6.25 g. urea 
3.1 g. parai or 

16. 25 . 1igin 6.25 g. urea 
6.0 g. furfural 

17. 25 g. lignin 5.0 E. ¿hthallic 
anhydride 

l. 12.5 g. lignin 4.0 g. Phthallic 
12.5 g, wood flour anhydride 

* roke comins' out of mold 
Molded at 100CC 

W% water absorption after 24 hours irnrners ion 
Rodu1us of rupture. 

Remarks 

-- - extruded from itold with little 
pressure - black - brittle 

- - eached decomp. point at 1650 

22.7 * ].ack-hard - sawed easily 

4.6 l03 black - good looking 

19.1 * hard - brittle 

2,7 * hard 
good 

0.4 1160 h3c 
good 

1.4 997 hard. 

- brittle 
texture 

- gcod locking 
flow and texture 

- cood texture. 
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material. Lxoeptions are the plastics which contain bromlignin for 

it was used with any equilïbriur uioisture it might have oicked up in 

the laboratory. 

The znoisture absorption test, results of which are given in Ta- 

ble Vi, was not the standard one but was done only for a means of cosi- 

parison. A l in. piece of the test bar was sawed off, weihed, im- 

mersed in water for 24 hours, taken out, excess water blotted off, 

and weighed. The percent absorption was based on the dry weight of 

the 1 in. bar. The od,ulus of rupture as calculated by inding the 

breakir stren!th in pounds and substitutinr; that into the following 

formula: 

R3?L/2bd2 

bwidth Llength between centers 
d-depth Fmodulus of rupture 
P1oad 

The test bar was alsays 5 in. long and in. wide and was always bro- 

ken through the in. depth. The breaking machine alays had 4 in. 

between centers. Therefore d always equalled in. and L 4 in. This 

simplifies the formula to R24P/b. 

The urea was impregnated into the lignin by using a saturated 

solution of urea, rnjxing this with the lignin, and then drying in a 

vacuum oven. The phthallic anhydride was impregnated in a similar 

manner except the solvent was an alcohol-ether mixture. 



r DISCUSSION OF RESULTS 

The test tube reactions (26) tell 5omethjr of the structuré of 

the .cbo1ler li,gnin. If brozriine reacts by substitution there must 

be certain active groups on the rings to activate particular ydro- 

gens. In the case of choller li:nin these active groups are most 

likely hydroxyls and thoxyls. ny addition of hrouine to the struc- 

ture is covered by the evolution of hydrogen bromide; hever, the 

ease of anoniation by anhydrous aznronia of bromlirin signifies that 

sorne addition may have occurred (28). ha been said, certain in- 

vest1ators (12) claim that bromine displaces hydroxyl and methoxyl 

groups as well. The reason that acetyl-chioride and benzene-sulfonyl 

chloride did not react with lignin ile the henzoyl chloride did 

fltiÌt he explained through the conditions of the reactions (26). 

There is no nitrogen in the original lignin; therefore, there can be 

no ar4ne groups. The existence of hydroryl groups is indcatod by 

the periodic acid test as vell as by the Schotten-Baumann reaction. 
Acid chlorides react readily with 

primax-ar and secondary amines; how- 

ever, acylation takes place less readily with alcohols and phenols 

and, as a consequence, alkali is often used to accelerate the Schot- 

ter-Baumann reaction since it neutralizes the hydrociloric acid which 

is eliminated. Thus the chotten-baumann reaction might work while 

the conditions would not permit the others to do so. 

The aniline-wood and aniline-linin reactions proved that very 

little aniline is actually combined. It is believed by most lignin 



chemists that the success of aniline plastics is due to an aniline- 
lignin comp1:. In making such pùstics, a small amount of furfural 

is usually used in addition to the aniline. In an earlier related 

study of such plastics in t'ris department, Clinton and Letering (en- 

published data) obtained results w.hich led them to doubt the forma- 

tion of the aniline-linin complex and to believe that perhaps the 

aniline or ari aniline-furfural coiplex plasticized the lignin pias- 

tie. }3aed on the resulta obtained in the present study both con- 

cepts are probably correct, but since only a small aìount of ntroren 
is conìbined most of the chemistry of aniline p1atics is tied up in 

the aniline-furfural polymer. 

The molding time is a serious disadvantae (15) of lignin prod- 

ucts as compared to synthetic resins, and the only place 'there lignin 

plastics would now be sefui would be as boards and panels for build- 

Ing materials. The con1ensation of the ammoniated lignir should have 

provided the molecules with groupings that during the molding time 

could have cros-lnked and produced a thermosetting resin. This 

would not then require a veri lone molding period, i%lthouØ the am- 

monia-lL-nin condenses with formaldehyde the product does not poly- 

merize to form a good !lastIc. This might be due to extreme degrada- 

tion of the linIn molecule by the drastic treatment during amoni- 

ation or perhaps the molding conditions were unsuitable. It was hoped 

that the condensatIon and moldir of monii-lipin would parallel 

the urea formalderde plastic to sorne extent. Even with t}e latter 
it is possible to produce an insoluble compound (24) that is 
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urìuitab1e for rno1din by failing to control the pE correctly during 

the condenation. ibis also may have happened with the hmm al- 
thoigh it is not likely. o use of plasticizers wa made in most of 

these moldings which nay account for some of the poor results, strxce 

plasticizers are helpful in 1owerirg the molding temperature. 

hen aniline and bromlignin were put into the mold the material 

started extruding at 750C. and no pressure could be applied. The 

material could 1ave been molded at 80°C. just as well as lOO"C, This 

ohenomenon has never previously been reported with lignin plastics. 

To tì'e author's knowledge there has been no lignin plastic molded 

with ood flow cf the material under 1500G. The product was brittle 

and this wae believed to result from salt fcrmation when aniline corn- 

bined with the brom1jnin. s a result, after aniline reacted dth 
the bromlignin the mass wa neutralized, washed and molded. These 

plastics were not successful which might be accounted for by the 

possibility of incorrect reaction ooritions. 
There are two methods of modifying lignin; one, b: ubstitution 

of the hydrogens in the molecule, and two, by replacement of the hy- 

droxyl groupe of the molecule. The work in this thesis has been done 

on ti-e former; hoîever, two plastics were made to prare the potenti- 

ahities of the latter, Phthahic an?ydride pressed with lignin gave 

the best plastic produced dnrim this research, both as to water re- 
sistance and as to breaking strength. The Lar as ver' 'ood looking 

but the breaking strength, although good, was not as hi:}'. as it should 

h;ve been. 
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All the plastics prcduced wore veri hard i-ut a10 very brittle. 

Th incorporation of pla&ticizers, wood flour, or a change of molding 

conditiorw miL'ht alter these to produce better lignin plastics. 

Through a trial and error study of these variations sorno success may 

be attained. ost methods of the past have been to react the corn- 

pounds in t1e uiold with linin or to react the amine compounds direct- 

ly with the lignth (1, 2). Although that type of research has had 

oe success, it has not prodrced a good thermosetting lignin plastic. 

This research has tried ta fir3t modify the liEnth and then to react 

amine compounds icith the modified product. It is believed that a 

theriosettthg lignin plastic can he prepared by this method or by a 

replacement of the hydroxyl groupe by sorne coipound such as phthal Ic 

anhydride. 
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:, py 

A review of ligriln chemistry and of the Scboller process is 

çiv on. 

etiods and apparatus w3ed aro described. 

A comica1 modification of Scholier 11gnin has been attempted 

and moldings have been made of the products. 

&ggestions are offered for the production of impraved Scholler 

lignin plastics from the modified products. 
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