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I. INTRODUCT ION

Lignin, or woody substance, which comprises about
30 per cent of all celluloss growth, is the unused by-
product of the paper industry. Every year the pulp mills
either burn or run into the streems over two and & half
million tons of this raw material.

In the sulfate industry for every 100 pounds of
moisture free wood used in msking pulp 55 pounds are
elther burned in the recovery process or lost in the
effluents. Of immediate concern to the industry is the
effluent, which is considered a pollution hazard. For
at the present time there is a nation wide drive by stste
and federsl agencies to decrease the pollution of streams
in the heavily industrielized aress. There 1s also the
congervation viewpoint since these millions of tons of
lignin have potential value as a source of useful organic
chemicals. As & result of these factors it has become
urgent that major uses be found for lignin so as to make
it economically feasible to recover. Investigators have
made considerable progress, during the last few yesars,
in research on the chemical nature and the utilization
of lignin.

Recent work by D. F. Othmer on the chlorination of

sawdust to produce a chlorinated lignin indicated that

this product may have plastic value. However, lignin



from softwood as produced by the sulfate process differs
in structure and chemicel properties from netive lignin
eas used by Othmer. Experimentation is required to deter-
mine the effect of chlorination on the sulfaste lignin.

A study of the literature for previous date on chlorin-
ation of the different types of lignin inaicates thst
data is needed on the solvent medium for chlorinstion,

on the effect of temperature on the chlorinstion, on the
effect of catalyst on chlorination, and the physical and
chemical proverties of the chlorinated product.

The object of this research is to study the chlorin-
stion reaction of sulfaste lignin, and to determine the
physicel and chemicel properties of the chlorinated pro-
duct.



II. LITERATURE REVIEW

History. Botanists end plant physiologists have long
known(28)that early in the development of the cell walls
of woody tissues of vascular plents there occurs a change
whereby cellulose is presumed to become hardened or what
is generally described as lignified. The change consists
in the addition to the cellulose of s substance or group
of related substances which have been designated as lignin.
The term lignin was introduced into scieantific literature
by the botanist and plent physiologist de Candolle in 1833.

(28)3, 1838 first

The French chemist Anselme Payen
showed that wood was a heterogenous mixture and not a defi-
nite chemical substance. He treated wood with nitric aciqd,
alkalles, glcohol and ether and obtained a substance which
was relatively resistant to the sction of these reagents.
This substance Payen called cellulose, and the complex he
removed from the cellulose he called the "true woody
material".

E. Fremy in the 186C's considered that the residusal
material remsining after the trestment of wood with 72 per
cent sulfuric acid was "ligneux" and this ligneux was chemi-
cally combined with the cellulose and not merely mechani-

(
cally attached to it as was claimed by Payen.‘ze)

(28)

J. Erdumann in 1866 pointed out that free cellu-

lose dissolved in Schweizer's reagent, wood substance did not.



and he therefore assumed that the lignin was chemically
combined with the cellulose and the other carbohydrates.
By the degradation of wood with slkali, he obtained acetic
and succinic acids and catechol. Purified cellulose, when
similarly trested yielded no catechol and Erdmann accord-
ingly suggested that the substance associated with the
cellulose of the oell wall, had sn aromatic nucleus and

he designated it as "lignose".

(28)1n 1903, as a result of many years

Cross and Bevan
of investigation on lignified and other plant tissues, con-
cluded thet lignin was chemically combined with the cellu-
lose and called this substance "lignocsllulose".

The use of alkalil in the delignification of wood dates
from the 1854 U. S. patents of Watt and Burgess.(zo)ln this
process, known as the "soda process", the wood is cooked
in & solution of caustic sodas whereby the lignin esnd hemi-
celluloses are rendered soluble, and an impure cellulose
pulp obteined in yields of 43 to 48 per cent by weight.

pen1(20)

is oredited with the modificaetion of the "soda pro-
cess" known as the "sulfste" or "kraft" process. He was
1ssued a patent in 1884 suggesting the use of sodium sul-
fide in the cooking liquor to make up slkali losses.

Lignin Isolation. There are various methods described

in the literature for the isolation of lignin,(ze)these may
be divided into two classes: (1) Those that depend on the



removal, by hydrolysis, of the cellulose and other components,
leaving the lignin as an insoluble residue, and (2) those

that depend on the removsl of lignin from the cellulose and
the other substances with which it is assoclated.

Much of the difficulty involved in determining the con-
stitution of lignin can be asttributed to the fact that, as
yet, no method is known by which lignin cen be isolated un-
changed. Also, since lignin 1is amorohous, the usual oriteria
of purity, such as melting point, cannot be applied. There-
fore, 1t is never certain if any particular lignin prepsra-
tion is entirely free from contaminsnts.

Methods of Class I. The following methods of lignim

isolation sre some of the more used processes that depend
upon the removal, by hydrolysis, of the cellulose and other
components leaving the lignin as insoluble residue:

l. Sulfuric acid method.(28’25) Sulfuric or Klason(7)
Lignin is produced from ground wood by the sotiom of

sulfuric acid. The wood is first extraected with

ether and dried. Then for every gram of wood 50 ml.,

of 66 per cent sulfuric scid is employed and the
mixture is gllowed to stend for 48 hours then di-

luted to 3 per cent, heated and washed.

2. Fuming hydrochloric acid method. This method was
first developed by Willstetter and Zechmeister.(7:28)
These investigators found that 40 to 42 per cent hydro-

chloric acid resdily dissolved cellulose, giving a



yield of from 25 to 28 per cent lignin. According to
Hagglund(zs)a portion of the lignin is dissolved by
the fuming acid, end later sepasrates out, Modiri-
cations of this method have been developed by Will-

statter, Kalb, Lieser,(7’28)and Urban.
3. Method of Freudenberg. In this method(V’ze)lig-

nin is isolsted by aslternately hydrolyzing wood,
previously degummed by digestion with cold 5 per cent
aqueous sodium hydroxide solution, with boiling 1 per
cent sulfuric acid and cuprammonium solution. Some
of the lignin is dissolved by the cuprammonium solu-
tion and yields are around 16 per cent of the weight
of the dried wood.

Methods of Clags II. The following methods of lignin

isolation depend on the removal of lignin from cellulose
and the other substances with which it is associated:
1. Sulfite method. This is the method used in the
"Sulfite" process of preparation of wood pulp. The
delignification is brought sbout by heating wood
with e solution of sulfurous acid and acid sulfites
under pressure. Lignin is obtained in the form of
water-soluble sulfonic acids.
2. Alkeli method. The delignification of wood by
sodium hydroxide solution or sodium hydroxide and

sodium sulfide is commercislly known as the "soda"



and the "sulfate" processes for manufacture of pulp.
(7,20,28) These reagents form alkali soluble alkali-
lignins and thio-lignins which are precipitated from
the alkalil sslt solutions by acidification with min-
eral acid. Both thio-lignin and slkali-lignin are
insoluble in wester and cen be precipitated from alkali
salt solutions by lime water. A number of invest i-
gators have used aqueous and alcoholic sodium hy-
droxide, varying from 1.5 to 10.0 per cent sodium
hydroxide and using temperatures ss high as 160°C.

3. Separation of lignin by'alooholysis. Kleson(zs)
in 1893 found that a portion of lignin was dissolved
when spruce wood was heated with alcohol. This work
was followed up in 1920 by Gruss.(28) In place of
ethanol other alcohols such as methanol,butyl and
amyl alcohols, benzyl alcohol, ethylene glycol and
its monomethyl ether, glycerol oc-monochlorohydrin
and dioxane may be used. In all cases a product is
obtained containing the alkyl or asryl group, as the
case may be, in combinetion with the lignin. The
mechanism of the reaction between the hydroxy com-
pound and lignin is not clear. It hass been sugges-
ted by Hegglund(28)that a oroduct in the nature of
an acetal is formed. These reagents should be born

in mind when chlorinstion of lignin is attempted in



different media. There sre six or more procedures
of isolstion of lignin by this method. The ground
wood is heated with alcohol from 10 hours to three
days depending on the method used.

4. Extrection of lignin with phenols. The phenols
like alcohols combine chemicslly with the lignin
yielding the so called phenol lignin. According to
Kalb and Schoeller(ze)phenol lignin may be prepared
by heating sawdust with phenol and hydroloric acid
for 1 hour at 90°C. The reaction product is filter-
ed,and the filtrate distilled in s current of steam
to remove the excess phenol, leaving the lignin prep-
aration in the distilling flesk.

5. Other methods. Thioglycollic acid and hydro-
chloric heated with wood meal end the reaction ex-
tracted with 95 per cent ethanol. Friedrich (28)
obtained a lignin preparation by treating wood mesl
with a mixture of glacial acetic acid and concen-
trated hydrochloric acid. Formic acid lignin is
obtained by treating wood mesl with 92 per cent for-
mic acid after the wood has been alcohol extracted.

Physicel Properties. X-ray studies mady by Herris(ea)

of sulfuric acid and methanol lignins, and their products
of reactions showed a X-ray pattern typlical of the crystsal

lattice of organic substances of high molecular weight.



The ultraviolet absorption spectra of lignin and lignin
derivatives as determined by Herzog and others(gs)indioate
a benzenoid structure. DLepending on the mode of isolation
lignin is light to dark brown in color, insoluble in organ-
i¢c solvents, and morphological in structure. Lignin has

a high refractive index. 1.61, which is indicative of
eromatic structure, and its heat of combustion has been
found as 6.277 Kg. Cal.

Constituent Grouns. The different tynes of llgnins(25)

all have certain common chemicsl redicals. Methoxyl groups
are always present. Both phenolic hydroxyls snd sliphatic
hydroxyls ere present. It is now well estsblished that
lignin is built up slmost entirely of building stones con-
slsting essentiglly of an asromatic ring contasining a three-
carbon side chain, one or two methoxyl groups meta- to this
side chain, and an oxygen bridge or phenolic group para-

to the side chain. In addition, there may be carbon-to-
carbon or carbon-to-oxygen bonds joining the aromatic ring
to other portions of the structure.

Methoxyl Group (CHz). The presence of the methoxyl

group has been definitely established in the lignin prep-
arations 1isolated from various sources and by different
methods. The methoxyl content(g'7’28lor lienin from
coniferous woods end straws is about 15 per cent and

that from decidwous woods is sbout 21.5 per cent, varying



somewhat with the method of isoletion. Since methoxyl groups
of lignin are not readily split off, it is inferred thet they
form an ether rather than an ester linkege. Acecording to
Freudenberg and co-workers, the methoxyl groups present in
lignin sre attached to asromatic nuclei. The methoxyl content
of lignin varies somewhat with the source and the method em-
ployed in its isolstion and 1is also effected by the age of
the plant tissue from which the lignin 1s derived. When al-
¢cohols or phenols are used for the isolgtion of lignin, a
product is obtained containing the alkyl or aryl groups, as
the case may be. Depending on the nature of the combining
groups, the percentage of methoxyl in the lignin may be
either higher or lower than that found in alkeli or acid
lignins., Thus, for example, the percentage of alkoxyl, cal-
culated as methoxyl in methanol and ethanol 1lignins are relsa-
tively high, because the alkyl groups arising from the alco-
hols used in the isolation of the lignin as well as the
methoxyl groups naturally present in the lignin complex re-
act with the hydriodic acid used in the Zeisel determination
and thus give high methoxyl values.

Determination of Methoxyl. The first quantitative proce-

dure(3’4'13)ror the determination of the methoxyl group was pro-
posed by Zeisel in 1865. The principle of this method depends
upon the formation of methyl iodide when the unknown is heated

with hydroic acid. The methoxyl iodide is removed with
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a current of carbon dioxide into absorption vessels where
it is finally absorbed in a solution of alcoholic silver
nitrate, the slkyl 1odide being decomposed with the form-
ation of silver iodide. The silver iodide is then re-
covered, weighed, and the methoxyl content is calculated.

Freeman(lz)recommends the modification of this process
which was proposed by Viebock and Brecher. The method
depends upon the conversion of the slkoxyl groups to alkyl
iodides with hydriodiec acid, oxidation of the iodide to
iodete, and iodometric determination of the iodate using
potassium iodide an the standard thiosulfate. The alkyl
iodide 1s absorbed in an acetic ascid solution of potassium
acetate to which a little bromine is added. The reactions
taking place are as follows:

Wood-(0CHgz)n ¢ HI = CHzI + decompositions products

CHzI ¢ Ero = CHzBr 4 IBr

IBr 4+ 2Brp + 3H0 = HIOgz ¢ SHBr

HIOq + S5KI + 5H z 31lp + 3Ho0 4 5K

I, + 2Nay,S,04 = 2Nal + NapS404

Hydroxyl Groups. The preSence of hydroxyl groups(zs)

in 1lignin 1is indicated by the fact that it can be acety-
lated and alkylated. Complete methylation of the hydroxyl
groups can be effected with dimethyl sulfate and alkall.
However with diazomethane only a fraction of the hydroxyl
groups can be methylated, from which it is inferred that
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gsome of the hydroxyls groups are phenolic or enolic in
character.

Acetyl Group. The fact that various lignified plant

materials, when distilled with dilute sulfuric acid or di-
gested in the cold with sodium hydroxide, yield acetic acid
or sodium acetate, respectively. Whereas cellulose treated
under similar conditions does not yield these products, has
been accepted by certain investigators as evidence of the
presence of the scetyl group in lignin. However, it has
been recently demonstrated that, at least in the woods in-
vestigated, the acetyl group is associated with the carbo-
hydretes snd 1s not a part of the lignin complex.

Carbonyl Group. The evidence as to the presence of

carbonyl group in lignin is rather inconclusive. Powell

end Whittaker 22+30)

found that their lignin preparations
reduced Fehling's solution and concluded from this that

an aldehydic group was present. Since, however, sub-
stances other than aldehydes can reduce Fehling's solu-
tion,(gs)the claim of Powell and ‘“hittaker must be accepted
with considerasble reserve. Brauns(za)found that isolated
native lignin when treated with methyl alcohol-hydrochloric
acid takes up two methoxyl groups and these are removed

when treated with 72 per cent sulfuric ecid. From this he

concluded that a carbonyl group wes present in the native
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lignin. Brauns slso advanced & formulstion for this native
lignin, which is supported by clear cut analytical data,

and involves s keto-enolic isomerism.,

CHz0 OH CH30 " lom
CHa0| C41Hzos0g  [0H CHz0| C4yHx0g [OH
CHS0 2 04 cugo| A8 lom
CH30 OH CHSO OH
—?:0 :?.OH

Brauns Empiricel Structure For Native Lignin

The various methylated products are accounted for by this
skeleteal formula with & high degree of accuracy. This
formula offers a measuring rod for use in evsluating for-
mules suggested by other workers. These results apply to
the native lignin of spruce and western hemlock.

However, isolated native lignin represents only sbout
8 to 10 per cent of the totel lignin content. Hagglund has
advanced the fect that lignosulfonic acids from condensa-
tion products with arometic semines and slso that these aocids
contain a portion of this sulfur in the form of loosely
bound sulfurous acid as evidence of the presence of active
carbonyl groups in lignin. However, lignosulfonic acids
are obtained as a result of the reaction of lignin with bi-
sulfite and sulfurous acid at relatively high temperatures.
Under these conditions, drastic changes in the structure

of lignin undoubtedly take plece, so that even if it is
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assumed that carbonyl groups are present in lignosulfonic
aclds, it does not necessarily follow that these groups are
actually present in the lignin itself.

Methylenedioxy Group (-0-CHo-0-). Freudenberg(zs)found

that lignin isolated from wood by Urban's method when dis-
tilled with 12 per cent hydrochloric acid yields formalde-
hyde. From this evidence Freudenberg asdvanced the hypothesis
that the formaldehyde arises from a methylenedioxy group
present in the lignin molecule, as compounds containing this
group are known to yield formsldehyde when they are distilled
with hydrochloric or dilute sulfuric acid. All investigators
agree that certain 1solated lignin when distilled with dilute
hydrochloric or sulfuric acids yleld some formaldehyde (0.5
to 4 per cent). There is however a dissgreement as to whether
this can be accepted as evidence of the presence of the methyl-
enedioxy group in lignin,

Ethylene Bond. The presence of the ethylenic bond in

lignin has not been definitely established and the data are
rather contradictory. This lack of agreement may perhaps
be expleined by the fact that lignins 1solated by various
methods behave differently with the reagents commonly used
for detection and estimation of unsaturated groups. Klsson
assumed that an ethylenic bond was present in lignin and

thet the formation of the stable sulfonic takes place as
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follows:

| i | |

—=C :: C - 4 HoSOg it = C = C
H SO0 zH

Formation of Sulfonic Acid

Structure of Lignin. Phillips(zs)states that it can-

not be emphasized too strongly that it is entirely prema-
ture to propose any constitutionsl formula for lignin con-
sidering the incomplete knowledge of the chemistry of this
substance. However, in view of the fact that all proposed
structures of lignin are based on experimental work and

have foundation and aid in the interpretation of experi-
mental work, several of the propossls of the lesding investi-
gators are presented. Several investigstors have proposed
that lignin is essentially a oondensation polymer of simple

units. Klason(zs)

first suggested an aromatic structure of
lignin snd considered that it is essentially a polymer, or
condensat ion product of coniferyl alcohol or coniferyl
aldehyde and oxyconiferyl slcohol. This concept of the
structure is in harmony with the hypothesis, now accepted

by several investigators, that lignin is essentially a

condensation polymer of simple units.
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H.C::C . CHyOH
H

. OCHg

OH
Coniferyl Alcohol
Klason proposed in 1923 the following two possible
structures for lignin, which he precipitated from sulfite

waste liquor with calcium chloride.

OCHgz
[ 0 H
//\\ // / N\
c C C CHo OCHz
I | H
O:COC: To C C—_C\ "OH
| | N\ / OH
HE H c
H
Formula A
?CHS
c 0
J\ /
H . c// C \\c cC:C.C:0
I I I Il
H . c\/c\ /C-OH H H H
O-
e ¢ e AN
HHE H H ?:o ‘0CH3z
CHy
Formula B

Klason considered that the lignin precipitated was

a condensation product of coniferyl sldehyde.
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Probgbly the most significant discovery regarding
the nature of the nucleus was that of Phillips,(s)who
distilled alkali lignin from corncobs with zinc dust in
an atmosphere of hydrogen at a tempereature not exceeding
400°C and first identified among the phenolic products
l-propyl-3-methoxy-4-hydroxybenzene, as well as catechol
and gualacol. A neutral fraection was also obtsined, which
vielded anisic acid (p-CHz0CgH4COoH) when oxidized with
potassium permangnste. These results suggested the pres-
ence in lignin of one asromatic nucleus having a side chain
of three carbon stoms, in addition to & methoxy group and
a hydroxyl group in the meta and para positions, respec-
tively, to the side chaln and of a second neucleus with a
methoxyl group para to the side chain -CgH40Me.

Proposed lMechanism of Lignin Formaetion. TFreudenberg

and co-workers have presented & theory of building units
combining to form seversl possible structures for lignin.
Freudenberg considers that the three carbon side chain in

the lignin molecule may be either I, II, or III as shown

below: H
é [
H -C-0H H-?::O ?HB
H -C-0H H-C-H Cs:
I I I

H -C-OH H-?-OH H-F-OH
I

I II III
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These side chains are attached to sromatic nuclei IV, V

and VI which are shown below:

-0CH3 0 CHz0 OCHz

OH 0 CHp OH
Iv. ' v. VI.
Arometic Nucletl

Lignin may be regarded as a product resulting from
the etherification and subsequent condensation of the
above mentioned building units, the etherification taking
place through a phenolic hydroxyl group and an aleoholio
hydroxyl group of the side chain. One of the reactions
believed to take place is represented in Fig. 1.

Such condensation products may undergo further
etherification and condensation with other building units
in a similar manner to that illustrsted in Fig. 1., and
complex products of high molecular weight may be formed.
Sim{lar}ly in place of building units contsining the aro-
matic nuceleus IV, other units containing the aromatio
nuclei, V and VI with side chains II and III may undergo
etherification and condensation in an analogous manner

to that 1illustrated.



H—G —OH wi
H-¢-oH H -
H-¢—OH H]
i
- H—-GC-OH
-C-0OH OCH, , '
H H-GC-OH
H-C-OH l N !
H-C-OH HO H-C —
—H,0
—O0CH3 D 0 CHg
| ‘
OR OH
"
H-—C—OH
H-C -0OH
H‘“’? —OH
4
oCH,
— ¢
H= 0
H— G-OH
N e
[
OCH,
i
OH
FIG. |

Freud enberg theory of condensation of aromatic

3 (20)
building units fo form lignin




Phenol Lignin. The various lignins react with

phenols by a mechanism not too clearly defined. This
reaction(25)which occurs in the presence of acid as a
catalyst may take place more often than has been proven
by investigations when certain tyves of lignified tissue
containing either tannin or coloring matter are treated
with scidified solvents.

Phenol lignins can be prepared by heating sawdust
with phenol and hydrochloric secid for 1 hour at 90°cC.
Buckland(zs)prepared phenol-1lignin from sawdust snd ob=
teined a yield of phenol lignin which amounted to 67 per
cent of the weight of the originsl wood meal taken. The
residusl dark-brown tarry solid which results from the
reaction is dissolved in methyl alcohol and the lignin
is precipitated by adding this solution dropwise to dis-
tilled water. Attempts have been made to fractionate
phenol lignin and use it in studies on the structure of
lignin. However, lignin is itself of complex structure
and when it is heated with phenol at elevated tempera-
tures a complex mixture of various condensation products
is formed and it is practically impossible to interpret
results obtained from such g mixture in terms of the
original lignin.

When(ze)aloohols or phenols are used for the iso-

lation of lignin a product is obtained containing the
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elkyl group or the aryl group as the case may be. De-
pending on the nature of the combining group, the per-
centage of metholyl in the lignin may be either higher
or lower than that found in slkali or acid lignins. Thus
for example the percentages of alkoxyl, calculated as
methoxyl in methanol and ethanol are relatively high be-
cause the slkyl arising from the alcohols used in the
isolation of lignin, as well as the methoxyl groups nat-
urelly present in the lignin complex react with the hy-
driodic ascid used in the Zeisel determination, and thus
give high methoxyl values. On the other hand, the per-
centages of methoxyl in phenol lignin is less than native
lignin or Villstatter lignins, because the phenol groups
which have combined with the lignin yield no alkslil iodide
under the conditions prevailing in the Zeisel determins-
tion. Moreover, by condensing lignin with phenol, the
molecular complexity of the resulting product is increased
and the relative proportions of methoxyl naturally present
in lignin is correspondingly decreased.,
Fuchs(l4)experimented with phenol as a delignifing
agent with spruce wood. He achieved definite results in
breaking the phenol lignin bond in phenol lignin, Hagg-

lund(14)was unable to achieve a cleavage of the phenol

introduced into phenol lignin and therefore assumed an
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essentical difference between phenol lignin snd the var-
ious aryl lignins. This assumption according to Fuchs,
is erroneous. The phenol introduced into phenol 1lignin
may be split off, at least in part, by heating the sub-
stance with a mixture of acetic acid and hydrobromic or
hydriodic acid preferably in the presence of small amounts
of reducing agents, such as phosphorous or hydrophospho=-
rous scid. The cleavage of the phenol lignin definitely
proves, at least for the phenol split off, either an
acetal linkage as previously postulated or an ether link-
age as assumed by Hibbert(g)'

Fuohs(14)has suggested the formulation of a hypothet-
ical substance, the properties of which are consistant
with what 1s known as spruce lignin snd its fusion pro-
ducts. This formulation is represented in Fig. 2. The
analytical data agree fairly well with formule I, formulas
Il and III reported possibilities concerning the formu-
lation of phenol and methoxyl derivatives. In this respect
the following contradication is observed: acetals of sim-
ple substances are easily formed and easily decomposed,
ethers are more difficult to obtain and harder to hydro-
lize., Since the products in question sre obtained easily,
but not easily decomposed, both possibilities are apparent-

ly concelvable$4 1In Fuchs opinion, however, the evidence
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for acetal formation by ring splitting is stronger. as
to break down exveriments, catechol derivatives may be
treaced to ring 8, phenol derivetives to ring 2, and ben-
zene derivatives to the system comprising rings 5, 2, 3,
4, and 6, Thils formula was presented as a means of sum-
ming up the results obtained by Fuchs and others in their
investigations, and of expressing new experimental proced-
ures.

Alkeline Delignification. The soda process for

delignification of wood 1is the cooking of wood in a solu-
tion of csustic soda and rendering soluble the lignin and
hemicelluloses. The "sulfate" or "kraft" process is the
soda process modified by the addition of sodium sulfide
to the cooking liquor. Sodium sulfate 1s added to the
liquor to maeke up alkeli losses: the sodium sulfate is
reduced to sodium sulfide during the process of alkalil
recovery. The "sulfate" process has proved superior to
the "soda" process from the standpoint of pulp yleld,
quality end cost, and is of much greater industrisl im-
portance. The sulfate pulp was over 4,428,000 tons in
1941(25)88 compared to 2,890,000 tons of sulfite pulp

and 609,000 tons of soda pulp produced in 1941. This ton-

age of sulfste pulp wes made by a total of 33 mills(?2)
through out the country, which at the seme time pro-

duced between 1,500,000 and 2,000,000 tons of lignin.
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This lignin was used as a fuel since it was recovered when
the black liquors from the process were evaporated for
alkall recovery. These Kraft mills are located predomi-
nantly in the south, 24 of the 39 mills being located in
this section of the country, so es to utilize the large
tracts of southern pine. Typically sulfate pulp(s)is
made from pine which includes the longleaf, shortleaf,
loblolly, pond, and slash species; however the sulfate
process is applicable to slmost any wood since resins and
and other extraneous materiasls do not interfere as they
do in the sulfite process. The pulp from these conifer-
ous woods has the longest wood fibers. For this reason,
and because the sulfete process does not attack the fibers
so harshly as in the acid or soda process the sulphate
pulp has high strength.

Types of Alkeli Lignins. Although alkaline pulp-

ing has been practiced for many years the chemical re-

actions involved are largely unknown.(zo) Study of the

sction of elkeli on wood is extremely difficult, due to
the heterogeneous nature of the reactions involved and
the fact that both carbohydrates and lignin decompose in
the presence of alkall at elevated temperatures. BSrauns

(18)

and Hibbert have shown that two different lignin de-

rivatives sre obtalned, by acid precipitation, from the
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black liquor obtained on soda pulping of spruce wood.

These two fractions, caelled slksll lignin A snd alkali
lignin B vary in their solubility in dioxine-ether and in
their retios of acidic hydroxyl to methoxyl groups as shown
by methyletion experiments.

Methoxyl Acetic Hydroxyl

Groups Groups
Lignin (from methenol lignin) 12 2.5
Alkali lignin A 8 4.0
Alksali lignin B 9 8.0

From these data it appears that the single phenolic
enolic hydroxyl group in the highly polymerized lignin
complex is not sufficient to bring about solution in
sodium hydroxide, but. under conditions prevailing in
alkaline pulping, new hydroxyl groups are formed. Such

new hydroxyl groups, according to Brauns and Grimes,(go)

may be formed either by the hydrolysis of a methoxyl
group (phenolic, enolic or acidiec) with the simultan-
eous formetion of methanol by the opening of a furan or
pyran ring, or by the combination of both reactions.

The reaction involving the hydrolysis of methoxyl groups
with the formation of methanol anpears probable, since
methanol is found as a by-product of the soda process
and the methoxyl content of alkali is less than that of
native lignin. Decrease in methoxyl content is approxi-

mately equivalent to one methoxyl per lignin building
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unit of 850 molecular weight, and if the hydroxyl formed
on splitting off methanol is acidic in charscter, it
would produce the retio of methoxyl to acetic hydroxyl
of 8:4 experimentally found in the case of alkali lignin
A. However this 1is probably not the only change which
takes plsce in the lignin, becsuse sgll of the hydroxyl
groups cannot be derived from existing methoxyl groups,
and some of the hydroxyls must come from other reactions
as yet unknown.

Effect of Sulfur on Alkaline ielignificetion. Pres-

ence of sulfur in the cooking liquor in the form of sodium
sulfide results in & distinet acceleration in the rate of
éolution of lignin. However, the chemistry involved in
thils process has been little investigated, with the re-
sult that less 1is known concerning the role of sulfur than
is known of the action of caustic soda.

In the sulfsate process,(zo)sodium hydrosulfide is
derived from hydrolysisiof sodium sulfide. According to
Bray, Swartz, and Fong sodium hydrosulfide hydrolyses
rapidly on contact with weter giving NeosS, NaOH, and HsS.
However, Hanson{20)states that spruce wood may be pulped
by cooking with a pure solution of sodium hydrosulfide.
The sulfur content of lignin spproaches 10 per cent as a
mgximum,equivalent to the introduction of three atoms of

sulfur per lignin building unit of 850 molecular weight.
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The work of Ahlm as reported by Brauns indicates that
lignin of spruce wood, cooked in sodium sulfide, forms

a thiolignin containing 3.7 per cent sulfur, equivalent
to one sulfur atom per lignin building unit. Such thio-
lignin, methylated with hydrochloric acid and methanol,
adds only one methoxyl unit, whereas if it is methylated
with diezomethane, three methoxyl units are introduced.
On the basis of this evidence i1t may be postulated that
sodium hydro-sulfide reacts with a carbonyl group in the
lignin, with the formmation of a mercspto-group. There
are thus three groups in the lignin capable of forming
sodium salts, namely one mercapto-group and two hydroxyl
groups. Sodium hydroxide in the cooking liquor aids in
the dissolution of lignin by the formation of sodium
salts with the hydroxyls, solubility of the lignin being
increased by the presence of sulfur.

Mechanism of Alkaline Delignification. The mechsa-

nism of alkaline delignification appears to involve
three separate stages:

1. Absorption of alkall at the lignin-liquor inter-
face by scidic phenolic groups in the lignin complex.
This interface 1is in saturated equilibrium with alksli
in the liquid phase, since it has been shown that the
diffusion of glkali to this interface is rapid and does

not influence the resction rate.
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2. Following ebsorption of aslkali, a chemical com-
bination takes place between the lignin and the absorbed
alkali.,

3. In the final stage, chemical hydrolysis takes
place and the slkali lignin camplex separates from the
lignin surface and enters the liquid. The energy calcu-
lated to be necessary for the solution of one alkeli-
lignin complex is of the order 5.3/10'200510ries.

Variables of Alkaline Delignificstion. Deligni-

fication of wood by alkall is affected by several vari-
ables in addition to the variations inherent in the
types and quality of wood used. These process varlables
are:

l. Time of Digestion.

(2O)has

2. Maximum Temperature of Digestion. Bray
shown that the physical characteristics of pulps from
the sulfaste process sre not changed by varying the tem-
perature from 160 to 180 degrees Centigrade, pulp being )
compared at the same yleld. However, Lewils and Laughin
found that cooking at 200°C by the soda process destroys
both cellulose and lignin, and thet the residue insoluble
in 72 per cent sulfuric ascid (ie: the lignin) inoreases

on prolonged cooking at this temperature. It was sug-

gested that such high temperatures bring about the



- %0 -

formation of a cellulose-lignin condensation product,
which 1s insoluble in 72 per cent sulfuric acid, and
this appears as lignin on analysis.

3. Amount of Active Alkalil Used. In the case of
the sulfate process, it is the sum of sodium hydroxide
and sodium sulfide. Bray, Martin, and Schwartz found
thet increasing the amount of chemical in the sulfate
process from 15 to 25 per cent increased the amount of
lignin in the waste. The same investigators found that
above 25 per cent chemical, based on wood weight, does
not increase delignificstion of pulp but does have a
destructive effect on the cellulose.

4. Concentration of Active Alkalil in the Cooking
Ligquor. The rate of delignification increases with the
concentration of the liquor. The rate at which slkali
lignin is dissolved is substantielly inversely propor=-
tional to the logarithm of the alkali concentration.

On the basis of their experiment with concentrated alka-
11, Machlin and Maass suggest that delignification takes
place in two distinct steps; in the first, lignin is
obtained in a colloidslly soluble form; and in the second,
this alkall lignin is dispersed or peptized in solution.
The formation of alkalil lignin proceeds very rapidly in
high concentrations of sodium hydroxide but, due to a

salting out effect, this changed lignin does not enter
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solution except as the lignin micelles are broken down
into smaller psrticles. At concentrations below 20 per
cent of sodium hydroxide, solution of the lignin pro-
ceeds normally as it reacts with the alkali. The action
of high concentration aslkali on the cellulose is un-
favorable, since it has been found that the pulp obtained
is of low viscosity and alpha-cellulose content, indi-
cating that solution of such high concentration tend to
produce fission of the cellulose chain.

5. Sulfidity of the Cooking Liquor. Sulfidity,
which is the sodium sulfide present in the cooking liquor
expressed as a percentage of the sum of the sodium sulfide
and sodium hydroxide present. In the sulfate process,
losses in alkall are replaced by eddition of sodium sul-
fide in the recovery system, such sodium sulfide being
reduced to sodium sulfide during the burning and smelting
of the black liquor solids. Bray, Martin, and Schwartz
state that sodium sulfite in the cooking liquor hydrolyze
according to the following equation:

NeoS ¢+ Ho0 :: NeOH 4+ NaSH
They asssumed that this hydrolysis was complete in the
sulfate cooking liquor, and that sodium hydroxide was
the active delignifying agent, and that on this basis,
calculated that only 51.3 per cent of the sulfide added

to the cooking liquor would be available as active
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cooking agent. A series of cobks were maede in which the
sum of the sodium hydroxide added as such and the sodium
hydroxide formed, according to the equation sbove, was
held constant and the sulfidity varied from zero to 100
per cent. Results showed that sodium sulfide has a
specific effect in pulping in addition to its contribu-
tion to the conten£ of caustic sode in the cooking liquor,
mede avallable through hydrolysis, and that sodium hydro-
sulfride formed in the cooking liquor acts meinly through
its high reactivity with lignin. The ma jor pasrt of the
changes brought asbout by increasing sulfidity are ob-
tained through use of sulfidities up to 25 per cent.
Sodium Sulfide as & Pulping Agent. Aronovsky and

Gorthner(s)ran a8 series of wood cooks using only sodium
sulfide as a pulping agent. This being one of the two
main ingredients of the cooking liquor for sulfate pulp.
The following equations show some of the reactions which
undoubtedly take place during the cooking process.

2NaoS ¢+ 305 :: 2NepS0gy

Na oS + 2H0 :: 2NeOH ¢ HoS

2HpS +# 0o :: 2Hp0 ¢ 28

NapSO0z + 2Ho0 :: 2NaOH ¢ HySOg

HpS0z = H,0 ¢+ SO0,

2H28 + 802 HH 2H20 ¢# 38

N82305 + S H N828203 v
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They also found that the amounts of lignin in the liquor
increased with increasing concentrstion of sodium sulfide
in the cooking liquors, but sn increase in time and tem-
perature of cooking had little effeoct on this substance.
The amounts of sulfur chemically combined with the lig-
nin increased with the increasse in sodium sulfide used

in cooking. The time and temperature of cooking had
very little effect upon the sulfur content of the lignin.
It appeafs that the percentages of lignin-sulfur compounds
formed were debdendent, not on the amounts of lignin pre-
sent, but on the quantities of sodium sulfide used in the
cooking liquor.

Summary of Alksline Delignificstion. Brauns(7)sum-

marizes the process of alkaline delignification. He states
in the sulfate process the lignin is rendered soluble by
digesting the wood with a mixture of one part sodium sul-
ride and two parts of sodium hydroxide in e 5 per cent
solution at 160 - 180°C. From the black liquor lignin

is thrown out together with some hemicelluloses by acidi-
fication with minergl acid, and is obtained, sfter puri-
fication, as a light-brown powder consisting of a mixture
of thiolignin and elkali 1ignin. The exact mechanism of
the reaction between sodium sulfide and lignin is not yet
known but there is little doubt that becsuse of the partial

hydrolysis of the sulfide a mercapto group is formed in the
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lignin molecule. Alkali lignin from the soda process has
been the subject of various investigations but the results
vary widely, because the lignin is more or less drastically
attacked by the alkaline cooking liquor., In both the sul-
fate and soda pulps the residusl lignin is chemically
changed. .

Alcoholysis., In the isolation of lignin from wood
by alcoholysis, the reaction mixture obtained after heat-
ing the wood with an elcohol and catalyst is filtered, the
filtrate concentrated, and poursd in an excess of water,
whereupon the lignin is precipitated. This wood has been
previously extracted with alcohol-benzene solution and de-
gummed with a five per cent sodium hydroxide solution to
remove the naturel oils from the wood sample.

The filtrate from the isolation process contains im-
portant degredation products of lignin, which may be iso-
lated by extraction of the filtrate with ether or benzene.
The 01ily extract thus obtained was further extracted with
20 per cent sodium bisulfide solution, a saturated sodium
bicarbonate solution, and 2 per cent sodium hydroxide
solution. It was thus resolved into aldehydic or ketonio,
acidic, phenolic, and neutrsl components. In the phenolic
fraction of the oil from the ether oc-ethoxypropiovanillone
was shown to be present. In the fraction of the oll soluble

in the sodium bisulfide solution, vanillin, spyringaldehyde,
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and methyl 4-hydroxy-3, 5 dimethoxyphenyl diketone were
identified.

It has been further found that ethenolysis of soft-
woods ylelds guaiacyl derivatives, whereas hardwoods yield-
ed both guaiacyl and syringyl derivatives.

Alkylation snd Halogenation. Harris snd Sherrardll7,18)

have studied the chemicel reasctions of lignin, using maple
eand spruce wood as the source of their lignin. These woods
were chosen since it had been observed that hard woods differ
from softwoods in lignin content. The investigators used
72 per cent sulfuric acid to dissolve the lignin, and pro-
duce a lignin free from carbohydrates. Thelir exveriments
with lignin prepared by the Hagglund and cuprammonium
methods showed that the lignin was still combined with the
carbohydrates. They found that lignin prepared by the
Klason method produces charring, splits out acetic acid

end also splits out formaldehyde, thus removing from the
lignin the methylene oxide groups.

Methylation of Sul furiec Acid Lignin. The methylation,

gromination and chlorination experiments of Harris and
Sherrard‘17:18)are related and will be discussed together.
A unit molecular weight of 890 for the spruce lignin and
approximately 1400 for the maple lignin were used to base
the ocalculations of percentages of groups lost and added

to the reactions. Spruce lignin as isolated contained
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17 per cent methoxyl and when methylated with 1 per cent
alkali (the authors do not state the reagent for methyla-
tion, Powell and Whittaker used methyl sulrate.(so)) the
methoxyl derivstive contained 21 per cent methoxyl, a
second methylation with S5 per cent alkali gave a deriva-
tive with 24 per cent methoxyl and asgain with 15 per cent
NaOH and obtained fully methylated lignin containing 32
per cent methoxyl. The 32 per cent was equivalent to 10
methoxyl groups in the unit. Maple lignin was fully
methylated with 1 per cent NsaOH and contained 32 per cent
methoxyl. The authors state that this stepwise methylation
indicated OH groups of different properties. The first
hydroxyl group methylated indicated either & phenolic or
an enolic grouping., ‘Vhen the lignins of both woods were
chlorinated they lost their ability to be methylated and
therefore must have lost all reactive groups. However,
Harris in a lastter investigation(lﬁ)found that during
chlorinat ion the lignin was sglso methylated. Phenolic
hydroxyls are usually resistant to chlorinations while
enolic or ethylenic linkage would be capable of being
methylated easily and also be destroyed by chlorination.
In comparing the two lignin on the basis of their
methoxyl content it is noted that the fully methylated
derivatives contain agbout the same amount of methoxy

groups, this would indicate that both lignins have the



same number of hydroxyl groups that can be methylated.

In the original lignin the spruce showed half of the
hydroxyls were methylated and the maple wood lignin showed
3/5 methylated, also in the ease of methylation there is

a difference in the two lignins, Maple lignin can be methyl-
ated in e per cent sodium hydroxide solution while spruce
lignin required a concentration of over 15 per cent elkalfi.,
The reactivity of the last hydroxyls of spruce lignin cor-
responds to primary and secondary alcohols.

Chlorinagtion of Sulfuric Acid Lignin. The bromine

and chlorine reactions were about the same in results.
Both reagents showed the property of removing some of the
methyoxyl groups. Bromine combines with less ease than
chlorine and its products were less definite. Therefore,
the authors used the chlorinstion reaction for better
study. The products obtained from the chlorination of
spruce lignin differed. The chlorination was carried out
by bubbling dry chlorine through a solution of lignin
suspended in carbon tetrachloride. The spruce lignin
combined with about twice as much chlorine as the maple
lignin. The spruce lignin reaction was mostly addition
demonstrated by analysis and the fact that very little
HCl was released. If the principal resction of chlorine
on spruce lignin in a dry solvent is asddition, the loss

of methoxyls can be accounted for if they are attached



to unsaturated groups such as shown below:
(i):é —CHgz

When chlorine is added to such a group, the sddition com-
pound, due to the accumulation of negative groups on one
carbon, loses the methyl group and forms a compound con-
teining the carbonyl group. The suthors further state
that when the chlorination takes place in water the final
emount of chlorine introduced is about the same as when
carbon tetrachloride was used, but the reaction was quite
different, oxidation, substitution and aeddition tsakes
place. This reaction splits off not only the methoxyls
attached to groupings that required oxidation as well as
chlorination to split the ether linkage., The substitution
reactions in this case were favored, the reaction being
similar to that which occurs when ethyl ether is chlori-
nated in the presence of moisture. If this were a primary
or secondary slcohol grouping chlorination in water would

(7)

produce carbonyl groups. Ritter and Seaborg have re-
ported the presence of carbonyl groups in chlorinated lig-
nin, Another type grouping to which the methoxyl was
attached did not lose chlorine, the authors suspect an
gromatic or some other tertiary carbon which is not sus-
ceptable to oxidation. The lignin produces iodoform and

chloroform when treated with alkaline solutions of iodine



and chlorine. This reaction suggests a group of efither:

| |
CHS-?-—OH or CHz = C :: 0
H

Comparison of Chlorinstion of Natural and Extracted

Lignins. In a comparison of the percentages of combined
chlorine in the three forms of maple lignin if was found
that lignin chlorinated in the wood added 37 Dper cent
chlorine, while extracted lignin added only 23 per cent.
When extracted lignin wsas methylated and then chlorinated
the chlorine percentage was increased to 35 per cent.
This indicates more unsatursted groups of lignin form in
the wood and that the unsaturstion is again obtained by
methylation. This same observation was made by Ritter
and Seaborg,(29)that the reaction of chlorine with lig-
nin is similar whether the substance has been isolated
or is still in the wood.

Harris and Sherrard determined the chlorine content
of the lignin by first extracting the hydrochloric acid
and determining the HCl formed by titration of the wash-
ings, then digesting the lignin with nitric acid and
silver nitrate and titrating the excess silver.

Alkelil Chloro-lignin. Powell and Whittaker(zg)(so)

used flax, pine, spruce, ash, birch and poplar 1lignin

in gattacking the problem of the constitution of lignin.
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The lignin was prepared by the digestion of the flax and
wood chips in a caustic solution st 140°C from 6 to 10
hours. The alkali lignin was chlorinated by suspending
it in & solution of carbon tetrachloride and passing
through a slow stream of dry chlorine. The color of the
lignin changed from dark brown to bright red with the
evolution of much hydrogen chloride. This chloro-lignin
was precipitated eas a bright red solid, soluble in cold
alkali., The chloro-lignin forms acetyl derivitives on
treatment with acetic asnhydride. Analysis showed that
the chloro-lignin had a methoxyl content of 5.2 and a
chlorine content of 35.1l. The bromo-lignin was prepared
in the sesme manner snd was a dark red solid soluble in
alkalli. The reactions were a8t ordinary temperature and
in the absence of sunlight. Both bromo-lignins and
chloro-lignins contained twelve halogen atoms, and ansly-
sis, together with the fact that considereble evolution
of halogen acid takes place during halogenation, shows
that substitution as well as possible addition occurs.
The halogen acid reacts with the methylated hydr?xyl
groups of the lignin. The bromo-lignin contains one
methoxyl group while the chloro-lignin contains two.
Both bromo-1lignins and chloro-lignins are soluble in
caustic soda, acetone, and ascetic acid. These halogenat-

ed lignins sre not nitrated or oxidized by nitric acid;
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on acetylation with acetic anhydride five acetyl deriv-
itives are very readly hydrolyzed.

From their results Powell and Whittaker drew the
conclusions that flax lignin molecule contains five
methoxyl groups and five hydroxyl groups capable of
acetylation. And that three of the hydroxyl groups are
phenolic in nature shown by the fact that not more than
three additional methoxyl groups can be readily intro-
duced. The character of the remaining hydroxyl groups
was not definite but they were unstable as indicated by
thelr absence in the derivatives which were prepared from
lignin. Thus chloro-lignin snd bromo-lignin contain only
seven hydroxyl groups some of which are methylated. One
half of the chlorine present in chloro-lignin is resdily
eliminated by cold alkali, the remaining six atoms are
firmly held and have probably substituted hydrogen atoms
in the aromatic neculei present in the molecule.

Addition and Substitution Mechanism. Cross and

Bevan first investigated the action of chlorine on ligni-
fied mgterisls in 1890(lo)and found that at least part
of the chlorine does not revert to the chlorine ion as
would be the caese if oxidation alone were taking place.
It is now well accepted that two types of chlorination
take place: (20)addition and substitution. In the case

of chlorination by direct addition, the chlorine enters
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an unssturated bond without the formation of hydrochlorie
acid. In the case of substitution a chlorine atom dis-
places an organically bound hydrogen with the simultaneous
production of hydrochloric acid. In this case half of the
chlorine used in the reaction appears as hydrochloric scid
in the liquid phase, the other half being organically bound.
This reaction had been used to study the relative degree
to which substitution and oxidation take place in the pro-
cess of bleaching pulp. In the case of oxidation all
chlorine is converted to the chloride ion and analysis of
the bleaching liquors enables calculstion of the relative
smounts of chlorine which have been consumed in substi-
tution and in oxidation., Experiments of this type indi-
cate that at the beginning of bleaching of lignified
materials with alkaline hypochlorites, the reasction is
principally one of chlorination, oxidation being pre-
dominant in the later stages.

Pulp Bleaching. It has been shown(zo)that there is

one phenolic or enolic hydroxyl group in lignin which is
very readily methylated, the influence on the bleaching

of pulp with a chlorine solution has been investigated.
When this hydroxyl group has bsen replaced with a methoxyl
group, the pulp becomes much whiter and no longer gives
the reasctions of unbleached pulp., This free hydroxyl

appears to play an important role in cleaching; when it



is replaced by a methoxyl group the rate of reaction of
lignin with a bleaching solution is greatly reduced. Fur-
ther ss bleaching proceeds, the methoxyl content of the
pulp decreases aporoximately in proportion to the lignin
removed.

Hibbert(20)studied the reactions of chlorine and
chlorine solutions on isolated lignin, slkali and ligno-
sulfonic acid, and on the residual lignin in unbleached
soda and sulfate pulps. He found that all of these
materials are simultaneously demethoxylated and chlo-
rinated when treated with aqueous solution of chlorine.
In neutrel and acid solutions, the removal of one methoxy
unit from the lignin bullding unit is accomplished by
the introduction of one chlorine atom, up to the con-
sumption of 25 to 30 equivalents of chlorine per kilo-
gram of lignin. However, chlorination in an alkaline
medium the organically bound chlorine is less than the
methoxy lost due possibility to demethylation through
oxidative cleavage by hypochlorous acid. The pH and the
amount of chlorine reacting influence the degree of
chlorination and demethylation. Chlorination occurs
rapidly under acid conditions but also takes place at a
slower rate under alkaline conditions. Hibbert states
that the demethylation may be dque to the primary action

of molecular chlorine in phenols or their derivatives
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which are present in chlorine.

Reaction of Chlorine with lignin. The theory pre-

sented by Hibbert(29)to explain the reaction of chlorine
with lignin is outlined as follows: he assumes the pre-
sence of gualacyl nuclei in the lignin. Most, 1if not all,
of the methoxyl groupings in lignin are probably attached
to such nuclei, and, by enalogy with known compounds,
halogenation should ocour in either the 6« or the 5- posi-
tion, depending on whether or not the p-hydroxyl groupings
are free. The presence of chlorine in the 6 or 5 position
would include instability in the methoxyl groupings which
would then cleave with the formation of quinone or dike-
tone structures, which would yield further acidic group-
ings. Lignin, which is chlorinated under acid conditions,
does not go into solution easily, but is made potentially
soluble in alkali es a result of the formetion of car-
boxyl groupings in the lignin at points from which the
methoxyl was removed. Hibbert proposes the mechanism of
the chlorination of lignin in bleaching liquors as shown
in FPig., 3.

Chlorination of Lignin in an Alcohol Suspension.

Janson and Bain(zl)chlorinated spruce lignin that was sus-
pended in methanol and obtalned a cream c¢olored chloro-
lignin. The lignin chloride was dissolved in the alcohol
during the chlorination and subsequently precipitated by
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addition of water. The empiricial formula of the chloro-
lignin was determined to be C,4pH5504CLly 5(0H) 5(0CH),.
This lignin was acelylated and two acetyl groups were in-
troduced indicating the presence of two hydroxyl groups
in this complex. Eleven of the chlorine atoms evidently
replaced 10 H atoms and 1 OH group by simple substitu-
tion leaving two chlorine atoms which apparently entered
to saturate a double bond. Seven of the chlorine atoms
were shown to be readily removable when subjected to
alkaline or acid reduction. The other six chlorine atons,
because of their stable union with the molecule, are
assumed to be joined to an aromatic nuecleus. Powell end
Whittaker(zg)have also found the same reactions with flax
lignin.

In 1941 Harris and Lordahl(lﬁ)studied the reaction
between lignin and chlorine in & methanol suspension, and
the interaction of lignin with methyl hypoohloride. Chlor-

ination and methylation were carried out with four dif-
ferent resgents, so as to determine the effect of the
methyl hypochlorite on the chlorination reaction.

Chlorination of the sulfuric acid lignin was carried
out under the following conditions:

l, 7PFive grams of lignin suspended in methanol and
chlorine passed through the suspension; the temperature

was held at 10°C. The reaction carried out until no
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further color change was evident. The lignin was preci-
pitated by pouring the product on crushed ice, and dried
under vacuum at room tempsrature.

2. The reaction of 5 grams of lignin with 200 grams
of methanol with 25 grams of barium carbonate was carried
out at in 1 above. The product was a light yellow powder.

3. Lignin was treated with dichlorourea in methanol
solut ion, chlorination runs were made on a temperature
range of 5 to 30°C.

4. Lignin was suspended in a methanol methyl hypo-
chlorite solution and chlorinated. Product was recovered
by evaporation under vacuum until the solution was concent-
rated to 50 cc, the concentrated solution wsas added to 1
liter of petroleum ether which precipitated the lignin as
a flocculent powder.

The investigators maede the following conclusions eas
a result of this work:

1. Lignin reacted with chlorine in methanol to pro-
duce compounds containing more methoxyl groups than did
the starting material.

2. Methyl hypochlorite prepared in various ways re-
acts with maple lignin to produce compounds conteining
two methoxyl groups in excess of those in the starting
maple lignin. ( 2 and 3 in the ocase of spruce lignin)

3. Addition of these methoxyl groups indicastes the



presence of 2 ethylenic groups in maple, and 2 or 3 in
spruce lignin, depending on the derivation.

4, A more highly chlorinated lignin was obtained
by method 1 than by the other three methods of chlo-
rination.

Effect of Viater on Chlorination of Lignin. Kress

end Voigtman(®3)chlorinated 1ignin isolated from Canadian
black spruce by three different methods. They also
chlorinated lignosulfonic acids isolated from Mitscherlich
sulfite blow-off liquor by dielyzing through parchment
paper for two weeks, The chlorinations were carried out
in the presence and absence of water. The results are
given in the table I; it can be noted that the chlorine
content of the chloro-lignin varied somewhat, depending
on the method used for the isolation of the lignin.

Vhen the lignin wes chlorinated in the absence of mois-
ture, the chloro derivative contained a much greaster
percentage of chlorine than when chlorinated in the pre-
sence of water. In the case of the lignosulfonic acids,

however the reverse is true.
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Table I. Effect of Water on Chlorination of Lignin.

Materisl Chlorinated Reaction Medis
Anhydrous Cl1% Aqueous Cl%

Lignin A 29.0 18.6
Lignin B 32.5 18.2
Lignin C 33.0 20.1
Lignosulfonic acids 16.2 18.6

Methoxy Lignin Chlorides. Othmer(27)separates lignin

from cellulose by suspending sawdust in methenol and chlo-
rinating for five or six hours at the boiling point of the
solvent. The author states that a new claess of lignin
derivatives has been obtained that show a higher degree of
methylation and chlorination, combined than any similar
derivatives previously obtsined at lower temperatures.
However several investigators have chlorinated lignin in
methanol solution Hgrris(16)obteined a chlorinated pro-
duct with & chlorine content of 33 to 34 per cent and a
methoxyl content of 16 to 21 per cent.

The process was carried out by suspending sawdust
in methanol raising the solvent to the boiling point at
etmospheric pressure, and then bubbling in chlorine gsas
with provision for suitable agitstion. Reaction was com-
plete after the wood had passed through & series of color
changes ranging from yellow to dark gray or purble and

finally to light yellow.
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The author states that small amounts of water present
does not affect the course of the reaction, however Sher-
rerd and Harris found that different reactions took place
when lignin was chlorinated in water and when chlorinated
in dry solvent. The methoxy lignin chloride was precipi-
tated from the methanol solution by adding the solut ion
to water. The precipitated lignin is of an ivory to light
yellow color and is water insoluble but soluble in a num-
ber of organic solvents.

Othmer produced, by the same procedure, lignin from
hardwoods, softwoods, and bagasse with very similar re-
sults. The methoxyl content varied from 16 to 24 per cent
and the chlorine from 23 to 32 per cent for lignins pro-
duced from twelve different woods. In a lateér - paper
Othmer finds thet increasing smounts of water resulted in
g highly methylated product with correspondingly less
chlorine combined with the lignin.

The chloro-lignins produced by the Othmer process
have shown resinificstion properties. Preliminary work
on a series of condensation resulting in ester formations
of resinous and oily types, led to further and more ex-
tensive experminetion of formation of methoxy lignin chlo-
ride phthelates. Resinification was carried out in meth-
anol in an atmosphere of chlorine. The resins obtained

were more thermosplastic than thermosetting in nature.
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Polycondensation experiments with a catalyst using methoxy
lignin chloride slone resulted in promising methanol 1n-»

soluble resins.
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IITI. EXPERINMENTAL

A. Purpose of Investigation

The purpose of this investigation is:

1. To determine the optimum time, tempersture and
concentretion for the chlorination of sulfate lig-
nin.

2. To determine the physicsl and chemical proper-
ties of the chlorinated sulfate lignin.

B. Plan of Investigation

The plen of this investigation is as follows:

1. A review of the literature will be made to obdb=-
tein previous data that have been published on the
chlorination of the various types of lignin.

2. Glasswere equipment will be designed so that
it will provide sgitation of mixtures of lignin
and the suspending medium, control of the rate

of chlorine flow, control of the tempersture of
reaction, and a method for testing the progress

of the reaction.

3. Chlorination tests will be made using methyl
alcohol, phenol, and benzeldehyde as s medium for

suspending lignin., The following points will be



determined:
a. The suspending medium which gives the best
results for chlorinstion of lignin.
b. The optimum ratio of lignin to solvent.
c. The best procedure for the chlorination of
e of lignin.
d. Methods of separetion of the chloro-lignin
product from the suspending medium.
4. A series of chlorination tests will be made with
the selected solvent to determine the following points:
a» The rate of each chlorination reaction as
determined by an analysis of the unused chlorine
gas passing from the resctor.
b. The degree of chlorination of lignin for each
run as determined by an snalysis for the chlo-
rine content of the chloro-lignin.
¢c. A comperison of the reaction rates when the
chlorinstion rate is doubled and the temperature
held constant.
d. A comparison of the resction rates when the
temperature is raised from 25°0C to the boiling
point of the mixture and the rate of chlorine
flow is held constant.,
e. A comparison of the resction rates with and

without ferric chloride as a catalyst while the
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rate of chlorine flow and temperature are held
constant.

f. A comparison of the rates of reaction with
and without agitation of the mixture while the
rate of chlorine flow and the temperature are

held constant.
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C. Materials

The following materials were used in the investi-
gation:
Raw Materials

The following materials were used in the chlorination
of sulfate lignin:

‘Indulin A. Sulfate pinewood lignin, Lot No. Zz-823,
obtained by acidification of black liguor. "Indulin(5)
consists of about 65 per cent carbon, 5 per cent hydrogen,
and 30 per cent oxygen. It is considered to be a polymer
of many homogeneous units, having s unit weight of about
840 each, containing perhaps one carbonyl group. The sol-
ubility of Indulin in alkali is thought due to the phenolic
character of one of the hydroxyl groups and to enolization
of the carbonyl group.” 100 pounds donated by the Develop-
ment Laboratory, West Virginie Pulp and Paper Company,
Charleston, South Carolina.

Alcohol, Methyl. 95 per cent technical, Lot 460722.

(15 gal.) Used as s medium for chlorinating lignin.
Obtained from Merck and Co., Inc. Rehway, N. J.

Phenol. (acid carbolic), U. S. P, TFused crystsl,
Lot No. 9845, Used as a medium for chlorinating lignin.
Obteained from J. T. Baker Chemical Company, Phillipsburg,
N. J.



- 56 =

Chlorine. 99.5 per cent purity, eylinder No. 1, 105
1b., 84 1b/1in?(569 cu.ft.) Used as halogenating sgent
for resction with lignin. Pbtained from Matheson Company,
Igo., East Rutherford, N.J.

Csustic Soda. Comnerciel flake. Used to react with

excess chlorine from reactor. Obtsined from Phipps and

Bird Compan&, Richmond, Vs.
Chlorination Apparatus Materials

The following materisls were used in constructing or

operating the chlorination apparatus.,

Sulfuric Acid. C..P.,, Special 95.5 per cent (Sp. Gr.

1.84) Lot No, 72845. Used in differential U-tube, Obtained
from J.T. Baker Chemical Company., Phillipsburg,N.J,.
Ammonis Hydroxide. 28 per cent solution. Used for
detecting thlorine leaks in equipmemt, and for dissolving
silver chloride. Obteined from Chemistry Department Stock
Room, |
Sode Lime. Used for canister rfiller gor gas mask,

Obtained from Chemistry Department Stock Room.

Catalyst
The following chemicsl was used ss a catalyst for

chlorination of lignin:
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Ferric Chloride. (FeCls.6Hp0),Lot No. 820485,

Obtained from the Chemistry Department Stock Room.

Analyt ical Reagents

The following reasgents were used to determine the
excess chlorine from the reaction, snd the percentage
chlorine of the chlorinated lignin:

Sodium Hydroxide. Pellets, C.P., Lot No. 71648,

Used es a test solution for rescting with excess chlorine.
Obteined from J.T. Baker Chemcial Co,, Phillipsburg, N.J.

Hydrogen Peroxide. U.S.P., 3 per cant solution.

Used in ochloride determination. Obteined from J.T. Bsker

Chemical Company,Phillipsburg, N.J.
Nitric Acid. Sp. Gr, 142, Lot 68148. Used in chloride

determinetion. Obtained from Generel Chemical Company,

New York,
Silver Nitrste. C.P., crystel, ACS Standard, Lot Ne.

l.1146, Used for chloride détermination., Obteined from
I.T» RPaker Chemical Co., Phillipsburg, N.J.
Potgssium Chromste. C.P, erystals, Lot No. 112743.

Manufectured by the J.T. Baker Chemical Compeny, Phillips-

burg, N.J.
Hydrochloric Acide C.P,,Sp.Gr. 1.19, Asssy 37.0

per cent. Obteined from the J.T. Baker Chemicel Company,

Phillipsburg, N.J,.
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Sodium Chloride. C.P., nystal, Lot No., 1342, Used

in standardization of hydrochloric ascid aend silver nitrate
solution, Obtained from the J,T. Bgker Chemical Compeny,
Phillipsburg, N.J.

Sodium Sulphite. Used for chlorine determination.

Obteined from Phipps and Bird, Inc., Richmond, Va.

Sodium Bicarbonate. U.S.P. Used in chloride

determinetion. Obtained from Church & Dwight Co., Inec.,
New York.
Ethyl Alcohol. Scientific grede. Obtained from

Chemistry Department Stock Room.

Molding Materiasls.

The following msterisls were used in molding

experimsnts:

Stea_x[‘ic Acid. UOSOPD’ powder, Lot No., 52741,

Mold lubricent. Obtained from the J.T. Bsker Chemical
COO, P}lillipsburg, NDJ.O
Wood Flour. Used as a filler. Obtained from the

Chemical Engineering Depasrtment Stock Room.
Sawdust., white pine. Obtained from the Virginis

Polytechnic Institute Wood Shop.
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D. Appserstus

The following apparastus was used in the investigation:

Chlorination Apparatus

Flask, Wolff. (two 2000 ml., pyrex. Used for reac-

tion flask for chlorination of lignin. Obtasined from
Phipps and Bird, Inc.,, Richmond, Va."

Condenser. (one) 600 mm., pyrex. Used for conden-
sing vapors from reaction flask. Obtained from the Chem-
icel Engineering Department Stock Room.

Flaesk, filtering. with side tube. (four) 1000 ml.,

pyrex. Used for traps and sodium hydroxide reaction
flasks. Obtained from Chemicsal Engineering Department
Stock Room.

Gage, U-tube differentisl. Three mm. glass tubing.

Used in measuring chlorine flow to reactor. Made 1in
Physical Chemistry Department.

Stirring Apparstus. motor driven, variasble speed,

rheostat controlled. Used to agitate solution in reactor
flask during chlorinstion. No neme plate. Obtained from
Chemical Engineering Department Stock Room.

Stirring Apparstus. Fultorn Lebmotor, 115 v., 350

r. p. m. Used to sgitate solution in resctor flask dur-

ing chlorination. Obtained from Fisher Sclentific Company,
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Pittsburg, Pa.

Stopcocks. 8 mm., straight, pyrex glass, (six). Used
to control and direct flow of chlorine in chlorination
apparatus. Cbtained from Chemistry Lepartment Stock Room.

Mercury Seal Stirring Apparatus. Constructed in

Chemical Engineering Department.

Valve. Non-eutomatic needle, No. 51. Constructed
from cold rolled steel. Obtained from Matheson Company,
East Rutherford, N. J.

Thermometers, liercury Eulb, Filtering Flasks, Con-

denser Jacket, Glass Tubing, and Assorted Glassware.

Obtained from Chemical Engineering Department Stock Room

Preparation and Recovery Apparatus

Aspirstor (filter pump). Used for filtering lig-

nin and silver chloride. Obteined from Chemical Engi-
neering Department Stock Room,

Gage, Pressure-Vacuum. O0-30 1lb. graduated in. and

1/2 1b. subdivisions. Manufasctured by Ashecroft Manu-
facturing Company, New York.

Funnels. Buechner type, 115 mm. (two). Used for
filtration of lignin. Obtained from E. H. Sargent &
Co., Chicago, Ill.

Flask. filtering, pyrex, with side tube, 1000 ml.,
(two);500 ml. (two). Used for filtration of lignin.
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Obtained from Chemical Engineering Department Stock Room.
Heaters. Blectric, chromolox, 360 w., 120v. (two).
Used for heating reactor and analytical work. Obtesined
from Edwin L. Wiegand Co., Pittsburg, Pa.
Beaker, 2000 ml., pyrex. Jsed for prepsring lig-
nin for chlorination. Obtained from Chemistry Department
Stock Room.

Stirring Appsratus. Motor driven, variable speed,

rheostet controlled. Used to prepare slcohol-lignin
solution for chlorination. Obtained from Chemicsl Engin-
eering Department Stock Room.

Thermometer. Mercury bulb, immersion type, 0-360°C.

Used for temperature measurement of lignin-aslcohol mix-
ture. Obtained from Chemistry Department Stock Room.
Distilling, Flask. Dpyrex, 1000 ml. Used for dis-

tillstion of chloro-alcohol-lignin solution. Obtained

from the Chemical Engineering Department Stock Room.
Condenser. Pyrex glass, 450 mm. Used to condense

distillate from chloro-glcohol-lignin solution. Ob-

tained from Chemical Engineering Department Stock Room.
Balance. ' Torsion, large, capacity 4.5 Kg., No.

B 72216, Used for weighing lignin semples. Manufac-

tured by Torsion Balance Co., lew York.
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Analytical Apparatus

Oven. electric drying, 110 v. 600 watts, 35-180°c,
thermostat controlleg, No. 100-2761. Used for drying lig-
nin samples, Obtained from Precision Scientific Co.,,
Chicego, Il1l.

Separatory Funnel. 250 ml, Used for generating car-

bon dioxide. Obtained from Chemicel Engineering Depart-
ment Stock Room.

Light. yellow, 60 w., Used for chloride determi-
nations. Obtained from Chemicsl Engineering Department
Stock Room.

Rurette. 50 ml.(five). Used for titrations. Ob-
tained from Chemistry Department Stock Room.

Oven. Electric drying, 110v. 660 w. Manufactured
by E. H. Sargent & Co.,, Chicago, Ill.

Balance. Chainwelght, %o. 3X253 in 32, Manufac-
tured by Seederer-Kohlbusch Inc., Jersey City, N. Y.

Microscope. Steroscopic, No. 29, 1l.0x, 2.0x, 3.0x

poised objectives and 9x, 1l2x poised eyepieces. Manu-
factured by the Spencer Lens Company, Buffalo, New York.

Volumetric Flasks, Funnels, Test Tubes, Gooch

Crucibles, Bunsen Purner, and Desiccator. Obtained from

the Chemical Engineering Department Stock Room.
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Molding Equipment

"ydraulic Press. Pressure gage graduated in ram

pounds, 0-20,000, No. 4305-20. Used to press lignin-
sewdust samples. Manufactured by the Fred S. Carver Co.,
New York.

Cylindrical Steel NMold. Mold is cylindrical in

shape, false bottom, 2 7/32 in. in diameter. Obteined
from the Chemical Engineering Depertment Stock Room.

Heater Electric Mold. Used to heat cylindrical

steel mold, temp. to 400°C. BRuilt in Chemical Engineer-
ing Department.

Resistors, Electric. 660 w. (3). Used for control-

ling temperature of electric mold. Obtained from the
Electrical Engineering Department.

Rheostat. Variable. 430 ohms, 1 Amp. Used to con-
trol temperature of electric mold. Manufactured by Rex
Rheostat Co., Baldwin, N. Y.

Thermometer. Bi-metaelic, 50 -500°F. Used to measure

mold temperatures. Manufactured by Weston Electric

Instrument Corp., Newark, N. J.



E, Method of Procedure

Construction of Chlorination Appsratus

The chlorination apparastus was constructed from
glessware equipment using rubber tubing for connections,
and was supported by a welded 1/2-in. pipe framework.

The chlorine from the cylinder was piped through a needle
valve and by rubber tubing to a liter filter flask. The
flask served as a trap and expansion chamber, it was con-
nected by the side tube to a 500 ml. filter flask, which
was 2/3 filled with concentrated sulfuric acid. This
flask was fitted with =& one;hole stopper which contained
a 3-ft. length of 8 mm. glass tubing, one end of which
extended to the bottom of the flask and the other end
open to the stmosphere. The purpose of this'flask was to
smooth out the small pressure changes of the gas from the
cylinder.

Two chlorine glass tubes, each equipped with stop-
cocks, led from the exvansion chamber. The chlorine
could be passed directly slong one tube, fitted with a
chlorine outlet tube, to the reactor for use when quanti-
tative high rate of flow chlorination runs were made.

The second tube was fitted with a differentisl type U-

tube for flow measurments. A trep was placed on each



side of the U-tube to take care of sudden pressure changes.
The U-tube orifices were made from 30 mm. lengths of capil-
lary tubing which could be changed to sllow 8 wide range

of chlorine flow. Concentrated sulfuric acid was used as
the liguid in the U-tube.

A tee was placed in the line between the U-tube gage
and the reactor to provide a teke-off line for test tube
scale reactions. This line was fitted with a stopcook.

The chlorine outlet tube, 6 mm., was curved to frit
the bottom of the reactor flask, and was fitted into & No.
7 two-hole stopped along with & thermometer for measuring
reaction temperatures. A sliding joint waes made for the
outlet tube through the rubber stopper by having an outer
8 mm. glass tube through which the outlet tube passed.

This sliding joint allowed the outlet tube to be railsed
above the reaction mixture for filling the system with
chlorine. To prevent chlorine leaks the tubes are greased
with silicone grease.

A variable speed electric motor was clamped to the
piping framework asbove the reactor and was used to drive
a mercury sealed glass agitator. The mercury seal was pro-
vided with a 6 mm. glass tube vent fitted with a short
piece of rubber tube and s hose clamp, The vent provided

e method to release pressure and prevent the mercury from

belng drewn into the resctor when the reaction was
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completed.

A 600 mm. condenser was fitted to the Wiolff flask
reactor to condense the volatile reasction products. The
flanged end of the condenser was connected to a liter fil-
ter flask trap by 3-ft. of 8 mm. tubing. The glass tub-
ing also acted as an air condenser. A thermometer was
fitted through the two-hole stopper with the bulb even
with the side tube outlet for obtaining gas temperatures.

Three glass tubes each fitted with a stopcoock, were
run from the trap. Two tubes lead to liter chlorine ab-
sorption bottles, the third was fitted with e gas samp-
ling tube, and used to teke gas samples during the chlo-
rination runs.

Excess chlorine from the absorption flask was car-
ried to the atmosphere through a 1/4-in. iron pipe.

A schematic disgrem of the chlorination apparatus is

shown in Figure I, page 67.

Calibretion of U-tube Flowmeter

Initiel calibration of U-tube pressure gage was made
to select the size orifice and filling liquid that would
it the following conditions:

1. Meximum chlorine flow would be below the ve-

locity that would cause flooding in the condensing

column.
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2. A 100 per cent increese in chlorine flow, based
on weight per cent, between maximum and minimum
reaeding on the scsale.

3. Selection of liquid for filling U-tube that would

give maximum pressure difference and thet would not

react with chlorine. Mercury, petroleum, and concen-
trated sulfuric acid were tested.

The chlorine flow was determined by reacting the chlo-
rine gas that passed through the system during a measured
time with a solution of sodium hydroxide. Sodium hydrox-
ide solutions of 0.5, 1.0 and 1.5 M. were used to deter-
mine the amount and strength of test solution. The chlo-
rine outlet tube was drawn to a fine opening to decresase
the diemeter of the chlorine bubbles.

The following procedure was used in cslibration of
the U-tube pressure gage:

l. The U-tube was filled with sulfuric scid, Sp. Gr.

1.84, to the zero.mark on thé tube.

2. The orifice was cleaned with alcohol snd carbon

disulfide.

3. The needle valve was opened and the system al=-

lowed to fill with chlorine, and reach a constant

pressure resding.

4. The pressure reading was adjusted to the re-

quired reeding. The tests were mede at resdings of
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2-in.,, 4-1in., 6-in., and 8-in.
S. A 8-in. test tube containing SO0 ml. of 1.5 sod-
ium hydroxide solution was placed on the gas samp-
ling outlet.
6., Gas was passed through the sodium hydroxide
solution for 120 sec., Time was started with the
first chlorine bubble that passed through the solu-
‘tion.
7. Check semples were made for each U-tube setting.
8. Samples were analyzed for chloride using the
following procedure:
as» Dilute the 50 ml. sample to 250 ml. in a
volumetric flask.
b. Megsure a 50 ml. sample for analysis.
c. Add en exoess.of hydrogen peroxide to destroy
the sodium hypochlorite and boil to expell the
excess ‘peroxide.
d. Neutralize the solution with (2:98) dilute
nitric acid using phenolphthaslein as an indi-
cator.
e. Add one gram of sodium bicarbonate to the
solution to meke it slightly slkaline and pro-
duce a clear end point.
f. Titrate with stendardized silver nitrste

solution. 0.0l N. silver nitrate was used with
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low chloride samples, and 0.1 N, silver nitrate
was used for samples requiring more than 100 ml.
of the 0.01 N. solution, One ml. of 10 per
cent potassium chromate solution used as an in-
dicator.
g. All chloride tests were run with the room
darkened and using a yellow bulb for light.
h. Samples were titrated consecutively so ss
to titrate them 8ll to the same color end point.
The general procedure for chloride determination was
taken from page 35 "Chlorine Handbook"(l)-
A graph showing the celibration of the U-tube gagse

is shown on page 71.

Prel iminary Experiments

The series of tests outlined under Preliminary Exper-

iments were made in order to formulate procedures for
the chlorination of lignin.

Specific Gravity of Alcohol-Lignin Solution. A

series of specific grevity determinations using a 50 ml.
pycnometer were made to find the solubility of lignin as
a function of temperature. The procedure for the deter-
mination was taken from page 43 "Commercial Methods of

Analysis" by Snell snd Biffen. All determinations were

made at 25°C.






20 grams of lignin was suspended in 200 ml. of methyl
alcohol with mechanical stirring. The temperature of the
solution was varied as follows:

Semple No. St irring Time Temperature

1 10 min. 25°¢
2 12 min. 25°¢
3 5 min. 459¢
4 5 min. 65°C

Chlorinstion of s Methyl Alcohol Lignin Mixture.

To detemmine the effect of chlorine gas on a mixture
of methyl alcohol gnd lignin an experiment was cerried out
under the following condit ions:

l. 400 grams of lignin were mixed with 800 ml. of

methyl alcohol.

2. The temperature of the alcohol was 25°C.

3. The mixture was plsced in a resction flask and

placed in the chlorinstion system.

4. The mixture was aglitated and chlorine at 5-in.

gage was passed through the system for 76 minutes.

5. At the end of 76 minutes the excess methyl al-

cohol was poured from the reactor and chlorine gas

passed over the lignin-alcohol mixture remaining in
the reactor. Chlorine was passed for 50 minutes.

6. The product was examined to determine noticesble
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physical changes.

Chlorination of Dry Lignin, Equipment was set up

to chlorinaete lignin in the dry powder state., The
chlorinating vessel wes the body of & 400 ml. condenser.
A thermometer was fitted through one end of the condenser
with the bulb in contact with and midway through the
condenser tube. A rubber hose connected the chlorine tank
to one water inlet and the excess chlorine was passed
from the other water nipple to & flask containing sodium
hydroxide solution.

Ten grems of lignin powder were plsced in the tube
80 that the lignin had the meximum srea exposed to the
chlorine. Chlorine was passed through the tube at 1.5 in.
gage for 30 minutes. Record was kept of the temperature
and color change of the lignin. The chlorinsted product
was analyzed to determine the percentage chlorine added.

The chlorination wss contitued to a definite excess
by allowing chloine to flow through the reactor asfter
there was no further apparent heat of reactiog. The
chlorination reactor wes rotated during the run to
expose fresh lignin surfece to the chlorine,

The chlorinsted lignin wes dissolved in 1 N, sodium
hydroxide solution end precipiteted with 0.5N hydro-

chloric eacid to observe any apparent physical change.
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Chlorinastion of Lignin Wetted with Methyl Alcohol.

Two grams of lignin were suspended in alcohol and filtered
on a Buechner funnel. The filter peper was placed in a
chlorination flask and chlorination was psssed for 15 min-
utes., The product was examined under a microscope.

One gram of lignin wes suspended in 10 ml. of methyl
in e 8-1in. test tube and chlorinated for 5 minutes. The
run was repeasted using one grem of lignin suspended in
20 ml. of alcohol., The two products were compared for rel-
ative chlorination.

Based on previous experiments a chloringtion run was
maede to chlorinate lignin suspended in methyl alcohol.
Eighty grems of lignin were suspended in 500 ml. of methyl
alcohol by pouring the lignin slowly with stirring into
the alcohol., To this suspension 500 ml. of slcohol was
added making a total of 1000 ml, of alcohol.

The suspended lignin was chlorinated for two hours
at 4-1in. gage,

Data taken were time, temperature, color change,
and observations of changes of physicsl properties of the
lignin.

Chlorination of Lignin Suspended in Methyl Alcohol.

A suspension of lignin in alcohol was prepared by adding
0.5 grams of lignin to 10 ml. of methyl alcohol in a 8-in.

test tube., The test tube was shaken until the lignin was
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wetted and in spspension. Chlorine was passed through
until no further color change was observed.

Optimum Lignin to Alcohol Rat 1o, Bssed on previous

experiments tests were made using lignin to methyl aleco-
hol ratios of 1:10, 1:15 and 1:20 to determine the opti-
mum retio for chlorination. The suspensions were pre-
pared by edding the lignin to the alcohol by:

1. Dumping all lignin in the alcohol solution at

once.

2. Adding the lignin slowly to the elcohol solution.

A mechanical stirrer was used to agitate the alco-
hol during the mixing operation.

Observations were made to select the optimum ratio
and procedure for maximum susnension.

Chiorinetion of Lignin Dissolved in Sodium Hydroxide.

0.5 grams of dry-chlorinated lignin was dissolved in 10
ml, of 1.0 N. sodium hydroxide. The solution was chlo-
rinated for 5 minutes, allowed to cool and 1:10 hydro-
chloric acid added to precipitate the lignin.

A compsrison run was made leaving out the chlorination
step.

In a8 third run 0.5 grems of lignin were dissolved in

10 ml. ofvchlorinated sodium hydroxide solution. Chlorine
was passed through the sodium hydroxide for 10 minutes at

2-in., gage and this solution was used to dissolve the
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lignin., The -solution was allowed to stand for 12 hours
end the lignin then precipitsted.

The lignin from the three runs was compared for
structure and color change.

Chlorination of Lignin Suspended in Water. To deter-

mine the use of water as a suspending medium for lignin,
10 grams of lignin were suspended in 10 ml. of water. The
suspens ion was chlorinated for 5 minutes. Color change
of the lignin was noted.

Zffect of Chlorinated Alcohol Solution on Lignin.,

One grsm of lignin was suspended in 10 ml. of chlorinsted
alcohol and the suspension was brought to a boil over s
bunsen burner. The 1lignin was studied for effect of
chlorination,

Effect of Length of Chlorination on Lignin-Sodium

Hydroxide Solution. A series of chlorinations with 1

gram of lignin dissolved in 25 ml. of 0.1 N, sodium hy-
droxide were run to determine the effect of time of ohlo-
rination on lignin. Chlorine was passed at 1.0-1in. gage
for 3, 5, and 10 minutes. The lignin was precipitated
from solutions, when necessary, with 1:10 hydrochloric

acid.
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Effect .of Sunlight on Chlorination Reactions. The

effect of sunlight on the chlorination reaction was stud-
ied under the following conditions:
1. Three clear-glass one gallon containers were
fitted with glass tubing for filling with chlorine.
2. The following three samples were prepared:
a. 20 grams of dry lignin.
b. 20 grams of lignin suspended in 350 ml. of
methyl alcohol.
c. 10 grams of lignin dissolved in 100 ml. of
benzaldehyde.
3. Samples were placed in the containers and chlo-
rine gas passed through to replace all air in the
containers.
4. The containers were placed on the roof of the
laboratory at night and left until the following
night.
5. The contalners were refilled with chlorine and
placed in the sunlight immediately after refilling.

Chlorination of Lignin Suspended in Phenol snd

Benzeldehyde. Quslitative chlorinations of lignin sus-

pended in phenol snd benzaldehyde were made under the
following conditions:

l. Five grams of lignin were dissolved in 10 cec of
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phenol., Chlqrine at 7-1in. gage was passed through
the mixture for 10 minutes.

2. Five grasms of lignin was dissolved in 20 c¢c of
benzaldehyde. Chlorine at 7-in. gage was passed
through the mixture for 10 minutes.

Chlorination of Dissolved Lignin. The test sample

was prepared by adding slowly with stirring 70 grems of
lignin to 1400 ml, of methyl alcohol. The suspension wes
brought to 65°C on an electric heater. The solution was
cooled and decanted removing all non-suspended lignin.

One-hglf of the alcohol lignin solution was placed
in the reactor, the temperature raised to 65°C with a
water bath and chlorine passed through at 8 in. gage for
30 minutes.

The remaining half of the solution was chlorinated
with the temperature at 25°C.

The chloro-lignin precipitated by the reasction was
separated by filtering and air dried. The filtrate was
distilled under 12 to 16 inch vecuum to recover the dis=-
solved lignin.

The distillation test was rerun at atmospheric pres-
sure to determine the effect of temperature on the physical
properties of the recovered lignin.

The specific gravity of the chloro-elcohol-solution

was determined.



A check was made on the smount of dissolved lignin
by precipitating the lignin from S0 ml. of chloro-alcohol-
lignin solution by pouring into 50 ml. of water at 25°C.
The lignin was dried at 35°C in an electric oven and weigh-
ed.

A boiling point determination was made on the chloro-
alcohol-1l1ignin solution., A 50 ml., distilling flask with a
thermometer bulb at the level of the side neck and a con-
denser for collecting the distillate wes heated by a bun-
sen burner. Observetions were made of the time and tem-
perature of the distillation.

Effect of Temperature on Suspended Lignin. The

effect of temperature on suspended lignin wss studied under
the following conditions:

Ten grams of lignin was suspended with mechanical
stirring in 200 ml. of methyl alcohol., The suspended lig-
nin was decanted to remove the non-suspended lignin. The
beaker containing the suspended lignin was placed in a
water bath and the temperature was raised to 43°C with the
mixture being agitated.

The experiment was repeated with the suspended lignin
being prepared by the same procedure. The lignin suspen-
sion was agitated for 15 minutes at 25°C. The beaker was

then placed in a water bath and the temperature raised to
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60°C, Data Wwere tasken on the time and temperature and
ohysicsl properties of the mixturs.

A chlorination run besed on the optimum conditions
for suspending lignin wes made. The lignin suspension was
prepared by the same method and chlorine at 5-1in. gage was
passed through the suspension for 20 minutes.

Sepsration of Chloro-lignin from Alcohol. The fol-

lowing series of tests were run to detemmine a method for
separation of dissolved chloro-lignin from alcohol. 10
ml. samples of chloro-alcohol-lignin were used for each
test.
1. Alr waes sucked through the solution for two
hours by use of the asperator.
2, A carbon dioxide generator was set up and car-
bon dioxide was passed through the solution for one
hour.
3. Concentrated eand 1:10 hydrochloric aecid was
added to the solution.
4. Concentrated sulfuric acid was sdded to the
solution.
5. The test solution was poured into an equal vol-
ume of water at 25°C.
The results of all tests were compared to determine

the method of separation to be used in future runs.
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Molding Experiments. Molding experiments were made

to determine the adhesive properties of the chloro-lignin.
The following conditions were varied to find the optimum
molding conditions:

1. Tempersture: 80-270°C.

2. Time: 1 - 15 minutes.

3. Pressure: 500 - 4500 psi.

4. Percentage of chloro-lignin: 5 - 60%.

5. Types of chloro-lignin: Chloro-lignin, distilled

chloro-lignin and precipitated chloro-lignin.

6. Filler: Sawdust and wood floor.

7. Plastizer: Water and chloro-alcohol distillate.

Tests were made using the precipitated chloro-lignin

mixed with distillate to determine its gluing properties.
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Chlorination of Suspended Lignin

The following outlined method of procedure was used
for the chlorination of suspended lignin:

1. 70 grams of lignin were weighed out on the torsion

balance.

2. 1000 ml. of methyl alcohol at 25°C were placed in

a two-liter beaker.

3. The methyl alcohol was agitated by a glass stirrer

driven by a variable speed motor.

4. The lignin was very slowly asdded to the aglitated

alcohol until it was all in suspension. Lignin must

not be poured into the alcohol all at once since un-

der these conditions it will lump together.

5. The lignin-alcohol suspension was decanted being

careful to leave the non-suspended lignin in the bot-

tom of the beaker.

6. 400 ml. of the methyl alcohol was added to the

beaker and agitated. The alcohol-lignin suspension

was decanted leaving only non-suspended lignin in the

beaker.

7. The totel volume of alecohol-lignin was measured,

placed in a weighed reactor flask and weighed.

8. The non-suspended lignin was dried st 35°C and

welighed.
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9. The resction flask was placed in the system, the
aglitator started and the system filled with chlorine.
The reaction time was started when the system was
filled with chlorine and the chlorine outlet was low-
ered to below the liquid level.
10, The reaction was continued to completion at con-
stant chlorine flow.
11. The following data were taken during the run:
a. Excess chlorine gas sample every 500 seconds.
b. U=tube reading at 500 sec. interval.
c. Reaction temperature every degree rise.
d. ®Exit gas temperature.
e. Color changes of reaction mixture.
f. Time of each data taken.
12. The following steps were taken at the end of
each run:
a. The chlorine valve closed and the outlet
tube raised above the reasction mixture to pre-
vent clogginge.
b, Open the reactor to the atmosphere to pre-
vent mercury from being drawn into the reactor.
c. Cut off lines to sodium hydroxide reactors
to prevent sodium hydroxide solution from being

drawn into the gas lines.
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d. Change sodium hydroxide solution.
e, Allow reactor to cool before removing
from the system.
f. Clesn mercuric chloride from mercury seal
agitator.
g, Disassemble and clean needle valve.
h. Clean lines snd traps.
13, The reaction flask was wéighed; the alcohol-
chloro-lignin solution separsted on a Buechner
funnel: the volume of aslcohol-lignin solution
measured and the ohloro-lignin dried et 35°C in
an electric oven and weighsd.
Two experimental runs were mede using this procedure.
One run was mede with a chlorine flow of five inches, the
second run used a chlorine fléw of eight inches. Both runs

were started with the rezction mixture at 259C.

Chlorinastion of Dissolved Lignin.

The chlorinstion procedure for chlorination of
dissolved lignin wgs the same as for chlorination of
suspended lignin with the following exceptions:

1, The dissolved alcohol-lignin solution was

prepared as follows:
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8. Add 1000 ml, of methyl alcohol to a two-liter
beaker and bring to a boil at 65°C.
b. At the moment the alcohol reaches the boil-
ing point s8dd slowly with mechanical agitation
100 grams of lignin.
c. Agitate for 5 minutes.
d. Cover the beaker with a watch glass and
place in a water bath.
e. Cool to 25°C.
f. Decant 735 ml. of slcohol-lignin solution.
g. Pour into a weighed reaction flask snd weigh.
2. The reaction is carried out at temperatures of
25 and 65°C.
3. The reaction was heated to 65°C by a water bath
mainteined at 98°C by an electric heater. When the
reaction temperature reached 65°C the chlorination
was started.
4. The reaction was continued as outlined in the

procedure for Chlorination of Suspended Lignin.

5. Ten runs were made chlorinating dissolved lignin
under the following conditions:
No. Temp. (Deg.C) U-tube (1in.)
1 25 ’ 2
1 25 8
2 65 2
6 65 8



Determinetion of Chlorine in Lignin

The method used for determination of chlorine in chlo-
rinated lignin was suggested by Harris and Sherrasrd. The
procedure follows in detail:

1. One gram sample of chloro-lignin was placed on

a 4-in. filter funnel and washed until no test for

chloride 1s obtained.

2. The washed sample was dried in the electriec

oven at 35°C for 12 hours.

3. A 0,25 gram sample was Welighed on the analyti-

cal and brushed into a 600 ml., beaker.

4. Fifty ml. of hot 10 per cent sodium sulphite so-

lut ion was added to the beaker and the mixture

brought to a boil on a electric heater to dissolve
the lignin.

5. The beaker and contents were allowed to cool to

40 - 50°C to prevent foaming end 15 ml. of 1:1 ni-

tric acid was added to the solution.

6. The solution was heated to 80 - 90°C and enough

1 N. silver nitrate added to precipitate all the

chlorine as silver chloride.

7. The solution was heated st 65 - 75°C for 20 min-

utes and allowed to cool and the precipitate to settle.

8, If the silver chloride was not filtered at once



the beaker waes placed in a dark place to prevent

the decomposition of silver chloride. (See page 288
"Inorganic Anelysis™ by Kolthoff and Sandell.)

9., The solution was filtered through a weighed gooch
filter. The gooch was prepared for rapid filtering
by placing a mat of glass wool flat on the filtering
surfece., A mat of ground, acid washed asbestos fiber
was sucked on the glass wool under pressure and tam-
ped. The gooch was dried at 150°C overnight in the
electric oven and weighed.

10. The silver chloride was washed with 25 ml. of
cold 1:1 nitric acid to dissolve any silver sulfride
present. The precipltate was finelly washed with

40 - 50 ml., of cold distilled water.

11. The Gooch crucible was dried at 150°C for twelve
hours in the electric oven, desiccated, and weighed
et once. Kollohoff and Sandell have shown that sil=-
ver chloride loses weight on exposure to light.

1l2. The percentage chlorine based on the weighed
sample was calculated.

13. A gelatinous precipitete will form in the fil=-
trate and is not silver chloride but nitrated lignin.
l4. The silver chloride precipitate is soluble in

sodium sulphite and must not be washed with this reagent.
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Separetion of Lignin from Alcohol Solution

The chlorinated alcohol-lignin reaction product was
first filtered on a buechner funnel to remove the sus-
pended chloro-lignin. The chloro-lignin dissolved by the
alcohol was recovered by three methods.

1. Distillation
2. Precipitation with water
3. Low temperature preciﬁitation with ice.

Distilletion Recovery wes carried out by placing the

filtraste in a 1000 ml. side neck distilling flask which
was fitted with & mercury bulb thermometer whose bulb was
even with the exit tube. A 400 ml. condenser was connected
with the flesk and the distillate was recovered in a 500 ml.
filtering flask. The distillate flask was fitted with a
hose connection to the vacuum line. Connections were seal-
ed with rubber cement.

A vacuum of 10 inches was applied to the system and
increased to 22 inches by increments of Dressure change
to prevent foaming. When the residue approached dryness
the temperature was decreased to 259C to prevent charing
of the residue and the vacuum raised to 25 inches.

Water Precipitation. The dissolved lignin was pre-

cipiteted from a measured aslcohol solution by pouring

with agitation into en equal volums of distilled water.



The water temperature was 25°C.

The precipitated chloro-lignin was allowed to settle
and then was filtered on a Buechner funnel. The precipi-
tated chloro-lignin wes dried at 35°C in the electric
oven gnd weighed. Calculations were made to determine the
percentage of lignin per unit volume of solution.

Low Temperature Preciplitation. Low temperature pre-

civitation of chloro-lignin from elcohol solution was ac-
complished by pouring the solution over ice. The 1ice was
crushed and placed in & liter beasker. A measured volume
of chloro-alcohol-lignin solution was poured over thé
crushed ice. The precipitated 1ignin was allowed to set-
tle to the bottom of the beaker and washed with ice water
into & Buechner funnel.Successive washings of the ice
with ice water removed sll the precipitated lignin. Ice
water was used to wash the pricipitate until no test was
obtained for chlorides.

The funnel containing the lignin was dried at 35°C
in the electric oven and weighed. The percentage chloro-
lignin dissolved by the solution was calculated.

The filtrate was tested for further precipitastion

by pouring over crushed ice.
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Molding Experiments

The molding eguipment used in testing the adhesive
properties of the various chloro-lignins were:

l. Hydraulic press, ram capacity 20,000 lbs.

2. Cylindrical steel mold, 2 1/4 in. diameter.

3. Tlectricel mold heater, temperature range 25-400°C.

4. Resistors.

The mold was placed in series with a bank of three
660 watt resistors and a variable 1 ohm resistor was placed in
parallel gcross one of the fixed resistors. The temper-
ature of the mold could be varied between 100 and 150°C
by changing the variable resistor.

The heater was calibrated for temperature by plac-
ing 8 bimetallic thermometer on the inside wall of the
mold; filling the body of the mold with asbestos and
changing the position of the slide rheostat.

The mold was prepared by polishing the ram and in-
side walls with 00 emery paper and greasing with stearic
acid. ZExcessive stesric acid was wiped from the mold
before adding the molding mixture.

The following steps were used in preparing the lig-
nin for molding:

a. Welgh the 1lignin on the torsion balance.

b. Reduce to s powder in & mortar and place in a
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6-1in. stoneware crock.

c. Add a weighed amount of filler and mix une

til the lignin is distributed evenly in the

filler.

d. Add plasticizer, 1if used, and mix.

e. Heat molding powder in the electric oven, if

/

required.

The prepared molding powder was quickly placed in the

mold to prevent cooling and the mold and heater were plsced

in the press. The pressure was increased slowly to sllow

volatiles to excape, and maintasined at the required pres-

sure for the molding cycle.

The following conditions were varied for the molding

experiments:
a. Type of chloro-lignin.
b. Percentage of chloro-lignin.
¢c. Temperature of mold.
de Time of molding.
e, rlasticizer edded.
f. Temperature of molding powder.

The pressed samples were tested for relaetive

on a Civil Engineering Lepartment 1impact tester.

strength
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F. Data and Results

Preliminary Experiments

In order to study the properties of lignin and to
find the optimum methods for carrying on the chlorina-

tion studies, a series of iIreliminary Experiments were

made. The following data and results were obtained
from these experiments:
Table No. I

Specific Gravity of Alcohol-Lignin Solutions.

Sample Stirring Temperature Specific

No. Time of Gravity
Co Suspension
min. Oc
1 12 25 0.827
2 10 65 0.834
3 5 65 0.835
4 S 45 0.834

The specific gravities are averages of two or
three determinations. Determinations varied due to

the rapid evaporation of the solution.
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Chlorinetion of s Methyl Alcohol-Lignin Mixture.

Conditions: 400 grams lignin
800 ml. methyl alcohol
5-in. gage
Temperature: 25°C
Chlorination Time: 76 min. (wet)
30 min. (dry)

Results: The methyl albohol-lignin mixture forms
a black viscous mass. After 76 minutes of chlorination
the lignin sealed the tip of the chlorine outlet tube.
There was no spparent change in color of the mgss or
any rise in temperature. The alcohol was poured from the
reactor and after 30 minutes of chlorination a yellow
crust formed on the surface of the lignin mixture. Five
ml. of alcohol which were drained from the reactor had
turned bright yellow.

Table No. II

Chlorinastion of Dry Lignin.

Test Chlor- Lignin Gage Temp Rise: Results
No. ination T
Time
min. grams in. O¢c
1 30 10 3.0 23 to 41 Slight lightning of

in 7.5 min the brown color.

2 30 10 4.0 31 to 55 Reaction gas 1denti-
in 2.5 min fied as CHCls. by
three observers.
3 10 5 4.0 28 to 38 Slight lightning
of brown color.
Chlorine %: 4.5.
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The chlorinsted lignin from Test 1 was dissolved in
a solution of 1.N sodium hydroxide and precipitated with
a solution of 0,57 hydrochloric scid. The precipitate
had a light cream brown color as compared with the dark
brown color of the dry chlorinated lignin.

Chlorinastion of Lignin Wetted with Methyl Alcohol.

Conditions: 2 grsms lignin

Wet with methyl alcohol on a filter
paper

Chlorinste: 9 min.

Air Dry: 12 hours

Results:

There was no noticable color chenge in the lignin
immediately after removing it from the chlorinator. How-
ever, after 12 hours of air drying the surface of the lig-
nin had turned light yellow. The lignin below the surface

was unchanged.

Chlorination of Lignin Suspended in Methyl Alcohol.

Conditions: 0.5 grams lignin
Test No. 1 10 ml. methyl slcohol
Shake in test tube
Pass Clp through the suspension at 25°C

Results:
The color of the suspension changed from dark brown
to bright yellow with a slight rise in temperature.

Conditions:

Test No. 2: 1 gr. lignin suspended in 10 ml., of alc.
Test No. 3: 1 gr. lignin suspended in 0 ml. of alc.
No. 1 & 2 ¢ Chlorinated: 5 min.




Results:
Test 1i0O.
2

2 & 3

Conditions:

Test No.

Results:

4

20
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Two fractions were formed:

a. Bright yellow lignin suspended in
methyl alcohol.

b. A black unchlorinated fraction settled
to the bottom of the test tube.

Two fractions were formed:

a. Same as Test 2.

b. A smgll eamount of unchlorinated lignin
settled out.

All lignin that was kept in suspension

wes chlorinated, snd less unchlorinated
lignin settled out when the lignin was

slowly added to the elcohol solution.

80 grams lignin

1000 ml. methyl alcohol (Ratio 1:13)
Gage 4-1in.

Tempersture of reactants: 27°C
Time of reaction: 125 min.

Time Observations
mine.

Stirring was difficult due to the
lignin not in suspension fouling
the glass stirrer. Color: dark brown

33 Color: dark red

60

Color: Orange, Temp. 132°F

100 Temperature: 133°F (meximum)

125 Temp: 124 Reaction product divided

into three fractions:

a. Methyl aslcohol layer, dark red
b. Precipitated chloro-lignin layer
lignt yellow, grenular powder

¢c. Unreacted lignin, black.
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Optimum Lignin to Alcohol Ratio.

Conditions:
Test No. Ratio Procedure
gr. lignin to ml. alcohol
1 1:10 Pour 1lignin
into alcohol
2 1:15 with mechanieal
stirring.
3 1:20

Results: In all tests some of the lignin formed a
thick viscous mess with the alcohol that settled out of
solution. This mass could not be suspended by stirring
in excess slcohol. A ratio of between 1:15 and 1l:20 sus-
pended the greater proportion of the lignin and wes suit-
able for chlorinating. Less lignin settled out when the
lignin was added slowly to the alcohol solution with
stirring.

Chlorinstion of Lignin Dissolved in Sodium Hydroxide.

Conditions:

Test No. 1 One-half gram of dry chlorinated lignin
dissolved in 10 ml. of 1.0N. NaOH;
Chlorinated 5 minutes and precipitated
with 1:10 HCl.

2 One-half gram of dry chlorinated lignin
dissolved in 10 ml. of 1.0 NaOH and
precipitated with 1:10 HCl.

3 One gram of dry chlorinated lignin
dissolved in 1.0 NeOH which has been
chlorinated for 10 minutes. Allow to
stand 12 hours and precipitate with
1:10 HCl.
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Results:
Test No. 1 Gelatinous light yellow lignin.
2 Gelatinous dark brown lignin.
3 Gelastinous dark brown lignin.
Table No., IIIX

Effect of Time of Chlorination on Lignin Sodium

Hydroxide Solutions.

Test Lignin NaOH Gage Time of Results
No. Grams 0.1N. in., Chlorination
ml. min.
1 1 25 2 3 HC1l precipitates
dark brown lignin
2 1 25 2 5 Ssme as 1
3 1 25 2 10 Solution turns scid

and precipitates
light brown lignin.

Chlorination of Lignin Suspended in Water Solution

and in Chlorinasted ilcohol Solution.

Conditions snd Resultsg:

Test No. 1 One gram of lignin was suspended in
10 ml. of water and chlorinated for
10 minutes. The lignin showed no
evidence of chlorinstion.

Test No. 2 One gram of lignin wsas suspended in 10
ml. of methyl alcohol that had been
chlorinated for 30 minutes. The suspen-
sion was heated to boiling for 10 minutes.
Lignin showed no sign of chlorination.
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Table No. IV

Effect of Sunlight on Chlorination Resction.

Test Constituents Procedure Results
NO.
1 20 gr. All test samples For all test
lignin are placed in samples there was
4 1l gal. containers no apparsnt
2 20 gr. and filled with resction as
lignin Clo. Placed in the evidenced by eny
suspended sunlight for 12 change in color
in 350 ml. hours with one or physical
CHa0H refilling of Cls appearance.
3 10 gr. lignin
dissolved
in 100 ml.
benzaldehyde

Table No, V

Chlorination of Lignin Suspended in Phenol and

Benzaldehyde.
Test Lignin Solvent Gage Time Resul ts
No. grams ml. in. min.

1l 5 10 ml.phenol 7 10 No noticable change
of color or physical
properties.

2 S 20 ml.,

benzaldehyde 7 10 Solution turned
bright red. Lignin
could not be pre-
cipitated by acid
or water.
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Table No., VI

Chlorination of Dissolved Lignin.

Conditions: A lignin solution was prepsred for

chlorination by adding the lignin slowly with mechani-
cal stirring to 1400 ml. of methyl alcohol. The sus-
pension was brought to 65°C, cooled and the aleohol
lignin solution was decanted removing all non-dissolved

lignin., The solution was divided and chlorinated.

Test Temp. Gage Time Results

No. 9cC in. min.

1l 65 8 30 Poth test solutions gave an orange
chloro-lignin precipitate, and a

2 25 8 20 clear red chloro-alcohol-lignin

solution. Sp. Gr. Test No. 2:
0.861. Neither solution gave a
boiling point test. The tempera-
ture increaced from 60 to 96%C with
a clear distillate and from 96 to
102°C with a yellow distillate.

The chloro-alcohol-lignin solution from test No. 1
was distilled under vacuum and at atmospheric pressure.
The 1lignin residue from the vacuum distillation was bright
red in color snd was easy to remove from the distilling
flask. The lignin residue from the atmospheric distil-
lation was dark red in color and hed fused to the dis-

tilling flask,
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Table No. VII

Effect of Temperature on Suspended Lignin.

Conditions: 10 grams lignin
200 ml., methyl alcohol
Suspend with stirring at 25°C

Results: The suspension was placed in a water beth
end the temperature was raised to 43°C. At this temper-
ature the lignin formed & plastic mass and settle to the

bottom of the beaker.

Read Time Temperat ure Observations
No. : Alc-lignin
Susnension
SeCe. oC.
1 0] 22 Lignin in susvension.
2 160 25 Same.
3 430 30 Same.
4 660 35 Some lignin sticks to

the side of the beakesr.

5 890 40 Sides of beaker coated
with lignin.

6 1110 45 Lignin coagulates and
gsettles to the bottom
of the beaker.
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Separation of Chloro-lignin from Alcohol.

Conditions and Results:
Test No.

1 Alr at 25°C was passed through & chloro-
alcohol-lignin solution for 2 hours. A
partiel precipitation of light yellow
lignin took place.

2 Carbon dloxide waes passed through the
solution for 1 hour. A partial precipi-
tation took place.

3 A rapld precipltation resulted with the
addition of concentrated snd 1:10 HCl.
The lignin was bright yellow.

4 Same for concentrated sulfuric acid as
Test 3.

5 An immediste precipitation of bright
yellow lignin was obtained when the so-
lution was added to an equal volume of water.
The filtrate from this mixture was red in
color suggesting that lignin was still in
solution. However, the addition of acid
and centrifuging did not remove any addi-
tionsl lignin.
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Table No. VIII
Molding Tests using Chloro-liznin as s Binder.
Test Mold, Temp. -Press- Lignin Filler Remar ks
No. Time < ure Tyve Wte. Type ¥Wt.
min. OC 1b/in® gms % ©_gms
1 4 270 1400 DL 8 50 WF 8 Moist with
alcohol mix-
ture ran
from mold.
2 5 85 1800 DL 8 50 WF 8 Firm yellow
cake.
3 10 155 23850 DL 5.5 40 SD 7.5 Uneven bond
Some char.
4 10 160 3600 DL 5.5 40 SD 7.5 Thick dsrk
cake.
5 13 155 2850 CL 5.5 40 SD 7.5 Not well
bonded.
6 1l 150 1400 DL 10 40 SD 15 One side bond
One side char.
7 6 148 2850 CL 10 40 sSD 15 Mixture ran.
8 10 104 2100 CL 10 40 S8SD 15 Good bond
yellow cake.
9 10 104 2100 DL 10 40 SD 15 Dense, dark
well bond.
10 7 113 1400 DL 10 100 -- -- Mixture ran.
11 11 113 700 CL 10 40 SD 15 Light brown
good bond.
12 10 107 700 DL 10 40 SD 15 2 ml. dist.
dark color
Good bond.
13 8 113 700 CL 5.5 40 SD 7.5 BRBright yellow
No bond.
14 8 113 3600 CcL 5.5 40 SD 7.5 Good bond
Light yellow.
15 S 121 1400 CL 5.5 40 SD 7.5 Good bond
Light yellow
add trace of
water.
Legend: DL: Distilled chloro-lignin
CL: Chloro-lignin
SD: Sawdust

WEF:

7ood Flour
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Chlorination Experiments.

The experimental date and results obtained from
chlorinstion experiments are rresented in the following
tables and graphs.

Chlorination of Suspended Lignin. Tables IX and

X present the data obtained from tests of chlorinating
lignin suspended in methyl alcohol at 25°C to determine
the effect of rate of chlorine flow on the reaction. The
rate of flow for test No. 1 was 0.85 grams of chlorine
per minute end 1.084 gm/min for Test No. 2. 4ll other
conditions were held constant. The remarks section indi-
cates the color change of the reactants.

Figure 6 curves A and B plots unreacted chlorine in
grems per minute ageinst reasction time in seconds for
Tests 1 and 2.

Chlorinetion of Dissolved Lignin. Tables XI and

XII present the data obtained form tests of chlorina-
ting lignin dissolved in methyl aslcohol at starting
temperetures of 25°C.

Tigure 7 shows plots of reasction data for chlorine
rates of 0.472 snd 1.084 grems of chlorine per minute.
All other conditions were held constant.

Tables XIII through XIX are data compiled from chlo-

rination tests of dissolved lignin chlorinated at 65°C.
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Figure 8 represents the chlorine consumption of
seven chlorinstion tests. Curve i presents the dasta for
chlorination et 0.472 gm./min. chlorine rate; all other
curves are for chlorinstions with a chlorination rate of
1.084 gn./min. With the following exceptions chlorination
conditions were maintained constant: Curve B represents
a test with out stirring, and curve G represents a test
using FeClz as a calelyst.

The data in table XX are a compilstion of 11 chlo-
rination runs. The dats in column 6 are the weights of
the alcohol insoluble chloro-lignin precipitaeted by the
reaction. Column 7 lists the amount of chloro-lignin
that was precipitated from chloro-slcohol solution by
the ice precipitation method. The chlorine percentages
in column 9 were determined by the method of Harris and
Sherrard(17)- The precipitated chloro-lignin of Test
13 was obtained by water precipitation. Test 13 was a

quantitative test using an excess of chlorine.
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Table No. IX

Chlorination of Suspended Lignin.

Chlorinstion Test No. 1 Conditions:

Wt. Suspended Lignin: 55.0 gm. 70 gm. Lignin
Per Cent Suspended Lignin: 78.6 1400 ml. CHs0H
Wt. Alc-lignin Sol.: 1161.0 gm. Start Temp: 28°C
Wt. Chloro-elc-lignin Sol.:1332g5-1in. Gage Clp
Sp. Gr.Chloro-lignin S0l.:0.960 Stirrer On.

Read Time React Gas Samples Remarks
sec. 9C sec. ml. gms.
1l 181 515 4.6 .0086 Dark Brown Sol.
2 412 30
3 1010 36.7
4 1204 38.9
5 1605 43.3 No lignin settles
6 1904 47.8 576 6.4 .0118 Dark brown solution
7 2167 47.8 Dark redish brown
8 2880 51.7 Light red-brown
9 3500 54.4 Dull orsange
10 4150 55.6 450 4.3 .0108 Medium Orange
11 4780 57.2 Orange
l2 5004 S57.8
13 5706 60

14 6400 60.5 200 22.3 »0951 Orange
15 8100 60.5 300 40.3 143
16 9990 59.5 Stop run repair gage
17 0 50.0 restart timer
18 1800 52.8 200 53.9 » 287
19 2370 55.0
20 2991 55.6
21 4824 55.6
22 5000 55.0 300 64.4 .228 Orange
23 7800 55.3 300 64.9 » 231
24 9999 50.0 Timer starts over
25 150 50.0 360 72.8 214
26 2450 48.9 200 83.1 433
27 6500 45.6 250 83.4 » 355
28 6800 45.6 End Test
Total time: 7 hr 26 m.
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Table No. X

Chlorinstion of Suspended Lignin.

Chlorination Test No.
Wt.Suspended Lignin:56.8gn.
Percent Suspended Lignin:8l.3
Wt.Alc-1lignin So0l.:1136.6 gm.
Wt.Chloro-alc-lignin S0l:1265.5g.8-in gage Clo
Vol.Chloro-alc-lignin So0l1:1135ml Stirrer on

2

Conditions:
70gm. Lignin
1400ml .CHz0H
Start Temp:24°C

Read Time React Exit Gas Samples Remarks
No. TéemP Gas Time 0.1N., Clo
- AgNOg
sec. °C °c Sec. ml. pms.
1 0 23.9 27 Start Test.
2 500 35.0 27 Dark brown sol.
3 1000 40.6 27 Alr Temp: 24°C
4 2106 48.9 26 200 2.05 .0109 .Dark red sol.
lignin film on
flask.
5 3107 54.4 26 300 3.44 ,0122 Medium orange-red
6 4222 58.9 26 200 27.6 .147 Orange-red sol.
7 5017 60.0 26 100 29.4 .313
8 6015 6010 26 100 28.4 .303
9 7019 60.0 32 100 *26.4 .225 Orange Sol.
lignin film chlor-
inated.
10 8010 5819 34 100 27,2 .289
11 9018 5819 40 100 40.6 .432 CHClz odor. in
exit gas.
12 0 57.8 40 Timer repeats
13 18 57.8 40 100 *36.5 .311
14 1011 57.2 42 100 34.1 .363
15 2014 56.7 43 100 32.9 .349
16 3008 56.5 43 100 35.0 .372
17 4008 55.6 44 100 35.2 ,375
18 5008 55.5 44 100 42.1 .447 End Test:
19 5169 55.5 44 Time: 4 hr. 11 min.

* Sample diluted to

200 ml.
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Tadble No. XI
Chlorinetion of Dissolved Lignin,
Chlorinetion Test No: 3 Conditions:
Wt.Dissolved Lignin:44.3 gm. 100 gn.Lignin
Percent Dissolved Lignini44.3 1000ml CH30H -
Vol.Alo-lignin 8ol: 735 -ml. - Start Temp:26°9C
Wt.Alo-lignin Sol: 602.6 gm. 2-1n gage Clp

Vol.Chloro-aslc-lignin Sol:638 ml.Stirrer On

Read Time React Exit Gas Samples Remarks
No. Temp. Gas Time AgNOg 012
Temp 0.1N.
$ec. ©C OC _sec. ml grems

1 0 26,7 27 100 1l.54 .0163 Start test, shade

2 100 31.7 27 down; Afr temp.

& 800 37.8 27 26 ,5°C; Dark brown

4 1212 40.0 27 88 2.6 .0314 sol. color

S 1600 43.3 27

6 2121 45.0 27 100 2.28 .0243

7 2600 47.3 27

8 3370 47.8- 27 100 1.84 .0196 Red fosam

9 3800 48.4 27 Dark red sol,

10 4201 48.4 27 " ¢l_tube stopped
n 0 29.4 29 Stért test 6hr.
12 1107 37.2 29.5 100 5.02 .0534

18 2090 38,9 30 100 4.65 .0495

14 2250 39.4 30 Red-orange color
15 3250 42.2 30

16 4151 44.5 30 100 4.12 .0448

17 5050 50,0 29,5 100 5.0 .0533

18 5730 655.0 29,5 100 7.5 .0798

19 6000  55.0 £9,5 Medium-red sol.
20 6350 55.5 29,5 100 11.8 .1255

2l 7035 55.5 29,5 100 9.2 .0978

22 8054 55.0 30 100 8.6 L0915 Medium-red sol.
23 8800 54.4 31.5 - Stirrer heated
24 9000 53.3 32 100 12.8 .0136

25 9100 52.8 33 End test.

Tims :3hr 41lmin
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Table No. XII

Chlorination of Diss9lved Lignin.

Chlorination Test No: 4
Wt .Dissolved Lignin: 41 gm.

Percent Dissolved Lignin:4l

Vol.Alc-1lignin sol: 733 ml
Wt .Ale-1lignin Sol: 602 gm.

Vol.Chloro-gle-lignin: 672ml

Conditions:

100 gm.Lignin
1000 ml CH50H
Start Temp: 30° C
8-1in gage Cl
Stirrer On

Read Time React Exit Gas Semples Remar ks
No. Temp. Gas Time AgNO Cl
o Temp O.IN.
sec. C OC _gec, ml grams
1 0 31.7 25.5 Start test
2 100 32.8 25.5 100 4.58 .0389 Shade down
Alr temp 25°C
3 700 46.1 286 Dark red-brown
4 1000 52,2 26 100 1.94 .0237 Dark brown-red
5 2000 60,0 27 100 2.5 .0265 Medium red sol.
6 3100 58.9 26 100 30.7 .1134 Red sol.
7 4000 58.9 33 100 238.0 .2979 NaOH cool
8 5000 58.3 41 100 25.2 .2682
9 6000 100 26.3 .2799
10 6200 57.2
11 6800 56.7 40
12 7100 56.7 40 100 27.4 .2918
13 8000 55,2 39 100 24.6 .2619 Red sol.
14 8540 55.0 42 End test.
Total time:

2 hr 20 min.




.01 X spuogeg

vo~

HESE EREIE byl m 3122285081 Snse 1R0EH | ‘wwy/owb 2ap0  9bonw. g

90~

UW/Ou 80’1 8 v 8
‘upwy/(oub 2240 2 € v
9108 ‘9009 "ON }$IL "ONOAIND
0,g2'uubi1 peA|0SSIQ 30 uOTIULIOYD
3WI] UOIIDBY SA BUIJOIYD $53%XJ
o youd |

b

<

C

0o

S
.

g0

'Yjw/swolb INIYOTHD SS3IX3

AERE R | | B AR “utw/1wb 801 9609 ui-g

,,,,,, v NJL




109

Table No. XIII

Chlorinetion of Dissolved Lignin,

Chlorinstion Test No: S Conditions:

Wt .Dissolved Lignin: 41.5 gm. 100 gm.Lignin
Percent Dissolved Lignin:i4l.5 1000 ml OH
Wt.Alc-=1lignin Sol: 610.8 gm. Start Temp:65°C
Vol. Alc-lignin Sol: 742 ml 2-1in Gage Cl

Vol.Chloro-sle- lignin Sol:625ml Etirrer On =

Read Time React Exit Gas Samples "Remarks
No. Temp. Gas Time AgNO3 Cl1,
Temp 0.1N,
sec. °C °C _sec. ml grems o
1l 0 65.2 30 Start test
Dark brown sol.
2 260 65.6 30 100 0.29 .003 Shade down
3 1250 65.8 30 100 1l.22 .0129
4 2260 65.6 30 100 1.25 .0144 Reflux white
5 2750 65.6 30 Dark red-brown
6 32860 65.6 31 100 3.14 .0334
7 4280 65.86 31.5 100 3.5 .0372 Reflux white
8 5260 65.68 32 100 6.2 .0695 Color dark red
9 6100 66.7 33 100 3.4 0352 Red sol.

Reflux white
10 7100 66.7 35 100 6.2 .066 Bright red sol.
11 8100 68.7 36 100 28.9 208 Reflux white
12 9100 6868.7 36 100 38.8 .413
13 0 67 52.5 Timer repeats
14 100 87 52.5 100 44,0 .467
1% 1100 87 .8 58 100 4l.4 .441
186 2100 67.8 55 100 41.0 .431
17 2285 67.8 End test.
Total time:
4 hr 44 min
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Table No. XIV

Chloringtion of Dissolved Lignin.

Chlorination Test No: 7 Conditions:

Wt. Dissolved Lignin:i42.5 gm. 100 gm.Lignin
Percent Dissolved Lignin:42.5 1000 ml CH,_OH
Wt.Alc-lignin Sol: 680.3 em. Start temp¥650C
Wt.Chloro-ale-lignin So0l:688.5 gm 8-1in gage Cl
Vol Alec-lignin Sol: 810 ml Stirrer Not Gn.

Vol Chloro-alec-1lignin Sol:692 ml
Sp.Gr.Chloro-slc-3ignin S0l:0.885

Read Time React Ges Samples Remar Ks
No. Temp. Time AgNOz Cl,
0.1N.
gecs °C sgec. ml grams
1 0 64.4 Start run.
2 100 64.4 100 1.95 .0207
3 900 65.0 100 4.35 .0463
4 1900 65.0 100 15.7 .1661
5 2900 65.0 100 27.2 .29
6 3100 65.0
Dark redo
7 3300 65.0
Bright red color
8 3900 65.0 100 2.15 .6871
9 4500 63.3
10 5000 Explosion stopped

rune.
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Table No. XV

Chlorinstion of Dissolved Lignin.

Chlorinetion Test No: 8 Conditions:

Wt Dissolved Lignin: 39.5 gn. 100 gn. Lignin
Percent Dissolved Lignin:39.5 1000 ml CHs0H
Wt Alc-lignin Sol: 632.5 g, Start Temp.65°0
Wt Chloro-alc-lignin Sol:878.Zgmn. 8-1in Gage,Cly
Vol Alc-1lignin Sol: 768 ml Stirrer On

Vol Chloro-alc-lignin So0l:665ml

Read Time Reagct Exit  Gas Samples Remarks
No. Temp, Gas Time AgNO 2
Temp lN
sec. °C OC sec. ml g rams
1 0 64.4 Start run.
2 100 64.4 100 0.56 ,0059 Dark brown sol,
3 350 65.6 29 Stirrer slow to
4 900 65.6 29 100 1.83 .0195 cut entreinment
5 1200 65.6 29 No.pot.lignin
6 1400 65.8 29.5 Cond.Liquid
7 1450 65.6 30 yellow
Park-brown-red
8 1900 65.6 30.5 100 6.29 ,0736 Ent.3/4 cond.
9 2180 65.6 31 Cond.liguid Y.
Dark red sol.
10 2300 65.6 31 Dark red sol.
11 2700 65.8 31.5 Cond.lig.yel .ow
l2 2900 65.6 31.5 100 28.8 .3061 Prfght red sol.
13 3100 65.6 31.5 Ent.3 cond.
14 3900 65.6 100 65.0 .681
15 4300 65.6 34
16 4900 65.6 100 98.6 1.05
17 5000 65,6 Bright red sol,
18 5300 65.6 38
19 5362 65,6 \ Explosion
stopped run.
Total time:

1& hr 29 min.
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Table No. XVI

Chlorinetion of Dissolved Lignin.

Chlorination Test No: 9 Conditions:

Wt Dissolved Lignin: 46.5 gn. 100 gr.Lignin
Wt Ale-lignin Sol: 6803.3 gu. 1000 ml CH,OH
Vol Ale-1lignig Sol: 735 ml Start Temp¥65°C
Vol Chloro-sle-lignin Sol:547y,B-1n Gage Cl,

Recd Time React Ex1t Gas Sampdles Remarks
No. Temp Gas Time AgNOz 012
Temp 0.1N.
gec. 9C OC sec., ml grams
i 0 64.4 X Start run.
2 210 6404 50 90 0087 00103 Dark bI‘O‘wn SOlo
3 1070 65.0 30 130 2.786 .0235 Reflux white
4 1700 85.6 20 Dark red brown
5 2005 65.6 30 95 9.23 .1034
6 2300 65.6 30 Dark red
7 2700 65.6 31 Medium-red
8 3100 65.6 32.5 100 51.0 .543 Light-med-red
reflux yellow
Ent.}/3 cond.
9 3250 65.6 37 Light red sol.
10 3400 65.6 45 Reflux yeldow
11 3700 65.6 55 100 49.4 .525
12 4000 65.6 59.5 100 55.5 .590 Change NaOH
13 4600 65.6 68 Reflux % cond.
14 4850 65.6 60
15 5200 65.6 54 100 94.5 1.004 Light red sol.
18 8000 66 57 100 *89.7 .761
17 6295 65 56 Cl,tube stopped
18 8295 65.6 30 Stsrt run.
19 7200 66 66 100 4l1l.2 .438 Reflux yellow
20 8400 68 57 100 53.8 .573
21 9000 68 62 100 56.4 .60 CHCly odor.
28 0 68.9 65 100 78.0 .830 Timer repeats
23 1000 69.5 68 100 78.8 .84 Collect gss
24 2000 71.0 68 125 123 1.048 Reflux yellow
25 3000 69 69.5 100 99.6 1.058
286 3100 69 69.5 Light red sol.
End mn.
Total time:

* sample diluted to 200 ml. 3 hr 38 min.




- 113 =-

Table No. XVII

Chlorinstion of Dissolved Lignin,

Chlorinastion Test No: 10
Wt Dissolved Lignin: 40.5 gm.
Percent Dissolved Lignin:40.5

Vol Alo-1lignin Sol: 735 ml

Vol Chloro-glc-1ignin: 850ml

Conditions:

100 gm Lignin
1000 ml CH30H
Start Temp:esoc
8-1in Gage 012

Sol. Stirred: 10 min. Stirrer On
Reed Time React Exit Gas Samples Rems rks
No. Temp Gas Time AgNOgz Cl,
Temp OOINQ
secf/ ©C OC sec. ml grams
1 0 65 26 Dark brown sol.
Start test.
2 2289 65 26 100 0.76 .0065
3 1100 65.6 28 Red-brown
4 2111 65.6 28 119 15.0 .134 Dark red sol.
5 2510 685.6 26 108 19.3 .2055 Reflux white
Med.red sol.
6 3009 66.7 26.4 100 27.7 .295 Bright red sol.
Reflux white
7 3200 Ppt. Lignin
sticks to 012
outlet tube
8 3505 65.6 28 100 54.0 .69
9 4000 Test stopped
due to
explosion in
NeOH trape.
10 0 66.7 21 Staert run
11 532 66.7 24 100 8.0 .085 Reflux yellow
12 1003 66.7 32 100 %4.5 .366
13 1505 66.7 100 39.0 .415
14 2006 66.7 48 112 89.2 .848
15 2504 66.7 52 100 84.3 .896
16 3252 66.7 44 100 80.6 .859 Reflux white
17 32504 66.7 54 100 80.6 .859 Orange-red sol.
18 3943 66.7 End run.

Time:8hr 12min.
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Table No. XVIII
Chlorinstion of Dissolved Lignin.

chlorination Test No: 11 Conditions:

Wt Dissolved Lignin: 41;2 gm. 100 gm.Lignin
Percent Dissolved Lignin:4l.2 1000 ml CHzOH
Wt Alc-lignin sol: 677.5 gm. 8tart Temp:65°C
Wt Chloro-ale-lignin Sol:695¢m 8-in Gege Clso
Vol Chloro-alc-1lignin So0l:560ml Stirrer On
Stirring Time: 10 min.

Reed Time React Exit Gas Samples ~ Remarks
No. Temp., Gas Time AgNOs Clg
Temp 0.1N,
sec. °C OC se¢. ml 8rams
1 0 65 34 Derk brown
2 539 65 29 100 6.66 .,0567 Time:8:30
3 1065 65 8.5 114 15.8 .147 Dark brown
4 1520 65 8.5 110 282.4 .216 Dark red-brown
5 2044 85 8.5 100 26.9 .286 Dark red
6 2514 65 28 100 29.9 .318 Med.dark red
7 3010 64.4 27 100 36.3 .386 Medium red
9 4007 65.6 29 100 59.6 .835 Med(light)red
10 4100 65.86 33 1 Red
11 4508 65.6 33 100 67.0 .714 Red
12 5005 65.6 36 100 56.1 .597 Red
13 5506 65.8 38 100 57.3 .61
14 8008 65.6 41 135 89.0 .806
15 6517 65.8 45 100 59.0 .629
18 7004 65.6 47 100 57.4 .61
17 7504 67 49 100 59.1 .629
18 8063 67 49 100 59.1 .829 Chloro-glc.cond.
19 8505 68 52 100 61.3 653 4in traps
20 9004 68 55 100 62.4 .683
21 4 68.5 56 100 63.9 .68 Timer sterts
22 1000 89 59 100 72.7 .773 over
23 2000 71 60 105 77.2 .772
24 2110 71 60 Red. End run.
Total Time:

3 hr 22 min.
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Table No. XIX
Chlorination of Dissolved Lignin.

Chlorinstion Test No: 12 Conditions:

Wt Alc-lignin Sol: 603.7 gnm. 100 gm.Lignin
Wt Chloro-alec-1lignin Sol:6il.8gm.1000 ml CH§0H
Vol Ale-lignin 735 ml Start Temp¥659C

Wt FeCl, 6Hp0: 40 gm. 8-1in Gage Clp
Vol ChlBro-ele-lignin So1:585ml Stirrer On

Read Time Resct Exit Gaes Samples Remarks
No Temp Gas Time AgNOz Clp
Temnmp 0.1N,
Ssec. OC °C sec. ml grams
1 0 65.5 32 Start run.
32 Shade down
& 475 65.5 32 105% 4.28 .0348 Dark brown sol.
3 500 66.7 32.5 Alr temp:28.5°C
4 1019 66.7 34.5 100 3.68 .0392 Brown-red sol.
Reflux white
5 1500 66.7 34.5 Dark red sol.
Reflux white
6 1800 66.7 36 100 8.7 .0712
7 2400 6.7 39 Medium red sol.
8 2645 66.7 100 1.686 .0176
9 3000 66.7 59 Red sol.
10 3207 g6.7 100 2.76 .0294 Light red sol.
11 3700 @6.7 42 Reflux white
12 4050 6.7 100 5.828 .0562
13 4400 65.6 47
14 4408 65.8 100 36.9 .392 Bright red sol.
15 4600 65.6 56 Undond. liquid
collects 1in trap
18 4700 65.6 Stirrer off
17 5300 66.7 41 Stirrer on

18 5600 68 48 100 79.4 .846

19 505 69.9 66.5 100 89.5 .740 Change NaOH

20 7200 69.9 6.5 100 96.2 1.022 Reflux yellow

2l 8100 71 55 100 89.8 .955 Reflux & oond.

22 9005 71 57 100 96.5 1.038 .

23 9780 71 57.4 100 95.1 1.0l Reflux ¢ cond.

24 700 71 58 100 117.9 .968 Noreflux

25 1500 71 57 100 93.4 .995

26 2112 71 59 Rnd tecst.
Total tine:

* gample diluted to 200 ml 3 hr 21 min
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Table No. XX

Summary of Conditions end Results of Chlorination Tests.

Test Conditions Total Chloro Ppt.,
No. Temp Gage Type Time Lignin Lignin Chloro Ppt.
Chloro Lignin Chloro

Lignin
°¢c _in _§eC. grems grems %

1 0 5 sus 28780 64 25.0
2 30 8 sSus 15169 57.7 70.3 25.3 23,3
3 30 & Dis 13300 31,1 31.5 20.95 25.2
4 30 8 Dis 8580 27.0 30.95 7.0  28.0
5 65 2 Dis 12285 35.0 32.8 28.3 27.3
6 65 2 Dis 5380 17.5 26.7 20.25
7 65 8 Dis 5000 26.0 21.7
8 65 8 Dis 5360 28.0 34.8 20.8 24.45
9 85 8 Dis 13100 35.3 24.15 29.4 28.45
10 85 8 Dis 7940 27.2 25.43
1 65 8 Dis 12105 37.5 £4.93
12 65 8 Cet. 11500 32,5 26.2 20.25 25.4
13 Bii 29.1

Legned: Dis :: Dissolved Lignin
sus: ¢ Suspended Lignin
Cet !¢ Catalyst
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Molding Experiments.

Molding Conditions. Table XXI summarizes the

conditions of the chloro-lignin molding tests.

The term chloro-lignin refers to the lignin precip-
1tated from the chloro-alcohol-lignin solution during
chlorination. Precinitated chloro-lignin refers to
the ice precipitated chloro-lignin, Distilled 1ignin
refers to the lignin fres solution condensed from

the distilled lignin recovery. The white pine sawdust
filler was unscreened sswdust ss obtained from the
Virginia Polytechnic Institute Wood Shop.

Impact Testing. Table XXII lists the results of
testing the molded lignin samples with an impact
tester. The term fracture used in desoribing the
failing point of the semple indicatss that the sample
has cracked but not broken. The cake color refers to
the color of the sample with the surface darkening,

caused by the mold lubricant, removed.



Legend:
cL: Chloro-lignin
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Table No, XXI

Conditions for Molding Chloro-lignin.

Constant Conditions:
Molding Temp: 112°C
PL: Precipitasted Chloro-lignin Filler: White Pine

DL Distilled Chloro-1lignin

Sawdust

Plast izer: Distillate

Chloro-lignin
Test Lignin Filler PlestThick Press Time
No. Tupe Wt % Wt -izer
gms  gms ml in  1b/1in° min
1 CL 8 40 12 15 0.246 2600 10
2 PL 8 40 12 - 0.189 3400 10
3 PL 4 20 18 25 0.243 3500 10
4 PL 1 5 19 25 0.287 3500 10
S PL 2 10 18 25 0.260 3500 10
6 PL 4 20 18 25 0.250 3500 10
7 PL 4 20 .18 6 0.296 4300 10
8 PL 4 20 18 - 0.30 4300 10
9 cL 8 40 12 10 0,231 4300 10
10 CL 4 20 18 10 0.275 4300 10
i1 PL 8 40 12 - 0.253 4300 10
12 CL 10 100 =~ - 0.15 4300 10
13 PL 10 100 10
14 20 25 4300 10
15 DL 10 40 15 2 0.292 750 10

@ 107°¢
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Tgble No. XXII

Impsct Testing of Chloro-lignin Plastics.

The impact numbers were determined on an Internat-
iongl Impsct Testing Machine for rock toughness. The
impact number is the drop in em, of s five kilogram
welght required to fracture the sample. Samples that
required more than one maximum impact were Dprefixed
by the number of drops required for frecture.

Test 1lmpact ~ Remarks
No., No.
cm.
1 30 Dark yellow cake, fair bond, sample dent-
ed then fractured.
2 18 Light brown cake, fair bond, samdle
dented slightly. Cake hard.
3 40 Brown cske, good bond. Sample dented then
fractured.
4 50 Light tan cake, good bond. Semple dented
then fractured.
5 860 Light tan cake, hard cske, good bond., Sample
dents then fractures.
6 50 Light tean cake, hard cake, good bond.
Sample dents then fractures.
7 3R60 Yellow, hard ceke., Good bond. Sgmple dents

then fresctures. Weight dropped three times
from mgximum height before fracturing.

8 SR60 Yellow, herd cake, good bond, sample dented.
Wetght dropped meximum height fove times
with no frccture.

9 10 Red-brown, hsrd, brittle, flaky cake., Poor
bond. Dents and fractures on impact.,

10 35 Yellow, flaky, fair bond cske. Dents
then fractures.

11 35 Light yellow, fleske formstion, hard.
Poor bond. Dents slightly then bresks.

15 20 Red-brown, hard, crumbly cske. Water

resistant, Does not dent. Breaks at 20
(631199
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IV, DISCUSSION

A. Discussion of Eesults

pefinition of Terms. The lignin was recovered as

a by-product of the "sulfeste" process for paper making;
short leaf southern pine was the basic raw materiasl.
Since this process acts drastically(20)on the lignin
structure the results cen only be interpreted as appli-
cable to the sulfate-type lignin.

The types of chlorinated lignin are described sas
follows:

l. Chloro-lignin will be used to refer to the lig-

nin which is thrown out of solution by the chlorination
reaction.

2. Precivitated chloro-lignin will be used to

refer to the lignin which is recovered from alcohol solu-
tion by precipitation in the presence of ice.

3. Distilled chloro-lignin will be used to refer

to the lignin which is recovered from alcohol solution
by distillation.
Susvension of Lignin in Methyl Alcohol. The lignin-

alcohol suspension for controlled chlorination tests wss
prepared by edding 70 grams of dry lignin to 1400 ml, of
methyl alcohol with mechenical agitation. The tempera-

ture of the methyl alcohol solution to which the lignin



- 121 -

was added was kept at 25°C. The temperature and method
of aedding 1lignin to alcohol proved to be criticsl factors
in preparing s suspension.

Experiments showed that lignin could not be kept in
suspension sbove 45°. At temperstures from 35 to 40°C
lignin was deposited as an alcohol-insoluble black film
on glassware. From temperatures of 43 to 45°C the 1lig-
nin coalesces snd settles to the bottom of the reactor.
In this form the lignin can not be resuspended by hesat
or sgitation and will foul moving parts of the equipment.
During chlorination tests lignin in this form effectively
sealed the chlorination outlet tube and stopped further
chlorinastion. Relatively high rates of gas flow did not
prevent the lignin from building up on the tube.

As a result of this property suspended lignin was
chlorinated at the temperesture level of the atmosphere.

A ratio of one part by weight of dry lignin to 20
parts by volume of methyl alcohol was found by tests to
be sastisfactory for suspending lignin in alcohol, A
frection of the 1ignin added to alcohol will form g
plestic like black mass. The amount of formation varied
depending on the method by which the suspension was pre-
pared. Fifty to 75 per cent of the lignin when added in

large gmounts to methyl alcohol formed a non-suspendable
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mess. The per cent of non-suspended lignin varied depend-
ing on the conditions of stirring and temperature.
However, when comparable ratios of lignin and slcohol
are nixed at 25°C by adding the lignin slowly with mechan-
ical stirring to the aloohol up to 85 per cent of the
lignin is suspended. The 1:20 ratio used wss based on
tests using ratios between 1:10 and 1:100., In every case
some lignin waes not suspended; however, the non-suspended
amount decreased ss the ratio increased. For ratios ss
high as 1:100 a small fraction of the lignin was not sus-
pended. When the non-suspended fraction was dried, ground
end resuspended, again the non-suspended and suspended
fraction was formed. This property is interpreted as re-
sulting from physical method of mixing and not due to the
originsl lignin being of different constitution., In order
to obtein enough chlorinated lignin from the experiments
to make the necessary tests, the ratio of 1:20 was used.

Lignin Dissolved in Methyl Alcohol. The emount of

lignin dissolved in methyl alcohol varied from 0,035
grams/ml. at 25°C to 0.043 grams/ml. at 65°C. Doubling
the time of stirring had no effect on the specific gravity.
The gmount dissolved was the same when the tests were
carried out at 45°C &s for 65°C.

The dissolved lignin prepared for the experimental
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test varied from 39.5 to 46.5 per cent. The varilgstion of
amount dissolved was due, in part, to the method of prep-
ergtion. In ell cases the lignin was added with agita-
tion to alcohol which had just reached 65°C. The mixture
was mechanically stirred for five minutes then cooled 1in
a water bath. However, under these conditions the amount
of alcohol vaporized varied resulting in different amounts
of lignin being dissolved. When the non-dissolved portion
is air dried and ground it has a black color as comparsd
with the dark brown color of the original lignin. This
fraction will dissolve partially in alcohol, but the
gregster portion could not be dissolved on successive at-
tempts., o quantitative data waes obtained on the meximum
lignin fraction which could be dissolved. The results
indicate that the sulfate lignin has two physicel forms:
one that 1s methyl alcohol soluble, the other methyl alco-
hol insoluble.

4lcohol-lignin solutions on standing at 22 to 28°C
will lose some of the dissolved lignin. This lignin
comes out of solution in a blsck tarry mass.

When dissolved lignin is precipitated from slcohol
solution by pouring into water the lignin preciplitate
is heavier than water and settles to the bottom of the

flask. When the non-dissolved lignin is dried, ground
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and added to alcohol at 65°C the small emount that dis-
solves 1s lighter than water. This fact leads to the
conclusion thaet the dissolved fraction was composed of
lignin of different degrees of polymorizetion.

Sepsration of Chloro-lignin from Alcohol Solution.

Chlorination of lignin dissolved in slcohol solution re-
sults in two chloro-lignin forms. The first was chloro-
lignin which precipitated as the alcohol-lignin became
chlorinated and the second was the chloro-lignin which re-
ma ined in solution. The color of the precipitste result-
ing from this reaction was orange. The dissolved lignin
when precipitated by ice water from solution was light
yellow. These two forms differed in the amount of com-
bined chlorine.

Tests of the chloro-alcohol solution have shown
that lignin can be precipitsted by acidifying the solution.
Addition of dilute hydrochloric and sulfuric ascid will
immediately precipitate the chloro-lignin as a light yel-
low, flocculent powder. Passing carbon dioxide gas through
the solution results in a partial precipitation. It is
not clear why the hydrochloric acid formed by the reaction
does not precipitate the dissolved chloro-lignin. It may
be that the hydrochloric acld causes the precipitation of

chloro-lignin during the reaction, but if so the



precipitetion is only nartiel. The chloro-lignin becomes
insoluble in slcohol once it is precipitated. Fowever,
the dissolved chloro-lignin after being precipitated can
be redissolved. This indicetes that the chlorinated lig-
nin is of two different chemical forms, probsbly result-
ing from the originsl lignin being comprised of two or
more different physical or chemical structures.

The sepasration method, used for preparing dissolved
lignin for testing, was precipitation by eddition of s
non-solvent to the solution., Addition of water will
ceause immediate precipitation if edual quentities of water
and chloro-alcohol solution are used. It was noted that
the filtraste from water precipitated lignin was still s
red color indicating thet all of the lignin wss not re-
moved. Adding water, ascidifying snd centrifugstion did
not remove this last fractioﬁ of dissolved chloro-lignin.

Harris(l7)separated chloro-lignin from solution by
precipitating with ice water. This method was used and
lignin was removed from solution. Cragg and Hsmmerschlag,
"Chemical Reviews" vol. 39, p. 102 (1946), point out that
the precipitastion point of a polymer-solvent-precipitant
system depends very markedly on the temperature. The
temperature dependence of solubility indicates that the

chloro-lignin precivitated is a mixture of different
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welght lignins.

Some Phases of the Chemical Nature of Chlorinating

Lignin., The number and effect of the different chemical
reactions that took place during the chlorination re-
ection was not determined. That the methyl alcohol is
necessary for the chlorination reaction wass proven by
chlorinaeting lignin in the dry state. The chlorinated
dry lignin was 4.5 per cent chlorinated while the methyl

alcohol lignin was chlorinated as much as 29 per cent.

Groggins(ls)states that the chlorination of the side
chain of aromatic compounds 1s favored by higher temper-
atures end lower temberatures favor the replscement of a
nuclear hydrogen. The nuclear reaction is also gresatly
facilitated by the presence of a halogen carrier such as
iron, aluninum or iodine. Thus during the chlorination
test it is reasonable to assume that both side chain and
nuclear chlorination takes place.

Hydrochloric acid was formed by chlorine substitution
for a hydrogen of the lignin molecule. Hydrochloric acid
will resct with chlorine to form some methyl chloride.
Since methyl chloride is a methylating agent it may have
some effect during the chlorination.

Also some methyl hypochlorite will be formed by the

sction of chlorine on methyl alcohol., Harris has concluded
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that methyl hypochlorite adds to the ethylenic linkages
of lignin and during chlorinagtion more methoxyl groups are
added to the lignin unit.

Gaseous products of the reaction included hydrogen
chloride which was condensed in the trap. Chloroform was
identified by odor. A dark red unidentified liquid was
also condensed in the trap. A low boiling, white liouid,
identified as a chlorineated unsaturated aldehyde was con-
densed by bpassing the reactant gases through an ice bath.
Other gaseous products passed through uncondensed. There-
fore, the total chlorine utilized is not all edded to the
lignin molecule.

Chlorinastion of Suspended Lignin. ¥igure 5 1is =

plot of excess chlorine in grems per minute against re-
action time. Curve A is the plot using 0.85 grems of
chlorine per minute and Curve B is a plot using 1.08 gm.
Cl,/min. The ares under the curve represents the chlo-
rine not used by the reaction. The area between the
curve and the chlorine input line represents the chlo-
rine being used in the reaction. A comparison of the
curves for the two reasctions shows an increased rate of
reection with a higher concentration. The time and
temperature factors are constant. There was no known

catalyst. And the possibility of photosynthesis was
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pertially removed by runing the tests under artificial
light. A study of the reaction curves shows for the
period of the first 250 minutes for 0.85 gm. Clg/min. 87
per cent of the total chlorine was utilized in the reaction.
For the higher rate of flow, 1.082 gm. Clz/min., 77 per
cent of the total chlorine was reacted. The lower rate of
flow favored the utilization of chlorine by 10 per cent.
However, for the lower rate of flow 185 grams of chlorine
were reaected in 250 minutes. The higher rate of flow re-
sulted in the reaction of 208 grams of chlorine in 250
minutes, Thus the higher rete of chlorine flow gave an
increase of 12.5 per cent over the lower in the weight of
chlorine utilized over the same period of time. Then,
for an increese in chlorine rats cf 14.5 per cent, an in-
crease in chlorine consumption of 12 per cent resulted.
The reaction progressed with the liberation of heat
and a gradual change of color. The temperature of both
tests rose to 60.6°C end a finel solution color of orange.
The suspension passed through the following color changes:
original dark brown color, dsrk reddish brown, dark red,
dull orange and finally orange. For the low rate of flow
this change took place over 80 minutes and for the higher
rate of flow the complete color change hed tsken place in

52 minutes. The color remained constent for the remainder
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of the test. Tor both reactions the finel color was not-
iced at the point on the curve where s rapid decrease in
chlorine consumption was indicated.

The lignin suspension of test No. 1 had 55 grams of
lignin suspended and dissolved in the alcohol, test No. 2
had 56.8 grams dissolved. The total recovered chlorinasted
lignin from test No. 2 was 128 grams, of which 57.7 grams
were chloro-lignin end 70.3 grams were precipitsted chloro-
lignin. The chloro-lignin wes filtered to recover it from
the reaction solution, but the filtrete was not washed to
remove the combined reasction products such as HCl. There-
fore, the dried chloro-lignin weight cannot be tsken as
exact.

The percentage combined chlorine of the chloro-lignin
for test No. 1 was 25.0 for test No. 2 was 25.3 per cent.
The chlorine percentage for the precipitated chloro-lignin
of test No. 2 was 23.3. Test No. 1 was run for 7 hours
26 minutes with no change in color after 1 hour 20 minutes
end with a decrease in reaction temperature from 60.6 to
45,6°C. after 2 hours 15 minutes of reaction. The assump-
tion is, therefore, made thet for lignin chlorinated under
these conditions the maximum percentage chlorination will
be approximstely 25 per cent.

It was noted that temperatures in excess of 43°C were
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reached,due to the exothermic reaction, with out causing
the lignin to coagulate. This same temperature rise with-
out chlorinsetion caused the suspended lignin to coalesce
and settle out. An assumption can therefore be made that
after the first color chsnge is noted in the reaction mix-
ture the tempersture of the mixture could be raised with-
out csusing coagulation of the suspended lignin,

Chlorination of Dissolved Lignin. Ten controlled

tests were made chlorinating dissolved lignin. Two tests
were made at starting temperetures of 250C and seight tests
were made at starting temperstures of the boiling point

of the alcohol medium. These tests geve a comparison of
the effect of rate of flow and of temperature on the chlo-
rination. The chlorination tests at 65°C were carried

out with and without FeClz to defermine the effect of a
catalyst on the reaction.

Chlorination of Lissolved Lignin at 259C. PFigure 6

is a8 plot of excess chlorine in grams per minute against
resction time for starting temperatures of 250C. Chlorine
rates of 0.472 gr. Clo/min. for Curve A snd 1.082 gr.
Clp/min. for Curve B were used. The reactions were car-
ried out under artificial light.

A study of the reaction curves show that for the

reaction period of the first 117 minutes the higher rate
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of chlorination resulted in s higher vercentage of the
chlorine being reascted with the lignin.

For Curve B, 1.082 gm. Clo/min. 84.6 per cent of the
total chlorine was utilized. For curve A, 0.472 gm.
Cle/min. 96.7 per cent of the chlorine input was utilized.
The lower rate of chlorine flow fsvored utilizaetion by 12
per cent. During this period the higher rate of flow re-
sulted in 109.4 grams of chlorine rescting. This gave a
102 per cent greater weight of chlorine reascting during
the same time period. Agein doubling the rate of flow
doubled the chlorine consumption.

The exothermioc resction did not raise the temperature
of the two tests the same amount. The lower rate of chlo-
rination test reached a maximum temperature of 55.6°C in
106 minutes. The higher rate caused the temperature to
increase to 60°C in 33 minutes. The color change of test
No. 3 ranged from the orginal dark brown to a medium red
color in 100 minutes. Test No. 4, 1.084 g®. Cl,/min.,
changed to a final red color in 52 minutes. Both color
changes took place as the rate of chlorination was de-
creasing ranidly as shown on curves A gnd B. The color
of the final solution mirrored the chlorine percentages of
the chlorinated product. For a chlorination rate of 0.472

]u'. Clg/min., the percentage combined chlorine of the
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chloro-lignin was 25.2 per cent. However for the higher
rate chlorination the lignin solution had & color change
to red had a higher percentage of combined chlorine. The
chloro-lignin for this test was 28.3 per cent chlorine and
the precipitated chloro-lignin was 27.3 per cent chlorine.
Chlorination of Dissolved Lignin at 65°C. Figure 7

is a plot of excess chlorine in grams per minute against
reaction time for starting temperatures of 65°C. Curve A
is the plot using 0.472 gm. Cl,/min., snd curves B through
G are plots of reaction using 1.082 grams of chlorine per
minute. The curves show the rate of chlorination at con-
stant temperature when varying the rate of chlorine flow.
Curve G indicates the effect of catalyst on the reaction.
Curve B i1s a plot of the chlorination reaction which was
run with out mechsnical stirring. It will be poted that
no effect was had on the rate of chlorination. However,
the 1lignin product from this test was unevenly chlorinated.
Plots B, C, and E were not carried to completion due to
chemical reactions in the system which stopped the runs.

It is interesting to note that chlorination tests which

are interrupted and continued after one to six hours have
elapsed, have an apparent increase in reaction rste. This
was the case even though the resction temperature was main-

tained and the system was filled with chlorine when the
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test was restarted. Part of this large chlorine consump-
tion can be explained by the absorption of chlorine in the
chloro-alcohol solution.

With the exception of Test No. 11, Curve F, Test No.
12, using FeCls, as a catalyst, reacted with 26 per cent
more chlorine than runs under the same conditions without
a catalyst.

All tests using a chlorine rate of 1.082 gm. Cl,/min.,,
with the excention of No. 11, changed to bright red color
between 50 and 51.5 minutes of reaction. Test No. 1l
changed color sfter 67 minutes. For all other tests the
color change was completed at the point in the reaction
that the rate of chlorination was dropping sharply. Test
11 completed color change at the point the rate of chlo-
rination had become constant after dropping sharply.
Curve A, 0.472 gm. Cl,/min., had completed color change
to bright red after 118 minutes at the point the reaction
rate dropped sharply. The final change in color cannot
be taxen as an indication of maximum chlorination. The
percentage of combined chlorine for tests stopped after
the chlorine rate dropped and the color change had been
made, are as much as 8 per cent less than runs extend
beyond this break in the chlorination curve.

The exit gas temperatures for all runs rose
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irregularly through the run. The final temperatures ranged
from 55 to 69°C, This tempersture increase would indicate
a change in the boiling point of the vaporized reaction
products and indicate that a varity of chlorinated pro-
ducts are resulting from side reactions.

The percentage combined chlorine of the chloro-lignin
for test 5 was 28.3 after a reaction time of 234 minutes.
Test 7 and 8, compared well, having combined chlorine per-
centages of 21.7 and 20.8 for reaction times of 83.4 and
89,5 minutes. Test 12, catalyst, had a high combined
chlorine percentage of 29.25. Test 11 had the compars-
tively low percentage of 24.9. With the exception of Test
11 the percentages incressed regularly with time of chlo-
rination.

The conditions for Test 11 were maintained with one
exception the same as other tests. The reasons for this
tests variance from the normal of all other runs is not
clear. One change was made in the chlorinastion procedurs.
The NaOH traps were emptied and the excess chlorine from
the reaction instead of reacting with NaOH was passed to
the atmosphere by an iron pipe line. The outlet of the
pilpe was placed under water to maintain the same overall
pressure conditions as for previous tests. The excess

gas combined vigerously with the water. This was
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attributed to the combination of gaseous hydrogen chloride
and water. A calibration run was made with this chenge
to checkbthe chlorine flow end no change was found. The
only explanation which can be offered is that the chlorine
outlet line became coated with chloro-lignin and caused a
false reading of the flow-gage. |

A comparison of the percentage chlorine utilized and
the weight of chlorine reacted is made for Test 5 curve 4,
Test 9 curve D end Test 12 curve G over the period of the
first hour and 23 minutes of the runs. Test 5, curve A4,
utilizes 99.3 per cent of the total chlorine input a
total of 39.07 grams of chlorine reacted. The utiliza-
tion is high for this test since the rate was determined
over the portion of the curve before the chlorination rate
dropped. Curve D, 1,084 gy. Clg/min. utilizes 70.6 per
cent of the chlorine and has reacted with 63.6 grams of
chlorine. Curve G, 1.084 gm, Clo/min. with FeCls, uti-
lizes 89.0 per cent of the inout chlorine and reacted
with 80.2 grams.

A comparison of the reaction rates of Test 4, 1.084
g, Clo/min., at 30°C starting temperature and Test 9,
1.084 gm. Cly/min., at 65°C starting temperature indicate
thet for higher tenperatures the chlorinstion rste de-

creases. This follows since the chlorination reaction is
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exothermic., The reaction rate of chlorination Test No. 4
was 0.934 grams per minute. The reaction rate of Test No.
9 1is 0.758 grams per minute. The reaction rate for chlo-
rination at 30°C is 23.2 per cent greater than that for
65°C.

Explosive Reactions during the Dissolved Lignin Tests.

Chlorination tests 7, 8 and 10 were stopped due to & spon-
taneous chemical reaction which occured in the recovery
system. The reaction took place violently asccompanied by
flame in the exit gas tube leading to the NaOH solution
and in the NaOH solution itself. A black deposit was left
on the glass equipment.

A series of tests were made to determine what factor
was the cause of this reaction., The results indicated
that the reaction took place only when the NaOH solution
had reacted to completion and was acid to litmus. All of
the explosions took place after the lignin mixture hed
passed through the final color change. The cause of the
reaction was determined by using NaOH solution which had
resulted in an explosion, and passing through the solu-
tion resction gases from a chlorination test that was just
being started., No reaction took place in a 30 minute test.
To test the effect of chlorine slone, chlorine gas wes

passed into the NaOH solution which had previously resoted.
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The test was made before any appreciable change in the tem-
perature of solution took place. No reaction resulted.
Chlorine was passed through hested alcohol for 40 minutes
to the seme NgOH solution with no reaction. %When fresh
NaeOH was used following & reaction no further reactions
took place. To summarize, the tests indicate that alcohol
and chlorine vapors, chlorine alone, and the reactant gases
during the early stages of the chlorination will not cause
the spontaneous reaction to taske bplace with the fully re-
acted NaOH solution.

The reaction will take place under the following
conditions:

1. The NaOH solution must have reacted to completion

with the chlorine.

2. The reaction gases passing through the NaOH solu-

tion must be from & chlorination test that has passed

through its finsl color change.

The chemical neture of this decomposition reaction
may be caused by the decomposition of one of the oxygen
compounds of chlorine catalyzed by an orgasnic compound given
off by the resction.

The originsl reaction wes:

2NeOH 4 Clp ;i NeOCl ¢ NeCl § H0

Hydrochloric scid was liberated by the chlorination
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reaction and passes in the gaseous state through the NaOH
solution. HOCl is formed when solutions of NaOCl are
ecidified, HOCl is & strongly endothermic compound and
decomposes very easily. The decomposition may occur by

the oxygen from two molecules of hypochlorite becoming at-

tached to another molecule and thus forming chlorate.(ll)
7 77 den
I HC10 |
! QClH

.

Clo + 2H016- ¢ Cl03 ¢+ 2H 4+ Cl

Also, on heating NaOCl dehydrstion may take place and
the formation of chloride and chlorate resulfs with ex-
plosive violencs.

The evolution of oxygen from chlorates 1is asn exother-
mic reaction and often takes place with explosive violence.
If the oxygen given off is employed in an endothermic oxi-
dat ion the decomposition of the chlorate 1is greatly sccel-
erated, and the mass usually explodes.

Chlorates lose thelr oxidizing efficiency in neutral
or alkeline solution, but when acidified the property
eappears again. Free chloric acid oxidizes with explosive
violence when generated in the presence of organic matter.

Since the reaction mey produce any of the discussed
oxygen compounds of chlorine one of these reactions is

likely the cause of the explosions.
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Adhesive Properties of Chloro-lignin. All types of

chlorinated lignin produced, when pressed at temperasture
of 100 to 115°C under pressures of 1000 to 5000 1b/inZ,
showed definite sdhesive properties.

The most promising results were obtained using pre-
cipitated chloro-lignin wetted with chloro-alcohol dis-
tillate. Impact test on samples with from 5 to 40 per cent
precipitated chloro-lignin indicated that they had the best
relative bond of all samples. They also exibited resis-
tance to water absorption.

The precipitated chloro-lignin when wetted with the
distillate formed a red plastic mass. This product is of
thermonlastic nature. When this materisl is dried on glass
at 35°C it forms s water and ecid resistant yellow film.
Some tests were made using this product as a glue. How-
ever, results were inconclusive. '“Wood blocks were placed
under pressure using the chloro-lignin as a glue. One sam-
ple formed a good bond, while five other samples formed
no bond.

Chloro-lignin samples broke easily on the impact test-
er., When these samples were placed in water all bonding
properties were lost. Distilled chloro-lignin formed a
very hard dense cake. These samples when placed in water

showed no indication of water absorption.
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B. Recommendations.

The following recommendations are made for future
work on this subject:

1. Investigation of Bonding Properties of Chloro-

Lignin., The bonding experiments of this investigation

did not cover the effect of catalysts, hardeners, plasti-
cizers and solvents on the chloro-lignin bonding material.
Also only one filler and one lubricant were tested. It 1is
recommended thaet further work be done with the chlorinated
lignin as a binder to determine the effects of those var-
iables on its bonding properties.

2. Condensstion Reactions of Chloro-Lignin, Othmer(27)

prepeared chlorinated 1lignin products from sawdust and re-

ported that a plastic was formed when the lignin wss con-

densed with phthslic anhydride. It would thus appear that
chloro-lignin can be made to form & copolymer. It 1is rec-
ommended that experiments be initisted to investigate the

condensat ion reactions of chloro-lignin.

3. TFilm-forming Properties of Chloro-Lignin, Cragg

and Hammerschlag, "Chemical Reviews" vol, 39, p. 102 (1946),
reported that fractions of cellulose precipitated et low
temperstures from an elcohol solution had veluable proper-

ties as & plasstic film. These properties were not shown
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in the cellulose precipitated st higher temperatures.
Experimental tests on the bonded samples of this investi-
gation indicated that the chloro-lignin which was pre-
cipitated from solution by ice hasd film-forming vroper-
ties. The lignin precipitated during the reaction did
not form e film. This film was acid and water resistant
but did not hsve the toughness required of coating mater-
ials. It is recommended that a study be made to improve
the properties of this lignin film.

4. Chlorinetion of Sulfate Lignin. Harris (17)

states that lignin chlorinated in en alcohol solution adds
methyoxyl groups to the ethylenic linkasges. The methyla-
tlon was due to the action of the methyl hypochlorite
which 1s formed when chlorine reacts with methyl alcohol.
By anslogy another suspvending or dissolving medium might
add groups to the lignin molecule during chlorinsgtion.
Preliminary experiments indicated that lignin is chlo-
rinated when dissolved in benzaldehyde., Lewis(25)

states thet plastic properties of lignin should be im-
proved by the addition of phenolic hydroxyl groups., It
is recommended that other suspending media for chlorina-
tion be investigated with the purpose of adding other
groups to the lignin molecule to improve its plastic

nature.,
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5. Chlorination of Lignin and Sawdust Mixture.

Sherrard and Othmer have bdbroduced bondable materials by
chlorinsting sawdust in methyl alcohol, and attribute the
bonding effect to the chlorinated lignin. It is recom-
mendated that a mixture of sawdust and sulfate lignin by
chlorinated in & suspending medium to investigate the
effect of additional chloro-lignin on its bonding proper-
ties.

6. Investigation of Reaction Gases. The reaction

gases from this investigation contain a number of chlo-
rinated products which eppear to have been split off the
lignin molecule. An analytical approach to these products
may give informstion as to the structure of the sulfste

lignin molecule.
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V. CONCLTSIONS

From the results of this investigastion the following
conclusions were drawn:

l. Suspension of 80 per cent of sulfate lignin can
be accomplished using the following procedure:

a. Add one part by weight of lignin in smsll in-

crements with stirring to 20 psrts by volume of

methyl alcohol at 25°C.

2. Lignin cannot be kept in methyl alcohol sus-
pension above 43°C due to coagulation of the lignin.

3. TForty two per cent of the weight of sulfate lig-
nin added can be dissolved in methyl alcohol when using
the following conditions:

a. Add in smgll increments with mechanical stirring

one part by welght of lignin to 20 parts by volume

of methyl alcohol with the temperature of the alco-
hol et 65°C.

b. Sulfate lignin has a methyl alcohol soluble

frection. Under these conditions an aversge of 42.1

per cent of the lignin dissolved in the methyl alco-

hol.

4. The chlorinetion of suspended lignin is an
exothermic reaction thst proceeds through color changes

from dark brown to s final orange color.
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5. For chlorinations of suspended lignin at 25°C
the following condit ions hold:

a. At & chlorine rete of flow of 0.85 ¢@. Cl,/min.,

87 per cent of the totel chlorine was utilized, and

for & chlorine flow of 1.084 gm. Cls/min., 77 per

cent of the chlorine was utilized.

b. By increasing the rate of chlorine flow from

0.85 to 1.084 gm. Clg/min., a 26.4 per cent incresse,

the chlorine consumption was increased from 0.74 to

0.833 gm. Clp/min.

c. The chlorine percentage of the lignin product

of the reasction veried between 25.0 and 25.3 per cent.

6. Chlorination of lignin dissolved in methyl slco-
hol results in an exothermic reaction, and a color change
of the reactants from dark brown to bright red. The re-
action will produce two chlorinated compounds: The first
which will be precipitated by the chlorination, and the
second which will remain dissolved in the methyl alcohol
solution. The second can be precipitated by adding equal
volumes of 1:10 hydrochloric or sulfuric asecid, or by ad-
ding an equal volume of ice water at 0°C to the solution.

7. For chlorinstion of dissolved lignin at 25°C
without the asddition of heat the following conditions
hold:

a. For a chlorine rate of 0.472 gm. Cl,/min. 96.7
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per cent of the chlorine was utilized, snd for sa
chlorination rate of 1.084 gm. Clo/min. 84.6 per
cent of the chlorine was utilized in the reaction.
b. By 1increasing the rate of chlorine flow from
0.472 gm. Clp/min. to 1.084 gm. Cl,/min., & 129.5
per cent increasse, the chlorine consumption wss in-
creased from 0.454 to 0.935 gm. Clg/min.
¢c. The vercentage of combined chlorine of the two
lignin products from the reaction were:
(1), Lignin precipitated during the reaction:
20.9 and 27.7 per cent .
(2). Lignin precipitated from the resulting
solution by the action of ice water: 25.2 and
28.0 per cent.
8. For chlorinations of dissolved lignin at 65°C
the following conditions hold:
a. A chlorine rete of 0.472 gm. Clp/min. utilized
99.3 per cent of the total chlorine, and a chlorine
rate of 1.084 gm. Clo/min. utilized 70.6 Dper cent
of the totsl chlorine. For a chlorine rate of 1.084
gm. Clg/min., using FeClz as a catelyst, the utili-
zation of chlorine was 39.0 per cent.
b. By incressing the rate of chlorine flow from

0.472 to 1.084 gm. Clg/min., a 129.5 per cent



- 146 -

increase, the chlorine consumption was increased

from 0.47 to 0.768 gm. Clo/min.

c. Utilizestion of FeClz as & catalyst lnoressed the

rate of chlorinstion for rates of 1.084 gm. Cls/min.

from 0.768 to 0.967 gm. Clz/min.

9, Dy 1incressing the reaction starting temperature
from 25 to 65°C for chlorination retes of 1.084 gm. Cls/min.
the chlorine consumption was decreased from 0.935 to 0.768
g Clo/min.

10. Adhesive properties asre exibited by the chlo-
rineted lignin products when bonded with sawdust at tem-
peratures from 100 to 115°C and pressures from 1000 to
5000 1b/in?. Besed on the results of the impact tests on
the molded sambles the chlorinsted lignin which was pre-
cipitated by ice water was the more effective bonding

agent for sawdust.
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VI SUMMARY

The study of lignin with the aim of correlating data,
which may lead to & greater utilization of this wood waste
product, has been the subject of investigations since 1838,
Previous investigaetions by Othmer, Harris, Sherrard and
others heve indicated that chlorineted lignin had poten-
tial value as a plastic.

The purpose of this investigation was to study the
chlorination reasction of lignin obtained from the black
liquors of the sulfaste process of paver manufacture. Re-
sults of preliminary experimental work indicated that
the opt imum method of chlorinating lignin was by suspen-
ding or dissolving the lignin in methyl alcohol.

The sulfate lignin was chlorinated in two liter
wolff flask which waes equipped with a motor driven stir-
rer, and the chloriné flow was measured by a calibrated
U-tube differential gage. The flask was charged with
the alcohol-lignin mixture and chlorinated from one to
seven hours. The rates of chlorine flow for the tests
were 0,472, 0.85 gnd 1.084 gm. Clo/min at temperatures
of 25 and 65°C. The reactant gases were passed through
a condenser to return the vaporized alcohol to the re-

action flask and then into a8 3 normal sodium hydroxide
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solution to react the excess chlorine gas. Samples of

the resction gas, which were analyzed for chlorine, were
collected in a 1.5 normsl sodium hydroxide solution at

10 minutes intervals. With this information the progress
of the reaction could be plotted snd the rate of chlorina-
tion messured.

The chlorination of a suspension of lignin in methyl
alcohol in a ratio of 1 to 20 was possible at 25°C. The
critical temperature above which the 1lignin would not stay
in solution was 43°C. The reaction was exothermic and
pfoduced an orange colored product containing 25 per cent
chlorine. Increasing the rate of chlorine flow from 0,85
to 1.084 gn. Clo/min. increased the chlorine consumption
from 0.74 to 0.833 gw. Clo/min.

The chlorination of lignin dissolved in methyl al-
cohol produced two chlorinated products. One was preci-
pitated as a orange red powder from solution during the
chlorination reaction, and had a chlorine percentage as
high as 29 per cent. The other lignin remained dis-
solved in the aslcohol solution. When bdbrecipitated from
solution by ice water this chloro-lignin was a light yel-
low powder with a chlorine percentage as high as 28,0
per cent. Incressing the rate of chlorine flow from

0.472 to 1.084 gn . Cly/min. during tests at 25°C resulted
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in increasing the rate of chlorination from 0.454 to
0,935 gn. Clg/min. Adding ferric chloride, as a cata-
lyst, increased the chlorine consumption from 0,768 to
0.967 gx. Cl2/min. Raising the reasction temperature from
25 to 65°C decreased the chlorine consumption from 0.935
to 0.768 gn. Clo/min.

The chlorinated product showed definite bonding value
when mixed with sawdust end pressed at a temperature of
1129C and pressures from 1000 to 5000 1b/in2. The percen-
tage lignin in the samples was varied from 5 to 60 per
cent, The lignin-sawdust samples were light yellow in

color end firmly bonded and water resistant.
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