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INTRODUCTION

Yhen the lignin in wood 1s Sreated with bdisulfite solutioms
1t 1{s sulfonated and eventually dissolved, In the production of sul-
fite pulp dased on this reaction, the excess of sulfur dioxide is re-
covered but the sulfur combdined with the lignin is lost., The loss
depends chiefly upon the degree of sulfonation of the lignia which,
in turn, depends upon ths gooking eonditions, The lowvest sulfur con-
tent of lignin necessary (1) to render it soluble in water is adout
3.5-4.0 per cent, which gorresponds to ome sulfomic acld group per
1lignin duilding unit (wisth a molecular weight of 8L0O), The sulfur
contents of lignosulfonic acids reported dy various investigators
from both commercial waste liquers and experimental cooks vary from
5-7 per cent, with some as high as 10-11 per cemt (2). The question
arises as to how the higher sulfonation of ligain oceurs, Does the
lignin bullding unit react with a second molecule of sulfite to give a
lignodisulfonic a0id or is the lignin degraded into units of a lowver
molecular wveight with only one sulfonic acid group and, if the latter
occurs, is the chemical nature changed in a way that can de detected?
Mitchell and Yorston (}) expressed the practical need for investigation
of this subject when they stated that--"While there is evidence that
the consumption of sulfur (im sulfite pulping) is greater than it need
be, not enough is kmown of the resctions in which the excess sulfur
takes part to enadble any methods of reducing that consumption to be

suggested,"



-2‘.

The sulfur contents reported in the literature for various
lignosulfonic acids do not usually correspond to stoichiometric amounts
of combined sulfur., This indicates that, in most lignosulfonic acid
solutions, there is & mixture of monosulfonic scids (with a molecular
weight of 921) and sulfonmic acids in which the 5:C ratio is higher
than that of the uono_acid. A study of the neture of lignosulfonic
acids which have a high sulfur content must, therefore, include a
fractionntion of each sulfite waste liguor studied, as well as a
comparison of liquors having & high sulfur cortent with those wvhich

have & low sulfur content,
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RISTCRICAL REVIEW

Lignosulfonic acids are one of the most important derivatives
of lignin from a theoretical as well as practical standpoint and the
amount of work done om their isolation and propsrties hss been large.
Due to the imherent neture of the material, ss in all ligain studies,
inveatigations of their chemical characteristics are difficult., The
chemical properties of lignosulfonic acids vary widely with the condi-
tions of sulfonation., To odtain the material from sulfite vaste liguor
it must be precipisated by some means, such as salting out or the ad-
dition of ene of many precipitasing agents. In either case the products
are amorphous, difficult to wvash, and contsaminated vith fermenitadle and
unfermentable sugsrs. Vhen the product is finally isolated there is
no accurate method of determining its bomogeneity. Nany investigators
have not recognized these conditions and have (1) neglected to report
the conditions of eulfonstion, (2) used many differeat precipitating
sgents, and (3) failed to establish the purity of the products odtained.
For this resacon there is little agreement in the litersture and it is
difficult to present a clear picture of what 1s definitely known con-
cerning the nature of ligmosulfonic acids. Phillips (4) has pudlished
& brief survey of the literature dezling with this phase of lignin
chemistry, and Freudenberg, (5), Fuchs (6), and Hawley and wise (])
have interpreted the pertinent literature dealing with this material,
The most recent literature survey and interpretation has been published
by Eagglund (8) which, although not complete, presents the importent

fecte known on the subject. The present reviev has of necessity deen
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1imited to that vork dealing with the fractionation of ligmosulfonic

scids, and ihe degree of sulfonation of the products obtained,

The Fractionation of Sulfonated Lignim

The means used to isolate the lignosulfonic scids in sulfite
waste liquor, from the earliest work of Pederson (2). snd Lindsey and
Tollens (10) to the most recent investigations of Erdtman (11) and
Racky (g). have resulted in some fractionation of the acids. XNone of
the precipitating agents which have been used, wvith the possidle ex-
ception of basic lead acetate, vill precipitate all of the methoxyl-
containing material from sulfite waste liguor., Most investigzators have
recognized this and have concluded that sulfits wvaste liguor contains
a mixture of different lignosulfonic acids. EHowever, there are wvorkers

whose resulis indicate that lignosulfonic acids are cheaically homogeneous.

Xlason, whose work extends from the earliest investigations
up to the preasent period, is the principal exponent of the chemical
homogeneity of sulfonasted lignin, The number of psjyers published by
this worker is very }nr;o and although many of the concepts he has
proposed are not now generslly aocepted, his work has stood as the
bagis with which other investigators have sgreed or dissgreed; his
vork and theories have beea summarised by Bailey (12). Briefly,
Ylagon believes the lignin building unit consists of nine molecunles
of coniferyl aldehyde (or s closely related compound) with one mole-
cule of water on esch doudble bond, The sulfonation reaction is believed

to occur at the unsaturated group formed by the loss of one molecule
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of "aldol" water -- the lignin molecule them splitting into three mole-
cules of lignosulfonic acid esch containing three coniferyl aldehyds
units., Two of the molecules of ligmosulfonic acid may then de quanti-
tatively precipitated by salting out or by formstion of an insoluble
salt with beta-naphthylamine, and sre designated as alpha-lignosulfonie
2cid, The third lignosulfonic acid molecule from each lignin bullding
uni$ is precipitated by lead salts and is designated deta-lignosulfonic
acid, This theory postulates two lignosulfonic acids which can de
separated easily, which are chemically homogensous ané are incapadle

of further fractionatiom, In his early work, Klssom (13) precipitated
alpha-lignosulfonic acid with calcium chloride, In all recent work

the slphs-fraction has beem precipitated as the salt of beta-naphihylaaine,
In the course of his investigations Klason has published analyses of
lignosulforic acids in whgch the sulfur contents varied widely but has
always presented an empirical formuls (based on coniferyl aldehyde)

which scconnted for the sulfur content foumnd,

Torée and Eall (1h) 1solated snd iavestigated lignosulfonic
acids which were obtained froam cooks in which the cooking agent was
free sulfurous acid (7 per cent sulfur dioxide), The orude waste
liquor obtained was dialyzed -- about 4O per cent of the total solids
being removed, The remaining sulfonated lignin wvas practically all
precipitated (96 per cent) by beta-naphthylamine and analysis shoved
the empirical foramula to be 0265300128 (5.7 per cent sulfur), The
material was subject to various reactions including aitration dut

always retained the 026 unit and, therefore, wes considered to de
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uniforn, In a later work (;2). the waste liquor from a ocook using 7 per
cent total sulfur Aloxide and 0.36 per cent ammonia was investigated. Of
the total solide in the liquor, 5% per cent vere precipitated by beta-
naphthylsaine and about 65 per cent were precipitated by basic lead acetate.
An additional smount of lesd salt was odtained by the addition of alcobol.
After dialysis the analyais of these materials indicated the empirical

forrula 2020H2006.282303.133.

Freudenberg and Sohns (1) and Freudenmberg, Sohns, and Jamson (1§)
have isolated lignosulfonioc acids both from very mild cooks and from
drastic cooks carried out in the laboratory. HEach waste liquor was trested
with quinoline agcetate and the precipitated ligmnosulfonic aclds regenerated
with alkali, The two fractiecns from each waste liquor were then dlnlytoﬁ
and treated with naphthylamine hydrechloride, Using this procedure, it
was found that quinoline precipitated all of the material precipitated by
nephthylamine or by dasic lead acetate, The authors concluded that there
was no bdeta-fraction (Xlasor designation) im the lignosulfonic acids pre-

pared dy them,

Tractionation by Chemical Nethods

Tollens end Lindsey (;g) firet isolated lignosulfonic aclds
from sulfite waste liquor by precipitation with strong hydrochloric acid
snd by basic lead scetate, The material precipitated by lead acetate
was regenerated by acidification with sulfuric acid and fractionated by
reprecipitation into alcohol., The sulfur contents of the different
products, which were of gquestionedle purity, varied from L4.1-7.1 per cent.
Seidel (17) isolated the ligmosulfonic acids from different waste liquors

by the same procedure and found that the products obtained had different

chemical coapositions,
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Sodium chloride was used by Melander (18, 19) to precipitate
s fraction of the lignosulfonic acids from several waste sulfite liquors.
1t was found that the msterial salted out was the sodium salt of ligno-
sulfonic acid and the composition was not the ssme as that obtained by
Klason using calcium chloride, The fraction precipitated by sodium
chloride varied also with different ligquors. A purified lignosulfonie
acid was then separated by fractional precipitation with concentrated
hydrochloric acid into seven fractions with sulfur contents varying
from 4,0 to 4,8 per cent, ¥From these results it was concluded that
svlfite waste ligquor contains & numder of chemically different ligmo-
sulfonic acids, Similar results were obtained with lignosulfonic

acids isolated by means of aromatic amines,

H3n£¢ and Spitszer (20) precipitated lignosulforic acids with
50 per cent sulfuric acid, The precipitate was regenerated vith barium
carbonate and the sulfuric acid was removed as barium sulfate, Barium
salss of varying composition were isolated by fractional precipitation
with alcohol, This method was later used by Xomig (21), vho found the

products to be contaminated.

The homogeneity of Xlason's alpha-lignosulfonic acid was
investigated by Hagglund (22), Sprucewood was cooked with sulfite
liquor containing 4.13 per cent total, and 0.70 per cent combined sulfur
dioxide. As the cooking time was increased by one-hour intervals from
15 to 19 hours, the yield of alpha-lignosulfonic acid isolated by the

method of Klason increased from 18.9 to 21.2 per cent (calculated on



the basis of the wood), The sulfur contents of the five alpha-ligmo-
sulfonic acids increased with cooking time from 5.25 to 5.95 per ceat,
This indicated that Klason's alpha-lignogulfonic acid was not a unifora
compound, In the same work, however, H:gglund was unasdle to fractionate

the alpha-acid obtained from a commercial sulfite waste liquor,

Nippe and Ogait (23) isolated the sodium salt of a sulfonated
lignin from waste ligquor dy salting out with sodium chloride and purified
the material by repeated precipitation into ethanol. The product vas
considered uniform and had the empirical formula Chsﬂu5017salaz(0033)5.
Later, Nippe (24) earried out a detailed fractionetion of the ligno-
sulfonic acids which he precipitated by aromatic amines. The alpha-
lignosulfonic acid of Klason vas separated into three fractions by
successive precipitations with (1) sodium chloride, (2) alpha-
naphthylamine (acidified with sulfur dioxide), and (3) benszidine

hydrochloride, The products ohtained had the formulas:

(1) °96 g2 11‘(tat!)k(on),\‘(ocvx ) (SOBIa)u

'(2) 0_(oH) (on)h(on)(ocn ) (so l.)

Co5™ noI

(3) 08086207(OH)M(0H)M(OH)2(0033)10(803'a)h

(The extrs OH groups in (2) and (3) were of acidic neture.) The three
fractions obtained were considered to be uniform meaterials because

(1) their composition showed a stoichiometric relation, (2) they re-
acted stoichiometricslly to form esters, and (3) fractions with the

same formula were obtained from different liquors. However, the
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possibility that each fraction was mads up of several isomeric compounds

was considered very likely.

A systematic separation of lignosulfonic acids was atsempted
by Tomlinson and Hidbert (gﬁ) on two materials obtained from ladoratory
cooks with sprucewood, The first cook was very mild (21 hours at 100° ¢.,
vith 5 per cent total sulfur dioxide) and the second more nearly ap-
proached commercial comditions (12 bours at 125° C., vith 6 per cent
total sulfur dioxide)., The sulfonated lignin derivatives from she
latter cook vere separated into three fractions: (1) that essily
salted out with calcium chloride, (2) that salted out with difficulty
by ealcium chloride and (3) that precipitated by dasic lead acetste,

The liquor from the mild cook was fractionated by successive precipita-
tion with gquinoline, beta-naphthylamine and, finally, basic lead acetate,
The fractions from both cooks were regenerated, dialysed, precipitated
into organic solvents, and analysed for sulfur and methoxyl contents,
Upon dislysis, about 40 per cent of the lignosulfonic acids wvere lost.
The results showed that the sulfur content increased as ease of pre-
cipitation decreased, vhereas ihe methoxyl contents (caloulated on the
basis of the unsulfonated lignin) remeined practically the same, By
repeated methylation with dimethyl sulfate, the methoxyl content
(ealculated on the lignin) was inereased to 30,0-31.6 per cent. The

results vere ss follows:
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Cook Mild More Drastic
21 hours at 100°C. 12 hours as 125°¢.

Conditions 5% tosal 50, - K base 6% sotal 50, - Ca base
Fraction pre~ Quino- Naphihyl- Lead Lead
cipitated dy! 1line amine Acetate c;czz Clclz Acetate
Sulfur, § 5.k 6.6 5.6 9.k 9.6 10.4
K or Ol, ‘ 307 5.0 5.‘ 3.5 3.' 5.0
Methoxyl, % 12,8 12,0 9.2 11,2 11.35 10.45
Nethoxyl on

basis of lignin, % 15.5 15.3 11.5 15.4 15.8 15.2
Distridution, % 70 1o 14

The efficiencies of several resgenss used for preocipitating
lignosulfonic scide were also investigated and found to imorease in the
following ordert sodium chloride, csleium chloride, quinoline, iso-

saylamine, beta-aaphthylamime, and basic lead scetate,

The same method of fractionation (using guimoline, beta-
naphthylamine, and basic lesd acetate) was applied to commeroiasl westera
hemlock sulfite waste liquor by Friedmen and Rusk (26). The results
obtained were very similar to those of Tomlinson and Hibders. It
should de pointed out that theae investigators only reported the
distribution of the material 1solated and do not account for all of

the material haviang a high methoxyl content in the waste liquor,

The ability of fluorosilicic acid to precipitate lignosul-~
fonic scids has Tegently been used by Racky (2) to fractionate this
matertal, A concemtrated solution of spruce sulfite waste ligquor was
treated vith at least 27 per cent fluerosilicic acid. The portion

precipitated, in keeping with the terminology of Klason, was designated



the slpha-fraction and that remsaining iz solution the deta-fraction,
The soluble bota-fraction was extracted with butanol and precipitated
as the sodium salt with sodium bicarbonate, Ia the first work using
this method (presumably on commercisl liquors), about 70 per cent of
$he total lignin material was precipitated as the alpha-acid, The
beta-fraction, after precipitation, was separated into six parts dased
on e0lubility in methanol, ethamol, and butanol., The analysis of these
fractions showed that the sulfur contents varied from 8.6 to 12.2 per
cent and the methoxyl content from 6.6 to 10.2 per cens, with mo

correletion between solubility and sulfur and methoxyl contents,

Erdtmnh (11) carried out some work to find a more suitadle
means of precipitating lignosulfonio acids, UL, U'-Bis-(dimethylaming)
diphenylmethane was found to satisfy the requirements of his ideal
precipitating agent, Although no analytical data were included, the
fraction=tion of commercial waste liquor by organic bases was investi-
gated, It was found that those fractions which wvere sasily precipitated
had & greater molecular sise, higher methoxyl content, lower reducing
power, and lower sulfur content thaem those fractions mot easily pre-
cipitated, The author considered the alpha and betia designation of

Klason to be merely a question of moleculsar sise,

The most successful commercial means of izolatisg and partially
purifying lignosulfonic acids is that proposed by Howard, in wvhich a
large frection of the lignin material inm sulfite waste liquor is pre-

cipitated by calcium hydroxide, Crude liquor is treated wvith lime to



a pH of 10-11, at which point calcium sulfits is precipitated and
sepsrated, Additional lime is then edded until a pH above 12 19
reached, vhich causes the precipitation of about 50-60 per cent of

the total organic meterial as the basic calcium salt of lignosulfonic
scid, The preeipitste is flooculent and essily filtered., The mother
liquer contains cardohydrate material and alao lignosulfonic acids which
may be precipitated by a short pressure cook. Certain properties of
llgnosulfonic acid salts isolated in this manner have been investigated
(gl). The crude precipitate wus relztively furc and analysis (based
on a pure product) showed the ratio of sulfur to organic meterisl to be
about 32/600 and the ratio of sulfur to lime to be 1/1.5. After scidi-
ficztion with carbon dioxids the ratio 5/Cs0 wes 1/(0.5-1) and upom
acldificztion with sulfur dioxide the ratlo S/Ca0 increased to 1/0.5.
The ash-free acid was obtained by acidification with strong mineral
acids, The conclusion was reached that there are three scidic groups
of unequal strength in the lignosulfonic scid molecule. Apparently the
weakest acldic group governed the solubility of these lignosulfonic
scids because they vere dissolved if the pH was lowered to 10, The
precipitated dbasic calcium lignosulfonate was also dispersed dy salts
of weak bases and strong acids snd by certain alkalli metal salts.

Vhen given an alkaline pressure cook, the lignosulfonic acid salts
bacame acid insoludble and were then deasulfonated and, finally, the

lignin complex beganr to disintegrate,
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Fractionstion by Physical MNethods

Samec and Rebek (28) obtained a "purified" fraction of ligno-
sulfonic acids by prolonged dislysis followed by electrodialysis, The
loosely bound sulfur dioxide was completely removed and the ash content
of the final product was grestly reduced by dielysis, Some colored
material was lost by passage through the membrane, Upon electrodislysis
of this material, a free lignosulfonic scld was odbteired in the anode
compartment with a sulfur content of'8.85 per cent, whereas the material
in the middle compsrtment had a sulfur content of 5.3 per cent, In s
later work Samec and Ribaric (29) investigated the two fractions of
lignosulfonic acid odtained by electrodialysis. The material retained
in the middle compartment of the cell was designeted "colloidsl residune"
and that passing the membrane to the anode compartment “primary anode
dislysate.” The anode fraction was then electrodislysed into two
fractions -~ the "anode colloid" and the "secondary anode dialysate."
The products were considered to be uniform and wvere analyzed for ash,

sulfur, methoxyl contents, and total scidity. The results were as

follows:
Colloid Primary Anode Anode
Residus Dialysate Colloid
Sulfur, % 5,81 £.85 6.08
Methoxyl, % 14,15 5.15 6.80
Taquivalent of ba
mive 2 e 0.18 0.82 -

rer 100 &

Tractional ulsrafiltr=tion was used by Friese and coworkers

(30) for the separation and purificrtion of lignosulfonic acids,
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Commercial sulfite waste liquor was neutralised with calcium carbonate,
evaporstad to dryness and extracted successively with methunol and 80
per cent methanol, The undissolved material was sudject to fractionml
ultrafiltretion, using & collodion membrane snd four Cella-Filters
varying in pore sise from 20-3000 millimicrons. Analysis and charsc~
terisation showed the methanol-soludle fraotion to bde mostly sugars,
The fraction soludble in 80 per cent methanol was found to be & mixture
of lignin and carbohydrate material which were considered to be
chemicelly united, The 4insoluble material was found to be a mixture
of lignosulfonic acids which could de separated by ultrafiltration

but all the fractions so cbiained had approximately the ssme chemiocsl

composition,

Yactors Affecting the Degree of Sulfonation

Although there is no pudblished theory for the mechanism
of the sulfomation reaction which will explain all of the known experi-
mental facts, investigstions have shown how sulfonation procaeeds during
the course of sulfite cooking and some of the factors affecting the de-
gree and rate of sulfonstion, The most important studies on this subject
have been made by Fagzlund (31). He fousd that, during the course of
a sulfite cook the sulfomation reaction took place to 2 5/C ratio of
1/h0 at 110-120° ¢, As cooking was continued the sulfur content of
the lignin increased only slowly until the lstter part of the cook,
vhen the 5/C ratie changed quite rapidly to 1/20 ~- this final re-
action deing considered s sulfometion of the lignosulfonic acids in

solution. Turther iavestigations shoved that, within the range
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0.6~1,5 per cent of lime in the cooking liquor, the degree of sulfonation
as well as pulp yield and quality increased with the concentration of
combined sulfur dioxide, Increasing the concentration of free sulfur
dioxide was found to have little effect upon the degree of sulfonation
but greatly increased the rete at which sulfonation and solution of the
lignin took place. The form and distribution of nonrecoveradle sulfur
were 2lso determined, Twenty per cent of the sulfur was converted to
sulfates, presumadly by the sir present in the wood; 20 to 30 per cent
was in the waste ligquor as loosely combined sulfur dioxide. The re-
mrainder of the sulfur (50-60 per cent) was chemically combined with

the lignin,

Hitchell and Yorston (3) have reported that the degree of
sulfonation increased with incressing concentration of combined sulfur
dioxide but differ from Hagglund in that the pulp yield and quality

were found to decrease under these conditions.

Bergman (32) made a study of the effect of cooking acid
composition upon pulp yield, pulp quality, and sulfur consumption,
It was found that doubling the amount of base used caused a 50 per

cent increase in the firmly bound sulfur,

The persutoidal property of lignosulfonic acids was used by
Mottet (ll) as the basis of a quick methed for determining the degree
of sulfonation of lignin not dissolved during cooking. Using this
technique, the work of Hicginnd and of Bergmen on the effect of combined

sulfur dioxide was confirmed, By the same method it was shown that ths
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effectiveness of the bage used increased in the order sodium, calcium,
and samoniom, Maximum sulfonstion occurred whem sbout 20 per cent of
the total sulfur dioxide was combined., Ad?itional experiments chowed
that sulfonation increased limearly with temperaturs in the range 60~

90° ¢. sand vith time up to 100 hours,

The lowest sulfur content which has been reported for
lignosulfonic acids from sulfite waste liguor is 3.8-U4.0 per cent,
Treudenbarg (1) cooked extracted wood with liquor having a tosal of
4 per cent sulfur dioxide and 1 per cent lime for 4-5 hours at 120-
125° C. A sulfonated lignin was precipitated from thes waste liquor
with guinoline in & yleld of 8-10 per cent, which after electrodialysis
had a sulfur content of 4 per cent, This corresponded to one sulfur
atom for every four methoxyl groups originally present iam the lignin,
Methylation studies indicated that the ligmin molecule had not been

altered in any other way by this cook,

By successively cooking laboratory waste liquor with fresh
cooking liquor Freudenberg (16) increased the sulfur content of lig-
nogulfonic acids from 3.0 to 5.4 per cent in the case of one liguor
and from 4,0 to 5.6 per cent in snother, XNe concluded (1) that there

is no stoichiometric reaction between disulfite and lignin,

Kleson (34) studied the degree of sulfonation necessary for
solution of lignosulfonic acid and also the maximum degree of sulfona-
tion attainable, L materiel with the formula 301031003.32803.01039! - HQO

(4.3 per cent snlfur) was considered to be sulfonated to the minimum
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degree necessary for solution., The empirical formula 01031003.32803.
Cloﬂgﬂ - 10 (12.% per cent sulfur calculated on the lizmosulfomic
ncid) corresponded to the analysis of = procduct which had deem

sulfonated to the maxisum degres,

The analysis of ligmosulfonic acids reporied dy Racky (2)
on material soluble in fluorosilicic =cid dut ssparated by methanol,
ethanol, and butanol showed some fractions to have sulfur contents as

high as 12.2 per cent,

The degress of sulfonation reported by these investigators
represent the two axtremes which are to be found in the llterature,
The sulfur contents of thoge lignosulfonic acids discussed under the
section Fractionetion are representative of the products obtained by

nost investigators,
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Susmary

Lignosulfonic acids have been isolated, fractionated, and
partially purified (1) by salting out with sodium chloride or calcium
chloride, (2) by precipitation with mineral acide, lead acetate, and
certain organic bases, and (3) by dialysis, electrodialysis, and ultra-
filtration., Most investigators have found thutvthelr products were
nonhomogeneous and did not contain stoichiometric amounts of sulfur,
Those lignosulfonic acids which were considered homogensous were usually
isolated from very =mild cooks in which only a portion of the lignin was
dissolved and had deen purified by dislysis in membranes whose pore
sizxe wap not reported, It has bsen shown that lignosulfonic acide
can be subjected to 8 separation besed solely on moleculsr gize by
fractional electrodislysis or fractional ultrafiltretion, Most in-
vestigations indicate that the ease of precipitation decresses 28 the
molecular sixe of sulfonated lignin decomes smaller, and that simul-
taneously the sulfur content and reducing cspacity incresse. 7The change,
if any, in the methoxyl content (calculated on the bssis of the unsul-
fonated 1lignin) has not been definitely established, A direct comparison
of the analysis of lignosulfonic scids fractionated by different in-
vegtigators is unsatisfactory and unjustified, because, with one ex-
ception, the lignosulfonic acids were prepared or fractionated dy

different methods,

The nature of lignosulfonic acids from the same waste liguor
which has been fractionated by chemical and physical means has not been

reported in the literature, nor has the percentage of the lignosulfonie
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scids in the various fractions obtained from a sulfite waste liguor been

sceurately determined,

The degree of sulfonation found by various investigators varied
videly. Some workers have been unable to obtein a lignosulfonic acid
with a sulfur content of over 6-7 per cent by repeated sulfonation,
wherers others have reported products containing over 12 per cent sulfur,
If purs lignosulfonic acids can be isolated vhich contain 10-12 yer cent
sulfur, the means of obtaining this degree of sulfonation are still

not definitely Imown,



STATEMENT OF PROBLEM

The objective of this investigation wvas to devise a acheme
of fractionation and purification of lignosulfonic acids based on chemi-
cal and physical methods which, whem applied to two sulfite waste
1iguors prepared by widely different cooking conditioms, would com-
tribute fundamental informstion on the question of the extent of the
degree of sulfonation of ligmin, In addition it wves considered neces-
sary to obtain data which would peramit & comperison of the distridbution
and sulfur contents of ligmosulfonic acids from different waste liquors

which had beer fragctionated by the same procedure,



EXPERIMTNTAL

The experimental work carried out in this study consisted of
four main phases: (1) the investigetion of membranes for dialysis,
(2) the preparation of two sulfite waste liguors by laboratory cooks,
(3) the fractionation, purificetion, amd isolation of ligmosulfonic
acids from each waste liguor and (L) the chsracterization of the

products isolated,

Laboratory Methods

1, Anmalysis of Cooking Liquor

The strength of the sulfite cooking liquor used in the

preparstion of lignosulfonic acids was determined by the following

procedure;

A 10 ml, sample of eooking liquer wes diluted to 100 ml, in
8 volumetric flask, Ten ml, of the diluted solution were added to 25 ml,

of standard lodine solution and thes excess 1o0dine back-titreted with
stendard thiosulfate solution, 7The eguivalent weight of lodine reacting

with the cooking liquor wams expressed as percentage total aulfur dioxide,

Ten ml, of diluted liquor were titrated with standard sodium
hydroxide to the phenolphthalein end point and the squivslents of basge

used calculated ag percentage of free asulfur dloxide,

The percentage of combined sulfur dioxide was obtained by
subtracting the percentage of fres from the jpercentage of total sulfur

dioxide,



2. Ash Dstermination

The agh contents of the aprucewood, the pulps, sand the solid

ligznosulfenic acid fractions wore determined by the Institute Method

No. k4,

3. Ligsin Determination

Institute Method No, 13 was followed for the determination of

the lignin contents of the wood and the pulps,

L, Concentration of Lignosulfomic Acid Solutions

Turing the course of the investigation it was frequently

neasssary to concentrate solutions of lignosulfonic scids.

These solutions were alweys concentrated by vacuus distillation,
a good aspirator being used to maintain the vacuum, Feat was supplied
through a water bath, care being taken that the tempersture of the solu-
tion deing concentrated 41d mot excsed 35° C. &4 slow stream of nitrogen
was continurlly passed through £he distiliation system to sweep out oxygen

snd thereby minimize oxidation of the lignosulfonic acids.

5. Analysis of Solutions of Lignosulfonic Acid Salts

Solutions containing lignosulfonic mcida were analyzed by the
following procedure, which was designed go the totel grams of methoxyl

in the solution could be celculated:

An aligquot portion (usually 10 ml,) of the total solution was

taken and its specific gravity determined by welghing the sample 4n a
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tared weighing bottle. The sample was them dried in a 60° C, vacuum oven,
the residue ground and again dried, The weight of the residus vas de-
terained and its molsture content obtained by drying a small portionm to
constant weight in an Abderhalden drying spparatus over phasphorus
pentoxide at 100° C. The percentage of total solids was then calculated.
The methoxyl content of the residus was determined using the oven-dry
sample from the moisture determination. The ash content of the partly
dried residus was obtained and expressed on the dasis of the oven-dry
material, The total grams of methoxyl ia the original solution wvere

then calculated,

6. Methoxyl Tetermination

The mathoxyl contents of all fractions snd solid producte

obtained were determined by Institute Method No, 18,

7. Precipitation of Lignosulfonic Acid Salts

The following procedure was used for the precipitation of
lignonnifonic acids from their sclution by orgenic agents unless other-

wise stated!

Centrifuge cups with a capacity of about 250 ml, were filled
with 200-225 ml, of the precipitating agent deing used. Five to ten ml,
of lignosulfonic acid solution were added dropwise to the centrifuge
cup with vigorous stirring by e mechsnically driven stirrer. The
suspension was centrifuged 2-3 mimutes at 2000 r.p.am. and the supernatant

liquid decanted off. The precipitate was immediately suspended in ether
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and removed from the centrifuge cup. This procedure was repeated until
all material had been precipitated. The combined precipitates wers thenm
washed 2-3 times vith ether and finally three times with petroleum sther,
Bach washing consisted of suspemsion of the precipitate, stirring,
centrifuging, snd removal of the wash liquor by decantation, The washed
precipitate was then dried in a vaocuum desicoator containing paraffin,

concentrated sulfuric acid, snd solid sodium hydroxide,

The reagents used in the precipitation of lignosulfomic acids

and their salts were:

C.P, absolute methanol

C.P. glacial agetic acid

Tloxane ~-- refluxed over sodium

Ethyl ether -- refluxed over sodium

Commerciel petroleum ether (boiling point 30-60° €.)

€. Sulfur Determination

The following procedure was used for the determination of

sulfur:

A 100-150 mg. sample was heated with 2 ml, of fuming nitrie
acid for 6 to & hours at 250° C. in & sesled Carius combustion tube,
After cooling, the contents of the tube were transferred to s beaker
and eveporated to dryness after the additionm of a pinch of pure sodium
chloride. 'The nitric acid was removed by twice dissolving the residue
in 10 per cent hydrochloric mcid end evaporating to drymess, The dry
residue was then takem up im about 25 ml, of 10 per cent hydrochloric

acid »nd heated on a water bdath, An excess of hot barium chloride
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solution in dilute hydrochloric n2cid was added. The precipitate which
formed was digested 2-3 hours and filtered on a tared Berlia crucible,

The precipitate was washed, ignited, and weighed as barium sulfate,

Investigation of Dislysis Membranes

The possibility of preparing a series of membranes of gradated
pore size for fracifonal dialysis wves investigated. To carry out a
fractional dislysis it is necesssry to have a satisfactory method of
deteraining the relative pore sise of the membranes and to be adble to

prepare or obtain membranes of suitable porosity.

Msthod of Tetermining Relative Pore Site

The relative pore sire of membranes was messured by determining
which of a series of dyestuffs (in 0,025 per cent solution) of kmown
diffusion constants would pass through and which vers retained by each
membrane studied, The dyestuffs vhich were available, their Schnltsx
number, and the diffusion constants ((cq.ca./lec.)xlosl by FPreundlich

(35) are tebulated in Table I,
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TABLE I

DYESTUFYS FOR DETERMINATION OF FORE S1ZB

Schults Diffusion Constan Dialysis
¥o. (36) 5%

Dyestuf? Tth X4, Vater Gelatin Rate
Xosin-J 88l ———— 0.023 Rapid
Alkali blue 813 o ————— J—
Patent blue 826 ———— ————— ————-
Hight bdlue 823 ————— - None
Centisn violet 185 0.398 ————— Medium
Chrysoidine 249 0.488 0.079 Rapid
Auremine se ————— 0.132 Rapid
Methylene blue -—— e 0.0k0 Rapid
Purpurine 4B 4us ————— o ¥one

Congo red 360 0.126 small Slow
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" Investigation of Commercial Viscoss Membranes

Eight viscose membranes of varying dimensions--used commercislly
for ssusage akins were obtained from the Visking Corporation, Thess were
numbered from I to VIII ascording to increasing wall thickness and tested
with the dyestuffs Congo red, Purpurine 4B, Gentisn violet, and Auremine,
The dyestuffs Conge red and Purpurine LB were retained by all eight mem-
branes, whereas the other three dyes diffused through all of the membranes,

By this method the eight viscose membranes all had the same pore sise,

The method dsacribed hy Mchein (11) for increasing the pore
size of viscose membranes hy treating with 60-65 per cent zinc chloride
solutions for 15 to 20 minutes wes applied to Membrane I, This procedure
444 not incresse the pores of the membrans sufficiently to permit dif-
fusion of Congo red, slthough the swelling time was increased stepwise

to 45 minutes whem the membrane began to disintegrsts,

Investigation of Collodion Membranes

The preparstion of collodion membranes of controlled pore sixe
has been investigated by vsrious workers intereated in preparing films
for ultrafiltration (38). The pore size of these membranes has been
controlled by two methods~-the first based on swelling of the membrane
in alcohol snd the second on the formation of membranes from solutions
in which dissolving power of the nitrocellulose solvent is varied, In
the latter method collodion is dissolved in » mixture of two organic
solvents, one of which is 2 good solvent for nitrocellulose and the

other & poor solvent. As the proportion of good solvent in the mixture
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is incresaged, the pore size of the memdbrane formed from the rolution do-
creaged since 2 denser film is attained before the nitrocellulose sets

te a geol satructure,

Three collodion memdranes with the desired variztion in pore
sixe wvere formed from four, three, 2nd two per cent collodiom solutions.
The three and two psr cent solutions were prepered by diluting commercial
four per cent collodion to the desired concentration with a 7il mixture
of ether and absolute methamol, It was found that the pors sirze of these

membranes changed radically if the film was 2llowed to dry,

The collodion membranes were very fragile and difficult to
support. Becauge large volumes of solution were to e dialysed, the
possibility of forming collodion membranes on wire cups and porous ex-
traction thimbdles was investigated sg & means to simplify the prodlem
of support, and to minimixe the danger of tearing the membranes, Satis-
factory membranes were formed onm both fidrous sxtraction cups and small
cups made of 75~-mesh wire, However, it wes difficult to form membranes

which did not have smell pin holes on cups with a capacity of 800-1000 ml.

The atudy of collodion membrenes indicated that films of con-
trolled pore size esn be prepared but that these membrenss are suitabdle
only for dislysis of smell volumes of solutions in an nppnratn§ dezigned
80 that mo prrt of the membrane is allowed to become dry, Collodion
membranes therefors wers considered unsuitable for the requirenenis of

this work,
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Experimental Cooks

Two laborstory sulfite cooks were carried out. The cooking
conditions were establighed to give, in the first case, the minimum
degree of sulfonation required to dissolve a repressntctive fraction of
the 1ignin in the wood (Cook I) and, in the second case, to bds repre-
sentative of commercial conditions for producing rayon pulps (Cook II).
The waste liquor from the second cook was bdlack, turbid, and had a
‘burat' odor, JFor this reasen the waste liquor from Cook II was set
sside snd & third cook (Cook II1) carried out im which the conditions
were modified, Although the liguor from Cook III was also black,

turbid, and smelled burned, it was used as the starting material for

the isolation of lignosulfonic acids,

Preparation of Yool

Sound black sprﬁcovood was used as the source of all products
1s0lated in this investigetion, Unscreened sawdust cut from a green
log was extracted with 95 per cent ethanol end them with a 2:1 alcohol-
bengene mixture, snd stored in air-tight dottles until ready for use,
Ag needed, the extracted sawdust was weshed twice with 85 per cent
ethenol, twice with water, and air dried, Care was taken that the

moisture content of the final extracted sawdust 4id not fall below 10~

15 per cent,

Preparation of Cooking Liquor

To prepare cooking liquor, sulfur dioxide was passed into

softened water until the solution was saturated, Sufficient C.P. lime
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to give approximately a one per cent solution was then added snd additional
sulfur Adioxide passed in until the lime wns completely dismolved, The
strength of the cooking liquor wag then determined accordiag to the method
on Page 21 and adjusted to the desired concentration of free and combined
sulfor dioxide. A clear colorless cooking ligquor was obtained by this

procedure,

Cooking Conditions

The cvoking conditions for the three cooks are shown in Table II,

TABLE 1I
COOKING CONDITIONS

Cook Cook Cook Toler-
1 11 111 ance
Ca0, % 1.0 1.0 1.0 0.05
co.binﬂd 30 I ‘ lolu 1;11" 1.1’4 0005
Total SO, ° 4.5 5.9 5.5 0.0%
Maximum %ouparaturo. c. 125 1ko 140 2.0
Time to maximum, hr, 3 4 " 0.2%5
Time &t maximum, hr. 5 6 55 0.25
Liquor ratic (mot inm-
cluding wood moisture) 811 8:1 g:1 ——

Cooki uipment

Cook 1

Cook I was carried out in a steinless steesl autoclave which had
e capacity of rbout 5400 ml, and was equipped with a calibrated 4iaphragm-
type pressure gage, a safety velve, and a l/h-inch stainless steel relief

line. The autoclave was heated by immersion in a waxr dath,
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Cooks II and III

Cooks II and III were carried out im a horizontal rotary, stain-
less steel digester which hed a ospacity of 24-25 liters. The digester,
vhich rotated at 1/3 r.p.m., was equipped with a 3/8-inch stainless steel
relief line, » disphragm-type pressure gage, and a safety valve which had
been set for 200 pounda gage pressure, Heat was applied directly to the
digester by six gas jets., To avoid looal overheating and the resulting
dangerously high gas pressure, the gas jets were never ignited unless

the digester was rotating,

Cooking Procedure

Cook 1

The autoclave was charged with the equivalent of 40O grams oven-
dry sawdust and 3200 ml, of cooking liquor added., The digester was then
immersed in the wax bath vhich had been heated to 130-135° C. and the
temperature of the bath was controlled to give the desired cooking
schedule, Mo relief was employed during the cook. Wher the cookimg
schedule was completed, the autoclave was cooled in cold water to tempera-

ture of 80-90° C. and opened,

To obtzin the desired amount of lignim it was considered
necessary to cook about 1500 grams of sawdust, For this reason, Cook I
was repeated four times--the pulps and the waste liguors from the four

cooks being combined and thoroughly mixed before further treatment,
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Cooks II and IIY

The horisontal rotary digester was charged with 1600 grams
(oven-dry) of sawdust and 12,800 ml, of ceoking liquor added., The digester
was then capped, rotation started, and the gas flames ignited and adjusted
to zive the correct tempersture schedule., The digester was not relieved ‘
during cooking--the presasure being a dependent variadble, Vhen the speci-
fied time at maximum temperature had elapsed, the gas was turned off,
rotetion stopped, and the digester relieved to sero pressure while hot--
the relief geses being passed through a trap to collect any cooking ligquor

which was mechanically carried along.

The procedurs followed for Cook III differed from the above in
thet, upon completion of the cook, the gas was turned off and the digester

was rotated overnight defore opening,

¥aste Liquor Recovery and Pulp Washing

The waste ligquor and pulp from each cook were washed from the
digester and filtered as soon as possible after the digester was opened
on a large Buchner funnel equipped with a 200-mesh stsinless steel wire
screen, The pulp was washed by suspending it in softened water acidified
with sulfur dioxide,allowing the mixture to stand overnight end then
filtering., This process was repeated until the wash liquor was practicslly
colorless, The waste liquor plus washings from each cook was bottled,
labeled, and stored for later treatment., The thoroughly washed pulp was
pressed in a seeall cider press, weighed, and its molsture content de-
termined, from which the yield of pulp was calculated, The pulp wes then

stored in glass dottles,



Pulp Anmalysis

A representative sample of pulp from each cook was air dried

end enalyzed for ash and ligain content dby the methods on Page 22,

Fractionation and Purificetion of lLignosulfenic Aecid Salts

The geunerel scheme for the fractionation and purification of
the lisnasulfonic acids And their salts in the waste linuors from Cooks I
and TIT is outlined in Figure 1. As & guide to the following deseription
of the experimentsl vork, » detailed disgram (Figure II) of the successive
steps taken in the isolztion of the final fractions of ligmosulfonic acids
i» #2lso included, By this scheme s large nusber of fractions wers obtained
from eanch waste sulfite liquor, To aid im distinguishing each fractioa

the folloving system of design-tiom wes set wp!

All fractions from Cook I were designated -- “I",  All frsctions
from Cook IIY were designated -- "III"., The fraction of material pre-
cipitated by lime in each case wrs labeled "A" and thet not precipitated
by "B*, When a fraction was obtained from A or B it was desipznsted by
an erabic numeral, This system may be olarified dy an exsaple. The
Prosuet ZII-Al wvas is0leted from the waste liquor of Cook III by s
fractionation of the meterial vhich was procipifatod by lime., Imorganic
precipitetes vhich seprrated were depiznated suocessively by arsdie

nuomersls,

The warious fractions were also sassigned adhreviated names
vhich wvere indicative of their source. Yor example the materisl from

Cook III which was precipitated by excess lime and after regereration
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YIOURE I

THE ISOLATION AND
TRACTIONATION OF LIGXOSULYONIC ACIDS
FROM SULFITE WASTE LINUORS

Sulfite
waste liquor

(A5) Crude
Inorganic concentrate
precipitate precipitated
¥o, 2 with 11-0\\\\\\\\\\‘\
(&) (8)
Cs~Salt¢ Insolubdle Ca-5alt Soluble
regenerated with v~ B )
302 and dialysed One portion pp'ted. One poftion
l vith basic Puv(Ac), diulilod
(Ay) (As) (8,) (%)
Yon-Dialysable Dialysate Insoluble Soluble Eon—D&u?yxdblo
Ca~Insoludble Ca-Insoludle CaSol-Fblnsol, CaSol-FbSol. Ca=-Sol-
(solution) (solution) Regenerated (Precipitated)
(Ay) () l

Ca~Insoludle- Ca-Inscluble- CsSol-Pblmsol,

(Precipitated) (Precipitated) Pp'ted. into
glacial HAc

\

(3y) ;b
CaSol—PbInsol. CaSol-Fbdlasol.
Rie Insol, HAs Soluble

(Precipitated)



FIGURE I
DETAILED SCHEME OF FRACTIONATION
OF LIGNOSULFONIC ACIDS
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was Tetained by a dinlysis mexzbranes was designsted IlI-Calnsol (Nom, Dial.).,
recognizing that the calcium salds of all products odtained were soludble
but that some were precipitated dy an excese of calcium ions at an elevated

pH,

Since the method of fractionstion was the same for both waste
liquors until the final products were precipitated they are discussed
together to that point, The precipitation of each final product is dis-

cussed separately,

Concentration of Waste Liguers

The waste liquor plue all wash liquors from sach cook was con-
centrated to about 1500 ml, Dy vacuum distsillation. A precipitate of
fine fiders, calcium sulfite, and calcium sulfate which separated from

time to time was filtered off, washed, and set aside as Precipitate 1.

After a solution was concentrated and filtered, it was made
up to 2000 ml, in & volumetric flask and two 10 ml, samples were taken
for analysis accordimg to the procedure om Page 22, The remaining
solution was deaignated "cruds concentrate” and was ready for precipi-
tation with lime. The crude congentrate from both liguors was thick,
syrupy, and smelled slightly of sulfur dioxide., That concentrate from
the mild cook (Cook I) was dark drowa im color and that fros the more

drastic cook (Cook I11) was almost dlack,

Precipitation with Lime

The crude concentrate from each waste sulfite liquor was treated

with & slurry of lime with vigorous stirring. In bdoth cases a heavy
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precipitate formed and eventually the whole mass became very viscous,

Lime was 8dded until test showed that the precipitation was complets,

at which time the viscosity had dropped somewhat, The precipitate wae
filtered and washed three times by suspending it in water, allowing the
mixture to stand for 20-24 hours and filtering, The filtrate and washings
vere ncidified with sulfur dioxids, labeled Casol, snd set aside for

later treatment,

The washed precipitate in each case was suspended in water end
sulfur dloxide wes passed into the suspension., At a pH of adout two
the lignosulfonic acids vere completely dissolved and a precipitate of
¢zicium sulfite had formed which was filtered off, thoroughly washed,
and set nside as Pracipitate 2, The bdrown filirats and vashings were
concentrated to about 1000-1500 ml, dy vacuum distillation and the
precipitation with lime, filtrztion, and washings repested, The
filtrate and washings were combined with the fraction CaScl, The
washed precipitate wvas regenmerated with sulfur dioxide as before. The
ealcium sulfite which formed was filtered and combined with Precipitate 2.

The clear filtrate war concentrated snd designated Calnmsol,

The amount of precipitating agent and results of the lime

precipitetion are shown in Zable III.
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TABLE 11X
CONDITIONS AND RESULTS OF LIME PRECIPITATION

Cook Cook
{ 111
Initial volums of solution, ml, 1980 1980
Line, g.
First precipitation 2h0 500
Second precipitation 200 250
Color of precipitate Canary yellow Dark brown
Color of solution CaSel-B Honey~-colored Brown
Color of Solution Calnsol-A Green brown Black

The precipitate which formed vhen lime was added to the orude
concentrate from Cook III was full of lumps which were very gummy snd
difficult to wash, This 4id not occur im the case of the crude concen=-

trate of Cook I,

Lignosulfonic Acid Calcium Salte Precipitated by Lime (A-Series)

The fraction Calnsol was concentrated to sbout 500 ml. by
vacuum distillation and the precipitats which formed was flltered off,
washed, 2nd combined with Precipitate 2, The Solution I-A obtained in
this way was made up to 1000 ml, and III-A to 2000 ml. in volumetric
flasks snd two 10 ml, semples tzken from each for determinction of the

total methoxyl content by the method on Page 23,

These solutions, 930 ml, of I-A and 1000 ml. of III-A were
dimlyzed using Visking Membrane I, Page 27, This membrane was chosen
because it was the thinnest of those availeable and, therefore, would
have the highest rate of dislysis., Distilled water saturated with

sulfur dioxide was passed through the dialysis membranes at the rate
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of sbout two liters in 24 hours and the resulting dialysate collected
and concentreted by the ususl method, The distilled watsr used for
dialysis was ssturated with sulfur dioxids to mimimize oxidstionm by the
air and to retesin, if posgidle, the loosely bownd sulfur dioxide as-
sociated with the sulfonsted lignin, Since the solutions being dialysed

wvere diluted by osmotic effect, they had to be concentrated daily,

There was a possibilisy that the dialysis of the fraction
II11-A would not be complete in time to precipitates and snalyze the
product., Yor this reasson about 25 ml, of this fraction were dislyzed
in » Visking Memdrane I which was tied at both ends %o maintain a
definite concentration of the solution being dialyzed and the distilled
weter used for dialysis was changed more frequently to increase the rete
of dislysis, ‘hile the disgridbution of the lignosulfonic acids in the
fraction I1I-A was determined from the large-scale dlalysis experiment,
the small-scale sxperiment was used for the isolstion of products for

a complete snalysis,

After six weeks of dialysis of fraction I-A the dialysis was
considered to be complete, because no colored meterial was paseing through
the membrane, Practically no colored materizl dialyszed from IIl-A
(small experiment) after four weeks of continuwous dislysis. Traces of
colored material were diffusing fréu the solution III-A (large experiment)
after four weeks but dizlysis was discontinued at this time. After the
dialyses were finished, the membranes were tested for leaks and change
in pore sixze by immersion in a 0,025 per cent solution of Congo red, In

all cazes the memdranes retained the dye molecules.
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Yhen the dialyses vere completed, the dialysed materisls were
concentrated snd designated Calnsol-A, (¥on-Disl,) and the dialysate

after concentration was called CaIuol-L3 (Dialysste).

(2) Yractions Calnsol I-A end III-A,

The dialysed calclium-insoluble fraction from Cook I wes made
up to 250 ml. and that from Cook III to 1000 ml, and & 10 ml. sample
taken from emch for analysis. At this point these fractions were practically
pure and ready for precipitation, 'I—Al was dark brown in color and III-A1

was almos$ dlack,

Precipitation of Calnsol I-A.

The solution I-A, (240 m1,) was concentrated to a thick syrup
under reduced pressure, dissolved in absolute methenol, and the solution
made up to 110 ml, with abeolute methanol. This solution wes miscible
with ethanol, but immiscible with amhydrous dioxsns, glacial agetic acid,
and anhydrous ether. Yor the isoletion of the lignosulfonic acid salts
50 ml, of the solution were precipitated into glacial ecetic acid by
the technique degeribed on Page 23, After carsful drying, the product
hed » methoxyl content of 13.6 per cent., It wes dissolved in about 50 ml.
of absolute methanol and reprecipitated inte glacial acetic acid as de-
fore, After the second precipitation, the prodoet had a methoxyl content
of 14,8 per cent #nd was insoluble in methanol and water, so that it
could not be dissolved for further purification, ZYor this rezson, 25 ml,

of the original methanol solution was precipitated into anhydrous dioxane
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using the same procedure, The product so cbtained had a methoxyl content
of 14,7 per cent., Because this was the same methoxyl content as that of
the product precipitated twice into glaclal acetic acid, the material

designated I~A2 wes considersd purs and ready for complete analysis,

Precipitation of Calnsol III-A1

The dislyzed solution III-A1 from the small acale experiment
was concentrated to ahout 15 ml, and the miscibility with various organic
apents detsrmined. Whan tested, the solution was slightly miscidle with
methanol and ethanol dut the sulfonated lignin was completely precipitated
in anhydrous dloxane and glacial acetic acid, 7The solution was diluted
to about L0 ml, with distilled wrter and precipitated into dioxane by
the procedurs riven on Page 23, The methoxyl content of the oven-dried
product was 11.9 per cent, The precipitate was redissolved in 30 ml.
of distilled water and reprecipitated into dioxsne, The Aloxane mother
liquor of the first precipitation was clear and colorless but that from
the second purification contained a colloidal suspensiom which could mot
ﬁe centrifuged at 3OO0 r.p.m. The methoxyl content of the frsction after
the second precipitation was 11,1 per cent., The brown powdery product

was labeled III-A2 and set aside for analysls,

(b) Practions Calnsol I-A3 snd IIX-A,
7

The fractions I—A3 and III~A3 each gave a precipitate upon
concentration, This was filtered off, washed, 2nd set aside as Fre-
cipitate 6., The solutions were then made up to 500 and 1000 =ml.,

respectively, and a 10 ml, ssmple taken from each for determination of
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the methoxyl content, The solution from Cook I was derk drown (almost

bleck) in color and that from Cook 11! was intensely blaek,

Precipitation of Calnsol I-A}

The aqueous solution of I-As formed a precipitats vhen added
to methanol, ethamol, anhydrous dioxane, and glacial acetic acid, Tor
the isolrtion of the lignosulfonic acld salts contained in this solution,
125 ml, were added in a fine stream to 1000 ml, of absolute methamol) in
a large besker with vigorous stirring. The white precipitate which
formed was filtered on a Buchner fnnne1$\wanhod once with methanol and
three times with ether in a centrifuge cﬁp. and dried over concentrated
sulfuric scid in vacuo, The dry product was dissolved in 75 ml, of
distilled water and precipitation, washing, and drying repeated zs be-
fore, About one half of this produst was dissolved in 35 ml. of water
and precipitated into glacial asetic acid by the techmique descrided on
Page 23, The dry product was them precipitated again into glacial
scetic acid and twice more into methanol, The product them had methoxyl
content of 10.7 per cent, Afger two additional precipitations inte
methanol, followed by precipitstion into dioxane and final washing
with petroleum ether, the methoxyl content was 9.8 per cent. The

fraction was them considered purs aznd was labelod.lqhu.

Lignosulfonic Acid Calcium Sslts ot Precipitated by Lime (B-Series)

The two solutions (CaSol I-B and III-B), which included the
filtrate 2nd washings from the lime precipitations and which had been

acidified with sulfur Aioxide, were concentrated to about £00 ml, The
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precipitate of calcium sulfite wvhich formed was filtered off and added
to Precipitate 2 in sach case, The filtrates were mede up to 1000 ml,
in a volumetric flask {in the following pages this is referred to as &

tatandard' solution), and two 10 ml., samples teken from each for anslysis,

(a) Dislysis of CaSol Fractions

An aliquot of 10 ml. of the stamdard solution of I-B and a
similar sample from III-B were used for dialysis in Visking I membranes.
The two portions were dialyszed for four weeks in running tap water. At
the end of this time the dialysis was cousidered complete and the
dialyzsed solutions were concentrated to about 10 ml. by vacuus distil-
lation, and dried in a vacaum oven at 60° C, The dried residuss were
ground to a very fine powder, and their oven-dry weight determined, as
well as their methoxyl comteats, The product obtained from fractionm I-B
(designated I-B ) had & methoxyl content of 10,4 per cent. That isolated

from III-B (designated III-BS) had & methoxyl content of 9.5 per cent,

(b) Precipitation of CaSol I-B and III-B with Lead

Each of the two solutions (CaSol I-B and III-B) was treated
in the following way. Nine humdred =nd thirty ml. of the standard
solution were placed in a vacuum to remove all dissolved sulfur dioxide,
the precipitate which formed being filtered off and included with
Precipitate 2. The clear filtrate was treated with 150 grams of nsutral
lead acetate in solution to precipitate all gulfite and sulfate fons,
The precipitate formed was filtered on a Buchner funnel, weshed and set

aside ns Precipitate 3. The filtrate, which was very black in doth
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cases, was treated with increasing smounts of & slurry of basic lead
scetate until a test showed that the precipitation was complete, The
precipitate was them filtered snd washed by suspending it in distilled
water snd filtering, The wash liquors were combined with the homey-
colored mother liquor and the whole designated CuSol-PbSol~Bl. The washed
filter cake was suspended in distilled water and scidified with sulfur
dioxide to & pH of 2-3, vhsreby the lignosulfonic acids were dissolved
and a precipitate of lead sulfite was formed., The latier was removed,
washed, and lsbeled Precipitate 4, The filtrate and washings vhich
contained those lignosulfenic acids precipitated by lead and which had
besn regenerated by sulfur dioxide was celled OaSol-PhInsol-Bz. Eight
hundred grams of basic lead acetate were required for the complete
precipitetion of the lignosulfonic acid salts as a pale yellow lead salt
from the solution CaSel I-B, and 1200 grams were resquired to isclate the

lignosulfonic acid salts from CaSol III-B as & light brown precipitate,

{e) ZTractions CaSol-PbSol-B1

The methoxyl contents in the fractions (aSol-FPbSel I-Bl and
III-Bl vere detersined by analysis of a 10 ml, aliquot sample of each
golution--the former having been made up tc & standard volume of 1000 ml.

and the latter to 2000 =l,

(d) ZTraotions Cusgl-PbInnol~Be

The dark browe solution 1—32 and the bleck solution III-B2
were concentrated to about 200 al. under reduced pressure and sach mads

up to 250 ml, in volumetric flasks, A 10 ml, sample was taken from sach

flask to be sanalysed according to the method on Page 22,
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(e) Isolation of CaSol-Fblmsol I-3,

One hundred end forty ml, of the standard solution I-Be wvere
concentrated in vacuo to mbout 50 ml. This solution was completely miscibdle
with absolute methanol but on addition to glacial ascetic acid or dioxene
a gummy precipitate was formed, The concentrated solution was therefore
added dropwise to about 2000 ml, of glacial scetic acid in a large beaker,
The highly colored acetic acid was decented from the sludgy precipltate
which had formed and was concentrated by vacuum distillation to about
50 ml. This solution was neither miscible with ether nor did it become
s01id, indicating that it contained & consideradble amount of water. At-
tempts to remove the water by distillation with anhydrous dioxsne wers
not successful. The solution was then repreocipitated into glacial acetie
acid in centrifuge cups as described on pags 23 with the exception that
the precipitate wes not finally washed with petroleum ether, The acetic
acid mother liquor, after concentration under reduced pressure, wis
designsted casol-?bin.ol-nhesol-n} and an aliquot portion was taken for
analysis., The sludge from the first precipitation into glacial acetic
acid and the precipitate odtained from the concentrated glacial acetis
zcid solution were dissolved in & small amount of absolute methenol and
precipiteted into anhydrous dioxsne in cemtrifuge cups as befora, The
material wes redissolved in methanol and the precipitation inte dioxane
repeated. The dry product obteimed had a methoxyl comtent of 11.6 per
cent., The material wss redissolved in methamol snd reprecipitated a
second time into glacial acetic acid sand two additional times into

dioxsne, 7The methoxyl content was then 12.6 per cent. After solution
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in methanol snd another precipitatiom into dioxane, followed by three
washings with petrolesum ether, the methoxyl content was 12,8 per cent,
This product which had deen precipitated three times into glacial acetic
acid and five times into anhydrous dioxane was considered purified and

was designated CaSol-FblInsol I‘Bh’

(£) 1solation of CaSol-Fhlnsol III—!2

A portion (50 ml.) of the atandard solution of III-B, was
svaporated nearly to dryness by vacuum distillstion, care being takea
that the temperature of the heating bath did not exceed }5° C. The
thick syrup obtained was dissolved in absolute methanol and the alsci-
bility of the solution with various organic solvents determined. A
guany precipitate formed in glacial acetic acid and snhydrous dioxane,

vhereas no precipitate was formed uponm addiitiom to absolute methanol,

The remainder of the methanol solution was them precipitated
into glecial acetic noid im centrifuge cups, the final washing with
petroleum sther bdeing omitted., The precipitate was dissolved im methanol,
end the precipitation into glacial acid repested, The mother liquor
from the Swo precipitations imto glacial acetic aclid was drowa ia color
and after concentration wvas labeled CaSol-Pdblunsol-HAeSol III-BS. The
material isolated from the second precipitetion into glacial mcetic aoid
was dissolved in sbeolute methanol eand precipitased into anhydrous
dioxane by the usual procedure, The product had & methoxyl comtent of
12.7 per cent, After a second precipitation, the methoxyl content was

12.6 per cent, The lignosulfonic scids in this fraction were considered

pure and were labeled CaSol-Pblnsol III—Bu.
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Characterization of Precipitated Products

Seven purified solid products were isolated by fractionation
of the lignosulfonic acid salts in the waste sulfite liguors from Cook I
and Cook III. Thege products were Calnsol I-A2 and III-AQ, CaSol-FblInsol
I'Bh and.II!-Bb. CaSol I-BG. and III-BS.nnd Calnsol I'Ah' Each of these
fractions was characterized by determination of its ash ¢ontent, sulfur
content, color, and solubility im various orgamic and inorgsnic solvents,
The sulfur and ash determinatioms were carrisd out according to the pro-

cedures given on FPages 24 and 22 respectively,

The methoxyl content of Precipitates I-2 and III1-2, were de-

termined by the method given on Page 23,
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PRESFNTATION OF DATA



FIGURE 1

THE ISOLATION AND
FRACTIONATION OF LIGNOSULFONIC ACIDS
YROM SULFITE WASTE LIQUORS

Sulfite
waste liquor

(A5) Crude
Inorganic concentrate
precipitete precipitated
NO.Z /"-th lime
(A) (B)
Ca-S2lt Insoluble Ca-Sslt Soludle
regenerated with \ (3:)
502 and dielyszed One portion pp'ted, Ones potrtion
with dasic Pb(Acig dialI:cd
) (Ag) (8,) (3,) (2¢)
Non-Dislysable Dialysate Ingoluble Soluble Bon-Dialysable
Ca-Insoluble Ca-Insoludle CaSol-FblInsol, CaS30l-FdSol, Ca-Sol~-
(solution) (solutiom)  Regenerated (Precipitated)
(A,) (Ay)
Ca-Ingoludble~ Ca-Insoluble~ CaSol-PbInsol.
(Precipitated) (Precipitated) Pp'ted.into
glacial Hie
(By) (3

CaSol~Fbinsol, CaSol-Fblnsol.
HAc Insol. Hic Soluble
(Precipitated)



TABLE IV

FXPRRIMEEPAL DATA FROM SULPITE COOKS

Yood
Over-Ary, £.
Lignin, 4
Lignin, g,

Pulp
Yorm
Color
Yield, %
Lignin, 4
Ligmin, g.
Ash, ]

Vaste liquor
Color
Appesrance

Lignin adlssolved, g.

Cook I

1600
26.9
ko3

like sawvdunt
like wood
64,2
13.7
1K1
1.7

honey-colored
clear

(by difference) 262

Cook III

1600
26.9
403

mushy
chalky
hg,2
0.6
5
12,5

black
turbid

398
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DISCUSSICN

!ggerinontal Cooks

The conditions of the experimemtal cooks as stated previously
were established to give in the first case, 2 very mild cook and, in the
second, a relatively more drastic cook which approximsted commercisl
cooking conditions for the production of dissolving pulps. The resulis
of the experimental cooks tabulated {n Table IV indieated such pulps were
produced, Cook I resulted in a pulp yield of 64.2 per ceat and removed
over half of the ligain in the wood, so that a representative fraction
of the total wood lignia was obtsined in the waste liquor, Cook III
produced an ash-free pulp yield of 42-L3 per cent [48.2 x (100-12.5)/100]

and practicelly all of the lignin in the wood was dismolved,

Hethod of Yresctionntion and Purification

The scheme of fractionetion wpplied to the waste liguors of
Cook I and Cook I11 (Figure I) consisted of two main steps. The first
step was precipitation with calcium hydroxide, and resulted in 5 fraction
whose orlcinm salt vas insoluble (A Series) and one vhose calcium salt
was soludle (B Series). This precipitating agent was used for the following
ressons: (1) the use of lime d1d not introduce say additional compli-
cating ions into the solutionms, (2) the work of Howard (27) indicated
that lime precipitated those lignosulfonic acids containing a very weakly
acidic group which is capable of salt formstion only at a relatively high
pH and (3) the ineoluble calcium salts of lignosulfonic acid are more

sasily handled than those salts precipitated by most other agents,
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The second phase of the fractionation was & further separation
of sach of the two fractions (A nnd B). The materisl precipitated by
1ime (A) after regeneration vith sulfur dioxide was separated into two
fractions (Al and A3) by 4ialysis. This step was carried out becsuse
the nondialyszable fraction (Al) correaponded to thay part of the total
sulfonated lignin which severzl investigators have obtained as a final
product, whersas those lignosulfonic scids passing the dialysis memdrane

(A,) represented material which has usually been discarded,

%5
The fraction of lignosulfomic acid salts which was mot pre-

cipiteted by lime (B) was divided into two portions. The first portioa

was dialysed to give 2 fraction (Bs) which corresponded %o the dialysed

natorial(tg which had been precipiteted by lime. The second portiom

was precipitated with dagic lead scetate in an effort to isolate & solid

mrterial (Bh) vhich was representative of the total calcium-solubdle

fraction (B),

The oriterion of purisy of the solid products obtained was
that the methoxyl oontent did not change upom solution and reprecipite-
tion of the material. All products analyszed satisfied this requirement
with exception of 1-36 and 11!-36 which, however, had been dialysed for
four weeks in running water, This period of dialysis was about twice

as long as that employed by most other investigators.

In this scheme of isolatiom the sulfonic acids wvere mot sudbjected
to high temperatures, excessive oxidation, or the action of strong acids
and bases, Tor this resson it is bdelieved thas the products obtained

were not changed in any way during their isolastion.
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Digtridution of Lignosulfonic Aclids

There is no sccurate method for dstermining the amount of
lignosulfonic scids in a solution containing orgemic or lmorganie im-
pnfitiou. The method used in this work was sctually an accurats de-
termination of the grams of methoxyl and the amount of lignosulfomie
acids was caloulated from that value, assuming s methoxyl content of
13.5 per cent for the sulfomated lignin, This sssumption 1s admittedly
incorrect, because it has been shown that the lignosulfonic acids ia
. sulfise waste liquor do mot all occur as the monosulfonic acid having
a methoxyl content of 13.5 per cent and becsuss it is known that all
of the methoxyl groups im wood are mot sssocisted with lignin, EHowever,
{f the defects of this indirect method ars recognised, it constitutes
the dest means available for determining the amouant of lignin material
in & solution and, thersfore, for determining the distridbutiom of

lignosulfonic acids upon fractionstion.

The percentage distribution of lignosulfonic acids from Cook I
and Cook III upom fractionection has been calculated from the data in
Table V and tabulated im Table VI, With one exception (second fractions-
tion of Cook 1) the total methoxyl content was accounted for after esch

fractionst fon within the limits of experimental error,

The most interesting result indiecated ia Tadle VI was that the
same percentage of the total lignosulfonic acids was precipitated by
lime from the waste liquors of btoth cooks--the percentages being 55.6

and 54k, in spite of the widely different cooking conditions., The
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distridbution of molecular sixe in the two fractions precipitaged

(I-A and III-A) wag entirsly different, becauss only about 25 per cent

of fraction I-A were retained upon dialysis, vhereas about 55 per cent

of the lignosulfonic aclds in III-A wvere retained by the dialysis mem-
brane, This indicated that the ease of precipisation of over one half

of the lignosulfonic acids from the two waste liquors was not merely a
question of molecular aize as sugzgested by 20ome lnvestigators (gg‘g).

The presence of a characteristic group capable of reacting with calcium
jons to form am insoluble salt zppearsd to bs likely and sgreed well

vith the work of Howard (27), in which & very weskly acidic group vas
found to react with calcium with formation of am insolwble basic calcium
salt. The precipitation by excess lime of over ome half of the total
lignosulfonic acide from two different waste liquors is similar to the
much eriticized work of Kleson (38), wvho has reported that two thirds of
the total lignosulfonic acids in any waste sulfite liquor are ;recipitated
by calcium chloride or beta-naphthylamine, However, although Klason
considered the precipitated “alpha" lignosulfonic escid to be a chemically
homogenesous compound, the results of this work indicats thet the easily
precipitated materials from two waste liquors differ im their distribution

of molecular sise and im their average sulfur contemts {Table YII),

0Of the materisl from both waste liquors not precipitated dy
lime (I-B and II1-B), only 12-1L per cent (U1,0 and 4,7 per cent of the
total materinl) were retained by the membranes used for dialysis. This
established thet, in the two weste liquors investigated, there wvere fower
large molecules in the fraction mot precipitated by lime than in that

part vhich was procipitated,
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Treatment of the fraction of Cook I which was not precipltated
by lime (I-B) with dasic lead mcetzte did mot precipitate sll of the
nsthoxyl-containing materisl in the solution. It was impossible to state,
howaver, that the unprecipitated matsrial (I-Bl) conteining 0.75 per cemt
methoxyl (on the ash-free basiz) represented unprecipitated lignin
derivatives beoause it is known that some of the cardohydrate mnrterisl
in sprucewood contains methoxyl groups, About 20 per cent of the total
zethoxyl content of the waste liquor from Cook III was mot precipitated
by basic lead scetate. Thiz amount of methoxyl could not come entirely
from the nonligneous msterisl in the wood, Hence, it must be concluded
that, although basic lead acetate mey precipitate the totsl lignosulfonic
acids from some waste liquors, it will not necessarily do so in all cases,

undoubtedly decause of a deep-seated degradatior of part of the lignin,

In many studies on lignosulfonic acids the part easily pre-
cipitated has been isolated, purified, and snalysed, The method of
isolation and purification usually consisted of precipitation, regeners-
tion, and dlslysis through membranes of ungtated pore size, It should
be pointed out that, if such a procedure hed been followed with the
mexbranes thet were used in this work, the final fractions would have
represented, at most, sbout 20 per cent (1L.7 + K,7) in the case of
Cook T and 35 per cent (30.9 + L.0) in the ease of Cook 111 of the totsl

lignosulfonie acide present in the waste liguor,
Sulfur Content

The sulfur, methoxyl, and ash contemts of the ;roducts which

were isolated have been tebulated in Table VII together with the sulfur
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contents calculated on the basis of the ash-free product and the methoxyl

contents expressed as percentages of sulfur-and ash-free limin,

I4 can be seen from Table VII that the methoxyl contents
calculated on the sulfur-and ash-free basis varied from 13.1 to 16.8
per cent, It should be mentiomed that the products I-Aa, I-Bu. and III-Bu
were preeipitated into glacial acetic acid from their amsthamol solution,
The higher methoxyl content (16,8, 15.4, and 16.5 per cent, respectively,)
of these thres fractions may be dus to a partial methylatiom by methanol
in the presence of glacial scetic acid, Precipitation into glacial

acetic acid may also account for the low ash content of these products,

The sulfur contents of the products isolated from each waste
1iquor (caloulated on the ash-free basis) increased im the order
CaInsol-A,, CaSol-PbInnol-Bh. CaSoI-BG(Dialy:od), and in the case of
Cook I, Calnsol-A;, . Highly sulfonsted lignosulfonic acids were obtained
from both cooks., The maximum sulfur conteat of a fraction isolated from
vaste liquor I was 8,77 per cent, and from waste liguor III, 10.61 per
cent, The CaInsol-Az fraection of Cook I had the relacively lowv sulfur
content of 4,88 per cent, vhich is of the order of magnitude of the
niniaum value other investigators have considered necessary for solution

of sulfonated ligain,

Although the same method of fractionation wes applied to the
tvo crude waste sulfite liguors, the sulfur contents of those fractions
isolated from Cook III were always higher than those of the corresponding

fractions obteined from Cook I. This indicsted that no one fractiom of
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lignosulfonic acids isolated by the scheme of fractionstion which vas

used could de considered chemically homogensous,

This investigation was conducted primarily to contridute to
the knowledge of the extent of the degree of sulfonation of ligmim, by
determining whether the lignin duilding unit reacts with s second molecule
of bisulfite to give a lignodisulfonic acid, or whether the lignin duilding
unit is degreded into units of & molecular weight less than SL0O with one
sulfonic acid group on each smaller fragment. Before Adlscussing the ex-
perimental data and its relation to this question, a brief review of
the generally accepted concept of lignim structure is given to 4differentiate
betwveen the molecular weight of the lignin and the weight of the lignin
building unit, Accordinmg to this concept, the lignim molecule is made up
of 2 number of lignin building uaits of 2 unit weight of adbout S40, The
building unit ia turam is mede up of five dullding stones wvhose basic
structure consists of a densens ring vith a three-carbon side chein, The
building stone is frequently referred to &s the °6°°3 unit, The size
of & lignin moleoule depends upon the number of duilding units in the
molecule in much the same way that the length of cellulose chains depends
upon the numder of glucose anhydride units in the chain, In chemical
reactions, the effective moleeculer weight of the lignin molecule is that
of the lignin dullding unit--namely, S40. This picture mey be shown ia
the following way,

- lignin bduilding stone
~e=== ligain bullding unit (M,v¥, 84O)

.« linkege between building uynits
' one sulfonic acid group
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Ligain molecule ( . . )y

Yher lignin is sulfonated, the monosubstituted sulfoniec acid

containing 3.5 per cent sulfur would be represented by:

Lignomonosulfonic agid ( i, 2, wadee )

On the bdasis of this concept, vhen lignin is sulfonated to a
sulfur content sbove 3.5 per cent, the higher sulfur content may bs ex-

plained by one or two assumptions. They are:

(1) By the formstion of lignopolysulfomic acids which would

appear ag follows:

Lignodisulfonic scid ( ~=dad, «dode oaaid )x 6.4 sulfur

Lignotrisulfonic scid ( —-idd -dd-d -ilde ) £.9% sulfur

(2) By the formetion of sulfomic acids from fragments of the

lignin buillding unit:

1 -d -— ——d
(adout (abous (about (about
12,95 7.7% 5.5% L.25¢
sulfur) sulfur) sulfur) sulfur)

Vhen examined critically, the data presented in Table VII
contributed much enlightenment regarding the gquestion of vhich of these
possidilities occur. The lignosulfonic acids in the fraction Calnsol
(Dialysate) I'Ah had an average sulfur content of &.77 per cent, which
corresponded approximately to that of a trisulfonic scid as shown in
(1) or to & mixture of the monosulfonic scids shown under (2)., The

molecnles of this fraction were small enough to pass through the membrane
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used for Aislysis, The products CaSol (Dislyzed) I-BS and IIX-BG--
representing L.0 and L,7 per cent of the total lignosulfonic acids,
respectively-~vare retained by the membranes used for dialysis in spite

of the sulfur contents of 7.88 and 10,61 per cent, If the high sulfur
contents of these products were the result of & degradation of the lignin
building unit (2), the molecules would of necessity have been as small or
amaller then those nolocnlol‘in fraction I-Lu and, therefore, small enough
to pess the membranes upon dialysis. Because these fractions d4id not

pass the memdbranes upon dialysis, it must be concluded that the high
sulfur contents were due to the presence of lignodisulfonic and possidly

trisulfonic acids on the basis of the lignin building unit of 84O,

Two sssumptions were mede in arriving at the conclusion that
lignopolysulfonic acids are present in sulfite waste liguor. The first
was that each molecule and/or lignin building unit contained at least
one sulfomic acid group--an ssesumption considered valid since, in the
sulfise process, lignin is rendered water soluble only dy sulfonation
and all fractions of the isolated lignosulfonic acid were water soluble
(Table YIII). The second assumption was that the colloidal properties

which governed bdehavior upon dialysis were the same for all products.

The fact that lignopolysulfonic acids exiat in sulfite waste
liguor is quite significent, At the present time there is only one theory
which sxplains the sulfonation of the ligania bduilding unit by one sulfonic
scid group. In this theory which was proposed by Brauns (4l), the carbenyl
group of the lignim building unit is the reactive group in the sulfomation

reaction. This theory, however, does not explaim the formation of highly
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sulfonated lignosulfonic acids, Decause there is only one carbonyl growp

present in the lignin dbuilding unit.

Most other theories for the mechaniam of the tﬁlfquatlon reaction
involve an increase or decrease in the number of hydroxyl groups capadle
of methylstion in the lignosulfonig acid compared with that in the original
ligoin dbuilding unit. These theories have besr invalidated by the work of
Froudenberg (1), Hagglund (8), and of King, Nibbert, and Brauns (42), who
have shown that the mumber of hydroxyl groups capable of methylztiom in
the lignin building unit remains constant upon sulfonstion, It should be
sspecizlly pointed out that these methylation studies were msde on ligno-
sulfonic acids having a2 low sulfur content, which vere easily precipitated,
and had deen dislyszed in membranes of umstated pore sise. The change, if
sny, in the number of hydroxyl groups vhich can be methylated in ligmo-
sulfonic acids having higher degrees of sulfonation has mot deen determined,
Speculstion as to the manner by which 2 second and third sulfomic =cid
group reacts with the lignmin duilding unit i{s not justified, unless the
experiments of Fraudenderg (5}) on the sulfonation of Erdtman's acid are
applicable to the sulfonation of lignin, Vhen Erdiman's ecid ie sulfonated,
the reaction takes place by the opening of a heterogeneous oxygen ring

with the simulteneous formetion of a mew phenolic hydroxyl group,

The existence of ligmosulfonic acids with relstively low
nolecular weight but high sulfur contemts was shown by compzrison of the
low sulfur content of fraction Calasol (Non Dial,) I-A,, which would not
pass the dialysis membrsne, with the much higher sulfur content of the

fraction Calnsol (Dialysate) I-A), which was aade up of molecules small
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enough to pass through the pores of she membranes used for dlalysis., It
is impossidle, on the basis of these data, to state dsfinitely thet these
low-molecular weight, high-sulfur content acids were monosulfonic acids

of molecular weight less than 921,



CORCLUSIONS

1. Lime precipitased about 55 per ceant of the lignosulfonic
ecid salts from two widely different sulfite waste liquors, The results
indicated that the precipitation was not merely the result of the molecular
size of the lignosulfonic acid saltse but rather of the presence of some
characteristic group capable of rescting with calcium ions at & high pH

to form an insoluble salt,

2. DBaasic lead acetste, a reagent used extensively in the iso-
letion of lignosulfonic acids and their sslts, will not precipitate the

total sulfonated lignin from all sulfite waste liguors.

3. Lignosulfonic acids or their salts isolated by dialysis
through membrenes of tha pore sigze used in this work may correspond to
s spall and unrepresentative fraction of the total ligmosulfonic acids in
s sulfite waste liquor. Therefore, in sny investigation, conclusions
based solely upon the characteriszation of ligmosulfonic acids isolated

in this way are not necessarily applicable to the tosal material present

in gsulfite waste liquor,

4, When the same scheme of fractionation was ayrlied to two
different sulfite waste liquors, all the fractions obtained from the
liquor of the more drastic cook had a higher sulfur content than the
compsrable fractions from the milder cock, It was concluded that the
scheme of fractionstion used could not be censidered as a means of

isolrting chemically homogeneous lipnosulfonic acids,
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5. The fact was established by indirect proof that lignmo-
polysulfonic acids exist in sulfite waste licuor, A complete theory
for the mechanigm of the sulfonation reaction must, therefore, account

for the formation of polysubstituted lignosulfonic acids,

6. The existence in sulfite wvaste liquor of lignosulfonic
asids of relatively low molecular weight and high sulfur content was
established -~ but it was ot shown that they were ligromonosulfonie

acids,
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