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(57) ABSTRACT 
Waluable new and widely used compositions of matter 
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and increased dispersant and the like surfactant activity 
which products are resulfonated units of alkaline oxi 
dized, hydrolyzed, partially desulfonated lignosulfon 
ates. 
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1. 

SOLUBILIZED LIGNOSULFONATE 
DERVATIVES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

RELATED APPLICATIONS 

This is a continuation of application Ser. No. 135,455 
filed Mar. 31, 1980, now abandoned, which is, in turn, an 
application for reissue of U.S. Pat. No. 4,069,217 issued in 
Jan. 17, 1978. 

BACKGROUND OF THE INVENTION 
Various and numerous sulfonated and otherwise de 

rived lignin materials have already been found, known 
and developed and advantageously applied for many 
useful and beneficial purposes. This includes, the alka 
line oxidized, partially desulfonated lignosulfonates of 
the type prepared according to the teachings and disclo 
sures of U.S. Pat. No. 2,491,832 which are prepared 
from treatments of alkaline sulfite waste pulping liquir 
from wood conversion. 
While numerous references are available dealing in 

one capacity or discipline or another with the identity 
and nature of lignin, per se, and many of the derivatives 
of lignin including lignosulfonates (all of which, by the 
way, are generally relatively imprecise and not posi 
tively definite), preparation and multitudinous uses of 
the contempated materials, substantial elucidation 
thereupon and thereof may also be found, by way of 
illustration, in U.S. Pat. Nos. 1,848,292; 2,371,136; 
2,371,137; 2,505,304; 2,576,418; 2,598,311, 2,800,449; 
3,156,520; and 3,726,850. Still additional are of interest 
is uncovered in U.S. Pat. Nos. Re. 18,268; 2,057, 117; 
2,104,701; 2,399,607; and 2,434,626. 
Another excellent informational source in this area is 

the Bulletin (No. 131) published by AMERICA CAN 
COMPANY of Greenwich, Conn., 06830 (U.S.A.) enti 
tled "Chemicals From Wood'. 
The alkaline oxidized, hydrolyzed, partially desul 

fonated lignosulfonates which are utilized as the starting 
materials in practice of and to obtain the novel resul 
fonated compositions of the present invention are, as 
indicated, usually most readily and conveniently ob 
tained pursuant to the teachings of U.S. Pat. No. 
2,491,832. In this process, especially if and when en 
hanced by product yields of vanillin are wanted, it is 
frequently more desirable to employ a waste pulping 
liquor for the process which is derived from a totally, or 
at least substantially, softwood source-although this is 
not an entirely restrictive limitation since hardwood 
starting materials can, of necessity, also be used. 
Using the patented process, the degree of desulfona 

tion realized is a factor of and controlled by the amount 
of caustic interjected for the reaction; the strength of 
the oxidation effected (i.e. the relative amount of air or 
oxygen employed-although the oxidation conditions 
cannot be so severe as to induce demethylation conse 
quences); the reaction times and temperatures schedules 
followed, and the solids dilution, generally aqueous, of 
the lignosulfonate-containing spent sulfite liquor efflu 
ent being treated (with greater dilution conditions tend 
ing to lead to more extensive desulfonation probably 
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2 
due to the thereby increased availability of the reacting 
molecules to the oxidizing influence applied). 
While very desirable partially desulfonated lignosul 

fonate materials are prepared with the alkaline oxida 
tion conducted on a spent sulfite liquor containing, on a 
weight percent basis, from about 30 to 35% of dissolved 
solids, the spent liquors being cooked in the desulfona 
tion process may have as little as 14-10% to as much as 
40% solids content in order to obtain beneficial desul 
fonated products. 

Practically, almost any caustic alkaline solution can 
be employed for effecting the partial desulfonation reac 
tion, although lower alkalinity generally results in less 
desulfonation. More caustic is required when sugars and 
other saccharides are present (and they are usually pres 
ent with otherwise untreated spent sulfite liquors) in 
any varied or more substantial amounts in order to 
effect the decomposition of such saccharides. Ordinar 
ily, very good results are achieved when sufficient caus 
tic concentration is maintained throughout the desul 
fonating cook to maintain the reaction mass in the rela 
tively high pH range of between about 10.5 and about 
11. For example, a quite satisfactory proportion of lig 
nosulfonate solids to caustic to employ in the reaction 
mass involves use of an aqueous lignosulfonate solution 
of about 31-32 wt.% and having a specific gravity 
around 1.22-1.24 or so containing a caustic concentra 
tion in the solution of about 140 gms. NaOH liter. 
Adequate oxidation conditions to achieve desired 

ranges of desulfonation of the lignosulfonate in the 
spent sulfite liquor may be achieved by providing al 
most invariably from either air or oxygen passed 
through the cooking reaction mass, between about 
20-25 or so and about 40-50 or so grams of elemental 
oxygen (i.e., O2) per each 100 grams of lignin in the 
lignosulfonate material being desulfonated. In actual 
practice to obtain a frequently more desirable range of 
partially desulfonated material, between about 27 and 
35 grams of O2 per gram of lignin are utilized. 
While variations may be encountered, temperatures 

on the range of from about 140' to about 170° C., advan 
tageously in the neighborhood of 165 C., are usually 
most desirable to utilize. Of course, the reacting mass is 
cooked until the desired degree of desulfonation (or, 
when vanillin by product is important, the desired yield 
of it) is obtained. Usually and at the 165 C. level the 
cooking time is on the order of 45 minutes or so, the 
optimum time to employ, as will be appreciated by 
those skilled in the art, depending on reaction condi 
tions and the particular degree of desulfonation desired 
in the resulting partially desulfonated lignosulfonate 
material. It is oftentimes most advantageous (if not liter 
ally necessary for material handling purposes) to termi 
nate the cooking while some free caustic still remains in 
the reaction mass. This tends to prevent problems of 
emulsification during subsequent recovery of the par 
tially desulfonated lignosulfonate. Beneficially and for 
the indicated purpose, the reaction may accordingly be 
finished when, say, about 4-5 gms./liter of free NaOH is 
found to remain in the reaction mass. 

Practice of the process of U.S. Pat. No. 2,491,832 
yields, in effect, a spent oxidized liquor which, as has 
been disclosed and as is known, contains partially desul 
fonated, generally acid-insoluble, chemically altered 
organic lignin substances. These are usually isolated 
and/or fractionated by acid (namely, sulfuric) precipita 
tion which eliminates various sludge-producing, mostly 
calcium-based, ingredients therein. After the precipa 



Re. 32,895 
3 

tion, the purified partially desulfonated lignosulfonate 
material is generally dissolved in caustic to yield a so 
dium salt; then spray or otherwise dried to yield a pow 
der product-although, if desired, it may be finally 
prepared and used in an undried liquified form or recon 
stituted to an aqueous liquid of any desired concentra 
tion. 
The partially desulfonated lignosulfonate material 

thus obtained is not directly procurable from original 
spent sulfite liquors as are the normally-gotten and ordi 
narily so-called, albeit undesulfonated, "lignosulfonat 
ess;" it being an exceptionally pure material containing 
essentially no sugars or polysaccharides; having only 
vanishing traces, if any, of combined sulfur in sulfite 
form; and also having other inherent distinguishing 
features including relatively uniform and substantially 
constant relative molecular size characteristics. 
Although a sugar and saccharide-containing spent 

sulfite liquor is desirable to employ as the starting mate 
rial for preparation of partially desulfonated lignosul 
fonates from which the resulfonated compositions of 
the present invention are derived, otherwise treated 
spent sulfite liquors may equivalently be utilized. These, 
for example, may be those which have previously been 
treated in divergent ways and for other initial conver 
sion purposes wherein the sugars and/or saccharides 
are utilized and consumed, as in the preliminary manu 
facture from raw spent sulfite liquor of yeast or alcohol 
or in other ways giving a sugar and/or saccharide re 
duced or -free spent sulfite liquor. 
The alkaline oxidized, partially desulfonated lignosul 

fonates which are aninonic polyelectrolytes with a rela 
tive molecular size usually on the order of 1,000 to 
20,000 and from which the resulfonated products are 
obtained according to the instant invention generally 
have an organic sulfonic sulfur, i.e., -SO3, content 
calculated as percent sulfur by weight of broadly be 
tween about and about 5 wt.%. More advantageously 
for many purposes, this sulfur range is between about 1: 
and about 33 wt.%; while quite often it is preferable for 
the partially desulfonated lignosulfonate to contain 
from about 2.2 to about 2.8 wt. 26 of the combined 
sulfur which represents its appearance in the sulfonic 
form. 
A commercially available product, "MARAS 

PERSE CB' TM obtainable from AMERICAN CAN 
COMPANY, is a good example of an excellent alkaline 
oxidized, hydrolyzed, partially desulfonated lignosulfo 
nate material useful in practice of the present invention. 
"MARASPERSE CB,' as usually available, gener 

ally has the following typical analysis parameters and 
physical characteristics features: 

10 

15 

20 

25 

30 

35 

45 

50 

55 TYPICAL ANALYSES (Moisture-Free and Wt. % Basis): 
pH - 3% Solution 8.5-9.2 
Total Sulfur as S, 28 2.5-2.9 
Sulfate Sulfur as S, 9. 0.1-0.25 
Sulfite Sulfur as S. 2. OO.05 
CaO, a 0.02-005 
MgO, 2. Trace-0.03 
NaO, % 99.9 
Reducing sugars, 9% O 
OCH, 2% 12.4-2.9 
Sodium Lignosulfonate, 26 99-99.6 
Solids, 2. 92-94 

ULTRAVIOLET ANALYSES (K-value representing base line) 65 
Upper UV: 
K. Solids at Max. (275 cms) 29-30.5 
KOCH3 at Max. 225-250 

4. 
-continued 

Differential UW: 
Max. cms 250-252 
K Solids at Max. 10-11.3 
KOCH3 at Max. 82-88 
Baseline K Solids 9.5-10.3 
Phenolic OH, 2 1.8-2.l 
OHAOCH3 0.26-0.30 

PHYSICAL CHARACTERISTICS 
Usual Force Powder 
Moisture Content (Max %, H2O) 8.0 
Color Black 
Bulk Density (lbs./cu. ft.) 43-47 
Solubility in Water (%) 1OO 
Solubility in Oils and O 
Most Organic Solvent (%) 
Surface Tension, % Sol's ca. 51.4 
(in dynes/cn) 

While the known alkaline oxidized, hydrolyzed, par 
tially desulfonated lignosulfonates, including such 
things as "MARASPERSE CB," are excellent surfac 
tant, dispersant, detergent and otherwise attractively 
propertied materials very good for a wide variety of 
uses, they still have certain intrinsic inadequacies and 
limitations leaving some disiderata and unfulfilled 
capacbility for use in many crucial applications and for 
expanded applicability in and for many highly advanta 
geous purposes. Noteworthy amongst these are difficul 
ties in the employment of the mentioned partial desul 
fonated lignosulfonates are their relatively limited solu 
bility in saline solutions plus their sometimes not totally 
satisfactory potential for having extraordinarily superb 
general surfactant exhibitions. 
FIELD AND OBJECTIVES OF THE INVENTION 

This invention pertains to and resides in the general 
field of relatively pure lignosulfonate derivatives hav 
ing greatly enhanced solubility, especially in saline and 
acid environments and also having improved dispersant 
and surfactant properties. Amongst its principal aims 
and objectives are the provision of such lignosulfonates. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE is a graph showing the relative molec 
ular size properties of the invention in contrast to con 
ventional products known heretofore. 
PARTICULARIZED DESCRIPTION OF THE 

INVENTION 

The compositions of this invention are, basically, 
resulfonated derivatives of the above-described and 
identified alkaline oxidized, hydrolyzed, partially desul 
fonated lignosulfonates. Besides their unique chemical 
constitution, they are characterized in having (as com 
pared to most other so-called lignosulfonates) an 
evened-out and/or very similarly dimensioned relative 
molecular size range with usual tolerances therein 
within a 10-20% size measure from any given constant 
(particularly in volumetric comparison with the molec 
ular size of 2-naphthalene sulfonic acid); a solubility 
expecially as regards saline solution tolerance or com 
patibility and/or in aqueous acidic media at least 10 
percent and usually 2 to 3 times greater than that of the 
partially desulfonated lignosulfonate starting material 
from which the resulfonated products of the present 
invention are derived; and a substantially increased; i.e., 
at least 50 percent and up to 15-20 times surfactant and 
dispersant activity. 
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The resulfonated compositions are readily obtained 
by the direct sulfonation of sulfoalkylation of the refer 
enced alkaline oxidized, hydrolyzed, partially desul 
fonated lignosulfonate starting material. Ordinarily and 
most conveniently, this is done with appropriate sulfo 
nating reagents in an aqueous solution of the starting 
material, advantageously using agitation during the 
reaction (which is better when applied vigorously and 
may be either by mechanical mixing or stirring and/or 
from the agitating effects of steam being pressed into the 
reaction mass when steam is used for heating), at any 
desired suitable temperature. In general, the reaction 
can be conducted over a temperature range from about 
50” to about 200 C., although it is ordinarily desirable 
to run at least at the boil (i.e., about 100 C. or so) in 
order to avoid unduly long reaction times. Ordinarily, a 
temperature on the order of 160 C. is satisfactory for 
most of the resulfonations done. Of course, the reaction 
is accomplished under corresponding pressure when 
temperatures over boiling are utilized. The time of reac 
tion generally varies with the temperature involved; 
lower temperatures requiring longer times. At high 
temperatures the resulfonations can be completed in as 
little as hour or so while temperatures at the lower end 
of the scale may require as much as 16 or more hours for 
completion. When conducted at about 160 C., the 
resulfonation cooking is usually completed within about 
an hour. 
Any suitable sulfonation reagents may be used for the 

resulfonation reaction. When straight sulfonations are 
desired, they may be advantageously accomplished 
with an alkali metal (such as sodium) sulfite or sulfur 
dioxide. Sulfoalkylations, as are frequently quite desir 
able, are done with mixtures of an appropriate lower 
alkyl aldehyde and a bisulfite. The sulfonate group, per 
se, that is attached in straight sulfonation is, of course, 
-SO3H. The sulfoalkylates, which ordinarily involve 1 
to 3 carbon atom alkyl units are of the structure 
-(CH2) -SO3H, wherein x is usually an integer from 
1-3 and when x is plural the alkyl unit may be linear in 
attachment or, as is probably the more frequent case, 
comprised of side-chain arrangements. 
The aldehyde utilized in at least approximative stoi 

chiometric proportions with the bisulfite in the sul 
toalkylations performed for the resulfonation is gener 
ally of the structure: RCH:O, wherein R is hydrogen or 
an alkyl group containing from 1 to 3 carbons. Obvi 
ously, if desired, mixed aldehyde reaction systems may 
be utilized even though there is ordinarily no particu 
larly advantage in this. Usually, it is very desirable to 
accomplish the resulfonation with a sulfomethylating 
reaction using formaldehyde (CHO) and sodium bisul 
fite (NaHSO3) as reagents so as to make sulfomethyl 
(-CH2SO3H) attachments in the resulfonated product. 
As indicated, about stoichiometric relative propor 

tions of the aldehyde and bisulfite reagents are em 
ployed for the resulfonation; these being used in 
amounts calculated to effect the desired extent or quan 
tity or sulfonic acid units in the finally obtained resul 
fonated product. Actually, a plus or minus 20% toler 
ance from exactly stoichiometric ratios is tolerable. In 
sulfomethylating reactions, the amount of formalde 
hyde used may vary from about 1 to about 12 wt.% of 
the desulfonated starting material being resulfonated 
while the bisulfite can correspondingly be utilized in 
quantities, on the same basis, of between about 5 and 
about 40 wt. %. A particularly desirable resulfome 
thylated product containing about 5 wt.% of sulfur in 
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6 
organic sulfonic sulfonate form is obtained by the reac 
tion in the described manner of "MARASPERSE CB' 
with about 15 wt.% of sodium bisulfite and 4 weight 
% of formaldehyde, based on "MARASPERSE CB" 
weight, cooked for 1 hour at 160 C. 
The resulfonated products of the present invention 

may, as desired, contain anywhere from about l wt.% 
to 14-15 wt. 2% of total sulfur in combined organic 
sulfonic sulfonate form. Advantageously the range of 
such sulfur is between about 2 and about 10 wt.%, 
with greater desirability oftentines attained in the sulfur 
wt.% range of from about 4 to about 6 wt.%. 
While it is not intended to be bound by any particular 

theory, it is believed that the starting alkaline oxidized, 
hydrolyzed, partially desulfonated lignosulfonate mate 
rial (as obtained when following the procedures of U.S. 
Pat. No. 2,491,832) has the sulfonic acid group attach 
ments at least sustantially if not predominantly or en 
tiresly on the side chains of and in the lignin molecules, 
this ordinarily being on the side chain carbons which 
are in the alpha position relative to the ring and carry 
ing over from the initial substitutions made during the 
original sulfite pulping operations. On the other hand 
and surprising as it is, it is believed the sulfonate and/or 
sulfoalkyl units prepared in practice of the present in 
vention are substantially if not predominantly or en 
tirely positioned in ortho and/or para substitutions on 
the aromatic rings of the lignin molecules. Thus, the 
resulfonated product of the instant invention is, quite 
obviously, a basically different and dissimilar lignosul 
fonate from the lignosulfonate material found in spent 
sulfite liquors from which are obtained the starting 
lignosulfonates that are resulfonated in present practice. 
A typical resulfonation reaction pursuant to the pres 

ent invention may be figuratively represented by the 
following, presumed-to-be accurate chemical reaction 
formulae: 

H 

e' N. " NaHSO3- GRCHS-ONa + (Lignin) 
H O 

-Ge. 
OH 

: 
R 

C-S-ONa -- H2O 

O 

O 

EXEMPLIFICATION OF THE INVENTION 

The following detailed Illustrations more particularly 
delineate and show the extroardinary benefits and ad 
vantages obtained in and by practice of the present 
invention and with the exceptionally useful and versa 
tile resulfonated lignosulfonate composition products 
obtained thereby. 

First Illustration 

Excellent quality resulfonated derivatives, containing 
about 5.5 or so wt.% of organic sulfonic sulfur (based 
on composition weight) are made in large scale prepara 
tions by the sulfomethylation of "MARASPERSE CB' 
containing about 2.6 or so wt.% of total sulfur mea 
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sured as Saccording to the following general procedure 
(in which all percentages are on a weight basis): 

A Synopsis of Procedure 
The “MARASPERSE CB" liquor is sulfomethylated 

by cooking 1 hour at 160 C. with 15% NaHSO3 and 
4.5% CH2O. 

Molecular Weights of Particular Reagents involved: 
Fermaldehyde CHO 30 
Sodium Bisulfite NaHSO 104 

B. Bill of Materials 
Basis: 

Per 100 lbs. Basis: Approximate 6000-gallon Batch 
Finished Galions 

Product in (U.S. 
lbs. Solids Measure) 

"MARASPERSE CB" 
Liquor 85.50 
Formalde- 3.85 
hyde 
Sodium 
Bisulfite 
Total 
Finished 
Product 

Pounds 
Liquid 

Solids, 
lbs./gal. 

Pounds 
Solids 

3.71 
3.33 

5,400 
270 

52,800 
2,450 

20,000 
900 

2.8O 3,000 3,000 

23,900 
23,400 

102.5 
100 

58,250 

C. Procedure in 
I. Makeup 
1. Pump “MARASPERSE CB"liquor to process 

tank (about 5500 gallons); 
2. Measure the volume in the tank; 
3. Take a pint sample; 
4. Check temperature and specific gravity of the 

liquor; 
5. Determine the pounds per gallon of liquor solids 

from the gravity reading; 
6. Agitate and steam the liquor to about 80 C; then 
7. Add 4.5% formalehyde based on the "MARAS 

PERSE CB” liquor solids (A490-lb. drum of formalde 
hyde at 37% solids containing iO lbs. 

8. Slowly and with good agitation, add 15% sodium 
bisulfite based on “MARASPERSE CB' liquor solids 
(taking into account that if this is added too fast, it will 
not mix in); then 

9. After the bisulfite is completely mixed in, continue 
agitation for 15 minutes. 

II. Reaction 
1. Transfer about 1850 gallons of liquor to a feed tank 

for the high temperature, pressure reaction vessel while 
maintaining the temperature at about 80 C. 

2. Dump the liquor from the feed tank to a stirred, 
autoclave-type, pressure, reactor; 

3. Steam to 160 C.; 
4. Cook 1 hour at 160' C.; 
5. Blow the cook slowly to avoid foaming; 

D. Process Variables 

The “MARASPERSE CB" liquor should have a 
gravity of 1.16 to 1.18 at room temperature, (3.5 to 3.9 
lbs. solids/gallon) with maximum soluble lime less than 
about 0.1% CaO. The addition of the bisulfite to the 
liquor is critical. This must be done very slowly to 
avoid forming a crust on the surface, which is very 
difficult to break up. 

Following the preparation, the products are readily 
obtained in solid (usually powdered) alkali metal (i.e., 
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8 
generally sodium) salt form by spray or other drying 
procedures. 
The resulfonated lignosulfonate products obtained 

from the above-specified preparation procedure having 
outstanding qualities and characteristics in all of the 
particulars specified in the foregoing "PARTICULAR 
IZED DESCRIPTION OF THE INVENTION'. 
They are: soluble in synthetic and natural (such as 
North Sea water) salt solutions; dissolvable with ease in 
acid media as low as pH 1.5 or so; markedly surfactant; 
have a close molecular size range constancy of easily 
less than a 20% measure (and usually closer to 10% and 
frequently much less in this) when collated to a given 
standard size of molecule such as 2-naphthalene sulfonic 
acid (i.e., "2-NSA') as indicatable by diffusion tests 
through micro-size porous filter media consisted of 
cellulose type cell membranes, or filters, having average 
pore sizes of 0.4 microns. 
The graph presented in the accompanying Drawing 

nicely demonstrates as a typical representation the very 
close relative molecular size constancy of the resul 
fonated lignosulfonates of the present invention as com 
pared to conventional and heretofore-known "lignosul 
fonate' products. As is apparent therein, the resul 
fonated desulfonated lignosulfonated compositions of 
the present invention have (in contradistinction with 
normal and ordinarily obtained "lignosulfonates') the 
described relatively narrow relative molecular size av 
erage particulars. 
The resulfonated products obtained by the foregoing 

Procedure are all found to be extremely useful and 
effective as improved dispersing agents for dyestuffs, 
pesticide materials, clays and so forth and in and for 
ceramic refractory preparations; as well as for the emul 
sification of oils and various petroleum products and, 
additionally, a valuable and highly efficacious retarding 
agent for oil well cement compositions to precisely 
control and regulate the setting under high temperature 
and pressure conditions even in highly saline aqueous 
environments. The latter application is more particu 
larly described in the concurrently-filed, co-pending 
Application of the Applicants entitled "WELL CE 
MENTING", having Ser. No. 671,159 filed Mar. 29, 
1976. 

Similar very good results, using appropriate reagents 
for the purpose, are realized when the resulfonated 
products are made by direct non-alkyl-group-contain 
ing sulfonations as well as for sulfoethylations, sulfopro 
pylations and so forth. 

Second Illustration 

Using resulfomethylated products prepared accord 
ing to the First Illustration, a number of salt tolerance 
tests in extremely high concentration synthetic aqueous 
saline solution are performed. In each, the salt solution 
is made up in water to a total volume of 1 liter and is 
composed, in the water, of 50 gms. of sodium chloride 
(NaCl), 16.5 gms. of calcium chloride (CaCl2) and 15.5 
gms. of magnesium chloride (MgCl2). About 0.50 gms. 
of the lignofulfonate product being tested is put into 2 
fluid ounces (about 60 ml) of the solution. Another 50 
ml. of the salt solution is then added to the mixture and 
the entire make-up manually shaken briefly to effect 
whatever preliminary dissolution can be achieved; after 
which it is put on a mechanical shaker for one hour to 
ensure as much as solubilization as possible. Subsequent 
to that, a 10 ml. portion of the overall mixture is placed 
into a graduated container tube from a standard labora 
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tory-type DeLaval Centrifuge and centrifuged for 5 
minutes thereon at 20,000 RPM The volume percent of 
sludge found after the centrifugation (based on original 
volume of centrifuged material) is then measured. In all 

10 
lower readings indicating better dispersant effect by the 
additive as the consequence of requiring less force for 
the movement of the mixture through the apparatus. 
The results were as follows: 

Fan 
Yied 2ero 

Product Point 600 300 200 OO 6 3 gel 

"MARASPERSE CB' 69 9 80 72 63. 39 34 36 
RESULFOMETHYLATED 16 34 25 22 8 13 13 5 
ERIWATIVE 

cases, the resulfonated products of the First Illustration 
have never more than 2.0 and usually (at least about 9 
out of 10 times) less than 1.6 volume percent of re 
moved sludge after the centrifugation. In contrast and 
by application of the same saline solubility test, the 
general type of "MARASPERSECB' starting material 
utilized in the First Illustration has about a 6 volume 
percent sludge level after the centrifugation analyses. 
Analogous results are obtained when the same saline 

solubility tests are repeated excepting to utilize, as the 
aqueous saline media; (ii) 200grams/liter. NaCl solution; 
and/or "North Sea' water comprised, per liter, of 300 
gms. NaCl, 1.16 gms. CaCl2 and 5.54 gms. MgCl2(giv 
ing a total dissolved content of 36.70 gms./liter of such 
salts). 

Third Illustration 

A desulfonated lignosulfonate from the vanillin pro 
cess containing 0.7 wt.% combined sulfur as organic 
sulfonic sulfonate was attempted, in a 5gm. quantity, to 
be dissolved in 50 ml. of pH 1.5 sulfuric acid then fil 
tered through a fine mesh filter. The attempted solution 
was very turbid in appearance and, after passage 
through the filter (during which it filtered very slowly), 
left 4.7gms. of undissolved solids out on the filter paper. 

In contrast, three resulfonated or resulfomethylated 
products made from the same desulfonated starting 
material were subjected to the same test. Sample "X" of 
the resulfonated or resulfomethylated product con 
tained 1.5 wt.% combined sulfur, Sample "Y" 2.3% 
and Sample "Z" 2.0%. The Sample "X" solution was 
slightly turbid and filtered slowly but left only 0.2 gms. 
of undissolved solids on the filter paper. Sample “Y” 
was a clear brown liquid in the strong acid solution but 
filtered quite rapidly and left no residue (i.e., actually 
0.0gms.) on the filter paper which remained clean after 
filtration. Sample "Z" while producing a slightly turbid 
solution, also filtered rapidly and left no measurable 
residue on the filter paper which appeared only very 
slightly discolored after the filtration. 

Fourth Illustration 

A sample of "MARASPERSE CB" (2.6 wt.% S) 
and, for comparative purpose, a sampleof a resulfome 
thylated derivative thereof made to a 5 wt % S con 
tent according to the procedure of the First Illustration 
were tested as dispersants for Stellar clay according to 
the well-known, standard ASP-200 Stellar Clay Test 
using for the measurement a Fann Rotational Viscosim 
eter obtained from the Fann Instrument Company of 
Houston, Tex. Values for yield point, zero gel and Fann 
600', 300, 200, 6 and 3 settings were obtained. The 
data obtained, of course, represents the force required 
to move a stationary clay system through the plug flow 
to plastic flow condition in a pipe with the numerical 
measurements taken in lbs./.100 ft.2 of pipe surface; 
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The superiority of the product made in accordance 
with the present invention is easily discernible and 
plainly evident from the foregoing. 

Fifth Illustration 

A series which included a compositino of a normal 
(and not resulfonated) desulfonated lignosulfonate (as 
obtained from spent oxidized liquor from the vanallin 
process pursuant to the above-identified U.S. Pat. No. 
2,491,832) and resulfonated (more precisely, resulfome 
thylated) derivatives thereof prepared according to the 
First Illustration hereof were tested for their propensi 
ties and capabilities to disperse and control the setting 
retardation times of Type I cements (i.e., similar to that 
prescribed in ASTM C150 specifications for cements) 
using The Fann Viscosimeter Apparatus (as described 
in the above Fourth Illustration) to finally measure the 
results. Each of the test sample compositions was made 
up with 300gms. of the Type I cement (obtained from 
IDEAL CEMENT COMPANY), 25 gms. of NaCl 
(giving, in effect, in the final composition about a 15 wt. 
%, based on total composition weight, aqueous salt 
solution), 3 gms. of the lignosulfonate additive and 138 
ml. of distilled water. In each case the composition to be 
tested was preliminarily prepared by adding, in a 
laboratory-style Waring Blender operated at low speed: 
the lignosulfonate dispersant to the water; then the salt; 
followed by the cement. Shearing of each constitution 
was done for 10 minutes at a 40 volt setting (60 cycle 
AC) of the Blender. After the mixing, each sample mix 
was placed in the appropriate testing cup to each of 
which was added one drop (i.e., about 0.1 cc.) of octa 
nol before placing each for testing in the Fann Visco 
simeter. The results were as set forth in the following 
tabulation, wherein the Sample "D' was the starting 
desulfonated lignusulfonate (obtained, as above 
described, from vanillin process) containing 0.66 wt.% 
of organically combined sulfonic sulfonate sulfur while 
Samples "A", "B" and "C" were resulfomethylated 
derivatives thereof containing, respectively, 2.10-2.29 
-3.65 wt.%'s of sulfonic sulfur with additional minor 
quantities of non-sulfonic sulfur contained therein (all as 
determined by the method described at pg. 850 “Ana 
lytical Chemistry' in Vol. 32, No. 7, for June 1960). 

Fann 

Zero Setting 
Sample Yield Time gel 
No. Point 600 300 200 100 6 3 To Light Gel 
"A" 102 64 133 20 104 59 48 53 3 hrs. 
'B' O 159 130 16 10 S6 43 53 3 hrs. 
"C" 70 14 92 87 TO 49 32 37 4 hrs. 
iD 12 76 44 28 11 SO SO 62 2 hrs. 
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These data dramatically illustrate the improvement in 
cement retardation achieved with the compositions of 
the present invention. 
Many changes and modifications can readily be made 

and adapted in embodiments in accordance with the 
present inveniton without substantially departing from 
its apparent and intended spirit and scope, all in pursu 
ance and accordance with same as it is set forth and 
defined in the hereto appended claims. 
What is claimed is: 

1. A composition comprising: 
a lignosulfonate or an alkali metal salt derivative 

thereof derived from sulfite waste liquor that has 
been subjected to alkaline oxidation, hydrolysis and 
partial desulfonation with subsequent resulfona 
tion; 

said lignosulfonate prior to resulfonation being char 
acterized by a relative molecular size of substan 
tially within the range of 1,000 to 20,000 and con 
taining combined organic sulfonic sulfur after par 
tial desulfonation of from about 0.5 weight percent 
to about 5.0 weight percent and from about 1.5 
percent to 15 percent by weight of said total com 
bined sulfur upon completion of said resulfona 
tion. 
2. A composition comprising: 

an alkaline oxidized hydrolyzed, partially desul 
fonated and subsequently resulfonated lignosulfo 
nate; 

said resulfonated lignosulfonate having substituted 
therein, as the resulfonation units, those of the for 
mula: 

-(CH2) -SO3H, wherein x has a numerical integral 
value from 0 to 3; or alkali metal salt derivatives 
thereof; and 

said resulfonated lignosulfonate containing between 
about 1 weight percent and about 15 weight per 
cent of total sulfur in combined organic sulfonic 
sulfonate form; said lignosulfonate prior to resulfo 
nation having a relative molecular size of substan 
tially 1000 to 20,000. 
3. The composition of claim 2, wherein there is 

between about 2 and about 10 wt.% of said total com 
bined sulfur. 

4. The composition of claim 2, wherein there is 
between about 4 and about 6 % of said total com 
bined sulfur. 

5. The composition of claim 2, wheren said resulfo 
nation unit is a sulfomethyl group of the formula 
-(CH2)SO3H. 

6. The composition of claim 2 in the form of an 
alkali metal salt. 

7. The composition of claim 2 in the form of a so 
dium salt. 

8. The composition of claim 2 and further charac 
terized in having a relatively constant relative molecu 
lar size range with molecular size variations in the com 
position being within not more than about a 20% volu 
metric molecule size to molecule size variation one from 
another. 

9. A composition in accordance with the composi 
tion of claim 8 wherein said relative molecular size 
range variation from molecule to molecule in the com 
position is not more than about 10 volumetric %. 

10. The composition of claim 2, and further charac 
terized in having the inroduced sulfonate units substi 
tuted at least substantially in the resulfonated alkaline 
oxidized, hydrolyzed, partially desulfonated lignosulfo 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

12 
nate material in ortho or para locations, or both, on the 
aromatic rings of the lignin molecules in the resul 
fonated, partially desulfonated lignosulfonate material 
of said composition. 

11. A composition in accordance with the composi 
tion of claim 10, wherein said substituted introduced 
sulfonate units are located predominently in the ortho 
or para, or both, locations of said aromatic lignin mole 
cule rings. 

12. A composition as claimed in claim 1 wherein 
said combined organic sulfonic sulfur is present upon 
completion of resulfonation in an amount by weight of 
from 2.75 percent to about 10 percent by weight. 

13. A composition as claimed in claim 12 wherein 
said combined organic sulfonic sulfur is present upon 
completion of resulfonation in an amount by weight of 
from about 4.5 percent to about 6.5 percent by weight. 

14. A composition as claimed in claim 1 wherein 
said resulfonation is undertaken in an aqueous medium 
and in the presence of a reactant composition compris 
ing about 5 percent to 40 percent, by weight of said 
desulfonated lignosulfonate, of alkali metal sulfite. 

15. A composition as claimed in claim 14 wherein 
said sulfite is an alkali metal bisulfite. 

16. A composition as claim in claim 15 wherein said 
sulfite is sodium bisulfite. 

17. A composition as claimed in claim 14 wherein 
said reactant composition includes one or more alde 
hydes of the formula: 

2 
RC 
N 
H 

wherein R is hydrogen or an alkyl group containing 
from 1 to 3 carbon atoms. 
18. A composition as claimed in claim 17 wherein 

said aldehyde is formaldehyde. 
19. A composition as claimed in claim 18 wherein 

said formaldehyde is present in an amount by weight of 
said partially desulfonated lignosulfonate of about 1.5 
percent to 12 percent. 

20. A composition as claimed in claim 18 wherein 
said formaldehyde is present with an alkali metal bisul 
fite in approximately stoichiometric proportions. 

21. A composition as claimed in claim 20 wherein 
said stiochiometric proportions of formaldehyde to 
bisulfite may vary by up to 20 percent. 

22. A composition as claimed in claim 1 wherein 
said lignosulfonate after resulfonation is characterized 
in being substantially completely soluble in each of 
aqueous saline solutions and acid media having a pH of 
at least about 1.5. 

23. A composition as claimed in claim 1 wherein 
said lignosulfonate prior to resulfonation is character 
ized by a pH in aqueous solution of 8.5 percent to 9.2 
percent; a total sulfur content 2.5 percent to 2.9 percent 
by weight; the absence of reducing sugars; and a ligno 
sulfonate content of at least 99 percent by weight. 

24. A composition as claimed in claim 1 wherein 
said lignosulfonate is further characterized by a me 
thoxyl content of from 12.4 to 12.9 weight percent. 

25. A composition as claimed in claim 23 wherein 
said resulfonated lignosulfonate has a relative molecular 
size of 4200. 
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26. A composition as claimed in claim 23 wherein 
said resulfonated lignosulfonate has a relative molecular 
size of about 3500. 

27. A composition as claimed in claim 22 wherein 
said aqueous saline solution contains relatively large 
concentrations of sodium chloride and said acid media 
comprises an aqueous sulfuric acid solution at a pH 
within the range of about 1.5 and less than 7. 

28. A composition as claimed in claim 1 wherein 
said resulfonation is accomplished in an aqueous reac 
tion mass at a temperature between about 50 and about 
200 C. using, for the resulfonation agents, an aldehyde 
of the formula: 

wherein R is hydrogen or an alkyl group containing 
from 1 to 3 carbon atoms in approximately stoi 
chiometric admixture with a sulfur of the formula: 

wherein X is an alkali metal. 
29. A high efficiency, non-gelling retarder composition 

having a high degree of predictability for use in oil well 
cementing compositions under highly saline environment, 
said retarder composition comprising: 
a lignofilfonate or an alkali metal salt derivative thereaf 

derived from a sulfite waste liquor that has been sub 
jected to alkaline oxidation, hydrolysis and partial 
desulfonation with subsequent resulfonation 

said lignosulfonate prior to resulfonation being charac 
terized by a relative molecular size of substantially 
within the range of about 1,000 to about 20,000 and 
containing combined organic sulfonic sulfur after 
partial desulfonation of from about 0.5 weight percent 
to about 5.0 weight percent and from about 4.5 weight 
percent to about 15 percent by weight of said total 
combined sulfur upon completion of said resulfona 
tion, and wherein said ignosulfonate after resulfona 
tion is substantially completely soluble in agueous 
Saline solution containing relatively large concentra 
tions of sodium chloride and in acid media at pH as 
low as about 1.5. 

30. A high efficiency, non-gelling retarder composition 
having a high degree of predictability for use in oil well 
cementing compositions under highly saline environment, 
said retarder composition comprising: 
an alkaline oxidized hydrolyzed, partially desulfonated 
and subsequently resulfonated ligrosulfonate 

said resulfonated ligntosulfonate having substituted 
therein, as the resulfonation units, those of the for 
nula. 

-(CH2)x-SO3H, wherein x has a numerical integral 
value from 0 to 3 or alkali metal salt derivatives 
thereof and 

said resulfonated ignosulfonate containing between 
about 4.5 weight percent and about 15 weight percent 
of total sulfur in combined organic sulfonic sulfonate 
form said ignosulfonate prior to resulfonation having 
a relative molecular size of substantially 1,000 to 
20,000, and wherein said ignosulfonate after resulfo 
nation is completely soluble in aqueous saline solution 
containing relatively large concentrations of sodium 
chloride and in acid media at pH as low as about 1.5. 

14 
31. The combination of clain 30, wherein there is be 

tween about 4.5 and about 6.5 weight percent of said total 
combined sulfur. 

32. The composition of claim 30, wherein said resul 
fomethylation unit is sulfomethyl group of the formula 

O 
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25 

30 

35 

-(CH2)SO3H. 
33. The composition of claim 30 in the form of an alkali 

metal salt, 
34. The composition of claim 30 in the form of sodium 

salt. 
35. The composition of claim 30 further characterized in 

having a relatively constant molecular size range with 
molecular size variations in the composition being within 
no more than about 20 volumetric percent. 

36. A composition as in claim 34, wherein said relative 
molecular size range variation from molecule to molecule 
in the composition is no more than about 10 volumetric 
percent. 

37. The composition of claim 30 further characterized in 
having the introduced sulfonate units substituted at least 
substantially in the resulfonated alkaline oxidized, hydro 
lyzed, partially desulfonated lignosulfonate material in 
ortho or para locations, or both, on the aromatic rings of 
the ignin molecule in the resulfonated, partially desul 
fonated lignosulfonate material of said composition. 

38. A composition as in claim 37, wherein said substi 
tuted introduced sulfonate units are located predominantly 
in the ortho or para locations, or both, of said aromatic ring 
of the lignin molecule. 

39. A composition as in clain. 29, wherein said combined 
organic sulfonic sulfur is present, upon completion of sulfo 
nation, in an amount of from about 4.5 to about 6.5 per 
cent by weight. 

40. A composition as in claim 29, wherein said resulfona 
tion is carried out in an aqueous medium and in the pres 
ence of a reactant composition comprising from about 5 to 
about 40 percent, by weight of said desulfonated lignosul 

40 fonates, of alkali metal sulfite, 

45 
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41. A composition as in claim 40, wherein said sulfite is 
an alkali metal bisulfite. 

42. A composition as in clain 41, wherein said sulfite is 
sodium bisulfite. 

43. A composition as in claim 40, wherein said reactant 
composition includes one or more aldehyde of the formula: 

a 
RC 
N 

H 

wherein R is hydrogen or an alkyl group containing from 
I to 3 carbon atoms. 

44. A composition as in claim 43, wherein said aldehyde 
is formaldehyde. 

45. A composition as in claim 44, wherein said formalde 
hyde is present in an amount by weight of said partially 
desulfonated lignosulfonate of about 1.5 to about 12 per 
ce. 

46. A composition as in claim 44, wherein said formalde 
hyde is present with an alkali metal bisulfite in approxi 
mately stoichiometric proportions. 

47. A composition as in claim 46, wherein said stoichio 
metric proportions of formaldehyde to bisulfite may vary by 
up to about 20 percent. 
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48. A composition as in clain. 29, wherein said lignosul 
fonate is further characterized by a methoxy content of a' 
from about 12.4 to aout 12.9 weight percent. Rc 

49. A composition as in claim 29, wherein said resulfona- H 
tion is accomplished in an aqueous reaction mass at a wherein R is hydrogen or an alkyl group containing from 
temperature between about 50 C, and about 200 C. I to 3 carbon atoms in approximately stoichiometric 

admixture with a sulfite of the formula XHSO3, 
wherein X is an alkali metal. 

nula. 
using for the resulfonation agent, an aldehyde of the for- to 
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