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Hygroscopicity of Linear Alkylbenzene

Sulfonates Powders

Part 1

Humidity tests have been carried out to study the hygroscopicity
of Linear Alkylbenzene Sulfonates (LAS) powders. Several para-
meters have been considered in this investigation such as:

i The starting LAB (Linear Alkylbenzene) type: molecular weight,
composition and homologue distribution

8 The HLAS (Alkylbenzene Sulfonic Acid) composition: free-oil
amount and composition

The inorganic counter ion: Sodium, Magnesium and Potassium

Water addition

The experimental results herein described show that among the
parameters studied, the inorganic ion has the strongest influ-
ence on hygroscopicity behaviour of LAS powders. Another im-
portant finding of this research is the surprising effect of water
addition.

Die Hygroskopizitdt linearer Alkylbenzolsulfonat-Pulver.
Feuchtigkeitstests wurden durchgefiihrt, um die Hygroskopizitét
linearer Alkylbenzolsulfonat (LAS)-Pulver zu untersuchen. Ver-
schiedene Parameter wurden dabei in die Untersuchungen mit
einbezogen, wie z.B.:

B Der Anfangstyp an LAB (Lineares Alkylbenzol): Molekular Ge-
wicht, Zusammensetzung und Homologenverteilung

I Die HLAS (Alkylbenzolsulfonsdure) Zusammensetzung: Anteil
an freier Sdure und Zusammensetzung

i Das anorganische Gegenion: Natrium, Magnesium und Kalium

Die Wasser-Addition

Die hier beschriebenen experimentellen Ergebnisse zeigen, dass
unter den untersuchten Parametern das anorganische Gegenion
den starksten Einfluss auf das hygroskopische Verhalten von
LAS-Pulvern besitzt. Ein anderer wichtiger Aspekt dieser For-
schung ist der {iberraschende Effekt der Wasser-Addition.

1 Introduction

Granules containing high levels of Na LAS are very hygro-
scopic, and take up moisture rapidly at higher relative hu-
midities resulting in soft sticky granules that are impossible
to handle. To solve or to minimise this susceptibility of sur-
factant powder to caking, a work plan was established and
different routes proposed such as:

To study the effect of starting LAB

To study the effect of free-oil content and composition
To use alternative counterions

To use co-actives and/or builders
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The present investigation has led to new findings that have
made progress in fundamental understanding of LAS hygro-
scopicity. The results are herein depicted.

2 Experimental

LAS Granules Manufacture: A laboratory technique devel-
oped by Unilever Research has been used. In principle a gi-
ven amount of HLAS (sulfonic acid) was added to a given
amount of one of different inorganic salts such as Sodium,
potassium and magnesium carbonate in a Moulinette mixer.
The neutralisation end point was detected just before the
powder became soft. According to this method the following
average results were obtained:

Inorganic salt Sodium Magnesium Potassium
carbonate carbonate carbonate
Active matter* 30% 36% 22%

* Expressed as HLAS sulfonic acid (weight %)

Measurement of Powder Hygroscopicity: Unilever Research
method.

Enclosed environments can be set up to give a range of dif-
ferent relative humidities, using one of a number of inoi-
ganic salts. The humidities are produced within a closed
space, when an excess of the solid salt is in contact with a
saturated aqueous solution of said salt.

Each humidity environment is set up by placing approxi-
mately 500 g of the required salt in a large crystallising dish
and adding sufficient deionised water to just cover the salt.
The dishes set up in this way are then placed in a 10 litre
plastic container, covered with a wire mesh and the contain-
er sealed with a tightly fitting lid.

Approximately 2—3 grams of each sample to be tested is
added to a pre-weighed crystallising dish and the accurate
total weight noted. One sample should be prepared for each
humidity set-up. One of each sample to be evaluated is then
placed into each container and the lid tightly sealed. The
containers are then left at room temperature for two weeks.
The water uptake of each sample is determined by calculat-
ing the weigh difference after storage. The measured rela-
tive humidity for each inorganic salt is shown in Table 1.

Assessment

Each sample was assessed for its flow characteristics and
graded on a 1 to 7 scale, where the flowing ability of the
powder diminishes as the number increases. The assess-

Saturated salt

Lithium Chloride | Calcium Chloride | Potassium Carbonate | Magnesium Nitrate | Sodium Chloride | Sodium Sulphate

Relative humnidity % 12 32

45 54 77 93

Table 1 Relative Humidities (RH)
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lowing scale: <Ph-C10 13 10 03 ~ -
Ph-C10 172 10.8 10.0 15.3 n7
Scale 1 213 4 5 6 7 Ph-C11 54,6 364 35.4 31.6 324
Visual Free Caked | Sticky | Very Ph-C12 253 306 286 28.9 318
Assessment | flowing sticky Ph-C13 16 201 236 231 238
Ph-C14 - 11 21 1.1 03
3 Results and Discussion 2-Phenyl 169 155 28.2 29.2 29.6
Tetralins 0 0 0 85 0
31 Influence of LAB type MW, 2333 | 2402 | 2416 240.4 2413
This experiment was conducted with five different commer-  Taple2 1AB's compositions and distributions
zi)al LAB’s (Lineg Alkyll_)enzs:gs). The gdlisttrilcalu'tio%sblan;l
mposition ’
whilg the coinc;)fosit?osrfzrgf{l f%le HLZgr%jiegE lecl;llbeilz:ne HLAS HLAST HLAS2 HLASS HLASA HLASS
Sulfonic Acids) are depicted in Table 3. % AM. 971 974 973 9.6 964
AICI3 (1): Starting material, chloroparaffins. AICI3 (2): % Free-oil 15 13 13 1.5 17

Starting material, olefins.

I The influence of 2-phenyl content was studied by com-
paring LAB2 versus both LAB3 and LABS.

I The influence of molecular weight has been studied by
comparing LAB1 vs LAB2.

I The influence of impurities like tetralins is studied in
LAB4,

The results are given in Figs. 1 and 2.

Very good behaviour is observed in all the samples up to
54% RH (Relative Humidity) while no significant differ-
ences appear between any of the LAS-Na samples tested.

100

Table 3 HLAS compositions

3.2 Influence of free-oil content and composition
1 Free-oil content

A substantial amount of free-oil was extracted with hexane
from an HLAS2 sample, then, different aliquots of the latter
were doped with free oil (from 0,5 % up to 3 %) to obtain the
samples to be tested. As can be observed in Fig. 3 and 4 no
difference appears between the samples tested.

% Change

LAB4 LAB5
[1129% RH 1,67 0,11 0,25
Fl32% 0.89 995 Fi 1 Water uptake: Weight
T igure ater uptake: Weig
145 % 13 135 % change after 15 days storage.
54 % 2,98 3,07 LAS Na salt. 35 g of each HLAS
40.27 3763 sample were neutralized with
. ! approximately 75 g of sodium
83,34 77,62 carbonate
5 —
77% 93 %
4 _
bt
c
g 3|
E
g
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<
1 Figure 2 Assessment. LAS Na
salt. 35 g of each HLAS sample
were neutralized with approxi-
0 mately 75 g of sodium carbo-
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i Free-oil composition that neither free-oil amount nor composition have signi
cant influence on RH behaviour.

Free-oil is mainly composed by non reacted LAB and Sul-
phones. As it is well known (1, 2), a sulphone consists of 3 3 |hfluence of counterion
two LAB homologues separated by an SO, group. '
Different samples were prepared with various LAB and  This experiment has been conducted by using different inc
sulphone contents up to 4 %. The results obtained confirm  ganic counterions. The sample neutralised was HLAS?2.
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[J12% RH 0,06 1,45 1,52 0,84 1,02 1,06
2% 0,80 0,50 0,74 0,06 0,20 0,40 Figure 3 Water uptake: Weig
=145 % 1,21 0,18 0,06 0,38 024 0,14 9% change after 15 days storag
54 % 2,91 1,86 2,12 2,45 2,17 2,66 LAS Na salt. 35 g of each HLA
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2% LAB 49 LAB 2% Sulfones Standard
I___] 12 % RH 0,32 0,32 0,12 0,40
032 % 2,15 2,21 1,55 2,31
[]45% 2,23 1,79 1,67 2,39
N 54 % 2,67 2,55 1,88 2,66
il 77 % 3,23 2,71 2,67 3,06 Flgurde 5 d% Chgnge A standard HLAS sample
was doped with different amounts of LAB and
93 % 17,94 18,84 16,32 17,40 Sulfones and neutralized
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- - was doped with different amounts of LAB and
2% LAB 49 LAB 2.% Sulfones Standard Sulfonez and then neutralized

200

50 —
0 BN | I—"Wl—— ]
LA S2Mg LA SK LA SNa
[J12% RH 0,16 7,71 2,30
32 % 1,18 12,15 0,97
145 % 1,40 18,80 043
54% 165 72,74 1,09 ]
77 % 2,03 100,54 45,44
B o5 % 587 165,32 9191 Figure 7 Water uptake: Weight % change after

15 days storage

- Considering the preparation method used,
[112%RH E432% [145% Ny54% E LAS granules need the contribution of two compo-
nents: HLAS itself and the carbonate. Therefore,
the study of LAS hygroscopicity cannot be viewed
without taking into account the determining influ.
ence of the inorganic salt used for the preparation
of granules, since the active ingredients are within
22 to 36% interval, therefore, the remaining pro-
duct is the salt. This implies that both the counter
ion and the inorganic salt may have strong influ-
ences on hygroscopicity. This point was checked
so as to determine the amount of water uptake by
each inorganic salt used in the study.
In this experiment the water uptake of all the
Figure 8 Assessment. Mg, K and Na sulfonates inorganic salts used in the study was determined.
The results plotted in Figure 9 show as expected,
MgCO; to be the least hygroscopic while Na,CO;5 and
LAS, Mg was obtained by mixing 36 g of HLAS with K,COs are significantly more hygroscopic salts.
64 g of MgCOs;.
LAS K was obtained by mixing 35 g of HLAS with 120 g 3.4 Study of Magnesium sulfonates LAS,Mg
of K2CO3.
LAS Na was obtained by mixing 35 g of HLAS with 75 g  3.4.1 Concerning water uptake, no significant differences
of Na,CO;, appear between the different magnesium sulfonates sam-
The results plotted in Fig. 7 and 8 show for the first time  ples. Regarding assessment, performances are almost the
an excellent performance for LAS, Mg salt and a very bad  same, very good ones up to 77 % RH. Two conclusions can
one for LASK. be drawn from the results shown in Figures 10 and 11:
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Na,COx K,COx MgCO3
[112% RH 0,10 11,50 -0,35
32 % 7,00 16,00 025
1450 640 2430 030
54 % 1400 83,80 )
45,70 12800 0,25 _ 4
B % 1300 17620 050 e e e e Chonge dfer

% Change

LAB1 LAB2 LAB3 LAB4 LAB5
[112% RH 0,10 042 056 0,62 024
32% 136 1,94 1,63 1,70 1,46 \f\ilgyrﬁt 10? r\1Nater “ﬁta"fg )
e - ; - eight % change after 15 days

[145% 206 2,20 1% 203 ) .86 storage. LAS, Mg salt. 35 g of
54 % 2,02 2,54 2,40 2,58 2,32 each HLAS sample were neutra-

77% 216 T 66 272 39 272 fized with appro;imately 48 of

- e e L ! magnesium carbonate

B o3 % 12,28 16,08 15,53 16,60 15,61 (A,fa_ 43 %)

Assessment

Figure 11 Assessment. LAS,

— Mg salt. 35 g of each HLAS

’ sample were neutralized with
I approximately 48 g of magne-

LAB4 LABS sium carbonate (AM. 43 %)

I LAS, Mg salts show a very low hygroscopicity whatever ~ 3.4.2 Effect of water addition
the HLAS type used.

I Once again it is confirmed that, neither LAB molecular ~ Water was added to several samples of HLAS2 in different
weight, nor LAB composition seem to have influence  amounts, ranging from 2 to 6 weight %. Each sample was
on LAS hygroscopicity. then neutralised with MgCO; according to the Moulinette

method.
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Figure 12 LAS;Mg salt. Active matter vs water added

The results plotted in Figure 12 show a dramatic in-
crease of active matter when water is added from 42 % with
no water addition up to 76 % at 3 % water added.

The role of water is somewhat surprising. It may be act-
ing as a structurant by speeding up the neutralisation of the
LAS acid and magnesium carbonate. Improvement obtained
by adding water, seems to indicate that because of the very
low MgCO; hygroscopicity, water helps, allowing more
HLAS to be dispersed and neutralised.

4 Conclusion

Three important conclusions can be drawn from the results
obtained in the first part of this research:

The hydrophobic part of the anionic molecule has no ef-
fect on the hygroscopicity of LAS granules.

Mg counter ion is the best suited for minimising caking
in the manufacture of LAS powders.

I Water addition significantly improves the rate of neutra-
lisation.
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In a further communication, other experimental results,
such as the optimisation of neutralisation method, the addi-
tion of co-surfactants and builders and the study of other
parameters will be presented.

References

1. Cohen, L, Moreno, A and Bema, J. L.: Analysis and Identification of minor pro-
ducts during sulphonation of linear alkylbenzene, Tenside Surf, Det, 33 (1996)
441,

2. Cohen, L. Effect of the molar SOs/LAB ratio on free-oil amount during LAB
Sulphonation, Tenside Surf, Det. 34 (1997) 332.

Received: 24. 04, 2003
Revised: 15. 09. 2003

i Corresponding to

Prof. Dr. Leén Cohen

Escuela Politécnica Superior

Avda. Ramén Puyol, s/n. 11202 Algeciras. Spain
e-mail: leon.cohen@uca.es

The authors of this paper

Dr. Leon Cohen got his Ph.D. in chemistry at Sevilla University. In 1994, he eamed
the EURCHEM designation. He worked for Petresa from 1970 to 1996. He is cur-
rently a Professor of Chemnical Engineering at the University of Cadiz, where he
has lead the research group entitled "Surface Activity and Detergency”, since
1994. He is author of more than 25 papers related to detergency.

Dr. Fernando Soto received his M.S. in chemistry at Sevilla University and his Ph.D.
in Chemical Engineering in 2001 at Cadiz University. He has been a Professor of
Chemical Engineering at the University of Cadiz, since 1979. He has been a mem-
ber of the research group entitled “Surface Activity and Detergency” since 1994,

Dr, David W, Roberts graduated from the University of Manchester Institute of
Science and Technology (UMIST) in 1962 and obtained his PhD from UMIST in
1965, He joined Unilever R&D Port Sunlight in 1967. His main research interests
are concerned with sulphonation chemistry and structure-activity relationships in
toxicology. He is the author of mare than 100 publications and patents,

Mr. Derek Emery, was Particle Technology Specialist in the Manufacturing Technol-
ogy Group at Unilever Research Port Sunlight. He is now retired.

265




