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Abstract—The nonionic surfactants have received an increasing attention in the industrial field. The partial solubility in water of the own-
developed and own-synthesized vegetable oil-based nonionic surfactants was examined. The solubility is one of the key properties of the 
surfactants. The new fiber-optic spectrophotometric analytical method was found appropriate and beneficial to determine the water number 
and the HLB value of the nonionic surfactants. Two series of nonionic surfactants were studied by different HLB methods (conventional-, 
numerical- and a developed method). A new method was developed inspired by the method of Becher et al. which approximates better the 
theoretical HLB value. 

Index Terms— biopolymer, hydrophilic-lipophilic balance, method development, nonionic surfactant 

——————————      —————————— 

1 INTRODUCTION                                                                     
n the past few decades the importance of the researches re-
lated to the surfactants increased, mainly because of the 
development of cosmetic and household industry [1], [2]. 

However, the surfactants are also used for the preparation of 
polymer composites. Starch is widely applied in the prepara-
tion of biopolymer mixtures because of its low price and suit-
able degradation characteristics. Currently formaldehyde-
based adhesives, phenol-formaldehyde and urea-
formaldehyde are used as wood adhesives [3], [4]. The appli-
cation of nonionic surfactants is also considerable in this area. 
The requirements regarding the emulsifiers are determined by 
different characteristics of the given area. Due to their amphi-
patic character, one of the key properties of the surfactant 
molecules is the solubility in water or in oil [5]. Thus, it is im-
portant to determine these properties to choose the appropri-
ate utilization area [6]. 
The relation between the emulsifying effect and the dispersed 
particle size in oil/water emulsions was studied by Yamamoto 
et al [7]. The capacity of the emulsification and the solubility 
depend on the HLB value of a given nonionic surfactant which 
information is necessary for its practical application.  
The HLB (hydrophilic-lipophilic balance) concept was intro-
duced by Griffin [8]. The HLB of an emulsifier is a number 
which expresses the ratio of water-soluble and oil-soluble 
groups in the molecule. The method of Greenwald et al. was 
employed to determine the Water Number of each surfactant. 
In this method the surfactant was dissolved in benzene-
dioxane mixture containing 4 v/v% of benzene. Then the 
stirred solution was titrated with double-distilled water from 
a microburette until a persistent turbidity was obtained. The 
amount of water added at this point is known as the ‘Water 
Number’ (WN). Greenwald et al. gave a figure with the linear 
relationships between HLB and WN for 18 surface active com-
pounds in two surfactant families of polyhydric alcohol esters: 
ethylene oxide adducts and those without ethylene oxide [9]. 

The aim of our work was to study the characteristics of sur-
factants by laboratory method, particularly their solubility in 
water [10]. The purpose of our development was the applica-
tion of the advanced spectrophotometric method and to find 
options to replace the benzene in the process of sample prepa-
ration. It was an important aspect to find a solvent instead of 

carcinogenic benzene which provides also precise results. 

2 MATERIALS 
For several years researches are being carried in order to de-
velop surfactants for industrial purpose in the Department of 
MOL Hydrocarbon and Coal Processing of the University of 
Pannonia. The development of suitable test methods for the 
qualification of our proprietary surfactants was performed. As 
a part of this research the need of a reliable measurement of 
water solubility of surfactants came to the fore. The possibilty 
of using fiber-optic AvaSpec spectrophotometer for the char-
acterization of water solubility of surfactants was investigated. 
The properties of vegetable oil-based ester type nonionic sur-
factants used in the measurements are given in Table 1. 

The characteristics of surfactants containing mainly fatty 
acid-alkanolamine-monoderivative, ester or amide are shown 
in Table 2. 
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TABLE 1 
PHYSICAL AND CHEMICAL PROPERTIES OF NONIONIC SURFAC-

TANTS 

 T-1 T-2 T-3 T-4 T-5 T-6 T-7 

Kinematic 
viscosity, 
mm2/s 

8.8 13.3 10.2 4.4 8.8 25.2 35.9 

Acid 
number, 
mg 
KOH/g 

23.5 4.6 13.6 7.4 1.84 3.0 6.3 

Saponifi-
cation 
number, 
mg 
KOH/g 

119.3 177.2 175.6 116.7 171.0 142.1 136.7 
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3 METHOD OF THE DEVELOPMENT 
An AvaSpec 2048 standard fiber-optic spectrophotometer with 
Avalight-DHc compact halogen light source was used for the 
measurement (Fig1). 
Spectrophotometer features: 

1. Optical level: Symmetrical Czerny-Turner, 75 mm fo-
cal length 

2. Wavelight range: 200-1100 nm 
3. Resolution: 0,04-20 nm 
4. Detector: CCD linear, 2048 pixels 

Light source features: 
1. Wavelength range: 200-2500 nm 
2. Stability: <1 mAU 
3. Optical performance (in the fiber): 7µW 
4. Temperature range: 5-35°C 

 

 

 

 

 

 
 
Our goal was to provide a new method for the measurement 
of Water Number by the development of the methods de-
scribed in the literature, which avoids the use of highly toxic 
benzene. In addition, the Water Number obtained by the 
measurements and described in the literature hadn’t correlat-
ed with the data obtained by calculation based on theoretical 
chemical structure of the surfactants. It was required to devel-
op a new solvent mixture and a new, more accurate method 
for detecting the end of titration process. 
The Water Number was determined by the method of Becher 
et al [9]. The conventional analytical method was modified in 
order to determine the value of HLB.  
In the first step of the development of the conventional meth-
od cyclohexane was used instead of benzene and the visual 

end point detection had been replaced by photometric detec-
tion. In our new process of sample preparation the test materi-
als were dissolved in the mixture of cyclohexane-dioxane 
(with 4% cyclohexane content). Then the sample of the surfac-
tant test material was titrated with distilled water and the 
transmittance was measured by fiber-optic spectrophotometer. 
The distilled water was added to the solution of surfactant 
until it had become permanently cloudy and the further addi-
tion of water hadn’t decreased the transmittance radically. 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
The current transmittance values were represented as the 
function of distilled water volumes (cm3) for the evaluation 
(Fig2). The equivalence point of the obtained curve is the vol-
ume which corresponds to the Relative Solubility value (the 
Water Number) of the surfactant. 

4 RESULTS AND DISCUSSION 
Two series of nonionic surfactants were prepared which cover 
a wide range of HLB values:  

1. nonionic surfactants which were produced by the re-
action of fatty acids with several polyalkylene-glycol 
type reagents; 

2. nonionic surfactants which were fatty acid-
alkanolamine reaction products. 

The test results obtained by the calculation of HLB values 
based on different methods are given in Table 3, Table 4 and 
Fig3. It was determined that the presented method has been 
used succesfully both to test of fatty acid-alkanolamine reac-
tion products and the fatty acid based polyethylene-glycol 
ester type surfactants. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 2 
PHYSICAL AND CHEMICAL PROPERTIES OF THE FATTY ACID-
ALKANOL-AMINE REACTION PRODUCT TYPE SURFACTANTS 

 T-8 T-9 T-10 T-11 T-12 T-13 T-14 

Type of 
surfactant 

Alkanolamine reaction products 

Kinematic 
viscosity, 
mm2/s 

19.2 18.2 18.6 20.6 19.3 20.9 20.7 

Acid num-
ber, mg 
KOH/g 

5.4 4.6 4.6 4.2 1.7 2.7 2.3 

Saponifica-
tion num-
ber, mg 
KOH/g 

116.8 138.1 139.2 134.2 141.4 134.2 138.7 

 

 
Fig. 2. The titration curve and the detection of end point by spec-
trophotometer 
 

 
Fig. 1. The spectrophotometer and the light source 
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The experimental results indicated that there are different lev-
els of correlation (in the interval of 0.8906-0.9385) between the 
HLB values determined by the different methods.  
The best correlation was obtained by the developed method 
which data approximates the theoretical HLB values (Fig.3, 4) 
of both type of the nonionic surfactants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Based on Fig4 it was observed that the HLB values of the fatty 
acid-alkanolamine reaction product type surfactants is unusu-
ally high. The reason is that the chemical structure and the 
solubility in water of these surfactants are significantly differ-
ent from the surfactants having the fatty acid-polyethylene-
glycol-ester structure. 
It was found that the difference between the solubility in wa-
ter of surfactants with different chemical structure measured 
by the conventional method increased irrealistically because of 
the benzene content of the solvent mixture. 
Therefore, the further development of the method was neces-
sary. Thus, the Water Number defined by the new, experi-
mental method was significantly less. It was shown that the 
replacement of benzene to cyclohexane decreased this differ-
ence to a realistic HLB value. 
It was supposed that the cyclohexane influenced favourably 
the solubility properties by the change of the interaction with 
the surfactant having a strong polar character. 
The difference between the numerical and experimental HLB 
value reduced notably. The experimental values of HLB ob-
tained by the new method approximates better the theoretical 
HLB value than that of measured in benzene-dioxane mixture 
and approaches more the literary values. 

5 CONCLUSIONS 
Due to the new measurement method the HLB values approx-
imates more the calculated theoretical values. Thus, solubility 
of surfactants can be defined more specifically by the new 
method developed in this work. The HLB values of two differ-
ent chemical types of non-ionic surfactant can be determined 
more accurately by the described method. 
The replacement options of the benzene with cyclohexane was 
studied which is also significant in terms of safety. An im-
portant aspect was to find a new solvent combination which is 
not carcinogenic but provides accurate results. 
The developed titration method is a convenient and easy tech-

TABLE 3 
SOLUBILITY PROPERTIES OF THE NONIONIC SURFACTANTS 

 T-1 T-2 T-3 T-4 T-5 T-6 T-7 

Regres
gres-
sion 

coeffi-
cient 

Solubility in 
water (%) 

55 16 10 82 42 69 74 
 

HLB1 15.3 5.6 4.6 13.5 9 12.4 12.6 0.8906 

HLB (C/D)2 14 6.5 7.0 14.5 10.3 13.1 14.5 0.9385 

HLB value3 13.8 6.5 7.0 15.7 10.2 13.4 13.8  

∆HLB4 0.2 0.0 0.0 1.2 0.1 0.3 0.7  

Transmittance of distilled water containing 1% surfactant (Reference: 100% 
distilled water, 0% no light transmission) [11] 

1Datas measured by the conventional method of water number 
2Method using C/D=Cyclohexane/Dioxane mixture 
3Calculated HLB value based on the estimated molecular structure [8] 
4HLBvalue-HLBC/D 

TABLE 4 
SOLUBILITY PROPERTIES OF THE FATTY ACID-ALKANOL-AMINE RE-

ACTION PRODUCTS 

 T-8 T-9 T-10 T-11 T-12 T-13 T-14 

Regres
gres-
sion 

coeffi-
cient 

Solubility in 
water (%) 

62 58 44 58 42 57 51 
 

HLB1 29.4 14.8 17.3 18 16 18.3 18.7 0.2377 

HLB (C/D)2 10.4 8.9 9.8 10.2 8.3 8.7 8.2 0.0686 

HLB value3 10.3 9.7 8.4 9.6 8.3 9.6 9.0  

∆HLB4 0.1 0.8 0.6 0.6 0.03 0.9 0.8  

Transmittance of distilled water containing 1% surfactant (Reference: 100% dis-
tilled water, 0% no light transmission) [11] 

1Datas measured by the conventional method of water number 
2Method using C/D=Cyclohexane/Dioxane mixture 
3Calculated HLB value based on the estimated molecular structure [8] 
4HLB HLB  

 
Fig. 3. The HLB values of the surfactants 
 

 
Fig. 4. The HLB values of the surfactants 
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nique. The application field of emulsifiers can be quickly esti-
mated. In the further projects there is a chance to extend the 
use of the new method for other types of nonionic surfactants. 
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