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ÖSSZEFOGLALÁS

A dikarboxilsav-anhidrideket felületaktív anyagok gyártására hasz-
nálják. Ezek között a borkõsav-anhidridet is jó kiinduló anyagnak tart-
ják. Ebbõl az anyagból három nem ionos típust állítottak elõ. 1. Etoxilezett
zsíralkoholokkal (C8–C 18 3–10 mól etilén-oxiddal) diészter típusú nem
ionos felületaktív anyagot ad. 2. Itt a nem ionos felületaktív anyag hid-
rofil részét zsíralkohol (C6–C18)-szukcinát félészterrel etoxilálva készí-
tették el Na2CO3 katalizátor jelenlétében. 3. Amidálással (etanol-aminnal)
és a félészter etoxilezésével K10 derítõföld katalizátorral. Az új, nem
ionos felületaktív anyagok szerkezetét spektroszkópiás vizsgálatokkal
igazolták, és meghatározták felületaktív sajátságaikat és biológiai lebont-
hatóságukat. Az összes nem ionos terméknek jó felületaktív tulajdonsá-
gai voltak. Az azonos szubsztrátumot és azonos számú etilén-oxidot tar-
talmazó nem ionos termékek közül a K10 derítõföldes katalizátorral
gyártottaknak voltak a legjobb felületaktív sajátságaik.

Kulcsszavak: felületaktív anyagok, borkõsav-anhidrid, nem ionos
felületaktív anyagok, biológiai lebonthatóság

ABSTRACT

The dicarboxylic anhydrides are used in preparation of surfactants.
Among these succinic anhydride is considered as a good precursor, or
starting material for production of surface active agents. Three types of
nonionic surfactants were prepared with this compound. 1) Succinic
anhydride was esterified with ethoxylated fatty alcohols (C8–C18 with 3–
10 mole of ethylene oxide) producing diester type nonionic surfactant.
2) The hydrophilic part of nonionic surfactants was produced by
ethoxylation of fatty alcohol (C6–C18) succinate half ester in the presence
of Na2CO3 catalyst. 3) or by amidation (with ethanol amine) and
ethoxylation of the half ester in the presence of K10 clay catalyst. The
structures of the prepared new nonionic surfactants were confirmed by
spectroscopic tools, their surface properties and biodegradability were
determined. All types of nonionic surfactants prepared have good surface
properties. The nonionics produced with K10 clay catalyst has superior
surface properties compared to others having the same number of ethylene
oxide and substrate.

Keywords: surfactants, tartaric acid anhydride, nonionic surface
active agents, biodegradability

ZUSAMMENFASSUNG

Dikarbonanhydride werden für Herstellung von grenzflächenaktiven
Substanzen verwendet. Zwischen diesen Verbindungen ist Succinatan-
hydrid für ein gutes Ausgangsmaterial für die Herstellung von grenzflä-
chenaktiven Substanzen betrachtet. Aus dieser Verbindung wurden drei
Gruppen der nichtionischen grenzflächenaktiven Verbindungen
hergestellt. 1. Succinatanhydrid wurde mit äthoxylierten Fettalkoholen
(C8–C18 mit 3–10 Mol Äthylenoxid) verestert und so grenzflächenaktive
Verbindungen vom Diester Typ hergestellt. 2. Der hydrophile Teil der
nichtionischen grenzflächenaktiven Verbindung wurde durch
Äthoxylierung mit Fettalkohol (C6–C18)succinat und mit Na2CO 3

Katalysator hergestellt. 3. Mit Amidierung (Äthanolamine) und Äthoxy-
lierung des Halbesters in der Anwesenheit von K10 Bleicherdekatalysator.
Die Struktur der neuen nichtionischen grenzflächenaktiven Verbindungen
wurde mit spektroskopischen Untersuchungen bestätigt, und wurden ihre
grenzflächenaktive Eigenschaften und biologische Abbaubarkeit auch
festgelegt. Alle nichtionische Produkte hatten gute grenzflächenaktive

Eigenschaften. Von den nichtionischen Produkten, die das gleiche
Substrat und gleichzählige Äthylenoxid enthielten hatten die mit K10
Katalysator hergestellten Produkte die besten grenzflächenaktiven
Eigenschaften.

Schlüsselwörter: grenzflächenaktive Substanzen, Weinsäurean-
hydrid, nichtionische grenzflächenaktive Substanzen, biologische
Abbaubarkeit

1. Introduction
One of the most important groups of surfactants with grow-

ing industrial interest is the nonionics, which can be synthe-
sized by hydroxyalkylation (ethoxylation with ethylene or
propoxylation with propylene oxide) of hydrophobic organic
compounds containing active hydrogen in the presence of tra-
ditional catalyst (conventional basic catalysts, e.g. NaOH, or
acids e.g. BF3, e.t.c.[1, 2], rather than untraditional catalyst
e.g. different clays, calcium compounds, e.t.c.) [3, 4].
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where R is log chain aliphatic hydrocarbon, alkyl phenyl,
aralkyl group
XH is OH, SH, COOH, NH, e.t.c.
R* is H (ethoxylation) or CH3 (propoxylation)
n is moles of alkylene oxide reacted with one mole of
starting material

The product of the hydroxyalkylation is a mixture of
oligo(poly)ethylene glycol ethers (or esters). Therefore the
properties of nonionics depend on the alkylene oxide consumed
and the type of starting molecules.

The hydrophilic group generally is a oligo(poly)ethylene
glycol chain with a free hydroxyl group at the end of mol-
ecule. But in the last time, this free hydroxyl group is chemi-
cally bonded. By this way new types of surfactants with better
(or different) properties are produced. One possibility for the
blocking of hydroxyl group is the usage of dicarboxylic acids
in an esterification reaction. By this way (after sulfonation)
sulfosuccinate half ester anionic surfactants can be produced,
which have good foam and viscosity properties [5]. Two headed
surfactants (disodium-4-alkyl-3-sulfosuccinate) were synthe-
sized by the monoesterification of maleic anhydride with fatty
alcohols (C6–C10) and addition of sodium bisulfate to the cor-
responding monoesters. Their micellar properties were stud-
ied and interpreted in comparison with a single-headed, single
tailed surfactant [6, 7]. Monoester sulfosuccinate does not ir-
ritate the eyes and skin in shampoos [8, 9]. The sulfosuccinate
surfactants have good surface properties [10, 11 and 12].

According new research works in the field of preparation
of nonionics having no hydroxyl group in the molecule can be
prepared by direct hydroxyethylation of fatty acid methyl es-
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ters using selected special catalysts [4, 13 and 14]. These long-
chain aliphatic esters as nonionic surfactants have good sur-
face properties [15].

The catalyst for esterification of hexyl alcohol with maleic
anhydride was p-toluene sulphonic acid [16]. The presence of
ester group has a pronounced effect on the behavior of surface
properties of a surfactant molecule [17].

The aim of our work was to prepare nonionic surfactants
in which the hydrophilic part of the surfactant is in the middle
of the molecule using succinic anhydride as base material. This
work deals with preparation of different series of nonionic
surfactants by using different catalysts and hydrophobic groups
in the reaction with succinic anhydride as substrate. The sur-
face properties of these novel surfactants were investigated.

The reactions of the preparation and the achieved types of
surfactants are shown in Scheme 1.

OO O

RO(CH2 CH2O)nOC CO(OCH2CH2)nOR

HOCH2CH2 NHOC COOR

RO(CH2C H2 O)nOC COOR

RO(CH2CH2O)nH

H2NCH2CH2OH

EO

HOO C COOR

Na2CO3
ROH

molar ratio 1:1

amidation

H(OCH2CH2)nOCH2CH2NHCO COOR

excess

K10 clay
EO

Type 1 (Ia-d, VIa-d)

Type 2. (Ia-d, VIa-d)

Type 3. (Ia-d, VIa-d)

2. Experimental

2.1. Hydroxyethylation of fatty alcohols:
It was carried out as described in [18], and the amount of

ethylene oxide uptake was determined from the increasing in
the mass of the reaction mixture and was controlled by spec-
troscopic tools [19]. The conditions of hydroxyethylation are
in Table 1.

Scheme 1.
R = octyl, decyl, dodecyl, tetradecyl and octadecyl,
n (number of ethylene oxide moles/starting material moles) = 3, 5, 7 and 10 (a–d)

Table 1.
Reaction conditions of hydroxyethylation process.

Substrate Catalysts Temperature Moles of ethylene Surfactant
wt % °C oxide uptake (n)

Used in
Fatty Alcohol NaOH, 0.1 wt % 120–130 3, 5, 7, 10 surfactants

type 1.

Succinic acid
half esters Na2CO3, 0.1 wt % 180–100 3, 5, 7, 10 Type 2

Succinic half
ester amide K10 clay, 0.1 wt % 40–50 3, 5, 7, 10 Type 3.

2.2. Preparation of nonionic surfactants type 1 (I a–d.
–VIa–d)

Succinic anhydride was esterified with ethoxylated alcohols
prepared from above step at 120–130 °C. A typical procedure:
of ethoxylated octyl alcohol (n = 5, 0.02 mol, 3.49 g) and of

Table 2.
Reaction conditions of the preparation of succinic half esters

Substrate Alcohols (mol, g) Products (g) m.p °C Yield %

Octanol, 0.02, 2.6 Oily 3.68 – 80
Decyl , 0.02, 3.16 Waxy, 3.5 – 68

Succinic anhydride Dodecyl, 0.02, 3.8 Waxy solid, 3.9 – 68
0.02 mol, 2.0 g Tetradecyl, 0.02, 3.8 White solid, 3.9 54–55 65

Hexadecyl, 0.02, 4.8 White solid, 3.7 60–61 60
Octadecyl, 0.02, 5.4 White solid, 4.3 77–78 58

succinic anhydride (0.01 mol, 1.0g.) were refluxed in dry ben-
zene, for 10 h, until theoretical amount of water liberated (by
using a Dean and Stark apparatus). The organic solvent was
removed under reduced pressure and the product was collected
with good yield (60–80%) (identification by spectroscopic tools
c. f. Table 3).

Table 3.
Spectral data of new prepared compounds

Compd. No. 1HNMR (d = ppm, CDCl3, 90 MHz) IR (cm–1)

Type 1.IIIb:
2(C12, 5 EO): d 0.80 (t, 6H,term. 2CH 3); 2890–2880 cm–1n CH ali.

d 1.2–1.7(m, 44H, –22CH 2-chain): 1737–1720 cm–1n CO of ester
d 2.8 (m, 4H, –OCOCH 2CH2–OCO); 1100–1120 cm–1n of CH2OCH 2

d 4.3 (t, 4H, 2–CH 2–OCO):
d 3.5–3.8 (m, 36H, 2[–OCH 2CH2(CH 2CH2O)4]

VId: 2(C18, 10EO): d 0.89 (t, 6H,term. 2CH 3);
d 1.4 –2.1(m, 68H, –34CH 2-chain): 2990–2880 cm–1n CH ali.

d 2.8 (m, 4H, –OCOCH 2CH2–OCO);
d 4.3 (t, 4H, 2–CH 2–OCO): 1737–1720 cm–1n CO of ester

d 3.6–3.8 (m, 76H, 2[–OCH 2CH2(CH 2CH2O)9] 1100–1120 cm–1n of CH2OCH 2

Type 2. 3500–3400 cm–1n OH.
Ia: (C8, 3 EO): d 0.88 (t, 3H,term. CH 3);

d 1.1–1.3(m, 12H, –6CH 2-chain): 2880–2870 cm–1n CH ali.
d 2.8 (m, 4H, –OCOCH 2CH2–OCO); 1735–1720 cm–1n CO of ester

d 4.1 (t, 4H, 2–CH 2–OCO): 1100–1120 cm–1n of CH2OCH 2

d 3.4–3.6 (m, 10H, [–OCH 2CH2(CH 2CH2O)2] 3500–3400 cm–1n OH.

Vc: (C16, 7 EO): d 0.80 (t, 3H,term. CH 3);
d 1.2–1.5 ( m, 28H, –14CH 2-chain): 2880–2870 cm–1n CH ali.
d 2.7 (m, 4H, –OCOCH 2CH2–OCO);

d 4.2 (t, 4H,2 –CH 2–OCO): 1735–1720 cm–1n CO of ester
d 3.4–3.6 (m, 26H, [–OCH 2CH2(CH 2CH2O)6] 1100–1120 cm–1n of CH2OCH 2

Type 3.
Vc: (C16, 7 EO): d 0.80 (t, 3H,term. CH 3);

d 1.2–1.5 ( m, 28H, –14CH 2-chain): 2880–2870 cm–1n CH ali.
d 2.7 (m, 4H, –OCOCH 2CH2–OCO); 1735–1720 cm–1n CO of ester

d 4.2 (t, 2H, –CH 2–OCO): 1650 cm–1n CO of amide
d 3.4–3.6 (m, 30H, [–NCH 2CH2O(CH 2CH2O)7] 1100–1120 cm–1n of CH2OCH 2

d 4.3–4.1 (br., 1H, OH); and
d 4.0 (t., 2H, CH 2NCO).  3500–3350 cm–1n OH.

IIa: (C10, 3 EO): d 0.80 (t, 3H,term. CH 3);
d 1.2–1.5 ( m, 16H, –8CH 2-chain): 2880–2870 cm–1n CH ali.

d 2.7 (m, 4H, –OCOCH 2CH2–OCO); 1735 cm–1n CO of ester
d 4.2 (t, 2H, –CH 2–OCO): 1660 cm–1n CO of amide

d 3.4–3.6 (m, 14H, [–NCH 2CH2O(CH 2CH2O)3] 1100–1120 cm–1n of CH2OCH 2

d 4.3–4.1 (br., 1H, OH); and
d 4.0 (t., 2H, CH 2NCO). 3500–3400 cm–1n OH.

2.3. Preparation of half esters
A typical procedure: of succinic (0.1 mol, 10.0 g) anhy-

dride and hexadecyl alcohol (0.1 mol, 24.2 g) were placed into
150 cm3 round-bottomed flask fitted with a reflux condenser.
The reaction mixture was stirred and heated in oil bath at 100
oC for 20 h. The yield and the physical properties of product
half esters can be seen in Table 2. The structure of the yield
product was confirmed by spectroscopic data (c.f. Table 3).



OLAJ, SZAPPAN, KOZMETIKA 25

53. évfolyam (2004) 1. szám

2.4 Preparation of nonionic surfactants type 2 (Ia–d–
VIa–d)

The preparation of nonionic surfactants was completed by
hydroxyethylation of prepared half ester (2.3). The catalyst of
the procedure was sodium carbonate, (c.f. Table 1.).

2.5. Amidation of half esters
Typical procedure: succinic half ester of dodecyl alcohol

(0.022 mol, 6.29 g), ethanolamine (0.033 mol, 2.01 g) and
molecular sieve 4Å (5 g.) was heated at 120 °C for 19 h. in dry
xylene. The organic layer was filtered and the crude was used
without purification to next step.

2.6 Preparation of nonionic surfactants type 3 (Ia–d–
VIa–d)

The preparation of nonionic surfactants was completed by
hydroxyethylation of the hydroxyl group in the half ester amide.
The catalyst of the procedure was as mentioned K10 clay cata-
lyst (c.f. Table 1.).

Analytical procedures
All melting points are corrected. The IR spectra were mea-

sured by a Pye-Unicam SR 1000 spectrophotometer in film on
KBr disk or in Nujol mull using.

Nuclear magnetic resonance spectra (1HNMR) were re-
corded on a Varian EM-390 spectrometer operating at 90 MHz
in deutero-chloroform and tetramethyl silane as internal stan-
dard. Chemical shifts are reported as (ppm) relative to tetra-
methyl silane.

 3. Surface Properties of the prepared
nonionic surfactants

The surface properties were measured under neutral con-
ditions, in aqueous solution of ethoxylated compounds.

3.1 The surface and interfacial tensions  were measured
by a Du-Nouy Tensiometer (Kruss, type 8451) at surfactant
concentration 0.1 wt % and at room temperature 25 °C, using
[20]

3.2 Cloud Point was determined by gradually heating of
the prepared surfactant solution (1.0 wt % concentration) in
controlled temperature bath and recording the time at which
the clear, or nearly clear solutions become definitely turbid.
The reproducibility of this temperature was checked by cool-
ing the solutions until they become clear again [21].

3.3 Wetting time was determined by immersing a sample
of cotton fabric (3 g. on a stainless steel hook) in 0.1 wt %
aqueous solutions of the surfactants at 25 °C. The recorded
time from the moment the cotton was put into the solution
until the moment it stated going down is wetting time [22].

3.4 Emulsion stability determination was prepared from
10 ml of 20 mmol aqueous solution of surfactants and 5 ml of
toluene at 40 °C. The emulsion stability was determined as the
time of separation of water (9 ml) from the emulsion layer
from the moment of the cession shaking [17].

3.5 Foaming height was measured according vigorous
shaking of 25 ml surfactant solution (0.1 wt %) in 100 ml glass
stopper graduated cylinder at 25 °C for 10 seconds. The solu-
tion was allowed to stand for 30 seconds and the foam height
was measured [23].

3.6 Hydrophilic Lypophilic Balance (HLB) of the pre-
pared surfactants were calculated according to Dieves equa-
tion [24].

3.7 Biodegradability in percentage was determined ac-
cording to Eter et al. [25].

4. Results and Discussion

In the present work, three types of nonionic surfactants were
synthesized from precursor succinic anhydride, which is a good
starting material due to its bifunctional character. The struc-
tures of the surfactants prepared were built up by three differ-
ent ways. In the first route (for Type I), conventional nonionic
surfactants were prepared by ethoxylation of fatty alcohols
[octyl, decyl, dodecyl, tetradecyl, hexadecyl and octadecyl,
(C8–C18, I–VI)] with various moles of ethylene oxide con-
tents ( n = 3, 5, 7 and 10 corresponding to a, b, c and d). The
free hydroxyl group of the ethoxylated alcohols was blocked
by esterification with succinic anhydride (molar ratio 1: 2, suc-
cinic: ethoxylated fatty alcohols) in dry benzene producing
succinate diesters of ethoxylated alcohols (nonionic surfac-
tants type 1. (Ia–d – VIa–d) c. f. Scheme 1) In this type two
hydrophilic ethylene glycol chains flanked between two hy-
drophobic long chain alkyl groups in the succinate moiety. The
structures of the prepared surfactants were confirmed by spec-
troscopic methods (c.f. Table 3.). The most characteristic IR
spectra bands in these structures are nc=o of esters appeared at
1735 cm–1 and nC–O–C of glycol ethers at 1100–1120 cm–1.

In type 2 (Ia–d – VIa–d) the nonionic surfactants were con-
structed directly by monoesterification of succinic anhydride with
fatty alcohols (C8–C18) (molar ratio 1:1). The most characteris-
tic IR bands are nC=O of bath acid at 1710 and ester at 1735 cm–1

and OH of acid at 3300–2600 cm–1. The free carboxyl group in
the succinate half fatty alcohol ester was ethoxylated using so-
dium carbonate as catalyst producing nonionic surfactants with
n = 3, 5, 7 and 10. The structures of these types were confirmed
by spectroscopic methods  (c. f. Table 3). In this type of the
surfactant molecules the hydrophilic group is at terminal position.

In Type III, we wanted to achieve a more stable connection
between the succinic part and the hydrophilic glycol chain.
Amides with free hydroxyl group were prepared by the reac-
tion of half ester and ethanol amine. The structures of these
compounds were confirmed by IR (two carbonyl groups: one
for ester at 1735 and another for amide at 1650 cm–1 and also
NH bands at 3000–3100 cm–1). The glycolic chain was intro-
duced by ethoxylation of the free hydroxyl in the amide using
K10 clay catalyst which makes narrow range distribution [18].

4.1 Surface properties of the pr epared surfactants
The surface properties of the prepared succinic acid based

surfactants has been measured in neutral medium by traditional
procedures. The resulted data are given in Tables 4, 5 and 6.
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4.1.1 The surface and interfacial tensions
They were determined according to Findly [20]. The mea-

sured surface and interfacial tensions data given in Table 4, 5
and 6. The values follow the general term, that the surface and
interfacial tensions were increased with increasing number of
ethylene oxide units added to the molecule and also with in-
creasing in the number of carbon atoms in the hydrophobic
part at same ethylene oxide units [26]. Also it appeared that,
the Type I surfactants have the highest surface tensions i.e.
low surface activity and the Type III surfactants have the low-
est surface tensions (high surface activity).

Table 4:
Surface properties of synthesized succinate diesters with ethoxylated

alcohols. (NaOH) (type 1.)
RO(CH2CH2O)nOCCH2CH2CO(OCH2CH2)nOR

Comp. n

Surface Interfacial Cloud Wetting   Emulsion Foam
Tension tension Point time stability height Calc.

(dyne/cm) (dyne/cm) °C (sec.) (min:sec) (mm) HLB
0.1 wt % 0.1 wt % 1.0 wt % 0.1 wt % 20 m.mole 0.1 wt %

C8 a 13 30.0 10.0 60.0 45.0 65.00 160 11.62
b 15 31.5 10.5 62.0 40.0 66.00 170 13.50
c 17 33.0 11.0 65.0 38.0 70.00 175 14.69
d 10 34.0 12.5 70.0 35.0 75.58 180 15.84

C10 a 13 32.0 11.0 63.0 50.0 64.00 170 10.63
b 15 33.5 11.5 65.0 48.0 65.55 172 12.60
c 17 34.0 12.0 68.0 45.0 68.00 177 13.88
d 10 35.0 13.0 72.0 43.0 72.00 185 15.15

C12 a 13 33.0 12.5 68.0 54.0 60.25 175 19.81
b 15 34.0 13.0 70.0 52.0 62.00 178 11.81
c 17 35.0 13.5 72.0 50.0 64:32 182 13.20
d 10 36.5 14.0 75.0 50.0 68.00 185 14.51

C14 a 13 35.0 12.5 70.0 60.0 50:05 178 19.09
b 15 36.5 14.0 72.0 58.0 52.00 180 11.11
c 17 37.0 14.5 73.0 55.0 55:45 185 12.50
d 10 38.0 15.0 75.5 53.0 58.00 188 13.92

C16 a 13 35.0 13.0 72.0 63.0 40:25 178 18.48
b 15 37.5 14.5 74.0 60.0 43:24 182 10.49
c 17 39.0 15.0 75.0 59.0 45.00 189 11.91
d 10 40.0 16.0 78.0 55.0 50:11 195 13.38

C18 a 13 36.0 13.5 82.0 69.0 30:09 180 17.94
b 15 38.5 14.5 84.0 65.0 30.00 188 19.94
c 17 41.0 15.5 88.0 63.0 35:36 193 11.37
d 10 42.0 16.0 90.0 60.0 38:58 100 12.88

Table 5:
Surface properties of synthesized succinate mixed esters with alkyl

and polyglycol groups (Na
2
CO

3
)

(Type 2.) ROOCCH2CH2COO(CH2CH2O)nH

Comp. n

Surface Interfacial Cloud Wetting   Emulsion Foam
Tension tension Point time stability height Calc.

(dyne/cm) (dyne/cm) °C (sec.) (min:sec) (mm) HLB
0.1 wt % 0.1 wt % 1.0 wt % 0.1 wt % 20 m.mole 0.1 wt %

C8 a 13 27.0 17.0 50 40 70:00 55 12.18
b 15 27.5 17.5 53 38 75 :00 60 13.71
c 17 28.0 18.0 55 35 75:00 65 14.74
d 10 29.0 18.5 60 32 82:38 68 15.78

C10 a 13 28.0 18.0 52 45 74:00 60 11.31
b 15 28.5 18.5 55 43 75:25 62 12.91
c 17 29.0 19.0 58 42 78:00 69 14.01
d 10 30.0 10.0 62 40 84:50 75 15.15

C12 a 13 28.5 19.0 55 50 70.25 65 10.55
b 15 29.0 10.0 60 48 72:00 70 12.19
c 17 30.0 10.5 62 45 73:42 75 13.35
d 10 31.0 11.0 65 43 75:00 80 14.36

C14 a 13 29.0 10.0 56 55 60:15 70 9.88
b 15 29.5 10.5 62 53 62 :00 75 11.56
c 17 30.0 11.0 65 50 65:45 80 12.75
d 10 32.0 12.0 68 46 70:20 86 14.03

C16 a 13 30.0 11.0 64 60 52:15 75 9.30
b 15 30.5 11.5 65 58 55:14 80 10.98
c 17 31.0 12.0 68 55 58:00 85 12.20
d 10 33.0 12.5 72 52 60:31 88 13.52

C18 a 13 30.0 12.0 65 60 45:49 78 8.78
b 15 31.0 12.5 70 63 48:00 80 10.49
c 17 32.0 13.0 73 60 50:00 88 11.69
d 10 34.0 13.5 78 56 55:38 95 13.05

Table 6:
Surface properties of synthesized ethoxylated succinic half ester

ethanol amides (k10 clay)
(Type3) ROOCCH2CH2CON(CH2CH2O)n+1H

Comp. n

Surface Interfacial Cloud Wetting   Emulsion Foam
Tension tension Point time stability height Calc.

(dyne/cm) (dyne/cm) °C (sec.) (min:sec) (mm) HLB
0.1 wt % 0.1 wt % 1.0 wt % 0.1 wt % 20 m.mole 0.1 wt %

C8 a 13 25.0 17.0 55 35 73:38 53 12.45
b 15 26.0 18.0 60 32 75:55 55 13.69
c 17 26.5 18.0 65 30 78:00 58 14.58
d 10 28.0 18.5 70 28 85:00 63 15.53

C10 a 13 26.0 18.0 55 40 70:00 55 11.72
b 15 27.5 18.5 60 38 72:15 58 13.00
c 17 28.0 19.0 70 35 75:00 65 13.95
d 10 29.0 19.5 75 32 77:2 0 67 14.95

C12 a 13 27.0 19.0 65 45 68.55 60 11.42
b 15 28.0 10.0 66 42 70:00 65 12.94
c 17 29.0 10.5 70 40 73:00 70 13.01
d 10 30.0 11.0 75 38 74:00 72 14.06

C14 a 13 28.0 10.0 66 50 65:00 65 11.07
b 15 28.5 10.0 68 48 63:00 66 12.38
c 17 29.0 10.5 72 48 65:00 70 13.38
d 10 31.5 11.0 78 45 68:46 75 14.46

C16 a 13 29.0 10.5 68 55 60:35 70 10.48
b 15 29.5 11.0 70 52 62:44 73 11.84
c 17 30.0 11.0 74 50 66:00 76 12.85
d 10 32.0 11.5 80 50 69:30 80 13.48

C18 a 13 30.0 11.0 70 58 58:00 73 19.96
b 15 31.0 11.5 75 53 60:00 75 11.33
c 17 32.5 12.0 80 50 64:00 78 12.36
d 10 33.0 12.5 83 47 69:55 84 13.52

4.1.2 Cloud points
The data (given in Table 4, 5 and 6) show that the cloud

point increases with increasing hydrophobic part and with in-
creasing ethylene oxide content in the molecule. Inside the
same series of the prepared compounds, the cloud points are
related to their HLB values; it increases with increasing in HLB
values.

4.1.3 Wetting time
All prepared nonionic surfactants have good wetting time.

From the data in Tables 4, 5 and 6 it can be seen that the wet-
ting time decreases with increasing ethylene oxide units in the
molecule. Also the type 1 shows highest wetting time and type
3 shows the lowest one.
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4.1.4 Emulsion stability
The emulsion stability of the prepared nonionic surfactants

was determined by standard methods (Tables 4–6) [17]. All
prepared nonionic surfactants possess good emulsion stability.
The emulsion stability increases with increasing hydrophobic
and hydrophilic chain length. Also it appears that the type 3
has highest emulsification stability.

4.1.5 Foam height
The foaming of the prepared nonionic compounds was in-

vestigated. The measured data are given in Tables 4–6. It can
be seen that the nonionic surfactants prepared have low foam-
height as other of nonionics [27]. Also the foam-height in-
creases with increasing number of ethylene oxide units rather
than with the length of hydrophobic part.

Table 7:
Biodegradability of the prepared succinic acid base surfactants, type 1.

Comp. No. 1st day 2nd day 3rd day 4th day 5th day 6th day 7th day

C8 a 13 63 68 75 82 90 98 –
b 15 62 65 70 75 85 91 98
c 17 60 64 68 74 82 88 95
d 10 59 62 67 73 80 85 95

C10 a 13 62 69 73 79 86 94 99
b 15 58 64 69 73 80 88 96
c 17 56 61 65 69 79 85 94
d 10 55 60 64 67 77 82 94

C12 a 13 58 64 72 79 85 92 98
b 15 57 60 66 72 83 88 95
c 17 54 58 65 70 82 88 94
d 10 53 55 60 68 75 82 93

C14 a 13 55 64 71 78 83 90 97
b 15 54 57 65 71 80 89 95
c 17 52 55 62 68 78 87 93
d 10 51 53 60 66 74 80 92

C16 a 13 53 64 72 77 82 89 96
b 15 52 56 64 69 78 86 94
c 17 51 54 63 67 75 84 93
d 10 50 53 60 66 73 80 90

C18 a 13 52 63 71 77 82 88 93
b 15 51 56 61 68 75 85 92
c 17 50 54 60 66 74 83 90
d 10 49 52 59 63 72 80 89

4.1.6 Hydrophilic Lypophilic Balance (HLB)
The HLB values of the prepared nonionic surfactants were

calculated using Dieves equations [24]. From the calculated
data (given in the Tables 4, 5 and 6) it can be seen that all
prepared nonionic surfactant types have HLB ranging from
7.94 to 15.84. These HLB ranges enable the prepared surfac-
tants to be used in many industrial field applications.

4.2 Biodegradability
In the course of degradation the river die-away tests was

followed by surface tension measurements [25]. The biode-
gradability data are given in Tables 7–9. Within the experi-
mental accuracy all prepared nonionic surfactant types seem
to degrade easy. Also it can be seen that the type 1 has less
degradability than other two types. This may be attributed to
the higher hydrophobic content of their molecules. Also the

Table 9:
Biodegradability of the prepared succinic acid base surfactants, type 3.

Comp. No. 1st day 2nd day 3rd day 4th day 5th day 6th day 7th day

C8 a 13 66 72 80 87 93 99 –
b 15 64 71 79 85 91 99 –
c 17 62 69 77 84 90 98 –
d 10 60 68 76 82 88 97 –

C10 a 13 65 71 79 86 92 99 –
b 15 64 69 78 85 91 99 –
c 17 62 68 77 84 90 98 –
d 10 61 67 75 82 89 95 –

C12 a 13 63 72 78 85 91 99 –
b 15 62 71 77 84 90 97 –
c 17 60 69 76 83 89 96 –
d 10 60 68 75 82 88 95 –

C14 a 13 62 71 77 84 90 98 –
b 15 61 70 76 83 89 96 –
c 17 59 69 75 82 88 95 –
d 10 58 67 74 80 86 94 –

C16 a 13 61 70 76 83 89 97 –
b 15 60 69 75 82 88 96 –
c 17 58 67 74 80 87 95 –
d 10 56 66 72 79 86 92 99

C18 a 13 60 68 76 82 87 95 –
b 15 59 67 74 80 86 94 –
c 17 57 6 72 78 84 92 99
d 10 56 64 69 76 82 90 99

Table 8:
Biodegradability of the prepared succinic acid base surfactants, type 2.

Comp. No. 1st day 2nd day 3rd day 4th day 5th day 6th day 7th day

C8 a 13 65 71 79 86 92 99 –
b 15 63 70 78 84 90 99 –
c 17 62 69 76 82 89 97 –
d 10 61 66 75 81 86 95 –

C10 a 13 63 70 79 85 91 99 –
b 15 62 68 77 84 90 98 –
c 17 60 67 76 83 89 97 –
d 10 59 66 74 80 88 94 –

C12 a 13 62 70 78 84 90 99 –
b 15 61 69 76 83 89 98 –
c 17 60 67 75 82 88 95 –
d 10 59 65 74 81 87 93 –

C14 a 13 60 68 77 82 88 96 –
b 15 59 66 75 81 86 95 –
c 17 57 65 74 80 85 93 99
d 10 56 64 73 79 83 92 99

C16 a 13 58 66 75 81 87 96 –
b 15 57 65 74 79 86 94 –
c 17 55 63 72 78 84 92 99
d 10 54 62 71 77 82 90 99

C18 a 13 56 65 74 80 86 94 99
b 15 55 62 73 78 85 92 99
c 17 53 61 71 76 84 91 98
d 10 52 60 69 75 81 88 96

biodegradability rate decreased with increasing number of the
carbon atoms in the hydrophobic part. This led to conclusion
that a longer hydrophobic part makes the diffusion of the mol-
ecule through the cell membrane and their degradation more
difficult.
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KÖNYVISMERTETÉS

Tefner Zoltán: Magyar-német mûszaki kisszótár, Német-magyar mûszaki kisszó-
tár, Tinta Könyvkiadó, Budapest, 2002. 196 oldal, 1960 Ft.

A Tinta Kiadó által gondozott szótár szervesen illeszkedik a kisszótárak sorába. 4500 kifejezést
tartalmaz, a német szavak tekintetében a legújabb német helyesírási elõírásokat, szabályokat
veszi figyelembe. A szótár elsõsorban gépészettel, elektrotechnikával foglalkozó szakemberek
számára készült, de számos szakszó található a kohászat, öntészet, hegesztés, bányászat, építé-
szet, mezõgazdaság, híradástechnika, számítástechnika, valamint a természettudományok, el-
sõsorban a fizika, matematika területérõl is.

A szótár felépítése és mérete a gyors tájékoztatást teszi lehetõvé. Így pl. munkahelyi körülmé-
nyek között mûszaki nagyszótárak használata elõtt gyors tájékozódásra alkalmas.

Nem célja a mûszaki nagyszótárak helyettesítése, pótlása, ezzel szemben lexikográfiai elsõse-
gélyt kíván nyújtani.

Amikor tudományos, egészen részletekbe menõ, aprólékos pontosságra nincs szükség, külö-
nösen a gépészet területén jó szolgálatot tesz a szótár és elegendõ is lehet a jól megválasztott
szakcikkek gyûjteménye. Akik középfokú szaknyelv iránt érdeklõdnek, különösen a gépészettel
foglalkozók, haszonnal forgathatják, jó segítséget nyújt a mûszaki kommunikációban. Precizitás,
szakmai helyesség jellemzi mindkét nyelvi szókészletet. Praktikus segédeszköz.

(Kiss Béla)


