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[ Abstract] A heterocyclic derivative of ( 2-sulphurone benzothiazole)-3methyl dodecanoate was synthesized. Its tribo-

logical performance when added to liquid paraffin was evaluated on a four-ball tester and a ring-omrblock machine. Results

indicate that compared with the base oil the wear resistance and load carrying capacities of the oil with novel additive are

improved, and the friction coefficient is decreased. There is an optimal content of the novel compound, at which the cor

responding oil gives the highest maximum norr seizure load. Above the content, the load carrying capacity of the oil is not

increased but decreased. The nature of the film formed on the rubbed surface was investigated by X-ray photoelectron

spectroscopy ( XPS) analysis, and the action mechanism of the novel compound was discussed.

[ Key words] synthesis; additive; mechanism; antiwear; friction reducing

[ CLC number] TH117.2

[ Document code] A

1 INTRODUCTION

It is well known that friction and wear are un-
avoidable in mechanical equipment but can be reduced
by the use of appropriate additives added to lubri
cants. Some compounds containing sulfur, chlorine
and phosphorus may react with the metal surface at
high temperature and high pressure, and form easily
sheared reaction layers to prevent severe wear and
seizure. So these compounds are usually used in lubri-
cants as antiwear and extreme pressure additives.
However, due to environmental and operational rea-
sons, the use of the compounds containing chlorine
and phosphorus are restricted. Therefore developing
new types of frictiorrreducing and antiwear additives
is highly desirable.

Recently, much attention has been paid to the
research on the friction and wear properties of hetero-
cyclic compounds, since heterocyclic compounds have
compact and stable structures. A number of ashless
compounds based on derivatives of heterocyclic com-
pounds have been reported in recent literature as anti
wear and extreme pressure additives''™ "', And 1,
2, 4-triazole, 1, 2, 3-thiadiazole, benzothiazole and
benzotriazole have been proven to possess excellent
anticorrosive, antirust, copper deactivating and anti-
wear properties.

In this paper, the preparation of (2-sulphurone
benzothiazole )-3-methyl dodecanoate is described.
The tribological performance of the novel compound

used as an additive in liquid paraffin is evaluated. The
rubbed surface is investigated using XPS analysis,
and the antiw ear mechanism is discussed.

2 EXPERIMENTAL

2.1 Preparation of additive

The additive was prepared according to the reac
tion pathway outlined in Eqns. (1) and (2). The in-
termediate, 2-sulphurone 3-hydroxymethyl benzoth-
iazole, was synthesized according to Ref. [ 14], then

dode-

canoate was prepared by esterification of the interme-

the ( 2-sulphurone benzothiazole )-3-methyl

diate with the dodecanoic acid using classic proce-
dures. All the chemicals are of AR grade. The prod-
uct is a yellow solid, whose composition and structure

have been verified by element analysis, IR and
IHNMR spectrophotometric technique.
]\ EtO
x _C—SH 4 HCHO =
S
ITICHzOH (1)
\
g 8
NCHOH ¢ Hyscoon —
\
5 8

@® [Foundation item] Project (59875083) supported by the National Natural Science Foundation of China

[ Received date] 2000- 03— 08; [ Accepted date] 2000— 06— 19



. 158 - Trans. Nonferrous Met. Soc. China

Feb. 2001

NCH H
| 200CC11H» (2)
/\

3 3

2.2 Tribological properties of novel compound

The load carrying capacities and antiwear prop-
erties were evaluated on MQ-800A fourball tri-
botester at 1450r/ min at room temperature. The
maximum non-seizure load was determined according
to the national standard method GB3142-82. The
wear scar diameter of the steel ball after test duration
of 30min was also measured. The balls with diameter
of 12. 7mm in the tests were made of GCrlS5 bearing
steel with an HRC of 59 to 61. Friction coefficient of
oils were measured under a constant load of 300N us-
ing HQ-1 ring-omrblock tribotester, where the ring
was quenched CrWMn steel ring ( Cr: 0.9% ~
1.2%, C: 0.9% ~ 1.05%, W: 1.2% ~ 1.6%,
Mn: 0.8%~ 1. 1%, Si: 0. 15%~ 0.35%) of 49.24
mm diameter, 12. 7mm height, 62HRC hardness and
a surface roughness of Ra as 0. 27 Hm, which was ro-
tating against 45 steel block (12mm X 6mm X 4mm )
with a hardness of 44. 8HRC and a surface roughness
of Ra as 0. 35 Hm.

The rotating speed of ring was 600 r/ min. The
base oil is chemically pure grade liquid paraffin.

2.3 Surface film analysis

X-ray photoelectron spectroscope ( XPS) was
conducted with a PHI-1600 X-ray photoelectron spec
trometer. The upper ball used for XPS analysis was
washed ultrasonically with petroleum ether and dried
after testing at additive concentration of 2. 0% under
load of 392N for test duration of 30 min. The Mg K,
radiation was used as the excitation source at pass en
ergy of 50 eV. The binding

(284.6eV) was used as the reference. The wear scar

energy of Cls

morphology was visualized by X-650 Scanning Elec
tron Microscopy.

3 Results and discussion

3.1 Effect of additive on friction coefficient of oil

Friction coefficients of base oil and the oil with
1% novel additive are given in Fig. 1. It can be seen
that the friction coefficient of base oil increases as
friction time increases at the initial stage of friction,
and then decreases with rubbing time. That the fric
tion coefficient increases probably results from an in-
crease of real contacting area of the rubbing surface
owing to wear. Due to a gradual deposition of friction
product and the shearing stress decreasing, the fric
tion coefficient decreases with rubbing time. The fric
tion coefficient of the oil with additive has no signifi-
cant change with rubbing time, and is smaller than
that of base stock alone. It is indicated that the
novel additive possesses reducing friction property in
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Fig. 1 Effect of additive on friction
coefficient at load of 300N for 30 min

lubricating oil, and may be effective to decrease the
energy loss owing to friction.

3.2 Effect of additive concentration on load carry-
ing capacity

Maximum normrseizure load ( Fg) is a measure
ment of load carrying capacity of oil. The Fy values
of base stock and oil with additive at different
amounts are given in Fig. 2. It is shown that the oils
with additive show greater maximum normrseizure load
than base oil. In other words, the novel compound
can strengthen the load carrying capacity of the base
oil. Furthermore a maximum of Fy is shown in Fig.
2. Corresponding content of additive is 1%, above
the optimal content, the maximum norrseizure load
of oil decreases. A possible explanation is that exces
sive additive may increase the ratio of organic compo-
sition in antiwear film, and lower the strength of the

film.
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Fig. 2 Effect of additive concentration on
maximum norrseizure load

3.3 Effect of load and additive concentration on
antiwear property of oil

Fig. 3 gives the wear scar diameter of steel ball
lubricated by base stock and by base stock containing
2. 0% novel additive under various loads. It can be
seen that the novel additive exhibits good antiwear
property in a wide range of applied loads as compared
to the base stock.



Vol.11 Ne 1

Performance of ( 2-sulphurone-kenzothiazole)-3-methyl dodecanoate

« 159

(=]
O

B—0Qil with additive
- ®—Base oil

(=]
o]

<
~

Wear scar diameter/mm
o o
V- N

(=]
P9

196 294 392 490 588
Load/N

Fig.3 Effect of load on wear scar diameter
at additive concentration of 2. 0% for 30 min

Fig. 4 shows the wear scar diameter of steel ball
as a function of the additive concentration in the base
oil. Results indicate that the addition of the novel
compound into the base oil significantly reduces the
wear scar diameter under a load of 392N, particularly

at relatively low concentration.
0.8

e
-

Wear scar diameter/mm
o o
w >
L) L]

(=]
S

0.5 1.0 1.5 2.0
Concentration of additive/ %

(=}

Fig. 4 FEffect of additive concentration on
wear scar diameter at load of 392N for 30 min

The wear scar morphologies of the steel ball af-
ter running in base oil and in the oil with 2% additive
under 392N for 30 min are given in Figs. 5 and 6, re-
spectively. The grooves indicate that the wear scar
does not result from elastic deformation but from evi-
dent wear. The larger the wear scar is, the more se-
vere the wear is. Therefore, the oil with additive
possesses higher wear resistance than base oil.

3.3 Worn surface analysis and discussion on anti-
wear mechanism

It is inferred that the novel compound is effective
on reducing the wear and friction of the base stock.
Hence, the next step is to determine the action mech-
anism of the novel compound using X-ray photoelec
tron spectroscopy ( XPS). Analysis of the chemical
state of elements such as sulfur, nitrogen and iron in
the lubricating film is essential for a better under
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Fig. 5 Wear scar morphology of ball
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Fig. 6 Wear scar morphology of ball
running in oil with 2. 0% novel additive

standing of the action mechanism of the novel com-
pound. The XPS analytical results of the atomic con-
centrations of Fe, C, O, N and S elements on the
surface are listed in Table 1. Table 2 shows the
chemical state of the sulfur, nitrogen and iron on the
worn surface. For comparison, the binding energies

Table 1 XPS analysis results of atomic
concentrations on rubbed surface %
Element C 0 N S Fe
Concentration 73.46 17.94 1.17 2.49 4.94

Table 2 Binding energy of elements in pure

additive and on rubbing surface eV
Surface N S Fe
Pure additive ~ 400. 0 164. 5 -
Worn scar 399. 8 168.8 161.9 710.6
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of the elements in pure additive are also analyzed.

Table 1 shows that carbon and oxygen elements
were detected with high concentrations. Nitrogen and
sulphur were also present at the wear scar, although
their concentrations were very low. It seems that the
antiwear film is an organic layer, which is mainly
composed of carbon and oxygen elements.

Table 2 indicates that the binding energy of N 1s
in pure additive is 400. 0eV, after testing with 2. 0%
additive at 392 N for 30 min, the binding energy of
Nls is 399. 8eV. The result indicates that there is a
strong adsorption of additive on the metal surface.

Only one chemical state of iron on the surface is
detected. The binding energy at 710.6€V is corre
sponding to Fe;O3 or FeS.

In case of sulfur, the binding energy of S2p for
pure additive is 164. 5eV. The spectrum of S2p illus
trates the existence of two peaks at 168. 8 and 161.9
eV. In comparison with the standard value!™', the
binding energy at 168. 8 eV corresponds to sulfate on
the worn scar, the binding energy at 161. 9eV corre-
sponds to FeS,. The results indicate that the tribo-
chemical reaction has occurred between the additive
with the metal surface during the sliding processes. It
also indicates that the nitrogen and sulfur elements
play important roles in enhancing load-carrying capac
ity and improving antiw ear property.

According to the above analyses, the novel com-
pound mechanism of action appears to be as follows.
Under boundary lubrication conditions, it is decom-
posed by mechanical shear and other frictionally in-
duced effects, such as heat, exoelectrons, deforma-
tion energy and fresh surfaces. The sulfur element in
the novel compound may react with the metal surface
to produce a thin chemical film on the surface, and
nitrogen and carbon elements adsorb on the metal sur-
face to form adsorption layer. The cooperative action
between the chemical reaction layer and adsorption
layer may play an important role in the prevention of
tribological failure.

4 CONCLUSIONS

1) The ( 2-sulphurone benzothiazole)-3-methyl
dodecanoate seems to possess good antiwear and fric
tion-reducing abilities, and may notably improve the
loadtcarrying capacity of base stock.

2) There is an optimal content of the novel com-
pound, at which the corresponding oil gives the high-
est maximum non-seized load; above the content, the
load carrying capacity of the oil is not increased but
decreased.

3) The action mechanism of the novel additive is
forming adsorption and chemical reaction lubricating
film on the metal surface. Although the antiwear film
is an organic film, mainly consisting of carbon and
oxygen elements, the nitrogen and sulfur elements

play important roles in enhancing load carrying capac-
ity, antiwear and friction-reducing properties.
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