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In this experiment, calcium carbonate nanopartilces were prepared by metathesis
method. The calcium carbonate powders were modified by sodium dodecyl sulfonate. The
characteristics of raw and modified calcium carbonate powders were analyzed and charac-
terized by various methods. The size of the unmodified nano-calcium carbonate is about
2.7 wm, and the particle size of the modified particles is about several hundred nanome-
ters. The CFT-1 material performance tester was utilized to evaluate the tribological
characteristics of the additive. The data show that the modified nano-calcium carbonate
can improve the anti-friction and anti-friction performance of hydraulic oil.
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Hamouacrunel KapbornaTa KaJabliud OBLIN IIOJYYEHBI METOLOM MeraTe3uca. Ilopomiku Kap-
foHaTa KaJblMAd MOIUMPHUIMPOBANKN AOJELMICYIbPOHATOM HATPUA. XAPAKTEPUCTHUKN HCXO/-
HBIX 1 MOAM(PUIMPOBAHHLIX IIOPOIIKOB KapGoHATa KaJblid ObLIM IPOAHAIHU3UPOBAHBL Pas-
JAUYHBIMU ciiocobamu. Pasmep HamouacTUl HeMOAUMDUIMPOBAHHOIO KapboHATa KaJbI[UA CO-
craBiaser oKoJgo 2,7 MKEM, a pasmMep MOAM(PUIMPOBAHHBIX YaCTHUI[ COCTABIAAET OKOJO
HECKOJIbKUX coTeH HaHoMmerTpoB. Tecrep marepuana CFT-1 umcmoapsoBajca IS OLMEHKU TPU-
foJIOrmUecKuX XapakTepucTUK mo0aBKu. J[aHHbIE IIOKa3bIBAIOT, UTO MOAMGUIMPOBAHHBINA
KapOoHAT HAHOYACTUI] KAJbIMA MOMKET VIYUIIUTb aHTUPPUKIIMOHHbIE XaPaAKTePUCTUKN T'I/I -
PaBJIMUYECKOro MAacJa.

IloBepxneBa mogugikalisi HAHOYACTHHOK KAapOOHATY KAJbBIiI0 AK XocaimxeHHaA edek-
TUBHOCTi TepPTH riApaBIMYHNX Ipucaxok. Yuan-sheng Ding, Hou Baoquan, Xv Zhai, Fei Lu.

HawmouactTunku KapboHATYy KaJbI[ilo oTpuMaHO MeTogoMm Meraresicy. Ilopomiku xapbona-
Ty KaJabljifo MoaudirkyioTe gomemumicyiaboHaroM HaTpio. XapakTepHUCTUKU CHUPHUX 1
mMoaudikOBaHMX IIOPOLIKIB KapOoHaTy KaJbllid IIpoaHalizoBaHO Ta OXapaKTepU30BaHO
pisaumMu cmnocobamu. Poamip HemoxudiroBamoro kapboHATY HAHOKAJBIIIO cKJagae Oiasa
2,7 MKM, a posmip mMomudikoBaHMX YacTUHOK — Oind gekinbpkox coreH Hamomerpis. Tecrep
xapaxkrepuctuk Mmarepiany CFT-1 BukopucTaHo Aas OLUIHKM TPHUOOJIOriYHMX XapaKTEePUCTUK
nmobaBru. Ilokasawmo, 110 MmoaudikopaHu KapOOHAT HAHOKAJBIII0 MOXKE MHOJINIIATA aHTU-
GpukKLiiiHi BaactuBocTi i anTudpukramiiini xapakKTepuCcTUKHU rigpaBJIiuHOro macJia.
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1. Introduction

CaCO; is an inexpensive inorganic filler,
which has been used more than one hundred
years. Since low cost, non-toxic, without ex-
citant and high whiteness, CaCO; conse-
quently get extensive application in rubber,

564

paper, paint, printing ink, printing, cable,
food, medicine, cosmetics, toothpaste, feed,

oil and other industry filedes [1, 2].
With the continuous research of nanome-

ter materials, the research of calcium car-
bonate nanopartilces has become a hot spot
in the calcium carbonate industry. However,
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compared with the ordinary CaCOj; pow-
ders, nano CaCOj; powders can not uni-
formly disperse in organic medium due to
high surface energy and hydrophilicity.
Therefore, it is necessary to modify nano
CaCO;. Using the surfactant to modify of
nanometer calcium carbonate lead to bring
many advantages such as reducing the ag-
glomeration force between particles, im-
prove its dispersion in the matrix and the
dispersion stability, reduce the interfacial
tension of two phase [3].

The lubrication behavior of the lubri-
cating oil is a complicated process. In the
process of friction, due to adsorption in
the contact surface, lubrication oil form a
layer of liquid membrane, which cut off di-
rect contact friction surface of micro con-
vex body. Further more lubrication oil can
effectively reduce the friction surface fric-
tion coefficient and wear rate. Due to
changes in environmental factors (tempera-
ture, pressure, etc.) , in the process of con-
tact with a relative motion, complex physi-
cal chemistry makes the friction surface be
difficult to maintain the bearing pressure,
rough surface of micro convex body direct
contact each other, which result in increas-
ing the friction coefficient of friction sur-
face, make the metal surface wear [4]. In
order to improve the lubrication perform-
ance of lubricating oil and antiwear proper-
ties, we adopt calcium carbonate nanoparti-
cles as lubricating oil additives, meanwhile
antiwear and antifriction performance of
system are analyzed .

2. Experimental

Anhydrous calcium chloride (analysis
pure) was purchased from tianjin daimao
chemical Co; Sodium dodecyl sulfonate; An-
hydrous sodium carbonate (analysis pure)
were from Tiandin chemical reagent Co.

60 mM Na,CO; is mixed with 60 mM
CaCl, in the same volume for 15 minutes.
Sediment were obtained from the solution
by centrifugation, and then cleaned with
ethanol and deionized water several times,
after that at 60 °C dried.

An anionic surfactant (sodium dodecyl
sulfonate) was chosen as compound modi-
fier for calcium carbonate by wet-modifica-
tion method. A certain quality of nanometer
calcium carbonate was mixed with different
quality of the surface modification agent
sodium dodecyl sulfonate (SDS) wunder the
condition of 220 r/min heated to 80 °C for
4h, then the modified nanometer calcium
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carbonate products were obtained after fil-
tered, washed and dried.

The obtained powders were characterized
by scanning electron microscope (SEM),
Fourier transform infrared (FTIR) spectros-
copy. The particle size and distribution
were determined by laser particle size distribu-
tion analyze. The contact Angle measurement
instrument (JC2000D) was used to measure
water contact Angle and evaluate the degree of
hydrophobicity of nanometer calcium carbon-
ate before and after modification.

The calcium carbonate nanoparticles
were added to the base oil and then placed
in the KQ5200DE ultrasonic oscillator for
10-20 min ultrasonic oscillation to make the
nanometer calcium carbonate particles fully
dispersed.

Reciprocating friction test were investi-
gated by CFT-1 type material surface per-
formance tester. The test sample is 45 #
steel steel dise with 30 mm in diameter, 5
mm, hardness is 210 HB. Before test, steel
block was ultrasonic washed with acetone
for 15 min and blow dried. In the friction
test machine, the reciprocating friction tests
were carried out.

The friction rate of the test was 41.7 mm/s,
the reciprocating length was 5 mm, the
motor speed was 500 r, and the friction
loads were selected 60, 90, 120 N, and the
friction time was 40 min. The friction coef-
ficient was measured by the sensor in the
test. The above test results are three times
averaged.

3. Results and discussion

The contact of the modified nanometer
calcium carbonate particles with different
mass fraction of sodium dodecyl sulfonate
were measured with JC2000D1 as shown in
the Fig.1.

It can be seen that as the concentration
of modifier increases, the contact angle in-
crease which meaning CaCOj surface become
hydrophobicity after modified by SDS.

It can be seen from Table, the surfactant
concentration has a great influence on par-
ticle size distribution of nanoparticles, opti-
mum dosage was 3% . The relevant litera-
ture also shows that the amount of surfac-
tant has an optimal dosage for the
dispersibility of nanoparticles in the lubri-
cating oil, so our experiment use 3% SDS to
modify CaCQOj in the followed section.

Nano CaCO; and SDS-CaCO; infrared
spectra are shown in Fig.2. As can be seen
from spectra of SDS-CaCOj;, the absorption
peak appeared at 2916, 2854 cm~l which
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Table. Particle size analysis of nanometer calcium carbonate with different commodification

) l B l ""c)l |8
A A A

Fig. 1 Contact angle of nanometer calcium
carbonate modified with different concentra-
tion of SDS: a, b, ¢, d, e, f, g, h, i, j, k, 1
respectively stand for 0%, 1%, 1.5%, 2%,
3%, 3.5%, 4%, 5%, 6%, 7% sodium dodecyl
sulfonate mass fraction.

are ascribed to the asymmetric and symmet-
ric vibration of CH,. It concluded that
CaCOj; were successfully modified by SDS
from the above results [4].

As can be seen from Fig.3(a), the
nanoparticle CaCO; particles are irregular
particles, and there is a certain degree of
reunion with the particle size of 1-2 um;
SEM experiment displays that the SDS -
CaCO; has amorphology of granular strue-
ture with 200 nm even grain size. The SDS-
CaCO3; are monodisperse nanoparticles due
to the alkyl chain of SDS inhibits the aggre-
gation of CaCOj particles

The friction coefficient variation of the
lubricating oil with different concentration
of modified CaCO3; particles are shown in
the Table 2 below.

Under the load is 60 N, pure hydraulic
oil lubrication of the friction coefficient is
0.1128. When the modified CaCO5 particles
mass fraction is of 1%, the friction coeffi-
cient is 0.0929, compared with the pure hy-
draulic oil lubrication, friction coefficient
decrease 17.65% . When the mass fraction
of modified CaCOj3 particle in the hydraulic
oil is 3%, 5%, 6%, 7%, compared with the
pure hydraulic oil lubrication friction coef-
ficient respectively are reduced by 17.65%,
20.22%, 11.279%, 19.77%, 11.27%.

Under the load is 90 N, the pure hydrau-
lic oil lubrication of the friction coefficient
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Fig.2. Infrared spectra before (a) and after
(b) modification of nanometer calcium car-
bonate

Fig.3. SEM of nanometer calcium carbonate
unmodified and modified with of 3% SDS

is 0.0937, when the mass fraction are of
1%, 3%, 5%, the friction coefficient are
0.0917, 0.0859, 0.0885, compared with the
pure reduced friction coefficient when the
hydraulic oil lubrication, was reduced by
2.09%, 8.29% and 2.09%, respectively.
When the mass fraction of calcium carbon-
ate in the hydraulic oil was 6% and 7%,
the friction coefficient was 0.0941 and
0.968 respectively, and the friction coeffi-
cient increased by 0.44% and 13.75% re-
spectively, compared with the pure hydrau-
lic oil lubrication.

Under the load is 120 N, the friction
coefficient firstly decreased when the modi-
fied CaCOj particles mass fraction is from
1% to 5%, after that increase with the
SDS- CaCOg particles mass fraction.

From the above data, it is found that
when the load is 90 N, the data has a small
fluctuation. When the load is 60 N and 120
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Table 2 Friction coefficient summary
under different loads.
60 N 90 N 120 N
Base oil 0.1128 0.0937 0.0989
1% 0.0929 0.0917 0.0931
3% 0.09 0.0859 0.0919
5% 0.1001 0.0885 0.0866
6% 0.0905 0.0941 0.0959
7% 0.0988 0.1066 0.0968

N load, the overall data is gentle and lower
than that of pure hydraulic oil. Thus it can
be seen in the pure hydraulic oil to add a
certain percentage of the SDS- CaCOj; can
improve anti-friction effect, just under the
different load, different amount of calcium
carbonate is added the effect is different.
When the quality fraction of modifier is
1%, the friction coefficient under different
loads is similiar.

4. Conclusions

As the surface modifier, SDS was suc-
cessfully modified on the surface of
nanometer CaCO; by ultrasonic reaction.
The experiment results showed that the op-
timum content of the SDS is 3% . The sur-
face is converted from hydrophilic to hydro-

Functional materials, 25, 3, 2018

phobic, and the particles are not reunited
with particle diameter is about 200 nm.

The excellent lubricating effect of the
antimony nanoparticles in the lubricating
oil is observed because these nanoparticles
fill in some micro-pits on the worn surface.
With appropriate proportion, SDS-CaCOj
can concertedly function as properties of
anti-wear and friction reduction. In the pre-
sent research, the best proportion of SDS-
CaCOj3; is 3 %under the 60N load, the best
proportion of SDS-CaCO3; is 5 % under the
90N /120 N load.
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