
INTRODUCTION

Zeolitic imidazolate frameworks (ZIFs) are a new, distinc-
tive and rapidly developing subclass of metal-organic frame-
works. Due to their attractive features such as large surface
areas and high thermal and chemical stability1, ZIFs have
become promising candidate materials for many technological
applications such as gas adsorption2, separation2,3, catalysis4

and so on. Cheetham et al.5 reported that ZIF-8 (the most
typical ZIF) has a remarkably low shear modulus that may
reduce friction at interfaces. Our group reported that ZIF-8
used as additives in 100 SN oil lubricants show good antiwear
and load-carrying properties6.

Generally, the properties and performance of the materials
are highly dependent on the size of the crystal particles7, 8. In
tribology, some nanomaterials have been proved to have great
potential as lubricating materials9. Therefore, it is of signifi-
cance to study the different particle sizes of ZIF-8 as lubricating
oil additives and discover what effects will occur under friction
in order to gain a better understanding of the tribological
mechanism of ZIF-8 and thereby put the synthesis of ZIF-8
on a more rational basis. In this paper, identical solvents were
chosen in order to synthesize ZIF-8 nano- and microcrystals.

The physical characteristics of ZIF-8 nano- and micro-
crystals are characterized and their tribological properties are
evaluated under the same conditions by using a four-ball test.
Powder X-ray diffraction (PXRD), scanning electron micro-
scopy (SEM) and energy dispersive X-ray spectroscopy (EDS)
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analyses were carried out to determine the possible lubrication
mechanism of these nano- and microcrystals.

EXPERIMENTAL

2-Methylimidazole (MIM, 99 %), zinc nitrate hexahy-
drate [(Zn(NO3)2·6H2O, 98 %] and zinc acetate dihydrate
[Zn(OAc)2·2H2O, 98 %] were purchased from Sigma-Aldrich
Chemical Co. Methanol (CH3OH, 99.5 %) and polyethylene
glycol 200 (PEG 200, with a viscosity index of 22.3) were
obtained from Sinopharm Group Chemical Reagent Co.
Petroleum ether were purchased from Aladdin industrial
corporation. All raw chemicals were used without further
purification.

Synthesis of ZIF-8 nanocrystals: Three grams (10.08
mmol) of Zn(NO3)2·6H2O were dissolved in 200 mL of MeOH.
A second solution was prepared by dissolving 3.28 g (39.95
mmol) of 2-methylimidazole in 200 mL of MeOH. The latter
clear solution was poured into the former clear solution and
they were stirred together at room temperature for 24 h10. The
crystals were then centrifuged with speeds 9000 rpm (150 s-1)
by using centrifuge TG16-WS (Hunan Xiangyi Laboratory
Instrument Development Co. Ltd), washed ultrasonically with
ethanol and dried in air.

Synthesis of ZIF-8 microcrystals: Zn(OAc)2·2H2O
(1.76 g, 8.02 mmol), 2-methylimidazole (1.97 g, 23.99 mmol)
and an MeOH solution (100 mL) were mixed in a Teflon-lined
autoclave and stirred for 15 min. The autoclave was then sealed
and heated at 100 °C for 3 days, followed by cooling to the
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room temperature. Aggregated particles were firstly centri-
fuged and removed with speeds 300 rpm (5 s-1), and the crystals
were then centrifuged with speeds 3000 rpm (50 s-1), washed
ultrasonically with ethanol and dried in air.

Friction and wear tests: The ZIF-8 nano- and micro-
crystals were separately added to PEG 200 at concentrations
of 1.0, 2.0 and 3.0 wt. % and dispersed ultrasonically for 180
min. The tribological behavior was evaluated on an MS-10J
four-ball tester (Xiamen Tenkey Co. Ltd). The balls (12.7 mm
in diameter) in the test were made of GCr15 bearing steel with
a hardness of 59-61. The maximum nonseizure load (PB) was
determined according to the Chinese National Standard
Method GB/T3142-90 (similar to ASTM D2738). Tests of the
antiwear and friction reduction properties were conducted at
1200 rpm (20 s-1) for 3600 s at room temperature at a load of
147 N. At the end of each test, the wear scar diameters (WSDs)
of the three stationary balls were measured using an optical
microscope to an accuracy of ±0.01 mm and the friction coeffi-
cients were recorded automatically with a strain gauge equipped
with the four-ball tester.

Powder XRD patterns were recorded with an X-ray diffrac-
tometer (Rigaku, MiniFlex II) using CuKα radiation (λ =
1.5418 Å). The steel balls was cleaned with petroleum ether
for 10 min in an ultrasonic bath before the SEM and EDS
analysis. SEM micrographs were obtained for the powder
samples (JEOL, JSM-6700E) and the worn surfaces (Hitachi,
TM-3000). The chemical compositions of the surfaces of the
friction pairs were analyzed by EDS (Bruker, QUANTAX 70).
FT-IR spectra of the samples were obtained on a Shimadzu
IRAffinity-1 FT-IR spectrometer using the KBr pellet technique.

RESULTS AND DISCUSSION

Microcrystals of ZIF-8 were synthesized by the solvo-
thermal synthesis method and characterized by PXRD and

SEM. Fig. 1a shows the relative intensity and peak positions
of the PXRD patterns, which are in agreement with the results
of previous reports1 and confirm the formation of pure
crystalline ZIF-8. The SEM image in Fig. 1b shows that the
microcrystalline product consists of relatively regular particles
with a diameter distribution of 1-10 µm. The synthesis of
nanocrystalline ZIF-8 was performed according to the repoted
method10. The PXRD patterns of the nanocrystalline ZIF-8
were the same (Fig. 1c) and the mean diameter was approxi-
mately 100 nm (Fig. 1d). The FI-IR spectrum of nano- and
microcrystals of ZIF-8 are in good agreement with pure ZIF-
8 prepared according to the literature (Fig. 2.)11.
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Fig. 2. FT-IR spectra of typical samples: nano- and microcrystals of ZIF-8

Friction and wear tests: Table-1 discloses the variation in
the maximum nonseizure load (PB) for the two additives as a
function of the concentration of additives. It can be seen that the
PB value of the ZIF-8 microcrystals is improved by 17 %
withadditive concentrations ranging from 0.5 to 3.0 wt. % and that
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Fig. 1. PXRD patterns and SEM images of two particles sizes of ZIF-8: (a, b) microcrystals; (c, d) nanocrystals
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TABLE-1 
EFFECT OF ADDITIVE CONCENTRATIONS ON 

THE MAXIMUM NONSEIZURE LOAD (PB, N) 

Additive PEG200 +0.5 wt. 
(%) 

+1.0 wt. 
(%) 

+2.0 wt. 
(%) 

+3.0 wt. 
(%) 

ZIF-8 
(microcrystals) 

510 598 598 598 598 

ZIF-8 
(nanocrystals) 

510 549 549 549 549 

 
of the nanocrystals is improved by 7.6 %. The microcrystals
also show better load-carrying capacity than the nanocrystals.

Fig. 3 shows the variation of the wear scar diameters for
the two additives as a function of the concentration of additives.
The wear scar diamter (WSD) of nanocrystalline ZIF-8 is
reduced from 0.52 mm (the WSD of pure PEG 200) to 0.36
mm at the additive concentration 0.5 wt.%. The WSD then
increases somewhat from 0.38 to 0.39 mm when the additive
concentration increases from 1.0 to 3.0 wt.%. Although the
lowest WSD of the ZIF-8 microcrystals is also found at a
concentration of 0.5 wt.% (0.36 mm), the WSD increase with
additive concentrations ranging from 1.0 to 3.0 wt. % is greater
than that of the nanocrystals, from 0.38 to 0.43 mm. Thus, the
nanocrystalline ZIF-8 has better antiwear performance than
the microcrystals.

And the nano- and microcrystals of ZIF-8 show no
improvement in friction reduction property. Fig. 4. shows the
relationship between the friction coefficient and the additive
concentration. As additive, ZIF-8 nanocrystals is found to
slightly reduce the friction coefficient from 0.097 to 0.091
with the concentration increasing from 0.5 to 1.0 wt. %, then
increases gradually and reaches a plateau. With regard to
microcrystals, the lowest friction coefficient is at 0.5 wt.%
and higher than that of PEG 200 from 1.0 to 3.0 wt. %. The
nano- and microcrystals of ZIF-8 show no improvement in
friction reduction property.
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Fig. 3. Relationship between WSD of the lubricated balls and additive
concentration (wt.%)

Fig. 4. Friction coefficient as a function of concentration

Fig. 5 presents the morphology and element composition
of the worn surfaces of the friction pairs lubricated with PEG
200 containing 0.5 wt.% nano- or microcrystals. The wear
scars of the steel balls containing 0.5 wt.% nano- or micro-

Fig. 5. SEM images and EDS of the worn surfaces of balls lubricated with a, d: pure PEG 200; b, e: 0.5 wt.% nanocrystalline ZIF-8; and c, f: 0.5 wt.%
microcrystalline ZIF-8

Vol. 27, No. 1 (2015) Synthesis and Properties of Zeolitic Imidazolate Framework-8 Nanocrystals and Microcrystals  83



crystals are much smoother and smaller than that of the steel
ball lubricated with PEG 200 alone (Figs. 5a-c). The worn
surface lubricated with PEG 200 alone is rough and shows
signs of severe scuffing (Fig. 5d). However, scuffing on the
surfaces lubricated with PEG 200 containing 0.5 wt.% nano-
or microcrystals was significantly inhibited (Figs. 5 e, f). There-
fore, the results further testify that ZIF-8 nano- and micro-
crystals have good antiwear properties. The EDS spectra (Figs.
5d-f) show that no chemical elements other than steel compo-
nents were detected on the wear surface after the antiwear test.
The PXRD patterns of the nano- and microcrystals illustrate
minimal changes in the diffraction peak positions before and
after the lubricating test (Fig. 6).

Lubricating behaviour analysis: The lubricating
behavior of ZIF-8 is linked to the intrinsic nature of a flexible
3D framework. Thus, the characteristic M-Im-M linkages in
ZIF-8 are more compliant and can afford greater flexibility.
For these reasons, the addition of nano- or microcrystals to
the oil leads to an increase in the load capacity and excellent
antiwear properties. Because the PB test is a process with a
very short run time (10 s), shearing is not extensive. Also, the
larger particle size of the microcrystals had minimal impact
on the framework distortion and thus microcrystals exhibited
better load-carrying capacity than nanocrystals. However,
when the antiwear test was run for 3600 s, the nanocrystals
tended to deform and were quickly deposited on the rough
metal surfaces, preventing direct contact between the two metal
surfaces. This is the reason why nanocrystals have better anti-
wear performance than microcrystals.

Conclusion

ZIF-8 nano- and microcrystals exhibited good tribological
behavior as additives in PEG200. The main wear mechanism
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Fig. 6. XRD patterns of the ZIF-8 before and after antiwear test

of ZIF-8 is the framework, which has low shear modulus and
good structural stability. The low shear resistance of ZIF-8
reduced friction at the interfaces and microcrystalline ZIF-8
exhibited a better load-carrying capacity.
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