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ABSTRACT 

The surface-modified zinc phosphate (Zn3(PO4)2) nanocrystals were synthesized by a facile and efficient one-step ul-
trasonic-template-microwave (UTM) assisted route. The crystal structure, optical properties and morphologies of zinc 
phosphate nanocrystals were characterized by X-ray diffraction, Fourier transform infrared spectroscopy, Raman 
spectroscopy and transmission electron microscope. And the TEM image showed that the product had good dispersion 
with a particle size of 30 - 35 nm. The anti-corrosion function of anti-corrosive paint using zinc phosphate nanocrystals 
was researched and the experiment result showed that the salt atmosphere-resistant time was 158 h longer than that of 
zinc phosphate bulk materials on market. The performance of zinc phosphate nanocrystals with modified surface syn-
thesized by one-step UTM assisted route was improved 63.2% compared with the bulk materials. 
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1. Introduction  

Zinc phosphate, a non-toxic foundational material, has 
been widely applied in coating industry, medicine, elec-
trical fields, especially anti-corrosion due to its low solu-
bility in water/biological environment [1,2]. The crystal 
size has a great effect on the function of anti-corrosion 
due to the un-smoothness of the surface of metal base-
ment. Meanwhile, the common technology of zinc phos-
phate production was hard to manufacture nanoscaled 
products. So, various techniques such as hydrothermal 
method [3-5], sol-gel method [6] and solid-state method 
[7] have been investigated for synthesis of zinc phos-
phate nanocrystals in the recent several years. However, 
these methods were difficult to be applied in the industry 
production because of the high cost and complicated 
technology. Especially, the dispersion of prepared zinc 
phosphate nanocrystals was very difficult in practical 
application. So, a method to prepare zinc phosphate na- 
nocrystals with modified surface which is small enough 
with low-cost and simple way is the research object of 
many chemists. 

The ultrasonic technology has been adapted to fabri-
cate inorganic nanocrystals to improve the products’ dis-

tribution [8,9]. And microwave-assisted synthesis was a 
new way to produce inorganic compounds because mi-
crowave heating is an in situ mode of energy conversion 
[10]. In this paper, the ultrasonic, microwave and triton 
x-100 were applied together in the synthesis of zinc 
phosphate nanocrystals for the first time and this method 
can be extended into the industry production for its low- 
cost and one-step reaction of preparations and surface 
modification. The product’s anti-corrosion function was 
tested by the neutral salt spray (NSS) experiment and the 
result showed that the effective anti-corrosion time was 
obviously longer than that of the zinc phosphate bulk 
materials on market. This good performance was mainly 
owing to the small size and good-dispersion in painter. 
And the dosage of zinc phosphate nanocrystals would be 
reduced which could make the cost lower. The using of 
ultrasonic, microwave and triton x-100 in the synthesis 
process can decrease the crystal diameter and modify the 
surface. The triton x-100 shell covered on the surface of 
product can prevent the agglomeration of the products 
from the excess drying temperature in the drying process 
and improve the product’ dispersion ability in the painter 
because of the dispersant effect of surfactant. 
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2. Experimental Section 

2.1. Synthesis of Zinc Phosphate Nanocrystals 

Into 0.1 mol/L Na3PO4·12H2O solution of 20 mL and of 
0.1 mol/L Zn(NO3)2·6H2O solution of 30 mL in the clean 
beaker were added triton x-100 of 0.2 mL and 0.3 mL, 
respectively. The both reaction solutions were dropwise 
added into the 100 mL deionized water, and then the 
reaction system was put in the ultrasonic machine with 
continuous stirring until complete precipitate. And the 
reaction was carried out as the follow equation: 

 
 
3 4 2 3 22

3 4 2 3 22

2Na PO 12H O 3Zn NO 6H O

Zn PO 4H O 6NaNO 38H O

  

  
   (1) 

Then, the white deposition was filtrated out, washed 3 
times by deionized water and dried completely for 2 h in 
the microwave machine (The drying power was 400 W). 
Finally, after the product was dried completely, the zinc 
phosphate nanocrystals were obtained. 

2.2. Characterization 

The structures of the obtained products were character-
ized by X-ray powder diffraction (XRD, Shimadzu XD- 
3A diffractometer), Raman spectra (Jobin-Yvon) and 
Fourier transform infrared spectroscopy (IR, Nicolet 
Nagna-IR 550). The microstructures and morphologies 
were analyzed with transmission electron microscopy 
(TEM, Hitachi-800). 

2.3. Experiment of Anti-Corrosion 

The anti-corrosion function of the anticorrosive paint 
using zinc phosphate nanocrystals was tested by the neu-
tral salt spray (NSS) experiment. [11] The 5 wt% NaCl 
aqueous solution was used as the corrodent and its pH 
should be kept between 6.5 and 7.2. The temperature of 
the test system was 35˚C and the sedimentation rate of 
salt fog was 2 mL/h (the incept area is 80 cm2). 

3. Results and Discussions 

3.1. Morphologies and Structures 

Figure 1(a) and (b) were the TEM images and selected 
area electron diffraction (SAED) image of zinc phos-
phate nanocrystals. Figure 1(a) clearly showed that the 
zinc phosphate nanocrystals had a uniform size with a 
diameter about 40 - 45 nm, good-dispersion and modi-
fied surface. The partial enlarged image of single zinc 
phosphate particle in Figure 1(a) expressed a core/shell 
structure with a zinc phosphate core of 30 - 35 nm and 
shell of about 5 nm. And the shell was the result of sur-
face modified by triton x-100. The SAED image (Figure 
1(b)) showed that the zinc phosphate nanocrystal was a 
polycrystal structure. In this study, the ultrasonic was 

used in the depositing process and it could enhance the 
vibration and shear between particles for its line-changed 
effect, which could promote the product separating better. 
[12] Microwave technology was applied in the drying 
process and it was also an effective way to avoiding ag-
glomeration. Due to strong thermal gradients induced by 
microwave heating, strong stirring occurs for liquids 
leading to thermal uniformity of heated medium. [13,14] 
The triton x-100 was a surfactant in the precipitation 
which can reduce agglomeration and decrease the di-
ameter of product. In the drying process, the triton x-100  

 
(a) 

 

 
(b) 

Figure 1. TEM images and SAED image of zinc phosphate 
nanocrystals. 
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Figure 2. XRD pattern of zinc phosphate nanocrystals. 

which can reduce agglomeration and decrease the dia- 
meter of product. In the drying process, the triton x-100 
can prevent the possible integrality of crystal from over 
high temperature in the microwave heating machine. 
When the product was added into the resin to form the 
anti-corrosion painter, the zinc phosphate nanocrystals 
can disperse better than the ones without surface-modi- 
fication because of the rule of similarity. From the Fig-
ure 1(a) and (b), we can see that the UTM route can de-
crease the zinc phosphate’s diameter and reduce the ag-
glomeration effectively. Furthermore, the using of triton 
x-100 can improve the dispersion of zinc phosphate, 
prevent the agglomeration and modify the surface. 

The XRD pattern of the zinc phosphate nanocrystals 
was shown in Figure 2. The fifteen strong peaks at 2- 
theta values of 9.65˚, 16.68˚, 17.79˚, 18.26˚, 19.38˚, 
22.17˚, 25.67˚, 31.31˚, 35.67˚, 39.88˚, 46.78˚, 47.54˚, 
49.94˚, 56.41˚ and 61.07˚ were thought to be originated 
from (020), (200), (210), (011), (040), (230), (221), (241), 
(002), (171), (371), (521), (402), (123) and (303) of 
crystal face of zinc phosphate (Zn3(PO4)2·4H2O) which 
are matched with the standard XRD data of JC-PDS file 
(Numbers: 33-1474) [15]. 

According to Debye-Scherrer formula [16] estimates: 

0.89 / Bcosd               (2) 

The zinc phosphate particle size (core of modified 
products) of the products was about 34 nm which is con-
sistent with the data in TEM images. When the ultrasonic, 
triton x-100 and microwave were used in the preparation, 
in the range of 2  = 5˚ - 70˚, no other peaks could be 
observed which also confirmed that the product was ex-
clusively Zn3(PO4)2·4H2O. In this research, the zinc 
phosphate nanocrystals without impurities can be pre-
pared successfully by the UTM route.  

3.2. Optical Properties  

Figure 3(a) was the Raman spectrum for the zinc phos-
phate products. The absorption bands at 372 cm–1 and 
870 cm–1 were attributed to P-O bending and stretching 
vibration, respectively. The absorption band within 1500 
- 1750 cm–1 was the O-H stretching broad. The IR spec-
trum of zinc phosphate products were shown in Figure 
3(b). The O-H stretching broad band at 3378 cm–1 and 
1640 cm–1 can be observed, implying the existence of 
crystal water. The several sharp absorption bands from 
900 to 1200 cm–1 were a complex of stretching of PO4

3– 

group as reported [17]. The absorption band at 1010 and 
1120 cm–1 were the anti-symmetric stretching and sym-
metric stretching of PO4

3–, respectively. The P-O bend-
ing vibration at 960 cm–1 was observed. The bending vi-  

 
(a) 

 

 
(b) 

Figure 3. Raman (a) and IR spectrum (b) for zinc phos-
phate prepared by different ways: 1) nanocrystals; 2) bulk 
materials. 
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Figure 4. The anti-corrosion mechanism drawing of zinc phosphate. 

bration at 960 cm–1 was observed. The bending vibration 
at 810 and 1375 cm–1 was the characteristic absorption 
peak of 1, 4-substituted phenyl and C-H symmetry 
bending vibration of methyl in triton x-100, respectively. 
These results showed that the zinc phosphate crystal was 
present, some crystal water existed in the product and the 
triton x-100 can be observed in the product synthesized 
by UTM route. 

3.3. Anti-Corrosion Effect 

The neutral salt spray experiment was going on to test 
the anti-corrosion function and salt spray was carried out 
for 1000 h and the sedimentation rate of salt fog was 2 
mL/h (the incept area is 80 cm2). The prohesion test was 
performed using 1150 cycles with 1 h spraying of 5 wt% 
NaCl aqueous solution at 35  and its pH should b℃ e kept 
between 6.5 and 7.2, followed by drying for 1 h. A paint 
horizontal scribe was used on the laboratory test speci-
mens according to ISO/DIS standard 12944-6 [18]. For 
electrochemical measurements, two irony cells of 2.5 cm 
diameter and 3 cm high were used. 

The result showed that effective anti-corrosion time 
was 408 h which was 158 h longer than zinc phosphate 
bulk materials on market. Because of the existence of 
crystal water inside the zinc phosphate crystal, a thin 
liquid layer formed in the surface of the product com-
posed with Zn2+, PO4

3– and water. In the follow reaction 
equation, the M meant the composition of the metal 
basement. 

   3 4 2 3 42
Zn PO 6H O 2H PO 3Zn OH  

2



  (3) 

 
 

3 4 2

2 4 2 22

M 2H PO 2Zn OH

MZn PO 4H O H

 

 
       (4) 

As the reaction (3) and (4) showed, the Zn3(PO4)2 
would hydrolyze into H3PO4 and Zn(OH)2 due to the 

existence of the crystal water in the structure. Then, the 
H3PO4 and Zn(OH)2 would react with the metal base-
ment to form an undissolved complex of phosphate 
(MZn2(PO4)2).When the zinc phosphate product had a 
touch with the metal basement, an undissolved complex 
of phosphate were produced to form a compact protec-
tive layer on the surface of the metal which can separate 
the metal basement from the corrosion. But in fact, the 
surface of metal basement was not smooth and intact, 
there were many indentations which can’t be seen by 
eyes on it. According to the anti-corrosion mechanism 
drawing (Figure 4), it was hard for the zinc phosphate 
bulk material to touch inside the indentations and the 
metal was still corroded. In the other hand, the zinc 
phosphate nanosrystals can enter into the indentation and 
form a protective layer. Just because of this, the undis-
solved complex of phosphate formed by the zinc phos-
phate nanocrystals synthesized by the UTM route can 
avoid not only the electrochemical corrosion but also the 
chemical corrosion effectively.  

4. Conclusions 

In this paper, the surface-modified zinc phosphate nano- 
crystal was synthesized by UTM method in one step re-
action and its dispersion were better than the ones which 
synthesized by the method reported before. The micro-
wave and ultrasonic can not only prevent products reun-
ion, but also improve the dispersion of product; the sur-
face-modifying of triton x-100 can not only reduce the 
agglomeration of zinc phosphate nanocrystals in the re-
action system and prevent the enlargement of the prod-
uct’s size from the excess drying temperature in the dry-
ing process, but also promote the dispersion of zinc 
phosphate in the painting. The NSS experiment was car-
ried out and the result showed that the effective anti- 
corrosion time was 408 h which was obviously superior 
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to the 250 h of zinc phosphate bulk material on market; 
smaller size and better dispersion can enhance the anti- 
corrosion function of zinc phosphate nanocrystals and 
decrease the dosage of products. This method is eligible 
for the industry production because of its low cost and 
one-step reaction of preparation and surface modifica-
tion. 
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