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Table 1  Starting composition of different gel samples (g/L) 

Sample ZrOCl

2

·8H

2

O Zr(SO

4

)

2

·4H

2

O ZrO(NO

3

)

2

·2H

2

O APS TEMED AM MBAM 

S1 96.675 - - 0.581 0.581 193.531 19.080 

S2 - 106.617 - 0.581 0.581 193.531 19.080 

S3 - - 80.178 0.581 0.581 193.531 19.080 
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¬ 1  sUEK<=c TG-DSC®Z 

Fig.1  TG (a)-DSC (b) curves of xerogel powders from different 

zirconium salts 
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Fig.2  XRD patterns of zirconia nanopowders prepared from different zirconium salts: (a) zirconium oxychloride, 

(b) zirconium sulfate, and (c) zirconium oxynitrate 
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Table 2  Average crystallite size, phase interplanar spacing value and phase composition of ZrO

2

 nanopowders 

prepared by calcining different zirconium xerogels at 900 �
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¬ 3  sUEKc<=¶ 900 �S·¸t�PQc SEMlm 

Fig.3  SEM morphologies of powders prepared by calcining different zirconium xerogels at 900 �: (a) zirconium oxychloride, 

(b) zirconium sulfate, and (c) zirconium oxynitrate 
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Fig.4  Particle size distribution of ZrO
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 powders prepared by calcining xerogels at 900 �: (a) zirconium oxychloride, (b) zirconium 

sulfate, and (c) zirconium oxynitrate 

 

<=>kIA�j@'Qk¥ÜÝd¥�ãpä

ÃmWXåæC½ç
<èéY¢©¢µ¶X!d

ab���&abê�ÕÖq²½�\PÙë:

ìíG$Xî$X�ï$XîðñòÌ²	���

�ab&	qó}ôo¢P�QRõot[ºM

	qó6YGH	ÒÓWX<Å*Æ�ö÷±W

X&cd<ÅºM	¨<

[11]

!�øËGØ�¨<=

>Iùµ¶�ù<Å*ÆºÍ	ÒÓWXú'f~û

½üýÖþíGab	�¿p����Zt��	

��	Ë6t
���! 

��������

1) �Á¶����ab�GØ ZrO

2

ÒÓWX	

STU��º�Ä���ã�l!�N��¶���

�ab	S*������EF���¬XGH

	abS*������l�� 530 ��LF�

.�J���¬XGH	abS*�����*+

� 573. 580 �! 

2) ���	
����3¬X�NYcd�

�
���	¥l� �!EF��>LF�>�J

��·����d�S��&	��������

�C����������������d 900 �

e�����$%����! 

3) �N�O"���WX	©ª�´#���

�GH®�°©	 ZrO

2

ÒÓWXWX<Å*Æd

52~97.4 nm$%&!��J����NGH	���

WX<Å*ÆºÍµ¶���I! 

 

$%&'    References  

[1] Khajavi P, Babaluo A A, Tavakoli A et al. Industrial & 

Engineering Chemistry Research[J], 2013, 53(1): 164 

[2] Tan Qiangqiang(¹ºº), Tang Zilong(»^¼), Zhang Zhongtai 

(½¾¿) et al. Rare Metal Materials and Engineering(¯°

±²³-�f)[J], 2003, 32(12): 1025 

[3] Xu Liling(ÀÁÂ), Cui Shuo(Ã  ), Wu Li’ang(ÄÅÆ) et 

al. Rare Metal Materials and Engineering(¯°±²³-�

f)[J], 2010, 39(S2): 501 

[4] Amirshaghaghi A, Kokabi M, Keschtkar H A. Synthesis and 

a 

b 

c 

100 nm 

42.2 79.0 115.8 152.6 189.4

0

5

10

15

20

25

30

 

F
r
e
q
u
e
n
c
y
/
%

Particle Size/nm

a

39.5 65.8 92.0 118.2 144.3

0

5

10

15

20

25

 

Particle Size/nm

b

28 40 52 64 76 88 100 112 124 136

0

5

10

15

20

25

 

Particle Size/nm

c



«2048«                                          ¯°±²³-�f                                           � 48� 

Reactivity in Inorganic, Metal-Organic, and Nano-Metal 

Chemistry[J], 2010, 40(9): 576 

[5] Li Fei, Li Yanhuai, Sun Zhongxiao et al. Rare Metal Materials 

and Engineering[J], 2017, 46(4): 899 

[6] Ma Tian(Ç È), Huang Yong(É Ê), Yang Jinlong(Ë¼) 

et al. Rare Metal Materials and Engineering(¯°±²³-

�f)[J], 2004, 33(11): 1127 

[7] Sanchez-Dominguez M, Liotta L F, Di Carlo G et al. Catalysis 

Today[J], 2010, 158(1-2): 35 

[8] Wang J A, Valenzuela M A, Salmones J et al. Catalysis Today 

[J], 2001, 68(1-3): 21 

[9] Ramachandran M, Subadevi R, Liu W R et al. Journal of 

Nanoscience and Nanotechnology[J], 2018, 18(1): 368 

[10] Zhao Zhilong(ÌÍ¼), Xue Qunhu(ÎÏÐ), Zhao Liang(Ì 

Ñ) et al. Journal of Synthetic Crystals(Ò��Q�Ó)[J], 

2017, 46(3): 468 

[11] Wang Xiaofeng, Wang Richu, Peng Chaoqun et al. Journal of 

Sol-Gel Science and Technology[J], 2011, 57(2): 115 

[12] Ejtemaei M, Tavakoli A, Charchi N et al. Advanced Powder 

Technology[J], 2014, 25(3): 840 

[13] Wang S F, Lv H B, Zhou X S et al. Nanoscience and 

Nanotechnology Letters[J], 2014, 6(9): 758 

[14] Wang S F, Sun G Z, Fang L M et al. Scientific Reports[J], 

2015, 5: 12 849 

[15] Yang Hua(Ë Ô), Lin Guanjun(ÕÖ×), Xian Tao(Ø Ù) et 

al. Nanotechnology and Precision Engineering(NOÚÛ-

ÜÝ�f)[J], 2012, 10(1): 46 

[16] Deng Shuhua(ÞßÔ), Zheng Wenyu(àáâ), Fang Yang- 

sheng(�ãä ) et al. Modern Chemical Industry(åæD

�)[J], 1999, 19(5): 21 

[17] Wang Xiaofeng(ç�è), Wang Richu(çéê), Peng Chao- 

qun(ëìÏ) et al. Chinese Journal of Materials Research(²

³���Ó)[J], 2010, 24(6): 572 

[18] Tahmasebpour M, Babaluo A A, Aghjeh M K R. Journal of 

the European Ceramic Society[J], 2008, 28(4): 773 

[19] Garvie R C. The Journal of Physical Chemistry[J], 1978, 

82(2): 218 

[20] Southon P. Thesis for Doctorate[D]. Sydney: Sydney University 

of Technology, 2000 

[21] Karapetrova E, Platzer R, Gardner J A et al. Journal of the 

American Ceramic Society[J], 2001, 84(1): 65 

[22] Heshmatpour F, Aghakhanpour R B. Advanced Powder 

Technology[J], 2012, 23(1): 80 

[23] Wang Weipeng(çíî), Yang Hua(Ë Ô), Xian Tao(Ø Ù) 

et al. Chinese Journal of Inorganic Chemistry(�ïD��Ó) 

[J], 2011, 27(6): 1071 

 

Effect of Zirconium Salts on Preparation of Zirconia Nanopowders 

via Polyacrylamide Gel Route 
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Abstract: Zirconia nanopowders were prepared via polyacrylamide gel route with different zirconium salts, including ZrOCl

2

·8H

2

O, Zr(SO

4

)

2

·4H

2

O 

and ZrO(NO

3

)

2

·2H

2

O. Thermogravimetric analysis (TG), differential scanning calorimetry analysis (DSC), X-ray diffraction (XRD) and scanning 

electron microscope (SEM) were used to characterize the thermal decomposition process of xerogel, phase composition and morphologies of 

zirconia nanopowders. The influences of different zirconium salt on the phase transformation, phase compositions and morphologies of the 

as-prepared zirconia nanopowders prepared by polyacrylamide gel route were studied. The results demonstrate that zirconium salt affects 

thermo-decomposing temperature of polyacrylamide gel. When the precursor is zirconium oxynitrate, the thermo-decomposing temperature of 

xerogel is the lowest which is around 530 °C. When precursors are zirconium sulfate and zirconium oxychloride, the thermo-decomposing 

temperatures of xerogels are 573 and 580 °C, respectively. Zirconium salt affects the crystallization temperature of zirconia, but the phase 

transformation of zirconia is similar, which transforms from amorphous to tetragonal and completely converts to monoclinic at 900 °C. The higher 

the crystallization temperature of zirconia, the smaller the mean particle size, and the more the particle agglomeration. The nearly spherical zirconia 

nanopowders can be prepared and the particle size distribution is within the range of 52~97.4 nm with the above three zirconium salts as precursors. 

Key words: polyacrylamide gel route; zirconia; nanopowders 
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