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Fig.1  Effect of different contents of nano CuO on water 

resistance of adhesive 
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Fig.2  Effect of calcined nano CuO on water resistance 

of adhesive 
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Fig.3  Shear strength varying with the immersion time in artificial 

seawater 
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Fig.4  Shear strength varying with treated-temperature 

 

�#2��� 3�����1�` 150 ð� 300 ð#ó

������}d#u�ó�����R� 7.68 �

7.13 MPa`u
ó�����R� 4.89� 4.78 MPa#

vÈ{��\] 168 h �V)WXó�����R}

d� 7.21%� 2.26%��2�v 300 ð� 700 ð#V)

WX�ó�������ç#ï 700 ðÆí�ü!

X���ó�����R� 5.34� 5.18 MPa#vÈ{

��\] 168 h�ó����}d� 3.08%��3�ï

700 ð� 1300 ðÆí�ü!Xó�������

}d��#Å�ï 700 ð� 900 ðÆí�ü!Xó

����}d/r ï̀ 900� 1300 ðÆí�ü!X#

vÈ{��\] 168 h �ó�����R}d�

7.66%� 0.65%#V)Wü!Xï 1300 ðÆíñ#

\]vÈ{���ó����u
#� 2.31 MPa� 

��������������

_ 5 �ï=^��Æí����vÈ{��\]

168 hñ� XRD_��`_ 5��aã#ï 300 ðÆ

í3\]È{�� 168 h ñ�����´så���

AlPO

4

AlO(OH)Cu

2

P

2

O

7

#lï� 500 ðJÆí3

\]vÈ{��ñ#AlO(OH)�����#�srq

Õ��63Õ[ Al

2

O

3

#Å�v_��3xã¥ Al

2

O

3

���#�s Al

2

O

3

�\oe�� uv`JÆí�

�$ 500 ðç�� 700 ð3\]vÈ{�� 168 h

ñ#_�3xqÕst�¡�#�s3¢@��så

Õ[�ï 1100 ðÆí3\]vÈ{��ñ#ã¥�

CuAl

2

O

4

�£ AlPO

4

�¤¥ AlPO

4

#�sï 900 ð

� 1100 ðÆí3\]vÈ{��ñ#qÕ�¦�§

¡�ï� 1300 ðÆí3\]È{��ñ#�� AlPO

4

���c�#�£ AlPO

4

���¨©#�s�£¦�

§¡���¦�� 

����� !"#$%&'()��

_ 6a�_ 6b�ï 150 ðÆí�V)Wü!Xv

È{��\]�ñ�ª«» SEM _�`_ 6a ·��

aã#���ï 150 ðÆíñi4!"/¬#uv

@/��® #!"�¬¯�ü!X\]vÈ{�

�·º��+mräst/9:ß8#��+�ß8

°Ýü!»°[±²#�³vÈ{��\]ñü!©

» ´¡2�_ 6b�#`�µ×ü!X�����}

d�_ 6c �_ 6d �ï 700ðÆí�V)Wü!Xv

È{��\]�ñ� SEM_�Ýæ_ 6c�_ 6d��

q¥#vÈ{��\]ñü!»® st¡2#¯�

����}d _̀ 6e�_ 6f�ï 1300 ðÆí�V)

Wü!XvÈ{��\]�ñ� SEM _�`_ 6e � 

 

 

 

 

 

 

 

 

 

 

 

 

 

¡ 5  ¢�¨m��]WXYab'>cef 168 hg] XRD

¡© 

Fig.5  XRD patterns of the adhesive treated at different tempe- 

ratures and immersed in artificial seawater for 168 h 
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Fig.6  SEM images of the internal morphology of adhesive treated at different temperatures and before (a, c, e) and 

after (b, d, f) immersion in artificial seawater: (a, b) 150 �; (c, d) 700 �; (e, f) 1300 � 
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Abstract: Phosphate adhesive were prepared using the H

3

PO

4

 and Al(OH)

3

 as the matrix and nano CuO as the inorganic fillers. The 

influence of nano CuO on the water resistance of phosphate adhesives was investigated by soaking mullite joints that were bonded by the 

adhesive in artificial seawater for 168 h. The results show that the nano CuO can improve the water resistance of the adhesive. The shear 

strength of mullite joint is 7.13 MPa which is the best strength after immersion in artificial seawater when the content of nano CuO in 

matrix is 20wt%. The joint has good water resistance within the whole heat-treatment temperature range from 150 °C to 1300 °C. The 

lowest shear strength is 2.31 MPa after heat-treatment at 1300 

o

C and immersion in artificial seawater. Compared with the nano CuO not 

heated at 900 

o

C, the adhesive has better strength when the nano CuO heated at 900 °C is added into the adhesive. 

Key words: phosphate; adhesive; water resistance; nano CuO 
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