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Abstract: The modulation of polyacrylamide (PAM) on the morphology and phase compositions of

calcium oxalate crystals was investigated by means of scanning electron microscopy and X-ray powder

diffraction. The effects of the concentration of polyacrylamide, pH value in solution and the supersatu-

ration of calcium oxalate on the crystallization of calcium oxalate were discussed. PAM can induce the

formation of calcium oxalate dihydrate(COD) crystals and change the morphology of COD and calcium

oxalate monohydrate (COM) crystals. In the presence of 5.0g/L of PAM, about 30 percentage (w/w)

COD crystals were induced, the aggregated COD crystals were observed, and the shapes of COM crys-

tals were changed from elongated, twinned and aggregated to oval. These results were discussed from

the points of molecular structure of PAM, the hydrolysis difference of PAM at various pH values, the

interaction between the carboxylic groups of PAM and Ca2+ in solution, the complexation-dissociation

balance between the PAM and Ca2+ ions on the surface of COM crystals, and electrostatic interaction

etc. The results obtained show that by changing the experimental conditions calcium oxalate crystals

with various phase and morphologies can be prepared.

Key words polyacrylamide; calcium oxalate; crystallization
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428 Z Æ B � �  22 _\�l_	[mpyT�m+�
[	y_l_℄Q3�	
�pK=	_w�.��Vy_l�	F��J1o�5Q�v>�S'��HÆ>�H!�t[S�\�W.D�[SD�py_0�	[	℄�y/ [1,2]. [6e,� (PAM)( F 1(a)) Æ/��a�R>� [3], NV>��vO>�}mxQ�A{
[	Av�)$T (F 1(b)), ?+9Ya,�	($F�$v�0y%I�Æ/�uh	'�>��5 PAM S'��2�$
℄Q�3>ZpW.	�$�M [4] �/$M [5], ��& [6] �.%�� [7] p��� [8] �\�M7�

E 1 Z5d+� (a) o?<���Z5d+� (b) �<�=Y	 [5]

Fig. 1 Molecular structures of polyacrylamide (a)

and partially hydrolyzed polyacrylamide (b)[5]�2g>~ ((X2~) 	
[Y2,�fQ	�([t_ (
[(0�}���[��) �L{[�X`V[t_&u>Z	<C�5��!<.	P=�[t_$2~	
[℄Q7�poH��F� [1,9]. ?h�H/>�X[t_LDÆx)$T	[t_$K$M (CaOxa)M7yT	F��<|Q�VW.K$MD�	b0�+OQ�VQ%K$M>~
[	�w�℄:p��K$M>~�
2 g~
2.1 jO��M�K$# (K2Oxa) �����aS>`

e�[6e,�Sy����.ju���
2.2 �d

XL-30 ESEM
i!��qOU�XD2 
 Xrx�)�r1 ("Nv�), PHS-3C O� pH � (mdqf1GU), PSH500A y�8&| (�R�!t$U).

XRD 	L�<.S� Cu � Kα Er�
40kV, 20mA, ~*KMyjG�iD� DS, 1◦, RS,

0.15mmol/L, SS, 1◦, i!6P� 2θ S 5◦ ∼60◦. FI XRD %��>`��n�� COM-COD .�V%Vx�[{GrWu [10] 92�& COD 	���>f��
2.3 h�BAV3�l�j 40.0mL <C5 	[6e,�a,�!f 2.0mL 5 S 25.0mmol/L 	K$#a,�3�ae (
 2min) {�g!f 2.0mL 	
25.0mmol/L ��Ma,�!.j�b�� 50.0mL,[{1D�Vy�8&|�R�yT�V S 37
◦C, 1d {X
M7�Nk�jqOUl`>\N{gHÆ XRD p SEM �1v�
3 SIMn_
3.1 Z3t
.b>� CaOxa TX;�y� c(CaOxa)=1.0mmol/L, <9![6e,�
(PAM) ��y[My�mT�*
p[��K$MM7 (F 2(a)), D XRD A (F 3(a))�~
t℄�V/�K$M (COM)M7 {1̄01}�{020}�{2̄02}�
{3̄03} p {040} M�	3vC�1%DS COM M7�jm�a,�9!<C5 	 PAM {�CaOxaM7	
��^tpM{a0y-���n�PAM f5J- COMM7	
��!f
5.0g/L 	 PAM {�<|�*
 COM M7	s6-�a&�+Oy[��y� COM(F 2(b)). tÆ?S[t_ PAM }�fQ��:K	,��G�
PAM aV�{�A>,��0y�A (F 1(b)), �A{
[	)$Tv�&	{~7_� PAM >�}ja,�\t(:�p	�. [11], PAMY COM1�	 Ca2+ y&rj�t - vA>w [12], COM1�m	 Ca2+(LDÆjM7�*	 Ca2+ v�) <!% PAM +aA�C�aA	 Ca2+ T<!�V�� COM 1�m��y
[a6�*
 COM(F 4).NV�A{	 PAM(xAv��F 1(b)) f57�
COM M7xx�k	 {1̄01} M�yT [13], +vA
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E 2 i e PAM Iz CaOxa =L� SEM E�
Fig. 2 SEM images of CaOxa crystals grown

(a) In the absence of PAM; (b) In the presence of 5.0g/L PAM; c(CaOxa)=1.0mmol/L

E 3 ;B PAM 4�kJ#L=L� XRD E�
Fig. 3 XRD patterns of CaOxa crystals grown

(a) In the absence of PAM; (b) In presence of 5.0g/L of PAM; c(CaOxa)=1.0mmol/L. The crystal faces with asterisk show COD

and those without asterisk show COM

E 4 COM L6��,�&/E
Fig. 4 Schematic representation of the morphology

of COM crystals showing a likely growth sequence of

COM;T�?� PAM(:w�j)lJ�Gh COM{020}K� (:w�j [14]), 6� {020}�vS�)��C,K�JmW�vS��Y�v� COM,CvS
;DbD 4 *
� XRD <_:/"�Wg� ( D
3(a)) y'�8� PAMy (D 3(b)),COM� {1̄01}K��pB�y"J��Ynu�Ci� PAM ��ddR�,�I"K (COD)K5vY�M'� PAM 3��n��CODe�n��~ PAM 3�;2Q 0 � 2.5 n 5.0g/L(D 2(b))��COD K5��;e�;2Q 0 � 17%n 30%.s
>Q�v�XY℄RR" COM \PUg�6��� [15]. Y4
*�
-Æv��_�P;�Yr℄�>g� PAM h6� COM K5vS�A

�nG� COD �Y�fi� PAM H+ COD K5����~ PAM3�n�� 5.0g/L��ar�8n*� COD Y�5 (D 5). '� PAM 3��n��0�PU'�'	WKt�y|#G���4B5f�ar8'

E 5  e 5.0g/L PAM z�wZ�Z�6 COD �
SEM E�
Fig. 5 SEM image of the aggregate of COD grown

in presence of 5.0g/L of PAM

c(CaOxa)=1.0mmol/L
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430 Z Æ B � �  22 _�YlU��k)��/�-8Pz℄s8��K5vY�s��K5=ay|Y�yd32�/�-�k)�3X�ph [16].

3.2 5lEJ/L=9�xh 5.0g/L� PAM phj�'� CaOxaa�n�nu�hK5��n'�A�� CaOxa K5�K	���n℄s:/v+�� XRD ?���%/"�~ c(CaOxa) ;2Q 0.5 � 1.0 n 2.0mmol/L�� COD K5��;e�;2Q 5% � 30% n
43%.h PAM phj� CaOxa Yl=R/vh;I PAM |/����M�Sx��hY
 - P
B�UZY��'5y'� Ca2+ n Oxa2− t�� CaOxa a�n�n�y���CYl��-2��B�UZYl!�nu�G)n�5y_*� CaOxa K5��n'�h8� PAM ��_*��ph~Æ��� Ca2+ t��-Æ
5y_*�Ot� Ca2+ t��
-Æ
<rh PAM/ �B�k��G Ca2+ t��~�d�I""W_*�Ot� Ca2+ t�#G�vYX�� COM K5�)WB� Ca2+ #G��MUB�k8P� CaOxaa�n��U8vY�X-� COD K5 [17].~ c(CaOxa)=0.5mmol/L� (D 6(a)), vY�I

E 6 I, CaOxa b�o�z CaOxa =L� SEM q;
Fig. 6 SEM images of CaOxa crystals grown in presence

of c(PAM)=5.0g/L at different initial CaOxa supersatu-

ration

(a) 0.5mmol/L; (b) 2.0 mmol/L

E 7 c(PAM)=5.0g/L, c(CaOxa)=2.0mmol/L �
CaOxa =L� XRD E�
Fig. 7 XRD pattern of CaOxa crystals grown at ini-

tial CaOxa concentration of 2.0mmol/L in the pres-

ence of 5.0g/L PAM

The crystal faces with asterisk show COD and those with-

out asterisk show COM"KK5�(QH_� COM �Y�� COM n�℄s��4�� COD K5�~ c(CaOxa) n��
1.0mmol/L(D 2(b)) ��ar�v� COM K5�
COD K5�℄so�n��Marn��� CODY�5�~ c(CaOxa) nu� 2.0mmol/L� (D 6b),

COD � [001] 7�G-=vS��� COD K5+x�7ar�n�| � COD K5� XRD ?/"�~ c(CaOxa) k 0.5mmol/L n�� 1.0( D 3(b))n 2.0 mmol/L(D 7)��COM� {020}�BnJ�
{1̄01}�B)g�s
>Q�h PAM3�:+�H4j�'� CaOxa a�n�nu�aFhww�j� COM K5� {1̄01} �k� PAM ;�)n��� COM K5� {1̄01} �vS!��j�MUvSj�K��{)j�>g��� COM � {1̄01}�gUC (020) ��
3.3 pH 9�x

pH |�+�D}I"KK5�Kyn���bD 8 *
�h pH=4 ��ubP 50% �H_�
COM � 10% �T� COM Y�5n 40% ��4�� COD(D 8(a)). '� pH |nu�UQ�U�Y\{��X�� COD. h pH=11 �� COD e�n��b 80%(D 8(b)). s
>Q�h pH=11 �J'�:,j�dnG PAM ��?��Yu�Y�t� (-COO−)( D 1(b)), s� -COO− t�W COM�ww�jK� {1̄01}�phJ�P�#G�A)� COM K5�vSU��k)6�� COM �vS�nG COD vY�gI�Y�t�|��Y���Yr℄ / �B�%� Ca2+ 3��^kz�B
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E 8 i 5.0g/L PAM qik`+ pH }E~ CaOxa=L� SEM q;
Fig. 8 SEM of CaOxa crystals grown at different pH

in the presence of 5.0g/L PAM

(a) pH=4; (b) pH=11. c(CaOxa)=1.0mmol/L�d� CaOxa a�n�nu�s:PyUP--� COD K5�Y [18].4[qv
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