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Abstract: The adsorption of H2 and H2NCH2CH2NH2 on the nickel-phosphate-basis molecular sieves

VSB-1 and CoVSB-1 was studied. The adsorption of H2 is a supercritical physisorption. The adsorption

quantity of H2NCH2CH2NH2 on VSB-1 and CoVSB-1 is larger than that of H2O, C2H5OH and other

vapor of organic amines. VSB-1 and CoVSB-1 can adsorb 19.7wt% and 24.3wt% of H2NCH2CH2NH2

respectively. The chemisorption mechanism of H2NCH2CH2NH2 on VSB-1 and CoVSB-1 was verified by

using XRD, FT-IR and UV-Vis characterization. The large adsorption quantity of H2NCH2CH2NH2 is

caused by the chelation between H2NCH2CH2NH2 and the active sites of Ni and Co in the frameworks of

VSB-1 and CoVSB-1.
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1 ` t((�f
83UQ��f�/1da�|S�� 129}�C7�n2g(e78��B!=B0(e78 Co2+ #ge\VM�13 CoVSB-1[10]. Oj�*+ VSB-1 ; CoVSB-1 C,Y �g�13|)V�eb�}RE)�a	 Wk|C,Y �g�13|ne;u�g)V�eb�}R~{pe	�	
2 9X��
2.1 VSB-1 � CoVSB-1 Z4�ex94VS �g�13eR� 
Wk [10] ~{	�HV (NiCl2·6H2O) �94 (H3PO4) �n�4 (HF) ;\.��� (H2NCH2CH2NH2) ��gX" 5NiCl2·6H2O:200H2O:8.5H3PO4:5.5HF:4.5en ~{M=��M=��.~�=B VSB-1. � CoVSB-1�[e=B�y��?=B-℄	k 2.31g �HV; 2.30g�Hr�+ 14mLG=.V�:o�o�g^ja� 2.24mL94�|Ba� 0.97mLn�4�mBa� 1.18mL ���L�℄�kQM=��_��6o� 0.5h, mB�o��7eM=��a�Y)	0���'e 25mL +���"�'�AF. <70%(V), GÆB�� 170◦C e>U?oV�:bi��*g�H 6d. �Hs-B�k�"�vJ��!.�2!y	k`e)?8_~{7B�w#g.dkO� 3 SB���<dV�<
1d, [R CoVSB-1 �[e2	
2.2 Z4�I,�U|d�[eM XRD �ÆF:� &� Rigaku

D/max-rb II y XÆm�Æ�
4t�Cu � KαÆm (λ=1.54187Å) O�Æ3Æ4&q>� 40mA, q�� 40kV; �I2w� 4◦/min; �I-=� 0.02◦;�I�N� 3◦ ∼60◦. FT-IR �J._�`2%F4 Thermo Nicolet FT-IR ._��2% KBr �Y����I�N: 4000∼400cm−1,�$AO 8cm−1. �[e H2 iU (�\Uw) b�um: Micromerities

ASAP 2010My"&H�
4t�4&Mj�[:
250◦C GD�IeM& 18h ��L�a��	�[eJ��i.seqgb'._: Shimadzu UV-

3101 PC yeJ�i._�
4t�X)W�q�� BaSO4 OS_�K�l	
2.3 M�:Y| H2O�\.�O;)V�Ggeb� :GÆeF)b�T�;��ej�/�℄Q~{e	b�T�?)iXe�; NaCl���\.�O (�`P�99.7%) �b�O�� (H�P�27%∼32%) ��

�O�� (H�P� 30%∼35%) �J)� (H�P�
98.5%)���� (H�P�99%) ���� (H�P�
99%) �\.��� (H�P� 99%) � 1, 3- )��
(H�P� 99%). 2%�;b��� 0.5g � 100 ◦C0M& 20min e VSB-1 P CoVSB-1 �[��A.℄Q�|BkbQ��)b�T�?e/�℄e
��:%Ugb� 7d. b�.e^52%[.6e���[b�KBB�[e?[.b�j�[T.M"� b�.��`�\�zwO ±0.0002.

3 %��A0
3.1 
 H2 �I,M�

VSB-1 ; CoVSB-1  �g�13|\e)�teb�R*�C7\b�`e VSB-1 ; CoVSB-1e BET "&HWv"qX�C,Y94VS �g�13��oO�Yb�℄�% [7,10]. F 1  �[| H2 ehUb�um	: H2 �;Gg�*i+
50kPa ���BvCipye I- yb�um	:�*X4O 56kPa ��b�umJim�o�6d�*_�?a�b�um��JigEr�	CYhUb�um }�13|ne?;x_&b�epyb�umzb [11,12]. VSB-1 ; CoVSB-1  �g�13�(:bnjB XRD, FT-IR ; UV-Vis_F 1	 QHz VSB-1 ; CoVSB-1 | H2 eb�`� S+�qb�;�bD*e_&b�	�B| H2 eb�.n� (4O 15cm3/g), &K78e(er| H2 e_&b�#qqu�`�  O
CoVSB-1 V Co2+  D�vZ Ni2+ eSQ3.(elBe�(e Co2+ ; Ni2+ \D XSI�J ��SQv	<n1	

E 1 ÆZ{ H2 dfTa�tl
Fig. 1 Hydrogen isothermal adsorption curves of samples

3.2 
_"w6��UM�
VSB-1 ; CoVSB-1 94VS �g�13|

H2O � C2H5OH ;u�g)V�Ggeb�s5
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130 Z T / 1 � � 22 4+& 1. T& 1 ���J� VSB-1 ; CoVSB-

1 | H2NCH2CH2NH2 eb�.�(O 19.7wt% ;
24.3wt%, |b:)V�geb�.vi+ 7.0wt%.'Q�i�VSB-1; CoVSB-1��oOKw���CY)~HeQe?eb�℄�%	b�X.���B�VSB-1 ; CoVSB-1 �[e XRD �FT-IR ;
UV-Vis _F��Khe#H�|b:)V�geb�.i�b�MB�[e XRD � FT-IR ; UV-

Vis _F#H+Kh	gHkC7Cw&Is5�9K VSB-1; CoVSB-1| H2NCH2CH2NH2 eb�V&	{ 1 VSB-1 � CoVSB-1 	}DK�f�K�-
Table 1 Adsorption capacity of VSB-1 and

CoVSB-1 to different adsorbates

Adsorption capacity/g·g−1

Adsorbates

VSB-1 CoVSB-1

H2O (saturated
0.052 0.061

NaCl solution)

C2H5OH 0.033 0.040

CH3NH2 0.041 0.059

C2H5NH2 0.035 0.055

C3H7NH2 0.044 0.054

(C2H5)2NH 0.039 0.049

(C2H5)3N 0.029 0.041

H2NCH2CH2NH2 0.197 0.243

1,3-C3H10N2 0.060 0.056

3.3 VSB-1 � CoVSB-1 
℄�wM�",�B
3.3.1 XRD |d�JF 2  VSB-1 ; CoVSB-1 b����jBe
XRD �ÆF	: 100◦C 0M& 20min MBe�[.�ie2�)n1e XRD �ÆF [10], b����MB��[e XRD �Æ��l#���m��+5`},�eJi	℄kb�MBe�[9�
100◦C ?� 20min B� XRD �ÆFVCw},e�Æ�Lt��.Pb�Mje XRD�ÆFn1	
3.3.2 FT-IR |d�Jb�X.e H2NCH2CH2NH2 MB� VSB-1 ;
CoVSB-1e FT-IR�J_F&iJKhe=I��F 3 8�	0M&Be VSB-1; CoVSB-1e FT-IR_F.�ie2_F 1�b'_Y��O��.���(|"+ P–OHeEu (3600∼3000cm−1)�
H2O VuSeEu (1630cm−1) ;(e PO4 0H?eEu (1400 ∼400cm−1). b� H2NCH2CH2NH2

B� 3600∼3000cm−1 �Neb'_Y#O��P��$e�He_Y��$+J. P n+e –OHSGeEu (3559cm−1), C�R '+ O–H j;
N–H je�7Eu!eb'YenC[s_Pe	.b�jn"�(e PO4 0H?eEu_Y
(ca.1060cm−1) ��0�5is	

E 2 ÆZa����iAd XRD 
E (A)VSB-

1(B)CoVSB-1

Fig. 2 XRD patterns of (A) VSB-1 (B) CoVSB-1

(a) Pretreated; (b) Adsorbing H2NCH2CH2NH2{ 2 VSB-1 � CoVSB-1 K�\�v��N�R�FK<���>
Table 2 Assignment of the new FT-IR spectra

bands of VSB-1 and CoVSB-1 after adsorbing

Absorption band/cm−1 Assignment

2954,2884 νC−H

1508 NH2 scissor

1488,1461 CH2 scissor

1396,1365 CH2 wag

1330 CH2 twist

1276 CH2 twist+NH2 twist

852 CH2 rock

775,655 NH2 rockKQMJ� VSB-1 ; CoVSB-1  �g�:b����B��Be�J_FJin1exb'_Y� 
Wk�a [M(en)3]SO4(M=Ni � Co)[13,14]
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E 3 (A)VSB-1 : (B)CoVSB-1 ÆZd FT-IR ^E
Fig. 3 FT-IR spectra of samples (A)VSB-1, (B)CoVSB-1

(a) Pretreated; (b) Adsorbing H2NCH2CH2NH2

3.3.3 UV-Vis |d�J
VSB-1 ; CoVSB-1 b� H2NCH2CH2NH2 jBe UV-Vis ._F�F 4 8�	0M&Be VSB-

1 eeJ�i_F.2 1�: 417 � 681 ;
787nm MJi��b'Y�b2*:WkV��pe9,� 'M+�H?e Ni2+ e d-d qg5h!e [10]. b� H2NCH2CH2NH2 B�: 343 ;
550nmMJixb'Y�|"+H=_ Ni(en)

2+[15]
3: 345 ; 545nm Meb'Y	C/Kb�MB�'+ H2NCH2CH2NH2 eXSo%�#0(e Ni2+#ge2)XSI��_P0eJ�i._eqX#H	0M&Be CoVSB-1 VK0�). VSB-1  1e(e Ni2+#g!eb'YMJ�(e Co2+ #g '�H?;0H?,Yz�lBe�̀ �b'Y: 520�584; 624nmM [10]. b� H2NCH2CH2NH2B� 350 ; 460nm Mexb'Y|"+H=_

Co(en)
3+[15]
3 eJ�i._FV 337 ; 464nm Meb'_Y	 CoVSB-1 :b�KBBeJ�i._FVxb'YJieSQ. VSB-1 :b�MBJiexb'YeSQKx+D�C/K: CoVSB-

1 V� H2NCH2CH2NH2 eXS`� ��:(e
Co2+ #gO}S
	��XS�"Be(e Co(II)

�HO Co(III), Ob�Be CoVSB-1eeJ�i._. Co(en)3+3 en1��. Co(en)2+3 eeJ�i._Kx+D	 Co(en)2+3 : 515 ; 1234nmM)b'Y [15].

E 4 (A)VSB-1 : (B)CoVSB-1 ÆZd UV-Vis %H
Fig. 4 UV-Vis spectra of samples (A)VSB-1 and

(B)CoVSB-1

(a) Pretreated; (b) Adsorbing H2NCH2CH2NH2

3.3.4 M�",�C�|+ VSB-1; CoVSB-1,�J_F>"eX.*+ N–H j; C–H jeEu_YeU:;b����BeJ�i._FVxb'YeJi�k�/Kb�e H2NCH2CH2NH2 ��BO(e Ni2+ #gP(e Co2+ #geX?�C '����)qlet=o%;Be	TC�b�V&J����v!�}b���is	FT-IR �J._&Is5/K:b� H2NCH2CH2NH2 B� VSB-1 ; CoVSB-1e(e=I�|�D�℄ PO4 0H?Eu����5� '+b�T~�`�aP�X?z�~�(e���?s&|A}#6!e	 Q� XRD
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132 Z T / 1 � � 22 �ÆFVe},e�Æ��R b�B�2�t.e�H#+t.!e�C�is: SAPO-11V��i7�^(e O 2g�\H� N 2gvZB�XRD�ÆFVLJi},e	8T�Æ� [16].

4 %0
VSB-1 ; CoVSB-1 94VS �g�13|\e;neeb�V&`� S+�qb�;�bD*e_&b�	 VSB-1 ; CoVSB-1 |)~HeQe���eb�.�(O 19.7wt% ; 24.3wt%,�|+ H2O � C2H5OH ;b:)V�Ggeb�.v+�+ 7.0wt%. H2NCH2CH2NH2 �g`� C7.(e7y|*#g~{XS��b�e	S+ DW��e VSB-1 ; CoVSB-1 exb�}T��C,Y94VS �g�13:C�H�</V�)k:e"%N	�)GO
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