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ABSTRACT

$TXHRXV�DPLQH�VROXWLRQV�DUH�WKH�PRVW�XVHG�VROYHQWV�IRU�FKHPLFDO�DEVRUSWLRQ�RI�&2���6XEVWLWXWLQJ�

SDUW�RI�WKH�ZDWHU�E\�RUJDQLF�VROYHQWV�LQ�DTXHRXV�DPLQH�VROXWLRQV�DLPV�WR�WDNH�DGYDQWDJH�RI�WKH

ORZHU� SDUWLDO� SUHVVXUH� DQG� KLJKHU� &2�� VROXELOLW\�� ,Q� WKLV� ZRUN�� WKH� LQIOXHQFH� RI� IRXU� RUJDQLF�

VROYHQWV�RQ�VROXWLRQ�GHQVLW\��YLVFRVLW\��1�2�VROXELOLW\�DQG�DEVRUSWLRQ�NLQHWLFV�DUH� VWXGLHG��7KH

RUJDQLF� VROYHQWV��0RQRHWK\OHQH�*O\FRO� �0(*���'LHWK\OHQH�*O\FRO� �'(*���7ULHWK\OHQH�*O\FRO�

�7(*��DQG�&$5%,72/��DUH�EOHQGHG�ZLWK�WZR�DPLQH�VROXWLRQV��0($�DQG�'(($�0$3$�EOHQG�

7KH� UHVXOWV� VKRZ� WKDW� WKH� DGGLWLRQ� RI� RUJDQLF� VROYHQWV� LQFUHDVHV� WKH� GHQVLW\� DQG� YLVFRVLW\��

)XUWKHUPRUH�� WKH�1��2�VROXELOLW\��XVHG�WR�HVWLPDWH� WKH�SK\VLFDO�VROXELOLW\�RI�&2�� LQWR�D�UHDFWLYH�

V\VWHP�� LQFUHDVHV� ZKHQ� SDUW� RI� WKH� ZDWHU� LV� VXEVWLWXWHG� ZLWK� DQ� RUJDQLF� VROYHQW�� 7KH� NLQHWLF�

H[SHULPHQWV�ZLWK�D�GRXEOH�VWLUUHG�FHOO�VKRZHG�WKDW�LQ�FDVH�RI�DTXHRXV��0�0($��WKH�VXEVWLWXWLRQ�

RI�SDUW�RI�WKH�ZDWHU�LQFUHDVHV�ERWK�WKH�PDVV�WUDQVIHU�DQG�NLQHWLF�FRHIILFLHQWV�RI�WKH�&2���ZKHUHDV

WKH� VXEVWLWXWLRQ� LQ� WKH� �0� '(($�� �0�0$3$� VROXWLRQ� ZDV� QRW� WKDW� IDYRUDEOH� DQG� RQO\� WKH�

VXEVWLWXWLRQ�RI�0(*�VKRZHG�HQKDQFHPHQW�RQ�WKH�PDVV�WUDQVIHU�DQG�NLQHWLF�FRHIILFLHQWV�RYHU�WKH

ZKROH�WHPSHUDWXUH�UDQJH�VWXGLHG��7KH�UHVXOWV�FDQ�EH�SDUWO\�H[SODLQHG�E\�WKH�FKDQJHV�LQ�YLVFRVLW\�

DQG�1�2�VROXELOLW\�LQ�WKH�GLIIHUHQW�V\VWHPV��VLQFH�WKH�YLVFRVLW\�RI�WKH�0($�RUJDQLF�VROYHQW�EOHQGV

LV� ORZHU� FRPSDUHG� WR� WKDW� RI� '(($�0$3$� EOHQGV� DQG� KDYH� OHVV� QHJDWLYH� LQIOXHQFH� RQ� WKH�

NLQHWLFV��$W�WKH�VDPH�WLPH�WKH�LQFUHDVH�RI�1�2�VROXELOLW\�LQ�WKH�0($�EOHQGV�LV�PXFK�KLJKHU�WKDQ

LQ�'(($�0$3$�EOHQGV��UHVXOWLQJ�LQ�PRUH�&2��DYDLODEOH�WR�UHDFW��)LQDOO\��WKH�NLQHWLF�FRHIILFLHQWV�

UHVXOWV�DUH�GLVFXVVHG�WRJHWKHU�ZLWK�GLHOHFWULF�FRQVWDQW�RI�WKH�GLOXWLRQ�PHGLD�WR�JDLQ�PRUH�LQVLJKW�
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1. INTRODUCTION

 7KH�JOREDO�SRSXODWLRQ�LV�H[SHFWHG�WR�FRQWLQXH�JURZLQJ�IURP���WR���ELOOLRQ�E\�������ZKLFK�ZLOO�

EH� OLQNHG� WR� DQ� LQFUHDVH� RI� HQHUJ\� GHPDQG� DQG� HPLVVLRQV�� 6SHFLILFDOO\�� DQWKURSRJHQLF� &2�

HPLVVLRQV��FRQVLGHUHG�WKH�SULQFLSDO�FDXVH�RI�JOREDO�ZDUPLQJ��ZLOO�LQFUHDVH�VLJQLILFDQWO\��,Q�������

HPLVVLRQV�UHDFKHG������*W�RI�&2��ZKLOH�FXPXODWLYH�HPLVVLRQV�ZHUH�PRUH�WKDQ������*W��VKDUHG

EHWZHHQ�DWPRVSKHUH��RFHDQ�DQG�ODQG�>�@��

 2QH�VROXWLRQ�WR�GHFUHDVH�HPLVVLRQV�LV�WR�IRFXV�HIIRUWV�GLUHFWO\�RQ�WKH�SURGXFWLRQ�SRLQWV��WKH�SRZHU

SODQWV�� 7KH�PDLQ� SURSRVHG� WHFKQRORJLHV� IRU� GHFUHDVLQJ� RU� HOLPLQDWLQJ�&2�� HPLVVLRQV� DUH� SUH��

FRPEXVWLRQ�� R[\IXHO� DQG� SRVW�FRPEXVWLRQ�� 8QOLNH� SUH�FRPEXVWLRQ� DQG� R[\FRPEXVWLRQ�� ZKLFK

ERWK�UHTXLUH�FKDQJHV�WR�SURFHVV�FRQILJXUDWLRQ��SRVW�FRPEXVWLRQ�WDNHV�SODFH�DIWHU�WKH�FRPEXVWLRQ��

DQG�VR�FDQ�EH�XVHG�IRU�UHWURILWWLQJ��LQ�DGGLWLRQ�WR�XSJUDGHV�WR�HQVXUH�DFFHSWDEOH�QHW�HIILFLHQF\�

 &KHPLFDO� DEVRUSWLRQ� LV� FRQVLGHUHG� WKH�PRVW� IHDVLEOH� URXWH� IRU� SRVW�FRPEXVWLRQ� DW� LQGXVWULDO�

DSSOLFDWLRQV�VXFK�DV�SRZHU�SODQWV�>�@��7KLV�WHFKQRORJ\�LV�EDVHG�RQ�WKH�XVH�RI�D�VROYHQW�VROXWLRQ

WKDW�UHDFWV�ZLWK�WKH�&2��FRQWDLQHG�LQ�WKH�IOXHJDV��VHSDUDWLQJ�LW�IURP�WKH�JDV�VWUHDP��$IWHU�WKLV�VWHS��

ZKLFK�WDNHV�SODFH�LQ�WKH�DEVRUEHU��WKH�DEVRUSWLRQ�UHDFWLRQ�LV�UHYHUVHG�LQ�WKH�VWULSSHU�E\�KHDWLQJ�WKH

VROXWLRQ�� 7KH� VWULSSLQJ� SURFHVV� SURGXFHV� WKH� UHJHQHUDWHG� VROYHQW� VROXWLRQ� WR� EH� UHXVHG� LQ� WKH�

DEVRUEHU�DQG�D�&2��VWUHDP�WKDW�FDQ�EH�FRPSUHVVHG�DQG�VWRUHG��7KH�PDLQ�ZHDNQHVV�RI�WKH�FKHPLFDO

DEVRUSWLRQ�SURFHVV�LV�WKH�KLJK�HQHUJ\�UHTXLUHG�IRU�WKH�VROYHQW�UHJHQHUDWLRQ��

 0RQRHWKDQRODPLQH��0($���D�SULPDU\�DPLQH��LV�WR�GDWH�WKH�PRVW�XVHG�VROYHQW�GXH�WR�LWV�KLJK

UHDFWLYLW\�DQG�HFRQRPLF�SHUIRUPDQFH��+RZHYHU��WZR�PDMRU�GUDZEDFNV�RI�0($�DUH�LWV�KLJK�HQHUJ\�

UHTXLUHPHQW� GXULQJ� WKH� VROYHQW� UHJHQHUDWLRQ� DQG� SUREOHPV� UHODWHG� WR� FRUURVLRQ�� 7R� UHGXFH� WKH

HQHUJ\�UHTXLUHPHQWV��VHYHUDO�EOHQGV�KDYH�EHHQ�SURSRVHG�LQ�WKH�OLWHUDWXUH��RIWHQ�EHLQJ�PL[WXUHV�RI
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SULPDU\�DPLQHV�ZLWK�WHUWLDU\�DPLQHV�>���@��7KH�LGHDO�VROYHQW�IRU�FKHPLFDO�DEVRUSWLRQ�ZRXOG�KDYH

D�KLJK�UHDFWLRQ�UDWH�ZLWK�UHVSHFW�WR�&2���ORZ�UHJHQHUDWLRQ�FRVWV��ORZ�HQHUJ\�UHTXLUHPHQW���KLJK�

DEVRUSWLRQ�FDSDFLW\��KLJK�WKHUPDO�VWDELOLW\��ORZ�HQYLURQPHQWDO�LPSDFW�DQG�REYLRXVO\�ORZ�VROYHQW

FRVW�>�@�

 $� WHUWLDU\� DPLQH�� 1�1�G\HWLOHWKDQRODPLQH� �'(($��� FDSWXUHV� LQ� DTXHRXV� VROXWLRQ� D� KLJKHU�

DPRXQW�RI�&2�� WKDQ�0($��PRO�&2�� �PRO�DPLQH��DQG�KDV�ORZHU�UHJHQHUDWLRQ�FRVWV�>�@��+RZHYHU��

WKH�DEVRUSWLRQ�UDWH�LV�ORZHU�WKDQ�WKDW�RI�SULPDU\�DPLQHV�DQG�WKH�XVH�RI�SURPRWHUV�LV�QHHGHG��$�GL��

DPLQH��1�PHWK\O�����SURSDQH�GLDPLQH��0$3$���ZKLFK�FRQWDLQV�RQH�SULPDU\�DPLQH�JURXS�DQG�RQH�

VHFRQGDU\�DPLQH�JURXS��KDV����WLPHV�KLJKHU�NLQHWLF�FRHIILFLHQWV�WKDQ�WKRVH�RI�0($��WZLFH�WKRVH�

RI� 3LSHUD]LQH��3=���HLJKW�WLPHV�KLJKHU�WKDQ������DPLQR�HWK\O�DPLQR�HWKDQRO��$(($��>�@�DQG�FDQ�

EH�XVHG�DV�SURPRWHU� LQ� WHUWLDU\�DPLQH�VROXWLRQV��0RQWHLUR�HW�DO�� >�@� VWXGLHG� WKH�NLQHWLFV�RI� WKH

XQORDGHG�V\VWHP�'(($�0$3$�DW�GLIIHUHQW�PRODULWLHV�IRU� WKH�IDPLOLHV�RI��0�DQG��0�0$3$��

7KHLU�UHVXOWV�VKRZHG�WKDW�WKH�IDPLO\�RI��0�0$3$���'(($�KDG�KLJKHU�PDVV�WUDQVIHU�DQG�NLQHWLF

FRHIILFLHQWV�WKDQ�WKH�IDPLO\�RI��0�0$3$���'(($��LQ�FDVH�RI�XQORDGHG�VROXWLRQV��WKH�KLJKHU�WKH�

FRQWHQW�RI�0$3$��WKH�KLJKHU�WKH�PDVV�WUDQVIHU�DQG�NLQHWLF�FRHIILFLHQWV��7KH�NLQHWLF�FRHIILFLHQW

�N�REV��RI��0�'(($���0�0$3$�ZDV�RQ�DYHUDJH�����KLJKHU�WKDQ��0�0$3$�EHWZHHQ�����DQG�

���.��7KLV�LQFUHDVH�RI�N�REV�ZDV�GXH�WR�'(($��ZKLFK�SURPRWHV�WKH�K\GURO\VLV�RI�&2���+RZHYHU��

WKH� HQKDQFHPHQW� E\� '(($� LV� QRW� YHU\� FRQFHQWUDWLRQ� GHSHQGHQW� DQG� �0�0$3$��0� '(($

VKRZHG�VLPLODU�EHKDYLRU�WR��0�0$3$��0�'(($�

 'XULQJ�WKH�FKHPLFDO�DEVRUSWLRQ�RI�&2��LQWR�UHDFWLYH�FRPSRQHQWV��SK\VLFDO�DEVRUSWLRQ�OLPLWV�WKH�

DYDLODEOH�&2�� IRU�WKH�FKHPLFDO�UHDFWLRQV��7KH�VXEVWLWXWLRQ�RI�ZDWHU�E\�RUJDQLF�VROYHQWV�LQ�DPLQH�

VROXWLRQV� FDQ� EH� XVHG� WR� LQFUHDVH� WKH� SK\VLFDO� VROXELOLW\� RI� &2�� LQ� WKH� VROXWLRQ� DQG� GHFUHDVH�

UHJHQHUDWLRQ� FRVWV� >�@� GXH� WR� FKDQJHV� LQ� YDSRU�OLTXLG� HTXLOLEULXP� EHKDYLRU� DQG� UHGXFHG� KHDW
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FDSDFLW\� >�@��$OVR�� DW� KLJK�&2�� SUHVVXUH�� H[LVWLQJ� SK\VLFDO� VROYHQWV� KDYH� VKRZQ� KLJK� ORDGLQJ

FDSDFLW\�DQG�KLJK�VHOHFWLYLW\�EHWZHHQ�&2���DQG�+�6�>�@��0RUHRYHU��WKH�DEVRUSWLRQ�NLQHWLFV�PLJKW�

EH� LPSURYHG�E\�LQFUHDVLQJ� WKH�DYDLODELOLW\�RI�&2�� LQ� WKH� OLTXLG�SKDVH� IRU�FKHPLFDO�DEVRUSWLRQ�

+RZHYHU��RUJDQLF� VROYHQWV� DUH�XVXDOO\�PRUH�YLVFRXV� WKDQ� DPLQHV� DQG�FRQVHTXHQWO\�� WKDW� FRXOG�

LQIOXHQFH�QHJDWLYHO\�RQ�WKH�DEVRUSWLRQ�NLQHWLFV��SXPSLQJ�FRVWV�DQG�KHDW�H[FKDQJHU�SHUIRUPDQFH�

7KLV�SDSHU�VWXGLHV� WKH�NLQHWLFV�RI�XQORDGHG�EOHQGV�RI���ZW���0($����ZW����RUJDQLF� VROYHQW��

��ZW���+���2�DQG�����ZW����'(($������ZW���0$3$�����ZW���+�2�����ZW����RUJDQLF�VROYHQW��

7KH�RUJDQLF�VROYHQWV�VHOHFWHG�LQ�WKLV�ZRUN�DUH�0RQRHWK\OHQH�JO\FRO��0(*���'LHWK\OHQH�*O\FRO�

�'(*���7ULHWK\OHQH�*O\FRO��7(*��DQG�&$5%,72/�� ��� 7KH�PDVV�WUDQVIHU�RI�&2�� DEVRUSWLRQ�LV

PHDVXUHG� IURP�����WR�����.�ZLWK�D�'RXEOH�6WLUUHG�&HOO�DSSDUDWXV��'6&���)XUWKHUPRUH��GHQVLW\��

YLVFRVLW\�DQG�SK\VLFDO�VROXELOLW\�RI�1�2�IRU�WKH�VWXGLHG�EOHQGV�ZHUH�PHDVXUHG�IURP�����WR����.�

%DVHG�RQ�WKH�H[SHULPHQWDO�UHVXOWV��WKLV�SDSHU�GLVFXVVHV�WKH�DGYDQWDJHV�SURSRVHG�LQ�WKH�OLWHUDWXUH��

WKH�LQFUHDVH�RQ�SK\VLFDO�VROXELOLW\�RI�&2���GHQVLW\�DQG�YLVFRVLW\�DQG�FKDQJHV�RQ�PDVV�WUDQVIHU�DQG

NLQHWLF�FRHIILFLHQWV��7KLV�VWXG\�LQFOXGHV�D�GLVFXVVLRQ�RQ�WKH�GHSHQGHQF\�RI�NLQHWLF�FRHIILFLHQWV�RQ�

SK\VLFDO�SURSHUWLHV�DQG�GLHOHFWULF�FRQVWDQWV�RI�WKH�GLOXWLRQ�PHGLD�

2. AVAILABLE LITERATURE DATA

6HYHUDO�OLWHUDWXUH�UHYLHZV�RI�WKH�NLQHWLFV�RI�0($�KDYH�EHHQ�SXEOLVKHG�RYHU�WKH�\HDUV�DQG�ZLOO�QRW�

EH�SUHVHQWHG�KHUH�>�±�@��6LPLODUO\�DQ�RYHUYLHZ�RI�WKH�NLQHWLF�GDWD�IRU�DTXHRXV�'(($�DQG�0$3$�

VROXWLRQV�FDQ�EH�IRXQG�HOVHZKHUH�>�@�

Table 1�%OHQGV�RI�RUJDQLF�VROYHQWV�DQG�DPLQHV�UHSRUWHG�LQ�WKH�OLWHUDWXUH
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Reference Temperature Data
(K) Blend*

>�@ ������� 7(*�0($ &2��
VROXELOLW\

>�@ ��� 3(*�0(*�0($�+��2 &2��
6ROXELOLW\

>�@ �������

0HWKDQRO�� (WKDQRO�� 7+)6�� %$�� 0(*��
'(*��7(*��3(*��'3*������%8*������%8*�
� ��� %8*� 0(00(*� 03('(*��
0(03(*��'0$��'0)�� ($�� 7*�� 103��
3\UUROLGRQH� 3\LSHU\GRQH����
)RUPLOPRUSKROLQH � 0($� 6XOIRQDQH�
�0($��+�2

&2��
6ROXELOLW\��
+HDW�
FRQVXPSWLRQ

>��@ ��� 103��
&$5%,72/�0($�'*$�7(*�+���2�&2��

&2��
6ROXELOLW\��
0DVV�
WUDQVIHU��
9LVFRVLW\

>��@ ��� 0(*�0($
&2��
6ROXELOLW\��
.LQHWLFV

>��@ ��� '(*�'(7$�3=�+�2 0DVV�WUDQVIHU

>��@ ���

0($�',3$�+�2�� &$5%,72/�� 0HWK\O�
&$5%,72/ � &$5%,72/ $FHWDWH��
'(*�'(* 'LPHWK\O (WKHU� 0HWKR[\�
7ULJO\FRO�103�7(* � 7(* 'LPHWK\O�
HWKHU�'0)

&2��
6ROXELOLW\��
$EVRUSWLRQ�
FDSDFLW\��
4XDOLWDWLYH�
NLQHWLFV DQG�
IRDPLQJ

>��@ ��� 0'($�0HWKDQRO 1�2�
6ROXELOLW\

>��@ ��� 0'($�(WKDQRO &2��
6ROXELOLW\

>��@ ��� '($�0(*

&2��
6ROXELOLW\��
(TXLOLEULXP�
FRQVWDQW
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 7+)6 �7HWUDK\GURIXUIXULO� DOFRKRO��%$ �%HQ]\O�DOFRKRO��0(* 0RQRHWK\OHQJO\FRO� '(* �
GLHWK\OHQH�JO\FRO� 7(* �WULHWK\OHQH�JO\FRO�3(* �SROLHWK\OHQH�JO\FRO� '3* �'LSURS\OHQH�JOLFRO��
����%8* �����%XW\OHQH�JOLFRO������%8* �����%XW\OHQH�JO\FRO������%8* �����%XW\OHQH�JOLFRO��
0(00(* �0RQRPHWK\O�HWKHU�RI�HWK\OHQH�JO\FRO��03('(*� �0RQRSKHQ\O�HWKHU�RI�GLHWK\OHQH�
JO\FRO��0(03(* �0RQRPHWK\O�HWKHU�RI�SURS\OHQH�JO\FRO��'0$ �'LPHWK\O�DFHWDPLGH��'0) �
'LPHWK\O� IRUPDPLGH�� ($ � 1�� HWK\O� DFHWDPLGH�� 7* � 7HWUDHWK\O� JOXWDUDPLGH�� 103 � 1��
PHWK\OS\UUROLGRQH��&$5%,72/ �'LHWK\OHQH�JO\FRO�EXW\O�HWKHU��'(7$ �'LHWK\OHQHWULDPLQH��3= �
3LSHUD]LQH��0'($ PHWK\O�GLHWKDQRODPLQH�'($ �'LHWKDQRODPLQH��'0) �'LPHWK\O�)RUPDPLGH

7DEOH���VXPPDUL]HV�WKH�DYDLODEOH�OLWHUDWXUH�GDWD�IRU�V\VWHPV�FRQWDLQLQJ�RUJDQLF�VROYHQWV��2UJDQLF�

VROYHQWV�KDYH�EHHQ�VWXGLHG�RYHU�WKH�SDVW�VL[�GHFDGHV��DQG�WKH�VHSDUDWLRQ�RI�DFLGLF�FRQVWLWXHQWV�IURP

JDVHV�XVLQJ�D�EOHQG�FRQWDLQLQJ�D�UHDFWLYH�FRPSRQHQW�DQG�JO\FROV�DQG�RU�DOFRKROV�ZDV�LQFOXGHG�LQ�

WKH�SDWHQW�DOUHDG\�LQ������ >��@��:RHUW]�>��@�LQYHVWLJDWHG�PRUH�WKDQ����\HDUV�DJR�WKH�VROXELOLW\�RI

&2�� LQ�EOHQGV�RI�DTXHRXV�DPLQH�DQG�RUJDQLF�FRPSRXQGV��,Q�KLV�ZRUN��WKH�SUHVHQFH�RI�ZDWHU�ZDV�

ORZ������ZW����DSSUR[LPDWHO\��DQG�WKH�KLJKHVW�&2�� UHPRYHG�SHU�PROH�RI�DPLQH�ZDV�VKRZQ�E\

��ZW���'0)��ZW���0($��ZW���+�2�� +HQQL� 	� 0DWKHU� >��@� DQG� .LHU]NRZVND�3DZODN� 	�

=DU]\FNL� >��@� IRFXVHG� WKHLU� VWXG\� LQ� WKH� DGGLWLRQ� RI� DOFRKROV� WR� 0'($� VROXWLRQV�� :KHUHDV�

$VFKHQEUHQQHU�	�6W\ULQJ�>��@�KLJKOLJKWHG�WKH�KLJK�VROXELOLW\�RI�&2��LQ�RUJDQLF�VROYHQWV�LQFOXGLQJ�

JO\FHURO�DQG�3(*����

7KH�IDPLO\�RI�JO\FROV�LV�FRPPRQO\�XVHG�LQ�WKH�GHK\GUDWLRQ�SURFHVV�ZLWKLQ�WKH�JDV�LQGXVWU\�WR�UHDFK�

DFFHSWDEOH� FRQFHQWUDWLRQV� RI� ZDWHU� DQG� LPSXULWLHV� LQ� WKH� JDV� WUDQVSRUWHG�� 8VXDOO\�� RQH� JO\FRO

FRPSRXQG��0(*��'(*�RU�7(*��LV�XVHG�DOWKRXJK�EOHQGV�KDYH�DOVR�EHHQ�SURSRVHG�LQ�WKH�OLWHUDWXUH��

7(*�KDV�EHHQ� WKH�PRVW� XVHG� LQ� WKH�JDV� VHFWRU�GXH� WR� LWV�SULFH�� VXSHULRU�GHZ�SRLQW�GHSUHVVLRQ�

RSHUDWLQJ�FRVW��DQG�RSHUDWLRQ�UHOLDELOLW\�

7KH�VROXELOLW\�RI�&2��LQ�SXUH�'(*�ZDV�PHDVXUHG�LQ�WKH�ZRUN�RI�-RX�HW�DO��>��@��7DQ�HW�DO�>�@�VWXGLHG�

WKH�9/(�RI�WKH�&2��DEVRUSWLRQ�LQ�SXUH�7(*�DQG�ORDGHG�0($�7(*�VROXWLRQV�IURP�����WR�����.
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DW�ORZ�FRQFHQWUDWLRQV�RI�0($��IURP�����WR�����0��7KH\�UHSRUWHG�WKDW�WKH�SK\VLFDO�VROXELOLW\�RI

&2�� LQ�SXUH�7(*�LV�VOLJKWO\�ORZHU�WKDQ�WKLV�LQ�SXUH�'(*��$W�ORZ�0($�FRQFHQWUDWLRQV�DQG�ORZ�

WHPSHUDWXUH��WKH�SK\VLFDO�VROYHQW�SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�&2��VROXELOLW\�DQG�WKH�SUHVHQFH�RI

7(*�EHFRPHV�PRUH�LPSRUWDQW��)XUWKHUPRUH��6RQJ�HW�DO��>�@�UHSRUWHG�WKH�LQIOXHQFH�RI�WKH�DGGLWLRQ�

RI������DQG�����ZW����RI�RUJDQLF�VROYHQWV��0(*�DQG�3ROLHWK\OHQH�*O\FRO��3(*���WR�����ZW���

DTXHRXV�0($�VROXWLRQV��7KH�UHVXOWV�VKRZHG�WKDW� WKH�SK\VLFDO�VROXELOLW\�RI�&2�� LQFUHDVHG�ZLWK�

KLJKHU�DGGLWLRQV�RI�RUJDQLF�VROYHQWV�DQG�ERWK��3(*�DQG�0(*��H[KLELWHG�VLPLODU�UHVXOWV��/LNHZLVH�

/HLWHV�>�@�UHSRUWHG�LQFUHDVHG�SK\VLFDO�VROXELOLW\�RI�&2��LQWR�K\EULG�VROYHQWV�RI�0($�ZLWK�JO\FROV�

DQG� HVWHUV� RI� JO\FROV� DW� ���.�� 7KH� PL[WXUHV� FRQWDLQHG� ���� 0� 0($� DQG� ZHUH� QRQ�DTXHRXV

VROXWLRQV�� 7KH� SK\VLFDO� VROXELOLW\� RI� &2�� IROORZHG� D� GHVFHQGHQW� RUGHU� DV�0(*!7(*!'(*��

0RUHRYHU��KH�DOVR�VWXGLHG� WKH�KHDW�FRQVXPSWLRQ�GXULQJ�UHJHQHUDWLRQ�RI�PL[WXUHV�RI�0($�ZLWK�

RUJDQLF�VROYHQWV�LQ�D�SLORW��1�0HWK\OS\UUROLGRQH��103��VKRZHG�WKH�ORZHVW�HQHUJ\�FRQVXPSWLRQ�

IROORZHG�E\�7HWUDK\GURIXUIXULO�DOFRKRO� �7+)6��DQG�0(*��+RZHYHU�� WKH�SHUFHQWDJH�RI�RUJDQLF�

VROYHQWV�DQG�0($�YDULHG�EHWZHHQ������ZW����DQG�EHWZHHQ����WR���ZW�����UHVSHFWLYHO\��PDNLQJ

LW�GLIILFXOW�WR�FRPSDUH�WKH�SHUIRUPDQFH�RI�WKH�WHVWHG�K\EULG�VROYHQWV��

-LUX�	�(LPHU�>��@�UHSRUWHG�WKDW�EOHQGLQJ�0(*�DQG�0($�LQFUHDVHG�WKH�DEVRUSWLRQ�UDWH�RI�&2��DW

���.� FRPSDUHG� WR� DTXHRXV� 0($� VROXWLRQV� 6LPLODUO\�� <XDQ� 	� 5RFKHOOH� >��@� UHSRUWHG� WKH�

DGGLWLRQ� RI� 1�PHWK\O���S\UUROLGRQH� �103�� DQG� &$5%,72/� WR� ORDGHG� DTXHRXV� �P0($

VROXWLRQV�� ZLWK� D� PDVV� SURSRUWLRQ� RI� ���� DQG� ���� IRU� 103�&$5%,72/��:DWHU�� $W� ORZ� &2��

ORDGLQJV� �DSSUR[LPDWHO\�XS� WR�����PRO�&2��PRO�0($��� WKHLU� UHVXOWV� VKRZHG� WKDW�ERWK�RUJDQLF

VROYHQWV��103�DQG�&$5%,72/��LQFUHDVHG�WKH�PDVV�WUDQVIHU�DQG�LW�ZDV�KLJKHU� DW�KLJKHU�103��

&$5%,72/�UDWLRV��,Q�FRQWUDVW�WR�WKHVH�UHVXOWV��<X�	�7DQ�>��@�UHSRUWHG�WKDW�'(*�KDG�D�QHJDWLYH

HIIHFW� RQ� WKH�PDVV� WUDQVIHU� FRHIILFLHQWV� LQ� EOHQGV� RI� ��ZW����'(*� �LQ� DSSUR[LPDWHO\� ���� IRU
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'(*�+�2�PDVV�SURSRUWLRQ��ZLWK�DTXHRXV�'(7$��'LHWK\OHQHWULDPLQH��3=��SLSHUD]LQH�� EOHQG�DW

����.� LQ� D� URWDWLQJ� SDFNHG� EHG�� 7KH� UHVXOWV� DOVR� VKRZHG� WKDW� WKH� HQHUJ\� LQYHVWHG� IRU� VROYHQW�

UHJHQHUDWLRQ� LQ� SUHVHQFH� RI�'(*� GHFUHDVHG� E\� ������ LQ� FRPSDULVRQ� WR� WKH� RULJLQDO� EOHQG� RI

'(7$�3=�+�2�

3. ABSORPTION OF CO2 IN AMINE SOLUTIONS

����0($�6ROXWLRQV�

0($�LV�D�SULPDU\�DPLQH�ZKLFK�UHDFWV�GLUHFWO\�ZLWK�&2�� DQG�IRUPV�FDUEDPDWH��(TXDWLRQ�����,Q�

DTXHRXV�0($�VROXWLRQV��VLPXOWDQHRXVO\��WKH�UHDFWLRQV�RI�WKH�GLVVRFLDWLRQ�RI�0($�DQG�K\GUDWLRQ�

RI�&2�� DOVR�WDNH�SODFH��DV�GHVFULEHG�LQ�(TXDWLRQV������7KH�(TXDWLRQ����KRZHYHU��LV�QHJOLJLEOH�LQ�

�XQORDGHG�0($�VROXWLRQV�GXH�WR�WKH�ORZ�FRQFHQWUDWLRQ�RI�2+� >�@��

−𝑪 𝑶 �𝑴𝑬𝑨 �𝑯 𝑶 ՞�𝑴𝑬𝑨𝑪𝑶𝑶 �𝑯𝟑𝑶+ (1)𝟐 𝟐

𝑴𝑬𝑨 �𝑯 𝑶 ՞�𝑴𝑬𝑨𝑯+ �𝑯𝟐𝑶 (2)𝟑
+

𝑪𝑶𝟐 �𝑶𝑯− ՞�𝑯𝑪𝑶𝟑− (3)

7KHUH� DUH� WZR� FRPPRQ� WKHRULHV� WR� GHVFULEH� WKH� UHDFWLRQ�� WKH� ]ZLWWHULRQ�PHFKDQLVP DQG� WKH�

WHUPROHFXODU�PHFKDQLVP�&URRNV�	�'RQQHOODQ�>��@��7KH�]ZLWWHULRQ�PHFKDQLVP�� SURSRVHG�LQLWLDOO\�

E\�&DSORZ� >��@�� ZDV� XVHG� LQ� WKLV�ZRUN�� 7KLV�PHFKDQLVP�ZDV� LV� EDVHG� RQ� WKH� FUHDWLRQ� RI� DQ�

LQWHUPHGLDWH��(TXDWLRQV�������ZKHUH�WKH�UHDFWLRQ�UDWH�FDQ�EH�GHVFULEHG�DV�(TXDWLRQ���

𝑀𝐸𝐴 �𝐶𝑂2 ↔
𝑘 ǡ𝑘3 −3ۛۛ  𝑀𝐸𝐴 𝐶𝑂𝑂− ���+

𝑀𝐸𝐴 𝐶𝑂𝑂 �𝐵 ՜�𝑀𝐸𝐴𝐶𝑂𝑂 �𝐵+ ���+ − −
𝑘4
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𝑟 ൌ𝐶𝑂2

𝑘 ሾ�𝐶𝑂2ሿሾ�𝐴𝑀𝐼𝑁𝐸ሿ2

1+
𝑘−3
𝑘4ሾ𝐵ሿ

���

In the Equations, the base, B, can be both water and MEA and the zwitterion reaches a pseudo- 

equilibrium condition. Since the reverse reaction, 𝑘 , in Equation 4 is much slower than the−3

loss of the proton of the zwitterion (Equation 6),
𝑘−3

𝑘4ሾ𝐵ሿ
is considerably smaller than 1 and can be

negligible. Thus, the calculation of the reaction rate of CO2 becomes first order for MEA and 

second order for the overall reaction as shown in Equation 7�

𝑟 ൌ�𝑘ሾ𝐴𝑀𝐼𝑁𝐸ሿ𝑛ሾ𝐶𝑂 𝑘 ሾ𝐶𝑂2ሿ (7)𝐶𝑂2 2ሿ�ൌ� 𝑜𝑏𝑠

3.2 DEEA+ MAPA solutions

0$3$��LV�D�SULPDU\�DPLQH�WKDW�UHDFWV�GLUHFWO\�ZLWK�&2� DQG�KDV�WZR�DPLQH�JURXSV��ZKLFK�UHVXOWV�

LQ�D�KLJKHU�DEVRUSWLRQ�FDSDFLW\�RI�&2���WKDQ�WKDW�LQ�0($��,WV�UHDFWLRQ�ZLWK�&2�SURGXFHV�WZR�VWDEOH�

FDUEDPDWHV��(TXDWLRQ����WKDW�EHFRPH�ELFDUEDPDWH�LQ�WKH�SUHVHQFH�RI�D�EDVH��(TXDWLRQ�����$OWKRXJK�

0$3$�KDV�WKH�VWURQJHVW�DEVRUSWLRQ�HIIHFW�LQ�WKH�EOHQGV�'(($�0$3$��WKH�DGGLWLRQ�RI�'(($�WR�

0$3$�VROXWLRQV�LQFUHDVHV�WKH�REVHUYHG�NLQHWLF�FRHIILFLHQWV�>�@��'(($�LV�D�WHUWLDU\�DPLQH�WKDW�FDQ�

EH�REWDLQHG�IURP�UHQHZDEOH�VRXUFHV�>��@�DQG�GRHV�QRW�UHDFW�ZLWK�&2���S+������EXW�SURPRWHV�WKH�

K\GURO\VLV�RI�&2�� �(TXDWLRQ������,Q�DGGLWLRQ��'(($�SUHVHQWV�D�ORZ�HQHUJ\�UHTXLUHPHQWV�IRU�LWV�

UHJHQHUDWLRQ��)XUWKHU�UHYLHZV�DUH�LQFOXGHG�LQ�0RQWHLUR�HW�DO��>�����@�DQG�*DUFLD�HW�DO��>��@�

𝑀𝐴𝑃𝐴 �𝐶𝑂2 ↔
𝑘 ǡ𝑘2 −2ۛۛ  𝑀𝐴𝑃𝐴 𝐶𝑂𝑂− ���+

𝑀𝐴𝑃𝐴 𝐶𝑂𝑂 �𝐵 →+ − −
𝑘5
 ۛ 𝑀𝐴𝑃𝐴𝐶𝑂𝑂 �𝐵+ ���

𝐷𝐸𝐸𝐴𝐻 ���𝑂− ՞�𝐷𝐸𝐸𝐴 � 𝐻 𝑂 �𝐶𝑂 𝐻3𝑂
+ ����+

3 2 2
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7KH�K\GURO\VLV�RI�&2��� �(TXDWLRQ���� LV�D�VORZ�FRQYHUVLRQ� FRPSDUHG�WR�WKH�UHDFWLRQ�RI�&2�ZLWK

0$3$��(TXDWLRQ���� >����@�� ,Q�DGGLWLRQ�� DV�PHQWLRQHG�EHIRUH�� WKH�(TXDWLRQ��� LV� OLPLWHG�E\�WKH�

FRQFHQWUDWLRQ�RI� WKH�K\GUR[\O� LRQ� LQ� WKH� VROXWLRQ��&RQVHTXHQWO\�� WKH�&2�� DEVRUSWLRQ� LV�PDLQO\

EDVHG�RQ�WKH�IRUPDWLRQ�RI�WKH�FDUEDPDWHV�RI�0$3$��$V�VHHQ�LQ�*DUFLD�HW�DO��>��@��EDVHG�RQ�WKH�

]ZLWWHULRQ�PHFKDQLVP�DQG� WKH�SVHXGR�HTXLOLEULXP�FRQGLWLRQ�SURSRVHG�E\�'DQFNZHUWV� >��@�� WKH

UHDFWLRQ�UDWH�RI� WKH�DEVRUSWLRQ�RI�&2�� LQ�0$3$�FDQ�EH�GHVFULEHG�VLPLODUO\�WR� WKDW�RI�0($�LQ�

(TXDWLRQV���DQG���ZKHQ�LW�LV�DVVXPHG�WKDW��

� the reverse of the absorption of CO2 in MAPA is much slower than the conversion of the 

zwitterion to carbamate

� And k-3 and k4 are replaced with k-2 and k5 in Equations 8 and 9.

+HUH�Q�LV�WKH�NLQHWLF�RUGHU�RI�WKH�UHDFWLRQ�RYHU�WKH�FRQFHQWUDWLRQ�RI�0$3$��0RQWHLUR�HW�DO��>��@�

PHDVXUHG� WKH� REVHUYHG� NLQHWLF� FRHIILFLHQWV� RI� WKH� DEVRUSWLRQ� RI� &2�� LQWR�0$3$� VROXWLRQV� DW�

YDULRXV�FRQFHQWUDWLRQV��IURP���WR��0��)URP�WKHLU�ZRN��WKH�NLQHWLF�RUGHU�Q�FDQ�EH�H[WUDFWHG�WKURXJK�

WKH�VORSH�RI�WKH�ORJDULWKPLF�UHSUHVHQWDWLRQ�RI�WKH�NLQHWLF�FRHIILFLHQWV�RYHU�0$3$�FRQFHQWUDWLRQ��

7KH�VORSH�REWDLQHG�ZDV������5� ���������DQG�KHQFH�WKH�RUGHU�RI�WKH�UHDFWLRQ�Q�ZLWK�UHVSHFW�0$3$�

LQ�DTXHRXV�VROXWLRQV�FDQ�EH�GHWHUPLQHG�DV�XQLW\��DV�GRQH�LQ�6DGD�HW�DO��>��@�+RZHYHU��DV�LQFOXGHG�

LQ�LQ�6DGD�HW�DO��>��@��WKH�UHDFWLRQ�RUGHU�FKDQJHV�EDVHG�RQ�WKH�VROXWLRQ�PHGLD�EHFDXVH�WKH�UHDFWLRQ�

LV� LQIOXHQFHG� E\� DQ� HOHFWURVWDWLF� LQWHUDFWLRQ�� 7KDW�PHDQV� WKDW� IRU� VROXWLRQV� FRQWDLQLQJ� RUJDQLF�

VROYHQWV��WKH�RUGHU�Q�ZLWK�UHVSHFW�WKH�SULPDU\�DPLQH��0$3$�RU�0($��LV�H[SHFWHG�WR�LQFUHDVH��7KLV�

LQFUHDVH� KDV� EHHQ� H[WUDSRODWHG� EDVHG� RQ� WKH� UHVXOWV� RI� WKH� SULPDU\� GL�DPLQH� HWK\OHQHGLDPLQH�

�('$��LQ�6DGD�HW�DO��>��@��DV�IXQFWLRQ�RI�WKH�PRODU�FRQFHQWUDWLRQ�RI�WKH�RUJDQLF�VROYHQW��7KHQ��WKH�

RUGHU�Q�ZDV�GHWHUPLQHG�DV������������������DQG������ IRU� WKH�VROXWLRQ�PHGLD�EHLQJ�0(*�+�2��

'(*�+���2��7(*�+���2�DQG�&$5%,72/�+�2�UHVSHFWLYHO\�
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4. EXPERIMENTAL WORK

4.1 Chemicals

,Q�DGGLWLRQ�WR�WKH�FKHPLFDOV�LQ�WKH�7DEOH����GH�LRQLVHG�ZDWHU�ZDV�XVHG�IRU�VROXWLRQ�SUHSDUDWLRQ��

7KH� VROXWLRQV�ZHUH�SUHSDUHG� E\�ZHLJKW�ZLWKRXW� IXUWKHU� SXULILFDWLRQ� RI� WKH� FKHPLFDOV� UHFHLYHG��

$PLQH� FRQFHQWUDWLRQV� ZHUH� FKHFNHG� E\� WLWUDWLRQ� EHIRUH� DQG� DIWHU� NLQHWLF� H[SHULPHQWV�� 7KH

FKHPLFDO�VWUXFWXUHV�RI�WKH�FRPSRQHQWV�DUH�LQFOXGHG�LQ�Table 3 DQG�WKH�EOHQGV�VWXGLHG�LQ�WKLV�ZRUN�

DUH�VKRZQ�LQ�Table 4�

Table 2�&KHPLFDOV�XVHG�LQ�WKLV�ZRUN

Product CAS Purity Supplier 
number

0($ �������� ��� 6LJPD�$OGULFK�

0$3$ ��������� ��� 6LJPD�$OGULFK�

'(($ �������� ����� 6LJPD�$OGULFK�

&2� �������� ���� $JD�

1�2 ���������� ���� $JD�

1� ��������� ���� $JD�

0(* �������� ��� 6LJPD�$OGULFK�

'(* �������� ��� 6LJPD�$OGULFK�

7(* �������� ��� 6LJPD�$OGULFK�

&$5%,72/ �������� ��� 6LJPD�$OGULFK

0($��0RQRHWKDQRODPLQH��0$3$��1�PHWK\O�����SURSDQH�GLDPLQH��'(($�

'LHWK\OHWKDQRODPLQH��&2����&DUERQ�GLR[LGH��1���2��1LWURXV�R[LGH��1���1LWURJHQ��00$3(*��

0RQRHWK\OHQH�*O\FRO��'(*��'LHWK\OHQH�*O\FRO��7(*��7ULHWK\OHQH�*O\FRO��&$5%,72/��

'LHWK\OHQH�JO\FRO�EXW\O�HWKHU

1



Table 3 Chemical structures of (from left to right and from top to bottom) MEA, MAPA, DEEA, 

MEG, DEG, TEG, CARBITOL

1



Table 4 Molar concentrations of the blends studied in this work.

Short 

name

DEEA MAPA DEEA MAPA MEA Water
MEA

Organic Organic Organic

solvent solvent Solvent

(mol/L) (mol/L) (mol/L) (mol/L) mol% mol% mol% mol% mol%

3D2M 3 2 0 11.2 7.5 0.0 81.3 

3D2M+

MEG
3 2 3.43 15.8 10.5 16.6 57.1 MEG

3D2M+ 

DEG
3 2 2 17.0 11.2 10.4 61.4 DEG

3D2M+ 

TEG 

3D2M+ 

CARBI 3 2 1.59 17.3 11.5 8.4 62.7 CARBITOL 

TOL 

5MEA 0

3 2 1.41 17.5 11.6 7.6 63.3 TEG

5 11.2 0.0 88.8 

5.63 MEG
5MEA+ 

MEG 5 16.4 18.8 64.8 

2.18 DEG
5MEA+ 

DEG 5 17.8 11.9 70.3 

2.33 TEG
5MEA+ 

TEG 5 18.4 8.7 72.8 

5MEA+ 

CARBI 2.6 CARBITOL 

TOL
5 18.2 9.7 72.1

1



Table 5 Mass concentrations of the blends studied in this work.

6KRUW�QDPH '(($ 0$3$ 2UJDQLF '(($ 0$3$ 2UJDQLF 2UJDQLF�
VROYHQW VROYHQW 6ROYHQW�

�PRO�/� �PRO�/� �ZW�� �ZW���
�PRO�/� �ZW��

�'�0 � � � ���� ���� � ��

�'�0�0(* � � ���� ���� ���� ���� 0(*�

�'�0�'(* � � � ���� ���� ���� '(*�

�'�0�7(* � � ���� ���� ���� ���� 7(*�

�'�0�&$5%,72/ � � ���� ���� ���� ���� &$5%,72/

6KRUW�QDPH 0($��PRO�/� 2UJDQLF 0($��ZW�� 2UJDQLF 2UJDQLF�
VROYHQW VROYHQW 6ROYHQW�

�PRO�/� �ZW��

�0($ � � �� � ��

�0($�0(* � ���� �� �� 0(*�

�0($�'(* � ���� �� �� '(*�

�0($�7(* � ���� �� �� 7(*�

�0($�&$5%,72/ � ���� �� �� &$5%,72/

4.2 Densitometer

'HQVLWLHV�ZHUH�PHDVXUHG�ZLWK�DQ�$QWRQ�3DDU�'0$������0�GHQVLWRPHWHU��ZLWK�DQ�DFFXUDF\�RI�

���������J�FP� LQ�GHQVLW\�DQG�����R&�LQ�WHPSHUDWXUH�>��@���7KH�DSSDUDWXV�XVHG�D�;VDPSOHU�����+�

KHDWLQJ�DWWDFKPHQW�WR�FRQWURO�WKH�WHPSHUDWXUH�ZLWK�YDULDELOLW\�RI������R&��7XEH�VDPSOHV�ZHUH�ILOOHG

1



ZLWK����PO�RI�VROXWLRQV�DQG�ZDVKHG�ZLWK�ZDWHU�DQG�DFHWRQH�EHWZHHQ�WKH�H[SHULPHQWV��IROORZHG�E\

DLU�GU\LQJ��7KH�PHWKRG�DQG�WKH�HTXLSPHQW�ZHUH�WKH�VDPH�DV�WKRVH�XVHG�LQ�3LQWR�HW�DO��DQG�*RQGDO�

HW�DO�>�����@��)RU�HDFK�VDPSOH�WZR�PHDVXUHPHQWV�ZHUH�WDNHQ��DQG�WKH�DYHUDJH�LV�UHSRUWHG�LQ�WKLV

ZRUN�� 6HYHUDO� VDPSOHV� RI� ZDWHU� ZHUH� SODFHG� LQ� EHWZHHQ� WKH� VDPSOHV� LQ� RUGHU� WR� FKHFN� WKH�

XQFHUWDLQW\��7KH�$$5'��FDOFXODWHG�XVLQJ�(TXDWLRQ�����IRU�WKH�ZDWHU�VDPSOHV�ZDV��������

𝐴𝐴𝑅𝐷ሺ�Ψሻ�ൌ ȁ𝑋 − 𝑋𝑡ℎ𝑖𝑠 𝑤𝑜𝑟𝑘 𝑙𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒ȁ
𝑋𝑙𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒

ή�ͳͲͲ ����

4.3 Rheometer

$Q�$QWRQ�3DDU�0&5����� UKHRPHWHU�ZLWK�D�GRXEOH�JDS�PHDVXULQJ�FHOO� �'*�������ZDV�XVHG� WR�

PHDVXUH�WKH�G\QDPLF�YLVFRVLW\��7KH�VHWXS�DQG�WKH�PHWKRG�ZHUH�WKH�VDPH�DV�LQ�$URQX�HW�DO��>��@��

ZLWK� DQ� DFFXUDF\�RI�������7KH� WHPSHUDWXUH�ZDV� FRQWUROOHG�XVLQJ� D�ZDWHU�EDWK� DQG�PDLQWDLQHG

FRQVWDQW�IRU�D�PLQLPXP�RI�����V�EHIRUH�VWDUWLQJ�WKH�PHDVXUHPHQW��7KH�JHDU�ZDV�FDOLEUDWHG�HYHU\�

GD\�EHIRUH�VWDUWLQJ�WKH�PHDVXUHPHQWV�ZLWK�GHYLDWLRQV�EHORZ�����RI�RVFLOODWLRQ�

��PO�RI�VDPSOH�ZDV�XVHG�IRU�HDFK�WHVW�DQG�WKH�G\QDPLF�YLVFRVLWLHV�ZHUH�FDOFXODWHG�EDVHG�RQ�WKH�

VORSH� EHWZHHQ� WKH� VKHDU� UDWH� DQG� VKHDU� VWUHVV�� 7KH� UHSURGXFLELOLW\� RI� WKH� PHDVXUHPHQWV� ZDV

FKHFNHG� SULRU� WKH�PHDVXUHPHQW� XVLQJ� WKH� VWDQGDUG� 6���� 7KH� DYHUDJH� GHYLDWLRQ� HUURU� �$$5'��

(TXDWLRQ�����IRU�WKH�VWDQGDUG�6���ZDV������

4.4 Physical solubility

7KH�PHDVXUHPHQWV�RI�SK\VLFDO� VROXELOLW\�RI�1�2�ZHUH�SHUIRUPHG� IURP����� WR�����.�XVLQJ�DQ�

DSSDUDWXV�DQG�SURFHGXUH�XVHG�LQ�VHYHUDO�ZRUNV�>�����@��7KH�DSSDUDWXV��VKRZQ�LQ�Table 6��FRQWDLQV

1



D�JODVV�UHDFWRU�FRQQHFWHG�WR�D�VWDLQOHVV�YHVVHO�IRU�1�2��7KH�JODVV�UHDFWRU�ZDV�DJLWDWHG�ZLWK�D�VWLUUHU�

7KH� WHPSHUDWXUH� RI� WKH� MDFNHWHG� UHDFWRU�ZDV� FRQWUROOHG� E\� XVLQJ� HWK\OHQH� JO\FRO� DV� D� KHDWLQJ�

PHGLXP�LQ�D�KHDWLQJ�EDWK��7KH�WRS�RI�WKH�MDFNHWHG�UHDFWRU�ZDV�LQVXODWHG�WR�DYRLG�WKHUPDO�ORVVHV�

7KH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�LQ�EDWFKHV�DQG�WKH�UHDFWRU�ZDV�FOHDQHG�EHWZHHQ�WKH�H[SHULPHQWV�

ZLWK� KRW�ZDWHU�� GHLRQL]HG�ZDWHU� DQG� DFHWRQH�� 7KH� VROYHQW�ZDV� DGGHG� LQWR� WKH� JODVV� UHDFWRU� E\

VXFWLRQ� DQG� WKH� DPRXQW� DGGHG� ZDV� PHDVXUHG� E\� ZHLJKW� GLIIHUHQFH�� 7KH� VWDLQOHVV� YHVVHO� ZDV�

FKDUJHG�ZLWK�1���2�DQG�FORVHG��7KH�JODVV�UHDFWRU�ZDV�IHG�ZLWK�1�2�IURP�WKH�VWDLQOHVV�VWHHO�YHVVHO�

ZKHQ�QHHGHG��7KH�WHPSHUDWXUHV�DQG�SUHVVXUHV�LQ�WKH�YHVVHO�DQG�UHDFWRU�ZHUH�ORJJHG�

7KH�VROXWLRQ�ZDV�VWLUUHG�DQG�KHDWHG�E\�VWHSV�WR�UHFRUG�WKH�YDSRXU

 SUHVVXUHV�RI� WKH� VROYHQW��7KH�FRQGLWLRQV�ZHUH� FRQVLGHUHG� VWDEOH�ZKHQ�SUHVVXUHV� LQ� WKH� UHDFWRU�

FKDQJHG�LQ�OHVV�WKDQ���PEDU�DQG�WHPSHUDWXUH�RI�WKH�OLTXLG�FKDQJHG�LQ�DYHUDJH�OHVV�WKDQ���������&

GXULQJ����PLQ��7KH�HTXLOLEULXP�ZDV�UHDFKHG�ZKHQ�DGGLWLRQDOO\��GLIIHUHQFHV�EHWZHHQ�OLTXLG�DQG�

JDV�WHPSHUDWXUHV�ZHUH�ORZHU�WKDQ������&��7KHQ��1�2�ZDV�LQMHFWHG�DQG�WKH�V\VWHP�ZDV�DOORZHG�WR

UHDFK�HTXLOLEULXP��VWDELOL]DWLRQ�RI�ERWK�SUHVVXUHV�DQG�WHPSHUDWXUHV�LQ�WKH�UHDFWRU���7KH�DPRXQW�RI�

1�2�IHG�IURP�WKH�YHVVHO�ZDV�FDOFXODWHG�E\�PDVV�EDODQFH�XVLQJ�3HQJ�5RELQVRQ�(TXDWLRQ�RI�VWDWH�

7KH�SK\VLFDO�VROXELOLW\�RI�1��2�PHDVXUHG�ZDV�WKHQ�XVHG�WR�FDOFXODWH�WKH�SK\VLFDO�VROXELOLW\�RI�&2��

LQWR�WKH�UHDFWLYH�VROXWLRQ�XVLQJ�(TXDWLRQV�������>��@�

𝐻 ൌ𝐶𝑂2−𝑠𝑜𝑙
𝐻𝑁2𝑂−𝑠𝑜𝑙

𝑅𝐻
����

:KHUH�5�+� LV�D�FRUUHODWLRQ�IDFWRU�EHWZHHQ�WKH�VROXELOLW\�RI�WKH�WZR�JDVHV��&2���DQG�1�2��LQ�ZDWHU�

DFFRUGLQJ�WR�WKH�(TXDWLRQ����>��@�
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𝑅𝐻 ൌ
𝐻∞𝐶𝑂2

𝐻∞ 𝑁2𝑂
����

Table 6 Characteristics of the solubility apparatus and double stirred cell (DSC)

Parameter Units Solubility DSC

Glass Reactor Volume (V VLE , V) L 1.0112 0.586

Stainless vessel Volume (Vvessel ) L 1.0362 -

Solvent volumen (Vsolvent ) L 0.4-0.5 0.32-0.35

Stirrer Speed (approx.) rpm 1000

Interfacial area m2 3.15E-03

Liquid stirrer diameter (Ø) m 0.035 0.035

Gas stirrer diameter (ØG) m - 0.035

4.5 Double Stirred Cell

7KH�PDVV�WUDQVIHU�DQG�NLQHWLFV�FRHIILFLHQWV��N¶�*�DQG�N�REV��ZHUH�PHDVXUHG�ZLWK�D�GRXEOH�VWLUUHG�FHOO�

�)LJXUH�����7KH�FHOO��PDQXIDFWXUHG�E\�3DUU��,QVWUXPHQW�&RPSDQ\��KDG�DQ�LQQHU�GLDPHWHU�RI������

FP��7KH�PDLQ�FKDUDFWHULVWLFV�DUH�LQFOXGHG�LQ�Table 6�

$Q�H[WHUQDO�WKHUPDO�MDFNHW�ZDV�XVHG�WR�KHDW�WKH�V\VWHP��,W�DOVR�DFWHG�DV�LQVXODWRU�WR�DYRLG�WKHUPDO�

ORVVHV��,Q�RUGHU�WR�LQFUHDVH�WKH�LQVXODWLRQ�RI�WKH�VWLUUHG�FHOO��VRPH�JODVV�ILEHU�ZDV�SODFHG�RQ�WKH�WRS��

7KH�VWLUUHG�FHOO�KDG�WZR�VWLUUHUV��RQH�IRU�WKH�JDV�SKDVH�DQG�DQRWKHU�RQH�IRU�WKH�OLTXLG�SKDVH��7KH�

UHDFWRU�KDG�DQ� LQWHUQDO� KHLJKW� RI�����FP�DQG� LQWHUQDO� GLDPHWHU�RI�����FP��ZLWK� WZR� VWLUUHUV�RI�

GLDPHWHU�����FP��7KH�UHDFWRU�FDQ�EH�RSHUDWHG�XS�WR����R&�DQG����EDU��7KH�WZR�VWLUUHUV�GULYHQ�E\�

WZR�LQGHSHQGHQW�VKDIWV�ZHUH�PRXQWHG�LQ�WKH�OLTXLG�DQG�JDV�SKDVH�DQG�FDQ�EH�VWLUUHG�DW�VSHHGV���

�����USP�DQG�������USP�UHVSHFWLYHO\��,Q�RUGHU�WR�DYRLG�YRUWH[�DQG�REWDLQ�D�IODW�LQWHUIDFH��D�7HIORQ�

F\OLQGHU�EDIIOH�ZDV� LQVWDOOHG� LQVLGH� WKH� VWLUUHG� FHOO�� ,W�ZDV�PDGH�RI�RQH�SLHFH� IRUPHG�E\� WKUHH

FLUFXPIHUHQFHV��DW�WKH�WRS��DW�WKH�PLGGOH�DQG�RQ�WKH�ERWWRP���ZLWK�VDPH�GLDPHWHU�WKDQ�WKH�UHDFWRU�

LQQHU�GLDPHWHU��MRLQHG�ZLWK�IRXU�UHFWDQJXODU�SLHFHV�DORQJ�WKH�KHLJKW�RI�WKH�EDIIOH�
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Figure 1�'RXEOH�6WLUUHG�&HOO��'6&��DOVR�FDOOHG�6WLUUHG�&HOO�5HDFWRU��6&5��FRQILJXUDWLRQ�XVHG�LQ�
WKLV�ZRUN��0)& �0DVV�)ORZ�&RQWUROOHU��6&5 �'RXEOH�6WLUUHG�&HOO�5HDFWRU��

7KH�V\VWHP�ZDV�FKHFNHG�WR�EH�OHDN�WLJKW��7KH�DPRXQW�RI�JDV�DGGHG�ZDV�FRQWUROOHG�ZLWK�GLJLWDO�

PDVV� IORZ� PHWHUV� �)LJXUH� ��� �%URQNKRUVW� �+LJK� 7HFK�� FDOLEUDWHG� ZLWK� &2��� 7KH� OLTXLG� ZDV

LQMHFWHG�PDQXDOO\�DQG�WKH�DPRXQW�DGGHG�ZDV�PHDVXUHG�E\�ZHLJKW�GLIIHUHQFH��������J���7KH�VWLUUHG�

FHOO�ZDV�FRQQHFWHG�WR�D�FRQWUROOHU�DOORZLQJ�WR�VHW�VWLUUHU�VSHHG��WHPSHUDWXUHV�DQG�KHDWLQJ�UDWH��7KH

UHDFWRU�ZDV� LQVWDOOHG�ZLWK� WZR� -�W\SH� WKHUPRFRXSOHV�ZLWK� DFFXUDF\���R&� LQ� WKH� OLTXLG� DQG�JDV�

SKDVH��7KH�UHDFWRU�SUHVVXUH�ZDV�PRQLWRUHG�ZLWK�D�'UXFN�3UHVVXUH�WUDQVPLWWHU�37;��������ZLWK

XQFHUWDLQW\�����������EDU�D��RI�IXOO�VFDOH�

$�VPDOO�DPRXQW�RI�&2��� ���Â���

PROHV�RI�&2�� LQMHFWHG�ZHUH�FDOFXODWHG�E\�WKH�SUHVVXUH�GLIIHUHQFH�LQ�WKH�&2�� WDQN�DQG�WKH�3HQJ��

5RELQVRQ�HTXDWLRQ�RI�VWDWH��7KH�DPRXQW�VKRXOG�EH�KLJK�HQRXJK�WR�FDXVH�D�QRWLFHDEOH�FKDQJH�RI

����Â�����PROHV�RI�&2���ZDV�LQMHFWHG�LQ�D�VKRUW�WLPH��PD[��V���7KH

0)&� 0)&�
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WKH�WRWDO�SUHVVXUH�EXW�ZLWKRXW�FDXVLQJ�ODUJH�FKDQJHV�RQ�ORDGLQJ��$OO�H[SHULPHQWV�ZHUH�FDUULHG�RXW

ZLWK�VLPLODU�3�&2�� ������N3D��DV�SUHYLRXVO\�UHSRUWHG�E\� /LWWHO�HW�DO�>��@� DQG� 0RQWHLUR�HW�DO�>�@��

$IWHU�WKH�H[SHULPHQW��WKH�VROXWLRQ�ZDV�DQDO\]HG�E\�WLWUDWLRQ�WR�FKHFN�WKDW�WKH�DPLQH�FRQFHQWUDWLRQ�

ZDV�PDLQWDLQHG�FRQVWDQW��$IWHU�HDFK�H[SHULPHQW�� WKH�&2�� ORDGLQJ�ZDV�DQDO\]HG�XVLQJ�WKH�ZHW��

FKHPLVWU\�PHWKRG� GHVFULEHG� LQ� 0D¶PXQ� HW� DO>��@� 7KH� ORDGLQJ� IRXQG� ZDV� EHORZ� WKH� OLPLW� RI�

TXDQWLILFDWLRQ��/XFNLO\��WKH�DPRXQW�RI�LQMHFWHG�&2��FDQ�EH�XVHG�WR�FDOFXODWH�WKH�ORDGLQJ�WRJHWKHU

ZLWK�WKH�DQDO\]HG�DPLQH�FRQFHQWUDWLRQ��

7KH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�LQ�EDWFKHV��DIWHU�ZKLFK�WKH�UHDFWRU�ZDV�FOHDQHG�ZLWK�KRW�ZDWHU�

DQG�GHLRQL]HG�ZDWHU�WZR�WLPHV��7KH�UHDFWRU�ZDV�WKHQ�GULHG�ZLWK�V\QWKHWLF�DLU�IRU���KRXU�WR�HOLPLQDWH�

DQ\�UHVW�RI�ZDWHU��&2��DQG�RWKHU�JDV�DQG�DTXHRXV�SURGXFWV�DIWHU�HDFK�H[SHULPHQW��,Q�DGGLWLRQ��WKH

DSSDUDWXV�ZDV�GLVPDQWOHG��FOHDQHG�DQG�GULHG�FDUHIXOO\�DIWHU�DOO�WKH�PHDVXUHPHQWV�ZHUH�WDNHQ�IRU�D�

VSHFLILF�EOHQG�DQG�EHIRUH�WHVWLQJ�WKH�QH[W�RQH�

5. EXPERIMENTAL CONDITIONS AND DATA TREATMENT

5.1 Stirrer speed

$V�PHQWLRQHG�LQ�<LQJ�	�(LPHU�>��@��OLTXLG�VWLUUHU�VSHHG�FDQ�LQIOXHQFH�WKH�NLQHWLFV�PHDVXUHPHQW�

GXH� WR� LWV� LQIOXHQFH� LQ� WKH�JDV�OLTXLG� VXUIDFH��7KLV� DVVXPSWLRQ� LV� EDVHG�RQ�'DQFNZHUWV� WKHRU\��

ZKLFK�GHVFULEHV�WKH�UHQHZDO�RI�WKH�JDV�OLTXLG�OD\HU�RQ�WKH�LQWHUIDFH�GXULQJ� VWLUULQJ�>��@��>��@��$W�

YHU\�ORZ�YHORFLW\��VWLUULQJ�LV�QRW�VWURQJ�HQRXJK� WR�UHQHZ�WKH� OLTXLG�VXUIDFH��&RQVHTXHQWO\�� WKDW�

UHVXOWV�LQ�WRR�ORZ�PDVV�WUDQVIHU�DQG�FKHPLFDO�UHDFWLRQ�UDWHV��2Q�WKH�RWKHU�KDQG��WRR�KLJK�YHORFLW\

FUHDWHV� WXUEXOHQFHV� RQ� WKH� VXUIDFH� ZKLFK� FUHDWHV� D� QRQ�VWDEOH� JDV�OLTXLG� VXUIDFH� IRU� WKH�PDVV�

WUDQVIHU�DQG�FKDUDFWHUL]DWLRQ�RI�WKH�PDVV�WUDQVIHU�DUHD�EHFRPHV�LPSRVVLEOH��,Q�WKLV�ZRUN��LQ�RUGHU

WR�ILQG�WKH�VWLUUHU�VSHHG�UHJLRQ�ZKHUH�WKH�IOX[�LV�LQGHSHQGHQW�RI�WKH�VWLUULQJ�VSHHG�DQG�DOORZ�WKH

1



WUHDWPHQW�RI�WKH�GDWD�EDVHG�RQ�SVHXGR�ILUVW�RUGHU�FRQGLWLRQ��D�VWXG\�RI�WKH�VWLUULQJ�FRQGLWLRQV�ZDV

GRQH�

7KH�OLTXLG�VWLUUHU�VSHHG�ZDV�YDULHG�IURP����WR�����USP�ZKLOH�WKH�JDV�VWLUUHU�ZDV�PDLQWDLQHG�DW�����

USP� WR�PLQLPL]H� WKH� LQIOXHQFH�RI� WKH� JDV� UHVLVWDQFH��$IWHU� FUHDWLQJ�D�YDFXXP� LQ� WKH� UHDFWRU�� D�

NQRZQ�DPRXQW�RI�ZDWHU�ZDV�DGGHG�LQ�WKH�VWLUUHG�FHOO�DQG�UHDFWRU�ZDV�YDFXXPHG�RQH�PRUH�WLPH�WR

UHPRYH�DLU�JDV�WKDW�FRXOG�EH�LQWURGXFHG�LQ�WKH�UHDFWRU�GXULQJ�OLTXLG�LQMHFWLRQ��7KH�UHDFWRU�ZDV�WKHQ�

��KHDWHG�WR����.�������.��DQG���Â��� ��Â�����PROHV�RI�&2�ZHUH�LQMHFWHG�LQ�D�WLPH�SHULRG�RI�a�V��7KH

WRWDO� SUHVVXUH� ZDV� UHFRUGHG� FRQWLQXRXVO\� ZKLOH� WKH� WHPSHUDWXUH� ZDV� ORJJHG� DQG� WKH� VWLUUHU�

YHORFLWLHV�ZHUH�NHSW�FRQVWDQW��7KH�SDUWLDO�SUHVVXUH�RI�&2��ZDV�FDOFXODWHG�IURP�WKH�WRWDO�SUHVVXUH

DQG�WKH�LQLWLDO�VROXWLRQ�YDSRU�SUHVVXUH��3VRO����PHDVXUHG�EHIRUH�WKH�&2�� LQMHFWLRQ��DYHUDJH�RI�����

VHFRQGV���7KH�PROHV�RI�&2�� LQMHFWHG�ZHUH�FDOFXODWHG�E\�WKH�SUHVVXUH�GLIIHUHQFH� DQG� WKH�3HQJ�

5RELQVRQ�HTXDWLRQ�RI�VWDWH��9DULDWLRQ�RI�WKH�VWLUULQJ�VSHHG�VKRZHG�WKDW�WKH�&2�� DEVRUSWLRQ�IOX[�

ZDV�LQGHSHQGHQW�RI�WKH�VWLUULQJ�VSHHG�DW�������USP�� 7KXV��WKH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�DW���

USP�ZLWK�UHSHWLWLRQV�DW�����USP�

5.2 Treatment of kinetic data

)RU�WKH�WUHDWPHQW�RI�NLQHWLF�GDWD��WKH�]ZLWWHULRQ�PHFKDQLVP�ZDV�XVHG�WRJHWKHU�ZLWK�WKH�WZR�ILOP�

WKHRU\��$GGLWLRQDOO\��WKH�FRQGLWLRQV�RI�WKH�H[SHULPHQWV�ZHUH�VXLWDEOH�WR�FRQVLGHU�WKH�SVHXGR�ILUVW

RUGHU�UHJLPH�

3UHYLRXV�VWXGLHV�XVLQJ�WKH�'RXEOH�6WLUUHG�&HOO�DSSDUDWXV� LQFOXGHG�WKH�SUHVVXUH�YDULDWLRQ�DV�PDLQ�

SDUDPHWHU� WR� FDOFXODWH� WKH� NLQHWLF� UDWH� >�����������@�� %DVHG� RQ� WKH� SK\VLFDO� DEVRUSWLRQ� DQG�

VXSSRUWHG�RQ�WKH�LGHDO�JDV�ODZ�>��@��IRU�XQORDGHG�VROXWLRQV��WKH�PRODU�WUDQVIHU�EHWZHHQ�JDV�DQG
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OLTXLG�FDQ�EH�H[SUHVVHG�DV�D�IXQFWLRQ�RI�WKH�SDUWLDO�SUHVVXUH�RI�&2���$SSO\LQJ�WKH�WZR�ILOP�WKHRU\

>��@��(TXDWLRQV����DQG����DUH�REWDLQHG�

𝑑𝑛 𝑑𝑃𝐶𝑂 𝑉𝐺 1𝐶𝑂22ǡ𝑔

𝑑𝑡 𝑅𝑇 𝑑𝑡 +
ൌ ൌ 1 𝐻

𝑘𝑔 𝐸 𝐿𝑘
͑
𝐴 𝑃𝐶𝑂2 ����

𝑑𝑛 𝑑𝑛𝐶𝑂 𝐿 𝐶𝑂2ǡ 2ǡ𝑔

𝑑𝑡 𝑑𝑡
ൌ�𝑘𝐺 𝐴(𝐶

𝑖 ൌ�െ𝐶𝑂2) ����

:KHUH�𝐶𝑖 𝑖𝑠 WKH�LQFUHDVH�RI�WKH�FRQFHQWUDWLRQV�RI�&2�� LQ�WKH�LQWHUIDFH��ZKLFK�FDQ�EH�H[SUHVVHG𝐶𝑂2

E\�WKH�SDUWLDO�SUHVVXUH�RI�&2���DQG�LWV�+HQU\�V�ODZ�FRQVWDQW��DQG�N/R� LV�WKH�SK\VLFDO�PDVV�WUDQVIHU�

FRHIILFLHQW��

5H�DUUDQJLQJ�(TXDWLRQ����DQG�WKH�PDVV�WUDQVIHU�FRHIILFLHQWV��WKH�WHPSRUDO�YDULDWLRQ�RI�WKH�SDUWLDO

SUHVVXUH�RI�&2��FDQ�EH�H[SUHVVHG�DV

𝑑𝑃 𝑅𝐴𝑇 𝑃 𝑅𝐴𝑇 𝑃 𝑅𝐴𝑇𝐶𝑂 𝐶𝑂 𝐶𝑂 𝑃𝐶𝑂22 2 2

𝑑𝑡
ൌ

𝑉 ሺ
𝑘
𝑔+𝐺

𝑘͑
1 𝐻

𝐸 𝐿

ሻ 𝑉𝐺 ሺ +
ൌ 1 1

𝑘𝑔 𝑘Ʋ𝐺
ሻ 𝐺 𝐾𝐺
ൌ

𝑉
����

7KHUH�DUH�WZR�PRGHOV�WR�HVWLPDWH�WKH�PDVV�WUDQVIHU�FRHIILFLHQW�N¶*��GHULYDWLYH�RU�LQWHJUDO�>��@��,Q�

WKLV�ZRUN��WKH�LQWHJUDO�PHWKRG�LV�XVHG��7DNLQJ�LQWR�DFFRXQW�WKDW�WKH�JDV�UHVLVWDQFH�LV�QHJOHFWHG�LQ�

(TXDWLRQ����EHFDXVH�SXUH�&2����LV�XVHG� >��@��WKH�HTXDWLRQ�EHFRPHV

���𝑝 ൌ� െ 𝑘 𝐷
𝑅𝑇𝐴

𝑉𝐺𝐻 √ 𝑜𝑏𝑠 𝐶𝑂 −𝑠𝑜𝑙2
𝑡 ����𝑝0 (19)

A typical pressure curve is shown in Figure 3. 6LQFH�RQO\�XQORDGHG�VROXWLRQV�ZHUH�VWXGLHG��WKH

LQLWLDO�SDUWLDO�SUHVVXUH�RI�&2��� �𝑝0ǡ� LV�]HUR�DQG�N�REV�FDQ�EH�FDOFXODWHG�E\

𝒌 ൌ�(𝒐𝒃𝒔

−
𝒅𝒍𝒏𝑷𝑪𝑶𝟐

𝒅𝒕
𝑯𝑽𝑮 𝟏

𝑹𝑻𝑨
)

𝟐

𝑫𝑪𝑶𝟐െ𝒔𝒐𝒍
����
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1RWH� WKDW� WKH� NLQHWLF� FRQVWDQW� N�REV� FRQWDLQV� WKH� LQGLYLGXDO� FRQWULEXWLRQV� RI� WKH� VSHFLHV�� DV� LQ

0RQWHLUR�HW�DO��>�@���0RUHRYHU��FRQVLGHULQJ�WKDW�WKH�IDVW�UHDFWLRQ�RQO\�WDNHV�SODFH�LQ�WKH�UHDFWLRQ�

OD\HU�� WKH� N�*� FDQ� DOVR� EH� FDOFXODWHG� EDVHG� RQ� WKH� DVVXPSWLRQ� RI� SVHXGR�ILUVW� RUGHU� UHJLPH

�(TXDWLRQ�����

𝑘𝐺 ൌƲ dt√𝑘𝑜𝑏𝑠 𝐷𝐶𝑂2−𝑠𝑜𝑙

𝐻 RTA
ൌ

−
dln PCO2 VG ����

:KHUH�+�LV�WKH�+HQU\�FRQVWDQW�RI�&2�� LQ�WKH�VROXWLRQ��7��.��LV�WKH�WHPSHUDWXUH�RI�WKH�VROYHQW��5�

LV�WKH�JDV�FRQVWDQW��$�LV�WKH�DUHD�RI�WKH�FRQWDFW�VXUIDFH��'�L�VRO�LV�WKH�GLIIXVLRQ�RI�WKH�FRPSRQHQW�L�LQ�

WKH�VROXWLRQ�DQG�9*�LV�WKH�YROXPH�RI�WKH�JDV�LQ�WKH�GRXEOH�VWLUUHG�FHOO�

7KH�FDOFXODWHG�N�� WKH�VHFRQG�RUGHU�NLQHWLF�FRQVWDQW��FDQ�EH�H[WUDFWHG�IURP�WKH�REVHUYHG�NLQHWLF

FRQVWDQW��N�REV��(TXDWLRQ������ZKHUH�>$PLQH@�LV�WKH�FRQFHQWUDWLRQ�RI�SULPDU\�DPLQH�LQ�WKH�VROXWLRQV��

0($�DQG�0$3$�

𝑘 ൌ 𝑘𝑜𝑏𝑠

ሾ𝐴𝑚𝑖𝑛𝑒ሿ
����

 7KH�SVHXGR�ILUVW�RUGHU�LV�UHDFKHG�LI�WKH�DPLQH�YROXPH�LV�ODUJH�HQRXJK�WR�EH�FRQVWDQW�RYHU�WKH�

UHDFWLRQ�OD\HU��7KH�+DWWD�QXPEHU��+D��DQG�(�LQI��LQILQLWH�UHDFWLRQ�UDWH�HQKDQFHPHQW�IDFWRU��JLYHV�DQ�

HVWLPDWLRQ�RQ�KRZ�IDVW�LV�WKH�UHDFWLRQ��6SHFLILFDOO\��WKH�SVHXGR�ILUVW�RUGHU�LV�DFKLHYHG�ZKHQ�+D!!��

DQG� (LQI!!D�� +DWWD� QXPEHU� �+D�� DQG� LQILQLWH� HQKDQFHPHQW� IDFWRU� �(�LQI�� DUH� FDOFXODWHG� XVLQJ�

(TXDWLRQV��������

𝐻𝑎 ൌ √𝑘𝑜𝑏𝑠 𝐷𝐶𝑂2−𝑠𝑜𝑙

𝑘͑𝐿
����

𝐸 ൌ�ͳ�𝑖𝑛𝑓
𝐷𝑎𝑚𝑖𝑛𝑒−𝑠𝑜𝑙𝐶𝑎𝑚𝑖𝑛𝑒

𝐷 𝐶𝐶𝑂2−𝑠𝑜𝑙 𝐶𝑂2𝜈𝑎𝑚𝑖𝑛𝑒
����
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𝑘͑�ൌ𝐿
𝑆ℎ 𝐷𝐶𝑂2−𝑠𝑜𝑙

]
����

,Q�(TXDWLRQV��������� LV� WKH� VWLUUHU� GLDPHWHU��'�L�VRO� LV� WKH�GLIIXVLYLW\�RI� WKH� FRPSRQHQW� L� LQ� WKH�

VROXWLRQ��&L�LV�WKH�FRQFHQWUDWLRQ�RI�WKH�VSHFLH�L��ȝ�LV�WKH�YLVFRVLW\�RI�WKH�VROXWLRQ��DQG�ȡ�LV�WKH�GHQVLW\

RI�WKH�VROXWLRQ��WKHUH�DUH�QXPHURXV�FRUUHODWLRQV�EDVHG�RQ�WKH�5H\QROGV��5H��DQG�6FKPLGW�QXPEHUV�

�6F�� WR� FDOFXODWH� 6KHUZRRG� QXPEHU� �6K>�����±��@�� ,Q� WKLV�ZRUN�� WKH� FRUUHODWLRQ�ZDV� REWDLQHG

GXULQJ�UHDFWRU�FKDUDFWHUL]DWLRQ�DQG�LV�VKRZQ�EHORZ�

0Ǥ4367 0Ǥ5𝑆݄�ൌ�ͳǤͶͷͳ͵�𝑅𝑒 𝑆𝑐 ����

:KHUH�6FKPLGW�DQG�5H\QROGV�QXPEHUV�ZHUH�FDOFXODWHG�IURP

𝑆𝑐 ൌ 𝐷𝐶𝑂2−𝑠𝑜𝑙

𝜌 𝜇
����

𝑅𝑒 ൌ 𝜌 𝑤]2

𝜇

In Equation 28 w is the liquid stirrer velocity.

(28)

5.3 Diffusivities
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)RU� WKH�VROXWLRQV� VWXGLHG� LQ� WKLV�ZRUN�� WKH�GLIIXVLYLWLHV�ZHUH�FDOFXODWHG�EDVHG�RQ� WKH�&2����+�2

DQDORJ\�

𝐷 𝐷𝐶𝑜2−𝑠𝑜𝑙= 𝐶𝑜2−𝑤𝑎𝑡𝑒𝑟ሺµ𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
µ𝑤𝑎𝑡𝑒𝑟 0Ǥ8ሻ ����

7KH�YLVFRVLW\�RI�ZDWHU�ZDV�H[WUDFWHG�IURP�WKH�ZRUN�RI�.RUVRQ�HW�DO��>��@�DQG�WKH�YLVFRVLWLHV�RI�WKH�

EOHQGV�ZHUH�PHDVXUHG��7KH�GLIIXVLYLW\�RI�&2�� LQ�ZDWHU�ZDV�LQWHUSRODWHG�IURP�9HUVWHHJ�	�9DQ�

6ZDDLM�>��@��)RU�WKH�SK\VLFDO�&2���VROXELOLW\��WKH�1�2�DQDORJ\�VKRZQ�LQ�(TXDWLRQV�������ZDV�XVHG��

7KH�GLIIXVLRQ�RI�WKH�0($�LQ�WKH��0�0($�VROXWLRQV�ZDV�FDOFXODWHG�ZLWK�FRUUHODWLRQ�IURP�OLWHUDWXUH

>��@��7KH�GLIIXVLYLWLHV�FDOFXODWHG�ZLWK� WKRVH�FRUUHODWLRQV�DUH� LQ� UHODWLYHO\�JRRG�DJUHHPHQW�ZLWK�

RWKHU�OLWHUDWXUH�GDWD�ZLWK�����GHYLDWLRQ�EHWZHHQ�GLIIXVLYLWLHV�SXEOLVKHG�E\�<LQJ�	�(LPHU�>��@�

𝐷 ൌ�ʹǤͷ�ͳͲ (
𝑀
) ����𝑎𝑚𝑖𝑛𝑒−𝑤𝑎𝑡𝑒𝑟

−10
𝜌

−0Ǥ54

𝐷 ൌ�𝐷𝑎𝑚𝑖𝑛𝑒−𝑠𝑜𝑙 𝑎𝑚𝑖𝑛𝑒−𝑤𝑎𝑡𝑒𝑟
𝑇 𝜇𝐻

298
( 2𝑂

𝜇𝑠𝑜𝑙
)
0Ǥ6

����

6. RESULTS AND DISCUSSION

In this section, the results from density, viscosity and, N2O physical solubility are presented and 

discussed as well as the mass transfer and kinetics coefficients of the absorption of CO2 into the 

blends. All measurements are shown in Tables A1-A15. Average Absolute Relative Deviation

(%AARD) was calculated by Equation 13.

6.1 Density

Figure 3 shows the results for MEA blends, while Figure 4 shows the results for blends of 3D2M. 

The densities of both hybrid blends families, 5MEA+MEEG/DEG/TEG/CARBITOL and 3D2M+ 

MEG/DEG/TEG/CARBITOL, are compared in Figure 5.

1



$V�VHHQ�LQ�)LJXUH����WKH�VXEVWLWXWLRQ�RI���ZW����RI�WKH�ZDWHU�FRQWHQW�LQ��0�0($�DTXHRXV

VROXWLRQV�E\�0(*��7(*�RU�'(*�KDV�YHU\�VLPLODU�LQIOXHQFH�RQ�GHQVLW\��ZLWK�0(*�VKRZLQJ�VOLJKWO\�

ORZHU�GHQVLWLHV��7KH�VDPH�IDFW�LV�VHHQ�LQ�Figure 4 for 3D2M blended with MEG, TEG and DEG

even though the absolute values for 3D2M blends are lower. For both amine systems the lowest 

densities are seen in the blends with CARBITOL. Figure 6 shows that the density of 5MEA is

higher than 3D2M and the influence of the organic solvent added is larger in 5MEA solutions with 

a relative difference varying from 6 to 9% at 25 oC.

The data also shows that, in the case of 50($��WKH�LQIOXHQFH�RI�WHPSHUDWXUH�RQ�GHQVLW\�LV�

ODUJHU�IRU��0($�&$5%,72/�WKDQ�WKDW�LQ�DTXHRXV�0($��7KLV�LV�YLVLEOH�LQ�)LJXUH����7KH�GHQVLW\

RI� �0($�&$5%,72/� LV� KLJKHU� WKDQ� WKDW� RI� �0($� DW� ORZ� WHPSHUDWXUHV�� EXW� DW� WKH� KLJKHVW�

WHPSHUDWXUH�WKH�GHQVLW\�LV�WKH�VDPH��,Q�WKH�FDVH�RI��'�0�EOHQGV��Dt 353 K, some differences are

observed: 3D2M+MEG, which had higher density than 3D2M+DEG up to 340K, shows lower 

density at 353 K. Similarly, the density difference between 3D2M+DEG and 3D2M decreases with

temperature whereas the density difference between 3D2M and 3D2M+CARBITOL increases as 

temperature increases.

Figure 3�'HQVLWLHV��J�FF��PHDVXUHG�LQ�WKLV�ZRUN���OHIW���0($��;����0($�0(*��¨����0($�'(*
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Figure 4 Densities, from 298 to 353K, of (Left) 3D2M, measured in Garcia et al. [26] (�), 

3D2M+MEG (p���'�0�'(*� �Ƈ����'�0��7(*��Ů��DQG��'�0���&$5%,72/� �Ɣ�
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Figure 5 Density (g/cc) at 298K of 3D2M([26], and 3D2M+MEG/DEG/TEG/CARBITOL 

(black), compared to 5MEA+MEG/DEG/TEG/CARBITOL/WATER blends (red).

6.2 Viscosity

7KH�YDOXH�RI�YLVFRVLW\�LQIOXHQFHV�WKH�FDOFXODWHG�YDOXH�RI�WKH�GLIIXVLYLW\�RI�&2�� LQWR�WKH�VROXWLRQ��

ZKLFK�FRQVHTXHQWO\�DIIHFWV�WKH�FDOFXODWHG�NLQHWLF�FRHIILFLHQWV��N�REV� DQG�N��(TXDWLRQV����DQG������

7KH�YLVFRVLWLHV�RI� WKH�EOHQGV� FRQVLGHUHG� LQ� WKLV� VWXG\�ZHUH�PHDVXUHG� IURP����� WR�����.��7KH�

DGGLWLRQ�RI�RUJDQLF�VROYHQWV� WR� WKH�DTXHRXV�DPLQH�VROXWLRQV� VWXGLHG� LQ� WKLV�ZRUN�� LQFUHDVHV� WKH�

YLVFRVLW\��)LJXUH��� DQG�)LJXUH����� )LJXUH��� VKRZV� WKDW� WKH��0($�VROXWLRQ� H[KLELWV� WKH� ORZHVW
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YLVFRVLW\���0($�7(*�KDV� WKH�KLJKHVW�YLVFRVLW\�LQ� WKH� WHPSHUDWXUH�UDQJH�VWXGLHG��DOPRVW� WKUHH

WLPHV�WKH�YDOXH�RI�WKDW�RI��0($�DW�KLJK�WHPSHUDWXUHV��DQG�IRXU�WLPHV�DW����.��7KH�YLVFRVLWLHV�RI�

VROXWLRQV�FRQWDLQLQJ�'(*��&$5%,72/�DQG�0(*�DUH�LQ�EHWZHHQ�WKRVH��0($�7(*�DQG��0($�

ZLWK�D���������IURP�KLJK�WR�ORZ�WHPSHUDWXUH��ORZHU�YLVFRVLWLHV�FRPSDUHG�WR��0($�7(*��$V�

VHHQ�LQ�)LJXUH����WKH�GLIIHUHQFHV�LQ�YLVFRVLWLHV�EHWZHHQ�WKH�'(*��&$5%,72/�DQG�0(*�EOHQGV

GHFUHDVH�DV�WHPSHUDWXUH�LQFUHDVHV��6LPLODU�EHKDYLRU�LV�REVHUYHG�LQ��'�0�VROXWLRQV�DV�VKRZQ�LQ�

Figure 7��+RZHYHU��DV�LOOXVWUDWHG�LQ�)LJXUH����DW����.��WKH��'�0�V\VWHPV�KDYH�D�KLJKHU�G\QDPLF

YLVFRVLW\�WKDQ��0�0($�V\VWHPV�� )XUWKHUPRUH��WKH�DYHUDJH�YLVFRVLW\�IURP�����WR����.�RI��'�0�

LV� ���� WLPHV� KLJKHU� WKDQ� WKDW� RI� �0($�� ZKLOH� WKH� DYHUDJH� YLVFRVLW\� IURP� ���� WR� ���.� RI

�'�0�0(*� LV� ���� WLPHV� KLJKHU� WKDQ��0($�0(*��7KH� ORZHVW� GLIIHUHQFH� LV� REVHUYHG� LQ� WKH�

EOHQGV�FRQWDLQLQJ�&$5%,72/��ZKHUH�WKH�DYHUDJH�YLVFRVLW\�RI��'�0�&$5%,72/�ZDV�RQO\����

KLJKHU�WKDQ�WKDW�RI��0($�&$5%,72/�

Figure 6�'\QDPLF�YLVFRVLWLHV��3D�V���OHIW��RI�DTXHRXV�VROXWLRQV�RI��0($��;����0($�0(*��¨��
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Figure 7�'\QDPLF�YLVFRVLWLHV��3D�V���from 298 to 353K, of 3D2M, measured in Garcia et al. [26] 

(�), DQG�LQ�0RQWHLUR�HW�DO��������������3D2M+MEG (p���'�0�'(*� �Ƈ����'�0��7(*��Ů��DQG�
�'�0���&$5%,72/� �Ɣ�.
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)LJXUH � '\QDPLF YLVFRVLWLHV �3D�V� DW ���. RI �'�0 >��@�
�'�0�0(*�'(*�7(*�&$5%,72/�:$7(5 �EODFN�� DQG�
�0�0(*�'(*�7(*�&$5%,72/�:$7(5��UHG�

6.3 Apparent Henry’s Law Constants

7KH�SK\VLFDO�VROXELOLW\�RI�&2���KDV�D�KLJK�LQIOXHQFH�RQ�WKH�FDOFXODWHG�NLQHWLF�FRHIILFLHQWV�N�REV�DQG�

N��DV�VHHQ�LQ�(TXDWLRQV����DQG�����:DWHU�DQG���0($�VROXWLRQV�ZHUH�XVHG�IRU�WKH�YDOLGDWLRQ�RI�WKH�

1�2�VROXELOLW\�HTXLSPHQW�XVHG�LQ�WKLV�ZRUN�E\�PHDQV�RI�WKH�+HQU\�V�ODZ�FRQVWDQWV��$V�VHHQ�LQ�

)LJXUH� �� �OHIW��� WKH�+HQU\�V� ODZ� FRQVWDQW� RI�1�2� LQ�ZDWHU� LQFUHDVHV�ZLWK� WHPSHUDWXUH��9DOXHV�

PHDVXUHG�LQ�WKLV�ZRUN�DJUHH�ZLWK�WKH�OLWHUDWXUH��ZLWK�DQ�$$5'��(TXDWLRQ�����RI��������7DEOH�����

)LJXUH����ULJKW��VKRZV�WKH�1�2�VROXELOLW\�LQ���ZW����0($��LQ�JRRG�DJUHHPHQW�ZLWK�WKH�OLWHUDWXUH��

7KH�DYHUDJH�$$5'��(TXDWLRQ�����REWDLQHG�LV�������7DEOH����
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Figure 9 (Left) Apparent Henry constant of N2O in Water (left) : this work (p); [45](Ƒ); [42] �¸���

[46] (ƒ) and correlation in [47] ( - Â�- ) and; (Right) Apparent Henry´s constant of N2O in 5MEA :

this work (p), [44] �¸���[48] (Ɣ) , [49] (+);[50] (Ƒ); correlation in [47]( - Â�- )

Table 7�$$5'�����(TXDWLRQ�����RI�WKH�SK\VLFDO�VROXELOLW\�RI�1�2�REWDLQHG�LQ�WKLV�ZRUN�FRPSDUHG

WR�OLWHUDWXUH

+�2 �$$5'

>��@ �����
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Figure 10 sKRZV�WKH�+HQU\�V�ODZ�FRQVWDQWV�IRU�1�2�VROXELOLW\�LQ�WKH�DTXHRXV�EOHQGV��0($�0(*�

�0($�'(*�� �0($�7(*� DQG� �0($�&$5%,72/�� 7KH� UHSURGXFLELOLW\�ZDV� LQYHVWLJDWHG� E\�

UHSHDWLQJ� WKH� PHDVXUHPHQWV� IRU� �0($�'(*� DQG� �0($�&$5%,72/�� REWDLQLQJ� ������ DQG

������UHVSHFWLYHO\��7KH�DYHUDJHV�RI�WKRVH�UHSHWLWLRQV�DUH�UHSUHVHQWHG�LQ�Figure 10.

Figure 10�+HQU\¶V�FRQVWDQWV�RI�1�2�LQ�WHVWHG�EOHQGV���0($��;����0($�0(*��¨����0($�'(*�

�¸��� �0($�7(*� �Ƒ�� DQG� �0($�� &$5%,72/ �○��� +HQU\¶V� FRQVWDQWV� RI� 12O in aqueous

solutions of 3D2M, measured in Garcia et al. [26] (�) and in Monteiro et al. [3] (-), 3D2M+MEG 

(p),3D2M+DEG (Ƈ); 3D2M +TEG (Ů) and 3D2M + CARBITOL (Ɣ).

$V�VHHQ�LQ�)LJXUH�����DW����.��WKH�ORZHVW�+HQU\¶V�FRQVWDQWV�RI�1�2�DUH�VKRZQ�E\�WKH��0($�7(*�

DQG��0($�&$5%,72/�EOHQGV��$W� ���.�� �0($�� �0($�0(*�DQG��0($�'(*� VKRZ�YHU\

VLPLODU�VROXELOLW\�RI�1�2�DQG�WKH�DGGLWLRQ�RI�0(*�'(*�WR��0($�VROXWLRQV�GRHV�QRW�LQFUHDVH�WKH�

SK\VLFDO�1�2�VROXELOLW\�DW�WHPSHUDWXUHV�EHORZ�a���.�� 7KH�GLIIHUHQFHV�EHWZHHQ�WKH�EOHQGV�ZLWK

DGGHG�0(*��'(*��7(*�DQG�&$5%,72/�LQFUHDVH�DW�WHPSHUDWXUHV�KLJKHU�WKDQ����.��EXW�WKH\�DOO�
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WKXV� WKH� KLJKHVW� SK\VLFDO� VROXELOLW\� DW� KLJK� WHPSHUDWXUH� ��������.�� DUH� H[KLELWHG� E\� WKH

�0($�&$5%,72/�EOHQG��$W����.��WKH�EOHQGV��0($�'(*�7(*�VKRZ�D�VLPLODU�1�2�VROXELOLW\�

DQG��0($�0(*�VKRZV�VOLJKWO\�ORZHU�1�2�VROXELOLW\�WKDQ�WKRVH�

7KH�UHVXOWV�DW�ORZ�WHPSHUDWXUH�����.��DUH�GLIIHUHQW�WR�WKH�GDWD�IURP�/HLWHV�>�@�DW����.��ZKHUH�WKH�

SDUWLDO�SUHVVXUH�RI�&2��LQ�QRQ�DTXHRXV�EOHQGV�RI� 0(*�'(*�7(*� DQG����0�0($�ZDV�PHDVXUHG

XQGHU� ���DQG�����N3D�RI�&2���+H�UHSRUWHG�WKDW�WKH�KLJKHVW�VROXELOLW\�ZDV�VKRZQ�E\�WKH�VROXWLRQ�

FRQWDLQLQJ� 0(*�� IROORZHG� E\� 7(*� DQG� '(*� �0(*!7(*!'(*��� ,Q� WKLV� ZRUN�� DW� ���.�

&$5%,72/�VKRZHG�WKH�KLJKHVW�VROXELOLW\�RI�&2�� LQWR�WKH�VROXWLRQ��E\�PHDQLQJ�WKH�ORZHVW�YDOXH�

RI�+HQU\�V�ODZ�FRQVWDQW��:LWKRXW�FRQVLGHULQJ�&$5%,72/��7(*�ZRXOG�VKRZ�WKH�KLJKHVW�VROXELOLW\

RI�&2�� LQWR�WKH�VROXWLRQ�DW�WKH�ORZHVW�WHPSHUDWXUH�����.���

7KH�SK\VLFDO�VROXELOLW\�RI�1�2�LQ��'�0�0(*�'(*�7(*�&$5%,72/�KDV�WKH�VDPH�RUGHU�WKDQ

WKDW� LQ� �0($�0(*�'(*�7(*�&$5%,72/� LQ� UHVSHFW� WR� WKH� RUJDQLF� VROYHQWV� �)LJXUH� ����� ,W�

PHDQV� WKDW� WKH� DGGLWLRQ� RI� RUJDQLF� VROYHQW� GHFUHDVHV� WKH�+HQU\¶V� /DZ� FRQVWDQW� �LQFUHDVHV� WKH

VROXELOLW\�� LQ� WKH� RUGHU� 0(*!7(* '(*!&$5%,72/�� )LJXUH� �� VKRZV� FOHDUO\� WKDW� WKH� 1��2�

VROXELOLW\�LQFUHDVHV�E\�WKH�DGGLWLRQ�RI�RUJDQLF�VROYHQWV�HYHQ�DW� ORZ� WHPSHUDWXUHV��+RZHYHU�� LQ�

EOHQGV�RI�0($�ZLWK�RUJDQLF�VROYHQWV�WKH�VROXELOLW\�ZDV�LQIOXHQFHG�RQO\�VOLJKWO\�E\�WKH�DGGLWLRQ�RI

RUJDQLF�VROYHQWV�DW�ORZ�WHPSHUDWXUHV��)LJXUH������,Q�Figure 11��WZR�EOHQGV�RI�WKH�IDPLO\��'�0�

��'�0�DQG��'�0�'(*��DUH�FRPSDUHG�ZLWK�LWV�VLPLODU�EOHQGV�RI�WKH�IDPLO\��0($���0($�DQG

�0($�'(*���$V�VHHQ�LQ�Figure 11��WKH�EOHQGV�RI�WKH�IDPLO\��'�0�KDYH�KLJKHU�1�2�VROXELOLW\�

WKDQ� WKRVH�RI��0($��0RUHRYHU�� WKH� LQIOXHQFH�RI� WKH� WHPSHUDWXUH� LQ� WKH�+HQU\¶V�/DZ�FRQVWDQW

YDOXHV�LV�VWURQJHU�LQ�WKH�FDVH�RI�WKH��0($�EOHQGV�FRPSDUHG�WR�WKH��'�0�EOHQGV��DV�REVHUYHG�RQ�

WKH�VORSH�RI�WKH�WUHQG�OLQHV��Figure 11��
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Figure 11 Comparison of N22�+HQU\¶V�/DZ�FRQVWDQW� LQ� EOHQGV� �'�0�DQG��'�0�'(*�ZLWK
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5MEA and 5MEA+DEG: a)3D2M (black), MEA (red); b) 3D2M+DEG(black), 5MEA+DEG 

(red); Lines represent the trend line of the bars.

6.5 Vapour pressure

7KH� YDSRXU� SUHVVXUHV� RI� XQORDGHG� �0($�� �0($�0(*�'(*�7(*�&$5%,72/�� �'�0� DQG�

�'�0��0(*�'(*�7(*�&$5%,72/�ZHUH�UHFRUGHG�GXULQJ�WKH�VWLUUHG�FHOO�H[SHULPHQWV�EHIRUH�

&2�ZDV�DGGHG��7KH�UHVXOWV�DUH�UHSUHVHQWHG�LQ�)LJXUH�����$V�VHHQ�LQ�WKLV�JUDSK��WKH�KLJKHVW�YDSRXU

SUHVVXUH�LV�REVHUYHG�LQ���ZW����0($���ZW����+�2��7KH�YDSRXU�SUHVVXUH�RI��0($��0(*�LV����

DQG�����ORZHU�WKDQ�WKDW�RI��0($�DW����.�DQG����.��UHVSHFWLYHO\���0($�'(*���0($�7(*

DQG��0($�&$5%,72/�H[KLELW�YDSRXU�SUHVVXUH�YDOXHV�EHWZHHQ��0($�DQG��0($�0(*��7KH�

VDPH�EHKDYLRU�LV�VHHQ�IRU�WKH��'�0�VROXWLRQV���'�0�0(*�VKRZV�WKH�ORZHVW�YDOXHV�DQG��'�0

WKH�KLJKHVW��ZKLOH�WKH�UHVW�RI�WKH�EOHQGV�VKRZ�YHU\�VLPLODU�UHVXOWV��)LUVW�LW�VKRXOG�EH�QRWHG�WKDW�WKH�

YDSRU�SUHVVXUH�RI�SXUH�0(*��'(*�DQG�7(*�DUH��������WLPHV�VPDOOHU�FRPSDUHG�WR�WKH�DPLQHV�WKDW

KDV�PXFK�ORZHU�YDSRU�SUHVVXUHV�FRPSDUHG�WR�ZDWHU��3XUH�&$5%,72/�KDV�D�YDSRU�SUHVVXUH�ZKLFK�

LV� WKH� VDPH� RUGHU� RI� PDJQLWXGH� WR� WKDW� RI� WKH� DPLQHV�� )XUWKHUPRUH�� ZDWHU� LV� SUHVHQW� LQ� KLJK
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FRQFHQWUDWLRQV�LQ�DOO�RI�WKH�VROXWLRQV�����WR����PRO���DV�VKRZQ�LQ�7DEOH����7KXV�WKH�YDSRU�SUHVVXUH

DERYH� WKH� VROXWLRQ� LV� VWURQJO\�GRPLQDWHG�E\� WKH�ZDWHU� YDSRU� SUHVVXUH�� IRU� H[DPSOH� H[SODLQLQJ�

PLQLPXP�RI�����RI� WKH� WRWDO�SUHVVXUH�DW����.�� ,Q� WKH�EOHQGV�ZLWK�RUJDQLF�VROYHQWV�� WKH�YDSRU

SUHVVXUH�RYHU� WKH�VROXWLRQ�GHFUHDVHV�GXH�WR� WKH�GHFUHDVH�RI�ZDWHU�FRQWHQW� LQ� WKH�VROXWLRQ� ��VHHQ�

7DEOH����6LPLODUO\��WKH�PRO��RI�'(*��7(*�DQG�&$5%,72/�LV�TXLWH�VLPLODU��ZKHUHDV�WKH�DPRXQW

RI�PROHV�RI�0(*�LV�KLJKHU�LQ�WKH�VROXWLRQ�GXH�WR�WKH�ORZHU�PRODU�ZHLJKW�RI�0(*��7KXV��WKH�PRO��

RI�ZDWHU�LQ�WKH�0(*�VROXWLRQV�GHFUHDVHV�OHDGLQJ�LQWR�WKH�ORZHVW�YDSRU�SUHVVXUH�

Figure 12� �/HIW��9DSRXU�SUHVVXUHV� �3�V���RI� �0($��;����0($�0(*��¨����0($�'(*� �¸���

�0($�7(*��Ƒ��DQG��0($��&$5%,72/� �○�����5LJKW��3D2M, measured in Garcia et al. [26] 

(�), 3D2M+MEG (p���'�0�'(*� �Ƈ����'�0��7(*��Ů��DQG��'�0���&$5%,72/� �Ɣ�

6.4 Kinetics

6.4.1 5MEA 
7KH�PDVV�WUDQVIHU�FRHIILFLHQWV�N�*�PHDVXUHG�LQ�WKLV�ZRUN��(TXDWLRQ�����DQG�VKRZQ�LQ�)LJXUH������

DUH� LQ�DJUHHPHQW�ZLWK� WKH�H[SHULPHQWDO�ZRUN� IURP�/XR�HW�DO�>��@� DQG�3X[W\�HW� DO�>��@��$W� ORZ�

WHPSHUDWXUHV�� EHORZ� ���.�� WKH� DJUHHPHQW� LV� YHU\� JRRG�� 7KH� H[SHULPHQWV� ZHUH� UHSHDWHG� DW

y = 7E-05x2 - 0.0396x + 5.6707 
R² = 0.9902 

y = 0.0001x2 - 0.063x + 9.5355 
R² = 0.9974
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WHPSHUDWXUHV�����������������������������DQG����.��$V�VKRZQ�LQ�WKH�ILJXUH��WKH�UHSHDWDELOLW\�ZDV

JRRG�HYHQ�WKRXJK�WKH�YDULDWLRQ�VHHPHG�WR�EH�VOLJKWO\�KLJKHU�FRPSDUHG�WR�GDWD�RI�/XR�HW�DO�>��@��

ZKR�FRPSDUHG� WKH�UHVXOWV� XVLQJ�D�ZHWWHG�ZDOO�FROXPQ��::&��DQG�D�VWULQJ�RI�GLVFV�FRQWDFWRU�

�6'&��� WKURXJK� D� SURSRVHG� VRIW� PRGHO�� FRQFHQWUDWLRQ�EDVHG� PRGHO� E\� GLUHFW� PHFKDQLVP� DQG

DFWLYLW\�EDVHG�PRGHO�E\�GLUHFW�PHFKDQLVP��1R�OLWHUDWXUH�GDWD�KDV�EHHQ�SUHYLRXVO\�UHSRUWHG�DERYH�

WHPSHUDWXUH�RI����.�

7KH�VHFRQG�RUGHU�NLQHWLF�FRQVWDQW��N��FDOFXODWHG�XVLQJ�(TXDWLRQV�������LV�VKRZQ�LQ�)LJXUH�����7KH�

NLQHWLF�FRQVWDQW�IROORZV�D�OLQHDU�WUHQG�LQ�WKH�ORJDULWKPLF�VFDOH�DQG�H[SRQHQWLDO�JURZ�DW��)LJXUH�����

7KH�UHVXOWV�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�YDOXHV�SUHYLRXVO\�UHSRUWHG�LQ�<LQJ�	�(LPHU�>��@�DQG�

$ERXGKHLU�HW�DO�>�@��)XUWKHUPRUH��LW�VHHPV�WKDW�WKH�KLJKHVW�YDOXH�DJUHHV�DOVR�ZLWK�/XR�HW�DO�>��@�

$V�VHHQ�LQ�)LJXUH����DQG�)LJXUH�����WKH�UHVXOWV�RI�N�*�DUH�FORVHU�WR�WKH�GDWD�UHSRUWHG�LQ�WKH�OLWHUDWXUH�

WKDQ�WKH�YDOXHV�RI�N��7KLV�LV�GXH�WR�WKH�LQIOXHQFH�RI�SK\VLFDO�SURSHUWLHV�LQ�FDOFXODWLRQV��DV�YLVFRVLWLHV

1.E-06

1.E-05

290 300 310 320 330 340 350 360 
T(K)

k´
G

(K
m

ol
 K

pa
-1

m
-2

s-1
)

Figure 13�0HDVXUHG�PDVV� WUDQVIHU� FRHIILFLHQW� �.¶�*�� IRU� WKH� DEVRUSWLRQ� RI�&2�� LQWR� XQORDGHG� �0($�

VROXWLRQV�DQG�SUHYLRXV�YDOXHV�UHSRUWHG�LQ�OLWHUDWXUH��([SHULPHQWDO�YDOXHV�IURP�WKLV�ZRUN��ƒ��� IURP�>��@�

�Ɣ��DQG�IURP�>��@��○����
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DQG�GHQVLWLHV��0RUHRYHU��WKH�PRGHOV�DQG�GDWD�XVHG�LQ�WKH�FRUUHODWLRQV�RI�GLIIXVLYLW\�DQG�WKH�+HQU\�V

ODZ� FRQVWDQW� DUH� GLIIHUHQW� LQ� WKH� GLIIHUHQW� OLWHUDWXUH� VRXUFHV� $V� PHQWLRQHG� E\� 0RQWHLUR� 	�

6YHQGVHQ� >��@� DQ� XQGHUHVWLPDWLRQ� RI� ���� LQ� WKH� NLQHWLF� FRHIILFLHQW� FDQ� EH� FDXVHG� E\� XQGHU��

HVWLPDWLQJ�WKH�+HQU\�V�ODZ�FRQVWDQW�RI�&2�� LQ�WKH�VROXWLRQ�E\�DSSUR[LPDWHO\�����

Figure 14�0HDVXUHG�NLQHWLF�FRHIILFLHQW��N��IRU�WKH�DEVRUSWLRQ�RI�&2��LQWR���ZW���0($�VROXWLRQV�

DQG� SUHYLRXV� YDOXHV� UHSRUWHG� LQ� OLWHUDWXUH�� ([SHULPHQWDO� YDOXHV� IURP� WKLV� ZRUN� �Ů�� DQG� IURP

>��@�ż���>��@��Ɣ���>�@�¸���DQG�UHLQWHUSUHWHG�GDWD�IURP�>�@�����/LQHV�UHSUHVHQW�FRUUHODWLRQV�IURP�>��@�

�����DQG�>��@�������FDOFXODWHG�IURP�N��FRUUHODWLRQ�E\�(TXDWLRQV����DQG����

��������0($�DQG��'�0�LQ�0(*�'(*�7(*�&$5%,72/���+�2

$V�VHHQ�LQ�)LJXUH�����WKH�PDVV�WUDQVIHU�FRHIILFLHQW�LQFUHDVHV�DV�WKH�WHPSHUDWXUH�LQFUHDVHV�IRU�DOO�

WKH�V\VWHPV��$W�ORZ�WHPSHUDWXUHV���������.��WKH�DGGLWLRQ�RI�RUJDQLF�VROYHQWV�WR��0($�UHGXFHV
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WKH�PDVV�WUDQVIHU�RI�&2�� H[FHSW� LQ�FDVH�RI�WKH�EOHQG��0($��0(*��ZKLFK�PDLQWDLQV� WKH�VDPH

YDOXH�RI�PDVV� WUDQVIHU� FRHIILFLHQW� DV��0($��+RZHYHU�� DW�KLJKHU� WHPSHUDWXUHV� ��������.��� WKH�

DGGLWLRQ�RI�RUJDQLF�VROYHQWV�HQKDQFH�WKH�PDVV�WUDQVIHU�RI�&2���DQG�WKH�XVH�RI�&$5%72/�DQG�'(*

VKRZ�D�QRWDEOH�LQFUHDVH�RQ�WKH�PDVV�WUDQVIHU�FRHIILFLHQWV�FRPSDUHG�WR�WKRVH�RI�WKH��0($�VROXWLRQ��

EHLQJ�����WLPHV�WKDW�RI��0($�DW�WKH�KLJKHVW�WHPSHUDWXUH��7KH�UHVXOWV�DUH�LQ�JRRG�DJUHHPHQW�ZLWK

WKH� UHVXOWV� RI� <XDQ�	�5RFKHOOH� >��@��$OWKRXJK� WKH\� GLG� QRW� XVH� XQORDGHG� VROXWLRQV�� <XDQ�	�

5RFKHOOH�>��@�REVHUYHG� DQ�LQFUHDVH�RI�WKH�PDVV�WUDQVIHU�FRHIILFLHQW�LQ�ORDGHG�DTXHRXV��P�0($

VROXWLRQV� FRQWDLQLQJ�&$5%,72/� �LQ�PDVV� SURSRUWLRQ� ���� IRU�ZDWHU�� &$5%,72/�� DW� ORDGLQJV�

EHWZHHQ������DQG������PRO�&2��PRO�0($��$GGLWLRQDOO\��<XDQ�	�5RFKHOOH�>��@�REVHUYHG�D�KLJKHU

LQFUHDVH� LQ� VROXWLRQV� ZLWK� KLJKHU� FRQWHQW� RI� &$5%,72/� �LQ� PDVV� SURSRUWLRQ� ���� IRU� ZDWHU��

&$5%,72/��� LQ�ZKLFK� WKH�PDVV� WUDQVIHU� LQFUHDVHG��DW� ORDGLQJV�IURP������ WR������FRPSDUHG� WR

�0($��+RZHYHU�� WKH\� GLG� QRW� VHH� WKH� LQFUHDVH� LQ� WKH� DEVRUSWLRQ� UDWH� IRU� WKH� �0($� VROXWLRQ�

FRQWDLQLQJ�&$5%,72/�DQG�ZDWHU��������,Q�FRQWUDVW�WR�WKH�FXUUHQW�ZRUN�ZKHUH�DGGLWLRQ�RI�'(*

LQFUHDVHG� WKH�PDVV� WUDQVIHU��<X�	�7DQ� >��@�� UHSRUWHG� WKDW� WKH� DGGLWLRQ� RI�'(*� WR�'(7$�3=�

VROXWLRQV��LQ�PDVV�SURSRUWLRQ�����IRU�ZDWHU�'(*��GHFUHDVHG�WKH�PDVV�WUDQVIHU�FRHIILFLHQW��.JD��E\
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Figure 15�0DVV�WUDQVIHU�FRHIILFLHQW�LQ�WKH�OLTXLG�SKDVH�N¶* ���/HIW���0($��;����0($�0(*��¨��

�0($�'(* �¸��� �0($�7(*� �Ƒ�� DQG� �0($�� &$5%,72/ �○��� �5LJKW�� �'�0� [26] (), 

3D2M+MEG (¨),3D2M+DEG (¸); 3D2M +TEG (Ƒ��DQG��'�0���&$5%,72/� �Ɣ�

%HORZ����.��DV� LQ� WKH�FDVH�RI� WKH�PDVV� WUDQVIHU�FRHIILFLHQW�N�*�� WKH�EOHQGV�FRQWDLQLQJ�RUJDQLF�

VROYHQWV�KDYH�ORZHU�NLQHWLF�FRHIILFLHQWV�WKDQ��0($�ZLWK�WKH�H[FHSWLRQ�RI��0($��0(*�DV�VKRZQ�

LQ�)LJXUH�����$OO�WKH�VWXGLHG�V\VWHPV�KDYH�KLJKHU�REVHUYHG�NLQHWLF�FRHIILFLHQW�WKDQ��0($�IURP

���.� WR� ���.�ZLWK� KLJKHU� LQFUHDVH� DW� WKH� KLJKHVW� WHPSHUDWXUH�� 7KH� EOHQGV� �0($�'(*� DQG�

�0($�&$5%,72/�VKRZ�WKH�KLJKHVW�NLQHWLF�FRHIILFLHQWV������DQG�����WLPHV�WKH�YDOXH�RI�WKDW�RI

�0($��UHVSHFWLYHO\� ����Â��� DQG����Â��� P�NPRO� V� LQFUHDVH���$V�VHHQ�LQ�)LJXUH����DQG�)LJXUH�

���� WKH�GLIIHUHQFH�EHWZHHQ� WKH�NLQHWLF� FRHIILFLHQWV�RI� WKH�GLIIHUHQW�EOHQGV� LV�QRW� DV�KLJK�DV� WKH�

GLIIHUHQFH� EHWZHHQ� WKH�PDVV� WUDQVIHU� FRHIILFLHQWV��PDLQO\�GXH� WR� WKH� LQIOXHQFH� RI� WKH� SK\VLFDO�

VROXELOLW\� �+HQU\�V� ODZ� FRQVWDQW�� �(TXDWLRQ� ����� $V� VHHQ� LQ )LJXUH� ���� WKH� EOHQG� �0($��

&$5%,72/�VKRZV�WKH�ORZHVW�YDOXH�RI�+HQU\�V�ODZ�FRQVWDQW�ZKLOH�WKH�YDOXHV�IRU��0($��'(*�

DUH�EHWZHHQ�WKH�EOHQGV��0($��0(*�DQG��0($�7(*��+RZHYHU��DOWKRXJK�WKH�KLJKHU�+HQU\�V�

ODZ� FRQVWDQW� DIIHFWV� WKH� NLQHWLF� FRQVWDQWV� DQG� FRQVHTXHQWO\� WKH� GLIIHUHQFH� LQ� N�REV� EHWZHHQ� WKH�

EOHQGV�EHFRPHV�VPDOOHU��WKH�V\VWHPV�ZLWK�WKH�KLJKHVW�RYHUDOO�PDVV�WUDQVIHU�FRHIILFLHQW�KDYH�DOVR�

WKH�KLJKHVW�N�REV���0($��&$5%,72/�DQG��0($�'(*��

� � � ��� ��

0RUHRYHU��WKH�GLIIXVLYLW\�RI�&2��LQ�WKH�VROXWLRQ�GHFUHDVHV�DV�WKH�YLVFRVLW\�RI�WKH�VROXWLRQ�LQFUHDVHV�

�(TXDWLRQ������$V�VHHQ�IURP�(TXDWLRQ�����WKH�NLQHWLF�FRHIILFLHQW�N�REV� LV�LQYHUVHO\�SURSRUWLRQDO�WR�

WKH�GLIIXVLYLW\��7KH�LQIOXHQFH�RI�WKH�GLIIXVLYLW\�LV�QRW�DV�KLJK�DV�WKDW�RI�WKH�+HQU\�V�ODZ�FRQVWDQW��

DV� WKH� N�REV� LV� SURSRUWLRQDO� WR� WKH� VTXDUH� RI� WKH� +HQU\�V� FRQVWDQW�� 0RUHRYHU�� WKHUH� LV� D� VPDOO�

YDULDELOLW\�RI�WKH�GLIIXVLYLW\�EHWZHHQ�WKH�EOHQGV��:KLOH�WKH�+HQU\�V�ODZ�FRQVWDQW�YDULHV�LQ�RUGHU�RI�

PDJQLWXGH��WKH�YLVFRVLW\�LV�LQ�WKH�VDPH�RUGHU�RI�PDJQLWXGH�IRU�DOO�WKH�EOHQGV�VWXGLHG��$V�VHHQ�LQ
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)LJXUH� ��� WKH� EOHQGV� ZLWK� 7(*�� '(*� DQG� &$5%,72/� ��0($�7(*�� �0($�'(*� DQG

�0($�&$5%,72/��KDYH�WKH�KLJKHVW�YLVFRVLWLHV�

Figure 16�2EVHUYHG�NLQHWLF�FRQVWDQW��N�REV����/HIW���0($��;����0($�0(*��¨����0($�'(*� �¸���

�0($�7(*��Ƒ��DQG��0($��&$5%,72/� �○����5LJKW�3D2M, measured in Garcia et al. [26] (�),

3D2M+MEG (p���'�0�'(*� �Ƈ����'�0��7(*��Ů��DQG��'�0���&$5%,72/� �Ɣ�

,Q�FDVH�RI��'�0�V\VWHPV��DW�ORZ�WHPSHUDWXUH���������.��DOO�V\VWHPV�H[SHFW��'�0�0(*�VKRZ

ORZHU� PDVV� WUDQVIHU� FRHIILFLHQW� N¶*� FRPSDUHG� WR� �'�0�� )URP� ���� WR� ���.�� �'�0� DQG�

�'�0�7(*�H[KLELWHG�VLPLODU�PDVV� WUDQVIHU�FRHIILFLHQW��+RZHYHU�� WKH�DGGLWLRQ�RI�&$5%,72/

DQG�'(*�LQFUHDVHV�WKH�N¶*� WR�WKH�KLJKHVW�YDOXHV��7KH�UHVXOWV�DW�KLJKHU�WHPSHUDWXUH�VKRZ�VLPLODU�

UHVXOWV�DV�WKH��0($�V\VWHPV��DQG�WKH�PDVV�WUDQVIHU�FRHIILFLHQW��N¶*��RI��'�0�&$5%,72/�ZDV

����WLPHV�KLJKHU�WKDQ�WKDW�RI��'�0�DW����.�

7KH REVHUYHG NLQHWLF FRHIILFLHQWV IURP ��� WR ���. RI �'�0 DQG�

�'�0�0(*�'(*�7(*�&$5%,72/�VROXWLRQV� DUH� LQFOXGHG� LQ�)LJXUH���� ��)URP����� WR����.��

�'�0�'(*�� �'�0�7(*� DQG� �'�0�� &$5%,72/� H[KLELW� VLPLODU� NLQHWLF� FRHIILFLHQW� WKDQ
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�'�0���'�0�0(*��KRZHYHU��VKRZV�KLJKHU�REVHUYHG�NLQHWLF�FRHIILFLHQW� WKDQ��'�0��)LQDOO\�

)LJXUH����VKRZV�WKDW��DOWKRXJK�WKH�PDVV�WUDQVIHU�FRHIILFLHQWV�RI��'�0�&$5%,72/��EODFN�FLUFOHV��

DUH�KLJKHU�WKDQ�WKRVH�RI��'�0��EODFN�FURVVHV���WKH�LQIOXHQFH�RI�WKH�SK\VLFDO�SURSHUWLHV� �(TXDWLRQV

������DQG�����UHVXOWV�LQ�ORZHU�NLQHWLF�FRHIILFLHQWV�RI�WKH�DEVRUSWLRQ�RI�&2��LQ��'�0�&$5%,72/�

FRPSDUHG�WR�WKDW�LQ��'�0��DV�VHHQ�LQ�)LJXUH�����+RZHYHU��LW�FDQ�EH�VHHQ�WKDW�DW�KLJK�WHPSHUDWXUH�

WKH�DGGLWLRQ�RI�RUJDQLF�FRPSRQHQWV�LQFUHDVHV�WKH�REVHUYHG�NLQHWLF�FRHIILFLHQW�FRPSDUHG�WR��'�0��

ZLWK� WKH�H[FHSWLRQ�RI� WKH�EOHQG��'�0��7(*��7KDW� VWURQJ�GLIIHUHQFH�EHWZHHQ� WKH� LQIOXHQFH�RI

RUJDQLF�VROYHQWV�DW� ORZ�DQG�KLJK�WHPSHUDWXUH�FDQ�EH�GXH�WR� WKH�H[LVWHQFH�RI�'(($�FOXVWHUV��DV�

VXJJHVWHG�E\�0RQWHLUR�HW�DO��>�@��7KRVH�FOXVWHUV�DUH�VWURQJHU�DW�ORZ�WHPSHUDWXUH�DQG�FRXOG�HQFORVH

0$3$�PROHFXOHV��ZKLFK�DUH�WKH�RQHV�UHDFWLQJ�IDVWHU�ZLWK�WKH�&2���7KH�VXEVWLWXWLRQ�RI�ZDWHU�E\�

RUJDQLF�VROYHQWV��ZKLFK�DUH�ELJJHU�PROHFXOHV�OHDYHV�HYHQ�OHVV�VSDFH�EHWZHHQ�WKH�FOXVWHUV�IRU�WKH

&2��PROHFXOHV�WR�UHDFW��+RZHYHU��DW�KLJKHU�WHPSHUDWXUH��WKH�'(($�FOXVWHUV�DUH�ZHDNHU�DQG�WKH�

KLJKHU�VROXELOLW\�RI�&2��� LQWR�WKH�EOHQGV�FRQWDLQLQJ�RUJDQLF�VROYHQWV� LQFUHDVH�WKH�DYDLODEOH�&2��

ZKLFK�FDQ�UHDFW�ZLWK�IUHH�PROHFXOHV�RI�0$3$��

7KH�UHVXOWV�DUH�VXPPDUL]HG�LQ�Figure 17 DQG�Figure 18��7KH�ILJXUHV�FOHDUO\�VKRZV�WKDW�
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Figure 17 Mass transfer coefficient k´G (kmol Kpa m s ) of studied 3D2M (black) and 5MEA 

(red) systems at 323K (left) and 353K (right).
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Figure 18 Observed kinetic k obs (s-1) of aqueous 3D2M, 3D2M+MEG/DEG/TEG/CARBITOL
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(black); and aqueous 5MEA, 5MEA+ MEG/DEG/TEG/CARBITOL (red), at 323 K (left) and 353 

K (right)

$V�LQFOXGHG�LQ�WKH�ZRUN�RI�6DGD�HW�DO��>��@��WKHUH�LV�D�UHODWLRQ�EHWZHHQ�WKH�VHFRQG�RUGHU�UHDFWLRQ�

UDWH�FRQVWDQW�DQG�WKH�GLHOHFWULF�FRQVWDQW�RI�WKH�GLOXWLRQ�PHGLD��,Q�WKLV�ZRUN��DV�LQ�6DGD�HW�DO�>��@�

WKH�GLHOHFWULF�FRQVWDQW�KDV�EHHQ�VWXGLHG�UHODWLYH�WR�WKH�GLOXWLRQ�PHGLD�DQG�ZDV�HVWLPDWHG�DV�WKH�VXP

1



RI�WKH�FRQWULEXWLRQ�RI�HDFK�VROYHQW��ZDWHU�DQG�RUJDQLF�VROYHQW���DV�LQFOXGHG�LQ�(TXDWLRQ����>��@�

7R�QRWH�WKDW�WKRVH�YDOXHV�DUH�QRW�DEVROXWH�EXW�UHODWLYH�DQG�DUH�XVHG�IRU�FRPSDULVRQ�RI�WKH�PL[WXUHV�

ZLWKLQ�WKH�WZR�JURXSV�RI�DPLQH�VROXWLRQV�
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DQG�WKH�RUJDQLF�VROYHQWV�UHVSHFWLYHO\��DQG���� DQG��� DUH�WKH�PDVV�IUDFWLRQ�RI�ZDWHU�DQG�RUJDQLF�

VROYHQWV�LQ�WKH�GLOXWLRQ�PHGLD��7KH�PHWKRG�ZDV�YDOLGDWHG�IRU�WKH�VROXWLRQ�RI�ZDWHU�DQG�0(*��DV�

VKRZHG�LQ�Figure 19��7KH�UHVXOWV�VKRZ�DQ�DFFHSWDEOH�UHVXOWV��EXW�VHHP�WR�XQGHU�SUHGLFW�WKH�UHVXOWV�

IURP�$NHUORI� >��@��ZLWK�DQ�$$5'�RI�������

Figure 19 Dielectric constant of 50wt.-% MEG+ 50wt.-% H2O, calculated in this work (¨) and in 

Akerlof [55] (Ÿ)

Figure 19 VKRZV�WKH�VHFRQG�RUGHU�UDWHG�FRQVWDQW�DV�D�IXQFWLRQ�RI�GLHOHFWULF�FRQVWDQW�DW�����DQG�

���.��$W����.��WKH�NLQHWLF�FRHIILFLHQW�RI�WKH�DEVRUSWLRQ�RI�&2��LQFUHDVHV�DV�WKH�GLHOHFWULF�FRQVWDQW
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LQFUHDVHV�� LQ� WKH�FDVHV�RI� WKH�DPLQH�VROXWLRQV�FRQWDLQLQJ�0(*�DQG�'(*��7KLV�EHKDYLRXU� LV�DV

H[SHFWHG��EDVHG�RQ�WKH�UHVXOWV�RI� 6DGD�HW�DO��>��@��ZKR�PHDVXUHG�WKH�NLQHWLF�FRHIILFLHQWV�DW����.�

RI�YDULRXV�QRQ�DTXHRXV�DPLQH�V\VWHPV��+RZHYHU��WKH�VROXWLRQV�FRQWDLQLQJ�&$5%,72/��7(*�GR

QRW�IROORZ�WKLV� WUHQG�EXW� WKH�NLQHWLF�FRHIILFLHQWV� UHPDLQ�SUDFWLFDOO\�FRQVWDQW�ZLWK�UHVSHFW� WR� WKH�

GLHOHFWULF�FRQVWDQWV� LQ�ERWK�DPLQH�V\VWHPV� �0($�DQG��'�0��� $W����.��KRZHYHU�� WKHUH� LV�QR

SDWWHUQ� DQG�DW� KLJK� WHPSHUDWXUHV�GLHOHFWULF� FRQVWDQW�GRHV�QRW� VHHP� WR�H[SODLQ� WKH�EHKDYLRXU�RI�

NLQHWLF�FRHIILFLHQWV�DW�OHDVW�QRW�LQ�V\VWHPV�FRQWDLQLQJ�ZDWHU��)XUWKHU�VWXGLHV�VKRXOG�EH�GRQH�ZKHUH

WKH�FKDQJHV�LQ�GLHOHFWULF�FRQVWDQW�LV�H[SDQGHG�DQG�VWXGLHG�LQ�D�PRUH�V\VWHPDWLF�PDQQHU�

Figure 20 Logarithmic relation of the second-order reaction rate constant k of the absorption of 

CO2 in the solutions and the dielectric constant of the dilution media: 5MEA+MEG (¨), 

5MEA+DEG (¸); 5MEA+TEG (Ƒ) and 5MEA+ CARBITOL (ż).3D2M+MEG (p),3D2M+DEG 

�Ƈ��� �'�0��7(*� �Ů�� DQG� �'�0���&$5%,72/� �Ɣ��: (Left) approximately at 303K; (Right) 

approximately at 353K.

8. CONCLUSIONS
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'(*��7(*�DQG�&$5%,72/��ZDV�VWXGLHG�H[SHULPHQWDOO\��7KH�GHQVLWLHV��YLVFRVLWLHV�DQG�SK\VLFDO

VROXELOLW\�RI�1���2�ZHUH�PHDVXUHG� IURP� ���� WR� ����.�� 7KH�PDVV� WUDQVIHU� FRHIILFLHQW�� N¶*��ZDV�

PHDVXUHG�IURP�����WR����.�ZLWK�D�'RXEOH�6WLUUHG�&HOO��'6&��

7KH�UHVXOWV�VKRZ�WKDW�WKH�VXEVWLWXWLRQ�RI�ZDWHU�E\�RUJDQLF�VROYHQWV�LPSURYHV�WKH�SK\VLFDO�VROXELOLW\�

RI�&2��DQG�GHFUHDVHV�WKH�YDSRXU�SUHVVXUH�RI�WKH�VROXWLRQ��+RZHYHU��WKH�GHQVLWLHV�DQG�YLVFRVLWLHV�

LQFUHDVHV��7KH�PDVV� WUDQVIHU�FRHIILFLHQW��N¶�*��DQG� WKH�REVHUYHG�NLQHWLF�FRHIILFLHQW��NREV� LQFUHDVH�

ZLWK� WKH� DGGLWLRQ� RI� '(*� DQG� &$5%,72/� DW� KLJK� WHPSHUDWXUHV� $W� ORZ� WHPSHUDWXUHV� WKH�

VXEVWLWXWLRQ� RI� SDUW� RI� WKH�ZDWHU�ZLWK� RUJDQLF� VROYHQW� GRHV� VHHP� WR� KDYH� DQ� LQIOXHQFH� RQ� WKH�

DEVRUSWLRQ�NLQHWLFV��$W�KLJKHU�WHPSHUDWXUH��KRZHYHU��IURP�����WR����.��WKH�DGGLWLRQ�RI�RUJDQLF�

VROYHQWV�LQFUHDVH�WKH�REVHUYHG�NLQHWLF�FRHIILFLHQWV�RI�WKH�DEVRUSWLRQ�RI�&2��LQ��0�0($�DQG��'�0�

VROXWLRQV�� ,W� ZLOO� EH� RI� LQWHUHVW� WR� IXUWKHU� LQYHVWLJDWH� WKH� HIIHFW�FRUUHODWLRQ� EHWZHHQ� GLHOHFWULF�

FRQVWDQWV�DQG�NLQHWLF�FRHIILFLHQWV�
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APPENDIX

Table A1 'HQVLWLHV �J�FP�� RI ��ZW���0($���ZW���+�2���ZW���
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�+�2�0(*�'(*�7(*�&$5%,72/

7�
��&�� 0($�:$7(5� 0($�0(*0($�7(*� 0($�&$5%,72/� 0($�'(*

�� ������ ������ ������ ������ �������

�� ������� ������ ������ ������ �������

�� ������� ������ ������ ������ �������

�� ������� ������ ������ ������ �������

�� ������� ������ ������ ������ �������

�� ������� ������ ������ ������ �������

�� ������� ������ ������ ������ �������

Table A4�0HDVXUHG�YLVFRVLWLHV�RI�����ZW����'(($������ZW���0$3$�����ZW���+�2�����ZW���

��0(*�'(*�7(*�&$5%,72/

7���&� �'�0�0(* �'�0�'(* �'�0�7(* �'�0�&$5%,72/

�� �������� �������� �������� ��������

�� �������� ������� �������� ��������

�� ��������� ��������� ���������� ���������

�� ��������� ��������� �������� ���������

�� �������� ��������� ��������� ���������

�� ��������� ��������� ��������� ���������

�� ��������� �������� ��������� ���������

1



Table A5� +HQU\�V� /DZ� &RQVWDQW� RI� 1��2� LQ� ��ZW���0($�� ��ZW���� +�2�� ��ZW����

+�2�0(*�'(*�7(*�&$5%,72/
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Table A8�0DVV�WUDQVIHU�DQG�REVHUYHG�NLQHWLF�FRQVWDQW�RI�WKH�DEVRUSWLRQ�RI�&2��LQ�XQORDGHG���ZW���
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Table A9�0DVV�WUDQVIHU�DQG�REVHUYHG�NLQHWLF�FRQVWDQW�RI�WKH�DEVRUSWLRQ�RI�&2��LQ�XQORDGHG���ZW���
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Table A10�0DVV� WUDQVIHU� DQG� REVHUYHG�NLQHWLF� FRQVWDQW� RI� WKH� DEVRUSWLRQ� RI�&2�� LQ�XQORDGHG�
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