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Abstract − Succinic acid has recently been drawing much interest as a raw material for biodegradable polymer. In this study

succinic acid was separated by reactive extraction with tertiary amines dissolved in various diluents. Distribution coefficients

were determined as the function of TPA(tripropylamine) concentrations, diluents, and chain length of tertiary amines. The

extraction capacity increased with the polarity of diluents, the concentration of TPA in organic phase and the chain length of

amines. Furthermore, the coextracted water into the organic phase enhanced the solubility of succinic acid into organic phase. 
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/01 ���� 2�3 45� #�$% &'()6 789:;1

<=>
 ? . @A #�$% &'()6 .B� CD &'()6 5-

10E FG�H; IJ� ��/F� KF6 LM� N� #�O.6

JP� QRS [1, 2].

���6 �TU maleic anhydrideV 789:; $1 WXY. Z

[3 W� Z[� N$ #��U �\I] KF� 6$ �^�_�

 . `ab !"�U c^d(e f� A#.g� 78V ��� M

hKF� N� ��� #�� iR�
 ? . Glassener �� Anaer-

obiosirillum succiniciproducensV ��� MhKF� N$ ����

�T/j [3]. `ab Mh;kl m�n ���6 F�U o� -C

p `�
 Eqr6 sa 5t9 �u; ]� �vw� .q
 ? .

qxyq Mh� 6/s #�S ���6 F� z{u;U s3-|

}{, ~F�{, �-� ��{ � sa .q. ? . /q� �a�

F� z{� 
�� �%� �� O�� #�� �$1U �� F�

��3 45� tG. o U O�� .q
 ? .

Z[ ��� <; ��� ��� ��� ��z{u;1 ��3 �

	
��36 
��V �%�� �C�u; ��$ rU z{� [4].

�a� ��� ��� ��� ��6 �C%� ��� �u; �3

Z[/s �� �%� U ��� "�$1 �$n . CD6 �XV

C�u; /U �d�� ��V ��� ��3 ��3 f� :XV

C�u; � Z[��6 C�I] ��U W���1 �C�u; �

� }�� � �6  %�6 �¡� . ¢, �XV C�u; � ��

�1U W���16 �6 £Ce �C��16 WX~�6 £C.

��6 ¤G�q� ��� ¥�� �C�u;6 ��� �C�� 4

�� �u; ¦§��qq ¨
 Oq ©ª« �u; ¦§S . `¬

1 ��6 ¤G. �­©ª«6  �®3 �6 '¯°36 ~�FG

. S . �a� ��� ` ��g� �± ²�b1 ³ �E�WV

.q´ ,q�U ��6  µIu; .g� Z[�V ¶3/CG �

 . ���U 1� ��kl 3� ��yq ?q� ��g� 3� ��

� .� ·´ z¸¹ ��� ��g� ��� ��� �$ º» ¼

q ¨ . `ab �a� ½¸� ���U ¾¿�(diluent)� À'  

	Á bÂbCG � . ��3 Z[/s #� ���. �C�� Ã

Ä� W ?Uq6 sk. ÅQ� ]� Å6 /b� .
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s �C��V AÊ�/s ��Ë W ?u´, ÌÍG. �± ��1

�� �� hÎ� Ï�
 Ð� IJ� ��6 ÌÍ� CD6 ��z

{Ï  �ÑqV JP�­ W ? .

� ÒÓ�1U 3� ��� �d�� ¾¿�e Ô�� ��V ��

/s ���6 Z[��� *� sa Õ%Ö� iR/j . Ð� �

C�u; ¡Z���U 96  � ×F/H;1 ¡Z���U 9�

��Õ%� ØÙU Ú¸� 
Û/j .

2.� �

2-1.����

� �Ü�1 ��� 3� ��� Aldrich�6 ���´ 99% ��6

tGV .q´ �Ü� F�/q ¨
 `*; ��/j .

Z[��� ��S Ê% ¾¿�U 99% ��6 tGV .qU Al-

drich�6 1-kÝ�, 1-Þ��, 1-ßÝ��´ �Ü� �.I] F�à

� `*; ��/j .

���� SIGMA��1 á�/U tG 99% ��� ~F� -âW

� �$�� ��/j . �� MhT�1 m�qU ���6 ãG.

50 g/Lä� 
v/s ��� W��� �T/j .

2-2.���� � �	

���6 Z[��� �$ å�S ãG6 ��� W�� 10 mle

��� æ¥� �C�� 10 mlV 25 ml ç�è� é
 F$n ®G

V �q/´ 1,000 rpmu; 2�ê ¡ë ��/j . `�
 ��È 7

,��C�1 4,000 rpm�1 15�ê ���V ��/j .

���6 ãGU 0.05 N NaOHV ��/s IF/ju´ q��u

;U ìíîïð]� ��/j .

�C��16 96 ãGU Fisher Scientific6 CoulomaticTM K-F

titrimeter Model 447� ��/s ×F/j .

3.�� 	 
�

3-1. 
��
�� succinic acid �� � TPA�� ��
 �� �

���� ��

Table 2�1U   � �d�� ��� *� �E�We ��hÎ�

*� �Ü~3V bÂrñ . ��hÎ(E)�  ò3 f� F6/j [5].

(1)

sC�1 U ¶C W���16 ���6 ãG�´ U ó

â��16 ���6 ãG� . �d�� Ê%��6 ½± ��ô�

. ô�:Wõ ö%� o�qÁ S . Table 2�1 Ï÷� Ê%��6

ö%� øWõ, ��ô�. ù�:Wõ �� �E�We ��hÎ�

Ï�
 ? .

��� ���; � ���6 Z[���  ò3 f� �^�qÁ

S .

(2)

(3)

(4)

�6 �Ö�1 A, B, DU úú ���, ��, ¾¿�V bÂr´ over-

barU �C�� û� . � (2)U üZI] Z[���1 �3 ���


��V �^U Z[�� . `ab � iR�1e f� ö%� ý

� �d�� ¾¿�V ��Ë ½± � (3)3 f� ¾¿�6 ük. �

-�� 
��e ~�/s �-��-¾¿�e f� 
��V �%Ë W

?Á S . � (4)U ¾¿�� 6� 9�I] ��� bÂþ .

Fig. 1�1U 0.25 mol/kg TPA/�d� ¾¿�� *� ���6 �E

�WV bÂrñ . Ê% ¾¿�; ��S �d�6 ½± 1-kÝ�,

1-Þ��, 1-ßÝ�6 t1; ö%� ÿ�ÖÁ S . Fig. 1�1 Ï÷

� �C�6 ��g� Ê% ¾¿�6 ö%� -.ËWõ ¸��� �

W ? . �U Ê% ¾¿�6 ö%� -.ËWõ �C�-TPA 
��

E %( ) = 

CSA i,
aq

CSA
raff

–

CSA i,
aq

--------------------------- 100×

CSA i,
aq

CSA
raff

pA+ qB Ap Bq–↔

A + B D+ A B– D–↔

A  A↔

Table 1. Chemicals used in this study

Chemicals Structure Molecular weight Density 

Tripropylamine(TPA) (CH3(CH2)2)3N 143.27 0.735 
Trubutylamine(TBP) (CH3(CH2)3)3N 185.36 0.778 
Tripentylamine(TPeA) (CH3(CH2)4)3N 227.44 0.782 
Trioctylamine(TOA) (CH3(CH2)7)3N 353.66 0.809
1-Butanol CH3(CH2)2CH2OH 074.12 0.825
1-Hexanol CH3(CH2)4CH2OH 102.20 0.809
1-Octanol CH3(CH2)6CH2OH 130.20 0.825
Succinic acid(Crystal) COOH(CH2)2COOH 118.10 1.560

Table 2. Extraction results of succinic acid by various solvents

1-Butanol 1-Hexanol 1-Octanol 1-Decanol

D 1.4248 0.8096 0.4347 0.3873
E(%) 58.76 44.74 30.30 27.92

Fig. 1. Distribution coefficients at TPA/various diluents.
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� *� �$G. ��� 6Ø� [6].

1-kÝ�� Ê% ¾¿�; ��/j� ½± TPA6 ãG� ÀÆ �

��6 �E�WU Fig. 2�1 Ï÷� TPA6 ãG. ��:Wõ �E

�W. ��q´ ` �� �� W���16 ���6 ãG. o�

Wõ �qÁ S . �U TPA6 ãG. -.¥� À'1 ���-��


��6 W. -.¥� 6Ø/´ � ��6 ���� 2L ��6 �

�� ~�/q ¨ò� 6Ø� . ��/0 2. �	
�� Å�1 �

		�(trans-butenedioic acid)3 
�(cis-butenedioic acid)6 ½±U

C/\I] *�%� .q
 ?q� ���(butenedioic acid)U C/

\I] *�%� .q
 ?q ¨C �Ó� . À'1, f� C4��'


 /4'G Å,� ?U C-C ~�� *� �} ��G.  	Á S

 . ���6 ½± Å,� ?U C-C ~�6 �}� N$1 ��Iu

; WX~�� �
 W. ?�1 � L6 ���� 2L ��6 TPA

. ~�/q �/Á S . `ab C/\I] *�%� ?U �		

�3 
�� Å,� ?U C-C ~�� *$1 �	
�C. 
F�

�C �Ó� ���� �$ ��Ö�� WX~�� �
 W ?U .

g%� ÿ�ÖÁ S [7-9]. `aH;, ��� 1��� 2�� ��6

��� ~�/Á � ½± TPA6 ãG. -.�  /4'G ��g6

³ ��U C*Ë W àÁ S .

1-Þ��3 1-ßÝ�� Ê% ¾¿�; ��/j� ½± ���6 �

E�W6 ��V Fig. 33 4� bÂrñ . f� ãG6 TPA� *$

1 �E�WU 1-kÝ�>1-Þ��>1-ßÝ�6 t1; PX/´ �U

�Ö Ê% ¾¿�6 ö%��e üÙ� . Ð� TPA ãG� ÀÆ �

E�W6 ��U 1-kÝ�� .� ·´ 1-Þ��3 1-ßÝ�6 t1

; ` ���� ÿ�� .

3-2. 3� ��� ����
 ��  !"#� ��

Ê%��] 1-ßÝ�� ¾¿�; /s 3� ��6 ��ô�� ÀÆ

��Õ%6 ��V Fig. 5� bÂrñ . f� ãG6 �� ����

*/s �E�WU 3� �� ��ô�. ô�:Wõ -./j . ü

ZIu; 1� ��3 2� ��6 �C%� �� ��6 ��ô�.

��¥� À' Ú¸� �� >q ¨U �u; �v_ ?q� 3� �

�6 ½±�U ��6 ��ô�. ô�:Wõ �C%� -./U �

u; �v_ ? [7]. ��/1-ßÝ�; R%S ����1 1-ßÝ��

6� 9�I] ���� ��Ë W ? 0 ��6 ��g� �-��


��V �%/U FG� �v?u´ �U ��6 �C%� -.Ë

Wõ -./Á S . À'1 ��6 ��ô�. ô�:Wõ ��g�

¸�S 
 Ë W ? .

3-3. Loading $� ��
 %& '	

� iR�1U loading(Z)��  ò3 f� F6/j .

(5)

� ��1 U �C��16 ���6 ãG�
 CB,iU ¶C�

�C�� æ¥S ��6 ãG� .

Fig. 6�1U TPA/1-kÝ���1 TPA6 ãG��� ÀÆ loading

Z = 
CSA

Org

CB i,

-----------

CSA
Org

Fig. 2. Distribution coefficients at various concentration of TPA/1-
butanol.

Fig. 3. Distribution coefficients at various concentration of TPA/1-hex-
anol.

Fig. 4. Distribution coefficients at various concentration of TPA/1-
octanol.
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�6 ��V bÂrñ . üZIu; �C�3 ��� (1,1) ÐU (1,2)


��V �%/U ½± Z<0.5�1U ¶C ��6 ãG. -.ËW

õ loading�� -./Á �´ Z>0.5�1U ¶C ��ãG. -.Ë

Wõ loading�� PX/Á S . Ð� loading� }�� ��1 ¶C

��6 ãG. -.ËWõ loading�� ·Á PX/U ½±�U �C

�-�� 
��� Ê% ¾¿�. ý/Á ��/s �-��-Ê% ¾¿

�e f� 
�� ¢ (1,1,1)3 f� ��V �Á S [8]. 1-kÝ�6

½± 1-Þ���b 1-ßÝ�� �$ ö%� �± ý/´ ��6 ·C

G �*Iu; ��1 �-�� 
��e ~�Ë W ?U .g%� �

 . /q� 1-Þ���b 1-ßÝ�� 1-kÝ�3U �� (1,1) ÐU �

��6 ��ê6 WX~�� 6� (2,2) ��6 �-�� 
��. �

%� W ? . TPA/1-kÝ�6 ½± ¶C ��6 ãG. -.ËWõ

loading�� ·Á PX/U� �U 1-kÝ�6 ý� ö%u; ]$1

1-kÝ�� �-�� 
��e ~�/s �-��-1-kÝ�3 f� 
�

�V �%¥� � W ? .

3-4.() !*+ ,� -� ).  !"#
 /0+ 12

�� �C �:6 �C��� *� �$GU �C��� f� �$

�� ?U 9� 6$ -.� W ? . �		�3 ��� `�
 �

¯î�(adipic acid)6 ½±� ���b  Æ }� Ks ���1 ¡

Z��S 9� 6� �$G ¸�� Ï
�ñ [10]. �V Ö�, �¯

î�6 ½± 9� æ�S � ��ø;Þ�Ò(methylcyclohexanone)

�16 �$GU 9.7%(w/w)jub �W � ��ø;Þ�Ò6 ½±

�U ` �$G. 1.6%(w/w); bÂ! .

9� 6� �$G -.U 9� æ¥S �:-�� ��16 ��ê

]"� 9� æ¥�q ¨� �:-�� �6 ��ê ]"Ï  �qÁ

�u;1 M#/Á S . �¯î�-9-� ��ø;Þ�Ò �6 ½±

�:6 �$GU 9�b �� O#u; DA/U ½±Ï  9� æ

¥S ���16 �$G. 4 · 
 Ï
�ñ . ��� �:3 9

`�
 ��. 3� $%�&(solvate) ÐU 
��V �%/jò� 6

Fig. 5. Distribution coefficients at various chain length of tertiary amine.

Fig. 6. Variation of loading values at 0.25 TPA/various diluents.

Fig. 7. Water enhanced solubilities of succinic acid at TPA/various dilu-
ents.

Fig. 8. Water enhanced solubilities of succinic acid at various chain
length of tertiary amines.
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�

al

A.:

ion

ia,
Ø/´ �Ö 
��6 rk6 ]"� �:-9, `�
 �:-�� �

�6 ]"Ï  · U �� 6Ø� [11]. 2�6 ½±�G �C�u

; ¡Z��S 9� 6� 2�6 �$G -.. Ï
�ñ [12].

Fig. 7�1U �C�u; ��S ���6 ãGe �C�u; ¡Z

��S 96 ãGe6 +�V bÂrñ . ~3�1G � W ?÷�

�C�u; ��S 96  � �d�6 ö%� øWõ ��qÁ S

 . À'1 ¡Z��S 9� 6� ���6 �C�� *� �$G -

.. �^�qÁ S . ¢, ¡Z��S 9� ��� 6� ���6 �

��U ³ Ú¸� àq� Ê% ¾¿� O#� 6� 9�I ��� Ú

¸� å .

Fig. 8�1U ��6 ��ô�� ÀÆ ¡Z��S 96  6 ��V

bÂrñ . TPeA(Tripentylamine)yqU ��6 ��ô�� À' �

C�u; ¡Z���U 96  � -./jub TOA(Trioctylamine)

6 ½± ¡Z���U 96  � TPeAÏ  '�qÁ S . �U TPeA

yqU ¡Z���U 96  3 ��g� �(/b TOA6 ½±U ¡

Z���U 9� 6� ���6 �$G �)� �$ TOA6 ý� �

C%� 6� �-�� 
�� �%� Ã�u;1 ��g� ¸��U

�u; $¿Ë W ? .

4.� �

!"Ö� �	
�� Å�1 ���� #�$% 
��6 789:

;1 <=>
 ? . � iR�1U   � ¾¿��1 3� ���

���V ��� Z[��� N$ ���� ��/j . ` ~3 ¾

¿�6 ö%� øWõ ��g� �q´ TPA6 ãG. -.ËWõ �

�g� -.¥� � W ?ñ . Ð� 3� ��6 ��ô�� À'1

��g� -./U �u; bÂ! . �C�u; ¡Z ��S 96

ãGV ×F¥u;1 �C�u; ¡Z��S 9� 6$ ���6 �

$G. -.¥� � W ?ñ .
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