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 �
�� ��� AMP���� ���� ��� �� ��� 20oC���� 80oC�  

!� �
�"#. AMP���� $% 65oC&'�� ���� �() *+,- ./� 0"12, ��3)� 45 �6,

78� 9�: ;< => ./� ?@ A � B#. DEA, MDEA, AMP< => �� �� ���� �� CD�
 EF� G

�� H�0I#. EF��< �� ������ �� J�� 9�:�� KLM� ��CD�- �� ���� MD� N

O PQ� R-#- S� T� �O UV12, WX Y�, Z� [\] ^_7`a => MDb; �� CD�� NO PQ

� cd#- S� HO UV#.

Abstract − Foam decay time of aqueous 2-amino-2-methyl-1-propanol mixture was studied experimentally at various tem-

peratures between 20 and 80oC. Foam stability mechanism was changed at 65oC. For the purpose of analyss of these results

we assume that the additional barrier of foam decay is proportional to operating temperature. We measure foamability at a var-
ious operating temperature and amine concentrations in the aqueous diethanolamine, N-Methyldiethanolamine and 2-amino-2-

methyl-1-propanol mixtures. The results showed that density, viscosity and surface tension play an important role in the foamability. 
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������ ��	 
��
��, ���� ����� ���
�

�, Bio �
�� �� �� �� ���
� �  !"# $% ���

��& �'(	 )*+� �,-. /+0, 12345 67 89�

:6 (;< �����	 => ?@�� �A BCD (0� EF.

�� �' G H�I JKL MN� KO(P �>QR ST.

UVW���X 6Y� �
Z�5 *�([ \X �] ^$� ��

���& W�_� `'_� a�+� Z�� �b(T. ������

�'c d� eLQ	 ��X f _�0 gh_# �L(	 UV W�

N+� �L� �i# Lj� eL7T. �I �X W� ���0 k	

:l ��� �� mnI on� pq(	 ����� 2r5	 as

tD5 '�� O�([, O�u '�X ��vw5 xTy z!# {

|T.

:l0 W� �X ���}5< ~�7 �}� ^� �3T �X L

Y5< ^�� O�(	 �� 8�Q�R �	 �} �5< O�(	

'�O�5 �%< �m uT	 �� �C Q�T[1-2]. ���}5<

O�Q	 '�X � �t5 ��< ��5 t�� � �t S+[, U

6� '�� O�5 �% hF ��� Q= �# �t ST[3-5]. �, '

�� *P O�(	 ���� 2r5	 '�+� C%< mnI on

� pq ;*� :�(P Q-< _vw� :�� � S=� '�� =

0}P d� O�Q; ^�# �+� ��& � � �P uT. :la

� D5 '�� z!# ��3m $%< �� :l ��# �%< '�

# O�c�	 ��� �> Q�+[[6-10] :l_ �& ���*+�

%�%<  ¡¢�& ��(£T[12-15]. �¤ �>¥# �%< ���

� ¦;�� ��� § '�� ̈  © O�7T	 �� EFªT[3, 16-17].

��a�# � § O�Q	 '�5 z!# {}	 C«¥X ¬P _

� asa­� ��(R« (	 � ¥� ��* � � 0® � ST.

asa­+�	 ?t, mn¯° �� ST. ��R '� ¢�5 z!#

{}	 ��* � �	 ±t, ²t ��R ¦;�� �� ST.

nf_5< '�� O�Q	 asz³X  ¡(froth)z³�[ � z³

�5< mn¯° :�	 '�¢�& :�c�P uT. �´0 mn ¯
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°� �° :�(µ< asz³� �¶(spay)z³+� ·¸; '�X

'� O�Q= �	T. RennieI Evans[18]5 �(; nf>¹# mº

+�7 Reynolds �� 2,1003T ¬P Q; '�� »¼TR (£R,

De Goederen[19]	 mn� ¯v°t� 0.5 m/s 3T ½ 2r '�� »

¼TR (£T. ��R �� ¡(mixed-froth)z³�0 �¶z³, (¾

85<t '�� O�7T. ¿J '�À�& %Á(	 MN+� ��

d� eLQ	 �X '�Â��& Ã�(µ '�� O�Q	 �# Â

�(	 MN# eL(R ST.

'�� O�# Â�(m $%< � �(antifoam agent)Ã�� À�&

%Á(R S+0, JeL Lj� � � Ä* �� À�±# �m(Å

�, '� O� G aÆ5 67 3T ÇÈ*C pÇ� ÉA(T. k7 Ã

�u � �	 �L� �i� W� vw5t z!# {Ê � S+[, H

�& (= �R MË� 2r 12À�& �+�mt 7T.

È �>5<	 ����� vw� as ̂ $& ��Ì ÍÎ(m $%<

'�«n� ��� �Ï m>, Ð* Ñ� �# ��# �%< ��3ÒT.

2. ���� 	 
�

'�� ��� �Ï m>Ó ��3m $7 ��# Fig. 1� �� �

� �}& >�(µ �Ô(£T.

��_� mº_� �2X 5 cm�R ¢�	 25 cm� >�Q-S+[,

column# �D+� >�(µ ?t aÆ# � � SP ��Q�T. '�

��# $%< ���}°+� ¯ÕQ	 mn� Ö# ¯Y�& �%<

� ¯°# aÆ� � SP ��Q�T.

2-1. ��� ����(foam stability) ��

�i�Lo� '� ×��t& �m $%< '�� �Ï°t& Î�

(£T. '�� ×��t	 �{ ��Q-S	 '�� ×��t& Î�

(	 �+� ��7 asa­(5< ØÙ0 ÚÛÐ× '�� Ü�S	

=& � � S	 ���T.

��_5 �i �Lo# ÝÞ ß5 �m& ���} ×+� �Õ(µ

'�# O�càT. -á �t ×�u '�� ��u ß5 âã& �L

(µ< mn� ¯Y# aÆ(µ ��7 ¢�5 tä� § å= '�#

�� càT. '�� æm ¢��	 on �;+�çè 9 cm� Q�#

§ mn� ¯Õ# éR ��u '�� �ê �Ï� § å= '�� �

Ï °t& Î�7T. �i �Lo� 2r5	 ëì* íX �î# �=

R S	 '��m §À5 �ÏQ	 ¢�& Î�(µ mï(£T. ð �

î# �=R S	 '�� �Ï°t Î� c5	 Manometer0 �} $

5 S	 ]��& �L%< ]�# Î�7 ß ]�ñ��çè '��

;* ñ�& Î�(£T.

2-2. ��� 	
�(foamability)  ��

'�� ��t	 ��7 asa­ (5< '�� O�Q	 �t& ¡

([, '�� ×��t� �{ ��u '�� =°�# ò7T;, '�

� ��t	 Zó ��Q	 �t& ò7T. '� ��t Î�# $%<

�m� ¯Õ ¯Y# '� ��5 �� ¯�7 asa­C 21.26 cm/s�

��(P ¯= c��R ��7 mn ¯Y (5< '�� æm '� �

� ¢�& Î�7T.

2-3. ��
 
�� �


2-3-1. 2-amino-2-methyl-1-propanol �Lo� ²t

AMP(2-amino-2-methyl-1-propanol) �Lo� ²t	 Shou �[19]�

3R& �L(£T. �¥X 20-90oC� ?t ^$I '� h^$5 ô

| �i õt5 67 ²t& Î�(£T. �¥� Î� Á�	 Tó Fig.

25 0ö��T.

2-3-2. 2-amino-2-methyl-1-propanol �Lo� ±t

�i �Lo� ±t	 Shou �[19]� AsitI Syamalendu[20]� 3R

7 «÷& eL(µ È ��� ��}� �L(£T. Fig. 35 �¥�

Á�& 0ö��T.

Fig. 1. Experimental apparatus.
1. Test column 16. Air gas
2. Reference column 17. Pressure gauge
3. Glass frit 18. Pump
4. Amine/water solution 19. Flow meter
5. Circulator 10. Manometer Fig. 2. Densities of aqueous AMP solutions.
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3. ���
 	 ��

3-1. ��� ����(foam stability) ��

�U*+� ø×�7 '�� 2r5	 æm5 jr ùúP '�� �

Ï QT� on¦;� p(R S	 7, ê û� jr ×�7 '� û�

Ü�SP Q	 2rI �´7 '� û� �m= �R �ê �ÏQ	 2

r�ST. CO2 W��� eLQ	AMP(2-amino -2-methyl-1-propano)

�Lo� 2r5	 ?t ñ�5 ��< ê �=� <� Tü '� �Ï

ýþ& 0ö�R Só� 8� Q�T. 20oCçè ?t� "ÿ��ï '

�� ùúP �ÏQ	 �� 8�Q�+[, ùúP �� '�� �ÏQ

	 �# � � S�T. Fig. 4�çè c�5 ��< �ý*+� ��7

T	 �# � � ST. ��R �Ï°tC dL/dt	 1.8-2.4(cm/s)� �#

��+[, ?t� :� ��ï ±�*+� :�(£T. �´0 �� ?

t� 65oC �"� Q; ��Q�� �� '�� �ÏQ	 �� ���

×��u '�û� �ÏQ= �R Ü�SP QR ¨ �" c�5 ��

< ��*C �Ï ýþ& 3�= �P uT. Fig. 55 0ö@ �	X �

I �X �� Á�& 0ö
 �+� 30oCI 65oC� �� Á�& <�

ëì7 ��T. 3�� 2r5	 ?t� "ÿ(P Q; '�×� mn

� ��(P Q-< '�� �Ï# q¼('0, �X ?t5< 
ý ¦

;û(geletinus surface layer)# ý�(� on¥� ?t� :��5 �

�< �� ¯n�(structureless newtonian fluid)� ñ� Q-< '��

�ÏQ	 Ö"# 3�R S+0, AMP �Lo� 2r5	 ÚÌ� ?t

� :� (µ ��?t(È ��5<	 65oC) �"5<	 ��u '�

� �ê �ÏQ= �R ×��u '� û# ý�(	 �� 8� Q�T. 

�I �� ?t "ÿ+� C7 '�� ×��� ¾�Q	 ¿"X '

��Ï5 ÉA7 5�= ��(energy barrier)� 65oC�(� �? z³

5<	 � �# �== � (T� 65oC�"5<	 '� �Ï# M%(

	 A�� �L(m §À�T. as?t� :��5 ��< 5�= �

� ³c :�(P QR, �´7 5�= ��� '��Ï# M%(P u

T. ��5 eLu AMP �Lo� 2r5	 65oC ÇZ5< '� �Ï

m>� ñ�(	 �� 8�Q�T.

'� �Ï5 67 5�= ��� z!# � (1)� (2)Z� 0ö� �

ST.

(1)

(2)

µm< L(t)	 '�� ñ�°t& 0ö�R, E	 '� ×��5 67

5�= ��� uT. ��R τ	 mºc�� uT.

� (2)5< 0ö@ �Z� 65oC �(� z³5<	 5�= ��� z

!� �-< '��Ï°t& ��+� 0ö� � S+0, 65oC �"�

z³5<	 5�= ��� z!5 �%< '� �Ï °t& ¨ �" �

�+� ¦¿� � �P uT.

�, � (2)5<	 65oC �(� ?t5< a�	 �Ï°t ��+� '

�� ��(P Q[, Fig. 4�çè 1.8-2.0(cm/s)� �# ��T. 65oC

�"� ?t5<	 ��*C �Ïýþ& 3�= �+[ 5�= �é5

�%< '�� »=	 �� M% �	T. Fig. 5�çè 5�= ���

mºc�� ëC E/τ �# ��+[, � �X 0.1207�T.

Fig. 6X �X ?t ��# êR ?t� "ÿ�5 ��< ��c� Ð

× '�� �Ïu �t& 0ö
T. ?t� :� ��ï '�� �Ï °

t	 ��=	 �# � � ST. �´0 65oC �"� Q; '��Ï�

m>� ñ(P QR, '�� æm �Ï°t	 ?t5 ��< z!# �

L t( ) at  exp
Et–
τ

-------- 
 –=

L t( ) at+b  exp
Et–
τ

-------- 
 –=

Fig. 3. Viscosities of aqueous AMP solutions.

Fig. 4. Foam decay time AMP 10 wt%+pip 1 wt%.

Fig. 5. A campare with two different decay mechanism (AMP 10 wt%+
pip 1 wt%).
���� �41� �6� 2003� 12�
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= �P uT. �, 65oC �(5<	 Fig. 45 0ö@ �Z� ?t� :

��5 ��<, �Ï °t� :�(P Q0, 65oC �"5<	 ��+

� ¦¿u æm �Ï °t	 ��(P uT. Fig. 6X �X ?t ��

(∆10oC)# êR ?t� :��5 ��< ��c� Ð× '�� �Ïu

�t& 0ö
T. ?t� :� ��ï '�� �Ï °t	 ��=	 �

# � � ST. �´0 65oC �"� Q;, '� �Ï� Ñ�� ñ(P

QR, '�� æm �Ï °t	 ?t5 ��< z!# �= �P uT.

Fig. 6X Fortes[22]� �c7 j�ñ� λ& �L(µ ?t ñ�5 �

ü '� ×��t� ñ�& tc7 ��T.

j�ñ� λ	 Tó� �� �� uT.

(3)

� ?t >�5 �ü '�� �Ï °t	 �� ?t5< �R �# �

,T� ?t� ¨ "ÿ(P Q; ��(P uT. 50oCå=� ?t z

³5<	 '�� �Ï °t� ��(P ��=P Q=�, 50oC5< '

� �Ï� m>� ñ�(P Q	 65oCå=	 ?t� :��5 ��

< '�� �ÏQ	 °t	 :�(m	 (0 � �� ±±  -¥-<

65oC�"5<	 ñ�� �P uT. �, 20oC5< ±�*+� as?

t� :��5 ��< '�� �Ï °t	 :�(P Q=�, ��?t

�"� Q; '�� �Ï °t	 ?t� :�(¨�t ¨ �" :�(

= �P uT. Fig. 65< 0ö
 �� �� ∆T& eL(µ 5, 10oC�

?t ��5 �7 '�� �Ï �t& ?t!� 0ö"+�< '��

�Ï °t� #�+� 0ö0	 65oC5 tä Q; ?t� "ÿ(¨�

t Fig. 55< ��+� ¦c Q	 æm �Ï°t	 ñ�(= �P uT.

3-2. �� 	
�(foamability)� �� ��

'�� ��t(foamability)	 ��as a­(5< '�� O�� �

S	 b�# ¡7T. Bikerman[23]5 �%< '� ��t�	 �{�

“foamability”k	 “foaminess”� �$� tÕQ�+[, È ��5<	

'� ��t Î�# $%< mZ� ¯Õ ¯Y# 21.26 cm/s� ��(P

¯= c��R ��7 mn ¯Y (5< '�� æm �� ¢�& Î�

(£T. æm '� �� ¢�	 as ?tI ¯ÕQ- ¥-Ú	 mn�

¯° �� �X ��7 asa­(5< �i ���� O�� � S	

�6 ¢�& ò7T.

Fig. 75	 diethanolamine(DEA) �Lo5 67 �� Á�& 0ö�

�T.

�� DEA 5, 10, 20 wt%5 67 �� Á�& 0ö�R S+[, as

?t� :��+� C%< '� ��t� :�(	 �# � � ST.

Diethanolamine � õt :�5 6%<	 10 wt% � § �� ¢X �

# 0ö�	 �# % � ST. �I �� as ?tI 6" �i� ?

t ñ�5 �ü Á�	 diethanolamine �Lo� �� ñ�5 �ü �

+� % � ST. �, diethanolamine �Lo� ²t, ±t, ¦;���

�X ��¥� z!# ��< '� ��t& 0ö�	 æm '� ��

¢�� Á�uT.

Fig. 8� 9	 �� N-Methyldiethanolamine(MDEA), 2-amino-2-methyl-

1-propanol(AMP) �Lo� '� ��t& as ?t5 ��< 0ö


��T. Fig. 7� diethanolamine� Á�I �� as ?t� :� ��

ï '� ��t� :�(	 �# % � S+[, ���5< �i� õ

t� :� ��ï '� ��t& 0ö�	 æm '� �� ¢� � :

� (T� �� õt �ß5	 ��(	 Á�& 3µ �R ST. 

Fig. 10X ��5 eLu 3&l� Tü �i ���C diethanolamine,

N-methyldiethanol amine ��R 2-amino-2-methyl-1-propanol� õt

:�5 �ü '� ��t& 0ö�R S+[, as?t	 50oC �§�

Á�& 0ö�R ST.

3-2-1. '� ��t5 {}	 ²t� z!

���� ²t� :� ��ï '�� ×��tI '� ��t	 ��

λ  ln∆ L
 ln∆ T

-------------- −̃
L1 L0–( )
T1 T0–( )

---------------------=

Fig. 6. Change of the rate of foam decay time according to the operat-
ing temperature.

Fig. 7. An effect of operating temperature on the foamability (DEA/
Water).

Fig. 8. An effect of operating temperature on the foamability (MDEA/
Water).
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(P uT. '� ×��t� 2r ���� ²t� :� (P Q;, '

�# �,R S	 on¥� '�(drainage)� D�5 �%< ¨ ùúP

¼ÔuT. ��< ��u '�X 3T (P »-=R ø×�(P uT.

'� ��t� 2r5	 ¯ÕQ	 mnI �) on� �� "ÿ(µ

'�# ý�(P QÅ�, ���� ²t� :� (P � �ï D�� z

!#  ̈d� �P Q-< '�� ��Q	* -��� �mP uT. �

� Á� ³c �I �X e�# 0ö�R ST. as ?t� :� ��ï

���� ²t	 ��(P QR, ���� '� ��t	 :� (P uT.

��R �i �Lo� õt� :� ��ï ���� ²t	 ��(P Q

Å� (Fig. 2) '� ��t ³c õt :�5 ��< :� (P uT.

Fig. 105 as?t� 50oC �§ ���� ²t ñ�5 �ü '��

��t& 0ö��T. � �	+�çè '� ��t5 {}	 ²t�

z!� ±t0 ¦;��� v�5 ë%< �T	 �# � � ST.

3-2-2. '� ��t5 {}	 ±t� z!

�i ���� ±t� :� (P � �ï '�� ��t	 ��(P

uT. ²t� '� O�# Â� (	 ��	 Tü � � ±t� :�

��ï '� ��# Â� (P Q	*, ̄ ÕQ	 mnI �) on� �

� "ÿ(µ< '�# ý�(P Q	* S-< �i �Lo� ±t�

:� ��ï mn� "ÿ5 67 �+� :� (P uT. �, ��7 ¯

°��	 ��a­ (5< ���� ±t� :� (P Q; ����

� ¥-Ú	 mn� �=R S	 ,5 67 on� �+ �� x=P

QÅ� mnI �) "ÿ � � S	 on� Ö� ��(P uT. �´

7 Á��çè ±t :�5 �ü '�� ��t	 �� (PuT.

�� Á�5 0ö@ �Z� as ?t� :� ��ï �i �Lo�

±t	 ��(P QR, ���� õt� :� ��ï �i �Lo� ±

t	 :�(P uT(Fig. 3). �´7 ±t :�� z!+� ��7 õt

�"5< '�� ��t	 ��(	 �-# 3�P Q	 ��T.

Fig. 115 ±t ñ�5 �ü '�� ��t& 0ö��T. ����

±t� :��+� C%< '�� ��t� ��(	 �# � � ST.

3-2-3. '� ��t5 {}	 ¦;��� z!

'� ��t5 z!# �	 ��+� �� ¬P �L(	 �+� ¦

;��# �� � � S+[, ¦; ��� :� ��ï '�� ×�t

	 ��(P uT.

as ?t� :� ��ï �i �Lo� ¦;��X ��(P QR

'� ��t	 :� (P uT. ��R �i �Lo� �i� õt� :

� ��ï ¦;��X ��(P QR '� ��t	 :� (P uT.

Fig. 125 ¦;��5 �7 '� ��t� ñ�& 0ö��T. DEA

�Lo� 50, 60oC5<� Á�& 0ö��T.

Fig. 13X �i� õt� :��5 ��< ²tI ¦;�� ��5 �

ü z!5 �%< �X �i õt z³5<	 '� ��t� :�(	

2!# 3�T� �i� õt� :� ��ï ±t� z!� ²tI ¦

;��� v�& ".(µ '� ��t� ��� u ��T.

nf_� 2r O�Q	 (�/� 0È ���� '� O� �t&

Fig. 9. An effect of operting temperature on the foamability.

Fig. 10. Density effect on the initial foam height.

Fig. 11. Viscosity effect on the initial foam height.

Fig. 12. Surface tension effect on the initial foam height.
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4. � �

2-amino-2-methyl-1-propanol �Lo� '� ×��t	 as ?t5
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a : constant

b : constant

d : plate hole diameter

HF : foam height

Hi : initial foam height

vs : superficial velocity

Re : reynolds number 

We : weber number 

���� ��

α : experimental constant

µ : viscosity

ρL : liquid density

σ : surface tension
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