
HWAHAK KONGHAK Vol. 37, No. 4, August, 1999, pp. 504-509
(Journal of the Korean Institute of Chemical Engineers)
LaM��� ����� 	
��
� 	���� ��� �����
��� ���� ��  !"

���*�������	†

����� ����	�

*����
� ���

(1998� 10� 15� ��, 1999� 4� 12� ��)

Influence of Reaction Conditions on Activity and Selectivity in the Synthesis
of Methylamine from Ammonia and Methanol over LaM

Won-Dong Cho*, Dong-Heun Kang and Baik-Hyon Ha†

School of Chemical Engineering, Hanyang University, 17 Haengdangdong, Sungdongku, Seoul 133-791, Korea
*Samsung Chemical Technology Center, Taejon 306-380, Korea

(Received 15 October 1998; accepted 12 April 1999)

� �
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 ����� LaM
 ��� �� ���� ����
 XRD, �

�� IR  �!" #$!� %�&'	 ()*
+, (-'. /0 1 /0�2, /034, 5678 9 %�&'/()

*� :
 ��7;< =�> DMA� ?@�� A�!BC. D 7E� FG �D =�> ?@�� ��H 80 h I 1

H JK�L MN�< �2OP  QR =�� ST!< �2  QR U�V� ��T W XY 1 DMA� ?@�� T

Z [C. LaM� HM\C =�] ^ _KL� DMA� ?@�� `1 HM� 30%  :a b cd 50%
 �eIfC.

%�&'/()*� :� ST  QR gh*� U�V� ST!� space velocity� ST  QR1H U�V� i�!�

space velocityT 2-4 h−1�O 1H j� ��T kfC. /034� STH MMA� l�� mno i�7;< DMA�

?@�� ST7p�� b 4 atm �O 1H U�V  [q Xr� sL tuC.

Abstract − Hydrogen mordenite(HM) was ion-exchanged with lanthanum to give LaM and these catalysts were character-

ized by using XRD for crystallinity and IR for acidities/structures of the catalysts. The effects of reaction conditions such as

reaction temperature, pressure, contact time and ratio of ammonia/methanol on the catalytic activity of methylamine synthesis

and the selectivity to dimethylamine(DMA) were investigated from ammonia and methanol. The catalytic activity and DMA-

selectivity of these catalysts remained for 80 h, and maximum selectivities of DMA were obtained at temperature range of

methanol was rapidly converted. The DMA selectivity on LaM was 50% which was larger than that of 30% obtained on HM.

The conversion of methanol increased with the ratio of ammonia/methanol and decreased with space velocity, but for the space

velocity, 2-4 h−1 it was constant. The elevation of reaction pressure rapidly reduced the amount of produced monomethlamine,

but increased selectivity of DMA up to 4 atm.
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+����(MMA), ,����(DMA), -.����(TMA) � DMA

� $�� �/ 0� 1*2�% �34�56 789: ;<=>?

�: �@=AB CDEF $� G [1]. H� 1*2�% �34B

I�� ���� �>JK� LM ;<JK?� MMA>DMA>TMA

N?� JKI OPQR ;< ST
�� $U� *+����I 27%,

,����I 23%, -.����I 50%�� TMA� V5W X>�

 [1].

YZ ����� [\, []
� H.^-_`a# b� [�� c

�d e�fg �34h 1*2�� ijklS JK?� �=QR

mn� DMA� op>I G: ;<=>I 789[ q . rs�

MMA t TMA� ZNu i�I vI w8�l xy
 v� L@�

DMA $UB zIl {fg +|fg } [ ~ $� q [2-11].

! ��� L@d )( DMA� op>B 4.l {fg TMA�

�& � ��B �8fl {� *�#I-� �&@=� =�[2, 4]

!.[ ���.
 �� �& �� �� =� �I vI $PQ� .
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g MMA�56 �j�JK
 �fg �� 100%� z� DMA�

op>B 7� . Mochida �[7]� _�. �M, _�. ��M, �I

�M �B �4sI-
 I\�uE� �&� �l% �� �B �

�E� � z� ��U
� ��� DMAd 7[ q . ��, Ashina

�[5]� *�#I-
 Vfg $�l�.� �>�d =�fg DMA

� X>�I 60%� Q: $UB 7� . !�� Weigert [12]:

NaM� ���� �> JK
 q8� <S op>I �2s op�

�>I MMAX>
 ���  ~B � [ ¡�f[ q . �� *

�#I- c�: 5JK ��¢ ,��
£¤(DME)� X�I ��

G: ¥?� )[Q[ q [1].

!.[ ����� W¦ �ld [§¨ © x, W¦� ª«I ��

 ¤l xy
 ¬: �� JK� op­ �� ® <S op­¢ c

�
�: ����I ¯: lf�­ @=m>
 �¨ °±B ²B $

q . !�� *�#I- c�: � �., ���. �� ��?� c

�� ³�>B vI ´µE¶[ I¥I ¬·§ �&B �/E¶9C

DMA� op>� ¬·§ ��f[ q [9]. rs� �ª DMA� o

p>B 9¸f: ¢¦
 Vfg *¤: �I vI q [ X¹� . 

rs� I L@
�: JK=A� �� ® JK]|, JK\�, &

�M� t 1*2�/�34� i �I º>h op>
 a»: °±


 Vfg L@f¼ . E�: La?� I\�u� ¥ ® k5 �>h

�&I =�� LaMh =�f9 ½� HMd i� L@f¼ .

2. � �

2-1. ����

2-1-1. ¾¿E�

À HÁ
 e�� ¾¿E�: Nortone �Â¢ Zeolon-900?�

SiO2/Al2O3 Ãi� 10I[ Na2O/Al2O3 Ãi: 1
 �ÄÅ Na< *

�#I-(NaM)d e�f¼ .

2-1-2. HM�=

k��� NaMB 1 N Æ�1*Ç(NH4Cl)�È M
 É8 80oCd

Ê9� Ë\$= �
� 72E� I\�uE¶[ S�ÈB ��f[,

�Ì$� �Íf(� gÈ �� ÎÌ Æ��� AgNO3�È?� Ï¾

fg Ð��I Xl9 ½B xÄ9 JÑ �Íf¼ .  Ò 120oC


� A=fg 1*Ç< *�#I-(NH4M)d Cw� . I c�d 500
oC� A=&l �
� Ó>fg $Ó< *�#I-(HM)d �=f¼ .

2-1-3. LaM�=

NH4MB �9[ 1 N ÔÕÖ ×�sIØ(LaCl3)�È M
 É8 80oC

d Ê9� Ë\ $= �
� 72E� I\�uE¶[ �Ì$� �Í

fg 120oC
� A=f¼ .

2-2. ����

2-2-1. XRDWÙ

c�� 2Ú @=� ¸ÛSTd _�)l {fg X-ray Diffractometer

(Rigaku Geigerflux M-3A)� WÙf¼ . *�#I-� ³���:

19-31o(2 θ)eI� Ü� zId i�f¼ .

2-2-2. Temperature Programmed Desorption(TPD)

c�� � m>B @fl {fg TPD HÁB Pf¼ . c�: 500
oC
� ÝÓd 30 ml/minÞhE¶(� 3E� � �.� ß S\?�

f[ 1*2�d 30W �� ��Eà ß á¹f¼ . E�: 50 mgB

e�f¼[ TPD� â\U� 10oC/min� f¼ .

2-2-3. JKHÁ

���� �>HÁ/»: L@H
� �ã� [] LMä Ó< J

Kld e�f¼ . �34
 1*2�d �$E� 1*2�% �3

4� Ãi� 1: 1, 2:1, 3:1 �I Qå �� &'æ� �
 É[ Ý

Ó Hç�% æ�d L³fg æ� �� ]|B 17 l]I Qå f

¼ .  Ò c� 2 gB �£¢è� é< JKl(1/4 inch-ID, 40 cm-

L)�
 É[ JK�� Ð< êë� a�få =�fg �¿ld Þ¨

�lST� JKé �?� Ê¡Qå f¼ . JKX>�� WÙ� �

Û� ìel� ífg GC(Shimadzu, GC-3B)
 ì¡ WÙf¼ . î

ï� Porapak Q
 ['��h KOHd ð�fg �<Eà ¥B e�

f¼ .

2-2-4. ��U, op>� ñ�

 Ò?� ��Q: ��Uh op>B e�f¼ .

&'� �34−Ö� �34

&'� �34(mole)
%��U= ò100

X>� m� X>�(MMA, DMA, TMA)

�� X>�(mole)
%op>= ò100

3. �� 	 
�

3-1. ��	


Fig. 1� c�� ³�STd _�)l {� XRD³hd #Õ�� .

Xo ó�o ô�d i�¨ )( LaM� «
 ó�ô��  Ó ­8

O ¥B _ $� q . I: �õ ­öo� Al-O� ô�� ­8O

¥h k»� . I: c� �.h� ® LaCl3� �>¢ $�È?�

I\�u~ E k5 ÷_aÇ�� k8#� ³�>� k5� °±B

²� ¥?� X¹~ $� q .

Fig. 2: ø­öo �ù-ï� ³h�� @=� _`aÇh H.ú

� ³�STd _ $� q . iVû> T-O(T=Al, Si)üýO�B #

Õ�: 950-1,250 cm−1� þ E�� k�f . !.[ 650-850 cm−1

ÿ{
�: Vû> T-OüýO�B #Õ�:�, I ÿ{
� *�#

I-: Al-O(680-780 cm−1) üýO�h Si-O(770-820 cm−1) üýO�

?� #�8O . LaM� I ÿ{
� O��Ø: Al-O
� ���

�Ód )I: ¥?� )�� LaCl3� �.E �>?� ¢� ÷_a

ÇI k8#: ¥?� © $� q[ XRD� ó�ô�� �89: ¥

?� )� 5W­¢ @=� ��� k8� ¥?� ��� .

Fig. 1. XRD patterns of mordenites, HM and LaM.
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Fig. 3� HMh LaM� NH3-TPD ³hd #Õ	 ¥I . 1*2�

÷�?� ¢� Ü�� 200oC ø�(L-peak)% 600oC ø�(H-peak)


� #Õ#R, �� 850oC ø�
� #Õ� . 300oC If� L-

peak: HM� «
: 1*2� W]
 rs �f: �.­¢ ��


�fg I`8O ¥(13-15)I9C La� «
: k5 La3+
?� k5

�$W¨¨� �få #Õ#: ��I ��Q8 q9 ½# X¹� .

750oC� Ü�: E�� � �.� 500oC
� Pfg�Ò?� @=

� k5 $�l� ÷$
 �� X>$� ÷�Q8 #Õ#: Ü��

© $ q . LaM� «
: I\J«I 0� �& �� w8� I\

�uQl: 
w[ rs� V5W *�#I- ³�� ö�(
� q

B ¥?� )R ÒI\�� �. xy
 3��  ~�  ~ $� G

[ �� ��V� k5 �$W¨ <T�� �Z�I ��f9 ½�

:� X¹� .

3-2. ����� 
��

Fig. 4: HM% LaM
 Vfg c� e� E�
 r� �34� �

uh X>Q: MMA, DMA !.[ TMAX>�B #Õ	 ¥I .

Ix HM
�: 1*2� :�34� Ãi� 2 :1, JK\�: 280oC,

]|� 13 l]I[ LHSV� 1 h−1� fg @� ¥I . �l� z�

98%� º>I 50E� ß
� k�få Ê9Q� . �� ¹ X>�

� op>� k�f¼ . LaM� «
: JK\�: 330oC� f[

#�9 JK=A� HM� ¥h bI f¼ . LaM«
� �l� º

>I 80E� ß
� k�få Ê9Q� . !.[ X>�� op>�

k�få #Õ� . I HÁB Þfg c� HMh LaM� /E�(80

E� I�) HÁB ¨� ® JK� OP
 rs �� >WI X>�

 [ ¨� I l� �
�: º>I ��� : ¥B _ $ q� . 

3-3. ��� � ���� �� ����� ��

�34� ��Uh MMA, DMA, TMA� op>
 V� JK\�

� °±B )l {fg HMh LaM
 Vfg \�ÿ{d 100-350
oC �
� HÁB Pf¼ .

Fig. 5a: HM
 Vfg JK\� 100-300oC
� ��UB @�

¥I . 290oC
� �34� ��UI 100%
 �f¼ . I \�


�: ¹ X>�� op>� MMA, DMA, TMA� ¹¹ 20%, 20

%, 60%� ;<ST� =>B )¼ [1]. Fig. 5b: LaM
 Vfg

JK\� 200-350oC
� 7� ��UB #Õ	 ¥I . �34� �

�U� 350oC
� 100%� Q� . I \�
� ¹ X>�� =>�

MMA, DMA, TMA� ¹¹ 21%, 30%, 49%� ;<ST ) : DMA

� op>I �B _ $� q .

þ E�� «
 *þ DMA� op>� \�
 r¤: �uU� �

�� �/ × x �V»d #Õ�[ q . DMA� op>
� )(

HM% i��B x LaM� «
� op>I � ¥B _ $� q .

!õ� Fig. 6
 ¹¹� JK=A
� �34� ��Uh DMA
 V

� op> eI� éñd _�)l {fg ��U
 V� DMA� o

p>B i�fg #Õ�� . i�­ ��UI � ° (60-80%)
�

DMA� �V� QR m· LaM
� op>I � ¥B _ $� q .

!"# JK\�
 r� ��U
� )( LaM� «
� HM ) 

º>I  Ó   . I: LaI *�#I-� �(��B k5 ��f

g �(JKI !�Q8 TMA� X>I �Óf"� DMA� op>

I ��f[ �# La3+ I\I �& �� w8$ $� G8� ÒI

\� %�� � �&¡@
 %&¨� �&� �ld =�fg op

Fig. 2. Infrared spectra of HM and LaM.

Fig. 3. NH3-TPD spectra on HM and LaM.

Fig. 4. Conversions of methanol and selectivities of MMA, DMA and
TMA with time-on-stream. Open key: at 280oC on HM, and
closed key: at 330oC on LaM. NH3 :CH3OH=2 :1, P=13 atm,
SV=1 h−−−−1.
���������������� ����37���� ����4���� 1999���� 8����
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>I 09: ¥?� X¹� . ® �& �5� ��I  ~B ~ x

DMA� op>I ��� [ © $� q . ³' gl�: �& �


� TMA� X>I ��B ²� DMA� op>I 09: <So

p>?� © $� q .

3-4. �� !/"#$ %� ��

����� �>JK
� 1*2�/�34� Ãid ��E(B x

��Uh op>
 a»: °±B Fig. 7
 #Õ�� . HM� «


JK\�d 240oC� fg HÁf¼[ LaM� «

: 290oC
�

Pf¼ . rs� JK\�� ÚI� ¢fg ª)­¢ *¦� i�:


Ø# kJ­¢ «±� ÚId )I[ q . LaM� HM)  º>

I � ¥� \�� zl xyI . �+ ô��I z� º>I � 

[� ~ $� q?# I¥B i�
 e�fl� 
w . ,-f( �

��.� �>B vI .¢ «
� �B vI �9[ q: ¥ ) 

¬·§ º>I �l xyI [9]. kJ­¢ «±
� c�� º>�

1*2�� Ãi� ��~$/ �34� ��U� i0­?� ��f

[ q . !"# DMA� op>� þ «
 ��  ¤ . HM� «


: 1*2�/�34 i
 rs �� ��f[ � 2d 1?( �� k

�f¼ . !"# LaM� «
: ��UI z�Ý$/ DMAop>I

�� ­89[ q . !"# HM% i�¨ )( 23 op>I � .

�� MMA� «
: JV� HM
�: 1*2�/�34� i� �

�~$/ �Óf[ q?# LaM� «
: ��f[ q . gl� �

�~ $� q: ¥� SV­?� DMA� op>I 09: ¥�

MMA�56 DMA�� JKI �&�5
� k8#4 f:� LaM

� «
(290oC): La3+� I\�u?� LaM� ³��(� ��I

5[ � \�� HM� «
(240oC) )  zl xy
 �&�5
�

MMA�56 DMA� JKI 09l xy?� X¹� .

3-5. &'(�� )* ��� (�

Fig. 8� LHSVd ��E¶R k�� \�
� ��Uh DMA�

op>� éñd #Õ	 ¥I . Space velocity� ��~$/ ® )

Fig. 5. Conversions of methanol and selectivities of MMA, DMA and
TMA with reaction temperature on HM(a) and LaM(b). NH 3:
CH3OH=2 :1, P=13 atm, SV=1 h−−−−1.

Fig. 6. A correlation between CH3OH-conversion and DMA-selectivity
on HM and LaM. NH3 :CH3OH=2 :1, P=13 atm, SV=1 h−−−−1.

Fig. 7. Conversions of methanol and selectivities of MMA, DMA and
TMA with ammonia/methanol-ratio on HM(a) at 240 oC and
LaM(b) at 290 oC. P=13 atm, SV=1 h−−−−1.
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cE�I ­8Ý$/ º>¢ �34� ��UI �Óf[ q . ��

space velocity� ��~$/ MMA% DMA� op>� ��f# TMA

� op>� �Óf[ q . I: Ê�I ��~$/ JK�I c�

%� )cE�I 6�9l xy
 #Õ#: kJ­¢ YS?� 78

9 $� q . !"# space velocity� 2-4 IS
�: ��UI Y

:· :ff�# �� k�¨ 9:� I: c��(
�� JK� �

�� �ñ� ¢� ¥?� ¨Ù� .

3-6. ��+,� ��

YZ ���� �>JKI V5W []
� P¨9[ q . !"#

kJ L@h�
�: S] JKld e�f: «
� v [2, 7, 9]. !

õ� HMh LaM
 V¨ \�d ¹¹ 240oC, 290oC� f[ space

velocity% 1*2�% �34� Ãid k�få f[ JKl �� ]

|B ��E(B x ��Uh X>�� i� 8;å �f:�d Fig.

9
 #Õ�� . HM% LaM� «
 ��U� þ c� *þ ]|I

4s$$/ ��< ��f¼ . !"# op>� ]| Sâ
 rs

MMA: Y:· �Óf[ DMA% TMA: =�< ��f¼ . []

?� $$/ JK� º>I =�9[ DMA
 V� op>� LaM�

«
 m· �å ��f[ q . rs� DMA� op>B [§� �

��� �>JK� []
� Pf: ¥I Ê.�B _ $� q . !

"# � 5 atm IS
�: � ��� G .

3-7. -. ��� /01 ��

�>¢ *�#I-
� �B ð�~ «
 �34h 1*2�� J

Kfg �I X>>?� JKm>
 8? °±B ì:9 !� °±

B )l {fg �� _�4
 �B ð�fg HÁf¼ .

Fig. 10I HM
 Vfg JK�
 �B ð�f¼B x JK\�


r� c�� º>h op>� ��d #Õ	 ¥I . JK\�� 260

Fig. 8. Conversions of methanol and selectivities of MMA, DMA and
TMA with space velocity(SV) on HM(a) at 240oC and LaM(b)
at 290oC. NH3: CH3OH=2 :1, P=13 atm, SV=1 h−−−−1.

Fig. 9. Conversions of methanol and selectivities of MMA, DMA and
TMA with total reaction pressure on HM(a) at 240oC and
LaM(b) at 290 oC. NH3 : CH3OH=2 :1, P=13 atm, SV=1 h−−−−1.

Fig. 10. Effect of water content in reactant stream on conversion and
selectivities of MMA, DMA and TMA on HM. NH 3: CH3OH
=2 :1, P=13 atm, SV=1 h−−−−1.
���������������� ����37���� ����4���� 1999���� 8����
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E.,

l

E.,
oC��
�: JK� � $W� @�
 °±B ²9 ½A . !"#

� 260oC If
�: $W 5 wt% If
�: $W� @�
 rs

º>I �� ��f: «±B )¼ [16].

4. � �

$Ó< *�#I-% ÔÕÖ?� I\�ufg 7� c� S
�

�34h 1*2�� ���� �>JKHÁB Pfg  Òh b�

³+B 7� .

$Ó< *�#I-, HMd ÔÕÖ?� I\�u� c�, LaM: Æ

� ÔÕÖ?� I\�u~ x k5 ÷_aÇI k8�[ ³�>� �

� :ff¼ . LaM� º>� �� :ff¼?# La3+ I\�u?�

³� �(� �>� ��% �&I �8Q8 DMA� op>I Y:

· ��f¼ . \���
 r¤: DMA� op>� �34� ��

U ��M�� �/ × x �V� Q� . MMA� op>� JK]

|I ���
 rs Y:· �Óf(� DMA% TMA� X>I �

�f¼?# � 4 l] IS
�: �� k�f�# ��� ­� . J

KÈ � $W� ��� � 260oC��
�: $W� W]� °±B

²9 ½A . LaM
� )( DMA� op>� <Sop>I 9¸�

 [ BC� .

� 


I L@: �'h�ZC 9�¢ DË&hV�� RCCT� Z�9�

?� L@d $Pf¼?R I
 �eØE2 .

�
��
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