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Fe Cat.

N2 + 3 H2 350_5500(:> 2 NH3 + 92 kJ

150-350 atm
fibk . FAklEFe,0,. HEERRLEAIALO, (2~3%). LR H{EEAIK,O (1~2%)

(3CH, + 6 H,O —> 3CO, + 12 H, ]

WGS')7 7%

S—— 2K

NaHaNH 3

---------

HO RESossss

= HB 744

>450°C

>3005 /% wHles” L

_"/l 4 N.’&HZ NH3
N3 H2CO HO. CO, I P ——
—= sy === A

PUE=POEMEREER1 BN
SHROTINF—D1 %L LEHE

http://www.chem-station.com/blog/2012/03/post-357.html
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EHIKEBTOT E=TOEREE
N2 + 3H2 <__>2NH3 + 92 kJ
KR -BEODHEHNH,OEREICHEF

_LHL. ERTRRGEEHETES |
NH,%o U EN MRS BE

100 } 200°C
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30 | 400
i

60 : 500
|

40 + .
| 600

W0 H - L ‘
I 700
1 1 | i | | | | |

0 200 400 600 800 1000

Pressure/bar
H. Liu, “Ammonia Synthesis Catalysts”, 2013, World Scientific.
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Fe Cat.
2 NH,
350-550 °C

150-350 atm
3% FAhIEFe,0,. HMERREFALO; (2~3%). ILFHIRERIK,O (1~2%)
H

H>

=

N, + 3 H,

Hon—
" e

Z
N

!

NH, l N=N5 & 115
(P B RE)

NH, H, NH  N-HEEERE T N—

| - H -—————————— H /N/

(G. Ertl, Angew. Chem. Int. Ed. 2008, 47, 3524. 1. M. Basset et af, Science 2007, 317, 1056.)
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4048 5048

(R. R. Schrock et al, Science 2003, 301, 76)
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(M. D. Fryzuk et al, J. Am. Chem. Soc. 1998, 120, 11024)
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CF3 3| mﬁ
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_7Qo o TEh
504 & CFy /s 18°C + RE 7uE
BFE 4648
70k (KFE)R (3. C. Peters et al, Nature 2013, 501, 84)
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N, Activation by a Trinuclear Titanium Polyhydride

Cp Cp'
'||'i '|I'i

H—7 | XSH ~

H | "\| N, (1 atm) T rL\H
H

/Ti< >Ti hexane, rt, 12 h Ti< >-||-|

Cp’ \Il:ll/ cp'  -2H, cp E ‘cp'
91%

wim-BET. BHRGEFAICIERGKRFEZEDT I,
ER-ERTONYIMBIUVER-KEHFSDEMRZHHTER

(T. Shima, S. Hu, G. Luo, X. Kang, Y. Luo, Z. Hou, Science 2013, 340, 1549)
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Stepwise N-N Bond Cleavage and N-H Bond Formation
S i |'" sy I
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(T. Shima, S. Hu, G. Luo, X. Kang, Y. Luo, Z. Hou, Science 2013, 340, 1549)
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Toward Catalytic Formation of Ammonia
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Beyond Haber-Bosch Reaction
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	窒素分子を常温・常圧で切る
－より良いアンモニア合成法を目指して－
	より温和な条件下でのアンモニア合成を目指して

