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Report Title Synthesis of Dimethyl Ether from Methanol over Me-Al-P
Catalysis
By Mr. Krit Lenjiamratn  ID.NO.46010017

Miss Wacharaporn Hattakitnikorn 1D.NQ.46010685
Advisor Dr. Sutasinee Neramittagapong
Report for Bachelor Degree of Chemical Engineering

Department of Chemical Engineering Faculty of Engineering

King Mongkut’s Institute of Technology Ladkrabang

ABSTRACT

Amorphous Aluminum Phosphate and amorphous Aluminum Phosphate improved by
doping of Metal (Metal Aluminum Phosphate: (Ni-APO,, (Cr-AlPO,, (Zr-ADPO, and (Mn-
ADPO,) were prepared for study in synthesis of Dimethyl Ether from methanol and were
compared with commercial Aluminum Phosphate. The reactions were carried out in a fixed-bed
reactor with the constant total feed rate of 60 milliliter per minute, a molar ratio of methanol to
nitrogen of 1 to 4 at standard temperature and pressure condition and 0.5 g catalyst weight
(Weight Hourly Space Velocity, WHSV 2.05 h'of methanol). The effects of temperature on
methanol conversion, selectivity and yield for Dimethy! Ether were investigated by stepwisc
raised temperature from 150°C to 425°C. All catalysts showed high selectivity to Dimethyl Ether
as commercial Aluminum Phosphate. However, amorphous Aluminum Phosphate showed
obviously higher methanol conversion than commercial Aluminum Phosphate, but Metal
amorphous Aluminum Phosphate excluding (Zr-Al)PO, showed less methano! conversion than
amorphous Aluminum Phosphate. (Zr-APOQ, showed a little higher conversion than amorphous
Aluminum Phosphate. It has been found that (Zr-ADPO, exhibited the highest methanol
conversion of 86.1 percent, 89.1 percents of selectivity to Dimethyl Ether as well as 76.8 percents
of yield for Dimethyl Ether at 350°C. These results showed that the eatalyst preparation method
affected the activity more than the addition of metal into Aluminum Phosphate. Moreover,

additive could also decrease the activity of catalyst.
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2CH,(g)+0,(g)+CO,(g) = 3CO(g) +3H,(g)+ H,0(g) Q.7
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L 1 ] a Sasy =y @
V-1 MegumsmuInmsasoud uslfiseezglidivuomya (alPo,) 6 n3u

uml3nsuund
AINOL), + H,PO, — AIPO, +3HNO, (@.1)
W luanaves AINO,), = 212.994 g/mol
waluwanaves HPO, © =97.997 g/mol
ua luenNaves AIPO, = 121.952 g/mol

T M I Er Ve OV REX ATV K

molAIPO, |lmolAl(NO,),
121.952g41PO,| 1molAlPO,

212.994g41(NO,), |

AKNO,), = 6gAIPO
Po7 DBATTA moldI(NO,), |

=10479¢g

molAlPO,  |1molH,PO,
121.952gA41PO, | 1molAIPO,

97.997gH, PO, |

H,PO, = 6gAIPO, olH.PO, |
3 4

=2411g

Tavmsniinldlunisimsoudns nlfnsorfie
- AKNO,),-9H,0 u3a lutana 375.145 g/mol
- 1,po, Anmudutuovas 88 TnnifSuias Anununiv 1.75 gem’ 1 gungil

20 DIFUBALTOH

o u’: ) ﬂcl. 13
aaulSuumaannaoa e

gAI(NO,), -9H ,0

375.145 molAI(NO,), -9H ,0

ANO,), 9H,0 =10.479gA1(NO; ), 212.994gAI(NO,),
. 3

molAl(NO,),

~18.459 g

| miH,PO, [100mIH,PO,solution
‘1.75gH,PO,|  88mlH, PO,

msazane H,PO, =2.411gH, PO

=1.57ml}

Tawifia HNO, 910MsATeuA NI A RNT07

141PO, | 3molHNO
HNO, =6gAlPO| moliPO, _|3m 2

y =0.1476 mol
121.952g41P0, | 1molAlPO,
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ar T o ]
Ufuarsasarglmijunaiadagisazasuenluile Tnsatsainldae

- NH,OH Anuinduiasar 25 Taoifuinsanuneasamnz 0.91 dafnuiy

el

A AN d U0 TaTaIe NH,OH TumisyTuans

gNH ,0H
25mINH, 0H 091 mINH ,OH |1gwater | moINH ,OH |1000mI|
100mINH 4OHsoluri0n| ! gWﬂIC’V ’mlwater| 35gNH ,OH | dm’® l
mlwater
= 6.5 mol/dm’
INUANTIUAL
NH,OH + HNO, > NH,NO, + H,0 (v.2)

»
ar a

auelFmsazarouen TusiolumsSuviiiunais

[tmoINH ,OH | dm* NH ,0Hsolution |1000mi|
| 1ImolHNO, | 6.5moINH,OH | 1dm® |

NH,OH = 0.1476mol HNO,
=2271 m]

asUsmmsininlFlunisiniouas alfisoezgiitivuwemva (AIPO,) 6 NS
- AI{NO,),9H,0 18.459 ¢
- A199zaW H,PO, 1.57 ml

- gsazaoue 1o 22.71 ml

U-2 FIRENIMSANIUMSANNUMSNSUUAAI NI (Ni-ADPO, 6 PFN

sz ouA A NIGATL (Ni-ADPO, 6 niuld AIPO, 1az Ni(PO,), Tudasidiu

mnufe AIPO, 3 NFuLAE Ni,(PO,), 3 NS

- AIPO 3 N3N
INMTATUIURHIULN
AIPO, 6 n3u1¥ AKNO,),9H,018.459 g A15a¥A10 H,PO, = 1.57 m!

1A HNO, 1INN5iasoud n3alizen 0.1476 mol

faviu AIPO, 3 niuld
AI(NO,),9H,0 18.459/2=9.229 g
A1582a10 H,PO, 1.57/2 = 0.785 ml

1fin HNO, 91nM 3193036 133U {AT01 0.1476/2 = 0.0738 mol
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- Ni (PO, 3 R3Y

nnlpnsvuad
3Ni,(NO,), + 2H.PO, - Ni,(PO,), + 6 HNO, (4.3)
w7 lwanavsd Ni(NO,), = 182.693 g/mo}
wialuanawos H,PO, =97.997 g/mol
waaluanavoe Ni(PO,), = 366.027 g/mol

¥ '
snulSuumsaadunls

| moiNiy(PO,), | 3molNi(NO,), |182.693gNi(NO,), |

Ni(NO,),= 3gNi,(PO
O, = g ‘)2|366.027ng3(}>04)24|1mofNi3(P04)z| molNi(NO,), |

=4.492¢

| molNi,(PO,), 2molH, PO, |97.997gH, PO, |
366.027gNiy (PO, ),, | 1molNi,(PO,), | molH,PO, |

H,PO, = 3gNi;(PO,),

=1.606 g

-

dd‘ b1 ~ ar ' oy,
asnalinldlumsimiouduswlfisofe
- Ni(NO,),-6,0 170 luana 290.81 g/mol
- H,PO, Anutuduovaz 88 Taoif5u1as Anuvuyu 1.75 giem’ fguvgil

20 DIAUBDBON

1 ]
faludSinaasiiindoals

gNi(NO,), - 6H,0

375.145 moldl(NO,), -6 H,0

Ni(NO,),6,0 = 4.492gNi(NO,),

212.994gNi(NO;),
moINi(NO,),
=7.912g
iH,P 100mlH . PO, soluti
H,PO, =1.606gH3P04i miH, PO, ‘ miH , PO, solution
1.75gH,PO,|  88miH,PO,
=1.04 ml

Tnoifin HNO, 910 15in5uuaus 1lnso

Ni 6mol HNO
O, = 3Ny (PO,), | oNbPOu), _|_ GG,
1366.027gNi, (PO, ),, | 1molNi,(PO,),

= 0.0492 mol

Anlufin HNO, 010M 33 0ud 13 3NT0159 0.0738+0.0492 = 0.1230 mol

dosldmsazarouen Tuiloarndudu 6.5 mol/dm® et Suldiilunara (pH 7)




ImolNH ,OH c_fm“ NH ,OHsolution | 1000m/

0, | 6.5molNH,OH | ldm’

NH,OH = 0.1230mol HNO,
linol HINO,

= 18.92 mli

ﬂ@ﬂmmmﬂﬁﬁ‘l%’iumsm’%’uuﬁmﬁaﬂﬁﬁ?m (Ni-ADPO, 6 N3

- AI(NO,),-9H,0 9.229 g

- Ni(NO,), 6,0 7.912¢

- 588w H,PO, 1.825 ml (0.785 ml 911 AIPO, ag 1.04 ml 30 Ni,(PO,),)

- gisazatouen il 18.92 ml

-3 IBMsAnnanm lumsiufanvius wfisen

MSATUIA Weight Hourly Space Velocity (WHSV) 4D 34UMUDALTAIAITUNITN V.4

Flow rate of methanol) x (Density of methanol
wiisy = / ) x (Density of ) wa
(Catalyst weight)

903115 IavpauNIuen 1.3 Tadansaoda Tue AU 0.79 g/ml
MMina 13 3N301 0.5 N
1.3 mi/hr x 079 g/ml
05¢
=2.054 K

WHSV =
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