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Abstract

This project is' to” investigate the' synthesis ‘of dimethyl “ether from methanol over
aluminum phosphate/and metals (Cu,-Zr, and Ce) doped aluminum phosphate catalysts. Metal
aluminum phosphate (Cu,,Al; PO, Zr; Al PO, Cej Al PO, Ce, Al PO, and Cey;Al,,PO,) were
prepared by co-precipitation method. The reactions were carried out in 'a-fixed-bed reactor with
the constant total feed rate of 60 millilitres 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 metal doped AIPO, on methanol conversion,
selectivity and yield for-dimethy] ether tested at 275 °C for 10 hours. It has beenfound that AIPO,
exhibited the highest methanol conversion of 90.8%. However, Ce,;Al; PO, showed the highest
selectivity to dimethyl ether-of 95.3% and the highest yield for dimethyl ether of 82.7%. These
results showed that the doping of cerium on. AIPO, catalyst could increase the selectivity and

yield for dimethy] ether.
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AI(NO,), + H,PO, — AIPO, +3HNO, @.1)
w7 luanavod AINO,), =212.994 g/mol
w7 luanaves H,PO, =97.997 g/mol
170 luanaved AlPO, = 121.952 g/mol

v
o

AU AN S HAFN Lo

molAIPO,~1mol41(NO,), 1212.994g41(NO,), |
121:952g41PO, | 1molAIPO; /| molAKNQ,); |

AIINO,), = 6gA4IPO,

=10.479 g

molAIPO, - |\molH; PO, |97.997gH, PO, |

PO, = 6gAIPO
o R (21 952g41P O, | ImolAIPO, | 1 molH, PO, |

=4.821g

Taomsindnldlumstassudasalfisene

- AI(NOy), 9H,0-399 13sana 375.145 g/mol

1=y

- PO, Anuidinduiovas 88 dastlsunns aAanamnnuil 1,75 glem’ #omvgd

Y

20 DI AL

FululSuamnniifideslsy
‘375.145 gdl(NO;)y-9H,0

molAl(NO,), -9H,0

AI(NO,),9H,0 =10.479g4 (NG, ), 212.994gAUNO, )
B 373

molAI(NO,),

~18.459 g

| mIH PO, |100mIH,PO,solution
1.75gH,PO,|  88miH,PO,

mIagane H,PO, =4.821gH, PO,
=3.13 ml

Tawfia HNO, 91nmismIoud us sl fisen

I
HNO, = 6gdIP o.|_molAIPO, _|3molHNO;

4 =0.1476 mol
121.952g41PO, | 1molAIPO,
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Ufugnsazareliifunanesoaasazatauantuile naaseinldae

- NH,OH Anadinduiesay 25 Taeffunmsanntasaniz 0.91 Waieusiun

AuIsANIdNTuIaIaITaratt NH,OH Tumioaluans

gNH ,OH
25mINH,OH  (0.91| mINH ,OH |1gwater | moINH,OH |1000m]|
100mINH ,OHsolution| | gwate7 \miwater|35gNH,0H | dm® |
mlwater
=6.5 mol/dm’
DTN RIATGEY
NH,0H + HNO, — NH;NO, + H,0 (1.2)

¥
gaduldasazarousy TudiolumsUsulkdunars

| 1moINH,OH| dm’ NH ;Osolution|1000ml|
| 1molHINO, | 6.5moINH,OH || 1dn’ |

NH,OH = 0.1476molHNO,
=22.71 ml

aglswmaaiinlflunswisvdnsuljnsvozalidloumedida (A1P0,) 6 N3
- AI(NO,),9H,0-18.459.¢
- M15aza1w H,P0, 3.13 ml

- Asazague e 22,71 mi

1.2 1208 19M ISR IUM IMHIMMANFBNAUIIUGDIEN Ce, (Al PO, 6 N3U

MRS IR NI AT Cey AL PO, 60T AIPO, 1ag Ce (PO, Iudasidn

INUAB AIPO, 3 NSUKAE.Ce,(PO,), 3 NS

- AIPO,3 N34
MNNMFATUIUNEIULN
AIPO, 6 N5 1d AI(NO,),-9H,0 18.459 g a150a10 H,PO, = 3.13 ml

(AR HNO, 1InMSIA30NAAIHN581 0.1476 mol



E4
LY

aatiu AIPO, 3 nSuly

AI(NO,),'9H,0 18.459/2=9.229 ¢

158870 H,PO, 3.13/2 = 1.565 ml

(Ain HNO, 91nN15i038uA13 {381 0.1476/2 = 0.0738 mol

-Ce,(PO,), 3 AT

nNilgnTeundl
3Ce(NO, ), +3H,PO, — Ce,(PO,), +9HNO, ¥.3)
170 [anavee Ce(NO,), = 326.132 g/mol
w7 luanaves H,PO, =97.997" g/mol
10 10N av84 Ce,(PO,), = 705.270 g/mol

Hq ¥

9y
ﬁm’;mﬂimmmiﬁaﬁuw §)]

Ce(NO,),= 3gCe, (PO,) | molCe(PO;); |3molCe(NO3)3 |326,132gCe(N03)3|
3/3 g 3 4 3‘705270gce3(P04)3 ‘ lm01C€3 (PO4)3 | m01C€(N03)3 |

=4162¢

uro. - bMce (PO)( ImolCe(PO,)y. | 3molH PO, 197997 M, PO, |
35, gley 4 3|705.270gCe3(P04)3|lmolCe3(PO4)3t 1molH, PO, !

=1.251'g

A 9 =) o ] aan =}
’dﬁLﬂﬂJ‘VlGl‘D'Gl‘Llﬂ’liLﬁiﬂuﬁ’)&ﬂﬂ&]ﬂimﬂﬂ

- Ce(NQ,), 6H;0 170 Tuiann 434,22 g/mol

=

-H,PO, nanutuduiovns 88 Tagalsanns Aatuviiuin 1.75 glem  Nouuqil

U

20 DIFLFA A

¥ v
aaiulSuaasnindoels

gCe(NO,), -6H,0
43422 Y molCe(NO,), -6H,0
326.132gCe(NO,),

molCe(NO,),

Ce(NO,),-6H,0 = 4.162gCe(NO, ),

=5541¢g

| mIH,PO, |100miH,PO,solution
‘[1.75¢H,PO,|  88miH,PO,

H,PO, ~1.251gH, PO

=0.812ml
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Tagifin HNO, :1nM31n3 813 §asen

| molCe,(PO,), | 9molHNO,

HNO, = 3gCe.(PO
3 g 3( 4)3|705'270gC63(P04)3|3molCe3 (P04)3

=0.0128 mol

E4
LY

aatiufia HNO, 9Inmsin3ond s 1§ise1san 0.0128+0.0738 = 0.0866 mol

4 w I
doaldmsazaneuenludlonnududy 6.5 moldm® edSuliidunars (pH 7)

|1moINH ,0H | dm® NH ,0Hsolution [1000m|

NH,OH = 0.0866molHNO, .
| ImolHNO, | 6.5moINH,OH | ldm’ |

=13.32 ml

ayUswmsiniild lumsies s usel§ison Ce, Al PO, 6 PiY

- AI(NO,),-9H,0 9229 g

- Ce(NO,),6H,0 5.541g

- 1308219 H,PO, 2.377 ml (1.565:ml 911 AIPO, Uag 0.812 ml-a1n Ce,(PO,),)

- asazarwuey Taile—~13.32 ml

ad o W e e M aan
.3 ’JIiﬂ'liﬂ"I‘N’Jm!?ﬂﬂuﬂﬁﬁNNﬂﬂUﬂ?!iQﬂQ]ﬂim

M3 Weight Hourly Space Velocity (WHSV) 480N 1UD ALRAIAITUNTTN 1.4

XK = (Flow rate of methanol)x (Density of methanol) by
(Catalyst weight)

8n51M 3 IMaveamuea 153 TanansAeda g aurulY 0.79 gml
¥
Wmindusal§nsen 0.5 a3y
1.3 ml/hr x0.79 g /lml
05 g
=2.054 h™!

WHSV =





