difvomyanans nizesuindmansety

@ =, d
m‘smm‘iwﬁ“’lﬂmmﬁmaimnmmuaa

Ui {301 Me-Al-P

g o ar ¢
B IAAIRBUIAY

o C Y a
WPIINIU HNADNDUND

aunY....

m&mwmuu 7.213’8"".

.............................

Sugondl. 1.1 5.0, 7500

b M b3eay

.............................

‘].Ei'gﬂly'l wuﬁmﬂumuﬂuwmrmﬁnmnumanqm&l‘“mmnmmsumamummn

ET'I”U'I'JFI'Jﬂ‘i‘SiJIﬂiJ ﬂﬂ!a“;?ﬂ?ﬂﬁﬁﬂﬁ]ﬁﬂ‘i

aoiumaluladnszoomndudinunmsaanszia

W.9. 2549




SYNTHESIS OF DIMETHYL ETHER FROM METHANOL

OVER Me-Al-P CATALYSTS

KRIT LERTJIAMRATN

WACHARAPORN HATTAKITNIKORN

A REPORT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT
FOR THE DEGREE OF BACHELOR IN CHEMICAL ENGINEERING
FACULTY OF ENGINEER
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2006




Paaniinusises
Tap

awnsandsnm

nsdunsied lamiadmefnnmmmeavudusal§ise
Me-Al-P

o a o a o r 0w
gyl @edouiad  sHalszdiaa 46010017
unaissnsel Weofeling  sWadsedid 46010685

A5.951d0 usiinanwad

=) a ch:f 9o = wag ¥ o d | 2 [
Usgantnusilldsunmsfinsaneyidlhivdudiuninuesimsinuiaumdngas

IMINTTTUMARTUUNR F1UIAINT TS

= = o
AMZNITUMINITAOUUTYYITNUS

4131 .................. YJ525IUNTTUNIS

“‘% NITUNT

9’0” ................... ATUMS

o [ Qo a
(a MUY BY I‘]fﬂ'ﬁf}'l'lﬂ!‘lm)




[ s’rﬂ. ar = o 1 = an
PSyaniinusises msmmswﬂf"lmwa%m0§ﬂ1ﬂsnw1uaa‘uummﬂgﬂﬁm
Me-Al-P
4 ] ar o @ o
T UWNOHA wrReuing  svalszdiea 46010017
o o o Y ar o as
UNEIFIINTa daoneiins  s¥olizsiaa 46010685
r.'d' o~y oot - &
211Nt nmn AS.YRAN LUsTHARNNAT
d Iy EY N - =
iaaniinus WINTINMAATIUAN T IAINTTUIAT
MNITIAINT WA A IAINTSUMARS

aoniuma lu Tadnszaoumndud mammsatanses

ar 1
UNAAED
duslnsorezqiifisnoamanvveduguuazdng wWiiSuozafifourommn
wwvedugmfignilsudgalasmsianlons @auswl§nsorlanzozafifisuromvia: (Ni-
5 4 [ o
ADPO,, (Cr-APO,, (Zt-ADPO, 1Az (Mn-ADPO,) rUm3 oNTUNBANY 1HAYBINS TUATIZH
o A L a2 @ a v oo oy
lawfadimes ninwmueanlSvuifvuiudus s fasorezgiifivuoamamnsanisdn
aaa = :;’ : = o o . F
dgasouiavutumionlfnseiuuuaiia (Weight Hourly Space Velocity, WSHV vaunm
) oar -1 o |y Py ] voq ar ?
uBmMINU 5.02 h) Inswavesguugiidfnsuhfinanemssvazmsuilasiuvoauniuea
o =) o 17 } ] oo o 5 o =4 oo n’;‘
Touazmsiaeniiauazdesnzea ldveslamfiaBmes gnnadaudiedinmsiiugamgifiasdu
b d ¥
Asid 150 B9 425 eerngaFoa wuR s al§Rsoianua I nsdentiaves tawdia
= ot [ =1 s 1 aao o ar L] Qs
BmesNge oo lsiamdas sjnsoesalifiouesmauuveduguldainisulasiuues

mmusageinNRnsalfisoresgiiisuemansanisaodiauin udn1siiy Tanzsuy

Ansalasorezgiifisuvemmandui Iddinsu)asfuvesumiuoadag sndudase

v { I}

aao ~ ] s ‘5’ 3 =1 o

U5 (Ze-AlPO, wiﬁmmsuﬁmwuqwumﬂﬁﬂﬂiﬂuiﬁmﬁmqﬂﬂa Asnoaznisulasiu
v A [] = = g 1 o b

YOUNMIUDUNINY 86.1 A1 BUazMuBeniaves lawRadimesmify 89.1 uazifosas

9} - | 1w = - = ‘:‘sv ¥ o
walaveslaufiaBmesmidy 76.8 figmvgil 350 osrwaidoe nan1snaastinans i

»

MiEmaesoudnsaliseniudnadedns wljitovezaiifouneamainnaimsifues

14 b4
unriiaas T wenaniimsfumsasoudns wfisvienduiimafad §Asu1endae




Report Title Synthesis of Dimethyl Ether from Methanol over Me-Al-P
Catalysts
By Mr. Krit Lertjlamrain  ID.NQ.46010017

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

Department of Chemical Engineering Faculty of Engineering
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ABSTRACT

Amorphous Aluminum Phosphate and amorphous Aluminum Phosphate improved by
doping of Metal (Metal Aluminum Phosphate: (Ni-ADPO,, (Cr-AlPO,, (Zr-Al)PO, 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 stepwise
raised temperature from 150°C to 425°C. All catalysts showed high selectivity to Dimethy] 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-ADPO, showed a little higher conversion than amorphous
Aluminum Phosphate. It has been found that (Zr-A)PO, 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 catalyst 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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Qs 1) -] L2 oy [ [
¥-1 MegNMsiIUMIToRus W insmezglimionvomva (AIPO,) 6 N5U

uml3nsuund
AINOL), + H PO, > AIPO, +31INO, (@.1)
120 TUaNAYDs AINO,), = 212.994 g/mol
wraluanaves HPO, © =97.997 g/mol
wIa luanaves AIPO, = 121.952 g/mol

AU AN TR AW 1E

molAIPO, |lmolAl(NO,),
121.952gAlPO, | 1molAlIPO,

212.994g41(NO,),|
molAI(NOy), |

ANO,), = 6gAIPO,

=10.47% g

molAIPO, |1molH PO,
121.952g41PO, | 1moldIPO,

97.997gH, PO, |

HPO, = 6gAIPO, o |
3 4

=2411g

Tavasindif lFluninms sudas wljnsofe

- AKNO,),9H,0 u3n luiana 375.145 g/mol

=y

- 1,po, anmudinduovas 88 TnotlSinas Anumuisiv 1.75 gem’ #i gungil

L]

20 DAY

o u‘: < opes - 5t
aaiulSuiamaniindsald

gAl(NO,), -9H,0
375.145 Y melAI(NO,), 9H,0

212.994gAI(NO,),

ANO,),-9H,0 =10.479g41(NO,),

mol4l(NOy),

~18.459 g

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

Msnzane H,PO, =2.411gH, PO,

=1.57ml}

Toawifin HNO, 21NMsnToudus sl fsen

14iPO, | 3molHNO
HNO, =6gAlP04| mol4iPO, _|3molHNO,

=0.1476 mol
1121.952¢41PO, | im0l 4IPO,
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ar 1 o i
Ufuarsasaravilunansmagnsazarauanlinily Tnpatsainidae

- NH,OH aududiufouas 25 TaeBuiasaiuniaasawaz 0.91 wWafouiy

e

ANLTUAT NN UTRIRNTREANE NH,OH Tuminaluans

gNH ,OH
25mINH,OH 1091 mINH ,OH |1gwater | moINH ,OH |1000mi|
100mINH ,OHsolution| | gwatey \mlwater|35gNH ,OH | dm® |
miwater
= 6.5 mol/dm’
INUARI IUAL
NH,OH + HNO, - NH ,NO,+ H,0O (v.2)

L
ar a

aaiulFasazarouen TuiielunsySuliiilunars

IlmolNH «OH | dm’® NH ,OHsolution |1000mi|
| 1molHNO, | 6.5moINH,OH | 1dm® |

NH,OH = 0.1476mol HNO,

=22.71m]

agUsmannifidlumsiaiondns nljfsonesgliitisudomvia (AIPO,) 6 N5
- ANO,),9H,0 18.459 ¢
- M58 H,PO, 1.57 m!

- gysazaguey Tuiio 22.71 ml

-2 FI8aM IR ININM IR IUMNuNAA3 R8T (Ni-ADPO, 6 PFY

msAsousslFAs o (Ni-ADPO, 6 nSuld AIPO, aw Niy(PO,), Tudasidu

Wi uAe AIPO, 3 NSULEE Ni(PO,), 3 N3

- AIPO 3 N5y
INATAIIUTHIUIN
AIPO, 6 n3u1¥ AKNO,),9H,018.459 g A15a¥810 H,PO, = 1.57 m!

1A HNO, 9100131@3 0 139U 381 0.1476 mol

3
daiu AIPO, 3 nSuly
AI(NO,),9H,0 18.459/2 =9.229 g
#1302270 H,PO, 1.57/2 = 0.785 ml

IR HNO, :1nmiamsonansalfnsen 0.1476/2 = 0.0738 mol
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- Ni(PO,), 3 R3Y

nnlnseund
INi,(NO,), + 2H, PO, = Ni,(PO,), + 6 HNO, (4.3)
w78 lwanaved Ni(No,), = 182.693 g/mol
w luenawes H,PO, =97.997 g/mol
w78 luanavos Ni(PO,), = 366.027 g/mol

v '
fnulSunumsdadunls

] 34
32 g 3 4 2]-\66_“2;ng3(1 C4)24|l]"01NI.3(F|)4)2 I molNI(NO3)2 I

=4492 g

| molNi,(PO,), 2molH ,PO, |97.997gH, PO, |

H.PO, = 3gNi,(PO
v /4 4)2|366.0278Ni3(PO4)24 lmoiNi3(PO4)2| molH, PO, |

=1.606 g

-

il lunmsmdoudusalizone
- Ni(NO,),-6,0 ¥3a 1uiona 290.81 g/mol
- H,PO, Anuuduiovas 88 TaslSums aAnuvuiui 1.75 grem’ Rguvgil

20 DIFHBABUA

FuluSinamsniindeals
s ENI(NO,), - 6H,0

375.14
molAI(NO,), -6H,0
Ni(NO,),6,0 = 4.492gNi(NO,), N TS (NG,), -6H,
moINi(NO, ),
=7.912g
H.PO 1 60601 PO.| PO, |100mIH; PO, solution
s O 75gH, PO, 88miH, PO,
= 1.04 ml

Tauifin HNO, 910015195 buA 35 A0

INi, (P 6mol HNO
HNO, =3ng3(?04)2| molNG (PO ), | daidntabit
1366.027gNi, (PO,),, | ImolNi, (PO,),

= 0.0492 mol

andufia HNO, 0InM5e3 oud1s 1Tu139% 0.0738+0.0492 = 0.1230 mol

Roeldmisazarouen Tanilon1ududu 6.5 mol/dm® ielSulfiilunate (pH 7)




YmolNH ,OH | dm’ NH ,OHsolution |1000m!

0, | 6.5moINH,OH | ldm’

NH,OH = .1230mol HNO,
lmol HNO,

= 18.92 mli

ﬂ@ﬂsmmsmﬁmﬂumﬁm’%'uuﬁm'aﬂﬁﬁ?m (Ni-ADPO, 6 N3

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

-Ni(NO,),6,0 7.912g

- 150310 H,PO, 1.825 ml (0.785 m! 910 AIPO, 4BE 1.04 ml 210 Ni,(PO,))

-gsazatouey il 18.92 ml

-3 J/msdnamalumsdufadudus al§dzen

ASATUIN Weight Hourly Space Velocity (WHSV) U844 UBALTAIAITNNTIN V.4

Flow rate of methanol) x (Density of methanol
WHSV=( f ) (- y of ) .a)
(Catalyst weight)

BM3IN73 IMRUPIUNIULD 1.3 HAAAASADYI TN AURLIE 0.79 g/m]
L 4
dmiindnivlfnzer 0.5 niv
1.3 ml/hrx 079 g/ml
05 g
=2.054 h”

WHSV =
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