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ABSTRACT

This project investigates the synthesis of dimethyl ether (DME) from dehydration of
methanol over aluminium phosphates synthesized from phosphoric acid and ammonium
hydrogenphosphate solution, and metal-loaded aluminium phosphate catalysts. Metal aluminium
phosphate catalysts, i.e., (Ce-ADPO,, (Ni-ADPO,, (Zr-Al)PO,, Zr, Al ,PO,, Zr,,Al PO,
Zr,,Al, PO, and Zr, Al, PO, were prepared by co-precipitation method. The reactions were
carried in a fixed-bed reactor at 250 °C for 10 hours under atmospheric pressure. The feed flow
rates were fixed at a constant total feed rate of 60 millilitres per minute with a molar ratio of
methanol to nitrogen of 1 to 4 at the standard condition (0 OC, 1 atm). The effects of metal
loaded-AlPO,s on methanol conversion, selectivity and yield of dimethyl ether were analyzed. It
was found that zirconium aluminium phosphate catalyst (Zr, Al  PO,) achieved the highest
methanol conversion of 75%, selectivity to dimethyl ether of 85%, and yield of dimethyl ether
about 64%. These result showed that the doping of zirconium on aluminium phosphate catalyst

could increase the methanol conversion and yield of dimethyl ether.
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M3 N1 wavesgungiuazdnsalfnsearo,niuvasemmainvinaisazais HPO,

AONSHUATIZH lawNadmes WHSV U03un1uoa tiify 2.054 b’

M¥ovay ) o
o aaa fovaznisideniia
gamgilgasen | msudasiu $ouazHa ldveq
@IFUFAUTO) | gpuumuen | lemiasmes | Wowiadlen louiadimes
200 44.48 88.60 11.40 39.41
225 64.52 86.22 13.78 55.65
250 80.21 84.65 15.35 67.90
275 91.07 89.28 10.72 81.30
300 87.74 85.39 14.61 74.92
325 87.05 85.41 14.59 7435
350 86.05 85.39 14.61 73.48
375 90.15 86.81 13.19 78.26
400 85.55 85.35 14.65 72,01

M50 N2 HaveIguugiluazAnselfaser AlPo, Nunaslemanininaisazaiy

(NH,),HPO, Aomsdanse lamiindmes WHSV vpauumuaaminy 2.054 ™

Ar¥ouny ) . -

e 3 fovazmsidonine ) )
gaungiilgaTen AMsulaaru FouazHa lauDa
(BIPLHALTY ) YOUNNIUDD lawnasimes Wosianlaa lawnadmos

200 36.72 89.15 10.85 32.74

225 70.99 86.47 13.53 61.39

250 84.76 85.06 14.94 72.09

275 89.08 85.85 14.15 76.48
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3 v v W ! aan ' Qs o = 4
M3 0.3 wavewaa lunsduiadus sl §aser AlPo, Aemsdunsisd lawiiadimes

QYN 250 BeruTAed WHSV 903un110a iy 10.270 1

GREGRLE ) . -
fovazmsdoniia

e msudasiu Yovazna lavos
(W) WuNMuea | lawsasmes | wessasles | lawiadmes

45 54.31 72.09 2791 39.15

90 52.09 88.06 11.94 45.87

135 51.82 87.96 12.04 45.58

180 51.81 88.19 11.81 45.69

225 51.65 87.95 12.05 4543

270 51.31 88.00 12.00 45.15

315 51.22 88.02 11.98 45.08

360 50.82 87.75 12.25 44.60

405 50.92 88.36 11.64 45.00

450 50.40 87.92 12.08 44.31

495 50.13 87.89 12.11 44.06

540 50.52 88.06 11.94 44.49

585 50.67 87.91 12.09 44,54

630 50.07 87.98 12.02 44.05
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! v v W ' aan v [ o ) o
maaf 4 ravesna lumsdudadusalfiser AIPO, Aemsdunsizi lawiiadines

gaungil 250 per Ao WHSV vaauymuen M1y 4.108 b

Adeuny ) . -
fovazmaidoniiia

L m3uaaiu $ovazwa lavos

(ui) vouumuen | lawiadmes | wesiadlsd lawiiadmes
45 66.43 76.74 23.26 50.98
90 62.11 87.36 12.64 54.26
135 62.06 87.17 12.83 54.10
180 62.69 87.40 12.60 54.79
225 61.16 87.27 12.73 53.37
270 61.45 87.08 12.92 5351
315 67.23 86.36 13.64 58.06
360 65.93 86.48 13.52 57.02
405 66.36 86.19 13.81 57.20
450 67.15 86.45 13.55 58.05
495 70.97 86.07 13.93 61.08
540 72.18 86.64 13.36 62.53
585 73.40 86.14 13.86 63.23
630 74.17 85.81 14.19 63.64
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Y o W ] aaa 1 o o a A d
ﬂﬁN‘ﬁ .5 NaGU’ENL’JaWG],‘LAﬂTiﬁﬂwﬁﬁﬂliﬂﬂgﬂﬁfﬂ AJPO, mmﬁﬁamﬁw"lmwa@mas

PUNHI 250 B UTAITYT WHSV Y0UuNUoaiIiy 2.054 h'

Afovay ) -
fovazmsidoninn

el m3ulaadiu {ouavna ldves

(1) VoMo | asfasmed | esiadles | lewiiadmes
45 95.45 86.12 13.88 82.20
90 91.57 87.82 12.18 80.42
135 90.98 86.09 13.91 78.32
180 90.19 85.93 14.07 77.49
225 90.47 86.58 13.42 78.33
270 90.08 85.70 14.30 77.20
315 89.72 85.70 14.30 76.89
360 89.83 85.54 14.46 76.84
405 89.47 85.85 14.15 76.82
450 89.62 85.77 14.23 76.87
495 89.51 86.09 13.91 77.06
540 89.57 85.50 14.50 76.58
585 89.32 85.94 14.06 7057
630 89.35 86.21 13.79 77.03
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Y ¥ o o w ] aaa ' Qs o = 4
3199 0.6 HavowIa lumsduAaans1l)nse1 AIPO, Aen1sduAT1ZY laiadinos

UM 250 DIAUTAITYE WHSV Y0UUN1UavIAL 1.369 b

M¥ouaz ) . -
$avazmsiaoniin

L msuasiu fovazwa ldves
(W#) vouunuea | lawiadmes | wesiadlss lawfiadimes

45 85.90 91.46 8.54 78.57

90 94.62 90.56 9.44 85.69

135 91.62 90.65 9.35 83.05

180 93.02 90.33 9.67 84.02

225 92.95 90.55 9.45 84.16

270 92.60 90.26 9.74 83.58

315 89.75 90.56 9.44 8127

360 92.95 91.18 8.82 84.75

405 91.83 90.11 9.89 82.75

450 93.42 87.24 12.76 81.51

495 92.41 90.63 9.37 83.75

540 93.94 91.01 8.99 85.49

585 92.86 90.86 9.14 84.37

630 92.12 90.82 9.18 83.60
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Y ° aan 1 o a a 4 Q v aaa
ﬂ]i]\iﬁ .7 WﬁSU'E)\‘lL'Jﬁ'Iﬁl,uﬂ']'31/]']‘]_];]ﬂﬁEl'lﬁ'ﬂﬂ']ﬁﬁuﬂﬁ1314‘1@L3J°Vlﬁ%wl@§ Uu@?iﬁﬂﬂgﬂﬁfﬂ

(Zr-ADPO, gauniilfnsen 250 serusarisa WHSV wn1uoaminy 1027 b

A3ouay ) .
fosazmsidoniia

el Asulasiy $ovavna laved
(uM) VBUUNUER | lamniadmes | Wesian laa laiharined

45 40.51 89.15 10.85 36.11

90 38.45 89.32 10.68 34.35

135 41.72 89.07 10.93 37.16

180 47.08 88.93 11.07 41.87

225 52.23 88.57 11.43 46.26

270 51.96 88.53 11.47 46.00

315 58.88 88.18 11.82 51.92

360 62.42 88.13 11.87 55.01

405 61.27 88.73 11.27 54.37

450 64.80 88.08 11.92 © 57.08

495 61.58 88.66 11.34 54.59

540 66.53 88.12 11.88 58.63

585 68.65 87.69 12.31 60.20

630 67.81 87.63 12.37 59.42
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! o aan i o 4 P=N= L4 [ i aan
5190 0.8 wavesam lumsigaserdemsdunsizd lawiiadimes uudusalfase

(Ce-ADPO, gaunnlilfAsen 250 oeruraifos WHSV imueamifiy 10.27 1"

Ardouay ) . -
fovazmItieniia

el msuilasduy $ovazwa ldveq
(U1M) VouuMUen | Yamdadmes | wediadles | lewiadmes

45 33.89 77.98 22.02 26.43

90 29.26 89.34 10.66 26.14

135 28.72 88.70 11.30 25.48

180 29.15 89.04 10.96 25.96

225 29.84 89.83 10.17 26.80

270 30.03 88.94 11.06 26.71

315 32.08 89.48 10.52 28.71

360 34.64 89.11 10.89 30.86

405 34.47 89.20 10.80 30.75

450 38.49 88.89 11.11 34.22
495 38.17 88.36 11.64 33.73

540 60.15 87.62 12.38 52.71

585 58.90 87.51 12.49 51.55

630 51.56 89.06 10.94 45.92
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§ o aAan ] [ r'd = 4 o 1 Aaan
MmN 0.9 wavesa lunmsiilfisedemsdunsizd lawfiadines VUAAINHAT

(Ni-ADPO, gaunll 561 250 perasarid WHSV inueainy 1027 h'

Adouny ) -
398 MILADNLAA

o mIuasii $ovazwa ldves
(UM) VOUUMUen | lawnadimes | wesianlas lawiadmes

45 5.97 91.53 8.47 5.46

90 6.36 91.96 8.04 5.85

135 10.01 89.70 10.30 8.98

180 15.24 88.94 11.06 13.56

225 16.52 88.79 11.21 14.67

270 28.43 88.89 11.11 25.27
315 17.25 88.55 11.45 15.27

360 18.94 88.92 11.08 16.84

405 30.49 89.14 10.86 27.18

450 24.72 88.92 11.08 2196

495 34.37 89.57 10.43 30.79

540 59.46 88.13 11.87 52.40
585. 34.78 89.19 10.81 31.02

630 32.92 89.31 10.69 29.40
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Zr, Al PO, 8uvigU1ATe1 250 asruaFed WHSV wueamiiy 10.27 1

Mfovaz ) . -
fosazmsdonia

el msudaanu $ouaznalaveq

(M) VOIUMUDD | ladiadmes | Wedianles lawiadines
45 74.43 79.04 20.96 58.83
90 72.29 86.02 13.98 62.18
135 72.06 85.90 14.10 61.90
180 73.68 85.83 14.17 63.24
225 70.19 86.25 13.75 60.54
270 70.27 86.20 13.80 60.57
315 69.38 86.34 13.66 59.90
360 70.07 86.24 13.76 60.43
405 69.50 86.21 13.79 59.91
450 69.76 86.32 13.68 60.21
495 69.66 86.34 13.66 60.1¢
540 69.48 86.20 13.80 59.90
585 68.92 86.38 13.62 59.53
630 68.23 86.42 13.58 58.96
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d‘ o aan v o 4 a oA o o v aan
M3199 n.11ravewar lumsigasedemsdunsigd lawiiadimes yudauselgase

Zr,,Al PO, quungiil§A301 250 parummFod WHSV i iuoaiiny 1027

M¥ovay ) -
fouaznsiaeniina

mn R IRLT $ovavma ldvoq
(W) VOULMUEA | lawdasmed | dedadles | lewiadmes

45 87.59 87.62 12.38 76.75

90 74.22 86.27 13.73 64.03

135 72.59 86.16 13.84 62.55

180 71.37 85.95 14.05 61.35

225 71.90 85.89 14.11 6176
270 69.59 86.35 13.65 60.09

315 71.48 85.44 14.56 61.07

360 70.87 86.20 13.80 61.09

405 71.22 86.00 14.00 61.25

450 71.51 86.07 13.93 61.55

495 72.52 85.61 14.39 62.08

540 70.45 8608 13.92 60.6

585 71.86 85.93 14.07 61.75
630 72.07 85.72 14.28 61.78
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Zr, Al PO, g i §n5en 250 osruvaifoa WHSV imiueaminy 1027 b

Mfovaz ) . -
forazmsidoniin

M M3suasiu fovazwalaves
(M) vouunuen | lawdasmes | wWesdanled lowiadmes

45 9591 90.76 9.24 87.05

90 77.84 85.81 14.19 66.80

135 74.65 85.62 14.38 6391

180 73.25 85.82 14.18 62.87

225 72.58 85.66 14.34 62.17

270 72.84 85.43 14.57 62.22

315 73.37 85.60 14.40 62.80

360 73.87 85.25 14.75 62.97

405 74.93 85.30 14.70 63.91

450 75.78 84.79 15.21 64.26

495 75.10 85.18 14.82 63.97
540 77.06 85.12 14.88 65.59

585 78.92 84.28 15.72 66;2

630 80.18 83.86 16.14 67.24
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3 o ann 1 [ o a A o Y 1 aan
ﬂ"li]\']ﬁ ﬂ.l3Na"UENL'Jﬁ1611!ﬂ?iﬂ?ﬂgﬂiﬂ?ﬂ@ﬂWiﬁ@LﬂiWﬂﬂUlﬂliJ“V]ﬁ@W]'E‘)'i Uu@ﬂliﬂﬂgﬂiﬂW

Zr, Al PO, i1 NTen 250 s uvaITae WHSV mueaiify 10.27 1

Afouaz ) . -

FDYRLMIADNNA )

m mMsudasiu fovazmaldvng

(1) VOUNNIUea | lawnadimes | Wesiadlas lawiasimes
45 52.52 64.77 35.23 34.02
90 44,78 88.87 11.13 39.80
135 41.51 89.08 10.92 36.98
180 44,29 88.84 11.16 39.35
225 38.52 89.14 10.86 34,34
270 42.81 88.85 11.15 38.04
315 43.07 89.17 10.83 38.41
360 43.19 89.06 10.94 38.47
405 46.42 88.47 11.53 41.07
450 44.09 88.38 11.62 38.97
495 46.53 88.85 11.15 41.34
540 43.68 89.08 10.92 38.91
585 47.14 88.63 11.37 4178
630 48.49 88.54 11.46 42.94




4 = o Y T aan
M319% N.14 KANTAATIZH XRF v09a 13 UAsen

o enn Fogazlagiwiin
fasalgnaen
ALO, P,0, Zr0, Si0, HIO,
Zr,,Al, PO, 45.5 48 5.2 0.79 0.12
Zr,,Al, PO, 37.4 475 14 0.28 0.43
Zr, Al PO, 26.3 40 32.4 0.17 0.73
Zr,,Al,,PO, 15.6 32.2 50.5 0.04 1.13
a <! @ T aaa
195199 .15 Naﬂ'liﬂﬂﬁ@llﬂ??ﬂlﬂﬂﬂﬁﬂﬂl@ﬂﬂ?&iﬂﬂgﬂﬁﬂ"l
CRK] 131nn35 NaOH #lF (ml) pmol/g catalyst
AIPO, from (H,PO,) 59.4 297.0
AIPO, from (NH,),HPO, 14.8 74.0
Zr, oA, , PO, 48.5 2425
Zr, ,Al, PO, 44.5 2225
Zr, Al PO, 36.8 184.0
Zr, Al, PO, 33.6 168.0
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-1 fegamamiamaasandusal nseezgitianneava (A1PO,) 6 N3

niunasemlnnainansazaiy H,PO,

N1 PRI g uALl
AI(NO,), + H,PO, — AIPO, +3HNO, @.1)
170 [Nanave AINO,), =212.994 g/mol
w70 luanaved H,PO, =97.997 g/mol
w2 luanaves AIPO, = 121.952 g/mol

Y v
AMunlsunaesdsdunldy

ANOL = 6AIPO, | TOMIPO, | 1molAI(NO; ), [212.99484I(NO,), |
)= 68 1121.952g4IPO,| 1moldIPO, | moldI(NO,), |

= 10479 g

1molH, PO, |97.997gH, PO
H,PO, :6gAZPO4‘ moldIPO, _|1molH PO, | gH,PO,|
121.952¢41PO, | 1molAIPO, | molH, PO,

=4821g

TagensmlnlFlumseIondusafnsode

- AI(NO,),"9H,0 u7alutana 375.145 g/mol

3 A

- H,PO, anutindudooaz 85 Tasilsuias aAnumuimuy 1.75 giem' 1 gungil

20 DAY AL H

Y 1
fgatiulSunaaineindesls

gAl(NO,); -9H,0 /
375.145 23 /nOZAI(N03)3-9HzO
212.994g4I(NO,),
molAI(NO,),

AI(NO,),-9H,0 =10.479gA4I(NO,),

=18.456 g

| mIH,PO, |\100miHPO,solution

msazane HPO, =4.821gH, PO,
1.75gH,PO,|  85miH,PO,

=3.24ml

Tagifia HNO, :1nM3n3suaus1lnsen

3mol HNO
HNO, =6gAlPO4\ molAIPO, \ mo A
1121.952gA1PO, | 1molAIPO,

=(.1476 mol



55

YSumsazareldidunarsdromsazarouen Tudie Tasensmiinldie

v

- NH,0H anuuduiooaz 25 TaglSuinsnnuasduwiz 0.91 diefisuiui

o 1 4
fuaannudutuvesasazats NH,0H luniieluais

gNH ,OH
25mINH,OH 091 mINH ,OH |1gwater | moINH ,OH |1000m!|
IOOmlNH4OHsoluti0n‘ ‘ gwaz‘e7 ‘mlwaterl 35¢gNH,OH i dm’ ‘
miwater
= 6.5 mol/dm’
1InUPAToUAY
NH,0H + HNO, - NH,NO, + H,0 (v.2)

2
saiuldeasazarouen TudislumsUsuldidunais

|1moINH ,OH| dm’® NH ,0Hsolution|1000ml|

NH,OH = 0.1476molHNO, -
| 1molHNO, |  6.5moINH,OH | ldm’ |

=2271ml

agiswemaniinldlumassondusal §hseesgiiiisuoaina (AlPO,) 6 NN
- AI(NO,);9H,0 18.459 g
- 392078 H,PO, 3.24 ml

-msazaeuey Tukle 22.71 ml
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w-2 fegamsmiuamaasauansl §iseszgiitianleanla (A1PO,) 6 D3N

Niunasemamnainasazare (NH,),HPO,

nnUPnIeuall
AI(NO,), +(NH,), HPO, — AIPO, + HNO, +2NH,NO, (¥.3)
170 luanavee AINO,), =212.994 g/mol

wialuanavee (NH,), HPO, =132.060 g/mol

wn luanaved AIPO, =121.952 g/mol

Y v
MunalSuaensaadunls

AI(NO,),= 6 PO, | MOIAIPO, | 1molAI(NO;), 1212.994g41(NO,), |
Ji= 68 *[121.952g41P0,| 1molAIPO, | molAINO,),

=10479 g

(NEL). 1PO, = 6 AZPO‘ molAIPO, |1mol(NH,), HPO, |132.06g(NH,), HPO, |
B 121.952g4IPO,| 1moldIPO, | mol(NH,), HPC, |

=6.497 g

Taoesiniinldlumswionduswlfisene
- AI(NO,),"9H,0 W7a Tuiana 375.145 g/mol

- (NH,), HPO, AR U MUY 1.62 g/om’ 1 @UNQN 20 BIA ALy

Y '
gatiulSunamsinindesls

375.145 84I(NO3); -9H, 0 ’

/molAI(NO,), -9k ,0
212.994gAI(NO,), /
/molAI(NO,),

AI(NO,),9H,0 =10.479g4I(NO, ),

=18.456 g

| mI(NH,), HPO, |
‘[1.62¢(NH,), HPO, |

asazany (NH), HPO, =6.497g(NH ), HPO
=4.01ml

T HNO, 910013103036 213 91§56

NG, = 6udlPO | MOMAIPO, | ImolHNO,
s TS 21 952g41P0, | ImolAlPO,

= 0.049 mol
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YSumsazawldidlunasdemsazaouonludle Tasansininldne

[ Y
- NH,0H aAnututuiesay 25 TastlSuiasanuaistuwie 0.91 iWeheudui

o 1 J
fAMurannudutuvesasazats NH,0H TunidegTuais

gNH ,OH
25mINH,0H  |0.91] mINH ,OH |1gwater| moINH ,0H [1000ml|
100mINH 4OHsolutionI l gwawV |mlwater\ 35¢gNH,OH \ dm’ .
milwater
= 6.5 mol/dm’
nnUPAT UL
NH,0H + HNO, - NH,NO, + H,0 (v.2)

3
saiuldensazarsnen Tumidslunmsusuldduna

\\moINH ,0H | dm’ NH ,0Hsolution|1000ml|

NH,OH = 0.049m0lHNO, -
| 1molHNO, | 6.5moINH,OH | ldm’ |

=7.54 ml

aydswesnin 1 lumsiassudas wl §serezgliisudomna (AlPO,) 6 N3W
- AI(NO,),9H,0 18.459 g
- @¥azaNy (NH,), HPO, 4.01 ml

- gsazaleuen 1l 7.54 ml
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V-3 FIRENIMINUIUMIMUIUMIAIBNANIIF3eN (Ni-ADPO, 6 DTN

msmseudus s nsen (Ni-ADPO, 6 nSuld AIPO, uag Ni,(PO,), ludasiaumiiu

A9 AIPO, 3 NSV LAY Ni,(PO,), 3 NS

- AIPO, 3 N3N
INNTATUIUNAIUN
AlPO, 6 nsuld AI(NO,),"9H,018.456 g @1inzae (NH,), HPO, = 4.01 ml

1fin HNO, 91nM5I93eN61591/§7381 0.049 mol

daiu alPO, 3 n3uld
AI(NO,),9H,0 18.456/2=9.228 g
ensazany (NH,), HPO, 4.01/2 = 2 ml
1A HNO, 91nM3ia3 A3 317381 0.049/2 = 0.0245 mol

- Ni,(PO,), 3 NFY

nnUHNTeuall

3Ni, (NO,), + 2(NH, ), HPO, — Ni,(PO,), + 2HNO, + 4NH ,NO, (v.4)

178 luanNavpd Ni(NO,), = 182.693 g/mol
waalumnaves (NH,), HPO, =132.060 g/mol

170 luanaves Ni,(PO,), =366.027 g/mol

o “ o v Aq
Auasuaasaaaunly

Ni(NO,),

_ 3gNi(PO,) | molNi,(PO,), | 3molNi(NO,), [182.693gNi(NO,),|
BB >[366.027gNi, (PO,),, | 1molNi,(PO,),| molNi(NO,),

=4.492 g

(NH,),HPO,

3N (P04)2| molNi,(PO,), |2mol(NH,), HPO, |132.060g(NH,), HPO, |

366.027gNi,(PO,),,| 1molNi,(PO,), | mol(NH,),HPO,

=2.165¢g



asg Y =) @ 1 aaa A
arsnunlglumswssudusslgnsone

- Ni(NO,),'6,0 178 Tutana 290.81 g/mol

= F=%

- (NH,), HPO, AUNUILUY 1.62 glom’ PUNNY 20 DIF UV DL

@

¥ v
gaiudSnaeanindosld

Ni(NO,), -6H,0 ‘
290.6938 3)2 011, _

INi(NO,), -6H,0
Ni(NO,), 6,0 =4.492gNi(NO3)2| molNi(NO;), -6H,

182.693gNi(NO,),
molNi(NO,),

=7.147 g

| ml(NH,), HPO, |

(NH,), HPO, = 2.165g(NH,), HPO4‘1 62g(NH ), HPO ]
. 4/2 4

=1.336 ml

Tagiia HNO, 91nMsmn3endnsalgnsen

INi, (PO 2molHNO
HNO, =3gNi3(PO4)z=366nZ)027 13(. ;| b
027gNi, (PO,),, | 1molNi, (PO,),

=0.0164 mol

k4

AtiUIAA HNO, 9InM3INTeNa NI 1§NT61593 0.0245 + 0.0164 = 0.0409 mol

nnifnseuall
NH,OH + HNO, — NH,NO, + H,0 (1.2)

4 a o
doaldansazanonen Tudlvanududy 6.5 moldm’ iWedSuldilunaa (pH 7)

|imoINH ,OH| dm® NH ,OHsolution|1000ml|

NH,OH = 0.0409molHNO, 3
| 1molHNO, | 6.5moINH,OH | ldm’® |

=6.29 ml

ayUswensninlFlumswsondusalise (Ni-ADPO, 6 NS

- AINO,), 91,0 9.228 g
- Ni(NO,),"6,0 7.147g
- Msazane (NH,), HPO, 3.336 ml (2 ml 910 AIPO, 1iag 1.336ml 310 Ni,(PO,),)

- AsazaneLeN 1l 6.29 ml



MANUIN A
IBEMIAIUIU Weight Hourly Space Velocity Ua3i1331lfnsen
naz

IBMaminanmdudaveInisalgnaen
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-1 I5N1IAIUIG Weight Hourly Space Velocity Y0961 1391l§A3en

A13A1UI8 Weight Hourly Space Velocity (WHSV) U8 UM IUBALAAIAITNNITA A1

WHSY (Flow rate of methanol) x (Density of methanol) 1)
(Catalyst weight)

89513 IMaveauniuea 1.3 Taaansaeda 1ua AUNUILLY 0.79 g/ml
Y
Wnindus 1gnTen 0.10 niu
1.3 ml/hrx 0.79 g/ml

0.10 g
=10.270 k™'

WHSV =

931013 MaveUNNIUA 1.3 Naaansnowd 1Ne ANUNUIMUY 0.79 g/ml

v
Wmindusa§izen 0.25 iy

1.3 ml/hrx 0.79 g/ml
025 g

=4.108 4’

WHSV =

DAIINTT MMAVDUUNIUDA 1.3 Vadansnedd Iug AUHULILY 0.79 g/ml

v
@ o

Wmindus 1lgnsen 0.50 niu

1.3 ml/hrx 0.79 g/ml
0.50 g

=2.054 k'

WHSV =

BNINS IMaveauumuea 1.3 Jadansaedi Taue aAnunuiiu 0.79 g/ml
Wminaus1lgasen 0.75 niw
1.3 ml/hrx 0.79 g/ml
075 g
=1.369 4"

WHSV =




A-2 IBmammanmdudavesiusalgnsen

MIfMuIsaTUATYBIA A I GAT01 LEAIRIaunIIN A.2

WIF = (Weight of Catalyst)

= (M.2)
(Flow rate of methanol)
§as1ms navesumuea 13 Taaansaedalus
Wminaus 1 §Asen 0.10 N
W/E = (0.10 g)(60 min/hr) _ 4 &-in
(1.3 ml/ hr) ml

v
Wmindusalgazen 0.25 s

(0.25 g)(60 min/Ar) _ 11 54 &-min

W/F =
(1.3 ml/ hr) ml
Wnina s 1 §Asen 0.50 Ny
W/F = (0.50 g)(60 min/ hr) _ 93 og &-Mmin
(1.3 ml/hr) ml

b4
@ o

WIMinAus NI 0.75 N3

g.min

(0.75 )(60 min/Ar) 3460

W[F =
/ (1.3 ml/hr) ml

62



