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Abstract - In this study, we propose a new reaction-distillation hybrid process for production of dimethyl ether (DME). The
conventional process for the production DME consists of one reactor and two distillation columns. The proposed reaction-dis-
tillation hybrid process is an interlinked system between one reactor and one distillation column. Comparison between these
two processes shows a great advantage of the proposed one over the conventional one in energy saving. We examine and ana-
lyze the effect of design and operation variables on the performance of the proposed process and optimize the process.
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Methanol Table 1. A set of simulation input

(a) Conventional process

Feed rate
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H,0 2.5 kmol/hr
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P S R Heat exchanger (E-2)
.......... Cold stream output temp. 280

......... Flow direction countercurrent
O 11 N S S Distillation column
T-1

......... Total number stages 24

Condenser Total
E-3 Reflux ratio 2
Feed stage 13
Waste Pressure
Water top 10.3 bar
Fig. 3. Reaction-distillation hybrid process II. bottom 10.5 bar
R-1. Reactor R-2. Reactor T-2
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Feed stage 15
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Table 2. Equipment dimensions of the two processes

Process Conventional Reaction-distillation hybrid
Reactor D=0.72m D=0.75m
L=76m L=10.15m
Distillation column T-1 D=0.79m
L=15.8m D=1.137m
T2 D=0.87m L=2545m
L=149m
12000
I Heating duty
10000 - [ Cooling duty
g 8000
<
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5 6000 -
©
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T 4000 -
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0 . ;
Conventional Hybrid

Fig. 5. Comparison of heat duties between conventional and proposed

reaction-distillation hybrid process.

ol-g3t TiuEele= A 607
L
—e— T-1 Methanol
5 4 ~O- T-2 Methanol
g
¢
¢}
_ 104 o
o o
Qo
g o
el
5 151 o
) o
S Q
w o
o
20 1 o)
RE-MIXING IN T-1 o)
o
o
25 O
v O B
O
O~ T T T T
0.0 0.2 04 0.6 0.8 1.0
Mole Fraction of Methanol
(a)
q
:
5
o 10 A
)
e}
S
=]
c
o 15
o
]
»
20 4
25
T T T T

00 0.2 04 0.6 0.8 1.0
Mole Fraction of Methanol
(®)
Fig. 6. Re-mixing effect: (a) conventional process; (b) reaction-distilla-
tion hybrid process.

> )2 g Ao] WHEEH EATANT A2 F uje] ofiX7l T
& aiHe] 7kssitk. = Fig. 1
FE el R oA T vee ]
oﬂ 2} A% @ okl Fkach,
]E].io] ZAL AR o] T3
1S ol g3to] Tha] Relst
%E‘r ool wtai Fig. 22
—8— E]—v/l 1255k JJr El—x1 ,\}
oleflX ]b&g wekE} 4% DMES} EO] qv(sme drawje ¥-Ha
©RA PR DMEZ) SPERE B9 Relvh oleich. o] WA
NEsge) Masst Bl AET AHE AP 4 ol =, MeLe
SR el Helslo] Wer1R Aed ARl EE SR U &
i) Gl WS E4TYS elel IEHYS A
& A}gals wjolel vla) 9 Ao o FfHolri]

o] X] %
A=A
r_f;], H}% Za s ZA) Tr_xa/] 7(:)] 7]J_J_7<4 2} r/Lg] B]—Qg]q},ﬂ H]—/\gtﬂ»
EL
oA

[e

=

ol
Y
o
i
B
30
°
ea
¥
—Yi

T
Q
2

©
=

2

i
o
N
N
ol r

B ofx

10 ox

Z/H_O_ _z;q\:ﬂ-/ﬂo] = DME
et e olefEow ¢
o] E3} AEFHEY. o] #

Al ¥z ] o]3e] ofiA]
Fig. 6(bylA] Xl ®

rzlj in
3
rE.

l'E?l—"*;:,nii(—)f

o o W Z
‘%
o Em

o,
1o
FJE

J =
p
o_>.:
oH
o2
L
JN r_

(

ol
il

{2
—(u:

miﬂ 1101’

l_ﬂ

pal

Oﬂo] Ag

HRg o] AR P SRl felEle] FROUAZ ALGET) =
KEEAS] A 3 WA SR 28] L1 ) 9] 0 &
o] A Eo] HRlEE o) Wedel A flEe] HEE o)

”é’#f\]ﬁ Sl frAAAk gk, 184 ok A %Ter% T-1°]
Zelix) 2ezgo] Al Sohiett. 12 Aljke 37ge] A Wk
HEe] ZEe 9Otk A A0 F njMo] e B L} 2o o
ejolr, wgh A o7 7|Ee T-100 vl 7] -4 Aol &, =

HWAHAK KONGHAK Vol. 41, No. 5, October, 2003



608 T3} - Sk
400 400
w| @ wl ©®
360 360
O 304 O 340
g 320 % 320 4
© ©
8 300 A 8 300 4
IS IS
2 280 Q280 A
260 4 260 4
<
240 240 §
220 . . . 220 T . . T T
0 2 4 6 8 0 2 4 6 8 10
Reactor Length (m) Reactor Length (m)
400 400
o] (© g4 (d)
360 360
O 340 O 340 1
° °
£ 320 S 320
© ©
g 3001 qé 300
£
O 280 O 280 -
260 260 -
q
240 4 240 4
q
220 - T T T T 220 . : . . r
0 2 4 6 8 10 0 4 6 8 10
Reactor Length (m) Reactor Length (m)
Fig. 7. Reactor temperature profiles: (a) conventional process; (b) reaction-distillation hybrid process I; (c) reaction-distitlan hybrid process II; (d)
reaction-distillation hybrid process lIl.
Aelgo] 2 Poluz WSS WAL Ak glo] flshs 10000
0] 7Pk olel] wkek Aul71e) o] 2mEES kA7) 5 lk,
99.95 A
4-2. 91257 EM3Y UE7] g o 99.90
DME?] "4t 342 a7enkg-ell &) dojubn] oju) AFg-E)= g
ol 400°C ool MlRsteck el 8712l ol ol g ess
ol €58 2dah e AEolel Ak oF g F AR W §
$7] Wl Telslle) i WS Aol AAE Wl T B
A W72 Fol7be WS 25F Wolke= A (Fig. 3,885 & 9975 1
T 2T elar ok shiki= WhS719] RS U] ¥ 2
o] Wk AL} 387t ESHER &b Wkey] LR oty 9707 | .- Top of stage
=5 ok Ml (Fig. 4, Wh8-S %@J"_ﬁ el 99.65 T T T T T T T
WA} WS-SR BAF 19 WESY) ST 367°001M, uE wooo® e 2%
S == SAZH 19 %07] ETL& T 372°CE VER} v SF Reaction products feed stage from the top
337 19] §kgV] E72 % 380°CHT} v 7 2EE 45 F Fig. 8. Effect of feed stages on the product purities.
A}, wEbA BESY] Alole] Audr|E Yo 2% A5S Fole W
o] ur} EEHQ whg7) Ml e o 4 k. 7 ke T2 Wk
7] Aojell & W% XS Fig. Pl YERASIT /30] 7P & DMEE “3HollA, 3ido] 7Fd w2 52 whahiol
A E2E Ulﬂﬁ HERS-S- =7 (side drawl THA ¥RV & Ae=8t
4-3. ukSMAEo| QI mE st A} Fig. 82 W55 $43H2) A o) Fedel uke A%
710 U2 S SRECE Y vsAdE 5 3 9] =1 WSS LRSI Fig. 9= WA= Frddel mhE i
s5tgst Hl41H M52 2003 10



HES - S TGS o83t TirEelEl= it 609

1.0 0—0—x -
o —e— Methanol 1/
o DME ,
08 4 3 —¥— Water /"
X g
c 14
O 064 v
B v
®©
=
Q@
G 0.4
=
0.2
0.0 ¢ -
5 10 15 20 25
Stage number from the top
(a
1.0 T—0—0—O—x v
; —@— Methanol o
Q v
o DME //
08 —¥— Water y
!
[
]
C Il
O 06 /
©
g 14
= /
< /
o 04
= °
0.2
0.0
0 5 10 15 20 25
Stage number from the top
(b)
1.0 0-O—=5 4
.b —e— Methanol f
4 O DME !
0.8 4§ —v¥— Water !
|
|
|
5 06 A ,-v—v—v—v«wv—v—v*v\yl
©
©
A=
<2
S 0.4
=
0.2 |
0.0 ¢ -0

vy
5

Stage number from the top
(©
Fig. 9. Purity of feed stages on reaction-distillation hybrid process: (a)
feed stage-14; (b) feed stage-22; (c) feed stage-26.

, ek,

HE3A8/3E2 DME EZ o]FoXn FYT ARE ek
o] FFY 1L SH-E Eo] FFu|ofof gt} E3t &0 A FS
DMEZ} 550] B Yol o]Fojz]of st} f-ddto] 14491 Z-¢- ]
ggo] 54 F o= ¥ S AEGT A= 7EIA o] Gl
Hgkgo] Z8] 55y o] EASHA] sl HaL uhebs] f-dtt shy-
2 vghgo] s SARH Ha, fET 4T 99 = DME 559

100.1
100.0
o
S 999 4
>
=
5
Q  99.8 A
©
>
e}
O 9974
o
996 1 —e— Top of stage
: O~ Bottom
o
99.5 T T T T T

6 8 10 12 14 16

Side draw stage from the top

Fig. 10. Effect of side draw stage location on product purities.

ol Mg FEr} kA Hlo] AAROE AF St

oA, AA) AT Yo ek,

fregeto] 26w} Bt wigkgo] el gl Hak gofo] 4
71 kil Wkt 9 el ) G408 olsiel ) el ok
2 ko] WAL ek, w3k oli= ek QJelel o] F8]

o] EA8HA] Es HEZ gl %—%ﬂzi Eo] g A
=of Hghgo] ggodollr T3] FE5TA Kol A s=r ¥
oJx) A},

W, felwto] 225101 A9 WA EE0] SR Vo s
EEo] BElrl a8 oR & Aot AE] &% 99.99%04-2
= Qlth S RN E Fdeke HAEE 7 ol SRHeIA

B8 T Rt AHES She weld] Agslolo} ik,

FaE=CH(side draw stage)sk
% 1 ]tj X]O] DME:= El—)\]—j _,_u]
H & FEAR] nNkE Mgkgo] ggTle]
Elx-4i Xﬂfﬂﬂ o)t} Fig. 162 SF-aEgol b A
o =28 e, Fig. 122> 0] SHE(T-) Wi-sEE¥Es
Zlo|t}. Fig. 1(% B gdollA] mukg vleke-S fEdto] Al
A AlEe] =57 "ol & & 4 Utk o] Fig. 11(a)
FH UR-sEREE B 1037} 153 Afole] Hghgo] gol &
1’5‘}1 e Ae B QU veed] ool A edo i nikg-
HEreS AETATA Hof viks vgkge] SHFEHCE BT o
71 3l SRl vEkg wgkso] RskA |t whebs] Bt
AT AFH F wekgo] fEEo] A 57 HolAlE Ae
T et
8, 10, 1Z&tol|A] vRkg- WigkES-& A=A A wl= 871 dol o}
Y= Y255 €57} o= 218 & ¢ itk o] o Fig. 11(bE
2 ogh&e] #3vt 7pg B 12h0 2RE upke- wgEke-S Al
FAPFIE Aol AFe] 57 =2 Ae & 5 Utk Fig. 161 Vet
Hiel o] 150l mRkE- HEhe-S fEdto] AledE we 527t
o= AL & 7 vk ol RESAY% % QIERl 2240 F Fol
WS EEC] Eel7t dofur] "ol SH-AE 15302 uuks- H
g3 v NhAEE0] W 97 wizelth o]& °1°H CRIn
utol] mRES- Hgkgo] 2HRstA Hof BT §A2 AlEeert 9
01*1711 Aot A SRREa Wee 520t ozt ﬂt |
gltolof gt}

I

U ol

JL

HWAHAK KONGHAK Vol. 41, No. 5, October, 2003



610 T35}
10 oo 3
—@— Methanol /V
O DME /’
0.8 Ie) —¥— Water »

Mole fraction

Stage number from the top

(@
0 O—0—0—0—0—0—0——
1.0 o) =
—@— Methanol v
o DME 4
0.8 4 e —¥— Water f
/
/
j
2 06
[}
o
&
Q@
[<] ]
2 o4
0.2
v
0.0 ¢ vy yrevT T
5 10 15 20 25
Stage number from the top
(b)
1.0 0—0—0
o ,)r
—e— Methanol /v/
O DME /’
0.8 o —¥— Water *

Mole fraction

Stage number from the top

(©)

Fig. 11. Effect of side draw stage location on column component pro
file: (a) side draw-6; (b) side draw-12; (c) side draw-15.

4-5. EhRH|o| g

Fig. 12= Rk &4d574 ] S5nloll uhs 5, HA Al
55 ekl Zloltt, g7t ol dd w) Aol =571 99.99%]
AR s & o vk vb, 7t 45U s B AR
57F "ojA7] AlEketar ghpnlzt 49w St 523] "olAle
& 3tk olZlE: ANkl SRede] dRlE =T Al
TR oML SRS Eold Alee] =t WolA= A
Zoltk. SFHI7F Tk B el viekEs BEY

o>
b

).

3l5F2st Hl41A H|55 20034 102

gk
100.0 A —— —9
.......... O J;
99.8
g 99.6 4
2
5
Q. 994 -
©
=}
O
Q 992
o
9.0 4 —e— Top
T -0 Bottom
98.8 T T T T T
4.0 4.5 5.0 55 6.0 6.5 7.0
Reflux ratio
Fig. 12. Effect of reflux ratio on product purities.
o7 Y Ble 5t Jloere, wT|E fYHe 59 W
57 woA L ool we} Wk Adeel moHE AdE dE

2
PN
=

k.

4-6. HI13-55 EMIHO| ERRERS(side draw rate) Uk
Fig. 13(afE 72050l W A% <2i3l= Ueligla, Fig.
13(b), (cE SFHE0s5el e ke whs-Asek) wksr] &9
LEHEE HolFa Q) Fig. 13(@F EH SH-4E50] 12-24
kmol/hr HYD w 99.99142] =7l FoAH}, SHFEFSES 24
kmol/hedoz 2| w8710 a7l ol f5o] vkeHgaS
sl Ha, whsr] 0] L5 YelzkA o). oju) v)RkS- vk
&2 SN, WA ET S SRRl ldE) Sk v
e vEhe-& EREe] B uiEH A Hol AlE F WEs A
o] 7V i AlEY - "olHA Pok vE SRAERS
< 10 kmol/helstE Eo]A W72 Y4E7t A7 A= Fule] vl
ghgo] B0 R 3] AREA] o] wlitel Al &) 743
Hojx|A| "t & SFH-AE5ol et DME AlEee) vghe: vhe-
Aggo] MslalA Har o]5 HEES o FE ulel e o] F=
HAHE 2 "k, oju] yE|ojol T AR Fig. 13(cHl 2.3l vk
9} Po| SFFEREO) AE Aol ergEe] Tl wet vk
7] TR 25T} AdFeto] Szt n)Edst | 4 Qlrks Holrt
Fig. 14= 717}] 3519l SRFAER5) e AF EHsE
ek Zlojtt, Aok F7delx hRn) e}l SRER4S sk A
S71elA Hgkgo] BT} Wol AREA Foan AEY £
7M7) Zo) 7Veehe HAlFEL) &, F W] oFe AHs] 24l

et 37 s AU = ok

Shd

54

AAsNK B AR AR ] o] 2% a1 gt o]/
2 DME:= thA] oy 2A] 5 Qi Q
UAE diFg oz gkt 4 gl A2 W55
s, Aljkel 37go] 71EF el vl $5=3F e 7F gkel
Ak Aloke 3793} 712 DME At 3738 A0 9} of i) A

wolA] wliwakglan whg 7] o] R A5E oAl Slat whe)
AP2E AN TH USER EHTY) T2 Wil B
sl PR JFS Aksle] AT



HES-- 57 S4578S o183t oivEeE= At 611

100.0 4
99.8 100.0
S
\; 99.6 - < 99s{ . 975
-‘E < I 98.0
2 994 . 985
: =
3 992 3 1 100.0
E ‘ge 98.5 N
99.0 1 & N
&
085 —e—Top 98.0 25({.
O - Bottom
97.5
98.6 . . . .
10 15 20 25 55
. R, 5.0 6\6
Side draw rate (kmol/hr) Oflux rgy, 4% 4075
a
2500 @ Fig. 14. Effect of reflux ratio and side draw rate on product purity.
S 2 wlgkeo] Agkgo] Z7kslo] AFS] w57} T o uh
< . . -
5 st o] BFUVL F52 AFY £} Sk 20z Lheptor)
£ 200 AR Ful= vigkEe] 2] AAE =9 W72 Aleds] = vl
é ghgo] FuEo] HAAR vkgAgge] Skt SRAESY A
o 2585 4 o] ke TP WHETIE FEE mleE] o) ST, Al
S FAIRE A=, el vlal REg-ddkgo] "olx|n], weta F
T 2580, Freh nukEeke o] Z7)w Ae] ww) Wol ), Wil SR
% . EHE5S AP EEAgEe| TrlehY SRR Ul rIRkS R
= 751 £o] kol o3l A= F3lod AF2] w=rt WoHA Pk & 5
FRERSS ANBE 2 202 ety olel @ werEe) 3ol
257.0 . . . . _ L . N
: " . 20 = o IR RS BNToes Aok A3 A 0 2UAFS 9L
. 2= 01041:].
Side draw rate (kmol/hr) T A
&) 7t
390 = AI-
388 | o] A= olux| ]l ke] 87534 (2002EID03P0100002003)

386

384

1. McCandless, J. C., Park, G. P. and Mich., “Dimethyl Ether Powered

382 + Engine; U.S.Patent No. 5,626,294(1997).

2. Kim, J. W,, Sim, K. S. and Han, S. D., “Dimethyl Ether as a Diesel
Fuel Alternative]Energy Engg. J.7(2), 157-162(1998).

3.Choi, J. W, Lee, S. H., Sim, K. S., Kim, J. W. and Kim, S. H.,
“Direct Synthesis of Dimethyl Ether from Syngas in a Slurry Phase

380

Reactor outlet temperature (°C)

378 T T T T

10 15 20 25
Side draw rate (kmol/hr) and Gas Phase Reatt&nergy Engg. J10(1), 49-54(2001).
4. Jun, K. W,, Roh, H. S., “Traditional DME Production Technolo
(©) aqy
and Domestic Status of the DME TechnolobyCE, 20(5), 519-521
Fig. 13. Effect of side draw rate on process variables: (a) product puri- (2002)

ties; (b) methanol conversion rate; (c) reactor outlet temperature. - - L .
tes; (b) Versi © ! peratu 5. Turton, R., Bailie, R. C., Whiting, W. B. and Shaeiwitz, J. A., “Production

of Dimethyl Ether (DME) via the Dehydration of Methanahaly-

%], Z5-4%Hside draw stagefsF--G-<%(side draw rate)] wha} sis, Synthesis and Design of Chenfralcessesippendix B., Prentice
T WETh SR AU W eI AR fE Hall PTR, 709-716(1998).
o 9)x) 2] ZAA S| O3k QS Al r i ukS AR §eltlo] 9 6. Smith, R.Chemical Process DesigiWcGraw-Hill, Singapore(1995).

B3y} o|RolAE2 AXE|olo} ot =R 7. Aspen Plus User Guide, Version 11.1, Aspen Technology, Inc.

RS
O -
FrEuel A9 el Bk we FRE el fE AT

HWAHAK KONGHAK Vol. 41, No. 5, October, 2003



	반응-증류 혼성공정을 이용한 디메틸에테르 생산
	구영화·한명완†
	충남대학교 화학공학과 305-764 대전시 유성구 궁동 220 (2003년 7월 11일 

	Dimethyl Ether Production using a Reaction-distillation Hybrid Process
	Younghwa Koo and Myungwan Han†
	Department of Chemical Engineering, Chungnam National University, 220, Gung-dong, Yuseong-gu, Dae...

	요  약
	1. 서  론
	2. 공정 설명
	3. 모  사
	4. 결과 및 고찰
	5. 결  론
	감  사
	참고문헌



