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:L.. DESCRIPTION OF THE DESIGN I 
This document presents the preliminary basis of design for plant for the production of 
200,000 mtla fiber-grade MEG and 100,000 mt/a direct sa es specification EO. 

. " 

The design is done for tw parties Stork Engineers & C ntractors, and the faculty of 
chemical engineering, Del . ersity of Technology. Stork would like to see a comparison 
between different designs currently commercially av~' .able, within the limits öflicenses, 
proven technology, and commercial viability. While tork is more interestèd in the 
comparison and analysis of design, the University isocused on the group employing their 
skil~s in or~er to desi.gn.8n installation which can ~Pfr~te ~om a practical ~óint of.view. 
WhIle havmg two pnnclpals makes the task more ltiterestmg and challengmg, the mterests of 
both parties can occasionally confl.ict. We believe/ that a Qalance has been found, and a 
design been selected that should appeal to all pryes. . 

9.~ ~ ('.12. . \:I ~~(.". ~ 
~e glffi)~i capa~ity for ethyl ene oxide (EOt-or oxn:me)~u:rently ~t 1~.5 ~t/a, 
wlth~.5-Mmt/a In weste~and 5:tMmt/a m . Amen a. The balance IS 

accounted for largely by tht( Middle East and Asia. GIQbally, the demand for oxirane is 
growing strongly, due to increased"demànd f~lyesters. MBG accoÜnts for some 60%1 of 
the EO d~mand (split evenly between anti-fre~e gráde and fiber-grade2

), although in Europe 
the trend is towards higher value EO deriyatives. The total market for MEG has grown from 
6.2 Mmtl~ in .1990 to 10.1 Mmtla in 1998. The growth in EO 'and MEG demand is expected 
to continue up to cÎnd past ~he year 2005. 1,3. ' . 

~ 

The aim ofthe design' to produce 100,000 mt/a purified@and 200,000 mtla$"ber-~) 
MEG, at the highes economicalll feasible selectivity's. Details ofthe product streams are 
given in chapt~r 3, Plant ~apacity~ 70 % ofthe operational costs of existing plants consist of ::~ ~ 
ethylene feed. Therefore, a higher selectivity markedly ecreases ese costs. . ~~ ~ 

~ "3 . 
The production ofMEG historical~y is accomp~ed by a substan~ial production of di- ~ 0 ' 
ethylene glycol (DEG), as well as high~r g!ycols. It is the aim.ofthis design to produce~ .)X·~ 
litt.le DEG as possible. ~ low energy us~e and carbo~ dioxide producti<:>n are als~ ~ 

~ ~~~. 

Chapter 2 outlines the process concept chosen, and our motivation thereof. A simple block­
scheme, as well as thennodynamic and pure component properties. Chapter 3;cBasic 
Assumptions~' gives some of the details of the basis of design, such as capacity, location, 
battery limit, and stream~. · " 

Chapter 4 provi s a (ber of commercial and financial reflections. 

, __ ~ (~~ r~/c'k- -) 

I~~/ ) 
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----
3 



' .• !f 

~ PROCESS DEFINITION 

ti ETHYLENE OXIDE 

Ethylene oxide has been commercially produced by two basic routes: the ethylene 
chlorohydrin proces~ and direct oxidation. Other, commercially not viabie, process inc1ude: 
arsenic-catalyzed liquid phase proc~ss, thallium-catalyzed epoxidation process, Lummus 
hypochloritè pro,?èss, liquid:-phase epoxidatio~ with hydropex:oxides, electrochemical process, 
unsteady-state direct oxidation process, fluid-bed direct oxidation pro~ess, and biological 
processes4

• None ofthese processes has passed the pilot-plant phase. . . ' 

The chlorohydrin process is based on the production of ethyl ene oxid~ from ethylene 
chloro4ydrin by dehydrochlori~ati<:m using either sodium o~ calcium hy~oxide. Calcium 
chloride, dichloroethane, bis(2-chloroethyl) ether, and acetaldehyde are also produced. The 
chlorohydrin process, although it appears sim1?ler, is no long er èommercially operáted, 
largely due to higher capital costs and environmental problems. 

The direct oxidation of ethylene proceeds by the following reactions: 
2~ -t~ ~4 

04.5 KJ/mol [eqn 1] CH2=CH2 + Y2 O2 ~ CH2-CH + 
\ / 
o ~ ~~ ~ ,e\ef31(c..t 

zft 9~ g g 'i~ 
CH2=CH2 + 3 Ol ~ 2 CO2 + 2 H20 

r--<;. ~ (- ') 
(jB20 KJ/mol [eqn 2] 

The fust reaction results in the desired ethylene oxide, the second is the complete oxidation of 
ethyl ene, and is undesjrable. ' The reactions are catalyzed by 'a silver on alpha-alumlna 
catalyse. The large ~ount of heat produced,' combined with asolid catalyst, would make a 
fluidized bed reactor appear to be the best choice, due to its c.apability for heat transfer. 
However, abrasion ofthe catalyst reaches unacceptable levels in fluidized beds. Therefore, --- . . 
only fixed-bed, multi-tubular reactEo emPl~in commercial processes. 
Oxygen may be suppIi~d elther fro air, or as pure ed. Air based plants, eliminating an 
air-purification plant, are economjca y only feas' for a maxin:tum production of -25,000 
tla EO. Larger plants usua11y employ the oxygen based direct oxidat~on process. 

The standard oxygen processes all employ water as absorbent for the recovery of ethylene 
oxide. There are, h~wever, two drawbacks to using wat roblem IS the by-production 
o~lene g!y~l at the time of recovery. As m eh ' 0 of .11 ethylene oxidë cm thüS 
be lost. The ethylene glycol thus produced i élifficult fiber-~de standard due to ) 
the high amounts of aldehyd~s and organic aci . aed-' s stream. 
The second major dr~wback is the energy loss. · A large amount of water is employed as 
absorbent. The absorption of ethyl~referably proceeds at a relatively low 
temperaturç (5-40 °C), while the stripping step requires higher temperatures such as 85 to 130 
°C. It is difficult to recover the large amount of energy from this water economicalil. 

. ' , 

Major'c ors for the EO oxygen process are Scientific Design, Shell, Nippon Shokubar. 
0\1 r 70% 0 present world capacity is based on their processes. Union Carbide ~orp. and 

. .. ----.-----

4 



'. 

( 

Dow Chemical use their own processes7
• About 94% of U.S. EO_ capacity is located on the 

~ear secure and plentiful ethylene supplies. 

Producer Location Capacity, Process Technology 
~ 103 mtla oxidant C'\ 

BASV Geismar, La. 218 ..:.;f-f~ oxygen Shell t-

Dow Plaquemine, La. 227 oxygen Dow v 
Eastman Longview, Tex. 91 oxygen Shç:ll v 
Fo~sa Plastic Point Comfort, Tex. 240 -')~K oxygen unknown 
Co . sourcc: 8 

Hoechst-Celanese Clear Lake, Tex. 209 oxygen Sh~ll v 

Olin Brandenburg, Ky. 50 oxygen Shell (" 

Oxy Petrochemicals Bayport, Tex. 250 oxygen Shell " PD Glycols Beaumont, Tex. 202 oxygen Scientific Design 
Quantum Morris, 111. 113 oxygen Scientific Design 
ShelJ..) Geismar, La. (!:;)( t"364 J r oxygen Shell '" 
Sun Refining Claymont, Del. 45 oxygen Shell t, 

Texaco Port Neches, Tex. 332 oxygen Scientific Design 
Union Carbide Seadrift, Tex. 349 alf Union Carbide 
Union Carbide Taft, La. ( -T68) arr, Urnon Carbide 

oxygen 
Tota/ 3118 

1. Bemg upgraded to -425 mt/a, ready m 2000 (source:8) 
2. Being upgraded to -265 mt/a, ready in 2001 (source:8) ~ 

Table 2.1 U.S. Producers, capacities,process types, and technology for EO in 199V 

These processes are all very similar (silver based cat~lyst, multi-tubular reactor, water-based 
absorption), with only minor variàtions in heat integration and reactor d~sign. Howevér, 
catal st ment b means of do in is a very activ,e art, with numerous new designs 
being patente 5. . 

Based on such commercial factors as n~ber of plants already builtllicensed, pumber of 
plants currently under construmtio _ ed, catáIyst quality (selectivity, activity, lifetime, 
costs), and reactor de,sign, Sh CRI e absolute market le~der, has been selected as the EO 
process for our basis of design. . s cho~lso has a practical nature - many of the figures 
known to us apply to the Shell/CRI desi~et it again be stressed that at the current time, 

l(, 

II 

0( 

J( 

rt 

IC. 

It 

(i-

? 

based on the available literature, little variation be~ can be found. _ ;> 
é' (t!t~~.{ c;--") J;ffb . 

2.2 MONO-ETHYlENE Gl yeOl ~ I~ 

Currently the method of ethylene glycol production is uncatalysed thermal hydrolysis of 
ethylene oxide. The ethylene oxide - water mixture is heated to ca. 200°C, whereby the 
ethylene oxide is converted into ethylene glycol. Polyethylene glycols are also produced, but 
with lower yields. The yields of polyethylene glycols can be minimized if an excess of water 
is used, a 20 fold molar excess is usually employed. In practice ahllost 90% ofthe ethylene ---- . oxide can be converted to monoethylene glycol, the ~emaining 1 ~r 
monologues1o

: 

5 
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[eqn 3] 

[eqn 4] 

n-1 , 2,3 

// 

After leaving the reactor, the product mixture is p~d by passing it through successive 
distillation columns with decreasing pressure~uring this process, the large amounts of 
water added to enhance selectivity must b~vapprated. 
A literature study ofthe mon~OethYlene gfycol process resulted in two alternatives for the 

4: . conventional process: a catalytic p cess and a carbonate process. 
ol~rt-i~ . 

A lot Q research is done OIl-'a catalytic process in order to optimize selectivity, since higher 
selectivity for ethylene oxid~ hydrolysis a~lly reduces the excess of water required. 
The higher selectivity could however not be maintained for prolonged periods of time. 
Furthennore, the catalyst needs to be s~ted and fed back into the reactor or r~ced. 

~ .. 

In the S2ffiopate route process ethyl ene glycol is produced from ethylene oxide, with. ethyl ene 
carbonate as an intenneQiate, the ethylene carbonate is subjçcted to hydrolysis to produce' 
~ . , 

ethylene glycol. Both reaction steps are càtalytic. 

~
- ((J,! - (, \ f) 

H2C - CH2 CO2 H2C - CH2 ~ HOCH2CH20H r C02 ' b.. +f )\.. , 
\/ / \ '-...--

000 
\ / 

C 

11 · 
o 

In table 1 a comparison ofthe different processes is presented. Five topics were used to 

~ !he different:::-ses. A : re ;tail~)n of tab~ be found in app~dix 

Process Conversi00 Selectivity H20lEÇ number of main Implementation 
r components in industry 

Conventional = 

Thermal 
Conve~al = + + 
catalYti 1 

++ 7 
Carbonate route = ++ ++ ) 1-
process 

noteg. \ 
. catalyst dependent. Best found values are gi\rtfn 

2 single pass convêrsio~ 
Table •• Comparison of different.'MEG processes 
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, s ortant selection criteria are selectivity and the H20lEO ratio. The selectivity 
becaus ethylene ficiency (ethylene costs are a major part of the OPEEC' ortant 
econOlm . e, H20lEQ ratio because ofthe large effect it has o~ e energy 
requirements ofthe separation section (separation ofwater and ethylene g 
The carhpnate route process reaches a conversion and selectiyity of nearly 100%-, only 
diethylene glycol (selectivity less than 1 %) is produçed. The H20lEO ratio is much lower 
than the other two considered processes - only a two- to five-fold molar excess is added, as 
compared to a 20-fold excess for conventional processes. Therefore much less energy is .ex-k/_ . .1< 

needed in thi,s process. ' ~ ~ I 
~ I Theu ;arhouate route process ~cores best on these two topics and s~ould therefore be ~ 
- ,; consider~ process to be used for the further design. The process is patented by 

Mitsubis~ne (major) drawback ofthis process, however is the fact that it has not been 
~ed in the industry yet. The process has been carried out, with success, in a mini-
plant) , " 

~4ll:~ 1K I~,-- ... ·~.f 
Ir ~ ~/ 

.--",,,.---' 
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U PROCESS coNCEPT CHOSEN 

Choosing a licensor's complete design - for example, an inte ted shelvc~3 
facility - may seem j.ik(the bestFo:!,!te to follow. After all, co anies suc as e , 
Scientific Design, and Mitsubishi havè e ch been involved in bilding ten of EO, M.EG, or 
integrated EOIMEG plants, and therefore ha wealth of expe nee esigning, building, 
startup, and operation of such plants, and they wi arantee th workability f a plant. This 
makes the licensing of such design very attractive to tential CUS,IOIIEWf'S;- ' 
The conceptual process design, however~ is theoreticall not hindered by the constraints of 
'proven designs'. This is not to say that the value of 'pr en tecM ogy' is ignored, only that 
our design is not re uired tó be a complete license fro one licensör. On the othèr hand, a 
design concept must be realistic and commercially viab Therefo, a balance must be 
found between state ofthe art technology, ~el technology, eroven designltechnology, and 
c~rcial interests. Our selection process is illustrated in figure~ 2. ,,1 . \ 
Scheme 1 reflects the most conservative design. A complete Shell/CRI ethylene oxide 
process, with water as absorbent, is followed by a complete Mitsubishi process. This A ru~ I \\ .. 

involves splitting ofthe pure EO stream leaving the Shell/CRI plant in 1/3 for sales'and 2/Y.~~ 
for MEG production. Naturally, extensive heat integration between the two processes is 0/ , 
possible in this design. ~ 
However, the Mitsubishi process is based on the unrefined reactor effluent of an EO process. 
The absorbing and stripping of EO in the Shell process is thus followed by reabsorption in the 
MEG plant, albeit in a different absorbant. The absorption is therefore redundant. Several 
more elegant schemes are possible. D·lf c.::f ,. ~ ..... ) 
Scheme 2 involves splitting the EO reactor effluent into approximately 1/3 for EO production \) 

~e 2/3 MEG productlOn IS standard MItsublshi deSIgn. However thi sign cont~ns 2 1a ( 
an9/3 for MEG pro~uct~on. The EO ~rod~c~on t~ain is 'standard' ~lJsll/~RI desi~, and ~ 

recycles for the EO reactor, ~inc 2 a sar ers are now 0 eratin arallel. This inakes contra I ~) . 
p. '0&', (~ of the reactor feed, critica1 because of explosive and flammability dangers, very difficult. A 

variation of . 'mulve' ter suited for the requirements than 
e carbon~te/eth~len~ ~,IJçol, ro lene cm OIiate : the Shell/CRI. EO a~' 'on ' 
tr sorp Ion 0 ~ , G is descn m a pat nt to DOW Chemical 0 13

• 

The third scheme is the mos~ prefèràble. In this design, e effluent of the Shell/ reactor 
is fed directly to the Mitsubishi 'absorber, as intended in t e Mitsubishi' design. The top 
stream ofthe absbrber is recy~led to the EO reactor, the b om str~am is s lit into a feed for ~~ _ L 
the MEG process, and a stream which is stri ed and roe sed to sales s ecification ~ 
.. e ylene oxide. 

(( [ 

The heating and cooling ofthe large amounts afwater as in e classical processes is not 
necessary in this design - much,less absorbant, with a lower eat capacity (halfthat afwater) Cl 
is used. This desi also eliminates a high-c tent e lene . de str , whi is ve -/ 
dvantageous to process safety. urthennore, equipmerit cos are lower, since only one ~ 

absorber IS requir . . . s sc eme takes 11 advantage of the e perience of Shell/CRI in the 
EO design and Mitsubishi in the MEG design, while minimizi g casts, enhancing operational 
safety, and maximizing reliability. , . 

\ 

+ 
8 
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Shell EO 
Reactor 

Shell EO 
Reactor 

recycle 

Shell EO 
Reactor 

Figure 2.1, Process selection 

Shell EO 
Absorber., 

~~~ 

~ 
recycle 

/ Mitsubishi MEG 
t--r--.t Process t----

M
-

E
-

G
-. 

Scheme 1, Shell & Mitsubishi in series 

l/~ EO 

~-----'T-4ft~~ 
MEG 

Process 

Scheme 2, Shell & Mitsubishi parallel 

absorbant ~~ 
J.-; 

Stripper 
EO 

Mitsubishi 

t MEG 

Absorber 

Mitsubishi MEG 
Process 

Scheme 3, Shell & Mitsubishi integrated 

9 

') 

_____ ---'----______ _ ~ ____ ~~ ___ ~~._~ __ ~ .. .... .t-.-. .~ ........... _ ....... ~"""'-"=--.J 



kY/ev 

-i 8l> .. oo 

(~.c,() 

II(~ ••• 
g.~ < 

D.to 

~-

to~So 

ZA.. BLOCKSCHEME OE THE CHOSEN PROCESS 

Ethylene (S101) 
1.80e5 tJa 

Oxygen (S102) 
1.75 e5 tJa 

recycle 

(S108) 
2.02&4 Va .---

Shell EO Reactor 1 iJ .1 
(I) (S10 ~ 

3.55 e6 tJa 

CO~. H,O(S210 = 1.42 e5 fla, S213 = 8.? e 

~_D f {)u Mu-;J 
;; ~~.~ 

-r.0zy. ~ erf--; \ 
( ~ ",-,10 ') 

Mitsubishi Absorber I ) I 

(11) . 

.--

absorbant 

(S120) 
2.lJO e6 tJa 

(S 1 05) 
2.92 e6 tJa 

(S204) 
4.18 e6 tJa 

~ 
Á =- ~_ ft ... k,...f.(Q... 

10 

.~ 

~v~ ~y~~~/!. · .. -" --
leV ... 

v1.3 

CO2 (s119) 7.92 &4 Va ~~~o J ~ <? 
I.-t! ~ ~v,<1 () 

fÎJ'k-hu&~ 1 EthyleneOxide(S114) 1.00e5tJa It:JO_~ 
EO ? Water (S115) 1.33 e4.t(a J3. S 0 

Stripper 
(111) 

Mitsubishi MEG 
Process 

(IV) 
~ 

MEG (S220, S222) 2.00 e5 tJa 
Water (purge) (S219) 4.81 fJ4 tJa 
CO2 (purge) (S2Q9) 1.42, e~ tJa 
DEG+imp. (S223, S221) 1.53 e3 tJa --------.. . 

2CO.OO 

'i~.' 0 
1~";l _Oo 

1-~3 

~·qf 

(9s4 -~~J 

~ 
o 
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l0.0~~ 
II THERMODYNAMIC PROPERTIES 

I C 

Experimental data has been gathered for the following system 14. ater 0, waterlMEG, 
MEGIDEG, DEG/TEG, and w~GIDEG. Henry coefficient hav beel1 gathered for the 
solubility of EO and CO2 in wa~d vapor pressure or wateymixtures. . 

Mole fraction 
EG 
o 
0.2 
0.4 
0.6 
0.8 
1 

KyL,EO [ -----

75.60892 . ~ 
8.028&34 -'4~ 

(~./ 

5.0598?5 
3.920233 
3.3415166 

Table 2.2 EO solubility in water/EG mixtures, Aspen Plus RK-Soave model, T=100°C, P=10 bar. 

~thylene oxide/water mixtures at higher temperature/pressure are modeled by the WIL 
model. Although certain sources state concerns that the NRTL does not approximate reality, 
other sources claim variatlons between -10% and +10% between NRTL model arid 
experimental, values. Aspen Plus bàses its parameters on the Deche , therefore, 
the NRTL as given by Aspen will in principle be use . However; a more comp efe---· -
00~p"äriSon bètwee n eipë~ment~ Q~a mnh.~c:. the _ orl'yn~ic models is still required.~ ~ d ~ 

~') 
The following T-xy diagrams are included in the appendix D. These diagrams, however, 
must still be examined more closely for their value, but do give indications for the process 
conditions required for separations. . . . 

Comp. l Comp. 2 Pressure (bar) Model 
H20 MEG 0.1 RK-Soave 
H20 EC 0.1 RK-Soave W CO2 MEG 4 RK-Soave~~ • 

~~-(l, CO2 EC 4 RK-Soave 
MEG EC 0.1 RK-Soave 

-r MEG EO 1,10 NRTL \t'L-0 -
:> EC EO 10 NRTL ~rv 

EO Ethylene 10 NRTL 
--:> H20 EO 1,10 NRTL 

~itSUbiShi patent EP705826A 1 
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2& LIST OF PURE QQMPQNENT PRQPEBTIES 

Pure component properties 

Component name Technological data 

Design Systematic Formula Mol. Boiling 
Weight point l 

glmol °C 

Acetaldehyde Acetaldehyde C2H4O 44.05 20.8 

Acetic acid Ethanoic acid C2H40 2 60.05 117.9Î 

Acetylene ~\ Ethyne C2H2 26.04 -84.0 

Argon (k ... \ Argon Ar 39.94 -185.7 

Carbon dioxide 
, 

Carbon dioxide CO2 44.01 -78S 
CarbOl} monoxjde Carbon. monoxide CO 28.01 -191.3 

Chlorine Chlorine Cl2 70.9 -34.6 
Diethylene glycol )( 2,2' -oxybisethanol C4H I00 3 106.14 245.8) 

Ethane Ethane C2H6 30.08 ~ 
Ethylene Ethene C2H4 28.05 -UU:7 
Ethylerie glycol X 1,2-ehtanediol C2H60 2 62.07 197,.3) 
Ethylene oxide 1,2-ethane epoxide C2H4O 44.05 m.l) 
Formaldehvde Methanal CHp 30.3 -21 

Hydrogen Hydrogen H2 2.02 -252.8 
Hydrogen sulfide Hydrogen sulfide H2S 34.08 -60.4 

Methane Methane CH4 16.05 -161.5 

Methanol Methanol CH40 32.04 65.26 

Nitrogen Nitrogen N2 . 28.02 -195.8 

Oxygen Oxygen O
2

' 32.00 -183.0 

Triethylene glycol X. 2,2'-(1,2- C6H I40 4 150.2 ~ ethanediylbis 
( oxy))bisethanol 

Water Water Hp 18.02 100.00 

Notes: 
1. At 101.3 kPa 

I ~ 

I 

7 Medical 
data 

Melting ,I Density of MAC 
point l liquid2 value 

°C 

J 
kg/m3 

mg/m3 

-121 / 783.418 100 

~ 104.920 N.A. 
1'81.8.;.) 620.4-82 N.A. 

F-m.2 1400-186 N.A. 
-56.65 1101-3 9000 
-207.0 793 29 V-
-100.98 3 -

-10.4 1119.715 N.A 
-172.0 572.0-100 N.A 
-J-6Q. 567.8-104 N.A. 

-13:) 1108.820 26 

'=tlt·7 882.1 10 90 
-92 81520 1.5H 

-259.18 N.A. 
-85.5 15390 15 
-182.4 466.0-164 N.A. 
-93.9 791.420 260 ' 
-210.0 808.1-196 N.A. 

-~ 1149-183 N.A. 

~:~) 1127.4u N.A. 

0.0 1.004 N.A. 

2. Superscript refers to the reference temperature (0C) at which the density is measured compared to water at 4 °C 
3. Oral in g. for a male of 70 kg weight 
4. Meltingpoint measured at 5.2 atm. 
5. Sublimation point 
6. Boiling point measured at 73 mm Hg 
7. Boiling point measured at 10 mm Hg 
8. MAC value in a mixture of37 % water and 10% methanol 
Table 2.3: List of pure component propertIes 

1,--

12 



2.6.1 Safety factors concerning Ethylene oxide process 

Ethylene oxide must be classified as hazardous with regard to flammability, chCHtteillL...... 
n . ity, re 0 'VI 9 toxicity. In table 2.4 -2.6 the fire and explosion data rEG, 

ethyle an methane be found. 

Table 2.4: Firê"" and explosion data fM 
Property '-- [Value 
lower flammable limW, mol % 3.0 
upper flammable limit) ~ mol % 100 
deflagration Ko index, J 18.8 - 24.6 
deflagration P max index, kPa 968 - 975 
detonable range, mol % 5- 30 
theoretical flame temperature, K 2402 
auto-ignition temperature K 718 
minimum ignition energy, J 2.7.10-2 

minimum ignition ener~ (10.4 mol %), J 6·10-s 

Table 2.5: Fire and explosion data for ethylene16 

Property Value 
lower flammable limitl, mol % 2.7 
upper flammable limitl, mol % 34 
auto-ignition temperature K 698 
minimum ignition energf, J 0.07.10-3 

Table 2.6: Fire and explosion data methane 
Property Value 
lower flammable limitl, mol % 4.4 
upper flammable limit), mol % 16.0 
auto-ignition temperature K 810 
minimum ignition energy, J 0.28·10-~ 
1. tn aIr 
2. vapor 
3. vapor-air mixture 

In order to exclude compl~tely' a decompos~tion of EO in the gas phase dwing the reaction, L.. 
methane is use~ as a ~~ gas. For a fixed temperature and pressure a certaiQ percentage of 
carrier gas is required for safe operation. . 
In appendix I: afigure can be found which gives the "safe" carrier gas concentration at a 
certain pressure and temperature. 

13 



.a.... BASIC ASSUMPTIONS 

The capacity ofthe plant is based on a production of200 000 T/a ofMEG and 100,000 
MT/a of EO. The plant is based on a typical U.S. gulf c,?ast ocation. The duration of 
operation per year is set at <8000 hours/year. These desi (iemands are set Stork. 

On the following page a simplified scheme ofthe pI t, inside the battery limit, is shown. 
This scheme defines what's ~nside the battery limit till in- and outgoing streams pass the X 
battery limit. The feedstock (ethyl ene and oxygen) is provided by a pipeline. The entering 
water is demineralized, which assurnes a demiIieralisation unit outside the battery limit. The 
treatment of purge streams are also considered out~ide the battery limit as weIl as the 

treatment and stora~~~o~~r rer transportation. 

The ethylene, xed with ox;ygen ,ent~the EO re~ctor (UlOl) in which approximately ~ 
ofthe ethylene i converted to ethylene oxide. This stream is fed to the absorber.(U201) in 
which the EO is absorbed in a mixture containing ethylene glycol, èthylene carbonate and 
,atalyst. The str containing EO is split in two fractions. Onc; thi~d is red to ~ EO stripper 
(UI03) and two ·rd is fed to the ethylène carbonate reactor (U202). The other stream 
leaving the abs~ ris recyc1ed to the EO rea,ctor. Tl}e stream fed to the EO stripper (U103) 
will be treated to felnd~ JMiFÎiielil ~O. The stream fed to the ÈC re . ill be 
converted into ethylen~ carbonate with carbon dio?,ide. The excès c~bon dioxide ill be 
recyc1ed. The reaction stream is split ~d partly recyc1ed as absorben . p: ed to the 
MEG reactor (U204). Water is added and the carbonate is converted to MEG. The water will 
be separated ,from the reaction mixture and recycled to the inlet ofthe MEG reactor. From the 
resulting stream carbon dioxide is 'separated and rec c!ed to the EC reactor. In the column 
U207 MEG is partly commg over e op or er p~fication and partly over the bottom_ 
~niilg the catalyst and all heavy products. This stream is recycled to the absorber and 
partly purged to prevent heavy comp~nent build-up. This purge will be treated to séparate the 
MEG from this stream. . 

Components Temperature Pressure Quantity State Source Prices 
°C kglcm2g min mt/a (V/US) US$/mt 

Feedstock 
Ethylene ambient 25 180,260 V Pipeline OSBL 520 
Oxygen ambient 27 174,773 V Pipeline OSBL 50 

Products ' . 

EO ambient -- 100,000 L -- 1,080 
MEG ambient -- 200,000 L -- 650 

By-products 
DEG ambient -- 1440 L -- 551 
Aldehydes ambient -- 2830 L -- --
CO2 ambient -- 79200 V -- --

Other Chemicals 
Methane ambient 25 2660 V Pipeline OSBL 120 
Water ambient 5 87000 L unitOSBL 2.5 

Catalysts . Composition Quantity shape Lifetime Prices 
EO-catalyst silver on alumina 125 M3/3y cylinder 3 Years 8,800 
MEG catalyst an alkyl phosphonium salt 530 salt --- 10,000 

The spectficatlons of the feedstock, products, byproducts etc. are glven m appendIx B. 
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Ethylene Oxide and Ethylene Glycol 'rom Ethylene 
Process Scheme /,' ~ 

Water) ~13,» c..,. LO~ 

<..5'1II/,l( ) ~ C3 ~'~ Gas purge 
s~z ) Sl cO

2 

fflJdd.A· ~~. l-Iy~ Oh 
lil. ~J. 

~~ 
~. 

~~ 

~ 

~~ 

~ 
Gas purge A" ~ I'J :====~~==~~=======---r----------------:~:"~-Water+~ ( )f'(lf! 

t:R/: V 
~'" 

< IS1(4) 

Unit OperatIona: 

U101 
U103 
U104 
U10S 
U106 
U107 

EO reactor 
EO stripper 
CO2 absorber 
CO2 stripper 
Crude EO eperator 
EO seperator . 

U201 
U202 
U203 
U204 
U20S 
U206 
U207 
U208 
U209 

lo-~o 

EOabsorber 
EC reactor 
CO2 removal 
MEG reactor 
CO2 removal 
~Oremoval 
MEG recovery 
MEG purilicatlon 
MEG purification 

EO stripper. 
CrudeEO 
separaltlf 

Note: More detailed specifications of the Unit operations are found in appendix C. 
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!... ECONOMIC MARGINS 

The economic margin is defined as the difference between income from sales minus costs for 
feedstock, chemicals, etc. 

Costs ofused components in this process are summarized in table 4.1. The Economic margin 
is calculated as well. · ~ 

The annual costs for the EO catalyst are calculated by dividing the price for one reactor fiIl by 
the catalyst lifetime, which is three years. 

Component Quantity mt/a Price US$/mt Casts US$/a Sales US$/a 

Ethylene 180000 $520 $93,600,000 
Oxide 175000 

-" 
$50 $8,150,000 

Methane 2660 $120 $319,200 
EO catalyst *** $432,540 
Water 87000 $3 I $211,5QO 
MEG catalyst 

. 
530 $10,000 65,300.,000 J 

EO 100000 $1,080 "" 
MEG 200000 $650 

MARGIN 

Table 4.1: Margin calculation for EOIMEG production l:P 
1191 3 o,," 

The discounted cash flow rate of return (DCFRR) is taken to be 10%. Some preriMIDary 
tinancia! sce~arios can be calculated_now. Bàsic assumptions taken are that the initi,al 
investments are done during a period o~roceeding plant operation. Division of 
investments over theseJ years is arbitr~. Annua! operational costs are estimated as $ 10 
mil. and 40% income tax is assumed -
When a pay back time of 4 years is assumed, a financial scenario can be calcu!ated. The 
investments done for this scenario can then be sC(en as maxima! investments for this pay ~ack 
period. For this scenario, Returns on investments are also calculated as weIl as Present Wo 
Indices. Results are' demonstrated in table 4.2 below. ' 
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Vear -1 0 1 2 3 4 

Investments -$ 5.00E+7 -$ 2.31E+8 -$ 1.00E+7 $ O.OOE+O $ O.OOE+O $O.OOE+O $ O.OOE 

Exploitation costs $ O.OOE+O $ O.OOE+O $ O.OOE+O $ 1.00E+7 $1.00E+7 $1.00E+7 $ 1.00E+7 

Total costs I $ 5.00E+7 $ 2.31E+8 $1 .00E+7 $ 1.09E+8 $1.09E+8 $1.09E+8 $1.09E+8 

Total Earnings $ O.OOE+O $ O.OOE+O $ O.OOE+O $2.38E+8 $2.38E+8 $2.38E+8 $2.38E+8 

Capital Costs $O.OOE+O $ O.OOE+O $ O.OOE+O $ 2.91E+7 $2.91E+7 $2.91E+7 $ 2.91E+7 

Cash Flow -$ 5.00E+7 -$ 2.31E+8 -$ 1.00E+7 $ 8.93E+7 $ 8.93E+7 $ 8.93E+7 $ 8.93E+7 

Present value -$ 6.11E+7 -$ 2.09E+8 -$ 1.00E+7 $ 8.08E+7 $ 7.31E+7 $6.61E+7 $ 5.98E+7 

Net present va e -$ 6.11E+7 -$ 2.70E+8 -$ 2.80E+8 -$1.99E+8 -$1.26E+8 -$ 5.98E+7 $ 7.45E-9 

Return on Inv~tm. -0.22 -0.75 -0.04 0.29 0.26 0.24 0.21 

Present Wort Index -0.22 -0.96 -1.00 -0.71 -0.45 -0.21 0.00 

Vear I 5 6 7 8 9 10 

Investments $ O.OOE+O $ O.OOE+O $ O.OOE+O $O.OOE+O $ O.OOE+O $ O.OOE+O 

Exploitation c sts $1.00E+7 $1.00E+7 $ 1.00E+7 $ 1.00E+7 $ 1.00E+7 $1.00E+7 

Total costs $1 .09E+8 $1.09E+8 $ 1.09E+8 $1.09E+8 $1.09E+8 $1.09E+8 

Total Earnings $ 2.38E+8 $2.38E+8 $2.38E+8 $2.38E+8 $ 2.38E+8 $2.38E+8 

Capital Costs $ 2.91E+7 $ 2.91E+7 $2.91E+7 $ 2.91E+7 $2.91E+7 $2.91E+7 

Cash Flow $ 8.93E+7 $ 8.93E+7 $ 8.93E+7 $ 8.93E+7 $8.93E+7 $ 8.93E+7 

Present value $ 5.41E+7 $ 4.90E+7 $ 4.43E+7 $4.01E+7 $ 3.63E+7 $3.28E+7 

Net present value $ 5.41E+7 $1.03E+8 $1.47E+8 $1.88E+8 $2.24E+8 $2.57E+8 

Return on Investm. 0.19 0.18 0.16 0.14 0.13 0.1 

Present Worth Index 0.37 0.53 0.67 .2 

Table 4.2: Financial scenari (or tbe EO EG process 

In this scenario the maximal investm.en ~ rea out over a 3 year period proceeding plant 
operation. $50 million is invested 3 years before plant operation, $231 2 years before, and 
$10 million 1 year before plant operation. Capital Costs are spread out over the economical 
lifetime of the plant which is assumed to be 10 years. 
What can be seen is that the net present value after 4 years of operation is nearly zero. The 
present worth index after 10 years of operation is 92% which means that after 10 years of 
operation, 92% of initial investments is eamed on top of paying back all investments. 
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List of abbreviations 

BOD 
CAPEX 
DCFRR 
DEG 
EC 
EG 
EO 
EP 
ffiP 
MAINTEX 
MEG 
Mmt 
NFW 
NPW 
OPEX 
OSBL 
PC 
POT 
ROl 
ROR 
TEG 

Basis of design 
Capital expenses 
Discounted- cash- flow rate of return 
Diethylene glycol 
Ethylene carbonate 
Ethylene glycol 
Ethylene oxide 
End point 
Initial boiling point 
Maintenance expenses 
Monoethylene glycol 
Mega metric tons 
Net future worth 
Net present worth 
Operational expenses 
Outside battery limit 
Propylene carbonate 
Pay out time 
Return on investment 
Rate of return 
Triethylene glycol 

18 



Appendix A: MEG Process comparin from asie prineiples 

Explained topics 
Process Conversion2 Selectivity H20lEO 

ConventionalThennal nearly 100% 88% 20 
Conunent Molarratio 

Conventional catalytic 1 nearly 100% 98% 10 
Conunent Molarratio 

Carbonate route process nearly 100% 99% 2 
Conunent Molarratio 

Notes: 
1. catalyst dependent. Best found values are given here. 
2. Single pass conversion 
3. 

Abbreviations: 
EO: Ethylene oxide 
EC: Ethylene carbonate 

MEG: Monoethylene glycol 
DEG: Diethylene glycol 

Compared Topics 
Process Conversion2 Selectivity H20lEO 

ConventionalThennal 
Conventional catalytic1 

Carbonate route process 
+ 
++ 

+ 
++ 

Number ofrnain 
cornponents 
5 
EO, MEG, DEG 
TEG,H20 
4 
EO,MEG,DEG 
H20 
6 
EO, MEG, DEG 
H20, CO2,EC 

Implementation in 
industry 
Widely employed 

not employed 
selectivity decreases 
rapidly 
not employed 

TEG: Triethylene glycol 

number of main 
components 

+ 
++ 

Implementation in 
industry 

++ 

The two most important topics are selectivity and H20lEO ratio. The selectivity because 
ethyl ene efficiency (Ethylene costs are a major part ofthe OPECS) is an important economie 
factor. The H20lEO ratio because the large effect it has on the energy consumption in the 
separation section. 
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Appendix B: Specifications 

FEEDSTOCK SPECIFICATIONS 

• Ethylene 

Souree: Pipeline from OSBL 
Pressure at battery limits (kglcm2g min) 
Price, US$/mt 

• Oxygen 

Souree: Pipeline OSBL 
Pressure at battery limits (kglcm2g min) 
Price, US$/mt 

Analysis 
Oxygen, vol% min. 
Nitrogen + Argon, vol% max. 

• Methane 
Souree: Pipeline OSBL 
Pressure at battery limits (kglcm2g,min) 
Price, US$/mt 

Analysis 
Methane, vol% min. 
Ethylene, vol% max. 
Hydrogen, vol% max. 
Ethane, vol% max. 
Carbon monoxide, vol% max. 
C/, vol% max. 
Acetylene, vol ppm max. 
Sulfur compounds, wt ppm, max. 
Halogen compounds, vol ppm, max 

20 

25 
520 

d o.' , 
5 

10 
5 

10 
10 
1 
1 

10 
2 
1 

27 
50 

99.8 ~ 
~ 

25 
120 

90.0~ 10 

i:~I~ 
1§ 
0.1 
100 

5 
5 



PRODUCT SPECIFlCATIONS 

• Fiber-grade monoethylene glycol (MEG) 
Market value, US$/mt 
Appearance 
Specific gravi 0/20 °C ., k 
MEG conten wt"110 min. ~ '\ 
DEGc wt%~. 

• Ethylene oxide (EO) 
Market value, US$/mt 
Appearance 
Purity, wt"110 min. 
Color, APHA max. 
Carbon dioxide, wt"110 max. 
Water, wt"110 max. 

ppmmax. 

Aldehydes (acetaldehyde), wt ppm max. 
Acidity, wt ppm max. 
Residue, wt"110 max. 

• Diethylene glycol (DEG) 
Market value, US$/mt 
Appearance 
Specific gravity at 20120°C ~ ~ 
DEG content, wt"110 min. ~ 
MEG content, wt"110 max. 
TEG content, wt"110 max. 
Water, wt"110 max. 
Acidity (as acetic), wt% max. 
Ash, wt"110 max. 
Color, Pt-Co units max. 
Distillation range at 760 mmo Hg 

mp to DP 

21 

~'. ~ -~... , ..... t 

650 
Clear, colorless 

1.1151 to 1.1156 

nm 
Ö.öS ' 
O.O~ 

0.005 
O.~ 
0.1. 

0.001 
8 

5 
10 

196.0 
199.0 

1.0 

1080 
Clear, colorless 

lli·,~ 
O.OO~ 
0.005 

10 
20 

0.001 

551 
Clear, colorless 
1.117 to 1.120 

f~~ 
0.05 

0.1 
0.005 
0.005 

10 
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1 
UTILITY SPECIFICATIONS/~ ~ ~ 
• Steam ~ 
Price, US$/mt 
High pressure for start up), glcm2g min 
High pressure, cm g mlD 

Medium pressure, glcm2g min 
Low pressure, glcm2g min 

• Power 
Price, US$/kWh 
1 to 225 kilowatts, volts 
above 225 kilowatts, volts 

• Cooling water ' / 

Price, US$/m
3 f t 

Supply pressure at grade, kglcm2g 
Return pressure at grade, glèmlg 
Inlet temperature, °C 
Temperature difference, C 

• Process water 
Price, US$/m3 

Quality f;) 
Pressure kglcm2g 
Tempera 
pH,units 
Conductivity,llnlcm 
Si02, wt ppm max. 

• Nitrogen 
PriCe,U~3 
Pressur 1'kglcm2 

Tempera 
Purity, vol% min. 
Oxygen, vol ppm max. 

• Instrument air 
Price, US$/~3 
Pressur<§l-"0i""'cm'-:::-2g-0-
Temperature 
Quality 
Dew point, °C 

CATALYST SPECIFICATIONS 

• EO catalyst 
Price, US$/mt 
composition 
shape . <:-- ) 
bulk density kglm3 

• MEG catalyst 
Price, US$/mt 
composition 
State 

22 

9.28 
32 
25· 
14 
4 

0.04 
415 

6600 

2.5 
Demineralized 

CD 
Ambient 

7.5 to 8.5 
0.5 to' I.0 

0.1 

0.02 o 
Ambienr 

99.9 
10 

8,800 
silver on alumina catalyst 

~ cylinder 
850~ , 



Appendix C: Information ab out the unit operations 

UlOl Ethylene oxide reactor: (Type: multi-tubular) 
Reaction Ethylene to ethylene oxide 
catalyst heterogeneous 

silver cat supported on alpha alumina 
Conversion 10% per pass 
Process conditions Temperature Pressure ) 

220 - 240°C , 10-30 bar i! 

Ul03 Ethylene oxide stripper: 
Process ethylene oxide stripped from ECIMEG with steam 
Process conditions Temperature Press 

>60 o"c 5 bar ~ . ( 
Thermodynamic NRTL ' 
model 

Ul06 Crude ethylene oxide separator: 
Process light impurities distilled 
Process conditions 

Thermodynamic 
model 

Temperature 
120°C 
NRTL 

Ul07 Ethylene oxide separator: 
Process high purity EO distilled 
Process conditions 

Thermodynamic 
model 

U20l Ethylene oxi 
Absorbing solution 

Temperature 
120 oe 
NRTL 

Pressure 
10 bar 

Pressure 
5 bar 

7 

I 

ene glycol / ethylene carbonate ': water.(3-15%),catalyst (1.5-
(ratio 0.3 to 4) 3.5%) ' ' . \ . 

Process conditions 

Gas/liquid ratio 
Unit operation Type 
Thermodynamic 
model 

Temperature 
15-60°C 
0.2-1.0 
Packed- or plate column 
RK-Soave 

Pressure 
10-30 bar 

Parameter: solubility 
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U202 Ethylene Carbonate reactor (Type: multi-tubular) ~ 
Reaction Ethylene oxide to ethylene carbonate 
catalyst homogeneous 

halogenated organic phosponiumsalts 
Conversion 99% 
Process conditions 

Retention time 

Temperature 
80-150°C 
12-120 min 

heterogeneous 
quatemary ammonium salts 

Pressure 
4-20 bar 

U203 Carbon dioxide separator ~ 
Top unused carbon moxide, (oxygen, ethylene, etc. from EO plant?) 
Bottom ethylene glycol and ethylene carbonate + catalyst 
Pressure lowered to 1-5 bar 
Thermodynarnic model RK-Soave 

U204 Hydrolytic reactor (Type: multi-tubular) ~ 
Reaction ethylene carbonate to ethylen~ glycol (MEG +DEG) 
Catalyst idem 'as U202 or none 
Conversion nearly 100% 
Selectivity MEG DEG 

Process conditions 

Retention time 

99% 
Temperature 
120-180°C 
10-180 min 

Carbon dioxide gas/liquid separator "-
carbon dioxide / \ 

1% 
Pressure 
1-6 bar 

U20S 
Top 
Bottom ethylene glycol, ethylene carbonate, \\later, c 
Pressure lowered to 1-5 bar I 

U206 Water separation 
Top 
Bottom 
Process conditions 

water 
ethylene glycol, ethylene carbonat ,catalyst 
Temperature Pressure 
80°C -0.1 bar'- ~ 

Thermodynarnic model RK-Soave 

U207 Ethylene glycol recovery "" 
Top ethylene glycol (raw) 
Bottom diethylene glycol, ethylene glycol(+catalyst), ethylene carbonate 
Process conditions Temperature Pressure 

80°C <0.1 bar 
Thermodynarnic model RK-Soave 

U208 Ethylene glycol purification S) 
Top I ethylene glycol (purified) 
Bottom diethylene glycol, traces of other components 

U209 
Top 
Bottom 

Ethylene glycol recovery 

I 
ethylene glycol (purifie ' 
concentrated catalyst d other heavy roducts 

Ç\ \ 

&.. 
[ ~ 

'-
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Appendix D: T -xy diagrams 

(J 

o T -xy for WATER/EG 
~ ---------T---------,---------,---------~----------, ..... I I 

-----T-x 0.1 bar 

!~~~~~~ __ ~---~-~-4~~-:-~------~-~---------~-~-~-~-~T--~y __ 0_.1_b_a_r~ 

I 
I I I -----T---------,---------,---------, 

I I I 

------,---------,---------~-------- -

g --------- - - - -- - - - - 1- - - - - - - - - ~ --- :--:-~-:-:-:-=--+-.... -:..:;.;:.:J 
I I 

o 0.2 0.4 0.6 0.8 1 
LiquidNapor Molefrac WATER 

o T -xy for WATER/EC 
~ - -- u - - - -: - - - - - - - - -, - - - - - - -r 'uu u - - - "~:; - ~:-; -:;-i 

I I I _________ L______ _ ________ ~ _________ ~ __________ I 
I I 
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I I I ----T---------,---------,---------,-------
I I 

g -------- - ~ - -- --- --- ~ - - -.-::-:--:-:-":-:-:-::--~----..... .;;.;~.;..;;;.;;.;;.;;;..;;.;~J 

o 0.2 0.4 0.6 0.8 1 
LiquidNapor Molefrac WATER 
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T -xy for C02lEG 
---------T---------,---------,---------~----------I 

_________ L _________ ~ _____ _ 

1 1 
1 
1 

-----T-x 4.0 bar 

-----T-y 4.0 bar 

1 1 1 
--------i---------1---------1---------~-

1 - -------T---------,---------,---------~----------
1 1 1 

1 

---+---------~---------~---------~----------1 1 

5? - ------- - ~ --- -~-~-~-~-::-:-:.Jtl ~-":-~-~-~-:--.... -~~---;;.;;-----;;.;;-.;;-l,-:..::;-.:-:.;-:.::-.:-:.-:.:-:.:-d-

o 0.2 0.4 0.6 0.8 1 
LiquidNapor Molefrac C02 

o T-xy for C02lEC 
~ ---------T---------,---------,---------~----------I (\') 

1 -----T-x 4.0bar 
----.---------~-------1 

1 -----T-y 4.0bar ___ .J _________ J __________ 1 _________ _ 
I I I I 

1 

I I I I ________ L _________ .J _________ J _________ ~ ________ _ 

1 1 1 

I I I I 

------T---------l---------,---------~----------
I I I I 

1 1 
o --------~---------~---------4----------

1 1 1 

55 ~ -=~~~~~:-~-~~~~~~------~--;;.;;-~I---;;.;;-.;;-~-~-:.;-~-~-.:-J 1 --------- --------- 1- ------ 1 

o 0.2 0.4 0.6 0.8 1 
LiquidNapor Molefrac C02 

o T -xy for EG/EC 
~ ---------T---------,---------,---------~----------I ..-

o 
<0 

o 

m __ ; _____ m+ ___ m~ ~:; ~:: ::; I 

1 
1 

I I , I _____ ~ _________ .J _________ ~ __________ I 

1 1 1 

1 1 

-----~---------4----------1 
1 1 1 

1 
1 1 - - - - - - - -.- - - - - - - - --. 
1 1 

_________ L _________ .J_ 

1 1 

v ---------+---------~---------~ 
~ I I I 

1 
~ 1 1 1 (\') ---------T---------,---------,---------~--
..- 1 

1 

o 0.2 0.4 0.6 0.8 1 
LiquidNapor Molefrac EG 
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o T -xy tor EO/ETHYLENE 
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Appendix E: EO catalyst Comparison 

... 
Company date patent 11 setectivity conversion conversIon modifier=inhibitor promoter lifeUma diluentlinhibitor ratio surface area porosimatry support 

..... ·z .. · ...... -~ ao .. •• 2/0 B.E.T ... - _._ .. . 

ICI 16/8189 357292 Discarded - ethylene concentration must be higher than 35 voI%, which is higher than our anUdpated process conditions 

ICI 14/1/82 57066 76.3-76.2 5-20% 40% Cl, best=(m)ethyl chloride or VC K Rb,Cs 90 days tested ethane/d: 5000 2.4% vol 1.5-5 Hg: 35-65% .3-4 mu, birnodal POr8 size diSl alDha alumIna 

Mitsubishl 2519196 764464 A 81 .6 40% U,Cs 7 davs tested .9-1 .55 H20:33-43% 1.1-1.4mu alDha alumlna 0-6% Si 

Mitsubishl 12/4/94 624396 A 83 40% VC4J)1Jf11,6%C02 W,Cs,Na 7 davs tested 1.02 H20: 34.54%, .01-.4 mu alDha alumIna Si 

Mitsubishl 8/5187 247414 A 82.1 ethYlene dichloride Na, K. Rb, Vs .6-2 H20: 20-50% alDha alumina, .5-12% Si 

Nippon Shokubai 25181Q9 937496 A 81 10 Cs only alDha alumina 

5cientific Design 1114199 99/11367 81 .5-64.1 160 ka EOIhr/m"3 kat Cs, S, F, {P, Sb, Bil .5-1 .3 Hg: 20-70% alDha alumina, <15% SI 

5cientific Desien 1114199 99/11370 64.6,83.8 l6OkIllhr/m"3 kat Cs, F, S, Ge, Sn .5-1.3 Hg: 20-70 % 

Sdentific Design 1114199 99/11371 -64.3 160klllhr/m"3 kat Cs, F, S, Lanthanlde {La Ce, Pr Nd, Sm Eu Gd, Tb, Dy, Ho, Er Tm, Yb, Lul .5-1 .3 Ha: 20-70 % 

SheJl 2/3199 95105896 Onlv startuD ethyl chloride 10hrs H20: 46% 6.2 mu alDha alumIna .8% Si 

Shell Q/51Q6 98/13329 85 40% ethyl chloride Cs,Re, P, B 2-3 days .1-3 H20:75% alDha alumIna 

Shell 11/5194 625370 A 86% Inltial decrease measured ethYl chloride Cs, {Gd, Ce Ybl .42-.51 H20: 37%, 3.4 mu alpha alumIna 1.3% Si 

Shell 1711/92 496470 A 86{ex2 ethYl chloride 100 dava, dec. Jo 60% alpha alumIna 1.3% Si 

Shell 3011018 266015 86 VC 4.5-5.5 oom 60 seJ. consU 0.42 H20: 36% Hg:2.7 mu alDha alumIna 2% Si I 

UCC 4110/82 76504 Al n-75 ethYl chloride ----- ------ -- -- alpha alumina, .74% Si I 



Appendix E: 

wt%Ag U Cs 0111l1l1I 

6-28 

8-20% 500-900 DIl/ll, In 2 steps 300-800 DIl/ll, In 2 steps 

5-50% 250-2000 ppm W:5-7OO PPffi, Na: 92 ppm 

Na: 0.8-2% 

8-15% 6OODIl/ll 5: 34 Dom, Best with 5b: 130 DIl/ll 

640,580 F:180 75 5:34,34, Ge:75,O, Sn:O 125 

600-800 F:75 5: -40, Lan:175 

340,480 Re: 280 P:l0 31;8:4,42 

430,480 Re:280 5:46 Rare ealth:80 

13-14% 1.5-2+4 umoUa 600-700 Re: 1.5-2 umoUa 

13.5 600 Re: 280 5:35 

13.1 .00906w1% K:.00268wt% 

EO calalyst Comparison 

ethytenelO2 ratio diluent 
mote% 

. 05-100 40-70% melhane, .3-5% elhane 

3.5 1-70% methane or N2 

3.50 6O%N2 

2.69 

78%N2+C02 

N2, C02 

N2,C02 

3.53 5% C02, 54.5 % N2 

3.53 5% C02 54.5 % N2 

3.53 5% C02 54.5 % CH4 

3.53 7% C02, 54.5% N2 

0.75 N2 

T 
CelsIus 

201 -207 

227-236 

235-255 

215 

240 

240 

240 

240 

230 

250-265 

250-256 

250-280 

P 
bar 

8 

7 

15 

20 

20.5 

20.4 

20.4 

15.5 

15.5 

15.5 

14.5 

• 

LUCs .1: 1-4:4 wt% Hvdrocarbon hallde .1-50 DDm, Dr8l18flts hot spots 

rillllS? Saddie's? High converslo OII1er melals, see source 

carrier (SI) and Na analysis 

carrier must ba washed with H20 

Equivalent diam. 4-&nm tor suoporl$ 

Check exact SD9C8 of ex2 

ex 10 

c 



• 

Appendix F: "safe" carrier gas concentration at a certain pressure and temperature 
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-z 1 European Chemical News, 11-17 October 1999, pg 20. 
~ 2 Kirk-Othmer, 4th edition, vol. 9, pg 942. 

\ . '-

3 Leaflet: The Shell Ethylene OxidèlEthylene Glycols Process, Shell ChemicaIs . 
.::> 4 Kirk-Othmer, 4th edition, vol. 9, pg 939-940. 

5 See appÉmdix E for a comparison between different catalysts 
-) 6 EP 207490, issued tó Atochem, 01/07/86, describes the purification using water as absorbent. 
~ Kirk-Othmer, 4th edition, vol. 9, pg 924 

8 C.J. van TIggeIen . 
..:::::. 9 EP 339748, EP 352849, WO 95/08545, EP 352850 are some of the patents that describe the Shell 

process. 
10 Ullman's Volume A10, pg 105 

-)11 EP 0776890A2, Mitsibushi patent, 29/11/1999 
~12 Mitsubishi patent EP705826A 1 

-.;>t3 US patent 4233221, to DOW Chemical Co., 11/11/1980. 
~14 Dechema 

15 Prevention of Ethylene oxide decomposition, R. Siwek, E. Rosenberg, 1989 
16 Chemiekaarlen, 11e editie, 1996 
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r,anning CPD 3244 
Project nr. 80511 

Start or the project: 
End of the project (based on 12 SP) 

10/8/99 
117/fMf' 0() 

week 

44 
45 
46 
47 
48 
49 

50 
51 
52 

~1 
2 

Concept 

Date 

2-Nov 

19-Nov 

15-Dec 
17-Dec 

25/12-211 

Aspen flowsheet (chemical) 
Equipment design 
Mass + Heat balances 
Heat integration development 
Process control development 

Detailed 
Process control 
Heat integration 
Economy 
wastes 
SHES 
Aspen flowsheet (total) 

Optional 

tinished work 

BOD review 

Concept 

Facilities Stork no longer available 
Detailed 

KERST 

CPD-document . ~ 
CPD-Final assesment ~ 

~ ---:"'"> 

Modeling serial process and comparing with integrated process 
(see tig 2.1 scheme 1 and 3 of the BOD) 



Sheetl .. 
y.R-A 

.;'( ... 
Addendum to fig 4.2 Financlal scdenario of the BOD 

,,--v--.... 
Year -2 -1 0 2 3 5 6 7 8 9 10 

'" I nvestments M$ - 50.00 M$ -183.51 M$ - 10.00 M$ 0.00 M$ 0.00 M$ 0.00 M$ 0.00 0.00 M$ 0.00 M$ 0.00 M$ 0.00 M$ 0.00 
Exploitation casts M$ 0.00 M$ 0.00 M$ 0.00 M$ 10.00 M$ 10.00 M$ 10.00 M$ 10.00 10.00 M$ 10.00 M$ 10.00 M$ 10.00 M$ 10.00 
Total casts M$ 50.00 M$ 183.51 M$ 10.00 M$ 108.62 M$ 108.62 M$ 108.62 M$ 108.62 108.62 M$ 108.62 M$ 108.62 M$ 108.62 M$ 108.62 
Total eamings M$ 0.00 M$ 0.00 M$ 0.00 M$ 238.00 M$ 238.00 M$ M$ 238.00 238.00 M$ 238.00 M$ 238.00 M$ 238.00 M$ 238.00 
Capital casts M$ o 0 M$~ M$ M$ M$ M$ M$ 24.35 M$ 24.35 M$ M$ 24.35 M$ 24.35 

~rashF'ow M$ - 50.00 M$ -183.5 M$ M$ $ M$ M$ M$ M$ $ M$ 
• Present Value M$ 7 M$ - . M$ -10.00 M$ 79.05 M$ 71 .53 M$ 64.72 M$ M$ M$ 39.26 M$ M$ 

{ Net Present Value M$ - 61 .0! M$ -263;118 M$ - 273.88 M$ -194.82 M$ - 123.29 M$ -58.56 M$ 52.99 100.94 M$ 144.33 M$ 183.58 M$ 219.11 M$ 
Return on Investm. -0.22 -0.14 -0.04 O ?~ 0.26 0.24 0.19 0.18 0.16 0.14 0.13 0.12 
Present Worth Index -0.22 -0.96 -1.00 -0.71 -0.45 -0.21 0.19 0.37 0.53 0.67 0.80 0.9 

to~ , 
~ 

Addendum to chapter 2 of the BOD 

Reaction Heats of the occurring reactlons \ 
Combustion enthalpy E -1323 kJ/mol 

j ~ ~LJ-E +1/2 02 -> EO -106.7 kJ/mol 
EO + H20 -> MEG -93.1 kJ/mol 

T~~ EO + C02 -> EC -60.8 kJ/mol 
EC + H20 -> MEG + C02 -32.3 kJ/mol 

Page 1 
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Thermal process (Heat integration) 

Heat produced trom EO combustion 
Reaction Heat trom EO Process 

Total Heat produced in the EO process 

Heat required for water removal 
steam required for water removal 
Heat required for water removal per year 

Energy produced compared with the energy needed 

1.19E+12 kJ/a 
S.90E+11 kJ/a 

11.78E+12IkJ/a 

710.6 kJ/mol MEG 
S.S t steam/t MEG 

.... 1 2-.-29---E-+-12-'1 kJ/a 

patent: Ep0776890 A2 

The extra heat requirement for removing a 20 fold excess of water using a multistage evaporator after 
MEG formation is th en as stated below: 
Note: These calculations are made on simp Ie 'heat of reaction' and 'heat of evaporation' data 

required 
produced 

extra heat: 

2.29E+12 kj/a 
1.78E+12 kj/a 

I S.12E+11 I kj/a 

steam per year 
Energy per t steam 

extra steam/year 

1.10E+06 ton 
2.08E+06 kJ/ton 

1 2.46E+OSlt steam/a 



" ~ ,. ' , J'-

, EO Process 

EO reactor (I) 
In Out 
5104 3.55E+06 Ua 5103 3.55E+06 Ua 

Absorber (11) 

In Out 
5103 3.55E+06 Ua 5205 3.20E+06 Ua 
5202 4.02E+06 Ua 5204 4.18E+06 Ua 
5120 2.80E+06 Ua 5105 2.92E+06 Ua 
total 1.04E+07 Ua total 1.03E+07 Ua 

C02 removal (V) 
In Out 
5107 1.07E+05 Ua 5108 2.20E+04 Ua 

5109 5.33E+03 Ua 
5119 7.92E+04 Ua 

total 1.07E+05 Ua total 1.07E+05 Ua 

EO Stripper (111) 
In Out 
5105 2.92E+06 Ua 5114 1.00E+05 Ua 

5115 1.33E+04 Ua 
5120 2.80E+06 Ua 

total 2.92E+06 Ua total 2.92E+06 Ua 

Mitsublshi MEG process (IV) 
In Out 
5204 4.18E+06 Ua 5202 4.02E+06 Ua 
5210 1.42E+05 Ua 5220,222 2.00E+05 Ua 
5213 8.70E+04 Ua 5219 4.81E+04 Ua 
5203 1.00E+02 Ua 5209 1.42E+05 Ua 

5223,221 1.53E+03 Ua 
total 4.41E+06 Ua total 4.41E+06 Ua 

Total process 
In Out 
5101 1.80E+05 Ua 5109 5.33E+03 Ua 
5102 1.75E+05 Ua 5114 1.00E+05 Ua 
5210 1.42E+05 Ua 5115 1.33E+04 Ua 
5213 8.70E+04 Ua 5220,222 2.00E+05 Ua 
5203 1.00E+02 Ua 5219 4.81E+04 Ua 

5209 1.42E+05 Ua 
5223,221 1.53E+03 Ua 
5119 7.92E+04 Ua 

total 5.84E+05 Ua total 5.89E+05 Ua 
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