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a) Provesti simulacijudestilacie YLAHNRP SR QH QW Q Hizoabetdhal VH SURS|
butana, izopentana i-pentan primjenom programskog sustava COQ@egove

aplikacije ChemSepMaseni udijeli pojedinin komponenti pojnoj smjesi su
VOMHGHUL

komponenta mas. udjel;
propan (C3) 0,05
izobutan (#C4) 0,15
n-butan (RC4) 0,25
izopentan @C5) 0,20
n-pentan (AC5) 0,35

Simulaciju provesti uz zadane jete: ukupanbroj plitica 11, broj plitice na kojoj
ulazi pojna smjesa 6, tlak 827 kPa, protok parne faze na vrhu kolone 79,378
kmol/h, protok destilata 22,181 kmol/Kolona je opremljena kondenzatorom s

potpunim ukapljivanjem.
b) Analizirati rezultate simulacije.
c) Primjenom parametarske analize, simulirati utjgefijuksnog omjera nanolne

udiele NOMXpQLK NRPSRQHQWL X G HXVDNVMWRBWOX QV I$X RIXY
retojlerate LIYHVWL ]DNOMXpNH



634(7$.

Provedena je simulacijdestilacie YLAHNRPSRQHQWQH VPMHWH SURSI
butana, izopentana i-pentanaprimjenom programskog sustava COGOnjegove
aplikacijeChemSepuz zadane masene udjelgropan- 0,03, izobutan 0,15 n-butan-

0,25 izopentar+ 0,201 n-pentan- 0,35. Simulacija je provedenaiz zadaneVOMHGHUH
uvjete: ukupanbroj plitica 11, broj plitice na kojoj ulazi pojna smjesa 6, tlak 827 kPa,

protok parne faze na vrhu kolone 79,3K®ol/h, protok destilata 22,181 kmol/h.

Kolona je opremljena kondenzatorom s potpunim ukapljivanfamulacijom se lazna

pojna smjesa razdvaja na destilat u kojem se izdvajg X\W D Q NDR ODND N
komponenta te izobutan i propan. Na dnu kolonedelieM D L]RSHQWDQ NDR WH:
komponenta te -pentan. Primjenom parametarska@nalize, simuliran jeutjecaj
UHIOXNVQRJ RPMHUD QD PROGQiHI desilskidi@idizio@uMide QLK NRF
NnaWRSOLQVNX GXaQRVW UHERMOHUD

.OMXpQH VLRMHGDFLMD GHVWLODFLMD YLAHNRBSRQHQW

parametarska analiza



SUMMARY:

A simulation of distillation of multicomponent compounds of propane, isobutare, n
butane, isopentane anepentane was conducted using the simulation soft @@€0

and it is application ChemSep, with given mass fraction: propdh@3, isobutane

0,15, nbutane- 0,25, isopentane 0,20 and mentane- 0,35. The simulation was
conducted under the following conditions: total number of plates 11, number of feed
plate 6, pressure 827 kPa, flow rate of the vapor phase at the top oft he column is 79,378
kmol/h and distillate flow 22,181 kmol/h. A total condenser is used. In the simulation
the entering feed stream is separated into a distillate in wHitlitame stads out as a

light key component, as well as isobutane and propane. At the bottom oft he column
containe isopentane stands out as a heavy key component, as wgleatanme. By
applying parametric study simulating of the impact oft he reflux ratio on frasigons

of the key components in the distillate and bottom as well as reboiler heat duty were

performed.

Keywords: simulation, multi-component ditillation, COCO, ChemSepparametric

study
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UvOD

.HPLMVNR LQAHQMHUVWYR MH SRGUXpMH WHKQLpPNL
I razvijanjem procesa pretvorbe tvari i energije u korisne proizvé@do bi se
kemjVNLP LQA&HRAMADR PID VNUDWLR SHU K&nGski\ Ip@dd]H L D

pristupa se provedbi simulacije procesa programskim sustavima.

6LPXODFLMD SURFHVD VLPEROLpPNL MH SULND] NH
SURFHVD RGQRVQR RSLVLYDQMH WBNRUO]ISHNRHFHNBPLMV
ELRORANH SULURGH V PDWHPDWLpPpNLP PRGHOLPD QTC

procesnih simulacija.

7UHQXWQR MH GRVWXSQR QHNROLNR VWRWLQD NR
SURJUDPD ]D VLPXODFLMX XaHJ DGO pAlWIHP VISHFQ MAED QN
industrije, a svi su definirani kao CAPENgl. Computer Aided Process Engineeying
VRIWYHUL 1DMSR]QDWLML EHVSO WUXenisnp XQOZOQL SUR
UDp X QD O QLCCEORINIIDE njegova aplikacija ChemSe U D p Xp@oBranQ L
RPRJXUDYD L UMHAGADYDQMHHSWREORPDXYMHMILIEANRPFAPRQHQ
AWR mwgp VORAHQLML SUREOHP RG GHWBWGAMFEMH ELQ
YLAHNRPSRQHQWQH VPMHVH QH PRJX dhg KeldRKdd WL GHYV
YLAHNRPSRQHQWQLK 3¢8btHNADazd\Bjh6Gje dvijé Ixanidarenlieke
NOM X p@rdl. Light Key)L WH&a&NH N @idIXHe@uw Keykomponente. Izbor
ODNH L WH&NH NOMXpQH NRPSRQHQWH NRRQVhL @V LML

udjelima®?®

8 RYRP UDGX SURYHVW iUiH VH VLPXODFLMD GHVW
propana, izobutanan-butana, izopentana rpentangprimjenom programskog sustava

COCOi njegove aplikacije ChemSep
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1.1. 8/2*$ , =1%$y$- SIMULACIJE PROCESA U
KEMIJSKOM ,14(1-(56798

.HPLMVNR LQABRGILXPNMH RVHKQLPNLK JQDQRVWL NRM
i razvijanjem procesa pretvorbe tvari i energije u korisne proizvddeje grana
LQAHQMHUVWYD NRMD (KZkeS hidldgijé Hkerije | Qrbat@RALINE)L te
HNRQRPVNH DQDOL]H GLIDMQLUD NHPLMVNH ILJLNDOQ
SUHWYRUED XOD]QLK VLURYLQD XXy RaQ\DRb QPHD BN IR GVX 1Yl RV
Prema Arthuru D. Liteau, proces se sastoji od nizaGd QLpQLK RSHUDFLM
destlacija, filtracija, usitnjavanjakristalizacija, itd.) povezanih u cjelinu. Potreba
optimizacijom proces SRWLpH VXVWDYVNL SUILYSHXBME WU]DWLQX SNUHRF
SULPMHQD UDpPpXQDOD RWYDUD \PRRIMVQ/DWWDL VDR SHIPILEKY
modeliranje procesa na svim razinama. Na slici 1.1. dat je slikovit prikaz simulacije
PURFHVD X NHPLMVNRP LQAHQMHUVWYX NRMLPD MH FLO
ulaznihsURYLQD GRELWL*HOMHQL SURL]YRG

simulacija

N

— procesna jedinic
sirovina 59995 produkt

N

simulacija

Slika 11. Slikovitt SULND] VLPXODFLMH SURFHVD X NHPLMVNRP L

SimulacLMD SURFHVD VLPERBERhMVNWRH SHLURIDRANRJI LC
procesa RGQRVQR RSLVLYDQMH QHNRJ SURFHVD L] VWYD!
ELROR4ANH SULURGH V PDWHPDWLpPNLP PRGHOLPD QI
SURFHVQLK VLPXODFLMD 'DNOH PRAH KprodukdiaL GD M
kemijskih, fizikalnih, bicO RAN L KILLK GMKK QLPpNLK S U Rperabijip na MH G L C

3



temelju modela. Stogaimulacijia X R S U0H QLW RoBdrazimiijs/@nxodeliranje
VXVWDYD LEGNWRNRAH@MD NDNR EL VH SUHGrUwWw@EMeHOR QM
primjenom simulacijskih programsih paketa (engl. softwar¢ NRML RODNA&aDYD
projektirane QRYLK SURFHVD L SURL]YRGD LOL SREROMAaDQM
WHKQLPBMEHIQMD LGHQWLILNDFLMX X]JURND SUREOHPD X
postrojenja, ICMHQ X XWMHFDIMBD®REINRPL S UIRJU DeklidgD VLPX(
VH QD S URrbikpjXiegl eriergijske bilance, simuliranfl GLQLPpQLK WHKQRC
operacijaili kinetici procesa sa kemi®om reakcijom X RGJRYDUDMXUuULP XUH
W H P H O M HhrbaldeDppGettafbiit o/

- ED]JH SRGDWD NBmijgddn khrpktemstikama kemijskih elemenata,

spojeva, industrijskih smjesa

-ED]JH MHGLQLpQLK PRGHOD L RSHUDFLMD ]D SRMHGI

-ED]JH SRGDWDND VD WHUPRGLQD® éthjEnijdflulR GHO L P D

-ED]JH QXPHULPNLK PHWRGD

Trenutno je dostupno nekoliko stotina kowgiginih i besplatninrap X QD O QLK
programa za simulaciju XaH LOL MIDWH RF/\SWELSR UDRenijgke WLP JU
industrije, a svi su definirani kao CAPENgIl. Computer Aided Process Engineeding
VRIWYHUL ,]JERU RGJRYDUDMXUHJ VRIWYHUD RYLVL R N
opreme.1DMpHAaUH NRPXOWAEHQL SURJUDPL |BvrstdiRXOG®S FLM X P
kategorije i to prema njihovoj dostupnosti. KbidiJFLMDOQL UDpPpXQDOQL ¢
simulaciju su: PRO II, ProSim, Alph, AspenPlus, SuperPro Desinger, Hysys, Toxchem,
(FR6LP L ((6 1DMSR]QDWLML EHVSODWQL UDpXQDOQL S
COCO Simulator.

Razlog za veliku popularnodiesplatnog blika simulacijskog programskog
SDNHWD ]D SURFHVH NHPLMYV N&nErdij@nd proghmskivpakatiD MH &
SUHVNXSL ]D DNDGHPVNX |DMH@RHFX Y HVIDLPNRRIWEUORMD X
programskih simulacijskin paketa &2& 2 MH S UH S RazQiid YWogRahhgkin
paketima otvorenim za javnu upotrebupravo zbog svoje fleksibilne struktuiie
SURJUDPVNRRMKpMBMWMMHGQRVWDYQR ]D NRULAWHQMH

Shoaibet al. usporedili su sposobnosti besplatnog programskog simulacijskog
SURFHVD NHPLMVNRJ LQAHQMHULQJD &2&2 WH NRPHUFL
VSRVREQRVWEUULBPXCEPDMXMBED WHUPRGLQDPLPpNLK VYRMV
XUHyYyDMD gpdrécijai ppkadaklijagrama tokova. Dobiveni rezultati istaknuli su



QHND RIJUDQLpHQMD X ED]L SRGDWDND IL]JLPNLK VYRMVYV
L QHPRJIJXUQRVWL SRRWRHYWQMDYRY WQLJH/LPXODFLMD VS
WDNRYHUGRWRPHQD QD YUOR SRANWLDXY RVPRHNXWXMBA&
XQRaAaHQMH QRYH EDJH SRGDWDND IL]JLPNLK VYRMVWDYD
podudaraju se onima dobivenim putem bilo kojeg dobro razvijenog komercijalnog

programskog paketa, a COCORJUDPVNR VXpHOMH MH YUOR VRILVW

s bilo kojim komercijalnim programskim paketom poput Aspen Biis.

1.2. SIMULACIJA KEMIJSKIH PROCESA PRIMJENOM
5$y81%/12* 352*5%$06.2* 6867%$9% &2&2

5DpXQDOQL SURJUD P \éhjL CXPEOREN Yto LAREDPEN) je
EHVSODWQL QHNRPHUFLMDODQ JUDILpNL -OPERIGXODUD
standardom €ngl. ComputeAssisted Process Engineer)ngStandard CAPEOPEN
GHILQLUD SUDYLOD L VXpHOMD NRMD RPRJXUXaMX DSOL
interoperiraju., QWHURSHUDELOQRVW SURJUDPVNRJ SDNHWD ]¢
SDUDPHWUH UDGD MHGLQLFH MNRBNHstaBdaidaQIL OtioritB RP R 0 X
YODVWLWR NRULVQLPpNR VXOEBO M lizvérr® Hid DdnijphjémNh MHG L ¢
testranje CAPE23(1 DODWD D WUHQXWQR SUXAD EHVSODW
simulaciju kemijskih procesa za studente u skladu sa standardom @ENom**°
1IMHJRYD SUHGQRVW MH aWR RPRJXUXMH GRGDYDQM
WHUPRGLQDP..GQOCOK 5 DBNRHNWUBIUH QD UDPpXQDOLPD VD VXV
ORA4H VH EHVSODWQR SUHX]HWL V ZHE VWUDQLFH K
instalaciji COCO instalira se nekoliko komponenti:

- COFE engl. CAPEOPEN Flowsheet Environrment MH LQWXLWLYQR JLU

korisnipNR VXpHOMH ]D SULND] G(emD Pto@2DFIONRND S

Diagram, PFD) &2)( SULND]J]XMH VYRMVWYD WRNRYD REUD

RPRJXUXMH rkbzDddstrdjebhja Skoji se simulira. COFE dijagram toka

PR4A&H VH NRULVVBWLMNHIOR @SBOD RSHUDFLMD ]J]DVHEC

(dijagram unutar dijagrama) ili war drugih programskih sustava


https://en.wikipedia.org/wiki/Process_Flow_diagram
https://en.wikipedia.org/wiki/Process_Flow_diagram

- TEA (engl. Thermodynamics for Engineering Applicationrd WHUPRGLQDPLD
baza podatakékoja XNOMXpXMH EDQNX ISRMEMPHEADNDNRULEAW |
kemikaljateYLAH RG DIQMO QWERPINNLKNLK PHWRGD SURUI
- COUSCOUS ¢ngl. CAPEOPEN Unitoperations MH SDNHW MHGLC
operaga u okviru COCO, popuseparatoram MH&ADOLFD L]J]PMHQMLYD|
pumpi, itd. Aplikacija ChemSepp VOXBLVLPXODFLMX UDYQRWHAaQ!
okviru COCO

- CORN (angl. CAPEOPEN Reaction Numerizge paket koji RPRJXuDYD
VLPXODFLMX N L QeHaslciietd reaRtekib iR £f &

1.3.892' 8 &2)( *5%$),y.-225,61,y.2 68y (/-(

RDpXQDOQLCSKRERSIRNDPHiUH VH NOLNRP QD LNRQX 67%

ikone COFE. 1IDNRQ XODVND X UDpXQDOQje SPRIUEP &2)(

alatnim trakama iadnim prostorom

& COFE - [Flowsheet1]
Q File Edit Inset Flowsheet Plot View Add-ins Window Help

D@g% @ J (P default . p_:: _r; 0 ggaéﬂy é%%@

@ Flowsheet1

Q Flowsheet

&g Settings

Slikal.2 $ODWQD WUDND L UDGQL SURVWRU X UDpXQDOQRH

6XpHOMH SURJUDPD &2)( PRaAH VH SRGLMHOLWL Q
HOHPHQW LPD VYRMX VYUKX WH VH QMHJRYLPB NRULAV
menijima se nalazalati za upravljanje kojimae simulira X U H ypXdjékd kreira
objekt L]JERUQLN V DODWLPD L]JERUQLN ]D RWYDUDQMH GF

u radu s programorit



Prva u redu s lijeva za odabir u alatnoj traci je opcija (naredba) Aile 2 koja
R P R J X ot¥dvhHje,zatvaranje,spremanjei printanje novih ili S RV W Riaddtekd. K
(slikal.3.)

© COFE - [Flowsheet1]
E File | Edit Insert Flowsheet Plot View Add-ins Window Help

Oy O new Ctri=N
& Open.. Ctri+0
X  Close

ﬁﬂ Save Ctrl=5S

L save As..,
B cearlog Ctri=L
&h print... Ctri+P

% Page Setup...
@ Print Preview

% Print Setup...
Properties... F12
-

=z 1Flowsheet1_Simulacija_kompresora_Lorena

X bat

Slika 1.3. Alatna traka/kile 3

Drugau redus lijeva za odabiru alatnojtraci je opcija (naredba)&dit3 a VO X aL
za X U H Yy L YDA&dNHzborniku jedna od naredbi je Areferences preko kojese
moguodabratirazlLpLWH SRV W D dtbldit shisBedr mieWiR jellikiica (S ili US)
(slika 1.4.)

@ COFE - [Flowsheet1]

[B1 File | Edit | Insert  Flowsheet Plot  View
COFE Prefi : x
D D”' I Delete Delete by references:
. General 1 Unit sets I Plots I Appearance
Select All Crl+A |0 000 New files:
" o % Blank
E Invert selection oo
; FlowsH P " Create from template: | Erowse
..... E Flo Copy Ctrl=C B
k Sel v automatically chedk for updates
y Paste ctrl=V Out-of-proc OLE Time-out before showing Mot Responding / s: 60
@, Paste special R Reset all "Do not show again” or "Do not ask again™ messages Q
Q [ allow flowsheet solving in a separate thread
Find Stream... Number of solutions threads: j 4
*@: Find Unit Operation... L When double-dicking a unit operation:  [Edit unit ~|
. o File manager opens files in: |In open COFE, if any ﬂ
Links...
Preferences... F2 | . — Cancel

a) b)

Slika 1.4 a)Alatna trakaAdit3; E $ O D W QCORNE RrEfétdhcesd



7 U Hur@lus lijeva zaodabiru alatnojtraci je opcija Ansert3koja RPRJXuUDYD
ucrtavanje materijalnihi energijskihtokova/struja(engl. strean) nekogprocesakoji se
modelira. Materijalni tokovi/struje crtaju se punom linijjom (engl. solid lines), a
energijskitokovi/strujeisprekidanomiinijom (engl.dottedlines) kao 4 WeRP R didjeti

naslici 1.5.

© COFE - [Flowsheet1]
E File Edit | Insert | Flowsheet Plot View Add-ins Window Help

0= | I* Stream Ctri+| oo QAR ShE &

Energy stream Ctrl=Shift=1 | .

Information stream Ctrl=Shift=Alt=l |- -

E Flowsheet1

@] Flowshee

L@, Settings

Unit operation... Ctrl=U | ©
Controller Ctrl=5hift+=C
Flow constraint Ctrl=5hift+F

Stream report...

Unit parameter report...
Unit report...

Author report

Object

Line

B/ HERE QO@fhas

Text

=]
o

Label

&
=g

Hyperlink

[ |

Rectangle

0

Oval
|1| Bitmap from file...

Snaptogrid
Slika1l5. $ODWQD WUDND A,QVHUWS?

DvostrukimnNOLNRP QD RGUHYHQX VWUXMX RHFRLWUIDp @ HKP

parametara tj. definira se ulazna struja.

ﬁ COFE - [Flowsheet1:2 [3]]
File Edit Flowsheet Streams Plot View Window Help

D= & H ¢# | default =
name 3 unit
E Flowsheet1 I Stream .
: - Connections
e E Flowsheet —
» [hvera
;Etﬁn a pressure Llpa
° lemperature HiE K
Flones HAZ mol / &
M g kg # mal
k- Compound flows

Slika 16. Specifikacija strujnih tokova



yHW YuwndD s lijeva za odabir u alatnoj traci je opcija Alowsheet
configuration® o pHP XHe Y L 8HHw poglavlju 1.3.1. (konfiguracija TEA baze
podataka)Petau redus lijeva zaodabiru alatnojtracije opcija Rlot3koja RPRJIJXuUDYD
J U D | bifikkizie.Posljednjaali nei manjebitna, J O H G £lijdvé ijeopcija Aelp3koja
osiguravapotrebnanformacijekoje naszanimaju®

Pri simulaciji u COCO programskomV X p Hh@eNpdtokai M H G L QpepaQijh K
ovise o statusuulaznihi izlaznih tokova Svakabojaima svoje ] Q D p H Qalj@ hlam
informacijuo ispravnostunesenitvrijednosti.Koristese VO M HdpeH U H

- siva: specifikacijastrujeili M H G Lapéradijerije potpuna

- crna: specifikacijastrujeili M H G L@pérhaijgée potpuna

- zelena:simulacijaie XVS MHBAQRAH QD

-crvena: GR @RS R JI U priallM H & Bimdlagid X

Brz Q D plolf¥anja Y L iafdrmacijao statusustrujeili jediniceradaje dase ][ DG U AL
P Liznadnje dok seporukane pojavi.

Nakonupoznavanjs JU D I{NMDRIRL V Q/LPINH. GOFH R prije pristupanja
simulaciji nekog M H G L Qokdué€3&tliJ operacije bitno je definirati podatke ulazme
sirovine (odnosno konfigurirati TEA bazu podataka)i stehiometriju reakcije tj.
konfiguriratit CORN bazupodataka:***°

1.3.1. Konfiguracija TEA bazepodataka

PrimjerkonfiguracijeTEA bazepodatakazareakcijugorenjametanola

2CHOH+3Q : &3+4H0 (1-1)

Odabireseslijed opcija ASettings 0 Propertypackageso Add o TEA(CAPE
OPEN 1.13 (slika 1.7.). Otvarase S U R ] RArppeiity packagedefinition” u kojem
trebaunijeti podatkezaime (engl. A Q D I, Hgis (engl. Description) te odabir modela
(engl. Model X Q), M#6 & )eRrikazanonaslici 1.8. Odabirese A Bdelset3: A3 H-QJ
5RELQVRQ"



@ COFE - [Flowsheet3]
E File Edit Insert Flowsheet Plot Wiew Add-ins

‘DEeEdd&E BE b 2 defat

Window Help

R AR X AR . BT R

E Flowsheet3

f----BFIowshaet . -
ﬁ 2l B Flowsheet configuration N
Stream types | Flowsheet Optiong | Appearance | Stream arder I Unit Operation order | i
Property packages | # Select Package or P.. =] w pies | Phasslnfo  |I
-1 1 Thermo-systems and prop|
Show  [CAPE-OPEN 1.1 | Add
ﬁ ChemSep Property Package Manager Femove
ﬁ 0ATS Property Package Manager [CAPE-OPEN Edi
=8 7Y TEA [CAPE-OFEN 1.1)
-4 Water Rename
Info
< >
About | Select I Cancel |

Slika 1.7. Slijed opcija pri konfiguraciji TEA baze podataka Aettings o Property
packageso Add o TEA(CAPEOPEN1.13

Komponentese u reakcijskisustavdodajuklikom naopciju A $ G @lika 1.8).

Nakon odabirakomponentipotrebnoih je R ] Q Dyddskému AStreamtype definition3
(slikal.9).Timeje ] DY U &bhiRriranjeTEA bazepodataka.

Flowsheet configuration

a Property package definition:

=
Package Mode Configure Help

Mame: |2 methanol oxpgen
D escription: |2 rmethanol and 2 oxpgen reacts to produce 2 carbon diokside and 4 water
rModel set: IF'eng Robinsan _I'
Compounds:
bAethanol Add
O=pgen
Carbon dioxide Dielete I
s aker

Ok I Cancel I

Slika 1.8. Dodatakkomponenti
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Flowsheet configuration: >

Property packages ] Heaction packages ] Compounds ] Froperties ] FPhase Info ]
Stream tvpes Flowvszheest Options ] Appearance ] Stream arder ] U nit Operation order ]

Stream kwpe definition:

default j Pz | | Fenames |

k4 aterial zettings=:

D escription: |defau|t skream twpe

Change
D efault color scheme: |Defau|t - Lpplye
FProperty package: |2 methanol oxygsn =
Compounds: |v  Methanol
[ Owvaen
[» afater

[» Carbon diozide

Slika 1.9. 2] Q D p D bntpohehti (engl. methanol, oxygen, carbon dioxide and
water)

1.3.2. Konfiguracija CORN bazepodataka

Pri simulaciji procesau kojem se zbiva reakcija potrebnoje otvoriti CORN
bazupodatakaOdabireseslijed opcija /6 HW W R€adtwnS D F N D Addvo CORN

ReactionPackagevlanager o Selecg

Flowsheet config
Stream tppes ] Flovazheeset Options ] Appearance ] Stream arder ] U nit Operation arder 'li
Property packages Feaction packages ] Compounds Properties ] Phasze Info ]
Fieaction packages:
S Select Reaction Man... | = acle]

£ CORM Reaction Packags kManager
—ﬁ 04TS Reaction Package Manager [CAFPE-OFEM
——ﬁ. 0ATS Reaction Package Manager [CAFPE-OFPEM

“« >

D escription: Sbouk Select I Cancel |

Slika 1.1Q Slijed opcija pri konfiguraciji CORN bazepodataka 46 H W W [R@atton
S D F N D A#tvo CORNReactionPackageManager o Selecg

11



Ulaskomu ovu opciju £ORNReactionPackageManagerotvorase SUR]JRUDp L i

u kojemje potrebnoodabratiopciju Alew oNewReactionPackage o Edit3

Flowsheet configuration: >
Stream types ] Flowszheet Options ] Appearance ] Stream order ] Uit O peration order
Property packages Reaction packages Compounds ] Fropertie= ] Phaze Info
Feaction packages:
E MHew Feaction Package Add
Remowve
| E dit
R enames
Info

Slika 1.11 Definiranje AlewReactionPackagée

Dalje se odabireopciju Aeneral® te se unesu poddci kao & VjeRprikazanona
slici 1.12, zatimopcija £ompoundso Add o Frommaterialtemplateo OK 3 Otvorit

U Bepr R ] R Wspkoinponentamé&oje suprethodnanavedendslika 1.13).

F cct configura ,
@ Eedit: > Her ||
= ]
General ] Compounds ] Feactions ] B
General:
M ane: |2 methanal osygen
D escription: |2 moles of methanol and 2 moles oskygen reacts to produce 2 moles oz
Starndard:
CAFE-OFEM thermo wersion: |"-u"er3i|:|n 1.0 -
Help | Load | Store | Ok I Cancel

Slika1.12 New ReactionPackagezEdit.
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Flowsheet configuration e

& cait e oder|E
afo I
General Compounds I Feactions |
[ Mame = | Formula [ bt Add | I -
Add compounds: I
Name | Farmula | Mol weight | cas | —II
b ethanol CH4a0O 32042 E7-56-1
O=vasn oz 21.999 Fre2-44-7 I
wiater Hzo 12.0186 FFIZ185
Carbon dioxide COZ 44 00395 124-33-39
Ok I Cancel I
I < >
Help I Load I Store I (] . I Cancel I

Slika 1.13 Slijed opcija R ] Q D p DKépQriridi £ompoundso Add o Frommaterial
templateo OK3

6 O M Hi poBljadnjikorak je odabirslijedaopcija A&dit o Reactios o Create
oEnterreaction|D 3 te seunosepodacikako je prikazanonaslici 1.14 Pri tom treba
paziti da sezareaktantdspred stehiometrijskogomjera S L énidus,a za produkteplus.
% X Gdageradio heterogenojeakciji: 2 CHGFOH+3 Q : & 2+ 4 H0, odabire se
opcija Adeterogenu§ Odabirom opcije ARhase? za navedenureakciju odaberese
Aiquid3 Time je ]DY U ako@iguracia CORN baze podataka za navedenu

reakciju®*?

i Fi eet g at 3
© edit: > ger |t
Wfo |
General ] Compounds Reactions I
Reaction: — Reaction properties: |
Mil7 I
_Stoichiometry | Compound I
-2 rethanol
-3 O=ygen |
2 W ater
4 Carbon dioxide |

I Eaquilibrium Reaction M Heterogeneous

Rate: l Llﬁ mol/s/mé
E quiilibrium constant: l :|_|>-I mol/m?
E quiilibrium basis: IMoIarity ;l
Heat of reaction: l ﬁ J 7 mol
Create | Rename l Delete I Phase: lLiquid _:_l
Help | Load | Store I oK I Cancel I iy |

Slika 1.14 Definiranjestehiometrijereakcije.
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892' 8 '(67,/$&,-8 9,4(.20321(171,+ 60-(6%

'"HVWLODFLMD MH WRSOLQVNL VHSDU BdmpbhemtiL SURF
u smjesiQD pLVWH NRPSRQHQWH QD WH Pw&iModnoond LKRY LK
WHPSHUDWXUD YUWICAHNRP SRIWQOYDRDEKMDPMHVYD PQRJR |
RG GHVWLODFLMH ELQDUQLK VPMHVD EXGXuUL VH YL&HI
destilacijom u samo ¢noj koloni.Stoga se kodYy LAHNRPSRQHQWQLK VPMHVLI
VYRGL QD WUDAHQR tii>hente FOMDINGIM N O GRKGINLHE hlkRy)i
WH&aANH NOémny.fHeavyyKey NRPSRQHQWH ,JERU ODNH L WH&aNH
ovisi o njihovim hlapljivostima iINRO L p L Q V N LRaspkddjdaHdStalia Romponenti
VH LIUDpXQDYD X] SUHmhfdRanw biaphivijeR3®D QIBINHY NOM XpQH L]
u proizvodi vrha kolone (destilat D NRPSRQHQWH PDQMH KODSOML®
NRPSRQHQWH X SURL]YRG GQD NRORQH .RPSRQHQWH N
ODNR NOMXpQH NRPSRQNQWH LiH W{HX USDMSIR & RIGID M UK D
.RG UHNWLILNDFLMH NDR QDMYDAaQLMH PHWRGH NRU
NRQGHQ]DWD VH YUDUD X NRORQXSSESDLVKHPE® GRO W]LI LO\R
kolone data je na slici 15.7

kondenzator

razdjelnik

para
LVSDULYDD

ogrjevna
kapljevina para

Slika115 2SUD VKHPD U KMNOWeE ILNDFLMVNH
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80D]QD SRMQD VPMHVD NRMX MH SRWUHEQR UD]JGYF
NRORQX QD PMHVWX RYLVQRP R VWDQMX SRMQH VPM
pregrijane pare). Pri tom kapljevina (refluks) struji premogie, dokpara struji prema
JR U He dgelofiguravkontakt L]PHYy X X]OD]QH SDUH L VLOD]QH NDSO
WRSOLQH L SULMHQRVD WYDUL GLIX]LMRP 7DNR VH ND
LGXUL ND GQX NRORQH WHA&H K@BSg@@MjLdid desiaRiB®R Q HQ W
kolone od ulaza pojne smjese naziva sekcija rektifikacije, a dio kolone ispod ulaza
pojne smjes se naziva sekcija stripiranfaDND NOMXpQD NRPSRQHQWD L V
hlapljivie od LK se izdvajgu u obliku destilatana vihX NRORQH D WH&ND N
komponenta i sve komponente manje hlapljive od B izdvajju na dnu, kao
proizvod dna koloneMnogobrojnim kontaktima pare i kaMHYLQH X NRORQL VH
RaWULQD . PPivvodV riaVkDlone dalje ide u kondenzator gdje ¥éJalL
ukapljivanje. 3UHPD XYMHWLPD NRORQH NRQGHQ]JDWRU PR
GMHORPLPQLP XNDSOMLNRPQRGIHR Q D @idjér RejHmag B ULY DD
SURL]YRGQMH SDUH OR&H VH ]DJULMDYDWL YDQMVNRI
kolone?

ODWHULMDOQD ELODQFD NRORQH PR&H VH SULNDI]DYV

F DB (1-1)
gdje je:

F - protok pojne smjese, kmal/
D - protok destilata, kmat/

B - protok proizvoda dna, kmai/

2PMHU SUHWRND RGUHYyXMH SURWRNH ID]D NUR] NR(
SRMHQMD PRJX UD]JOLNRYDWL X JRUQMHRPMX WHN WG LIMHO)
kolone. Pod omjerom pretoka u pravilu se podrazumijeva tzv. vanjski omjer pretoka,

odnosno omjer molnih protoka kapljevine i destilata:

rR=L (1-2)
D

gdje je:

15



R - omjer preoka

L - protok kapljevine kroz kolonkmol.

.DR L NRG ELQDUQLK VPMHVD RVQRYD SURUDpPXQD
u parnoj i kapljevitoj ID]JL LJUDAHQL SUHNR NRMHNifdMdsQWD UD
SURPDWUDQH NRPSRQHQWH 3L" LIPHYyX SDUQH L NDSOMH

gL= (1-3)
gdje je:
Xi *tPROQL XGLR NRPSRQHQWH AL3 X NDSOMHYLWRM II

yi tPROQL XGLR NRPSRQHQWH AL3 X SDUQRM ID]L

Vrijednost koeficijenta raspodijele ovise o tlaku, temperaturi i sastavu fagatf ( p,

2,8,11,13,14
T, Xi, V1)

16



2. EKSPERIMENTALNI DIO



2.1. MOTIVACIJSKI PRIMJER

8 RYRP UDGX SURYHVW UH VH VLPXODFLMD GHVWL
UHNWLILNDFLMVNRM NRORQL SULPMH®RRBno&ey@e UDp X Q
aplikacije ChemSep 6DVWDY YLAHNRPSRQHQWQH VPMHVH QDYHC

7DEOLFD 6DVWDY YLAHNBRPSRQHQWQH SRMQH VPMHVI
komponenta mas.udjel molekulska
- masa, g/mol
propan (C3) 0,05 44,1
izobutan (#C4) 0,15 58,1
n-butan (RC4) 0,25 58,1
izopentan(i-C5) 0,20 72,1
n-pentan (RCH) 0,35 72,1
6 1,00
SRMQD VPMHVD MH ]DVLUHQD nvlarsag pdtokd. 4ol36 T X

kmol/h, pri tlaku od 827 kPa i temperaturi od 82%&3 Specifikacije motivacijskog
SULPMHUD GHVWL O D snjdééisiKdvaid-sN RiReSdRQriad &livV 21H

18



Potpuno ukapljivanje

VAQ
N

: L Reflux D
F zasi¢ena kapljevina
zasi¢ena kapljevina 6
C3 5 P= 827 kPa
i-C4 15
n-C4 25
i-C5 20
n-C5 35 N’
100
* B
6OLND 6SHFLILNDFLMH PRWLYDFLMVNRJ SBPMHUD G

8YMHWL SUL NRMLPD UH \WHka3duniR vablivi\&/2., & haPsKlOD FL M D
2.2. specificirani su yeti simulacije u ChemSep.

Tablica 2.2. Uvjeti simulacijeestilacieYLAHNRPSRQHQWQH VPMHVH

varijabla opis
broj plitica (tavana) 11
broj plitice na kojoj ulazi pojna smjesa 6

LVSDULYDD

WODN QD VYDNRM SOLWLFL p=827 kPa

WRSOLQVND GX&QRVW QD VY Q=0
NRQGHQ]DWRU L LVSDULYDPp

protok parne faze na vrhu kolon¥,

V =79,378 kmol/h

protok destilataD

D =22,181 kmah

19



Select table:

#L Edit Copy Fant

Column C:\USERS\NEDA'\APPDATA\LOCAL\TEMP\CS 1 &~1.5EP
Title: ChemSep CO Unit Operation "Column 1" in COFE Flowsheet

[Components:
Propane
Isobutane
N-butane
Isopentane
N-pentane

Operation:

Simple Distillation

Total (Liquid product) Condenser
Partial (Ligquid product) Reboiler
11 Stages

Feeds to stages 6

L R

\
e S P

11+----+

Properties:
E0S K model
Peng-Robinson 76 Cubic EQS
Peng-Robinson 76 Enthalpy
Enthalpy reference state Vapour
Enthalpy reference temperature 298.150 (K)
Formation enthalpies Excluded
Exergy surroundings temperature 298.150 (K)
Thermo data (J/mol):

[Peng-Robinson 76 Data]

1 j kij Component Component
1 2 -0.0078 Propane/Isobutane
1 3 0.0033 Propane/N-butane
1 4 0.0111 Propane/Isopentane
1 5 0.0267 Propane/N-pentane
2 3 -0.0004 Iscbutane/N-butane
3 5 0.0174 N-butane/N-pentane
Reactions:

Specifications:

Column pressure

Condenser pressure 827370 (N/m2)
Top pressure 827370 (N/m2)
Default efficiency = 1.00000 (-)

Feed 1

Feed 1
Name Feedl
Stage (3
Pressure (N/mZ) 827370

Enthalpy (1/kmol)

Vapour fraction ( 0.101237
Temperature (K)
Component flows (kmol/h)
Propane 2.26795
Isobutane 6. 80386
N-butane 11.3397
Isopentane 9. 07178
M-pentane 15.8756
Condenser
Duty: Qcondenser

V2=[79.378 kmol /h]l
Initialization guess:

Reboiler

Duty: Qreboiler
D=[22.18 kmol/h]
Initialization guess:

Product str‘ea.ms
Top (from 1):
Bottom (from 11) Bottom

Solwve options:

Automatic Initialization

Newton's method

Flow Step Timit 0.500000 (-)
Temperature Step Timit 10.0000 (K)
Composition Step Timit 1.00000 (-)
Flux Step Timit 1.00000 (-)
Accuracy = 0.000001

Maximum iterations = 30

Feeds type = Stage below

Trace treshold = 0.000000 (-3

Slika 2.2. Specifikacija uvjeta simulacije.

7TDNRYyHU VH SUHeWISR&MNMKEAYiSi M@ iGl8ku kondenzatar,
JXELWDN WRSOLQH UHIOXNVD MH ]DQHPDULY
kondenzirane pare.

D WHP
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22. KORACI U 5-(a$9%$1-8 6,08/%$&,-y COCO
5$y81%/120 352*5%08

2.2.1. Odabir komponenti

Odabirom slijeda opcija Aettings oFlowsheet configurationoProperties package

oAdd o News RWYDUD V HP®peRY padkadaidefinitions X N Ré/dddaju
komponente propan, izobutan;botan, izopetane i n-pentane uz odabir Peng
Robinonova modela zS URUDpPpXQ WHUPRGLQDPLPpNLK YHOLpPLQD
NRPSRQHQWH SRWUHE QRA#iIgh gep@ties) G they defiSdtrdipR Up LU A
type? 3 Slika2.2. slikovito prikazuje provedene korake.

. Steamtypes | Flowsheet Options | ppearance | Steamoder | Unit Dperation order
[k . . Property packages Reaction packages |  Compounds |  Propeties | Phaselnfo
=4
File Edit Insert Flowsheet || T e
: Add

0 = I & ) | :

f Property package from TEA Property Pack...

Document Explorer g = das LT | =
E'IIJ,AFZ [EDS) Packages _—
: il
Fowsheotl ; SR o
E Flowsheet
= Cancel
»ﬁ Settings s |
i Flowsheet configuration: B4
Help.
smiesa_C3_iC4_nCd_ic5n C5 Stieam types ] Flowshest Options 1 Appearance 1 Stream order 1 Unit Operation order I
Property packages 1 Reaction packages I Compounds I Properties } Phase Infa I
~l Thermo-systems and property packages:
o i} vigekompaonentna smissa_C3_iC4_nC4_i o n C5 Add
Property package added: —_—
{ ~ ‘I Assign property package ta the default stream type?
o = [~ Mever ask again

Slika 2.2. Slikovit prikaz provedenitkorska za odabir komponentia) Opcija
Aettingg E 3 UR]PRrbpertidi palkage definiions F 2GDELU N&®PSRQHQ
3 U R] R BAgsigii properties to the defagtream typ& 3
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2.2.2. Definiranje pojne smjese

8 SURJUDPVNRP VXp\taGeMazn&srija tdatddijaliih tokova koja

predstatlMD SRMQX VPMHVX 'HVQLP NOLNRP QD XFUWDQX

RGDELUHEd®StdavtD 2D WH. X YRV H SR GDF LzaijhuBsijesid ULV W L[
protok, temperatar, tlak i sastav.&2& 2 UDpXSQURQQYDP DXWRPDWVNL L]JUI
WHUPRGLQDPLpNH SRGDWNH SRMQHN¥ Bl®I 28 Hda6jeg WUHEQ
VOLNRYLW SULND] XFUWDYDQMD XOD]QH VWUXMH SRMC

VPMHVX V SULND]JRP VYLK L]UD p @ mjve.sijased UPRGLQDPLD
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name 1 unit

I Stream
I Connections
w  Overall
pressure 827.27 kPa
termperature B2 .53
mole fraction [Fropane] 0.05
male fraction [|sobutane] 0.15
male fraction [M-butane] 0.25
mole fraction [|sopentans] 0.2
mole fraction [M-pentane] 0.35

flow 45.358 kmal / b

G 0.065136551 kg / mol

w Compound flows

Propane 2z 26705 kmol 7 h

|zobutane 6.80885 kmal / b

M-buitane 11.33975 kmal / b

|sopentane 9.0718 kmal / h

N-pentans 15_87565 kmal / h

w Phase Fractions

molar phaseFraction [Vapor] 0.10123747

molar phaseFraction [Liquid] 0.89876252

w Vapor composition

mole fraction [Fropane] 0.12222748

male fraction [|sobutane] 0.2082254%

male fraction [M-butane] 0.29924157

mole fraction [lzopentane] 0.15293274
0.21717277

male fraction [M-pentane]
w Liquid composition

miole fraction [Propane] 0_041852063
male fraction [|sobutane] 0.14242017
male fraction [M-butane] 0_24445338
mole fraction [lzopentane] 0.2052017
0.326406170

miole fraction [M-pentane]
w  COverall properties

-B15T7TE&TT

fugacityCoefficient]l sopentane]
funaritulnetficientM-nentans]

a) b)
6OLND 60OLNRYLW SULND] D XFUWDYDQMD XOD]Qt

podataka za pojnu smjesu.

enthalpy -11823.39 J 7 ol
enthalpyF -150859.39 J/ mal
volume 0.00041244118 1= ! mol
bubbleF cint T emperature 80 .046535 T
bubbleF cintPressure 655.46678 kPa
dewPointT emperature o1 _TFES5TS4 T
dewPointFressure 665 5885 kPa
w Vapor properties
dengity 226.79525 [—
intemalE nengy 2563 .2326 A/ mal
enthalpy s5019._828 J A mal
enthalpyF -128926.9 J 4 mal
entropy 12579213 J A mol K
entropyr 228.29045 J A mal k.
fugacity[Propane] 54 _ 46587 kPa
fugacity[lzobutane] 150.58213 kPa
fugacity[M-butane] 212 .96029 kPa
fugacity[lsopentane] 108.22209 kPa
fugacity[M-pentang] 144.74114 kPa
fugacityCoefficient[Propane] 0.923236512
fugacityCoefficient]l zobutane] 0_87363771
fugacityCoefficient[M -butane] 0.56419487

o

o

-805523945
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2.2.3. Ulaz uChem-Sep

Nakon definiranaSRMQH VPMHVNRYLWVOQDIALMWRRBEVUEHaMEO M X & 2)
VH MHGLQLp QB RS IHUDFLLMHD [S&dctNIRitPop@ratiob N\RHD R @ADELURP
RSFLMH &KHP6HS 6OLND D 1 kdIdRQuU WrQcBsitd shéhmd G HV W
(dijagram toka)klikomnaVDP X NRORQX R W Y Drit BpevatdorSddlRiR XpL i A
kojem se preko opcijekdit? XOD]L X S WBW Rhits [OperdtioA 3UHNR RYRJ
SURJRUpLUD GHILQLUDMX VH XYMHWL GHVVSIQPI®FLMH
Distillation? EURM 51O Hak L&R2TB2AN/M3 WH A6,3 VXVW®dehdHGLQLF
opcije Aherme® R GDE LGhéimSept ALPH VH XOD]L X QMHJRYR SUR
(Slika 2.5).

@ COFE - [Flowsheet1:1] (Not Responding)

@ Unit operation Column_: (Nt Responding) =]

Name | Staws Edt |Balance| Parts | Inio |

Parameter Value | Unit

New Unit Operation =)

627370 N/m2)

o [ChemSep ~

60OLND 8FUWDY D Q M Hestilati{z I @iz o GientfSeH UDFL M

4 ChemSep (TM) (CAPE-OPEN) - Column_2

File Edit Check Analysis Databanks Tools Help

B[ D [ | [lx ]| T| ] [ EB S| © | [
" CAPE-OPEN |
f Tille

o Components Cellin 2

+ Operation Siahs Unitisnotvalid unitisnatnislzed
- X Properties

- Thermodynaric: [~ CAPE-OPEM Properties [~ Expose energy ports [~ Show all options

" Physical properti
- Fieactions
o Feeds

B+ Specifizations

—

- Pressures

- Heaters/Coolers
" Efficiencies
o Column specs
- X Results

- Tables

- Graphs

- McCabe-Thiele

- Rating

- Units

- Solve options

- Pathsg

Slika 2.5. Izgled ChemSeNRULVQLpPNRJ VXpHOMD
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2.2.4.Definiranje radnih uvjeta kolone u ChemSepu

1IDNRQ XODVND X &KHP6HS N Royd denirftiNiRete ¥adadd OMH ¢

NRORQH

odabru sljiedeuL. XYMHWL GHILQLUDQL X WDEOLFL
VH VOMHGHUH
A7\SH RI V L-EXudIDiWhLcalgnn

Configuration: Operation: Simple Distillation

Condenser: Total (liquid product)
Rebojler: Rartial (liquid product)
Number of stages: 11

JHHG VWDJHYV 3

{ ChemSep (TM) (CAPE-OPEN) - Column_2 o | 5
File Edit Check Analysis Databanks Tools Help
= e 1 S 7 e S
f COPEOPEN o Qpesson |
 Tile Select Type of Simultion
~f Comparents
" Flash
& Equillium cokamn
o
o
 Fe Configustion
5
'/; Dperatiors | Smple Distlation -
j o | Cordenser [Toal louid o)+
+f Efficencies
¥ oo Rebolkr. [Pt (Ligid prodet)
1
X Fesulls
Tl Number o slages (e 10)  [11
Graphs
Mot T Feed tagefs] (2. 57) g Top
Rating — =
Unis
Salveopli —
Palhs

Chenged | Mot canverged

CUsers\nedahAppDatahLocal Temp\CS_1_F~1 SEP

Slika 2.6. Definiranje radnih uvjeta kolone u Chem@ep

.OLNRP QD RSFLMX A2SHUBWUIRQU SROMBDOM X\

. RQNUHW

B8RpDYD VH G DerapbddRtékaxfielanu, ChemSJemutomatski skicira, kao
AWR MH S04litiP6DQR
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225 3URUDPXQ WHUPRGLQDPLpPpNLK VYRMVWDYD

Za L]UDPpXQDYDQMH UDRRAQ Rakkbal@ling iS RiGapie
YLAHNRPSRQHQWQH VP MPENG5 RALLPRIGROLDVNNDIRG BW B 4 B B
SULND]DQR QD VOLFL L0a@G D/ELUMHPG RBRFMMHWAUDAHQLK

dobiju iz baze podatak&hemSep. Pretpostavlja se da su parametri koji nisu definirani

jednaki nuli.
4. Chembep (IM) (CAPE-UPEN) - Column_2
File Edit Check Analysis Databanks Tools Help
[ D [ [ 1 x 1] 7 [l ] || B ] © [ ]|
ol E{'—‘*PE'DPEN " Thermodynamics l{ Physical properties] o Heactionsl
elect Thermodyramic Models
o Tile Select Themodynanic Mods!
o Components Enthalpy / Exergy -
-+ Operation
B+ Properties K-walue EOS - Feference state  |[Wapour +| [298.7 [K]
o Thermodynarnic: . - )
: : quation of state eng-Robinson 76+ eat of formatian wclude -
 Physical properi | Eduation of state | Peng-Robinson 76 Heat of format Excluded
- Feactions )
nf Feods Surroundings T 233150 k)
S+ Specifications ] -
o inalysis Heat Capacity IG | T comelation
—f Pressures - ] -
rithalpy '=ng-FHobinzon - eat Capacity ole fraction a +
«f Heaters/Coolers Enthal Peng-Fobi 76 Heat C L Mole
- Efficiencies
o Column specs Select Thermodpnamic Model parameters [when required)
£ X Results Peng-Fobirson 76 l
- Tables
Edlal:phlj Thisk [~ BIP estimation
- MelCabe-Thigls
- Rating i- ki
- Units ) Propane - |zobutane
- Solve options | |Propane - N-butane 0.00330000
- Paths Propane - |sopentane 0.0111000
Propane - N-pentane 0.0267000
Isobutane - M-butane -4.000E-04
Correlation lsobutane - lsopentans |*
Isobutane - M-pentane
M-butane - |zopentane *
M-butane - N-pertane 0.0174000
lsopentane - M-pentane |*

Slika 2.7. Procjena #rijednosti i entalpije odabirom PerRpbins)tQRYH MEGQDGAE

(Napomena: EOS-engl. Equation of State moglel

2.2.6 Definiranje ulazne pojne smjese u ChemSep

2WYDUDQMHP FRRedB]|RURARYMHADYDMX VH SUHWKRGQI
kojima je definirana pojnamjesa prema podacima iz tablice 2.1. Konkretno, za

QDYHGHQL SULPMHU RGDELUH VH VOMHGHUH 6OLND
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Stage: 6

Two-phase feedSplit

Statep & V

Pressure [N/f]: 827371

Vapour fraction {]: 0.000

Temperature®C]: 82.53

Flowrates [kmol/h]:
Priopane
Isobutane
N-butane:
Isopentane:
N-pentane:
Total flowrate:45.359

File Edit Solve Analysis Databanks Tools Help
|| b 2|40 [ |Lx|st|1T | £ || | EONEBI|ES] © |
o Tile of Feeds |
-~ Components Feed Stream(s] Specifications
-+ Operation
B+ Properties I—
" Thermodynamic: Ingert ‘ AT ‘ Molas fows [
- Physical properti
-+ Reactions Feed: 1 |
i Feeds Name Feed]
B Specifications Stage 3
f Bnalysis Two-phase feed Split
o Pressures State phY
" Heaters/Conlers Pressure [M/m2) 527370
- Efficiencies Yapour fraction [-] 0.0
" Column specs Temperature (K]
B Results Flawwrates [kmolhl:
- Tables Propane 2.26795
- Graphs |zobutane E.80386
- McCabe-Thiele M-butane 11.3397
FUG |zopentane 3.07178
- Units . M-pentane 15.8756
- 3olve options Tatal flowrate 45.3550
- Pathg

Slika 2.8. Definiranje ulazne pojne smjese u Chemsep

2.2.7. Definiranje radnih uvjeta destilacijske kolone u ChemSegu

8 SURJRUpPLiUX A$Q D @efinira/ stusnierePsSdi®le za simulaciju
YLAHNRPSRQHQWH VPMHVH 60LND
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4 ChemSep (TM] -

V—ﬁ—-

isekompnentna_smjesa_simulacija_24_07_2018.sep

File

Edit

Solve  Analysis

(9| B |2 4a [ =[x |ls|LT |

Databanks Tools Help

| €|EEE o

e

o Title

o Components
- Operation
B+ Properties
nf” Thermodynamic:
nf” Physical properti

- Reactions

—off Feeds
H+ Specifications

—off Pressures

" Analysiz l\f Pressuresl v s Healersfﬁoolers] v Efficienciesl " Column SPECE

Dearees of Freedom Analysis

ChemSep requires the following to be specified:
- The number of stages (1)
- The lozation of all feeds (1)
- The lozation of all sidestrearns (0]
- For each feed stream you must specify
the component flows (3]
and two of the termperature, pressure and wapoar fraction [2)
- The pressure in each stage (9]

- The heat duby on each stage except reboilers and condenzers [3),
—nf Heaters/Coalers the hieat duty will be azsumed to be zero unless specified differently
- Efficiencies - The pressure in the condenzer [1)
o ol specs - For the condenzer pou must gelect one variable to specify (1)
P - The pressure in the reboiler (1]
E"'f Resultz - For the reboiler you must select one variable to specify [1]
i i~ Tables Therefare, the tatal number of degrees of freedom is 31
60OLND 6WXSQMHYL VORERGH |]D VLPXOD#HRLMX YLAHNR

Za simulaciju motivacijskog primjera pretpostavlja se da je tlak u koloni konstantan i
iznosi p=827 kPa (slika 2.9.).

4 ChemSep (TM) (CAPE-OPEN) - Column_2

File Edit Check Analysis Databanks

=Y ERAEY

Tools  Help

L3

=]

=]

=]

- CPE OFEN

f Title

" Components

-+ Operation

- Properties

o Thiermodynamic:
o Physzical properti
- Feactions

- Feeds

- Specifications

o Analysis

- Pressures

-~ Heaters/Coolers
- Efficiencies
o Column specs
- ¥ Results

- Tables

- Graphs

- McCabe-Thiele

- Rating

- Units

- Solve options

- Paths

o Analyzis " Pressures IJ Heaters.-"[loolers] o Efficiencies] + Calumn Ipecs
Column Pressure Specifications

Condenzer pressure [M#m2)

827371
Congtant pressure -
827371

Column pressure

Top pressure

[M4m2)

Remave Al

Slika 2.10. Definiranje tlaka destilacijske kolone u Chem&ep

Nadalje se pretpostavlja da su plitice dobro izolirane te je gubitak topline zanemariv ( tj.

Aolumn

dielovanja je jednak jedan (tjdefault stage efficiency

heat los3

Afficiendes3

-V X SUR{dRterfdodldE A DV WopiSEkggM
X SURJRUpLUX
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2.2.8 Specifikacija uvjeta razdvajanja destilacije kolone u ChemSepuwi

2GDELU Rd@uminMpdcificatiodA RPRIXUXMH GHILQLUDQMH XYN
ulazne pojne smjese u destilacijskoj koloni, a prema uvjetima zadanim u Tablici 2.1. U
navedenom primjeru se za specifikaciju vrha kolone odabire ofdgxible3 WH XQRVL
MHGQDGAED NRMRP \arha Gzal irial kbDneGimosi FB78Skmol/h.
$QDORJQR ]D VSHFLILNDFLMX SURL]YRa&iDeG Rl DNRYH L
protok destilata u iznosu od 23, kmol/h (Slika 2.10.).

Slika 2.10.Specifikacija uvjeta razdvajanja destilacije kolone u Chem$epu

229 5MHADYDQMH VLPX@DFLMH X &KHPG6HS

Ukoliko su prethodni NRUDFL X &KHP6HS Xkomde QRIijgv@ UDYyHQL
VWUDQL SURJUDPVNRJ VXpHOMD &KHP6HS &EdveietUHED OH
R]JQDNH XND]XMH QD SRJUHaNH WH MH SULMH SULVWX:.
potrebno provjeriti sve ulazne podatki DSRPHQD QDMpHauUH VH SURE
QHXVXJODaAHQLP 3NRIOLINFEDPD VYH LNRQH JHSNe®H NOLI
pokreiH VH UMHA&D Y Ded¥l RunirigRiki@ldior LIM B O L N R P DQr23 L\WHR Q X A
dobiju rezultati (Slika 2.11.).
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6OLND S5SMHaAabDYDQMH MLPXODFLMH X &KHPG6HS
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3. REZULTATI



Na slikama 3.%. SULND]DQL VX UH]XOWDWL VLPXODFLMH
SULPMHQRP &2)( L &KHP6HS SURJUDPVNRJ VXpHOMD

Slika 3.1. Rezultati simulacije procesnih struja pojne smgsgl (feefl destilata€ngl.

top) i proizvoda dnadngl. boton
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Slika 3.2 Rezultati simulacijgrofila protokaprocesnih strujgG X4 NRORQH RGQRVQ
porastom broja plitica.

Slika 3.3 Rezultati simulacijdilance tvari i energije.
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Slika 3.4 Rezultati simulacijeH ILNDVQRVWL L]UD p X Q Dokt UGHPED MH G (

kolone, odnosno s porastom broja plitica.

Slika 3.5 Rezultati simulacigV DVWDYD NDSOMHYLWH ID]JH GX& NRORC

broja plitica.
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Slika 3.6 Rezultati simulacijik-YULMHGQRVWL GXa NRORQH RGQRVQF

plitica.

Slika 3.7 Rezultati simulacij@entalpije i entropije.

Slika 3.8 Rezultati simulacijel LILNDOQLK VYRMVWYD YLAHNRPSRQHQ

odnosno s porastom broja plitica.
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4. RASPRAVA



4.1. AnalizaUH]XOWDWD VLPXODHRddhjds& LAEHNRPSRQHC

8 PRWLYDFLMVNRP SULPMHUX VLPXODFLMH YLAH!
izobutanan-butana, izopentana tpentanapri zadanim uvjetima simulacije:

- ukupanbroj plitica: 11

- broj plitice na kojoj ulazi pojna smjesa.:

- tlak: p=827 kPa

- protok parndaze na vrhu kolone, =79,378 kmol/h

- protok destilata, =22,181 kmol/h
dobiveni su E U R M¢mDI@tL prikazani naslikama 3.1 RGQRVQR QMLKRY J
prikaz slikama 4.14.8.

ChemSep automatski odabire dWMH NOMXpQH {NRaA BR QKD WH Q
N O M XehdD Xight key, LK L L]RSHQWDQ N D &nhgWheah KeyN gk X b Q X

rezultat simulacije slikovito je prikazan na slici 4.1.

37



6OLND 5HIXOWDW VLPXODFLMH YLAHNRPSRQHQWQH V

Slika 4.1. prikazuje da se ulazna pojna smjesa razdvaja na destilat u kojem se
izdvajaju nrbutan kao laldb NOMXpQD NRPSRQHQWD WH LJIREXWDQ L
iz&vDMD LIRSHQWDQ NDR WHaN Bpehan MkdligoDse NaRalkz8duQ H Q W D

molni udijeli komponenti u pojnoj smjesi, vidljivo je da udiebatana, izobutana i
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propana raste u destilatujstovremeno se njihov udio smanjuje u proizvodu dna. Za
razliku od njih, molni udio izopentanaitBHQWDQ VH X RGQRVX QD SRMQX
X SURL]YRGX GQD 7DNRYyHU VX L]JUDpXQDWH YULMHGQR
pojnoj smjesi, destilatuiRRL]YRGX GQD 9H]DQR X] R]IQDpDYDQMH E!
da broj plitica raste od vrha kolone prema dnu.

5H]XOWDWL SULND]DQL QD VOLFL SRWYUVHQL VX
udjela kapljevite odnosno parnelD]JH SRMHGLQH NR RPSR@mbOEBEH G Xa N
porastom broja pliticgslika 4.2.).KomponentehlagdjiviH RG ODNR-tNt@WIstipQH Q
koncentrirane iznad ulaza pojne smjese, a komponente manjelhapi RG WH&a&NH NON
(i-pentana) su koncentrirane ispod ulaza pojne smjestniMIdMHOL GYLMX NOM
NRPSRQHQWL SRND]XMX VYRMH PDNVLPXPH L WR ODND
WHAaAND NOMXpQD LVSRFidK0 k] da @&iMQptiewiRP fazd\diiju
NOMXpQLK N-RRA&RQEVEPHA) i Qopentana (roza bajadju suprotan oblik
60OLND D awR XND]J]XMH GD VH QMLKRYR UD]JGYDMD
Analogni rezultati ¢4 GRELMX L L] JUDILpMRIA pSroefze jbjedirie O Q L K
NRPSRQHQWH GXa NR®RtQ brRj& Qifky 3Ik4.2.b). 7TDNRyHU VH
X R p Dh¥zbatnosmanjenje maih uUMHOD ODNH NOMXpPpQH NRPSRQHC
nekoliko plitica D aWpBtréddid NDNR EL VH VXVWDY SULODJRGLR SR
KODSOMLYLK NRPSRQHQWL 6 @kzia@dsmanjejerolhi WjlaR G QR V H
WHaNH NOMXp Q H littahRapRIQUQMWaHko@ri2. S
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Stage

b)

Slika 42. a) Profl PROQRJ XGMHOD NDSOMHYLWH ID]JH, SRMHGL

odnosnos porastom broja pliticab) Profil molnog udjela parne faze pojedine

komponenteG Xa N R O R Q B poRR&GMmPM|Q Ritica
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Na slici 4.3 prikazan je profil Kvrijednostipojedine komponent&& X4 NRORQH RGQR)
S porastom broja plitica

Slika 43 *UDILpNL SUL NDjgédn®sti Rojednd komponenteG X4 NRORQH
odnosncs porastom broja plitica

Vidljivo je da K-vrijednosti pokazuju lagani porast za sve komponente s
SRUDVWRP EURMD SOLWLFD XND]XMXuL QD ODNAaH UD]C

plitica.
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b)

Slika 4.4 a) ProfiltemperatureGXa NRORQH RGQRVQR V SRAIDVWRP
WODND GXa NRORQH RGQRVYQR V SRUDVWRP EURMD SOL

Rezultati na Slici 4.4pokazuje rastemperature s porastom broja plitica te da se
YULMHGQRVWL WHPSHUU B2B%10%{53N & H DX aXV R QREHERYD U D
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382,60 K.Drugm ULMHPLPDXWHRSHIUDYHUDYDSREAE PIJ KD N RD A Q/H
XRELPDMHQR ]D YHULQX Zararlilo® @iFpekatind, LKk V Kook B Y D
NRQVWDQWDQ GXa NR@QaRs6poraRtenQuroja@IficaQ H PLMH

Slka45 SULND]XMH SURILO SURWRND SDUQH L NDSOM
GD VH SURILO SDUQH ID]JH GX& NRORQH QH]QDW¥&®R PLMH
NRML MH ]JQDWQR SRYHUDQ V SRYHUDQMHP EURMD SOl
protoka kapljevite faze japravo u razini plitice na kojajlazi pojna smjesa. Naime, da
MH SRMQD VPMHVD ELOD GMHORPLpPQR X Sdp@kam ID]JL Y
SDUQH L NDSOMHYLWH ID]JH GX&a NRORQH OHYXWLP X R
]DVLUHQD NDSO M H Yro@jénaverfilidilji@als Bmasikiajévitu fazu.

Slika45 *UDILPpNL SULND] SURILOD SURVMIRNROBRUQH L NDS

Slika 4.6 prikazuje profil brzine prijenosa tvafengl. mass transfer rate
RGQRVQR SRNUHWDpPNH Vdn@.Hiri8rigd RoFcl Vibljive }eddaNpRidi R Q H
izopentana i ypentana imaju pozitivne vrijednosti brzine prijenosa tvarGbxiit L |[DRVWD M ;
u kapljevitoj fazi i izdvajaju se na dnu kolone u obliku proizvoda dna. Za razliku od n
butana, izobutana i propankoji se izdvajaju u parnoj fazi i za njihovo izdvajanje
SRWUHEQR MH GRYHVWL WRSOLQX L] DWSDGXADNRORQ
SRNODSD VH V SURILORP SRNUHWDpPNH VLOH SURFHVD
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Stage

b)
Slika46 *UDILpNL SULND] SURILOD D EU]JLQH SULMHQRVD
SURFHVD GXa&a NRORQH
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ChemSepDXWRPDWVNL RGDELUH GY LMutanNabMakpQH NRI
NOMXpQX L LIRSHQWDQ NDR WHaANX NOMXpQX D NRMH
McCabeThielevog dijagrama (Slika Z.). Pravci u dijagranX LPDMX LVWR JQDPpHQ
kod McCabeThielovih dijagramaza binarne sustave; a broj ucrtanih pravokutnih
trokuta odJRYDUD EURMX U DatigoRn bt@j@liticay MWDPMOHVDIcIEai G D
trokuti ne dodiruju uglove dijagrama gdje X =Y = 1 i X = Y= 0 pokazuje da
UD]GYDMDQMH QL DoHivehRWH]EX@ORV BWW WMRLP XODFLMH XND]XN
EURMD SOLWLFD VYDNDNR ELOR YULMHGQR VLPXOLUDW
YHURM pLVWRUL RGYDMDQMD L]J]PHYyX GYLMX NOMXpQLK N

Slika 4.7. McCabe7 KLHORY GLMDJUDP NOMXpQLK NRPSRQHQWL

KoRLMLPDQ 7D\ORU VXJHULUDMX L]JUDpPXQ
NRPSRQHQWKey @bl YD ® SUHPD MHGQDGAEL
(4-1)
gdje je:
Xi *tPROQL XGLR NRPSRQHQWH AL3 X NDSOMHYLWRM II
Xi tPROQL XGLR NRPSRQHQWH AM3 X NDSOMHYLWRM |
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5H]XOWDWL VLPXODFLMH RPMHUD ANH\ UDWLR?3 ]D Y
QD VOLFL 2YDM JUDILpNL SULND] MH ]JJRGDQ EXGXUL
PMHUL XOD] SRMQH VPMHVH QD RGDEUDQRM SOLWLFL
NRQWLQXLUDQRVW RGDEUDQD SOLWLFD ]D XOD] SRM¢
UKROLNR NULYXOMH SRND]XMX SURPMHQH X VPMHUX NF
simulacijiovog primjeraYLAHNRPSRQHQWQH VPMHVH XOD] SRMQH
PRIJXUHP PMHVWX

gdje je: R2=X1/X2, R2.3=Xa/X3; Ra4=X3/Xa; Ra5=Xa/Xs

Slika 4.8.Rezultati simulacije omfHUD NDSOMHYLWH |DKdy rdiefPIERQH QW
YLAHNRPSRQHQWX VPMHVX

&KHP6HS RPRJIXUXMH L LJUDpXQDYDQMH SULPMHQRP
Underwood*LOOLODQG $QDO\VLV YD QWH X®WNDGOWL X h [IUHD INKRFLS |

butani izopentan su prikazani na slici 4.9.
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Slika 4.9. Primjena FUG metode, odnosno FendikderwoodGilliland Analysis za
NOMXpQH N RHR&R iQodeRtahld ChemSep

4.2. Parametarska analiza

SDUDPHWUL NRML LPDMR AW RISMMD XMIMNEBMNRPS
smjesesu broj plitica iznad i ispod ulaza pojne smjese, omjer refluksartaok
proizvoda. Pri simulaciji destilacije, ovi parametrissggledavajw odnosu naoplinsku
GXaQRVW UH E BWHhOD HeJ primjéhjupPdrametarskaanaliza u ChemSep.
2GDELURP QMaWdiSEHRWAYDUD VARhraR&rieL 8iudy Rezultat
parametaske analize dat je na Slici 4.10
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Slika 410. Simulacija primjenom parametarske analize

Slika 4 *UDILpN wtjegdjd efluksnogomjera namolni udio n-butana u
proizvodu dna i izopentanadestilatu te toplinsk GXaQRVW UHERMOHUD

Slika 4.11. pokazuje kakge opadanje molnog udjelalvutana u proizvoddna i
izopentana u destilatX RYLVQRVWL R SRUD Vidbdjleiy RrEfDKs@Y NH G X ¢

omjera. Dakle, SRYHUDQMH RPMHUD UH la& XQ\D/ R AP DL @ N ORIGIQDRN
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odnosnoSREROMAaDQMD pLVWRUH SURGXNWE XWHR WERDOWID] O
EROMH R&WULKRS RIMDYPRD QNHPo§drakiH WDURE idRebib za

SRWUHEH UD Gboile)XBoULIPPOVWLFLMVNLK RWEINEDD EKIE
VWXSDF NRORQH ]D SULODJRGEX SRYHUDQRJ XQXWDUQM
molnih udjela Abutana u proizvodu dna i izopentana u BEODWX QHUH GRV!
YULMHGQRVW QXOH RGQRVQR pLVWReDsNS 0R@XN WD QH
omjera refluksa. To ukazuje da saljde SRERONRGENQUMIQPH RGYDMDQMD
SRY H U PIOMWMHR ¥R 6 D R BIRAHainG hromjenom ulaznih spditacija za

novusimulaciju.
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Temeljem rezultat simulacije destilacijie YLAHNRP SR QH Qwpand, VPMHYV
izobutana, rbutana, izopentana i-pentam, pri zadanim uvjetha simulacije (broj
plitica 11, broj plitice na kojoj ulazi pojna smje€a tlak 827 kPaprotok parne faze na
vrhu kolone 79,378 kmol/h protok destilata22,181 kmol/h kolona opremljena s
kondenzatorom s potpunim ukapljivanerPRJX VH L]YHVWL VOMHGHUGL ]DN

- ChemSepautomatski odabire duMH NOMXpQH -NURaREB @QKUQWH Q
NOMXpQX L LIRSHQWDQ NDR WHaENX NOMXpQX

- Na vrhu kolonese izdvaja destilat u kojem suBXWDQ NDR ODND N
komponenta te izobutan i propan, a #wau kolone se iachja izopentanNDR WHAaND
NOMXpQD NRPREBRHIHQWD WH Q

- Molni udijeli komponentin-butana, izobutana i propana rastu u destilatu dok se
njihov udio smanjuje u proizvodu dnaodnosu na njihove udjele u pojnoj smje&
razliku od njih, molni udio izopentana i-pentra se u odnosu na pojnu smjesu
SRYHUDYD X SURL]JYRGX GQD

- Komponentehlagdjivi H R G O D N R-bnta@nyisx [k@nheenti@ane iznad ulaza
pojne smjese, a komponente manje hlepy H RG WHAaNH NOMMKpQH L]
koncentrirane ispod ulaza pojne smjese

- K-vrijednosti pokazuju lagani porast za sve komponente s porastojm b
SOLWLFD XNDMUXMEYDRDERMDWMMRPSRQHQWL V SRYHUDQM

- TemperaXKUD VH SRYHUDYD REHAFDKDQXNRORIMMR MH XRE
YHULQX GHVWLOZRLMWONNK WGYWEBPBHUDWXUH WODN X |
kolone, odnosno ne mijenja sgorastom broja plitica

- 3URILO SDUQH ID]JH GX& NRORQH QH]QDWQR VH
kapljevite fazeNRG NRMHJ MH ]1QDpDMQD SURPMHQD XSUDYR (
smjesa

- Profili izopentana i fpentana imaju pozitivne vrijednosti brzine prijenosa tvari
za razliku od rbutana, izobutana i propana, koji se izdvajaju u parnoj fazi

- Opadanje molnogidjela nbutana u proizvodu dna i izopentana u destilatu je u
RYLVQRVWL R SRUDVWX WRSOLQVNH GXaQRVWL UHERMO

- SBRERONREDQMIQH RGYDEROMIDIORER &KW GRIRL]YRGD P
S R V&drhaptomjenomulaznih specifikacija zaovu simulaciju.
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