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Ester bond Saturated Unsaturated

Three fatty acid chains are bound to glycerol by dehydration synthesis,
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Worksheet |Attachmen15 | Dynamics |

(GC-MS) 0~

‘Worksheet

Conditions
Properties
Compaosition

Oil & Gas Feed
Petroleurn Assay
K Value

User Variables
Notes

Cost Parameters
Normalized Yields

Stream Name

Vapour / Phase Fraction
Temperature [C]

Pressure [bar]

Molar Flow [kgmole/h]

Mass Flow [Ib/hr]

Std Ideal Lig Vol Flow [barrel/day]
Molar Enthalpy [Btu/lbmole]
Molar Entropy [Btu/lbmole-F]
Heat Flow [MW]

Lig Vol Flow @5td Cond [barrel/day]
Fluid Package

Utility Type

1-2
0.0000
25.00
1.100
6.320
3573
2715
-3.531e+005
56.90
-1.442
2774
Basis-1

Liquid Phase
1.0000
25.00

1100

€6.320

3573

2775
-3.531e+005
56.90

-1442

2774

[ Delete

] [ Define from Stream... ]

Oz Sleogas diyyx (9-1) S

04 & Ges Foedt
Petrolewn Asiay

Cowt Parmmetan
Nor—alaes Yields

Wotlkaheet | Attachmunas j Dynamacs

Wockshest [ Saream Name
Coadtrons Moleculer Weght
Peopertes Molar Owrasty Jhmciami]
Compouton Mass Dessiny JvN3)

Azt Vohume Flow [bemelicey]
Mass [nthaipy [Beu'h)|

K Yaue
ser Vavivoles Mass Emrapy Butn-F]
Moy Heat Capazy (Btu/lbmoe ]

Mass Maat Capasry Btuis-f]
LV Maoiar Basis {52] [RowTbmode]
Y Malar Basis (Sad) [BraBemaie]
PV Adns B (Saxd) (Bt}

CTO2 Loasng

CO2 Apparert Mzl Cone |Ermsierid]

CO2 Apoarert Wi Lonc. [lomaciib)
LY Mass Bass {3t) @nib)
Phuse Fracton [Yol 3]
Prasw Fracton [Mass Sasa|
Phase Fracson [Act Vel Raps]
Mass Exergry [Bruvisd

Partinl Prezvern of COJ [bar]
Cost Based on Fiow [Cosis]
AL Gas Flow JACFM)

Arg. L, Denuty [emciahl]
Speatc eat [Inabmale-f)|
St Gan Flow [MMSCED]

Froperty Comatation Controls

EIEIE IR Y

Calal
31387¢-000
1. 260e 005
1E85e-004

<empty>

<ermpty»

ety -
135%e-004

20000
00000
S oooe

Sl 003

Q0000
C o000

<ermpRy

* (S

Sieteience Opaon

s
1043
0.1267
» -
Caawl

Ugull Fhase
554
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(GC-MS) 0~

Sles AAW Jlaie JIKwlshs ¥Y - [La8 &) yoteas, (6lpy ol oslice B (F-2) IS5 10 a5 jshailan

VEV ol 5 Lo catslyd ol 510 sl JISCalisleS YV o L s Lid GMLS e g Cansl 00 OBy

| Dewgn | Rating | Werkareer | Rectormance | Dynsmcs |

RGIUWH I VORPRRY S S04 SR

Denv\ihup Workatmet 'kml’mr

Worksheet
Condtions
Prapertes
Comgasmon
PF Specs

Worksheet
Condition
Properties
Compastian
7% Specs

Nare

Vopour

Temperature K]

Presiure ber]

Molar Flow [egmele/h]

Nas Flow [svv]

Std ddeal Lig Yol Flom foarrel/cay|
Nolas Enthaley [Brudbescle}
Maisr Entropy [Brabmce-F
Hoat Flow M)

oy oSl Slles balys (10-F) IS

Nome

Moleculer Weight

Molar Densay [Ibmole/ 3]

Mas Dennty i3]

At Velume Fiom foarwl/duy]
Mads Emthalpy [Bauk)

Mana Ertregy [Blu/®. ]

Heat Capacity (Blu/Senoke F
Maas Heat Capacity B/t

LHV Molar Basis (Sud) [Btu/iamale)
H=V Meolar 2asi (Std) (Btufbescie)
HHV Mo Bass (Std) Bruiby

(07 losdrg

C07 Apparant Mcle Cong, Jhenola™3]
CO2 Apparent Wi, Cang. [bmalit)
LHV Mass 3ash (58) [Btue)
Prase Fractian [Vol Sasw]

Phase Fraction [Mass 2asis)

Prase Fractan JAct Vol Basis)
Mass Exergy [Etuib]

Partal Pressuce of CO2 Joar]

Cost Bazed on How [Cost's)

Act. Gas Flow [ACRM]

Avg Lig, Densty [lomoie/ft3}
Specific Heat [Boutbmaole-F]

Sad. Gas Flow [MMSCFD|

Sod. Ideal Lig. Mass Density b/fid)

15
3253005
VAT
7544

mput
1559
01338
4833
1784
17
03808
1309
<empty>
<emptyr
cemphy s
wampky>
“ampty s
<empty >
“amply»
0.0000
Q.0000
0.0000
pL.3-L]
0.00C0
0.0000
<empky >

559
01388
4833
1784

o
-437

03300
1309
L)SE)
<emplty>
<empty>
<ampty»
<amptys
<ampty»
«ampty»

“campty>
00000
20000
0.0000

1899
0.0000
20000

wpl
<empty>
<empry>
cempty»
ampty»
<empty s
<empty>
cemply .
<armpty»
2100004

I, ¢ - oo
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Design Delta P
Connections 125.0 kPa
Parameters
User Variables
eer Delta T oy
4194 F 152370 MW
—_—

oad (Gl e yiod Sheogas (1V-F) S



G Sy

i b ol yen 58 S5l S by 4 Jgare oun s ASPEN HYSYS dsw s e i pisiis (25, dd g W) f s3hmisnds >0
(GC-MS) e

Design | Rating | Worksheet | Performance I Dynamics |

Worlsheet Name 2 3 ehl
Conditions Vapour 0.0000 0.0000 <empty>
Properties Temperature [C] 147.0 380.0 <empty>
Composition| | b ccure [bar] 3.200 1.950 <empty>
PF Specs Molar Flow [kgmole/h] 3574 3574 <empty>
Mass Flaw [Ib/hr] 2.017e+004 2.017e+004 <empty>
Std Ideal Lig Vol Flow [barrel/day] 1568 1368 <empty>
Malar Enthalpy [Btu/lbmale] -3.254e+003 -2.504=+005 <empty>
Malar Entropy [Btu/lbmale-F] 9748 166.0 <empty>
Heat Flow [MW] -7.513 -5.990 1324

Fp oS gllee bylps (V) S5

Design | Rating | Worksheet | Performance | Dynamics |

Worksheet Name 2 3

Conditicns Malecular Weight 255.9 255.9

Praperties Malar Density [Ibmole/ft3] 0.1888 0.1359

Compasition| | pracc Density [Ib/f3] 4833 3479

PF Specs Act. Volume Flow [barrel/day] 1784 2478
Mass Enthalpy [Btu/lb] -1271 -1013
Mass Entropy [Btu/lb-F] 0.3809 0.6487
Heat Capacity [Btu/lbmole-F] 1309 188.2
Mass Heat Capacity [Btu/lb-F] 05113 0.7354
LHY Molar Basis (Std) [Btu/lemale] <empty> <empty> L
HHV Molar Basis (5td) [Btu/lbmaole] <empty > <empty>
HHV Mass Basis (5td) [Btu/lb] <empty > <empty >
CO2 Loading zempty> <empty>
CO2 Apparent Mole Conc. [Ibmole/ft3] <empty > <empty>
CO2 Apparent Wt. Conc. [Ilbmal/Ib] <empty> <empty>
LHY Mass Basis (Std) [Btu/lb] <empty > <empty >
Phase Fraction [Vol. Basis] 0.0000 0.0000
Phase Fraction [Mass Basis] 0.0000 0.0000
Phase Fraction [Act. Vol. Basis] 0.0000 0.0000
Mass Exergy [Btu/lb] 1699 1311
Partial Pressure of CO2 [bar] 0.0000 0.0000
Cost Based on Flow [Cost/s] 0.0000 0.0000
Act, Gas Flow [ACFM] zempty> <empty>
Avg. Lig. Density [Ibmole/ft3] 0.2148 0.2148
Snerific Heat [Btudlhmnle-F1 1204 1887

Fap oS oll e slasie (VF-Y) K6
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Design | Reactions | Rating I Worksheet I Dynamics |
Reactions  Conversion Reaction Details

Details
Results Reaction Set Set-1 - Reaction Rxn-1 hd
@ Stoichiometry ) Basis 0 Conversion % View Reaction...
 Stoichiometry Info
Component Mole Wgt. Stoich Coeff
1-Tetradecen 196.378 1.000
Acetichcid 60.052 1.000
1C16oichcid 256.428 -1.000
**Add Comp™
Balance Error 0.00000
Reaction Heat (25 C) 4.1e+04 Btu/lbmole

2551y 0500 Slayr @les (V0T ISS

| Design | Reactions | Rating | Waorksheet |Dynan'|ics |

Worksheet Name 3 & 4
Conditions Vapour 0.0000 0.0000 1.0000
Properties Temperature [C] 380.0 3344 3344
Composition| | precire [bar] 1.950 1.950 1.950
PF Specs Molar Flow [kgmole/h] 3574 27.90 1416
Mass Flow [Ib/hr] 2.017e+004 1.512e+004 5046
Std Ideal Lig Vol Flow [barrel/day] 1568 1187 3995
Moalar Enthalpy [Btu/lbmole] -2.594e+005 -2.500e+005 -1.621e+005
Malar Entropy [Btu/lbmale-F] 166.0 155.7 1349
Heat Flow [MW] -5.950 -4.506 -1.483

55T, 5 oSl sl by clasis (15-1) (IS
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(GC-MS) 0~
| Design | Reactions | Rating | Waorksheet | Dynamics |
Worksheet | Name 3 ry 4
Conditions Malecular Weight 255.9 2459 1616
Pro PE”i?s_ Molar Density [lomole/ft3] 01359 01512 2.557e-003
Composition| | pgacs Density [Ib/ft3] 3479 3717 04133
PF Specs Act. Volume Flow [barrel/day] 2478 1739 5.210e+004
Mass Enthalpy [Btu/Ib] -1013 -1017 -1003
Mass Entropy [Btu/lb-F] 0.6487 06333 0.8348
Heat Capacity [Btu/lomole-F] 188.2 170.3 97.99
Mass Heat Capacity [Btu/Ib-F] 07334 0.6928 0.6062
LHV Molar Basis (Std) [Btu/Ibmaole] <empty> <empty> <empty>
HHY Molar Basis (5td) [Btu/lbmole] <empty> <empty> <empty>
HHV Mass Basis (5td) [Btu/lb] <empty> <empty> <empty>
CO2 Loading <empty> <empty> <empty>
CO2 Apparent Mole Conc. [Ibmole/ft3] <emptys <emptys <empty>
CO2 Apparent Wt. Conc. [Ibmolylb] <empty> <empty> <empty>
LHV Mass Basis (Std) [Btu/Ib] <empty> <empty> <empty>
Phase Fraction [Vol. Basis] 0.0000 <emptys 1.000
Phase Fraction [Mass Basis] 0.0000 0.0000 1.000
Phase Fraction [Act. Vol. Basis] 0.0000 10,0000 1.000
Mass Exergy [Btu/lb] 1311 1024 157.0
Partial Pressure of CO2 [bar] 0.0000 0.0000 0.,0000
Cost Based on Flow [Cost/s] 0.0000 0.0000 0.0000
Act, Gas Flow [ACFM] <empty® <empty> 2033

29551y 5 S Sl (Sosd Slesgas OV-T) S

2uiS SiS Sy 0)ly o)f gled (s Sa (sl 5 il oad bl K0Sy b ST, 5l (g5 sle Gz
oSl a0 YA Jlacae 4 ol Kbl a0 YV Jlade 5l b > sleo cuisS ST ol jo il ons

el 00y JSGL oS VFA Jlade 4 g cnl oals 8l > jaue S0 50 jLid canl oo,
sla JSo 50 ouls (gle and oS S 4 bgy e Slasin Sl g by 5l oads )5 &)l > lase
il dlgo 55l o 1Sy plmil g 49551, 5l 29,5 51 e Oy Sl 00l 03,51 (Y=Y ) b (Y-1A)
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Deugn | fating ‘ Workshest | Fedomance | Dynamacs

Design Twita P
Conrectons 2
4700 «Pa
Parameters by
Uses Varabies Deks T %
Nases - —
T8 F 1402 Mw
= >
> >

e |, ;-

00 (55l Al 0aS S Sluogas (A-Y) IS

J Design 5 Rating . Worksheet | Perjormance v, Dymamax

Woeksheet | 1300 5 © ed
Concitions Vapour 03387 Q0000 “empty>
Propeies Temperature [T} 344 1800 <empty>
Composrten Peeszure {bar] 19% L4850 cempty>
PF Specr Molsr Fiow Jigmole’h) Q205 4206 <empty»
Mats Flew Pt 20170004 2017e-004
Sad doenl Lig Yo! Flow [pacrel/day} 1587 38y cempty>

Molsr Evralpy [Btalbmote] -2543e-005 <empty»
Malar Esarapy [Blu/Bmale-F]

Haat Flow [MW]

“ematy»

ceee e

0SSt WSl Sllee bulys (14-T) IS
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Deugn | Fating | Worksheet | Furformance | Dynamics
Worksheet Netme 3 -

Moleculsr Weaht T s
Molar Dansty fomole/ft3]

Mats Denuity Jk%3)

Act. Volume Row [barrel/day) 3395
Mass Enthalpy [Btufb]

Mats Entrcpy [Btafin.F]

Mazs Hest Capsoty
L3V Molar Basa (S1d) [Blulbmalke]
MV Motar Bas ) Bewlomore]
HHV Mass Basis (Std) [Boa)

CO2 Lcedng

Agparent Mole Cone [leecieM3]

Mass Esergy [B1W

Partiad Preszur
Cont Eared on Flow [Costin]
Act. Gas Fow JAGM|

ay
Spechs Heat [Brubmoie-F]
5td, Gas Flow [MMSCFD]

5to, Idesl Lig Mass Dengay [hvftd

reity lbmote/ftl)

Act L Flow [USGPM] 5072 404

oo | N, -~

balS it pSl bz (Sopd Sloogas (V2-Y) IS
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Worksheet

Conditions
Properties
Composition
PF Specs

(GC-MS) 0~
Name 6 7 8
Vapour 0.0000 0.0000 0.0000
Temperature [C] 180.0 175.0 175.0
Pressure [bar] 1.480 1.360 1.360
Molar Flow [kgmole/h] 42.06 42,05 4.630e-003
Mass Flow [Ib/hr] 2.017e+004 2.016=+004 4.009
Std Ideal Lig Vol Flow [barrel/day] 1587 1586 03411
Malar Enthalpy [Btu/lbmole] -2.643e+005 -2.654e+005 -2.058e+005
Molar Entropy [Btu/lbmole-F] 1031 1017 300.6
Heat Flow [MW] -7.182 -1.211 -6.157e-004
Name espll
Vapour <empty>
Temperature [C] <empty>
Pressure [bar] <empty>
Molar Flow [kgmole/h] <empty>
Mass Flow [Ib/hr] <empty>
Std Ideal Lig Vol Flow [barrel/day] <empty>
Maolar Enthalpy [Btu/Ilbmole] <empty>
Molar Entropy [Btu/lbmole-F] <empty>

==

dlge oaiSlas Sbb > Sleogas (YI-T) J&M

Worksheet

Conditions
Properties
Compaosition
PF Specs

1-Tetradecen
1C16oicAcid
1-C28=
Acetichcid

01571
0.6926
0.0001
0.1503

0.1571
0.6926
0.0000
0.1503

0.0000
0.0000
1.0000
0.0000

Slge saSlaz Sl ,z 0 slge woys oS 5 (YY-Y) S
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Subject Description
Formula Molecule C:H404
Molecular Weight 60.05 g/maol
Appearance Colourless liquid or crystals
Odor Irritating odor of vinegar
Boiling Point 118.1°C
Melting Point 16.7°C
Acidity (pKa) 4.76
Solubility in water Fully miscible
Density 1.049 g/em”, liquid
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1-tetradecen 0.999 9.999e-003 0.500

1cl60icAcid 1.550e-005 4.021e-015 0.00

1-C28 0.00 0.00 0.00
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Worksheet | Attachments I Dynamics |

Worksheeat Stream Name 12 Liquid Phase
| Conditions | | Vapour / Phase Fraction 0.0000 1.0000
Properties Temperature [C] 260.8 260.8
Composition Pressure [bar] 1222 1222
ge"tf;s:::;:a Molar Flow [kgmole/h] 6.247 6.247
K Value Y Mass Flow [Ib/hr] 2705 2705
User Variables Std Ideal Lig Vol Flow [barrel/day] 2392 235.2
Motes Molar Enthalpy [Btu/lbmole] -6.793e+004 -0.793e+004
Cost Parameters Molar Entrapy [Btu/lbmole-F] 1808 180.8
Normalized Yields| | ezt Fiow (MW 02742 02742
Lig Vol Flow @5td Cond [barrel/day] 2391 2381

Fluid Package Basis-1

Utility Type

doys oS 5 (1Y) IS

Worksheet | Attachments | Dynamics |
Worksheet Mole Fractions Liguid Phase

Conditions 1-Tetradecen 1.0000 1.0000
Praperties 1Cl6oicAcid 0.0000 0.0000
Cgmp-oﬁtlon 1-C28= 0.0000 0.0000
il & Gas Feed .

AceticAcid 0.0000 0.0000
Petroleurn Assay
K Value
User Variables
MNotes
Cost Parameters
Mormalized Yields

Total 1.00000
[ View Properties... ] [ Basis... ]
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Abstract:

Drying oils are additives to products such as paints and varnishes that help the drying process
as these products dry on the surface. The raw material of castor oil is acetyl, which we model
as palmitic acid (C15H31COOQOH). The initial reaction is a reaction in which acetyl castor oil
is thermally broken down into drying oil (which we model as tetradsen, C14H28) and acetic
acid (CH3COOH). There is an adverse reaction in which the drying oil fades to form a gum,
which we model as C28H56. The properties of drying oils used in paintings have always been
considered as one of the most important goals in conservation sciences. Drying oils such as
poppy seeds, flaxseed and walnuts have historically been used alone or in combination as a
binder. The number and types of drying oils used in a painting depend on the school of
painting, the time period and the painting method used by the artist. Thus, identifying them
provides important information not only for art historians, but also for existing purposes
regarding effective and safe restoration and preservation. Drying oils are composed of
triglycerides dried by photooxidation and degradation of unsaturated fatty acids through
complex processes in glycerides to form cross-links that form a cross-linked structure. In
addition, aging involves the absence of unsaturated monocarboxylic acids and the
concomitant formation of dicarboxylic acids, especially azelaic acid. In this research, the
production circuit of drying oil has been simulated and this circuit has been simulated in
Hysys software version 10.

Keywords: Simulation, Drying oil, Gas Chromatography, Mass Spectrometry, Aspen
HYSYS
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