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Abstract

Hydrogen sulfide is found in petroleum and natural gas products. Natural gas containing
more than 4 ppm is defined as a sour gas. Hydrogen sulfide pollutes an environment at the
refinery and the gas separation area. It also causes corrosion in process equipment and
pipelines. Solubility of hydrogen sulfide is a main parameter to design, develop, and optimize
the natural gas purification process. Moreover, it represents the thermodynamic properties of
hydrogen sulfide. Amine based solvents (such as MDEA, EDA, and DIPA) and lonic liquids (such
as [C,MIM][eFAP], [BMIMI[Tf,N], [DMEAHI[For], and [CsMIMI[PF4]) have high potential to be used
as hydrogen sulfide absorbent. However, an experimental study for the solubility of hydrogen
sulfide is very costly. It is because of the high pressure experimental operating condition.
Additionally, an expert in the natural gas purification process is essential for selecting of
appropriate absorbents.

In this research project, artificial neural networks (ANN) and data science were applied
for predicting the solubility of hydrogen sulfide. The solubility data of hydrogen sulfide in 62
different absorbents over ranges of temperature and pressure were collected from the
literatures. The collected data were then analyzed by ANN function in MATLAB program. In
the ANN model, temperature, pressure, absorbent, and its concentration were set as inputs,
while the solubility of hydrogen sulfide (mol H,S/mol ,psoment) Was set as an output. The model
was optimized by Levenberge-Marquardt (LM) algorithm with data splitting (70% for training,
15% for validating, and 15% for testing) and 17 hidden neurons. It was found that very
satisfactory predicted results were obtained with a coefficient of determination (R?) of 0.9817
and a mean squared error (MSE) of 0.0138
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MUNEANNEINITOIUNNTATaEvRILAaNTA (H,S way CO,) luarsavanseiiunazaisazatalonoia

w7 (ionic liquid : IL) huuuSgvsuazwuunay 32 yialuiieiniewesgumgil uay Aanuugey

(partial pressure) ¥aiansa (H,S waz CO,) ANUNTUYDIalagTIN Ymtinluana aungi

IngauaranuiuIngavesasazaregnideniduiudsidivediaseine fnssiusinanuaunsoly

M3azaneved H,S anssaunssuudiuau 733 deyanisneaes Useneusie deyaildizews (train

data) Yeyafilinaaey (test data) wag Yeyanilinsraasuanugnsiad (validation data) lnedade?

Aluniswmu ANN Usenausmie 31uiuwaduseav (neurons) 9uiudunigeusy (hidden layers)



uay flafdunscneleu (transfer function) Fusmagldamaniinandoyaiisausmmnssunssly
199U Tunsuszdliunnugnaeswedasinedne N15ATIERNI5annee (regression analysis ) fae
AruaNIInlunIsaats Hys $1uu 169 Feya dslalldgninlulludunounisifeusdeya ns
yagoULaLNINTIIFRUAIgNABInIsiTtsanluitediu wenand nisUsEanaAUsEAVBa M
vosesetgldsunmsnsiaeulayadeyaifisiiy 91nanuamnsalunisazazaieves CO, S
114 Foya waznszAniamgagaveslasitisaindaneifiuves Levenberge-Marquardt Tneiidui
founganitu Jusartulsznaufeiwaduszamdiui 8 way 4 wadusvam mudiy Tiladdu
nnsteleu Tan-sigmoid dwniuduiitousguarduiing nauuusaswuandiifiuiuuudiaos ANN
fiimuntuiieuansnsolumsyssanuaauansolunsazaigvesiensaluasazatee o 16
othaiudlasiimamnunainindoudinsiade (MSE) winfu 3.104 uazAnduysavdanduius (R)
7l 0.997

[

Hosseini wazany [6] a1 lelastaudalianduniansaifgndiansou iWuiivwazllal Jawu

1%
o w [

lanaldlugeamnssuindusasuia dvmsvanainnssunisuaniiduuasuia ieusslavilunis
fsasudwminden asnaziesminuiaisereanld lnsundvzandunisiagldnszuiunis
@m%uuﬁ”auammmm (gas-liquid absorption) Tngaeavailessila (lonic liquid) Wuaisazaielvl
warlinuantfideanis suwdsludmadsivaisazatoliuausiy Auaudanlanaured vaunad
looalla 1wu AmanuduleNdosnin anuaissniausouwasluiiaindeigs anuaiunsaty
0 a o t% a < v A a0 v <) v o
n1sarangas way Akl Avildvesvailesetiadudifeniiadwmsunisidudiinazans
vaaunamanlunMswenuia Lag N13AATU N15aslUUTIARIdInTUNSUSEINMAIAI NaINTa LY
nmsararefiwiugnlunadeniimunzgandmiunisnsirintuiesujuRnsidialdaneas wag 14
= SN v | a s < .
vawu lun1sAnwiladauelassrteuszamiisusuuineswnnseunansdy (multi-layer
perceptron neural network) Wi ovinungALamITalun1sazatseslalasiaudalaluveunan
loatinfiuansnariu 33 wila Tudnianudulazgmll ANUdLIngs aamaiiings uas A1eLlYuAsn
(acentric factor) gnldidumsdmesifiensnaruuans1aseninaeanaileseiafiuansieiu
= & v o = l o Y %
lasnduneui limeduinaulunisviuiganuaiuisalunisazatsvaslalasiaudaledly
voumaileveilnAranudulargaminliiniialuiulsidiiuiuuenmiennmsiimesi
nanluuaitnesiu Beluniniuiasn1siiusssuviivesrauainsatuntsazanglasunisiansan
dmsunisainauuuInges huudaesiiaududwalvadesuuduivsduysaiade 2.57% Usuan

Y]

femnuwiudiionsuld uaﬂmﬂﬁmamﬁ%’amgﬂL‘U'%EJ‘ULﬂauﬁULLUUﬁwaaaﬁﬁ%auaImismﬂﬁu
wihunauuuaesagliaarufanaaiidind wikuuasundtufiiumsSeuiuasnaaey
dmiveateyanazveanadlessdaludiuiuiidrda iWewSsuifeuiuuuudiassaraniifigndoya
uay vosnalossiinfindiofu uwuiassiitiauelunisinuidwmaliiAndefianainiisiniiun

AusuvaavadtoataluteindNenI
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3.1. Ainvuazesnuuu Teyaiuithuasdeyadieen
Anvinuideiiisatesnazoenuuudiuusznevvestoyauidn (input) uazteyadioen
(Output) dmsultlunisasralaseneuszaminisy Anuali
Toyasuidn Ae aamgil (K), anudugesveuialalasiaudala (kPa), sliaveiinndy
WagAMITNTUYDIFINATH (% weight)

Joyadiean fe AAnuaNnsatunisazatevadlalasiaudalng (moli,y/molpsormben

3.2. fafiunaeTiusindeya
ﬁﬂw’nmﬁﬂLﬁusﬁ’a%aﬁ'éfaamamﬂﬂ'riwumu’;ismﬂsiuiﬂama n3olglusunsy Engauge
Digitizer lunsuvasdayavinnsmesnundudas muuReuTl 3.2.1 - 3.2.4
3.2.1. 1800 File >> Import (FongUvasnsmitieanis)
3.2.2. \@0n Axis point tools (finuatnu X-Y)
=" e iy S

File Ecit Digitize View Settings Help

® 40w MDEA solution
< % MDFA soiutor + 0 1w FDACTS
.

- A
2 Wi CH 05 0B 3T B8 09 fR A 42 1
0, 1 )

[12closer ] |[Coordinates (grap): w| [(13.9601, 33)

SUT 1 Asviafvuain X-Y

3.2.3. {deNnCurve (MyuAALUNTIMARDINITNTIUAT)

1, Engauge Digitizer 12.1: C; . Ajpg* - o ES
File Edit Digitize View Settings Help

e N e P P — Y |

40w MDEA solution
4w MDA SO0 = 0 TWI%: SDACHTS
-

&2 05 O 05 06 37 W5 09 49 4l 12 19
M0 H )

[12 doser =] [Coornates rapr: =1 [

JUN 2 nemnivunganiugadeyalunsl




3.2.4. \§ion File >> Export (Myuauuanalng .csv)

3.2.5. dnsteyaiila neihdeyailauvamhenuiivunluduneui 2.1. udrduiinadly

Ans197oanwuubIluluswnsy Excel

Q2 v k&

A B C D E F G H I J K L M N (o} P 1
o | Input . -
=1 H,spartial pressure | MDEA |EDA-CNT§| DIPA |Sulfolan
3 | [c2mim]eFap] |[bmim](TF2N] |[DMEAH][AC] [[DMEAH][For][[MDEAH][AC] [[MDEAH][For] [icemim][pFs] | Temp. ‘ H20 W
4 kPa Yowt Fowt %ewt awt Yowt Yewt Fowt Yewt %ewt %wt Yawt %ewt K Ywt
5 0.006165 11.7 o 0 o 0 0 0 0 o o 0 o 298.15 88.3 0.03008
6 1.1902 11.7 0 0 0 0 0 0 0 0 [} 0 0 298.15 88.3 0.32486
7 7.851 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 0.67116
8 38.29 11.7 0 0 0 0 0 ] 0 [ 0 0 0 298.15 88.3 0.9157
9 43.26 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 0.9337
10 ©63.89 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 0.9896
11 83.54 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 1.0287
12 149.97 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 1.1226
13 173.59 11.7 o 0 o) 0 0 0 0 o 0 0 o) 298.15 88.3 119
14 216.18 11.7 0 0 0 0 0 0 0 0 [} 0 0 298.15 88.3 1.2015
15 296.79 11.7 o 0 o 0 0 0 0 o o 0 o 298.15 88.3 1.3242
16 3435 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 1.337
17 407.5 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 1.4313
18 532.8 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 1.547
19 616.7 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 1.6561
20 846.7 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 1.8795
21 1162.4 11.7 0 0 0 0 0 0 0 0 0 0 0 298.15 88.3 2.0714
22 1220.5 11.7 4] 0 o 0 0 0 0 4] 0 0 o 298.15 88.3 2.1748
23 13455 11.7 o 0 o) 0 0 0 0 o 0 0 o) 298.15 88.3 2.3741
24 2036.4 11.7 0 0 0 0 0 0 0. 0 0 0 0 298.15 88.3 2.9991
25 0.005706 43 0 0 0 0 0 0 0 0 [} 0 0 298.15 51 0.009719

o v v

Ca

3.3, @snuuulasetngussamiiiey

asalasevneuszaniisuiiieadasieitazyinuiena eslalusunsy MATLAB

3.3.1. MUUA  WIATU nnstart

3.3.2. 1A Run >> Fitting app >> Next

4\ Neural Network Start (nnstart) — *

ﬁ'j{ifg Welcome to Neural Network Start

Learn how to solve problems with neural networks.

U1 3 mnsnduiindayadmsuinwsoudeayasuiiuastoyadionn

r e
=
n Run and

r Advance

Getting Started Wizards More Information \Project\test.
Each of these wizards helps you solve a different kind of problem. The last panel

of each wizard generates a MATLAB script for solving the same or similar

problems. Example datasets are provided if you do not have data of your own.

Input-output and curve fitting. & Fitting app | (nftool)

Pattern recognition and classification. | & pattern RecognitioJLaunch the Neural Fitting app.
Clustering. & Clustering app | (nctool)

Dynamic Time series. & Time Series app | (ntstool)

IZ20% TUoTRUUSo
A Y o T
JUN 4 11018 Neural Network Start (nnstart) %8931nna Run



3.3.3. A vuateyadmiu Input (Teyasuid) uazTargets (Teyadioan) waimun
Matrix rows >> Next

4\ Neural Fitting (nftool)

E E: Select Data
[
What inputs and targets define your fitting problem?

Get Data from Workspace Summary

Input data to present to the network.

Inputs ‘input’ is a 636x15 matrix, representing static data: 636 samples of 15
& Inputs:

elements.

Target data defining desired network output. Targets ‘output’ is a 636x1 matrix, representing static data: 636 samples of 1
@ Targets:

element.

Samples are: O ] Matrix columns @ [E] Matrix rows

Want to try out this tool with an example data set?
Load Example Data Set |

ﬂ To continue, click [Next].

& Neural Network Start 1 welcome @ Back = Next @ Cancel

JUN 5 tisig Neural Fitting (nftool) dmsuimuadeyanldastuwuudigaes

3.3.4. AMNUAAN Training = 70%, Validation = 15% Wae Testing = 15% >> Next

4\ Neural Fitting (nftcol)

- O X
a Validation and Test Data
Set aside some samples for validation and testing.

Select Percentages Explanation

& Randomly divide up the 636 samples: & Three Kinds of Samples:

@ Training: 70% 446 samples || @ Training:

@ Validation: 15% - 95 samples These are presented to the network during training, and the network is

. adjusted according to its error.

W Testing: 15% v 95 samples
W validation:
These are used to measure network generalization, and to halt training when
generalization stops improving.
[ ] Testing:

These have no effect on training and so provide an independent measure of
network performance during and after training.

Restore Defaults

$ Change percentages if desired, then click [Next] to continue.

& Neural Network Start K Welcome

4 Back = Next @ Cancel

JUN 6 ti1sine Neural Fitting (nftool) dmsuimuadadiudeyanldastsuuudiaes



3.3.5. AMuuAAT Number of Hidden neurons snuiiaanuwuuld >> Next

4\ Neural Fitting (nftoal) [m] X
EH Network Architecture
Set the number of neurons in the fitting network’s hidden layer.
Hidden Layer Recommendation
Define a fitting neural network.  (fitnet) Return to this panel and change the number of neurons if the network does
t perfe Il after trainil
Number of Hidden Neurons: 10 e
Restore Defaults
Neural Network
Hidden Layer Output Layer
Input Output
15 1
10 1
ﬂ Change settings if desired, then click [Next] to continue.
& Neural Network Start Hd Welcome @ Back || % Next @ Cancel
'
JUN

UM 7 mti1919 Neural Fitting (nftool) dwsuiinuaey Number of Hidden neurons

3.3.6. \don Algorithm auisenuwuull >> na Train
4\ Neural Fitting (nftool)

- m] X
% Train Network

Train the network to fit the inputs and targets.
Train Network

2 Results <
Choose a training algorithm: | & Samples MSE R
Levenberg-Marquardt v I @ Training: 446 = =
: - : . - W validation: 95 - -
This algorithm typicall = = s time. Training
automatically stops wi Bayesian Regularlzalmrj ing, as indicated by || ® Testing: 95 -
an increase in the mea>caled Conjugate Gradient amples.
Train using Levenberg-Marquardt. (trainim) Plot Fit Plot Error Histogram
A1 Tra|n7 Plot Regression
Notes

Training multiple times will generate different results Mean Squared Error is the average squared difference
due to different initial conditions and sampling.

between outputs and targets. Lower values are better.
Zero means no error.

Regression R Values measure the correlation between
outputs and targets. An R value of 1 means a close
relationship, 0 a random relationship.

0 Train network, then click [Next].

& Neural Network Start

14 welcome

¥ Back | " Next @ cancel

gﬂﬁ 8 M1%19 Neural Fitting (nftool) @wsuiden Algorithm

10
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3.3.7. W50UAT MSE wag R? Nnzauiian waduiinua nen1sving1usuen Number of

Hidden neurons Tugunauil 3.4.5 uagiUdeu Algorithm Tutumeui 3.4.6 auninaglauuudnassidl

Usgandnngagn

Results

& Samples MSE
W Training: 446 2.04053e-2
W validation: 95 4.26086e-2
W Testing: 95 1.99977e-2
Plot Fit Plot Error Histogram

Plot Regression

R
9.80676¢-1
9.52215¢e-1
9.66497¢-1

JUT 9 feeantinedmiudIuuanIHanNWINE1 B UUTIRY

3.4. JarwikasagUdeyailairdleseieussamiion

Puundayasendungu Ao arsgadudsuaniediy, a1snedulssinnvesvailosstn, a3

AATUUTELANHAN Laza1IAATUUTZIANNINIEAIN T998TLATINAIUYIVBIAIUA UL DYV

wialalasiaudalng kPa) anunsauvdu 358dyU Ao 1.ausduseaun (0-100 kPa)

2.A70 uTEAUUIUNETS (100-1,000 kPa) Wa¥ 3.A9UeUTEAUET (11ANT1 1,000 kPa) Aakandly

ANS9N 1
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12

Hybrid
Amine lonic liquid Physical
Amine + lonic liquid Amine + Physical
Data point 1221 1549 80 413 106
No. 1,4,42,49, 51 - 62 9-139, 48 8 2,3,5,40,41,43 - 47 6, 7, 50
Pressure H,S solubility (mol H,S/molspsorbent)
Low 0.0014 - 1.1924 0.0019 - 0.7925 0.0302 - 0.2724 0.0032 - 0.5364 -
Medium 0.0972 - 3.3485 0.0122 - 15590 0.1854 < 0.3908 0.0352 - 3.5750 0.0067 - 0.6000
High 0.4054 - 29991 0.0753 - 7.0000 - 0.1930 -  3.1120 0.1905 - 9.2041
Pressure Pressure (kPa)
Low 0.001 - 99.285 0.464 - 99.900 3.270 > 90.500 0.028 - 99.600 -
Medium 100.800 - 996.155 | 100.200 - 999.800 101910 - 473.730 104.000 - 998.200 162.000 - 975.000
High 1008.500 - 5692.000 | 1003.000 - 9630.000 : 1003.400 - 5550.000 | 1005.000 - 5675.000
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U 4 NaN1TNABDY LY ?Lﬂiﬂsﬁﬂﬁ

4.1 AnwmgAnssuvesruaunselunisasansveaufadamasinoenleluasgauilanzsg 4
nndeyafurauilinimssunssy
MNMsTINTINANLannsalunsazasveuiadamesineanled (H,S ) luasgeduiinig
#1499 21 40 2530UNT3Y AnTaTIUTIdeyaliieAy 3369 gateya e deyadnanildudn
vanavuUsuenaelinvesasgada azulsssnmvesasgaanliiiu 62 wia fauandlumsied 2
Feviavesansgadu mnududu Yasgunnd anudu duadorinnuamnsalunisazaisves

whadawaslnaanlon

dusudigeduavaunsaduuntaidy 4 Ussian laud asgedudszinmiediu (amine-based
absorbent) ansgaduUszinnvesmaileaata (lonic liquid absorbent) @139adun1eaN (physical

absorbent) uazansgATUHaL (hybrid absorbent) flauandlun15199 1

31NN155UTWT oy anNaINIsalunITazatevesiiadawmes lnoonlad luaisgady
(absorbent) AiwansnsuaziuImgRnssuvesdeyaniivwildululumadeaiu Ao aruauisaly

maratevedniadainesinoanlenfioumgiiifeiuaziidranas Weanududurasiigaduiaiuin

Tu uazauannsalunisazaevetiiadainesineenledluasgadu ndaududumintuazian

anad telinsAiiun1sneaesgau)iuInTu kazaInemsNg 1 awnsadinseiladnussinanans

'
= =

Aaduivuzanluufazy9nIufy A 1.ANAUTEAUAT (0-100 kPa) a139aduusyinniad
2.AUUsEAUUIUNATY (100-1,000 kPa) @139ATUUTEINNIOHULAL UL INANSENINETAATLULE
AUAUEINATUNIENIN LAy 3.AIUAUTEAUED (11ANT1 1,000 kPa) @159ATUUTELANNIENIN Uag

anspedulszinvvesvadlosatin  auaAy
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Temperature Pressure H,S solubility
No. Absorbent % wt Reference Data point
(K) (kPa) (MolH,S/mMolpsorbent)

1 MDEA 11.7 298.15 0.006 - 2036.4 0.0301 - 2.9991 7 20
49 298.15 0.006 - 1167.4 0.0097 - 1.3839 7 12
40 303.15 131.55 - 64153 | 1.1256 - 3.3485 9 10
40 318.15 131.25 7 690.34 0.9166 - 3.1155 9 10
40 333.15 132.39 - 636.8 0.8147 - 2.7845 9 10
50 283 0.486 - 17.25 0.081 - 0.447 36 6
50 298 0.153 - 12.715 0.028 - 0.366 36 12
50 313.15 0.0551 = 7.7245 0.011 - 0.215 14 31

20.9 313.15 0.52 - 1600 0.13 - 1.725 17 27
35 283 0.141 = 18.982 0.052 - 0.449 36 6
35 298 0.156 = 14.838 0.042 - 0.449 36 6
35 313.15 0.0018 - 313 0.0041 - 0.869 35 24
35 373.15 0.551 - 301.7 0.021 - 0.548 35 12
30 313.15 0.974 - 405.1 0.62 - 1.016 37 11

19.25 313.14 - 413.15 183.4 - 4253.1 0.5956 - 2.3095 43 35

32.28 313.14 - 413.16 165.2 - 4895.9 0.7071 - 24014 43 36

48.81 313.11 - 393.16 147.9 - 2783 0.2998 - 2.7901 44 26
20 310.93 - 388.71 13.24 - 1537.26 0.18 - 1.587 46 30
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M13197 2 YUAFINATY YIQUNAN ANUIU UagAINENTALUNNTAZAI8YY H,S [7]-145] (s0)
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Temperature Pressure H,S solubility
No. Absorbent % wt Reference | Data point
(K) (kPa) (MolH,S/Molpeorbent)

MDEA 20.9%wt+Sulfolane

514 313.15-473.15 1.3 - 3210 0.0098 - 0.8471 17 39
30.5%wt
2

MDEA 48.6%wt + sulfolane 79.1 313.15 1.403 - 1576.4 | 0.0608 - 1.2728 9 20
30.5 %wt 79.1 373.15 1.686 - 31869 | 0.0089 @ - 1.1593 9 16
3 40.1 303.15 126.68 - 62691 | 1.6969 - 3.575 8 10

MDEA 40%wt + EDA-CNTs
40.1 318.15 131.25 - 651.14 | 13342 - 3.1207 8 10

0.1%wt

40.1 333.15 12761 - 62409 | 09047 -  3.0826 8 10
a4 35 283.15 0.092 - 10.562 | 0.0826 -  0.6429 9 9
35 298.15 0.276 - 21112 | 0.0866 -  0.5685 9 8
33 313.15 0.988 - 31146 | 0.0758 - 1.6208 9 22
33 373.15 3.172 - 3350.2 | 0.0388 - 1.2593 9 17
36.2 322.57 - 351.98 24 - 49.5 0.306 - 0.318 a5 aq
DIPA 36 322.36 - 351.66 54.8 - 118.2 0.511 - 0.539 a5 6
35.8 322.14 - 351.41 57 - 432.8 0.087 - 0.932 a5 8
30.9 322.58 - 352.24 96.4 - 203.6 0.698 - 0.76 a5 a4
30.8 322.65 - 352.31 4.9 - 9.6 0.119 - 0.122 a5 aq
30.7 322.66 - 352.2 17.9 - 36.1 0.282 - 0.292 a5 aq
30.6 322.39 - 352.44 7.3 - 20.1 0.144 - 0.197 a5 8
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Temperature Pressure H,S solubility
No. Absorbent % wt Reference | Data point
(K) (kPa) (MolH,S/mMol,psorbent)
21 323.63-352.83 8.2 - 16.7 0.145 - 0.231 45 a4
20.9 323.59 - 353.78 52 - 10.3 0.096 - 0.144 45 5
20.8 322.66 - 352.5 3.4 - 5.5 0.094 - 0.232 45 a4
20.7 322.76 - 337.67 43.8 - 66.3 0.623 - 0.644 45 a4
‘ oA 20.5 323.45 - 353.93 5.9 - 10.6 0.14 - 0.143 45 a4
10.5 322.78 - 354.2 52 - 71 0.184 - 0.653 45 8
10.4 322.76 - 352.56 116.6 - 197.2 0.88 - 0.93 45 a4
10.3 322.67 - 353.47 12.4 - 20.2 0.32 - 0.325 45 a4
DIPA 40 %wt+ sulfolane 80 313.15 4.642 - 1379.7 | 0.0787 - 1.0978 9 12
° 40 Y%wt 80 rremne] 62.47 - 3903 | 0.0365 - 1.0804 9 11
6 GBL 100 303.15 - 353.15 0.163 - 1.356 | 0.0605 -  0.2642 16 34
7 NML 100 30311535315 0.162 - 1.214 | 0.083¢ - 05773 16 39
MDEA50%-+[BMIM][Ac] 5%wt 55 323.15 24.839 - 4372 | 0.1731 - 0.3644 10 8
MDEA50%-+[BMIM][Ac] 10%wt 60 323.15 24.58 - 41504 | 0.136 - 03157 10 8
MDEA30%-+[BMIM][Ac] 5%wt 35 323.15 44.16 - 47373 | 0.2052 -  0.3854 10 8
; MDEA30%-+[BMIM][Ac] 10%wt 40 323.15 32.43 - 45945 | 0.1812 - 0.3908 10 8
MDEA50%-+[BMIM][Ac] 50%wt 100 323.15 3.27 - 166.09 | 0.038 - 0.2394 10 8
MDEA50%-+[BMIM][Ac] 5%wt 55 348.15 39.709 - 37167 | 0.1083 -  0.3262 10 8
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M13197 2 YUAFINATY YIQUNAN ANUIU UagAINENTALUNNTAZAI8YY H,S [7]-145] (s0)
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Temperature Pressure H,S solubility Data
No. Absorbent % wt Reference
(K) (kPa) (MolH,S/Molspsorbent) point
MDEA50%-+[BMIM][Ac] 10%wt 60 348.15 22.07 - 288.09 | 0.0858 -  0.2808 10 8
MDEA30%-+[BMIM][Ac] 5%wt 35 348.15 44.19 - 42351 | 0.1434 - 0.3778 10 8
8 MDEA30%-+[BMIM][Ac] 10%wt 40 348.15 15.9 - 408.31 | 0.1486 -  0.3611 10 8
MDEA50%-+[bmim][acetate] 10
100 348.15 25.45 - 10798 | 0.0302 -  0.3605 8
50%wt

9 [C,mim][eFAP] 100 303.15 - 353.15 58.2 - 19415 | 0.0225 -  1.4548 11 79
10 [Comim][OTf] 100 303.15 - 353.16 6.43 - 2455 0.0299 - 1.3105 17 36
11 [DMEAH][AC] 100 303.15 - 333.15 | 6.464 - 110958 | 0.011 - 0.195 13 a3
12 [DMEAH][For] 100 303.15-333.15 | 5.953 - 115732 | 0.0069 -  0.1509 13 a0
13 [MDEAH][AC] 100 303.15-333.15 | 9.239 - 139.274 | 0.0112 - 0.2291 13 35
14 [MDEAH][For] 100 303.15-333.15 | 7.013 - 116.458 | 0.0074 -  0.1057 13 33
15 [CsMIM][PF] 100 303.15 - 353.15 84.5 - 1958.4 | 0.0485 -  2.3025 15 a8
16 [HoeMIM][PF¢] 100 303.15 - 353.15 133.6 - 1685 0.0359 - 0.8612 18 ar
17 [HoeMIM][Tf,N] 100 303.15 - 353.15 156.2 - 1832 0.0611 - 1.3384 18 a1
18 [HoeMIMI[BF,] 100 303.15 - 353.15 121 - 1066 0.0204 - 0.328 18 51
19 [BMIM][PF] 100 298.15 - 403.15 69 - 9630 0.0163 - 7 18 81
20 [BMIN][Tf2N] 100 303.15 - 343.15 94.4 - 916 0.0537 - 1.0408 18 a4
21 [BMIM]BF,] 100 303.15 - 343.15 60.8 - 836 0.0309 - 0.548 18 a2
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Temperature Pressure H,S solubility Data
No. Absorbent % wt Reference
(K) (kPa) (MolH,S/Molspsorbent) point

22 [EMIM][PF] 100 303.15-363.15 | 1449 - 1933 | 0.0331 -  0.5601 18 a0
23 [EMIM][Tf,N] 100 303.15 - 353.15 | 107.7 - 1686 | 0.0515 - 15575 18 a2
24 [EMIM][CF3SOs5] 100 303.15 - 353.15 64.3 - 24553 | 0.0299 -  1.3106 18 36
25 [HMIM][PF] 100 303.15 - 343.15 111 - 1100 | 0.0526 - 0.996 18 67
26 [HMIMI[Tf,N] 100 303.15 - 353.15 68.5 - 2016.8 | 0.0299 - 23467 18 87
27 [OMIM][Tf,N] 100 303.15 - 353.15 935 - 19119 | 0.0672 -  2.7807 18 ar
28 [EMIM][EtSOq4] 100 303.15 - 353.15 | 1137 - 12704 | 0.0121 - 0.1338 19 36
29 [BMIM][MeSO,] 100 298.15 10.8 - 750.9 | 0.0225 - 1.0877 20 8
30 [BMIM][BF4] 100 303.15 - 343.15 60.8 - 836 0.0309 - 0.548 21 a2
31 [HEMIM][BF,] 100 303.15 - 353.15 121 - 1066 | 0.0204 - 0.328 23 51
32 [HEMIM][PF¢] 100 303.15 - 353.15 | 133.6 - 1685 | 0.0359 - 0.8613 24 ar
33 [HEMIM][OT(] 100 303.15 - 353.15 | 1059 - 1839 | 0.0354 -  1.1612 24 a1
34 [HEMIM][Tf2N] 100 303.15-353.15 | 156.2 - 1832 | 0.0611 -  1.3384 24 a1
35 [EMIM][AC] 100 293.15-333.15 | 2419 - 346.774 | 0.09767 - 1.03847 25 62
36 [EMIM][Pro] 100 293.15-333.15 | 1.143 - 323.48110.00345 - 1.34729 25 63
37 [EMIM][Lac] 100 293.15-333.15 | 1.813 - 3223451 0.00195 - 0.96346 25 59
38 [BMIM][AC] 100 293.15-333.15 | 0.464 - 318338 | 0.0708 - 1.371 25 65
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Temperature Pressure H,S solubility
No. Absorbent % wt Reference | Data point
(K) (kPa) (MolH,S/molspcoment)
39 [HMIM][AC] 100 293.15 - 333.15 2025 - 353.42|0.09797 - 1559 25 62
2-Piperidineethanol
40 85 323.15-373.15 |0.0284 - 5550 | 0.00325 - 3.11196 22 aq
45%wt+Sulfolane 40%wt

41 AMP 15%wt+ Pz 5%wt 20 313.15 - 343.15 202 - 1579 | 0.53534 0.89149 31 26
42 MDEA 25%wt+ AMP 20%wt a5 313.15 - 343.15 286 - 1775 0.438 - 1.144 31 27

MDEA 25%wt+ AMP 15%wt+ 31
a5 313.15 - 343.15 428 - 2040 | 037624 - 1.0897 27

Pz 5%wt

MDEA 25%wt+ AMP 10%wt+ 31

a3 a5 313.15-343.15 415 - 2047 | 0.2815 - 0.92903 27
Pz 10%wt

MDEA 25%wt+ AMP 5%wt+ Pz 31

a5 313.15 - 343.15 213 - 1993 |0.10212 - 0.71966 27
15%wt

a4 NMP 85%wt+ MEA 15 %%wt 100 298,15 - 3¢3:L5 20.1 - 13013 | 0.033 - 0.653 32 20
45 NMP 70%wt+ DEA 30 %wt 100 298.15 - 373.15 29.5 - 12749 | 0.027 - 0616 32 23
Sulfolane 85%wt+ DEA 15 %wt 100 323.15-373.15 579 - 13748 | 0.021 - 0.64204 33 14
46 Sulfolane 70%wt+ DEA 30 %wt 100 303.15 - 373.15 15 - 1439.7 | 0.02669 - 1.13675 33 21
Sulfolane 50%wt+ DEA 50 %wt 100 303.15 - 373.15 143 - 1386 |0.0373¢ - 1.00401 33 21
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Temperature Pressure H,S solubility
No. Absorbent % wt Reference | Data point
(K) (kPa) (MolH,S/mMol,peorbent)

Sulfolane 85%wt+ MEA 15 %wt 100 323.15 - 373.15 16.3 - 1390.6 | 0.0352 - 0.7301 34 14
* Sulfolane 70%wt+ MEA 30 %wt 100 303.15 - 373.15 9.3 - 133341 0.06045 - 1.08333 34 21
a8 [HMIM][BF,] 100 303.15 - 343.15 111.0 - 10700 | O.171 - 1.244 26 33
MIPA 20%wt 20 313.15 - 393.15 514 - 12563 | 0.171 - 1.244 27 18
MIPA 30%wt 30 313.15 - 393.15 60.1 - 1263.1| 0.104 - 1.084 27 17
49 MIPA 40%wt 40 313.15 - 393.15 80.3 - 13173 | 0.109 -  0.989 27 17
MIPA 50%wt 50 313.15 - 393.15 1063 - 14676 | 0.104 - 00981 27 17
50 N-Dodecan 100 313.10 - 434.50 524 - 5675 | 0.00674 - 9.20408 28 33
51 MEA 30 313.15-373.15 0963 - 4353 | 0.135 - 0.899 37 43
52 MDEA 6%wt + MEA 24%wt 30 313.15-373.15 1.285 - 4446 0.13 - 0.886 37 a4
MDEA 37.25%wt+ AEEA 1.63%wt | 38.88 BLALIHIGISERNL & Bg3lvY - 1325 0.129 - 1.134 38 28
53 MDEA 35.63%wt+ AEEA 3.11%wt | 38.75 313.15 - 353.15 208 - 14519 | 0.196 - 1.159 38 41
MDEA 34.88%wt+ AEEA 3.81%wt | 38.69 313.15 - 353.15 141 - 13877 | 0.127 - 1.192 38 38
AEEA 10%wt 10 313.15 - 353.15 9.5 - 15536 | 03711 - 2.2081 39 39
> AEEA 30%wt 30 313.15 - 353.15 9.5 - 15942 | 0.1268 - 1.6165 39 51
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Temperature Pressure H,S solubility Data
No. Absorbent % wt Reference .
(K) (kPa) (MolH,S/Molspeorent) point
48.36 298.15-398.15 | 0.0161 - 3835 | 0.0015 - 0.969 40 25
55 TEA
67.47 298.15 - 398.15 | 0.0267 - 5692 | 0.0014 - 09373 40 27
60 323.15 - 373.15 252 - 1890 0.057 - 1.091 41 a0
56 DGA
40 313.15 - 333.15 11.65 - 1763.1 | 0.2723 - 1.2242 46 34
57 DEA 25 310.93 - 422.04 | 0.0009 - 3706.4 | 0.0038 -  1.582 42 107
58 MEA 15.2 313.15-413.15 | 0.0012 - 3853 | 0.0052 -  1.633 42 55
59 MDEA 18%wt + MEA 12%wt 30 313.15 - 373.15 1.307 - 4423 | 0.103 - 0.95 37 45
60 MDEA 40%wt + AMP 5%wt a5 313.2-353.2 18.5 - 14415 | 0454 - 1.206 29 15
61 MDEA 30%wt + AMP 15%wt 45 313.2-353.2 23 - 13685 | 0.56 - 1111 29 16
MDEA 22.5%wt + AMP
62 a5 313.2-353.2 15.5 - 1152 0.405 - 1.253 29 22
22.5%wt
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