Appl. Chem. Eng., Vol. 31, No. 5, October 2020, 575-580

https://doi.org/10.14478/ace.2020.1073 | Article
od = = oru | = =
o OFFM o MPEXIE 12{st o2l XA =3 =[=st TE}
O M| Ad*** - QIESZ**** . XSEf* - ZIMEhT
oA Ed T AP AETZATLE, ety Sty EL s, AN st sl AY Y 5 st}
(20201 9€ 79 A<, 2020 99 229 £, 20201 99 23U A=)

Optimization Strategies for Amine Regeneration Process with
Heat-Stable Salt Removal Unit

Jesung Lee*™**, Jonghun Lim****, Hyungtae Cho*, and Junghwan Kim* '

*Green Materials and Processes R&D Group, Korea Institute of Industrial Technology, Ulsan 44413, Korea
**Chemical and Biochemical Engineering, Dongguk University, Seoul 04620, Korea
***Chemical and Biomolecular Engineering, Yonsei University, Seoul 03722, Korea

(Received September 7, 2020; Revised September 22, 2020; Accepted September 23, 2020)

2 dreds d A @ AA
(methyl diethanolamine) <=2 &
;H/\g_:_x%oﬂ,q =) o]-x%ﬂ oi‘:
0] 2 W kA H-2 NaOH®} 22 7
Il M A 7k 9 BA ﬁr@%
o:h;]_ EJ—}]E] o].tr] %_oﬂ o]

=2
rﬂ

o i,

o
o
=2,

21
[t
s
LY

S

=
31L&
s

ru% 12
o o

s g A At Aol A A

zAso] A ATE Sha HH LA 24 AN

o

A AA =%, MDEA
@A ofu
S @ @y o A e 2 s
B3 A AANE otk 374 nay
ﬁ‘*%TL Gibbs AHF-ANAA & AHg-3te] At
a3, AA FA = T3S 0] 83 Rstoic

153900, A FAE Bol7ke A% 43S

Abstract

In this study, we simulated an amine regeneration process with heat-stable salts removal unit. We derived the optimal operat-
ing conditions considering the flow rate of waste, the removal rate of heat-stable salts, and the loss rate of MDEA (methyl
diethanolamine). In the amine regeneration process that absorbs and removes acid gas, heat-stable salt impairs the absorption
efficiency of process equipment and amine solution. An ion exchange resin method is to remove heat-stable salts through
neutralization by using a strong base solution such as NaOH. The acid gas removal process was established using the Radfrac
model, and the equilibrium constant of the reaction was calculated using Gibbs free energy. The removed amine solution
is separated and flows to the heat-stable salts remover which is modeled by using the Rstoic model with neutralization
reaction. Actual operation data and simulation results were compared and verified, and also a case study was conducted by
adjusting the inflow mass of removal unit followed by suggesting optimal conditions.

Keywords: Amine, heat-stable salts, Acid gas, NaOH, Process modeling

LN = Bo| B2 A7 BT A Fhne] AA e
s el ol glek Beld e 7188 ol gl Bt

HEAQlold RS A7k D AAFeE A Aha F HOR WSEH a AV Jhasl B W8S BEs] AAAE
HS7h Thko 2 EARTHI AV Tkt Aol felste, & B9 ) A kS ReAYlE el sheha wie dhsobus
HHHE Do) BUTEE PYHE AU, 1290l A AEAY HHA UNE Byl A v P2 S

T Corresponding Author: Korea Institute of Industrial Technology,
Green Materials and Processes R&D Group, Ulsan 44413, Korea
Tel: +82-52-980-6629 e-mail: kjh31@kitech.re.kr

pISSN: 1225-0112 eISSN: 2288-4505 @ 2020 The Korean Society of Industrial and
Engineering Chemistry. All rights reserved.

575

AAHo) 1 AT Q) woln, erhEolule
S ) A 0w G kol SR 134 ool 3
©ow] Z+7F MEA (monoethanolamine), DEA (dlethanolamine) MDEA
(methyl diethanolamine)”} T34 oAjolt}, o] F 32} o}FiQl
MDEA® A 7k29}8] Rhg-52lo] $-5=3lv, MEA, DEA S} Th A



576 oA - UFE -

Treated gas

Make up
water

Lean amine
Cooler

Lean amine Regen. OVHD

Drum

Lean/Rich
Flash out  Heat exchanger

Feed gas
—

Acid gas n i N K
abso?ber Richamine  Rich amine Rich amine

flash drum pump

Regenerator

Figure 1. Workflow of amine regeneration process.
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Table 1. Gibbs Energy of Formation of Components

sk opwl A4y

Component Gibbs energy of formation (kJ/ mol)
MDEA -169.0
H,S -33.05
MDEAH" 155.8
HS 12.05

Table 2. Composition of the Rich Amine Flow

Component Rich amine Unit
Water 56.21 wt%
Hydrogen 0.002 wt%
Hydrogen Sulfide 0.203 wt%
Hydrocarbon 0.004 wt%
Ammonia 0.006 wt%
MDEA 19.74 wt%
MDEAH" 18.06 wt%
HS 2.865 wt%
Formate 2.720 wt%
Acetate 0.190 wt%

Figure 2. Process flow diagram of amine regeneration process with
heat-stable salt removal unit.
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Table 3 . Reactions and Operating Condition of Blocks in Aspen Plus Simulation

Block Reaction Operating condition
X1 ) Outlet temperature (cold): 99 C, outlet pressure (cold): 5.07 bar,
valid phases: vapor-liquid
- Total stage: 24 stage; feed stage: 5 stage, 1 stage (reflux);
MDEAH"+ HS~ — MDEA+ H,S £ g% ge: o slage, | a8 .
STRIPPER K = -149209 at 298.15K 2 product stage: 24 stage (liquid), 1 stage (vapor),
eq ’ ' Valid phases: vapor-liquid
OVD1 - Temperature: 49 C, pressure: 0.91 bar
MDEAH"+ CH,COO™ + NaOH — MDEA+ CH, COONa+ H,O .
REMOVER ‘ Temperature: 54 C, pressure: 13.4 bar

MDEAH"+ HCOO™ + NaOH — MDEA+ HCOONa+ H,O

Table 4 .Validation Results for Design

LEAN1 LEANS WASTE LEANG6 ACID3
Component ~ Unit
Desi  Simu  %err Desi Simu  %err  Desi Simu  %err  Desi Simu  %err  Desi  Simu  %err
HO wt% 5796 5795 0.01 71.57 71.68 0.11 9537  95.20 0.17 5826 5826 0.000 3.050 7.080 4.03
H, wt% 0.000 0.000 0.00 0.000 0.000 0.00 0.000 0.000 0.00 0.000 0.000 0.000 0.000 0.000 0.00
H,S wt% 0.090 0.000 0.09 0.0600 0.000 0.06 0.000 0.000 0.00 0.090 0.000 0.090 96.75 9273  4.02
NH; wt% 0.000 0.000 0.00 0.000 0.000 0.00 0.000 0.000 0.00 0.000 0.000 0.000 0200 0.19 0.01
MDEA wt% 31.06 3065 036 23.68 2340 028 0.610 0.600 0.01 30.90 30.51 0.380 0.000 0.000 0.00
MDEAH™ wt% 7.890 8400 050 3.120 3350 023 2410 259 0.18 7780 8251 0.471 0.000 0.000 0.00
HS wt% 0.000 0.000 0.00 0.000 0.000 0.00 0.000 0.000 0.00 0.000 0.000 0.000 0.000 0.000 0.00
HCOO wt% 2810 2.810 000 1.110 1.110 0.00 0.860 0.860 0.00 2.770 2.780 0.010 0.000 0.000  0.00
CH;COO™  wt% 0.190 0.190 0.00 0.077 0.077 0.00 0.060 0.060 0.00 0.191 0.190 0.001 0.000 0.000 0.00
HCOONa  wt% 0.000 0.000 000 0.360 0360 0.00 0270 0270 0.00 0.008 0.008 0.000 0.000 0.000 0.00
CH;COONa  wt% 0.000 0.000 0.00 0.023 0.023 000 0020 0.020 0.00 0.001 0.001 0.000 0.000 0.000 0.00
NaOH wt% 0.000 0.000 0.00 0.000 0.000 0.00 0400 0400 0.00 0.000 0.000 0.000 0.000 0.000 0.00
Mass flow kg/h 415,938 414,966 0.230 9,351 9,330 0.22 6,615 6,621 0.09 418,340 417,362 0.230 13,025 14,003 7.50
*Desi: Design data, Simu: simulation result, %err: %error.
Table 5. Flow Rate of MDEA Solution by Case
Case 1 Case 2 Case 3
Component Unit LEAN3-2 WASTE LEAN3-2 WASTE LEAN3-2 WASTE
H,O kg/h 4017.9 6303.2 712.5 4699 2365 5501
H, kg/h 0.0000 0.0000 0.000 0.000 0.000 0.000
H,S kg/h 0.0057 0.0000 0.001 0.000 0.003 0.000
NH; kg/h 0.0000 0.0000 0.000 0.000 0.000 0.000
MDEA kg/h 2127.1 40.090 377.2 8.541 1252 24.32
MDEAH" kg/h 579.90 170.90 102.8 1.972 3414 86.43
HS kg/h 0.0000 0.0000 0.000 0.000 0.000 0.000
HCOO kg/h 195.20 56.870 34.62 0.001 114.9 28.44
CH;COO kg/h 13.500 3.9300 2.388 0.001 7.926 1.963
HCOONa keg/h 0.0000 18.520 0.000 18.52 0.000 18.52
CH3COONa kg/h 0.0000 1.1730 0.000 1.173 0.000 1.173
NaOH keg/h 0.0000 26.450 0.000 26.45 0.000 26.45
Mass flow kg/h 6933.6 6621.3 1230 4756 4082 5689

3sst ® 31 A A 5 =, 2020
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Figure 3. Flow rate of a variable by case.
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