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Figure 1. Typical Amine Syster.nS‘Flow Diagram
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Table 1. Feed Stream Information

Component | 1b mole/hr | Component | Ib mole/hr | Component | Ib mole/hr
CO2 149.9254 CsHs 187.9284 nCsHiz 7.7983
HoS 186.7203 1CsHio 19.8801 CesHi4 59310
CH4 9680.8887 nCaHio 26.2507 C7His 6.7000
CaHs 704.0451 iCsHio 7.5787 H>O 4.9745
Rate Temperature Pressure

(vMMSCEAD| 417 CF) 100 (psia) 200

Simulation Model[1]: 15wt% 2] MEAFT&9o2 4 7}2& A3, dd7t
25 AAROZ CO8 H:SE AAT &+ ' F5EY 62 (HeF 250 psig, 110
FlolA 202 amine £93 FEFL 3ok A 7t27F Bo] U+ amine £
(rich amine)2 FTES THAF £ A9 7I¥ L2 pressure-reducing valveE
EFANA &3FE4E AASY] A3t ZH AT} amined A A 7HAE HE Y
Ar2 AAs7] A5t stripper @YY 5@z =Ql%t. B IR E U
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amine &% (lean amine)< pressure-reducing valved % #3% rich amined 8
B3 T surge tank®E R AT 714 MEAE make-up¥ ¥ lean amine]
FE7H 15 wt%E FA387] 93t €& make-up®oh. 21 15 wt% e MEA
E FTEe2 E937] A 3712 WAz

Table 2. Process Information

Absorber Stripper
Trays 12 stages
Trays |6 stages [Feed stage 5 stage
Feed stage 6 stage [Condenser type partial vapor
Pressure Reboiler type kettle
stage 1 250 psia [Pressure
column pressure drop 1.0 psia condenser 11.5 psia
Amine feed MEA concentration |15 wt% || stage 1 155 psia
column pressure drop {2 psia

simulation model®l| A stripper A Hol| 3ty F7H2l design spec.& F
Atk A WA Z condenserd +E & 1200F& 23F7] 931A condenser
dutyE ®HEZ FAY. EAZ boilup ratio® 05E L3V YaiA
reboiler duty® W42 FA9. ‘

make-up 9 %L recycle loopold FHEEEE  treated gas(2),
hydrogencarbon(5) % off gas®Z Alg A= $o2 EFAFAE UEE £
25t 29, make-up MEA9 %<& stream 3, 3B ¥ 3ColA] MEAY &
T 15 wt%Zt HEE J99] AdYS A g

MEA Makeup
<2 Water Makeup =

:I Lean Amine

Rich Amine
(4]

Figure 2. Natural Gas Sweetening
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AAs7 Y E H3H e amine ¥EE FR Aol ot ¥R A JtE 3
N 2" E MEA(monoethanol amine), DEA(diethanol amine), £+ MDEA
(methyl diethanol amine) 5°] AF&= 1 St

3.0l 8

Amine thermodynamic data packaget 44 E¥E9 HEE9 K-valuedt
gy Aol A Kent-Eisenberg 29 AME8t}H2]. o] Rl APAHLE gas
sweetening FANA EAaE HO, amine, H:S, CO, 2 Urlz 232 744
Alz~"o)|  Z3sh  AFE 7F5E aminedl=  monoethanolamine(MEA),
diethanolamine(DEA), diisopropanolamine(DIPA), diglycolamine(DGA)7} A& €
t}. Table 3& Amine packageZ Al&3}7] Haixe v 22 2AE0 ¥
A=

Table 3. Use the AMINES property method for amine systems

MEA DEA DIPA DGA
Temperature (°F) 90-280 | 90-275 | 90-260 | 90-280
Maximum H»S or CO; Loading 0.5 0.8 0.75 0.5
(moles gas/mole amine)
Amine Concentration in Solution (wt%) | 15-30 20-40 20-40 40-65

2 Ze] Strippero] 4 Table 3014 AAIg 2o] thated feed Bhehi-ol A
= BEE feed AFEAAE BF3A] @ F/ HASH o]d A fdE )
+ amine packageZ Al&3tn Adio|AM = K-#& Chao-Seader modelZ
5] Folot st} ey B FA A E Peng-Robison modell3]1E &35

ol

1= ]
-
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HoS + CO: + amine Al2¥Edl thate] ot 22 &0 s3I w4
ol Ao

RR'Njf«— ——H* + RR'NH K, (1)
RR'NCOO™ + HyO«— —— + RR'NH+ HCO; K, 2)
H,O+ COy«———H"+ HCO;y K, 3
H,O———>H"+ OH™ K, 4)
HCO;— ——H"+ CO}~ K, (5)
Hy,S« ——H"+ HS*" K (6)
HS”«————>H++SZ‘ K‘-’ (7
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o714 R3} R'€ alkyl 21§S dj4ld g3 goly, Hy A+e el 22 2
o2 Foljth '

InK,= A+ Ay /T+ Ay /T + Ay /T3 + Ay, /T (8)
EFAFAE F7] fstd o 7Y BEgEy HAHNS1-1H E}E‘*%%‘ﬂ &
¢kl AAHN@)E FAl Fo. &Y ol H:S9 CO8 & 4 &t

Henry #4& o]£3%t}
InH,= B,,+ By,/T (9)

Zkzke] H P4 Aspen Plus 11191 WA A& @41 AH8-3tch

Hn:
mlo

o

4.4 3}
2 A EAle 44EA] 3 84 Aspen Plus 11.1& AM&3igith 119
iteration ¥ T AT, EAE M 8% X2 59 ZY 23}Yes FY
o] =7 zzZol st Table 491 AAIATH

Table 4. Performance of absorber and stripper

Stage Stage Performance Absorber Stripper
Temperature (°F) 115.34 120.00
Condenser Heat duty (MMBtu/hr) 0 -120.55
Distillate rate (Ibmol/hr) 10717.34 390.05.
Reflux ratio 15.524
Temperature (°F) 135.04 223.11
. Heat duty (MMBtu/hr) 0 139.99
Reboiler .
Bottoms rate (Ibmol/hr) 16281.70 15967.41
Boilup ratio (Basis: mole) 0.664 05
3 o
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Figure 3-a. Vapor and liquid profiles of absorber for COz and H2S
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Figure 3-b. Vapor and liquid profiles of stripper for CO2 and H2S

Figure 3-a, 3-bllA E7]F9 CO:9 H:S2| absorber$t stripperol Aol 74+t
A4 profiles ERAFI ot FFE FFZ 043 A Jt29 FEE HAARR
245 ol ¢ 4 glo stripperdl A= 502 E0|7t feed®E § FHE 9
AAFo A AF FtA0] FEUl Ad 3, JA M E off-gasE AFS AAE Y] dow
2 condenserdl Al $EHog Aoz AALYCT E3F stripperel feed @9 9
Zlell uwte}l reboiler$t condenser duty® M2 BUYTHEE ZHL& #L) o=
Table 5o A|A|8tAth d7)o A& 5¢o] duty?} 7 ¥ A& ¢ F Uk 2
2]y} hydraulic analysis(Molar Flow Rates)olA] S@tE T} @& T o g feedh o
2 ZAE AHS thermodynamic ideal minimum flow7} A 3 /.
uet 9 flexibled] FFS Fob T3 SURT L WOoF feed ©HoE T
A$el ZAtol A warningo] A} 3o}, |

o

Table 5. Chage of heat duty accordihg to feed location

Status Feed Condenser duty Reboiler duty Total duty

stage (MMBtu/hr) (MMBtu/hr) (MMBtu/hr)
OK 2 -120.64 140.00 260.64
OK 3 -120.60 13999 260.59
OK 4 -120.57 139.99 260.55
OK 5 -120.55 139.99 260.54
Warning 6 -120.58 140.02 260.60
Warning 7 -120.66 140.07 260.73
Warning 8 -120.79 140.16 260.95
Warning 9 -121.04 140.33 261.38

Error 10 - - -
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Figure 4. hydraulic analysis for stripper

Table 6914 gas sweetening T3 A}E3 EE streamEC] g B +
A& AAEHLh make-updtE E3 amined ¥& ZA7] Y39 oS Z
2 WY calculatoro] th&3 22 HE A AdsA.
WTRMUP = WTR2 + WTR5 + WTR8 - WTRI1
MEA10B = 0.15/0.85%+(H2010 + WTRMUP) - MEA10
Table 6. Mass Balance (to be continued)
1 2 3 3B 3C 4 5 6
Temperature, F 100~ 1153 115 151.8 150.3 135 138.7 138.7
Pressure, pst 255 250 250 250 14.7 255 16.1 16.1
Vapor Frac 1 1] 0 0 0 0 1 0
Mass Flow, Ib/hr 202790.31191010.61| 325506.7| 325506.7| 325506.7| 337286.4 0.215] 337286.2
Volume Flow, cuft/hr| 249343.3|256109.61|6960.203| 7077.704| 7075.849| 7210.129 4.783| 7225.834
Enthalpy, MMkcal/hr -94593| -89.083|-494.985| -492.201| -492.312| -500.494 0] -500.214
Density, kg/cum 13.028 11.947| 749.133| 736.696] 736.889| 749.336 0.721| 747.707
Mole Flow lbmol/hr
CcO2 149.925 0.008! 59.332| 59.332| 59.332] 209.25 0f * 209.25
H2S _ 186.72 0.008 1.429 1.429 1.429] 188.141 0.001 188.14
CH4 9680.889| 9680.879 0 0 0 0.01 0.009 0.001
C2H6 704.045( 704.045 0 0 0 0 0 0
C3HS8 187.928] 187.928 0 0 0 0 0 0
1-C4H10 19.88 19.88 0 0 0 0 0 0
N—C4H10= 26.251 26.251 0 0 0 0 0 0
I-C5H1Z2 - 7579 7579 0 0 0 0 0 0
N-C5H12 7.798 7.798 0 0 0 0 0 0
C6H14 5.931 5.931 0 0 0 0 0 0
C7H16 ' 6.7 6.7| 0 0 0 0 0 0
H20 4974 70.198] 15232.61| 15232.61| 15232.61} 15167.39 0.002| 15167.39
MEA 0 0.111| 792.797| 792.797| 792.797| 792.687 0] 792.687
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7 8 9 10 10B 11 11C W1
Temperature, F 1929 120 223.1 170 90 170 150 200
Pressure, psi 16.1 115 175 175 155 14.7 14.7 14.7
Vapor Frac 0 1 0 0 0 0 0 0
Mass Flow, lb/hr 337286.2] 14107.06|323179.1| 323179.1§ 266.75} 323445.9| 323445.9| 2060.81
Volume Flow. cuft/hr| 7431.524} 209976.3] 7298.025| 7092.818 5.34| 7098.432| 7029.604| 46.196
Enthalpy, MMkcal/hr | -495.924 -8.157| -482.869| -487.159] -0.127| -487.286| ~488.834] -3.478
Density, kg/cum 727.012 1.076] 709.347| 729.87| 800.217| 729.894| 737.0411| 714.588
Mole Flow lbmol/hr
CO2 209.25| 149.917| 59.332] 59.332 0| 59.332|] 59.332 0
H2S 188.14| 186.712 1.429 1.429 0 1.429 1.429 0
CH4 0.001 0.001 0 0 0 0 0 0
C2H6 0 0 0 0 0 0 0 0
C3H8 0 0 0 0 0 0 0 0
1-C4H10 0 0 0 0 0 0 0 0
N-C4H10 0 0 0 0 0 0 0 0
I-C5H12 0 0 0 0 0 0 0 0
N-C5H12 0 0 0 0 0 0 0 0
C6H14 0 0 0 0 0 0 0 0
C7H16 0 0 0 0 0 0 0 0
H20 15167.39 49.167| 15118.22( 15118.22 0] 15118.22| 15118.22{ 114.392
MEA 792.687 4256 788.431| 788.431 4.367| 792.7977| 792.7197 0
5.4&

2+ 7}”‘7P xad A
752 pphE # Q‘Ri‘:]'
29 AL RA}

A7txo] CO8F HoSe =7 1.369% 1.67 E%°) 702
B RAE 4 7had thael 88448 T¥sn WAzt
Asde @+ Aok

=
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