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Degradation Characteristics of Aqueous AMP Solution Containing Additives in
Separation of CO./H-S
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ABSTRACT : The method of chemical absorption has been presented to separate and recover acid gases like CO; and HS. But, this
method has some problems such as loss of valuable amine and operational problems (foaming, corrosion and fouling) by degradation. In
this study, we investigated the degradation characteristics of aqueous AMP solution containing additives such as HMDA, MDEA and pipe-
razine. The degradation was affected by temperature and process time. AMP solution absorbing CO, and H,S was degraded 105% and
23% more than pure AMP at 120°C respectively. In addition, all the additives were degraded significantly as the temperature increased.
The order of the degraded amount of additives mixed in the AMP solution containing absorbed CO, was as followings : HMDA > pipera-
zine > MDEA.
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Fig. 1. Schematic diagram of the experimental apparatus.
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Fig. 2. AMP concentration on addition of CO./H,S with
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agolA Ee uish 2ol FEAELE Aol Agd] w
gt 43tsn, 120CA 3040 ZH#EAE W AMP &
T2 Avud 7t2t E5HA G FEAL2 17.8% Fa
# wd, COE F4A17 F892 36.5% Taste 43
7} o APFAUE ole olEF LAAA HAed v Z
o] CO, EFA] AMPS} wh3-5ta] carbamateE FAJ5HH,
o] carbamatel= AMP$} $A d3 Ad9 wEEZ FE&5
7] ¢ Aoz @wod

T8, HSE F5AZ 899 AMP 55+ 21.8% Z4st
o CO, EF Fgdnct syt @ dolue ALE eyt
Ed, ole €09 A B Ud &3 =7 Hob e
COt A F5Eo] EFA9 g BgEz 83
L oug, Y HSe] A9 B B &=st Eob F5A
E5E HSY gol COdl Hls] A7) i Aoz ddd
ok 3, AMPS} HS9H9) whg-2 2] (1o AAIG nie} 2
o] CO99] w33 g2 carbamateE FF3A ol carba-
mate2 Q% F7HEQ F3B o] §I7] W22 ALEE

Fig. 32 AMP 30 wt% +MDEA 3 wit% 4899 CO,
F¢ oF 2 9atg $P9Fo] 2 chromatogram&
veEd Aoz (A COt §48 #8949 v A, (B)
E COyt &48 899 43 3094, (O COt &
FHA G F849 g3 30440tk (A% B)E E&
wheh Zo] A)7to] Age] we} AMPS MDEA7} @35 o
g Eel AHES ¢ & Utk &, B)9 B¢ AMP
s} A7MA=Z AH8Y MDEAVE E350] 16719 A8 E
ol 448 ¥dE (09 2% v=7F ¥ 2749 d3E=
o] AQEE ASE Hol CO, FFE 549 @3l 4
FS vHE Aoz AT F dgdeH, CO¢ E59 &
o wa g@td Aoz godch

42, AMP sx2| &

2 Agd s A AMPE] 27] BE(20, 30, 40, 50 wi%)
o W& 93} IdFS ZHEI] {59 COE 6 wi% FTA
7 47+e] T2 AMP 8948 200C A Esdd s s
4tk Fig. 48 7] AMP =9 Al WE AMPY] 5%
W3E Yehd Aoz JyoA B Hieh Zo] 2] FUH



(A) AMP

1® -

MDA | 13 14

34

© "‘P

— MDEA

] H
21.5%—
B 1
1

LA LA S S S I A St Bty S B s S e
[t 220 190 240

Fig. 3. Chromatograms. of pure aqueous AMP 30 wit% +
MDEA 3 wt% and partially degraded aqueous AMP
30 wit% + MDEA 3 wi% ((A) Pure, containing COy;
(B) Temp.=120C, t=30 days, containing CO,; (C)
Temp. =120C, t=30 days, non CO).

—~ 5.0
d 4.5
T 4.0
E
o 30
= [
-
S 2.8
&
L
o
]
[
3
£ 104 © AMP20wt%
o a AMP 30 wt%
A AMP 40 wt%
v AMP 50 wt%
Y] - . L i . L
0 10 20 30 40 50 60
Time [hour]

Fig. 4. AMP concentration as a function of initial AMP
concentration and time at 200C.

£ AMPS] %9 A0 BE F44 2 AMP FELE A
o) Agel wel HgHoE Faste Aoz vehgh

F, oG AFEZ 4827 H9 dshutgd
d AMPE] I3 27)FE b g AMPY
Fig. 59 vehiigich dslel s As=E

5
1.2

gud
=
=2

6

EEEE!
FEI ¥

Fe 74

AMPY] FE7} 30 wi%olA 40 wit%= Wi o

mol/Le Al 2.00 mol/LE 7} 3A Z73tar) 28

3, AMP 529 ZAgE 30 wi%d o 39.9%2A 743
Hov], 40 wi% A o) 47.5%= 7} ZAh

CO/H,S9] #a]A] F7HAlo) e AMP =8o9] 4354 283
25 100
3 £
[] fan
E ]
Q‘ 201 - 80 §°
° Q
) )
§ 15t {0 °
E e
£ Y
£ 3
1.0 440 k)
8 [+]
% o5} {20 %
N ST . s s . R
15 20 25 30 35 40 45 50 55
Concentration of AMP [wi%]
Fig. 5. Degraded AMP concentration and decrease ratio of
AMP at 200C.

webd, FFAlE AMPS 57 Ge4% 483
288 Fou FaEsY] A3 A Bad £@ol
wold AAAel Wolthe ) AGAlE 30 wik of
AolNE A8 A 52 TAY W COJHS §5 - A
BN FERAZ ASTHE AMPY SEE 30 Wi%E A7
= Aol YT Ao oL

43 2o g&t

guty oz g8 FLFPdMe 7€ FFAY9 Hese
MAs7] Aste wgA TdEe A AVAE AHgstT
on, 7]1& ATFAAE AMPY H5 HAE f5te] HMDA,
MDEA ¥ piperazineS 27t @718t 989 o4& o
< 4 A9 2, o A E F FFAZ AE
B AMPS uhvtA 2 AHd7bEe digte] oA E
stElo] AZA] dFE WA ALE AdEth wIA, 2
Ao e /A A0 2= B2 d3dFs A
B2 Yste] AMP 30 wit%o] E71A(HMDA, MDEA, pipe-
razine)& 3 wit% H7HeF 7o) A COE 6 Wt &
FA7 F o] 120, 160, 200CE 252 WA AF
£ FPF4Ac

Fig. 6~8& 7}Z+9] 89 Azte] W& A7MAY &
T dsE vehd Rolth agelA B uke o] 120T
9 HlmA @ 2ENMEe #AVHAY =7 9FSA 7
&3 12 gl AR JeEgen, 20009 g2 2%
AMe €3 2790 14AREH G349 Faste AR U
et FAHez 93 49 F AUAY BRE vas
o B 120, 160, 200C 2 257} Z715e] wel HMDA
= 23.2%, 54.9%, 98.7%, MDEAE 13.9%, 51.3%, 95.1%,
piperazine2 17.0%, 54.2%, 97.6%% Z43IH. ols 2
=7t FMEsE @shitgol ERHY Bt g2 &9
AN ERE ASE] WEoE #gdrt

A9 BTN EH 28571 VeSS dste F49
Z7tste ©E AYA Tt H2 2EE §AFe A9
Basn, 7l& AT 273" APeL 1T 9 110CE
FA S Ao wtgH st

HoterE 5 et3l X} 27 3%, 200513 3¥



284 HYE - oA - 27)E - 2FF

05
g 0.2
g o4
g 0.05
=
b
o
= 0.02
S
B o001}
€
3 o0.005
g ® 120°C
o | 160°C
0.002 A 200°C
0.001 4
0 5 10 15 20 25 30
Time [day]
Fig. 6. HDEA concentration as a function of time and tem-
perature.
0.5
] 0.2
3
E 01}
5 oos
=
s
c 0.02
(-}
3 0.01}
8 o.005
c
Q
(&)
0.002
0.001 . . . " .
0 5 10 15 20 25 30
Time [day]
Fig. 7. MDEA concentration as a function of time and tem-
perature.
0.5
E 0.2
[}
£
b 01}
0.05
a
.6" 0.02
0.01}F
A
0.005
® 120°C
u 160°C
© 0.002 A 200°C
0.001 . = L L .
0 5 10 15 20 25 30
Time [day]
Fig. 8. Piperazine concentration as a function of time and
temperature.

44. H7t8 &0 g H|

COx%t HoS9 EF5/A48 A&FFNA AQA J7HA &
Frol wE gshikge HZE Y3l AMP 30 wi%e] F7t
A|(MDEA, HMDA, piperazine) 3 wt% = CO,¢ H.SE Z+
7+ 6 wi%h FFAT FL£AL o] &35 120T oA 30937
gsdge 39 ed, 2 A#E Fig 99 Fig. 109
ehd Ao

J. of KSEE / Vol. 27, No. 3, March, 2005

Fig. 9= COE FFAZ #8499 A €8 104 #
MDEAE 26.5%, piperazinex= 34.7%, HMDAE 51.9% Fdy
Astgen, 53 HMDAE 43t 304 A Ae 25 ¢
350 BfE AeE veht AMA 2 254 PE %
Aoz AHUD 223, Fig. 109 HSE F5A12
Fgoio] AL 93} 109 F piperazinex 18.1%, MDEA+&
30.3%, HMDAE: 35.2%% HMDA7} 713 ol ZJ’./:‘_E]CH
COE FFA7 843 22 2RE 4& F AU

gdsigo] Aage gL COE F5A7 899 F¢
HMDA > piperazine > MDEAS] £ 2 ety ol& CO;
&S Wg&Ed 7198 A2R HMDAY A & F7HA
o wa] &7] ¥rgAo] ol FEFHE C0:9 Fol BolA
W, gta o]2F mAH A&FHF uwpe} o] CO, FF
2 AAE carbamated] = Bolxith I oL o] carba-
mate= gol 9t AAFH oz dHAY 4 @~6O)F
Zo] A7 AN wrgdd fsd E3 FJHE A
o7 woddth MDEAY ¢ w&&Ert dob 27]d)
COE 43 o] A, 33 olWleZ M carbamated
FAsA @7l QE d37t 713 AA dolude A=
dgdrt

HSE E4A170 #8499 7S HMDA >MDEA > pipe-
razine®] £22 dgso] BAaHE go] & ALE UgK
t}. ol& COE FFAAE W9 vpAVIAE HMDAS] HS
o dg wrgAo] e A7MA] Hlste 27] W E)7 §
g, 712 A7 AR A HS FF - AR 4& FEA
HMDAS} MDEAS] 3712 Q% AALL w&d ¥, £
AFojA HMDAZE G3tEe gol & ASE Eof HMDA
AA 7+ MDEAJ] vls) & 2% %s7] Wi €35
7] A& Aoz ggdEnt
AAF L2 HMDAE #840] ¥ot 27lde HE7t=E
o] FaA T o)Z A dTH w2 2xo G5 o
o AAA 432 QAT &40] 74 Atk 283, MDEA
CO; E5g2 Yo, HSdl a3 F582 ¥, Bt §
FAe] wisted F shzo] g@ gl $5AAT

&ﬂ

i Mo

0.30,

o.zon\‘\k ”\N\
010} \

0.05

& MDEA3wt%
0.063 B Piperazine 3 wt%
A& HMDA 3 wt%
0.02 . i b i :

0 5 10 18 20 25 3C

Concentration [mol/L]

Time [&ay]
Fig. 9. Variation of concentration on time for various addi-
tive absorbents degraded with CO, at 120C.



0.30 e
B
e -
©.20, B
g‘ [
E G- .
E \
§ caof S
§ QQ?\\
= \b\u
@ —
b 4
5 ¢.95
u ......
2 MDEA3Wt%
0.03 B Piperazine 3 wi%|
A&  HMDA 3wt
Is] 02 ------------------------------- A L i -
¢ 5 10 15 20 2§ 36

Time [day]}
Fig. 10. Variation of concentration on time for various addi-
tive absorbents degraded with H,S at 120°C.

5.2 8

AMPY| 5% FYE A%l AZ ALSHE MDEA,
Piperazine, HMDAS] & dsivtg 498 Eo gt
2L 2BS 92 & AW

1) 120ColA COt HoS 7h29) F5 offo) wE g4
A dgd4e AHE 2, CO, £44) AMPY uhesld]
carbamateE PGS0, o] carbamate: =71F o2 AMPS}
A g3 A4 wEEE F&sts Ad 798ty 30
A 3 7tA7 FEEA GRE W B 105% o E3ky
H, S FFA1E 9 23% o d3ldE Ao #RYgAc

2) 7] AMPEES A7 w2 d3ESs #IF} 2
I, EA TH(20, 30, 40, 50 wt%) gs= Q3 AMP
E2o AALE 30 wi%d o 39.9%2A 78 Bom, 40
wi% 4 o) 47.5%= 7} Zith wEA, 43 4L 3
o AMPY FRE 30 wi%2 sl: Ao Agsit)

3) ARM} 2Ed wWE A7MAY sEWsE AR 23,
1208 %2 2EoME A7 57t 938 B2
o9, 120CA 200CE 2571 7189 wat gase] 1
EX7t A 7FaEA HBZ COJHS &5 - AATZNA A
Age] 228 715F 120T o5tz fAsk= Ao HF s

4) 120ToA CO;, HS A7) i3t F7Ao) w2 dsd
42 Hugd A} COE F54137 #8499 Z$ MDEA>
piperazine > HMDA, H,SE &F5A171 8N F-2 piperazine
>MDEA>HMDA £02 ggld] 53 Aoz ygyt} o
24, 7129 CO/HS &5 - A4 A4 §58'% 2 9
TFAA e dsldde 28T W) COMS &5 - A4A] MDEA
€ AHEN AEshe Fo] 393 Y Aeg v

Nomenclature

AMP  : 2-amino-2-methyl-1-propanol
BHEP : N,N-bis(thydroxyethyl) piperazine
BHEAE : bis(hydroxyethylaminoethyl) ether
DEA  : Diethanolamine
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HEOD : 3-(2-hydroxyethyl)-2-oxazolidone

HMDA : Hexamethyldiamine

MDEA : N-methyldiethanolamine

MEA : Monoethanolamine

THEED : NN,N'-tris(2-hydroxyethyl) ethylenediamine
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