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Abstract

MDEA solution is widely used in the purification process of natural gas, oil field gas and coal gas.
Amine liquid is an easy foaming system. The foaming of amine liquid will cause problems, such as
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flooding of the desulfurization device, solvent loss, production reduction, and unqualified purified
gas, and even cause the device to shut down, affecting the safe and stable operation of the desulfuri-
zation device. The study determines the composition of pollutants in the desulfurization solution by
analysis, studies the influence of various pollutants on the foamability of MDEA amine solution, car-
ries out single-factor experiments and orthogonal experiments with different types of impurities,
and uses data analysis software to conduct experimental results analysis. The results show that
among various impurities, acetic acid and diethanolamine have the most obvious promotion effect
on the foaming of amine liquid, and the oxidative degradation of amine liquid should be prevented.
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MDEA (N-F12& = ZBEROERL [z MM TR HA . BT E, AR,
LHXMIVBRRRILER, BN R B TRRIEAT . SRR R AR 1] KRERE R R,
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ENGIHTT COy ML B AR IR, TaH MDEA (1) CO, iR MISFEE 2, FeWifhEmz, 2o
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Figure 1. Amine liquid foaming experiment device
1. BiRABIREE
2.1.2. SEIRTF
SIS P 24 SR == 1.
Table 1. Drugs used in single factor experiments
F 1. BERIWHAASA
2 Hirs 2 Hirs
N-H3 — 2% Tk HR SiTal
NaCl srHrat 7% srHrat
Na,S0, WAL (5] WAL
Na;PO, PaxiRLl R I rHr 4l
NN-—3 23 HE R srHTal = rHral
1-¥8 2.5k -4-F JE R R syl Z e Tl
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22. ERHERTER

2.2.1. SE Ak

AT 7T AR 5 1) CTC 77 2R 308 3 PR B ARV 75— A A e ) [12 A B v il s SR8 U7 %
[ 2% T Bhattacharyya $2 H R GEVFAN 777 13], B MEBOENES 5 2 8iE, LLVSIEER
X RIS JTHAT VRN o
222, ERHE

1) FTIHER/KE, #EHKFIRELE 30C, wREAMM 1°C;

2) KRB N 7K IRk BIFE 8 il LI, C B VAR BRI 2 10 em ZIEAL, JERRIOE
BEAKREM, 1HE 10 min;

3) ARG EIHTEFHFANRIBE, SEHB RS SAENREYS, (1@, Rk E L
S)E, AR EN 350 com, A 5 min;

4)5min J5, fF1EES,  [FR O S .

23. KBAE

2.3.1. BEZRSE
1) SEIGSHON BRI R S, JEPRR R IRE . MDEA WREME NS B AR, DIARAIER
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2) FAE X R R BRI RS2, AR T BIRIR S T MIRRIRE TIREE s a4 &, 5l
NAERS RIS FE( AR ) IRIAR &, HAH TN
Ah=h—h, (1)

H, h NI ZR RS ERR IR AL em),  hy NiZ4LIREE RN 245 ) 30% MDEA & 0B S5
RIGEECRAL: cm);

3) MRS RE = PIX R ORI B R S0, R 4R R EAE AR AL s, MXTK
TN &

4) el B AT B AR P N R ML R SR8, e B T O RENZ(DEA) HEE . NN-ZR OHEHE
F2 1-52 L HE-4-FIRIRIGIR FEAE RS A AR &, AN A0 AR N R AR &

5) = HEEAH B RS, DA H BRI NS AR &, M RIE RN R &,

2.3.2. EXRE

N FIWTTE 22 i 4 o (R PR 0 8% 2% JTONT Jig v 1 S A R, 32 B R 2R 3R 6 v ko e i v 1A
RAEHEE IR IR 2 7 (B ERSN) . 4FR. — OFFHZ(MDEA) & = HEH(TEG)HHT IEAZ kS it % 2 A
Lo,(3%) 256 2 i

Table 2. Orthogonal experiment schedule
52 2. L27(3YIEAC LI R HEE

No. MDEA Acetic acid Sodium sulfate TEG
1 3 (0.25%) 3 (0.15%) 1 (0.03%) 1 (0.05%)
2 3 (0.25%) 3 (0.15%) 2 (0.05%) 2 (0.15%)
3 3 (0.25%) 3 (0.15%) 3 (0.07%) 3 (0.25%)

DOI: 10.12677/hjcet.2021.116051 406 =AW EESE YN


https://doi.org/10.12677/hjcet.2021.116051

Continued
4 2 (0.15%) 3 (0.15%) 1 (0.03%) 2 (0.15%)
5 2 (0.15%) 3 (0.15%) 2 (0.05%) 3 (0.25%)
6 2 (0.15%) 3 (0.15%) 3 (0.07%) 1 (0.05%)
7 1 (0.05%) 3 (0.15%) 1 (0.03%) 3 (0.25%)
8 1 (0.05%) 3 (0.15%) 2 (0.05%) 1 (0.05%)
9 1 (0.05%) 3 (0.15%) 3(0.07%) 2 (0.15%)
10 2 (0.15%) 2 (0.1%) 1 (0.03%) 1 (0.05%)
11 2 (0.15%) 2 (0.1%) 2 (0.05%) 2 (0.15%)
12 2 (0.15%) 2 (0.1%) 3(0.07%) 3(0.25%)
13 1 (0.05%) 2 (0.1%) 1 (0.03%) 2 (0.15%)
14 1 (0.05%) 2 (0.1%) 2 (0.05%) 3 (0.25%)
15 1 (0.05%) 2 (0.1%) 3(0.07%) 1 (0.05%)
16 3 (0.25%) 2 (0.1%) 1 (0.03%) 3(0.25%)
17 3 (0.25%) 2 (0.1%) 2 (0.05%) 1 (0.05%)
18 3 (0.25%) 2 (0.1%) 3(0.07%) 2 (0.15%)
19 1 (0.05%) 1 (0.05%) 1 (0.03%) 1 (0.05%)
20 1 (0.05%) 1 (0.05%) 2 (0.05%) 2 (0.15%)
21 1 (0.05%) 1 (0.05%) 3 (0.07%) 3(0.25%)
22 3 (0.25%) 1 (0.05%) 1 (0.03%) 2 (0.15%)
23 3 (0.25%) 1 (0.05%) 2 (0.05%) 3 (0.25%)
24 3 (0.25%) 1 (0.05%) 3(0.07%) 1 (0.05%)
25 2 (0.15%) 1 (0.05%) 1 (0.03%) 3(0.25%)
26 2 (0.15%) 1 (0.05%) 2 (0.05%) 1 (0.05%)
27 2 (0.15%) 1 (0.05%) 3(0.07%) 2 (0.15%)

3. ERENH
3.1. BIERHF BB A IBRIR T

2 NSRS AR TR BRI SR 45 R . KRS R B R, HIREAE 30 C~45CHalH
WARALI , HEBUR I s B IR AN, A =R E R T A m AR A 0.2 em, RUIEMTE
PNl B2 R JH B A 1 50 W S RS2 5 1) 3 D AR TR I it 5 MIDEA Y45 X5 8 Jie T A 1 5 Wi i 36 4
SKIRLE R R, % MDEA REZHIIN, MUk m B 5 8 0, IR A SR s, HOR IR R
JEI s TR 4l AL SIS SR AT DLW, B 1 AR 2o 3 A T v P ] S 9 v o
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Figure 2. The influence of temperature on the foaming of amine liquid
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Figure 3. The influence of temperature on the foaming of amine liquid
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FEAE-2 em BN, UEMISUE T GBI RS BEE BRI B IR WG N, A A
I EAE—0.3~0 cm 2 [A] R H AR, KL BERAR B 5 XU i AT — s I, (HACRIF AN 2
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Figure 4. The influence of anions on the foaming of amine liquid
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Figure 5. The influence of oxidative degradation products of amine liquid on foaming of amine liquid
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Figure 6. The influence of carbon dioxide degradation products of amine liquid on foaming of amine liquid
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Figure 7. The influence of triethylene glycol on the foaming of amine liquid
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KIAE RN 3.

Table 3. Orthogonal test result—foaming height
F 3. EXABER—LKBSE

SEERAH RS /em S RS /em SEERAH RIS B /em
1 9.1 10 7.2 19 5.7
2 9.3 11 7.6 20 6.25
3 9.45 12 7.8 21 6.8
4 7.9 13 6.7 22 7.05
5 8.2 14 7 23 7.1
6 8.35 15 7.3 24 7.6
7 7.2 16 7.4 25 7.25
8 7.3 17 7.5 26 7.45
9 7.5 18 7.9 27 7.3

ARSI S R ERANC A G RN R 4 KR 5. SRR, R GRS E N
90.59%, AR (HE)E 82.52% > 80%; MEINEGIER 89.24%, FEILEECGHE)E N 80.02% > 80%,
H o FHEZ /N 10%, B2 ARG B, 45315,

Table 4. SNR model summary
= 4. ERRLERELC R

S R-Sq R-Sq(Ad)

0.3985 90.59% 82.52%

Table 5. Mean model summary

5. HEFEELE

S R-Sq R-Sq(Ad)

0.3734 89.24% 80.02%

8 N3k 6 Nz T SME T RN B I E RN . SRR, LR = SR U T RN
T, Hor, MWREE FAR > TR > RS > =HEE, B RN T AR BRI e 2t H
BRNYIE .

% T NARLAEWR B, b T OB S O P AR/ T 0.05, UERTIZE T TSR 4 R R
FAROG, MAATR. keI PR, SRS BOLFEERITE 0L, SRR = RSB, X T
M SR R A B2 1R 3 .

-
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Figure 8. Main effect of mean foam height

8. REEHEEYRE

Table 6. Mean response table

3 6. AN R

KF T 2% RN =
1 6.861 6.944 7.278 7.461
2 7.633 7.378 7.522 7.500
3 8.083 8.256 7.778 7.617

Delta 1.222 1.311 0.500 0.156

HERk 2 1 3 4

Table 7. Model coefficient estimation of SNR
= 7. ERRLEAER R B b

T 31 REbRAER T P
W —17.4806 0.07669 —227.952 0.000
Z 2R 0.05% 0.7818 0.10845 7.208 0.000
TR 0.15% -0.1600 0.10845 -1.476 0.162
2.1 0.05% 0.6798 0.10845 6.269 0.000
205 0.1% 0.1325 0.10845 1.221 0.242
BREREN 0.03% 0.3005 0.10845 2.771 0.015
T FR 0.05% 0.0008 0.10845 0.008 0.994
=HE 0.05% 0.0857 0.10845 0.790 0.443
= HEE 0.15% 0.0293 0.10845 0.270 0.791
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3.7. MIEZRIELE RIS

NHE— BRI I, LPR5 = SRR U et A B WY SR JR AL, RIS Aspen Plus
B, AEIRIEAS I T A REC P, S HLVA ORGSR K AT A 5. SRR 8

Table 8. Orthogonal test results—surface tension and viscosity

8. EXMIEER—REKAIFFEE

RIS 53

SR fﬁiﬁ? EEZZ R fﬁiﬁ? iﬁf s A s
1 69.6387 1.068643 10 69.6564 1.066628 19 69.6739 1.064623
2 69.6398 1.070113 11 69.6574 1.06809 20 69.675 1.066077
3 69.6408 1.071589 12 69.6585 1.069557 21 69.6761 1.067537
4 69.6395 1.067764 13 69.6571 1.065752 22 69.6521 1.06923
5 69.6405 1.069231 14 69.6581 1.067211 23 69.6532 1.070701
6 69.662 1.06783 15 69.6796 1.065819 24 69.6747 1.069295
7 69.6402 1.066885 16 69.6352 1.070375 25 69.6528 1.06835
8 69.6617 1.065494 17 69.6567 1.068969 26 69.6743 1.066953
9 69.6627 1.066952 18 69.6578 1.070439 27 69.6754 1.068415

B9 R & 10 Junt LAl S5 RO BE LR Mo WA HTaE RATAS, — AWERE. LRI A
F MR TK 1A WR I FEARVE T . SRIETK TR, PRSI IRIE BN 1800, A R8s 530 [
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Figure 9. Main effect of mean surface tension
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Figure 10. Main effect of mean viscosity
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4. Z5ig

ARSI IS N MDEA Mt i eV 2 1 S v rb i 2 B TG LS 1 2 BRI WL 2% S dE AT — R 51 BN 3
SIS AN EAS RIS, W7 H AN [ DR 3 0] Jle v R YL IR 5 T e 34 DA R LR R L RIME L R ) E g R 3R, 2L
PRSEIG TR EE R IR

1) BEEREIG R FLBIREEI N, Bl RIBREE K. 1E 30°C~45CHRZIER PN, IR X R R
FREE S mAN K

2) MBRE T 2. NN-“ROEHER. = 2IE(DEA) K = HE R & 10 A W 2 e Bk E
F s W R AR DA RS B R T R VR R B R 55 s FR AT 1-F2 & -4 FR R DR MR X e R T i 35 R
TR AR 25 15 U 0 JRe v A YA T8 A4kl 4

3) MU PP FEAELERT, B IR P B 25 8 A VR BESG NI G 0K, e rh AN — 2B X el
RIGHIVEEAE BN, B R AR AN = H W s e A 055

AR N AT I 88 T R 2 B8 RO R AR B (st 3, 5 e B SEfp Tl AR P i 2
P ALAF, R 7 IEAS IR i R i fe B R R, O Tl S A 4t — e 53 .
TESEBRAE P fE NI 25 580K . IR 25 5% PR 45 7 Al e i B e, M4z il e vl v 22
TOIERR AR, MES R 0.1%0, SN RRRIRE BRI, 7 R

E&InE
ERXEHEE KL &EmA HEMP L RS L4 m s HAR(20162X05017-004).
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