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conta1n1ng~AMP f?—am1no 2*methy1-f-propanol) °whrch are

avanlable 1n the 11terature..¥n,}b-r~

At solutlon load1ngs less than 1”mol ac1d gas/mol MDEA,ﬁf

the solub1l1ty of the acrd gas was:<ower 1n the mlxed

. solvent than 1n the correspondlng aqueous MDEA SOIVent;ga
s%‘ytlon load1ngs greater than 1 mol ac1d gas/mol MDEA,,the
reverse was true.‘At all loadlngs and at both temperatures ’
studzed the m1xed MDEA solvent absorbed equal or lesser ?;
I ey

quant1t1es of ac1d gas than the comparable mzxed AMP

, shapes of the solub1l1ty curves show-rfa

solvent However,;A
that—the mzxed MD A soivent would be a better cho1ce for

certain 1ndustr1a1 appllcat ons.- jfdii??}ﬂpf‘T;jf_ﬂfff'”

Deshmukh and Mather thaccount for the mlxed solvent effects

on the system thermodynamlcs. Results show that the modeluls:;
useful as a fzrst approx1mat1on 1n pred1ct1ng acxd gas :d R
solub111t1es -agreement w1th exper1ment was generally found

to be withm :15%. . S
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5. ﬂ;Comparison of Exper1mental Resultg'for -
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4v;¢ﬁxguyarogen ‘Sulphide: Soldbili
"+;M1xed +0. M:MDEA t

75 Com pans‘csn-.'of: 'zzpefiﬁéis‘tar
i Carbon-Dioxide: Soldbzlity ;
‘;-ﬁqMDEA and M1xe‘* X

fﬁ;.;Hydtogen Sulphxde SOIubilf
' MDEX and Mixed: 2._ :AM# '

\°ﬁ‘fffCOm r;éon;offzxperzmental Rcsults;for ff=,




;Comparlson'ofvuodelled.‘ndexper1mental
J;Results for H sslnfM1xed_2,0
) o y ( .

fféompar1sdn of Modelled'and Exper1mental
. "Results for. CO; in Mixed 2, 0 M MDEA.zn_
R ~Ptesence of H,s at 100°C

€ v' :1son of Modelled and’Experzmental _,Qi*i
.. “Resulkse~for H3S_ 1n_M1xed 2 0 ‘MMDEA in g7;3,~-~
'lhtPresence;OfaC_ : C ,

_ono-.oc.-.oo o"a_'o_o,'o._io_"'
. N B -y .o " T,

« .
-1
T
. < -
N 3 -
. e







gases at elevated temperatures and low pressures.»ff_;ef'}ﬁ

‘;94, Des1rable solvent propert1es*1nclude thermal stab111ty,

- . ?

i,h1gh afflnlty for ac1d gases at absorpt1on condltlons (and

flow aff1n1ty forghydrocarbons) ’low vapour pressure to ; B
‘rtm1n1m1ze Solvent losses 1n the regenerator, and low heat ofgﬂ
‘:"absorpt1on heat capaclty, corr051v1ty,:tox1c1ty, and cost.f
S Aqueous amine solvents such as MEA and ﬁ%h (see L |
pj.glossary) have been commonly used 1n.ac1d gas treatlng
,isunzts, posse551ng aLl of : Ehe above cr1ter1a to a certa1n ?d”
idextent Because these amlne spleents absorb ac1d gases by
chem1cally reactlng w1th them 1n aqyeous solutlon, the, may?‘l
be called "chemlcal solvents." Another class of solvents ex- |
1sts as well phy51cal solwent"'Methanol sulfolane, and :
propylene carbonate are examples of phys1ca1 solvents, wl'uch"’k
absorb ac1d gasesj\ﬁncludlng mercaptans and other sulphur
compounds, w1thout chemlcally reactlng w1th"them.‘In Str1ct
terms, water may be c1a551f1ed as ‘a phy51cal solvent, gﬁt .,f
o 1ts caPac1ty for ac1d gas absorptlon 1s too low to ‘be oa ;-r

much commerc1a1 1nterest CTT

— = o

Ac1d°gas solvents vary 1n comp051tlon accord1ng to the
: appllcatlon, 51nce feedstocks and product spec1f1eat1ons areb;
' varlable. For thls,reason, there exlsts no 51n91e "best"x”f?f
_s'solvent. In recent years, studles oT mlxed solvents have
been of 1nterest M1xed solvent formulatlons are a1med at. ;
ﬂ marrylng the separate advantages\of chem&cal and phy51cal
solvents.>Chem1cal SOIVents excel 1n reduc1ng the st and

Co, content 1n gas streams to low levels, result1ng 1n
' o ' ' ' : S



g;’*sﬁétpé3s¢pfga5ioﬁ;ppp““* fjac1d gases fromyhydrocarbon

C -

">-stteens. This ;pac1ty 1s l1m1ted by the=st01chzometry‘of

S

the chem1ca1 reactions occurrlng:between the chem1ca1
!blvent and the two gases,_H S and CQ;. Some of thﬂ
advantages of phy51cal solvents are thatﬁabsorptlon 1s not

sto1chlometr1cally l:mlted- absorptlon cagﬂblty 1s toughly

proport1onal to the part1al presSure of”theeacld éas 1n f;”

e

. contact w1th the SOIVent..

L

‘; Th1s work 1nvest1gates the equ111br1um soléhllztles of

~f st and COz and thelr m1xtures 1n ‘a m1xed solvent 9ons1st1ng

of 20 9 % MDEA1 30 5 % sulfolane, and 48 6 % water, on a
*'vwelght ba51s. Sulfolane was chosen as. the phys1cal solvent

because of 1ts stab1l1ty and good af£1n1ty £or ac1d gase5°'ii°

MDEA was chosen bec.use 1t 1s a tert1ary am1ne and 1s ﬂpﬁiéf.

i

'“jthermodynamlcally fh” 1net1cally select1ve for H;S qp the
ih presence of COz. The d.&'r'comp051t1on of the m1xed solvent
studled 1n th1s work was chosen to correspond w1th the uork

ldfof; oberts (1983),vwho stud1ed the equ111br1um solub111ty of

_;3H;; and co, 1n ‘a m1xed solvent con51st1ng of AMP (2 am1no-2~
ﬁimethyl 1—propanol), sulfolane, and wa€:r. In add1tlon, the "
;i-m1xed solvents 1n both stud1es may be seen as 2 0 M amfhe |

'solut1ons, w1th sulfolane substxtufed 1n the place of some f{,

f’iof the water (see Table 1. 1) 4 (. - _""” v,.,. ' :" |

et The experzmental results are used to modxfy'the G

,f:solug111ty model of Deshmukh and Mather (1981) to account f;i?

for the effects of m1xed soivent on the thermodynam1cs of

T N




5f{the system Good agreement between\exper1menta; and modelled

”f‘data JS achleved. ;{5

l‘_ .

R

e -

;'fTable 1 1 ComQP51txons of M1xed MDEA and'M1xed~AMP Solvents

e
"qgnqomponent.

-3; mol j!

h mol/lOOg

: sol n:

’.“;‘ R

"‘mp;;%* »Q 

L MPEA LU (2009 ¢
' sulfolane : 30,5

7%119 16=~;
120017 o

-~1¢o 1754;7ﬁ“*‘“
* .2538
26976

5, 61”
8,12
86,27

| '-l-wéter "”fﬂﬁﬁa:Geff9e

———r

~sulfolane - 32,2, - .
water 513

efe89;iﬁi_léf
120.17. =~
‘»3f'°-‘1 6

'};18 016133“

1

ebOQIBQ}FLf_L
:0}26801
22,8475

5 61
S 8.12
86 27

efM1xed MDEA- molallty
~g;su1folane) ,

:“'Mlxed "MP' molallty = 2 217 mol AMP/1000 g (vater + ’:

‘e)

=

2 217 mol MDEA/1000 g (water +3,”'




”f"3By def1n1tzon mzxe&'soi'ents are composed’of a m1xture of

'ff:solvent materlals;f1n thxs work they are MDEA “the chanical

'fffselvent and sulfolane and.water, two physxcal'solvents. K“}f
Vapour llquxd equ111brxa for gases 1n physxcal solvents'
' f7may be descrzbed as | :”'_  ‘t S e;"- ee'” .ffz, e
R e j‘(g) - "(1) (2 1) :
o At equ1l1br1um, the fugacit1es of molecular speczes A dn -
7fﬂjboth phases are eQUa1°>'77_?ff{ff}[eexf_f?;aglff]e' .;: R
e o A ”v:;.‘tbiuitil_ﬁ l“}Vl»;U'” i_f'7;]~_ff Tf}: {J??
:\fA'*vufx *tffal;*7;,fo.“,fV.fff”iW (?T?)ﬁ_
= ‘AYA " S (2*-3')"

 "”1 :hhéréL;" A;fi;lU
Jand val . 'yAm H, efP ﬁ&? I ¢ 4

ACA-
f  i The exponent1a1 terme1n\(iq#) the Pant1n9 factor,‘H-
,:fﬁdescrlbes the dependence of 11q016 phase fugac1ty on. "'\
:';epressure, and become§’51gn1f1Cant only at hzgh pressures.,{ef/
fﬂ:H the Henry s constantluls def1ned e

5 "A ._"1“‘ ofa/“‘A ._-f,f;'?f‘fj'l._;- S sy

'*,Equatlon (2 2) can be rewr1tten as

o . . . 3 dP »_;5“:
‘A AP " 7A mA HAep RA?T -*

751Assum1ng !Beal gas and 11qu1d phases,

AN YAP =m H L | (z 7)7;_-!
ffﬂThus, the partxal pressure*eﬁ A 1s approxxmately directly |
7teproportxonal to 1ts molalxty for thsxcal soivents.wgee'”";

”ibtium to_(z I)z

Chem:cal solvents add chemicai eqf




ST MDEA + coz + H,o = MDEAH’-' * Hco, | | (2 9)
1ifff?i‘ HCO; + H‘Tr COS"f 2H‘f.}fﬁdiff;€51fkf;5¥h (2 10)
“ﬁhMDEA»IS a tertiary amzne"unl1ke primary and secondary, e g;;;
.’;amines, it does not form carbamates wzth Coz,'wh1ch 2
{Tf51mpl1f1es the thermodynam1cs of the system “ eff%&fdtfi;;ﬁ?
e The H;S react1on with MDEA may be wrltten | h‘ R
3 ’ zs + MDEA — HS“'+ MI)EAH* (2 11)
.f~Reactzon (2 10) 1s fast, wh11e react1bn (2 9) occurs slowly
4riand 19 thus the rate controlllng step 1n the absorptlon of
bbeOz 1nto solvents connazn;ng MDEA Because react1on (2 11)
'»b1nvolves only a proton transfer, 1t occurs mqgh faster than

‘

17,e1ther reactlons (2 9) or (2 10) _Because of these klnetlcs,

-

13MDEA exh1b1ts select1v1ty for st OVer COz, 1n add1tlon to 51¢

l'thls k1net1c selectlvxty, MDEA has some thermodynamlc e

i 'select1v1ty for H, S absorptlon relatlve to C6:>\\ RN
| | The chemlcal equ111br1a for reactlons (2 9) to -:rij)ﬁufe
. are domxnant at 1ow ac1d gés load1ngs' most of the absorbed‘

_;ac1dogas W1ll be 1n 1on1c form, 51nce the above reactxons

'»ffavour product format1on. The ac1d gas partial pressure w111

;obe low, 51nce very 11ttle of the absorbed aC1d gas w111 be $7t
.1n molecular form, 3Jd both s1des of equatlon (2 7) w111 ;:Lw
f?rthus be small *f‘»r '},J | d PR _h S h

- Wh11e chem1ca1 forces me;nate at low ac1d gas part1al
“'-pressures. phy51cal forces\\ecgme 1mportant at h1gh partlal
-'fpressures, when the chemzcal SOIVent has been loaded to 1ts ;,
?isto1chrometr1c 11m1t, and 81gn1f1cant concentrat1ons of _.;/

!.

Humolecular ac1d gas exxst 1n the 11qu1d phase. At 1nter-?~5-*v”



fﬁﬁchemxcal and phys1cal forces are 1mportant 

;?Research 1nto mzxed_ "vents is rrected;at £1nd1ng#

fgcombznatlons of_chemrueijandfphysical*solvents wh1ch-can“

f}”explo1t the1r 1nd1v1dua1 absorbent propert1es t° prod::_.

€*¢better overall so‘vents.”lt 1s the subject Of th;s workfFf“ffi



. 3. survey of the Literatyre

"fi3'1ﬂ5urvey oi Prevxous Experxmental Work iﬁf‘

AS has»been stated elsewhere (Roberts,\1983)
_:nexperzmental stud1es have been reported for maxed soIVent
‘l;systems. Also, temperature and pressure ranges covered 1n
E:fthese works have been lim1ted. | | _ _' | “:_ 3
o 'There are several publxshed data on non-aqueous mlxed

jffsolvent systems..Leltes et al. (1972) COnducted coz _
jfdsolublllty stud:es,wxgh solvents contalnxng MEA (2 5 M) and
'f§var1ous organlc phys1cal sdlvents at 20° and 30 C._It was
lfdfound that the co, solub111ty was greater 1n aquebus 2 5 M ‘fh
fdfMEA than in any of the mlxed solvents at. the part1a1 Ch
7fpressures stud1ed (5100 kPa) 'ijf1:fﬁ;*r""f"faf?id'r.f;ﬁ
: : Bana51ak (1981) compared the 501ub111ty at 30°C qf‘COz
xlln 15 wt% MEA ‘in water Wlth 15 wt% MEA 1n methanol Part1al
r}fpressures ranged from 225 kPa to 325 kPa, the m:xed soluent
7d;was found to absorb 525% more=ac1d gas than aqueous MEA.;'i
. ‘ ;{ Measurements of the solub111t1es of co, and Hgs 1n g?jfﬂ
7r;b1nary mzxtures oﬁ one of t\%tphy51cal solvents, propylene
;;tcarbonate, N-methyl 2-pyrrolxdone, and sulfolane, wzth one
,gfof MEA and DGA were reported by R1vas and Prau§n1tz (1979)
'fTemperatures ranged from -10° to 100°C, and part1al '
tf;pressures were below 100 kPa. The am:ne content of the m1xed

*llsolvents was 5 15 %. As was found by Lextes eb al (1972)

ifacxd gas 501ub1l1t1e'ﬁwere lower 1n the nonaqueous m1xed

.5;solvents at 1o|hpart1a1 pressures than:;n aqueous MEA-?:flbf o




',_Xture.<The sulfolane-amlne solvenn mxxtures and the physz4ff
5{cal solvent-DGA mxxtures were not dlscussed The mlxed

?fsolvents were found 1n general to be attractxve alternatxves~f

;jfto convent1onal solvents, ma1n1y due to;n

’_.——

.e 1arger'f7"”j}fjﬂ7f
’ﬁ}var1at1qns in loadlng as a funct1on of temperature, 7;sﬁf7j}f;
{fresultlng 1n lower energy costs for solvant regeneratlon‘:ifjj

Further work on MEA-NMP and MEA Pc solut1ons, as well

];fas on DEA-NMP and DEA PCﬁmixtures Vas done by

;ngurr1eta-Guevara and Rodr1guez (1984) The solub1lity'of CO,Q;

'Jiat 25° and 5ouc11n these mlxtures was méasurea; H,S

%f.so ub111ty 1n MEA—NMP at 50°C was also determfned"f?artia

ﬁupressures ranged fromzzo kPa to;200 kPaiﬁwhlte twoychemical




- 1nclud1ng Sulfolane. The concentrat1on of thezamxnes was

- f

Sl1ghtly more worknhas been donefon aqueous mlxed

“solvent systems. Woertz (1972) 1nvest1gated the solub1l1ty

of co, ;n varlous solventfamlne-water solutlons at 27 C and
over a small rahge of pressures (432~667 kPa)-'one data .
p01nt per solvent mzxture was reported Am1nes stud1ed4were

N
MEA DEA and(DIPA several phy51cal solvents were studled

hi!% constant at 1 5 M WPIIe water content var1ed between 3
and 10 vol % Only MEA—water solvent solut1ons contaln1ng
dlmethyl formam1de, N methyl pyrrolldone,_or dlethylene

glycol exh1b1ted CO;_load1ngs greater than that for aqueous

MEA Trxethylene glydol produced a~31m11ar solub111ty to'
that for the aqueous solutzon. Among the phy51cal solve‘grif‘__..-‘ﬂ'."E

wh1ch 1nh1b1ted the MEA solublllty was sulfolaney 1n wh1ch °;l

| case the mlxed solvent achleved a 1oad1ng 3 % below that

found for the aqueous solvent For the DEA case,»the
amlne~water sulfofane system ach;eVed a 7% lower CO; 1oad1ng

than for the aqueous solvent th1s flgure was 13 % when theffc

,: am1ne 1nvolved was DIPA No explanatlon for the apparent 4
: 1nh1b1t1ve act1on of the phy51ca1 solvents on COz solub111ty

;s was offered ,%%/;ﬂ”'“'

——

The solub111ty of'co, 1n MEA—water sulfolane m1xtures )

at 30 c and 0- 100 kPa was 1nvestxgated by Yushko et al.hsh?f"

at the low 1oad1ngs covered u%gthzs study. The dlfference 7nsf

(1973) MEA concentrat1on was held constant at 2 5 M, wh1le

". -

the sulfolane content rangﬁ‘jvrom 0 to 84 wt%.'It was iound

that CO, solub111ty decreased as sulfolane content 1ncreased




.?fsolub111t1es dec,eased at,hzgheﬁr ressures.

The trend observed at Jow preSSures_by Yushko'et al

efwas“also observed by Dymov et al (1976v3fo“m1xtures

ffTMEA water and one of ethylene glycol and”NMP however, V:'”'“

'~?absorpt1v1t1es_rema1ned about the same as Eor;aqueous MEA

:_xed solvents had better regenerahilxty.w-~whfi75

'fbecause the{

The solub111t1es of st and CO; were measured over’a o

f;fwlde range of pressures (5 --3900 kPaffor H;Sfand 2 45 5700
i;;kPa for sz) by Isaacs et al (1977) 1n a Su1f1nol solut1on.ff
i:hThe solutlon cons1sted of 40 wt% DIPA 40 wt% sulfolaneJ and
;ﬁhZO wt% water, and the solub111t1es were measured at 40° and

‘;;100 . Comparlson Qj the resultdf

ith 2.5 M aqueous DIPA

'rﬁshowed that the Sulfzndl sdIutiqp (efieet1vely 3 M)

vﬁfexhxbzted h1gher ac1d gas solub111ty than the aqueous




v}fQualltat1ve behav1our was the same at both temperatures

fiéeffect:velv 2 0 M AMP, so results were compared wzth those i
;difor aqueous 2 0 M AMP to determine the effect of replaC1ng
1H;some of the water 1n the aqueous solvent w1th sulfo%ghe. The
*f;mzxed solvent absorbed more ac1d gas than the aqueous

4:’

ﬁgsolvent at ac1d gas load1ngs above 1 mol/mol amxne, and less =

RS

fﬂac1d gas than the aqueous solvent at lower ac1d gas

”i{loadlngs. The d1fference 1n solub111ty between the aque:f

f};and mlxed sorvents was greater for H;S' than for coz.gfvfgﬂ"

~-

bi:studled-v_ﬁzaa?f v“:”fff:ajf”ﬁhlf3eiﬁla'l‘fj‘fﬂ‘ﬁvj- TR

‘ Byeseda et al (1985) reported that a serles of
L:?solvents w1th absorpt10n propertles superlor to tﬁSEE of |
C;;Sulf1nol w1th the same concentratlon of water have been\ "‘
;hprepared These solvents are called Opt1spl 1,11, - and IIIj;!T
'?iand the1r success 1s pu?ported to be due to the proprxetaryfff
idlphysxcal solvents used 1n the amlne-phy51cal solvent-water i;d
g mlxtures. 501ub111ty data for H,S ;nd CO, at 23 9 C and 1024;;
}{dkPa were prov1ded 1n terms of volume of ac1d gas absorbed o
fr:per volume of solvent. The water content was 25 vol %,_”

':llttle other 1nformat10n regard1ng the solvent composxt1ons o

Z'gwas g1ven.1,r”

We1chert et al (1986) reported the development of a

;«lhlndered am1ne organ1c solvent mzxtureq called Flexsorb Ps;ﬁ;:
.;»f°r Hgé’and COz removal at moderate to h1gh pressures. In

,;;add1t1oniip an 1ncreased equxllbrlum capaclty for ac1d gases

o

:?fover that of aqueous MEA the authors repOrted that the rq;a*

fiiof absorptxon was greater for Flexsorb_PS ldue to the



am1ne-organ1c solvent-water mxxture and known as the
'"Selef1n_n9_*9roce§§ The water content of the solvent“f'”

low, such that co, hydtatzon and theréfoze;;ﬁ:




3f

empxricalf1nﬁnature,zdue“tovlack of experlmental data and:tﬂ:f

comput1?g power. Improvements have gradually been 1ntro- L
duced- the modéis deVeloped receq&ly make fewer aSSUmptlbns_ii

of 1dea11ty 1n both lzqu1d and gas phases,,and tend to rely

on more fundamental data, aﬁchaas Henry s onstants, 1on1c

)

d1ssoc1at1on constants, and gas phase fugat1ty coeff1c1ents,jf

Because of th1s, more recent models are more flex1ble 1n

.-

terms of the solvent systems and temperature and 1oad1ng ,ff

ranges they dan deal w1th '.ff,v1zﬂ§ft,ﬁrtﬂﬂfﬂq,ffﬁf'fiif?4;

Van Krevelen et al (1949) st*d1ed ammon1a-riehiagneons;i

{fsystems c0nta1n1ng H S and/or COz. Sys ems leanfﬂv;f"; ia’
Licannoﬁ be’ handleq szthls model1 due to the very estr1ct1vetj

’j@approxxmatzons applxed The pred1ct10ns were 7

trength T R : TR ‘
. Atwood et al.:(1957) modelled the absorpt1on of H:S 1n
QTMEA nfﬁl and TEA solutlons Act1v1ty coeffytxents forfthég;._

jfonxc'strength oﬁ—fifj:

fffamines were correlated in terms T””
;;solutioné—one;curme descrlbed allethree amlnes.ﬂDue to lack .
v“éof expermmental data )the am1ne d1ssoc1atzon constants glven f
,f;1n the paper could not be considered to be prec1se. Several 5
péaddatxonal assumptzons were made° salts' fre completeiy -
rg10n1zed 1n the 11qu1d phasei act1v1ty coeff1c1ents of
1fd1££erent Jons were equal and 1ndependent of temperatureaifiuﬁ

Q:and the concentrat1on of several of the specxes present 1n



KoIesn1kova (1972) to mddel;COg-MEA and C03-DEA systems.

:?QResults wete fbund to agree w1th ef'erlmental data to wzthz

'ﬁ;t20%11n terms7oi_coz parfial pressures.'Vijg:f[ f3ﬂ“?f7 7

L  VThe equ;llbr1um solubzlztles of st and CO, in aqueous;ﬁ
'ifMDEA were modelled by Yu et al (1985&7 The expet1menta1 -
j ;data of Jou et al (1982) formed the bas;s;for the empxrica'fji

fgvmodel whlch used a ser;es of algebralc expre551ons '




;Whlle Kent and E1senbeng (1976Fﬁlumped non 1dea11t1es 1ato

two. equ111brtum constants, 21tz and Huemer s method fltted
RN .
gall 1on1c equ1l1br1um constants and Henry s constants to the
}experzmental data of tnterest The temperature dependen?e of

ﬂthese constants was expressed in the form ln K = A/T * B,”; vs.

3aﬁd produced a. very good f1t of avallable data° ho,ever, thejf:'

f1nd1v1dual values of the var1ous constants dzd n't‘approach

Lprev1ously publlshed?'i“erlmental values.vFor 1) ce,, the-

fauthors found that the f ted dlssoc1at1on constant of water

was 1. 7x10"‘ over the temperature range 40 100 C- the, g
' b o)

;geherally accepted value varies between 2. 4X10"‘.and

4, 9x10"*’ Thus, the%§pproach-taken by Z1tz and Huemer 1s of

o A

?value 1n 1nterpolat K\jsof avallable data, but oes not
@ppear to represeﬁt the . detalls of‘the system thermo-v

:dynamlcs- extrapolat1on of the Qit: to other solvents; or

‘even extrapolatvon 1n temperature r concentratlon would be
<% D R

:r1sky. f-l:,p:',_vﬁ'-_;‘ﬂ_j; ,:*"_ f. ?:,g;f. l]ik i;,l

The theﬂmodynamlcs of several ac1d gases 1n equzllbr1um

LWlth water was modelled by Edwards et al (1975) for the K

-4

rtemperature range 0° to 100 C nnd for 1on1c strengths to 0 5

’molal In contrast to the Kent and Elsenberg model llquld
(Y, -

phase 1dn1c equ1l1br1um constants were based on act1v1t1es,

'and gas phase fugacxtles were determlned u51ng the v1r1a1

S

equatlon of state. -

The 11QU1d phase act1v1ty coeff1c1ents wefe\calculated

' -



by means of an extended form of the Debye-Hudkel equatlon.»;

_*w: Az’/T _— -giilf-;};j:;yygf;‘,}f; o jfﬁ

1:17 \//{Q——ﬁ- + z& kmk I , (3.1 )

In thlS way,}both 11qu1d phase and vapour phase ;.3}5f[:yf\;}
finon 1dea11t1es were cons1dered Henry s constants were found ]:
fias functlons of temperature by f1tt1ng publ1shed data, and
’ﬂthe Kr1chevsky Kasarnovsky'equatlon was used to descrlbe
fdthe1r dependence on presSure.:Interac¢1on parametets (B's) |
-Jwere determ1ned frOm exper1mental data ang b& mak1ng some S
9assumpt1ons suggested by Bromley (1972) and P1tzer (1973)
. E Edwards et al (1978) extended the1r prevlous work to
;ﬂmodel aqueous ac1d gas solub111t1es bet:een 0° and 170 C.
f'and for much more concentrated solutlons (1on1c strengths to
f.6 molal) The theory of Pztzer (1973) and Pltzer and Klm aff';
{(1974) was used for determ1n1ng solute act1v1ty coeff1c1ents ;
f‘xn the lquId phase. Wh1le prov1d1ng the means to predact i
;?the behav1our of more concentratéﬂ aqueous solut1ons, the |
fﬁact1V1ty coeff1c1ent relataons requmred—more parameter eval?xi
"uatlon and sl1ght1y more oalculation.yyfff. ‘“fu_:’ '} B
. Beutxer and Renon (1978) modelled systems s1m11ar to: .
thhose modelled by Edwards et al., also using Pltzer s equa-‘;ﬁz
. t10n5°'however,‘Beut1er and Renon”extended the equatxon to .
n:allow ternary 1nteractxons between 11qu1d phase spec1es to lgﬁf

ﬁbe con51dered The ternary 1nteraction parametefs were eval-il'

‘guated from exper1menta1 dat ;xncluslon}i:ithe

f{model 1mproved the pred1ct1ons. Qne drawback'val*that water—l

‘ymu‘l be the solvent used ;and that its mole“fractzon in th' E



:7illquzd phase must be - greater than 0 7 B |
Chen et al (1979) extended the Pltzer equatlon, 1n 1ts
f;modlfled form, to model the act1v1t1es of strong electrolyte
‘j.solutxons, part1cularly potass;um carbonate and potasszum
.bbxcarbonate solut1ons The extended form reduces-to the
1-standard equatlon when no weak electrolytes are present 1n1“_v

, nthemsystem.,. - ‘ R

'Ma rer (19 0) modelled multlcomponent ac;d gas

;‘water to about 10 or 20 molal and”

-OQC The Poyntlng correct1on was,uﬁgﬁfahdaeff.

-

tsolubllltles
,_;approxlmate;
”‘fugac1ty coeff1c1ents were calculated from the eqd;t1on ofd‘ff
' ﬁstate by Nakamura et al. (1976) quumd phase act1v1t1es ~[: :

3;were calculated accordlng to Pltzer (1973), an whlle

',ltwo bodya1nteract10ns between all solute spec1’s were con-fé;w
:{n51dered ternary 1nteract1ons were neglected& Some of the
:iblnary 1nteract1oss g1ven by Edwards et al.‘(1978) were

jkchanged slzghtly, based on prev1ously unused data. :.
RJvas and Prausnltz (1979) modelled solublllty behavejf”
1our of ac1d gases in non aqueous b1nary mlxed solvents..
-L1qu1d phase act1v1ty coeff1c1ents for each solvent were de-l”
.;ftermlned frOm a. f1t of experlmental data, u81ng the._
';two sufflx Margules equat1on. Vapour phase non 1dea11t1esl
ﬂ”were accounted for by us1ng ‘a v1r1al equatlon. Henry s con-»tf
ldﬂstants correspondlng to the solvents studled had to be &

°

j‘calculated and a: relat1on from o' Connell and Prausn1tzv“”

‘.(1964) was used- s fh,'f' ;Hﬂba..cfe*‘"a_';" *;f‘ij] o



ln Hz ﬁ =X ln Hz-h + x,ln Hz 3‘ ‘a1,x,;;‘fijdfplfi;(?;Z)fd
2 = solute, 1, 3= solvent spec1es ' i ':A.Hu o :h
’fRegress1on was used to determ1ne the equ111br1um constants “i”
hfor the am1ne-aq1d gas 1on1c equ111br1a xn the l1du1d phase.?ﬁ
| h Deshmukh and Mather (1981) proposed a r1gourous
-»":'thermodynamu\:‘ model for the solubxllty of st and CO; in |
fnalkanolam1ne solutxons 1n the range 25 120 C. The extended »
’Q;Debye—ﬂuckel equat1on used by Edwards et al (1975) uas ap~:e~'
j~;p11ed' fugac1t1es of vapour phase components were caldﬁlated
'fus1ng the Peng-Rob1nson equatlon of state. 1" - R
o Equ1l1br1um constants are based on act1vxt1es of

'jspec1es, and two assumptxons are made regard;ng water 1ts

G

fact1v1ty 1n the 11qu1q phase 1s equal to 1ts mole fractlon,?,e

;fand 1ts fugaczty 1n the vapour phase is not a function of
': N
ffpressure..The 1nteract1on panameters for use in the extended

fiDebye-Huckel equat1on determ1ned by Edwards et al (1975)
ﬂ?were not used* no parameters had been determined for the hif
:fam1nes and the1r salts 1n solutzon and thermodynamxc data ii_
e“were lack1ng. Instead a least squares f1t of avaxlable |
i;eﬁpe/hmenbal data was perfotmed for each am1ne stud1ed, to

V

*,determ1ne saltlng out;gaxameters for the 1nteract10ns of

51nterest Specieé’presev _1n'very low concentratzons werei"*-7

Iassumed to 1nteract to a negllgible extent with other

?fspeczes. The objective functzon used 1n the £itt1ng was the ff
{~d1fference between calculated and exper;mental acxd gas :

.vll’f -




ﬁ

w

The resultang system of non-linear equat1ons was solvedj

rown s method [Broun, (1969), (1973)]

The model of Deshmukh and Mather was mod151ed by

fRoberts (1983) to model the solub111t1e5'of st and CO, in a[”

-?;Because AMP 1s a hlndered am1ne and therefore does not form flf

&fa carbamate 1on upon reactlon w1th CO; [see Sartor1 and

f»Savage, (1983)], th1s equ111br1um express1on was deleted

”erom the system of non°l1near equatxons to be solved Agaln, e

'ﬁznteractlon parameters 1n the extended DebYe Huckel equatlonf

_data,‘thls tlme us1ng the objectlve funct1on _3_7‘

Error = Z|(1n alc : ln Pexpt)l ;»h'”r"fﬂ'h ;(3;3)l ,

ffAs before, only spec1es present 1n s1gn1f1cant

“,concentratlons were assumed to’ 1nfluence act1v1ty

(;coeff1c1ents. Because the phys1cal solvent sulfolane was

{}m1xed solvent conslst1ng of AMP sulfolane, and water.,ff*Q”"“

f:present as well as water, Henty s constants were also evalu-s

v ated from a least squares flt of experlmental data As well

-the 1nf1uence of sulfolane on the d1electr1c constant of thejE

:solvent (used 1n the calculation of act1v1ty cqeff1c1ents 1nfd

A

'solutzon) was accounted for by the use of an emp1r1ca1 ex--

_pre551on based on experxmental data on sulfolane-water

'm1xtures [Covxngton and chkxnson (1973)] The 1nf1uence of

3’the m1xed solvent on the d1ssoc1atlon constant of AMP f1rstf,'

[5d1ssoc1atxon of st, and both dxssoc1at10ns of CO, wete

;'quant1f1ed by least squares analyses as well Equil:brzum

vconstants dea11ng wzth all other spec1es were set equal to o



'”1n'on1y very small concentratlons. fﬂlfi"

A mod1f1ed‘form of the Deshmukh-Mather'model was used {ff%

by Chakravarty_(1985) to model theisolubllltzes of ac1df 7id-d

gases 1n am1ne blends. The 1nteractlon parameters 1n the

exggnded Debye-Huckel equatlon were reflt uszng a largerp___”“

w‘"

dat base and the objectxve function used by Robertsi(1983),-~

A.eﬁﬂect1vely normal1zxng the errors~over the ent1re ac1d gas
partval pressure range.,Instead of Brown s methohf__;f

rearranged system of fewer non l:near equatxons was solved

uszng a- Newton Raphson algorxthm. Chakravarty s 1nteract1onl{f
parameters were chosen by the1r 1nf1uence on pressure i

pred1ctron5° only those parameters whzch had a 81gn1£1cant

f effect on the pred1ctxons were frtted, as well parameter

:_ values were confxned to the rangef‘o 1 to +0 1.

Katt1 and Langf1tt (1986) develope:'a :imulator for'

commerc1al absorbers based on a;{ass transfer"eate approach;ﬂy

The s1mulator requ1res VLE dat: fredxctlons,.and the mowzl

of Deshmukh and Mather was,applied} The solvent studied:waslﬁf

o aqueous MDEA, 35 and Coz solufﬁlnt:es were modelled.

separate model was used at low acxd'gas loadxngs'-the?

reasons for th1s were not gaven.'As;well the nonlznea sys-”ﬁ



jﬁfeQu111br1um constants used were taken from the:work of

”'ffChakravarty] R R Tl
‘ Because of 1ts rigour, the Deshmukh—ﬂather model was
ffthe cho:ce of Chakravarty, other models d1d not have the :
"itheoretlcal ba51s allow1ng them the fleé%b1l1ty—to be ea81lyff
nfadapted to new solvent systems. Fer the same reason, thxs |

'{fmodel was also éhosen by Robetts (1983) and for thzs work |

3_.,. S
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;?4 1 Apparatus ;i;”;7ﬁf_

The appatatus used to collect the experrmental dat :fo;&:i

.f.w .......

fﬁpressure..‘;.;

iﬁ‘ 2 Preparat1on for Samplxng

After clean1ng w1th d1st111ed watet and drying

ﬁgovernlght the cell was rxnsed.thh ahou-on ml of the

ffsolvenb of 1nterest wh1le nltrogen gas was c1rcu1ated

'f”'"»through the system w1th t”"e:f,-.pump runnmg ta purge traces °f i"':f-i'

ffa1t £”r.h -'1 hour. The solvent :"sf"henﬁdrazned'apd_fresh o

:fsolvent;added tO*the ce11 to theﬁdesired lgvel NithQQDIQaB?
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then started and the temperature control:was:turned“on Whe,ff

”;afterward Th1s was done to keep the cell under enough L
f.’ S
}fpressure to take gas and 11qu1d samples once equ1l1br1um had .

f’been establzshed and for accurate cell pressure read1ngs to*t

:”be recorded E e el hhwfffiﬁe{f'w”hxtzﬁ'%h
o Several data po1nts coﬁid be collected us1ng a sxngle

_-solvent cell charge by addlng more acld gas to the SYStema:% -

Lhaftér each sample and obtalnlng a new, hxgher equ111br1um

’fp:rtzal pressure of ac1d gas.-In general, equ;llbrxum was
fgapproached from lower pressures 1n thzs way rather~than fromii
;:h1gher pressures. To approach equ111br1um from higher S
fﬁpressures, ac1d gas had to be bled from the cell whzch vfijf

gs
5mwou1d be accompan;ed by-a loss of water from the solvent 1n;*

. J',-',.'.;:w-.«‘-.: :

ithe form of water vapo 3 partxcularly at hzgﬁerﬂ:lgffgﬁﬁll‘

sitemperaturesa Because of th1s loss,:the solvent compositlonf?

was checked for amxne molarzty at each dg&a po:nt, and a

A \.

1

max1hum of two data poznts was taken w1t&§ihis approach be-ﬁgi

fore the solut1on was'changed.*hV’"~“*’“

After the add1txon of the ac:d gas to the cell thef

pump was allowed to cxrcula:e the'gast7lgough the solvent

overnzght'to?reach equ1libr1umhh.




2.

‘]14:3,Samp11ng'“

"ffThe cell was left c1rculating overnlght to attaln

—— r Fﬁ 0

.jiequ1lzbr1um. Slnce llttle change 1n cell presures was noted
rfafter only 2 hours of c1rculatlon, equ111br1um was certaln:lﬁ
:jjto have been achleved durlng thzs t1me per1od _f 'A_
e Once equ1l1br1um had been establlshed the pump was
’ turned off. Atmospherxc pressure cell pressure?land cell :t&i
vntemperature were recorded- the igs‘ph:fe sample was then "

jtaken. This con51sted of between 3 and 10 1n3ectzons of cell
”‘gas 1nto the sampllng column of a’ model 5710A Hewlett | 'd
i;Packard gas chromatograph (seeAAppendlx I) Generally, be- i;
g:tween 7 and 30 kPa.of cell pressure was lost durlng gas i
Q?phase sampllng.,', g '.: | .i: i“. , Ji‘ o

The—llquxd phase sample was taken last At part1a1

dfptessures of ac1d gas q§eater than 300 kPa, a 40 cm’-h1gh

V"pressure sta1n1ess steel sampl1ng bomb conta1nTHg 20 25 ml

Tﬂof 1 or 2 M sod1um hydroxlde (dependlng on ac1d gas loadlng) f
fgand fltted w1th a staxnless ste:l needle valve was used- at
;lower ac1d gas partlal pressures,-a 50 cm’ Erlenmeyer flask
}Econtaxnlng 20 ml of 1 M sodxum hydr0x1de and f1tted thh a pv
'5rubber septum was used f'}fi}ff-<~ 'f;";ﬁ ﬁfﬁ','?ﬁ?;;ii"h’”:
| The collectzon vessel was weg&hed empty to the nearest
_fO 1 mg on an analyt:cal balance The caustxc solut:on was
fadded, and the vessel was rewe1ghed Approx1mately 2 g of
;the cell llquxd was w1thdrawn from the cell to purge the Y
;fsampl1ng lzne. At low loadlngs,‘the end of the Samp11ng 11ne

ffwas pushed through the septum and 1nto the caustzc solut1on.,:

R ]



:fl1qu1d 1nto the sampling bomb. The valves were then cIosed‘

i.iand the bomb dxsconnected and ag1tated to m1x the samplejﬁ

f_W1th the caust1c The'

_"'mpI1ng vessel was then rewe1ghed to

Zfdetermlne the mass of s'_ple collected. Depend;ng on 1oad-:"
fwlthdrawn forja.uf

v_1ng, 2 to 20 g of the ve§§el contents were

X »;,‘\

{.analys1s.3;“Kipi;,jfl@i,fffl Lﬁe;fTE*

v*‘ 3 1 Analexs for CO,-,; ﬁf3{ﬁ'lf@};;f-ffkijtfgz;s_,,,‘1a
_ S ' R N T e
A 250 cm3 Erlenmeyer flask was prepared for CO, a'~




'}fcyanol 1nd1cator

fre added and the m1xture was‘t1trated to ;

gffa grey green endpifnt aga1nst standard 0 100 N HCl

’v'e above procedure 1s

: _;ﬁAfsample calculatzon for ; 3
':édeta11ed 1n Appendzx II.,In'hheHanalyS1s, correctlon is’ madeg
;for the presence of carbonate 1n the caust1c used' a small

ricorrectzon for the change 1n pH of pure water durxng 'f.
xetxtratlon 1s also made, generally amountlng to the subtrac—*
‘jtxon of 0‘2 to 0 3 cm’, or 5 10 vol%s from the volume of ;;f*
,'.f._'o 100N HCl used R T
.: .~ 57»a5:"' , . r, .l.,,:v ...’ S v SR
4.3, 2 Analysxs for H,Svﬂpali' [,,.~?}g+ hih‘p”.:'ﬁﬁﬁsh |

‘:‘ A 250 cm’ grlenmeyer flask was prepared for H;sh,;h
"ianalys1s w1th 100 ml dhstllled water, 2 to 3, ml glac1a1 ::
j}acet1c ac1d ‘and a small st:rrer bar. An excess of standard -
:50 f‘o ‘N 1odzne solut1on,9generally 10 to 25 cm’,:was Ee‘égg§:
iplpet;ed ?ﬁio the. flask The a11quot sample of basxc L
lnsulphlde so§;§1on was then added to the flask wh1le 1td
;fcontents vere be1ng stxrred' the t1p of the plpette ﬁas
a”placed dxrectly 1nto the lzqu1d to mxn1m1ze H S losses. Th1s ’
“_solut1on was t1trate gainst standard 0. 100 N sodgbmw
:.th1osulphate. When t:\\bolutlon was pale yellow ‘a small
'amount (approx1mate1y 0. 5 g) of thyodene 1nd1cator was addedu
'hand the t1trat1on cont1nued to a wh1te ot clear endpo1nt. :

A sample.calculat1on for the above procedure gs

Y
o

""detmled 1n Appendzg II : Lo = T



4{3;3:Am1na Analysxs ;

ﬂf50 ml d15t111ed waten, andn

ﬁ1HCl t6 a pink endpolnt'to'det ;

_Epurge step. n;iffl'

v '
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‘v" The sodlum fhlosulphate, 1od1ne, and hydrochlorlc ac1d '
f:solutzons used were cert1f1ed standard—selut1ons.,.
' ‘N

The N, and coz gases were supplled by Llnde and had S
”-pu¥§t1es of 99 997% and 99 9% respectlvely The H,S gas was
5upp11ed by Matheson and was 99 5% pure.



Soa

e "'s. Experimental Résults .

4:5 T Pre11m1nary Resultsv L

~ The: solub111t1es of H s and CO; 1n aqueous 2 0 M MDEA ‘?q

: ‘g
: were measured at 40 C to ver1fy the”laboratory techn1ques

5used and to ensure that analytxcal equxpment was operat1ng

3

:correctly. These results are tabulated 1n Tables 5 1 and

‘35 2 below and are compared w1th those of Jou et a1 (1982)
~in Flgures 5 1 and 5. 2 The curves on ‘the plots in th1s S
chapter are computer generated spllne 1nterpolatlons of the;'p;

data po1nts, 1n Fzgures 5 1 and 5 2 only the data of Jou et
(1982) has been 1nterpolated L

Lot
7

. Table 5 1 Solub111ty of co, in 2 0 M Aqueous MDEA at, 40 c

ﬁf" o (mol Coz/mol MDEA) R (kPa)
_~04124 ~,j1,[ R 1 170
0.267 - R R 15'
- 0.686 T . ‘,:;; 48 9. A
‘_0;9695a'i'j; RN .“: . 588.' B
1.203 . S ”-jv,.f ;3770

‘A5 can be seen £rom Flgures 5 1 and 5 2 good agreement
was ach1eved between the results found 1n thxs work anda%if}i*
those reported by Jou et al (1982) for aqueous 2 0 M MDEA.-ﬁq.

1

5 2 Mlxed 501vent Results L

r ’ D

The m1xed solvent studzed cons1sted of 20 9 wt% MDEA

(2 0 M) 30 5 wt% sulfolane, and 48 6 vt% water. The partzc-

: ular composxtlon chosen for study hed the same mole frdction_f”

Tt
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L

,137;53?   

_;Tébie.5;2"561ubi1i£yldfﬂﬂésvin 2i0fﬁ?ﬁgdéou5'ﬁﬁﬁh'at*40°C">j_f

a (mol H S/mol MDEA)

H S (kPa)

- 0 130 L
0,206
. 0.297 .
70,309 7
0,316
0.382
'0.411
- 0.442
0.452

s T 0,483

0,485
. 0.489 -

70,513 ¢
. 0.519 -

- 0.528%
10.528
~0.590 -

" 0.672 .
. 0,782
- 0.774
0.895
- 0.975 . .
1,003
o 1,051
1,311

. 0.52
70.84
%2230

3.8

. ..3.37
6011
5.60

" 8.58

9;55:.t
13.2

"j13;5"'

- 17.5
- 18.4
16,5

12

21,1

- 28.2

39.7

- 31, 5
- 108.

145.

168.
157. ..
630. <

1,725

1600, -
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-Fzgure 5.2 Compatzson of Exper1mental Results for- Hydrogen o
_Sulphide SQIub111ty in Aqueous 2 0 M MDEA at Aooc E



;?comp931t1on as the m1xed AMP solvent*studled by Roberts__
,"'(1983).j’”

Nhu. allowxng dxrect comparxson of the two solvents.t

THh equzl:brium solub111t;es of co,, H,S, and m1xtures

-~

-lof co, and HzS 1n the mxxed solvent were measured at 40' and
_"100°C 'I'he results are dxsplayed '1n"lg‘F1gures 5 3 through 5 B
i"'.and Tables 5 3 through Sff’

Load1ngs are expressed 1n terms

i}of moles ac1d'ganebsorbe'wper_mole amine (a) L s
Two liquxd‘pha es were Jbseryed at hlgh‘C03 loadlngs at

.' '-;40 C, and at- hagh,g s 1c dmgs at 100" c “For. the CO; case,

;the second 11qu1d hase appeared betveen 1900 and 2900 kPa'

1ffor the H § case he seeond 11qu1d phase appeared between

‘2500 and 3200 kPa.;In be ases the secona l1qu1d phase had
ifa much smaller volume and_a'lower den51ty than the frrst _'
hfl1qu1d phase, and was 51mrlar 1n colour and clar1ty tO\the 1
h{f1rst 11qu1d phase.‘The two phases were also'81m11ar 1n 'e;l’

_¢v1scos1ty and den51ty, s1nce the secondfphase was easzly

_;broken 1nto droplets dispersed 1n the_o ig nal phase, and

3fcoalescence was a slow process, tak1ng about'5 mznutes.

Smooth solub111ty behav1our (see FlguresWS 3 and 5 6)

u.made 1t unnecessarg t? exclude the LLV three-phase data :rbm

the mode111ngw”f'?he system. It 1s 1mporta“:fto note that,;9“

| the solubllltles.;eported here are from analysis of the ff;ﬁ!




'. - Table 5.3 Solubility 6f CO, in 2.0 M Mixed Solvent at -
R0°C. T i e Q?;"-\fﬁqf[”g_fl‘f;- ;QfL 

wa(m°l C.oz/mélmEA ) : a B v PCO ( kPa ) » j |

0.0848 .. ;f20;43;3'¥*;ﬁ'ff",§h‘
0 061;- L s e 0494
SRR fo 148 T 3er
: 'l?.o'v'. ‘ 0181 . . ‘ \‘. ; ‘ \4.84 8
[ T 0.279 _ ) T 9 92-‘
0307 - oL 12,20.
0.319. . e ,14_9_
N 0.491. S IR "38 3.

o 0.4920 T 3800 7

~ 04529 o e T 42,00
0,573 . . .. 55,3
L 0.573. 0 L T BB g
- 0,678 - .. _ Lo .B4.3
Voo0:768 T Tt a3e,
0.806 . v i q36i o
0.898- . - . v 367,
L 0.928 - Ui 3Eg,
04935 Lt L A6
0,944 T e,
. 0.966 - ol sae.
o .008 0 T T T Ge,

S 010~'”"’;? S es0.
U167 - PRI AR - 1870,
1.255% v# S 29005
21,3811 I T 4050, -
ot 5671. e BT70.

ftvo liquid Phaseﬁrpbservéd;i-'



.q.auﬁii.A

'(mol co,/mol

S MDER).

COz

(kPa)

o 0ueTy
o 0.674

00131

';ifo oo3§fj 

0. 108;::;f17

00115

0,161 ﬁ;*x

C0l203 T
- 04256 . .

0.326
C v 0.383 -
© - 0.s346: -

' 0l369 .
04 462:_
.. 0.478.

- 0.565

L 0,655 .
0.660

R 675' o
0.676
0,699

0@728$5;f $“

i 0 231
L - 0 736 U

0 99
18 1
144.5
74.4

101

901,

. e T
0,654 .

1810.

1810, 11,;;_J:
ooleel
Coasel
2_00’0 S
- -.2000,
20000,
1860,
2090 o
’~g?2090;:;;_u |
a2

v‘_149,f_
245, 7
350,
463,
509, "
- 509,
6740
901,
AT C 80,
-0,508

‘ f§ 0: 7e1fﬂi%’
. 0:806

0 814”J_ui'f;f q
0l829 o 301
0.838
o878 . 3

0,895 - 3 |
01896 3560. - -
0.902° -3 .

0:9200 -
©0.933 0

ol 956:}5”
0.971

1,006

'~{1;o77a£*-'

0. 9353jj~5515

olsse i
1.000-:

T B
1.0330 g
1,058 R i
1,070

127 . 5380 -
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oxide. Solubxlzty in Aqueous and M1xed 2, 0 M MDEA ‘u;.-;f 

D}gdre 5 3 Comparzson of Experimental Results for Carbon



f?Tables 5. 3 and<5 4 conta1n solub111ty results for CO, 1n e
f:mixed MDEA at 40° and 100°C"the5e results are compared w1th'
;?those for aqueous MDEA 1n F1gure 5 3 For clar1ty, the mean
v;of the a' s 1s plotted for cases 1n wh1ch more qhan one
ill1qu1d phase analy51s was done Al a g1ven part1al pressure.}dﬂ
':At low part1a1 preSSures, solublllty 1s greater 1n the |

<.

aqueous solvent, the presence of sulfolane 1nh1b1ts r[;ﬁ”

: absorpt1on 1n th1s range.-Solub111t1es are nearly equal forvr[
.fpartxal pressures above 2Q00 kPa at 40 C- at 100 C thzs

E cross1ng—over"’po1nt occurs above 4500 kPa.-It can be seenhi.
.jthat at hlgh 1n1et part1a1 pressures of CO,, fhe.mxxed
psolvent has a hlgher "cyc11c capac1ty than 1ts aqueous
:vcounterpart. The cycl:c capacxty of a solvent 1s deflned by
'dAstar1ta et al (1983) to be the "max;mum total number of
;moles of aczd gas...that can be extracted from the gas
}-stream by a un1t volume of the solvent., thle the aqueous g
4and mlxed solvents exhxbzt the same behaw1our st h1gh ”

~pressures at 40°C, solub1l1ty IS much louer at lower

‘fpressures at 100°C 1n the mlxed‘solvent, 1nd1cat1ng better o

:*regenerab111ty and thus a h1ghe" "'cl1c capac1ty.

Table 5 5 conta1ns solubrlxty’results for H,S in mixed

}ﬁMDEA at 40° and 100 C, and agaxn these results are compared




Table 5 5 Sblubllxty of HzS at 40°C and 100 C An 2 0 M M1xedfi;;
Solvent = A SR R

—
—

L .'n'

' (mol HzS/mol } (k?a)-',,_f{ (mol st/mol (kPa)
- MDEA) oo oMBEA) o

0.098 - 1,30 . 0.024 . -;au~“-j1i58;*
0.129 - 2.50 . . :.0,033 - - - 2,66
0,190 74227 0 L 00,055 - . - 7.21 -
S 0.245 0 . 7.39 000730 .a3.4
00251 - 7039 o gu121 U 234
04336 - 0 1105 ¢ oo 0.177 - . T86.0°
0.412 " NgW0 - - 0,283 - #.75.2

o 0.4287 0 0 1Bi2. 0 o 0311 ® T3

©0.480 .- 30,6 ° . . 0.483 " 225,
©0.524 .. ¢ 3006 " 0,605 . 395,
0.581 .o .038,1. 0 ¢+ 0,808 U g71.-

. 0.58¢ - - 3006 0.972 . - 1020,

Y 0,673 55,0 .. . 1,193 . 1440,
0.719 . ...68.9 01,370 001940,
0,827 - . 107. 1,590 - 2460. |
0.9%7 . as4. - 1.887f . 3210,

1.042 :",." 2584 o i LA , T

© 1,131 3TN

4 10135 - 33,

w1,2320 . s12Y -

Ci.1.3600 T 678.0 o L o SR /.:7:‘- o
1697 {/1070;";' ST AR AT RN
2,073 1470, L

: T§wQ 11qu1d’phasesidbséfved’ .f »f;ﬂ! 5 ;»E¢j
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fothem, 1t absorbs less. At H S gressures greater than 253‘%Pa5
”f1n the absorber feed stream, the m1xed MDEA solut:on would
ff;be the solvent of eho1ce' hxgher SOlUbll}ty 1n the absorber

~\-'

v“and lower solub111ty 1n the regenerator would y1eld a.h1gheral

chcl’b capac1ty than for aqueous MDEA. Cyclzc cap it
f approx1h§tely equal for the two solvents below 1nlet H,S :
4lpart1a1 pressures of 250 kPa;:s1nce equ;llbrlum solub111ty

-of H,s 1s lower 1n the m1xed solvent than 1n the aqueous

/ :
;‘solvent at these cond1t1ons, the aqued ,}

solvent would be

preferred, energy costs belng equal

Equ111br1um solub111t1es of H,S are greater than those '
f»for CO: 1n both aqueous and mzxed MDEA and at both g‘ |
'ttemperatures stud1ed demonstrat1ng the thermodynamlc o
iiselect1v1ty of the tert1ary am1ne for H S L
| o The effect of changlng the chemlcal solvent 1n a mxxed .
';solvent can be seen in Fxgures 5 5 and 5, 6 The .iyl.‘_l -
.?AMﬁhsulfolane water solvent stud;ed by Roberts(1983) is -
‘-compared w1th the MDEA sulfolane-water solvent examlned 1n f;
-dth1s work-'s1nce the mqlal comp051t1ons of both solvents arel'
.Jthe same dlrectucompar1son of MDEA 1s posszble. F1gures 5 7dft
v'and 5, 8 d1splay the solub1l1t1es of co, and H;S in aqueOUS 5;7
‘2 0 M MDEA and AMP solutlons, for comparlson. iﬁgglffg"d*""
In general, equ1l1br1um solub1l1t1es of a:;d gases are ff”
at least equal ’and 1n many cases greater, 1n m1xed AMP than%gf
vf1n m1xed MDEA D1££erences lﬁ solubzl1t1es decrease as ac1d.ff?
,‘gas partral pre;;ures 1ncrease, at~40‘c and h1gh pressures,}jif

i‘solub111t1es are the same 1n both solvents._f

Ry
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_yqualttat1vely s1m1lar to that 1n the aqueous solvents. In

;the case of H 'S at 100°C, AMP absorbs morefH,S throughout
e 3 b L
'wthe pressure range stud1ed in’ the‘m1xed solvent case,

fwhereas the aqueous solveggf have the same performance at

';pressures aHbve 3500 MPa.,h;5U?

R
!

Because the m1xed AMP solvent absorbs mOre ac1d gas ;ﬁﬁ

‘7than the m1xed MDEA solvent at 100 C the latter has the

N : \a p

qadvantage of be1ng more readzly regenerated A trade—off ex-*-
T P £

masts, however, between the Super1or regenerabxlaty of mlxed

iMDEA and lts 1nab111ty to reduce the part1a£ pressure of

,‘ac1d gas 1n the absorber outlet stream to the levels wh1ch'f

| can be achleved by'the mxxed AMP.solvent._3

'.-g;i" :
yoo

Replacement of MDEA wlth AMP 1n this am1ne-sulfolane-fp"

fwater solvent alters the absorpt1on capabll txei7of the

_gsolvent 1n a pg/dlctable manner. Qual1tat1Ve performance

'w111 be the same as that for chang;ng from one agueous

,achemlcal solvent to another.’Thus, 1t appearsf hat on a

jmolecular level sulfolane-MDEA 1nteract1ons are




Tablg 5 6 Solubxllty of CO, and st 1n 2 0 M Mxxed Solvent»jff

(mol COz/mol (kPa) -; (mol st/mol (kpa) EXS
MDEA)““-,M,,_. .u.-w«ﬁ;---. UMDEA)

. 0.360 L 25 R . o.108 < s, 29:g,g
0,089 3. 56 S 043092050
. 0.407 7 J«A 43 8 1%;-.f*>o.217;~;.4,. 23 8 ..
o 0.069. 0 o -3, 97 0 0.24000 790120 -
. .0.675" 193, T o.328 R ) N
01670 a2, 5 7 0 0.349 . L, 7. 4
LA, oogujqjj. 1910 T f0;492_{,,;4g'3449
5 0.356 58.1 - -+ .°0.499 . - = 56, 4
©0.781 :,~‘_*94o 'wﬂ; . 0.553 . . 338, .
.1‘0;616‘w’ fp"'628_,J,f’j o 0.604 . 0303, 00
©0.537 .. - ..438.°: .. 0.658 . 272, . -
. 0.456.- .. 312, - - - . 0.665. . - . .230,
0.3417 . 178, . . 00719 0 2070
0,381+ - 355, . . -.0,948 - .. 460.
ooo0.225 o301 0 TL,1000 0 BRgL
"° 0,148 . 148, © . . 1,182 0 850,
Te0 0423600 - L 35900 o 1,229 e 1100
S 0.258 v 367. .0 .7 1,543 0 981, .
;0 0.154 . 298 S 15769 - 1310,




fﬁTable 7 Solubzzztyaoffcoz and H s 1n'2’0 M Mlxed Solventa
Jat 100"% = e .
= .E—i;, ”f =

o Fak " Peoy

~(mol COz/mol kPa)
~,a_MDEk)Q,K_ﬁ§!}

““:.A;ﬁ0w046}ﬁq“;ﬁu(*%50;2;fﬂsf
o 04053 52,0
"'4130”070751: °83.8 . |
0,101 1*224 : -;xa;g:j
0,138 f“*;464“7-FaZ;;'”Q;,J
0,140 . 02795,
04148 T 290 T
- 0.162 © 0 548, .
- 0.186 - ,"--‘;5_59,;-'-';: ST
. 04289 0 .. 608, i
04317 T 1860,
- 0.354 7769,
So.0.364° o ti-1830,
0,395 121000 0
0 70.5460 7 - 1980,
L 00572 036200
;0,588 . .-.2600, -
046620 242040 L T
i fo ass;c,#“~y4sao;?‘;& R
‘ ‘ ““1:_ﬁ5460.;“T-‘“"
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,f5 3 Reproducxb111ty of Experzmental Resnlts and Error*

‘fcompared graph1ca11y "ltthOdblllng results.,7w=;‘jft3ﬁg?»“f"”

.,‘,.,. Sy e
) .v._ .

Ana1y81s

The accuracy of the data 1s 1nfluenced by the accuracy f@
fof the followIng meaSured quant1t1es~'ac1d gas content of

\

tthe 11qu1d sample° am1ne solutzon concentratxon and den51ty,if
_vapour phase mole fractlon- Qnd total system pressure. Some_;p
fof these measurements themselves depend on the accuracy of

other measurements~ for 1nstance,.the vapour phase molelefvghf
3fract1on calculatzon regu1res response factors, wh1ch are |
tdetermlned 1n the 1aboratory and have errors assoc1ated WIth:;
;them-;f?‘:‘ ‘t. :._ _ u; i , _b g , p f _ R
| Some reproduc1b1lity stud1es were done to determane
3where, 1n practlse, exper1mental error accumulated 1n the ;gﬁf
flaboratory analyses.-It was found that errors 1n the iiui |
gdetermlnatlon of ac1d gas loadings (a s) are greatest at “
' ac1d'é;s>?900 kPa) due to 11m1tat1ons of e
hthe sampl1ng equ1pment Atgtqsse presSures, half of the iff

jhxgh pressures (P

ferror assoc1ated w1th an acid gas loadxng calculation

]appears to or;ginate w1th the actual sampl1ng step.‘;l::*ffji'
A Once the sample_ls 1n the bomb reproduc1b111ty stud1esyf
jlndxcate that errors 1n a are relat1vely constant over the

e : - "'
floadzng range stud1ed. The’average error 1n a was determ1ned

'to be aiB%, max1mum error was found to be 15%

In contrast the errors in measurlng the vapour phase

fmole fractlons of acid’gas are largest at low ag1d gas mole



 Eractions, correshoiding to'low loadings. This is due to the

m

concentrat1ons of ac1d gas wxll have h1gh‘ ei'”;J!iM'Lm '

P e : N

| assoc1ated wzth them. Th1s does notboccur ‘tfhlgh ac1d gas

loadlngs because n1trogen gas dllueq;, aﬂd,therefore‘°'

PR

response factors, are not necessary. For these reasons, data

| much below 1 kPa part1al pressure of ac1d gas were not;id“fh}f

taken, and;part1al pressures below 10 kPa wzll have as, much

as 10% error assoc1ated w1th tﬂ' ' These errors will be
larger for st than for CO; due to the shape of the HzS

reSP°nﬁe faCtor curve at low H S concentrat1ons.¢,,&7”*4

A more deta11ed and quantltatlve analyszs of the errors

-1

assoc1ated w1th the experxmental results reported here can _;f

be found 1n Append1x IV. Unfortunatelyf7the errors 1ncurred

1n 11qu1d phase samp11ng 1tse1£ under hxgh pressﬁres could

not be quantifled As stated above, 15% error 1n a measurf,'

ments 1s est1mated for th1s step, ;?ffﬂ;ffjffﬁ;;¢;i£;f””

LN =



u’6 Moj!}lzng of Experlmental Reielts l?;;i:dfld

éxperxmental data. The developmemt of mlxed aC1d gasi”gﬂf"";

P

| solvents makes thermodynamlc ggdell1ng of solvent systems ‘}
T S

" . ; . . . . .

even ‘more. pert1nent' té_:iﬁfl:@frﬂ.ﬁf'j,;,l:;,5.7lnf'“”'"'
1 ‘5?“There ex1sts an 1nf1n1te var1e!§ of blend 'jfi’[ e 2
'ff;;mulat1ons. ThlS makes detalled exper1mentat1on |
t.fland pllot plant trlals an'ntterly 1n£ea51b1e
a'i;approach to blend selectlon for each appllcatlon._ltid

"ﬁrls, therefore,,essentlal to develop r“

»ftheoret1cal models for the VLE behav1or

: solvent |
‘*.,.',.b1ends....__‘-__"; i'; ] (Chakravarty, 1985)
The model of- Deshmukh and Mather was chosen for the ~f9'5f

modelllng of the solubil1t1es of COz and HzS 1n the mxxed
solvent studled 1n th;; work Because the model makes few ;if“
thermodynamlc assumptgons and 1s easxly adaptable to mlxed
solvents, 1t 1s useful 1n study1ng m1xed solvent behav1our.-a
B Two bas1c ways of modell1ng the system u51ng the ';“

Deshmukh-Mather model were p0551b1e°:su1folane could be con--"
'51dered to be a solvent or a solute..Each procedure has&re?"
qu1rements and 11m1tat1ons. Because sulfolane 1s present 1n,;
large quant1t1es and 1s known w1dely as an ac1d gas

solvent, 1t can eas11y be consxdered to be a solvent in thed%

system. In thxs case the solvent 1s a water sulfolane

N 5 . N o . f RN .



fm;xture, and Henry s constantsf

dlelectflc constantS.'l':j

;1on1c equ111br1um constantS-are;hnfluenced.;

An alternthve 1s to con51der the sulfolane to be a
fsolute 1n the system. mbe Henry s constants and d1electr1c

‘fcoQ%tants of an aqueous system could then be USed& However*"

’%‘nteractron parameters 1n the extended Debye—Huckel

lsulfolane HCO, 1nteract10ns are examples.;ff%fr;;ffffpgj R
- Because of the ease of eValuat1ng Henry s constants,,;;d
fthe drelectr1c constant and 1on1c equ1l1br1um.constants for

;a m1xed water sulfoldge solVent, as opposed to the

rd1ff1culty of evaluat1ng more 1nteract10n parameters the‘?if
,former method of mode111ng the system thermodynam1cs was k
;chosen The mod1f1cat1on procedure developed by Roberts &
‘:(1983) to. adapt the model for a m1xed AMP solvent was

?generally used 1n th1s work Brzefly, the mod1f1cat1ons ~

.m‘...-:»

fentalled-sdiﬁffi;l_,i“;

;];fgf1tt1ng of: aqueous MDEA data to extract selected

77f}1nteract1on parameters—to”EE‘used 1n the calculatxon of

"ifjfact1v1ty coeff1c1ents' and

e2425f1tt1ng h1gh-load1ng fugac;ty versus mola11ty m:xed

‘Jffsolvent data to obtaln Henry s constants for the mixed‘f}

'-"=..._':‘:'1_-system-~ L

fi;ﬁfregre531on analexs tO‘determ1negthe valuesfof sel'cted:*

f“”ffequrllbriumfconstants for'tpVV



%:6 1 Henry s Constant Evaluat:on £rom angle Aczd eas Data
} 't Because sulfolane and water are both phys1cal solvents
;for Coyvand Hy S the Henry s cdﬁstant for water alone
";1nsuff1c1ently descrlbes the VLE behav1our of the m1xed/’
';solvent. Express10ns for estlmatloh.of the Henry s constantsf
‘;of var1ous gases 1n m;xed solvents systems are ava1lable 1n f
fthe 11terature, based on. d1fferent solut1on theor1es.a:_fitr'
: Several 1nvestlgators have used Wohl s expanszon as a

| ba51s for developlng m1x1ng rules for m1xed solvent Henry s ;
_fconstants. O Connell and Prausn1tz (1964) suggested the fol—,
Elow1ng express1on for s1mp1e,'non polar blnary solvent o
_m1xtures.;a__!?: ?alh‘:'fil~’} e b~?r"77“{7héﬁ R I
"‘ ln Hz M= x,ln Hz | x,ln H2 3(f:a1ax1x3ﬂlejjolhilViG;J),f
2=solute'"f¢ 3 sol_ent_specaes ' RER

_*The parameter a,, is emp1r1cally determlned and

.

equals zero ﬁ
7for 1deal solvent mlxtures. The authors stated that other

gexpress1ons could be developed for more complex and/or polang

,5systems. Rlvas and Prausn1tz (1979) used a mod1f1catlo ?or

hequat1on (6 1) 1n whlch the parameter a,, becomes a functlonf
eof temperature- a‘, " A,,/RT The expre551on was used to
’ }

fcalculate the solub111t1es of ac1d gases in var1ous

5non-aqueous phy51cal organlc solvent~am1ne m1xtures._.-.

Nxtta et al (1973) developed an expre551on for Henry s
,constants for m1xed solvents, also based on WOhl s - o

Qexpansxon, requ1r1ng mola“ Mblume data~a

f1nteract1on parameter; ;other methods9wh1ch have been .f

fproposed 1nclude one based on stat15t1cal-mechan1ca1



Hégpy s const ntsoof acxd gases 1n a sulfolan, water solventf}

Jn wh1ch substant1a1 amounts of the solute spec es'MDEA and -

protonated MDjvfare present are not possible us,ng,the abovejf

methods. Most qomponents 1nvolved aref”olar;'and thus there f

are electrostatxc forces 1n the solut1onfwh;ch are ﬂzftlcult*'

to pred1ct, and 51nce MDEA 1s conszdered to‘be a solute

spec1es 1n the analy51s, 1t 1s dlffzcult’to 1nclude 1ts




values of H can be extracted from vapor 11qu1dnequ111br1um. f

data.? Theiseng-Robxnson equatlon of state was used to

calculate the fugac1t1es of the ac1d§ases The eﬂect of

| pressure on Q;was assumed to be negl1g1ble.t,

The above prbcedure produced the Henry s cojftants dls-f

. played 1n Table 6 B s

The Henry s constants for the m1xed

s

AMP-sulfolane water system of Roberts (1983) are”also g1ven,ﬁ

£or compar1son. It can be seen that the MDEA mxxed solvent

follows the same trends as the AMP mlxed solvent _;?Q_ffﬁff‘

kN

Tq le 6 } M1xed MDEA and AMP Solvent Henny s Constants

e

0% i

. corr.
coeff

o : :Mll)

no.

data'

palrs
used

(MPa-”g

/mol)

Acqter

data
| pa1rs

co_e’ ff.
CoTe “used .-

E ° L 2 851
“ (3 92)T

_o o 9959¢7"”

4. 460
(5, 98)

o mg e

‘S’o 490 Vot
(0”667)

r H zs

;o 997213 e

- 0.864:

(1 35)

s a,.

Tva ues 1n parendhe?es are for m1xed AMP

_'4" ("5_- S - ; . ‘v\)f-e
J N S r_v:,:,.

';fi The maxxmum expected érror 1n H estlmated byfll

AN T

regres51on analyszs, was'for ‘H,

CO; at 100 C at 33 9%"the

other three Henry s coﬁbtag@s had expected max1mum errors

near 5%..These Henry s consﬁants ﬁere 1ncorporated 1nto the

model as funct1ong‘of Eemperaturegof the form







’y

’fllterature. The pred1ct1ve quatlon suggested by Franks

:5(1572) was tested but found to be unsatlsfactory for th}s

o /“

ﬁ'system. An eﬂ01r1ca1 felatlonsh1p was developed based on

'isulfolaﬂe water mixture data at 25 C (Cov1ngton and

L.

'vD1ck1nson, 1973)~

. .. em;xture ldea]: ’ + eexcESS . °' » . " . e (6. 3) .
»Awhere . ' ' ‘ , :
i“dea'll ’-'"xsulfesulf + xwater water andA : PR _

R ' 4. 3‘“xwater ,70 94L0(xwater) ; + 74 683(xwater):i_

excess ;
IK}Ye express1on f1tted the avallable data w1th a max1mum e

| error of 3% 1n em1xture' It was assumed that fexcess;isfbt}”b
'1ndependent of temperature 1n the range 25° to 100 C
.6 2. 2. Interact1on Parameter Evaluat1on 'ﬂf' }fiC}fj.i'“
- Interact1on parameters (B's) were reported for theﬂ‘ S
bMDEA water H S~ co, system by ChakraVarty (1985) BecauseAthe

B s were 11m1ted to between +0 1 and 0 1 ‘an’ 1nvest1gat10n

"of the reg1on OUtSIde these l1m1ts was conducted pr1or to :
- REO
_;acceptlng the values of Chakravarty for use in th1s work

e

..l. The same expersmental data, that of Jou et. al (1982)
dwas used in both StUdléS' due to the 1nvestzgatory nature of'br
:thls‘work only a few representatlve data palrs for each !
dac1d gas were used in “the. analy51s.if: - |

A regress1on ana1y51s was done’ us1ng these data sets
vand the ob3ect1ve funetlon si‘fﬁv'tf : ‘ﬁr::“ o
© Brror = B[ Py ;'v_‘ih Ferpe) IR 3)

‘ to y1e1d the 1nteractxon parameters llsted in: Table 6 2

e



Qsame s1gn were assumed to have negllglble effects on the~iffffj
U”actlvxty coeff1c1ents~ their 1nteract10n parameters were
;[théﬁefore set to zeror7:‘ };fff*‘l.f;q¢f’ | |

: c . Y A
,v“ - .. ) . . !

.‘ .

. Table 6.2 Interaction Parameters ,

‘-,spéeiéslpAi:ij{fjchakﬁavér€g7(1985r“'

H ZS-MDEAH* .w-o 0934 T T
HS--MDEA~ - . i Q. -rfx L =001700 0
CHS--MDEAH® .- . Zo; 01156_ o -o.os23
© COp“MDEAH® -~ ', = "'=0. 868’;[;¢a,ﬂ;r~" 0-
HCO3-MDEA - '~ -0.01379 ~ . . -0.,2478 o
HGO;-MDEAH‘ ;,Agv-»u-.-o 01406-_j'1i; =0, 07454

The sets of values 1n Table 6 2 were tested by
Q'calculat1ng acld gas partlal pressures gzven the loaalngs

;reported by Jou et al ’(5982), and evaluatlng the object1ve

“ funqt1on gmvep,ig quatlon (3 1) Results are glven 1n Table ;;

;6r3.;itf'l*:;:é




n Parameters . .l

Value of Ob.- ﬁFunctlon

L L 1“,, S
" Acid Gas - ,]Z‘All B's 0 ”B's of !Tnﬂ s of th1s e
Tl T L ‘ _v‘tChakravarty work o
e - (1985) : o
Tco, . 228.9777 '”};1"1527'0949 | *'§b37 0329 157"’5

_ _*nzsf_ ';'jz; 80,0671 18, 6431 »;:« 18.5664 .
”gsfof 58 runs. dia ‘not ponvaige . N '
- 7 of 58 runs did not converge .. -
~_fj-‘jo‘f_ 5 runs did not converée _
The value of the objectlve funct1on for the B s of thisl*

wo:k 1n the co, case 1s greaterrthan that for the case 1n _
,,wh1ch all B s were set equal to’ zero, 1nd1cat1ng that choos-ir
1ng 8 representatlve data palrs out of a potent1al of 58 to‘-?
f1t these'parameters is 1nsuff1c1ent The fact that the set_;é
of ﬁ's developed by Chakravarty (1985) y1elds an object1ve-"7
functlon only 10% lower than that for the case in whlch all'yd
B’s are set equal to zero 1nd1cates that there 1s poss1b1y a?}
problem w1th some 1nd1v1dua1 equ1l1br1um constagt values,‘or;f
v that the extehded Debye-Huckel equatlon 1s an unsatlsfactory;;
act1v1ty coeff1C1ent expre351on for the Gef-case, 1f very
accurate PCO pred1ctlons are to be obtalned In add1t1on,~7§‘

of 58 runs d1d not converge for the non zero ﬂ sets-'”°:‘

/ TR
non-convergence occurred at hzgh loadangs, and was more =

prevalent at the buo lowest temperatures,?25° and 40° C. When;f
. the values of the objectlve functzons for the two4lc1d gases:?
are compared, #t can be seen that although the co,‘<,.-‘

I S
, objectzve func%1ons are larger, they are not téo d1fferent N
. ey A

' ' ST T ' ' T '



from those for st 4? d arj fherefore acceptable,
K '

In contrafjhto the m1n1ma1 1mprovement 1n partzal

'pressure pred1ctlons ev1denced in the CO, case pred1ctxonsf;h

| Of H S part1a1 pressures Were 93511Y and’markedld,lmproved :.i
by adJUStlng the p s’ The B 5 f°“"d bY regressmn analyﬁzs‘fie

. on 5 selected exper1mental data po'nts were suffzczent to

reduce the value of the ob3ect1v_‘ unction,by a. factor of

4 3, thCh was 1n fact sl1ght1y lower than that found by

: us1ng the set of B s suggested by Chakravarty (1985) }Theref:f

are two reasons, however, to prefer thﬂ’prev1ous%y publxshed

set over that determ1ned 1n thlS work~

ma;i of‘the&runs‘j,;jﬁfV

coeffac1ents was clustered aroun,;unitx tofa 1a(ge

il

for the ﬁ's of Chakpavarty »The lazterlpdlnt i also'trUe :Wﬁf
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quure 6 2 Compar-i'son
£or Hydrogen Sulphid olubility



ilmlxed solvent of th1s w°rk 1sfnot 1nf1n1tely dllute 1n
*usulfolane, the non aqueous solvent 1n the system xThe effect

med1um effect" [Sen et al (1979)], and is not‘a

f“represented in the Debye Huc,el equatlon. Instead 1t has 1n -

lfthe past been represented by alterxng the apparent 1on1c

‘ equ111brla . . ,' ‘. " e _. \ .‘yl :

| K(1n m1xture) beK(1n water)

fwhere Q 1s a multlpller on the product of the act1v1ty

_5coeff1c1ents of the aqueous system. Thus, the equ111br1um “'
_hconstant observed 1n the m1xed solvent w1ll dlffer from that
d‘for the aqueous*solvent Th1s dxfference 1ncreases w1th

h1ncreas1ng sulfolane concentratlon, and attendant decrease.ff;
5_1n dlelectr1c constant of the solut1onJ‘ | | S

| The 1on1c equ111br1a for the m1xed solvent system were
hadjusted only for the system s dom1nant react1ons. e
* ; (65) ;
Chea _ (6 6)
.]Coz * HzO = 3003 + H*.?ieifh;”?jigd”ife;”tf(é;i)??

kﬁvmmmr* mmA+H'757#f

e R,s = a* + HS'”i

”



HCOQ: co'- +-. H’

v The m1xed solvent data for HzS;solublllty at 40. andffff
QQ100°C were used to adjust the eq011'bf{ym constants for””"
;3‘6 5) and (6 6)- us1ng the result for (6 5)"the 5°1ub111ty_f

gidata for CO; 1n the m1xed solvent at 40° and 100°C were usedi

f;to adjdst the equ;l1br1um constants for (6 7) and (6 8)

Depeﬂ.ence on temperature for the above equ111br1um

constants was expressed as

(s 9)" |

'B

. ~( ‘,;_



"~7??paraﬁe£é£2§f;ff;;ﬁ'ﬁjﬁlpﬁgfffﬁﬁf?ffiﬁfﬁf%ﬁoo?&ﬁ%-f”:":

“K(MDEA prot.) . . i1, 387x1o’g Jny“ff1 53010 g

K(H;Sdiss.) . {' 5. 354x10_5 ¢ “JL/94235%10 o

‘K(CO; diss.) - .72, ﬁGOX101% _3.;37‘ 1. 003*1011 e
i K(HCO, dissi) | 2.,384x10" e 1.538% 10
“,H(COz) ‘MPa~- kg/mol ,,v:f: '3.689 S L a, 686
;_H(H-s) ‘MPa- kg/mol '.e..9.5935,f"“ :. ,_fa,ﬁ 980

' It was found that the pred1¢ted part;al pressures off-

S

'EHzS‘at h1gh loadlngs were 1nsensit;ve to the eqﬂul1br1um ;Qlf,
.;constants, and that the HH - found by llnear regress1on o
:f(d1soﬁssed in 6 1) had a pronounced effect on the predlcted L
'ﬁpamt1al pressures at hlgh load1ngs «%1le hav1ngia lesser |
néznfluence at low loadlngs. The*Henry s constant for H S was'55
77subsequently 1ncreased tqDQQeid better pred1ct1ons at hlgh
t;load1ngs-f1n thls way,fa set of equ111br1um and Henry s con-f;
lgstants was converged upon whlch y1elded a satlsfactory f1t
fto the exper:mental data throughE:Q the l&3d1ng range

bl

hstudled ff'}f”17?1~4 lzf

[
.x '

_ In contrast the Henry s constant and equ1l1br1um con-ifh
‘:stants for the GOz“mlxed solvent system showed 11ttle
:idepenoenip on ac1d gas load1ng.,As well sim1lar to the re—s'f
;ssults from the 1nteract1on parameter study, the COg—mlxed

f solvent system was much more d1ff1cu1t to f:t uszng the :

‘{modxfied Deshmukh—Mather model, as w111 be shown below. ;vf.r'



Eitmodel was runﬁﬁsrng load1ngs for the m1xed aczd gas f}rff?
fiexper1mental data, and compar1ng the pred1c€ks aczd gas
fllpartlal pressures w1th the exper1mentally-determ1ned ac1d
r;gas part1a1 pressures. As can be seen 1n Flgures 6 3 and

6. 4 good agreement between pred1cted and;'xperlmental

1;gpart1al pressures was found for the 100xc.case. However,
'l conszstently h1gh partial pr sures were obta1ned for the
}?40°C case, for both coz and Efs Sznce the set of =

':}equllxbr1um constants and Henry s constants arr1ved upon
'f:above 1s.not ua1que, a senS1t1v1ty analysxs was done to ff

jidetermxne a better set of these constants, usxng the

f’objectlve funct1on (equatlon (3 3)) asép gu1de.L“i"was foundi

:'rthat small adjustments to the dzssoc1atxon constant andlb}ff{
.leenry 's constant for coz 1mproved the model substantzally, :;
Qﬁthe modell&d results for mxxed ac1d gases were closer to thef
~iiexper1menta1 results, as were those for CO, alone. Sznce no~1

fbchanges were mad‘ to the equillbrxum or Henry '8 constants

‘lsfor st the modelled results for thxs acid gas emained theﬁ

‘ffsame. Results are d1splayed 1n Tables 6 5 and'6@6'




e

QfTable 6. 5 szed Solvent Equ1l1br1um and Henry fConstantsji.ah
Bbfrom Mlxed Ac1d Gas- Data TR . TR
. T

R R ﬂa;ﬂi

=zaa@af;:f¢ac@¢c joovc_

K(MDEA prot.) L 1.387%10° DL 1. 520x10_g
" K(H;S diss.) = 5 35441075 - 9.,275x1070
. K(CO, diss.) " __‘”-'T 059x1011-{ S 003X1011;;1_’~
Eoat x(nco, diss.) 2.384xi0 11 T 7.536x10 '
 "H(€Qz)," MPa-kg/mol - 3,136 4886 L
" CH(H,$%, MPa-kg/mol . ', 0.5035 . . 1.080 - -

.'Table 6 6 Goodness of F1t for Modelled M1xed Ac1d Gas 'nft
,Partlal Pressures at 40 C T : O , T

T - : : _ Value of Objectlve Funct1on'-f”
Vﬂyﬁl'acidQGas'thl;’ U51ng Table 6 3 h;j U51ng Table. 6. 5
ool e oo Constants o - Constants

,’]'sd*;_HzS;V}ﬁ;;t-%;”L~ af5:2}éﬂ,5}-* -_j‘.*jt4;31‘35__' *

Urtf-F1gures 6 3 and 6 4 have been plotted us1ng the con-fflh
;wstants 1n Table 6. 5 1ncorporated 1nto the mddlfied Deshmukh- i
iMather model As mentloned above,"these constants ylelded an
'feQUal or lower value of the object1ve funct1on as calculated
_fu51ng all of the experlmental data The values in- Tégié's 4
‘;1n contrast, were determlned from an obJectlve funct1on |
_fneglectzng the H&ghest and lowest 1oad1ngs, Whlch are»the .
:3reglons of highest exper1menta1 error. It appears that tns |
use of more data 1s more 1mportant to the f1tt1ng exerczse

'Jthan the use of the data port1on w1th the smallest

;L':'expermental error. In part1cular, the hxghest %oadlngs are
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zmportant‘for use 1n determ1n;ngfthe bes Henry

s conatants,l‘

- as: dlscussed 1n Sectxon 6 1.:ﬁ»7f" i” s %
"HFlgures q?3 and 6 4, thenv?were generated'from'the set

Afsfof Henry"

R ad;usted:to'yzeid;the lowest objective funct1onm£orAeach

1V}facxd gas..The”'greement between_modelled and exp;:lmentalzw,f

e Un1vers1ty of _

ifi The aboi%-men."

'Eﬂicccur. Slnce the ac1 ~”"'”
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Iy e“léft Packard gas,cﬁ¥0matograph wasvffgf
v gY;

equ1pped Wlth a sxx port Valco gas samp11ng valve used for

D R
1nject1ng sampllng loop contents 1,to the chromatograph :
column. A thermal conduct1v1ty detector measured the34:ff“f"
o \_’—-—Q-’f" : .l
; relat1ve amounts of the separated gases. Each response peak
’ was 1ntegrated by a. 33BOA Hewlett Packard 1ntegrator and

a L T
reported 1n terms of area percent._“..rJ._a,v,;ﬁn

The operatlng cond1t1ons of the gas chromatograph'ﬁere°m

no column temperature- »?*180°C KCOZ)JQ

. 1100 (st“)

S detector temperature'~7“150°c ,(sffr%a*i;rf.".“ L
;»‘_ ‘sample -loop vdlume: . 2.0 emd '
S Ccolumn ¢ dimen51ons.;.»if;8 2, A4m)x 1/8 15 (3 18mm) OD
... column. packing: - ‘:;g~'¢80 1&3 mesh Chromasorb 104

©. . detector current: - . - 110-120 mA. PR
ﬁ;.;.;carr;er_gas.flowﬂﬁ, »-,;35 40 cm’/mln He:;f*’

.

"‘B Response Factor Determ1nat1on

fi{r Response factors for st and co, relat1ve to ndtrogenl”;
i were used for gas chromatograph ca11bratzon and were deter-_J
;emzned as per Roberts (1983)¢ HzS/N, and COz/Nz mlxturés of

kn/nn-compos1t1on were prepared and analysed 1n terms of ri
percent area by the gas chromatograph sznce the mole }ﬁ;lj.'

percent composxtxon of each m1xture was known, the respons%

‘factors could be determlned.,“_dxfgau
. area % ac1d gas (100 -»mole % ac1d gas)

(100 -'apEa % ac1d gas) mole % ac1d gas




Tffthe flasks totalled a 600 fold excess of that requlred to:‘ |

;fneutralzze the egpected throughput of H;S The outlet fro

.f;feavzng the gas cylxnder was valéulated'to be 0 575‘ mole'i.

:_&‘

u\The same cylinder was attached'to’the g:ehchromatographgé




i

47 368

87 017

vf §y4§s7z9gﬁ

33 390
64 434

43 496__H,,
3 0474;f¥}hjuf
32 456*?}ffq;ﬁ%

f1 089






‘total mass, caust:.c + cell sampl" 2. :
‘mass: of - sample -aliquot: 51729 ?
-density of amine solution. (23°C): 1. 0902 g/cth"

oncentration’ of amme ‘solution: (23°C).v..- ERN

'3‘;22 6893 Do i
: % 2 9so7x1o ’v«g{;

'“_;1729
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agsg;= moles ac1d gas

;ijDBA = moles amlne .g.ﬂ,,fff3§i‘*“”"

1fa - mole rat1o, ac1d gaS/MDEA

.;,V:V.l;‘_‘ Volume of tltrant cm’
rs-sybackground CO; correct1on mol coz $ V:f”jf” G ;

ﬁfcﬁ;xamlne concentrat1on,”mol MDEA/g solvent Sl ey

,owfé;mass of saﬂble used for t1trat1on, g'#aioQ°f:f
}”Mf%jco, mdlecular we1ght TEEa
D';;d11utlon factor _[;' ffj f{;iaw7¥

'QCta= concentratlon oﬁ tltrant mol/l

-

1) error in molecular we1ght of CO: neglxglble'ffff:' o
‘311) ertor 1n cohcentrat1on J? standard solut1ons negl1glb1e.j
:ﬁThe follow1ng equatlons are u55§ to calculate the ' |

solub111t1es of tﬁézaczd gases-’}j*"”

'mhn'yﬁ' (W‘- m XM)C P v







};The following varxebles are defzned° |

_ﬂ?' b total cell pressure (kPa)

= partlal pressure of water (kPa) iﬁEf{irvuﬁffW$Vfix'
‘ uii- part1a1 pressure of ac1d gas (kPa)

."-l: .

;‘The acid gas part1al pressure 1s calculated.~;,f;gy;ff

v

el

P - (Pt - P )* y, (A4 10)

;.The uncerta1nty 1n the ac;d gas partial pressure 1s

5fest1mated Ln equat1on (A4 11)



:JEst1mated errors aﬂ .

‘zfﬁ_t ey 10 kPa (2500<PB<6QO0 kpa)

= 3 5 kPa (Pt<25 o kPa)

P =’3 KPa (T, o1y ® ,oo°c)
= 1 kp (Tcell = 40 c) :




