2135900 PROCESS FOR THE RECOVERY OF [err] FROM GASES The supply of carbon
di oxi de from natural sources, by-product CO2 from ammoni a manufacture, and
hydrogen purification, is not sufficient for present and future industrial
requireménts: 5 The potentiall§upply of [err] from power pl -
degAgas could furnish the required amount, providing it could be /

econom cally recovered. Flue gas nornmally is at or near at aﬁggﬁg%
pressure and contai ns about 6-10 percent C02 and about 2-5?8 ﬂb

oxygen. Sul fur dioxide may be an additional con- taminant if the fuel
source is coal instead of "sweet" or commercial natural gas. Mst known

sol vents that can recover CO2.under these conditions will undergo severe
sol ution 15 oxidative degradati on and cause corrosion, thus rendering the
process uneconom cal. The renoval of carbon dioxide fromflue gas was
practiced in the 1950's and early 1960's by extracting the carbon di oxide
fromthe conbustion 20 products resulting fromburning a fuel. Inert -2-
at nospheres for | arge annealing furnaces were pro- duced in a |Iike nmanner.
The principal solvent used in the renoval of C02 fromflue gas during this
sanme period enpl oyed an ' '

. PROCESS FOR THE RECOVERY
\_~ - . OF CO, FROM GASES .

The supply of carbon dioxide from natural
sources, by-product CO, from ammonia manufacture,
and hydrogen purification, is not sufficient for
present and future industrial requirements.

5 The potential supply of CO, from power
plant flue gas could furnish the required amount,
providing it could be economically recovered. Flue
gas normally is at or near atmospheric pressure and
contains about 6-10 percent CO, and about 2-5 percent

. 10 oxygen. Sulfur dioxide may be an additional con-
NI taminant if the fuel source is coal instead of “sweet"
or commercial natural gas.

Most known solvents that can recover CO,
under these conditions will undergo severe solution
15 oxidative degradation and cause corrosion, thus
rendering the process uneconomical.

The removal of carbon dioxide from flue
gas was practiced in the 1950's and early 1960's by
extracting the carbon dioxide from the combustion

20 products resulting from burning a fuel. Inert



5 aqueous nonoet hanol am ne (MEA) solution in-.the concen- tration range' of
5-12 percent. The systemwas operated until oxidative degradation products.
an orrosi on becane sufficiently severe as to warrant discarding the solu-»

ti i th plant cleanup and rechargi m@=with fréesh 10 sol ution. some ' o
.prngcegsses were inproved, vis-a-vis using only the dilute MEA sol ution unids
It went bad by operating a side streamreclamation still.  Such still ™

renoved sonme of the oxidative degradation 15 products as a bottom product

fecycl e, he StagbBlpcks "o {afed MR Bl BECRELI VO T

approach was ducedainia-likermanrexcessful because the degradation products

20 were renmoved only to a limted extent in the side streamreclainer. 1In
addi tion, degradation products contjnued to be produced at a higher rate
due to the high tenpera?ﬁ?e%‘?ﬁ?&%iarip]ﬁfﬁn%ﬁé% i4fy e remavalnet stil | .
25 Cosnfrbmr fhneegad dyncing i thisfsdniee pirtidde emplidyvied apy ocess was

the utilizati % an?ﬂggo FMEAé t 1O W -8 percent
concentr afgi ongg‘xgé%%i %%ﬁ%g?%%rgg% e. od#'dim Car@%&fﬁﬂ% %fg‘(f% egradati on
products t hat tiaEEoRcFamge | of il PYEEMor niThaAXpten Mas wpexrated dation
product in thifteDVoxDasEive - dddt&dABibn PYroRfi el |dHE W rod RN Yecame
successful but kkke.thg ot her two_nentioned %ygiens, . :
sufficien ly severe as to warrant discarding the solu- ,
tion with plant cleanup and recharging with fresh \\_J_

10 solutioen. '

Some processes were improved, vis-a-vis
using only the dilute MEA solution until it went bad
by operating a side stream reclamation still.
Such still removed some of the oxidative degradation
15 products as a bottom product while taking substan-
tially the MEA and water as an overhead product for
recycle. The side stream still operated on a 2-3
percent side stream. This approach was not partic-
ularly successful because the degradation products
20 were removed only to a limited extent in the side _
stream reclaimer. In addition, degradation products N
continued to be produced at a higher rate due to the
high temperatures necessary for operating the
reclaimer still. '

25 Another mode of operation of the dilute
solution process was the utilization of a 5-8 percent
aqueous MEA solution with a 4-8 percent concentration
of sodium carbonate. Sodium carbonate neutralized
degradation products that were acidic in nature

30 (formic acid is the prime oxidation product in this
environment). This mode of operation was somewhat



was unﬁredictable in the length of tinme the system woul d operate before
| osing capacity to recover CO2. All the processes nentioned above were 5

extrenely energy ‘i ntensive due to the extremely high circulation rates
negessitated’ by the | ow concentration of3MEA and the very Iom1|oad|ngs
COthat were permtted in order to mnimze corrosion. 10

recovery of CO2 froma flue gas using a conbustion zone to | ower reS|dua
oxygen is des- cribed in U'S Patent 4,364,915, dated 1982 December 21. A

- mode of operation utilizing copper salts as an inhibitor is disclosed in
U.S. Patent 2, 399%¢08%sulb butt bike otlse johhet 2two Thestieneddsystemsed in t he

above nent i onedygy kepFedi@tastid D! ch&CluAgeh b Uena! chel gokeLmr I the

oper ati on. Copper s onl derately succe corroston I nhibitor
eeen at the | oW I?Eﬁﬁ% IOV BRI NERRRFLRE BP EERAVEF FRpe. 20

Preci pitation of .el enental copper was a serious I|n1fa- tlont?f ths he
process and resulted in vanic attack in

peri pheral area of the dgggg égﬁééﬁéﬁgtggnt#ﬂ?gg ¥M Heke operated
nuch the safre @¥t¥emel IrﬁﬁQ#EYI mﬂQnﬁh%ﬁu@uestuﬁiheoentremﬁrﬁ first

t d was ggfggt ﬁfetﬁ |ently
(rjrggriaggg t he eﬁ%#%zfgf%%{%ﬁi;%s un&gfcé iileﬁée?na #l {’?1‘9 pl ant

cl eaned, fresh SIRCERFEATIRRN KERe YﬂEYs¥%Ye%?3%ﬁ%9$h%fsysten1put
back i n servi cecOJhehdengte c;fetmilﬁtédlensyéf@éﬁ:% mfidhiesl on stream was

agafﬁ unpr edi ctahl ension.

10 The recovery of cog from a flue gas using
a combustion zone to lower residual oxygen is des-
cribed in U.S. Patent 4,364,915, dated 1982 December 21.

A mode of operation utilizing copper salts
as an inhibitor is disclosed in U.S. Patent 2,377,966,

15 dated 1945 June 12. This method was used in the above
mentioned systems that did not include the use of a
reclaimer in the operation. Copper was only moderately
successful as a corrosion inhibitor even at the low CO,

KJ/- loadings and low concentrations of alkanolamine.

20 . Precipitation of elemental copper was a serious limita-
tion of this process and resultéd in enhanced corrosion
due to galvanic attack in the peripheral area of the
deposited copper metal. This system was operated much
the same way that the uninhibited aqueous MEA solution

25 first mentioned was utilized, in that when the system
became sufficiently degraded the entire solution was
dumped, the internals of the plant cleaned, fresh
alkanolamine charged back to the system; and the system
put back in service. The length of time the system

30 remained on stream was agaln unpredictable.



-4- The use of activated carbon or ion exchange resin to renove

i nates from aqueous al kanol am ne solutions is known fromU. S.- Patents
2; 2,797,188; 3,568, 405; and 4, 287, 161. However, thesé 5. ~ patents
uggest the suprising resuktd ebtained -herein usina an effective .
of copper salts in the al kanol am ne solution in conjunction wth L&
use of activated carbon or ion exchange resin. In accordance with the

present invention, generally 10 stated, gas contai ni ng carbon dioxi de and
oxygen is cont act €Bhe nuse ok oRGEAVABRAI CAE ABr OFnigns@rFRBNEegas- | i qui d
contactor wth an al kanol am ne sol ution. Ee above alkan&g%gb$e sol ution

contai ns an aF®%He BP EBPPES E?PEEFFQ@t?B hAPLREVUEBPF 08i-0ANCTABIRE: ual 15
. t of d t of t h bout 5
parts of coppepiBbLoR?| LRoRE @3?598"3"@0?& P%ﬁgﬁﬁ%rg{'ﬁ% 88284 bon di oxi de
d, if t kd .0 t
of other sul 1 8f 7%anéﬁﬁd§°9{5§r 3059 BRa"49387 46T L poeuts, " cheBE0 .3 N o
parti cul 'y,gapg nPECas! akn ghkgp Eﬁ8vkqﬁ§1§19&°§8§§ ka! chigshggovery of

car bon di Oxi d ontai ning €arbon~di oxi e and oxygen, the
cQes

Pr OCESS Co”prhéfa?n ﬁ&t hﬂgekbscﬂil%ev\’ahlsuﬁtcblfcebable!&gs&ital kangham ne
solution and treating thée resultant solution rich™in [err] with heat to

rel ease the [giklnolamine solution in conjunctim with the use of

activated carbon or ion exchange resin. ' \\J.
In accordance with the present invehtion, generally
10 stated, gas.cqntaining'carbon dioxide and oxygen is
contacted in the.cpnventional manner in a suitable
gas-liquid contactor with an alkanolamine solution.
The above. alkanolamine sdlution contains an amount of
copper effective to inhibit corrosion. The actual
15 amount of copper used can be any amount of copper greater
than about 5 parts of copper per million parts of solution
wherein the carbon dioxide and, if.present, sulfur '\;)
containing acid gases (e.g. S0, with trace amounts of
other sulfur compounds, HZS' COS, and the like) are
20 absorbed.
More particularly, the present invention provides
a process for the recovery of carbon dioxide from a
feed gas containing carbon dioxide and oxygen, the
process comprising contacting the gas with a circulating -

25 alkanolamine solution and treating the resultant



thereby'producing a lean solution and returning the so treated | ean
solution to the contacting step, wherein an anount of, copper effectiv )
i nhibit corrosion-and/ 5 ordegradation of the solvent is maintained /n,the
circulating solution, and the circulating solution is contacted wt
| east- one of the follomnng (1) a mechlraical filter; (2) an activate
bed; 10 (3) an anion exchange resin; and/or (4) any conbi nation

t her eof . Include mnthln e .scope of i nvention i s carbon dioxide
whenever t6covEPLILHPR RACH dBelB sof Lt BERPer 57 Lease B0t such

car bon d|OX|detharabyapboﬂumrugldelbancsmmmﬂnqp @ndc et urhifigorih@esd i n
whi ch the carb | S d _ma of roces 383 now used
whi ch require ggFgE%é q akdg%&gﬁgﬁsa§°c§% et ﬁtﬂﬁ% HcA eﬁ%ﬁ%trlal
process which aeqamD@n¢an§on00@er|eéfe©¢mwentwommﬂybﬂh(gmnrcaﬁdnuem@J(rlch
sol vent) s 204 @‘Faﬁ%:.fo OG'ft ?ﬁbb%tl‘?r@n‘?:f tsh‘fna %]@a%te%r 1NG el 0SS

exchanged wi th sol Vvent "whi c een heate ease the carbon dioxide
and sul fur conFérﬁuﬁgtga§E§°@Pééﬂnsoﬁ@énﬁﬁe cﬂﬁ?ﬁﬁaﬂingbﬁ@émﬁiﬁmtéﬁ heat

exchange with baatlae%@as%\tﬁntatl ie‘i%lt' WL bt @he FJlIRRAMgiherein the 25
rich solvent is contqsted W t éﬁg v pours fromthe |l ower end of the

stripper. The liqui din @nZeF t©%d stripper is circul ated through
a reboil er wherein qamveahlan&hwauédlcaﬂMBQteédbo about 2400 to 2600 F

([Er/r] to [gpr]) anqghetypngd to LASH A% R4 /or

(4) any combination thereof.
Included within the scope of the invention is carbon

dioxide whenever recovered by the process of the invention
and the use of such carbon dioxide in a carbon-dioxide
15 consuming process. The process in which the carbon
dioxide is consumed may be any of the processes now used
which require carbon dioxide, such as conventional
chemical or industrial process which require carbon dioxide.
Conventionally liquid effluent (rich solvent) is
20 withdrawn from the bottom of the contactor and cross
exchanged with solvent which has been heated to release
, the carbon dioxide and sulfur containing gases (lean
(o solvent). The rich solvent after heat exchange with the
" lean solvent is delivered to a stripper wherein the
25 rich solvent is contacted with rising vapours from the
lower end of the stripper. The liquid in the lower end
of the stripper is circulated through a reboiler wherein
conventionally it is heated to about 240° to 260° F
(115° to 126.5°C) and returned to the lower portion of



the stripper or reboiler surge tank. A portion of the bottons drawn off the

o stri r or reboiler surge tank is then returned to the absorption colum.
The/ present invention involves treating all 5 or d portion of the’ .
al ka am ne solution at any tenpera-~Qure, however it typically- consi sts
-of ing a solution, cool rich or cool |ean (conveniently the |ean - é\'ﬁ

solution after heat exchange with the rich solution fromthe contactor),
into and through a mechani cal filter “into 10 and through activated

SRt %gagﬁpné§§€t er E,‘d t reat ed, S rﬁé}ﬁi 2 fPJ EtO? lOFnOC#fO h%g han

treatment, the ¢ ol ut1on can asse through an
i on exchange battompcdravi REL (Fhe IEEiRPeR Ahaehmilan cﬁurQPS tank

The above proggdthén Stépitnedoty €id ezﬂgm_qiwidxem&ﬁm onic iron and sol vent
degradation products. This allows sufficient ionic copper in solution to

abate corrosion, mnimzes the formation of degradation products, and
mai nt ai ns subst anti al | yThéepxesent cinventtiqo inwolaes teatiing adlluti on. |t

is to be ‘sndeéftQOHofEfén £ | nd F@n@&%ﬂﬁé YR I @ tOfariP

i ncl udes the actlvah carbon treatnent nech anlca flltratloﬁkﬁﬁﬁ |on
exchange treabWERt : RABFEST nbk RAsALLlR. "g°n53t§/'o'§r RASSiRg ¢ Solutdesy.
degradative qdabltyzcm anlcmm& leznl&nnnu&nxennlyfthuﬂneanuscﬂhﬁﬂmm uni t

operations i Sa???lroﬁggt %ﬁécar%}gn rle%eéﬁ o-ﬁmaod”ﬂ%r tain

operati ng con I ons can renove ceret ain of t EI

degr adat i on peeatactondi hllb§° RROrPrYigz@ M@nmﬂorﬁiﬂ@#‘-aﬁ@ﬁq s

i nherent 1fg | t ghiNEhPOOGR! ScEivited FREBGH) Gild IRy andftHivdgcd at e
material to second mechanical filter. Following this treatment,
the carbon/filtered treated solution can be passed
through an ion exchange resin bed thence to the top of

the contactor.

15 The above procedure surprisingly effectively
~ removes ionic iron and solvent degradation products.
This allows sufficient ionic copper in solution to

abate corrosion, minimizes the formation of degradation
products, and maintains substantially the efficiency of
20 the alkanolamine solution.

It is to be understood that while the above
preferred mode of operation includes the activated
carbon treatment, mechanical filtration and ion exchange
treatment, some improvement, e.g. lower corrosivity

25 and/or degradative quality of solvent, can be achieved
if only one of the unit operations is employed in
treating the solvent. Thus, under certain operating
conditions, activated carbon treatment can remove
certain of the degradation products both by adsorption

30 and/or absorption and its inherent filtering effects
such as mechanical removal of particulate material to



3

obtain some inprovenent. It however has been found advantageous to c
mechani cal filtration both before and after activated carbon treat Y
extend the ife of the carbon bed and collect the insoluble 5 iron on
exchange-treatnent may al so be enployed tp renove sonme of the degra on
products, with or without either mechanical filtrati-ons or activated carbon
treatment, but the bed nust be cleaned nore often to avoid plugging with

i nsoluble iron or other solid 10 degradati on products. Here again,
mechani cal fil- tratjon is preferred to keep at a |ow | evel the insoluble

i ron and/ or sol i PERER A HIRFANARANE f r dh PowsYeRg hafePBeR. fPPREW se, the
use of one or boadvintégedus)rtm afedhafiieally fileahtioh Wolth i mprove 15

three unit oper R¥ETES $5E Lokl a’#@egfa‘*ﬂ*tce}?@%@?%&%% FBCsRbed " 1"
treatment, and ithe ekifmrl. tikhearhareied ranghtciodd eict mheusnsaﬂ-sblby 20
Figure 1 whigh ig @nscrf:f&?téfcr?a a&é&‘u&&wmagalammr emshogear bi on

shomnng t he aSSOCIatIO t t ctor_ 16 wth e stri
activated car boﬁMﬁS“%d?érF&lea nadation P&'ﬁd‘ E&s'aﬁg%goﬂrek'&ﬁgﬂﬁé bed
34. 25 eithér Frhéchienical ﬁm&ﬁumﬁﬂﬁdﬁm&%ﬂnt&rﬂbnl nlet |ine

o he Tt e S0 e iot S L SR S o WPkl ol Behel 8532 1<
L avoid plugging with insoluble 1ron or other solid
' \,/' 10 degradation products. Here again, mechanical fil-
tration is preferred to keep at a low level the
insoluble iron and/or solid degradatibn products from
plugging the bed. Likewise, the use of one or both
filtration mediums as the only treatment will improve
15 the operation of the process but not to the same degree
as operating on the three unit operations, i.e.
mechanical filtration, activated carbon treatment, and
ion exchange. '

The present invention is illustrated by
20 Figure'l which is a schematic diagram of a typical
L commercial operation showing the association of the
g _ contactor 16 with the stripper 74, the activated carbon
bed 48, mechanical filters 42 and 44, and ion exchange )
bed 34.

25 In Figure 1 of the drawings 10 represents an
 inlet line for the flue gas to be treated. A knock-out
drum 12 with drain line 32 is provided to collect
"liquid condensates. From the drum 12, line 14 leads
the flue gases into absorber 16 which has a plurality
30 of trays 18 and a demister 20.



- dem

the flue gases into absorber, 16 which has a plurality 30 of trays 18 and a
er 20. -8- The effluent gases fromthe absorber 16 are led by line
22 Op R nally to a condensor 24 and to outlet |iné 26. Recirculating .
al kigin m ne solution is led by 5 line 36 into the absorber 16 and the rich
~am gol ution i.e., am ne containing absorbed CO2, |eaves the absorber
exit 1ine 30 and thence to the inleC®Tt punp 68. Fromthe punp outlet 66,
the rich am ne solution flows through the heatexchanger 58 and line 64 to
the inlet 10 of the stripper 74 wherein the rich amne is heated and
stripped of carbon di ox¥ae.effhuensr gpsps £fErByERehpbsarber 16 akere it
f1ows throughy@acegdenser 280cptiohAgyb¥ol kNeoBdeh8oz 2ande@sabe col | ector
86. The pure CDE %gs LS rggnved by line 84 and the condensate is 15

renoved by |iPRCEETt 31Pfcf8e by passing it through a punp 90 and |ine 94
back to the stripper 74. At the bottom of the stipper 74, there is provided
an outlet line 112 whic I - Lne Lan. tQ & Lol et of
the reboiler 100. The 2 eéﬁggﬁéégggguF?gghﬁégﬁP§§IgggéEggng%olgﬁé?Q{ripper
by line 98. Stiae Jhecintacthe pbgosherolfepndothgesish pEANeNSPlNEigsed)
lines 102 andi 1@4, pamyhéecéfithihehgaaBsapbedt tol, ,f eeatee Theadpserbeat the
reboil er 100., The hﬁaied.lgﬁn al.kapol am ne %glu |9n Ie%yes 25 _the reboiler
100 by |ine 19% SReFeltRg 48| aPRofipRce to the inlet of pump 68.

From the pump outlet 66, the rich amine solution flows \;J
through the heatexchanger 58 and line 64 to the inlet |
10 of the stripper 74 wherein the rich amine is heated and
stripped of-cé:bon dioxide. 'The CO, is removed by
outlet 78 where it flows through a condensor 80 and
then by line 82 to a condensate collector 86. The pure
CO, gas is removed by line 84 and the condensate is
15 removed by line 88 for reuse by passing it through a
‘ pump 90 and line 94 back to the stripper 74.

At the bottom of the stipper 74, there is
provided an outlet line 112 which leads the alkanol-
‘amine solution to the inlet of the reboiler 100. The

20 heated solution recirculates back to the stripper by
line 98. Steam (here described but other sources of
heat may be used) lines 102 and 104 provide an inlet
and an outlet for the steam to heat the reboiler 100.

N

The heated lean alkanolamine solution leaves

25 the reboiler 100 by line 108 where the solution is

recirculated by pump 70 and the associated lines 120

and 72 to the heat exchanger S8. A portion of the lean

alkanolamine solution can be withdrawn by line 114 and

oxidized with an oxygen containing gas such as air in
30 the oxidizing unit 116. The vortion is contacted,

eg. blown,with the oxycen-containing cas. Line 118

is provided to return the oxidized solution back to

the main line 120.



recircul ated by punp 70 and the associated lines 120 and 72 to the heat
exchanger 58. A portion of the |ean al kanol am ne sol uti on can be w t hdraw
by line 114 and’oxidized with an oxygen containing gas such as air i 50)
theg.oxidizing unit 116. The portion is contacted, eg. blown, with thef
oxxgen containing gas. Line 118 is provided to return the oxi di zed sO I on
back to the main line 120. -9- Ckldl?'ng gases are provided by inlet 92
and the used gases are renoved by an outlet (not shown). Fromthe heat
exchanger 58, the_ al kanol am ne solution flows by line 56 to an am ne cool er
54 and 5 t henceOKydizhRIsgaE8S 128 PFPVided| Pycinketi 82 apdothe Wsefine
particul ates. Fgasesh@réi FeRovédd bpeafiobutled ¢A6E BMowhhe 46.to0 an
activated carbon bed 48 and thence by line 50 to a second cartridge filter
44 for the renoval of carbon fines. 10 - Line 52 is provided to

| ead the solution back toFrom theoheéat exchangeg658|fthesaikdnopaminer al l
of the sol uti OngGagebenPessed By Lie 38! eo2dni SR1AXCEEHYExDSH daf Or

p
further purlflcatlon o? fze SO?% tion prior reuse t o be understoaod
that in theSabotkense B¥stingt4Bntena ﬁéEEE%QQ? fhitex 4ddfesnreBr¥ahave

n?t beeg l||UsééﬁhfdnenpﬁfdﬂéulﬁtéhFar?foﬁotﬁébﬂﬂltbbe4%ntﬁétsemutibnlS
al so under st ood_t hat solution - pass :
f||trat|on/pur|??85tpgn égﬁt%é %?h?BuaﬁQFV%§¥§8¥aB€°n £e§ 48 and
) thence by line 50 to a second cartridge fllter 44 for
\J/ the removal of carbon fines.

10 Line 52 is provided to lead the solution back
to the absorber by line 36. If desired, part or all of
the solution can be passed by line 33to an ion exchange
bed 34 for further purification of the solution prior
to reuse. It is to be understood that in the above

15 description the necessary valves and:controls have not
been illustrated in order to clearly point cut the
invention. It is also understood that some of the
solution mayv by-pass the filtration/purification
section through line 38. \

20 With a brief description of the unit opera-
 tions which constitute the present invention, the .
limits of operating parameters are now set forth.

Inhibitor -- The inhibitor of choice for this
particular system is ionic ¢dpper introduced as any
25 ' salt soluble in the alkanolamine soclution in a concen-
' tration greater than about 5 ppm by weight based on the
total solution. The preferred soluble salt is copper
carbonate. The preferred range is between about S0 ppm
and about 750 ppm and the most preferred range is



20

W t

h a brief description of the unit opera- tions which

cons}ngte the present invention, the linmts of operating paraneters are

al k

| nh

now/Sgg \forth. _
sysieMi/s ionic copper introduced as any 25 ‘salt soluble in the
mne solution in a concen- trathgn greater than about 5 ppm by

ibitor -- The inhibitor "of choice for this parti‘cular

A

wei ght based on the total solution. The preferred soluble salt is copper
- carbonate. The preferred range i.s between about 50 ppm and about 750 ppm

| -10- b 00 d about 5
ek h(ggvé%‘g?rer’i?? al@"%ﬁ#? PR e%‘?? hé?éggg%?@rgg’a n%%?ﬁ’ggtn: 33'56%3 g opp

ppm copper,

are not effectiveisimet impliedrthavngreatexcesscett?dOonpnofayspheen
successful 1y Ugfdl ndt OFPelEfYe S5indt@ ofehetiel 30078 LYot 3, gNd Pl ot

| ant data that pa
h 0 RRIMCRAYS Reenssuecess fahlpusgdn LIkchascbeer has been

est abl i she8 t hstiowt by ethio &) OLAbSr H€b PET ALEA ﬁmopm .?g;g‘,p&,@fdygg g@rgtl QSeI

effectively 1 | ohi by j.,nst . corrosion mai nt ai ni ng rop

of copper iyn 3?1?%%*%8 @gﬁﬁ?o%qrﬁ%%l% ?\%s%o%i’é:}??a?é}&ﬁe‘-’ggfrom

about 5 to abcand gRintaimed seven i imscaricentwatl oms nbesw utanssal pymbe

enpl oyed with gaddiefsls C | §¥g§; V, n

rrergul %/i ng in ig'rproved 1 ﬁ%qzégngév}gnét, t g‘?s?és)& %tﬁe%ggﬁzéﬁé%?men
TR PRECARY SRAFERTFALLOD QR MEBR Lamde #ifectivelyary, U

inhibited against corrosion by maintaining a proper

level of copper in the treating solution.

mai nt ai ned ev

t ur nar ounds - or
secondar y10

ssivation Of the corroslion process can be achleved and

Alkanolamine concentration -- from about 5 to

about 80 percent solutions of alkanolamine would usually be
_ employed with reduced corrosion and reduced solvent
15 degradation resulting in improved life of solvent, that
is, longer periods between turnarounds or unscheduled
down times to replace the solvent. Primary, secondary,
and tertiary alkanolamines, or mixtures thereof, may be
employed. The preferred alkanolamine being monoalkano-
lamine, particularly ronoethanolamine, desirably in an

| 20

25

amount of from about 25 to about 50 percent by weight.

It has been found from pilot plant data that the
incorporation-of the present invention results in little
or no downtime occasioned by corrosion and/or necessity
to replace the solvent.

Temperature control =- It has been found that

the reduction of active copper ion content, in for
example; monoethanolamine, is greatly accelerated above
150°F (65.6°C) and that reboiler bulk temperatures of
from 240°F (116°C) to 260°F'(127°C) and above are

30 conducive to excessive reduction of copper particularly
increased residence times. It is preferable to.
maintain the reboiler bulk temperature at or below

St
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and tertiary al kanol am nes, or m xtures thereof, may be enployed. The
preferred al kanol am ne bei ng nonoal kano- 20 | am ne, particularly (55\
nonoet hanol am ne,” desirably in an anount of from about 25 to about 5@t
per,gent by weight. It has been found Fﬂﬁﬁrpilot pl ant data that the

I ncQrporation of the present invention results in little or no downtinme
occasi oned by corrosion and/or necessity to replace the solvent. 25
Tenperature control --"It has been found that the reduction of active

copper ion contgpe, errﬁ]ﬁs@ﬁ; i?ﬁﬁkgﬂpmﬂﬁ%éggﬂﬁi%geﬁ fs & L

accel erat ed above enpera ures of from

240F ([err]) td&9 &mP) Wl??W&WaBS?& fransfercEhwtcelecless e*)'ég,@tm ve
reduction of cehomt R, 0OOUBTU perneqaasedfbeﬁl He&ee(slmsm/m } tand

f ble t h boi | t err
(Lorr1 to | or MEetenapry iges thal aBaut, poHPE' 850 chef sdarefotm noat
transfer fl%x dfouragd8t. Haﬂ&waﬂ:lodt- 10H®§DeBThlepGrfkqmaandimtrémdex(éﬂ 5
Wlerr] ) and aesalty bstoubdy banbefoRO0ETH BE cotiag, foot 5 hour

(18.9 kWm) . heat n resi dence tines cour se,
function but w%9 %cgﬂ'ﬁ*ﬁetfutrétﬁo"% FPEREr FISPFEPEO%@ thng) X989 PRnd t hus

"l oss of operabidpenabdflitiye ofv&hel bveyalinsySeamact Pressure -- In
accordance with the 10 present invention flue gas will typically be
cont cted with the al kanol amine at about atnospheric pressure. However, the
ntion is applicabl e ContaghePrgeeusares, In afcerdance with the
10 present invention flue gas will typically be contacted with the

alkanolamine at about atmospheric pressure. However,
the invention is applicable to higher pressures, limited
only by the condensation pressure of the gas mixture
being processed.

15 Mechanical Filter/Activated Carbon Treater --
The judicious use of activated carbon coupled with
mechanical filtration will remove harmful contaminants
resulting from thermal oxidation of alkanolamine,
auto-oxidation qf alkanolamine, and corrosion of the
o 20 plant equipment. The activated carbon treaters in
ky;/ conjunction with mechanical filters are utilized for
the passage of alkanolamine solution through first a
mechanical filter operating in for example the 10-75
micrometer range, preferably in about the 25-50 micro- '
25 meter range for protection of the activated carbon
treater which is located immediately downstream. The
activated carbon treater will operate to some extent
on any of a variety of activated carbons, however, it
has been found that the most efficient removal for a
30 broad range of degradation products and capacity
coupled with longevity of the activated carbon rests
with the coal based activated carbons. Allowable bed



t he condensation pressure of the gas m xture being processed. 15
&) Filter/Activated Carbon Treater -- The judicious use of
carbon coupled with nechanical filtration will renove harnful .
contam-ants resulting fromthermal oxidation ‘of al kanol am ne,

aut o- oxi dati on of al kanol am ne, and cofrsi on of the 20 plant eqU|pnem:\;:
The activated carbon treaters in conjunction with mechanical filters are
utilized for the passage of al kanol anine solution through first a

mechani cal | gyyg Sud Qﬁﬁgﬁ&g o r ge,
preferably in abou ?1-'20?5 alq'ryo- ’%ege c:a;l-no} oéri:r19L éﬁ#% of the
activated car BoPreferred §iize iiss u%@&%dawﬁﬂamﬁmlmﬁmmgsm
activated carhqeg mat-ero.\qzld nmersaidhtazs aXtEobedf a variety of

activated carbaons ver bee a st efficient
removal for a<So+4% ra (&%$%§% ?ﬁﬂeﬁ?gdﬁﬁﬁg aﬁ%r apaci ty coupl ed
with | ongevity of the actlvated carbon rests with the coal based activated
car bons. | owabl e bed - gﬁﬁ&' €§y5y bon
particle gze. A referre(? S|ze IS 1n rfl}'g n'es% rangerH(opentfj?légs = 1.68

hm - 0. 420 mﬁdegz:%sla@v@pgmmso@fortnq Alkamolamine WHAGEMTS a
Regi stered Tr stspdted To be strong iEvh<ﬁﬁd¥§td&@eatmﬁﬁhuﬂﬁﬁPV£§ certain

of the degrad e§%0§§%%é%§%p §t gﬁg?xle%:arr]n%lae@urlar we:l.ghatre susxpect ed to be .

strong iron ch :
acids. It is reported that these acids are produced \\J

10 from formic acid, generated as a degradation product of
the alkanolamines, and oxalic acid which is the further
degradation product of formic acid and formates. The
primary function of the mechanical filter down stream
of the activated carbon bed is to recover insoluble

15 iron and other particulate material that may be
released during the activated carbon function. The
pore openings may range from 1 to 50 micrometers
with the preferred range being between 5 to 25
micrometers. A secondary function is to collect

20 activated carbon fines thus protecting downstream
equipment.- ' -

To illustrate the significance of adequate

‘solution filtration a pilot plant was operated with and
without filtration while measuring the amount of copper

25 and iron in solution. At temperatures sufficient to

| strip the solution of CO, and while the solution was

being filtered, the concentration of soluble iron was
maintained at low enough concentrations to prevent
rapid redox with the copper in solution. When the

30 solution was not filtered or when the filter medium,
act;vated carbon, was spent, the soluble iron concen-
tration increased and the soluble copper concentration



that these acids are produced 10- fromformc acid, generated as a
degradation protuct of the" al kanol am nes, and oxalic acid which is th

furt her "degradati on product of formic aC|d and formates. The primary
fungtlon of the nmechanical filter dows1lgtream of the activated carbon bed
Is to recover insoluble 15 iron and other particulate naterial that may be
rel eased during the activated carbon function. The pore openi ngs may range

froml1lto 50 m r e 5to 25
m-cromet ers. r'Ce‘:gondvzg &e éléc])‘r%\‘“?ése‘{ o) coﬁg?éé?g v‘gt{rgecaer bon fines
t hus protecti ngsmn m%m#mﬁllWﬁlbﬁsmat@meml¢fcance of

adequat e sol utigrfosism! | orhaum |ﬁséﬁé’é‘toi"aﬁe&9&§f&£ﬂ ﬂif‘ré‘ﬂf’oﬂ" theut
filtration while asurl unt of iron,in i ﬁtlon At

t enperatures suf3F ‘?‘én’ct?glét??‘lg %@%’Eﬁ"cﬁ ggt%f'“?%?ﬂ aRd IpseLuk
sol uti.on waS beingnfsales edhi¢chadiministiedt the nimiset ubf cactive vastes

mai nt ai ned at Igw&eg%@%€e§ﬁgﬁg é%' Seffi@f@ﬂ t faEﬁg fffef &i&?hthe

copper in solution Ion WasS™ no tered or
filter medium RXeFSSSed tRradditien, sirspluble mmw@lq:hdﬂa%oh@‘én-

tration 'aneasﬁ@héﬁ@htfﬁbﬁothiﬂ@y@@ﬂﬂeicééméﬁﬂéééltﬁ@ ratéa&fdédlﬂﬁﬁéeased
until no copper, ngkne I n the sol ution

by th
oecyr rance of - CHIBIPRLIANE 10 AtV it egat s o LobeEhe

10 efficiency or become spent. This experiment established
the practical necessity, in an economically competitive
operation, to carbon filter the solution in order to
maintain low iron levels and to mechanical filter the
solution in order to increase carbon life and minimize

1S the potential for rapid copper redox as the carbon
began to loose efficiency.

) . * '
t hese products are higher nol ecul ar weight organic acids. It is repoerf;;)_

The solvent stream is activated carbon
treated and filtered full flow or as a partial side
stream utilizing 0.025 bed volume per minute to 1 bed

20 volume per minute. The preferréd rate is 0.1-0.2 bed
. volume per minute. The present invention likewise
’ has been surprisingly improved by minimizing both
activated carbon bed and solvent temperatures to a
150°F (65.6°C) maximum. Operation in this mode
25 improves the capacity and improves the selectivity
for particular degradation species. Due to the
relativély low temperature requirements for most
efficient operation, it is advantageous to place
. the activated carbon treater and mechanical filters
'30 downstream of the amine cooler just prior to intro-
duction of the lean solution to the absorber.



carboptsel f caught particulate matter and insoluble 5 iron salts which

' d the nunber of active sites and reduced the overall efficiency of
ation process. In addition, ingoluble iron which was:not, renoved

€ system accel erated the rate oﬁlhnluble iron buildup as the * "
activated carbon began to | oose 10 efficiency or becone spent. This &
experiment established the practical necessity, in an economcally
conpetitive operation, to carbon filter the solution in order to maintain

low iron levels and to chapical filter he SO in.order_to increase
carbon life and n1n|n1zg?93 Efﬁg gBenti a eTBr #é&} ?&hﬁw°$éﬁox as the
carbon began t aumbegseoff fracn.em';gs ahd fuvdnmeatnenmbennef sseuxdasitaxke car bon
treated and fi L:Bﬁ%&ﬁuam  bE8Yugeacs §/aerih§avéf€@n§i§ eéaaéa'x#aﬂ ng 0.025

bed vol une per mnute g m nut e erred rate
is 0.1-0.2 beda48PGﬁéaﬁéPenFH§Fﬁms' $FReGH %Eﬁtth?ﬁQwRFQﬁﬁﬁ i se has been
surprisingly i exygeadcontainingzgag buréamst | wanedna:jntmyb@ﬁ tinsse 0l vent

t enperat ures t% gcgeghhh(ggrrkbrngé%ﬁgfé § V|t *5&1 és 25

i nproves the c and T fipirove parti Gr
degr adati on sp@@aéﬁteDuém@oSPﬁé“mePétrﬂ‘é?yaFG\APf eﬁr‘p‘é}’m Lh’lél‘ﬂéq%ﬁ dts for

most efficient e@&@&%&v@m rbmbeeadw%aﬂwuﬁeaowfm ARG/ G theci e ¢y bon
treater and ne 133% % fl|t§ e 30 dggm % ﬁn¥§ the amn coolﬁgm ust
prior to intro BS3ARsf FRESVEEN utfo AEhENSFR FhkEs P .
10 both solvent degradation and inhibitor reduction makes . \x,}
it necessary to remove them from solution. There are
two methods of doing this. The known method is solvent
reclamation by distillation. This method is not
recommended as it depletes the inhibitor level (Cu is
15 not carried over in the distillation process) and
unless controlled very carefully can cause increased
solvent degradation. The present invention preferably
utilizes ion exchange to remove the anionic portion of
the heat stable salt. This is accomplished by passage

20 - of the contaminated solvent throush an anion exchange resin, for
instance any of the number of strong base anion exchance resins

of the styrenedivinylbenzene tvoe which have a cuaternarv amine as _
their functional group, e.c. DOWEX* 1, DOWEX™ 2, DOWEX* N

MSA-1, DOWEX* MSA~2 (*Trademark of The Dow Chemical

25 Company). The anions present in solution displace the
hydroxide groups'present on the resin and are removed
from solution. After the resin is spent (its exchange
capacity fully utilized) the resin may be discarded or
regenerated with a sodium hydroxide solution of essen-

30 tially any concentration. The preferred concentration

being 2-5N. The regeneration effluent, containing the
unwanted salts, is then discarded and the resin is ready
for reuse. |




s 5 ’ .
| on Exchange -- - Heat stable salts of a number of varieties and from.a—
nunber of sources are continually produced and/or inadvertently ad
al kanol am he. systens, especially those processing 5 oxygen containfng
streans: The majority of these'salts such as, for exanple, sodiumyh ory
aane oxal ate, and sodiumnitrate are otjg«type which are not effectively
renoved by activated carbon and/or nechanical filtration. However, the fact
that these salts pronote 10 bot h sol vent degradati-on and i nhi bitor
reducti on nmakes it nece % io re ve tgen1fron1 qutlg IB are two
net hods of doing this. RofthY hﬁﬁc slgﬁlsﬁﬁ apge| Lhee; was
distillation. ﬂhéstneatmdntsoﬁolooembnnaﬁdadfaal|BOdppreEas MEA i nhi bitor
e ot g SorSo18BloRakELRILRYSP1 LA URs dhohhl! $bbOPoR’ B6BREE. and U ess
e? e

controll ed very care Se | ncrease ven gﬁ ation. The
present |nvent}%hlb%§¢érébﬂyWG%Fhl!éﬁ rarbencrungtedo r EABVEOLMELSRI oni c

portion OfSthew&QGtr§&ﬁbﬁeb%abhssihgsltsdéﬁﬁﬁﬂablﬁh?éu % Ba2saBe 20 of the

The. number of BIFARY saLand,pEnoBHEREncTOHCERRR) o Higpadnarh®og o an o

styrenedivinylﬁhez@ue Chewmical cOohpany ataSecmar;nngBéFa$25h6Pc)

f ti I atk hel®" 2
Lnetiona ?ﬁef 515§§§§¥%gl Exﬁg%hzungyf§% anlons present in-

(*Tradenar k ofH
oI tion d|spI%%Ea$%%aﬂyﬁ¢oﬁPHBtg?Buﬂésp?@ acted apd AcSARPARICLre renpved

m sol utpon. bétnethéhetaeﬁiﬁglﬁa&asmal(aﬁa 2é§mﬁn3edcaaagubntfubk& _
utilized) the res enera with a sodi um hydr oxi de

sol ut.i on of es%%ﬁiyéggyf?ﬁlg?ag gégﬁﬁeﬁ? tFBﬂ ne preferred

concentration being 2- SN The regeneratlon ef fluent, containing the

ample % Heat Stable Salt
Startzng Solution ' 2.4
Resin Effluent 1.8
15 Net one pass removal 25%

There was substantially no loss of copper as
a result of the ion exchange treatment. :

Inhibitor Regeneration -~ Regeneration of
inhibitor is not normally required as long as the
conditions taught by this invention are followed
specifically. However, if by improper plant design or
non-adherance to the conditions set forth herein,
copper metal or copper compounds are formed by the
reduction of the copper, this inhibitor exhibits the
25 surpising capability of regenerability. There can be

provided a sidestream withdrawal of a portion of the
solution of the bottom of the reboiler, gging through
an external cooler to drop the temperature of the hot
lean alkanolamine containing particulate matter {(which .
30 contains the reduced inhibitor) down to a temperature
| less than 150°F (65.6°C), preferably 130°F (54.5°C)or less into a tank



unwanted salts, is then discarded and the resin is ready for reuse. '
Exerrp/arxeof such ion exchange treatnent was the treatnent of 100 ml. of a
foul / rcent MEA sol ution fromthe,.&émt whi ch had 300 ppm toppér _ .
i nhi I/ and whi ch was carbon treated™ The solution 5 was treated by o

passi I't downflow through a 25 ml packed col unm of DOWEX*1 (OH form N

(*Trademark of The Dow Chem cal Conpany) at 5 cnB and [err] ([err]). After

di scardi ng the hold-up volune of water, the al kanol am ne sol uti on was

col |l ected and erssuptsbDé ddssdbtds tdteovat aiirt imigyura & iial wavidh aeden bed

LTS TS PRTYIEY, L6 AdPRled e PG P UL gos by
1.8 15 varieti 0§ e RS SCORBAIY A0 WSk &kl Jded dabdhen@IH-1y no | oss
of copper as arnesyéanoéowewwnuax@fwmd rfd REYh d@'z@iz@zt@gener ation
-- Regeneration of in ot normally.re wre%hﬁs ong a the 20
condi ti ons tauﬁﬁ?e’b?r?h?é #\\f&ﬁ’ &671 %‘?te“‘?’bﬁ/ &, if
by i nproper pl downsitseam of the-hedterexchangen ror (amdld:uhms asbvtan‘-ort h
herein, copperg % g 0% &ﬁpﬁﬁrtﬁ@%%‘ﬁﬁé ormed by the reduction of the
e ibrts th

copper, this i n Itor surpising capability of
regenerability. There can be provided a sidestreamw thdrawal of a portion

.of the .
N\




solution of the bottom of the reboiler, going through an external cooler to
drop the tenperature of the hot |ean al kanol am ne contai ning particul ate
matter (whi'ch. 30 contains the reduced inhibitor) down to a tenperatydre™’
less than [err] ([err), preferably [err] ([err])or less into a tank
suitabl e vessel as shown in Figure 1 in which the solution is aera
an oxygen-containing gas by a variety of neans common to those skilled in
the art. The |lean solution thus cooled andl%i th the inhibitor 5
regenerated it may be returned back to the | ean sol ution downstream of the
heat exchange B ny ot her advan- tageous spot in the lean circuit. -
17 - CLAI ME: focess for the recovery of carbon dioxide froma feed
gas contai ni ng carbon di oxide and 5 oxygen, the process conpri sing

contacting the gas with,a circula&qu %{kanolanine s?Iuti n and treating
the resul tant sol utton fi @ROCRSSeEOr it%h RRSPVEEY, BFe 8T8 02, thereby
produci ng a |dboxsdéufrom andeed gas mprtwindngr earddnl ddwxsideitand to 't he

rorts ooy (PHFVED, HHRCHERRARR, ST ng PORLBL A a0l -
and/ or degradditlbrdocirpulasingnelkanediaminecsgolutina andcizgathingol uti on
the resultant solution rich in CO2 with heat to

L release the CO,, thereby producing a lean solution

R4 and returning the so treated lean solution to the

10 contacting step, wherein an amount of copper greater
than about 5 parts per million parts of solution and
effective to inhibit corrosion and/or degradation of
the solvent is maintained in the circulating solution
and the circulating solution is contacted with at

15 least one of the following

(1) a mechanical filter;

(2) an activated carbon bed;

20
QJ/ (3) an anion exchange resin; and/or
- {(4) . any combination thereof.
25 2. A process as claimed in claim 1 wherein the

alkanolamine_is a monoalkanolamine.

3. A process as claimed in claim 2 wherein the
alkanolamine is monoethanolamine and the maximum bulk
30 temperéture thereof is no greater than 260°F
(126.7°C).

35
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and the circulating solution is contacted with at 15 | east one of the
followng (1) a nmechanical filter; (2) an activated carbon bed; 20 (3) an

ani on ex£€hBange resin; and/or (4) any conbi-nation thereof. 25:° 2. A =
process'?s” laimed in claim1 wherein the al kanolamne is a ’ . P
nonoal kafhoJ/am ne. 3. A process as claijped in claim2 wherein tie A

al kanol anine i s nonoet hanol am ne and Tt nmaxi mum bul k 30 t enperat ure
thereof is no greater than [err] ([err]). 35 11111111 111111
111111111111111 *4. CA progess as claimed Alprangsenasof| bheegrenedanpgone
of the preceding clainms wherein a portion of the circulating solution is
wi t hdrawn an@ladnsawhegedn: @ RPBIJerrEhainlreulatingdsehutpention is
returned to the al kanolamne 5 circuit., 5 A process as clainmed in Claim4
wherein the Hp8rVishArawa o icantActefk Yikh ap exygen-gontaining A
process as clained_in any one of the preceding clains_wherein the maxi num
bul k t enper aP8fe3Bf the ROTHGMMSHe EPFRP%rg%I%?etﬁ%ﬁa?eiﬁTlﬁﬁerr]) and

i's subjecgedc&gcgiheat flux of I|ess than about 10,000 BTU [err] 2

5. A process as claimed in Claim 4 wherein the

_ (i..

portion is a portion of the lean solution.

10 6. A process as claimed in any one of the preceding
claims wherein the maximum bulk temperature of the
'alkanolamine is no greater than 260°F (126.7°C) and is
subjected to a heat flux of less than about 10,000 BTU/ft2

hr (31.5 kW/m2).

15
7. A process as claimed in ‘any one of the preceding
claims wherein the copper ion is maintained at between \\.)
50 ppm and 750 ppm.
20 8. A process as claimed in any one of the preceding

claims wherein the feed gas is a flue gas.

9. A proceés as claimed in any one of the preceding
claims wherein the anion exchange resin is a strong base

25 anion exchange resin.

_

1



Er (31.5 KkWm). 15 7. A process as clainmed in any one of the precedL\g

clains wherein the copper ion is maintained at between 50 ppmand 7 pm
20 87 .Aprocess as clained i-n any one of the preceding cl !

wherein'the-feed gas is a flue gas. 9. A process as clainmed in a of
thg/precedlng clainms wherein the anion exéﬁﬂnge resin is a strong base 25
ani on exchange resin. 10. A process as clained in any one of the
preceding clainms circulating solution is passed firstly through an

~activated carbon beﬂoa“dASSEQEQE¥ h8rewdkmad 2R QA eéﬁQaBQGtBSSercédlﬁg
process as claimed in Caim1l0 wherein the circul a¥|ng solution™is

addi tional |y pasageflst BieddlagiAgchaniuedbnf ikt 9asaeaomraen%9taita§aﬁ t hrough
the activated carbon bed. 10 12. A process as cl ai ned aimi10 or 11

wherein the ciaaukativngtadl darboni Bedddhtli saabhdlpasheduyhr aiglndon
mechani cal filter after being passed through the activated carbon bed and
bef ore bei ng pezekangérpeghnl5 t he ani on exchange resin. 13. A process as
claimed in any one of the preceding clains wherein the feed gas further
contai ns oné or nore sul phur conpounds.

11. A process as claimed in Claim 10 wherein the
circulating solution is additionally passed through
a mechanical filter before being passed through the
activated carbon bed.

10
12, A process as claimed in Claim 10 or 11 wherein

the circulating solution is additionally passed through
a mechanical filter after being passed through the
activated carbon bed and before being passed through

15 the anion exchange resin.

\;// ' 13. A process as claimed in any one of the preceding
claims wherein the feed gas further contains one or more
sulphur compounds.

20 _
l14. A process for the recovery of carbon dioxide
from a feed gas containing carbon dioxide substantially
as hereinbefore described, other than one of_the prior

art processes hereinbefore described.

* c L L} S *



20 14. A process for the recovery of carbon dioxide froma feed gas

cont ai ni_ng_carbon di oxi de substantially as herei nbefore described, other
than op€~QN the prior art processes hereinbefore described. -'15. -Carbon

[ gnever recovered froma process as cltainmed in any one of: the -
lai ms. 16. The use of carbon—flgxide as claimed in claim5 15

15. Carbon dioxide whenever recaovered from é
process as cléimed in any one of the preceding claims.
ks
16. The use of carbon dioxide as claimed in claim

5 15 in a carbon dioxide-consuming process.
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