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20" “:examples of the present invention

*. .. Figure 3-is used to-eéxplain the résidual ratio-of amines in the amine’solution in -+ ..
" . example 6'and-comparative eéxample-4.;

~ - Description:to the reference signs‘in the drawings: < ..~




il nay be any of the Cbnnnn‘g s’ Cbntalnlng Carbon d|0X|de need to be S
‘ffcaptured and.. Accordlng to. the-nethod pr.ovi ded -by 't he. present~|nvent|on
" the. hydrophoblc hollow1f|ber nEnbrane fodut e. has. a. Iarge speC|frc surface

iTarea and-can rake the ,fﬁ;t ~& femoval . rati o -of. ctarbon dioxi-de;’ ‘whi eh -
.. 'evercores ‘the problens ‘of conventlenal .- abserbers, _such as ftoodlng
.entrainment and. blas'fIOM/eifectlver reduces the-g pOSSIb}IIIy -of”

i::contactlng t.he aniine ‘sol'ution® Wth- f.he" oxygen.in the1|ue ahs; -so that: the'f

¥ .degradation consunptlon of “thé. amine-sefution is-I| owered. Furthernnre the
.anmi ne sol ution . lpBEVIOTRECSERS true2 ﬁr@sreﬁewpﬁa%tqoanr 9583?3&’ Se &&hsor pti.on _j;-v o
Lf:SO|UtI0n i-n "t he. net hod prOV|ded by the present” i'nventi.on: consequently
~..even under higlj. fgll%\)@f:orﬂt%%ﬁ% f -0V 2. hydRfphbilbhhiovt heermtmatlenﬁam&ed b\

. the present invention can.still: |na|nta|na hi‘gh' carbon. .. 10. di.oxi de-
__1reanaI ratio. and rneanwhil e “can -Cbtai n-hi gh- pur|t¥ carbon “dioxide- product
Chgas.” - - Bri ef5:Besogheript i-of: it eebatEe ayiterg doramine solufia; acconpanylng
f"dramnngs are intended to provrde f-urther. understandlng on the present

| t resent
-_._‘_;-_I_.'lggﬁgggfgeﬁps gf;?ﬁﬁ@)otfwa%lﬁe% on® _Ot*keﬂ%%htﬂcg%tmoraq&étt%owt the

are-i-ntended t.o "explain the present 1nyvention and not =
S 1oh:limit t he -présént i Aivent i on.: Annng ‘the:.acconpanyi ng: drawngs = thuref“
LR .r,.s a flow di agrﬁamtrbmsv&tm«fmragnmerﬁ@lwmnhod fl8rcoptipg ﬁ»rstfmgfoanmlr@bgbﬂbtl gl
'”{carbon di-oxi de’in-gas: accordrng t0° thepreesent  inventi‘on; Figure:, 2 rs.;azhf

St r UCt ur ai di agll’ a&‘eé’nfq bglll g 1|119 Z fc'olc;'ﬁ’rrg Jﬁ@rga%%n@g%?or%%ﬁo%n'dfbxﬁd&e A '

13 mlet ofamme solutlon ) 14 outlet ofamme solutlon EUREEEE

ok

‘ ._15: gas inl'e_t;:‘- ]6gasoutlet L
17: hydrophobic hollow fiber membrane; .-~ 18:sheli pass. . .*

. Detailed De‘Scribt_ibtfbf theEmbodlments o
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_ exarrpl es of the present~ |nvent|on Fl gure 3 |s used to expl ain the S
: re5| duaI of am nes- i n.the amne sol utien-in’, . exarrpl e 6 .and. corrpar at | ve. oo
exarrpl e 4! Descrl ptlon to the refererl ce31 gns i.n:the’ draW nas:". o E

o] gas . Oorrpr essor 20 dnst rermvr Ag-and, -€oaki-ng systemfor flue gas: s 3: )

-"-‘;"gas fI ‘ow’ contr ol sy5| err1 o 4 -hydfophobi-c hol I ow-f i ber ITEl’fbt’ ane nodul. €,

K 5 desorber "6::-heat exchange systemfor am n¢ sol.uti oh;.: 7 purrp

- fore am ne sol-uti on8; :f1 ow control - syst em.f O, ami-ne 'solutibm- 9:- ; o

Coofiltration Nistern, f.0F “ani.ne- 50l ut i 6n; ' - 10 cool i ng'~s¥st em for afri ne. j

Usolution: v 3017ib"§‘te¥§h1“6'6lelfl HE COMFRT; Off@no??b%lolal‘l@“eaﬁd §’é§a‘l’%lgllto‘il‘lesyst em: for -
car hon. dl OXI de; ‘i nlet:of -anine..sol utien 1 174: outlet of am ne-.-. i
sol utjion 15 “cogigat @frﬂ eert bmelangee) 7oEFf1P7é)t ethqrpl (T@Eﬁ)@m@wt& %t thpr 'éé '

_.'_'-,-I\/Errbr ane; 8 _shell paSs. " .
L b\ welgh and the rest is. water The ﬂow rate ofthe amme solut1on is 15L/h

In thls Example the hollow ﬁber membrane used m the hvdrophobrc hollow fber B

5 '.='membrane module is: made‘-from polypropvlene The hollov\ ﬁber membrane has a.

..‘ . pore s1ze ofO 02 0 lum and a porosrty of40% The fllmo ratro ofmembrane is: 45% o

‘ -,_-f:.and the volume"ofthe cavrtv _of thefmembrane module'1s 0 012m The hollow ﬁber ‘.'_f;:'.

,"’-:"-membrane tube has an mner drameter of() 38mm an outer dlameter ofO 50mm and an S

B ;.effectlve lenEth 0f0 6rn. < The structure ofthe hvdrophoblc hollow fber membrane

10 Y '_module is-as shown in Ftoure 2 L

o 'f’mlet 13 bV a1r blower The-am_me_solut_1on__1s-eooled' in _a'c_oolmg.system_-(fo_n»arnl_ne . e

1% oltion 10, dnd entrs e $hll s o hydrophobie hollow Fer merbrand odule

Lt :»'.4'-th;r’oUgh' inl‘et—of-am'in'e 3s'oluti'oh'l '13 wvia, a"ﬂow "c'ontrol'l 'svstemfor:arr'f'ine' solut-ion 8. v

P ;_.

L ‘-jThe pressure dlfference between the two srdes ofthe hvdrophoblc hollow ﬁber

D,

L membrane is- O 08MPa .The C07 in. the ﬂue Gas' . :aptured and absorbed b\ the amme '.

. ;_solu_tlon. '

' ;.'from the desorber 3 to recover heat 1n the lean r1ch lquId heat exchanger (| €. heat

xE ._llj_'exchange svstem for amme solutlon 6) and then enters the desorber 3 from the top of e

-fthe desorber 5




_:"';:Det ai I ed Descr|pr ':_on" of the Entbodr nent 5 BeI ow the present i nvent i on i s
. further de-scribed in detarl by referrlnr ‘to, the’ exanpl-es. :and

aceorrpa-t iyi nfi-drawnes. k7t he:-. exarrpl es ‘and’ conpar, at ive exarrpl es the
> fl'ue gas to be treated. and obtal ned- “pE oduct gas of Carbon:-di oxi de are-
““anal yzed with: KNB:LO6E flue gas‘-anal yzert - commer ciral’ Ty purchased from

- Bri-tish Kane Co.: by: the nethod- presc-'bed i'n:Da 968 2002: Exanple . 120" In .
"‘thl S Exarrpl e . the. content’ of . GO i the: fI ue. gas fs . 15% by -vol i urre and L
o the, fIO/v o rate of the flue .gas. i$ 3-/ N /W : n the airline
80 Wion. . the4 geath beibng Bt Toforhpatingas rrgwded at the bottom of t@p%sagl’%%. ght
" 'j'vxherel n: the cont.ent of .i nonoethanolafi.nei’s" 25% by wei ght. t.he ‘‘cont entrs_
ofi2-ft it lbg@ly"lt ar&nfﬁd?»»ahétnwoyof&@rﬁgrmbr m@lﬂsEEB’tamséEV a@ataﬁe’ rwratestrom o
eActivator 1§5% 5T by weigh; " and t he rest: i s Water. > The fl Ow T at & of
_~“the ari ne sdli@tmbjmnectbﬂﬁg¢mratlon in epolihg sndsepaptien systee faotdrbom dlpbétrl?lrrenbran
‘f'i‘_'__used in the- hydr-ophobi'c ‘hol I ow fi Ber ‘menbrane - nodul eis “made. from -
"‘:pol Ypropvl erBie lean'llhpud"lcdnlnog\btﬁtlthﬁmthe&nborarméthea&scabér poses giraeghokhe Q. 02- 0: 1nm
“and.a -porosity C-40%- ‘The filli'ng ratio-of ‘meni-branej s:45% .- and the
vol ume Ojf tlbﬁt ﬁavmttyd Béat EMaxﬁmn‘oreameatrmdwhge $y3teﬁt ﬂﬂ.ﬂnﬁ'lrﬁ sol'ﬁhen BI)OI | OW

h followed b\ pumped via' pump for amme solutlon 7 into ﬁltratlon svstem for am1ne

- o solutlon 9 and passes through coolmo svstem for amme solutlon 10 then‘ enters the

?-:-thr‘OphObIC hollo»\ ﬁber membrane module 4 to perform absorpt1on aoam

By anal\/zm0 1t 1s determmed that in. the treated flue gas the removal ratio’ of

10 _ carbon drox1de may be mamtamed stablv at 90% by mole and the purrtv of the obtamed

- '-pr_o,d_u“et gas__'of 'carbon dlox1de. rea_ch'e‘s??.:_%.by mole. S

The carbon d10x1de in ﬂue gas 1s captured and absorbed bv a method same as the S

— .. .
. o

P method of Example l the d1fference is that the ﬁrst actrvator lS N tert butvl :
IR l':d1ethanolamme v
. .t'_-'carbon d1ox1de mav be mamtamed stablV at 98% b\ mole and the pur1tv of the obtamed

- . pr___o__du'et_ gas" o_f car_bon dloxrde_' reach‘e_s ‘_9_9-;8%_by mole. _ '




:.rrenbrane tube has an |nner d| amet er of O 38nrn an out er. d| amet er of
-7 0.580i ftm ahd an ~efifective Iength of 0. 6m-. The structure COf the
. hydr oph-obr ¢ hol I ow f| ber I\/brrbrane -10"; -mdul-e iis as- - shown .i-n_Fi guie 2. As
- showr ii'n: Fi.gure 1,-a flow of. the fuel ads' srldc:esr ’>Iel passes ‘t hrough. a '
."'dust-rem:)vr ng- andCooI i ng system f or flue gas. 2"and. a gas" flow control -
system- 3-and’is, -sent int.o, the* tube -pass:, o the hydrophobr C. hojlowflber Do
';-.nenbrane Modul e 4 through gas.:inl et 15 by arr “bl'ower.” ‘The. ai né& sol utron |s
cooled i'n::a cooling, SVstéim.for amn sol'uti an 10 and - enters the.-
. shel " pass of tﬂreaq%bawepﬁemeennaeﬁa*wt ntb%treatetw%reaare thotrm0é<a Tato oy ough
A nlet Lof -dni ne sol-utionVia a.fl'ow control Systemfor anine sol-ution 8.,
. The .Presstr eagionidiexdroaayas Wéﬁlﬁeﬁétabwt 87°ady mestle. eRe theyFBH S Qtaierd ow
C fibers.- “menbrane is-0.08MP- d.’. The ' CO; “i'nithe flue: gasiisS: Captured and
. .absorhed by rtrh@cagaﬂqtearbemtitsptqdomeaches 9@% mhmolei'ch- I i-qui d absorbed with” CO
i-eXehangeS Heat. wit-h the lean Tiquid coni ng out” fromthe desorber 510
...recover heat- in the l-ean-jich:tiqui'd heat exchanger Ak “heat: exchange
©..SySt em_for ahi i neé~sol utien»-6):: and’ then ent ers: the’ desor ber 5. fromthe top .
Cooof, " thet deSor her-5; .Sl earn bor I nges unrt ‘11 foor™heat i ngii s, Pf ovi. ded
“-at the bcﬁttdﬁomfyartaheeﬂesmpbelr 5. Product gas -of COZerth a pt.i rrtY of .
99 S%‘by mol-e I.s ‘obtained by separatr ng water -from: GO obt ai ned by '.

: s r egener at I On 1 nl“h[eocgrlblorq %10?( de m 9 Ea‘t’lstlls gar;])tu%dS atmedrgbfsd)rhecf; @r z? I%Ie]thgcli (s)d(nhedaes tﬂe

method of Example 1 the drfference is that an absorptlon tower w1th the same- 51ze 1s ' e T

. -used to: rep]ace the hvdrophobrc hollow f ber membrane module wherem the ﬂue Uas

enters the absorptron tower from bottom of the tower and the amme solutlon enters the "

B ‘.;‘-_1(‘); absorptlon tower from top'-o'f the tower tto make the ﬂue-gas’and the amme solutlon. ._'_'—; .

.__,_,,_ _. 1_ "-"r

T f'contact each other reversel\ m the tower the temperature m the tow er 1s m a range of

L.

'.:40 65°C and the pressure is' 1 standard atmospherrc pressure S
: By analvzm0 1t 1s determmed that m the treated ﬂue Qas the removal ratlo of , -

‘.,..

: carbon dlox1de is 75% bv mole and the purltv of the obtalned product gas of carbon TSR

'?1'5_'.,"" "dlox1de lS 97 5% by mole
' . B) comparmo Examples 1 -3 wrth Comparatlve Example 1 1t can be seen that b\ .
- ‘ usmg the method provrded bv the present mventlon to capture and absorb carbon _
N R dloxrde m ﬂue gas; the removal ratro of carbon d10x1de is. ralsed b\ about 20% ot the

RN 20:-' s_am_e t_lnje?',produ_c_t g’as,of -_ceirb_on;d_roxrd_e ,can,-_b_e dbta‘med :Y\_/’.l__t_h a'hrgher_ purrt}-',_:_thereby_ N

_'al‘le_v_iat-i'r‘jg_-t‘he__burd_en;.of the--p_ostft:reatn{ent-and.ev’en-.-e:lirninat'ir__ig thé:need_for;the_i

| post-treatment. < fn s







ol By anaI yzing, it is determ ned that in: the treated que gas the"“l

-".-f..rem)val ratr o.of carbop di oxr de” May: - -be maint aj Hed. st ably at~97% by 1ol'e; o
- aridethe P Ur.i typf the obtai r]ed product gas: of car bon di-oXi de. reaches 99: 8%'
" by rmle Col\/par ative Exal\/pl -1 “The::car bon. -di oxi de in flue.gas" is

- ‘capt ured anhd absorbed: by a method Same- as the Nethod .of Exanple: I -the_

- .drfference i's'that: .an- absorptr on toV‘er yvr 1'h the:-sane si z€ s used-

"’-'to repI ace t.he- hydrophobr c- hOllonr ber “nmenbr.ane. .modul e. Wer€in.t he ‘fr ne-.

gas - enters the absorptron tower- from bottomCJf ‘the tower and-the. anine:

_sol ut -om ent erslhefarbon. n.dipyidsdin g ea5s sapiEed dbsarby! Bra mRBOd s astiBe make: trie_'f.'r-jl?

"V.flue gas and the amine solwution. ~Contact .each other. reverselYin the .t ower

the tierr] permethod ef Exampiare: thedi,rgeren@ ip ﬁlaamr%m@emeﬁo‘nmgﬁf%‘ﬁdot fie.pressur e

s LS standard at nospheri.c. pressure: “By' anal yzing;: i's deter ri-ned that
the treated Nihydrompshyl- -etlyéenediamirglangd dtei contoht of dlettbanbbmnmh o PtebyiveeighBos " - ..
L by rfole -and ‘the purity of<t'he -obt i ned: product- ‘gas: of - ¢af-bon - di oxXi de =1 S

"_Capture -and- absorb carbon -

-97. 5%) noleTlBYemovqutionch:bampioesie]ss’lhowntnlnTz(EOﬂfrpar ative ‘Exanp) e “1; - iit'~can,

~be;seen -that by : using-the method. provided by the priesent.invention to " =

~di oxi de “i‘n: flue gas. the rermval* ratro of

carbon ' di: {0Xi - de i S rarsed bY about 20% at- the 20sarre tt e product gas CI

- ecar bon dr’ axi de can. be obt a| ned wr S

1-a highet’ Purtty thereby al Feviati ng-

"~ -t he bur den -of tmleppst treat nent .and._even:.ekLi.m- nati ng the need Tor the o

T Sarre ao nr'et nrl-n'F E\(ﬁnﬂpl ndl..ffnrence'lc ﬁo'f!f‘l\‘s —

'-'.-_:pOst ‘treatt hent. = he carbon-dibxi:deis captured: ‘and- absbr bed by a. Net hod :

; Flow rate Removal ratlo of carbon ledee (%) ~

e Of ﬂue e AU _._-Comparatlve;_" R Comparatlve
[ Example S S
T :_"_'ExampleZ _-Example3 o

. .:. gas .

5 ozNm L Thogr T

O4Nm /h"_i 99:60 - oo v 92’-.6‘,7-'- S e3sy

o "-':__."_ 06Nm /h"_ 9920 .9 00' T Teaan

O.SNFU?/_li- S| 8T 631—-? :

12NmYh ; ‘--*76;_.15 DL TR 1806

. It canbe Seen from Table~1tha )usmgthemethodaccordmg tothepresent

" invention, a higher'removal ratio of carbon.dioxide can-be‘obtainéd even ata high-flow.

R

R Y

R -

The carbon d1ox1de m ﬂue gas is captured and absorbed bv a method same as the . e

method ofExample 1 the drfferenc‘ ls".as follows , .'




'15%bv wei ght the content ofN— hydroxvet hyI 7et th ened| ani ne used a5 the
f| rst activator - “7%-b- G-t W, ~.-ei kht .t'he Content of. dr et hahol at hi he. used
was <t he'decond actlvator is, 3% bv- erght and the rest |s V\at ef The
roWrate of the4Mne. . S—olutronls 8L/'h - e
.- The- hoI | O\l ci, fi ber merri br ane: usedl ri zt hehvdtdphobl choI l ow. f| ber ;"'_' :

frefbrang' . I\/bdule L . S
__-J\/ladelrdlrrpd VtetraflubrOethyI'erle,,hoI kON tlber nenbrarle has a, pore--
" ..osize-of 0:.02441. 1.iri!atid a oroSi.t V. ‘of 50‘Vd’hef|lllngrat|o'._-" A

“ofimerfibtarie. lztdt%@%gas the contem of CO; | d2P4 Biyolyme. éhf‘oﬂfonfenéothe.éerglaé% s
0%, -2SKht L 22F11- 0", method: Tof: Exarrpl e 4. the difference: ' _
i's‘thaf:the, lzr Wilvree s@f thetflovorate af direr %}iq@srﬁel? §New/hi his theamine; solutlon the I

- acfivat 6L, nor :t-he! SecOr i'd~act i'vaf oi " ‘The renoval ratio ol.carbon di oxi de
‘iS_s own“in totibb@ntent of aromp:arsat)%yle \@aglntpweerem-the coanneoﬁziaorbmhahdmomledse in.
“flue gas i’s captured -and - absorbed. by .a net'hod. sane:asthe, method of
Exanpl ei 4, . th&%dt fveiphe niscontent: 6FN-merhyl henasthaelandnd astthofirst. ttdmemer 1s$°/no

< N=hydr ox,yet hylt* ‘et. hyl enedi‘aM neand - t-He tontent ofs di et hanol ami ne i le% by B

~wei ght. 5, Thlﬁv weigmvald thatdsolsofateearmﬂcdv B dtam smﬁle@wnud)m.stsabl £ 1 LT
Tablel _ - S , ] i:-"

The hvdrophobtc hollow ﬁber membrane of the hydrophob1c hollow ﬁber |
-_'j_-membrane module 1s made from polypropvlene ' The hvdrophob1c hollovx ﬁber
membrane has a pore size ofO 02 0 lum and a porosnv of 50% ; The membrane ﬁllm2

.;-'rat1o 1545% ",' Sl

LTI The‘opé’ra'ti.on f'i,s-c_"arr'ie;(l-out: cpntinuouslgf for 80__'da§'s._ EEE

. :?--

B\ analvzmg 1t 1s determmed that the removal ratlo of carbon dlox1de may be o

-.-»: . .',

L mamtamed stably at 98% bv mole and the pur1tv ofthe obtamed product gas of carbon -

b

"-"'d1ox1de reaches 99 8% b\ mole

. .

In the p_roces's:olf__th:e_operat_loh,_ thé,totdl cor{tent,('_»'\ihichl_ is denoted-as ci) of -

N

_“15 .- monoethanolamine and N-méthyl monoethanolamine (i.c., amines) in the amine .-

- . solutl_on" 1s :anal)'zed by' gas ch'romato'granhy,*and the'"per_cehtage‘-‘ (:i.-e.,-z C—l_'_"5.<11~00% yof. =

c1 to the mmal total content (whrch lS denoted as co) of monoethanolamme and

i N meth\l monoethanolamme in the amme solut1on 1s calculated and then the resrdual

- F

o _rat1o_.of ammes 1_r_1 thej_amm_e‘solut_lon 1_5'.obta1ned;_ _ Th_'e-re_sult 1S_ shown in Et_gure _?._- -

" Comparative Exaniple 4"~




It can be Seen fronttable 1 that by usrncy, thé'ﬁefﬁad'acéofdrng to:the'.
‘,.present‘ i nvention-:a: hlgher removal ratio :of . carbon d|QX|decan beobt ai hed"
‘~even"abf a-hi.gh- flomr 10t-at e -of- fiue :gas.: xanple 57 The_<carbon.

“. diroxi de“in flue gas i's:‘captured and- absorbed by -a’ nethod Saie ‘as’the Nethodt?d

j;fof ‘Exanple: 1, the difference is' aS’ follome'-H -15 . - The operatron Is:
“Carried.-out contrnUotll ¥: for 80 days. ;7

o -jBy anatyzlng 's; deterntnedtf“g
. ~that the removal ratio of” carbon. d|0X|de nay be i nt'ai ned* stany at 98% by -

s nole and the purity .of the .obtained product  gas. of..carbon. dloxrde reaches _f:'

199.:8% by m G- eT he Ca‘lbﬁ“fir?é'%r‘b@é%éasdt caprEeh 3 rférchartdrrbe Eegiul rerfm fent

ﬁ'-(whlch i§: denoted as ‘ci)=of. 15anoethano|antne “and N—thhyl

" Tbnoet Handl @mings cetcueted barntqtlesa)s sgme gsibe awiheds of Exanmie %drqrtlffo*nnqess éhaal yzed

fﬂnby gds: chronatoaraphy and the ! percentage {1 "100% )- of. to_fht
‘- _"t he 1nitial atrmba¢rpe@ntownt W(tWhecshme sige danset evderalscedbf) hroirorrbbhoétpha\né'llbarrn ne andf‘i""-'

o N—nethyl rr|CnoethanoIdntnern 't he: amne solution'. is Calculated,,and
- _yt hen t he r esmehjhdane module wherem the ﬂue gas enters the absorptlon tower from bottom of the R

5 tower and the amme solutlon enters the absorptlon tower from top of the tower to make o

B "the ﬂue gas and the amme solutlon contact each other reverselv in the tower the R

- _;':'-'te,mper_'ature-,ln theytowerzl_s,tn;a'_rang_e_of 4(_)-659C and th_e_;-pressure'ls_'-t-, standard o

atmospher_ic pressure; A

B\ analvzmg 1t is determmed that the removal ratlo of carbon drox:de is 92% b\ LT

' The re51dual ratlo of ammes m the amme solutlon is. shown in Frgure 3. '_ R

It can be seen from Flgure 3 that b\ usmo the method provrded by the present

it _§ mventron the dlssolutlon and entramment of the amme solutnon to the oxvgen in the gas L

I .4-—-
[

B -to be treated can be effectrvelv avorded s0. as. to effectrvely reduce the ox1datlve

.%_

: 13 : 'degradatron of amme m the absorptron solutron durmg the process of the operaton

B len'g_the_n-the 11fe .of a_m_rnerl__n the_,}absorptt'on__so.l,u;t_r_on_and_'_lo,yver_operatmg_"cost.. e e e

Above the preferred Examples of the present mventlon are: descrrbed in detalls but
- ,'the present lnventlon 1s not hm1ted to the detalls of the foregomo Examples Wlthm

20, the techmcal conceptlon of the present mventlon the techmcal solutron of the present

oo mole and the purrtv ofthe obtamed product gas. of carbon dlomde is 98% b\ mole e L .




ratro of antnes i the antne solutron IS obtarned The result |s shomn A

'*captured and’ absor bed -and -t he" resrdual ratlo of- am ne- j.s calculated by -+

.. Mgt hods; same .as the nethods ofiExaane 5, thedifference’is that , “an

5'fabsorpt|on temer'mrth thersane

ize . i's. .used: to:feplace .the. hydrophobrc

"uhollom/-frber D:"~3_ nenbranernodule V%ereln t he: fILh 2aS enters the
'\?absorptron t oW : frontbottont of t:he tover,- and :t he -ani ne, solutron enters.

a_.the absorptron -t ower. £ om-top -0fF “the. OB, “t-o.make. the fIue qas ahd*t he *
~ anime' .sol ution! whtdétstnoeédtﬁtewcrrweqhéw GharaeEEtpApsCriperbingts
;f,the tamer i'n-da rarige of 40-65C and .theis -1 standard. ., at nospheric -
| '---:-_._pr essure! .. foregoingexamplesiaaiby £pmgined (n 3y BIOBFHE Mﬁé&nt%éfr&qonémpe%ﬂpar i
- 'ratio. of carbon di oxi:de - i'5929% by 10mal-e;- and’ the purity.of the’ obtarned
: _pr oduct 2a: s:onﬂ)‘ctcdnpcﬂtreh a)oorcbl'emreeesg@y/cdpytltml, the presmnemrees@rddmb netati-o.-of -

;Frgure 3, Cnnparatlve Exampl.e :4:";. The: carbon dloxrde in fine gas |s .fé”"

erat ure . |nf'“'

- -am’nes. i the ant ne sol.uti-on i s shown:in.: Flgure 3. e -l terCan be’ seen frontffﬂ

'--Frgure 3 thammhﬂﬁnmgmﬁhehnnhhodupmmv|ded by: the.present rnventlon the-
'-drssotutron and entr ai-nment”.of - the:am ne. soiptron t.0: the oxygéen in:the gas

Losber tr eat,- ed Pglrtﬂaregrlegggﬁp tg%g ‘Lrggresent mvem{o'r't v S ctolg)ttblenfe]:j?r%lelgrephgr educe r he

B ,0xrdatlve-;,- nne. 1n e absor i on--'s n durlng
= the: process f ‘the o t hep the.life
- abeof pti on SO GOTBRREP B cp P R el '“Ve“Aﬁ8veTft%éL%f%lf“er Ced?

- Exanples -af . the present i nventi'on are. described in detaifs but” the present

©inventi-on i sPefEMEd phihe é?f‘t?’tﬁdtsﬁloﬁ?éjtlé}’ tPEP’E?Fe“E ¥ e going :Exanples., Wthin: - - -
ﬂﬁfthe technrcal conceptlon of the present |nvent|on the technrcaf solutron of'*'
'_ethe present I T T L ST




|nvent| on rray have var| ous rrodr f| catrons vvrthr n the pr ot ect| ve scope
ofpreSent o 1t shoul d-be’ not'ed ‘that. the concrete technr calF. - .. -
ehar: aeter,i stics: descrr bed i 1+t he.’ foregor ng-. exanpl es. can- be Conbr ned |n

“an?..:; appropriate Way | under: the condi ti.en of. no conflict. ln order to:-

"~ cavoid unnecessary repetition, the pr esent |nvent| on- does not Fur:t her the
o eXanpl €5 -of _t he .present. |nvent'|on fFraybe’ Conbr ned-.freely, as Jong as the

: ?-""’-"Con‘or nat’i 0fs, do’ not” .di- sobeKthe t hought ~ate-pr. ‘ésent |mdnt| an.: They shall
aI so'.be; deerred as the content’ di scl.osed- by =t he -pr esent |nvent| on. -, daifs
Ah am’ ne Sﬁlallllisl on -for: capturr ng. and ‘absor. bi-ng--car ben. di oxi-de - whr ch

) '."con’prr ses: IO monoethand. arrr i ne and:at- l.east.-one *ir'st ‘agti vat or

sefect edthe gr oup consisting-CfF & 45 ;- 2- (tert butyl am. no) 2Het hoxY - :
-et hanol.. I\I—hethybmmosrdmrbmﬁ)ncdpmmtmd alDSlOltbﬁlgk:armntd}dXIde whichtchaprsksani i ne, B

ni- trr 1 otrr acet i.c-aci d-and -N-hVdr-oxyet hyl:;et'hyl enedi gm nel .and. based On t he f;._":

. “total. amount ‘mGRocth® aiind rad s@éastton@msttahe/aromere&mﬁcmfthagmlmmtﬁl nr ne | s
rn -a range O :540% by wei ght ,.~ and the total centent .bf the first: A
activators. is. |m(za¢banaemo)tz &how%ﬁthw meammonoemanotanﬁﬁter\tmmrsol utl on=as.

déscri.bed’in clairill: - wherein't he  ari ne: 'sobutt on. fur ther~-conprises a:.

-10Second act | vaa,ahmsehe@traﬂrotra&m icﬂﬂm@NWBro%ﬂt?l eirtwéﬂg:uaotméimﬂtbla@aol agi ne.

2«am no-2met.hyl = 1--prdpanal .. -pi per Azine -andpi peridine,..and -based :on then'_‘.;
s o al anount - of totarmounf%ftr;esmgs&rotmq}?orttnutt}onat;@lhaaaqrnplsngaraare%@m&%ox' de: .

Ui A gas: - which uses an .am ne;sol‘ut'i'on.- .. -as-absorpti on-sol ut+on. thfou2h a.
hydT OphOb' ¢ hol b\pl%éllt.t?iﬁd thglogl"coﬁteht%f ﬁ@ﬂ&t"ﬁct?vaf%&qs tﬂQ ?alléé%f%llﬁ% bv wetght o v - ot

el 2 . 5'Th'e aminesolutiona's desl'cribé"d

: - '_1__0_; T $ second actrvator selected from the group con51stmg of dtethanolamme

- I

EIR .._.. .,__ -

_1{-2 -amino- 2-methyl l-propanol prperazme and prperldme and based on the total amount of

E -the amme solutton the content of the second actlvator 1s ina range of l 8% b\ we10ht S :

j‘- A method for capturm0 and absorbm0 carbon d10x1de in gas whtch uses an amme solutron L

N A _'_, . - - Lol B . - .' Ce

o S as absorptron solutron through a hvdrophoblc hollow ﬁber module to capture and absorb the o

(VS

e desorber and regenerated amme:solutron rs crrcularl) used as the absorptron solutlon the

| vmethod compnses the followm0 steps o

‘. Rk

(l) a ﬂow of gas to be_treated passes through a svstem for dust-removm0 and coolmo and

o 20 T - enters tube pass or shell pass of the hvdrophoblc hollow ﬁber membrane module viaa - R

e :compressor\oran a_tr___blower _and subsequently»wa a gas ﬂo_t&f'control,s)/stem; S

claim I wherem' the-amme solu't10n ﬁthh_er comprisesa.”. il A

carbon d1ox1de in gas amme solutton absorbed wrth carbon dlox1de is regenerated in a L o . )



1 car bon d| oxrde mgas am ne sol utron absor bed Wth car bon d| er de i's'

- regenerat ed’in-a- desorber and regener ated-ami ne- sol’ ution is Gi. reul arI y RS
.. used~as’ the-absor: pt izon soF utj- on “thei; .1 nmeéthod-conprises the follow il -
alfhow of ¢ gas to ‘be treated passes through a systemfor dust-remavr ng: and
_,_"coolrng and’ 20. ;enters tube pass O shell pass - of: the ‘hydr ophobi c

- hellow fi. ber rrenbrane nodul e via a: Conpress or _or..an air bl:ower ~And .

o “subsequentty Via‘a-gas flo- Wcon,trol system ' _ _' ine.

¢ sol ytion"passes . tHr Qugh_ a._f4 I'trati on systemand “atcooling .
‘systensuccessi vel) yag?r‘dof@‘“ﬁj‘ﬁlp'e‘d‘Pﬁﬁfsdhrt"i‘gﬂ‘ﬁ@t‘aﬁ@swﬁ?“ %’hié‘lcPOlﬁ&%te@f the _

hydrophobr c . hol- I ow fiber: ..  nenbraie nodule, Vi-ara flow regulating sySt em

Lo 3)t Hie fLow or gaé“c%‘S'YS—‘é/ angl saveprdanetuptrastr el pess afrﬁlqtedrsdrqtmhelrb\oﬁter on::

.1 nnér "si de .and outer sideof t'he “hydrophobi.c hol I ow fiber :Menbrane:

réspectively so asmmbmnmédﬂlewei@tﬂoyvrcgyhtlmst@ach .ot her’;. - carbon-. di axi de- |n

':_-"___g't he'flow O ‘the:gas-to ‘be treat: -ed. passes: through t he: surface m cropores o
"t he hydrophobr ¢ hold oW fiber nenbrane.t o f eacts “wi-t h.-am.ne’~ | in the:flow

‘of dmi ne sol ut.i M ﬂeéloaof@gorbrquemoar%hofmrsdemnwonemms@waotoutehe Ras

. to: be ,..treated-is:.captired and absorbed: Weérein by: use of -

:.ogsfior egufl ating sySeeefilE hadrgat\eblc hfdlowFfrbermrb@nwmerto’ﬁlvamf nakio équql\r ne o

=+ 'soluti-on Fhow regul ati.ng:systém and .gn - aninersol ution pressure fegul. atl nga -
- priessur e di ff er enc eoniaat eachragtieg earbdn cﬁhx@isuﬁh@ﬂﬂ\ma“megasto betreatedl/bassttﬁ)rdmgld between .-

. the flow of gas t.o:beé-treated-and.the flow of anfine solution to.- reaIrze

. .absorption: and . thesurface mlcn(oﬂ()re@f fhlebvdrqﬂtotacmldhlew $i Bd:rlrﬁehtbﬁnﬁle@étb@dh Mmhdﬂ SR B

o car bon d| oxr de rs Qut pat T frocthe- hydr.ophobich. e _ T

- ' mthe ﬂow of amme solutron asaresult. the carbon d10x1de in the ﬂow ofthe gastobe. L

. .(

L@

-. ‘-'E.' ."."hollow ﬂber membrane module the ﬂow of amme solutlon.absorbed w1th carbon

- .:‘f;-".“dloxnde passes through"‘a'lean-rlch hqu1d heat exchanger to recover energ} and then:".‘-_: E i

E -enters a. desorber from the top of the desorber to regenerate the desorber is provrded S

2 '=__.w1th a steam b011m0 umt for heatlng at the bottom a ﬂow of product gas of carbon ) FE

o dlox1de is obtamed bv condensmg a ﬂow of desorbed carbon d10x1de to separate water ‘- e



b15 holtomrfrber nenbrane nodule the flomrof “am ne - solutlon absorbed mnth

'~carbon di oxi de’ passes’ through 1ean ri.ch:: Irqurd ‘heat" exchanger to repover

qiyenErgyPhen .- .. enhters-a.desorber from the. top of . the desdrber to

" regererate the desorber is: provrded - ‘withia steantbor _g"unrt for- :
““heating at. the bot't om- a BA-.OF product ‘gas - ‘of. “carbon’ T droxrde is.
3Jobtarned hy" condensrnga 1 ow of. ‘desor.bed" carbon droxrde to separate wat.er.:

Wherern the antne Solutron |s the anthe solutron as. descrrbed |n clarntl

O‘r-'-. S0
e e 4 The method as descnbed m clalm 3, wherem the matenal for makmg the hvdrophobrc

.

- . _hollovx fi ber membrane is polypropvlene polvtetraﬂuoroethvlene or poly(vmvhdene R S

I -::','_.__ﬂuorlde)

- ,The method as descrlbed 1n clalm 3 or 4 V\herem mrcropores m the hvdrophoblc hollon

o T

S L L E _-';::‘ .ﬁber membrane has a pore 51ze 1n a range of 0. 02-2pm and a por051ty 1n a range of 30—50% _ .

_ﬁllmg ratlo of membrane 1s m a range of 30—60% . . ;_'_ o |
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