SHI P FLUE GAS SCRUBBI NG APPARATUS AND METHOD Fi el d of the invention
[ 00011This invention relates to a ship flue gas scrubbi ng apparat us
and scrubbing nethod, in which seawater is used to scrub and reduce
pol l utant di scharge, mainly sul fur dioxide, frommarine shipping. It
bel ongs to the technical fields of atnospheric environnental
protection and flue gas pollution prevention and control for the
mari ne shi pping. Description of related art [000211n the past 20
years, international |egislations about the reduction of gaseous

pol lutants, mainly_ qeu@##f r. di.qxi |.sch %g¥f nHﬁﬁﬁilities of
eni ssi on-r educt i on>HHg pé§é£éﬁ%ﬁﬁ%%éﬁﬁ¥ﬁéﬁéﬁ Déﬁﬁr e mature.
In recent years the targets of restriction have been extended from

| and- based industrial facilities to sea-based shipping. [00031After
t he sul fur dioxide reduction issue was brought out world widely, a
trend app€&idedaf thidovention pay great attention the flue gas

desul phurization (FGD) technologies with seawater. In 2007, a

research roapart froms @lendibl feRebs todShiptiut LRBcrMbideQPpardnilaRd RALLAR Relh¥d,
wel | - known uni versities clearly expressed that: using the ocean

resour ces;. .u: - i }.SSJ - ctiaon
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| ong tine but

has. n een realized 004] The research report fro
the alli ealali‘n}?ssgllppwg.?[%}:.eq% s %@gg&]ﬁwbﬁ%l q ﬁLlEqulm'lgelbvln'onmenta?grotectton an

flue gas pollution prevention and control for the marine shipping.

Description of related art

[0002] In the past 20 years, international legislations about the reduction of gaseous
pollutants, mainly the sulfur dioxide, discharged from facilities of emission-reduction industries
are getting stricter and more mature. In recent years the targets of restriction have been extended
from land-based industrial facilities to sea-based shipping.

[0003] After the sulfur dioxide reduction issue was brought out world widely, a trend
appeared soon to pay great attention the flue gas desulphurization (FGD) technologies with
seawater. In 2007, a research report from an allied institution of four internationally well-known
universities clearly expressed that: using the ocean resources, i.e., the seawater, to realize the SO,
emission reduction in ships is again an expectation that people have been pursuing for a long time
but has not been realized.

[0004] The research report from the allied institution of Massachusetts Institute of




Technol ogy, University of Tokyo, Chal ners University of Technol ogy,
and Swi ss Federal Institute of Technology Zurich is entitled
"Seawat er scrubbing - reduction of SOx em ssions from shi p exhausts”
(I'SBN: 978-91-976534-1-1), and the research report concl uded that
"seawat er scrubbing is a prom sing technol ogy for reducing sulfur
oxi de em ssions fromships....wuld therefore require detail ed case

studying.... Further research would be needed to reach a concl usion".
[ 0005] Conpared to the em ssion reduction in the | and-based coal -fired

industrial facilities, i he situation of f]uye gas treat t for
soa based TEHISRPITTER SR o TS LafifaRiarTrenalBhmyls i Fotlnyue
490C" the FGD processing apparatus specially used in ships nust be
eval uat edoff Brehiology guel is @atlltl%ﬁ y Seajpiehscrbiag e pgsyetiinof SRx préssiopsafom ishiy .
That is, the total cost of ship FGD apparatus nmust be significantly
| ower t haexhtlses”t @IBN: 8718s21-374536l - Dy asdibist rdserr¢hn gepboveoseilded rthftuasksyater
ot herwi se, the apparatus is not practical. A nunber of problens on

prof it abi dckftBingnéla @fdnigihLREBAoI0BY tdPQeddbih® ulRk bxA ¢RIsBIOs RRCMiS0! Weeld
[0006] Prior Art 1: a Chinese patent application No. 200710012371.1,

entitled thgg%% ?gltqgﬁee g&gile'aEéalgé) gtu?f?ti%t hg'@%!‘g @&ﬁg{ F ggﬁlg %S+e%déaytos gaues er

scrubbi ng on Januar nical solution Is
that in a holloy fiber menbrane contactor used as a scrubber, the

" ship exhatP@s{fYer dust renoval pretreatment is scrubbed with
seawater. A control system conposed of a SO2 consistency nonitor, a
wat er quald®3} noni €@rpasadde the PRISIretyetiami the laebbasedionlefrediodusicinklacilifiss,
records in real tinme the SO2 concentration and water discharge

qual ity iin dhstupioneéieegs skutpene fohseadhsed slighirgorithradlue gishanpe@dies as high as
di scharge. There exist the follow ng problens: [0007]1) In the

t echni cal ygpet 1tdo0, andPEDOWctsiREipphRAP SRARCRE AGKIRE miisP bSBMatt® for its
realize the scrubbing function. I—lljovvever, t he hol |l ow fi ber nenbrane

can only tol&hdl Gih ﬁ#&ﬁe e91fp[1§§%%h }J%@ﬁg@t ié'gmt :?qpqut%f Blsr sh?p@slfﬁlg%]ﬁthsa RSt

used for processing ue gas r‘om shi p engi
tenperature_.as_hi gh as 200-490C. [0008]2) The. pressure drop and
resi st anc® Sy yi“}"’&rrtéﬂ1 fhe 1qi3 cp éa"ﬁl’hﬁlﬂ’é‘i’tmélpghlmﬁsﬁw fijelfe ptherwise, the

apparatus is not practical. A number of problems on profitability and efficiency in the prior art
have not been solved.

[0006] Prior Art 1: a Chinese patent application No. 2007100123711, entitled “apparatus
and method for treating ship exhausts by seawater scrubbing”, published on January 16, 2008. The
technical solution is that in & hollow fiber membrane contactor used as a scrubber, the ship exhaust
after dust removal pretreatment is scrubbed with seawater. A control system composed of a SO,
consistency monitor, a water quality monitor and a PLC programming controller detects and
records in real time the SO, concentration and water discharge quality in the processed ship

exhaust, and controls the water discharge. There exist the following problems:

]




menbrane contactor is used for scrubbing. If an additional booster
fan is installed, the operation cost and energy consunption woul d be
quite high. 100091Prior Art 2: US Patent No. 7,056,367 issued on June
6, 2006, entitled "Method and apparatus for scrubbi ng gases, using

m xi ng vanes". This invention discloses a scrubber for exhaust gas
conposed of a series of nested counter-flow passages including a hot
pl enum havi ng a star-shaped section. The Exhaust gas fromthe hot

pl enum surges through a liquid bath and flows in a reverse direction
t hrough ap,hacl i ned, .arr of . Tl at rl in spaced m xi,ng _vanes,
causi ng ¢ DB ence 1R HefEn oh e bn o R R usMhrong BEARGRr [ il BE 6
tiny bubbles, whjch accelerates the entry of gaseous pollutants into
t he  scrubBrHRyingifhisHen- Howeyer dhei Wilerafiber megiverde radpplydolemterias REerfigiads s
fromthe exhaust gases. The hot plenumreheats the exhaust gases to
an unsat urcaperdtulee i canidide siadUubbpmegsEngyfiief gas disthayged fidmedhfpeaigingeivith a
reduces particulate matter and the pollutants such as sul fur dioxide
and ni t r ogepediu@ds tigh bsvdbhigo’exhaust gases, and reduces heat as well.
The details are given hereinbel ow. [0010] The technical solution of
the i _nven[oggig]appar %’HI% pf%_gsu}‘é%rjp’ A Pos3fircelafe \%Dﬁl%y#hﬁfle Qﬁj\ﬁb&%&%?&w fiber
reduci ng of gaseous particul ates and contam’nafits di scharge rom
industrial facilitjes,. 3 ich includes: 1) a co-axial nested in]et
condui | BeRBERCIShlER: = Vit M aF I st o e s P B8 Susig of
t he exhaust gas, and a tank containing a scrubbing liquid; 2) wherein
ends of t PRt #HE SRergofatmptiaueudie it 1!‘%1- conduit are interconnected
and inmersed in the scrubbing liquid in the tank, whereby the exhaust
gas passel08%ir oughPtidvérd2: H8iPeteits Hoh7,038)36@ iseucd pn fope € 2004 emgled dvietbod aaid
one or nore horizontal m st elimnator vanes; 4) said m xing vanes

ar e | ocat gfdaratas iflesciubBing BI¥eY;, S€iAe AMGnOTankdre THK In@dntiGOMigdidsks a ARLLRF Bor
adapted to generate a turbulence in the exhaust gas so as to form

very snal L,,hubbl @éﬁpo@éd o Abehed s %Ls{egltchm&?ﬁ%?’g)?%&@? clfidif d I%?Bitslﬁg*l aving a

h
downstream of The m xi ng vanes o e out conduit,”so as to rehove

m st droplets from.th aust gas. [Q011] The technical .solutian aof
The. i nverieid ey ROUETo Trera s P oo [ M Miest P eb € Prsfang gt
exhaust gas to reduce particul ates and gaseous_ contam nants and to

| decr ease % FEeTEediaticdt thioush 47 iqiscdoariiy o8 flatgais lanRifISCINaces IHNS Eaes, ggusing

- passing the exhaust gas through an extended inlet conduit; b) passing
t he exhaustbulpase innheeexbomtrgae prd fooningl highly tdispersedinp bgfiblea, Wigelt accaerdias the
surrounding the inlet conduit; c) passing the exhaust gas through a

l'iquid badnfyfdrgasedsuiinitags ineOMk isergbbiNEhufd MiRlBGinRiot aide® Fenfive tt@ined
particulate matter; d) passing the exhaust gas in a counter-fl ow

di rectiongj . o i I h i

navi ng shamearofane et ottt AR R kit BEEH R U@l
t he exhaust gas,.t hr.ough one or. nore m xi ng.vanes so as to change, the
di r ect | on! o REng SEm e Sle U R ion g C i BREMGETS RoUBRES FIe
bath, and creating (nunmerous) fine bubbles to forma bubble stream
f) passi niyfhrosdderrad sitrogeadlioxide BLibhexbaist gasesniid acdnses hieagps willh Bheotetajlagre s
to substantially elimnate any entrai ned bubbles or noisture; g)
passi ng tdiendeizanbslbwgas al ong a heated surface of the shared wall to
heat the exhaust gas to a tenperature above

[0010] The technical solution of the invented apparatus of US 7,056,367 is a scrubber

device for reducing of gaseous particulates and contaminants discharged from industrial facilities,

L




4 the dew point; and I1) conpletely discharging the exhaust gas from
t he scrubber. [0012] The maj or objects of above invented nethod and
apparatus of the prior art are as follows: 1) scrubbing SO2 with high
efficiency, and at the sane tine to keep the operating pressure |oss
| | ess than six inches of water columm; 2) increasing the tenperature

- of the discharged exhaust gas to at |east 30 C above the dew point.

- [0013] Usi ng seawater scrubbing to reduce the sul fur dioxide and ot her
pol lutants in the exhaust gas mainly relies on some inportant

condi ti ons he con itions is, the erature, and the higher
the tenpedih P’é“’getshb AfrE8 rt“’ﬁ%d ‘E%?ﬁﬂ%?tr?dmé‘f"r‘n@&% an QRSEAANILAY SRHMSTHRY | s
the gas-liquid contact area, and the larger the contact area, the
bett er t heassage afihs axgaust gascand aTank chataihiog & sxskhhineAinuidic) shbroin ehds afghe heat
patent No. 7,056,367 is "passing the exhaust gas through the

scr ubbi ngcdndejtidnd thieuildd €orfdaindee jntdreoBnected Midlimindgedsia tigbrhibghg lauishn BBtk e
hi gh tenperature exhaust gas is scrubbed and cooled, and the

gas- i qui q,hé;paa,ttﬁ&éxhawa@g&sas aw&m-, a{eqiagd lgyth mx@& n\e@hﬁamg vm@ anﬁ’@r?esch ng
exhaust gases through he scru blng iquid in the tank”

It E\e/ePE): Fg{}\’lﬁll)ll',sleéwl% ntta 116181:ne;,||1m|nat0 anlélst *!-Iv Osgi C%]‘Flhlltljouvsag?slﬁn OG%t%E {I]ﬁlge {:g ilwnerse% encpoafs

t enperat ure exhaust gas of Shl y seawater. [001411) is dlfflcult
t o over cotf orecendt pndare H@P%@rﬁeﬂ%@e & bR Uirerbasipl gafmf s form very

small bubbies; 5} said mist eliminator vanes are located downstream of the mixing vanes of the
outlet conduit, so as to remove mist droplets from the exhaust gas.

[0011] The technical solution of the invented method of US 7,056,367 is a method of
scrubbing the exhaust gas to reduce particulates and gaseous contaminants and to decrease the
temperature in the exhaust gas, which comprises: a) passing the exhaust gas through an extended
inlet conduit; b) passing the exhaust gas in a counter-flow direction through a heat conduit
surrounding the inlet conduit; ¢) passing the exhaust gas through a liquid bath for scrubbing,
cooling, and for precipitation of the particulate matter; d) passing the exhaust gas in a counter-flow
direction into an outlet conduit surrounding the heat conduit and having share a length of the wall
with the heat conduit; ) passing the exhaust gas through one or more mixing vanes so as to change
the direction of the gas , whereby generating a turbulence in the liquid bath, and creating
(numerous) fine bubbles to form a bubble stream; ) passing the exhaust gas through one or more
mist eliminator vanes to substantially eliminate any entrained bubbles or moisture; g) passing the

exhaust gas along a heated surface of the shared wall to heat the exhaust gas to a tenperature above




operational cost. [0015] The prom nent feature of the invention is
"passing exhaust gas through the 5 scrubbing liquid in the tank",
i.e., the bubbling scrubbing and cooling method. The bubbling
scrubbing nethod is al nost has the | owest efficiency in gas-liquid
mass-transfer nmethods. In such technology, the snaller the size of
the el ement which is usually called bubbling hood, i.e., the bubbling
unit, and the larger the anmount thereof, the higher the transfer
efficiency (see FIG 4). However, the nentioned invention, being
limted by the conditions in t ship for exhaust cr ubbi ng,

el oys 2l EGPAMBENN PP S e ms Era o EREs o very | ow
mass-transfer efficiency. On the other hand, scrubbing or absorbing

| evel of tM&lbubbl Tiegnaierabisbs nfjaboes npatedinrefotl lagd apphiatue of thopridiertdemsh
of exhaust inmmersed in the liquid. The deeper in the liquid, the nore
t he bubbl &tiow#l so the | onger the path passed by the bubbles to | eave
the liquid, and the |arger the gas-liquid contact area, the higher

the scrubbing rafyesAlba %@c Rich \hiidhYerficldnSy, REE RS SardeQitfe @fkeldBe Qwemnb ng
scrubbing operation is the energy | oss of the exhaust to overcome

liquid pressure, and pstant | orresponds to the I|qU|d
col um pressure ba%'ﬁumkmgL&Sﬁ% ]&%F“#H@kg&%ﬁﬂgt gas imersed in the
liquid. That is, the better the scrubbln performs better, the nore
the increase of 2 h’é”ﬁ‘is%élt?r“’é”ﬂe%ge 0 é'??d“"f"i?féw%eﬂﬁé#‘ SR aldeas s ¢ hpxp the
cost. The conflict between the scrubbing effect and the operational
cost is generally deswmodnci |l abl e. [0016] The technical solution of the
patent requires a running pressure loss to be |ower than 6 inches
(152mm ofooy@t er cosishRawaeletublife © oattd ho ullf didsidaghdtdaer SaRWALs @f thas
the scrubbing liquid, and obviously, the depth of the exhaust gas in
the scrubling: dak Hainfl ks Bh Snel iRBStah RRdiorls GHRES the Whiditioadis hw@enﬁ:’gﬂ QW

i mrerse, the overall” Iiquid-gas contact area is still extrene
lrr:a;nntsegoevng h agh%e&f%tellngér({zgtgregﬁ%w?lse thrls ssf:ruegtg% ef;fl%: dgtléilcgln 10 1t’|set Q g qmg he
scrubbi ng and absorbing efficiency is still very low,_ In order to
reach a niPeRciER @y tEf'cig\;Blb‘ihﬁgon&@P e g heter ﬂtﬂﬁéﬂ%@é%@f@ﬁ- T sreasigtespnical
depth and the pressure | oss shall be increased, hence the energy
consunpt i whitigm USpateoide. ZOP @I s “pessing e gkidugt B@éhra@gtldlﬁ@blmgbh}g liqihdiigthe
obviously will not bring a good result. [0017]2) It is difficult to
over cone e, icqnhiblliag sdpetbingamnwiiopihe high @fmptamretexGlustga$ne e¢ralibed nd cooled,

and the gas-liquid contact surface is enlarged by “mixed vanes”, The “passing exhaust gases
through the scrubbing liquid in the tank™ in the invention is the technical solution of bubbling
scrubbing, which has the following shortcomings when used for scrubbing the high temperature
exhaust gas of ship by seawater.

[0014] 1) It is difficult to overcome the conflict between the scrubbing effect and the
operational cost.

[0015] The prominent feature of the invention is “passing exhaust gas through the




flue gas and absorbing sulfur dioxide at a | ow tenperature. [0018] The
maj or purpose of scrubbing the flue gas with the seawater is to
absorb the sul fur dioxide. This solution of the invention enploys the
sanme tank of water to carry out the cooling, scrubbing and absorbing
processes for the high tenperature gas. The tenperature of the
scrubbi ng seawater increases while the high tenperature gas is

cool ed, and sinultaneously, the heated seawater is used for scrubbing
and absorbing the sul fur dioxide. This causes the sul fur dioxide
absorbing to be |neff|C|ent In order, to increase the absorb

ef fi ci enc§Prublig lgHIdyn gy tanks, by thriBubbtinge seehbinging goaliag aethpd, Tl‘tﬁvPé'Pb't"ﬁe
i ncrease of tenperature of the scrubbing seawater. However, this wll
si gni fi casrubpingmethed sedmashias tha éowgst e&"@ivswﬁpEh%lNUbin@sx-MS’fbpmtm&s‘»dnatllch
cost, and cannot solve both at the same tinme. [0019]3) It is

di ffi cul t etimoRyRrthoOsMEallbe signdt thetlehalt Warh idesiliBagilddtubbiing meod, UBNtBY
cost with anticorrosive elenents and increasing of the manufacturing

cost. [ 00&Q;LA@qtnhegndftﬁ@ra%ehpzm&m ﬁeﬂe&Vﬁ-‘lQﬁﬁoﬂa theStran§¥ai effidienf QRL B1cR 4
nest ed heat exchanger of heat conduit™ type, 1.e., "passing the

exhaust 988 al oq&

surf
QWCEYET,

Comper i AR S el AR B dfR Rty Bl e

techni cal sol ution |s adoP
scrubbing, employs a single bubblma hood of a large size, which has a very low mass-transfer

efficiency. On the other hand, scrubbing or absorbing level of the bubbling scrubbing method
directly relates to the depth of exhaust immersed in the liquid. The deeper in the liquid, the more
the bubbles. Also the longer the path passed by the bubbles to leave the liquid, and the larger the
gas-liquid contact area, the higher the scrubbing rate or absorptivity. The pressure loss of the
bubbling scrubbing operation is the energy loss of the exhaust to overcome the liquid pressure, and
in value substantially corresponds to the liquid column pressure based on the depth of the exhaust
gas immersed in the liquid. That is, the better the scrubbing perforins better, the more the increase
of the pressure loss, and the higher the operational cost. The conflict between the scrubbing effect
and the operational cost is generally irreconcilable.

[0016] The technical solution of the patent requires a running pressure loss to be lower
than 6 inches (152mm) of water column under the condition of using the eeawater as the scrubbing
liquid, and obviously, the depth of the exhaust gas in the scrubbing liquid is also less than 6 inches.
With such a shallow immerse, the overall liquid-gas contact area is still extremely limited even if

the ‘mixed vanes’ is added as additional technical means to form a turbulence and to disperse




whi ch increases the tenperature of the exhaust gas so as to prevent
the corrosion of the apparatus, so as to decrease the operational
cost and extend the operational |life of the apparatus.. However, the
heat conduit nust have a cross-section of a star-shape or other
conplicated shape so as to increase the heat conduct area, and to
re-heat the exhaust gas with nore heat. Because the heat exchanger
has to work in a condition of high-tenperature, high-humdity, and a
strongly corrosive environnment and has a conplicated structure, it
needs a large quantity of corrosion resistant al|loy materials, and
thi's woul gb gl@? t58 Afesplty the peaubSme epdabserhing sifeignayigstitlo "§’E>’ lgy- Ip geer fo reach a
apparatus, and the total cost would rise accordingly, and this

out wei ghsmudhebeltensefubbisg pqrdORpe) fhelexhdust iniinkisiog deth el the pressongdoss biall be

- conflict between the corrosion prevention and the corrosion

~ aggravat i Mbreisdd, thBceGRSeneRy Re@tmfpn ahd AR 2pdienhlnéadulrisa doddtdingdy. This
nested heat exchanger of the "heat conduit” type under the condition

of scrubbjng, LGS B d\RYSlesg@S Wi th seawater. The real tenperature
of the retgafed éx augt W | ?Eﬁot only be not higher than the acid dew

o obi e i B0Fac '} o3R8 R Bier oo Ml e es e e e CRa g

dew point, the corrosion gets nore serious when the exhaust

t enper at uf¥ g2s andjagoshing SPH'g & diridsgsloyterprsrairt-echni cal sol ution of this
invention is to prevent the corrosion, but the re-heating nethod for
i ncreasi n§0t#je exh@heshajorepmesaciiscabhiny terflup cagyitlathatseaviakee ictorabmsl ta.
The result seens against the inventive purpose. [0023] The invention

has been axpedibientrad sonti@hofabe fOEntioMBYplyRaARS sameARRAGragakd Yarrytodt the
solve the problemin processing the exhaust gas of high tenperature

at 8 200 o%ﬁl%csélﬁ%mo ah@alﬁ@lﬁalng rc%gk'seg fﬁrlgé lﬁﬁ?temﬁ@&tnl@%% @Hgteﬁ[?&?t[u@toyﬁlgs

of Iom1eff|C|ency and hlgh co?t have been” adopted in the prlor art.
On the baS|§bof thetcurr Eltﬁ gn as describe l@ %] h Iy 1l
t echni cal Re FETE o e ‘é;’ CARMAER FTRERTBHIR S P8 E A i AL phe
poIIutlon , as expected by people for a long tinme, has not becone a
practi cal hepied Iﬁ‘i"ﬁ“’é‘gf 1551.5%’{0{ écrliubbmg and absorbing the sulfur dioxide. This causes the sulfur

dioxide absorbing to be inefficient. In order to increase the absorbing efficiency, the only way is to
add more scrubbing water to lower the increase of temperature of the scrubbing seawater.
However, this will significantly increases the energy consumption and the operational cost, and
cannot sclve both at the same time.

[0019] 3) It is difficult to overcome the conflict between decreasing of the running cost
with anticorrosive elements and increasing of the manufacturing cost.

[0020] Another feature of this invention is that it adopts a nested heat exchanger of the
“heat conduit” type, i.., “passing the exhaust gas along a heated surface of the shared wall to raise

the temperature of the exhaust gas to be above the dew point™. The technical solution is adopted




Summary of the invention [0025] The first object of the present
invention is to overcone the shortcomngs in the existing ship flue
gas scrubbi ng apparatus, and to provide a highly efficient ship flue
gas scrubbi ng apparatus adapted for ships with a high gas tenperature
gas and a |limted space. 100261The second object of the present
invention is to overcone the shortcomngs in the existing ship flue
gas scrubbing nethods, and to provide a ship flue gas scrubbing
nmethod in which the high tenperature exhaust gas is cooled first and

t hen scrubbi fillings is _performed, whereby the cooling a

scr ubbi ng" E\'F‘gq‘é'é 3¢ BEPHALE of fﬁﬁe@e%gast%asftaglﬁw g eqripsige pf fgwpelms
best results. &3027]The common obj ect of the ship flue gas scrubbing
appar at usseasdo #rstepdthe ppardiiengh pestand extenltbheneptionas life of the aprambust Hewgend
techni cal and econom c goals, which include a high pollutant

r educt i onthefitdt coieiniz ynusthavew crosseetivg of @Star-siapd onghdr ichasiRand siapdsdas to
guarantee that the total cost is significantly |lower than the tota

cost savegcRye MRl aowcngeal W t5 W-Fdf ehf Last ois%aﬁ{l,J DGk %@ﬂﬁs&ak heat
solution of the Shlp | ue gas scrubbi ng apparatus of the presen

i nv.ent i On?ﬁcﬁanggr s to v%v& i d aE:ont(c‘ﬂct)lgP I‘# ]%1 emperagurg hl;]g(i]l-hun'ud's t?(, g) atl) Istl%qoly ctyl 'rosive

havi ng fi i'xe

environment and has a complicated structure, it needs a large quantity of corrosion resistant alloy
materials, and this would certainly increase the manufacturing cost of the apparatus, and the total
cost would rise accordingly, and this outweighs the benefits.

{0021] 4) It is difficult to overcome the conflict between the corrosion prevention and the
corrosion aggravation in the gas re-heating.

[0022] The invention adopts a nested heat exchanger of the “heat conduit™ type under the
condition of scrubbing the ship exhaust gas with seawater. The real temperature of the reheated
exhaust will not only be not higher than the acid dew point by 30°C, but also be significantly lower
than the dew point. The problem is that in the range of the temperature not higher than the dew
point, the corrosion gets more serious when the exhaust temperature is higher. The purpose of this
technical solution of this invention is to prevent the corrosion, but the re-heating method for
increasing the exhaust temperature may only aggravate the corrosion. The result seems against the
inventive purpose.

[0023] The invention has been experimented on ships for many years.

[0024] Clearly, to solve the problem in processing the exhaust gas of high temperature at




housi ng at an upper part of the housing. A liquid collecting pool
with a seawater discharging outlet is provided wthin the housing at
a |lower part of the housing. A flue gas |eading pipe, which guides
flue gas to be scrubbed fromthe outside of the housing into the

i nside of the housing, is connected to a wall of the housing. One end
of the flue gas leading pipe is a flue gas inlet |ocated outside the
housi ng. The other end of the flue gas |eading pipe is a flue gas

| eading-in port |ocated inside the housing. The flue gas Ieading in
port is located at an inner wall of the housing or extends into

housi ng, &R A0L Treje e srrmsehiReaginesHeethads YRPRAtTses Al flowsiieignmeand; heﬁhncast
coll ecting pool. A cooler for cooling high tenperature flue gas is
provi ded have dedn| adepterhin thramionere vethevbasis of He cfulreng sitpakioni asldeseripndtabpdethe he
housi ng of the flue gas |eading pipe and the scrubbing |ayer. A

scr ubbi ngtesitivapprkipiedl ading ssanalRo steubbing tsclividai shig pbauties , asAxbedby gasle
outlet is provided at the top of the housing. [0029] Based on the
teChn'Ca'ﬁﬁ@ﬁﬁLHEEQBsQﬁb&ﬁﬁe§BM&m§@QhQ@M%&@mﬁs described above,
technical resofutions with additional features are as foll ows.
[0030] I n the ship flue gas scrubbing apparatus, the cooler is a
cooling flow equalization | ayer provi ded between the gas |eading-in
port inside the housing and the scrubbing |ayer. The cooling fl ow
equal i zat PHAMRBYALhY 8VEhosed of high tenperature resistant
conponents and is fixed, or installed by neans of fasteners, on the
inner wal [002] t he FouSsingiec GOBLjrbsnttinentidn is t6 byeecogashesshonolningg in the
~apparatus, the cooler is a tube cooler or a sheet cooler installed on
. the flue @asgink sasiliGapicRObing appilaids, 6RMb bividoshigdy tficiefkifiglue gas scrubbing
Al'ternatively, the cooler is a spray system connected to the flue gas
| eading PlgaaQ ek Poesm.sgtm% zﬁ% tdPLraHle ek 091Gy Yaker Lo the

hi gh tenperature flue gas. he Shlp | ue gas scrubblng
appar at us e gas; Ieadln

B tapali Lighe ¢! 85?05%9?J°°t 8§t?° tret RSB reoR et Sy P
extending to the inside of the housing. Facing the exit is a liquid
col | ect i ngigise ge fuseapiowyking neipdesed @@F‘U%PHQP Qeepintcebing BeiPedip 8hjchg

the flue gas | eading pipe.
the high temperature exhaust gas is cooled first and then scrubbing by fillings is performed,

whereby the cooling and scrubbing are separated into two steps to respectively achieve the best
results.

[0027] The common object of the ship flue gas scrubbing apparatus and method in the
present invention is to realize the good technical and economic goals, which include a high
poliutant reduction efficiency, a low running cost, a long lifespan, and a guarantee that the total
cost is significantly lower than the total cost saved by substituting low-sulfur fuels.

[0028] The technical solution of the ship flue gas scrubbing apparatus of the present

invention is as follow. It comprises a housing, a scrubbing layer having fillings is fixed within the



| [0033]1In the ship flue gas scrubbing apparatus, the gas |eading-in

: port inside the housing is a through hole in the side wall of the
housing, or an exit of the flue gas |eading pipe fixedly connected to
the side wall of the housing. [0034]1n the ship flue gas scrubbing
apparatus, the liquid collecting pool is fixedly conposed of a | ower
side wall of the housing, a bottom of the housing, and a pipe wall of
the flue gas | eading pipe or a separation plate outside the pipe
wall. [0035]1n the ship flue gas scrubbing apparatus, the liquid

coll ecting pool is conmposed of the side wall and the bottom of the
housi ng ugm‘ﬂg@tah sﬁmemﬁtoﬁﬁhe Bqusiag. A liquid qoHeckinsast with apgpyates digeheingopidet
flue gas leading-in port inside the housing lies. [0036]In the ship
flue gas serovbied wghiap ewaing sta ltvwre parbdfelreihalisigf A fllegab leghing Bpep erhiab giides
resi stance conponents formng the cooling flow equalization layer is

a hi gh t effReadiok Scriied £ the obtiias AR Houdil il kiRlinste bPGE RehsiE QsRoARIRY |
ceram cs or carbon fiber materials. 003?] In the ship flue gas

scr ubbi ng,,appar, ?ﬁa@ﬁousﬁxbeo&%ﬁ& {ﬂge ﬁde%{! lga%hi plé?stdf% LAYE 104041 Pfgge;tehe

hi gh tenperature reS|sfant I'I'ngs “an "1 ng up ort|n

The suppo tlngﬁfrane f 4 ggﬂé er.at re r%(hgt%nt A gg@ hs

fixed on PHETEAREPIREPE ofbe fePes Ui ey R e st e SRR o
housing. The flue gas leading-in port is located at an inner wali of the housing or extends into the
housing, and is located between the scrubbing layer and the liquid collecting pool. A cooler for
cooling high temperature flue gas is provided in a flue gas passage between the flue gas inlet
outside the housing of the flue gas leading pipe and the scrubbing layer. A scrubbing seawater inlet
is above the scrubbing layer. A clean gas outlet is provided at the top of the housing.
[0029] Based on the technical resolution of the ship FGD device as described above,
technical resolutions with additional features are as follows.
[0030] In the ship flue gas scrubbing apparatus, the cooler is a cooling flow equalization
layer provided between the gas leading-in port inside the housing and the scrubbing layer. The
cooling flow equalization layer is composed of high temperature resistant components and is fixed,
or installed by means of fasteners, on the inner wall of the housing.
[0031] In the ship flue gas scrubbing apparatus, the cooler is a tube cooler or a sheet cooler
installed on the flue gas leading pipe or in a cavity inside the pipe. Alternatively, the cooler is a
spray system connected to the flue gas leading pipe or on the housing, for spraying cooling water

to the high temperature flue gas.



[0038] I n the ship flue gas scrubbing apparatus, the cooling flow
equal i zation layer includes a high tenperature resistant grid or/and
a high tenperature resistant perforated plate, which is fixed on the
wal | of the housing directly or through fasteners. [0039]In the ship
flue gas scrubbing apparatus, the scrubbing |ayer includes fillings
and a filling supporting frame. The filling supporting franme is fixed
on the inner wall of the housing directly or through fasteners.
[00401In the ship flue gas scrubbi ng apparatus, the fiIIings in the
scrubbing | a er is of a ymer material selected fron1 yl ene,
pol yet hyl E&21 or Alsdheshi fl"r\%éf‘% Kb rsappiraus. thegaypiding i e E‘HF?{‘“F F‘ﬁﬂé”‘éas
scrubbi ng apparatus a water distributor which outflows downwards the
scr ubbi ngisgeaviktfghe flupgas [dading pipnfied atthebotvie nf dé bausing andi estandizgt to the insidg

fi xed above the scrubber |ayer. The water distributor is conposed of
al i gned wafthe hquking Facihd o exita k diguit BelkRele Sovel @24Zdvbling BR sertiibhgf seateatggas

scrubbi ng apparatus, a mst elimnator 9 for elimnating m st
from entering the flue gas leading pipe.
[0033] In the ship flue gas scrubbing apparatus, the gas leading-in port inside the housing
is a through hole in the side wall of the housing, or an exit of the flue gas leading pipe fixedly
connected to the side wall of the housing.
[0034] In the ship flue gas scrubbing apparatus, the liquid collecting pool is fixedly
composed of a lower side wall of the housing, a bottom of the housing, and a pipe wall of the flue
gas leading pipe or a separation plate outside the pipe wall.
[0035] In the ship flue gas scrubbing apparatus, the liquid collecting pool is composed of
the side wail and the bottom of the housing under a horizontal cross seetion where a lower edge of
the flue gas leading-in port inside the housing Hes,
[0036] In the ship flue gas scrubbing apparatus, the material of the high temperature
resistance components forming the cooling flow equalization layer is a high temperature resistant
inorganic material selected from metal, ceramics or carbon fiber materials.
[0037] In the ship flue gas scrubbing apparatus, the cooling flow equalization layer
includes high temperature resistant fillings and a filling supporting frame. The supporting frame

for the high temperature resistant fillings is fixed on the inner wall of the housing directly or

through fasteners.
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drops in the exhaust gas is installed above the water distributor.
[ 0043] The technical solution of the ship flue gas scrubbi ng nethod of
the present invention for scrubbing, by neans of seawater, the
pollutants, mainly sulfur dioxide in the flue gas discharged from
ships is as follow ng. [0044] The steps of the ship flue gas scrubbing
met hod are as follows: [0045]a. leading in flue gas: flue gas
di scharged by an engine is led into a scrubber, and the | eaded-in
flue gas is caused to flow upwards in the scrubber; [0046]b.
i njecting scrubbing seawater: the scrubbing seawater is injected into
t he scrubB¥8l f r omimthschipbBiengss serabiie g prrarfus atie €09lipe dlosdeqipiirptiony layer
scrubbi ng | ayer of the scrubber, and the scrubbing seawater is caused
to fl ow dowhdesrdsigh rertpereluscrsibde erid b4 A ltgh somperktinienesistac parfpitaigplata a
counter-flow way is realized by flow ng the scrubbing
which is fixed on the wall of the housing directly or through fasteners.
[0039] In the ship flue gas scrubbing apparatus, the scrubbing layer includes fillings and a
filling supporting frame. The filling supporting frame is fixed on the inner wall of the housing
directly or through fasteners.
[0040] In the ship flue gas scrubbing apparatus, the fillings in the scrubbing layer is of a
polymer material selected from polypropylene, polyethylene, or ABS engineering plastics,
[6041] In the ship flue gas scrubbing apparatus, a water distributor which outflows
downwards the scrubbing seawater in a horizontal and even distribution pattern is fixed above the
scrubber layer. The water distributor is composed of aligned water pipes or/and water channels.
[0042] In the ship flue gas scrubbing apparatus, a mist eliminator 9 for eliminating mist
drops in the exhaust gas is installed above the water distributor.
[0043] The technical solution of the ship flue gas scrubbing method of the present
invention for scrubbing, by means of seawater, the pollutants, mainly sulfur dioxide in the flue gas
discharged from ships is as following.
[0044] The steps of the ship flue gas scrubbing method are as follows:
[0045] a. leading in flue gas: flue gas discharged by an engine is led into a scrubber, and

the leaded-in flue gas is caused to flow upwards in the scrubber;

[0046] b. injecting scrubbing seawater: the scrubbing seawater is injected into the scrubber
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seawater, which is injected from above the scrubber, through a
scrubbing layer with fillings to contact |ow tenperature flue gas

t hat goes upwards;. [0048]d. cooling: high tenperature flue gas is
cool ed by a cooler. The scrubbing seawater flows downward through the
cooler to reduce the tenperature of the high tenperature flue gas,
then the cooled flue gas goes upwards to enter the scrubbing | ayer;

[ 0049] e. discharging clean flue gas: after being scrubbed, clean gas
goes upwards and is discharged via a cleaned flue gas outlet;

[ 0050] f. dlschar% g the scrubbing seawater: after being scrubbed
the seawafl@ ¥ %fibhing seayater F‘l’tffﬂ‘f"dio‘i?éﬂdla@%‘tel "‘hﬁ”ﬁ’é@g 2Rk of @e g¢" Elt?ﬁ'ara@ﬂsﬁ‘e
froma seawater discharging outlet. [0051] Based on the above

t echni cal ssdibingisesvatsf is chreedsthiflpw dbwievaghdn he santitbemg et hod, t he
technical solutions with additional technical features are as
follows. [0@952] | n tReusduigdsdrlbbbg@ibcotféih W iRk by fldvihd¥lie scrubbing

scrubbi ng step, the nethod of
seawater, which is injected from above the scrubber, through a scrubbing layer with fiflings to
contact low temperature flue gas that goes upwards; .
[0048] d. cooling: high temperature flue gas is cooled by a cooler. The scrubbing seawater
flows downward through the cooler to reduce the temperature of the high temperature flue gas,
then the cooled flue gas goes upwards to enter the scrubbing layer;
[0049] e. discharging clean flue gas: after being scrubbed, clean gas goes upwards and is
discharged via a cleaned flue gas outlet;
[0050] f. discharging the serubbing seawater: after being scrubbed, the seawater falls into a
liquid collecting pool and is discharged from a seawater discharging outlet.
[0051] Based on the above technical solution of the ship flue gas scrubbing method, the
technical solutions with additional technical features are as follows.
[0052] In the ship flue gas scrubbing method, in the scrubbing step, the method of
sufficiently scrubbing the low temperature flue gas going upwards is that, in the scrubbing layer,
the flue gas and the scrubbing seawater is caused to contact and mix sufficiently at a gas-liquid
contact surface of the fillings, and the flue gas going upwards is caused to be sufficiently scrubbed

to remove the SO; therefrom.

[0053] In the ship flue gas scrubbing method, in the step of discharging clean flue gas,



sufficiently scrubbing the | ow tenperature flue gas going upwards is
that, in the scrubbing layer, the flue gas and the scrubbi ng seawater
is caused to contact and mx sufficiently at a gas-liquid contact
surface of the fillings, and the flue gas going upwards is caused to
be sufficiently scrubbed to renove the SO2 therefrom [0053]In the
ship flue gas scrubbing nethod, in the step of discharging clean flue
gas, discharging the clean flue gas is that the clean flue gas is
caused to pass through a mist elimnator to elimnate m st drops in
the flue gas and then is discharged fromthe cleaned flue gas outlet.
[0054] | n firbagiqe Fherolear flepaass sératiboslpry fve gatducaused fopses orevfalisislivasior e

| oss of the flue gas is less than 110 mllinmeters of water col um,

[ 0055] Thetotebmimiemeist dpapk mohgiive gasrdd efh Bciisshagded finm tistviganddl flue ggastiet.
scrubbi ng net hod and apparatus of the present invention are as

fol | ows. [0@@#}6] Nat trted sh %M%u%@@%ﬂ%ﬁﬁ@%%&&rﬂmﬂai@kahiretlés%fth@ﬂue gas is
di ssol ve and absorb sul fur d|0X|de and can be used to scrub an

cl ean f'UE$QQEQ§®nﬁﬁm@@m%@wﬁ&cghﬁﬁte sul fur di oxi de and ot her

' pollutants in flue ases dlscharged fromindustrial comnbustion

soavat or MSHicqui B ORAVE P TGRS 8 Bndv THE gh S PhBE Sipd o <

: 1's because that the ShIpS have a limted space, the reaction tine in
' the proce#whnalys pidhepresent invepiongrege &dlevihg appar at us nust have not only
a high total absorptivity but also a high absorbing speed. |In other
wor ds, thpo3sgr ubbi Nguahdawedis endsesxg sebifg abilziacty disdte dnd abertysultfligdioxide,
otherwi se the apparatus is not practical. In order for a ship flue

gas scr ubhidrgh sREQQE scihn@ PIRATRE gh%e#@ a9 g) diibfnateanatiRkidt hdaepdlu@hts
scrubbi ng and absorbing efficiency, the key processing factors are

reaction ﬂm%@gﬁﬁ% 560 HRY 160 MadGilial %Blﬁﬁlstlag%&hﬁei Pradif !qg&gﬁ 2{& ubbl

reaction tenpéra ure, the worse The scru |ng an

and |l arger the UId as cantact area er t he b|n and
Absor bi nanisrere i e ER R RO LR ot RS st i‘ﬁ/g SRR o
of first cooling the high tenperature flue gas, followed by scrubbing
and absor B¢ #dps haesdivgied srgce; e reedion Himg md‘r*f-ﬁ"‘@%&ﬂ%é?rsb%F'ﬁ@m&%ﬁ'”aﬁ@@‘rﬁw ng
into two functional sections, respectively realizing the highest

ef fi ci enciyst anct natctﬂl)ewhiglgtotalhaash@é\tityd)\mwlai 4 high absorbing speed. In other words, the

scrubbing and absorbing efficiency must be very high, otherwise the apparatus is not practical, In
order for a ship flue gas scrubbing method and apparatus using the seawater to have high scrubbing
and absorbing efficiency, the key processing factors are reaction temperature and confact area.
That is, the higher the reaction temperature, the worse the scrubbing and absorbing effect, and
larger the liquid-gas contact area, the better the scrubbing and absorbing effect. Therefore, , the
present invention employs the method of first cooling the high temperature flue gas, followed by
scrubbing and absorbing, separating the cooling and the scrubbing and absorbing into two

functional sections, respectively realizing the highest efficiency, and achieving the best overall
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effect. The total cost of the ship flue gas scrubbing apparatus and
met hod of the present invention is significantly |ower than the total
cost saved by substituting the |owsulfur fuel, thereby changing the
situation of lacking a practical technol ogy for the ship em ssion
reduction, and realizing the expectation of reducing ship pollution
by means of seawater scrubbing, which has been pursued by people for
a long tine but has not been realized. [0057] The details are as
fol l ows. [0058] Cooling: The ship flue gas scrubbing method and
apparatus in the present invention can be applied in situations where
the flue gffestdhewoharaged theshimilye gdsispuldineseparaigngmethedsofghet psgspret inventios
as high as 490C. The sul fur di oxi de cannot be scrubbed and absor bed
if the fl seiggdisarally lavehihghthd @AP@EBEVEE By hudKitntidg e &ensutfoohithertby changing

addition, the conponents, especially the fillings in the scrubbing
function athe%ﬁt@dttrbrpaf Mikkdg a%acﬁ@ﬁ ko2 RG Sk dhip etnhﬁron Iy élinctfoﬁ D8 iSRS the
flue gas enters the scru bbi ng functional section directly. ere?ore,

2(;?3[332?' &g}ﬁ%}%%%to{’ lgﬁ'u%kncéle Cgolprpon taflrleég Volfde%gvgtg‘% r;[uoﬁng'rl;le/ﬂcl?%{;slge &:ursye bﬁe
downsi de of the scrubber The hrgh tenperature gas goes upward to
pass the BWBIeiPG IP1edimedytihas notdesgrrligekt i on and the scrubbing
functional section to contact the scrubbing liquid for being
scrubbed. [(PE cool Thayefailogwe exfubdvszat i on section at the downsi de of
the scrubber is a functional section conposed of a high tenperature
resi st ant [0gs8]d or/ a@ddlinki The RS . fluth@s Bgbbike Mebatatid @pfardne Bathe| @eedtn
fromthe gas inlet pipe passes through the grid or/and the fillings

in the COervérﬂ‘iGn Edn%\é"aﬁﬂb‘@tln s AlibRWhSE ﬂte'fl‘a@ge{s‘alsaﬁl £PRLR Qslﬁ?ﬂes%%@ilrtb kR -
The cooling flow equalization section at the downside of the gcr ubber

o nckh BRI MhorerRsefl ShA. caﬁ%t b GRELAl tlrb%ort?cfrtﬁtﬁue saat
in fromthe Pas i nl et pipe passes t hrough t he perforated Iate or/and
the fillihB8hisNPERErEdEHIGREFNPYHH: B’tﬁ&'&’l“f"bé‘tei cgpPERpesnscitlly helilisg iafe
and equalized. In an inplenenting solution in which the gas inlet

pi pe passesubbhg dungtionahseclidnguill be ceily dethigad) ifisbohigh teimgerpioret flugrgap enterk the
gas inlet pipe inmersed in the scrubbing liquid is also a part of the
cool i ng f sehbing figcti@@Cdettivn dirkdiyLSThERfoud, b isdr@bbiny flult@oraPRbticmAOprbviged at the
ef fect. [0059] Scrubbi ng: The scrubbing functional section is conposed

of a filljngelfheScrubbBieanitBlc8slind il ek Rkl Aion Bl 5 HbiS& a@lﬁrerars\@m& drbR
scrubbi ng seawat er evenly fronta horrzontal plane to mes

r ;;L:, ngsBe%catE}S%r [edugl hlU(lil tem E)atr.ge gas é%% \galt,r Yt)’zpaassthetcoo n&%&r eartra!rzatlﬁ)n secgon and
surface formed by the f||||n s, a huge qui d-gas contact area

provi ded, thr\ﬁf'errté’ags fpppiionad eglips tﬁgo'ﬁtt’élt[‘%%’a‘rbrb‘?crt'@l'%fff“i Reingpgrybhed. Uercyoiw

hi gh. On the other hand, the scrubbing process in the present

i nventi onﬂ@tﬁemtdﬁzaeiommmnert tHe| downsider d iiiepesamhber is anfupgtiosdh s¢chien smpokddi afig
seawat er goes downward through the scrubbing | ayer while the flue gas
goes upwakigh tctiperdght rtditans glidikdrand Qllihgsy Ble hidih@mpdratare gias cA0at iaGlom thagdsl y
fresh seawater with the strongest alkalinity and the |owest

t enper at U@y oif Qﬁéses Erh&;oﬁtﬁ‘e ofik 61%){ ﬂ{ecrrﬁr?gs W, ln?g%w RuaiihiodTse bﬁ’FEJ

can be very e sane scrubbi ng | ayer mnth fil

enpl oyed |n the nve ns i ventron Si ica reduc

oot of ancistiy M ERAREE: 1hPHelhe fiitse ;ratécrrssaﬁﬂortaqt#@wre% ﬁfﬁtref"aﬁb%r ‘
the object of the present |nvent|on to provide a technical %p ar at us
with a hi GRetiealsresiongonarosidcaf erish tpreraine swiserdtehipte egad fil Flmﬁti]eAs
a result of the above-described technical solution, the serious
shortcom ngs in i5



the prior art has been overcone. The ship flue gas scrubbing
apparatus and nethod of the present 16 invention have prom nent
techni cal effects as described below [0061]1) Hi gh scrubbing

ef ficiency and | ow operational cost [0062] The present invention
adopts the nethod of counter-flow scrubbing with fillings, and its

| i qui d-gas contact area is at |east thousands tinmes of the bubbling
scrubbi ng nmethod. This realizes a high efficient scrubbing which can
reduce 99% sul fur oxides, 20% nitrogen oxides, and 80% particles,
with a low pressure loss that is less thanll0 mllimeters of water

col um. 1GgsBhmaulifyngasted e framtheay wlsbpippasts thipagihthe perfiratedplasneriaph
has significance to international shipping business for the

envi r onmnetht allingsij the tooliesilow ddin]pratidnissdaentoibacad®d ond @pilized in arimplEoentiGE=CA
(SOx Em ssion Control Area) that the sulfur content of fuel oils used

in ships Mgibn MA@ LRGN Y8 pa®s thitReiShi m[m&&nb%p@we%@@n ¥ikdkadn
exhaust gas desulphurlzatlon apparatus to ensure that the dlscharged

f .uel gas JQEEQB ﬁ#grééﬁ u?ﬁ% o b%ﬂgeiﬁuf’alls £I J%@ttlafél&) C%P&ﬁhol?ﬁréal@écﬁ&, EM? !

0|Is W th ur conten t "excee

desulphurl ation ui val e & fuel oil sulfur content' must not exceed
1. 5% H@%”th%?ﬁﬁ? @F‘g Hani zati ons have been aining for a goal

of 0. 1@6fue| oil sulfur content. Currently, the average sul fur

cont ent of003avy obarsbhing: {Thesaebing fnstienglbieesion Astogppscd &f a &illing fpgrer. The
scrubbing efficiency shall be 50%to achieve the goal of 1.5%

desul phurwaatdisatbusqdisviabtentowhualls the berishbing weawatondvery fromrchotifodtal plane to
scrubbing efficiency shall be 96. 7% to achi eve the goal of 0.1%

desul phurj,ZathOmIREY THALEIMY fivdSlas Bodvs §Wffrc!&rthﬁ>€?§l¢ aetﬁuu{goﬁ%] BecR0Mt NY
t he high tenperature gas and absorbing the SO "at a | ow tenperature

are scrubbing seawater is distributed at a huge surface formed by the fillings, a huge liquid-gas contact

area is provided, whereby the scrubbing and absorbing efficiency is very high. On the other hand,
the scrubbing process in the present invention adopts a counter-flow arrangement, in which the
scrubbing seawater goes downward through the scrubbing layer while the flue gas goes upward
through the scrubbing layer. The flue gas contacts lastly fresh seawater with the strongest
alkalinity and the lowest temperature. Thus, the efficiency to scrub and absorb sulfur dioxide can
be very high. At the same time, the scrubbing layer with fillings employed in the present
inventions invention significantly reduces resistance to the passing gas, thereby ensuring the
realization of the object of the present invention to provide a technical apparatus with a high
absorbing efficiency and a low operational cost.

[6060] As a result of the above-described technical solution, the serious shortcomings in

the prior art has been overcome. The ship flue gas scrubbing apparatus and method of the present
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carried out in different sections. [0065] The high tenperature flue
gas nust be cooled so that the SO2 in it can be absorbed. The
solution of the present invention includes a cooler. A further
solution is that the cooling flow equalization |ayer is disposed

bel ow t he scrubbing | ayer, whereby the fresh scrubbi ng seawat er
passes through the scrubbing | ayer to absorb SO2 in the cooled flue
gas, and then passes the cooling flow equalization |ayer to cool the
hi gh tenperature gas. The cooling flow equalization and absorbing are
carried out in two different functional sections in separate steps,

- and do nomvinsigehdverprotnepiicckniet eifickias destiiticd belew| | zes t he best cool i ng
- effect and the highest SO2 absorbing efficiency. In addition, as

~ descri bedoagigve, i n Hiflescaodbing eficiélcpundlowwpditivgairedhod in the present
invention, the seawater at the flue gas outlet has the | owest

t enper at Ufggzjand Cﬂ%ﬁﬁ&@rﬁrﬁweﬁﬁro% Q@op@ﬁﬁé e8P 5o Rerdiv dofubbing BAtS fillings,
results in an extrenely high SO2 absorptivity, further demonstrat ng

the si 90 158 RhyB s AR o £ I8 oIRGB BLABbIANCA DR GERRL Gk

resent nven
absor bi ng are carrr d out S rate st 00 3. The | ow
oper at i on&hliZegshishy CIFrﬁéchttN\?"r\@r?EF%lbrFWF ﬁ?é‘ﬂé“f ‘?e]év 20%cutHRert %’Hdes and
[0067] The | ow efficient heat exchanger results in the |oss
out wei ghi ${§6 pmclegaivith 2 lakvipedssustiow tirkt tsdesaithen Id@ anillivpigh obwatercplamey  heat
exchanger requires trenmendous thermal capacity and a huge heat

conduct i opogBlea, ang highsefiidienmayrubidihs RE theSirakitedvantions ik Sighicaks ao of
its enornmous size. Therefore, the invention adopts the non-reheating

gas eXhauﬁkrnaﬁémV‘@f’t bplﬁ?r bhi?l?essal?d?vtﬁe réﬁmdnﬂt@ﬁgl B&Jwﬂv&f fisei Et’fbthsl'fe!:ll ihi 085
scrubbi ng technol ogy herefore, the operational cost and

manufact ur| ngro['rb %%I%(%( (S%ZE{%]]‘P L% nst%o?gre?ﬁgqlth%tsﬁiﬁ%%t 1poqrﬁjgl ({ Eﬂ&é‘&‘?ﬁsmps

]i%ft“
consi dera e con en re- | COI’I’OSI on

and corrosion aggravation is elimn ted 0069 The pr esen vent on
adopt s t hEUHEAL PEREatP g Oighs skl ea"'HH'PBe&n‘ES'It PPyt estiphiurization

apparatus to ensure that the discharged fuel gas has a sulfur emission equal to that in the ships
using fuel oils with the sulfur content not exceeding 1.5%, i.e., the ‘desulphurization equivalent
fuel oil sulfur content’ must not exceed 1.5%. Other international organizations have been aiming
for a goal of 0.1% fuel oil sulfur content. Currently, the average sulfur content of heavy oils in the
world is approximately 3%, so the scrubbing efficiency shall be 50% to achieve the goal of 1.5%
desulphurization equivalent fuel oil sulfur content, and the scrubbing efficiency shall be 96.7% to
achieve the goal of 0.1% desulphurization equivalent fuel oil sulfur content .

[0064] 2. Cooling the high temperature gas and absorbing the SO» at a low temperature are
carried out in different sections,

[0065] The high temperature flue gas must be cooled so that the SO; in it can be absorbed.
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the re-heating heat exchanger, which effectively overcones the
shortcom ngs in the existing re-heating heat exchanger for being
costly and resulting in a reversed effect. As nentioned above, the
flue gas at the counter-flow scrubbing outlet has the | owest
tenperature, and consequently the corrosion ability of the flue gas
is the mninum Therefore, corrosion resistant materials with | ess
cost can be chosen to extend the lifespan of the apparatus. [0070] To
sumari ze, the technical solution of the present invention not only
realizes high efficiency, high performance, and high reliability, but
al so si gnithd ehen 9f therferseidnveatingfispdidas 4 spglee ésftmlaﬁwhélse psdhat g gpolivg Jow
and therefore, it has excellent technical and econom c perfornance
and good tgelmiicalayefif dgosd bBloivahe Pedbing fyerowhadbytthefiddh antbige: seawater
100711FIG | is a schematic di agram showi ng a ship flue gas scrubbing

appar at uspe@,@e@Qﬁr@aamhé SeréddBing TRRA RIS b 8D, i Bhe IcBMENTEOEhs, ahdahdnl fageOBe
| eadi ng-i n port 3.2 inside the housing Is the exit of a flue gas

inlet pip o
ext ends t gooﬁh%'ﬁ{)\ﬁ ECI{L ﬁzatr%ﬁ(ﬁger?(%]%olﬁugﬁﬁ t?lpg? tté?'lggﬁ%tuquts quﬂ%lég lnlg fiowaeﬂﬁahzation
situation that the flue u rd v rtically to enter the

scr ubber . AfRRSOSRY ¢ caried “td“ ffﬁﬁ%\l\%ww a“i?E{‘P'lsi‘hsFPaéﬁe flepyeAnd do not have
| ocated between the flue gas |eading-in port 3.2 inside the housing
and t he simmagionagphiotpeFhiyrealizeiphar] «pling effect apddhetiéahast 8O- ehiserhingefficiency.
showi ng a ship flue gas scrubbing apparatus according to anot her
enbodi nmentn addititih) @s desyridat dbove, inHikecofubtereflogassrubi@agindiipd imthp preienBingentian, the

| ocated at the inner wall of the housing I, and is the exit of a
flue gas {eRghnd tRi e gas WMikChs ik IB\Wé%gQWerﬁth@nﬁﬁtc@ﬂ'e(ﬁt@ntq)htﬁe 856 8os¥Blnk
of the housing I. It is suitable for the situation | ue gas

Sl R o 20T B ln

3.2 inside the hou5| n e . scrubbin
and good technlcapgffects (grouor 1t by the technic leSOPl/,ItIOI'l of the present invention in which

the cooling and absorbing are carried out in separate steps.

[0066] 3. The low operational cost and the low manufacturing cost are reconciled.

[8067] The low efficient heat exchanger results in the loss outweighing the gain, which
should be avoided. High efficiency heat exchanger requires tremendous thermal capacity and a
huge heat conduction area, and thus it may not be installed on ships because of its enormous size.
Therefore, the invention adopts the non-releating gas exhaust, as well as the above-mentioned
high efficient filling scrubbing technology. Therefore, the operational cost and the manufacturing
cost for the processing apparatus are both reduced considerably.

[0068] 4. The conflict between re-heating anticorrosion and corrosion aggravation is

eliminated.



[0073] P10. 3 shows a bl ock diagram of the ship flue gas scrubbing

met hod according to the present invention. 10074]FIG 4 is a
schematic diagramof a prior art technical resolution of the US
patent No. 7,056,367, which includes an co-axial nested inlet

conduit, a hot conduit, an outlet conduit, a counter-flow passing gas
exhaust, and a tank containing scrubbing |iquid, wherein ends of the
heat and outlet conduits are operatively interconnected and i mrersed
in the scrubbing liquid in the tank, and the heat conduit has a
star-shaped cross section to increase the heat conduction area, so as
to p re-hi#889%1t he eXivaussentdgavsaiionaiapks throros-reheaingteas $xhausbad gompletely omits
tenperature of the exhaust gas beyond the dew point by at |east 30
C.. 10075hEIéhealing Seal eSahigem tuhich iffagivelin ovércames aliy gititaiads ibukbbiistigs
scrubber, and five bubbling units are shown in the apparatus as

i 11 USt T al Qeheayl,QAZBLNARES: 81 be%gmgl%ﬁrésuﬁ&gﬂﬂé@éééﬂ BfFect AL HRRRARILDE, t 0
the reference nunbers in the ramﬁngs are as follows. [0077]In FIG

?22 d IFLS rz)tlhf) éue itutﬁe %ogﬁtel-ﬂow sc;l’ug{;l % ou@tﬁms E(Hl e E\'\\Ha]:;tlt%gnﬁ%ﬁlﬁég andSc:oE;e!]#éﬁtLPgt"f‘gas

| eadi ng-in part inside the housi ng, 4
corrosion ablhty of the flue gas is the mmimum, The:efore corrosion resistant materials with less

cost can be chosen to extend the lifespan of the apparatus.

[0070] To summarize, the technical solution of the present invention not only realizes high
efficiency, high perforinance, and high reliability, but also significantly reduces manufacturing
cost and operational cost, and therefore, it has excellent technical and economic performance and

good technical effects.

Brief Description of the Drawings

[0071] FIG. | is a schematic diagram showing a ship flue gas scrubbing apparatus
according to an embodiment of the invention. The flue gas leading-in port 3.2 inside the housing is
the exit of a flue gas inlet pipe 3 which is fixed at the bottom of the housing 1 and extends to the
inside of the housing |, and is suitable for the situation that the flue gas goes upward vertically to
enter the scrubber. The cooler 4 is a cooling flow equalization layer 4° located between the flue gas
leading-in port 3.2 inside the housing and the scrubbing layer 7.

[0072] FIG. 2 is a schematic diagram showing a ship flue gas scrubbing apparatus

according to another embodiment of the invention. The flue gas leading-in port 3.2 is located at the
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cooler, 4" - cooling flow equalization layer, 5 - |ow tenperature
flue gas, 6 - filling supporting 20 frame, 7 - scrubbing layer, 8 -
water distributor, 9 - mst elimnator, 10 - exhaust gas outlet, 11 -
di scharging clean flue gas, 12- scrubbing seawater inlet pipe, 13-
scrubbi ng seawater, 14- liquid collecting cover, 15 liquid collecting
pool, 16 - seawater discharging pipe, 17 - discharged seawater; D
-the dianeter of the scrubber, which is a side |l ength when the
scrubber is rectangular; L - the height of the scrubber. [0078]In
FIG 3, a - leading flue gas in, b - injecting scrubbing seawater, c
- scrubbi imger vehilof thelusing |, aed is thd xiodfa Flgd gag leading wbecarhichasfixedlp dorfnected to

di scharging the scrubbing seawater. [0079]In FIG 4 (the technical

r esol ut i othe Qfde twae dothepmugny 1.1t B5Qitad® /by thd Sitvatigathal Micadas ENES Uietscimbbbr
gas inlet; 19 - hot conduit; 20 - exhaust gas |eading pipe; 21 - tank
cont ai ni ngy36EMRPIAGcdolcAYida cAing AGY RRIAGoh 108t HlloctSd betiiieh ! FONYAEES
24- mst elimnator vanes, 25 - m xing exhaust and scrubbing |iquid
in the tapk,. 26 - r.ubbi,n as re-heat area, .and 27- scrubbing
iquid i nlaInGR 3R “1.3“["8‘6% s st B 2l bubbl i ng
scrubber), 28- scrubbing liquid, 29- entering gas, 30- bubbling_hood
unit, 31 [90FIschar BiChsiigus a biopkdiagram pfihe hip fiee & peraibingmetiod agppiding to

| i quid.

the present invention.

[0074] FIG. 4 is a schematic diagram of a prior art technical resolution of the US patent No.
7,056,367, which includes an co-axial nested inlet conduit, a hot conduit, an outlet conduit, a
counter-flow passing gas exhaust, and a tank containing scrubbing liquid, wherein ends of the heat
and outlet conduits are operatively interconnected and immersed in the scrubbing liquid in the tank,
and the heat conduit has a star-shaped cross section to increase the heat conduction area, so as to p
re-heat the exhaust gases with more heat to increase the temperature of the exhaust gas beyond the
dew point by at least 30° C..

[0075] FIG. 5 is a schematic diagram of a conventional bubbling scrubber, and five
bubbling units are shown in the apparatus as iflustrated.

[0076] Names of components or structures corresponding to the reference numbers in the
drawings are as follows.

[0077] In FIG. I and FIG.2: | - housing, 2 - high temperature flue gas, 3 - flue gas leading
pipe, 3.1 - flue gas inlet outside the housing, 3.2 - flue gas leading-in port inside the housing, 4 -

cooler, 4* ~ cooling flow equalization layer, 5 - low temperature flue gas, 6 - filling supporting
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Det ai | ed Description of the Enbodi nents [0081] Further description of
the ship flue gas scrubbing apparatus and nethod are given below with
reference to the draw ngs and enbodi nents. [0082] A. Enbodi nents for
the ship flue gas scrubbing Apparatus. 100831Enbodi nent 1: 100841As
illustrated in FIG 1, the flue gas |leading-in port 3.2 inside the
housing is the exit of the flue gas inlet pipe 3 which is fixed at
the bottom of the housing | and extends to the inside of the housing
. I'n the enbodinment, the flue gas |eading pipe 3 is always kept
above acidic seawater surface in the liquid collecting pool 15, that
is to sayfranhd -fstruebiggleyed Gegvaten tisihvten O tvdstginatee dhatdaust gas opidet, 11 -
suitable for the situation where the flue gas is |leaded in

verti cal | §ischhigingREhufhezag 1hottaibhigg deawateiSaletiiel (B shiayteng sBawdtdrhl4 - liquid

fillings is fixed at the upper side inside the housing. A liquid
col I ecti ngy ARk cbverMd hnq@nd%ﬂz\!«\ﬁhﬁbod?uid e%ea@e@tm‘ &sd@lﬁ:@\ﬁg%% ﬁ -tdehargauer
side inside thé housing. | ue gas ea |ng pi pe 3 whi ch | eads the

exhaust g%§w£t§ h Be tl?ecc{la%?e? gf t[ t{ s% %53 . wh: a% Iéng&%&n e pcgu%%% ?reé‘taqg}lﬁré

connect ed e housing

gas Ieadlng pipe 3.is a flue gas |nlet 3 1 out5|de t he housi ng, the
ot her end r?eﬁﬁgnﬁfﬁﬁsﬁg?mleadlng in port 3.2 inside the housing. The
gas leading-in port 3.2 inside the housing extends into the housing
1, and it[0088]] ocat bFIG6t awleningtiwe gasrinbbiineptihgspabbing seadatethe- sciugbingl d -
col l ecting pool 15. A cooler 4 used for cooling the high tenperature
flue gas &olife, pr axthERthgitit ddaegds| e f gdischpgimgdgechitivaeisvadie fl ue gas
inlet 3.1 outside t he housing of the flue gas |eading pipe 3 and the
SCVUbb'”QQbﬁMer hfF@ﬁﬁ%ﬂQhQ&ué@%%@mﬁ&1&W%@KB%%&h§7&%@M?PQ@ ROVt

t he scrubbi ng ayer . Apurified flue gas outl 10°71s prOV|d%d at
equal | pat 1B &) e»raw“gta'r%% e rpul eg Rk %ast‘%ad"’%cfpg 302 ks imaigng
port 3.2 inside the housing and the scrubbing |ayer 7. The coollng

fl ow equa?cf‘?at“rg&iﬁ“'ﬁ éﬁéﬁcr@b"gélq‘l‘fﬁ’&é ﬂb‘”ﬁﬁ"aﬂ?s 't“@?fﬁlé'i"’ﬁ‘?‘ﬁ?\@‘“?se%? Stakge
conponents and is fixed on the inner wall of housing I. Alternatively
it can beedhpyseehdaerubliies lianider thevahli, 26 f schibbiol aey r¢-hdaiareppands7 o ferfbbinzdined s .

inlet and outlet.
[0080] In FIG. S(conventional bubbling scrubber), 28 - scrubbing liquid, 29 - entering gas,

30 - bubbling hood unit, 31 - discharging gas, and 32 - inlet and outlet of scrubbing liquid.

Detailed Deseription of the Embodiments

[0081] Further description of the ship flue gas scrubbing apparatus and method are given
below with reference to the drawings and embodiments.

{0082] A. Embodiments for the ship flue gas scrubbing Apparatus.

[0083] Embodiment 1:



[ 0086] The cooler 4 is a tube cooler or sheet cooler installed on the
flue gas | eading pipe 3. In another enbodinent, the cooler 4 is a
tube cool er or sheet cooler installed in an internal cavity of the
flue gas leading pipe 3. In still another enbodinent, the cooler 4 is
a water spray system connected to the flue gas | eading pipe 3 or the
housing | for spraying cooling water to the high tenperature flue gas
2. The water spray system can be a set of spray heads. [0087] The gas
| eadi ng-in port 3.2 inside the housing 1 is fixed at the bottom of
the housing 1 and extends to the exit of the flue gas |eading pipe 3
i nsi de t hi084jusi ngAdillugratedoi FiG 1t theflexgas leadingain borgRI? thsidolht bating § theawier
14 for preventing the scrubbing seawater fromentering the flue gas

| eadi ng pbfike Bie hONEPIpEREVIGASs dredsliitdoitdin PR hoBsing I 448 betends ehd TRdidioAy
1 is a through hole in the side mall of the housing I, or an exit of

the flue &@F%}g@g?fﬁgwﬁhg&uﬁenﬁ 'tlf%l ec asqgmﬂggfpgglstaﬂwa&? dbgge da\e@#c se?ﬁstate} he

housi ng | I qui Ing p 15 1s co ose

|p|0\rl)vgr W;: ngét\é\la 'Pl 8’%$iﬂ‘fj$ cnag%tmrg 83‘8 1 %Téhaélsﬁ%saé the asadtogs %)g? \gs Itlga%ms Feélyigter.  he

outside the flue as | eadi n 3. The separation plate is able to

prevent tHhé spitfwée the s@pncmnglefe|t§@t§@gs is deadrdrigy vestigally. 3 ipqhesies & Brusiggil om.

[ 0090] The high tenperature resistant conmponents that nake up the

cool i ng ffcowbing layer 7 with fillings is fixed at the upper side inside the housing. A liquid collecting pool
15 with a seawater outlet 16 is provided at the lower side inside the housing. A flue gas leading
pipe 3, which leads the exhaust gas to be scrubbed from the outside into the housing 1, is connected
to the housing wall of the housing 1. One end of the flue gas leading pipe 3 is a flue gas inlet 3.1
outside the housing, the other end is the flue gas leading-in port 3.2 inside the housing. The gas
leading-in port 3.2 inside the housing extends into the housing I, and it is located between the
scrubbing layer 7 and the liquid collecting pool 15. A cooler 4 used for cooling the high
temperature flue gas 2 is provided in the flue gas passage between the flue gas inlet 3.1 outside the
housing of the flue gas leading pipe 3 and the scrubbing layer 7. A scrubbing seawater inlet 12 is
provided above the scrubbing layer 7. A purified flue gas outlet 10 is provided at the top of the
housing 1.
[0085] The cooler 4 is a cooling flow equalization layer 4* and is located between the flue
gas leading-in port 3.2 inside the housing and the scrubbing layer 7. The cooling flow equalization

layer 4’ is made up of high temperature resistance components and is fixed on the inner wall of

housing 1. Alternatively it can be fixed on the inner wall of housing | by means of fasteners.
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equal i zation layer 4" are high tenperature resistant inorganic
materials. In this enbodinment, ceramc material is used, and netal or
carbon fiber materials may al so be used. The high tenperature

resi stance conponents of the cooling flow equalization |ayer 4' are
conposed of high tenperature resistant fillings and a filling
supporting frame. The filling supporting frame is directly fixed, or
be fixed through fasteners, on the inner wall of the housing I.

[ 0091] I n ot her enbodi nents, the cooling flow equalization |ayer 4
may be a high tenperature resistant grid or a high tenperature

resi st ant [08841f or at Bat cpblatdds a whe qohler arshrist avaler ivsialist obibe fue gableadingripe Joe
directly fixed, or be fixed through fasteners, on the inner wall of
t he housi m@nbther e@&BRAdnt, TthecoseF 413 RitudY cdOARF shdeticBoleranspedid ap intdrhdl bivitgs
and a filling supporting frame. The filling supporting frame is

directly émrfeeﬁhe rels leQ@n% bis€sl 1h Empy.gmmf@%@eﬁmsﬂm%& aqswa@f s/ s{yst&ﬁ

t he housing | Tﬁe |ngs in the scrubb |ng | ayer are of ‘a pol yner

- material select 0 J ene

Uai g nont T b ThEBi B g B, R Rkl ML '“gﬁaﬁ&ac‘ﬁ?&r B Fehan
usi ng high tenperature resistant materials, sq that t he cost of the
appar at useMEerEE (e ars; T ratss et §yste G sRAsSl erdHsadscr ubbi ng | ayer 7
there is a water distributor 8 which can outfl ow downwards the
scr ubbi ngl08&awat er Thengaa ldading-roparal.2 amséHeae houding tir is Hined afrthp hottoor of thThe
water distributor 8 is conposed of aligned water pipes or aligned
wat er chalasthg1 and dtends t6 thelakinatthoMue@hs lbafidy pigk Ithsde ted hondingl.@rFalnd M
elimnating m st drops in the exhaust gas is installed above the

vat er di stk c&qec{ﬁ%oc%ém?o. pleldhbhd mgscmb%bgieatvhtwowen@@nﬁgh@hgﬁgs

out of the scrubber wo be di Schar ged
leading pipe 3.

[0088] The gas leading-in port 3.2 inside the housing 1 is a through hole in the side wall of
the housing 1, or an exit of the flue gas leading pipe 3 fixedly connected to the side wall of the
housing 1.

[0089] The liquid collecting pool 15 is composed of the lower side wall of the housing I,
the bottom of the housing I and the pipe wall of the flue gas leading pipe 3, or a a separation plate
outside the flue gas leading pipe 3. The separation plate is able to prevent the pipe wall of the flue
gas leading pipe 3 from corrosion.

[0090] The high temperature resistant components that make up the cooling flow
equalization layer 4° are high temperature resistant inorganic materials. In this embodiment,
ceramic material is used, and metal or carbon fiber materials may also be used. The high

temperature resistance components of the cooling flow equalization layer 4° are composed of high

A%
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the ocean if it nmeets the environnental em ssion requirenents of the
sea area that the ship passes or/and stays, and would be tenporarily
kept in the waste water cabin or be discharged after further
treatnment if it does not nmeet the relevant requirenents. [0095] The
ship inplenented with this enbodi nent is equi pped with a diesel fuel
engi ne of 7150 KW power, 9700 hp, 127 rpm wusing fuel oil wth sul fur
content 3% The key paraneters are as follows: dianeter of the
scrubber housing (D nn) 2523 hei ght of the scrubber housing L(nm

8750 Inlet flue gas volune (Kg/h) 48281
temaperature resistant fillings and a filling supporting frame. The filling supporting frame is

directly fixed, or be fixed through fasteners, on the inner wall of the housing 1.

[0091] In other embodiments, the cooling flow equalization layer 4° may be a high
temperature resistant grid or a high temperature resistant perforated plate, or the combination of
both, which can be directly fixed, or be fixed through fasteners, on the inner wall of the housing 1.
[0092] The scrubbing layer 7 is composed of fillings and a filling supporting frame. The
filling supporting frame is directly fixed, or be fixed through fasteners, on the inner wall of the
housing 1. The fillings in the scrubbing layer 7 are of a polymer material select from
polypropylene, polyethylene, or ABS. The cost of using non-high temperature resistant materials
may be much lower than using high temperature resistant materials, so that the cost of the
apparatus is reduced significantly.

[0093] Above the scrubbing layer 7 there is a water distributor 8 which can outflow
downwards the scrubbing seawater in a horizontal and even distribution pattern. The water
distributor 8 is composed of aligned water pipes or aligned water channels. , or a combination of
both. A mist eliminator 9 for eliminating mist drops in the exhaust gas is installed above the water
distributor 8.

[0094] The scrubbing liquid finally discharged out of the scrubber would be discharged to
the ocean if it meets the environmental emission requirements of the sea area that the ship passes
orfand stays, and would be temporarily kept in the waste water cabin or be discharged after further

treatment if it does not meet the relevant requirements.
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Inlet flue gas tenperature C 200-490 Inlet SO2 vol unme (Kg/h) 70 Inlet
flue gas and dust volunme (g/h) 245 Inlet NOx volume (g/KW) 18.56
Scrubbi ng seawat er volunme (Ton/h ) 96

[6095] The ship implemented with this embodiment is equipped with a diesel fuel engine
of 7150 KW power, 9700 hp, 127 rpm, using fuel oil with sulfur content 3%. The key parameters

are as follows:

diameter of the scrubber housing {Dnim) 2523
height of the scrubber housing L{mm) 8750
Iniet flue gas volume (Kg/h) 48281
[nlet flue gas temperature °C 200~4%0
Inlet SO volume (Kg/h) 70
Inlet flue gas and dust volume (g/h) 245
Inlet NOx volume (g/KWh) 18.56
Scrubbing seawater volume (Ton/h ) 96
Outlet discharged SO, volume (Kg/h) 0.68
Outlet discharged flue gas and dust volume (g/h) 49
Outlet flue gas temperatureC 20~49
Outlet discharged NOx volume (g/KW-h) 14.8
International restrictions of discharged NOx

<17.0
volume (g/KW-h)

[0089] Embodiment 2: FIG. 2 illustrates a ship flue gas scrubbing apparatus of another

embodiment. It is different from Embodiment 1 in that the flue gas leading-in port 3.2 inside the

housing 1 is at the inner wall of the housing I, and it is an exit of the flue gas leading pipe 3 that is
25



| cutlet discharged SO2 vol ume (Kg/h) 0.68 Qutlet discharged flue gas
and dust volune (g/h) 49 Qutlet flue gas tenperaturet 20-49 Qutl et
di scharged NOx volune (g/KWh) 14.8
I nternational restrictionsofdi schargedNOx vol une ( g/ KwW)

fixedly connected on the side wall of the housing 1, which is able to always keeps the flue gas
leading pipe 3 above acidic seawater surface in the liquid collecting pool 15. That is to say, the flue
gas does not enter the acid seawater. It is suitable for the situation where the flue gas is led in
horizontally. The liquid collecting pool 135 is composed of the side wall and the bottom of the
housing 1 under the horizontal cross-section where the lower edge of the gas leading-in port 3.2
inside the housing lies.
[60%0] Embodiment 3: A ship flue gas scrubbing apparatus of still another embodiment is
illustrated. 1t is different from the previous embodiment in that the cooler 4 is a tube cooler or sheet
cooler installed on the flue gas leading pipe 3or in a cavity inside the pipe.
[0091] Embodiment 4:

The difference from the above-described embodiment is in that that the cooler 4 isa
water spray system for spraying cooling water to the high temperature gas 2 which is installed on
the flue gas leading pipe 3 or itmay be connected to the housing 1. The water spray system is a set

of spray heads,

[0092] B. ship flue gas scrubbing method according to embodiments of the present
invention
[0093] Embodiment 5: As illustrated in FIG. 3 which is a flowchart block diagram, it is a

ship fiue gas scrubbing method using seawater to scrub pollutants, primarily SO», in the ship flue
gas exhaust. . The method includes the following steps.

[0094] a. leading in flue gas: flue gas discharged by an engine is led into a scrubber, and
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<17.0 [00891Enbodinment 2: FIG 2 illustrates a ship flue gas
scrubbi ng apparatus of another enbodinent. It is different from
Enbodinent 1 in that the flue gas leading-in port 3.2 inside the

housing 1 is at the inner wall of the housing I, and it is an exit of
the flue gas leading pipe 3 that is fixedly connected on the side
wal | of the housing I, which is able to always keeps the flue gas

| eadi ng pi pe 3 above acidic seawater surface in the liquid collecting
pool 15. That is to say, the flue gas does not enter the acid
seawater. It is suitable for the situation where the flue gas is |led
i n hor i zothe tafleg-in Thegas isgaised dloapwardgingivstrull®ri s conposed of the

i side wall and the bottom of the housing 1 under the horizontal

: Cross-sectoigs] wher g iijiting @nwdbingstgeatat the freubfng sdaeael ingjccnd partke sdruBber

i nside the housing lies. [0090] Enbodi nent 3: A ship flue gas

scr ubbi ngfr@t{?@a{cﬁﬁbHﬁc Qawafel Llltraﬁ’&qz)&% aﬁmoadicmglhc ilged bt M@ dr@tped and ihe i's
different fromthe previous enbodinent in that the cooler 4 is a tube

cool er ormnaset c00 i.ns | eadi ng pi pe 30r in

a cavity IhS &ngs%a}\,'vaéenscaused tﬁ)h@i?@ vwva cl(J“s'mt scaubgg}’

[0096] ¢. scrubbing: scrubbing in 2 counter-flow way is realized by flowing the scrubbing
seawater, which is injected from above the scrubber, through a scrubbing layer with fillings to
contact low temperature flue gas that goes upwards; .

[0097] d. cooling: high temperature flue gas is cooled by a cooler. The scrubbing seawater
flows downward through the cooler fo reduce the temperature of the high temperature flue gas,
then the cooled flue gas goes upwards to enter the scrubbing layer;

[0098] ¢. discharging ciean flue gas: afier being scrubbed, clean gas goes upwards and is
discharged via a cleaned flue gas outlet;

[0099] f. discharging the scrubbing seawater: after being scrubbed, the seawater falls into a
liquid collecting pool and is discharged from a seawater discharging outlet.

[00100] In the ship flue gas scrubbing method, in the scrubbing step, the methed of
sufficiently scrubbing the low temperature flue gas going upwards is that, in the scrubbing layer,
the flue gas and the scrubbing seawater is caused to contact and mix sufficiently at a gas-liquid
contact surface of the fillings, and the flue gas going upwards is caused to be sufficiently scrubbed
to remove the SO; therefrom. In the step of discharging clean flue gas, discharging the clean flue

gas is that the clean flue gas is caused to pass through a mist eliminator to eliminate mist drops in
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The difference fromthe above-described enbodinment is in that that
the cooler 4 is a water spray systemfor spraying cooling water to
the high tenperature gas 2 which is installed on the flue gas | eading
pipe 3 or it may be connected to the housing 1. The water spray
systemis a set of spray heads. 100921B. ship flue gas scrubbing

met hod according to enbodi nents of the present invention

[ 0093] Enbodi nent 5: As illustrated in FIG 3 which is a flowhart

bl ock diagram it is a ship flue gas scrubbing nethod using seawater
to scrub pollutants, primarily SO2, in the ship flue gas exhaust.

The net hotheflnedag eléisthﬁtﬂh@1$3b¢rgfé§l\/fx0!Tgl1%€t|@p@ flup eBled. Al epaidiiomgl pirgssifrd loss of
gas: flue gas discharged by an engine is led into a scrubber, and the
| eaded- i ntlk luegag@Sless shat aALGRUinicters dfotetigvids i n t he scrubber;

[0095] b. injecting scrubbing seawater: the scrubbing seawater is
injected jgghy the ?IQW&%BH Fah S Br thisS ricHN i'ght HRANPSGhe éﬁﬁ%élﬁl@ﬁgdésaﬂéﬁ ed
above a scrubbing |ayer of the scrubber, and the Scrubbi ng seawat er
is caused_to flow downwards in the scrubber [ 0096] c. scrubbi ng:

: scrubblnngHBa counter-flow way is realized by flow ng the scrubbing



seawater, which is injected from above the scrubber, through a
scrubbing layer with fillings to contact |ow tenperature flue gas

t hat goes upwards; . [00971d. cooling: high tenperature flue gas is
cool ed by a cooler. The scrubbing seawater flows downward through the
cooler to reduce the tenperature of the high tenperature flue gas,
then the cooled flue gas goes upwards to enter the scrubbing | ayer;

[ 0098] e. discharging clean flue gas: after being scrubbed, clean gas
goes upwards and is discharged via gigikraned flue gas outlet;

[ 0099] f. discharging the scrubbing seawater: after being scrubbed,

t he se ter falls in a liquid collectin ool .and | char

ff om aleRabauR @F SUHAPEE AP LD TP BPROTTRTEHAS SB iR dsyas) baving
scrubbi ng nethod, in the scrubbing step, the nethod of sufficiently
scr ubbfilipgt being Hxed veittpe fhathongng htea vpps pgaiofithe hpweing) 8 ligsidichBdcting podliiEs)
scrubbing | ayer, the flue gas and the scrubbing seawater is caused to
cont ac i

T e iRl ihl bk ) SRyl oS B3B! EEF T erdF ity
scrubbed to renove the SO therefrom In the step of discharging

cl ean housinggafue ghsdeadinegine(3 fos lesting flup escto §a scrilsher fepm euteidesfthnhdusing
gas is caused to pass through a mst elimnator to elimnate m st

drops {19 into inside of the housing, is connected to a wall of the housing (1), one end of the flue gas

leading pipe (3) being a flue gas inlet (3.1) outside the housing, another end of the flue gas leading
pipe (3) being a flue gas Jeading-in port (3.2) inside the housing, the flue gas leading-in port (3.2)
being located at an inner wall of the housing (1) or extends into the housing (1), and being located
between the scrubbing layer (7) and the liquid collecting pool (15), a cooler (4) for cooling high
temperature flue gas (2) being provided in a flue gas passage between the flue gas inlet (3.1)
outside the housing of the flue gas leading pipe (3) and the scrubbing layer (7), a scrubbing
seawater inlet (12) being above the scrubbing layer (7), and a clean gas outlet (10} being provided
at a top of the housing (1); wherein,

the cooler (4) is provided between the gas leading-in port (3.2) inside the housing and the
scrubbing layer (7), and includes high temperature resistant fillings and a filling supporting frame,
and the supporting frame for the high temperature resistant fillings is fixed on an inner wall of the

housing (1) directly or through fasteners.

2. A ship flue gas scrubbing apparatus according to claim 1, characterized in that the gas leading-in
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the flue gas and then is discharged fromthe cleaned flue gas outlet.
An operational pressure loss of the flue gas is |less than 110
mllinmeters of water colum. [0094] The protection range of this
invention is not limted by the enbodi nents descri bed above. C ains
1. A ship flue gas scrubbing apparatus, conprising a housing (1), a
scrubbing layer (7) having fillings being fixed within the housing at
an upper part of the housing, a liquid collecting pool (15 with a
seawat gt ¢4 3¢ haide itOhinbat af 460 opﬁfermlerga%aql%g pibd ) mixw@t b%&%dn%fﬁ{e
a lower part® of the housing, a flue gas 1eading plpe for eadlng
flue 9gs to e scrubhed.from outsi of. the housjng ( |nto i nsid

of t helpHs ﬁbﬂnd. xtegdhadnp e Hopsing (s nd et e ﬁ@&@.adglu(dﬁoﬂeﬁwg et ()
the flue gas | eading pipe (3) being a flue gas inlet (3.1) outside

t he hofisipreyentimpoichdbingrsdavedtert fhugn thtereneghis flhe asgh legling gige (33) being a
flue gas leading-in port (3.2) inside the housing, the flue gas

| eading-in port (3.2) being located at an inner wall of the housing
(1) or extends into the housing (1), and being | ocated between the
scrubbing | ayer (7) and the liquid collecting pool (15), a cooler (4)
for codl Arfltirhilyd seesprebting epparitue agranlif@)o bleinmg, phamtdwdun thatftheidiquid
gas passage between the flue gas inlet (3.1) outside the housing of
the fl

S Dby L B e o R P N Ry ooy of e
and a ¢l ean as gutleéﬁgﬁg) bei ng rOV|ded at a top of the housing
(1): whdsHE{l), and g pipe the Hye gag iﬂd&ﬁra@'d(%ef hedaralipe plgigsoutside the pipe
| eadi ng-in port (3.2) inside the housing and the scrubbing |ayer (7),

and i nehildes hi gh tenperature resistant fillings and a filling
supporting frame, and the supporting frame for the high tenperature
resistant fillings is fixed on an inner wall of the housing (1)

directly or through fasteners. 2. A ship flue gas scrubbing apparatus
according to claim1, characterized in that the gas |eading-in port
(3.2) fndishp flne ehosaiihing eppamtescpecorsting treclinud, gharadterizgil rig thitphe (igyid
fixed at a bottom of the housing (1) and extending into the housing

(1), apshieb@asd el glﬁ?ls%ﬁnbodea oﬁthle ke el GRd & E&fdnn&tﬁm%mg E-ﬂ)una&ra horizgntal

preventing scrubbi hg seawater fromentering the tlue gas |l eading pipe

(3).

cross section where a lower edge of the flue gas leading-in port (3.2) inside the housing lies.
5. A ship flue gas scrubbing apparatus according to claim 1, characterized in that a material of the
high temperature resistance components forming the cooler (4) is a high temperature resistant

inorganic material.

6. A ship flue gas scrubbing apparatus according to claim 1, characterized in that the fillings in the

scrubbing layer (7) is of a polymer material.
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3. A ship flue gas scrubbing apparatus according to claim 2,
characterized in that the liquid collecting pool (15) is fixedly
conposed of a |lower side wall of the housing (1), a bottom of the
housing (1), and a pipe wall of the flue gas |eading pipe (3) or a
separation plate outside the pipe wall. 4. A ship flue gas scrubbing
apparatus according to claim1, characterized in that the liquid

col l ecting pool (15) is conposed of the side wall and a bottom of the
housi n 1y r i, o, tj.0 r : f
the 11 e guud TS R s R ot L Sl Eh A EE RgR Rluer
ship flue gas scrubbing apparatus according to claim1, characterized
i n t hatliskibEier &) mdichput %%@Wﬁfﬁl@ﬁﬁ@b@@&ﬁ@“’@@g insthemieentalong syrartigribution
formng the cooler (4) is a high tenperature resistant inorganic

mat er i gdttern B .fixed ShivR thd $LutdRS1a56T (TN RHA thedRRAT Rt HItGCEPIsGoRPoded oElaBied
1, characterized in that the fillings in the scrubbing layer (7) is
of a polyner material. 7.. A ship flue gas scrubbi ng apparatus

accor dr'A" DB AR ™Eer St eri zed in that a water distributor (8)
whi ch out fl ows downwar ds scrubbing seawater in a horizontal and even
distribution pattern is fixed above the scrubber layer (7), and the
wat er distributor (8) is conposed of aligned water pipes or/and water
channe : ' | ' r ' . '

T Chas 2 hip Ay S ARpbiny SpRdh e ablend AR ARG MR S ol
drops in exhaust gas is installed above the water distributor (8).

9. A st ferreliinaiing mistduensiin gxhaustEs isgrstallad o vatbe waiepdistributog 4%
scrubbi ng apparatus of claim1l, characterized in that it conprises
the steps as follows7; a. leading in flue gas, in which flue gas
di scharged by an engine is led into a scrubber, and the | eaded-in

Scr ubbyh BBl @ sOERPTR AR S g TEE AR E BV PR P

the scrubber froma scrubbing seawater entrance |ocated above a
scr ubbihagpctesized inghattihengoisedthe stepsaasdolidvesscr ubbi ng seawater is caused
to fl ow downwards in the scrubber

a.leading in flue gas, in which flue gas discharged by an engine is led into a scrubber, and the
leaded-in flue gas is caused to flow upwards in the scrubber;

b. injecting scrubbing seawater, in which the scrubbing seawater is injected into the scrubber
from a scrubbing seawater entrance located above a scrubbing layer of the scrubber, and the
scrubbing seawater is caused to flow downwards in the scrubber;

c. scrubbing, in which scrubbing in a counter-flow way is realized by flowing the scrubbing
seawater, which is injected from above the scrubber, through a scrubbing layer with fillings to
contact low temperature flue gas that goes upwards;

d. cooling, in which high temperature flue gas is cooled by a cooler, and the scrubbing

seawater flows downward through the cooler to reduce the temperature of the high temperature
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c. scrubbing, in which scrubbing in a counter-flow way is realized by
flowi ng the scrubbing seawater, which is injected from above the
scrubber, through a scrubbing layer with fillings to contact | ow
tenperature flue gas that goes upwards; d. cooling, in which high
tenperature flue gas is cooled by a cooler, and the scrubbing
seawat er fl ows downward through the cooler to reduce the tenperature
of the high tenperature flue gas, then a cooled flue gas goes

upwar dfiué SaseibbRk cSol&E ThBREN Gk %@érds to entﬁaselruﬁsaagn@wg clean flue
gas, in |ch after belng scru cl ean gas goes upwards and is

dlscharged a. cl flue ou schar gi ng

scr ubbi gt SisHREIRE AR L san %é“é‘aﬁfé‘i’Z’F{nga?F‘i“éLedoé‘eﬁ@g%ScWBB@Ha b and is
into a liquid collecting pool and is discharged froma seawat er

di schadigchagzedwid etleaned Blue fassditlet;f | ue gas scrubbi ng net hod accordi ng
to claim9, characterized in that, in the step of discharging clean

flue gas, - Cl | i e I
s Caveed FisRERAEURAChBRE B MR BelilBl pholbeliedBlbbed B o
in the.fLue ?as and then is discharged fromthe cleaned flue gas

out | et liquid golleatingwqp! pndiis dipsharged rbmiarsgawaseristhergigrodilety to claim 9,
characterized in that an operational pressure |oss of the flue gas is
| ess than 110 mllineters of water colum.

10. A ship flue gas scrubbing method according to claim 9, characterized in that, in the step of
discharging clean flue gas, discharging the clean flue gas is that the clean flue gas is caused to pass
through a mist eliminator to eliminate mist drops in the flue gas and then is discharged from the

cleaned flue gas outlet.

11. A ship flue gas scrubbing method according to claim 9, characterized in that an operational

pressure loss of the flue gas is less than 110 millimeters of water column.
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