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Eduardo H. R. A. de Almeida, Vitor A. Sturm, Bruno B. Ferraro, and Nelson P. Clark,
Clark Solutions, Brazil, discuss the use of mist eliminators during continuous spray
washing for heavy fouling processes,

n phoaphoric acld-plants, mist eliminanors the latter's highier inertia makes it unable far a w2t of

dheramssream from svaporaton can alfect capacity dmoplets to rapidly respond fo abrupt changes n

and psime if not properly designed, Vane-Type tralaciory. Therefore, entmined liguid collides with
B mist eliminators are weally chaosen for ths pracess. mist eliminator walls and ars collected and drained
T'I__'i'i.!-‘bghebﬂﬂ#ﬁmhe drop izt eliminstor copshits bAsny processes operate with satursted salutiom
of spaced blades offering an undulatory stream thiat will precepitate solids due 3o pressune and
pathway. The altermating path direction promotes thermal effects: Wide spacing and good capability for
draplet mertial impaction, & collecteon mecharsm sabid hardling does not mean mist slimenators ara
whenn density and vigcosity differentes between immraire b0 fouling. Fer this reason. a properly
vapaur arid liquid causes droplet deengagement, as dessgned spray washing system for fouling procasses,
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phasghoric acid mist elimiration was developed by
Clark Solutions [Figare 1L

Precipitation and fouling
Solids carried by vapour stream are basically calbclum
sulfate |Ca%, |, which results in the firsc stages of the
plant, in which phosphate rock s attacked by sulfuric
acid. Some of the Ca30, bypass the filtems and get 1o
Figure 1. Ingrtial impaction in MaziChewwon® Model 31130, mist elimanators, This salid has a high fouling aspect
and i difficult to remove, since it forms plaster
Calcium sulfate has a sotubility arowd 7 o 305
phesghoric acid, which means that his comganent can
b carried in solid as well & -diluted farm! The amount
of entraired solld can be evalusted by empirical oo
tharetical meang:

such
445

B intervals for eguepment remaoval for clesning.
® Estimates of entraingd lquid flow and sherefore
talid content (Tabie 1)

Fnuling Can oodur Dy Tecd Means

B Evaporation al saturated droplets collected on
vana- Ty mist elimimator walls dua 1o equepment
pressune gradient.

B 5olids sceomulstion on Blaces by direct imgact
against an exising fouling layer

Solids scoumulation decrasses the active
cross-sectional area of the mist eliminator, causing
velocity profile changes and pressure drop increase.
Fressure drop incresse reduces evaporalion capdcity
Thesefare, the mise aliminatar is remased for cleaning
and mstall=d again — or replaced in extreme casss,
Beesicles downtame. whick is costly, cleaning with
high-pressure water could damape the blades,
decreasing equipment |fespan.

Solution in keeping the solution

With these issues inmind, Clark Soletions offers the
MaziWash™ eoncept coupléd with MaxiTlevmen® s
rliminators In & wide mnge of materials and designs ma
. E— nddress process specific restraints. The Maxivash is a
Figure Y. Eaample of spray arrangement of the baxiwiesh™! spriy washing setem with the goal of mainraining a
continumisiy-flowing thin liguid film an the Blades af
the mizt efiminator surfaces. The liqued solution used is
[]Ir.'liﬂ.-i'“]-' he protess salution, such as phosphorc.aced
[Figure 2],

The specially-engineered and desigred spray nozzles
generate droplet site distributon that will praperly
perartrate the MaxiCheyron Blades, which can collect
up b 9594 in the 10 gm range. Thus, the sprayed figuid
weill e codlected by the mist eliminatar = iy various
passes, instead of first pass anly
Rial Coverage | Two obpectives are scheaved semultaneausly by
keeping a contirmious sy file an the walls

Spray

Distance

Treofetical Covarape
B Evaporation of liguid dus to presuire gradient is

Figure 4, Pulverisation angle and sprey distance itrelevant, since lguid is provided by the sprays at
conskderations. the rate it is evaporated, mairtaining solbids diluted.
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B The film prevents free salids fram accumalazing on
walls, carrying doran erpinged solids alorgside ligud

drazning

A oortinuous Sy vierm by the tollgy al 3 aenefifs over
CEFTTITTERT OpsRiation

B Lower water corsumption: intermittent washing
reguilres hiph pressure and Fguid Florecrates, cue 160
the difficulty af mechanically remaving fouled
I:.|'S{II D the cther hard, far continscis weashing,
the flowrate and pressare Caf e sl as 1o be
MINSTILET, JURT SNOUEH D MalntEin a Tin film and
guasdntes siturstion

B Mo clopging: Intermitteny waghing cperates altes
solid accumulatizn. Using high-prescurs, intermittent
wiashing could cause blocky of CaS0, to d=tach and
Clgg chraen Hpes, & CONTRMURUE waghing wogtd
prevent block farmation

gntirely

B Salk pre-cellaction: A continuaus sasibing systeim
MEinTEins a lguid gurtain, I The Continuas sEdnaria

Table 1, Limitation of the sspects in consideration
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all camried freg sodids pass throogh o guiid oong

formed by the sprags, which belps in sclids collection

arpd paEiTicls ErewIh

ble Huﬂlﬁy of calcium sulfate on
lepkwk aci
Gram P01 Grarm Caddy, /1 ity af
soluticeny 18 /28"
(]} 200 -
50 L1 12
] B 1007
i 4455 101&
HEd S 7a0 1035
153 7318 1078
WEl TR 1334
04 5 CELE 115
0 TG 12421
T 0 Bl 1.1%0
AU 0T 1344

Parameter Lower limet Upger limit
Tt of 1pray Podsibsdity of faikne Cont
Poalsiimaiemi E'lgll'\l D] PEnGs ExCaiE Supnpoaiten

Spray aEa il walk

Sprdy tETanie

Toser wida & i v ssation angle et | bt dedaemation
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B uptime: Keeping & clean mist elimsnator wilf avold
pressure drop build-up, debattlenecking
EVAESTaion production

{ontinuous washing will collect the solids at 2 slow
tn::._.gl: pacaE, .an.-n;uir_lir;_.'_ srcumsation on walls
substartially increasing maintenance intervals and mist
efiminator fibespan [Figurs 3},

System considerations
As milst elbmbnation s dosnistresn from phosphoric
acid evaporatars, The vapoiE phase is saturaned The
mist eliminator equipment regresents a pressuee drop,
causing a difference m pressuse between saturated
vapour flow and cotlectad liquid thrapghout the mist
eliminatar. This de-entrained solution terds o vaporise
arad precipitate wodidy

Liguid is acded to the mist ediminanor by Confingous
spraying to replace salutian evaporation and prevent
pracipitaticn, Added lguid Flaw i calcuiated by
commparing mist eliminator pressue drop and Syt
absolute pressure. Estimation of vaporised liquid
deperd= on liquid and vapcur compositions and
solUrEanE vapaLr peetiunes, prassiee-changas, and sotal
vapour mass flow zlong the mist eliminator area. An
amournt. slightly higher than the vaporised liguid an the
mist elimanator surface, is added inthe form of spray
salukeon ta keep continwous washeng 2t minimum rate

Once the spray liguid oeerste 15 caloulated, ot hes
ASEECTS must D consadened

W Spray dintarcs to mvesd jot deformation
B Pylwerizarson angle (@)
B Humber and position of sprays [Figure &)

Tha nomber, position, and pulverisateon angle muss
be adjusted m a way to avoid dead pones. as well 2
previde proper arfas sUparpadition

Application

Fl-'_'.'b.l_'\."'u e & il sk @lirmimarion vecsal thesign
somatimes consists of a sequence. of mist aliminatorg
the first stages coll=ct larger dropiets and promote
Kigh drainage, while the last stapes collect rnaller ones
as @ polishing stage. First stages ane typicakly widar,
whereas last stages ara sighter

I rhe Adaadash syetam 1y Sonsldensd &t the dezign
stape, then the vessed sive calgulation should consider
the cross-sectiorad area required for MaxiChevraora, as
veed| 45 the space for the spray washang selup {mist
mliminators placed bepaeen 500 = 1000 mm apart
deperding on nozzles setup).

DkieramiE, a r_q:l1|’lgl_rﬂ|.l-q}ll= ittt A 1'.lfa=|‘III'E
systom, the mist efiminatars are nr.-'rnal:g,- close to cach
other ard clawe to the inlsat and outlet nozzle ta get
the milFiiram |:|'_13=|-'_||e EnkEl By

tor & system upgrade with a washing systam
Clark Solutions canducts an enginesrng study to-evaluate
FiEI.IF\lE 7. A bad distributian on mist liminator entranoe A MaxiWach &6 |'|.IEI,|r_J|| i withedit the riecessity of o e
(toop and & pood distribution {bottom). vossel of possibde, increasing the space between the
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=Phoenix

MaxiChewran sametimes requires a decrease in the

cross-sectioral area of the mist elmirators — expecially
for horsontal setaps. MaziChessron's chesigns =5 Lased on . )
the companys proprictary methodology, which is P‘hﬂenm’ Eq Lip mentis an

rote enough to refne the desi nd k whether . . -
s e e e industry leader in buying and selling

Ce typical assumption is that vapour welocing at used Fertilizer F|-|.';||'|['_5 and €0 u]pment_
the mist sliminato: entrance is an average. which

means it considers the volumsetnic fow divided by the 3
crass-sectionad area. This informasnon = andy true * Shﬂ rtE n |Ead time ﬂnd save m'ﬂ‘nE}f

ARERIOEER 4 R00r v IKH oR el OF e * International reach & relationships

velociny profile ar the egquipment entrance

Simce it s considerably complex 1o estemate the
beheeiour of the pas trajectary inside the vesse|, the
company undertakes compusaticonal fluld dpnamics
[CFR) studies to analyse this parameter with precizion
and combire with the caloulaton methodology far

e MaxiChavrons dagign Snu TPD N itl’iC Acid PJ‘_anrﬁ

CFD analysis Weatherly
Study complexity is an impartant aspect, which maans
some assumptions must be made. In other wards,
several gerometry details result in more commputational
Tims af forsersenes absracles. This meant that
simpiifications are applied ta achiewe faster results.
il |1|uin|5|n|‘|g T | s | B

NITRIC ACID PLANTS FOR SALE

B Screws, hooks. and fikation parts are neglected.
B Boundaries da not have thickness

Alyo, some assumations regarding the flow mclude
e |-'_'\-||||I.u|n|::_

B The flow is incompressible (global pressure drop s
less Phan 1% ol fotal presaure)

B isotherrnal simulation.

B Steady state.

Cnce the assumptions are made, the simpdified
vesse| 5 built in the CFD sofiware and a turbulent H .
e |-'|"|"5"'-= esclel is apgedled wirh The oLt yeafal 450 TPD HI tnc Acid Fllant
conditiong (o analyss the welocity profde at tha Hercules
mntrarce surface of the beo vane-Eype ming ILE
Elimirdides |

~= =

Ir Flguere b, there & a contiguration without space
fiar the washing systam |blocks representing vana-type
mist elimirators e cioda 1o each ather], whilse in
Figure & the configuration includes the proper space
[blocics are set apart]. Using the velocity profile cobour

.._-
e, R L PENEN

sgale {higher velotities in red) i can be observed that
thie gastribution 5 herter at the second vane-Type migt
elimirator, for both configumations. The velocities in
Figure & are higher as fhere iy 228 cross-sections
arga. The impact on pressure drop and callection
afficiency i anslysed by Clark proprstary
methodalapy

The eolowed plot alkows a qualitative analysis; a
maore solid result i sccomplished by 8 quantitative
die, The apgeoach iz o split the emeance suifade aeh
of sach MasiChevron in regions under different

For more information
Ed Zhang - plants@phxequip.com
www.phxequip.com
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Table 3. Example of quantitative ana of velocity surface area of the mist eliminator with flow at
F"ﬂﬂh dwmhﬂq il those welocitees is absoreed
Yelooty Cross-sectionsl anes pecentage A good dustribution s represented by a
BrOREs vessnl diz = 25 m | Vessel diz = 28 m | Vet dia = A5 m seeniario im which almost all of the area isina
[ = e . - . re small range of velccitics, This means that there s
wane | 2% vane | I" vane |} I'™ vane | 17 vane | 37 vane little variation of velocity aver the entrence of
Mo ls 0% (R % s (R 0% the mist alimanaror ardd the assumption of aeerage
Mods | s &R B B% (51 0% velocity is accepted
Wrpid | o e e 1% % 0% n Table 3, thres conhigurations of wess|
gametar are shomen, The FIrst [wo arfangements
0oy ok 9% 1% I 0% 0k offer an inadequate distribution in cormparison
Mreoid | ¥ 13 1% 1¥% % 0% with the third option in the [atter, more than 3%
34 b 1 W =% = % % 0% ﬂr I|'.J_' Arda |_||'||'_|E| A WETY LT |rl}ll'l'l welociny
T - = p— - e 0% :':lq:jtullti ;.':-:Iuln:h Is considered an adequate
o | 68 55 % 0% a% )
wion | 5% % X AT 0% Conclusions
e i% i i T 0% han'Wash spray washing systern v a concept for
DoesseE invoivinp mest alimination with hemmey
LA L. L .. 2h s o [Hf-m.n.ﬂg cn'npn:u'::'r::s. The solution is emple and
Mo 14 X e 3% b a4 495 torsidenbly intreabed acuipmenl uptiine ard
N .y T 3% £ o 1% lifespan, This concept can be applied gither for nevw
) b 12 a 2 = e i o wessels or existing wessels with foulling issues, Far
the Latter. an engireering study that combines Clan
0 G 5 b % % tal desipn wathodalogy ard CFD analssis is realled. W
groups af velogities. n other words, the velacity prodile H.I‘I"'IFI‘I'I'CI‘I-
i5 divided = graups of 1= 2 mssec, from the lowest to I TARER W €, The Solubfiay of Calcum Sulphete in Phophoric
the highest welocity and the percentage of the entrarce Adid Sahtion, §. Piys, Chem. danuary 1905 pp 615 = 529
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