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Xt Ly Khi Kiéu Udt

CAC DANG LOC KIEU UOT-

GUIDE TO TYPES OF WET SCRUBBERS

TONG QUAN/ OVERVIEW “Source from FEG UK”

Nhiing chi din dudi day sé& tap trung vao cac loai loc
kiéu uét: nguyén 1y lam viéc, cac tng dung khuyén
dung ciing nhu wu va nhugc diém cua ching. Thiét bi
loc hat va lgc khi thuong hop thanh mét, nhung rat
quan trong dé phén biét giita hai loai nay béi vi co ban
chung c6 nhiéu diém khac nhau. Hudng dan sau tap
trung co ban vao thiét bi loc hat kiéu wot.

In this guide we’re focusing on types of wet scrubbers
— how they work, the types of applications we
recommend them for, and their pros and cons. Wet
particulate scrubbers and gas scrubbers are often
conflated, but it’s important to make a distinction
between the two because they are fundamentally
different. This guide deals primarily with types of wet
particulate scrubbers.
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May loc wot 1a gi? What are wet scrubbers?

My loc khi hoat dong bang cach “tay rira” theo nghia
den cac ludng khi thai hodc hat khong mong mudn.
Noi mét cach don gian nhit, may loc udt thyc hién
didu nay bang cach sir dung chit long dé thu giit cac
hat nay hodc phan Ung véi khi. Méac du thuat ngir
“scrubber” dugc sir dung trén ca loc khi va hat, cac
thiét bi nay c6 thé rat khac nhau va phu hop véi cac
ung dung khac nhau.

Diéu quan trong can nhé 1a khi ban st dung may loc
udt dé loai bo hat, do 1a mot quy trinh khoa hoc. Ap
suit cang cao thi cang hon loan. Qua trinh cang hon
loan thi cang c6 nhiéu kha nang giot nudc sé tiép xtc
v6i chit gy 6 nhiém va nd s& cang hiéu qua hon.
Luong ap suit yéu cau s& duoc quyét dinh boi sy phan
bd kich thudc hat, luong hat ciing nhu hiéu suit yéu

cau cia may.

Scrubbers work by literally “scrubbing” exhaust
streams of unwanted particulates or gases. In the
simplest terms, wet scrubbers do this by using a liquid
to capture these particles or to react with the gases.
While the term “scrubber” is used across particulate
and gas scrubbers the devices can be very different and
suitable for varying applications.

It’s important to remember that when you’re using a
wet scrubber to remove particulate, it’s a scientific
process. The higher the pressure the more turbulent it
will be. The more turbulent the process the more likely
it is that a droplet will impinge with a contaminate and
the more efficient it will be. The amount of pressure
required will be dictated by the particle size
distribution and amount of particulate and the required
efficiency of the machine.
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Wet Scrubber

Cac nhan t6 chon thiét bi?

Sy hiéu biét chi tiét vé cac loai may loc udt khac nhau
1a diéu can thiét dé tim ra giai phap hoat dong véi hidu
suét du cao ddi véi cac loai hat cu thé can loai bo.
Khi tiép can mot du an kiém soat mui/bui, ching t6i
luén bat dau bang mot cudc khao sat day du dé hiéu
céc yéu cau nay. Cac cau hoi ching t6i can dit ra 1a:

- Co bao nhiéu loai va nong do bui trong khong khi la
bao nhiéu?
- Ban chat cua van dé mui, phan tich khi néu can

- Lwong nuéc tiéu thy, giéi han gidy phép xa thai
thwong mai, logi hé thong nhw ndo (tirc la nude sir
dung mot lan hodc tuan hoan),

- Nhitng gi dugc yéu cau dé kiém soat chat gay 6 nhiem
tai diém phat hanh va hiéu qua cua mdy moc.

A detailed understanding of the different types of wet
scrubbers is essential to finding a solution that
operates at a high enough efficiency for the specific
particulates requiring removal. When we approach an
odor/dust control project, we always start with a full
survey to understand these requirements.

Questions we need to ask include:
- The type and quantity of particulates in the air.
- The nature of the odor issue, gas analysis if required,

- Water consumption, trade effluent permit limits, type

of system (i.e. once through or recirculatory),

- What is required to control the contaminant at the

point of release and efficiency of the machinery.

Cac Ung Linh Vuc Sir dung loc kiéu wét/ When Should I Use a Wet Scrubber?

Thiét bi loc w6t duge chon khi c6 mot trong nhitng nhan t6 sau:

While there is some overlap between dry dust collectors and wet scrubbers
in terms of application, certain dust management needs and air quality
control requirements are best met by using a wet scrubber. A wet scrubber is
often a great choice when you have any of the following:

- Byi am w6t va dinh/ Wet or sticky particulate

- Bui ¢6 tinh chat dé hoa tan/ Soluble particles

- Bui min va ¢ dang swong/ Fine particles and mists

- Dong khi 4am va hoi 4m/ Humid air and moisture in your gas stream

- Hon hop chira ca bui va khi va hoi/ Mixes of particulate and gases/vapors

- Bui ¢6 tinh chat chay nd cao/ Combustible dust as food (e.g., candy,
sugar, spice, starch, flour, feed), grain, tobacco, plastics, wood, paper, pulp,

\ STANDARD ON THE
FUNDAMENTALS OF
NFPA COMBUSTIBLE DUST

652

rubber, pesticides, pharmaceuticals, dyes, coal, metals (e.g., aluminum, chromium, iron, magnesium, and zinc).
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Xt Ly Khi Kiéu Udt

LQC UOT LY TAM/ MECHANICALLY AIDED SCRUBBERS “CENTRIFUGAL TYPE”
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Trong mét hé théng loc ly tdm, mét canh quat dong vai
trd vira 13 b chuyén dong khong khi vira 1a thiét bi
loai bo chat gay 6 nhiém. Diéu nay c6 nghia 1a khong
¢6 bo loc bd sung dé thém luc can va chung ciing co
xu hudng stir dung it nang lvgng hon, mac du chiang
kém hi¢u qua hon so véi quat thong thuong cho cung
mot nhiém vu.

Khong khi ban dugc hat vao quat va phun nudc noi
cic giot va chat gay 6 nhidm budc phai tuong tac. Cac
canh quat c6 hinh dang dic biét dé dﬁy cac hat (nhu
bun) gay ra mui ra cac canh va dugc thai dudi dang
bun, trong khi khéng khi sach tiép tuc di qua quat.

Cac loai may w6t ly tam phd bién véi cac ing dung san
xuét thyc phém vi chiing 1a mdt cach hiéu qua dé loai
b6 dau m& va swong dau. Ching ciing 1a mot Iya chon
t6t cho cac tmg dung nhu khin gidy va bun thai.
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Dust particle impacts droplet

In a centrifugal scrubbing system, an impeller acts as
both the air mover and the device that removes the
contaminant. This means there is no additional filter to
add resistance and they also tend to use less energy,
even though they are less efficient than a typical fan
for the same duty.

Dirty air is sucked into the fan and sprayed with water
where droplets and contaminant are forced to interact.
The fan blades are specially shaped to fling the
particulates (e.g. sludge) causing the odor out to the
edges which is sent away as slurry, while clean air
continues through the fan.

Centrifugal types of wet scrubbers are popular with
food production applications as they are an effective
way to remove grease and oil mist. They are also a
good choice for applications such as tissue and sewage
sludge.
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Wet Scrubber

Uu Diém/ Advantages:
- Thudng duoc cac cong ty bao hiém chap nhan nhur
mot hang rao chong chay

- Hiéu qua hop 1y — hiéu suét thuong 1a 96,5% & 5
micron

- Mot lya chon t6t cho day chuyén chién tiéu chuén

noi mui nang khong phai 1a van dé dang lo ngai
- Mét tiy chon tiét kiém nang luong bﬁing dién nén
c6 thé ré hon dang ké dé van hanh.

Nhuoc Piém/ Disadvantages

- Chi ¢6 hiéu qua d6i v6i mot kich thudc hat nhat
dinh trudc khi thoat ra ngoai (tire 1a khong xa 100%
bun) dé lai swong mu van con mui.

- Khong hiéu qua dbi véi cac hat siéu nho (<1
micron) vi chung s& di thang qua.

- Thong thudng khong thich hop cho tudn hoan, do
d6 luong nudce ti€u thu cao.

- Loai bo suong mu khong hiéu qua.

- Khong cung cap bat ky bo loc khi nao va do do
khong loai boé mui trong pha khi.

- Generally accepted by insurance companies as a

fire barrier

- Reasonably efficient — typically 96.5% efficiency at
5 micron

- A good option for a standard frying line where

heavy odor is not a concern

- An energy efficient option electrically so can be
significantly cheaper to run

- Only effective to a certain particulate size before
carry over (i.e. not discharging 100% of the slurry)
leaves mist that still contains odor

- Not effective for submicron particulates (<1
micron) as they will pass straight through

- Normally not suitable for recirculation, so water
consumption is high

- Standard mist elimination is not efficient

- Does not provide any gas scrubber and therefore no

removal of odor in gas phase

Operating characteristics of mechanically aided scrubbers

Pressure drop Liquid-to-gas Liquid-inlet —
- Pollutant Applications
(Ap) ratio pressure
Mining operations
1-2kPa 0.07-02 L/m? 20-60 psig Partic’ulate Food pro.duct. industries
(4-8wg) > 5 micron Chemical industry
Foundries and steel mills
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Venturi Scrubbers 8027
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Thiét bi loc khi Venturi 1a mét lya chon linh hoat vi
ching c6 thé dugc thiét ké trong mot dai rong chénh
ap va do d6 mang lai nhiéu hiéu qua loai bo hat. Tuy
nhién, chung t6i bt dau thdy chung tré thanh mot lwa
chon it ph6 bién hon khi cong nghé phat trién va chiing
khong phai luc nao cling 1a Iya chon than thién v&i moi
truong nhét.

Ching tiép tuc 12 mot lya chon rat phé) bién trong
nganh san xut gidy va cong nghiép gidy vé sinh, ciing
nhu cac nganh c¢6 nguy co hoa hoan va cong nghé kho
khong phu hop. Thiét bi loc Venturi ciing cho phép
loai bo va thu hdi mo phé thai.

Céc hat dugc loai bo thong qua hiéu g venturi, xay
ra khi khi va nudc duge ddy qua mot cd hong hep dé
tang van toc ctia nd. Van toc co thé 1én dén 60- 120m/s.
Két qua 1a sy nhiéu loan budc cac hat giy ra mui va
cham vé1i cac giot nude va gitr lai cac hat trong cac giot
nude 16n hon.

Dong khi voi swong mu sau d6 di chuyén dén thiét b
khtr swong mu (tirc 1a thiét bi tach xoay) dé loai bd cac
giot nudc.

Chung 1 nhirng may loc duoc sir dung rong rai nhat vi
c4u triic mo cua chung cho phép ching loai bo hau hét
cic hat ma khong bi tic nghén hodc lam bong.
Venturis cling c6 thé duoc sir dung dé hip thu khi 6
nhiém; tuy nhién, ching khong hiéu qua cho viéc nay
nhu thap déng goéi hodc tim.

Clean air out

Venturi scrubbers are a versatile option as they can be
designed to a wide range of pressure drops and hence
a variety of particulate removal efficiencies. However,
we are starting to see them become a less popular
choice as technology has moved on and they are not
always the most environmentally friendly option.

They continue to be a very popular choice within the
paper making and tissue converting industry, as well
as industries where there is a risk of fire and dry
technologies are inappropriate Venturi scrubbers also
allow for waste tissue to be removed and reclaimed.

Particulates are removed via the venturi effect, which
occurs when gas and water is pushed through a narrow
throat to increase its velocity. The resulting turbulence
forces the particulates causing the odor to collide with
the water droplets and capture the particulate in the
larger water droplets.

The gas stream with the mist then moves on to a mist
eliminator (i.e. a cyclonic separator) to remove the

water droplets.

They are the most widely used scrubbers because
their open construction enables them to remove most
particles without plugging or scalding. Venturis can
also be used to absorb pollutant gases; however, they
are not as efficient for this as are packed or plate
towers.
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Wet Scrubber

Uu Piém/ Advantages:

* Phu hop véi nhiing trng dung cong nghiép 16n

« C6 kha ning xuy 1y dugc nhitng bui 6 tinh chit
chay nd ciing nhu bui mai mon cao

« C6 thé 1am ngudi cac dong khi nong
« Nuéc ¢6 thé tuan hoan, ding nudc twong ddi ban.
* Diéu chinh dugc dai rong luu luong

« Pat dugc hiéu suét loc rit cao

Nhuoc Piém/ Disadvantages
* Khong phu hgp voi cac hat dinh vi s€ tich tu trén
thiét bi tach 16¢ xody

* Khong dung dugc trong moéi trudong chién ran vi
khong tao dugc bun ling do tach m& va ndi vang

* B§ khtr swong mu 16c xo4y rat 16n

« Hiéu suét cao dan dén chénh 4p rit cao va do d6
phai st dung quat 16n

* Suitable for big industrial applications

* Capable of handling flammable and explosive
dusts, as well as corrosive materials

* Can provide cooling of hot gas steams

* Can recirculate the water and tolerate relatively
dirty water

* Scalable across a wide range of flow rates

* Can be very efficient

* Not suitable for sticky particulates as there will be
build up on the cyclonic separator

* Won’t work in a frying environment as can’t create
a slurry due to fat separating and floating

¢ Cyclonic mist eliminators are very large

* High efficiencies incur very high pressure drops
and hence fan sizes

Ejector Venturi Scrubber Wetted throat venturi

Adj-throat w/plunger Adj-throat w/plates

Operating characteristics of Venturi scrubbers

L. . Liquid-inlet L
Pressure drop (Ap) | Liquid-to-gas ratio Pollutant Applications
pressure

0.5-1.5 L/m? for 95% for gas Pulp and paper industry

1.2-25kPa . Chemical process indust
. particulate 15-120 psig 90-99% calp ustry

(5-100” wg) . Food industry

2.5-5.5L/m3 for gas > lmicron Metals processing industry

www.thtechvn.com
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Thiét bi loc w6t dang tim va dap/Impingement plate scrubber

Underside
water sprays

Figure 3-11

Impingement plate

Figure 3-12.  Bubble-cap plate

Figure 3-9. Plate tower

Céc loai tim va cham cta may loc wdt st dung cac 15
hoic 15 trén tim dé khuyén khich dong khi pha v& tAm
nudc chay ngang qua tAm phia trén, phia trén cac 16 1a
céc tAm va cham 1am cho nuée va cac hat va cham voi
nhau do d6 gitt lai cac hat trong nhiing giot nudc.
Nhitng giot nuée 16n hon nay sau dé duoc loai bo bang
thiét bi khir swong mu.

La mot nguyén tdc co ban dé loai bo hat va giot nudc,
no6 la mot cong cuy hi€u qua, tuy nhién cé mat $b nhim
14n trong nganh vé tinh phu hop cta n6 déi vi mot sé
rmg dung nhit dinh.

Thiét bi loc tAim va cham 13 mét lya chon phé bién dé
loai bo suwong, dau. Tuy nhién, hi€u qua cua loai may
loc nay thudng twong tw nhu may loc udt ly tdm va doi
khi n6 ciing c6 thé sir dung hoa chét, chiing khong phai
1a may loc khi hiéu qua va do d6 khong phai 1a may
loc khir mui hi€u qua cao.

Impingement plate types of wet scrubbers utilize
perforations or holes in a plate to encourage the gas
stream to break up the water sheet flowing
horizontally across the plate above, above the holes are
impingement plates that cause the water and
particulates to collide thereby capturing the particulate
in the water droplets. These larger water droplets are
then removed by mist eliminators.

As a basic principle for particulate and droplet
removal it is an effective tool, however there is some
confusion within the industry about its suitability for
certain applications.

Impingement plate scrubbers are a popular choice for
oil mist elimination. However, the efficiency of this
kind of scrubber is typically similar to a centrifugal
wet scrubber and while dosing with chemicals is
possible, they are not effective gas scrubbers and
abatement

therefore not highly efficient odor

scrubbers.
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Wet Scrubber

Uu Piém/ Advantages:

« Higu suit xtr 1y khi va hoi giéng nhu thiét bj ly tam
« Chénh ap qua thiét bi thap
« Rat it bao tri

« C6 thé tuan hoan nudc/ chat long

Nhuoc Piém/ Disadvantages

« Khong hiéu qua ddi v6i cac hat nhé hon vi khong co
qua trinh loai bé submicron

« Tuan hoan dau va chat béo co thé gip van dé

* Loai bo suong khong phai ltc nao cling hiéu qua

« Khong nén ding lam thiét bi loc khi, khong c6 cong
ngh¢ khir mui hiéu qua

« Efficient for treating for gases and vapors — similar
to centrifugal types in terms of efficiency

* Works well at low pressure drops
* Low maintenance option as few moving parts

* Can recirculate water/liquor

* Not effective for smaller particulates as there is no
submicron elimination

* Recirculation of oils and fats can be problematic

* Mist elimination is not always effective causing
carry-over

* It is not a gas scrubber and not effective odor
abatement technology

e g ..9' e

s

Liguid

Ligquid

Low Vapor Rates

Mormal Vapor Rates

High Vapor Rates
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Thiét bi loc bé tinh/Static bath type scrubbers “Orifice wet scrubber”

Clean air duct

Fan pulls clean air through

1 ) o T Dirty gas in
C-section baffles we—— 1|~ v l *
T Air is &ulled thrwﬁh astationary
1 impeller breaking tp the water
\ f sheet and fgrent:.»r tIn a turbulent
area that forces the dust and water
" : droplets to intermix.
[y 4
[] L
The high energv |nteract|0n causes the o, LI
partictlates t6 penetrate the water
droplet permanentl tra pping it in the AL o
water droplet. This er droplet

containing the partu:ul te |5 then more
readily removed by the baffl

Thiét bi loc kiéu bé tinh hoat dong bé‘mg cach budc
khong khi di qua tAm nude & mot cd hong rat hep. Két
quala tam nudc bi v& thanh cac giot nho, lam tang sy
va cham véi cac hat va tao ra cac giot 16n hon.

Nhiing giot chira chit giy 6 nhiém nay gio day dé dang
loai b6 hon va c6 thé dugc thu giit bang thiét bi khur
suong mu trong khi khong khi sach dugc thai ra khi
quyén thong qua quat.

Thiét bi loc bé tinh ¢6 hiéu qua dé xir 1y cac hat nang
khi chiing chim xudng va ¢ thé duoc loai bo dudi
dang bun. Tuy nhién, ddi v6i nhiéu tng dung thuc
pham, chiing 1a mot Iwa chon khéng t6t vi chét béo s&
ndi trén mat nudc va chét thai kho loai bo.

Static bath type scrubbers work by forcing air through
the water sheet via a very narrow throat. The result is
that the water sheet is smashed into droplets,
encouraging impingement with the particulates, and
creating larger droplets.

These droplets containing the contaminate are now
easier to remove and can be captured by mist
eliminators while the clean air is discharged to
atmosphere via a fan.

Static bath scrubbers are effective for treating heavy
particulates as they sink and can be removed as sludge.
However, for many food applications they are a poor
choice as fats will simply float on the top of the water
and the waste is hard to remove.

10
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Wet Scrubber

Uu Diém/ Advantages:

« Mot lua chon tt cho nhirng tmg dung phat sinh tia
Ira nhu gia cong kim loai, mai, cit...

« Rt it béo tri

« C6 thé xtr 1y luong bui twong dbi 16n

« Hiéu qué d6i voi nhitmg dong khi c6 d6 4m cao

« Phai x4 bo nudc thai thuong xuyén dé dam bao
hiéu suét loc

* Hiéu suét loc va chénh ap co thé dugc lwa chon, cho
phép hiéu suét 1én t6i 99,6% & 5 micron

Nhuwrge Piém/ Disadvantages

« Khong hiéu qua dbi véi cac tmg dung san xuit chit
béo vi céc hat s& ndi, vé co ban tao thanh mot 16p vang
trén mat nude rat kho loai bo

« Khéong cung cap bét ky thiét bi loc khi nao

* Yéu ciu chénh ap cao dé dat hiéu suét cao, thuong
1én toi 2850Pa

| Thiét bi loc mét kenh gi6
1 Single channel orifice scrubber

| Thiét bi loc hai kenh gi6
: Double channel orifice scrubber

* A good option for any applications that
produce sparks — e.g., metals, grinding, and
cutting

* Low maintenance as no moving internal parts
* Can handle comparably heavy burdens of dust
» Effective humidification efficiency

* Need to dispose the waste water.

» Some have selectable efficiency performance
or pressure drops enabling efficiencies of up to
99.6% at 5 microns

* Not effective for applications producing fats as
the particles will float, essentially forming a
butter on the water surface that is difficult to

remove
* Does not provide any gas scrubbing

* High pressure drop required for high efficiency,
typically up to 2850Pa

| Thiét bi loc hai kénh gi6
1 Series channel orifice scrubber

11
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So Sanh Orifice wet scrubber and Spray tower

Gas Exhaust {3 (I
<3 Gas Exhaust
~— F\ L
Demister P " o Gacll et
Showering ' 7 s —|s e
Nozzle Drain { =3 -
Board "
—1{ v d
[ -\ . ¢
. Ovc/er Flow R : J/ —'Water
$5d503,00:0%00 / ;| Supply
Raschig [ { 2
Rings IVIVIVA . 1 | Water
_R : Level
*q:-.-,io:-;.-.}% Throat
] U U U o Sect
Gas InletC> [ J “
.
Circulating wat . v )
ST Yenes / Seal Pot

e Frequent Clogging, poor air volume

e  Washing contents is troublesome

e Needs regular pump and demister maintenance

e Excellent air flow dust collection
e Simple design, low maintenance

e No pump necessary as gas propels water

Bing thu thép s6 liéu k§ thuit hi¢u suit loc thure té

Néng do bui g/m3
Loai Bui - - Hi€u qua loc %
Pau vao Pau ra
Bui tir 16 hd quang 0.6 0.15 75.5
Tro bay 3.0 0.012 99.4
Bui than nau 4.0 0.038 99.0
Bui tir quing thiéu két 6.9 0.045 99.3
Mo héng 0.5 0.005 99.0
Soi amiang dang bui 1.0 0.005 99.5
Bui d4 granit 10.0 0.045 99.5
Bui dé voi 10.0 0.39 96.0
Bui @ gém st (mai nhdn, ddnh bong) 0.9 0.018 98.8
Bui tir may phun cét xir 1y bé mat 1.4 0.055 96.9
Bui kim loai (d4nh bong bé mit) 0.3 0.029 90.0
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Wet Scrubber

Double Channel Orifice Wet Collector

Main Application

Metalworking

* Blasting

* “Light metals” processing

* Recycling centers

Chemical

« Plastics and rubber

* Inorganic chemicals

* Pesticides/fertilizer

Industrial Processes
* Rock and related products
* Coal dust

* Powder paint

* Buffing « Paint pigments * Tobacco
« Foundry Woodworking Pharmaceutical
» Grinding/polishing « Furniture *Tablet coating * Tablet presses
« Cabinetry * Material handling + Packaging
Size Dimensions (mm) | Airflow (m3/h) | dP (Pa) | Capacity (kW) | Weight (kg)
DCO-03 |800x1000x2200 3000 1200 1,5 1100
DCO-04 |1200x1200x2200 4000 1200 2,2 1300
DCO-06 |1600x1200x2600 6000 1200 3 1500
DCO-10 |1700x1400x3000 10000 1200 5,5 2500
DCO-15 [2000x1600x3200 15000 1400 9 3600
DCO-20 |2200x2200x4000 20000 1400 11 4200
DCO-30 |2400x2200x4200 30000 1500 22,5 5500
DCO-40 28000x2300x4500 40000 1500 30 6500
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