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Purpose. Dedusting efficiency determination of the device with large-hole sieve trays (LHST) in the chemical
industry.

Methodology. Dedusting efficiency determination was conducted according to the Murphy efficiency factor.
Dust concentration at the device outlet was measured using the gravimetric method according to “The measure-
ment technique of substance mass concentration in the form of suspended solid particles (dust) in the vent emis-
sions of stationary sources using the gravimetric method at the gas-dust flow temperature under 600 °C™

Findings. The device with LHST was constructed to conduct the industrial test of dedusting efficiency in the
titanium dioxide production facility according to the manufacturing instructions. Titanium dioxide gas dedusting
efficiency was at the level of 99.2 % and ilmenite dedusting efficiency was at the level 0of 99.5 %. The authors pro-
vide recommendations concerning the operation of gas-cleaning device with LHST. The device with LHST can be
used instead of the existing dedusting equipment at three stages of titanium dioxide production: ilmenite grinding,
tempering and titanium dioxide grinding.

Originality. On the basis of data pilot testing device, expressions are obtained to determine the velocity of the
gas, ensuring stable operation of devices with LHST.

Practical value. Based on the industrial tests recommendations have been developed for using the device with
LHST in the chemical industry.
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Introduction. Priority attention to the protection
of the natural environment and to the rational use of
natural resources, as well as ensuring of ecological
safety of the population is an essential condition for
sustainable development of the region and the country
as awhole. Therefore, on the territory of Ukraine there
should be carried out policies, aimed at achieving a
harmonious interaction between the society and the
nature and the rational use, protection and renewal of
natural resources.

Among anthropogenic factors in the formation of
environmental safety we should mention the air pollu-
tion caused by industrial enterprises.

Chemical industry enterprises are one of the sourc-
es of pollutants and dust into the air and represent a
significant environmental hazard. The problem is
complicated by the fact that the chemical companies
are mostly located within populated areas. This nega-
tively affects the state of the environment in general
and health in particular, and that conditions the rele-
vance of the work.
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Unsolved aspects of the problem. Among the
enterprises of the chemical industry PJSC “Sumykh-
improm” was considered which is a typical chemical
manufacturing plant. The choice of this enterprise is
not occasional, since PJSC “Sumykhimprom” is in-
cluded in the list of 100 greatest environmental con-
taminants in Ukraine. The main facilities include:
the production of sulphate acid, complex mineral
fertilizers and pigments (the main product is titani-
um dioxide), which causes the integrated pollution of
the air by gas and dust emissions. The emissions of
the plant contain the dust of different size and pro-
perties.

Analysis of the existing gas cleaning systems of
PJSC “Sumykhimprom” suggests that not all the dust
and gas handling equipment provides the required
cleaning efficiency. One reason is the physical wear,
because equipment was installed in the 60—70-ies of
the 20th century. This does not only lead to the envi-
ronmental pollution, but also results in the loss of
valuable raw materials and the finished product. For
example, a significant amount of raw materials and
products is lost per year in the production of titanium
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dioxide at PJSC “Sumykhimprom” due to imperfect
gas purification devices [1].

Thus, the above-mentioned facts raise the task of
choosing equipment that provides high efficiency dust
and gas collection.

Analysis of the recent research. Complexity of
the gas cleaning in the chemical industry is condi-
tioned by the need for simultaneous removal of gas-
eous impurities and particulate (solid or liquid) com-
ponents from flue gases. Reducing the concentration
of pollutants in emissions to the maximum permissible
norms can be achieved by introducing new technolog-
ical processes of purification of exhaust gases and in-
tensifying the existing ones.

Experience of operating dust removal devices
shows that they have to meet the following require-
ments:

- high efficiency and intensity;

- simplicity of design;

- universality;

- stable operation without clogging of the equipment;

- low power consumption.

The traditional dust catching patterns of the chem-
ical industry are represented by machines of dry and
wet types. Cyclones and bag filters are mainly used as
devices for dry dust collection. Devices of this type are
not capable of handling gas streams that contain easily
coalescent and resinous substances, as well as different
dispersion of dust.

The wet dedusting apparatus are represented main-
ly by spray and disc scrubbers, vortex type devices. Wet
cleaning does not require additional gas treatment, al-
lows the simultaneous cleaning both from gaseous
emissions and particulate matter. Wet dust collection
has a high efficiency while trapping fine-dispersed
dust, but the problem of gas purification from easily
coalescent and resinous substances, leading to clog-
ging of the equipment, eliminates the possibility of ef-
fective use of the apparatus of the wet type. This leads
to the use of multistage gas cleaning systems, which are
difficult to manufacture and operate. One way to solve
this problem is to use a gas treatment equipment of
high capacity, which can provide integrated gas clean-
ing from dust and gaseous contaminants.

Cleaning of industrial exhausted gases involves
large amounts of processed areas, so one of the prom-
ising ways of intensification of processes of gas clean-
ing is the use of devices that operate in a developed
turbulence mode [2]. Increase in gas velocity leads to
increasing productivity of the apparatus, reduces the
consumption of materials, improves the efficiency of
dust collection. The devices operating in the specified
mode include LHST devices.

The use of sieve plates with large diameter holes
can significantly prolong the operation time of the
dust collecting equipment and facilitates the mainte-
nance of the equipment. These plates work well at
treating contaminated gases and liquids, of which in-
lays drop out. Devices with LHST are used in the pro-
cesses of absorption and desorption in the soda indus-
try and in the wet dedusting process [3].

96

According to the effectiveness of operation, the ap-
paratus with LHST (hole diameter = 0.06 m) is not
inferior to such constructions of dust collecting equip-
ment as machines with weighted showerheads, and ap-
pliances with a regular moving extension. Experience
of operating machines with LHST proves minor mate-
rial costs, long service life, as well as the possibility of
retrofitting existing dust collecting equipment by
mounting of the contact device (plates with large
holes) during scheduled shutdowns for cleaning of
equipment [4].

Dust collecting equipment with LHST has the fol-
lowing advantages:

- simplicity and reliability of the design;

- developed surface of phase contact;

- high hydrodynamic coefficient of efficiency;

- large device productivity;

- plates are not clogged by the presence of the
workable environment of solid particles, which have
high adhesive properties and are capable of forming
agglomeration [5];

- a wide range of stable operation under different
loads of the gas and liquid phases;

- high efficiency of dust cleaning.

Objectives. The aim of the work is to determine
the effectiveness of the dust-collecting device with
LHST in industrial conditions and consider possible
options for its use in the process.

Presentation of the main research. According
to the rules of production the maximum allowable
concentration of ilmenite dust and titanium dioxide in
the air of the working area is 10 mg/m?. The sanitary
protection zone of the enterprise as a factory of A haz-
ard class, is 1000 m. Out of SPZ borders there are
placed administrative buildings and residential area of
Sumy, where concentrations of titanium dioxide and
ilmenite dust in the air should not exceed 0.5 mg/m?>.
In the current production of pigment titanium diox-
ide, the cleaning of solid and gaseous components in
the apparatus of the dry and wet dedusting is provided.

During the drying process of ilmenite concentrate,
flue gases which form from the combustion of natural
gas, together with the ilmenite dust concentrate come
in a two-step cleaning, consisting of battery cyclones
and wet scrubber. The total efficiency of dust collection
equipment is 92 %, due to both particle size distribu-
tion and physical-chemical properties of ilmenite dust.
The concentration of dust at the outlet of the pipe is to
be less than 1 g/m? (maximum permissible emissions),
according to the manufacturing specification.

During the grinding of ilmenite concentrate the air
with dust impurities from the grinding equipment is
blown by fans into the cyclone, then passes through a
bag filter and is vented with a mass concentration of
dust less than 1 g/m?>. The overall efficiency of the gas
cleaning dust is less than 84 % and an additional source
of secondary dust is formed due to dry dust collecting
devices, which adversely affects the level of ecological
safety of the enterprise.

During calcination of hydrated ferric titanium in
calcining furnace, gases formed by the combustion of
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natural gas, water evaporation and decomposition of
sulfates, with a temperature of 375—400 °C fall into gas
cleaning device. The gas cleaning device (wet-type)
consists of a carbonator, the Venturi scrubber, and the
ammonia scrubber. The total efficiency of the chosen
scheme of dedusting does not exceed 92 % that is
caused by finely-divided composition of the dust of ti-
tanium dioxide and its high adhesion properties [6]. In
the process of dedusting, dust galls on the walls of the
hollow scrubber, which leads to blocking the equip-
ment and higher operating costs. Moreover, this pro-
cess is characterized by high cost of irrigation fluid,
which in turn results in high water consumption and
the formation of large amounts of sludge. During tita-
nium dioxide fracture at the rolling- pendulum mill,
the air with impurities of titanium dioxide passes a
backwash in a sock filter and a mass concentration of
no more than 0.6 g/m? is vented into the atmosphere.
The effectiveness of gas cleaning treatment from dust
is approximately 95 % and an additional source of sec-
ondary dust production is formed.

Thus, the basic components of gases that pollute
the air in the preparation of the pigment are ilmenite
dust and titanium dioxide, and sulfur-containing gas-
es. The imperfection of gas cleaning systems results in
the atmosphere air pollution of workplaces, industrial
areas and areas adjacent to the territory of a company
as well as the loss of raw material and the target prod-
uct (Table 1).

The current scheme of cleaning gases which are
formed at the stage of drying and pulverization of il-
menite manufactory titanium dioxide provides dedust-
ing from ilmenite scrubbers, C-15 cyclone and sock
filters. The substantial loss of raw materials occurs.

In order to improve the efficiency of dust collection
we proposed a method for purification of exhaust gas-
es in the dust collecting device of the wet type (Fig. 1).

The analyzed device is manufactured in a diameter
of 2.4 m, 5.0 m height and has two perforated trays
with holes of 0.15 m and a 21.5 % clear opening. The
productivity of the device is 15,000 m3/h.

In the middle of the framework 7 through the gas
distributing device 2 a contaminated gas is supplied.
Simultaneously, in the upper part of the apparatus

Table 1

Characteristics of dust and gas emissions
of titanium dioxide production

The amount of gas
. Dust
The stage entering the dust
. . content,
of production collection system, /3
th.m3/hr &
The drying of ilmenite 11.5 32.4
The p}llverlzatlon of 18.9 20.5-40.2
ilmenite
Calcining furnace 18.4 2.3-2.4
The pulver'lza.tlon of 4.9 85_12.8
titanium dioxide
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Fig. 1. Industrial plant with LHST:

1 — the framework; 2 — a nozzle of gas distributing
device; 3 — an outlet nozzle for the purified gas; 4 —
a nozzle of a distributing device for liquid; 5 — a noz-
zle for fluid removal; 6 — a tray; 7 — stabilizer

through the irrigation device 4 fluid is supplied. Dur-
ing the passage of the gas through the hole of a tray 6,
the gas contacts the fluid, which is accompanied by the
formation of a bubble. The disruption of the bubble
leads to the appearance of eddy currents and eddy for-
mation of gas-liquid flow and developed surface con-
tact of phases in the working area of the apparatus. All
these factors contribute to increasing effectiveness of
the device.

In the device a high-intensity, turbulized foam lay-
er 0.6 m high is formed. Additionally, in the decay of a
bubble vibrating pulsations of a foam layer are trans-
mitted to the tray deck, which prevents clogging of the
hollows of the contact device. Purified gas is with-
drawn from the device through a nozzle 3, while the
liquid is removed from the device through a nozzle 5.

The main purpose of the stabilizer 7, which is lo-
cated in the foam layer, is to prevent the appearing of
rolling oscillations of the gas-liquid layer at a high ve-
locity of gas in a full cross-section of the device, and
baring the tray deck. Due to location of the stabilizer,
the gas-liquid layer, which is uniformly distributed
over the entire height, is formed in the device. At the
same time a uniform distribution of the gas content of
the layer and a liquid layer along the entire longitudi-
nal section of the column is observed (including the
space near the walls and tray).

Previously conducted experimental studies of hy-
drodynamics and dust collecting on the lab bench per-
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mitted determining the operating mode of the device
with LHST, i.e. secondary foaming. Therefore, the
research of hydrodynamic of the device was conducted
for two values of the density of irrigation (L) 15 and
20 m3/(m? - h) and the gas velocity (w) 2.5—3 m/s,
which were identified as the optimal conditions for ap-
pearance of a given mode of operation of the de-
vice [6].

Results. The results of the studies of the effective-
ness of dust collecting of the device with LHST are
shown in Table. 2.

As we can see from Table 2, according to the results
of industrial testing, the effectiveness of gas cleaning
from dust of titanium dioxide and ilmenite is 99.2 and
99.5 % respectively, which almost confirms the previ-
ous research on the laboratory desk of Sumy State
University. The efficiency of gas purification from dust
of ilmenite and titanium dioxide is virtually at the
same level, although due to size-consist of ilmenite,
particles are much larger than titanium dioxide (avera-
ge size (dsq) is equal to 7.2 microns and 0.3 microns,
respectively). This can be explained by the formation
of a high layer of foam, in which the turbulent-diffu-
sion mechanism of deposition of micronized particles
is well realized.

Moreover, on the basis of industrial testing and
analysis of previous research, recommendations for
the use of the device with LHST were worked out. Op-
eration of gas-cleaning equipment is possible provided
a stable operation of the device, which allows a defined
cleaning efficiency within a certain load range of gas
and liquid.

The lower limit of the stable operation of the ma-
chine corresponds to the gas velocity, at which the dy-
namically stable gas-liquid layer is formed on a tray
and is determined according to the

2 0.25 0.125
M.p_g:B.eXp _4(5) (P_g] , )]
o G pl

where wy,, is critical gas velocity, which corresponds to
the appearance of a secondary foaming mode, m/s; .S
is the area of free section of a tray ,%; g is acceleration
due to free-drop; d, is the diameter of the holes of a
tray, m; p is gas density (g) and liquid density (/),
kg/m?; Bis a coefficient depending on the diameter of

Table 2

The value of the dust collection efficiency, % regard-
ing the gas velocity and density irrigation

) Dust collection
Type of dust and density efficiency, %, at a gas
of irrigation of a device (L), velocity,w, m/s
m3/(m? - h)
25129 | 32 | 35
Titanium dioxide, L = 15 80 89 [94.5| 96
Titanium dioxide, L =20 83 93 98 |99.2
IImenite, L =15 85 92 96 98
IImenite, L =20 88 94 | 98.5 ] 99.5
98

the holes of a tray (when d, = 0.15 m, B=0.635); L is
the volume flow of the fluid, m?/s; G is volumetric gas
discharge, m?/s.

The upper limit of the LHST device performance is
determined by appearing of substantial entrainment
and can be determined depending on the

3, Wi
=38 2
(p,—p, )2

where d,, is the diameter of drop hovering, m; &, is the
drag coefficient of the drop; wy,, is critical gas velocity,
which corresponds to the occurrence of drop entrain-
ment, m/s.

In order to increase the degree of purification of gas
from dust and the level of environmental safety of the
enterprise, the developed device is proposed to be used
in the technological scheme at the above stages of the
production of titanium dioxide instead of the existing
dust collection equipment (Fig. 2—4).

Since devices with LHST work steadily with con-
taminated fluids, then, in order to reduce water con-

ilmenite

to atmosphere

water

to defend the return
on the mill

10

gas cleaning

crushed ilmenite

Fig. 2. The proposed scheme of gas cleaning at the
stage of drying ilmenite concentrate:
1 — a loading bin; 2 — a drying drum; 3 — a flight
conveyer; 4 — an elevator; 5 —a tube mill; 6 — a
feeder; 7 — an air separator; 8 — a cyclone; 9 — a
device with LHST; 10 — a bin of ejection

to atmosphere
suspension HTD

ammonia water

to grind v

Fig. 3. The proposed scheme of gas purification at
the stage of filtration and calcination of titani-
um dioxide:

1 — a drum-type vacuum filter (it is possible to use a

press filter); 2 — a gear pump; 3 — a calcining fur-
nace; 4 — a cooling drum; 5 — a dust chamber; 6 — a
device with LHST
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Fig. 4. The proposed scheme of gas purification at

the stage of dry and wet grinding of titanium
dioxide:
1 — a storage hopper; 2 — Raymond mill; 3 — a cy-
clone; 4 — the device with LHST; 5 — a cleaning
settler; 6 — a screw; 7 — a repulpator; 8 — a pump;
9 — a wet grinding mill; 10 — a settling centrifuge;
11 — a receptacle

sumption, it is suggested to use them partly as irriga-
tion clarified liquid after settling the resulting sludge.

The resulting precipitate is also proposed to return
to various stages of the process. For example, caught at
the stage of drying and grinding the dust of ilmenite
can be again returned to the technological scheme for
mixing with the feedstock after settling sludge dedust-
ing. Caught at the stage of calcining and grinding the
titanium dioxide, the particles of the finished product
will be returned to the stage of “white” filtration after
settling.

Conclusions: Industrial research of a device with
LHST made it possible to establish the effectiveness of
gas purification from dust titanium dioxide at 99.2 %
and ilmenite dust at 99.5 %. Recommendations re-
garding the use of the device with LHST were given
instead of the existing dust collection equipment at the
three stages of the production process of titanium di-
oxide: ilmenite milling, calcinating and milling titani-
um dioxide.
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Meta. BuszHaueHHS1 e€(EeKTUBHOCTI MUJIOBJIOB-
JICHHS amaparty 3 MpOBaJIbHUMU TapilKaMU BEJIUMKUX
otBopiB (ITTBO) y npoMucioBux ymoBax.

MeTtoauka. JlociimkeHHs1 e(heKTUBHOCTI IMUJIOB-
JIOBJICHHS TPOBOIMIOCH IIUISIXOM PO3PaxXyHKY MOKa3-
Huka edexktuBHocTi 3a Mepdi. [Ipu BuU3HaUeHHI
KOHIIEHTpAIIii NIy Ha BUXOMI 3 arlapaTy BUKOPUCTO-
ByBaJil TpaBiMETPUUYHUU METON y BiAMOBIIHOCTI 10
,»MeTOIUKU NPOBEAEeHHS BUMipIOBaHb MaCOBO1 KOH-
LICHTpAlIil pEYOBMHU Y BUIIISIAI CYCIICHIOBAaHUX TBEP-
INX YaCTUHOK (MIMJTy) B OpTraHi30BaHMX BUKHMIAX CTa-
LHiOHApHUX IKepes TpaBiMeTpUYHUM METOIOM IIpU
TeMIIepaTypi ra3onmaoBoro rmoToky ao 600 °C

Pe3yabraTH. Y BiINOBITHOCTI 10 TEXHOJOTIYHOTO
periaMeHTyY BUPOOHMIITBA NBOOKMCY TUTaHy OyJo
ctBopeHo amnapar 3 [ITBO nist npoMucioBux 10Cii-
JIXKEHb €(DEKTUBHOCTI MUJIOBJIOBJIEHHS B 1LIeXy CIelli-
aJTbHUX MapOK IBOOKUCY TUTaHY. Y XOIi IPOBEICHOI
po6oTu Oyna BU3HaYeHa €(heKTUBHICTh OUMCTKU a3y
BiJl IMWJTy TBOOKUCY TUTaHY — 9,2 % i muiy iabMeHi-
Ty — 99,5 %. 3anponoHoBaHi peKoOMeHaallii 3 eKc-
ruIyartaltrii razoouncHoro amapary 3 ITTBO. Po3srmg-
HYTI OPOIIO3UlLIil BITHOCHO BIIPOBAIXKEHHS arapary 3
IITBO 3amicTh iCHYIOYOTO IHJIOBJIOBIIIOIOYOTO 00-
JIaMHAHHST Ha TPbOX CTafisX Mpolecy BUPOOHUIITBA
JIBOOKHUCY TUTaHY: PO3MeN UIbMEHITY, MpOXKaproBaH-
HsI Ta po3MeJl IBOOKMCY TUTaHY.

99




EKONNOTIYHA BE3NEKA, OXOPOHA NPALI

Haykosa HoBu3Ha. Ha ocHOBi 00p0oOKM JaHUX
TOCITIIHO-TIPOMUCIIOBUX IOCIIIKEHb arapara OTpu-
MaHi BUpa3W UIST BU3HAUYCHHS IIBUIKOCTI Trasy, IO
3a0e3reuye cTadiibHy poodoTy anapatis 3 ITTBO.

IIpakTnyna 3HaumMmicTb. Ha ocHOBI mpomucio-
BUX OOCHIIKEHb OyJiM po3poOJieHI pekomeHaallii 3
ekcrutyaTarlii arapata 3 [ITBO Ha mignmpuemcTBax Xi-
MiYHOI MTPOMMCIOBOCTI.

KumrouoBi cioBa: nusoeazosuil uxkud, nunoé-
N06AEHHS, 0800KUC MUMAHY, MOKPEe O4UUeHHS

Ilenb. OmnpeneneHue 3G OEKTUBHOCTU IIbLICY-
JIaBJIMBaHMS armnaparta ¢ KPyMHOIbIpYATbIMU TMPO-
BaJibHbIMU TapeiakamMu (KIITT) B mpoMbILLIEHHBIX
YCIOBUSIX.

Metonuka. Hccrnenoanue 3¢hdeKTUBHOCTU
MbUICYIaBIMBAHUS TIPOBOIMIIOCH IMyTEM pacuera 1mo-
Kkazarens addexruBHocTu 1o Mepdu. I[1pu usmepe-
HUM KOHIICHTPALIMM MBUIM Ha BBIXOIE M3 amliapaTa
WCIIOJIb30BAJIM TPABUMETPUICCKHUIA METOI B COOTBET-
CTBUM C ,,MeToauKoi IpoBeaeHNsI U3MEPEHUI Mac-
COBOI1 KOHIICHTPALIMU BEIeCTBA B BUAE CYyCIICHANPO-
BaHHBIX TBEPIbIX YaCTUII (ML) B OPTaHU30BaAHHBIX
BBIOpOCAX CTallMOHAPHBIX UICTOYHUKOB IpaBUMETPU-
YEeCKMM METOIOM MpHU TeMIlepaType Ta3oIlbLIeBOrO
notoka g0 600 °C*.

Pe3syabrarsl. B cOOTBETCTBUU C TeXHOJIOTHUYE-
CKWM pErIaMeHTOM ITPOM3BOJICTBA IBYOKMCH TUTaHA

100

obL1 co3aaH anmapar ¢ KT ajist mpoMbIIIeHHBIX
HUCITBITAaHUN 3(PGEKTUBHOCTU IIhIICYJIABINBAHUS B
Iexe CrelraibHBIX MapoK JABYOKHMCH TUTaHa. B xome
MIPOBeIeHHOI padOTHI ObLIa ompeneeHa 3P(PeKTB-
HOCTh OYMCTKHU Ta3a OT IBUIM IBYOKHWCHU THUTaHA —
99,2 % wu nbuu wibMeHuta — 99,5 %. IlpennoxeHbl
pEeKOMEHAAllMU IO 3KCIUTyaTalliM Ta3004YMCTHOIO
annapata ¢ KJIIIT. PazpaboTaHbl peaioXeHus: OT-
HocuTelbHO BHenpeHus: anmnapata ¢ KIITT Bmecto
CYILIECTBYIOIIIETO IbLIEYJaBAMBaIOIIEr0 000pynoBa-
HUs Ha TPeX CTaIMsIX Ipoliecca MPOM3BOACTBA IBYO-
KWCU TUTaHa: pa3MoJl UJIbMEHUTA, TIpOKaiKa U pa3-
MOJI IByOKHMCH TUTaHAa.

Hayunas HoBusHa. Ha ocHoBe 00paboTKu naH-
HBIX OTTBITHO-TIPOMBIIIJICHHBIX MCIIBITAHUI armapa-
Ta MOJYYCHBI BBIPAXKCHUS IJI OTIPEHCICHUs CKOPO-
CTH raza, odbecrieurMBalonieit crabujibHylo padoTy an-
naparoB ¢ K/ITT.

IIpakTuyeckas 3HauumMocTtb. Ha ocHoBaHuu
MPOMBIIIUVICHHBIX HCIBITAHUNA OBbUIM pa3paboTaHbl
peKoMeHaalMu 110 3Kcrutyatauuu anmnapara ¢ KIATIT
Ha MPEANPUITUSIX XMMUYECKOU MPOMBIIIIEHHOCTH.

KiroueBble ci10Ba: novLieeca3oewiil 6b10poc, nolie-
yraeausanue, 08YOKUCb MUMAHA, MOKPAsl O4UCIKA

PekoMeHmoBaHO do nybaikauii 0dokm. mexH.

nayk JI. I Dinamosum. Jlama Haoxo0ceHHst pyKo-
nucy 25.05.15.

ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2016, N° 3



