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Jlna ouucmku ompadomanHnwvix Heghmecooeprcauiux npooyKnoe npeodiodHceHo Ucnoib3o-
eamv Oapomemodpannvlit npouyecc. B xauecmee unvmpyrouwjux rnemenmos UcCnoIb308anUCh
mpyouamole y1ompaguibmpayuonnble ROTUMEPHBIE MEMOPANDL C AKMUBHBIM CTIOEM U3 M opo-
naacma c 0obaskamu u3 ouamomuma u Kepamuueckue memopanst na ocnose Al,0Os. B npoyecce
IKCHIIYAMAYUU MEMOPAHHBIX INEMEHMOE NPOUCX00Um HadeHUe YOeabHOUl NPOU3BOOUMETbHO-
cmu, C6A3AHHOE C UX 3AzPAIHEHUEM. 3azpA3HEeHUE YIbMPADUILMPAUUOHHBIX MEMOPAH paccmam-
PUBAEMCA KAK HEOOPAMUMOE OMII0NHCEHUE 8bICOKOMONEKYAPHBIX 8eUieCm e, HehmenpooyKmoe u
HCUPOG HA NOBEPXHOCHU UIU 8 ROPax memopansvl. OOHAKO HPU NPABUNbHOI MEXHUYECKOU IKC-
nayamayuu 603M0HCHO yeesiudenue CpoKa cyxcovl memopan. B pabome paccmampuearomces ose
cmpamezuu MexHU4ecKo20 00CAYHCUBAHUA MEMOPAHHBIX ITIEMEHMO08, OCHOBAHHBIX HA UX NPO-
MblgKe (pezenepayuu) uepes onpedeieHHble nPOMeENCYmKU epemenu. Boioop cnocoba u perycuma
pezenepayun MemMOpAHHBIX INEMEHNO8 ONPedensiemca 6 3a6UCUMOCIU oM MUNA mMamepuaia
MeMOpaH u om KOHKPEMHbIX PAdouux yciosuil ux Ikcnayamayuu. /[na pecenepayuu noaumep-
HbIX MPYyOUaAmMbIX MEeMOPaH, 66UOY UX AHUZOMPONRHOU KOHCMPYKUUU U HERPOUHOU C8A3U MENHCOY
AKMUGHBIM (MOHKOROPUCIBIM) U OPEHANCHBIM (KDYRHOROPUCHBIM) C/I0AMU NPe)iazaemcs Xu-
MUYECKUTI CNOCOO NPOMBIBKU C UCHOIb308AHUEM 6 Kauecmae peazenma Kepocuna. /Ina kepamu-
YeCcKUX Memopan, 66udy 0COOEHHOCIU UX RPOU3BOOCHIEA NYHIEM CREKAHUA RPU 8bICOKUX MeMne-
pamypax, 603M0IHCHbL 084 CROCODA pezeHepayuu: uzuyeckuil u xumuieckui. @uzuueckuii cno-
€00 3aKAI0UAICA 8 UCHONBIOGAHUU 0OPAMHOL RPOMBIGKU MEMOPAHHBIX NOP REpMeamom. IKcne-
PUMEHmMbl NOKA3AU, YUMo Haubonee IPHeKmusHvim Memooom pezeHepayuu MemopanHHsvix dJie-
MEHmMO08 npu nadeHuu yoenvnoi npoussooumenvuocmu na 30% aenaemcea oopamnas npomuleKa.
dmom memoo nHe mpedyem UCnoaIb306aAHUA OONOIHUMEILHBIX PeAzeHm 08 U, C71e006aAmeabHO, He
npeononazaem ux nocneoyrouieii ymuausauyuu.

KiroueBble ci1oBa: otpaboTaHHBIE Macia, yabTpaduibTparys, NOJIMMEpHbIE 1 KepaMUiecKue MeMOpaHbl,
yaesbHast IPOM3BOJUTENBHOCTD, pereHepanusi MeMOpaH
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It is proposed to use a baromembrane process for the purification of spent oil-containing
products. Tubular ultrafluorescence polymer membranes with an active layer of fluoroplast with
diatomite additives and ceramic membranes based on Al,Os; were used as filter elements. During
the operation of membrane elements, there is a drop in specific productivity associated with their
contamination. Contamination of ultrafiltration membranes is considered as irreversible deposi-
tion of high-molecular substances, petroleum products and fats on the surface or in the pores of
the membrane. However, with proper technical operation, it is possible to increase the service life
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of the membranes. The paper considers two strategies for maintenance of membrane elements
based on their washing (regeneration) at certain intervals. The choice of the method and mode of
regeneration of membrane elements is determined depending on the type of membrane material
and on the specific operating conditions of their operation. For the regeneration of polymer tubular
membranes due to their anisotropic design and the fragile connection between the active (fine-
porous) and drainage (coarse-porous) layers, a chemical washing method using kerosene as a re-
agent is proposed. For ceramic membranes, due to the peculiarities of their production by sintering
at high temperatures, two regeneration methods are possible: physical and chemical. The physical
method consisted in using permeate backwash of membrane pores. Experiments have shown that
it is most effective to regenerate membrane elements with a 30% drop in specific productivity by

backwash, since it does not require the use of additional reagents and their subsequent disposal.

Key words: waste oils, ultrafiltration, polymer and ceramic membranes, specific productivity, mem-

brane regeneration
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INTRODUCTION

Enterprises of construction, motor transport,
chemical, textile, engineering and other industries are
sources of pollution of water bodies and soils with or-
ganic substances that are difficult to oxidize [1, 2].

The operation of road construction equipment,
vehicles and equipment leads to the formation of a
large amount of used motor, transmission, industrial
and hydraulic oils [3]. The consumption of motor oils
tends to increase due to the growth of the vehicle fleet,
which is the main supplier of this type of waste, there-
fore, in the developed countries of Europe and North
America, a number of resource-saving and organiza-
tional and economic measures have been developed
aimed at reducing the increase in its consumption. The
content of up to 90% of the oil base in used motor oils
compared to 10-20% in crude oil, leads to a lower cost
of regenerated oil compared to fresh oil production.
For this reason, used motor oils in developed countries
are considered as a raw material base for the produc-
tion of petroleum products [4, 5].

In order to organize low-waste production, it is
proposed to regenerate spent toxic waste using mem-
brane separation processes, such as microfiltration
(MF) and ultrafiltration (UF), which are more efficient
and economical than conventional separation methods.
Recently, all over the world, baromembrane (BM)
technologies have been used for desalination of sea wa-
ter to drinking water, wastewater treatment in order to
isolate valuable components, for concentration, purifi-
cation and separation of solutions of macromolecular
compounds in various industries [6].
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The economic feasibility of using ultrafiltra-
tion to separate oil-water systems is largely limited by
the phenomenon of blockage of a semi-permeable par-
tition [7].

Without the development of special operating
conditions for membranes, they will be clogged in a
short time. Identification and quantification of contam-
inants are necessary to elucidate the fouling mecha-
nism and membrane regeneration strategy [8-10].

A wide variety of methods are used to combat
the deposition of solutes on the membrane. The main
methods include chemical methods - washing with the
help of reagents, and physical ones - changing the hy-
drodynamics of the separated flow, ultrasonic and vi-
bration exposure, backwashing [7, 11-16].

The choice of the method and mode of regen-
eration of membrane elements is determined depend-
ing on the specific conditions of their operation.

A feature of the design of polymer tubular
membranes is the impossibility of using backwash, but
only washing with the use of chemical reagents.

For ceramic membranes, both methods of re-
generation are possible [16-21].

MATERIALS AND METHODS

Used Lukoil (M-14D2) engine oil was used to
conduct experiments using the method of reagent and
non-reagent flushing. Samples were taken from diesel
locomotives after 300 h of operation in the mainte-
nance areas at the Operational Ivanovo Depot of the
Northern Railway of Russian Railways. The physi-
cal and chemical properties of used oil are presented
in Table 1.
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Table 1
Characteristics of engine oil M-14D2 and waste oil
Taonuya 1. XapakTepucTHKH MOTOpPHOro Macyia M-14/12
H 0TPA0OTAHHOI'0 MAacJIa

Defined indicator, unit Oil M-14D2 | Oil spent
Kinematic wscozslty at 100 °C, 13.32 13.77
mm?/s
Flash point in an open cruci- 258 295
ble, °C
Hydrogen index, pH not standardized | 7.72
Base number in mg/KOH per 143 9.02
1 mg of oil
Mass fraction of water, % traces traces
Optical density, cm™ not standardized | 234
Mass fraction of mechanical
. - absence 0.04
impurities, %
Density acktual ?t 24.5 °C, 889 895
g/m

Before separation, engine oils were pretreated
by coagulation by introducing a 50% aqueous solution
of diaminometanal (0.5% wt.) and centrifugal separa-
tion (separation factor K, = 8000). The analysis of sus-
pended particles in used oil after pretreatment is shown
in Fig. 1 [10, 22].
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Fig. 1. Distribution of suspended particles in waste oil after pre-
treatment

Puc. 1. PacnipesienieHue B3BENICHHBIX YaCTHI[ B OTPAOOTAHHOM
MacJie mocJje MpeIBapuTeIbHO 00paboTKH

As a filtering material, ultrafiltration ceramic
monotube membranes with a selective layer based on
Al>,O3 and a pore size of 0.01 um, manufactured by Cer

amicfilter LLC, Moscow, were used.

BACKWASH METHOD

Currently, special attention is directed to the
study of a method for controlling deposits in mem-
brane processes using backwashing. This method does
not involve the use of chemical reagents and synthetic
detergents and requires minimal changes in the design
of apparatus for the separation of solutions.
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Backwashing consists in supplying purified oil
to the annulus of the membrane module through the
permeate line. At the same time, the purified oil pene-
trates through the membrane in the opposite direction
(relative to the filtration mode) — from the outside to
the inside. The flow of waste oil separation and back-
washing is schematically shown in Fig. 2.

Input stream
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Filtering | ). Backwash
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into the source :"t Filtrat
> = iltrate

Fig. 2. Scheme of flow movement during separation waste oils
and membrane backwash
Puc. 2. Cxema ABMKEHUS TOTOKOB TIPH Pa3AeieHnH 0TpaboTaH-
HBIX MaceJ U 00paTHOW MPOMBIBKA MEMOpaH

Passing through the membrane at APy, = 0.2 MPa,
the purified oil destroys the accumulated deposits on
the inner surface of the tubular element, and is carried
back to the original reservoir by the waste oil flow at
AP = 0.1 MPa. Using this technology, it is possible to
regenerate membrane modules one by one without
stopping the separation process in automatic mode,
which increases the productivity of the plant and sig-
nificantly reduces the cost of operating the equipment.

REAGENT WASHING METHOD

Experiments on the reagent cleaning of mem-
branes were carried out with kerosene, in which the
products of aging oils dissolve well.

Washing with kerosene was carried out for 1 min
according to the method of a fixed drop in productivity
(by 30%). To do this, the waste oil separation process
is turned off, the membrane module is connected to the
reagent flushing line (Fig. 3).

RESULTS AND DISCUSSION

BACKWASHING OF MEMBRANES

The specific productivity of the installation at
the beginning of the experiment Ko was 14.8 dm®/(m?h)
at a temperature T = 363 K.

The study of the frequency of washing was car-
ried out according to two methods: by the time of sep-
aration and by reaching a drop in specific productivity
by 30%.
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In the first case, filtration was carried out for
60 min, after which the membranes were backwashed.
The total time of the experiment was 240 min. The ex-
perimental results are presented in Table 2 and Fig. 4.

Em:a—,:] 1,2«‘! \A&a 1f Lé_/_l—

N

Fig. 3. Schematic diagram of the installation with a reagent flush
line:1 - reservoir with used engine oil; 2 - pump, 3 - three-way
valve; 4.9 - pressure gauges; 5 - membrane elements; 6-dimen-

sional flask with purified oil; 7 - shutoff valves; 8 - tap for filling

used oil; 10 - electric heater; 11 - pressure line; 12 - bypass line;
13 - drain valve; 14 - reagent flush line

Puc. 3. [IpuHuMnmanpHas cxeMa YCTaHOBKH C JIMHUEH pearcHT-

HOW IPOMBIBKH: 1 — pe3epByap ¢ 0TpabOTaHHBIM MOTOPHBIM Mac-

JIOM; 2 — Hacoc, 3— Tpexxo10Boi kpaH; 4,9 — MaHOMETpBI; 5 — MeM-

OpaHHbIC BIIEMEHTBI; 6 —MepHast KOJI0a ¢ OYUIIICHHBIM MacJioM; 7 —3a-

IopHas apMarypa; 8 — KpaH JUIsl 3ajiiBa 0TpabOTaHHOTO Macia;

10 — snexrprueckuii ToH; 11 — HanopHast MarucTpais; 12 - Gaifnac-

Hasi MarucTpaib; 13 — BEHTUIb CIIUBHOM; 14 — IMHUS peareHTHOM

IIPOMBIBKA

Table 2

The results of the study of the frequency of flushing at a
fixed time

Tabnuya 2. Pe3yabTaThl HCCIE0BAHUA EPUOAUYHOCTH
TIPOMBIBKH 110 (PUKCHPOBAHHOMY BpeMeHH
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Table 3
Results of backwash experiments up to a 30% drop in
performance
Ta6nuya 3. Pe3yabTaThl JKCIIEPUMEHTOB NMPH 00paTHOM
NMPOMBIBKE /10 NAACHUS NPOU3BOJIUTEC/IBHOCTH HA 30%

Duration of the ex-|Unit productiv-|Unit productivity KK
periment T, min. | ity,dm®¥h | Ki, dm¥(m2h) | " °
0 4.9 14.8 1.00
60 1.48 4.46 0.30
Regeneration by backwash, T = Imin, APy, = 0.2 MPa
60 4.8 14.1 0.95
120 1.57 4.97 0.34
Regeneration by backwash, T = 1 min, APop = 0.2 MPa
120 4.02 12.07 0.82
180 1.57 4.97 0.34
Regeneration by backwash, T = Imin, APy, = 0.2 MPa
180 34 10.21 0.69
240 1.31 3.95 0.27

In the second case, backwashing was carried
out after a drop in productivity by 30% in the same
mode as in the first method. The results of the experi-
ments are shown in Table 3.

For the convenience of comparing the experi-
mental data obtained by two methods of backwashing
and presented in Tables 1 and 2, graphs are plotted in
Fig. 4.
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The duration of Unit productiv- Specific unit
the experiment T, ity, dm/h productivity K;, | Ki/Ko
min. ' dm?®/(m?h)
0 4.9 14.8 1.00
45 3.43 10.29 0.69
Regeneration by backwash, T =1min, APy, = 0.2 MPa
45 4.86 14.578 0.98
88 3.4 10.2 0.69
Regeneration by backwash, T =1 min, AP, = 0.2 MPa
88 4.85 14.55 0.98
130 3.39 10.18 0.69
Regeneration by backwash, T =1min, APy, = 0.2 MPa
130 4.84 14.51 0.98
175 3.38 10.16 0.69
Regeneration by backwash, T =1 min, AP, = 0.2 MPa
175 4.83 14.5 0.98
215 3.38 10.14 0.69
Regeneration by backwash, T =1min, APy, = 0.2 MPa
215 4.83 14.48 0.98
255 3.38 10.14 0.69
K;, dm¥/m’h
2
1
2
0
0 1080 2160 3240 4320 7, min

Fig. 4. Comparison of the values of the specific productivity of
membranes after backwashing: 1 - by the fixed time method; 2 - by
the method of fixed performance drop
Puc. 4. CpaBHeHHE 3HAUEHU yIEITBHON TPOU3BOUTEINEHOCTH
MeMOpaH mocie 00paTHOI MPoMBIBKH: 1 — MeToZ0M (pruKCHpOBaH-
HOT'O BPEMEHH; 2 — METOJJOM (PUKCHPOBAHHOTO MAIEHUs TPOU3BO-
JUTCIIbHOCTH

As can be seen from the graphs in Fig. 2, the
second method is the most effective (according to a
fixed drop in productivity), because allows you to restore
productivity by 98% over a long period of operation.

The fixed time method leads to an irreversible
drop in productivity, after which it is necessary to dis-
mantle the tubular elements and regenerate them by an-
nealing. This type of regeneration is possible, but it re-
quires more time, stops the separation process and
greatly increases operating costs.
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Fig. 5. Results of chemical washing of ceramic tubular membranes
at a temperature of 293 K, washing pressure APprom = 0.15 MPa
Puc. 5. Pe3ynbraTsl peareHTHOM MTPOMBIBKH KEPAMUYECKUX TPYO-
9aThIX MeMOpaH 1pu Temreparype 293 K, naBieHnn IpoMBIBKH
APnpUM = 0,15 Mia

REAGENT WASHING

The specific productivity of the installation at the
beginning of the experiment KO was 14.8 dm%(m?h) at a
temperature T = 363 K.

The study of the frequency of flushing was car-
ried out after reaching a drop in specific productivity
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by 30%. The results of the reagent wash experiments
are shown in Fig. 5.

The reagent wash results show good effi-
ciency. The specific productivity was restored to 98%
of the original value.

CONCLUSIONS

As a result of experiments on washing mem-
brane elements, it was concluded that backwashing for
ceramic membranes after a drop in productivity by
30% is the most effective and is recommended for use
in the engineering design of ultrafiltration separation
devices. used oils.

The disadvantage of the method using a rea-
gent for washing is the additional cost of purchasing a
solvent, the need for its disposal, as well as stopping
the separation process.
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