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Lllopoxoe M.M. Pecypcosbepiratoua texHosoris yrumizamii C
cTiunux Boja — KBamidikariilina HaykoBa poOoTa Ha IpaBax PyKOIIHUCY.

Jucepraiiiss Ha 3700yTTS HAYKOBOTO CTyIEHs JokTopa (dimocodii 3a
crnemianpHicTio 161 XimiuHI TeXHONOTIT Ta iHXeHepid (ramy3s 3HaHb 16 XimiuHa Ta
OloimkeHepis). — CXiIHOYKpaiHCBKUM  HaIllOHAJBLHUN  YHIBEPCUTET IMEHI
Bononumupa Jlans, CeBepononenpk, 2021.

HucepramiitHa poOoTa MNPUCBAYEHA BUPIMICHHIO aKTyaJlbHOI HAyKOBO-
TEeXHIYHOi MPO6JIEMH CTBOPEHHS pecypco3bepirarouoi TexHosorii yrumizamii  Cré*
BMICHUX CTIYHUX BOJI 3 BUKOPHUCTAHHSIM BIJXOJIB COJIOBOTO BUPOOHMIITBA Ta
OJIep>KaHHSIM TOBapHHUX MPOJIYKTIB.

Cronyky MIECTUBAJICHTHOTO XpOMY MPEICTaBISIOTh CEprlo3HY HeOe3MmeKy
JUISi  TOBEPXHEBUX 1 TIPYHTOBUX BOJ, MAalOTh BJACTUBOCTI TOKCHUKAHTIB
KYMYJISITUBHOTO 1 AJUTHUBHOTO XapakTepy, MOXYTh HaJaBaTH MYyTareHHy Ta
KAHILIEPOT€HHY 10 Ha UB1 OpPraHi3MHu.

binbiiicTh peanizoBaHUX Y IPOMHUCIOBOCTI CIIOCOOIB OUUIIIEHHS CTIYHUX BOJT
Big crnonyk Cr(VI) e, abo 3a TEXHOJOTi€l0 Ta EKCIUTyaTalllel0 MPOCTUMH, aje
JO3BOJIAIOTh OTPUMATH OYMIIEHY BOJY 3 3aJMIIKOBUMH KoHIeHTparismu Cr(VI),
Kl y COTHI pa3iB mepeBullytoTh piBeHb [JIK, abo moporumu, CkiIagHuMu Y
BHKOHAHHI Ta ekcrutyaTarlii. Jleski 3 Bimomux croco0iB yruiizaiii Cr(V1)-emicHux
CTIYHMX BOJI OpPIEHTOBaHI Ha IMIOPTHE OOJaJHAHHS 1 KOIITOBHI OCHOBHI Ta
JIOTIOMIDKHI PEYOBUHU Ta, 3/1€0UTBIIOTO, MepeadadatoTh YTBOPEHHS HOBUX BHUJIIB
BIJIXO/IIB, fKl, Y CBOIO 4Yepry, BHUMararmTh yTWiizamii. B cydacHHUX CKIaaHHX
EKOHOMIYHMX YMOBaX OCOOJIMBHI 1HTEpeC MPEACTABISAIOTh HEOPOTi M epeKTUBHI
pearenTHi crocoou oummieHHs Cr(VI)-BMicHUX CTIYHMX BOX, 3 LIMPOKUM
BUKOPUCTAHHSAM BIJIXOJ/IB MICIIEBOI MPOMHUCIOBOCTI SK JOTOMIXKHOI CHUPOBUHH 1,
MPOYKTOM SIKMX MalOTh OyTH PEUOBHHHU, IPUAATHI IO MOAAIBIIOTO BUKOPUCTAHHS
y IPOMUCIIOBOCTI Ta MOOYTI.

Teopernuno pospaxosani 3anmimkosi koHnenrpauii CrOs® ta SO, mo

JOCSTAIOThCSA, TPU XIMIYHOMY OCaJKEHHI Majopo3uuHHuX coneit bapito(Il)



xpomatiB Ta cyibdariB 3 po3uuHiB H,CrO, ta H,SO,4 pi3HOI KOHIEHTparllii, sk
IHAWBITyaIbHUX, TaK ¥ NpH iX CYMICHIM mpucyTHOCTi, HacmueHuMu mipu 20°C
BogHumu poszunHamu Ba(OH); ta BaCl,. BeranoBnena B3aemHa 3amexHicTh pH,

eJIeKTPOIPOBIIHOCTI Ta 3aJMIIKOBOI KOHIeHTpalii CrO4% B OCBITJIEHMX 4aCTHHAX

NV . Ba(OH )
CYCHEH311 B1J MOJIBHOTO CH1BBIJHOIIECHHS %, IO J03BOJIsIE OpPraHi3yBaTU
r
2 4

oe3nepepBuuii nporiec  ouucTkd Cr(VI)-BMicHOT CTIYHOT BOAM B IIHPOKOMY
Jiana3oHi IOYaTKOBMX KoHueHTpaniii CrO,%.

BusnadueHo BruMB momepeaHbOTo MmiuryroByBanHs posuuHiB HoCrO, ta
H,SO, nyxaumu Ca?* - BMiCHMMH PO3YMHAMH, Y TOMY YUCIIi BOJHOIO BUTSKKOIO 31
IJIaMiB COOBOTO BUPOOHULITBA, HA 3MEHIICHHS 3a/IMIIKOBOI KoHIeHTpamii CrO4>
ta SO, mpu yrBopeHHi Mamopo3umHHux BaCrO; ta BaSO; ocamkeHHAM
pozunnamu Ba(OH),. JloBegeHa MOXKIIMBICTh aBTOMATHU30BAHOIO JI03yBaHHS
peareHTiB BUXOJA4u 13 3HaueHHs pH po3uuHiB. lle cTBOproe mepemymoBu s
opranizariii 0esnepepBHoro mnporecy ounctku Cr(VI1)-BmicHOI CTIYHOI BOAH, IO
0COOJIMBO BaKJIMBO JIJIsl MPOIIECIB MPOMUBAHHSA BUPOOIB MICHSI €IEKTPOXIMIYHOTO
XpOMYBaHHS, XpOMaTyBaHHs Ta AaCUBAIIii.

Hocmimxenasmu B cucteMi H,CrO4 - Ba(OH), — H,0O - BaCrO, Bu3zHaueHo
KIHETHYHI TapaMeTPH MPOIIECY YTBOPEHHS TBEP 101 (pa3u mpu XiMIYHOMY OCaI>KEHHI
BaCrO, 3 Bomuux po3umHiB H,CrO, ta Ba(OH),. BcraHoBineHa 3anexHICThH
mBuaKoCTI ocamkeHHss BaCrOy4 Bix mouaTkoBoi koHIeHTpamnii HoCrO, Ta crynens
IIEPECUYEHHS, 110 JO3BOJISIE PO3PAXOBYBATH 3aJIMIIKOBY KoHueHrpamio CrOs* B
mporeci ocapkeHHs. Bu3HaueHO, M0 MpPU JOCITHEHHI CTYIICHS TEpeCHYSHHS

po3unny 1,1 mponec yrBopenns kpumtaniB BaCrO, mpotikae B MeTacTaOUIbHIN

C' 11
o0nacTi ¥ 3aJ0BUIBHO OMUCYETHCS KIHETHYHUM PIBHSHHSAM W =0,065-| —
0
[IBuakicTe 3MeHmeHHs koHIeHTpaiii CrOz B piakii ¢a3zi 3a0BIIBHO OMUCYETHCS
. . . 3
KIHETHYHUM PIBHSIHHSIM TEPIIOTo MOPSAAKY 3 KOHCTAHTOIO mBUAKOCTI K, = 41,2-10

. 3nauenHs koHueHTpauii HoCrO,, npu sikoMy NpakTUYHO HEMOXKJIMBO 3/IIHCHUTH



niporiec yrBopeHHs: BaCrO4 B po3TIssHYTIM CUCTEMI Ta PeKUMi, CTAHOBUTH OJIU3BKO
9,610 mMoub/m.
BcraHoBiieHa 3aNeXHICTh CEPEeIHBOTO PO3MIPYy YAaCTHHOK TBepaoi (a3u

Ba(OH),
H,CrO,

CYCIEH31i Ha IMBHUJIKOCTI iX po3IIapyBaHHS BiJ MOJBHOTO CIiBBITHOILICHHS
, IIBUIKOCTI MEpEMIIIyBaHHS Ta TEMIIEPATypH, 1110 JT03BOJIE€ ONTUMI3YBaTH MPOLIEC
binpTpalii 1 OTpUMYBaTH OCaaMd 3aJaHOTO TPaHyJIOMETPUYHOTO CKIady.
PeHTreHOCTpyKTypHUM Ta XIMIYHMM aHajli30M BU3HAYEHO, 1[0 YTBOPIOBAHUU B
cucrteMl HoCrO4 — HySO4 — Ba(OH)z - C&(OH)Q - BaCrQ, - BaSO4s— CaSO4 - H,O
ocaa mictuth (% BigH.): 71,8 — 74,3 BaCrQy, 18,6 — 19,1 BaSOy, 2,7 — 7,1 CaCrO4
ta 10 2,5 CaSO; 1 mpakTUYHO HE 3aJIEKHUTHh B peareHTy I MiUTy>KyBaHHs
cepenoBuia. Ocaa € OAHOPITHUM 32 TPAHYJIOMETPUUYHUM CKIIagoM: 0mu3bko 83%
Mac CKJIaJal0Th YaCTUHKHU pO3MipoM Ha piBHI 29 MKM 1 <15% mac - yacTuHkH 3
po3mipamu Bix 8,3 10 10,5 mxm 1 Tibku 1,9% Mac ckiiagaroTh 4aCcTKH 3 pO3MipaMu
Bix 1,3 mo 8,3 MKwMm.

JlocmipkeHHSIMM  Ha  YKPYNHEHI J1abopaTopHIA YCTAaHOBLI JOBEACHA
HE0OX1THA MOCTII0BHICTh, MOKJIUBICTh aBTOMATU30BAHOTO JJO3yBaHHS HEOOX1THOT
KUJIBKOCT1 peareHTiB 3a 3HaueHHsM pH cepenoBuiia Ta AOUUIBHICTH TOBTOPHOTO
BUKOPUCTAHHSA OYHMIIEHOT BOJW i TPOMUBKH BHPOOIB TMicis omepaiii ix
XpomyBaHHs. ExcniepuMeHTanbHO 10BeAeHa AOLIBHICTh Ta YMOBH BUKOPUCTAHHS
JUIS  TUTYyTOBYBaHHSI CEpPEJOBHINA BOJHOI BHUTSDKKM 3 IUIAMY COJOBOTO
BUpoOHUIITBa. Po3paxoBani koHCTaHTH (inbTpaliii yrBoproBaHoi cycrnensii: K= 3,7
m¥c, C = 93,11 wm%wm? IBugkicts QinbTpanii, WIS PEKOMEHIOBAHUX

b1IpTpyBaIbHUX MaTepiaiiB benbTUHTY Ta rI0npoOUBHOI MOBCTI, CTAHOBUTH 56,6 —

3

69,7 1 —
M- 20

, OIip mapy ocaxy npouecy ¢inbrpanii cranosuts 3,3%¥10%% M2,

Po3pobniena TexHONOTIYHA CXeMa Ta TEXHOJIOTIYHHN PEXHM PEareHTHOTO
OUMIIEHHS CTIYHMX BOJ, WO MicTaTh crnonyku Cré*. 3ampomonoBana Mopelnsb
MaTepiaabHOTo 0araHCy MPOLEeCy OYHUIIICHHS, SKa BPaXOBYE 3arajibHUN COJICBMICT B
CBIXKI1M BOZI, IO HAJAXOJUTh HAa MPOMUBKY BHPOOIB MICIS XPOMYBaHHS Ta 3MIHY

3arajbHOTO COJIEBMICTY B OUHUILEHINA BOI.



BcranoBneno, mo 3a (i3UKO-XIMIYHUMH BJIACTUBOCTSIMH Ta TEXHIYHUMU
XapaKTEePUCTHKAMU 0CaJi, YTBOPCHHH B HACIIJIOK pPO3pO0JCHOI TEXHOJOTIT
peareHTHOro ounieHHs Cré*-BMiCHUX CTIYHMX BOJI, 33I0BOJILHAE XapAKTEPUCTHKAM
MITMEHTIB, SIKi BUKOPHUCTOBYIOTHCS JIJII BUTOTOBJICHHS TTACUBYIOUHX TPYHTIBOK Ta

eMaJien.

Kmouosi cioBa: Cr(VI)-emicui cmiuni 600u, peazenmne ocaoswcenns, pH
cepedoguwya, 3anumKosa KoHyeumpayis, pieensv 1J[K, ymunizayis, mexuonociuni

napamempu, pecypcosbepiearoua mexHouo2is.

ABSTRACT

Shorokhov M.M. Resource-saving technology for utilization of Cr®*
containing wastewater - Qualifying scientific work on the rights of the manuscript.

Thesis for a PhD degree in specialty 161 Chemical Technology and
Engineering (16 Chemical and bioengineering). - Volodymyr Dahl East Ukrainian
National University, Severodonetsk, 2021.

The dissertation is devoted to the solution of the actual scientific and technical
problem of creation of resource - saving technology of utilization of Cr®* of
containing sewage with use of wastes of soda production and reception of
marketable products.

Hexavalent chromium compounds pose a serious danger to surface and
groundwater, have the properties of toxicants of cumulative and additive nature, can
have mutagenic and carcinogenic effects on living organisms.

Most of the industrial methods of wastewater treatment from Cr (VI)
compounds are either simple in technology and operation, but allow to obtain treated
water with residual concentrations of Cr (V1), which are hundreds of times higher
than the MPC, or expensive, difficult to perform and operate. Some of the known
methods of disposal of Cr (VI) -containing wastewater are focused on imported

equipment and valuable basic and auxiliary substances and, for the most part,



involve the generation of new types of waste, which, in turn, require disposal. In
today's complex economic environment, inexpensive and efficient reagent methods
for the treatment of Cr (VI) -containing wastewater are of particular interest, with
extensive use of local industrial waste as an auxiliary raw material and the product
of which should be substances suitable for further use in industry and everyday life.

Theoretically calculated residual concentrations of CrOs* and SO,% achieved
by chemical precipitation of sparingly soluble salts of barium (1I) chromates and
sulfates from solutions of H,CrO, and H,SO, of different concentrations, both
individual and in their combined presence, saturated at 20°C aqueous solutions
Ba(OH); and BaCl,. Established the interdependence of pH, electrical conductivity
and residual concentration of CrO4? in the clarified parts of suspensions on the molar
ratio Ba, which allows to organize a continuous process of purification of Cr (VI) -
containing wastewater in a wide range of initial concentrations of CrO,%.

Determined the effect of preliminary alkalization of H,CrO, and H,SO,
solutions with alkaline Ca?* - containing solutions, including aqueous extract from
soda production sludge, on the reduction of residual concentration of CrO,* and
SO,% in the formation of sparingly soluble BaCrO, and BaSO, by precipitation of
Ba(OH); solutions. Proved the possibility of automated dosing of reagents based on
the pH value of solutions. This creates the preconditions for the organization of a
continuous process of purification of Cr (VI) -containing wastewater, which is
especially important for the processes of washing products after electrochemical
chromium plating, chromatization and passivation.

Studies in the system H,CrO4 - Ba(OH), - H,O - BaCrO,4 determined the
Kinetic parameters of the process of solid phase formation during chemical
precipitation of BaCrO, from aqueous solutions of H,CrO, and Ba(OH),.
Established the dependence of the deposition rate of BaCrO, on the initial
concentration of H,CrO,4 and the degree of supersaturation has been, which allows
to calculate the residual concentration of CrO,% in the deposition process. It is
determined that upon reaching the degree of supersaturation of the solution of 1.1,

the process of formation of BaCrO, crystals proceeds in the metastable region and



1,1
Is satisfactorily described by the kinetic equation W = 0,065 - (g—) . The rate of

0

decrease of CrO3; concentration in the liquid phase is satisfactorily described by a
first-order kinetic equation with a rate constant k, = 41,2 - 10>. The value of the
concentration of H,CrOy4 at which it is almost impossible to carry out the process of
BaCrQ, formation in the considered system and mode, is about 9,610 mol/I.

Established the dependence of the average particle size of the solid phase of
suspensions on the rate of their stratification from the molar ratio Ba, mixing speed
and temperature, which allows to optimize the filtration process and obtain
precipitates of a given particle size distribution. Determined with X-ray diffraction
and chemical analysis that the precipitate formed in the system H,CrO4 — H2SO4 —
Ba(OH); — Ca(OH); - BaCrO,4 - BaSO4— CaSO4- H,0O contains (% rel.): 71,8 — 74,3
BaCrOq, 18,6 — 19,1 BaSOq, 2,7 — 7,1 CaCrO4 and up to 2.5 CaSO,4 and is virtually
independent of the alkalizing reagent. The precipitate is homogeneous in particle
size distribution: about 83% of the mass are particles with a size of 29 um and =15%
of the mass - particles with sizes from 8.3 to 10.5 pm and only 1.9% of the mass are
particles with sizes from 1,3 to 8.3 pm.

Studies on a large laboratory installation proved the required sequence,
confirmed the possibility of automated dosing of the required number of reagents
according to the pH value of the medium and the feasibility of reusing purified water
for washing products after chrome plating. Experimentally proved the feasibility and
conditions of use for alkalizing the environment of water extract from sludge soda
production. The calculated filtration constants of the formed suspension: K = 3.7

m?/s, C = 93.11 m3/m?. The filtration rate, for the recommended filter materials of

Belting and globe, is 56.6 - 69.7%, the resistance of the sediment layer of the

filtration process is about 3.3 * 1013 m?.
Developed the technological scheme and technological mode of the process
of reagent wastewater treatment containing Cr®* compounds. Proposed a model of

material balance of the purification process, which takes into account the total salt



content in fresh water, which enters the washing of products after chromium plating
and the change of the total salt content in the purified water.

It is established that the physical and chemical properties and technical
characteristics of the sludge formed as a result of the developed technology of
reagent treatment of Cr® -containing wastewater, satisfies the characteristics of

pigments used for the manufacture of passivating primers and enamels.

Key words: Cr (V1) -containing wastewater, reagent deposition, medium pH,
residual concentration, MPC level, utilization, technological parameters, resource-

saving technology.
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