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Ilopoxos M.M. Pecypcosbepiratoda texroioris yrmmzamii Cr®* BmicHux
ctiyanx Bojg — KBamidikariiina HaykoBa poOOTa Ha MpaBax PyKOIHCY.

Huceprariiss Ha 3400yTTS HAyYKOBOIO CTymeHs JokTopa (itocodii 3a
cnemianbHicTIO 161 XimiyHi TexHOJOTrIT Ta 1HXeHepis (raxy3b 3HaHb 16 XimiuHa Ta
OioimxkeHepis). —  CXiTHOYKpaiHCBKMW  HAI[lOHAJbHUM  YHIBEPCHUTET  IMEHI
Bonogumupa Hans, CeBepononernbk, 2021,

HucepramiitHa poOoTa TPHUCBSYCHA BUPIMICHHIO aKTyaJlbHOI HAyKOBO-
TeXHIYHOI MPOGIEMH CTBOPEHHS pecypcosbepirarodoi Texsouorii yrmmizamii Cré*
BMICHMX CTIYHUX BOJ 3 BHUKOPHUCTAHHSAM BIJXOJIB COJOBOrO BUPOOHHUIITBA Ta
oJIep KaHHSIM TOBAPHHUX MPOTYKTIB.

Croiyku MIeCTUBAJICHTHOTO XPOMY MPECTABISAIOTh CEpHO3HY HEOE3IeKy s
MOBEPXHEBUX 1 IPYHTOBUX BOJl, MAlOTh BJIACTUBOCTI TOKCHUKAHTIB KYyMYJSATHUBHOIO 1
aIUTHUBHOTO XapaKTepy, MOXKYTh HaJlaBaTH MyTareHHY Ta KaHIIEPOTCHHY JIiI0 Ha KUBI
OpraHi3MH.

binblicTh peani3oBaHUX Y MPOMHUCIOBOCTI CIOCOOIB OYMUIIEHHS! CTIYHHUX BOJ
Big cooayk Cr(VI) e, a0o 3a TEXHOJOTI€ Ta EKCILIyaTalli€l0 IMPOCTUMH, aJe
JI03BOJIAIOTH OTPUMATH OYMINEHY BOAY 3 3aiauiikoBuMu KoHreHTpaiismu Cr(VI1), ski
y COTHI pa3iB nepeBuliyoTh piBeHb [ JIK, a0 qoporumMu, CKIaIHUMU y BUKOHAHHI Ta
excrutyaraitii. Jleski 3 Bigmomux croco6iB ytwiizaiii Cr(VI)-BMICHHX CTIYHHX BOJ
OpIEHTOBAH1 Ha IMIIOPTHE O0JaAHAHHSA 1 KOIITOBHI OCHOBHI Ta JOMOMIXXHI PEUOBUHU
Ta, 37e0UTBIIOro, mependayaroTb YTBOPEHHS HOBHX BHIIIB BIIXOIB, $IKi, Y CBOIO
4yepry, BUMaralooTh yTuiizaimii. B cydacHMX CKJIaJHMX EKOHOMIYHHUX YMOBax
0COONMBUI IHTEpPEC MPEACTABISIIOTh HENOpori W e(eKTUBHI peareHTHI crnocolOu
ountienns Cr(VI)-BMiCHMX CTIYHHX BOJ, 3 IIMPOKHM BHKOPHCTAHHSM BIIXOIIB
MICLIEBOI TPOMHUCIIOBOCTI K JIOMOMI>KHOI CUPOBHHH 1, MPOAYKTOM SIKUX MalOTh OyTH
PEYOBHUHM, MPUAATHI 10 MOAAJIBIIOT0 BUKOPUCTAHHS Y POMUCIOBOCTI Ta OOYTI.

TeopeTHyHO po3paxoBaHi 3amumikoBi KoHmentpamii CrOs” ta SO,°, mo
JOCSITalOThCs, IPU XIMIYHOMY OCaJKEHH1 Manopo3unHHux coJiei bapito(Il) xpomaris
ta cynbdaris 3 pozuuniB H,CrO, ta H,SO, pi3HOiI KOHIIEHTpaIlii, K 1HANBITyaTbHUX,

Tak i mpu ix cymicHiii mpucytHOCTi, HacuueHuMH npu 20°C BOIHMMH PO3YMHAMH



Ba(OH), ta BaCl,. BcranoBnena B3aeMHa 3alexHICTh pH, eneKTponmpoBiIHOCTI Ta
. 2- . e -
3anuIkoBoi kKoHueHTpanii CrO,” B OCBITIEHMX YacTUHAX CYCIEH3IH BiJl MOJIBHOTO

. Ba(OH . o
CIH1BB1JHOIICHHS ﬁ, 0 JI03BOJISIE OpPTaHi3yBaTH O€3MEepEepBHUIN MPOIEC
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ounctku Cr(VI)-BmicHoi CTI4YHOI BOAM B INMHPOKOMY Jialla30Hi IOYaTKOBHX
KOHIICHTpAIlii CrO42'.

Bu3nadeHo BIuMB monepeaHporo miamyroByBanss po3unHiB H,CrO4 ta H,SO,
nyxauMr Ca®* - BMICHEME pO3YHHAME, y TOMY YHCII BOJHOIO BUTSIKKOIO 31 IITaMiB
COJIOBOTO BUPOOHUIITBA, HA 3MEHIICHHS 3QJIUIITKOBOI KOHIICHTPAIIil CrO,” ta SO~
npu yTBopeHHI MmanmopozunHHHX BaCrO, Tta BaSO, ocamkeHHSM po3uyMHAMH
Ba(OH),. [loBenena MOKIIUBICTh aBTOMATHU30BAHOTO JTO3YBAaHHS pPEareHTIB BUXOISUH
13 3HaueHHsa pH po3uuHiB. Lle cTBOpro€ nepeyMoBu i1l Oprasizanii 0e3nepepBHOIO
nporecy ounctku Cr(VI1)-BmicHOi cTiyHOI BOJH, IO OCOOJHUBO BaKIMBO IS
IOpoLIeCiB  MPOMUBAHHA  BUPOOIB  MICIA  EJIEKTPOXIMIYHOTO  XPOMYBaHHS,
XpOMaTyBaHHS Ta MacHBaIlii.

Hocmimkennssmu B cuctemi H,CrO, - Ba(OH), — H,O - BaCrO, Bu3HaueHo
KIHETUYHI [MapaMeTpH MPOIECy YTBOPEHHS TBEPAOi (pa3u mpH XIMIYHOMY OCAIKEHHI
BaCrO, 3 Bomuux po3uuniB H,CrO, ta Ba(OH),. BcranoBieHna 3aiexHICTh
mBuakocTi ocapkeHHss BaCrO, Bin mouaTtkoBoi koHueHrtparnii H,CrO, ta crymens
IePeCHUCHHS, 0 JO3BOJSIE PO3PAXOBYBATH 3aIMIIKOBY KOHIeHTpaumito CrO,” B
mpoleci oca/keHHA. Bu3HaueHo, MO0 TpH JOCITHEHHI CTYMNEHS TepeCHYeHHS

po3unnHy 1,1 mporec yrBopennst kpumrtaniB BaCrO, mpotikae B MeTacTaOiIbHIN

C' 11
obnacTi i 3a10BiIbHO omucyeThes KiHeTHuHuM piBHsAHHAM W =0,065-| —
0
[IBuakicTs 3MeHIeHHs: KoHueHTpallii CrO; B piakii (a3i 3a10BIIBHO OMUCYETHCS
KiHETUYHKMM PiBHAHHAM HEPIIOro MOPSAAKY 3 KOHCTaHTOM mBHAKOCTi K, =41,2-10°,

3nauenns kounentparii H,CrO,, mpu sSKOMy NpakKTHYHO HEMOXJIHMBO 3/1HCHUTH
nporiec yrBopeHHsi BaCrO, B po3risiHyTi CUCTEM] Ta PeXUMi, CTAHOBUTH OJIM3BKO

9,6 10 monb/.



BcranoBieHa 3alieKHICTH CEPEAHBOTO PO3MIPY YACTUHOK TBEpaoi (a3um

Ba(OH),
H,CrO, ’

CYCIIEH31i Ha MIBUJIKOCTI iX pO3IIapyBaHHA BiJl MOJILHOTO CITiBB1IHOILICHHS
MIBUAKOCTI MEpPEMIITyBaHHSI Ta TEMIIEpaTypH, IO JO3BOJISIE ONTHUMI3yBaTH MPOIIEC
¢GinpTpamii 1 OTpUMYBaTH OCaad  3aJlaHOTO TPAHYJOMETPUYHOTO  CKIIAdy.
PeHTreHOCTpYKTYpHUM Ta XIMIYHHMM aHalli30M BHU3HAYEHO, IO YTBOPIOBAaHUN B
cucremi H,CrO, — H,SO,4 — Ba(OH)Z — C&(OH)Z - BaCrO, - BaSO,— CaSQO, - H,O
ocana mictutb (% BimgH.): 71,8 — 74,3 BaCrQ,, 18,6 — 19,1 BaSO,, 2,7 — 7,1 CaCrO, Ta
mo 2,5 CaSO, 1 mpakTUUHO HE 3ajJeXKUTh Bl peareHTy IS MiTY>KyBaHHS
cepenoBuma. Ocaj € OTHOPITHUM 3a TPAHYJIOMETPUYHHM CKIafaoM: Omu3pko 83%
Mac CKJIaJIal0Th YAaCTUHKUA PO3MIpOM Ha piBHI 29 MKM 1 =15% mac - 4acTUHKH 3
po3Mmipamu Bix 8,3 1o 10,5 mMxm 1 Tutbku 1,9% mac ckiiagaroTh 4acTKU 3 po3MipamMu
Bix 1,3 1o 8,3 MKwMm.

JlocnmikeHHSIMA ~ HA  YKPYIHEHIM 7abopaTopHIM  yCTAHOBI  JIOBENICHA
HEoOX1JJHa MOCIIAOBHICTh, MOXJIHMBICTh aBTOMATH30BAHOTO JO3YBaHHS HEOOX1IHOI
KUIBKOCT1 peareHTIB 3a 3HaueHHsIM pH cepenoBuma Ta AOLUIBHICTH MOBTOPHOIO
BUKOPHCTAHHS OYHIIICHOI BOJAW JUJI1 TIPOMUBKHM BHUPOOIB TCas omeparii ix
XpOMYyBaHHs. EKCIepuMEHTaNbHO JOBEICHA NOIIILHICTh Ta YMOBH BHKOPHUCTAHHSI
JUTSI TTTTYTOBYBAHHS CEPEIOBUIIA BOJIHOT BUTSDKKH 3 IIJIAMY COJIOBOTO BUPOOHUIITBA.
PospaxoBani KoHCTaHTH (inbTpamii yrBoproBaHoi cycrensii: K = 3,7 m%/c, C = 93,11

v/’ IlIBuzakicTs GbimbTparii, 411 PeKOMEHIOBAHHUX (iTbTPYBATBHUX MaTepiasiB

3

benbTuHry Ta rja0npoOMBHOI NMOBCTI, CTaHOBUTH 56,6 — 69,7 ———, omip mapy
M° - 200

ocay mpouecy hinprparii cranoBuTs 3,3%10"° M2

Po3pobnena TexHOJIOTIYHA CXeMa Ta TEXHOJOTIYHHUNA PEKUM PEearecHTHOTO
OUMINICHHS CTIYHUX BOJ, IO MICTATh CHOJYKH cr®, 3anpornoHoBaHa MOJENb
MaTepiaibHOro OajaHCy MpOLECy OYMILEHHS, SKa BPaXxOBYE 3arajibHUN COJIEBMICT B
CBIXKIM BOJI, 10 HAAXOAWTh HA NMPOMHBKY BHPOOIB MICIS XPOMYBaHHS Ta 3MIHY
3arajiIbHOTO COJICBMICTY B OUMIIICHIH BO/II.

BcranoBneno, mo 3a (GI3UKO-XIMIYHMMH BJIACTUBOCTSMU Ta TEXHIYHUMHU

XapaKTepUCTUKAMH OCaJl, YTBOPEHUM B HACIIJOK PO3POOJSICHOI TEXHOJIOTT

6+ . .
pe€arcHTHOIr0 OYMIICHHA Cr’’-BMICHUX CTIYHHUX BOJ, 3a10BOJIbHAEC XapPAKTCPHUCTUKAM



MICMEHTIB, SKI BUKOPUCTOBYIOTHCS JJIi BUTOTOBJICHHS MACHBYIOUMX TPYHTIBOK Ta
eMaJiei.

Kmouosi caoBa: Cr(VI)-emicui cmiuni 600u, peazenmmne ocaoicenns, pH
cepedosuwya, 3anUmKo8a KoHyeumpayis, pisensv 1J[K, ymunizayis, mexnonociuui

napamempu, pecypco3bepiearoia mexHoao2is.
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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 (VI), 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 (V1) -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 CrO,% and SO, achieved
by chemical precipitation of sparingly soluble salts of barium (Il) 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 CrO,* 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,CrO, - Ba(OH), - H,O - BaCrO, determined the
Kinetic parameters of the process of solid phase formation during chemical
precipitation of BaCrO,4 from aqueous solutions of H,CrO, and Ba(OH),. Established
the dependence of the deposition rate of BaCrO4 on the initial concentration of
H,CrO, 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 is satisfactorily described

1,1

by the Kkinetic equation W=0,065-(§—’) . The rate of decrease of CrO;

0

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,CrO, at which it is almost impossible to carry out the process of BaCrO, formation
in the considered system and mode, is about 9,6 10°® mol/l.

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 — H,SO,4 —
Ba(OH), — Ca(OH), - BaCrO, - BaSO,— CaSO, - H,O contains (% rel.): 71,8 — 74,3
BaCrQ,, 18,6 — 19,1 BaSQq,, 2,7 — 7,1 CaCrO,4 and up to 2.5 CaSO, 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 um 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 m*/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 (VI) -containing wastewater, reagent deposition, medium pH,

residual concentration, MPC level, utilization, technological parameters, resource-
saving technology.



