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BUBYEHHSI MPOLECIB OYUINEHHS IACITKOBUX BOA AJI5SI HOBTOPHOI'O
BUKOPUCTAHHA B HEJIOJIO3HO-ITAIIEPOBIN ITPOMUCJIOBOCTI

B po6omi HagedeHO pe3ysbmamu docaidxiceHb npoyecie oceimaeHHs nidcimkogux 8600 MexHO.102iYH020 npoyecy
8UPOOHUYMBAa KapmoHy mapHozo 3 maky/aamypu. BcmaHoesneHo 3aKoHOMIpHOCMI 8niugy KoMnoHeHmie makysaamypHoi
Mmacu Ha egpekmusHicms ix gudaseHHss 3 060pOMHUX 800 3a BUKOPUCMAHHS HEOP2AHIYHUX KOdz2y/AsHmie pi3HUx munie.
IlokazaHo, Wo 3a1UWK08a KaaamMymHicms 060pOmMHUX 800 N08’S13AHA 3 BMICMOM 8 HUX MIHEPA/IbHUX HANOBHI08AYI8.

Karwuosi cnoea: nepsuHHe B80/10KHO, 8MOPUHHE B0/I0KHO, KAPMOH, NOKA3HUKU MiyHOocmi, nidcimkoei 60du,
Koaz2yAssHmu.
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STUDY OF THE PROCESSES OF WASTEWATER TREATMENT
FOR REUSE IN THE PULP AND PAPER INDUSTRY

Nowadays, more than 80% of cardboard and paper products of Ukrainian mills are made from waste paper - secondary fibers
that differ in their chemical and physical properties from primary cellulosic fibers. Characteristic feature of secondary fibers is the presence
of a large number of small fibers, which negatively affects the quality of finished products, mass retention on the grid during the formation of
paper or cardboard, which leads to pollution of wastewaters. Despite its environmental friendliness and economy, waste paper is also
characterized by the presence of various pollutants, the formation of which is associated with the process of paper formation, storage of
finished products, and their use. As a result of the preparation of the mass from secondary fibers, there is a transition of pollutants from the
waste paper to the wastewater in the form of colloidally dispersed and soluble substances, which lead to the pollution of circulating water.
Purification of water and its reuse in technological processes is an important task of paper industry mills. The results show that more than
90% of the secondary fibers have a length that does not exceed 1 mm, while in the primary cellulose fiber from coniferous wood about 53% of
the fibers have a length of more than 1 mm. The high content of short fibers in the paper mass affects the processes of paper formation,
worsening them, and a decrease in the retention of the fiber on the grid of the paper or cardboard machine is observed, causing the pollution
of wastewater. The results of the study of coagulation of industrial wastewater with the content of suspended solids 1520 and 3200 mg/dm?3
from the production of cardboard from recycling paper show that the best coagulants are A1(OH)C1: and A12(OH)sC1. The maximum
efficiency of water purification of only 92.5% was achieved at the suspended solids content of 1520 mg/dm3, while for wastewater with a
suspended solids concentration of 3200 mg/dm?3 98.0% was obtained. To develop a scheme for deep purification of wastewaters, it is
important to understand which components are removed from water more easily and which are more difficult during coagulation. For this
purpose, studies on coagulation of model suspensions of starches, bentonite and kaolin using inorganic coagulants were conducted. It was
established that coagulation of native corn starch suspension with inorganic coagulants is effective. However, in the case of using modified
starches, the removal of cationic starches is reduced. The efficiency of water purification in the removal of bentonite by sedimentation-
filtration with the use of coagulants is quite high. The degree of purification reaches 80.8-98.1%. The filtering stage allows the degree of
purification to be further increased. Research on the processes of purification of model kaolin suspensions shows that mechanical and
physico-chemical methods are ineffective in removing this mineral filler.

Keywords: primary fiber, secondary fiber, cardboard, strength indicators, wastewater, coagulants.

IMocTaHoBKa MpoOJIeMH y 3araJIbHOMY BUTJIAI
Ta ii 3B’#130K i3 BaXKJIMBUMH HAYKOBMMU Y NMPAKTUYHHMH 3aBIaHHAMHI

Ha cporomHimHiil A€HP MINPHUEMCTBA LENIOIO3HO-TIANIEPOBOI IMPOMHCIOBOCTI BHKOPHCTOBYIOTH pi3HI
BOJIOKHHCTI HamiBpaOpHUKaTH, Taki K XiMiKO-TepMOMEXaHiYHa Maca, MEXaHIdYHa Maca, HaIiBIIEII0JI03a, IIEJI0JI03a
[1]. i mamiBdabOpukaTt MpeACTaBISAIOTH COO0I0 MEPBHUHHI IIETIONO3HI BOJIOKHA 3 Pi3HUM BMICTOM JiTHIHY [2].
[IpoTe KapTOHHO-TIaTIEpOBa MPOIYKIIiS BITYM3HIHAX MiAIPHEMCTB O1IbII Sk Ha 80% BHPOOIIETHCS 3 MaKyIaTypH —
BTOPUHHHMX BOJIOKOH, SIKI BIJIPI3HSIOTHCS 32 CBOIMM XIMIYHMMH Ta (DI3MYHUMH BIIACTUBOCTSMH BijJl TIEPBHHHHX
LIEITI0JIO3HNX BOJIOKOH [3]. XapakTepHUM A5l BTOPHHHHUX BOJIOKOH € HAsIBHICTh BEJIMKOI KUIBKOCTI APIOHMX BOJIOKOH
110 HEraTHUBHO BIUIMBAE Ha SKICTh FOTOBOI MPOAYKIii, 3HAYHO 3HIKYE €(PEKTHUBHICTh yTPUMAHHS Macu Ha CiTLi IpU
(opMyBaHHI narepy 41 KapTOHY, L0 IPU3BOAUTH 10 3a0pyJHEHHS MiACITKOBUX BOJ [4].

Hes3Bakarounm Ha €KOJIOTIYHICTH Ta €KOHOMIYHICTh BMKOPHUCTAHHS MakyJaTypH sIK BHXIJIHOI CHPOBHHH,
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BOHA XapaKTEPU3YETHCS MPHUCYTHICTIO Pi3HUX 3a0pyAHIOIOYHMX PEYOBHH, YTBOPECHHS SKUX IMOB’s3aHE 3 MPOIECOM
(opmyBaHHs manepy, 30epiraHHsIM TI'OTOBOi HpoXyKuUii Ta ii BUKOpHCTaHHsAM. B pe3ynbrari HmiAroTOBKM Macw 3
BTOPMHHHX BOJIOKOH BiZIOYBA€THCS MEpeXil 3a0pyJHIOIOYMX PEYOBHH 3 MaKyJaTypH 0 MiJCITKOBUX BOJ y BUIIISAI
KOJIOITHO-ZIUCIIEPCHUX Ta PO3YMHHHUX PEUOBHH, SIKI IPU3BOAATH 0 3a0pyaHEeHHs oO0opoTHHX Box [5]. OuuineHHs
BOJM Ta il MOBTOPHE BUKOPUCTAHHS B TEXHOJIOTIYHHX IpOIECax € BaXXJIMBUM 3aBJaHHAM MiANPHEMCTB IaepoBOi
ramysi.

AHani3 nocaikenb Ta myoaikanii

BaxnmuBumu  ¢daxkropamu, MO CTHMYTIOIOTH PO3poOKy Ta BIPOBAKCHHS BOJOOYHCHHX Ta
BOJI030€piralounx TEXHOJIOTiH € BHCOKa BAPTICTh CBIXKOI BOJAM, CyBOPi €KOJIOTiYHI HOPMH Ta 3HAYHI BUTpPATH Ha
CKHJI CTIYHHX BOA. BripoBakeHHS €)EKTUBHUX CXEM BOJOOYHCTKHU JO3BOJISIE€ 3MEHIINTH CIIOKHBAHHS CBIXKOI1 BOIH
B TEXHOJOTIYHMX IIPOIECaX MNUIIXOM BHKOPHUCTAHHA OYMINEHMX OOOpPOTHMX, 3HAYHO 3MEHIINTH HETaTHBHE
HAaBaHTAXXCHHS Ha HABKOJIMIIHE CEPEJIOBHILE, & TAKOXX IMOBTOPHO BUKOPHCTOBYBATH JIOPOTOBAPTICHY BOJIOKHHUCTY
CHPOBUHY y BHIJIII CKOIly B KOMIO3WLII mamepy Ta kaptony. lle 3HauHO crnpusie ekoJjorizanii BUpOOHHITB Ta
peaiizanii KOHIenid pecypco3depexenus [6-8].

[TixciTKkOBI BOAY, IO YTBOPIOIOThCS IIPU 3HEBOAHEHI MANepoBOrO YHM KapTOHHOTO IOJIOTHA Ha CiTIi
narepo- abo KapTOHOPOOHOI MAIlMHM, BUKOPUCTOBYIOTHCS B TiIpopo30MBayax AJisi PO3IYCKY CYXOi BOJOKHHCTOI
CHUPOBHHHU Ta CyXoro Opaky. TepMiH «OCBITJICHa BOJIa» 3aCTOCOBYETHCS 1O IiJCITKOBHX BOJ IICISA JIOKAJIBHOI
ourictkd. OcCBiTIIEHa BOAAa BHKOPUCTOBYETHCS MJIsi PO30ABICHHS MAamnepoBOi MacH Iepel] OYMINCHHSAM Ta
copTyBaHHAM. /[l JOKaNbHOI OYMCTKM BHUKOPHUCTOBYIOTH TIPOILIECH BiACTOIOBaHHS, (inmbTpamii, ¢uoramii, B
pe3ynbTaTi 4oro BinOyBaeThCS BUIAICHHS IIETIOJO3HMX BOJIOKOH Ta HAIOBHIOBAYIB 3 BOAM, IO NPH3BOAUTH IO
MOJNETIICHHS I OYMINEHHS Ha eTamax 3arajJbHO3aBoAchKoro ouwmmeHHs [9]. TepmiH «obopoTHa Boma»
3aCTOCOBYETHCS JI0 MiJICITKOBHX Ta MPOSICHEHHUX BOI.

[lepeBarnm Ta HENOMIKM TEXHOJOTIH, SKi HAa CHOTOAHIIIHIM JE€Hb BUKOPHCTOBYIOTHCS A OYMIICHHS
MiJICITKOBUX BOJ, HaBeaeHo B Tabuuii 1 [10]. 3a3Buuail 0YMCTKY BUKOHYIOTH IUITXOM BHKOPHUCTAHHS OJHOTO 3
METOJiB a00 MOETHAHHAM KIUIbKOX JUISl BUJAJICHHS 3 BOAM PO3YMHEHUX HEOPraHIYHUX Ta OPTaHIYHMX PEYOBUH Ta
3a0pyAHIOIOYUX PEYOBUH Y KOJIOIIHO-TUCIICPCHOMY CTaHI.

Tabmuus 1
IlepeBaru Ta HeA0JIIKH JIOKAJTBHIX METOAIB 0YHCTKH

TexHoorist [TepeBaru Hepmomiku
Ximiuga EdexTrBHA Y BUIAJICHHI 3 BOJU TBEPIUX BukopucTaHHs J0AaTKOBUX XiMIYHHX
KOaryJIsIist PCUYOBHH 1 TeSKUX OapBHUKIB/OpraHiYHHX PEYOBUH, YTBOPEHHS IJIAMY
CHOJYK
doranis EdexTrBHa y BumaneHHi riqpopoOHIX BukopucTaHHsS JOAATKOBUX XiMIYHIX
pedoBuH (dpapod) i PEYOBUH, YTBOPEHHS IJIAMY
KOJIOITHUX PEUOBHH
Bionoriuna EdexTrBHA y BUIaNCHA]I PEUYOBHH, IO Mauto eekTHBHA [UIT BUAAJICHHS
00pobKka BHKITUKAIOTh 010JIOT1YHE CITO’KUBAHHS KHCHIO, MiHEpaIbHUX KOMIIOHCHTIB
JISSIKUX OPTaHIYHUX CIOIYK
OxucieHHs Crpusie BUIAICHHIO OPTaHiYHUX PEYOBHH i YTBOpEHHS MOOIYHHUX MPOIYKTIiB
OapBHUKIB OKHCJICHHS, BUCOKA BapTiCTh XIMIYHUX
pearcHTiB
bapomemOpanHi IIpocra opranizauii Ta BUKOPUCTAHHSI, Heo0xinHa nonepents o6pobOka
TEXHOJIOTIT e(eKTUBHA Y BUJIAJICHHI MIKPOOPIaHi3MiB i BOJIM, HU3bKa MTUTOMA MPOIyCKHA
TBEPANX PEUYOBUH 3IATHICTh, BUCOKA BAPTICTh MPOIIECY
OUMIICHHS Ta 00JaAHAHHS

Koarynsiiisi BBayKa€Tbcsi OTHAM 3 HAHOUTBIIT ONTHUMATBLHUX Ta €PEKTUBHUX METOJIIB OYHUCTKU CTIYHUX BOJT
Pi3HUX BHPOOHHMIITB 32 YMOBH INPABHIBHOI BUTPATH PEArcHTIB, OCKUIBKH JTO3BOJISIE BHIAISATH 3MYJICHI PEUOBHHH,
3MEHIIYBaTH KOJBOPOBICTh, XiMiuHe Ta OioJoriuHe crmoxuBaHHS KucHio [11, 12]. HaiimommpeHimumu
KOaryJisHTaMU € COJi allloMiHito, 3ami3a Ta momienekrpomitd [13]. KoarynsHTH Ha OCHOBI aJIOMIHIFO TaKOX
CHPUSIOTh BUAICHHIO aMIHOKHUCIIOT, OUIKIB Ta JOBrOJIAHIFOTOBUX XHPHHUX KUcIoT [14, 15].

@DopmyTIOBaHHA i€l cTaTTi
MeTo10 po6OTH € AOCHIIPKEHHS BIUIMBY KOAryJISHTIB HAa BWJIyYEHHS 3 MiJCITKOBHX BOJ KOMIIOHEHTIB
MaKyJ1aTypHOI MacH.

BukJiag ocHOBHOro MaTepiaiy
3a ¢pakiiiHUM CKIIaJIOM BTOPWHHA TANepoOBa CHPOBHHA € JOCHUTh HEOJHOPITHOIO Uepe3 BUCOKHH BMICT
KOPOTKHX BOJIOKOH Ta PI3HUX JOMIIIOK, HAaNpHKJIa[, MPOKJICIOIOUYMX PEYOBHH Ta HAIIOBHIOBauiB. [y1s1 BUBYEHHS
¢pakuiitHoro ckiagy MakynaTypHoi Macu BuKopHucToByBaiu amapar FS-100 ¢ipmm “Kasni”. B nmocmigax
BUKOPUCTOBYBAJIM BOJIOKHHCTY Macy, 0 CKJIaay siKoi Bxoauiaa makynatypa mapok MC-3A, MC-4A, MC-6b, MC-
76, MC-8b, MC-9F (B omHakoBomy criBBigHOIIeHHI) [16]. Pe3ynbraTn, HaBeAeHi B Tabmwuili 2, CBiUaTh MPO TE, M0
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6inpare 90% BONOKOH MalOTh JOBXKHHY, sIKa HE ImepeBuinye | MM, B TOH 4ac K Omm3bko 53% BOJOKOH 3
MIEpPBUHHOT'O IIEJII0JIO3HOTO BOJIOKHA XBOMHUX MOP1J JEPEBUHHN MaIOTh J0BXKHHY Oinbiie 1 mum [17]. Bucokuii BMicT
KOPOTKMX BOJIOKOH B MNAarepoBii Maci 3Ha4yHO IOTipIIye Mmporecy (GOpMyBaHHS IIOJIOTHA, OCKUIBKH BiOYBaeThCS
3HW)KEHHSI €()eKTHBHOCTI YyTPHMaHHS BOJIOKHA Ha CITII Mamnepo- 4d KapTOHOPOOHOI MallMHH, 10, B CBOIO Yepry,
301IbIIy€ 3a0pyTHEHHS CTIYHUX BOJI.

Ta6muus 2
@pakuiiiHuii cKJIaJ] MaKyJIaATYPHOI MacH
®pakuis, MM 0,20 - 0,60 0,61 -1,20 1,20-2,00 2,00 -3,00 3,00 —7,00
Bwicr, % 65,3 254 7,7 1,5 0,1

EdexTuBHICTS BUKOPHUCTaHHS KOAryJISAHTIB IMPH OYMIICHHI BOAM B 3HAYHIN Mipi 3ale)XUTh BiI THITY
XIMIYHHX JOMOMDKHHX PEYOBHH, iX O3, KOHKpeTHoi mapTii ctiunoi Bomm [18, 19]. Hdns mocmikeHb
BHKOPUCTOBYBaJM HapTito o6opotHHX Box [IpAT “KuiBchknii KapTOHHO-TIANIEpOBH KOMOIHAT" Bi BUPOOHHUIITBA
MaKyJIaTypHOTO KapToHy. SIk BUB4eHHs BIUIMBY BUTpAT KOATYJIIHTIB HA €(EKTHUBHICTH OCBITICHHS 000POTHOI BOIU
3 BMiCTOM 3MyJIeHuX pedoBuH 1520 ta 3200 Mr/mM> mpencTaBieHo Ha puCyHKy 1.
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Puc. 1. BiuiuB 1031 K0AryJIsiHTa Ha CTYNiHb OCBIiTJICHHSI BOJ 3 MOYAaTKOBUM BMiCTOM 3MYJIEHUX PEYOBMH:
a— 1520 mr/am3; 6 - 3200 mr/am?; 1 — AL(OH)C1y; 2 — A1,(OH)sC1; 3 — A1(OH),C1; 4 — Aly(SOy4);35 5 — NaA1(OH),

PesynbraTi mociiUkeHHS TOKA3yIOTh, 10 HAWKpalIMMHU KoaryJstHTaMu B JaHomy Bumanky € A1(OH)Cl,
ta Al2(OH)sCl. OueBupHUM € Te, MO0 YMM OULTBIIE KOHICHTpAIis 3MYJICHHX PEYOBHH B OOOPOTHIH BOMI, TUM
Oinbutly eeKTHBHICTh MpOSBIsSE KoaryisHT. [Ipu OCBITJIEHHI BOAM 3 BMICTOM 3MyJeHHMX pedoBuH 1520 mr/mm?
MakcuMalibHa €(QEeKTUBHICTh OYMINEHHS BOAW ckiamama jume 92,5%, B Tol dWac sk A oOOpOTHUX BOJ 3
KOHIIEHTpaLico 3MyJeHnx pedoBuH 3200 mr/am> BoHa ckimana 98,0%. OgHak, HABITH NMPH LOMY, KOHIIEHTpALi
3MyJICHMX PEYOBUH B OCBITIEHHMX OOOpPOTHHMX BOJAX CKIanaroTh 114 Ta 64 mr/mm’, BiANoOBigHO, IO € JIOCHUTH
BHUCOKUM IOKa3HUKOM. Takuil 3aJMIIKOBUH BMICT 3MYJICHUX PEYOBUH CYTTEBO OOMEXY€E IOBTOPHE BUKOPHCTAHHS
OCBITJICHOT BOJIM B TEXHOJIOTIYHUX TIpOIecax JIs 3aMiHU CBIXKOI.

Jnst po3poOKHM cXeMH TJIMOOKOTO OCBITIEHHS MiJCITKOBHX BOJ BaXKJIMBO PO3YMITH, SKi KOMIIOHEHTH
KOaryJIIOBaHHSM BHJAISIOTBCA 3 BOJM JIermie, a ski Baxde. J[11 1poro Hamu Oyim NpPOBENEHI IOCIIIKSHHS
NPOLIECIB KOATyJIFOBaHHS MOJAEIBHUX CYCIIEH31i KpOXMaJiB, OCHTOHITY Ta KaoJiHy 3 BAKOPUCTAHHSM HEOpraHIuHMX
KoaryysiHTiB. Bubip MoaenbHUX KOMIIOHEHTIB € HEBUIIAJIKOBUM. BOHM BXOASATH 0 CKJIay MaKkyJlaTypHOI MacH JUist
HaJlaHHs HEOOXiTHUX ITOKa3HMKIB MIHOCTi rOTOBIH NpoAyKuiil. Pe3ynbTaTi BUBUCHHS BIUIMBY JJO3W HEOPTaHIYHOTO
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KOaryJIsiHTY Ha €(heKTHBHICTh OCBITJICHHS MOJICIBHUX CYCIIEH31H KpOXMaiB, & caMe HAaTUBHOTO KYKYPY/I3SHOTO Ta
Hepesany (pH=6,7) npexacrarieHi B Tabnuii 3. BcTaHOBICHO, MO OCBITICHHS CYCIIEH3iT HATUBHOTO KYKYPYA3STHOTO
KPOXMAJII0 HEOPraHIYHUMHU KOaryJssHTaMu BiOyBaeTbCsl AOCHTH edeKkTuBHO. IIpoTe, y BUMaaKy BUKOPHCTaHHS
MOM(DiKOBaHUX KPOXMAJIB BiZI0YBAETHCS 3HM)KEHHS €()EeKTUBHOCTI BHJAJICHHS] KATIOHHUX KPOXMaJIiB.

Tabmuns 3
BnuinB BUTPAT HeOPraHiYHMX KOATYJISIHTIB HA CTYNiHb OCBIiTJICHHSI MO/ICJILHHUX CycIIeH3ill kpoxmaJis, %
Pearenrt Jlo3a, CycrieHsist KpoXMaIo
mr/om? Kpoxmaiib HATUBHUIA KYKYPYI3SHHIA Lepesan
G — Csacnon. Csacnon. Csancnon.
111 mr/am? 270 mr/am’ 120 mr/am’ 308 mr/am’

AL(SO.); 2 85,6 90,0 80,0 84,7
5 92,3 93,9 89,2 91,8

10 95,8 94,9 95,0 96,5

NaA1(OH), 2 42,8 59,0 40,6 56,6
5 53,1 66,0 50,0 63,3

10 57,7 68,5 53,8 68,5

A1(OH)C1, 2 95,1 97,0 80,1 89,3
5 98,6 98,0 90,8 93,6

10 99,5 99,0 95,0 97,4

A1(OH),Cl1 2 88,8 92,9 78,8 85,5
5 92,8 96,3 88,3 92,4

10 98,9 98.4 92,1 96,4

Al,(OH)sC1 2 86,0 91,8 79,2 84,4
5 91,2 94,1 88,7 91,7

10 95,5 97,0 92,9 96,6

PesynbraTi BUBUCHHS BIUIMBY JI03H HEOPraHIYHOTO KOAryJISTHTY Ha e(EKTHBHICTH OCBITJICHHS MOJCIBHHX
CyCHeH3ili MiHepaJbHHX HAIIOBHIOBAYiB, a caMe OCHTOHITY Ta KaoJiHy mperncTtaBieHi B Tabmumi 4. [louatkoBi
KOHIIEHTpAIii MiHEPaJIbHAX PEYOBUH B MOACIBHHX CYCHEH3iaX ckaamamd 100 mr/mv’. CriouaTky cycrensii o6po6smm
KOAryJIIHTaMH, IHTCHCHBHO II€PeMIllyBald, a TOTIM 3ajuINaid Iy BinctoroBaHHs. OCBITIEHYy BOAY JOIAaTKOBO
¢dineTpyBamn. OnepikaHi pe3ylbTaTH MOKAa3yIOTh, IO IICIS BiICTOIOBAHHS 3aJIMIIKOBA KaJlAMYTHICTH CKiagamra 39
MI/7M3, a THCHIs MOAAIBIIOro (iNETPYBaHHA 3MEHIIYETCS 10 8 MI/aM>. 3a UX yMOB, CTYIIHB OCBITJICHHS 171 KOMKHOT
3a3HauCHOI cTaii ckiagae BinnosianHo 61,0% ta 79,5%. 3aransHuii CTymiHb OCBITIICHHS CKiiaB 92,0%.

EdekTuBHiCTh OYMINEHHS BOAM IPU BUAAICHHI OCHTOHITY NUIIXOM BiJACTOIOBaHHS-(QUIBTPYBaHHS 3
BUKOPHUCTAHHSIM KOAryJISIHTIB € JOCHTh BHCOKOW. 3arajibHMi CTyniHb ocBiTieHHs csarae 80,8-98,1%. Cranis
(iTpTPYBaHHS J03BOJISIE 3HAYHO IIBUIIMTH CTYIiHb OUYHUINEHHSI. MakcuMaibHa ¢EKTHBHICTH OUYHUCTKH BOIU Bif
6enToHiTy nocsrHyTa npu 3actocyBanHi A1(OH)Cl1», B pe3yJsibTaTi BAKOPUCTaHHS SIKOTO BMICT HAIIOBHIOBa4a y BOJI
Oyio 3menmreno 3 100 mr/mv® mo 0,1 mr/mv®. TakuM 9MHOM 3aralbHHI CTYIIHL OCBITIECHHS cKIaB 99,3%.

Tab6muus 4
BnuiuB BUTPAT HEeOPraHiYHUX KOArYJSIHTIB HA CTYNiHb OCBIiTJIEHHS
MOJIeJILHHUX CYyCHeH3ili MiHepaJIbHIX HANIOBHIOBAYiB, %
Pearent Cycrnensist GeHTOHITY Cycrensis KaoJiHy

Jlosa, mr/am’ Zsiners % Zaimsrps % | Zoaranr % | Jo3a, Mr/om’ Zsincrs % Zpimp-s % Zsarans %

- - 61,0 79,5 92,0 - 36,0 44,5 64,5

Al (SO4); 2 65,0 84,5 94,0 10 32,0 93,0 95,5
55,0 84,6 94,1 30 22,0 84,4 90,0

10 49,0 88,5 95,5 70 20,0 72,7 82,5

NaAl(OH)4 2 70,5 88,5 95,5 10 30,0 75,8 84,5
5 74,0 89,5 96,0 30 25,2 55,9 71,8

10 76,7 97,4 99,0 70 22,9 53,1 70,1

A1(OH)C1, 2 74,0 87,7 95,0 10 32,0 95,2 96,9
5 80,0 87,4 95,1 30 35,6 94,5 96,5

10 83,0 98,1 99,3 70 37,7 85,6 89,5

A1(OH),Cl1 2 69,0 76,9 91,0 10 28,9 90,9 94,2
5 63,0 83,3 93,5 30 33,8 78.9 86.5

10 67,7 96,2 98,5 70 36,9 75,8 84.5

A1,(OH)sC1 2 66,0 80,8 92,5 10 45,2 95,0 96,8
5 75,0 94,4 97,8 30 45,7 87,0 91,7

10 78,0 97,4 99,0 70 43,7 82,7 88,9

IIpu pocaiimkeHHI TPOIECiB OCBITIEHHS MOJIENBHUX CYCIEH31H KaoNiHy IOKa3aHo, M0 MEXaHidHi Ta
(hi3UKO-XIMi4HI METOIM € MaloeeKTHMBHHMH y BHAAJICHHI IIbOTO MiHEPalTbHOTO HAIOBHIOBAda. 3a MOYATKOBOL
KOHIEHTpanii kaodiny 100 Mr/amM> 3a1MmKoBa KOHIEHTpALiS 3MYJIEHHX PEYOBHUH TICIS BiJICTOFOBAHHS 3MiHIOETHCS
He CyTTE€BO 1 mocsrae mume 64 mr/av’. TlogansmmM GinbTpyBaHHAM il BAATOCS 3HU3HTH 10 39,5 Mr/am>, 1o Takox
HE MOXXHa BBXKaTH 3aJOBUTBHIM pe3ylbTaToM. EQEKTHBHICTH OCBITICHHS 3a cTaaiaMu ckiamgae 36,0% ta 44,5%
BiJNOBITHO. 3arainbHa e()eKTUBHICTD BUJAICHHS KAOJiHy ckianae nuine 64,5%. HeBrcokor € Takox eeKTUBHICTb
OCBITJICHHSI CYCIICH31# KaOoJiHy [P BUKOPUCTaHHI KOAryJISHTIB.
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BuCHOBKHM 3 JaHOTO0 AOC/TiZKeHHS i epCNeKTHBH NOAATBLINX PO3BiAOK Y AaHOMY HANpsiMi

BcraHoBieHO, 1O CKJIa0BI KOMIIOHEHT MakyJaTypHOI Macu MaroTh Pi3HMH BIUIMB Ha e(EKTHBHICThH
nepeOiry mpoiecy KoaryJsimii. 3a BAKOPUCTaHHSI KOAryJIsIHTIB KPOXMAJIH JOCUTh e(heKTUBHO BUNAISIOTHCS 3 CTIYHOT
BOJM HAaBiTh NPM HEBEIMKUX J03aX peareHTiB (2—10 mr/am’) i He 36iMbUIYIOTH KaJaMyTHICTh OCBITJIEHOI BOIM
HEe3BaKAOYM Ha IX 3aJMIIKOBY KOHIIEHTpALil0 B MiJCITKOBUX BoJax. E(EKTHBHICTH KOaryisHTIB 3pOCTa€E HpHU
nepexofi Bi cyibhaTy aJloMIHIIO J0 TiIPOKCOXJIOPHIIB AIIOMIHIIO B yCiX BHIajakax. MiHepanbHI HaloBHIOBaui,
110 BHKOPHCTOBYIOTHCS Y KOMIIO3MII MakyJlaTypHOI Macu NpH BUPOOHMITBI KapTOHHO-IANEPOBOI MPOAYKIIi,
YTBOPIOIOTH Y BOZI JOCHUTH CTilKi CYCIeH3ii, SIKi MOTaHO BUIANSIOTHCS IPH BUKOPUCTAHHI KOATYJISTHTIB, HE3aJIC)KHO
BiJ THMY 1 703U XIMIYHOTO peareHTy. EekTnBHE 3HIKEHHS X KOHIICHTpAIlil B OCBITJICHIN BOMI BigOyBaeThCS MpH
00po01i peareHTaMu 3 MOJANBIIAM (GLTETPYBaHHSIM.

Jlitepatypa

1. Sixta H., Potthast A., Krotschek A.W. Chemical Pulping Processes: Handbook of Pulp / Ed. by Herbert
Sixta. — Weinheim: Wiley-VCH Verlag, 2006. — 1291 p.

2. Deykun I. Rapeseed straw as an alternative for pulping and papermaking / I. Deykun, V. Halysh,
V. Barbash // Cellulose Chemistry and Technology. — 2018. — Volume 52, No. 9-10. — P. 833—839.

3. Nanofibrillated cellulose as an additive for recycled paper // L.C. Viana, D.C. Potulski, G.I.B.D. Muniz,
A.S.D. Andrade, E.L.D Silva // Cerne. — 2018. — No. 24. — P. 140-148.

4. Fatta-Kassinos D. Wastewater resuse and current challenges / D. Fatta-Kassinos, D. Dionysiou // The
Handbook of Environmental Chemistry. — 2016. — No. 44. —P. 1-257.

5. Treatment of pulp and paper mill wastewater with various molecular weight of polyDADMAC induced
flocculation / M.A.A. Razali, Z. Ahmad, M.S.B. Ahmad, A. Ariffin // Chemical Engineering Journal. — 2011. —
Volume 166, No. 2. — P. 529-535.

6. Woods to goods: water consumption analysis for papermaking industry in China / Y. Man, Y. Han, Y.
Wang, J. Li, L. Chen, Y. Qian, M. Hong // Journal of Cleaner Production. —2018. — No. 195. — P. 1377-1388.

7. Zarkovi¢ D.B. Simple and cost-effective measures for the improvement of paper mill effluent treatment—
A case study / D.B. Zarkovi¢, Z.N. Todorovi¢, L.V. Rajakovié, // Journal of Cleaner Production. — 2011. — No. 19
(6-7). — P. 764-774.

8. Jung H. Water in the paper industry / H. Jung, J. Kappen // Professional Papermaking. — 2014. — No. 2.
-P. 11-13.

9. Olanrewaju S. Pulp and paper mill effluent management / S. Olanrewaju, M. Gustavo // Water
Environment Research. — 2014. — No. 86. — P. 1535-1544.

10. Hubbe M. Measures to clean up process water / M. Hubbe // Paper Technology. — 2007. — No. 48. — P.
23 -30.

11. Tetteh E.K. Application of organic coagulants in water and wastewater treatment / E.K. Tetteh, S.
Rathilal // Organic Polymers. —2019. — No. 1. — P. 1-18.

12. Kocorina 1.B. KoarynsuiliHuii peareHT 3 BiaxoziB riauHo3eMHux BupoOHuutB / I.B. Kocorina, [.M.
Actpenin, H.B. Cractok // ITpani Onecskoro mojitexHiunoro yHisepcurety. — 2013, — No. 3. — C. 281 — 285.

13. Ia6miit T.O. Po3pobka koaryisiHTIB Ui iHTeHcHbikalii OCBITJIIEHHS CTIYHHUX BOJ KapTOHHO-
nanepoBux BupoOHuuTB / T.O. Hla6uniii / Bocrouno-EBponeiickuii »xypHan nepenoBbix TexHojoruit. — 2013. —
Volume 1, No. 6. — P. 41 —44.

14. Birjandi N. Treatment of wastewater effluents from paper-recycling plants by coagulation process and
optimization of treatment conditions with response surface methodology / N. Birjandi, H. Younesi, N. Bahramifar //
Applied Water Science. — 2016. — No. 6. — P. 339 — 348.

15. Razali M.A.A. Treatment of pulp and paper mill wastewater with various molecular weight of
polydadmac induced flocculation with polyacrylamide in the hybrid system / M.A.A. Razali, Z.A. Ahmad, A.
Ariffin // Chemical Engineering Journal. —2011. — No. 166. — P. 529 — 535.

16. Makynatypa nanepoBa i kaptoHaa. Texuigni ymosu : ICTY 3500:2019. — [Uunnwnit Bix 2020-07-01].
— KuiB : lepxcnoxusctanaapt Ykpainun, 2019. — 1V, 11 c. — (HamionanpHuit ctanaapt Ykpaian).

17. Tanum B.B. Pecypco36epiraroua TeXHOJOTIS OJepiKaHHsS KapTOHHO-TamepoBoi mpoaykuii / B.B.
Tamwm, [.M. [lefikys // Bicauk XMenpHUIBKOTO HallioHATBHOTO yHiBepcuteTy. Cepist: «Texniuni Haykm». — 2021. —
Ne3. (297). — C.112-115.

18. Techno-economic feasibility for water purification from copper ions / I. Trus, V. Halysh, M. Gomelya,
D. et a. / Ecological Engineering & Environmental Technology, — 2021. — Volume 22. No. 3. — P. 27-34.

19. Evaluation of Optimal Conditions for the Application of Capillary Materials for the Purpose of Water
Deironing / I. Radovenchyk, I. Trus, V. Halysh et al. // Ecological Engineering & Environmental Technology. —
2021. - Volume 22. No. 2. - P. 1-7.

References

1. Sixta H., Potthast A., Krotschek A.W. Chemical Pulping Processes: Handbook of Pulp / Ed. by Herbert Sixta. — Weinheim: Wiley-
VCH Verlag, 2006. — 1291 p.

2. Deykun 1. Rapeseed straw as an alternative for pulping and papermaking / I. Deykun, V. Halysh, V. Barbash // Cellulose Chemistry
and Technology. —2018. — Volume 52, No. 9-10. — P. 833-839.

132 Herald of Khmelnytskyi national university, Issue 5, 2022 (313)




TexHiuHi HayKu ISSN 2307-5732

3. Nanofibrillated cellulose as an additive for recycled paper // L.C. Viana, D.C. Potulski, G.I.LB.D. Muniz, A.S.D. Andrade, E.L.D
Silva // Cerne. — 2018. — No. 24. — P. 140-148.

4. Fatta-Kassinos D. Wastewater resuse and current challenges / D. Fatta-Kassinos, D. Dionysiou // The Handbook of Environmental
Chemistry. —2016. — No. 44.—P. 1-257.

5. Treatment of pulp and paper mill wastewater with various molecular weight of polyDADMAC induced flocculation / M.A.A.
Razali, Z. Ahmad, M.S.B. Ahmad, A. Ariffin // Chemical Engineering Journal. — 2011. — Volume 166, No. 2. — P. 529-535.

6. Woods to goods: water consumption analysis for papermaking industry in China / Y. Man, Y. Han, Y. Wang, J. Li, L. Chen, Y.
Qian, M. Hong // Journal of Cleaner Production. — 2018. — No. 195. — P. 1377-1388.

7. Zarkovi¢ D.B. Simple and cost-effective measures for the improvement of paper mill effluent treatment—A case study / D.B.
Zarkovié, Z.N. Todorovié, L.V. Rajakovi¢, // Journal of Cleaner Production. —2011. — No. 19(6-7). — P. 764-774.

8. Jung H. Water in the paper industry / H. Jung, J. Kappen // Professional Papermaking. — 2014. — No. 2. —P. 11-13.

9. Olanrewaju S., Gustavo M. Pulp and paper mill effluent management / S. Olanrewaju, M. Gustavo / Water Environment Research.
—2014. — No. 86. — P. 1535-1544.

10. Hubbe M. Measures to clean up process water / M. Hubbe // Paper Technology. — 2007. — No. 48. — P. 23 — 30.

11. Tetteh E.K., Rathilal S. Application of organic coagulants in water and wastewater treatment / E.K. Tetteh, S. Rathilal // Organic
Polymers. —2019. — No. 1. —P. 1-18.

12. Kosohina 1.V. Koahuliatsiinyi reahent z vidkhodiv hlynozemnykh vyrobnytstv / 1.V. Kosohina, .M. Astrelin, N.V. Stasiuk //
Pratsi Odeskoho politekhnichnoho universytetu. — 2013. — No. 3. — S. 281 — 285.

13. Shablii T.O. Rozrobka koahuliantiv dlia intensyfikatsii osvitlennia stichnykh vod kartonno-paperovykh vyrobnytstv / T.O. Shablii
/I ' Vostochno-Evropeiskyi zhurnal peredovsikh tekhnolohyi. —2013. — Volume 1, No. 6. — R. 41 — 44.

14. Birjandi N. Treatment of wastewater effluents from paper-recycling plants by coagulation process and optimization of treatment
conditions with response surface methodology / N. Birjandi, H. Younesi, N. Bahramifar // Applied Water Science. — 2016. — No. 6. — P. 339 —
348.

15. Razali M.A.A. Treatment of pulp and paper mill wastewater with various molecular weight of polydadmac induced flocculation
with polyacrylamide in the hybrid system / M.A.A. Razali, Z.A. Ahmad, A. Ariffin // Chemical Engineering Journal. — 2011. — No. 166. — P. 529
—535.

16. Makulatura paperova y kartonna. Tekhnichni umovy : DSTU 3500:2019. — [Chynnyi vid 2020-07-01]. — Kyiv :
Derzhspozhyvstandart Ukrainy, 2019. — 11 s. — (Natsionalnyi standart Ukrainy).

17. Halysh V.V. Resursozberihaiucha tekhnolohiia oderzhannia kartonno-paperovoi produktsii / V.V. Halysh, .M. Deikun // Visnyk
Khmelnytskoho natsionalnoho universytetu. Seriia: «Tekhnichni nauky». — 2021. — Ne3. (297). — S.112-115.

18. Techno-economic feasibility for water purification from copper ions / I. Trus, V. Halysh, M. Gomelya et al. // Ecological
Engineering & Environmental Technology. — 2021. — Volume 22. No. 3. — P. 27-34.

19. Evaluation of Optimal Conditions for the Application of Capillary Materials for the Purpose of Water Deironing / I. Radovenchyk,
L. Trus, V. Halysh et al. // Ecological Engineering & Environmental Technology. —2021. — Volume 22. No. 2. — P. 1-7.

Hapiiimma/Paper received : 12.08.2022 p.  Hanpykosana/Printed :01.11.2022 p.

BicHuk XmenbHUYbko20 HayioHa1bHo20 yHisepcumemy, Ne5, 2022 (313) 133



