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Pe3ynbTatbl 0CBOEHMA OOpa3oBaTeNibHOM NporpaMmmbl

YHuBepcanbHbie KOMMNeTeHun BbINYCKHMKOB U MHAOAUKATOPbI UX OOCTUXEHUA

Kateropus Ko n MHaukaTopbl AOCTUXKEHUSI KOMNEeTeHLMN
KOMMeTeHUuMn HaMMeHoBaHue
KOMMNeTeHLuun
YK(Y)-1. N.YK(Y)-1.1. AHanuaupyeT npoGreMHyl0 CUTyauuto Kak CUCTEMY,
CnocobHocTb BbISIBNSASt €€ COCTaBNSIOLLME U CBSI3N MEXAY HAMM
OCYLLeCTBNATb _ | WL YK(Y)-1.2. Onpepensiet npoGensl B uHopmaunm, Heobxoanmon
MOUCK, KPUTUYECKUW | nnsa pelleHus NpoBrneMHON CMTyauum, 1 NPOEKTUPYET NPOLIECCHI MO

CuctemHoe 1
KpUTU4eckoe
MbILLEHNE

aHanu3 npobrnemMHbix
CUTyaLMin Ha OCHOBE
CUCTEMHOTO
noaxoaa,
BblpabaTtbiBaTb
cTpaTtervio 4encTBum

UX YCTPaHeHWo

N.YK(Y)-1.3. PaspabatbiBaeT cTpaTernto pelleHus npobremHon
CMTyauMM Ha OCHOBE CWUCTEMHOIO W OPYrUX COBPEMEHHbIX
MEXANCLUMUNMMHAPHBIX NOAX0A0B; 0OOCHOBLIBAET BbIGOP TEMbI
uccrnefoBaHMn Ha OCHOBE aHanusa $BMEHUMA UM NPOLECCOB B
KOHKPETHOW 061acTu Hay4YHOro 3HaHUs

N.YK(Y)-1.4. Mcnonb3ayet
WHCTPYMEHTapuUn  Onst  KPUTUYECKOMN
KOHLIENUWI B CBOEN NpeaMeTHON obnactu

NOrNKO-METOL0M0rMYeCKUn
OLEeHKHN COBpPEMEHHbIX

PaspaboTka n
peanusauusi NPOEKTOB

YK(Y)-2.
CnocobHocTb
yNpaBnsiTb NPOEKTOM
Ha Bcex aTanax ero
XW3HEHHOro LMKa

N.YK(Y)-2.1. Onpegensiet npobnemy n cnocob ee peLueHusi Yepes
peanv3aumio NPOeKTHOro yrnpasneHus

N.YK(Y)-2.2. PaspabaTbiBaeT KOHLUEMUUIO MpoeKkTa B pamkax
o6o3HayeHHOW  npobnembl:  dopmynupyeT  uenb,  3agayu,
obocHoBbIBaeT aKTyanbHOCTb, 3Ha4YMMOCTb, oxvaaemblie
pesynbTaTbl U BO3MOXHbIE cdiepbl NX NPUMEHEHNS

N.YK(Y)-2.3. OcyliecTBnsieT MOHUTOPWHI 3a XO4OM peanu3auuun
NnpoeKkTa, KOPPEKTUPYET OTKMOHEHWUSI, BHOCUT [AOMNOMHUTENbHbIE
M3MEHEHUS B MIaH peanu3auumn npoekTa

KomaHgHasa pa6oTa u

YK(Y)-3.
CnocobHocTb
OpraHn3oBbIBaATL U
pykoBoauTb paboTo
KOMaHAbl,

. YK(Y)-3.1. TlnaHupyeT u KOppekTMpyeT CBOK COLManbHyH U
npodeccmoHanbHylo  AeATenbHOCTb € YYEeTOM  UHTEepecos,
ocobeHHoCTel NoBeAEeHNS U MHEHWI MIoAen, C KOTopbiMK paboTaeT
1 B3anmogemncresyet

N.YK(Y)-3.2. OpraHusyeT pguckyccum Mo 3adaHHOW Teme MU

nMAEpCTBO BbipabaTbiBas obcyxaeHne pesynbTaTtoB paboTbl KOMaHAbI
KOMaHAHyto N.YK(Y)-3.3. TnaHuvpyeT komaHgHytlo paboTy, pacnpegensiet
cTparervto Ana | nopyyeHus n genernpyet norHOMo4us YreHam KoMmaHabl
OOCTMKEHUSA
NOCTaBNEHHOW Lienu
YK(Y)-4. N.YK(Y)-4.1. PeliaeT KOHKpeTHble 3adaun npoceccnoHanbHon
CnocobHocTb AesATEeNbHOCT Ha OCHOBE aKafgeMM4eckoro 1 npodecCMoHanbLHoro
NPUMEeHATb B3aVMOZENCTBMSA C Y4ETOM aHanmsa MHEHWN, NPeanioxXeHnn, naem
COBPEMEHHbIEe OTEYECTBEHHbIX M 3apybexHblX Konner
KOMMYHWKaTUBHbIE N.YK(Y)-4.2. CocTaBnseT, nepeBoanT U pedakTupyeT pasfnyHble
TexHonornM, B TOM | akagemuyeckue TekcTbl (pedepaTbl, 9cce, 0630pbl, CTaTbn 1 T.4.)
4yucne Ha | .YK(Y)-4.3. TlpenctaBnsieT pe3ynbTaTbl aKkageMU4eckon U
KommyHwkauus WHOCTPaHHOM(bIX) npogeccMoHanbHON OeATEeNIbHOCTU Ha  pPasfiMyHbIX  HayYHbIX
A3blke(ax), Ana | MeponpusTUsX, BKNOYas MexgyHapogHble
akagemuyeckoro  ” | N.YK(Y)-4.4. TnaHupyeT u opraHvM3oBbIBaeT COBELLAHWS, AEMNOBbIE
npoeccroHansHoro | Geceabl, ANCKYCCUM MO 3aAaHHON TeMe;
B3aUMOLENCTBIS aprymeHTMpoBaHHO M KOHCTPYKTMBHO OTCTamBaeT CBOHO
TOYKY  3peHusd, No3vuuio, WAel B akageMuyeckmx mu
npoeccmoHanbHbIX  OUCKYCCUAX  Ha  rocyAapCTBEHHOM U1
MHOCTPAHHOM $5i3blKax
YK(Y)-5. N.YK(Y)-5.1. OcywectBnsaeT npodeccuoHarnbHyo U coumarnbHyo
CnocobHocTb AesATeNnbHOCTb C Y4eTOM OCOBEHHOCTEelN MOBEAEeHUS U MOTMBaLMM
aHanuaupoBaTb W | nogen pasnnyHoro CoLManbHOro U KynbTypPHOrO NMPOUCXOXAEHWS, B
MexkynbTypHoe yunTbIBaTh TOM uucne ocobeHHOCTeN [dernoBo U OOLWen  KynbTypbl
B3aumogencTeune pasHooGpa3ne npeacTaBuTenen Apyrnx 3THOCOB U KOHeccuin
KynbTyp B npouecce
MEXKYNbTYPHOrO
B3aMMOJenCcTBMS
c YK(Y)-6. N.YK(Y)-6.1. AHanuaupyeT ncnonb3oBaHue pabo4vyero BpemMeHu B
amoopranmsaums C BGHOCTb LUMPOKOM CMNeKTpe AeATeNbHOCTU: NaHMpoBaHue, pacnpegeneHue
camopassuTme (B TOM roco P pe Ac P » Pacripen ’
onpeaensTb M | nocTaHoBKa Uenewn, AenervpoBaHve  MNOMHOMOYMA,  aHanus




KaTteropus

KoMmneTeHuun

Koo un
HauMeHOBaHue

KOMMNeTeHUuuu

UHankaTopbl 4OCTMXKEHUA KOMMNETeHLUU

yncne 300poBbe
cbepexeHne)

peanu3oBbiBaTb

npuopuTETHI
cobCcTBEHHOM
[eATenbHOCTU "
crnocobbl ee
COBEpLUEHCTBOBaHMS
Ha ocHoBe
CaMOOLEHKM

BPEMEHHbIX 3aTpaT, MOHUTOPWHT,
CMNWCKOB M paccTaHOBKa MPUOPUTETOB

opraHusauusa, cocTtaBlieHune

N.YK(Y)-6.2. CoyeTaeT BbINONIHEHME TEKYLUUX MPOU3BOLACTBEHHbIX
3aJay C MOBbILEHVMEM KBanuduKaLuuu; KOPpPEKTUpPyeT MraHbl B
COOTBETCTBUM C UMEIOLLMMUCH PECYPCAMM

N. YK(Y)-6.3. lMnaHupyeT npodeccnoHanbHylo TpaeKkTopuio C
y4yeToM 0COBEHHOCTEN Kak NpodeCcCMOoHanbHOW, Tak 1 ApYyrux BUOOB
OesaATenbHOCTU U TpeboBaHUIM pbiHKa Tpyaa

OGH.IEHPOCI)GCCVIOHaHbeIe KomMneTeHUUn BbiNyCKHMKOB U MHOUKaATOPbI UX AOCTUXEHUA

Kateropwms Koa m MHaukaTopbl AOCTUXEHNA KOMMETEHLUMN
KOMMNeTeHLuMn HaMmeHoBaHue
KOMMeTeHunmn
OnMK(Y)-1. N.OMK(Y)-1.1.  [JeMoHCTpupyeT  HaBblkM  uanyeckoro u
CnocobHocTb NporpaMMHOro MOAENMPOBaHNA OTAENbHbIX dparMeHToB npouecca
pewatb BbI6Opa ONTMMAanbHOro BapnaHTa Anst KOHKPETHbIX YCNOBUIA
npoussoactBeHHble | WN.OMK(Y)-1.2. Mcnonbayet yHOaMeHTarnbHble 3HaHuS
MpumereHme " (vnn) | npodbeccnoHanbHON AeATENbHOCTY ANS PeLUeHNS KOHKPETHbIX 3a4ay
uccrniegoBaTtenbckne | HedTerasoBoro NPOM3BOACTBA
dyHAAMEHTanbHbIX
3HaHMI 3agaum Ha ocHoee | N.OMK(Y)-1.3. AHanuamMpyeT npuuMHbl  CHWXEHWs  KavecTBa
yHAaMeHTanbHbIX | TEXHOMNOMMYeCKMX NPoLLEeCcCoB v npeanaraeT addekTnBHbIE CNOCOObI
3HaHU B | MOBbILWEHNA KayecTBa MNpPOM3BOACTBA paboT npu  BbINOMHEHWM
HedpTerasosou PasnuyYHbIX TEXHONOrMYECKNX onepamn
obnactu
OTK(Y)-2. N.OMK(Y)-2.1. WcnonesyeT 3HaHWe anropuTma opraHusauuu
CnocobeH BbiMONMHeHNsi paboT B npouecce NPOEKTUPOBaHWS OObLEKTOB
OCyLLEeCcTBNATb HedpTerasoBom oTpacnm
npoeKkTupoBaHue M.OTMK(Y)-2.2. dopmynupyeT Lenun BelinonHeHus paboT n npegnaraet
obbekToB NyTN NX BOCTWKEHNS
HedbTerasoBoro N.OMK(Y)-2.3. BbibupaeT  COOTBETCTBYHOLMNE  MPOrpaMMHble
npov3soacTea NPOAYKTbI  WAW  MX 4acTu OS5  PelieHuss  KOHKPETHbIX
npodyeccmoHanbHbIX 3a4ay
OTK(Y)-3. WN.OMK(Y)-3.1. AHanuampyeT MHdOpMaumio 1 coctasnseT o63opbl,
TexHu4yeckoe CnocobHocTb OT4eThl
NPOEKTUPOBAHME paspabaTbiBaTh MN.OMK(Y)-3.2. Bnapeert HaBbIkamMn  aHanUTU4eCKoro o63opa npu
Hay4Ho- noaroTtoBke pedepartos, nybnvkauuin n He meHee 50 NCTOYHMKOB Npu
TEXHUYECKYIO, noAroToBKE MarmcTepckomn anccepraumm
NMPOEKTHYI0 n
cnyxe6Hyto
AOKYMeHTaLuto,
ochopMnATb Hay4HO-
TexXHU4eckue
OTYETHI, 0630pkbl,
nyGnvkaumm,
peLeH3nm
OTK(Y)-4. MN.OMK(Y)-4.1. OnpepnensieT OCHOBHble HanpaBneHWst pPasBUTUS
CnocobHocTb WHHOBAaLMOHHbIX TEXHOMOrMI B HedhTerasoBon oTpacnu
HaxoanTb n | N.OMK(Y)-4.2. Ob6pabaTtbiBaeT pesynbTaThl Hay4Ho-
nepepabartbiBaTbh nuccrnegoBaTenbCKOW, MPaKTUYECKOW TEXHUYECKON AeATenbHOCTY,
WHdopMaumio, ncnonb3ys nmetoLLeecs obopyaoBaHve, Npubopsl 1 MaTepuansl
Pa6ota c Tpebyemyto ans
nHopmaumen NPUHATUS  pEeLLUEeHNIA
B Hay4HbIX
uccrnepoBaHnax n B
npakTuyeckomn
TEXHNYECKON
AesiTenbHOCTH
OTK(Y)-5. N.OMK(Y)-5.1. Onpegenset Ha npodeccMoHanbLHOM YpOBHe
CnocobHocTb ocobeHHOCTU paboTbl  pasnuMyHbIX TUNOB  OOOpPYAOBaHWS W
Wccneposarne oLeHnBaTb BbISIBIIEHME HEA0CTaTKOB B €ro paboTe
pesynbTaTbl HAy4YHO-
TEXHNYECKUX




pa3paboTok,
Hay4HbIX
ncenegoBaHumn 7]
000CHOBLIBaTb
COBCTBEHHbIN
BbIOOp,
cuctemMaTusnpys  wu
obobuasn
OOCTUXKEHUS B
HedpTeraszoBom
OTpacnun U CMEXHbIX
obnacTax

ycnosuam

MN.OMK(Y)-5.3. WHTepnpeTupyeT pesynbTatsl
TEXHOMOMMYECKUX MCCnegoBaHUn NPUMEHUTENbHO K KOHKPETHBLIM

nabopaTopHbIX 1

WHTerpaumsi Hayku un
ob6pasoBaHus

OMMK(Y)-6.
CnocobHocTb
y4yacTBOBaTb B
peanusauum
OCHOBHbIX "
OOMOSTHUTENbHbIX
npodeccrmoHarnbHbIX
o6pasoBaTerbHbIX
nporpamm,
ncnonb3ys
crneuuarnbHble
Hay4Hble "
npogeccroHarnbHble
3HaHWs

N.OMK(Y)-6.1.
ncuxonormn

,D,eMOHCTpVIpyeT 3HaHMA OCHOB

negarormkn  u

WN.OMK(Y)-6.2. OemMoHCTpupyeT yMeHue obliaTbCcsi C ayauMTopuen,
3avHTepecoBaTb crnyLliatenemn

MpodeccrmoHanbHblie KOMNETEeHLUN BbINYCKHMKOB U MHAOAUKATOPbI UX AOCTUXEeHUA

3apava
O6nacTb 1 cepa A -
. | npocpeccruoHanbLHOM
npoceccuoHanbHou
[eATeNnbLHOCTU
AeATenbHOCTU

OcHoBaHue -
npocpeccuoHanbHbIN
cTaHpaprT, aHanus
onbITa, hopcant

Koo un
HaMMeHOBaHue
KOMMNeTeHuuun

UHauvkaTopbl
LOOCTMXEHUs
KOMMNeTeHUuun

Twn 3apay HpOd)eCCVIOHaHbHOVI AeATeNIbHOCTU:

negarorm4yeckun
1 «ObpasoBaHue n | 1. PaspaboTka | 01.004 MK(Y) -1. CnocobeH | L.IIK(Y) -1. VuactByer
Hayka» (B cdepe METOANYECKNX MpodeccnoHanbHbI | paspabaTtbiBaTb B paspaboTke
Hayu4HbIX maTepuaros, ansi| crangapt  «[Meparor | meToguyeckoe METOMYECKHX
uccnegoBaHuin) obecneyeHuns npodeccmoHanbHoro | obecneyeHne ANS | TOKyMEHTOB o
NOAroTOBKU 1 | 0by4eHus, nepBrUYHOWN W | BOIIpocaM  IPOBEICHUS
aTTecTaumu npoceccmoHansHoOro | nepuoanyeckomn r€0JIOr0-IIPOMBICIIOBBIX
cneunanncTos obpasoBaHus 1 | NOAroTOBKU 1 | paboT, IPOEKTUPOBAHNS,
OOMONHUTENBHOIO aTTecTaumu OTYECTHOCTH,
npocpeccmoHansHOro | cneunanucToB B | MOATOTOBKH u
o6pa3oBaHus», obnactun [00bluM | aTTecranun B 00sacTu
YTBEPXKOEHHbIN yrneBoopoaHOro [POMBIIIICHHOM
npuKasom CblpbA 6e30macHOCTH Ha
MuHuctepctBa TpyAa OTIaCHBIX

1 coumnanbHOM 3alunThl
Poccuinckon
depepaumm ot 8
ceHTAbps 2015 r. Ne
608H
(3apernctpupoBaH
MwuHuctepcTBOM
tocTuumm  Poccuinckon
depepaumm 24
ceHTabpa 2015 r.,
PErMCTPaumnoOHHbIA  Ne
38993)

MPOM3BOCTBEHHBIX
00bEeKTaX B Ipoleccax
100614

YTJIEBOJOPOHOTO CHIPhS

OoTd G HayuHo-
MeToamveckoe n
y4ebHO-MeToanYeCcKoe
obGecneveHne
peanvsauum
nporpamm
npodeccmoHanbHoOro
00yyeHus




Tun 3apay npodeccuoHanbLHON AeATeNIbHOCTH:

TEXHOMOMMYECKUI
19 [do6blva, 1.0praHusauus n|19.007 MKY) -2. CnocobeH | N.MKY) -2.1.
nepepaboTka, pykoBoacTBo pabot no | MpodeccnoHanbHbIn | aHanuMa3npoBaTtb n | PykoBoaut
TpaHcnopTnpoBka | [obblue cTaHgapT o6obwartb AaHHble O | OpraHM3auUMoHHO-
HedTM 1 rasa yrneBOAOPOAHOro «Cneuuwanuct no | pabore TEXHUYECKUM
CbIpbS. [obblye HedTH, rasa v | TEXHONOrMYECKoro COMpOBOXOEHMEM
rasoBoro koHgeHcarta» | 0bopyaoBaHusi, pabot no
2.06ecneveHne (YTBEpPXAEH NpMKa3oM | OCyLLeCcTBMAATb BOCCTaHOBMNEHUIO
onepaTuMBHOIO u | MuHTpyga Poccun OT | KOHTPO-b, paboTocnocobHoCcTM
WHXXEHEPHOro 03.09.2018 Ne 574H); | TexHu4yeckoe HedpTerasonpombicrno
pykoBoacTBa ConpoBOXAeHne n|Boro o0b6opyaoBaHus
TEXHOMOTMYECKUM OT® D «OpraHusauus | ynpaeneHue npu aKcnnyarauum
npoueccoMm  AoObiuM |paboT no  [o6blYe | TEXHONOrMYECKUMHN obbekToB [o0bluKn
HedTH, rasa W | yrneBogopoaHoro npoueccamm [06bl4M | HehTU 1 rasa
rasoBOro KOHAeHcaTa. | Cbipbsi» yrneBoopoaHOro
chblpbst
3.KonTponsb n|OT® E «PykoBoactso
COMNPOBOXAEHNEe abotamn no gobblye
BbII'IF:)J'IHeHMﬂ paboT no Srneao,qopouHoro MK(Y) -3. CnocobeH | M.MK(Y) -3.1.
TEXHUYECKOMY ChIpbsi» ougeHnBaTL OueHnsaer
0BCAYKUBaHMIO y 3(PPeKTMBHOCTb noBblILLEHNE
PEMOHTY, 19.021 MHHOBALMOHHbIX adhpeKkTUBHOCTH
OnarHocTu4eckomy MpodbeccuoHanbHbli | | SXHOMOTUHECKNX £06b1y
o6cnenoBanmio cTannapt peLleHuin B MnpoLecce | yrneBoAopOaHOro
060pyAOBaHMS no | «Creuvanuet no | BBINOMHEHMS Cbipb U MPOBEAEHUSI
[06bive MPOMBICTIOBO NPON3BOACTBEHHbIX reornoro-
YIMIeBOAOPOAHOMO Feorormny nokasatenen npu | NpoMbICMOBLIX paboT
CbIpbS. (YTBEpXKAEH NpMKa30oM paspabotke nB npotecce
MunTpyaa Poccum or | Keniyarauuu BbIMOSTHEHUS
4.Oprannaauys 1| 10.03. 2015 Ne 151H); HEeTSHbIX 1 rasoBbIX | MPON3BOACTBEHHbIX
KOHTPOIb 2a MECTOPOXAEHNN nokasarternewn npu
npoBeaeHnem yrneBogopOaHOro paspaboTke "
reonoro- OT® B «OpraHusauusa Celpbs oKenyaranmun
NpombICnoBbIX paboT | reonoro- HepTsAHbIX 1 rasosbix
NPOMBICTOBbLIX PaBoT» MECTOPOXAEHNM
MK(Y)-4. CnocobeH W.TK(Y) -4.1.
obecneuymsaT | ObecneunBaet
b  6GesonacHylo U |3dEKTUBHYIO
adppekTUBHYIO aKcnnyaraumio
aKcnnyatauuio W | TEXHONOrM4eCcKoro
paboty o6opynoBaHus,
TEXHOMOrNYeckoro KOHCTPYKLWIA,
obopynoBaHusi 0o6bekToB, arperaros,
HedpTerazoBom MexaHU3moB B
oTpacnu npoecce 0o6biun
yrneBogopoaHoro
Chblpbsi B COOTBETCTBUM
c TpeboBaHUAMHN
HOpMaTMBHOW
OOKyMEHTaLMm
MK(Y)-5.  CnocobeH | N.MK(Y) - 5.1.
y4yacTBoBaTb B | PykoBogut
ynpaeneHuu nepcoHarnom
TEXHOMOrMYeCcKUMu nogpasgeneHMn  no
KOMMneKkcamu, [oOblye
NPUHUMaTb peLLeHst B | yrNeBOAOPOAHOMO
YCIOBUSIX CblpbS U reornoro-
HeonpeaeneHHoCTu NpPOMbICMOBBIX paboT
B npouecce
pa3paboTku "
akcnnyarauum
HeTSHbIX U ra3oBbIX
MEeCTOPOXOEHUIN




Tun 3apay npodeccuoHanbLHON AeATeNIbHOCTH:

Hay4HO-uUccnenosarten bCKUI

19 [obblya,
nepepaboTka,
TpaHCNOPTUPOBKA
HedTV 1 rasa

1.CocTtaBneHue

TEeKyLnx n
NepCcneKkTUBHbIX
nrnaHoB no

npoBedeHUIo reosioro-
NPOMbICIOBbLIX paGoT

2.PaspaboTka 7
KOHTpOIb
BbINOMHEHUS
NPON3BOACTBEHHbIX
MAaHoB M nporpamm
Hay4Ho-
nccnenoBaTenbCKux
pabot (HUP)
3.PaspaboTka
NnaHoBOW, MPOEKTHON

7 METOLMNYECKON
OOKyMeHTaumMm  ans
reororo-

NPOMbICIOBbLIX paGoT

19.007
MpodeccroHanbHbIN
cTaHgapT
«Cneumanuct no

nobblye HedpTH, rasa u
rasoBOro KoHgeHcarta»
(YTBEpPXAEH NpMKa3oM
MwHTpyaa Poccum ot
03.09.2018 Ne 574H);
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ABSTRACT

The final qualifying work contains 134 pages, including 14 figures, 2
graphics, and 18 tables. The list of references includes 141 sources.

Key words: produced water purification, removal of petroleum products,
zeolites.

The object of the study is the synthesis of zeolites containing materials
suitable for sorption purification of water from oil products.

The present work aims to increase the efficiency of sorption purification
of field water from dissolved oil products.

During the final qualification work, a study regarding different materials
for synthesis of zeolites was accomplished and after the characterization of the
different materials, the two-step method of synthesis was adapted in order to
obtain adsorbents with high capacity.

Within the progress of work, two different types of zeolites with higher
surface area were synthesized and analyzed for characterization. Furthermore,
these two materials, one containing a two-phase (Y-Faujasite and Sodalite)
zeolite and another zeolite only with Sodalite phase, were evaluated against its
adsorption capacity and effectiveness. Thus, achieving a result of a zeolite with
above 93 % effectiveness for water purification.

Scope: zeolites, sorption, purification of produced water.

The economic efficiency of the use of zeolites as absorbents for the
purification of petroleum feedstock in the field has been substantiated. The Net
present value (NPV) from the use of zeolites was estimated to be 43.11 million

rubles for 10 years, with a payback period of approximately 4.5 years.
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INTRODUCTION

The ashes of materials from solid fuel combustion for energy production
can generate an environmental liability due to its high volume waste generation
[1,2]. An application for one of the residues, ash, can be the use in the synthesis
of zeolites, which besides being products with higher aggregated value, also
have several industrial applications due to their particular characteristics of ion
exchange, adsorption and catalysis [3,4].

The direct application of this residue and its low cost reflected in the
increase in the amount of scientific work aiming at applicability in the generation
of new products, improving the existing research for this type of material, which
is used as a source of Al (Aluminum) and Si (Silicon) for zeolite production and
synthesis [5,6].

The use of waste for the generation of utility products has been very
observed today as the solution to reduce the amount of waste sent to landfills,
as well as the reduction of dividends generated in the industry [7].

It is known that a portion of ash is used in the country, in the production
of clinker used for the manufacture of cement in the construction industry, with
the remaining being disposed of in ash basins or used to cover depleted mines.
Coal ash has a content ranging from 71% to 78% silica, or silicon dioxide (SiO2)
and from 12% to 29% of alumina, or dialuminium trioxide (Al2O3), in its
composition, being considered a good attraction for zeolite production [7].

Another efluent very important for the industry is the produced water
(PW), which has a volume of approximately 2.4 times the production of
petroleum. Considering the ammount of approximately 10.8 million barrels per
day of petroleum, the geration of produced water was 25.86 million barrels of
equivalent petroleum, in volume [8,9].

Several types of processes for purification of PW exist, and one of the

main interesting is the adsorption process, with high effectivity and significant
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low cost. Moreover, as previously stated, the synthesis of a zeolite with

adsorption capacities would suffice the need for both industries [8,9].

Aim: The present work aims to increase the efficiency of sorption

purification of field water from dissolved oil products.

Objectives:

1. Adapt the technique and synthesize zeolites suitable for sorption
purification of water from oil products;
2. Evaluate the effectiveness of natural and synthesized zeolites in

removing dissolved hydrocarbons from model and field water.

Provisions:

1. Synthesis of zeolite-containing materials from ash and slag waste
is a new direction for their utilization;

2. The efficiency of purification of produced water from dissolved oll

products on the synthesized zeolites reaches 93%.
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1 SYNTHESIS OF ZEOLITE-CONTAINING MATERIALS
1.1 Coal

Since the beginning of society coal has been used for heating. The
most abundant fossil fuel is also the material with a wide variety of use in
history. ? Its large-scale use started with the Industrial Revolution, in steam
trains, as a source of heating. In the 19" century, new uses of coal were
discovered, the most important being the use of coke from coal as a
substitute for charcoal, due to its physical-chemical characteristics [10].

Coal has another important characteristic, its calorific value, which
had been discovered in the electricity industry, being considered as an
capable material of supplying the energy needs for the population. In 2010,
thermal energy was responsible for the electrical supply of 42% of global
demand [4]. From 2013 to 2014, in the USA (United States of America),
there was a small reduction of 7.34 thousand tons of coal, from 879.08 in
2013 to 871.74 thousand tons in 2014, or a reduction of 0.83%, in the use
of coal for internal energy generation [11,12].

In the combustion process, of a thermal power plant, liquid effluents,
atmospheric emissions and solid waste are generated, which require
treatment, since they damage the environment [13].

Atmospheric emissions are characterized by the generation of sulfur
and nitrogen oxides, particulate materials and trace elements. Liquid
effluents are obtained in leaching, hydraulic drag, cleaning, cooling and
water treatment. Solids, are characterized as the ashes considered heavy
- being retained at the end of combustion - and particulate matter, known
as fly ash [14]. The present study will focus on atmospheric emissions,

specifically light ash and slag waste.
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The main components, such as minerals or substances, presented
the ashes, are derived from the characteristics of the type of coal used.
Figure 1 shows the classification of the types found in nature, which was
adopted in Russia and originated from the classification employed in the
USA.

PERCENTAGE OF FIXED CARBON [DRY, MINERAL-MATTER-FREE BASIS)

40

R 3 0§ 8

=t -3 o I~

- - -

GROSS CALORIFIC VALUE (BTU/LE DN A MOIST,
MINERAL-MATTER-FREE BASIS)

Figure 1 — U.S. Coal Classification Diagram [3]

Within the classification presented in Figure 1, based that the type
of coal; when in the upper side it represents a material with higher

hardness, less moisture and volatile matter and higher calorific value
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[Btu/lb (British thermal unit / pound)] [3,4]. According to Figure 1, coal can
be divided in the classes: Anthracite, Bituminous, Sub-bituminous and
Lignite [3,13,15]. In Russia, a similar division occurs, but in the following
order: brown, bituminous and anthracite [16-19]. Table 1 shows the

majority differences between the different types of coal.

Table 1 — Typical coal content [15]

Sub-
% Weight | Anthracite | Bituminous | _ Lignite
Bituminous
Heat (kBtu/lb) 13 -15 11-15 8,5-13 4- 8,3
Humidity (%) <15 2-15 10 — 45 30-60
Fixed carbon
85— 98 45 -85 35-45 25-35
(%)
Ashes (%) 10 -20 3-12 <10 10 -50
Sulphur (%) 0,6 -0,8 0,7-4,0 <2 04-1
Chlorine
340 + 40 340 + 40 120 + 20 120 + 20
(ppm)

When comparing the types of coal produced and the data presented
in Table 1, two major problems can be evidenced: the high amount of ash
and the low calorific value. Thus, it is known that more coal should be used
to generate the same amount of energy produced by anthracite coal, for
example. Based on this analogy, it is evident the need to use the ashes,
derived from the processes of combustion, for a different purpose, rather

than deposition in the environment [20].

1.1.1 COAL ASH

Itis a residue obtained from the burning of coal. The ashes produced
in Russia do not have a defined formal classification system. The model is
18



adopted from the combustion process: slags, which refer to ashes that
have high carbon content not consumed in burning and high granulometry
[4]; light ashes, also known as fly ashes, are of very fine granulometry and
their obtaining occurs in filter systems, since they are dragged with the
gases of combustion [4,15]; and, bottom ashes, or heavy ashes, which
have carbon contents between 5 % and 10% and high granulometry [4].

Fly ash has around 90% of its composition represented by silicon
oxides, aluminum, iron and calcium [8]. Smaller components, representing
8%, are composed by magnesium, potassium, sodium, titanium and sulfur
[8,15,16]. In addition to the presence of trace components, the small value
represents less than 1% of its composition: arsenic, cadmium, lead,
mercury and selenium [8,15]. Ash can also contain a variable amount of
unreacted carbon, depending on process conditions. This value ranges
from 1 to more than 20% and is generally measured in a laboratory test
known as loss on ignition (LOI) [8,16].

Among the most important elements, high amounts of Al2Oz and
SiO2 are usually found in the ashes, through the use of the X-ray
fluorescence method (XRF) [19].

1.2 Zeolites

1.2.1 DEFINITION AND STRUCTURE

The name zeolite originated from the Greek and means stone that
boils (zein = boil; lithos = stone) [22-25]. In 1756, Axel Fredrik Cronstedt
carried out experiments with a mineral and, after several tests, it continued
presenting the same behavior. In the tests, the mineral, now known as
stilbite, had been heated in flames and it was found to release water vapor

violently. After cooling, it was noticed that it was rehydrating and, when re-
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heated, repeated the same behavior. Then, after numerous cycles of
hydration-dehydration, Axel named this material as zeolite [26-28].

The first nomenclature used to define the term zeolite was crystalline
aluminosilicate, due to its open and crystalline structure [5]. Recently, this
definition has expanded to include materials whose structures resemble
the structure present in the zeolite, but with distinct constitutive elements,
such as: Boron (B), Beryllium (Be), Cobalt(Co), Galium(Ga),
Germanium(Ge), lIron(Fe), Phosphorus(P) and Zinc(Zn) [4, 29-30].

The composition of zeolite is represented by the content of the main
elements, Si and Al, in the form of oxides — where oxygen (O) is
represented with its symbol in the Periodic Table - along with the water
present in the substance. Thus, the composition of zeolite can be

represented by [31-33]:

Mx {[AlO3],[Si0;]y}. m H,0

Where:

* M is interchangeable cation or compensation of valence n;

* m is the number of water molecules;

* x and y represent the number of tetrahedrons per unit cell of their
respective oxide;

* x/y = Si/Al ratio, which can range from 1 to infinite (Loewenstein rule
— which explains that the crystalline network cannot contain Al-O-Al
connections. Therefore, only 50% of the Si atoms present in this network

can be replaced by Al atoms) [34,35].

The structures of three-dimensional networks composed of

tetrahedrally coordinated atoms, joined together by oxygen atoms and with
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structural density less than 21 atoms, tetrahedrally coordinated by 1000 A
(Angstrom) are considered zeolites [36]. Therefore, pure silicates,
silicaluminophosphates, aluminophosphates containing metals, are also
considered zeolites [37].

Among the elements that constitute the zeolite, Si and Al are the
most important, since the Si/Al ratio defines the cation exchange capacity
of this material [38]. This capacity is explained by the fact that each Si
replaced by an Al generates a negative charge, which is compensated by
a cation, due to the valence of Al being smaller than that of Si, i.e. +3 and
+4, respectively [39].

The load is balanced by compensating cations, also known as
interstitial or exchangeable, which are usually alkali or alkali metals, such
as: Na' (sodium), K* (potassium), Ca?" (calcium), TMA*
(tetramethylammonium), among others. In Figure 2, it can be observed
how the compensation cation acts, remaining electrostatically attached to

the zeolite structure [40].

Figure 2 — Structural figure of the zeolite, where X represents the

compensation cation [41]

Zeolites are excellent ion exchangers due to the free movement
allowed in the network channels by cations; in addition to the possibility of
exchanges that these free cations can carry out by other cations in solution
[42].
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Zeolite is obtained from a structural growth originated from a
tetrahedral basic unit known as TOa. Originally the letter T represented the
main constituent elements of zeolite: Si and Al; however, there are
currently new methods of synthesis and the T-representation expanded to
include the components: B, Ga, Ge, Fe, P, Co, among others [43-45].

A schematic representation of this tetrahedral structure can be
observed in Figure 3, considering T for Si or Al atoms, which are present

in higher proportion in the formed structure.

) Sior Al atoms
® Oxigen atoms

Figure 3 — Schematic representation of the basic unit TO4 [46]

This tetrahedron is the basis of zeolite materials, since by the union
of some tetrahedrons, a SUB (Secondary building unit) [47]; as rings
formed by four or six tetrahedrons, double, or other polyhedral structures,
for example [48]. Figure 4 represents some of the secondary units of
construction and their representation, and the number in parentheses

represents occurrence frequency.
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Figure 4 — SUB (Secondary building units) [49]

After the formation of the secondary units, a regrouping occurs, in
order to form a polyhedron, and some are characteristic oriented of certain
zeolite families [50]. Figure 5 shows the original polyhedron units of

construction.

Figure 5 — Polyhedron construction units [51]

The names of the polyhedron "B", "y" and "¢", illustrated in Figure 5,
are based on the first known zeolites, sodalite, gmelinite and cancrinite,
respectively. Based on geometry, is possible to classify the polyhedron

formed, such as: the polyhedron that is a truncated cube-octahedron, and
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the B polyhedron, whose name are based on a sodalite, represented in
the a truncated octahedron a [52,53].

Starting from the basic primary unit, TOas, together with the
secondary building units, all zeolite formations can be represented. Below,
for example, are the growth of three types of zeolites: MFI [ZSM-5 (Zeolite
Socony Mobil-five)], FAU (Faujasita) and LTA (Linde Type A, or Zeolite A)
in Figure 6, from the re-grouping with the secondary construction units [54-
56].

Figure 6 — Scheme of zeolite growth materials from the TO4 structure
[57,58]

In its structure, zeolite presents channels and cavities, also named
as pores, where any compensation cations, water molecules or other

adsorbates and/or salts can exist. Thus explaining why the inner surface

24



is relatively larger to the external surface [59,60]. Figure 7 indicates the

location of the cavity, or pore, in zeolites A and X or Y.

Cavities location

Figure 7 — Cavity location in zeolites type A (a) and X or Y (b) [61]

1.2.2 TYPES OF ZEOLITES AND APPLICATION

There are two types of zeolites: natural and synthetic [62]. Natural
zeolites are usually found in nature in regions where there is alkaline
activation of volcanic rocks [63]. Among the 40 natural types, the most
common are: Analcime, Chabazite, Clinoptilolite, Epistilbite, Erionite,
Faujasite, Ferrierite, Heulandite, Laumontite, Mordenite, Natrolite,
Offretite, Phillipsite, Stilbite and Thomsonite [64].

Synthetic zeolites represent the zeolites that emerged in the late
1940s through chemical synthesis processes. The first synthesized
zeolites were mordenite and LTA, and zeolites X and Y, later on [65-67].
Due to the high industrial demand of zeolites, concomitantly with problems
in natural zeolites, such as defects and impurities along the structure; the
peak of the production of synthetic zeolites occurred in 1980s and 1990s
[68,69].

There are about 200 types of synthetic zeolites, and the most

common zeolites are: A, P, X, Y and ZSM-5 [59]. Zeolites A and X are the
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most industrially used, but the use of zeolite Y has been increased in
recent years due to its adsorptive properties in CO. (Carbon dioxide)
adsorption processes [70-72].

The main applications of synthetic zeolites are in the assimilation of
toxic metal ions from wastewater and removal of petrochemical products,
in addition to uses for CO, adsorption [73]. For example, Zeolites A and X
are used as ion exchangers to reduce the hardness of domestic and
industrial waters [74]. This exchange capacity has been used in zeolites
as a support for fertilizers, medicines and radioactive waste, for example
[75]. Other applications for zeolites can be described as: soil treatment
and plant growth improvement [76]; inactivation of toxic or radioactive
metal ions from soils, acid drainage treatment of mines, among others [77].

Zeolites with a high degree of purity may have more noble
applications, similar to the applications of zeolites synthesized from
saturated solutions of silicates and aluminates. A possibility related to:
remove ions Ca?* and Mg?* (Magnesium) from industrial waters, serve as
catalysts or support for catalysts in petrochemical industries [6]; purify
gases — such as SOx (Sulfur oxide), NOx (Nitrogen Oxide), CO2, among
others —; remove toxic metal ions in general and ammonium ions for
wastewater treatment [78].

The classification of zeolite is based only on the topology of the
polyhedron structure, ignoring the Si/Al ratio [79]. On the other hand, the
zeolite structure can be easily described through polyhedron units, as can
be seen in Figures 5 and 6, when the sodalite base unit, joined in different
ways, originates different structures, as LTA and Faujasite, for example.
[80]
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1.2.3 SYNTHESIS OF ZEOLITES

The synthesis of zeolites occurs at temperatures between 25 and
120 °C, from aqueous solutions containing aluminosilicates in general [81].

The origin of the synthesis by the hydrothermal method dates back
to 1982, when Barrer performed it. From this date, all the methods used
for synthesis were obtained with some modification of the one proposed
by Barrer. The method consists of adding an alkali to aluminum and silicon
sources in appropriate proportions in agueous medium under controlled
temperature. The variation of experimental parameters, such as:
temperature, synthesis time, agitation, aging, among others; originates the
possibility to synthesize different zeolites [82-85].

Several materials are eligible for the synthesis of zeolites, such as
clays, coal ash and rice husk, kaolin, among others; having as a
requirement the predominance of silica and alumina in the composition [4].
Due to the amount produced, coal ash is the most widely used in the world,
followed by rice husk ash. Since the predominant factor for the use of
alternative and low-cost materials in the increase of research on synthesis
is due to the fact that the processes that use conventional aluminum and

silicon sources are extremely expensive [86].

1.2.3.1 Synthesis of zeolites from coal ash

In 1985, Hdller and Wirshing, from the similarity between ash and
precursor materials of natural zeolites, synthesized zeolites from coal ash.
After this episode, several studies emerged in the world about the process,
changing conditions and parameters of synthesis [87].

The process of synthesis of zeolite from coal ash is driven by the
addition of a base of alkali and non-alkali metals, usually sodium hydroxide
or potassium, to ash at high temperatures [88]. In the process, the phases
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of ash dissolve, with the Si and Al salts, in alkaline solution; subsequently
the precipitation of the zeolite occurs [89-91].

There are basically three methods for converting coal ash into
zeolites [4]. The first method is a hydrothermal, usually named classic, or
by wet route, or in a single step, in which only about 50% of ash conversion
of zeolite is obtained, resulting in a product that contains basically zeolite
and non-reactive phases of ash [4,71]. The second, named as two-step
method, known as a dry route, is performed from the alkaline fusion of the
material followed by hydrothermal synthesis. Finally, the third method, a
two-step method with the addition of an external agent, where ash silica is

removed and the Si/Al ratio adjusted with external agents for synthesis.

1.2.3.1.1 Classic mechanism

The classical mechanism represents the method from hydrothermal
synthesis and involves three steps: dissolution,

condensation/gelatinization where [4]:

a) Dissolution: step responsible for the dissolution of the aluminum
and silicon phases present in the ash in the basic solution. The dissolution
speed is proportional to the concentration of the solution, in which hydroxyl
ions — which are responsible for the dissolution of salts, and maintenance
of the stability of the solution, react with aluminum and silicon, forming

complex ions;

Si(OH), + H,0 < (H,0)Si(0H)3

In the case of the complex AI(OH)y, it is subject to the dehydration

stage, according to the reaction:
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2 Al(OH); © [(OH)3Al — 0 — Al(OH);] + H,0

b) Condensation/gelatinization: represents the phase where the
aluminate and silicate ions react, aiming at the formation of the hydrogel

(aluminosilicate) [4];

NaOH(aq) + NazAl(OH)4(aq) + Na25i03(aq) - [NaA(AIOZ)B(SlOZ)ZNaOHHza]

c) Crystallization: step responsible for the transformation of hydrogel
into zeolite crystal. The reaction velocity is dependable on the amount of
alkali metals in solution, usually, Na*. In this process, there is the reaction
between the material present in the gel and the positive and negative ions
of the salts present, which leads to the growth of the crystals and

subsequent formation of the zeolitic phases [4].

[Na,(Al0,)(Si0;);. NaOH.H,0 © [Na,(Al0,),(Si0,),] * z H,0 + solution

Gel Crystal in suspension

The method in question has the parameters influencing zeolitization
such as: chemical composition of the ash, the concentration and type of
the activation agent, the liquid/solid ratio, the temperature, the reaction
time and the intensity of agitation [4]. It is known that this method requires
long reaction times and the synthesized products are not pure,
characterized by different phases of mixed zeolites and the quantity of

ashes present in the final solution.
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1.2.3.1.2 Two-step method

The second method consists of the previous fusion of the ash-alkali
mixture, followed by hydrothermal treatment. [4]

In the first stage, fusion occurs, favoring the conversion of the
crystalline phases of silica and alumina into soluble silicates and sodium

aluminates.
NaOH + XAl203ySl02 - Na25i03 + NazAZOZ

Further, in the second stage, the obtained product is dissolved in
water and subject to temperature, referred to hydrothermal treatment,

where the formation of crystals occurs.

NaOHaq) + NapAl(OH) 4y + Na3SiOs ) = [Nax(Al0,),(Si0,),. NaOH. H,0]

(gel)

[Nay(410,),/(Si0,),.NaOH.H,0] - Na,|(Al0,),(Si0,),]. hH,0

(crystal in suspension)

The main characteristic of the two-step method is the high
conversion of ash into zeolites when compared to the traditional method.
The direction of the product, object of synthesis, is derivate from the

variation of the parameters in the hydrothermal treatment. [4,71]
1.2.3.1.3 Two-step method with addition of external agent

The third method consists of synthesis of products by the two-step

method. At first, the extraction of silica present in the ashes occurs, by
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stirring with alkaline solution, followed to the hydrothermal reaction with
aluminum from external source. This method produces high purity zeolite
material, but solid residues from the process do not have defined
applications or uses [4,72].

Depending on the experimental conditions and the chemical
composition of the ashes used, different types of zeolites are obtained,

regardless of the synthesis method applied [52].

1.2.3.2 Factors influencing the synthesis of zeolites

Zeolites, synthesized by hydrothermal synthesis, are formed by
metastable phases, which turns complex the variation of parameters in the
synthesis and, the understanding of the chemistry of the reaction,
consequently. The crystallization phase, which involves complex reactions
such as solution-precipitation, polymerization-depolymerization and
nucleation-crystallization is highly influenced by several parameters. The
main are: reaction composition, aluminum and silicon sources, Si/Al ratio,
alkalinity, water content, temperature and crystallization time, aging,

agitation and seed utilization [86-89].

1.2.3.2.1 Composition of the reaction medium

The reaction medium exerts a very significant influence on the
synthesis process and should be controlled for a better development of
the process. There are several ratios for compositions that affect the
reaction medium, whose can be observed. In Table 2, the main ratios that
have influence in the crystallization process of zeolites are presented [90-
93].
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Table 2 — Effects of the variant ratios of the synthesis process on the
reaction [88]

Ratios Main Effect
SiO2/Al203 Composition of the structure
H20/SiO2 Species transport, crystallization speed
OH- (hydroxyl ion) /SiO2 Species transport, molecular weight of synthesis gel

Cation (s) inorganic (s)
/SiO2

Organic additives / SiO2 Al distribution in structure, structure type

Cationic distribution, structure type

The reaction medium is characterized as critical, because it depends
on the progress and, in turn, the reactivity of the species present in the
mixture. In a wide range, it is known that the main conditions that have
influence are: the order of introduction of the reagents and the

homogenization of the mixture.

1.2.3.2.2 Source of Aluminum and Silicon

The sources of the main synthesis oxides have great influence on
the synthesis, since they are important in the nucleation and crystallization
of zeolites. The sources of silicon differ in several characteristics among
themselves: solubility, reactivity, nature of polysilicates and their
distributions, crystallization rate, crystal size and, homogeneity of particle
size. These should to be controlled in favor of the generation of the zeolites
[94-96].

1.2.3.2.3 Ratio Si/Al

The Si/Al ratio is highly influencing in the product obtained in the
synthesis and its structure, and there is a quantitative correlation with

respect to the initial value and the final product. Below is Table 3, which
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represents some of the characteristic products from the synthesis Si/Al
ratios [97-99]:

Table 3 — Classification of synthetic zeolites for Si/Al ratio [64]

Si/Al Ratio Synthetic Zeolites
1,0-1,5 4A, X
2,0-5,0 Y, NaP1, Sodalite
10 - 100 ZSM-5

1.2.3.2.4 Alkalinity

The alkalinity parameter provides a direct relationship with the
increase of solubility of Si and Al, when increased, also decreasing the
degree of polymerization of anions, in solution. In turn, the increase favors
the reduction of induction and nucleation, accelerating the crystallization
of zeolites; while decreasing the size of the formed crystals, having a

passive influence on the morphology of the formed material [100].

1.2.3.2.5 Water

Water, or dilution of the solution with the addition of this solvent,
influences the hydrothermal synthesis of zeolites. Each product requires a
specific amount of water for synthesis. The current understanding is that
crystallization is positively affected by the dilution of the solution, in order
to favor nucleation, in which there is a favorable growth of crystals through

the reduction of saturation of the reaction mixture [93-95].

1.2.3.2.6 Temperature and crystallization time

Temperature is an extremely important factor for the synthesis of

zeolites. Each zeolite has a temperature range where the nucleation and
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growth of the crystal are affected. Thus, crystallization is very important for
the final product. [90-93]

In addition, crystallization time is important, since crystallization
usually increases over time. The metastable phases of zeolite in the
formation of products obey the law of successive reactions, which states
that a less stable phase occurs first, being replaced by a more stable one,
later on. An example of such influence is due to the prolongation of the
crystallization time of zeolites A and X, which dissolve themselves in order
to form new zeolites: sodalite (SOD) and P [GIS] (Gismondine),
respectively, considering the synthesis in alkaline aluminosilicate gel.
Thus, it is perceived that kinetics should also be considered to understand

the respective influence on synthesis [92-96].

1.2.3.2.7 Aging

This parameter has influence in the chemistry of the gel, generating
results in the growth of crystals in the nucleation and kinetic steps of the
zeolites. The understanding of how the influence of such parameter occurs
is not defined, and a deep understand of its influence is complex. It leans
on the formation of nuclei during aging and its stability prior to alkaline
hydrolysis, as the influence of this parameter. The other influences

observed and understood as related to aging are [44, 53]:

e Increase the nucleation rate;
¢ Reduce the induction period and duration of crystallization;
e Reduce the size of crystals;

e The increase in the amount of crystals.

34



1.2.3.2.8 Agitation

Zeolite comes from static synthesis processes. Moraes (2014) [84],
highlights that agitation is a process parameter currently studied that
shows a possibility of crystallization kinetic modification, especially with
regard to the diameter of the formed cristal. Due to the higher mass
transfer of the process, the saturation of the synthesis gel is achieved

faster, but provides small crystals in the synthesized materials [90-93].

1.2.3.2.9 Seeds

Seeds are crystals of the zeolite that are aimed to synthesize. The
addition of a quantity of sees in the synthesis allows the favoring of zeolite
type, when it is possible to synthesis of different products in the synthesis.
Another use derives of the aim to obtain products with less impurity and
also, in favor of increasing the reaction rate. It is also known that the
addition of seeds does not have considerable influence when in the use of

dry or wet methods, only in pure products as reagents [90-93].
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2 ZEOLITES AS ADSORBENTS FOR PETROLEUM PRODUCTS

2.1 Produced water

Oil and gas producing water (PW) is the largest flow of wastewater that
rises from hydrocarbon-containing formations during the exploration and
production of oil and gas. This is a mixture of reservoir, sea or fresh water,
which has been under hydrocarbons for millions of years in a porous reservoir
medium; injection water; small volumes of condensed water from gas
production and treatment residues that have been added to ensure the
effectiveness of hydraulic fracturing operations. In gas fields, water injection
Is not used, which means that the PW in a gas field is a mixture of formation
water and condensed water. Hence, the volume of PW from a gas field is
reported to be less than that from oil fields, which accounts for 2.4 times the
volume of produced petroleum. In addition, it has been reported that the
acidity of PW from a gas field is higher than from an oil field, and this may be
due to the dissolved acid gases CO. and H>S that are contained in the
formation [8,9,101-103].

A variety of different solvents and chemicals are used in oil and gas
exploration and production fields, where about one third of these chemicals
are reported to be released into PW. It has been found that the volume of oll
and water produced or water cut (the ratio of water produced to total fluid
produced) increases with well age reporting production in a near-depleted
field. reduce water cut to 98% [8,9,102].

Oil and gas formation water treatment must meet water quality
requirements set by regulators, either for discharge/reuse or for the

sustainability of the energy sector. Disposal of untreated oil and gas wastes
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containing many hazardous materials can compromise environmental
sustainability [8,9,104]. The characteristics of the chemical and physical
composition of PW must be known in order to provide an appropriate way to
reduce the content of these hazardous substances in PW to acceptable
levels before they are disposed of or reused for their intended purpose.
Therefore, an appropriate management strategy needs to be put in place so
that oil and gas can be safely disposed of into the environment and/or reused
without compromising the environment and the sustainability of the energy
sector. Recent papers have reviewed PW processing technologies, however
reviews of technology development by various research groups and detailed
mechanistic aspects and chemical processes of the technology are scarce.
It is necessary to understand the mechanistic chemistry of the process in
order to gain information about the reaction pathways during processing and
the possible environmental impact of the resulting by-products [8,9,105].

Oil production is one of the most important indicators of the country. In
Figure 8 we see the evolution of oil production in Russia and the world over
the past 10 years, with Russia producing almost 10.8 million barrels per day
in 2021. As previously explained, one of the main residues of oil production
is produced water, and in Russia alone, over the past year, the equivalent in
volume of almost 26 million barrels of oil per day was produced from

formation water to be treated [8,9,102].
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Figure 8 — XRD analysis schematization [8,9]

2.2 Adsorption

Adsorption occurs by the mass transfer of a compound present in a
fluid to the solid phase due to the property that poorly solids have to
concentrate on their certain substances existing in liquid or gaseous solutions,
allowing them to be separated from the fluid phase, with the mass transfer
occurring by a spontaneous process moved by the concentration gradient of
adsorbate. The process inverse to adsorption, which is characterized by the
detachment of adsorbate from the adsorbent surface, is called desorption
[106].

Because it is a process that occurs on the surface of a solid, adsorption
Is influenced by the solubility of adsorbate in the adsorbent, the molecular
structure of the adsorbate, and also of the total surface area, pore volume,

pore diameter and porosity of the adsorbent material. In the solid-solution
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system adsorption differs, in general, from that which occurs in the solid-gas
system. In the solid-solution system, the balance is influenced, in addition to
the factors previously enumerated, by the interaction between solvent-
adsorber and solvent-adsorbate. Therefore, if the solvent is soluble in the
adsorbent, the solvent molecules start to compete with the adsorbate
molecules. As an example, for the case of very diluted solutions in which the
solvent is soluble in the adsorbent, the pores of the adsorbent will be
practically complete filled by the solvent molecules. This fact usually also
occurs in multicomponent mixtures, whether gaseous or liquid [107].

As one of the factors influencing adsorption, the interaction between
adsorbate molecules and the adsorbent surface can happen in two ways:
physical adsorption, or physisorption, and chemical adsorption, or
chemisorption, based on the forces that unite them [105-107].

Physical adsorption is a process that occurs when there is a weak
interaction of adsorbate molecules with the adsorbent surface. This
interaction initially forms a monolayer that covers the surface of the solid, and
can form multilayers if the porous structure allows. Having insufficient energy
to maintain the interaction between adsorbate and adsorbent, the molecules
maintain their identity and the process quickly strikes balance. The
physisorption process is therefore reversible, exothermic and occurs at low
temperatures, and the temperature increase is inversely proportional to the
adsorption capacity of the material adsorbent[106-109].

Because it is a reversible process, its applicability as a separation
process is possible, since it allows the separation of the desired compound
from the fluid medium through adsorption and recovery of the compound

adsorbed in its original form by the desorption process[103].
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Chemisorption occurs only a monolayer and is usually preceded by
physical adsorption. Chemical adsorption has as characteristic the strong
interaction between adsorbate and adsorbent, being at the same level as the
chemical bonds. The interaction between the adsorbent and the adsorbate,
which can be covalent or ionic in nature, alters the structure of the adsorbate,
making it extremely reactive. Unlike physical adsorption, chemical adsorption
occurs at high temperatures, but the adsorption reaction is limited to a
temperature range to which chemisorption is possible. When at low
temperatures, the chemisorption process requires a long period of time for
balance to be achieved [104].

Because of the irreversibility of the process, chemisorption is used to
support metals with catalytic properties on pore solids that, after this process,

are applied as catalysts [105].

2.2.1 ADSORPTION AS A SEPARATION PROCESS

As advantages over other separation operations, adsorption presents
a low energy consumption, the possibility of separation of azeotropic
mixtures, the flexibility of the system, the low operational cost and the non-
need to use other components to help with separation [106].

However, for an adsorption process to be employed at commercial
scale it is necessary to apply a large amount of an appropriate adsorbent,
which implies a high initial cost. This obstacle led the researchers to seek
new adsorbent solids that had greater affinity with the compound to which
they want to adsorb and a greater capacity to adsorption, which implies a
reduction in the adsorption column and an increase in operating time. Initially

the adsorptive processes used a series of activated carbons and silica gel as
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adsorbent, and subsequently made use of other porous solids, such as
aluminas, clays, and biomass. However, it was only with the development of
molecular sieves, especially synthetic zeolites, and their application as
adsorbents that the process was substantially improved. Some of the
processes to which adsorption applies for separation or purification of fluid
current include the dehydration of organic liquids, removal of peroxides of
vegetable oils, animal fats and oils, removal of sulphurous contaminants and
hydrocarbons from aqueous effluents, removal of pigments and nucleic
acids, and others[107].

In the removal of VOCs (Volatile Organic Compounds), some authors
point out that the use of adsorption as a process of treatment of effluent
currents, both gaseous and liquid, is not only feasible, but is one with the
lowest cost of operation among the methods of treatment, besides having a
high removal efficiency, being always greater than 90% [108].

When employed together with the catalytic oxidation process, the
adsorption process becomes even more advantageous due to its ability to
reduce the volume that will be treated by catalytic oxidation, reducing the cost

of operation [108].

2.2.2 ADSORBENTS

To assess whether a given adsorbent is commercially viable, Gomide
(1988) points out that the adsorbent must have a number of characteristics,
such as: high selectivity to the desired compounds, high adsorption capacity,
mechanical, thermal and hydrothermal resistance, low load loss, chemical

inertia, low density, high specific surface area and low cost[107,108].
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It is notorious, therefore, that due to the various factors that influence
the adsorption process, there is no adsorbent that has a higher adsorption
capacity than the other adsorbents for all adsorption applications, and a
specific adsorbent must be applied to each process. In this way, it is
necessary to develop new porous materials as well as the handling of them
or existing materials [105].

In this search for the best adsorbent for a specific process, Diaz et al.
(2004) studied gas adsorption in alumina, 13X and 5A zeolites and activated
carbon of various alkanes, cyclic compounds, benzene and chlorinated
compounds. Brunchi et al. (2012), for example, investigated the adsorption
capacity of twenty-one different types of commercial adsorbents, among
them: activated aluminas, polymer resins, carbon black graphite, carbon
molecular sieves, NaY zeolite and activated magnesium silicate; in the
adsorption of a solution of toluene containing traces of butanal, 2-ethyl-2-
hexanal, 2,6-dimethylcyclohexanone, 2-methoxy-1,3,5-trimethylbenzene
and 2,4,6-trimethylphenol [104,109,110].

2.2.2.1 Activated carbon

Activated carbon is the porous material most widely applied as
adsorbent by the industry due to its high specific surface area and efficiency
in the removal of organophilic compounds [107].

It is produced by pyrolysis of carbonaceous materials followed by
activation with steam or carbon dioxide at high temperatures, between 700
and 1100 °C. Its pore structure is formed by the disordered stacking of
graphite micro-crystallites, which generates gaps between the crystals,

enabling the formation of micropores. Therefore, the distribution of pore size
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and pore diameter are affected by the conditions adopted in pyrolysis and
activation procedures, which makes it possible to produce materials with
distinct characteristics. The surface of activated carbon is essentially
hydrophobic and organophilic, and may have a polar aspect due to surface
oxidation. Due to its nature, activated carbon is widely used in adsorption of
nonpolar organics, such as in the processes of water purification, bleaching
of sugar solutions, recovery of gasoline vapors in cars and solvent recovery
systems [108-111].

2.2.2.2 Silica Gel

Silica gel is an amorphous, polar and high porosity material that is
obtained through the dehydration of colloidal silica, and can be represented
by the formula SiO2.nH,O, with water present mainly in the form of hydroxyl
groups. Its pore structure can be controlled by manipulating the synthesis
conditions, which allows obtaining a material with distinct diameters and pore
distributions. Due to the presence of hydroxyl groups on its surface, silica gel
has greater affinity with polar compounds, such as water, alcohols, phenols,
amines and hydrocarbons polar. Because of its selectivity to aromatic
compounds, silica gel was used in the separation of aromatics from paraffinic
and naphthenic compounds in the known process as Arosorb, registered
trademark of Universal Oil Products, however, its greatest application is as

desiccant in the removal of moisture from gas eatery currents [112].

2.2.2.3 Alumina

Alumina is a high area pore form of aluminum oxide. It is usually

synthesized from bauxite, Al,O03.3H,O, or from monohydrates by dehydration

43



and crystallization at high temperatures. Its surface is more polar than that of
silica gel and may have an acidic or basic character [113].

Its main application is as a desiccant, although it is also used as
adsorbent of hydrocarbons. Although it has a more polar surface than silica
gel, the low temperature silica gel has higher water adsorption capacity,
characterizing it as a better desiccant. The opposite occurs at high
temperatures, which is when alumina has a greater adsorption capacity than
silica gel, which led to it being used in the drying of wet currents of air and hot
gases. However, alumina has been replaced by molecular sieves in most

practical applications to which it is applied [114].

2.2.2.4 Zeolites

Although it is the most common adsorbent used in practical
applications, mainly because it has low acquisition cost, activated carbon has
some limitations, such as the risk of fire, low thermal stability, low selectivity
and the risk of organic contamination. As a way to work around these
problems presented by activated charcoal, some inorganic adsorbents were
proposed, with emphasis on zeolitic materials [115].

Zeolites are crystalline inorganic solids, of natural or synthetic origin,
most often are aluminosilicates, which may present a variety of structures
resulting from the variation of precursor materials and the process to which
they generated [116].

Zeolites have a wide applicability due to their structural and
compositional properties, as defined pore structures, which allows to employ
the selectivity of form, acid properties, good thermal stability and ion

exchange capacity. Zeolites with low Si/Al ratio in their composition are
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commonly used in the adsorption of polar compounds and in the removal of
cations by ion exchange drinking water production plants. Those with a high
Si/Al ratio are hydrophobic and organophilic materials to which they are
widely used as adsorbents of polar compounds. Therefore, zeolites show to
be malleable in terms of their polarity, and can be modified in their structure
and chemical composition [117].

Zeolites such as 13X (NaX) and zeolite 5A (CaA) have been used in the
separation of hydrocarbons. Zeolites have also been effectively applied to the
removal of low molecular weight OCs (Organic Compounds), which have
higher adsorptive capacities when compared to coals [118].

Most of these zeolites that have been applied in the separation of VOCs
have hydrophobic character, and sometimes are applied even in their silicate

form.

2.2.7 ADSORPTION EQUILIBRIUM

In batch adsorption processes, adsorbate is removed from the solution
containing it from the adsorbent until a constant value of the adsorbate
concentration is reached in the middle. This is because, at this moment, the
amount being adsorbed is the same as being desorbed, characterizing
dynamic balance. When achieving balance it is then possible to quantify two
parameters that are used to evaluate adsorbents in the adsorption process:
the concentration in equilibrium (C.) and the ability to adsorbent adsorption

in equilibrium (ge), which can be described by the following:
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Where C, is the initial concentration of adsorbate, m, is the adsorbent
mass and Vg, is the volume of the solution [119].

By analyzing these parameters, it is possible to verify important
information of the adsorptive process in the equilibrium, such as: the affinity
between adsorbent and adsorbed and the maximum adsorption capacity. The
analysis of these parameters is commonly presented in the graphic form
through a curve with C, in the abscissa and g.in the ordinate, commonly
called isotherm of adsorption due to the experimental tests occurring at
constant temperature [120].

Adsorption isotherms constructed by adsorption tests in gas-solid
systems are also used to verify the morphology of porous solids from the
profile of the generated curve. The classification of isotherms is divided in six
different types [118]:

Adsorbed quantity

Relative pressure

Figure 9 — Classification of isotherms for solid-gas systems [118]
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Type | isotherm, commonly called Langmuir isotherm, is characterized
by rapid adsorption at low relative pressures tending to a maximum value
when relative pressure approaches the unit. It is characteristic of microporous
solids where the pore size is slightly larger than the molecular diameter of
the adsorbate, thus forming few layers or a monolayer of adsorbent
[119,120].

Type | (a) being characteristic of materials with narrow pores, less than
1 nm, while type | (b) is characteristic of solids with diameters pores in a wider
range, from micro to mesopores [118].

Type Il and IV isotherms are typical of non-porous or meso and/or
macro-porous adsorbents, where the isotherm inflection point corresponds
the formation of the adsorbent monolayer [117].

The difference occurs when the relative pressure tends to drive. Since
in type Il the increase in relative pressure infinitely increases the amount
adsorbed. While in type |V, it is possible to observe the formation of the
multilayer due to the capillary condensation inside the pores [118].

Hysteresis present in type IV isotherm (a) is observed when pore width
exceeds a critical value, while type IV (b) are observed in solids that have
smaller width pores. Type Ill and V isotherms are observed when adsorbate-
adsorbent interactions are weaker than adsorbate-adsorbate interactions,
being characteristics of non-porous solids and mesopores. Type VI
adsorption represent the multilayer adsorption that occurs in adsorbents with
uniform non-porous surfaces, and the height of the step being the adsorption

capacity of the layer [120].
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2.2.7.1 Freudlich model

Freudlich's model was one of the first to treat the relationship between
adsorption capacity and concentration in balance, initially emerging as an
empirical correlation of data experimental forms, being derived only later to
its mathematical form [115].

Freudlich's model considers the solid heterogeneous and with active
sites of different levels of adsorption energy, thus applying a logarithmic
distribution of the active sites. Because of this, Freudlich's model presents an
adsorption isotherm in concave format, to the concentration axis, to low
concentrations, in addition to not reaching a saturation value. Freudlich's
isotherm model is commonly expressed in the following form [114]:

qe = Kp * C;/n

Where Ky is the Freudlich constant, which is related to adsorption
capacity, and n is a parameter that is related to the intensity of the forces of

attraction between adsorbent-adsorbate [115].

2.2.7.2 Langmuir model

Being one of the most used models to represent adsorption isotherms,
also one of the simplest, the model proposed by Langmuir was still the first
theoretical foundation that proposed to explain the adsorption isotherms
[116].

Langmuir's modeling idealized treats the phenomenon of adsorption,

based on the following considerations: each site is equivalent in energy, each
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site adsorbs a single molecule, not there are interactions between adsorbent
species and adsorbates are adsorbed in fixed and defined numbers of sites
[117].

From its mathematical deduction, the Langmuir model is commonly

represented by:

— Qmax * KL * Ce
1+ K, xC,

de

Where q,,,4 IS @ parameter related to the maximum adsorption capacity
and K; is the Langmuir constant, which is related to the affinity of adsorbate
with the adsorbent. From the equation above, it is also possible to observe
that for values of K; * C, close to zero, i.e. for very low concentrations, the
eqguation is reduced to a C,-dependent linear equation. Although, for high

concentrations, i.e. K; * C, much higher than the one, g, tends to g4, [118].

2.2.7.3 Sips model

The Sips model is also known as the Langmuir-Freudlich model. Since
at low equilibrium concentrations the model is reduced to the Freudlich model,
simulating a heterogeneous solid with sites of different levels of adsorption
energy. While at high equilibrium concentrations, the model is equivalent to
the Langmuir model, presenting a maximum value of adsorption capacity,
indicating the saturation of the adsorbent. The equation below represents the
Sips model [119].
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1/S
— qmax*KS*Ce/

1+Ks*C*

de

Where Ks is the Sips constant, which like Langmuir's is linked to the
affinity between adsorbent and adsorbate, and S is a parameter of the model,
which as well as Freudlich's is related to the intensity of the forces of attraction
between adsorbent and adsorbate. It is also possible to observe that if the
value of S is equal to the unit, the Sips equation is reduced to the Langmuir

equation [120].

2.2.7.4 BET model

In 1938 Stephen Brunauer, Paul Hugh Emmett and Edward Teller
(BET) published his theory of adsorption isotherm in the Journal of the
American Chemical Society. The model BET can be interpreted as a
generalization of the Langmuir model for adsorption of multilayer gases. The
BET model assumptions include solid surface homogeneous, absence of
lateral interaction between the adsorbate molecules and equilibrium between
the outermost adsorbed layer and the gas phase. Below the mathematical
model for BET is presented [119]:

U+ C ¥
(Po —P)[1+(C—1) *p/po]

v =

Where p is the pressure of the gas, p, is its saturation pressure, v is
the volume of gas adsorbed in the pressure p, v, is the maximum volume of

adsorbed gas when the entire surface of the adsorbent is covered by a
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monolayer and C is a constant related to the heat of adsorption, defined by

the following equation [118]:

E, - EL)
RT

C = exp(

Where E; is the heat of adsorption of the first layer, E; is the heat of

liquefaction of the gas, R is the universal ideal gas constant (8.314 J/mol K)
and T the absolute temperature [117].

The BET isotherm equation can be linearized, assuming the following

form:

p 1 +(C—1)*p
v —Po) VUm*C vy *Cxpg

p
vP—Po

in the ordinate

In the case of the linearized equation, the curve of

axis versus p/p, in the abscissas axis is drawn [115].

2.2.8 ADSORPTION KINETICS

Adsorption kinetics is commonly expressed as the rate of adsorbate
removal as a function of time. The understanding of kinetics is necessary,
because it evidences the diffusion and reactional mechanisms that involve
the adsorptive process, also quantifying an important parameter that should
be taken into account when evaluating adsorbents: the length of residence

required for adsorbate-adsorbent-solution balance [113].
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In order to equate this phenomenon, many models have been
proposed, and the models proposed by Lagergren (1898) and Ho et al. (1999)
the most used to describe adsorption kinetics data. The models proposed by
Lagergren and Ho et al. were named as pseudo-first-order and pseudo-
second-order models, respectively, because they are based on the
adsorption capacity of the solid, differentiating from the other kinetic models

based on the reaction rates [112].
2.2.8.1 Pseudo-first-order model

The pseudo-first-order model described by Lagergren (1898) can be

described as:

dq
7= @ —q)
As g being the adsorption capacity in time t and k; the kinetic constant.
By integrating and applying the integration limits, fromt=0tot =t and
from g =0to g = g, we obtain [112]:
e — 4

In = —k,;xt
0o !

This equation, after some rearrangements, can be used as:

q = qe(1—e"™)
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2.2.8.2 Pseudo-second-order model

The pseudo-second-order model can then be described in a similar way

to the pseudo-first order model, as presented in the following equation [118]:

dq

Ezkz*(Qe_q)z

And k,being the second-order kinetic constant.

By integrating using the same limits for the pseudo-first-order equation,
the form represented in the equation below is obtained after rearrangement
[117]:

_ ko *qi*t
q_1+k2*qe*t
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3 OBJECT AND METHODS OF RESEARCH

3.1 Materials

3.1.1 ASHES

The ashes chosen for the study in this work were: coal ash from
Seversk and Tomsk regions, as well as an agloporite material, generated
from sintering the granules of fly ash and slag waste, in the Laboratory of

Tomsk Polytechnic University (TPU).

3.1.2 REAGENTS AND SOLUTIONS

The reagents used were analytical. Sodium hydroxide was supplied
with purity of 98%, being used without previous treatment. The distilled

water, used in the process was obtained at the Laboratory of TPU.

3.2 Characterization methods

Characterization is an indispensable tool for understanding the
properties of the materials and synthesized products, as well as their
possible applications; or as a mechanism for controlling the progress of
synthesis processes [4].

Knowing the characteristics of ash and zeolites, for example, is a
fundamental element for their applicability in new products, generating the
minimization of environmental impact, consequently [4,69].

The following is the description of the techniques commonly used for
the characterization of ash and zeolites, regarding four characteristics:

specific area, chemical composition and mineralogical composition [4,69].
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3.2.1 SPECIFIC SURFACE AREA

The specific surface area is the area of the outer surface of the
particles per unit of mass. The specific area is determined through
adsorption/desorption processes, which represent physical and/or
chemical processes in which a substance (adsorbate) is extracted from
one phase and concentrated on the surface of another phase (adsorbent),
called with being a surface phenomenon [4,52,69].

The specific area of solid materials is determined by the amount of
adsorbate, usually gaseous, necessary to cover the surface of an
adsorbent material. The amount of adsorbate adhered to the adsorbent
surface, considering systems closed and maintained at constant
temperature, is proportional to the decrease in gas pressure and the
increase in adsorbent mass [52].

The data obtained from these adsorbent/adsorbate interaction
processes are used in several models for the calculation of specific area,
among them, the BET method (Brunauer-Emmett-Teller). The technique,
based on adsorption and desorption of gaseous nitrogen, is widely used
for the determination of the specific area in several fields. Such as: food
industry, cosmetics, agriculture, building materials, medical equipment,
petrochemical, pharmaceutical, among others [69,104].

The amount of gas adsorbed by volume is calculated by decreasing
the gas pressure through the law of the ideal gases. Knowing the area
occupied by an adsorbed molecule (fixed value for nitrogen at the
established temperature), the calculation of the specific area of the
material is performed using the BET model [5].

The degassing process is used to remove impurities from the sample
surface. This process consists of heating the sample under reduced

pressure or under a low inert gas flow. The degassing process can be
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coupled to the area-specific metering equipment or occur in a degasser
itself [52].

In order to carry out adsorption/desorption measurements, an
equipment containing the sample is inserted into a chamber containing
liquid nitrogen in the equipment. The measurement conditions are then
determined. A fixed temperature is determined by means of an external
circulation bath, and then the gas is introduced into the sample in small
guantities. The gas molecules gradually adhere the surface of the
adsorbent solid, forming a monolayer that covers it [56].

As the partial pressures of the gas (adsorbate) approach the
saturation point, the pores are completely filled by the gas and then the
adsorption isotherms of the adsorbed gas are traced. Desorption
iIsotherms are generated when removing the gas from the sample surface,
the procedure of which is performed at low flow [57]. An instrumentation
software itself calculates, through BET theory, the amount of adsorbed
and desorbed molecules of the adsorbate surface and uses this data to
calculate the area of the adsorbent surface [69].

Therefore, it is possible to understand the importance of this analysis
with regard to adsorbent materials, since a large field of action of them is

adsorption.

3.2.2 CHEMICAL COMPOSITION

X-ray fluorescence technology (XRF) allows identifying and
guantifying several chemical elements, thus being used to determine the
chemical composition of solid, liquid and gaseous materials [4,35].

The fluorescent X-ray process starts exposing a sample under
primary X-ray radiation, causing the electron from the innermost layer of

the atom to be ejected, causing an empty space. Through a series of
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electronic transitions, this excited atom returns to the fundamental state.
This electronic transition process emits characteristic fluorescent X-rays,
called X-ray fluorescence [36,72].

There are two types of analyses in the technique: qualitative and
guantitative. In qualitative analyses, the equipment detects the emitted
radiation (energy and wavelength) and compared it with the patterns, since
each element emits a characteristic radiation. The intensity of radiation
emitted by each element present is used for quantitative information. In
addition, the technique can be subdivided into the categories of length of:
dispersive wave (sequential or simultaneous), dispersive energy; and
special energy (synchrotron radiation source, total reflection and particle
induction) [106].

Wavelength dispersion X-ray fluorescence (WDXRF), using the
fundamental parameters (FP) method, provides semi-quantitative and
multi-elementary analyses, as well as being fast and non-destructive. The
method relates the fluorescent intensity measured by means of the known
standard shows, determining the unknown chemical composition [105].

The main elements analyzed by this method are: SiO2, Al,0s, CaO
(calcium oxide), Fe2Os (iron oxide Ill), K2O (potassium oxide), MgO
(magnesium oxide), P20s (phosphorus pentoxide), Na-O (sodium oxide),

TiO2 (titanium oxide) and MnO (manganese oxide). [4]

3.2.3 MINERALOGICAL COMPOSITION

The characterization of materials, such as ash and zeolites, uses X-
ray diffraction (XRD) as an analysis technique due to the information
available on mineralogical composition, arrangement of atoms and the

study of details of the crystalline composition of the materials [4].
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X-rays are generated by two strands: by the deceleration of
electrons on a metallic target and by the excitation of the electrons of the
target atoms. Diffraction occurs, therefore, when X-rays are spread
throughout the ordered environment of a crystal, causing interference
between the incident waves. Among these, there are constructive and
destructive ones, each of which forms patterns capable of providing
information related to the characteristics of the compounds present [4].

Among the known diffraction methods, three are considered the
main: the Laue Method, being used to determine the orientation of crystals
in solid state physics experiments; the Rotary crystal method, used for the
determination of enzyme configuration, determination of the shape of
molecules, among other applications; and the Powder Method, which is
used for powder samples [4].

In the Powder Method, a monochrome X-ray beam is directed to a
powder sample, the powder of which is scattered on a stand. The
diffractions, as well as their intensity, are measured by the movement of

the detector in different angles, as shown in Figure 10.

Sample

i "-. I i . Source

T= X-ray source

S= Sample
f g C= Detector
| - O= Axis on which the sample
Detector and detector rotate

Figure 10 — XRD analysis schematization [102]
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The obtained diffractogram represents the characteristic of the
material and can be identified by comparison, with standards from an
ICDD (International Centre for Diffraction Data) system (JCPDS) database
of the International Union of Cristallography. 4

Such a method provides a description of the sample. Being used to
identify the size and type of unit cell, measuring the spacing of the lines in
the diffraction pattern [67]. The equation used to analyze the results in this

method is the Bragg equation:

2dsenf = A

Where 6 (theta) represents the angles at which constructive
interference occurs, with spacing d, of the layers of atoms in the x-ray
shows of wavelength A (lambda) [108]. X-rays are reflected by the crystal
when and, only when, the angle of incidence satisfies the condition
established by Bragg's Law [4]. Figure 11 demonstrates the occurrence of

the described diffraction phenomenon [100].

Figure 11 - X-ray diffraction by a crystal 1%

Despite this fact, it is observed that the identification of phases or
peaks occurs only when it is possible to make a crystalline diffractogram.
Obviously, the presence of amorphism, identified mainly by halos of

amorphism, which are wavy regions in the diffractogram, and the proximity
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of the peaks present in the diffractogram, do not affect the resolution of
the analysis in its entirety, being susceptible to the acquisition of
information with present amorphism. Thus, it is feasible to obtain
information about the non-crystallinity of a sample. The calculation of
crystallinity is based on the information of the crystalline peaks and
amorphous band of the material within the measuring range and uses the

following equation:

WC,X = * 100%

¢
Ic + kxly

Where I and I, and are the result of the integration of the mirroring
intensities of the crystalline peaks and amorphous band, respectively.
And,k, represents the proportionality factor for the determination of
crystallinity, characteristic for each material [76].

The non-crystallinity (amorphous phase) of the material can be also

represented by the following equation [77]:

W (%) crystalline peaks area 100
= %
° total spectrum area

This equation is used to superficially understand the acquisition of
information about the amorphous phase of the material, when the

calculation is performed in the diffractometer software.

3.2.4 ADSORPTION CAPACITY

Another important method is the analysis of the adsorption capacity
of the material containing the zeolite, which is carried out to assess the

future use of the material and as a counter-evidence of the BET analysis.
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Thus, the effect of zeolite on field preparation and its ability to remove oil
is analyzed [100].

The spectrophotometry method used by the equipment is based on
two principles: (i) the color intensity of the solution is directly proportional
to the concentration of the solute; and (ii) each substance is capable of
absorbing or transmitting light of a particular wavelength [101].

The method occurs as follows: light enters from a fractionated lamp
through a prism or monochromator at its constituent wavelengths
(monochromatic light). The selected wavelength is directed at the solution
inside the cuvette, where some of the light is absorbed and some of the
light is transmitted. The decrease in light intensity is measured by a
detector (photocell). The electrical signal is amplified and read as
absorbance (nm), which is directly proportional to the concentration of the
substance [100,101].

The quantitative analysis of light absorption is based on the Lambert-
Beer law, in which Lambert states that “the intensity of the emitted light
decreases exponentially as the thickness of the adsorbing medium
increases arithmetically” and Behr states that “the intensity of a
monochromatic light beam decreases exponentially as the arithmetic
increase in the concentration of the absorbing substance”. Thus, both laws
are used in spectrophotometry, in which the amount of light absorbed or
transmitted by a given solution depends on the concentration of the solute
and the thickness of the solution [100,101].

3.3 Synthesis of zeolites by two-step method

The method used to obtain zeolite aimed at an alkaline fusion,

followed by a hydrothermal synthesis using as sources of Si and Al the
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three types of ash: coal ash from Seversk and Tomsk, and agloporite
originate from Seversk coal ash.

From this time, 192 different experiments were carried out, each
carried out in duplicate, resulting in a total of 384 experiments. The
parameters verified in this method were: type of ash, mass of ash, mass
amount of NaOH used, volume of deionized water, synthesis temperature,
synthesis time and crystallization time. Since the muffle temperature,
550°C, fusion time, 1.5 h, and crystallization temperature, 100 °C, were
constant for all experiments. Below are the variants of the parameters

used:

. Ash type: Seversk, Tomsk, Agloporite;
o Ash mass: 4 — 16 g;

o NaOH mass: 8 — 16 g;

J Volume of distilled water: 80 - 120 mL;
o Synthesis temperature: 80 °C - 100 °C;
) Synthesis time: 24 — 72 h;

o Crystallization time:24 — 72h.

The methodology used in the two-step method consisted of adding
a mass of ash to a mass of NaOH, homogenizing the system in a porcelain
crucible and, later, performing alkaline fusion in muffle, at 550 °C, for 1.5
hours. The alkaline post-fusion material was cooled and subsequently
ground and dissolved, in a fixed amount of deionized water, under
agitation, directly in the Teflon container.

Subsequently, the material contained in the Teflon container was
transferred to the stainless-steel hydrothermal reactor, so as to be
deposited in a heated oven, at a specific temperature and time. The

solution, after cooling at room temperature, underwent a quantitative
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filtration process, the liquid being derived from the solution discarded and
the solid part washed, with deionized water, in order to reach a pH of 7.
After filtration, the material was sent to the oven for the crystallization
process, for a predetermined period, at a fixed temperature. Figure 12

shows the flowchart of the synthesis process.
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Figure 12 - Two-step synthesis method
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4 EXPERIMENTAL
4.1 Samples used in the analysis

Two natural zeolites were also employed in the analysis of
adsorption capacity and effectiveness, being characterized as Natural
Zeolite and Sahaptinsky Natural Zeolite. Moreover, an additional sample
of commercial ZSM-5 zeolite and a sample of activated coal, from OAO

Uralbiofarm, were also employed in the analysis.
4.2 Materials for adsorption analysis

Industrial oil I-40A is used as a standard oil product (Model solution).
A matrix was prepared with dissolved oil products with concentrations
equals to: 10, 20, 24, 30 and 48 mg/dm?, prepared from standard samples.
Produced water was obtained from the oil field with hydrocarbon
content equals to 51 mg/dm3. Place of sampling — well. Lodochnoye-12.
Lodochnoye deposit, when flushing the bottom (saline solution), Yak-7,

perforation interval 1910-1914 m.
4.3 Methods
4.3.1 SPECIFIC SURFACE AREA

For the determination of the specific area of the ashes and zeolitic
products, one gram of sample was weighed and placed in a sample port
for the subsequent purpose of being submitted to the degasser, with the
goal to removal of volatile materials and moisture over a period of 1 hour
at 90 °C (degrees Celsius) followed by a period of 2 hours at 350 °C under

vacuum.
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The sample carrier was removed from the system and inserted into
the Micromeritics TriStar 3020 adsorption/desorption equipment, where
the specific area, by the BET method, was determined. As input data,
under the measurement conditions of the equipment, the mass of the
shows was taken. The equipment provided the final values of specific
area, calculated using adsorption isotherms and nitrogen desorption under
reduced pressure conditions. Work was conducted with the application of
equipment of the Tomsk Regional Core Shared Research Facilities Centre

of National Research Tomsk State University.

4.3.2 CHEMICAL COMPOSITION

The chemical composition of coal ash and ash mixture was
determined using the X-ray fluorescence spectrophotometry (XRF)
method in the X-ray fluorescence spectrometer, model XRF-1800, with
wavelength dispersion system.

Work was conducted with the application of equipment of the Tomsk
Regional Core Shared Research Facilities Centre of National Research

Tomsk State University.

4.3.3 MINERALOGICAL COMPOSITION

The method was conducted using the X-ray diffraction (XRD)
method at the Material Science Laboratory in the National Research
Tomsk Polytechnic University.

The samples were ground in mortar and subsequently packed in a
glass sample port and analyzed in «<SHIMADZU XRD-7000S», nature of
Cu K-a radiation, generated at 40 kV and 30 mA. The scanning speed
outside 10 °/min, with scan interval (pitch) equal to 0.0143° and 20 ranging

between 5° and 90° The identification of the crystalline phases
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(mineralogical composition), as well as the non-crystallinity of the material,
was carried out using the Computer Program Search-Match, which
analyzes the diffractogram obtained and, compared with the database of
diffraction patterns, displaying products compatible with the peaks

identified in the diffractogram.

4.3.4 EXPERIMENTAL TECHNIQUE FOR THE ADSORPTION OF
DISSOLVED PETROLEUM PRODUCTS ON ZEOLITE

The method use for the determination of adsorption of petrochemical
products is based on fluorescence analysis through the Fluorat equipment.
By calibrating the sample with a concentration up to 10 mg/dm3, the
equipment can perform the measurement of samples that present a
concentration up to 50 mg/dm?3, with an experimental error of 25% for
concentrations from 0.5 mg/dm3,

For adsorption, a mass of 3g of the sample is placed in a volumetric
flask of 100 mL (sample volume), being sealed and undergoing continuous
agitation for 44h at 160 RPM. Afterwards, the volume of clear solution,
without suspended material, is placed in an extraction column, with 10 mL
of pure hexane.

The sample undergoes agitation to separate the pure water from the
hexane with petroleum products, then the volume of water separated is
measured.

The hexane with the petroleum products is analyzed in the Fluorat
to obtain an indication of the petroleum components content.

Subsequently, the calculation of the effectiveness of zeolite is
performed based on the initial and final concentration of petroleum

components present.
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Cy — Ck

100
c.

a [%] =

And, the adsorptive capacity is analyzed by the difference of the
initial and final concentrations, multiplied by the volume of the volumetric

set (volume of sample used) and mass of zeolite used.

Cy — Cx
*
m

vV

A[mg/g] =
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5 RESULTS AND DISCUSSIONS

The first part of the present study consisted of characterizing the
types of ash regarding surface area, chemical composition and
mineralogical composition. Finally, the zeolites, obtained by the adapted
two-step method (2 samples), were characterized by mineralogical
composition, specific area and adsorption capacity and effectiveness.

It is noteworthy that the samples were not synthesized and
subsequently forwarded for analysis, so a control was not performed by
changing the parameters as the synthesis was conducted. Another
important issue concerns the low number of samples analyzed, which may
have led to a lack of understanding of all the facts analyzed, as well as the
lack of sufficient variation of factors for the understanding of all the stages
developed and, not possibility conclusion about the influence of a given
factor on the synthesis. In addition, the choice of the analyzed materials
occurred from the author's understanding of: better development in the
synthesis process, demonstration of visual homogeneity and the amount
of material produced, due to the low number of performed analysis.

In order to obtain a better understanding of the processes
developed, the samples obtained in the course of the proposed synthesis
methods that were obtained as amorphous material products, did not
suffer comparison between the influence of parameters in order to
understand their influence on synthesis; especially since few analyses
were performed to affirm the results and proof of their real influence on the
development of the method. In addition, it is noteworthy that, in view of the
performance of a low number of analyses in comparison, with the number
of experiments performed, it is not possible to obtain any definitive
conclusion about the observed behaviors, only to express the result

visualized.
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The results below, described and commented on, were divide using
two criteria: ashes and zeolites. As regarding zeolites, the methods used

for synthesis originated from the nomenclature used in the chapter.

5.1 Ashes

5.1.1 DETERMINATION OF THE SPECIFIC SURFACE AREA

Table 4 shows the specific surface area values attributed to the

agloporite used in the present study.

Table 4 - Specific Surface Area by BET method

Sample Specific Surface Area (m?/ g)
Agloporite 0.70 £ 0.07

Regarding the value presented in Table 4, it is perceived that the
agloporite have a low surface area, when compared to adsorbent
materials, such as zeolites [60]. In addition, it presents slightly high values,
but within what is usually found when compared to the literature for ashes
[89]. This is due to the combustion of ash, which was not high, causing
emissions with a certain amount of unreacted carbon, which increased the

specific surface area; and, of the properties originating from the ash [66].

5.1.2 DETERMINATION OF CHEMICAL COMPOSITION

The chemical composition present in the ashes, defines the potential

for application of this material.
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Table 5 - Chemical analysis of the compounds present in the ashes

Analyzed Seversk Agloporite Tomsk
SiO2 (%) 45.99 61.43 55.71
Al2O3 (%) 13.31 17.24 14.42
CaO (%) 4.21 4.45 4.65
Fe203 (%) 10.05 8.27 16.08
K20 (%) 1.73 1.84 1.38
MgO (%) 0.96 1.22 1.27
P20s (%) 0.56 0.95 0.63
Na20 (%) <1.00 <1.00 <1.00
TiO2 (%) 0.62 0.84 0.71
MnO (%) 0.06 0.13 0.20
SiO2/Al203 3.45 3.56 3.86

The content of the main compounds that shape zeolite structures,
SiO2 and Al>Os, corresponded above 75% for all the samples studied,
corroborating the use of these materials in the synthesis of zeolites,
according to the literature [29].

The contents of Ca, Mg and S oxides (Sulfur) were lower than 5 %
for all the samples, which may be a favorable indicator for zeolite
synthesis, because they are harmful in the formation of zeolites. *
However, in the literature, it is noteworthy that these materials do not
necessarily influence the process. But, due to the quantification of Fe>O3
above 9 % in the ash samples, they were not included further in the
synthesis process [61].

The SiO2/Al;O3 ratio calculated for the ashes ranged from 3.45 to
3.86, which indicates a low concentration of aluminum oxide in the ash,
which may hinder the formation of certain types of zeolites that require
fixed bands of this ratio [63].
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5.1.3 MINERALOGICAL COMPOSITION

The X-ray dilatometry technique allowed the identification of the

crystalline phases present in the ashes used, which are presented in the

form of a diffractogram in Graphic 1.
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Graphic 1 — X-ray diffractogram of the agloporite
As can be seen in Graphic 1 quartz is present in the agloporite
sample.

Quartz (SiO2) present in the coal ash sample and consequently in
the mixture between the ashes originates from the ash combustion system
itself. Since the same, according to literature, can only be fused at

combustion temperatures higher than 1400 °C [7,72,88].
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5.2 Natural zeolite

5.2.1 DETERMINING THE SPECIFIC SURFACE AREA

Table 6 presents the specific area values attributed to the natural

zeolite.

Table 6 - Specific Surface Area by BET method

Experiment Specific Surface Area (m?/ g)
Natural Zeolite 44.6 + 4.46

The specific area value found for zeolites were higher than the
normal values found for the agloporite, but remain low for zeolites,

because the literature suggests values above 80 m?/g [44,65].
5.3 Synthesis using the two-step method

In this method, the samples, derived from the synthesis from coal
ash, analyzed from the total synthesis performed (284) the samples

analyzed that generated a well-defined characterization summed 2.
5.3.1 MINERALOGICAL COMPOSITION

The X-ray diffractogram technique allowed the identification of the
amorphism halos present in the synthesized material, as well as two types
of zeolites. One containing 2 phases (Y-Faujasite and Sodalite) and

another containing only Sodalite, presented in Graphic 2.
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Graphic 2 — X-ray diffractogram of synthesis by two-step method

5.3.2 DETERMINATION OF THE SPECIFIC AREA

Table 7 presents the specific area values attributed to zeolites from

the synthesized zeolites used in the present study.

Table 7 — Specific Surface Area by BET method

Experiment Specific Surface Area (m?/ g)
Two Phase (Y-Faujasite /Sodalite) 162.2 + 16.22
Sodalite 63.3£6.33

The specific area values found for zeolites were higher than the
normal values found for the agloporite and the natural zeolite, but remain
low for zeolites, because the literature suggests values above 80 m?/g
[63]. However, the values found are higher than those found in the
literature consulted [89].
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5.4 Adsorption

5.4.1 EVALUATION OF THE ADSORPTION CAPACITY AND EFFICIENCY OF MATERIALS CONTAINING
SYNTHESIZED ZEOLITES. MODEL SOLUTION OF PETROLEUM PRODUCTS IN WATER

Table 8 shows the adsorption analysis of Petroleum Product (PP), from a model solution.

Table 8 — Adsorption analysis

Initial Concentration of PP in | Final Concentration of PP in _ Adsorption capacity of
Sample _ _ Effectiveness (%)
model solution (mg/dm3) model solution (mg/dm3) the adsorbent, (mg/g)
10 4,81 51,0 0,164
20 10,30 48,5 0,319
Sodalite 30 14,80 50,7 0,512
48 13,60 71,7 1,141
10 2,72 72,8 0,243
Natural 20 3,01 85,0 0,520
Zeolite 30 1,40 95,3 0,925
48 3,74 92,2 1,444
Sahaptinsky 30 13,3 55,7 0,519
Natural
_ 48 19,9 58,5 0,906
Zeolite
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As can be observed, the concentration of petrochemical products
increases, the efficiency of the adsorption capacity increases. This is
explained because the driving force of mass transfer is an increase in the
number of collisions of molecules with the surface of the adsorbent. With
an increase in the concentration of molecules, the probability of collisions
of the molecule with the surface of the adsorbent increases, which leads
to an increase in mass transfer from the solution phase to the solid phase.

And as the results showed, the efficiency of our synthetic sodalite
reached 71.7%, with the adsorption capacity of the adsorbent equal to
1.14. The results are inferior to 92.2% in efficiency with the adsorption
capacity of the adsorbent equal to 1.44 for natural zeolite. But in terms of
efficiency, they exceed 58.5% with the adsorption capacity of the

adsorbent equal to 0.91 for Sakhaptinsky natural zeolite.

5.4.2 EVALUATION OF THE ADSORPTION CAPACITY AND
EFFICIENCY OF MATERIALS CONTAINING SYNTHESIZED
ZEOLITES. PRODUCED WATER

Table 9 shows the adsorption analysis of Petroleum Product (PP) in
Produced Water (PW).

Both synthesized zeolites were analyzed, as well as industrial ZSM-

5 and activated carbon, as well as natural zeolite, which showed the best

result in the previous analysis.
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Table 9 — Adsorption analysis

o ) Final Concentration of Adsorption capacity
Initial Concentration of )
Sample _ PP in PW (mg/dm?) Effectiveness (%) of the adsorbent,

PP in PW (mg/dm?)

(mg/g)
Sodalite 51 5,7 88,8 1,607
Two-phase
o ) 51 3,4 93,4 1,688
(Y-Faujasite/Sodalite)

Natural Zeolite 51 3,1 93,9 1,551

ZSM-5 51 6,4 87,5 1,439
Activated coal

51 45 91,2 1,539

OAOQ Uralbhiofarm

And as the results showed, the efficiency of our synthetic sodalite reached 88.8%, with the adsorption
capacity of the adsorbent equal to 1.61 mg/g. The results outperform the analyzed ZSM-5 sample by 1.46% in
efficiency and 10.45% in adsorption capacity of the adsorbent.

And the two-phase zeolite synthesized by us with phases of Y-faujasite and sodalite showed an efficiency of
93.4% with an adsorption capacity of the adsorbent of 1.69 mg/g. It outperforms all other analyzed materials in all

respects.
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As presented in Table 10, some molecules have a diameter and
size different than the current one of the zeolites. Therefore, if the size
Is bigger than the pore of the adsorption material, then the material will

not be adsorbed.

Table 10 — Critical molecule size and diameter [99]

Molecule Diameter (nm) | Size (nm)
Propane 0.49 0.65
N-butane 0.49 0.78
N-pentane 0.49 0.90
N-hexane 0.49 1.03
N-heptane 0.49 1.15

Cyclopropane 0.49 -
Cyclohexane 0.61 -
Benzene 0.60 -
Toluene 0.67 -
Isobutane 0.56 -
Isopentane 0.56 -
Water 0.27 -

5.5 TECHNOLOGICAL PROPOSAL

Based on the results of the adsorption capacity and effectiveness
obtained in the synthesized products and considering the Technological
scheme of the water treatment plant in the heavy oil field development
system for generating steam and supplying it to a steam injection well,
under the Patent 2704664 RU [121], specifically withing the sorption unit
presented, and considering the initial petroleum products present before
the initial treatment in the unit equals to 60 mg/dm? and after the first
stage of the unit, achieving a concentration of 6 mg/ dm?3, below their

previous version (pre-Patent) whereas the concentration was 10
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mg/dm3, following up to the activated coal use in the sorption unit,
achieving a final concentration equals to 0,1 mg/dm3, as present in

Figure 13.

Makcumym 60 mr/om?

0.1 mr/gm?

/[

lJ-:
I EE EE B .

Makcumym 6 mr/gm?
Figure 13 — Unit before the change

A technological proposal of adding the synthesized zeolites in the
sorption unit after the first stage of treatment and before the use of
activated coal, is presented.

With this proposal a reduction in the associated cost of activate
coal is achieved, since the use of activated coal will remove petroleum
products not anymore for 6 mg/dm?3, but from 4 mg/dm?3, as indicated in
the results of the analysis. Therefore, as the following Figures suggest
the change in the unit, a reduction of use of activated coal can be

achieved, using a middle stage unit with the synthesized zeolites.
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Makcumym 60 mr/om?
0,1 mr/gm?

—

Makcumym 10 mr/gm?
Makcamym 6 ur/au? Makcumym 4 mrigm 0,1 Mr/gw

Makcumym 60 mr/gm?

Figure 14 — Unit after the change
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6 ®PUHAHCOBbIN MEHEO)XXMEHT, PECYPCOCBEPEXEHUE
N PECYPCOJ3®®DPEKTUBHOCTDb

BBeneHue

B aucceptaumMoHHon paboTe pellaeTcs 3agada UCNoNb30BaHUS
LLeONMTOB B YCTAHOBKE OYWUCTKM BOAbI B CUCTEMe OOYCTpoMcTBa
MECTOPOXAEHUs TsKenon HedTn Ans BblpaboOTKM napa 1 peanusaumm
TEXHONOrMN TENNOBOro Bo3AencTBus. [peanaraemoe TEXHONOINYeckoe
peLleHne NCXoamuT U3 TOro, YTO UCMONb30BaHNE akTUBMPOBAHHOIO YIS
BMeYeT POCT CTOMMOCTW MaTepuanbHblIX 3aTpaT BCMeACTBME €ro
BbICOKOW CTOMMOCTW, AN Yero Heobxoauma npeanoxeHHas B pabote
MOOEpPHM3aLUMs CUCTEMbl OYMUCTKM BOAbl. Vicnonb3oBaHuWe LIEONUTOB
NO3BONUT COKpPaTUTb OnepauuoHHble 3aTpaTtbl. B gaHHoM paspgene

obocHoBbIBaeTcs 3 EKTUBHOCTb Npeanaraemon MogepHmM3aumnm.
6.1 PacuyeT KanutanbHbIX BNOXEHUN

6.1.1 PACHET CTOMMOCTW OBOPYOOBAHNA

Pacyetr crtoumoctn  Heobxogumoro  obopyaoBaHus — Ans
MOAEPHU3aLMM TEXHOMNOMMN NOLAIOTOBKM BOAbI NpeAcTaBreH B Tabnuvue
11.

Tabnuua 11 — OBopygoBaHne ona MogepHU3aumnm

Bnok copbuMOHHbIX PUNLTPOB LT. 1 2853000
"epmeTnyHbIM Hacoc LI 25/20 K-3-3 L. 6 927000
BydepHasa émkoctb 100 M3 LUT. 1 524300
TexHonornyeckue pr6onpoa9nb| C 3anopHoit T, 1 243000

N 3aNOPHO-PETYNMpPYIOLLE apMaTypon
3nempoo6opyno;;;v;; n obopygoBaHue T, 1 687000
NTtoro 5734300
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6.1.2 PACYET KONIMYECTBA HEOBEXOAMMOW TEXHUKN

B npouecce coopyxeHust ONONHUTENBHOIO 6r10ka copbLUMOHHbIX
dunbTpoB NOTpebyeTcs creyowas TeEXHUKA: aBTOMOOUNBbHbBIA KpaH,
OH HeobXxoanM AN MOHTa)Xa MeTasiNIOKOHCTPYKUMIW, TEXHONOMMYECKNX
TpybonpoBoaoB, (PuUbTPOB, pe3epByapoB W HACOCOB, 3KCKaBaTop,
KOTOPbIA HY)XEH ANS NOArOTOBKW MNowagku K MOHTaxy ycTaHoBKu. B
KayecTBe TaKOro KpaHa MW 93KckaBaTtopa OyayT nNpUMMEHSTbCA

aBTOMOBUITBbHLIN KpaH KC 55713 n akckasatop OCT-YPAIL.

Tabnuua 12 — TexHmka ansa MOHTa)ka yCTaHOBKM
KpaTkoe onucaHue oencreus Ncnonbayemoe obopyaoBaHue

MoHTax o6opyaoBaHNs yCTaHOBKM KpaH (Manunyanun KC 55713)

MoaroToBKa Nrowanky Ha yane 3akadku

OkckasaTop (OCT-YPAIT)
OYMLLEHHbIX CTOKOB

6.1.3 PACHET BPEMEHW HA NMPOBEAEHME MEPOTIPUATUA
Nno MOOEPHN3ALINN YCTAHOBKH

Bpemsi Ha npoBeaeHne MeponpuaTUSA BKNtoYaeT B cebsi BpeMd Ha
NOArOTOBKY MJIOWAAKM K MOHTaXy, HEenoCpeaCTBEHHbIN MOHTaX
YCTaHOBKM (MeTanmnoKoOHCTPYKUUK, annapatbl 1 Np.), a Takke paboTbl,

BbIMoJIHAEMbIE noapAaAaHbIMU OpraHn3aunamMmn.

Tabnuua 13 — BpemMsi Ha BbINOSIHEHNE MEPONPUATUS

Onepauus Ob6uwee Bpems, 4
MoaroToBka MOLWaAKN K MOHTaXyY YCTaHOBKM 156,8
MoHTax yCcTaHOBKM 784
PaboThl, BbINONHAEMblE NOAPAAHBIMW OPraHM3aUnsaMm 313,6
Ntoro: 1254.,4

Obwwee Bpems paboT 6yaeT paBHO 1254,4 u.
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6.1.4 PACYET AMOPTU3ALMOHHbLIX OTYUCNEHN

PacyeT  amMOpPTU3ALMOHHBLIX  OTYMCINEHUN Ha  TEXHUKY,
MCNONb30BaHHYO MpPU MOArOTOBKE W HEMOCPEACTBEHHOMY MOHTaXy

obopyaoBaHNs YCTaHOBKW, NpeaTcasreH B Tabnuue 14:

Tabnuua 14 — PacyeT aMOPTU3aLMOHHBIX OTYMCIIEHWUIA HA TEXHUKY

Hopma | Hopma
Hopma Cymma
amopTu |aMmopTH Bpewms
CtoumocT |amopTun Kons amopTu3
O6bekT -3auum | -3aumm paboTbl
b pyb6. |-3aumm o] -auun,
% B rod, | B 4ac, , vac. 0y6.
py6. | py6.
ABTOMOOUNbHBI
n kpaH KC- 9000000 10 |900000|102,74| 1 784 |80548,2
55713
JQKckaBaTop
[CT-YPAN 7000000 10 |700000| 79,9 1 156,8 |12528,3
NTtoro 93076,48 pyo.

N3 Tabnuubl cnegyeT, 4TO 3aTpaTbl HA amMopTU3auulo npu

NOAroTOBKE U MOHTaXy ycTaHoBKM cocTaBaT 93076,48 pyo.
6.1.5 PACYET 3ATPAT HA OIJIATY TPYOA

K pacxogam Ha onnaty Tpyaa OTHOCATCS:

— CYMMbl, HA4YMCNEHHblE NO TapuUdHbIM CTaBKaM, OOSMHKHOCTHbIM
oKkrnagam, caefibHbIM pacueHKam WUnu B MNpoueHTax OT BbIPyYKM OT
peanusauun npoaykumm (paboT, ycnyr) B COOTBETCTBMM C NPUHATLIMU
Ha npeanpuaTun (opraHmsaumm) oopmamm n cuctemamm onnaTtbl TPYAa;

— HaabaBKm No panoHHbIM Ko3hduumeHTam, 3a paboTy B panoHax

kpanHero Cesepa u ap.
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Tabnuua 15 — PacueT 3apaboTHon nnatbl

Bpewms Ha 3apaboTHas
Tapud- . .
Konu- Has npoBeaeH | TapudHbin | CeB. n pan. | nnartac
Mpodeccna Paspsanl 4ecTtBo ne mepo- doHa Koa. y4eToM
CTaBKa,
npuatmga, | 3M1, py6. | 50%+70% | HagbaBokK,
py6./yac
Y. pyo.
Mpopab 8 1 209 784 163856 194988,6 | 358844,6
CeapLumk 5 2 121 784 189728 225776,3 | 415504,3
MOHTaXXHMK 5 4 107 784 335552 399306,9 | 734858,9
Z’;iKaBaTOp 5 1 104 | 156,8 | 16307,2 | 1940557 | 3571277
KpaHoBLunk 5 1 117 784 91728 109156,3 | 200884,3
UToro 11 797171 948633,7 1745805

N3 Tabnuupbl cnenyert, 4To 3aTpaTtbl Ha 3apa60THyro nnarty npwu

MOHTa>xe O60pyﬂ,OBaHVIFI YCTaHOBKU pereHepaumnn metaHosla CoCTaBAT
1745805 py6.

6.1.6 OTYNCIIEHNA BO BHEBIOXETHbLIE ®OH[bI

B tabnuue 16 npencraBneH pacyeT CTPaxOBbIX OTYUCEHUN BO

BHEOOQKEeTHbIE OHAbI, Takme Kak: NeHcnoHHbIn hoHg Poccum (MOP),
(PCC),

obsasaTtenbHoro mMeguumHckoro ctpaxosaHna (POMC). CrpaxoBble

doHO coumanbHOro CTpaxoBaHus denepanbHbii - GOHA

B3HOCbI oT HEeCYaCTHbIX cny4yaeB Ha npon3soacTBe n

npodeccnoHanbHbliXx 3aboneBaHWin  COOTBETCTBYKOT knaccy | Ha

ocHoBaHun ®3-Ne125.
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Tabnuua 16 — CtpaxoBble Tapudbl Ha obA3aTenbHOe CTpaxoBaHWe B
MNoP, dCC n ®OMC knacc |

3 6 Tun cTpaxoBbIX OTYUCINEHUIN U CTaBKa MO
Konu- azp:n;):: OTYUCTIEHUAM
4ecTBO CtpaxoBaH
3a ne ot
HomkHocte B:LT; J;:ZH HecyacTHbIX | T1PP, dCC, | POMC,
a6oT criyyaeB Ha 22% 29% 5,1%
pp 6 ’ npou3BoACT
yo. Be 0,2%

78945, | 10406, | 18301,

Mpopab 1| 3588446 | 7175803 | 82 49 08
91410, | 12049, | 21190,

Ceapuwuk 2 415504,3 831,0086 95 63 72
21310, | 37477,

MOoHTaXXHUK 4 734858,9 1469718 161669 91 8
QKcKaBaTop 7856,8 | 1035,6 | 1821,3

LMK 1 3571277 71,42554 09 7 51
44194, | 5825,6 | 10245,

KpaHoBLuuk 1 200884,3 401,7686 55 45 1
384077 | 50628, | 89036,

NToro 3491,61 1 34 05

527233,1

MNMpumeyaHune: cTpaxoBble Tapudbl HAYUCNAIOTCA Ha 3apaboTHYIO

nnaTy COTPYAHWUKOB 3a BbINOSHEHHYO paboTy cornacHo Tabnuue 15.

6.1.7 PACHET KOHTPAIEHTHbIX YCIYT ANnA NMPOBEOEHUA
MOOEPHN3AUNN YCTAHOBKW OYUCTKK BOObI

PaboTbl no mMogepHuM3aumm YCTaHOBKM OYUCTKM BoAbl OyayT
BbINOSHEHbI MOAPSAHON OpraHu3auuen «CUBCTPONHE®TEIA3».
CtommocTb 060pyaoBaHUA W pacxodHblX MaTepuanoB BKIOYEHaA.
3atpaTbl Ha KOHTpareHTHble YCNyru, BbINOSIHSAEMble MOAPSAHOMN
opranusaumein « CUBCTPOMHE®TEIA3» cocTassT 945.250 py6.
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6.1.8 ®OPMNPOBAHUE BIOOXETA SATPAT HA
PEANINM3ALNIO NMPOEKTA

O6wwme 3aTpaTbl Ha peanusauuio MoLepHM3auun YCTaHOBKM

OYMCTKM BOObI NpeAcTaBreHbl B Tabnuue 17.

Tabnuua 17 — 3aTpaTbl Ha NpoBeAeHWe OpraHM3aLUMOHHO-TEXHUYECKOTO
MEepPOoNpPUATUS

CocraB 3artpaTt Cymma 3arpar,
pyo.
CtoumocTb 0b6opyaoBaHus 5734300
PacuyeT amopTU3aLMOHHBIX OTYUCHIEHNA HA TEXHUKY 93076,48
®oHp onnatel Tpyaa 1745805
OTuncneHuns BO BHEBKOOKETHbIE DOHAbI 527233,1
CTOoMMOCTb YCnyr KOHTpareHTa gnsi npoBeaeHns 945250
ocHoBHoro PT1
MToro ocHoBHbIE pacxoabl 9045665
HaknagHble pacxogpl (16% ot cymmsbl n1.1-5) 1356850
Bcero 3atpaTbl Ha meponpusaTue 10402514

Takum obpasom, wucxoga w3 Tabnuubl 17, AN MOMHOMO
npoBeaeHns paboT No NOAroTOBKE M MOHTAaXYy AOMOMHUTENbHOrO 6oka
YCTaHOBK/ OYUCTKM BOAbl HEOOXOAMMO 3anoXuTtb B nnaH paboT

3aTpaTtbl Ha cymmy 10402514 pybnein.
4.2 PacueT aKkcnsiyaTalMOHHbIX 3aTpaTt
[anee paccyntaeMm CTOMMOCTb 9KCMsiyaTaumu YCTaHOBKU MO

O4nCTKe BoAbl. B cocTaB CMETHbIX pacueHoK Ha aKcrJjiyatauuo MmallnH

C. .., BXoOAT cnegylowme cratbu 3aTpaT (py6./maw.-yac):

Cos =A+P+B+3+3+C
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roe: A —  aMOopTM3auMOHHbIE  OTYMCNEHMSI Ha  MOJHoe
BOCCTaHOBIeHWe, pybnen/malumHo-4ac;

P — 3artpatbl Ha BbINOMIHEHME BCEX BUOOB PEMOHTA,
ANarHOCTUPOBaHNE N TEXHUYeckoe obcnyxusaHue, pybnen/malumnHo-
vyac;

B — 3arpatbl Ha 3ameHy ObICTPOM3HALUMBAIOLINXCA 4YacTen,
pybnen/malumHo-4ac;

3 — onnaTta Tpyaa pabouunx, pybnen/mawmHo-4ac;

O — 3aTpaThbl Ha 3HeproHocuTenu, pybnen/malLumHo-4ac;

C — 3aTpaTbl Ha cMa304HblE MaTepwuansbl, pybnen/malimHo-4ac;

[MpoBeaeHHbIe pacyeThbl cocTaBunn 2267964,6 pyo. /T.

6.2 PacyeT onTuMmnsauum pacxonoB Npu UCNONb30OBaHUMN

LHeosinToB B CUCTEMEe NOoAroTOBKMU BOAbI

TexHonornyeckoe npennoXxeHne 3aknoyaeTcsa B UCNOSb30BaHUM
LeonnToB BMECTO aKTUBMPOBAHHOIO yrns. CToumocTb
aKTMBMPOBAHHOIO Yrigd Ha pblHKE cocTaBnsieT B cpeaHem okono 300
py6./kr cornacHo npenckypaHty OO0 «Tennoxum lNepcnektusax» [122].

ExxerogHoe noTpebneHne akTUBUMPOBAHHOIO Yrns ANA OYUCTKM
BOAbl COCTaBnseT B 3aBUCUMOCTU OT (PU3NKO-XMMUYECKNX CBOMCTB
nogroBapHou BoAbl npumepHo 10 kr Ha 1 TOHHY npeaBapuUTenbHO
ouulieHHon Boabl. LleonutoB Heobxoammo npumepHo B 1,5 pasa
MeHblwe. Kpome TOoro, CTOMMOCTb LIEOSNIMTOB KpPaTHO MEHbLle U B
cpegHeM coctaBnsaeT okono 224 py6./kr [123], a akTMBMPOBAHHOIO Yrns
300 py0O., T.e. aKOHOMUA cocTaBuT 76 pyb./kr. Ecnn B rog Ha ogHOW
yCTaHOBKe ucnosibayetcs npumepHo 90 T akTMBMPOBAHHOMO Yrns, TO

ueonuta notpebyetca 60 T, crnegoBaTeNnbHO CHWXEHWEe 3aTpaT oT
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paboTbl YCTAHOBKM 3@ CYET 3KOHOMUWM UNbTPYHOLLEro martepuana
byner:
=0 -1 =60-76000 = 4,56 msiH py6/TOo]

roe

[ — akoHOMUK4A 3aTpaTt oT paboTbl MOAEPHN3NPOBAHHOW YCTAHOBKU
MO OYMCTKE BOAbI, MITH. py6.;

Q — KonuyecTBO LeonuTa, T/rof;

LI — pasHuua B CTOMMOCTU aKTMBMPOBAHHOIMO Yrns M UeonuTa,

pyo./T.
6.3 OueHKa aKoHOMU4YeCcKou 3aPheKTUBHOCTHU

Pac4yeT akoHOMMYecKkon adhEeKTUBHOCTM BydeT 3aBMUCETb OT TPEX
napamMeTpoB: CTOUMOCTU ycTaHOBKK (Co), CTOMMOCTU ee obCcnyxnsaHns
B rog (C), B TOM uncrne pacxogbl Ha 3apnnaTty paboTHUKamMm 1 CTOMMOCTH
MOHTa)a YCTaHOBKN. DKOHOMMS OT UCMOSNb30BaHMSA LLEOSTIUTOB B NEPBbLIN

rog 6yoeT oTpuuaTenbHOM C y4eTOM KanutarbHbIX BIIOXKEHUINA.
3=1-(Co+C)=4,56—-(10,403 + 2,268) = —8,111 MuIH. py®O.

OpHako, yunTbiBas Cpok akcnnyaTtaumm yctaHoBku B 10 ner,
crnefgyetr  OUEHUTb  3KOHOMUYECKYHD S(PIPEKTUBHOCTL C  Yy4eToM

ANCKOHTUpPOBaHUSA (3):

(Ei — Ci)

‘M[[——Inv+z 1+ 1)

roe YOO — 4ynmcTbin ANCKOHTUPOBAHHBIN LOXO0A4, MIH. PyO.;

T —yucno neT B nepuoae;
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t — Tekywmin rog;

InV — NHBECTULINU B MPOEKT;

E; — 9kOHOMUSA B rof i;

C; — TeKyLliue pacxogbl 3a rog,;

r — KO3(MUUMEHT AOUCKOHTUPOBaHMA B m-oM roay, %,

npuHMMaeTcs paBHon 15%.

[Mony4yeHHble pacyeTbl NnokasbiBatoT, YTo YL 3a 10 net coctaBut
43,11 mnH pyo.

Cpok okynaemocTtn 4,5 roga.

3aknro4yeHue no pasgeny

CornacHo npoBefeHHbIM pacyeTamM, MOXHO caenaTb crneaytouine
BbIBOAbI.

1. O6ocHoBaHa akoHOMUYecKkas 3P PEKTMBHOCTb UCMNOSb30BaHUS
LLleonMTOB B KavyecTBe abcopbEeHTOB AS151 OYMCTKN HEPTAHOIO ChbIpbs Ha
MECTOPOXAEHUMN.

2. HUnCcTbIn  OUCKOHTUPOBAHHLIM  OOXO4 MNpU  NPUMEHEHUU
yeonutoB coctasnder 43,11 mMnH py6. 3a 10 net npu cpoke

OKyrnaemMocTun npumepHo 4,5 roaa.
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3AO0AHUE ONA PA3OENA
«COUUNAIIbHAA OTBETCTBEHHOCTb»

CryneHTy:
Mpynna PNO
2BM04 MaTt3 Mateyc Ocmap
MHxxeHepHas wKkona
Lkona OtaeneHue OtaeneHne HedhTerasoBoro gena
NpUPOAHLIX PECypcoB
YpoBeHb
obpasoBaH MarucTpaTtypa HanpaeneHue 21.04.01 HedTteraszosoe geno
us
Tema BKP:

CvHTEe3 1 NnpMMeHeHne LeonnToB B NpoLeccax NMpoMbICIIOBOW MOATOTOBKU HEPTAHOIO Cblpbs /
Synthesis and application of zeolites in the processes of field preparation of petroleum

feedstock

UcxoaHble AaHHbIe K pasgeny «CoumnanbHasi OTBETCTBEHHOCTbY:

BeepneHue
— XapakTepucTtuka obbekTa
nccnegoBaHus (BeLwecTBo,
mMartepuman, npnbop,
anroputMm, METOAMKA) U
obnacTtu ero npuMeHeHus1.

— OnucaHne paboyeli 30HbI
(pabouero mecTta) npu
pa3paboTke NPOEKTHOro
peLueHnsa/npu akcnnyartaumm

O6bekT uccnegoBaHUs: CUHTE3 LIEONTUTOB U
onTUMM3aunst OYNCTKM Boabl B HedpTU, cuctema
YMNAaB.;

Ob6nacTb nNpUMEHeHNs: cuHTe3 apacopbeHTa u
onepaumsi No 04YNCTKE BOAbI B HEQTY;

PabGouyas 3oHa: odwuc;

Pasmepbl nomelleHus: 10 m x 8 m;

KonnyectBo u HammeHoBaHne o6opydoBaHUs
paboyen 30HbI: KOMMbIOTEP, NPUHTEP, SKPaHbI;
Paboune npouecchl, cBsAA3aHHble C OOBLEKTOM
nccnenoBaHus, ocyllecTBrsowmecs B paboyen
30He: [lpoekT no onTMMM3auun npoLEeccoB
CUHTEe3a aacopbeHTOB N OYMCTKN BoAbl B HedhTH, a
Takke MOHUTOPUHT npouecca o4vnctkn YITMOB.

I'Iepequb BOMpPOCOB, noasiexawunx nccrieaoBaHuio, NpoeKTUpoBaHUIO U pa3pa60TKe:

1. NMpaBoBble 1 opraHM3aLUOHHbIe
BOMPOCbI ob6ecnevyeHusi 6esonacHoCcTu
npu pa3paboTke NPOEKTHOro
peweHna/npu akcnayaTauum:

— cneumanbHble (XapaKTepHble
npv akcnnyaTtaumm obbekta
nccnenoBaHus,
npoekTnupyemomn paboyen
30Hbl) NPaBOBbIE HOPMbI
TPYAOBOrO
3aKoHO4aTENbCTBA;

— OpraHusauuoHHble
MepONpUATAS Npn
KOMMOHOBKE paboyen 30HbI.

- TOCT P NCO 9355-1-2009 BproHomunyeckue
TpeboBaHMA K MNPOEKTUPOBAHUIO AWUCMNEEeB W

MeXaHN3MOB ynpasrieHus. YacTb 1.
B3anmogencreme ¢ 4enNOBEKOM;

- CaxllnH 1.2.3685-21 «'Mrnennyeckme
HopMaTuBbl U TpeboBaHus K obecneyeHuto

G6esonacHoctv un (Mnu) 6es3BpegHoCTM  ANd
yenoBeka (baKToOpoB cpeabl 0OUTaHUSAY;

- TOCT 12.2.049-80 Cwucrema CcTaHOapToOB
6esonacHoctn Tpyaa (CCBT). O6GopygoBaHue
NPON3BOACTBEHHOE;

- TpyooBon kogekc Poccunckon degepauumn ot

30.12.2001 N 197-®3 (pea. ot 21.12.2018).

2. lpounsBoacTBeHHas 6Ge3onacHOCTb
npu pa3paboTKe NPOEKTHOro peLueHuns:
— AHanms BbIABNEHHbIX
BPEOHbIX U ONacHbIX

BpeaHble dakTopsbl:

e HepocrtatoyHoe ocBelleHne Ha paboyem
MecTe;

e [loBblWeHHBIN ypOBeHb LWyma Ha paboyem
MecTe;
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NPON3BOACTBEHHbIX
dakTopoB

— Pacyet ypoBHS onacHoro
nnNn BpeaHoro
NPOn3BOACTBEHHOIO
dakTopa

e  Huskas nnm Bbicokas TemnepaTypa Bo3ayxa B
paboyen 30He.

OnacHble dakTopsbl:
o  OnEKTPUYECKN TOK;
e [loxapoB3pbIBOONACHOCTb.

Tpebyemble cpeacTea MHANBMAYANbHON 3aLUNTHI:
e bBepywuy;
e Xunet curHanbHbIN;

PacuyeTbl:
« YpoBeHb ocBeLleHus.

3. Okonoru4yeckas 6e3onacHoOCTb Npu
pa3paboTKe NPOEKTHOro pellueHus:

BosgenictBne Ha cenuTeOHylo 30HY: LUYMOBOE
3arpsi3HeHne OT NPOMBbILLNEHHOrO 0bopyaoBaHmWs
M MaluH, a Takke 3anaxu, Bbloendemble B
NPOMbILUNEHHOCTU;

Bosgenctene Ha  nuTtochepy:  yaoanedue
NPOMBILLSIEHHBIX OTX040B, ObITOBbIX N NULLEBbIX
OTXO0B;

Bosgencteue Ha rmapocdepy:
BodonoTtpebneHne, ytunusauus OTXOOOB M
CTOYHbIX BOS;

Bosgenctene Ha aTtMocdepy:. MCnorib3oBaHue
30I1bl, XMMUKaTOB UMW APYrnx ONacHbIX BELLECTB,
BblAENSAOLNX radbl B OKPYXXatoLLLyH cpeay.

4. be3onacHOCTb B Ype3Bbl4alHbIX

cCUTyauusax npu paspaboTke
NPOEKTHOro peLueHust

Bo3moxHble YcC: noxapeol, OTKIHOYEHME
3NIEKTPOIHEPIMM, OMOM3HW, CMEpPYU, CUIbHbIE
3aMOpPO3KM

Haunbonee tunnyHas YC: HaBogHEHUSA

Jarta Bblgauv 3agaHua ang pasgena no nMHenHomy rpacgpuky | 14.03.2022

3apaHue Bblgan KOHCYJNbTAHT:

AonxHocTb (0] [e] Y4yeHas cteneHb, Moanucb Oata
3BaHue
[ouenT OO/ Ceuur AHpper K.T.H. 14.03.2022
AnekcaHaposuy
3ap,a|-me NPUHAN K UCNOJIHEHUK CTYAECHT:
Fpynna PUO Mognucb Data
26M04 NaTt3 MaTteyc Ocmap 14.03.2022
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7 COUNAINBbHAA OTBETCTBEHHOCTb

BBeaneHune

Moo coumanbHOWM OTBETCTBEHHOCTLIO MOHMMAKOTCA 0bs3aTenbCcTBa
N COrnalleHus, 3akrloYEeHHble NIAbMUM W OopraHMsauusiMum Ha 6naro
obuwectBa. AKUEHT Bcerga [JorkeH OblTb caenaH Ha 6e3onacHoOCTb
NnPOn3BOACTBA, CHWXeHWe BpeaHOro BO3OENCTBUMA Ha nwogen u
OKpy»KaloLLyto cpeay.

[MpuoputeTtoMm oTAena couuasibHOW OTBETCTBEHHOCTU HABMISETCH
co3aHue adekBaTHbIX CTaHOApPTOB, rAPaHTUPYOLLUMX W YIyullaroLwmnx
YyCNoBMA Tpyda, HanpabSieHHbIX Ha MOBbILWEHME MPOU3BOAUTESIBHOCTH
Tpyda COTPYAHUKOB, nopgnepxaHve 9M@eKTUBHOCTU U COXpaHeHue
OKpy»KatoLen cpeabl.

N3BecTHO, 4TO [eATenbHOCTb, HanpasfieHHass Ha HedTSHYH0
NPOMbILLIIEHHOCTb, HE TONbko B AobbiMe, HO W B nwbon apyron
AEeATeNbHOCTUN, XapaKkTepusyeTcs HannymemM OYeHb BbICOKOM OMaCHOCTU
Ha psfe y4YacTKOB, rae Bcerga cylectsyeT BO3MOXHOCTb BO3HUKHOBEHUSA
HenpeABUOAEHHbIX CUTyauun, yrpoXxarwwmx 300pOBbl0 paboTHMKOB U
OKpyXKatoLLlien cpefe, okpyxaroLasa cpeaa.

Takum obpasom, HeoBXxoaMMO NPOBECTU AeTamNbHbIN U TWATENbHbIN
aHanma onacHblX W BpeAHblX (akTopoB, BO3OEUCTBUIO KOTOPbIX
noasepratTcsa HedpTsaHUkK vYepes YTTOB, paspabotate ddopMbl 3aLLUTHI

OT 3TUX PAKTOpPOB.

7.1 MpaBoBble U opraHu3aLMoOHHbIe BONPOChI obecnevyeHus

©6e3onacHoCTH

PaboTta paspelueHa Tonbko ¢ 18 neTt, Kpome TOro, Heobxoanmo

MeaNUnHCKOE 3aKr4yeHune, noarsepxgarwliee oTcyTtcreme npo6neM CcO
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3gopoBbeM. [locne aToro COTPYAHUKM MPOXOOAaT oOydeHne meToaam
6e3onacHOCTU U MepaM NPeAOCTOPOXHOCTU, a MO OKOHYaHUM 0By4eHUs
Heob6XoaMMO NPOWTM MPOBEPKY 3HaHWW, NOATBEPXAalLlylo BrlageHue
cTaHgapTamm 6e30nacHOCTM KOMMNaHuMWU. TONbKO MO UCTEYEHUU ITOrO
nepuvoda, KOTopbl HacTynaeT B TeyeHue nepsbix 14 oHen ¢ MOMEHTa
Hayana paboTbl B KOMMNaHUW, pa3pellaeTcsa pabota u geaTenbHOCTb Ha
mMecTax [124].

BblweynomsiHyToe obydeHue 6e3onacHbiM MeTodaMm U npuemMam
paboTbl BKNOYaEeT B cebs:

- BBOOHbIN MHCTPYKTaX: NPOBOAUTCS ANS pa3bsCHEHUs1 paboTHUKY
npaBun BHYTpeHHero paboyero BpPEMEHW, OMnacHbIX W BpeaHbIX
NPOM3BOACTBEHHbIX (DAKTOPOB, OCHOBHbLIX MHCTPYKLMI MO OXpaHe Tpyaa,
npasun noxapHon 6e3onacHocTu [125].

- MEPBUYHbIA  WHCTPYKTaX: KaXOblh  COTPYAHWK  OOSDKEH
nHOMBMOyanbHO O3HAKOMUTbLCA CO BCEMW acrnektamm o0opyaoBaHUS:
COCTaBHbIMM YaCcTAMMU, KOHCTPYKTUBHBIMW OCOBEHHOCTAMMU, BO3MOXHbIMU
onacHocTtamu. Kpome Toro, BaxxHO 3HaTb npoueaypy, Heobxoanmyro ons
noaroToBkn paboyero mecta, M npoutn obyyeHne npaBUSTbHOMY
MCNONb30BaHMIO CPeACTB  MHAMBMAOYANbHOW 3awuTbl M Npasuiam
oKasaHunsa nepeorn nomoLum [125].

- MpoBoanTca obyveHne Ha pabovyem mecTe 6e3onacHbIM MeTogam
N npuemMam Tpyda: nocre nepBMYHOrO MHCTPYKTaXka Ha paboyem mecTte
He MmeHee 20 YyacoB Mo YyTBEPXKAEHHbLIM NporpamMmmMam. ponsBoaCcTBEHHOE
oby4yeHne NpoBOAMTCSA NOL PYKOBOLACTBOM MHXEHepa No oxpaHe Tpyaa U
NPOMbILLNIEHHON Be30nacHOCTN.

- CTaxupoBka: HayMHaeTca Ha paboTe n gomkHa BbITb C NepBbIX 2
0o 14 gHen paboTbl Nocne NPOXoXAEHUS MHAPOPMATUBHBIX MHCTPYKLMIA
[126].

93



- NpoBepKa 3HaHUM ABNAETCA 3aBepLUatoLLnM 3Tanom, U UMEHHO OH
onpegensieT Jonyck K paboTe: 9Kk3amMeH oueHMBaeT KOMUCCUS B COCTaBe
He MeHee Tpex YernoBeK C pernctpawumen B NpOTOKOME U JIMYHON KapTOYKe,
Tpebylouias nepnogmyeckon nepeaTrectaumm He pexe 04HOro pasa B rog
[126].

NmeeTtca npuka3 MwuHsgpascoupassutus Poccum ot 9 pekabps
2009 r. N 970H (peq. ot 20 deBpansa 2014 r.), B KOTOPOM roBOPUTCS O
cpeacTBax MHAMBUAYaNbHOW 3aLUMTbI, KOTOPble A0SHKEH HOCUTL PabOTHUK
O  3aWuMTbhl OT BpedHbIX MNOBPeXOeHWn W onacHbiX (aKkTopos,
nogyepkHyB o0b6s3aTenbHOE MWCMNOMb30BaHUE CUrHanbHOro Xwuneta B
panoHax HedpTenobblum [127].

[MnaHupoBKa yyacTka [obblum HedTM OOSMKHA npegycmMatpmBaTth
HeobxoMMoe OCBELLEHNE, a TakkKe coaepXXaHue B UICNPaBHOM COCTOSIHUM
aBapUMNHbLIX CUCTEM U CUCTEM YNpaBreHus.

UTo KkacaeTca oanektpoobopyaoBaHusi, TO OHO [OJTHKHO OblTb
3a3emrneHo, ana obecneyeHus 6esonacHoCcTM nogen n obopyaoBaHus B
Cny4yae MOBbILLEHUA SNEKTPUYECKOro HanpsKeHNa B MecTax YCTaHOBKM
anekTpoobopyaoBaHus, roe WMEKTCA B3pbiBOOMacHble BeLlecTBa,
O0SMKHa BbITb YCTaHOBMEHA B3pbIBO3alLMLLEHHAsn cuctema [127].

[na paboTbl B opuce HEOOXOOMMO BbINOSTHEHNE SPrOHOMUYECKUX
TpeboBaHuin, KOTOpble HeobXoAUMMO YyuuTbiBaTb [ONA NPaBUIIbHOIO
pacnonoXeHusi 1 NNaHNPOBKN paboyen 30HbI [128].

MopgoepXaHne nNpaBWUMbHOW OCaHKW, TrpamMoTHas OpraHu3auus
paboyero mecta, NOMUMO MUCMNOSIb30BaHNUS MHCTPYMEHTOB, OTBEYAOLLNX
TpeboBaHNAM 3ProHOMUKM U  UHXEHEPHOW MCUXOSIOrMn, MNOBbIWAT
9(pPeKkTMBHOCTL Tpyda, TaK Kak COBOKYMHOCTb BCEX 3TUX (PaKTOPOB
CHWKaeT  TpydoBYyH  YyTOMAAEeMOCTb UM MpefoTeBpallaeTr  pucK

npodgeccmnoHarnbHblX 3abonesaHunn [129].
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Hanpvmep, npu BbINOMHEHUN paboTbl 3a CTOMOM OCHOBHbIM
TpeboBaHneM, koTopoe Heobxoanmo cobniogaTthb, ABMASETCH cCoXpaHeHue
npsimoro paboyero nonoxeHusi. CTon MOXeT MMEeTb PasnuyHbIN An3aiiH,
HO OH [JO/KEH COOTBETCTBOBaTb COBPEMEHHbLIM TpeboBaHUSM
aproHomuku. Pabounn cTyn pgomkeH obecneunBaTb paboyemy
cmamronormnyeckn yaoo6Hyro pabodyto nosy, COOTBETCTBYHOLLYIO XapakTepy

n ycnosuam Tpyaa [128,129].

7.2 NpousBoacTBeHHasi 6e30MacHOCTb

B oatom rnaBe cgenaH aHanu3 BpedHbIX M ONacHbIX
NPOM3BOACTBEHHbIX (PaAKTOPOB, KOTOPbLIE MOrYT BO3HUKHYTbL B MpoLuecce.
[obblun HedpTn. Hwxe npumBegeHa Tabnumua CO CNUCKOM BPEAHbIX U
onacHbIX 0aKTopoB, KOTOPble MOTYT BO3HUKHYTb MPU CUHTE3E LLeOSNTIUTOB U

onTUMM3auuns o4ncTkM Boabl B HedpTn, cuctema YIINAB.
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Tabnuua 18 — OnacHble 1 BpegHble dpakTopbl Npu obbive HedTH U rasa

dakTopbl (FOCT 12.0.003-2015) HopmatvHbie
OOKYMEHTbI
BpenoHblie OnacHble

1.HepocTtaToyHas 4. QNeKTpUYEeCKNn ToK TpeboBaHus K

OCBELLEHHOCTb paboyen 5. MoxxapoB3pbIBOONACHOCTb. | 6€30NacHOCTb CBA3AHHbIE C

30Hbl. NOBbILLEHHbIM YPOBHEM

2. [NoBbILWEHHbIN YPOBEHb lWymMa ycTaHaBnmMBawT B

lwyma Ha pabovem mecTe; NOCT 12.1.003-2014 CCBT

3.MoHWxKeHHasa nnu Wym.

NoBbILLIEHHas

TemnepaTypa Bo3ayxa TpeboBaHus K

paboyen 30HbI. TemnepaTtype BO34yxa
paboyen 30HbI
yCTaHaBIMBalOTCH B
CaHnllunH 2.2.4.548-96
M'Mrnennyeckmne
TpeboBaHus K
MUKpOKIMmaTy
NPOV3BOACTBEHHbIX
NOMELLIEHNIA.
TpeboBaHUA K OCBELLEHUNIO
yctaHaenueatotca Cl1
52.13330.2016 CHwul1 23-
05-95.
TpeboBaHus K
anekTpobe3onacHoCTH
yctaHasnumeatotca B [OCT
12.1.019-2017 CCET.

7.2.1 HEOOCTATOYHASA OCBELWEHHOCTb PABOYEW 30HbI

OcBelleHne — 3TO pacnpegerieHne CBETOBOW 3HEPruu, LEnbio
KOTOPOro SIBMSeTCS CO3[aHMe XOpOLUMX YCIoBUMW ONs HabnwogeHus 3a
obbekTamn.

OcBeweHne paboyero Mecta  JO/MKHO  COOTBETCTBOBATb
TpeboBaHusaM, yctaHoBneHHbiM B Cl1 52.13330.2016 EctecTtBeHHOE U
MCKYyCCTBEHHOE ocBelweHne. AkTyanbHaa pegakums CHull 23-05-95
[130].
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[MpaBunbHOe ocCBelleHe [LOOMKHO pPaBHOMEPHO pacrnpenendatb
SIPKOCTb, BbITb NOCTOSIHHBIM U UMETb CMEKTP, 6JIM3KNA K eCTECTBEHHOMY.
Mpyn pobblve HedTM MCNOMb3YTCSA MPUPOAHbIE U UCKYCCTBEHHbIE
pecypchbl [130].

[MpoM3BOACTBEHHbLIE MOMELWEHNA OOJSHKHbl MMETb OCBELEHHOCTb
KOPUAOPOB N NECTHUYHbIX KNeTok He meHee 100 nk. [Ansa pabouyen 30HbI
obbekta HedTegobbluM  CpeaHuMn  TOPU3OHTalNbHbIM  HOpPMAaTUB
OCBeLLeHHOCTN cocTaBndeT He meHee 50 nk [130].

Heobxoanmo cobntogatb HOPMbl OCBELLEHNS!, YCTAHOBIEHHbIE NS

NPOM3BOACTBEHHbIX NMOLLLAA0K, Kak NokasaHo B Tabnuue 19.

Tabnuua 19 — OcBeLeHHOCTb MECT NPON3BOACTBA paboT BHE 34aHUN

OTHoweHne
MWHUMaribHOro pasmepa MuHumansHas
Paspsg 3putensHom obbekTa pasnuyeHnsa K OCBELLEHHOCTbL B
paboTbl pPacCTOSAHWNIO OT 3TOro rOpu3oHTarbHOM
obbekTa oo rnas NOCKOCTW, NK
paboTatouiero
IX Menee 0,005 50
X Ot 0,005 o 0,01 30
XI Cg. 0,01 " 0,02 20
XII " 0,02 " 0,05 10
XIII "0,05"0,1 5
XV Cs. 0,1 2
MpumeyaHue - MNMpun onacHocTn TpaBmaTmnama ansa padot XI-XIV paspsagos
OCBELLUEHHOCTb criefyeT NpMHMMAaTh N0 CMEXHOMY, Bonee BbICOKOMY paspsagy.

7.2.2 MOBbIWEHHbLIV YPOBEHb LLIYMA

O6opygoBaHne ansa AobbluM HedpTM OOLIMHO MMeeT 6onblune
pasmepbl U paboTaeT Noa BbICOKMM OaBfeHMEM, cO3[aBas Ype3MepHbIn

LLIYM, KOTOPbIA MOXET NoBpeauTb criyx niogen [131].
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lym Ha paboyem mecTe He porpkeH npesblwatb 85 OBA u
cooTBeTcTBOBaTb TpeboBaHusam [OCT 12.1.003-2014 «LWym. O6uwme
TpeboBaHMs 6e30nacHOCTU.

Ecnn MCTOYHMK WWyma HEBO3MOXHO YCTpaHWTb, Creayet HadeTb
cpeactBa  3aluMTbl  OpPraHoOB  Criyxa, HanpumMep  HaylHUMKM  C

LymonogasneHmem, 6epywn, wnemol [131].

7.2.3 TIOBbIWEHHAA WK TIOHWXEHHAA TEMIMEPATYPA
BO3YXA PABOYEN 30HbI

TemnepaTtypa Bo3gyxa B paboyen 30HE HanpsiMyto BIMSIET Ha
TennoBon KoMdopT n paboTocnocobHOCTb YenoBeka. Hanpumep, netom
N3-3a BbICOKNX TemMnepaTyp, eCinuv YenosBek aAnuTtensHoe Bpems paboTtaet
Ha OTKPbITOM BO3A4yxe M 6e3 Haanexaiien 3awmTtbl, eCTb BEPOATHOCTb
nonyyYnTb  TEensOBOW  ydap  U3-3a  ONUTENbHOro  BO34ENCTBUSA
yNbTpamnoneToBoro n3ny4yeHunsa conHua [132].

OnntenbHoe BO3OenCTBUE yNbTPanoneToBOro UsydeHna MoxeT
Bbl3BaTb B Haubornee TaXenbIX cnyvyadx MOTEpPH CO3HAHUA WU LLUOK.
NHTEHCUBHOCTL  yNbTpadmonieToBOro U3rydeHus, gonyctumasa asis
paboTarwmx B He3allULWEHHbIX MecTax, BO nsbexaHue noBpexneHus
KOXHbIX MOKPOBOB, cocTaBnsieT He 6ornee 0,2M2, MpU MakcMMarnbHOW
npogosmkntenbHoctn 50% paboyen cmeHbl U HEe JOMKHA npeBblwaTb 10
Bt/mM2. Kak npaBuno, wneMbl CpPeacTB WHAMBUAOYaNbHOW 3alUuUThI
AENCTBYIOT KaK COSHLUe3alWmMTHbIe KO3blpbku [133].

C gpyron CTOpPOHbI, 3MMOW TemnepaTtypa OnyckaeTCa HUXe Hyns,
4YTO MOXET NPMBECTU K 0OBMep3aHnio OTKPbITbIX YacTen Tena 6e3 3awwunThl,
a TakKe CUNbHbIA XONo4 MOXeT Bbi3BaTb Takue 3abonesaHus, Kak

(MHeBMOHMA, TOH3UNANT 1 ap.) [132,133].
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[OnNs CHWKeHMUs1 4acToTbl HeCYacCTHbIX CryyaeB, CBS3aHHbIX C
paboTon Ha OTKPbITOM BO3AyXe, a Takke B NOMeLLEeHNN 6e3 oToNNeHus B
3UMHUI nepuod, onpeaenieHbl Ananas3oHbl TemnepaTyp, Npu KOTOPbIX
PEMOHTHbIE U CTPOUTESIbHO-MOHTaXHble paboTbl HENb3s NPOBOAUTL Ha
OTKpbITOM BO3ayxe [132,133].

bes3BeTpeHHO:

- 37 °C; npu ckopocTn BeTpa 4o 5 m/c
- 36 °C; npu ckopocTn BeTpa 4o 5 m/c.
-33 °C; ot 5 no 8 m/c.
- 31 °C; 6onee 8 m/c.

- 29 °C, Bce ocTanbHoe paboTaerT.

B 3vMmHee Bpemsi paboyme nosiyyaroT TEnnoBble KOCTHOMbI, 4YTO
CHWXKaET KONMYECTBO criydaeB nepeoxnaxaeHus [132,133].

Kaxgbin pabounn pomkeH ©ObiTb obecnevyeH cpeacTtBamu
MHOMBUAYANbHOM 3alUMUTbl OT X0SI04a, B COCTaB KOTOPbIX BXOASAT: Tennas
ofexna, KoOMbUHEe30H, Kacka 1 cpeAcTBa 3alMTbl OT X0sfi04a, nepvaTtku,
obyBb. KomOMHE30HblI paspaboTaHbl Takum  obpasom, YTOObI

BblAEpXMBaTb YCNOBUA Tpyaa, KOTOpbIM NnoaBepraeTtca pabounii [133].

7.2.4 ANEKTPUYECKNN TOK

I'Iopa>|<eHV|e ANEeKTPN4ECKMM TOKOM BO3MOXHO TpU MpepbiBaHNN
ANEKTPUHECKOIo rnoToKa, LUMPKYIMpyroLlero B O60py,EI,OBaHVIM, Hanpumep,
npn TMpUKOCHOBEHNN YeroBeKa K Aetaljin, KOTopad He NOKpbiTa WU
coaepXXnut 3ne|<Tp|/|qu|<vu7| TOK, 3TO TaKXe CBA3aHO C OTCYTCTBUEM

3a3eMrieHnsd, 3allnTHoe O60py,D,OBaHVIe OTCYTCTBYET WIN HEUcnpasHoO,
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Oaxe ecnv nepuoanyeckoe TexHn4eckoe obenyxmpaHne He NpoBOAUTCA
OS5 yCTpaHeHna noTeHumnanbHblx npobrem [134].

B odwmce oTcytctByeT TOKOMpOBOAAWAA Mblflb W Briara, HO
BO3MOXHO OHOBPEMEHHOE MPUKOCHOBEHME YeroBeEKa K MeTanimyeckmum
KOHCTPYKUUAM 30aHUS, COEOMHEHHbIM C 3eMnen, TeXHONOrm4yeckum
npubopam n MexaHnamam ¢ OAHOW CTOPOHbI U MeTaNSIMYECKUM SLLMKaM
anekTpoobopynoBaHua (OTKPbITbIM TOKOMPOBOASALLME YaCTU) C APYron.
Kpome TOro, BO3MOXEH KOHTAKT C ftobbiM U3 COEANHEHUA 3KpaHOB

ynpasJieHNs NPOLLeCCOM OYUCTKM BOAbl, Hanpumep [134]:

1. [insa paboTbl ¢ anekTpoyctaHoBkamu Bbiwe 1000 B npumenstoTcs:

a) OcHoOBHble 3aWMTHbIE cpeacTBa:
—  mnsonupyrowme LUTaHrK, nsonupytowime 7
SMNEeKTPOM3MEpPUTENbHbIE  KNewy,  ykasaTenun  HanpsbkeHus,

YCTPOMCTBA U NPUCNOCOBNEHNs AN PEMOHTHbIX paboT;

—  n3onupytowime ycTponctaea m npucrnocobneHna ans pabot
Ha BJl1 ¢ HenocpeaCTBEHHbLIM MPUKOCHOBEHMEM 3NEKTPOMOHTEpa K
TOKOBeAYyWUM YacTaM  (M30nupyowmne necTHuubl, NNowaaKu,
n3onupyrowmne TArK, KaHaTbl, KOP3UHbl TENeCKOMUYECKUX BbILLEK,

kKabuHbl Ans paboTel y npoBoaa v ap.).
6) [lononHuTenbHble 3aWMUTHbIE CPpeacTBa:
— AW3NEKTpUYECKME nepyaTku;
— auanekTpuyeckune 60Thbl;
— AW3NEKTPUYECKME KOBpbI;
— MHOMBMAOYyarbHbl€ 3KPAHUPYIOLWME KOMIMMEKTbI;
— MN30MMpYIOLLINE NOACTABKN U HaKNaOKu;
— nnakaTtbl 1 3Haku 6€30MacHOCTW.

2. Ansa paboTbl ¢ anekTpoyctaHoBkamu Hke 1000 B npumeHatoTca
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a) OcHoOBHbIe 3aLMTHbIE cpecTBa:

6) JJononHuTenbHbIE 3alWUTHbLIE CPeaCTBa:
7.2.5 NMOXAPO-B3PbIBOOINACHOCTb

[Moxap: BO3HMK B pe3ynbTaTe KpynHomacwTabHoOro noxapa,
KOTOPbIA BO3HWK CrlydarHO wunu cnpoBouupoBaH. [Noxap moxeT ObiTb
Bbl3BaH HenpaBUNbHbIM  XPaHEHWEM  JIErKOBOCMNIIaMEHSIOLLNXCA
MaTepuanoB, nNpeHedbpexeHnem Mepamu nNpPeaoCTOPOXHOCTU, KOTOpble
Heobxoaumo cobnogaTb Npu AKCnyaTauum anekTpoobopynoBaHna, unm
MCNONb30BaHNEM HEUCNPaBHbIX YCTPOWCTB, TaKMX Kak 3rieKTpudeckue
LWHYpbI [135].

MpeaynpexaeHue o6 orHe. Paboune  OOmKHbI ObITb
NPOVHCTPYKTUPOBaHbI U rOTOBbI K BbLICTPOMY pearnpoBaHuio B cry4vae
aBapun, a Takke cdopmMumpoBaTb rpynny, cheuuManuavpytowyocs Ha
MOHUTOPUHIE MnoXapHou cutyauun. BaxHo Bcerga yumtbiBaTte [OCT
12.2.003-91 CCBT «O6opynoBaHue TexHonornyeckoe. Ob6wwme

TpeboBaHusa 6esonacHocTm» [135].
7.2.6 PACYET NCKYCCTBEHHOIO OCBEUWEHNA

[aHo nomelleHne ¢ pasmepamu: gnnHa A = 8 M, wmpmnHa B = 10 m
N BbicOTa nomewleHna H = 4 m.

Uto kacaeTtcAa oOCBETUTENbHOrO YCTPOMCTBA, TO [BYXNaMroBbIN
ceBeTunbHKK TUNa Ol nogxoant Anst 0OblYHbIX MOMELLEHUIA C XOPOLUUM
OTpaXeHMeM OT MOTOSIKa N CTEH, MOXET UCNOMb30BaTbCS B NOMELLEHUSAX
C YMEPEHHOWN BNaXXHOCTbLIO U 3arblfIEHHOCTLHO.

OnpepeneHne HeobxoaAMMOro CBETOBOro mnoToka namnbl @

ocCyLLlecTBNsieTCs NyTeM pacyeTa:
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_EyxSxKz*xZ
= N

e,

Ey — HopMupyemasa MUHUManbHasa ocBeLEHHOCTb, Oduckl obLiero
Ha3Ha4yeHnda c ncnosib3oBaHnemM Komnbetotepos, o CHul 23-05-95 (Ey =
300 sik) unu no mexagyHapoaHsiM Hopmam (MKO) (Ey = 500 s1k);

S — nnowaab ocBellaemMoro nometleHus, 80 m?;

K3 — Koa(puumeHT 3anaca, npuHMMas BO BHUMaHue cpefy C
HebOomnbLMM KONUYeCcTBOM Nbinu, Kz = 1,5;

Z — KO3(pPUUMEHT HEepaBHOMEPHOCTU OCBELLEHUHA, C Y4eTOM
NMOMUHECLUEHTHbIX namn, Z=1,1;

N — 4ncno namn B NOMELLEHWUMU;

1 — KO3 (PULMEHT NCNOSb30BaHNA CBETOBOIO NOTOKA.

KoadpbdpumumeHT wncrnonb3oBaHMSA CBETOBOrO MNOTOKA MOKa3blBaeT,
Kakass 4acTb CBETOBOro MoToKka famn nonagaetr Ha pabouyto
noBepxHOCTb. OH 3aBUCUT OT MHOEKCA NOMELLEHUS i, TUNa CBETUIbHUKA,
BbICOTbl CBETUNBLHUKOB Ha paboyen NnoBepxHOCTbIO h U KoadhULmMeHTOB
OTPaXKeHUs CTEeH p. U NOTOSIKA py,.

KoadppmumneHToB oTpaxkeHuss noTorka, Ana nobeneHHbIX NoTOMKOB
N CTeH, aAns nobeneHHbIX CTEH ¢ OkHamu 6e3 wTop, p, = 70% 1 p. = 50%,
COOTBETCTBEHHO.

HOoekc nomeweHna onpegendeTca no popmyne:
_ S _ Ax*B
" h(A+B) h(A+B)

[

ne,

h — BbICOTbI CBETUNBHUKOB Haa paboyen NOBEPXHOCTLIO, M;
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A, B — onvHa v wmpuHa, COOTBETCTBEHHO, M.

Pa3smelleHne CBETUNBHUKOB B  MOMELLEHUN onpepnendeTcd

cnegyowmmMmn napameTpamMmu, M, C y4eTOM pUCyHka 14:

A
=
Iy Iy
i
i
W )
-4
i
W W

PucyHok 14 — OCHOBHble pacyeTHble NapamMmeTpsbl

e,

H — BbICOTa NnomMeLLeHuns;

h. - paccTosiHne CBETUNbHMUKOB OT MOTOJSKA (BbICTYN);

h, = H - h, — BbiCOTa CBeTUNIbHMKA Ha4 MOMoM, BbiCOTa NoABeca,
(hp,,, = 3,5, ANS AByXnamnoBbiX cBeTUnbHWKoB Ofl npu oAMHOYHOW
YyCTaHOBKE Unn Npu CNSIOLWHbIX psaax OTAESbHbIE CBETUMBHUKN);

h,_ — BblCcOTa paboyell NOBEPXHOCTN Haf Nosiom, h, = 0,8 m;

h = h, — h, — pacyeTHas BbICOTa, BbICOTA CBETWUMbHUKA Hap

paboyeii NOBEPXHOCTLIO.

CnepoBaTenbHoO,
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h, = H- h,

35 =4-h,
h.=05mM
h =h, — hy,

h=35-08=27m
CnepoBaTtenbHo,

80
T 2710+8)

=165 = 1,75

Takum obpasom, n = 58%.

MHTerpanbHbiM  KpUTEPUEM  ONTMMANbLHOCTM  PacCnofoXeHnd
CBETUITbHUKOB 4ABNSeTCA BenuunHa A = L/h, yMeHblueHWe KOTOPOW
yOOpOXKaeT YCTPOMCTBO U OOCRyXMBaAHME OCBELLEHUS, @ Ype3MepHoe
yBennyeHne BedEeT K pe3KOW HepaBHOMEPHOCTU OCBeLEHHOCTW. [ns
cBeTunbHUKkoB Tuna OD, A = 1,39.

[MoaTomy, paccTosiHne mexay CBeTUSTbHUKaMu:

L=Axh
L=139%27=375m

PaccTtosiHue OT KpalHero psiia CBETUMBbHUMKOB [0 CTEHbI

onpenensieTcs:
L _ 3,75

22210
3~ 73 25 M

I'IpM paBHOMEPHOM pa3mMeweHNMn JIOMUHECLEHTHBLIX JaMi UX

00ObIYHO pacnonaratT psgamu - napannenbHO psgam CBETUIbHUKOB. [Mpu

104



BbICOKMX YPOBHAX HOpMMUPYyEMOIo ocCBeweHnAa JIIOMUHECUEHTHbIEe
CBETUNbHUKM OObLIYHO pacnonaralTcAa HernpepbIBHbIMU pAd0aMn, OnAa 4ero

CBETUNbHUKN COYNEHSATCA APYr ¢ APYroM TopLaMu.

KonnyectBo pAanoB CBeTUJIbHUKOB C NMIOMUHECLIEHTHbIMW NnaMnamMu

onpeaensieTcs:
(-21) (=237
Mo Al = 1247 ~ 3

KonnyecTBo CBETUNBHUKOB C JIIOMUHECLIEHTHBIMU flaMnamm B pany

ornpegendeTcad.

(a- %L) (10 - % +3,75)

1+05  123+05

Ney = =434 ~ 4

"ne, | — apnnHa ceBeTunbHUKA, | = 1,23 M.

CeeTunbHUKM Heobxoammo pasmelwiats B 3 psaa. B kaxgom psagy
ycTaHaBnmeatT 4 cseTunbHUKosB Tnuna Ol mowHocTeo 65 BT (¢ anvHon
[ = 1,23 M), Npy 3TOM paspbiBbl MEXJY CBETUMNbHUKAMUN B pAgy COCTaBAT
(25 - 50) cm. W3obpaxeHne B MacwwTtabe nraH MOMELLEHNA W
pasMeLlleHnss Ha HeM CBETUSIbHUMKOB OToOpaXkaeTcsi Ha pPUCYHKe 2.
YunTblBas, YTO B Ka4OM CBETUIbHMKE YCTAHOBIEHO ABe namnbl, obuiee

ymcno namn B nomewenmn N = 24,
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3.75 M

L =

Li3=125m

25-50 cm 1

1 1 [ [T

—1 | ] I —

PucyHok 17 — OCHOBHble pacyeTHble napamMeTpsbl

Onpepnensem noTpebHbIn CBETOBOW MNOTOK Namn:
Ey*S*K3*xZ
- N 7
500«80«1,5%1,1
T 24+058

= 4741,38 = 4742 1M

Brnivxanwas ctaHgapTHada namna — J1ITb 65 BT ¢ notokom 4600

JIM. I'IpOBepKa BbIMNOJTHEHUA YCJ1OBUA!

o —d
—109 < —=EA IR 100 9% < +20 %
CDJI.CTaH,E[

PesynbTar:
—10% < —3,07% <+20%
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OnpeneneHne  3MeKTPUYECKYHdD  MOLWUHOCTb  OCBETUTENTbHOM
YCTaHOBKMW:
P =24« 65 = 1560 BT

7.3 9konornyeckasi 6e3onacHoCTb
7.3.1 BOSOENCTBUE HA CEIMTEBHYIO 30HY

30Hbl  CYMTAKOTCA  XKUMbIMWU  NPU  KOHUEHTpauuUM  XWUIbIX,
aAMVHUCTPATUBHLIX, Y4EOHbIX, KYNbTYPHO-ObITOBLIX 30aHunn 1 T.n. [136].
CywecTtBoBaHne HedTAHbIX KOMMAHUN BOIIM3M XUIbIX PalOHOB MOXET
NPUBECTU K HeraTMBHOMY BO3OEWCTBUIO Ha JoAen He TOSIbKO 3a cYeT
yBENUYEHNa LymMa OKpyXawuwen cpefbl, HO U 3a CYeT BblaesieHus
3anaxoB OT XUMMUYECKMX MPOLIECCOB, CBA3AHHbLIX C MPOMbILLSIEHHOCTBIO
[136].

7.3.2 BOBOEVCTBUE HA INTOCOEPY

Pabota B odmce MoxXeT npumBectn K obpasoBaHumio 605bLLIOro
KONu4ecTBa OTXOAOB, TaKMX Kak ObITOBblIE OTXOAbl (KaHUTOBAapbl, OCTATKM
MWLM N OTXOAbl OT UCKYCCTBEHHbBIX NCTOYHMKOB CBETA), 3TU OTXOA4bl Npw
HenpaBUIbHON yTUAM3auMM MOryT OKasaTb Cepbe3HOe BO3AENCTBME Ha
nutocdepy, 3arpasHasa e€ [137].

3arpsasHeHne, BO3HMKalOLWee HenocpeacTBEHHO B peaynbraTte
He(TAHbIX oOnepaunn, TakKe MOXeT HaHeCTU Cepbe3Hbin yulepb
nntocdepe, ecnun He cobnogatb OCTOPOXHOCTb NPU XPaHEHUN OTXOA0B,
Hanpumep, e€ecnum Mmacna, oTpaboTaBlimMe CBOM CPOK  CNyXObl,
cbpacbiBaloTCA NPsAMO B 3EMII0 UK €CNM OTXOAbl TEXHOMOrMYEeCKnX
npoueccoB yTunuaupyTcs. 6e3 npegBaputenbHon o6paboTkmn Ha 3emne
[137].
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3arpsasHeHne, KOTopoe OH BbI3bIBAET, MOXET NPUBECTU K NPSIMOW
rMbenn pacTeHMrn U KUBOTHbIX, HACENsALWMNX 3TOT paroH. YCTaHOBKa
HeTAHOro obopyaoBaHMsS OKasbiBaeT OONbLUOE BIAUSHWE Ha NPUPOAY,
TaK Kak HeobxoaMmo BbIpyOuTb BonbLllyo nnowanb, YTobbl obecneunTb
NPOCTPaHCTBO M A0CTYN K o6bekTam [137].

B gonrocpoyHon nepcnektuee AomkeH ObITb NfiaH BOCCTAHOBIEHMS
OKpy>xatoLen cpeabl 1M3-3a Bcero yuiepba, KOTopbin 6Gbin HaHECeH npwu
akcnnyataumm  HedTegobblim M HeOBXOAMMBIX — COMYTCTBYHOLLMX

npoueccos [137].
7.3.3 BO3EMCTBUME HA TMOPOC®EPY

B Hactosawee Bpemsa 20% BOOHbIX pecypcoB 3arpAs3HeHbl
ocTaTkaMmy NPOU3BOACTBA YrneBoOpPOAOB, a MX MPOU3BOAHbIE UMEKDT
TeHaeHUMo K obpasoBaHUIO YrineBogOpPOaOB C BbICOKMM cCoAepXaHuem
cepbl U a3oTa, KoTopble 3arpssHAT Boabl [138].

3arpsisHeHne  MOBEPXHOCTHbIX UMM MNOA3EMHbIX  BOAOEMOB
yrrneBogopogamu unmn nx npon3BogHbIMM MOXET Bbl3BaTb CEPbE3HbIE U
aoaxe HeobpaTumble Npobnembl, TakMe Kak rmbenb npeacraBuTenen
dropbl U hayHbl, OBUTAOLWNX Ha NOpPaXKeHHbIX TeppuTopmax [138].

HedTsaHoe 3arpsasHeHne rnaBHbiM 06pa3om NoTomMy, YTO OHO NMeeT
MEHbLLYIO MIOTHOCTb, YeM Boda, obpasyeT cnon HedpTn Hag Bogon. Mo
Mepe npubnumxeHuss npouecca WCNapeHust nerkux yrnesogopoaoB
HaunHaeT obpas3oBbiBaTbCA BOAOHETSAHAA 3MyfbCUS, Bbl3blBatoLLas
noTepr Kucrnopoda B BOAE, BIIMSIOLWYIO Ha MNPUCYTCTBYIOLLYIO MOPCKYHO
XW3Hb [138].

AHanns cteneHun 3arpsisHeHNs BoAbl NPOBOAAT NO OMOXMMUYECKOMY

I'IOTpGGJ'IeHVI}O KUCnopoda, Kyada BBOOAT [OKa3aTellb, KOTOprVI no

108



CaHUTapHbIM HOpMaM UCNbITaHU He JoSKeH npesbiwaTb 3 Mr/n no FOCT
17.1.3.08-82 [138].

UToObl MCTOYHWMKM BOAbI He coaep)Xanun  YrrieBOAOPOLHbIX
NpOAYKTOB, 3arpssHsalolMe BewecTBa He [OMMKHbl cbpackiBaTbCs
HenocpeacTBEHHO B BOAOHOCHbLIE FOPU3OHTLI UMW cucTembl cbopa BoAbl.
Taknm obpasom, B KavecTBe NpeaB3siTOCTU MNpeanaraemoro mMetona
NOBTOPHOE MCMNOJSIb30BaHWE MNacToOBOM BOAbI ABSETCA NyHLLMM METOLOM

CHWKEHNA YPOBHSA 3arpsisHeHus [138].
7.3.4 BO3EMCTBME HA ATMOC®EPY

HedpTaHble 0ObeKkTbl NMpyM HOpManbHbIX YCMOBUSAX 3JKChnyaTtauum
MMEIOT pasfinyHble UCTOYHMKM BbIOPOCOB, 3arpA3HAOLWNX aTtMmocdepy.
9T npumecn MoryT ©ObiTb nNpoayKTaMmyn CropaHusi, XMMUYECKUMM
BellecTBaMn, UCMNOSMb3yeMbIMM B PasfiMyHbIX  NPOU3BOACTBEHHbIX
npoueccax n xsoctamu [139].

Mpwn oobblve HEPTU N ra3a OCHOBHbLIMW 3arpsA3HUTENSIMU ABIISAIOTCS:
daken, KoTopbI CXXuraeT U3bbITOK rasa 1 BolbpacbiBaeT YrnekUcnbln ras
B aTMOCdepy, KpoMe TOro, KrnanaHbl, Yepe3 KOTopble NpoTekalT cTapble
aBToOMOOMNM W OBuratenn, TakkKe SABMSTCA KPYMNHbIM MCTOYHMKOM
3arpa3HeHuns atMmocdgepsl.

Bcerga HeobxoanMmMo uUMeTb niaH NpeaoTBpaLLeHnst 3arpa3HeHus
BO34yXxa, KoTopbln TpebyeT nepuoanyeckmx npoBEPOK 3aluTbl U
n3onauum, nNPOBEPOK CBapKW, HanMuna aBapUNHbLIX pe3epByapoB U
yncton n adbdekTnBHOM cuctembl coopa [139].

Ha coBpeMeHHbIX 06bekTax ynpasreHme npoLeccom urpaet o4eHb
Ba)XHYIO POJib, MOCKOSbKY AaTymkam TpebyeTcs MeHblUue BpeMeHu Ang
oBHapyXeHNa 3arpA3HAILLNX BbIDPOCOB, YTO NoBbIWAaeT 3PPEKTUBHOCTD

npouecca. Takum obpasom, HEODXOAMMO UMETb Hagnexawmn KOHTPOb
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N TexHn4yeckoe oOCnyXnBaHME IMEKTPOHHbLIX AaTyNKOB, Kabenen u
CMCTEM aKTUMBHOW CUrHanusaumm, 4Tobbl MOXHO ObIIO OBGHapPYXUTb U

HeMeaneHHO OCTaHOBUTL NOBOM TUN 3arpsas3HeHus [139].

7.4 be3onacHOCTb B Ype3BblYaMHbIX CUTYyaLIMAX

B npombiwneHHoCTH, ocobeHHO B HedTeaobblye, OCHOBHOM
aBapuMHOM cuTyaumen 4BngeTcA noxap, He3aBucumMo OT TOro,
npeaHasHayeHa Ny ycTaHOBKa Ons BO4OMNOArOTOBKM uUnn HedTenobblum
[140].

[MepBONPMYMHON MOXAPOB SBMSETCA HapPyLUEHWE TEXHUYECKOro
pexuma, dyab 1o obopyaooBaHWA MM 3alWuUTbl, 3a4acTylo ucxoas wu3
pasHoobpasna UM CMOXHOCTU  CYLEeCTBYHOLMX  TEXHONOrMYEeCKNX
npoueccoB. OcCHOBbI MPOTMBOMOXAPHOW  3alUUTbl  ONpPeaensTcs
depepanbHoro 3akoHa oT 22.01.2008 Ne 123-93. «TexHuyeckumn
pernameHT o TpeboBaHMAX NoxapHom besonacHocTny [141].

OpgHako TeXHUYEeCKylo OTBETCTBEHHOCTb 3a cobniogeHune pexuma
noxapHon 6e30MacHOCTM HEeCeT WHXEeHep Nno oxpaHe Tpyda W
NpoMblIlINieHHON  6e30nacHOCTK, KOTOPbIM  AOMMKEH  MOArOTOBUTL
WHCTPYKUMM MO noxapHon ©Ge3onacHocTn, obecneunTtb obyyeHne u
cobniogeHne npasun paboTHukamun [141].

[MoxxapHas TexHWKa AenUTCS Ha MNEepBUYHYI0, CTauWUOHApPHYK U
nepeaBwkHyt0  (NoxapHbole  aBTomobunun). [lpy  BO3HWKHOBEHUMU
HebOonNbLUNX NOXapoB, MOMUMO OMNOBELLEHNS TEXHUKA, OTBETCTBEHHOrO 3a
NpOMbILNEHHYO 6e30nacHOCTb, pPaboTHUK OOSMKEH UMCNoNb30oBaTh
NepBUYHbIE CPeacTBa MOXAaPOTYLUEHUA, Haxogswumecss BHYTPpW oyara
BO3ropaHua [140,141].

Kpome Toro, Ha npeanpustm encTeyeT aBTomaTmyeckas cuctema

noXxapHon 6e30MnacHOCTM Ha OCHOBE pasfnYHbIX TUNOB AAaTYMKOB (AbIMa,
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Tenna, nnameHu). B cnyyae noxapa cuctema akTUBUPYeETCH, n3gasast

CBETOBOW 1 3ByKOBOM curHan [140,141].

BbiBOoAbI N0 pasaeny

Mcxoos m3 pasnuyHbIX acrnekToB coumanbHOW OTBETCTBEHHOCTM,
npeacTaBnsgeTcd, 4TO NpU aHanuM3e npaBus, KOTopble Heobxoammo
cobnogatb, MOXHO caenaTb BbIBOA, YTO B LENOM OEATENbHOCTb,
ocywiectBnsgemass B HedTsHOM  oTpacnu, Bcerga  AOOIKHa
perynupoBatbcs. [Npu pabote B obrnactu npomsBoncTsBa, obpaboTky,
CUHTE3a UM KOHTponsa Heobxogmmo cobnogath Bce oblimne npasuna
BGe3onacHocTn, a Takke ocobble npaBuna 6€30nacHOCTN, OTHECEHHbIE K
Kaxgomy Buay aeatenbHocTu. B GusHec-cpege cobntogeHve npasun B
nosiHoMm obbeme coTpyaHMkamu, nx 6e3onacHoOCTb, OKpyXKatoLwasa cpeaa u
Ka4yecTBO ycnyr, npeaocTaBnsAeMbIX KOMMaHunen, ABNAOTCA
onpeaensawmMMmmn dakTopaMmm KOHKYPEHTOCNOCOOHOCTM KOMMNaHU.

Takum obpasom, coumanbHash OTBETCTBEHHOCTb Bcerga AoJShKHa
npucyTCcTBOBaTb MNpu paspaboTke nNpoekta, B TOM 4YUCNE BO BCEX
NPOBOANMbBIX Npoueaypax, NOCKONbKY HE TONbKO yBENUYUTCA NPUOLINDb
KOMMaHWM, HO N CHU3NUTCSA KO3 DULNEHT YOBITOYHOCTH.

[loBepue COTPYOAHUKOB M TPeTbMX UL, MOBbILLAETCA 3a CcyeT
cobnogeHns  CTaHOaApTOB  CoUManbHOM  OTBETCTBEHHOCTU. Takum
obpa3oM, MOXHO  CTPEMUTbCA K  BHEOPEHUD  MPUMEHEHUS
MeXayHapoaHbIX CTaH4apTOoB, NpuaaBasi KOMNaHUM BbICOKOE AOBeEpUE 3a

€e OTBETCTBEHHOCTb 1N coLMalibHYIO NMPUBEPXEHHOCTb.
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CONCLUSIONS

Based on the results obtained throughout the present work, it can be

concluded, that:

In the study, 7 variations of synthesis conditions were studied to
obtain two different types of zeolites. These two different zeolite-containing
materials from ash presented a crystallinity above 30%

The synthesized materials significantly increased the specific
surface area from the base material agloporite. The agloporite material
presented a specific surface area of 0.7 m?/g, while the sodalite phase
material and the two-phase material (Y-Faujasite and Sodalite) were
synthesized with 63.3 and 162.2 m?/g, respectively. Both synthesized
materials presented values above the specific surface area of the natural
zeolite, which possessed 44.6 m?/g.

The material containing two types of zeolites makes it possible to
efficiently sorb dissolved hydrocarbons from the samples (model solution).
Cleaning efficiency - from 51 to 72%, sorption cleaning capacity - from
0.16 to 1.14 mg/g; from samples of produced water. Cleaning efficiency -
from 89 to 93%, sorption cleaning capacity - from 1.6 to 1.7 mg/g;

The economic efficiency of the use of zeolites as absorbents for the
purification of petroleum feedstock in the field has been substantiated. The
Net present value (NPV) from the use of zeolites was estimated to be
43.11 million rubles for 10 years, with a payback period of approximately
4.5 years.

Moreover, converting power plant coal ash and slag waste into
zeolite-containing materials ensures qualified disposal of waste from coal

combustion.
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