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17 0,6 - 68 98 147 142 - 20
25 1 - 63 98 166 150 28 20
35 1 0,7 71 98 154 140 30 23
42 1 0,7 73 95 161 130 24 23

gb®oo 6. 3960l Fobaliosmgdmgdo 50°C 3gd3gMod @by Gyzool 3Gmbols

§o®3mgdols Bsdobstyg fyamolimgol

gy | baans | \900K000 | LSS | weinn
O® 92-093-/3 3/ ghooce
RYR0Y | \1x 40 | MK-40 | MA-40 | MK-40 1\1‘3' MK-40 | MA-40 | MK-40
1 1 . 70 93 150 | 140 29 25
10 1 0,7 65 98 160 | 147 24 21
17 1 0.8 64 98 158 | 140 30 20
25 0.8 : 64 98 150 : 26 21
35 1 0,7 68 97 160 | 136 31 27
) 1 0.8 72 97 163 | 146 36 24
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Bsb. 1. Byz00L 3GmboL Fo®Hdmgdsdo sGLYdMmo Rsdobstyg Fywol
3503960L Bgdbmemyon®o bidgds

AY300L 3OMboL HoMImgdol Bsdobsdg Fyswro doghimgds 99693L 1, 5939
bgds 890s93900Lsm30L H2SOs dofimegds. Bsdobs®g figserdo 9daligawagb-

A0sbo JeOmAols (Cr+6) 00b9d0l 999339 Md0ol 99nb3z93530, 5306 3, MBs-
GH™MoL 21 ao3wom, 9986mg380 1 Bogobgds fyserdsol Bggsbaol - H,O,
39bLsBOZOMEO  BoMmIbMdy, OHMIgoiE d0ghm®gds 3oe30dol  3oMHm]-
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Lool  FofmEadsdY. 35eE0mdol  3oMHmJbool  blbsmo  FBs©EYds
300653036 LoM93d0 2. 30CES3W039O L9300 2 JOPOOHMYWSP MO0~
0690000  309Hmgds Fyseo s 9953gds 393030l mJuool (CaOl) gob-
LOBOZOMEO B3MEYbMds. 900930056 1 {gowo m3000©0bgdoo dogfhimgds
1093930 9mgdggdol LBogds®l 5. sfiomdowo blbstro M30000bgdo yo-
5O LyEgdo®mol 5 gG LoES3d0 4, LooEILsE GHddm 10 Lodmswgdoo
9090™9ds5 RoEGHMo(bgbL 7 s aMm30905 bgoBMI0BIGHMOIo 8. Lobgod)-
o0Do30Mm IMEMwMmdsdo 8, sBMET5358 dofimegds begds Logszosb 11,
©MBGHMO 12 9453000m, borwm 5 Bogds®r0sb ersdo 45sobL Losdg Fodo
6. 6903505300l 8999y bgo@M0BIEGMMH0EIE 8, BsdEobstg fysero
GNM9d™ 9 Bodmogdom doghimegds Ls(Bg3 93BL 13, Loo@sbsg Fodmligerolsls
04mRs M6 653505. 3060390 653500 OMEIGBHM0om 14 Fgol mOLOGY-
bm6056 99dGHOM05e0BsGHMOOL 15 39 bofloerdo - 259(d9bo 395996Msdo
05680893 MO0m 45030L M5 Y39y A59F9b Lo39bL, AsHdgbowo figsero
399©oL MmOLIBIHMMH0s60 9 9]EHOMEOIODIGHMOOL 15 Bgs bofforrowsb
5 B5900b690s gofidgbowo fiywols s3%do 16.

50530060MMWsE,  3Mbi39bGHH0MmgdMwo  fymolb s3B0sb 17, 3:mb6396¢)-
(06090290 blbsMo ¢mddmmo 20 doghimgds LEHbgm 53BL 18 s MHMESTgBHOO
19 a503e0m 890l 353mb39bEM0Mgdge 1535680, 4503w0lL Gro yzges o3mb-
395GH®0M9dg 15396L, FoM0bLbIMO 45dMmEOL MOBIRIHYM0sBO gugd@tm-
QO0S0DIGHMOOL 15 Bgs b5fowosb s Pogobgds m396 3mb3gbiEgbdMo-
6900 fgeol s3%do 17.

05680000930 29bwsygdme 259Hdgb s 353mb;396¢M0MmYdYI
15369090 s OBoEO (FoLfdgbeo Fyseo) s FoMOEbLBIGO (3b396EGSEH0)
Y3930, 356590, IMM300J0J0 Bs35oL Loboo JmdMsMdL. gegd-
Ao ©gbol 293000 F0dEObsMGMdL 0mbYdoL FodsMNo FMIMSMOY,
GIol 990925053 bm®309w®gds 503mm09MHd0L goEebs god(dgbo Boz-
60sb 353mb3EbEGHM0Mgdg Bo3sbdo, AsHdgbowo gsewo dgol s3Bdo 16,

boem  30M3MoMgd50 93Bdo 17 Lsosbss 0bgg oIEOL  gargdEHm-
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QO050BIGHMOOL  53mb396EGH0MGdg  Lo396d0.  (306039s300l  TgYYS©
353mb396GHM0M 9390 blbsMol s3Bd0 doowgds 25% -0sbo 3mb3aIbEGHMsGO.

AY300L 36O@bol Bs30bstg Fywrgdols godm3zargzol 3OHmEgldo 30639
Moado dg30Lfogwgom 9433w gbEH0sBo JOHMAol Lsdz5egbE0s6d0 gosygzsbols
30m3gbo. 396 doge Cr(VI)-ob s0dygbers Cr(IlI)-8gg godmgzoygbgom §goum-
05Ol Bgs19690.

09odool Bgzoba0 (H202), dgLsdergdgeros, gobal 396ML3gdEHowwo
3M63963®0MgdMwo JOmddgdE3gero bsdobstg fyargdol 99w meo dm-
39IMO0L ©53To3900LS.

9943b3596GH0560 JOHMAOL  gooLoYz965  15IZ9EgbEH0s6T0  5BY9bg-
0oL 459mygbgdom LsFoMms dwroge 85035 569 pH=2 (565m39@H9L pH = 3)
@5 Latgogdiom botgzol Mmowo. 85535 969do {godsol 3gmmdlools
dmddggdom JOHmdol 99aLgLigowgb@osbo 0mbgdo goool B35 bEH 056
Je0ddo

2 KoCrOs + H202 + 5 HaSO4 = Cr2(SO4)s + 2K2SO4 + 6H20 + 202

3M6396GHM0M9dMo 4ma06Md:535L ImJdggdom 35¢0w9dol JOHMIsEol
@5 Gyzo00l 0mbgdol 1y33¢930 HYyoblbsto s09y3569ds pH=3 s F9do39gds
09odool 39HmJloom. 98 @OML BLlbsMOL ImYz0moem BIOO Q5IEOL
daf3960m 953900 Md5d0, GoR0sE BT3¢ gbEH0s60 JOHMTol 0mbgdo 33569
99339600 Md0LSS. F53HJOME0 §YsedsoL 39MMJBoEOL M3EH0TsIMHO Brom-
©96Md5 90dgds g6 0gml MmgmGmoMWwsS.
09odool  39MHmdlool M3EGH0Ts OO MHIMPIbMds goblsbwzmwo ogm
99b3960896Go. Lozzergzo 100 der blbsto pH=1 306H™d9dd0 349- 9530905
Pgoamdool  3gmmgbool  30%  blbsGol  Fbsto  Gompybmdom
9939603960l F9ga900 ImEgdwwos bMowdo 7.

(30900l 890939035 1B39bs, MM  {fgsedsol 3g9Mmdlool Mm3E0dse)MHo
509bMds 653009005 F9M9000 MO0 MEMIb s 136. 9J3L35w9bEH 0560
JO®AoL  4900L5Y39650 139w BBH060  LoFodmms 0,11 6. §yswdools
Dgs560.
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3bM0o 7. §yoedaol 39Hmglool Mm3@0dse®o Momnbmds

6)22102 ;fgb, JOM3ol 0mbgdol 3mb3gbEMagos dy/ 3960b
e LogBom | 8998539000 990y Cr+ 89332, 0
0,02 31 1,5 29 120
0,05 30,5 0 30 50
0,1 35 0 35 35
0,15 35 0 35 40

AYz00L 30mbol BsdE0botg (gugdosb Bodzsmgb@osbo J@mdols o
AY300L 259Mmymazzds bmME09w©qds 35¢30vdol 30MMJLOoEOL  by3SEGdOm.
39w 309dol  30OmMmJloo  JOHmdobs s BGYzool 0mbgdmsb  Ho®dmddbols
MbLbs© 300MMJLOEIPIL. 2oMS 5Toby 0g0 IMJIJEIOL, OMAMOG JMOQY-
WsbGHO 5 Boergdol godmymazs bgds LEMLRs®. bogrgdo odmoymazs dlbgowo
Boffoers3gool Lobom s 3069 EOML dmombmal.

©53gbowo ogm 53 3MMEglol Mm3EGH0dsmo 3060H™MdJd0. 3oMmdlo-
©900L  LEWWOo  QsdMEgd3s  808O0bscmgmdl  pH=11-11,5-0l O™L. 59
9563969090 B9 ©35¢0 pH-0b O™L 3080bsMgMBL 5MLMMEo godmergd]s,
bomm Madm dspswo pH-ob @dOml @yzool 3oOmdloo bsfowmd®mog
oblbgds s®gdo. bGogo 8.

3b®oo 8. 5% Ca(OH)2 m33005¢0vMHo Momegbemds

Lshgolbo 3mbEab@®sisos 0mbgdol 30mb396GHME0s
0,
I/ pH mil o ngj)az ©29778>39900 8900y I/
Cr+3 Pb+2 @J i Cr Pb+2
35 7 9 15 5 2
35 7 11 20 0 0
35 7 11,5 25 0 25

3ow30dol  3o0Mmmdbool 5% bLbseol ™m3EGH0doMHo  MHoMEIbMdS
pH=11-11,5 3obswgds 89500996l 200p/c. LsdzscngbBosbo  Jemdol Gom-

©96md5 B530bsM Fysedo 56 bs 50gds@gdm©aL 35 g/, bmem Fyzool
09933900Mds - 7 /.
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Poboliffot 5349853900 Bsdobstyg figsero gargdGHMHmoswoHemo
3900960l fob  bgoBMowads  BMmGHTgeoz3000,  GMmIwol  pH=5-5,5.
90994 GHOM0swoBol 3OHMEgLOL MM, Bs80bscg Fywwol pH 0bGgds 6-7-
909, 60GMm5BHd0LRb  goliyR™M39d0lL  FggasE. Losfyolbo d60d369mdoL
239BMOLOL Bs3E0BIMY Hyseols 5943L BH@9 969.

356M0wblbsMo  [omBmoygbl  mbgzs  Lobwydu, GMIgwos  Fgo3ogL
Bs®omdolb o 39wodol  BoG®moGL.  FoMHoblbsMol  3mb3gbE®msEool
350 0()393L  2539bol boolbols dgd;30609dsL  353mb396EM0MgdMWwO
3999600056 298(d9b0 35996530 6535000l Fo0dmJabob godm. 3bGOwo 9.

3bM0wo0 9. 3560EblbsMol gobozm-Jodor®o dshz969dwgdo s BLazmEo

3mb39b@®mo30os
230%03m-J0804)60 95m0blibsmol 3mbaab@®sgos %
9539690 gd0 15 25 55
pH 6 6
90 9a02/cw 2 2
89650 65300 @/m 0,03 0,03 0,1
Lobobég 3y.9d3/e 0,3 0,3 0,4
SO+20y/qw 0 0 0

50069, B380bsmg Fyagdol gwgdEmMmEoswobmMo  o)Hdgbool
330050 M959000. 65350006 Mm3BH0dsemEo LoBJodg 960l 5 ww/lo-do,
@960l dos - 2 583960, B3 >M0EBLBsOOL  3mb(396¢®s305 25%, bmerm 5%
39301990l 30OHMJLOEOL M35 MO MroMmEIbmds - 200/, dsdgzs 100 —
140 3m@o.

3900330939035 583965,0m8 0,25 5/d?  Fowowro gbol Lod3z3¢039BY
399(096@ 359969000 d9ddMBgdOL  3MbEIBEGHME00L  3MEsGOBIEOOL  godm
0DMmgds bbsmol pH s LBod35¢gbE0s60 JOHmdo Fo®dmddbol 3oMmjlowol
Boergdl. Bsd0bstg figsero bgds dmzMog. 25(dgbol bosolbo 10-30%

09500996L.  259m 33w ge0s  Fo3mbEgbEHM0Mmgdgw Bs3sbdo 3mbiEgbdEMmozowmwo
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3sMH0Ds300L  306MdY00. ©©PO0bEs, MMI 3mb396G G300 3MEIsGO-
o300 0fjygds 25/L3% - Bgzom.

Bo30bsMg §yegool asLodgbo 0mbdszargro 99336sbgdols godm-
496905 999 GHMHMPOS0DMMO FgOMPOm FMoMBM3ZL 33e93900L BoEOMgdL
MOMYMO3 (9W39M0  00bgdoLImM30L S1g3g 98 0MbgdIOL gOHMO© YMmxyboLL.
5do@™md Bo@oM9dmeo ogm 9943t o Lsdzsgb@osbo Jomdols s GYygzool
99933090 dmygz0mom blbsegdols godm33eg3s 9e9dGHOMEOs0HO.

33w930L MB09IEHO© 90900 0Ym 3HY300l s JOHMIoL bo@Mo@gdols s
JO@d5@Hob 0,1% -0560 {goblbstgdo. 0,1% Gyzool bo@®mo@ ol m3@odse)®o

3060009305 - ds035 100 3mer@o, ©gbol Lodzzmogg 0,0046 /132, ©9bol
399053500 53% o 25§d96c0l baGolbo 100%. sbGowo 10.

3b®ogo 10. Byzo0L 6oEMsGob m3GH0dsgrMo 306MmdJBOL 3sdm3zmgas

0,1 % blbsto Pb (NOs)2
dodgs 5@ /bo 10 @ /bo>
30 gbol 3o0mbagoeo | a5(dgbool ©gbol 3odmbsgomo | as9(dgbol
&o 100336039 ©096%9 bsbolbbo | Lodzzmogg ©96%9 bs®olbbo
5 /Ld? % % 5 /bd? % %
50 0,003 79 100 0,003 39 20
100 0,0046 53 100 0,0063 79 100

539600 0465 JOHM@AoL Bo@®Mms@ol Mm3GH0swmo 3060HMdYd0 5¢0/bLod

90{m©gd0l LoBJs®Ol MM 200 3men@ dsd35Hg - ©9bol LodzzMogzg 0,016

5/, go9Mbogowo 6B 64%, 25(dgbol badolbo 100%. gbGoo 11.

300 11. §Omdol boGMms@ols m3GH0dserro 30MHMdgd0ls 45dm3geg3s

0,1 % bubsto Cr (NOs )3
dod35 5 @/bo 10 ¢/l
30w@o | gbol 298mbogocro | 25(d9bol 9bob 2300mbsgomo | asHdgbgols
100336039 ©96%9 bobobbo | Lodzzmogg ©96%9 bodolbo
s /Ld? % % 5/ bd? % %
50 0,016 38 49 0,016 75 49
100 0,016 51 66 0,016 80 63
150 0,016 64 69 0,025 63 66
200 0,016 64 100 0,044 38 69
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5900w 0dbs JOHmaol boGHGsGol m3EH0dseremo 306MMmdgd0 S/l
d0{m@gdol LoRds®ol O™ 200 gmen@ dsd35Hg - ©9bol Lodzzmogg 0,016
5/, godmbagswo 9bbBg 64%, 25(dgbol badolbo 100%. gbGowo 12.

gbGowo 12. JOHmIsEHombgdol m3EH0dsEo 30MMdJdOL 4sdmIzEgas.

0,1% blbstro K2CrOs
5 @/bon 10 /b
35030
b0 ©qbol 2o0mbogoeo | ofdgbool ©9bols 3o0mUbsgoeo | a5Hdgbool
3O 100336039 ©96%g bsdobbo | bLod3z3zM03z9 ©096%g bs®obbo
o/lbd? % % o/lsd? % %
50 0,002 66 80 0,0018 50 79
100 0,018 65 80 0,002 55 99
150 0,018 65 99 0,002 55 99
200 0,018 60 99 0,002 55 99

0,1% K2oCrOs §yoemblbstrols  m3GHodsito  3060Hmdgdos - blbstols
90{m©9d0l LoBJs6g 10¢/bm, dsdgzs 200 3me@o, 9bol bLod3zzmogg 0,002 5/1532,
399mbs350 EYbDY 55%, 25(d9bol badolbo 99%.

3b®ogo 13. Cr s Pb*? a5(dgbols m3EH0dserayMo 3060md980 90005 gmubols otmmls

35dg @©gbob 35f8960b bs®olbo % | °00bsgsco bLbsGOL
L0d336M039 6%y dofimegdol
30@O0 5/532 Cr3 Pb*2 % LoBgs6r @/bor
50 0,02 80 90 50 5
100 0,045 87 95 63 5
150 0,07 95 98 58 5
200 0,15 95 98 53 5

AY300Ls S JOMTo@E 0mbgdol gMHmo© Ymebobol, oa0bs BLlbsGOL
33005 OH0 3060MdJd0 100 3@y dsd35Dg. bubsGol dofimgdols LoBdstgs
5¢0/bo, ©gboll Lod336m039 0,0076 5/LF2, 2sdmMogscmo ©9gbbg 70%, bmerm
3900960l bamobbo Eyzoolmgol s6ol 100% s JOmdsd@ ombgdobmgzgol 99%.
gb®owo 14.
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3b®oo 14. Pb*2 s CrOs2 0mbgdol fgoemblibaeol m3Eodsgrm®o 3063900

g Pb*2 5 CrO42 blbsGol dofimegdol Lobds®g , @ / bom

%1 2 5 10
s =) © =)

s 0960L 99b60L
4 S| §s "5;6 o0 S| §s| astogbol S| § o 2W00beo
S| 2 a 30 >MHobbo 2 3 29 bsoobb 2 3 2o badolbo
S| 8 D P % B8 P P o0OOLLO B D P L %
= oINS = TNN 0 oINS =T o o & 20 0
c gl €% gEl £ 0 gel €8
= acl N el acl - N
& < D Q| B Q| D
o s Pb2 | Cro;? S Pb2 | Cro;? < Pb2 | Cro;?

50 10,0032 | 60 100 | 99,7 |0,0046 | 50 100 99 10,0076 | 68 66 99
100 |0,0038 | 58 100 99 | 0,005 56 100 99 10,0076 | 70 100 99

9IGOMEOOBYMO ©s BabmzgowGHagorwo dgmmegdol
390056905

AY300L 3OMbobL Fo6dmgdol Bsdobsmg fiywgdol 2sfdgbool gwgd@cm-
©OS0BME  3OM39LML  FgLoEIMYPdWIE 9306009  BIBMBOWIEHGMSEFOWO
36MHm3qbo.  GYyzo0l  30mbol  {omdmgdols Bsdobs®g  {gwgdol  gohdgbool
3Mm39b0LOM30L,  BBMBOWBHOE0MEO 3335 HoMIdIMEs  Lsobgobem
d990Msbmo  39dbmemaogdol obbGodGmEGdo 8gddbogr  FHobygbgosEH
Bobmzom@HMo30mw bgwbsfymby.
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Bob. 2. BsbmBoEH®MS30Y0 ©sbs©YSMO

Bsbmgom@GHMogomwo  3MmEgLol  LOEWMWYMBOWIE  JIBBMOEF0gEYds
d9Lsdergdgos  FbmemE  GHobagbgoswIMo  BowEHMmozool  993d36Mmsbmen
5659 BY.  3MM3gLOL  2obbmME0gwgds  J0BsbIgfimbowo  sGob  Bgz0l
09379 bO0 bsbEHMIgOoLs s 300M93e0319M0 IMEHYIYOOL FoglodoermEs
3993060900, o0 50 dmbgl 99360l FHYMdMOEIL odmliges o
990065690 535M5GHOL  3obTSLOL  YEHOWIOOL  IBMOTOMYdS.  FOMO
069306 GHMBdML  Bodmoergdoom  Lofilgolo  Lombg  MhYy39do  dogfmads
Bobmzom@MoE0me Lobidgdst. 3930696 LoliEgdsdo Lofgolo Lombg ogmas
5050 9600993390 d0L B350, MHMBgwbsi 29§dgbrowo 3Hmomd@o
5699 BoWEGMsGH0 9fhm©ads, brnwm Fs®owo 3mb3gbG®Ms300l dmbg 65350l
Lobo  8000gds  M96@gMbsG0. 3mb6396EGHMGHOL  Mom@gbmdols s (bgzol
3569 oMgdgeo  1o39dHo  sbgzg  9bgbl  Bgdmgdggdsls  39MBosEol
5m©YbmdoL LoEOHHY. 58 3GObE03YY IMIMTsgzg 393360 TMEIGdO
39900g9gbgds blbsMol OO MomEIbmdol, dowswo 3mb3gb@®Msgools s
bsbaMdwo30 OHMOm gJu3Msdo3oolsmgol. 9adMbE s35Ms@do Lafiyolo
Loombols  dglsligengeols  ©@s  3mb3gbGHMoGOL  golisligengeols  39339mdoom
bmM(3090©9ds ©LFMT53909e0 blbsGol (30639Ws3E0s.
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993 GHOM050oDBoLy s BabmBowEHMmo300L 3MHMEgLOL, dsd30Ls @
©OMOL ©3M30090gds 39Hdgbol boeolbbg Fodmoygbowos yGmsz0-
3M0©. 3HY300l 0mbgdolsmzol MmMm0gg 3OHMEgLloLsm30L  dgoyqbl  100%.
Bob.3-4.

108" Pb*?
90
80
70
60
50
40
30

20
20 30 40 50 60 70 80 90 100/

Bsb. 3. 9e9dBHOM©O5Er0Bol 3O@EgoL MM dsd30L M INEIDOMEGdS
39599600l babolbbyg 0,1 % Pb(NOs)2-cz0ls

& Pb*2
97 98 98.8 98.8 100
100
80
60
40
20
0 1 2 3 4 5 6
T- @™ Lo

6ob. 4. BsbmgoEMo300L 3MrMEglol EMML, EMMOL 3MI0EIDBYEYDS
395996000 batolbbg 0,1 % Pb(NOs)2 -ogols

1593596050 JOHMToLZOL dod30Ls O EOMOL  TMIOIOVICGDS
3900960l bsdolbBg  gergdBHO™MoswoBolbmzol  Fgoagbl  100%,
Bsbmgom@Mozoolomgols 99%. bob. 5-6.
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1005 Cr?

90
80
70
60
50
40
30
20
0 50 100 150 200 250WW

Bsb.5. 9e9dBHMMEO03eoBOL 3MMEgLOL ML dsd30Ls STMI0EIdMEGds
39599600l badolbbg 0,1 % Cr(NOs)2 -o30L

X +3
° 9% 9s  Creg 99 99
100 ——o—= ® ®
80
60
40
20
0 1 2 3 4 5 6
To6Om Lo

65b.6. bsbmgBoEw G300l 3HmiEglol MM, EMMOL sIMIOEIBMEYDS
2593960l bs®molbbyg 0,1 % Cr(NOs)2 -ogol.

999 EHOMO0soHBNHO  3OHMELOL  OML  dsd30L  ITMIOEIOYGDS
3900960l bomolbbbg JOMIsE 0mbgdolomzol  Gmeros 100%-ob, bmerm
BsbmzomGHMoEoolsll  @OHMOlL  ©IM30©YdIMYgds  49)dgbol  baGmolbbyg
99500996L 99% -b. Bob.6 -7.

o\o CrO4_'2
100 -

90 /
80
70
60
50
40

30
20

L ]
9

0 50 100 150 200 250W

655.6. 9e99dEHME0E0BOL 3HrEglol ML dsd30Ls sTMIEDIEGDS
2950960 ba@olbbyg 0,1 % K2CrOs -oog0L
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%

CrO,?

100 84 86 86 » >
80
60
40
20
0 1 2 3 - 5 6
T- e Lo

65b.7. BsbmgomE Mool 3MmEglols Mml, EMMOls s3Mm3IOEIDdITgds
3508960L bs@olbbg 0,1 % K2CrO4 -ovgol

15935960560 JOHMToLS s BHY300L 0MbYdOL GHNMIWO30 99339 MdOLSL
99dGHOME0swodBMMH0  3OMmiEgbobomzol  gohdgbol  bsGolbo  Byzo0l
0mbgdolimgol d9ogbs 99% s JOmdo (III) 98%. BsbmyowEMmogoolsl 3o
HaMO3 3Y300L 0y JOHMmTob 0Mmbgdolim3z0l GHMeos 98%. bsb.8 -9.

32 Pb*2 + Cr*3

1067
S0
80
70
60
50

40
0 50 100 150 200 250 W

659.8. 9e9dBHOM©0soBols 3HMEglol ML, Asd30Ls sIMIOEIBMMYDS
3508960l bs@olbbyg .0mbgdols (Pb*2 + Cr3) gbma gmgbolist
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Abstract

Modern world experiences the period of increasing impact on environment
and based on this global changes. As a result of anthropogenic impact ecological
condition has significantly changed. Level of pollution of environment with heavy
metals has also increased, that is one of the severe problems of the world. Great
concentrations of the metal have the toxic and carcinogenetic impact on living
organisms.

Cleaning industrial wastewater, creating non-waste technologies is an
important ecological and economical task, which implementation is determined on
environment, with the harmful effects of purified technological waters, because of
the heavy metals containing ions.

Prospective mean to avoid getting the harmful toxic substances in the
headwaters is a local cleaning of the wastewater and implementation of the water
turnover technological schemes.

Waters manly are polluted by industrial wastewater, including wastewater of
lead chromate production. Lead chromate is produced from lead nitrate and
calcium dichromate relation. Lead chromate's wastewater includes the following
admixtures: lead, chrome (on calculation of Cr:0s ), chromate lead, nitrates,
sulfates, dry remains. Water pH must be less than 3. will be processed technologies
of producing lead chromate cleaning wastewater and salts concentration high-
effect membrane, also electrodialysis technology of heavy salt utilization from
concentrate and corresponding device will be created.

In order to clean lead chromate wastewater was used reagent and membrane
filtration electrodialysis method with ions changing membranes (MA-40 and MK-
40). Efficiency of the technology is determined with that electrodialysis method is
distinguished with less material and energy capacity, with high level of cleaning
water, simple cleaning process, small amount of concentration and salts utilization
with the needed economic and ecological processes. In the cleaning process. It
does not require reagents excessive expense and regeneration of membrane
processes with speed regression.

While researching lead chromate production wastewaters was processed and
studied the following issues:

Preliminary processing of lead chromate production wastewaters with
reagent method for electrodialysis process. Separation of the lead and chrome with
hydroxide and utilization of received salts after electrodialysis. Testing lead
chromate wastewater cleaning laboratory device.

While the research was used electrodialysis and nanofiltration cleaning
methods. Cleaning was performed during electrodialysis as well as nanofiltration
processes. For researching was selected electrodialysis method, as it is
distinguished with less material and power capacity, with high quality of water
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cleaning, small amount of concentrate and needed economic and ecological
processes for salts utilization.

Novelty of the thesis is electrodialysis cleaning of the lead chromate
wastewater from lead chromate substances, as well as allocation of metals — lead
and chrome hydroxides.

Was studied cation and anion membranes functional characters, selectivity,
membrane sustainability 20-50. On this temperature MK -40 and MA-40
membranes are sustainable towards lead chromate wastewater. Membrane features
are not worsened and their usage is advisable in electrodialysis process. Also was
studied transmission process of lead chromate wastewater Cr*¢ -in Cr*®, by using
Hydrogen peroxide.

Is determined solution cleaning and salts concentration technological process
optimal electric and hydrodynamic technological parameters. Electrodialysis
process was performed in circular regime, stable, hydrodynamic was not abolished
and cleaning quality amounted 99-100%.

Was determined that for sedimentation as Cr*® and Pb*? as a hydroxide, 5%
Ca(OH)2: needed quantity is - 20 ml/l. Electrodialysis cleaning process was
performed while 1,5 — 2 amp power volume, which corresponds to 100 — 140V
voltage. Saline concentration limit — 25%. Extension of mineral salts concentration
in Saline more that the limit, worsens quality of cleaning the wastewater.

Technologies, developed for practical usage has a great significance, as it is
distinguished with the process simplicity and longtime usage of membranes.
Protecting headwaters from impact of the toxic and carcinogen acting metals.

Is processed technological scheme and prepared preliminary data for testing-
industrial device project.

It was determined that it is possible to clean lead chromate production
headwaters and return in technological cycle, and use the salts received in the
form of the admixtures as fertilizers. Production cleaned water satisfies the
technical water standard requirements.
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