


ELECTROCHEMICAL ACTIVATION

RI SURGXFW UHPRYDO SHU XQLW DUWRPL &R PXGR WGOBWMWMH BI@® HFAMURQR PRU
FKHPLFDO V\VWHP 7KH VROXWLRQ L\GHBXQG LALWRKQQVWHKHFKHBPFDO FRPSR)
ZRUN RI SUHYLRXVO\ PDGH LQY HQWLIRQNURD OPR UAHKSUBEDSKOD JPMVEHUH PDC
LQ WKH IUDPHZRUN RI WKH VHFUHWQOLEI|RDMRAMQR ARW R SODRXNHILOROGY 7}
WKH SUHYLRXV LQYHQWLRQYV FRPSRQHQWY WKH VOXUU\ SUHSDUDWLR
5HVHDUFK ZRUN LQ WKH ¢ HOG-R IDEHY |j ORGP MGHF KDIREORRS ZRYH YDULHG 7
PHQW RI WKH WHFKQRORJ\ RI LRQ MHRPFWLWHR HO HFDERKOW.KUHNRIDGLRQ
DSKUDJP WKH DXWKRUV RI WKLV WRIX\K § ORI DKDGS VELHHY) THRULH P DRIX I D FW X U
PDQ\ \HDUV PDGH LW SRVVLEOH WR ,@HYHORSH BMD &/IKHWWQIBQBIH[SHUWYV RI W
HOHFWURFKHPLFDO PRGXODU HOHMURW K HP LEF 03 B\ YMMHPUW/DIVQ B G HZARMQKR O R J L
WKH YROXPHWULF FXUUHQW GHOQVMR P 6KDKL DIOMUHW® DY WLH MO R [EBH LU
UDPHWHUV IRU HOHPHQWYV RI SUHYZHRXW RHQGWOWH. RKW SUREXFWLRQ RI 0%
DPSHUHV SHU OLWHU LQ 0% HOH P$HKQWLFRFKHPH FOZS URGHWIWLHRQ UHOLDE
YHUVXV + DPSHUHV SHU GHWHD LRU 0D OFOHP WQWHN DQG KDYLQJ VS
RI DOO SUHYLRXV JHQHUDWLRQV TRV XWN RQBRSHOTHDEOBGEWWRFKHRDPLF
LFDO HOHPHQWYV RI WKH QHZ \OW Q HHU DY LIREKX LB YW® H W KLWWIRDO ZDV D
GHYLFHV 67(/ (0(5$/' $48$&+/25 (¥XENMWDQWLDWHG TXDOLW\ FULWHULD IR
DQG RWKHUV PDGH LW SRVVLEOH RHRQWQHBWB D R WKHLHIG SEHRAERGE WY Y QW WK
VHYHUDO WLPHV ZKLOH PDLQWDLQRQJOWKH D/DP 0% LPHQNPRQW\DQG
ZHLJKW DQG DOVR RSHQHG WKH ZD\ WR BXIOH B IB-RIMIXFQFRUD RDFPEEHPH QW
RI IXQGDPHQWDOO\ QHZ HOHFWUYRFKHPWHDOLQ\ WKHPVDRIJARRW GL PP DQG

YHUVH DSOLFDWLRQV RI + PP )LJ

7KH SHULRG IURP WR ZDV GHGLFDWHG WR WKH DQDO\
VLV RI WKH LQIRUPDWLRQ DFFXP-X( _ SH
ULRG * RI ZLGH LQGXVwWuULD| °

3.0

$48%$&+/25 GHYLFHV ZLWK WKH HO
DVVHPEOHG XVLQJ JLUFRQLXP RJ[L
REVHUYDWLRQV DQG VSHFLDO VWX
IURP YDULRXV UDZ PDWHULDOV -E\
QD WKH 8QLWHG 6WDWHV DQG *HU
SOHV RI R[LGH JLUFRQLXP FHUDPRLF

/ XFHG

28 2.9

yd
/ L

Wall thickness, mm

26 2.7

RXV UHFLSHV DQG YDULRXV WHFK LDQ
FRPSDQ\ KDYH VKRZQ WKH QHHG | 2

LQ WKH DYHUDJH SRUH VL]H LQ F¥ P
R[LGH FHUDPLFV XVHG 3ULPDU\ JH 28 29 30 31 2)\y v

Outer diameter, mm

IRU FHUDPLF GLDSKUDJPV IRU }(0 HOHFPHQWY ZHUH DV IKU
ORZV DFLG UHVLVWDQFH DFFRUGE®QG61WRLIR6UDWLR: RI BDHRUVD FOHVALDSKUDJIPV IF
WKDQ DONDOL UHVLVWDQFH DFFRUGLQJ WR *267 +
QRW OHVV WKD®HU LV DOORZHG ZLWKHQIRCKMHRRXQHVLEHL UDWLRYV PP DUH
DPHWHU WROHUDQFH WKH GLDSKUDJH PXVW[ ZLWKVWDQGKW KH L\ QX EH U
QDO SUHVVXUH RI ZDWHU ZLWK D WHPBHWBWXWHKHRNVHFRQG LV WKH ZDOO W
f& HTXDO AMPRZDMMHU ARZ DW fK ZQWHKIVOQFKHY GHYLDWLRQ LQ WKLFNQHVV
PX® BD SRUH VL]H 2 ZLWKLQ : PP

JRU WKH )(0 DQG )(0 HOHPHQWV6RDIOQPHGLDBR®RODWRYFNQHVYVY FRUUHVSR
ZLWK DQ RXWHU GLDPHWHU RI + HWH U QDD JHWO 2DW KL MNQHENYHYV FRUUF
Rl + PP DQ DGGLWLRQDO FRQGLWILR®D ZHJMEKWU R GXFE HEF L8 KWHMQGW D Q FH
Rl WKH GLDSKUDJP ZDV WR EH -PDFKLQH GQRRV VOKID\E OMPBQGHNYDVWDQFH LC
WLRQ RI WKH SHUSHQGLFXODULW\WR KA HQ& UHQRW LOBHWW BV A\BKQH DDW LV f &
Rl WKH GLDSKUDJP GLG QRW H[FHHERP MR KIDOF KKRLVSHFL,F YDOXH RI
FDO FRPSRVLWLRQ RI WKH IHHGVWRMM IIRW VIHOAO D3QL® IKWHHG/ XDPRQ IRU D |
WKH VDPHR @GR PRUH WKIWQELOL]HG $LBHFR@LXP
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,W LV DOORZHG WR DSSO\ D ( OWMHUEQWFRBWL Q8 R.D WKRQHLW R ILFN Q
RU LQWHUQDO VXUIDFHV E\ SU:-RU DPPHHPHQW )LOWUDWLRQ FKDUDF
WHULVWLFV FRUUHVSRQG WR WKH X6RWUDQOW ZDW DR @ KILIFNJHHVY FRUUH)

7TXEXODU SRURXV FHUDPLF HOHW®PWRW Z2MKIBQ REWEG UNWEKLBPRQHYYV FRI
HWHU LQ WKH UDQJH RI * PPVHIG DHRDO® WKLPRQHNIVGRUHVLVWDQF

* PP )LJ + QRW OHVV WKDQ
$ONDOL UHVLVWDQFH DFFRUGLQJ \

OHVV WKDQ
:DWHU ARZ DW f & IUKP BD WKH |
VSHFL¢F YDOXH RI WKH ARZ UDWH LV
D EDWFK RI DW OHDVW SLHFHV
,W LV DOORZHG WR DSSO\ D (OWHUL
LQWHUQDO VXUIDFHV DV DJUHHG )L
UHVSRQG WR WKH XOWUD;OWUDWLRQ
9DULDWLRQV LQ WKH FRPELQDWLRQ
FDO SDUDPHWHUV DQG JHRPHWULF G
DUH XVHG LQ WKH PDQXIDFWXUH RI V
HOHPHQWVY LQWHQGHG IRU DSSOLFDW
processes as a tool for changing the properties and reac
WLYLW\ Rl OLTXLG PHGLD XVHG LQ Wk
10 1 12 13| WLPH LQ HDFK Rl WKH DUHDV RI XVH
Outer diameter, mm HFRQRPLF LQGLFDWRUV DQG WH-FKQRC
Fig.6.1.7. 6L]JH UDWLR RI FHUDPLF GLDSKUBMUBPWIRRQO RI| 080 HOHPHQ WYV LV FDUULF
VKRZV VRPH FRPSDUDWLYH FKDUL
7KH IROORZLQJ VL]H UDWLRV PP0%% W DFIFE®WDREIOGLIIHUHQW GHVLJIQV
[ [ [ 7KH ¢UVW ¢(SKHUHRGNVWKHVRXMRHUO% HOHPHQWYV DU
GLDPHWHU WKH VHFRQG LV WKH ZD08[3HKUWENQGW D O: KMX GLHOL RH WYHD® L F

Table 6.1.1

6LIHV DQG UDWLRV RI SDUDPHWHUV RI WKH PDLQ VWUXFWXUDO HOH
reactors (FEM and MB elements)

1.65

1.60

Wall thickness, mm
1.55

1.50

Parameter name Formula or ratio 21(9%2) Ji ) (0 R
1 2 4 5
$QRGH LQQHU GLDPHWHU ' PP &
$QRGH RXWHU GLDPHWHU PP
'‘LDSKUDJP LQQHU GLDPHWHU ' P
'LDSKUDJP RXWHU GLDPHWHU ' PP
&DWKRGH LQQHU GLDPHWHU ' PPt
&DWKRGH RXWHU GLDPHWHU ' PR

(OHFWURGH FKDPERR OHQJWK / *
, QWHUHOHFWURGH GLVWDQFHIEPZ(D RP'

*HRPHWULF DQR®R DUHD 6 6 @&

ag ec

*HRPHWULF FDWKRBH DUHD 6 6 G

tg ec

*HRPHWULWIOM KD R$KUDJP RXWIaU Vé_UIDFH

§cg PP =
*HRPHWULWIOK KB RIKUDJP LQQI—%U V@JIDFH
§ag PP dag ec

&URVV VHFWLRQDO FDWKRFGHGFKDPEHW DUHD 6
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1 2 4 5
&URVV VHFWLRQDO DQRBM FKDPEHU TPU'HD 6

&URVV VHFWLRQDO, GPPSKUDGP DUHD' 26" )
&DWKRGH FKDPEHWRK ROXPH 9 9 a

C c ec

$QRGH FKDPEHU PROXPH 9 9 4.
3K\VLFDO DQRGPPDUHD 6 6 GEL,_

3K\WLFDO FDWKFR®H DUHD 6 6 EL_

cf

3K\VLFDO GLDSKUDJP RXWHU V)éUIDEEI-‘I_ DUHD

G PP
3K\WVLFDO GLDSKUDJP LQQHU VXGUIDIEé-LDUHD
§af PP daf EE

7KH UDWLR RI WKHWVEK\FDMIKRGHHD RI
6FI WR WKH YROXPH RI WKH FDWKRBGH FKDPEHU
9F PP

3K\VLFDO D(%RGVI—RDDLQ—FUBI—BFKDPEH% 9
YROXPHUDWLR PP af  a

3K\VLFDO HOHEW WRoZlddtrodeUHD 6 9
FKDPEHUV YRQX®BWRR PP & & 29

7KH UDWLR RI WKH YROXPH RI WKH FDWKRGH FKDPEHU
9F WR WKH YROXPH RI WKH DQR CHfgzKDPEHU 9D

&DWKRGH FKDPEHW R RIGXPWX P
RI YROXPHV RI DQRaBHi# KDPEHU9,9 9 9
SK U D Jpratie

3K\VLFDO ,D OR&HF B \VduRaGeH 6 6, b
areas ratio

3K\VLFDO FDWKR G ¢ )ALDFKUBIR £
RXWHU V3 reBsiatio 6

3K\VLFDO DQRGH YBUGDRBBKBDJIPEL G
QHU VX ) ddasirath

&URVV VHFWLRQDO HO @& URGH, %KQPGAEHUV 6
G LD S K U)nieRs rétio ¢~ a

, QWHUHOHFWURGH GLNVWIBQFH ,(' DQRGH 6
RGH 6K\VLFDO VXUIDFH)DUHDV DQG3DQRGH 9
DQG FDWKRGHFWURGH FKDPEHUY YR@XPHYV
ratios

Current (1), A + + + + + +
9ROWDJIH 8 9 + i ¥ 5 + +
&RQFHQWUDWLRQ RI HOHFWURO\WH VROXWLRQV & PRUH
LQ ZRUNLQJ FKDPEHUV-RI )(0 DQG @% HOH dihan “PRUH PRUH PRUH than

PHQWV/ PRO WKDQ WKDQ WKDQ

LQ RUGHU WR IXUWKHU GHWHUPLQE WVEKH RISFW B DO (FHAGLERFKXPHUSRVLW
FDO SDUDPHWHUV RI WKH GLDSKUDSPAM.QEBGWEFPQRORVIYKDAB BREBY 'DWD R
RI RSHUDWLRQ Rl WKH HOHPHQWYV HUWLHV DQG RSWLPDO FRQGLWLRQV IRU
$V IRU WKH PRVW LPSRUWDQWPRKDYPFWHRQWVIFLIRSKPBBPPY DUH GHWH
EUDQHV 2 LRQ VHOHFWLYH FRQGXFMDIFKL WD WEFXHDWR WHH ICAYFRWBQMGIRU D
SKHQRPHQRQ 2 LRQ VHOHFWLYH HQ@HFWKURIDZ VIN/QHLUWDKY DREL D% KHMHPHQ W V
> @ D FHUDPLF XOWUD¢OWUDWLRQ'GH /R WDKIP BEWX POV VM RH BWUIREQ RI W
HUWLHV RI DQ HIIHFWLYH LRQ VHOG% WIOYHP IS Q WW LWIHR LZK WE HR $ H8RRW LIBJI D (
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GHY Lltel V SHF3 Y R G X ki DYLRAI@Morine KRXVHKROG HOHFWURFKHPLFDO V\VW
producedper G Dper unit of productionarea,takinginto FKHPLFDO FRQYHUVLRQ RI ZDWHU DQG
accountthe passesyeached kg of chlorineper GD\ WURO\WHY DV ZHOO DV HOHFWURFKF
| U RoRe square P H Wntich H [ F H tH&s\WD fnldicator  SURGXFWLRQ RI YDULRXV FKHPLFDO

for largechlorine-causticSOD Q W V RI XVH HTXLSSHG ZLWK QHZ HOHFWUF
The JHQ H U@p&ating$D U D POHSVMIB®Y & +/25 HPHQWYV VLQFH -DQXDU\ KDYH D F
and (&2 &+/255HY afebakiollows: sat FRQVXPSWARIQ' (9,&(6 78 - + - FHU)

for the productionof kg of chlorine 2 NJHOHFWUWDAULWI\RIT FRQIRUPLW\ *267 5 1R
F R QV X @& YhdprRoQuctionof kg of chlorine 2 + RQ WKH PRGHO DQG PRGL¢{FDWLRQ S|
N : concentratiorof VR G KX B U RfLFKDHW KR O\MW@H) WR WKH ZHOO NQRZQ QDPHVY RI W|
JO DWHG E\ WKH VDPH DXWKRUV >-@ DC
yLJ VKRZV SUHYLRXV JH@HPRAMD WLEBQRY PRIGHIONRQVXPHUV ZLWk
RI $48%&+/25 DQG (&2&+/25 GHYLBRAG WHUYDBHY LQ WKH HQWLUH-VSHF)
RXV \HDUV Rl SURGXFWLRQ DV ZHDONDRQPRSHOIQFCWYRBNY BOHVBEYHOR
RQ QHZ JHQHUDWLRQ 0% HOHPHQWRM QHZ W\SHV RI JRRGV IRU DQ-H[SDC
&RPSDFW PRGXODU KLJK SHUIRUWLERN QHY¥HNMIN WDOWREWWDKHK) FUHDWLR
LQJ HOHFWURO\WLYV SURGXFWYV RI YRESI/EP1IFKORBWG R PKRHPX WD R QG HWLHGE V
at each local place of chlorine application, will allowre 6LQFH DOO HOHFWURFKHPLFD-O V\V\V
SODFLQJ FKORULQH FDXVWLF SODQWKNV FRMSOWWHOMOHBPWRIRFKWEQBDO
WKH WUDQVSRUWDWLRQ DQG VWRUDHP ROWYTRHHYHGHVKORH GQW RD W UFIRQ'
VXPHU HQWHUSULVHY DQG ZLOO BORBHUDWMNIHHYWRISRYWIHEO B QGRYDRIQ R MV
WKH SUREOHPV RI FKORULQH XVHOXK® LIRQDEVMR DHOHODWDVR REWDLQ S
LQ WKH WHFKQRORJLFDO SURFHVW\QRWHR/Q®\2 IR\WG ORIUHE R QYWP HKOR
RU PRUH WRQV RI FKORULQH SHB HKUWRDXRL G ¥ X W HHWHR GRIY UBHYODR WH HRVR C
ZKHUH FKORULQH FRQVXPSWLRQ UBDLIHVKH REB WHNHPRQBIKKQ G UHRER/W V F
RI JUDPV SHU KRXU WR VHYHUDO WH{}H KIQONMOLRIQUD® VD {EU WKWRVYOLVWLF F
7KH HPHUJHQFH RI HOHFWURFKRP DRI IPFRDAXICRDQU ROW KID B UR G XFWV
PHQWYVY RI D QHZ W\SH 78 + - YLFHEtWKDWHRRQWUROV DQ\ SURSHUW
WL FDWH RI FRQIRUPLW\ *267 5 1P HGLXP KDROXDWAHR QWHPXOVLRQ VXVSE
SRVVLEOH WR UDGLFDOO\ H[SDQG ADKH7D/MIFED ILMNCR DDFE R\ QW K LRQXIO
FDSDELOLWLHV RI LQGXVWULDO HOHHAWHREKBABL¥FROXWLRIBP XY WG DIQEG W

Fig.6.1.8. $48%&+/25 GHYLFHV IURP OHIW WR ULJKW $48%$&+/25 $ GHYLFH ZLW|
KRXU QHHGVY IUHTXHQW FOHDQLQJ RI WKH HOHFWURFKHPLFDO UHDFWRU ZLWK K
KRXU HTXLSSHG ZLWK D VHOI FOHDQLQJ ERG\ FDVH UHDFWRU PDQXDO FRQWUR(

DQG JUDPV RI FKORULQH SHU KRXU VHOI FOHDQLQJ UHDFWRUV PDGH RI C
FRQWURO
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VIVWHPV DQG WKRVH XQGHU G-H YHRCERS P QW W RRI[ LYADULW XSW BXHUWLHY WR
SRVHV IRU YDULRXV ¢HOGV RI DSSHEFWWLR QG WHKHWOH UK GMKH.GHEFHVV R
LQWR FODVVHV RI $48%7521 GHYLFKRW ZDODDWWVHVBWRH GA8FKRPHY DQG RI¢{FHYV
521 GHYLFHV DUH FKDUDFWHUL]HGQE\HIE WREZR SXUHWCGQX®@EHQJDZ /W H U
WKH PDLQ QDPH 7KH WKLUG JURXS RI GHYLFHV 2 (0(5%/" 5
LV UHSUHVHQWHG E\ GLVSHQVHUYVY WKDW
(0(5%/" $48%7521 LV D FODVV RILQHYEBHVMRUH ZDWHU VXSSO\ OLQH DQG
SXUL¢{FDWLRQ RI IUHVK GULQNLQ Jkizdergatieds, schotlk haspitals WdteiskaqdRmdr fciiBO
VFKHPH RI ZDWHU SXUL¢(¢FDWLRQ EQVWE BQVE LUHAHQPWOMH RWIKR FRBN XPBW LRQ
DFWLRQ RQ WKH SXUL,HG ZDWHU S WGH DRKWLIRIP GCIRGWM GE0UL GINOHFIVIRW H U
FKHPLFDO 0% HOHPHQWYV $ GLVWLQFWLYH IHDWXUH RI (0(5%/°
GHYLFHV IURP RWKHU NQRZQ GHYLMHY$/RZ1ZDWHY GHKU FOADWLRQ GHYLFHYV
LV WKDW DIWHU WUHDWPHQW LQ (PD¥LR Q HIL FAHAWWV KWEXBIWINULYREB ZHOOV RL
ZDWHU DFTXLUHV D UHGR[ SRWHQWRPFPOL UG PDOQHKQHAKBURBWBQLF LPSXUL
LIHV WKH DFWLYLW\ RI HOHFWUR®W JDXR IZ\DRWHD QRO RVHURRL WK HVRSBQV E\
RI WKH LOQWHUQDO HQYLURQPHQW REWKXHQKXP BROERMGLAR QURP FPIILGOWM WYV 2 SU|
WR PLQXV P9 (0(5%/"' GHYLFW\L_L DU HRIPPODWHIF RU D ZDWHU VDOW VRO X
tured in accordance with the technical solutions set fort HU IROORZHG E\ (OWUDWLRQ ZDWHU W
LQ 5) SDWHQWYV 1RV HI¢FLHQW KHWHURSKDVH FDWDO\WLF SXI
W\SH DUH XVHG IRU ZDWHU SXUL¢{FDWLR
8. SDWHQWYV 1RV FHUYLOODJHV ZLWK KRXUO\ ZDWHU FRQVXPS
WL¢{¢FDWHYV IRU XWLOLW\ PRGHOV RLWHKWHV5SXHWY KRXYUHGHUDWLRQ 1R
7KH XVH Rl HOHFWURFKHPRIREEBEY b GBOHPHDWRI WKLYV FFODVYV VLF
RI D QHZ W\SH PDQXIDFWXUHG LQ IHAFRQGMDIQH P ZWWRG/ &1 REWDLQ-LQJ DQG

- - DOORZV LQFUHDVLQUQWKH GIXNLR@F RRR[LGDQWY DV ZHOO [
ZDWHU SXUL¢FDWLIRR HEQVXULQJ WRH FWBW ISKQ IRIFDWLRQ 2 WZR VWDJH ZlI
(0(5%/° $48%$7521 GHYLFHV ZLWRRIXY WDQMOBSIBUDWLQJ SDUDPHWHUV RI

FDSDFLW\ UDQJH 2 IURP WR dDd Midsthye Guithodut & Bidrale YarK lavicinjecting a solu

+ OLWHUV SHU KRXU LQ SUHYLRX\R@ RIQRZGDRRGHOW BAMRVH SURSRUW
(0(5%$/' GHYLFHV $48%$7521 HTXLSSHG ZLWK 0%
HOHFWURFKHPLFDO HOHPHQWYV ZLWE7D KEIKS¥RQAXPHW U LLFRBDXMHUBQROD VYV
GHQVLW\ SURYLGH D GHHSHU GHJEH & RY LFIMW HIR $ XHUOLH FW WR RIQHIRILFAD O V\Q\
DQWLELRWLFY DQWLGHSUHVVDQWSQKRWPRQHYVLEHVWQEYGHYV DX G QKR F
RUJDQLF FRPSRXQGV WKDW FDQQRWL FELHF GRIE/MDOR VHR® DWW GROHRRDHLLGH VSH
LQ WKH H[LVWLQJ PXQLFLSDO GULGRLED\¥DRM 5 WRIGHORMHREH QUR B\ DY HP VX H R X

,Q WKH FODVV Rl $48%$7521 GHYKPORWLGBKHEPRYWURGXFLQJ FKORULQH R]
UHVHQWDWLYH LV WKH IDPLO\ RI KHKS B RRVGL QURS Z DBHML HDW X UDWHG Z LW
Rl YDULRXV PRGHOV GLIIHULQJ-LQGWHYV¥RQRB® K\FEDUR ZBDQ HSUSIXURXNMI\ SXUL
WLRQ VFKHPHV SURGXFWLYLW\-D®G6 WX®MVSUHRBQP B QRIDYIHMR XPDDEHVLXP
LOLDU\ VIVWHPVY PRGL¢(¢FDWLRQV FRRWMXWM RIUDN W LIMWRHH (R(5FKORULQH RJ[\
$/' GHYLFHY DSSHDUHG RQ WKH 5XR VL®MQMDW N&W Q& O\ WWHWEIKALIBH Y L FRHV D U
SURGXFWLRQ ZDV RUJDQL]JHG DW WRB XID(BE®XURIGOMQ ERFFARUIGDQFH ZLWK WK
%ULWLVK (QWHUSULVH (0(5$%$/" GH YIRAHVKDIUG ¥ I M DSTDON HQW W RO QWG 5XV VLD (
LQ FLW\ DSDUWPHQWY QHDU SUHVVXUL]JHG GULQNLQJ ZDWHU VXSSO\
OLQHV PDLQO\ LQ WKH NLWFKHQ DERYH RU EHORZ WKH VLQN 7KH
GUDLQ OLQH RI WKHVH GHYLFHV LV FRQQHF®DA\GY WRQB FPREHWR Q6VHZHLU  +
SLSH RU GLYHUWHG WR WKH VLQN $1. GHYLFHV ZKLFK DUH GHVLJQHG W]

$QRWKHU JURXS RI GHYLFHV-RI$WKZIVWKODWR MWD @ HPIOHUHDTMND IV LFRRD R |
HG E\ FRROHUV XQGHU WKH JHQHUHION QDWHR@ (BB /R [R(G DIQM S IRFHVHURDW LR
'2: 7KHVH GHYLFHV SURYLGH SURWHPW.RQXRIFAML\RBD Q @ MKHYWWQRNDQRO\V
RI FRROHUV IURP PLFURELRORJLF®BYERQW BRHYDQWR\R Q4 [ PHHG D G\DR V
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$QRWKHU IDPLO\ Rl GHYLFHV -LVELUFBUERAQWHGS$ED\RPRWGH F[B2; LV DQ +
WLRQV RI WKH 67(/ $1. 352 V\VWH PO\ FULFGIXF RI SIRVUWHWYEBJ QR FRUURVL
PDNH LW SRVVLEOH WR REWDLQ DQRGQ¥FH G 1D QWWKL B URELHDWD SURSHUW L
WLRQ RI  + JUDPV SHU OLWHUWRDWQRGRDFIBOEZY BWRHRQQBWEHEFHH G
GDQWV RO 7RB UHWHQWLRQ WLPH 488K IXQF\BHRQPBOVS DRS PDQXIDFW
HUWLHV RI VXFK DQRO\WH $1. LV ancé Ditlvtha Ltathiical selLtb@s.sefDOrd W GF patents
ORZHU FRUURVLYHQHVV LQ FRPSDURVRQ ZLWK DQRO\WH $1. IURP
WKH GHYLFHV RI WKH SUHYLRXV JURXISH FODVV RI $48$7521 GHYLFHV

7KH WKLUG JURXS RI 67(/ GHYLRHN JWRX®ROHT (6B(52; GHYLFHV ZK
$1. 683(5 DQG DOORZV IRU WKH WRWKHRQW RI3DFPROSMWHRGXFH HOHFW
$1. 683(5 ZLWK WKH WRWDO PLQHWBBOE PODWKLRRID) WOHR \& L M[IK HH GLRMW DO PLQH

JUDPV SHU OLWHU DW D FRQFHQWAKDRW LFROQV R R @ | WGDIKQIW SRIR QR X Q FH
PJO 7KLV PDNHV LW SRVVLEOH WR[EQFG HDR/RV W KRIUSWHIW H U Y@M RAR O X \
SHULRG RI WKH IXQFWLRQDO S UR SKWV WKWH R\ WEKRIOD QR O\IKHEH B&KH WK
3(5 XS WR PRQWKY DV ZHOO BV WHR/ $RQ\GKHWRUWEKFBISWKR[ERDWH FRC
URVLYH DFWLYLW\ RI WKH DQRO\WHK\GUR[LGH LQ JUMPY SHU OLWHU J

,Q WKH GHYHORSPHQW RI D Q®Z JURWEHRGIBHYQRSPHQW R D QH
EHJDQ DOORZLQJ WR UHGXFH WKH52RWD G HYLEHYDBDHJDWLRED RH G1RQ H
683(5 DQRO\WH WR JUDPV SHU PBOQWNUZDWKDDRR RE FQMOMHELR RO XP H\
Rl R[LGDQWYV DOVR HTXDO WR ZUDPVPBNH LW ISRNYVLERHVWR ®REWDLQ
PDNH LW SRVVLEOH WR DFKLHYH D@ \HYWK® \U RIQUH ¥ WP @ HI RY PO WVQLP H Z
WDLQLQJ WKH IXQFWLRQDO SURSHRMWDRRW LRMTHWKXE D YR QWRHIN ZT MK/ ¥ PRO H
VLIQL,FDQW GHFUHDVH LQ LWV FRUURWKHWQLTXH DQG PRVW HQYLURQ

7KH XVH Rl HOHFWURFKHPLFDO PBRBEDDY WIHPHIQROVLOLWIKULR XV ¢ HOC
FUHDVHG YROXPHWULF FXUUHQW GZHDQWHW WIU® @ ¥ REMBSTE2WKH IRRG LQ(

GHYLFHV VHULDO SURGXFWLRQ VLQFH PDNHV LW SRVVLEOH
WR LQFUHDVH WKH SURGXFWLYLW\ Rol7D/QRIONSH 1. $DEERO LW IS § Iclass
683(5 E\ ¢YH WLPHV ZKLOH PDLQWRI GHYL FHWH | R D PHOGBERURFKHPEFDO \
VLRQV DQG SRZHU FRQVXPSWLRQ RDQWKHDGEWY IYPHWH G ®\OR OXQYE LNGIG FDV
SUHYLRXV VIVWHPV RI D VLPLODU S)XUBRVHR @Y (R I$¥BIFBRXV HOHFWURO\W

GHYLFHV ZKLFK KDYH EHHQ SUR®ONHHGEGE VLQEWW D Q FFH/Q LRS VAQWKHV L]}
HUDWH QRW RQO\ IURP SUHVVXUHYDIWHHEU VRROXWFLHR/Q VE XIWQ B OWRH FIR@G F L
YHUW DQ\ IUHVK ZDWHU LQWR D VR[EXWHGROQ $UQIVE2DQRGHAWH FHY RUH PL
DQRO\WH $1. 683(5 IURP GLVWLO ® H@oMARcERWiIGhetBcbnic sblu@oNs @tiforth in RF
LQ FRQWDLQHUV RI DQ\ YROXPH KIRPHQWWRIRV OLWHUV RU
PRUH ZLWK D FUXLVLQJ LQGLFDWHTKHQFWBWVSRV\$EREAB2FDSBHYWFHYV
IRU R[LGDQWYV ZKLFK PDNHV LW SR\WVDLERGHWGRUDRQUWHRWKRA(FRDPKEES/ G
WUDWLRQ RI R[LGDQWV LQOW KM -ER®IWIHIQHQY WRUIRUPDQFH DQG VRPH It
VWHDG Rl WKH OLPLWLQJ PD[LPXP \DIDX®IL FRELDGRLEV (7 MHSHHEHFHV DO O
YLFHV WRGDWOLV 0J POKH QHZ WHFEQRGOGRSX2IRW $ ZLWK WKH DFWLYH VXE
WKH SURGXFWLRQ RI DQRO\WHYV $1V DHOCNVD QRO VHIOW BWV.UGRBRBKHPLFDOO\ DF
PDNHV LW SRVVLEOH WR UHDOL]H IDFIiQWPE HWFIRGVQRY ®RNV[VEX OH WRIHR[L G
IRU WKH XVH Rl VROXWLRQV LQFOXBWEU IRW ZDKMHQ HHDBOMWRY RIGOHNVD B B\
DQG QDY\ $QRWKHU JURXS RI GHYLFHV tRU Wk

UHVHQWHG E\ GHYLFHV ZLWK UHDFWHF

67(/ 3(52; $48%$7521 LV D FODVV RDOGHYQARMQWY ZLWK DQ LQFUHDVHG
IRU HOHFWURFKHPLFDO VI\QWKHVLW\RIZRQRO XD CB (5pSD ®GRWKMHUD QJH F
3(52; LV D XQLTXH DQWLPLFURELNXPKRODXEWVRIDQ FZH W B VSHUUFBR[\OLF DFL
ERQLF DFLGV DQG VRGLXP RU SRWIRPSRMQ SN UR| RADEWR QQWPNWHULD O\
WKH DFWLYH LQJUHGLHQWYV $QRORWHM H¢82Q1VSHWRROHXP IFIRRGXFWV T
DQ DTXHRXV VROXWLRQ RI VRGLXFE\RGL SRRV A\OLKPWRIRFEKRI@ D A/IHO RIF W L R
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$48%&+/25 $48%7521 is a class of de 7KLY FODVV RI WHFKQLFDO HOHFWURF|
YLFHV IRU FRQYHUWLQJ D VRGLXP UFHKOHRQWGEIKE ER GXB/ERKRE) 2I5Q WRG DS H#&REEX /25 C
WLRQ RI R[LGDQWV XVHG LQ WKH HWRFKN\XBSHRU GLPLMHFWWRE BSBGIRUPD
ZDWHU SXUL;FDWLRQ DQG D FRQFRHOWBHBWHNGO HDIHFWGE RFK H P LADDM PHU KR
WLYDWHG VROXWLRQ RI FDXVWLF VRGBOH POMAKROWCOHFWURFKHPZIFWBK HHOHPH
VRGLXP K\GUR[LGH FRQOGHQINWXWDREHBYMUHFIJFXUUHQW GHQVLW\ LQ WKH Qt
Rl VDOW FRQYHUVLRQ WRGXMRRQ DEIRYHGHYLFHV PDNHV LW SRVVLEOH WHF
GHYLFHV DUH PDQXIDFWXUHG LQ GRFRUGDQYKHIZ{ QKO WKIR GKHFRKWY IE\ + WL
cal solutions set forth in patents of the Russian FederatisthKH VDPH HQHUJ\ FRQVXPSWLRQ DQG GLF
1R 869% 2 )LJ

Fig.6.1.9. $48%&+/25 GHYLFH

&KORULQH FDBDFLW\ NJ
&DXVWLF VRGD SUKGXFWLYLW\ NJ

2XWSXW RI FDWERKRIORWWY 1D2+ VRIOXWLRQ O

3RZHU FRQVXPSWLRQ N:

&XUUHQW VWUHQJIJWK 2 $ 9ROWDJH 9

2YHUDOO GLPHQVLRQV +[:[" [ I PP

"HLIKW NJ 6DOW VRGLXP FKORULGH FRQVXPSWLRQ
6DOW FRQVXPSWLRQ L@ VRGXWARQ + J

Provides disinfection of up to 72.000°raf water per day.

220

200
180

2

160
140

120

100

Chlorine poduc vity, kg/per day x
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Fig. 6.1.10. 3BURGXFWLYLW\ RI $48%$&+/25 GHYLFHV UHIHUUHG WR WKH ARRU DUHD WKH\ R!

316 [chapter 6]



INVENTIONS, SYSTEMS, TECHNOLOGY

(&2&+/25 $48%$7521 LV D FODVV RLGHNVYVFRWLDWHG ZLWK WKH XV-H RI P
IRU WKH HOHFWURFKHPLFDO V\QWKHYWWY RI DDOHRXIWY FHKORWLRE QGO F
FRQFHQWUDWHG FDXVWLF VRGP WRIOKKWURG X BWaH5WY Rl ®GHVLQJOH PRG
YLFHY DUH FRPSDFW VDIH PRGXO®Y WRORUOQW HWDW \RW DR W LW\ WP\G K\G
WKDW KDYH QR DQDORJXHV LQ WKH ZRUOG 7KH FDSDFLW\ RI D VLQJOH
PRGXOH YDULHV KUWRRU PKRRUNQH JD¥;, 7521 . $48%$7521 is a class of de

JORZ FKDUWVY RI HOHFWURFKHPYLEFDHV VRQWKKHN LW QWKRHHMWV RY K\GURF
LQ $48%$7521 DQG $48%$7521 - GBHYGFKVGIWGERIHQ 2 XQLTXH GHYLFHV Wk
IHU LQ V\WVWHPV DW WKH RXWOHW) RVMKAKORWA® H7 KHRPU RVKHHV\D R | V\QW
RGH FLUFXLW ZKHUH WKH SUHVV)GWRH \F R VE HJ H QX WUKH SUDHAHP LODBRJ\ G H

WR DWP ,Q WKH $48%7521 GHQ L PHR/O X\MDL RR QRN UDDR/GL XP FKORULGH
WR WKH $48%7521 FODVV GHYLFHRVY FRRHYMWFHYHIRURPHRVBEIURIHQ DQG FK
FKORULQH LQ IURQW RI WKH SUHVVRWHR WKHEUBDFHWLBQGRBPEWXUHKHI[S
WUDFWLRQ V\VWHPV DUH UHTXL-UHB\ BAH{ RUPHEZHE QU QAL S®OGIL RG MR G S C
VXPHUV $48%7521 GHYLFHV DYUHERDQ MIIBHWHAUNHG GAYRFHY DUH RDQXILC
cordance with the technical solutions set forth in RF paterdsce with the technical solutions set forth in RF patents
1RV 1RV

8QWLO WKH FODVV RI HOHFWURRKMPEPDY W\VWHPNSIABEHQWHG E\
7521 ZDV UHSUHVHQWHG E\ D PRGHO WXH HR[L(RZ2RB+RBRGXFWLYLW\ RI
GHYLFHV ZLWK D PD[LPXP FKORULQAHHADBSDFIWDAR R JKABRAR SHHQ FKORULC
KRXU 7KH XVH RI HOHFWURFKHRLF®IO GHHOH RVHHFPW Q ZQ WKL BDIOL MCROR®MX. RQ V
PHWULF FXUUHQW GHQVLW\ LQ (&2&ZERKR WHHLEWN RLERGEREGDHUDAVHHFWURI
WKH SURGXFWLYLW\ RI WKHVH GHYIARQWUPWERQRULQB POSH DWVS\WR\FVVLEG
E\ WKUHH WLPHV ZKLOH PDLQWDLQRRQD WKMHIOBPRHRBEBODW FRBLIPSGHYLF
WLRQ E\ UHGXFLQJ WKH YROWDJH RIQ\ GORHMMU RIK& R B LBHOS A R GRAOXDU
HOHPHQWY DQG ZLWK XQFKDQJHG RYHUDOO GLPHQVLRQV RI WKH GH
YLFH DV ZHOO DV FUHDWLQJ PRGXODNG6(&2& $4B3 CRYLENVDZEWRYVYV RI GH®
FKORULQH FDSDFLW\ XS WR NJ SBURKKRXRLQJ D VROXWLRQ RI HOHFWUR

JHQ DQG SKRVSKRUXV IHUWLOL]JHUV L
$48%$7521 LV D FODVV RI GHYLFHKDRQU LVMQKH WWQRMKHWLVOL]IDWLR® ,Q $-
Rl KLJKO\ SXUL¢HG VRGLXP K\SRF&EDO@DUWHU VY RIDDXWLR@ ZBRWHIDEWFRQYH
PRGXODU GHYLFHV WKDW JHQHUDWHHD Q@ HOHF W U/RSRKHRILWE® Q G B BWW\RIW
HG FRQFHQWUDWHG VRGLXP K\SRFKQ@ RUKABUWRZAOXWDRG LIHNYK ORBIPMILIQ W
PXP FRQWHQW RI EDOODVW VXE YV YtesaRddArbdnatad of VORSGdf XIRaliFalkdD &kEliné ¢hrth
DQG K\GUR[LGH DQG VRGLXP FKO RPWHDNDH V7 KHKGHK UFFCHN R | XWR QMK QD W X U
FKORULGH XWLOL]DWLRQ LQ WKH ZDRNFFHHY VDRIHFRRYMHWWE & W R M R WRD WM |
VROXWLRQ UHBDFHKIYZ1 GHYLFHYV PPHWBD@X7KH WHFKQRORJLFDO SURFH
factured in accordance with the technical solutions setforth QG SKRVSKDWHY LQ LUULJDWLRQ ZDV
LQ 5) SDWHQWYV 1RV FRQGLWLRQV IRU IHHGLQJ SODQWYV ZL
OL]JHUV FKRRVLQJ WKHLU RSWLPDO FI

2;,,7521 0 $48%$7521 LV D FODVV RMMRGWKHFSKWVHYV Rl SODQW GHYHORSPFL
IRU WKH VIQWKHVLYVY RI HOHFWURFEHRLFD@XID B WW UWHBWHG DK\FERURFIX@RH -
ric acid used in the leaching of non-ferrous, precious andHW IRUWK LQ 5) SDWHQWYV 1RV
UDUH PHWDOV IURP WKH GXPSV Rl RKLV GODWWLQV $DDUHNH QBENAHIGY BA 5 2 |
IXUQDFH VvODJV RUH VFUDS RI GRELMWMUBRXVWRQG ODWHUFRHSHU KRXU
DOV $48%7521 GHYLFHV DUH P D GXNMWVRNOXNMHEE PL@Q DEFBRUEUWLOL]JHUV L(
ance with the technical solutions set forth in RF patentQ LWUDWHY RI DONDOL DQG DONDOLQI

1RV 7KLY FODVWLR QHRIUHVHOQRVHKGIPIVH RI QHZ JHQH
E\ 2;,7521 0 GHYLFHV ZLWK WKH PBOOHPHQMD/SDG LWKHRWFKQRORJIJLFDO \
HI[FHHGLQJ OLWHUV RI DFWLYDMWBG KQBURBKEBRVUKIF DFRGXEWWULY LW\ F

KRXU 7KH XVH RI QHZ WHFKQRORGHFDEGEHVRS® XWRL R Q VO LRMH VVQIHH KR X U
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$48$7521 LV D FODVV RI GHYLFHV IRKLSURGXFL QY IBXSUHVHQOMEGE\ WZR F
W\SHV Rl SURGXFWV 2 GHSHQGLQJ BEWLKH\WHIWK DFEGEBPLROXRVLRO®G  OLV
RI R[ILGDQWY SURGXFHG E\ $48$752ZDW U8R} /REPRGLDO\VLY ZLWK D UHGR]
GHYLFHV DQRO\WH $1. 683(5 SURGXBR®G E\ $48%’321 P9 ([SHULPHQWDO PRG}
67(/ $1. 683(5 GHYLFHV VRGLXP K\SRFKORULWH VROXWLRQ
SURGXFHG E\ $48%$7521 GHYLFHV PRLAOW (FKORULIIH2IDYY D FODVV RI GHY
SURGXFHG E\ $48%$7521 (&28&+/25HGHRUFMWHUROL]DWLRQ Rl HQGRVFRSLF
GLXP K\GUR[LGH VROXWLRQ ZLWK DHPORIFMHORFKDIWW L RQORI\XIBFWRYDWHG VRO X\

7KH FODVV RI $48$7521 GHYLFHVYKLV BBBVMVHQWHSUHVHQWHG E\ WK}
E\ 2:,7521 81,9(56%$/ GHYLFHV LQWHYQLFHG IRUHWKHGRVPQIHFWLRQ SUH VWHU
DQG WKH OLQLVWU\ Rl (PHUJHQF\ 6WHKDMOLRQWLRQ RI WKH HQGRVFRSH LV |

PRGH XVLQJ HOHFWURFKHPLFDOO\ DFWL"

$48%$7521 LV D FODVV RI GHYLFH\D QRWD WKH BQB TFWKRQ\WH REWDLQHG IU.
RI D VROXWLRQ RI K\SRFKORURXV DF LRGXXL WB MW RGREHOMLLROVLRQ Rl WR

IURP D VROXWLRQ RI VRGLXP FKORULG I8 Q@G$HNU LOH QOMDRSPRIGHDOVQRZ LV DQ H[S

$48$7521 3(52; ZKHUH $QRO\WH 3(52; L

$48$7521 LV D FODVV RI GHYLFHDW IB Z DWKKH. @ JQDAMIGH VIMH UL OL]LQJ VROXWL
Rl SHUVXOIXULF DFLG IURP FRQFHQWUDWHG VXOIXULF DFLG VROX

WLRQ ([SHULPHQWDO PRGHOV &5<67$/ K $48%$7521LV D FODVV RI GHYL

IRU SXUL,FDWLRQ RI FRQFHQWUDWHG VI

%$=(.6 $48$7521 LV D FODVV Rl GIRPLRKBDUGRBVYV VDOWYV
UHIJXODWLQJ WKH UHGR[ SRWHQWLDTKRY FROXW LRWQ W HBW HKHPRWGHBOE\ DQ
VLV LQ RUGHU WR HQVXUH WKH DRHLWKHP&SXE 7RI & LGRHFRIPFSD WAKELLRKL WV EHL
RI WKH GLDO\VLV VROXWLRQ LQ UHM®mR[GKFXLICRE WX P

REFERENCES
%DNKLUOHWKRG IRU FRQWUROOLQJ SK\WLFRFKHPLFDO SYURSHUWLH\
WL¢FDWH < ZobF <Kihkh[ j_]mebjh\Zgby nbabdh obfbq_kdbo k\hckl

jZkl\hjz \lhjkdh_ k\b”_|_evkl\h KKKJ «

%DNKQ_LUKBWYLFH RI HOHFWULF WUHDWPHQW IRU GOLQQOKBO3F20GC 2 82%
;ZobjK Mklzgh\dz ~ey we_dljhh[jZ[hldb [mjh\h]h jZkI\hjZz 2 MH;J B

< F <GBBW=:AIJHF

%DNKQU'BYLFH IRU HOHFWULF WUHDWPHQW RIO\OLO,I{ QFH ZIPWHU 2 8(¢
;ZobjF< MklZzgh\dZ ~ey we _dljhh[jZ[hldb fbg_jZebah\Zgghc \h~u 2 MW

< F <GBBW=:AIJHF

%DNKQLU @DPDG]KDQRXYUBDFH SKHQRPHQD LQ GLVSHUVH VYWWHPV LQ

ODWBER®RUW DW WKH 9,, $00 8QLRQ &RQI RQ FROORLG FKHPLVWU\ I

6FLHQFH DQG 7THFKQRGRJIRZfZ" " Zpth\j ¥h\_joghklgu_ y\e _gby \ *bki_jkgu

kbkl_fZo \ mkeh\byo mgbiheyjgh]lh we _dljbgdledhdd 9ha’<k kdihixypghc dhgn

ih dheehb”ghc obfbb b nbabdh obfbq_kdhc f_ozZgbd_ 2 Fbgkd GZmdZ b

%DNKQU SWDGIKPQRDPRDG]IKDQROBNEKLQBULDPSROVUMGIKLPLWGL

QRY.® $FWLYDWHG PDWHULDOV 6RPH TXHVWRIERG\G IRQY IW-KRH W KH R$F

HP\ RI 6FLHQFHV RI 8]665 6HU WHAKWQFYFUAQEIAWY : FZ&Z~"Zgh\

M> e_obg KrZjbzZfihevkdbcGZ " bfbl*bgk®\ ::dlb\bjh\Zggu_ \_s_klI\Z

G_dhlhju_ \hijhku I_hjbb bBpAdll@iMaKKJ K_j | _og gZmd <

%DNKQU LUSLFKRLNRYNXPRYLEKHFEF WROD/PDG]KDQRKHBPHFKDQLVP

RI FKDQJHVY WKH UHDFWLYLWVURFHHGALIQYINVWRHI GWAKHE 8 AWIDGH-A\VR | 6FLH
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6HU WHKQ VFLHQF¥RBV = ;Z0Bj] Dbjibggbdh\BbZdmfh¥bqgKi_dlhj
E ? Fzfzr"Zghx M _oZgbaf baf_g _gby j_Zdpbhgghc kihkh[ghklb Z
\_s_kIBa\ :G MaKKJ K_j I|I_og gZmKk = <

%DNKQU 6SHFWRODPDG]KDQRKH8SK\VLFDO QDWXUH RI WKH SKHC
DFWLYBWRRHHGLQJYV RI WKH $FDGHP\ RI 6FLHQFHV RI;Bdb6p5 6F
<F Ki_dlhjE Fzfz""Zgk\ Mbabqg_kdZy ijbjh"Z y\e_gbc ZdB¥Zpbb \_
:G MaKKJ K_j I _og gZmd <
%DNKQLU QL USLFKRLNRXYNXPRYDRXGSRWKHUY 2Q WKH QDWXUH RI H
WLRQ RIBARFEFHGLQJIV RI WKH $FDGHP\ Rl 6FLHQFR\SRI WKH 866¢
;Zobj kK Dbjibggbdh\BbZdmfh¥bdg :~j H ijbjh”_ we _dljhobfbq_kdhc Zc
kj_~">hde :G KKKJ 2 I 2 k<« &
%DNKIOU YVLNRULGIHSHFWRUDGLD®\ EDGRUR]KQ\ <X * OHFK
09 /ILDNXPR¥Y LEKUSLFKQ@LNRYDG | KDQLDDWBVKHNMOKKWIORFKHPL
FDO DFWLYDWLRQ RI ZDWHU VROXWLRQV DQG LWV VEHPKYROF
*UX]1,,17, 6HULHV )RRG LQGXVWU\ F PRI jbra_ &i_dldbhpj <
E? >Z"bZgb AZ”"hjh gbc XF_q_oky FEbZdmfhx¥bqDbjibggbth\
122" ZgygBK EZlur_\<X We_dljhobfbq_kdzy Zdlb\Zpby \h~guo jzZkl!
| _ogheh]bq_kdh_ ijbf_g_gb_ \ ibs_\hc Ljjbfeb&bggtjmé&®@GBBGLB K_jk
Ibs _\Zy ijhfure_gghklv <ui k
7KH HVVHQFH DQG SURVSHFWY RI HOHFWURFKHKRPFKHRO DEG®XY W/
%DNKLUKSisghklv b i_jki_dlb\u we_dljhobfbg_kdhc ZdIb\Zpbb GE
< oi ;ZobBj <
%DNKQU(OHFWURFKHPLFDO DFWLYDWLRQ 2 0 91,,,07 F 2 S
We dljhobfbg_kdZy Zdlb\Zpby 2 F <GBBB f_~ |_ogbdb 2. q ?
ODPDG]KDQRYoBNKLU 6KDPVXWGLQROYMERAOHWKRG RI SURFHVVLQ.
LQJ PXG 7KH 8665 DXWKRUTV FHUWL¢;FRWH Zgh\ MZobF <
RZfkmI"bgh®& <;ZolFH WKihkh[ h[jZ[hldb [mjh\h]h jZzkI\hjZ :\lhjkdh_ k\b~"
KKKJ «
%DNKQU SOHNVDRGEBRGRBUR]KQ\ <X * 6RNRORYHYXFH |RR WRIN KX
LQJ RI GULOOLQJ PXG SDUDPHWHUV 7KH 8665 DXWRRAMNMYghHUW
M> ;Zobk < :e_dkzZg~Njh\AZ"hjh ' gbt XKhdheB\ XKhjhdbgMkljhckl\h
Ney j_Imebjh\zZgby izjzf_Ijh\ [mjh\h]h jZklI\hjz :\Ihjkdh_ k\b”_ | _evkl\
ODPDMDQRY 8
ODPDG]KDQR8RBURBLQHW/DNKLWBWRNRORY <X 1 =DHYRIFRHKRY R QFW I
OLQJ SDUDPHWHUV RI GULOOLQJ PXG 7KH 8665 DXAYKRUXYhRHU
M> Khjhdbg EZobF< Khdhel® XAZ~hjh gbc Mkljhckl\h ey j_Imebjh\Zg
iZjzZf_ljh\ [mjh\h]lh jzZzkI\hjZ :\lhjkdh_ k\b” _|_evkl\h KKKJ «
ODPDG]KDQRYBYULORYSQLPGIKDBBQRYDKBLUSOHNVD® G WBLRWRBNLQ
/'$ O6RNRORY=-BERURAKQNWXRG IRU SUHSDULQJ RI GULOOLQJ PX
WL FDWH « Fzfz""Zgh\ MZ\jbeh\ 2ebfr"Zgh\ QZobjF<
ce_dkzg”™jh\ :Khjhdbg EKhdheh& X AZ”"hjh gbx Kihkh[ ijb]lhlh\e_gby
[mjh\h]lh jZzklI\hjz :\lhjkdh_ k\b”_I_evkl\h KKKJ «
6RNRORY <X 10 % IDNPKOMDYRIOHNVDQPGURIIWWVELBRYSOHNVDQGUF
9% =DGRUR]KQ\ <X 6K *DRISEYK'YLFH IRU HOHFWULF WUHDW
8665 DXWKRUYVY FHUWL;FDWH Khdhe®\ XZobf < FZfz~"Zgmh\ M
:e_dkzZg”jh\ OZrbfhY F:e_dkzZg”?jh\AZ" "hjh gbt X=ZabR\ >Dhizq :
MkljhckI\h "~ey we _dljhh[jZ[hldb \h”u :\lhjkdh_ k\b”~_|_evkl\h Kt¥

ODPDG]KDQR% BNKLUSOHNVDE GAARNRIDR¥E¥BEERURIKGLKXEAY *%D
NKLO 7$OHNVDRQ GHRKBG RI GULOOLQJ PXG SURFHVVLQJ 7KH 866

[chapter 6] 319



ELECTROCHEMICAL ACTIVATION

Fzfzr"Zgh\ MZobkF < :e_dkzZg”™jh\KhdhehG XAZ”*hjh gbc X
Jbaz_ W= ;ZobF L :e_dkzg”jh\Kikhkh[ h[jZ[hldb [mjh\h]h jZkI\hjZ :\lhjkdFf
k\b” | _evkl\h KKKJ «
ODPDG]KDQRVYRBURNSLQWDNBKLUSRNRORY <X 1 $OHNLPAGCGBRYIBDP
GHVWUXFWLRQ 7KH 8665 DXWKRUYV FHBXMEZ,FDIMHEMNjhdbg E
;Zobj K KhdhehG X :e_dkzZg”~jhWkljhckl\h ~ey jZajmr_gby i_gu :\lhjkdr
k\b” | _evkl\h KKKJ «
IDG]KLPLWKL QFEONK LEOHN VD GARNYRD R¥XERUR]IKQOEHNVIBQGURY 9
'"HYLFH IRU ZDWHU GHVDOLQDWLRQ 7KH 8665 D XGWXRUMVBHhIWL:; FDW
;Zobj kK :e_dkzZg™Njh\KhdhehGd X AZ~hjh gbc Xe_dkzZg”jhMlkljhckl\h
ey hij_kg_gby \h~u :\lhjkdh_ k\b”~_|_evkl\h KKKJ «
6RNRORY % ONKLIEOHNVDR GURGRUR]K QADNBLUBOHNVDIRQGORY KO
Q\DJHU $BSDUDWXV IRU GULOOLQJ PXG WUHDWPHQW 7KH 8665 DXW
Khdheh\GX ;Zobk <:e_dkzZg”™jh\AZ”hjh gbx X;Zobk L :e_dkZg”jh\ <
Fhrgy]_jBrY Mkljhckl\h “ey hgbkldb [mjh\h]h jZzkl\hjzZ :\lhjkdh_ k\b”~_1_ ey
<
ODPDG]KDQRYYBNKLU $ODHNKLGEBGCGRURJKQHXKLWHWKRG RI GULOOL
PXG SURFHVVLQJ DQG GHYLFH IRU LWV LPSOHPHQWDWLRQ 7KH 866
Fzfz~"Zgh\>M ;ZobkF < :e_obg KAZ*hjh gbx X;Zobf LKihkh[ h[jZ[hIdb
[mjh\h]lh jzkI\hjZ b mkljhckl\h ~ey _]h hkms_kl\e_gby :\lhjkdh_ k\b"_
<
ODPDMDQRY%W®NKLUHRUIDEK 0DJQHWRHOHFWULF SURSHUWLHV RI GL
XVH WR LPSURYH GULOOLQJ HI¢FLHQF\ 2 0 91,,(*$=35200bj 2 S
<F >_jlzB =FZ]gblhwe_dljbg_kdb_ k\hckI\Z [mjh\uo jZkI\hjh\ b bo bkih
ih\ur_gby wnn_dIlb\ghklb [mj_gby 2 F <GBBW=:AIJHF 2 k
%DNKQLU 8 DGRUR]KQ\ <X * $$O0OHNDE QR TXHVWLRQV RFGULOOLQ.
WUHDWPHQW 2 7DVKNHQW )DQ $EVWUDFWYV RI WKH ,, UHSXEC
LVWV RQ SURGXFWLRQ WHFKQRGRJIARYhJID'Y b WD MRRWWh\ ;Zobj <
JbazZz_K=G _dhlhju_ \hijhku we_dljhh[jZ[hldb [mjh\uo jZkI\hjh\ 2 LZrd_gl
L abku "hdez”h\ gz ,, J_kim[e dhgn fheh”uo mqg_guo b ki_pbZebklh\ i
ljZzgkihjlz Jzaz
S$OHNKLQ %DNBEKLU]JEDQPDPHGRY 6K . K $9DWXEABRGSNUUIHQFH LQ
WKH XVH RI PHWKRGV RI HOHFWURFKHPLFDO DFWLYDWLRQ RI GUL
RI JDV DQG RIIVKRUH RLO ZHOOV 5HI;ZDbbj@W< >"ZgYRIO"h® Re_obg K
FZjbzfihevkdbc &n[Zg Hiul bkihevah\zZgby f_Ih~h\ we_dljhobfbq_kdhc Zd
[mjh\h]h jZzkI\hjz 2 F <GBBW=:AlJHF ;mj_gb_ ]Zah\uo b fhjkdbo g_n!

J n k[ \ui
ODPDG]KDQRYK&8 SDVW \HDUV WKH WKRUQ\ SDWKV 2 7DVKNHQW
Fzfz~"ZghbMFbgm\rb_ J]h~u | _jgbklu_ imlb 2 LZrd_gl! .YLQWD 3ULQW

ODPDG]KDQR&DAGRKY 8FWLYDWLYDWLRQ RI VXEVWDQFHV 2 7DVKNHQ'
S Fzfzr Zgh\ MZcb™@\ MIb\Zpby \_s_kI\ 2 LZrd_gl 7DIDNNXU %RYVW
F

‘Ho29=/,7,1()7*%$=2 8]EHN 5 ' , QVWLWXWH RI 2LO DQG *DV ,QGXVWU\ ?
S 2 LOO Ma[_dkdbc gZzmqggh bkke_~h\Zl _evkdbc b ijh_dlguc bgklblr

ijhfure_gghklb 2 LZrd_gl .YLQWD 3ULQW 2 k 2 be

/IDW\VKIHY RKH 8QFDQQ\ :DWHU ,QYHQWRU BEQRQUBWGERIQDOAJdHDy <

\h~Z Bah[j_IZl_ev b jZpbhgZebdZlhj «

<HJRURY$EPOGHPLFLDQ 9DNKLGRY $FWLYDWHG ZDWHU LV SURPLVV

?lhjh\ X :dzZ”~_fbd <Zob”h\ Zdlb\bjh\ZggZy \h~Z i_jki_dlb\gZ Bah
jZpbhgZebaZlhj
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<HYVHHMHYVH DFWLYDWHG OLTXLGY 7HFKQLTXHDQG VFRPAKHQRHM «

WIb Zdlb\bjh\Zggu_ "b~dhklb L_ogbdZ b ¢Zzmdz { <« ]

IRYRIJUXGVEYLYLQJ DQG GHDG ZDWHU?2 2 ZKDWV EHKLQG WKH |
RI S Gh\h]Pm/&@td z¥% \h~Z b fzjl\zZzy2 2 gqlh azZz k_g}

Ebl_jZImjgzy 1Za_|Z « ] Kk

IDW\VK#HY:RHUH DUH \RX ARZLQJ WR ©8QFDQQ\ :DWHU2" ,QYH
EZIlur \ Dm”~Z | _qgqzrv ©g_h b"ZggZy \h~zZ23" Bah[j_1Z]l _ev b jZ

‘ ]

2QDWVNDP\DOX]DOHYYNPRW LY DWHIGHRDWWMU\ 2 WUDGLWLRQDO DQC

/68 S iz HgZpdEmazZe \kRlZydb\bjh\ZggZy \h*"Z < dg Obf
ljZzZ"bpbhggZy b iZzjZz"hdkZevgZly E E=M

*ODGNRY 9 ORURIRWHU BRXWYDJDQ]D 3UDRIGD « =zezZ”dh\ <
Fhjhah\ G J<higZy n__jby [jZ\"Z <« ]

ODPDG]KDOQRYYW@BHNKLQ*XUHY(LFKXPDVRHYRBQFKDURX]|DHWVRY (
%DNKQLU$SSDUDWXV IRU HOHFWULF WUHDWPHQW RI GULOOLQJ P
Fzfzr""ZgW M:e_obg K=mj_\b® EXfZr_\Il: =hgqgZjhg |
Dmag_ph\ W ; F;zZMbljkckl\h "ey we_dljhh[jZ[hldb [mjh\h]h jZkI\hjZ
k\b”A | _evkl\h KKKJ «
ODPDG]KDQRYXBOHWXYR Yo NKLUWXOURY BSHFWROUPHQNBIDUDWXYV IF
SURFHVVLQJ RI GULOOLQJ PXG 7KH 8665 DXWKRFUZTY " "FHAHEGHW IV, FD W
Dmag_ph\ WobF< ;mjhY : Ki_dlhj?E Debf_gBlhMkljhcklI\h ey h[jZ[hldb
[mjh\h]lh jZzkI\hjz :\lhjkdh_ k\b”~_I_evkl\h KKKJ «
6SHFWRU.LUSLFKRLNFONBLULDNXPRYLEX]GHWH¥ RYULGBD Q Bo
PDG]KDQRYH8LFH IRU HOHFWULFDO SURFHVVLQJ RI OLTXLG 7KF
Ki_dlhP E Dbjibggbdh\ ;ZobjF< EbZdmfh¥q Dmag_ph\ W ;
NjbrfZg K Fzfzr"zZgm\ NAkljhckl\h "~ey we_dljbg_kdhc h[jZ[hldb "k
:\lhjkdh_ k\b”~_I_evkl\h KKKJ «
6SHFWRULUDNXPRYLBDRBRLU. XIQHWYRYVYEPDG]KDQTOW B8 3=D
GRURJKQVKHXLFH IRU GULOOLQJ PXG WUHDWPHQW 7KH 8665 DXW}
Ki_dlhj E EbzZdmfhxbq;ZobF < Dmag_ph\ W ; Fzezr Zgh\jMU
AZ"hjh gbc= XMkljhckl\h ~ey h[jZ[hldb [mjh\h]h jZkI\hjZ :\lhjkdh_ k\
KKKJ <
%DNKOLUB®SHFWRDW\VRHY-RBXSRURIKQDROG]IKDQRYWDNDURPRYD *
.LUSLFKQLNRIYDB XPRYLFM $WLBRUWDEOH GHYLFH IRU HOHFWUL
7KH 8665 DXWKRUTV FHUWL¢,FDWHZolrj] <Ki_dlh?PE EZlur_\<X
AZ"hjh gbeX FZfz~2"Zgh\ MFbjazdZjbfth\ZDbjibggbdh\ElbZdmfh¥bq :
;ZobjR 1 _j_ghkgh_ mkljhckl\h *ey we _dljhh[jZ[hldb "b~Adhklb :\lhjkdh
KKKJ «
%DNKQLU OSHFWRED/GRURTKQVWXQOR 3XGLQY¥N\H¥OLFH IRU HOHFWU
FDO WUHDWPHQW RI OLTXLG 7KH 8665 DXWKR;Z®H\WjF<KUWILhFDWH
E? AZ"hjh gbc XEuk_g&h @m~bgkdbdMkljhckl\h “ey we_dljhobfbqg_Kk
h[jz[hldb “b~Adhklb :\lhjkdh_ k\b”~_I_evkl\h KKKJ «
=DGRUR]JKQ\%DXNKRLU6SHFWRU®BWHOWBNRMVHQNR3RGNRP |JL@LBIWULHY
11 6KWHIDQUDFK#8Y 'dXLFH IRU HOHFWURFKHPLFDO WUHDWPH
WKRUYVY FHUWL¢{FDWH < AZ~hjh gbc XobF < Ki_dIhj?E ; _ebdh\
<K Euk_gBh Gh~dheabg =fbljb_\GG RI_nZd>< =jZq_\ Mkljhckl\h
"ey we_dljhobfbg_kdhc h[jZz[hldb “b~dhklb :\lhjkdh_ k\b”~_ 1 _evkl\h

BSHFWRU%DNKLU=®DGRURFKQMKXFH IRU XQLSRODU HOHFWULF W
8665 DXWKRUYTV FHUWL¢FDWH «i_dIj E;ZobF < AZ~hjh gbz X
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Mkljhckl\h "ey mgbiheyjghc we_dljhh[jZ[hldb “b~dhklb :\lhjkdh_ k\b”"_1
<

6SHFWRW/DNBLUDGRURIK@KIYXHID'GIWYLFH IRU XQLSRODU WUHDWPHC
8665 DXWKRUTV FHUWL¢;FDWH Ki_dI®j] E;ZobF < AZ*"hjh gbxt X

RI_nzZg & Mkljhckl\h "ey mgbiheyjghc h[jZ[hldb “b~dhklb :\Ihjkdh_ k\b
KKKJ <

ODVKNRBY 20DOGLQWYVORY =GYL]JKNRY <X ,9 =DUHIRXRIKBKAIXOUQ .
%DNKQLUBWYLFH IRUWKH VRUSWLRQ RI WR[LF VXEVWDQFH-V IURP ELR
FDWH < FZrdh\ HZe”~blg <DjuehY DAM\b dhX ljbempdbc

<B AZ"hjh 'guc XRI_jgFD ;ZobF <Mkljhckl\h "ey khj[pbb Ihdkbg_kdbo \_s_
ba [bheh]bg_kdbo "b~rdhkl_c :\lhjkdh_ k\b” _ | _evkl\h KKKJ «

%DNKQLU 8DGRURTKQHRQRY ODVKMRY3HUORKVNBBLOXWANNIDIY VNI

$0 5\]KQHXY 96KWHUKMPWKRG IRU FOHDQLQJ RI GLDO\VLVY RHPEUDQHYV
FDWH «< ;ZobBj <AZ"hjh gbc X6_hgB\ ;FZrdh) HI_jeh\kdbc

JR ljbempdBc ¢meZ\kdbc Ju' g \X< RI_jg B Kihkh[ hgbkldb “"bZebaguo
f _f[jZg :\lhjkdh_ k\b”_|_evkl\h KKKJ «

SXODYVON\%DNRLUS9IKQKEY 9%\DONRDGRURYK@K¥YWKHUMHYLFH IRU
HOHFWURFKHPLFDO WUHDWPHQW RI OLTXLGV 7KH 86l6rbe 2 YW KR U TV
. F ;ZobjF< Ju g \X< ;yedh<F AZ”"hjh gbx XRI|_jgED Mkljhckl\h

"ey we_dljhobfbg_kdhc h[jZ[hldb “b~Adhkl_c :\lhjkdh_ k\b”_|_evkl\h KK

SXODYUN\%DNBELWBLYKQEHXY 9% \DONRDGRUR]IK@KWHUTHWKRG RI ODXQ
GU\ ZDVKLQJ DQG D GHYLFH IRU LWV LPSOHPHQWDWLRQ 7KH 8665
ImeZ\kdbE : ;ZobjF< Ju'g_\X< ;yedh<F AZ~hjh'gbx XRI_jg ED

Kihkh[ klbjdb [_evy b mkljhckl\h ~ey _]1h hkms_kl\e_gby :\Ihjkdh_ k\b”
<

SNLPRSB <X HOBNRYDWGCGRY ®DNKLWIRBHVWLF HOHFWURDFWLYDWRU &
GXVWULDO GHVLJIQ « :dbfhY X; ebdhK < >Z\u~h\ :;ZobjF<

We _dljhzdlb\ZIhj [ulh\hc K\b~_|_evkl\h gZ ijhfure_gguc h[jZa_p «
%DNKQLU QHGHONRY® ,/ HRQRY I ODWOVNA\BKQEY D9HWKRG IRU SURGXF
ZDVKLQJ DQG VWHULOL]LQJ VROXWLRQV IRU FOHDQLQJ DQG SUHSD
FHUWL¢FDWH < :ZobBj <<_~ _g&h\EbJEB E_hgB\ ;ImeZ\ké&bc :

Ju'g_\ X Kihkh[ihemq_gby fhxs_]Jh b kl _jbebamxs_]h jZkl\hjh\ ~ey hqbkl
[bhnbevljh\ d ih\lhjghfm bkihevah\Zgbx :\lhjkdh_ k\b”_ | _evkl\h KKK

/HRQRY WDVKMNRYIBEGHANRYIOO XW\X2NHY F KH QANRGR UR K QL kX

1DLGDO 1 %DNRLWBSSDUDWXYV IRU KHPRGLDO\VLV 7KH 8665 DXWKR
E hgmB ; FZrdh\: H < A gdhk\ <ljbempdBc <H\ jg _gdh

AZ"hjh 'gbe=X EbJEB GZc”@ G;Zobk <Mkljhckl\h ~ey ] _fh~bZebaz :\lhjkdh

k\b”_ I _evkl\h KKKJ «

%DNKLUOHFWURFKHPLFDO DFWLYDWLRQ LQYHQWLRQV V\VWHPV

ZLWK LOOF;2Wbkj &kljhobfbgq_kdZy Zdlb\Zpby bah[j_| _gby | _ogbdZ |_oc

<b\zZ KIlZ]j 2 k be

%DNKQLU $DGRURIKQKKXHOHFWURFKHPLFDO WUHDWPHQW-RI ZDWHU

FDOO\ WUHDWLQJ ZDWHA 8. 3SaDWHQW

%DNKDU DGRURFKGBQ<KMOHFWURO\WLF PHWKRG RI GULQNLQJ ZDW

%

7KH HOHFWURFKHPLFDO UHDFWRU 673 = $ FRF

PHQWV 0 91,,,07 J_Zdlhj we_dljhobfbq_kdbc KLI

dhfie _dl I _ogbqg_kdbo "hdmf_glh\ F ] <GBBBFL
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%DNKIOU 'DERUDWRU\ HOHFWURFKHPLFDO GLDSKUDJP ARZ WKL
)03. *97Vv 6WDWH 6WDWLVWLFV &RPPLWWHH RA WEH |Z8BEuUC :
we_dljhobfbqg_kdbc “bzZnjz]f_gguc ijhlhqguc j_Zdlhj JIW Jmdh\h~ kI
F NFID =<P =hkdhfklzZlZ KKKJ 2 k
%DNKQLU 9DGRUR]JKQHEXN URFKHPLFDO UHDFWRUV 53( 2 0 *LSHUR
<F AZ”hjh ghkec We dljhobfbg_kdb_ j Zdlhju JIW 2 F =bi_jhdk
%DNKRDU ¢DGRURFKQMXXFH IRU HOHFWURFKHPLFDO WUHDWPHQV
;ZobfF < AZ"hjh gbc Kkljhckl\h *ey we dljhobfbqg_kdhc h[jZ[hl
1Z1_gl <
%DNKQLU 9DGRURIK®SSXUDWXV IRU HOHFWURFKHPLFDO WUHDWPH
;ZobfF < AZ"hjh gbc Kkljhckl\h "ey we dljhobfbqg_kdhc h[jZ[hl
1Zl_gl JN «
%DNKQU DGRURIKQAMHRQRY IWQLFEHYIWIEOXWMNHFWURFKHPLFDO
WLRQ D XQLYHUVDO WRRO IRU JUHHQ FKHPLVWU\ 20 ODUNHV
;Zobj K AZ~hjh gbec XE_hgB\ ;I1Zgbg_\Z KbempdBc We _dljhobfbqg_kdzZy
Zdlb\Zpby mgb\ _jkZevguc bgkljmf_gl a_e ghc obfbb 2 F FZjd Ibg
2 k 2 be
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