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BBenenue
Onnum u3 3)PEeKTUBHBIX OTOETUBAIOIIMX CPEJCTB B MPOU3BOACTBE
KaueCTBEHHOM Oymarm ¥  XJIOMYaTOOYMa)KHBIX TKaHEW  sBJSETCH,
runoxsioput Hatpus (I'TIXH). B nactosmee Bpems I'TIXH Bce mmpe
BHEJIpSIETCSl Kak Je3uHuuupyomiee, o0e33apakuBaroliee CpeicTBO s
MUTHEBOM BOJIbI, BOJIbI IUIaBaTEIbHBIX OaccelHOB. Takke NpUMEHSETCS
I[TIXH nna oOe3BpexuBaHus (pa3pylleHUs) I[THAHUCTBIX  CTOKOB,
oOpa3ylomuxcsi TpH W3BICYCHUHM 30JI0TA U3 PyHd, TPH  30JI0YCHHUH
IOBEJIMPHBIX U TEXHUYECKUX W3ACIINA U HAHECEHWM JPYTUX MOKPBITUHA U3
AAHUIHBIX AJIEKTPOJIUTOB.
besognbiii runoxioput Harpua (I'TIXH) npeacrasnser coboi
HEYCTONYMBOE OECIBETHOE KPUCTATUTMUYECKOE BEIIECTBO.
DnementHbid coctaB: Na (aarpuii) (30,9 %), Cl (xmop) (47,6 %),
O (xucnopon) (21,5 %).
Monekynsipaas macca NaClO (o MexayHapOJHBIM ATOMHBIM
Maccam 1971 r.) -74,44.
Xopouio pacTtBopuM B Bojae: 53,4 T TUNOXJIOPUTA HATPUS
pactBopsiercst B 100 rpammax Boas! mipu 20°C (wu 130 r B 100 T BOJBI ipU
50°C). PactBopumocts NaClO mnpejcraBicHa B TabJHIIe

[Temneparypa, °C | -0 || o | w0 | 25 | 30 |
[PacTeopumocts, % | 206 || 228 | 275 | 450 | 500 |

Bonubie pactBoper ['TIXH BecbMa HEyCTOWYHMBBI M CO BpPEMEHEM
paznararoTcs axe rnpu ooblyHOM Temneparype (co ckopoctbio 0,08 o 0,1
% B cyrku). Ha ckopocts pacnaga I'TIXH Bruser BozueiicTBue
COJIHEYHOTO W3Jy4Y€HHUs, HaJU4Yhe€ KATHOHOB TSDKENbIX METAJUIOB H
XJIOPUAOB HIEJIIOYHBIX META/IOB. [Ipu 3TOM Hanuyue B BOAHOM pacTBOpE
cyab(dara MarHusi WiIM KaJbLiMsl, OOPHOW KHUCIOTHI, CHUJIMKATOB M TIp.
3amemaoT  mpouecc pasnoxkenusa [TIXH. Cnenyer 3ameruTs, 4TO
HanOoJIee YCTOMYMBBI PACTBOPHI C CHIIHHOIIETIOUHOM cpenoit (3HaueHue pH
> 10)



1. Teopus 3J1eKTpPOIH3A

I'TIXH BwIicoko#t konuentpauuu (1o 200-300 F/ILM3) MOET OBITh
MOJYYEH XMMHUYECKU B3aUMOJECHCTBUEM XJIOPa CO IIEIOYBIO:

Cl, + 2NaOH — NaCIlO + H,0 + NacCl. (1.1)

OpHako JUisi TOJNyYEeHHsS XJIOpa HYKHO IIPOBECTH JJIEKTPOJIH3
pacTBopa TOBapeHHOW COJMM B JauadparMEHHOM BJIEKTPOIM3Epe IO
peaKInu:

2NaCl + 2H,0 «*2¢ 5Cl,+H, +2NaOH  (1.2)

IIPU pa3/ieIEHUU aHOJHOIO U KaTOJHOTO MPOCTPAHCTB.

B cBs3u ¢ 3TUM 3aMaHYMBBIM  SABIETCS  OAHOCTYNEHYATOE
nonyyenne [TIXH osnexkrponm3om pacTBOpa NOBapeHHOM COMM B
0e3auadparMeHHOM 3JIEKTPOJIU3EpE MO PEeaAKIUU:

NaCl + H,0 <2 NaClO + H,. (1.3)

MexaHu3M 3JIEKTpOJIM3a CKIIAJIBIBAETCAd M3 JBYX JJIEKTPOIHBIX
peaKunii:

Ha a”oxe (+) 2ClI — 2e — Cl,, (1.4)

Ha karone (—) 2H,O + 2e — H, + 20H, (1.5)

U TOCJHENYIOLEro  B3aUMOJEHCTBHS  DJIEKTPOAHBIX  IMPOJYKTOB B
MEXAIEKTPOJHOM 3a30P€ MO PEAKLIUSIM:

Cl, + OH — CIO + HCl, (1.6)

HCI + OH — CI + H;0. 1.7)

[Ipu HEeyOBIETBOPUTEIHHOM MEPEMEITMBAHUN MOKET IPOUCXOIUTh
THIPOJIA3 XJI0pa ¢ 00pa30BaHUEM XJIOPHOBATUCTOMW KUCIIOTHI:

C1, + H,O =HCIO + HCI. (1.8)

XJIOpHOBATUCTAsl KHUCJIOTA, KaK CWJIbHBIA OKHCIHUTENb, CIIOCOOHA
Janbllne OKUCISITH oOpa3zoBapmmiics o peakiuu (1.3) I'TIXH no xmopara
HaTpUs:

NaClO + 2HCIO — NaClO; + 2HCI. (1.9)

[T0O0OYHBIMH 3NEKTPOXUMUUYECKUMH PEAKLIUSMH SIBIISIIOTCS TaKKe
JanbHeiIIee OKUCIEHNE TUIIOXJIOPUT-UOHA JI0 XJIOpaT-UOHA!

6CIO™ + 3H,0 — 6e” — 2ClO; + 4Cl™ + 3/20, + 6H'(1.10)

Y YaCTMYHOE BOCCTAHOBJICHHE HA KaTOJE:

ClIO +H,0+2¢ — Cl +20H . (1.11)

Hapsiny ¢ aTuMu mpolieccaMu UMEET MECTO YACTUYHOE BbIIEIICHUE
XJIOpa B aTMoc(epy, a TakKe 3JIEKTPOXUMHUUECKOE BbIIENIEHHE KUCIOpOaa
M0 peaKinu:

20H —2e — 1/20, + H,0. (1.12)

B pesynbprare mporekanusi 3TUX MoOOYHBIX peakuuit Boixoa I'TIXH
10 TOKY Ha npakTtuke oT 70 % B Ha4aJIbHBIII MOMEHT IIPOLIECCA CHUKAETCS
10 50-40 % no mepe MOBBILIEHUSI €r0 KOHIEHTpaluu. be3nnadgparmMmeHHbIM
AIIEKTPOJIU30M HE yAaeTcs MoJydyaTh pacTBOPHI ¢ KOHIIEHTpauue oonee 20
r/nm°. Teopernueckoe kommuectBo [TIXH omnpenensercs 1mo 3aKoHy
dapajes:

Mnacio = Onacio’ I, (1.13)



7€ (nacio — MTeKTpoxumudeckuid skpuBaieHT [ TIXH, r/A-u

Onaclo = M = 745 =139 1/A-u. (1.14)

z-F 2-26,8

[IpakTH4eCcKHil BBIXOJ MOTOKY 3aBUCUT OT KOHUEHTpALUHd pacTBOpPA
MIOBAPEHHOW COJIM, OT IUIOTHOCTM TOKa, OT TeMHepaTypel npouecca. Ha
MpaKTUKe MPOIECC MPOBOJAUTCA MpU KoMHaTHOM Temmeparype (25 °C) c
MIPUMEHEHUEM OXJIAKICHHS BOAOM.

Marepuanom aiekTponioB s noiydeHus ['TIXH Moryt ciryxuth
rpa¢ut u tutaH. OOa SBISIOTCS JOCTATOYHO CTOMKHMH K OKHCIICHUIO
XJIOPOM W TUTIOXJIOPUTOM. B 31iekTponm3epe MoKeT ObITh MOHOIIOJIIPHOE U
OUMOJSIPHOE BKIKOYEHHUE SIIEKTPOOB.

.

L 4

Puc.1. Cxema sxntouenuss mumaHo8vlx Uil 2papumossix 21eKmpooos npu
NOJYYeHUU SUNOXTIOPUMA.
a) napasnenvHoe 8KkoyeHue, 0) nocie008amenbHOe BKIIOYEHUE

Paccrosinue mexnay snektpomamu 5-7 MM 00€cTeuMBaeT XOpollee
MEPEMELIMBAHNE U LIUPKYJSLUIO B IPOLIECCE DIEKTPOIIN3A.

MarepuanoM 1yt KOpITyca 3JEKTPOJIM3EPOB CIIYXkKAT IMOJUIIPOIUIIEH,
MOJINXJIOPBUHUI (BUHUILIACT).



2. JKCcNepUMEHTAJILHAS YaCTh
2.1. llean padoTsbl

1. M3yuuts 3aBucumocTth Bbixoga I['TIXH mo Toky oT ycnoBuit
ANEKTPOJIN3a: KOHLIEHTPALMKU PAacTBOPa MOBAPEHHOW COJIU, IFIOTHOCTH TOKA
Y BPEMEHHM DJIEKTPOJIN3a.

2. BBIICHUTH 3aBUCHMOCTh HANpSOKEHHS Ha DJIEKTPOJIU3E U
YIEIBHBIX 3aTPAT 3JIEKTPOIHEPTHH OT BPEMEHU AIIEKTPOIU3A.

J171 BBIIOSTHEHUS pabOThl HEOOXOAUMO 3 KOHUYECKUX KoJIObI 1o 200
MJ JUisi 0TOOpa U aHanu3a npod, Oropetka oObemom 100 M M numeTka
o0beMoMm 20 M.
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Puc.2. Cxema nabopamopnoti ycmanosxku nonyuenusi ' TIXH:

1 — ecmaxan ob6vemom 500-1000 mn ¢ pacmsopom NaCl; 2,3 — kamoonwiii u
AHOOHDLU NONYONIOKU U3 Mumana, 4 — xaopcepebpsinblii 1eKmpoo
cpasHenusl;, 5 — yugposoti eonbmmemp, 6 — cmadUIU3UPOBAHHBIL

UCTMOYHUK TOKA.

PeakTuBbl: mOBapeHHas COJb MHIIEBas «IDKCTpa», PAcTBOp s
TUTPOBAHMUS.

2.2. Tlopsinok BbINOJIHEHUS PA0OTHI

[IpuroroBUTH pacTBOpP NMOBAPEHHOM COJM 3aJaHHOW KOHLEHTPALUU
(cm. ITpunosxkenne 1) u 500 M1 3aIUTh B CTaKaH — SIEKTPOIIU3EP.

N3meputh miomanb 37I€KTPOI0B aHOAHOTO MOTY0I0Ka M YCTaHOBUTD
coOpaHHBIN OJIOK AJIEKTPOJOB B SYEHKY TaK, UTOOBI YPOBEHb DJICKTPOJIUTA
ObUT Ha 20 MJI BBIIIIE BepXa AJEKTPOIOB.

Co0Opathb 2IEKTPUUECKYIO CXEMY COTJIACHO pucC. 2.

PaccuuraTh TOK 3n€KTpOIM3a:

| =ia—Sa, (2.1)



; 2
rae l, —3aJaHHas nperoaaBaTejIeM aHOJHas INIOTHOCTh TOKa, A/I[M .

SHAYCHUA HAIIPAKCHUA U IIOTCHIMAJIA aHOIA.

BximtounTs B paboTy UCTOYHUK TOKA, BOJIBTMETP U CEKYHIOMED.
[lepuonuuecku yepe3 30 MUH U3MEPSATh M 3amuchiBaTh B Tabm. 1

Tabnuya 1
Ne | Bpewms, | Hanpsixenne, | Konnentpanuss| Kon-Bo Bt, % W,
11/T1 q B I'TIXH, r/n I'TIXH, r Bt-u/r

Yepes 0,5 uwaca orbuparorcss mpoObl pactBopa 1o 20 M u
aHanu3upyroTcs Ha cogepxkanue ['TIXH cornachno npunoxenus 2.

MN = VN'CN, (22)
rae Vy — 00beM 3JIEKTPOJIUTa KO BpeMeHHU T (YUUTHIBACTCS YMCHBIICHHE
o0beMa 3JIEKTPOJIUTA 3a CYET OTOOPAHHBIX MPOO).

VN = Vias — 0,02(N-1). (2.3)

ITo komuuectBy I'TIXH, oOpa3oBaBiierocst 3a Bpems 3J€KTpPoOJIu3a T

pacCUYUTHIBACTCS BBIXOI I10 TOKY.
mnpancr

B: =N .100%, (2.4)

TCOP
N

rae mer— reopernueckoe konuyectso I'TIXH ko Bpemenu T,

my” =q- -1 (2.5)

DTO 3HAYEHHE BBIXOJA IO TOKY OYIET CpeIHHM 3a BCE BpeMs
DIEKTPOJIN3A.

[Io mony4YeHHBIM [AaHHBIM CTPOATCS 3ABUCHMOCTH HANpPSIKEHUS,
KOHILIEHTpaluu 1 Bbixoaa rno Toky I'TIXH ot Bpemenu snekrposnusa.

VYaeneHble 3aTpatbl anekTposHeprun W, ¢ Te4eHHEeM BpPEMEHHU
AIEKTPOJIN3a MEHSAIOTCS IpeXkAe Bcero n3-3a Beixona ['TIXH 1o Toky.

CpenHue ynaelbHbIE 3aTpaTbl JJIEKTPOSHEPTHMH 3a BCE BpeMs
DIIEKTPOJIN3A T PABHBI:

W, :% (2.6)

N N

IIo momydeHHBIM pe3ynbTaTaM CTPOATCS 3aBUCHUMOCTH U3MEPEHHBIX
U BBIYHCICHHBIX BEJIIMYMH OT BPEMEHU DJIEKTPOJIN3a, NPOU3BOIUTCS
00CyXJIeHHE U 0OBSICHEHUE MOJTYUYEHHBIX PE3yIbTaTOB.



3. Odopmiienne oTyera

OTdeT TO TMOJNYYCHHIO JE3MH(PHUIMPYIOIMIETO pacTBopa JIOJDKEH
COJIEPIKaTh:

a) 1eIb paboTHI;

0) MEXaHU3M 3JICKTPOJIN3a;

B) CXEMY YCTaHOBKH,

I') MOPSAJIOK BBIMIOJIHEHUS paOOTHI,

1) TAOJUIy SKCIEPUMEHTAIBHBIX PE3YIbTaTOB;

e) o00paboTKy  pe3yJabTaTOB  JKCIIEPUMEHTa, rpadudecKue
3aBHCUMOCTH;

) KpaTKUW BBIBOJ IO pe3yjbTaTaM pacueTa. BBIBOABI JOIKHBI
COOTBETCTBOBATH IIEJISIM SKCTIEPUMEHTA.

Bormpocs! f1st 3a1MThl 0TYETa O MPOIeIaHHOM padoTe:

1. OcHOBHBIE 00JIACTH MPUMEHEHUS TUIIOXJIOPUTA HATPHUS

2.CBoiicTBa xj0pa

3.IlpeumymiectBa  guadparMEHHBIX  DJEKTPOJIM3EPOB  TEPEN
6e3auadparMeHHBIMU

4.CocraB 3JIEKTPOJIUTA JJIs1 TTOTYUYEHHUS XJI0pa

5.Meroauka onpenenenus KoHuentpauuu I TIXH

6.Marepuas 3IEKTPOJOB ISl NPOBEACHHS Ipolecca MOJTYyYCHUS
['TIXH

Cnucok aureparypsbl:

1. Tlpuxnannas snexrpoxumusa./ [lox pen. Tommmosa A.Il. — M.:
Xumus, 1984. — 520 c.

2. Sxumenko M.M. DIEKTpPOXUMUYECKUI CUHTE3 HEOPTaHUYECKHUX
coequHennii. — M.: Xumus, 1984.

3. CrnpaBounuk xumuka. T.3. — M.—JI: Xumus, 1964. 1005 c.

4. Axumenko M.M. IIpou3BoacTBO XJIOpa, KayCTUYECKOW COAbI U
HEOPTaHUYECKUX XJOpIpoayKToB. M.: Xumus, 1974. — 600 c



Hpuioxenus

1. IlpuroroBJjieHne pacTBoOpa

B naboparopHoii paboTe NCTIONB3YIOTCS PACTBOPHI TOBAPEHHOM COJIH
c konneHtpanueid 4-10 %. [Ins mpurotoBieHUs paboOYMX pPacTBOPOB
UCTIONIB3YETCSl  MCXOJHBIM  KOHIeHTpupoBaHHbI  pactBop  NaCl.
KonneHTpaiusi ero ompeaensercss Mo IUIOTHOCTH PacTBOpPa, M3MEPEHHON
apeomeTpoM. KoIMuecTBO HCXOMHOTO pacTBOpa IOBApPEHHOW CONU |
TUCTUJUTUPOBAHHOHN BOJIBI HAXOIUTCS 10 MPABUHILY KpecTa.

Hanpuwmep, mist npurotosnenust 5 %-Horo pactBopa NaCl u3z 24 %-
roro (d = 1,18 r/cm®) mpuMeHsIeTCs ClIeIyIoLast 3amich:

KonnenTparnus, % bpatp konnuecTBO

24%\ /5r><10250r:1,18:42637MJ1><Npa3
['oToBsimiicst pacTBOp

/ ’
HuctunnupoBanHas Boja ( \N 19rx10=190:1 =190 mx x Npa3

Hcxonnpin pacTBop

T.C., U1 mpurotoByieHus 5 %-noro pactBopa NaCl HyxHo B3sTb 5 T 24 %-
HOTO pacTBopa u 19 r AMCTUIIMPOBAHHON BOJBI.
[TponopunonansHoe yBenuueHue B 10 pa3 gaet coorBeTcTBEHHO 50 T

24 %-noro pactBopa u 190 r Boabl. DT 3HAYCHUS TIEPEBOJUM B OOBEMBI

S0 _ 42,37 wn 24 %-soro pactBopa u 190 mut BojbI).

1,18
2. NogomeTpuyeckoe onpe/esieHHe «KAKTUBHOI0» XJIopa

2.1. OcHoBBI MeTOA

Meton OCHOBaH Ha OKHMCJICHHMHM HOAUAA KAJIHS B YKCYCHO-KUCIION
WM CEPHOKUCIION cpeslaX CBOOOHBIX XJIOPOM, XJIOPHOBATUCTON KUCIOTOM
WJIY TUIIOXJIOPUTOM HATPUS 10 PEAKLIMSIM!

Cl, + 2KJ — 2KClI + J,, (5.1)

HCIO+2KJ+CH3;COOH—KCI+CH3;COOK+J,+H,0(5.2)

NaClO+2KJ+2CH3;COOH—NaCIl+2CH3;COOK+J,+H,0 (5.3)

Peaxiuu (5.2) u (5.3) npoXoAsT MOJHOCTHIO TOJIBKO B KUCJION Cpejie.

BoiaenuBminiicss KOl TATPYIOT PaCTBOPOM THOCYJIb(aTa HaTpusl.

2.2 TlpumeHsieMble peaKTUBBI U PACTBOPbBI

* kucyoTa ykcycHast 10 %-Hbl1it pacTBop;

* kanus noaua 10 %-He1it pacTBOp;

* KpaxMail pactBopuMblil 0,5 %-Hblil pacTBOD;

* tuocynbgat Harpus (Na,S,03) 0,1 N pactBop;
* BOJIa IUCTUJLTUPOBAHHASI.

10



0, wu pactBop THocyiabdpara Hatpus (Na,S;03) rorossr
pactBopernemM 25 1T Na,S;03x5H,O0 B 500 M CBeXEKHISYEHOH U
OXJTAKICHHON TUCTHJUTMPOBAHHOW BOAbI, AoOaBieHueMm 0,2 T xapOoHaTa
Hatpusa (Na,CO3) u noBeneHueM oobema pactsopa Ao 1 .

2.3 Xo/x BbINOJIHEHUSI ONpeaeIeHHsI

B konunueckyro konby Ha 250 M numetkod BBomsaT 10 M
aHanMM3upyeMoro pactBopa, podasistor 10 ma 10 %-noro pactBopa Kl u
nepeMemuBaior. J[00aBIAlOT 5 M YKCYCHOM KHUCJIOTBI M CHOBa
nepeMemuBaioT. [IpukpeIBatoT K00y CTEKISIHHOW KPBIIIKOM U CTaBSIT Ha
10 MuH B TeMHOE MNPOXJATHOE MECTO. TUTPYIOT BBIICIUBIIUKUCS WO
pacTBOpOM THOCYJIb(aTa HATpus 1O TEpexojla KOPUYHEBOU OKpacKU B
cnaboxentyto. JlobGaBmsaoT 1 MiI pacTBopa Kpaxmajia W IPOJIOJDKAIOT
TUTpoBaTh A0 oOeciBeunBanusd. ColepkaHUE «aKTUBHOIO» XJopa, B
nepecyeTe Ha TUIOXJIOPUT HATpus, X, I/

V; -0,0035-1000 V (5.4)

X: :3,5'_15
V

rne Vi —o6bem 0,1 N pactBopa tHocynbdara HaTpUsi, U3PaCXOJO0BAHHOTO
Ha TUTPOBAHUE, MII;

V — 00beM aHATM3UPYEMOTO PacTBOpa, M,

0,0035 — xommuecTBO aKTHBHOTO XJiopa dkBuBajeHTHOTO 1 ™Mur 0,1 N
pacTBopa THOCYJIb(aTa HATPUs.

11
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