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BBEJAEHUE

B kypce «XuMHS U TEXHOJIOTHSI OPraHUYECKUX BEIIECTBY» H3JIAraroTCs
CBEJICHMS, KAcalolUECs] IIMPOKOTO ACCOPTUMEHTAa OPraHMYECKUX XHUMHUYECKUX
MPOAYKTOB, W3 KOTOPBIX CHEIUAIU3UPOBAHHBIE OTPACIECBBIE NPEANPUITHUS
U3TOTaBIMBAIOT KOHKPETHYIO MPOIYKIHIO, MMEIOIIYI0 CIpoc moTtpedutens. B
Hayaje Kypca pacCMaTpUBAIOTCS ChIPhEBbIE UCTOYHUKH JJISl XUMHUHU OPTaHUYECKHUX
BEIIECTB.  3areM  OOCYXXIalTCS  XUMHUYECKHE  NPOLECChl,  KOTOpbIE
paccMaTpHUBAIOTCS C aHAJIU30M YKOHOMMKHU, MEXaHU3Ma MPEBPAILCHHS, KHHETUKH,
TEPMOJIMHAMUKH, BIUSHUSA YCIOBHI Ha TEUEHHE MPOLECCA, TEXHUKU 0€30MacHOCTH
U TpeOOBaHUN HSKOJOTUH. TEXHONOTMH OTICNBHBIX NPOAYKTOB OOCYXKIAIOTCS
TOJIBKO KaK MPUMEP peau3aliy 00IHNX 3aKOHOMEPHOCTEN B YaCTHOM ClIydae.

Lenp mocoOWsi — MO3HAKOMHUTH CTYJEHTOB C OCHOBHBIMH BOIIPOCAMH
XUMHUH U TEXHOJIOTMU OPIraHUYECKUX BEIIECTB.

JlaHHas [UCLUIIMHA ONUPAETCS HA KYpPChbl OpPraHUYECKOM XUMUH,
buznyecKkoil XuMmuM, oOLIe XUMUYECKON TEXHOJIOTHH, MPOLIECCOB U allllapaToB U
YKOHOMMUKHU.

I'masa 1. CBIPBEBBIE UCTOYHUKUA JJI51 TPOU3BOJACTBA
OPITAHUYECKHUX BEHIECTB

K npupoaabIM mpoayKTaMm, UCIOIB3YEMBIM B TIPOU3BOJICTBE OPTaHUIECKUX
BCIIIECTB, CJICIYeT OTHECTH BO3AYX, BOJYy, MHUHEpaJIbHBIC COJM (HAIpHUMeED,
MOBapeHHAas COJIb - XJOPUJ HATPHS, MOTAII — XJIOPHU KaJIns, TUTAaBUKOBBIHN IIITIAT —
bTopun KambUusl), NPUPOIHBIA Ta3, HEPTh, KAMEHHBI yroyb, Top(, ciaHel, a
TaK)Xe IPEBECUHY.

Bo3zoyx. B 1754 r. JIxo3ed bk sxcriepuMeHTanbHO A0Ka3al, YTO BO3IYX
MPEACTaBIIET COOOMl CMeCh Ta30B, COJEpXKAIICH CIeIyIoNue KOMIOHEHTHI, %
(00.): azot — 78,084; xucnopon — 20,9476; apron — 0,934; nuokcup yriepoaa —
0,0314; meon — 0,001818; meran — 0,0002; remmit — 0,000524; xpuntoH —
0,000114; Bogopox — 0,00005 u xcernon — 0,0000087.

B npoMbIieHHOCTH BO3IyX MPEABAPUTEIBHO OUHINAIOT OT MEXaHUYECKUX
PUMECEH M HCIIOJIB3YIOT KaK JIOCTATOYHO JICHIEBBIH OKHCIHTENIb B IpOIeccax
OKHCJICHHS B KadeCTBE TCIJIOHOCHUTENS, a Takke I pas3lielieHus Ha
COCTABJISIFOIIHE C IIEJTBIO IMOTYYEHUS TEXHUYECKOTO a30Ta M KUCIIOPOIa.

A30m, B CBOIO Oo4Yepe/ib, MPUMEHSIOT KaK MHEPTHBIN a3 JUIsl pa30aBICHHS
B3PBIBOOMACHBIX Ta30B; Kak pabodee TeIO B KOHTPOJbHO-U3MEPUTEIBHBIX
npubopax, a TakKe JJIs MOTyYSHUsT aMMHaKa:

N2+3H2—>2NH3

Ammuak WCHONB3YIOT KaK XJaJ0areHT, TEIUIOHOCUTENIb U IMpHU
MIPOU3BOJICTBE MUHEPAIBHBIX YAOOPEHUH IS CeTLCKOTO X035HCTBA.

Booa. Bony ounmiaior 0T MEXaHUYECKUX MTPUMECEH; eClTi HEOOXO0AMMO, TO
yepe3 CHEUUAIBHBIE KOJIOHKH YAAQISIOTCA WOHBI IICJIOYHBIX M IIEJIOYHO-



3eMeJIbHBIX MeTauioB. KpoMe Toro, Boja UCIob3yeTcsl B MPOLECcax THIPOJIn3a U
rUpaTalyy U B BUJE Napa Kak TEMJIOHOCUTENb.

Iloeapennasa conv (XJOPUCTBHIA HATPHI) B MPOMBIIUICHHBIX MacIiTabax
MPUMEHSIETCS JUIsl MOJTYUYEHHUS XJI0pa MMyTeM 3JIeKTPOJIn3a:

2NaCl + 2H,0 — CI, + H, + 2NaOH,
2CIT — 2¢e — Cl,,
2Na" + 2H,0 + 2¢ — 2NaOH + H..

Xnop, TONYYEHHBI TakuM 0O0pa3oM, SIBISETCA HCXOAHBIM CBIPBEM JUIS
MOJIYYEHHS! IIUPOKOTO CHEKTPA XJIOPOPTaHUYECKUX COETUHEHHIM.

Booopoo ncnonb3yercs B npoleccax TUAPUPOBAHUS U CHHTE3€ aMMHUAKa.

Eokuit namp (KayCTUK) PUMEHSIETCS B MPOIECCax TUAPOIU3a (MOJTydeHUe
(EeHOJIOB) U AJI1 HEUTpaANU3alUU KUCIIBIX BOJ.

[Ipu nepepaboTKe 1 B MPOIECCE XUMHUECKOTO Pa3/IeICHUs] IPUPOTHOTO U
MOIyTHOTO T'a30B, HEPTH U KAMEHHOTO YTIJIS MOJYYarOT MATh TPYII COSIUHEHUN:
— napaduHoBsie yraeBogopoabl: CHy ... Ci5 — Cyp;
— onedunnl u auensl. C,Hy, CsHg, C4Hg, C4Hg;
— anetuiieH u ero romosoru. C,H,, CH3;-C=CH, CH,=CH-C=CH,;
— apOMaTHUYECKHUE COCTMHCHUS: OCH30JI, TOTYOJ, KCUIIOIbI, HaQTaINH;
— okcu yraepojaa u cunresz-ras. CO; CO + Ho.

1.1. Ilpupoanbiii ra3

[IpupoaHblii Ta3 ABISETCS OJHUM M3 OCHOBHBIX CHIPHEBBIX MCTOYHUKOB B
MPOMBIIIJIEHHOCTH OPraHUYeCcKoro cuHTe3a. [IpupoaHbIMU Ha3BIBAIOT Ta3bl
YIJIEBOJOPOJHOTO  COCTaBa, KOTOPbIE  BBIACHSIOTCS W3 HEOp  3€MIIU
CaMOTPOU3BOJILHO WJIM 4Yepe3 MNpoOypeHHbIe CKBAKUHBI. ['a3pl, KOTOpHIE
OOBIBAIOTCS ¢ HEDTHIO, TTOJYUHJIM HA3BaHHUE TTOMYTHBIX Ta30B; Ta3bl, OTJCICHHBIC
OT He(DTH B CHIEIIMAIBHBIX CeMapaTopax, — ra3bl CTAOMIM3AINY.

[IpupoaHblid Ta3 SBISETCS JIEMIEBBIM BBICOKOKAJTOPUWHBIM BHUIOM TOIJIMBA,
0COOEHHO /i1 OBITOBBIX Iieseil. KpymHeiiiie MecTopoKIeH s raza HaXosuTCs B
CapartoBckoli, Actpaxanckoil, TromeHckoit u OpeHOyprckoilt oOnacTsax, Ha
Cesepnom Kagkase, SAxkytuu, Y36ekucrane, Typkmenucrane, baperiieBom Mmope u
Ha JlanbHem Boctoke. M3 MecT n00bMM TPUPOAHBIA Ta3 J1OCTaBISETCA
MOTPEOUTENNI0 10 TPyOONpPOBOJAM, MPOTSKEHHOCTh KOTOPBIX HCUUCISIECTCS
COTHSIMU THICSIY KAJIOMETPOB. 3HAYUTEIBHBIM MOTPEOUTEIIEM POCCUHUCKOTO Tra3za B
HacTosiiee Bpems siBisietcst EBpomna, a B Oyayiiem k Heil npucoequnutcs Kurail.

CocTaB raza He SBJISETCS MOCTOSIHHBIM M 3aBUCUT OT MECTOPOKIICHUS: B
YUCTO Ta30BbIX COJICPIKUTCS METaH, IPUMECHU MHEPTHBIX ra30B, TUOKCHU] yTIIepo/a
U THOKCH]I cepbl. [lomyTHbIE ra3bl COCTOAT U3 yrieBoa0poaoB Cz-Cs (Tadm.1.1).

[Ipupogueiii Ta3 HE COACPXKUT OJEDUHOBBIX U  AIlCTHIICHOBBIX
YTJIEBOJIOPOJIOB.



Tabmuma 1.1
CpenHuii cocTaB MPUPOIHBIX U IMOMMYTHBIX Ta30B

Fasm, % CH4 C2H6 C3H8 C4H10 C5H12 N2
[Ipuponnsie 80-97 1054|0515 | 0,1-1 0-1 2-13
[TommytHbie (mocne cenaparopa) | 40-75 | 5-20 | 2-20 1-7 0,5-5 | 5-18
[Tocne crabunm3anuu HeTH 5 10 20-30 | 30-40 | 15-25 -

Ha xumunueckyro nepepaboTky noctymnaetr okojio 30% rasza. ['a3 ouuimaroT
OT TpHUMeced BBICIIUX YTIJICBOJOPOAOB MYTEM 2uUOpO2eHOaU3d, TO €CTh TpHU
n00aBJIIEHUH BOJOpPOJA K Trazy M TMOCJIEAYIOIEeM IMPOMYyCKaHUU CMECH HaJl
reTepOreHHBIM KaTaln3aTopoM (HUKeNb Ha Hocutene) npu 120-180°C npoucxoaut
pa3pylIeHHs YIIIepOA-YTIEPOIHbIX CBsI3el ¢ 00pa30BaHUEM METaHA:
CH3'CH3 + H2 — 2CH4,
ChHonio + (n'l)Hz — NCH,.

OcHoeHble nanpasneHus nepepadomKu Memana u nPUPOOHO20 2a3a
1. Henonwnoe okucnenue (npu Heoocmamixe KUCI0pooa):
CH4 + 02 — C + 2H20

OTO NPOMBILUIEHHBIA CIOCO0 MOJYYEHHUS] Ca)Ku, KOTOpasl UCIOJIb3YETCs B
KauyeCTBE HAITOJHHUTEINS PE3WH U TIACTMACC; MUTMEHT ISl TUIOTPadCKUX KPaCOK,
JICHT IS TTUIITYIIAX MAIIAH, JIJI1 U3TOTOBIICHUS CYXHX AJICKTPHUCCKUX DJICMEHTOB.

2. Tuponus.

[Ipu nevictBum Ha MeTaH BbicOKoM Temmeparypsl  1000-1500°C
(omekTpoayra)  MOJEKyJla ~— MeTaHa  pacliervisieTcss ¢ 00pa3oBaHHEM
YTIEBOJAOPOIHBIX M BOJIOPOIHBIX PAJUKATIOB:

CH4 — CH3 + H.,
CH3 — CH, + H.,
‘CH, —» :CH + H.
OTH paarKaibl PEKOMOUHUPYIOT:
2.CH3 — CHg-CH3 — OTaH,
2:CH, — CHy=CH; - aTruien (Bb1xo okoJio 8%),
2:.CH — CH=CH - aneruieH (Bbixoxa 8-12%).

OOpazoBaBiuecs: BEIIECTBA M3BJICKAIOTCS M3 PEAKIIMOHHONW CMECH TyTeM
a7IcCOpOLIHH.

3. Xnopuposanue.

XJopupoBaHWEM METaHa B TPOMBIIUICHHOCTH TMOMYYal0T METHIXJIOPHU]]
CH;Cl, wmetunenxiopun CH,Cly, xmopodpopm CHCl; u  yeThipexXaopucThIid
yriepoa CCly, KOTOpbIE HIMPOKO HCIOJB3YIOTCS M KaK PacTBOPUTENH, W JUIS
MIPOU3BOJICTBA Pa3HOOOPA3ZHOU MPOTYKITHH:

CH4 + C|2 — CH3C| + HCI,
CH3C| + C|2 — CH2C|2 + HCI,
CH2C|2 + C|2 — CH3C| + HCI,

CH3C| + C|2 — CC14 + HCI
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4. Komueepcus 8003HbIM NAPOM.

[Ipu BbICOKOI TemmepaType Boja B MPUCYTCTBUU KaTaiu3aTopa (OKCHUIOB
’Kese3a) CocoOHa OKUCIIUTh METaH JI0 CHHTE3-Ta3a:

CH4 + HZO — CO + 3H2,
CO + HQO — C02 + Hg.

CuHrte3-Ta3 B  CBOIO  OYepelb  MCHOJb3yeTcd g  TOJyYeHHs
anu(paTUIECKuX yriaeBOAOPO/IOB, CIIUPTOB, adbACTUIOB, KAPOOHOBBIX KUCIOT U UX
MIPOU3BOTHBIX.

5. Okucnenue.

[Ipu okucieHnn MeTaHa TOCIEAOBATEIHFHO 00pa3yIOTCs IICHHBIE BEIICCTBA
- MeTaHoJ, (opManbAeTHUl, MPUMEHIEMbIE B MEIWUIIMHE W JJIS MPOW3BOICTBA
IJIaCTMAcCC; MypaBbHHAS KUCIIOTA, UCIIOIb3yeMast JJIS MEIUIIMHCKUX HY X/

CH; —» CH3;0H — HCHO — HCOOH.
6. Peaxyus c cepoti.

[Ipu oOpabotke wmerana mnapamu cepbl 1npu  600°C  oOpasyercs
CEpOYTIEPOJl, KOTOPBIM HCIOJIB3YeTCs [IJIsi MPOU3BOJCTBA JAUTHOKapOaMaToB,
MPUMEHSEMBIX B CEJILCKOM XO3SHUCTBE B KauecTBe (DYHTHIIMAOB JJIsi OOPHOBI C
IJIECEHBIO U TpUOaMU U KaK paIuONPOTEKTOPHI:

CHy+4S—> 2H,S;

S +2NH S
RNH, + cgs % RNHC\SNH
4

7. Humposanue.

HutpoBanmemM MeTaHa B MPOMBIIUICHHOM  MaciiTabe TOJy4aroT

HUTPOMETAH — YHUKAJIBHBIM PACTBOPUTEIb BHICOKOMOJIEKYJISIPHBIX COCIMHEHHN:
CH4 + HON02 — CH3N02 + HZO

HutpomeTan mnpuMeHseTCS TakKe KaK OJKCTPareHT apOMaTHYECKUX
yII€BOAOPOIOB; B MPOU3BOACTBE XJIOPHUKPUHA, HUTPOCIIUPTOB; BHICOKOKHUIISILIEE
OJIHOKOMITOHEHTHOE PAKETHOE TOIIMBO IS )KUJKOCTHBIX PAKETHBIX BUTATEEH.

8. Oxuciumenvuviii AMMOHOIUS.

OKHCIUTENTFHBIM aMMOHOJIM30M METaHa Ha KaTajlu3aTopax M3 CIulaBa
miatusbl ¢ perueM npu 1 000°C npousBoauTCS CHUHUIIbHASA KUCIOTa (PeaKius
AHapycoBa), HcCHojb3yeMas B IPOM3BOJACTBE XJIOPLMAHA, AKPUJIOHUTPHUJIA,
aKpWUJIaTOB, aJIUMIOJUHUTPUIIA, AMUHOKHUCJIIOT:

CH; + NH; +1,50, — HCN + 3H,0.

Kpome Toro, mpoMbIIUIEHHOE 3HAYEHUE UMEIOT 3TaH, UCHOJIb3YEMBIN I
NOJIy4EHUs]  OTWJIEHA, XJIOP3TaHA, METAaHOJId, J3TaHOJa, YKCYCHOIO U
(dbopManbIeruioB; NpomnaH, U3 KOTOPOTo MOJYy4aloT IPONWICH U OyTaH, WAYIIHMA
JUJIs1 Tpou3BOJIcTBa OyTeHa-1 u 6yranuena-1,3.

1.2. Hedtb u ee nepepadoTka

OmHrM W3 CcaMbIX B&XXHBIX HCTOYHUKOB OPTaHUYECKUX COCIUHEHUN
spisieTcs HePTh (cbipas HedTh). HedTh, momyuaemas npu OypeHUH B MECTax ee
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MECTOPOXKACHHM, TPEACTABISIET COO0M BA3KYI0 TEMHOOKPAIIEHHYIO KUAKOCTb, B
OCHOBHOM COCTOSIII[YI0 M3 CMECH YIJIEBOJOPOAOB (COEIMHEHUN Yriiepoaa cC
BOJIOPOJIOM).

JIOTIO/UIMHHO HEM3BECTHO, KTO W KOTJa BIEpPBbIE OTKPbUI yYHUKAJIbHBIC
ceorictBa HepTu. Ho eme B XVIII B. 10 H.3. KUTalIbl UCIIOJIb30BAIN HEDTh JIJIst
OCBEIICHMS, KaK JIEKapCTBO U B BOGHHBIX 11eJsiX. KuTalickue BOMHBI U3 «OTHEHHBIX
MOBO30K» Opocajiy TOpUIKU ¢ Topsiied HedThio B psAlbl Bparos. s ee 1o0bun
cTpowny HeTsHbIE Konoaunbl. PumisiHe HaspiBaym HedTh oOleum petrae —
KaMEHHOE MAaCJI0. DTO Ha3BaHUE MEPENLIO B IPYTUE A3BIKU.

B VII B. H.3. BU3aHTHIlIIBI CO37aIM TaK HA3bIBAEMBIN «TPEUECKUI1 OTOHBY. B
B o0aHOM U3 MHOIOYHCIEHHBIX pPEUENTOB, KOTOpPbIE TPEKH XpaHWUIU B
riyoovaied TaiiHe, TOBOpHUTCS crieayromee: «Bo3bMH 4uCTyIO cepy, He(DTb,
BUHHBI KaME€Hb, CMOJIY, MOBAapEHHYIO COJb, JAEPEBSIHHOE MAciO; XOPOUIEHBKO
IIPOBApU BCE BMECTE, MTPONMUTAN 3TUM COCTABOM MAKIK U MOJOXKIU. Takoil OroHs
MOKHO IIOTacUTh TOJIbKO IIE€CKOM WJIM BHHHBIM yKcycom». Ilo3gHee apalbl,
NO3HAKOMUBIIHECS C JOCTUKEHUSIMU COCETHUX HApOIOB, TOXKE Y3HAJIU O HEPTU U
BHECJIM 3HAYUTENbHBIA BKJIaJ B pa3BUTHE METOAOB ee nepepadoTku. Okomo 950 r.
apa0bl IOCTPOWJIM NEPBBIE YCTAHOBKH JUIsl IEPETOHKU HE(YTU — MEPErOHHbIE KyObl
u3 000 KEHHON IIIMHBI UM cBUHLA. B Poccun nepBoe nucbMeHHOE yIIOMUHAHUE
0 Mmody4eHuH HepTH mnosBwioch B XVI| B., MyTeHIECTBEHHUKH OMMCHIBAIM, Kak
MJIEMEHA, JKUBIIUE Ha Oeperax peku Yxrta Ha ceBepe Tumano-Ileuepckoro paitona,
coOupanu HePTh ¢ MOBEPXHOCTU PEKU U HCIOIB30BAM €€ B MEAUIIMHCKUX LIEISAX
M B KadyecTBe macen U cMmazok. HedTh, coOpaHHass C MOBEPXHOCTU PEKH YXTa,
BIIepBbIe ObLIa 1ocTaBieHa B MockBy B 1597 r.

B 1745 r. ®enop [IpsayHOoB nomy4yus pazpenieHue HadaThb A0ObIYY HEPTH
co nHa peku Yxta. [IpsayHoB Takke MOCTpOWII MPUMUTUBHBIN HeQTENneperoHHOM
3aBO/I.

Hedrenposinenuss HaOM01anMCh MHOTOYMCIEHHBIMHM MyTEIIeCTBEHHUKA-
mu Ha CeBepHoM KaBkasze. MecTHbIE KUTENIHN Jaxe coOupann HEPTh C MOMOLIBIO
BeJIep, BBIUEPIBIBAS €€ W3 CKBaKeH riyomHHOM m0 1,5 m. B 1823 r. Oparbs
JlyOununbl OTKpHUTH HedTenepepadaTbiBalomuii  3aBoaA B Mo3goke s
nepepaboTku HedTH, cobupaemoil ¢ Onumsnexamero Bo3HeceHckoro HedTsIHOTO
MECTOPOKACHUS.

IlepBas HedTAHAs ckBakMHa B MuUpe Obula npoOypeHa Ha bubu-
AitbatckoM MecTopoxaeHur BOiM3u baky B 1846 r., 6ojiee ueM Ha AecCsATUIIETHE
pasbliie, yeM Obuia mpoOypeHa mepBas ckBaxxuHa B CIIIA. C atum coObiTHEM
CBSI3BIBAIOT HaYajI0 COBPEMEHHOM He(TsiHOM nmpoMbliieHHOCTH. bpaThst Hobenb u
CeMENCTBO POTIIMIBIOB ChIrpaid KIIOYEBYIO pOJb B Pa3BUTHH HEPTIHOU
MIPOMBIIIUIEHHOCTH B baky, ObiBII€il B TO BpeMs yacThio Poccuiickoil uMnepuu.

Ha py6exe XIX — XX BB. Ha nomo Poccun mpuxomgunocs 6onee 30%
mupoBoil HepTenoObrun. Kommanusa «lllenn Tpancmopt um TpelauHr», KoTopas
no3xke crana yacteto «Posm lata / [lemn», Hayana cBOil OM3HEC C TIEPEBO30K
He(dTH, noOsIBaeMoit Pormmnbsaamu, B 3amannyio EBpomy.



B Hamm gHU CymecTBYIOT JIB€ CHCTEMbl €IUHUIl, B KOTOPBIX MPHUHSATO
CUMTATh KOJWYECTBO HepTH — TOHHBI M Oappenu. HedtsHoit Gappenb — Mepa
o0bema, paBHas 158.988 ,ZIMS.

KoppekTHo mepeBecTr TOHHBI B Oappesid HE MOJYYUTCS — COOTHOLICHUE
3aBUCUT OT Tura HedTU. briBaeT HePTh «TshHKenasn», ObiBaeT «erkas». Heprs WTI
— JierKas Texacckasi HepTh, U3 KOTOPOI MPOU3BOAAT OCH3UH, MIO3TOMY MOJIb3YyeTCs
OonpimmM crpocoM. HedTh Mapku «Brent» — cMech HOpPBEIKCKOM M IIOTIAHICKON
Hedtu, poOwBaeMoii B CeBepHoM Mope. Kimaccudurmupyercs Kak Jerkas
Majocepuucrtas HedTh. OHa HOPMHUPYET IIEHY Ha MUPOBBIX OMpKax, B T.4. M Ha
poccuiickyio («Urals»). «Uralsy sBisiercs SKCIOPTHOM CMECBIO M3 TSDKEIIOW
BbICOKOCepHHUCTON Hedtu Ypanma u IloBomkbs ¢ Jerkoil 3amagHOCHOMpPCKON
He(ThIO.

Oprannueckue BelECTBa, UMEIOUIUECS B HE(TH, BKIIOYAIOT B CBOM COCTAaB
CJIETYIOLTUE DIIEMEHTHI:

C: 82-87%; S: 0,1-5%;

H: 11-14% ; N, O — necsarsie noau %.

3ona, coaepxamasicsi B Hedtu, cocraiser ot 0,002% mo 0,015% ot
maccel He()TH U B Helt oOHapy»xkeHbl Takxke Na, Ca, Zn, Mg, Fe, Cu, Al, Ni, V.

VYTrI1eBoI0pOIHBIN cOCTaB HE(DTU BKIIOYAET

—napadunsl CyHynip, Tne N =1...70;

— muksonapaduasl: CyH,, tme n =5, 6;

— apoMartndeckue yriaeBogopoasl: CoHong, T1E N =6, 7, 8;

— HadTeHoBbIe KUCIOTH. R-COOH,;

— CEPHHCTHIC COCTMHEHMS. MepKanTaHoBble — R—S—H; tnoaduper — R—S-R;
mucynbduasl — R—S-S—-R; cynspon — R—S(=0)-R; cynpdokcun R-S(=0),-R.

Hedtn xnmaccupumupyroTcs Mo BXOIANIMM B MX COCTAaB OPraHUYECKHM
COCIMHECHUSM: Ha METAaHOBbIe, HapTEHOBBIE U apomaruueckue (Tadm. 1.2). B
HeTH  comepkaTcs  TaKKE  a30TUCThIE  COCOUHEHUS, B  OCHOBHOM
reTePOIUKINYECKUE — TIPOU3BOIHBIC TUPUINHA, XUHOJIWHA U JIP.

N3BecTHBl cnemyromme MectopoxkiaeHuss Hedtu: Yxta, Tromens, baky,
barymu, Iporo6sru, Caxanun, Mekcukanckuii u [lepcuackuit 3anus, HopBexckoe
MOpE€ U T.J.

Tabnuma 1.2
CocTraB MecTOpOXACHUI HEPTH
Mecropoxaenue [Tapadunsl, % | Hadrensl, % | Apomartudeckue

YTJIEBOAOPOIbI, %0

CypyxaHckoe 23 64 13
['po3HeHckoe:

napaduHUCTAS 45 42 13
oecnapaduHUCTas 16 56 28
TylimMazuHckoe 43 23 34
YycoBckoe 16 22 62
NmmmbaeBckoe 32 33 35




1.2.1. llepepaboTka HedTH

Coelpass  HedTh TOABEpraeTcs mepepadoTKe Ha HePTENeperoHHbIX
IPEITPHUITHSIX.
[Ipsimas ronka (meperonka HeTu Mo aTMochepHBIM JaBICHUEM).
B pesynbrate HEQTH pazaensercs Ha IBE YaCTH.
l. CaeTJible TOITUBHBIE (PaKIUU:

— 6en3uH (1.xutm. 40-200°C);

— ymurpouH (T.xuir. 150-230°C);

— xepocuH (T.kwur. 180-300°C);

— razoiib (T.xum.250-360°C).

bensun — TOmNMBO IS ABWTATENied  BHYTPEHHETO CTOpaHUs
aBromobOuiiert u camonetoB: 40-180°C - aBmarmmonnas ¢pakmus, 35-200°C -
aBToMoOUIIbHAs (DpaKIus.

Jluepoun HANpaBISIIOT HA pUPOPMUHT (IEHCTBUE BBICOKUX TEMIEPATYP
B atMocdepe Bojopojaa). B pesynbrare mpoTekaeT MpoIecc U30Mepu3aluu U
MOJIy4aeTcsl BBICOKOOKTAHOBOE TOIUIMBO. Kpome TOro, uacte JUTpOMHA
HANpaBJISIOT HA KPEKUHT JJisi TOJy4YeHus Oojiee KOpPOTKUX TMapaduHOB H
0JIe(UHOB.

Kepocun uctionb3yeTcst Kak TOIUTMBO JJI PEaKTUBHBIX JBUTATEIICH.

l'azotine: 4YacTh WCMONB3YEeTCA KaK JIU3EIbHOE TOIIMBO, YacTh
OTMPABIIACTCS Ha KPSKUHT.

I[I.  OTroHkoi cBeTJIbIX TOIVIMBHBIX (DPAKLIMI MOTYUYAIOT Ma3ym, KOTOPBIHA
a) MCTIOJIB3YIOT KaK TOTUIMBO B MAPOBBIX KOTJIAX;
0) BakyyMHOM AMCTWUISIUMEH Ma3yTa TMOJydalroT Macia (BEepeTeHHOE,
MaITuHHOE, IUITUHAPOBOE). Tarke 4acTh Ma3yTa OTIPABIISIFOT HA KPEKUHT.

[Toce OTroHKM Ma3yTa OCTaeTCs TycTasi CMoJia 2yOpOH.

Yacth TyapoHa WCIONB3YEeTCS IS M3TOTOBIEHUS ac(albTOBBIX
MOKPBITUN; KPOME TOTO, OKHUCIEHHWEM TyJIpoHa TOJNydalT Oumym, a
KOKCOBAHHEM TyIpOHA - KOKC.

B pesynbraTte nepBuuHO# nepepaboTku HEPTH moaydaroT oT 5 10 20%
TOTUTUBHBIX (hPaKIIUA.

bensun nmnpu nOpsS MO  TOHKE HOCHUT HA3BAaHUE  HMPAMOSOHHbIU
(xapakTepu3yeTcss HU3KUM OKTaHOBBIM YHCJIOM, TaK KaK COCTOUT U3 MapapuHOB
HOPMAaJILHOTO CTPOCHUS).

Oxmanosas wxkana: 0 — n-renran, 100 — uzookradn. Yem Oonbiie
OKTaHOBOE YHCJIO, TEM MECHBIIE JeTOHUpYeT OcH3uH. [IpsAMOroHHBIN OCH3WH
MMEET OKTAHOBOE YUCJIO0 63. ApOMaTUYECKUE YIIE€BOIOPOAbl XapaKTEPU3YIOTCA
BBICOKUM OKTAaHOBBIM UHCJIOM.

B npommom, 9To0bI YBETUYUTH OKTAHOBOE YHCIIO B OCH3UH JT00ABIISIIH
STUJIOBYIO KUJKOCTh, COCTOSIIYIO U3:

— opomatana (CH3;CH,Br);

— nubpomdtana (BrCH,CH,Br);

— aBUAIIMOHHOTO OEH3UHA,;

— rerpastuicBuHma [PH(CyHs)4];
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— KpacuTels (4TOOBI 3HATh, YTO COJEPIKUTCS STHIMPOBAHHBIN OCH3WH,
SITOBUTBIN U3-3a HAJIMYUS COCIUHCHHUI CBUHIIA).

1.2.2. PudpopmMunr-npouecc

CyTtp mporecca COCTOMT B TOM, UYTO OeH3UH W JUeSpouH C I1eIbIo
MOBBIIIIEHNST OKTAHOBOI'O 4YMCJIa oOpabaThIBalOT Ipu jgaBieHun 5-7 Mlla u
temriepatype 550-560°C B armochepe Bomopoma. B pesynprare mpoTekaroT
MPOIECCHl M30MEpU3allNK, UUKIM3alMK U apoMaru3anuu. Takod mporece
HA3BIBACTCS mepmuyeckull pugopmurne. JIpyro mporecc — Kamaiumuyeckuil
pugomune, pu KOTOPOM HCIIOJNB30BAHUE KaTalM3aTopa IO3BOJISIET MPOBOJIUTH
npolecc B Oosiee MATKUX YCIOBHSX. B cilydae, ecnu karanu3atop — IJIaTUHA Ha
OKCHUJIE aJFOMUHUS, MPOLIECC HA3bIBACTCA niam@opmuHne, a €ClIH KaTaau3aTop —
CMECh IUIATUHBI C PEHUEM - penulighopmune. Temneparypy cHuxaroT no 440-
460°C u naBnenue 110 4-5 Mlla, npu 3TOM NPOTEKAIOT CIASAYIOIIUE MPOIIECCHI:

a) u3omMepuzalus napapuHoB:
o
CH3'CH2-CH2-CH2'CH3 > CH3-CH'CH2'CH3 > CHg'C—CH3
| |
CH; CH;

0) IeruaIpOIMKIIA3AITUS
CH,R

() = R
—_

B) n3oMepu3ains HaTeHOB:

onN

3
) apoMaTHu3anus HaQTeHOB

_H2

Ilo6ounsie npoyeccwi:
a) KPEKUHT TapapuHOB:
CHg-CHg-CHZ-CHQ-CHg — CH2=CH2 + CH3CH2CH3,
CH2=CH2 + H2 — CH3-CH3.
B pesynabTare mpoucxoauT o0Opa30BAaHUE HACHIIIEHHBIX YIJIEBOJOPOJIOB,
TaKuM 00pa3oM pu(GOPMHUHT MOKHO UCIIOJIb30BATh IS MOTYyYSHUE ITaHA.
0) oOpa3oBaHME KOKca:
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W OO0

CMOJIMCTOC BCHICCTBO
OI[HI/IM U3 CIoco0oB MMOJY4YCHHUSA KOKCa ABJEICTCA ACTHAPOKOHIACHCALINA,
06p&30B3BIH€€C§I ITpHU 3TOM CMOJIMCTOC BCIICCTBO IIPpU 3aTBCPACBAHNHN OACT KOKC.

1.2.3. ®du3uveckne CBOMCTBA U OCHOBHbIE HATIPABJICHUSI XUMUY€CKOI
nepepadoTku 0eHn3oJia

benzon — OecuBeTHass KUIKOCTH CO  CBOECOOpa3HBIM  3aMaxom
1.xum.80,099°C, T.3aM.5,524°C, 000,879 r/em®; pactBopumocts B Boge mpu 20°C -
0,073%(macc.), mpu 26°C pacTBopuMOCTh BoibI B 0eH3051€ — 0,054%. JIBX: T.BCII
munyc 12°C; t.camoBocii.534°C; o0pa3yeT B3phIBOOIIACHBIE CMECH C BO3JIYXOM B
WHTepBasie KoHUeHTpauui ot 1,4% no 7,1%.

Tokcuyeckoe JOEUCTBUE — KPOBAHOM S, JEHUCTBYET HA OpraHbl
kpoBooOpamenuss;, [IK 5 mr/m°.
Xumuueckue ceoiicmea:
1. PactBopuTenb 1aKOB, CMOJ M 3TUJIIEIUIIOIO3HI.

2. XJIOpUpOBaHHUE:
FeCI3

X1opOeH3011 — paCTBOPUTENb; ChIphe /I nosrydeHus gpenomna, AT u annnuHa.

CCl H,S0,
C - . Cl — Cl CH cl
CHO |
CCh
XJI0paJib JAT- nuxnopaudeHus-
TPUXJIOPMETHIMETaH (MHCEKTHIIH/)

AZIMTUBHOE XJIOPUPOBAHUE:
Cl |

hv

cl Cl saeracei oai (&1 Aaeoeoea)
3. AJIKUIUpOBaHUE:
a) STUJICHOM:

AICk
+ CH,=CH, ——> CH,CH; ==—= H, + CH=CH,

ATUIIOEH30J1 CTUPOJT (MOHOMED)
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0) NPONHIIEHOM:

AlCk,
+ ?H:CHZ —_—> CH(CH3), — OC:CHQ
v |

CHs CHs
KyMOJI 0.-METHIICTHPOJT
KymomnpHBII MeTo1 (COBMECTHOE MOTy4YeHHEe (DEHOIIa U alleTOHA):
OH
+0, +1,S04
CH(CH3), ——> <|3(CH3)2 — + CH3|C|:CH3
OOH )
KYMOJI TUTIEPU3 dbenon

HpI/I AJIKUJIMPOBAHHUHA BBICIIMMHU TI'aJIOTCHAJIIKWJIAMHA ITIOJTYy4aroT:

@ + CyHons1 &, QCHHZM + HCI

Taxum crrocooom IMOJIY4ar0OT BLICOKOOKTAHOBBIC I[O6aBKI/I K MOTOPHBIM TOILJIMBAM.

CH,—CH, ACk
+ . / —_—> CHchg OH
@)

(beHnIITaHoN

OeHmITaHON 00JalaeT 3amaxoM pPO30BOTO Macia W HCHOJb3yeTcs B
napQproMepuu.
4. Cynnupoanue (CyabdaTHbIN MeTOA oTydeHus peHoa):

SO,
+ HOSO,0H —» SO,0OH
+H,0

bensosncynbhokucaoTa UCTIOAb3yeTCs AJid ModyYeHus peHona:

ZOSOSOH + NaSO3 —» QSOZONa + SO, + H,O
NaOH

2 SO,0ONa t—> 2 ONa + Nap,SOs3

ZQONB. + HZO + Soz > 2 QOH + N8.2803

dbeHnon
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5. I'mppupoBanue:

Ni
+3H, —>
0e et daénai

L[PIKJIOFGKC&H HCITIOJIB3YIOT IJIA ITOJIYUYCHUA ITOJIMAMUIHBIX BOJIOKOH.

Oyeor — (oo (o

IUKJIOT€KCAaHOH [IUKJIOT€KCaHOJI
(aHOH) (aHoM)

a) [lepepaboTka HUKIOreKcaHoa (aHOJA):

HNO, NHs
OH — HOOC(CH,),COOH ——> NH,;00C(CH,);,COONH, —>

-H,0
N 0 H,
C(CH2)4C —_—> NC(CH2)4CN _—> H2NCH2(CH2)4CH2NH2

N/ \ 'Hzo

H, NH,
AJIUIIOAUHUTPUII T'CKCAMCTHUIICHINaAMHNH
O _o
n HOOC(CH,)sCOOH + mH,;NCH,(CH,)CHNHy, ——> “SC(CH,)C \/
— HN NH— CHay(CHy),CH,NH—

MoJINaMHJIHAsE cMoJIa (7151 TIOJTydeHUsl HeisioHa 86)

0) [TepepaboTka HUKIOTEeKCaHOHA (aHOHA):

@o + (NH,OH)H,S0, —— — NOH MQ — > [—NH|C|3(CH2)5 —In
N \O 0
H

[Ipy B3aUMOJEWCTBUM UMKJIOTEKCAaHOHA (AHOHA) C CEPHOKUCIIBIM
THAPOKCUTIAMUHOM 00pa3yeTcs IUKIOTeKCAHOHOKCUM, KOTOPHIA B MPUCYTCTBUHU
CEpHOM KHCJIOTBI MPETEPIICBACT NEPErpynnupoBky bekmana, mpuBomsmen K
oOpa3oBaHUIO g-KampoJsiaktama. [lonmuMepusarueit €-KamposiaktTama IMoydaroT
KampoH.

6. Okucnenue:

CH—CO~__
1) o =] o raen -ano

CH—CO/
OOpazyromuiics npu OKUcIeHUU O€H30Jla MAaJeHHOBBIA aHTHAPUJ
UCIIOJIb3YeTCsl /I TMPOM3BOJCTBA IJIACTMACC, CHUHTETUYECKOTO BOJOKHA U
NOJIUA(PUPHBIX BOJOKOH.
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7. HutpoBanue:

+HONO, 1259,

NO, + H,O
HutpobGeHnzon wucmonw3yercss B maphoMepud W aHWJIMHOKPACOYHOM
MIPOMBITIUICHHOCTH.

1.2.4. BropuuHnasi nepepadoTka He(pTH

Kpekunr — BbicokoTemmeparypHasi mepepadoTka HE(TSHOTO ChIPbS C
LEJIBIO TOJIYYEHHUS NPOIYKTOB MEHBIIIEH MOJIEKYJIIPHON Macchl. BriepBble KpEKUHT
HepTH OBLT MpoOBeAeH COTpyIHUKOM [leTepOyprckoro TEXHOJIOTHYECKOTO
uactutyra A.AJlethum B 1895 r. B nIpOMBINIIEHHOCTH KPEKUHT MOJTYYHII
pacnpoctpanenue ¢ 20-x ronoB XX B.

JleficTBue  BBICOKOM  TeMmriepaTypbl Ha  HedTaHyo  ¢pakiuio
COMNPOBOXKJAETCSI O00pa30BaHUEM JIETKUX YIVIEBOJAOPOAOB W  apOMAaTHYECKUX
COEMHEHUM, TO €CTh MPOUCXOIUT pacuieryienne uenu no o-ceszu C-C u C-H; B
nepByto ouepenb paspoiBatorces cBa3u C-C (sueprus cBsizu C-C ~ 350 x/[x/Monb u
cBs3u C-H ~ 420 x/[x/Monb). DHeprusi pa3pbiBa CBSI3U HE SBISIETCS] BEJIMYUHOM
MOCTOSTHHOM M 3aBUCUT OT MOJICKYJSAPHOW MAacChl W CTPOCHHUS MOJICKYJIBI.
JIMMHHBIE YTIE€BOJOPOIHBIE HEMOYKH PACIIEIUIIOTCS JIErYe, YeM KOPOTKHE.

Kpexune paznuuaror:

1) mepmuueckuii (TOJBKO 3a CUET TEMIIEPATYPhI), PASHOBUIHOCTHIO KPEKHHTa
sBIsieTCs nupoaus (nericTue Beicokux temmneparyp 900-1500°C);

2) kamanumuyeckuti  (HEBBICOKME  TEMIIEpaTypbl ¢  HCIOJb30BaHUEM
KaTaJIn3aTopa — CAHTETHYECKUX aTFOMOCHINKATOB HATPHS).

Xumultecxuepeaxuuu mepmuuecCKo2o KpeKurnea u nupoiuia

1. ITapadguHOBBIE YTIIEBOJOPOABL:

Pacmienienue yriepo-yriepoaHou cBs3u HauuHaetcs yxe npu 400°C u
CO 3HauYUTENBHOM cKOpocThto HaOmomaercs npu 480-550°C. B pesynbraTe
oOpasyroTcs 0osiee JIeTKue yriieBoI0POIbl U OJIC(PUHBI:

CsHg — CH,=CH, + CHy,,
C4Hiyp — CHp=CH, + C;Hs,
CH,—CH=CH, + CH,,
CaoHsz — CioHzo + CyoHa,
CsHyo + CisHay,
CgHis + CioHy 1.1,

Tepmudecku Hanbonee CTaOWIBHBIMH SBJISIFOTCS HUBIIME TapaguHbL;
Boiciiie CyoHj,, CisHsz, ¥ mp. B KOHEUHOM HWTOTE PACHICIUISIOTCS 0 METaHa U
JTaHa.

2. [lukmuveckue yrieBoa0POIbL:

[Ipy  KpekWHre  OTIICIUIAIOTCS  OOKOBBIE  IIEMH  APOMATHUUYECKUX

YTII€BOIOPO/IOB:
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@(CHz)nCHs — QCHg + CnHpn

Jpyrue HUKINYECKUE YTIeBOA0POIbl — HA(PTEHBI:

Q(CHZ)nCHS — QCH3 + CnHpn

[Ipu kpekrHre HAQTEHOB TaKKe€ OTIICIUIIOTCS OOKOBBIE LIETIH, HO PEAKLIU
UAET Jajblle OO PACKPBITHS LMKJIA B OJE(PUHBI - ITUIEH, NPONEH, OYTEHBI,
IIEHTEHBI U T.1.

<:> — > 2CHsCH=—CH, (CH, —CH, + CH,=CH—CH=CH, + H;,)

[Ipu Temmepatype 500-550°C nHaumHaeTcss TpOIECC PACIICIUICHHUS
yII€pOA-BOAOPOIHBIX CBsI3€d, TO €CTh MPOTEKAET peakuus AETUIAPUPOBAHMUIL.
Kpome Toro, ckopocTs peakiiuii BO3pacTaeT ¢ yBEJIMUECHUEM TEMIIEPATYPHI:

CiHonsz < CiHzn + Ha.

Bce peakiuu pacuieruieHusi MpoTeKaloT ¢ oOpa30BaHUEM PaUKAIOB U
UMEIOT 1IETTHON XapaKTep.

Ilens BO3HMKAET: a) MpHU IMOIJIOMICHUH KBaHTa 3Hepruu hv; 0) mpu ymape
MOJIEKYJIBI O CTEHKY MJTU B) TPU CTOJIKHOBEHHH JIBYX MOJICKYIL.

['omonuTrueckuii pacnai:

e e e
E
RCH,-CH,R' —» R+ R'CH,CH, - 3apoxuenue uemnu.
[Iponomxkenue (pa3BUTHE) LEMU:
R+ RCH,-CH,R' — RH+RCH,-C'HR'.

HoBbl1it yrieBogopoiHbIN paarKan CTaOMIN3UPYETCs MMyTEM pacrhajia CBSI3U

C-H:
RCH,-CHR' — H’+ R'CH=CHR,
H + R'CH,-CH,R — H,+R'CH™-CH;R.

Tak kak oneduHbl 00JIATAI0OT BBICOKOW PEAKIIMOHHOW CIIOCOOHOCTHIO,
MPOUCXOAAT AalbHEHIINE TPEBPAIEHUS; TPUIEM CKOPOCTh PEaKIIMU BO3PACTAET C
YBEJIMYCHUEM TEMIIEPaTypPhl, BCICICTBUE YET0 MPOTEKAIOT BTOPUYHBIC MTPOIIECCHI.

IIpu Temneparype 600°C mNpOMCXOAUT HNETUAPUPOBAHUE OJIEPUHOB C
00pa30BaHUEM JIMEHOBBIX YTIIEBOJOPOIOB:

CH2=CH'CH2-CH3 <~ H2+ CH2=CH-CH=CH2.

JlueHoBbIE YTIIEBOJOPOIbI XapaKTEPU3YIOTCs e1le OOoJbIel peakIinOHHON
CIOCOOHOCTBIO, YeM OJIe(UHBI U B pe3yibTaTe MPOTEKAET JUEHOBBINM CHUHTE3 C
00pa30BaHUEM LIUKIO0IE(PHUHOB:
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+

/ CH; "
L= O =0
CH CH,

X
NCH,
IIUKJIOI'CKCCH
CH, CH,
4 | ~ Ho
(|3H + CH  — —
CH |
CHjs
%CHZ CHj CHj

3-MEeTUIIIHUKIOT€KCEeH
Kpome Toro, IMKJIOTEKCeH caM B3aMMOCHCTBYET ¢ OyTanneHom-1,3:

CH
= 2
CH™

| -H
CH * - - =
N
\CH2

HadTanuH

Takum o00pa3om, B mpolecce KpEeKMHra M MHUPOJIM3a HUMEET MECTO
apoMaTHu3alusl.

KpoMe nameHOBOro cuHTE3a, MOPOUMCXOIUT PACHICIUIEHUE CBSI3€H B
oJiepuHax, U B IEPBYIO ouepean pa3priBatotcs cBsizu C-C:

+H’
CH2=CH-—CH2<‘~CH3 —> C'H; + CH,=CH—CHj
CH3—CH; + CH,—CH,

To ecTh B IMpOoHCcCCC KPCKUHIA IIPOUCXOIUT 060rameHHe ra3a 3THJICHOM U
IIPOITMIJICHOM, a TaK¥KC 06pa3y10Tc;1 caxa u KOKC.

Caxa IMOJYy4acTCA IIPHU TCPMUICCKOM pacCIiajic Hapa(bI/IHOBZ

C3H8 — 2CH4 + C,
CgHG - CH4 + C + Hz.

HpOLICCC O6pa30BaHI/ISI CAXMU JIydlmie IIpPOTCKACT IIpU YBCIWMYCHUU
TEMIICPATYPHI.

O,ZIHI/IM 13 cnoco0oB IMOJYYCHHUA KOKCa U3 CMOIJI ABJIACTCA O6er’II/IBaHI/ICZ

OO 2= O O= OO0

CMOJIa

B nporiecce KpeKkuHra noyry4aroTcs:
1) >xuakue mpoayKThl (OCH3MH, KPEKUHT-OCTaTOK, CMOJIa TIMPOJIH3a);
2) Ta3bl - KpeKHHr-ras (maporas);
3) TBepbIe MPOIYKTHI - Caxka, KOKC.
CooTHol1I€HNE NPOTYKTOB 3aBUCHUT OT:
— BU/IA UCIIOJIb3YEMOTO ChIPbS;
— TEMIEPATYPBIL;

16



— BPEMEHU KOHTAKTa;
— JIaBJICHHUSI.

PaznuuHble BUABI CBHIPbS OTIMYAIOTCS IO COAEPKAHUIO yriepojaa W
BOZOpO/JIa:

CH; na 1 artom yriepoja - 4 atoma BOJIOpOJa;

C,Hg na 1 arom yriepopa - 3 atoma BOJOPO/a;

CsHg na 1 atom yriepopa - 2,7 aToMOB BOJIOpOAa.

Yewm Oosbllie aTOMOB yTIEposia, TeM Oojee TSIKEIbIM CUUTACTCS CHIPHE.
Copnep:xanue BOJOpOJa B HNUKIMYECKUX YTIEBOJOPOJAX €IIe MEHbIIE, TO €CTh
Ha(TEHOBBIE HEPTH SBIISIOTCS TSHKEIIBIM CHIPHEM.

[Ipu mpoumx paBHBIX YCIOBHUSX C YBEIMYEHUEM TEMIIEpaTyphl BO3pacTacT
BBIXOJ]T Ta3000pa3HBIX BEIIECTB; YMEHBINACTCS COJCPKAHWE IKUIKHX |
yYBEIMYHUBACTCS MTOJIsI Kokca. OT TeMriepaTyphbl 3aBUCHUT TJIABHBIM 00pa3oM HX
xumMuieckuit cocraB. C yBeTMYEHUEM TEMIIEPATYPhl KUJKHUE TIPOIYKTHI Bce OoJiee
o0OoramarwTcsi  apOMAaTHYECKUMHU  COCAUMHEHUSIMU, a Ta3 —  HU3LIIUMU
YTIEBOJAOPOIAMH.

[Tpu 550°C: tepmuueckoe pasnokeHre HedTAHbIX (Gpakliuid 1aeT CMECh
KUJKAX BEIIECTB, OTIUYAIONIUXCS OT UCXOJIHBIX, B OCHOBHOM, TMOSIBJICHUEM B HUX
oJIe(DUHOB, a MOJTYYaeMbIi a3 COCTOUT MPEUMYIIECTBEHHO U3 yriaeBOa0poaAoB Cp-
C4 ¢ CyMMapHBIM BbIXOZI0M 0J1€(pUHOB ~ 4% OT UCXOTHOTO CHIPBS.

ITpu 750-850°C: xumkue TPOIYKTHI apoMaTH3upyroTcs Ha 85-95%, a B
ra3e octaercsi Bce MeHble napapuHoB C,-Cy, KOTOPBIN 0OOramaercs nponuieHoM
1 0c00eHHO ATHIIeHOM. CymmapHbiid Bbixof oinepuHoB C,-C4 Ha HCXOAHOE ChIPhE
JIOCTUTAeT NpU NHUpoJu3e 3TaHa W mnpomnaHa 60-80%(macc.) ¥ mpu NUPOITU3E
oensuna 40-50%(macc.). B ra3zoo0pa3HbIX NpOAyKTax MOSBISIOTCS AUEHBI U
aleTUJICHbI, TMPUYEM BBIXOJI HauOoJsiee IIeHHOoro OyTaaueHa-1,3 w3 OeH3uHa
coctaBisier 4-5%(macc.). 1Ipu nanpHeiilieM MOBBIIEHUHA TEMIEPaTypbl BBIXOL
onedunoB, mpoxonas uepe3 makcumyMm Tmpu 800-900°C, waumHaeT manate M
obOpasyeTtcs Bce 00bIIe BOAOPOIA U alleTHUIICHA.

ITpu 1200°C nonyvaercs 10% ameTuieHa; mporecc MUPOIU3a MPH ITOU
TEMIIEPATYpPE UCIOIB3YETCS TOJIBKO JJIS 1IEJIEBOT0 MOIYUYEHUS ayemuieHd.

Tak kak mportecc oOpa3oBaHUsI ApOMATHYECKUX COSAMHEHUH, CaXKu, KOKCa
MIPOUCXO/IUT TIOCJIEIOBATEIILHO, YBEIUYCHUE BPEMEHU KOHTAKTa CIIOCOOCTBYET
ATUM MOOOYHBIM pPEaKIUsIM M YMEHBIIAET BHIXOA oyiepuHOB. Takoe ke BIUSHUC
OKa3bIBa€T W3MEHEHUE JIaBJICHUS. YBEJIUUYCHHE JaBJICHUS YCKOPSET MPOIECChI
MOJIMMEPHU3AINH, TIOJTMKOHICHCAIINN 0JIC(UHOB U YMEHBIIAET WX BBIXO. [ToaToMy
MpoIIecC BEAyT MPH TMOHWKEHHOM JABJICHWUH, IJII YEro HCIOJIb3YeTCs BOISHOMN
nap.

Kpekunz noo evicoxum oaenenuem
Coipve — HEPTSHBIE OCTATKH (Ma3yT, TYApoH). B pe3ynpTaTe KpekuHTa moJy

BBICOKMM JAaBJICHUCM JOCTHUIdCTCA CHWIKCHUC BA3KOCTHU OTUX HPOAYKTOB, ITOCJIC
YCro ux MOXXHO HCIIOJIB30BAaTh B KA4C€CTBEC TOIIJIMBA.
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Vcnosuss mnposedenusi npoyecca: w30biTouHOE naBienue, 2-3 Mlla;
temrepatypa 480-510°C.

Kpome toro, o6pasyercst u kpekunr-ra3 (Boixoj 10 10%); B OCHOBHOM (10
82%), cocTosuMi U3 YriIeBOA0POIOB MPEACIBHOIO CTPOCHUS.

Kpekunz npu nuskom oagnenuu

Coipbem nnsi TMPOBEACHUA KPEKWHTA MPU HU3KOM JABIICHUU SIBISIOTCS
MOTOHBI HEPTH, TBEPABIE H MIATKHUE TTapaQHUHBI.

Vcnosus npoeedenusi npoyecca: moroHsl HeQTH TpH Temmeparype 550-
600°C u uzosrrounom nasnenuu. 0,3-0,5 MIla ucnapsioT v mpoBOASIT KPEKUHT B
napoBoi ¢a3ze. Beixon raza gocruraet 25%, B HeM coaepxkurca ~ 50% onepuHOB
(3TUIIEH, IPOTIUJIEH).

KpekuHr TBepAbIX M MATKUX MapapUHOB HCHOJB3YIOT ISl IMOJIyYEHUs
BBICOKOMOJIEKYJISIPHBIX 0J1e(pUHOB € npsMoil emnbto Cs-Cip.

Yenosus nposeoenus npoyecca: temneparypa 550°C, nasnenue 0,1 Mlla.
B mpoaykrax peakuuu cojaepskarcsi razooOpasHble coenuHeHus ~ 20% (B ToMm
yucie 60% - stuiteH, nponwieH) u xuakas ¢ppaxmus (70% - sxuakue oneduHsr).

Ilpoyecc nuponusa

B mpoMmbIlIEeHHOCTH THPOJIM3 MCHOJIB3YIOT MJis IIEJ€BOr0 MOJyYeHUs
osiepuHOB. Covipbe — YIIAEBOJOPOIHBIC Ta3bl, TUCTUIUIATHI MPSAMOUM TOHKU, Ma3yT U
chIpast He(PTh.

Vcnosuss npoeseoenuss npoyecca. Ttemmeparypa 700-800°C wu  Bhimme,
n3obiTouHoe aamieHue, 0,1 Mlla. B »Tux ycrnoBUSIX NPOUCXOAST TIIyOOKHE
MpeBpaIeHUus] UCXOIHBIX YTIJEBOJAOPOJOB, BhiXoa raza ~ 50% (32% - stuien,
MIPOTIUJICH ).

[ToBpIIeHNIO BBIX0J1a 0I€()UHOB CIIOCOOCTBYIOT CIIEAYIONIHE (haKTOPHI:

a) KpaTKOBPEMEHHOE MpeObIBAaHUE PEAreéHTOB B TOPSYEH 30HE C MOCIEAYIOIINM
OBICTPBIM OXJIQXKJICHUEM IyTEeM BIIPBICKUBAHUS BOBI IJIsl MPEOTBPAILICHUS OoJiee
rIIyOOKUX MpEeBpaIeHui;

0) paz0aBiieHUE CHIPhS BOJSHBIM TTAPOM.

Texnonoeus npoyeccos kpexunea u nupoauza. Cxema ogHON U3 TpyOUaThIX
neuei nmuposin3a npejcrabieHa Ha puc. 1.1,

[Tponecc muposin3a OCYHIECTBIISIETCS B «OTUJICHOBOM PEXHUME», TO €CTh
npu 850-870°C. T'azoo0pazHoe WM >KUAKOE TOIUIMBO CropaeT B IMaHEIbHBIX
ropeikax 2, pacHoJIO)KEHHBIX B CHCTEME KaHAJOB B KEPAMUYECKOW KIiajaKe
(manenu) meuyu. B TOMOYHBIX KaMmepaxX HaXOAWUTCS paJuaHTHAs CEKIus 3,
cocToslasi W3 BEPTHKAJIbHBIX Tpyo 4, o0orpeBaeMbIX 3a cueT Haubosee
3G ()EKTUBHON TEIUIOOTAAYM W3IYYCHHEM OT pAacKaJeHHOW TMMaHeld TeYd |
TOTIOYHBIX Ta30B. B 9Toil wactm TpyO MpOTEKaeT HEMOCPEICTBEHHO MHUPOJIU3
YTAEBOJAOPOAOB M 37IeCh MOJACPKUBACTCS HAMOOJee KECTKUM TeMIepaTypHBIN
pexuM. YacTMYHO OXJIaXKJEHHbIE TOMOYHbIE Ta3bl IMOCTYNAalOT 3aTeéM B
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KOHBEKIIMOHHYIO KaMmepy 5, TJe TEeIIooTAada OCYIIEeCTBIACTCS 3a CYET MEHee
¢ PeKTUBHON KOHBEKIIUH TEILjIa.

B pacnonoxeHHoi cbipbe U 8o0dsHOU nap 5
3eCh  CeKIMU  TPYyO %
CBIpbE H TMap-paz0aBu- ]
TeNb HArpeBalTCA JI0 1
HEOOXOUMOM TeMIiepa- \
Typbl, TIOCJIE YEeTr0 OHU
NOCTYNAlOT B PajH- 2
AHTHYIO CEKITUI0 TpYO. \
[IponykTel  mupoJin3a monnueo
YXOIIT W3 TIeYd Ha
TanbHEHIIyI0 — Tiepepa- 8030yX
0otky. Tomounblii ras
HaIpaBJIsieTCsT Ha YTH-
JU3alUI0  OCTATOYHOTO
TerJia u 3aTeM
BBIBOJAUTCS B  aTMOC-
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b Puc. 1.1. Cxema neun nuponuza: 1 — xopmyc;
py- 2 — NaHeJNbHbIE TOPEeNKH; 3 — PaJUaHTHbIE KaMephl;
4 — BepTHKaAJIbHBIC TPYOBI; 5 — KOHBEKIIMOHHAS Kamepa

Kamanumuueckuii Kpekune

B kauecTBe KaTanmmMzaTOopa WHCHONB3YIOTCS aFOMOCHIJIMKATBl HATPUSL.
Peakiuss B 3TOM ciydae TpOTEKAaET HE IO PAJUKAIBHOMY, a IO HOHHOMY
MEXaHU3MY C Yy4acTHeM KapOOKaTMOHOB, KOTOpbIE OOpa3yloTcs HOaxe Mpu
HeOobIMX TemmepaTypax. lLlenb uCMoNb30BaHUSI KaTaau3aropa — CHU3UTH
TeMrepaTrypy Ipoliecca, uToObl u30ekaThb MOOOYHBIX peakiui. Peakuuu
NpPOTEKAIOT HHA4e, dYeM TepMudeckue. I[Ipu KaTaaTuTHYECKOM KpPEKHUHIe
HaOJI0/1aeTCsl, MPEUMYIIeCTBEHHO, pa3pbiB C-C CBA3M B CEpeIUHE IEMOYKHU
yriepojgopoaa (Ipu TEPMUUYECKOM — IO KOHIEBBIM rpynmnam). [log BiusiHueM
KaTajn3aropa MpOTEeKaloT BTOPUYHBIE MPOIIECCHI: THAPUPOBAHUE, TTOJTUMEPHU3AITUS
(B HEOOJIBIIION CTENEHH), M30MEpHU3aIis. DTO OTPpaKAeTCsA Ha COCTaBe Ira3a, B HEM
COJIEP’KUTCSI MHOT'O HACBIIICHHBIX YIJIEBOJAOPOJAOB W H30MEPHBIX BenlecTB. B
KaueCTBE KaTalu3aTopa NPUMEHSIOTCS COCTUHEHUS] KMCJIOTO XapaKTepa:

ATIOMOCHJIMKATHI:

H + A o Al,O3 - SiO, - H,0:;

KUCJIOTHI JIbtouca:

AICl; + HCI « AICI, + H",

UX MEXaHU3MBI JEUCTBUSI IOXOXKHU.

ITpu B3aUMOIEHCTBUM YII€BOI0POA C TPOTOHOM H™:
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RCH,CH,CH,R' + H" < H, + RCH,CH,CH'R' o6pasyercs kapOoKaTHOH,
KOTOpBbIM, CTpPEMsCh CTaOWJIM3UPOBATHCS, NPETEpPIIEBACT paclaj, TIJIABHOE
HaIpaBJeHUE KOTOPOTo, S-pacilernieHue:

RCH, : CH,CH'R' — RCH," + CH,=CHR..

S kapOokaTuoH  osieuH

[IpoucxoauT wmurpamusi [-3J€KTPOHHONM IUIOTHOCTH K KapOOKaTHOHY.
HoBplli kapOOHUEBBIN HOH U30MEPU3YETCS:

R"CH,CH,CH," — R’CH,CH'CH; — (HEPreTUYeCKU BHITOJIHEE TaKOe
MOJIOKEHUE 3apsiia) M MPOUCXOTUT f-pacmaj 0 HepacHaJarouuxcs KapOo-
katnoHoB C,Hs™ mmm CHj', KOTOpele MOTYT BCTYNaTh B PEAKIMIO C MCXOIHBIM
YIIEBOJIOPOAOM M TAKMM 00pa3oM MpOAOIIKATh Eb:

RCH,CH,CH,R' + CH;* — CH4; + RCH,CH,C'HR' uT.1.

Kpome Toro, BO3MOXXHO B3aUMOJIEUCTBHUE KapOOHHWEBOTO MOHA C THUIAPU-
aHUOHOM ¢ 00pa3oBaHKEM ajikaHa wiu oTmerienue H- ¢ oOpazoBanuem osneduHa:

RCH,CH,C'HR' + H — RCH,CH,CH,R',
RCH,CH,C'HR' — RCH,CH=CHR' + H .

Jlist cuHTE3a MOHOMEPOS KATAUIUTUYECKUM KPEKUHT He mpuMeHsercs. s
MOJIYYCHUS] HU3MIUX 0J1€(UHOB IPUMEHSIOT TEPMUUECKUN KPEKUHT.

Karanutnueckuii KPEKHUHT UCIIOJIb3YyeTCA TUTSE MOJIy4eHUS
BBICOKOOKTAaHOBBIX MOTOPHBIX TomiuB. Beixom raza — 10-15% (Cs;-C,) npu
temneparype 550-620°C u naBnenwue 0,1 Mlla.

OCHOBHBIM  HEIOCTaTKOM  SIBIIAETCS  OBICTPOE  3aKOKCOBBIBAHHE
karanu3zaropa (10 MuH), mociie 4ero TpeOyeTcs ero pereHepanusi, TO €CTh
BBDKUTAHHE KOKCA TOPSYMM BO3IYXOM.

1.2.5. MeToas! pa3iejieHUsi ra3oBbIX cMecel

I"a3pl, modydaemble HpH Pa3IMYHBIX IIpolleccaX KPEKWHTa W IMHUPOJIU3a,
3HAYMTEIIHHO PA3IMYAOTCS 1O cocTaBy. X MOXKHO pa3feiuTh Ha TPU TPYIIIIHL:

1. T'a3pl TEPMHUYECKOTO M KATaJTUTHUYECKOTO KPEKHHTa, COJEpIKaliie MHOTO
yrieBoaopoaoB C; u C, HO Manmo sTwieHa. M3 3TUX ra3oB BBITOJHO
BBIJICJISITh TIPOTIUJIEH U OYTEHBI, a IPYrUe KOMIIOHEHTHI HAMpaBiIsSATh Ha
MTUPOJIM3 WU UCITOIh30BaTh HHAYE.

2. T'a3pl mwmponm3a ra3000pa3HBIX YIJIEBOJOPOJAOB, COJIEpXaIlue Majo
BBICIINX (pakiuii. Takue ra3pl HE MOTYT CIY)KHTh UCTOYHHKOM OYTCHOB;
U3 HUX BBIICIISIOT 3TUJICH W TIPOITUJICH.

3. T'a3pl muposn3a XUAKUX HEPTEHPOIYKTOB, COAEpX AIIME 3HAYUTEIHHOE
kosnyecTBO oieruHOB Cy-Cy.

Jlnsg  pasgeneHuss Tra3oBbIX CMECEd B IPOMBIIUIEHHOCTH [PUMEHSIOT
CJIEYIOLIUE METOMBL:

1. KonaeHcaumoHHO-peKTU(PUKATMOHHBIHN (MM HU3KOTEMIIEpaTypHast

pekTuUKaLs).

2. A6copOLMOHHO-PEKTU(UKALMOHHBIH.

3. AncoOpOITMOHHBIN.
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4. XeMoCOpOIMOHHBIH.
5. Auddy3noHHBIH.

['a3pl KpeKWHTa TMEpPBOM TPYMIBl Pa3[ENAIOT Yalle BCETO METOJIOM 2
(a0copOLMOHHO-PEKTU(PUKAIIMOHHBIM). DTOT € METOJI HHOT/Ia UCIIOJIb3YIOT U IS
pasleNieHrss Ta30B IMUPOJHM3a, HO Ha COBPEMEHHBIX KpPYIHBIX YCTaHOBKax
NPUMEHSIOT HU3KOTEMIIepaTypHyl pektudukanuio (Meton 1), Tak Kak OHa JacT
OoJiee yncThie (hpakiuu 0JIeUHOB U TPEOYET MEHBIIICH SHEPTHUH.

OCHOBHBIC KOMIIOHEHTBI mruporasa u uX TCMIICpaTyphbl KUIICHUA:

I'a3 T.xum.,°C

H, - 252,7

CH,4 -161,6 MeTaHOBO-BOJIOPOIHAS (hpaKIIMS
C,H,4 - 103,9 »stan-sTHNCHOBAs (PpaKIUs
C,Hg - 88,6

CsHg -47,0 npomaH-MPONUICHOBAs PPaAKIUs
C3H8 = 42,1

o-C4Hg -5,0  Oyran-OytuieHoBas ¢paxius
S-C4Hg +3,7

uzo-C,Hg -6,9

C4H10 - 0,5

M30'C4H10 - 12,2

Konoencayuonno-pexmugpuxayuonuwiii memoo

lazodpakunonupyromue  ycraHoBku (I'®Y)  npumensitores s
KOH/ICHCALIMOHHOI'O Pa3/iesieHUs! MUPOTa3oB.

Cymb memooa: muporas cxuMaroT 110 aasienus ot 3,0 qo 3,5 Mlla, mocne
4ero oxJaxzaaroT 10 Huszkux Ttemmeparyp (mMunyc 100°C). B pesynbrarte
IPOUCXOANT (hpakIMOHHAs KOHAEHcalus. MeTaH M BOAOPOJ OCTAlOTCS B rase W
JETKO OTAENSAIOTCS OT JKUAKOCTH. 3aTeM >KUIAKYIO (PPaKIHio YriIeBOIOPOAOB
noJBepraT pexkrupukannu. OgHaKo, nepex TeM Kak MPUCTYIMUTh K Pa3ieIeHUI0
nuporasa, ero HeoOX0IUMO OYHCTUTH OT IPUMECEH:

- MEXaHUYECKHX (caxa);

- cepoBoiopofa, xyopa (H,S, Cl, - BeI3bIBatOT KOppO3HIO 000pyIOBAHMS);

- apomarnueckux coenuHeHn (CgHp, TIEHTEHBI — IIEHHOE CHUHTETHUYECKOE
CBIPbE);

- BOJBI M YTJCKUCIIOro ra3a (3aTBEpACBAIOT MPHU OXJIAKICHUH W 3a0UBArOT
KOMMYHUKAIIMH U aIapaTypy);

- amneTwieHa, MeTwianeTtuiaeHa (OMM3KM 1O TeMIepaType KUIEHUS H
3arpsi3HAIOT MOJydyaeMble (ppakuun).

OcHoBHasi Macca BBICIIUX YTJIEBOJOPOAOB M BOJA OTICISIOTCS YK€ Ha
HayaJbHOM CTaguy ckatus rasa. Ilocie 3Toro Ha mpoMeEXyTOYHOM M KOHEYHOU
CTYINEHSX CXKATHS ra3 OUUIIACTCS OT OCTAIOUINXCS TPUMECEH.
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Ouucmka nupozaza om npumeceit CO, u H,S

Crnoco® OYMCTKH 3aBUCUT OT COJIEp)KaHUS JUOKCHAA Yriepoia H
CEpOBOJIOPO/IA; €CIM HX KOHLEHTpamusi coctaBisier Oonee 0,6%(00.), To
MPUMECHSIIOT JTaHOJIAMHUHOBYIO OUYMCTKY Tra3za (xemocopOuus) (puc.l.2) ¢
NOCJIEeyIONIEH HeUTpamu3alue «KUCIbIX» ra3oB mienoubto. [lpu HebobIIOM
COJIEP)KAaHUM JITUX MPUMECEH JOCTaTOYHO MPOMBIBATh MHUPOra3bl BOJHBIM
PacTBOPOM ITICIIOYH.

B anmapar (puc.1.2), 3anoaHeHHbINA A
ATAaHOJIAMUHOM, TPOTUBOTOKOM OapOoTH- ITuporas
PYIOT TTUpOTa3, KOTOPBIA TOCIE OYUCTKH OT —>

UMCIOIUXCS TMPUMECEeH IMyTeM  XeMo-
copOIMU MOCTyHaeT Ha JaldbHEHIIyIO
nepepaboTKy. BpITekarommii ¢ Hu3a
anmapara aJicopOeHT IOocCJe MOJorpeBa 10
~ 100°C HampaBiseTcs Ha CTaaulo
BBIJICICHUST ATaHOJAMHUHA B  KOJIOHHY

ﬂecop6uHH (Ha cXeMe He HpI/IBGIIGHa). Puc. 1.2. Cxema ouncTku nuporasa
ot npumecu CO2 u H,S

NH,CH,CH,OH
__CH,CH;0H
__CHyCH,0H N —CH,CH,0H
NH CH,CH,0H
" CH,CH,0H

DTaHOJIAMUHBI SBIISIOTCS OJHOBPEMEGHHO M CHUPTAMH, W aMHHAMH,
MOATOMY CIOCOOHBI 0OOPA30BBIBATH COJIM C KUCIBIMU MPUMECSIMHU.

20—ypC

2NH2CH2CH20H +H28 WC (N+H3CH2CH20H)28
-110

20-40

C
2 NH,CH,CH,OH +CO,+ H,0 =5 (N *HzCH,CH,OH),- CO3

Ouucmka nupozasza om auemujieHo6blx yZJ186000p0006

1. TlpoMbiBKa mHporaza B HacaJOYHBIX KOJIOHHaX C KojbllamMu Pamura
pacTBOpUTENIMH (MeTaHOo, TuMeTriIhopMamu, N-MEeTUITUPPOIIUJIOH ).

OTH pacTBOPUTENH CEJICKTHBHO DPACTBOPSIIOT aleTWiIeH Ha xoiomy. s
U3BJICUCHMSI allETUIIEHa HEOOXO0JUM HArpeB.
2. I'mppupoBaHue nuporasa.

22



Cmech muporasa W BOJOpOAAa MPOITYCKAIOT dYepe3 CIOW Karamu3aropa
(reTeporeHHbI: MNayulaJuidi, HAHECEHHBIH Ha Yroib WIM HUKEIbKOOAIbT-
XPOMOBBIi), TBOMHAS CBSI3b IIPU ITOM HE 3aTPAruBaeTCs; AaBJICHUE COCTABISET 2-3
MlIla, Temneparypa 150-230°C:

CH=CH + H, — C2H4.

Oxnasicoenue 2azoevix cmecell

OOBIYHO AJIs1 OXJIAKICHUS Ta30BbIX CMECEH UCTONb3YIOT TPU CTYIICHH:

1. OxnaxxaeHue BOAOW WM PaccolaMH XJOPUCTOTO HATpHUsl M KalbLUs B
uHTepBase Temnepatyp ot muHyc 40 no munyc 15°C.

2. OxJaXJIeHHe aMMHaKOM WM IPOITaH-TPOTIICHOBON (pakIuell 10 MHHYC
40°C.

AMMHak Kak XxjagoareHT 3()(EeKTUBHEN BCIEACTBHE BBHICOKON TEIJIOTHI
UCIIAPEHHS, HO OH TOKCHUYEH M B3pbIBOoOMmaceH. Kpome TOro, HyXKHO HMETh
CIEHHAIBHOE aMMHAayHOE XO34icTBO. HemocTtaTkoM OXJaXAeHUs MpOoIaH-
MPONMUIICHOBOM (pakiuen sIBISETCS HU3Kasg TEIUIoTa HCHapeHHs, OJIHAKO 9Ta
dbpakuus coaep>KUTCS B UCXOTHON CMECH.

3. DTuneHoBwIi X001 (oxnaxaenue 10 muayc 100°C).

[Ipu sTOoM cmocobe paszneneHus Tra3oBbIX CMecel 3aTpaThl Ha XOJIOJ
JIOCTATOYHO BBICOKM W TIO3TOMY B LENSAX 5JKOHOMHUHM HEOOXOAMMO IMOJHOE
MCIIOJIb30BaHUE X0JIOa BCEX MOoMyvaromuxcs ¢ppakiuil (pexynepanus Xojoa).

Ha puc. 1.3 npencrapneHa npuHIUMIIAANIbHAS cXeMa ra3o(ppakiMOHUPYIO-
el ycranoBku. J[o kommpeccopa 1 u B mpolecce cKaTusi MOCTYMAIOUNA Ha
paszeneHue raz oxjaxkaaeTcs BoAoW. B xomomunbpHHMKE 2 Ta3 OXJaXIAETCS 0
TaKOM TemImepaTyphl, YTO B KOJOHHE 3 YETKO OTIENSIOTCS yriieBomopoasl C, u
BhINE. JIerkue yrieBoopoJibl CKUMAIOTCS BTOPOM CTYNEHBIO Kommpeccopa 1 mo
~3 Mlla u oxyiaxxgaroTcs BOJOW B XOJIOAMIBHUKE 2, TIOCJIE YEro HaMpaBJsSioTCS B
anmapatr 4, mpeaCcTaBiSIONUNA COOO0M CUCTEMY TEIJIOOOMEHHUKOB, B KOTOPOM
UCIIOJIB3YETCSl XOJIOA BCeX (Ppakiuii; OTTyla CMECh IMOCTyHaeT B KOJOHHY O.
Temneparypa munyc 100°C B BepxHel 4acTH KOJOHHBI 5 JocTHUTaeTcst 3a cuer
OXJIQXJIEHUS IUKIIOBBIM ATHUJIEHOM, KOTOPBIM MOJY4YaeTCs B MPOLIECCE OTACICHUS
bpakuuii. MeTaH W 93TaH TIpU  JIPOCCEIMPOBAHUU TIO3BOJISIIOT JIOCTUTATh
temneparyp Hmwke wMuHyc 100°C. B pesynbrare paszaeneHuss CMeCH B
PEKTU(PUKALMOHHBIX KOJIOHHAX 6 ¥ 7/ mojyyaroTcss HeoOXoIuMble (pakiuu
YTIEBOAOPOI0B, KOTOPbIE COOUPAIOT MOCJIE KOMIUIEKCHOTO TeMI00OMEHHHKA 4.

1.3. KameHnHblii yroan

KaMeHnHbIl yrojib — TOpHBIE MOPOJBI PACTUTENBHOIO HMPOUCXO0xAeHUs. K
KaMEHHBIM YTJISIM OTHOCHTCSI JIFO0O€ MCKOIMAaeMOe TBEPAO€ TOIUIMBO, HAYWHAS OT
Topda 1 3aKaHIMBAsI AHTPALUTOM, KOTOPBIE OTIMIAIOTCS MO COCTABY U TEIUIOBHIMU
xapakrepuctukamu. OpraHuyeckass Macca KaMEHHOIo yris —  CIIOXHas
TETEPOTeHHAasi CMECh PAa3JIMYHBIX BBICOKOMOJICKYJAPHBIX coenuHeHui. Cam

23



CoHs
C,H,
CHy+H,

H,+CH, -100°C

AAAA 5

- dpoccenb
3 N\

"4
3muneH
N ) QuKiosol
— ® Cola 1 CaoHs
NH
— —1> —1>
— 6 7
2as3 Ha _
paso. — — e arn.Ne5 — AN AN
Z nap z nap /] map 4 bl
O3\ I B B
1/ J, C, U eblwe C, +C, C,H+C,
Cs
Puc. 1.3. IlpunnunuanbHas cxema ra3o(gpakiMOHUPYIONIEH YCTaHOBKU: 1 — KOMIIPECCOpP; 2  — XOJOAWIBHHK; 3 — KOHAEHCAIMOHHO-OTIapHas

KosioHHa |; 4 — KOMIUJIEKCHBIN TEIUIOOOMEHHUK; 5 - KOHIEHCAIMOHHO-OTIIapHass KoyioHHa |l; 6 — pekTudukannoHHas KOJOHHA (ATHIIEHOBasi); 7 -
pexTu(dUKaIMOHHAs KOJIOHHA (3TAaHOBAs )



KAMEHHBIA YTOJIb HE SBISETCSA HMCTOYHUKOM CHIPbS; WCTOYHUKOM  SIBIISTFOTCS
MPOJYKTHI €T0 MepepadoTKH.

CymiecTByIOT ABa BUJa repepabOTKU: BRICOKOTEMIIepaTypHas nepepadoTka
U okucieHue. BoicokoTemmnepaTypHas 00pab0oTKa — 3TO MPOLIECCHl KOKCOBaHUS U
NOJIyKOKCOBaHMsl  yriasi. OKuUCIIeHWe — Tpouecchl razuukanuud — yris.
BricokoTemnepaTypHasi nepepadoTka COCTOMT B HarpeBaHuM yrias 0e3 jocrymna
BO3]lyXa, MPU 3TOM MOIYYaAIOTCA JIETYYHe MPOIYKThI U KOKC, KOTOPbIE MOTYT OBITh
WCITOJIb30BAaHbl B KAaueCTBE MCTOYHUKOB CHIPbs. B cOCTaB JeTy4mx MpPOIYKTOB
BXOJIUT KAMEHHOYTOJIbHASI CMOJIa M KOKCOBBIH Ta3.

CocTaB CMOJIBI CHITBHO 3aBUCHUT OT PEKMMa KOKCOBAHUS, TUTIA U XapaKTepa
KOKCYIOIIETOCS YIS, MCHOJIB3YEeMOro Il TpOW3BOJACTBa Kokca. ChrIpyro
KaMEHHOYTOJBHYIO CMOJIy TIOJBEpralOT pPa3rOHKE Ha HECKOJbKO (pakmuii, u3
KOTOPBIX Jajiee BBIICISIOT WHAWBUAYAJIbHBIC COCAMHECHHSI. B 3aBHCHMOCTH OT
OPUMEHSEMOTO YIS W peXUMa KOKCOBAHUS MOTYT TMOJy4aThCsi (Ppakiuu
KaMEHHOYTOJBHOM CMOJIBI, OTJIMYarolelics 1o coctaBy. Kpome Toro, B
3aBUCUMOCTH OT HaIlpaBJiEHUs JajdbHEHIIeH nepepadoTku (GpakiMOHUPOBAHHUE €€
MO>KET IMPOBOJUTHCS B Pa3HBIX TEMIIEPATYPHBIX HHTEPBaIaX.

@pakiuu KaMEHHOYTOJIBHOM CMOJIBI XapaKTePU3YIOTCS  CICAYIOIMIUMHU
MoKazaTesIMM: JIETKOE Macjo OTroHsieTcsa npu temieparype 1o 210°C; cpennee
wi kapboiooe Macio — mpu 210-240°C; Tspkenoe Uium Kpeo30TOBOE MACO MPHU
240-270°C u HakoHeI, aHTparieHoBoe Maciio — rpu 270°C u BhIIIE.

JIist BeIIENIEHUST WHIWBHUAYATbHBIX COCAMHCHHH W3 Pa3IUYHBIX (DpaKIuid
KaMEHHOYTOJILHBIX Maces MpUOeraroT K BCeBO3MOKHBIM XUMHUYCCKUM METOaM.

['maBHOM COCTAaBHOM 4YacTblO KAaMEHHOYTOJBHOW CMOJIbI  SIBIISIFOTCS
apOMaTUYECKUE YTJICBOJOPOJBI, KOTOpPhIE B TIPEOOJATAOIMNX KOJUYSCTBAX
comepkarcs BoO (pakmusax. Kpome yriieBomoposoB, KaMEHHOYTOJBHBIX Macia
coJiep KaT pa3IudHbIe TPYIIbI MPOU3BOJHBIX, UMEIONIUX KHUCIbI WM OCHOBHBIN
xapaktep. KucinotHas yacth mnpejcTaBieHa MPEUMYIIECTBEHHO apOMaTHYECKUMU
OKCUTIPOU3BOJHBIMU  ((heHOJamMu), a OCHOBHAas — TeTEePOIMKINYECKUMU
COCIMHEHUSIMH a30Ta MUPUIUHOBOTO, XMHOJIMHOBOTO M HEKOTOPBIX APYTHX PSIOB.
KucnoTHeie Wi OCHOBHBIC YAaCTH KaMEHHOYTOJBHBIX Macell OOBIYHO BBIJCISIIOT
00pabOTKOW COOTBETCTBEHHO IenoyaMu U Kucioramu. Kpome Toro, B
KaMEHHOYTOJBHBIX MaciiaX COJIEPKHUTCS HEKOTOPOE KOJIMYECTBO HEUTPaTbHBIX
KHUCJIOPOJ- U CEPOCOACPIKAIIMNX BEIIECTB TUIIA TuOeH30(ypaHa u Jp.

[Ipu nepepaboTke KaMEHHOYTOJIbHOM CMOJIbI peKTuduKanue Ha 1 TOHHY
YT IOJIYYaroT:

KaMEHHOYTOJIbHBIN IAPUINH 0,02 xr
OeH30I 3,5kr XUHOJIMH 0,01 xr
TOJTYO 1,5 kr denon 0,2 kr
KCHJIOJI 0,7 xr INAJIONPOINUTOYHOE

HaTaTuH 2,0 kr Macio (Kpeo30T) 7,0 kr

aHTpaLEH 0,2 kr IEeK 17,0 xr



B KaMEHHOYTOJIbHOW CMOJIE UMEIOTCS TAKXKE U TaKUe COSAMHEHMS, Kak 2,3~
OeH3omupeH, o0Jajallue KaHIEPOT€HHbIM JEHCTBUEM; MpPU IOCTOSHHOM
KOHTAaKTE€ OHU CIIOCOOHBI BBbI3bIBATH 00pa30BaHUE PAKOBBIX OITyXOJIEH.

CocraB KOKCOBOTO rasa, %:

H, 60-65 CHonso 1-1,5 - (mpoman)
CH, 25-30 CO, 0,5

CnHon 2-3 - (3THIICH-TIPOITUIICH) N, 3,5.

CO 5-7

KOKCOBBI ra3 4acTO MCHOJB3YETCS KaK TOILUIMBO, HO OOJIbIIAst €r0 4acThb
MOCTYIIaeT B MMPOU3BOCTBO CBSI3AHHOTO a30Ta.
Koxkc — 310 0051aropok€HHOE TOIJIMBO, KOTOPOE TAKXKE UCIOIB3YETCS s
TIPOU3BOJICTBA PsIJIa MOHOMEPOB U KapOuIa KaIbITus:
3C + CaO — CaC, + CO,
CaC, + H,O — Ca(OH), + CH=CH.
[Ipu razudukanuu MpoBOJIAT HEMOJHOE OKHCIIEeHUE Yrias. OKUCIUTEIIMU
MOTYT OBITh BO3J1yX, KUCJIOPO/I, BOJSIHOM Tap, CMECh BOJSTHOTO Mapa U BO3IyXa:
Q + (kx30-) C + 0,50, — CO - ras KuCIOPOIHOTO IyThS;
Q - (@Hmo-) C + H,O < CO + H; - BoasHOI1 ra3 (okco-ras);
[Ipu oxucIeHUU BO3IyXOM IMOJTY4YaroT BO3AYUIHBIHN ra3, €CIU UCIOJIb30BATh
CMECh — CMEIIaHHBINA Ta3. Bce 31w ra3el MMEIOT 0011Iee Ha3BaHUE — TeHEPATOPHBIE
ra3bl ¥ MOTYT OBITh HCIIOJIL30BAHbI JJII CHHTE3a, HallpuMep:
CO + 2H2 — CHgOH — CH20 + C4H8 — C5H8 + Hgo

1.4. AueTnjieH

Anetmiien — OecLBETHBIM Tra3, OO0JIQJArOlMIMi B YHCTOM BHAE CJIA0OBIM
abupHBIM 3amaxoM; KouaeHcupyercs mpu muHyc 83,8°C (0,102 MIla), T.m.
munyc 84,1°C (He MMeeT YeTKOW TpaHUIbl MEXKIYy KUIEHUEM U 3aMEp3aHUEM).
AlleTusieH TOPIOYUH U B3PHIBOOTIACHBIN Ia3, UMEET JOCTATOUYHO ITUPOKHUE TPEIEIIbI
B3pPBIBAEMOCTH B cMecH ¢ Bo3ayxoMm [2,0-81% (06.) C,H;] u ¢ kucioopogom [2,8-
78% (06.) C,H;]. B3peIiBOOMAacHOCTh aleTUIIEHA SBIISETCS CIEACTBHEM BBICOKOM
HK30TEPMHUYHOCTH €r0 Pa3IoKEeHUs Ha IPOCTHIE BEIIECTBA:

C2H2 — 2C + H2 -AHoggg = 226,7 KIL)K/MOHB.

OTO pa3noKeHHe WAeT B OTCYTCTBHE KHCIOpOJa TPU HAJIUYWU
COOTBETCTBYIOIIMX WHUIIMATOPOB (MCKpA, eperpeB u3-3a Tpenus). [Ilpu maBnenun
1o 0,2 Mlla pa3noxeHue UMEET MECTHBIM XapaKkTep U HE ABseTca onacHbIM. [Ipu
Ooree BBICOKOM JABJICHHM PAa3JIOKCHHE TMPUOOpPETaeT XapakTep B3phIBA C
JIeTaHAIIMOHHOW BOJIHOM, pachpoCTpaHstouieiics co ckopocTbio cBbime 1000 m/c.
OpnHako B3pHIBOOMACHOCTh CHIDKAETCS TIPU €0 Pa30aBICHUN WHEPTHBIMU Ta3aMu
WM TIapaMu, KOTOPhIE aKKyMYJIUPYIOT TETIO TIEPBUYHOTO PA3JIOKCHUS alleTUJICHA.
B3pbiBoOmacHOCTh aleTuiieHa CUJIBHO BO3pacTaeT B MPUCYTCTBUU METAILJIOB,
CIIOCOOHBIX K 0Opa3oBaHuio anerwiaeHuoB (Hanpumep, CuC,), 4To BaXKHO TpH
BbIOOPE KOHCTPYKLIMOHHBIX MAaTEPHAJIOB.
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Jnsg  cxaTus aleTWIeHa UCHOJB3YIOT CHElHalbHbIE alleTHICHOBBIC
KOMITPECCOPBI, UMEIOITUE MATYI0 CKOPOCTh MEPEMEIECHUs JIBIKYIIMXCS 4YacTeH,
HEOOJIBIIYIO CTENEHb CKATUsSl U TEMIIEPaTypy Ta3a MpU KaxJaoW CTYIeHU He Ooliee
100°C.

JlpyruM TEXHUYECKHM Ba)XHbIM CBOMCTBOM alleTHJIEHA SBJSIETCS €ro
PacTBOPUMOCTD — OOJIEe BBICOKAS, YEM Y IPYTUX YTIEBOJIOPOJIHBIX ra30B:

B 1 o6beme Boabl ipu 0°C pactBopuMocTsh 1,73 oObema aleTuiieHa;

B 1 o6beme Boab! nipu 20°C pactBopuMocTh 1,03 06beMa areTuieHa;

B 1 o6beme Boabl mpu 60°C pactBOopuMocTh 0,37 00beMa areTusicHa;

B 1 o6wseme HachimenHoro pacrsopa NaCl npu 20°C pactBopumocts 0,3
o0beMa aleTHUIICHa;

B |1 oOweMe HacwimeHnHoro pactsopa Ca(OH), mpu 60°C pacTBOPUMOCTH
0,25 oO6beMa areTuICHA.

PacTBOpUMOCTB alleTuieHa B OpraHuueckux pactsopuressix npu 20°C:

OeH3UH - 5 00BEMOB alleTUJICHA,

MeTaHoJI - 11,2 oObeMa aleTHiIcHa;

areToH - 23 oObeMa aleTHIICHA;

N-meTunnuppoauaoH - 37 o0bEMOB alleTUIICHA.

PacTBOpUMOCTh alleTMJIEHa UMEET ONpENeIsionlee 3HAYeHHE IpHU €ro
NOJIyYE€HUU U BBIICICHUHN U3 CMECEN ¢ IPYTMMH T'a3aMH, a TAKXKE B allETHJIEHOBBIX
OayioHax, Te AJIs MOBBIMIEHUS UX EMKOCTH TI0 alleTUJICHY U CHIDKEHUS JaBJICHUS
UCIIOJIb3YIOT PaCTBOPUTEIND (ALIETOH).

CymiecTBYIOT Ba TPAAUIIMOHHBIX METOJa MPOM3BOJCTBA alleTHIICHA: Ooiee
CTapbli U3 KapOuaa KajablUs U CPAaBHUTENILHO HOBBIN — U3 yriieBoaopoaoB. Kpome
toro, eme B CCCP Obun pa3paboTanbl 3((PEKTUBHBIE METONbI BbIACIICHUS
arleTUIICHa M €r0 TOMOJIOTOB U3 MOOOYHBIX MPOYKTOB MUPOJIN3a YTIEBOI0POA.

1.4.1. IlonyyeHue aneTnjieHa U3 Kapouaa KajabIUs

KapOun kamaplius MpOM3BOASAT U3 OKCHAA KalbIUsAd W KOKca B
AJIEKTPOJYTrOBbIX Tedax. Peakius CHIBHOAHAOTEPMUYHA U TpeOyeT OONbIINUX
3aTpar AJICKTPOIHEPTHH, YTO OTpakaeTcs Ha cebecTomMmocTH ametwieHa. [lpu
pasnokeHnH KapOua KaJblUs BOJION MO SK30TEPMHUUECKOW PEAKIMH MMOTy4aeTCs
alleTUJIEH:

CaO + 3C — CaC, + CO;

CaC, + 2H,0 — C,H, + Ca(OH), -AHqs127,1 xJIx/MONb.

N3 1 xr texHudeckoro kapOujga kampiusi mnoiydaercs 230-280 n
areruiieHa; u3 1 kr uncroro CaC,— 380 i anieTuiacHa.

AmrmapaThl, B KOTOPBIX IIPOBOJAT Pa3lIOKCHHE KapOWaa KajbIlds BOJIOMH,
HA3BIBAIOTCS AIETWJICHOBBIMU TreHepaTopamu. [lo mpuHIMIy OTBOAAa TeIjia OHU
OBIBAIOT IBYX THIOB: TEHEPATOPHI «MOKPOTO» M «CYXOT0» THIIA.

B peakTopax «MOKpOro» THIa PEaKIIMOHHOE TEIUIO OTBOMST M30BITOYHOM
BO/IOM, KoTopasi HarpeBaercs 10 50-60°C. Ha 1 kr xapbuna kanpLus pacxoayercs
okosio 10 11 Bombl. ['uapokcua Kamblids MOTYyYaeTCs B BHJIE CYCIICH3WH B BOJIE U
OH MaJIO TIPUTOJICH sl TIOCTEAYIOIIEeH YTUITN3aINH.
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B reneparopax «Cyxoro» THIla peaKIMOHHOE TEIUIO OTBOMAST HEOOIBIITNM
KOJIMYECTBOM BOJIbI 32 CUET €€ UCMapeHusl. 37eCh THIPOKCHU]] KaJbIUs MOJTY4YaloT B
CyXoM BHJ€ (M3BECTh-TIYIIOK) H €ro HCHOJb3YIOT I IPUTOTOBJICHHUS
CTPOUTEIBHBIX MAaTEPHAIIOB U JJISI HEUTPATU3alUU KUCIIBIX CTOYHBIX BO/I.

['eHepatopbl «MOKpPOTO» THIIA AEIAT MO CIOCO0Y 3arpy3kd peareHTOB Ha
CIIEIYIOUIUE CUCTEMBI: «KapOWJl B BOAY», «BOoJa B KapOUI» U KOHTAKTHHIC, B
KOTOPBIX BOJIa U KapOu1 KaJIbIIMsI HAXOASATCS B TOCTOSTHHOM KOHTAKTe.

Haunbouee

0e30MmacHbBIMU U

NPUMEHUMBIMU ISt

MPOU3BOJICTBA aAllETU-

JeHa B KPYHHBIX CH 2

MacmTabax SBISIOTCS

TeHepaTopbl  «Kapoua

B Bony» (puc. 1.4). B 3 <
[Je————

ATUX amnmnapaTrax KyCKu

KapOuia KaJIbIHA

Cpa3zy HOIrpy>XarwTcCs B e S
U30BITOK BOJBI, 4YEM < >5
WCKJIFOYAIOTCS  TEPET- 4

peBbl U CO3JIAIOTCSA SN =iy
YCJIOBUS JJIS JIYUIIETro
OTBOJIa PEAKIIMOHHOTO

Temna. Amnmapar Ha

CaCs, 1

Puc.1.4. Peaktop «xapoun

Tpu ICTBCPTH B BOAY»:1 —CeKTOpHBIN
3aIl0JIHCH BOJTHOM 6apaba; 2 — TpyOKa; 3 —
CYyCIIEH3UEH THUIPOK- KOHYC; 4 — HaKJIOHHBIE
CUIa KaJIbIIHS. JbIpUaThIie MOJIKK; 5 —
CKpeOKoBasi Melanka N3BecTKOBOE MOJIOKO
v

KapOuyn xanwius B Buge KyckoB pasmepoM 50-80 MM momaercss B OyHKEp
Yyepe3 KOHMYECKYI0 MPOOKY, KyJla TaKkKe MOAACTCs a30T JIJIsl BHITECHEHUS BO3yXa.
[Tomaua kapOuma Kajblldsg OCYIIECTBIIACTCS aBTOMATHYECKH  CEKTOPHBIM
0apabanom 1. Kycku kapOuaa kaiabius yepe3 TpyoKy 2, KOHEl KOTOPOU MOorpyx eH
B KHJKOCTh, TIOJAIOT HAa KOHYC 3 U PAaBHOMEPHO PaCTIpEACISIOTCA MO CEUYSCHUIO
reHeparopa. Pa3noxeHne NPOWMCXOMUT Ha HAKIOHHBIX JBIPYATHIX ITONKax 4,
npuYeM KYCKH KapOuja KaJbIMsl TEePEMEIIAoTCsA OT IeHTpa K mepudepun u
o0paTHO CKpEOKOBOM MEIIAJIKON 5, C TOMOIINbIO KOTOPOW CHHUMAETCS CIION
M3BECTKOBOTO WJIa. AIIETWIEH BBIXOAUT cBepxy (mo 500 M°/a). W3BecTKOBOE
MOJIOKO HEIIPEPHIBHO BHIBOJUTCS C HU3a T€HEpaTOpa Ha OTCTAMBAHUE.

Eme Gompliasi MOITHOCTh y «CyXuX» reHepaTopoB. OCHOBHBIM YCIIOBHEM
WX YCIEIIHON paOOThI SIBISIETCS TECHBIM KOHTAKT MEXKIY YacTUIlaMU KapOuia
KaJIbIIUS ¥ HEOOJBIITNM KOJUYECTBOM BOJBI. DTO JOCTUTAETCS ITyTEM BBEIACHUS
BOABI UYEpe3 CHelualbHbIe pa30pbI3TUBATEIM W HAIMYMEM B TeHepaTope
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MEePEMEIINBAIONINX YCTPOUCTB (Bparmaromnpecs 6apadaHbl, CKPEOKOBBIE MEIITATIKH).
bnarogapss 3TOMy WCKJIIOYAeTCs TIEpPErpeB aleTWiIeHa U MOIICPKHUBACTCS
temrepatypa 110-115°C.

1.4.2. IlonnyueHne aneTnJieHa U3 yrjieBo0pPo10B

N3 wmerana wu japyrux mnapadUHOB aleTWIEH MOJy4aloT MyTeM
BBICOKOTEMIIEPATYPHOTO MUPOJIK3A MO CACAYIOIUM O0OPATUMBIM PEaAKIIUIM:

2CH; < C,H, + 3H,, -AH -376 x/I>x/Mob;
C,Hg < C,H, +2H,, -AH -311 xJI>x/MO0b.

OTH peaklH 3HIOTEPMHUYHBI U TEOPETUUECKN UX PABHOBECHE CMEIAECTCS
BrpaBo Toibko mpu 1000-1300°C. Ha mnpaktuke TpeOyeTcss Oosiee BBICOKas
temneparypa 1500-1600°C mns metana u 1200°C asst )KUIKHX YTIIEBOAOPOIOB.

[Tono6Ho nuposnn3y onepUHOB, peakuuu 00pa30BaHUs ALIETUIECHA UMEIOT
paguKaIbHO-IIEMTHON MeXaHu3M. PaccMoTpuM Ha mpuMepe MeTaHa:

2CH4 > C2H2 + 3H2
Mexanuzm:
a) UHUIIMMPOBAHUE
CH4 - C"Hg + Hz
METHUJICHOBBIN OUpaauKal
C"Hz + CH; — C.Hg + C.Hg;
0) oOphBIB 1IETH
C.Hg + C.Hg — CHgCHg
1160
B) pa3BUTHE LIETIN
C.Hg + CH4 — C2H6 + H.,
H.+ CH4 — C.Hg + H2 nT.Ao.
CHs — C,Hs + Hp,
C2H4 — CgHg + Hg.

OCHOBHBIM yCJIOBHEM CO3J]aHUSI peaKTOpa MUPOJIM3a METaHa JI0 alleTuiIeHa
SBJIIETCS. BO3MOXHOCTH JTOCTHXKEHHUSI BBICOKOTO TEIUIOHANPSKEHUs] pabouero
o0BeMa, KoTopoe Heobxoaumo Jiyist Harpea MeTaHa 10 1500°C 3a oueHb KOPOTKOE
Bpems. [lo cmocoOy moaBonma Ttemia Juis HUPOIM3a Pa3iMyaloT CIEAYIOLue
METO/IbI:

1. DnexkTpoKpeKUHr (T1a3MEHHbIE PEAKTOPHI).
2. PereHepaTuBHBIN TUPOJIU3.

3. T'omorenHsIil nuponn3.

4. OKUCIUTEIBHBIN TUPOJIU3.

Hawunbonee pacnpoctpanens! 1-it u 4-it metonsl, B Poccun — 4-ii.

1. Ilnaszmennvle peakmopwi 6bTn pazpadbotansl B 1940 1. B ['epmanun (peaktopsl
ANIEKTPOKPEKUHIa). B peakrope co3maercss 30Ha BBICOKMX TEMIIEPATyp 3a CUET
3NeKTpudeckon nyru. UtoOsl 0O6ecreunTh BHICOKYIO TeMIIepaTypy B 30HE pa3psia,
YTy U30JUPYIOT OT BHEIIHEN CpeJlbl IMyTEM «IIIHYPOBAaHUSI» HU3KOTEMIIEpaTypHOU
IUIa3Mbl MAarHUTHBIM TOJIEM WJIM CO3Jal0T 3aKpPY4YEHHBIH MOTOK MHEPTHOTO rasza
BOKpPYT IJIa3MEHHOTO IIHYPA.
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47N
6 d > 7
5 1 _2
3 \ /14_ H,O
0 nuporas (CoHa, C4Hy), Ha,
H20 > 150°C C-cgxxa. v TOMOJIOTH

Puc.1.5. IlpunnunuanbHas cxema
IUIa3MEHHOTO peakTopa: 1 — rojxoBHas
CEeKIIHS; 2 — peaKIMOHHas TpyOa;

3 — 3aKayovHas CeKIus; 4 — BEpXHUH
ANEKTPOJ; 5 — HIKHUMN DIIEKTPOI;

6 — BCITIOMOTaTENbHBINA JJIEKTPO/L;

7 — pybamika

CoBpeMeHHbIE TUTa3MEHHBIE PEAKTOPHI TAK)Ke paOOTAIOT HA STOM MPUHITUIIE:
UIHYPYIOT» IJIa3My ¥ IPOBOAST Mpoliecc nupoiu3za. «lIInypoBanue» mniaa3mel ais
MOJTyYEHUS alleTUJIEHA OCYIIECTBISETCS CaMUM METaHOM (3TO OTJIMYUE OT APYTUX
MIa3MEHHBIX peakTopoB). Ho 3To He camblii dy4mmii cmocob, Tak Kak MeTaH
JacTUYHO pacmagaercs. s Toro dYtoObl 00eCreuynTh HEO0OXOauMOEe BpeMs
KOHTaKTa, MPUMEHSETCS 3aKajiKka IMyTeM BIPHICKUBAHUS BOJIbI, KOTOpasi MTHOBEHHO
ucnapsercs u oxXJaxJIaeT ra3. B 3aBUCMMOCTH OT TOTO, Ky/a BIPBICKUBAIOT BOAY,
OyzeT o0ecreuynBaTbCs HYKHOE BpEMsI KOHTAKTa.

Ha puc. 1.5 nmpuBenena npuHOMIMANbHASA CXEMa IUIA3MEHHOTO PEaKTOpA.
Peaktop 1, B BepxHeil uacTh KOTOPOrO HAXOAUTCA JJeKTpon 4, umeer
BCIIOMOTATENbHBIA JJEKTpoa 6, OXJaKIaeMyr BOJOM pyOaimky 7, a Takke
HWOKHHN SJIEKTPO 5 B BUIE METAUTUIECKON CETKH.

B ronoBHyro cekmuio peaktopa 1 MeTaH MOAAETCS TAHTEHIIMAIBHO CO
ckopocthio 100 wm/c, Onaromapst 4emMy OH 3aKpy4dMBAaeTCs U HU30JIHPYET
AIIEKTPUYECKYIO NIyTY, BO3HHUKAIOLIYI0 MExXIy s3iektpogamu 4, 5 u 6. Crenku
peaxTopa Ipu 3TOM OCTalOTCs X0J0AHbIe. C MOMOIIBIO AIEKTPUUECKON Ty METaH
HarpeBaeTcs 710 1600°C 3a o4eHb KOPOTKOE BpeMsl; B PEaKIIMOHHOW TpyOe 2
cKkopocTh raza cocrasisier 600 m/c, Bpems kontakta 0,002 c. lns mpepbiBaHUs
peaKuy B 3aKaJIOUHYIO CEKIUIO 3 BIPBICKUBAETCS O0NbIIOEe KOJM4YeCTBO Bobl. Ha
BBIXOJIE M3 pEakTopa IMOJIy4aeTcs AaleTWICH, 3TUJIEH M BOAOPOJ C IMPHUMECHIO
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TOMOJIOTOB  aleTHJIeHa, Harpetbix Bcero Jumb Ao 150°C.  3atpats
anekTposHepruu gocturatoT 13000 kBt 4y Ha 1 T aneTuneHa.

2. Pecenepamuenviti nupoaus NpoOBOJAT B Me4YaX C OTHEYNOPHOM HAcaaKou; ee
CHayaja pa3orpeBaroT TOIMOYHBIMU ra3amu, a 3aTEM 4YEPE3 PacKaJICHHYIO HACAAKY
MPOMYCKAIOT MUPOJIN3YEMOE ChIPbE. DTU NEPUOIBI YEPEAYFOTCSI.

3. ['omozcennblil nupou3 3aKII0YAETCA B TOM, YTO CHIPhE BBOJST B MIOTOK TOPSYETO
TOTMIOYHOT'O Ta3a, MOJy4aeMOTo CXKMTaHMEM METaHa B KHUCIOPOAE U HMEIOIIETO
temriepatypy 2000°C. DTOoT MeTOH MOXHO KOMOWHHUPOBATH C JIPYTUMHU
MPOIIECCaMH TTUPOJIN3a, €CIIM B TOPSYHE Ta3bl MIEPBON CTYNEHU MUPOJIH3a BBOJAUTH
naphbl JKUJIKAX YTIIEBOIOPOAOB, IS PACIICTUICHHUSI KOTOPBIX B alleTHUIICH TpeOyeTcs
Oonee Hu3Kas TemrepaTypa. Bo3MOXXHO M COBMECTHOE TMONTYYCHHE alleTHIICHA H
ATUJICHA.

4. OxucaumenvHulll NUPOAU3 — FKI0TEPMHUUYECKAs peaKIusi TOPEHHsI YTICBOJOPOIOB
Y HJOTEPMUYECKHII poliecC MUPOIN3a COBMELIEHBI B OJTHOM arlnapare.
2CH; < C,H, + 3H, Q =-300 x/I>x/MOb.
[Tpu oxucnennn CHy:
CH; + 1,50, — CO + 2H,0 Q =500 x/I>x/MO01b,
CHy + 20, — CO; + 2H,0 Q =800 x/{»x/Mo1b.
Taxum obpazom, Temna XBaTaeT, 4ToObl | MOJIb METaHa M MTUPOIM30BATh, U
OKHCIIUTb.
Jlia osrydeHus areTuiieHa He0OX0AMMO YUECTh CIeAYIOIIee:

1. Tpebyercs nmpeaBapUTEIbHOE CMEIICHHE METaHa U KUCIOPOJAa, TaK KaK MpHU
1500°C Bpems cMmemieHUs] MeTaHa C KHUCIOPOJOM T, OOJbINE, YeM BpEMS,
TpeOyeMoe Ul paciaga METaHA Tpyen, TO €CTh Tey.> Tpacn,

2. HeoOxomumo mojaBaTh CMeCh METaHa M KHUCIIOPOAA U3 30HbI CMELICHUS B
30Hy pEeaKkIUH CO  CKOPOCTBIO V., HPEBBIIAIONIEH  CKOPOCTH
pacrpocTpaHeHHs (PPOHTA IIAMEHU Vpacn gporra mamenns TO €CTB!

Veum 2 Vpacn. (bpoHTa IIIAMEHU*

Ha puc. 1.6 nmpuBenena npuHOMOUAIBHAA CXEMa PEAKTOPA OKHCIIHMTEIb-
Horo nupoisinsa. Kopmyc peakropa pyrepoBaH BHICOKOOTHEYTIOPHBIM MaTEPHAIIOM.
MeTaH 1 KHCIIOpOJ BBOASTCS B KaMepy CMeIlIeHus 1, 3aTeM uepe3 KepaMUu4ecKyro
peueTKy 2 MmomajarT B 30HY NMHUpOIM3a 3, II€ MPOTEKAIOT HEMOJHOE TOPEeHHE
MeTaHa, 00pa30BaHUE AlETUIICHA U CAXKU.

Yepe3 (OpCyHKH 3aKajoyHOTO YCTpoWcTBa 4 BIPBICKMBAETCS BOAa U
IPOAYKTHI MHPOJIM3a MOMEHTAIBHO OXJIAXKIAIOTCS W BBIBOAATCS HM3 PEAKTOpA.
OO0beM 30HBI mHUponM3a peryiaupyercs pacnpumrenem 4. Ilpu HopMambHOM
pexXUME OKHCIHMTENBHOTO Tpollecca Ha ropeHue pacxoayercs 55% wmeraHa, Ha
oOpa3zoBanue aretwieHa 23-25%, nHa oOpa3zoBanue caxu ~ 4%; CTENCHD
KOHBEpPCUU KHCIIOpoa npesbimaeT 99%.
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Puc. 1.6. IlpunnunuanbHas cxema peakTopa OKHCIUTEIRHOTO Mupoiin3a: 1 — kamepa CMelleHus,
2 — pelnieTka; 3 — 30Ha MUPOJIN3A; 4 — 3aKAIIOYHOE YCTPOHCTBO

1.4.3. CocTaB ra3oB mupoJin3a U UX pasjieieHne

Peakimonnbie Ta3bl, MOJYUYSHHBIE MIPU MTUPOJIN3E, UMEIOT CJIOKHBIA COCTAB
U coJepkar ToJbKo 7-9%(00.) ameTwiieHa TpU OKUCITUTEIHPHOM U TOMOTEHHOM
nuponuse uwin 11-14%(006.) amerunena npu JIEKTPOKPEKUHTE U pereHepaTUBHOM
UPOJTU3E.

OCHOBHBIMH KOMITOHEHTaMH Ta30B MHUPOJIU3a SBISIFOTCSA: BOAOpon — 45-
55%(060.); meTan — 5-25%(00.), a IpU OKUCIUTEILHOM M TOMOT€HHOM ITHPOJIN3E
okcuy yriepoaa — 26-27%(006.) u quokcua yriaepona — 3-4%;(00.).

Conepxxanue romosioroB aneruwieHa pgocturaer 0,2-0,3%(00.) npu
okucnuTenbHoM nuposuse u 1,0-1,5%(00.) B ocTaJIbHBIX ClTydasix.

JUtst  BBIENIEHUS W OYHCTKH AaIleTHJICHA HWCIIOJIB3YIOT €ro CBOHCTBO
pacTBOPATHCSA JIyYIlle B psSAE€ OKCTPAreHTOB, 4YeM JIpyTHE€ KOMITOHEHTBI
pEaKkIMOHHBIX Ta30B. B MeraHoie, areroHe npu 70°C u  0COOGHHO B
muMetuiadopMamuie W N-METHIMUPPONHIOHE TPH KOMHATHOW TeMIiepaType.
OObpyHO Ta3 BHa4Yajsie OCBOOOXKTACTCS OT CaXH, 3aT€M OT apOMATHYECKUX
COCIMHEHUN W TOMOJOTOB areTwieHa ((hopadbcopOimsi), MOCIe Yero MoTrJomaroT
areTiieH. OYUCTKY €ro BeIyT IyTEM CTYIEHYATON JIeCOpOIIHH.

1.4.4. CpaBHeHHEe METO/IOB MOJIyYeHHS alleTHICHA

OCHOBHBIMU HEAOCTaTKaMU KAapOMIHOTO METOJa IOJyYEHHUs aleTUIICHA
SBJIAETCSL OOJBIION PACXOJ AJIEKTPOIHEPIMHM Ha IOJIy4eHHE KapOuaa KajbLus,
MHOT'OCTaJUHHOCTb NOJyYEHUS ChIPbSI:

CaC03 — CaO — Can — C2H2
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Y 3HAUUTENIbHBIC KAUTAIbHBIEC BIOKEHUS B TPOU3BOJICTBO.

JIOCTOMHCTBO METOJla COCTOMT B IOJYYEHUH KOHIICHTPUPOBAHHOTO
anetmieHa 98-99%, ouncTka KOTOPOro OT HEOOJIBIIOTO KOJIMYECTBA MpUMEce He
BCcTpevaeT 3arpyaHeHuil. Kpome Ttoro, mnoiydeHwe KapOUIHOTO aleTUiieHa
0asupyercsa Ha MeHee Je(UIIUTHOM KaMEHHOM YTJIE.

[Ipu nonydyeHUMM aneTWIeHa MNUPOIU30M  YIIEBOAOPOJIOB  IPOIIECC
MPOTEKAET B OJIHY CTaJHI0, TPEOYeT MEHBIIUX KalUTaJbHBIX BIOKEHUH U 3aTpaT
ANEKTPOIHEPTUHN (KPOME DJIEKTPOKpeKHUHra). OJHako aleTWwIeH MNOoJy4aeTcs
pa30aBlIeHHBIM W HE0OXOJWMa JOBOJBHO CIIOKHAsT CHCTEMa €ro BBIICICHUS W
OUYHCTKHU.

1.4.5. TIpouecchl BblAeJIeHUS U NepepadoTKN NO0O0YHBIX NPOAYKTOB NMPOJIH3a

[TpousBoacTBo HU3LINX oJ1e(pMHOB HUPOIU3OM pa3IMYHOro
YIJIEBOJOPOAHOIO  CBIPhSl  XapaKTEpU3yeTcs OJHOBPEMEHHBIM  IOJy4EHHEM
OONBIION ramMmbl II€HHBIX  HENpPEIENbHBIX  YIJIEBOJOPOAOB,  JIUEHOBBIX,
apoOMaTHYECKUX, MPOU3BOJHBIX alleTUJICHA. DTU YIJIEBOAOPOIbl COJAEPKATCS B
COOTBETCTBYIOIIMX  (pakusX B  KOJMYECTBAX, JOCTATOYHBIX JJIS  UX
HKOHOMUYECKHM OOOCHOBAHHOTO BBIIEJICHHSI B YHCTOM BHJE C LEIbIO MOIYYECHHUS
TOBapHON MpPOIYKIMHM Uil OpPraHUYecKoro cuHTteza. K Takum yrieBogopoaam
OTHOCATCA AalETWJIEH, alIeH, METWIALeTWICH, IUKIO- W JIUIMKJIONEHTAIUEH,
oen3ou, HagTasuH U Ap. Heo6XoaumMo OTMETHUTh, UTO yriayOJeHHue KOMIUIEKCHOM
nepepaboTKh Ta3000pa3HBIX © JKAAKAX MOOOYHBIX TPOAYKTOB TMHPOJIN3A,
paclIMpeHrue acCOPTUMEHTa TOBAPHOM NPOAYKUMHU CYIIECTBEHHO YJIy4YlIaloT
AKOHOMUYECKYI0 YP(HEKTUBHOCTH U PEHTA0EIBHOCTh BCETO MPOU3BOICTBA HUBIINX
0JIE()UHOB.

IHonyuenue auemunena, aniena u memuiayemuieHa U3 2a306 NUPOJIU3A.
Coznianre yCTaHOBOK MO MPOU3BOJICTBY HU3MIUX OJEHUHOB OOJBINON €IMHUYHON
MOIIHOCTH TIO3BOJIMJIO TMPOBOJUThH YIIyOJEHHYIO KOMILIEKCHYIO MepepadoTKy
NOOOYHBIX MPOAYKTOB. Tak, HKOHOMUYECKH II€JIeCOOOpa3HbIM CTaHOBUTCS
W3BJICUCHUE JIETKHX TOOOYHBIX TMPOAYKTOB, OOPA3YIOIMIUXCS COBMECTHO C
STUJIEHOM U MIPOIUJICHOM, - alleTHJICH, aJIJIEH U METHJIalleTUIICH.

[Ipu pazpeneHun nuporasa aleTHIeH MPAKTUYECKH BECh NEPEXOIUT B ITAH-
ATUJICHOBYIO (PpakiMio, ero KOHIeHTpauus B Heu coctariseT 0,4-1,8%. AnneH u
METHJIALETUIICH KOHIICHTPUPYIOTCS B MPOTNaH-MPONMMICHOBON (ppakimu u, €ciiu He
MOJIBEPraloTCsl TUIPUPOBAHUIO, TMOCIAE OTIEJICHUS TMPOMUIIEHA OCTAalTCid B
nponanoBoi ¢pakiuu (10 25%).

Ha puc. 1.7 npuBeneHa TexHOJOrMYecKass cXxema MpPOLECcCa BbIIACICHUS
anetwieHa. MlcxonHas atan-stuieHoBas ¢ppakuus (99P) nocTynaeT ¢ 3TUICHOBOM
ycTaHOBKHM ToJ nasieHuem 2 Mlla B mepBylo KOJIOHHY — abcopOep BBICOKOTO
napienuss 1, B ero BepxHIO0 yacTh nogaroT JIM®A, KOTOphI mMoriomaer
alleTUJICH ¥ YaCTUYHO 3TaH u 3TuieH. C Bepxa abcopOepa OTBOJAT OYUIIICHHYIO OT
arierusieHa 0@ U HampaBiIAIOT B KOJOHHY pasaenenus ¢pakuuu C, 3TUICHOBON
YCTaHOBKH.
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Puc.1.7. Texnonornyeckasi cxema mpoliecca BblIeleHHs aretusieHa: 1 - abcopOep BBICOKOTO
nasienus; 2, 7, 15 — nednermatopsr; 3, 10 — xomoguneauky; 11, 12 — terumooOMennuku; 6, 13 —
necopOepsr; 8, 14 — kunsaTuiabHUKK; 9 — abcopOep HU3KOTO JaBiaeHuUs; 16 — eMKOCTb;

| — ucxonnas sran-strneHoBast Gpakmust; |1 — JIM®PA; |1l — stan-3tunenoBas dpakuus
BbICOKOTO pAaBieHus; IV — stan-s3TuiieHoBas ¢pakius HU3KOTrO AaBieHus; V — TOBapHBIN
aneruiieH; VI — xnanoarent (munyc 37°C); VIl — nap

Haceimennsiik  JIM®A w3 kyba abcopbepa 1 mnpoxomut psif
TEMJIO0OMEHHUKOB, YaCTUYHO JETa3supyercs W ApOCCeNHupyeTcss B aecopoep 6.
CxonnencupoBanHas 2OO® wucnonb3yerca kak Guerma ans abcopbepa 1 (B
JIOTIOJTHEHUE K BCTPOCHHOMY JiedierMaTopy) AJisi OTBOJIa TEIUIa, BBIIACISIIONIETOCS
npu abcopOiuu. Jlecopbep 6 CHyXUT Il OTTOHKH pPacTBOpeHHbIX B JIM®DA
ATUJIEHA, dTaHa W anetwieHa. PerenepupoBanubiii JIM®DA u3 kyba aecopbepa 6
MPOXOJNUT dYepe3 Pl TEIUIOOOMEHHHKOB W BO3BpAIaeTCI Ha OpOIICHHE B
abcopoep 1. C Bepxa gecopOepa 6 OTXOAUT OOOTAIICHHBIA aIETUICHOM Tas3,
KOTOPBII depe3 XOJOAWIBHUK TIOCTymaeT B abcopbep HM3KOTO naBieHus 9,
MOCJICTHUI TIPeTHa3HAYCH 11 OKOHYATEILHOTO M3BJICUCHHUS alneTuiieHa. Ha Bepx
abcopoepa 9 momaror JIM®DA, c Bepxa 3Toro abcopbOepa OTBOIAT OTaH-
ATHWJICHOBYIO (PPAKITUIO HU3KOTO JIABJICHHUS, KOTOPYIO MOJIAl0T B TIOTOK MHUPOTa3a Ha
TUJICHOBYIO ycTaHOBKY. Hachimennsiit anieruneHom JIM®PA u3 kyba abcopOepa 9
MOCTyIaeT yepe3 Teriooomennuku B aecopoep 13. C Bepxa mecopbepa 13 ugepes
XOJIONWIBHUK OTBOJAST TOBapHbIM areTuwieH. PerenepupoBanubli [IM®DA
OTKa4MBAaIOT U3 Ky0Oa necopbepa 13 gepes TermmooOMeHHUKHN B abcopoep 9.

ITponecc npotekaet npu nasienuu ot 2,2 o 0,12 MIla u Temnepatype ot
munyc 17 pgo mmoc 100°C. Pexum abcopOumu BBHIOpaH B COOTBETCTBHH C
TEXHOJIOTHYECKUMH TTapaMeTPaMH THIICHOBON YCTaHOBKH. [I0CTOSHHBIX OTXOJIOB,
ra3oBbIX BBIOPOCOB M CTOYHBIX BOJ Tpollecc He mMeeT. [I000YHBIM TPOIYKTOM
JaHHOTO Tmpouecca spisercs DO0d Hu3Kkoro maBieHus, coaepxamas a0 80%
sTwiieHa U 10 6% anerunenHa. OHAa HapaBisieTCs B PEUUKI HAa KOMIIPECCOP
ATUJIEHOBOW YCTaHOBKHU.

TpeOoBaHus TEXHUKHU O€30MACHOCTH HA YCTAHOBKE COOTBETCTBYIOT HOpMaM
W TIpaBWJIaM I TPOU3BOJACTB, CBSI3aHHBIX C areTwieHoM. J[ns oOecriedeHus
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B3PBIBOOC30MACHBIX  YCJIIOBHM  HWCIOJNIB30BaHUs  areTwiena gia  ['OM
(rasoriamMeHHOM  OOpaOOTKHM  META/UIOB)  3KCIIEPUMEHTAIBHO  YCTaHOBJICHO
ONTUMAJIbHOE COJIepKaHUE ITUIICHA B alleTUIICH-ITHIIEHOBOM cmecu 5-6%.

AJleH, MeTWIalleTUJieH W MeTWIaleTuieH-auieHoBas  ¢paknusa. K
HanmOoJiee MHTEPECHbIM KOMMOHEHTaM (pakiuu C; MUpoJik3a OTHOCUTCS aJUICH,
ABJISIFOLIMICS TEPCHEKTUBHBIM IPOAYKTOM OpPraHMYECKOro CHHTE3a. Bpicokas
peaKIMOHHAsT CIIOCOOHOCTh OOECHEeUMBAET HIMPOKYIO 00JIACTh €ro NMPUMEHEHHS.
MetnnaneTwies SBISETCS HM30MEPOM QUIEHA W MOXKET HCIIONb30BAaThCS UL
ITOJTYYEHHUSI TIOCIIETHETO.

Brigenenve amneHa U METUIAUETWIEHA U3 HETUAPUPOBAHHOW MPOMAHOBOM
dbpakuu muporasa MpoBOAIT MyTeM KOMOMHUPOBAHUS METOAOB IKCTPAKTUBHON H
HU3KOTEMIIEPATYPHOUN peKTUPUKAIINY.

MetunanerwieH-auieHoBas  pakuus (MA®), cozaepxkaiias Hapsay cC
QJIEHOM M METUJIAIECTUICHOM HEOOJIbIIOE KOJUYECTBO IMpoMaHa U MPOIUJICHA,
UMEET CaMoCTOsATENIbHYI0 cdepy wucnonp3oBanus. MA®D npumensieTcs s
ra3oruiaMeHHOW 00pabOTKM METANIOB KaK 3aMEHMTEINb alleTUIeHa, a TakKe JJIs
psila CHHTE30B, B TOM YHCIIE JJI1 CUHTE3a METHIIU30MPOTICHUIIOBOTO A(upa.

w J

Puc.1.8. Texnomnoruueckasi cxema mporecca BbiaeneHnss MA®: 1 — KoJOHHA SKCTPaKTUBHOU
pektudukanuu; 2, 6 — KUMSITUIRHUKY; 3, 7 — TEIUIOOOMEHHUKHU; 4 — OTHapHas KOJIoHHA; 5, 11 —
nedermaTopsrl; 8, 9 — emkocTH; 10 — KOJIOHHA pereHepaIyy aleTOHNTPUIIA;

| — nponanoBast ¢pakuus; |l — aneronutpu; |l — ToBapusii MA®; IV — nponan-
nponuieHoBas ¢pakuus; V —nap; VI — Bona; VIl — ammuak

Texnomornueckass cxema mporecca Boiacnenus MAD®  (puc.1.8)
COOTBETCTBYET THUIIOBOW CXEME Tpollecca HSKCTPAKTUBHOM pEeKTHU(HUKALIUU.
[IponanoByto ¢pakuuio U3 Kyba MNPONWICHOBOM KOJIOHHBI MOJAIOT B CPEAHIOIO
4acTh KOJIOHHBI AKCTPAaKTUBHOM pekTudukanuu 1, a B BEpXHIO YacTh 3TOU
KOJIOHHBI BBOJAT aueTOHUTpWI. C TUCTUIUIATOM KOJOHHBI 1 OTBOJSAT MpPOMaH U
OPONWIEH C NpPHUMECSAMH alleHa M MeTWJalleThIeHa (IpoIaH-IpONnIeHOBas
¢paxus). HacblmeHHbI yrieBogopoiaM aleTOHUTPHII Yyepe3 TEIIOOOMEHHUK 3
IOCTyNaeT B OTMNApHYI KOJOHHY 4. JlerasupoBaHHBIA alleTOHUTPUI M3 KyOa
KOJIOHHBI 4 4Yepe3 TEeII000OMEHHHK / M €MKOCTh 9 BO3BpamaroT B KOJIOHHY 1.
JucTumisiToM KoJoHHBI 4 siBisieTcsl ToBapHas ¢pakius MA®, xkoTopyro udepes
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nedaermatop S5 OoTBOASAT B eMKOCTh 8. l[upkynupyromuii B cucteMe yCTaHOBKH
AIlCTOHUTPUI TIOCTENIEHHO 3arps3HSACTCSl MPUMECSIMH, KOTOPhIC YAAISIOT MPOCTOM
pexTuduKanmel B KOJIOHHE pereHepaiuu aretronutpuia 10.

Paboune mapametpsr mporiecca: nasierune 1-0,2 Mlla, TemmepaTtypa mitoc
140 — munyc 10°C. ITo6o4HBIX MPOAYKTOB B AaHHOM Tmpouecce HeT. [Ipoman-
NPOMWICHOBAs  (pakIusl TMOCJe OJKCTparMpoBaHWS W3 Hee aUleHa W
METHJIAIIETUICHA MOXKET HCIOJIb30BaThCS B KadeCTBE TOIUIMBHOTO Ta3a WU
HampaBAThCA Ha nupoiau3. OTX0AOM  SABISIOTCS  TPOIYKTHI  OCMOJICHUS
alleTOHUTPHJIIA, KOTOPBIE COOMPAIOT KaK KyOOBBIN OCTaTOK KOJOHHBI pereHEepariuu
aIlETOHUTPUJIA U TIEPUOANYECKHU OTIIPABIISIOT HA CKUTAHUE.

Ilepepadbomka >cudkux npooyKkmoe nupoausa

[Ipy mpow3BOACTBE HU3MUX OJCPUHOB TEPMUUYECKHM ITHPOIA30M
YTIEBOJOPOJHOTO CHIPhSi B 3HAYMTENBHBIX KOJIMYECTBAX OOpPa3yIOTCS KUIKUE
NpOAYKThl € TemnepaTypod Bbikunanus 28-450°C u Beime. Ilpu mnumponmse
IPSIMOTOHHOTO OeH3MHa (OCHOBHOTO CHIPhSI JTHUJICHOBBIX KOMIUIEKCOB) Ha 1 T
stwieHa mnonydator or 1,0 — 1,1 T >kuakux npoayktoB. Ha coBpemMeHHBIX
ATUJICHOBBIX KOMILIEKCAX >KUJKHE MPOIYKTHI PA3AessIIOT Ha MUPOKOHEHCAT WU
aerkyto cmony (T.kut. 28-200°C) u Tsxenyto cMmony (T.kur. > 200°C).

Kungkue NpoayKThl TUPOIU3A MPEACTABISAIOT COOOM CMeCh pPa3IUYHBIX
yII€BOAOPOAOB, B TEPBYID O4YEpelb apoMaTHUYECKuX — O€H3051a, TOIyoJa,
KCW10J10B, ankuiden3onoB Cg-Cy, HadTaHa, iryopeHa, heHaHTpeHa, aHTpaleHa
U WX METWIIPOU3BOAHBIX, JAPYTMX KOHJCHCHPOBAHHBIX apOMAaTHYCCKUX
yraeBoAopoaoB. Kpome Toro, B KHIKMX MNPOAYKTaxX MHUPOJIU3a MPUCYTCTBYIOT
AIUKITNICCKUC U aTUITUKIINICCKIE TUSHBI (M30TIPEH, ITUKIIOTNICHTaIUCH, TTUTICPUIICH
U JIp.), oJe(drHbl, BAHWJIAPOMATHYECKUE YTIEBOAOPOABI (CTUPOJI, METHIICTUPOJIBI),
a TaKXe mpuMecH nmapaduHoB U Ha(PTEHOB.

Hapsiny ¢ KkaMEHHOYrosbHOMW CMOJIOW JKMAKHE MPOAYKTHI MHPOIU3A
SBJISIOTCSL LIEHHBIM CBIPbEM IS TOJY4YEHHUs IIeJI0M raMMbl HEOOXOIUMBIX JIJIs
HapOJHOTO XO3SIMCTBA MPOAYKTOB — apoMaTthueckux yriaeBogoponoB Cg-Cs,
HEe(DTETIOMMMEPHBIX CMOJ (3aMEHUTENeH pacTUTEIBHBIX Macel W KaHU(OJIN),
pacTBoputenel, HadTaanHa, TEXHUYECKOTO YTriepoja, KOKCa; MO CPaBHEHUIO C
KaMEHHOYTOJBHOM CMOJIOM TMPOMYKTHl MHPOJIHM3a TOJYy4alOT B  OOJIBIIOM
KOJIMYECTBE, MPUYEM COJECpKAHHE HEXKEJIaTeNbHBIX MPUMECEH reTepoapoMaTh-
YECKUX COEAMHEHUN B HUX 3HAYMUTENIbHO MEHbIIE. JTO MpeAonpenesser Oosee
HU3KHE 3aTpaThl HA X NIEpepabOTKy B OUHCTKY.

VYTI1eBOOPOAHBINA COCTaB KUAKUX MPOAYKTOB MUPOIU3A PA3IUYHOTO ChIPbS
omHoTuneH. C yBeIWYCHUEM TEMIEPATyphl MTUPOJIN3a B MPOIYKTaX ITOBBIIIACTCS
KOHLIEHTpaIUsl apOMaTUYECKUX YTIE€BOAOPOIOB, B TOM YHcIie OE€H30/1a U BBICOKO-
KOHJICHCUPOBAHHBIX apPOMATHYECKUX COEAMHEHUH. B OTHOCHTENBHO Y3KUX
bpakuusx KOHACHCUPYIOTCS WHAWBUAYAJIbHBIC YTIECBOAOPObI, MPEACTABIISIONINE
LEHHOE CBhIpbE€ JJII OpPraHUYECKOr0 CHUHTE3a, HAmpUMeEp, H30IPEH, LUKIO-
NeHTaueH, 0CH30J1, CTUPOJI, HadTauH U Jp.

OcHOBHOE HampaBlieHHE MEpPepadOTKU TaKUX MPOAYKTOB — TMOIy4YECHHE
apoOMaTHYECKUX YTJIEBOAOPOAOB: CBOOOAHBIX OT Cephl O€H30J7a, TOJIyoJla H
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KCHJIOJIOB WJIM TOJIBKO O€H30J1a JjIsi OPraHWYeCKOro CHHTE3a, a Takke HadTammHa,
TeTpasinHa. JIpyroe HampaBlieHHE CBSI3aHO C MCIOJIb30BAaHUEM OTHEIbHBIX
bpakuuii, coaepKalux PeaKIMOHHOCIOCOOHBIE HEINpEAe/IbHbIE COCTUHEHUS, B
KAaueCTBE ChIPhs IJISl MOJTYYEHUSI HEPTEMOIUMEPHBIX CMOJ WIM IS BBIJIEICHUS
WHIUBUYAIbHBIX ~ HEMpEACNIbHBIX  COCAMHEHHM  (Hampumep,  BBIJCIICHUE
[UKIONEHTaIMeHa W3 MUPOKOHJEHCATa WJIM JIETKOM CMOJIBI U TOCIEayIollee
TUAPUPOBAHUE €ro B IUKJIONEeHTeH). [IupokoHaeHcaT WK Jierkas cMmojia (WM UX
dbpaknun) mociae TUAPOTCHU3AMMOHHOTO O0JaropakWBaHUs B 3aBUCUMOCTH OT
CTEIMEHU TUAPUPOBAHUSI HEHACHIIIEHHBIX YIJIEBOAOPOJOB MOTYT IPUMEHATHCS KaK
BBICOKOOKTAHOBBI ~ CTAOWJIBHBIH ~ KOMIIOHEHT  aBTOMOOWJIBHBIX  OCH3WHOB
(oxTa"HOBOE YHCIIO IO MOTOpHOMY MeTony 80-83, MHAYKIIMOHHBIN Mepruoa Oosee
900 MUH) UK KaK ChIpbE AJIA MUPOJIN3A.

Cpennue ppakivu TSKEIOH CMOJIBI TUPOJIM3a, COCTOAIINE B OCHOBHOM M3
OU- U TPUIMKIMYECKUX apOMaTHUYECKUX YTIEBOJOPOJOB, MOKHO paccMaTpHUBaTh
KaK ChIpbE JIJII MPOU3BOJICTBA TEXHHUYECKOTO YIiepo/a, aBUALMOHHOIO TOIUIMBA,
TEMHBIX He(TeNnoIMMEPHBIX cMOJI. OcTaTouHbIe QPAKIIUU TSHKETON CMOJIBI (T.KHII.
> 320-360°C) saBISIOTCS BBICOKOKAUYECTBEHHBIM CBHIPHEM JIJISl MOJTYYEHHUsS KOKCa,
CBSIZYIOIIETO JJIs1 yriaerpauToBbIX MaTeprasoB.

Jlnst kBanuuUIMPOBaHHOW TEPepadOTKU JKUJIKUX MPOIYKTOB MHPOIU3A
OYEHb BaXXHO KOMIUIEKCHO HCIOJIb30BATh HECKOJIBKO HANpPaBJICHUN, HPH 3TOM
BBIOpaHHAsE cXeMa TMepepaboOTKU JOJKHA ObITh Hambojee HKOHOMHUYECKU
nenecoobpasnoil. Hampumep, coueTaHwe MPOLECCOB MOJUMEpU3ALUU U
TUAPOrEeHU3AIMY TTO3BOJISIET OJHOBPEMEHHO MOJy4aTh IEHHbIC HETEOIUMEPHbIE
CMOJIbI, COKPAaTHTh pPAacXoJ BOJIOPOJA, a TaKXKe CYIIECTBEHHO YIPOCTHUTH
TUAPOrEeHU3AIMOHHYIO TEXHOJIOTUIO MIPOU3BOJICTBA apoOMaTHUYECKUX
yrieBonoponoB Cg-Cg 3a cuer TOro, 4ro OOJIbIIAs 4YacTh HeEMpeAeIbHbIX
YTJIEBOJIOPOJIOB YIAJSETCS U3 ChIPhS B PE3YJIbTATE MOJUMEPHU3ALIUH.

I'nmasa 2. TAJIOTEHUPOBAHUE

['anoreHupoBaHMEM HA3bIBAETCA IIPOLECC BBEICHUS B OPraHUYECKHUE
COEOMHEHUSI aTOMOB TaJIOTEHOB. B 3aBUCHMMOCTH OT BHJA TajOreHa pPa3InvyaroT
peakuuu GTOPUPOBAHMS, XJTOPUPOBAHUS, OPOMUPOBAHUS U HOTUPOBAHMUS.

["anorenupoBaHueM MOJTYYaIOT:

1.  Xnopopranudekue MPOMEKYTOUHbIE MPOAYKTHl  (1,2-muxiiopaTas,
XJIOPTUJIPUHBI, AJTKUIIXJIOPHUIBI).

2. Xmop- U (dbTopopranuyeckue MOHOMEPBI (BUHWJIXJIOpUI,
BUHWIMJEHXJIOPUI, TETPAPTOPAITUIICH, TEKCAPTOPIIPOIUIIEH).

3. XJIOpopraHMYeCKHUEe pPAaCTBOPUTEIH (IUXJIOPMETaH, TETPaXJIOPMETaH,
TPU- U TETPAXJIOPITUIICHBI).

4.  Xnop- u OpOMOpPraHWYECKHE TMECTULHUIBL: TeKCaXJIOPIUKIOTEKCaH,

XJIOPTIPOU3BOIHBIE KUCIIOT U (DEHOJIOB.
Kpome TOro, rajoreHnpou3BOJHBIE MCHOJB3YIOT KaK XOJOJHJIbHBIE
areHTsl — XJanoHbl (PppeoHs! - R), B Meauiuae — Xjgopaib, XJIOpITaH, B KAUYECTBE
1acTU(UKATOPOB, CMA304YHBIX Macenl U T.J.
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2.1. XapakTepucTHKA MPOIECCOB rajJOreHHPOBAHUSA

l'anoreHnpousBoAHBICE  TOJIYYalOT  TPEMS  OCHOBHBIMH  MYTSIMHU:
3aMelIeHueM, PUCOCTUHEHUEM U PaCIICIIIICHUEM.
3amecmumenvnoe (cyocmumymugHoe) 2an02eHUpPOBaHUe COCTOUT B
3aMEIIeHNH Ha aTOMBI TaJIOT€HOB JPYTUX aTOMOB WM rpyni. M3 Hux HaubosbIee
3Ha4YCHUE UMEET 3aMEIIeHHE aToMa BOJIOPO/Ia.
RH + Cl, — RCI + HCI,
KOTOPOE€ MOXET MPOUCXOAUTh MPHU HACHIIIEHHBIX M HEHACHIIEHHBIX
aToMax yrjiepojia Ui B apOMaTUYECKOM Sipe.
3amenieHre OJHOTO aToMa TrajoreHa Ha JIpyrod HMMEeT 3HauyeHHe s
noinyueHuss @Gtop-, OpoM- © HOANPOUZBOAHBIX U3 0ojee  JOCTYMHBIX
XJIOPOPTaHUYECKUX COETUHEHNN:
CCl, + 2HF — CClL,F, + 2HCI,
RCl + NaBr — RBr + NaCl.
3aMelleHue TUIPOKCUILHOW TPYIIbl HA aTOM TrajloreHa MPUMEHSIOT IS
MOJy4YE€HUS HEKOTOPBIX TAJIOTCHIPOU3BOIHBIX, & TAKXKE XJIOPAHTUIPUIOB KHUCIIOT:
R-OH + HClI — RCI + H,0,
R-COOH + COCIl, — RCOCI + CO, + HCI.

Ilpucoeounumenvnoe (a00umueHoe) 2aiozeHuposanue
[IpucoenuHeHne  TaJOTEHUPYIOMIUX  areéHTOB K  HEHACHIIICHHBIM
COCIMHECHUSM MMEET CTOJb e OOJBIIIOE MPAKTHYECKOE 3HAYCHHE, KakK W
3amerieane. CBOOOIHBIE TaJOreHbl CIIOCOOHBI MPUCOSAUHITRCS MO CcBs3siM C=C,
C=C u C,p.-Cyp.
CHZZCHZ + Clg — CICHZ'CHZCI,
CH=CH + 2C12 - CHCIZ-CHCIZ,
C6H6 + 3C|2 - C6H6C|6.

["asioreHBOIOPO/IBI IPUCOETUHSAIOTCS 1o KpaTHBIM CBS3SIM
(rugporajoreHUpoBaHue), a  oJedUHbl  BCTYMAIOT TakkKe B  PEAKIHUIO
XJIOPTUIPUHUPOBAHMUS:

CH2=CH2 + HCI — CH3'CH2C|, HC=CH + HCI — CHZZCHCI,
CH,=CH, + CIl, + H,O — CH,CI-CH,OH + HCI.
OcoOb1it ciy4dan aJUTUBHOIO XJIOPUPOBAHUS MIPEACTABIISAET
MIPUCOEANHEHNE IO aTOMaM, HaXOJSAIIMMCS B HU3IIEM BAJICHTHOM COCTOSIHUH,

HaIpUMep, CUHTE3 (DOCTeHa U3 OKCUAA YIIEpoaa U XJopa:
CO + Cl, — COCl,.

Peakyuu pacwennenun xnopnpou3eoonwix. 113 Hux Haumbosiee JerKo
HIPOUCXOAUT JeruapoxiopupoBanue (1), oOpaTHOE MPUCOCAUHEHUIO XJIOPUCTOTO
BojopoAa. M3-3a mpeAmodTUTENHHOCTH MPOTEKAHUA H3TOM pPEakiuu Apyrue
MPOLECCHl PACIIEIUICHUsT HAOMI0JAIOTCS TOJIBKO MPH BBICOKUX TEMIIEpATypax y
NEePXJIOPIPOU3BOIHBIX. JTO — peaknus jAexiopupoBaHus (2), oOpaTHas
IPUCOECIMHEHNIO XJIOpa; M pacwemenue no cBsizu C-C, KOTOpoe MOKeT
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NPOUCXOMUTHh TOJA JIEHCTBHEM Xyiopa — XJopoiu3 (3), Wi Hpu MOBBIIICHHOW

Temieparype — nupoius (4):

CH,CI-CH,Cl — CH,-CHCI + HCI, (1)
CC|3-CC|3 — CC12=CC|2 + Clg, (2)
CC|3-CC|3 + C|2 — 2CC14, (3)
CClI;-CCl,-CCl; — CCl,; + CCI,=CCl,, (4)

2.2. TepMoAMHAMHKA peaKLHii raJlOreHMPOBAHUS

Peakunyu rasOreHMpOBaHMs CUJIBHO PA3JIMYAlOTCA JHEPTrEeTUYECKUMU
XapakTepucTukamMu. TeruioBble 3((GEKTbl peakiuil TraJoreHUPOBaHUS TIpU
WJICATIBHBIX YCIIOBUSX COCTABIISIIOT:

+X, +X,

RCH3; — RCHX -AH°59g, kJI2x/M011;CH,=CH,—XCH,-CH,X -AH59g, kxJI3x/M0Ib,
-HX

X=F 460 X=F 540

X =ClI 105 X =ClI 184

X =Br 34 X =Br 92

X=1 -50 X=1 17,

rae R — anxwm.
TemnmoBoit a3PeKT yMeHbIIIaeTCs B PAIY:
F, > C|2 > Br, > |,

IIpyueMm ocoboe MecTO 3aHMMAIOT peakiuu  (TOPUPOBAHHSA U
HogupoBanusa. OTOPUPOBAHUE COMPOBOKAACTCS OOJBIIUM BbIJICICHUEM TEILIa,
npeBbIIamMM dHepruto paspeiBa cBa3eid C-C u C-H. Ecnu He npuHSTE 0COOBIX
Mep, OTO TNpPHUBEIET K TIIYOOKOMY pa3jIOKEHHI0 OpPraHUYeCKUX BEIIECTB.
BcenenctBue 3Toro (propupoBaHue MO TEXHOJOTUM 3HAUYMTENHHO OTJIMYAETCS OT
xjopupoBaHus. UTo ke KacaeTcs Moaa, TO HENOCPEACTBEHHOE B3aMMOJCHCTBUE
€ro C yriieBOAOPOJIaMH SBJISICTCS PABHOBECHBIM IponieccoM. [1o aTol npuuunne, a
TaKKe BCJEJICTBUE MaJiol aKTUBHOCTH MOJa 1O CPaBHEHUIO C JAPYrUMHU
rajjoreHaMl NpsiMO€ HOAUPOBAHUE YTJIEBOJIOPOJIOB BCTPEYAECT OMPEJICIICHHbBIC
TPYAHOCTH, B CBSA3U C YEM HOANPOU3BOAHBIE YAIIIE MOTYYAOT APYTUMHU ITYTAMHU.

TernoBbie 3(pPeKThI HEKOTOPHIX PEAKIMA C y4aCTUEM TaJlOT€HBOJIOPOIOB
MIPU UJCATBHBIX YCIOBUSIX CIEIYIOLINE:

Peaxknu -AH® 595, KJI5K/MOJIB; Peaknun -AH® 598, KJI2K/MOJIb;
C2H4 + HF — C2H5F 42 C2H4 +HI — C2H5| 78
C2H4 + HCI — C2H5C| 71 C2H5OH + HCI — C2H5C| + Hzo 21
C2H4 + HBr — C2H5BI‘ 78

Bce 5T peakumm SK30TE€pMUYHBI, MPUYEM [Jisi TAJIOTN€HBOJAOPOJOB
paznmuure B -AH MeHble, yeM s CBOOOJHBIX rajgoreHoB. Kpome Toro, Bce
peaKIuy rajJoreHBo10pO10B OOpaTUMBI.
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2.3. TajoreHupymroume areHTbl

HauGonpiiee 3HaueHHWE B Ka4eCTBE TAIOTCHUPYIOIMUX AareHTOB HMEIOT
CBOOO/IHBIC TaJIOTCHBI ¥ 0€3BOTHBIC TaJIOTEHBOIOPOIBI.
T.xun. npu armochepHom nasienuu, °C:

F, -188,0 HF 19,4
Cl, -34,6 HCI -83,7
Br, 58,8 HBr -67,0

Bce onn pactBopuMBI B opranndeckux xuakoctsax (Br, > Cl, > F, u HBr >
HClI > HF), 4ro BaxHO i1 TpOBEACHUS KHUIKO(DAZHOTO Ipoliecca
TaJIOTEeHUPOBaHUA. [allOreHBOAOPOJABI HMEIOT pEe3KHil 3amax, pasapa’karoT
CIIM3UCTBIC OOOJOYKH TJIa3 W JBIXaTEIbHBIX ITyTEH, a CBOOOMHBIE TaJOTCHBI
00Ja1ar0T, KPOME TOTO, YAYMIAIOMIAM JCHCTBUEM W SBJSIOTCS OTPABIISIOITUMH
BemectBaMu. OcoOeHHO omnacHbl ¢GTOp U (TOPUCTHI BOAOPOJ], CIOCOOHBIE
paszbesiaTh KOXKHBIE ITOKPOBBI M KOCTHYIO TKaHb.

Xnop TOMy4aroT 3JIEKTPOIM30M BOJHBIX PACTBOPOB XJIOpHAA HATpUS
(paccosbl), Korja OZHOBPEMEHHO OOpa3yloTCs BOJOPOJA U DIEKTPOIUTUYECKAS
IIEJI0Yb!

Cl'-e — 0,5Cl, H" +e —0,5H, Na“+ OH — NaOH.

[Tonmywyaemspiii mpu 3TOM XJOp (ra3oo0pa3Hblil) MMEET KOHIICHTPAIUIO
~92% u comepxut npumecu N,, O, u CO,. FIX MOXHO OTIACHHUTH MyTEM CKMIKESHUS
XJIOpa, UCTIApEHNEe KOTOPOTO JACT YACTHIN MPOAYKT.

Xnopucmulii 6000po0 TOMYYaIOT BBICOKOTEMIIEPATYPHBIM CHUHTE30M U3
Bojopoza u xyopa: H, + Cl, — 2HCI.

®mop NMPOU3BOAAT ICKTPOIN3OM paciuiaBa ruapodropuaa kamus (KHF,),
a 0e3600Hbll mopucmulii 6000p00 — JIEUCTBUEM CEpPHOM KHUCIOTHI Ha
IJIABUKOBBIM IIIIAT:

F -e—0,5F, H" +e— 0,5H,,
CaF, + H,SO, — CaSO, + 2HF.

Bce ranorenupytomue areHThl arpeCCUBHBI IO OTHOIIEHUIO K MaTepuay
anmapatrypbl, TpUYeM HX KOPPO3UOHHOE JEHCTBHE OCOOCHHO BO3pACTaeT B
NPUCYTCTBUM Jaxe cieaoB Biaru. l[loatomMy B mporeccax (GTopupoBaHUS
MPUMEHSIOT MEIb WJIM HUKEJh, a IPU XJOPUPOBAHUH ¥ OPOMUPOBAHUH 3aAIUIIIAIOT
CTAIBHOW KOPITYC SMajlbl0, CBHUHIIOM WM KEPaMUYECKUMH MaTepHallaMH,
UCTIONB3YIOT TaKKe CHEeIHUalbHbIE CcopTa cTaneil, rpaduT, CTeKIo W i
W3TOTOBJICHUS TPYO — cBHWHEI. ISl CHIKEHUS KOPPO3MHM KaK TaJIOTCHHUPYIOIIHUE,
TaK ¥ OPTaHUYECKHUE PEarcHThl HYy)KHO TOJIBEPraTh OCYIIIKE.

2.4. PaaukajbHO-UENHOE XJOPUPOBAHUE
Bce nponecchl ranoreHupoBaHus MO0 UX MEXaHU3MY JIETAT Ha JIBE TPYIIIIbL:
paguKaIbHO-1IEHbIE U MOHHO-KaTanuThuueckue. K nmepBbIM npuHaaie:kat peakiuuu

3aMelIEeHUs] aTroMa BOAOpoJa B mapaduHax, onepuHax HU apOMATHUECKUX
YTJIEBOJIOPOJAX, a Takke npucoeaunenne rajnorenos no C=C un C,, -C,,, cBaA3AM.
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2.4.1. XuMH3M H TeopeTHYeCKHe OCHOBBI MpoLecca

Mexanusm u xunemuxa peaxkyuti. ITH TPOLECCHl OTHOCATCA K
HEpa3BETBJICHHBIM LIETIHBIM  PEAKIMsIM, WAYIIUM 4Yepe3 IMPOMEKYTOUHOE
oOpa3oBaHUE aTOMOB XJIOPA U CBOOOJIHBIX PAJNKAJIOB.

3apooicoenue yenu
1. Ilpm TepmuyeckoM XJOpUPOBAHMU B Ta30BOM (a3e OHO JOCTUTAETCS
pacUIeIJIEHUEeM MOJEKYJbl XJOpa TMOJ BJIMSHUEM BBICOKOM TeMMEpaTyphl ¢
y4acTHEeM CTCHKM WM HaCaaKh, KOTOpBIE 3a CYET XEeMOCOpOIUU O00JIeTdaroT
pa3psiB cBs3u Cl-Cl:

Cl, + crenka — CI" + Cl,

2. HuHorma TepMHYECKOE XJOPUPOBAHWUE TPOUCXOJUT TPH yYMEPECHHBIX
temriepatypax (100-200°C), He D0CTaTOYHBIX IJIsi pas3pbiBa CBSI3H XJIOP-
xjop. BeposiTHO, WMeeT MeCTO TaK Ha3bIBaEMO€ HWHIYIIMPOBAHHOE
XJIOPUPOBAHUE, KOTIa pauKallbl 00pa3yrOTCs MPU B3aUMOJICHCTBUM XJIOpa C
OpraHUYEeCKUM BEIIECTBOM:

CHZZCHZ + C|2 — ClCHz'CHZ. + Cl.,
RH + Cl, - R" + HCI + CI'".

3. Ilpu ¢doToxummdeckoM XJIOPHUPOBAHUHM PACIIEIUICHHE MOJEKYJbl XJopa
JOCTUTaeTCs 3a CYET MOTJIOLIEHUS KBaHTA YHEPTUU HaIpUMep:

C|2 + hv — 2CI".

4.  Hakosel, Mpu XUMHUYECKOM WHUIIMUPOBAHUH JOOABISIOT MHUIIUATOPHI, TO
€CTh BEIIECTBA, CIIOCOOHBIC pasjlaraThCsi Ha CBOOOJHBIC PAJAMKAIbl TPHU
YMEPEHHBIX TEMIIEpaTypax, 4alle BCEro mnepokcuj OeHzowna u 2,2'-a3o-
ouc(u3o0yTuponutpu)(rnapodopm):

(C6H5COO)2 i 2C5H5COO — 2C5H5° + 2C02,
NC-C(CH3),N=N-C(CH3),-CN — 2NC-C’(CHz3), + N,
C6H5‘ + C|2 — C5H5C| + CI.

IIpooondcenue yenu TPOTEKAET TMOJ JACHCTBUEM DPAJMKAIOB XJOpa,
oOpa3yroluxcs Ipu 3apoxaeHun nenu. [Ipu 3aMelieHnn 3BeHO e COCTOUT U3
JIBYX MOBTOPSIIOIIMXCS 3JIEMEHTAPHBIX PEAKIUN:

C'+ RH —- R + HCIl; R" + Cl, —» RCI + CI'.

[Ipucoeannenue k oneruHaM IPOTEKAET TAK:
cr +c=C — CIC—C", CIC —C® +Cl, —>CIC —CCI +CI’
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bonee cnoxnoe an/Icoezu/IHeHHe 110 ¢BsA3U Cyp -Cyp!

Cl Cl Cl cl
+CI° +C|2 +CI cl +C|2
—cr I
Cl Cl Cl Cl
CI
uﬁ Lc|4i:>f 222 5 cl
cl

Cl Cl

Obpuis yenu

ClI" + crenka (macagka) — Cl,,. — X1opupoBaHue B ra3oBoii ¢ase.

W3BecTHBI cllydan KBaJpaTUYHOTO OOpbIBa ILeNMU (XapaKTEpHO IS
KUIKO(a3HBIX IIPOIIECCOB):

RCH:CHZ + RCHZ'CH3<— 2RCH2'CH2. - RCHZ-CHZ'CHZ'CHzR,
2CI' — Cl, R" + CI' - RCL

HakoHel, oOpbIB LIEMH MOKET MPOUCXOAUTh HA PA3IMYHBIX MHTHOUTOpPAx
((peHoIIBI, COEMHEHUS CEPBI, @ TAKKE KUCIOPO.).

2.4.2. TexHo0rus ;KUAKO(PA3HOI0 XJI0PUPOBAHUS

[Tpu xunkodasHOM paguKaIbHO-LIEMHOM XJOPUPOBAHUHU, MPOBOAUMOM
pU OTHOCHUTENIbHO HU3KUX Temreparypax (ot 40 mo 100-150°C), moutu Bcerma
TpeOyIOTCSI MHULIMATOPBI UM OOJIydeHHE CMECH, YTO BEJET K JOMOJIHUTEIbHBIM
HPKOHOMHUYECKUM 3aTpaTaM IO CpPAaBHEHHUIO C TEPMHUYECKHM XJIOPUPOBAHUEM.
[Toaromy BBIOOP JKHUAKO(PA3HOTO XJOPUPOBAHUS ONpaBIaH MpU MOJYyUYECHUH
TEPMHUYECKH HECTAOMJIbHBIX BEIIECTB, JIETKO OTIIEIUISIIOIINE XJIOPUCTBIM BOJOPO.
(MoHOXJIOpTapaduHbI C JUIMHHOM YTIEPOIHON 1enblo, MoIuXJIopuasl C, U BHIIIE),
a TaKkKe COCAMHECHUH, M1 KOTOPBIX TEPMHUYECKOE XJIOPUPOBAHUE MEHee
cenekTuBHO. Kpome Toro, kuukodasHoe XJIOPHUPOBAHUE IMPEANOYTUTEIHHO B
cillydae BBeJeHHUs Oojiee yeM 2-3 aTOMOB XJOpa B MOJIEKYJYy, KOTJa BBICOKHIA
TEIJI0BOM 3(PeKT mpoiiecca HE MO3BOJISET MPOBECTH €ro B ra3oBOil ¢aze u3-3a
HU3KUX KO3(PPUIHUEHTOB TEMIOO0TAAYH.

Ilonyuaemvie npodykmoi

1. IMonmuxnopnpousBoaHble 3TaHa: 1,1,2-TpUXJI0OpITaH — UCHOJIB3YETCA JUIS
NIPOM3BOJCTBA IIeHHOr0 MoHoMepa BuHWwmaeHxjopuaa CH,=CCl,;; 1,1,1-
tpuxyiopaTan wim metuinxiaopodopm CH3CCl; — pacTBopuTtens.
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[Tenraxmopstan ~ CCI3CHCI,  anms  mpom3BoacTBa  pacTBOPUTEIS
tetpaxyopatuieHa CCly-=CCl,.

I'ekcaxmopatan CCLCCl; — nmns mpousBoacTBa TpH(TOPTPUXIOpPITaHA
CFCI,CF,CI (pactBopurens) u tpudropxnopatuiena CFCI=CF, (moHoMep) 1 1jst
IPOM3BOJICTBA XJIAI0HOB.

2. Xnopnapacdunsl: xjgopnapadun-13 (conepxkammii 12-14% xiopa) — nmus
CHHTE3a MIOBEPXHOCTHO-aKTUBHBIX BEIICCTB TUIIA AJIKIIIAPCHCYIh(OHATOB.

Kunkue xnopmapadunsl comepxkar or 40 mo 49% xmopa — Kak
1acTU(UKATOPHI U T0OABKU K CMa30YHBIM MaciaM.

Tsepasie xnopmapadunsl copepxar 70-72% xmopa U TPUMEHSIOTCS Kak
100aBKH K IJTACTMAccaM M KaydyKaMm JIs IPUaHus] UM OTHECTOMKOCTH.

XJIOpUPOBaHHBIE TIOJUMEPBI — XJOPKAYYYKH, XJIOPHCTBIA ITOTMATHIICH,
MTOJIUIIPOITAIIEH Y TOJIMBUHUHIIIXJIOPU C coaepxkanneM xjiopa 10 70%.

3. XJ0prpou3BOIHBIE APEHOB.

bemsmnxmopun CegHsCH,Cl — nms BBemenus OeH3WIBbHOM TPYIIBI B
pa3MyHbIe BEIIECTBA JJIsl MOJIYYCHHUS OCH3WIIIEIUTIONO03bI, OCH3MIOBOTO CIUPTA,
OCH3UJIOBBIX APUPOB U T.].

n-Keumuaenxaopun CICH,C¢H4,CH,Cl — s cuHTe3’a TepMOCTOMKHX
MOJIUMEPOB.

['excaxyop-m- U TeKCaxJIOP-7-KCUJIONIbBI — napa-u30Mep — Kak JIe4eOHbIN
npemapar.

Cl;C-CgH4-CCl; — mis mpou3BoacTBa TUXIIOPAHTHIPHUIOB W30 TANICBON U
TepedTaaeBoil KUCIOT.

I'ekcaxnopan CgHgCls — mHCEKTHIIN KOMITTIEKCHOTO JICHCTBHS.

Vcnosuss npoyecca u muner peaxmopos. Xunkodaznoe XiaopupoBaHHE
OCYIIECTBJISIOT TyTeM O0apOOTHpPOBaHUS Ta3000pa3HOTO XJIOpa dYepe3 KUIKYIO
PEaKIMOHHYI0 Maccy. XJIOp pacTBOpSIETCS B HEW, W pPeakuus IPOTEKaeT B
pactBope. Bo MHOrux ciyyasx »XHUJIKOM CPEAOM SIBISETCA CaM OpPraHWYECKUM
peareHt, KOTOpbli OepeTcs B 3HAYUTEIILHOM U30BITKE.

B OpOMBINIIEHHOCTH  HMCHOJB3YETCS  Kak  XUMHUYECKOE, TaKk |
boToXMMHYECKOE MHULIMUPOBAHHUE.

Temmneparypa mpoiiecca mMpu XMMHUYECKOM WHULIMMPOBAHUM it 2,2'-a30-
ouc(uzo0ytuponutpuia) coctasusier 70-100°C, nns nepokcuna 6enzomna — 100-
120°C; npu ¢ortoxumuyeckoM uHULMHpoBaHuU Temmneparypa 40-60°C (mpu
CUHTE3€ FeKCaXJIOPIHUKIOreKcaHa).

PeakuuoHHbli y3e1 MOXET OBbITh M MNEPUOAUYECKUM, U HENPEPHIBHO
JIEUCTBYIOIIUM.

Xnopamopvl 015 #CUOKOPA3HO2O0 PAOUKATBHO-UENHO20 XJIOPUPOBAHUSL
(puc.2.1). IlepBblil (TN @) NpeaHa3HAYEH ISl NEPUOAMYECKUX MPOIECCOB U
OpeCcTaBIsieT coOoi  0apOOTaXKHYIO IYCTOTENYIO KOJIOHHY C BBIHOCHBIM
oXJaxAcHHEeM. L[UpKynsaus  peakiMOHHOW MAacChl dYepe3  XOJOTUIbHHUK
OCYIIIECTBIISICTCS MPUHYIUTEIBHO (MPU IOMOIIM HAcoca) WM 3a CYeT
€CTECTBCHHOH IMPKYJIAIUK (IO BJIMSHAEM Pa3HOCTH TJIOTHOCTEH OTHOCHUTEIHHO
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ropsyeil ¥ HaIMOJHEHHOW My3bIpbKaMU Ta3a KHJIKOCTH B KOJOHHE U Oonee
XOJIOJHOU U HE cojepKallell ra3a )KUIKOCTH B IUPKYJIALIMOHHOM KOHTYpe). Takum
criocoboM noay4aroT noiuxiopnapadussl. [Ipu XmopupoBaHMM NOJIMMEPOB B
pacTBOpe MOXHO OTBOAMTH TEIUIO PEAKIMM 3a CUET HCIIAPEHUS PAaCTBOPUTEIS,
KOTOpBIM KOHJIEHCUPYETCS U BO3BpallaeTCs B PEAKTOp C MOMOIIBI0 0OpaTHOIo
XOJIOIUJIBHUKA.

HenpepbiBHBII BapuaHT peakTopa C BBIHOCHBIM OXJIaXACHHEM (THI «)
Majo TMPHUrOJEH BBHJY CHUJIBHOTO IIEPEMEIIMBAHHUS CMECH M CHWXKEHHS
CENEKTUBHOCTH. [lo3TOMY HENpephIBHO JICHCTBYIONINE pPEAKTOPHI (TUI 0)
BBITMIOJHSIOT B BUJE 0apOOTa)KHOW KOJIOHHBI C BHYTPEHHUM OXJIQXJIECHUEM IIPH
NOMOIIM 3MEEBUKOB (MHOrAA IMPU MOMOIIM BOJSHON pyOallku) U ¢ OOpaTHBIM
KOHJI€HCATOpOM. JKHJIKOCTh U ra3 0OBIYHO ABUXKYTCS MPOTUBOTOKOM, MPUYEM IS
CHW)KEHUS MPOJIOJIBHOIO MEPEMENTMBAHUS U OBBIIIEHUS CEJIEKTUBHOCTH BBITOJTHO
CEKLIMOHUPOBAaThb PEAaKTOpP, YCTAHOBHUB II0 €ro BBICOTE psAI TapeyioK WM
OpraHU30BaB KacKaJl peaKTOPOB.

[Ipu xnopupoBanuu Hu3KOKUIAMMX BemecTB (1,1- u 1,2-nuxmnopaTansl)
(TUII 8) BBIJCIISIONIEECS TEIJIO MOXKHO OTBOJUTH 3a CUET MCHAPEHHUS STUX BELECTB
B TOKE XJIOPHCTOrO BOAOpoda. B 3ToM ciyyae BHYTpPEHHEE OXJIAKICHUE
OKa3blBa€TCsI HEHY)XHBbIM, M JTy pOJb NpPUHUMAeT Ha ce0s OoOpaTHBIM
XOJIOIUJIbHUK.

HCl 11C1 HCl
REM <> i RH
[ =
H,O
< =
H,0O
=
C12 HJ Cl 9 H20
[ Clz Ly
RH,RC! RH,RCl RH,RCI
a & 8

Puc. 2.1. Xunoparopsl mig KUAKO(GA3HOTO pPaIWKAIbHO-LIIETHOTO XJIOPDUPOBAHMS: a —
NEPUOJIMYECKOTO JCWCTBUS C BBHIHOCHBIM OXJ@XKIACHHWEM; 6 — HENpEepbIBHOIO JEHCTBUS C
BHYTPEHHHUM OXJIAXKJICHHUEM; 6 - HEITPEPBIBHOIO JIEHCTBHS CO ChEMOM TEIUIA 3a CUET UCITAPEHUS

Texnonozus npoyecca. TexHONOTUS KUAKOPAZHOTO PaJUKAIBHO-IIETTHOTO
XJIOPUPOBAHMS CKJIAIBIBACTCA W3 CIEAYIOINIMX CTaauii: MOATOTOBKAa HCXOIHBIX
peareHToB, COOCTBEHHO XJIOPUPOBaHHUSA, MEPEpadOTKH OTXOAAIIUMX Ta30B U
YTWIA3aUUs XJIOPUCTOIO BOJAOPO/A, EpepadOTKa KUAKOM PEaKIIMOHHON Macchl U
BBIICJICHHUE [TPOIYKTOB PEAKLIUU.



Iloocomoska peacenmog OOBIYHO 3aKIIOYAETCS B HCHAPEHUHU >KUIKOTO
XJIOpa U €r0 HarpeBaHUM J0 TEMIIEPATyphl, OJU3KONH K KOMHATHOW. OpraHndecKue
peareHThl WHOTJa HCIOJB3YIOT 0e3 crenuaabHOW OYMCTKU, TPAHCIOPTHPYS X
HacocoM B peakTop. [IpW Hamu4yuu B HUX BIArd OCYIIAIOT HCIAPSHHBIN XJIOP
CEpHOU KHCIIOTOH, a OPraHUIECKHI peareHT — IMMyTeM a3e0TPOITHONW OTTOHKH BOJIBI
WIH C TIOMOIIBIO0 TBEPJIBIX aicopOeHTOB. Ecnu TpeOyeTcst ouncTka OT METAIIOB |
UX COJICH, KaTau3UPYIOMIUX HOHHBIE PEaKIIUU, TO XJIOP (GUIBTPYIOT OT OKAJIUHBI,
a OpraHMYeCKU peareHT meperoHstoT. HakoHeln, mpu HaIUMYUM B OPTaHUYECKOM
peareHTe COCAMHEHHH cepbl (WM JAPYrUX HMHTHOUTOPOB) OCYIIECTBISIOT
ruapoodeccepuBaHue.

Ilepepabomka omxooaue2o 2a3a COCTOUT B YIIaBIUBAaHWUU U3 HETO MapOB
UCXOMAHOTO OPTraHWYEeCKOTO peareHTa, [Js 4Yero MPUMEHSIOT OXJaXICHHUE
pacconaMud Wi abcopOLMIO pacTBOpuTeneM (JIydile Bcero — 0ojee BBICOKO-
KUTIALUM TOOOYHBIM ITPOYKTOM 3TOTO %K€e MPOU3BOJICTBA).

Bo3dyx +HCL

HCI

+HC ﬁ?]'f' J.:" RH,RCI [—
- - P j +HCl  |}—
;g 1; RH
I ] - | i_*
Boadyx [ ]
RH,R(l <>
*RH,R(:l 1 RC1
S
a - g &

Puc. 2.2. CxeMbl OYHCTKH MPOAYKTOB xyopupoBanusi or HCI: a — otayBka Bo3ayxom («cyxasm»
HEUTpanu3aius); 6 — SKCTPAKIUS BOJIOM M BOJHOM MIENIOYBIO («MOKpas» HEHUTpalu3aius); 6 —
OTTOHKA BMECTE C M30BITOYHBIM HCXOIHBIM PEAreHTOM («CyXas» HeHTpamu3aius)

llepepabomka ocuodKkoul peakyuoHHoOU Maccbl COCTOMT B OUYUCTKE OT
PaCTBOPEHHOT'O XJIOPUCTOI'O BOJIOPOJA M B BBIACICHUM MPOAYKTOB. JlJii OUUCTKH
OT XJIOPUCTOTO BOJIOPOJa MPUMEHSIOT HECKOJIBKO CIOCOO0B (puc. 2.2).

[Ipu monyyeHun MalloNeTy4yux BelecTB (XjoprapaduHbl, OCH3UIXIOPU]L,
reKCaxJopaH, TEeKCaXJIOPKCUIIOJNBI) XJIOPUJ BOJOPOJA OTAYBAaKOT a30TOM WIIN
BO3/IyXOM B KOJIOHHE (THH @). B OCTaNbHBIX Cly4YasX 4acTO MPUMEHSIN POMBIBKY
JKUJIKOCTH B SKCTPAKLIMOHHBIX KOJIOHHAX BOJIOW, BOJHOM LIECIIOYBID U CHOBA BOJAOU
Py MPOTHBOTOYHOM ABMXKEHUU (a3 (Tum 6). ITO MPUBOAWIO K OOpa30BAHUIO
3HAYUTENIbHOTO KOJIMYEeCTBa CTOYHBIX BOJ. Ha Oosiee cOBpeMEHHBIX yCTaHOBKAx
OTTOHSAIOT XJIOPUJ BOAOPOJAa BMECTE C M30BITOYHBIM HCXOJHBIM PEareéHTOM B
pEKTU(PUKAIMOHHON KOJIOHHE (THM 8) ¢ MOCIEIYIONIeH KOHAEH CAIIMeN KUIKOCTH,
€€ BO3BpAILICHHMEM HAa PEAKIUI0O W BBIBOAOM XJOpHUJA BOJAOPOJA B JIMHUIO
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orxomsuiero rasza. Cxembl, HUCKIIOYAIOIINE MPOMBIBKY, SBISIOTCA CaMbIMHU
nporpeccuBHbIMHU. [locie oO4MCTKHM OT XJlopujia BOAOPOJA IIEJIEBOM MPOIYKT
WHOTJIa TIOJydyaeTcs YK€ B TOTOBOM BHje (mosuxsopnapaduHbl); Tpedyercs
TOJIBKO KpHUCTaUTM3aIus (TeKCaXJIOPKCUIIONBI) WM OTTOHKAa PAcCTBOPHUTENS C
BOASHBIM TapoM, (GUIBTPOBAHME WJIM KpUCTAUIM3AIMs  (XJIOPUPOBAHHBIE
MOJIUMEPBI, TEeKCaxXJOpIUKIOrekcan). B  npyrux cioydasx oOCYHIECTBISIOT
PEKTU(PUKALNIO C BBIACICHUEM HCXOJHOTO OPraHUYECKOTO peareHra, 1eJieBOro u
n000YHOTO MPOAYKTOB (CHUHTE3 XJIOPITAHOB, OCH3UIXIIOPUBI).

2.4.3. Texnosorust ra3o(pasHoro XJIOpupoBaHUA

llonyuaemvie npodyxmoul. XJIIOpUPOBAHMEM B Ta30BOM (aze MOIy4yaroT
HEOOJIBIIOE YHCIO MPOAYKTOB, & MMEHHO XJIOPIPOU3BOJIHBIE METaHa, aJlIHI- U
METaJUTHIIXJIOPUIBI, TUXJIOPOYTEHBI.

1. XnopnpousBoaneie MeTana. Xmopmeran CH3Cl (1.xkomm.-23,7°C) —
METHJIUPYIOIIUN areHT mpu npou3BojacTBe aumetwiauxiopcuwiana (CHs),SiCl, u
JIpYTUX METHJICWIaHOB, MeTunMmepkantana CH3;SH. Merunenxmopua (amxmiop-
metan) CH,Cl, (1.xum.39,8°C) wuCHOJB3ylOT B KadyeCTBE PACTBOPHUTEIS H
xjogoareHra. Xiopopopm (tpuxiopmeran) CHCl; (t.xun.61,2°C) — s
nonydenus xnagoHa CHCIF, u nennoro monomepa CF,=CF, (TeTpadTopaTuieH).
Terpaxiopmeran  (uerbipexxiopucteii  yriepon) CCly  (T.xun.76,5°C) -
pacTBOpPHUTENb, KOMIIOHEHT HEKOTOPHIX MECTUIMIOB M TJIABHBIM 00pa3oM is
nonyuenus xnaaonoB (CCIF,, CCIsF).

Bce aTi mpon3BoiHbIE MEeTaHA TOMYYalOT XJIOPUPOBAHUEM METaHa B BHUJIE
cMecell paznmuyHoro cocraBa. Omnako s cuHTe3a xmopmerana  (CH3Cl)
IPEINOYUTAIOT APYTOil COCO0 — TUAPOXIOPHUPOBAHUE METAHOIIA.

CH3;OH + HClI — CH;Cl + H;0, rae npoaykt mojydaercs Oosee
YUCTBHIM. TakKe MPEeJIoKEHO MOJIy4aTh U APYTHe XJOPUIbI METaHa U3 METaHoJa
yepe3 XJIOpMETaH IIyTeM €ro XJOopupoBaHus B Ta3oBod ¢asze. Ilpu »ToM He
TpeOyeTcs MIyOOKOro XojoJa sl OTAENIEHUsI MeTaHa OT XJIOPHIPOU3BOAHbBIX. s
IPOM3BOJICTBA  YETBIPEXXJOPUCTOrO  yrjepoja ceiuac MOsSBWIMCH Ooiiee
HSKOHOMUYHBIE METObl, OazupyloIliuecs Ha XJIOPOJIHU3E XJIOPOPTraHUYECKHUX
OTXO/JIOB.

2. Ammanxiopug CH,=CHCH,CI u meramumnxmopun CH,=C(CH3)CH,CI
SBIISIOTCA KHUAKOCTAMU C TeMIlepaTypaMH KHUIEHHsS COOTBETCTBeHHO 45,0 u
72,2°C. IlepBblii MMPOKO NPUMEHSIETCS MJis BBEACHMS AJUTMIIBHOW TPYNIbl B
pasnuYHbIe  BemecTBa  (CHMHTE3  alUTWIOBBIX  J3(QHUPOB,  AJUTMIAMHUHOB,
aJITIICaxapo3bl) U B OCOOCHHOCTH JJIsi TPOM3BOACTBA SIUXJIOPTHAPUHA, U3
KOTOPOTO CHHTE3UPYIOT OJMOKCHAHBIE TMOJMUMEpPhl W TaumepuH. Juxmopumsl,
noO0YHO O0Opa3yromuecs NpU XJIOPUPOBAHWH TMPOMUICHA, HWCIONB3YIOT Kak
NECTUIMABI MOJX Ha3zBaHueM «mpemnapar JJ[». Meraumumnxnopun sABIseTcs
MECTUITUIOM, a TakKKe CHOYKUAT JUIsl BBEJACHUS METAJUTHJIBHOW TPYMIBI, Kak,
Hampumep, mpu mnoiydeHun Metammicyabponara CH,=C(CH;3;)CH,SO,0ONa.
ANnuna- W METaUIMIXJIOPUABl TMOMYYaroT XJIOPUPOBAaHHMEM COOTBETCTBEHHO
nponuieHa u n300yTeHa B ra3zoBoii (asze.
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3. Huxnopoyrenbt — 1,4-muxnopoyren-2 CICH,CH=CHCH,Cl u 1,2-
nuxiaopoyren-3 CICH,CHCICH=CH,, B oTimune OT HpeaplayluX IIPOIYKTOB
MOJTy4aloTCs aJIMTUBHBIM PaJIMKAIbHO-IICTTHBIM XJIOPHUPOBAaHUEM B Ta30BOi (ase.
HcxomHpIM CBIpREM  CIY’KAT OyTaaweH-1,3, BHavale TOJIydaeTcss CMech
TUXJTOpOYTEHOB, a 3aTeM TMPOWCXOJUT HACHIMICHUE JBOWHONW CBSI3U C
o0Opa3oBaHHEM TeTpaxjopOyTaHa:

«Cl
—2 » CICH,-CH=CH -CH,ClI \+ci|2

CH,=CH-CH=CH, CICH,-CHCI-CHCI-CH,CI

—cp > CICHyCHCI-CH=CH; /c;
2

JIJist mojjaBieHust OCHeIHEN PeakIuu, Kak U B IPYTUX MOCJIEA0BATEIbHO-
napajiebHBIX MpoIeccax, He0OX0IUM U30BITOK OyTaaueHa-1,3 Mo OTHOIIECHUIO K
XJI0pYy.

JluxmopOyTeHBbI MPUOOPETAIOT BAKHOE 3HAYCHHE KaK IPOMEKYTOUHBIC
MPONYKTBI OpPraHUYEeCKOro cuHresa. |,4-M3omep sBisgeTcss OCHOBOM A
MOJTYyYCHHUS aAUNOAMHUTpHUIIA CN(CH,)4CN, reKcaMeTHJICHTMaMHUHAa
NH,(CH;)sNH; n agumuuoBoit kucimorst HOOC(CH;),COOH, npuMeHsIeMBbIX ISt
MPOU3BOJCTBA MOJIMAMUJIHOTO BOJIOKHA. [,2-M30mMep Jerko mnpeBpamiaercs B
xnopornper CH,=CCICH=CH, — MmoHOMep /I CHHTETHYECKOI'0 Kay4yKa.

Vcnosus npoyecca u munvl peakmopos. HecMOTpsi Ha OTCYTCTBUE WIIH
c1ab0 MHTHOUpYIoIIee AEUCTBIE KUCIOPOaa, MPHU ra30(ha3HOM XJIOPUPOBAHUH BCE-
TaKl MCIOJB3YIOT XJIOp, MOJIy4aeMblii HCIIAPEHUEM >KUIKOTO XJI0pa, TaK KakK MpHu
PEIUPKYJIAIMY  HEMPEBPAIICHHOTO  YIJIEBOJOPOJa  HHEPTHBIE  MPUMECH
AIEKTPOIUTHIECKOTO XJIOp-Ta3za OBICTPO HAKAIUIMBAIOTCS 10 HEAOIMYCTUMOTO
YPOBHSI.

BaxxHBIM sIBIISIETCSI BBIOOP TEMIEpaTypbl U COOTHOIICHHS peareHTOB. [lpu
MOJIYYCHUN aJUTHJI- M METALIMIXJIOPUIOB IIEJIEBBIMU  SIBIISTIOTCS  TTPOTYKTHI
BBCJICHHUS OJHOTO aToMa XJiopa, ITOATOMY TIPOIECC BEAYT TIPH HM30BITKE
COOTBETCTBYIOIIUX YTJICBOJAOPOJIOB, HO TPH HE CIHUIIKOM OOJIBIIOM, TaK Kak
TUXJIOPHIBI  TOXKE HAXOAAT TpUMeHeHWe. Ecium  MOJIBHOE  COOTHOIIEHHUE
YIJIEBOJIOPOJIOB K XJIOpY cocTaBiisieT S5:1 mpu cuHTe3e ammuixiopuna u 2:1 npu
MOJYYEHUH METAJUTMIXJIOPU/IA, BBIXOJI ATUX XJIOPHIPOU3BOAHBIX 10X0aUT 10 80%,
npudeM H30BITOK YIJIEBOJIOPOJOB OTACISIOT M BO3BpalIalOT Ha peaknuto. [Ipu
MPOU3BOJICTBE AJUTMIXJIOPHIA BBIOOpP TeMmIepaTypbl OOYCIIOBIEH BBICOKOM
CEJICKTUBHOCTBIO 3aMEIICHUSI 10 CPAaBHEHHUIO C MPUCOCANMHEHUEM, W PEAKIIUIO
npoBoasaT npu 500-520°C. B ciydae meTammmiaxiopuia, Korja MPUCOSTUHEHUE
HE3HAYUTEIbHO, TIporiecc ocymecTBAoT pu 150-200°C. Cunte3 nuxaopOyTeHOB
BenyT nipu ~300°C u u3bwITKE OyTagueHa-1,3.

[Ipu xyopupoBaHMM MeETaHA KOHEYHBIMM MPOAYKTaAMHU  SIBISIOTCS
METUJICHXJIOPUT, XJTOpO(dOPM, YETHIPEXXJIOPUCTBIN yriepoa uiu ux cmecu. [lpu
cuHTe3e jauxyiopmeTwieHa MoibHOoe cootHomeHne CHy:Cly4:1, npuyem
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HEMpOopearupoBaBlIIMi METaH M METWIXJIOPUJ BO3BpalllaloT Ha peakuuio. [lpu
noiaydenun ximopodopma MospHOe cooTHomrenue CH,4:Clp0,8:1, npuyem
HEIpEeBPaIllCHHbIH METaH M METUJIXJIOPH]I BO3BpAIIAlOT Ha PEaKIHUIo, MOIydas
HapsAy € XJIOPO(GOPMOM XJIOPUCTHIA METHJIEH M YETHIPEXXJIOPUCTBIA YTIAEPO/I.
XItopupoBaHUe MeTaHa BEAYT KaK YMCTO TepMUUECKUM IyTeM pu 500-550°C, Tak
U TepMOKaTaiuTHaeckum mpu 350-400°C.

RH+Cl,
RH+Cl,
S flpodykims:
. A
/ 1
Asiraafsie A Vit H- L
E’HS.’:'II' ) '." ﬂ-l_ :: |.
].‘-
— Tanxa g
+C
floodykms! RH+Cly fpodyxims
a ¢ i
Puc. 2.3. PeakTopsl 11 ra3o)asHOro XJOpPHUPOBAaHUS a - C HACAJKOM-TEINIOHOCUTENEM; O - C
NICEBJO0XKIKEHHBIM CJIOEM TEIUIOHOCUTENs (KaTaliu3aTropa); 6 - C IIpelBapUTEIILHBIM

noaorpeBOM CMECH

XJopupoBaHue B Ta30BOM (pa3e Bceraa OCyNIECTBISIOT MPU aTMOCHEPHOM
JIABJIICHUM U HEMPEPBIBHO, POITYCKasi CMECh PEAareHTOB depe3 XJiopaTop. BaxHas
omepamusi — CMEIICHUEe KOMIIOHEHTOB (MCXOJHBIX BEIIECTB) OO0ECIeunBaeT
MTHOBEHHYIO TOMOTE€HH3alMil0 cMmech. JUJIsi 3TOro ciykaT CHelUalbHbIC
CMECHUTEIIM, HalNpUMep TaHITCHIMAIBHOTO THUIA, B KOTOPBIX MPOUCXOIUT
MHTEHCHUBHOE 3aBUXPECHUE U NMEPEMEIINBAHUE CMECH.

Peaktopsl xjopupoBaHusi B ra30Bod (paze OBIBAIOT TPEX OCHOBHBIX THIIOB
(puc. 2.3). O6mwmM yIsi HUX SBJISIIOTCS 3alllUTa CTAJIBHOTO Kopiiyca (OT AeHCTBUS
BBICOKMX TEMIIEpaTyp M KOPPO3WH) KepamMHYecKor (yTEepoBKOHM, a TaKxke
aBTOTEPMUYHOCTh MPOTEKAIOIIEr0 B HUX mpoliecca. [locnennee qocturaercst TeM,
YTO BBIACIISIIONIEECS MPU PEAKIMHU TEIUIO PAcXOJlyeTCs Ha HarpeBaHHE CMECHU JI0
HY)KHOW TEMIIEpATypbl M Ha NOTEPU B OKpyxarwiyw cpeny. Ilpu stom B
3aBUCUMOCTH OT TEIJIOBOTO OajaHca mporiecca MPUXOUTCS M01aBaTh PEarcHTHI B
XJIOpaToOp XOJIOJHBIMU (MPH CHUHTE3€ MOJIMXJOPHUIOB METaHa, KOrJa TEIJIOBOU
3h(}EeKT peakiuyu OYEeHb BEIHWK) WIH MPEIBAPUTEIHHO MPOTPEThIMU (TIpU
MOJIYYeHUH AJUTHIIXJIOPUAA).

B mnepBoMm cnydae mnpu TEPMHYECKOM XJIOPUPOBAHUM HCIOJIB3YETCS
XJIOpaTop THUIA @, B KOTOPOM XOJIOJHBIE peareHThl OBICTPO MOJOTPEBAOTCS
pa3orpeTor  HACaAKOW, WIpaAmUIEh poJib  akKymyJisitopa Temna. llpu
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TEPMOKATAIUTUYECKOM XJIODUPOBAaHUU TO K€ CaMO€ JIOCTUIaeTcs 3a Cuer
HarpeThiX YacTHIl INCEBJOOKIKEHHOTO CJIOsl KaTajau3aTopa WU TEIJIOHOCUTENS
(TUI 6), IpUYEM JJI1 CUIIBHOPK30TEPMUYECKUX CHUHTE30B IMOJIMXJIOPUIOB METaHa
perylIupoBaHUe TeMIIEpaTypbl BO3MOXKHO 3@ CYET BIPBICKUBAHUSA JKUIKOTO
YETBIPEXXJIOPUCTOrO yriaepona. B obOoux ciywasx HaOnromaercs 3HAUUTENBHOE
IPOAOJIBHOE MEPEMEIINBAHNE CMECH, HO IIPU MOIYYEHUH XJIOPHUIOB METaHa 3TO He
TaK CYyIIECTBEHHO, TaK KaK BCE OHU HMMEIOT IpaKTHYecKoe npumeHeHue. llpu
1oJlaye B XJIOPATOp IOAOIPETHIX PEarcHTOB (CHHTE3 AJUIMIXJIOPHUAA) peakuus
MO>KET HAUMHATHCS YK€ B CMECUTEIIE, U XJIOPATOP BHIMOJIHAIOT B BUJIE ITyCTOTENION
TpyOBl CO 3HAUUTENIBHBIM OTHOIIECHHUEM €€ BBICOTHI K nuameTpy (Tum 6). Bpems
KOHTAKTa IIPX Pa3HbIX Ipoleccax XJIOpUpOoBaHus n3Mensercs B npeaenax 0,1-2 c.

2.5. MoHHO-KAaTAIUTHYECKOE IraJI0reHUPOBAHUE

K »TuM nponeccam OTHOCHTCSI MPUCOEAUHEHHUE TAJIOr€HA IO JBOMHOM U
TPOMHON CBS3SIM, XJIOPTUAPUHUPOBAHME OJIEDUHOB, PpEAKIUH THAPOXIOPHU-
pOBaHMs, 3aMEILICHHUS B apOMaTUYECKOE AP0 M XJIOPUPOBAHHUE HEKOTOPBIX
KHUCJIOPOJ- U a30TCOIEPKAIUX COCAUHEHU.

2.5.1. A1IMTHBHOE TaJIOreHUPOBAHHE C MOMOIIbIO CBOOOIHBIX I'aJIOT¢HOB

lIpucoeounenue ecanocenoe no C=C cea3am. llporyckasi HCXOJIHBIE
peareHThl uepe3 KUJKYr ¢azy, KOTOpOHl OOBIYHO SIBISETCA MPOAYKT PEAKIIUH,
JIETKO OCYILECTBUTH MPUCOETUHEHHUE XJI0pa Wik Opoma Mo IBOMHOM CBSI3U:

RCH=CH, + X, — RCHX-CH,X, roe X = Cl| unu Br.

DOTa peakius MOPOTEKaeT JOCTATOYHO OBICTPO Ja)ke€ IMpPU HUBKHUX
TeMIlepaTypax, HO €€ YCKOPSIOT KaTaJiu3aTopbl THUIA AaNpPOTOHHBIX KHUCJIOT
(mampumep, xigopua okemeza FeCly). Mexanm3m mporecca COCTOMT B
AMEKTPOPUILHOM TPUCOETUHEHUN C MPOMEXKYTOUYHBIM OOpa3oBaHUEM T- U O-
KOMILJIEKCOB:

HC  .cl, HC H,CCI
—=  [——ca——c FeCl, 71 FeCl oy cleh,Cl
H, H» -FeCl, H2C+ FeCk

Pons FeCl; 0OBSACHSAIOT HE TOJBKO YCKOPEHHEM CTaJud Tepexojaa Ti-
KOMIUIEKCAa B G-KOMILIEKC, HO Takke oOpasoBanmem komiuiekca Cl—Cl:FeCls.
Peakmmonnas CIIOCOOHOCTH 0JIe(pMHOB 3aBHCUT OT CTAaOMIBHOCTH
MPOMEKYTOUYHOTO KaTHOHA U U3MEHSIETCSI CIIEYIOIINM 00pa3oMm:

RCH=CH, > CH,=CH, > CH,=CHCI.

K npucoenuHeHNIO XJI0pa CIIOCOOCH M alleTHUJICH:

CH=CH + Cl, —» CHCI=CHCI + Cl, — CHCI,-CHClI,.

3nmech Takke HUCHOAB3yrOT Kartanu3 ¢ FeCls, mpuuem mH3-3a BBICOKOM
CKOPOCTH BTOPOM CTaauu 00pa30BaHUEe JTUXJIOPITUICHA HE3HAYUTEBHHO.
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Bo Bcex 3THX mpomeccax NpOTEKaloT MOOOYHBIE PEaKIUU 3aMEIICHHUs
BOJIOPO/Ia; B pe3yJIbTaTe 00pa3yroTCs BBICIINE XJIOPHUBI (TPUXJIOPITAH U3 ATHIICHA,
MEHTAXJIOPITaH M3 aleTWIeHa U T.JA.). 3aMElIeHHE JOHKHO UMETh PaJuKalIbHO-
HEMHON MEXaHW3M, IPUYEM 3apOXKIACHUE IIEMU OCYIIECTBIISICTCS YK€ MPU HU3ZKOU
TEeMIIepaType 3a CUET B3aUMOJIEUCTBHUSI XJI0pa C 0JIe(hUHOM:

CH2=CH2 + C|2 — CHZCI-C.HQ + CI.

J1Jist moIaBJIeHHsI ATOTO Tpollecca MOXKHO CHU3UTh TeMIIEparypy, HO Oosee
3(p(EKTUBHO MPUMEHITh HWHTUOUTOPHI LEMHBIX peakuuid U KaTalu3aTopbl
anpoToHHOTO THMa. OJUH U3 BO3MOXHBIX HHTHOUTOPOB, & UMEHHO KUCJIOPOJ, YXKe
COJIEPKUTCS B DIEKTPOIUTUYECKOM XJIOP-Taze, KOTOPBIA M HCIOJB3YIOT BO BCEX
paccMaTpuBaeMbIX Tporeccax ©Oe3 wucmapeHus (oTiIMuue OT Ta3odazHoro
paJMKaIbHO-LIETHOIO XJIOpHpOBaHus). JloOaBieHHe KaTaliu3aTOpPOB, YCKOpPSs
NPUCOEANHEHNE, CIOCOOCTBYET POCTY €ro CeleKTUBHOCTH. B  pe3ynbprate
COBMECTHOTO JEHCTBHS KHUCIOpOJa U KaTall3aTopa BBIXOJ MOOOYHOTO MPOAYKTa
3aMelleHUs PU XJIOPUPOBAHUU dTUIIeHA cHIKaercs ¢ 10 mo 0,5-2%.

llonyuaemvie npodyxkmul. Hamboniee MHOTOTOHHAXHBIM siBIsieTcs 1,2-
muxiopatad CH,CICH,CI (1.xum.83,5°C). Ero nonay4arT npucoeaMHEHUEM XJI0pa

K JTWICHY W TPUMEHSIOT JJI1 TMPOM3BOACTBA MOHOMEPOB — BHHIJIXJIOPHJIA
CH,=CHCI u Bunnmuaenxnopuna CH,=CCl,, monmuxiopuaos staHa u >THiICHA (B
0COOEGHHOCTH pacTBopuTeieii — Tpu- u  TterpaxiopatwieHa CHCI=CCI,

CCl,=CCl,), a Takxe >TuICHIMAMHHA NH,CH,CH,;NH,,  monucynbdumgaoro
kayuayka - tHOKONA (-CH,CH,-S4-), u psma npyrux npoaykros. 1,2-JIuxaopaTan
BXOJIUT TaK)K€ B COCTAaB HEKOTOPHIX ()yMHUTAHTOB.

1,2-Jluxnopnponax CICH,CHCICH; (T.xum.98,6°C) TIOJTY9arOT
XJIOPUPOBAHWEM TMponwieHa. [IpuMeHsoT kKak (yMuranT W Ui CHHTE3a
NOJIUCYNb(PUIHOTO KaydyKa.

1,1,2-TpuxjopaTan M TEKCaxJIOpPITaH BBITOJIHEE CHUHTE3UPOBATH HE
paNKaIbHO-IIETIHBIM 3aMelleHneM 1,2-muxiopaTaHa, a 0oJjiee CeJICKTUBHBIM
MPUCOEIMHEHUEM XJIOpa K COOTBETCTBYIOIIMM XJIOposiepuHaM:

CHZZCHCI + C|2 — CH2C|-CHC|2,
CC|2=CC|2 + C|2 — CC13'CC|3
1,1,2,2-Terpaxnopatan ~ CHCI,CHCI,  monywaror  Xj0pupoBaHueM
alleTWICHA W MCIIOJB3YIOT ISl TIPOU3BOJCTBA PACTBOPUTENSI — TPUXJIIOPITHIICHA.
N3-3a BBICOKOM CTOMMOCTH auUETWIECHA 3TOT METOJ MAaJI0 TMEPCIEKTUBEH U
3aMmeHsiercsi Ha  Ooznee  3(p@dexTuBHbIE  CMOCOOBI  MepepabOTKU  MeHee
JIOPOTOCTOSIIIErO 3TWIICHA yepe3 1,2-TuxmopaTaH.

Texnonoeust npoyecca. PaccmaTpuBaeMbie PEakIiy OTIMYAOTCS BBICOKOM
CCJICKTUBHOCTBIO M CKOPOCTBIO, MOATOMY HMCXOJHBIC PEareHThl HE 0053aTElIbHO
JOJDKHBI OBITh YHCTHIMHU. Tak, HEPEIKO HCIIONB3yeTCs pa30aBlICHHBIN XJIOp-Tas3,
OCTAIONIMICS TIOCTIe CXUKEHHUS XJIopa, Win (pakmuu oJehUHOB, COICpKaIINe
COOTBETCTBYIOIINE MapauHbl WM HHEPTHBIE TpUMeECH (HO HE ApyrHe ojieuHbI).
OpnHako oCyIIKa ra30B U 371ECh SBISETCSA 00513aTEIHLHOM.
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Puc. 2.4. PeakiiioHHbI€ Y316l AJ11 HOHHO-KATaTUTUYECKOTO XJIOPUPOBAHUS B KUAKOU (aze: a — ¢
BBIHOCHBIM OXJIQXKJECHUEM; 6 — C OTBOJOM TeIlJIa 3a CYET HCIAPEHHUs; 8 — C COBMEIICHUEM
XJIOPUPOBAHUS U PEKTUDUKALIUN

[Ipomiecc  ocymiecTBISAIOT myTeM  0apOOTHpOBaHUST  ra3000pa3HBIX
peareHTOB 4epe3 JKUJIKUM MPOAYKT, B pPACTBOPE KOTOPOrO U MPOTEKAeT
B3aumojeiicteue. Ilpormecc mnposomar npu  70-100°C, a mua momaBiIeHUS
3aMEIICHHs] MCTIOIB3YIOT WHTHOMpYIOIee JCHCTBHE KHUCIOpOJAa W KaTau3aTop.
Karanu3aTopoMm CIy)KHT crenuaibHo mnpurotoBieHubiid FeCl; wmam uyrynubie
OpycoukH, yKiIaJabiBacMble B peakTope M obOpasyromnue FeCl; monm nmerictBruem
xyopa. COOTHOIIEHHE OPraHUYecKOro peareHTa M xjopa OepyT OJU3KUM K
CTEXUOMETPUYECKOMY JIUIIL ¢ HEOONbIIMM H30bITKOM ojeduna (~5%), 4TOObI
00eCIeunTh TOJIHOE UCUEPITaHNe XJIOpa.

PeakuroHHBIC Y3IIBI JJIS1 3THUX IIPOIIECCOB OBIBAIOT TpeX THMOB (puc. 2.4). B
MIEPBOM CJIydae PEaKIuio MPOBOJIAT B 0apOOTaXKHON KOJIOHHE (THI a) ¢ BBIHOCHBIM
OXJIAKJICHUEM W OOpaTHBIM XOJIOAMJIBHHUKOM, B KOTOPOM W3 OTXOJSIIEro rasa
KOHJICHCUPYIOTCSI YHECEHHBbIC TMaphl MNpOAyKToB. KoHIeHcaT BO3BpamamT B
peakTop, a HAKAIUTMBAIOMIMICS MPOAYKT BBIBOIAT 4Yepe3 OOKOBOW TMeEepenuB W
HaIPaBJISIOT HA JAIBHEUIYIO TTepepadoTKy.

B cmydae xjopupoBaHUs aleTWiICHa NMPU yKa3aHHOM CIOCOOE TOJBOAA
pearcHTOB B KOJIOHHE HAOJIOMAfOTCS BCIBIIIKHA, ITO3TOMY XJIOP BBOIST B
IUPKYJISIIIUOHHBIA ~ KOHTYp, TOdy4as TPEABapHUTEIIbLHO €ro  pacTBOp B
TeTpaxJIopITaHe, KOTOPHIN 3aTeM pearupyeT ¢ 0apOOTUPYIOIINM allCTHIICHOM.

[Ipu momydeHUn CpaBHUTEIBHO JETy4ero 1,2-muxiopaTaHa 3HAYUTEIbHAS
9acTh BBIJCISIOIICTOCS TEIIa CHUMAeTCs 00paTHBIM KOHJIeHcaTopoM. bojee Toro,
BBIHOCHOW XOJIOAMJIBHUK MOKHO BOOOIIE YCTPaHUTh M OTBOJUTH TEIUIO 33 CYET
ucrnapeHus. JlanpbHeHIMM yCOBEPIIICHCTBOBAHUEM SIBUJIACH JTUKBUAAIMS OOKOBOTO
CIMBa TIPOJYKTAa W OpraHW3alMs €ro BBIBOJA W3 CHUCTEMBI MOcCie OOpaTHOTO
KoHaeHcaTopa. OCTaTbHON KOHICHCAT BO3BPAIAIOT B KOJIOHHY TSI TTOAICPKAHUS
HY>KHOM TeMIlepaTypbl U YpOBHS KHUAKOCTH (TUll 6). B 3TOM ciydyae karanmuzarop
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HE 3arps3HIET IPOJAYKT, @ OCTACTCS B KOJIOHHE M PabOTaeT JUIMTEIbHOE BpeMs Mpr
HE3HAYUTEIFHOM PacXo/ic Ha €AMHUITY KOJNIECTBA MPOTYKTa.

Hakoner, Halm MpUMEHEHUE CUCTEMBI C COBMEIICHUEM XJIOPHUPOBAHUS U
pextudukammu ( TI ). B KyO KOIOHHBI, BEITIOTHSIONIETO POJIb PEAKTOPa, BBOIST
STHJIEH U XJIOP. B pekTHUKaIMOHHON YacTH KOJOHHBI OTACTSIOT 1,2-AuXI0p3Tan
OT TpPUXJIOpITaHA, KOTOPHI coOmparoT B KybOe, NpUYEM TEIJIO pPEaKIuH
UCTIONB3YETCSI IS pa3/IeJICHHsI TPOTyKTOB.

Otrxomsmuii  ra3 o0pabaThIBAIOT TakXkKe Kak TMpH KUAKO(Da3HOM
paNKaIbHO-IIEITHOM XJIOPUPOBAHWHM, HO C TEM OTJIMYUEM, YTO BBHUAY
HE3HAYUTEIFHOTO KOJWYECTBA XJIOPUCTOTO BOJOPOAA €ro OOBIYHO MOTJIOMIAIOT
BOJIOM, cOpackiBasi pa30aBICHHYIO COJSHYIO KHUCIOTY B KaHanu3zauio. Kumakue
MPOIYKTHI PEaKIHH, €CIW 3TO HEOOXOAMMO, OYMINAIOT OT KaTajau3aTropa M
MO/IBEPTalOT PEKTU(PUKAIINN.

2.5.2. Peakuusi XJIOPruApMHUPOBAHUS

[Ipu nedictBuu xJyopa Ha osiepuHBI B BOJHOM cpeae oOpasyrorcs
XJIOPTUJIPUHBL:
RCH=CH, + CIl, + H,0 — RCH(OH)-CH,CI + HCI.
B sToM ciydyae 3ieKkTpoHIIbHBIM areHToM, aTaKyloIUM JBOWHYIO CBS3b,
ABJISIETCSA MOJIEKYJIA XJIOpa:

+Cly -Ch, . +H,0
CH,=CH, =—= CHzil:CHz <——5 CICH,CH, _—»‘H+ CICH, —CH,0H

Ch

CKOpOCTh peakIyi OMUCHIBACTCS MTPOCTHIM YPABHEHUEM BTOPOTO MOPSAKA:
r = k-[RCH=CH_,]-[Cl,].

PeakunonHast cnocoOHOCTh 0JIe()MHOB U3MEHSETCS B TOM K€ pAAY, YTO U
JUIS peakuil IprucoeIMHEHUs XJopa:

RCH:CH2 > CH2:CH2 > CH2:CHCH2R

JUis TOMOJIOTOB ATHJIEHA M HX MPOU3BOAHBIX XJIOPTUAPUHUPOBAHHE
IpOTEKaeT TakKUM OO0pa3oM, 4TO XJIOp (MOAOOHO MPOTOHY NPU MPUCOEIUHEHUHU
KUCIOT K  oJeduHaMm) CBSI3BIBACTCA  MPEUMYIIECTBEHHO C  HauboJjee
THJIPUPOBAHHBIM aTOMOM YTJIEpPO/a.

ITostoMmy w3  mpomwieHa  oOpasyercss  l-xyopmpomaHoyi-2 — —
CICH,CH(OH)CH; ¢ npumechto  u30MepHOro  2-xjoprpomnaHona-1 -
CH,(OH)CHCICHG.

3a cueT  B3aUMOJICHCTBUS  TMPOMEKYTOYHOTO  G-KOMIUIEKCa  C
HakarumBaronmmMes B xoje peakmuu annoHoM Cl° (u3 HCI) u xmoprunmpunom,
MOJTy4al0TCs J1BA MOOOYHBIX MPOAYKTA — TUXJIOPU U TUXIIOPAUATIKHIOBBINA 3QuUp:

+CI” .. +HOCH,CH,CI
CICHsCH,Cl <——— CICH,C*H, > (CICH,- CH,),0
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OTu MOOOYHBIE PEAKIIUU SIBISIOTCS TOCIEA0BATEIbHBIMU 110 OTHOIIICHUIO K
XJIOPTUAPUHUPOBAHUIO, TOITOMY CEJIEKTHBHOCTH MPOLIECCa CUIIBHO 3aBUCUT OT
KOHIIeHTpanuu annoHoB Cl” 1 xjopruiprHa B ojiy4aeMoM BOJTHOM pacTBope. JTa
3aBUCUMOCTh THUIIUYHAs JJI1 BCEX MPOIECCOB XJIOPTHAPUHUPOBAHUS M300pakeHa
Ha puc. 2.5. BugHo, YTO yJIOBIETBOPUTEIBHBIA BBIXOJ LIEJIEBOrO MPOIYKTa
JOCTUTaeTCsd JIMIIb TPU TOJYYEHUH pa30aBICHHBIX BOJHBIX PACTBOPOB
XJIOPruApUHOB. CeeKTUBHOCTD 3aBUCUT TaKKe OT THUIIA UCIIOIb3yEMOT0 PEaKTopa,
KOTOPBIN BRITOJHEE JIeTaTh OoJiee OJM3KUM K MOJIETH HICaTbHOTO BEITECHEHUSI.
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Puc. 2.5. 3aBucumMocTth BbIXOJa xiyoprugapuHa (1) m auxjopupa (2) npu
XJIOPTUJIPUHUPOBAHUM 3TUJIEHA OT KOHLIEHTPALUU XJIOPTUIPUHA B paCTBOPE

Tonyuaemvie npodykmei. IIpoMBINIZIEHHOE 3HAYE€HWE OTOTO IMpoliecca
COCTOMT B TOM, YTO XJIOPTHAPHWHBI MPU 0O0pabOTKE IIETIOYaMH JAlOT O.-OKCHJIBI
0JIe(pUHOB:

RCH—CH,

\/
O Ilobounvie npoodykmei. 1,2-nuxnopriporman u  [,B'-nuxmop-
nuuzonponioBsii a3¢up [CICH,(CH3)CHOCH(CH3)CH,CI].

[TponuiaeHXI0pruapuH CH3;CH(OH)CH,CI IPUMEHSETCS IS
MIPOM3BOICTBA MPOMIIICHOKCHIA.

Huxnoprugpun  mmnepuHa  CICH,CH(OH)CH,ClI mpu  o6pabotke
HIETIOYbI0 00pa3yeT SMHUXJIOPTUIAPHUH, KOTOPBIA MONYYalOT W3 aJUTHIXJIOpUIA |
UCTIONB3YIOT JUIS CHHTE3a JMOKCHUIHBIX TOJUMEPOB, TIIMIEPHHOBHIX 3(DHUPOB U
rimrepuHa. [Tobouno odpasyercs 1,2,3-TpuxsoprpornaH.

Texnonozusn npoyecca. CymecTBYIOT JBa METOAA XJIOPTHAPUHUPOBAHUSI.
[To mepBomy (puc. 2.6 TUN a) TPONWIEH U XJOp OapOOTHUPYIOT uepe3 BOAHBIN
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pacTBOp MPOAYKTOB, HAaxXOIAIIMXCS B IYyCTOTEJION KOJIOHHE, 3alUMIIEHHOW OT
KOPpO3UU KEPAMUUYECKUMHU IUIMTKaMH. B HM3 KOJIOHHBI MOJAIOT TAaKXE BOAY, 3a
CUeT HarpeBaHMsl KOTOPOM OTBOJAT BbLAEINAOIIEecs Temio. Ecaum B rasax ecTb
MHEPTHBbIE NPUMECH, TO YacTh TEIUIa CHUMAIOT 3a CUET MCHApEHUs IpU MOMOILU
oOpaTHOro KoHAeHcaTopa. Bmecre ¢ Bomod wucnapsercs U JUXJIOpPIpOINaH
(mobounslii mponaykT). Ilapel KOHAEHCHUPYIOT M pa3leisioT KOHAEHCAT B
cenapatope. Bony Bo3BpalaroT B KOJIOHHY, a 1,2-TuXJIOpIponaH Mociae OYUCTKH
BBIITYCKAIOT KaK TOBAapHbIA NPOAYKT. PacTBOp XJIOpruapuHa CIMBAETCS Yepe3
OOKOBOW MEPENUB; 3aT€M €ro HEUTPaTM3YyIOT W3BECTHSKOM M HAINpaBISIOT Ha
CUHTE3 IPONWICHOKCHUIA.

Takoli ke cHnoco0 NPUMEHSIOT Ui MOJYYEHHUS JUXJIOPTUApPHUHA
[NIMLEPUHA, HO AJUIMIXJIOpPUZ BBOAAT B BHJAE MAapOB, pa30aBisisi €ro Ia3oM-
HOCHTEIEM. AITWIXJIIOPUI U XJIOP XOPOILIO PacTBOPSIIOTCS B OPraHUYECKOH (aze
IPOAYKTOB, TJ€ IMPOTEKAET MPUCOEAUHEHHUE XJIOpa, MOATOMY ISl MOBBIIICHUS
CEJICKTUBHOCTM B&)XHO YCHJIEHHOE JucneprupoBaHue cmecu. IIpm cuHTE3e
JTUXJIOPTUJIPUHA TJIMIEpUHA NPUMEHSAETCS APYrod Crnocod MpOBEACHMS peaKlUu
(tum  6), coCcTOSAMMHA B  TIPEABAPUTEIILHOM  TPUTOTOBICHHHA  PAacTBOPA
xJlopHoBaTHCTOM KucnoTel (pH 5) m mocnenyromem XJIOPTUIAPUHUPOBAHUH.
VYka3aHHbBIN pacTBOp IOTOBSAT, IPOITyCKas XJIOp Yepe3 BOJAHBINA pacTBOp KapOoHaTa
Y TUJIPOKCUIOB HATPUS UIIN KaJIbLUA:

Cl, + NaOH — HOCI + NaCl.

[G. )
NaOH
fas
J llpodyx
-—_*_ .

-

flgodyxm §
|

Cl, H,0
Cl, 1,
ﬂ;«.'!eqmﬂ ]
—_— ] -
H,0 Annunxnopud
a ]

Puc. 2.6. PeakumoHHBIE Y31l JJIs XJIOPTUAPUHUPOBAHMS: a — OapOoTakHas KOJOHHA C
00paTHBIM KOH/IEHCATOPOM; O — PEAKIHMOHHBIA y3€ll C MOJYYEHUEM pa3JIeIbHO TUIIOXJIOpUTA U
XJIOPTUAPUUPOBAHUEM B TPYOUATOM PEAKTOPE C PELUPKYIIUei
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3aTeM pacTBOpP CMEIIMBAIOT C AJUTHIXJIOPUIOM (B HACOCE) U MPOKAYUBAIOT
yepe3 TpyOdaThlii OXJaKIaeMblii pEakTop, BO3Bpamias dYacTh CMECH Ha
HUPKYJsiuio (Tum 6). Beixoa xmopruapunoB coctariseT 80-85%.

2.6. TI'maporajioreHMpoBaHHe

BaxxHOe DpakTHYEeCKOE 3HAYEHUE MMEET TUAPOrAJION€HUPOBAHUE 110
JBOWHOW U TPOMHOM YIJIEPOI-YIIIEPOAHBIM CBA3SIM.

2.6.1. 'maporanorenupoBanue no C=C cBs3u

Kak yxe oTmedamoch paHee, THAPOTAIOTCHUPOBAHUE  SBJISETCS
’K30TepMUYECKON 0OpaTtuMoll peakuueid. Ee paBHOBecue cMemaeTcss BIpaBo MpU
CHIWKeHUM TemriepaTypel, U mpu < 50°C peakiusi CTaHOBUTCA MPAKTUYECKU
HEOoOpaTUMOIi:

RCH=CH, + HX < RCHX-CHs.

PeakimonHnasi crmocoOOHOCTh Pa3IUYHBIX TAJIOTC€HBOJOPOJIOB BO3pacTaeT B
psiy, IPOTHBOIOJIOKHOM aKTHBHOCTH CBOOOHBIX rajorenoB (HI > HBr > HCI >
HF). ITpu atom HI u HBr Hepenko npucoeauustorcss 0€3 KaTaln3aTopoB, HO JUIS
TUAPOXJIOPUPOBAHUSL  KaTalIM3aTopbl HeoOXxoaumbl. Karanmmzatopamu — ciay»Kar
anpoToHHbie KUCIOTHI, Yamie Bcero AlCl; nm FeCl;. Mexanusm peaknuu siBIsSieTCs
AJIEKTPOPMIbHBIM, TmpudeM aktuBupytomee gAciictBue MCl;  oObscHsIOT
o0JIeT4YeHrEeM CTaJNH MePEX0/1a T-KOMILIEKCA B G-KOMILIEKC:

HC  4HCl HoC +MClg H2C + MCl CHjs
— g—» HCI — é +  MCh
H, H,Cl

H2 H2C+

WIM TPOMEXKYTOUYHBIM 00pa30BaHUEM METAUTXJIOPUCTOBOJIOPOTHON KHUCIOTHI
HAICI; (umn HFeCly), B koTOpo# MpOTOH MPUOOpPETAcT BBICOKYH) AKTHBHOCTb.
O6ouM MeXaHM3MaM COOTBETCTBYET OJMHAKOBOE KHHETHYECKOE YpaBHECHMUE,
HAWJICHHOE SKCIIEPUMEHTAIIBHO:

r = [MCl3]-[RCH=CHy,].

OTH MEXaHM3MBbI OIPENESSIOT TOT K€ P PEaKIMOHHON CIOCOOHOCTH
HEHACHIIIICHHBIX BEIIECTB, KaK TMpPH pPEaKIWH TPHUCOCIUHEHUS TajJOreHOB
CH3;CH=CH, > CH,=CH, > CH,=CCl,, a Takxe HamnpaBjcHHE IPHCOCIHMHCHNS,
TO €CTh BOJOPOJ UAET K HauOoJiee TUIPUPOBAHHOMY YTIIEPOTY, & XJIOp — K MEHEe
rUAPUPOBAHHOMY (TTpaBHII0O MapKOBHUKOBA).

[Ipu TumpUpOTraNOTeHUPOBAHUH OOBIYHO TMPOTEKaeT MOOOYHAs peaKITus
MOJMMEPHU3alK HEHACHIIIEHHBIX BEIIECTB, Takke Katanusupyemas MCls:

CH3-C+H2 + CH,=CH, — CH3(CH2)2C+H2 + CH,=CH, — CH3(CH2)4C+H2
U T.JI.

OO0pa3yroTCcsl KUAKUE HU3KOMOJEKYISIPHBIE TOJMMEPHI, BBIXOJ KOTOPBIX
pacTeT mnpu yBedIuueHUU Temneparypbl. CHHMXKEHHMIO BBIXOJA CIIOCOOCTBYIOT
OTHOCUTEJIBHO HHU3Kash TeMmIeparypa U HM30BITOK XJOpHAA BOJAOPOAA, KOTOPBIN
o0OecrieynBaer, B TOM 4uHcie Oojiee TMOJHOE MPEeBpallleHHEe OPraHuYeCcKOro
peareHra.
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Ionyuaemvie npodykmul. Hamboniee NIEHHBIMU SIBISIIOTCS OSTUIXIIOPHT
C,HsCl (1.xonm.12,3°C), mosy4aroT NPUCOCIMHEHHUEM XJIOPHAAa BOJOpPOJA K
srriieny npu  Katanmze AlCls; mobGouno 00pa3yroTcss HU3MIKME ITOJHUMEPHI.
OTUIXIIOPU]T TIUPOKO MPUMEHSIOT KaK 3TWIMPYIOIIMM areHT Mpu MPOU3BOJCTBE
TUATHIAMXJIOPCHIIaHA (C,H5),SiCl,, TETPadTUIICBHHIIA Pb(C,Hs)a,
stmnMmepkanTaHa C,HsSH u aTumiesuionossl, a Takke JUisi MECTHOM aHEeCTe3Uur B
MEIUIMHE. AHAJOTUYHO U3 ATUJIEHA U OpOMUJIa BOJOPOAA MOMYyUYatOT STHIOPOMMU/T
C,oHsBr (1.xum.38,4°C), KOTOPBI MIPUMEHSIIOT VTS HA3TOTOBJICHUS
TETPAdTWICBHHIIA, JT00ABIIEMOTO K MOTOPHBIM TOIUIMBAM ISl TIOBBIMICHUS WX
OKTaHOBOTO YHCJIA.

Texnonozus npoyecca. YToObI CMECTUTH PABHOBECHE B HYXKHYIO CTOPOHY U
MO/IaBUTh TTOOOYHBIC PEAKIIUU TOJMMEPU3AINH, THIPOXJIOPUPOBAHUE BEAYT IIPH
HU3KHX WIH yMepeHHbIX Temmeparypax (ot muHyc 10 mo 30-40°C); uzOwiToK
XJIOpHJa BoJopoa cocTasiseT 3-5%.

[Ipu ruApOXJIOPUPOBAHMU OSTUJICHA W BUHWIXJOPUIA HCIOJb3YETCs
HauOoJiee yoOHBINA croco0 B3aMMOJECUCTBUS JBYX T'a30B — UX OapOOTHpOBaHUE
yepe3 KUJAKANW MPOAYKT peakiuu (aHAJIOTMYHO B3aUMOJCUCTBHUIO OJE(DUHOB C
xjiopoM). ['azpl pacTBOpsAIOTCS B JKHUJIKOCTH, COJEpKalled KaTtaiuzaTop, |
pearupyrot B 3ToM pacTBope. [Ipu cuHTe3e xjopaTaHa, yTOObI COXPAaHUTh €ro B
KUJKOM COCTOSIHUH, TpeOyeTCsl HU3Kasl TeMIIepaTypa WM MOBHIIIEHHOE JIaBJICHHUE.
[Tpu THIPOXTIOPUPOBAHUH BUHUIHACHXIOPUIA, KOTOPBIH SIBISETCS HU3KOKHUTISAIICH
KUJIKOCTBIO, €ro 0apOOTUPYIOT Yepe3 pacTBOP.

[Iponiecc BeayT B peakTopax Tuma 0apOOTaKHBIX KOJIOHH, MIPUYEM CXeMa
PEaKIMOHHOTO y3/1a aHaJIOTMYHa W300pakeHHOMY Ha puc. 2.4 tun a. U3
OTXOMSIIUX Ta30B TOCIE XOJOAWIbHUKA OTACISIOT KOHACHCAT, a W30BITOK
XJIOpUJia BOJOpPOJA HAMpaBJsIOT Ha abcopOuuio Bomou. Kuiakuih TPOIYKT,
CTEKAIOIIU uepe3 OOKOBOW TMepesuB KOJOHHBI, HEUTPATU3YIOT MIEIOYBI0 H
NeperoHsoT. B ciyyae cuHTe3a XjopaTaHa KpoMe MPUBEJICHHOM CXeMbl BO3MOKHA
u apyras (puc.2.4 tun 6), TAe BBIIEISAIONIEecs TeIUI0 OTBOJUTCS TOJBKO 0OpaTHBIM
KOHJIEHCATOPOM 3a CYET HCHapeHus MpOJayKTa B peakTope. BBumy BBICOKOU
JETY4eCTH XJIOpITaHA €ro HEeoOXOAUMO HW3BJIEKAaTh U3 OTXOJSIIET0 rasa
(abcopOuumeit umu aacopoImei).

2.6.2. I'mapoxsuopupoBanue no C=C cBsa3u

Peakiusi mnpucoeAMHEHHUS XJIOPUCTOrO BOAOPOJa K  allETUIICHOBBIM
YIJIEBOAOPOAAM TUITUYHA JJI1 COEAUHEHUN C TPOWHOM CBA3bIO!

CH=CH + HCI — CH,=CHCI -AH®93=112,4 xJ[>x/MOJIb.

[To cBOel 3K30TEPMUYHOCTH OHU MOYTH B JBA paza MPEBOCXOAAT PEAKLIUIO
THJIPOXJIOPUPOBAHUS OJI€(PUHOB.

Peakuuio ruapoxiopupoBaHMs alETUIIEHA U €ro FOMOJIOTOB MPOBOJAT B
NPUCYTCTBHH CEJIEKTUBHBIX KaTAIU3aTOPOB, YCKOPSIOUIMX TOJIBKO NEPBYIO CTAHIO
npucoeauHeHns. VCrnonp3yroTcs CoM IBYXBAJIEHTHOM PTYTHM M OJHOBAJICHTHOM
meau. B razodaznom mpouecce mpu 150-200°C u3 coneit [ByXBaJ€eHTHOW PTYTH
npumensitor cynemy HQCl,, mpudeM wncnonbs3yroTcs BO3MOXKHO Oojiee Cyxwe
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pearentsl. [Ipu 3TOM moGouHO OOpasyercs aneTajabAeruj (3a CUET OCTATOYHOU
Biaru) u 1,1-guxsnopartan (Beixog meHee 1%).

JIist skuaKoazHoOro rufpoXJIOPUPOBAHUS MPUTOIHA COJIb OJHOBAJIEHTHOM
Meu (OHA He Ae3aKTUBUPYETCA M Majlo YCKOPSIET B3aUMOICUCTBUE alleTUIICHOBBIX
¢ Bojoit). Karanuzatop npezacrasisier coboii pactBop Cu,Cl, B comsiHoi kuciore,
coJiepKaliei XJI0pua aMMOHHUS.

llobounwviti npoyecc — OUMepU3allMsl —alleTWICHA, MPUBOAAIIAS K
00pa30BaHMIO BHHMJIAICTHIICHA!

2CH=CH — CH=C-CH=CH..

JIJ1s TToaBIIeHUs 3TOM peaknuu Tpedyetcs Bricokast konneHntpamnus HCI. B
XO0/Ie MPpOIlecca HEMPEPHIBHO YKPEILISIOT KUCIOTY XJIOPUCTHIM BOJIOPOIOM.

Karamutnyeckoe [elcTBHE COJIEM PTYyTM W MEIM HA  PEAKLIHIO
THAPOXJIOPUPOBAHUS OOBSICHSIIOT 00pa30BaHHEM KOOPIMHAITMOHHBIX KOMILJIEKCOB,
B KOTOPBIX allETUJICH aKTUBUPYETCS U B3aUMOJIEHCTBYET C XJIOPHJ-aHHOHAMHU.
[IpyyeM MPOMEXKYTOUYHO TMOJYYAIOTCS TMEPEXOJHBIE COCTOSHHS C METasll-
YTIAEPOIHOM CBSI3bI0 WJIM HACTOAIIME METAIOPTaHUYECKUE COCIMHEHHUsI, OBICTPO
pasnaraemMble KUCJIOTOM:

CH .,4* CH

m - 2 s I —Mmt €

CH

Tonyuaemvie npodykmoei. Bununxiaopun CH,=CHCI (t.xoHZ. MuHYC
13,9°C) — BaxHeWmuii MOHOMEp [JII CHUHTE3a Pa3IUYHBIX [OJMMEPHBIX
matepuanoB. [lpu monumepusanu B TMPUCYTCTBUM TIEPOKCHIOB OH JaeT
MOJIUBUHWIIXJIOPHU/L;

NCH,=CHCI — (-CH,-CHCI-),.

OH ChoyXUT TakKe MNPOMEXYTOUYHBIM MPOAYKTOM st cuHTeza 1,1,2-
TPUXJIOPITaHA, BUHWINICHXJIOPUIA U METHIXJIOpOohopMa.

Xnoponpen CH,=CCICH=CH, (1.xumn.59,4°C) mosy4aror *uakoha3HbIM
ruapoxjopupoBanreM BuHMIanetwieHa npu 40-60°C B npucyrcteun Cu,Cly:

CH=C-CH=CH, + HCl — CH,=CCI-CH=CH,.

XJOpornpeH — IIEHHBI MOHOMEp ISl TPOU3BOJICTBA CHHTETUYCCKUX
Kay4yKOB C BBICOKOW MAacCJIOCTOMKOCTBIO.

IIpoussoocmeo eunurxaopuda uz ayemunerda. [IpOMBINUIEHHBI CHUHTE3
BUHWIXJIOPUIA W3 alleTWieHa M XJOpuJa BOJOPOJA TPEIACTaBIseT Cco0O0i
ra30o¢a3HpIi TETEPOTCHHO-KATATMTUYECKUIN TTPOIIECC.

Karanuzatop roTOBST, TPONMUTHIBAS AKTUBUPOBAHHBIN yTOJb BOJIHBIM
pacTBOPOM CyJIEMBI, C MOCJIEIYIOLIEW CYIIKOW. B IOIydyeHHOM Karamu3aTtope
cogepxurcs 10%(macc.) HQCl,. BBumy cuabHOH TOKCHYHOCTH CyJEMBbI U
B3PHIBOOTIACHOCTH  allETUJICHA, TPEIBSABIAIOTCS KECTKHE TpeOOBaHHS B
OTHOIIICHWHY TEXHUKH OE30MacHOCTH U OXpaHbl TPY/a.

CMmech aneTuiieHa ¥ XJIOpHAAa BOJOPOJA MPOIYCKAIOT YEPE3 PEaKklMOHHOE
MPOCTPAHCTBO, 3aMOJIHEHHOE TBEPABIM KaTaiuzaTopoMm. lMcxomaHbeie BemiecTBa
JIOJDKHBI OBITh CyXMMHU. XJIOPUJI BOJAOpOaa OepyT B HEOOJBIIOM H3OBITKE IO
OoTHOHIeHUI0 K anetwieHy (5-10%). DTo yBenuuyuBaeT CTENeHb KOHBEPCHUH
aneruneHa. OnTtumanpHOM  TemmepaTypod  cuutaercs  160-180°C. Ilpu
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MOCTETIEHHOW TOTEepe CyJleMbl W CHIKEHHMM aKTUBHOCTH KaTajau3aTopa
TeMriepatypy peakuuu yBenuuuBaioT 10 200-220°C. BcenenctBue BBICOKOU
DK30TEPMHYHOCTHA TPOIECC TPOBOAIAT B TPyOUATHIX peakTopax: B Tpyodax
HaXOAWTCS KaTalu3aTop W JBWKETCS Ta3oBas CcMecb. B MeXTpyOHOM
MPOCTPAHCTBE IHUPKYJIHPYET OXJIKIAIONIMK areHT. B KadecTBe XJajoarcHra
MOJKHO HCITOJIb30BaTh OPraHWYECKHWE TEIJIOHOCUTENM, BOJY WJIH BOJHBIN
KOH/ICHCAT, KUTISAIINH 1T0J] HEKOTOPHIM JaBIEHHEM. JTO MO3BOJISIET YTHIN3HPOBATh
TEIUIO PEeaKIMU IS MOJIyYEeHHUS Mapa.

Texnonoeuueckas cxema TPOU3BOJACTBA TIpEICTaBiIeHa Ha puc. 2.7.
[IpenBapuTenbHO OYMINEHHBIA AalleTWJIEH MPOXOAUT  OTrHemperpaautens 1 u
OCyIlIaeTcsi Ha TEpBOM JTame 3a CYeT KOHACHCALMU BJIATH B PAaCCOIBHOM
XOJIOMWIbHUKE 2, a 3aTe€M TBEPJOH Mmienodbio B KoioHHe 3. B cmecurene 4 on
CMEIIIHMBACTCS C CYXHM XJIOPHIOM BOJOPO/Ia U TIOCTYIAET B TPyOUaTHIA peaKTop O.

- — b e
HCl e/ 1 . " .
7 N \ V
. 4 rﬁ‘qp 1 )
2 5.-""- . .. L o] g u%
j HEG g e
it —-— En,0 € N;EHL'@ !
% = rgwy.) NaOH
14 <>\ Conayar Kucaoma !
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e >
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Puc. 2.7. TexHonoruyeckas cxemMa IOJyYeHHs BUHWIXJIOpPHAA THAPOXJIOPUPOBAHUEM
anetmwiieHa: 1 — oraenperpaaurens; 2, 6, 10 - xonogwibHukH; 3 — OCYIIMTENbHAs KOJOHHA,
4 — cMmecHuTenb; S5 — peakTop;

7-9 — ckpy00epsr; 11 — kommpeccop; 12, 13 — pexTudukannoHHble KOJIOHHBI, 14 — cemaparop;
15 — nednermaropsl; 16 — KUIATHIEHUKA

CreneHnb KOHBEpCUM aneTuiieHa cocTaBisieT 97-98%. PeakiimonHbie rasbl
coaepxkart 93% Bunwixiopuaa, 5% xnopuaa Bogopona, 0,5-1,0% anerunena u no
0,3% aneranpaeruna u 1,1-guxaopatana. OHU YHOCST ¢ cOOOM mapsl cynemsbl. ['a3
OXJIAXKIAeTCs B XOJOAUIbHUKE 6 M OYHMINAeTCs OT CyJEeMbl U XJIOpHIA BOJOPOJA
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MocJIeIoBaTeIbHO B CKpyOOepax 7, 8 u 9 20%-i consHOW KHUCIOTOW, BOMOW U
HUpKyJaupyromied menodsto. [locme 93Toro ras ocymamT B PacCoIbHOM
xonmoaunbHuke 10 m cxumaror kommpeccopom 11 mo 0,7-0,8 MIla. Cwmech
MOCJIEA0OBATEILHO PA3EIAIOT B PeKTU(DUKAIIMOHHBIX KoJIoHHax 12 u 13, oTnensis
BHaYaJie TshKeNbli octatok (1,1-muxiopartaH), a 3aTeM JCTKHE IOrOH (alleTHIICH,
OCTaTKHU alleTaIbJACTH/IA).

Henocrarkom »3Toro merona SBISETCS NPUMEHEHHE JIOPOTOCTOSIIEIO
aIleTIJICHA U BBICOKAS TOKCHYHOCTH CYJIEMBI, a MIPYU CHHTE3€ XJIOPOIPEHa — €IIe U
HU3KHAU BBIXOJ IIPOJIYKTA.

2.7. XJiopupoBaHHe APOMATHYECKHUX COeTHMHEeHMIt

ApOMaTI/I‘-IeCKI/IC COCAMHCHUS B IIPUHLMIIC CHOCOOHEBI K TPpEM PaA3JINIHBIM
XUMHWYCCKHUM IIPCBPAICHUAM  I10J ,ZIGIZCTBPIGM CBO6OIIHI)IX rajJorcHoB: K
3aMCIICHHUIO aTOMOB BOJOPOJda B apOMATHYCCKOM AAPC HUIIN B OOKOBOM OCIIM 1 K
MNPpUCOCAMHCHHUIO XJIOpa IIO CBiA34AM B AOpPC. Bce stm IMPOLCCChI ITOJIYUYHIINU
IMPUMCHCHHC B IIPOMBIIIJIICHHOCTH.

Xnopuposanue é apomamuuecxkoe a0po

B3aumMozeiicTBue co CBOOOJHBIMHU TrajoreHaMu, BEAyllee K 3aMEeIlCHUIO
aTOMOB BOJIOPOJIA B SIAPE, ABJISIETCS] OJHOM M3 TUIMUYHBIX PEAKUUNA apOMaTHUYECKUX
coenuHeHnid. OHa B OOJIBIIMHCTBE CIIy4aeB MPOTEKAaeT B MNPHUCYTCTBHH
TOMOT'€HHBIX KaTaJM3aTOPOB, HO B OYEHb MATKHX YCIOBHSIX, BCIEICTBUE YErO
JIpYrue BO3MOXXHBIE HANpPABJICHHUS XJIOPUPOBAHMS HE TMOJYYAIOT pPa3BUTHSL.
Hao0opoTt, oHu MOTYT OBITh OCYIIECTBIIEHBI, KaK MPABUJIO, TOJIBKO B OTCYTCTBUE
KaTaJIN3aTOPOB, HAMPABISIOIIMX XJIOP B SIIPO.

K yucny xatanu3aTopoB XJIOPUPOBAHUS B SAPO MPUHAAJIEKAT CBOOOIHBIN
M0, a Tak)Ke rajoreHubl JKeje3a, aIFOMUHUS, [IMHKA, CYpPbMBI, 0JIOBA U JIpYyrue
anpoTOHHBbIE KHUCJIOTHL. [Ipomecc yckopsercs W caMHMMHM MeETalllaMH, HO HX
BJIMSIHUE, HECOMHEHHO, OOYCIIOBJIEHO OOpa30BaHUEM XJIOPHUIOB IpPH JCHCTBUH
cBoOogHOTO XJIopa. [IpakTHueckoe 3HAYEHHWE TIOMYyYWUST CaMbIil JICIICBBIA U3
METaJLIOB — ene30, pyHkuuonupytomiee B Buae FeCls.

Cuuraercs, 4TO TMEpPBOM CTaJAMEH peakuuu SBIseTCs OOpa3oBaHUE T-
KOMILJIEKCA apOMaTHYeCKOr0 COEOUWHEHUs ¢ MOJIeKyJol xJopa. Karamuzatop
B3aMMOJIEUCTBYET C 3TUM KOMILUIEKCOM, YTO IOMOTAET MOJSPU3ALUU CBA3EH U
00pa3oBaHUIO KapOOKATUOHA:

FeCl;

+ FeCl, —> @ + FeCl + HCL
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Kunetnueckue HCCJICOBAHUA  IMOKa3ajih, YTO CKOPOCTb PCAKIHU
BBIPAKACTCA CIICAYIOIIUM YPABHCHUCM:

r = k[MeCl,] [ArH] [Cl,].

OT0 BIOJIHE COOTBETCTBYET U3JIOKEHHOMY MEXaHU3MY.

Brnusaue 3amectuteneil B apoOMaTHUYECKOM SApE Ha €ro peakiMOHHYIO
CIIOCOOHOCTh M OPUEHTALIMIO pEeareHTa MpHU JajdbHEHWIeM 3aMEIIeHUU OCTaeTCs
Ipy  XJOPUPOBAHWM TaKUM Ke, KaK B JPYTHX PEAKIUAX IIIEKTPODOUIHLHOTO
3aMEIIECHHS] apOMAaTUYECKUX COEAMHEHHU. ODNEeKTpOHOAOHOpHBIE rpymmsl (-OH,
-CH3) mnoBbIIIAIOT CHOCOOHOCTh K 3aMENICHUI0 W OPUEHTUPYET TaJloreH
NPEUMYIIECTBEHHO B Opmo- W NApa-TIOJNOXKEHUs, a dSIEKTPOHOAKIENTOPHBIC
samectutenu (-NO,, -COOH u nap.) MOHMWKAIOT PEaKIHUOHHYIO CIIOCOOHOCTH U
MPUBOAST K 00pa30BaHUIO B OCHOBHOM Mema-u3oMepoB. Cpeu Ipyrux peaxiui
MEKTPOPUIBHOTO  3aMEIIeHUs]  XJOPUPOBAHHE  OTJIMYACTCS  TMOBBIIICHHON
YYBCTBUTEJIILHOCThIO K BIMSHHUIO 3aMecTuTened. Tak, NMpu HeKaTaIUTHYEeCKOU
peakiMy B PacTBOpPE YKCYCHOM KHCJIOTHI TOJIyosl xjopupyercsa B 343 paza, a
nentamerinbenson — B 4¢10° pas Gbictpee Gemsoma. IIpu XIOPHPOBAHHH B
MPUCYTCTBUH XJIOPHOTO JKe€Je3a 3Ta BETUYMHA YMEHBIIAETCS, HO BCE K€ TOJYOJ
pearupyer B 4-5 pa3 ObicTpee OeHzona. B ¢deHonmax akTuBUpYyIOIIee EHCTBHE
OKCUTPYMIbl HACTOJIBKO BEJIMKO, YTO (EHOJBbl XJIOPUPYIOTCS BooOIIe Oe3
KaTaJn3aTOpOB. ATOMBI TajoreHa JAC3aKTHBUPYIOT apoOMaTHYECKOE SAPO U
HANpPAaBIAIOT JajbHEHIIee 3aMellleHrne MPEUMYIIECTBEHHO B oOpmo- WIA napa-

IIOJIOKCHHUC:
— Q Cl (40%)
Cl
+C |2

CeHsCl - ca— /¢ (55%)

“HCl
— p—m (5%)
|

Takum o0pa3oM, B CHCTEME TMOCJIEIOBATEIbHO MapauIeIbHBIX pPEaKIui
XJIOPUPOBAHUST aPOMATHUYECKUX COCIMHEHUHN TMOCIEAYIoIIas CTaaus BCErja HJET
MeJIJIEHHEE MPEeIbLIY UM

+Ch (ky) +Ch (k) o
CeHs W CgHsCl W CgHsCl, EOA
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[Tpuuem otHomeHue Ko/K;, paHoe 0,12, MEeHbIIIE BEIMYNHBI, XapaKTEPHOU
JUIsL XJIOpUpoBaHusl napaguHoB. BeiencTBue 3Toro mpu XJIopupoBaHUM O€H3071a
MaKCUMyM O0pa30BaHUsl MPOMEKYTOUHOIO MPOJyKTa (XJIOpOEH30Ja) COCTaBIsAET
okosio 70 mon.%, 4YTO TO3BOJISIET MOJIy4aTh XJOPOEH30J MPU CPABHUTEIHHO
HEOOJbIIOM H30BITKE O€H30JIa MO OTHOLIEHUI0 K XJopy. OOmmii xapakrtep
KPUBBIX, XapaKTEPU3YIOMIMX COCTAB IMPOAYKTOB XJIOPUPOBAHUSA TIPU Pa3HOM
COOTHOIIIEHUH PEAreHTOB, OCTAETCS TEM K€ CaMbIM.

IIpooykmul, nomyuaemvie xaopuposanuem 6 sopo. Xiopoenszon CgHsCl
(OecuBetHast KuAKOCTh; T.kum. 132°C) mMeeT HEKOTOpOe NPHUMEHEHHE Kak
pPacTBOPUTEITH, HO TJIABHBIM 00pPa30M HCIIOIB3YETCS B KaueCTBE MPOMEKYTOUHOTO
MPOAyKTa B  TPOW3BOJICTBE HEKOTOPHIX aMHHOB, HHUTPOXJIOPOEH30JIOB,
XJIOPAaHWJIMHOB, HUTPO(EHOJOB, W3 KOTOPBIX TOJYdYalOT 3aTeM KpPACHTEIH,
JICKapCTBEHHBIE W B3pBIBUATHIC BEMIECTBa, NecTUIUABL. M3 xmopben3oina
CUHTE3UPYIOT HW3BECTHBIM  uHCeKTHIUA 4,4’ -nuxiaopaudeHuITpUXIOPMETaH,
Ha3biBaembIin JI/IT.

Juxnopbenzonvi, o-JInxXaopOEH301 — KUIKOCTh, KPUCTAJUTUIYIOIIASCS MPHU
munyc 14,5°C u xunsmas npu 180-183°C. n-/luxinopOeH3051 — KpUCTAUIMUECKOe
BemecTBo (T. 1. 53°C; m. kur. 173,4°C).

Texuuueckuit o-quxI0pOEH30J1, COCTOSIIUN U3 CMECU TPEX U30MEPOB (B TOM
yucie 70% opmo-u3zomepa), TPUMEHSETCS KaK pacTBOPUTEIh U aOCOpOEHT. n-
JuxnopOeH3on, oOpa3yrolmuiics BMECT€ € O-AUXJOPOEH30J0M B KauyecTBE
MOOOYHOr0 MPOAYKTAa MPHU XJOpUpPOBaHMS O€H30i1a, 00J1aaeT 3HAYUTEIHLHBIM
WHCEKTHIIMIHBIM JCHCTBUEM W HAIIIC]I TPUMEHEHUE KaK STOXUMHUKAT.

— CIOOH —
+Ch, +Ch +Ch,
OH =2 L > C OH —-»
“HCI -HCI -HCI
cl
> OH ——
Cl

Cl cl cl
— > cl OH %» cl H %»
| Cl
cl cl
— (I oGk
-HCI
cl |

lonuxnoprnagpmanunel, conepxaiye Tpu 1 0ojiee aTOMOB XJIOpa Ha OJIHY
MOJIEKYJTy Ha(TaluHa, MOJy4YaroT XJIOPUPOBAHUEM paCIIaBJIECHHOTO HadTallHa B
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NPUCYTCTBHM  XJOpUAOB MeTawioB. Ilox Ha3BaHMEM  «TalloBakC»  OHU
OPUMEHSIIOTCSI B DJIGKTPOTEXHUYECKOM  MPOMBIIIJICHHOCTH B KauecTBE
JTUAJIEKTPUKOB, a TAaKXKe JJIs MPONMUTKM OyMard M TKaHEW C LEbI0 MpUaHUs
OTHECTOMKOCTH.

Xnopghenonvl nony4aroT B MPOMBIIIUIEHHOCTH JIEUCTBUEM XJIOpa Ha (DEHOI.
[Ipu 3TOM MOCIEIOBATENBHO 00PA3yIOTCS TAKUE XJIOPIPOU3BOJIHBIE:

N3 nux 2,4-nuxnopdenon u 2,4,5-tpuxiopdeHos MPUMEHSIOT JIJI CUHTE3a
BaXHBIX TepOUIUAOB — MPOAYKTOB KOHACHCALUU XJOP(HEHOIOB C MOHOXJIOP-
ykcycHOM kucmoTon (2,4-J1 n 2,4,5-T), umeromux obmyto ¢opmymy Ar-OCHs-
COONa.

JUiss 3TOM K€ UEeIM HCIOJNb3YIOT 2-MeTUI-4-XJIOpPEHOI, MOITyYaeMblii
XJIOPUPOBAHUEM 0-Kpe3oja. O(PPEeKTUBHBIMH CpPEACTBAMHU [JIsi OOpBOBI €
COpPHSIKAMU SIBJISIIOTCA TaK)K€ NEHTaXJOP(PEHOJAT HATpUsl U TPUXIOP(HEHOIAT
meau. llentaxnopdenon oOnamaer CUIbHBIM OaKTEPUIMAHBIM JCHCTBHEM U
IPUMEHSETCS ISl IPONUTKY U KOHCEPBALUU JPEBECUHBI.

Texnonoecuss xnopuposanus ApOMATHUUYECKUX COCIUHEHUH B SIPO HMEET
MHOT0 OOHIEr0 ¢ MPOLIECCOM KHUAKO(]A3HOro XJopupoBaHus mnapaduHOB. 371ech
TAaK)KE IPOTEKAET PsI IOCIEN0BATEIBHO-IAPAIUICIIBHBIX PEAKIM 3aMEeIEHUs
aTOMOB BOJIOpPOJIa, BCJIEJCTBUE YEro BO3HHMKAIOT aHAJIOTWYHBIE BOIPOCHI BBIOOpA
ONTHUMAJIBHOIO  COOTHOLIEHUS PEAareéHTOB M  PAlMOHAJIBHOM  OpraHu3anuu
PEaKLMOHHOTO y3Ja.

Buvibop ycnosuti peaxyuu. CunTe3 Xa0pOeH301a BEAYT NpU U30bITKE OCH301a
[0 OTHOWIEHWIO K xyopy A0 2:1. Ilpm 3THX yCHOBUSX B pPEAKIMOHHOW Macce
coaepxutcs 5-10% nuxnopnpounsBoaHbsix U okojo 40% HempopearupoBaBIIETO
oenszona. TemmepaTypy mpolecca MOXHO BbIOMpaTh JOCTATOYHO CBOOOAHO, Tak
KaK XJIOPUpOBaHHE OEH30Jla C JKEJIE3HbIM KAaTajlM3aTOpOM TMPOTEKAET OYEHb
OBICTPO Jaxe IMpH HU3KUX TemrepaTypax. PaHplle cuMTasoch, 4YTO MpH
NOHM>KEHUM TEMITEPATYPhbl YMEHBIIAETCS BBIXO IUXJIOPIPOU3BOIHBIX, U TOATOMY
npoBouin npotiecce npu 35-40°C, ucnonp3ys B KauecTBE XJajgoareHra Boay. Ho B
JanbHeleM ObUIO HaileHO, YTO TeMIepaTypa Majo BIUsSeT Ha oOpa3oBaHue
JTUXJIOPIPOU3BOIHBIX, U TEMEPh PEAKIIUIO MPOBOJAT MPpU TemnepaTrype okoio 80°C
B JKUJIKOM (a3ze.

XnopupoBanue (eHona A0 - U TPUXJIOPPEHOIOB OOBIYHO MPOBOAST MPH
50-65°C, HO 1151 BBEJIEHUS CIIEAYIOIIMX aTOMOB XJIOpa TeMIepaTypy MPUXOAUTCS
MOBBINIATH, YTO OOYCJIOBIIEHO TaKKe BO3pAaCTaHUEM TEMIEpaTyp IUIaBICHUS
nonuxiopdenonos. [lpu xmopupoBanuu HadTaaMHa A5 TOJYYEHHs rajoBakca
TEMIEPATypy peakiuuu nocreneHHo mnoBbimaroT oT 90-100 go 160°C w
UCIIOJIb3YIOT JKEJIE3HBINM KaTaIn3aTop.

BBuay BbICOKOUM CKOPOCTH U HEOOPATHUMOCTH BCE PEAKIIMU XJIOPUPOBAHUS B
PO OCYLIECTBISIIOT MPH JaBICHUH, OJU3KOM K aTMOC(HEpHOMY, Kak U IMPOIecc
xuakodazHoro xjopupoBaHus mnapadpuHOB. B oTinMume OT XJIOpUpOBaHUs
napauHOB MpU XJOPUPOBAHUU B AP0 B KAYECTBE MCXOJHOTO peareéHTa MO>KHO
UCITOJI30BaTh HE KHMJKUI XJIOp, a XJOp-ra3, TaKk KaK INPHUMECH KHUCIOpOJa He
BJIMSIIOT Ha PEAKLHUIO AMEKTPOPUIBHOTO 3aMELICHHS.
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Tunvt  peaxkyuonHvlix ycmpoucmeé W UX pabora. XJIOpUpOBaHHUE
apOMaTUYECKUX COCAMHEHHM B SApPO MOXHO BECTH MEPUOAMYECKUM WM
HEIMPEPHIBHBIM METOAOM. J[JIs1 MepruoandecKkoro mporecca NpUMEHSIOT PEaKkTop C
MEIIAIKON U BHYTPEHHUM OXJIAXkKJICHHEM, TOJI00HBIN N300pakeHHOMY Ha puc. 2.1
(tum 6), ¢ TeM H3MEHEHUEM, YTO BHYTPH ammapata HMEIOTCS TOJKU IS
KaTanu3aTtopa (CTaJbHbIE CTPYXKKH).

Opnako mpu XJIOPUPOBAHMM O€H30Ja BBUJY BBICOKOW CKOPOCTH CaMoOM
XUMUYECKON peakiuu A(OPEKTUBHOCTD TMpoIecca JUMHUTHPYETCS CKOPOCTHIO
OTBOJIa BBIJCIAIOMIETOCS TeIIa. DTO MOCTY>KUJIO MPUUNHON KOPEHHBIX N3MEHEHHI
yCTPOMCTBa XJIOpaTopa M MeToja TeriooTBoaa. OTKa3aBUIMCh OT BHYTPEHHETO
OXJAXKICHUS PEaKIMOHHOM MacChl, BOCIOJIb30BAUCH Oosiee 3(PPEKTUBHBIM
criocoOb0M — OTBOJIOM TeIlIa 3a CUET UCMApEeHHs YacTh OeH30J51a, KOTOPBIM Mocye
KOHJICHCAllMM B OOpPAaTHOM XOJIOJWJIBHHUKE BO3BpaIlaeTcs B xyopartop. B Takom
BUJIC PEAKIIMOHHBIN y3€JI CTAHOBUTCSA aHAJIOTUYHBIM PEAKTOPYy ISl A IUTUBHOTO
xjopupoBanus onepuHoB (puc. 2.4 Tun 6). KoHCTpykiusi peakTopa CHIBHO
yIPOILAETCs, U MPOUCXOIUT aBTOMATUYECKOE CaMOPETryJIMPOBAHUE TEMIIEPATYpHI,
UCKJII0YaroIlee BO3MOKHOCTD neperpeBoB. [Ipu xioprupoBanuu geHosa BBULYy €ro
BBICOKOM TeMIepaTypbl KUIIEHUS 3TOT METO]l HEIPUMEHUM.

[Ipy  ocyllecTBIEHMM  HENPEPHIBHOTO  Ipoliecca  XJIOPUPOBAHUS
apoOMaTHUYECKUX COEIMHEHUH B PO BO3HHUKAIOT T€ K€ MPOOJEMBI, YTO U IpPH
xuakoda3sHOM  XJopupoBaHMM mnapaguHOB. B xyoparopax, moaoOHBIX
n300pakeHHOMY Ha puc. 2.4 (Tun a), He ymaeTcs H30€kKaTh MPOIOJIHHOIO
nepeMenBanus. PeKOMEHI0BaHO TpHUMEHEHHE Kackaja TaKhX PeaKkTOpOB, UYTO
CHIDKaeT 00pa30BaHHE MOJIUXIIOPUIOB.

2.8. Ilpouecchl pTopupoBaHust

B nacrosiee BpeMs TpyJaHO Ha3BaTh TaKyk O0JIACTh HAYKH M TEXHUKH,
JNajJbHEHIlIee pa3BUTHEC KOTOPOHM HE 3aBUCETO0 OBl OT YPOBHSA pPa3BUTHUSA
COBpeMeHHOW xumuu. HoBelmas TEXHUKA C YPE3BBIUANHO KECTKUMHU YCIOBUSIMHU
ee DJKcIulyaTanuu TpeOyeT co3maHus 0oyiee XMMHYECKH U TEPMHUYECKH
YCTOMUYMBBIX MaTEpPHAIOB. OJTH TpeOOBaHUS YAOBIETBOPSIOTCS B PE3yJIbTATe
MO3HAHMUSI XMMHUHU TE€X 3JIEMEHTOB, KOTOphIe eme 60 JeT Has3aj MPaKTUYECKH He
UCIOJB30BAMCEH. K TOAOOHBIM 3JIeMEHTaM MPEeXkK/e BCEro OTHOCUTCS (PTOP, XUMUS
KOTOpOro Havaya OypHO pa3BuUBaThCs B KOHIIE 40-X TOJOB MPOIIOTO CTOJETHS.
[IpuuuHOl ee pa3BUTUS SBWIMCH MOTPEOHOCTH BHOBH CO3/1aBa€MOM aTOMHOMU
MIPOMBINJICHHOCTH, MPEIbSIBUBIICH K MaTepuagaM TpeOOBaHMs, KOTOPbIE MOTJIH
OBITH YJOBJIETBOPEHBI TOJILKO MCIIOJIH30BAHUEM HEOPTaHUUYECKUX M OPTaHUYECKUX
MPOU3BOAHBIX (TOpa. DTO B MEPBYIO OUEpeab KacajloCh JICTYYMX MPOU3BOIHBIX
ypaHa, TMOCPEACTBOM KOTOPBIX OBLIO JOCTUTHYTO AM(GY3UOHHOE pa3aesieHne
n3otoroB °U u “*°U. TakuM COCIHHEHHEM SBUICS rekcapropun ypana (UF).
Jlnst ero mosiydeHHsT HEOOXOAWMO OBUIO CO3/1aTh MPOU3ZBOJACTBO (DTOPHCTOTO
BoZiopona ¥ ¢TOpa, YTO TOCTYKHJIO B CBOI OYEpPEIb TOIYKOM K CO3JAaHUIO
CMa304YHbIX U YIUIOTHUTEIbHBIX MAaTEPUATIOB, YyCTOMUYHMBBIX B arPECCUBHBIX CpeJlax.
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3arem Obum pa3pabOTaHbl METOJbl CHUHTE3a PA3JIMYHBIX MOJHOCTHIO
bTOpUpOBaHHBIX U (PTOPXIOPCOAEPKAMUX OJHUHOB, MOTUMEPU3ALUEH KOTOPHIX
MOJIyYeHbl HOBBIE CMAa304YHBIE MaTepuaibl M TOJUMEPHI, MPEB3OLICAIINE IO
XUMHUYECKON yCTOWYMBOCTH Oiiaropoanbie Metaiuibl. [lepdropyriepoansie macna
OKa3aJIMCh CIIOCOOHBIMU JIJIUTEIBHOE BpeMsi pabOTaTh B UPE3BBIYANHO KECTKUX
YCIIOBUSIX dKCIUTyaTaluu. TBepAble U 3JaCTUUHbIC eP(TOPIOTUMEPHI U B TIEPBYIO
ouepenb mnonuterpadTopaTUiieH (TedaoH) W (TOPKAyIyKH IIUPOKO BOILIM HE
TOJIBKO B TEXHOJIOTHIO aTOMHOW MPOMBINIJICHHOCTH, HO OYKBaJILHO BO BCE 00JIaCTH
HOBOW, B TOM YHCJIE KOCMUYE€CKOW TEXHUKHU U BBICOKOCKOPOCTHOW aBUAIIUU.

OdeHb CKOpPO CTaldM MPOU3BOIUTHCA JEeTydue (TOPXIOPCOACPIKAIIHEC
yTAEBOAOPOABl ((PPEOHBI, XJIAIOHBI), TEPMOAMHAMUYECCKHAE CBONCTBA KOTOPBIX
criocoOCTBOBaIM OypHOMY Pa3BUTUIO XOJOAWIbHOW TexHuku. Ha Gaze ¢gpeoHOB
OBLTM CO37aHBI a’PO30JIbHBIC YITAKOBKH, OOECIICYMBAIOIINE TOHKOE pPACIIBIIICHHUE
Pa3IMYHBIX UHCEKTUIIUJIOB, TEPOUIIUIIOB, KPACUTEIIEH, JIAKOB U IPYTUX TIPOTYKTOB.

bpomdTopyrinepoasr  3apekomeHgoBanu  cebd  Kak 3P ¢hEeKTHBHBIC
orHeracutesv. OTHETYIIUTEISIMU, CO3JJaHHBIMU Ha MX OCHOBE, OBLIM CHAOXKEHBI
caMoJIEThl, TaHKHW, TOJIBOJHBIC JIOAKH, a Takke My3eu, OumOnuoreku. bombiioe
3HauYe€HUE (PTOPOPTAaHUYECKUE COCTUHEHUS MPUOOpPENTH TaKKe B METUIIMHE. DTO
Ipex/ie Bcero Kkacaercsi cuHTe3a 0e3BpenHbix o0mmx anecretukor (CF3-CHCIBY),
MPOTUBOBOCHATIUTEIBHBIX ~ CPEICTB, JeNpeccaHToB (TpudTOpaMHHA3WH) U
POTUBOPAKOBBIX MpenapaToB (S-GpTopypariui).

BoaHbie 3MyiIbCHH HEKOTOPBIX TMOJHOCTBIO (TOPHPOBAHHBIX BEIIECCTB
(mepdropadupsl, nepPTopaMUuHbl U Jp.) SBISIOTCA AKTUBHBIMHU TMEPEHOCUUKAMU
KHCIIOpOa, 1Mo 3(PPEKTUBHOCTH HE YCTYMAIONUMU KPOBH. JKUBOTHEIE, Y KOTOPBIX
KPOBb TIOJTHOCTBHIO 3aMEHEHA OMYJIbCHEH YKa3aHHBIX BEIIECTB, IMPOAOKAIOT
CYIIIECTBOBATh, TPHU 3TOM B pe3yjbTaTe HOPMAJIBLHOTO METa0OoJIM3Ma AMYJIbCUS
3aMEHSIETCSl Ha KPOBb.

N3 peakiuit BBeneHus: atoma GTOpa B MOJIEKYJIbl OPTAaHMYECKUX BEIIECTB
HauOOJIBIIIOE 3HAYCHUE UMEIOT:

1 - neficTBUEe MOJEKYJISAPHOTO (TOpa U HEKOTOPHIX (HTOPHUIOB METAJUIOB,
HAXOISIINUXCS B BeIciieM BaimeHTHOM coctostauu (CoFs, MnF3, AgF,); mpu stom
MIPOUCXOJIUT TJIABHBIM 00pa30M 3aMelieHue Ha GTop aTomMa BOJIOPOIa;

2 - neiicTBrue GTopuaa BOJAOPOAA U €ro CoJIeH, B KOTOPBIX aTOMbI MeTaJljia
HAXOIATCS B HOPMaJIbHOM BajieHTHOM cocrosiHuu (AgF, ZnF,, HgF,, SbF;, PbF,,
SiF,); npu 3TOM Ha GTOp 3aMenIacTcs B OCHOBHOM aTOM XJIOpa.

2.8.1. ®TopupoBaHue 3JeMEHTAPHbIM (TOpoM H BbICIUMU (TOpPUAAMH
MeTaJVI0B

[Ipsimoe neficTBue (Topa HA OPTAaHMYECKHE BEIIECTBA MIPUBOAUT K OYpHOI
peaKiuu, COMPOBOXIAIOIICHCS BCHOBIIIKAMU U B3pblBaMH. B pesynbrare
MOJTy4aroTCst (TOPUJT BOJOPOJIA M MIPOIYKTHI PA3IOKEHHUS OPTAaHUUECKUX MOJICKYII
(C, CF;). Drto m0OpouCXOOUT BCIEACTBUE BBICOKOW  IK30TEPMHUYHOCTH,
MPEBOCXOISIIEN SHEPTUIO Pa3pbIBa YIICPOA-YTIIEPOIHBIX CBSA3EH.
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Bbonee crokoitHO peakiusi mpoTekaeT mpu pazOaBieHuH GTopa (M mapoB
OPraHMYECKOTO  BEIIECTBA) HMHEPTHHIM B  JIAaHHBIX  YCJIOBHUAX  Ta3oM,
BOCTIPMHUMAIONUM YacTh BBIJCISIONICTOCS TETIa M BBIBOASAIIAM CHCTEMY W3
BEChbMa IIUPOKHUX TMPEACIOB B3PHIBAEMOCTH. TakWM Ta30M CIYKUT a3oT. llpu
¢dbTopupoBaHUU B KHIKOW (ha3e TakKe UCIOIB3YIOTCS YCTOMYMBBIE K JCHCTBHIO
¢dTopa pactBopurtenu (GpTopyriaepoasl, pu Hu3Kux Temneparypax — CCly). Kpome
TOTO B MIMPOKO PACIPOCTPAHCHHON Ta30(a3HOM peaklIud HCIOJIb3YeTCs
TEIUIONPOBOSINIAS HAacaAKa (HalpUMep, U3 MEIHOM MPOBOJIOKH).

MexaHu3Mbl XJIOPUPOBaHUS W (PTOPUPOBAHUS YTIEBOJOPOIOB HMMEIOT
BakHOE oTiinuue. [IpudnHa — oueHb ciabast 3IeKTPOPUIHLHOCTh MOJIEKYJIIBI (hTOpA,
MO3TOMY TMPOUCXOJAT TOJIBKO paJAUKAIbHO-IIETHbIE peakiuu. J[ias Hux He
TpeOyeTcss TOCTOPOHHUX MHHUIIMATOPOB, LIEMb 3apPOXKAAECTCS CAMOIPOU3BOIBHO 32
CUeT B3aMMOJCUCTBUA (TOpa C YIIEBOIOPOAOM, NalbHEWIEE pa3BUTHE IICTH
MPOTEKAeT OOBIYHBIM 00pa3oM. XJIOPUPOBAHUE AJIKAHOB OCYIIECTBIISIETCS IO
paoukanvrHo-yennomy mexanusmy. CXOIHBIH MeXaHU3M (PTOPUPOBAHUS AIKAHOB
3aKiovaeTcss B - anvmepHamuguom nymu (10) unuyuuposanusi c80600HBIX
Ppaouxanos.

X0pUpoOBaHUE — UHULIUUPOBAHUE:

1. Cl, — 2CI AH=443 x/Tx/momb
XJIOpUPOBAHUE — PA3BUTHUE LETIU:

2. RH + CI' - R+ + HCI AH=-126 xJI>x/MO0b
3. R+ Cl, - RCI + CI AH=- 96,3 xJ]»/Monb
XnopupoBaHue — OOPBIB 1ETIH:

4. R" + CI" - RCI AH=-335 xJI>x/MO0JIb
5. CI' + CI' - RCI AH=-243 xJI>x/MO05
6. R + R" - RR AH=-347,8 x/]x/Mo0b
@TOpHUPOBAHNE — HHUIITUUPOBAHHUE:

la. F, — 2F AH=15,7 xJI>x/M0B
16. F, + RH - F+ HF + R AH=17,2 xJI>x/mMm01B
DTOpUPOBAHUE — PA3BUTHE LEIIN:

2. RH+F — R + HF AH=-142,5 x/]x/M0b
3. R+F > RF+F AH=-2849 kJI/MOIb
dTOpUpoBaHUE — OOPHIB LEMU:

4, R + F — RF AH=-448,3+469,3 x/[>/mMoib
5. R+ F - F, AH=157 x]JIx/MOIb

6. R° — ®parmenranus

B mpoTHBOMOJIOKHOCTh XJIOPUPOBAHUIO, TJI€ DHEPTHS, 3aTpady€HHAs B
MPOIIeCCe WHUIMUPOBAHUSL OOJBINE, YEM DHEPTHs, BBIACISAIONIASACS HA CTaJIud
pa3BUTHS 1eNd, (PTOPUPOBAHHE IIIEMEHTAPHBIM (PTOPOM BKIIIOYAET CTaIUU
pa3BUTHS IIETH, BO BPeMsI KOTOPBIX BBIACIACTCS OOJIbIIee KOJIMYECTBO DHEPTHUH,
YeM Ha CTaJIU1 UHULIMUPOBAHMUSL.

Jlpyrasi 0COOEHHOCTh COCTOUT B BBICOKOW aKTHBHOCTH M CBSI3aHHOW C ATUM
MaJjiol M30UpPaTeIbHOCTH (DTOpa MpPHU €r0 aTake OPraHMYeCKOW MOJEKYnbl. Tak, B
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OTJIMYKE OT XJIOPUPOBAHUS, MPU (PTOPUPOBAHUH HAYT OJHOBPEMEHHO PEAKIUH
3aMENICHUS W TPUCOCAWHEHMS, MPUYEM 3aMEIIAlOTCS IOYTH C OJMHAKOBOW
BEPOSITHOCTBHIO pa3HbIE aTOMBI BOJIOPOJA, B TOM YHUCJE B YK€ 0Opa30BaBIIMXCS
dropripon3BogHbIX. Kpome  TOro, CymecTBEHHOE  pPa3BUTHE  IOJIy4aeT
PaCILEIUIEHUE 110 YTIIEPOA-YIJIEPOIHBIM CBSI3SIM.

B mpowmsbinieHHOoCTH (TOpHpOBaHME BEAYT TJIABHBIM 00pa3oM Jyis
NoJIydeHUs:  MepdTOPIPOU3BOJHBIX  YIIIEBOJOPOAOB  (mepTopyriaepois),
OTJIMYAIONTUECS OYCHb BBICOKOM TEPMHUUYECKOW M XUMHUYECKOW CTaOMIBLHOCTHIO.
Hanpumep, mpoaykTsl QTopupoBaHUs cpeaHux (pakuuii HEPTH UCHOIB3YIOTCS
KaK TEPMHYECKHME CMa304yHble Macila W TUAPABIAYECKHE JKHJIKOCTH, a
npousBoaHbie (ppakiuu C; — Cio — B KaUeCTBE paCTBOPUTEIICH.

DneMeHTapHbI PTOp 00Ja7aeT BHICOKOM PEaKIIMOHHOM CIIOCOOHOCTBIO U
HAaMHOTO 00Jiee aKTUBEH, YeM KUCIOPOJ M XJIOp - 3JEMEHThI, KOTOPBIE SBIISIIOTCS
XOPOLIMMH OKHUCIIUTEISIMU M 00Ja/aloT BBICOKOM 3JIEKTPOOTPULIATEIBHOCTHIO.
OnHOM U3 NPUYUH YHUKAJIBHO BBICOKOM peaklIMOHHON cIOCOOHOCTH (hTOpa MOKHO
CUMTaTh €ro OYEHb Malylo sHepruto auccoruanuu (154 xJlx/monb). Huskoe
3HAYCHUE HHEPruM JUCCOLMAIMN OOYCIIaBIMBAET TO, YTO PEAKIHUU C Yy4aCTUEM
¢Topa MpoTEeKaroT MPU JOCTATOUYHO HU3KUX Temmeparypax (MuHyc 160 - munyc
120°C). Atom ¢Topa, MOTy4aromMUACsS TPH JUCCOLMAIMM MOJIEKYJbI (Topa,
npecTaBiIsieT co00l 4YacTUIly, KOTOpash CTPEMHUTCS NMPUCOECTUHUTH SJIEKTPOH U
oOpa3yeT KpailHe NMpOYHBbIE CBSI3M C aTOMaMH yIJepoja M BOJAOpOAA. DHEprus,
BhIACIsIIONIasics npu oOpa3zoBanuu cBsa3eil C-H u C-F, TpaTutcs Ha auccoumanuio
JIOTIOJIHUTENBHOTO 4uciaa atoMoB (ropa. [losTomy nsnemeHTHbI (PTOp OypHO
pearupyeT ¢ OpraHMYeCKHMMH BEIECTBAMU C BbIAEJIEHUEM OOJBIIOIO KOJIMYECTBA
TEIJIa, U 3T PeaKUUU He SBIIAIOTCS N30UpaTeIbHBIMU.

Hcnonb3oBanue 31eMEHTHOro ¢ropa B KadecTBE (DTOPUPYIOLIErO areHTa
OYEHb OIPAaHWYEHO M OCYLIECTBJISETCA IPU HU3KUX TEMIeparypax Wi
3HAYUTEJIbHOM pa30aBICHUH.

2.8.2. OxucaurtenbHoe ¢QropupoBanue QTOpUAAMH METAJIOB BbICIIEH
BAJIEHTHOCTH

Cy11iecTBYIOT HECKOJIBKO CITIOCOO0B (PTOPUPOBAHUSL.

Kamanumuueckoe ¢pmopuposanue oCyniecTBIAIOT B annapare ¢ MEIHOMN
CTPYKKOH, MOKPBITON CIoeM cepedpa: B ammapaTr mojarT (GTop U YIrJIeBOIOPO,
paz0aBneHHbIi  azoroM. Poixp  Memu  oOycnoBieHa €€ BBICOKOU
TEIUIONPOBOJHOCTBI0 M COCTOUT B AKKYMYJUPOBAaHHUM BBIJICITSIONIETOCS TEIIa.
Cepebpo, Kak MojararoT, JOCTaTOYHO MSTKO (ropupyeT yriaeBomopoa. OmxHako
MIPOUCXOUT W TIPSIMOE B3aUMOJICHCTBUE YTriaeBOAOpoaa ¢ (HTOpPOM, BCIEACTBUE
YEro BBIXOJI IIEJIEBOTO MPOYKTa OTHOCUTENbHO Maio — oT 40 10 80-90%.

Muorue (QTopuabl  METaUIOB  BBICHIEH  BAJEHTHOCTH  CIIOCOOHBI
OKHCIUTENIbHO (GTOpUpOoBaTh ojeUHBI W aJKaHbI, a TaKXKe 3aMellarh Ha (Top
raJIOT€HBI.
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Jlns monmydeHust GTOpHUI0B METAIIOB BhIcIIel BajgeHTHOCTH — COF3, AgF,,
MnF;, UFs, BiFs, PbF,; - HE00X0aMMO OKHCIUTH (PTOPOM COCTUHCHMS HHU3IIHX
BAJICHTHOCTEW YKa3aHHBIX 3JIEMEHTOB. DTOPUIBI METAIIIIOB BBICHIECH BAJICHTHOCTH,
ocobenno CoF;, Hamboiee MUPOKO TPUMEHSAIOTCS TNPU  TOJYYCHHUH
nepdTopapoMaTHYECKUX COCTUHEHUI.

Memannogpmopuonutit npoyecc noaydnsi HauOOJIbIIIEE PACIIPOCTPAHEHUE.
OH ocHOBaH Ha wucnoib3oBanuu (ropumoB MeramioB (CoFs;, MnFs),
B3aMMOJICHCTBYIONIUX C YTJEBOJOPOJIaMU CPABHUTEIBHO MSTKO U C HE CTOJb
OonpImMM BhIZIETIEHUEM Teruia. OTpaOOoTaHHYIO COJb BHOBb PETEHEPUPYIOT O]
nerctBueM (ropa:

RH + 2CoF; —— RF + 2CoF, + HF, (I)
2CoF, + F, —> 2CoF;. (1)

OO6mas Temyota peakiuu (Gpropa ¢ YrJIEeBOAOPOJOM, cocTapisitomas 460
kJx/moub [217 xJx/mons (1) + 243 x/x/moins (I1)], pacxomyercs Ha qBe cTaauM,
U3 KOTOPBIX YTJIEBOAOPO] TPUHUMAET YYaCTHE TOJBKO B OJHOW, HMEIOIIEH
yMepeHHbIN TeroBoi »ddekt. BeaeacTue 3Toro mosgaydaercss OOJBIION BBIXOT
MPOJIYKTA.

Fa+Ny RH+Njy lpodybo mere
—— =

X
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Puc. 2.8. PeakTopHblit y3en mis MmeTaimtodTopuIHOTO GTOpUpOBaHUS: 1 — 3arpy304HBIi JIIOK; 2 —
JIOTIAaCTHAsl Melalika; 3 — BBIBOJIHAS TpyOa
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Peaknmonnsiii ammapar (puc. 2.8) mpeacraBisier coO0l TOPU30HTATIBHYIO
CTaJbHYI0 TPYOy C JIOMACTHOM MEIIAJKOW, Bpallalomiecss co ckopocThio ~ 20
00/MuH. Tpy0a nmpuMepHO Ha MOJIOBHHY 3amosiHeHa (ropugom kobdanasTa (I11). B
JIEBYI0 €€ 4YacTh, IJi€ HAXOJIUTCS 3arpy304YHbId JIIOK, IIOCTYNAOT Mapbl
OpraHUYecKoro peareHra, pasOabiieHHbIe 5-10-kpaTHbIM u30BITKOM azora. C
JPYroro KoHIa peakTopa OTBOASAT 0Opa3oBaBIIMECsS MPOIYKTHI, KOTOPhIC CHadaia
MONaJal0T B BBIBOAHYIO TPYOy, IJle OCBOOOXKIAIOTCS OT 3aXBauy€HHBIX YaCTHII
¢dropuna kobanbra (I1) 1 3aTeM HaNPaBIIAIOTCS HAa OXJIK/ICHUE U pa3jciiCHUE.

Peakmuto Bexyt no tex mop, moka 50% CoFs; He mpeBpatutcs B COF,.
TeMIiepaTypa He oAuHakoBa no amuHe TpyOsl: 150-200°C na Bxoze u 300-380°C
Ha BBIXOJIC. DTO OOBACHSACTCS TEM, UYTO YIIIEBOAOPOABI PTOPUPYIOTCS TOCTATOUHO
OBICTPO W BO M30SKaHWE NECTPYKIIMH JKellaTeIbHa HU3Kas Temieparypa. B 1o xe
BpeMs 3aMEIICHHE ITOCICIHUX aTOMOB BOJOpPOAA MPOTEKAET CO 3HAYHUTEIHHBIM
TPYJIOM, U JUJIsi 3TOro Tpebyercss Oojee Bbicokas Temmeparypa. OnTumanbHOE
BpeMs KOHTakTa coctaBisieT 2-3 muH. ITocne toro kak 50% CoF3 u3pacxomyercs,
MpEeKpalaloT Mojady YIJIeBOJ0OpoJa U MPOAYBAIOT PEaAKTOpP a30TOM. 3aTeM
perenepupyrotr CoF,, mponyckas npu 250°C cBoGoaHbIM (GTOp, pazOaBICHHBIHN
azoToM. OnATh MPOYBAIOT aIlapaT a30TOM C IEIbI0 BHITECHEHUS OCTAaTKOB (pTopa
U CHOBa HA4YMHAIOT peakuuio. Takum oOpazoM, paboTa peakTopa SBISICTCS
NEPUOJIMYECKON M COCTOMUT W3 JIBYX OIEpalil MpoayBKH. ITO CYIICCTBEHHBIM
HEJI0OCTATOK JJAHHOTO METO/IA.

2.8.3. ®dTopuabl Tpex- U NATHBAJIEHTHOH CypbMbI B peaKuusX 3aMelleHHsI

@Topupyromas cnocoOHOCTb (TOPUIOB CYpbMbl IUIABHO MEHSIETCS OT
OTHOCHUTEIIFHO MSTKOTO areHra - TPEeX(PTOPHCTOW CypbMBI depe3 cMech SbF; u
SbCls k matudTopucToit cypbMe, SIBISIOMICHCS MOIIHBIM (DTOPHUPYIOIIAM areHTOM.
TpexdTopucras cypbMa He HAMHOTO aKTUBHEE (PTOPUCTOrO BOAOPOJA U HE MEHSET
CBOMX CBOMCTB B CME€CH C HUM. MOKET OBbITh MPEACTABICH TAKOW PsiJl aKTUBHOCTH
CMECEH TPEeX- U MATUBAIEHTHON CYPbMBI:

SbF3; < (SbF3+SbCl3) < (SbF3+ShCls) < SbF;Cl, < SbFs.

[TopsnoK aKTUBHOCTH CMECEMN TPEX- U MATUBAIICHTHOM CYPbMBbI B PEAKIUAX
3aMelICHUs] aTOMOB TaJIOTeHOB BIiepBble chopMynrpoBad A.H. XeHHoM u cocTout
B CJIEAYIOILIEM:

1. Jlerko 3amemaroTcs akTHBUPOBAHHBIE aTOMBI TaJJOTEHOB, OCOOEHHO B TPYMIaX -
CCls.

2. I'pynmiet -CCl3 0051a1a50T BRICOKOH PEAKIIMOHHON CIIOCOOHOCTBIO U MOCTEIICHHO
npespamatorcs B rpynmsl -CFCl, u -CF,Cl. Tlepexon ux B rpymmy -CF; uzger ¢
TPYIOM.

3. TI'pynmer R;R,CCl,, cBsizanHBIE ¢ JBYMs aJKWJIbHBIMH TPYIIaMH, TaKKe
BBICOKOAKTHBHEI H MOTYT OBITh npeBpartiensl B rpymmbl RiR,CFCl u R;R,CF,.

4. TI'pymma -CHCI, pearumpyer He Tak JIETKO W IIOCTENCHHO TNPUBOAMUT K
obpazoBanuto rpynnsl -CHFCI u ¢ pynom -CHF,.

5. I'pynmer -CH,Cl u >CHCI B3auMoneicTBYIOT ¢ TPYOM U PEIKO MEPEXOMAsiT B
rpynnsl CHyF u >CHF.
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6. YUem Oousplie aTOMOB BOAOpOJA B MOJIEKYyJe, TeM OOJbIle BO3MOXXHOCTH
pa3IoKEHUsI M1 BOSHUKHOBECHHSI TOOOYHBIX PEaKIIHA.

B 1961 r. O0bu10 mokaszaHo, 4to s (ropupoBanus coeauHenuin >CCl,
win —CCl; HeoOXoauMa XenaTHas CTPYKTypa ¢ IByMsi aTOMaMHu XJiopa. Peakius
MPOTEKAeT CTYMEHYATO MyTEeM TOCJIEeIOBATEILHOTO OOMEHa OJTHOTO aToMa XJopa
Ha (Top:

cl cl = cl = cl

N/ N~ . N~

> >SbF3CI2 . > ) SbFsCl; € ) SbF4Cl,
cl cl cl cl = cl

2.8.4. ®TopupoBanue GTopuaOM BOI0POIA

@drtopucThlii BOAOPOJ HaumbOOjee IIMPOKO MCIOIb3YyEeTCd B KauecTBE
¢TOpUpYIOLIETO areHTa M  SBJSAETCS OCHOBHBIM  ChIpb€M  XMMHYECKOM
IPOMBIIIIIEHHOCTH TOpa. YTIIEBOAOPOHbIE 0JIe(DMHBI, HE UMEIOIINE 00bEMHUCTHIX
3aMEeCTUTENIeN y KpaTHOM CBS3H, JIETKO PUCOEAUHSIOT PTOPUCTHII BOJOPOL:

CH;3;-CH=CH, + HF —» CH3-CHF-CH3s.

[Ipucoenunenne ¢ropuaa BoAOpoAa K rajoreHojieruHaM MPOTEKAET B
3aBUCUMOCTH OT 3aMECTHUTEJICH, HAXOJSAIIMXCS y JBOWHON cBsizu. YeM OoJblie
3aMelIeHbl OJe(QUHBI, TEM TpYJAHEE MPOUCXOJUT NPHUCOEAUHEHHE (TOpHaa
BOAOpOJA:

Jl5ig Toro, 4To0bl MPUCOECAUMHUTH (PTOPHUA BOAOPOJAA K TETPAXJIOPITUIICHY,
TpeOyeTcss KaTaau3aTop NpU YMEpPEeHHOW TeMmmeparype, B TO BpeMs Kak
reKCcaxJIOPIPONUIECH He pucoeauHseT Gropu Bogopoaa. B kauecTBe mexanuzma
IIPUCOEINHEHNS PENIaracTcsi CUHXPOHHBIM MPOLECC, TIE pa3/elieHue 3apsoB
OCYUIIECTBJISIETCS. B MEPEXOJHOM COCTOSIHMM. Peakuus MOXKeT MNpPOXOAUTH JHOO
yepes JIMHEHoe, 1100 Yepe3 HUKINYECKOE MEPEXOIHOE COCTOSHUE:

5+ &5—

—F

LN K, 8+ ] '
HT\D---C=/E-°‘--H——F—| \;«\Q;
Gt B Ju.rm C====C
P

MHorue TpU- W TeTparajoreH3aMelICHHbIC OJICPUHBI MPUCOCTUHSIOT
bTOpHUCTBIE BOJOPOA TOJABLKO B TIPHCYTCTBHM Karajau3aTtopa. B kadecTse
Katajau3aTopoB ucrnoyb3ytot BFs; AlF;; SbCls; SnCly.

BeposiTHO, 4TO AeiicTBHE KaTaIU3aTOPOB MPU MPUCOETUHEHUN (PTOPUCTOTO
BOJOpPO/Ia K rajoreHojieuHaM 3aKJIO4aeTcsi B CBS3bIBAHUM HOHa ¢Topa ¢
oOpa3oBaHneM HOBOW KHCIOThL. Cuiia 3TOM HOBOW KHCJIOTHI OOJBINE CHIIBI
dTopuma BOAOpPOMA, W TOITOMY OHAa AKTHBHEE IO OTHOIICHHUIO K Ciabomy
JBIONCOBCKOMY OCHOBAaHHIO, KAaKUM SIBIISIETCS TalloTeH3aMelleHHbI onedur. Bee
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7 (}EeKTUBHBIE KaTaIM3aTOPhl MPUCOSANMHEHUs (PTOpUaa BOAOpPOAA MAOT OYEHB
YCTOHYHMBBIC KOMIUIEKCHBIE (PTOPUABI C 0€3BOTHBIM (DTOPHIOM BOOPOA:

HF + BF; » H'BF, HF + SbCls — H'SbCIsF
HF + AIF; > H*AIF, 2HF + SnCl; — H,SnCl4F;

OTH KaTaJIUTHYECKUE pe€akuun IPUCOCANHCHUA (1)TOpI/I,ZIa BOJOpoda K
FaJ'IOI‘CHOJIC(I)I/IHaM HMCIOT BAJKHOC ITPOMBIIIJIICHHOC 3HAYCHHUC!

CH,=CHCI + 2HF — HCI + CH3-CHF, (xnamon 152a, T=100°C, Kar :- SnCl,),
CH,=CCl, + 2HF — HCI + CH3-CCIF, (xmamon 142a, T=100°C, Kar :- SnCl,).

®@mopud 6000poda — MATKUNA (TOPUPYIONIUN areHT B peaKIUsIX
3aMmenieHus ranoreHoB. [lonHoe 3aMelneHrne MOXKET ObITh JOCTUTHYTO TOJIBKO B
T€X COCIUWHCHUAX, TJI€ BCE aTOMbI TaJOTCHOB AaKTUBHPOBAHBI COCEIHUMU
TpyIIaMH, KaK, HalpuMep, B OCH30TPUXIOPHUC:

C6H5-CC|3 + 3HF > C5H5-CF3.

B ocHoBHOM, ¢Topua BOgOpOAa aTaKyeT TOJBKO TPUTATIOT€HMETHIIbHbBIE
IPYIIIBI U OCTABISAET HETPOHYTHIMU JIpyrue aroMbl. CTENEeHb 3aMEIICHUS] 3aBUCUT
OT HaJIM4YUs COCEAHUX 3aMECTUTEIIEH U YCIOBHIA:

CCl,=CCI-CCl; + 3HF — CCI,=CCI-CF; + 3HClI,
CH,CI-CCI; + HF — CH,CI-CFCI, + HCl,
CH;-CCl; + 3HF — CH;-CF;3 + 3HCI.

Kuokoghaznoe pmopuposanue

Haunyumum gropupyromum areHToM Juist KUAKO(Pa3HOTO (PTOPUPOBAHUS
B NPOMBINUICHHBIX MacmTabax sBiserca (Topux BOAOpPOAa B NPUCYTCTBUU
COCAMHEHUN  IATUBAJICHTHOM  CypbMbl.  [IpombliluieHHOE  IPOU3BOACTBO
OpPraHM30BaHO B BHUJAC HEMPEPLIBHOTO TMpollecca C PEUUKIOM YaCTHYHO
(GTOpUPOBAHHBIX TPOAYKTOB W HEHCIOIB30BAaHHOTO (TOpHIa BOIOPOAA, UTO
JieJTaeT TaKoe MPOU3BOJICTBO BEChMa SKOHOMHYHBIM.

OmarM ¥W3 BaXHEHIIMX TPOMBINUICHHBIX  XJOP(HTOPYTICBOIOPOIOB
apisieTcs  audTopxiiopMeTaH (XJagoH 22), KOTOPBIMH HE TOJBKO XOPOUIUH
XJIaJIOATreHT, HO U CIY’KUT CBHIPhEM ISl TTOJIydeHHUs 0a30Boro nepgropnoaumepa -
nonuteTpadTopsTiieHa. Paccmotpum mponecc  propupoBaHus  O€3BOAHBIM
¢dbTopuAOM BOIOPOAA B MPUCYTCTBUU KaTalIU3aTopa — MATUBAJICHTHON CypbMBbI, Ha
IPUMEpPE CUHTE3a XJIaJ0Ha 22:

CHCI; + 2HF — 2HCI + CHCIF,.
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CDTOpHpOBaHI/Ie xnopoq)opMa ABJISICTCA THUITNYHBIM nIpuMepom
TFOMOI'CHHOI'O KATAJIUTHYICCKOI'O ITponecca. cDO]:’)M.':U'II)HO €TI0 MOJKHO paCCMAaTpUBATh
KaK HOCTaHHﬁHBIP'I IMpouecc, B KOTOPpOM @Topﬂpy}omee BCIICCTBO ((I)TOpHI[ XJIopuna
CprMBI) O6p8,3yeTC$I HCIIOCPCACTBCHHO B IIPOLCCCC U ITOCTOAHHO PCTCHCPUPYCTCA
q)TOpI/II[OM BOoAOpoOaa.

SbCls + XHF — SbClsF, + XHCI,
CHCI; + SbCls4Fx — CHCI,F + SbClgFy.1,
CHFCIZ + SbCI5-XFX — CHF2C| + SbCIG_XFX_l,

SbCls«Fy1 + HF — SbClsF4 + HCI.

Bricokyro 3¢ pexTuBHOCTD (HYTOPUIOB MATUBATICHTHON CYpbMBbI CBSI3BIBAIOT
C ee¢ CHocOoOHOCThIO HCIHONB30BaTh d-opOuTanmu B Tmpolrecce 0OOpa3OBaHHS
CTaOMIIBHBIX TEKCAKOOPIMHUPOBAHHBIX KOMIUIEKCOB C HOHAMU TaJIOT€HOB!

Fs-
---C—Cl + (ilib\ —_— _(‘:--_C{_;?b\
F' E Cl! Ffo C
V & l“"
(UAU SBCI3F;)
| _ F s5-
[‘/F__\ i (C[ &-}- \/ I /Cl
—(]?'--‘ SO H—--F---(l?-——Cl---le\
-
4 Cl F/Cl Cl
Cl

Crabunmu3anus Takoro TEPEXOAHOTO COCTOSHUS OCYIIECTBISAETCS JIMOO
BHYTPUMOJIEKYJISIPHBIM MEpexoJoM aroma (ropa, JuOO TOJI BO3ACHCTBUEM
dbTopua BOAOPOA KaK BTOPOW MOJIEKYJIbI KaTaau3aTropa.

Xnaoonwtr (¢ppeonst). CoenuuenusiMm Grtopa co CpaBHUTEIBLHO HEOOJIBUTUM
YUCJIOM aTOMOB YTJIEpOJia, IIUPOKO HMCIOJIb3YEMbIM B Ka4eCTBE XJIaJI0areéHTOB U
MPOTMEJUICHTOB, 4acTO JAal0T Ha3BaHUA MO WX TOProBbIM MapkaMm. OOBIYHO HX
Ha3bIBAlOT «(ppeoHamm» (pupma «Jl10MmoH»), CYIMIECTBYIOT U JPyTHe Ha3BaHUA,
HaIMpuMep, TPOIYKTaM, BITyCcKaeMbIM B Snonun dupmoit «Jlaitkuny, mprucBOeHO
Ha3BaHue «maidiaone»; B Poccun «xmamons»y. K sTromy HazBaHuio poOaBisieTcs
mudpoBoe 0003HAYCHUE, B KOTOPOM YKa3bIBACTCS YUCIO aTOMOB YTIIEpOJa,
Bojopona, ¢ropa u gap. IlpaBunma cocraBneHus 1HU@PoOBOro 0003HAYCHUS
XJ1aJOHOB:

1. Ha nepBoMm mecTe CTOMT YMCIIO aTOMOB YIiepo/a 3a BEIYETOM
€JIMHUIIBI (HOJIb HE TIUIIETCS).
Janee uuciao aromMoB Bojgopoja +1.
Jlanee uucio aroMoB ¢ropa.
Yuciio aToMOB XJI0pa HE YYUTHIBAIOT.
Ecnu mpucyrcrBytor atomsl Opoma, ctaBat OykBy B u mocie
Hee nudpy, 0003HAYAIOIIYIO YHUCIIO aTOMOB OpoMa.

abhwn
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6. B ClIydac MUKIINYCCKUX COGI[I/IHCHI/Iﬁ Ha IICPBOC MCCTO CTABAT

oykay C.
7. [Ipy HanMUMU M30MEPOB MEHEE PACIpPOCTPAHEHHBIA M3 HHUX
0003HaYarOT OYKBOH «a», KOTOPYIO CTAaBST B KOHIIE HA3BaHUS:
Hampumep:
CCI5F X 11 (uyucno atomoB yriepoja — 1) = 0 He nuImercs)
CCI,F; X 12
CBr,F; X 12B2
CHCIF, X 22
CF,CIFCI, X113
CF;CCl; X 113a (u30MeEp, CUUTAIOIIMIICS MEHEe PaCIPOCTPAHEHHBIM U3

nByX MOHOMepoB X 113)

CBrF,CF,Br X 114B2

JIo HeIaBHEro BPEMEHU MHUPOBOE IMPOMBIIUIEHHOE IMPOU3BOACTBO pAlia
xsopdTopyriepoaos, Takux kak: CClsF (xnmamon 11); CClLF, (xmamgon 12), C,F3Cl3
(xmagon 113), sBasiomuxcss pabOYMMU TellaMH B XOJOJWIBHBIX MAIlIUHAX,
mporneieHTamMu (cMech xJajona 11 u xmagona 12), pacTBOpUTENSIMH, COCTABIISIO
~ 1 mua T1/ron. Onpnako, oOHapykeHHoe B 80-X rojax MpOIIJIOTr0 BeKa
pa3pylIUTEIbLHOE BIUSHUE HEKOTOPHIX XMUMHUYECKUX COCIUHEHHU, B TOM YHCIIE
XJIOp- U OpoMcoJiepKalIiuX, Ha O30HOBBIA CJIOM, TPUBJIEKIIO BHUMAHHE K OOJIbIIION
IPYIINE MPOMBIIUIEHHBIX XJIaJ0HOB, COJIEPKAIUX B CBOEM COCTaBE XJIOP U OpoM,
KaK K OTEHI[MAJIbHO 030HOOMACHBIM COCIUHEHUSIM.

Tabmuma 2.1
O30HO00OITaCHBIC XJIaJOHBI
I'pynna XUMHUUYECKOE BELUIECTBO Temmneparypa kunenus, "C ODP”
Xn.11 CFCl; 23,8 1,0
Xn.12 CF,Cl, -29,8 1,0
['pymnma | X113 C,FiCl; 47,6 0,8
Xn.114 C2F4C|2 3,8 1,0
X115 C,FsCl -38,7 0,6
Xin.12B1 CF,CIBr -3,4 3,0
['pymma Il Xi1.13B1 CF3Br -57.8 10,0
X1.114B2 C2F4Br2 47,3 6,0
YEeTBIPEX-
XJIOPUCTBIN CCl, 76,75 1,1
I'pynna
1 YIICPOL
Ve CH,CCl; 74,1 0,14
xjopodopm

"ODP - 030HOPa3pyIIAOIIUNA MTOTEHIIHAIL.
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Tabmnuma 2.2
O30H00€30M1acHbBIE XJIaJ0HBI

XUMHUYECKOE BEMIECTBO Temmneparypa kunenus, “C ODP
XJ1.23 CHF; -82 0
X71.32 CH2F2 '51,6 0
xi.41 CH3F -79,6 0
x1.14 CF, -128 0

xJ1.125 CHF,-CF; -48,5 0
xy1.134a CH,F-CF; -26,5 0
x1.143a CH3-CF; -47,6 0
xy1.152a CH;-CHF, -24,55 0
xn.227ea CF;-CFH-CF; -18,3 0
xJ1.245fa CF;-CH,-CF,H 15,3 0
xi1.1418 CFCI,-CHj; 31,9 0,11

xy1.122 CFCI,-CFCIH 73,21 0,026

XJ1.22 CHCIF, -40,85 0,05

xi.21 CHCI,F 8,7 0,04

B 1987 r. Obun npunst Monpeanbckuilt [IpoTokon mo BeliecTBaM,
pa3pyllaluM O30HOBBIM CJIOW, W COIJIACOBAaH IMEpPEYeHb O030HOPA3PYIIAOIMINX
BelecTB. B Hero BKimoueHsbl: XJA0phTOpyriiepoabl, OpoMpTopyriepoasl (TaJoHbI)
U XJIOPYTJICPOJIbI U XJIOPYTIIEBOIOPO kI (Tab. 2.1).

Poccuiickas ®eneparusi Obuta OJHMM W3  KPYHMHEHIIMX B MHUPE
IIPOU3BOAMTENIEH O030HOPA3PYIIAOIIMX BEIIECTB, OJHAKO IIOCJIE MOAMUCAHUS
Monpeasibckoro IIpotokona k 2002 1. BBITYCK O30HOOMACHBIX XJIaJ0HOB B P®
ObUT MpekpailieH. B pe3ynabpTaTe ncciaenoBaHUN BbISIBICHA HOMEHKJIATYpa HOBBIX
dTopyraeBoaopo 0B (Tadi. 2.2).

[Ipu pa3paboTke TEXHOJIOTUH HOBBIX XJIAJOHOB UCIOJIb3YIOT, B OCHOBHOM,
JIBa METO/1a UX MOJyYEHHUS:

- kuuakodazHoe  ¢ropupoBaHue  0e3BOAHBIM  (rOopuAOM  BOAOpOIA
COOTBETCTBYIOIIUX XJIOPOPraHUYECKUX MPOU3BOJIHBIX (XJal0HbI - 32, 1418, 143a,
152a, 245fa);

- razodazHoe ¢GropupoBaHue O€3BOAHBIM (TOPUIOM BOJOPOJa Ha TBEPABIX
KaTajau3aTopax, COOTBETCTBYIOUIMX XJOPOPTaHUYECKUX COEAMHEHUH (XJIQJOHbI -
23, 134a, 125, 227ea un np.).

B  kauectBe = TMIOBOrO  INpuUMepa  PacCMOTPUM  IPOU3BOJACTBO
TUPTOPAUXIOPMETaHA — XJIaJ0Ha 12, BKIIOYEHHOTO B CIIMCOK O30HOOIACHBIX, U3
TeTpaxjopyriepoga u 0Oe3BogHoro ¢Topuaa BoAOpoAa B IMPUCYTCTBUU
rajoreHu10B cypbMbl. Peakuusa nposoautcs npu 100°C u paBnenun ~ 3 Mlla.
[Tpu 3tom naBnenuu CCly, CFCl; u HF naxonstes B sxunkom cocrostaum, a CF,Cl,
MOXHO OTTOHSITh O Mepe oOpa3oBaHMs, YEM NPENOTBpAIlaeTCs MOJyYeHUe
sHauntenbHOro KonmvectBa CF3Cl. TexHosmormyeckas cxema MpOHM3BOJICTBA
xJiagoHa 12 u3oOpaxeHa Ha puc. 2.9. UeThIpeXXJOpUCTBIN yraepoa U KUAKUN
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dTopua Bomopoda mojaroT Hacocamu 1 u 2 mon gaBiIeHHEM B peakTop 3, TIe
HAXOJUTCS KUIKUHA KaTaiu3aTop (CMech XJIOPHIOB U (TOPHIOB TPEX- U MSTH-
BAJICHTHOM CYpbMBI, pa30aBlieHHAs] HCXOTHBIM PEareHTOM U HeJJ0()TOPHUPOBAHHBIM
npoaykrom). Tyna e nepuoIuuecky HeOOIbIINMU MOPIHSIMH TTOAI0T XJIOP.

,
6
<§ 7  Hz20 0

7z

>4 12

13

Ha pexkmu@ukayurw

fis _NIC_;_LC_%*”

Hcl NaOH HySO,

Puc. 2.9. TexHonornueckas cxema mpou3BoACTBa xjaaoHa 12: 1, 2 — Hacocsr; 3 — peakrop; 4 —
nediermMupyromas KoJIoOHKa; 5 — oOpaTHbI KOHJIEHcaTop; 6 — JpoccenbHBbIM BEHTWIb;, [ —
ounctHas OamrHs;, 8, 9 — ckpy0Oephr; 10 — ocymuTenbHas kooHHa; 11 — xomomunpHHK; 12 —
ra3ootaenurensb; 13 — kommpeccop

PeakTop mpencrapisger coOOM CTaJbHOM amnmapar ¢ aHTUKOPPO3UOHHBIM
MOKPBITUEM, CHA0KEHHBIA MapoBOW pyOamkoil, nediaerMupyromeid HacagouHON
KOJIOHKOW 4 1 oOpaTHBIM XOJOAWIbHUKOM 5. OOpasyromuics XJIOpU BOIOPOIa
YHOCHUT ¢ cOOO¥ mapbl OpraHMYecKuX BemecTB U ¢ropun Bogoponaa. B kononke 4
OPOUCXOAUT JedierManys MMapoB, MNPUYEM UYETHIPEXXJOPUCTBHIA yIIepoa W
dTOopTpUXJIOpMETaH BO3BpamiaroTcss B peakTop. Jns  cozmanus  (iermel
KOHJCHCHUPYIOT 4YacThb MapoB JUPTOPAMXIOPMETaHa B KOHAEGHcCATOpe 5 u
BO3BpAIIAIOT Ha OPOILIEHUE KOJIOHKH 4.

[Tapora3oBasi cMech, BBIXOZsIIAs U3 KOHIEHCATOpa O, COACPKUT, TIaBHBIM
oOpazoMm, xJopuJl Bojopoja W AUPTOPAUXJOPMETAaH C  MPUMECHIO
dbropTpuxsiopmeTana, TpudTopxiiopmerana u ¢gropus Bogoposa. [locne cHukeHus
JaBJICHUS TOYTH A0 aTMoc(epHOro B ApoccenbHOM BeHTUie 6 dropua Bomopoaa
oTnensiercss B OamHe 7, 3alOJHEHHOM Kyckamu (Topuaa Kaius, KOTOPBIM
pearupyet ¢ QropumoM Bojaopoaa, odOpaszysa ruapodropun kamms KHF,, ero
MOJKHO WCIIONIb30BaTh JJIsi MONy4deHWs (Topa METOAOM  DIIEKTPOJIHU3a.
JlanpHENIIyt0 OYMCTKY OT XJIOpHJA BOJOpPOJAa MOXHO OCYIIECTBUTH paHee
PacCMOTPEHHBIM METOIOM C MOJIyY€HHEM KOHIEHTPUPOBAHHOMN COJISTHOM KUCIIOTHI.
Ha cxeme n3o0pakeHa mpocTeiiias ourcTKa myTeM abcopOunn n30bITKOM BOJIBI B
ckpyOOepe 8 m BomHOU mienmoupto B ckpyOOepe 9. Ocymiky ocTaBiierocst rasa
MOYHO IIPOBOJAUTH KOHLICHTPUPOBAHHOW CEPHOM KHCIIOTOM, LMPKYJIHUPYIOLIEH B
kojonne 10.
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st pazmeneHust GTOPXIOPIPOU3BOMHBIX HMCIOIB3YIOT HU3KOTEMIIEPATyp-
Hyto pektudukanuo. [laper cxumarT kommpeccopom 13 no maBiaenus 1,0-1,2
MIIa u oxmaxxmaroT paccoioMm B xojoawibHuke 11 no munyc 10 — munyc 15°C.
oOpasyloluiicsa KOHJEHCAaT IMOCTYMaeT Ha pa3IelUTEIbHYI0  YCTaHOBKY,
COCTOSIIIYIO U3 PEKTU(DUKAITMOHHBIX KOJIOHH.

Jlerkast hpakimsi cOCTOUT U3 TpUTOpXIOpMETaHa (C HEOOIBIIONW MPUMECHIO
T TOPIUXIOPMETaHa), KOTOPBIH SBIIETCS TOOOYHBIM MPOJAYKTOM MPOU3BOJICTBA.
Tsokenbrit ocratok mocne pektuduranuu coxepxxutr CFCl;, BO3Bpamaemsrii B
peaktop. llemeBas Qpakmus xmagona 12 monydaeTcs B JKHIKOM BHJIE TIOJ
naBiueHueM. JIsi MCHONIb30BaHUS B KA4deCTBE XJIaI0areHTa €ro MPUXOIUTCS
JOTIOTHUTEHHO OCYIIaTh — BBIMOPAKUBAEM BJaru WiK O0OpaOOTKOW TBEPABIMU
aJicopOCHTaMM, HaIpUMep, IICOTUTAMHU.

Cunmes 030H00€30nACHbIX XIAOOHO8

Texnonoeus HCUOKOPA3HO2O0 KAMATUMUYECKO20 2UOPOPMOPUPOBaAHUsL
paccMOTpeHa Ha IpUMeEpe CUHTEe3a AudTopMeTana (xiagona 32).
[Ipouiecc monydenust xyagoHa 32 COCTOUT M3 CIEAYIOIIMX OCHOBHBIX
CTaUM:
1) ¢ropupoBaHue TUXJIOPMETAHA,;
2) oTHeJICHHE XJIOPHIA BOJIOPOIa PEKTHU(UKAIINCH;
3) oraeneHue BO3BpaTHOTO (PTOpUIA BOJIOPOIA;
4) HeWTpalu3alus U OCYIIKa ChIpIia JUPTOPMETaHa,
5) BbIIENCHUE XJ1aI0Ha 32 peKTU(DUKAIIUEH.

Vcnosus nposedenus npoyecca. CunTe3 NPpOBOAUTCA MPU TeMIieparype 95-
105°C u pmaBaenmu 1,5-2,0 MIla. TexHomorndyeckass cxema CHHTE3a XJjaJoHa 32
npuBezaeHa Ha puc. 2.10.

Texnonocus nonyuenus xaaoona 32. Jluxinopmeran (eMKOCTh 2) u propua
BOJIOpOAa (eMKOCTh 1) B MOJSIPHOM COOTHOIICHHH 1:2 TOJAlOT B PEaKTOp
dbropupoBanus 4. ['a3000pa3HbIe MPOAYKTHI CHHTE3a, COJIEPXKAIINE XJIaIOHBI 32 U
31, nuxjopMeTaH, MATUXJIOPUCTAsl CypbMa, NMOCTYNAlOT B KOJOHHY O W Jajee B
nednermatop 6, rae KOHACHCUPYIOTCS PTOPU BOAOPOa, MATU(PTOPUCTAs CypbMa,
TUXJIOpMETaH W Bo3BpamiatoTcsi B peakrop 4. HeckonuneHcupoBasiivecs
MPOJYKThI, a UMEHHO: XJaloHbl 32, 31, xjopua Boaopona W mpumech ¢ropuaa
BOJIOpOJia HampamisioTcs Ha craguio BeiaeiacHus HCl B pekTuduKanmoHHYIO
KOJIOHHY 8. JIUCTHIUIIT — XJIOpUI BojopoAa — W3 aeduiermaropa 9 HenmpepbIBHO
noctynaer B TpaduroBbie abcopbepbl 10, Ha mMoJydeHUE COJSHOW KHUCIOTHI,
KOTOpy1o coduparoT B eMkocTu 11. KyGoBbIil 0cTaTOK M3 KOJOHHBI 8 MOCTyIaeT B
pekTU(UKALNOHHYI0 KOJOHHY 13 Ha BblmeneHue chipua xjianoHa 32. Celipen
xyagoHa 32 u3 geduermartopa 14 HampaBisieTcsl Ha HEWTpalu3aluio B anmnapar 16
u ocymky B ammaparsl 18 u 20. OcyiieHHbIH XJIaJOH MOCTYMAaeT B KOHACHCATOP
21, roe npu temmneparype munyc 10°C u nanenun 0,5 MIla xonneHcupyetcs u
cobupaercsi B COOpHHK 22, OTKYAa JO3UPOBOUYHBIM HACOCOM MOJIAETCS B peKTU(dU-
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Puc. 2.10. [TpuHIMIIHATEHAS TEXHOJIOTHYECKAs cXeMa cuHTe3a XJafgona 32: 1 — emkocth HF; 2 — eMKOCTh XJIOPHCTOTO METHIIEHA; 3 — EMKOCTh XJIOpa;
4 — peakTop; 5 — HagpeakTOpHas KOJIOHHA; 6, 9, 14, 25, 28 — nednermatopsr; 7, 12, 23, 26 — xunsatunbauky; 8, 13, 24, 27 — pekTuPUKAITMOHHBIE
kosouHbI; 10 — abcopOep; 11 — dazopasgenurens; 16, 15,17 — y3en HeiTpanu3anuu ceipia xiaagoHa 32; 18 — BeiMopakuBarens; 19 — emkocts; 20 —
ocymuTenbHas KooHHa; 21 — koHaeHcaTop; 22 - eMKOCTh



KaIIMOHHYIO KOJIOHHY 24, B KOTOPOW MPOWCXOAUT OTIYBKA WHEPTHHIX MPUMECEH.
Juctunar KoJoHHbI M3 nediermatopa 25 HampaBiseTcsl Ha TEPMHUYECKOE
YHUYTOXEHUE. XJIaJ0H 32 ¢ HeOOIbIIOoN MpuMechio xiianoHa 31 u3 Kkyba KOJIOHHBI
24 noctymaeT B peKTU(UKAITMOHHYIO KOJOHHY 27. XJanoH 32 B BUJIE JUCTUILIATA
orbupaercs nocie naeduermaropa 28 u moctynaer Ha pacdacoBKy B OasUIOHBHI.
Xnazaon 31 u3 kyba KOJIOHHBI 27 HampaBsieTCsl Ha y3€Jl CUHTE3a 4epe3 eMKOCTh 2.
Boixon nudropmerana (xaaaoHa 32) Mo OCHOBHOMY CHIPbIO C YYETOM BCEX MOTEPh
cocTasisieT 95%.

[To ananoruuHoM cxeme peann3yeTcs MpollecC CHMHTEe3a XJyaaoHa 152a u3
BUHWJIA XJIOpUAAa B (PTOpUIa BOAOPO A, IpoTekatomuii mpu Temmneparype 90°C u
nasnenuu 0,6-0,8 Mlla B mpucyTCTBUHM KaTanu3aTOpa YE€THIPEXXJIOPUCTOTO OJIOBA,
a TakKe Mpolecc CHHTe3a XjaaoHa 245fa w3 meHraxsnopmnpomana u dropuia
BOJIOPOJia B MPUCYTCTBUH MATHXJIOPUCTON CypbMbI ipu Temneparype 100-120°C u
nasnenuu 1,6-1,8 MIIa.

l'azoghaznoe pmopuposanue

['a3odasnbie  crmocoObl  MONydYeHHUS  (PTOP3aMEUICHHBIX  COCAMHEHUN
BKIIIOYAIOT B ce0d Takue METOJbl BBEJIEHUE aromMa @Topa B MOJIEKYILY
OpPraHUYECKOr0 BEIIECTBA, KaK (PTOPUpOBAHUE (PTOPOM W/UIM  BBICIIUMHU
dTopuIaMy METaJUIOB MEPEMEHHON BaJEHTHOCTU M MPOLECCH] C MCIOIb30BAHUEM
¢dropuna Bomopoaa. Ilpu 3ToM B OOJIBIIMHCTBE CIIy4aeB HEOOXOAUMBIM YCIOBHEM
OCyHLIECTBJIEHUSI B3aumonaeuncTBuss ¢ HF sBnsercs npuMeHeHue KaTaiuzaTopa.
Takke ciiefyeT OTMETUTb, UTO (PTOpCOIEpKAIINE COETUHEHNS MOKHO MOJIy4aTh U
JPYTUMHU Ta30(a3HbIMU CHOCOOAMHU U3 YK€ CYIIECTBYIOIIMX (DTOPIPOU3BOJIHBIX,
HalpuMep, KaTaJUTUYECKUMU TMpPOLEcCaMUd JAMCHPONOPLUUOHUPOBAHUS — WITU
U30MEpU3AIMH Pa3IUYHbIX (TOPXIOPYIIEPOJOB U (PTOPXIOPYIIIEBOAOPOIOB.

["a3odasHble reTeporeHHO-KaTATMTUYECKHE MpoIlecchl  (hTOpUPOBAHUS
¢TopuaoM Bojopojga 00JaAAIOT  CYUIECTBEHHBIMH MNPEUMYIIECTBAMH  I10
CPaBHEHHIO C JKMAKO(pA3HBIMH, TAaKUMU KaK HE3HAYUTEIbHBIH  pacxon
KaTajan3aTopa Ha €JIMHHUIY KOJMYECTBa MPOAYKTa, JIETKOCTh €ro OTACJICHUS OT
pPEaKIMOHHON CMecH, MEHblIIee KOJIMYECTBO OTXOJIOB U T.[., YTO CIIOCOOCTBYET MX
[MIMPOKOMY TPOMBIIUIEHHOMY MPUMEHEHHIO. XOpOILIO HU3BECTHBI Ta3oda3HbIe
KATAJIMTUYECKUE TPOIECChl TMOJIYy4YeHUs (QTOPXJIOPYIIIEPOAOB: (PTOPTPUXIIOP-
MeTaHa W AUPTOpAUXJIOpMETaHAa W3 MeTaHa M NeHTapTOpXJOopITaHa U3
TpUPTOPTPUXIIOPITAHA, ISl KOTOPBIX PAaHEE CYIIECTBOBAIM KPYMHOTOHHAKHBIE
IPOMBIIIUICHHBIE TTPOU3BOJICTBA, & TAKKE HOBBIX, 030HOOE30MACHBIX COCAMHEHUI:
1,1,1,2-rerpadTopaTtana, mneHTapTOopITaHa, TpUdTOpMEeTaHa, audTOpMETaHa,
rentagToprponana W Apyrux. B »Tux mnpoueccax dropupoBanus GTopun
BOJOpOJia Y4YacTBYeT KaK B pEaKIUSAX MPUCOCIUHEHHUS K TrajioreHosiepunam
(TPUXIIOPATHIIEHY, TETPaXJOPAITHIIEHY, TeKca(pTOPIpONuiIeHy), TaKk U B PEaKLUAX
3aMmernieHns atoma xyopa Ha ¢top. ['azodasznoe mnpucoenmnenne HF B
IPUCYTCTBHM KaTajau3aTopa MPOUCXOJUT JETKO M C BBICOKOM KOHBEPCHUEM
UCXOAHOTO oJie(hHA MPU MATKUX YCIOBUSAX MPOBENCHUS PEAKIIHH.



[Tpy yBenmu4eHHH KoJUYeCcTBa aToMoOB TamoreHoB wium rpymmn -CHIgs,
HAXOSIIUXCS y aToMOB yriepoaa ¢ jasoiHon cBsszpio (CF,=CF,, CF,=CFCl,
CF,=CF-CF3), peakuusi mpuCOCIUHEHHUS 3aTPyAHSAETCS W TIPOTEKaeT mpu Oosee
HKECTKUX yCIOBUAX (ropupoBanHusa. OJHON U3 NPUUMH 3TOTO SIBJICHUS, BEPOSTHO,
CIIEyeT CUYUTaTh MPOCTPAHCTBEHHBIC TPYAHOCTH, BO3HUKAMOIINE TPU 3aMEHE
aToMa BOJIOpOJia Ha aTOM TaJIOTeHa.

[Ipu dTopupoBanuu Xyopcoaepk amux oJeruHOB (HTOPUIOM BOAOPOIA
kpome mpucoenuHenns HF 1o ABOWHON CBSI3M MPOTEKAIOT TMOCIEAOBATECIIHHBIC
peaknuu 3aMelieHus] aromMa XJiopa Ha (TOp, MNPUBOAAIINE K O0Opa30BaHUIO
BBICOKO(TOPUPOBAHHBIX  MPOAYKTOB, KOTOPHIE TaKXKE€ MOXHO IOJIYYUTh
HEIMOCPEICTBEHHBIM  (PTOPUPOBAHUEM (PTOPXJIOPAIKAHOB — TPOMEKYTOUHBIX
MPOIYKTOB TPUCOSTUHEHUSA. AKTUBHOCTh (hTOPXJIOPATKAHOB B TAKUX PEAKIIHAIX
3aMEIICHNUS] YMCHBINACTCA TMPH YBEIMUYCHWHM YHCIa aTOMOB (propa B MOJIEKYJie
COEJIMHEHHUS, a B OOIIEM BUEC UX MOKHO PACIIONOKHUTh B Psijl, AaHAJTOTHYHBINA Py
COCIMHEHUI B pPEaKUUsIX 3aMEHICHUS C HCIOJb30BaHUEM (PTOPUIOB CYpPHMBI.
Hampumep, cpaBHeHUE CKOpOCTEH (PTOPUPOBAHUS PA3IUYHBIX (HTOPXJIOPMETAHOB
U XJIOPMETAHOB TIO3BOJISIET CJHENIaTh BBIBOJ 00 YMEHBIICHUH PEaKIIMOHHON
CIIOCOOHOCTH CIEAYIOIIUM 00pa3oMm:

1) CCl, > CFCl; > CF,Cl, > CFCl,
2) CCly > CHCI3 > CH,CI, > CH;Cl.

DTO XOpoLIO corjacyerca ¢ JaHHBIMU OO0 VYBEIMYEHHH SHEPIrUH
mucconmaruu cBsisu C-Cl or 305 x/Dx/mMons s terpaxiopmerana o 360
k/x/Monb nns xnoprpudropmerana u ot 305 kJ[>/Moib A1 TeTpaxyiopMeTaHa J10
350 xI>x/MoJib U1l XJI0pMETaHa.

AHAJOTMYHO MCCIIEAOBAHUE MPOLECCOB MOJIY4YeHHUs (HTOPXIOPITAHOB
MOJITBEPXKJAET 3aKOHOMEPHOCTH, OIMCAHHBIE IPU PACCMOTPEHUH (TOPUIOB
CYpbMBbI KaK (PTOPUPYIOIIMX areHTOB: HauOOJbIIEH peaklIMOHHOW CIIOCOOHOCTHIO
obmanaer rpynma —CCls, kotopast noctenenno npespamiaercs B —CFCly, —CF,Cl u
—CF3, B To Bpems kak rpymmsl —CH,Cl u >CHCI arakyrorcst ¢ O0JIbIIMM TPYIOM.
[ToaTOMy OCHOBHBIMH TIPOJYKTaMH Ta30(a3HBIX PpEAKIUH B3aUMOACHCTBUS
TPUXJIOPITUIICHA U TETPAXJIOPITUIIEHA ¢ (PTOPUCTHIM BOAOPOJIOM B MPUCYTCTBUU
aKTUBHOTO Katanuzartopa (Hampumep, (propuma xpoma (lll) sasmsrorcs 1,1,1-
tpudTopxiopatan u 1,1,1,2-TetpadTopxsiopaTaH, COOTBETCTBEHHO, KOTOpPHIC
Jajgee MOXHO MOABEPTHYTh (PTOPUPOBAHUIO TMpPHU 00Jiee KECTKUX YCIOBUSX C
oOpazoBanuem 1,1,1,2-rerpadTopsTana u neHradpTopITaHa.

1,1,1,2-TerpadTopatan (xsnamoH 134a) sBhusercds OJHUM M3 OCHOBHBIX
3aMEeHHUTeNed AUPTOPANXIOPMETAHA B XOJIOAWIBHON TEXHUKE U aBTOMOOMIIbHBIX
KOHIUMIMOHEepax. B  Hacrosdmee BpeMs mpouecc €ro MOJy4YeHHs U3
TPUXJIOPITUJIEHA SIBJISIETCS XOPOILIO H3YYEHHBIM. YK€ PpEaM30BaHO €ro
IPOMBIIITIEHHOE TPOU3BOACTBO B psze crpad: CLIA, Benukobpurtanuu, @panuuu,
AnoHun. IOTOT NpPOLECC MOXKHO pPacCMAaTpUBaTh B KAadye€CTBE THUIIOBOIO IpHU
U3YYEHUU ra3oasHplx  KaTaJTUTHUYECKUX IIPOLIECCOB ¢dbTopupoBanus
(bTOPXIIOPYTIEBOIOPOAOB.
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Kamanusamopamu, npuMeHsieMbIMH B JaHHOM IMpolEcce, CIyKaT
pa3liMyHble HEOPTraHWYECKUE COCINMHEHHMsS XpoMa (B OCHOBHOM, OKCHJBI WU
raJIOTeHU/Ib) Ha HOCUTENSX (OKcUIe Wik (PTopuae aJtOMUHHUS WIM MarHus WM
aKTUBHPOBAHHOM yTiie) Wi 0e3 HocuTened. B ux coctaB MOMOJHUTEIBHO MOTYT
BXOJIUTh W JIPyTH€ METaIbl: KOOaNbT, HHUKEIh, MapraHen, UHUHK. CBOMCTBa
KaTanu3aTtopa B Impolecce (pTopupoBaHusi, TAKME KaK: aKTUBHOCTb, CEJIEKTUBHOCTD,
CpPOK CIyKObI, MeXaHWuyecKass TMPOYHOCTb U Jp. 3aBUCAT HE TOJBKO OT
XUMHUYECKOTO COCTaBa, HO M OT CIOCO0a €ro MPUTOTOBJICHHS (HCIOJIb3YEeMbIX
peareHToB, TEMIIEPATyPhl CYIIKU U MPOKAIMBAHUS, KOHIIEHTpAI[UU pacTBOpoB, pH
Cpebl, CKOPOCTH OCaXKJACHUSI, AKTUBALIMHU U PETCHEPALIHHN ).

B ®OI'VII «PHI «IlpukianHas xumusi» OblUIa CO3/1aHA TEXHOJOTHUS
W3TOTOBJICHUS XpOMMarHumpTopuHOrO KaTaJn3aropa, KOTOPBIi B
MCCIICIOBAaHHBIX paHee IMpolleccax CHUHTe3a (TOPXJIOPYIJIEBOAOPOIOB IMOKa3all
ce0st TOCTaTOYHO aKTUBHBIM Kak npu GropupoBanuu 1,1,1,3-reTpaxioprnponana ¢
oOpazoBanuem 3,3,3-TpudTopriponeHa, Tak u npu GropupoBanuu 1,1,2-
TpUPTOPTPUXIIOPITAHA U XJIIOPMETAHOB.

Xapaxkmepucmuxa npoyecca noayueHus xaaoona 134a. Tlpouecc
bTopupoBaHUs TPUXIOPITUIIEHA C HCIOJIB30BAHUEM XPOMMArHUHU(TOPUTHOTO
KaTajau3aTopa MOKHO MPEJICTABUTh CIEAYIOIIUM 00pa3oMm:

CFCI=CCIH CF,=CCIH

7 N 7 N\

CCl,=CCIH == CFCIl,-CCIH, == CF,CI-CCIH, == CF;-CCIH, == CF3-CFH,

|

CF3-CF,H == CF35-CFCIH == CF;-CCl,H + CF5-CHs

XYUMH3M TIPOLIECCOB TIOJIYYCHHS (TOPUPOBAHHBIX HTAHOB COCTOUT B
MPUCOCIMHEHUN MOJIEKYJbl (PTOpUIa BOJAOPOAA MO JTBOWHOM CBSI3U K MOJIEKYJIE
XJIOPCOJZIEPIKAIIIETO ITUJICHA U TIOCTAUIHHOM 3aMEeIEHUU aTOMOB XJI0pa (TOPOM.

B3aumogeiicTBue TpuUXJOpITHWIIEHA C (TOPUIIOM BOJOPOJA SBISETCS
CJIOHBIM KATAIUTUYECKUM TMPOIECCOM, BKIIIOUAIOIIMM B ce0s JBE OCHOBHBIE
craaun  (ctaguto oOpaszoBanust 1,1,1-tpudropxmopatana (1) u craguro ero
nocienytomiero ¢ropupoBanust mo 1,1,1,2-trerpadropstana (2) U MNOOOYHO
KOHKYPUPYIOIIUE  PEaKIUH  JETHAPOXJIOPHPOBAHUSA,  THAPOPTOPHUPOBAHUS,
JTUCTIPOTIOPITMOHUPOBAHUS, TTOJITUMEPH3AIIH | JIP.

CCl,=CCIH + 3HF <> CF5-CCIH, + 2HClI, (1)
CF3'CC|H2 + HF & CF3CFH2 + HCI, (2)

Cuntes xmagoHa 134a  mpoxoauT Ha  XpoMMmarHuh@ropuaHoM
Karanu3zatope. B pesynbrare ucciegoBaHUS KUHETHYECKUX 3aKOHOMEPHOCTEH
ruapodTOpUpOBaHUsl  TpuxyopaTwieHa a0 1,1,1-tpudropxnopatana B
MPUCYTCTBUM  XPOMMAarHMUU(PTOPUAHOTO  KaTaau3aTopa  YCTAHOBJICHO, YTO
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ONITUMAJIbHBIMU YCIIOBHSIMH TIPOBEIICHUS STOTO IPOIECCa C IENbI0 TOMyYCHUS
1,1,1-tpudTopxsiopatana  sgBisitorcs:  Temmeparypa  220-300°C, mousspHOe
cootHomieHue pearenroB HF:C,HCl3=(3.4-7):1, Bpems kontakta 3-10 c. [Ipu stux
YCIIOBUSIX PEAKIUsl MPOTEKAET C BHICOKMMH 3HAUYECHUSIMH KOHBEPCHUU HCXOJHOTO
ceipbt  (>95%) wu cenmektuBHOCcTH 10 1,1,1-TpudTopxnopatany (>98%).
OCHOBHBIMM  TMPOJYKTAaMH  B3aUMOJICUCTBHUS  CJIEAYET  CUMUTATh 1,1,1-
tpudropxiopatan u 1,1-mudrop-1,2-nuxigopaTaH, coaepkaHuEe KOTOPOTO B
peakunoHHON cMecu nocturaer ~30% npu KOHBEPCUU TPUXJIOPITUIIEHA PABHO ~
50-60%.

Kpome ykazaHHBIX  (QTOPXJIOPYIJIEBOJAOPOIOB M  TPUXJIOPITUIICHA,
O0OHapYy’>KEHO TPUCYTCTBUE B PEAKITMOHHBIX CMECSX HE3HAYHTEIBHBIX KOJUYCCTB
1-pTop-1,1,2-tpuxnopatana, 1,1,1,2-tetpadpropsTana, a Takke QTOPXIOP-
onepunos: 1,1-gudpropxnopatiiiena u 1,2-muxnopdropatunena. OOpa3oBaHue
MOCJIETHUX CBUJIETENLCTBYET O MPOTEKAHUM PEAKIUN SITMMUHUPOBAHUS XJIOpHUIA
BOJIOPOJIa B MPUCYTCTBUU XPOMMarHuiTopuaHoro karanuszaropa ot 1,1-nqudrop-
1,2-nuxnopatana  u  1-drop-1,1,2-tpuxnopatana.  [lpennoxxkeHHbI  MyTh
oOpa30oBaHUs HEMPEIETbHBIX COCTMHEHUN SIBISIETCST 00Jiee MPEOUYTUTETHHBIM T10
CpPaBHEHUIO C dIUMUHUpOBaHUEM ¢dTopusia Bogopoaa ot 1,1,1-rpudropxiopstana
u 1,1-mudrop-1,2-quxiopatana u3-3a BbICOKoW mpouyHocTH cBsa3u C-F, sneprus
KOTOpO# 3HauuTeabHO Bbie 3Hepruu cBs3u C-Cl (448+507 x/x/monb u 339
kJ[>kK/MOJIb, COOTBETCTBEHHO).

OKCNEepUMEHTAIBHBIM ~ HCCIEOBAaHUEM  CTaAMH  KaTaIUTHYECKOTO
ruaApoTOPUPOBAHUS 1,1,1-tpudTopxnopstana MOKa3aHo, 4TO TUIS1
OCYIIECTBIICHHUS PEaKIIMH 3amelneHus aroma xjopa B rpynmne —CH,Cl Heo6xoanmo
co37aTh JKECTKHE yCIIOBUS, OOYCIIOBIIGHHbIE OOpPAaTMMOCTBIO  YKa3aHHOU
IHAOTEPMUYECKON peakiuu. ONTUMaTbHBIMU YCJIOBHSIMHU TPOBEIACHUS ITOMN
craiu ¢ 1enbto  moiaydenus  1,1,1,2-terpadropaTaHa B MPUCYTCTBUHU
XpOMMarHui(TopuaHOro Karamuszatopa sBIAIOTCSA: Temmeparypa 370-430°C,
moJsipaoe cooTHotrenue peareHToB HF:CF3;CCIH, = (5-15):1, Bpems koHTakTa 3-
10 c. YBenuueHue TemmepaTyphl SBISETCA HEXKEIATEIbHBIM HU3-3a CHUKCHHS
CEJIEKTUBHOCTH TIPOIlecca U YMEHBIIIEHUE CPOKa CITYKOBI KaTanu3aropa h3-3a ero
OCMOJICHUSI.

[TomyueHHble pe3yabTaThl UCCIEIOBAHMS Ipoliecca TUAPOGTOPUPOBAHUS
1,1,1-tpudTopxyiopaTaHa  COrJacyrTCsi C TEPMOJMHAMHYECKHUM  pPacyeToOM
PaBHOBECHOTO COCTaBa MPOJIYKTOB CHHTE3a, U3 KOTOPOTO CIEAYeT, YTO BBIXOJ
1,1,1,2-terpadTopoTaHa OTPAHUYUBACTCS TEPMOJUHAMUUYECKUMH TapaMeTpaMu
nporiecca u npu temneparype 420°C u monspHom cootHomennn HF:CF;CIH,
=10:1 cocraBnsier ~30%. CenextuBHOCTH Tiponiecca 1o 1,1,1,2-rerpadTopatany B
yKa3aHHBIX ONTUMAaJIbHBIX yciaoBUiX 6oiee 90%.
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Xradow 143 | Kedaw 1348
[ dradow 125

Puc. 2.11. IlpunnunuanbHast TEXHOJIOTUYECKAs cxema monyueHus xmagona 134a: 1 — emxocts HF; 2 — emKkocTh TpuxiopaTuieHna; 3 — UCapuTens; 4,
7, 17 — snexrponarpesarenu; 5, 8, 18 — peakropsr; 6, 9, 19 — xonmogunenukm; 10, 14, 24, 27, 30, 33 — pekruduKanMOHHBIC KOJIOHHBL, 13 —
paccnauBarenb, 20 — abcopbep; 11, 15, 25, 28, 31, 34 — nednermatopsr; 12, 16, 26, 29, 32, 35 — kunsatunbHuky; 21 — HeTpanu3aMoOHHAs KOJIOHHA;
22 — ocymmTenpHas KOJIOHHA; 23 - KOMITPEeCccop



Texnonocuueckasn cxema nonyyenus xnadoua 134a. Cunre3 xmagona 134a
(puc. 2.11) nmpoxoAUT Ha TpaHYJIUPOBAHHOM XPOMCOEpKaIIeM KaTalu3aTtope
[UIIX-55. Jna noayyeHus xjiaaoHa 134a ucnosb3yroT TpuxsopatuieH. [Ipomece
ra3oda3Horo MmojdydeHus xjajoHa 134a cOCTOMT W3 CIEAYIOMIUX OCHOBHBIX
CTaIIN:
1) cunres 1,1,1-TpudTOpXI0pITaHa U3 TPUXIOPITHIICHA,;
2) cunres 1,1,1,2-terpadropatana u3 1,1,1-rpudTopxiopsTana;
3) BBIZICIICHHE XJIOPUCTOTO BOJOPO/IA PEKTH(PHKAIINECH;
4) Beigenenue coipua 1,1,1,2-trerpadTopatana;
5) ouuctka cChIpHa OT HENPENEIbHBIX COCIUHCHHH  KATATUTUYCCKUM
rUAPOPTOPUPOBAHHUEM;
6) OTMBIBKA, HEUTpaATU3aIUs U OCYIIIKA CHIPIIa,
7) ouuCTKa ChIpIIA OT HETIPEAETbHBIX COSTUHEHUN KaTATUTHUYECKUM OKHCIICHUEM;
8) abcopOIMOHHAsT OYMCTKA ChIPLIA;
9) Beienienne ToBapHoro 1,1,1,2-rerpadropatana pektudukanyen.

HcxonHbie POTYKThI — TPUXJIOPITUIICH U3 €eMKOCTH 2 U (hTopua Bogopoaa
u3 eMkoctu 1 uepe3 ucmaputenb 3 U 3JIEKTPONOAOrpeBaTeib 4 MOCTYNAKT B
peakTop dbTopupoBaHus S5, 3aMoOJTHEHHBIN XpoMMarHuiToOpuIHBIM
Karanuzatopom, rae npu temreparype 180-400°C u nmanenun 0,6-0,8 Mlla
npoucxonut cuHTe3d 1,1,1-TpudTopxinopatana (xmagona 133a). PeakuuonHnas
CMECh TIOCIIE peakTopa 5, uepe3 XOJOAWIbHHK 6 HampaBiseTcs B KOJOHHY
BBIICTICHUSI  BBICOKOKMITSIIIMX ~ TPOAYKTOB u  Qropuma Bomopoma  10.
Bricokokumsimye mpoayKThl U3 KUISITHIRHUKA 12 cuBaloTcsl B paccianBatens 13,
OTKyZla HENMpOpEearupoBaBIIUN TPHUXJIOPITUIICH TOMagaeT B eMKocTh 2. CMech
xmanoHa 134a npu temmneparype 300-400°C u maBnenuu 0,6-0,8 MIla. [IpogykTsr
CHHTE3a Yepe3 XOJOIMIbHUK 9 MOoCcTymnaT B pekTuuKanonnyo koinonny 10. 13
nednermatopa 11 xononusl 10 HU3KOKUIISIIIUE MPOAYKTHI CUHTE3a TMOJAIOTCS B
peKTU(PHUKAIMOHHYIO KOJOHHY 14 11st BBIZIETICHUS XJIOPUCTOTO BOJIOPOA, KOTOPBIN
u3 nedaermaropa 15 HampapisieTcs Ha MOMyYEeHHUE COJITHOW KUCTIOTHL. KyOoBbIi
MPOAYKT KOJIOHHBI 15, copepkamuii mpeuMmyiiecTBeHHO XiaiaoH 134a, wu3
KATSITIIbHUKA 16 uepe3 anmekTponogorpeBarens 17 momaercs B peaktop 18, rae
MIPOUCXOIUT KATAIUTHUECKash OYKMCTKA MPOJYKTOB CHHTE3a OT HEMpeIeTbHBIX
coenunenuii mpu temrepatrype 180-350°C u naBnenuu 0,2-0,3 T[IMa. OuniieHHbII
ra3 yepe3 xonoAwibHUK 19 moctymnaer B abcopbep 20, rae mpoucxoIuT OYUCTKA
PEaKIMOHHONW CMECH BOJOH OT OCTaTKOB (TOopuaa BOAOPOAA C TOIyYECHHEM
KOHIICHTpUpOBaHHOW  TuiaBukoBoM  kuciotel  (HF).  Ilpomyktel  cuHTE3a
HEUTpaTU3yIOTCS B HacaJo4yHOW KoJIoHHe 21, oporaeMod pacTBOPOM €IKOIO
HaTpa, TMPOXOIAT OCYHIHTEeNb 22 U KOMIpeccopoM 23 TMOJAlTCsS B
PEKTH(PUKANMOHHYIO KOJOHHY 24, TA¢ NPOUCXOIUT OTIYyBKA HHU3KOKHUIISAIIUX
npuMecei, KoTopeie u3 gaedrermaropa 25 HAMpaBISAIOTCA Ha TEPMHUYECKOE
yanuToxkeHue. KyOoBblit MpOyKT KOJMOHHBI 24 W3 KUMATUIbHUKA 26 MOCTYHaeT B
peKTU(UKALMOHHYIO KOJIOHHY 27, rne u3 aeduermaropa 28 oTrOupaercs cMmech
xynagoHoB 125 u 134a. KyOoBblii MpOAYKT KOJOHHBI 27 W3 KUMSATHIbHUKA 29
nepempaercss B kosioHHy 30, roe w3 aeduermaropa 31 orOupaercs azeoTpor
xnagona 134a u 1,1-mudTopxyIOp3TUIIEHA, KOTOPBIM MOCTyHaeT Ha CTaIuio



OYUCTKM OT HENpeIeNbHbIX coenuHeHud B peaktop 18. KyOoBblii mpomykt
koJIoHHbI 30 W3 KUNATWIRHMKA 32 HalpaBisgeTcs B KOJOHHY 33, rae U3
neduermaropa 34 otbupaeTcs TOBapHBIM MpPOAyKT — xjamoH 134a. KyOoBbrii
MPOAYKT KOJIOHHBI 33 W3 KHUISMTWIBHHUKA 35 uepe3 dJIeKTpomojorpeBarens 4
MOCTYIAET B PEAKTOP CHHTE3a 9.

HNannast cxema pazpadorana B OI'YII «PHL «llpuknagnas xumus» u
SBJIIETCSI TUIOBOM /i1 CHHTE3a 030HOOE30MacHBIX XJIAJIOHOB  METOAOM
ra3oazHoro KaTaquTUYecKoro ruapodropupoBanus. [lo aHamoruuHoil cxeme
nojgydaercda XxJjamoH 125; mns cuHTe3a XnagoHOB 227ea, 23 [10CTaTOYHO
UCIOJIb30BaTh OJJTHOPEAKTOPHYIO CXEMY.

2.8.5. ITuposnTryeckue cnocodbl moaydeHusi gropcoaep:kammx oaedpuHoB

OCHOBHYIO J10JI0 (PTOPOITACTOB IPOU3BOIAT HA OCHOBE (PTOPCOAEPIKAIINX
oepuHoB —  TeTpadTOpATHIEHa, TekcadropmponuieHa ¢ (QTOPUCTOTO
BuHwiugeHa. CononuMepusanus OSTUX 0a30BbIX MOHOMEPOB C JIPYTUMHU
ofleuHaMH (STUIICHOM, TMPOMUWICHOM, TPUPTOP- U TETPaPTOPXIOPITUICHOM,
HEMpeAeIbHBIMU  (PTOPCOACPKAIIUMHU TMPOCTHIMUA dPUpaMu U T.J.) TO3BOJIMIIA
MOJIYYUTh (PTOPOIUIACTHI C YHUKAIbHBIMU WHJMBHUIYaJIbHBIMU CBOWCTBAMHU H
pPaCIIMPUTh ACCOPTUMEHT IMOJTUMEPHBIX MAaTEPHAIIOB.

Bo Bcem Mmupe OCHOBHBIM TPOMBINIUICHHBIM METOJOM TOJYYCHHS
dTopconmepxkanmx oysiepUHOB SBISETCS TEPMUUYECKOE pasliokeHue ¢rop- u
dTopxopcoaepKaIuX METaHOB, STAHOB U 0JIE(DUHOB.

Tempagpmopsmunen CF,=CF, (ra3, t1.koHn. wMuHyc 76,3°C mpu
aTM.JIaBJIcHHH). B HacTosIIee BpeMs CYIIIECTBYET €TMHCTBEHHBIN MPOMBIIIIIICHHBIH
croco0 moiydeHus TeTpadTopaTWiIeHa muposin3oM audTopxiopmeTana (X 22).
[IpoBeneHHBIE UCCIENOBAHUS TO3BOJMIM  MPEIANOJIOKUTH OOIIYI0  CXEeMY
TEPMUYECKOTO Pa3I0KEHUs TUPTOPXIOPMETaHA.

OcHosHolti npoyecc:

CFHCI < :CF, + HCI, rme :CF, - nudropkapbOeH,
2:CF2 > CFZ:CFZ.

Ilobounsie peakyuu:

CF,=CF, « :CFCF;,
:CFCF; + :CF, & CF3;CF=CF,,
2CF2=CF2 > C4F8-HI/IKHO,
CF2=CF2 + HCl « H(CF2)3CI,
CF,HCI — :CHCI + HF,
:CF, + :CHCI < CF,=CFCl.

Peakuu 1o 3ton cxeme nNpoTeKarT OJHOBPEMEHHO.

B Poccun tetpadTopITHIIEH MOMY4YalOT MUPOJIU30M JU(GTOPXIOpMETaHa
(X 22) B TpyOuaThIX peakTopax B MPUCYTCTBUU MEPETPETOro mapa u 0e3 Hero.
Tenmo B 000uMX choydasx TMOABOAWTCS K CTEHKE pPEaKTopa TpH TOMOITA
ANeKTpUUeckoro Toka. Judropximopmeran W BOASHOW map TEpea BXOJIOM B
CMECHUTENb PEaKTopa MOJOTPEeBaIOT A0 HEOOXOIMMON TemrepaTypsl B TpyOUaThIX
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MO/IOTPEBATEIISAX, 00OTPEBAEMBIX TaKXKE DJIEKTPUUECKUM TOKOM. {7151 ymMeHbIeHus
TEIJIONOTEPh PEAKTOP W MOJOTPEBATENN MOMEUIAIOT B CIECIMAIbHBINA Pa3beMHbIN
OJIOK ¢ U3OJAMOHHBIM MAaTEpUajoM, a JUIsl OXJAKICHUS MUpoJM3ara B
3aKaJOYHOM XOJIOAWJIBHUKE HCHOJB3YIOT IU(TOPXJIOPMETaH M BOJSHOM Tmap,
KOTOpblE B  pe3yibTaTe caMd  JONOJHUTEIbHO  HArpeBaloTCi  Iepen
MOJIOrPEeBaTEIIEM.

OnTuManeHBIMM ~ PEKUMHBIMA  [apaMeTpaMu  Ipolecca MOJydYeHUS
TeTpadTOopaTUICHa  TUPOIM30M  JUTOpXJIOpMEeTaHa C  pa30aBiIcHHEM
PEaKIIMOHHON CMECH BOJSIHBIM MapoM SIBISIOTCS cienayromue: Temmneparypa 800-
850°C; Bpems npeowsiBanus 0,01 0,05 c; crenenp pasdasienus 3-4 mons H,O /
mosib CF,HCI. Tlpm 3TUX TEXHOJOTMYECKUX IMapaMeTpax M BBITCCHUTCIHHOM
pexuMe KoHBepcusi audropxiiopmerana coctaBuT 70-80%, a CENEKTUBHOCTh ~
95%.

[Ipu mnomumepuzamuu TerpadTopITUIECHA O00Opasyercs mnoauTeTpadpTop-
TWIEH (KOMMepueckoe Ha3BaHue «TedaoH» ¢upMbl «/l1omnon»), BrepBbie
oTKphIThId [lmankerrom B 1938 r. bnarogapsi cBoeld BBICOKON TEPMOCTOMKOCTH,
CTOMKOCTH K XUMHUYECKUM peareHTaM U JPYTrUM XapaKTepUCTHUKaM JI0 HACTOSIIIETO
BPEMEHHU IIMPOKO MPUMEHSETCS B KaueCTBE «OJaropoJIHOTO» IIACTHKA U B ITOM
00JIaCTH HE MOKET OBITh 3aMEHEH HU OJTHUM U3 U3BECTHBIX MOJIUMEPOB.

I'excagpmopnponunen CF;CF=CF, (raz t.xona. wmunyc 29,1°C) B
MPOMBINIJICHHOCTH TOJIY9al0T MUPOJIU30M TETPaPTOpPITUIICHA W TPUMEHSIOT B
KayecTBE CBIPhS I TMPOU3BOJCTBA COMOJMMEPOB C TETPA(QTOPITUICHOM U
IpYruMu (PTOPMOHOMEPAMH U JIJIST PA3IMIHBIX (PTOPOPTaHUIECKUX CHHTE30B.

Bununuoengpmopuo (1,1-mudpropstmnen) CF,=CH, (ra3 T.KOHJ. MHHYC
83,7°C) B mpompiuieHHBIX MacmrTabax 1,1-mudTopsTHiieH  mPOU3BOIAAT
ra3oa3HbIM TEPMHUYECKUM JAerujipoxjopupoBanuem 1,1-gudrop-l-xnopatana u
MPUMEHSIOT B MPOU3BOICTBE MOJUBUHIIUICHPTOPUIA U PSS TIOJTUMEPOB.

Tpugpmopxnopsmunen CFCI=CF, (ra3 t.xkoua. wmmuyc 26,2°C) B
MPOMBIIIUICHHOCTH TOJy4YalT jAexjiopupoBanueM 1,1,2-TpudTopTpuxiiopsTana
IIMHKOM B BOAHOU cpejie. TpudTopXxiopITuiaeH NpUMEHSIOT B KaUe€CTBE ChIPhS JIs
MPOU3BOJCTBA  MOJUTPUDTOPXIOPITUIICHA,  COMOJUMEPHBIX  BJIACTOMEPOB,
TEJIOMEPHBIX XUMUYECKUX U TEPMOCTAOMIBHBIX CMA30K U KUIAKOCTEH H T.I.

2.8.6. DekTpoxuMuUeckoe (pTopupoBaHne

Merton snekTpoxumuueckoro gpropupoBanus (X D) sABigeTCS YHUKATbHBIM
JUIS  TIOJNIy9eHHUS  TEepPTOPUPOBAHHBIX  COCAUMHEHWH € Pa3IUYHBIMU
(GYHKIIMOHATBHBIMU TPYIIIIAMHU, KOTOPbIE TPYAHO COXPAaHUThH MPU (PTOPHUPOBAHUH
JPYTUMHU METOJaMU: ¢ MPUMEHEHHEM AJIEeMEHTapHOro Gpropa, GTOPUI0B METAIIOB
NEPEeXOJHON Tpynmbl, JKUIAKOCTHBIM M Ta3o(a3HbiM (HTOPUPOBAHHEM BO
¢bTopucTOM BOAOPOAE U AP.

3a mocieqHue robl B 00J1aCTH 3IEKTPOXUMHUYECKOTO (PTOPUPOBAHUS OBLIH
JIOCTUTHYTHI ONpEAENIEHHbIE YCIIEXH KaK B HaIlel CTpaHe, TaKk U 3a pyOexoM.
Pacmmpunace HOMeHKIIaTypa (TOPHPOAYKTOB C (HYHKIMOHATIBHBIMU TPYIIIIaMH,
pa3zpaboTaH psiA KOHCTPYKIHMI JaOOpaTOpPHBIX M MPOMBIILIICHHBIX MOJENen
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AIEKTPOJIU3EPOB, OMPEICICHBI MAPAMETPHI JIEKTPOIN3a, BIUAIOIIAE HA BBIXOJ I10
TOKY LIEJIEBBIX COCIUHEHUN.

DNeKTpOXUMHUECKoe (PTOpUpOBaHKE MPECTABISET COOOM METOJ| BBEICHUS
dbTopa B OpraHMYECKUil UM HEOPTAHUYECKHI CyOCTpaT ¢ TOMOIIBIO AIEKTPOTHOM
peakuuu. OCHOBHBIE TMOJOKEHHSI 3TOTO METOJIa, MCIOJIb3YEMbIE U B HACTOSILEE
BpeMsi, ObUIM pa3paboTaHbl aMepUKaHCKUM XUMHKOM JIxo3zedom CailmMoHCOM B
Hayane 40-x romoB B yHuBepcurere mrara lleHcunsBanuu. Meton
IEKTPOXUMHUIECKOTO (PTOpUpOBaHUS, 00O03HaUYaeMblii cokpameHneM XD,
3aKJIFOYAETCS B MPOIYCKAHUHU MOCTOSHHOTO TOKA IMPYU HU3KOM HANPSHKEHUH Yepe3
pa30aBlIEHHBIN PAacTBOP WJIM CYCIEH3MIO HCXOIHOTO COCIWHEHUS B OE3BOJTHOM
dbTopune Bogopoaa. B cimydae HeoOX0AMMOCTH PaCTBOPY WM CYCIICH3UHU TIPUIAOT
MPOBOJAUMOCTD 3a CUET CHEHUAIBHBIX JOOABOK. AHOJBI B SIYE€IKE M3rOTaBIUBAIOT
13 HUKEJIS, KaTO/Abl MOTYT ObITh HUKEIEBBIMU UIIN CTAJIbHBIMH.

[Ipumenenue 53TOro MeToAa, XOTS M HAlOMHUHAOIMIEro (TOpUpOBaHUE
AJIIEMEHTapHBIM (GTOPOM WM TPEX(PTOPUCTHIM KOOAIBTOM, (IMPU KOTOPOM BCE
aTOMBI BOJIOpOia 3aMeIarTcs Ha GpTop, kpatHbie C=C CBS3M WM apOMAaTUYECKHE
CUCTEMBI HACBHINIAIOTCA (PTOPOM U UMEET MecTO (parMeHTalus YriepoHOTO
CKeJIeTa), O3BOJISIET B 3HAUUTEIILHON Mepe COXPaHUTh (PYHKIIMOHAIBHBIE TPYIIIIHI,
IIPUCYTCTBYIOIIUE B UCXOJIHOU MOJIEKYJIE.

OntumanbHble  HAmpsKEHUS B Lo
STYCHKE, IUIOTHOCTH TOKa 5 __‘_';__
TEMIIEPaTypPbl HAXOJATCS COOTBETCTBEH- *
HO B pexenax 5-7 B, 0,1-2,0 A/am® u 0-
20°C. Ilpu NOOOOHBIX  YCIIOBUSAX at
SJIEKTPONIM3a CBOOOAHBIA  (TOp He .
BBIJICISICTCS, OJHAKO mepdTopupoBaH- Ve s
HOE COEJIMHEeHUE 00pa3yeTcs Ha aHOfaX,
a BOJOPOJ BBIACISIETCS Ha Karolax.
JIaHHBI METOJ UCTIOJIB3YETCS B TIEPBYIO
ouepenb s MPEBPALICHUS] MPOU3BOJI-
HBIX YTJEBOJOPOJOB B (PYHKIIMOHAIH- ——
HBIC IPOU3BOIHBIE (PTOPYTIICPOJIOB. /%

[Ipouecc DX® sBnsgeTCSs OJHUM U3 F "
HEMHOTHX AIEKTPOCUHTETUYECKUX
METOJIOB, KOTOpbIE HCIOJIb3yIoTcss B Puc. 2.12. Cxema snexrponusepa: | — kopiyc
IPOMBIIIICHHOM MaciiTase. SIEKTPOIH3EPA; 2 - XONOZILHUK;] 3 -
HO COO6pa>KeHI/I$IM 6630HaCHOCTI/I, SJICKTPOAHBIN ITAKET, 4 — cranpHOH O6paTHBII/I
XOJIOMWIBHUK; 5 — mo3artop w3 ¢roporiacTta
CBSI3AaHHBIX c OCYIIIECTBICHUEM

I TOoJAaYd HCXOMHBIX COeIUHEHHi;, 6 -
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3TOrO Mpolecca ObUIO OMyOIUKOBAHO B OTKPBITOM meuaTH Juiib B 1949 r. K atomy
BpemeHu ¢upma «3M» (CILIA) Hakonua O60JBIION ONBIT B paboTe C «sIuyehKaMu
Caitmonca». Tak, yxe B 1947 1. sra ¢Qupma pacnosaraiga TUIOTHBIMH
YCTaHOBKaMM ISl OCYLIECTBIEHUsI 3Toro mpoiecca. Ilo BocmomuHanusMm JIx.
CaiimoHnca u bpaiica nepBas NpOMBIIUIEHHAs YCTaHOBKa Obula IMyIIeHa B
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JKCIUTyaTallMlo B paiioHe XactuHrca (mrar MwuHecota) B okTa0pe 1951 T
[Ipon3BOAMTENBHOCT ATOM  YCTAHOBKM  COCTaBWia mpuMepHo 115  «kr
bTOpyIIepoIHOrO COeMWHEHUS B CYTKH. Sldeiika Obuta BbicoTOM 1,8 M
nramerpoM 1,2 M, cuna Toka paBHsuiack 10000 A mpu HanpsiKEHUM TPUMEPHO
5 B; naBnenue B cucteme ObuIO aTMOC(HEPHBIM, a TeMIlepaTypa — MPAKTHYECKU
KOMHaTHOM. Sldueiika mnpeacraBmsuia coboW OAHY Kamepy, B KOTOpPOM ObLI
pAaCIONIOKEH MAKET YEPENYIOIINXCS HUKEIEBBIX AHOJOB M JKEJIE3HBIX KaTOJZIOB
(m1acTrH), HaXOALIMXCS HA paccTOAHMHM 12,5 MM oIMH OT apyroro. Sueiika
COEIUHSIACH C OXJIAXKJAEMBbIM XOJOJMJIBHUKOM B KOTOPOM (DPTOPUCTHIM BOIOPOA
OTHEIATCS OT BBIICIAIOIIETOCSd Ha KaTOAE BOAOPOAA, COACPIKALIETO JIETy4HE
NPOAYKThl PEaKIUH, YJIaBIMBAEMbIE C TIOMOLIBIO CHCTEMBbI JOBYHIEK. boiee
BBICOKOKUIIAIIME TNEPPTOPUPOBAHHBIE MPOIYKTHI HMEIOT 00Jiee BBICOKYIO
IJIOTHOCTH IO CPABHEHMIO C AJIEKTPOJIUTOM U HE PaCTBOPUMBI B HEM. BBuay 3Toro
uX 0TOOp MPOBOAMIIN CO JHA STUEHKH.

Cpenu OonblIoro yucia nepGTOPUPOBAHHBIX COEAUHEHUN, IOTY4aeMbIX
MetogoM OX®D, HauOONBIIMM HMHTEpPEC ISl MPOMBILUIEHHOCTH MPEACTaBISAIOT
HEKOTOpbIE aMHUHBI, d3Qupbl, a Takwke QTopaHTUIPUABI KapOOHOBBIX U
CYJIb(POKUCIIOT.

Haunyumme pe3ynbTarbl TpU  DIEKTPOJUTHUYECKOM  (PTOPUPOBAHUU
MOJIYHArOTCSl TIPU CHHTE3€ NepdTOp3aMEICHHBIX KapOOHOBBIX KUCIOT, IPOCTHIX U
CIIOXHBIX 3(QUPOB, aMHHOB, CYJIb(UIOB M HEKOTOPBIX TE€TEPOIMKINYECKUX
COCIMHEHUW, pPAacTBOPUMBIX B JKHUIKOM (ropuae Bomopoma. Ha puc. 2.12
MPEACTABICHO CXEMaTH4YeCKOoe M300paKeHUe HIJIEKTPOJIM3Epa C BHYTPEHHEH
LHUPKYJSLHUEN DJIEKTPOJIATA.

Hexomopwvie xapaxmepucmuxu npoyecca Caiimonca. 1lo cpaBHEHUIO C
NOJIy4YeHUEM (PTOPYIIepOoAOB U3 YIIEBOJAOPOIOB MO ACHCTBUEM 3JIEMEHTAPHOIO
dbTopa nnu GTOPUIOB METAIIOB BhICIICH BasieHTHOCTH (Hampumep COF;3), DXD
o0aaeT cleAyIUMU IPEUMYILEeCTBAMU:

1. ®Topusa Bogopoaa, SABISIOMIUNCS HanOoJiee BaXKHBIM U3 MUCTIOIB3YEMbIX B
MPOMBINIUICHHOCTH coenuHenueM ¢rTopa (u3 CaF,+ H,SO,) mnpumensercs
HEIMOCPEICTBEHHO KaK UCTOYHUK (PTOpa.

2. HUcuepmbiBaroriee (TO €cTh NOJHOE) GTOPUPOBAHUE UJIET AaBTOMATUYECKH,
naBasi nep(pTopcoeIMHEHUS B OJIHY CTaJIHIO.

3. HecMmoTpst Ha TO, YTO AECTPYKIUS UCXOJHOTO COSAMHEHUS BCET/Ia MMEET
MECTO, Hapsay ¢ MEpEerpynmupoBKON B psAME CIy4aeB ITOT METOJ MO3BOJISIET B
3HAYUTEIFHON Mepe COXPaHITh HMMEKIIMECSs B HCXOJHOM (YHKIIMOHAIHHBIC
TPYIIIBI.

4. HeoOxoammas ammaparypa OTHOCHTEIBHO MPOCTa YaCTUYHO W3-3a TOTO,
YTO SJIEKTPOJUTHYECKAs ssuelika peICTaBIseT COOOM OJIHY KaMmepy.

C npyroii cropossl, miporiecc XD umeer psij HEAOCTaTKOB:

1. B kauecTBe aHOAA MOXKHO HCHOJb30BaTh TOJBKO HUKEIb, JTaHHBIA (PaKT
CBSI3aH C MEXaHU3MOM (hTOPUPOBAHUS.
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2. Cmomoo0Opa3Hple OTIIOKEHHS YacTO HAKAIUIMBAIOTCSA Ha AJIEKTPOJaX
0COOCHHO TIpY (TOPUPOBAHUN COCTUHEHUH C OONBITUMH ATKUILHBIMUA TPYIIIaMH
(6onee Cg).

3. B mpormecce 37MeKTpoin3a BBIICISIFOTCS BBICOKOTOKCUYHBIC BEIIECTBA,
Hanpumep, F,O (1. xun. munyc 145°C) 3a cyeT AJIEKTpOJU3a BOJbI, MPUCYTCT-
BYIOIIE B OJIGKTPOJIUTE, WIM TPU PA3JIOKEHUH KHUCIOPOJCOIEPIKAIIIIX
OpPraHUYECKUX CyOCTpaToB.

Obnacmv npumenenus u oepanuyerus npoyecca IX®. be3Bomubiit hropus
Bojopoja (b®B, T.kumn. 19,5°C), koTOpbIi BEICOKOACCOIMUPOBAH B KUJKOU (ase,
ABJIAETCSI OYEHb CHJIBHOM KHUCJIOTOM MO CHOCOOHOCTH oOTAaBaTh mnpoToHsl (H,
paBHO mpumepHo —11; o cpasaenuto ¢ H, mist H,S0, paBhoe -11,1) u obmagaer
BBICOKOW  AMANIEKTpuYeckod moctostHHOM (83,6 mnpu  0°C; mna  H,O
nuasekTpuueckas noctostHHas paBHa npu 0°C 87.9). Beuny storo HF OsbicTpo
IIPOTOHUPYET W PACTBOPSET MHOTME OpPraHUYECKHE ITPOU3BOIHBIE KHUCIOPOJA,
a30Ta U Cepbl, JaBas pacTBOPbl OHUEBBIX YaCTHI, KOTOpPhIE 00JaAar0T BBICOKOM
IEKTPUYECKON NMPOBOAUMOCTHIO. Tak, Hanmpumep:

+ -

(CoH5),0 + [HF], ——(C;Hs),0H [Hy.1F]
+ -
C;H;sCOF + [HF], — C;H;sCOHF[H,(F]
+ -
(C4Hg)sN + [HF], ——>(C4Hg)sNH [H,.1Fp]

BBugy otoro Ttakume coeauHEHHs, KaK MPOU3BOAHBIC KAapOOHOBBIX W
CyJb()OHOBBIX KHUCIIOT, IPOCThIE A(UPHI U AMHUHBI BIIOJIHE MPUTOJHBI B Ka4E€CTBE
ucxoaubix st DX@P. B 1o ke Bpemst ycrneniHasi padoTa sSUeWKH B CYIIECTBEHHOM
MEpE 3aBUCUT OT CTPOEHHUS HCXOJHOIO COEIWHEHHs. B NpOTHBOIIOI0KHOCTH
ATOMY HACBHIILIEHHBIE YTJIEBOJIOPO/IbI, MX TAJIOrE€HCOAEPKAINE MPOU3BOAHBIE U
apoMaTUYEeCKHE COEAMHEHUs, KaK MPaBWIO, OYEHb OTPAaHUYEHHO PACTBOPUMBI B
b®B wu3-3a cBoero cinaboocHOBHOrO xapakrepa. lloaToMy B 3THX choydasx
TpeOyeTcsl UCIob30BaHue MpoBo X 100aBok (Hanmpumep NaF). B mocnennee
BpeMsl Hapsily C KUJIKUMU U TBEepAbIMU cyOcTpatamu DX®D ObUTM MOABEPTHYTHI
ra3zo00pa3Hble COSAUHEHUSI U TTOTMMEPhl. ECTECTBEHHO, UTO COEAMHEHHUS, KOTOPhIE
MMEKT CKIOHHOCTh K pa3yiokeHut0o B bDPB, Henb3sd HUCMOJIB30BaTh B KAYECTBE
HCXOJ/IHBIX BEILIECTB.

boityer MHenuwe, uyto Meron OX® HanmomuHaeT QTOpUpOBaHHE
JIEMEHTapHbIM  (TOpOoM WM (TOpPHIaMH METAJUIOB BBICIHICH BAJEHTHOCTH
(mampumep CoFz, AgF,), tak kak Bomopox u arom ramorenoB (Cl, Br, 1)
3aMEIIarTCs B UCXOJHOM COCMMHEHUH Ha (PTOp, COSTUHEHUS, COIEPIKAIINE aTOM
cepol (1) u (IV) oxucnsarorca no npousBojaubix cepol (VI), kpome TOro mmeror
MECTO peakuuu (¢GparMeHTAlMM, a HEHACHIICHHBIC TPYNbl  (BKIHOYAs
apoMatuyeckne) mnpucoeausstor Grop. OmHako, Kak OTMEYaJOCh BBIIIE,
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(GyHKIIMOHATBHBIE TPYMIBl B 3HAYUTEITHLHON CTENEHU COXPAHSIOTCS B MCXOHOU
Mosekyse npu DXO.

Otu Tpu Metoaa (ucnoiabzoBanue F,, CoF; unu npyrux ¢gropuaoB Meramion
BBICIICH  BaJCHTHOCTH, a Takke OX®) TMO3BOJISIOT  OCYIIECTBISTH
«ucyepIbIBaroliee (TOPUPOBAHNEY, IPUBOISAIICE K MOTYICHHIO (DTOPYTICPOIHBIX
COCTMHCHHA. AJNBTEPHATHBOW ATOMY SIBIIICTCS TaK HAa3bIBACMBIH CHHTETUUYCCKUIN
MIOJIXO/T, 3aKIIOYAIOIINNACI B XUMHUYECKON TepepaboTKe MPOCTHIX, OTHOCUTEIIBHO
JIEIEBBIX «CTPOUTEITBHBIX OJIOKOB» HaIpuMep TeTpadTopaTUIIcHA,
nepTOPIPONIIICHA W OKCHIOB JOTHUX JBYX IOJY9aeMbIX B MPOMBIIUICHHBIX
Macitabax 0JeuHOB.

Cunmes  @mopaneuopuoos (ReCOF) nepgmopxapbonosvix  xuciom.
Cunresy mnepdpropauundropunoB meronoM IOX®D ObUIO yaeneHo OO0JIbIIOE
BHUMaHHE TIOTOMY, YTO MHOTHE TMPOAYKTHl IPOMBIIUICHHOTO 3HAYCHUS
(HampumMep, Macjao- U BOJOOTTAJKHUBAIOUIUME TOKPBITUS 1Jis TKaHe u Oymarw,
IPA3COTTAIIKUBAIONIME TOKPBITUS Uil Koku u 3ammu v [IAB  paznuunoro
HA3HAUCHHUS, BKJIIOYAsh OTHEracsAllMe CpeAcTBa) MOTryT OBbITh TOJYYECHBI U3
nepdTopkapOOHOBBIX  KUCIOT. Tak, Hampumep, TEKCTUIBHOE TOKPBITHE
«Ckoturapa» (pupma «3M») OCHOBAHO Ha MPOU3BOJHBIX KHUCIOT C JITTMHHBIMU
nernsimu turna RFCO,H (HO yucio yriaepooB He MPEBBIIAET §).

OX® coOCTBEHHO KapOOHOBBIX KUCIOT JaeT nepdropamigTopuasl JUIIb C
HE3HAYNUTETHLHBIM BBIXOJOM, YTO YaCTHYHO OOBSCHACTCS JeKapOOKCHINPOBAaHUEM
no tumy peakuun Konpbe. Mcnonp3oBaHue aHTUAPHUIIOB KHUCIOT TO3BOJISET
nosydaTh (PTOp3aMeleHHbIe aHAJOTH STUX KUCIOT ¢ OOJIBIIUMHU BBIXOJAAMH TIO
CPaBHEHHUIO C HMCXOJHBIMA KHCIOTaMH, HO HambOojee BBICOKHE BBIXOIbI OBLIU
MOJTYYCHBI TIPH MCTIOIB30BAHUH XJIOP- WA (DTOPAHTHIPHUIOB:

CH,CO,H XD (17%)
(CH,CO),0 > CF,COF (32%)
CH,COF —— / (80%)

Kak anrugpunsr kuciaor /(RCO),0 + HF — RCOF + RCO,H/, tak u
xnopanarunpuasl /RCOCI + HF — RCOF + HCl/ consBatupyrorcss B bOB.
[IpeBpamieare XJOpPUIOB B COOTBETCTBYIOHMIME (DTOPUABI HIAET OBICTPO C
BBIZICIICHUEM XJIOPUCTOTO BOJIOpOJAa. OTO SBJICHHE, a TaKXe JOCTYITHOCTh
XJIOPAHTHIPUAOB OOBSCHSIOT TOT (PAKT, YTO XJIOPAHTHUIPHIBI KAPOOHOBBIX KUCIIOT
MPEACTABIIAIOT cO00M ynoOHOe chiphe s nporecca IXD, HECMOTpsl HA TO, YTO
BBIXO/IbI MPOJTYKTOB HECKOJILKO HIIKE, YEM IPH UCIIOJIB30BAHUH AIlUIPTOPHIOB.

B psge cimydaeB MeTHIIOBBIE 3(UpHI SBISIOTCS HaWOOJIee BBITOTHBIMH
UCXOJHBIMU  BemecTBaMu.  Tak,  Hampumep, dGUPBl  O-aJIKAI- U
ITUKJIOQTKUII3aMEIIIEHHBIX KapOOHOBBIX KUCIOT MOYKHO C YCIIeXOM 00pabaThiBaTh B
AIEKTPOXUMHUYCCKON SUCHKE Ja)Ke TOrJa, KOTJa SJEKTPOJIM3 XJIOPAHTHIPHUIOB
JaeT HEYIOBJICTBOPUTEILHBIC PE3Y/IbTaThl H3-32 00Pa30BAHMS CMOJIBI.
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