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B jeificTByIOINEM MPOH3BOACTBE XJIOPBHHKMIA MO cHamaH-
cupoBanHoii cxeme 1,2-mxoporan 1,2-C,H;Cl, (IX3)
MOIYYal0T NPAMBIM H OKHCIHTEIbHBIM XJIOPHPOBAHHEM
9THIIEHd. B TEXHOIOrHYeCKOM MPOLIECCE OKHCIHTEILHO-
ro xiopuposanus C,H, B kayecTBe KaTaqM3aTopa OK-
cHxIopupoBaHus Henoibiyeres CuCly, HaHeceHHDIIT Ha
y-Al,O; [1]. Peakumus Tpebyer meboibimoro HibbITKa
C,H,; ¥ npoTekaer Mo cyMMapHOMY YpaBHeHIO [2]

C,H, + 2HCl + 0.50, —> C,H,Cl, + H,0 + 0. (1)

OJIHOBPEMCHHO C OCHOBHOM peakimHeil MPOTeKarT Mo-
60ouHbIe peakiK — MOIHOE U HenolHoe ropente C,H, ¢
obpazopansem CO u CO, [3]:

C,H, + 30, —> 2C0, + 2H,0, o)}
C,H, + 20, —> 2CO + 2H,0. )}

TMapamwieIbHO MOTYT MPOTeKaTh W MOOOYHbIE PeaKilii,
MpH KOTOPBIX NoTyyaroTes ciieaytoime npoykbi: CCly,
xaopanb, Tpuxaopstan (TX3), tpuxiopstiiaen (TX3T)
U JIpyrHe rnodouHble MpoaykThl (Beero o 2% oT momy-
yennoro 1,2-C,H,Cly) [4].

B xojie mpoliecca Ha MOBEPXHOCTH KAaTaIM3aTOPa MOIYT
MPOXOJMTh PCAKIHH OKHCICHHS H BOCCTAHOBICHHSA [5]

C,H, + 2CuCl, —> C,H,Cl, + 2CuCl, @)
2CuCl + 0.50, + 2HCl —> 2CuCl, + H,0.  (5)

* Hcenenosanne MPOBOJIHIIN HA BHOBb CO3IAHHOIT ONBITHO-1a-
6opaTOpHOi  YCTaHOBKE, KOTOpas MOIHOCTBIO BOCCO3IACT I
MOJIEIHpYeET npotlece, paboTaeT Ha pealabHBIX TEXHONOrHYec-
KHX rasax (Co CTafH OKCHXJODHPOBAHHS 3THJIEHa W3 llexa
3A0 «Jlykop», r. Kamyu).

[MosBneHue kee3a B KaTaTaTope MOKHO 00BACHHTD
JICIYIOLIMMH  PEaRIHAMH  MeATY CTeHRaMH peakTopa
H KaTaM3aTopoM:

Fe + CuCl, —> FeCl, + Cuy, (6)
4FeCl, + O, + 4HCI — 4FeCl; + 2H,0, 0}

2FeCl, + 3H,0 =5 Fe,0, + 6HCIL ®)

)Kcncpu\mnra.muaﬂ yactb

3a IBa rola padoThl I3MCHILTHCH XAaPAKTEPHCTHKH Ka-
Ta;3aTOpa, YTO MPHBEIO K CHHKEHHIO AKTHBHOCTH B
nporecce okcHXIopHpoBanui. IlosTomy Oblla mocTas-
JeHa 3ajadya H3Y4HTb BO3MOXHOCTH PCICHEPAlHM Ka-
TaIH3aTOpa OKCHXJIOPHPOBAHHA H HCCIIEI0BATh METO/IbI
TaKoil PereHepalii B YCIOBHSX, MAKCHMAILHO MPHOIH-
JKCHHBIX K IMPOMBIIUICHHBIM.

IKCMEPHMEHTBI T10 PEreHEpalliH KaTalH3aTopa MpoBo-
JOUTH B JIBYX HAlPaBICHHSAX: MYTeM TepMOOOPaOOTKH
KaTajM3aTopa B POKHME KHISAIIEIO €108 B KHCIOPOI-
HOM H BO3JYIIHOM PEKHMAX, a TAKAKC OTMBIBAHHEM Ka-
Tammsatopa B JIX3. Kpoye Toro. iccie1osamm GU3HKo-
MEXaHHYECKHE CBOHCTBA 00OpallloB KaTalM3aTopa Jo
H TIOCTIe pereHepariit.

Perenepalufio npoBo LT B IBYX PEKHMaX: Ha BOIIYXe
¢ mojrorpeson 10 180, 210, 250°C, a Taxke B KHCIOPOI-
HOM PEXKHME TMpH MOBBIICHHOH KonnenTpatum O, (20,
30, 40 06" ) u kKoHueHTpauud asora 80, 70, 60 06%.
O THOBPEMCHHO MPOBOJIHIM  aHATM3BLI Ha COJICpKaHHE
B katamsatope xumopwiaa Memu(LII cyvmvapHoro), xe-
aesa(lll) ¢ ompejIelIeHHeM HACBIMHOI Macchl My, V/ICb-
HOIl MOBEPXHOCTH S_vu H obbeMa mop | B KataamzaTope
0 1 mocie percHepaltii. [ToavyeHHbIe TaHHbIC MpEI-
craBiieHbl B Tabimme.
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mu Kkama. oKuc.

IMUNERA OM YCAOBUU pecerepanuu

DUINKO-MEXAHHYECKHE CBOIICTBA KaTaIH3aTOPa OKCHXJOPHPOBAHHS ITHICHA
0 M MOC/IC PErcHEpalHH B BO3JYIIHOM H KHCIOPOJHOM PEKHMAx
Bpemst pereneparmu 8 u

Conepxanue | Cojepxanie
Karamsarop Cu(L1n Fe(lll) v, et Sy Mt iy, rem? Lser
maco

Caesxkuii 4. 0.12 0.36 140.0 1.02 3enenblii
Bes perenepatiun 4.15 0.30 0.26 74.5 1.31 Kopuunenbiit
ITocne perenepatuti:

180°C 4.10 0.30 0.26 785 1.29 Temuo-3eneHblii

210°C 4.51 0.301 0.276 85.0 1.28 3enenblit

250°C 4.585 0.30 0.286 99.0 1.27 Caarhblit
JKeTpakunonHblii B JXD:

80°C 4.75 0.254 0.276 101.2 1.12 TeMmHO-3eneHbIi

60° 4.58 0.255 0.269 100.0 1.12 Senenvlit
(nepeMetnBatie)
ITocne perenepaiiii ¢

Oy/N;, 06%:

210°C  30/70 4.18 0.31 0.27 100.5 1.27 »

210°C,  40/60 4.76 0.275 0.28 105.0 1.26 CBeT:10-3¢IeHblil

250°C,  40/60 4.77 0.26 0.32 108.0 1.25 3eneHplii

Kpome Toro, B TabnHie npejacraBiIeHb! JaHHBIE 06 0T-
MBbIBKC KaTaiusaTopa or Xiopuaa sxenesa(lll) myrtem
skeTpakiu B JIXD u nokazaHo H3MeHeHHE (H3HKO-Me-
XAHHYECKHX CBOFICTB KaTaimlarTopa.

HaceinHasi Macca npH BO3pacTaHHH COICPKAHHA KHCIO-
poja B PErCHEPHPVIOIIEM Ta3e YMeHblnaerced ¢ 1.3 o
1.27-1.25 r-n"', YTO CBA34aHO ¢ YaCTHYHOI OYHMCTKOM Ka-
TaJH3aTOpa OT MOGOYHBIX MPOIYKTOB PEAKIHH OKCH-
XTOPHPOBAHUA. DTO MOKET ObITh MOJTBEPAJICHO OHO-
BPEMCHHBIM YBETHYCHHEM 06hbeMa Mop B KaTaH3aTope,
npudeM npH Temrepatype 250°C 9T1a 3aBHCHMOCTH Bbl-
paxena Gollee MHTCHCHBHO.

[TocreneHHoe MNoBBILICHHE TeMmepaTypbl oT 180 0
250°C mpu percHepallMM MPHBOIMT K 3HAYHTEILHOMY
yBemueniio o6bema mop ¢ 0.25 10 0.3-0.33 e,
NPHYEM B KHCIIOPOJIHOM PEAHME 3Ta 3aBHCHMOCTH 60.1b-

UIC, Y€M B BO3IYIIHOM.

Kak summo m3 janHbIX Tabmmiml, comepxanne Fe(III)
B LIEIIOM TMpPH TMOBBIIICHHH TEMMEPATYPhI B BO3JIYIIHOM
PEKHME HE HIMEHACTCH, @ B KHCIOPOJHOM PEKHME pe-
reHepanny yacTuyHo najgaer ¢ 0.3 jgo 0.26 Mac% xee-
sa(lll) B xarammsatope. Hawiydume pesyibTaThl 1o
yMeHblIeHHI0 KommyecTBa Fe(IIl) mommydensr mpH JKCT-
PAKIHOHHOI OTMBIBKE KaTalu3aTopa B Kunsinem JIX3.
[Tpu sTom conepxkanne Fe(Ill) B kaTtammsaTope yMeHb-
maiock jio 0.25 mac%. OdeBHiHO, 9To XD MokeT pac-
rpopath FeCly (1], oTo pajpemact Hcmomb3oBaTh yKa-
JaHHBI METOJI /I 9AaCTHYHOIO CHHKCHHSA KOIHYECTBA
Fe(lIl) Ha xarammsaTope OKCHXJIOPHPOBAHHS MPH €ro
OTPaBIICHHH.

IMocne pereHepaiy B TedeHHe 8 4 NpH 3aJaHHON TeM-
MepaType HCCIENOBAM AKTHBHOCTh M CCIICKTHBHOCTD
PEreHEPHPOBAHHOIO KATalH3aTopa B Tpoliecce OKHC-
mrenbHoro Xnopuposauns C,H, B crammaprHoM pe-
knme: 225°C, cooTHomenne kommnonentos C,H, :HCI:
:0,= 1.07:2:0.7, pacxoa umpky:sumontoro rasa (CO,=
=60%) 72-80 71-4”', TemmepaTypa Ha 3aKalo4Hoil Ko-
sonHe 87-100°C, napienue B cucreme 7-12 klla, moi-
HBlii  pacxoj abrazos 76-86 a7l BpeMd ombiTa 1 4.
JIOTIONHHTENLHO BO BPEMS OMbITa aHATH3HPOBATH CO-
CTaB [HPKYJISAIHOHHOrO rasa Ha cojepkanne CO, CO,,
C,Hy, O,. Tocze onbiTa onpeensm Maccy obpa3oBas-
werocst X3, xpoMaTorpadH4yeckH aHaJIHM3HPOBAIH €r0
YHCTOTY M COJCPKAHHE MHKPONpPHMCCEH M HIMEPATH
KomdecTBO Henpopearuposasuiero HCI. TTocie aToro
PACCYMTBLIBAJM KOHBEPCHIO Mo Xjoposoxopoay, C,H, n
BbIXOJ [IXD OT TCOPETHYECKOTo JI0 M TOCIE BO3IYIIHO-
r0 M KHCIOPOJHOIO PEKHMOB PEreHepalliy.

Kak Bmymo u3 puc. | (kpuBble /, 2), KOHBEPCHA XI0pO-
BO/IOpO/1a MOCE percHepalMyd Kartaigizatopa B aTMoO-
cdepe Bozayxa u O, He HIMEHSETCS M OCTaeTCA CTabMITb-
Hoit (oxoino 98.5%). B To ke Bpems konsepcus C,H,
(KpHBBIC 3, 4) MOC/IE PEreHEPAIMH ¢ MOBBILIEHHEM COJICP-
xanug O, B pereHepupyiomeyM rase ¢ 20 a0 40% so3pac-
Taer ¢ 89 g0 94-95%, ocobenno npu 250°C.

Ha puc. 2 npencrapicnbl 3aBHchmMocTd ropenns C,H,
Ha KaTalM3aTope, KOTOPbIi Npouiel pereHepaLio, o1
comepxamis O, B peremepupyionieM rase npu 210
u 250°C.
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Puc. 1. 3aBucumocts kousepenn (%) HCl Ky (4, 2) n CyHy

Keyny (3 4) Ha pereHepupoBaHHOM KaTaiH3aTope OT Co-

JepXKaliis KHCTIOPOAA Co, (06%) B pereHepupylollleM rase.
Temneparypa (°C): 1,3 — 210; 2,4 - 250.

2

L L

Jlo perenepauuu 20 30 40 O,

Puc. 2. 3aBucumocts ropennst CyH,y I' (%) Ha pereHepupoBaH-
HOM KaTraiu3aTope OT COAepXaHHs KHCIopoaa €0y (06%)
B pEreHEPHPYIOLLEM rase.

Temneparypa (°C): 7 - 250, 2 - 210.

Topenne C,H, B mpouecce cunresa 1,2-AX3 (puc. 2)
rocile pereHepaly KaTaaMsaTopa CHEHKaeTces ¢ 5 1o
2.5-3% npomnopuHOHATLHO BO3PACTAHHIO COJAEPKAHHA
O, B pereHepHpyIolIeM rase H MpH MOBBIICHHH TeMITe-

patypsl perenepaunn co 180 mo 210 m 250°C.

Ha puc. 3, a, 6 npenacrapiieHbl 3aBHCHMOCTH YHCTOTBI
AX3 npu cuntese 1,2-AXD ot cojiepkanus O, B pere-
HEPHPYIOIIEM ra3e M TeMNEepaTypbl PereHepali KaTa-
;m3aTopa. Kak BHIHO M3 NMPHBENEHHBIX 3aBHCHMOCTE,
urcroTa JX3 Bozpacraer ¢ 98.6 10 percHepaiyu 10
99.5% mocre pereHepaIMH KaxK MpH MOBBINCHHH TeMIle-
paTyphl, TaK W MPH Bo3pactaHuH coxepxkanus O, B pe-
reHepupyviomeM rase. [IpH 3TOM B KHCTOPOTHOM PeXHME
pereHepanHH TeHICHIHA K BO3pacTaHHio YHcToThl JIXD
6oiee BbIpaxeHa (puc. 3, a, 6, KpuBble 2).

Ha puc. 4 npeacrapieHa 3aBucHMocts konsepenn HCI

Kypma C.A. w ap.

99.5F

99.0p

!
98.5F 2

" L L

Jlo perenepauun 20 30 40 O,
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Jlo pereHepauuu

180 210 2501

Pric. 3. 3aBHCHMOCTH HYHCTOTBI noiyyeHHoro JX3 ¢ (Mac%)
Ha PEreHeplpOBAHHOM KAaTalH3aToOpe OT COAEPXAaHMS KIC/IO-
posa O, (06%) B perenepupyioiieM rase (a) 1 oT TeMilepa-
Typbl pereHepauun kartammzatopa I (°C) (6).
a Temneparypa (°C): I - 210, 2 - 250.
6 Cpena: I - poytyx, 2 — 40 06% kucnoposna;
TO ke Jus puc. 4.

99.0f

S 980

Jlo perenepauny 180 210 250 T

Pric. 4. 3asicnmocts kousepeit HCl Ky (%) Ha perenepn-

POBaHHOM KaTallH3aTOpEe OT TEMIEPATYpPhl pereHepaiiHi ka-
Tammiaropa 7 (°C).

B KaTaIMTHYeCKOM mporecce momydenns 1,2-AXD ot
TEMIIEpaTyphbl PEereHepallMy KaTaau3aTopa Ha BO3IyXe
H B kuciaopone (puc. 4, kpusble /, 2). Kak Bwmo u3
puc. 4, xonsepens HCI cHipkaerest ¢ 98.5 10 97.5-98%.
TTpi 3TOM JUIS BO3IYLIHOIO MpOIiecca PEreHepari 3To
Goee BBIPAKEHO, HeM JUIA KHCITOPOIHOIO.

Bospacranue xonsepcnn C,H, H CHHXEHHE €ro ropeHus
I10CTIC PErCHEPALIHM KAaTaIH3aTopa ABISETCS JOTHYHBIM,
TAK KaK CBA3aHO ¢ YaCTHYHbIM BOCCTAHOBIICHHEM CTPVK-
TYPbl H aKTHBHOCTH KaTaJM3aTOPa MOCIE ero TEPMOXH-
Miryeckoii o6padoTkn B atMocdepe O, 3a cyeT oKMCIre-
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Jlo perenepauuu 180 210 250 T

Puc. 5. 3aBncivoctit apdextiHOCTIL (%) npespaiueniis C,H
E (1, 2) nropenns CyH " (3, ) Ha pereHepipoBaHHOM KaTa-
JIH3aTOpE OT TeMNepaTyphbl pereHepaitini kataanzaropa 1" (°C).
Cpena: /, 3 - Bo3, 2, 4 — KHCTOpOJ: TO Xe julsi pHe. 6.
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Jlo perenepauuu 180 210 250 T

Puc. 6. 3asucumoctu Borxoga JAXD (ot Teoperiyeckoro) w (%)

(4, 2) u xonpepenn C,H, K(‘2H4 (%) (3. 4) na perenepupo-

BAHHOM KaTajH3aTope OT TeMMepaTypbl pereHepailii kara-
mnatopa T (°C).

HHS M OYHCTKH OT OCMOJIOB H Ca)KH Ha MOBEPXHOCTH Ka-
TanmuzaTopa. DTO B CBOIO OYepeib MOJATBEPXKIAcTCH
YIydIIeHHeM (PH3HKO-MeXaHHYeCKHX CBOKCTB KaTaau3a-
TOpa, a MMEHHO POCTOM YICIbHOIH MOBEPXHOCTH, YBETH-
YeHHEM 00BbEMa MOp H CHIDKCHHEM HACBIMHOH Macchl
(cM. Tadmy).

Ha puc. 5 npescrasienpl 3aBHCHMOCTH 3dEKTHBHOCTH
npespatenus C,H, (xpusbie /, 2) u ropenns C,Hy B
npouecce cuuTesa 1,2-J1XD Ha pereHepHpPOBaHHOM Ka-
TaM3aTOPe OT TEMMEPATYPhl PEreHEpPAlH KaTasmisa-
TOpa (KpHBBIC 3, 4) B BOVIVIIHOM H KHCIOPOIHOM pe-
xuMax. Kak sumo u3 pue. 5, 7¢¢peKTHBHOCTH KOHBEp-
cunt CyH, B IXD Bospacraer ¢ 92.5 j10 93-94% nipu mo-
BBILUICHHH TEMIEpaTyphl pereHepauuy ot 180 jgo 250°C
B KHcI0pojIe (puc. 3, kpusas 2). OHOBPEMEHHO FopeHHe

X, amuaeHa om YCA0BuNI peceHepayu 113

C,H, cuwkaercst ¢ 5 10 pereHepaimu jo 2-2.5% nocie
pereHepaLi KaTalu3aTopa MpH MOBLILCHHI TeMnepa-
Typbl pereHepaumn co 180 jo 250°C.

JlonoJHHTEIbHO ObITH paccynTaHbl BbIx0 JX3 B npo-
necce cuHTe3a 1,2-J1X3, 0T TEOPETHYECKOIO H €ro 3aBH-
CHMOCTH OT TEMIEpaTyphl pereHepaluy KaTamu3aTopa
(puc. 6, kpuBble /, 2). DTH JaHHBIC COMOCTABICHHI C 3a-
BHCHMOCTBIO KOHBEPCHH JTIUICHA nMpH chHTese 1,2-X3D
OT TeMIMepaTypbl PereHepalMH KaTaiusaTtopa (puc. 5,
KpHBbIe /, 2) B BO3AYIIHOM M KHCTOPOTHOM PEXHMaX.
Kak Bumso u3 puc. 5, kousepens C,H, n spixox X2
OT TCOPETHYECKOT0 MMEIOT TECHJICHIMIO K BO3PACTAHHIO
Ha PEreHEPHPOBAHHOM KaTaIH3aTOPE NMPH MOBBIIICHHH
TEMOEpaTypbl percHepanuu Kataamzatopa. ITpm dTom
kousepens C,H, nociie pereHepaim Bo3pacract Ha S-
7%, BbIxoa JIXD Takke yBenmuupaercs Ha 5-7%. DT1o
CIIE pa3 MOIATBEPKAACT d)al('l' BO3pacTaHHsd aKTHBHOCTH
KATaI3aTopa Mocile PereHepallil 0THOCHTEILHO Mpe-
spamenns C,H, B AXD. IMpn 5ToM Ha 4acTHYHO BoC-
CTaHOB/ICHHOM KaTalIH3aTope HE IMPOHCXOJHT VBEIHYC-
HHS BbIX0Ja MOOOYHBIX MPOIYKTOB: TPHXITOPITAHA, TPH-
XJIOPITHIIEHA It JPYTHX, a peakims ropenus C,H, oc-
nabusercs.

BoiBoibi

1. YcraHOBICHa BO3MOKHOCTB PEreHEPaIH YacTHYHO
JIC3AKTHBHPOBAHHOTO  KATall3aTopa OKCHXTOPHPOBa-
uus C,H,. [MokasaHo, 4To MPOBEJICHHAS PereHepalys B
KHCI0poHoM pekiMe (30-40 06% O,) apiserca Gonee
sddexTHBHOIT, YeM B BosayuIHOM pexime (20 06% O,),
NpH Tex ke yeraoBusax obpaborkn (180-210-250°C, 8 u).

2. B pesyiabTarte yIyumneHHs (PH3HKO-MEXaHHYCCKHX Xa-
PAKTEPHCTHK KaTalM3aTopa IocCie pereHepaunt — yBe-
TMYeHHs oObeMa Nop, YIeIbHOH noBepxHocTH Ha 10—
20% M YMEHBINCHHS HACBIMHOH MAacChl MoKa3aHa BO3-
MOKHOCTD YJIVYIIEHHS aKTHBHOCTH M CEIeKTHBHOCTH
PereHepHpPOBAHHOrO KaTalM3aTopa B Tpollecce OKCH-
XJOPHPOBAaHHA JTHIEHa B 1,2-TMXTIOPITaH.
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