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BeepeHue

BriOop onTUMalIbHOTO KaTajau3aTropa AJs KPYITHO-
TOHHAXHBIX MPOMBIIIJIIEHHBIX MPOILIECCOB OKCUXJIOPH-
pOBaHMS YpEe3BBIUYATHO BaxXKeH: Jake He3HAUMTEIILHOE
CHMKEHHE CEJIEKTUBHOCTU MOXKET IPUBECTHU K Cephe3-
HBIM ITIOTEPSIM CHIPbEBBIX pecypcoB. M3ydeHne CTpyKTy-
PHI ¥ COCTaBa MOBEPXHOCTH MTO3BOJISICT BEIOPATh HAYYHO
00OCHOBaHHBIN METOI MPUTOTOBJICHUS KaTaJM3aTopa
IUJTST TIOBBIIICHU ST CEJICKTUBHOCTH, YCTOMYMBOCTH K JI€3-
aKTHBAlIMM KaTaJl3aTopa W, COOTBETCTBEHHO, YMEHb-
IIeHU S TOTEPh 1IEJIEBOro MPOAYKTa.

YBennueHe KOHBEPCUH 10 3TUJICHY W XJIOPOBOMIO-
pony, a TakKxXe TIOBBIIIICHWE BBIXoAa 1,2-IMXJIOp3TaHa
(1,2-1X3D) u ynyduieHue oOIIei celeKTUBHOCTU OKUC-
JINTEIILHOTO XJopupoBaHUs 3TuiieHa (OXD) B cTOpOHY
obpazoBaHuio 1,2-JIXD ¢ ucnoiab3oBaHUEM KaTaau3a-
TopoB Ha ocHoBe CuCl,, CuCl, HaHeceHHBIX Ha Y-Al,0;
[1], BO3MOXHO Mpu 6oJiee AeTaTbHOM U3YUYEHUU CTPOE-
HUS aKTUBHBIX [ICHTPOB Ha MOBEPXHOCTH KaTaJln3aTopa
u mexanuzma OXO. I1pu 3aneiicTBOBaHUU KaTaanu3aTo-
poB pasHbix Tunos CuCl,/y-Al,O; (c xJ0opuaamMu Meau,
HaHECEeHHBIMM Ha ITOBEPXHOCTh OKCHUIA aJIOMHHUSI U
coliepXKallUMUCS BO BHYTPEHHUX Mopax HocuTes) [2]
MOXET U3MEHATHCS KaUYeCTBEHHBI W KOJTUIeCTBEHHBIN
cocTaB mpoaykToB OXD.

OKHUCIUTEIbHOE XJIOPUPOBaHUE 3TUJIEHA TIPOBOIST
B KUIISIIIEM CJIO€ KaTaJIM3aTopa IIpu TeMIlepaType B 30-
He peakuuu 210—260 °C u naBnenun 0,25—0,4 MIla [3].
Peakiug OXD B 1,2-JIX3D uget no cyMMapHOMY ypaB-
HEHUIO:

C2H4 + 2HCI1 + 0,502 d C2H4C12 + H20 + Q (1)
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ITo MHeHMIO aBTOPOB [4], C yyacTHeM MeIHBIX KaTa-
JIN3aTOPOB UIYT MPOLIECCHI:

2CuCl, + C,H, <> C,H,Cl, + 2CuCl, Q)

©)

XUMHUYECKUE B3aUMMOIEHCTBUS IMOBEPXHOCTH HOCH-
tens y-Al,O5 ¢ xJlopuaaMu Meau, NpeacTaBIeHHbIE B pa-
0otax [5—7], He cOBepILICHHBI, TaK KaK OTAEIbHO XJI0PpU-
bl Meau, 06e3 HocuTens [8], He KaTanusupyroT OXO [9].
IMostomy onucanue [10] mexanusma peakuuii (1-3) 6e3
yuacTHs MOBEPXHOCTHBIX rpyni y-Al,O3 He cOBCeM KOp-
pekTHo. OgHOBpeMeHHO ¢ OXD MoryT o0pa3oBbIBaThCS
MoGOYHbIE TPOAYKThI — BCero A0 1—2 % OT Moy4yeHHOro
1,2-1X3 [11]. B pabore meTomamu MK criekTpockornuu
u JITA n3ydyeHo cTpoeHUe aKTUBHBIX IIEHTPOB XJIOPMEI-
HbIX KaTaJu3aTopoB Ha MOBEPXHOCTH Y-Al,0s5.

2CuCl+ 2HCI + 0,50, > 2CuCl,+ H,0.

JKCcnepuMeHTaNbHAA YacTb

WUccnemosanu st 00pa31oB:

1) yncteiii y-Al,05, KaK HOCUTENb KaTaJau3aTropa,
¢upmMmnl «Xapuioy», CIIA;

2) TpOMBINUICHHHBIM Karajam3aTop (Gupmbl «Xap-
moy» Mapku X1—-CuCl,, HaHeCEeHHBII U3 CONSTHOKUC-
JIOTO BOIHOTO pacTBopa Ha MoBepxHocThb Y-Al,03, co-
pepxamuii 4,5-5 mac.% Cu (B mepecyeTe Ha Cu+2+1)
¢ yaenabHoil moBepxHocThio 100—120 M2/l“, HACBIITHOM
maccoit 0,9—1,05 r/CM3, oobemom mnop 0,3—0,4 CM3/r,
colepXaHWEeM YacTHIl pa3MEepOM, MKM, T10 (hpaKIIUsIM:
0,5 mac.%, d < 20, 2,8 mac.%, d < 35, 51,3 mac.%, d < 45,
81,7 mac.%, d < 65, 95,8 mac.%, d < 90, 99,3 mac.%, d <
<120, 0,1 mac.%, d > 120;

3) npomblinieHHBbIH KaTanu3zatop MEDC-B dupmel
«Stid-Chemie Catalysts» Ha ocHOBe V-Al,03/CuCl, co-
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nepxamnii 5 mMac.% Cu>*!, OXYMAX-B (MEDC-B), —
KeJITO-3eJICHBIN ¢ MAaCCOBOM oJieil Xmopuaa Mmeau 4,5—
5,5 %, nacelnnHoM MI0THOCTHIO 0,95—1,05 F/CM3, rpaHy-
JoMeTpuueckoro coctapa: < 30 MkM He 6osee 25 Mac.%,
< 40 MxM — 20—45 mac.%, < 50 mkm — 30—60 mac.%,
< 80 MKkM — 75-95 mac.%, ¢ yneabHBIM 00BEMOM MOP
0,4 cM>/4, yaenbHoil moBepxHocTbio 110—120 M%/4, ro-
Tepu nocie 1-5-4 uctupanus — 6—10 mac.%;

4) CuCl,2H,0 — kpucTaJa0ruapat OCHOBHOTO KOM-
IMOHEHTAa KaTaJIn3aTOPOB;

5) CuCl,2HCI — runpoxjaopuJ OCHOBHOTO KOMIIO-
HEHTa KaTaJM3aTopOB.

CocTaB MMOBEPXHOCTHOTO CJI0S1 00pa3loB (B BUIE IO-
polKa, mpeaBapuTeabHO pa3doaBieHHoro KBr) nunenTu-
dunmposanu UK crekrpockonueii Ha mpubope «Ther-
mo Nicolet Nexus FT-IR» B nnanazone gactot 4000—
400cm™!, mcronp3yst mpucTaBky aubdy3HOro oTpaxe-
HUS, C pa3pemieHnueM 4 1 9uciioM ckaHoB 50.

HepuBarorpa¢uyeckuii aHaau3 NpoBOAUIN Ha Po-
TOpPErUCTpUpyIolleM aepuBaTorpade cucreMbl Ilay-
TVK—Dpae mpu noabeMe temreparypsi ot 25 go 1000 °C
no crtangaptHoil Metonuke B MUXIT HAH Ykpaunsl ¢
LIeJIbI0 U3y4YeHU ST (Pa30BBIX COCTAaBa U MPEeBPAILICHUIA.

AKTUBHOCTM KaTaJlU3aTOPOB UCTBITHIBAIU B J1abO-
paTopyuy Ha CHELMAJbHO CO3JaHHOW OINBITHOW ycTa-
HOBKe [23] ¥ B IpOMBIIIIJIEHHBIX YCIIOBU X — B Liexe OXD
000 «Kapmaraadroxum» [29].

Pe3ynbTathbl U 06CyKACHUE

N3yyenne MK cnekTpoB uccjeNOBAaHHBIX 00pa3ioB
HOCHTEJISI, KATAJIN3aTOPOB W XJOPHIOB MeIH IJIsA OI-
pedeieHHss XMMHUYECKOT0 COCTABA M CTPOECHHUS MOBEPX-
HOCTHOrO cJosi. bruta npoBeaeHa uHtepnperauuss UK
crekTpoB Hocutens y-Al,Oj;, Kartanusatopa Xapuioy
(X1) — CuCl,, HaHeCEeHHOTO Ha MOBEpPXHOCTh Y-Al,O3,
n xaraauzaropa OXYMAX-B (MEDC-B) — y-Al,0;.
B cnyuae ¢ y-Al,O3;, UHTEHCUBHBIE XapaKTEPUCTUKHU
TIOTJIOMICHUSI TIOBEPXHOCTHBIX TPYIIIT IPOSIBISIOTCS B
o6nact 1377—1640 cm~'. B 3Toii Xe 06JIaCTH MOSIBIISI-
€TCs TPUILIET MOJIOC MOMIOIIEHU A, XapaKTePU3Y 0L
nedopMallMoHHbBIe KojecbaHms rpynn (—OH) crTpyk-
TypHOi1 Boabl B Al,O3:nH,0, AI(OH); [12] B obsactu
1640 cm~ ! wtm CuCl,2H,0. CywectByloT Takxe n1edop-
MaIlMOHHBIE Kojiebaums rpyi (—OH) moBepXHOCTHBIX
coenuHeHuii y-Al,O3; B AI"0H B o6nactu 1518 cm~!
u AIH(OH)Z B oGaactu 1377 cM~!, coBmamaromme mo uH-
TeHcuBHOCTU. OmHaKo mehopMallMOHHBIE KOJIeOaHUSI
ruaApoKcuIbHbIX (—OH) rpynn noBepXHOCTHBIX COEMU-
HeHuit y-Al,0;, a umenno AIY?OH u AI"'(OH) , B 06-

nactu 1518 em~! n 1377 cm™! B 06pasuax KaTanM3aTopos
OXYMAX-B (MEDC-B) u X1 o4t OTCyTCTBYIOT. DTO
MOATBEPKJAaeT Hallle IMPEANOoJOXKEeHNe O BO3MOXHOM
B3aUMOJCHCTBUM MEXAY MOBEPXHOCTHBIMU TPyHIIaMu
AI"20H, AI''(OH), n x0opuIaMu MeIu MM ee KOMII-
JIEKCHBIMU COETUHEHUSIMU [CuCl4]’2”1 [13].

ITpryem Ha obpasue KaTanuzaTropa X1 HabaogaeTCs
OCTaTOYHAsl UHTEHCUBHOCTbH TOTJIOUIEHUS OT KoJieba-
nust OH rpynmel Tuna Al+1(OH)2 B o6actu 1377 ecm™,
CBUJETEJbCTBYsI, 4TO npu HaHeceHUM CuCl, Ha mo-
BepxHOCThY-Al,O; Tuna X1 oOpa3yloTcs coequHEHMS
TONBKO IBYX THMOB Mexay AlIT?OH wu Al+1(OH)2 c
[CuCl4]_2*_1. I s obpa3siia xe Kataauzaropa OXYMAX-
B (MEDC-B) abconoTHO OTCYTCTBYET IOIIOIICHUE B
o6mactsix 1377 em™! u 1518 em !, CBUIETEIBCTBYS, YTO
rpynmsl AI"20H u AI™/(OH), B3anMoneiicTByIoT ¢ ak-
TUBHOI (ha30ii KaTaJInu3aTopa [CuCl4]_2’_1 Ha UX MOBEPX-
HoctH. OmHaKo B o6pa3iax karaianizaTopa OXYMAX-B
(MEDC-B) u X1 nosiBisieTcsl omHa HOBasl XapaKTepHasi
ToJI0ca MOMIOEeH!Ss B o6aactu 1277 cM™ !, yero Het Ha
noBepxHOCTU HocuTensd Y-Al,O;. MOXHO TOBOPHUTH O
TepecTpoiike BHEIITHETO MTOBEPXHOCTHOTO CJI0S KaTau-
3aTopa ¢ 0Opa3oBaHUEM, OYEBUIHO, HOBBIX KOMILJIEKC-
HBIX COEIMHEHU I XJIOPUJI0B MEIU [CuCl4]’2”1 C TIOBEpX-
HOCTHBIMU rpynnamiu y-Al,O;.

Ha ocHoBanuu nipeacraBiaeHHbIX Ha puc. 1 UK criekt-
pos CuCl,2H,0 u CuCl,2HCI MOXHO 3aKJIIOUUTb:
1 CuCly,2HCI xapakTepHBIMU I10JIOCaMU TOIJIOLLIE-
HUSl B BUIE NYIJeTa SIBASIOTCS BaJIeHTHbIE KoJieba-
Hug BogopoaHbIX cBsi3eit H-+Cl B oomactsax 3230 e u
3196 cM~!, MOYTH OTCYTCTBYIOMINX TS CIIEKTPA COSU-
HeHus CuCl,2H,0, rae, B CBO10O 0uepeb, YeTKO MPOsiB-
JISTIOTCST BOZOPOIHBIE CBA3M B o0yactu 3680 em L

B UK cnekrpe CuCl,2HCI npossasercs yactoTa
nedopMallMOHHBIX KOJieOaHUI BOMOPOMHBLIX CBSI3Ei

M, %
100~

80T
60 -
404
20"

2000 1000 v, cu
Puc. 1. UK cnekTpbl 06pasuos Hocutens y-Al,05 (1),
OCHOBHbIX KOMNOHeHTOB KaTanausartopa CuCl, - 2H,0 (2) n
CuCl, - 2HCL (3), a TakKe NpoMbILNEHHbIX KaTanM3aTopoB
O0XYMAX-B (MEDC-B) (4) n Xapwoy X1 (5), 0T v — BONHOBOI0
yucna
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H--Cl B o6mactu 1595 cM™!, a mns CuCl,2H,0 — uac-
TOTA MOTJIOLIEeH U TeopMalilMOHHBIX KoJiebanuii O--H
cBsizeil B obmactu 1620 cm~'. Kpome Toro, st 3THX
NIByX COEAMHEHWI MOSBISETCS XapaKTepHas 4acToTa
KoneGaHuit B o6mactu 1277—1320cm™!, KoTOpyto MOX-
HO mpumucars aeopmMaiimoHHbIM Koinebanusm H--Cl
B MeTaJUIOKOMILIEKCHBbIX coeauHeHusax H,CuCly uan
HCuCl,. UHTepecHo, uTo B auana3one 1250—-1277 em™!
9TU COeAUHEHUST UACHTUGUIMPYIOTCS Ha TOBEPXHOC-
1 KataiauszatopoB OXYMAX-B (MEDC-B) u X1, uto
MOATBEPXKIAeT HATUYUE DTUX METAJJIOKOMITJIEKCHBIX
COEMHEHUI Ha TMOBEPXHOCTU KaTajan3aTOpPOB, KOTO-
pble 3a cYeT B3aMMOJEUCTBUS C HOCUTEEM CMEIIEHBI B
6osee HU3KovyacToTHYI0 oonacth MK criektpa. MoxHO
JIOTIYCTUTh, UTO HA MOBEPXHOCTU KaTanu3atropoB OXDO
tuna OXYMAX-B (MEDC-B) u X1 cyiiecTBy1oT Me-
TaJIJIOKOMIIJIEKCHBIE COSAUHEHUS MeIU TUIla [CuCl4]_2
i [CuClz]’l, 3TO corjlacyercs ¢ faHHbiMu [13].

OOpa3oBaHMe TaKUX KOMILJIEKCOB MOXHO IpenIo-
JIOXXKUTH BBUY TOTO, UTO XJIOPUIbI MEU, KAK U3BECTHO,
B COJISTHOKHCJIBIX PACTBOpax 00pa3yIoT Av- U TETPAKOM-
MJEKCHBIN XJ0pU ALl Meau [14]:

Cu,Cl, + 2HCI = 2H[CuCl,], @)

CuCl, + 2HCI - H,[CuCl,]. G)

B npoMBITIIIIEHHOCTH XJIOPHUA MEOW HAHOCST Ha I10-
BepXHOCTb Y-Al,O3 TaKKe 13 COJITHOKHUCIIBIX PACTBOPOB
CuCl, [15].

TaxuM 06pa3oM Ha NOBEPXHOCTH Y-Al,O; HAHOCUTCS
He CuCl, a KOMIUJIEKCHBIH TeTpa- U Auxjgopua meau [13]:

/S
o o o

WAVAV)

CH

)

KoMriekcHbIN TeTpaxjaopuj Meau [CuC14]_1 nMme-
eT 1J0ckoe cTpoeHue kBaapara, a CuCl, — nuHeliHOe
CTpPOEHME U, coryacHo [16], MOXeT pa3MelaTbCcsT MeX-
ny ciaosamu Hocutenst Al,O3; B mopax U Ha NOBEPXHOCTH
v-Al,O3, rie, BO3MOXHO, KOOPAMHUPYET C Held. JlaHHbIe

aBTOpoB [17] moaTBepXkaal0T 00pa3oBaHUE KOOPAMHA-

LIMOHHBIX COSAMHEHU MEXIY XJIOPUAAMU U OKCUXJIO-

pUAAMU MEIU U TOBEPXHOCTHIO HOocUTeNs Y-Al,O5
HeBo30yxaeHHOe COCTOSIHUE aToOMa MEAU:

Cu'(15%2522p%35%3p%3d'04s") :
2 3d" 4s' M 4p° (T,

KoMriekcHbBIe TeTpaxJIOpUI U TUXJIOPUI MEIU MO-
I'YT UMETh TP BUIa THOPUAN3ALINYN —

sp. Cu* —le =
= Cu*'(3d'%4s5%)34'"° 4s0004p [T+ 2C1 ' =
= — [CuCl,|~! BRI 5 1] — sp-rubpnansauus; (8)
sp3: Cu—2e =
= Cu™?(34°45%)3d° 480 04p° LI+ 4C1 ! =
= — [CuCl,] 2 [T [ ) —
sp3-rm6pmum3aunﬂ; )
spzd: Cu—2e =
= Cu"?(34’45%)3d° 480 04p° I+ 4C1 ! =
= - [CuCl,]~" IR [ HE]—
szd—FI/I6pI/I):[I/ISaL[I/IH. (10)

Komrutekcsl sp (8) 1 sp> (9) ¢ BHeLIHei rubpuan3a-
1IMe mapaMarHUuTHBI, & KOMILJIEKC spzd (10) ¢ BHYTpEH-
Heil THOpUIM3alieil IMaMarHUTeH, KOMILICKCHI sp, sp>d
IIOCKO-TTMHEIHBI, 2 KOMILIEKC sp° MMeeT TeTpasapH-
yeckylo KoHdurypauuwo. boiaee peakiMmoHHOCIOCO0-
HbI KOMIUIEKChI C BHELIHEi rUOpUaAn3aLueii sp u sp°, a
KOMIUIEKC ¢ BHYTpEHHeil rubpuamsanueii sp>d Goiee
YCTOMYMB M BCTYITaeT B PEaKIIMM IIPU TMOBBIIIEHHBIX
TemrmiepaTypax [18].

Hcxonsg u3 npuBeleHHBIX Ha prc. 2 maHHbIX JITA 1 UK
CITEKTPOCKOIIMYECKOTO aHaI13a, MOXKHO 3aKJII0YUTh, YTO
MOBEPXHOCTb HocuTe s — Al,O3 YacTUYHO TMIpaTUpPOBa-
Ha ¢ oOpa3oBaHMEM aIFOMOTHAPOKCIIBHUX T'PYIIT. MBI
TpearojiaraeM, YTO MKy MTOBEPXHOCTHBIMU TPYITIIaMK
Hocutenst AI20H u AIH(OH)Z M COeAMHEHUSMM KaTa-
nusaropa — H,[CuCl,] u H[CuCl,], MOTyT NpoucxonuThb
peaklMu KOOPAMHAIIMOHHOTO B3aUMOJEHCTBUS:

OH
A1203:;jlo—A|COH + H[CuCL] ——»

. +1 --CI|
——> ALO, —Al [Cu=:,_cl] + H,0, (1)

OH
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OH
AIZO3:_-_‘P—AI:OH + HCuCl] —»

—— AL, + H,0, (12)

, —~OH
ALO, - P—AIHOH + HCuCl] —»

cl, Q|-
* + 2 H,0,(13)

— ALO —Al

205 .. Cu
: P

¢ Cl
ALO, -

“SAKOH + H[CuCL] ——»

+1 .1l
—.' A|203 I_.‘ EA' I:Cu::'a- Cl] + H207 (14)

ALO, - 1" “>ALOH + H[CuCl,] ——»
, cL Cl
L +1 ‘\_ 'f. -1
— ALO; I TSA| Cu + H,0,(15)
: ¢ Cl

2 ALOs T “>p10H + HfCuCl] —

+1

~Ilel cl =g

- \C 180-320 o =,
ALO; - u 2 ———» ALO,.|Cu

. VAR CAE N

e cl e

+ 2HCI

— JETUAPOXJIOPUPOBAHUE. (18)

Ha mnoBepxHOCTHM KaTaiu3zaTopa OKUCIUTEIbHO-
ro XJIOPUPOBaHWsS JTUJIEHAa 00pa3yloTcs [peakuuu
(11)—(16)] Tpu—yeThIpe BUIA KOMILIEKCOB MEXIY TU]I-
paTupoBaHHbIM Al,O3 1 KOMIIJIEKCAaMU MEAU [CuCl4]_2,
[CuCl2]’], [CuCl*]~!, koTOpBIE MOTYT GBITH MICHTH-
(bunupoBaHbl IMUPOKUMU TOJOCAMU TIOTJIONIEHUS B
o6mactu 1250—1277 cm~'. TIpu sTom B nHbpakpacHOM
CIIEKTpe KaTaju3aTopa MCuYe3aloT YacCTOTHI TOTJIONIE-
HUS 1151 TIOBEPXHOCTHBIX FPYTIIT Al+2(OH)2 — 1578 cm~!
u AIM'OH — 1377 em™ L.

MOoXXHO TPEearnoNoKUTh MPUTOTOBJIEHWE Karajin3a-
TOPOB COOCAXJACHUEM WM MEXaHOXUMUYECKOW aKTH-
Bauueir [8] amopdHoro y-Al,O; M KpUCTaLIMYECKOTO
CuCl, npu ¢popMUpOBaHUM MUKPOYACTUL] KaTaau3aTopa
nuamMeTpoM 20—120 MKM, 4TO MPUBOAUT K 0Opa30BaHUIO
KOMIIJIEKCOB Ha TMOBEPXHOCTU U B MOpax Karaau3aropa
[peaktum (12), (13), (16)]. [Tpn Hanecenuu CuCl, u3 co-
JITHOKUCJIOTO pacTBOPa Ha IMOBEPXHOCTh TBEPABIX YACTHIL
v-Al,O; (X1 dupmbl «Xapuioy») B OCHOBHOM HIET aj-
copouus [CuCl4]’2’11 TOJIBKO Ha MOBEpXHOCTH Y-Al,O;.
B pesynbraTe nx B3auMoneincTBIsI 00pa3yroTcs JIUIIb Yac-
TUYHO NTOBEPXHOCTHbBIE KOOPAUHALIMOHHBIE CBSI3U MEXAY
HocuteneM Y-Al,O; (X1) 1 HaHECEHHBIM KaTaJau3aTopoM
[peakuuum (11), (14), (15)], a yacTh Meau, coryiacHo [19], cy-
LIECTBYET B BUJE UHAUBUIYATbHbBIX COEAUHEHUN XJIOPU-
J0B Meau [peakiuu (6), (7)]. [TosToMy mpu sKCILIyaTaluu
MPOMBIIIIEHHBIX KaTaJn3aTopoB X1 HaHECEHHOTO TUIIa
co BpemeHeM (1—2 roga) mpoXoauT 3HAUMTEIbHAS IMOTepst
[CuCly] ~2.! ¢ OBepXHOCTH HOCHUTEJISI v-Al,O5 mpu ero me-
XaHWYECKOM UCTUPAHUU — yIaJIeHUHU C TIOBEPXHOCTH, YTO
cHUXaeT apdekTuBHOCTH Katanu3aropa OXD [20].

IoBepxuocTh Katanuzaropa OXYMAX-B (MEDC-B)
dupmMmbl «Stid-Chemie Catalysts» [22], HA060pOT, yCTOM-
Y1 Ba K UCTUPAHUIO, YTO MPUBOJAUT K MEXaHUYECKOM Jie-
(opmaniuu — MPOTUPAHUIO Y YMEHBIIEHWIO TOJIIIUHBI
METaJIJINYEeCKUX CTEHOK IPOMBIIIJIEHHBIX PEeaKTOPOB
3MEEBUKOB U IMKJIOHOB. B pe3ynbTaTe HAa MHOTUX 32BO-
nmax rmpousBoacTsa 1,2-1X0 [21] Hy>KHO TTOBBLIIIATH TOJI-
IIUHY W TPOYHOCTh METAJIMYECKNX CTEHOK PeaKTOPOB
U IpyToii anmnaparypsl [23].

JuddepennmnaibHo-TepMUIECKHA AHAIU3 HUCCIEN0-
BaHHBIX 00Pa3110B HOCHTEJIS M KATAJIU3aTOPOB. 1151 60oJiee
JETAJIbHOTO U3YYEHU I TIPUPOABLI AKTUBHBIX LIEHTPOB Ha

Iy
RN
ALOs "W =A@ N
— > Cu +2 H,0,(16)
- » EE
0 c1 ol
AlLO, OEAI
]
O-n
—AFOH 180.320 < o
ALO, — » AQ, O+ HO
~A-OH Ej;::m"
— JeruapaTUpoBaHUe, 17)
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MMOBEPXHOCTH UCCIIEAYEMbIX 00BEKTOB ObIJIM MHTEPIIPE- 30 Am, mr

TUPOBaHBbI AepUBaTOrpaMMbl 00pa3LoB Hocutes Al,O3 4 -

u katanuszatopoB X1 u OXYMAX-B (MEDC-B) (cM. ‘10:12\ H}_D;E/j’/&‘tkﬂ

puc. 2) [24]. PaccmoTtpum pe3yabrathl JITA (cM. Tabau- 10 4ay \\f-\ /“/,i *wéﬁﬁéﬂ—\:
uy). dns Hocurend y-Al,O; Ha kpuBblx I TA uaeHTudu- 30 i ’t'\\ \ . ;: S T
LUPYIOTCS TPU O0JACTU TEPMHUUECCKUX IpeBpaIlleHUU . ‘E\‘\ ";\ " \\\
mpu ero HarpeBaHuu. IlepBasi 061acTh AeruapaTaluiu 50 i \\\x AT NS / 5
v-Al,03 — B ob6nactu 25+50 — 120 °C. Temneparypa Mak- 704 /d//‘\?\\ 2

CHUMaJIbHOM CKOPOCTU 3HIOTEPMUUECKOTO IIpoliecca — 90: \j / / \ﬁl\\‘\\

120 °C oOycioBieHa yaaJleHUueM C TOBEPXHOCTU OUC- 110: \v/ \\}*“

MEPCHOTO HOCHUTENSI aACOpOMPOBAHHON BOIBI, KOJU- ] \':::j*\K:
YeCTBO KOTOPOI 0K0J10 4 %. CKOpOCTb IIpoliecca Aerui- 130 5 250 200 500 200 £ oC

patauuu y-Al,O3 okoino 2,34 mr/muH. Ilpu ¢ > 120 °C
MIPOUCXOIUT yaaIeHUEe CTPYKTYPHOM BOJABI M3 HOCUTEJIS
v-Al,O3, HauMHAIOTCS MPOLECCHl AETUAPATUPOBAHUS
[peakius (17)]. OueBUAHO, YTO MIPU ITUX TEMIIEpaTypax
JeTuapaTUpoBaHue MOBEpXHOCTU Y-Al,O5; MpoxoauT 3a
CUYET YAaCTUIHOM MOTEPU aTIOMOTUIPOKCHIBHBIX TPYIIIT
—Al—(OH),,=; » (cm. puc. 2). CkopocTb 3TOrO Mpotecca
HUXE CKOPOCTH Aeruiaparaluu (pU3nMdecKu aacopou-
pOBaHHOI BOIBI M cOCTaBisgeT 1,73 MI/MUH, a IOTepHU
Macchl cCocTaBJIsSTIOT 3,83 %.(cM. Tabiuiy). JdarbHel i
Harpes Bbi1e 250 °C MpuBOIUT K MEPECTPOIKE CTPYKTY-
pBl — criekaHuo obpasua y-Al,O;. O61Ke notepu Mac-
cbl 1151 Hocuteds yY-Al, O3 1o 950 °C gocturatot 12 %.
s obpa3uoB Karajusaropa X1 Hocutenb y-Al,O5
C HaHECEHHOW Ha TOBEPXHOCTh aKTUBHOU (a3oit
[CuCl4]_l’_2, TeMIlepaTypHBIil AUaIa30H MpeBpalleHu i
nsMmeHsercs (cM. tabauny). U3 kpuseix ATA (cMm. puc.
2, TabaWIly) BUAHO, YTO ACTUIApATAllsI obOpasiia Kara-
quzatopa X1 moxet uatu npu 20—180 °C [25]. [Tpuuem
HayaJio Ipolecca AeTuApaTUupOBaHUS U AETUIPOXJIO0-

Puc. 2. Kpussble 1 — TI-X1, 2 — TI-ME[C-B, 3 - ATA-X1,
4 — OTA-MEQC-B, 5 — ATI-X1, 6 — ATI-MEJC-B ans o6pa3uos
kaTanusartopa X1 u katanusatopa MEDC-B

pupoBanus (peakuust (18)) mist katanuzaropa X1 Bo3-
pactaet g0 180 °C u 3akaHuuBaeTcs npu 240 °C, 4yTo Ha
20 °C BrIllIe, yeM TeMIlepaTypa MaKCUMaJlbHO CKOPO-
CTU AeruapaTupoBaHust anst Hocutens Y-Al,Os. Ilpu
3TOM CKOPOCTH JeruapaTaliu MeHbie (2,23 Mr/MuH),
a cyMMapHasi CKOPOCTb JeTUIpaTUupPOBaHUSI BO3pacTaeT
3HAUUTENBHO — 10 2,31 MI/MUH.

HerunpatupoBanue [peakius (17)] u aeruapoxio-
pupoBaHnue [peakuus (18)] obpasua X1 mpoxoguT B 1ua-
mazoHe 180—240 °C. IIpu 3TOM MOTYT IIPOXOINTh peak-
muu (17), (18) ¢ mepecTpoiikoil MOBEpXHOCTHOTO CJIOS
¥-Al,05-[CuCl,]">*!. Tlotepn npu gernaparamum Kara-
nu3aropa X1 gocturaior 5,72 %, a mpu AeruapoXJI0pUpo-
BaHuu — 2,6 %. Ilpu nanbHeiem Harpese oopasua X1
ot 240 o 550 °C gecTpyKuus KataauzaTopa IIPUBOIUT K

NaHHble ITA 06pa3woB HocuTens U kKatanusatopos 0X3

Temnepatypbl TemnepaTypav CpepHas Notepn maccsl | SAm, V_*Am,
Hayana/KoHua MaKCUManbHOW CKOpPOCTb Npouecca,
o o (Am), % % | Mr/mMuH
O6pasey, npouecca, °C cKopocTu npouecca, °C MT/MUH
CymmapHsbIn
ar |Ar+arx il Or |or+Arx| o | ar |ar+Aarx| o [ Aar|ar+arx| o npouecca
AL,05:
2 25/120 120/200 200/590 120 200 480 2,27 1,65 034 431 264 264 128 065
3 50/120 120/250 250/610 120 250 470 2,41 181 03 359 502 233 11,7 028
Cepepn. 37/120 120/225 225/600 120 225 475 234 1,73 032 395 383 249 1225 047
X1 20/180 180/250 250/550 150 250 525 2,23 231 197 572 26 949 2055 1,31
%@g’éﬁ? 21/200 200/250 250/690 200 250 640 1,3 302 128 393 254 948 17,34 1,05
NMpumeuvanue. Al — pernpparaums, Al + AMX — perugpatupoBaHue u geruapoxnopuposaHue, [l — nectpykums.
" CpeHAA CKOPOCTb NOTEPY MaCChl.
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6oJ1p1I0#1 TToTepe Macchl: 9,49 %. OO1IKe ToTepru MacChl
pu HarpeBaHMHU oOpasiia KatanuzaTopa X1 mo 900 °C
BO3pacTaloT mouTH a0 20 %. A CKOPOCTb IeCTPYKIIUU BbI-
e 550 °C yBenuuuBaetcs 10 1,97 Mr/MuH.

Paszauna mexnay poseil oOlieil moTepu Macchl 00-
pasua X1, pasHoit 20,55 %, w1 noJeit TOTepr MacChl OT
JeruapaTaliu, ACTHAPATUPOBAHUS U JCTHAPOXJIO-
pupoBanus g0 350 °C, cocraiuseT npumepHo 8,32 %,
YTO COOTBETCTBYET OOJBIIECH YaCTH BEIMUYNHEBI aKTUB-
HO# (ha3zbl [CuC14]_l’_2’, HaHECEHHOI Ha MOBEPXHOCTh
v-Al,03. OueBunHO, npu ¢ > 500 °C KOMIIEKCHBIE XJIO-
PYOBI MEIU pa3iaraloTcs, ITO IPUBOAUT K IIOTEPE MACCHI
(B obaactu 500—600 °C). MOXHO YTBEPXAATh: CTA0UIIb-
HOCTh aKTUBHOM (ha3bl KOMILJIIEKCOB XJIOPUIOB MEAU Ha
noBepxHOCTU obpa3na X1 coxpaHsercs go 180—240 °C.
Boime 240 °C u3meHsieTcs CTpoeHUe aKTUBHOMN (ha3bl
[CuCl,)~"72, a mpu 320 °C paspymaercsa CuCl,, CuCl u
obpasytotcst okeuxaopun Cu,(0)Cl, u okenn CuO[12].

W3 cpaBHeHus pesyabraToB A TA u ATT nas katanu-
3atropoB MEDC-B u X1 cienyer, 4To pabouuii pexxum
TeMmIiepatyp AeTUApaTalliid U JAeTUAPOXJOPUPOBAHUS
nig oopasua X1 cocrasister 180—240 °C (At = 60 °C),
a 115 obpasna OXYMAX-B (MEDC-B) — 210-250 °C
(At = 40 °C). CHMXeHUe Auara3oHa pabodYuX TeMIle-
paryp miasa karaauzatopa OXYMAX-B (MEDC-B) Ha
20 °C mo cpaBHeHMI0 ¢ X1 B peakuuu OXD npuBOAUT
K CyXEeHHIO ONTUMAJIBHOTO peXnMa pabOTHI 3TOrO Ka-
tanuzaropa. [Ipy TakMx TeMIiepaTypax CeJeKTUBHOCTD
OKHMCJIUTENILHOTO XJOpUpoBaHUs 3TuiaeHa B 1,2-J1XD
Ha Katanu3atrope OXYMAX-B (MEDC-B) ysennunba-
ercs. Ha karanuzatope HaHeceHHoro Tumna (X1) peak-
s OX3D npoxoaut ot 180 go 210 °C. Takoit mupokuit
IVana30H paboTHl MCCIeIOBAHHBIX HAMU 00pa3IIoB Ka-
Tajau3aTopa B NMPOMBIIIJICHHBIX MaclITabax MpUBOIUT
K TOOOYHBIM IpollecCaM OKHUCIUTEIbHOTO XJIOPHUPO-
BaHWS 3TUJICHA B TPUXJIOPATAH, TETPAXJIOPITAH U IEeP-
XJIOPATUJIEH, a TAKKe K TOPEHUIO 3TUJICHA.

CenekTuBHOCTH B peakuuu OXD no 1,2-JIXD nag
00pas3noB HAHECEHHOI'0 KaTaJim3aTopa Tuita X1 He 1mpe-
BbimaetT 96—97 %, a Ha o6pasznax OXYMAX-B (MEDC-
B) yBenuuuBaetcs 1o 98—98,5 % [26]. Ho mpu aToMm, Kak
M3BECTHO M3 IMPOMBIIIICHHOTO NCITBITAHWS KaTajlm3a-
TOopoB, Ha oOpasuax OXYMAX-B (MEDC-B) riy6okoe
okucaeHue—ropeHue atuinena 1o CO u CO, ymeHblua-
etcs 10 1,5—2 % o cpaBHEHUIO ¢ 00pa3LaMuy KaTaan3a-
topa X1, rie ropeHue aTuaeHa focturaet 3—5 % [27].

W3 comocraBieHus CeJIeKTUBHOCTEM OKMCIUTEIbHO-
ro XJIJOpupoBaHU 3THyeHa B 1,2-JIXD u ropeHus 3TH-
JIeHa CJIENYeT, YTO KOJMYECTBO MpumMeceil (MoOOYHBIX
MPOAYKTOB Ipoliecca — TPUXJOpATaHA, TPUXJIOPITU-

JieHa u np.) Ais kataauzatropa OXYMAX-B (MEDC-B)
He npeBbimaeT 1—1,5 %, a nis o6pasuoB X1 gocTUraeT
1,5-2,5 %. B xaranuzaropax tumna X1, TOBEpXHOCTb Y-
Al,O3; ¢ HEpaBHOMEPHO paclpeAeJeHHbBIMU XJIOPUAAMHU
MeIM KaTaJIUu3UpyeT MPOLeCChl IITy0OKOro OKMCICHMS,
YTO TIOATBEPXKIAETCS YBEIMUYCHHEM KOJMYECTBA IIIY-
0OKO OKMCJIEHHOro 3TujeHa, ¢ obpa3zoBaHueM CO u
CO,, kak 3T0 HabiawgaeTcs AJs aJIOMOCUIMKATOB C
YBEJIMYCHHBIM COIep:KaHMWEM OKCHAa aJoMUHUA [§].
OnHako akTMBHas ¢ha3za KaTaJu3aTOpOB HOBOI'O THUIA
(OXYMAX-B (MEDC-B), paBHOMepHO pacmpenecH-
Hast B cTpykType Y-Al,O3, yMeHbIIaeT BJIMUSIHUE HO-
CUTEJISI Ha peaklUIo IIIyOOKOro OKMCJICHUST 3THJIeHA.
ABTOpamu [3] OBLIO TTOKa3aHO, YTO 3THU IIPOLIECCHI KaTa-
JU3UPYIOTCS, B NepBy10 oyepenb, pparmeHtamu CuCl,
Ha BHEIITHEl TOBEPXHOCTH KaTaanu3aTopa, MMEHHO HU3-
Koe colepXaHMe 3TUX (pparMEHTOB B KaTajJIu3aTopax
OXYMAX-B (MEDC-B) cHuxkaeTt ropeHue dTuJieHa U
MOBBIIIAET CEJEKTUBHOCTD Mpolecca OXD.

BbiBOAbI

1. U3y4yeHO cTpoeHUEe aKTUBHBIX LIEHTPOB XJIOPME-
HBIX KaTaJIM3aTOPOB Ha MOBEPXHOCTH OKCHIA aTIOMH-
HU S, OTIPENeSIOIIMX SKCILTyaTallMOHHBIE XapaKTepuC-
TUKU KaTaJanu3aTopoB.

2. OmmcaHo CTpOeHME AaKTUBHBIX ICHTPOB IBYX
katanusatopos tuna CuCl,, CuCl Ha y-Al,0; oxuc-
JIUTENILHOTO XJIopupoBaHuA 3TuieHa B 1,2-J1X3D: X1
dupmer «Xapmoy» 1 OXYMAX-B (MEDC-B) ¢oupmsr
«Siid-Chemie Catalysts».

3. BnepBnbie npeaioxkeHo ONMcaHue CTPOSHUS U Me-
XaHW3Ma O0pa30BaHUSI ITOBEPXHOCTHHIX COCHMHECHUM
B pe3yJbTaTe B3aUMOJICHCTBUS TMOBEPXHOCTU HOCH-
tensa y-Al,O3 ¢ CuCl,, CuCl, koTopoe 00BsICHSIET Me-
XaHU3M OTpaBJIEHUSI U Je3aKTUBALMK KaTajau3aropa
COCIMHEHMSIMU XKeJle3a 32 CYET B3aUMOIEUCTBUST BTUX
COCIUHEHUN MEAU CO CTEHKaMU peakTopoB OXD, uTo
laeT MPaKTUIeCKH [IEHHBIC PEKOMEH ALY TIPH ITPOCK-
TupoBaHuu peakTopoB OXD. Ilpenmonaraercs, 4TO
MMpYU B3aMMOJEHCTBUM aKTUBHOM (pa3pl KaTajauszaTropa
CuCl,, CuCl ¢ noBepxHOCTHBIMU rpynnamu y-Al,Os
(=A1-OH) o6pa3yoTcsd KOMIJIEKCHbIE COENUHEHUS C
[CuCl,] 2, [CuCl,| "

4. bonee merallbHOE M3YYeHUWE MEXaHW3Ma OKHCIIH-
TEJTBLHOTO XJIODUPOBAHMSI ATUJIEHA C yYaCTHEM PacCMOT-
DPEHHBIX TIOBEPXHOCTHBIX KOMIIJICKCHBIX COEIMHEHUI
OyIeT IIPOBEACHO ¢ UCIIOIb30BaHMEM METOIOB PEHTICHO-
CTPYKTYPHOTO ¥ MaCC-CIIEKTPOCKOITMYECKOTO aHATU30B.

5. Ha ocHoBaHMU MOMyYeHHBIX Pe3yIbTaTOB MIPEIJIO-
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XKEH MeToJl cuHTe3a Karaiau3aropa OXD onTUMaIbHBIX
CBOMCTB [28]; co3maHa OIbITHAsI yCTAaHOBKA AJIS JeTalb-
Horo uccienoBanus mpoiecca OXD B 1abopaTOpHBIX
ycaoBusx [23]. Bo3aMOXHOCTb CHUXXEHMS BIBOE MOTEPh
9TUJIEHA MPU €ro I1yO0OKOM OKMCIEHUU U COKPAIEHUS
B 1,5—2 pa3a oOpa3oBaHUs MOOOYHBIX MPOAYKTOB ObLIU
MOATBEPKIEHbI B MPOMBIIIJIEHHOM Mpou3BoacTBe 1,2-
AXD u punmaxjopuga Ha OO0 «KapnatHadToXuM» B
Kanymre. Crioco6s! mostyyeHus kataausaropa u 1,2-1X0
3allMILEHbI MaTeHTaMU YKpauHbI (B YaCTHOCTH, [29]).
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