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KPUCTAJTOKBA3IXIMIYHUI MEXAHI3M

KATAJII3Y OKHUCHOI'O XJIOPYBAHHSA ETEHY

Ha ocHOBi KBaHTOBO-MeXaHI4HOT TEOPil KPUCTATIYHOTO OIS Il KPUCTAJIIYHUX KOMIUIEKCIB BUSIBJICHO Ha-
sBHicTh crexiomerpii CUCl, 3a kaTiOHOM 1 3aMPOMOHOBAaHO KPUCTAJOKBA3iXiMIYHY MOJENb OyJOBH Ka-
tamizatopa npocodeHoro tuny MEJ[C-B (hipma Sud-Chemie Catalysts, Himeuunna) aj1st OKHCHOTO XJIOPY-
BaHHA ereHy (OXE). MoXIHUBICTh KpUCTAIOKBA3IXIMIYHOTO MeXaHi3My kartamizy peakuii OXE mis karta-
J3aTOPIiB MPOCOYEHOTO THIMY MiATBEP/HKCHO NAHHUMH Mac-CIIEKTPOMETPHYHOTO aHaNli3y aKTHBHOI (as3u
CuCly2HCI (Ho[CuCly]) Ta uactkoBo rigpomnizoBaHoi akTuBHOI (hasu CuCl,2H,0 karamizaropa OXE.
[Toka3aHO yTBOpPEHHS MOJICKYISIPHOTO XJIOPY 3a peakiieto J[ikoHa, SKUil pearye 3 eTeHOM 3 yTBOPEHHIM
1,2-nuxnoperany. Jlns karamizatopa Hanecenoro tumy (¢ipma Harshow, CIIIA) (X1) 3 6inbmn ciadbkoro
B32€EMOJIIEI0 MDK HOCIEM 1 XJIOPUAAMHU KYNPYMY HABEICHO METAJIOKOMIUICKCHUN MEXaHi3M OKHCHOTO XJO-
pyBaHHs eTeny 3a y4yactio $hazu CUCPHCI (H[CuCly)).

BCTYII. Y npomucinoBux macmrabax 1,2-mu-
xnopetad (1,2-IXE) omepyroTh y MpoIeci OKuC-
Horo xyopyBanHs ereHy (OXE) 3 BukopucranHsm
KaTaji3aTopiB Ha OCHOBI XJIOPHUIIB Kynpymy [1],
iMMOO1TI30BaHNX (HaHECEHMX a00 MPOCOYCHMX) HA
noBepxHi Hocist — G-Al,O3. IIponec OXE npoo-
JSTh Y KAIUITYOMY [Iapi JUCHEPCHOTO KaTalli3aTo-
pa mpu Temmepatypi B 30Hi peaxiii 205—232 °C i
tucky 0.25—0.4 MIla [2]. [Ipu BUKOpHUCTaHHI pi3-
HUX Mapok HociiB GAl,O3; Ta cnocoly iMmMoOii-
3aii KaTaai3aTopiB HAHECEHOTO ab0 MPOCOYEHOTO
tumy Ha moBepxHi Hocis CUCI,/Cu,Cl, Moxe 3mi-
HIOBATHCS SIKICHMH | KUTbKICHUE CKJIall MPOJYKTIiB
peaxuii OXE, a Takox MexaHi3M Mpolecy KaTamizy.

3 njitepaTypHuX Jokepen Bimomo [3], mo pe-
akuis okucHoro xyopyBanus ereny (OXE) B 1,2-
JAXE BinOyBaeTbcs 32 CyMapHUM PIiBHSHHSM:

C,oH, +2HCIl +0.50, ® C,H,Cly, +H0 +Q. (1)

Ha nymky aBTopiB [4] 3 ydacTio kaTasai3aTo-
PiB MOXKYTh MPOTIKATH HACTYITHI IPOLIECH |

2CuCly, +CyH 4 = CoH4Cly +2CuCl 2
2CuCl +0O5 = Cu,0Cl5; 3

Cup0OCly + 2HCI = 2CuCl, +HO . (4)
[TpoTe B JiTepaTypi HE ONMUCAHO CaM MEXaHi3M
peakIlii 3 y4acTI0 HOCIs, a TAKOX BHUJ 3B'SI3Ky TIO-
BepxHi Hocist FAl,O3 3 x1opunamu Kynpymy. Xoda

Bimomo [3], mo cami xnopuau Kynpymy (6e3 Hocist)
HeeeKTUBHO KaTali3ylOTh PEaKilito OKHCHOTO XJIO-
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pyBaHHs ereHy. Onucanuii y po6oti [4] mexaHizm
peakuiii (1)—<(4) He BpaxoBye ydacTh MOBEpXHe-
BUX rpyn Hocis — g-Al,O3 1 TOMy He € ToCTaTHIM i
TOYHHM.

EKCHEPUMEHT I OI'OBOPEHHA PE3YJIbh-
TATIB. Y naniii po0OTi 3aNPOTIOHOBAHO HOBHH Tif-
Xim 10 omucy akTHBHUX TeHTPiB [CUCI,[" ! [CUC|4]2_
Ha MOBEPXHi MpoMuciIoBoro karanizatopa GAIl,O
it iporiecy OXE. Ha ocHOBI KpucTaiokBaziximi-
yHOT Mozeni [5] 3po0iieHo crnpoOy MOSICHUTH MPO-
1IeCH, SIKi BiJOYBarOThCS HA TIOBEPXHI KataizaTopa
[CuCIz]_l, [CUC|4]2_/g-AIZO3 y MPOMHUCTOBHUX YMO-
Bax OXE B 1,2-/1XE.

gMoaudikamis Al,O3 Mae mmiHeTbHY CTPYK-
Typy. Bimomo, 1o B oKTaeApu4HUX MO3HLISX TPH-
CYTHI KaTiOHHI BakaHcii, TOMy KpucranoxiMiuHa ¢op-
myna GAl,O3 3ammcyerbes Tak:

3 3 2
Al AAI 5130 113]8(0™9)0

ne A — terpaeapuyHi no3unii; B — okxraenpuuni
Mo3uilii; * — KpucrajoxiMiyHa BakaHciss; O —
MO3HUIIiST OKCUTEHY .

Ane xpucTanoxiMiuHuil ckiiag He aae iH op-
Mallii mpo Tak 3BaHi aKTUBHI IICHTPH Ha TIOBEPXHi G
Al,O3 [6], HaToMicTh KpHCTAJIOKBa3iXiMidyHA MO-
JieTlb BPaXxOBY€E MPHUCYTHICTh JOHOPHUX Ta akIen-
TOPHHUX AKTHBHUX IEHTpPIB Ha MOBEPXHI KaTali3a-
topa. Kpucranoksasiximiunuii ckinag g-Al,O3 mo-
’KHA 3aMMCaTH HACTYITHUM YHHOM

Al AP 53V 113]5(0% )0
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Je - — HaJUIMIIKOBUN NMO3UTUBHUMN 3apsy; ' —
MOTPIAHUI HAJIMIIKOBUN HEraTUBHUY 3apsi, X —
eeKTUBHUN HYIHOBHUH 3apsn; V — BakaHCis
AJTIOMiHIIO B OKTaCAPUYHIN MiATPaTIIi.

Ockinbku @-Al,O5 € HOcieM kartanizaTopa
OXE i3 nanecenuM Ha #oro nosepxaio CUCl, abo
Cu,Cl,, npupoay aKTHBHHUX IIEHTPIB TaHOTO KaTa-
JITUYHOTO KOMIUIEKCY KaTaiizaTopa AOUITBHO TO-
SICHUTH Ha OCHOBI KPHCTAJOKBa3iXiMi4YHOT MOJIei.
3a Heto MexaHi3M kaTamizy npouecy OXE po3sris-
JA€ThCsl 3 ypaxyBaHHsIM YTBOPEHHS KaTiIOHHHX Ta
aHIOHHUX BaKaHCiil mpu aacopOuii Ta xeMocopOii
HCI, O,, C;H, Ha akTUBHUX IIEHTpaX TMOBEPXHi Ka-
TaJli3aTopa, SKUMHU BUCTYNAIOTh TOYKOBI Je(eKTH
kpucraniunoi rparku GAl,O3. CuCl,/Cu,Cl,
BXOIUTUME B CTPpYKTYpY G-Al,O3, cTBOpIOIOYH B
Hill nedexTn. 3okpema, st CuCl, ximiuHy B3aemo-
JiF0 MO’KHA 3alKcaTH, BPAaXOBYIOUH CTEXiOMETPIl0
32 KaTiOHOM Ta aHiOHOM:

CTEXIOMETPis 3a KaTiIOHOM:

(1-a)Al' A[A 53V 113]5(0% )0 +
+ aCu”a[CU5]5(Cl 9)o(CI'2) ®

® (Al'1.aCU*3)A[AX 53 54/3CU' 20V " 1/3-a/3]BX
XO* 4 4aCl 42)0(Cl'2)i ; (5

CTEXIOMETPisl 32 aHIOHOM:
(1~ D)AI A[AF 513V " 1/3lg (0% )0 +
+ bCuXA[Cu’V”’]B(Cl'4)O ®

® (Al'1pCU*p)A[A* 513 50/3CW bV " 173+ 2013 B
XO* 4 4nCl ap)o - (6)

TakuM YWHOM, KEPYIOUHCh KPUCTAJOKBa3iXi-
MIYHOIO MOJEIII0, MOXHa BCTAHOBUTH NPUPOIY
aKTHBHHUX IeHTpiB kaTtanizatopa OXE: ximiuHa
B3aemonist CuCl, 3 gAl,O3 cynpoBoKy€eTbCs yT-
BOpeHHsIM BkopiHeHux HoHiB Cl” abGo 30imbIieH-
HSIM BaKaHCIA B o.KTae):[quHiﬁ HmiArparii, a TaKOK
BXO/DKeHHAM HoHiB CU” y TeTpa- Ta OKTaeapHuyHi
MO3UIi MIMIHENTbHOT TPaTKH.

3a niTepaTypHUMU JaHUMH [7], BU3HAYAIbHUI
BIUIMB 3AIHCHIOBATUMYThH CaMe€ XJIIOPUAU KyIpyMy
CUCIZ/CUZCIZ abo Hz[CUC|4], H[CUCIz], SIK1 3Ha-
XOASATHCA B KPHUCTAJIYHIA CTPYKTypi HIMiHETbHOL
rpatku Ha oBepxHi G-Al,O4, micis X HaHeCeHHs Ta
MeXaHOXIMIYHOT aKTHBAIIIl 3 XJT0OpuaAaMu Kynpymy [8].

KpucranokBaszixiMmiyHa MoJenpb mepeadayae
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nBa nuisixu 300paxenns CUCl, y mmiHenbHil cTpy-
KTYpi, BpaXOBYIOUHM CTEXIOMETPil0 3a KaTiOHOM Ta
AHIOHOM:

Cu'a[Cu’,]s(Cl Do(Cl) (1),
Cua[Cu V" s(Cl )0 (I1).

[MpucyTHicTh BakaHcii un JedekTiB BKOpiHEH-
HSl y KPUCTAJIIYHINA CTPYKTYpi HMiATBEPHKYETHCS BU-
3HAUYCHHSIM MIKHOMETPUYHOI rycTuHu 3pa3ka CuCls.
VY naHomy JoOCTiKEHHI TeOpEeTHYHA PEHTTeHIBChKa
rycruna CUCly (r 0, =3438.39 KI/M>) € MEHIIOH 3a
MPaKTUYHO BU3HAYEHY HAMU T'YCTHHY MIKHOMETPH-
unuM MeToZoM CUCH; (I oy =3773.61 KF/M3), ne
CBIIUNTH MPO HasIBHICTH NE(EKTIB BKOPIHEHHS Y
crpykrypi CUCl, (bopmyma I).

BinmoBiiHO 10 KPUCTaI0KBa3iXIMIYHOTO Me-
XaHi3My, Ha Hally AYMKY, IEPUIUM €TanoM Mpole-
cy Oyme aacopomis razomoaiounx O, ta HCl Ha
aKTUBHHX IIEHTpaXx MmoBepxHi katanizatopa GAl,O3
3 HaneceanM CUCI,. Kucenb, sk aKkIenTop eaekT-
pOHiB, ancopOylOUNCh HA MOBEPXHi IIIHEIBHOTO
KaTamizatopa, 3yMOBJIO€ BUHUKHEHHS IipKOBOI
MPOBIHOCTI:

V' AVle(Va o + 207(ra5) ®

aHTUCTPYKTYypa

® V"a[Vy"]g(04 o «
« VAV [g(0%g)o + 8N . (7)

VY CTpyKTypi IIMiHENI TPU I[bOMY BUHHUKAKOTh
KaTiOHHI BakaHCIi y TerpaeapuuHiit (A) Ta okTaen-
puuHiii (B) miarpaTtkax:

(1-a)Cu*p[Cu5]g(Cl )o(Cl'y); +
+ 2a0,(ras) + aV o[V, ]g(V4 )o ®
® (Cu*1 4V 2)alCU'2 25V 2a "]
X0*4aCl 4-42)0(Cl'224)i +8ah" . (8)

Mosnekynu razononionoro HCI, Bucrynatouu
JOHOPaMH HETaTUBHOTO 3apsiy, aAcopOyrOThcsl Ha
akuenTopHux naedexrax (aromax XJaopy y MO3HIIIT
okcureny Cl o). Monekyna HCl € nonsipHoto i y1-
PUMYETBCSL Ha MOBEPXHI KaTalli3aTopa 3a paxyHOK
BOJHEBUX Ta BaH-ICP-BAJIbCOBHX CHJI B3a€EMOII.
Taporen HCI B3aemMoiie 3 OKCHTEHOM IIMIHETBHOT
TpaTku 3 yTBOpeHHsM MoJekyn H,O mo peakuii
JlikoHa 3 BUAUIEHHSM aTOMapHOTO XJIOpY:

2HCl(ras) + 0o ® H,0 + 2CI1X + V¥g; (9)
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VO« Vipgt2¢e; (10
2HCI(ra3)+O ® H,0+2CI" +V o +2¢. (19

VY pe3ynbTaTi Takoi B3aeMOJIii BUHUKAE EIIeK-
TPOHHA TPOBIIHICTH Ta 3'SBISIOTHCS BaKaHCIl B
aHioHHiil migrpatii Vo = (okcureH i3 rpatku Oepe
ydacTh y peakiii okucHeHHs). [Ipu 1poMy Kkarta-
Ji3aTOP MEPEXOIUTh Y AeQEeKTHUH CTaH:

(CU*1aV"a)A[CU 224V 24]8(0% 4aCl " 4-4a)0%
XCl'p_p,); + 8ah" + 8aHCI ® (Cu™;_,V")ax
ACU' 5 22V 2al8 (V' 4aCl 442)0(Cl'200)i +

+ 8ah’ + 8a€ + 4aH,0 + 8aCl’;. (12

HacrynHoto cralieto MeXaHi3My KaTallizy €
aHirisis (3HUKHEHHS ) aHTUCTPYKTYPH HIMIHEN Ta
JIPKOBO-EJICKTPOHHUX Map, sika MOBEPTAE KaTali-
3aTOp Y BUXiJJHUH CTaH:

8ah + 8ae = O(uyis) ; (13)
AHIT LIS
aVv', +2aV”’g +4aVy  ®
® aV'aA[Va"ls(V4 o (14)

AHITUIALSA

PeakmiiiHo31aTHI aTOMU XJI0PY, 1[0 YTBOPHIH-
ci B pe3ylnbTaTi HaBEACHHUX BHIIEC MNPOIECIB 3a
peakiisimu (7)—(10), TyT e pearyroTh i3 MoJieKyIia-
MU aicopOoBaHOro ereHy 3 yreopennsam 1,2-JIXE:

2CI* +C,H, ® C,H,Cl,; (15)
4aCl* +2C,H, ® 2aC,H,Cl,.  (16)

OTxe, KpUCTAJIOKBa3iXiMiYHA MOJIC]b KaTaIi-
3y BpaxoBy€ YTBOPEHHsI Ta aHIrUIALII0 B XOMIi pe-
aKIIil eIEeKTPOHHO-AIPKOBUX Tap Ta aHTUCTPYKTYPH
KaTamizatopa, IO € TPHUHIUIIOBO HOBUM. AJ-
COpOIIHHO-XIMIUHI MPOIECH NPH KaTaJIITHIHOMY
OXE mnpoXoIWTUMYTh HUISXOM YTBOPEHHS KaTi-
OHHUX Ta aHIOHHMX BAaKaHCIH y IIMIHEIbHIA CTpY-
KTYpi KaTajizaTopa, 1o OUTbII XapaKTepHO s Ka-
Taizatopa npocoueHoro Tuny MEJ[C-B.

3 iHmoro 00Ky, B MOMEpEHIX CBOIX myOJika-
migsx MU mokazanu [9], mo MK TOBEpXHEBUMHU
TpymnaMu HOCIs i KaTaji3aTopa MOXYTb BilOyBaTH-
cs HACTYIHI peakuii yTBOPEHHS METaJTOKOMILIEK-
CHHX CHOJYK:

|| 0-AI(OH), +H[CuCl,] —
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| O—AI(OH)[CuCIZ] +H,0;

(17)

| O—AI(OH)2+H CuCI4]
| O—AI(OH)[CuCI4] +H20 (18)
|| 0-AI(OH), +H[CuCl,] —
|| O-AT{CuCl,l +2H,0 ; (19)
| OZAI(OH) +H[CuCI2] —
I OZAI[CuCIZ] +H,0; (20)
|| 0,AI(OH) +H[CuCl,] —
I ozAl[CuC|4]1+H20 (21)

2|| OZAI(OH) +H2[CuCI4] —

(] OZAI)Z[CUCI 4] +2H,0 . (22)

Ha moBepxHi kaTajizaTopa OKHCHOTO XJIOPY-
BaHHs CTEHy ii/le YTBOPEHHS TPHOX BHIIB KOMII-
nekciB Mk rigparoBanuM Al,O3 1 KOMIUIEKCHUMHI
criosiykamu Kynpymy [CUCly]™, [CUCl,] i [CuCly],
AKi MOXKYTh OyTH ineHTH(]iKOBaHI 32 JOMOMOTOIO
IIAPOKHAX CMYT MOTIMHAHHS B [Y-o6nacri ciekTpy
— 12501277 cm HpI/I 1IbOMY B iH(ppauepBOHOMY
CIIEKTP1 HOCISl KaTali3aTopa 3HUKAIOTh YaCTOTH I10-
TIMHAHHA JUI TOBEPXHEBHX TPy Al(OH)," — 1377
i AIOH?" — 1578 cM ™Y, wo Ginbim XapaKTepPHO IS
KaTamizatopa Ha Hocisx Tumy X1.

3rifiHO 3 pe3yJbTaTaMH MPOBEICHOTO HAMHU iH-
(hpauepBOHOTO CHEKTPAILHOTO aHAII3y MOXKHA CKa-
3ath [9], 10 eeKTUBHICTh B3a€EMOIIi MiXkK CuCIZ/
CUZCIZ i Hociem G-Al,O3 3pocrae mpu nepexoi Bin
KaTamizatopa HaHeceHoro Tunmy — X1 1o kartaii-
3aropa npocoueHoro tTuny — M ED C-B, mo 06ymo-
BJICHO, MaOyTh, TEXHOJIOTIEI0 IXHHOT'O MMPUTOTYBAH-
Hs1. BUxo/1s1uu i3 bOTO, MOXHA 3pOOUTH HACTYITHUI
BHCHOBOK, IIO TEXHOJIOTiS MPHUTOTYBAaHHS KaTali-
3atropa M EDC-B msixom cniBocakeHHst aMmop Q-
Horo G-Al,O3 i kpucramiyrnoro CuCl,/Cu,Cl, ta 3a
JOTIOMOTO0 MeXaHOXIMidHOT akTuBarii [8] Bimpis-
HSIETHCS BiJ] IPOCTOTO HAHECEHHS 1X Ha MOBEPXHIO O
Al,O3 3 po34HHIB XJIOPHIIB KynpyMmy. [Tpu BuKO-
pI/ICTaHHl OCTaHHBOTO cnoco6y CIIBOCA/IKEHHSI CHH-
TE3 M]KpO‘-IaCTI/IHOK KaTaﬂBaTopa [CuCI,, [CuCl 4]2_
i "Hocis Q-Al,O3 posmipom 20—120 MKkM, NMPHBO-
JIIUTH 10 OUIBII IHTEHCUBHOT B3aeMOIil MK HUMU
Ta YTBOPEHHs aKTUBHHX LEHTpiB afcopOuii Ha mo-
BEPXHI, y mopax i CTpyKTypi kaTaiizaropa (peak-
i (19)—22)). V Toii e yac npu HanecenHi CuCl,/
Cu,Cl, i3 XJIOpHIHOTO PO3YMHY Ha TIOBEPXHIO TBEP-
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aux gactok gAl,O5 (Mapka X1) BlI[6yBa€TI>CSI 3/1e-
OimbIIOr0 3BHYaiiHa amcoporris [CuC|4] i [CuC|4]_
tinbku moBepxuero GAl,Oz YV pesynbrati iXHBOT
B3a€EMOJIi YTBOPIOIOTHCS JIHILE YaCTKOBO MOBEpPX-
HEBl KOOpJWHAIIWHI 3B’ A3KU MK HOCIEM 1 KaTai-
3atopoM (peaxiii (17), (18)).

Hamu 6yno momivero [10], 1o mpu excmiya-
Tarii KatauizaTopiB HaHeceHoro Tuny — X1 i3 ya-
coMm (uepe3 1—2 poku) BinOyBaerbes 3HauHa (10 50
%) BTpaTa KaTamizatopa [CuC|4]2_, [CuCl, ™
noBepxHi Hocist GAI,O3 npu #oro MexaHiuHOMY
pyiiHyBaHHI (CTHpaHHI), 10 3HAYHO 3HUKYE eeK-
THBHICTh KaTalli3aTopa OKUCHOTO XJIOPYBaHHS €Te-
Hy B 1,2-nuxnoperan. Ha BinMiny Bijg 11bOTO, KaTa-
mizatop mnpocoyenoro tuny — MEJIC-B mpaigroe
3-4 poxu nmpakTU4YHO Oe€3 BTpaTH aKTHBHOCTI, MIPH-
4oMy Horo MojkHa 3a0upatH 3 mporecy, 30epiratu
JI0 KUTBKOX POKIB i 3HOBY 3aIlycKaTH B Tpolec 6e3
BTpaTu HUM epektuBHOCTI [10].

Onnax kartamizaTopu npocodeHoro tumy ME-
DC-B maroth oauH Hemoutik. PiBHOMIpHUE po3rio-
JIJT XJIOPUY KYNPyMY SIK KaTalli3aTopa B CTPYKTY-
pi Hocist G-Al,Ogz M Yac CriIbHOTO CIiBOCAKEHHS
a00 MEeXaHOXIMIYHOT aKTHBAIlil MPUBOJAUTH JIO TIiJI-
BUIIEHHSI 1X TBEPJOCTI 32 paXyHOK YTBOPEHHS CIIi-
JILHUX KPHCTAJIOKBA3iXIMIYHUX CTPYKTYp, IO 3Yy-
MOBIIIOE 301TbIIEHHS CTiHKOCTI 0 cTupaHHs. L[s
XapaKTepUCTUKA KaTali3aToOpiB TAKOTO THITY € HAJ-
3BHYAHHO BaXKJIMBOIO — BOHHM JAOBIIE MPAIIOIOTh
(34 poku) y MPOMHUCIOBHUX MPOIECAX OKHCHOTO
XJIOpYBaHHSA €TEHY 1 MEHIlIe CTUPAIOThCS Ta BUHO-
CAThCA 3 peakTopa (TOOTO MEHII BTPATH 3a Baroro
i1 9ac ekcryaraitii). Xoua, 3 iHIIoro 60Ky, 1e npu-
BOAWTH /0 HemependavyBaHUX HACHIAKIB y TMpo-
Ieci MPOMUCIIOBOT EKCIUTyaTallii IIbOTro KaTali3a-
TOpa B MIPOMHUCIOBUX CTajieBUX peakTopax. Criii-
Ka JI0 CTHpaHHs moBepxHs kaTtanizatopa MEDC-B
pyiiaye (mpoTupae) MeTalieBi CTIHKH POMHUCIIOBUX
peakTopiB, 3MIHOBHKIB 1 IUKIOHIB [11].

TakuM YMHOM, BUXOJSYM 3 JaHUX PEHTTEHO-
(a3oBOTO aHaii3y Ta EIEKTPOHHOI MIKPOCKOTIIi, a
Takox ganHux IY-cnexrpockomnii ta JITA-aHamnizy
3pa3kiB Hocis G-Al,Oz i karanizaTopiB tuny X1 Ta
MEDC-B, namu panime OyB 3anponoHOBaHHH i
onucanuii [12] MeTamoKOMITIIEKCHUI MeXaHi3M Ka-
tanizy nporecy OXE Ha mMOBEpXHI Ha3BaHHUX Ka-
Tajizatopis (cxema).

[TinTBepPKEHHSIM 3alPOTIOHOBAHOTO B JIaHIH
CTaTTi HOBOTO KPUCTAJIOKBA3IXIMIYHOTO MEXaHi3My
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+| - CHZ—CHZ—CI— 210 °C
O—Al" [Cusl. +4HCI+0, =~
! “~CH;—CH;Cl 2
OH
xS P— cl|” )
—_— O—/‘xl Cu=-.qp | + 2CHCl+2H,0 ;
OH :
ca. al-2
) 220 °C
O-Al Cu | + 4H,C=CH, ——»

T lengza )
ngza | .
~enza |
L lengza

—

o

F
Q
%

220 °C
+8HCI+20, = ¢

+4C,H,Cl+ 4H,0.

— ﬂ—— o-A*" C_u

ci |

OXE B 1,2-I1XE nns karanizaTopiB MpOCOYCHOTO
tunty Mmapku MEJIC-B € onepxaHi HaMu ekcriepu-
MeTaJIbHI JiaHi TI0 Mac-CIIeKTPOCKOMIYHOMY aHalli-
3y aktuBHOT (hazu CUCI»2HCl a6o H,5[CuCl,] Ta ya-
CTKOBO TigpoJizoBanoi aktuBHOI (aszu CuCl,H 0
NPOMKCIIOBHUX 3pa3KiB KataiizaTopis [12)].

AHaniz JecopOUiHHUX Mac-CIIEKTPOMETpHY-
HUX KpHUBHX akTWBHOI ¢a3u kartamizatopa OXE
CuClI»2HCI a6o H,[CuCl,] (pucynoxk, a) ta yac-
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l.abc. oa.
H_

npu Temnepatypi 260 °C mis
000X BUiB akTUBHOI (pazu. Are
JUISL YMCTOT HEripoJ1i30BaHoi a-
31 CUCIZQH Cl abo Hz[CUC|4]
AKTUBHICTH MPOIIECIB JETiIpo-
XJIOpYyBaHHS OUTBII BHCOKA 1
BOHA MOJIUIAETHCA HAa TPH IIKH,
B TOM 4ac sIK U1 YaCTKOBO Til-
podizoBanoro CUCl,xXH,O ¢asa
Ma€ TUIbKY J[Ba IeCOPOITiiHI ITi-
ku mo HCl (M=35-38. Ane
HAHOUTBII 1iKaBUM (Mac-CITeK-
TPH, PUCYHOK, @) JUIS TIPOIIECIB
JiecopOIii TMPOJYKTIB pO3KIiIa-
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JacTi pobounx TeMrepaTyp Ka-
tanizy OXE, a came npu 210
—260 °C, 3'siBnsieThCs iHTEH-
CHBHUH MK JecopOIii MoJieKy-
nspuoro xmopy Cl, (M=70),
SIKUH B CBOIO 4epry B 2 pasu
IHTEHCUBHIIIUHN JJIsl YUCTOT aK-
tuBHOi (azu H,[CuCly] (pu-
CYHOK, @) HDK JJIS YaCTKOBO
rizposizoBaHoi (PUCYHOK, 6). Ta-
Ke sIBUIIIE, 1[0 paHillle He CIo-
crepirajocs MpH IHIIMX METO-
Jax aHanizy, Moxke OyTd mia-
TBEPJKEHHSIM peakIlii po3kia-
Ny akTHBHOI (pa3u 3 BUJIUICH-

0 T T r

——— = wmam Cly:

100 00 200 400 500

600 700 £,°C 220°C
H,{CuCl] =—— HCuCl,] +

Tepmoaecopbuiiini kpui posknany aktuBHoi dasu CuCl»2HCI (H,[CuCl,])

(2.3 mr) (@) i wacrkoBo rigpomizoBanoi aktuBHOi (azu CUClH,O (2.0 mr) (6)

3a JaHUMH Mac-CIIEKTPOCKOMIi.

TKOBO TimposizoBanoi aktuBHOI (asu CuCl,H 0
(pucyHok, 6) moka3aB HacTymHe. YacTKOBO TiApOTi-
3oBaHa aktuBHa (aza CUCI,H,O B obmacri Temre-
paryp Bix 100 1o 200 °C BTpauae BenuUe3Hy Killb-
KicTh aicopOOBaHOi Ta BHYTPILIHBOT KpUCTaTi3alli-
WHOT BOJIM, IPUYOMY KpHCTai3alniiHa Boa M0 YH-
Hae BUAiIATHCA mpH TemmepaTypi Bume 170 °C, a
azcop6uiitHa Boja — npu Temnepatypi Buute 50 °C,
IO HE CIIOCTEPIraeThes I YUCTOI aKTUBHOI (as3u
CuCl,2HCI a60 H,[CuCl,]. InureHcuBHi mpouecu
nerigpoxnopyBanHs aktuBHOi (aszu CuClyH 0
BinOyBatoThcs B o6nacrtax 200—300 °C Ta ineHTH-
¢ikyroTbcs MakcuManbHUMU mikaMu necop6uii HCl
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KU MOXe OpaTh y4acTh B PEaKIisX MPsIMOTO XJIO-
pyBanHs ereny B 1,2-JIXE 3rigHo i3 3anpomnoHoBa-
HUM HaMHW HOBHMM KBa3iXiMIYHUM MEXaHI3MOM
peakuii OXE (peakuii (15)—(16)).

TaxuM 4YHMHOM, MOXHa 3pOOUTH BUCHOBOK, IIIO
HOBUH KpucTaiokBa3iximiunuit mexanisMm OXE B 1,2-
JXE Mo>xHa 3aCTOCYBaTH JUIsl MOSICHEHHS KaTalizy
Ha MOBEPXHI MPOMHUCIOBOTO KaTalli3aTopa Mpoco-
yeroro tuiry — MEJIC-B (¢pipma Sud-Chemie Cata-
lysts, Germany), 1110 miaATBepIKY€EThCS SKCIIEPUMEH -
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HGOPZCZHM’{€CKCZ}Z u dmauuecxaﬂ XUMUA

TaJbHUMU AaHUMU. B Toll ke yac MexaHi3M KaTalli-
3y OXE B 1,2-/1XE Ha npoMHUCIOBUX KaTaji3aTopax
Hanecenoro Tuny — X1 (pipma Harshow, United Sta-
tes) 100pe MOSCHIOE METaT0KOMITJIEKCHUH ITiIXisT,
3alpONOHOBaHMI Ta ONMUCAHUN HaMmu paHime [12].

PE3IOME. Ha ocHOBe KBaHTOBO-MEXaHUYECKON Te-
OpHH KPUCTAUTAYECKOTO MOJIA JJIsl KPUCTAUTUYECKUX KOM-
IUIEKCOB BBIsIBIICHO Hanuuue crexuomerpun CuCl, mo ka-
THOHY U NPEJIOKEeHa KPHUCTAIIOKBA3HXUMHUIECKAs MO-
JleTb CTPOEHUS KaTanu3aTopa nponuransoro tuna MEJIC-
B (¢pupma Sud-Chemie Catalysts, I'epmanust) ajist okuc-
JUTENBHOTO XiopupoBanus 3teHa (0X3). Bo3amMokHOCTH
KPHCTAUIOKBA3UXMMHUECKOTO MEXaHH3Ma KaTajm3a pe-
akiun OXD Ui KaTajau3aTOPOB MPOMUTAHHOTO THIA
MOJITBEPXKICHA AaHHBIMH MacC-CIEKTPOMETPUIESCKOTO
ananm3a aktuBHOH (assr CuCl,2HCI (H,[CuCl,]) xara-
gu3atopa OXD ¥ 4aCTUYHO THAPOIU3UPOBAHHOW aKTHU-
BHOM (ha3sr CUCI,2H,0 karammatopa OX0O. [TokazaHo
006pa3zoBaHKe MOJICKYIIIPHOTO XJIOpa Mo peakiuu JJnkoHa,
KOTOPBII pearupyer ¢ 3TeHOM ¢ obOpas3oBanmem 1,2-
quxiopasTaHa. s kaTanu3aTopa HAHECEHHOTO THUIa
(pupma Harshow, CIITA) (X1), ¢ Gosee cnabbiM B3aHUMO-
JCHCTBUEM MEXJy HOCHUTENeM W XJIOPUAAMH MEMH,
MPE/NIOKEH METAJNIOKOMILICKCHBI MEXaHU3M OKHCITUTE-
JIBHOTO XJIOPUPOBaHUS 3TeHa npu ydactuu ¢a3pr CuClx
HCI (H[CuClL,)).

SUMMARY . On the bass of quantum-mechanical
theory of the crystal fidd for crystalline complexes was
found the existence of stoichiometry CuCl, for cation
and invited crystalquaschemical modd of sructure of a
catalyst soaked type MEDS-B (firm Sud-Chemie Cata-
lysts, Germany) for oxidative chlorination ethene (OCE).
The opportunity to crystalquasichemical mechanism of
catalysis of thereaction OCE to the catalyst soaked type
confirmed by the data of mass-spectrometer analyss of
theactive phase of CuCl,»22HCI (H,[CuCl ]) catalyst OCE
and partially hydrolyzed active phase of CuCl,»2H,0

InctuTyT npupoannunx Hayk [IpukapmnaTcbkoro
HalloHaJIbHOTO YHiBepcurery iM. Bacuns Credanuka,
IBanO-®paHKiBCHK
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catalyst OCE. It is shown formation of molecular chlo-
rine for the reaction of Deacon, which reacts with the
ethene and leads to the formation of 1,2-dichloroetha-
ne For catalys caused by applied type (firm Harshow,
USA) (X1), which is characterized by a weak interacti-
on between the media and chlorides of copper, it is pro-
posed to metallcomplex mechanism of oxidative chlo-
rination of ethene with the participation of the phase of
CuCIHCI (H[CuCl,)).
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