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MO bamEEted s, TOEHT D W BRSO TR LS Z T & |
Wi &L EET 5 Z ENARETT, AW TIX EENVEERE A RO Z LB E LT,
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IEEFARERE 2 X T L Nexis SCD-2030 z AL -EMP DR EE DT

(RS AL B ERIVERT, Total Research & Technology Gonfreville**)
OAdcipEiits, RRE*, R FhiLr, TEAP*, Marco Piparo**, Pierre Giusti**

LA E O MEICHRERH D |
Nz TRl R 2 i 2 9720 Al bR IS
BOWTHHERBENSEH I L TOET, (L5
s tHEs (SCD) 1XRIICHE L E M & I
HT260THY, E~ MY v 7 AHOMER
HIZHETT, I HIT, FisEREFOBITK LT
BRI AT A% VR EEAH LTV 5D
7o, /a~ N7 T AITE—7 ZREIHE
L&A DEREITH Z L7l GAMERE
fEEICERT HZ ENARE T, Eo, Ahil
i K< AW DD B HrEE & B0 |
sua~ 7T LIXDHERBBEONDLTCD, &

B INDMECEY O A K E DN FERT D
ZENHEETT,

AW CIE, bR Iemi s o A7 A Nexis
SCD-2030 DEN - 55E VRERELZFIA L, &
BRI E DR DA 5 & LTk &
ZRELE Lz, #i%. $10~10000 mg/kg O
HE LA W EEFPHIC IV T, B EEIET S
ZENTEFELE, £, o~ T
T LI BHR ORI L HERT D Z EMNT
XFE Lz, BoN-SMERIL, SRESIrE
ETHLNTMREFFEOME LD E LT,
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SR UHEAIEICKBTRAI7ILTY
BLUBRASFEELE-ETILDFOEERERERDAA

(TR, PER TR G IRTOITS*, BRSO BLPE S, il L 3 — i o 4 —wes)
OARH W™, A AR, [IA Foees, [t [ =woes sooes ghf ppseees

7 < UEELE, H A IZ S FR O BRER DD 5
TICLY, B\ E LTAF(LA U =) R
LINTBEENELBRTH D, AT hn
Aa—L LT, T NORETN OIRENIRAE
MHAEAERICET 2 E®REFH LR bIETE
%o RFFRIZZOBLET, TATZ7 7T, BX
O, WY T 2B LR AL R E R S e T L
DIACK LT, MLV UARIERP TO T~ EEL
EZATV, BRREOEENBIN AT 72, WIE
X, 77 A NN—BO SRS s L b L —
—Z M, BEEEIE 785 nm & LEEoEEE

W L CENE L7z, MIERH A 1R 30 [EY
AINEFTEZETHEHSNTY T AEELE
WTE T, MBI oK, 72777 T
1L, G REDI AN REBRZRSNTHDLZ &
NTEZ, G REDI AV RIL, FhEh, %
REHE L= BB OB sp” MRS, B X
W, BEET 7 v X G AT 25 EHET I
RBIND, 5, T LEDEED, HiEHE
HARET, BWIRELE T T~ U BELIE 2 E i
HZLET, TAZ 7T UEEICET 5 X0 3
RN EONL D E WIS,
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TEMIZEDLN S TR ERAT — KEBREH & B fE —
(Varyr-<vkAf - Ux/Nr) M fE—

ML RS B 0T B KR i e T wia W ans
Ut 0 BB ORISR % L0 T 500, 7m0 e '
TADRWEBTHRAERICLVEREISRL TS, £ OHBESR I
Too KIVRTERRSBERNF 7 & DY 2 IC 1k I
GLLONRDHY | ORI TRLE, TAD

Hg slipiR EE(}ExHE)

50%
V275 A_A—THRESH TN,
1

1. & BRI R K SR 35 7 0% o ‘i
Tar Ve w oA Tk, 1990 FECHIEAD S B LEH 5 DR
BRI K D RRB AR 2 G LT\ %, BUE B 1. WS O UE b 0k R RS I
BN ST T 0 . B TR0 £ 5 M ' = : TR
REITIR->TUWD, o

- WY R b (WS AR, HHLRE) (B 1) e
EEEEVER) b (P LI ORESERS 1) e

« LR ] L — EEEEE =

2. ML e e
HEH 2 B O KERORRLIZIZ, 7 L— N A e —
LTS (B2, B2 71— MEELARL.
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FEAFPET AR FILD MIL-53ANDADD URy FEHE

Kep D =/ — LIRE AT

(ROPRZER e Bt sest BRI RS0 Ol 222, 4% K

ERAREERO—FETTAI =T AL F
ET LT ZNVBOENHEA THAR IS MIL-
S3(AlIX. m R mEAE & MK A2 FE o720,
ISR & LCBEEZ A LTS, —J5, H
N OB A PET R b Ui, ihiEbo 7 ¢ v 1k
WCEB~=T VTNV AT ANRERTHY, 73
TV U YA 7 A X DIEERF BT D720, £ 2
TAMFETIL, PET R MAOIIKSR (=717
S NVEE~DE ) ~—1{b) 8L MIL-53(A)~DiE
R A FRIRICITO VR Yy hERE. TD LD
IZLTHE B2 PET 3K MIL-53(A) DO W 5 R4
Zeafili U7z, AKEVE RSRIE & BER SR A D B 70 55

thERE L LT, BIET LT X AFHEED
MIL-53(Al) &[4 BET tbEmifE% A9 % PET
H3k MIL-53 (A& 3 D7z, & HIT/KERBEEYE
FIUWEE LTI = ) — VI d 5 W5 R %
R LI 2 A, BBLERIBEOWERELRT
FER L IR oTn, A DTS SRR OFRYT 2>
5. Langmuir W5 €7 )WVIZTHEIGT 5 2 & DR T
X, ZHUELMIL-53(ADS 2 7 n L A9 5 %M
MEICTHHZ b, KFTZ =/ —)LiE MIL-
S3(ADFALIN A~ FE STV D 2 E DRI STz,
ARAFFED—ERIL, ISPS BHff#E | I L VAR E
BN JKA OBhkE=Z 0 CESE L,
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ZIF-8 Z AW -AEILIEILAFEFTLEKDEILRFTEA NI LDERE

ROARFRTFE: BPeR RER PRI OREEE, HHRF, 4R

DO T HARIZIZZE OIS B L, = 2 TH
SN BERPRFEHZ X2 TWeb oo, Bl
FEI 5,000 2Tl EOIRBEILSEILASFAE L TV 2,
Z OFRLBRHI B K AR HEH 42 HiBEK
EEIREOEBRZ S MK TH Y | JEI)I
DKERAERBRITHE L KT T 7o, Kifer) 72
HXPRNEERPEE Ieo TV D, £ 2 TR
TIX, £DO X D YRR 5| & #2823 ) 117K
DTG YRIEA~ DR BT 2 it 9 o 72 2L
$EIRAE B CTd D Zeolitic imidazolate framework 8
(ZIF-8) DK EAEA A4 kT D bERE
FDAN=ALEWLNTTDH I LT, FHizebl
BEAALBREE ST LT 1) | 7 386 F AT REME & BRELE L 72,

PERWAERITH DIEERSCEA T A b &g
LT, ZIF-8 [3/KH Pb2t, Cu'A AT 2 Eun
PREMREZ R T Z EAHR SN, TITAI=
A LER BT, Pb, Cu?frER D ZIF-8
DOREEZ R Lo, XA RZ—2 | IR A7
b, Ny B ZEIRAR . % LT SEM EfR 5, Pb*
PrRZE% Tld ZIF-8 OffbE S MR STV D
IZxt L. Co* DG EITE S TN D Z L AVRIR
Ihie, KifathA XADHER D ZIF-8 ZWAEHI& L
TeBEIZ, PO* CIIRAE R EDN & - 7o DIk
LT, C* DG EITITEDLL RN 2 b b,
Po>* DI IEEICWAEBLG, Co* DA IZIEA 4
VRMEBIGNHEITT A Z ERBH BN E T,
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AIEIVL—FREEDAYV) OR—R—REBEFEIZEZ S

HABEDZE

ROPRZER R B TeRt BRI EHE) O/NR KRB, 48 K

VY == TRRIG R 2 < VOC D—
FETHY, BWCKEHLITE L WOBEH I 23T
TWb, HEVEHT VY o= X —[EAN I E
PRV HIN TV DS, AR BB EOB]
KB, K0 SRR ZRERI OB I ST
V%, —J7 T Metal-Organic Frameworks (MOFs) |
WHARDOZ AN B E L CHEEZED TN D, A
fFFETIX, MOFs OFTHA I ¥V L— MERD
ZIF-8 (AFL#E 0.34 nm, SOD %, Sger = 1650 m?/g) &
MAF-6 (HiFL£E 0.74 nm, RHO %!, Sper = 1100 m%/g)
(R Z ST, BRALKFERKUIKTT 2o Rt %
REAE L. AL O EE B ST LT,

n-Hexane #WHHE & L7856, ZIF-8 & MAF-6

DEWEREIL BET HRmFEIZH X2 pld 24
R L 7po72, —F Cyclohexane D55 1%, MAF-6
DEWEEZR LTz, F72 Cyclohexane WA
B DEEMIT A FERE LT 2 A, ZIF-8 ZWE
Fl & L7238 13— IRET VIZ, MAF-6 D561
BIRETIMZ, TNENEGT R L o7,
DF Y ZIF-8 DA TR m WA . £ LT MAF-6
OB EITHFLNIEEDS . ENENALEBME CTH 5
ZEWRBEINTZ, ZO X HIZ MOFs OffifLIEE
13, RAGKFEW S & & WAEBLGIZ 31T DA B
W BE 52D 2 ERAL NIRRTz,
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MOF ZF#| L= ZrO, #7& SAPO-34 €A SAFDERK

PNION)

kA V7 ¢ %, FERICEE R AL T
Bo, I, HFAMERI DAREA VT 4 %215
% Tk & LT methanol-to-olefins (MTO) &3
HHEZED TS, MILEAT A D1 5Th
% SAPO-34 %, T DERMEE LAALEICH KT S
B A L7 ¢ BRI KD MTO SUGIZH
N ch o Z EnmonTns, Lo, =
— 7 HERRIZ L 2 B R RIS ER ST D,

% 2T, ABFFETIE. SAPO-34 %kt ZrO,
THE L, AR ORISR A2 RIEMEE T 5 2
& ORI D dE A R AT, FidmtE ZrOz 1%
Brensted g4 55 R S 722, SAPO-34 4t
Fil LIZIBRT 22— 2Mfil CTE5EE XD

OGS, A%, =L, WE=ER, 76 LEmn

b, £72, SAPO-34 OF s & R H DOk il
P ZrO2 7/ ki a2 BT 5 FEE LT, @Rf
FEREEIR (MOF) % ZrO, OB AL LRI
D HRLE A B% LT,

PXRD #IE D #EF2 5, SAPO-34 & i di
ZrO; DEAERDOE R 2R LI, BV Y& 7 m
— 7 TICHWE FTAIR I X Y | 4 EH Eomgdk
BN EIT o728 2 A, ZrO, BT X » TRIEM
fEENTWD Z &R oz, Z Ol % FHvT
MTO Rtz To7- & 2 A, fbdhtk ZrO, Z{Effi L
TWVRWIEED SAPO-34 L 0 & 7= fil it
EHTDHZ Lo,
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TAVBKFRIERIGIZEIT = MFI B E4 S5/ DRF

CRBR) OBRAE, =Tikk, WHED, EILEmn

BTX (Benzene, Toluene, Xylene)ld, (b5l FHTHLZ L @mESNTWS, Ll Z
mmDJFEERE LT, FERICHFEOSHVWETH OfRIEL, PR TR, 22— 27 OARGEREN
%, BATTIX, AWEIRE kDT 7 ¥ OB fiF KEWTH, MFLEAZEIZ L » TRERIIEZ 5|
IZE D EGESN TV DN, AIHEIROR B O XTI EnNMERE LTETOND,
BB, RERTAOFHNER SN TS, K Z T, ABFETIER, a—F 2 7N Aa %)
RN ANCEEN DR OF THEIC, =& v EEN TV D EEEEED MgO % HEF L 7= fildlt
%mx%ﬁ%%é%ﬁ@Am®%%#%hgﬁ MgO/Zn-[Al]-MFI Zfi#d L, =% » DRiKFEHFE

b Tnd, TEACSOEZ 31T 2 Rt dn D 1] 122U TR~
T H 2 DRIKET B BRACRIS DD —o & Too ZORER. MgO 2K 52 LI2kh, =
LT, BF T4 b5, I, =2 2 AL LU BTX OIEROR R 23] &

% BTX ~EHT 2 o BIF & LT, Zn2TA v, i D 2 b T,
T LT MFL BB 45 A b (Zn-[Al]-MFI)A3
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TSRFVIRRICAIT-HEERMREBEAEA S M DR

CKBK*, AC Biode**) ORIfEMPE*, =i 8>, NHEH*

BET T AT 7 OFZNIREEINZfE- T, T4
IV YA T IVA~DIERNEHE > TN D,
ZOFEIZE ST, TTAF v 7 EFROPEERN
FHRS D, L, (EFRRICET R LF
=R TH LD, RIEARITIZIZEALEE
XN TWR, L7 - T, i) 2 fiddit 2 5%
AL, RIREZK T SE A /b TH L
NHTFOMETH D, OO L LCE
WCHWHNTWDEFT A FoHTh, “BEA R
YA T4 FThD Betald, mVINERME K&
727 LR RO, R Y~ =Rz B
CTIEFITEWABEEE 2R3 2 L3 b T

ARG > ACPRIELR**, 79 LA™

%o UL, ShRERE 2 7 vfifLEOHIEIC

K oMEREm RIFRAZ T2 >ob 5720, i

T Ta—FRNETH D, Fxld, Beta 23t
DEF T A M EHATHRENIIZZS < ORER

MEHTHZ EICER L,

AHWFFETIE. methyltriethoxysilane(MTES) %
W22 & T, BRICE OERIZE
A L7 MTES-Beta Z & h L7z, ZODfiH, #
WRKaHRD S F 7 — B L BRSO 6 BT Al
JFFREIM LTz, O8It T, B4 T4
k@ Lewis fetEnm E L, [REERY =F L
(LDPE) s fiftEREmS M B35 2 L 2/l L7,
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In 7N Pt IC K B A FILO Y OANTY URKERIG

KHEROTRLF—L L TAENHIHEEINT
WDIR, F DRI « Bk HIERRRE L 7> T 5.
TOFHEELT, Moy AF T a~Fh

> (MCH) RIZ XD HE# A R 74 FIEIZHEHER L.

AMFFETIE, EPEREZR MCH i K SE it DB T D 7=
D, Pt/AL:0s filtfi > MCH i/ K FIEMEIZH- 2 % In D
I FICOW TR L=,

In DTN L0, IEHOREMEE ML DR
R\ L7z, F72, wthd Pt iZxbd 2 In ¥
IMEDOREEIE, 0.8wthTH D Z NN -oTz
S BT, FEHEFFD Pt MyR L Si0, #WHEIEA LT
X, Pt IR DA & [AHEOIEEZ R L. —7,

(B TR O/PMWAE, =i, b N

Pt ¥RIZ Tno0y Z{RA L7Z il ClE, Pt RO 2
HREOIEENG LN, 2N XY, Indms &
BHEIEEORHITIE, Pt & In0s ODRENEET
HHENRD.

In 0 Pt/AL0; DX+ Z 7 X2 ) ¥—1 3
XU, In OFRIMZ LD Pt K1 OEEEIRER
T, Pt IFAICHET LI ERHALNE R ST,
INEY, AICHEELEZPL Y, IEEOZEM S 4
FADEARYEIC BB A B A 7o L7z Ll L 7.

UEDZ LG, Ins fEA S VTR FEED /NS
72 Pt DAICHET DI ET, @V E ZEME
Wz, BN AERYEREEZ R LB T
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K&ZE: BaTiO NH 18FF Ni I L 27 VE=T

RFETV—RKFExFY VT THLT VE=T
Mo, BRI KFEEZRIET 720 DOLNTHE
PEREZR RS LB & STV D, Frx I hE
TICEEHLAY (CaNH <2 CeN) |2 Ni Z4HFF9-5
Z LT =T RIEE SRR BT S
ZEEWMELTEL, I TIhooibEmix
REARLERMETH D Z LD, ABFZETIE
KRR F LUK TLER BaTiOs NH, 2 BHFE L
T U =T SRR A~ DS & i AT

BaTi0s-NH, (% BaH, & Ti0, Z BifBi{A & L TARL
L7z BaliOsl, #2352 & THRR LT,
Ni/BaTiOs- N, il D 7 o & = 7 Sy fiid i & 2 F

HORILHERY) O/NERSKIN, Bk
LB B, R 7

fli L7z & 2 A, Ni/BaTiOs filfiEic b ~_THY 14 £
BWIEEZ R T EBHAL N E R T, F,
A 2 K e U 7ot P EETE AR 2 S0 L
7o & ZAMBEMEDMER STV D 2 &3
o7z, LA EORERED D RIS T 7 R R
EEWIAMERESZ RSNz, TrE=
TSRO O 2T~ 2 72912, Ni/BaTiOs
NH il T PNHy R O 4 SR A S LT &
ZAEEH 29, 30 DEFBFEDERKD ML S
72 £ T, Ni/BaTiOs NH, filtfif Tl Mars—
van Krevelen B O#AE CULIHEITL TV D &
EZ b,
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CONx ZE8H L= 0/AVYR—ZAD—FRODEREZD ORR 4R

VAR, FReeEER FTRE 2 0 B 1A 7= it
ROZFNAX—=FTNA 2L LT, KFELHEFEL
JFRE U7oREFEMS K & 22 H 218 VT
%. BIE, BREMEMO BRI A4 V7 fil
ERAFEH SN DD, ZOFHIEE IR D
BINMEE 2o TS, 2078, Zfino
EN IR R OB RO I TV D, R
Bt LT, a9 hEHR (CoNx) iz Ef
LIZREMEIDNEITHD EEZ LN TS,

WEEARIECIE, CoNx fl % @2y kORI I
R S5 Z & CHER A R TX 5720,
fRAEAE R O _BICil L7 fifRiEThH D EE XD
N5, UL, Mo CoNx FlE Al 2 15 2 B

(RBR) O zfE, =8, WH=EP, fmEilEm

DR E 72D DN, AR OEBRLT DEEE
I X DEREDIKR T CTH S

Z 2T, AWFFETIE Co &R A A iRk DE A
IZE D@D CONX BHA Y R—FAI—HRD
BRE R T, A A WK & RETE R O FH A
ERZHWD Z & T, GRiktDaRRL T DEE
OEFZFEEIC LT, BFoizth 7 aicxt L
T, ZEHRDAWAERNE, PXRD HIE K& ONEETE
TEAMEEBIR 21T\, FRERHn A T o7, &
7o, T Of A D CHRIRIR IS8 T D il

PEREZTE L7k, MO AkBivEeE & B bt

LV ENTZIMANEZ R LT,
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FL—HrHICKYEERZEA LT NiCuAI-LDH fiE D
AE —KEBERHEICE T DR E ST

BT, BIRRBOBLE DA A~ AHkD
AL )= kFHE (H) ZHLGET HKERK
B (MSR) RSN TS, FL— FAITK
BEBOSEMEEZE EXEDZ L TALRATY
%, F£7-. UHFFE=TIL. LDH Hk NiCuAl #
B LS B A & ) — ViR bR OV H,
NRZRTZEZHLMIL TS, KHFFET
X, ZoEGBImE SR ERAE LI L —F
Fl 2 A2G Lo i 258 U, MSR ST HiEME
B LR EMEHE 21T > 72,

fib i, epkyEIC LV A% L 72 NiCuAl-LDH
Z 22 IE T 500 °C THERLFE ., pH=7 IZFH%E L 7=

(BEPER) OFRA KB, #ok Eisf

¥ L — 4l (EDTA, DTPA, NTA B LU/ L=
VR L &R E ST KRR TICRE - AL
FaToe AbEYE PR R [ PR e 8 S i 2
&% Y, BOGE AR 100 mg 2 R L, 450
°C T1h®D H B, A% /) —/—KIBETRIKR
ZHEE L 280°C TO0.5~10h DL ETT- 7=,
ZOREF., ¥ L — NI EDTA % VW C LDH |2
Cu %38 A L 7= DS i O s bR 82.6 %35 K OV H,
N3 535%% kL, 10h DSHRTHZENRER
43.7 %, 239 %DEvMELZ R LTc, 2 OTEMER -
I, SEEBEACMLERE Lo kBl X
DRFBITHENFEL CHNDZ ERbhoT,
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o DEKRE)LO—X B EBIEEEM~DF A

(AEHEiE R*, TR ) ORMASER®, fALHh*

ENERHL, PR, FR3RR*, BRI, i m PRI

VrIIHEIE /S i S Tz L m— )
HERLF 2 R 7260 D, MO BEASE & H A~ L T
boH. MERBIEEZIRT 52 L TEMFHLE
MR BNDTID, HEM L L CORM M H
5. BIEREROEMZEY, TOEANEDOM
IR END. BOEETIX, AT I NT
WPRIZ K HARE « BT AA A~ 2 DG 5B
Tz L TWb. AR TIERNEZIGH L, 17
WZaEnNdV r=vi~Itro—205H%
AL, B L7 H sk Ly v — RS e %
PIRSEDHZ LT, HEMOAIR ARG L7

FPEy RS ERZ VY, Lo — 2 HEE O AL

St E b L, B L=t re—2R1%, V7
= eIk —ADLGHEETL D A VILDTERL
ENdo. Fio, RO & bl U TR RIS S
WA — 7 RS BR L, BVEEESRm LT,
HHEEFLZ L0, Bro— 2R LERm L
b EZOND. RIC, HEFLEE O RIC
BifEi A GRS, BIEEOGH ZER L7z, HEE
BT ORIIE IR, ALY & ik UKIgIC
BN U7-. HEEUEIC X0 A& Uz 2 Y FLIC b HE
WERESNTEEDEEBEZ NS, [HFE] AHF7EIT
B2 (JP18KT0037) DBk A T 7= b D Th 5.
1) M.Sato et al., PLoS One, 12 (2017)
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From Single Metal to Bimetallic Sites: Enhanced Higher Hydrocarbons Yield of
CO2 Hydrogenation over Bimetallic Catalysts

Massive COz2 emission has led to a series of

ecological and environmental problems.
Sustainable conversion and utilization of COz is
one of the focuses of today’s society. However,
the inertness of CO2 molecules and weak chain
growth ability limit the efficient utilization of
COz. Herein, different from conventional Fe-
based catalysts, a series of bimetallic catalysts
(FeCo) were prepared to investigate the effects
of cobalt species existence on catalytic yield of

CO:z hydrogenation. The existence of cobalt

(University of Toyama) OYu Cui, Lisheng Guo
Guohui Yang, Noritatsu Tsubaki

promotes the formation of small-size iron

Meanwhile, a suitable surface

composition of Co (2.4 at. %) and Fe (7.4 at. %)

carbides.

element is helpful to promote the selective
generation of Ca+ products, thus presenting a
high yield (Co/Fe@C-8). This study can provide
a systematic guidance to the utilization of high-
higher
hydrocarbon formation with high yield from
CO:a.

efficiently bimetallic catalysts for
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7 IUBRBEDEBHEELEZFNALLERE COBIRY X T L

(HFBZRBeEE 1, 7K ESICB2, #8372 Kk ReHES3, #5372 KEe#friEibs ¢4, JST & 2317 5)
OFA &1, &) Ba— 123, gk 51, Pl #lve, JgE X4, = KA 234,

EABREHARTF LT x OATEE MR T 572
DIZIE, KK D CO, #EHEEINT S (DAC) &
AT DOFESLRETH D, THEPT A 7e &g
BT EE D CO, DEIIZIZE ) =X ) — LT 2 v
(MEA) 243 L 957 2 VKIBEEA R & T
WD, P OHIF AT DI, KB COy i
KT DRI . ARFZETIE, BEROHTH
ZFIH U7 BRI K > TR EE CO, DWLIY
L, ETHRIIKHTESD DAC ¥ AT LD
BAFE AT L7z,

7 X > 1 mmol ® DMSO ¥&IEIZ =R T 400ppm
? CO2 (75 mLmin )% Jitil L7z. CO, DitffI% N,

SRt 284, (LR ] 1235
BT, 60 CTRMli L=, 4> T A > DA
JCEERHT KV TR D COL IR E DR 4 E & L
7o, PERIBLD MEA ¥ ClE, 400ppm CO, DFRZE
BhEN 2 h T 90%LL FIZIR T35 DIZkt L, Kb
TEDEREL Y AT AT 13 h 120720 &
PrEHE (>90%) ZHMEFFL, HWeT7 I EHEED
COr ZWIN U7z, E 72, I L7z CO, &5 HD CO,
60 CTHHL, W - itz 5 [ElZih7z - T
MR LCHBE RO TR D bhvie
o7, ZO XL, RitEOIKRE CO, & mzh=
TN « 4% DAC AT LS AT I v
TR DB L > TEERk L 7=,
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Ethylene copolymerization with allylbenzene

containing hydroxy group
(#BSLAKBEEE) OLijuan Guo, Kotohiro Nomura

Introduction of polar functional group into polyolefin
has been an attractive subject for development of value-
added polyolefins. The subject by adopting the direct
copolymerization approach using the early transition
metal complex catalysts generally faces a difficulty due
to an interaction of the polar functional group in
inserted monomer and the centered metal, leading
synthesis of low molecular weight polymers with low
efficiency (low content, activity, decomposition etc.).
Recently, the phenoxide modified half-titanocenes,
Cp*TiCl2(0-2,6-'Pr2-4-R-CsHz) [R = H (1), SiEt3 (2)],
especially 2 showed both remarkable catalytic and

efficient comonomer incorporation in ethylene
copolymerization with alkene-1-ol.!

We herein present our results for ethylene
copolymerization with allylbenzene containing

hydroxy group using phenoxide-modified half-
titanocenes (1, 2) in the presence of MAO (Scheme 1).
The ethylene copolymerization with allylbenzene (AB)

yielded high molecular weight copolymers with
efficient comonomer incorporation (5.6-26.9 mol%).
It was revealed that the ethylene/AB copolymerization
in the presence of 2-hydroxyallylbenzene (HAB)
proceeded to afford the copolymers containing hydroxy
group. Moreover, the ethylene/HAB copolymerization
also gave the copolymers with uniform compositions.
Details will be introduced in the symposium.

ca T| cat.
MAO
'/EO/T\ cl ; ; toluene
), SiEt3 (2
Scheme 1
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Synthesis of bio-based network polymers by acyclic diene
metathesis polymerization
(#BNZKPEEE) OLance O. P. Go, Mohamed M. Abdellatif, Kotohiro Nomura

Development of bio-based advanced polymers derived
from natural abundant non-edible plant resources attracts
considerable attention.! Previous work on tandem acyclic
diene metathesis (ADMET) polymerization of dianhydro-
D-glucityl bis(undec-10-enoate) (ME) using Ru catalyst
(HG2) and subsequent hydrogenation yielded rather high
molecular weight polymers? In order to develop more
advanced materials, we prepared the network polymers in
the presence of tri-arm cross linkers (Scheme 1).3

Upon presence of glycerol based cross-linker (CL), the
ADMET polymerization of ME by HG2 afforded high
molecular weight polymers with unimodal molecular
weight distributions; both the M, values and the
distributions were affected by the conditions. The results
have shown that using 5 mol % of the CL results in
formation of an organo-gel while 1-2.5 mol % of the CL
produces a soluble network polymer. This soluble network
polymer, after hydrogenation, showed an increase in
ultimate strain and toughness compared to the linear

polymers. More details will be presented in the symposium.

ADMET
Polymerization

N__N
Mesc‘//Y Mes
‘Ru=CH

Cl

_o

Mes =24,6-MesCeHz  goluble Network Polymers

Scheme 1

(1) K. Nomura, N. W. B. Awang, ACS Sustainable Chem. Eng.,
2021, 9, 5486-5505.

(2) K. Nomura, P. Chaijaroen, M.M. Abdellatif. ACS Omega,
2020, 5, 18301-18312.

(3) D. Le, C. Samart, S. Kongparakul, K. Nomura. RSC Adv.,
2019, 9, 10245-10252.
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B KREeE) OaiBeEsh, OMEls, HAEsE, ILiRakE], BAERL

N=TF 8 & UK, CpTiCls (1), Cp*TiXs
(X = Cl, OMe), Cp*TiClx(0-2,6-MexCeH3) (2). (X
VOFETF IR AF L DAL E LT
HHNTND D, L OEIR XAFS JIEIZ L 5
Cp’TiCly(0-2,6-Pr2CeH3) (Cp’ = Cp, ‘BuCsHy) filifit
ICL DV VA RERIAT L U EA OBERERAT T
1L, MAO TlEIZ2<, AF L AT LY b Ess
BT ST HEOD 3SR EMRE S L CTER
LT ENRBENTD, Eo T, TOFEEN—K
W7e T2 SRR RO FETH D = & & hk
BT D0, KHEAN—T7F X vtz XD
AT b EG OWIERRATIZED FLATE,

V= R D Ti K-Edge XANES A7 kL
(Figure 1) XV, K122 MAO 2L

THMMEE(RIZR T, AF LU OBz LY
3MFED A STz, ZOFRFET, BERO
FERDE—H L, Z OO D 3
MREN AF LoDy VA R B A OFE MR &
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Figure 1. Ti K-Edge XANES 27 kL

1) Byun, D. J. et al., Macromolecules 2004, 37, 5530.
2) K. Nomura et al., Organometallics 2019, 38, 4497.
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FRADT A2+ X (ADMET)

HEEHITED

NAFTR—ZRRYIRATFILDOERK

HATEOMEIE D VYA 7 VATRE &+
BEREM B ORI T, 1RO F A RO & 72

HEERIEMRN TH 5 LS TV D Y
R CIRESNRBMARSAM FTodry
VAL A (ADMET) #HA &-2-3< tandem 7K
FIC L AR Y = R F L OARRE IiEw, A
JECIIMED I & B LA HFFE S N DR HELD
a,0-YTr (M) &K an-vT & OREAK
DARUCE Y fHLA TS (Scheme 1).

o
WO i) ADMET polymerization
7= H R cat. i CHCI3500
=0
(i) tandem hydrogenatlon
o7: AI03H1OMP 50°C
H o

M’N NM

cl,
"“"Ru=
Ru cat. } \
HG2 or O
DCD Scheme 1

(ERSLRBEER) O/MESETE, BFATERL

M1 & DCD (1,9-decadiene) DItEH G % #FlE
VEETHET L T, HIERDSFeOME A3 5
RS DR ~ =G0, HonsRY
~—D5F &3 Ru A ESEA R M O EZ X
o, EEBRTISEEERATT O 2L TR
MLz, BEAEBORISERDROT VI T %
WL, KFEEITSE. KBELLZEORY ~—D
rﬂm FHE—T, EHYzOREGEzmD 5 L R

L, Als72Y100°C i x 5 LEEERPEF L.
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/A= ¥ AN S/l = N A N /= SN

(#SLKRBEEE) ORJES IR, BPAT ZFA

/\+<> Treat W7 xﬁ/&Cﬁ
©® %W

Scheme 1

TR EDRERRRA VT 4 & OILEG NI
TL. GPC X°DSC 7¢ E OfERZFLIT, 43 F 8D
i o 7B — R DO IR Y ~— 3G b, B
WAV T 4 U ERE T T AR LB EIR )
RRAZ L, FRIRERIRRA L7 4 B ETIR, = F L
VHEAKRLY T T AEBRENEL 2D T EN
HIBA LTz, RAZ =R TEMZ HRET D,

1) (a) Wang, W.; Fujiki, M.; Nomura, K. J. Am. Chem.

Soc. 2005, 128, 4582; (b) Liu, J.; Nomura, K. Adv. Synth.

Catal. 2007, 349, 2235; (c) Harakawa, H.; Okabe, M.;
Nomura, K. Polymer Chemistry 2020, 11, 5590.
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Formation of active nanostructures of Ziegler-Natta catalysts
by chemical activation protocol

(JAIST* - DPI** - UNITO**) OToru Wada***, Alessandro Piovano****,

Gentoku Takasao®, Patchanee Chammingkwan™**, Elena Groppo™ ™,

Minoru Terano™**, Toshiaki Taniike***

Ziegler-Natta catalysts, obtained by chemical Mg(OEt),
activation, are known to be highly active in :
olefin polymerization. We pursued the evolution m
of catalysts during preparation by multifaceted < Heating up 1060
analytical methods to investigate the origin of 2 T Y < Din-buthylphthalate
the active nanostructures. K

110 Cfor2h

Acknowledgments: The work of T. W., A. P, “%/
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research programme of DPI (P.O. Box 902, 5600
AX Eindhoven, the Netherlands), project #802.

TiCl, addition

Final catalyst
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