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Abstract: Temperature-programmed methanol conversion was performed in a microscale fluidized-bed reactor and the deposited coke spe-
cies formed during the reaction at different temperature ranges was analyzed. By combining effluent detection and measurements of confined
coke species evolution with thermal analysis and GC/MS, a particular phenomenon that appeared in the methanol conversion was explained.
Among the coke products, besides aromatic coke species, a new kind of coke compounds, multi-ringed alkanes, mainly composed of methy-
ladamantane hydrocarbons were found in the low temperature range. The generation and accommodation of these adamantane hydrocarbons
on the SAPO-34 catalyst suppressed the successive formation of hydrocarbon pool species, polymethylbenzenes, as the reaction center of
methanol conversion, and caused the low activity of the SAPO-34 catalyst at low reaction temperature. In the temperature range of 300-350
°C, methylbenzenes and methyladamantanes were the main coke materials and they were transformed to methylnaphthalenes and polycyclic
aromatics at higher temperature. The evolution of the confined coke compounds corresponded to the initial reactivity enhancement of the
catalyst at 300-325 °C, the lowered activity at 325-350 °C, and recovered methanol conversion at 350-400 °C. Based on the coke analysis
and catalytic performance tests, a new deactivation mechanism was proposed for the methanol conversion with the consideration of the
abundant formation of adamantane hydrocarbons as the confined materials at low temperature.

Key words: methanol conversion; coke deposition; temperature-programmed reaction; hydrocarbon pool mechanism; deactivation; ada-
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Fig. 1. Effluent distribution of fluidized-bed methanol conversion under the condition of temperature-programmed increase.



370 o

E [

Chin. J. Catal., 2012, 33: 367-374

HA I B AL 075 e 2 B Cy JRURE R A 7R g
KR, 7Rt XA 30 45, fEpEE MTO It #4211
KIE, BEXTEE— A C-C B ARk, 2 T A4 T 20
Folt [ S HLEE, 5 2% STHR [7~12] 4 H A0 42 vt L FE 45 3
TSR A EAR M SRR, JEIRAE Tz IR fERM
LR, C-C BRI AE BT ARIR T Cy BRI B FE AR B
SORE, T A B AT T R PR S Yt A P SR 1 AT 22 T
i RELE R A B — R AR, A T
C-C Rt C M AN 2 =4 (L X 1).

C,H,

-nH,0
NCH;O0H —2=» (CHy)n

T l \T> saturated hydrocarbons

arimatics
C4Hg

EX 1 FEELRBNE
Scheme 1. Hydrocarbon pool mechanism of methanol conversion to
olefins.

WETTR W, ke i) M i) S5 4 5 20 5 0 AL 7 Y
LR AR DR, {E ZSM-5 L, it ) i g R B I A
BRIE B 1, T /E SAPO-34 fiE AL 771 0]y 22 F AR BUAR
R IE B 724 J R T AR R e Y b
A MARBR (T 20 9 = A B, U R B e as
IS B BRI OGS B B U1 R T AR B, R b i
L G S N R E S NI B, R AE S i
PEr G ERAL Y, A RTER B, BT R
HH L B A D K B R B, 52T TN A J
T 5 53 1 97 2 T R A v 0 T A8 e 182 3R R, HH ¥ 8
BEAG. R AT DL, SR e s AL B ) I A S N
oy IR AL TR T RO 45 B AE CHA JE IR A Bl
YR I 5¢, R THR R, W e AL BE AN
Wy b 7 F) S5 8 RE T B A R A AR B (LA 1),
i AT TCME AL PR I ) b A T AN I A LA R S
BRI 2R RO, il R 1.1 s,
RICT 9 > A 250°C T A A% 7 T il I N2 2 AN A
JS7 I FEE PR A TR R, FHF AR 2 1 0% B 2205, %
CH.Cl, A HUAH AT (B F 20 T
221 FEFFHERERR AT IR P EALTIARR Y6
A

2 25 T REF THE S B RE SR AR 9 A
it (0 &, IF RS T8 B A A B 3 B AR A

FAR PR A o3 b 45 1 138 1. X T M 250°C
TF a6 5 W RERE AT 2 fih F A2 7 R ) . & 300°C B
SRAT PHE AL FRE &, €800 1% A A A I 2144 46 77 B 3T
FRIA WL . X0 BT F R A RO (] 1) 7R
T 300°C U5 DME 7=k H B A% A7 HAh 2 28 A8 ik
PRI I 5. 4k S8 T ORI FE, 720 iR & 313
°C (1) AL TR it ik A7 e DU B R B, e A R b T
DA WL FR, BEOEAE v 48 it i P ot (1) 2 H 2R AR
2K (polymethylbenzenes, {4 ic A Poly MBs, Me =
4~6), L FE /N H LB (RT = 13.82 min). i A&
AR 2K (RT = 11.61 min) A1 PY H 3 B AR 2K (RT =
9.31 A1 9.36 min) A4 ple. HoH B g i PR /N B RR L
AR T8 M B, AR DUAR ) M b A /> & R
JE LR T S IR R R B R 3 S I A R, R I A
A B 5 3 L PR I I G i O e A G At A 2 1 e A
Yk 22 T4 6 A 325 Al 337°C, o 3 B A 4 A0 DY T 3
BRE S SRS BL. A, BEE RN & R
KWy, EE NI WIEAER Y CL AR, e,
b F L BUAR (K Y Fh (lowermethylbenzenes, fii ic A
Lower MBs, Me = 0~3), 1357 (RT = 3.69 min). H
7% (RT =4.56 min), —H % (RT =5.77 #1 6.11 min)
A= H % (RT = 7.14, 7.52 A1 7.95 min), 18 H L 7E @
W . HAFVE R, £E S T 300 °C S B BE 3R
73 BOFE S, AR R A B, A LR 3 A B 05 2
Ve A, € PR DU 3 1 /D BRI R RN B b g DA R
T — KR E KRB =), 4£ RT = 9~12 min
YO A, O 5T TS A TR R R AR e ) 0 IX
e R U AN 2 SR IR T 05 e B, 9 JF JE KRR SR A —
PSR BA b ke, o B )9 R X G LA Bl Oy — 2R
F 2 It 1 KA B W) —— & W e J e 2 3R Ak
E N, fE SAPO-34 Ak 1 P BE B Ak I N A, 4
NIl e B AT 25 W3k SR AN SR A S AR W B, SR
e 47 38, {XAE Kolboe U418y T4 o, 76 325
°C I 2 Ak R T 46 IR B B 11 A 701) 5 A i )
DGR R A D). A, B R 4 W e 8
JE A G Y AE H LI AL B I 5 0 BSOS A I
(313 °C) R Hi 30 78 M4 4k 770 B B 4 Fb o, £ 325~350
°C X [A] CR KB AS 5 aR B, R aX — I B Y [ A 1
A5 b B A RO DL AR 32 AR B B ARk 4 1T 1
X —RITR T A2 77 il S8 R 4 Ab 1o 75 v] g 2
% B BT A= B A it 47 ol B R EOAR SR AN X — S ) Y



www.chxb.cn AR S FEFP R AT T B R AL BB SR A R A AL 77 SAPO-34 TS 371
A Lower MBs (Me = 0-3) Poly MBs (Me = 4-6) Cycloalkanes
® Adamantanes 4 Naphthalenes * Polycyclic Benzenes
300 C
— 313°C
] SR
“ & t A [ ] " _125 C
A 17 Lral
A AA AT 4 * 337°C
| A L A u m nl._.h‘ L ¢ .’
Ad, <B4 -_t " Ve . 350 C
G I SomE T 90 2%ee
AA A, S -
A4 e oA omdthe vy 0 swee x o 362 €
A A AA Ad, : . “0 weoe * o 375 C
Ah A, .L_ . _;.'L A A A
*
*e po s
AL AA LS ’ﬁ ”0 e  * 388 C
A A . . M f lk
AA AA * e y K
i M J_*ML 1 W S .. SR i .
S ) e e = L |'|'|'|'|'1'|'1'|'|
4 5 6 7 8 9 IU Il ]7 13 14 15 16 17 18 19 20 21 22
Retention time (min)
B2 GRERHANPEERFAERMNENRRD R
Fig. 2. GC/MS analyses of coke species deposited on SAPO-34 catalysts after temperature-programmed methanol conversion.
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Scheme 2. Coke species evolution in the temperature-programmed methanol conversion over SAPO-34.
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