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CO +H, _ZEOLITES _ AROMATICS AND
T L.CRVII BSRANCHED HYDROCARBONS
METALS

ZEOLITES sucH AS ZSM-5 PROVIDE SELECTIVE ROUTES TO GASOLINE
RANGE HYDROCARBCNS OWING TO THEIR SIZE AND SHAPE SELECTIVE
PROPERTIES, AND THEIR STABILITY TO STEAMING.,

MECHANISMS TO BE EXPLORED 3Y US ARE ILLUSTRATED BY THE FOLLOWING:

METAL .
+ H ~ )
@ 2 ~FuncTion” [CH3OH — CH3z0CHz + ”z{l

ZEOLITE _ cot
FUNCTION® ghgs ETC.

BOTH FUNCTIONS CAN BE ACCOMPLISHED ON A SINGLE CATALYST SUCH

AS A ZEOLITE IMPREGHATED WITH Croup YVIII ELEMENTS.
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Structure of synthetic zeolite ZSM-3

(Reprinred from Narure, Yol 272, No. 5652, pp. €37-£38, March 30, 1978)

Fig. 3 Sieieial ciagram of the (100)-face of the ZSM-S unit ceil. Fig. 2 Skeletal diagram of the (010)-face of the ZSM-5 unit cell.
The y-aais is horizoatal and ihe z-axis is vertical. Oxygen 210ms The x-axis is horizontal and the s.axis vertical. Oxygen atoms
are not shouwn. The nearly circular 10-mambered ring aperures are not shown, The 10-membered ring apertures shown are the
sa0wn are the entrancss to che sinusoidal channels which rua entrances to the straight channeis which run parallel 10 {010].

panaliel 1o {100].

Fiz. 1 Characieristic configuration (a) and its linkage within Fiz. 4 The channel swruciure in ZSM-S.
chains (&) in ZSM-S5. These chains run paraliel to {001]). Only
T-atorms (Si, Al) are shown.
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Elliptical 10-ring
straight channel
(5.7 A% 5.1 A)

Near-circular
IO-ring
zig-zag
chennel
(dia 3.4 A)

Possible model of the pore structure of ZSM-5 and silicalite.
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BERTY REACTOR, HZ/CO=2, P=300 PSIG,

T=280°C, GHSV~1400

CATALYST ZSM-5  SILICALITE
(1£.1% FE) (13.6% FE)
CO CONVERSION % 50.8 39.4
H, CONVERSION % 33.0 16.5
LIGUID PRODUCT CHARACTERISTICS
AROMATICS % 33 4
OLEFINS % 34 41
SATURATES % 31 53
OXYGENATES % 22
% GASOLINE (B7< 204°C) 92 77

RESEARCH OCTANE NO. 88.3

36.0




COMPCSITION OF OLEFINS IN CZ

Catalyst Functional group (wt %)

| olefin 2 olefin Br-!-olefin
ZSM-5 (Fe) 1.3 3.2 1.3
ZSM~-5(Co) 1.6 JO.S 1.9
Silicalite{Fe) 15.4 1.3 0.0

RESULTS OBTAINED 2Y D.-H. FinsztH, PETC
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BERTY REACTOR, H,/CO=1, 308 PSIG, 280°C, 1000 HR™L

CATALYST (16.1% FE) (5.4% FE, (5.6% FE, (9.9% CO)
(ZSM-5 +) 1.3% CO)  4.5% CO)

CO CONVERSION % 61.5 23.1 30.8  53.5
H, CCNVERSION % e0.1 38.8 46.5 87.2
LIQUID PRODUCT CHARACTERISTICS

AROMATICS % 18 23 5 1
OLEFINS % 67 37 51 66
SATURATES % 13 28 38 50
OXYGENATES % 2 12 6 3
RESEARCH OCTANE NO. 87.0 50.3 72.7 57.8




CATALYST: ZSM-5 (10.3% Co)
IMPREGNATED USING SOLUTION CF COBALT NITRATE IN WATER OR ACZTONE
PROCESS CONDITIONS: H,/CO =1, P =300 PSIG

MATER SOL. ACETONE_SOL.

TEMPERATURE 280 300 280 300
CO CONVERSION 3 47.6 56.2 39,4 407
Hy CONVERSION 3 92.5 94, 4 83.1 90,2
CHy, IN TOTAL PROD (WT.Z) 5.5 32.8 39.9 39,9
HYDROCARBON PRODUCT DIST. (WT.Z)

€ - Cy 52.8 81.7 48.9 3807

C5 + (LIQUID) 47,2 18.3 5.1 19.5
LIQUID HYDROCARBON PROPERTIES:

AROMATICS % 5.0 14.0 7.0 49.0

OLEFINS Z 54,0 61.5 37.0 360

SATURATES 2 41.0 24,5 56.0  15.9

5=10
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Table 1. Product Distribution From Syngas Conversion
Using ZSM-5 (10.4 wt % Co) Catalyst *

Feed Gas: Ho/CO =1, P=300 psig

 TeMPERATURE (O() 280 280 300

. FrLow Rats (GHSVO) 1000 500 500
CO ConversioN (2 38.1 35.8 51.0

* Ho Converston (7) 85.0 85.1 Q0,9

* Bvyorocar3oN PzobucT DisTRIBUTION (%)

€ _ Gy 55.4 §3.3 80. 4

C5+ (Liauid) 44,5 35.7 19.5
" Liquip HyprocarsoN CoMPOSITION (Z)

AROMATICS 7.5 17.0 33.5

OLEFINS 53.0 50.5 38.0

SATURATES 39,5 32.5 28.5

*Co IMPREGNATED USING THE NITRATE SOLUTION IN ACETONE

5-11
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Table 2. Conversion and Selectivity to Liquid
Hydrocarbon Products of Two ZSM-5 (Fe)
Catalysis Prepared by Diiferent Methods,
as a Function of Time on Siream.

Feed Gas: Hz/CO = 1, P=300 psig,
Flow Rate (GHSV) = 1000 hr

CustraTive Tiuz (Rrs) 0-48 48-Cg G5-16R

7SHM-5 (187 Fe) CO conv 7 St.6 S4.1 S5.3

TS IMPREGNATED HZ CONY 7% 54.9 B4.b ge.s

LUSING FES(CO)IZ LiquiD CHNZ £9,.9 47,1 45.5

ISU-S (14,57 Fe) CO cony 7 75.0 59.5§ 71.
FE IMPREGNATED Ho conv % gt.4 71.2 73.0
| vIA PRECIPITATED Liauid CHyZ 30.5 18.0 14,2
" CATALYST

®CATALYST PREPARED BY JANET E. CRAWFORD AND GorpoN A, MELSON,
DESARTMENT OF CHEMISTRY, VIRGINIA COMMONWEALTH UNIVERSITY, RI1CHMOND
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PROMITER ACTION OF THORIUM

BERTY REACTOR, H,/CO=1, 300 PSIG, 1000 R

CATALYST {6.8% CO) (10.2% CO,

(ZSM-5 ) 1.5% TH)
TEMP °C 240 289 250 280
CO CONVERSION % 28.3 30.0 35.5 78.3
H, CONVERSION % 52.7 59.6 8a.1 92.5
LIGUID CH,, % sa.1 34.4 67.1 58.2
LIGUID HYDROCARSON CHARACTERISTICS
ARDMATICS % 5.0 6.5 1.5 3.0
OLEFINS % 23.5 21.5 83.0 63.0
PARAFFINS % 71.5 74.0 15.5 29.0
RESEARCH OCTANE NO.  37.7 9.9 62.1 86.0

5-14




Catalyst

H./CO in feed
Pressure (PSIG)
Temperature °C
CO conversion %

H2 ccnversion %

Hydrocarbon Przduct Distribucion:
Methane

CZ - C, hydrocarbons

Cg" (Liquid)

Aromeztics in C;

Research Octane No.

PETC Catalyst
Z8M-5 (Cg, ThOz)

1.0 1.0
300 300
280.0 279.0

78.3 82.2
52.4 94.4
28.2 19.8
10.8 10.6
61.0 69.6
3.0
86.0
5-15

Maobil Catalyst
ZSM-5 + ThOz

1.0
1200
§26.7
22.4
15.2

17.3
73.8

8.9
41.6
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Sc, 1000 HR T

~ATALYST NU-1 (10.3% F5)
T=MEEC 280 300
CC CONVERSION & R 58.2
. CONVERSION % 52.2 53.8
LIGUID PRODUCT CHARACTIRISTICS
AROMATICS % 3 3
OLESINS % 78 7
SATURATES % 16 25
OXYGENATES % 2 1
RESTARCH CCTANE NC.  55.6 6.0
5-17

NU-1(10.3% .:@

-« H-MORDENITE

280 300
29.& €5.9
3¢.0 60.5

é 5
68 7t
21 19

5 2
75.8 79.7




SIRTY REACTOR RESULTS Wi

FROCZSS5 CONDITIONSE: =,/C0=0.62

-

CATALYST: 10.5% FZ-NU-Z - .5%

CO CONVZ=RSICN %
=, CONVZRSION %

LIQUID PRODUCT C=HARACTERISTICS

AROMATICS %

OLEFINS %

SATURATIS %
OXYGSENATES %
RISZTARCH OCTANZ NC.
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THORIUM HAS SIGNIFICANT SROMCTER ACTICN
w=HIN  ADDPZD 70 ZSM-S(C0;, CALUSING
ENHANCDMINT CF LIGUID =YDROCARION
YIELD AND CCTANI RATING GF /RCIDUCT.

T=Z CATALYST Z3M-3{CC) waE FOUND 70
YIZLD A CONSISIRASLY =IGHER FRACTION OF
AROMATICS  (£9%) w=EIN COsSALT WAS
INTRODUCED IN AN ACSTONI MIDIUM, IN
COMBARISON TO THE FRACTION (12%)
O2TAINIS WHEIN COSALT WAS INTRCOUCT IN
AN AGUEOUS MIDIUM. IN S0TH CASES,
COBALT NITRATE WAS THE SALT USID FOR
IMPREGNATION, AND THE REACTION WAS RUN
AT 306°C.
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