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Fig.1 Apparatus for synthesis of adamantane
I —pressure reducing valve, 2—nitrogen steel cylinder,
3—hydrogen steel cylinder, 4—heat-up magnetic agitator,
5—emptying valve, 6—pressure meter,

7—stainless steel autoclave

/i
a7

JA Ul TN T A i

1 2 3 4 5 6 7 8 9 10 1 12 13 14
t / min

P2 SR AR SR O € 3 1
=3B ke () , 2—acrylate,
3— P E R 0 (b R ), 4—@Rle ( B ™ 9)
S 300 A XA R R (ML), 6— S ALTT 3R 7= 4

Fig.2 Typical gas phase chromatogram of reaction mixture

1—cyclohexane, 2—butyl acrylate,
3—exo-tetrahydrodicyclopentadiene ; 4—adamantane,
5—endo-tetrahydrodicyclopentadiene ,

6—hydrocracking by-products
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Table 1 Effects of temperature on reaction

activity and product distribution

reaction X Yion Sapn Yy S (ADH + exo)
temperature/ C /% /% /% /% /%
210 53.33 3.55 6.66 47.08 94.94
230 49.86 3.92 7.86 43.73 95.56
240 86.74 7.93 9.15 72.92 93.21
250 91.75 11.95 13.02 75.49 95.30
260 89.62 10. 08 11.25 74.40 94.27
270 93.26 9.03 9.68 32.24 44.25
290 95.65 5.33 5.57 20.16 26.65

Note: X, Conversion of endo-TCD; Y, ,Yield of ADH; Y, ,Yield of
exo-TCD; S, py , Selectivity of ADH; S ypy, o) » Total selectivity of ADH
and exo-TCD.

H 22 1 a] U 24 50 i B A 240 °C DL i
PR LA B T 1, endo-TCD H 436 (X) /. RN
TR EEAE 250 °C B 4 MIMGE IS0 (Y ) FHAEFEE (S )
B X S5 E S TSR H REY , Pt-Re-Co/REUSY %4y 7
G A 0 0 Sl A A SR S LT 2 S R T
270 C i, 2440 TF R R ™ P AR i S RO, A M BE
RS SR REAR . SR A R T BR 24 SR X
— SR T AR RN L RE T R Ak R
F B , ¥ i 52 07 T EE 7E 240 ~ 260 °C A5 1 T 48 =i 4 NIl e
WA A A AL S B FETE (S oy ) o TE EIRSMFT,
endo-TCD B &S 43 5% Ak 4 W be Z b, K 43 Ak H
T3 — P AR exo-TCD ( TG 4 ¥ 14 ) , exo-TCD J& —Ff
WA RESRRL S B B IR IP-101 T oy . R FAA
FEALAR Z2 0T LA TR B 5 1 T (4 WIS ) K (exo-TCD) 1
F REAL G 9 o
3.2 RESSEHNNEZN

TE 4 WIoE G ek i v, A ) 5 Tl A A A o 7
3] 2 1 B S AL ) (A0 = S ER) TE B E R 4% AW,
AT T BORE A7) 2 36 o o T 98/ BT B A T 00 AR A,
— R R AE — 2 R ) B &R AT A AR .
PL SZ(10% ) /REY fE AL, %5 42 T &< 1 4R
LK 7 0 4 A 5 )

A L

endo-TCD exo-TCD ADH

hydrocracking
by-products



250

03

o
He

/I 814 %

H1 S endo-TCD {4 S )i Py 72 A A1, endo-TCD
B e A o e U R A A exo-TCD, SR )5 F152 # fk
4Nk ADH sl I 36 2840 S 2 Fft /N 53 -7 A A R
(P2 A 3 P b 22 /0 B+ 2 R R AL TT 36 7
¥). M endo-TCD #F| exo-TCD 13| ADH X W 4 F 44
AT A TR N 2 N2 o N S N s o i D
JE PR R T g AR A %) S K A B B BRI . {H
TR IR R, exo-TCD Bi T Al 57 449164
ADH Z b, ik A7 IF 30 240 Rl S B i) 4 28, i T o —
J I Jegs TR BRGSO, 1 AR T T 1 R0k 3% B A
MR P, WEEAS ROV IR ROk E 38 RIS T, A
1l 400 ) T B SR B S B ) i e S R A R e A
HIZ 2 Al LUA L fE—E AR R I L™ )
A E R D, i SRR . AR IR
endo-TCD J & WI K U A — & % . & & (Pu2 ) T
1.5 MPaltf, 4 Wi bg e e £ AR o

R2 SENREEMERY 560
Table 2 Effects of hydrogen pressure on reaction

activity and product distribution

Pu, X You Sapu Yo S(r‘\I)H exo)
/MPa /% /% /% /% /%
1.0 82.35 4.85 5.89 74.25 96. 06
1.5 91.75 11.95 13.02 75.49 95.30
2.0 85.92 7.62 8.86 72.37 93.09
2.5 85.74 5.90 6.88 74.31 93.55

Note: catalyst; SZ(10% )/REY, catalyst(m)/reactants(m) =0.625,
T=250 C,t=3 h.
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Table 3 Effects of ZrO, loading on reaction

activity and product distribution

catalyst X Yipu Sann Yoo SCADH + exo)
/% /% /% /% /%

REY 94.81 5.24 5.53 54.81 63.34
SZ (5% )/REY 94.56 7.26 7.67 74.81 86.79
SZ(10% )/REY  91.75 11.95 13.02 75.49 95.30
SZ(15% )/REY  90.83 17.33 19.08 58.10 83.05
SZ(20% )/REY  88.56 22.77 25.71 60.38 93.89
SZ(100% ) 89.03 5.27 5.92 73.15 88.09

Note; catalyst(m)/reactants(m) =0.625, T =250 C P, =
1.5 MPa,t =3 h,the same as Table 4.
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Table 4 Comparison of catalytic isomerizing performance

of various molecular sieves

catalyst X Yiou  Saon Yo  Sani +exo)
/% /% /% /% /%

REY 94.81 5.24 5.53 54.81 63.34
usy 92.36 8.45 9.15 80.39 96.20
Si-MCM-41 1.73 0.01 0.83 0.49  28.38
S7Z(10% ) /REY 91.75 11.95 13.02 75.49 95.30
SZ(10% )/USY 86.56 13.44 15.53 72.10 98.82
SZ(10% )/ Si-MCM-41  89.08 12.96 14.55 62.40 84.60
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Synthesis of Adamantane with the Modified Molecular Sieves Catalysts

GUO Jian-wei', LIU Sa’, TAN Jing-ming', LI Long-huan',
HUANG Bao-hua', CUI Yi-hua', Y| Guo-bin'
(1. Faculty of Chemical Engineering & Light Industry, Guangdong University of Technology, Guangzhou 510006, China;

2. College of Materials Science & Engineering, Southchina University of Technology, Guangzhou 510640, China)

Abstract: Adamantane was synthesized by the batch reactor system in the presence of hydrogen using endo-tetrahydrodicyclopenta-

diene (endo-TCD) as reactant,solid super-acid Zr0,-SO>~ (SZ) loaded REY,USY,Si-MCM-41molecular sieves as isomerizing cat-

alysts. Loading Zr0,-SO}” on surface of molecular sieve was helpful to increase the yield of adamantane. The effects of reaction

temperature , hydrogen pressure,the content of the surface loaded ZrO, and the types of molecular sieves on synthesis of adamantane

were investigated respectively. The results show that higher temperature ( > 270 °C ) will increase the yield of hydrocracking

by-products which led to the decrease of adamantane yield. The highest yield of adamantane (22.77% ) was obtained by using

S7Z.(20% )/REY as isomerizing catalyst under the following conditions: catalyst/reactant(m/m) is 0. 625, reaction temperature is

250 °C ,hydrogen pressure is 1.5 MPa,reaction time is 3 h. The total selectivity of adamantane and exo-TCD was as high as 95% .

Key words: physical chemistry; adamantane; synthesis; molecular sieve; isomerization



