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Table 1 Main indexes for the diphosphite ester ligand
TiH FRIRER
LN FER AR [ 4
2UEE/ % =99.7
BRI R % =74.6
AP E % =6.80

AR 2- T SRRk A AR A R Tl 3 &
HARELR A i Y 28 S P WAk A 7 2- P9 B B I 1 R
B 6 T/ AE AR/ b AL BS | ERS hE
XF 0. 1 mL/m*, FLA AR L3R 252- T 45 JERk Y 32 22
M3,

F2 AL
Table 2 Composition of syngas

44y WA H %
co 49.12
H, 49. 07
o, 0.41
CH, 0.29

K3 2-TIRIEORHAY B

Table 3 Main components of the 2-butene raw material
Har JEE IR 53 B/ %
1- T 1.01
J-2-T ¥ 41.13
R2-T ¥ 51.73
5 T 0.0l
1ET ke 5.96
5T ke 0. 06
AT 0.02
S ke 0.08
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2- T B T2 MR A 1 s, WAH
2- T JERHMRUGE T 4 A A Hodr 55 1 Mk
TE P A TE PR AR | I 8 2o I S 2 K A
AL S, T B T P A AR 5 5 2 bR Ay
AALEE i T i S i — 2D BB S S 56 3
A THE N 2 A 2 T e, IO B S s v ) 8 T s 2 0
2- T ek 5 b i AR R A B4 R A

T4 2- TR LRI Y 2R B AR A9 FE bR 2R
Table 4  The impurity content of 2-butene raw materials before

purification and the index requirements after purifica-

tion
1
Fe I 5y -

LT HibfE

B AR/ (mg-kg™!) 15 <0.1
BEER/ (mg-kg™!) 32 <0.1
H ot/ (mg-kg™") 25 <0.1

1,3-T &/ (mg-kg ™) 46 <5

HZ

EbIE R

2- T

mo| | |cuc @’ Pd/C

B 2- TR e T 2 AR A
Fig.1 Flow chart for the purification of the 2-butene raw

material
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Fig.2 Flow chart for the side-stream test unit
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Table 5 Operating parameters for the autoclave in the

side-stream test

ey By
BATSHL
—WRNE YIRS
S FE F1/MPa 1.2 1.1
SR/ C 73 £2 73 £2
2- Ttk (L-h~h) 32+5 Be— e
AR R/ (L-h ) 750 +50 325 £25
WL/ % 70 +5 70 £5
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2.1 R EMEMRBRER
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TE 20 °C N HLE T AR 23 OO IR e S8R 4
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Table 6 Influence of the space velocity on desulfuration,

dechloridation and deoxidation at 20 °C

234/ pstiTien v SRR S/
(grh™ L) (mgekg™)  (mgekg™')  (mgekg!)
900 - - -
1300 - - -

1 800 - 0. 06 -

2400 0. 06 0. 08 -

3000 0.11 0.13 -
- RARKL

TE20 CFHEE THZ#H 900 ¢/ (h-L) Fl2 400
g/ (h-L) B SELFEAE A AR | B0 G2 R SRS e, 45
7 i, HET AL FAEZ3H 900 ¢/ (h-L) B4
T I PEEARSR AR RN B4 P e S A A A
FH 1000 h J&,2- T8 ol Rk AR R AR SR 4
2L EF] 2400 g/ (h-L) B, £33 1000 h J5 2-T 4
Tolk sk S AL S S B AT 0.1 mg/ke, B A&
AR 0. 01 mg/ kg, FWIE AL R AL B2
T MR LR AT R A O SR SR
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Table 7  Stabilities for desulfuration, dechloridation and deoxidation of the packed columns for different space velocities at 20°C

900 g-h~'-L"! 2400 g-h'-L!
X5 E]/h PEN VA MES R/ Him/ Sy TR BAS R/ =i
(mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
200 - - 0. 06 0. 08 -
400 - - 0. 06 0. 08 -
600 - - 0.07 0. 08 -
800 - - 0. 06 0.09 -
1 000 - - 0. 06 0. 08 0.01
e S AL
2.2 1,3-TZHEHBRBRER 20
R BEBEPE AL In &% 2- T 9 Tolk JFORE ) %
13- T IR A bR . e il 5 1,3-7 gl-sN,
TSR E R 1,05, fE 40 C 4R 5% 5 = o
2100 .3 200 .4 200 .5 200 .6 300 g/ (h-L)iX 5 f~a5 i %
ZMEXF 1,3-T i Wi BR AR B 52, 1,3-T 41y T osp
KOS5 R AR, T — 2258 2- T T -
N N - 0 L 1
b Rk 13T X R AR 5 e ) 200 o 800

JEORH SIS R 9 1,3-T 0, JF7E 40 °C s i
2100 g/ (h-L) M40 T 17l 45 L sk 8
Ro M AL JER R 13- T T S BN E
i 20 000 mg/kg, 73 Ah, 7R S o A% WL B Y i
B 1,3-T A& 4 10 000 mg/kg B, JFURHE
JEEFAL 3 C;1,3-T & 54 30 000 mg/kg
B, JFURHELEE FTHA 8 °C,

F8 2 THRIERI 1,3-T ot % BB B8 1 0 B

Table 8 Influence of 1,3-butadiene content in 2-butene

raw materials on its removal effect

R 13- T i

Mokl 3-T 2 maa/

(mg-kg™") (mg-kg™")
500 A
1000 A
5 000 RA
10 000 AA
20 000 2
30 000 8

PL1,3-T 454 10 000 mg/kg 1Y 2-T 4 T
P JECRES BERE 7E 40 °C F1as i 4 200 ¢/ (h-L) HI 4%
T 5 Bt i A Ak R A ge e e S5 SR an &l 3
Frzn. B3 npn, RRR A R Ry 1, 3-T 0 & i
(10 000 mg/kg) FIEZ 2SI Z514 T, 7 800 h 545
DI TTAR 1,3-T 2 A0 & B RS 7E 1.3 mg/kg 72

BI3 13- T ZH@ERA Pd/C RYRRE PR
Fig.3 Stability of the Pd/C catalyst for the removal of
1,3-butadiene
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900 g/ (h-L);1,3-T MR BERR S5 1FR il BE40 °C
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Fa . 6 IR A Bk DU PE R 2 990 kg, A N S
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Yy e b (R TE R L) anlEl 4 s, BB 4 AT
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Fig.4 Ratio of n-valeraldehyde to iso-valeraldehyde
in the side-stream and industrial devices for the
rhodium/ diphosphite complex
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The removal of sulfur, chlorine, oxygen and butadiene
impurities in crude 2-butene

ZHAO FuJun'? FU SongBao> CHEN He' HOU ZhangGui® WU Qing'
(1. China National Offshore Oil Corporation, Beijing 100010 ;
2. Laboratory of Molecular Engineering and Utilization of Oil and Gas Resources, CNOOC, Tianjin 300131 ;
3. Research Institute of Refining and Petrochemicals, CNOOC, Beijing 102209, China)

Abstract; The sulfur and chlorine impurities in coal-derived crude 2-butene have been removed by activated alumi-
na and zinc oxide, and the oxygen removed by copper-loaded activated carbon. The remaining traces of oxygen and
1,3-butadiene were removed using selective catalytic hydrogenation. Industrial side-stream evaluation of rhodium/
diphosphite homogeneous catalytic hydroformylation of purified coal-derived 2-butene was carried out. The results
showed that when the removal of sulfur, chlorine and oxygen impurities were carried out at 20 °C with a liquid
phase space velocity of 900 g/ (h-L) , the remaining amounts were below the detection limit. When the removal of
1,3-butadiene was carried out at 40 C, with a liquid phase space velocity of 2 100 g/(h-L), and a hydrogen to
1,3-butadiene ratio of 1. 05, the remaining amount was also below the detection limit. During an industrial side-
stream evaluation test for 161 h, the yield of valeraldehyde remained stable at about 85. 1% , and the product ratio
of n-valeraldehyde to iso-valeraldehyde was always higher than 15. 0, indicating that the homogeneous catalyst has
good catalytic performance and stability, and is not poisoned or deactivated by 2-butene after purification.

Key words: 2-butene; purification; hydroformylation; impurities removal ; rhodium/diphosphite
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