F4E o
2014 4F

JEEAE TR AR (A ARBERR)
Journal of Beijing University of Chemical Technology ( Natural Science) 2014

Vol. 41, No.6

1-THEESNSRHALH KB I ZRGRER

ENEN TR

T

EE S

(hEA RS (Est) BERMERE AR, Ll 102249)

B E. LI WHFO.5 QRSN RIS, LUT R H0N 97% B IE G 1 R RISV 7, SR FH 2 10 P ) — 2 i e e
FLEE (Cat) FIELIR =28 3L1E (PPh, ) VE AL TR R BT AR AZ [ B 25 31 1 44 AL SRR IE 5 H iy 1- T 9 &0 b el
PSP B T 2056 o AR SO RERS SE MR 1- 105 S0 H I Ak ol G B 1) 8 A BAL DR R HEAT T S 50 2% DT % 3 o T 2
HZE AT T ISR, 45 R A RN IR EE 100°C SR FE 7 2. 5 MPa B3 2R 200 v/min S5 8 8] 3. 5 h 8570
125 mL(25% ) JBEEE (P/Rh) MR A9 2 [E 600, 1- T %% F i 10 mL(0. 2393 mol/L) FMEALFIHE B 1. 25 mmol /L. 1]
AT - T W EEL R 1K 86. 84% , P IEF H (my/m,) 35 10. 98 fEALFI RO EE LI 237. 48 h ™",

FESES: 0643.32

Bifi 25 AL T AU il Ak T A e s % R | e [ A Y
JEFE AR TR R [ KSR AR Tl
Bk A A B A RE IR B 2 Ji2 | 45 ik I Ja A Ry o8B fifE
FHTHIE ™ WPk %, B w3 B ik 0 42 28 09 46 TR
ALFRIHE B, 1- T & 2k 0 il 2 — 2
— PP AL TR, I T A RO R
AT AR AL T i, BRTFRE 1-T i ik T
FIRABARE G RS, b 1-T e a
A A BRI 2 R PN B I A A 2 o AN 2 ) v ]
A, 1 S A LAY AR S O Tk 11, HaE 8
ERAEEB D R AT AR W 27N I BRI N TR
il 1S R TR 1 R SR AR — i — N L BT A EE A
AR IRFI T 0 £ T W, T -
T S IR S Y B T AR, AN R T
T VO AT RSO i LA ) T o e [ Py 3 9 ) e
Y BEET A

W A P BEAL R A T 1930 4R, H AT
AT ARARXT B2, T 245 BASF 1.2 UCC T.20,

Wk B . 2014-04-22

BEEWH . HE AR S (21306227) ; [ A 0K
(AL50) AR A4 (KYJJ2012-03-34) ; i S p A il
B T IURMIT A 4 (BT ZUm %) (20120007120011)
AR 12,1982 4EA B A BIERNESE 5

* IR R

E-mail; zhhj63@ 163. com

RuhrRhone-Poulenc T. 2547 E A M ARSI A £ T
Ak, S MR A SO 2 Hh 5t 4 R AL Y SRR 2%
JIL SN AFAEAE 2o M7 -, RHORT SO 250 E
FARURRT T TR S A R 0 R I AR R A
FRIYTEMESZ ZFP PR R 52 T B ek, PR
Tk Ak S L A e e T 25 25, A B 30820 S ot A vp
AL R AR At STk, A SR
TE DGRV R, T PRI = R JRl e B Ry e AL
SRS AL T A, 1SR T A R R AR A
(85 125, W — ZR 0 B DR R AT A S50, YO 52 )
N I BB N 2R AT IR A LI, e AR AT
B AR ANE S L B e DL T 2250 T N
A Tl AR e SR

1 SEEE 4

1.1 SCIBEH

L-TH(>99% ), B AU Vi,* Veo = 1 1), &<
(99.9% ) ,Abmt i AL IR AR T 5 £ WP B =K
FEE I A6 AR AR A B Al = 2R L
(99% ) , Bl Tl BR 2 7] 5 IE IS (97 % ) |, BTk
B (R A R A FE
1.2 XEFHE

SHREE AR DL 1, PRI A RS
Bt | T AT ) = Jl e A R G A ) - T Ky
HnA RN s HRAMAZE N E S, TiR)E
A AR ERS, MG AR E—E IR ;
FRRERER , EA—ER®N 1T, FIRTEAS

http://www.journal.buct.edu.cn



.36 - b TR 2= 25 ( H AR IR) 2014 4F
100 10 500
90 ¢
R 48 400

1 S B i Al
Fig. 1 Flow chart of the experimental apparatus
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Fig.2 Influence of temperature on 1-butene

hydroformylation
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Fig.3 Influence of pressure on 1-butene hydroformylation
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Fig.4 Influence of stirring rate on 1-butene hydroformylation
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Fig.5 Influence of reaction time on 1-butene hydroformylation
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Fig.6  Influence of solvent dosage on hydroformylation
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Fig.7 Influence of PPh;/Rh ratio on 1-butene hydroformylation
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2.1.8 EALH R

i B I AR AR AN AL S 4 o 2B 77 AR | IR 25
BT TG T (9 BF 1% B 1K, 41-Rh-CO-Rh-1";
TN TEREALRIRVE T, = 2R BT B &k A S84k
Oy JEIN L ATRIERE AR L A RS SR R
HWhE, SR R E N TSNS S
WS SIESPEHL 0.5 ~ 1.5 mmol/L 2 [H] 5 AN HEL
HEAT A AR VR B I 5 58 oA A5 Ry o IO TR
100 °C , W 77 2. 5 MPa, Bif P 38% 200 r/min,
IFIE] 3. 5 h, AF 125 mL, BE4E L 600, 1-T 4 T
i 10 mL,

WE 9 Frw, i1k 500 i B IR (< 1,25
mmol/L) , B4 KA AL TR B 1- T M 19 e A 2 38
MV EE S (> 1. 25 mmol/L) I, T 5 1 IRl L
B PR NS DR IRl T A R 384 22 T S g
AAEMB TR (1) CO MM EEREME, FEGK (1) /Y
Sl 2 B, T ASE 1R RN TG AR Ak 5 4 19 48 Ak 4 BT HRh
(CO) (PPhy) 02, H JCTH M i 48 — SR AR S oK 38
Z FEEACR LRI TR, BT P AR,
W AE 5 B B W R 3 S AR T g AR
SR TR B 118G I SR T sk /) | R4 £k 7
WREE B ORI, 2R A KR mE LR S R
LE RB A% [ Bsf 5 21 (9 4 Ak 7D HR B2 1. 25 mmol /L,

2.2 RIEIZHGHNELIHUER

Shrak B B AL R A R E S e e T2 A B
(), ASBIF 58X 5 122 5 IO 1) JL K T B2 PR kAT T OE
RS, BRSC S B ER 1, SRR LIFEIL % |

http://www.journal.buct.edu.cn



55 6 1] FABINAE ;1= T4 w8 P AR R 1) T 2 2 R R -39 .

100 14 455 IS LU R N 50 B s, DU L3712
ool iy o IS TSI, FoAB 2 PR BEHE HE 2 200 1/ min, 7
ol - JHEE 125 mlL, SRR 3.5 h, 5L 2,
¢ of L R ERSREBATE
i ] 550 = Table 1 Experimental factor-level table
60} 13
1 1200 wmE RN BEEELL  ETIREE 1o TR
0 I % (A (B) (©) (D) (E)
W o6 o8 1o 12z 17 14 Ba vC o p/MPa e/ c/mmol-L7T Y/l
e/mmol - L' 1 90 1.5 300 0.75 7.5
V1O fHe 70 e FE 2 Y P A 521 9 B 2o 0 10 0
Fig.9 Influence of catalyst concentration on 1-butene 3 110 2.5 600 1.25 12.5
hydroformylation 4 120 3 750 1.5 15
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Table 2 Orthogonal experimental data L, (4")
G ) ) (© ) () “ my/my "
1/C p/MPa np/ N, ¢/mmol-L ! V/ml % h-!
1 90 1.5 300 0.75 7.5 68. 58 10. 92 234. 44
2 90 2 450 1.0 10 55.18 11.72 188. 61
3 90 2.5 600 1.25 12.5 36.98 10. 12 126. 41
4 90 3 750 1.5 15 34.95 12. 68 119. 47
5 100 2.5 750 0.75 10 67.34 11.07 306. 92
6 100 3 600 1.0 7.5 90. 52 8.58 232.08
7 100 1.5 450 1.25 15 18.45 10. 87 75. 68
8 100 2 300 1.5 12.5 44.67 11.55 127.25
9 110 3 450 0.75 12.5 67.31 8.25 383.50
10 110 2.5 300 1.0 15 38.57 7.49 197.75
11 110 2 750 1.25 7.5 75.46 12.78 154.77
12 110 1.5 600 1.5 10 28.71 10.76 65.43
13 120 2 600 0.75 15 31.73 9.74 216.91
14 120 1.5 750 1.0 12.5 37.65 15.77 160. 89
15 120 3 300 1.25 10 86. 71 9.45 237. 12
16 120 2.5 450 .5 7.5 88.95 1. 12 152. 04
Y k, 48.92 38.35 59.63 58.74 80. 88
G k, 55.25 51.76 57.47 55. 48 59.49
B ks 52.51 57.96 46.99 54.40 46. 65
YMH k, 61.26 69. 87 53.85 49.32 30.93
ez 12.34 31.52 12. 64 9.42 49.95
e A, B, o D, E,

M2 ARG 22 KN AT HBE ENZ N4 B & T2 &AM A, B, C DB, B Ril
R FWIUT Hy - 1- T 0 i > ROV > BEEELE > B 120 °C iR 7T 3 MPa JBEE L 300 Ak vk Ji2
FORE B > EALRIARE s WIIER/NAT LA %52 0.75 mmol/L I 1-T 4 Al 7. 5 mL,
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Identification of the optimum conditions for highly active
hydroformylation of 1-butene to produce pentanal

JIANG Weili' ZANG PengYu' ZHOU GuangLin' ZHOU HongJun' CHEN Qian’

(State Key Laboratory of Heavy Oil Processing, China University of Petroleum ( Beijing) , Beijing 102249, China)

Abstract; The optimum conditions for simultaneously achieving high conversion and high n/iso ratio in 1-butene
hydroformylation to produce pentanal have been investigated using a WHF-0. 5 autoclave as the reactor, 97% n-val-
eraldehyde as the reaction solvent and Rh( C;H,0,) (PPh;),(CO) and triphenyl phosphine as the catalyst system.
Eight factors influencing the reaction were examined and orthogonal experiments were carried out. The results
showed that under the conditions of a temperature of 100 °C , pressure of 2. 5 MPa, stirring rate of 200 r/min, reac-
tion time of 3. 5 h, solvent amount of 125 mL (25% ), molar ratio [ PPh, ]/[ Rh] =600, 1-butene amount 10 mL
(0.2393 mol/L) and [ Cat] =1.25 mmol/L, the 1-butene conversion, the n/iso ratio of the products, and the
turnover frequency could respectively reach 86. 84% , 10.98, and 237.48 h ™",

Key words: hydroformylation; 1-butene; pentanal; rhodium phosphine complex
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