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Abstract

The M-Hf molecular sieve catalyst was prepared, N,N-dimethylaniline was prepared by conti-
nuous tubular reaction using aniline and methanol as raw materials and M-Hf molecular sieve as
catalyst. Taking the conversion of aniline and the selectivity of N,N-dimethylaniline rate as the
examining goal, the effects of mole ratio of raw materials, reaction temperature and liquid hourly
space velocity (LHSV) on the reaction were studied, and then the conditions of the tube reaction
are further optimized by the orthogonal experiment to determine the optimum synthesis condi-
tions. The ASPEN PLUS simulation software was used to simulate continuous side distillation and
extractive distillation, which provided the basic data for further separation research. Under the
optimal conditions, the conversion of aniline was more than 99%, and the selectivity of
N,N-dimethylaniline was more than 95%, the purity of N,N-dimethylaniline reached 99.96% and
the yield reached 99.86%.
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TR N-Joe 402 Tl b E B J R [1], For= e =5 B ) R AR R B 7], G0 N-H 2 2R i%(N-MA) , N, N-
THIEIRIE (NN-DMA) K 2R[G4 Z R HI&[2], H N,N-DMA 2 &Rk, E2G. AR 251 B 2 )4k,
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2. EW
2.1 SEHERAMERE

IR JERE: Hp (SUAL = 25), FERIJTREAR) s ERIR(ITE), WKL 36%; HIR(OHTE)s HKRE(o)
Brag)s WEE(HTE).
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SEEGAN A% Series 1T BB RS, EE SSI (LABALLIANCE)AW]; SZCL-3B UG i 520 e 2 il i
TR, MR RURMNE A ARAR; EENRNEEE, REILFEA T R&AERAR; Trace 1300
RIS AH X (FID), 3%H Thermo Fisher 24 7.

2.2. EHFIRTHIE

@ K HPB (Si/Al = 25) k3 A AF 5 B T A B, #2757 7HER (2°C/min) 22 550 °C G 7E 28 A i1k 5
he @ RHRBENER HB HEAT AR 72 1R RS b 4% [ L (o &R R EL, g/mL) 1:15 I HB A5 A
0.1 mol/L BEFR AR BRIE A i (BE /R Lol 101), 7TO°CHEFEFRIRIE AW 1 he @ HB WESE, KPR E
TUOKBH, BEER. SIERARMK, JFUEZE pH =7, 110CT# 10 h, BEIAMGEK. @ [FEif
WHEEM A G, BB EE T, BFTHEQC/min) % 550°C G a2 A IEI 4 he AR HA i
W Hldr 44 M-HB.

2.3. EEEREAR NN-—REEREE =9

KHESE ARG NN-DMA, RMNEZEEWE 1R, EEZM4E T, £ $12 mm x 500 mm A
BEAN(316 L) R B i IH 10~20 BRI 2 g, b NIEFR A SRR DERE . TEASRIREE SN 200°C, =
LA BN 240°C . BTN 20 mL/min, @ ERE S, BAATGREEHEAT] 1 h. ESR NI
W, E AR R CUIURE R &

K H 2% [E Thermo Fisher 22 &) 2E 721 Trace 1300 S AH (3 T (AT P2 0T o AR TE KA 0 R
SKIAE TR I 2% (FID), TR-5 B4 Ai%45:(30 m x 0.32 mm, 0.25 um), & #EEE R E Y 250°C, #E
ERARRTF IR, REIERE N 80°C, {RFF3 /4%, LL30°C/min FHEZE 200C, fREF 6 #4f. wEKGIE
BN 280°C, VRS NHEA, s 1.5 mL/min, S A EN 35 mL/min, =< JiE v 350 mL/min, 2
AN 40 mU/mine dEFEZREE A 10:1, HEFEESN 1 ul.

V- ki, S-=I@EE R, TCI-a, TISWE, P, 1A 2-d983s 3-
TR 4-T A 5-TiEmE T 6-1bWi i 7-Z Pl 8- O-TFHAZR I
10- [ SEBFINAA 11-J RiAs 12-A4 ke 13-l oy &8s 14-1 R 15-F3h Uk
A& 16 R 17-IRHE

V-Globe valve, S-Three-way valve, TCI-Temperature controller, TI-Thermo detector,
Pl-Manometer. 1-Gas cylinder 2-Filter 3-Pressure stabilizing valve 4-Dryer 5-Mass
flow meter 6-Check valve 7-Surge flask 8-Preheater 9-Preheater furnace 10-Reactor
furnace 11-Reactor 12-Condenser 13-Liquid-vapor separator 14-Counterbalance valve
15-Sampler 16-Gas meter 17-Charge pump

Figure 1. Schematic diagram of a continuous flow fixed bed reactor
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2.4. Aspen Plus #&40S256

2.4.1. EBIREER

TR A U A B NGN- 2 FE R i 7 ) 2 R R g - R -N- R R NG N- S R
-N,NN- = HURESRIZ /K O B, Sid i S SR M SRS TR P N-FRRE ORI AT NON- — FRROR I N4k e, 1%
TO0HR BEd e i, BRI o NONN- = R SR i s LR8I A EUORE T4 K N-FEE SR IR NON-—
F LR AT 70 55, BS T NON-Z FBE R AN ZE G, 3Ry N-HI SR M s 55 R R V8 790 A o 5 T
Tt H PR B [ S G AR 5 B4 TR U 0 ol NN-— B 6, AT S B 17 NN R i 1 43 B
Sy 2 fios.

24.2. BHIHH

R AR AT UNIF-LL D7 FEREAT #2401 55, iU RadFrace H§ 1 EERATE 78 73 B S HOM B A5 SR 1
M. RSN, BREEHEN). SRR B (N IIZR R B (N AR EL(R) JEURkEEREE
H(F). BETUH RLE R (D) MLk HRBE R (Do) 3 IRERLE L (F) X 70 B BCR IO . LR LS, A
TORE PR A0 75 [ SRS UL T R A2 46 ¥ S 8 n 2 1 P

3. EWBRS L
3.1 RREIFAE NN-ZRERERIFM

3.1.1. RN Eext R BT IR RN

TER ML BE R 240°C . AN 0.5 h 4 4F R, H82FRHEE/RELG & K NN-DMA [R5, RV 5 /)y
WG, BORERG I . S2Bbat Bunld 3 fron, BEE FRFEL 3K, 28 M 8640 R AT N,N-DMA 8P 5 3w,
M8 41, N,N-DMA EREMEAEI R m . S ERRIZME R T 41 5, REmEihRatie,
H N,N-DMA FEREM I B TR . 78 RN ) BEOR LU N AT, R R0 N N-— R B R i )
MR PEIIAR,  Uh B RS SR 1% P 1) 32 BE DR 32 W i . 76 H MR R i 1) B JR LR IS L F
N,N-DMA 5 FIEE it — 20 s A R = B 2, 80 N,N-DMA Kk £ T .

™T101 T102 T103

S

FTA A

TL01-fM K5 Tts, T102-REHUKETME, TL103-FHBGH s, F-JEkl, S-ZEEUH)
T101-Side distillation column, T102-Extractive distillation column, T103-Extractant recovery
column, F-Raw materials, S-Extractant

Figure 2. Schematic of refining process
E 2. #HldiErEE
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Table 1. Primary data of side distillation and extractive distillation columns
= 1. MEBBMERR IR RENERTESH

Ve
T
N Nf R
T101 60 15 10
T102 100 50 5
T103 30 10 2
20 T T T T T T T T 100
85 L —m—EPETE% | g
—a HALH /%
80 - - 96
X
3 i
" &
% 75 {oa B
X
o
70 | - 92
65 1 s | s 1 L 1 s 1 s 1 90

25 3.0 3.5 4.0 45 5.0
n (BE/n (FEK)

Figure 3. Effect of the CH;OH/CgH;N mole ration reaction
& 3. RRECEE 3 & B A 820

3.1.2. REEENRMIEZNF

1F P 5 2R BE R LR 401, 23800 0.5 W 46 1F R, 8 OS2 FE 5t 4 B NLN-DMA [R5,
5h/G, BRI, Seieah RanlE 4 s, 4R MRS 220°C B Z 230°CRY, ROBEZZFHNR, 2K
Fi AL R AR S, N,N-DMA %1t 1 90.25% = # 93.17%. iR e T 230°C ), BEE [N
BT, EREOEREARFE, (2 NN-DMA S35 S SR T m i R, X 3B TR
Tt 7 C-H =4 (1 A A

3.1.3. FTiEN R BT ERIFN

FE SRR 230°C o JEORE PS5 3 i BE R HE g 401 2610 R, B8Rl 250 & B N N-DMA fI50
KRS h g, BORERS. Sea sl Rl 5 FioR, BEE EREAS 036 K, 28 B A 2R N N-DMA 3% 14 1]
NP, AN 0.25 WY, RNITE R R P s B R K, IRONIAERE 7840 3E4T, NON-DMA (i £ ik
F 95.57%; i 4L K, RMSAEREE R, KNS, SECRREEA N,N-DMA %&£ 4 %
1.

3.2. IEXZRAWMIL

PRAE LR R SR IO AT AT 45 R, DRI LR N N-DMA &M B bR, 0BG ROS0E E A R
AR RS, B Lo(3%) IEACIREG R . RIGHAE 72 M I S5 o Bt ae 2 e 3 fis.
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Figure 4. Effect of the temperature on reaction
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Figure 5. Effect of the LHSV on reaction
[E 5. =X R A2

1.00

1.25

T2HEREY: C>A>B, THC)NEMBNRNEERFNZE, HIRKIONEREEREL(A) RN iR
JE(B), Kb MARILAN: N A2B3CL, BIJERHEE/REL 4:1. ¥R 240°C Keibkl2siE 0.25 h, EiZ%MEF
AL 2 99.83%, N,N-DMA [k #51%: H 92.06%.

FILEREY: A>C>B, JFEEE/RI(A)RMMIEREMENEERR, HIUKIK A HE(D) &N
JE(B). Bl RN AT A2B2CL, EIVERHEE/REE 4:10 ¥R 230°C Kbkl 45 0.25 h't. E%&MT,
AL RIS 99.87%. N,N- F ik £y 95.57%.

GELRTR, B RR N AE T AN R AR B 4:1, B 230°C Kbkl =ik 0.25 h s

33. PEEREREIMALER
FEIESM ARSI L, BRI BB EERM B (Ng) . MG HVRML B (NG« EHATEE(R) JEUR)
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Table 2. Lg(3%)Table of orthogonal test
= 2. LA EXRIEE

Eeoas) JERLEE(A) 1% (B)/C I (C)ht RMEHAL %
1 1(3.5) 1 (220) 1(0.25) 99.52
2 1(3.5) 2 (230) 2 (0.50) 95.34
3 1(3.5) 3 (240) 3(0.75) 94.12
4 2 (4.0) 1 (220) 3(0.75) 92.80
5 2 (4.0) 2 (230) 1(0.25) 99.87
6 2 (4.0) 3 (240) 2 (0.50) 99.80
7 3(4.5) 1 (220) 2 (0.50) 96.48
8 3(4.5) 2 (230) 3(0.75) 93.70
9 3(4.5) 3 (240) 1(0.25) 95.41
K1 96.327 96.267 98.267
K2 97.490 96.303 97.207
K3 95.197 96.443 93.540
R 2.293 0.176 7.727

E R C>A>B
K A2 B3 C1
A& A2B3C1

W K1, K2, K3RIRH%E, RERHEE.

Table 3. Lg(3%)Table of orthogonal test
3. LA EXRIEE

Eeoas) JERLEE(A) B (B)/IC 2 (C)yht N,N-DMA % #14/%
1 1(3.5) 1 (220) 1(0.25) 84.87
2 1(3.5) 2 (230) 2 (0.50) 74.86
3 1(3.5) 3 (240) 3(0.75) 69.51
4 2 (4.0) 1 (220) 3(0.75) 77.61
5 2 (4.0) 2 (230) 1(0.25) 95.57
6 2 (4.0) 3 (240) 2 (0.50) 86.85
7 3(4.5) 1 (220) 2 (0.50) 83.04
8 3(4.5) 2 (230) 3(0.75) 75.77
9 3(4.5) 3 (240) 1(0.25) 73.49
K1 76.413 81.840 84.687
K2 83.387 82.110 82.250
K3 77.433 77.283 74.297
R 10.974 4.827 10.390

F IR A>C>B
K A2 B2 c1
A& A2B2C1

W K1, K2, K3RRHZE, RERWE.
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Table 4. The separation process simulates the optimized parameters and the results
= 4. nEIERIMHKENSHRER

(EEDE 2
FEIREE E F D D & EIwt% K %
N Ny Ne N, R s ¢
(kg/h)  (kgih)  (kgh)  (kg/h)
T101 35 15 31 / 5 100 / 22 69.5 98.63 98.44
T102 100 46 / 65 5 75 300 392 / 99.92 98.24
T103 20 10 / / 3 397 / 300 / 99.96 99.86

BEEHE R (F) . BT REE 2 (D) M2 HOREE 2 (Do) 0 73 B RCR M, RSN, fZidh N-MA
N,N-DMA &% 5iA %] 98.63%. KA F] 98.42%. TEATUEMILFEH, FHGAN NN-Z F I HBiiZ, %
SEEEHUE(N) SRR B (N« ZEBGRIERML B (NG« FIAREL(R) JEREHERLE 2 (F) 7 70308 FE (F) -
AT HURHE R (D) 2 B BRI, fERALAAE R, NN-DMA %84 99.92%. iR H 98.24%. TEIA]
FISGEFE A, 5 ZREEARAL(N) S JERLEERM B (N IR EL(R) . JEURNE R R (F) . 35100 H RHE R (D) X 43
BRI, AL, N,N-DMA 458 99.96%. R4 99.86%. 4 55 id FE IR b 45 S 4
*AFR.

4, 4Eig

1) {5 FHIR BE I £ 1) Eh B AN LR O HB 430 1R AL TR ZE 2 45 0 REAE AL & e NN R BE R i A
AU MR 1R RE 230°C . HIEE SR REEE /R E N 41, 253 0.25 h 441 R, R RIAE
99.87%. N,N-—FILIRNZIEFENE N 95.57%, FEAHE AT T, X M-HB 34T 5 #LIRE 508, RIgHEibE
TP 0.12%.

2) KFH ASPEN PLUS HRABLEREE X 14 SR 2 A5 18 . X BURE 1 A 7877 eSO R R 4T T BT 7T, FF1E
BT, NON-Z R (1 & A 2] 99.96%, WKL F] 99.86% . A AL sUR Bl % N,N-—
L 2R AL (1) Tk AL SR AL T SERE AR
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