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Abstract

This study investigates a one-step process for producing high-purity N-methylpyrrolidone (NMP)
using pure methylamine as the raw material. Exploration of amine ester ratio using self-developed
modified molecular sieve rare earth cerium as catalyst in the experiment, catalyst dosage, reaction
pressure, and temperature on the purity and yield of NMP. Under these conditions, experiments
have shown that the process runs reliably and stably, producing NMP with a purity 0f 99.12% and a
yield of 95.64%. Except for Mg and Al, which are difficult to remove and have a content of less than
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2 pppb, other metal ions are less than 0.1 ppb, approaching G4 level. With a little treatment, it can
meet the requirements of the semiconductor industry. At the same time, reduce the shipping cost
of methylamine aqueous solution.
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Figure 1. Schematic diagram of reaction mechanism

1. REHEREE

2.4, N-FR B rg b M O 1 &

& VAR A% 5 O 28NN 600 g p- T ISR AN 1.639 g (LT, JFHERE, THE. JFmddiEs, %4
E RS RS 2.5 MPa, Z I m g iR, B RETER, Sedshil Ll 1.5 g/min 78 45 i & n) i s S8k 4l — F
Wi o IR EFFZ 100°C, ¥ dkali— H Zrm 23 = 2 3 g/min A4, FHEE RS 3°C/min £4 . IRFZE 270°C
+2°C, 24—ty 2309, fE1EEbR. HEE N 270°C £2°C, WHRE KT 7.0 MPa, Hiik IE Tk ik
ARSI S 75+0.2 MPa. MIEJEH 270°C +2°C, KA 7.5+0.2 MPa, JFEG St . 1EE1E
B 4h, WEIRERG, MK, JBOR, FETEE A5 20 AR N- IR e = 5

25. DG E

b p- T WERMAEEEAME T 99.95%, 7K A T 30 ppme Z BT A8 56 (il A e B . T
T AN B, 60°C~180°C. B SN R4 25 UGS, F B IR UA .

F AR E i SO N-FARE M M B A A0 BEEAT 0T, W S 25 il HON A B . THE DN
PINBTBL, 60°C~200°C . iy Al AN s 4 4 —URsE - TS It Ui

ERE TR DT AER R SR B BERIRE TR EEOR, TEMK . BaiKiklr.

3. HR5ITR
3.1 —HB&: »-T NEE(BRESEL) R EEE X R R IR0

V5 SIS SN 0 R 9 7.5 MPa, IR 270°CANAS, BF TR AN 8 1 — FR IR - T P9 Fig i Tk
EESE A R 74 N- R R B o i LA B A oK I B R e . 3R R Al G 5 - T P S
B i N- R R IH e A ) — FF R R -1 P B PR B EE O R

I 2()%k0, —HE: - T AESHIECRIEE Y 1.06:1 SRR (B . BT, 6145 60 N-HT LR 08 4 B 6 4l 1
MR LB B, Horp 4k 99.68%, K )y 94.68%. —Hfi%: 1 y-T WESHIECE /N T 1.06:1 I, %
AR R p- T BN BESE A RN, DRI B — F R 30, =4 N- FF R A 11 4k 8 RS 2 7
s — WA p- T NERIOECRL KT 1.06 B, MR R —H G RR L, DRI R RS ERS L
HAbALE RN, FEER NG, 7 BT, N- B SRR e e ) 4 AR T R . i
2(0) AT LA Y, — W et i, R SO 1) Al N- 6 I e A 6 7 TR0 HEAT S A4 R b K o0& B i

DOI: 10.12677/amc.2025.132016 143 MEME 2R


https://doi.org/10.12677/amc.2025.132016

2k 55
100 100 18.0
/ “‘**1‘“," -
98 4 o 17.5
17.0
96 [- - 9 -
Jo_ 16.5
94 /| T - - 94
. L. L o 16.0
N - /| N . [N l
B 92 /| N 92 ¥ R155
& /| = %
9f /| 4 90 15.0
/] =
88 I -/ . - 88 14.5 -/l
14.0 /
86 - / - 86
/ 13.5F o
84 @ - 84
1 1 1 1 1 1 13.0 1 1 1 1 1 1
0.9 1.0 .1 1.2 1.3 1.4 1. 0.9 1.0 1.1 1.2 1.3 1.4 1.5
— R y-T B (AREELE PR & LL) — M. y- T AER (ERRLE YIRIE L)
(@) (b)

Figure 2. (a) The influence of the ratio of one methylamine to y-butyrolactone on the purity and yield of the product N-methylpyrrolidone;
(b) The influence of the ratio of ingredients of dimethylamine and y-butyrolactone on the generation of water in this reaction
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Figure 3. Effect of catalyst amount on the purity and yield of prepared N-methylpyrrolidone curves
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Figure 4. (a) The influence curve of reaction pressure on the purity and yield of N-methylformamide; (b) The influence curve of
reaction pressure on the moisture in the prepared N-methylformamide; (c) The influence curve of reaction pressure on the response
time in the prepared N-methylformamide
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Figure 5. (a) The influence of reaction temperature on the purity and yield of N-methylpyrrolidone product; (b) Indicate the influence

of reaction temperature on the generation of water in the reaction
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Figure 6. The repeatability effect curve of the purity and yield of the prepared N-methylformamide
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