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ABSTRACT

ARTICLE DETAILS

The effect of the components of the catalyst solution for the hydrocyanation of acetylene on the Published On:

activity and selectivity of the process under liquid-phase conditions has been studied.

25 December 2021

The introduction of ZnSO sand ZnO additives into the shop catalyst did not give a positive

effect under these conditions.

Studies of catalysts in non-agueous media lead to an increase in their activity and selectivity in
comparison with aqueous media. It has been shown that the composition of the CuCl - NMP - DMF
catalyst is characterized by high activity (up to 32 g/ I.h.) and selectivity (83-90%), i.e. the activity  Available on:

of this composition is almost twice as high as compared to the water-based ones (12-18 g I.h.).
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In order to increase the productivity of the catalyst for the
production of acrylic acid nitrile (NAC), together with the
central laboratory association (CLO) "Navoiazot" (Republic
of Uzbekistan), studies of the synthesis of NAC by
hydrocyanation of acetylene were carried out in a laboratory
unit in the presence of liquid-phase catalysts. And alsop /o0
"Navoiazot" have developed [1,2] a new, more efficient
catalyst composition for the synthesis of vinyl acetate based
on acetylene.

In the operating shop of the NJSC p \ 0 "Navoiazot",
the liquid-phase (water) hydrocyanation of acetylene with the
formation of acrylonitrile is carried out on a shop catalyst of
the following composition \% mass \ CuCl-30; NH 4 Cl-
15; H , O-52. This catalyst composition has a number of
disadvantages: low productivity of 12-15 g per liter of
catalyst per hour, therefore, low catalyst activity and
insufficient rate of acetylene dissolution, as well as a short
service life [3,4]. The mechanisms of the process of synthesis
of NAC hydrocyanation of acetylene are indicated in the
literature [3,5].

One of the more economically viable ways to
intensify the process of NAC synthesis is the use of various
activating additives to the existing shop-floor catalyst. The
process can be carried out in a non-aqueous aprotic solvent

https://ijpbms.com/

without additives or in the presence of various additives. The
developments of these processes were investigated in this
work.
The following types of catalysts have been tested in a
laboratory facility;
1. Water-phase shop catalyst with or without additions
of ZnSO sand ZnO.
2. CuCl catalyst in a mixture of non-aqueous solvents;
A) dimethylformamide (DMF) without additives.
C) with additives such as AgCl, CCl 3 COOH,
concentrated HCI and AgCl with phosphoric acid.
The catalyst with the addition of ZnO was tested in the
same way. Due to the poor solubility of the additives in
the catalyst solution, experiments with other
concentrations were not performed. The results of the
experiments are presented in table No. 1. The table
contains the average data of the separate periods with a
stable regime and the highest NAC output.
Tests in aqueous solution were carried out in the following
mode
Acetelene consumption is 30 I/ hour. "Breakthrough” HCN
0.2-0.5% vol. Temperature in the reactor 85 .*3°C
The consumption of hydrocyanic acid was calculated
based on the amount of HCN consumed for a certain time.
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Analysis of the work of the shop catalyst with additives Table no. 1
Consumption | Reactiongascomposition
No | Catalystcomposi | Continue slave. cat
tion hour HC
C:2H HA | HC
e NI/ K N Bx | BA | AA | Xp
h
4 325 36 I, 030(03 (09|35 (00 14.82 69.49 92,86
- 07 1 8 6
Originalshopfloo
11 | r . 100| 02 04| 08| 3.6 0, 66.4
thirteen 323 2.0 3 3 5 9 0 12 13.43 5 91.43
03| 03| 04| 30| 0.0 70.1
29 34.2 2,1 ] 9.25 3 5 7 4 7 12.39 8 98,00
ZnOadditive
0.40 | 0.2 I,14.0 (0.0 6l,
3 326 |36 9.65 8 63 |s 8 12.92 39 94.28
] - 100| 02| 04 I,] 34| 01 65.9
1.2 \/\I{|;h ]ge addition 15 35,7 3.6 0 6 6 10 7 3 13.39 6 102.28
of Zu
05| 05| 06| 25| 0.0 71.6
23 334 |36 9.66 1 3 5 7 8 12.24 1 95.43
05| 04| 05 3,1 00 69.4
39 7 2.0 9.80 4 8 7 19 7 12.53 0 96.20
9 335 | 4.0 [7.72 0-36 2.2 ;'2 ;'9 2'0 15.66 68.87 96.00
21 Originalshopfloo
Tr . 04| 02| 11| 22| 0.0 70.6
eighteen 34.5 36 | 895 ) 6 5 5 6 18.15 4 97.54
04] 02| 11| 20| 0.0 72.2
21 32.0 3.0 | 9.05 4 7 1 5 4 18.35 8 92.14
Additive ZpSO 4
03702 (09 |25 (00 64.7
5 31.0 2.8 | 7.08 7 6 7 6 14.36 ’ 88.57
2.2
Withadditive 1 305 28 | 751 04| 02| 09| 25| 0.0 15.23 66.1 87.63
71 SO 4 2 8 6 3 8 1
04| 02| 08| 20| 0.0 68.9
25 31.0 21 | 7.18 0 8 5 6 5 14.56 1 88.57

Analysis of the shop catalyst with additions of ZnSO 4and
ZnO was performed in comparison with the original shop
catalyst. (Table 1) For this, preliminary synthesis of NAC in
a laboratory unit was carried out on a shop catalyst, and the
next synthesis on the same shop catalyst with the addition of
ZnSO 4 in an amount of 4.0%. When a shop catalyst with
ZnSO 4 and ZnO additives was used, the selectivity of the
catalyst in comparison with the shop catalyst almost did not

change, the activity even decreased, and there was no visible
change in other indicators either.

The reasons for the low productivity of the catalyst
composition, as well as the various by-products, are due to
the use of water as a medium, since acetylene is slightly
soluble in water. In order to improve the productivity of the
process and reduce undesirable by-products, we used a
dipolar aprotic solvent, dimethylformamide (DMF), as a
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solvent. DMF is one of the best solvents for acetylene;
therefore, it was assumed that the activity and selectivity of
the catalyst composition would improve in this environment.

Analysis of the operation of a non-aqueous catalyst for the synthesis of NAC Table no. 2
Con Te | consumption Reactiongascomposition
Comp tinu m
No osition e sla pe Activate g / | Selek- | Volumetric
| catalys | wve. rat C2H [ HCN | HAK | HCN | Bx B AA Xp I. Hour th% Speed
t Cath ur 2 I / h / h A
our e
one | 2 3 4 5 6 7 eight |9 |10 ‘:]'eve 12 | thirteen 14 15
130 3.
eleven 380 |48 1059 | 0.04 | 250 | o\ |0.06 | 020 | 17.54 61.60 | 107.0
j(')Sl' 15 130 1300 |53 11.06 | 0.10 | 2.78 :é 013 | 0.5 | 15,70 65.06 | 98.2
one ';'OMP' i'ghtee 130 1510 |53 |1200 | 024 | o083 éz 013 |0.05 |31.94 8374 | 140.7
DMF- 1 K 4,
0 wenty | 20 |00 |53 [1116 || 117 2o {009 |06 | 1980 6458 | 113.2
22 130 1300 |53 1110 | "3 | 216 35 011 |0.13 | 15.75 67.07 | 98.2
ES‘CI' 9 182 V570 |49 |732 |oas |114 §8 sl |off. |17.13 6753 | 136.0
'B\'OMP' thirteen | 752 | 570 |49 8.92 |0.35 |1.05 iz Sl. off. | 20.87 71.99 | 136.0
2
DMF- .
99 21 130 1570 |50 9.66 |0.27 |0.76 é s | 005 | off. | 2260 77.09 | 1363
AgCl- 129 1.
01 37 535 | 3.8 949 021 {085 | . |0.06 |off. |2196 79.34 | 125.9
fga' 5 128 1567 |36 |915 |02 | 169 3'4 013 | 025 |23.19 62.84 | 150.7
'B\'OMP' ceven |12 |s575 |46 1011 |sl. |o66 2'7 0.3 | 007 | 2391 7305 | 1552
3 Q?CI_ 14 129 1604 |43 896 |[sl. |1.06 éé 018 | 006 | 22.71 7381 | 161.2
H 3PO .
3 27 121 1500 |24 042 | 361 | 142 |2 | off. | 26.53 86.74 | 131.0
4-0.1 02
DMF- 122 0.
08 29 483 |20 845 |074 | 162 o |sl sl. | 21.42 83.08 | 125,7
CuCl- 119 0.
20 5 444 |25 723 038 081 |, 192 |off. |17.96 7046 | 117.2
NMP- 118
4 |50 .
DMF- | eight 505 |25 6.74 | 052 | 0.65 3'0 1.75 | off. | 17.94 7140 | 1325
10
HCI-4

The catalyst base in hon-aqueous media is a mixture of honey
pyrrolidone (NMP) and

chloride (1) and N-methyl

dimethylformamide (DMF).

The catalyst was prepared as follows: the required
amounts of NMPa and DMF were mixed, the necessary
additives were added, and then CuCl was added. Catalyst
composition CuCI-NMP-DMF, as well as with such additives

199 Volume 01 Issue 09 December 2021

Corresponding Author: Yangibaev S



Modernization of the Catalyst Composition for the Synthesis of Acrylic Acid Nitrile in Aqueous and Non-Aqueous

Media

as conc. hydrochloric acid, silver chloride, and silver chloride
together with phosphoric acid are not a homogeneous
solution, but a suspension of dirty green color. When
standing, green copper chloride settles down, and a layer of
dirty green solution remains at the top. Before pouring the
heated catalyst, it was well stirred and poured. In this case,
what was in the flask got into the reactor. And only the
catalyst, in which trichloroacetic acid (CCl 3 COOH) was
added as an additive, is a homogeneous solution. The reaction
mixture was monitored by chromatographic methods. The
reactions were carried out at a temperature of 120-
130 °C. CuCI-NMP-DMFA.

In the catalyst [CuCI-NMP-DMFA-CCI 3 COOH] of this
composition, copper chloride is in a dissolved state. Two
syntheses were carried out : a) the first within 54 hours; b) the
second within 40 hours. It was impossible to conduct the
process stably at a given HCN breakthrough (0.2-0.5). At
first, at a high consumption of acetylene for the evaporation
of hydrocyanic acid (up to 27 1 / h), there was no HCN in the
reaction gas for 13 hours, and at 27 hours of catalyst operation
with a minimum consumption of acetylene (1 liter or less),
the breakthrough of HCN reached 7.4% ... During the work,
many polymers were formed. The boiling of the synthesis
products in the refrigerator was observed, therefore it was
necessary to reduce the temperature or the consumption of
acetylene. The table shows that, as in the above described
batch of catalyst, the higher the consumption of acetylene, the
higher the activity and selectivity of the catalyst. Thus, at a
flow rate of 52.5 | / h, the activity of the catalyst is 13.99 hl /
h, the selectivity is 46.45% at a flow rate of 45-47 | /
h. activity 21.29-21.81 g/ L hour, selectivity up to 92%.

As can be seen from the data in Table 2, the activity of the
catalytic system CuCl - NMP - DMF is twice as high as that
of aqueous solutions of CuCl. At a acetylene consumption of
34-40 1/ h, the content of NAC in the reaction gas is 10.59-

11.16%, the activity of the catalyst is from 15.7t0 19.8 g/ 1/
h, the selectivity is 61.6-67.07 %. At a flow rate of 50-51 | /
h, the content of NAC is 12.0-12.66%, the activity is 30.00-
31.94 g/ 1/ h, the selectivity is 83.74-83.90%. Apparently, at
a high consumption of acetylene, good mass transfer is
ensured and the rate of formation of NAC increases.

CONCLUSIONS

1. The introduction of ZnSO sand ZnO additives into the shop
catalyst, under these conditions, did not give a positive effect
2. Research of catalysts in non-aqueous media leads to an
increase in their activity and selectivity in comparison with
aqueous media. It was shown for the first time that the
composition of the CuCl - NMP - DMF catalyst is
characterized by high activity (up to 32 g / I. H) And
selectivity (83-90%), i.e. the activity of this composition is
twice as high as compared to the water-shop ones (12-18 g
L.h).
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