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Abstract. Acidic corrosion plays a significant part in the compound business, particularly in the 

production of new substance fiber. As of now, the primary technique for creating acidic corrosive 

is the carbonylation of methanol utilizing iridium or rhodium organometallic edifices. The 

delegate techniques and the most recent advancement of methanol carbonylation to deliver acidic 

corrosion from two parts of homogeneous catalysis and heterogeneous catalysis are explored 

efficiently. The present homogeneous catalytic method and heterogeneous catalytic synthesis 

method using two different catalytic systems are introduced, followed in chronological order by 

the traditional method of producing acetic acid by carbonylation of methanol in the history of 

the chemical industry. The primary issues with producing acetic acid using conventional 

techniques are examined, including the product separation and the costly catalyst recovery. These 

issues can be resolved by developing and perfecting heterogeneous catalytic systems. The 

benefits and drawbacks of conventional techniques are broken down, the comprehensive 

summary and critical analysis of previous research provide comprehensive background 

knowledge, and the future exploration bearing is to work on the heterogeneous synergist 

framework to accomplish higher selectivity and preservation rate and work on financial 

proficiency. 

Keywords: Acetic acid, Methanol carbonylation, Homogeneous catalysis, Heterogeneous 

catalysis. 

1.  Introduction 

One of the most important bulk commodity chemicals, acetic acid is now produced via methanol 

carbonylation reactions using homogenous organometallic complexes of rhodium or iridium and halide-

containing promoters called BP CativaTM homogeneous processes or Monsanto homogeneous 

processes, respectively [1]. Although these classic methods have high efficiency which was 

demonstrated industrially, it is still difficult to separate production and cause a high loss of noble metal 

catalysts in homogeneous ways. The benefits of heterogeneous catalysts, which are derived from 

research on homogeneous catalyst systems, include easy product separation and vapor phase operation, 

which can reduce catalytic losses [2]. 

The paper reviews research about traditional methanol carbonylation methods including anionic 

rhodium and iridium carbonylation recent research in more efficient methods for methanol carbonylation. 

The paper makes a detailed introduction of methanol carbonylation for producing acetic acid, looks to 
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the future, and comes up with new ideas and new initiatives of heterogeneous catalysis methanol 

carbonylation system for jointly promoting acetic acid production. 

2.  Acetic acid 

 

Figure 1. Experimental setup for studies of oxidation of acetaldehyde to acetic acid [3]. 

Due to its transformation into vinyl acetate monomer, ethyl, propyl, n-butyl, and isobutyl acetate, acetic 

anhydride, and as a solvent in the manufacture of terephthalic acid, acetic acid finds extensive 

application in the chemical industry. At first in the early 1970s, people chose to produce acetic acid by 

the direct oxidation of acetaldehyde. Figure 1 shows the experimental setup for research on the oxidation 

of acetaldehyde to acetic acid. Researchers found that the oxidation of acetaldehyde to acetic acid in a 

sparger reactor using manganese acetate as the catalyst has a high reaction rate and can be neglected for 

the rate equation of a sparger reactor [3]. 

Because of methanol’s abundant production per year and its low cost, methanol carbonylation 

replaced acetaldehyde oxidation and became the capital pathway in acetic acid production. Today, 

methanol carbonylation produces 85% of the acetic acid. Since 2015, its production has increased 

dramatically, from 13 million tons to 18 million tons in 2020, or an annual growth of almost 5% [4]. 

The process of methanol carbonylation (Eq. (1)) to acetic acid shows a high selectivity and 

conservation rate. 
CH3OH+ CO → CHCOOH (1) 

3.  Main ways of methanol carbonylation to acetic acid 

3.1.  Anionic rhodium carbonylation 

At first, during the 1910s, scientists found that acidic corrosive could be incorporated from methanol 

and carbon monoxide under unforgiving states of tensions surpassing 100 bar and temperatures 

surpassing 300 ℃ [5-7]. Combinations of CO and methanol work under the activity of different metal 

impetuses. It is worth focusing on that BASF and later Celanese UK professed to utilize fundamentally 

low-dynamic iron, as well as cobalt and nickel carbonyls for high strain and high-temperature 

carbonylation responses within the sight of iodine or iodized salts [8]. 

In the 1970s, Monsanto Corporation invented a rhodium complex as the catalyst in methanol 

carbonylation. Researchers designed a novel catalyst system that consists of rhodium complexes and 

iodide. The reaction (Eq. (1)) can set off in a very mild condition. CO and methanol can operate at 

pressures of 3-6 MPa and temperatures of 150-200 ℃. Especially compared to the previous method 
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catalyzed with nickel complexes which need 900℃ and high pressure. And it has excellent selectivity 

and conservation rate [9-11]. 

The catalyst cycle example has been shown in Figure 2. 1a reacts with methiodide as an oxidative 

addition from 2a. 2a molecule goes through a migratory insertion of CO and the reductive elimination 

of 4a formed 1a and iodoacetaldehyde which will react with H2O to produce acetic acid. The rate-

determined step is the migratory insertion of 2a [12]. 

 

Figure 2. Anionic rhodium carbonylation catalyst cycle [13]. 

Though Monsanto’s process does not require demanding conditions and has high product purity, it 

requires water(14-15 wt％) which makes it difficult to separate acetic acid from the reaction system [12]. 

A heterogeneous catalyst system could be a better pathway for methanol carbonylation to acetic acid. 

Chiyoda and Universal Oil Products released research about the novel supporting system for rhodium 

complex in methanol carbonylation. Figure 3 demonstrates the supporting system derived from vinyl 

pyridine and vinyl acetate. This new supporting system not only keeps the high activity of rhodium 

catalyst but also has no significant rhodium loss which cuts down the cost. Moreover, the supporting 

system makes the reaction require mild conditions as well but needs low water concentration [14-16]. 

 

Figure 3. Supporting the rhodium catalyst on copolymer derived from vinyl pyridine and vinyl acetate 

[12]. 
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3.2.  Anionic iridium carbonylation 

The iridium catalyst cycle is shown in Figure 4. The catalytic cycle mainly consists of three basic steps: 

oxidative addition, migratory insertion, and reductive elimination. It is similar to the rhodium catalyst 

cycle. In the 20th century, compared to rhodium, iridium catalysts had an evident price advantage. 

 

Figure 4. Anionic iridium catalyst cycle [13]. 

Based on the Monsanto process, BP invented the CativaTM process using iridium complex [Ir(CO)2 

I4] – as a catalyst. CativaTM successfully cut down the water concentration during the reaction, the 

catalyst can operate at reduced water levels (＜8 wt.%). Consequently, there is a reduction in by-product 

production, an increase in carbon monoxide efficiency, and a decrease in steam usage [17]. 

Single-site heterogeneous catalysts are a perfect substitute for their homogeneous counterparts. 

Researchers Feng et al. from Dalian National Laboratory for Clean Energy looked into the effectiveness 

and stability of vapor methanol carbonylation using heterogeneous single-site catalysts (HSSCs). To 

improve the interaction between noble metal ions or atoms with supporting materials and take advantage 

of HSSCs, they designed the system constituted by an Ir–La binuclear complex on activated carbon (Ir1-

La1/AC). In Figure 5, the potential mechanism is displayed. The bonding order of LaO-AC in La1/AC 

and Ir-O-AC in Ir1/AC are depicted in Figures 5 (a) and (b); Figure 5(c) illustrates the bonding order of 

Ir–La in the binuclear complex; The Ir1/AC catalyst in Figure 5(d) and the Ir1-La1/AC catalyst in Figure 

5(e) simplified reaction process models along with the related energy barriers (kJ/mol) for 

heterogeneous methanol carbonylation. The steps ①, ②, and ③ are the oxidative addition of the 

starting species with CH3I, the migratory insertion of CO, and the reductive removal of acetyl iodide. It 

has been demonstrated that these new HSSCs can reduce the energy barrier of the rate-determining phase, 

which in turn reduces the amount of carbon that deposits on the catalyst [18].  
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Figure 5. The mechanisms for methanol heterogeneous carbonylation on Ir1/AC and Ir1-La1/AC [18]. 

4.  Discussion 

Thus far, iridium or rhodium catalyst-based CativaTM or Monsanto procedures account for more than 

80% of the acetic acid’s capacity [19]. 

But both these classic Rhodium or Iridium homogeneous catalyst systems still cannot solve problems 

like complicated formation separation, the corrosion of instruments from iodide, and the loss of noble 

metal catalysts. Several research-improved catalysts have emerged, especially the addition of ligands. 

At the same time, a heterogeneous catalyst system could be developed as the solution and supplement 

of homogeneous catalysts in acetic acid production. Researchers reported techniques supporting the 

metal catalysts by copolymer and binuclear complex to guarantee the stability of the heterogeneous 

system and enhance the interaction of noble metal atoms or ions with support materials. A synthetical 

heterogeneous system composed of multiple materials may be the mainstream catalyst system in the 

future. 

5.  Conclusion 

The history of the carbonylation of methanol to produce acetic acid is reviewed in the report. Mainly 

introduces the process of methanol carbonylation with homogeneous catalyst and heterogenous catalysts 

and by literature review of previous research. The report shows the advantages and disadvantages of 

both two ways and develops the idea that the research of heterogenous catalysis systems to produce 

acetic acid should be encouraged in the future. 

One limitation is the report lacks experimental receipts as a strong argument and the research will 

continue in the future setting synthesis of a more efficient, clean heterogeneous catalyst system with 

lower cost to produce acetic acid as an object. 
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