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Introduction
Phenol is a chemical that is used in multiple industrial 

processes. This chemical intermediate is seen in things such 

as resin, fibers and other chemicals.1 Typically, phenol is 

produced through a cumene processes that involves benzene. 

However, this three-step process is not  eco-friendly and has a 

very low precent yield.2 Also, the process costs a lot of money 

and resources which makes it less ideal. Acetone is also a 

major byproduct and scientists want to limit the byproduct's 

volume.3

Many scientists are researching into other ways to  synthesize 

phenol in a greener  way that also do not cost as much to 

synthesize as well as having a larger percent yield.1 Some 

suggestions involve using liquid-phase extraction with a 

copper catalyst4, hydrolyzation of aryl boronic acids5, and 

nucleophilic substitution5
. However, all of these have their own 

drawbacks such as lower yields3. This has led to the research 

that compares the way that phenol is synthesized.  

Figure 1: The Chemical Structure of Phenol
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Experimental
The most common way of synthesis involves a three step 

cumene process that involves benzene8. This process involves 

different oxidants to use as catalysts such as oxygen gas3, or 

copper ions.4 Catalysts are already set before and then the 

phenol is synthesized through gas chromatography3. Other 

methods use centrifuge to separate phenol from its catalysts and 

measure the percent yield of phenol.4  Then various software 

was applied to measure the effectiveness of the catalyst by how 

phenol was produced. 1

Results and Discussion
Based on the various studies, a catalyst of copper and copper 

ions  presented a yield of 0.8 to 2.5% as showcased below in 

table 1. 
4 Other catalysts1 showed varying levels of  yield of the 

phenol compound and other tests of the yield of the phenol 

based on solvents1 reported varying percentages as well. These 

all reposted relatively low yields which is an issue scientists 

encountered with the cumene process.

Figure 2: Visualization of the cumene process
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Table 1: Copper Catalysts Yields 
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*Notes: This table depicts multiple compound catalysts and their 

effects on phenol yield and compound leeching which effects the 

centrifuge process used to synthesize the phenol. 

The catalyst copper ions presented different percent yields. 

Compared to the other ways, these percent yields are lower 

than the 5%4. However, along with others, all ways of 

synthesizing phenol have major drawbacks. With this chosen 

method of synthesizing phenol, drawbacks included copper 

leeching and those levels of leeching directly impacting the 

yield of phenol4. This is what has caused scientists to research 

multiple ways to synthesize the compound from benzene. 

Figure 3: Phenol formation from Various 

Reactions 
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Figure 3: This figure depicts three industrial and one laboratory 

way of synthesizing phenols. The first three are the industrial. 

Conclusions
In conclusion, the synthesis of phenol is difficult to obtain 

without setbacks such as a low yield of about 5% and large 

environmentally damaging byproducts such as acetone2. The 

compared method of copper and copper ion catalysts has a 

percent yield of 0.8 to 2.5%.
4 Scientists concluded this method 

had a lower percent yield than the cumene process and was 

very tedious to obtain due to copper ion leeching.
4
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Catalyst Phenol Yield (%) Apparent Cu Leeching (%)

Cu/NaX 2 6.5

Cu/HX 2.3 1.5

Cu/NaY 2.2 0.5

Cu/NaZSM-5 1.5 0.1

Cu/HZSM-5 1.7 0.1

Cu/Namordenite 0.8  Trace 

Cu/Hmordenite 0.9 0.4

Cu/Hbeta 1.8 0.3
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