
REDUCING POLYMER FOULING AND AGGLOMERATION IN 

ACRYLATE/METHACRYLATE PROCESSES 

CROSS-REFERENCE TO RELATED APPLICATION 

	

5 	100011 This application claims priority to U.S. Patent Application Serial No. 

62/063,697 filed on October 14, 2014, the disclosure of which is incorporated herein by 

reference in its entirety. 

FIELD OF THE INVENTION 

	

10 	[0002] The present invention generally relates to a method for reducing polymer 

fouling or agglomeration, and its use in an acrylate, methacrylic acid, or a methacrylate 

process. According to the present invention, the reagent comprises an alkyl phthalate, an 

alkaryl phthalate, an aryl phthalate, or a phthalic acid, and applying the reagent to an 

acrylate, methacrylic acid, or a methacrylate process to prevent polymeric foulant 

	

15 	precursors from agglomerating or to dissolve existing polymeric agglomerates and/or 

foulants to reduce polymer agglomeration or fouling in the process or storage equipment. 

BACKGROUND OF THE INVENTION 

[0003] In the acetone cyanohydrin-methyl methacrylate (ACH-MMA) process, 

	

20 	acetone cyanohydrin is added to an excess of sulfuric acid (1.4-1.8 mol/mol ACH), which 

acts as both reactant and solvent. The reaction between ACH and sulfuric acid produces a-

sulfatoisobutyramide, which then undergoes an elimination reaction under the heated 

process conditions to give methacrylamide sulfate. 
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[0004] In the next stage, sulfuric acid serves as catalyst in a combined 

hydrolysis/esterification of the methacrylamide sulfate to a mixture of MMA and 

methylacrylic acid (MAA). 
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5 	[0005] In one scheme, the methacrylamide sulfate is reacted with aqueous 

methanol in a continuous reactor or a series of reactors at temperatures of from 100 to 

150°C. 

[0006] In the industrial process for the manufacture of methyl methacrylate 

(MMA), an aqueous sulfuric acid waste stream (spent acid) is produced. This spent acid 

	

10 	stream is concentrated with sulfuric acid (1-1,SO4), ammonium bisulfate (NH4.HSO4) and 

residual organic components. The organic components generally comprise a high 

proportion of residues and tars and smaller quantities of lighter organic compounds. 

[0007] Due to the highly contaminated nature of MMA spent acid, the current 

industrial treatment method available for acid recovery and concentration is that involving 

	

15 	regeneration. In this process, the spent acid is decomposed in a brick-lined furnace at 

about 1000°C. At this temperature, the organic components in the spent acid are oxidized 

to carbon dioxide and water, the ammonium salts are converted to nitrogen and sulfur 

dioxide; and the sulfuric acid is reduced to sulfur dioxide. The sulfur dioxide gas stream 

produced in the regeneration process passes through heat recovery and gas cleaning 

	

20 	processes before being converted to sulfuric acid in a conventional contact acid plant. 

[0008] Polymerization of MMA, MAA, methacrylamide or other vinyl monomers 

is undesirable and very common in the manufacturing processes for preparing an acrylate, 

methacrylic acid, or a methacrylate monomer. In the MMA manufacturing process, 

polymers formed from MMA, MAA, and other vinyl monomers flow out of the process 

	

25 	with the spent acid. Many of the polymers formed have a lower density than the spent 

acid, so they float in the aqueous acid and when they agglomerate, precipitate out of the 

spent acid, or deposit on the equipment, they can cause process operating problems. 

[0009] Polymer formation, agglomeration, and fouling are generally a concern for 

the processes for handling an acrylate, methacrylic acid, or a methacrylate monomer. A 

	

30 	sulfuric acid-containing waste stream often carries the polymer. Reducing or preventing 

the operation problems and disposing of the waste stream are challenging and costly goals. 
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[0010] A method for removing these polymer agglomerates or deposits once they 

form and for preventing agglomeration or deposition of the polymers before they are 

formed is a need for the process. 

	

5 	SUMMARY OF THE INVENTION 

[0011] The present disclosure relates to a method of dispersing or dissolving a 

hydrocarbon foulant in a process fluid in contact with processing equipment for 

preparation of an acrylate, methacrylic acid, or a methacrylate monomer comprising 

contacting the foulant with an effective amount of an organic solvent, the organic solvent 

	

10 	comprising an alkyl phthalate, an alkaryl phthalate, an aryl phthalate, a phthalic acid, or a 

combination thereof. 

In one aspect, the present disclosure relates to a method of dispersing or dissolving 

a hydrocarbon foulant in a process fluid in contact with processing equipment for the 

preparation of an acrylate, methacrylic acid, or a methacrylate monomer comprising 

	

15 	contacting the hydrocarbon foulant with an effective amount of an organic solvent, the 

organic solvent comprising an alkyl phthalate, an alkaryl phthalate, an aryl phthalate, a 

phthalic acid, or a combination thereof, wherein the process fluid comprises a spent acid 

stream. 

[0012] The present disclosure also relates to a composition comprising aqueous 

	

20 	sulfuric acid, an organic solvent, and a polymer of acrylic acid, an acrylate, methacrylic 

acid, methacrylamide, or a methacrylate, or a combination thereof, wherein the organic 

solvent comprises a structure of Formula 1 

R1  
O 

R2 

Formula 1 

wherein R1  and R2 are independently hydrogen, alkyl, alkaryl, or aryl. 
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	[0013] Other objects and features will be in part apparent and in part pointed out 

hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

10014] Figure 1 is a schematic of the equipment used in a typical methyl 

methaciylate process. 

[00151 Corresponding reference characters indicate corresponding parts 

5 	throughout the drawings. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] The present invention is directed to a method of dispersing or dissolving 

polymer foulants produced in the process for preparing an acrylate, methacrylic acid, or a 

methacrylate monomer. Polymers of acrylic acid, an acrylate, methacrylic acid, a 

	

5 	methacrylate, a methacrylamide, or other vinyl monomers form as side products. The 

polymer can become insoluble and then precipitate out of a process stream. The polymer 

precipitate could deposit on process equipment surface as foulant or agglomerate into 

large pieces of polymer which can precipitate and separate out of process fluid and 

adversely affect process operation. The method of the invention disperses or dissolves the 

	

10 	insoluble polymer agglomerate in a liquid process stream. Dimethyl phthalate was found 

to be an effective solvent for polymer agglomerate in a spent acid stream of the methyl 

rnethacrylate process. Thus, one advantageous aspect of the method is using a solvent of 

Formula 1 to reduce or prevent polymer agglomeration or to dissolve an existing polymer 

agglomerate into a free-flowing liquid and thereby reduce the polymer deposition or 

	

15 	fouling of the process equipment. 

[0017] One aspect of the present invention is directed to a method of dispersing or 

dissolving hydrocarbon foulants in a process fluid in contact with processing equipment 

for preparing an actylate, methacrylic acid, or a methacrylate monomer comprising 

contacting the foulants with an effective amount of an organic solvent., the organic solvent 

	

20 	comprising an alkyl phthalate, an alkaryl phthalate, an aryl phthalate, a phthalic acid, or a 

combination thereof. 

[0018] The processing equipment can be for the preparation of methyl 

methacrylate. Preferably, the processing equipment for preparation of methyl 

methacrylate is adapted to the acetone cyanohydrin process. 

	

25 	[0019] The method described herein wherein the process fluid comprises sulfuric 

acid or its ammonium salt. 

[0020] The process fluid can comprise an acrylate, methacrylic acid, or a 

rnethacrylate, or a combination thereof. Preferably, the process fluid comprises methyl 

methacrylic acid, methyl methacrylate, or a combination thereof. 

	

30 	[0021] The hydrocarbon foulant can be an oligomer or a polymer of acrylic acid, 

an acrylate, methacrylic acid, a methacrylate, a methacrylamide, or a combination thereof. 

Preferably, the hydrocarbon foulant comprises an oligomer or a polymer of 

methacrylamide, methacrylic acid, methyl methacrylate, or a combination thereof. 
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[41022] The method described herein wherein the organic solvent comprises a 

structure of Formula 

R2 

Formula 1 

wherein R I  and R2 are independently hydrogen, alkyl, alkaryl, or aryl. 

5 	[0023] Another aspect of the invention is a composition comprising aqueous 

sulfuric acid, an organic solvent, and a polymer of acrylic acid, an acrylate, a 

methacrylate, methacrylic acid, methacrylamide or a combination of thereof, wherein the 

organic solvent comprises a structure of Formula I 

0 

R2 

Formula 1 

10 	wherein R1  and R2  are independently hydrogen, alkyl, alkaryl, or aryl. 

[0024] The method or composition wherein R1  and R2 are independently hydrogen 

and Ci-Ci2  alkyl. 

[0025] The method or composition described herein wherein the organic solvent 

comprises phthalic acid, monomethyl phthalate, monoethyl phthalate, monononyl 

15 	phthalate, monododecyl phthalate, monoundecyl phthalate, dimethyl phthalate, diethyl 

phthalate, dinonyl phthalate, didodecyl phthalate, diundecyl phthalate, monophenyl 

phthalate, monobenzyl phthalate, diphenyl phthalate, dibenzyl phthalate, or a combination 

thereof. 

5 



[0026] The method or composition wherein the organic solvent comprises 

dimethyl phthalate, diethyl phthalate, dinonyl phthalate, didodecyl phthalate, diundecyl 

phthalate, or a combination thereof. 

[0027] The method or composition described herein wherein the organic solvent 

	

5 	comprises dinonyl phthalate, didodecyl phthalate, diundecyl phthalate, or a combination 

thereof. 

[0028] The method or composition wherein the organic solvent is dimethyl 

phthalate, diethyl phthalate, or a combination thereof. 

[0029] The method or composition wherein the organic solvent comprises 

	

10 	dimethyl phthalate. 

[0030] The method wherein the hydrocarbon foulant is an oligomer or polymer of 

ethylenically unsaturated or vinyl monomers. 

[0031] The method wherein the hydrocarbon foulant is an oligomer or polymer of 

acrylic acid, an acrylate, a methacrylate, methacrylic acid, a methacrylamide, or a 

	

15 	combination thereof. 

[0032] The method described herein wherein the organic solvent concentration in 

the fluid is from about 10 ppm by weight to about 1% by weight. 

[0033] The method wherein the organic solvent concentration is front about 100 

ppm to about 1000 ppm when the organic solvent is used to disperse or prevent 

	

20 	hydrocarbon foulant from agglomeration, precipitation, or deposition. 

[0034] The method described herein wherein the organic solvent is added to the 

process fluid continuously. 

[0035] The method wherein the organic solvent concentration is from about 100 

ppm by weight to about 15% by weight when the organic solvent is used to dissolve or 

	

25 	remove the hydrocarbon foulant. 

[0036] The method wherein the organic solvent is added to the process fluid 

intermittently. 

[0037] The method described herein further comprising a chemical additive, the 

chemical additive being a second solvent, a dispersant, a polymerization inhibitor, or a 

	

30 	combination thereof. 

[0038] The method described herein where the second solvent comprises, 

tetrahydrofuran (THF), dimethyl sulfoxide (DMSO), methylene dichloride, or a 

combination thereof. 



[0039] The polymerization inhibitor can comprise a phenolic compound, a 

phenylenediamine or a derivative thereof, a phenothiazine or a derivative thereof, a 

nitrosophenol or a derivative thereof, a nitroxide or a derivative thereof, a hydroxylamine, 

or a combination thereof. 

	

5 	[0040] Figure 1 shows the reactor 10, the spent acid stream 30, the spent acid 

storage tank 50, the spent acid recovery unit 70, and the several places that the organic 

solvent could be added to the process. In particular, the organic solvent can be added the 

spent acid storage tank circulation stream 60. Additionally, the organic solvent can be 

added to the spent acid reactor bottoms stream 30 at injection point 40 in order to treat the 

	

10 	stream before it reaches the acid regeneration unit or the spent acid storage tank. Finally, 

the organic solvent can be added to the reactor inlet 20 or if there is more than one reactor 

in the system, in between the reactors in order to prevent the agglomeration or deposition 

of the polymer in the processing system. 

[0041] The organic solvent can be added to the processing system continuously or 

	

15 	intermittently in order to provide a spent acid stream that does not contain a solid polymer 

that precipitates out of the process fluid or deposits on the equipment. The organic solvent 

can be added into one or more of the streams in order to maintain a flowing polymer 

stream within the spent acid stream. 

[0042] Unless otherwise indicated herein, an "acrylate" is a salt or ester of acrylic 

	

20 	acid. 

[0043] Unless otherwise indicated herein, a methacrylate" is a salt or ester of 

methacrylic acid. 

[0044] Having described the invention in detail, it will be apparent that 

modifications and variations are possible without departing from the scope of the 

	

25 	invention defined in the appended claims. 

EXAMPLES 

[0045] The following non-limiting examples are provided to further illustrate the 

present invention. 

	

30 	Example 1:  Dimethyl phthalate prevents polymer from agglomeration/ precipitation 

[0046] In a typical methyl methaerylate plant, polymer tends to precipitate out of a 

spent acid process stream and form solid polymer agglomerate. The polymer agglomerate 

globules float on the surface of the spent acid stream, and cause operation problems and 

require cleaning and disposal costs. 



[0047] The following experiment shows that an organic solvent treatment can 

prevent the polymer agglomeration or precipitation. 

[00481 A concentrated polymer solution was prepared by dissolving a piece of 

solid methyl methacrylate process polymer in a THE solvent. In a test tube with 10 mL of 

	

5 	spent acid liquid (an aqueous sulfuric acid waste stream from a methyl methacrylate 

process), an aliquot of the concentrated polymer solution was added. In an untreated test, 

upon addition and mixing, the polymer immediately precipitated out of the liquid and 

turned into a piece of solid polymer floating on the top of the liquid, which was consistent 

with operational experience. In a treated test, the spent acid liquid sample was dosed with 

	

10 	dimethyl phthalate prior to adding the polymer solution. In contrast, 

agglomeration/precipitation did not occur upon addition of the polymer solution. Instead, 

the polymer was fully dispersed in the liquid with agitation (after shaking), and then the 

polymer gradually separated out as a liquid layer at the top of the liquid after settling. The 

liquid layer was easily redispersed in the spent acid with agitation thereafter. This evidence 

	

15 	shows that a dimethyl phthalate treatment was able to keep the polymer from agglomeration or 

precipitation in an acidic process stream and thus protect process equipment from polymer 

fouling. 

[0049] In the above experiment, a large group of candidates were screened. None of 

them were truly able to prevent polymer precipitation out of the spent acid though some of the 

	

20 	organic solvents were able to dissolve the polymer. Dimethyl phthalate was preferred. 

Example 2:  Dissolution Study 

	

25 	[0050] This experiment demonstrated that the organic solvent was also capable of 

dissolving an existing solid polymer in the spent acid environment. In this experiment, a solid 

piece of the spent acid storage tank polymer was dropped in a solution of the spent acid and 

was agitated on a stirrer for 4-6 hours and then left to settle. In a treated sample, dimethyl 

phthalate was dosed and compared with an untreated sample (not treated with any additives) 

	

30 	and a commercial dispersant treated sample. 

[0051] The solution treated with dimethyl phthalate was much darker than the 

untreated or the dispersant treated solution, indicating a noticeable dissolution of the polymer 

into the spent acid solution. In addition, the solid polymer became soft after soaking in the 

dimethyl phthalate treated solution for two to three days, whereas the other two polymer 



samples (e.g., the untreated sample and the dispersant treated sample) remained intact. These 

results showed that dimethyl phthalate was an effective solvent for spent acid storage tank 

polymer, and was a potential cleaning solvent for removal of a polymer deposited on operation 

equipment. 

	

5 	[0052] When introducing elements of the present invention or the preferred 

embodiments(s) thereof, the articles "a", "an", "the" and "said" are intended to mean that 

there are one or more of the elements. The terms "comprising", "including" and "having" 

are intended to be inclusive and mean that there may be additional elements other than the 

listed elements. 

	

10 	[0053] In view of the above, it will be seen that the several objects of the invention 

are achieved and other advantageous results attained. 

[0054] As various changes could be made in the above methods without departing 

from the scope of the invention, it is intended that all matter contained in the above 

description and shown in the accompanying drawings shall be interpreted as illustrative 

	

15 	and not in a limiting sense. 
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WHAT IS CLAIMED IS: 

1. A method of dispersing or dissolving a hydrocarbon foulant in a process 

fluid in contact with processing equipment for the preparation of an acrylate, methacrylic 

acid, or a methacrylate monomer comprising contacting the hydrocarbon foulant with an 

effective amount of an organic solvent, the organic solvent comprising an alkyl phthalate, 

an alkaryl phthalate, an aryl phthalate, a phthalic acid, or a combination thereof, wherein 

the process fluid comprises a spent acid stream. 

2. The method of claim 1 wherein the organic solvent is added to the process 

fluid continuously or intermittently whereby the hydrocarbon foulant does not precipitate 

out of the spent acid stream and the hydrocarbon foulant does not deposit on the 

processing equipment 

3. The method of claim 1 or 2 wherein the processing equipment is for 

preparation of methacrylic acid or methyl methacrylate or wherein the processing 

equipment for preparation of methacrylic acid or methyl methacrylate is adapted to an 

acetone cyanohydrin process. 

4. The method of any one of claims 1 to 3 wherein the process fluid comprises 

sulfuric acid, an ammonium salt of sulfuric acid, or a combination thereof. 

5. The method of claim 4 wherein the process fluid comprises an acrylate, 

methacrylic acid, a methacrylate, or a combination thereof. 

6. The method of any one of claims 1 to 5 wherein the hydrocarbon foulant 

comprises an oligomer or a polymer of acrylic acid, methacrylic acid, an acrylate, a 

methacrylate, a methacrylamide, or a combination thereof. 

7. The method of any one of claims 1 to 6 wherein the organic solvent 

comprises a structure of Formula 1 
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R2 

Formula 1 

wherein R1  and R2 are independently hydrogen, alkyl, alkaryl, or aryl. 

8. The method of claim 7 wherein R1  and R2 are independently hydrogen and 

C1-C12  alkyl. 

9. The method of claim 7 wherein the organic solvent comprises phthalic acid, 

monomethyl phthalate, monoethyl phthalate, monononyl phthalate, monododecyl 

phthalate, monoundecyl phthalate, dimethyl phthalate, diethyl phthalate, dinonyl phthalate, 

didodecyl phthalate, diundecyl phthalate, monophenyl phthalate, monobenzyl phthalate, 

diphenyl phthalate, dibenzyl phthalate, or a combination thereof. 

10. The method of claim 9 wherein the organic solvent comprises dimethyl 

phthalate, diethyl phthalate, dinonyl phthalate, didodecyl phthalate, diundecyl, phthalate, or 

a combination thereof. 

11. The method of claim 9 wherein the organic solvent comprises dinonyl 

phthalate, didodecyl phthalate, diundecyl phthalate, or a combination thereof. 

12. The method of claim 9 wherein the organic solvent comprises dimethyl 

phthalate. 
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13. 	The method of any one of claims 1 to 12 wherein the organic solvent 

concentration in the process fluid is from about 10 ppm by weight to about 1% by weight 

of the process fluid. 

	

14, 	The method of claim 13 wherein the organic solvent concentration is from 

about 100 ppm to about 1000 ppm. 

	

15. 	The method of any one of claims 1 to 14 wherein the organic solvent is 

added to the process fluid continuously. 
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