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I  SUMMARY 

A. CHEMISTRY 

Bisphenol A (BPA) is prepared by the reaction of one mole of acetone and two moles of 
phenol to give primarily the para, para´-condensation product, para, para´-
isopropylidene-diphenol: 

O
CCH3 CH3 +  2 OH HO C

CH3

CH3

OH +  H2O

G:\98Q1\4358\RP\4358-1.CDX  

The first step in the acid catalyzed reaction consists of the reaction of acetone and the 
strong acid to form a carbonium ion.  This carbonium ion adds one mole of phenol and 
subsequently forms a second carbonium ion.  The second carbonium ion eliminates a 
mole of water and then reacts with a second mole of phenol to form BPA: 
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The heat of reaction for reactants and products in their usual physical states at 25°C is 
calculated from heats of formation as 18.4 kilocalories per mol of BPA.  The major by-
products are the ortho, para-isomer, and to a lesser extent the ortho, ortho´-isomer. 

Fortunately, by-products can be partly recycled by catalytic reaction with phenol at 
about 150°C to give bisphenol A yields of 95 to 98+ percent based on phenol.  An 
example of this is shown in the sequence below where the ortho, para-isomer, the main 
impurity, is converted into the desired para, para´-isomer via decomposition and 
recombination: 

HO C
CH3

CH3

HO

HO C
CH2

CH3

OH

HO C
CH3

CH3

OH

+

ortho, para -Bisphenol isomer Isopropenylphenol

para, para -Bisphenol isomer
G:\98Q1\4358\RP\4358-2.CDX  

B. PROCESS TECHNOLOGY 

Strong mineral acids such as hydrochloric or sulfuric can be used as catalysts.  
Hydrochloric acid is much preferred due to its lower boiling point and relative ease of 
removal from the reaction mixture.  Instead of strong mineral acids, strongly acidic 
cation exchange resins such as the styrene/divinyl benzene type can be used with or 
without activity enhancing modifiers.  Resin catalysts eliminate catalyst recycle and 
greatly mitigate equipment corrosion and wastewater treatment problems.  To 
compensate for any activity deficit, reaction temperatures with resin catalysts can be 
increased to 70-80°C, compared to 50°C with concentrated aqueous or gaseous dry 
HCl catalyst. 

Compounds that contain mercapto (SH) groups or moieties that hydrolyze to mercapto 
groups are used in catalytic amounts of 1 percent or less of the feed to improve both the 
formation rate and yield of BPA.  Methyl mercaptan is commonly used for this purpose.   
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Other examples of mercaptan promoters are 3-mercaptopropionic acid and 2,2-
dimethylthiazoline. The effect of the promoter is attributed to the formation of a more 
stable carbonium ion, which can exist in higher concentration and thus alkylate the 
phenol ring faster. 

Newer ion exchange catalysts are modified to introduce mercapto groups that 
accomplish the same result while keeping the promoter bound to the resin. 

Excess phenol can act as a reaction solvent, which, in addition to being easily 
recovered and recycled, acts to suppress dimerization of acetone.  Multistage or 
cascade reactor systems can maximize the advantages of employing excess phenol by 
feeding acetone at successive stages. 

Crude reaction mixtures of phenol and acetone, made from the cumene hydroperoxide 
process for phenol production and acetone by-product, can be used to make BPA.  
Since 0.62 pound of acetone is made per pound of phenol in the cumene hydroperoxide 
phenol process and 0.32 pound of acetone is used per pound of phenol in bisphenol A 
production, the mixture must be depleted in acetone by distillation or enriched in phenol 
by addition to adjust to the desired ratio for BPA synthesis.  This approach would be 
better suited to an HCl catalyzed BPA process where less excess phenol is employed.  
The process simplification achieved by using the crude reaction mixture is offset by the 
greater variety of by-products and also inferior yields. 

Purification requires removal of dissolved acid by washing, neutralization, or preferably 
distillation for recycle.  Benzene, salt solutions, or other means may be used to break 
the HCl/water azeotrope and facilitate water removal without the use of vacuum 
equipment.  Catalyst recovery is not needed when resin is used as catalyst, but reaction 
water must still be removed to prevent buildup.  BPA is usually recovered as a 1:1 
complex with phenol.  The complex may then be refined by washing with phenol or 
other solvent, recrystallization, or melting and passing over ion exchange resins.  The 
refined complex is then heated under vacuum to distill out the phenol, preferably using 
low residence time equipment, such as a thin film evaporator, and keeping the 
temperature under 200°C to avoid BPA decomposition. 

Routes based on alternative starting materials, such as methyl acetylene or propadiene, 
are known but not used commercially.  Use of strong bases as catalyst is possible, but 
reaction rate and selectivity are poorer than with acid catalysts. 
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A list of bisphenol A technology licensors, together with comments on technology 
origins, is given in Table I.B.1. 

TABLE I.B.1 
LICENSORS OF RESIN CATALYZED BISPHENOL A TECHNOLOGY(1) 

 

• Sinopec/Lummus 
• Dow(2) 
• Mitsubishi(3) 
• ICSO(4) 
 

(1) Major producers such as Resolution Performance Products, General Electric, 
    Mitsui Petrochemical, Sunoco Chemicals, and Bayer have their own technology,  
    which might be licensed under special circumstances. 
 
(2) Dow’s BPA technology is offered directly to the market by Dow and is no longer promoted by 
   Kellogg Brown and Root. 
 
(3) Technology purchased in 2001 from Chiyoda.  Chiyoda had purchased the  
    technology in 1988 from Union Carbide and subsequently made substantial  
    improvements. Chiyoda had been licensing the technology in association with 
    UOP. 
 
(4) Technology developed and practiced by Poland’s Institute for heavy Organic  
    Synthesis, which is believed to be still available.  
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C. COMPARISON OF ION EXCHANGE AND HCl CATALYZED TECHNOLOGIES 

Advantages of the ion exchange catalyzed BPA process are: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Much lower investment and maintenance costs due to the use of less costly 
materials of construction 

Minimal waste water production, leading to a drastic reduction in the size of the 
treating system 

Simpler purification system in that catalyst recovery and recycle are not required 

Advantages of the HCl catalyzed process are: 

Somewhat more active catalyst may allow lower reaction temperature, resulting in 
fewer impurities (e.g. BPX and codimer) 

Higher raw material efficiencies than some resin catalyzed processes 

Elimination of the need to recycle unreacted acetone 

Minimal recycle of phenol to the reactors (no problem with bed plugging), keeping 
ortho, para-isomer from crystallizing in the reactors 

Recrystallization is not needed, decreasing investment and operating expenses 

Heavy ends conversion unit is optional due to the lower level of by-products 
produced in the reactor 

A more detailed comparison of process and product parameters for the various 
processes discussed in this report is given in Table I.C.1.  The main factor to note is 
that resin catalysts have now been improved to the point of essentially the activity and 
selectivity of the HCI catalyst.  Resin catalyzed processes are now also comparable to 
the HCI catalyzed process in equipment count, and they retain an advantage in less 
costly construction materials. 
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TABLE I.C.1 
COMPARISON OF BISPHENOL A PROCESS AND PRODUCT PARAMETERS 

 

 
 

 
 

 
 

Dow(1) 

 
 

Mitsubishi

 
 

Sinopec/Lummus 

Mineral 
Acid 

Catalyzed 
 
Reaction 
Reactor type  

 
Fixed bed Fixed bed Stripping Stirred 

tank 
Catalyst type  IX resin IX resin IX resin HCI 
Promoter  Y - Y - 
P/A ratio  - - - 6 
Conversion, acetone, %  97.5 90+ ~100 100 
Selectivity, phenol, %  98.6 95.5 98.5 98.5 
Rearrangement reactor  Y Y Y - 
Consumption/lb BPA Theory     
Phenol, lb 0.8245 0.836 0.863 0.836 0.837 
Acetone, lb 0.2544 0.261 0.277 0.261 0.258 
HCI, lb - - - 0.006 
By-product fuel, million Btu 0.00028 0.00087 0.00026 - 
Recovery     
Acetone distillation Y Azeotropic N N 
Predistillation N Y N Flash 
Crystallization stages 2 2 2 1 
Crystallization type Adduct + water Adduct Adduct Adduct 
M/L recycle to reactor Full Most - - 
S/L separation Proprietary + 

centrif. 
Filter + 
centrif. 

Centrif. + centrif. - 

Product quality (typical)     
Purity, wt% 99.92 >=99.9 99.98 99.8 
Melt color, APHA - 5-10 - - 
Color in caustic soln., APHA 20 - - - 
Color in (50%) MeOH, APHA 0-5 0-5 7 5? 
2,4-Isomer, ppmw 400-700 50-150 <=100 583 
Phenol, ppmw 

 
 

<10 <=20 <=20 45 
Iron, ppmw  <0.1 <=0.1 0.1 0.1 
Melting point, °C  156.9 >=156.8 - - 
Ash, ppmw  - <=3 - - 
Water, ppmw  - <=1,000 - - 

(1) Dow’s BPA Generation II Process 
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D. ECONOMICS OF COMMERCIAL PROCESSES 

Phenol at 20.0 cents per pound and acetone at 14.5 cents per pound are used as the 
pricing basis for developing bisphenol A economics via the ion exchange resin 
catalyzed and the HCl catalyzed processes.  Figure I.D.1 summarizes the economics of 
the two routes.  A 200 million pound per year bisphenol A plant using ion exchange 
catalyst requires a total project investment of about $101 million, compared with about 
$244 million for a plant using HCl catalyst.  Higher investment for the HCl catalyzed 
process is primarily due to the need for corrosion resistant materials in process 
equipment handling HCl.  Improvements in IX resin catalysts and resulting process 
simplification have contributed to widening of this investment gap from the previous 
PERP report (97/98-4, May 1998). 

FIGURE I.D.1 
COST COMPARISON OF BISPHENOL A PROCESS 
(USGC fourth quarter 2001, 200 million pounds/year) 

PHENOL = 20.0¢/LB, ACETONE = 14.5¢/LB

U:\02Q3\PERP\4047\4047-1.PPT
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Net raw material costs are essentially the same for the two processes.  Based on 
available data, utility costs are 0.7 cent per pound lower for the IX resin catalyzed 
process. 

Investment related expenses such as maintenance, insurance, property taxes, and 
general plant overhead (partial dependence) are lower for the ion exchange resin 
catalyzed process.  Thus, the resin catalyzed process has a cash production cost of 5.2 
cents per pound lower than the HCl catalyzed process. 

Depreciation and profit for 10 percent ROCE widen the advantage for the resin 
catalyzed process to about 18.2 cents per pound.  The resin catalyzed process is 
representative of the current state of performance from several process licensors. 

E. COMMERCIAL ANALYSIS 

1. United States 

The major demand for bisphenol A is in polycarbonates and epoxies as shown in Figure 
I.E.1. 

FIGURE I.E.1 
U.S. BISPHENOL A DEMAND BY APPLICATION, 2001 

U:\02Q3\PERP\4047\4047-1.PPT
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Polycarbonates have become the largest volume engineering resin, surpassing demand 
for nylon.  Polycarbonates main use is in glazing and sheet applications for 
construction. 

In automobiles, polycarbonate blends and alloys replace metal in wheel covers, 
bumpers, and instrument panels.  Neet polycarbonate is used for headlamp covers.  
Demand for composites and alloys will also continue to expand in structural markets, 
including appliance, aircraft/missile, and electronic applications.  Housings for portable 
tools as well as medical and industrial equipment form another important market 
segment. 

Audio compact disks are well established, and their use will continue to grow.  Read 
only and read/write data storage discs and video discs are a rapidly growing segment of 
polycarbonate consumption. 

Exports of polycarbonates had traditionally accounted for a significant portion of U.S. 
polycarbonate output.  Capacity buildup in the Pacific Rim region has resulted in 
significant reductions in subsequent export volumes. 

Bisphenol A used in epoxy resin production is expected to grow much more slowly, 
starting from a smaller base.  Demand should increase particularly in automotive 
coating, electronic/circuit board, and encapsulation applications.  Industrial maintenance 
and powder coatings are also growth segments.  Traffic paints are moving toward fast 
drying epoxies that emit fewer volatile organic compounds.   

Other uses for bisphenol A include polysulfone resins, polyarylate resins, specialty 
phenolic resins, polyetherimide resins, unsaturated polyester resins, 
tetrabromobisphenol A flame retardants, and stabilizers for various polymers. 

As seen in Table I.E.1, bisphenol A supply and demand in the United States are 
expected to remain in good balance through 2005.  Consumption is forecast to steadily 
increase from 2001 through 2005, whereas exports are anticipated to decline. 
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TABLE I.E.1 
U.S. BISPHENOL A SUPPLY/DEMAND BALANCE 

(thousand metric tons) 

        Average Annual 
        Growth Rate, % 

 1999 2000 2001 2002 2003 2004 2005 ’99-‘02 02-‘05 

Demand 815 880 920 960 1,040 1,100 1,130 5.6 5.5 
Net exports 69 114 116 50 25 0 0   
Production 883 993 1,036 1,010 1,065 1,100 1,130   
Capacity 1,020 1,060 1,060 1,060 1,150 1,150 1,220   
Operating rate, % 88.6 93.7 97.8 95.3 92.6 95.7 92.6   

2. Western Europe 

The West European bisphenol A market is dominated by two end uses, polycarbonates, 
and epoxy resins, accounting for more than 97 percent of total bisphenol A 
consumption. Demand for bisphenol A totaled 790,000 metric tons in 2001, a 5.1 
percent decrease from 2000 demand. 

Bisphenol A demand is anticipated to grow to 980,000 metric tons in 2005, based on 
strong growth in polycarbonates and moderate growth in epoxies.  Demand segments 
are depicted in Figure I.E.2. 

Polycarbonate is the largest application for bisphenol A and in 2001 accounted for 59 
percent of total demand.  

About one third of polycarbonate resin is consumed in the electronics and electrical 
appliance sectors.  However, there has been some pressure on polycarbonate use in 
electronics goods, particularly business machines, where there has been an increase in 
the use of polycarbonate alloys and PVC blends. 
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FIGURE I.E.2 
WEST EUROPEAN BISPHENOL A DEMAND  

BY APPLICATION, 2001 

U:\02Q3\PERP\4047\4047-1.PPT
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Growth in polycarbonate resins is forecast to increase at an average annual rate of 4.2 
percent in the 1999-2002 period, but it is expected to increase to a 7.0 percent annual 
rate in the 2002-2005 period. 

Epoxy resins accounted for an estimated 38 percent of the demand for bisphenol A in 
2001.  Surface coatings are the largest end use for epoxy resins. This industry, 
however, is undergoing significant change in response to environmental pressure to 
reduce VOC emissions.  This is resulting in strong growth prospects for aqueous and 
powder coatings.  Powder coatings and marine industrial maintenance paints are 
important segments of the epoxy coating markets. 

Electronics and composites are two end-use sectors where the growth in the use of 
epoxy resins is forecast to be above average; however, these sectors start from much 
smaller bases. 
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It is believed that Western Europe exports to Eastern Europe, the Middle East, Far East, 
and South Africa while importing from Poland, the United States, Russia, and Japan.  
Net import volumes are small at about 30,000 metric tons per year.  West European 
bisphenol A supply/demand balance is shown in Table I.E.2. 

TABLE I.E.2 
WEST EUROPEAN BISPHENOL A SUPPLY/DEMAND BALANCE 

(thousand metric tons) 

      Average Annual 
Growth Rate % 

 1999 2000 2001 2002 2003 2004 2004 ’99-‘02 ’02-‘05
Demand 800 830 790 870 926 960 980 2.8 4.0 
Net exports (4) (34) (28) (15) 0 0 0   
Production 796 796 762 855 926 960 980   
Capacity 1,000 1,050 1,145 1,145 1,160 1,175 1,175   
Operating rate, % 79.6 75.8 66.6 74.7 79.8 81.7 83.4   

3. Japan 

Japanese bisphenol A demand by major application is shown in Figure I.E.3.  The 
demand for bisphenol A in 2001 was 435,000 metric tons.  The demand in 2005 is 
forecast to be 460,000 metric tons.  The average annual growth rate is expected to be 
1.5 percent for the 2002-2005 period. 

The major application for bisphenol A is polycarbonate.  Approximately 73 percent of 
total bisphenol A demand was for polycarbonate applications in 2001.  Epoxy resin 
applications followed at approximately 23 percent. 

Bisphenol A demand has been growing strongly in polycarbonate applications, with high 
demand growth achieved in light lenses for automobiles, compact discs, equipment 
frames for computers/printers, and corrugated and flat sheet for building and 
construction.  Bisphenol A demand for polycarbonates reached 316,000 metric tons in 
2001.  Polycarbonate is valued in certain applications for its light weight, high rigidity, 
and high dimensional precision. 
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FIGURE I.E.3 
JAPANESE BISPHENOL A DEMAND BY APPLICATION, 2001 

U:\02Q3\PERP\4047\4047-1.PPT

TOTAL: 435 THOUSAND METRIC TONS

OTHER  4.7%

POLYCARBONATES
72.6%

EPOXY RESINS
22.7%

 

Epoxy resins are used primarily in coatings for automobiles, shipping drums, beverage 
cans, printed circuit boards in electronics, and adhesives.  Epoxy resin demand growth 
is expected to be primarily from can coatings and printed circuit board applications.  
Adhesives used in building and construction are also forecast to grow steadily. 

Other applications for bisphenol A include surfactants, antioxidants, and PVC 
stabilizers.  The demand in other applications is forecast to grow very modestly. 

Mitsubishi Chemical is the largest producer with a 100,000 metric ton per year plant in 
Kashima, followed closely by Nippon Steel Chemical with a 95,000 metric ton per year 
plant in Kitakyushu. Mitsubishi Chemical is expected to start up a 100,000 metric ton 
per year plant in Kurosaki in 2002.   

The Japanese bisphenol A supply/demand balance is shown in Table I.E.3. 
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TABLE I.E.3 
JAPANESE BISPHENOL A SUPPLY/DEMAND BALANCE 

(thousand metric tons) 

      Average Annual 
Growth Rate % 

 1999 2000 2001 2002 2003 2004 2005 ’99-‘02 ’02-‘05
Demand 355 393 435 440 450 455 460 7.4 1.5 
Net exports 23 40 56 130 145 160 170   
Production 378 433 491 570 595 615 630   
Capacity 400 422 470 570 640 640 640   
Operating rate, % 94.5 102.5 104.4 100.0 93.0 96.1 98.4   
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II  COMMERCIAL TECHNOLOGY 

A. CHEMISTRY 

Bisphenol A (BPA) is prepared by the reaction of one mole of acetone and two moles of 
phenol to give primarily the para, para´-condensation product, para, para´-
isopropylidene-diphenol: 

O
CCH3 CH3 +  2 OH HO C

CH3

CH3

OH +  H2O

G:\98Q1\4358\RP\4358-1.CDX  

The first step in the acid catalyzed reaction consists of the reaction of acetone and the 
strong acid to form a carbonium ion.  This carbonium ion adds one mole of phenol and 
subsequently forms a second carbonium ion.  The second carbonium ion eliminates a 
mole of water and then reacts with a second mole of phenol to form BPA: 

OH

+  H+
O
CCH3 CH3

OH
CCH3 CH3

OH
CCH3 CH3 + C

CH3

CH3

HO OH +  H+

+

C
CH3

CH3

HO OH +  H+
H2O C

CH3

CH3

+
OH

H2O C
CH3

CH3

+
OH

CH3
C
CH3

+ OH

+  H2O
CH3
C
CH3

+ OH

+ OH HO
CH3
C
CH3

OH +  H+

G:\98Q2\4358\RP\4358-1.CDX

+

 

The heat of reaction for reactants and products in their usual physical states at 25oC is 
calculated from heats of formation as 18.4 kilocalories per mol of BPA.  The major by-
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by-products are the ortho, para-isomer, and to a lesser extent the ortho, ortho´-isomer.  
Reaction of BPA already formed with the tertiary carbonium ion intermediate gives a 
higher phenol containing three aromatic rings, called trisphenol or BPX. 

HO C
CH3

CH3

OH

C
CH3

H3C

OH

Trisphenol
(BPX)

G:\98Q1\4358\RP\4358-1.CDX  

Mesityl oxide can be formed by reaction of the first carbonium ion with acetone. 

H3C C CH3

OH

+
+ H3C C

O
CH3

H+

CH3
C
CH

O

C
H3C CH3

+ H2O

Mesityl OxideG:\98Q1\4358\RP\4358-1.CDX  

Mesityl oxide can then further react with phenol to give several other observed by-
products: 

Phenol Mesityl Oxide 1,1,3-trimethyl,3,4-hydroxyphenyl, 5-indanol
(Isopropenyl Dimer)

Phenol 2,2,4-trimethyl-4-(4-hydroxyphenyl)chroman
(Codimer)

Mesityl Oxide

Q202/DATAFILES/4047-1.CDX

O C

CH3

CH
C

H3C CH3

OH

+
H+

HO
C

CH3H3C

CH3

OH  +  H2O

O CH3

CH3

H3C

OH

+  H2O

O C

CH3

CH
C

H3C CH3

OH

+
H+
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OH
CH3
CO
CH

C
CH3H3C

O
CH3

OHCH3H3C

2 +
H+

Phenol Mesityl Oxide

+  H2O

G:\98Q1\4358\RP\4358-2.CDX  

Other three ring compounds, and still more complex four ring compounds, are also 
produced. 

Fortunately, by-products can be partly recycled by catalytic reaction with phenol at 
about 150oC to give bisphenol A yields of 95 to 98+ percent based on phenol.  An 
example of this is shown in the sequence below where the ortho, para-isomer, the main 
impurity, is converted into the desired para, para´-isomer via decomposition and 
recombination: 

HO C
CH3

CH3

HO

HO C
CH2

CH3

OH

HO C
CH3

CH3

OH

+

ortho, para -Bisphenol isomer Isopropenylphenol

para, para -Bisphenol isomer
G:\98Q1\4358\RP\4358-2.CDX  

Strong mineral acids such as hydrochloric or sulfuric can be used as catalysts.  
Hydrochloric acid is much preferred due to its lower boiling point and relative ease of 
removal from the reaction mixture.  Instead of strong mineral acids, strongly acidic 
cation exchange resins such as the styrene/divinyl benzene type can be used with or 
without activity enhancing modifiers.  Resin catalysts eliminate catalyst recycle and 
greatly mitigate equipment corrosion and wastewater treatment problems.  To 
compensate for any activity deficit, reaction temperatures with resin catalysts can be 
increased to 70-80°C, compared to 50oC with concentrated aqueous or gaseous dry 
HCl catalyst. 
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Compounds that contain mercapto (SH) groups or moieties that hydrolyze to mercapto 
groups are used in catalytic amounts of 1 percent or less of the feed to improve both the 
formation rate and yield of BPA.  Methyl mercaptan is commonly used for this purpose.   
Other examples of mercaptan promoters are 3-mercaptopropionic acid and 2,2-
dimethylthiazoline. The effect of the promoter is attributed to the formation of a more 
stable carbonium ion, which can exist in higher concentration and thus alkylate the 
phenol ring faster. 

Newer ion exchange catalysts are modified to introduce mercapto groups that 
accomplish the same result while keeping the promoter bound to the resin. 

Excess phenol can act as a reaction solvent, which, in addition to being easily 
recovered and recycled, acts to suppress dimerization of acetone.  Multistage or 
cascade reactor systems can maximize the advantages of employing excess phenol by 
feeding acetone at successive stages. 

Crude reaction mixtures of phenol and acetone, made from the cumene hydroperoxide 
process for phenol production and acetone by-product, can be used to make BPA.  
Since 0.62 pound of acetone is made per pound of phenol in the cumene hydroperoxide 
phenol process and 0.32 pound of acetone is used per pound of phenol in bisphenol A 
production, the mixture must be depleted in acetone by distillation or enriched in phenol 
by addition to adjust to the desired ratio for BPA synthesis.  This approach would be 
better suited to an HCl catalyzed BPA process where less excess phenol is employed.  
The process simplification achieved by using the crude reaction mixture is offset by the 
greater variety of by-products and also inferior yields. 

Purification requires removal of dissolved acid by washing, neutralization, or preferably 
distillation for recycle.  Benzene, salt solutions, or other means may be used to break 
the HCl/water azeotrope and facilitate water removal without the use of vacuum 
equipment.  Catalyst recovery is not needed when resin is used as catalyst, but reaction 
water must still be removed to prevent buildup.  BPA is usually recovered as a 1:1 
complex with phenol.  The complex may then be refined by washing with phenol or 
other solvent, recrystallization, or melting and passing over ion exchange resins.  The 
refined complex is then heated under vacuum to distill out the phenol, preferably using 
low residence time equipment, such as a thin film evaporator, and keeping the 
temperature under 200oC to avoid BPA decomposition. 
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Routes based on alternative starting materials, such as methyl acetylene or propadiene, 
are known but not used commercially.  Use of strong bases as catalyst is possible, but 
reaction rate and selectivity are poorer than with acid catalysts. 

A list of bisphenol A technology licensors, together with comments on technology 
origins, is given in Table II.A.1. 

TABLE II.A.1 
LICENSORS OF RESIN CATALYZED BISPHENOL A TECHNOLOGY(1) 

 

• Sinopec/Lummus 
• Dow(2) 
• Mitsubishi(3) 
• ICSO(4) 

 
(1) Major producers such as Resolution Performance Products, General Electric, 
    Mitsui Petrochemical, Sunoco Chemicals, and Bayer have their own technology,  
    which might be licensed under special circumstances. 
 
(2) Dow’s BPA technology is offered directly to the market by Dow and is no longer promoted by 
    Kellogg Brown and Root. 
 
(3) Technology purchased in 2001 from Chiyoda.  Chiyoda had purchased the  
    technology in 1988 from Union Carbide and subsequently made substantial  
    improvements. Chiyoda had been licensing the technology in association with 
    UOP. 
 
(4) Technology developed and practiced by Poland’s Institute for heavy Organic  
    Synthesis, which is believed to be still available.  
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B. ION EXCHANGE CATALYZED PROCESSES 

1. Dow High-Purity BPA Generation II Process 

(a) Bisphenol Reaction (Condensation) 

A flow diagram for the Dow process is shown in Figure II.B.1.  All major equipment is 
constructed of 316L SS or better, and piping is of 304 SS.  Bisphenol A is produced by 
reacting one mole of acetone with two moles of phenol in an acid catalyzed 
condensation reaction.  The Bisphenol A reaction is catalyzed by a unique DOWEX® 
cation exchange resin.  The catalyst is batch-promoted via a proprietary system to 
achieve the proper selectivity to the para, para isomer.  This fixed promoter does not 
need to be  removed as with alternative BPA process.  The reaction is carried out in a 
significant excess of phenol, and the reactors run adiabatically. 

The process minimizes the formation of rearrangeable and non-rearrangeable by-
products. 

By utilizing a process recycle stream, the rearrangeable by-products reach equilibrium 
such that the reaction of phenol and acetone primarily produces high-purity p,p –
bisphenol A.  

The plant has multiple fixed bed reactors. When a reactor's catalyst activity becomes 
too low that reactor is taken off-line; the spent catalyst is removed and replaced before 
the reactor is brought back on-line. One reactor is typically on standby after having its 
spent catalyst replaced.  Spent catalyst is not regenerable, rather it is flushed to remove 
phenol and other organics, then disposed of by incineration. 

(b) Rearrangement Reaction 

A portion of the reactor feed is passed through a rearrangement reactor and returned to 
the reactor feed tank.  This reactor utilizes another unique DOWEX® cation resin 
catalyst to convert by-products into desired product while having a low reactivity to 
undesirable by-products.  This enhances the overall raw material efficiency.  Spent 
catalyst is handled the same as the condensation catalyst.  
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(c) Adduct Crystallization 

The phenol rich outlet from the condensation reactors is fed to the adduct crystallizers 
where a crystal adduct that is a 1:1 molar ratio of phenol to bisphenol is produced.  
Crystallization is achieved by cooling the solution.  Proprietary equipment design (not 
scraped-surface) and operating procedures minimize heat transfer surface fouling.  The 
crystal slurry from the crystallizers is fed to a proprietary separation system.  The 
crystals are washed with phenol to remove contamination on the crystal surface. The 
adduct crystals recovered from this single stage operation are very pure.  Competing  
BPA processes require multiple stages of adduct crystallization. 

The adduct crystals are then fed to the phenol separation section.  The main filtrate and 
wash filtrate are recycled back to the reactor section via the drying/acetone recovery 
section.  

(d) Acetone Recovery/Water Separation 

The filtrates from the proprietary separation system are fed to the drying column where 
unreacted acetone and the by-product water are removed. The tower operates under 
vacuum and at a moderately high temperature. 

The overheads from the drying column are fed to an acetone recovery column that 
separates acetone from water. A proprietary control scheme is utilized to insure high 
purity acetone is recovered for recycle. The fresh acetone is combined with recycle 
acetone and fed to the main reactors. The water is sent to the phenol extraction system. 

The bottom stream from the drying column is heat interchanged with the feed and then 
further cooled before being sent to the reaction section for further processing. 

(e) Phenol Separation 

The phenol/bisphenol A adduct crystals are melted, and the residual phenol is stripped 
off using live steam and recovered. The recovered phenol is of sufficient quality to be 
used with fresh phenol makeup to be partially recycled back as the crystal wash.  The 
balance is recycled to the reactor section.  The finished molten bisphenol A is sent to 
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the product crystallizers for further purification. The use of one adduct crystallization 
step (from phenol as solvent) makes the plant phenol balance easy to manage. 

(f) Product Water Crystallization  

BPA crystallization from water as solvent produces a product with less polycarbonate 
color forming impurities than BPA from other known crystallization processes. This is 
especially advantageous for polycarbonate plants utilizing melt phase technology.  

In this unit operation, the molten bisphenol is mixed with water and fed to the water 
crystallizers. The slurry of crystals, water, and residual bisphenol is fed to a centrifuge 
for separation.  The crystals are then fed to the drying train, and the filtrate and wash 
water are sent to the bis-oils recovery section. 

(g) Product Drying 

The finished crystals are dried in a series of screw conveyors.  

(h) Prilling 

The BPA crystals from the drying train are melted and pumped to the top of the prill 
tower. Solid prills are formed in the tower as the bisphenol A flows counter current to a 
recirculating nitrogen stream. The nitrogen leaving the top of the prill tower passes first 
through a bag filter to remove any fines and is then cooled and re-circulated back to the 
prill tower. The prills leaving the bottom of the tower pass through a vibrating screener. 
Oversize product is removed and recycled back to the process. The prilled product can 
then be conveyed to storage silos prior to packaging.  Typical product quality for Dow 
high-purity bisphenol A is presented in Table II.B.1. 

(i) Bis-Oils Recovery 

The purpose of this section is to separate and recover the bisphenol-related compounds 
in the wash from the product centrifuge.  The water and bisphenol from the centrifuge 
are decanted and separated in a separator tank.  The aqueous phase is sent to the 
phenol extraction section.  The organic phase is recycled back and combined with the 
feed to the adduct crystallization unit. 
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TABLE II.B.1 
DOW HIGH-PURITY BISPHENOL A TYPICAL PRODUCT QUALITY 

 

Property Value Units 
 

Purity 99.92 Wt% 
o,p-isomer 400-700 ppmw 
Other organic impurities 100 ppmw  
Phenol <10 ppmw 
Iron <0.1 ppmw 
Caustic color 20 APHA 
Alcohol color 0-5 APHA 

(j) Phenol Extraction/Water Dephenolation 

This section recovers phenol from water in order to increase the overall phenol 
utilization and ensure low phenol concentration in the aqueous stream going to waste 
water treatment.  Phenol that is contained in the water streams from acetone recovery, 
bis-oils recovery, and intermittent reactor/vessel washes is separated for recycle.  

The phenol-rich water is first fed to an extractor. The water phase, typically containing 
trace quantities of phenol, is sent to OSBL wastewater biological treatment. 

The organic phase from the extractor is fed to another column where the solvent is 
recovered and then, combined with fresh solvent makeup, recycled back to the 
extractor.  A light organic purge is taken from this stream. 

(k) Heavies Separation and Phenol Recovery 

This section recovers phenol from the heavies (higher molecular weight phenolic 
compounds) streams.  The phenol stream from the extractor system and a purge 
stream from the phenol recycle/mother liquor stream are fed to the heavies column.  
The purge stream reduces the build up of non-rearrangeable heavies in the phenol 
recycle.  In the heavies column, phenol is stripped, and the heavies are concentrated in 
the bottoms. The phenol is recycled back to the reactor section, and the heavies are 
stored for transport to OSBL incineration. 
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(l) Process Features 

(1) High Selectivity to BPA  

The process employs a proprietary DOWEX® resin catalyst system that has 
demonstrated capability to consistently achieve greater than 98 percent efficiency 
of raw material utilization.  The DOWEX® catalyst used in the main reactors is a 
unique catalyst providing high asset utilization and long life.  It employs a highly 
selective, poison resistant immobile promoter.  The proprietary DOWEX® catalyst 
used in the rearrangement reactor has been designed for improved selectivity for 
isomerization and color absorption. 

(2) Low Capital Cost 

The process has fewer processing steps, resulting in a lower equipment count, 
reduced capital cost, reduced plot plan size, and ease of operation.  A fixed 
promotion reactor system is used, so no promoter removal hardware is required. 

(3) High-Purity/High Performance Product 

Dow’s BPA process is based on water crystallization that yields a very low level of 
color forming impurities, permitting production of high quality epoxy resin and 
polycarbonate with one of the lowest Yellowness Index (YI) values in the industry.  
BPA product from this process is also well suited as a raw material for a melt 
phase polycarbonate process, producing very low color pre-polymer. 

(4) Proprietary Separation Unit 

A proprietary separation unit is used in place of centrifuges, which improves 
separation of adduct crystals and filtrate, overall yield, and on-stream time.  
Capital and operating costs are claimed to be reduced as well. 

(5) Product Form 

The BPA can be produced in crystalline, flake or prill form for easy loading and 
packaging.  Prilled product has a narrow size distribution for improved handling 
characteristics. 
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(6) Low Energy Consumption 

Recycled phenol is of sufficient quality without purification to use for the 
separation washes and reactor feed.  Only one stage of phenol crystallization is 
used thereby reducing the wash phenol and simplifying management of the plant 
phenol balance  In addition, the adduct crystallization produces a larger and 
improved crystal form in a narrow distribution range, improving washing abilities.  
Adduct crystallization is performed without an evaporative organic co-solvent, 
resulting in low overall steam consumption 

(7) Low Environmental Emissions 

The process is designed to meet or exceed the most stringent environmental 
regulations.  The process uses no free mercaptan, simplifying vent and waste 
treatment. 

(8) Low operating Manpower Requirements 

The process is claimed to be stable and simple to operate, with a high on-stream 
factor, reducing operating manpower requirements. 

(9) Technology Support 

Dow continually enhances its BPA process and its catalyst offerings, providing 
licensees the opportunity for continuing technical improvements and support 
through years of operation. 

(m) Commercial Experience 

Dow has been producing BPA since the 1960s.  At present, Dow is one of the world’s 
leading producers of BPA with a total production capacity of 300,000 metric tons per 
year (MTA) in four plants located in the United States and Germany.  The location and 
year of start-up for the four plants currently in operation are shown in Table II.B.2. 

Both the Freeport and Stade sites have undergone numerous expansions with 
technology advancements since their start-up.  The Stade site successfully 
demonstrated the High-Purity BPA Generation II technology in 2001. 

Nan Ya Plastics Corporation was the first licensee of the Dow Chemical Company BPA 
Generation I technology for its 90,700 MTA grassroots BPA plant at Mailiao, Taiwan. 
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The basic engineering was provided by Kellogg Brown & Root, and the plant came on-
stream in first quarter 1999 and has successfully met all performance guarantees. 

TABLE II.B.2 
DOW BISPHENOL A COMMERCIAL EXPERIENCE 

 

Producer Location Start-up Year 
 

Dow USA  Freeport, Texas 1972 
Dow Europe Stade, Germany 1977 
Dow Europe Stade, Germany 1987 
Dow USA Freeport, Texas 1991 

Since the Nan Ya Plastics licensing activity and plant start-up, Dow has continued to 
improve its BPA process and now directly offers its High-Purity BPA Generation II 
technology for licensing. 

2. Mitsubishi BISA (MCC-BISA) Process 

Mitsubishi BISA (MCC-BISA) process (2001), which originated from the Chiyoda/UOP 
(CT-BISA) process, is depicted in Figure II.B.2.  The CT-BISA process was in turn, 
based on technology purchased from Union Carbide in 1988.  A key difference between 
the MCC-BISA process and the Dow process is that the Dow process crystallizes from 
the reactor effluent, whereas the Mitsubishi process first goes through a dehydration 
step to remove overhead by-product water, unreacted acetone and some phenol in a 
series of distillation columns. 

The Mitsubishi process employs an improved ion exchange resin catalyst that exhibits 
higher activity and long life compared to earlier resin catalysts as well as the Chiyoda 
original ion exchange catalyst.  By-products are significantly reduced, leading to 
improved raw material efficiency and finished product color. 

The MCC-BISA process can be divided into four separate, but integrated, sections.  
Together, these four sections control the formation of desired bisphenol A product and 
manage by-product levels to control the quality of the final product. Each section is now 
described in detail. 
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(a) Reaction Section 

In the MCC-BISA process, fresh acetone is combined with recycle acetone and phenol, 
and fed to the synthesis reactor.  Bisphenol A is produced by condensation of phenol 
and acetone in the presence of Mitsubishi’s cation exchange resin catalyst.  The 
catalyst is nonregenerable, but is readily disposed by incineration since there are no 
metals or other environmentally hazardous materials.  An excess of phenol is fed to the 
synthesis reactor to increase acetone conversion per pass and to decrease the 
formation of undesired by-product impurities.  Phenol and acetone feedstock quality 
specifications are shown in Table II.B.3. 

TABLE II.B.3 
MCC-BISA PROCESS FEEDSTOCK MAJOR QUALITY SPECIFICATIONS 

 

Phenol Feedstock  
Appearance Clear and free of suspended matter 
Freezing point  (°C) 40.7 minimum 
Solubility in water  Clear and colorless 
Color (molten)   (APHA) 20 maximum 
Iron   (wtppm) 0.5 maximum 
Ash   (wtppm) 1.0 maximum 
Phenol purity  (wt%) 99.95 minimum (dry) 
Acetone Feedstock  
Specific gravity, 20/20°C 0.7905 – 0.7930 
Distillation characteristics To entirely distill within a range of 0.8°C,  

which  shall include 56±0.1°C 
Acetone purity  (wt.%) 99.7 minimum (dry) 
Water  (wt.%) 0.3 maximum 
Permanganate time(1) at 25 °C   (hours) 2 minimum 
Alkalinity  (wtppm) 10 maximum as NH3 
Iron  (wtppm) 0.1 maximum 
Ash  (wtppm) 0.5 maximum 

(1) To judge the presence of oxidizable materials 
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(b) Dehydration And Raw Material Recovery Section 

The synthesis reactor effluent is sent to the product recovery column, where co-product 
water, unreacted acetone and a portion of the unreacted phenol are separated 
overhead from the desired bisphenol A product and associated by-product isomer.  The 
overhead product from the recovery column is sent to the dehydration column, where 
unreacted phenol is separated as a bottom product and combined with fresh phenol and 
fed to the phenol purification column.  The overhead from the dehydration column 
consists of unreacted acetone and water.  This stream is directed to the acetone 
recovery column where unreacted acetone is recovered overhead and recycled back to 
the synthesis reactor.  The co-product water is separated as bottom material. 

Fresh phenol is combined with recycle unreacted phenol from the dehydration column 
and fed to the phenol purification column, before being supplied to solid/liquid 
separation for product washing, and combined with fresh and recycle acetone and 
directed to the synthesis reactor. 

(c) Separation and Purification Section 

The bottom stream of the product recovery column consists of bisphenol A, phenol and 
undesired reaction by-products (impurities).  This stream is directed to the two-stage 
crystallization to separate the desired bisphenol A product from the undesired 
components.  The two-stage crystallization approach minimizes the contamination by 
impurities in the crystals produced in the crystallization operation.  The solid crystals, an 
adduct of bisphenol A and phenol, are then separated from the mother liquor in a  
solid/liquid separation system designed with a combination of filter and centrifuge 
equipment with solids washing by purified phenol.  Most of the mother liquor is then 
recycled to the synthesis reactor. 

After solid/liquid separation, the adduct crystals are melted and phenol is distilled off 
and sent to the phenol purification column.  The molten bisphenol A is sent to the 
product prilling tower, where spherical prills are produced in a inert atmosphere as the 
final bisphenol A product.  While product prills are the most prominent shape of product 
in new bisphenol A plants, alternative devices to form shapes such as flakes and 
pastilles are also available.  The solidified bisphenol A products can then be conveyed 
to product bagging and storage facilities.  The quality of polycarbonate grade product is 
given in Table II.B.4. 
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TABLE II.B.4 
MCC-BISA PRODUCT QUALITY -- POLYCARBONATE GRADE BISPHENOL A 

 

Characteristics  Expected Value 
Appearance(1) (wt%) Prills 

Flakes 
Pastilles 

4,4’-bisphenol A purity (wt%) 99.9 minimum 
Freezing point (°C) 156.8 minimum 
Melt color @175°C (APHA) 5-10 
Solution color 50% MeOH (APHA) 0-5 
Free phenol (wtppm) 20 maximum 
2,4-bisphenol A isomer (wtppm) 50-150 
Water (wtppm) 1,000 maximum 
Iron (wtppm) 0.1 maximum 
Ash (wtppm) 3.0 maximum 

(1) Process can be engineering for the shape/characteristics listed 

(d) Purge Recovery Section 

The mother liquor from the solid/liquid separation section consists primarily of wash 
phenol, but it also contains impurities, such as 2,4-isomer and high molecular weight 
contaminants, that were separated from the desired bisphenol A product.  A carefully 
selected amount of the mother liquor is directed to the purge recovery section.  The 
optimum feed rate to the purge recovery system is determined to control the product 
quality at the desired level, while minimizing the consumption of raw materials.  In the 
purge recovery section the impurities are partially decomposed and then recombined to 
form desired bisphenol A product.  This desired product then joins with the mother liquor 
and recycles back to the synthesis reactor.  The undesirable impurities react to form 
tarry material, which is then discharged from the purge recovery system and commonly 
used as fuel. 

(e) Process Features 

(1) Proprietary Cation Exchange Resin Catalyst 

The MCC-BISA process is based on proprietary cation exchange resin catalysts 
specifically developed by Mitsubishi Chemical Corporation to improve the efficiency of 
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bisphenol A production.  There are two different catalyst systems used: one for the 
reaction system and one for the purge recovery system.  A key characteristic of the 
catalyst that sets it apart from conventional resin processes is the high selectivity to 
desired bisphenol A product in the reaction systems. 

Selectivity to bisphenol A in excess of 90 percent is expected while simultaneously 
achieving in excess of 95 percent acetone conversion per pass.  The net result of the 
improved catalyst performance is less catalyst inventory, longer catalyst life, reduced 
raw material consumption, reduced by-products production, and smaller recycle 
streams. 

The current catalyst, designated 4PET-MCC, is claimed to have double the lifetime of 
the previous commercial catalyst and to provide 1.5 times higher activity under similar 
reaction conditions. 

(2) Unique Distillation Design 

The design of the fractionators assures the maximum recovery of desired product and 
unreacted raw materials and further incorporates a carefully selected azeotropic agent 
that reduces the size and duty of the columns. 

(3) Proprietary Two-Stage Crystallization Design 

Two-stage continuous adduct crystallization is used with a proprietary temperature 
control system and a fines loop to control the crystal size at the most desirable level and 
thereby prevent contamination by accompanying impurities.  Together these features 
serve to reduce the size and duty of the crystallizers and hence lower capital and 
operating costs. 

Furthermore, an automated cleaning system for the crystallizer coolers is also used to 
maintain optimum heat transfer efficiency.  The solid/liquid separation system is based 
on a combined filter and centrifuge system coupled with a countercurrent crystal wash. 

(4) Proprietary Dephenolation System 

Mitsubishi has designed a unique system for the removal of free phenol from the final 
bisphenol A product.  This dephenolation system reduces the free phenol content to 
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less than 20 wt ppm in the final bisphenol A product.  Phenol interferes with 
polymerization in polycarbonate production. 

(5) Purge Recovery System 

The purge recovery system is based on a proprietary ion exchange resin catalyst 
system developed by Chiyoda.  The system is designed for efficient conversion of 
bisphenol A isomer to recoverable bisphenol A product and removal of impurities from the 
plant that would otherwise accumulate and have an adverse effect on bisphenol A 
product quality.  Optimum amount of mother liquor feed to the purge recovery system 
assures product quality targets. 

(6) Product Finishing 

Mitsubishi has a unique bead prilling system, which is claimed simpler than other prilling 
systems and assures prill production with uniform size distribution and maximum crush 
strength.  The design serves to minimize product losses due to dust and fines 
production and to minimize the possibility of powder explosion. 

(f) Commercial Experience 

The first commercial Chiyoda (CT-BISA) process was commissioned in Japan in July 
1991, and has been successfully producing bisphenol A for polycarbonate manufacture 
since that time.  A second unit was brought on stream in July 1995 in Taiwan.  A third 
unit in Japan started up in March 1998.  The fourth and fifth units are now under 
construction and will be starting up in 2002 and 2003 respectively. 

Mitsubishi Chemical Corporation purchased CT-BISA technology from Chiyoda in 2001.  
The further improved process, designated MCC-BISA, will be licensed by Mitsubishi 
from now on. 

Table II.B.5 presents the commercial experience of CT-BISA and MCC-BISA units. 
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TABLE II.B.5 
CT-BISA AND MCC-BISA COMMERCIAL EXPERIENCE 

 

Customer Location Capacity, 
(KMTA) 

Status 
 
 

Shin-Nippon Bisphenol Tobata, Japan 70  
to 95 

 

S/U 1991 
Capacity expansion in 
1999 

Taiwan Prosperity 
Chemical Corp. 

Kaoshiung, Taiwan 25 S/U 1995 

Mitsubishi Chemical Corp. Kashima, Japan 70  
to 100 

S/U 1998 
Capacity expansion in 
2000 

Mitsubishi Chemical Corp. Kurosaki, Japan 100 S/U 2002 
National Blue Star Wuxi, China 25 S/U 2003 (est.) 

3. Sinopec/Lummus Process 

(a) Process Description 

The Sinopec/Lummus bisphenol A process is shown in Figure II.B.3. 

(1) Condensation 

Fresh acetone and fresh and recycle phenol are fed to a single stage reaction system 
utilizing promoted cation exchange resin catalyst in a unique catalytic stripping reactor.  
The specifications for phenol and acetone feedstocks are presented in Table II.B.6. 
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TABLE II.B.6 
SINOPEC/LUMMUS PROCESS FEEDSTOCK SPECIFICATIONS 

 

Phenol 
Phenol should meet the following requirements: 

 
 

Crystallization temperature, °C 40.6 min 
Water content,  wt% 0.1 max 
Purity, wt% 99.0 min 
Residue on evaporation, wt% 0.01 max 
Color, APHA 5 max 
Iron content, ppm wt 0.1 max 
Ash content, ppm wt 1.0 max 

Acetone  
Acetone should meet the following requirements: 

 
 

Density d20/4, g/cm3 0.789-0.791 
Distillation range (@atm pressure), °C 0.7 
Water content, wt% 0.3 max 
Free acids as acetic acid, wt% 0.002 max 
 
Color, APHA 

 
5 max 

Residue on evaporation, wt% 0.002 max 
P
 

ermanganate time, minutes 2
 

40 min 
Iron content, ppm wt 0.1 max 
 
Ash content, ppm wt 

 
1.0 max 

The specifically designed reaction system provides high conversion at near isothermal 
conditions.  Reaction water is simultaneously stripped from the reaction mixture by 
nitrogen gas.  Reaction mixture essentially free of acetone and containing very low 
levels of impurities and water flows from the bottom of the reactor directly to the primary 
crystallization unit. 

Nitrogen gas from the top of the reactor is cooled and reaction water is condensed.  Dry 
nitrogen then flows to a blower and is returned to the reaction system in a closed loop. 
Condensed water is sent to the concentration and phenol recovery unit for processing. 
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(2) Primary Crystallization 

Condensation unit effluent containing a relatively high amount of BPA is directly fed to 
crystallization where phenol/BPA adduct is crystallized in a series of specifically 
designed crystallizers.  Adduct crystals are then separated from mother liquor using 
continuous centrifuges.  The adduct crystals are washed with phenol before discharge 
to remove impurities.  Adduct crystals are then melted and sent to the dephenolation 
unit.  Mother liquor recovered from the centrifuges flows to the concentration and phenol 
recovery unit for recovery of phenol.  Wash liquor is sent to the secondary crystallization 
unit. 

(3) Dephenolation 

Melted adduct is distilled under vacuum to remove phenol and produce raw BPA.  The 
stripped phenol is condensed and recycled to wash the adduct crystals.  Raw BPA flows 
from the bottom of the column to an evaporator for removal of residual phenol and final 
purification.  BPA melt then flows to the BPA product handling unit. 

(4) BPA Product Handling 

In this unit BPA melt can be converted to flakes, prills, or pastilles.  Typical installation 
might also include product storage (silos or hoppers), pneumatic transport, bagging and 
weighing, and palletizing.  Expected product specifications are given in Table II.B.7. 

TABLE II.B.7 
SINOPEC/LUMMUS BPA PROCESS PRODUCT SPECIFICATIONS 

 

Appearance Prills, pastilles, or flakes 

Solidification point, °C 156.8 

Purity, wt% 99.98 min 

Iron content ppmw 0.1 

Ash content, ppmw 5 

Phenol content, ppmw 20 max 

Color index of 50% solution in methanol, APHA 7 

2,4-Isomer content, ppmw 100 max 
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(5) Concentration and Phenol Recovery 

Mother liquor is dewatered and BPA and phenol recovered in a parallel train of 
processing units beginning with the concentration and phenol recovery unit.  The wet 
mother liquor from crystallization is combined with rearrangement reactor effluent and 
distilled to recover acetone, wet phenol, and a crude BPA stream.  Water is then 
removed from the wet phenol by an azeotropic distillation using an aromatic solvent.  
Dry phenol from the bottom of the azeotropic distillation is recycled to the condensation 
reactor.  Water of reaction is recovered from the overhead of the azeotropic distillation 
and is sent to waste water treatment. 

(6) Secondary Crystallization 

Crude BPA recovered in the concentration and phenol recovery unit is purified in a 
second smaller series of crystallizers.  Secondary adduct crystals are centrifuged and 
washed using primary crystallization wash liquor.  Adduct crystals are then recycled to 
the primary crystallizers for purification and recovery of the BPA.  Secondary wash 
liquor is recycled to the concentration and recovery unit for recovery of remaining 
phenol. 

(7) Cracking and Rearrangement  

Mother liquor from the secondary crystallizers, containing all of the reaction by-products, 
is fed to a specially designed cracking reactor.  Here, by-products are catalytically 
decomposed into desirable compounds under high vacuum conditions producing tar 
residue, phenol and additional usable by-products.  Phenol and by-products recovered 
from the overhead of the cracking reactor are then subjected to catalytic rearrangement 
in an ion exchange reactor to produce additional BPA.  Rearrangement product is 
recycled to recover the BPA and unreacted phenol.  Tar residue flows from the bottom 
of the cracking reactor and is sent to fuel. 

(b) Process Features 

The following process features are claimed by Lummus: 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

High activity of the catalyst contributes to the nearly 100 percent conversion of 
acetone, thereby minimizing fugitive acetone losses and resulting in  low catalyst 
volume requirements 

High selectivity catalytic stripping reaction system produces low amount of by-
products in the reaction effluent 

Specifically designed crystallization produces large crystal sizes that are easily 
separated and washed to remove impurities 

Only purified streams are recycled to the primary crystallization and condensation 
units 

By-products are purged to the catalytic cracking unit where they are decomposed 
and rearranged to form BPA 

BPA is minimally exposed to high temperatures using specifically designed 
vacuum distillation systems that limit residence time 

Continuous centrifuging is employed, so that buffer tanks are not needed 

Equipment count is reduced since single stage crystallization is employed and no 
preconcentration is required before crystallization 

Recycle of phenol and acetone is minimized, along with the associated utility 
costs 

(c) Commercial Experience 

At the present time, Sinopec is operating a 7,500 metric ton per year unit located in 
Tianjin, China, that has demonstrated at small commercial scale the unique catalytic 
stripping process. 
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C. MINERAL ACID CATALYZED PROCESS 

A typical BPA process that uses HCl as a catalyst is presented in Figure II.C.1.  Phenol 
and acetone in about 6:1 molar ratio are reacted in a series of glass lined stirred tank 
reactors in the presence of dry, gaseous HCl catalyst at 40 to 50°C and about 
atmospheric pressure.  The catalyst is prepared within the process from a feed of 
hydrochloric acid.  Acetone conversion is essentially complete in the reaction train.   

HCl and water are stripped from the reactor effluent in an HCl removal column.  
Overhead product from this column, containing HCl and water, is condensed and fed to 
the HCl recovery column, where a concentrated solution of salt is used to break the 
HCl/water azeotrope, thus producing an almost pure gaseous HCl overhead product, 
which is recycled to the reactors.  Only a small addition of HCl is required to 
compensate for losses.  The water is fractionated to the column bottoms, where it 
dilutes the salt solution.  Water is flashed from the dilute salt solution, resulting in a 
concentrated salt solution that is recycled to the column.  Flashed water is condensed 
and leaves the battery limits for treatment. 

The bottoms product from the HCl removal column is essentially free of HCl, so 
downstream equipment may be constructed of stainless steel.  A portion of the HCl 
removal column bottoms is sent to the epoxy grade purification train, where the bulk of 
the phenol is vacuum flashed and recycled to the reactors, and residual phenol is 
stripped from the flash bottoms using live steam in the BPA stripper to achieve low 
phenol levels.  The molten BPA from the stripper bottoms is prilled to produce a free-
flowing solid product.  Effluent air is cleaned before being released to the atmosphere. 

A second portion of the HCl removal column bottoms is sent to the polycarbonate grade 
purification train.  In this train some of the phenol is first flashed and recycled to adjust 
the composition for the subsequent crystallization step, where the solution is cooled and 
the para, para´-BPA forms an adduct with phenol, which crystallizes and is separated 
from the mother liquor. 
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The effluent mother liquor is flashed to remove phenol, which is recycled to the reactors.  
The heavy organic bottoms from the flash is either used as fuel or alternatively treated 
in a subsequent processing step to recover additional phenol value and further improve 
yield.  Although by-product formation is sufficiently low to make further processing 
optional, its inclusion is highly recommended for a new plant. 

One possible flowsheet for further processing of heavy by-products, as disclosed in an 
Aristech patent,(1) is illustrated in Figure II.C.2.  Bottoms from a BPA product column, 
containing BPA, o,p-isomer, phenol, and three and four ring higher molecular weight 
materials, are distilled in a wiped film evaporator to vaporize about 90 percent of the 
feed. The vapor is distilled at 5 mmHg top pressure in a column to give codimer as a 
sidedraw product.  Bottoms from the column containing over 90 percent BPA are sent to 
crystallization for product recovery.  The overhead stream, consisting of o,p-isomer and 
phenol, is recycled to the condensation reactor.  A simulated material balance is given.  
The bottoms from the BPA product column represent 3-4 percent of total plant 
production in an HCl catalyzed process. 

The adduct crystals leaving the crystallization step are melted and vacuum flashed to 
remove phenol for recycle to the reactors.  Molten BPA from the flash bottoms is steam 
stripped to attain a low residual phenol level, then prilled to produce a free-flowing solid 
product.  Effluent air is cleaned before being released to the atmosphere. 

Materials of construction include glass lined reactors, monel clad columns for HCl 
removal and recovery, and monel and graphite heat exchangers. 

Waste water from the BPA battery limits is treated by neutralization with lime, 
precipitation of the calcium, and further biotreatment.  Waste water comes from various 
sources.  In addition to miscellaneous washings, it comprises reaction water, steam jet 
condensates, and stripping steam.  The combined waste water stream contains residual 
calcium, HCl, phenol, and a trace of acetone.  The chemical oxygen demand of the 
water is expected to be about 5,000 ppm. 
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D. COMPARISON OF ION EXCHANGE AND HCl CATALYZED TECHNOLOGIES 

Advantages of the ion exchange catalyzed BPA process are: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Much lower investment and maintenance costs due to the use of less costly 
materials of construction 

Minimal waste water production, leading to a drastic reduction in the size of the 
treating system 

Simpler purification system in that catalyst recovery and recycle are not required 

Advantages of the HCl catalyzed process are: 

Somewhat more active catalyst may allow lower reaction temperature, resulting in 
fewer impurities (e.g. BPX and codimer) 

Higher raw material efficiencies than some resin catalyzed processes 

Elimination of the need to recycle unreacted acetone 

Minimal recycle of phenol to the reactors (no problem with bed plugging), keeping 
ortho, para-isomer from crystallizing in the reactors 

Recrystallization is not needed, decreasing investment and operating expenses 

Heavy ends conversion unit is optional due to the lower level of by-products 
produced in the reactor 

A more detailed comparison of process and product parameters for the various 
processes discussed in this report is given in Table II.D.1.  The main factor to note is 
that resin catalysts have now been improved to the point of essentially the activity and 
selectivity of the HCI catalyst.  Resin catalyzed processes are now also comparable to 
the HCI catalyzed process in equipment count, and they retain an advantage in less 
costly construction materials. 
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Selected product properties are also included in Table II.D.1.  More complete properties 
for the product from particular processes were presented earlier in the report.  Sales 
specifications of various BPA producers are provided in Table II.D.2. 

TABLE II.D.1 
COMPARISON OF BISPHENOL A PROCESS AND PRODUCT PARAMETERS 

 

 
 

 
 

 
 

Dow(1) 

 
 

Mitsubishi

 
 

Sinopec/Lummus 

Mineral 
Acid 

Catalyzed 
 
Reaction 
Reactor type  

 
Fixed bed Fixed bed Stripping Stirred 

tank 
Catalyst type  IX resin IX resin IX resin HCI 
Promoter  Y - Y - 
P/A ratio  - - - 6 
Conversion, acetone, %  97.5 90+ ~100 100 
Selectivity, phenol, %  98.6 95.5 98.5 98.5 
Rearrangement reactor  Y Y Y - 
Consumption/lb BPA Theory     
Phenol, lb 0.8245 0.836 0.863 0.836 0.837 
Acetone, lb 0.2544 0.261 0.277 0.261 0.258 
HCI, lb - - - 0.006 
By-product fuel, million Btu 0.00028 0.00087 0.00026 - 
Recovery     
Acetone distillation Y Azeotropic N N 
Predistillation N Y N Flash 
Crystallization stages 2 2 2 1 
Crystallization type Adduct + water Adduct Adduct Adduct 
M/L recycle to reactor Full Most - - 
S/L separation Proprietary + 

centrif. 
Filter + 
centrif. 

Centrif. + centrif. - 

Product quality (typical)     
Purity, wt% 99.92 >=99.9 99.98 99.8 
Melt color, APHA - 5-10 - - 
Color in caustic soln., APHA 20 - - - 
Color in (50%) MeOH, APHA 0-5 0-5 7 5? 
2,4-Isomer, ppmw 400-700 50-150 <=100 583 
Phenol, ppmw 

 
 

<10 <=20 <=20 45 
Iron, ppmw  <0.1 <=0.1 0.1 0.1 
Melting point, °C  156.9 >=156.8 - - 
Ash, ppmw  - <=3 - - 
Water, ppmw  - <=1,000 - - 

(1) Dow’s BPA Generation II Process 
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TABLE II.D.2 
BISPHENOL A SALES SPECIFICATIONS(1) 

 

Property Resolution 
Performance

Products 

Sunoco GE 

  PC Grade Epoxy 
Grade 

 

Form White flakes White 
prills 

Offwhite 
prills 

White 
crystals 

p,p´ -isomer content, %, min 97.0(2) 99.0 98.0 (3) 
Free phenol, % 0.0 0.0 0.1 (3) 
Iron, ppm, max 1.0 1.0 1.5 (3) 
Color, APHA, max 40 25 100 (3) 
Water, ppm, max 1,000 1,000 1,000 (3) 
o,p-isomer content, %, max 3.0 0.2 2.0 (3) 
Specific gravity 1.195 1.195 1.195 1.195 
Freezing point, °C 156.5 156.5 154.5 156.0 

(1) Data taken from Material Safety Data Sheets and other company literature 
(2) Also offers polycarbonate grade, nominally at 99 to 100% purity. 
(3) No further sales information supplied; output is mainly captive. 

Epoxy resin applications only need bisphenol A of approximately 95 percent purity, with 
the main impurity being ortho, para-bisphenol A isomer.  For polycarbonate applications, 
bisphenol A purity of 99.9 percent or higher is preferred. 

The interfacial polymerization process for polycarbonates employs solvents and 
carriers, which remove some of the undesirable impurities present in the BPA 
feedstock.  Since this situation does not prevail in the melt polymerization process for 
polycarbonates, BPA purity level and nature of the impurities are especially important to 
process efficiency and the performance characteristics of the products produced. 

Physical properties of bisphenol A are given in Table II.D.3.  Bisphenol A has a mild 
phenolic odor and good solubility in acetone, ethanol, and ethyl ether.  Solubility in 
methylene chloride and water is limited. 
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TABLE II.D.3 
PHYSICAL PROPERTIES OF BISPHENOL A 

 

Molecular weight 228.3 
Density at 20°C 1.04g/cm3 
    at 160°C 1.065g/cm3 
Bulk density 0.492g/cm3 
Melting point 156-157°C 
Heat of fusion 147J/g 
bp at 101.3 kPa 360°C 
    at 1.4 kPa 240°C 
    at 0.4 kPa 222°C 
    at 0.13 kPa 190°C 
Heat of vaporization at 101.3 kPa 404 J/G 
Flash point 227°C 
Ignition temperature 510°C 
Solubility in H2O at 83°C 0.344 wt% 
Solubility in acetone, ethanol, ethyl ether Good 
Solubility in methylene chloride ca. 1 wt% 

Bisphenol A is shipped in polyethylene-lined 50-pound bags, hopper trucks, or hopper 
cars.  Stainless steel is suitable for storage of solid forms of bisphenol A (prills, flakes, 
etc.).  Dust control is important since BPA has an unusually low minimum explosible 
concentration and ignition temperature.  Thorough grounding of equipment and 
maintenance of an inert atmosphere are recommended.  BPA is a slight fire hazard, and 
toxic gases are given off when it is burned.  Contact with oxidizing agents such as some 
peroxides and perchlorates should be avoided since BPA reacts violently with them. 

Bisphenol A dust, vapor, and solutions can irritate the skin, lungs, and eyes.  Current 
European Chemicals Bureau guidelines of 10 ppm for air inside plants are being 
tightened. 
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III  RECENT DEVELOPMENTS 

A. BACKGROUND 

Bisphenol A production is now largely via processes using promoted ion exchange resin 
catalysts, although processes using hydrogen chloride as catalyst are still operated by 
GE Plastics and Sunoco Chemicals. 

Since resin-catalyzed processes were developed more recently, a number of recent 
patents dealt with improved ion exchange resins and promoters.  Other recent patents 
deal with recovery techniques, yield improvement, and quality improvement 
(impurity/color body removal). 

Highlights of selected patents and applications published since the previous PERP 
Report (97/98-4, June 1998) are discussed below. 
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B. RESIN CATALYSTS/PROMOTERS 

General Electric(2) has disclosed a two layer catalytic ion exchange resin bed offering 
low pressure drop, low catalyst breakage, and low catalyst deactivation.  Flow through 
the combined catalyst bed is downwards, so that the upper layer is the first to contact 
the feed.  The upper layer comprises about 25 percent of the total bed and is made up 
of a sulfonated polystyrene resin with a degree of crosslinking (via divinyl benzene) of 2 
percent or less.  Optionally, up to 35 mol percent of the sulfonic acid groups may be 
covered by alkyl mercaptan groups. 

The lower layer comprises 75 percent of the total bed and is made up of a similar resin 
except that the degree of crosslinking is in the range of 2-4 percent.  Up to 25 mol 
percent of the sulfonic acid groups in this layer may be covered with alkyl mercaptan 
groups.  It was found that the bed life was extended due to less fouling, deactivation, 
and fracturing of the resin, leading to increased yields of BPA at high production rates.  
The bed hydraulics mimic those of the highly-crosslinked resin alone, while the bed 
reactivity and selectivity resemble those of the lightly-crosslinked resin alone. 

A patent to Shell Oil(3) claims a scheme for increasing the life of an acidic cation 
exchange resin, used with a mercaptan co-catalyst, by a factor of about four times.  To 
accomplish this result, methanol is removed from the acetone feed down to 50 ppm or 
less by azeotropic distillation.  By following distillation with molecular sieve adsorption, 
the methanol content can be further reduced to 10 ppm or less. 

The methyl mercaptan co-catalyst is recovered by adsorption into phenol.  Co-catalyst 
derivatives, such as dimethyl sulfide, are purged from the absorber, reducing the 
possibility of catalyst poisoning.  Such catalyst deactivation results from the direct 
alkylation of the catalyst modifier attached to the resin.  That is, the alkyl group of an 
alkyl alcohol condenses with the terminal hydrogen to form water.  The alkyl group then 
directly alkylates the modifier, thereby interfering with the subsequent synthesis of BPA. 

Mitsubishi(4) reveals in a patent the advantage of using mercaptoalkylpyridines to partly 
modify sulfonate cation exchange resin catalysts for bisphenol A production.  At a 
loading of 15 percent, 4-mercaptoethylpyridine (4-MEP) gave an acetone conversion of 
99.2 percent and phenol selectivity to BPA of 94.0 mol percent.  Reaction conditions 
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were 73°C, phenol/acetone of 12.9 molar, and LHSV of 0.7 per hour.  Comparative 
results for 2-amino ethanethiol (2-AET) at 10 percent loading were 93.1 percent acetone 
conversion and 92.4 percent selectivity to BPA.  At LHSV of 2.0 per hour, the advantage 
increases, with conversion and selectivity of 90.9 and 93.2 percent (same bases) for the 
4-MEP promoter versus 76.7 and 92.4 for the 2-AET promoter. 

Mitsui(5) has continued its earlier investigations into the use of polyorganosiloxane 
catalysts for production of bisphenol A.  The polysiloxane catalyst has hydrocarbon 
groups with sulfonic acid groups and mercapto groups.  An example described BPA 
production at 100°C and WHSV of 0.75.  By reducing the loading of promoter from 3.15 
to 1.15 micro moles per square meter, the acetone conversion and BPA selectivity at 20 
hours onstream increase to 88 and 92 from 67 and 91 at the higher loading.  After 300 
hours onstream, the lower-loaded catalyst showed less than one fourth the deterioration 
of the higher-loaded catalyst. 
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C. PROCESSING 

General Electric(6) claims that partial acetone conversion, achieved at high WHSV, can 
dramatically increase BPA productivity.  This patent gives recommendations for various 
process steps.  Rotary vacuum filters are used in separating crystals from feed liquor, 
with the vacuum created by liquid-ring vacuum pumps sealed with sodium hydroxide 
solution or liquid phenol.  Alternative means of phenol removal from the BPA/phenol 
adduct crystals are nitrogen stripping or thin-film evaporation.  BPA purification can be 
effected by multistage fractional crystallization using falling-film evaporators without 
solvents.  This is claimed to give the highest quality BPA for making optical-grade 
polycarbonate.  Phenol and acetone are recovered from water of reaction by extraction 
with methyl isobutyl ketone.  About 2-15 percent of the dehydrated recycled mother 
liquor is sent to tar cracking, using a strong base, such as sodium hydroxide, as 
catalyst. 

Details of the operation of a rotary vacuum filter for recovery and processing of 
BPA/phenol adduct crystals are provided in a Bayer patent(7).  Bisphenol A/phenol 
adduct crystal solids in the feed are at 25 percent, and feed  temperature is 41°C.  Feed 
rate is such as to generate 500 kilograms per hour of filter cake for each square meter 
of filter surface.  Air permeability of the filter cloth is 700 liters per minute per square 
decimeter of filter surface.  Vacuum is applied as follows: 100 millibar in the suction 
zone where the drum picks up slurry from the feed trough, 80 millibar in the wash zone 
where the crystals are washed with 1:1 phenol at 55°C, and 100 millibar in the drying 
zone where the filter cake is dried to 15 percent residual moisture.  The housing 
surrounding the filter drum is pressurized to 10 millibars with nitrogen to prevent 
incursion of air.  High purity BPA (greater than 99 percent), having phenol content less 
than 50 ppm, is produced. 
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D. PRODUCT COLOR 

A patent to Chiyoda(8) discloses improvement of BPA product color by use of an anion 
exchange treatment to remove acid components from the mother liquor recycle.  By 
eliminating acid components from the crystallizer feed down to 0.001-0.1 
milliequivalents per liter, acid is precluded from appearing in the melted adduct crystals.  
Thus, no BPA degradation occurs in subsequent heating for dephenolation.  An 
example provides material balance and stream property data. 

Another Chiyoda patent(9) describes neutralization of acid traces in the melted adduct 
crystals by contacting the melt with a cation-donating solid.  Examples of cation-
donating solids include cation-exchange resins, inorganic ion exchangers (e.g. zeolites 
substituted by a cation), ceramics containing alkali metal or alkaline earth metal oxides, 
and alkali metal or alkaline earth metal compounds.  By acid neutralization, the 
decomposition of BPA during dephenolation is reduced. 

General Electric(10) has disclosed the use of an alkali or alkaline earth metal compound 
to remove the organic catalysts used in making bisphenol A.  As an example, 0.5 wt% 
sodium hydroxide in phenol is added to bisphenol A to achieve 1x10-8 to 1x10-6 moles of 
disodium salt of bisphenol A per mole of bisphenol A.  This level is measured by its 
catalytic effect in the transesterification of the bisphenol A with a carbonic diester. 

Addition of the alkali avoids the production of by-products in BPA purification, with the 
result that APHA color is improved by about 5 points and purity is improved about 0.04 
percentage points.  Melt flow rate and yellowness index of polycarbonate made from the 
treated bisphenol A show improvements versus those of polycarbonate from untreated 
bisphenol A. 
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E. YIELD IMPROVEMENT 

Quantitative recovery of high-purity phenol (and acetone) from bisphenol A tar is 
claimed possible by homogeneous catalytic cracking using aromatic sulfonic acid as 
catalyst in a patent application by General Electric(11).  An example uses 1,000 ppm of 
p-toluene sulfonic acid in a cracking operation conducted at 160°C for 2 hours. 
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IV  ECONOMICS OF COMMERCIAL PROCESSES 

The economics of commercial routes to bisphenol A have been developed on a fourth 
quarter 2001 basis, with benzene and propylene as raw materials.  Production of  
phenol raw material in a worldscale 440 million pound per year plant is detailed in Table 
IV.1.  With benzene at 11.3 cents per pound (83.0 cents per gallon) and chemical grade 
propylene at 16.8 cents per pound, the estimated phenol price for 10 percent return on 
capital employed (ROCE) is 20.0 cents per pound, assuming a credit of 14.5 cents per 
pound for by-product acetone. 

Phenol at 20.0 cents per pound and acetone at 14.5 cents per pound are then used as 
the pricing basis for developing bisphenol A economics via the ion exchange resin 
catalyzed and the HCl catalyzed processes.  Table IV.2 and Figure IV.1 summarize the 
economics of the two routes.  A 200 million pound per year bisphenol A plant using ion 
exchange catalyst requires a total project investment of about $101 million, compared 
with about $244 million for a plant using HCl catalyst.  Higher investment for the HCl 
catalyzed process is primarily due to the need for corrosion resistant materials in 
process equipment handling HCl.  Improvements in IX resin catalysts and resulting 
process simplification have contributed to widening of this investment gap from the 
previous PERP report (97/98-4, May 1998). 

Net raw material costs are essentially the same for the two processes.  Based on 
available data, utility costs are 0.7 cent per pound lower for the IX resin catalyzed 
process. 

Investment related expenses such as maintenance, insurance, property taxes, and 
general plant overhead (partial dependence) are lower for the ion exchange resin 
catalyzed process.  Thus, the resin catalyzed process has a cash production cost of 5.2 
cents per pound lower than the HCl catalyzed process. 
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TABLE IV.1 
COST OF PRODUCTION ESTIMATE FOR: PHENOL 

PROCESS: FROM BENZENE, PROPYLENE (ZEOLITE CAT.) 
 

CAPITAL COST MILLION U.S. $
Plant Start-up 4Q2001 ISBL 128.8
Analysis Date 4Q2001 OSBL 51.7
Location         USGC   Total Plant Capital 180.5
Capacity         440.9 Million Pounds/Yr Other Project Costs 45.1

200.0 Thousand Metric Tons/Yr   Total Project Investment 225.6
Operating Rate   100 Percent Working Capital 13.0
Throughput 440.9 Million Pounds/Yr   Total Capital Employed 238.6

UNITS PRICE ANNUAL
Per Lb U.S. $ U.S. $ COST MM U.S. $

PRODUCTION COST SUMMARY Product /Unit Per Lb U.S. $ Per MT

RAW MATERIALS Benzene Lb 0.85216 0.1128 0.0961 42.37
Propylene (Chem Gr) Lb 0.49941 0.1683 0.0841 37.06
Hydrogen (100%) MSCF 0.00018 1.8999 0.0003 0.15
Caustic (50%) Lb 0.01520 0.0482 0.0007 0.32
Sulfuric Acid (98%) Lb 0.00900 0.0225 0.0002 0.09
Catalyst U.S.$ 1.00000 0.0022 0.0022 0.95

    TOTAL RAW MATERIALS 0.1836 80.95 404.7
BY-PRODUCT CREDITS Acetone Lb 0.61600 0.1450 (0.0893) (39.38)

Fuel Gas MM Btu 0.00084 2.5300 (0.0021) (0.93)
Fuel Oil Lb 0.04000 0.0548 (0.0022) (0.97)

    TOTAL BY-PRODUCT CREDITS (0.0936) (41.28) (206.4)
NET RAW MATERIALS 0.0900 39.66 198.3

UTILITIES Power (Purchased) kWh 0.083460 0.0460 0.0038 1.69
Cooling Water M Gal 0.035278 0.0882 0.0031 1.37
Steam, LP M Lb (0.007854) 4.7265 (0.0371) (16.37)
Steam, MP M Lb 0.000205 4.7987 0.0010 0.43
Steam, HP M Lb 0.002657 5.3883 0.0143 6.31
Boiler Feed Water M Gal 0.000019 1.6626 0.0000 0.01
Nitrogen MSCF 0.000008 1.4583 0.0000 0.01

    TOTAL UTILITIES (0.0148) (6.54) (32.7)
NET RAW MATERIALS & UTILITIES 0.0751 33.12 165.6

VARIABLE COST 0.0751 33.12 165.6

DIRECT FIXED COSTS Laborers, 27.0  Men 40.10 Thousand U.S. $ 0.0025 1.08
Foremen, 6.0  Men 45.50 Thousand U.S. $ 0.0006 0.27
Supervisors 1.5  Men 54.90 Thousand U.S. $ 0.0002 0.08
Maintenance, Material & Labor 4.00 % of ISBL 0.0117 5.15
Direct Overhead 45.0 % Labor & Supervision 0.0015 0.65

    TOTAL DIRECT FIXED COSTS 0.0164 7.24 36.2
ALLOCATED FIXED COSTSGeneral Plant Overhead 60.0 % Direct Fixed Costs 0.0098 4.34

Insurance, Property Tax 1.0 % Total Plant Capital 0.0041 1.80
    TOTAL ALLOCATED FIXED COSTS 0.0139 6.15 30.7

CASH COST 0.1055 46.50 232.5

Depreciation @ 10.0 % for ISBL 5.0 % for OSBL & OPC 0.0402 17.72 88.6

COST OF PRODUCTION 0.1457 64.22 321.1

Return on Total Capital Employed (Incl. WC) @ 10.0 Percent 0.0541 23.86 119.3

COST OF PRODUCTION + ROCE    0.1998 88.08 440.4

U:\02Q3\4047\RP\BPA_COPs.xls  
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TABLE IV.2 
U.S. GULF COAST ECONOMIC SUMMARY FOR 

BISPHENOL A PROCESSES, FOURTH QUARTER 2001 
(200 million pounds per year) 

 
Process 

 
I-X Resin 

 
HCI-Cat. 

 
 

$Million 
 
T
 

otal project investment 101.3 243.5

Working capital     8.8 14.1
 
 Cents per Pound 

Net raw materials(1) 21.20 21.26
Utility costs   2.27 2.93
Variable cost 23.47 24.19
Direct fixed costs(2)   1.48 3.93
Allocated fixed costs(3)   1.29 3.33
Cash cost 26.24 31.45
Depreciation(4)   4.09 9.70
Return on capital employed(5)   5.50 12.88
Cost + ROCE 35.83 54.03

(1) Phenol @ 20.0 cents/lb, acetone @ 14.5 cents/lb 
(2) Operating labor, direct overhead, maintenance 
(3) General plant overhead, insurance, property tax 
(4)  10% on ISBL, 5% on (OSBL+OPC) 
(5) 10% on total capital employed 
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FIGURE IV.1 
COST COMPARISON OF BISPHENOL A PROCESSES 

(U.S. Gulf Coast 4 th qtr 2001, 200 million pounds/year) 

PHENOL = 20.0¢/LB, ACETONE = 14.5¢/LB
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Depreciation and profit for 10 percent ROCE widen the advantage for the resin 
catalyzed process to about 18.2 cents per pound.  Supporting details are provided in 
Table IV.3 for the resin catalyzed process and Table IV.4 for the HCl catalyzed process.  
The resin catalyzed process is representative of the current state of performance from 
several process licensors. 
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TABLE IV.3 
COST OF PRODUCTION ESTIMATE FOR: BISPHENOL A 
PROCESS: FROM PHENOL, ACETONE (ION-EXCH. CAT.) 

 

CAPITAL COST MILLION U.S. $
Plant Start-up 4Q2001 ISBL 62.3
Analysis Date 4Q2001 OSBL 18.7
Location         USGC  Total Plant Capital 81.0
Capacity         200.0 Million Pounds/Yr Other Project Costs 20.3

90.7 Thousand Metric Tons/Yr  Total Project Investment 101.3
Operating Rate   100 Percent Working Capital 8.8
Throughput 200.0 Million Pounds/Yr  Total Capital Employed 110.0

UNITS PRICE ANNUAL
Per Lb U.S. $ U.S. $ COST MM U.S. $

PRODUCTION COST SUMMARY Product /Unit Per Lb U.S. $ Per MT

RAW MATERIALS Phenol @ 10% ROCE Lb 0.83680 0.1998 0.1672 33.43
Acetone Lb 0.26130 0.1450 0.0379 7.58
Catalysts & Chemicals U.S.$ 1.00000 0.0091 0.0091 1.82

    TOTAL RAW MATERIALS 0.2142 42.83 472.2
BY-PRODUCT CREDITS Heavy Ends (Fuel) MM Btu 0.00087 2.5300 (0.0022) (0.44)

    TOTAL BY-PRODUCT CREDITS (0.0022) (0.44) (4.9)
NET RAW MATERIALS 0.2120 42.39 467.3

UTILITIES Power (Purchased) kWh 0.081650 0.0460 0.0038 0.75
Cooling Water M Gal 0.027600 0.0882 0.0024 0.49
Steam, LP M Lb 0.000000 4.7265 0.0000 0.00
Steam, MP M Lb 0.002900 4.7987 0.0139 2.78
Steam, HP M Lb 0.000000 5.3883 0.0000 0.00
Wastewater Treating M Gal 0.000014 5.3700 0.0001 0.02
Nitrogen MSCF 0.001730 1.4583 0.0025 0.50

    TOTAL UTILITIES 0.0227 4.54 50.1
NET RAW MATERIALS & UTILITIES 0.2347 46.93 517.4

VARIABLE COST 0.2347 46.93 517.4

DIRECT FIXED COSTS Laborers, 14.0  Men 40.10 Thousand U.S. $ 0.0028 0.56
Foremen, 3.0  Men 45.50 Thousand U.S. $ 0.0007 0.14
Supervisors, 1.0  Men 54.90 Thousand U.S. $ 0.0003 0.05
Maintenance, Material & Labor 3.00 % of ISBL 0.0093 1.87
Direct Overhead 45.0 % Labor & Supervision 0.0017 0.34

    TOTAL DIRECT FIXED COSTS 0.0148 2.96 32.6
ALLOCATED FIXED COSTS General Plant Overhead 60.0 % Direct Fixed Costs 0.0089 1.78

Insurance, Property Tax 1.0 % Total Plant Capital 0.0041 0.81
    TOTAL ALLOCATED FIXED COSTS 0.0129 2.59 28.5

CASH COST 0.2624 52.48 578.6

Depreciation @ 10.0 % for ISBL 5.0 % for OSBL & OPC 0.0409 8.18 90.2

COST OF PRODUCTION 0.3033 60.65 668.7

Return on Total Capital Employed (Incl. WC) @ 10.0 Percent 0.0550 11.00 121.3

COST OF PRODUCTION + ROCE    0.3583 71.65 790.0

U:\02Q3\PERP\4047\BPA_COPs.xls  
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TABLE IV.4 
COST OF PRODUCTION ESTIMATE FOR: BISPHENOL A 

PROCESS: FROM PHENOL, ACETONE (HCI CAT.) 
 

CAPITAL COST MILLION U.S. $
Plant Start-up 4Q2001 ISBL 144.3
Analysis Date 4Q2001 OSBL 50.5
Location         USGC   Total Plant Capital 194.8
Capacity         200.0 Million Pounds/Yr Other Project Costs 48.7

90.7 Thousand Metric Tons/Yr   Total Project Investment 243.5
Operating Rate   100 Percent Working Capital 14.1
Throughput 200.0 Million Pounds/Yr   Total Capital Employed 257.6

UNITS PRICE ANNUAL
Per Lb U.S. $ U.S. $ COST MM U.S. $

PRODUCTION COST SUMMARY Product /Unit Per Lb U.S. $ Per MT

RAW MATERIALS Phenol @ 10% ROCE Lb 0.83700 0.1998 0.1672 33.44
Acetone Lb 0.25800 0.1450 0.0374 7.48
HCl Lb 0.00600 0.0680 0.0004 0.08
Catalysts & Chemicals U.S.$ 1.00000 0.0076 0.0076 1.52

    TOTAL RAW MATERIALS 0.2126 42.52 468.8
BY-PRODUCT CREDITS 0.0000 0.00

    TOTAL BY-PRODUCT CREDITS 0.0000 0.00 0.0
NET RAW MATERIALS 0.2126 42.52 468.8

UTILITIES Power (Purchased) kWh 0.180000 0.0460 0.0083 1.66
Cooling Water M Gal 0.015700 0.0882 0.0014 0.28
Refrigeration, 0 'F MM Btu 0.000020 11.1354 0.0002 0.04
Steam, MP M Lb 0.003900 4.7987 0.0187 3.74
Wastewater Treating M Gal 0.000100 5.3700 0.0005 0.11
Nitrogen MSCF 0.000100 1.4583 0.0001 0.03

    TOTAL UTILITIES 0.0293 5.86 64.6
NET RAW MATERIALS & UTILITIES 0.2419 48.37 533.3

VARIABLE COST 0.2419 48.37 533.3

DIRECT FIXED COSTS Laborers, 27.0  Men 40.10 Thousand U.S. $ 0.0054 1.08
Foremen, 6.0  Men 45.50 Thousand U.S. $ 0.0014 0.27
Supervisors, 1.5  Men 54.90 Thousand U.S. $ 0.0004 0.08
Maintenance, Material & Labor 4.00 % of ISBL 0.0289 5.77
Direct Overhead 45.0 % Labor & Supervision 0.0032 0.65

    TOTAL DIRECT FIXED COSTS 0.0393 7.86 86.6
ALLOCATED FIXED COSTS General Plant Overhead 60.0 % Direct Fixed Costs 0.0236 4.71

Insurance, Property Tax 1.0 % Total Plant Capital 0.0097 1.95
    TOTAL ALLOCATED FIXED COSTS 0.0333 6.66 73.5

CASH COST 0.3145 62.89 693.4

Depreciation @ 10.0 % for ISBL 5.0 % for OSBL & OPC 0.0970 19.39 213.8

COST OF PRODUCTION 0.4115 82.28 907.2

Return on Total Capital Employed (Incl. WC) @ 10.0 Percent 0.1288 25.76 284.0

COST OF PRODUCTION + ROCE    0.5403 108.04 1,191.2

U:\02Q3\PERP\4047\BPA_COPs.xls  

O:\2002Q3\PERP\0002\4047\production\4047-i-ap.doc 



- 60 - 

The sensitivity of bisphenol A cash cost and full cost to variations in phenol and acetone 
prices has been determined for the resin catalyzed process, as depicted in Figure IV.2.  
A 10 cent per pound change in phenol price changes bisphenol A cost by 8.4 cents per 
pound.  Acetone price has a lesser influence - a 10 cent per pound change would 
change BPA only 2.6 cents per pound. 

FIGURE IV.2 
FEED PRICE EFFECT ON BISPHENOL A COST: 

ION EXCHANGE CATALYZED PROCESS 
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Based on the phenol transfer price mechanism discussed earlier, acetone pricing has 
an interesting influence on the cost of phenol and bisphenol A.  A one cent per pound 
increase in acetone price would permit about a 0.62 cent per pound reduction in the 
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phenol transfer price.  This in turn would reduce the bisphenol A cost by about 0.52 cent 
per pound.  Since acetone is also a feedstock for bisphenol A, there is an offset of about 
0.26 cent per pound of bisphenol A due to the increased cost of acetone.  The net effect 
of an increase of one cent per pound in acetone price is about a 0.25 cent per pound 
decrease in the cost of bisphenol A. 

Sensitivities of cash cost and cost plus ROCE for the resin catalyzed process to 
changes in investment are explored in Figure IV.3.  A 50 percent change in investment 
causes a 1.0 cent per pound change in cash cost and a 5.6 cent per pound change in 
cost plus ROCE.   

FIGURE IV.3 
INVESTMENT EFFECT ON BISPHENOL A: 
ION EXCHANGE CATALYZED PROCESS 
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The effect of variation in plant design capacity is shown in Figure IV.4 for the ion 
exchange resin catalyzed process.  Cash cost response to capacity increases is rather 
flat beyond 200 million pounds per year, whereas cost plus ROCE shows significant 
flattening only beyond about 300 million pounds per year.   

FIGURE IV.4 
CAPACITY EFFECT ON BISPHENOL A COST: 

ION EXCHANGE CATALYZED PROCESS 
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V  COMMERCIAL ANALYSIS 

A. END USES 

Bisphenol A has a structure that makes it suitable as a monomer to produce 
polycarbonate, epoxy, phenolic, polyester, and other resins.  It also functions as a 
chemical intermediate since it can be readily halogenated, hydrogenated, and 
sulfonated.  Its halogenated derivatives are used in the production of fire retardant 
plastics.  Used directly as an additive, it improves the stability of many other resin 
systems.  The presence of two hydroxyl groups at opposite ends of the bisphenol A 
molecule permits unhindered reaction with a variety of other chemicals under 
reasonably mild process conditions. 

1. Polycarbonate Resins 

The reaction of bisphenol A with phosgene proceeds readily in a sodium hydroxide 
solution at or slightly above room temperature to produce a water-white, impact 
resistant thermoplastic polymer as shown below.  This is termed the interfacial 
polymerization process, since two phases are present. 

n HO C
CH3

CH3

OH  +  n
O
CCl Cl

C
CH3

CH3

O C
O

O +  2n HCl

G:\98Q2\4358\RP\4358-3.CDX

n
 

Bisphenol A also reacts with diphenyl carbonate in the presence of bases or 
organometallic catalysts to produce polycarbonates, as shown below.  This is referred 
to as the melt polymerization process. 
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The polymer’s excellent physical properties are utilized in coatings, sheet, films, molding 
resins, and fibers.  Optical clarity, impact resistance, and freedom from discoloration on 
aging make polycarbonates the outstanding resin for shatterproof windows and other 
glazing applications such as signs.  Public buildings and transportation vehicles use 
polycarbonate glazing. 

Polycarbonates also have good dimensional stability, high heat resistance, high tensile 
strength, and creep resistance under load.  These properties are important in products 
such as computer housings, tape reel housings, gas meter covers, light sockets, lenses 
for automobiles and appliances, and pipe.  Automotive applications include taillights, 
side marker lights, headlights, and headlight support structures.  Alloys and blends with 
other polymers are used in important automotive applications. 

Polycarbonate use in electrical/electronics applications is based on the resin's superior 
impact strength, thermal stability, transparency, dielectric properties, and tracking 
resistance.  Clarity allows easy routine inspection of enclosed equipment, and good 
weathering resistance is important for outdoor exposure. 

Other uses include compact discs, sports helmets, and packaging.  Compact discs, 
especially video discs, are a growing market for polycarbonate. 

For additional information on polycarbonates, see PERP Report 01/02-5 (July 2002). 

2. Epoxy Resins 

Although the term epoxy resin encompasses a wide range of materials, principally those 
resulting from the reaction of polyhydric phenols and compounds containing epoxide 
groups, by far the most widely produced resins are those based on bisphenol A and 
epichlorohydrin, which react as shown below. 
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The one step process conducted under rather mild reaction conditions in the presence 
of sodium or potassium hydroxide produces the epoxy resin and either sodium or 
potassium chloride.  When the bisphenol A/epichlorohydrin reaction mixture contains a 
large excess of epichlorohydrin, n approaches zero and the nearly pure diglycidyl ether 
of bisphenol A is produced.  This low molecular weight, liquid resin is the most reactive 
member of the family.  As the ratio of bisphenol A to epichlorohydrin is progressively 
increased, the resulting resins become less reactive and physically change from low to 
high viscosity  liquids, then semisolid, and finally high molecular weight solids that can 
be produced and stored as finely divided nonagglomerating powders.  As an alternative 
preparation, low molecular weight epoxy resins can be reacted with bisphenol A in a 
separate step to produce higher molecular weight resins. 

The terminal epoxide groups of the resin can be reacted with a wide variety of 
chemicals such as amines, amides, and anhydrides.  Two component, ambient 
temperature curing resin systems are formulated using an epoxy resin containing 
component and a polyamine or polyamide component.  One component formulations 
are produced by esterifying the epoxy resin with long chain unsaturated acids. 

Epoxy resin coating formulations display excellent fresh and salt water resistance and 
good chemical resistance, particularly to alkalis.  These properties, along with their 
extremely good adhesion to a variety of substrates, abrasion resistance, toughness, and 
flexibility, have made epoxy resins the basis of many primers, particularly for automotive 
and appliance applications, and complete corrosion resistant coating systems such as 
can, drum, and tank linings and industrial maintenance paints.  The resins are FDA 
approved for food contact.  Waterborne epoxies and other low solvent resins are 
forecast to continue to replace some solvent epoxies. 
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Epoxy resins are employed in fiber reinforced laminates and composites, generally in 
applications requiring greater resistance to alkalis than polyesters can offer.  In general, 
reinforced epoxy resins have good strength to weight ratios, high temperature stability, 
and good electrical properties.  Typical applications are filament wound pipes and 
vessels, pultrusion profiles, and matched metal die molding. 

Anhydride cured epoxy resins are frequently the materials of choice in casting and 
potting compounds because of good dimensional stability, low shrinkage, and high 
dielectric strength.  The insulative properties and moisture resistance of epoxy resins 
insure that electrical and electronic components retain their integrity and operate within 
specifications.  Laminates of glass fiber cloth are made by impregnating the cloth with a 
solution of epoxy resin catalyzed with a latent hardener.  When the solvent is removed, 
a stable prepreg results.  The application of heat and pressure to this prepreg forms a 
laminate that can be used in printed circuit boards. 

Epoxy adhesives are widely used for both industrial applications and as consumer 
products.  High performance epoxies are finding increased use in areas such as 
bonding metal and plastic or different types of plastic. 

3. Polyester Resins 

Polyesters are prepared from bisphenol A by first reacting the bisphenol A with an 
alkylene oxide, frequently propylene oxide, as shown below. 

HO C
CH3

CH3

OH +  2

C
CH3

CH3
OCH2CHCH3

OH
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CH CH2CH3
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CH3CHCH2O
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The glycol produced in this reaction can then be esterified with maleic or other dibasic 
acid to produce various molecular weight polyesters ranging physically from crystalline 
solids to viscous liquids.  The progress of the reaction can be followed by measuring the 
viscosity and the amount of free acid remaining in the reaction mixture.  Before the 
completion of the reaction, an inhibitor is added.  The solid polyester resin is milled to a 
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fine powder and dissolved in a crosslinking monomer, usually styrene.  Crosslinking of 
the polyester and styrene is accomplished via a free radical mechanism using peroxides 
and promoters such as cobalt salts of organic acids and/or amines. 

Bisphenol A type polyesters have excellent chemical resistance and high softening 
points.  Laminated with glass fiber, they are used for fabricating corrosion resistant 
chemical process equipment such as valves, pipe, and tanks. 

4. Phenoxy Resins 

Like epoxy resins, phenoxy resins are produced by the copolymerization of bisphenol A 
and epichlorohydrin.  In contrast to epoxies, the phenoxy resins do not require 
esterification with long chain unsaturated acids or reaction with amides or amines to 
produce cured resins.  The bisphenol A and epichlorohydrin are reacted in such a 
manner as to produce a very high molecular weight, linear, thermoplastic resin having 
no functional epoxide groups.  The repeating unit of the resulting polymer is as follows: 

C
CH3

CH3

OCH2CHCH2O

G:\98Q2\4358\RP\4358-6.CDX

n

OH

 

Coatings based on phenoxy resins are tough, flexible, and impact and abrasion 
resistant.  They have excellent adhesion and chemical resistance. 

5. Polysulfone Resins 

Polysulfone resins are prepared by first converting bisphenol A to its disodium salt and 
then condensing the salt with 4,4´-dichlorodiphenyl sulfone to produce the high 
molecular weight, linear, thermoplastic polymer as shown. 

NaO C ONa + Cl SO2 Cl
CH3

CH3

O C
CH3

CH3

O SO2

n
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The final product is used in molding and extrusion. 

6. Bisphenol A/Formaldehyde Resins 

Unlike the epoxy and polycarbonate resin syntheses previously described, in which the 
hydroxyl groups of bisphenol A are directly involved in the reaction, bisphenol A and 
formaldehyde readily copolymerize because of the high reactivity at the four positions 
ortho to the hydroxyl groups on the bisphenol A aromatic rings: 

HO C
CH3

CH3

OH + H-C-H
O

HO

CH2

C
CH3

CH3

CH3

OH

HO C
CH3

CH3

OH

CH2
G:\98Q2\4358\RP\4358-6.CDX  

Formaldehyde reacts at these positions to form          linkages between bisphenol A 
molecules.  Uncatalyzed, the reaction is sluggish.  Sodium hydroxide, amines, 
ammonia, mineral acids, and organic acids will all catalyze the reaction.  The catalyst 
must be neutralized at the completion of the preparation.  Typically, the reaction 
temperatures are 40 to 100°C. 

CH2

The catalyst employed, the ratio of formaldehyde to bisphenol A, and the reaction 
conditions all have a profound effect on the final resin properties.  For certain end uses 
the unmodified bisphenol A/formaldehyde resin in used.  Frequently, the resin is cooked 
with resin or ester gums or blended with drying oils.  Formulations of nonesterified 
bisphenol A/formaldehyde resins have exceptionally fast drying times, good water 
resistance, low flexibility, and unusually high tolerance for alcohol.  Applications include 
automotive primers and surface finishes, binders for abrasives, table and office furniture 
finishes, undercoats, and wrinkle finishes. 
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Printing inks based on bisphenol A dry rapidly; display high resistance to scratching, 
rubbing, water, and alkalis; and have minimum penetration into paper.  They are used 
as high gloss mixing varnishes, overprint varnishes, lithographic offset inks, alkali and 
soap resistant inks, and nonpenetrating carton inks. 

7. Bisphenol A Derivatives and Additive Uses 

As described in the subsection on bisphenol A/formaldehyde resins, the four positions 
on the aromatic rings ortho to the hydroxyl groups are very reactive.  This is used to 
advantage in the synthesis of the tetrachloro- and tetrabromo-derivatives of bisphenol 
A.  Epoxy, polycarbonate, and polyester resins can be made self-extinguishing by 
substituting tetrahalogenated bisphenol A for a portion of the normal bisphenol A in the 
reaction mixture. 

Bisphenol A can be converted from an aromatic to a cyclic aliphatic compound by 
catalytic hydrogenation of the aromatic ring.  The chemical functions of hydrogenated 
bisphenol A are changed completely and the compound reacts as a polyol rather than 
as an acid.  Hydrogenated bisphenol A is used as a raw material in corrosion resistant 
polyester resins and as a light stabilizer in other resin systems. 

Many chemicals based on bisphenol A are used in adhesives and as aids in dying 
cellulosics, nylon, polyesters, polyolefins, and other fabrics. 

Bisphenol A, either alone or as part of a stabilizer package, is widely used to improve 
the performance of many resin formulations.  The tensile strength, elongation, flexibility, 
thermal stability, and oxidation resistance of polyvinyl chloride are improved by the 
addition of 0.25-0.50 percent BPA.  Polyethylene, polypropylene, and polystyrene are 
stabilized against oxidation with bisphenol A (except for food use).  Oxo alcohols and 
their esters are stabilized against color change.  Bisphenol A is a stabilizer for brake 
fluids and soaps and also a fungicide for use in textiles and asphalt cable covering. 

8. Potential Health Effects 

The use of bisphenol A in epoxies for lining food and drink cans, and for dental 
sealants, is the subject of some current controversy.  Bisphenol A acts as an estrogen 
mimic and can potentially have adverse health effects.(12) 
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Dental sealants and food can linings are the main sources of potential human exposure.  
Polycarbonate bottles and dishes are more minor sources. 

Many dental sealants and composites are based on urethane.  But the most durable are 
made of bisphenol A/glycidyl methacrylate, a resin derived from the reaction of the 
diglycidyl ether of bisphenol A and methacrylic acid.  Studies of dental products have 
not shown the presence of free BPA, but some researchers have reported finding BPA 
in patients’ saliva after BPA derived sealant was applied to their teeth.  Further studies 
are continuing on this issue. 

Most steel and aluminum food cans and aluminum soda and beer cans are lined with 
epoxy resins.  It is not known yet whether enough bisphenol A leaches from these 
linings to be a health concern. 

Testing in 1997 found no detectable BPA in leachates from soda and beer cans.  
However, BPA was found to migrate into food from those cans that generally require 
high temperature (over 212°F) sterilization, such as cans for vegetables, meat, infant 
formula, and tomato products.  Extracts from such cans had BPA levels averaging 37 
ppb.  

Large five-gallon water bottles and certain baby bottles are made of polycarbonate 
resin.  Tests on these containers showed that BPA levels in extracts were below the 5 
ppb detection limit. 

Also in 1997,(13,14) a study published by the University of Missouri claimed to have found 
increased prostate weights and decreased efficiency of sperm production in male mice 
whose mothers were exposed to very low doses of BPA (2-20 micrograms per day per 
kilogram of body weight).  These results challenged the prevailing assumption that for 
any given substance there is an exposure level, known as the ‘’no observed effects 
level (Noel)”, below which exposure does no harm.  They also seemed to support a ‘low 
dose hypothesis’ - that exposure to very small amounts of a substance, well below the 
levels known to have effects on exposed test animals and also below the established 
Noel for these effects, may produce “different or opposite biological effects”.  However, 
a larger study funded by CEFIC (European Chemical Industry Council) and SPI (Society 
of the Plastics Industry in the United States) took a more rigorous approach and used 
more dose levels, including 0.2 and 200µg/kg body weight.  This study, conducted in 

O:\2002Q3\PERP\0002\4047\production\4047-i-ap.doc 



- 71 - 

accordance with recognized good laboratory practices by Mpi Research, was unable to 
reproduce any of the findings from the University of Missouri study. 

A study conducted in Tokyo a few months later, again sponsored by the Global 
Bisphenol A Industry Group of the Society of the Plastics Industry (SPI) and the 
European Chemical Industry Council (CEFIC), was designed to detect potentially 
permanent damage to male reproductive capacity from low-dose exposure to bisphenol 
A during pregnancy and early life stages(15).  This large study, rigorously conducted in 
accordance with internationally recognized Good Laboratory Practices, found no effects 
on the male offspring of female rats exposed to bisphenol A at 0.01, 0.1, 1, and 10 parts 
per million concentrations in drinking water.  In addition, no adverse effects were 
observed for maternal toxicity or reproductive performance. 

In June 2000, the Worldwide Fund for Nature (WWF) in the UK issued a report claiming 
links between BPA in can linings and baby bottles and reproductive effects(16).  An 
unpublished study by the UK government indicates that BPA is released from baby 
bottles that have been subjected to bottle brushing, dishwashing, or sterilization.  

A three-generation reproductive toxicity study of bisphenol A conducted by Research 
Triangle Institute (RTI) was publicized in May 2001(17).  The RTI study examined more 
than one million data points from three generations of laboratory animals exposed to 
BPA over a wide range of doses.  The results showed no indication of any low-dose 
effect in any generation.  The results of this study confirmed those of an earlier two-
generation study sponsored by the Japanese National Institute of Health Sciences.  
Both studies were specifically designed to look for health effects from low doses of BPA, 
including a wide range of hormone-related effects. 

This RTI study was one of the six comprehensive studies, which formed the core of the 
evidence considered by the 36-member government/industry National Toxicology 
Program (“NTP Expert Panel”).  The NTP Expert Panel statement indicated there is 
“credible evidence” that some hormone-like chemicals can affect test animals’ bodily 
functions at very low levels – well below the “no-effect” levels determined by traditional 
testing. 

However, the panel reported that, in some cases, other credible studies failed to 
observe such low-dose effects, and there is no obvious reason for the different 
outcomes.  The panel’s call for EPA testing guidelines to be “revisited” to determine 
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whether changes are needed to ensure tests detect any hormonal effects at low doses 
was opposed by the American Chemistry Council. 

The U.S. Food and Drug Administration and the Japanese Ministry of Health have 
concluded that BPA poses no human health risk. (18) 

European Union scientists have recently classified BPA as a category 2 fertility toxicant.(19)  
The American Plastics Council is concerned that U.S. environmental groups will use the 
European classifications to campaign for tighter restrictions. 

A very recent study by the European Commission (EC) has confirmed that low doses of 
Bisphenol A have no ill effects on children’s development.(20)  The EC’s Scientific 
Committee on Toxicity, Ecotoxicity and the Environment (CSTEE) said that this opinion 
is consistent with the views of the U.S. Environmental Protection Agency and the 
Japanese Ministry of Health, Labor and Welfare.  In reference to reproductive and 
developmental toxicity, the CSTEE supported a no-observed-adverse-effect level of 
50mg/kg/day. 
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B. UNITED STATES 

1. Demand 

The major demand for bisphenol A is in polycarbonates and epoxies as shown in V.B.1. 

FIGURE V.B.1 
U.S. BISPHENOL A DEMAND BY APPLICATION, 2001 
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TOTAL: 920 THOUSAND METRIC TONS

OTHER  8%

POLYCARBONATES
68%

EPOXY RESINS
24%

 

Polycarbonates have become the largest volume engineering resin, surpassing demand 
for nylon.  Polycarbonates main use is in glazing and sheet applications for 
construction. 
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In automobiles, polycarbonate blends and alloys replace metal in wheel covers, 
bumpers, and instrument panels.  Neet polycarbonate is used for headlamp covers.  
Demand for composites and alloys will also continue to expand in structural markets, 
including appliance, aircraft/missile, and electronic applications.  Housings for portable 
tools as well as medical and industrial equipment form another important market 
segment. 

Audio compact disks are well established, and their use will continue to grow.  Read 
only and read/write data storage discs and video discs are a rapidly growing segment of 
polycarbonate consumption. 

Exports of polycarbonates had traditionally accounted for a significant portion of U.S. 
polycarbonate output.  Capacity buildup in the Pacific Rim region has resulted in 
significant reductions in subsequent export volumes. 

Bisphenol A used in epoxy resin production is expected to grow much more slowly, 
starting from a smaller base.  Demand should increase particularly in automotive 
coating, electronic/circuit board, and encapsulation applications.  Industrial maintenance 
and powder coatings are also growth segments.  Traffic paints are moving toward fast 
drying epoxies that emit fewer volatile organic compounds.   

Other uses for bisphenol A include polysulfone resins, polyarylate resins, specialty 
phenolic resins, polyetherimide resins, unsaturated polyester resins, 
tetrabromobisphenol A flame retardants, and stabilizers for various polymers. 

2. Supply 

There are five U.S. producers of bisphenol A, as presented in Table V.B.1. 
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TABLE V.B.1 
U.S. BISPHENOL A CAPACITY BY PRODUCER, 2001 

(thousand metric tons) 

Company Location Capacity 

Bayer Baytown, TX   160 
Dow Freeport, TX   190 
General Electric Burkeville, AL 

Mt. Vernon, IN 
    75 
  265 

Resolution Performance Products Deer Park, TX   260 

Sunoco Haverhill, OH   100 
Total  1,050 

All producers except Sunoco have captive uses for bisphenol A.  General Electric uses 
substantially all its bisphenol A for polycarbonate and polyetherimide production.  Dow 
is believed to use most of its bisphenol A for polycarbonate and epoxy production.  
Resolution Performance Products (RPP) uses over half of its bisphenol A for production 
of epoxies.   

All producers are back integrated to phenol and acetone, and most buy cumene from 
which to produce these bisphenol A feedstocks. 

3. Supply/Demand Balance 

As seen in Table V.B.2, bisphenol A supply and demand in the United States are 
expected to remain in good balance through 2005.  Consumption is forecast to steadily 
increase from 2001 through 2005, whereas exports are anticipated to decline. 

Operating rates were in the upper 90s in 2001, easing to the low 90s by 2005. 
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TABLE V.B.2 
U.S. BISPHENOL A SUPPLY/DEMAND BALANCE 

(thousand metric tons) 

        Average Annual 
        Growth Rate, % 

 1999 2000 2001 2002 2003 2004 2005 ’99-‘02 02-‘05 

Demand 815 880 920 960 1,040 1,100 1,130 5.6 5.5 
Net exports 69 114 116 50 25 0 0   
Production 883 993 1,036 1,010 1,065 1,100 1,130   
Capacity 1,020 1,060 1,060 1,060 1,150 1,150 1,220   
Operating rate, % 88.6 93.7 97.8 95.3 92.6 95.7 92.6   

C. WESTERN EUROPE 

1. Demand 

The West European bisphenol A market is dominated by two end uses, polycarbonates, 
and epoxy resins, accounting for more than 97 percent of total bisphenol A 
consumption. Demand for bisphenol A totaled 790,000 metric tons in 2001, a 5.1 
percent decrease from 2000 demand. 

Bisphenol A demand is anticipated to grow to 980,000 metric tons in 2005, based on 
strong growth in polycarbonates and moderate growth in epoxies.  Demand segments 
are depicted in Figure V.C.1. 

(a) Polycarbonates 

This is the largest application for bisphenol A and in 2001 accounted for 59 percent of 
total demand.  

About one third of polycarbonate resin is consumed in the electronics and electrical 
appliance sectors.  However, there has been some pressure on polycarbonate use in 
electronics goods, particularly business machines, where there has been an increase in 
the use of polycarbonate alloys and PVC blends. 
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FIGURE V.C.1 
WEST EUROPEAN BISPHENOL A DEMAND 

BY APPLICATION, 2001 
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TOTAL: 790 THOUSAND METRIC TONS

OTHER  2.7%

POLYCARBONATES
59.4%

EPOXY RESINS
37.9%

 

Growth in polycarbonate resins is forecast to increase at an average annual rate of 4.2 
percent in the 1999-2002 period, but it is expected to increase to a 7.0 percent annual 
rate in the 2002-2005 period. 

(b) Epoxy Resins 

Epoxy resins accounted for an estimated 38 percent of the demand for bisphenol A in 
2001.   

Surface coatings are the largest end use for epoxy resins. This industry, however, is 
undergoing significant change in response to environmental pressure to reduce VOC 
emissions.  This is resulting in strong growth prospects for aqueous and powder 
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coatings.  Powder coatings and marine industrial maintenance paints are important 
segments of the epoxy coating markets. 

Electronics and composites are two end-use sectors where the growth in the use of 
epoxy resins is forecast to be above average; however, these sectors start from much 
smaller bases. 

(c) Other Uses 

Other uses accounted for less than 3 percent of all bisphenol A consumed in Western 
Europe in 2001. 

Bisphenol A is used in the manufacture of tetrabromobisphenol A, a fire retardant. 

Bisphenol A is also used in the production of polysulfones and specific surface coatings 
(other than epoxies). 

2. Supply 

Bisphenol A is currently manufactured by four producers in four West European 
countries, with capacities as shown in Table V.C.1. 

Bayer, General Electric, and Resolution Performance Products are large purchasers of 
phenol; Dow’s requirements are satisfied largely by toll conversion of cumene.  All 
producers are forward integrated into one or both of the largest uses, polycarbonates 
and epoxy resins. 

Bayer is the largest merchant seller of BPA in Western Europe. 
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TABLE V.C.1 
WEST EUROPEAN BISPHENOL A CAPACITY BY PRODUCER, 2001 

(thousand metric tons, year end) 

Country/Company Location Capacity 

Belgium 
Bayer 

 
Antwerp 

 
  220 

Germany 
Bayer 
Dow 

 
Krefeld 
Stade 

 
  180 
  160 

Netherlands 
GE 
Resolution Performance 
Products 

 
Bergen op Zoom 
Pernis 

 
  250 
  125 

Spain 
GE 

 
Cartagena 

 
  210 

Total  1,145 

3. Supply/Demand Balance 

It is believed that Western Europe exports to Eastern Europe, the Middle East, Far East, 
and South Africa while importing from Poland, the United States, Russia, and Japan.  
Net import volumes are small at about 30,000 metric tons per year.  West European 
bisphenol A supply/demand balance is shown in Table V.C.2. 

TABLE V.C.2 
WEST EUROPEAN BISPHENOL A SUPPLY/DEMAND BALANCE 

(thousand metric tons) 

      Average Annual 
Growth Rate % 

 1999 2000 2001 2002 2003 2004 2004 ’99-‘02 ’02-‘05
Demand 800 830 790 870 926 960 980 2.8 4.0 
Net exports (4) (34) (28) (15) 0 0 0   
Production 796 796 762 855 926 960 980   
Capacity 1,000 1,050 1,145 1,145 1,160 1,175 1,175   
Operating rate, % 79.6 75.8 66.6 74.7 79.8 81.7 83.4   
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Net trade is expected to continue at a minimal level.  Operating rates are expected to 
rise from the mid 70s in 2002 to the low 80s by 2005. 

D. JAPAN 

1. Demand 

Japanese bisphenol A demand by major application is shown in Figure V.D.1.  The 
demand for bisphenol A in 2001 was 435,000 metric tons.  The demand in 2005 is 
forecast to be 460,000 metric tons.  The average annual growth rate is expected to be 
1.5 percent for the 2002-2005 period. 

FIGURE V.D.1 
JAPANESE BISPHENOL A DEMAND BY APPLICATION, 2001 
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TOTAL: 435 THOUSAND METRIC TONS

OTHER  4.7%
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72.6%
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22.7%
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The major application for bisphenol A is polycarbonate.  Approximately 73 percent of 
total bisphenol A demand was for polycarbonate applications in 2001.  Epoxy resin 
applications followed at approximately 23 percent. 

Bisphenol A demand has been growing strongly in polycarbonate applications, with high 
demand growth achieved in light lenses for automobiles, compact discs, equipment 
frames for computers/printers, and corrugated and flat sheet for building and 
construction.  Bisphenol A demand for polycarbonates reached 316,000 metric tons in 
2001.  Polycarbonate is valued in certain applications for its light weight, high rigidity, 
and high dimensional precision. 

Epoxy resins are used primarily in coatings for automobiles, shipping drums, beverage 
cans, printed circuit boards in electronics, and adhesives.  Epoxy resin demand growth 
is expected to be primarily from can coatings and printed circuit board applications.  
Adhesives used in building and construction are also forecast to grow steadily. 

Other applications for bisphenol A include surfactants, antioxidants, and PVC 
stabilizers.  The demand in other applications is forecast to grow very modestly. 

2. Supply 

There are five bisphenol A producers in Japan, as shown in Table V.D.1. 

TABLE V.D.1 
JAPANESE BISPHENOL A CAPACITY BY PRODUCER, 2001 

(thousand metric tons per year, year end) 

Company Location Capacity Expansion 
GE Plastics Japan Chiba 85  
Mitsui Chemical Nagoya 55  
 Osaka 60  
Nippon Steel Chemical Kitakyushu 95  
Idemitsu Petrochemical Chiba 75  
Mitsubishi Chemical Kashima 100  
 Kurosaki  100 in 2002 
Total  470  
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Mitsubishi Chemical is the largest producer with a 100,000 metric ton per year plant in 
Kashima, followed closely by Nippon Steel Chemical with a 95,000 metric ton per year 
plant in Kitakyushu. Mitsubishi Chemical is expected to start up a 100,000 metric ton 
per year plant in Kurosaki in 2002.   

3. Supply/Demand Balance 

The Japanese bisphenol A supply/demand balance is shown in Table V.D.2. 

TABLE V.D.2 
JAPANESE BISPHENOL A SUPPLY/DEMAND BALANCE 

(thousand metric tons) 

      Average Annual 
Growth Rate % 

 1999 2000 2001 2002 2003 2004 2005 ’99-‘02 ’02-‘05
Demand 355 393 435 440 450 455 460 7.4 1.5 
Net exports 23 40 56 130 145 160 170   
Production 378 433 491 570 595 615 630   

400 422 470 570 640 640 640   
Operating rate, % 94.5 102.5 104.4 100.0 93.0 96.1 98.4   
Capacity 

Operating rates are anticipated to decline from full capacity in 2000-2002 to the low 90’s 
in 2003 due to new capacity.  Exports are expected to increase in 2002 and beyond due 
to Mitsubishi Chemical exporting to feed polycarbonate plants in Korea and Thailand. 
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APPENDIX I 

TABLE A.1 
RPP BISPHENOL A PRODUCT INFORMATION¹ 

 

Description Polycarbonate Grade Bisphenol A is a white flaked solid of high purity 
consisting of essentially 2,2-bis (p-hydroxyphenyl) propane with only trace 
amounts of other isomers 

 

Typical Properties Freezing point, °C, min (ASTM D-1493) 156.5 
 Color, max 40a 
 Iron content, ppmb max 1.0 
 Free phenol, % weight, max 0.02 
 Specific gravity, 25/25 °C 1.195 
 Bulk density, lb/ft3 35-41 
 Solubility in water Slight 
 Vapor pressure, mm Hg, 25°C Negligible 
                                       170°C 0.2 
   
 a Color determined by platinum-cobalt method via absorbance of a solution 

   containing 50 grams of BPA in 70 grams of methanol 
 b Parts per million  
   
  

Hazards of Exposure/ 
Possible Health Effects 

• Skin contact.  Bisphenol A can produce moderate irritation to the skin on 
prolonged contact.  Bisphenol A may be a mild skin sensitizer. 

• Eye contact.  Bisphenol A may cause moderate eye irritation and corneal 
damage on short or single exposure and severe irritation and corneal 
damage on prolonged contact. 

• Ingestion. Single dose oral toxicity is considered to be low.  Amounts that 
may be ingested accidentally in the work place are considered to have low 
toxicity. Swallowing amounts larger than that may be moderately toxic and 
may cause injury. 

• Inhalation. bisphenol A may cause irritation of the respiratory tract, 
resulting in soreness of throat, coughing and sneezing. 
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Exposure Limits 
And Hazard Ratings 

In the absence of specific Threshold Limit Values (TLV)2 and Permissible 
Exposure Limits (PEL)3 for BPA, OSHA has an exposure limit for particulates 
not otherwise regulated (PNOR of 15 mg/m3 for total dust and 5 mg/m3 for the 
respirable fraction).  The ACGIH has an exposure guideline for particulates 
not otherwise classified (PNOC) of 10 mg/m3 for total dust and 3mg/m3 for the 
respirable fraction. 

Emergency and 
First Aid Procedures 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Skin contact. Flush with fresh water and wash thoroughly with soap and 
water.  If any irritation or other skin effects are noted, get medical 
attention. 
Eye contact. Flush the eyes with large amounts of low pressure water for 
15 minutes while keeping eyelids open.  Get medical attention. 
Inhalation. Persons overexposed to bisphenol A should be moved to a 
non-contaminated area and made to rest.  Coughing, sneezing and sore 
throat should gradually subside.  Get medical attention. 
Swallowing.  Do not induce vomiting unless directed to do so by medical 
personnel. 

Handling Precautions 
And Recommendations 

All procedures and equipment for worker protection should be approved by 
a qualified industrial hygienist or other technically qualified person. 
Personal hygiene. All persons who work with bisphenol A should wash 
hands before eating, drinking, smoking or using toilet facilities. 
Personnel equipment. Persons handling or using bisphenol A should 
wear protective clothing and equipment such as impervious gloves and 
chemical goggles, as necessary to avoid or minimize body contact. 
Engineering controls. Bisphenol A dust levels should be controlled below 
recommended limits by local exhaust ventilation or other engineering 
controls. 
Administrative controls. If such engineering controls are not available, 
effective administrative controls should be established to ensure that no 
person is exposed to dust or vapors of bisphenol A above the 
recommended limits. 
Temporary or emergency controls. If neither engineering nor 
administrative controls are effective, NIOSH4-approved respiratory 
equipment should be provided and worn for worker protection.  Personal 
respiratory equipment should not be used as a long-term substitute for 
engineering controls. 
Monitoring. Air monitoring is the best way to determine whether bisphenol 
A dust exceeds the recommended limits.  Standard sample collection 
techniques and analytical methods are available. 

Reactivity Hazards Bisphenol A is stable on storage at ambient temperatures.  It will react 
vigorously with strong oxidizing agents. 
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Packaging, Storage 
and Shipping 

• 

• 

• 

• 

• 

• 

• 

Bags. Bisphenol A is packaged at 50-pound paper bags which have no 
special storage requirements except to protect against moisture and 
physical damage. 
Bulk. Bisphenol A is also available in 40,000-pound hopper trucks and 
180,000-pound hopper cars. 
A dry atmosphere of nitrogen is recommended for storage bins and silos. 

Disposals, Spills 
and Cleanup 

In the event of spills, the product should be recovered to the extent possible 
by shoveling clean product into clean containers.  The residue should then be 
cleaned up by sweeping or collected by vacuum and placed in a container for 
disposal. The usual method of disposal is by incineration.  Disposal method 
must comply with state, local, and federal regulations. 

Fire and 
Explosion Hazards 

Flash point COC (ASTM D-92) 207°C (405°F) 

 Bisphenol A dust can form explosive mixtures with air.  All equipment that 
is used in conveying, handling and using bisphenol A plus all equipment in 
the vicinity of such operations should be spark and flame proof.  Moving 
parts such as bearings should be properly lubricated to prevent localized 
overheating.  Equipment and operating personnel can become charged 
with static electricity capable of generating sparks which can ignite 
explosive mixtures.  Both equipment and operators should be properly 
grounded.  For more complete information on dust explosions or fires, 
please see NFPA (National Fire Protection Association)5  Fire Codes, 
Volumes 1-16 (1979), especially Volume 5. 

Fire Fighting 
Information 

Fires involving bisphenol A may generate toxic products of combustion.  
Fire fighters should approach fire from up-windside wearing appropriate 
protective equipment. 

 Acceptable fire extinguishing agents are water, CO2 and dry chemical.  For 
detailed information on fire extinguishing equipment consult the NFPA Fire 
Codes, especially Volumes 1 and 2. 

 

References 1 Source: Resolution Performance Products Website 
2 TLV’s Threshold Limit Values for Chemical Substances and Physical Agents in the Workroom Environment with 

intended changes for 1979, American Conference of Governmental Industrial Hygienists, Cincinnati, Ohio 
45201. 

3 Permissible Exposure Limits (PEL) OSHA Safety and Health standards (29 CFR 1910), p. 505, OSHA 
Publication 2206, U.S. Printing Office Stock No. 029-015-00051-1 (January 1976). 

4 NIOSH Certified Equipment (1978), National Institute of Occupational Safety and Health, Division of Technical 
Service, Robert A. Taft Laboratories, 4676 Columbus Parkway, Cincinnati, OH, 45226. 

5 Fire Codes, Volumes 1-11; Recommended Practices, Volumes 12-16.  National Fire Protection Association, 
(1979), 470 Atlantic Avenue, Boston, Mass. 02210. 
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APPENDIX II 

Elements of Nexant/Chem Systems' Capital Cost Estimates 

Process Evaluation/Research Planning, 2002 

Costs typically included in Nexant/Chem Systems' capital cost estimates are defined as 
follows: 

A. INSIDE BATTERY LIMITS INVESTMENT 

The inside battery limits (ISBL) portion of a plant can be thought of as a boundary over 
which are imported raw materials, catalysts and chemicals, and utility supply streams.  
In a like manner, main products, by-products, and spent utility return streams are 
exported over this boundary. 

ISBL investment includes the cost of the main processing blocks of the chemical plant 
necessary to manufacture products.  It represents an "instantaneous" investment (i.e. 
no escalation) for a plant ordered from a contractor and built on a prepared site with 
normal load-bearing and drainage characteristics of a developed country. 

Battery limits investment includes the installed cost of the following major items: 

• 

• 

• 

• 

• 

• 

• 

• 

Process equipment: vessels and internals, heat exchangers, pumps and 
compressors, drivers, solids handling 

Major spare equipment/parts (e.g. spare rotor for turbine or compressor) 

Building housing process units 

Process and utility pipes and supports within the major process areas 

Instruments, including computer control systems 

Electrical wires and hardware 

Foundations and pads 

Structures and platforms 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Insulation 

Paint/corrosion protection 

Process sewers 

Fire water pipes and monitors 

Utility stations 

The installed cost also includes construction overhead: fringe benefits, payroll burdens, 
field supervision, equipment rentals, small tools (expendables), field office expenses, 
site support services, temporary facilities, etc. 

B. OUTSIDE BATTERY LIMITS INVESTMENT 

Outside battery limits (OSBL) investment includes the plant investment items that are 
required in addition  to the main processing units within the battery limits.  These 
auxiliary items are necessary to the functioning of the production unit, but perform in a 
supporting role rather than being directly involved in production.  A distinguishing 
characteristic is the potential for sharing offsite facilities among several production units 
in a large plant, in which case investment cost would be allocated or prorated. 

OSBL investment includes the installed cost of the following major items: 

Storage for feeds, products, by-products, including tanks/silos, dikes, inerting, 
process warehouse, and bagging/palletizing equipment 

Steam generation units 

Cooling water systems, including cooling towers and circulation pumps 

Process water treatment systems and supply pumps 

Boiler feed water treatment systems and supply pumps 

Refrigeration systems, including chilled water/brine circulating pumps 

Heat transfer medium systems, including organic vapor, hot oil, molten salts 

Electrical supply, transformers, and switchgear 

Loading and unloading arms, pumps, conveyors, lift trucks, including those to 
handle barge, tank/hopper car, and tank/hopper/other truck traffic; weigh scales 

Auxiliary buildings, including all services, furnishings, and equipment: 
O:\2002Q3\PERP\0002\4047\production\4047-i-ap.doc 



- 89 - 

- Central control room 
 - Maintenance 
 - Stores warehouse 
 - Laboratory 
 - Garages/fire station 

  - Change house/cafeteria 
 - Medical/safety 
 - Administration 

• 

• 

• 

• 

• 

• 

• 

General utilities, including plant air, instrument air, inert gas, stand-by electrical 
generator, fire water pumps 

Site development, including roads and walkways, parking, railroad sidings, 
electrical main substation, lighting, water supply, fuel supply, clearing and 
grading, drainage, fencing, sanitary and storm sewers, and communications 

Yard pipes, including lines for cooling water, process water, boiler feed water, fire 
water; fuel; plant air, instrument air, inert gas; collection of organic wastes, 
aqueous wastes, and flare/incinerator feeds; and process tie-ins to storage 

Pollution control, organic waste disposal, aqueous waste treatment, incinerator, 
flare 

C. CONTRACTOR CHARGES 

These charges are typically 15 to 25 percent of installed ISBL and OSBL costs and are 
included proportionately in the ISBL and the OSBL investments.  Contractor charges 
include the following major items: 

Detailed design and engineering, including process and offsites design and 
general engineering, equipment specifications, plant layout, drafting, cost 
engineering, scale models 

Administrative charges, including project management, engineering supervision, 
procurement, expediting, inspection, travel and living, home office construction 
expenses, general home office overhead 

Contractor profit 
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D. PROJECT CONTINGENCY ALLOWANCE 

A project contingency allowance is typically 15 to 25 percent of installed ISBL and 
OSBL costs and is included proportionately in the ISBL and the OSBL investments. 

A project contingency allowance is applied to the total of the above costs to take into 
account unknown elements of the process being estimated.  For well-defined processes 
where primary input has come from engineering contractors, a contingency of 10 to 20 
percent would be typical.  At the other end of the spectrum, a capital estimate for a 
speculative process developed from patent and literature data alone might warrant a 
contingency of 20 to as much as 50 percent in extreme cases. 

E. OTHER PROJECT COSTS 

These costs are very site/project specific; however, they typically range from 20 to 40 
percent of installed ISBL + OSBL costs.  A norm value of 25 percent will be used in the 
absence of more specific information. 

For the purpose of our study, other project costs normally include 
startup/commissioning costs, miscellaneous owner’s costs, etc.  They are described 
below: 

Startup/Commissioning Costs 

• 
• 
• 

• 
• 
• 

• 
• 

Extra operating manpower 
Owner's technical manpower 
Startup services 
- Licensor representatives 

 -  Contractor personnel 
 -  Equipment supplier/other vendor representatives 

Operating manuals and training programs 
Modifications and maintenance during startup 
Operating expenses to the extent that they do not result in saleable product 

Miscellaneous Owner's Costs 

Licensing/royalty/expertise fees: basic process and engineering design package 
Jetties, marine terminals, docks, etc. 
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• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

• 
• 
• 

• 
• 

• 

• 

• 
• 

• 
• 

Long distance pipelines for raw material/products 
Land, rights of way, permits, surveys, and fees 
Piling, soil compaction/dewatering, unusual foundation requirements 
Sales, use, and other taxes 
Freight, insurance in transit, and import duties (equipment, pipe, steel, 
instruments, etc.) 
Escalation/inflation of costs over time, assuming instantaneous construction  
Interest on construction loan, assuming instantaneous construction 
Overtime pay during construction 
Construction workers' housing, canteen, other infrastructure for remote site 
Field insurance 
Project team, including preliminary planning studies, HAZOP studies, 
environmental reviews, design, engineering, estimating, inspection, accounting, 
auditing, legal, construction management, travel, and living 
Initial charges of raw materials, catalysts, chemicals, and packaging materials 
Initial stock of maintenance, laboratory, operating, and office supplies 
Transport equipment, including barges, railcars, tank trucks, bulk shipping 
containers, plant vehicles 
Provisions for temporary shutdown expenses 
Owner's scope contingency allowance 

F. WORKING CAPITAL 

Working capital typically includes the following items: 

Accounts receivable (products and by-products shipped but not paid by 
customer), typically one month's gross cost of production (COP) 
Cash on hand (short-term operating funds), typically one week's gross COP 
minus depreciation 
Minor spare equipment and parts inventory, percentage of replacement BL capital 
Credit for accounts payable (feedstocks, catalysts, chemicals, and packaging 
materials received but not paid to supplier), typically one month's delivered cost 
Value of product and by-product inventories, typically two weeks' gross COP 
Value of raw material inventory, typically two weeks' delivered cost 
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