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Abstract

The chromatographic method used to monitor the Bisphe-
nol-A manufacturing process was improved using Agilent
RRHT Eclipse XDB-C18 columns. These columns use
1.8-µm particles versus conventional 3.5-µm or 5-µm par-
ticles. The improved method allowed seven times faster
analyses, improved resolution, and higher sensitivity. 

Introduction

Bisphenol-A (Figure 1) is a highly versatile material
used to manufacture many modern products. It is
also known as 4,4"-Isopropylidenediphenol, 4,4"-(1-
Methylethylidene) bisphenol, or simply BPA.  

Process Monitoring of Bisphenol-A
in Industrial Feedstock using High 
Throughput HPLC

Application 

Every year, 2.8 million tons of BPA are produced.
BPA is a building block for polycarbonate plastic
and epoxy resins. Polycarbonate plastic is prized
for its scratch resistance, optical clarity, and heat
and electrical resistance. Because of these attrib-
utes, it is used for eyewear, CD/DVD disks, elec-
tronics, and food and drink containers. Epoxy
resins are used for protective coatings because of
their combination of inertness, chemical resis-
tance, adhesion, and formability. For example,
metal food cans are lined to protect taste. Epoxy
resins are also used as a component in dental
sealants and as a component in dental composites
providing an alternative to mercury amalgam in
veneers and fillings.  Other uses include fungi-
cides, polymer antioxidants, and components in
automobiles and appliances.    

BPA is produced through an acid-catalyzed con-
densation reaction of phenol with acetone.  During
condensation, a number of phenol-based byprod-
ucts are also formed. HPLC is used to determine
the composition of many of the process streams in
a commercial BPA plant.

Here we describe the use of new HPLC column
technology for the possible improvement to one of
the HPLC methods used in a commercial BPA 
facility.
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Figure 1. Bisphenol A
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Method Optimization and Scalability

The existing HPLC method was proven and robust;
however, it was complicated.  We sought a similar
chromatogram, based on the original method, but
using simpler method parameters. Because of the
challenge of changing many chromatographic para-
meters, essentially redeveloping the method, we
chose a 4.6 × 50 mm, 1.8-µm Eclipse XDB-C18
column for experiments to reduce the time
required.  Smaller particles packed in shorter
columns increase the speed of analysis and still
provide enough efficiency to maintain resolution
equivalent to longer columns packed with larger
particles. After several trials, we developed a
method that produced a chromatogram similar to
the original.  The short analysis time is a major
advantage of Rapid Resolution High Throughput
(RRHT) technology.  Whereas a handful of experi-
mental runs would take an entire work day using a
typical analytical-sized column (50 min/run), the
series of runs took about an hour (7.5 min/run),
using an RRHT column. 

We incrementally scaled up to a 4.6 × 250 mm
column.  Figure 2 shows an overlay of the sample
analyzed by three 4.6-mm id columns of different
lengths and particle sizes.  Injection volume was
also changed proportionally to length. The smaller
ZORBAX particles speed up the analysis while
maintaining resolution.  In fact, resolution
increased when using the RRHT columns despite
their shorter length.

One reason this method can be easily scaled (up or
down) is the uniform spherical Eclipse XDB-C18
packing. It has a proprietary engineered particle
size distribution, based on ZORBAX silica with a
controlled surface area and pore size. The robust
proprietary packing material and proven column
manufacturing techniques consistently yield repro-
ducible columns with similar chromatographic
performance, independent of the column 
dimensions.

min 5 10 15 20 25 

mAU 

0 

100 

200 

300 

min 5 10 15 20 25 

mAU 

0 

100 

200 

300 

min 5 10 15 20 25 

mAU 

0 

100 

200 

300 

Eclipse XDB-C18 4.6 × 250 mm, 5 µm, P/N 990967-902

Eclipse XDB-C18 RR 4.6 × 150 mm, 3.5 µm, P/N 963967-902

Eclipse XDB-C18 RRHT 4.6 × 50 mm, 1.8 µm, P/N 927975-902
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Figure 2. RRHT column configuration increased both speed and resolution.
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Particle size does influence resolution. The influ-
ence can be noticed when comparing columns of
identical dimensions, packed with three different
particle sizes. Figure 3 shows the shortened
Bisphenol-A analysis using different particle-sized
Eclipse XDB-C18 columns. Resolution (Rs) is
related to selectivity (α), efficiency (N) and 
retention (k´):

Rs = (1/4)(α-1) √N [k´/(1+k´)]

Factors affecting the selectivity term (stationary
phase, mobile phase) and retention term (mobile
phase, temperature) are constant for the three

chromatograms. The efficiency term is influenced
by column length, linear velocity of the mobile
phase (both constant), and particle size (varied in
Figure 3). N increases as particle size decreases. In
Figure 3 the selectivity factors (α) and retention
remain about the same, but resolution actually
increases. The increase in resolution due to the
decrease in particle size highlights the advantage
of using smaller particles.  The similar selectivity
and retention highlight the suitability of ZORBAX
Eclipse XDB-C18 columns for scaling methods,
especially to more rapid, high-throughput meth-
ods.
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Eclipse XDB-C18 4.6 × 50 mm, 5 µm, P/N 946975-902

Eclipse XDB-C18 RR 4.6 × 50 mm, 3.5 µm, P/N 935967-902

Eclipse XDB-C18 RRHT 4.6 × 50 mm, 1.8 µm, P/N 927975-902

Figure 3. Effect of particle size on resolution and selectivity.
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Comparing the Existing Method to the
RRHT Method

Figure 4 compares the original BPA separation to
the RRHT separation. The top chromatogram is an
example of the analysis using the original commer-
cial method, and the bottom is an example of the
process sample analyzed with the RRHT method.
The method developed with the new column tech-
nology clearly increases productivity. 

Analysis time is reduced at least six-fold; solvent
consumption is reduced about 12.5 times, from 
100 mL/analysis to only 7.5 mL/analysis. Interest-
ingly, the peak shape of Bisphenol-A is more sym-
metrical using Eclipse XDB-C18 as compared to
the current C18 column used in the original analy-
sis. The more Gaussian peak shape eluted by the
Eclipse XDB-C18 column is important for accurate
quantification. Other method improvements such
as a simplified gradient and a binary mobile phase
are listed in Table 1.
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Figure 4. Comparison of methods; original to RRHT.
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Conclusion

Converting an existing method to a high-through-
put method is one way to improve lab productivity.
Using RRHT columns initially for method develop-
ment also improves productivity.  Eclipse XDB-C18
RRHT columns are a good choice for converting
existing C18 methods into high-throughput meth-
ods.  Smaller particles packed into shorter
columns provide comparable resolution to larger
particles packed into longer columns in a fraction
of the time.  RRHT columns are advantageous for
gradient method development because gradient re-
equilibration is time-consuming and often over-
looked in the total analysis time. Methods
developed on Agilent RRHT columns can be scaled
easily because of the highly uniform particles,
bonded phase chemistry, and column manufactur-
ing techniques.  An existing method developed on
a “traditional analytical-sized” column was easily
converted to a high throughput method using an
Eclipse XDB-C18 RRHT column.  The method was
incrementally scaled up to an analytical-sized
column, and it performed with predictable results

on various column dimensions and particle sizes.
The predictability of the results supports Eclipse
XDB-C18 RRHT columns’ ability to easily improve
applications and transfer them into high-
throughput and high-resolution applications.

For More Information

For more information on our products and ser-
vices, visit our Web site at www.agilent.com/chem.

• Column: Supelco LC -18, 4.6 × 250 mm, 5 µm
• Mobile phase: A: 0.025% H

3
PO

4
, B: ACN, C: MeOH

• Flow: 2 mL/min
• Temperature: 35 °C
• Sample size: 20 µL
• Gradient: segmented, has isocratic holds

Table 1.   Current and Improved Method Parameters

Time

  65:25:1048

   0:20:8043

   0:50:5040

   0:60:4036

   0:70:3035

   0:70:3032

  30:50:2027

  50:40:1023

  50:40:1018

  65:25:1013

  65:25:100

% A:B:C

• Column: ZORBAX XDB-C18, 4.6 × 50 mm, 1.8 µm
• Mobile phase: A: 0.1% formic acid, B: ACN: MeOH (200:800)
• Flow: 1 mL/min
• Temperature: 25 °C
• Sample size: 2 µL
• Gradient: linear, no isocratic holds
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