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ABSTRACT

Uniformity, quality and cost effective manufacturin
operations. Control of the quality of raw materials
method of conrrolling these variables is monitoring
HPLC technique provides an analytical window in

g of products are the main objectives of all production

and of the manufacturing process are keys 1o success. One
by high performance liquid chromatography (HPLC). The
to the process by providing the process chemist with a
qQuantitative and qualitative description of the chemical components in the process. This paper will describe
some of the benefits of HPLC monitoring and the use of at-line sampling. Some of the benefits and rationale
of at-line sampling as a preliminary step to installation of continuous automated on-line HPLC monitor will be
detailed.

This paper will use instrumentation which was designed 10 meet the ever increasing demands of the process
chemist!- The design criteria were a rugged, reliable and reproducible analyzer which could be run and
serviced by personnel who may not be formally trained as chemists,

INTRODUCTION

Uniformity, quality and cost effective manufacturing of products are the main objectives of all production
operations2. To obtain these objectives, control of the Quality of raw materials and of the manufacturing
process are essential factors. One method of controlling these variables is monitoring by high performance
liquid chromatography (HPLC). The HPLC technique has for many years provided the process chemist with
a quantitative and qualitative description of the chemical components in the process. Traditionally grab
sampling and laboratory evaluation followed by data feedback 1o a control location has been employed. An
aliernative to this approach is the installation of an analyzer in a location which is convenient (o or within the
process / production area and can be operated and maintained by trained production personnel. This paper will
describe some of the benefits of HPLC monitoring and the use of this type of at-line sampling. Some of the

benefits and rationale of at-line sampling as a preliminary step to the installation of a continuous automated on-
line HPLC monitor will be detailed.

There are several advantages in the use of compositional analysis by HPLC. Both quantitative and qualitative
information about the process materials and / or starting materials can be obtained and utilized for control
purposes. The amount of product, by-products or impurities present, or the molecular weight information
about a polymer can be determined by employing similar analytical techniques to those used for final quality
control purposes. The ability to obtain more frequent analyses while reactions are in progress supplies the
operator with nearly real time information about the process. The lag time between analyses data points is
dependant on the analytical cycle time and sample transport time. The dynamics of each reaction and Tesponse
time for process changes Lo impaet process performance are variables which must be considered for ev

process operation. The maximum allowable lag time must be determined prior to establishment of an analytical
and sampiing procedure to accomodate these variables, The major impact of continuous monitoring is the
ability 1o generate trend information, a summary of the analytical data over time which provides a data base for
statistical process control. In most cases frequent analyses and trends provide a means for the detection of
transient problems or process upsets. The ability to react and make corrective changes (o undesirable changes
in the process should impact the quality of the product or the cost associated with the correction of these
changes. The continuous monitoring of a process provides a data base (o help control the statistically
significant parameters which can help to assure product uniformity, quality and cost of manufacture.

HPLC has been commerically available for more than twenty-five years and used in numerous capacities as an
analytical 100l. Research and development, quality assurance, process monitoring and preparative isolation are
some of the more common uses. With the advent of instrumentation that is designed for operation in most
envronments, this same methodology is starting to be used in more production plants and in pilot process
development areas.
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INSTRUMENTATION DESIGNED FOR ON-LINE OPERATION
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i ; i hemists. A di ol

serviced b who may not be fo! y trained as chemi his insirumentationis
i operati maintenance this instrument has two iso enclo.

shownmlzlgurel. For ease of tion and main : nas tu led enclosure
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m:i‘:for the d:g(x:luon mm:dﬁzsua‘:ld any vall)vmg modules required for specific applications. The enclosures

:rpe designed for individual or series purging dependant on installation requirements.

orking i , but not essential to the successful operation of an analyzer in the

Aocessw amﬁgﬁgg?&?wﬁﬁqze;p&gh;se laboratory HPLC instrumentation and methods, such as

Fl.sot:mn' Teve phase and normal phase liquid chromatography, ion chromatography and gel permeation
omawc rcva:e of polymers, can be directly transferred to a process HPLC. The difference is principally in

e e m{ mpo HPLC analyzer which must operate continuously in the manufacturing environment.

'Im‘l:cd:ﬁ:lgtlxlm temperature control and purging provide operational capat())i(l)lélles Gwvnuul] amblenlr;ixlnepienr;xgxﬁ: on the
taricas °F wi i idity range from 10 to 100%. With appropriate in

analyzer ¢ ﬁ?e(l)olga:g mFm;:l:?e:z,%gsusmLyDivisgion 1 or 2 areas. Common process conditions such

ﬂiﬁcﬁ 1o water from condensation or hose down, solvent vapors and vibrations will not affect

operations of the analyzer.

i i acturi idered there must
isi i -line HPLC analyzer in the manufacturing area can be consider !

w?m;?ﬁmmmhﬁmm gf time and effort of people from many different parts of gc
bea including plant managers, process engineers, process chernists, and ;um}yuca;_l ;&m;:t:u;hnir:gﬂ

uired for i ion of an analyzer are: 1- the compositional monitoring o eSS § '
ﬂ t,i‘cgl labagolr‘y)sgu(?emine the fczsibility and reliability of the technique, 2- deu;rmuum;n f(Bt;ut;nlnzmcxa]
impza P eeihe moniioring eehiae iy appr: ?ghl;:; gg](ﬁasﬁ?m;;&a?gol —inlrescarch and
installation. In many cases the monitoring technique may prove ! Lin rescarch

i i i ot guaranty success in the more rigorous process envi

m m ul:bg?&n fnsem lmd(t)he; :mn%xfacnu?ng area is desirable 10 insure the applicability and value
of this monitoring technique prior to full scale installation on a process stream.

i icali i b-sampling
i s samples for many applications have been obiained by grab- s
ﬁlw&y:wmlw zsm%rﬁhxs p'gcess often requires a long time and in many cases the information
becgmes avyailable 100 late to impact the present production run. Recent instrumentation and samp!mg 5
i ili analytical procedures in the process environment>.
developments have provided the ability to perform HPLC g 2SS environ
-li i shown in Figures 2A and 2B provides the process eng .
gm&&mﬂﬁﬁm% ::mpling, Samples which are pr;;mﬂy sent m;zgruzl;;y b(;rlgrcmsi :o&:tcrol
i zed by the analyzer. The process ' cated
nnmlabomory f'agc;la\lmt_mnmon c:lnwb;:xzail& the gmve:ﬁeme of a dedicated analyzer am:l the rapxglzzafxrl:rl:: 1 ;1; \:)x; ber
i -li er also provides a flexible sampling system where sam
memw mimocauo!s: Tn}lfna; ll;mroc&mgn be obl’mmd' and analyzed without mcumnbewg ex%ccnsnvga;\(:o(;%%sw and
- h : . mes depen
maintenance of numerous process sampling points. The daia lag time now ant .
i i the analyzer. The data can help establis
uently various process points are sampled and transported 10 ) y
gnegamfmn on investment criteria prior to undertaking a permanent installation.

same logi ilot uction facilities where an at-line sampler and the process analyzer can
gfxsed wlgsgx‘acbllgldsmen:nmg?;&“;ss changes. For the process development chemist, compositional
analysis of the process stream can be an ancillary development tool prior to scaling-up to plant production
volumes.

samp i i iner. The sample
-li Fi 2A consists of a compartment and a sample container. The .
gﬁeﬁigrnwcomaixlg?z :gznn ilﬁ Fg::: 2B. The process sample is poured Xr collecleg mx(;lgg :?:\lll:lsci‘.l sll)(;cl
3 i id i into the compartment. A pneumatic system acti
sample container, the lid is screwed oa and placed into the 2 e c system acuvated M o
i mpartm the execution of a series of steps. First, the sample co
rcxlxglsdl?xs uu:i?r and ﬂmeglcgon::m between the top of the sample container and the top of the compz:irn!'!mmliw
mmp"f“ e Eonsas e e lowes sampesment o e HPLC analyze for urbr sample condtoning
inef i Lo y o -
ey, Tho o e G e, ically diluted, concentrated or conditioned by a
if necessary. The sample within the analyzer can be automatically . e o tho sl
i shown in the flow diagram in Figure 3, or rou ctly to d _
?oli)l:ﬁ:t(c(?nmﬁ:c?g; %/sg'p'lm;psslc pump and the injector are flushed with fresh sample immediately prior to

each injection (o help ensure representative sample acquisition.

For samples which may have a tugh level of particulates or are highly viscous, u dittcrent type of grab
sampling device nuy be required 10 avoid manual filtration. A system such as the one shown in Figure 4 has
proven very useful in a number of applications where filtration is very difficult. In this g uoach the sanple 1
collected inu disposable container wad puniped with a penstaltue pump across a uungcmiul filtrauon module.

The flow rate and the differential pressure can be adjusted 1o meet the requirements of the process sample.
Samples which are 100 viscous to filter can be diluted prior to recirculating through the filtration loop.

CHROMATOGRAPHIC EVALUATIONS
The following examples are used 1o demonstrate the versatility of these sampling approaches.

The analysis of many polymers can be difficult due to sumpling requirements. Many polymeric samples can
be difficult to obtain by direct on-line sampling techniques because of viscosity, reactor temperatures and
pressures, and limited solubilities in some cases. In order to provide a sample which can be handled by the
analyzer some manual sample preparation may be required, such as cooling or partial dilution by solvent
addition 10 help reduce viscosity. The addition of an appropriale solvent to the sample prior (o use of the at-
line sampler may be required 1o prevent possible solidification and plugging of the analyzer fluidic lines. After
this precaution is taken the sample can be directly fed into the analyzer and additional sample preparation
automatically performed within the lower enclosure. Once the sample is in a state which can be provided to the
analyzer, gel permeation chromatography, GPC, can provide important molecular weight distribution data by
usc of standard mathematical data reduction routines. Physical characteristics such as molecular number
average (Mn) and molecular weight average (Mw) can be determined and correlations of these values for good
and bad products can be established?. Typically the analytical reproducibility of the ProMonix analyzer is +
1% for the average molecular weight and + 2% for the number average for process material’. The ability to

monitor for small changes in the polymers' molecular weight characteristics can have a major impact on the
performance of that product.

The example shown in Fiqure 5 is an example of samples collected from a polymerization in process. The
lower distribution was a sample collected in the early stages of the reaction, and the upper trace as the reaction
has proceeded towards completion. The shifts in molecular weight can be quickly monitored by viewing a
wend line and the reaction quenched when desired molecular weight is obtained.

broth. The desired components in this application were the nutrients, the sugars, and the desired product.
These samples can be monitored as in Figure 6 to rapidly determine all of the desired components. The three
wraces shown in this figure are the standards in the lower chromatogram, the starting reaction mixture on the
lop trace, and the reaction at completion in the middle trace. The trend line for this fermentation can be used to
quickly determine whether the nutrient level is sufficient lo maintain product production, and 1o determine
when the product production has reached the optimum level. An example of the trend data for this
fenmentation is shown in Figure 7. The upper trend (Figure 7A) shows the decrease of the nutrients as a
function of time, and the lower trace (Figure 7B) shows the increase in product level. This trend line can be

i has changed, visually (from the general distribultion of

of the data point, time and date collected are shown at the

cursor). Acceptable upper and lower limits or the acceptable range for components of interest can be preset by
the process engineer. Values outside these limits can be used to trigger alarms, alerting the operators to a
critical change in the chemical composition of the process.

SUMMARY AND CONCLUSIONS

The use of ar-line sampling approachs and HPLC process analyzers can provide very versatile monitoring
wols. The use of the analyzer and the at-line samplers as described can rapidly provide data 10 the process
chemist without leaving the process area. Valuable economic information for determining the worth of
monitoring a particular process in the plant environment can be established. As an R&D tool in the pilot plant,
important return on investment and the payback period for the analyzer can be established. In addition,
process modifications to help increase yieid, reduce scrap and facilities costs and improve product uniformity
may be obtained.

We feel that following an at-line approach should provide representative process data. One of the end results
will be a more complete understanding of the benefits of on-line HPLC monitoring for a particular process.
Once the benefits are established, the optimal location and sample conditioning requircments for the analyzer
can be determined. At-line sampling provides a good first step and perhaps a complete altemative 10 a

i i itoring i i analyzer can be converted to continuous on-line

ipped with an automated sample conditioning

system. Both approaches, at-line and on-line, are viable alternatives, Once the performance is established the
process chemist can determine which choice makes the most sense for his particular application.
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APPENDIX
Figure Legends

FIGURE 1: A diagram showing the basic componeats of 8 Waters ProMonix On-Line HPLC Analyzer. The upper
compartment door contains a keypsd for programming and operation of the analyzer and a viewing window.
The window allows viewing of indicator lights and a liquid crystal display which provides an operator - analyzer
interface. The LCD display permits viewing of prog d p , instrument status, chromatographic
results, alanm messages, ¢ic. The lower chamber contains the pumps, valves, inj and d 1(s) required for
the chromatographic separation. The mobile phase for the analysis can be located in this compartment, or
supplicd from s source extemal 1o the snalyzer.

At-Line Sampler. The exterior view of the sampler is shown in the upper part of the figure and the interior
view in the lower part. Stcam or hot water can be used 1o heat the chamber. Air or inert gas is required to
operate the pncumatic ram (o elevate the sample container and 1o p ize the ! iner and to drive the
sample 10 the ProMonix analyzer. The switches are acti

d when the compartment door is closed.

At-Line Sample Container. The sampl iner is cted of stainless steel. The top is removed by
unscrewing it from the container. A Teflon sampie outlet tube is connected to the top of the container. When

p d air is introduced into the sample container, the sample is forced up the outlet tube 1o the the
ProMonix analyzer. The container will hold about 100 ml of sample.

Flow diagram of sample in lower enclosure. Flow diagram for additional sample preparnation which can be
performed sutomatically within the lower enclosure of the HPLC analyzer. Sample is introduced from a sample
ldeapoimexmmlmlhcnndywmdimolheumplevnlve(-)oldwd.'\luur/ r pump. Sample i3
then conditioned and sent to the injecior valve.

Grab sampling sysiem diagram. This diagram shows athe basic components, recirculating pump, filter
module, standard / calibration cylinder, and valving for grab sampling applications.

Polymer sample compari The chromatographic comparisons shown are of the molecular weight
distributions of a polymerization in process. The lower trace was taken carly in the reaction process and the
upper trace was taken near reaction completion. The visual comparison clearly shows the increase in molecular
weight by utilization of chromatographic overlays.

Overlay comparisons of samples taken from a fermentation p and standards. In this comparison the lower
uweinumdududymo{thzaugmmdrmdpmdnaexpeaedtobepmmdurinpfemmuﬁm.'nu
upper race was taken at the start of the fermentation - no final prod is p The middle ch

which was taken st the completion of the fermentation shows s high level of product and minimal
of the starting sugars.

Fermentation Trend Plot. The concentration of the total sugar levels in a f ion process indicated as peak
11 is shown for a three day period The operator seitable maximum and minimum acceptable limits, 100.00 and
0.00 grams / liter are indicated on the top and bottom of the left axis, respectively. The 50 g/L line indicates the
calibration standard value. The date, time and actual concentration at the cursor (the star) is given in the upper
right. The middie of the right axis documents the analyzer ber (1), the p stream ber (1), the peak
number (11) a total sugars peak and the detector channel number (1). The two daies at the bottom of the figure
are the dates of the first and last daia points displayed. The cursor can be moved backwards and forwards to show

up 10 seventy five data points.

Fermenution Trend Plot. This trend shows the corresponding i of desired fermentation product. As in
Figure 7A the of prod at any point in time can be accessed by the operator. Trend limits for
this are set ind

p d rIy of the other measured components.
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CONTINUOUS COMPOSITION MEASUREMENTS

. WITH A NEW PROCESS PHOTOMETER

Figure 7A

THOMAS M. CARDIS
MANAGER OF APPLICATIONS DKVELOPMENT
8/26/88 COMBUSTION KNGINEKRING, PROCESS ANALYTICS
09:11 843 NORTH JKFFERSON STREET
37.81 LEWISBURG, WEST VIRGINIA 24901

g/L

50.00 ' ANA T
Q/L 0 STRM -06 On-line photometers provide continuous monitoring of key components in a process stream.
PEAK -11 The purpose of this paper is to present several applications which show improved
CHAN ) performance with the use of a microprocessor controlled process photometer. Photometric
quantitative analyses in the ultraviolet (UV), near infrared (NIR) and fundamental
infrared regions can be achieved with this photometer.

0
0.00 00 °%000%000
/L - The analyzer discussed in this paper is a multi-channel, fixed wavelength filter
photometer. These photometers have established a reputation for stability and
8/25/88 8/28/88 reliability in process control applications.

09:41 18:54

“Nov words: LUltraviolet spectroscopy, infrared spectroscopy,
h F 3 P P>
process analyzers"

Figure 7B
INTRODUCTION

8/26/88 Non-dispersive, fixed wavelength IR and UV photometers have been widely used for the

. composition monitoring of process streams. An eﬁcellent review on process photometers.
09:11 has been presented in a text by Paul E. Mix. Qa Most of these analyzers are dual
187.50 wavelength photometers that utilize reference and measure wavelength, narrow bandpass
g/L optical filters. A new multi-channel fixed filter photometer has been developed by

Combustion Engineering, Process Analytics. The new photometer features the use of a
microprocessor to control the operation of the analyzer. The microprocessor also
ANA -1 provides data handling calculations. Difficult photometer applications with interfering
Q/L STRM -06 components in the stream are feasible with the new photometer. A matrix algebra
algorithm is used to compensate for interfering components.

PEAK -01
CHAN -1

The following outline will be used for this presentation:

0.00

g/L
8/25/88 . Introduction
09:41 8/28/88 . Principle of Operation
. 18:54 . Design Features
. Applications Discussion
Conclusions

1. Continuous Composition Measurements With a New Process Photometer

FIGURE 7 PRINCIPLE OF OPERATION

A single beam, multi-channel fixed filter design is used in the new photometer.
FERMENTATION TREND PLOTS The use of multiple filters allows for compensation of interfering components in the
analysis. A reference wavelength is usually selected where none of the components
in the stream absorb radiation. The measure filter is selected where the component
of interest absorbs light. Several other measure filters can be used to measure
interfering components in the stream. The electronics of the analyzer perform an
analog to digital conversion of the signals from the optical filters. The
microprocessor applies response factors from the matrix algorithm to the signals
from the filters. The concentration of the measured components is read directly on
the liquid crystal display of the controller. A 4-20 mA. output is provided in order
Lo communicate measurement results to a process control computer.
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