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ABSTRACT

Uniformity, quality and cost effective manufacturing of products are the main objectives of all production
operations. Control of the quality of raw materials and of the manufacturing process are keys to success. One
method of controlling these variables is monitoring by high performance liquid chromatography 0-IPLC_. The
HPLC technique provides an 'analytical window into the process by providing the process chemist with a
quantitative 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 instrumental.ion which was designed to meet the ever increasing demands of the process
chemist I. 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
operations 2. 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 peaqormance
liquid chiomatography (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

_ _1_ sampling and laboratory evaluation followed by data feedback to a control location "hasbeen employed. An
O _ alternative to _s approach is the installation of art analyzer iii a location which is convenient to or within the
r_! .'_ process / production area and can be operated and maintained by trained production personnel. This paper will
c:, m describe some of the benefits of HPLC monitoring and the use of this type of at-line sampling. Some of the

"q rT, _ benefits and rationale of at-line sampling as a preliminary step to the installation of a continuous aatomated on-
'c _z, - line HPLC monitor will be detailed.
_/_' I-',, Lt)t_

/_ There are several advantages in the use of compositional analysis by HPLC. Both quantitative and qualitative'(3:

c --_ information about the process materials aml / or starting materials can be obtained and utilized for control
z_ purposes. The amount of product, by-products or impurities present, or the molecular weight information

7,_ i _ 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
:i_ ' _ operator with nearly real time information about the process. The lag tune between analyses data points is

.. :< dependant on the analytical cycle time and sample transport time. The dynamics of each reaction and response
:_ m time for process changes to impact process performance are variables which must be considered for every
¢c ca process operation. The maximum allowable lag time must be determined prior to establishment of an analytical

. and sampling procodure to accomodate these variables. The major impact of continuous monitoring is the
ability to 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
tratsient problems or process upsets. The ability to react and make corrective changes to 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 to 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 tool. 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 m most
envu'onments, this same methodology is starting to be used in more production plants and in pilot process
development areas.
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For s_unples which nu|y Ilav¢ a high 1¢v¢1 of I)drlieulatcs or arc hi,hi), v_.,.,'ous, a ddiclt:nl I)p_ ol grab

iNSTRUMENTATION DESIGNED FOR ON-LINE OPERATION sampling device ,nay be required to avoidmanu',dfiltration. A system suchas the one shown in Figure4 has
provenvery.useful in a number of applicationswhere fihrmion is vet), diffieul| |,_this ap[_t_,'h the _tnl_lc u,

chemistr"r-_za-J_......1.1_¢_,ragn_n,mm-":'-......""_ '_.....6_s",a.rci'rab.,',.r"le ano_renroauctme.,_..........aruayzexWlUCalo;......v.,utu tatioa°"is Tirellow rate atgl the differential pre._ure can be adjusted to meet the requirementsof the processsample.

r,_rdaown"inbr,tgurc_"I. forWh°may trotbeformally_oa........opta-aaor_am_'4--.;,.,_,_,,_,_trained....... asclw.nuststhi.sinstrument",,_magrainhastwoVa,,.,otsolated.........enclosures. The Sampleswhich are too viscous to filter can be dilutedprior to recirculating through the fillration loop.
(nle,J.OtUlmco_mltt_theea_gooics and themiaroprocessors for control of the pumps, valves and CHROMATOGRAPHIC EVALUATIONS

_t_ of_ I21ff/._a_id-forim'ronni_thedatareduction.Thelow_enclosurecontainsthefluidic
..... f )h,,,limfidchronlatD_FaltlIle-*2dt''d for p(_formi.qg the compositionalanalysis of theprocess_.__ The following examples are used to demonstrate the versatilityof these sampling approaches.
v,.,,_,2,,.... -n........ ___'-:__,.".... 27.72.=.,h,.,;,;,,,-mr dilutionor concentration pump,COlumnnearer,COrn areme solVtmtpro-v, ,-,- -.J_--, = . . . .

meam; "l.m_ I_ ............. ,.,_-- _,,a,,l,,_ w,_uiredfor sw.ctfic applicauons. The enclosures The "analysisof many polymers can be difficult due to sampling requirements. Many polymeric samples can
• 1"1_1111_ all va4vuA b _._ w _ _

opI.K$_ed_;igl_l°rtl_f_.¢_ctl_lao.indivtdualorr_n_tUlgggmgT"dependanton tt_tallauon"• " re.qutrements, bedifficult toobtain by directon-line sampling techniques becauseof viscosity, reactor temperaturesandpressures,and limited solubilities in some cases, In order to provide a sample whichcan be handled by the

su-'ccessful°Perati°nofan-ar_" yzer in tben_trumentation andmemoOs.sucn as analyzer some manual sample preparationmay be required, suchas cooling or partial dilutionby solventA knowledgeof HPLC butnot .essential
proc, on- gelpem eation to redacevi sity.  ditionofanappropri=solventothesamplepriorto oftheat-
;_,,-ratlerot_-s¢_aas¢ am normatlmas¢nqurutautm_to_-,v-7 ..... --=- - _ "_'_----: .... -':_:-_q" in line sampler may be required to prevent possible solidificationand plugging of the analyzer fluidic Lines.After
":_--7 . "_.......... ,.,a;.,-,.a,,Wansf¢=redtoaorocessl-Wt-t;. ]neomeren_r,p,,,,,.:v,_ _, thisprecautionis taken the sample canbe directlyfed into the analyzcrand addifionalsample preparation
¢.aromatograpnyca po_:aa_c_.,_a,, ,_. ,.,,_,._ ............. _^-tinaoasl,, in the manufacturingenvtromnent, automaticallyperformed within the lower enclosure. Ch_cethe sampleis in a state whichcan be provided to the
t_ dessgn,of tim proc_ l.ipi.._at_ly___w .... .,_a, o,,..,_,ional canabilitieswith ambtenttemperature . . analyzer,gel permeation chromatography. GPC, can provide importantmolecular weight distributiondata by

tmvariafiomrnmtt-z_nefrom-tgn_'m"_0to 1Iv "r wtm_'mm_aremuv=_'-t_-{"'s- 'v2_'""%_'*_7"7"-,_,-,,,,_,,o,s,. ........ m to"100%_.With av_propriate....installauon me use of standardmathematical data reductionroutines. Physical characteristics such as molecular number
analyzercan be located in hazardousme.as,Class I, Dtvtston I or 2 areas, common process COnomonssuch average (Mn) and molecular weight average (Mw) can be detemxinedand correlations of these values for good
as, eXlx_ur¢to waterfrom COndeasationor hosedown, solvent vapors andvibrations willnot affect and bad products can be established'*. Typically the analytical reproducibility of the ProMonix analyzer is +
ol_watiomof themmlyzgr. 1%for the average molecular weight and -t-2% for the number average for process materialS. The ability to

monitorfor smallchanges in the polymers' molecular weight characteristics can have a major impact on the
install an on-line I-[PLCanalyzerin the manufacturingurea can be COnsideredthere mustle frommanydifferentpartsof_el_ffOtt,daeision to . . . . performanceof that product.

includin tam managers, _ e.ngmeea's,pau,._.............. analytical chemists. Thenorma_..- • " in an The example shown in Fiqure5 is an example of samples collectedfrom a polymerizationin process. Theplant, P.... corn sitional momtormg of processstreams
uired_PmstaUaaonofananaly.z.._....'.ae,l-the. . po • . " • ' n ffinancial __werdistributi_nwasasamp_eco__ectedintheear_ystages_fthereacti_n_andtheuppertraceastbereacti_n

_d_ la_ todetermineti_ feastbdttyandre!tabthty of _e tech_)qu_2_ _te,rt_o_- _nal has proceeded towards completion. The slfifts in molecular weight can be quicklymonitored by viewing a
• - t of the"data vialed,3- demrminat.ionm sampting approach, ,_-v........ 70 _.d _. • • and _end lineand the reaction quenched whendesiredmolecular weight is obtained.tmpac . _ pro ........ :.......... ve to valuableanalyucal tool tnresearch
instaIla.on in manycasesme momtormg_luuqu_ .m7 v._ be a
uali &sstwanc¢laboratories,but it does not g_uarantysuccessin _e more__.n'_gor_ons.pro_nnel_seny_°n_evntq'lue Anotherexample of the usefulnessOfat-lineanalysis is infermentation monitoringfor the determination of

q ty . • " area is destrabte to m_tut;,,_ -ev ....... "-- - smallinorganicand organic molecules by ion-exchangechromatography. Inthefollowing example, the
ofActualthismonitoringte'songof ti_techniquel"lPL,CmethOdpriortomfullthescalemanutacturmginstallationon a process stream, distancesbetween sampling points made it financ'vully impractical toinstall a sampling system whichcould

mumthe sample to the analyzer. The samples in this example werecollected "andmanually transported to the

proce.ss.samplesfor many applicauens-- -'----- -a'-°_lon_ tune'haveanamrnany t;_c:, -_"Z'/" "_--_--'TS_t_"_k-information ar_alyzerfor analysis. A tangentialfiltration module as described abovewas used to filter the fernw.nmtionAs previouslymenfione_was

evamation, ires processoiua, ,_t,_.,, _ . broth. The desired components in this application,werethe nutrients,the sugars, and the desired product.follo,m:dby laboratm_.............. Recentinstrumentationand sampling
_c_orn_ availabletoo lateto tmp_ me presentprooacutm_m,........... Thesesamples can be monitoredas in Figure6 to rapidly determineall of the desiredcomponents. The three

• • " " ' • tracesshown in this figure are the standardsin the lower chromatogram, the startingreactionmixture on the
developmentshave provided_ abih.tyto .pc_.o___I__L_._aly_Co_oPrvidO_d_r_2e_7_r_7 ent'• " s stem su_ as saown mrtgures ,_,,.,_u_ ,,, v," _" ,e . toptrace,and the reacdon at completion inthe middle trace. The trend line for Otisfermentation can be used to
Anat-.lin¢ilampling__s...... _.o._.u,,,..qamnles which are presently sent to the quahty or proces.s,co.ntrol quicklydetemtine whether the nutrient levelis sufficient to maintainproduct t)roduction,and to determine
_h_f_)_/_Oqo_ec_¢_ar_'_y _he'_ t_yzer The processa_y'_ _ be locat(_, m _e whenthe productproductionhas reached the optin,um level, An exan,ple of the trenddata for this
_g enviromrzm toprovide theconvenier'.ceof a dodtcatedanalyzerand tt_ rap_uavaaanmty o fermentationis shown in Figure 7 The upper trend (Figure7A) shows the dccrea:_ of the nutrientsas a• , , • , , )

analytical reamlts.Tb_¢at-lira sampler.also,pr.ovid___afl__¢_.b.l¢s'.,_..: functionof time, and the loweru'ace(Figure 7B) shows the increase in product level. This tread line can be
of differmt locations in ap_roc___span t_¢ot)tame._aria am"Yam"'"'" " t, t--- usedto quickly determine whether the ixocess stream has cbanged, visually (from the general distribaltion of

of numerous process samplingpoints. The dam lag time now becomes dependant on how thedata points) and numerically(the numerical value of the data point, dme and date collected are shown at the
_ledand uansportedto tbe anal.yzer...Thedata can helpestablish cursor).Acceptable upper and lowerlimits or the acceptablerange forcomponents of interest canbe presetbyfrequemlyvlgious

importantr(ma'non_°rto_apermanentmstauauon--mvesmmnttmmaa la,,,, ,',, _, r-- theprocess engineer. Values outside these limits can be used to triggeralarms, alertingthe operatorsto acriticalchange in thechemical compositionof the process.

T_ same logic ..holds= forpilot Im)ductionfaciiid_ wher______:_evse_mooPlmeernydchett'_Pst_Tom%analsid_eA can
be used toestablish the mapactOl[iX)OreS¢_gesh t'..ofm_t_o_ _'n_ _scalin--un tOplant producdon SUMMARY AND CONCLUSIONS
aP.alySis Of tl_ PrOC,_SS stream can I_ an ancillary t_v_tulTss_v- _t._a 1" o r

volumes. Theuse of at-line sampling approachsand HPLC process analyzerscanprovide veryversatilemonitoring
tools. The use of the analyzer and the at-line samplers asdescribed can rapidly provide data to the process

The at-line sampler usshown in Figure2A consists of a compartmentand a sample container. The sample
collectioncontainexis shown in Figure2B. The processsample is poured or collected into the stainless steel chemistwithout leaving the process area. Valuable economic infommtion for determining the worth of
sample contain¢_,the lid is screwedonand placed into the compartment._.___=:_. ,._ _ to,-,,,,,,,_.r,eetevatedApneumatic system activatedby monitoringapardcu'larprocess in the plant enviromnent can be established. As an R&D tool in the pilot plant.importantreturn on investment and the paybackperiod for the analyzercan be established. In addition,• . . • • .

^--)'_ o---le containerano m=")P'.)""_"v'"v"""'~-asenesol s,p_ r.._. -,_ _,,P'\_."_'-:=._= processmodifications to helpincreaseyield, reduce _.'rapand facilitiescosts and improveproductunifomtityclosing the eg.mPa_.._ door
In_dng I_ all" _ IPttO cofm_tlOns .... UC4W_,_ U m top m u_,, a_.--e, w . r • ' , Ilkay be obtainS.

The next stepcmplo_ = = of _ oran m_t_____pt_.surr.a_e _ml_7:_on_.d_:_, e
samplefrom the comam_ into _ towe_.Omaparulamto_._u_:,_,.._t_,_,{ cnncentrated or conditioned by a We feel that following an at-line approach should provide representativeprocess data. One of the end results
if rt.ces_. Thesamplewithin meanalyzercan t_ autoamu_y. _ _._ ^o._.. _th,-r.amne'a''_'-- ---- willbe a more complete understanding of the benefits of on-line HPLC monitoring for a particular process,

• m _u_r_')' _; "v_"t_-at-_=;i'orw,m _resn_ _ Oncethe benefitsareestablish= the optimal locationand sample conditioning requirements for the analyzer_u_:r/co==_ator0_/c)p_ump.__sho_ in_no_ _g _r___
t,w,nnf the iniecdon valve. The o/t; pumparia meto.lectorusc,,..a,_,,., t_ canbedetermined. At-line sampling provides a good first step',gadperhapsa complete ,alternativeto a
_:_a _njeetimto help ensuxer_mentative sample acqtasmon, continuouson-line monitoring installation. In most cases an mudyzer can be convened to continuous on-line

sampling,ff desired. To accomplishthis the analyzer can be equipped with an automated sampleconditioning
system. Both approaches, at-line and on-line, are viable alternatives. Once the performance is established the
processchemist can determinewhich choice makes the most sensefor hisparticular application.
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op=m=_ pmumaticmmto uL-va_d_ Mmplecon_in__ topresmtizethemnplec_'-iaer _d to drive_e Sample
laanpletods_ProMonixanalyzer.Theswitchessureacuvaledwhenthecompmlme_tdooris cle_.d. (not shown)

HGURE2B: At-LineSump_Cauu/nes.Theumpieco_uaineriscomtm=edofstainlesssterJ.Thetopisremow.dby Electrical Power Connection-""
umc_ewmlitfromthecent*i_rA Tello_sampleoutlettub_isconnectedtothetopo_thecon,-incr. When
•0mp_led _r is imloduee..dintothe_mpiecon,-i_r, theMmldeisforceduptheoudettubeto thethe .,,"
ProMoaixamdy=r. TI_ mamin_rwiUholdabout100mlof sample. Air Purge Connections -" ," /t

s* v •

HGLrRE3: Flowdiaoamof _ inlowermc,lorure.Row dialoamforadditionalsamplep_.perationwhichcanbe Power/Purge Switch • / / xx",,
ped'onned*utaemuicallywithintbe lowerenclown=of the HPLCamdyzer. Sampleis introducedfrom• sample x

_Je_ pointuzte.nudm ,h. u_dyRaandintotheNmpluvalve(s)o! d_dUut_rI _uator pump.Sample is // " , ' .... "Door Boltsth=mcondidomd.,.a _ to dmiaja=orwdv¢ Liqu,d Connection Manifold /

HGUR_ 4 Grabsamldmlr,ly=Inadi_Sram.Thisdiasmm thews alheb_ic compo_eml,mc_mulalLnI pump,fd=r

moduS, _ I _ cylindar,alxivMvinsforStabslm_ appli_tinm. , • "
FIGURE5 Polymersample_ Thechromatojr_ comparisonsshownareof the molecule,w¢i_hi

of • pO_i_l_ll._lD LIB_l, Th_ low_4P_ wal Imk(=BP..411r]yin the tP..a_orl proo_ss and the
uppexmm_wasudtmnearreactioncompletina.Thevisualcamperisonck,ady showstheincreaseinmolecular
w_ bymi]imiau arahnmmog'q_ ove_ys. "- Stand

HG b'P_ 6 Overlaycempu_mmof _mnp;eatakenfromaferment.donprocessandstandards,Inthis comparisonthelower
uma_is •smndmdmdysisofthesujm andt'malpmdu_ __,__ to Ix:p_.aencdining• t'ennemtadon.Tbe
upperminewas_ at dmstm_ofthefunnmlation-nofma]productis ixes_mt.Themid_flechromatogram,
whichwu _ *zd_ oomple_o_of *hefesm=uak= draws• highl=vd of product,ridmGdm_d_rno*mu
_' themS malta.

FIGURE?A: Fennm TrmdPlot. T_ _x_¢enuationofthetotalsugarlevelsin a ferment=donprocess indicatedas
Il is shown for • thna=day period Theoperatorsemthlemaximumtnd minimumacceptablelimit=,I00.00and
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AT-LINE SAMPLER ENCLOSURE FOR AT-LINE SAMPLER
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FIGURE 5
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g/L ................................................. 09:11 uzwismmc, WRSTVIRGINIA2490137.81

%00000
50.00 UOO ANA -I

ABSTrACt

g/L % STRM -06 0n-line photometers provide continuous monitoring of key components in a process stream.

on O PEAK -11 The purpose of this paper is to present several applications which show improved

_% performance with the use of a microprocessor controlled process photometer. Photometric
O0 CHAN -I quantitative analyses in the ultraviolet (W), near infrared (NIR) and fundamental

OCbooOoooA infrared regions can be achieved with this photometer.
0.00 ........... UooooOoqo 0
g/L The analyzer discussed in this paper is a multi-channel, fixed wavelength filter

photometer. These photometers have established a reputation for stability and

8125/88 8128188 reliability in process control applications.

09:41 18:54 "key" words: Ultraviolet spectr_scepy, infrared spectroscopy',

process analyzers"

Figure 7B
lh"_oDucr IolQ

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

200.00 .................... "-_ oqoOooO'Qo 09:11 vomposition monitoring of process streams. Ae(1)excellent review on process photometers_

_/L _ OO'OO8C_ DOOo_O has bee*} presented in a text by Paul E. Hix. Host of these analyzers are dual0--" 187.50 wavelength photometers that utilize reference and measure wavelength, narrow bandpass

o° g/L optical filters. A new multi-channel fixed filter photometer has been developed by

O .(:ombustion Engineering, Process Analytics. The new photometer features the use of a
luicrol+r+.)('essor to control the operatiun ol the analyzer. The microprocessor also

100.00 O ANA -I provides data handling calculations. DilfiuuLt photometer applications with interfering

components in the stream are feasible with the new photometer. A matrix algebraO STRM -06
g/L 0 algorithm is used to compensate for interfering components.

0 PEAK -01
O°° CHAN -1

O0 The following outline will be used for this presentation:

0.00 )non I. Continuous Composition Measurements With a New Process Photometer................................................
glL

8125181 8/28/88 A. IntroductionB. Principle of Operation

09:41 18:54 C. Design Features

D. Applications Discussion

E. Cone lus ions

FIGURE 7 PRINCIPIX OF OPKIIATIOII

A single beam, multi-channel tixed [flier 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 slgnals

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

i to communicate measurement results to a process control computer.

i
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