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FREQUENTLY-ASKED QUESTIONS ABOUT
CHDF OPERATION

1. How frequently should the CHDF GR500 eluant beaegti?

The CHDF GR500 eluant degrades with time. It shd@deplaced every two to three days. Check the
conductivity of the eluant in order to determiné i6 suitable. The conductivity ranges for the
different GR500 types are as follows (in microSiesper centimeter): 1X-GR500: 7-10; 2X-GR500:
22-27; 2X-GR500-LA: 14-18; 1X-GR500 pH9: 13-18. TBR500 eluant absorbs Carbon Dioxide
from the ambient which causes its pH to drop, asiddnductivity to increase; this results in
measured particle sizes smaller than expected1Xh8R500 pH9 eluant is especially sensitive to
CO2 absorption. Bacterial growth also takes plactha GR500 ages.

2. | obtain smaller than expected CHDF particle sigsults when | inject calibration standards.
Most likely, your GR500 eluant is either degraded¢antaminated. See Question 1 above.
3. How is the GR500 eluant prepared?

Add 950 ml of deionized water (conductivity shoblkelless than 2 micro Siemens per centimeter) tml50
of GR500 concentrate. Eluant degassing by eithigication or vacuum filtration is recommended.

4. How long does the GR500 concentrkst, and how should it be stored?
The GR500 lasts about one month. It should be tefpgerated.
5. Does the Marker fluid need to be injected at anceiane for every run?

No. In both manual, and auto-sampler operationstifevare detects when the marker is injected. The
injection time is recorded; the marker elution timealculated as the marker exit time minus the
injection time. A marker delay time of zero secoimleecommended for auto-sampler operation (this
is set under the current method file).

6. How should the marker fluid be prepared?

The marker fluid consists of a solution of sodiuemboate in deionized water. Its concentration garie
depending on the type of fractionation cartridgedud ypical concentrations are in the range 0.1% to
0.5%. This concentration should be adjusted inro@ebtain a reasonable marker peak height
(displayed on the CHDF software Raw Data graphhuparker injection into the CHDF. Marker
peaks heights of 10 to 40 mAU’s (milli Absorbanceitd) for the CHDF-2000 instrument, and 5,000
to 15,000 counts for the CHDF-1100 are acceptable.

7. Why is the pump pressure fluctuating more than@@uring a run?

Air bubbles are lodged in the pump pistons. Steppihmp; open the pump purge valve (located on the
lower right- hand corner of the CHDF-2000; or oa €©@HDF-1100 pump front panel); insert a 5-ml
plastic syringe into the purge valve, and slowlgwdifluid. Air bubbles in the pump and pump-inlet
tubing should be removed. Tighten the purge vahestart the pump. If the air bubbles re-appear,
the Whatman de-gassing filter on the pump-inletrtglshould be replaced. This filter lasts about one
month. Cavitation, which results in air bubble gatien, occurs if the Whatman filter needs

Matec Applied Sciences
56 Hudson St., Northborough, MA 01532 Ph: (508) 393-0155 Fax: (508) 393-5476
www.matec.com e-mail: colloid@matec.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



replacement. For the CHDF-2000, this filter is op#l. You may operate your CHDF-2000 without
this filter if you so prefer.

8. Noise and drift are present in the Raw Data bameli

This is probably due to a defective Whatman filkeplace this filter and observe the baseline. Tilés
must be filled with eluant when in operation. Use purge knob on the filter is order to draw amy ai
from the filter. Another possibility is that thedamp may need replacement if it has been used for
more than 1000 hours (see the troubleshootingseofithe hardware manual).

9. How should samples be prepared for CHDF analysis?

Only agueous samples can be analyzed on the c@HDE setup. Dry powders must be dispersed in
GR500. Sonication should be applied in order tp Iselspend the particles in the liquid. Concentrated
samples should be diluted in GR500 eluant. Thelsaontents are typically in the range 0.1% to 5%
by volume. UV-absorbing samples can be analyzéohatr concentrations while non-UV absorbing
samples (such as colloidal silica) must be rungttdr concentrations. Sonication may be used in
order to break-up particle aggregates. Reasonabiple concentrations should produce peak heights
of 20 to 50 mAU'’s for the CHDF-2000, and 5,000 QD0 counts for the CHDF-1100. A syringe
filter may be used on the sample syringe in ordeemove aggregates from samples prior to
injection. Syringe filters may only be used once gmmple. Marker, as well as, Rinse filters may be
reused until leaks are observed on the filters.

10. No peaks are detected in the Raw Data graph uporpks and marker injection

The fractionation cartridge is likely plugged. Reffe the troubleshooting section of the hardwarauah
for cartridge cleaning instructions.

11. The pump pressure is higher than normal.

The filter element in the cartridge in-line filtetust be either cleaned or replaced. Refer to the
troubleshooting section of the hardware manual. GH®F-1100 is affected by ambient temperature.
Low ambient temperatures result in high CHDF-1168spures.

12. What Noise Level should be used under Configuree®ys the CHDF software?

30-40 for the CHDF-2000; 400 for the CHDF-1100.

13. Can any wavelength be used on the CHDF UV-detector?

The CHDF UV-detector wavelength can be varied fa®a to 380 nm. However, the CHDF PC software
only contains particle extinction cross sectiorvegrfor 200 nm, and 220 nm. One of these values
must be selected in the active Method file. Inaatairesults are obtained if the UV-detector, ard th
software wavelengths differ.

14. What is the sharp peak in the Raw Data betweesdh#ple peak and the marker peak?

This peak corresponds to UV-absorbing moleculaciggepresent in the sample. Molecular species
include surfactants, electrolytes, acids, or babesse molecules have a smaller size than thec|earti

themselves, and therefore exit the capillary dfierparticles.

15. A broad peak after the marker peak is displayethenRaw Data
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This peak is likely due to non-ionic surfactant.iNonic surfactants can continuously adsorb andides
from the capillary wall as they travel down thecfianation capillary. This adsorption/desorption
retards the non-ionic surfactant from exiting thpitdary.

16. Can the marker be blended with the sample so thigtane injection is made per sample?

Yes, in manual operation only. Simply add makeidftio your samples, and make only the sample
injection (do not inject the marker).

17. How long should the instrument be allowed to efuglie (or warm up) at the beginning of the day
before starting sample analysis?

Approximately 30 to 45 minutes.

18. Can the CHDF be turned off at the end of the daghould it be left running overnight
The CHDF can be operated in either mode. We ptefarrn it off at the end of the day.

19. How much sample, and marker, should be Loadedtivgdnjection valve

100 microliters for manual operation. It is reconmtied that at least 400 microliters be drawn into th
syringe in order to minimize the chances of loadiirgbubbles into the injection valve. If using a
syringe filter make sure the filter is filled widample before loading sample into the injectioveal
80-90 microliters is recommended for auto-sampperation. This is set under System/Configure
Auto-Sampler.

20. Are samples loaded directly into the fractionataapillary?

No. They are loaded into a sample loop (a piecgaihless steel tubing) which is connected to &.v&n
sample is pushed into the injection valve, the darlgop becomes filled with sample. Sample exits
from the sample loop vent as more sample is loatlee.sample loop becomes connected to the
pump, and the fractionation capillary upon switchia Inject.

21. Can the CHDF software be run under Windows9X, M#, 2000?
Yes, the CHDF2000 software can be run on any Wirsdoperating system software.
22. What solids concentration should be used for calilen standards?

Calibration standards should not be overly conegatt. Solids concentrations should be such that Raw
Data peak heights are 10 to 30 mAU'’s for calibmastandards and 20-60 for regular samples.
Calibration standards larger than 300 nm shoulgdmécated prior to use in order to break up
aggregates.

23. How frequently should the CHDF capillary be calibzd?

Calibration shifts are related mainly to two fasta(i) changes in GR500 eluant composition; and (i
changes in ambient temperature (not importantffer@GHDF-2000). It is recommended that the
conductivity of the GR500 eluant be monitored; agpl the eluant if the conductivity is outside its
normal range. Calibration standards can be rum pricegular sample analysis in order to confirm
calibration accuracy. These “control” standards ipaydded to the calibration curve if re-calibmatio
is deemed necessary.
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24. How long does a CHDF cartridge (capillary) last?

Fractionation capillaries do not have an exactdfan. Cartridges may last several years sincartcie
adsorption occurs inside the capillary. Capillaiures are frequently due to plugging right at the
capillary inlet. Cutting-off (“snipping”)a short @ce at the capillary inlet frequently removes thagp
The capillary can also be back-flushed as desciibbéloe hardware manual, troubleshooting section.

25. How is the Weight Particle Size Distribution (PSiajculated?

The particle weight percent is calculated as thenbler percent multiplied by the particle diametesed
to the third power: Wt%= N.%(Dp)S. This assumes that the particle density is theesfr all
particles in the sample. The area percent is tzted as follows: &6 = Ni%(Dp)2

26. What particle Size Reproducibility should be expédtom CHDF
About £ 5%.

27. What is the mean, 25%, median, 75%, and FWHH inekiePSD report?

The 25%, median, and 75% are the 25th, 50th, atidp&scentiles of the particle size distributios[®.
They are calculated as the particle size evaluatéidose values of the cumulative PSD. Physically,
for the 25% for example, they indicate that 25%hef particles are below the reported particle size.
The FWHH is the PSD Full Width at Half Height.idtthe width of the differential PSD at 50%
height.

28. What is the list of particle sizes at the bottonthef Text Report?

This list contains a description of all the pasisize populations (also referred to as modesyzatioally

detected by the software in the sample. Each nwligted by the start and end particle size. The
percentages by Number, Area, and Weight are printdée Area% is the average particle size of each

mode (Weight-Weighted). The mode detection serisittan be changed in the current method under

Optical Mode Detector. Lowering the value of Sl@®nsitivity increases mode sensitivity.
29. How can the Patrticle Size Distribution Report best@mized or Changed?

Open your current CHDF method, and select “Repett$. The text report, if used, should be
placed at the bottom of the report.

30. What causes noticeable “tailing” in a fractogram?

The inlet to the fractionation capillary is likedjrty. Snip the fractionation (top) capillary (see
hardware manual section 6.6).

31. How are odd-shape particles, e.g., discs, rods yred?

Particles spin in the capillary tube during CHD&ctiionation. As a result, particles approach the
capillary wall at different orientations. Some gsis result in an exclusion layer equal to thegkest
particle dimension while other positions do thergst or intermediate dimensions. The resulting
elution time is equivalent to an average of all plaeticle dimensions. Research done at Lehigh
University showed that particle doublets generdtech partial latex coagulation produce a CHDF
particle size equal to one particle diameter mliigpby the square root of two, or 1.41*Dp (instead
of 1.5*Dp). Triplets appear to produce one diamétaes the square root of 3.
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32.

33.

Does the CHDF software extrapolate beyond the @libi@ation standards at the limits of the
calibration curve?

The CHDF reports particle size populations in trege specified in the CHDF2000 software under
system/Configure-System. On the small particle sim, the CHDF interpolates below the smallest
standard and the data point Rf=1, Dp=0, where Riésseparation factor for a near-zero particle siz
(Dp) species such as the marker fluid. In facgpiii run the marker as a sample, you obtain Rf=1. Rf
is calculated as the particle elution time dividlgdhe marker elution time. Rf increases with
increasing particle size as shown in the calibratiorve. Elution time is peak exit time minus
injection time.For larger particles, the software does extrapalaieg a curve-fitting expression of
the calibration-standard data points (up to thesufimit specified under System/Configure-System.
This curve fit can be a sigmoidal or polynomial Both options have sigmoidal shapes.

What is Particle Frequency in the PSD graphs?
"Particle Frequency" and "Volume Percentage" afferdint. The CHDF produces relative PSD's.

An absolute PSD shows the actual particle volunregreage. However, absolute PSD's are
sometimes difficult to compare between differemhpbes (overlay). The reason is that samples with
different percent solids will show different PSDajeheights.

Relative PSD's as currently shown by the CHDF arenalized so that the tallest peak or peaks have
a height of 100 "frequency units". These are not@®age values because there can be two or more
peaks with the same 100 value. Also, next to tieddnt, there are values of 98, 92, 86, and sdfon.
you add all these together, you would obtain muohenthan 100% for the sample.

The particle frequency can be used to compare tpalations. For example, a 37% peak has half the
percentage of a 74% peak.

If you need to know the percentage of a populatyon, should use the cumulative distribution (CD).
You can subtract the CD values at both ends of paek. This gives you the percentage of this peak.
See example graph below.
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34. How can the percentage of a particle-size population be calculated?

See “Particle Frequency” question above.
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35.

1 Introduction to the CHDF 2000

The CHDF 2000 (Figure 1-1) uses the principle gbilay Hydrodynamic Fractionation
(CHDF) to measure particle sizes from 15 nanometelsl microns in diameter.

Control panel

Front door

o

Figure 1-1 CHDF 2000
The CHDF 2000 provides the following features

« Simple front panel control of all system operations
¢ An eluant delivery system

¢ UV absorbance detection

* Reduced workbench space requirements
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1.1 CHDF 2000 Components

1.1.1 System Components

The CHDF 2000 contains the following components:
e Control panel
¢ Manual injector valve
e Eluant Pump
« Fractionation Cartridge
e Absorbance detector
« Signal connector module

Control Panel

The CHDF 2000 control panel (Figure 1-2) providesmple icon-based interface that allows
you to directly configure, operate, and troublegttbe CHDF 2000 . The control panel is located
on the CHDF 2000 front door. Refer to Section U8ing the Control Panel, for detailed
instructions on using the CHDF 2000 control panel.

Control panel

©@® Om
©®OE® Om
PEE® Ow
0O

&
- 000 |

pH Sensor

v

Manual injector valve

Autosampler

Z/ Connections
1

Figure 1-2 Control Panel and Manual Injector Valve
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Manual Injector Valve

The CHDF 2000 manual injector valve (see Figure fir@vides a port for loading a sample and a
manual rotation handle to inject the sample intbdluant stream for analysis. The injector valve
is mounted to the right of the front door.

An autosampler option is also available for aut@daample injection.

Eluant Pump

The base system pump supplies the eluant for CHIDB ®peration. You can access the pump behind the
front door (Figure 1-3). A priming valve is conted to the pump outlet and is mounted directly tvelo
the manual injector valve.

Pressure

= xducer

L { Access hole for

offset-fine-
Outlet adjust pc
check
valves
(2)

Inlet Check Valves (:

Figure 1-3 Eluant Pump and Fractionation Cartridge

Fractionation Cartridge
In the CHDF2000, a capillary column provides hydmamic separation of the sample
Instructions for installing the column are providadChapter 6.

Absorbance Detector

The CHDF 2000 includes a multi-wavelength, tunableaviolet (UV) absorbance detector
(Figure 1-4). The UV detector measures the Ultdatilbight extinction of particles in the flow
stream from the column outlet.
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Computer
Connection

Rear
Panel

Absorbance
Detector

Figure 1-4 Absorbance Detector

Computer Connection
A 9 pin, RS-232 connection is used to provide di@asfer between the CHDF 2000 and a

personal computer. A Pentiltinprocessor and Windows ‘@bare recommended for the
personal computer.

Signal Connector Module

wviauout *

PRESS. OUT

Signal connector
module

% B OUT
INJ. OUT

START IN

The signal connector module (Figure 1.5) on the ER2D00 rear panel provides signal
connections for external devices such as a cheotder or integrator. You can also use these
signals to synchronize the operation of the CHDE®®@ith other devices.

Figure 1-5 Signal Connector Module
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1.2 CHDF 2000 Operation

1.2.1 Operation

Figure 1-6 is a fluidic diagram illustrating CHDBQD operation.

Tubing ID Legend

............... 0.009 Ss
_________ 0.020 SS
0.040 SS

2 0.062 TFE Optics bench

Pump A

Eluant

Reservoir )
Joir

\ Unions
N
Whatman
filter ”\%
. -2
(optional) t:g 20-pL loop
L\'j
S
1|
) |
..... f Manual injector
1\ valve (7725i)

In-line filter \

Drain tubes

Strain gauge
pressure transducer

dampener ]

(Pump A)

1

1

1

1

1

1

1

1

1

: !

F |

L *.-@ SSI priming
L L NI
Pulse : i valve

1

1

1

1

1

1

i Waste outlet

Figure 1-6 Fluidic Diagram of Operation
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1.3 Using the Control Panel

The CHDF 2000 control panel provides easy contfglystem configuration, operation, and
diagnostic functions.

The control panel components (Figure 1-7) include:
e Control panel display
»  System controls

Control panel
display

Keypad —> Function keys

|— Selector knob

Figure 1-7 Control Panel Components.
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1.3.1 Control Panel Display
The CHDF 2000 control panel display consists of feections (Figure 1.8)

Screer Home screen

Name

Screen
Body

Secondary { Analyzef Prepare } Configure Run
Options Monitor System System [ Diagnostic

Rotate and press round knob

Figure 1-8 Control Panel Display Sections

Screen name — A screen hame appears at the top of each strédentify the specific
program screen.

Screen body — The main body of each screen contains one oe wiothe following types
of information:

— Control options, including system tasks and naiagadptions
— Status of current operation
- Instructions

Secondary options orinstructions — Secondary options or instructions appear at the
bottom of most screens. Secondary options allowtgazhoose alternate navigation or
control options.
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1.3.2 System Controls

System controls are just below the control pangbldiy on the CHDF 2000 front door.
Table 1-1 identifies the function of each CHDF 2@0itrol.

Table 1-1 Control Panel

Control Function Description
0-9 Number values Used in combination to insedlae for
a selected parameter.
Decimal point Inserts a decimal point in a vdioiea
parameter.
CL Clear Clears an entered value.
OK Execute Selects a highlighted option. Alternatiy

to pressing the selector knob to select &
highlighted option.

OAU Autozero Detector Resets the absorbance detectputou
signal to the zero offset value.

Home Go Home Returns the control panel displaj¢o t
Home screen.

Go Back Returns the control panel display back|to
&
the preceding program screen.

Selector knob Rotate to change highlighted screen
option or to increase or decrease a valye.
Press to select a highlighted option or t
accept a displayed value.

O

1.3.3 Moving Within and Between Screens

The default option for a screen is highlighted wttemscreen first appears.

Moving Among Screen Options

To highlight an option on the screen, rotate tHecter knob to move the cursor from screen
option to screen option. As you move the cursa tew screen option, the option appears
highlighted.

For example, when you first access the Home scthernalyze/Monitor screen option appears
highlighted (see Figure 1.8). To highlight the dgnfe System option on the Home screen,
rotate the top of the selector knob to the righa times. The Configure System option appears
highlighted.

Moving Between Screens

When you choose a screen option, the control gdieplay shows the screen for the option you
chose. The default screen option for the new scappears highlighted.
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1.3.4 Choosing a Screen Option or Parameter
To execute a screen option or edit a parametermat first choose it. Choosing a screen option
or parameter requires that you:
1. Highlight the screen option or parameter.
2. Accept the screen option or parameter.

To choose a screen option or parameter:

1. Rotate the selector knob to highlight the scredioapr parameter.

2. Press the selector knob to accept the screen optiparameter.
or

PressOK on the keypad.

1.3.5 Entering Parameter Values
You can enter parameter values by using eithes¢hextor knob or the keypad.

Using the Selector Knob
To enter a value using the selector knob:

1. Choose the parameter you wish to change.
2. Rotate the selector knob to change the paramelige.va
3. Press the selector knob to accept the displayagkval

Using the Keypad
To enter a value using the keypad:

1. Choose the parameter you wish to change.
2. Enter the desired value using the keypad.
3. Pres0K to accept the displayed value.
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2. Theory and Sample Preparation

The CHDF 2000 determines the particle size distidiouof samples suspended in aqueous solutiorfsein t
range of 15 to 1100 nm in diameter. The size ithistion is determined by the measurement of the
particle elution time in a series of capillary tabe

The CHDF 2000 requires an IBM compatible compuytegferably equipped with a Pentiimprocessor
and Window&! ‘9X or higher. The operating software gives giiaphdisplays and a hard copy of the
cumulative weight, area, and number distributidhs,relative weight, area and number distributtbe,

weight, volume, and number average particle sizé,the particle size distribution standard deviatio

The measurement time, from sample injection tal fiaéculation, is under fifteen minutes.

2.1 SCOPE

The purpose of this chapter is to provide an oVeedcription of Capillary Hydrodynamic Fractioraati
The topics covered are:

Scope

Safety

Intended Use

Description and Specifications
Theory

Data Analysis

Sample Preparation

Eluant

2.2 SAFETY PRECAUTIONS

2.2.1 Electrical

ONOO A WNE

The pump and the detector in the CHDF 2000 udle Yidfage. Avoid contact with any high
voltage area. Un-plug the entire CHDF 2000 befmdorming service or maintenance. Do not store or
spill eluant or samples on the electrical modulBs.certain that all laboratory power receptaches a
properly grounded.

The CHDF 2000 uses ultraviolet radiation. Avoye eontact with any ultraviolet source without
suitable eye shielding or protection. The UV seugcfully contained within the CHDF 2000 casing.

2.2.2 Mechanical

The CHDF 2000 pumps a fluid through a set of ¢apds at a relatively high pressure. The
compressibility of liquids is low, therefore a st component will probably leak before excessive
pressure causes other components to fracture. yalwaar appropriate eye protection in the laboyator
The actual fractionation capillaries are fully cained in a removable cartridge. The potential lthiam
a fracture or breakage in one of the capillariegézatly reduced. Do not attempt to remove thélleajes
from the cartridge or tamper with the internal phing of the cartridge.

Do not attempt to perform service while the sysiempressurized. Allow the system pressure to drop
below 1000 PSI before loosening any tubing fittings
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2.2.3 Chemical

The GR-500 eluant for use in the CHDF 2000 consiksurface active agents in deionized water and to
our knowledge poses no chemical danger. Thereuwarently three versions of the GR500 eluant: 1X-
GR500, 2X-GR500 (standard), and 2X-GR500-LA. Neaws any eluants besides those supplied by
Matec Applied Sciences. All samples must be sudpein water.

The marker used in the CHDF 2000 is a solutiorodiem benzoate (benzoic acid) in deionized water.
The marker concentration can be 0.2-1.0 wt. % ddipgron the kind of cartridge being used.

2.3 INTENDED USE

The CHDF 2000 is designed to determine the sizeiloligion of particles suspended in an aqueousn¢lua
The particle diameter range which is covered bysthedard C-202 Fractionation Cartridge and the GR-
500 eluant is 15 nm to 1100 nm. The fractionatigsotution is low above the upper size limit. Large
particles, up to 3 microns approximately, will matrm the fractionation capillaries. Two other
fractionation cartridges are available: high regolu(C-201), and high sensitivity (C-203).

The particle size range for the high resolutiontridge is 15 nm to 700 nm. The high resolution ridge
offers resolution power two to three times highent a standard resolution cartridge but at a laypper
particle size range (700 nm). The C-203 cartridgasures particles in the range 15 nm to 1100 nm and
has about half the resolution of the C-202 cartridthe C-203 provides particle detection sensitittitee
to four times that of the C-202 cartridge. Highswity may be needed for the analysis of non Ukt
absorbing materials such as colloidal silica arfmoinorganics.

The CHDF 2000 uses the Capillary Hydrodynamic koaettion (CHDF) technique. This technique is
based on the rigorously described and documenteavime of particles influenced by the velocity plef
of a flowing fluid. Due to the influence of theauitl velocity profile, larger particles will havegaeater
average velocity than smaller ones. The partide distribution is determined by measuring theditan
time of the particles through a series of capillatyes.

The CHDF 2000 can be used to analyze a wide vaoietplloidal suspensions. The Fractionation
Cartridge and the GR-500 eluant are for use withegianionic or sterically stabilized dispersions.

Typical applications include:

Latex

Organic pigments
Carbon black
Emulsions
Liposomes
Inorganic Particles

o0AwLNE

For more detailed information regarding differepplcations, please contact Matec Applied Sciences
directly.
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2.4 DESCRIPTION AND SPECIFICATIONS

The CHDF 2000 achieves the separation of particsésy a several different fractionation cartridges.
These are illustrated below in Figure 2.1.

,,Out
=
~
Top Cartridge \
Bottom /
Cartridge -/I
Filter :l_
-

Pump, Valves,
and Plumbing

After the sample is injected, the flowing eluantris a small portion of it into the top cartridgéhe
particle size separation takes place in the topidge. This cartridge contains a coil of glaspiltary
tubing as seen in Figure 2.2. This is the cartittgt needs to be replaced on occasion. The back
cartridge contains two glass capillary coils whiarely need replacement. A large proportion of the
eluant and sample flow through the back cartridgel, then to waste. Only a small portion of angdtgd
sample is needed to measure a fractogram.
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Part of
Bottom Cartridge

OO0

Eluant I
1 Detector
Injection L Top Cartridge
Valve
"""-u\_‘_‘_\h
Part of
Bottom Cartridge
Filter
To

Waste

Figure 2.2 The inner workings of the top and hwotfoactionation cartridges.

2.4.1 Computer Specifications
To run the CHDF Version 2.0 software you need avl B compatible PC equipped as follows:
1. Running Windows 95.
2. A Pentiundl processor.
3. 8 megabytes or more of random access memorMjRA
4. 240 megabyte or larger hard disk drive.

If your computer does not meet these specificattmaotinstall the software. Upgrade your computer,
or find a computer that meets or exceeds the spatidns given above.

2.4.2 CHDF 2000 UV Detector Specifications

1. Spectral bandwidth: 7 nm

2. Wavelength accuracy: +2.0 nm

3. Wavelength repeatability: +0.25 nm

4. Light source: 35 watt deuterium lamp
5. Wavelength Range 190-380 nm
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2.4.3 CHDF 2000 Pump Specifications

1. Maximum pressure: 6000 psi

2. Flow rate: 0.01 - 9.99 ml/min

3. Cumulative Drift: +1% of indicated flow rate or 10 ul/min
per 10 hours with 100 psi minimum
pressure

4, Flow accuracy: +2% @ pressures > 500 psi

5. Flow stability: +0.1% of indicated flow rate

2.4.4 CHDF 2000 OPERATING SPECIFICATIONS
The operating specifications of the CHDF 2000 are:

1. Particle size measurement range:

The size range of the standard C-202 Cartridgetlam@XGR-500 eluant is 15 nm to 1100 nm
particle diameter. A 15 nm to 700 nm high-resantiange is available (C-201). A high-sensitivity
cartridge for measurement of non-UV-absorbing nialteis available (C-203).

2. Size Resolution
C-202 Standard Resolution Cartridge: Particleoratil:1.2; High Resolution C-201 cartridge: Paetic
ratio = 1:1.1 minimum; C-203 cartridge: 1:1.3, er@arrow particle size distribution particles wgteater

than 20% (standard resolution) or 10% (high resam)tsize difference will be resolved.

3. Measurements Provided:

a) Particle size distributions by number, ared, wnight
b) Cumulative particle size distribution by numpemea, and weight
C) Number average particle size

d) Area average particle size

e) Weight average particle size

f) Volume average particle size

Q) Absolute detector output

h) Particle size distribution standard deviation

i) Particle size distribution half height width

i) 25% percentile

k) 75% percentile

4. Measurement Time:
Twelve minutes maximum from sample injection tagrics output.
5. Data Presentation:

User selectable combination of:
a) Raw data
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b) Tabular data of relative and cumulative siggributions
¢) Graphics of relative and cumulative size distiions
d) Hard copy or terminal display only

6. Sample Size:

One milliliter at 0.1-5 volume %, pre-filtered tlugh a 5 micron or larger pore size filter. Filtars
available (See Section 6, Replaceable Parts anduinables). The actual sample concentration to be
used is a function of the detectability of the seempAll samples must be aqueous based.

7. Operating Temperature:

20 to 40 degrees Celsius. Fractionation columrperatures can be set to a maximum Gf9A column
temperature of 3% is recommended.

8. Sample Eluant

The CHDF GR-500 eluant consists of proprietaryatefactive agents in deionized water supplied by
Matec Applied Sciences in concentrated form. Thypes of GR-500 eluant are available: 1X-GR500,
2X-GR500, and 2X-GR500-LA. The 2X-GR500 is the snal eluant used for regular submicron particle
size analysis. The 2X-GR500 normal conductivity thesin the range 22-27 puSiemens/cm. The GR500-
LA conductivity must be in the range 14-18 pSiemems The 1X-GR500 conductivity should be between
6 and 10 pSiemens/cm. Contamination of the elwamigcially by electrolytes, will result in lowelath
expected particle sizes. The same eluant type beugsed during calibration and regular operatiothef
cartridge. Changing the eluant type changes thibraibn curve.

To prepare a batch of eluant, combine 1 part GRead@entrate with 9 parts water deionized watdre T
eluant may then be sonicated or filtered under wactor degassing purposes.

Lower ionic strength eluants produce stronger glsdtdouble layer repulsion between the particled
the capillary wall. Particles traveling closer ke tcenter of the capillary travel faster down tapidary. A
lower ionic strength produces more efficient sepana but a lower practical particle size rangeerpp
limit. See section 2.5, Theory of Operation.

9. Capillary Hydrodynamic Fractionator:

Integral, removable, disposable cartridge (twopowided per unit, one as spare).

10. Power Requirements:

115 VAC to 120 VAC, 60 Hz, or
220 VAC to 240 VAC, 50 Hz, 2.5A, single phase

11. Physical Dimensions:
Comfortably fits on a standard lab benchtop
a) Size:

15" (37.5 cm) Wide x 28" (71.1 cm) Deep x 15".8€m) High

b) Weight:
65 Ibs. (29.6 kg)

Matec Applied Sciences
56 Hudson St., Northborough, MA 01532 Ph: (508) 393-0155 Fax: (508) 393-5476
www.matec.com e-mail: colloid@matec.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



-7

12. Calibration:

The CHDF 2000 is factory pre-calibrated. Eachtfoamation cartridge is provided with a floppy diskhe
floppy disk contains calibration curve files. Téleant flow rate and type at which the cartridgesthe
operated are indicated on the floppy disk lab&ypical flow rate is 1.4 ml/min. Periodic field
recalibration can be performed by the user dirdtttgugh the CHDF software.

13. Calibration Material:

The recommended calibration materials are monodisgeolystyrene latexes. These are available &om
wide variety of commercial sources or directly friviatec Applied Sciences.

14. Warranty:
Complete one year limited warranty, excluding repible CHDF cartridge.
ANY ATTEMPT TO REMOVE OR TAMPER WITH THE INTERNAL PUMBING OF THE

FRACTIONATION CARTRIDGE WILL VOID THE WARRANTY. THE USE OF ELUANT OTHER
THAN THOSE SUPPLIED BY MATEC APPLIED SCIENCES ALSZOIDS THE WARRANTY.

2.5 THEORY OF OPERATION

The behavior of macromolecules and particles ipsansions flowing through capillary tubes has been
studied in detail because of its importance inaerbiological phenomena, such as the transpataf
blood cells through the smaller capillaries in tireulatory system (1), and for use in particle
fractionation methodology.

The separation of particles by size due to hydradyio effects occurring in the flow of suspensions
through capillaries was first examined by Di Maraied Guttman in 1970 (2,3). A particle exhibiting
Brownian motion suspended in a viscous fluid underg Poiseuille flow within a capillary tube will
sample all accessible radial positions if the p&telution time is sufficiently long. The closegtproach
of the particle center to the inner wall of theillapy will be limited to a distance equal to tharficle
radius. As the particle size increases, it wikdrae increasingly unable to sample the slowest ngpvi
eluant streamlines near the capillary wall. A®asequence of this, the particle velocity will exdehe
average velocity of the eluant and the velocitgrofller particles. This effect is based only anphrticle
size and is not a function of the particle densitgomposition. In addition to this exclusion etighe
longitudinal and radial particle displacementsaffected by the presence of the capillary wall, by
fluid inertial force.

The Capillary Hydrodynamic Fractionation CHDF 2068trument from Matec Applied Sciences uses
these phenomena to determine particle size andig##@utions in the sub-micron range. The instemt
moves the eluant and the particles through a seaiflaries, measures the particle concentraganihg
the system as a function of the transit time, aates this transit time to that of well characted
monodisperse size standards used in the calibrptmredure. Through a mathematical interpretation
the raw data, the true particle size and sizeilligion is established.

The software uses two particle extinction crossisecurves, one for particles that absorb UV light
one for those that do not, in order to computestimaple particle numbers. These curves are plots of
particle extinction cross section against partgibe. The particle size is determined from theiglar
elution time. The number of particles is calculiaiem the following expression:

Ni = (D.O.)/Rext,|
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where D.O. is the detector signal for a particlsia€ i, Rext is the extinction cross section, Bnid the
number of particles of size i. The computationhaf extinction cross section by use of the Mie thed

light scattering is currently being incorporatetbithe CHDF 2000 software. (D.O.) is multiplied &y
fractogram deconvolution parameter if the operatmoses to have the sample fractogram deconvoluted
into its primary components (See Software User'si&u

2.6 DATA ANALYSIS

The CHDF 2000 determines the concentration of gadiexiting the fractionation cartridge as a fimtt
of transit time from injection. This data is comgato a calibration curve generated by measutieg t
transit times of monodisperse polystyrene late& standards. The raw data can be mathematically
deconvoluted into component peaks. From the demlation and the absolute calibration using the
known size standards, the particle size and siteilolition are automatically determined. The usay
also choose to not have the data deconvolved.

The CHDF 2000 Operating Software automatically @ialtes and displays the weight average, area
average, volume average, and number average pastid. In addition, the area, weight and number
relative and cumulative particle size distributi@eng with the standard deviation, half heighttjdind
the 25% and 75% percentiles are available on &@apg in either tabular or graphical form. The rdata,
which is the absolute detector output, is availasievell.

It should be noted that both the theoretical fotiodafor CHDF and the calibration curve are for spéal
particles. If your particles are rod shaped otghids, then the size measured by CHDF will be an
approximate spherical diameter. Distributionsie will still be absolutely determined, but no sifie
information will be given on the aspect ratio oé harticles.

2.7 SAMPLE PREPARATION

The CHDF 2000 requires 1 milliliter of sample at-8.volume %. The sample must be aqueous based.
The sample can be prepared in either of two walistich of a concentrate or the addition of thepdisse
phase to the eluant. Itis recommended that thés@Rbe used for dilutions or making dispersiombe
concentration of the disperse phase should bedrighigh to obtain good resolution and a favoralgeadi
to noise ratio. This is particularly important whteying to identify very small sub-populationsn e
other hand, it should be kept low enough to aveidiple aggregation or injection valve clogging
problems. Do not run samples above 5 volume %iemhay clog the injection valve or damage the
fractionation cartridge.

The CHDF 2000 can determine the complete partizke distribution over the entire specified sizegan
Polydisperse samples do not need special pretraatmée standard size range is 15 nm to 1100 nm
particle diameter. Other size ranges will be al#éd in the future.

The actual state of dispersion and the stabilitthefsample are important considerations for amigba
characterization technique. The CHDF 2000 meadheesffective hydrodynamic particle size. An
aggregate will behave as a larger particle andmnaitlbe resolved into the smaller primary partiilee.
For some samples this may cause discrepancies éref@ldDF and transmission electron microscopy
(TEM).

The standard CHDF 2000 GR-500 eluant is designedrfinnic dispersions. When diluting a
concentrate, use the GR-500 fluid as the dilutdiftis will help ensure a stable, well dispersedesys
Most systems will be anionic when dispersed in GR:5For specific systems, this can be checkedyusin
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microelectrophoresis or electro-acoustic ESA amglyBroblems may occur when diluting systems
stabilized with cationic surfactants. For spedififormation regarding specific sample systemsagde
contact Matec Applied Sciences directly.

Most samples will need to be sonicated before aimly-or many samples prepared by the dilutioa of
concentrate, placing the sample container in aasohic bath will be sufficient. For dispersingyaters
into liquids or when dealing with materials whickayrhave a strong tendency to form aggregates|lit wi
be necessary to use an ultrasonic probe immersbe isample itself. In both cases, the objectv® i
prepare a uniform dispersion in which the partiéeist in the actual state of dispersion that y@shwo
characterize.

The CHDF 2000 requires that the sample be injeloyesiringe through an injection valve, or the sasmpl
may be injected using an autosampler. In manyscase necessary to filter the sample before itipecto
remove coagulum or outsize particles. Five-miciterk which attach directly to the end of the sge
are recommended. These filters are available ftatec Applied Sciences.

2.8 ELUANT

The standard eluant supplied for use with the CE2DBO0 is designated GR-500 and is for anionic
systems. Most materials will be anionic when dispd in GR-500. The eluant consists of surfaceect
agents in de-ionized water. GR-500 is suppliethéenform of a concentrate which must be diluted. 10:
for use, e.g., 900 ml de-ionized water to 100 mbG®Rconcentrate. GR-500 should be diluted with de-
ionized water and the final solution should beefitd under vacuum through either a 0.1 or 0.2 pma po
size filter. The purpose of this filtration undexcuum is to remove any particulate matter and talste-
gas the GR-500. Care should always be taken waedling the GR-500 to avoid contamination. The
eluant should be used within 3 days of preparatibime GR-500 concentrate should be used within one
month of receipt. It should be kept refrigerated.

Matec supplies three types of GR-500 eluant: 1X-BR2X-GR500, and 2X-GR500-LA. The appropriate
conductivity ranges (uSiemens/cm) of final eluasitisons are 6-9 for 1X-GR500, 14-19 for 2X-GR500-
LA, and 22-27 for 2X-GR500. Each of these eluaats loe used with any of the three types of cartedge
available. Most commonly, 2X-GR500 is used in cocjion with a C-202 cartridge.

Both 2X- eluants produce the same resolution aedhes same calibration curves. The 2X-GR500
contains 10 milligrams/I sodium azide biocide; % GR500-LA eluant contains only 0.5 milligram/I
sodium azide. As a result, the 2X-GR500-LA eluasgrddes faster due to bacterial growth. The skfelf-
for these eluants is three days for the 2X-GR500-4#d one week for the 2X-GR500. The 2X-GR500
cannot be used at 200 nm UV-detection becauseediith UV-absorption by sodium azide.

The 1X-GR500 provides higher particle resolutidficefncy than the 2X- formulas. The upper particle
size limit is lower with 1X-GR500. The 1X-GR500 ¢ams 0.5 milligrams/l sodium azide. Its shelf life
three days.

NOTE:

The CHDF 2000 and the fractionation cartridge Hasen specifically calibrated for use with GR-500
eluant. The use of any other eluant will give eeous results and voids the CHDF 2000 warranty.
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Chapter 3

Setting Up the CHDF 2000
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3 Setting Up the CHDF 2000

This chapter describes how to set up the CHDF 2000ormal operation.

Before you can operate the CHDF 2000, you need to:
e Perform power-on procedures
« Review and edit operating parameters

3.1 Performing Power-On Procedures

Caution: To prevent injury, apply power to the CHDF 2000 only after you have completed all
installation tasks properly.

When you first power-on the CHDF 2000, perform filllowing procedures:
» Check power-on diagnostics
* Check the Control panel display

3.1.1 Powering On the System

To apply power to the system:
1. Insert the power cord into the power outlet of pprapriate power source.
2. Move the power switch to thie(On) position (Figure 3-1).

OO O
OEOO®  Onm
OO Oe
OO@

Tiger

Figure 3-1 Power-On/Off Switch
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3.1.2 Checking Power-On Diagnostics

When you power-on the CHDF 2000, the system autioaibt executes a set of diagnostics to verify that
the system is ready for operation. The resulth®fpower-on diagnostics appear in the Power-On
Diagnostics screen (Figure 3-2).

CHDF-2000 by AMzafec 4uolied Sciences

Power-0On Diagnostics

Revision 1.0

EPROM Chksum
RAM Test

Column Heater
Calibrate UV

Figure 3-2 Power-On Diagnostics Screen

Table 3-1 identifies and describes the functiontheffour power-on diagnostic tests.

Table 3-1 Power-On Diagnostic Tests

Name Function

EPROM Checksum Performs a checksum test of program
memory (erasable programmable read-
only memory).

RAM Test Tests the validity of programmed methpd
data saved in RAM (random access
memory).

Cartridge Heater Determines if an optional caritigater
is installed.

Calibrate UV Performs calibration and check of the

absorbance detector optics. This test
takes 2 to 3 minutes to complete.

If your CHDF 2000 fails any of the power-on diagtics, refer to Chapter 5, Diagnostics, for
troubleshooting information.

3.1.3 Checking the Control Panel Display

When you first power-on the CHDF 2000, check theticd panel display for readability. If
necessary, adjust the brightness and contraseafdhtrol panel display, as described in Section
6.5, Adjusting the Control Panel Display.
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3.1.4 Moving to the Home Screen

You can initiate all CHDF 2000 control functionsiin the Home screen. From the Power-On

Diagnostics screen (see Figure 3-2), press thetselenob to choos€ontinue. The Home
screen appears (Figure 3-3).

Analyzef Prepare [ Configure Hun
Monitor System System HDiagnostic

Rotate and press round knob

Figure 3-3 The Home Screen

You are now ready to set up the CHDF 2000 for nbparation.

Preparing the System for Use

From the Home screen (see Figure 3-3), ch®&wospar e system. The Prepare System screen
appears as shown below.
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Prepare system

< ]

o

Set E Set E Calibrate Prime E
Flow rate H Yavingth. pH Pumps
T S = o
Analyzef Home
Monitor SCreen

Figure 3.4 The Prepare System Screen

There are four choices in this screen used to peetpa systenfset Flow rate, Set Wavingth.,
Calibrate pH, and Prime Pumps. Rotating the selector knob on the instrumergrattely
highlights the different choices on the screen, pnedsing the selector knob performs the
highlighted action. When any of these four optians selected, @onfigure System screen
appears as shown in Figure 3.5.

Configure system

Flow Rate Calibrate pH
Net Wavelength Prime Pumps

Home
Screen

Figure 3.5 The Configure System Screen

Although there are 4 choices in this menu, only oihthem can be accessed at a time. For
example, if you selectedow Rate from the menu in Figure 3.4, when the menu in Fédli5
appears, only the flow rate parameter can be clitang# other choices are disabled. Select
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Home Screen to get back to the top menu. Here is how tolsefdur parameters listed in the
Configure System screen seen in Figure 3.5.

Flow Rate - This sets the rate at which eluant is pumpedutin the fractionation cartridge. To
change the flow rate, simply select it, then rothteselector knob left or right until the flow eat
you desire appears on the screen. Push the sekecto to enter the value. Normally, a value of
1.4 should be selected.

Set Wavelength - This command sets the wavelength at which théVU& detector will work.
The wavelength is in units of nanometers. To ckahg wavelength, seleSét Wavelength,
rotate the selector knob left and right until tlesided wavelength appears. Push the selector
knob to enter the value. The recommended val@2@snm.

Calibrate pH - Select this option when you need to calibratepgH sensor on the CHDF 2000.
You will need three buffer solutions, typicallypifi 4.0, 7.0, and 10.0 to calibrate the pH sensor.
The sensor is calibrated by alternately immersirggsensor in the three buffers, then entering the
pH value of the buffer into the instrument. Thisaccomplished by first selecti@alibrate pH

from the Configure System menu. This action brings new screen as shown below in Figure

3.6.
Calibrate pH

1. Highlight & click to adjust buffer pH value.
2. Place pH probe in buffer.

3. Wait for MY readings to stabilize.

4. Turn to highlight "ACCEPT" and click.

probe my:
acid pH: Accept acid
neut pH: Accept neut
base pH Accept base

Prepare
System

Figure 3.6 The Calibrate pH screen

As stated in the screen, first highlight the pHt isagoing to be set by turning the selector knob.
Click the knob, then turn it to select the pH o thuffer to be used. Place the pH sensor in the
buffer, wait for the Prove mV reading to stabilileen turn the selector knob to the right to
highlight eitherAccept Acid, Accept neut, or Accept base. Press the selector knob to enter the
pH value. Three buffers of different pH must bedito calibrate the sensor.

Prime Pumps - The pumps are primed by drawing eluant intoghp heads to get rid of air
bubbles. The process is described in a screerdnabe accessed by selecting Prime Pumps.
The following screen appears.
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Prepare system...prime pumps
1. Atach syringe 2. Dpen valve 3. Draw solvent

4, Close val 5. Remove syringe 6. Start pump

Start
Pump

Prepare M
ress to
System START

Figure 3.7 Instructions on how to prime pumps.

Note: The order of the instructions shown in this sorisenot correct. The correct sequence
of steps to follow are: 1, 2, 3, 6, 5, 4. The msxwill be explained here in words to avoid
confusion. The syringe attaches to a special vialtke lower right front of the instrument called
the priming valve. Attach the syringe to the prnigivalve, then open the valve. Draw several
mis of eluant into the syringe. Start the pumsélectingPressto START, remove the syringe
from the priming valve; wait until the pump stofisen close the valve. Please realize that this
screen only gives instructions, accessing thiseschy itself will not prime the pumps.

3.2 Reviewing and Editing Operating Parameters

The CHDF 2000 is configured with default values ¥droperating parameters that control
specific system functions. Review all operatingagpaeters and edit them if required to customize
instrument operation for your needs.

3.2.1 Changing Operating Parameters

To review and edit the system parameter valueBeof2HDF 2000 choogeonfigure system
from the Home Screen. The first of three ConfigbBystem screens appears (Figure 3.8).

Configure system

Set Flow Rate Run Time
Set Wavelength Heater
Set Cell K Next Screen

Home
Screen

Figure 3-8 First Configure System Screen
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When each of these commands is selected, the disp#énges so that a number may be
entered. The parameters are described and sefl@sd:

Set Flow Rate - Sets the flow rate at which eluant is pumpedugh the fractionation
cartridge in units of ml/min. When selected, tligpthy changes to “Rate = “. Turn the
selector knob to the desired value, then push o ko enter the value. A typical flow rate is
1.4 mli/min. This is the same parameter as wamghe Configure System screen seen in
Figure 3.5.

Set Wavelength - This command sets the wavelength at which théU detector will work.
The wavelength is in units of nanometers. To cbkahg wavelength, seleSét Wavelength.
The display changes to “Run Wavelength = “. Rothé&selector knob left and right until the
desired wavelength appears. Push the selectortbnetiter the value. A typical wavelength is
220 nm.

Set Cell K - This parameter is used to calibrate the conditigtsensor that is onboard the
CHDF 2000. When this command is selected, thdalisghanges to “Cell K:”. Rotate the
selector knob to the correct value, then push tlub ko enter the value. The selected value
should be in the range 0.8 to 2.0.

Run Time - This number sets the length of the X axis ondisplay when data is viewed
during a CHDF run. The default value is 15 minutég¢hen this command is selected the
display changes to “Run Time:”. Rotate the selektmb to the desired value, then push the
knob to enter the value.

Heater - This parameter is used to set the temperatutieedfractionation cartridge. The
default is 383C. When this parameter is selected the displagpgdmmto “Cartridge Temp: “.
Rotate the selector knob to the desired value, plush the knob to enter the value.

NOTE: Changing the cartridge temperature requires theesaorement of a new
calibration curve.

Next Screen - Displays the second Configure System screem, iseEigure 3.9 below.

The second Configure System screen is displayesglegtingNext Screen in the first Configure
system screen. The second Configure System siga&iown below in Figure 3.9.
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Configure system

Pressure Limit Pump Standhy
Prime Flow Rate Lamp Standby
Prime Time Next Screen

jgure o. € secon onfigure system screen.

When each of these commands is selected, the dispéanges so that a number may be entered.
The parameters are described and set as follows:

Pressure Limit - Used to set the pressure values above or beldehvwthe pump will shut off.
Pressure is measured in units of PSI (pounds parednch). When clicked once, the display
will change to “Low Limit”. Rotate the selector&n to the desired value (1000 is
recommended), then push the knob to enter the valbe display will then change to “High
Limit” (6000 is recommended). Rotate the selektwb to the desired value, then push the knob
to enter the value.

Prime Flow Rate - Sets the flow rate to be used during primingiifmin. When this parameter
is selected, the display changes to “Rate ml/miRRbtate the selector knob to the desired value,
then push the knob to enter the value. A typiedi® is 8.0 ml/min.

Prime Time - Sets the amount of time the pump runs duringipig (2 min. normally). Time is
measured in units of minutes. When this paranisteelected the display changes to “Prime
Time:”. Rotate the selector knob to the desirddejathen push the knob to enter the value.

Pump Standby - Sets how long the pump will run before it autdicelly shuts off. Time is
measured in units of minutes, and a setting ofWdl'cause the pump to run indefinitely. The
parameter is best used in conjunction with an aumder. For example, it can be used to shut
down the pump after the instrument has concludeavamight run. However, the Pump
Standby time can expire before all samples aresoibe careful when setting this parameter. For
most purposes, a value of 0 should be used anputing can be turned off manually (or the pump
can be turned off using the autosampler sequernuap setions parameters in the software).

When this parameter is selected, the display chatigtStandby:”. Rotate the selector knob to
the desired value, then push the knob to entevahee.

Lamp Standby - Is used to determine how long the lamp in the\US detector will stay on
before it is automatically shut off. The purpo$eloutting off the lamp is to hopefully extend its
life. However, if the lamp is shut off before gtlur samples are run, you will not obtain any
data. A value of “0” will leave the lamp on indeifely. The lamp standby value must be equal
to the pump standby value. The instrument will @édw you to set the two parameters to
different values. Once this parameter is seledtedldisplay changes to “Standby:”. Rotate the
selector knob to the desired value, then push iieb ko enter the value.
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Next Screen - Selecting Next Screen brings up the third ofttiree configure system screens as
seen below in Figure 3.10

The third Configure System screen is displayeddbgciingNext Screen in the second Configure
system screen. The third Configure System scieehown below in Figure 3.10.

Configure system

AU Zero Offset serial Parmeters
Fluant Temp Y Scale
Auto Zero Next Screen
....................
Screen

Figure 3.10 The third configure system screen.

When each of these commands is selected, the dispéanges so that a number may be entered.
The parameters are described and set as follows:

AU Zero Offset - Tells the instrument how many absorbance uditsgnal being measured by
the detector should be set equal to zero. Normiddiy parameter should be left at zero. Once
this parameter is selected, the display changarAd) = :". Rotate the selector knob to the
desired value, then push the knob to enter thesvalu

Eluant Temp - This parameter is used to calibrate the tempegairobe on the CHDF 2000.
After selecting this parameter, rotate the selekbob until the current value of the eluant
temperature appears. Then push the knob to savehtnges.

Auto Zero - Turns the autozeroing ability of the instrumentor off. When on, an autozero of
the detector baseline takes place each time actimjeoccurs. The autozero sets the detector
baseline to the mAU value defined in AU Zero Offs@nce selected, this parameter is turned on
or off by rotating the selector knob. Push thelktmrecord the change.

Serial Parameters - Sets the communication parameters that allowCHBF 2000 to talk to a
personal computer. Once selected, display chang@&aud Rate”. Rotate the selector knob the
appropriate value (normally 19200), then push thebk This value mudie the same as that set
in the software under system/configure system. tNBr display changes to “Echo” and is
followed by an “Off” or “On” (normally off). Rotat the selector knob to the desired choice, then
push the knob to save the settings.

Y Scale - Sets the maximum absorbance reading that calisptayed on the CHDF 2000 front
panel raw data graph during a fractionation. Wéelected, the display changes to “Y Axis AU
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Max” and number appears next to this. Rotate ¢ecsor knob to the desired value, then push
the knob to save the settings. A value of 5 ismamended.

Next Screen - In this instance, selecting Next screen takeshaxrk to the first Configure System
screen.
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Chapter 4

Operating the CHDF 2000
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4 Operating the CHDF 2000

This chapter describes how to perform normal CHDEoperations.

4.1 Priming the Pump

Prime the pump to remove air bubbles from the elaapply tubes or to purge eluant from the
system before you use new eluant.

To prime a pump

1. From the Home screen, chodmepare system. The Prepare System screen appears as
shown in Figure 4.1.

Prepare system

Analyze.f Home
_ Munltur Screen

Figure 4.1 The Prepare System Screen

2. ChoosePrimepump. The Prepare System...Prime Pump screen appagusd 4.2).
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Prepare system...prime pumps
1. Atach syringe 2. Dpen valve 3. Draw solvent

4. Close val

5. Remove syringe 6. Start pump

Start
Pump

Prepare M
ress to
System START

Figure 4.2 The Prepare System...Prime Pump Screen

Note: The order of the instructions on the screen shalove is incorrect. The correct
sequence of stepsis: 1, 2, 3, 6, 5, 4. Thesdemeribed in detail below.

3. Attach syringe (screen step 1) — Attach the syringe to the prinvialve.

pH Sensor

Figure 4.3 Inserting Syringe in Pump Priming Valve

4. Open valve (screen step 2) — With the syringe attached tgthming valve, open the
valve by turning the top of the valve to the lefe€ Figure 4.3).

5. Draw eluant (screen step 3) — Carefully draw eluant into yrenge until:
e Air bubbles disappear from the eluant inlet tubioghe pump.
e The syringe draws steady fluid from the valve.
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6. Start pump (screen step 6) — ChooBeessto Start. The Pump draws eluant from the
reservoir and pump it through the system.

7. Monitor the CHDF 2000 waste tubing until air bubbles dissgy from the eluant, or the
pump stops.

8. Closevalve (screen step 4) — With the syringe still attacteethe priming valve, close the
valve by turning the top of the valve to the right.

9. Remove syringe (screen step 5) — Carefully remove the syringmftibe pump priming
valve.

10. ChoosePump ON-Pressto Stop to shut off the pump. Or, the pump shuts off
automatically according to the time set for thexitnig Pump Time system parameter.
(Refer to Chapter 3 for more information).

4.2 Analyzing Samples

This section includes procedures for the followiagks:
e Performing standard sample analysis
« Using standby mode when you are not analyzing gpkam

4.2.1 Performing Standard Manual Sample Analysis

Sample can be injected manually, as described betesing an autosampler. To use an
autosampler, refer to the CHDF 2000 software manual

To perform standard manual sample analysis:

1. From the Home screen, chodsealyze/M onitor, or from the Prepare System screen,
chooseAnalyze/M onitor.

Note: Be sure there is an ample amount of fresh GRel@#nt in the eluant reservoir.

The Analyze/Monitor Samples screen appears (Figute

Monitor
o AT
B.8
| Time (o)
Terap, © Fal rnlirnin pH uSlcm Anm
| | | |
STOP Pump New Plot || Home

Figure 4.4 Analyze/Monitor samples Screen
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Wait for the pump pressure to be stable (abouhd(#). Start the CHDF Software.
Follow the software manual instructions for datemtion and particle size distribution
results.

With the manual injector valve in the Load positiorsert the prepared sample syringe in
the manual injector valve (Figure 4.5).

Note: The loop volume of the instrument is 20 zd.. Load a minimum of 80 4L of sample to ensure

accurate results.

Manual
injector
valve

Figure 4.5 Loading Sample Into the Manual Injeatatve

Note: The manual injector valve must be in the Load position when you load the sample.

4.

Load the sample into the manual injector valve.ndbremove the syringe until you have
completed step 4.

Rotate the handle of the manual injector valvéntlhject position to inject the sample
and start the selected method. The Analyze/Mordtonples screen appears (Figure 4.5).
Remove the sample syringe.

Rinse the injection valve with GR-500 eluant. Rapbe above steps to inject the marker
solution. The recommended marker injection timédseconds.

During the fractionation, the results will be dispdéd on the screen shown in Figure 4.4.
Also, relevant measurements such as the eluanteietype, pressure, flow rate, eluant pH,
eluant conductivity, and detection wavelength aspldyed. Repeat the above steps for
new samples. SeleStop Pump or Home Screen to end your session.

Review your results. If they are satisfactory, yoe ready to analyze the next sample. If
the results are not satisfactory, refer to Chaptéiroubleshooting the CHDF 2000, to
locate the source of the problem.
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4.2.2 Using Standby Mode

When you finish analyzing samples, but do not warglter the current operating conditions, use
Standby mode to conserve eluant and lamp enerfgg.instrument will also go into standby
mode if the computer and instrument have ceaskih¢gio each other for > 60 seconds. This
may happen, for example, if the computer crashekline instrument is turned on.

Using Automatic Standby Mode
You can configure the system for two types of awtienstandby mode:
e Automatic pump standby mode
e Automatic lamp standby mode

When Standby Mode is entered the following scremyears (Figure 4.6).

Standby

Figure 4.6 The Standby Display

Using automatic pump standby mode

In automatic pump standby mode, the pump or purap et after a user-specified time interval
at the end of a run.

Note: The pump standby time must be either equal to or shorter than the lamp standby time.
You set the time interval by defining the valuelod Pump Standby Delay operating parameter.
Refer to Chapter 3, Reviewing and Editing Systemafaters, for more information.

Using automatic lamp standby mode

In automatic lamp standby mode, the detector lanupssoff after a user-specified time interval at
the end of a method run.

Note: The lamp standby time must be equal to or longer than the pump standby time.

You set the time interval by defining the valuetud Lamp Standby Delay operating parameter.
Refer to Chapter 3, Reviewing and Editing Systemafaters, for more information.
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Exiting from Standby Mode

To exit from Standby mode, chood®me screen. The lamp turns on, the detector recalibrates,
and the Home screen reappeatrs.
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Chapter 5

Troubleshooting the CHDF
2000
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5 Troubleshooting the CHDF 2000

This chapter provides procedures that explain how t
* Respond to CHDF 2000 error messages
e Use troubleshooting checklists to quickly idenfpifytential sources of system problems
¢ Run CHDF 2000 diagnostics

5.1 Responding to Error Messages

During operation of the CHDF 2000, conditions magwr that cause error messages to appear on
the control panel display. The error messages are:

« High pressure limit exceeded
e Low pressure limit exceeded
* Power lost

» Detector calibration failure

5.1.1 High Pressure Limit Exceeded

The High Pressure Limit error message (Figure &ppears when the system pressure exceeds
the high-pressure limit for at least two secondsu ¥onfigure the high-pressure limit using the
Pressure Limit Set operating parameter (refer tap®r 3, Reviewing and Editing Operating
Parameters).

WAHRNING!
High Pressure Limit
Failure - Pumps Stopped

Hemove blockage from flow
path - equilibrate & restart run

Press knob to continue

Figure 5-1 High Pressure Limit Exceeded Error Mgss

Recommended response

High pressure sometimes occurs if you are primimggump with a cartridge installed. To
prevent high pressure during pump priming, folltne procedures specified in Section 4.1,
Priming the Pump.

This message usually results from a blockage irethant flow path. Check the eluant flow path
and pump. Clear any blockages, if necessary. Td& oommon cause of a blockage is a plug or
sample somewhere in the instruments tubing. Taereseveral ways of clearing such a blockage.
They will be discussed below in order of increaddifjculty.

Matec Applied Sciences
56 Hudson St., Northborough MA 01532 Ph: (508) 393-0155x321 Fax: (508) 393-5476 e:dosramos@matec.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



5-2

Clearing System Blockages

1. If you are analyzing latex or other polymeric basathples, a blockage may be removed by
pumping acetone or tetrahydrofuran (THF) throughdysstem for 15 minutes. This will
hopefully dissolve the plug.

2. Change (or clean) the in-line particle filter & @lement (See section 6.6).

3. You can also try backflushing the fractionationtgege to remove a plug of material. The
idea is to pump eluant through the cartridge irection opposite to that which is normal.
To backflush the cartridge, open up the front dafdhe CHDF 2000. There is a panel on the
right hand side held in place with two screws. Reeithese screws (they should come out
by hand), and you should see the following.

outlet

:l———> 1
=

Top
- Cartridge

Bottom
Cartridge

H —

The idea is to swap the tubes at fittings 1, arah®l, separately 3 and 4 as follows: Disconnect
the stainless steel tube from Fitting 1. Conneetttlbe on Fitting 2 to Fitting 1; then connect the
tube from Fitting 1 to Fitting 2. Disconnect Fiti8. Connect the tube on Fitting 4 to Fitting 3
and Fitting 3 to Fitting 4. Run the pump for 15nmies. Reconnect all fittings as they are
normally, and try running the pump again. If thghhpressure message does not re-appear, your
backflushing was successful.

4. Snip off end of the glass capillary tube in bimétom cartridge (see Section 6.6).
5. Replace the entire bottom fractionation cargigee Section 6.6).
Do not restart sample analysis until you correetdause of high system pressure.

Press the selector knob to clear the High Predsmi¢ Exceeded error message.

5.1.2 Low Pressure Limit Exceeded

The Low Pressure Limit error message (Figure 5ppears when the system pressure falls below
the low-pressure limit for more than 110% of th&ueadefined for the Pump Priming Time
parameter. You configure the low-pressure limihgghe Pressure Limit Set operating parameter
(refer to Chapter 3, Reviewing and Editing Opem@gfdarameters).
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WARNING!
Low Pressure Limit
Failure - Pumps Stopped

Fill solvent or repair leak or pump
head - equilibrate & restart run

Press knob to continue

Figure 5-2 Low Pressure Limit Exceeded Error Mgssa

Recommended response

This message often occurs when there is a ledkeiimfector, pump, or eluant flow path. Check
eluant flow path, injector, and pump and repair leaks or damage.

Reprime the pump and eluant tubing. Do not restariple analysis until you correct the cause of
low system pressure.

Press the selector knob to clear the Low Pressuané Exceeded error message.

5.1.3 Power Lost

The Power Lost error message (Figure 5-3) appétire CHDF 2000 temporarily loses power
during sample analysis.

ATTENTION!

@ Power lost during last
runm....

May have sample in column,
check program, prepare & run

Press knob to clear display

Figure 5-3 Power Lost Error Message

Recommended response

This message occurs when the CHDF 2000 tempottaggs power due to a power outage or
inadvertent powering-off of the system during saemgtalysis. Before you resume sample
analysis:

1. Verify that your operating parameters are correct.
2. Prepare the system by priming the pump, if necgssar

Press the selector knob to clear the Power Lost etessage.
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5.1.4 Detector Calibration Failure

The Detector Calibration error message (Figure &ppears if the detector fails to calibrate
during system power-on tests.

ATTENTION!
@ Detector failed to calibrate
during power up sequence

Repair detector before running
samples

Press knob to clear display

Figure 5-4 Detector Calibration Failure Error Megs

Recommended response

Although the system allows you to continue operatiten this message appears, the results of
the analysis are not reliable. Correct the souf¢hendetector problem before continuing
operations. Refer to Section 5.2.5, Absorbance®et Troubleshooting, for more information.

Press the selector knob to clear the Detector 2didn Failure error message.

5.2 Quick Troubleshooting Checklists

Use the tables in this section to quickly identérrective actions for common CHDF problems.

This section covers the following topics:
« General troubleshooting
e Fractionation troubleshooting

5.2.1 General Troubleshooting

Use Table 5-1 to quickly identify corrective actiofior general system problems.

Table 5-1 General Problems — Quick Troubleshoo@thgcklist

Symptom | Possible Cause Corrective Action Refer to
Unit will Power cord not connectedd  Connect power cord or fry—
not power- another cord.
on
No power at outlet Reset circuit breaker or | Power company
restore line voltage.
Power supply fuse blown Replace fuse.
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Fan not Fan wiring or motor Repair wiring or replace | Your local service
operating | problem fan. representative
Screen is | Control panel display not| Adjust control panel Section 6.6
blank adjusted correctly display.
CPU requires reset Turn instrument power ¢ff—
Wait five seconds. Turn
power on.
Power supply fuse blown Replace fuse.
Control panel ribbon cable Reconnect ribbon cable.
disconnected
No CPU requires reset Turn instrument power off—
response Wait five seconds. Turn
from power on.
keypad
Keypad is defective Check keypad using Test Section 5.3
Keypad diagnostic.

5.2.2 Fractionation Troubleshooting

Use Table 5-2 to quickly identify corrective actiofior fractionation system problems.

Table 5-2 Fractionation Problems — Quick Troubteging Checklist
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Symptom | Possible Cause Corrective Action Refer to
Erratic Air bubble in pump head Degas all eluants, Section 4.1
retention re-prime pump.
times
Malfunctioning pump Clean or replace pump Section 6.1.3
check valves check valves.
Leak at tube fitting Check that all tube fittingp
are tight.
Leaking pump seals Replace pump seals. Sectioh 6.1
Increased | Incorrect flow rate Adjust flow rate. Section 3.2
sample and
marker
retention
times
Incorrect eluant Adjust eluant composition
composition
Cartridge patrtially Change eluant, backflush | Sections 5.1 and
blocked cartridge, snip off end of | 6.6.
capillary, or replace top
cartridge.
Column heater not Connect column heater. Instructions
connected supplied with
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Symptom Possible Cause Corrective Action Refer to
column heater
Doubled Air bubble in pump head Prime pump to remove gifSection 4.1
retention bubble.
times
Malfunctioning pump Clean or replace the pump Section 6.1.3
check valves check valves.
Broken pump plunger Replace the plunger. Sectibr26
Defective top Snip or replace cartridge Sections 5.1 and
fractionation cartridge.
Reduced Incorrect flow rate Adjust flow rate. Section 3.2
retention
times
Incorrect eluant Adjust eluant composition
composition
Low column temperature Increase column
temperature.
Increased | Eluant conductivity too Prepare new eluant, check Section 2.8.
sample high. conductivity.
retention
times,
marker
retention
times
correct.
No peaks | Plugged capillary Change eluant, backflush Sections 5.1 and
detected cartridge, snip off end of | 6.6.
capillary, or replace top
cartridge.
Pump shutdown Start pump Chapter 4
Reduced Incorrect mobile phase Use correct mobile phagel]
retention
times
(cont.)
Incorrect Cartridge Replace with correct
cartridge.
Reproduci- | Eluant not properly Degas eluant. —
bility degassed
errors
Baseline
drift, rapid
Detector not allowed to | Allow detector to warm up
warm up until baseline stabilizes.
Time varies based on
i wavelength and sensitivity]
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Eluant contaminated Use fresh eluant. O
Eluant not properly Degas eluant. O
degassed
Flow fluctuations Correct pump Section 6.1
malfunctions. Replace
pump seals, check valves,
Lamp Standby Delay too | Increase value of Lamp Section 3.2
short Standby Delay parameter.
Incorrect wavelength for | Change eluant or UV absorbance
eluant wavelength. specifications of
eluant supplier
Baseline Eluant contaminated Use fresh eluant. O
drift, slow
Decreased UV lamp Check lamp energy. Section 5.3
energy
Ambient temperature Prepare the system to
fluctuations proper equilibration.
UV detector flow cell Check flow cell, tighten Section 6.4
leaking connections.
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5.3 Running CHDF 2000 Diagnostics

This section describes how to run the user-initid@@&IDF 2000 diagnostics.

This section describes how to:
e Initiate CHDF 2000 diagnostics
¢ Interpret CHDF 2000 diagnostics

5.3.1 Accessing CHDF 2000 Diagnostics

To access CHDF 2000 diagnostics from the Home scd®osdrun Diagnostic. The Run
Diagnostic screen appears (Figure 5-5).

Run diagnostics Revision 1.0

Test Start in Sig. Test Keypad

Test Output Volts Wavelength vs AU
Output Exp. Factor

Home
Screen

Figure 5-5 Run Diagnostics Screen

When each of these commands is selected, the disiptanges so that a number may be entered
or observed. The parameters are described ard $ellows:

Test Start in Sig. - This displays the voltage signal sent by the EHIDO0 to a computer so the
computer knows when samples have been injectetbaded. When selected, the displays
changes to “Inject:” and the inject signal is d&md in volts. When the selector knob is pressed
a second time the display changes to “Load:” aeddhd signal is displayed in volts.

Test Output Volts - This voltage is used to run a strip chart reeo other recording device.
It is not important when a computer is used tothenCHDF 2000. When selected, the display
changes to “DAC Value =" and a voltage is displayed

Output Exp. Factor - Exp. Factor stands for Exponential Factor. T&ianother parameter used
when using a strip chart recorder or other recgrdievice. This parameter is not used when a
computer is attached to the CHDF 2000. When saflethe display changes to “Exp Factor ="
Rotate the selector knob to a value between 1 @fdthen push the knob to save the entry.

Test Keypad - This function is used to test whether all of keys on the CHDF 2000 keypad are
functioning properly. Once selected, the displagrges to show the series of characters that can
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be typed in from the keypad. The character masmy pressed is highlighted on the display. If
a key is pressed and it does not light up on thpldy, the key may be malfunctioning.

Wavelength vs AU - This stands for Wavelength vs. Absorbance Uaitsl is used to observe
raw detector signal. When selected the displapgési to:

Ref= Smp= L= AU=

Ref is reference, Smp is sample, L is wavelengtd,AU is absorbance units. The reference and
sample numbers are the raw detector signals mehbyrihe sample and reference channels on
the detector. L refers to the wavelength beingsuesd, and AU gives the current absorbance
being measured by the detector. These paraméteusdsbe monitored over time to see if they
change. Changes may indicate that the detectiownelows are becoming dirty, or that the lamp
strength is deteriorating.

5.3.2 Initiating and Interpreting Diagnostics

The CHDF 2000 diagnostics are explained in morailiet the following sections

Test START IN Signal Diagnostic
The Test START IN Signal diagnostic provides twaodtions:
» Tests the START IN signal on the signal connectoduote
» Tests the manual injector valve

Testing the START IN signal
To test the START IN signal on the signal conneatodule:

Place the manual injector valve in the Load positio
ChooseTest START [N Sig. LOAD should appear in the display.

3. Connect an insulated wire between pins 9 and lib@signal connector module. Check
that INJECT appears in the display.

4. Remove the wire connection between pins 9 andLTWAD should reappear in the
display.
Testing the Manual Injector Valve
To test the manual injector valve:

Ensure that there is no electrical connection betwgns 9 and 10.
ChooseTest START IN Sig. LOAD should appear on the display.
Place the manual injector valve in the Inject pgoait

4. INJECT should appear in the display.

wnN

Press the selector knob to return to the Run Distiggscreen.

Test Volt. Out Diagnostic

Use the Test Volt. OUT diagnostic to test the AUTDBPRESS OUT, and %B OUT signals on
the signal connector module.

Table 5-3 identifies the expected voltages randesch signal.
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Table 5-3 Signal Voltage Ranges

Signal Signal Connector Minimum Voltage | Maximum Voltage
Module Terminals

AU OUT l1(*+)and2 (=) -100 mV +2000 mV

PRESS OUT 3(+)and 4 (-) 0omv 10 mV

%B OUT 5(+)and 6 (-) 0mv 10 mV

To test the signals:

1. ChooseTest Volt. out. To display the voltage (in mV) being appliedhe AU OUT,
PRESS OUT, and %B OUT terminals on the signal cotomenodule.
2. Connect a voltmeter to the AU OUT terminals onglgmal connector module.

3. Rotate the selector knob to vary the voltage bajmgied to the AU OUT terminals on the
signal connector module.

4. Compare the displayed voltage to the voltage inditan the voltmeter to gauge the
accuracy of the signal on the signal connector redthe voltages should be within
+ 1.0 mV of each other.

Repeat steps 2 through 4 for the PRESS OUT and %B €ignals.
6. Press the selector knob to return to the Run Distigescreen.

Test Keypad Diaghostic
Use the Test Keypad diagnostic to test the keypatral keys.

To test the keypad control keys:

1. ChooseTest Keypad. The display shows a line of characters, eachhi¢kvcorresponds to
one of the controls keys on the control panel kdypa

2. Test the control keys by pressing each key andyuegithat the corresponding screen
character highlights.

3. Press the selector knob to return to the Run Distiggscreen.
Wavelength vs AU Diagnostic
Use the Show Energy, AW, diagnostic to verify correct absorbance detecatibration.
To verify correct absorbance detector calibration:

1. ChooseWVaveength vs. AU. The absorbance detector parameters appear (Fiefire

REF=xxxX SMP=xxxx L=xxx AU=xX.XXX

Figure 5-6 Show Energy, AQ, Diagnostic Display

Each Show Energy, AW\ diagnostic parameter is defined below.

* REF - The level of lamp energy measured by the reterg@hotodiode.
« SMP - The level of lamp energy measured by the sapipd¢odiode.

Matec Applied Sciences
56 Hudson St., Northborough MA 01532 Ph: (508) 393-0155x321 Fax: (508) 393-5476 e:dosramos@matec.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



5-11

» L —The wavelength of the light energy (in nm) proeld by the diffraction grating
in the absorbance detector.

* AU - The calculated level of absorbance based ofotlosving equation:

AU (Absorbance) = Log K
SMP

Where K is configured as a constant of the instmtroptics at the time of the Autozero
function. K is held constant throughout a givenasafion while the values of REF and
SMP are continuously monitored to compute the vafugU.

2. Rotate the selector knob to vary L (in 1-nm incrategwhile you monitor the changes in
REF, SMP, and AU values.

3. Press the selector knob to return to the Run Distggsscreen.

Matec Applied Sciences
56 Hudson St., Northborough MA 01532 Ph: (508) 393-0155x321 Fax: (508) 393-5476 e:dosramos@matec.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



6-1

Chapter 6

Maintaining the CHDF 2000
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6 Maintaining the CHDF 2000

This chapter provides procedures for maintainirgg@hDF 2000.

6.1 Maintaining the Pump

Figure 6-1 identifies the major components of a GHIDOO eluant pump.

Tee Connector __ |

Outlet check
~alve assembly

Piston
Left Pump__| Indicator Rod
Head Assembly
"Right pump head assembly
Eluant Inlet____|
Tee

~lnlet Check

Valve Assembly

Figure 6-1 Pump Components

This section includes the following pump mainterepoocedures:
« Replacing the plunger seals
¢ Cleaning and replacing the plunger
¢ Cleaning and replacing the check valves
* Replacing the in-line filter
¢ Handling plugged cartridges
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6.1.1 Replacing the Plunger Seals

The two plungers in each pump are ultra-smoothmétely inert sapphire rods. Salt crystals can

form on a plunger and cause wear on the plungés aed on the plunger itself.

Small pieces of a worn plunger seal may get caungthte outlet check valve of the pump head. If
the plunger seals are worn, you may have to insgpettreplace the outlet check valve. To replace
an outlet check valve, see Section 6.1.3, CleaaimReplacing the Check Valves.

Required Materials

* 5 mL syringe

e 5/16-inch open-end wrench

* 5/32-inch Allen wrench

* Brass machine screw

» Replacement seals and washers

To Replace a Plunger Seal:
1. Insert a syringe into the priming valve for the gu(aee Figure 4-6).
2. Open the priming valve.

3. Place the eluant reservoir below the level of tlham inlet tube. Remove the inlet line
from the inlet tee of the pump and allow the eluandrain back into the reservoir.

4. Set the Priming Flow Rate parameteft® mL/min (refer to Section 3.3, Reviewing and
Editing Operating Parameters).

5. Use the Prime Pump option to turn on the pump (tef&ection 4.2, Priming the Pumps).
6. Use the syringe to extract as much eluant as pedsdm the pump.

7. Use the Prime Pump option to stop the pump wheimitieator rod is retracted into the
pump head (this protects the plunger from breakimder the weight of the pump head).

8. Using the 5/16-inch open-end wrench, remove thiebtube from the outlet check valve
of the pump head (see Figure 6-1).
9. Remove the inlet tube from the inlet check vahee(Eigure 6-1).

10. Using a 5/32-inch Allen wrench, remove the two ptimgad-assembly mounting bolts
(Figure 6-2).

Figure 6-2 Unscrewing the Pump Head
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10.

Note:

11.

12.

13.

14.
15.
16.

6-4

Carefully slide the pump head assembly off the bapmplunger by pulling and gently
twisting the head straight off the pump assembly.

Screw the brass machine screw into the center ngenithe plunger seal (Figure 6-3).
Pull out the plunger seal and washer.

Figure 6-3 Removing the Plunger Seal
Place the new washer on the new plunger seal aedtithe plunger seal into the pump
head assembly.

Wet the seal and plunger with eluant.

If you remove the pump head, pull out and gently release the piston indicator rod to have it
rest on the piston inside the pump. This prevents damage to the rod during maintenance.

Slide the pump head assembly into position oveptheger and replace the two pump
head mounting bolts. Tighten the bolts alternately.

If you are replacing plunger seals in both pumpdseaepeat steps 4 through 11 for the
other pump head.

Use the Prime Pump function to turn on the pumfefr® Section 4.2, Priming the
Pumps). Check that the indicator rod moves freely.

Use the Prime Pump function to turn off the pungddirto Section 4.2, Priming the
Pumps).

Reconnect the eluant lines.
Return the eluant reservoir to its normal position.

Prime the pump, as described in Section 4.2, Pgriie Pumps.
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6.1.2 Cleaning and Replacing the Plungers

The plungers require careful handling. Althoughacieg the plungers is not difficult, it is
important to follow these instructions carefullyaeoid damaging the plungers. Assemble all
materials and read the procedure thoroughly befouebegin.

This section provides the following plunger mairgeoe procedures.

Accessing the plunger
Cleaning the plunger

Inspecting the plunger
Replacing the plunger

Required materials

5/16-inch open-end wrench
5/32-inch Allen wrench

9/64-inch Allen wrench

Snap-ring pliers

Plunger insertion tool

Fine abrasive, such as toothpaste

Accessing the Plunger
To remove the plunger from the pump head:

1.
2.

Remove the pump head as described in Section &Rédlacing the Plunger Seals.

Remove the four plunger support screws with thd-9éh Allen wrench. Carefully slide

the head support assembly and the indicator rothefpump and set the head support
assembly on the benchtop (Figure 6-4).

Figure 6-4 Left Head Support Assembly Exposed
Set the Priming Flow Rate parametefts mL/min (refer to Section 3.3, Reviewing and
Editing Operating Parameters).

Use the Prime Pump function to turn on the pumfefr® Section 4.2, Priming the
Pumps).

Run the pump until the plunger is fully extenddwebrt turn off the pump.
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Caution: To prevent injury, be sure to secure the plunger at all times during this procedure to
prevent it from ejecting from the pump head.

6. Use the plunger insertion tool to compress the giurspring with one hand. With the
other hand, use the snap-ring pliers to removeilag-ring that holds the plunger in place.

7. Remove the plunger assembly (Figure 6-5) and &t & clean flat surface.

Figure 6-5 Removing the Plunger Assembly

Cleaning the Plunger

Buffers and impurities in eluants can coat the garand reduce the life of the seal. Cleaning the
pump plunger periodically can prolong the life bétseal. Clean the plunger with a fine pumice
or clear abrasive toothpaste. Rinse the plungeotighly with water or methanol to remove all
traces of the abrasive.

The parts of the plunger assembly are shown inrEigt6.

Snap-ring

Figure 6-6 Disassembled Plunger

<— Plunger

Inspecting the Plunger
After you clean the plunger, inspect it for dambgéolding it under a bright white light and
looking down its length for nicks and scratchess kasier to see scratches under a bright light
than to feel them with your fingers.

If the plunger is not scratched or otherwise dardagsassemble the plunger. If the pump was
leaking, install new pump seals. If the plungedasnaged, replace the plunger and the seals.
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Replacing the Plunger

Whether you are reinstalling a plunger that youeheleaned and inspected, or replacing a
damaged plunger with a new one, use the followinggdure:

A Caution: Be very careful when handling the plunger. Wear safety glasses and use the plunger

insertion tool. If you break the plunger, sharp pieces may be ejected from the
instrument.

To reinstall the plunger:

1.

10.

Assemble the plunger and use the plunger insettioh(Figure 6-7) to reinsert the plunger
into the pump.

Plunger
Insertion

Figure 6-7 Inserting the Plunger

Use the Prime Pump function to turn on the pumfefrm® Section 4.2, Priming the
Pumps).

Wait for the plunger to retract, then turn off fhemp.

Reinstall the head support assembly with the indrcad in the upper right corner.
Alternately tighten the four screws.

Wet the seal and plunger with eluant.

Gently slide the pump head onto the plunger aradradtely tighten the two mounting

bolts. Check the head alignment visually by obseythe gap between the pump head and
the pump head support. Make sure the indicatonrodes freely. If the head is

misaligned, repeat step 4.

Set the Priming Flow Rate system paramet&.3onL/min (refer to Section 3.3,
Reviewing and Editing System Parameters).

Use the Prime Pump function to turn on the pumfefr® Section 4.2, Priming the
Pumps).

Pull out and release the indicator rod. If the doés not snap back easily, the head is
misaligned. Loosen the pump head and repeat stapd 6.

Reconnect the eluant lines, reposition the eluaggmoir, and prime the pump (see
Section 4.2, Priming the Pumps).
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6.1.3 Cleaning and Replacing the Check Valves

This section provides the following check valveqadures:
e Cleaning the check valves
* Replacing an inlet check valve
« Replacing an outlet check valve

Cleaning the Check Valves

Clean the check valves (see Figure 6-1) every simths, or more frequently if your application
warrants. It is a good idea to keep a spare sdeah check valves on hand. If you need to
remove the check valves for a full cleaning, yon westall the spare check valves immediately
and clean the dirty check valves at a conveniem ti

Required materials
< If you use organic eluants — 1 L of a compatibkaaing eluant, such as a 1:1 mixture of
methanol and water with liquid detergent
e If you use aqueous buffers — 1 L of a mixture ofewand liquid detergent

On-line cleaning

To clean the check valves while they are instalhetthe system:

1. Set the following operating parameter values (rede8ection 3.3, Reviewing and Editing

Operating Parameters:
¢ Priming Flow Rate td0.0 mL/min
e Priming Pump Time ta5 min.
Fill the pump eluant reservoir with at least 400 aflcleaning eluant.
Open the priming valve of the pump to be cleaned.
Position a large beaker under the priming valve.

Use the Prime Pumps function to pump the cleanimgné through the pump and into the
beaker below the priming valve.

a ks~ wDwn

Repeat steps 1 to 5 if additional cleaning is nesgli
When you finish, close the priming valve.

Restore the Priming Flow Rate and Priming Pump Taperating parameters to their
original values.

Full cleaning

If the on-line cleaning procedure is insufficietatike the check valves off the pump (as described
in the next two sections) and immerse the valveminpright position for 10 minutes in
methanol. If a check valve does not work propeftgracleaning, replace the valve.
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Replacing an Inlet Check Valve

Required materials

5/16-inch open-end wrench
1/2-inch open-end wrench

To replace the inlet check valves:

1.

Place the eluant reservoir below the level of thiam inlet line. Remove the inlet tube
from the inlet tee and allow the eluant to drainkbimto the reservoir.

Use the 5/16-inch open-end wrench to remove thiaguipom the check valve.

Use the 1/2-inch open-end wrench to loosen thé ahleck valve. Then remove the check
valve by hand.

Remove the old gasket.

Install a new check valve and gasket. Hand-tiglthhercheck valve, then tighten it another
half-turn with the wrench.

Reconnect the eluant lines, reposition the eluesgmvoir, and prime the pump (see
Section 4.2, Priming the Pumps). Check for leaks.

Replacing an Outlet Check Valve Seal and Gasket

Required materials

5/16-inch open-end wrench

1/2-inch open-end wrench

Dentist’s pick

Thick plastic pen cap or other blunt tool (suchitesplunger insertion tool)

To replace the outlet check valve seal and gasket:

e

Use the 5/16-inch wrench to disconnect the outlleinig.
Use the 1/2-inch open-end wrench to loosen thelkchalwe a half-turn. Do not remove it.
Remove the pump head (refer to Section 6.1.1,&Rem the Plunger Seals, steps 1 to 7).

Holding the pump head upside-down in one hand thighoutlet check valve facing the
floor, unscrew the outlet check valver¢or! Reference source not found.) and set the
pump head down. Set aside the outlet check valeesife place, ensuring that it stays
upside down (to prevent the internal parts frontirfglout).

Figure 6-8 Removing the Outlet Check Valve
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5. Being careful not to scratch the inside of the pumapd, use the dentist’s pick to pry the
old gasket and outlet check valve seal out of tephead. Note the orientation of the

gasket.

6. Orient the new gasket in the same direction aslithgasket. Press the new seal and gasket
into place with the end of the blunt tool.

7. Screw the check valve into the upside-down pumpul hedil finger-tight. Use the wrench
to tighten the check valve another 1/8-turn.

8. Install the pump head as in Section 6.1.1, Repipttie Plunger Seals.
9. Reconnect the eluant line.

6.1.4 Replacing the In-Line Filter

Replace the in-line filter when the system experésnhigh back pressure.

Caution: To avoid chemical and electrical hazards, always wear safety glasses, turn off the
instrument power, and disconnect the power cord before you perform this procedure.

Required materials

e Two 5/8-inch open-end wrenches
¢ One 5/16-inch wrench
* New filter insert (from start-up kit)

To replace the in-line filter:

1. Reduce the pump flow rate to O mL/min.

2. Hold the in-line filter on the front of Pump A with5/8-inch wrench while you disconnect
the two compression screws with a 5/16-inch wrench.

3. Disassemble the in-line filter using the two 5/8kirwrenches.
Wash the in-line filter housing with methanol.
5. Assemble the in-line filter with a new filter ins€Figure 6-9).

fitting
-—

_

To outlet — - To inlet

compression compression
fitting

Filter insert

Figure 6-9 Assembling the In-Line Filter

Re-attach the assembled in-line filter at the frainthe pump.
Reconnect the power cord, then turn on instrumemntep.
Inspect the in-line filter for leaks. Tighten 14 (if necessary).

Precondition the in-line filter by running methanitough it at 1.0 mL/min for
approximately 15 minutes.

© o©NoOo
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6.2 Maintaining the Manual Injector Valve

Figure 6-10 identifies the major components of #DF 2000 manual injector valve.

Handle screw

Handle

I
) M E—

SS1 m— Set screws (2)

Needle guide

Pressure adjusting screw
Body

Thrust bearing

Spring washers (4) —

Rotor pin

Position sensing switch
60° stop ring

Seal pins (4)

Needle port tube

34— Bearing ring
93— Isolation seal

Teflon sleeve in rotor seal
Needle seal 4@ Rotor seal

E U ':I .
Stator ring

U—— stator locating pin

ﬁ :l— Stator face assembly

Stator locating hole
Stator

Stator screws (3)

Figure 6-10 Exploded View of Manual Injector Valve

This section includes the following injector maimé@ce procedures:
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Tightening the pressure adjusting screw
Replacing the rotor seal
Tightening the needle seal

6.2.1 Tightening the Pressure-Adjusting Screw

Tighten the pressure-adjusting screw to stop miigaks in the manual injector valve.

A Caution: To avoid chemical and electrical hazards, always wear safety glasses, turn off the

instrument power, and disconnect the power cord before you perform this procedure.

Required materials

Phillips-head screwdriver
5/64-inch Allen wrench.

To tighten the pressure-adjusting screw:

N PR

Turn off instrument power and disconnect the poszed.
Locate the pressure-adjusting screw on the shdfteoinjector (see Figure 6-10).
Loosen the two injector handle set screws.

Let the handle slide down the shaft so that its taxs fit into the slots on the adjusting
screw.

Use the knob as a wrench to tighten the pressyustany screw approximately 1/20th of a
turn. Use the 20 dial markings on the body andotiiated spot on the screw to gauge how
far to tighten the screw.

If the new setting fails to accomplish leak-freeemdion, repeat step 5 only once. Avoid
excessive tightening, which increases rotor seakrwe

Finish by retightening the knob set screws ontdfitits of the shaft.

If this procedure fails to stop the leak, replauoe totor seal as described in Section 6.2.2,
Replacing the Rotor Seal.

6.2.2 Replacing the Rotor Seal

Replace the rotor seal if the manual injector védaks (after first tightening the pressure-
adjusting screw).

Caution: To avoid chemical and electrical hazards, always wear safety glasses, turn off the

instrument power, and disconnect the power cord before you perform this procedure.

Required materials

Phillips-head screwdriver
Flat-blade screwdriver
9/64-inch Allen wrench
5/16-inch open-end wrench

Matec Applied Sciences

56 Hudson St., Northborough, MA 01532 Ph: (508) 393-0155 Fax: (508) 393-5476

www.matec.com e-mail: colloid@matec.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



6-13

Removing the Rotor Seal

To remove the rotor seal:

1. Turn off instrument power and disconnect the poezed.

Remove the CHDF 2000 top front cover.

Leave the injector attached to the front panehefgystem, and leave the knob on.
Disconnect the tubing from the back of the injectaive.

Remove the three stator screws.

o gk~ w N

Pull axially to remove the following items:

e Stator and stator face assembly (remove togetti¢he stator face assembly is
damaged, replace it.

e  Stator ring.

7. Use a flat-blade screwdriver to pry the rotor sgathe four seal pins. Leave the isolation
seal and bearing ring in place.

Reassembling the Injector

To reassemble the injector with a new rotor seal:

1. Loosen the pressure-adjusting screw one half-turn.
2. Note the original position of the two red dots.
3. Orient the rotor seal as shown in Figure 6-11, whithrotor seal slots facing the stator.

Rotor pin
Notch

\
Figure 6-11 Rotor Seal Orientation (Viewed fromatSt)

4. Replace the stator ring so that the pin in thedi0f ring enters the mating hole in the
stator ring.

5. Install the stator face assembly on the stator.tlitee pins on the stator face assembly fit
only one way into the mating holes in the stator.

6. Install the stator and stator face assembly orinjeetor so that the pin in the stator ring
enters the mating hole in the stator.

7. Tighten each of the three stator screws a little tine to keep the stator surface parallel to
the stator ring surface until all parts are hetthfy in place.

8. Retighten the pressure-adjusting screw until tidedets are aligned as you noted them in
step 2.

9. Replace the knob and tighten the two set screwisistghe two flat areas on the shatft.

Matec Applied Sciences
56 Hudson St., Northborough, MA 01532 Ph: (508) 393-0155 Fax: (508) 393-5476
www.matec.com e-mail: colloid@matec.com

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



6-14

6.2.3 Tightening the Needle Seal

The needle seal, a Teflon sleeve in the rotor seay, not seal correctly around a thin needle. A
poor seal reduces accuracy in sample loading.

Reshaping the Teflon Sleeve

To reshape the Teflon sleeve to make a good seal:

1.
2.

Note:

Remove the needle from the needle port.

Push gently on the plastic needle guide with tlasarend of a pencil. Do not squash the
Teflon sleeve.

Repeat if necessary.

To avoid damaging the rotor seal, always use a needle of the correct type and gauge to load
the injector.

Checking the Needle Seal

To check for a proper seal around the needle:

1.

Note:

Turn off the pump using the Prime Pumps option.
Fill the syringe with water.

Place the injector in the Load position and slodischarge the water in the syringe into
the injector.

Note the low resistance to syringe discharge.

Fill the syringe with water and repeat step 2 \tfith injector handle halfway between the
Load and Inject positions.

Verify that the resistance to discharging the gyiis now much greater than in step 3.

The needle seal holds only a few bars of pressure, and does not completely prevent syringe
discharge when the injector handle is in the halfway position.
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Maintaining the Priming Valves

Replace the priming valve seal if you suspect k.lea
To replace the priming valve seal:
1. Obtain a seal replacement kit from your authoriged/ice agent. The kit contains two sets
of seals and a hex tool.

2. Turn off the pump (use the Prime Pumps option) r@mdove the eluant tubing from the
reservoir.

3. Remove the valve stem assembly from the valve Bgnenwing the hex nut (Figure 6-12)
to prevent any siphon flow. Catch any eluant drgénia a suitable container.

Plastic tip

I
\ ®Q \\
g ;) 5 Ej Teflon seal ring
/

Figure 6-12 Priming Valve Assembly

Note: Be careful not to scratch or otherwise damage the internal parts of the valve while removing
the seal retainer.

4. Use the hex tool to turn the hex socket seal retaand remove it.

5. Using a wire with a small right angle bend formedhe end, carefully remove the Teflon
seal ring from the valve body. Do not scratch tbalieg surface around the seal.

Pull the plastic tip from the stem using tweezarsroall pliers.

By hand, insert a new plastic tip into the steneagdy, blunt end first. Seat the tip firmly
with light pressure against a clean hard surface.

8. Insert a new Teflon seal ring into the valve boaalfyfuntil it rests flat against the body
beyond the threads.

9. Replace the seal retainer and tighten firmly wité bhex tool.

10. Replace the stem assembly into the priming vahdylzmd turn one or two turns past the
point where you feel initial resistance.

11. Reconnect the eluant tubing.

12. Use the Prime Pumps option to run the pump fomarfiénutes to purge the valve.
13. Close the valve firmly to seat the tip seal.

14. Run the pump and check for leaks around the primatge.
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6.4 Maintaining the Detector

This section provides procedures for replacingdigterium lamp in the absorbance detector.

The procedure include:
« Removing the old lamp
e Installing the new lamp
« Adjusting the lamp position

Lamp Characteristics
The intensity of the deuterium source lamp variesvavelength (Figure 6-13).

1004+

Relative
Intensity
(%)

50 +

T
190 656
Wavelength

Figure 6-13 Deuterium Lamp Intensity Profile

When to Replace the Lamp

Performance requirements and permitted toleranagsfrom application to application. If the
lamp no longer provides an adequate signal-to-rmaise for your application, replace it.

It is not unusual for lamps to show a 30 to 50 petalecrease in intensity before the noise
increases by a factor of two.

Lamp Timer

The detector lamp has a life of approximately 1860rs. One of the leads attached to the lamp

includes a 1000-hour timer to indicate lamp usage.

Before you replace the lamp, check the lamp tireee (Figure 6-14).

The lamp timer is a mercury column with a scal® ¢d 10 where 10 represents 1000 hours. As

the lamp ages, the bubble in the mercury columnasdeward the 10.
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Required materials

* Allen wrench

¢ Open-end wrench (3/8-inch)
¢ Flat-head screwdriver (small)
e Phillips-head screwdriver

Save all parts (screws, nuts, washers) after rehumlass otherwise indicated. The parts are
needed to install the new lamp.

6.4.2 Removing the Lamp

Caution: To prevent eye damage from ultraviolet radiation exposure, turn off the unit and strictly
adhere to the following procedures while changing the lamp.

When you remove the lamp housing protective caer UV lamp automatically turns off.

Before removing the lamp, set the wavelength tor®280 If the lamp is bad or fails to light and
this wavelength setting is not possible, removeahg and replace it as follows.

Caution: The lamp housing becomes extremely hot during operation. To prevent burns to the
Z f \ skin, allow the lamp to cool for one hour before removing.

Turn off the unit power and allow the lamp to céml one hour.

Remove the front and rear system covers.

Loosen, but do not remove, the two screws thatredtie lamp housing protective cover.
Remove the lamp housing by sliding it up and awegnfthe unit.

Disconnect the lamp connector from the lamp inteeeable (Figure 6-14).

ok wnPR
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Lamp connector

Allen-head screw

Center
djustment
screw

Lamp timer

Figure 6-14 Lamp Assembly and Connections

From the top of the lamp assembly, remove the tAtlem-head screws and flat washers

(see Figure 6-14).
5. Pull the lamp assembly out of the lamp housingyf&dg-15).

Figure 6-15 Removing the Lamp

6. From the top of the lamp assembly, remove the cemligstment screw along with the star
washer and the hex nut. Place the lamp assemidyflah surface with the bulb positioned

upward (Figure 6-16).
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Shoulder
screws

v
Adjustment
plate /

Figure 6-16 Lamp Assembly and Adjustment Plate

7. Remove the three shoulder screws and their spfingsthe lamp. The springs are loosely
coiled around the screws and do not spring ofistrew when removed. The lamp
adjustment plate can now be separated from theedent lamp.

Caution: Lamp gas is under slight pressure. Use care when disposing of the lamp to prevent
shattering the glass.

6.4.3 Installing the New Lamp

Unpack the lamp from its packing material. The h@mp may vary slightly from the lamp
illustrated in Figure 6-16.

Note: Do not touch the glass bulb on the new lamp. Dirt or fingerprints on the bulb affect detector
operation. If the lamp needs cleaning, gently clean the bulb with ethanol and lens tissue. Do
not use any abrasive tissue or excessive pressure.

To install the new lamp:

1. Position the lamp housing on a flat surface sddhge cut-out on the adjustment plate

faces away from you (Figure 6-17).

Large cut-out Springed-shoulder

screws

Lamp connector

~
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Figure 6-17 Aligning the Lamp (Top View)

With the lamp aperture facing away from you, pldeenew lamp on top of the adjustment
plate and secure it with the shoulder screws. &heplleads should line up with the notch
on the lamp adjustment plate.

Without touching the bulb, turn the assembly sad tha bulb is positioned downward.

Place the center adjustment screw with the hexandtstar washer in the center opening of
the adjustment plate. In preparation for maximizimg lamp energy, turn the screw until
the lamp assembly moves about 3-4 mm away fronadfiestment plate.

Place the lamp assembly onto the lamp housing. Makethe lamp leads slide freely into
the housing slot.

Secure the lamp assembly to the housing and tightethree Allen-head screws.
Plug the lamp connector into the lamp power cabgembly (see Figure 6-14).

Replace the protective shield to prevent direceasdo the lamp when instrument power is
on.
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6.4.4 Adjusting the Lamp Alignment

After you install the lamp, position the lamp foaximum lamp energy. The flowchart in Figure

6-18 illustrates the procedure for positioning dmap adjustment plate (Figure 6-16) for
maximum lamp energy.

Note: The detector does not have to be stabilized to perform this procedure.

Wait 5 seconds

————  Turn power off

After you replace
the lamp...

Choose diagnostic:
Show Energy, AU, A

I

Adjust height of lamp
adjustment plate to
maximize REF value

)

Rotate lamp
adjustment plate to
maximize REF value

|

Turn power on

Did
power-on diagnostic
Calibrate UV
pass?

Choose diagnostic:
Show Energy, AU, A

Use selector knob
to adjust A to 656

}

Adjust height of lamp
adjustment plate to
maximize REF value

)

Adjustment _Rotate lamp
complete adjustment plate to
maximize REF value

Figure 6-18 Adjusting for Maximum Lamp Energy

To maximize lamp energy (see Figure 6-18):

1. Turn on power for the CHDF 2000. The Power-On D@glics screen appears (see Figure
3-2).

A Caution: To prevent the possibility of exposing your eyes to ultraviolet radiation, wear eye

protection that filters ultraviolet light and keep the lamp in the lamp housing during
operation.

2. Make a note indicating the result (pass/fail) & @alibrate UV power-on diagnostic.
3. ChooseRun diagnostics. The Run Diagnostics screen appears (see Figbje 5-

4. ChooseShow Energy, AU, A. The current wavelengti\) setting, the detected
absorbance (AU), and the current lamp sample (SM#B)reference energy (REF) values

appear (see Figure 5-6).
If the result of the Calibrate UV power-on diagnostas Pass, go to step 10.

If the result of the Calibrate UV power-on diagnostas Fail, continue with step 5.
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A Caution: To prevent burn injury, do not touch the lamp assembly directly.

10.

5. Observe the displayed REF value while you turn cérger adjustment screw
(see Figure 6-14) to maximize the REF value. Be e displayed value is stable before
continuing.

If the screws on top of the lamp assembly (searEi§-14) are tightened, use an Allen-
head wrench to loosen them.

Observe the displayed REF value while you rotaéddimp adjustment plate to maximize
the REF value.

Turn off power to the CHDF 2000.
Wait five seconds, then restart this procedure fetep 1.
Rotate the selector knob to set the wavelength (&W@%6 (nm).

A Caution: To prevent burn injury, do not touch the lamp assembly directly.

12.

13.

14.
15.
16.

11. Observe the displayed REF value while you turn cévgter adjustment screw
(see Figure 6-14) to maximize the REF value. Be e displayed value is stable before
continuing.

If the screws on top of the lamp assembly (searEig-14) are tightened, use an Allen-
head wrench to loosen them.

Observe the displayed REF value while you rotaédamp adjustment plate to maximize
the REF value.

Repeat steps 11 through 13 to further maximize lamgrgy.
Turn off the instrument and check that all detesttews and connectors are secure.
Replace the instrument covers and fasten the sarews.
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Adjusting the Control Panel Display

This section provides procedures for adjustingatfightness and contrast of the control panel
display.

To adjust the control panel display brightness @mtrast:

1. Loosen, but do not remove, the access cover ratastrews on the inside of the front
door (see Figure 2-9).

2. Remove the access cover.

Caution: To avoid damage to the control panel electronics, use a non-metal screwdriver to adjust
the Brightness and Contrast controls.

3. Observe the control panel display while you usemmetal, flat-blade screwdriver to
adjust the Brightness adjustment screw on the bathe front doorError! Reference
source not found.).

® |
Il
@ —
. O
ARG
Contrast /
Brightness _
o N
E O
® ol H
®

Figure 6-19 Brightness and Contrast Adjusting ®&sre

5. Observe the control panel display while you usemmetal, flat-blade screwdriver to
adjust the Contrast adjustment screw Eemor! Reference source not found.).

6. Reinstall the access cover and tighten the retgisonews. Be careful not to damage the
control panel ribbon cable or ground wire.
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6.6 Dealing with Plugged Cartridges

The CHDF capillaries are contained in two cartrilgs follows (also see section 2.4):
1. The top, or Fractionation cartridge (white).
2. The bottom cartridge (black).

The top cartridge contains the capillary respomsibt particle fractionation. The bottom
cartridge contains the “make-up”, as well as thaste” capillaries. The CHDF cartridges can be
responsible for the following two problems:

1. No peaks are detected upon injection of sangids'or marker.
This condition is frequently caused by a faulty taptridge.

2. High pump pressure. This is usually caused fayikly bottom cartridge, or a plugged in-line
filter.

Normally, the top cartridge is not responsibletagh pressure, even if it is totally plugged. This
is because only a very minor portion of the eldiows into the fractionation capillary. High
pressure can also be caused by a blocked carindge filter as described in section 6.6.3.
There are 3 options for fixing the top cartridgelt which is responsible for lack of sample
detection. These are snipping off the end of tyaliary, backflushing the capillary (see section
5), and replacing the fractionation capillary.
Chapter 5 discusses how to flush the cartridge sotkient, or backflush it to remove a plug. If
either of these techniques are not successfule thrertwo techniques discussed here that will
ultimately take care of the problem. The firstipping off the end of the capillary, assumes the
plug is in the very end of the cartridge, and th& section will be removed when snipped off.
The second method described here, changing thiofnation cartridge, guarantees that the
plugging problem will be resolved.

A third section below shows how to clean the cdgeiin-line filter in order to eliminate high
pump backpressure.

6.6.1 Snipping off the End of the Capillary

The idea is to dismount the white fractionationtiédge from the CHDF2000, with the two 5-

inch long, 1/16” stainless steel tubes still atetto the cartridge; once on the bench, remove the
inlet SS tube, leaving the capillary exposed, thaip the capillary. See Fig. 6.20. Details are
shown below.

1. Stop the pump on the CHDF 2000, wait for the pumgsgure to drop below 1,000 psi.

2. Open the front door of the instrument. The cageids located in the center top position, and
is shown in Figure 6.20.

3. Disconnect the cartridge fitting from the instrurhahlocations 1, 2, 3, and 4 shown in
Figure 6.20. CAUTION: DO NOT LOOSEN FITTINGS NUMBERand 6 YET. The fused-
silica capillary stretches into the two stainleteebktubes, 7 and 8. Detaching tubes 7 and 8 at
this point will result in fractionation capillaryé&akage.
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4. Unscrew the three screws holding the cartridgdang Gently remove the cartridge from
the instrument.
5. Using your thumb, straighten SS tube 7 somewhat.

6. Disconnect the fitting from the cartridge at looati6 (bottom cartridge inlet) shown in figure
6.20.

7. Pull the SS tube 7 away from the cartridge to eggbs small, brown, glass capillary tube.
8. Score the capillary with a ceramic disc, then brefila 1/8” piece of capillary.
9. Replace the tubing in reverse order that it wasaffinected.

Replace the cartridge using the screws provideecdRaect the four fittings. Do not over-tighten
the fittings. Tighten % turn past finger-tight.

10. Run known samples or standards to see if the dggiis working properly.

6.6.2 Replacing the Fractionation Cartridge

If the snipping procedure described in the aboeti@e does not solve your problem, the
fractionation cartridge on the CHDF 2000 will negede replaced. Once a new cartridge is
purchased from Matec, it is a relatively simpleqadure to install it. The cartridge is located
behind the front door of the instrument, in theteentop position. Changing the cartridge is
performed in the following steps.

1. Stop the pump on the CHDF 2000.

2. Open the front door of the instrument. The cageids located in the center top position, and
it should look like this (Figure 6.20):
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5. Capillary Outlet Fittin. Do not disconnecduring cartridge removal/installatic

2. Top Cartridge
Outlet

8. 1/16” Stainless Steel Outlet

3. Bottom cartridge Tube

outlet

4. Bottom Cartridge
Inlet.

6. Capillary Inlet Fitting. Do \

not disconnect during cartridge 1. Capillary Inlet

removal/installation. 7. 1/16" Stainless Steel Inlet

Tube

Figure 6.20 The Fractionation Cartridge. IMPORTANDTE: This is how your cartridge
should look upon uninstalling it from the CHDF uridto not remove the Inlet and Outlet tubes
until after this whole assembly has been remowvewh fine CHDF unit. Otherwise, you will break
the capillary inside these two stainless steelgube

3. Disconnect the cartridge fitting from the instrent at locations 1, 2, 3, and 4 shown in Figug® 6.
CAUTION: DO NOT LOOSEN FITTINGS NUMBER 5 and 6 YEThe fused-capillary stretches into the
two stainless steel tubes, 7 and 8. Detaching tiédlzexl 8 at this point will result in fractionatioapillary
breakage.

Unscrew the three screws holding the cartridgdaneg

4. Gently remove the cartridge from the instrument.

5. Remove the plastic caps from the tube endseohéw cartridge if they are present. Take the new
cartridge and place it gently into the instrument.

6. Replace the cartridge using the 3 screws pravide

7. Reconnect the cartridge tubing to the instrumé@u not over-tighten the fittings. Tighten %4 tyrast
finger-tight.
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6.6.3 Cleaning the In-line Filter (High Pump Pressure)

This filter keeps large particles from plugging thelet to waste from the fractionation cartridge.
It may plug on occasion causing high backpressurd,may need to be cleaned. It is cleaned as
follows:

1. Open the door of the instrument and locate therfiiext to the fractionation cartridge as
seen in the drawing below.

Hp
H\,}

©

In-Line filter

M
=

Fig. 6.21. Cartridge In-Line filter.

2. Using a wrench, loosen the connections on bods ef the filter, and remove the filter from
the instrument.

3. The filter consists of a small metal piece sa@\wto a larger metal piece. The smaller metal
piece contains the filter element. Unscrew thelkenpiece and remove it from the larger piece.

4. Remove the fritted stainless steel filter elenfeym the piece you just unscrewed.

5. If you analyze polymer samples, unplug the ffitement by sonicating the element in acetone
or tetrahydrofuran for at least 15 minutes. If ymalyze silica or other inorganic substances,
sonicate the element in a 50/50 (by volume) mixafrmnethanol and 1M NaOH for at least 15
minutes.

6. Re-install the filter in the reverse order of 8teps above.

7. Cleaning the filter may also be performed by bagfing, as described in section 5.1.1.

8. If cleaning the filter element fails, you can req@ahe filter element with a new unit.
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