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In this Guide...

1 Introduction

This chapter describes how the splitter works, the GCand software requirements of the
system and the contents of the installation kit.

2  Splitter Configurations

The split ratio (how the column effluent divides among thethreedetectors)is
governedbythreerestrictors, whicharelengths ofdeactivatedfusedsilica tubing.
This chapter presents aset of precalculated “typical” configurations. If desired,you
cancreateacustomconfigurationtomeet specificneeds. The chapterdescribesa
setofsoftwaretools, includedinthekit, toassistyouin designing such
configurations. Finally, installation of the column and restrictors is covered.

3 Operation

This chapter contains a worked-out custom configuration, plus a few special
topics.
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Introduction

Overview

Splitter installation is done in three steps:

1 Hardware installation. This gets the hardware installed and the gas flows
connected.

2 Restrictorconfiguration.Youcancreate acustom one using the splitter calculator.

3 Restrictorandcolumninstallation. Usingtheresults ofstep2, cutthe
appropriate lengths of the appropriate diameter tubing for the restrictors.
Installthe restrictors and the analytical column.
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How It Works

The splitter divides the effluent from a column among different
detectors. The detectors can be operating atdifferent pressures, thatis, any
mix of the following can be used:

* Atmospheric pressure
FID (flame ionization detector)
TCD (thermal conductivity detector)
NPD (nitrogen phosphorus detector)
ECD (electron capture detector)
FPD (flame photometric detector)

* Below atmospheric pressure
MSD (mass selective detector)
XCD (Chemiluminescence detector)

* Above atmospheric pressure
AED (atomic emission detector)

The split ratio is determined by the length and diameter of tubing connecting
the splitterto thedetectors. Tubing dimensions may be determined from a
spreadsheet calculatorthatis included for calculating tubing dimensions
for special situations.

Figure 1 shows the plumbing configuration for the typical splitter.

Inlet Aux EPC Det1 Det 2

Restrictor 1

Restrictor 2

Restrictor3

splitter T MSD

KCqumn

GCoven

Figure1  Splitter plumbing
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The column flow mixes with the makeup flow inthe splitter. This mixture then flows
through lengths of uncoated,deactivated,fused-silica tubing to each detector.
Thesetubesactasflowrestrictors. Whiletheflows throughthe restrictors change
with oven temperature, the ratio of the flows at any temperature is constant.

Metal ferrules

The splitter uses metal column ferrules, which eliminate airleakage into the sample
stream. Unlike polyimide, metal ferrules do not loosen upon thermal cycling of the
oven.They also do not outgas contaminants or shed particles (like graphite) that
canresultinchromatographic problems.

Capillary Flow Technology

The splitting hardware is based on Capillary Flow Technology (CFT). This allows
very low dead volume connections between the column end and the three
detector restrictor tubes. The thin metal plate has fast thermal response andis
mounted solidly on the oven wall for ease of use. The interior plate surfaces are
deactivated to prevent adsorption of active compounds.

Calculation of Chromatographic Parameters

Because the pressure at the split point is known and constant, the
chromatographic parameters can be calculated before setup. This is especially
useful with GC/MSD setups, where there are limitations on the flow rates of
carrier gas allowed into the MSD. If a method that was originally developed on an
MSD is converted to a splitter setup, a new inlet pressure can be calculated to
produce retention times very similar to the original method.
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Pressure Units
All pressure figures in this manual are given in pounds per square inch.

Gauge pressure (psig)

This is the pressure as measured by most pressure gauge. Itis the pressure in excess of
atmospheric pressure.

Absolute pressure (psia)

This is the actual pressure relative to vacuum. It is the sum of the gauge
pressure and the atmospheric pressure.

Atmospheric pressure

Atmospheric pressure at sea level = 14.696 psia = 101.32 kPa

Conversion

kPa = psi x 6.8947
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The combination of restrictor diameters and lengths determines how the
column effluent is divided (the split ratio) among each detector.

e Create a custom configuration. The CFT Accessories CD shipped with the
splitter kit provides tools for the necessary calculations.
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Typical Configurations

The important parameters when setting up a splitter are the lengths and
diameters of the restrictor tubes that go to each detector. The dimensions of
the restrictors are chosen to give the desired flow (split) ratio, flow to the
detector, and to minimize peak broadening.

The splitter restrictors are chosen based on:
¢ The range of column flows that will be used with the method.
¢ The operating pressure of each detector.

* The flow rate requirements of each detector.

Splitting to an MSD

Note that the maximum column flows for an MSD are quite low. This limit is
imposed by the rating of the turbo or diffusion pump. Configurations with split
ratios greater than 1 can be used but peak broadening and/or tailing may occur if
the flows to the other detectors becomes too low.
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Custom Configurations

Effluent Splitter Calculator (with Makeup)

Calculates dimensions (length and inside diameter) ofrestrictors toobtain a desired split
ratio.

E Microsoft Excel - splitter3calc_revl.xls i = |5‘ |5|
E_I] File Edt ‘Wew Insert Format Tools Data  Wwindow Help  Adobe POF Typeaquestionforhelp  » _ @ X
DNEEHRS SIB|BE-9- &= -4 @ %‘Ar\al -0 - | B I U E
57 &
A [ B S = [ e S| H [ 55
= Instructions W
2 1) Determine desired column flow using ChemStation, GC, Flow Calculator,
3 . ar Method Translator,
4 et 1 1 2) Enter values into Inputs section of calculator.
5 ... Ag ! Ient Tet:hnnlogles 3) Operating pressure for most detectors = 14.696 psia. Exceptions are
| & : Custom Solutions Group MSDi =0 psiay and AED (= 16.196 psia)
|, 3 Way Effluent Splitter Calculator [With Makeup) 4 Adjust Det 1 desired flow so that Makeup Flow is between 3 and 10
B mbirmin far most detectors.
a 5) If one ofthe detectors is an MSD, make sure the flow to the MSD is less
|10 Inputs than the purmping lirmit (usually 2 mLmin for diff pumps and
11 |Initial Column flow (mLimin} 4 standard turbos, 4 mLfmin for pedformance turbos)
12 |Initial Oven Temp (C) 80 ) From the output results table, choose the diameter and length of tubing
| 13 |Carrier Gas (Helium,Hydrogen,Nitrogen,Argon) Helium far each detector. In general, choose the smallest diameter
14 |Column outlet pressure (psig) 38 that gives a sufficient length to reach the detector.
15 |Detector 1 operating pressure (psia) 14,6968 For most detectors, the length should be atleast0.3 m.
16 |Detector 1 desired flow {(mLnin} 4 For MSDis, the length should be atleast 0.8 m.
| 17 |Detector 2 operating pressure (psia) ] Also, make sure to choose a tube size where the
18 |Flow ratio of Det 2 to Det 1 1 flow is > the minimum flow listed below. |
18 |Detector 3 operating pressure (psia) 14.696 7) The difference in holdup times for the selected tubes will be the difference
20 |Flow ratio of Det 3 to Det 1 1 in retention times for a peak on detectors 1 and 2
21 8) Tube diameters are user editable
22 Resuits
23 [ o10 [ o015 | o018 | o020 | o025 | 032 | 053 |
24 [T mm id mmid mmid mm il mmid mm id
25 |Length Det 1tube {m) 0.041 0.209 0.434 0662 1616 4.338 32640
| 26 Holdup Time Det 1 {min} 0.000 0.001 0.003 0.008 0.01a 0.054 1.724
a7
28 |Length Det 2 tube (M) 0112 0.5668 1178 il slE 4383 11.765 88.530
29 |Flow Det2 (mL/min} 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
30 [Holdup Time Det 2 {min} 0.000 0.002 0.005 0.010 0.038 0.168 3.4429
i
32 |Length Det 3 tube (m} 0.041 0.208 0.434 0.662 16816 4.338 32640
33 |[Flow Det3 (mLmin} 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
34 |Holdup Time Det 3 {min} 0.000 0.001 0.003 0.005 0.019 0.084 1.724
35
26 |Makeup Flow (mL'min) 8 =
M4 e k]2 Wy (Makeu 2 Way (hlo Makeuy 3 Way (Makeu 3 Way (bo Makewy 14 | LijJ

Raach MR

Figure 2. Effluent Splitter Calculator
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Restrictor id and length

1 Run the Effluent Splitter Calculator and enter the following information. The
calculator provides a list of possible restrictors.

Column flow. Use the ChemStation, GC, Flow Calculator, or Method
Translation Software to determine the column flow in mL/min (with the
column outlet at 3.8 psig) at the initial oven temperature.

Initial oven temperature. This is the temperature setpoint for an
isothermal method or the initial temperature for a programmed method.

Carrier gas type. Enter Helium, Hydrogen, Nitrogen, or Argon.

Detectoroperating pressures (psia). The operating pressure must be in
absolute units. Most detectors (FID, TCD, ECD, NPD, and FPD) operate at
atmospheric pressure (14.696 psia). Exceptions are the MSD (0 psia) and
AED (16.196 psia).

Flow Ratios, Detector 2 to Detector 1 and Detector 3 to Detector 1.
These are the desired split ratios among the detectors. Usually this
number is 1, meaning the effluent divides equally among the detectors.
This can be adjusted to higher values but should normally not exceed five.

Splitter (column outlet) pressure (psig). This is the desired pressure at
which the splitter (and thus the end of the column) will operate. It can
be set between 1 and 15 psig but is usually set to 3.8 psig. This number
can be varied to obtain an acceptable combination of restrictors that will
have sufficient flow velocity to give good peak shapes.

2 Choose the id tubing that gives a length closest to (and at least) 0.3 m for
most detectors and 0.8 m for MSDs. The green fields with tubing diameters in
mm can be edited if you have other sizes of deactivated tubing available.
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Maximum and minimum flows

The maximum suggested flow for MSDs depends on the vacuum pump used. For
diffusion pump and standard turbo systems, the flow should not exceed 2
mL/min. For performance turbo systems, the flow should not exceed 4
mL/min. These flow limits restrict the column flows and split ratios that can be
used with MSDs.

Try to have the flow through each restrictor tube at least equal to the suggested
minimum flow in Table 1. Restrictors that have less flow will still work, but peak
broadening and/or tailing may result.

Tablel  Suggested minimum restrictor flows

Minimum carrier gas flow, mL/min

Restrictor

internal Helium Hydrog Nitroge Argon

diameter, mm en n
0.10 0.400 0.500 0.125 0.110
0.18 0.720 0.900 0.225 0.198
0.20 0.800 1.000 0.250 0.220
0.25 1.000 1.250 0.313 0.275
0.32 1.280 1.600 0.400 0.352
0.45 1.800 2.250 0.563 0.495
0.53 2.120 2.650 0.663 0.583

1 The makeup flow is listed in cell B 36 of the effluent splitter calculator. You
should have at least 0.5 mL/min for stable pressure regulation. Note that this
value will decrease as the oven temperature programs up.

2 Use the Column Pressure/Flow Calculator to determine the flow through
each restrictor at the maximum oven temperature of the method, add them and
subtract the calculated column flow at that temperature. This value should be
greater than 0.5 mL/min.
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Column outlet pressure

The GC needs toknow the pressure at the end of the column to be able to
calculate column flows. Use either the GC keyboard or the ChemStation to set
the outlet pressure for the column to 3.8 psig. The ChemStation screen where
the column outlet pressure is set is shown in Figure 3.

WOvenTemp  § 250

Temperature

e
M o 5 Tima (min)

NERE L

C?; umlm Installed Column
| C2 | Inlet[Fiont vl.
-Manufacturer's Specifications -
Detector: [Front | Moel No: HP 190913& Rl
’ Fh&"”“"ﬂ“ |Pﬂ"l“‘°j'  Capillary. mn-xuzsunxn.zs um nominal
[}
Setpoint  Actual Pmmlu psi/min | Mext psi | Hold min nmr-o
; . Initial 26.82 0.00 45.28|
| Bressure: [26.82 e Ramp 1 0.00  0.00 0.00 l'——l
Elow: [2 5 ml/min  “Ramp 2 0.00 0.00 0.00 -
Average v om? “Ramp3| 000 0,00 0.00
Velocity: e | Post Run 0.00 45.28 -

Figure 3 Column outlet pressure screen

Inlet pressure

If this is a method used previously, you may want to reset the inlet pressure to
give similar retention times with the new column outlet pressure. Do this by
calculating the inlet pressure needed to keep the void (holdup) time the same as
the previous method. For constant inlet pressure methods, this will also keep
the elution order the same.
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