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This month we cover the first part of an important and often neglected topic: ferrules.

All About GC Ferrules – Part 1, 
Metal Ferrules

Matthew Klee

Gas chromatography would not be a practical routine technique without 
ferrules – those necessary consumables that provide a pressure seal between 
the atmosphere and the gas flow path. Ferrules are used in junctions that can be 
disconnected and remade. Proper selection and use of ferrules ensures a reliable 
installation. Incorrect selection and/or implementation can cause enumerable 
problems and can affect the quality of analytical results.

All about Plumbing
At a basic level, many of the practical aspects of gas chromatography involve 
plumbing. The need for a leak-free and reliable flow path is essential in gas 
chromatography. Requirements of GC fittings are quite demanding relative 
to most remakeable plumbing fittings. They must be able to withstand use at 
high temperatures for long periods of time as well as repeated use over wide 
temperature swings, especially those in the GC oven. The least demanding GC 
connections are those outside the oven and not near an isothermal heated zone 
such a valve oven, inlet or detector. 

	 Ferrules are used to provide a seal between a tube and a fixture. The fixture 
could be a union, a valve, a transfer line, or any other type of device to which 
one might want to attach a tube (or column). If the connection must only be 
made once and never change, then the tubes can be permanently attached 
through soldering, braising, cementing, etc. Then purpose of a ferrule is to make a 
connection that can be repeatedly undone and the redone as needed.
	 The easiest way to make a seal that can be re-made is to use some easily 
deformable material such as a rubber gasket. This is common in the home for 
such things as garden hoses. Unfortunately, such a connection cannot satisfy 
the special requirements of GCs. Gas chromatography has several unique 
characteristics that dictate unique requirements:
•	 Use of gases with very high diffusivities – these gases (He and H2) will find and 	
	 take advantage of any, even minute, leak points
•	 Air can back diffuse through leaks, even against a pressure gradient
	 - Many of the detectors used in GC can detect air. Leaks that allow back 		
  diffusion of air then lead to raised detector baseline and increases drift.



	 - Many of the stationary phases used in GC are sensitive to air. Air leaks 		
	   will lower column lifetime, increase column activity to polar compounds, 		
  	   and increase chemical noise in the signal.
•	 Larger leaks will waste gas, some of which can be quite expensive (e.g., when 	
	 using GC-grade He)
•	 Leaks along the sample flow path will vent sample (inlet side) or effluent 	 	
	 (detector side) causing errors in the analysis
•	 In true mass flow control pneumatic circuits, leaks will cause errors in retention 	
	 times (packed column inlets), or split ratios (split inlet total flow control).

	 The thing about leaks in GC is that they often vary considerably with 
temperature, vibration, and time. If leaks were constant, then some of the issues 
would go unnoticed because they would be corrected by calibration or would 
manifest as only constant offsets in the data.
	 Metal ferrules come in two basic designs: one- and two-piece. Swagelok is the 

Figure 1

Figure 1: Examples of hard metal ferrules and uses.  Swagelok fittings are popular for connecting gas feed 
lines to the GC.  Valco fittings are typically associated with Valco gas sampling valves.  These fitting types 
are not interchangeable.
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premier manufacturer of two-piece ferrule designs and has been around over 
60 years. The two-ferrule design has some advantages (at a price premium) over 
single ferrule designs. Swagelok fittings are ubiquitous in the GC laboratory. In 
addition, Swagelok has infiltrated lab vernacular: It is common when making a 
ferrule connection of any type, to say that you are “swaging” the connecting. And 
when complete, that it “is properly swaged”.
	 Single-ferrule formats serve the same purpose as two-ferrule designs. As 
discussed below, one should match the ferrule type to the device, fixture, or 
fitting with which it will be used.
	 Hard metal ferrules (Figure 1) are only used with somewhat rigid but still 
deformable tubing. The seal is made over a relatively narrow region near the tip 
of the ferrule. The wedge design of the ferrule concentrates the tightening force 
from the nut or cap at the back of the ferrule to its tip. The tip compresses on 
the tube underneath. If the tube is a glass or fused-silica column, it would break. 
Metal or polymeric tubes, in contrast, will deform slightly, allowing the ferrule to 
“bite” into them permanently. 
	 Metal ferrules can be used at high temperatures and can withstand wide 
temperature cycling, so they can be used for metal tubing connections in heated 
zones such as valve ovens and heated inlets and detectors. However, when used 
for extended periods at high temperatures, the ferrule can seize in the fitting. 
	 Hard metal ferrules usually come in either brass or stainless steel. Stainless 
steel is usually used for connections in the sample flow path because it is more 
inert than brass. Outside the sample path, the safest approach is to use the 
same ferrule material as the fitting or fixture. One should never use a stainless 
ferrule with a brass fitting or fixture because steel is harder and can permanently 
damage the fitting. It is OK to use a brass ferrule with a stainless fitting if you are 
willing to cut off and replace the ferrule if it becomes marred. 
	 In principle, metal ferrules have several attractive attributes summarized below 
and in Table 1:
•	 Metal has the least permeability to air
•	 Metal fittings can effectively seal against the largest pressure and temperature 	
	 range
•	 Metal fittings are extremely rugged and can take a lot of abuse
•	 Metal fittings can be and remade many times (if not over tightened)

However, because they are hard, failure modes abound for standard metal 
fittings:
•	 Improper matching of ferrule and seat designs (avoid using generic ferrules)
•	 Over tightening and damage to the fitting or fixture
•	 Improper installation (shoving tubing into fitting too far and/or over tightening) 	
	 can cause the end of the tubing to bulge in the fitting, making it difficult or 	
	 impossible to remove.
•	 Seizing of the ferrule to the fitting after long periods at elevated temperature. 
•	 Inability to seal over fine-lined striations in the metal tubing itself 
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Table 1:  Summary of attributes of metal ferrules used in gas chromatography.

	

Ferrule Type Temperature Limit Typical Uses Advantages Limitations

“Metal  
(1-piece or 2-piece)”

> 450 oC

External connections High presure limit No at all forgiving of flaws in fitting/fixture

Gas lines to GC High temperature limit Ferrule and fitting designs must match, no 
mixing of designs

Gas sampling valves and associated 
tubing

Very low (no) diffusion of air through ferrule Can seize after long use at high temperature

Extremely rugged Tightening technique is critical (not to loose, 
not too tight) for proper seal and ability to 
re-use

Permanently attached to tubing at first use.  
Must be cut off to be replaced.

Can catalytically interact with sample 
components

Can not be used with glass or caplillary 
columns

Soft metal > 450 oC

Capillary column connections to 
inlets and detectors

Low (or no) air permeability Permanently attaches to tubing upon first use.  
Must be cut off to be replaced.

Capillary column connection to MSD 
transfer line 

Much more forgiving of fitting imperfections 
than hard metal

Can be easily overtightened sealing the first 
time but significantly decreasing probability of 
resealing a second time

Column connections to Capillary 
Flow Technology and other styles of 
gas phase microfluidic devices

Connections can be disconnected and 
reconnected multiple times

Ferrule and fitting designs must match for 
proper seal and re-seal 

External connections of 1/16" gas 
lines

High temperature use

Table 1

	 To clarify the later bullet, based on the manufacturing process, the resulting 
rolled tubing stock (especially stainless steel) can have striations running 
done its length that allow air to sneak under the ferrule even though it is 
firmly swaged. Some individuals use sandpaper prior to swaging to remove or 
minimize the striations. The proper technique for this is to twist the sandpaper 
around the round axis of the tube to remove the ridges instead of running the 
sandpaper up and down the length of the tubing. The process of sanding leaves 
scratches itself; it is not an issue to leave concentric scratches around the tube 
but it is to have them in the same avis as the original striations.
	 A soft metal ferrule material (e.g., Siltite) has recently been introduced, 
which can be used for fused-silica column connections, and provides a nice 
combination of favorable features: 
•	 They can deform slightly so that they seal with less force than is necessary 		

	 with hard metal ferrules. 
•	 They are soft enough to be used with fused-silica capillary columns.
•	 They are a little more forgiving of imperfect surfaces than hard metal ferrules.
•	 They have very low (or no) air permeability and can be used over the full 	 	
	 range of GC temperatures. 
•	 Unlike polymeric ferrules, soft metal ferrules do not shrink and therefore do 	
	 not need periodic retightening. 
•	 They are specially coat to reduce the risk of seizing in fittings.

	 Soft metal ferrules seize onto the column upon first use, so connections must 
be done with some care. I prefer to pre-tighten the ferrule onto an excess of 
column and then I trim the column to the appropriate length after the ferrule is 
set. 
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Versatile Automated Pyrolysis GC Combining a Filament Type Pyrolyzer with 
a Thermal Desorption Unit
Company: Gerstel
This paper describes an automated pyrolysis system for gas chromatography 
(GC) based on a fi lament type pyrolyzer combined with a commercially 
available thermal desorption instrument, onto which the pyrolysis module 
is installed. Automated sample introduction for both pyrolysis and thermal 
desorption is performed using a commercially available autosampler.

Analysis of Phthalate Esters in Children’s Toys Using GC-MS
Company: Shimadzu
In this study, six phthalate esters in children’s toys were measured using the 
GCMS-QP2010 Ultra. The simultaneous Scan/SIM data acquisition technique 
was utilized, with the SIM data used for quantitation. The data showed 
excellent calibration curve linearity and repeatability. In two of the toy samples, 
unregulated plasticizers were identified by scan data, illustrating the efficiency 
of simultaneous Scan/SIM measurement.

TCA and Precursors in Red Wine Using In-Matrix Derivatization Followed by 
SPME on the SLB-5ms
Company: Sigma-Aldrich
Cork taint refers to a musty odor in wine caused by the presence of 
2,4,6-trichloroanisole (TCA). The source of TCA is thought to be the fungal 
methylation of chlorophenols present in t he wine. Chlorophenols can 
originate from the cork or other sources, such as biocides, fungicides, and 
exposure of processing equipment to antiseptic cleaning products that contain 
chlorophenols. This article demonstrates the determination of TCA and several 
chlorophenol precursors in a red wine.
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Combining a Filament Type Pyrolyzer 
with a Thermal Desorption Unit

Eike Kleine-Benne, Bernd Rose
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ABSTRACT
This paper describes an automated pyrolysis system for gas 
chromatography (GC) based on a  lament type pyrolyzer 
combined with a commercially available thermal desorption 
instrument, onto which the pyrolysis module is installed. 
Automated sample introduction for both pyrolysis and 
thermal desorption is performed using a commercially 
available autosampler.

For pyrolysis of solid, liquid, or melting samples the use of 
different types of sample holders is investigated, for example 
cup-type holders for liquid samples. A special design has 
been developed that enables accelerated gas phase transport 
to help reduce the formation of secondary pyrolysis products. 
Sample holder design and complete  ow path heating are 
essential design aspects in order to maximize recovery and 
minimize carry-over, enabling the system to reliably perform 
automated analysis of batches of different sample types. 
These aspect are discussed. 

The cryo-trap function of the thermal desorption system 
used enables splitless transfer to the GC/MS of the formed 
pyrolysis products. An example is presented, in which 
water containing macromolecule residue in the ppm range 
is introduced into the pyrolysis module. The water is then 
removed using a solvent vent step and pyrolysis performed 
immediately afterwards, enabling quantification of the 
macromolecules by chromatographic determination of their 
pyrolysis products.
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Introduction

"Phthalate esters" is a general term for esterified compounds of 
phthalic acid and alcohol. Phthalate esters are used as 
plasticizers to make materials more flexible and elastic. Numerous 
types of phthalate esters have been developed, differing in the 
carbon number of the alcohol. The phthalate esters are added 
based on the desired property, such as insulation, heat 
resistance, or weatherproofing. 
In recent years, regulations on phthalate esters in toys have been 
investigated in various countries with the aim of protecting the 
health of infants and children. 

EU Directive 2005/84/EC and the US Consumer Product Safety  
Improvement Act, Section 108, regulate the following 6 phthalate 
esters: dibutyl phthalate (DBP), butyl benzyl phthalate (BBP), 
di-2-ehtylhexyl phthalate (DEHP), di-octylphthalate (DnOP), 
diisononyl phthalate (DINP), and di-isodecyl phthalate (DIDP).
This article introduces the results of simultaneous Scan/SIM 
measurements of 6 phthalate esters in children's toys, performed 
in accordance with analysis method CPSC-CH-C1001-09.3, 
prescribed by the US Consumer Product Safety Commission 
(CPSC). 

Experiment 

Reagents Preparation of Reagents 

Phthalate ester standard mixture 3 (0.1 mg/mL of dibutyl 
phthalate (DBP), butyl benzyl phthalate (BBP), di-2-ehtylhexyl 
phthalate (DEHP), di-n-octylphthalate (DnOP), diisononyl 
phthalate (DINP), and di-isodecyl phthalate (DIDP) respectively) 
was purchased from Kanto Chemical Co., Inc. Benzyl benzoate 
(BB) was purchased from Wako Pure Chemical Industries, Ltd. for 
use as the internal standard. The organic solvents used at the 
preparation stage were all suitable for the analysis of residual 
agricultural chemicals. 

Phthalate ester standard solutions were prepared by diluting 
phthalate ester standard mixture 3 with cyclohexane to create a 
series of standards with concentrations of 0, 0.25, 0.5, 1, 5, and 
10 µg/mL respectively. An internal standard, BB, at a 
concentration of 1 µg/mL was added to each of the standard 
solutions. 
BB was also diluted to a concentration of 7.5 µg/mL with 
cyclohexane, for use as an internal standard solution added to the 
extracted samples. 

Abstract

As of February 2009, the US Consumer Product Safety Improvement Act, Section 108, mandated that all manufacturers of children’s toys 
analyze their products for Phthalate Esters. The method to be used is in accordance with the US Consumer Product Safety Commission 
(CPSC). In this study, six phthalate esters in children's toys were measured using the GCMS-QP2010 Ultra. The simultaneous Scan/SIM 
data acquisition technique was utilized, with the SIM data used for quantitation. The data showed excellent calibration curve linearity and 
repeatability. In two of the toy samples, unregulated plasticizers were identified by scan data, illustrating the efficiency of simultaneous 
Scan/SIM measurement.
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TCA and Precursors in Red Wine Using In-Matrix 
Derivatization Followed by SPME on the SLB™-5ms
Katherine K. Stenerson

katherine.stenerson@sial.com

Introduction

Cork taint refers to a musty odor in wine caused by the presence 
of 2,4,6-trichloroanisole (TCA). The source of TCA is thought to 
be the fungal methylation of chlorophenols present in the wine. 
Chlorophenols can originate from the cork or other sources, such 
as biocides, fungicides, and exposure of processing equipment 
to antiseptic cleaning products that contain chlorophenols (1). 
This article demonstrates the determination of TCA and several 
chlorophenol precursors in a red wine.

Experimental

Calibration standards were prepared in 12% ethanol in water 
using a mixture of TCA and chlorophenols. Two samples were 
based on a California (USA) shiraz, packaged in a wax-lined 
carton-type container with a plastic closure. The first sample was 
the wine as is, and the second sample was the wine after being 
spiked with each analyte at 100 ng/L.

The chlorophenols were derivatized in-matrix using acetic 
anhydride, and the acylated derivatives were then extracted 
from the headspace using solid phase microextraction (SPME). 
TCA, which is not derivatized, was simultaneously extracted 
with the chlorophenols. An SPME fiber coated with 100 µm 
polydimethylsiloxane (PDMS) was chosen based on past work 
we performed with TCA, and also on published findings for 
derivatized chlorophenols (1). The extraction conditions were 
based on published findings as well, with adjustments made to 
sample volume and corresponding amounts of reagents. Final 
analysis was performed by GC-ECD (gas chromatography with 
an electron capture detector) on the SLB™-5ms capillary column, 
selected due to its low bleed characteristic.

Results

Derivatization and Extraction. The chlorophenols were acylated 
with acetic anhydride prior to extraction.  Acetic anhydride 
will hydrolyze in the presence of water. However, the phenolic 
groups present on the analytes are more reactive, making it 
possible to conduct derivatization in an aqueous matrix (2). 
The reaction is shown in Figure 1. The addition of potassium 
carbonate (K2CO3) drives the reaction by removing the acetic acid 
that is formed. The resulting derivatives demonstrated good peak 
shape and response by ECD, allowing for easy and consistent 
integration. The use of headspace extraction and selective 
detection (ECD is selective for halogens) resulted in minimal 
background interference.

Linearity. Five calibration standards from 10-300 ng/L prepared 
in 12% ethanol in water were extracted, then analyzed. Figure 2 
shows the chromatogram resulting from the mid-level standard. 
Linearity results are summarized in Table 1. A linear response 

Figure 1. Derivatization Reaction

Table 1. Calibration Linearity for Five Standards from  
10-300 ng/L

Analyte Correlation Coefficient
2,4,6-Trichloroanisole 0.9908
2,4,6-Trichlorophenol 0.9978
2,3,4,6-Tetrachlorophenol 0.9932
Pentachlorophenol 0.9873

Figure 2. Calibration Standard

 sample/matrix: 1.5 mL of each analyte at 100 ng/L in a 12% ethanol in water  
  solution + 600 µL 5% potassium carbonate (K2CO3) +  
  240 mg sodium chloride (NaCl) + 60 µL acetic anhydride
 SPME fiber: metal fiber coated with 100 µm PDMS (57928-U)
 extraction: headspace, 50 °C for 30 min., with stirring
 desorption process: 250 °C for 3 min.
 column: SLB-5ms, 30 m x 0.25 mm I.D., 0.25 µm (28471-U)
 oven: 50 °C (1 min.), 25 °C/min. to 280 °C
 det.: ECD, 290 °C
 carrier gas: helium, 1.5 mL/min., constant
 liner: 0.75 mm I.D. SPME (2637501)

 1. 2,4,6-Trichloroanisole
 2. 2,4,6-Trichlorophenol (acylated)
 3. 2,3,4,6-Tetrachlorophenol (acylated)
 4. Pentachlorophenol (acylated)
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was observed over this concentration range, with correlation 
coefficients of >0.990 for all analytes except pentachlorophenol. 
For this compound, excluding the 10 ng/L standard results in a 
correlation coefficient of 0.998.

Recovery. Immediately after calibration, unspiked and spiked 
(100 ng/L) wine samples were prepared, extracted, and analyzed. 
Resulting chromatograms are presented in Figures 3-4. Using 
the calibration curves, the levels of TCA and chlorophenols were 
calculated, along with a percent recovery for the spiked wine 
sample. These results are summarized in Table 2. It appears that 
the wine matrix may have interfered, as indicated by the low % 
recovery values.
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