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Troubleshooting LC Fittings, Part I

JOHN W. DOLAN and PAUL UPCHURCH

Paul Upchurch is president of Upchurch Sci-
entific (Oak Harbor, Washington), a compa-
ny specializing in the manufacture of LC fit-
tings. His interest in LC fittings began when
he worked as a manufacturer’s representative
and discovered that fittings were often not in-
terchangeable among manufacturers.

John W. Dolan
LC Troubleshooting Editor

Nearly five years have
passed since “LC Trou-
bleshooting™ has includ-
ed an in-depth discussion
of LC fittings and fitting
problems (1). We have
added information on
new fittings and have ex-
panded the original discussion to include
more details on fitting design, use, and prob-
lems. This article, the first of two parts, is
primarily descriptive and covers stainless
steel fittings used for connecting !/1s-in. 0.d.
tubing in LC systems. We describe the func-
tion, proper assembly, and comparison of fit-
tings. The article is based, to a large extent,
on the material found in reference 2. Next
month we will discuss the major problems
that occur with LC fittings and look at some
alternatives to the use of stainless steel fit-
tings for high-pressure connections.

FITTING TYPES

The two basic types of high-pressure fittings
used in LC are illustrated in Figures 1 and 2.
In the early days of LC, the external column
endfitting was most popular. This fitting uses
a male fitting body (external threads) with a
female nut (internal threads), as seen in Fig-
ure la. Experience has shown that these fit-
tings are not very durable. In most users’
hands, the repeated attachment and removal
of the 1/16-in. tubing distorts the conical seal-
ing surface, as illustrated in Figures 1b and
Ic. This problem is minimized by the use of
internal fittings, which use female threads in
the fitting body and a male nut, as seen in Fig-
ure 2a. This design is the standard today and
is much less susceptible to distortion than is
the external fitting. Problems associated with
this design are discussed later.

UNIONS

Along with the column endfittings, the most
common LC fittings are unions, fittings that
connect two pieces of tubing. The internal-
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FIGURE 1: External column endfitting. (a)
Endfitting with external (male) threads and
internal nut. (b) Cross section showing new
seat. (c) Cross section showing distorted
cone resulting from overtightening the
fitting.

(a)

FIGURE 2: Internal column endfitting. (a)
Exploded diagram, showing nut, ferrule,
and tube end about to be inserted into fit-
ting body. (b) First step in fitting assembly:
Finger-tighten nut. (c) Final step in fitting
assembly: Turn nut a three-quarter turn
past finger-tight to swage ferrule onto the
tube end.

FIGURE 3: Zero-dead-volume union. Note narrow passageway between the two tube

ends through the fitting body.

thread zero-dead-volume (ZDV) union (Fig-
ure 3) is most widely used. (Analogous exter-
nal-thread unions are available, but these
suffer from the same problems as the column
endfittings discussed above.)

Notice that the union of Figure 3 is not
drilled through completely but has a small
web of metal left between the two pieces of
tubing. When GC fittings were modified for
LC use, it was common to drill the union all
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At first glance, the male nuts are all the
same, but upon closer examination, you'll
notice some important differences (see Fig-
ure 5). First, the nuts are not the same length.
(The measurements in all the figures are typi-
cal experimental measurements and may not
accurately reflect manufacturers’ specifica-
tions.) Usually, the mating fitting body will
have a complementary thread length (for ex-
ample, a long nut usually will have a long
threaded body). You will also notice that
some nuts have threads that extend to the tip
of the nut, whereas others have a short un-
threaded portion at the tip (compare Waters
and Uptight in Figure 5). As mentioned
above, properly mated fittings will cause no
problems, and in many cases the nuts from
one manufacturer will work in the fitting
body of another manufacturer. Problems can
occur, however, as illustrated in Figure 6. At
one extreme (Figure 6a) is the case in which a
short nut is used with a fitting body with deep
threads. Here, the shoulder on the nut bot-
toms out before an adequate seal is made; the
resulting fitting leaks. The other extreme is
illustrated in Figure 6b, in which an inade-
quate number of threads are in contact be-
tween the nut and body; damage to the nut or
body will probably result.

The remaining difference between the nuts
is the type of threads that are used. Two En-
glish threads (!/4-28 and 10-32) and one met-
ric thread (M6) are available. Most American
manufacturers use 10-32 threads, meaning
there are 32 threads per inch on a no. 10-size
shank (Figure 7a). One U.S. manufacturer
(Scientific Systems, Inc., State College,
Pennsylvania) uses '/4+-28 threads (28 threads
perinchona !Ys-in. shaft, Figure 7b), and Eu-
ropean manufacturers often use the M6
thread size (1 thread per mm on a 6-mm shaft,
Figure 7c). These nuts are not at all inter-
changeable. Fortunately, the '/a-28 nut can-
not be misassembled with the other fittings.
However, the 10-32 and M6 nuts are close
enough in size that it is possible to thread
them into the wrong fitting body. This can
result in a loose fitting, a leak, or perma-
nently damaged threads. So in order to avoid
this problem, it is important to clearly label
10-32 and M6 fittings if they are used in the
same laboratory (for example, use a dia-
mond-tipped scribe to mark “US™ or “M6”
on these nuts).

The main operating practice to glean from
this discussion is that you will be much less
likely to have assembly problems if you stick
to one manufacturer for nuts and fitting
bodies. If you do choose to interchange nuts
and fittings, do so only with unassembled fit-
tings (see the discussion of assembly prob-
lems below for potential problems).

Design differences also exist among the
ferrules sold by different manufacturers.
Typical examples are shown in Figure 8.
Swagelok (Solon, Ohio) uses a two-piece fer-
rule, whereas the other manufacturers use a
one-piece design. The shape of the ferrules,
as seen in Figure 8, also differs noticeably
among vendors. These differences are of lit-
tle practical importance, because all of these
ferrules are interchangeable when new fer-

Ferrule does
not seat

Inadequate
thread contact

FIGURE 6: Fitting problems resulting from mismatch of fitting body and nut. (a) Short nut
with deeply threaded fitting: Ferrule does not seat and shoulder of nut hits fitting body. (b)
Nut with unthreaded tip in short fitting body: Stripped threads are likely because of insuffi-

cient thread contact.
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FIGURE 7: Thread types. (a) 10-32 threads, standard for most fittings used in the United
States. (b) 1/a-28 threads, used only by Scientific Systems, Inc. (c) M6 threads, common in

Europe.
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Waters Uptight Parker
Swagelok Valco Rheodyne

FIGURE B8: Ferrule designs. Although they look different, these ferrules are interchange-

able when new.

rules are first used with a fitting. This inter-
changeability is due to the distortion of the
ferrule that takes place at its leading edge
when it is swaged onto the tubing. Thus, the
ferrule deforms to take the shape of the mat-
ing fitting at the sealing surface (see the con-
tact between the ferrule and fitting body in
Figure 3). In other words, while it is a good
idea to use ferrules made by the same manu-
facturer as the nut and fitting body, it is not es-
sential (precautions on interchangeability
will be given in next month’s column).

SUMMARY

We have seen that most high-pressure fittings
used in LC systems are the internal-thread
(female) type. These have proved to be more
durable than the external-thread fittings used
in the early days of LC. The fittings produced
by different manufacturers are visually simi-
lar, and in many cases may be interchanged

successfully, especially when the parts are
new. However, fewer problems are likely to
occur when you use matched parts from a sin-
gle manufacturer. Next month we will discuss
the most common fitting problems and how to
avoid them.
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