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Glass for Parenteral Products:

A Surface View Using the Scanning Electron Microscope

T. J. ROSEMAN *x, J. A, BROWN %, and W. W. SCOTHORN *

Abstract O The scanning electron microscope was utilized to ex-
plore the internal surface of glass ampuls and vials used in paren-
teral products. The surface topography of USP Type I borosilicate
glass containers was viewed after exposure to “sulfur,” ammonium
bifluoride, and sulfuric acid treatments. The scanning electron mi-
crographs showed startling differences in the appearance of the
surface regions. “Sulfur treatment” of ampuls was associated with
a pitting of the surface and the presence of sodium sulfate crystals.
The sulfur treatment of vials altered the glass surface in a charac-
teristically different manner. The dissimilarity between the sur-
face appearances was attributed to the method of sulfur treatment.
Ampuls exposed to sulfuric acid solutions at room temperature did
not show the pitting associated with the sulfur treatment. Scan-
ning electron micrographs of ammonium bifluoride-treated ampuls
showed a relief effect, suggesting that the glass was affected by the
bifluoride solution but that sufficient stripping of the surface layer
did not occur to remove the pits associated with the sulfur treat-
ment. Flakes emanating from the glass were identified with the aid

of the electron microprobe. Scanning electron micrographs showed
that these vitreous flakes resulted from a delamination of a thin
layer of the glass surface. It is concluded that the scanning electron
microscope, in conjunction with other analytical techniques, is a
valuable tool in assessing the quality of glass used for parenteral
products. The techniques studied should be of particular impor-
tance to the pharmaceutical industry where efforts are being made
to reduce the levels of particulate matter in parenteral dosage
forms.

Keyphrases 0O Glass—ampuls and vials, internal surface, effect of
sulfur, ammonium bifluoride, and sulfuric acid treatments, scan-
ning electron micrographs O Scanning electron microscopy—inter-
nal surface, glass ampuls and vials, effect of sulfur, ammonium bi-
fluoride, and sulfuric acid treatments O Parenteral containers—
glass, scanning electron micrographs, surface view O Containers,
glass—surface, effects of sulfur, ammonium bifluoride, and sulfu-
ric acid treatments, scanning electron micrographs

Glass vials and ampuls are the primary containers
for parenteral products. The general inertness of
glass has been the basis for its use since it is desirable
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for pharmaceutical products to have acceptable phys-
ical and chemical stability for extended periods, i.e.,
up to 5 years. This report is concerned with the quali-



Table I—Electron Microprobe Analysis of Four Flakes

Sample

Sample Sample Sample
Element A, % B, % C, % D, %
Silicon 25—30 35—45 30—35 25—30
Aluminum 10—12 3—5 8—10 10—11
Potassium 4—6 Not detected 3—5 3—4
Calcium 1—2 Not detected Not detected 1-—2
Boron 3—8 2—6 3—8 Present
Sodium 1-3 1—2 1—3 1—2

ty of glass as viewed with the scanning electron mi-
croscope and its relationship to the formation of vit-
reous flakes in sterile solutions. The presence of par-
ticulates or foreign matter is undesirable in any prod-
uct; but in the case of intravenously administered
dosage forms, it must be avoided. Since the drug so-
lution is administered directly into the vascular sys-
tem, the presence of particulate matter is potentially
harmful to the patient (1).

History demonstrates that glass has been an ac-
ceptable container for parenteral products. However,
glass is not completely inert; it is attacked by differ-
ent solution media (2-5) and its performance is af-
fected by the method of manufacture of the final con-
tainer (6). Specifications are set forth in the USP (7)
for a water attack and a powdered-glass test. The
USP test, however, does not guarantee that glass will
withstand attack when in direct contact with a prod-
uct. Physical inspections of the final dosage form are
necessary to assure that no foreign material is
present.

Three types of glass intended for parenteral prod-
ucts are set forth in the USP with corresponding test
limits for titratable basicity. Type I is a highly resis-
tant borosilicate glass, while Types II and III are
“sulfur-treated” and “non-sulfur-treated” soda lime
glass, respectively. The powdered-glass test is used to
measure the overall degree of alkalinity, while the
water attack test is used to measure surface alkalinity
of sulfur-treated Type II glass. Since the inside sur-
face of Type II glass is dealkalized by the sulfur
treatment, the effectiveness of the treatment cannot
be determined by powdering the glass and the water
attack test is used (8).

Particulate matter can be derived from intrinsic
sources other than glass such as stopper components,
drug-stopper interactions, and bulk drug itself and
from extrinsic sources such as unclean containers
having lint or other contaminants attached to them.
The constraints on parenteral dosage forms were re-
viewed recently (9), and an official standard for par-
ticulate matter in large-volume parenteral solutions
is in the British Pharmacopoeia (10). Because the
product is in intimate contact with the glass contain-
er, the quality of the glass can be an important factor
in the formation of particulates. Glass of poor or vari-
able quality can contribute particles that are seen
with standard inspection techniques or even smaller
particles, i.e., less than 20 um, which can be observed
with more critical physical inspection systems.

The technology for quantitating (11-13) particu-
lates and the automated detection (14-16) of them in
containers appears to be advancing rapidly. It is be-

lieved that a greater understanding of the topogra-
phy of the glass surface will be helpful in developing
formulations to meet future standards. This paper
explores the use of the scanning electron microscope
to provide insight into the characteristics of the glass
surface. Special emphasis is given to treatment pro-
cesses such as “sulfuring” and ammonium bifluoride.

EXPERIMENTAL

All glass ampuls! and vials' employed were of Type I USP (7)
borosilicate composition. The sulfur-treated containers were iden-
tical in composition, but they were exposed to the sulfuring pro-
cess. Samples were obtained for scanning electron microscopic
analysis by cutting approximately 1.27 X 1.27-cm sections with a
circular saw. Unless otherwise specified, sections were cut approxi-
mately 0.8 ¢m above the bottom of the container.

Each sample was then washed several times with distilled water
and analyzed. The washing procedure removed all traces of the so-
dium sulfate bloom present on the sulfur-treated containers. One
sample was fractured and not washed so that the surface could be
viewed in the presence of sodium sulfate.

A bifluoride wash of ampuls was performed with 5 and 20%
aqueous ammonium bifluoride? solutions, prepared with distilled
water. For non-sulfur-treated ampuls, the ammonium bifluoride
solution was injected into inverted ampuls for 30 sec, followed by a
15-30-sec rinse with filtered deionized water. Bifluoride wash of
the sulfur-treated ampuls was performed in a slightly different
manner. Upright ampuls were filled completely with solution for
30 sec and then rinsed for 30 sec with distilled water. In each ex-
periment, control ampuls were prepared by treatment with dis-
tilled water.

The samples for scanning electron microscope analysis were
mounted on double-back tape® on the specimen stubs with the in-
side surface up. They were then placed in a vacuum evaporator
and shadowed with gold to give surface conductivity. This proce-
dure is necessary because the electron beam in the microscope?®
charges nonconducting materials, and the charge then repels the
electron beam.

To examine the details of the surface properly, the samples were
viewed at an oblique angle. The angle on all pictures was 70° un-
less otherwise noted. Some photographs were obtained at 45° for
better detail. This angle is the angle of the specimen to the hori-
zontal, with the electron beam impinging perpendicular to the hor-
izontal. The net result is that the beam impinges on the specimen
at 20° in the case of the angle designated 70° and at 45° in the case
of the angle designated 45°. With the 70° angle, a shallow depth of
field results in distorted shapes; e.g., a circle appears as an ellipse.

The vitreous flakes were isolated from solution by the following
procedure. A 5-ml ampul containing an aqueous parenteral solu-
tion was selected based upon the visual observance of flakes in the
solution. The ampul was opened by melting off the ampul tip with
an oxypropane flame. This procedure eliminated the shower of
glass fragments commonly encountered when an impul is opened
in the conventional manner, i.e., breaking. The opening of the
ampul, as well as the technique of isclating a single flake, was per-
formed under U.S. Government Class 100 clean room conditions
(17).

The open ampul was mounted in an upright fashion, with a
strong beam of light? illuminating the ampul parallel to its longest
axis. Under these conditions, the flakes appeared to twinkle or
glitter as reflected light as they reached the observer's position,
which was perpendicular to the axis of the light beam. By using a
particulate-free capillary pipet, fitted with a dropper bulb, a single
flake was aspirated into the pipet. The flake, with accompanying

I Kimble Products Division, Owens-Illinois Inc., Toledo, Ohio.

2 Harshaw Chemical Co., Division of Kewanee Oil Co., Cleveland, OH
44106

3 Scotch tape, Minnesota Mining and Manufacturing Co., St. Paul, MN
55101

4 Cambridge Mark II Stereoscan, Kent Cambridge Scientific Inc., Morton
Grove, IL 60053

5 High intensity microscope illuminator, American Optical Corp., Buffalo,
NY 14215
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Figure 1-—Effect of sulfur treatment on the surface of glass am-
puls (10,000X magnification; scale marker = 1 um). Key: A, non-
sulfur-treated 5-ml ampul; B, sulfur-treated 5-ml ampul (45°
angle); and C, sulfur-treated 8-ml ampul (45° angle).
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Figure 2—Surface view of a sulfur-treated ampul which was not
washed prior to obtaining the scanning electron micrographs.
Key: A, 5000X magnification, scale marker = 2 um; B, 10,000X
magnification, scale marker = 1 um; and C, control ampul which
was washed (10,000X magnification; scale marker = 1 um). Note
the absence of sodium sulfate crystals on the surface of the con-
trol ampul.



B

Figure 3—Comparison of sulfuric acid soak with sulfur treatment of 5-ml ampuls (10,000X magnification; scale marker = 1 um). Key:
A, non-sulfur-treated control; B, non-sulfur treated but soaked in 50% (v/v) H280, for 2 hr at room temperature; C, sulfur-treated con-
trol (45° angle); and D, sulfur treated and soaked in 50% (v/v) H3SOy4 for 2 hr at room temperature.

solution, was placed in the center of a scrupulously cleaned 2.54 X
7.62-cm glass microslide.

The preceding operations were performed with no supplemental
magnification aiding the operator. The following operations were
performed using a stereomicroscope® between 25 and 50 times
magnification. By using moistened filters”®, the solution surround-
ing the flake was carefully wisked away from the flake. The proce-
dure was repeated two times using a drop of filtered distilled water
to wash the flake. After the flake was allowed to air dry in a stream
of filtered air (high efficiency particulate air) (17), it was affixed to
the glass microslide with a tiny drop of flexible colledion in isoam-
yl acetate. The collodion film provided a satisfactory bond.

The flakes for electron microprobe analysis were transferred to a
beryllium plate with a tungsten needle. Since beryllium does not
produce a detectable signal of its own when subjected to electron
microprobe? analysis, the background is low. The flakes were glued
to the beryllium with a thin film of collodion. Because boron is a
difficult element to detect in low amounts, the accelerating voltage

deild M-5 stereomicroscope, Wild Heerbrugg Ltd., Heerbrugg, Switzer-
land.
7 Millipore filters, Millipore Corp., Bedford, MA 07130

8 Whatman, W & R Balston Ltd., England.

2 EMX-SM electron microprobe, Applied Research Laboratories, Sun-
land, CA 91040

was dropped to 10 kv (from the usual 25 kv) and the specimen cur-
rent was boosted from 200 namp (usually 10 namp). The light ele-
ment spectrometer was then manually turned, using a boron ni-
tride standard, and measurements were done. Standard and sam-
ple readings were repeated many times to minimize error.

RESULTS AND DISCUSSION

Ampuls—The effect of sulfur treatment on the inside surface of
a glass ampul is shown in Fig. 1. After the sulfuring process was
performed, many circular pits of uniform dimensions (<0.5 um in
diameter) were noted. The untreated ampul showed no pits, but
some irregular areas were noted.

The sulfuring process was performed after the ampul was
formed but before it entered the lehr. The procedure involves the
injection of a small volume of a dilute solution of ammonium sul-
fate into the ampul. Vaporization of the ammonium sulfate occurs
in the lehr, which is maintained at an elevated temperature [~593°
(~1100° F))]. The in situ formed vapor reacts with the glass to neu-
tralize its surface alkalinity, yielding sodium sulfate crystals which
appear on the surface (18).

A literature survey indicates that the sulfur treatment of glass
was mentioned as early as 1930 (19). In the case of soda lime glass-
es, this reaction has been well studied (20, 21). During the reaction,
the surface composition of the glass is altered as hydrogen ions
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Figure 5—Effect of bifluoride treatment on sulfur-treated 5-ml
ampuls (10,000X magnification; scale marker = 1 um). Key: A,
sulfur-treated control; B, 5% ammonium bifluoride; and C, 20%
ammonium bifluoride.

Figure 4—Effect of bifluoride treatment on non-sulfur-treated
5-ml ampuls (10,000X magnification; scale marker = 1 um). Key:
A, nontreated control; B, 5% ammonium bifluoride; and C, 20%
ammonium bifluoride.
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from water exchange for the depleted sodium ion; it has been
shown that this “hydrogen glass” can undergo a dehydration pro-
cess (loss of water), yielding a compacted layer of glass on the sur-
face. The rate of diffusion of sodium through this compacted layer
is slower than through the parent glass, and sodium depletion rates
have been analyzed according to Fick’s law of diffusion (20). As a
result of this process, attack by water is reduced and there is an
improvement of the chemical durability of the glass toward neutral
and acidic solutions and to weathering. In addition, it was reported
that the mechanical strength of the glass can increase (21). Inter-
estingly, these studies were performed with soda lime glass while
sulfur-treated borosilicate glass received little attention.

In Fig. 1, the exact mechanism for the alteration of the surface
topography with a sulfur treatment is not known. However, it may
be a consequence of the formation of a crystalline material (e.g.,
sodium sulfate) at elevated temperatures during the annealing
step. If this is the case, treatment with an acidic gas such as hydro-
gen chloride should result in the formation of a sodium chloride
bloom with a similar pitting pattern.

Figure 2 shows the surface of a sulfur-treated glass ampul before
rinsing with distilled water. The presence of crystalline material on
the surface is noted, with pits below the crystals. A similar pattern
of pitting is seen in Fig. 1. Energy-dispersive X-ray analysis of
these well-defined crystals indicated that they contained a high
content of sodium and sulfur and probably were sodium sulfate, as
noted with soda lime glass (18).

Figures 3-5 show the effect of different room temperature treat-
ments. For the regions under consideration, the sulfuric acid soak
(Fig. 3) had no apparent effect on either sulfur-treated or non-sul-
fur-treated ampuls. In contrast, ammonium bifluoride treatment
of the glass resulted in a noticeable change. Figure 4 indicates that
the bifluoride treatment of non-sulfur-treated ampuls relieves the
appearance of the surface irregularities. Figure 5, however, shows
this effect more dramatically, where the sulfur-treated ampuls
were bifluoride treated. Here the pits, associated with the sulfur
treatment, have a sharper appearance, which is not observed with
sulfur-treated glass that is not bifluoride treated.

The action of the ammonium bifluoride seems to be consistent
with the concept that a thin surface layer of the glass is removed;
however, the bifluoride treatment did not penetrate to a sufficient
depth to remove the pits associated with the sulfur treatment.
Hinson (22) reported that an ammonium bifluoride wash of am-
puls is superior to conventional wash methods. Based upon the re-
sults of the USP water attack test, it was concluded that bifluoride
treatment is equivalent to a good sulfur treatment of USP Type I
borosilicate glass. Although the chemical resistance as measured
by the water attack test compared favorably, the mechanisms of
action of the two treatments are dissimilar, with corresponding
differences being observed with the scanning electron microscope.

Vials—Figure 6 presents a comparison of a non-sulfur-treated
vial and treated vials. The surface of the nontreated vial was es-
sentially smooth, as previously noted with ampuls (Fig. 1). The
sulfur-treated vials, however, had pitting that was characteristical-
ly different than the pitting noted with ampuls (Fig. 7), and vial-
to-vial variability was noted (Fig. 6). Scanning electron micro-
graphs of numerous samples suggest that there is indeed a greater
variability in the surface appearance of vials than ampuls.

This variability with vials and the difference between ampuls
and vials are believed to be a consequence of the dissimilar treat-
ment processes for the two containers. As mentioned previously,
ampuls were treated with an aqueous solution of ammonium sul-
fate. Vials were treated with a mixture of sulfur dioxide and sulfur
trioxide gases because the higher temperature of the glass in form-
ing the vial is not conducive to treatment with an aqueous solu-
tion. Some variability in dissolved silica or titratable alkalinity has
been reported with sulfur-treated soda lime bottles (18). It is pos-
sible that more variability occurs by injection of a gas because it is
more difficult to confine in the container and moisture conditions
are not as well controlled. The importance of gas composition,
temperature, and time with respect to the sulfur treatment has
been pointed out (21), and the influence of moisture on the sul-
furing process was discussed previously (23).

Flake Formation—Glass is attacked by numerous reagents
other than strong alkali or hydrofluoric acid. Among these sub-
stances are sodium citrate, sodium gluconate, and other salts of 8-
hydroxy acids (4) along with inorganic phosphate solutions (2). At-
tack on glass can be quantitated by various methods as outlined in

C

Figure 6—Effect of sulfur treatment on the surface of 10-ml vials
and vial-to-vial variability (10,000X magnification; scale marker
= 1 um). Key: A, untreated vial; B, treated Vial 1; and C, treated
Vial 2.
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Figure 7—Comparison of sulfur treatment on 5-ml ampuls and 10-ml vials (10,000X magnification; scale marker = I um). Key: A, non-
sulfur-treated ampul; B, sulfur-treated ampul (45° angle); C, non-sulfur-treated vial; and D, sulfur-treated vial.

Figure 8—Bright-field phase contrast photomicrograph of a vit-
reous flake (312.5X magnification; scale marker = 45 um).

a review article (3), where it was pointed out that the chemical re-
sistance of glass is dependent upon its chemical composition, the
temperature of the attacking agent, the length of contact, and the
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previous history of the glass (i.e., method of production, annealing,
special treatments, and storage).

Generally, there does not appear to be a direct correlation be-
tween the attack of glass as measured by the presence of dissolved
silica and the formation of glass-related flakes in solution upon
storage. The formation of these flakes after exposure to various so-
lutions is documented (4, 24). The undesirability of foreign partic-
ulate matter in parenteral solutions was discussed earlier, but little
information about the region of the glass from which these flakes
emanate is available, and scanning electron microscope data are
lacking. Products of disintegrated glass have been described as
soft, hydrous, gel-like siliceous films (25) and have been reported
to consist mainly of silicon dioxide (3). The composition of the
flakes depends upon the type of glass employed and its history.
Therefore, it is not possible to relate conclusively the following
data with previous work, but flakes similar to the ones to be de-
scribed have been noted under various conditions in this laborato-
ry after storage of solutions in ampuls.

Figure 8 shows a photograph, taken through the optical micro-
scope, of a flake after removal from a solution stored in an ampul.
The flake is colorless and plate-like (<1 um in thickness), does not
melt below 300°, and exhibits a refractive index similar to glass.
All flakes observed in the solution had similar characteristics, but
their size ranged from a few micrometers to hundreds of microme-
ters in length. The electron microprobe analysis of four flakes is
given in Table I.

Because the flake is composed of elements similar to those of the
glass, an ampul was broken and a fragment was analyzed in an



Figure 9—Scanning electron micrographs of 5-ml ampuls which produced vitreous flakes. Left: delaminated region is on the left side of
the micrograph while the intact glass surface appears on the right. Jagged edge separates the two regions (2000X magnification; scale
marker = 5 um). Right: delaminated region is at 20,000X magnification (scale marker = 0.5 um). Arrows point to delaminated regions.

identical manner as the flake. The following results were obtained
from four replicate samples that yielded the same values: silicon,
30-40%; aluminum, 2-5%; potassium, not detected; calcium, not
detected; boron, 4-10%; and sodium, 4-6%. (The elemental compo-
sition of the glass fragment agrees favorably with the values listed
in Ref. 8, although the exact values differ.)

Since the composition of the flakes and glass fragments is simi-
lar, these flakes are believed to result directly from the glass
ampul. The presence of boron was observed in all samples, further
implicating the glass, since borosilicate glass was employed. There-
fore, the scanning electron microscope was used to determine the
region in the ampul from which the flakes came. Scanning electron
micrographs about 0.8-2.0 cm up the side wall of the ampul did
not show etched regions corresponding to the size of the flakes.

Further studies indicated that the area just above the bottom of
the ampul showed distinct regions of delamination that were not
noticed in control ampuls. Figure 9 shows this area quite vividly,
where it appears as if a surface layer of the glass has peeled away.
Careful examination of the delaminated area indicates that it ex-
tended at least halfway around the ampul. Triangular pits are also
noted at high magnification in this photograph and may indicate
that the glass had undergone a devitrification process during man-
ufacture. This area of the glass represents a region where thermal
stress could play an important role because intense heat is used to
form the bottom of the container (6). It is not known, however, if a
preferential chemical attack is a prerequisite for the removal of the
flake. The sulfur treatment of the glass, however, did prevent this
process from occurring.

Data in these laboratories indicate that the surface topography
of ampuls can vary among manufacturers, even though the same
treatment process is employed. Therefore, caution should be used
when comparing sulfur treatments from different sources. In addi-
tion, the method of manufacture and thermal history of the glass
can vary. In this work, a concerted effort was made to assure that
the scanning electron micrographs were representative, recogniz-
ing that it was not possible to use the same ampul as its own con-
trol.
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