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This latest volume in the Pyrotechnic Litera-
ture Series presents a series of papers on work
done by Dr. Shimizu in 1958 at the Hosoya
Fireworks Company. Originally published in the
Journal of the Industrial Explosives Society, Ja-
pan, the papers have been translated into Eng-
lish for this publication. Dr. Shimizu himself
translated all but one of them. Even though this
work is about 40 years old, it is by far the most
complete and authoritative on the subject. This
extensive volume (120 pages) will be of great
interest for anyone wanting to acquire a scien-
tific understanding of colored pyrotechnic
flames. Those of a more practical inclination will
find many formulas for colored flame composi-
tions, nearly always with extensive detail on the
effects of varying the proportions of the ingre-
dients.

The work begins with a theoretical discus-
sion of the line-reversal method of measuring
the temperature of a flame. Unfortunately a typo-
graphical error in the initial explanation of the
method will be confusing to those new to the
subject. No doubt this will be corrected in future
printings. The diagram on page 2, which illus-
trates this section, is correct.

In the following chapter, Dr. Shimizu pre-
sents the results of applying the line-reversal



method to the measurement of the flame tem-
peratures of burning firework compositions. The
conclusions of this work have been published
briefly elsewhere;"'* this paper gives all the detail
that is so characteristic of Dr. Shimizu’s work.

Dr. Shimizu next discusses the spectra of col-
ored pyrotechnic flames. The first paper in this
section focuses on the spectral features observed
in the flames of compositions without added
colorproducing agents. These background spec-
tra contribute to the color of the flame, usually
to its detriment. Dr. Shimizu identifies the in-
tense yellow emission from sodium (present in
impurities) and continuous “black body” spec-
tra from incandescent particles as the main back-
ground features that detract from the color of
pyrotechnic flames. The spectral backgrounds of
the various flames are discussed in detail and
approaches to reducing the backgrounds are ex-
plained.

The next paper treats red, yellow and green
firework flames. Spectra of flames from compo-
sitions containing salts of strontium, sodium,
barium and calcium are presented and discussed.
At the time this work was being done academic
spectroscopists were studying colored flames
with the aim of identifying the molecules respon-
sible for the characteristic spectral features. In
an author’s note, Dr. Shimizu relates the find-
ings of one such study'® to his own observations
and his earlier conclusions. The spectral bands
he originally attributed to gaseous strontium
monoxide (SrO) turned out to come instead from
strontium monohydroxide (SrOH) and strontium
monochloride (SrCl). Dr. Shimizu correctly
identified the main species responsible for the
green color of barium flames as barium mono-
chloride (BaCl). He correctly points out that
gaseous barium monoxide (BaO) produces emis-
sion bands over most of the visible spectrum,
coloring the flame white.” Gaseous barium
monohydroxide (BaOH, not mentioned by Dr.
Shimizu) has green emission bands that overlap
those of BaCl and extend further towards the
blue end of the spectrum.'” Presumably, their
presence would not detract from the color of a
green flame. In practice, the production of a clear
green flame entails maximizing the emission of
BaCl and minimizing that of BaO. Dr. Shimizu
notes that pyrotechnic flames colored with cal-
cium compounds can range from nearly red to
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yellowish. The color depends on the relative in-
tensities of the red and orange bands from cal-
cium monochloride (CaCl) and the green and
orange bands that Dr. Shimizu attributes to cal-
cium monoxide (CaO) but which spectroscopists
have shown to come from calcium monohy-
droxide (CaOH).B™!

Flames colored with sodium salts derive their
yellow color from the pair of sodium atomic
emission lines at 589.0 and 589.6 nanometers.
The color is strongly influenced by the presence
ofabackground of continuous radiation. In high
temperature flames this can be so intense that
the flame is a yellowish-white color. In cooler
flames containing potassium salts, the flame ap-
pears reddish yellow; with ammonium perchlo-
rate, “the flame looks pure yellow”.

Dr. Shimizu devotes an entire chapter to blue
firework flames. He begins with a description
of what happens when a copper wire is intro-
duced into the flame of a gasoline burner, with
and without the introduction of hydrogen chlo-
ride or chlorine gas. Three colors are seen: blue,
light green and red-orange. The last, writes Dr.
Shimizu, “always appears at the tip of the flame.
Therefore it may be caused by CuO due to the
oxygen in the air”. The correctness of this sug-
gestion is supported by the spectroscopy litera-
ture, which lists a series of bands from CuO in
the orange-red region of the spectrum.’ Dr.
Shimizu writes, “It is well known that blue
flames come from CuCl band spectra. However
where does the light green come from? Perhaps
the emitter has a different structure from that of
the blue.” Once again Dr. Shimizu’s suggestion
is confirmed by the spectroscopists, who attrib-
ute the green emission to CuOH.! The problem
of creating a satisfactory blue flame is essen-
tially that of maximizing the intensity of the
CuCl spectrum in the flame. Dr. Shimizu dem-
onstrates how this can be done with composi-
tions using ammonium perchlorate and potas-
sium perchlorate, and he explains the great su-
periority of the former. The effect of various
chlorine donors is also discussed, and the diffi-
culty of achieving a satisfactory blue flame with
high-temperature compositions based on mag-
nesium is explained.

A short chapter discusses the flame spectra
of high-temperature compositions that contain
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aluminium instead of magnesium. The behavior
of the two metals is very different, with alumin-
ium tending to form sparks. Dr. Shimizu sug-
gests that the difference is associated with the
higher melting point of aluminium. The context
indicates that boiling point is intended (“the
vaporization of aluminium in the flame is not
complete”). The melting points of the two met-
als are similar (660.4 °C for Al, 648.8 °C for
Mg) but their boiling points are very different
(2467 °C for Al, 1107 °C for Mg)."! In the text
the melting points are given as 1800 °C for Al
and 1100 °C for Mg. These are incorrect, and
the value quoted for Al would also be incorrect
for the boiling point. Dr. Shimizu comments on
the beauty of the sparks produced from some of
the mixtures he tested. He notes that the best
color effects were produced with lower percent-
ages of aluminium in the composition, but “the
effects are much less than when magnesium is
used in the compositions”. The conclusion is “it
is difficult to obtain good colored flames when
using aluminium as the fuel”.

The final paper discusses compositions for
practical use. This chapter alone would be worth
the price of the book. The results of the previ-
ous chapters are summarized, and examples of
effective compositions are presented. An enor-
mous amount of work must have gone into mak-
ing and testing all these compositions. In nearly
every case triangle diagrams show the range of
components that can produce effective results.
An exception is the final composition given,
that “burns with a beautiful blue when the di-
ameter is more than 20 mm”. This composition
is most unusual, consisting of barium nitrate,
magnesium, hexachloroethane and copper pow-
der. A similar mix of the first three ingredients
is reported to make a “very good” green flame.'®!
It is interesting that a rather small variation,
with the addition of only 5 additional percent of
copper powder, can make ““a superior blue”.

The publication includes a biography of Dr.
Shimizu, compiled by Craig Villeneuve. This,
consisting largely of an autobiography that Dr.
Shimizu provided to Mr. Villeneuve in response
to a request for information about his life and
influences, provides a nice balance to the tech-
nical material presented in the rest of the vol-
ume.
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A few apparent errors were noticed. Some
have already been mentioned; it is also worth
noting that on page 57, column 2, paragraph 5,
line 2, “strontium sulfate” appears where it seems
that “strontium nitrate” was intended. Strontium
sulfate is almost insoluble in water and could
not be used in the preparation of strontium car-
bonate as described. Strontium nitrate would be
perfectly satisfactory. Several of the Figures in
Chapter 7 show “C¢Cls” (i.e., hexachloroben-
zene) while the text refers to hexachloroethane
(C,Clg) and never to hexachlorobenzene. Pre-
sumably the Figures should show “C,Clg”.

Table 10, page 29, lists color agents tested
with ammonium perchlorate. The list includes
strontium chlorate and barium chlorate; these
could well be misprints. It would be dangerous
to mix chlorates with ammonium perchlorate.""
In the continuation of table 10 on page 30, bar-
ium chloride is listed, not barium chlorate, but
sodium chlorate appears where sodium chloride
was listed on page 20. It is very likely that
“chloride” was intended, not “chlorate”, through-
out Table 10.

This publication is an important contribution
to the literature of pyrotechny. It is highly rec-
ommended to all those interested in the scien-
tific and technical aspects of colored pyrotech-
nic flames.
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