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ABSTRACT
This study is first placed on the characterization of various burnt matches by scanning electron microscopy/energy
dispersive X-ray spectrometry (SEM/EDS). The morphological and elemental features were used to investigate fire residues
and to increase the discriminating effect of burnt matches. To find if there was further discrimination method, the cluster
analysis of 74 boxes of matches based on the semi-quantitative data was conducted by adopting statistical protocol of SPSS
software. The interference sources were further evaluated through a series of burning tests under different combustion
conditions.
Resulting data indicate that the morphological features of the 15 boxes of match head surfaces can be roughly categorized
into three groups: some with big pores maximal diameter over 500µm, others with maximal diameter of 200µm and still
others with diameter less than 50µm. The elements found in 15 match heads can approximately be classified two groups. In
group one, Cl and K containing major elemental compositions are always found in all match samples. S, Si and Ca may vary
in concentrations depending on the manufacturers. In group 2, Zn, Ti, Mn, Fe, and Cr elements vary in low concentration
levels in different samples. The match sticks mainly contain main contents of P, K, and Ca elements. Ti is only found in two
paper match sticks. The integration of using pore-size features, elemental profiles and semi-quantitative data of X-ray spectra
can enhance the discriminating effect by combining both SEM/EDS procedure and SPSS Hierarchical Cluster Analysis. The
elemental compositions detected in the burnt match heads are free from contamination of joss-stick, newspaper, plywood,
gasoline or kerosene. A coated film may be found in the match surface leading to an obvious interference when matches are
burnt along with plastic materials.
Keywords: arson residue analysis, time-delayed ignition device, burnt match, scanning electron microscopy/energy
dispensive X-ray spectrometry (SEM/EDS)., cluster analysis, forensic science.

Introduction
A rational firer will evaluate the feasibility of
location, time, arson accelerant, site fuel, ventilization,
and a reliable igniting method to obtain the wide–range
combustion effect and ensure the success in arson [1].
The basement which naturally serves as a hiding place is
commonly an ideal place for arson. In addition, there are
always some tools available at the basement. The trash at
the basement can be used by the firer to turn the fire into
*Corresponding author, e-mail: una030@mail.cpu.edu.tw

an accidental cause. Therefore the basement maximally
meets the firer’s requirements on arson. The simple
firing devices, small quantities of fuels and perfectly
flammable materials such as paper and plastic boxes,
can ensure least possibility of leaving the evidence at the
arson scene. Therefore, the trash piled at the basement
can be used as the point for firing, which is compliant
with the firing principle of the firer. In order to avoid
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being noticed, the majority of firers will commit arson
at the appropriate time and environment. The common
method is to spray highly ignitable accelerant before
the direct ignition. As for professional fire setters, they
will carry the appropriate accelerant in the quantities
which can pass unnoticed by others [2]. For the alibi
purpose, a time-delayed ignition device like using a book
of matches bound together with joss-stick, mosquito
incense or cigarette was often used [3, 4]. Practically, the
trace burnt matches at the fire scene are difficult to be
discriminated from wood or other fire debris
The application of scanning electron microscopy/
energy dispersive X-ray spectrometry (SEM/EDS), X-ray
fluorescence (SRF), and atomic absorption spectrometry
(AAS) has been used for the identification of matches
as physical evidences [5, 6]. A
�������������������������
recent multi-elemental
comparison with inductively coupled plasma-atomic
emission spectrometry (ICP-AES) has been developed
for the forensic discrimination of match heads in arson
cases [7]. This study is aimed at identifying the match
residue left after using the time-delayed ignition devices
with different flame accelerants and fuels. In addition,
the matches collected from various areas in Taiwan
are determined to explore the application value of
combining SEM/EDS protocol with the cluster analysis
of multivariate method [8].

Experimental

1. The accelerants, 50mL gasoline or 50mL kerosene,
were respectively filled in two 1000mL beakers.
The matches then ignited these two accelerants until
automatic extinction.
2. The time-delayed ignition device was designed by
combination of the joss-stick, the match and the
newspaper. The match was ignited by the joss-stick,
and then the newspaper was ignited until automatic
extinction.
3. The time-delayed ignition device was designed by
combination of the joss-stick, the match and the
newspaper sprayed with 50mL gasoline. The match
was ignited by the joss-stick, and then the newspaper
was ignited until automatic extinction.
4. The time-delayed ignition device was designed by
combination of the joss-stick, the match and the
plywood sprayed with 50mL gasoline. The match
was ignited by the joss-stick, and then the plywood
was ignited until automatic extinction.
5. The time-delayed ignition device was designed by
combination of the joss-stick, the match and the trash
containing newspaper and plastic bags sprayed with
50mL gasoline. The match was ignited by the jossstick, and then the trash was ignited. One minute
later, the water was sprayed to put out the flame. The
match head and stick residues were dried for 4 hours
at the temperature of 105˚C.

Materials
The 15 boxes of matches of 13 brands were
respectively collected from grocery stores and hotels
in Taipei city, Taipei county, Changhua county, Tainan
county and Kaohsiung city in Taiwan. The gasoline and
kerosene were purchased from the gas station. The YongFang Tang joss-sticks and plastic bags of polyethylene
were purchased from a grocery store. The plywood with
the thickness of 4 mm was provided by a carpenter in our
campus. The China Times newspaper was obtained from
the office. The other 74 boxes of matches were provided
by a match collector.
Simulated combustion
The matches were ignited by direct strike until the
automatic extinction and their residues were used as
standard samples in comparison. For the evaluation of
interference sources, the match residues were prepared as
following simulated combustions:

SEM/EDS Determination
To demonstrate the surface features, a JSM-5410LV
scanning electron microscope (Jeol, Japan) was used to
generate the secondary electron images of match head
and match stick. The SEM procedure was performed
with the following conditions: accelerating voltage:
20KV, tilt angle: 0°, working distance: 15mm. The
elemental analysis of the match head and match stick
was determined by a LINK ISIS energy dispersive X-ray
spectrometry (Oxford, UK) after the SEM procedure.
The X-ray spectrum was conducted with 20 KeV in EDS
procedure. The X-ray spectrum containing Mg, Al, Si,
P, S, Cl, K, Ca, Ti, Cr, Fe, Zn elements was then used
for semi-quantitative analysis through the elemental
percentage mode of the standardless approach.
Clustering Analysis
The semi-quantitative data used in statistical protocol
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were employed ten sets of elemental percentage for each
burnt head due to its heterogeneous property. The data
appearing “Outlier” and “Extreme” were eliminated, and
then the remaining data was averaged. The burnt head
of 74 samples were calculated by using the Boxplot of
the SPSS statistical chart (version 10). The classification
function under the SPSS package software went through
Hierarchical Clustering Analysis with the Squared
Euclidean Distance Method.

Results and Discussions
Morphological feature Analysis
The morphological feature on the surface of the burnt
match head varies a lot, mainly generated from the

difference in the size of the crystalline particle of the
potassium chlorate. The varied pore size on the surface
of the burnt match head depends on the crystalline
particle size. The 15 kinds of burnt match heads can be
roughly categorized into three groups based on their pore
size: some with big pores maximal diameter over 500µm
(Fig. 1), others with maximal diameter of 200µm (Fig. 2)
and still others with diameter less than 50µm (Fig. 3).
After burning, matches with different colors almost
turned out to be black. They have been obviously not
appropriate to be discriminated based on the color
features. Therefore, the pore-size feature of the burnt
match head may be used for the comparison purpose in
the first stage.
The morphological features of the burnt match sticks
made of paper materials are different from those of
the burnt match sticks made of wood. The paper-sticks
show a remarkable fiber formation shown in Fig. 4. The
wood-sticks make a remarkable contrast with papersticks. They show an obvious bunch of the neatly parallel
arranged lignin (vascular bundle) as shown in Fig. 5. This
morphological feature is underlined for discriminating
match sticks and/or fire ash.

Fig.1 An SEM micrograph of No. B burnt head.

Fig.4 An SEM micrograph of No. B burnt match stick.
Fig.2 An SEM micrograph of No. D burnt head.

Fig.5 An SEM micrograph of No. B burnt match stick.
Fig.3 An SEM micrograph of No. O burnt head.
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Elemental profile analysis
Elemental analysis of 15 strike-on-box matches
collected from Taiwan generates the resulting data shown
in Table 1. To discriminate match samples, the elements
found in match heads are divided into two groups. In
group one, two denominators, Cl and K, are always
major elements deriving from KClO3. S, Si and Ca may
vary in concentrations depending on the manufacturers
(Fig. 6). Si may originate from glass powder. Based on
the heterogeneous property of glass powder in match
head, the highest concentration of Si are sometimes

found in sample J and N. In group 2, Zn, Ti, Mn, Fe,
and Cr elements vary in low concentration levels in
different samples (Fig. 7). Ba reported by Andrasko [5]
and Cu reported by Glattstein [6] are not found in our
resulting data. None of five elements, Fe, Mn, Cr, Zn,
and Ti, can be detected in sample E, F, I, J, M, and N.
This phenomenon may show a significant difference
between matches made in Taiwan and those made in
other countries.

Fig.6 X-ray spectrum of No.F match head.

Fig.7 X-ray spectrum of No.A match head.
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Table 1 SEM/EDS analysis of 15 matches.
Sample

Color

Pore

Match heada

Match sticka

sizeb

Elemental composition

Elemental composition

Group 1
A

Brown

M

B

White

M

C

a

Deep
red

Cl＞K＞( Si, S)＞(Al, Mg)
Cl＞K＞Si＞(Na, Mg, Al, S)
＞P

Group 2
Fe＞Mn＞(Cr,
Zn)

Material
Wood

Ti

Paper

P＞K＞Ca
P＞Al＞Ti＞
Si>(K,Na)

S

Cl＞K＞S＞Ca＞(Si)＞Mg

Zn＞Ti＞Cr

Wood

P＞K＞Ca

D

Pink

S

Cl＞K＞S＞Ca＞( Al, Si)

Ti＞Zn

Wood

K＞P＞(Cl, S)

E

Pink

L

Cl＞K＞Si＞(S)

N.D.

Wood

Cl＞(K, Si)

F

Pink

S

Cl＞K＞S＞(Ca)

N.D.

Wood

K＞P＞(Cl)

G

Brown

L

Cl＞K＞( Si, S)

Fe＞Zn

Wood

K＞S＞(P, Cl)

H

Pink

S

K＞Cl＞Si＞( Al)

Zn

Wood

(S, Cl, K)

I

Brown

M

Cl＞K

N.D.

Wood

P＞K

J

Red

L

Si＞K＞Cl＞(Ca)＞( Al)

N.D.

Paper

Al＞Si＞(Ca, Ti)

K

Brown

L

Cl＞K＞(S)

Fe＞(Cr, Mn)

Wood

P＞K

L

Pink

L

Cl＞K＞Si＞S＞Ca＞(Al)

Ti

Wood

P＞K＞Ca

M

Pink

L

Cl＞K＞S＞Ca＞

N.D.

Wood

P＞K＞Ca

N

Red

L

Si＞Cl＞K＞(Mg, Al, S, Ca)

N.D.

Wood

(S, P)

O

Pink

S

Cl＞K＞Ca＞S＞(Si)

Zn, Ti

Wood

P＞K＞Ca＞(Al,
Si

The elements were selected from ten runs appearing similar patterns in X-ray spectra. The elements with high
concentration levels are listed in decreasing order of X-ray signal counts by the “＞” mark. The elements in
parentheses were found in low concentration levels and/or indistinguishable each other.

b

”L” marks pores maximal diameter over 500µm; ”M” marks pores maximal diameter of 200µm; ”S” marks pores
maximal diameter less than 50µm.
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After burning, a relatively large amount of P, K, Ca,
(or Cl) are often found in the match sticks (Fig. 8). Those
other elements, Mg, Mn, and Fe, used in match sticks
reported by Andrasko [5] appear more diversely than our

results. Ti element is only found in two paper sticks (Fig.
9). These elements form a significant characteristic for
the match identification among fire ash.

Fig.8 X-ray spectrum of No.C match stick.

Fig.9 X-ray spectrum of No.B match stick.

To be sure, using morphological and elemental
features to identify the match residues from fire ash
is practical. However, slightly different X-ray spectra
deriving from the same match head may be found
because of the uneven surface and the heterogeneous
composition. Therefore, the representative X-ray
spectrum should be selected from multiple determinations
in the same sample at different locations. In analyzing
the match head through SEM/EDS, multiple points (10
points) from the flat locations are selected to discriminate
different match residues. The SPSS Hierarchical Cluster
Analysis is adopted to classify 74 matches for evaluating
the discriminating effect. The Boxplot function under the
SPSS statistic chart function is used for eliminating the
parts of Outlier and Extreme to obtain the representative
data. The result shown in Fig. 10 reveals 12 groups for

the Euclidean Distance Value 2 and 9 groups for the
Euclidean Distance Value 3 when selecting 11 elements
for the classification. When eliminating the two major
elements, Cl and K, the result shown in Table 2 reveals 7
groups for the Euclidean Distance Value 2 and 5 groups
for the Euclidean Distance Value 3. When using other
methods selecting Mg, Al, S, Cr, Fe, Zn elements and Cl,
K, S, Ca elements for the classification, 8 and 4 groups
for the Euclidean Distance Value 2, 4 and 4 groups
for the Euclidean Distance Value 3, are respectively
obtained.
The comparison of the elemental compositions among
samples often encounters the variation problem. Through
the selection of optimal elements, the SPSS Hierarchical
Cluster Analysis is helpful to generate better classified
results for the discrimination of match heads.
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Fig.10 The result of SPSS Hierarchical Cluster Analysis of 74 matches by selecting Mg, Al, P, S, Cl, K, Ca, Ti, Cr,
Fe, Zn elements for classification.
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Table 2 The results of SPSS Hierarchical Cluster Analysis of 74 matches by selecting different elements for
classification.
Classifying
method

Selected elements

Classified results
Euclidean Distance: 2 Euclidean Distance: 3

1

Cl, K, S, Ca, Mg, Al, P, Ti,
Cr, Fe, Zn

12

9

2

Ca, Mg, Al, P, S, Ti, Cr, Fe,
Zn

7

5

3

Mg, Al, S, Cr, Fe, Zn

8

4

4

Cl, K, S, Ca

4

4

Interference analysis
The match residues derived from the time-delayed
ignition device are determined to investigate the
interferences from accelerants and other fuels. The
match is not always completely burnt out while gasoline
and kerosene are directly ignited by match. This
phenomenon indicates the flame is swiftly generated on
and above the liquid surface as the match is thrown into
the accelerant gas. But when the match is soaked in the
liquid, if sufficient, it is extinguished due to its isolation
from the air and there is still a possibility of the match
stick in its original formation. The SEM/EDS analysis
on both match head and match stick doesn’t show any
other elements from accelerants. It indicates that the
morphological feature and elemental composition of the
residue are not subjected to any interference after the
match ignites the gasoline and kerosene.
The match with joss-stick as the time-delayed ignition
device is designed to ignite a pile of newspaper to
spread fire. Because the match and its delaying device
is placed at the innermost layer of the newspaper, the
large quantities of oxygen will be quickly consumed.
Therefore, the match will be extinguished as a result of
the insufficiency of oxygen required for combustion.
On the other hand, the heat generated by the continued
combustion on the outer layer of the newspaper leads
to smoldering. The match, therefore, is not incinerated.
Instead, the dense vapor generated produces an
incomplete combustion. Some vapor will fall on the
match to form the coating, which makes the surface
lustrous. In the inner layer of the newspaper, we may
find the black, lustrous and curved match stick and the
burnt match head as shown in Fig. 11. Since the lustrous
surface can easily be distinguished from the newspaper
ash, the sampling is not a difficult effort. Additionally,

some match heads are found mutually melted. The
morphological feature of the residue surface and the
elemental composition are not subjected to interference.

Fig.11 The match with joss-stick as the time-delayed
ignition device is used to ignite newspaper.
The burnt match stick surface generates a
lustrous coating.

The match with joss-stick as the delayed combustion
device is used to ignite the newspaper and/or plywood
sprayed with gasoline. The presence of the flame
accelerator leads to the stronger fire and higher
temperature. Therefore we can also find the black,
lustrous and curved match stick and head, as well as
the melting of match heads. However, the elemental
composition is not subjected to interference either.
The match with joss stick as the delayed combustion
device is used to ignite the plastic trash sprayed with
gasoline. In time of the combustion, the plastic material
is melted under the high temperature surrounding. The
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match is placed inside the device and is enveloped a
layer of smooth plastic as shown in Fig. 12. In the SEM/
EDS analysis, only can the elements of relatively high
concentration, such as Cl, K, Ca and Fe, be detected at
the match head coating. The minor and trace elements
can not be detected because of the coating interference.
The characteristic elements of match heads and match
sticks without plastic coatings can be easily detected
without any interference.
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Fig.12 An SEM micrograph of No.B burnt match
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Conclusions
The morphological features of the burnt match
including pore diameters for match heads and fiber
formations for match sticks can be used for preliminarily
screening arson residues out of time-delayed ignition
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features of the match head and its stick is appropriate
to further identify the burnt matches from fire ash.
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accelerants has to be considered when we interpret the
X-ray spectrum. The SEM/EDS protocol assisted with
SPSS Hierarchical Cluster Analysis using multivariate
method is of great help to discriminate the match
residues.
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