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Abstract: High quality laser markings can be easily produced on surfaces of poly(butylene terephthalate)
(PBT) by simple dispersing stannic oxide (SnQ,) in PBT melt, and followed by a laser irradiation proce-
dure in order to improve the laser marking performance of PBT. Compared with the pure PBT sample, the
PBT/SnO, samples after the beam-controlled laser irradiation showed higher marking contrast and edge a-
cuity, depending on the SnO, loading content and laser power in terms of the visual observations and mi-
croscope analysis. In addition, the marking quality and readability of the laser markings for the industrial
use as the two-dimensional quick response (QR) codes were tested for the PBT/SnO, material under vari-
ous laser power condition. The laser irradiated material surfaces were characterized by using SEM, XRD,
Raman spectroscopy, TGA and DSC. The results indicated that the formation of the black-colored marks
on sample surfaces was due to the laser absorption at the irradiation wavelength of 1 064 nm by the SnO,
particles and localized heating of the surrounding PBT chains, leading to the generation of the amorphous
black carbonized materials without changing the crystal structures of SnQO,.
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In modern industry, various markings such as
numbers, characters, and symbols on products are
mostly made using conventional techniques, such
as ink marking and screen printing. Laser marking
as an attractive technique for the recognition, iden-
tification, and decoration of products made from
the polymers, ceramics and metals, providing val-
uable information including production dates, ex-
piration dates, company logos and serial numbers
on these material surfaces, is gaining widespread

interest™'™

. The exposure of various materials to
the laser beam can induce physical and/or chemical
changes, leading to permanent and high contrast

7, and nanostructures™ on

marks, micropatterns’
the material surface without using expensive con-
sumable ink/solvents or post-curing'™. In recent
years, laser marking has been well established in-
dustrial laser application duo to its short
fabrication cycle, high processing precision, flexi-
bility, contact-free treatment, and ecological
friendliness'™ . In addition, laser induced markings
are durable, since they are within materials and
have a penetration depth ranging from micrometer
to millimeter order. In fact, as the use of laser
marking technique becomes more widespread in
numerous industries including food package, auto-
motive industry, appliances, and electronics, for
marking specific plastic parts and components,
there is a growing need to obtain a deep under-
with different

standing of laser interaction

materials and to develop the laser marking materi-
alst,

Concerning laser marking in polymers, poly
(ethyleneterephthalate ) (PET ), polycarbonate
(PC), and polystyrene (PSt) can produce the
black-colored marks after laser irradiation due to
their high char residue and feature of easy carboni-
zation at the high temperature®®. However, these
marks made on surfaces are usually of low quality
and do not seem to be suitable and promising for

black, high

dimensional machine-readable markings such as

the deep contrast, and two-

doi: 10. 3969/j. issn. 2095-0411. 2016. 05. 002

data matrix and quick response (QR) codes. Other

polymer materials such as high density
polyethylene ( HDPE) and polypropylene (PP)
without adding laser sensitive pigments are not in-
trinsically sensitive to the laser beam or undergo
hardly chemical and physical changes after laser ir-
radiation*?,

To improve greatly the capability of these pol-
ymers for laser marking,the polymer can be modi-
fied with the laser sensitive components including

U and pigments by physical and chemical

dyes
methods. Consequently, the development of the
appropriate additives and laser markable plastics is
ongoing research. The laser-sensitive pigments?
such as mica, bismuth oxide (Bi,O,) and titanium
dioxide (TiO,) having ability to absorb laser
energy and to induce chemical/physical changes are
incorporated within the polymer matrix to improve
the laser-marking performance, and produce well-
defined and damage-free surface marksH* '™,

Polybutylene terephthalate (PBT), an impor-
tant engineering thermoplastic material, has
played an important role in automotive, electronics
appliances and precision instrument parts. The
laser marking of PBT without adding laser
sensitive pigments should be performed at a rela-
tively high laser power, and the laser marking on
the PBT surface obtained cannot be satisfying be-
cause the laser induced carbonization of PBT
cannot be well-controlled, and the foaming can be
generated easily, resulting in a poor laser marking
quality including discontinuous lines, low contrast
and sharpness of the mark.

In the present work, the SnO, particles of a-
bout 0.25pum were chosen to improve the laser
marking performance of PBT. The used SnO, par-
ticles with particle size larger than the reported
values of 6-8nm can absorb more laser energy, lo-
cally heat up and carbonize the surrounding
polymer chains dramatically, which are probably
equivalent to the core-shell particles obtained by

the complicated modification of inorganic pigments
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with polymers of high char residue. The PBT/
SnO, materials were prepared by direct dispersing
SnO;in PBT melt, and then marked by scanning
with a controlled neodymium-doped yttrium alumi-
num garnet (Nd: YAG) pulsed laser beam at a
wavelength of 1 064 nm in air. The laser induced
markings of the PBT/SnO, materials and their
suitability for the industrial use as the two-dimen-
sional QR codes were studied under various
marking conditions. The laser induced blackening
of the PBT/SnO,
investigated by using scanning electron microscopy
(SEM), X-ray Diffraction (XRD), Raman spec-

material  surfaces was

troscopy, thermogravimetry analysis (TGA), and

differential scanning calorimetry (DSC).

1 Experimental Section

1.1 Chemicals and Materials

Polybutylene terephthalate (PBT, 1100 A)
with a melt flow index of 32.05g/10min (250°C/
2.16kg) was supplied by Nantong Xingchen Syn-
thetic Material Co., Ltd, China. Analytical grade
stannic oxide (SnQ0,) was obtained from the
Tianjin-Fuchen Chemical Reagent Company,
China. The average particle size of the SnO, parti-

cles was determined to be 249+ 73nm.

1.2 Preparation of PBT/SnO, sheet samples

PBTwas dried in a ventilation oven at 120°C
for 4h to remove water prior to use. The SnQ, par-
ticles were mixed with PBT at a preset proportion
in a high speed mixer. Mixtures of PBT and SnO,
were obtained by mixing SnO,in PBT melt in a
twin-screw extruder (CTE-35, Nanjing Machinery
Co., Ltd, China) with a screw speed of 200r/min,
feeding frequency of 4.0Hz and temperature

240°C. The

extrudate was cooled in a water bath at room tem-

profile ranging from 200°C to
perature, dried., and granulated by pelletizer. The
sheet samples for laser marking were injection
molded by a plastics injection molding machine

(CJ150, Zhende Plastic Machinery Co., Ltd, Chi-

na). A series of PBT/SnO, sheet samples were
prepared and the loading mass contents of SnO,
added to PBT were set to be 0, 1.0%, 2.0% . and
3.0%, respectively. The sheet samples obtained
were labeled with the code ‘PBT/SnO,- SnO, con-
tent’ (i.e. ‘PBT/Sn0,-2. 0%’ refers to PBT/SnO,

materials containing 2. 0% SnO,).

1.3 Instrumental and Characterization

Laser-marking experiments on the sheet sam-
ples were performed on a beam-controlled Nd:
YAG laser-marking machine ( KDD-50, Suzhou
KiTe laser technology, China) at a wavelength of
1 064 nm. The focal length and spot size of the
laser beam were 219mm and 100pum, respectively.
The laser sweep speed was set as 450mm/s and the
pulse repetition frequency was 4. 0kHz. The laser
beam was controlled by the software installed on
the computer to design and create various marking
symbols, and tune the laser parameters including
laser power and laser scanning speed. The QR code
mark was laser processed in a square area with side
length of 2cm area., encoding the website of Chan-
gzhou University Chttp://www.cczu.edu.cn). The
free QR code reader app installed on a smart phone
was used to assess the readability of the QR codes
marked on the samples at different laser powers.

The XRD patterns were characterized by a
powder diffractometer (RINT2000, Rigaku) using
Cu K, X-rays with a wavelength of 0. 154nm as the
radiation source. The samples were characterized in
a 20 range from 5° to 70° at a scanning rate of
0. 02° per second.

The Raman spectra of the PBT/SnO, sample
surfaces before and after laser marking were col-
lected on a DXR laser Raman spectrometer
(Thermo Science and Technology Company) with
a laser wavelength of 780nm, a laser power of
7mW and a slit width of 50pm.

Thermogravimetric analysis was carried out
on 8mg samples using a NETZSCH-TG 209 F1
( NETZSCH, Germany)
20°C /min from 30 to 700°C under oxygen flow.

thermogravimeter at

Thermal analysis was performed on a differen-
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tial scanning calorimeter (Pyris8500,PerkinElmer,
United States) in a nitrogen atmosphere and the
gas flow rate was 20mL/min. The mass of samples
ranging from 3mg to 6mg were used. The samples
were first heated at a rate of 20°C /min from 10°C
to 260°C , and remained at 260°C for 3min to erase
thermal history. Then the sheet samples were
cooled down at a rate of 20°C/min to 10°C, and
subsequently held at 10°C for 3min. Finally, DSC
thermograms and the thermal parameters were ob-
tained when the samples were heated back to
260°C at a rate of 20°C/min, and remained at
260°C for 3min.

The morphology and structures of the surfaces
andcross-sections of the samples before and after
laser irradiation were observed wusing a
metalloscope ( ECLIPSE-LV150N, Nikon). SEM
micrographs of SnQ, particles, and surfaces of
sheet samples before and after laser marking were
recorded on a scanning electron microscope
(JEOL, JSM-6360LA) at an acceleration voltage
of 15kV. A thin gold layer was deposited on the

sample surface before SEM observation.

2 Results and discussion

2.1 Analysis of visual appearance of mark-

ings

A series of PBT/Sn0, sheet samples were
prepared by a facile method, which involved the di-
rect dispersing different amounts of SnO, into PBT
melt, and followed injection molding into sheets.
Figure 1 shows visual appearance of markings in-
cluding the laser power values employed, circles,
and solid circles on the surfaces of PBT and PBT/
SnO, (i.e. 1.0%, 2.0% and 3.0%) sheet samples
after laser irradiation at different laser powers.
Only slight surface change, vague characters and
numbers were observed in the graph of the laser
marked PBT sample obtained at low laser powers
of 16. 0W and 21. 0W (see Fig. 1(a)). With the la-
ser power increasing to 26.0W and 31.0W, the
increasingly visible.

markings were becoming

However, low sharpness and contrast of the mark-

ings make PBT not suitable for commercial and in-
dustrial applications. After blending PBT with dif-
ferent amounts of SnO, additives, the black
symbols and characters marked on PBT/SnO,
sheet samples appeared in Figure 1(b), 1(c¢) and 1
(d), of which marking quality depending on the
loading content of SnO, and laser powers. The
marking resolution and contrast are enhanced with
the SnO, loading content increasing from 1% and
3%. This result indicated that the addition of laser
sensitive Sn(Q; particles can lead to high contrast
marking of PBT at lower power, which is more ef-
fective and promising than the method of only in-

creasing the laser power.

(a) PBT (b) PBT/SnO, () PBT/SnO,  (d) PBT/SnO,
-1.0% 2.0% -3.0%

Fig.1 Visual appearance of markings on the surfaces of

sheet samples after laser irradiation

The QR codeas one type of two-dimensional
barcode has been widely used for tracking and i-
dentification of products due to its fast readability
and high storage capacity compared with the con-
ventional barcodes. In order to examine the laser
marking effect of pure PBT and PBT/SnO, materi-
als and the suitability of these markings for the in-
dustrial use, the two-dimensional machine-
readable QR code symbols were marked and
studied for the PBT and PBT/Sn0,-2.0% sheet
samples. From the appearance of the QR codes on
the surfaces of the PBT and PBT/SnO,-2.0%
sheet samples in Figure 2, it was found that the
addition of SnO, and the laser powers contributed
to the marking contrast and quality. Deep
blackness and high edge acuity of the QR code
markings on the PBT/SnQO,-2. 0% material surface
were obtained at the laser power of 21.0W. At
laser power larger than 21. 0OW, the reduced mark-
ing contrast and the rough surfaces were obtained
for the composite sample due to the generation of
white spots on surfaces accompanying the high de-

gree of carbonization of the PBT polymer chains.
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The white spots and rough surfaces were from
foam generation during the decomposition reaction
at high temperature and changes in the refractive
index of the laser-marked layer under high laser
power condition. Note that QR codes in this exper-
iment were created to link to the website of Chang-
zhou University Chttp://www. cczu. edu. cn). QR
code symbols on PBT marked at 31. 0OW and PBT/
Sn0,-2.0% sample marked at 16.0W cannot be
recognized by the free QR code reader app installed
on a smartphone due to their low marking quality
and contrast. On the contrary, high contrast QR
codes marked on the PBT/Sn0,-2. 0% sheet sam-
ples at 21. OW and 26. OW can be quickly and easily
read by the same QR code reader app, and the web
browser can be launched to the designated website
Therefore,  the

suitability of these markings for the industrial use

of Changzhou  University.

as the two-dimensional machine-readable patterns

has been confirmed.

(c) PBT/SnO,
-2.0%-21.0

(a) PBT

(d) PBT/Sn0,

(b) PBT/Sn0,
-16.0 2.0%-26.0

Fig.2 Laser induced QR codes on surfaces of samples

2.2 Analysis of metalloscope images

A metalloscope was employed to characterize
the surfaces and cross-sections of the laser-marked
PBT/Sn0,-2.0% and PBT/Sn0,-3.0%
samples at a laser power of 21.0W. As shown in
Figure 3, the surface of the PBT/Sn0,-2. 0% sam-

ple is relatively even after the laser-induced

sheet

thermal chemical reactions, and the laser-marked
area, which is much darker than the light-colored
PBT substrate, exhibits high marking contrast.
The depth of the mark on the PBT/Sn0,-2.0%
sample after laser marking was about 172. 83pm.
However, from Figures 3 (b) and 3 (d), the
surface of the PBT/Sn0,-3.0% sample became
rather rough and seemed over-burnt, and the

whole black carbonized layer has a thickness of a-

bout 306.53pum, which is 81.59pm thicker than
the unmarked area. Compared with PBT/SnO,-
2.0% sample, the uneven and over-burnt area on
the PBT/Sn0,-3. 0% surface was due to more vig-
orous thermal-chemical reactions caused by more
laser energy absorption of more SnO, particles per
unit area of the composites, leading to the
damaged PBT interface and low marking quality.
In addition, the marking on the PBT/Sn0,-3. 0%
sample marked at a laser power of 21 W is suscepti-
ble to wear and has poor durability, which is not

suitable for industrial use.

laser marked area

laser marked area

i "
17283 pm Z
224.94 pm

500pm 500pm

(h)PBT/Sn0,-3.0%

(a)PBT/Sn0,-2.0%

laser marked area
laser marked area

¢)PBT/Sn0,-2.0% d)PBT/Sn0-3.0%
2 2

Fig.3 Metallographic images of surface and cross section
samples after laser marking at a laser power

of 21. 0W

2.3 Analysis of SEM images

Compared withoptical microscopy measure-
ments, SEM examination can elucidate the changes
in structures and morphologies of much smaller ar-
eas. Figure 4 shows the SEM images of the cross-
sectional morphologies of PBT and PBT/SnO,-
2. 0% samples before and after laser treatment. As
shown in Figure 4(a) and 4(b), the SEM images
demonstrated an obvious dispersion of SnO,in the
continuous PBT matrix for the PBT/Sn0,-2. 0%
sample before laser treatment. After the laser
marking at a laser power of 21.0W, the PBT/
Sn0;-2. 0% sample showed a relatively flat and
indicating the localized

damage-free surface,
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heating by laser minimizing the thermal deforma-
tion. All the results for PBT and PBT/Sn0O, sam-
ples confirm that the addition of laser sensitive
SnO, enables high contrast laser marking and dam-

age-free surfaces of PBT after laser irradiation.

15k

PC-SEM

(d) PBT/Sn0,-2.0%

(c) PBT

Fig.4 The SEM cross-sectional

morphologies of PBT and PBT/Sn0,-2.0%

images of the

samples before and after laser treatment

2.4 Analysis of XRD patterns

To further explore the mechanism for the con-
trast of markings, the crystal structure and
thermal properties of laser marked PBT/SnQO, sur-
face material were investigated. The PBT/SnO,-
2.0% sample was chosen for further characteriza-
tion. Figure 5 shows the X-ray patterns of PBT/
Sn0,-2. 0% materials
marking at laser powers of 16. 0OW and 21. 0OW. As

before and after laser

illustrated in Figure 5, several main reflections of
the unmarked sample located at 20 = 15.8° —
25.1° and 20 = 26.5° — 27.6°, 33.6°, 37.8°,
51.7°, 64.6°—65.8° are belonging to the charac-
teristic features of PBT and SnO,, respectively.
Compared with the unmarked sample, there are no
new peaks observed in the X-ray patterns of the la-
ser-marked PBT/Sn0,-2.0%
powers of 16.0W and 21.0W. Oujja et al-'*

revealed that the pigment vermilion was discolored

samples at laser

due to the change of crystalline phase when irradia-

ted using laser pulse at 1064nm. However, this re-

sult shows that the crystal form of the marked sur-
face material has not been changed, indicating that
the generation of black-colored mark is attributed
to the amorphous carbonized PBT material. During
the process of laser marking, it can be also conclu-
ded that the function of SnQ, is to absorb laser en-
ergy and to heat the surrounding polymer chains
while the crystal structure of SnO, remains un-

changed.

unmarked PBT/SnO,

M laser marked PBT/Sn0,-16.0
laser marked PBT/Sn0,-21.0
_..M \ W
30

1 1 1
10 20 40 50 60 70
2000)

Fig.5 XRD patterns of PBT/Sn0,-2.0% material

samples before and after laser marking

2.5 Analysis of Raman spectra

Raman spectroscopy is adopted to confirm the
structure and composition of the amorphous carbon
materials probably formed during the laser
marking. It is reported in the literature that a
broad diffusion band assigned to the characteristic
band of amorphous carbon is present at about
1 580cm M, Raman spectra of the unmarked and
marked PBT/SnO,-2. 0% material samples at laser
powers 16. 0W and 21. OW are displayed in Figure
6. The characteristic band of amorphous carbon
was not observed for the unmarked sample due to
the simple mixing of PBT with SnO, prior to laser
marking. On the contrary, a broad diffusion band
in the range from 1 000 to 2 000cm ' appeared in
the Raman spectra of the laser-marked PBT/SnO,-
2. 0% materials, which is assigned to amorphous
carbon. In addition, a high laser power can lead to
an increased intensity of the amorphous carbon

band due to the laser-enhanced carbonization.

These results are in good agreement with the
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Raman data reported by Zhong et al in which the
laser marked TPU/Bi, O, materials showed the
similar band of the amorphous carbon in the same
range from 1 000 to 2 000cm ™ M1, The intensity of
four bands at around 1614 cm™', 1717 cm ',
1453cm ', and 1 278cm ', which were present in
the spectrum of unmarked sample. was found to
decrease in the spectra of laser-marked samples.
This can be explained that absorption of laser light
energy by SnQ, particles leads to thermal decom-
position (pyrolysis) of the PBT chains surrounding
the overheated particles. PBT chains in PBT/
Sn0O;-2. 0% material partially underwent pyrolysis
and carbonization, and the main characteristic
peaks of PBT chains still existed after laser mark-
ing. Nevertheless, the intensity of characteristic
PBT peaks greatly decreased due to the formation
of the amorphous carbonized material. Therefore,
the formation of the distinct black marking on the
PBT/SnO, surface after laser irradiation was due

to the local carbonization via PBT pyrolysis.

1—O0W

Raman Intensity/a.u.

500 1 000 1500 2 000 2500

Raman shift/em™

Fig.6 Raman spectra of the PBT/SnO,-2. 0% material

samples before and after laser marking

2.6 Analysis of TGA curves

To verify the laser induced pyrolysis of the
PBT chains, the TGA curves (Figure 7) of the
PBT/Sn0,-2. 0%

oxygen before and after laser marking at laser

samples were measured in
powers of 16.0 and 21. 0W. Table 1 summarizes
the characteristic TGA results of the PBT/SnQ,-
2.0% material samples before and after laser

marking. The unmarked PBT/Sn0,-2. 0% sample

showed the five percent weight loss (54 ) and ten
percent weight loss (z,,4 ) at about 321.6°C and
341. 8°C, respectively. However, t;4 and z,y of
the PBT/Sn0,-2. 0% sample marked at a laser
power of 16.0 W were found to be 315.8°C and
336. 7°C. With increasing the laser power from
16. 0W to 21.0W, the laser-marked samples had
lower #5¢ and 0% values of 309.9°C and 331.9°C.
The t5 and ¢, of unmarked materials were slight
higher than those of the laser-marked materials.
Besides, the unmarked PBT/Sn0,-2.0% sample
showed the first degradation peak (#,.q) at ap-
proximately 397.3°C, which is higher than .
values of 396. 6°C and 395. 2°C of the laser marked
samples. This result shows that the thermal stabil-
ity of the PBT/Sn0,-2.0% material after laser
marking decreased, which is attributed to the py-
rolysis of surface PBT chains induced by laser irra-
diation, thus decreasing both the onset and the
maximum weight loss temperatures of the compos-
ites. It can be also concluded that the higher laser
power leads to more vigorous thermal degradation
of PBT chains.

Table 1  Characteristic TGA data of the PBT/Sn0,-2.0%
material samples before and after laser marking
Samples tsy/C tiy/C tmaxt /C
PBT/Sn0,-2. 0% 321.6 341.8 397.3
PBT/Sn0:-2. 0%-16. 0 315.8 336. 7 396. 6
PBT/Sn0,-2. 0%-21. 0 309.9 331.9 395.2
100 B .~ unmarked sample 4
80+ X~ laser marked sample-16.0
& laser marked
= sample-21.0
%
Z 60 -
= 40t
'i%
s
20 +
O L

1 1 1 1 1 1 J
200 250 300 350 400 450 500 550
Temperature/C

Fig. 7 TGA curves of the PBT/Sn0,-2.0% samples

before and after laser marking
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2.7 Analysis of DSC thermograms

DSC thermograms and the thermal parameters
of the PBT/Sn0,-2. 0% material samples before
and after laser marking at laser powers of 16.0W
and 21. OW are shown in Figure 8 and Table 2, re-
spectively. In Figure 8, the unmarked PBT/SnO,-
2. 0% sample shows one single melting peak at a-
round 224. 9°C , which is assigned to the character-
istic feature of PBT crystalline structure.
Compared with the unmarked sample, the PBT/
Sn0,-2. 0% material samples marked at 16.0W
show the double melting peaks at approximately
217.7°C and 224.2°C. The new peak at lower
melting temperature (¢,,) should be attributed to
the formation of crystal grains of lower molecular
weight PBT produced during the pyrolysis induced
by laser marking. The same double melting peaks
were also found in the thermograms of PBT/SnQO,-
2. 0% sample laser marked at 21. 0OW. Roland et al.
studied the thermal marking of amorphous PET
film by a CO, laser, and the crystallization and
melting of PET were observed during the heating
process induced by laser irradiation, depending on
the intensity of the laser radiation'?. As shown in
Table 2, the enthalpy of melting (AH ;) of the un-
marked PBT/Sn0,-2.0% material

higher than those of the laser marked ones. Fur-

samples is

thermore, with increasing the laser power from
16.0W to 21.0W, the AH, of PBT/Sn0,-2.0%
material sample was reduced slightly from 46 to
45]/g. Because the polymer chains experiencing
degradation in PBT/SnQ, materials was accounting
for a relatively small proportion during the laser
marking., so the variation in this value is not too
high. This result illustrates that the crystallinity of
the PBT/Sn0,-2. 0% material is decreased after
which is attributed to the
surface PBT

laser irradiation,

pyrolysis of chains, and more

vigorous pyrolysis occurs at the higher laser power.

The DSC
explanations regarding the pyrolysis of PBT chains

results  further confirmed the

induced by laser irradiation that were established

by optical microscopys SEM, Raman

spectroscopy, and TGA. Therefore, a mechanism
for the laser-induced marking of PBT/SnO, mate-
rials can be proposed. The SnQ; particles dispersed
in the PBT matrix can absorb laser energy and heat
the surrounding PBT matrix. leading to the local
and hence the

carbonization of polymers,

generation of black-colored marks on the surface.

|t
|

Laser marked sample-21.0

Laser marked sample-16.0

Heat flow

Unmarked sample

50 100 150 200 250

Temperature/°C

Fig.8 DSC thermograms of the PBT/Sn0,-2. 0% samples

before and after laser marking

Table 2 Thermal parameters of the PBT/SnO,-2. 0%
material samples before and after laser marking
Samples tm/C tmz/C AH, /(J/®
PBT/Sn0,-2. 0% — 224.9 57.1
PBT/Sn0,-2. 0%-16. 0 217.7 224.2 46.0
PBT/Sn0;-2. 0%-21. 0 218. 2 224.6 45.0
3 Conclusions
Optical microscopy, SEM, XRD, Raman

spectroscopys TGA, and DSC demonstrated that
the high contrast markings including two-dimen-
sional machine-readable codes can be easily
produced on surfaces of PBT by simple mixing
with SnQ,, and followed by a laser irradiation pro-
cedure. The laser marking of pure PBT requires a
high laser power, leading to low quality marks
with low edge-sharpness and high roughness. PBT
with the addition of SnO, as a laser sensitive com-
ponent can achieve high-quality marks on its sur-
face, of which marking contrast and visual appear-
ance are dependent on the SnQO, loading amount
power. The high

and laser contrast two-

dimensional machine-readable codes can be
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produced on the surface of the PBT/SnO, material
samples added with 2% SnO, and marked at a laser
power of 21. OW. The absorption of laser light en-
ergy by the SnO, particles leads to thermal decom-
position (pyrolysis) of the PBT chains surrounding
the overheated particles. The formation of distinct
black marking on the PBT/SnQO, material surface
after laser irradiation was due to the local carboni-
zation via PBT pyrolysis without changing the
crystal structures of SnO,. The facile preparation
of laser marking PBT/SnO, materials and the easy
marking of high contrast two-dimensional machine-
readable marks on their surfaces are promising for
the identification and decoration purpose of PBT

products.
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