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Analysis of bullets for softguns

Background
FORCE Technology received 5 bullets for softguns on the 22.08.20L3 for analysis by FTIR-ATR, TGA and
SEM-EDX. The bullets were designated:

o 16171 (reference bullet)
c L7290 (0.20 g bullet - Containing Pl-A)
. L729L (0.25 g bullet - Containing Pl-A)
. t6t78 (0.36 9 bullet - Brown)
. 16290 (0.43 g bullet - Black)

I order to avoid analysing on the grease from the mould during manufacturing of the bullets, the outer shell
was removed before analysis.

Results
FTIR-ATR
The 5 bullets were analysed with FTIR-ATR (Fourier Transform InfraRed - Attenuated Total Reflectance)
spectroscopy to identify the polymer type. The spectra are represented in enclosure 1.

Bullet no. L6L7L,16178 and 16290 consists of polystyrene (PS) - Additionally bullet no, 16178 shows an
indication of a content of polyurethane. Bullet no. 17290 and L729L both consist of polylactic acid (Pl-A) and
calcium carbonate. Fufthermore bullet no. I729I has an indication of magnesium silicate.

TGA
TGA (Thermogravimetric Analysis) was conducted on each bullet in order to perform compositional analysis
to determine the amount of polymer and fillers according to ASTM El131-08. Duplicate determinations were
performed on each bullet, The TGA curves can be seen in enclosure 2. Table 1 shows the composition of the
bullets.

Extracts from the Test Report may only be reproduced with a wr¡tten permission from
FORCE Technology. The test results only relate to the ¡tems tested.
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Table 1 - ana

The reference bullet (16171) contained 41.8 wto/o polymer. The Pl-A content in bullet no. L7290 and I729L
is 36.5 wto/o and 27.6 wto/o, respectively.

For bullet no, 16178 it is possible to determine the polyurethane and polystyrene paft, 3.5 wto/o and 11.6
wto/o, rêspêctively. Bullet no, 16290 has an indication of a small bump around 320 "C, but no weight loss is
obserued. Normally, a weight loss in the first part of the curue is representing the highly volatile matter, The
weight loss at 450 oC is probably polystyrene (10,8 wto/o), It is not possible to determine the fillers for bullet
no. 161780 and 16290 or ash for bullet no. 16290, which is caused by the high iron content, For fufther
investigation of the two bullets the ash content was determined; see Table 2.

Table2-Ashcontent

Bullet Ash content wto/o
16178 93,4+1.0
16290 100.5+0,2

The ash determination of bullet no, 16178 and 16290 gives a content of 93.4 and 100.5 o/o, which means
the bullets mainly consist of inorganic material. The ash content of bullet no. 16290 should not have
exceeded 100 o/o, which would lead to the conclusion that the bullet only consist of inorganic material.
Comparing the ash content of the two different methods of analysís, there is a difference in the amount,
which is due to the high iron content.

SEM-EDX
The chemical composition of the bullets has been determined by SEM-EDX (Scanning Electron Microscope
combine with Energy-Dispersive X-ray Spectroscopy) analysis, giving a semiquantitative elemental analysis,
All the bullets displayed inhomogeneities -The content of these inhomogeneities were also determined by
SEM-EDX. Table 3 shows the chemical composition of the inhomogeneities in the bullets" The full SEM-EDX
repoft for each bullet can be seen in enclosure 3.

Bullet Component o/o mass loss
Polvmer 41.8+0.1
Fillers 0.6*0.0L6t7t
Ash 57.6+0.1
Polvmer 36.5+0.0
Fillers 27.4+0.0
Ash 36,1+0.0

17290

Polvmer 27.610.0
Fillers to.7+0.41729r
Ash 6L.7r0,4
Polyurethane 3.5+0.2
PolvsWrene 11.6+0.516178
Ash 84.9+0.7
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Table 3 - Chemical of

Based on the SEM-EDX analysis and within the detection limit of the method the bullets do not contain any
heavy metals. Bullet no. 17290 and I729I is comparable, even though bullet no. 17291, contains compounds
of strontium, sulphur and barium besides carbon, oxygen and calcium. Bullet no. 16178 and 16290 contains
80.6 and 79.1 weight o/o iron, respectively, which is responsible for the weight of the bullets. Besides the
iron content the bullets contain compounds of carbon, silicium and barium. Fufthermore, these bullets were
highly magnetic, both before and after the ash determination, caused by the high iron content.

Conclusion
Bullet no. L7290 and L729L consist of polylactic acid, with a content of 36,5 wto/o and 27.6 wto/o,

respectively, Bullet no, 16171, 16178 and 16290 consist of polystyrene. Furthermore bullet no, 16178 has an
indication of polyurethane, Bullet no. 16178 and 16290 do not contain any heavy metals, within the
detection limit. The weight of the bullets is caused by the high iron content. It is possible that the high
content of iron has affected the different analysis,

FORCE Technology

Daniela Bach
Polymer Specialist
Chemistry and Plastics

Polymer Special¡st
Chemistry and Plastics

Bullet Comoonent Wto/o
c 2t.9
o 18.0
Sr 02.4
S 10.6

!6T7L

Ba 47.0
c 23.7
o 35.817290
Ca 40.5
c 16,6
o L7.5
Sr 00.9
S 11.1
Ca 00.s

''729L

Ba 53.4
c L7.7
S¡ 00.8
Mn 00.9

16178

Fe 80.6
c 19.5
Si 00,6
Mn 00.8

16290

Fe 79.L
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Case: 113-28655, enclosure 1
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Case: 113-28655, enclosure 1
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Enclosure 2

113-28655 lD: 16171 A 03.09.2013 14:2:37

Sample wdght 11,34ñ) mg

Step 41,8æ2oto
-4,749 mg
415,47 oC

411,56 oC
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619,28 oC

608,12 oC
Inflecl Pt.

Midpoint

100
I

200
l.

300
I

400 500 600 700 800 900 1000 800 6cÐ ¿100 200 0c
I l f f r fr r r r I f r r r l r r r r l r r r r l r r r l l r r r r l

0 10 20 30 40 1æ 130 140min50 @ 70 80 90 1æ 110

FORCE Technology : Kemi & Plast STA SW 12.00
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Enclosure 2

I 13-28655 lD: 16171 B 03.09.2013 14:23:32

Sampþ weþhï 11,138f1 rng
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-4,61190 mg
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Enclosure 2

113-28655 lD: ,,17290 A 03.09.2013 14:24:.46

Sample ¡Yek¡hts 11,921Ð mg
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Enclosure 2

1 13-28655 lD: 17290 B 03.09.2013 14:25:36

Sample weigl¡t ll,7220 mg

Step -36,50æ %
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Enclosure 2

113-28655 lD: 17291 A 03.09.2013 14:26:28
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Enclosure 2

1 13-28655 lD: 17291 B 03.09.2013 14:27:15

Samfle weighü tl,2840 mg
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Enclosure 2

I 13-28655 lD: 16178 A 03.09.2013 1 4:28:32

Samde weffi: 5,6270 mg
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Enclosure 2

1 13-28655 lD: 16178 B 03.09.2013 1 4:29:29

Sample weight 5,2860 mg
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Enclosure 2

I 13-28655 lD: 16290 A 03.09.2013 14:fi:23
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Enclosure 2

113-28655 lD:16290 B 03.09.2013 14:31:02

Sample weight 5,0561 mg
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Sags nr: 13-28655 MLMAÆJ

l6l7t indeslutning

Klr:2â.U |TLÎ: 0'N TAKE-OEF:35'05 AMPT:50.0 DEîEAOÈTWE
:SWV-SAPPIIIßE RESOLUTION : I 3L50

28-Aug-2013

EDAX ZAF SAANflFIAITION STA"IIDARDLEß!' SEC

TASLE: DEFAALT

CE
I

3r

21.97 s0.04Cß
18.01 30.80OK
02,39 00.75S¡L
10.60 09.05SK
47.02 09.37BaL

l:l¿ntattl )l Í ",, ll ",,

Den energidispersive røntgen analyse er en seml'

kvantitativ grundstofbestemmelse'
Ræultatemã skalfølgellg tages med dete forbehold.

Ma rkussen / Tholtarf?nlrrrcn

Kemisk Analyse_ -

lPia



Enclosure 3

Sags nr: 113-28655

17290 indeslutning:

MLMA/PJ CE

28-Aug-2013

37.8423.74CK
35.78 42.82OK
40.48 19.34CøK

I.lciltattÍ ll l ",, ll (',,

o

lrcY

ì(l I ü(ì ìr l'i t,tttl 0 k\/ ß51: I/2(J0 tol t\

EDAX ZAF QUANTIFIC¿TION STANDAßI'LESS SEC
TABLE: DEFAULT

Klt:22.M TILT: AM TAKß4FF:i506 AtrIPT:IHIO DETECTON
|ÍPE :SIlTll¡-9ÀPPHInE RESOLUTION : I 12.i0

Den energidisp€rsive røntgen analyse er en seml-

lo¡antltativ grund*ofbestemmelse'
Resultaterne skalfulgellg tages med dette forbehold. Jacob
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Sags nr: 113-28655 MLMA/PJ

17291indeslutning:

KJt:20,00 TILT AM îAKÈOFF:3111 A"lvIPf:Í0,0 DETECTORTYPE

:SI|TIÍ'SAPPIII&E RESOLUTION : 130.50

28-Aug-2013

EDÆ( ZA F QVÅNTIÍICJITION 9TANDARDLESÍ; SEC

TAELE: DEF¿4ULT

Kemisk Analyse
Den energidispersive røntgen analyse er en semi-

kvantitatlv g rundstofrestemmelse.
Resulbterne skal følgelig tages med dette forbehold'
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t6.56 42.68cß
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Sags nr: f13-28655 MLMA/PJ

16178 indeslutning:
28-Aug-2013

EDAX ZAF QUANTIFICATTON STANDARDLE"9S SEC
TABLE : DEFAULT

KY:20.00 TILI: 0.00 TAKE-OFI":35'30 AMPT:50.0 DETEC|ORTYPE
:SIJTW^}A PPIIIßE RESOLWION : I J0.50

CE
,itlllll)Lrr( I

fc

ÍG

c
ltr

t7.68 49.73CK
00.9400.78Srf(

00.97 00.60MnK
48.7380.57FeK

Llcmettl ll'l'1,, .'11 t'n

;tDen energldlspersive røntgen analyse er en semi-

loantitat¡v grundstofbestemmelse,
Resultaterne skal følgelig tages med dette forbehold. B.M



Enclosure 3

Sags nr: 113-28655 MLMfuPJ

16290: indeslutning

KV:20.M TILT:0'00 TAKE OFF:35'00 AMPT:50'0 DETECTORTYPE

:S (JTlf-SA PPHIRE RESOLUTION : 130-50

28-Aug-2013

EDAX ZÀ F SUANTIFICATION STANDARDLESS SEC

TABLE: DEFAULT

Kemisk AnalYse

¿ oi\"nr"n , (.

HIFORCEEÉ'¡@

Den energidispers¡ve røntgen analyse er en semi-

kvantitativ g rundstofbestemmelse.
Resullaterne skal følgellg tages med dette forbehold'
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19.49CK
00.60

52.77
00.69SrK
00.47MnK
46.07FeK

00.79
79.12
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Markussen / TtTõnÎFf'ru€r¡¡rt


