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Solid Product Gaseous Product 
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 : Wallace, J." Chemical aspects of firearms ammunition." AFTE J, 22 ,4(1990) : 364-389 
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 anion exchange column  quaternary amine  tetranary amine
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3.

3.1  3 

    3.1.1  (Pistol) 

 16 

 12 

    4 

3.1.1.1 (Revolver)

 5-9  Smith & Wesson, 

Colt, Llama, Astra 

3.1.1.2  (Automatic) 

 magazine  7-14 

 Colt (U.S.ARMY) , Browning, Walther, Smith & Wesson, HK., Baretta 

3.1.1.3  ( )

 ( )

 1  ( )

 ( .)

3.1.1.4

 3 

3.1.2  (Rifle)  40 

 (Muzzle Loading Gun) 

3.1.3
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3.2

         

 2 

3.2.1

 ( )

 (Caliber) 

Land

Groove

 2 (Caliber) 

 : , “ ,”

, 2520. ( )

  3.2.2 

 (Pellet)
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 choke 

3.2.2.1 True cylinder choke 

3.2.2.2 Half cylinder choke 

         3.2.2.3   Full choke 

 Full choke 

 choke  ¾ choke, ¼ choke 

 Gauge 

 (

)

 3 
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 3 

 : , “ ,”

, 2542. ( )

3.3

3.3.1  (Bullet)

 2

 .22 
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 0.0002 

     4 

3.3.1.1  (Round Nose) 

3.3.1.2  (Wadcutter) 

3.3.1.3  (Semi – Wadcutter) 

3.3.1.4  (Hollow Point) 

 4 

 : ,“ ,”

, 2542. ( )
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3.3.2  (Cartridge case)

    3 

   3.3.2.1   

3.3.2.2

   3.3.2.3 

 5  3 

 : ,“ ,”

, 2542. ( )

 5 

1.  (Rimmed) 

2.  (Semi-rimmed)  
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3.  (Rimless) 

4.  (Rebated) 

5.  (Belted) 

 6  5 

 : , “ ,”

, 2520. ( )

3.3.3  (Primer or Cap) 

 2 

3.3.3.1  (Center fire primer) 

3.3.3.2  (Rim fire 

primer)  .22 Short, .22 

Long Rifle, .22 Magnum 
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 7 

 : , “ ,”

, 2520. ( )

3.4

(Gun powder)

 3 

3.4.1  (Black Powder)  (Potassium Nitrate / 

Salt Peter)  (Charcoal)  (Sulphur)  3 

 3 
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 75%,  15%,  10%  

. . 1860  T.J. Rodman 

 500 F

 4  Fg, FFg, FFFg  FFFFg   4-F 

 Potassium Carbonate, Potassium Sulfate 

Potassium Sulfide 

3.4.2  (Pyrodex) 

 Potassium Perchlorate (KClO4), Sodium Benzoate Dicyandianide (1-Cyanoguanidine) 

 Dextrine, Wax  Graphite 

Pyrodex  3 

3.4.2.1  CTG 

3.4.2.2 RS

3.4.2.3   P  ( )

Pyrodex

3.4.3 Smokeless Powder ( )

 Cotton  Cellulose Fiber  Nitric  Sulfuric 

 Nitrocellulose  Cellulose Nitrate 

 Nitrocellulose  Single base 

 Nitroglycerine  Nitrocellulose 

 Double base 
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4. (  ( )

:2522)

ejection port 

5.

. . 1928 Goroncy  Nitrite 

 (Residue of smokeless powder) 

 Alpha-naphthylamine  Sulfanilic acid 

 acetic  Nitrite 

. . 1932 

Dermal Nitrate Test  Paraffin Test 

 ( )  Diphenylamine 
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 Diphenylamine 

 Diphenyl Benzidine

. . 1937 Joseph Walker  Goroncy  

 “C” (  – naphtylamine-4,8 – disulfonic acid)  “H” (alpha – 

naphthalamine  Sulfanilic acid)  Walker 

 Silver Bromide  Gelatin 

 hypo (Sodium thio sulfate)  Silver Bromide 

 Gelatin  “C”  “H”

 ( )

 Gelatin  Glacial acetic acid 

 1  “Sandwich”

. . 2008 Hong-Bo Meng  inorganic anions 

cation  ion chromatography  3.5 mM phthalic acid 2% accetonitrile  

eluent  anions 5  sulfate, nitrate, chloride, nitrite, and chlorate  cations 

3  sodium, ammonium, and potassium  LOD  anions   50 

– 100 g/l  LOD  Cations  150 – 320 g/l  r
2

 0.9941 – 0.9996 

    Nitrate 

 (Smokeless powder)  double base 

 Nitrate 
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 2 

 9 mm  2 

Ion chromatography  Spectrophotometry

1.

 2

 2 

/

 Ion Chromatography (IC) DIONEX   ICS1000 

 Spectrophotometer Agilent   G11039 

Column IonPac AS18, 4 mm ´ 250 mm  DIONEX 

Guard Column AG18, 4 mm ´ 50 mm   DIONEX 

 Sonicate  CAVITATOR 

Auto pipette  200 ml  1 ml BIORAD

Evergreen

3 ml  5 ml

 9 mm 

(  8) CZ 75 COMPAC 

 LUGER(  9) 
FMJ(Full Metal Jacket) 



 8 

 8  9  mm  CZ 75 COMPAC 

 LUGER  9    

     

 9  LUGER  FMJ (Full Metal Jacket) 

16



2.

 Ion 

chromatography  Spectrophotometry  3 

 3 

Standard Nitrate HPLC grade Merck

Standard Nitrite HPLC grade Merck

bromide AR grade Merck

fluoride AR grade Merck

chloride AR grade Merck

acetate AR grade Merck

cadmium AR grade Fluka

ammonium hydroxide AR grade Merck

sulphanilamide AR grade Fluka

N-(1-naphthyl)-ethylenediamine AR grade Fluka

sodium hydroxide AR grade Merck

sulfuric acid AR grade Labscan

hydrochloric acid AR grade Labscan

DI water HPLC grade HPLC grade 

3.

3.1

3.1.1  Deionize water 

3.1.2

3.1.3  4 °C 

 3.2 

17



 3.2.1 

 3.2.1.1  Sonicate 30 

 Deionize water

 3.2.1.2  membrane filtered 0.45 m

 3.2.1.3 

  Column: IonPac AS18(4 250mm)

                      Guard Column:IonPac AG18(4 50mm)

         Eluent: Pottasium Hydroxide 

         Detector: Conductivity 

    Eluent gradient:  KOH  20 mM  4 

            KOH  20 mM  40 mM

  10  40 mM 

 6  40 mM  20 mM 

 21 

3.2.2

3.2.2.1

 6%  1-2 

3.2.2.2  (

 3.2.2.2.1  0.1 N  2.5 ml 

3.2.2.2.2  2.5 ml 2 

 3.5  ml 

 3.2.2.2.3  1 ml 

 2.5 ml 

3.2.2.2.4

 2  ml  3 

3.2.2.2.5  N-(1-naphthyl)-ethylenediamine(NED)

18



 1 ml  20  540 nm 

3.2.2.3

3.2.2.3.1  ( )   1 ml 

 2 ml  3 

3.2.2.3.2  NED  1 ml  20 

 540 nm 

   3.2.3  Nitrate  Nitrite

  3.2.3.1 

Ion Chromatography 

 Nitrate Stock solution  1000 ppm 

 Deionize water 4

 4  Nitrate 

                 Ion  Chromatography 

(ml) Deionize water (ml) 

(ml)

(ppm)

1 0.01 9.99 10 1  

2 0.02 9.98 10 2

3 0.04 9.96 10 4

4 0.05 9.95 10 5

3.2.3.2  Spectrophotometer 

   3.2.3.2.1  Nitrate  10 ppm 

    110 °C  1 

 1.631 g 100 ml  Stock solution 

 10 ppm 5

19



 5  Nitrate 

                 Spectrophotometer 

(ml) Deionize water (ml) 

(ml)

(ppm)

1 0.1 9.9 10 0.1

2 0.2 9.8 10 0.2

3 1 9.0 10 1

   3.2.3.2.2  Nitrite  10 ppm

    110 °C  1 

 1.500 g 100 ml  Stock solution  10 

ppm  6

 6  Nitrite 

                  Spectrophotometer 

(ml) Deionize water (ml) 

(ml)

(ppm)

1 0.1 9.9 10 0.1

2 0.2 9.8 10 0.2

3 1 9.0 10 1

20
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1.

 (smokeless powder) 

double base 

 Ion Chromatography 

Spectrophotometer

 Ion 

Chromatography  anions  7 

fluoride, acetate, chloride, nitrite, carbonate,  bromide   nitrate  retention 

time  ( 14 – 20)

acetate

chloride

fluoride
carbonate

nitrate
bromide

nitrite

 10 

21

21



 7  retention time 

                  retention time 

Retention time Retention time 

1 3.81 3.42 fluoride 

2 3.69 3.74 acetate

3 5.51 5.11 chloride 

4 6.82 6.40 nitrite

5 7.85 7.26 carbonate

6 9.26 8.01 bromide

7 10.59 10.37 nitrate

 retention time 

 retention time 

 Ion Chromatography  peak area  retention time 10.59 

 Spectrophotometry 

2.  Ion Chromatography 

 (mg/l) 

 y = 0.069x – 0.0018 

Correlation coefficient (r
2
 )  0.9971  11 

22
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0.05
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0.15

0.2

0.25

0.3

0.35

0.4

0.45
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0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5

concentration of Nitrate(mg/l)

p
e
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k
 a

re
a
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 1  5 mg/l

 8

(mg/l)

1 0.0583

2 0.1427

4 0.2823

5 0.3843

3.  Spectrophotometry 

 Spectrophotometry 

 (mg/l) 

 y = 0.0151x  0.0059 

Correlation coefficient (r
2
)  0.999  12 
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0

0.005

0.01

0.015

0.02

0.025

0.000 0.200 0.400 0.600 0.800 1.000 1.200

concentration (ppm)

A
b
s

 12 

 0.1  1 mg/l

 9

 (mg/l) 

(mg/l)

0.1 0.007

0.2 0.009

1.0 0.021

4.

 24 

 48  Ion Chromatography  Spectrophotometry  10 

24



 10 

                  Ion Chromatography  Spectrophotometry 

 Nitrate

 (mg/l) 

Ion  Chromatography

(X ± SD) 

 Nitrate

 (mg/l) 

Spectrophotometer

(X ± SD) 

0.73 ± 0.34 0.30 ± 0.13 1.

2.99 ± 0.25 1.19 ± 0.94 

0.31 ± 0.13 0.25 ± 0.02 2.  24 

2.96 ± 1.30 0.49 ± 0.16 

0.32 ± 0.12 0.31 ± 0.16 3.  48 

1.31 ± 0.32 0.47 ± 0.04 

 24 

48

 1.  Ion chromatography  24 

 48 

 2.  Spectrophotometry  24 

48  24  48 

25



5.  Ion Chromatography

 Spectrophotometry

 Ion Chromatography 

 Spectrophotometry 

 3  9  Ion 

Chromatography  Spectrophotometry 

 correlation coefficient (r
2
)  0.1603  13 

 11 

 3 

                      Ion Chromatography  Spectrophotometry

 Nitrate

 (mg/l)

 Ion 

Chromatography

 Nitrate

 (mg/l) 

Spectrophotometer

 1 0.40 0.23

  1 3.00 0.72

 2 1.07 0.22

 2 2.73 2.27

 3 0.72 0.44

1.

 3 3.23 0.58

 1 2.37 0.27

  1 4.39 0.46

 2 0.21 0.23

 2 2.63 0.35

 3 0.40 0.24

2.  24 

 3 1.86 0.66
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 Nitrate

 (mg/l)

 Ion 

Chromatography

 Nitrate

 (mg/l) 

Spectrophotometer

 1 0.46 0.34

  1 1.66 0.43

 2 0.23 0.13

 2 1.03 0.49

 3 0.27 0.44

3.  48 

 3 1.25 0.50
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 3 

 Ion Chromatography  Spectrophotometry

 Ion Chromatography  Spectrophotometry 
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 Spectrophotometry 

Spectrophotometry

 Spectrophotometry 
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 4 

 6 

        1.  Ion chromatography 

 y = 0.069x – 0.0018  correlation coefficient (r
2
 ) 

 0.9971   1 – 5 mg/l  

 spectrophotometry 

  y = 0.0151x  0.0059  correlation coefficient 

(r
2
 )  0.9999  0.1 – 1 mg/l

       2.  24 

 48  Ion Chromatography   2.65 – 0.99 

mg/l  Spectrophotometry   1.06 – 0.61 mg/l 

 Ion Chromatography  Spectrophotometry 

 2  correlation 

coefficient(r
2
)  0.1603 

 Spectrophotometry 

 Spectrophotoetry 
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 Ion Chromatography 

3.  Spectrophotometry 
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 14 Chromatogram  fluoride 

 15 Chromatogram  acetate 
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 16 Chromatogram  nitrate 

 17 Chromatogram  nitrite 
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