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Analysis of Propellant Stabilizer Degradation Products using High
Performance Liquid Chromatography and Mass Spectrometer
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Abstract Ammunition is a one-shot system, and propellants add momentum to fly the ammunition to the
target point, which is manufactured based on nitric acid ester compounds. Ammunition is inevitable for
long-term storage. Nitric acid ester compounds decompose spontaneously, and self-ignitions can occur
over time due to various environmental factors. A stabilizer is added to suppress and delay natural
decomposition and the autocatalytic reaction of the propellant. Hence, the safety life of the propellant
is closely related to the content of the stabilizer consumed by reacting with nitrogen oxide.
DPA(Diphenylamine), which is used mainly as a single base propellant stabilizer, can effectively inhibit
the natural decomposition reaction of the propellant because of its strong affinity with nitrogen oxides.
In this study, EXP-GSS, a mixed standard substance, was optimized using liquid chromatography to
analyze the content of each effective stabilizer in the propellant. The molecular weight of the propellant
effective stabilizers was analyzed using a mass spectrometer. In addition to the results of the UV-Vis

spectrum, this paper presents basic analysis data on the decomposition path of DPA.
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Fig. 1. Decomposition reaction of NC propellants
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Fig. 2. Structure and names of stabilizer(DPA) and its
derivatives(boxed compounds) proposed.
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Table 1. Components list of EXP-GSS

Component Concentration
(ng/mL)
Dimethyl phthalate(S, Internal Standard) 200.3
2,4'-Dinitrodiphenylamine(2,4'-DNDPA) 50.60
2,4-Dinitrodiphenylamine(2,4-DNDPA) 52.70
2-Nitrodiphenylamine(2-NDPA) 50.80
4-Nitrodiphenylamine(4-NDPA) 50.00
2,2'-Dinitrodiphenylamine(2,2'-DNDPA) 50.90
4,4'-Dinitrodiphenylamine(4,4' -DNDPA) 50.80
Diphenylamine(DPA) 200.3
N-Nitrosodiphenylamine(NNO-DPA) 75.00

2.2 24 Mz ZH|

SR A F S E Y5 & L v
o] ARg3H= 7]& MIL-STD-286C(METHOD 217.5)°]
w2} A8 0.5g Aot MeOH 30~40mL7HA] H7Fst
o FAL g F Fof| A2o] 4A7F BEFAY, 1
At B 250E TH) & £5E 9 £k St
51 EtAT BAZA] £E A1 F EEo] HE
P2 TFES HAHAZ|T 10~12mL ASS Hg X
of Y1 1587 Hwsioitt. AAEE Fof AEE

o=
.

ZE|Fsto] HPLC Aks AEF Hhold(viaoll 2~3mL
YAl AR 2 A7) RS 24 Alre 22 F
Folx|ut thE At g FH|SH3ITH
2.3 HPLC ¥ LC-MS &4 =

TEs 29 1 7 gol ARdske AldElE
Azvtedsfuoltt. ot A=rtEIHuE FoiX
A& & AFstaAt she Aeg Eelsk g]lske 4
o AlE F9| ofF o] oledF 1S 5=

WA &2 B, o2 e E= £A 37] 59 Aol
= A Uittt o] AR S3E #EE
A5 Eotl] EgZor A EAMolax dth
EXP-GSS &% #E240] dit i AqAA=0tED
= (UHPLC, UltiMate 3000, Thermo Scientific,
USA) #4] 27102 Table 20 A&ttt B4 AR
¥ water®} acetonitrile €7+ Merck(Darmstadt,
Germany) HPLC grade® ARSI
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Table 2. HPLC analysis conditions

Hu|g olgste] HAsteITk

AcclaimTM RSLC 120 C18 2.2um
Column Analytical 2.1x150mm Table 3. Mass spectrometer analysis conditions
(Thermo Scientific, USA)
Flow rate 0.2mL/min Polarity Positive mode
Injection Vol. 1.0pL Mass range m/z 50~1200
Wavelength 254nm(Bandwidth 4nm) Flow rate 0.4mL/min
Colum Temp. 30C Capillary voltage 3kvV
Detector Photodiode Array(PDA) Injection Vol. 5.0uL
Flow Gradient Source Temp. 120T
Time(min) % A(Water) % B(Acetonitrile) Desolvation Temp. 250C
0 80 2 | e
5 60 40
45 60 40
50 50 50
= = = 3. MgZn ¥ u
> - - 3.1 HPLC &4 &1
90 80 20 . =4 2t

AR A7]7](Mass spectrometer)= FAE 0|22
Z}zto] kol wheh 2 4= Gl Aulojok. A of
st(m/z) 9 713V ol29] EA4HE SAsto] A=
EAol= sehEdY] ¥t /82 FRIohe o e
ot A7k AHERR o] 2.9] A of Hohu|e} A7)
2 BAEY AHER0] HAH EA o] 23 27F o]
(fragment ion)2] A=} SRMES] Y4 Ao 59
Ui ¥]8-E EQIsHL o] & o]8sto] 5ot Hepo|=
o} 2o BAe] sletAQl L2E d5]7] 3 @ol AL
ok &2 AFollA AFEEL HEE ARIE ¢
4 QI BIEt Blet 22 K G BAQ] 0|23
£ 5ol obd At A 27+ skl sid A
s} &S EZAsto] Bt o ALgE A
A(MS)= Xevo G2-XS QToF(Waters, USA)E ©]
R, EXP-GSS &5 EFEd B4 3t ol 54
LS HPLCS} 22 8H(A: Water, B: ACN)E AM&5}ISL
o}, o] 2AAEL A 8947 B 8949 HIE-E 80:20
o= AFste] 2087t A4 B 88 40%7HA] &3
T 208 B AAst] BEEY East Fo oA 208
S0k 80%7HA] &ol1 108 B9t 27| vl&E Eo}
7] gt Z9] Wgs} A7+ 2= A} A
242 95t A5t AL Table 33} 2t}

DPASE 77 S-=Alo] tist HPLC 2~HER 9 mass
spectrometer A= 7IO]AE FYEAAE(KARA,

KAIST Analysis center for Research Advancement)
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Fig. 3. Chromatogram of stabilizer(DPA) and its
derivatives in EXP-GSS and chromatogram
extracted at 254nm. Peaks: 1: 4,4'-DNDPA, 2:
NNO-DPA, 3: 4-NDPA, 4: 2,4'-DNDPA, 5:
DPA, 6: 2,2'-DNDPA, 7: 2,4-DNDPA, 8: 2-NDPA
(mAU = milli Arbitrary Units).

23804 7l&d = =
254nmollA Al7to] 90E(ZY HHIL AIRF EZFHO
AFs] Aok AL & & St} 0|42 DPAE Zet
T R=A 24 I 85FE AUt =2 FH glol &
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ARt Bte} 22 Ho]R)oH R HPLC w4 3004 ¥
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Table 4. Chromatogram integration results

No. Retention Time Area Height Relative

(min) (mAU xmin) (mAU) Area (%)
1 36.34 7.547 13.448 5.85
2 37.29 9.335 15.293 7.23
3 39.00 13.307 21.064 10.31
4 44.18 14.561 19.631 11.28
5 46.24 33.804 40.733 26.19
6 48.93 14.845 17.574 11.50
7 52.25 10.648 18.842 8.25
8 56.39 17.006 40.346 13.18

AZutEIMO|A peak 57F A HYA| DPAS
Ueh Y B2EA Y49 5 200.0 pg/mLOE &
A Fold 7HY w2 sEoln Ad A wWAm
23.8%Ath. T3t peak 2(NNO-DPA)= A2 DPA
FEA Foll 7MY WA AEEE Bofl BdolH, 3%
OF 27] A% AJejolA] tRFo R wiEA] viEE]7] wiio]
NATO2] A¥F2 AOP-4894= DPAS} NNO-DPA

o] IFoE fa MPA AFe BsIE 15

40 -
(A) 8
30 2 3 A
48
Zn
£ |m 2
10 8
Ax A
30 35 40 45 50 55 60 65
Time(min)

Fig. 4. Chromatograms of ASRP propellant samples
with different production years and chromatogram
extracted at 254nm. The number for each
peak of the chromatogram is the same as
that described in Fig. 3.
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(6)(2,2’-DNDPA)F} (8)(2-NDPA)2] Bf-olle & Tt
A7t 22 267/4343) 260/434nm=E A2 o9 FAF
o HES Btk tiRES] WEE fU1RbE]
¢ 250~280nm FHoNA FF==t] DPAS F-2A4|
o5 O selA  F8%rF SHEAY Fig
5(2)(NNO-DPA)®} (5)(DPA)S] UV ATEHo|A =
B2 & 350nm oMol E &8 UEA stk F
SRHE-L "Ik BlsleA(aromatic hydrocarbon,
A1a))o| -NO,- B7HA(side chain) 31gHE0] ZA)5}
A o olggt FFEY Aolg ZA =S Zo|
2}l Aggitt

=X
=70

ar
[
=

Table 5. HPLC PDA detector wavelengths

No. Compound Wavelength(nm)

1 4,4'-DNDPA 413

2 NNO-DPA 293

3 4-NDPA 400

4 2,4'-DNDPA 247/417

5 DPA 283

6 2,2'-DNDPA 267

7 2,4-DNDPA 361

8 2-NDPA 260

=% #2549 UV-Vis Y &4 tPdi= Table
Sol Aelalolet. 2 P FFS YT % 9
£ &3 A¥HS HPLCH oledz 29 F7H

(MIL-STD-286C 201.4.2.)% Q=4 o] A|FHA
UV-Vis 288 =AE ol8ste] 4 st 285nmell
A EBEE &350 DPA e ARESith Ty
ol2fgt BFBLAE o83 £ A= Fig. 59
AE & 4= o] 283nm T o] AT
H & Qlok= Aot} AT Eof=eA] o4 §& ¢
BARA 719=7t AEstA HY=A] %2 DPA Eaf

=

.

BT TR A Fel 232 & Tk
DPAZ} RPgA| 2 shA A4 Abskaat AA v

[e]

2 gogn 75 o2t fEA 29 SgSol
& odtks A W ATES BN L 5 AUt A

w714 DPAC] 27 ofate] A Atoleat 29t =

RE!

AE FE A=A o] 7hssittal FZstal 3l
ARk, F2gere] A7) A1) e gt #3) FEe=
oz A7 B Holof gt offet FEkt w2 =4
#23+5 F3lA DPA Aol digt A=A 2] 719
e dogk AL AFEoloF & FEolrh
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o]2(o]u] o]2o] Z/A PAH ol2)oE PHH A&
& 5= AT

AZvEIN Y- AFEAHY] I2ntE RS F
ol 3 ZulE J(TIC, total ion chromatogram)°]
2t1 shed], TICO] Yebd ZF m3ole= o 549 &
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Fig. 5. UV spectra of stabilizer and degradation products studied. (1) 4,4'-DNDPA, (2) NNO-DPA, (3) 4-NDPA,
(4) 2,4'-DNDPA, (5) DPA, (6) 2,2'-DNDPA, (7) 2,4-DNDPA, (8) 2-NDPA (mAU = milli Arbitrary Units)[18].
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Fig. 6. LC-MS spectra of DPA and its derivatives. (1) 4,4'-DNDPA, (2) NNO-DPA, (3) 4-NDPA, (4) 2,4'-DNDPA,
(5) DPA, (6) 2,2'-DNDPA, (7) 2,4-DNDPA, (8) 2-NDPA (mAU = milli Arbitrary Units).
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