Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.9.24

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 9 pp. 24-30, 2023

A5 32 9 3

5 1 SRE 28

rk

DPA

s

F 249 "I A7

Jwe

=
UL

HES, MY, HH2XY
2u|eEnY

Comparative Study of DPA Content Measurement Method by
Automatic Extractive distillation
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Defense Agency for Technology and Quality
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Abstract Propellants provide the propulsion required for munitions to reach designated targets and are
manufactured from nitrate ester-based compounds that are decomposed to nitrogen oxides by moisture
and heat during long-term storage, and this natural decomposition promotes an autocatalytic reaction
and increases the risk of self-ignition. DPA is a stabilizer added during propellant manufacture to reduce
the risk of self-ignition and acts to suppress this autocatalysis by reacting with nitrogen oxides.
However, DPA contents in propellants decrease during storage. Currently, the Defense Agency for
Technology and Quality uses a steam distillation method and a manual instrument to measure effective
stabilizer content. In this study, we sought to determine whether automatic extraction and distillation
equipment used in the food and medical fields could be used to replace the existing steam distillation
method. We compared DPA contents measured using the automatic extraction and distillation equipment
used routinely by two companies and DPA contents measured using the manual method. The results
showed that the automatic extraction and distillation method provided improvements sufficiently

significant to justify using this method to determine DPA levels in propellants.
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Fig. 1. Steam distillation apparatus

Table 1. Automatic extraction and distillation
equipment specification

Spec. Set 1 Set 2
VELP Scientifica |Buchi Labortechnik
Model SER-158/6 Universal E-800
Temperature (300 T {150 T
. range
Extraction Thimbles size |33 mm x 80 mm|33 mm X 94 mm
Solvent volume <200 ml <175 ml
Solvent recovery| 290% unknown
Distillatior Model UDK-129 Kjel Line K-360
Reproducibility 1% 1%

[ DPA in propellants J
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Fig. 2. Summary of experiment process
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Fig. 3. Shape of sample(single perforated propellants)

Table 2. Reagent Material

Reagent Cas No Purity Manufacturer
>99% NN
DPA 122-39-4 ACS grade Sigma-Aldrich
Behyl aleohol. 1 g\ 155 | g9 9y SAMCHUN
anhydrous
Sodiumhydroxide |5, 73 ol Eira Pure DAEJUNG
beads
23 F=

IA FHA] A7) ofghE (Ethyl alcohol)& €412
ARESH QIPAIE Eeots IA-AA =S A8
oI} A0 50% NaOH 489 (Sodium hydroxide)
(weight/weight) 50mLe} 99.9% ofgrE 100mLE 7}
skl €2 (Solute)?]l DPA7F €812 4 UEE =4
opgo= 713kt o 3 ¥Z] (Allihn condenser)S
ol-gsto] 718k &HiE tHA] 8712 HEoLeA e R
A &Y &S AR 5 & FAY Setl
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o]8ste] FUT 27ACE AIFS AP

=2



A% 2% 0 SRS BEF DPA 3% 294 v A7
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CARY 300 UV-Vis Spectrophotometer (Varian
Inc., USA)E o]&sto] EA5tom, 285nmolA<]
Peak %= (Z4E)E o]83l0] DPA FHke B siaict.

Table 3. DPA content result : Manual vs Set 1

(VELP scientifica)

DPA Content (%)
Manual Set 1
(Reference) (VELP scientifica)

1 0.77 0.65
2 0.76 0.65
3 0.76 0.64
4 0.75 0.64
5 0.76 0.66
6 0.75 0.65
7 0.76 0.64
8 0.76 0.65
9 0.77 0.66
10 0.76 0.64
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Table 4. F-test result : Manual vs Set 1
(VELP scientifica)

Manual Set 1
(Reference) (VELP scientifica)
Mean 0.761 0.649
Variance 3.54E-05 2.99E-05
F 1.184
AF</) one-tail 0.403
F Critical one-tail 3.179
Table 5. r-test result : Manual vs Set 1
(VELP scientifica)
Manual Set 1
(Reference) (VELP scientifica)
Mean 0.761 0.649
Variance 3.54E-05 2.99E-05

¢ stat 43.71318896

AT<? one-tail 4.9987E-20
¢ critical one tail 1.734
AT<D two-tail 0.99E-20
¢ critical two tail 2.101
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Table 6. DPA content result : Manual vs Set 2 4, I'_’g
(Buchi labortechnik)
DPA Content(%) 2 dAFolM= 71E 5 AE0 A & ¢ SF
Manual Set 2 | £ Q8] VELPAF & W == 2| 7} 1Z3}
(Reference) (Buchi labortechnik) _ .

1 = = BUCHIA®] 23 9 5% 4] 7 15, % 271 2o
2 0.76 0.72 2 AEE JPsto] 71E 5 SAAET & 9 vhE

3 0.76 0.72 e umsrart.
2 SZZ SZ VELPAFS] SER-158/63% UDK-129% o] &3t oH4
6 0:75 0:72 Zﬂ c\)J-E]: ""/H /\]o—],] _}Fo o 712 _}lk";_ /\]6_—] q‘]H] Ssty
7 076 o7 SOl 25 #2 U SRAY bl e pge o
¢ 076 072 23 2o AU Sqosyd Jldside & 9

9 0.77 0.7

- o = SER-158/6 FEYH WA 7} weislel 308
09 ¥ 22 89 542 99 oHee WAHos &

2= 2ol 4 %FEND} E3H UDK-129 5 =
S5 Al7] 24deo] E7Fssto] MIL-STD-286C(201.4.2)
GAAO] 14 E S7 SE(7~9mL/min)7t obd 7184

Table 7. F-test result : Manual vs Set 2
(Buchi labortechnik)

Reforence) | Guchi lborectny 2% HE SECF 28ml/minE F57E AFsH90
Mean 0.761 0.722 ™, o]2 QI QHEA Y 7hsdo] EATT
Variance 3.55E-05 7.32E-05 BUCHIA} Universal Extractor E-800%} Kjel Line
F 0.ie3 2 olg3t P T B A Aol A9 1 &
AF< ) one-tail 0.147 = =229 =2 Ag dju] 95%2] Al £~80] =5 Q)
£ Critical onetail 031 t}. Universal Extractor E-800 & A= dZ3 A+
5 T(hole) 0 & oe-ZS &8 A|Ho] 7Fsdltt. 614
Table 8. r-test result : Manual vs Set 2 Ut % 2E AR 9] L Yz ekE vtz ZF Mo
(Buchi labortechnik) UAe] 9lEE wa) 52 223 ool 9ol =
Manual Set 2 Follo] Wziek UjRo] FH |3t REo] WA Ho) wh
— ooy (Cu ol o ofRig S SUSUSE WAR R Uud) 2o
e e 2 RIS §uI5] SRaR o] AT AolztT Azt
t stat 11.639 ot
AT<1) one-tail 4.11959E-10 TE 7= 4 TR FE T FF A AR
¢ critical one tail 1.734 35 Z223(Distillation flask)7t 5Lt SAES
AT<t) two-tail 8.23919E-10 gQ7} 91, ANAo] folskAgt, dEogzs AY 14
t critical two tail 2.101 = _'«;[\_ 1) _QJ—ZHHH‘H 7]___,%] ol %_%_ /\E }_;{Eq %7]_§
QR AA] o] " a5l T F7IUe] oJgt AR
050 ¢ gF 4 37 FEE AT AIFAY I, 94T 2%
LR osuyieldlimi ; 9 = A f2) Beaas weo] ofst B4 59 9
& 060 L] o] Slth.
EE 050 oo ¥lsf b F& 9 &7 AHle 945 A5 A
A 5 24 R AR 4R WA GAs B, Han A2
o f A3 W Y FET QA AYOREE APNE BE
o | S, e 27 o] hssio] 74 4] B &%
2 YT E9 BA) 2302 R 322 04 1 9
Fig. 4. DPA content interval plot with 95 % CI 2, 2k, |i5-Z Aot A5 A7 2 FE7F 7S

28
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