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Systhesis and Characterization of energetic plasticizers, Formal
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ABSTRACT
For the purpose of the increase in the performance and thermal stability of PBX's, the mixed formal
consisting of BDNPF, DNPBF and BDNBF were synthesized. In order to find out the optimal condition
for the synthesis of energetic plasticizer, BDNPF, DNPBF and BDNBF, the synthetic procedures have

been investigated.

We synthesized DNP-OH and DNB-OH through oxidative nitration and controlled various
composition of mixed formal by HeSOs and s-trioxane to investigate optimal composition, and then

characterized its thermo-physical properties.

F071%80] : energetic plasticizer(A|3} 7144),

1M E

E3l3loKPlastic Bonded Explosives PBX's)H¢ll
A AZAY 98 F2A(filler)?! RDXY HMX 9}
Zo] 9502 JFS FA T F e 1E8 9
Aol 22t 3:% Fojgle Zloj, o AAME &
gsiere] 34, 23 °7§ 71AH 4R R A%
(sensitivity) %} 22 EA& AFA oJateq B
&S et

AAR= Hydroxyl-Terminated Poly-
butadiene(HTPB) AI¥e HE&HE 7M¢ @ol At
&t glom AgAlY] FEHrtAAl ¥3hH2 o 10~
I5%AE AES. ol ZARA Bt X4

of

formal(X 2%, diformal(tlo]xavh)

oHgAE FoJshe ulal gAY A FIA
HEEEH| R Y BF3GY JuAE #a
Azl

HIol= B ouAE A7) sk
HE4e] AFAE uAIE Tt oAz 2
FAZ dAske a7t S Ag"n Aol
T A BRI ARAY FANE w0, B
g3jore] B2 AL 23 Yol AFA &
9} ok 50% o1 7HAAE AMESle] Eilsleke] A
T g DUSEZ JlAaAY gL AFANE F
3t oj A¥AE oixg Az dAg A
£ 7IAAE ouxE AgAY fAK Sele R
£ 7He ZZAZ tiFstolol AgAl el 4o
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7HI Qe AL bis-22-dinitro propyl formal

ONO ONO, OO~ _ONO, (BDNPF), bis-2,2,~dinitro butyl formal(BDNBF)
ONO, © % bis-2,2,~dinitro propyl acetal(BDNPA)°]t}. o5

BTTN DEGDN & AL 2HFHolEE dEoF AR £t

1 EHEE A8 T (eutectic point)E 2

ONO— ONO; 3 =g WEolol ). #A)7kx= BDNPFS}

Lo BDNPAS 11l 358 £q® Z=9 7l 4

TVETN H3Eo HEHT Ut oleidt BDNPF/AE 1963¢

[T 1] HEHQ of|LiX|3t Tt

gk Aol F4HI, kAl FEEY] fla, =%
B3siore] 7A1A AAo| dE Rolck

HAA 71 "ol HEH TouA - 71aA|
g 128 19 YERI

* BTTN ; 1,24-butanetriol trinitrate
DEGDN ; Diethylene glycol dinitrate
TMETN ; Trimethylol ethane trinitrate

Yol Ueld A ojQd®  FEthylene glycol
dinitrate(EGDN)¥  Triethylene glycol dinitrate
(TEGDN)°] o °l¢h 22 7heAle H=rh @
3, Al F3, E oA} FolM AFRE
da] AREEo] gout dxlg 22 FLFTHA &
TFake @4 Aol Bojart? ojze Yezipt
Aol $4A)37) wEelrt.

1A haAle Eebgde e sk A
29 UEZ7] g g4 UERZIIE Eole ¢
77} Ao ol JyHPen Hegm P
o1& C-NOE Ze 7kaAl & A 7P dg] &

rlr

50/ B=2AE &S A AsE A5 (2002 124)

o)F B A7V} o] ghov} Aol A7 9
3P opgo] X3 EFE slaAle A% 94 ¢
Aol xagEt 49 slaA B doa 4y
A S AAFHSEE A B& AoR 4HA
oJch

2 dridMe 24-g88oz tg A Ao
2 q3He EFE X2 A ) 9
3le] BDNPF9} BDNBFE 4shkcd] 483 A+
Al 2,2-dinitro-propanol(DNP-OH) 7} 22—
dinitrobutanol(DNB-OH)-& WA sl olg o]
g3l x2a faAE FAshe A8e s’
F2LA 7RIS @817 Yeixde

1) YEZ3} ¥h3(Nitration)

2) P11 ¥ Methylolation)

3) =93} ¥k(Formalization)
o] 371A] whg-o] g oo} g},

12k E= 232k YEZYZHNitro alkane)S -ty
EZ33E(gem-Dinitro compound)E WAL
e H¥dHoz  Hst o] Kaplan¥
Shechterol] Ja} 19614 B = Ach®

o] ¥hgAE YEZU|o|E @(Nitronate Salt)o]
opAA o] &(Nitrite Ion) EAJEAIAM AL(Silver
Nitrate)el] <Ja} -tk
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R;R,C=NO,’ NaNgz
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RiR;C(NO2),

[2% 2] H-CIE|EZ ozhel 3y
olgi3t nitration’¥HES Y¥HHOE  oxidative
nitration®|2} gt

7 % 19793 Urbanski ZE0IA B¢ A3k ol
Al Aloksl H() ZF(Potassium Ferriccyanide)S
ol&3ta] 23 UEZSFES] oxidative nitration®]
Pssida ®aagen™ Komblum 5 o ¥
oz 28t ope} 14} YEZE SftEdx A&
& e wexne Aags

zau 7k A DNP-OHS #H4dol
)t 1962 HamelH o]

1) BARe-S AR AHAQI Oxidative Nitration

9] batch process

2) 1-Halo-1-nitroparaffin®] ter Meer ¥+3-2 o}

89 dsAz $HS dmsh”

1) Oxidative Nitration

NO,
N0, NZOH/NaNOYAINOy/NaOH/ ACOIHCHO/ACOH Ho\/é
NO,

2) ter Meer Reaction

/\NOZ NaQH NO, NaOH | NO,
Ch \( NO,
Ci NO,

CH,0
——» HO
o' \/éNo

(71%)

2

3, 19859 Grakaukas ZE94E Kornblum®
HL 78k potassium ferricyanideE Bz}
ofel EjEt ARSske o, ARKEF
(sodium persulfate, Na;$0p)2 ABAZ o] 83h=
catalytic oxidative nitration® 2 DNP-OHZ 345}
_1‘5:_ Hohﬁ% Hg}ﬁq_.[ll,lzlallﬂ

£ d7oMe A WS o83t DNP-OH
% DNB-OHE @43 & ol& ol&3ld ouix|s}
7}:AIQl BDNPFS} BDNBFE §43le, o859 &

e B3,

2. Experimental

gl AHE BEE A% AldrichAH] S84
& Tolste BEe AAHA glo] ARSIt

e 2APIFE A3 28(9F 100T)9A FE3]

T ARSI GATE 2Akes ARSE e AFd

WHHE $18le] Mechanical Stirrers ARS-3ITh
$719] Wz Masterline Forma ScientificAt2]
2160 Bath & Circulatorg o]-8-3}ch

fdol  pHEAL  AldrichAt®] Hydrion pH
Jumbo Dispenser(Cat No. 726483-1)& ©o]&3}]
SA3 A

Gas Chromatography(GC)= Hewlett Packard
5880ASA  100% methylene silicone®] SAHE
OV-101% AH3L3, FID detectorg AHE3IT) o]
d gl CHCLE, 2E82%E 130T, FYLTT
180T, A&2ET 220T .

T4 #z27] FB(Proton  Nuclear Magnetic
Resonance; 'H-NMR)2 Bruker AC 200(200MHz,
1H) spectrometerelA] CDCl; 9422 Z743315th

FETAHS7IES 3] ASE Adz2002'd 124) /51
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31814 o|%(Chemical shift)& 6 (ppm) Y12 EA)
31, FE=(Multiplicity)=
(doublet), t(triplet), q(quadraplet), m(multiplet)=}
br (broadened) 2 EAEHH S, CDCl %9 4+4( 6
724)Z internal standardZ o]-€31th

2ol BAM(R)}E Bio-Rad Excaliber series
FT-IRoIM ZA51¢0H, W5 (Frequency)E cm'’
2 Jehhdy, A bandd ATes(strong,
67-100%), m(medium, 34-66%), w(weak, 0-33%)
2 BA3I:

MettlerAte] A)xleAE 34| (Differential Scanning
Calimeter, DSC 30)& AM3le] fe]de] &%, &%
H 2 BexE PG Yurdeg S2&
(heating rate)E 10C/minCE F71E9]7] 3sli|A
Ag3om, oF 3mg AxY AEE AU ¢
Zolgd 544 1709 holed %ol ST 23fuhs
o 93 VIS HIE3IHTh.

TGA(Thermogravimetric Analysis)= MettlerA}
9 TG 0ol4 =5 we ANge FHas
ZAsgt oM $&&%e 10T/ minolAek AEE
o 5mgg AMBBIT, AlE e Hept =S
200TE &AM AAEH7] 3lolA ¥zs the AR
3T B8 AT AAE)7] sl AASH

s(singlet), d

DNP-OH2t DNB-OH2| 8

1-JERAEY [-UEZ Z2so2HE DNP-
OH$} DNB-OHY 4 Hamel WS ©]43l4
17 39 At st} IAJEGIT

Iy 3o st ¢2ES FAE W DNP-
OH9) 7% oF 90%9] 4-&, DNB-OH| 7% 98%
olde #&2 N F UMM, =& F 9%
HAEZ o o139 BA §lo] the ¥k ARt

52 | B=FAIHE 158 E)A) ASE A4z 0029 129)

RVNOZ NaOH/H,0 NaNO, . AgNOyH,0  NaOHH,0

0C 25min.  10min . OC 2mn . OC 25min
pH=5 pH=12-13
10C 30min

_fiter AcOH _ 3S%HCHO_ _AcOH , DNP-OH
washing pH=9 pH=5  DNB-OH.
20°C , 30min

(O3 3 A-CUolER ¢2E sitae F4ER

T2 JiaHel A

S0mL 37 FoETkeIY] &A% dropping
funnel & AX3}1, 15g(0.1moles)®] TUo|ER =g
¥  ¢3ZEDNP-OH, 22-dinitro-1-propanol)$}
1.65g(0.055moles)]  dA|A-E#)}LKs-Trioxane)&
Hedgzelo|= 13ml §3l8id 0T & T3t
F 93% 3t 15g& 0¥ FY. ol uhe-go
9 & 10CE A oA FU&xs 2dt
FY F 3083 WA o 130me] HEAERe
ol=g FEIh FEES 5% FBIUEFEY
130mIZ 43 AlHsky, FUEF F3-E 130miZ
28] A3 3 4 imllgoz @5dt o
£4& ougt o 498 @ F 10mmHg/60C ol
A A7 29t I3 EAS S AAT

ol EFE JHAAE Y & AY gk 249
DNP-OH$} DNB-OHE Y1 $H4gich

3. 2 Y EE

G389 opEg) W2 AWrFoZ olefe} Zo
dojdtt.

B =2 s-trioxannes AHESI] HRS Fo 3
Aol oJsle] TEYESI=TL A AQEA st A
Iy, A EFuEe dukdgoez H.SO, HC,
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o (|)—H
R—CH—OR'

H Hemiacetal

[3% 4] otMEat BiSel et

2
e
o
hu

[E 1] gMd=Ho| w2 8 L =M

—

molar ratio

OHfformaldehyde | P-OH
{Acid /B-CH

2/1.1/3 1/0 | 67.3|100/0/0
2/1.1/3 0/1 | 71.0|100/0/1

21.9/46.8/25.8
(24.0/50.5/25.5)"

2/1.1/3 2/1 |826|36.1/42.1/17.1

44.7/39.5/13.9
2/1.1/3 3/1 | 81.2|(41.2/44.8/14.0)”
(56.9/35.6/75)"

2/1.1/3 4/1 | 81.0(55.0/33.9/9.7
2/1.1/3 5/1 | 78.8|50.4/35.7/7.2

vield A E
(%) PF/DNPBF/BF

2/1.1/3 1/1 1808

Y NMR 2423

¥ Reference 16

HPO, % HBr5e) $71o] Agd & glon} &
Ao e AMgIAOH, o Fe UL
Agale g o) AATE BS wHauT: 3

& FYT o o) BYo] FUHEE FY&EE

zAslo] whg-golol L= [0T oJ3lE H-A|3loo}
BuhgBol HF UeE Aoz gdx Y

2 ddie 94 X9 gasths ANt
43 ¥=29 BDNPFS} BDNBFE #4138 the
DNP-OH$ DNB-OH®| 74| 4322 E3sio
THE ZELE FAEKT ol T 19 A3

BDNPFS] chemical shift < 6 =4.75(S,2H),
43(S,2H), 2.19(S,1H)ppme]#(Z¥ 5), BDNBFY
chemical ~shift #2 6=47(52H), 4.3(S2H),
26(Q2H), 10(T3H)ppmo=Z uehdtHFigure 8).
E3E formal®l 7% chemical shift 2 8=4.75,
473, 471(S2H, BDNPF, DNPBF, BDNBF¢ %),
4.334.31429(S, 2H, BDNPF, DNPBF, BDNBF¢
£)2.76(S,1H), 2.6(Q2H), 2.19(S,3H),1.03(T,3H)ppm
o7 et o) 54530 oM EFE x=
T AEEAE S5t

X1 upo] o3ld DNP-OH$} DNB-OH¢ ¥=2
23} WheolA T d3&e] WheA(reactivity)o] His
3 FeE delA] Jlorz 99 Fo} o] sk
9 AEe z2ie &fE ety g4 ¢43d
9] mole ratio® 2o e sPssict!d

j)

2 4

T g T T T T T T \ N + ™
7.5 1 65 B0 55 83 4% G S 20 2e 20 s e N

[23 5] BDNPFQ| 'H-NMR A EH

A7 1Es 8] AlsE 4520021 129)/ 53



=&/ 0ux £

| ) 1 i

.......

scure, apmcy s53.50

::::::

PSS RS AR "
METTLER TOLEDO STAR® System

[22 6] MMEH T2 JaH 2l 'H-NMR
AsE

Z2UH JIARS SAEA

ezl ule] oJshd &4 BDNPFe 23e8 ¢
A7 Qa2 AN FANYL WE 31.8TA
249 ¥t 3as} Yekton, BDNBFY 3¢ 3
Ao JAZ AL F ATk oklY E 1ole 2T
A 7eAY sede Bt

[

kH

11 Z2YUA J7t2H ==8

Al | BDNPF | BDNBF | DNPBF | BDNPA

33~34| ~20 | 34~36| 33~34

BDNPF3H 7haAlZ ARSS 29 344, 344
2 JUAE L Ao q2I} TAEAY AE
AR dojuiA siokel XS ASAE & Utk
(a8 7 a=E Fg35E(eutectic mixtures)E
Yol AA9 AANIEE YFolx] AA 8 2
AL A AAoL gk

54 | A |E 3] ASE AUZ (2002 12€)

[323 7] BDNPFS DSC thermogram

(2] e z=2e =4 ¢ 2HE2:L

Ratio . o
p-on| GC Analysis(%) | \io Melting
/ (‘C) | Range(C)

B-on| PF |DNPBF| BF

3511 (557 | 379 |58 | 86|-16 to 153
3611 (558 | 378 |53 | 88| 21 to 155
381582 | 369 |50 | 82| 04 to 140
391115821 368 |50 | 72|-12 to 140
4011594 | 359 |47 | 94|01 to 161
41:1 {593 | 360 |47 |116| 1.5 to 180
42111606 | 351 |43 |11.3| 1.1 to 180
4311610 | 349 |42 [105] L1 to 184
4411616 | 338 |39 |109| 3.8 to 184
451 (622 | 334 |38 [10.2] 0.1 to 189

2433224 DNPBFS} #4 Alo] B4g2 &)
A5= BDNBFE A43}7] 98t & 49} o] o
71 249 &Y FERS FAsigod, B AT
e izt 2Ad) WE AR AR %
grom olglle] ¥ 20 FAEH 194 Q83 AHL
=& A3



=& /|x 22

b VETLER “WETTLER TOLEDO STAR Systen
(22l 8] ma %A JiaH e HMstzo| ®™

9l¢] AYexxE DNP-OH¢ DNB-OHY HlE
31~419 o7t 7Y ARE Aoz Hudd:
e ¥auj siazlel fA BDNPEF/AY Z$
11 EHEY w) FRLesE ¢ 96CE Sux Yok

a9 gelle hiAle] AAe] MAFHA ghs of
frejdelees A Aotk o -65~ -68C A
2 24 92 e A9 iz, st
AEe7le] HAPI FEHOREE RE Ae®
LRt

AMES] Agshutet Zo] 7|29 Yo|EHE o2
A 7iaARG dgel FHiE TiAAlE e
Pt B oAyeld §8 F TEUA JKAe
O-NO; W4l C-NO:E oiuiA] 712 =gsigich gt
HoZ NOF Af= e 9ol A3t Al
T X 37 2] C-NOK W 713 e Aer B
o] gt

B AN A% T2 siaAe d 3
& 7189 O-NOA 7HeAle vlaste] 28 109
YeRiolth ¢ addA abee C-NOA ¥ 7}
AAlo|1, defe O-NOANAXE} 7FaAlole). At

ﬂo{#

[E 3] X-NO.o Z% sfi2|of x|

X 3l 2 of| LA X (keal/mol)
O 40
N 47
C 70

(23 10] C-NOA 7taHM 2t O-NOz Al 7tLH EH

oI bl

AN diSBupst Zo] C-NOA 7keA|9
24 ML 71EY skAAle] HIsk o 30~40T
PS¢ & Yok ol2RE HRIe 44 H2
I 9IS Ao dddh

£, Edslek Az Al $88 W 249 @
E 7keAlY] Adxwsls ddsle H3ted, ok
2ol AFE 77 HellA sk Hol TS U 4
e TH] HstdM BREere AR F A
o BAERE HUF Bo) €& F glojo Fh.
ojmf 7laAle H=rt 8 A B ¢ EAspk
£ 98 7 EE Fol BESE 1459 5F)
sloke Az F Yok & A7l FET F2TA
7taAS AT B 49 HE3ich

olr

e

AR I3 A] A5 AdE2002d 12€)/ 55
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(Z 4] z8E z2U7 Jiam el HEHat
| FF
PF|BF 141 F/A*
1121131
mixture
Ax
20(30|26(23(21| 31
(cp,637TC) 3 27

* Commercial products of AeroJets

TZE TtaAY Ae vl W Hxe
20cpsoA 30cps BHANM AT 4 glom, F/A
ARG A2t 23 ¥E-E 4§ U 11 &F
€2 BDNPF9} BDNBFE 348 ¥ oF LI1E &
st Aoz Il DNP-OHS} DNB-OHZ
¥l AT And Axot =4 UgTh o)A
mixed formale A% w A== DNPBF7} 111
3= Q7] YEQ Acw wowd) w3 sik
A9 Hrol 2A3 =8 123I9ES W DNP-OH
9} DNB-OHY HI7} 31 A% ¢ o B3sjel) A
o A I e A KA e ) =

2 1
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