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8 oF: FE 95T EokelA 9 2ol1 Q= stolEetl[hydrazine, NyH -2 2AAEE ARG
+ tEAQD FA 2|7t ol fofistal =4do] Aot Dol EARITh wheba] HgE Aol £
2 FRAE oAl AEE L Qi & dAtollA= Abstorl[hydroxylamine, NHOHIS& SU&
Az 5k, HAbnitric acid, HNOs;]Z A-¢7] W82 53] dojxl= g4 FAA HAN
[hydroxylammonium nitrate, NH;OHNO3]2] B2 $}514 EAof tislo] ARG H-S o]-&5te] a4
=0 24, spetx 9 2875 BESIY, ASERA ol HANO] Eofl2=5 Zelstalrt. o] =
2otEIHEE Foll §43 HANo| g-f5eo] = ditol9] dg-& SAsiaith. &, N-Het N-09
IR peak?} 3161 cm™2} 1324 cm ™ol A Z4ZF el A S35 AT slghEo] HANO1 S shelsly,
pH 5-7 ZAof|A4 93t HANS Es|2x7F 120-140C<l ¥, pH 8 A=< HANS Ha|l2xrl 14
0C oldde & 4= ATk 4, pH 6-7 AfololA HANZ Mokl o, 7H &2 datol29] 5k
0% Ao UrEPﬁAE}.

FAo] - HAN, lon chromatography, Hydroxylamine, Synthesis, Nitric acid

Abstract : Hydrazine[N,Ha] is a typical propellant for a rocket fuel in the field of aerospace. Since
it is very toxic and harmful to the environment, various environmentally—friendly propellants have
been developed. In this study, relatively a safe propellant, hydroxylammonium nitrate[NH;OHNO;],
was prepared via a neutralization reaction of hydroxylamine[NH,OH] and nitric acid[HNO;]. FT-IR
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was used to analyze the chemical composition, chemical structure and functional groups of HAN.
Thermogravimetric analysis showed the decomposition temperature of HAN. Ion chromatography was

also used to evaluate the content of nitrate ions.

It was proved that the peaks of FT-IR at 3161 cm ™' and 1324 cm! indicates the functionalities of
N-H and N-O present in HAN. The decomposition temperature of HAN synthesized at pH 5 to 7
was 120-1407C, and pH 8 resulted in higher decomposition temperature than 140°C. Meanwhile, the
sample obtained from pH 6-7 showed the concentration of nitric acid ion with 70%.

Keywords = HAN, lon chromatography, Hydroxylamine, Synthesis, Nitric acid

1. M8

32 ZHEE JodE 5 e 0] A4 3
F2 7= EEEA @A g3 noyx] &4
2 ADN[ammonium dinitramide, NHsNONO,),],
HAN[hydroxylammonium nitrate, NH3;OHNO3],
HNF[Hydrazinium nitroformate, N;HsC(INO,)s]
5o] 9, ol F drzA HEe 52 HUist
o] LA BAZFZA (monopropellant) 2 0]
Ak [11. o] EZ-E 1oy A] AtstAetar A9
5, =2 ey g A5t e e
AgS Ao 2] IdFE FEHTO AR E+=
hydrazine[H,N,] @ FX4= ¢5419] §F-&A]
o] A]~®l(Reaction control system, RCS)e]l A}
g ol2lg slol=ale sk gl A
L U(EES) 2 AT A Ao] 227,
Qe 78 R FEsl0] AgHT Ao
I3y Shol=stEe REACH(Registration
Evaluation Authorization and Restriction of
Chemicals)ol] “Annex XIV'® E&5%H 9=4 &
A2 BRET = [3], AAEdez oA =4
= AT FolH, A oA g FHFol
AjHog 439 HAN, HNF 9 ADN 7|4t
28 A5 gdA B FRA7 Dds] A
2rE)3 9ok [3,4,5,6,7]. ©] 7hdl HANS ¢l=
A Aaet ARt = A 9] AtA F =47 29t
H ol A AR & YellA NH;0H"
I NO; ¢F 22 o] FH=E sfigj=]o] 7=
Skal, NH;OHNO;9] ej= Zgts g17]% ofct
[2].

H/// IO
Haml o l|

N— N
H/ \H o7 \b

Fig. 1. Chemical structure of ionic HAN.

HAN 3}9tE A9 FA= ZdEdoly
EdHo| FEEAT To] glu, Aavts ESE
EA4Dspol 79 glenz FAXSHA EA
o] glom, HF(l,) E/do] ¢53kaL(210-276
s) osto]Eexlof Hls| W2 = (frozen point)Tt
2 Uh(density)E 2+ 5 294 E4 E
St 945ith, A4 B (oxygen balance)S F7
Aol dss Hrlstke WHY shuz, HAN 3}
FEL o2y WY FZA(lonic liquid fueh)=
1 A8 Al A0 s E9T & e T

2FE BESkL 9l 2

sfol=24

[8]. HAN 3}5HE o

dnE Y
ydroxylammonium sulfate, (NHOH)»H,SO4]
I} vFEYUo|EFo]E[barium nitrate, BaNOs]&
TRSAIZ1AL FEShe WRe] L [9], ShelEE
A diE AR Ry oHammonia, NH;&
ofetZo] ¥HSAIA Hitd o]t st WY
[10], Slol=EE4 <Ry 49y AIEE
[sodium nitrate, NaNO3]E n-F8<¢Z [n-butyl
alcohol, CsHsOHIOIA BHgAI71= W9 [11] &
okt AREAE ol 8ot et dRbH e
2 HAS(hydroxylammonium sulfate)& #+= =E
3t Aitg A1 315t FEHORE HREAA
HANS Hdste Wil =7] 2914 barium
o] =] FHFHA HANS L7t Yotz
= AR Y F FAHE HHE R
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AEZ AANOF St BAIE ] FEstaL itk
g BAAES FEStA 2 AFolde A
222 stog[HA, NH,0H]E A|ZEAZ 51
=] S AUt Aotz skt
Hho A

L=

flo JN ofy 1o, O
i
]

>,
2

=42 Addsty, diks Fiste] S84
ZIRA - Ab=d7] Rhee fkestel AT
(12-13]. Z3AFQ1 ZAte] ofyzt oFg7]Ql 4=4ts}
ol AFedz Adddozs FEEGolA
e EEiss 2 & Aok B 2SS
AEEAR sto] g ol RReE AIEE
73 aatstorl S Ariehr] Aol Aate] fumes
FAL & SleE= HAN Ao 2359 a4
o7 ¢ttt Wt 2 AFoME atetottle
AFEAR Ao RA Hoh o dAet sxo
HANS d4A171324F shalt.

NH;OH + HNO; — NH3OHNO; (D

2. 4

o

21, Az 3 gy

HAN 3Rtas 45t flste] g4tstorql
[assay—50%, hydroxylamine, NH,OH, U.S
Sigma-—aldrich]#t 48 A4t assay-60%, nitric
acid, HNOj;, DAEJUNG Chemical & Metals
Co., Ltd]& s% EHsulfuric acid, HySO4]
o] gpHkgog Lol XS FESIYIC
A L e B L il S I S I I 2
5420 gREel AdS W, AN o
T 22 ghgo] dojd 4 ik ol F54E
Z A ol A% o 2 §hgA Q)RR
Bl 0|40 EvEo] EAY 4 US ¥ &
AT [14]. o]=Igt S0l o F4tslotrlo]
EE7] g L] fAStoglS ALES
o] HANZ A|xsh= o Psi7t ok

4Fe** + 2NH;0H' —
4Fe”" + N,O + H,0O + 6H"  (2)

ot 2 o= PTEE 4419 membrane
filterE Ahgste] miFe] FH4E 2 7E B+
=2 o] Wt o] Az dxpyoz A4
H assay-95% FEO Ai EoEo] AAH
V$Eo] pAslotlo 2 RE IS APSIS

oA o] 24 4r8kA HAN[Hydroxylammonium nitrate] 434 93¢ 3

satstormlo] &1 3-neck ZetAdof AANE
AA3] A7H1 ml/min)3FAx, $4 B3] |y
o] REE 50C mwteg  {ASH]  flef
thermocouples 4¢lste] 2EHsE F9] 717
wEsiglnt. & AFolA= pHoll w& HAN 2t
TEo EA4S AmET] Qo Hike] Arige
ZHsHHA Ade A8tk

2.2, NEHEN

A34€ HAN &40 digh 34 ofF+= A4
E37|[FT-IR, Spectrum One System, Perkin-
Elmer, USA]E ©]-&dto] 8 Ui EAjst
+ N-H'¢t N-0'9] 28715 HEdo=HN ¥
7¥otgith. B3 fARE TE2E 7H REUOIE
flo]Egt fAtstolyl, sto]EEAomIAd o] Eet
Hlwsle] o] 24 HANS AFHor EA|HL
o} g3t HANS| Gidl 2h+ E5Ee47]
[Thermogravimetric analysis, TGA A-1500,
USAJE o]8sto] SAoiRSITh o] ARrtETD
gim][lon chromatography, 883 basic IC plus,
Metrohm, Swissli= 4-8H¢] pHel w& A4k
TFE AESte] 84449 HANS 5:E8 1
7¥stgnh SAlel 8ddel] EAsk= HANY|
BHAR e HlEHEE ol8dte] /Y 5
e WEERE ARG A8ste] ALtetad

o} [15].

107.85

~96.042— w (HAN) < 30.99 &)

p

o714 P= HANS WiI(density of HAN)o|Z,
W+ HANO] H#ZFE-S(mass fraction of HAN)
o},

3. Zat o &
AAee e g Agonn e
ghgole] pHE 2014 3o A Uehech
AFOHE HANS| 4582 Ade o]
9ste] welstdon], oA Sasornit A
ste] FEHIE 101 (2 H@)2A B9 pH
7} 2-30] Hashe Fshigo] 7Rolw, pH
o] HAe 98 6-740le] HANE AZ3l%
2 wjo] Y B2 e [16].

N
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3.1, £+2YY HAN AIREY
= FEAGe] Stol=54 opwlzt

2
= . 2 I (95%)9 A
APoRRE AASte] el HANS F5¢
= £ dEAGRAAE A=
A, FRAL] self-sustaining combustiong X4
st7] 91l HANS| 423t 43 4 gle
TAolrk [17]. 27] F4kstotRle] pH g2 99
ARE  AleRz|R AitpH 1-2)9] Tyl
ef JLEs] ol FoETE pHIF 4 olgtR
Welgd of 1349 HHEc] FAAEHA 2EE
g5 7849 pHE AldstA =4dst3irh
Table 12 A4re] A7iege] wie} ®iglsl= 4
|H9] pH & Qofet Aot} o]24 3Rt=E
o] BN, S dACA AAEE el
Z1z304 F44Q pH 7 FHlo| diste] HEH L
2 1FEsth Aol Alge] pHE 5.35904]
8.67 (K-HAN 117} ®alstgeh. 27] A}
o9 pHi= 90]al, ARERF HAFS] pH e 1
24 Aito] mItE fao]20] o wet &
AF HANSO| pH7} Wol|A| ot ¥t At
HAN®] dtAdo] §ast pH e 6.9-7.2 91 A
o= Atmdrth o224 100% HHeH HANS A
X717 f1s pARStorRl T} date RER|A S
21 189 §hgg fadoan 42 pH #
< 79 7P Aold old, 844 pH7t
doldas gAY olAor EAch:=
[NOs1¢] o] F7FstAl "t ZLejv Aite] ot
A o] ditolo] zHESHHA HAN
T2 Aol & lom, gFHoRE
ouiz] =424 HANS 7242 =4S W3t

H
of HANS dddiule dst &
=
2

= dotlz Ayto] P FA| %
Aol o] slgHoz =
HANS A4sHs 2g Qs A4
2 GAT u, 22 AAEA stol=s
o] ot FoksHe el BAEgon, 3
FHoRy APt e Sgge] HANo|
949 7oz WowH = A0 Fut A%
ol oS A4St oo MatsheAl )
e @714l stol=sMotile] Witozy
B el Saoh 2GS durgo] dojuit,
HANY Baftg olAUZS Aving Aol

o)

o
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o] #AastHA  oFEdAHHNO, H&=  nitroxyl
(HNO)o] F7tsh= & & 4 ek ol2’t &
sff @gol Aol o8 8 e] pHE &
7H7IE aRler AEHh & 2 dAFolA 4
A FUtdes Aitol2o] ol Frtsihrt
Hashe F9o] wEEohd HANS Eali7 Al
AE= Aol & 4 QU

[NH30H+][NO3_] — NH,OH + HNO; (4—)

Aol Artshd EgHgdle] w7t S7kshd
A g 2t A&Hor FISH e
A (9)9] Hhge] dold & ok AA g
o2 olie FIH=EA HNO A4HE AL
2 dHA o wg (5) 7 2 5 Qe
A2 Aes] dA A AR A #4917
84.8-200ColA dofup= ZAoz Yehtgit.
Az wg O7F vg DEY 52 2% 24
A delutes oz dHA it [2].

o
]

=2 mx 1o [N

NH,OH + HNO; «
HNO, + HNO +H,0 (5)

obaate] @4w7] A2staA HANS| Haje
5] Z7HeIh 1B weAE)A A
QA EuE-L HNO,e A4e] 7):lstel
420l HANS| 8} ¥h-2 fzgich

2HNO, + NH,OH — 3HNO; + H,O (6)

A=t o|e} 72 7toutSoA HANe| A=
£ 21S fAsE e AFse Aol E&
st A=A whg 8% Fole wWete] Hrh
21 (3)9] AHozHE de HANS =2 H|m
3 Hore uf, AAR filstotulz) Aire] 27
hgHlo] wE pH Wl TeE AdA =
Table 1.0 ot vRel Zo] pH7F 7o gt
A2 (K-HAN6)S] HAN e 60%EA 73
EoItt. #4tstottlel Hlgo] gobdSE pH #
2 A& F7KHAEE 258 HANS| b2 ot
Al BolAl= AE ¢ 4 Ao T, 89S

HAetstol A 5471 A el = ek, F o

il

80% gl HAN ofeh=e €& & Aot 2
Ao AE HANO Zsjger Qlste] gujs
et STAZE o 2 5 o HANEFS

o)
o= =
80%E H<= o Utk
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oy z] o]2A AtskAl HAN[Hydroxylammonium nitrate] &/38%4 d+ 5

Table 1. Synthesized ionic HAN compounds according to nitric acid volume

Sample K-HANO K-HAN1 K-HAN2 K-HAN3 K-HAN4 K-HAN5
Ratio* 1.47 1.52 2.00 2.38 3.32
pH 5.35 5.68 6.19 6.48 6.86
Content of
HAN() 37 39 48 50 57
Sample K-HAN6 K-HAN7 K-HAN8 K-HAN9 K-HANI10 K-HANI11
Ratio* 3.64 3.78 3.91 4.12 4.23
pH 7.06 7.42 8.21 8.49 8.67
Content of
HAN() 60 58 51 48 41

* Ratio @ Addition ratio of hydroxylamine and nitric acid (NH,OH/HNO3)
* Content of HAN(%) : The HAN content value calculated from equation (3)

3.2. &4 HANS| EMEN

3.2.1. FT-IR ¥4

dgoz EAst= o4 HAN 3Rt=9 ¢
4 oHE THESH] Qlste] HeAdRFHeR &
40| sfet 2715 FASHEUT. Fig. 29+ 30
A Hgt AHER A & 5 gl%o] 7] ¥
S0 FAkslotRle] EAs= N-H % O-H
Z-2719] peak spectrumS 3244 cm '€} 1605
em oA ZHZE yepgn, B Aol et
HANOIAE 3324 cm-19F 1608 cm™ el &
sto 2 AtA Sl peak spectrumd} FAFSIATE
JBs £ Aexte] EAsk= N-H peak
spectrum< H| B2 4 o]24] HANS &4
RS I 4 Q8. Az N-H, O-H,
J231 N-O peak2 o|2&o=z 3,500-3,200
em’l, 1,600-1,400 cm™}, 1,400-1,300 cm lof|A]
Z7F U Zo=m deA ot [19]. whebA
N-H  #87]=  sMtaaAtstorl[Hydro-
xylamine sulfate, (NH;OH),SO,]3 A 2 E

—

KX
=
W AR ST & Yot

[Ammonium nitrate, NHNO;]-2 EAjE o2

Ammonium nitrate

W

Hydroxylamine sulfate

Hydroxylamine

K-HAN

T T T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

cm

Fig. 2. IR spectrograms of used chemicals and
HAN focusing on N-H functionalities.

T3t 287] N-0O'9] &A= Fig. 3¢ &7
2735t A& [Potassium nitrate, KNOsl1 &

Table 2. IR frequencies of N-H functionalities for HAN and reference

compounds

Compound

Absorption frequency (N-H)

Ammonium nitrate
Hydroxylamine sulfate
Hydroxylamine
K-HAN

3,130
3,025
3,244
3,161

- 169 -



(o))
o
b
ot
Az
e,
>
o
o
o
=z
=k
2,
H
Ho
R
BN
ofl
s}

At E[Ammonium nitrate, NH4NO3]e] peak
spectrum PESto] SIS 4 gy, AAl=
T 712 287 2R ZuEdn oS fARR |

QfollAl TE@star AT

v

Potassium nitrate W

W
K-HAN

r T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Fig. 3. IR spectra of the used chemicals and
prepared HAN focusing on N-O
functionalities.

— pHS5
S pH7
N\ -
I \‘\._w/ L -
. g
I T T T T — "
4000 3000 2000 1000
cm”

Fig. 4. IR peak spectra of HAN depending on
its pH.

Fig. 4= HAN S891g pHE=Z ZH|F A=
o] IR Eloln], RE A&7} SARE dEje] 2
7152 1A AsS & 4 Aok &, 4t
& A7¥ste] pH7F 7HAsHHA zj_mym Lo o
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A 7Y A2 FH= tﬂ@fﬂ‘“ A
Holz] ekgkth sk, 800-840 cm’ A
1,300-1,380 cm™! BEZoA W1 Grtere 7
o) JHE Fote] Hitolo FH7t =T
Aog FAHS 4~ 9lom 3000- 3200 cmt 2
oA Y& band FEIZ7} HERGE
N-HE =3t 287171 &= "1]%% 4 Aok
[20-22].

3.2.2. o] A4HEA

2 QoA HAN 3}gHEo] ZA5H= AAtolee
AFHoz =Hst7] S5t IC B8-S AlYstA
o 2 Ao 398 Z4H60%)2 6.0 x
10° ppm@] A4tolee ghasta gk Table 4
o] QoFst BAANE B pH 7 FHA &
8ol 88 x 10° ppme] HitolL =n =
o]aqyﬂ /\lxﬂi Z;GQ 11/\]-013_4 ;
ol FAHY =4 AEH olfE TS
o o5ty 9ste] AA o] = Adtero] A
oS wrema A}gste] Thako] AARS 7}
57— o]& <l5le] 2.8 x 10° ppm&] AAitole

AR EAE 4 e AFHE Ao

e}

di-n:rlo

@ra, 27} 7] FESH= HAN 89 o]

Aitolee] Arsrs ZHFORH, oL
?S‘HE]EJ HAN-»] _‘_-x:E:__E__ ]/\]-o]- _/'\_ ol_%

wobE, =, A /%}0}“10 A
s pH %k" M8 8, "Hg-E9 7@7}125011
ol A48 4 9E HANS) p
Zgotal, pHell wE HAN kS 4h
Aoz AtmErh

R lo&rh‘
H'UHU
L}Eo?,:i&

a}

ol
=
olo
_{

1 }

)

>

zo, Mo

o 1y ofy "™
M
molw

3. 954 24
Qut e 4oz nelux] BAY A AL
4o PARoRA 5T 4 glrh HAN
Beheri ol24k HANS| At4s]
9l fEo] el whet thzA] vehdt (15,

nHﬂ o mR
Mol |

Table 3. IR frequencies of N-O functionalities for HAN and reference compounds

Compound

Absorption frequency (N-O)

Ammonium nitrate
Hydroxylamine sulfate
Hydroxylamine
K-HAN

1,383
1,367
1,329
1,324
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Table 4. Quantitative contents of NOj3™ in prepared HAN solution

pH NO;~ (x10°ppm) pH NO;~ (x10°ppm)
5.36 12.1 7.06 8.8
5.68 9.0 7.42 8.1
5.89 8.9 7.92 7.6
6.19 8.8 8.21 7.1
6.48 11.7 8.49 6.5
6.86 8.7 8.67 7.8
22]. AAR HANO Ealex: F9 hiaF 24 %Eﬂ zlﬂﬁ}h HANS| =& A3 &4

AWAY o] i, B @l

;
2 oy
N
—_
ok

s

_/_’K_
£, & HANS| §&go] Fe4E BEoleks 4
7 E% mepA HiEsts HF=olu A eHgAde
E}E} HAN 3FF = 29 @a5e d4sH
"ot Fig. 5= & dATolA 4 #8A4
HAN siH&E9] pHE Eilexs H] ﬂ@ Aol
oh. 89o] pHel| whet Z3tE|o] Ql HE9

F= th27] E pH 504 87K NS F
Hlste] 200C7H Fhste] Bejse g 4
sughtt, B4, HANY Bojemt pH 7
FHolA b e alE S £ sl =
L pH 5014 ol Bael He et o
£ pHgre] Azt Adides Eger], W
& Agom Kojdl g2 pHE §70
HANS] 2alE Iy =
% st

mshjsi

100 4

01— . . . —L= - 7
40 60 80 100 120 140 160 180 200

Temperture

Fig. 5. Thermal properties of HAN in terms of
its pH by using TGA.

3.3. 0|24 HANC| 2t T}

89 42 HAN 7] ozsigge 47
HAN ghgo] whet thald) 242 A8 A o
U wraEde] 24" 4 glek L of

|

sl we pasi mebd g mFe
gotel Ao e AgRde 4
(Y Aot F2 AHD Yk B Apoe
o]24<Ql HANC =& 3.0-8.0 M FFo=
Hlate] A& olgste] HANS| s gt
CuAe Bol =29 Aitolee] Yake Table
s ZA7ke) oz aokigt. BT FEo
HAN K12 4ol Bag 24eleo] gare
@S] S8 2 Alzel dieid @atelewt
HANY 528 2433, Aastnd sjget. of
of 2Adte] Wil FEiE e o
HAN 5890 el dfell srolee] g
Mg, ol Fol S vl £ A4
ol WP HANS| @Fe v & U9l
ot. HAN2 [NH;OH'-NOs; ]&E9]  ionic
louid SEEoIR2 389 Job NOs o e
2 delrt St Agsh AdE 24w o
ehi 1C2 Bol Fitolee] e BAlstel A
A 7K Aol o] e EET 4 U9lT 1
of T -89 U HANS| B8 £EF 4 9]
o}, pH 535914 o7l K-HANO A2t ok
o]
[e)

J[)u
O_u

o HN o
jg N mlo O,
o 10

_1\1

é

31%=2 AFENI, pH 7.06914 1.39 g/ml
drg 7P =2 @R 60%E e
2 AT oMo AA| el A4S Y
S| gagh pH H9= 69-7.2 9 Aoz W

¥R ¥8 fo Jm

N
op
4
T
n=
i
|
o\
o2
o
2
o
Jo
oft
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Table 5. Density and content according to pH change of HAN

Sample pH Density Contelnt N503_ Conteint
(g/ml) (%) (x10°ppm) (%)
K-HANO 5.35 1.27 37 9.2 37
K-HANI1 5.68 1.28 39 9.0 42
K-HAN2 5.89 1.31 42 8.9 31
K-HANS3 6.19 1.32 48 8.8 28
K-HAN4 6.48 1.34 50 8.6 59
K-HANS5 6.86 1.37 57 8.7 25
K-HAN6 7.06 1.39 60 8.6 70
K-HAN7 7.42 1.38 58 8.1 19
K-HANS 7.92 1.37 56 7.6 15
K-HAN9 8.21 1.34 51 7.1 15
K-HAN10 8.49 1.32 48 6.5
K-HANI11 8.67 1.30 41 5.4 6

* Content(%)! : HAN content value using equation (3)
* Content(%)? : HAN content value calculated from nitrate ion concentration

A AL &+ e Fd 25 R
(ammonium nitrate, potassium nitrate)< H|1
o= 2 dAfoA g gvtEe]l HAN 3
2 A A=A E]lstant. E§ g4
HAN 3}gt&9] 884 pH ®3le] oE |
9} IS SHote] HAN S 93 A4
pHE Z&3om, 6.9914 7.2 Atele] pHolA|
P =o Wnzh(1.39 g/emd)a}t eH60%)0] A
ojde & 4 QQlth E3E pH7.069] g0
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