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Preparation of ammonium nitrate/potassium nitrate particles containing polymers
and evaluation of its hygroscopicity
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Abstract

Ammonium nitrate (AN) shows promise as a gas generator component because of its affordable price.
However, handling this compound is problematic because it is highly hygroscopic and hence undergoes
aggregation and solidification. In this study, in order to prevent the hygroscopicity of phase-stabilized
ammonium nitrate (AN/KN), we prepared particles from a combination of AN/KN and a polymer
(moisture-proof agent) by the spray drying technique and investigated the hygroscopicity. A white powder with a
particle diameter of about 20—40um was successfully prepared by spray drying water solutions (or water
dispersions) containing AN/KN and each of the three types of polymers. The results of elemental analysis by
Scanning Electron Microscope/Energy Dispersive X-ray spectrometry (SEM/EDX) indicated that each
component was homogeneously distributed in the particles. Particle aggregation was hardly observed, and the
moisture absorption amount was lower than that in the case of the polymer-free (blank) sample. Even under
high-moisture conditions, the particles did not deliquesce immediately and retained their original shape, unlike
the blank sample.
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1. XU®iC

IR T =0 AAN)L LA L L COBRRE A 2 A AR OME THY IEF ARl TDOAF ]
REZRZ LMD SRR FE 3 RS E TIRIAS VOBV TN D F T JRBEREI & B IRIE DR A L7 WS DO B
DR JER BBy BT Ny 7 ARG AR LU TE S TE B AR r s T K7 E OB LA ORFE
MERELTHE R 28O TS, — 5 T,AN 13,100°CEL T O ML RIR Sl CIARTEZ b 2 ORI & 2,
BHDNT, B WIER AT L TSI RL T [F LB L E L T 270 8 ORUEN O, FT- RBEEL LT L &
TR IR Y T =L 78 O RIRAISC A BB L LR A T HZ L TR 2 EXE 20571k P dD
UNIHERESR D /3 BF TII B R ER T B =0 DR EORRLHI L 32 7 IEREDRE SN TERY & KMER
PRBE |2 -2 DRI DRI L DFFEDM T TS 7O F7- MBI BIL CId e VD Ao L7
EETINTHILCE ST 2208 T& O AN 24 AR AAISE O A A 554 123,262
IMUT= AN THDHFHZE AN FANWDZ L2725, — 057 C 3Bt O Wi 0B b2 B 132 7RI B L T, BERE
DIFFEMNEE A E IR THAER R ENTKRRES 0 —T T8 D AN KL f-Ea—T 407357515 LIS
PG Y S W N A Nl SYANTAN

Fex O N —T7TIL,ZD AN OURIEVEICBE T RIS L TR 4 gtz B R ~—%L AN 73—
LT PR T D2 & TR I TE DD TR NEWVIBERBICE 5722 Z TARMFZE TIL,AN
DO LE HEL AT L —RIA128D AN BLORI~—03— R b U7k 2L 8L L 7ok 7 D Sk
WPER D DN BB RSV THRE A T o 72,

2. EBGE
2.1 HApEFRR

B OFARUNNIAT L —R T % W, A7V — R A TR B SR A VA R E 7130 S, e sl
TRIRF R P IS B LIRS IR 72155 71k Th D, FEBRIEE TP T (@O T —R
T4 —(Fig. )& H o, BURGR 1T 170°C, 258 NERE L 90°C —EEL, 7T 4 A7 [EHEHUT AR IC
18000rpm & L 5K DKL BE 3 151V 56 D A 24000rpm & LTz,

FRLGF TITI W CANCRDGHIEE T3 (R +H8), M1 22 EAL AT HhElE 1 T (KN, FIYEAIEE T2 WK
8, 3 LORY < —Z VMR (B DU NI BOS BT KEIRIZ T L TAT L — R A% T o7, ANKN, & FiRY~
—DEEIIT,9:1:03 BE 9:1:1 L7z, RU~—ITIL, WLRF L AF L n—2T o E=7 L(CMCA, Tl
JEMFE TR AL, LR F 2 AT L b —AF R A(CMCNa, FiElSE T30k )+ 5Y), Latex(IBA L%
FIINARER)RM)D 3 BEEERENH W, £, 770 7B EL TR v — &2 B 0k
(AN:KN=1:9)Z 7R 5L 7=,

Fig.1 Structural aspect of spray dryer
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2.2 REHERBLOTLRMARZHT

ATV —=RIAZ DR A(AT L —RT7AREhH O K R g4 & A A #E - BAMEE(SEM,JEOL DATUM Ltd.#t:
B FVTRBIZE L7, 554072 SEM G DRL TR ZFHAIL, A7 L —RIABEIORLE A2 L7z,
i+ D TTHE A 2 TR — WO X #R5HT(SEM/EDX, SEM #45:FEI 48, EDX #54y:EDAX #t
a2 MW TBIZE LT, (MO Hrb IR EEIX 10kV ELT,

2.3 WBIEDBIE

— BRI R LI T v — 2 —NICAT L — R I AR B Ik U TR A4 1 2381 D B A b DR &
Z A L7 AR KRR DIFAE T DB SN 22 M ClL, — E OB EZ RO ENMOHNDZEND 12,
AR TIZREEAVY LB IOHEAL T N Y L2 Z NN TT o —2—NERE 40%rh LY 70%rh
\ZFREEL Tz

72 R BN IR+ SR A A R SR SE(ESEM,FEI #E8, Quanta FEG-200F)% iV CHREAIICHE]
U7 R B, ZEE N ORI % 400Pa, 258 IR 2-3 3 CIZFHE L AR 83.55%rh DSET
TIT78o7z.

3. WRBLUEBE

3.1 REBlLE

ATV —RIADFERATNDOR~—%H 256 THIOSLELTE AORL 2GR T HIENTE
72 B ORE L LB IR = — RSO BT, Fig.2 (R T IO R oG L b I B L35 — 5,8 )<
—ZE BN IR, Z D IR E T B ER S o T

FHRL 7-5Bt O R R IER SEM ICXVBIER L 7L A Fig.3 IO T 5910, 2 TCOAT L —RIA B DR 1
AR, BERERIR T o7 F72, K~ — %8 FAR VBB Tl 77 L AN LIRE 72 > TV B ER A A3 2 < 8
LBINT=DITH LA~ — 2 G il CIE O IO REEIRI LA LB SN2 Do T R~ — 2 G TealE T
IX,AN DR O FEDS IR S AT 72D IR - DEHE DI b DL HEER LT,

PR %2, B ENDLIR)~— O T T 5L,CMCNa D& TIEWNEHA P22 Thd —
77,CMCA X° Latex % & Eeal B ClI, NEBIZH 28 L > TR LT B2 WriE 28 L QWD ZEN b o7 (Fig.4).

Fig.2 Picture of the prepared sample
Upside: polymer-free sample (AN/KN (9:1)), Downside : polymer-containing sample (AN/KN/CMCA (9:1:0.3))
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Fig.3 SEM image of the prepared sample
Left side: polymer-free sample (AN/KN (9:1)),
Right side: polymer containing sample (AN/KN/CMCA (9:1:0.3)).

Fig.4 SEM image of the prepared sample
Left side: AN/KN/CMCNa (9:1:0.3), Right side: AN/KN/CMCA (9:1:0.3).

3.2 R TRR

FHBETHELNTZ SEM Hi§ 4 TSR F(EE D 500 f#)ORIE A E URLE 434 2 55 HH L 7= (Table1).Z
DR BB AT L —RTAREHI AR 20~40pum OFPHANIC RS ZLIFAETHIEN D o7 —F R~
—|Z CMCNa Z AW =3B ORI E MO BB DS /N EWME T 238 5 73, Z UE CMCNa KR DR AN &<
DB F U T 4 A2 DElHEE(18000rpm) TlEE kL CEZRH o 727280, [HllinEk 2 24000rpm |2 _EIF7-Z L2k
DIEFEIRFOW D/ NS o T2 I L Db DB 2 b D,

3.3 JLHRMALHT

SEM/EDX % FA\NCRL - 3% [l O 0.3 /0 A A L2 LT B E A& 5% Table2 (TR L 72 3 H O BEGREIZA T L —
RZAFE R OB KL D 53 F REAL N OHEF L2 fH CTh D Latex D45+ RN R Th o727
,Latex B D ITH /3% EDX (X3 HTL, Z DEATTITHER L2 EL 72> TND.ZDORNG, R~ — "G
FALTUVRY AN/KN Th R ZE DR S, RY ~—% 5 il B CH AR IC IR B OFIE DN BRI S Bz
DAY IND . Z AT, E R BB A B R I B E T BB — R T —F 2 N TEY, ZOREIZ L, AT k-
RFBOEIEDELS RHELON OB ATREMENH 5 R~ — % & Teal Bl R #E (mol%) 5 AN/KN TS
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TR FE (mol%) & 2L 5 [ &, A TOREF TR BFRE LTV MEA /R T 282D, A7 L — R A3 EHE AN KN $5
FOR) =R — KL LIRL - CThDHEE 2 HND.

Tablel Particle diameter of the prepared sample

Sample (Weight ratio) Median size[pm] Modal diameter[um]
AN/KN(9:1) 38 40
AN/KN/CMCA(9:1:0.3) 29 21
AN/KN/CMCA(9:1:1) 33 33
AN/KN/CMCNa(9:1:0.3) 25 16
AN/KN/CMCNa(9:1:1) 19 11
AN/KN/Latex(9:1:0.3) 30 38
AN/KN/Latex(9:1:1) 29 27

Table2 Element distributions of the prepared sample

Sample (Weight ratio) C [mol%] N [mol%] O [mol%)] Na [mol%] K [mol%]
Theoretical value 8.2 39.3 494 0.1 2.9
AN/KN(9:1)
Experimental value 0.0 38.4 60.0 0.0 1.6
Theoretical value 11.7 34.0 47.6 0.1 6.5
AN/KN/CMCA(9:1:0.3)
Experimental value 1.6 374 59.5 0.0 1.6
Theoretical value 8.5 42.1 47.0 0.3 2.1
AN/KN/CMCNa(9:1:0.3)
Experimental value 1.6 37.2 59.5 0.2 1.6
Theoretical value 9.1 42.1 46.8 0.1 1.9
AN/KN/Latex(9:1:0.3)
Estimated value 3.2 373 58.0 0.0 1.6

3.4 Wimt

ATV —RTARE e — ESE 40%rh IR FFLT=T V7 — 2 — NI 8 RERI TR L AT AT % O R 2 (LD
B OB A R L7 45 % Fig S(ZERNCRUIZ.Z OIS R~ —ZRINLIZ 2 TOAT L —R T A3
BECIE, R~ — RO E L CWE D PIHISN D Z L3305 FFIT Latex % FAVWZalkbClL, R~
—ARIRINOFELD 1/10 FLE FTRIEEAME FLTEY, BV R RS MRS Latex LA ORY~—1%
ETKEMETHLDIZRL, Latex 1R THDHT28, 22 K DK 53 Z WAL L Wi & A3/ NEL7p o 72 /]
BEMEN DD . — 05 1B 70%rh DA T (Fig.5, 4 X) Tlid, RV~ —D A B 2R 72 2 CTOREHCUIBMEN &
O, FBIEICH Z LU VSR L7272 AN IR E 65%rh (UTBEifE S 528,20 XH70 i E 5 F T,
SRIFERLT=T > — 2 —Z XD M FEBR CIE IR A DS R ESWR MR TE AN e B 2 HiD.

ZD7-8,ESEM % FHUN T i 4o 7 (83.55%rh) 12 361 Al i F A B A I8 L R ~ — DA B2
LB D Il A1 T 7=, Figure 6 (ZWIfFEFEOBLEME A R U R~ — & £ e el CiE, £
BRBR MG IR A BRIAL,5 B ICIXi & 72 > 7= (Fig.6, EY).Latex & Teilll Tl M oRGEIZ L
U RLA- R D TR DI DT DN KL [R £ G 3 DR 3Bl S 72 (Fig.6 T BO).LOL7ZR D, &
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Fig.5 Water absorption amount after storage for 8 h

Left side: 40%rh, Right side: 70%rh

Fig.6 SEM image of deliquescence progress

Upside: polymer-free sample (AN/KN(9:1)), Downside: polymer-containing sample (AN/KN/Latex(9:1:0.3))
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4, FE®H
AHFZETILAN OF5IRbE HHEL AT L —RFA128) AN/KN ERU~—(CMCA, CMCNa, Latex)?)s—
AL LR T2 3L, FASLL 72k 1 0 B M2 D OB IR RO W TR R TR~ T Z OFE R LT
Y ILZVIAY S Y d Wil
(1) AL —=RIADRERNTNDORY v —%2 NG E THIHEIHELT, Kifk 20-40um O H A ORL -4 L
THIENTET.
(2) RV~—% B FRVAT L —RITAG B CIIh R L OBEE N BIES DI L TR~ —Z2 5 ikl
TIHEENZEA L RIS oTz,
(3) KL Tl D ILIEIHTHD, BRI — B L T-hE T Ch D LRS-
(4) 1RFE 40%rh OF 27 —2—PNIZE B AT L, B 2 b DB E AR L =L 2 A, R~ —EIncky
19312 5 Y [T s I N/ 1<V g W
(5) YBJE 83.55%rh DK H TIL AV~ —Z 5 R WVREIOSE, BEIZEIEL 72DI1Z%f L, Latex 235 £
DREFCIT A 2K b 15 43P L, #ifiEdIOki I IRE B o 7.
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