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ABSTRACT

Titanium hydride potassium perchlorate (THPP) is one of the commonly utilized pyrotechnic
materials in aerospace industries. The current study elucidates the effects of hygrothermal aging on the
combustion of THPP experimentally. First, applying the Differential Scanning Calorimetry (DSC) and
isocoversional method, both the delay of reaction start and decrease in maximum reaction rate were
observed. The kinetics parameters tended to fluctuate depending the thermal reaction or intermediate
product formation of THPP. Also, the oxidants decomposition and fuel oxidation phenomenon were
discovered by X-ray photoelectron spectroscopy (XPS). The experimental heat from DSC data were
verified as reasonable by comparing with the theoretical heat obtained utilizing both THPP formulation
from XPS and NASA Chemical Equilibrium with Applications (CEA). Both data had identical variation
trend, which expecially had the highest heat value at 10 weeks aged sample.
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Table 1. Aging conditions of THPP samples.

Sample Aging condition
#1 Unaged
4 Aged at 71 C with relative
humidity 100% for 10 weeks
3 Aged at 71 T with relative
humidity 100% for 12 weeks
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Fig. 1 DSC thermogram for sample #1.
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Table 2. Thermal behavior of THPP samples at
various heating rates.

Exothermic peak
B temperature (C) Onset
Sample | . . temperature
( C/mm) 1st an Srd (°C)
peak | peak | peak
0.5 368 | 466 | 496 347
#1 1 400 | 482 | 505 394
(unaged) 2 418 | 483 | 520 396
4 430 | 508 | 534 406
0.5 396 | 464 | 486 380
#2 1 407 | 473 | 500 392
(aged for 04 | 479 | 518 403
10 weeks)
4 438 | 495 | 534 432
0.5 392 | 460 | 490 379
#3 1 406 | 468 | 496 397
(aged for 13 | 477 | 518 404
12 weeks) 1
4 437 | 508 | 532 421
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Fig. 2 Heating rate effect of THPP samples:
(a) Sample #1, (b) Sample #2, (c) Sample #3.
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Table 3. Thermogram parameters at various heating
rates for the 2nd exothermic reaction.

(C/min) | (T) | (C) (1/s)

05 430 | 467 0.00027

#1 1 434 | 476 0.00053

(unaged) 2 437 | 483 0.00083

4 449 | 508 0.00230

o 05 420 | 458 0.00027

L 1 429 | 470 0.00062

(aged for 2 440 | 476 0.00122
10 weeks)

4 454 | 485 0.00210

i 05 398 | 453 0.00019

L 1 419 | 463 0.00048

(aged for 2 433 | 475 0.00102
12 weeks)

4 443 | 491 0.00135

* Reaction starting temperature, ** Peak reaction temperature,

*** Maximum peak reaction rate
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Fig. 3 Reaction rate of the 2nd peak process:
(a) sample #1, (b) sample #2, (c) sample #3.
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Table 4. Activation energy and pre—exponential factor

of THPP.
Activation energy | Pre-exponential
Sample (kJ/mol) factor (1/s)
1% peak | 2™ peak | 1% peak | 2™ peak
# 123.60~ | 246.30~ | 15.05~ | 36.12~
172.74 | 270.47 23.69 43.05
# 156.02~ | 243.32~| 20.66~ | 31.35~
181.50 | 315.90 24.97 44.06
# 172.25~ | 198.65~ | 23.21~ | 24.15~
197.44 | 244.03 27.87 3231
TiH,*+KCIO,
18] 535.90 34.36
TiH,+KCIO;
18] 341.50 23.83

2, MIH ¢ TiH,,
A7} KC1 O,=
S 7A HArt. o] u,
A Fol FTHAHAHAESL KCO7F AAAEH
W35 YElE FetrE #E B EY =
AL Aotk dwrzlo g KCIO;= KClOyeol
ety whgAdo] 7] Wil whgo] ¥
oqur] fslAE KCOoRT o & &3 of
UA7t ok maA = 7EA ARRY B A Q)
Zhgo g2 s deprly g AT g A
olgt FE5T & Ut
HH ZE THPP A29 T WA =g 3o
3 @43 oUAE HA 198.65 kJ/mololAl
A 31590 kJ/mold #&
factor= A& 24.15 /solA HW 44.06 /s9 &
< 7Kt &4 oAU AS HEA mE A
HA dda ) Bl FUkE s Holx gt
AXNE 7€ FH#Hyg HolHE RY,
TiH+KClOs7 $-ol  ®l3] TiH,+KClO.2l 77}
o =2 gguE e JHAT 4A JdFE vt

ofy
=2
mQ rl it

pre-exponential

2 ¢ F dxel, F WA 2gduae] seivg
Zrol %3 o2 THPP A& ZFs 9
9 KCO7t ¥HeE= Ao 9F¢FS 713& A
o] 2} %DJ% ? o, I JFgFoz A o

M SCHBtm | IP:147.46.241.%**

Viton-bu KClOs;, KClO,9] F&®nt olyzl, A
BxAe] 43k & thofst geko = <Qls) #HHA
2 "ol ¢} o)z} EAT Aot

33 XPSE 53 A4 % AF B4

Fig. 5= THPP AlEo| Eg o Qe A&
A E HAFE ZOo=R, x3lEA
AZo) tg XpPs Aol HAEREAM A
Wt 2 A2 5E BE THPP A=
AEOZ B4 (F), 44 (0), EHEHE (Ti),
Bl (K), &4 (O9 94 (Cl) 942 o] F9A
Atk AL ¢ 4 Atk olw, 700 evel A=
N3E B4 i g30]H, ojufe] EBiAE ©
29} T4, B4R o] £zl Viton-b
[[C5H8F8-In)[22]2#E F&2H AEYES UF
T Atk

Bl olye}, XPS Ao ERE Ao AAAE
of Zlxste] ARFEA[23]0] o]Folxoem, Z
THPP A&o] di& &3t =4HE 78 7 UNA
ot o], Table 5= ZF A& A& F A5
TiO,9F 4FslAIQl KCIO.9] HI&E& on|3lH, o]
#Hes EOER % dAFHE RAFH AAD}
Sample #12 X371 71| A A] EhFA=
skl TiO, A#el LHAHJY. I O]WEE
Zhang S[24]°] R3% AFE & 4 Utk 2
AFRe w3E5A ke TiH, YAkel tis] XPs
) APstH =, TiH, A 744 v
= YA e gk 2hslauhs FRIEHA
g Z1=stdnh. gEkA AEEE Fo] =3tE

22 TiH, 4A7F 37 ol RaE A ¥4
HE AANGT mEtA 3 AFERE, £ AT
oAlA =3lE2 @2 THPP AlSolA o]4kslE €}

fo

o=

—~

ol A" £ dSe FHE 4 UM T oA
T R olygl, It o R EHEHE F452 19
nsla HkgAdo] FL FEHoE dEA e
w, o] w o] F&o] AL w=EH A A9}
w2 A wEg-she] gk Abslujute] AAdHol &
A

agla B AFolA THPP AZEFL 32%2

| Accessed 2019/05/15 15:58(KST)



88 °Fy - Y

TiH,, 63%<] KClOs % 5%9] Viton-bo] Z &H]
2 FAFUY. °oE B HEZE F4kend,
TiH,9} KCIO,&= 1:0.709% o°]Fojx Utk ojuj,
Zt Nge AE FoA Tiek KCl9 & Hl+= k=
st BB F Jve 55 As AkskA
ol #AIgle]l AT viES KA WE
of, B AddMs XpPs AF HF HAHNA
TiKCl ®l&E& AHESEATH #1, #2, #3o] s
Ti:KCl ¥l+& 1:0.708, 1:0.709, 1:0.7352] &< 7}A]
=9, ol Z AR & ¥y Hu 22U}
3.81% 01*6‘}; XPS Ao 2HE d2 ©olEr}
13 T

4 =317} THPP AlEd 73S we
£ Table 59} Fig. 62 ZRE A& &
o, XPS+= ZHEMAACIEZE TiH, &
A El: , A3 TiOF A
EHTh A B AFolAE AFE #1, #2, #2
9

°f TiO, S7M&<e ¥ofste, dse A=
g 2Hse AL BxE Y. FE 9 =3
7} b RS W, TioE F7H8he 43S Ris
tﬂ, wE KClOs #Aasts A4S Ry 11

1 =S APPDEE AFH =G ol A

40000

30000 -

20000

Counts (1/s)

10000 -

O L 1 1 L 1
800 700 600 500 400 300 200 100
Bounding energy (eV)

Fig. 5 THPP composition from XPS data.

Table 5. Chemical composition and fule to oxidizer
ration of THPP.

Sample TiO, KCIO, (F/O)motar
#1 14.0 33.4 1.07
#2 19.4 329 0.94
#3 322 30.7 0.60
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Fig 6. Variation in released heat between

experimental and NASA CEA data.

Table 6. A summary of heat of reactions - comparison.

Case Sample erat of
reaction (J/g)
P #1 1848
resent #2 2178
experiment

#3 1749

#1 190,443

NASA CEA #2 191,217

#3 186,830

Table 7. Formation enthalpy of THPP composition.

. Formation enthalpy
Composition (k] /mol)
TiH, -144.35
KCIO; -391.40
KCIO, -430.12
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