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THE APPLICATION OF THE MIXED CATALYSTS
OF M AND T TO THE HTPB PROPELLANT

Wang Guilan Zhao Xiuyuan Xia Qiang

(Hubei Red-Star Chemical Inst. , Xiangfang, 441003)

Abstract: The mixed catalyst of M and T can increase the burning rate and decrease the
pressure exponent while being used in the HTPB propellant. The burning rate can be adjusted
between 9mm/s and 30mm/s, the pressure exponents is no more than 0. 2 within the pressure range
3 through 9MPa when M and T are used with different concentration of AP which average particle
size in the formula is below 10 pm. At the same time, the propellant burns with plateau effect. The
pressure exponent mesured by the rocket motor is consistent with above value. There is no bad effect
on the process performance and the mechanic performance while selecting the proper proportion of M
and T. It is shown by the theoretic analysis that the M and T have the synergistic effect on improving
the decomposation of AP in low pressure.

Subject terms: Hydroxy terminated polybutadiene propellant, Burning rate, Mesa-burning
propellant, Catalyst .
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2 RBRER

KB TREHNR T EHE, B ARJ . HTPB A R/AP/AL, BE{k& & 86.5%;
BACHR AR, BHREE84X%.
2.1 BREHER

LA BT RER, #TEBRERAR, SRERHN.

(D FERHM Y% AIERRE A RFERFE. ELREMN Tmm/s MNP 11. 3mm/
s, n MEIF, FEMK; ME—OEAHNTEARFPRNAH, RERHRE, & EHALH
8. :
(2) EEFMMETAHE, THO.7%, MR 7%E, #R#EA[1AF)] 8mm/s~14mm/s, n /}
F0.2; UK M/T K 2/1.5, Fati¥m4n AP &9 &, MERFKF 14mm/s, n /pF 0.2, 35
AL & BB,

(3) #AFI M 5 Fe,O; HEBHKE » BUER, M B F SHEMBLMASRENUEEHR
B, WHERE 2 WER, ERRBEATE. IR EEHASHIER MT Y EBER AR, /£
H—HHR.
2.2 AEHBAUAMTHEARSPHIRBRER

AEMELH MT £ A BB 7 PEBRBRE KX 8mm/s~14mm/s, n FATF 0.2 HiIRKRER L
#=1,

Table 1 Experimental results of the burning rate 8mm/s~14mm/s

T/M Burning rates under different pressures (mm/s) n
e Quantity (%) | 2.94MPa 4. 90MPa 6. 86MPa 8.83MPa | 2. 94MPa~8.83MPa
9321 0.7/0 8. 03 9. 41 10. 81 12. 00 0. 37
9120-19 0.7/4 8. 63 10. 14 11. 42 11.16 0. 30
9141-40 0.7/7 10. 81 10. 99 12.21 12. 96 0.17
9142-43 0.7/9 12. 65 12. 49 12. 88 13. 44 0.07
9221 0.7/8 11.47 12. 81 12. 41 12. 95 0.10
9222 0.7/8 11. 10 12. 69 12. 45 12. 87 0.12
9223 0.7/8 11. 29 12. 73 12. 21 12. 82 0.12
9224 0.7/8 11.83 12. 64 12. 90 12. 55 0.09
9227 0.7/8 11. 58 12. 81 12. 79 12. 99 0.08
9228 0.7/8 12. 07 12. 84 12. 93 13. 50 0.08
9221—9228 11.56 12.72 12. 62 12. 95 0. 098
mean values o178 Sx=0. 354 S:=0. 141 S.=0.298 S:=0.312 Sx=0.018

RIHBIERA, YA THHERY0.7%, MAR 7%, BREZXF 12mm/s, n<
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0.2, KFFHEEXR; XMPYHEHMMB 8K UL, nHEM, H0.1E4, EHEXRYE
n=0.098, PR¥EMME KR S.=0.018,

RNiZfEd %M BB KT 5%, MHE#H KRS FHEEEE W . EM RREKXTF 14mm/
s R EHEHERE, FEEEH MOAHR.

MEBEXABSERABEREKRT 14mm/s B HEHN A BRY, #EAEFMMTHRE
HEHRN: C%~3%) :1.5% (BRAMT-5), X2HRKERNH, MT-5 ERAFFNA,
AMERBF X ERGTEE 14mm/s~25mm/s, n<<0.2, MATZE. I¥HEERL.

Table 2 MT-5 experimental results in A composition

Quantity of Burning rates (mm/s) n Mechanical properties Viscostics of
No. | fine AP | 204 |4.906.86|8.83] e e TACC | incured 750c
~8.83 Om/Em/En Om/Em/ O/ €m/ 6
(%) |(MPa)|(MPa)|(MPa){(MPa) (Pa+s)
(MPa) | (MPa/%/%) | (MPa/%/%) | (MPa/%/%)
9336 20 13.3013.5914. 34]14. 83| 0.09 [0.56/64.9/77.7(0.34/76.6/87. 6/2.51/61.4/77. 2 —
9368 20 13.40[13.80|14.36/14.76| 0.09 |0.60/63.9/73.0 - 2.29/62.3/75.6| 194.6
9379 20 12.52{13.37|14.25/14. 78| 0.15 |1. 19/L55. 7/60. 6 — 3.32/48.8/56.5|  237.8
9363 24 16.59|16.89|17.30[17. 77| 0.07 ]0.53/63.6/76. 3|0. 32/78.9/87.7/2. 70/53. 9/68. 3|  248.6
9364 24 17.54117.88/16.95|18.17| 0.02 |0.62/63.6/73.7|0.32/78.9/87.7 - 227.7
9354 26 17.70(17. 43|18.50|18. 64| 0.06 {0.72/61.0/67.1]0.37/74.3/88.9 — —
9373 26 18.55118.89117.95/19.34| 0.02 |1.52/47.5/50.2 — 3.70/33.1/40.3 274. 4
9357 28 19. 52[20. 36|20.07|21. 64| 0.08 |0.67/60.9/72.6|0.36/78.9/88.5 — 250. 8
9375 28 17.35(17.99(18. 18(19.26( 0.09 |1.47/48.8/51.8 — 3.73/33.2/42.5 293.6
9360 30 23.93|25. 36{25. 68{24. 47| 0.03 |0.59/58.9/70.70.30/73.1/82.9|2.80/45.2/61.8]  254.8
9377 30 21.79(21.83]24.85|25.53| 0.16 |1.46/46.2/50.0 — 3.86/30.4/34.5 305.5
9417 26 5.46 | 7.04 [ 8.44 | 9.85 | 0.53 [1.10/50.9/58. 4 - 2.54/42.3/53.5|  301.6

2.3 HAEHUNMTEBEHIPABRER

R T HEREILT) 30mm/s, n<<0.2, BLHIEMA AP AR, FESEMT HAGH.
AN EEE RN 84 % BEY . A& M#LH MT UAFERBLHIE B HNA, 4R5
A% 3,

L MT HE K 4/1 8F, BEHFRB A% 25mm/s, n<<0.2; % MT A4 K 4/2 0f, &
A3k 30mm/s, n<<0.2; HEFHF NIEHEERBE, WRERFE KT 0. OIMPa, &,>50%, —40°C
BB e.>30%, ERIEHRERFHY; ARPWTIHERL, BIHKE 50°C HF 150Pa -
sy ERABIEEK, BEMKIEEN 0.057, MTFRAERY; LREFMERELEF. MTEB
A, BREM 8. 6mm/s B E P 30mm/s, EIRMIEEM 0.57 &R 0.1 £4.

2.4 A, BEHZE n BRAER

AT H RIS R EREEM RS R [ 84E, FIA BSF#75 KL 315 KR
8. A1, 285 A, BETHMIKE R, MG REH, ARTHESHE-H, nH0.12
f10.13; BREANELER 0.23, BMETHESZER0.15, #—HELEAXHRERETRLY.
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Table 3 MT experimental results in B composition

Burning rates (mm/s) n Mechanical properties } )
Viscosties of
Quantity 2.94 25°C 70°C —40°C
No. 2.94 [ 4.90 | 6.86 | 8.83 uncured 7soc
M/T ~8. 83 Om/Em/ e O/ Em/ b O/ €/
(MPa)|{(MPa)|{(MPa){(MPa) (Pa +s)
(MPa) | (MPa/%/%) | (MPa/%/%) | (MPa/%/%)
9305 4/1 25.72]26.58(26.25|26.33] 0.02 |1.36/57.9/64.8 — 3.75/31.4/55.3 —

9306 4/1 25.23|25. 89|25. 78]25. 63| 0.01 [1.44/54.1/58.7(0.85/72.1/75.8 - -

9307 4/1 24.89(25.13|25.10|26. 69| 0.05 [1.43/58.7/64.3(0.91/80.4/81.8 - —

9308 4/1 24.99|25.52|25.26(26.39| 0.04 |1.40/54.9/60.4 — 3.89/30.0/43.8 —

9309 4/1 25.84(25.86)26.21(26.43| 0.02 [1.26/59.1/65.1(0.78/88.1/94.9 - -

9301 4/2 27.16/30.72|29.87|30.51| 0.10 [1.08/64.8/65.4 - 3.02/34.5/56.9 —

9302 4/2 30.12{30.60(31.58{31.70| 0.05 [1.22/61.4/67.5 — 3.14/32.2/56. 1 —

9324 4/2 29.75(28.70|31.83/30.15( 0.10 [1.02/61.6/71.4]0.60/68.1/74.7 — —

9323 4/2 29.80(30.66(32.56(31.95( 0.08 [1.23/49.8/54.7|0.65/68.4/74.5 - -

9329 4/2 27.75(28.71(31.83|30.16| 0.10 {1.11/52.9/57.5 — 2.75/30.7/44.9 —
9344 4/2 28.23133.35(30.62|33.23( 0.14 |0.96/69.6/77.8 - 2.89/39.7/61.3 144. 8
9347 4/2 29.48130.45/|30.97|31.76| 0.07 [1.01/67.0/71.8/0.41/54.8/55.3 — 130. 43e® 5™
9381 - 5.43(7.71|8.62 |10.29| 0.57 |0.71/82.2/100.0 - 2.83/45.3/94.7 145.0
60
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Fig. 1 Pressure exponents of A composition measured Fig. 2 Pressure exponents of B composition
by the strand and 75 motor measured by the strand and ¢75 motor
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% 3, 4 PTG REDTHALRK LR, A 3. a A REMTH ARH; b, e, d
AEMTH A, BREJ. 2.94MPa T b, ¢, d MR a RE S FIB L T 144%, 255%,
436%; T 8.83MPa T, 23 HIRE T 50%, 115%F1 215% . BIERIGEW 2~3 15, HEHAEL
FMT ERETHARERE L AP RS BAEFEAXTEE. HHEETREE®OEEX
FEE, Ni=EFE.

B EAH M BRE 2 PLIBBFR DR E . (D M ERERERES HE SRR, Rt
B—MEUWEETRE; (O MAURBSHPENRERERXEEN. (D, (2) #yit
FIFER, ML THRBERE AP MRS R R, REELELPEENRFEBIETLIAR.



88 - # o H R 1997 4F

MBERMET AP BRI BFP R FHEBH T EDY,
I8 d
NH} + ClO; — NH, + HCLO, o ¥ -
Derr ¥ A\FI B EERBEMR TREREEHWSEE
M XER, I8 Y EBRAT 4. 12MPa B, AP R F U 3E8R
PR, /DT 4. 12MPa B AP (M FHRE. B ATRABE  E b
AR MMERAERETAKATEETRE N AP BT —_—
B 9538 b o B AE RR T A9 JLRAE /R AY . 10f
Pittman F AN EERBEM LR/ T ERE T HH
SRALEYRIBEILILE, WA B PLELRT AP B4R I B
MERERZRIGATRYTER; o FEMPI N-
HEMRESERITCHELIER. NTEEFILEE
L RBILT AP 2R FH B4 8 HCLO, SH4RKR : s 7 9
R, B, p/ MPa
HCLO, - HO + CLO;, (2) Fig.3 Relation of the burning rate
BYE ERSHT, AEZINY A A BALH MT B T{R4% and the pressuresin A, B composition
BEH M BB, B E SERE SRR PHRESLRR, RERERE, B AEE
B, MMSHRRENRARRBSERZN, REESERNFEEAYRREREY, X
BT AP A BEIIEIER, B Q) KR FEBIE. madRH T XE4LTSHEP
RFEBIE HCLO, fr &, B (2 a8, X @) m#ETR (D RN, HEHMHA
T3t AP /R RDI EHEHER, TMEXEERNE 4. 12MPa I TEERAHE, BHHA
TR R LA AP R TR B 2R RAY W, T8 R KL BUR R, SREH
BEETREREFSEERTEE, HAFEAK.
B — A AL M ZEREE K TF 8mm/s B, B 2 EFAE/N, FAM K, XELH LB RS,
AEMMATAHASGARRERBRETBENERFE, X2 MT ZEBERERBSER.
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