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TOM TAT

Thudc héa thudt chéay chdm dimg trong qudn sw tir lau dd dieoc cdc nude trén thé gidi nghién
citu va sir dung. Pdc diém chung cia cdc logi thudc ndy la trong nhitng diéu kién cu thé chiing
6 téc do chay on dinh va thuong dwoc nén ép vao cac chi tiét nhuw ngoi luu dan, vanh ty huy cia
ngoi dan phdo, ngoi né tén lira,... Bai bdo nay trinh bdy cdc két qua nghién civu, ché tao thuéc
hoa thudt CC-21 véi don thanh phan gom BaCrOy - 70%; KCIO4 - 9%:; TiC - 8%; Teflon -13%;
NC - 1% (cho ngoai), ¢6 toc dé chay 0,5 + 0,8 mm/s. Pdy la nghién citu vé mét mdc thuoc héa
thudt moi, co kha nang ung dung trong cdc ngoi dan co thoi gian chay dai.

Tir khoa: Thudc hoa thuat chay cham; Téc do chay; Titan cacbua.
1. MO PAU

Thudc hoa thuat 12 hdn hop co hoc ciia cc chit 1am nhing chic ning khac nhau nhu: chét
chay, chat oxy ho4, chat két dinh. Ngoai ra, con c6 cac chat ding dé tao ra cac hiéu ing dic biét,
dic trung cho thanh phan hodc phuong tién dé nhu: chat tao khéi, mau ngon lira,... va cac chat
phu gia khac [1].

Trong d6, thanh phan hoa thuit chy cham rit dwoc quan tAm nghién ctru. Py 1a thanh phan
ding d tao do tré thoi gian theo yéu cau [2]. Cac thanh phén nay chay voi téc do on dinh, do do,
¢6 thé tao khoang thoi gian can thiét tir luc kich hoat thiét bi cho dén luc tao ra hiéu tmg chinh.
Trong linh vyc quén sy can st dung céc thanh phan c6 do tin cdy cao, vi thé, cac nha khoa hoc
d3 nd luc nghién ctru ché tao nhitng thanh phan hoa thuat hoat dong tin cdy trong dai ap suit va
nhiét do rong [3]. Hién nay, c6 nhiéu mac thudc hoa thuat chay cham dugc sir dung nhung viéc
ché tao cac thanh phan chay cham c6 tc d chay thap vén la diéu khé khan [8].

Tai nudc ta, dd nghién ctru, ché tao va ing dung thanh cong mot sé mac thude hoa thuét nhu
MGC-100, MGC-54, MC-2, CB-150,... Tuy nhién, ddy 1a cac mac thudc cé toc do chay kha cao
(>1,5 mm/s), trong diéu kién hoat dong khic nghiét (-50 + 100 °C) nhiéu khi chay khéng 6n
dinh. P6i voi mac thudc MGC-54 va MGC-100 trong diéu kién 4m va nhiét do thap xay ra hién
tugng phan hity chit chay Sb,Ss. Trén thuc té, trong s nhimng vii khi b binh hién nay cta Viét
Nam c6 sting AGS-17. Day 1a vii khi hang ning, st dung dan 30 mm, c6 thé trang bi trén ca may
bay va xe boc thép. Trong co ciu ty hity ctia dan 30 mm nay st dung thubc hoa thuat voi téc do
chay khoang 0,5 + 0,8 mm/s [4, 7]. Vi vdy, viéc nghién cuu, ché tao thude hoa thuat co toe do
chay thap 0,5 + 0,8 mm/s (dat tén 1a CC-21), ddng thoi hoat dong hiéu qua trong dai nhiét do (-
50 + 100 °C) 1a vAn d& can thiét.

2. THUC NGHIEM
2.1. Vit tw, hoa chit
Céc vat tu, hoa chit dung cho nghién ciru gdm:
- Bari cromat (BaCrOa), xuit x{r Viét Nam, ham lwong > 99,0%, kich thuéc hat 4 + 10 pm;
- Kali peclorat (KClO4), An D6, ham lugng > 99,0%, kich thudc hat 8 + 15 pm;
- Bot teflon, An Do, ham luong > 99,0%, ¢& hat < 100 pm;

100 L. Hung, ..., T. D. Tuin, “Nghién ciru ché tgo thudc héa thudt ... tir 0,5 dén 0,8 mm/s.”



Nghién ciru khoa hoc cong nghé

- Titan cacbua (TiC), Nga, ham luong > 99,7%, téng ham luong C > 19,4%;

- Nitroxenlulozo (NC), Viét Nam, ham luwong N 11,8 + 12,5%.

- Thudc hoa thuat: MC-1, CC-8B, CB-150, MC-2, MGC-100 (Viét Nam).
2.2. Phwong phap nghién ciru

- Nghién ciru, tinh toan, thiét ké don thanh phan: Dya trén cac tai liéu tham khao [5-7], céc
tinh toan trén phan mém REAL va phan tich, thir nghiém thuc te.

- Ché tao miu: miu thudc CC-21 duoc ché tao theo tién trinh cong nghé cho trong hinh 1.

Chuén bi BaCrO, Chuén bi KC104 Chuén bi Teflon TiC Chuén bi NC
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Hinh 1. So d6 ché tao mau thuéc héa thudt.

- Po tdc d6 chay: Miu duoc nén ép trong dng chuan @ 3,5 x 20 mm vdi cong nghé: 300 mg
CC-21 + 30 mg CC-8B + 30 mg MC-1 (MC-1 va CC-8B la cac thuoc hoa thuét moi chdy dé kich
hoat thude CC-21), ap suat nén 100 kG/crnf, thoi gian luu ap 5 + 7 s. Toc d6 chay dugc do theo
phuong phap do toc dd chay trong 6ng chuan da dugc Vién TPTN phé duyét.
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1. Ong chudn @ 3,5 x 20mm 4. Kim hoa 7. Bém cao su
2. Than trong 5.Thén ngoai 8. Pai oc
3. Nap chan 6. Hat liva MG-8 9. Thanh truyén

Hinh 2. So dé nguyén Iy gd do thoi gian thuéc chdy chdm.
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- Po dac céac thong s6 hoa Iy xa thuat:

+ Nhiét lugng chay: Xac dinh theo TCVN/QS 889:2019

+ Thé tich sinh khi va nhiét d bung chay: Xéac dinh theo TCVN/QS 1124:2019

- Nghién ctru danh gia do bén nhiét cua thude hoa thuat: Cac mau thude duge bao 6n & nhié’t
d0 ¢o dinh -50 °C, 0 °C, 25 °C, 100°C trong 4 gio, sau do, dua ra thir nghiém do dac cac thong so
nang lugng xa thuét va toc do chay.

3. KET QUA VA THAO LUAN

3.1. Tinh toan, thiét ké don thanh phin thudc héa thuit

Nhom nghién ctru da tinh toan trén phan mém REAL phién ban 3.5, phefm mém tinh todn
trang thai can bang cua h¢ thong nhiét dong hoc khong dong nhat da thanh phén ¢ nhiét dg cao.
Chuong trinh cho phép xac dinh thanh phén héa hoc va pha cua mot h¢ thong nhiét dong hoc tuy
y trong cac di‘éu kién quy dinh. Cac dac tinh nhié§ dong va nhiét 1y cta hé dugc tinh toan dong
th‘ci. Nhom dé tai }u’a chon hé tI}u(‘)C CC-21 ‘trén nén bari’cromat/kali ppclorat/teﬂon/titan cacbga
dé nghién ctru, Ché tao mac thuoc voi yéu cau Siét ra c6 toc do chay thap (0,5 - 0,8 mm/s) va bén
véi nhiét d6. Két qua tinh toan véi thanh phan gom BaCrOs - 70%; KCIO4 - 9%; TiC - 8%;
Teflon -13%; NC - 1% (cho ngoai) dugc mo ta ¢ bang 1.

Bing 1. Tinh todn mdu thuoc héa thudt trén phan mém REAL.

Ty 1& chét oxi hoa/ chat chay: 0,922
Cén bang oxi: -2.28%

Céc thong sb cin bang phan tng:

p = 0,10000 Pa

T =2110,45313 K

Mu = 0,00005982 N*s/sg.m
M = 8,84009 mole/kg

Rg = 0,05522 kJ/(kg*K)
a”=353,3m/s

Cp” = 2,20310 kJ/(kg*K)
Lt =0,08364 W/(m*K)

V =1,16545 cub.m/kg

S =3,36699 kJ/(kg*K)

H = -5245,73145 kJ/kg
V =1,16545 cub.m/kg
Mg = 6,64155 mole/kg
k”=1,16481

Cv” =1,89138 kJ/(kg*K)
Lt” =0,74229 W/(m*K)
Mcond = 0,5802
p*V/(R*T) = 1,000

Nong do cac chat co ty 18 nho, M:

CO 0,0332106 CO; 0,129207 Cl 0,006107
BaCl; 0,0105338 Crks 0,0314735 CrF4 0,00042
BaF 0,085249 CrOF; 0,0027844 CrOF; 0,0001382
HCI 0,0008232 HF 0,0053101 K2FClI 0,0001483
KCI 0,037153 KF 0,008152 N2 0,0011866
TiFs3 0,0557023 TiFs 0,0172329 BaTiOs 0,15190599
Ba(CrO.)2 0,368701621 | BaF: 0,059561969

Thong s trang thai dong dic:

Cp =0,80617 kJ/(kg*K)
a=2353,7 m/s

Cp/Cv =1,07353
k=1,07353

Thong s0 trang thai bot:

Fp = 116,54 ki/kg

\ Cov = 0,043 cub.dm.kg

pp = 1584,85 kJ/kg
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Cén bang oxy cua thanh phan thude 1a -2,28%. Ngoai ra, cac san pham chay 0 dang rin nhu
(BaCrO2)z, BaF,, BaTiOs, TiFs,... ¢ ti 1€ 16n va khong xuat hién cac loai san pham chéy ¢ dang
long, déy la yéu cau quan trong khi dua vao sir dung trong cac ngoi dan, phao. Cung vdi do,
lugng khi sinh ra, gom chu yéu 1a CO, COz,... khoang 1%, tuong duong véi khoang 80 ml/g.

3.2. Thir nghi¢m do toc dd chdy, cic thong sb ning lwgng xa thuit

Trén co s& yéu cau dat ra, nhdm nghién ctru da tinh toan, ché thir cac mau tlluéc hoa thuat
trong phong thi nghiém cé toc d6 chay tr 0,5 dén 0,8 mm/s. Thanh phan cac mau thir nghiém
duogc trinh bay trong bang 2.

Bing 2. Thanh phan céc mdu thir nghiém CC-21.

T Thanh phan, % M1 M2 M3
1 BaCrO, 68 70 71
2 KCIO, 11 9 8
3 Teflon 13 13 13
4 Tic
5 NC (cho ngoai)

6 Toc iﬁiﬁg‘l’lﬁj‘; kign 0,83 0,71 0,65

Tir két qua trén cho thay, mau thudec M2 va M3 ¢6 toe do chay nim trong yéu ciu dé ra (tir

0,5 dén 0,8 mm/s). Mau M2 c¢6 tbc do chay tuong duong voi mau thudc cua Nga sir dung trong
ngoi dan 30 mm. Tién hanh do dac cac thong so xa thudt cua méu thuéc CC-21 (M2) va mau
thudc ciia Nga. Két qua do cac thong sb cua hai mau thudc ké trén cung v6i mot s6 miu thude
hoa thuét chay cham do Viét Nam san xuét dugc cho dudi bang 3.

Bdng 3. Thong 56 héa Iy, xa thudt cua mot 6 loai thudc héa thudt chay cham.

Mau thude x .
Thong sb cc-21 MaN“g‘;“a CB-150 MC-2 MGC-100
xa thuat
Téc d6 chay, mm/s 0,71 0,70 38 45 5,5
Nhiét do bung chdy, °C | 440 + 480 460 470 330 + 380 470
Thé tich sinh khi, ml/g <100 89 40 25 40
Nhiét lugng chay, cal/g | 380 + 440 4114 260+320 | 170+240 | 240+ 320

Két qua cho thdy, mau thubc CC-21 va miu thudc ctiia Nga c6 cac thong sd xa thudt twong
duong nhau [8]. Hai loai thubc ndy déu co6 téc do chay thip hon hin so véi cac mac thudc hoa
thuat hién dang dugc st dung tai Viét Nam, dam bao cho viéc st dung cac chi tiét hoa thudt c6
kich thudc nho nhung van duy tri dugc thoi gian giit cham can thiét. Ngoai ra, nhiét lugng chay
ctia thubc CC-21 ciing kha cao, nén méu thudc nay co thé duy tri mach chay tét, dam bao cho
viéc hoat dong 6n dinh ctia cac chi tiét hoa thuat sir dung no.

Kha ning hoat dong cua cac mau thuéc CC-21 & cac nhiét do khac nhau cling da dugc nghién
ctru. Két qua duoc cho trong bang 4. Két qua ¢ thé thay, cac mau thudec CC-21 co tde do chay it
phu thudc vao nhiét d6 ban dau. Day la sy khac biét khi dem so sanh vdi cac mac thudc hoa thuat
dd dua vao tng dung trong nudc. Cac mac thudc nay khi ¢ chay & nhiét do khac nhau s& co su
sai khac 16n vé toc d6 [9]. Nhu vay, thudc hoa thuat CC-21 tuong dbi 6n dinh trong vung nhi¢t
do khao sat, co thé st dung duoc trong cac diéu kién méi truong khac nhau.
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Bdng 4. T bc dé chay cua cdc mau thuéc héa thudt trong cac nhiét do khac nhau.

. Tbc d6 chay, mm/s
TT | Nhiétdo bao én, °C

M1 M2 M3
1 -50 0,83 0,70 0,66
2 0 0,82 0,69 0,65
3 25 0,83 0,71 0,65
4 +100 0,85 0,74 0,68

4. KET LUAN

Trén co so 1y thuyét va thuc nghiém, nhdm nghién ctru da tinh toan, thiét ké va ché tao thanh
cong mac thudc hoa thudt CC-21 véi thanh phan gom BaCrO, - 70%; KCIO, - 9%; TiC - 8%;
Teflon -13%; NC - 1% (cho ngoai). Thubc hoa thuat ché tao dugc co tbc do chay tir 0,5 dén 0,8
mm/s va cac thong sb ning lugng xa thut twong dwong voi mau thudc cia Nga. Uu diém cua
mac thudc nay 13 c6 kha ning hoat dong on dinh trong vung nhiét d6 rong. Day 1a mot nghién
ctru méi gop phan bd sung vao danh muc céc loai thude hoa thuat c6 thé san xuat ¢ trong nudc,
c6 kha ning g dung vao trong cac ngoi dan co thoi gian chay dai.
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ABSTRACT
A research to produce the pyrotechnic compositions with a burning rate of 0.5 + 0.8 mm/s

Delay pyrotechnic compositions used in the military have been studied for a long time.
The common feature of these compositions is that under certain conditions, they have a
stable burning rate and are usually compressed into a grenade fuse, a self-destructive, or
missile fuse. This paper presents the results of research and manufacture of delay
pyrotechnic compositions CC-21 with a burning rate of 0.5 + 0.8 mm/s. This is a research
on a new type of pyrotechnic composition, capable of being used in cannon fuse with a
long burning time.

Keywords: Pyrotechnic retardants; Burning rate; Titan carbide.
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