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TOM TAT

Bai bao trinh bay [cét qua nghién ciru g dung cdc phy gia trong ché tao thudc héa thudt MC-

30R. Ket qua cho thay, véi mot ham hwong nho (khodng 1%) cac phu gia nano Fe;Os va aerosil
SiO; trong thanh phan givip cho thuoc hoa thudt hoat dong on dinh, chdy khong bi anh huong boi
cdc tac dong khac nghiét ciia moi truong va phat ban. Thuoc héa thudt ché tao dugc co thé ing
dung trong san xudt ngoi NLP-17, dap vng cho nhu cau san xuat quoc phong hang nam.
Tir kho4: Thubc hoa thuat; Phu gia nano; MC-30R.

1. MO PAU

ban 30 mm VOG-17M (DLP-17) dugc st dung cho sing AGS-17, la loai vii khi phong lyu,
¢6 uy lyc sat thuong 16n, dugc trang bi cho bg binh chién d4u hodc gin trén may bay truc thang,
xe thiét giap yém tro tién cong. Stung co6 thé bin phat mot hodc lién thanh, toc d6 ban cao lén dén
400 phat/phut. Pan st dung ngoi VMG-M (N LP-17), 1a loai ngoi quan tinh co két qau rat phirc
tap. Nguyén 1y hoat dong cua ngoi 1a cham nd va ty hiy. Déc biét, ngoi ¢6 phan thudc hoa thuat
chay cham dugc nén ép trong vanh tu huy. Voi chiu dai vanh thudce 1a 23,56 mm, yéu cau thoi
gian chdy cham tur 28 dén 32 gidy (toc d6 chay tir 0,74 dén 0,84 mm/s). Day la yéu cau rat kho vi
thoi gian gitr chdm nhu thé dang la dai nhat trong cac ngoi dan hién nay. Viéc duy tri thoi gian
gilr cham dai Ia V@n de€ kho khan, lién quan dén viéc thiét lép hé so qén bang 0-xi, nhiét luong,
lya chon thanh phan, phu gia, kich thudc hat va cong nghé ché tao thuodc chay cham,... [1].

Viéc trién khai nghién clru ché tao loai vii khi ndy dwoc quan ddi ta tién hanh tir nhitng nam
2000. b1 cung voi do la thuoe hoa thuat chay cham cho ngoi NLP-17 ciing da dugc nghién ctru
tai Vién TPTN, dén nay da trai qua 03 d€ tai nghién ciru v6i nhi€u lan di€u chinh thiét k&, thay
d6i cong nghé nén ép va thudong keo dai nhiéu nam. Thude hoa thuat nghién ctru 1a MC-30 voi
thanh phanh phan gom [2]:

- Chét chay: vonfram (W);

- Chét oxi héa: bari cromat (BaCrO.), kali peclorat (KCIOy);

- Chét két dinh: nitro xenlulo (NC).

Thudc héa thuit trén nén vonfram duoc str dung rit phd bién trong ngoi dan cac nude NATO.

Tuy nhién, khi trién khai san xuit & quy mé 16n, thude hoa thuét ché tao dugc van chua 6n
dinh, chua dap ung dugc yéu cau nhiém vu. Cac tinh trang vuong mac ky thuat gap phai & mach
tu hay la:

- Thudc mdi chay khong bit chay duoc vanh thude chay chim;

- Vanh thubc chay cham tét giita chimg;

- Thudc ting lira khong bét chay dugc;

- Thoi gian chay cua vanh thudc tu huy khong 6n dinh, bién rong va c6 thé ra ngoai ving
cua DKKT;

- Khi ban kiém tra ty hiy: ¢6 nhiéu phat ban thoi gian tyt giam con 20 + 22 giay.

Day 1a cac hién tugng gap phai trong sudt qué trinh sir dung.
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Qua nghién curu tai ligu [3] va cac Kkét qua ché thir, thur nghiém c6 thé nhan dinh, dé thudc hoa
thuat c6 toc do chay thép hoat dong tin cdy on dinh, ngoai viéc lya chon ding don thanh phé”m,
chuan hoa chi tidu nguyén liéu thi viéc nghién ciru sir dung dung phu gia 1a van dé dic biét quan
trong. Vi vay, van dé dit ra 1a can nghién ctru ché tao duoc thude hoa thuat co cac dic trung
ning lugng xa thuat dap ing yéu cau, lya chon don thanh phéan, phu gia phil hop va cai tién cong
nghé nén ép nham dap trng cho ngoi hoat dong on dinh, tin cay [8].

2. THUC NGHIEM

2.1. Vit tu, hoa chit

Céc vat tu, hoa chat dung cho nghién ciru gom:

- Bari cromat (BaCrOy), xuét xtr Viét Nam, ham luong > 99,0%, kich thudc hat 4 + 10 um;

- Kali peclorat (KCIO4), An D6, ham lugng > 99,0 %, kich thudc hat 8 + 15 pm;

- B6t vonfram (W), An Do, ham lugng > 99,0 %, kich thudc hat 8 + 15 um;

- Nano Fe;0s, An B0, ham lugng > 99.5 %, kich thudc hat 30 + 50 nm;

- Nano aerosil (SiO2), An Do, ham luong > 99,5 %, kich thudc hat 5+ 15 nm;

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

2.2. Phwong phap nghién ciru
2.2.1. Ché tao méu thuéc héa thudt

Trén co s¢ céc tai liéu tham khéo [4, 5], phan mém REAL va qu trinh ché thir lya chon don
thanh phén‘ thuoc hoa thuat c6 Ky = 0, tir d6, xac dinh toc d6 chay ctuia hé thude hoa thuit chay
cham va diéu chinh trén co so cd hat nguyén li€u va phu gia.

2.2.2. Phuong phdp xdc dinh cdc ddc trung nang lirong xa thudt thuoc héa thudt

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

- Thé tich sinh khi va nhiét d6 bung chay: Xac dinh theo TCVN/QS 1124:2019;

- Xac dinh thoi gian chay ctia ngoi dan: Vanh ty hily dugc nén thuéc hoa thuat, lap trong ga
do hogc trong ngoi dan. Phat hoa hat ltra MI'-8 trong ga do hodc bang biia Macset va tinh thoi
gian bang dong ho bam giay.

2.2.3. Phuong phdp xdc dinh sw bdo toan tinh néing trong cdc diéu kién thir nghiém

- Thur rung xoc:

Thir rung x6c v6i bién do 120 mm, tan sb (60+2) 1an/phit lién tuc trong 2 gid bang thiét bi
chuyén dung.

- Thir moi truong:

Thuyc hién theo tiéu chuin TCVN 7699-2-30: 2007, trong ta mdi truong, chu ky thir nghiém
theo phuong an an 2.

S6 chu ky: 6, nhiét do gidi han trén: 55 °C, nhiét d6 gidi han duoi: 25 °C.

- Thir séc nhiét:

Thir sc nhiét trong cac ti méi trudong 1 (ti lanh) va ta méi truong 2 (ti néng) nhu sau:

Nhém 1 theo chu ky: 2 gio & (+55) °C — 30 phuat ¢ nhiét d6 phong — 2 gio ¢ (-10) °C — 30
phut & nhiét d6 phong — 2 gid ¢ (+55) °C — 30 phut ¢ nhiét do phong.

Nhoém 2 theo chu ky: 2 gio ¢ (-10) °C — 30 phit ¢ nhiét d6 phong — 2 gio ¢ (+55) °C — 30
phut & nhiét d6 phong — 2 gi¢ ¢ (-10) °C — 30 phut ¢ nhiét d6 phong.

- Bdn kiém tra thoi gian tie hiiy:

i Sﬂng AGS-17 chién d4u, dan trong trang bi. Bam dong ho tir ltic ban dén khi nghe thay tiéng
nd cua ong no ty hiy trong ngoi.
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3. KET QUA VA THAO LUAN

3.1. X4y dung don thanh phin thudc héa thujt MC-30R

Trén co s céac tai liéu [4-7] va phan mém REAL, tién hanh nghién ctru lya chon ty 18 thanh
phan thudc hoa thuat, tinh toan cac dic trung xa thuat va thir nghiém do toc d6 chay, thoi gian
chay trong ngdi NLP-17 ctia mot sé6 mau ché thir. Pa lwa chon duoc mau thude hoa thuat véi don
thanh phﬁn co ban va cd hat nhu sau: BaCrO4 - 60,5% - ¢6 hat (8+10) um; KClO4 - 9% - ¢& hat
(8+10) pm; W - 30,5% - c& hat (10+12) pm.

Tir don thanh phan co ban, tic gia di tién hanh nghién ciru khao sat, bd sung cac phu gia nano
vao thubc hoa thuat. Phu gia nano c6 kich thudc hat nho, dién tich bé mat riéng 16n, d& dang phan
tan dong déu vao trong thanh phan hoa thuat. Nano Fe,03 dugc sir dung trong thude hoa thuat trén
co s& vonfram nhu 14 chat xuc tac cho qué trinh chay. N6 ¢6 tac dung hap thu nhiét, lam giam
ning luong hoat hoa cta ca hé giup thudc hoa thuat dé bét chay hon. Con khi bd sung nano SiO;
ham lugng nho s& lam tang tinh dong nhat cua hé thudc, don gian hoa qua trinh ché tao thude hoa
thuat vi hé thudc nay khong dong déu vé ty trong gitra cac thanh phan. Phy gia SiO; con 1am giam
tbc do chay ctia hé va gitp thuc hoa thuat chay khong bi anh huéng boi cac diéu kién khic
nghiét nhu: lyc tdc dung ctia phat bén, toc do quay cua dan, s6¢ nhiét va moi truong.

Phu gia nano Fe:03 duge nghién ctru khao sat trr (0,5+2) %, két qua cho & bang 1. Khi bd
sung Fe>0s giup duy tri qua trinh chay 6 6n dinh va ting d6 chum cta cc phép thu. Tuy nhién, khi
tang luong phu gia nay toc do chay cua thudc hoa thuat c6 xu huéng giam, din dén thoi gian
chdy trong ngoi dai ra. Vi vay, dé tai lya chon ham lugng phu gia Fe;O3 trong thudc hoa thuat
khoang 1% la phu hop.

Bing 1. Anh huong ciia phy gia Fe2Os trong thudc héa thudt.

Miu Thanh phan, % Thoi gian chay
W BaCrO, KCIO4 Fe,Os trong ngoi (giay)
M1 30,5 60 9 0,5 28,42 + 29,66
M2 30,5 59,5 9 1,0 28,82 + 29,78
M3 30,5 59 9 15 29,34 + 30,53
M4 30,5 58,5 9 2,0 29,96 + 31,48
Bing 2. Anh huong ciia phy gia SiO: trong thuoc héa thudt.
Miu Thanh phan, % Thoi gian chay
W BaCrOq KCIO4 Fe 03 SiO, trong ngoi (giay)
M5 30,5 59,4 9 1 0,1 28,46 + 29,75
M6 30,5 59 9 1 0,5 29,60 + 30,41
M7 30,5 58,5 9 1 1,0 29,88 + 30,84
M8 30,5 57,5 9 1 2,0 30,11 + 31,69
M9 30,5 55,5 9 1 4,0 31,91 + 33,27

Phu gia nano aerosil (SiO2) duoc nghién ctru khao sat tir (0,1+4) % trong thanh phan thudc
hoa thuat, két qua cho ¢ bang 2. Nano SiO; lam ting tinh d(‘)ng nhit cta hé thudc nhung khi ting
ham luorng 1én cung lam cho téc d chay giam di dang ké. Tuy nhién, v6i mot lugng phu hop
phu gia SiO2 s& giup cho thubc hoa thuat hoat dong on dinh trong moi diéu kién sir dung. Theo
cac két qua khao sat, dé tai lya chon ham lugng SiO; 12 1%.

Trén co s¢ cac két qua nghién ctru, khao sat da lya chon thanh phin cac phu gia dua vao
thudc hoa thuat va dua ra mac thuoc mdi MC-30R. Thanh phan thuéc MC-30R nhu sau:

Bing 3. Thanh phan ciia thuéc héa thudt MC-30R

Thanh phan w BaCrO, KCIO, Fe,0s SiO, | NC (cho ngoai)
Miic, % 30,5 58,5 9,0 1,0 1,0 1,0
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3.2. Cac dic trung ning lwong xa thuét ciia thudc héa thuiat MC-30R
Bing 4. Cdc chi tiéu chinh ciia thuéc héa thudt MC-30R.

TT Tén chi tiéu Két qua

1 | Dang ngoai Hat mau vang xam

2 | Ham luong am, % <0,2

3 | Mat d6 rac, g/em® > 1,6

4 | Nhiét d6 bung chay, °C 470

5 | Nhiét luong chay, cal/g 298

6 | Thé tich khi sinh ra sau khi chay, L/kg 6,5
Thoi gian chdy ctia vanh tir hity ngoi NPL-17 & diéu kién thuong va

7 | sau khi thir nghiém rung xéc, soc nhiét va méi truong theo TCVN 28 + 32
7699-2-30:2007:PA2, giay

Bing 5. Thoi gian chdy ciia ngoi NLP-17 khi sir dung cdc thudc hoa thudt khdc nhau.

, Thoi gian chay (gidy)
TT Hang muc thu MC-30 MC-30R

1 20 ngoi diéu kién thuong 28,13 + 29,59 29,88 + 30,84
- 18/20 ngoi (26,34+31,30)

2 20 ngoi soc nhiét - 02/20 ngoi: tat & diéu kién 29,38+ 31,04
soc nhiét (-10°C)

3 20 ngdi moi truong 27,05+30,71 29,60 + 30,90

Nhdn xét:

- Mach tu huy ngoi NLP-17 khi st dung thudc hoa thuat MC-30 (khong c6 phu gia) hoat
dong khong dat yéu cau. C6 02 ngoi bi tit khi thir & nhiét d6 am, cac muc thir qua soc nhiét va
moi trudng co thoi gian chdy tan mat, bién rong, kho khdng ché vao ving 28+32 gidy theo
DPKKT cua ngoi NLP-17.

- Con db6i voi ngodi sir dung thude hoa thuat MC-30R co thoi gian chay dat yéu cau, cac két
qua thtr nghiém cé do chum cao.

*Két quad phan tich nhiét TG-DTA:

Theo gian dod nhiét chi ra ¢ hinh la, duong cong DTA c¢6 pic thu nhiét ¢ 300 °C la dinh
chuyén hoéa tinh thé ciia KClO4; pic ¢ 600 + 650 °C la su hap thu nhiét phan huy, tvong tng voi
su giam khoang 50% khoi lugng.

KCIO; — KCI + 20;

Pic khoang 750 °C 12 m¢t qué trinh hap thu nhiét lién tuc, dén khi khéi lwong giam xudng 0,
giai doan nay KCl nong chay va bay hoi hoan toan.

Dbi voi BaCrOa: duong TG tir 100 + 900 °C, khéi lugng giam di khong déang ké (khoang
3%), cho thiy khoéng c6 sy phén huy 10 rang cua bari cromat. Buong cong DTA bat dau giam tur
350 °C, cho thay rang trong pham vi nhiét do ‘nay bari cromat hap thu rat nhiéu nhiét, d6 1a 1y do
tai sao bari cromat vira dugc su dung lam chét oxi hoa vira lam chét hap thu nhiét trong céc loai
thuoc chay cham c6 toc do chay thap.

Két qua TG-DTA cua hai nhém thudc hoa thuat chi ra ¢ hinh 1b:

C6 thé thqéy rang dudng cong DTA déu cé pic dao dong nhe & khoang 300 °C, 1a su chuyén
dang tinh thé cua KClO4. Tr 300 + 400 °C duong cong TG giam dan, cho thay thude ¢ su phin
huy chdm. Nhiét do luc nay chua dat dén nhiét phan huy chat oxy hoa, nhung do phdn tmg ¢ pha
ran va khi c6 mat cua phu gia da kich thich sy phan huy sém cua KCIO4, duong DTA cua thudce
MC-30R c6 xu huéng tang tir tir, trong khi cua mau MC-30 c¢6 xu hudng giam, di€u d6 c6 thé
suy doan rang Fe;Oj3 xtc tac cho su phan ung gitra W va KCIO..

Tap chi Nghién citu KH&CN quin su, S6 80, 6 - 2022 123



Hoa hoc & Moi truong

Tir 470 +550 °C, xuét hién pic téa nhiét manh ciia cic dudng cong DTA, day la giai doan
bung chay cua thude hoa thuat. Bbi voi duong (1) ciia thude MC-30, nhiét d6 dinh pic 1a 500 °C,
nhiét d bung chay ¢ 480 °C. Con ddi voi dudong (2) cta thubc MC-30R thi nhiét d6 bung chay 1a
470 °C, nhiét do dinh pic 1a 495 °C. Nhu vay, khi thém phu gia s& lam giam nhiét d6 bung chay
ctia thudc hoa thuat khoang 10 °C, va lam cho thudc dé bi chay hon. Khi d6, cac phu gia s&
khuéch tan vao giita cac thanh phan lam cho phan tmg xay ra hoan toan hon trong cac diéu kién
chay khéc nhau.

TG .
= ‘_"\——_\_w 1
TA T — — 2
O @ 6
[+
2 16 p:
2 [ > ,,-r"’""ﬂ-'"u_
£ |
DTA
(a) (b)
BaCrQ, DTA
100 200 300 400 500 600 700 €00 900 1000 100 200 300 400 500 €00 700 800 900 1000
Nhigt d§ /¢ Nhiét 4 /'C

Hinh 1. Gian do phan tich nhiét TG-DTA ciia KCIOs, BaCrOs (a)
va cua thuoc hoa thudt (b): MC-30 (1), MC-30R (2).
3.3. Két qua thir nghiém thuc té

Tur cac }(ét qua nghién ctru trong phong thi nghiém, da ché tao 16 thudc hoa thuat MC-30R
(2,0 kg) dé tién hanh thtr nghiém tai truong thir Nha may Z129. Céng nghé va két qua thu
nghiém nhu sau:

- Thudc bét chay: 50 mg MC-1HH + 120 mg CC-8B, luc nén (300+400) kG/S;

- Thudc tang lira: 60 mg MC-1HH, Iyc nén (300+400) kG/S;

- Thudc chay cham: (1030 £ 10) mg MC-30R, luc nén (700-800) kG/S;

Thoi gian luu 4p sau mdi lan nén 1a (5+7) gidy.

Két qua thir nghiém & bang 6 cho thiy: Khi str dung thudc hoa thuét MC-30R nén ép vao
vanh ty hiy ngoi NLP-17 cho két qua dat yéu cau. Cac myc thir nghiém tir di€u kién thuong, qua
moi truong, soc nhiét va ban kiém tra ty hiy déu c6 dd chum cao.

Vi cac két qua nghién clru va thtr nghiém thyc té, da xac dinh duqq cong nghé ché‘tao thuéc
hoa thuét va ché do cong nghé nén ép mach ty hiay ng(‘)i NLP-17 cho két qua dat yéu cau. Thuoc
hoa thuat MC-30R hoan toan dap timng duoc cac yéu cau dé sur dung cho ngoi NLP-17.

Bing 6. Két qua thir nghiém tai Nha may Z129.

Hang muc Thoi gian tu huy (gidy) Ghi chu
20 ngoi qua myc thur rung xo6¢ 29,66 = 30,75 bat yéu ciu
20 ngodi qua muc thtr moi trudng 29,75 + 31,57 Dat yéu cau
20 ngoi qua muyc thu sbc nhiét 28,50 + 30,53 Pat yéu ciu
20 ngodi bin kiém tra thoi gian tu hay 27,19 + 31,00 Dat yéu cau
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4. KET LUAN

Tac giad da manh dan nghién cuu, tht nghiém va Ung dung thanh céng phu gia méi, it dung
trong ché tao thudc hoa thuat MC-30R. Két qua cho thay, khi bo sung cac phu gia nano Fe,Os,
aerosil SiO, voi ham luong 1%, thude hoa thuat MC-30R ché tao duoc co cac dic trung ning
lwong xa thudt phu hop va chay khong bi anh huong boi cac diéu kién tac dong khic nghiét cua
phat ban. Tir d6, co thé nghién clru cai tién duoc ché do cong nghé nén ép don gian, thudn tién
nhat ap dung vao thuc té. San pham thudc hoa thuat MC-30R dap tng day du cac yéu cau vé toc
do chay, nhiét luong, thé tich sinh khi dé st dung cho ngoi NLP-17.
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ABSTRACT
Research and application of additives to produce the MC-30R pyrotechnic composite

el

This paper presents the results of research on the application additives of the
manufacture of MC-30R pyrotechnic composite. The results showed that a small amount of
nano Fe;Os and aerosil SiO, admixtures in the ingredients makes the delay composite
potion work stably. MC-30 pyrotechnic delay composite can be applied in the NLP-17 fuse.

Keywords: Pyrotechnic retardants; Nano additives; MC-30R.

Tap chi Nghién citu KH&CN quin su, S6 80, 6 - 2022 125



