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TOM TAT
Thudc hsa thudt méi chay 1a mét trong nhitng bé phdn quan trong cua chi tiét moi chay nam
trong ngoi dan, tén liza. Qua trinh hoat dong tin cdy cua cac chi tiét nay la nho thuoc hoa thugt
chay theo céc yéu cau ky thugt khac nhau. Trong nghién cizu ndy, toc dé chay va mét sé dac
tinh chay né cua logi thudc héa thudr nay dioc md ta. Két qua nghién cizu cho thdy, thuéc hoa
thugt c6 chiza 85,0% Pb304, 15,0% Si va 1,0% NC (cho ngoai) cé téc dg chay cao va én dinh 1a
109,0 mm/s.

Tir khéa: Thube chay hoa thuat; Thude mdi chéy; Téc do chay; Dic trung ning luong.
1. MO PAU

Dbi v6i cac thude hoa thuat khong c6 kha nang bét chay tin cay tir phuong tién gy chdy thi
can phai co hén h0’p chuyén dung dé bt chay tir nhitng phuong tién mdi chay so cap. Hon hop
thude nay ﬁuqc goi la thuog moi phay (TMC) va ch}mg dL}’Q’C ché tao & dang hat, sau d6, duogc
nén tryc ti€p 1én phia trén liéu thubc can moi chay (licu thude chinh), doi khi ching con duge goi
la thanh phan moi chay trung gian [1, 3].

TMC la hon hop bao gdm chit oxy hoa va chét chay co hoat tinh thﬁp, dé dang bét chay tu
phuong tién so cap nhu hat Iira, day chay cham va tao ra luong xi ran nhi€u nhat c6 thé dong ¢
trén bé mat liéu thude can gy chay. Qua khao sat thuc t€ cho thay, loai TMC thuong dugc su
dung trong tru gilt cham it sinh khi c6 vach ngén cua tén ltra IGLA, vanh tu hity va kip no vi sai
dién [4, 7]

Trong nghién clru nay, nhom tac gia trinh bay tap trung vao két qua khao sat anh hudng cua
c0 hat nguyén liéu, ti 1€ thanh phan cua TMC trén co s silic va chi tetraoxit dén toc d6 chay,
nhiét lugng chay, thé tich sinh khi va nhiét d6 bung chay.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Péi twong nghién ciru

Thudc hoa thugt mdi chdy c6 thanh phan gdm: Sillic (Si), Chi Tetraoxit (PbsOs) va chat két
dinh nitroxenlulo (NC so6 3).

2.2. Thiét bi va héa chit

- Thiét bi dong nén THT 10 vj tri, bd dung cunén THT, thiét bi do thoi gian chay MS02-99, pham
vi do 1,0 ps + 9999,9 s, thar nghiém nhiét am Enviro FLX 500 cé khoéng nhiét d6 lam viéc
(20 + 60) °C, sai s0 +1,5%, d6 am t6i da 100% (Nha may Zlgl). Thiét bi do nhiét lugng chay
Parr 6200 (M¥) dai dq toi da 7.800 cal, d6 chinh xac 5 cal/g, Ap k¢, gham vido O - 7900 mbar
(Hoc vién KTQS), thiét bi do nhiét dd bung chay, nhiét do gia nhiét dén 600 °C, sai so = 0,2 °C
(Vién TPTN), cac loai sang lua 12, 15, 38, 58, 70, 100 #/cm.

- Chi tetraoxit dang tinh thé mau nau do, do tinh khiét > 98,5% (Trung Quéc), kich thudc lot
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sang 70 #/cm; Silic tinh thé, d6 tinh khiét > 99,0% (Trung Qudc), kich thudc lot sang 38, 58, 70,
100 #/cm va Nitroxenlulo sb 3 ¢4 ham lugng nito 1a 11,82%, d6 an dinh nho hon 2,5 mINO/g
(Viét Nam).

2.3. Phwong phap nghién ciru

- Tinh toan thiét ké don THT: Nhom tac gia sir dung phan mém Real [5].

- Sang c& hat: S dung sang lua dé phan loai ¢& hat chat chdy va chét oxy héa dam béo kich
thuéc hat tir 0,06 mm dén 0,15 mm.

- Tao mau thudc hoa thuat: Hon hop chat chay va chit oxy hoa duoc trén so bd sau d6 tron
déu 1an luot qua hé théng sang 0,9 mm, 0,05 mm, 0,01 mm. Hon hgp dugc cho vao cde, sau do
d6 dung dich chét két dinh da hoa tan trong dung moi, khudy déu cho dung maéi bay hét tao thanh
mdt khdi déo déng nhét. Tao hat qua sang co kich thudc 16 1,0 mm, sau do, dé hong khoé tu nhién
trong 24 gio, chon hat qua sang c6 kich thudc 16 0,9 mm va 0,4 mm, thudc dat yéu cau la phﬁn
thudc lot qua sang 0,9 mm va khong lot qua sang 0,4 mm. Siy kho, mau dugc bao quan trong tai
nilon kin dé do cac dic trung xa thuét.

- Xéc dinh nhiét lugng chay va thé tich khi sinh ra theo tiéu chuin quan su 06 TCN 889:2001
trén nhiét luong ké PARR 6200.

- X4c dinh nhiét d6 bung chay theo tiéu chudn quan sy TQSA745:2006.

- Phuong phép thir nghiém moéi trudng nhiét m theo TCVN 7699-2-30:2007.

- Xac dinh téc do chay: Nguyén Iy duya trén co s xdc dinh thoi gian chay ban dau va cudi cua
thoi thudc co chiéu dai xac dinh H, tir do, tinh dugc toc do chay. Tién hanh ga lap dung cu, diéu
chinh ap suat nén, luong thudc nén vao dng chay chim (hinh 1), do chiéu cao cot thude sau nén. Sau
do, 6ng chay cham dugc lip vao hat ltta MG-8 va dwa miu vao trong bom thir chuyén dung, tién
hanh phat hda trén may do thoi gian c6 ky hiéu MS02-99 (nguyén Iy do quang, moé ta ¢ hinh 2),
ghi két qua thoi gian hién s trén thiét bi. ;
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Hinh 1. Ong chdy chdm nén thuéc moi chay.
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Hinh 2. So do nguyén ly do thoi gian chay.
1- Kim hoa; 2 - Hat lira MG-8; 3 - Ong chay chdm;4 - Thédn ga do thoi gian;
5 - Cam bién anh sang; 6 - May do thoi gian.
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Do thoi gian chay 3 lan/mau va liy két qua trung binh theo cong thirc:
T, +7, +7
r=1"%27°
3

. H
Toc d6 chay dugc tinh nhu sau: u=—.1000
T
Trong do: © - Thoi gian chay trung binh, [ms]; t1, T2, T3 - Thoi gian chay cua 3 lan do, [ms];
H - Chieu dai cta théi thude, [mm]; u - Téc do chay cta thude, [mm/s].
3. KET QUA VA THAO LUAN
3.1. Tinh toan thanh phin thudc héa thuat
Nguyén tac dau tién, dé thiét ké rp(f)t thé’nh phén héa thuat le‘lrdua trén can béng oxi ciia hé. Tt
ca cac truong hop, d6i voi thanh phan thudc hoa thuét chira chat oxi hoa du khong tham gia vao
qua trinh chdy déu cho hiéu Ung hoa thuét khong t6t, chinh vi vay, trong thanh phan hoa thuat
nguoi ta thuong khong str dung thanh phén c6 du chat oxi hoa [1, 2], déc biét la d6i voi thude it
sinh khi. NC khong anh hudng nhiéu dén qua trinh chay (do ham lugng rat nho tir 0,5 - 1,0%), cac
phuong trinh phan tng trong hé Si/Pbz04 x4y ra nhu sau:

2Si + Pbs0, = 3Pb + 2Si0, Q)
5Si + 4Pb;04 = 6Pb + 6PbO + 5Si0; @)
Si + 2Pbs04 = 6PbO + SiO, ®)

Dé tinh toan cin bang oxi (Kp), thanh phin san phdm chay va mot s§ dic trung ning luong
(nhiét lugng chay (Q), thé tich khi riéng (Vo) va nhiét do chdy (T1) dua vao phan mém Real. Két
qué cu thé duoc trinh bay ¢ bang 1.

Bdng 1. Can bang oxi, déic trung nang lwong va thanh phan san pham chay
tinh theo theo phan mén Real (ham heong NC 0,5%).
Pic trung ning lugng Thanh phin sin phim chay, mol/k

Ko | Q T T =
(Keallkg)|  (K) Vo (l/kg) |CO2| CO |HO| Hy | N, |Pb|SiO; | Si

5/95 +2,2 | 360,2 2012,1 4,6 0,05{0,05{0,01/0,05(0,02 (4,2| 2,6 (0,1
10/90 | -3,7| 380,3 2209,4 4,6 0,050,05/0,01/0,05/0,02(3,9| 2,6 (1,0
15/85 |-99| 370,1 2141,3 4,6 0,05/0,06{0,01|0,05/0,02|3,7| 2,5 |2,9
20/80 |-16,0| 358,2 2067,1 4,6 0,05/0,06|0,01/0,05/0,02(3,5| 2,3 (4,8
Tir két qua trong bang 1, cho thay:
- Can béng oxi ctia hdn hop tién vé dén gia trj 0 khi tang ham lugng PbsO4 tir 80% dén 90%,
khi dat 95% K, chuyén sang gia tri duong;

- Nhiét lugng chay (Q), nhiét d chdy (T1) tang theo ham lugng PbsOs do phan tng xay ra
cang hoan toan va lugng san pham ran tang;

- Tong s6 mol san pham khi, ciing nhu thé tich riéng (Vo) gan nhu khong thay doi (lwong khi
sinh ra chu yéu la do qué trinh phan huy);

- San pham chu yéu la chat ran (Pb, SiO2) nén dép tmg dwoc yéu ciu ciia TMC, ham lugng
nay tang theo ham luong cau tir PbsO,4 (tang ham lugng PbsO4 thi mirc d6 xay ra phan (ing cang
hoan toan).

Ti 18 Si/
PbsO., %

3.2. Nghién ctru mdt sé yéu t6 anh hwong dén diic trung ning lwong
Trén co s& thanh phan thudc mdi chay Si/PbsOs, nhom tac gia da tién hanh ché tao miu (Silic
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vélr Pb3O4 c6 ¢cd hat lot sang 70 #/cm) theo cac ti 1¢ khac nhau, trong d6, ham lugng NC 1a 0,5%.
Keét qua do céc dac trung nang lugng dugc trinh bay trong bang 2.
Bing 2. Nhiét lwong chay theo ti 1é thanh phan.

Thanh phan, (%) 7})2:10 trung nang lugng
TT si PbsO. 0 (callg) Theé tl(?ﬂlfé?h khi Nhiét d(.zotc):L;ng chay
1 10 90 363,47 18,17 482
2 15 85 361,34 18,15 485
3 20 80 352,63 18,99 487
4 25 75 336,51 19,21 494

Tir két qua bang 2 va hinh 3 cho thiy, khoang nhiét lugng chay cao nhat (tir 361,34 + 363,47
cal/g) clia thuéc moi chay khi ham lugng PbsOs ndm trong khoang 85% <+ 90% (diéu nay phu
hop véi tinh toan 1y thuyét), & ti 1 nay phan Gmg xay ra gan nhu hoan hoan toan, theo quan sat
khi thyc nghiém: mau c6 ham luong PbsOy4 (85 + 90)% cho lugng xi ¢ day thiét bi it nhat, con &
(55 + 80)% thi twong ddi nhiéu (do du Silic).

- Thé tich khi sinh ra thay d6i khong déng ké, dao dong trong khoang 18,15 ml/g dén 19,21
ml/g, 6 chénh léch Ion nhat 1a 1,08 ml/g. Nhu vay, hé thudc méi chéy trén co sé Si/PbsO4 12 loai
it sinh khi, dam bao st dung trong hé kin.

- Pdi v6i nhiét d6 bung chay: Pay 1a mot trong nhiing chi tiéu quan trong cua thubc moi
chay, dam bao nhan xung nhiét tir cac thanh phan hoa thuat khac, ddng thoi truyén chay cho lidu
thudc chinh [1, 6]. Tur két qua bang 2 cho thay, nhiét d6 bung chay ting khi ting ham lugng chit
chéay (do Silic kh6 néng chay). Tuy nhién, so voi cac loai thuéc mdi chay khéac (bang 3) thi hé
thudc Si/PbsO4 c6 nhiét d bling chay thap hon.
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Hinh 3. Do thi dnh hwéng cia ham heong (%) PbsOy4 dén nhiét lirong chay.
Bdng 3. Nhiér dé bung chay cia mét sé thusc moi chay [14].

TT| Hénhgp | Tilécau tir, % | Nhigt dd bung chay, °C
1 | Zr/Fe;04/SiO; 65/25/10 900
2 Mg/BaO, 12/88 570
3 | B/BaCrO, 5/95 700
4 Si/Ph304 - 482 + 494

Mau thudc moi chay c6 ham lwong PbsOs tir (80 + 90)% c6 nhiét d¢ bang chay nam trong
khoang (482 + 487) °C, con mau c6 ham luong PbsO, = 75% cd nhiét d6 bung chay cao nhat 494 °C.
Nhu vy, d& dam bao mdi chay tin cdy va 6n dinh thi 03 mau thuéc mdi chay c6 ham lugng
Pb30, 80%, 85% va 90% s& cho két qua tét hon.
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3.3. Nghién ciru d9 nhay véi tia lira ciia thudc méi chay
D0 nhay v6i tia ltra 1a mot chi tiéu quan trong cua thudc moi chdy, d¢ danh gia kha ning bat
chdy cua thudc, nhom tac gia lya chon cac mau c6 ham lugng PbsO4 = (75 + 90)%. Thuoc moi
chay dugc nén vao ong chay chdm (ap suat nén P = 2000 kG/cm?), dung tia ltra cta day chay
cham dé moi chay. Két qua xac dinh do nhay vai tia Itra dugc trinh bay ¢ bang 4.
Bing 4. DJ nhay véi tia lira ciia thuéc méi chdy theo ti 1é thanh phan.

Thanh phan (%)

S6 lwong

TTI7si [ Pb0s | (cai) Ket qua
1] 10 90 10 Moi chay 10/10 cai =100%
2 | 15 85 10 Mbi chay 10/10 cai =100%
3| 20 80 10 MOoi chay 10/10 cai =100%
4 | 25 75 10 MOoi chay 8/10 cai =80%

Tu ket qua bang 4 cho thay, d6 nhay voi tia lira d6i voi mau c6 ham lugng PbsO, (80 + 90)%
dat yéu cau, 100% mdi chay t6t. Dbi v6i mau co6 ham luong Pb3O4 75%, c6 dg nhay kem, didu
nay ciing phi hop v&i nhiét d6 bung chay cao nhét ctia mau nay.

3.4. Nghién ctru dnh huwéng ciia mot s yéu té dén tdc dd chay

3.4.1. Anh huéng cia ti 1é thanh phan dén toc d chdy
Téc do chay phu thudc vao don thudc (yéu té hoa hoc) va didu kién chay (yéu t 1y hoc),

trong doé ti 1& thanh phan c6 anh huong Ion dén toc do chay. Trén co so két qua da thir nghiém &
trén, nhom tac gia lya chon cac mau c6 ham luong PbsO, = 80%, 85%, 90%. Tién hanh dong nén
& ap suat P = 2000 kG/cm?, mdi dng chdy cham dwoc nén 3 16p thubc mdi chay (dam bao do
ddng déu trén toan bo khéi thudc), do chiéu cao cot thude (véi H = 3,5 + 0,1 mm), sau d6 do thoi
gian chay va tinh toan téc do chay. Két qua dugc thé hién trén bang 5 va hinh 4.

Bdng 5. Toc dé chay cua thusc mai chay theo ti 1¢ thanh phan.

TT | Tilg Si/Pb304,% | p (g/cm®) | Hg s6 nén chit (K) | T (ms) | u (mm/s)
1 10/90 4,70 0,68 31,20 | 112,11
2 15/85 4,63 0,75 32,11 | 109,01
3 20/80 4,10 0,73 37,26 | 93,94

Mat d6 khéi thudc cua cac mau (4,10 + 4,70) g/cm?3. Mat d6 khong déu do ti trong cua cac ciu

tir kha chénh léch nhau [8] (psi =

2,3 glem?, pevos = 8,65 g/cm?). Tir bang trén ta thy, khi ting

ham lugng chat oxi hoa lam téc do chay ting 1én do ti 18 cac cAu tir tién gan dén ti le phan ung
xay ra hoan toan. Nguoc lai, ting ham luong Silic téc d6 chay giam do Silic kha bén va kho
nong chay.
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Hinh 4. P thi anh hwéng cua ti 1é thanh phan 1én téc dé chay.
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Theo yéu ciu ciia thude mdi chay thi chi tiéu tdc d chay phai cao. Tuy nhién, thuc té dé dam
bao kha nang hoat dong tin cay, on dinh thi phai xem xét dén do bén co 1y cua khdi thuoc duogc
thé hién & hé s6 nén chat (K). Theo tai licu [1, 2] dé qua trinh chay dugc 6n dinh thi hé s6 k dao
dong tir (0,7 = 0,9). Nhu vay, chi c6 c&c mau c6 ham luong PbzO, = 80%, 85% c6 hé sé nén chit
k dam bao do on dinh co 1y cho thoi thudc.

TOm lai, can cr vao cac két qua thir nghiém & cac hang muc: do nhiét lugng chay, nhiét do
buing chéay, kha ning sinh khi, d6 nhay vai tia lia, tbe do Chay, thong s6 dong nén thi thuoc moi
chay c6 ham luong PbsO4 = 80%, 85% cé két qua kha quan nhat. Tuy nhién, mau thuéc méi chay
ham luong P304 = 85% c6 téc d6 chay va nhiét luong cao hon mau c6 ham luong PbsO4 = 80%.
Do d6, nhom tac gia da Iya chon mau c6 ham luong PbsO4 = 85% dé nghién ciru cac noi dung
tiép theo.

3.4.2. Anh hwong cua cé hat dén toc do chay

Nhom tac gia da gia cong, nghién, sang chon chét chay va phan loai theo 4 loai ¢& hat: Silic
lot sang 100 #/cm, 70 #/cm, 58 #/cm va 38 #/cm. Tién hanh ché tao 04 mau thubc moi chéay theo
¢& hat Silic d4 phén loai nhu trén ciing voi chét oxi hda PbsO4 (ham lugng 85% theo khéi lugng),
¢ hat chat oxi hda PbsO4 déu lot sang 70 #/cm duoc ¢ dinh (do ¢& hat PbsO4 rat min). Tién
hanh dong nén va do toc d6 chay. Két qua anh huong cua c& hat d&én toc d6 chay duoc trinh bay
6 bang 6.

Bdng 6. Tdc dé chay cua thuoc moi chay theo cé hat Silic.

TT | Co hat Si | p (g/em®) | Hé s6 (k) | u (mm/s)
1 | 100 #/cm 4,49 0,69 115,8
2 | 70#m | 463 | 075 | 109,01
3 58 #/cm 4,67 0,76 79,7
4 38 #/icm 4,75 0,78 56,9
150
140
% 130
£ ’
- 2
= 100
o 90
S 80 S
T 70
60
50

30 40 50 60 70 80 90 100 110
Sang (#/cm)

Hinh 5. Anh huong cia cé hat Silic dén toc dé chay.

Tur bang 6 va hinh 5 ta thay rang: khi tang kich thudc hat cia Silic thi thoi gian chay cia
thudc tang, tic 14 tée do chay giam, diéu nay phu hop véi ly thuyét, khi giam c& hat tic 14 ting
dién tich bé mit riéng, phan ng héa hoc xay ra nhanh, téc d6 chay cua khéi thudc chay ting 1én
(cing mat &p suat nén). Véi két qua ¢ bang 6 thi Silic c6 ¢ hat lot sang 70 #/cm la phi hop. Néu
Silic lot sang 100 #/cm kho gia cong va toc do chay cao, hé sé nén chat k khong dam bao, anh
hudng dén d6 bén co 1y va gy bui trong qua trinh san xuit. Nguoc lai, Silic lot sang 58 #/cm va
sang 38 #/cm thi toc do chay thap. Bé khang dinh cong nghé, nhém tac gia tiép tuc nghién ctu
két hop giita yéu t6 ¢ hat va ap suat nén, tir do, lva chon mau dat tc do chay phu hop.
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3.4.3. Anh hwong cua &p sudt nén dén toc do chay
D¢ nghién ciru anh huong ciia 4p suat nén dén toc do chay, dua theo két qua nghién cau ¢
trén, nhom tac gia chon mau thuoc co ti 1€ Si/PbsO4 = 15/85 (Silic lot sang 70 #/cm). Thuoc dugc
nén ¢ 5 che do &p suat khac nhau: 1400 kG/em? 1700 kG/cm? 2000 kG/cm? 2300 kG/cm? va
2600 kG/ng, sau nén tién hanh do thoi gian chay, tinh toan hé s6 nén chat (k) va toc do chay. Két
qua cu thé dugc trinh bay ¢ bang 7 va hinh 6.
Bdng 7. Téc dé chay cua thusc moi chay theo &p sudt.

MAu | P (kG/em?) | p (g/cm®) | Hé s nén chit (&) | t (ms) | u (mm/s)
P1 1400 3,76 0,61 28,21 | 124,05
P2 1700 4,07 0,67 30,09 | 116,32
P3 2000 4,63 0,75 32,11 | 109,01
P4 2300 4,69 0,77 35,63 | 98,23
P5 2600 471 0,77 36,32 | 96,38
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Hinh 6. P thi anh hweng cua ap sudt nén dén toc dg chay.

T bang 7 va do thi 6 cho thiy, khi ting mat do nén thi toc do chay cua khdi thuoc giam.
Dicu nay duoc giai thich nhu sau: khi tang mét d6 s& lam giam khd nang xuat hién khi chay vao
trong thanh phan thuoc hoa thuat dan den lam cham qua trinh nung nong va bén lira vao bén
trong khoi thuoc.

Mat d¢ khéi thudc cang I6n thi giam thé tich chiém chd cua thudc hoa thuat trong chi tiét hoa
cy, toc d6 chay cang on dinh, tuy nhién & mot &p suat nén qua lon thi thuoc sé khd moi chay hon
(do bé mat thuoc nhan cé it 16 khi dé bat Iua).

Vi thdng s6 dong nén, két qua do toc do chay thi c6 thé khang dinh: &p suat nén P = 2000
kGlcm2 1a phd hop nhit véi cong ngh¢ thuc té. Néu P < 2000 kG/cm? toc do chay ting nhung hé
s nén Chat k khong ’dam bao, @6 on dinh khql thudc khong cao. Néu P > 2000 |§Glcm2 hQ’SO k
dat yéu cau, nhung toc do chay giam va xét ve mat cong ngh¢ thi nén chon ap suat & mac toi uu
nhat, khong nén tang cao qua s& lam anh huong dén tuodi tho cua dung cy, thiét bi va do bién
dang cua san pham.

4. KET LUAN

Qua cac két qua nghién cau vé tinh toan ly thuyét va thuc nghiém cho thay, TMC c6 thanh
phan tbi uu 1a Si/Pbs04 = 15/85, kich thudc hat lot sang 70 #/cm va nén & &p suat 2000 kG/cm?
s& dam bao duoc tc do chay 6n dinh va cac ddc trung nang lugng, ciing nhu do bén co ly. Vi
két qua nay, nhom tac gia co thé khang dinh ring, vai diéu kién cong nghé & trong nudc hoan
toan c6 thé ché tao duoc TMC trén co s silic va tetraoxit phuc vu céng nghiép qudc phong.
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ABSTRACT

The effect of several factors on energy characteristics and burning rate of pyrotechnic
compositions based on silic and trilead tetraoxide in some pyrotechnic devices

Pyrotechnic ignition is one of the important parts of the delay timing devices found in
fuses and rockets to provide operational reliability according to technical requirements.
In this study, the burning rate and some energy characteristics of the pyrotechnic ignition
were described. The research results showed that pyrotechnic compositions containing
85.0% Pb304, 15.0% Si and 1.0% NC (over 100%) had a high and stable burning rate
(109.0 mm/s) and good ignition ability.

Keywords: Pyrotechnic ignition; Pyrotechnic compositions; Burning rate; Energy characteristics.
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