Nghién cutu khoa hoc céng nghé
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CUA THUOC HOA THUAT TREN CO SO MAGIE-TEFLON-VITON
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1. PAT VAN PE

Thubc hoa thuat (THT) trén co s& Magie-Teflon-Viton duoc sir dung phd bién
trong dan mdi bay hdng ngoai, muc tiéu gia cho tén lira ban tap va lam thubc mdi
cho dong co tén lua... [1-4]. Loai THT nay khi chay giai phong ra nhiét luong 16n va
phat birc xa hong ngoai manh trong ving hong ngoai dic trung cua dong co may
bay, xe ting... Véi mdi mot loai THT khac nhau, dé lya chon don thanh phan hop 1y,
cac thong sd dic trung ning lugng can dugc xac dinh bang tinh toan 1y thuyét ciing
nhu thyc nghiém. Trong do, nhiét luong chay 1a mot trong nhimng thong s6 dic trung
nang luong quan trong can nghién ctru. Tiy vao muc dich sir dung ma THT duoc
lwa chon c6 nhiét lugng chay cao hay thap [5, 6]. Cac loai THT phat xa hong ngoai
va chiéu sang yéu cau nhiét lugng chay cao dé tao ra cac hiéu Gmg can thiét.

Hién nay, trudc khi nghi€n ctru thuc nghiém vé THT, cac nha nghién ctru
thuong xay dyng mo hinh 1y thuyét dé du doan cac dic trung nang luong ciia THT
[3, 7]. Sau d6, dua trén két qua tinh toan s€ xac dinh so bd thanh phﬁn THT va tién
hanh ché tao, thuc nghiém xac dinh cac déc trung nang lugng. Cong doan tinh toan
ly thuyét s& gitp giam sd lugng thi nghiém va rui ro trong qué trinh thyc nghiém.
Muc ti€u nghién ctru dugc trinh bay trong bai bao nay la dua ra phuong phap xac
dinh nhiét lugng chay bang 1y thuyét ciing nhu thuc nghiém.

2. MO HINH TOAN HQC XAC PINH NHIET LUQNG CHAY CUA
THT MTV

Pé xac dinh nhiét luong chay cia THT, trudc hét ta phai xac dinh duoc thanh
phan san phdm chay. Thanh phan san phim chay dugc xac dinh bang phuong phap
tinh toan can bang hoa hoc theo nguyén 1y cuc tiéu hoa ning luong tw do Helmholtz.

Gia sir, 1 kg thube hoa thuat ban déu di biét trudc sé mol nguyén tir ciia timg
nguyén t6 1a b; (1 <i < k). Trong d0, k 1 s6 nguyén t& co trong hé. Khi chay ddt
chay trong bom kin di hut chan khong, hé THT nay tao ra cac san pham chay c6 sb
mol 1a n; (1 <j < NS). V61 NS 1a sO san pham chay, con s6 san pham khi 1a NG. Khi
d6, nang luong ty do Helmholtz f ctia hdn hop san pham chay duoc xac dinh theo
cong thuc [8, 9]:

f=2mm,
! (1
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Trang thai can bang hoa hoc dugc xac dinh ngay trén bé mit chy va san pham
khi sinh ra 13 khi Iy tuong. Hoa thé ctia cdu tir thir j dwoc tinh nhu sau [8, 9]:

P 1) +RT In nR'T (j:l NG)
= [l] = 4 V T (2)
on,

T | (j=NG+1,..,NS)

j

J

Trong do: ,uf - hoa thé cta cau tir j & diéu kién tiéu chuan (kJ/mol); R - hang

s6 khi 1y tuong (kJ/molK); R’=R/10%; T - nhiét d6 (K); V - thé tich riéng (m*/kg); V

= Vo/m; V, - thé tich bom nhiét luong (m3 ); m - khdi lugng THT duogc dot trong bom
(kg);

0 0
Gia tri g dugc tinh theo cong thirc [9]: 1) = AH o +T [%J 3)
j

0 0
M] va AH, ,, 1n luot a nang luong t do biéu kién va nhit
J

O day: [
sinh tiéu chuan & 298 K, cac gia tri nay dugc tra trong bang tra cac ham nhiét dong
hoc [10] hodc co thé tinh thong qua ham hoi quy ham nhiét dong [8, 9, 11-13].

Qua trinh chay trong bom kin c6 thé coi 1 qué trinh doan nhiét do THT chay
nhanh, sy trao ddi nhiét qua thanh bom chua kip thuc hién truée khi can bﬁng hoa

hoc duoc thiét lap, khi dé: U=U" 4)
Noi nang cua hdn hop san pham chay U duoc tinh theo cong thirc [9]:
NS 0
U=y nU, (5)
j=1
HY(T)-RT (j=1,..,NG)
Véi: U = { | ' (©)
H;(T) (j=NG+1,...,NS)

Trong d6, U? 14 ndi ndng ¢ 4p suét tiéu chuén cua cau tir j (kJ/mol); H(T) la

entanpy cia cau tir j & nhiét do T (kJ/mol) duogc tinh thong qua ham hoéi quy ham
nhié¢t dong [8, 9, 11-13]:

0 _ a,; InT T T? T3 T ay,
Hj (T) = RT[_T_£+a2'/T+a3j +a4jE+a5‘/?+a6i7+a7_i?+7’
(7

Véi ay;, ay, ..., asj, ag 1a cac hé sé phuong trinh nhiét dong cua ciu tir j duge
tra trong tai liéu [11, 12].
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Nbi ning ban dau U " cua THT xap xi bang nhiét tao thanh tiéu chuan [14]:

M
U '~ (AH? )a0s = Zmi (AHg )208i (®)
i=1

0
O day, m; - khoi luong cua cau tir thir i trong hon hop THT; (AH aoni_ nhiét
tao thanh tiéu chudn cua cdu tir i (kJ/kg); M - s6 cau tir trong hon hop THT.

Tur cac phuong trinh (4), (5), (6) va (8) ta co:
NS 0 NG M 0
D nHUT)=Y n,RT = m(AH?)
Jj=1 j=1 i=1 )
Khi thanh phan san pham chay dat trang thai cin bang, ning luong tu do £ cla

h¢ phai co gia tri cuc tiéu:

NS NG nR'T
f(n)=> uln,+RTY | n,n jV — minimum
=1 =1

(10)

Pong thoi ciing phai thoa min phuong trinh can bang vat chit véi ting
nguyén t6 hoa hoc cta hé:

NS
D a;n,—b=0 (i=1,..k)
7=l (11)

Trong do: k - s6 cac nguyén té héa hoc c6 mit trong THT; b, - s6 mol nguyén
t6 tha i trong THT; a; - chi s6 nguyén tir cia nguyén tb tht i trong san pham chay
thur /.

Nhu vay bai toan xac dinh thanh phan cin bang hoa hoc theo nguyén 1y cuc
tiéu hoa nang luong tu do Helmholtz thuc chét 1a bai toan t6i vu héa cé cac diéu
kién rang budc (4, 10) véi ham muc ti€u l1a nang luong tu do f

Sau khi tim dugc s6 mol san pham chay n;, nhiét luong chay cua h¢ THT duoc

xac dinh nhu sau: Q, = O =Cpir + A, RT+Q,, (12)

NS M
Qszw = Zni (AHf )zggj QTHT = Zm[ (AHf )29&' .,
Trong do: /= (kJ); i=1 (kJ); M - s0 cau tir
trong hdn hop THT; m; - khdi lwong cdu tir tht i trong thanh phan THT (kg);

( ! )298/ - nhiét tao thanh ti€u chuan ctia san pham chay tha j (kJ/mol); R - hang so
khi ly tuong bang 0,008314 kJ/(mol.K); 7= 298K 14 nhiét d¢ tiéu chuan; Q., - nhiét
chuyén pha ciia cac cau tir trong pha ngung tu va pha khi (kJ).

So d6 thuat toan tinh nhiét lugng chay ctia THT duoc trinh bay trén hinh 1.
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Nhap cong thirc phan ti tung chét trong THT, M, m;, (AH’)9si, Vo, m,
sai sb ¢, khoi tao Ty, Nhap céc thong s6 tinh toan nang luong tu do
Helmholtz:

NS, NG, b, o, (j=1, ..., NS; i=1, ..., k), R, aj;, ay ..., ay;

>
>

\4

Tinh noi nang ciia hdn hop THT U theo (8)

'

Xéc dinh thanh phan can bing n; clia hé tmg véi nhiét do T, va thé
Th=T tich riéng ¥ theo nguyén 1y cuc tiéu hoa niang lugng Helmholtz

!

Giai phuong trinh phi tuyén (9) tim gia tri nhiét do T}

SAI

T} -To| <&

i PUNG

Tinh nhiét lugng chay cia hé Q, theo T;

v

In két qua

Hinh 1. So d0 thuét toan tinh nhiét luong chay cia THT

3. PHUONG PHAP THU'C NGHIEM PO NHIET LUQNG CHAY CUA
THT MTV

3.1. Nguyén liéu

Bot Mg c6 kich thude hat tir 63+100 pm (ty trong 1,73 g/em?®), duoc 14y tir
hang Xilong. Bt Teflon (PTFE) c6 kich thudc hat tr 10200 um (ty trong 2,31
g/cm3 ), hang Xilong. Nhua Viton A c¢6 ham lugng flo dat 66% (ty trong 1,81 g/cm3 ),
hang Xilong. Aceton tinh khiét 99,5%, hang Xilong.
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3.2. Chuén bi mau

Nhua Viton A dugc hoa tan vao trong aceton véi ty 1€ polyme/dung moi la
1/15 (khéi lwong/thé tich), day kin va ngam khoang 6+8 gid cho Viton A tan hét.
B6t Mg va PTFE duoc tién hanh tron kho trén sang 0,8 mm khoang 5+7 lan. Sau do,
tién hanh cho hdn hop Mg/PTFE vao dung dich Viton A di chuén bi (theo ty 1&
thanh phan xéac dinh), khudy déu trong 20 phat. Hon hop nay duoc hong kho trong
30 phuat roi tién hanh sang tao hat trén sang 0,8 mm. Cudi cung hdn hop THT dugc
sdy d6i luu ¢ 60°C trong 3 gid dé dudi dung moéi. Thanh phan THT trén co s&
Magie-Teflon-Viton dugc trinh bay trén bang 1.

Bang 1. Thanh phan THT trén co s& Magie-Teflon-Viton

o Kich thuée hat Ty 1¢ thanh phan (% khdi hrong)
Nguyén li¢u :
(pm) Ml | M2 | M3 | M4 | M5 | M6
Mg 63+100 30 | 35 | 40 | 45 | 50 | 55
Teflon (PTFE) 10+200 65 | 60 | 55 | 50 | 45 | 40
Viton A 5 5 5 5 5 5

3.3. Phwong phap do nhiét lwgng

Nhiét lvong chay cuia THT MTV dugc xac dinh trén thiét bi Parr 6200 [15].
Céac mau thude trudce khi do duoc sdy khd ¢ 60°C trong 2 gid, can mdi mau do vai
khéi luong khoang 2 gam trén cén phan tich. Tién hanh cit 15 cm ddy dién tré quin
thanh dang day mayso, hai dau day ndi vao hai cuc diém hoa ciia bom. Nap mau do
vao coc dbt, sao cho mau thude phii kin diy mayso, day nip bom, xoay chit. Sau d6
hut chan khong t6i ap suat khoang 7 mbar. Pong kin van, rdi dit bom vao binh trao
d6i nhiét chtra 2 lit nwéc da chuan bi tir trude. Lap hai diy diém hoa vao hai cyc trén
nép bom, day nép cua thiét bi do. Sau dé nhap gia tri khdi lugng ctia mau do vao
may rdi nhin nut “Start”. Sau khi 6n dinh nhiét d6 bén trong, may s& phat tin hiéu
diém hoa. Két qua phép do duoc xuit ra qua may in va dugc luu trong bé nhé cia
thiét bi. Mdi mau THT dugc tién hanh do it nhat 3 lan, két qua nhiét luong chay
duoc xac dinh 1a trung binh cdng cua cac lan do.

4. KET QUA VA THAO LUAN

Trén co s& thudt toan trinh bay trong muc 2, tac gia dd viét chuong trinh tinh
toan dé x4c dinh thanh phan can bang hoéa hoc va nhiét lugng chay ctia hé THT.
Chuong trinh tinh toan xac dinh trong diéu kién dang tich (46t trong bom kin). Két
qua tinh dugc so sanh véi sb liéu thuc nghiém (bang 2 va hinh 2).
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Bang 2. Két qua xac dinh nhiét lugng chdy THT MTV ly thuyét va thuc nghiém

Mau Ty 18 Cin biing flo Nhiét lwgng chay (cal/g)
Mg/PTFE Kb Ly thuyét Thuwe nghiém
Ml 30/65 3,44 2145 1940425
M2 35/60 -8,28 2195 2125450
M3 40/55 -20,00 2005 2075+30
M4 45/50 -31,71 1820 1950435
M5 50/45 -43,43 1635 1655+50
M6 55/40 -55,14 1540 1485445
Ly thuyét & Thuc nghiém
0
= 2500
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22000
=
o]
20 1500
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Z
Ty 1 khdi lugng Mg/PTFE

Hinh 2. Nhiét lugng chay cia THT MTV

Qua trinh ddt chay cia MTV theo mé hinh dong hoc De Yong [3] co thé duoc
ddc trung boi cac phuong trinh sau (voi san pham phan vung chinh):

- Du chét chay: MTV — MgFy+/41) + Mgu+y + Coy + MgF s (1)
- Thléu Chét Chéy: MTV — MgF2(1+k) + C(r) + CF4(k) 2)
- Pu ty 1é thanh phan: MTV — MgF 2+0 + Ciy 3)

Voir, [, kla cac trang thai ran, long, khi ctia cac san pham chay.

Déi voi THT MTV, nguyén t6 oxi hoa 1a flo, can bang flo (twong tu can bang
oxi) duoc x4c dinh 13 lugng flo tinh bang gam, s& dugc giai phong (hodc bd sung
can thiét cho qua trinh oxi hoa hoan toan chét chay) trong qua trinh d6t chay 100
gam hdn hop THT [16]. O diéu kién du ty 18 thanh phan (cht oxi hoa phan g vira
du véi chat chay), can bang flo cua hé 1a K, ~ 0, Ung voi ty 1€ khoi lugng Mg =
32%. Khi do, nhiét lugng chay cua phan Gng dat gia tri 16n nhét. Tiép tuc ting ham
luong chat chay Mg, cén bang oxi cang am (thiéu chat oxi hoa), hodc giam ham
luong Mg, can bang oxi cang duong (du chét oxi héa), & cac dicu kién nay, phan
g sé& dién ra khong hoan toan, nhiét lugng chay s& giam. DAy 1a mot tinh chét kha
pho bién trong cac loai THT [3].
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Béng 2 va do thi hinh 2 cho ta thay két qua phi hop voi quy luat di trinh bay &
trén, nhiét luong chay cia THT MTV dat cao nhat & ty 1¢ Mg/PTFE 1a 35/60 (gan véi
ty 1& khdi luong Mg 32%). Sau do, nhiét lugng chay giam dan khi tiép tuc tang hodc
giam ham luong chit chdy Mg (v6i bude nhay ty 1¢ khéi luong Mg 13 5%). Tuy
nhién, ngoai sy tuong ddng trong quy luat thay dbi nhiét luong chay theo ty 1€ thanh
phan, két qua tinh toan gitta 1y thuyét va thuc nghiém van co sy sai léch. Diéu nay
duogc giai thich 13 do, bai toan 1y thuyét dugc xac dinh trong diéu kién tiéu chuan ly
tuong; Con trong thuc nghiém, phan tmg c6 thé xay ra khong hoan toan hodc san
pham chay van tiép tuc phan tng. Su sai khac nay hoan toan chap nhan dugc khi tién
hanh danh gia so b thanh phan THT trude khi tién hanh ché tao va thuc nghiém.

5. KET LUAN

Duya trén nguyén 1y cyc tiéu hoa ning lugng tu do Helmholtz, tic gia da xdy
dung duoc chuong trinh x4c dinh nhiét lugng chdy cua hdn hgp THT MTV. Nhiét
lwong chay ciing duge xac dinh bang thuc nghiém do trén thiét bj Parr 6200. Két qua
nghién ctru bang 1y thuyét va thuc nghiém cho théy, THT MTV 14 hon hop c6 nhiét
lugng chay cao va co cung quy luét (gitra 1y thuyet va thyc nghiém) khi thay doi ty
16 thanh phan. Cu thé, nhiét lugng chay dat cao nhét & ty 1é thanh phan Mg/PTFE dat
35/60 va giam dan khi ting (hodc giam) ham lugng Mg. Tuy nhién, dé co thé ung
dung ché tao 1am THT trong dan moi bay hong ngoai, can tién hanh nghién ctru cac
thong s6 dic trung khac nira nhu nhiét d6 bung chay, toc do chay, dai budc song
phat xa va cuong d6 phat xa,...

TAI LIEU THAM KHAO

1.  Douda B. E., Genesis of infrared decoy flares: the early years from 1950 into
the 1970s, Naval Surface Warfare Center Crane Div In, 2009.

2. Koch E. C., Metal-fluorocarbon based energetic materials, John Wiley &
Sons, 2012, p. 15-17.

3. Yong L. V. D. and K. J. Smit, 4 theoretical study of the combustion of
Magnesium/Teflon/Viton pyrotechnic compositions, Materials Research
Laboratory, 1991, p. 9-15, 24.

4.  Peretz A., Investigation of pyrotechnic MTV compositions for rocket motor
igniters, Journal of Spacecraft and Rockets, 1984, 21(2):222-224.

5. Bose A. K., Military pyrotechnics: Principles and practices: CRC Press, 2022,
p. 371-372.

6.  Conkling J. A. and C. J. Mocella, Chemistry of pyrotechnics: basic principles
and theory, CRC Press, 2019, p. 1-3, 198-201.

7. Christo F. C., Thermochemistry and kinetics models for Magnesium/ Teflon/
Viton pyrotechnic compositions, DSTO Aeronautical and Maritime Research
Laboratory, 1999, p. 3-5.

8. Gordon S. and B. J. McBride, Computer program for calculation of complex
chemical equilibrium, NASA reference publication, 1994, 1311:4-5, 19-20.

9.  Sirri F. H., Investigation for study of complex chemical equilibrium of
combustion products gas mixture, 2004, p. 3, 16-17, 22-29, 33-34.

128 Tap chi Khoa hoc va Céng nghé nhiét ddi, S6 28, 12-2022



Nghién ctru khoa hoc céng nghé

10. Chase Jr. M., JANAF thermochemical tables, Journal of Physical Chemistry
Reference Data, 1985, 14(1).

11. McBride B. J.,, M. J. Zehe, and S. Gordon, NASA Glenn coefficients for
calculating thermodynamic properties of individual species, National
Aeronautics and Space Administration, Glenn Research Center, 2002.

12. McBride B. J., S. Gordon, and M. A. Reno, Thermodynamic data of fifty
reference elements, NASA TP-3287, 1993.

13. McBride B. J., S. Gordon, and M. A Reno, Coefficients for calculating
thermodynamic and transport properties of individual species, NASA TM-
4513, 1993.

14. Belov G. V., Thermodynamicmodeling-Methods, algorithms, programs,
Moscow: Scientific World, 2002.

15. Calorimeter 1., www.parrinst.com/products/oxygen-bombcalorimeters/6200-
isoperibol-calorimeter.

16. L. N. Sviridov, A. A. Osyka, and D. V. Korolev, Calculation of formula of
pyrotechnical compositions, St. Petersburg State Institute of Technology,
2007, p. 4-6.

SUMMARY

ALGORITHM AND COMPUTER CODE FOR CALCULATING THE HEAT OF
COMBUSTION OF THE PYROTECHNIC BASED ON MAGIE-TEFLON-VITON

The heat of combustion is one of the important energy characteristics of
pyrotechnic in general and Magnesium-Teflon-Viton (MTV) based pyrotechnic. The
computational and experimental method to determine the combustion heat of MTV
pyrotechnic are presented in this paper. The scientific establishment for calculating
the heat of combustion is based on the determination of chemical equilibrium
according to the principle of minimizing Helmholtz energy. Theoretical calculation
results and experimental data are compared with each other to confirm the reliability
of the mathematical model. The research results show that the pyrotechnic base on
MTYV is a mixture with a high combustion heat. The heat of combustion is highest
when the mass ratio of Mg/Teflon is about 35/60 and decreases with increasing (or
decreasing) the Mg content.

Keywords: Combustion heat; pyrotechnic; chemical equilibrium, MTV, nhiét
lwong chay, thuoc hoa thudt, can bang hoa hoc.
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