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TOM TAT

Pé bén co Iy va kha nang phdt xa hong ngoai la mét trong dic trung quan trong ciia thuéc hod
thudt phdt xa hong ngoai. Nghién ciru ndy tap trung vao danh gia do bén co Iy ciia hé thuoe hod
thudt khi sir dung cdc chat két dinh: nitroxenlulo (NC), shellac, viton, poly acrylat (PAC) da dwegc
hod déo bang hé hod déo ndang lrong HD-70 (HD-70 la hon hop chdt hod déo ning heong trietylen
glycol dinitrat (TEDGN) va dietylen glycol dinitrat (DEDGN) 6 ty I¢ 70/30) va anh huong ty I¢
Al/Mg dén kha néng phat xa hong ngoai. Két qud nghién ciru cho thay hé két dinh PAC/HD-70 c6
kha ndng tiwong thich hod hoc tot véi hé thuoc nén Al/Mg/PTFE. Pong thoi, cdc théi thuoc sir dung
hé két dinh PAC/HD-70 ¢6 dé bén nén cao hon déng ké so véi khi sir dung cdc hé chat két dinh/HD-
70 kh&c. Bén canh dé, khi ham luong Al trong hon hop Al/Mg ting lén, cuong dg birc xa hong ngogi
& ca hai dai birc xa tir (1,65+ 2,55) um va (3,6 = 5,3) um déu tang. Dang chit y la sw tang cwong do
bikc xa ving a (3,6 = 5,3) um khong dang ké so véi vimg B (1,65+ 2,55) um.

Tir khéa: Thudc hoa thuit tao nhidu hdng ngoai; Hon hop Al/Mg; Cudng do bic xa.
1. MO PAU

Trong qua trinh hoat dong, cc may bay quén sy thuong phat ra cac birc xa hdng ngoai trong
cac vung khac nhau, trong do, chua yéu do burc xa nhiét c6 cuong dg cao tir thanh dong co va luong
phut san pham chay cua nhién li€u. Dya trén cac nguon nhiét dic trung nay, cac loai tén lura dan
duong bang hong ngoai (tén lira tam nhiét) da dugc phat trién va 1a mdi de doa tiém tang d6i voi
cac may bay quan su [5, 7]. Cac ving hong ngoai dic trung ciia may bay chién dau 1a cac vung
hong ngoai o (2 +2,5) um va (3 = 5) um [4]. Hién nay trong nudc dang nghién ctru va phat trién
dau ty din hong ngoai theo doi Vung o (1,65 +2,55) um va B (3,6 + 5,3) um. Be d6i pho vdi cac
tén ltra ddn duong bang hong ngoai, cac loai dan st dung hé thudc hoa thuit moi bay hong ngoai
da dugc nghién clru va dua vao st dyng tir nhirg nam 1950 [5-7]. Nguyén ly hoat dong cua cac
dan moi by hong ngoai 12 tao ra cac nguon nhiét mo6 phong twong ty nhu cac nguédn nhiét dac
trung cta mdy bay tai cac vi tri khac nhau dé gay nhiéu hé thong din duong cua tén lia.

Céc loai dan moi bay hong ‘ngoai hién nay thuong sir dung cac thudc hoa thuat trén co s¢ kim
loai va polyme chtra flo nhu hdn hgp MTV (Mg/Teflon/Viton), MATV (Mg-Al/Teflon/Viton) va
cac bién thé ctia n6 [3, 8, 9]. Hién nay, cac nghién clru trén thé gioi vé hoa thuat moi by c6 xu
huéng phat trién cac loai thudc hoa thuat trén co s6 MATV nham d6i pho véi cac thé hé tén lira
dan duong bang hong ngoai thé hé moi. Trong d6, cac nha khoa hoc tap trung vao viéc danh gia
va nghién ctru co ché va dong hoc qua trinh chay cua thudc hoa thuat mdi bay, sir dung phu gia
nano dé diéu chinh téc d6 chay, cudong do birc xa va phan b cuong do buc xa trong dai budc song
o (2 3) umva p (3 5) pm [8, 9, 11], phat trién cong nghé ché tao dé dam béo an toan nang cao
chat luong ctia khéi thude moi bay [6].

Nghién ciru nay tap trung khao sat dd bén nén cua cac thoi thude hoa thuat moi bay khi sir dung
cac chit két dinh khac nhau va danh gia kha ning tuong thich hoa hoc cta hdn hop trén co sé kim
loai va Teflon (Mg, Al, Teflon) v6i chét két dinh ti wu vé d bén co 1y cua hé thude duge hoa déo
bang hdn hgp HD-70 theo tiéu chuan STANAG 4147. Pong thoi, ddnh gia dnh hudng cua ty 1¢
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hdn hop AI/Mg dén kha ndng phat xa hong ngoai ving a (1,65+2,55) um va B (3,6 = 5,3) um bang
thiét bi SR-5000N.

2. HOA CHAT, DUNG CU VA PHUONG PHAP NGHIEN CUU

2.1. Vit tu, hoa chat
Céc vat tu, hoa chat dung cho nghién ciru gom:
- Bot magie (Mg), Xuét x(r My¥, ham lugng > 99,7%; kich thude hat trung binh <5 pum;
- Bot nhém (Al), xut xr My, ham lugng > 99,7%, kich thudc hat trung binh <5 pm;
- Bot teflon (PTFE), Xuét x(r M¥, ham lugng > 99,0%, kich thudc (180 + 210) um;
- Dietylen glycol dinitrat, xudt xt Viét Nam, ty trong so véi nuée (1,37 + 1,4), 46 pH (6 = 8);
- Trietylen glycol dinitrat, xuit xtr Viét Nam, ty trong so voi nuée (1,33 + 1,37), 46 pH (6 + 8);
- Canh kién (shellac), xuat xtt An Do, d6 axit theo < 75 mgKOH/g, nhiét d¢ chay déo trén 72 °C;
- Bot Viton, xuét xit An Pg; mat d6 1,82 g/cm?, nhiét 6 chay déo 100 °C, ham luong flo 66%;
- Toluen diisocianat (TDI), xuit x&r Han Quéc, ham luong tinh khiét > 99,0%:

- Poly acrylat (PAC), xuat sit Viét Nam, chi s6 hydroxyl > 85 mgKOH/g, d6 nhét dong hoc &
30 °C (khi hoa tan trong axeton) > 36,6 cSt;

- Nitro xenlulo s6 3 (NC3), xuét xir Viét Nam, ham luong nito (11,8 + 12,5)%.
2.2. Phwong phap nghién ciru
2.2.1. Phuong phdp ché tao thuéc hod thudt tao nhiéu hong ngoai

So d6 quy trinh ché tao thudc hoa thuat mdi bay dugc trinh bay trén hinh 1 bao gdm 4 budc chinh:

- Bude 1: Cén timg nguyén liéu theo don thanh phan hé hdn hgp khao sat;

- Budc 2: Tién hanh tron kho hdn hop chit chay kim loai qua lan lugt cac sang 0,85 mm va 1,0
mm tur (3 + 4) luot;

- Bude 3: Tron u6t chéat két dinh va hé hoa déo HD-70 véi bot PTFE;

- Budc 4: Tron uot hé hdn hop cac thanh phan qua sang 0,85 mm tir 3 dén 4 luot cho dén khi
hé dong nhat;

—[ Bot Mg ] [ Bot PTFE ] [ Chat két dinh ] [ He¢ hoa déo ]
v
[ Can dinh lugng ] 4>[ Can dinh lugong ]47

Tron kho Tron udt

I Tron udt I

Hinh 1. So d6 ché tao thuéc hod thudt tao nhiéu.
_ - Riéng véi cac chat két nhu Viton va Shellac (cach kién) duoc tién hanh hoa tan trong axeton
de tron udt voi hai thanh phan bot PTFE va hé hoa déo HD-70.
2.2.2. Phuong phdp do dé bén nén ciia mau
D0 bén nén ciia cac khoi thude xéc dinh trén thiét bi thir nghi¢m do bén kéo nén M350-10CT
(Testometric, Nhat Ban) véi toc d nén 1 mm/phut. Cac khoi thude dugc chuan b1 dang hinh try
c6 duong kinh 11,5 mm, cao 15,6 mm va mat do tir (1,70 + 1,73) g/cm®. Khi d6, moi quan hé giira
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lyc nén va quang duong di chuyén ctia chay nén, luc nén cuc dai va ng suat duoc tinh toan va ghi
lai bang pham mém chuyén dung di kém.
2.2.3. Phuong phap danh gia twong thich hod hoc

Tinh tuong thich hod hoc ctia h¢ chat két dinh/cht hod déo (50/50) v6i hé nén Al/Mg/PTFE
(30/35/25) dugc danh gia dya trén gian d6 phén tich vi sai nhi¢t DSC trén thi€t bi Thermo plus
EVO2 DSC 8231 (Rigaku, An Dg) véi toc d6 gia nhiét 2 °C/phut trong mdi truong nito' va khoi
lrong mau 2,0 + 0,1 mg (Cac mau phan tich DSC la cac mau A/Mg/PTFE va mau hon hop c6 ty
1¢ h¢ A/Mg/PTFE va chat két dinh/chat hoa déo 1a 1:1).

Tinh tuong thich héa hoc cua hé chat lgét dinh véi hdn hop kim loai/Teflon dugc xéac dinh theo
su thay doi nhiét @6 phan hiy trén gian do DSC theo cong thuc:

AT, =Toen = Tin

n
Trong do:
Thn - Nhiét d tai qua trinh phan huy cuc dai ciia mau hon hop, °C;
Tren - Nhiét d0 tai qua trinh phan huy cuc dai cia mau Al/Mg/PTFE, °C;
AT, - P9 chénh léch nhiét do qua trinh phan huy cia mau hdn hop va nén, °C.

Theo tiéu chuin STANAG 4147, néu ATr < 4°C thi hé s& tuong thich; ATp > 20 °C thi hé 8
khong tuong thich; ATe nam trong khoang (4+20) °C can phai st dung thém phuong phap khac dé
danh gia.

2.2.4. Phuong phdp do cwong d¢ birc xa hong ngoai ciia mau

7Céc dac trung phat xa héng ngoai cua thudc hoa thude du(yq xac dinh bf?mg thiét bi x4c dinh

pho phat xa hong ngoai SRS000N (CI Systems, Israel) theo so d6 hinh 2.

3m
SRS000N| F------—-—-————————-— - D

Hinh 2. So d6 bo tri do bitc xa hong ngoai sir dung thiét bi SR5000N.
Céc khbi thube do cuong do bl’Ig xa héng ngoai dugc chuén’bi dang hinh try c6 duong kinh
thudce 24 mm, cao 32 mm va c6 khoi luqng 25 gam. Khi d6, moi quan hé gitra d§ choéi va bude
song hong ngoai dugc xac dinh va ghi lai bang pham mém chuyén dung di kém.

3. KET QUA VA THAO LUAN

3.1. Co sé lra chon don thanh phan

Céc nghién ctru trude ddy trén hé hdn hop MTV va MATV tap trung nghién ciru vé anh huéng
ctia ham lugng chit chay kim loai, ¢& hat nguyén liéu Mg, hop kim Al-Mg va ty 1& Al/Mg dén
cuong d¢ trung binh buic xa hong ngoai trong ving tir 2,5 um dén 5,0 pm [8] va ving 3 pm dén
14 um [9]. Két qua cho thay ham lugng chat chay kim loai tir (60 + 65)%, bot PTFE tir (30 + 35)%
va 5% chat két dinh cho gia tri cuong do birc xa dat cao nhét (bang 1) [3, 8].

Mot trong cac tinh méi cua nghién ciru 14 st dung hé hoa déo HD-70 13 hdn hop thube nd long
TEDGN/DEDGN c6 ty 1€ 70/30 da dugc nghién ctru va img dung hoa déo polyacrylat (PAC) 1a
thanh phan két dinh trong san xuat thudc nd nhiét ap RPO-A [2]. Hé hoa déo HD-70 1 hé hoa déo
ning luong tao thuan loi vé cong nghé trong qué trinh ché tao va ting nhiét lugng chay cua hé
thudc hoa thuét. Tuy nhién, viéc str dung hé polyme-chét hoa déo dit ra bai toan nghién ciru mirc
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d6 tuong thich va do bén nhiét cta hé thudc hoa thuat. Hién nay, da c6 mot s6 tiéu chuén trén thé
gidi danh gia do twrong thich va d6 bén nhiét théng qua phan tich vi sai nhiét (DSC) hodc phan tich
vi sai nhiét (DTA) theo STANAG 4147 va phuong phap ap ké Stabil & 100 °C trong 40 h theo
Standard AOP-7 (MIL-STD-1751A).

Bén canh d6 nang cao d6 bén co 1y ciia hé thude hoa thuat tao nhidu hong ngoai 14 mot yéu cau
quan trong dam bao dan nhiéu hoat dong tin cdy va khong co hién huong chay chuyen n6 hodc tit
do co tinh ctia hé thude thap, bi v hodc nit trong qua trinh phat hoa tong dan nhiu ra khoi hé thong
phéng. Bai bao nghién ciru danh gia do bén nén khi thay d6i cac chat két dinh thudc cac loai polyme
nhiét déo, polyme c¢6 kha ning dong rin khau mach dé dua ra lwa chon phu hop dap tmg yéu cau.

Trén co s cac nghién ctu trude, bai bao lya chon don thanh phan Al/Mg/PTFE/chat k;t
dinh/HD-70 dé khao sat do ben co ly, tinh twong thich hod hoc va anh huong cua ty 1¢ AI/Mg dén
kha nang phat xa hong ngoai. Ty 1€ cac thanh phan dugc trinh bay cu thé trong bang 2.

Cac mau tl}uéc hoa thuat tao nhiéu héng ngoai dugc ché tao theo so dd hinh 1 cho cac phép thur
dginh gia d0 bén nén, do tuong thich hoa hoc va anh hudng cua ty 1€ Al/Mg dén cuong do birc xa
hong ngoai trén cac vung o (1,65+ 2,55) um va B (3,6 + 5,3) um.

Bing 1. Gid tri cuong dé birc xa trung binh ciia mét sé6 hon hop AI-Mg/PTFE/Viton [8].

Thanh phén Pon vi (W.cm?2.sr)
Al-Mg/PTFE/Viton Dang min AlI-Mg (20um) Dang thé Al-Mg (120um)
30/65/5 12,06 9,90
40/55/5 14,99 12,59
50/45/5 19,06 16,20
60/35/5 21,00 17,70
Bing 2. Pon thanh phan thuéc hod thudt tao nhiéu phuc vu qud trinh nghién ciru.
TT Thanh phén Ham luong (%)
1 BOtnhdm 65
2 BOt magie
3 Bot Teflon 25
4 Chét két dinh 5
5 Hé hoa déo HD-70 (TEDGN/DEDGN = 70/30) 5

3.2. Nghién ciru anh hwong chit két dinh dén dd bén nén

Két qua do do bén nén hdn hop thude hoa thuat theo bang 2 khi st dung cac h¢ Chﬁit két dinh
Shellac (canh kién), Viton, NC3 va polyacrylat (d6ng ran bang TDI) khac nhau dugc the hién trong
bang 3 va hinh 3.

17421 =— AlUMg/PTFE/NC3/HD-70

1700 — Al/Mg/PTFE/Sellac/HD-70

—_— AlMg/PTFENiton/HD-70

1600 — AlMg/PTFE/PAC/HD-70
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Hinh 3. Két qua khao sdt dé bén nén cdc loai keo két dinh khdc nhau.
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Bdng 3. Keét qua do bén nén cua cac mau voi cac chat ket dinh khac nhau.

TT Tén miu Luwc nén téi han (N) Ung suat (N/mm?)
1 Al/Mg/PTFE/NC3/HD-70 241,0 2,32
2  Al/Mg/PTFE/Shellac/HD-70 4757 4,58
3 Al/Mg/PTFE/Viton/HD-70 492,9 4,745
4  Al/Mg/PTFE/PAC/HD-70 1742,1 16,772

Nhén thdy chét két dinh polyacrylat dugc dong ran khau mach bang TDI cho d6 bén nén va
(g suat cao o = 16,772 N/mm? hon rat nhiéu so v&i cac chat két dinh NC3, Shellac, Viton 1a cac
polyme khong hinh thanh lién két ngang gitra cac mach polyme. Tur do, lya chon hé chat két dinh
polyacrylat 1a chat két dinh trong hé thudc hoa thuat tao nhidu voi wu diém vé do bén nén tét dé
tién hanh nghién ctru danh gia d¢ tuong thich hoa hoc va anh hudng ciia ham luong Al trong hén
hop Al/Mg dén cuong do buc xa hong ngoai trong hai ving (1,65+ 2,55) um va (3,6 + 5,3) um.

3.3. Panh gia mirc do twong thich hoa hoc
Két qua phén tich vi sai nhiét (DSC) danh gia twong thich hoa hoc dugc thé hién trong hinh 4.
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Hinh 4. D6 thi DSC ¢ téc d6 gia nhiét 2 °Clpht: (a) AlIMg/PTFE; (b) Al/Mg/PTFE/PAC/HD-70.

Tir két qua do DSC cho thiy nhiét do tai qua trinh phan huy cuc dai ciia hé AI/Mg/PTFE c6 gia
tri Tnen = 583,2 °C va h¢ AUMg/PTFE/PAC/HD-70 c6 gié tri Tmn = 579,3 °C. Tir d6, nhén dugc
hi€u s6 AT, = 3,9 °C, theo tiéu chuan STANAG 4147 hé Al/Mg/PTFE va h¢ PAC/HD-70 tuong
thich hoa hoc.

3.4. Nghién danh huéng ciia ty 1¢ ham lwgng A/Mg dén cwong d birc xa

Két qua nghién ctru anh hudng cua ty 16 Al/Mg dén cudng do birc xa hong ngoai st dung thiét
bi SR5000N trong bang 4.

Bing 4. Anh huong ciia ty 1¢ Al/Mg dén cuong do birc xa ving (1,65+2,55) pum va (3,6+5,3) um.

Do chéi (W/sr/cm?)

STT Tylé A/Mg
Vung o (1,65 +2,55) um Vung B (3,6 =~ 5,3) um

Ty 18 0 (I/1p)

1 28/37 664,1 251,2 2,64
2 30/35 691,6 260,1 2,66
3 32/33 721,0 268,4 2,69
4 34/31 742,8 268,4 2,77

Nhan thay khi ty 1& Al trong ham luong Al/Mg cho gia tri d6 choéi ca hai ving o (1,65 + 2,55)
pmva B (3,6 + 5,3) um tang. Tuy nhién, mic d6 ting do choi cua vung P (3,6 + 5,3) um la khong
dang ké tir 251,2 1én 268,4 W/sr/cm?so voi mire @6 ting ctia ving o (1,65 + 2,55) um tir 664,1 1én
742,8 Wi/sr/cm? khi ham lugng nhom ting tir 28% |&n 34%. Sy ting cta cuong do birc xa hong
ngoai khi ting ham lugng nhom phu hgp voi ddc trung chay tod nhiét cia nhom véi 1 cm? sinh ra
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20 kcal so voi Mg 1a 10 keal [1]. Nhiét d§ qua trinh chdy tang thi sy phan b bure xa hong ngoai
c6 xu hudng dich chuyén sang cic budc séng ngan hon (theo dinh luat dich chuyén Wien [12]).
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Hinh 5. Anh huong cuia ty 1é Al/Mg dén do chéi trong ddi hong ngoqi a, f:
(@) Ty ¢ Al/Mg 28/37; (b) Ty 1¢ Al/Mg 30/35; (c) Ty 1é Al/Mg 32/33; (d) Ty ¢ Al/Mg 34/31.
4. KET LUAN

Két qua nghién ctru anh hudng ciia cac chat két dinh Nitro xenlulo (NC3), Polyacrylat (PAC),
Shellac, Viton voi hén hop hoa déo HD-70 cho thay hé PAC/HD-70 cho kha ning bén nén cao véi
(g suét 1on nhat va tuong thich hoa hoc tot véi hon hop AI/Mg/PTFE theo STANAG 4147. Khi
tang ty 1& Al trong hdn hop Al/Mg, d6 chéi ciia birc xa hong ngoai ting 1én ca hai viing o, B. Trong
do, vung a (1,65+ 2,55) um tang tir 664,1 1én 742,8 W/sr/cm? cao hon nhiéu so véi vung B (3,6 +~
5,3) um tir 251,2 1én 268,4 W/sr/cm? khi ham lugong nhom ting tir 28% 1én 34%. Do d6, hé thanh
phan Al/Mg/PTFE/PAC/HD-70 chi c6 kha ning d6i pho véi cac hé dau do hdng ngoai thé hé déu
chua c6 kha nang so sanh ty 1€ 6 (Io/1p). De ty 1¢ 0 ctia hé hon hop AUMg/PTFE/PAC/HD-70 nam
trong vung ty 18 (0,5 + 0,8) ciia may bay cin c6 sy nghién ctru thém diéu chinh phan bd cuong do

btrc xa.
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ABSTRACT

Research on physicochemical durability based and the effect of Al/Mg ratio
on the infrared emission characteristics of the Al/Mg/PTFE/PAC/HD-70 composition

Physicochemical stability and infrared emission are important characteristics of
infrared-emitting pyrotechnics. This study focuses on evaluating the mechanical strength of
pyrotechnic systems when using binders: nitrocellulose (NC), shellac, viton, poly acrylate
(PAC) plasticized with HD-70 energy plasticizer system (HD-70 is a mixture of triethylene
glycol dinitrate (TEDGN) and diethylene glycol dinitrate (DEDGN) energy plasticizers in
a ratio of 70/30) and the effect of the Al/Mg ratio on infrared emission. The research results
show that the PAC/HD-70 binder system has good chemical compatibility with the
Al/Mg/PTFE base system. At the same time, the binder bars using the PAC/HD-70 binder
system have significantly higher compressive strength than when using other binder/HD-70
systems. In addition, as the Al content in the Al/Mg mixture increased, the infrared radiation
intensity in both radiation bands from (1,65 + 2,55) um and (3,6 + 5,3) um increased
accordingly. It is noteworthy that the increase in radiation intensity in the a region (3,6 +
5,3) um is insignificant compared to the f region (1,65 + 2,55) um.

Keywords: The IR decoy composition; Al/Mg mixture; Infrared radiation intensity.
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