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TOM TAT

Bai bao trinh bay két qua nghién ctru glam nhay ma sat cho thuée héa thudt tao tiéng né cé
nhiét lwong lon va toc do chay cao. Két qua cho thay, khi sir dung thém phu gia gom kém stearate
(Zn(C18H3502)2), bot magié cacbonat (MgCO3) va diéu chinh ty 1é bot kali perclorat (KClOs), bot
nhom (Al) trong thanh phan cia thuée ban dau da lam gidm do nhay ma sat cua hé thuéc, khi do
lyc ma sat gdy chay tang tir (36 = 40) N 1én 192 N. H¢ thuéc ché tao dwoc co nhi¢t lu’ong chay
tang va bao dam dwoc cdc tinh chdt chéy né khi img dung trong thiec té san xudt tai nha may.

Tir kho4: Thudc hoa thut; Do nhay ma sat.
1. MO PAU

Thudc hoa thuat (THT) tao tleng 16 13 hdn hop co hoc ciia mot sb hop chat hoa hoc €0 tinh 6 on
dinh trong diéu kién bao quan (¢ dieu kién moi truorng) va tao ra nhi€t lugng chay 16n, toc do chay
cao khi dugc kich hoat d€ ung dung trong mot s6 san pham tao hiéu ung tiéng nd hoic dung deé
nhdi nap vao 13i ctia san pham dé phan tan hop chat .dang bot ra mdi trudong xung, quanh nham dat
duoc muc dich st dung. Thanh phan ciia THT tao tleng nd thuong su dung mot s6 chat co tinh oxi
hoa manh nhur KCIO3, KNO3, KCIO4, NH4ClOQs,,... cac chat chay mang nang luong cao nhu bot
Al, bot Mg, bot B, bot Zr,... va cd thé c6 thém phu gia cong nghe phu gia chong 130 héa, xtic tac
chay,... dé st dung vao tfmg muc dich khac nhau trong ca quan su va dan su.

Trude day, tai Nha may Za da st dung don thanh phan gom 70% kali perclorat (KCl1Os); 30%
bot nhom (Al) dé lam thudc hoa thuat nhdi nap trong khdi né qué cau chira chay tu dong. Nhiém
vu ctia khdi nd qua cau chita chay 1a phén tan bot dap chay co trong qua cau ra moi truong xung
quanh bao dam dugc thé tich, ban kinh khéi cdu phan tan chat dap chay va hiéu qua dap tat mot s
dam chay. Tai Nha may Zb co6 su dung THT tao tiéng nd RAI co thanh phan gom: 70% kali
perclorat (KCIO4); 27% bt nhom (Al) va 3% bot luu huynh (S) de lam thuoc hoa thuét nhoi nap
trong qua nd. Nhiém vu cta qua nd 1a tao ra hiéu Gmg 4m thanh (tiéng nd) c6 cudng do du 16n dé
ung dung trong nhiém vu A2 (giai tan dam dong).

V6i don thanh phan nhu da néu, cac san pharn tmg dung céc loai THT trén cia Nha may Za va Zb
dap tng duge mot so chi ti€u co ban cta san pham nhur thé tich, ban kinh khi cau phan tan chat dap
chay hi¢u qua dap tat mot sb dam chay tiéu chuan cuong d6 4m thanh tir (110 + 130) dB. Két qua do
kiém mot s6 chi tiéu co ban cua 02 loai thuoc hda thudt ndi trén duoc ligt ke nhu trong bang 1.

Bing 1. Mot s6 thong sé ky thudt cia THT tao tiéng né do Nha mdy Z xdy dung.

TT  Thudc héa thuit khéi né Nha may Za THT tao tiéng nd RAI Nha may Zb
Chi tiéu Mikc Chi tiéu Mikc
1 Thanh phan,% Thanh phan,%
KCIO, 70 KCIO4 70
Al 30 Al 27
- - S 3
2 Nhi¢t luong chdy, cal/g 1954 Nhiét luong chay, cal/g 1937
3 Theé tich san pham khi, ml/g 42 Thé tich san pharn khi, ml/g 46
4  Cuong d0 tieng no, dB 87,9 Cuong do tieng nd, dB 121,2
5  Luyc ma sat gay chay, N 40 Lyc ma sat gay chay, N 36

Tap chi Nghién citu KH&CN quin su, S6 Dic san Ky niém 50 nam Vién TPTN, 10-2024 159



Hoa hoc & Moi truong

Tu bang sO li¢u nhan thdy, d6 nhay ma sat ciia ca 02 loai THT ké trén déu tuong ddi cao, cao
hon ca thudc nd PETN (tir 56 + 67 N) [9]. V61 d6 nhay ma sat nhu vay, cac THT nay chi phu hop
v6i qué trinh ché tao thu cong, can than hodc trong céac thiét bi tinh x40, hién dai dit tién voi khbi
luong san pham han ché trén mdi ca san xuat. Vi vay, gla thanh san pham ¢ muc cao, chua phu
hop v&i viée g dung trong cac san pham c6 nhu ciu vé san luong 16n c6 gia thanh thap hon.

Tu t}luc tién san Xuét Qat ra bai toan nang cao h¢ sb an tpan bang V’1¢C glam dd nhay ma sat cua
THT dén muc thap, yéu cau dat ra la c6 do nhay ma sat thap hon thuéc n6 RDX (133 N) va thudc
né HMX (113N) [9]. DPé taora THT tao tiéng nd co6 do nhay ma sat thap nhung Vﬁn dap ung duogc
c4c tinh chét chay no theo yéu cau (nhiét luong chay khong nhé hon 2000 cal/g, toc d6 chay cao),
g dung duoc trong khdi nd qua cau chira chay ty dong cua Nha may Za va qua | n6 ctia Nha may
Zb. Hién tai trong nudc, cac van dé nghién ciru dén do nhay ma sat va cac yéu t6 anh huong dén
dd nhay ma sat cuia THT trong nudc con rat han ché. Viéc nghién ctu thanh cong THT tao tiéng
n6 ¢ nhiét lugng 16n, toc do chay 1on 'va d6 nhay ma sat thap c6 ¥ nghia 16n trong viée co gidi
hoa, ty dong hoa trong qua trinh san xuit loat, gop phan néng cao h¢ so an toan trong qua trinh san
Xuat, nang cao chat luong va giam gia thanh san pham. Do dé, viéc nghién ctru THT tao tiéng nd
¢6 tao tiéng nd co nhiét lugng 16m, toc do chay 16n va d6 nhay ma sat thap 1a thiét thuc va kha thi.

2. THU'C NGHIEM

2.1. Vit tu, hoa chat

Céc vat tu, hoa chat dung cho nghién ctru gdm:

- Bot kali perclorat (KClO4), xuat xir An D6, ham luong > 99,0%, kich thudc hat st dung loai
¢6 san gom céc dai 1a (20 + 30) um; (50 + 60) pm; (80 + 90) pm;

- B6t magie cacbonat (MgCOs), An D9, ham luong > 96,0%, kich thudc hat (10 + 20) um;

- Bot nhom (Al), An D9, ham lugng > 99,0%, kich thudc hat gém cac dai 1a (1,0 + 5,0) um;
(10 + 15) um; (20 + 25) pm;

- Bot k&m stearat (Zn(CisH3502)2), Trung Qudc, ham lwong > 99.0%, kich thudc hat gdm cac
daila (10 +20) pm; (40 + 50) pm; (70 + 80) pm;

- V6 khdi nd, Za, da dugc nghiém thu dat yéu cau

- V6 qua nd, Zb, da dugc nghiém thu dat yéu ciu.

2.2. Phwong phap nghién ciru
2.2.1. Xay dung don thanh phan thuéc héa thudt tao tiéng né cé nhiét lwong chay Ién, toc dg chay
cao va dg nhay ma sdt thap

Trén co s& cac tai liéu tham khao [1-3, 7] va phan mém REAL hd trg tinh toan trong thanh
phﬁn thudc hoa thuét, nhom tac gia tién hanh lya chon ty 1é don thanh phﬁn thudc hoa thuat tao
tiéng n6 co nhiét lugng chay cao, téc do chay 16n va d6 nhay ma sat théap. Chét oxi hoa dugc lya
chon 1a KClOs, chat chay tao ning lugng chinh 1a bot Al, sir dung déc tinh mém, min ciia bot kém
stearat dé phan tan trong THT tao tleng né méi nham glam hé s6 ma sat cta ndi sinh [trong hdn
hop thudc, str dung tinh hut 4 am va an toan ctia bot MgCO3 dé loai bo cac nguy co c6 thé phat sinh
tir cac tap chit co hai ¢ thé c6 cia bot KC104 cong nghiép.

Luya chon cac thong s6 du vao dé tinh toan gém: nhiét d0 6 298 K, ap suat 0,1 MPa. Tién hanh
tinh todn cac dac trung xa thuét va thir nghiém do téc d6 chay ctia mot s6 mau ché thir voi nguyén
vat liéu c¢ ty 1€ thanh phan khac nhau, dé bao dam nhiét lugng chay khong nho hon 2000 cal/g va
d6 nhay ma sat & mirc tdi wu, cac chat phu gia thém vao khong duge qua 16n. Vi vay, tac gia da lya
chon ty 1¢ thanh phan nhu trong bang 2 dé 1am co s ban dau cho qué trinh nghién ctru, tinh toén.

Bing 2. Pon thanh phan THT tao tiéng né mo.

Thanh Can bang oxi, | Nhiét lwgng chay,
phﬁn KC|O4 Al ZI’I(C18H3502)2 MgC03 Ko cal/g
Mirc, % 70 26 2,0 2,0 1,11 2011
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Vi ty 1¢ thanh phan thudc héa thudt hé tao tiéng nd c6 nhiét lugng chay cao, toc do chay 16n
va do nhay ma sat thap va hé s6 can bang oxi duong (Ko = 1,11%) nhu trén, hé THT s c6 du 6xi,
de dam bao cho qua trinh chdy dién ra hoan toan trong dicu kién kin ctia san pham.

2.2.2. Ché tao madu thuac héa thudt
2.2.2.1. Phurong phdp nghién citu va diéu chinh théng sé

Trén co s6 C4c tai ligu tham khao [1-3], phan mém REAL va qua trinh ché thir Iya chon don
thanh phan thuoc hoa thuat cd nhiét lugng chay khong nho hon 2000 cal/g va h¢ so can bang oxi
Ky=0 (u'}l tién K, > 0), tir d6 xac dinh toc do chay cua hé thudc va diéu chinh trén co s¢ di€u chinh
thanh phan, ham lugng va c& hat nguyén li¢u.
2.2.2.2. Cac budc tién hanh ché tao

Cén ctr céc tai ligu [1-3], xAc 1ap thi ty céc budc ché tao thude, vira bao dam tinh khoa hoc,
tinh ke thira, tinh Iap lai va bao dam an toan trong qua trinh nghién ctu, che tao. Qua trinh ché tao
mau duoc thuc hién nhu sau:

- Chuan bi mau: Kiém tra chit lwong vat tu, nguyén liéu phuc vu thir nghiém;

- Can mau: Can theo don thanh phan di x4c dinh bang can dién tir 46 chinh xac 10 g;

- Tron déu: Mau duoc tron trong phong thi nghiém thong qua hé thdng sang lua theo QTCN da
dugc phé duyét [3] bao dam dong nhat trong toan bo mau.

- L4y mau kiém tra cac chi tiéu: |y tai 03 vi tri khc nhau, tron déu sau d6 can dinh lugng theo
ting phép do va tién hanh do kiém theo tiéu chuan hién hanh.

2.2.3. Phuong phdp xdc dinh cdc ddc trung ning lirong xa thudt thuoc héa thudt

- Thanh phén thudc: Xéc dinh theo phuong phap chup pho ICP-MS.

- Nhiét lugng chay: Xac dinh theo TCVN/QS 795:2019.

- Thé tich sinh khi: Xac dinh theo TCVN/QS 795:2019.

- C& hat thude: Xac dinh theo TCVN/QS 745:2019.

- Nhiét d¢ bung chay: Xac dinh theo TPTN.TBC.QTPT.01.

- B§ nhay ma sat: Xac dinh theo tiéu chuan NATO Stanag-4487:2002.

- Xac dinh cuong do tiéng nd: Thube héa thuat duoc nhoi nap trong Vo qua nd do Nh@ may Zb
ché tao theo QTCN dé dugce ban hanh. Tién hanh do cuong d9 tiéng n6 bang cach san pham va do
cuong do tiéng no cach tam n6 10 m bang thiét bi do d6 6n cam tay.

- X4c dinh tdc d6 chay cua THT: theo phuong phap do tdc do chay trong éng chuén [6].

2.2.4. Phwong phdp xdc dinh mot s6 thong so ky thudt bang thir nghiém danh gia san pham

- Thir rung xoc:

Thir rung x6c v6i bién do 150 mm, tan s6 (60 % 2) lan/phut lién tuc trong 2 gid bang thiét bi
chuyén dung.

- Thir moi truong:

Thuyc hién theo tiéu chuan TCVN 7699-2-30: 2007, trong ta thir nghiém méi truong, chu ky
thir nghiém theo phuong an 4n 2; 6 chu ky; nhiét d6 gidi han trén 1a (55 £ 2) °C, nhiét o gidi han
duai 1a (25 + 2) °C.

- Thir nghiém tong hop trong qua no:

Téng lap thanh qua nd theo QTCN cua Nha may Zb va qua ciu chita chay tu dong theo QTCN
cua Nha may Za.

+ Tién hanh thir nghiém qua nd bang cach kich nd qua nd va do cudng dé 4m thanh cach tim
10,0 m.
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- Thik nghiém tong hop trong qua cau chita chdy tw dong: Tién hanh kich n6 qua ciu chita chay
tur dong va do cac thong so:

+ Cuong d6 dm thanh cach tam 1n6 4,0 m.

+ K1em tra ban kinh phan tan bot dap chay.

+ Kiém tra kha nang dép tat dam chay tiéu chuan kiéu A, E [4].

3.KET QUA VA THAO LUAN

3.1. Nghién ctru cac yéu t6 anh huéng dén dic trung thudc hoa thuit tao tiéng nd méi
3.1.1. Anh huéng ciia ¢ hat dén nhiét lwong chay va toc dé chdy cia THT tao tiéng né moi

C& hat chat chay, chét 6xi hoa anh hu'ong dén téc d6 chay va d6 nhay ma sat cia THT. Thong
thuong toc do chay cia THT tang khi glam cO hat nguyen li¢u va ting ham luong chat chay trong
gidi han. Bot chét chay, chit 6xi hoa cang nho thi THT c6 tdc do chay cang 16n. Mat khac, d6 nhay
v&i ma sat cang tang.

Két qua nghién clru anh hu’cmg clia c& hat chét chay (bot Al) dén dic trung ning lugng va xa
thuat ciia THT tao tiéng nd mai duogc trinh bay trong bang 3.

Bing 3. Anh huong ciia c& hat Al dén mét sé thong sé THT.

Mau M1 M2 M3
C& hat AL, um 1+5 10 + 15 20+ 25
Nhiét luong chay, kcal/kg 2018,5 2025,6 2005,5
Thé tich khi, I/kg 38,2 378 34,9
Tdc d6 chay trung binh, mm/s 93,2 78,6 60,5
Luc ma sat gay chay, N 144 192 288

Tir két qua bang 2 nhan thay, khi thay d6i c& hat bot nhom (Al), nhiét lugng chay va thé tich
sinh khi sau khi chdy cua cac mau thudc hoa thuat hdu nhu khong thay dbi. Ddi voi tée do chay va
dd nhay ma sat, két qua cho thay khi sir dung bot nhom ¢ hat nho (1 + 5 um) thudc hoa thuat co
tdc d6 chay nhanh va lyc ma sat gay chay ¢ murc nho hon, khi tang ¢& hat thi toc do chay giam dan
va lyc ma sat gay chay ting dan. Pdi v6i mau 6 ¢& hat bot nhém 10 + 15 pm co6 tbc do chay la
78,6 mm/s va lyc ma sat gay chay 1a 192 N 1a t6t nhat trong 03 mau thir. Vi vy, da lya chon c&
hat ctia b6t nhom 1a 10 + 15 pum.

Két qua nghién ctru anh hudng ctia ¢& hat chat oxi hoa (KClO4) dén dic trung ning lugng va
xa thuat ciia THT tao tiéng nd giam nhay ma sat duoc trinh bay trong bang 4.

Bing 4. Anh huong cia cé hat KCIO4 dén mét so thong so THT.

Mau M4 M2 M5
C& hat KCIO4, um 20 + 30 50 + 60 80 + 90
Nhiét lugng chay, kcal/kg 2020,3 2025,6 2024,1
Thé tich khi, I/kg 36,8 378 35,3
Tc d6 chay trung binh, mm/s 92,1 78,6 62,3
Lyc ma sat gy chay, N 168 192 246

Tir két qua bang 4 nhan thay, khi thay doi ¢d hat bot KClOg, nhiét luong chay va thé tich sinh
khi sau khi chdy cua cac mau THT tao tiéng nd thay ddi khong dang ké. Doi vai toe do chay va do
nhay ma sat, két qua cho thay khi sir dung bot KC1O4 ¢ hat nho (20 + 30 pm) thudc hoa thuat tao
tiéng nd co6 téc dd chay nhanh va lyc ma sat gdy chay & muc nho hon, khi tang c& hat thi toc do
chay giam dan va Iyc ma sat gay chay tang dan. Mau 2 ¢0 ¢d hat bot KC1O4 50 + 60 pm c6 toc do
chay 1a 78,6 mm/s va luc ma sat gdy chay 1a 192 N 1a tét nhit trong 03 mau thi. Vi vay, da lua
chon ¢ hat cua bot KC1O4 14 50 + 60 pm.

Két qua nghién ctru anh hudng ciia ¢& hat phu gia gidm nhay kém stearat (Zn(CisHzs0z)2) dén

dic trung ning luong va xa thuét cua thudc hoa thuét tao tiéng nd giam nhay ma sat duoc trinh
bay trong bang 5.
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Bing 5. Anh huong cia c& hat Zn(CigH3502)2 dén mot sé thong sé THT.

Mau M2 M6 M7
C& hat Zn(C1sH3502)2, pm 10+ 20 40 + 50 70+ 80
Nhiét luong chay, kcal/kg 2025,6 2020,4 2023,6
Thé tich khi, /kg 37,8 37,2 38,1
Téc d6 chay trung binh, mm/s 78,6 79,2 79,8
Luc ma sat gay chay, N 192 188 180

Tir két qua bang 5 nhan thiy, khi | thay do6i co hat bot Zn(CigHasO2)2, nhiét lwong chdy va thé
tich sinh khi sau khi chay ciia cac mau THT tao tiéng nd thay doi khong dang ké. Pbi vai toc do
chdy va do nhay ma sat, két qua cho thay khi st dung bot Zn(C1gHzs02)2 ¢& hat nho (10 + 20 um)
THT tao tieng no ¢6 toc d6 chay cham nhat khi tang kich thude bot Zn(C18H35Q2)2 thi toc do chay
tang, tuy nhién, muc tang toc d6 chay khong dang k€. Luc ma sat gay chay 6 mau s6 2 la lon nhat,
khi tang cd hat thi lyc ma sat gy chdy giam dan. Mau 2 c6 ¢& hat bot Zn(CisHss02)2 trong khoang
10 + 20 uwm c6 toc do chay la 78,6 mm/s va lyc ma sat gdy chay la 192 N 1a tot nhat trong 03 mau
thir. Vi vay, da lya chon cd hat cua bot Zn(C18H3502)2 1a 10 + 20 um.

312 Anh hwong ciia ham leong mot sé chat dén nhiét lwong chéy va toc do chay cia THT tao
tiéng né mdi.

Két qua’nghi{:n ctru anh hudng ctia ham Iugng bot Al dén dic trung nang lugng va xa thudt cla
THT tao tieng nd mdi dugc néu trong bang 6.

Bing 6. Anh huéng ciia ham liong Al dén mét sé thong sé THT.

Mau M8 M2 M9 M10
Ham luong Al,% 25 26 27 28
Nhiét lugng chay, keal/kg 1988,2 2025,6 2039,8 1984,6
Thé tich khi, I/kg 36,9 37,8 36,0 37,1
Téc d6 chay trung binh, mm/s 78,4 78,6 80,3 74,1
Luc ma sat gay chay, N 193 192 192 191

Tir két qua bang 6 nhan thiy: Nhiét lugng chay va tdc do chay ciia THT ting dan sau d6 giam
khi tang ham luong Altir 25% lén 28%. Do THT tao tiéng nd c6 hé sb can bang oxi duong nén khi
tang ham luong Al 1am cho phan Gmg chay va toa nhiét tiép tuc xay, vi viy, ban dau nhiét lugng
chay ciia hé ting 1én va kém theo 1am tdc d6 chay ciing tang, khi vuot qua ty 1¢ tdi wu van giit dugc
mrc nhiét lugng chay cao va tde do chay cao 1a do thyc té bot Al c6 mot lugng mang oxit nén khi
ham luong ting, mot phan bu dip vao su hao hut ciia nhém trong 1y thuyét (nhém hoat héa) va
luong mang oxit nhom bao boc cac hat nhom trong thuc té. Sau d6 khi du thira chit chay, nhiét
lugng va tdc do chay trung binh bi giam do c6 mot phan bot Al bi thira ra, khong tham gia phan
ung chay toa nhiét.

Vé thé tich san pham khi: nhén thay su thay d6i khong nhiéu va khong r6 vé xu huéng. C6 thé
do san pham chay chu yéu thay d6i ¢ dang rdn nén sy anh huong dén san pham chay dang khi 1a
khong déng ké.

Vi d6 nhay ma sat, khi ting ty 1¢ bot Al tir 25% |én 28%, nhan thiy lyc ma sat giy chay giam
dan tir 193 N vé 191 N.

Nhu vy, mau sb 2 hodc mau sé 9 cho két qua phi hop véi yéu cau vé nhiét luong, tbe do chay
va d6 nhay cua san phélrn.

Két qua nghién ctru anh hudng ciia ham lugng bot KClO4 dén dic trung ning lwong va xa thuat
ctia thu6c hoa thuit tao tiéng n6 co d6 nhay ma sét thap dugc néu trong bang 7.
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Bing 7. Anh huong ciia ham lwong KCIO4 dén mét sé théng sé6 THT.

Mau M1l M2 M12 M13
Ham lugng KC104,% 68 70 72 74
Nhiét lwong chay, kcal/kg 2008,4 2025,6 2015,1 1986,3
Thé tich khi, l/kg 37,2 37,8 38,3 39,2
Toc dd chay trung binh, mm/s 77,1 78,6 79,4 76,2
Luc ma sat gy chay, N 191 192 192 194

Tir két qua bang 7 nhan thay: Nhiét lugng chay va toc do chay trung binh ciia thudc hoa thudt
tdng dan sau d6 giam khi tang ham lugng KCIO4 tir 68% 1én 74%. Do qua trinh dicu chinh ty 1¢
KClO4, THT tao tiéng nd c6 hé sd can bang 6xi tir 4m vé trang thai can bang va sang vung duong
nén khi ting ham lugng KCIO4 lam cho phdn ing chay chuyén tir ving thiéu oxi dén ving can
bang va sang ving thira oxi, vi vy, ban dau nhiét luong chay cua hé tang 1én va kem theo lam toc
dd chay ciing tang, khi vuot qua ty 1€ toi uwu thi nhiét lugng va toc 6 chay giam.

V& thé tich san pham khi: nhan thdy sy thay doi khong nhiéu va c6 xu huéng tang. V6i do nhay
ma sat, khi tang ty 1¢ bot KCIO4, nhan thay luc ma sat gay chay tang tir 191 N 1én 194 N.

Nhu vay, voi Vjéc qTiéu chinh ty lé’chfit oxi hoa KC104, mau sb 2 hodc miu s6 12 cho két qua
phu hop voi yéu cau ve nhiét lugng, toc do chay va do nhay ma sat.

Két qua nghién ctru anh hudng cta ham lugng bot Zn(CisHzs02)2 dén dic trung ning luong va
xa thuat ciia thude hoa thuat tao tiéng nd c6 d6 nhay ma sat thip duoc néu trong bang 8.

Bing 8. Anh huong ciia ham lirong Zn(CisHs502)2 dén mét sé thong sé6 THT.

Mau M14 M2 M15 M16
Ham lucyng Zn(ClgHssoz)z,% 1,5 2,0 2,5 3,0
Nhiét lugng chay, kcal/kg 2036,3 2025,6 1939,2 1916,1
Thé tich khi, l/kg 35,4 37,8 39,1 39,9
Tbc d6 chay trung binh, mm/s 79,5 78,6 77,2 74,7
Luc ma sat gy chay, N 188 192 194 199

Tir két qua bang 8 nhan thay: Nhiét luong chay cia THT giam dan va thé tich san pham khi
tang dan khi ting ham luong Zn(CisH350;)2 tang tir 1,5% [én 3,0%. Do qué trinh diéu chinh ty 1¢
Zn(CisH3502)2, THT tao tiéng nd c6 hé sb cin bang oxi tir duwong vé trang thai can bang va sang
vung am nén khi tang ham luong Zn(C18H3502)2 lam cho phan tng chay chuyen tor vung du oxi
dén vung cén bang va sang vung thiéu oxi, vi vy nhiét lugng chdy cua h¢ glam dan va kém theo
lam tc do chay ciing giam, con thé tich san pham khi ting 1én duoc 1y gidi 1a do ting lugng
Zn(C1sH3502)2 nén khi phén huty, san pham khi s€ tang 1€n, tuy nhién lugng tdng nho. V&i do nhay
ma sat, khi tang ty 1€ bot Zn(CigHss02)2, nhan thay luc ma sat gay chay ting tir 188 N 1én 199 N.

Nhu vy, v6i viée diéu chinh ty 1¢ cht oxi héa Zn(CisHa502), mau s6 2 cho két qua phu hop
voi yéu cau ve nhiét luong, toc do chay va do nhay ma sat.

Két qua nghién ctru anh hudng cua ham lugng bot MgCOs dén didc trung nang luong va xa
thuédt cua thuoc hda thuat tao tiéng nd c6 do nhay ma sat thap dugc néu trong bang 9.

Bing 9. Anh huong ciia ham lirong MgCO3 dén mét s6 thong sé THT.

Mau M17 M2 M18 M19
Ham lugng MgCOs3,% 1,5 2,0 25 3,0
Nhiét lugng chay, kcal/kg 2048,1 2025,6 1986,5 1962,3
Thé tich khi, I/kg 37,1 37,8 38,2 38,8

Tdc d6 chay trung binh, mm/s

80,2

78,6

76,8

75,1

Luc ma sat gy chay, N

189

192

193

193
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Tir két qua bang 9 nhén thay: Nhiét luong chay cia THT giam dan va thé tich san pham khi
tang dan khi tang ham lugng MgCOsttr 1,5% Ién 3,0%. Do qua trinh diéu chinh ty 1¢ MgCOs, THT
tao tiéng n6 c6 hé sb can bang 6xi tir duong vé trang thai can bang va sang vung am nén khi tang
ham lugng MgCO; lam cho phan tng chay chuyén tir ving du oxi dén ving can bang va sang
vung thiéu oxi, vi vy ban dau nhiét luong chay cta hé tang 1én va kém theo lam tdc d6 chay ciling
tang, khi vugt qua ty 1€ t6i uu thi nhiét luong va toc do chdy giam.

V& thé tich san pham khi: nhan thiy su thay d6i khong nhiéu va c6 xu huéng ting. V&i do nhay
ma sat, khi tang ty 1¢ bt MgCQg, nhén thay luc ma sat gay chay tiang tir 189 N 1én 193 N.

Nhu vay, voi viée Qiéu chinh ty 1& chat oxi hoa MgCOs, mau s 2 hodc mau sé 17 cho két qua
phu hop véi yéu cau veé nhiét lwong chay, toc do chay va dd nhay ma sat.

3.2. Xay dung cac chi tiéu ky thuat cia THT tao tiéng n6 méi

Tur cac lgét qua nghién ctru khao sat ¢ trén, da lya chon don thanh phén va bang chi ti€u k¥ thuat
THT tao tiéng nd méi nhu sau:

Bing 10. Chi tiéu ky thudt THT tao tiéng né mdi.

TT Tén chi tiéu Murc
1 | Thanh phan,%
- | Al (cd hat 10 + 15 pm) 26 + 27
- | KCIO4(cd hat 50 + 60 pm) 70+72
- Zn(ClaHgsoz)z (C(~)’ hat 10+ 20 um) 2
- | MgCOs3 15+20
2 | Dang ngoai Mau xam dong nhét
3 | Ham luong 4m, %, khéng 16n hon 0,6

4 | C& hat thudc, mm, khong 16n hon 0,7
5 | Mat d6 ric, g/lcm? 0,6+1,0
6 | Nhiét d6 bung chay, °C 450 + 550
7 | Nhiét luong chay, kcal/kg, khong nhé hon 2000
8 | Thé tich khi sinh ra sau khi chay, 1/kg, khong nho hon 20
9 | Luc ma sat gay chay, N, khong nho hon 133

10 | Cudng d6 tiéng nd, dB
- | Véi qua nd, cach tim n6 10 m 110 + 130
- | V&i khéi nd qua cau chira chay, cach tim nd 4 m 85+ 115

3.3. Két qua ché tao va ing dung THT tao tiéng né méi

Tir cac két qua nghién ctru xdy dung don thanh phan, chi tiéu k¥ thuat ciia THT tao tiéng nd
moi. Pa tién hanh ché tao 10 kg THT tao tiéng nb méi bang day chuyén hién c6 cua Nha may Za
va 30 kg THT tao tiéng nd méi bang day chuyén ctia Nha may Zb dé phuc vu ché thir, thir nghiém
trong qua nd cua Nha may Zb, qua cau chira chdy tu dong cua Nha may Za va so sanh vdi két qua
truge day (khi sir dung thudc hoa thuat cii). Két qua do cuong dé tiéng nd nhu ¢ bang 11, két qua
thir nghiém dap tat dam chdy nhu trong bang 12

Véi két qua thir nghiém dat yéu cau. THT tao tiéng né méi hoan toan co thé thay thé cho thuoc
hoa thuat khdi nd trong qué ciu chira chay ciia Nha ‘may Za va THT tao tiéng nd RAI trong qua nd
ctia Nha may Zb. Ngoai ra, voi d6 nhay ma sat thap hon nhidu (luc ma sat gdy chay 16n gap 4.8
14n) giup cho viéc tng dung THT tao tiéng né méi duge an toan hon, ¢ thé nghién ctru, ing dung
quy trinh co khi hoa, tr dong hoa dé nang cao san lugng va chit luong san pham.
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Bing 11. Két qua do cwong do tiéng né trong khoi no cua Nha may Za
va qud né ciia Nha mdy Zb.

Cuwong dp tieng no Cuwong dp tieng no Panh
Thir nghiém do cwong dd tiéng trung binh caa trung binh caa THT gia
no THT tao tiéng ndé | tao tiéng no tao tiéng
méi (dB) né cii (dB)
Thir nghiém trong qua no cua Zb Pat
(05 qua & diéu kién thuong, do 125,3 119,6 yéu
cach tdm n6 10 m) cau
Ther nghiém trong qua n6 cua Zb Dat
(05 qua qua rung xéc, do cach 126,1 121,2 yéu
tam nd 10 m) cau
Ther nghiém trong qua n6 cua Zb Dat
(05 qua qua méi truong khic 124,8 1191 yéu
nghiét, do cach tim nd 10 m) cau
Ther nghiém trong qua cau chira
. A , . . Pat
chay tu dong cua Za (05 qua & 88.9 874 yéu
dicu kién thuong, do cach tim no ' ' A
cau
4m)
Ther nghiém trong qua cau chira Dat
chay tu dong cua Za (05 qua qua 89,3 87,9 yéu
rung x6c, do cach tim nd 4 m) cau
Thir nghiém trong qua cau chira Dat
chay tuy dong cua Za (05 qua qua 88.6 86.8 au
moi truong khac nghiét, do cach ' ' y;
R 2 cau
tdm n6 4 m)
Luc ma sat gay chay, N 192 40 (Za)' 36 (Zb)
Bing 12. Két qua thir nghiém ddp tdt dam chay voi khéi né sir dung THT m&i dé nhoi
nap trong khoi né quda cau chita chdy ti dong ciia Nha mdy Za.
Hang muc Két qua Panh gia
Thir nghiém dap dam chay kiéu A [4] (05 qua & diéu | 05 qua déu dap tat Dat yéu
Kién thuong) hoan toan cau
, A s iR , . 05 qua deu dap tat Dat yéu
Thtr nghiém dap dam chay kieu A (05 qua qua rung xoc) hoan toan AU
Thir nghiém dap dam chay kiéu A (05 qua qua mdi | 05 qua déu dap tat Pat yéu
truong khic nghiét) hoan toan cau
Thir nghiém dap dam chay kiéu E [4] (05 qua ¢ diéu | 05 qua déu dap tat Dat yéu
Kién thuong) hoan toan cau
, A Lz \ . 05 qua deu dap tat Dat yéu
Thir nghiém dap dam chay kiéu E (05 qua qua rung xa4c) hoan toan AL
Thir nghiém dap dam chay kiéu E (05 qua qua mdi | 05 qua déu dap tat Dat yéu
truong khic nghiét) hoan toan cau

4. KET LUAN

Trén co s& nghién ciru cai tién, bo sung thém thanh phan giam nhay, chat dém vao thudc tao
tiéng nd ban dau. Tac gia da nghién ctru, danh gia anh huong cua cd hat chét chay, c¢& hat chat oxi
hoa, ty 16 thanh phan chat chdy, ty 1¢ thanh phan chét oxi hoa dén cac chi tiéu chinh cua thudc, tir
d6 lya chon duoc ving tham sb dap tmg yéu cau va muc tidu nghién ctru. D tién hanh ché tao,
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thir nghiém va tmg dung thanh cong THT tao tiéng né méi. Két qua cho thdy, THT tao tiéng nd
moi ¢o cac dac trung nang lugng xa thuat phu hgp va chiu dugc ma sat tot hon nhiéu so véi thuoc
trudc d6 du dicu kién ap dung cho san xuat tai nha may.
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ABSTRACT

Research on reducing friction sensitivity for pyrotechnic composite
has high heat and high burning rate

This article presents the results of research on reducing friction sensitivity for fire magic
potions that create explosions with high heat and high burning rates. The results show that
when using additional additives including zinc stearate (Zn(C18H3502)2), magnesium
carbonate powder (MgCO3) and adjusting the ratio of potassium perchlorate powder
(KCIO4), aluminum powder (Al) in the composition of the mixture, the original drug mixture
improved the friction sensitivity. The pyrotechnic has high the combustion heat and ensuring
the fire and explosion properties when applied to products.

Keywords: Pyrotechnic; Friction sensitivity.
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