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Nghién ctru ché tao vo chong chay & diéu kién nhiét d9 thap
cho thoi nhién liéu ballistit dung cho dong co hanh trinh

Nguyén Vin Hung, Tran Hiru Thanh*, Pham Vin Khuong, Poan Vin Di¢p, Nguyén Pirc Long
Vién Thuée phong Thudc né, Tong cuc Cong nghiép Quoc phong, 192 Pire Giang, phwong Thieong Thanh, qudn Long Bién, Ha Ngi, Viét Nam
Ngay nhan bai 9/11/2022; ngay chuyén phan bién 11/11/2022; ngay nhan phan bién 7/12/2022; ngiy chip nhan ding 9/12/2022

Tom tit:

Bio bao trinh bay két qua ché tao vo chong chay cho théi thude phéong 2 goc chira 3,5% dinitrotoluen trong thanh phan. H¢ dong
rin sir dung trén nén polymetylmetaacrylat va polyester khong no. Xac dinh ché d9 cong nghé ti wu: nhiét do dong rin 45-50°C,
thoi gian hoa rin 12-16 gio, ham lrgng dietylanilin 0,5-1,0%. Vit lidu sau déng rin c6 dic trung co tinh cao (4 bén kéo dén 16,2
MPa, do bén bam dinh vé chéng chay nhién li¢u dén 3,8 MPa). Két qua thir nghiém tinh va dbt trén gia tai Vién Thube phéng
Thubce nb, Tong cuc Cong nghiép Quoc phong dat yéu cau. Két qua nghién ctru 1a buée tién quan trong trong viée két hop Iy luan
khoa hoc va thue tién vio viée che tao v chong chay cho théi nhién li¢u ballistit ¢ nhi¢t do thap, bd sung vao cac cong nghé dang

co tai Viét Nam, dap wng yéu cu phat trién cong nghiép tén Iira trong thoi gian toi.

Tir khéa: muc tiéu bay, théi nhién liéu ballistit, vo ch("')ng chay.

Chi 56 phén logi: 2.3

1. Mé dau

Hién nay, trong trang bi quan di nhiéu nudc trén thé gisi
nhu Nga, My, Trung Quéc.. - dang duoc bién ché mot sb tén
Itra dan dao co the gdy nguy hiém trong chién lugc phong
thi ctia nhiéu quoc gia. Do d6, viéc huan luyén cho bo doi
phong khong san sang Umg pho vdoi nhiing nguy co nay la
noi dung hét sirc quan trong. Mot trong nhitng phuong an
quan trong nham huén luyén cho bd d6i 1a tao ra diéu kién
sat voi thuc té chién dau, sir dung hé muc tiéu dac biét - muc
tiéu bay (MTB) [1].

Trén thé gidi, cac MTB duogc nhidu quéc gia co nén cong
nghiép tén lira phat trién (Nga My, Trung Qudc.. .) nghién
ctru, ché tao. Cac MTB chu yéu dé mo phong chuyen dong
cua muc tiéu trén khong, phuc vu huén luyén, dién tap, bén
thir nghiém tén lira, Iam co s& dénh gi4 hiéu qua chién du
ctia hé théng vii khi va tén lira phong khong, tén lira hang
khong c6 diéu khién “khong dbi khong”, ciing nhu huan
luyén chién dau cua phi cong. Dé dat duge muyc tiéu nay
doi hoi md phong cac dic trung vé do cao, toc do, duong
chuyén dong cua cac cudc tin cong trén khong. Mo hinh

)
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Hinh 1. M& hinh MTB. 1: chdp gié; 2: khoang thiét bj; 3: dong co
hanh trinh nhién liéu ran; 4: cum canh lai.

chung cia MTB gém 4 phan chinh: chép gi6, khoang

thiét bi, dong co hanh trinh nhién li¢u ran va cum canh lai
(hinh 1) [1].
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Dong co hanh trinh (3) thudng sir dung thoi nhién liéu rin
ballistit duoc boc 16p vo chdng chay nhim dam bao MTB bay
voi vén tbe theo thiét ké trong thoi gian dai (>25 gidy). Cac
thong s6 cua thoi nhién liéu duge xac dinh boi ban chat cia
nhién li¢u va cac yéu cau doi véi mdi loai dong co: thoi gian
hoat dong, ap suit trong dong co, lyc day thiét ké [2].

Dé dam bao cac yéu cau nay, viéc nghién ciru, ché tao 16p
pht chdng chay cho thoi nhién lidu ballistit 1a van dé hét sirc
quan trong. L6p phu nay két hop véi hinh dang lleu phong sé
dam bao mot quy luat sinh khi theo yéu cau trong sudt qué trinh
lam vi¢c ctia dong co nhién li¢u ran. Thong thuong nguoi ta
st dung cac loai vt li¢u composite trén nén polime dac chung
[2,3].

Trén thé gi01, viéc nghién ctru co ché hoat dong cta vat liu
chdng chay n6i chung, vat liéu chdng chay dung cho nhién lidu
tén Itra néi riéng da dugc thuc hién tur lau. Tuy nhién, do yéu
t6 bi mat viéc cong b cu thé thanh phé"m, cong ngh¢ ché tao vo
chdng chéy con rat han ché.

O Viét Nam, Vién Thudc phong Thude nd, Téng cuc Cong
nghiép Qudc phong va Vién Hoa hoc Vit liéu, Vién Khoa hoc
va Cong nghé Quén sy dd nghién ciru, ché tao thanh cong mot
s loai vat liéu chong chay ding cho nhién liéu rin hdn hop va
ballistit [3, 4]. Tuy nhién, ddi voi 16p phu chdng chay nhién
liéu tén Itra ballistit dung cho dong co hanh trinh (c6 thoi gian
hoat dong >25 gidy), str dung cdng ngh¢ trong nude chua dugc
nghién ctru va cong b rong rai.

Thong thuong, dé phii chong chiy cho thoi nhién li¢u
ballistit sir dung phwong phap rét hdn hop chat chdng chay,
hoa rén & nhiét do cao (70-90°C). Thuc hién cong doan nay
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Research and development of a fireproof
coating under low-temperature conditions

for ballistite fuel for a main rocket engine
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Abstract:

This paper presents the results of manufacturing
an inhibitor layer for double-base propellant grain,
with 3.5% dinitrotoluene. Curing system based on
polybutylmetaacrylate and wunsaturated polyester.
Optimal technology parameters: curing temperature
45-50°C, curing time is 12-16 hours, diethylaniline
content 0.5-1%. The post-curing material has high
mechanical properties (tensile strength up to 16.2 MPa,
fuel adhesion strength - flame retardant shell up to 3.8
MPa). Static and burning testing results at the Institute
of Propellants and Explosives, General Department of
Defence Industry meet the requirements. The research
results are an important step forward in combining
scientific theory and practice in manufacturing fireproof
shells for ballistite fuel ingots at low temperature,
supplementing existing technologies in Vietnam, and
meeting the requirements of rocket industry development
in the coming time.

Keywords: ballistite fuel, fireproof coating, flying targets.
Classification number: 2.3

& thoi gian dai dé dan dén su thoat nitroglixerin ra ngoai, gy
thay doi tinh chat, 6 an dinh hoa hoc, do dong nhat cta thoi
nhién liéu; khién bién dang thoi nhién liéu trong va sau khi phu
chdng chay, dong thoi c6 thé giy mét an toan trong qué trinh
thuc hién cong doan phu chéng chay. Pac biét, vdi cac thoi
nhién liéu ma trong thanh phin c6 chtra lugng 16n chit hoa
déo phu (dinitrotoluen va dibutylphtalat) thi viéc nghién ctru
phuong phap phu chdng chay cho thoi nhién lidu ballisitit &
nhiét do thip (<50°C) cang dong vai trd cp thiét.

2. D6 tuong va phuong phap nghién ciiu
2.1. Déi twong

Thoi nhién liéu tén lira ballistit: Loai nhién liéu Ia ballistit,
nhiét lugng chay 1020 Cal/g, thé tich khi 880 ml/ g, matdo 1,67
g/cm?, ham lugng dinitrotoluen 3,5%. Théi nhién li¢u nay duoc
pht 16p chdng chay day 2+0,5 mm, dwoc lip vao dong co hanh
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trinh MTB mét loa phut, budng d6t dang hinh try (duong kinh
trong 63,172 mm, chiéu dai 550" mm).

Vit liéu phii chong chay:

- Hoa chit butylmethacrylat (BMA): Chét 10ng trong sudt,
khong méu,’ ham lugng ghét chinh 99,3%, chi s0 axit 0,2 mg
KOH/g, xuat xa Han Quoc.

- Polybutylmethacrylat (PBMA): Dang hat cau, trong
sudt, ham lugng nuéce 0,4%, chi s6 axit 0,55 mg KOH/g, d6
nhét trong ddi cua dung dich 1% polyme trong toluen 1,72%,
ham lugng monomer trong polyme 0,3%, xuat xtr Vién Thube
phong Thude nd.

- Polyeste khong no: Mac ITH-609-21M, chit long trong
sudt, mau nau nhat, khoi luong riéng & 23°C 1a 1,175 g/ml, do
nhdt trén thiét bi VZ246 28 gidy, thoi gian gel hoa 120 giay,
xuét xtt Vién Thude phong Thude nd.

- Bot mica: Bot mm, mau xam, ¢d hat trung binh 25 um, d
pH nudce chiét 6-8, xuat xtr My.

- Peroxit belzoil: Dang bot mau tring, ham luong chat
chiph 98,9%, ham lugng nudc 0,3%, ham lugng Clo 0,21%,
xuat xtr Nga.

- N,N-dietylanilin (DEA): Chat 16ng trong sudt, mau vang
nhat, ham lugng chat chinh 99,5%, hém lugng nude 0,2%, khoi
lugng riéng ¢ 20°C 1a 0,939 g/ml, xuat xr Nga.

Trang thiét bi, dung cu ché tao vit lidu chéng chay:

May tron chan khong: Thé tich buéng tron 3 1, nhiét do gia
nhiét 20-90°C, d6 chan khong khong 16n hon 5 mm Hg, toc do
truc khudy 5-60 vong/phut, téc do canh khudy 15-300 vong/
phut. Thiét b gia nhiét hoa ran chuyén dung: nhiét do gia nhiét
40-90°C, d6 léch nhiét do tai cac vi tri £2°C. So' dd quy trinh
ché tao hdn hop phu chdng chiy duge mo ti ¢ hinh 2.

lugng luong
PBMA i .
mea Phat chéng chay
\ / thoi nhién ligu
Tron PBMA, )
bot mica - -
Tron 4 thanh Hon hop chat
A 9 A 3
phan chong chay
Tron BMA, / T
peroxit belzoil
Tron Polyeste,
/ '\ dietylanilin
Pinh Dinh lugng / \
lugng peroxit Dinh lugng Dinh lugng
BMA belzoil polyeste dietylanilin

Hinh 2. So’ dé quy trinh ché tao vé chéng chay cho nhién liéu
ballistit.

Hdn hop polyme - chat don thu duoc bang phuong phap
tron PBMA va bot miﬂca theo ty lé~1 :1, thoi ‘gian IQ-4O phut
o nhiét do 80-90°C dé thu dugc hon hop dong nhat, sau do



lam ngudi dén 20°C. Str dung méy khudy chan khong hoa
tan hoan toan peroxit bang BMA trudc khi tron cung voi
hdn hop polyme - chat don trong thoi gian 100-120 phut.
Sau khi thu dugc hon hop dong nhat, cho polyeste khong no
ITH-609-21M va chét xuc tién hoa rén vao tiép tuc tron, do
chan khong p<10 mm Hg, trong thoi gian 10-20 phiit. Hon
hop tao thanh dugc st dung dé phii chdng chay cho thoi
nhién liéu ballistit bing phwong phap rot. Nhiét do hoa rin
lya chon 1a 45-50°C, thoi gian hoa ran 10-20 gi0. Cong doan
hoéa rén duge thue hién trén thiét bi gia nhiét do Vién Thubc
phong Thude nd ché tao.

2.2. Phwong phap nghién ciru
- Nghién ctru Iya chon thanh phan hdn hop chdng chay.

- bg phan tan ddng déu chit don chdng chay bang kinh
hién vi dién tir.
- Nghién ctru toi wu hoa thoi gian hoa rin hdn hop chdng
chay bang cach danh gia do bén vo chong chay va dinh
nhién li¢u - vo chong chay.

- Kiém tra sy bong tach nhién liéu - vo chdng chay bang
thiét bi chup X-quang New oriental 1000 CA.

- D0 bén co 1y vo chong chéy, do bam dinh cua nhién ligu
- v6 chong chay dugc xac dinh trén thiét bi kéo van nang
0 nhiét d6 bao 6n 20°C, theo ti€u chuan TCVN 7121:2014.

- Hiéu qua chdng chay dugc danh gia bang phuong phap
d6t thir nghiém dong co trén gia tai truong thir Vién Thubc
phong Thude nd, Tong cuc Cong nghiép Qudc phong. Cac
thoi nhién liéu trudce khi thir nghiém dugc bao 6n ¢ cac nhiét
do xac dinh trong khoang -10-50°C trong thoi gian khong
nho hon 18 gio.

3. Két qua va ban luan

3.1. Nghién cviru anh huwong cua thoi gian tron dén tinh
chat ciia vat liéu

Tinh chét co - 1y cua vat liéu phu thudc nhiéu vao do
phan tan cia cac thanh phan trong nd. Mt khéc, hiéu tng
chiu nhiét - x6i mon cua vo chdng chay dung cho nhién
ligu ballistit st dung chat don mica dugc bao dam khi chét
don nay phan tan déu trén toan bo thé tich vat lidu, cach
nhiét khoi tac dong ctia dong khi néng dén 16p nhién liéu.
Dé nghién ctru anh hudng ctia thoi gian tron dén tinh chat
vat liéu, cac mau vat liéu chéng chay duoc ché tao trén nén
polyme - chét don trong thoi gian 10 (miu 1), 20 (miu 2),
30 (mau 3) va 40 phut (mau 4).

Trén co so két qua quan sat vat liéu chdng chay sau hoa
ran trén kinh hién vi dién t& thu duoc cho thrfly, thoi gian
tron PBMA va bt mica anh hudng nhiéu dén chat luong
vat liéu. Thoi gian tron polime - chit don dé dam bao do
ddng nhét khong dudi 30 phut (mau 3, 4, hinh 3C va 3D).
Hién tuong phan tan khong déu trong vat liu xay ra trong
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truong hop thoi gian tron vao khoang 10-20 phut c6 thé
dugc giai thich bdi lién két co - hoa ctia polime - chat don
kém dan dén sy sa ling cua polime - chit don trong thanh
phan vo chbng chay trong qua trinh héa rén (mau 1, 2, hinh
3A va 3B).

(A) (B)

(D)

Hinh 3. Anh quan sat vat liéu chéng chay trén kinh hién vi dién
tte. Thoi gian trén polymer - chat don 1a 10 (A), 20 (B), 30 (C) va
40 (D) pht.

Két qua kiém tra d6 bén co 1y cac mau vat liéu cho théy,
mau vat lidu sir dung PBMA va bot mica thoi gian 30 phut
cho két qua tot nhat. Viéc ting thoi gian tron 1én 40 phut
lam giam d¢ bén kéo va do gian dai cua vat liéu (hinh 4).
Nguyén nhan cé thé do dudi tac dong co hoc ¢ nhiét d6 cao
(80-90°C) khi tron trong thoi gian dai gdy ra hién tuong suy
thoai polyme.
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Hinh 4. Anh hwéng cla thei gian trén PBMA va bat mica dén
tinh chét co ly ctia vé chéng chay.
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3.2. Nghién citu cong nghé héa rin

Trén co s& phén tich cac nhuoc diém cia phuong phép
hoa rin thong thudng ¢ nhiét d6 cao (dd dwoc nghién ctru,
st dung dé pha chéng chay cho cac thoi nhién liéu sinh khi
¢6 kich thudc nho trong binh tich ap) c6 thé thiy, phuong
phap nay khong hiéu qua ddi véi nhitng thoi nhién lidu co
khéi lwong, kich thudce 16n (do bi bién dang trong qué trinh
hoa rin) va chira ham luong dinitrotoluen 16n. Chat hoa
déo phu dinitrotoluen c¢6 thé 1a nguyén nhan gy ra hién
tuong bong hodc khong hoa rin mot phan bé mat tiép xtc
v6 chéng chay - nhién liéu [5]. Viéc nghién ctru ra phuong
phap phu chdng chay & nhiét d6 thap gitp giai quyét nhimng
ton tai clia viée phii bang phuong phép trén.

Nhiét 6 hoa rén lwa chon 13 45-50°C (thip hon nhiét do
nong chay cta dinitrotoluen 54-71°C) nham giam nhiét do
hoa ran hén hop can dua vao trong hdn hop DEA - thanh
phéin thuong dugc st dung trong viéc ché tao cac polieste
chat c6 vai tro xtc tién [6, 7].

Dé nghién ctru anh hudng ciia DEA dén thoi gian dong
ran & nhiét d lua chon va tinh chit co 1y cta vat li¢u, chiing
t6i str dung hdn hop poliyme - chat don dwoc t6i wu hoa &
trén, ché tao 4 mau vat liéu st dung ham lugng DEA 0-3%.
Két qua danh gia cho thay, vai tro xtc tién dong ran cua
DEA thé hién trong hdn hop chdng chay. O nhiét do 50°C,
hién twong hoa rin khong hoan toan xay ra & mau M1 (do
bén kéo dut thip - 8,6 MPa, d6 gidn dai 16n - 50%) (bang 1).
Khi sir dung DEA ham lugng cao (3%) d6 bén kéo mau M4
khong ting, thoi gian hoa ran giam, tuy nhién thoi gian séng
cua vat liéu thép (0,5 gio), d6 nhot cua vat li€u ting nhanh
theo thoi gian, khong dam bao yéu t6 cong nghé dé phu
chéng chay bang phuong phap duc rot. Mau M2 va M3 ¢6
ham luong DEA 0,5-1%, dam béao tot vé yéu té cong nghé
ché tao vat lidu phu chdng chay.

Bang 1. Anh hwéng cuia DEA dén tinh chat vat liéu chéng chay.

A em e e A
Kyhit Himlwng Thbigian  Dpbinkéo Dogian  Thoigiansong
méu DEA(%)  héarin(giv) dut(Mpa) Gaden O nhigtdpaSC
dirt (%) (giv)

Ml 0 - 8,6 50 5

M2 05 16 162 35 25

M3 1 12 158 33 15

M4 2 6 138 20 05
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3.3. Nghién cuwru kha nang bam dinh vo chﬁ'ng chay -
nhién liéu

Do bam dinh vo chéng chay - nhién liéu 1a mot yéu tb
quan trong trong viéc ddm bao hoat dong hi€u qua cta thdi
nhién liéu rin. Ching t6i st dung thanh phan M2 va M3
dé danh gia kha ning bam dinh v chng chay - nhién liéu.

Két qua chup X-quang cho théy, thanh phan boc chéng
chay tuong d6i dong nhét, bam déu 1én toan bo bé mit nhién
liéu duoc pha (hinh 5). Piéu nay c6 thé duoc giai thich do
thanh phan hdn hop chéng chay hoa tan mét phan nhién
liéu bén ngoai bé mit, sau do dong ran 1én bé mat nhién
liéu. Thanh ph?m dinitrotoluen trong nhién li€u chua bi thoat
khoi bé mat nén chat lwong dong rin cua vo chdng chay
dam bao.

Hinh 5. Két qua chup X-quang théi nhién liéu sau khi pha
chéng chay.

Két qua do d6 bén bam dinh & bang 2 cho thiy vo chéng
chay bam tdt trén bé mt nhién liéu.

Bang 2. Két qua danh gia doé bén bam dinh vé chéng chay -
nhién liéu.

Kyhieu  HamlugngDEA  Thoi gian hoarin D bén bam dinh vo chong chay
miu (%) (gio) - nhién li¢u (Mpa)

M2 05 16 32

M3 1 12 38

3.4. Thir nghiém dot trén gid théi nhién liéu

Tai truong thtr, Vién Thudc phong Thude nd da thir
nghiém danh gid vo chong chay thoi nhién liéu véi thanh
phan va cong nghé dwoc tdi wu hoa theo cic muc nghién
ctru néu trén. Vo chdng chay dam bao cho thoi nhién lidu
hanh trinh hoat dong trong thoi gian dai va duy tri quy luat
chay cua thoi nhién lidu, dap Gmg yéu cau thiét ké cia dong
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co hanh trinh MTB (hinh 6). Théi nhién li€u da dugc thir
nghiém dam bao hoat dong 6n dinh & dai nhiét do -10-50°C.
Pay 1a co so quan trong dé phu chong chay cho cac thoi
nhién liéu dung cho MTB va cac thoi nhién liéu hanh trinh
ballistit khac.
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Hinh 6. Két qua dét thir nghiém trén gia danh gia chat lwong
v6 chéng chay. (A) Do thj &p suét/thoi gian tinh toan; (B) Anh chup
hoat dong clia déng co; (C) Do thi ap suat/thdi gian thtr nghiém
thuce té.
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4. Két luan

Trén co so két hop 1y thuyét va thuc nghiém, Vién Thude
phong Thude nd da tdi wu hoa thanh phan, cong nghé ché
tao vo chéng chay ¢ nhiét d6 thip (45-50°C) trén nén PBMA
sir dung cho cho théi nhién liéu dung cho MTB. Két qua
kiém tra va danh gia tinh cho th?iy, vat liéu c6 co tinh cao
(d6 bén kéo dén 16,2 MPa, do bén bam dinh nhién liéu - vo
chdng chay dén 3,8 MPa) va thir nghiém d6t trén gia thoi
nhién liéu ballistit cho két qua dat yéu cau. Két qua 1a budc
tién quan trong trong viéc két hop 1y luan khoa hoc va thuc
tién trong viéc ché tao vo chong chay cho thoi nhién liu
ballistit, bd sung vao cac cong nghé dang co tai Viét Nam,
dap tmg yéu cau phat trién cong nghiép tén Iira trong thoi
gian toi.
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