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TOM TAT
Bai bdo trinh bay két qua nghién ciru anh hwong ciia mot S6 yéu t6 dén toc dg chay va tinh chat

cong ngh¢ cuia nhién liéu ran hon hop (NLRHH) trén co so chat chdy ket dinh hydroxyl-terminalted
polybutadiene (HTPB). Budc dau xac lap thoi gian dong ran mau NLRHH trén co s¢ HTPB o
nhiét do 60 °C la 7 ngay. Cac mau NLRHH trén co so HTPB co gid tri toc do chay ¢ dp suat 40 at
dat den 22,5 mm/s, co ti{zh ghdt cong nghé tot (do dan trai den 0,9, do xu)fén kim dén 340 x10™
mm) co co tinh twong doi tot, dinh huong cong nghé duc rot tu do cho che tao cdc loai dong co
duic liéen.
Tir khoa: NLRHH; HTPB; Téc d6 chay; Tinh chit cong nghé.

1. MO DAU

Nhién liéu rin hdn hop (NLRHH) s6 hiru mét s6 wu thé vuot trdi so voi cac vat lidu mang ning
luong khac (xung lugng riéng 16n, tc d6 chay it phu thudc ap suit, dai didu chinh tdc do chay
rong,...), chinh vi vay, viéc nghién ctru, phat trién loai vat liéu nay la xu huéng tat yéu trong linh
vuc khoa hoc quan sy va vii try. Thanh phﬁn NLRHH gém: chét chay két dinh; chat 0xy hoéa; cac
chat chay kim loai, cac chat né manh (nhu hexogen, octogen); cic chit hoa déo, phu gia toc do
chay, phu gia cong ngh¢ va cac loai phu gia khac [1-6].

Nhirng ndm gan day, NLRHH trén co s chat chay két dinh HTPB di duoc nhiéu qudc gia trén
thé gi6i da duoc nghién ctru, phat trién nhu My, Chau Au, Nhat Ban, An D9, Israel, Trung Qudc,...
Viéc st dung cao su HTPB lam chat chay két dinh trong NLRHH cho phép ting ham luong chét
ran trong nhién liéu 1én t6i 90-91% va lam ting xung lyuc riéng cta nhién liéu. Nhién liéu nén cao
su HTPB c6 xung lugng riéng tinh toan 1én t61 264 kG.s/kg tai Pk/Pa 70/1, mat do 1,83 g/cm3 hé
s6 mii trong phuong trinh téc d6 chay v = 0,24 [5]. Tuy nhién, d&n nay chua ¢6 nhiéu cong bd vé
anh huéng cua kich thude hat AP, thanh phan xtc tic chay dén cac dic trung tée do chay va yéu
t6 cong nghé dé ché tao NLRHH trén co sé chét chay két dinh HTPB.

Tai Viét Nam, cac nha khoa hoc Vién T da tdp trung nghién ctru, [am chu cac mac nhién li¢u
ran hon hop trén co so chét chay két dinh butadiene acrylonitrile c6 nhom cacboxyl cubi mach,
tly theo yéu cau c6 gia tri tbe do chay tir 1,040 mm/s [6].

Trudc yéu ciu mm vé phat trién cac mac NLRHH méi va xu hudng cua thé gidi trong viéc su
dung da dang ngudn nguyén lidu dau, viéc nghién ciru mac nhién liéu trén nén cao su HTPB 1a can
thiét. Bai bao nay tap trung nghién ctru anh hudng cua mot sO yéu to (ham lugng xuc tac chay,
kich thudc chét 6xy hoa) dén tinh chat cong nghé va toc d6 chay cia NLRHH trén co sé chat chay
két dinh HTPB.

2. THUC NGHIEM

2.1. Vit tu, hoa chét
Thanh phan chinh cia NLRHH trong ndi dung nghién ctru bao gdm:
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Cao su HTPB: ham luong hydrocxyl: 0,71 mmol/g; ham luong nude: 0,021%; khéi lwong phan
tr 2800 g/mol; d¢ nhdt & 40 °C: 3,4 pas; xuat xit Trung Quoc.

Isophorone diisocyanate (IPDI): Chat long, mui ddc trung; ham luong chat chinh: 99%; xuét
xtr Trung Qudc.

Chat 6xy hoa amoni peclorat (AP): Hém lwong chét chinh >99,5%, xut x{: Vién T.‘Dé danh
gia anh huong cua kich thude hat AP dén toc d6 chay NLRHH, hat AP dugc gia cong bang cong
ngh¢ nghién khi dong theo cac ché do khac nhau.

Dioctylrsebacate (DOS): Chat Iong khong mau, khong co tap chét co hoc, hé §6 axit <0,12 mg
KOH/g chat chinh, nhiét d6 bung chay khong 16n hon 215 °C, ham luong chat d¢ bay hoi, khong
16m hon 0,1%, mat do ¢ 20 °C la 0,913+0,919 g/cm?, xuat xir chau Au.

Aerosil: Ham luong 4m <1,5%, kich thu6c hat trung binh 5+15 nm, xut xtit My.

Diethylferrocene (DAP): Chat 1ong mau nu d6, ham luong sét 22+24%, ham lurgng am khong
16n hon 0,05%, nhiét d boc chay 125+140 °C, dong vai tro chat xuc tac chay trong thanh phén
NLRHH, xuat xt Viét Nam.

Bot nhom (Al): Bot dang ciu, ham lugng chat chinh >99,7% nhom, dién tich bé mét riéng 0,51
m?/g, xuat xit chau Au.

Ferrocene: Ham luong chét chinh >99,0%, xuat xir Sigma.

B6t Fe>O3 nano, ham lugong chét chinh 99%, kich thudc hat: khong 16n hon 30 nm.

Chat phong ldo: 2,6-di(tert-butyl)hydroxytoluene (DBHT): Bot mau tring.

Chat xuc tién hoa rin: Dibutyltin laurate (DBTDL), ham lugng chit chinh 98%.

2.2. Phwong phap nghién ciru
2.2.1. Phuong phdp tao mdu

Cac m’5u NLRHH duoc 9hé tao trong t}liét bi trdn chan khong: nhiét do tron 25+50 °C, tbe do
canh khudy 15 vong/phut, toc do truc khudy 5+10 vong/phut, thoi gian tron 5 gio. Thir ty nap cac
thanh phan: cao su HTPB, cac chat 1ong (DOS, DAP, lexytyl), (Ferrocene + Fe,O3 nano), (DBHT,
DBTDL, bt nhom, (AP, aerosil).

Déi v6i mau chira Fe;Os: Fe;0s dugc tron déu v6i hdn hgp DOS, lexytyl bang thiét bi tron siéu
am trudc khi dung dé tron ho nhién liéu.

Ho nhién liéu duoc ép (co6 hut chan khong) vao khuén tao mau do téc do chay. Hoéa rin miu
theo chu trinh 50 °C: 12 gio, 60 °C: 6+8 ngay, dé nguoi tu phién: 12 gié. Céc mau nhién liéu
(®8x80) sau khi hoa ran dugce sir dung do toc d6 chay ¢ ap suat khong doi va do bén nén.

2.2.2. Phuong phap phdn tich, do dac

Dién tich bé mit riéng Brunauer-Emmett-Teller (BET): Thiét bi Micro Active for TriStar IT
plus 2.03 (My) duoc str dung d€ xac dinh kich thude cua hat AP duoc phén tich trén co s¢ phén
tich dién tich bé mat riéng, cac mau AP dugc say kh6 ¢ 100 °C trong 6 gid, d€ ngudi ty nhién trong
binh hut am trudce khi tién hanh phan tich.

Do xuyén kim dugc danh gia trén thiét b K19500 (My) theo quy trinh kiém tra dwoc Vién T
phé duyét. Mau ho nhién li€u duogc lay tur trong thiét b1 tron ngay sau khi tron c6 gia nhiét xong.
Thoi gian kiém tra 30 s. Gia tri 46 xuyén kim duoc lay trén gia tri thang do. Thoi gian song cua
h6 nhién liéu dugc tinh tir khi trdn xong hon hop dén luc 6 xuyén kim dat 280 x10* mm.

D¢ dan trai Kp 1a thong s6 cong nghé, duogc tinh bang su thay dbi twong ddi cia dudng kinh
ban dau (30 mm) ctia mau cao 30 mm trong thoi gian 30 phut dudi tac dung cua lyc trong trudng.

Téc do chay dugc xac dinh & 4p sudt khong doi 40 at bang thiét b kiém tra téc do chay - bom
ap suat khong doi tai Vién T (TCVN/QS 888:2019).

Do cing dugc do trén thiét bi do do ctrng tu dong GX-610/GS-709N, Nhat Ban.
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Do bén nén duoc kiém tra trén thiét bi trén thiét bi Testometric M350-10CT (Anh) toc d6 3
mm/phit, & nhiét 4§ 20 +2 °C.

Nhiét lwong, xung lugng riéng dugc tinh toan trén phin mém tinh toan cic dic trung ning
lugng va san pham chay cta thuoc phong, nhién lig¢u.

Mat d6 nhién liéu duge xac dinh theo Tiéu chudn TQSA 1282:2006.

3. KET QUA VA THAO LUAN

3.1. Tinh toén, lra chon thanh phan nhién liéu

Viéc lya chon thanh phan nhién liéu quyét dinh dang ké tinh chat cong nghg, tinh chét co Iy
cua mac nhién li¢u. Theo tai liéu dugc chuyén giao, thanh phan chinh ctia nhién li¢u hon hop trén
co so HTPB dung cho dan phan luc phong loat chira khoang 17% Al, 68% AP. Do do, ty 1€ nay
duoc lya chon cho nhitng nghién ciru tiép theo.

Dc”')i’ voi nhién’liéu trén co s& HTPB, viéc tinh toan lua chon thanh phén cao su (HTPB):chét
dong ran (IPDI) rat quan trong. Trong bai bao nay, chung 61 lya chon ty 1€ thanh phan HTPB:IPDI
sao cho ty 16 OH/NCO = 1:1 d¢ xay ra qua trinh dong ran hoan toan (hinh 1). Cac thanh phan khac
duoc tinh toan nham dam bao yeu to6 nang lugng va tinh chat chat cong nghé cua nhién liéu.

Nham xac dinh ginh huc"mg~ ctia mot sd yéq td dén tiqh chét chay cia NLRHH trén nén HTPB,
nhom tac gia da ché tao 08 mau voi thanh phan, tinh chat nang luong, xa thuét nhu sau:

Bing 1. Pon thanh phan NLRHH va ddc trung néing leong, xa thudt (tinh todn).

TT | Thanh phan, dic | Pon vi MAu thi nghiém
trung nang M1 | M2 M3 M4 M5 M6 M7 M8
lwgng, xa thuit
(Tinh toén)
| Thanh phén
1 AP % 680 68™ | 68® | 68 | 68™ | 68® | 68 | 68
2 DOS % 46| 23 | 08 | 08| 08| 08| 08| 38
3 DAP % 0 2.3 38 38 19 19 3,8 0,8
4 Ferrocene % - - - - 19 - - -
5 Fe,0O3 % - - - - - 1,9 - -
6 DBTDL, cho % - - - 0,015 - - - -
ngoai
8 Al % 170 170 | 170 | 170 | 170 | 170 | 170 | 170
9 |HTPBvaphugia| % 104 | 104 | 104 | 104 | 104 | 104 | 104 | 104
khac
1 Pic trung niang lwgng, xa thuit
7 |Nhiét lvong chay |Kcal/kg|1592| 1596 | 1588 | 1588 | 1586 | 1597 | 1588 | 1591
8 |Xung luong riéng: S 242 | 242 | 241 | 241 | 241 | 238 | 241 | 242

Ghi chu:
(*) — AP chira 64% AP mac D, 36% AP siéu min;
(**) — AP chira 64% AP mac D, 36% AP mac PA7.
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Hinh 1. Phan iing doéng rin cao su HTPB.
Trén co so tinh toan, thiét 1ap don thanh phan cho thiy cdc miu nhién liu trén co s HTPB
co6 nhiét lugng, xung lugng riéng twong doi cao, dam bao cho nghién ctru, ché tao cac loai nhién
liéu moi.

3.2. Anh hwéng ciia phu gia toc d9 chay dén tinh chat cong nghé va toc d9 chay NLRHH
Trong NLRHH, phuong phép tang téc do chay hiéu qua la dua mot luong sat nhat dinh vao
thanh phan. Diethylferrocene (trong vai tro la mot hop chat hitu co chira sit) 1a mot trong nhing
phuong 4n hiéu qua dé ting toc do chay cuia NLRHH trén nén AP [7]. Ngoai tac dung tang toc do
chay cua NLRHH, DAP con 1a chit hoa déo tdt, lam ting tinh chit cong nghé cua NLRHH [6].
Anh hudng ciia DAP dén téc do chay cua NLRHH dugc biéu dién trén hinh 2. Phan tich dd thi
anh huong ciia DAP dén toc d¢ chay cho thay, viéc tang sir dung DAP dén 3,8% cho phép ting
tdc do chay cia NLRHH 1én dén 96,4% so voi mau khong chira DAP.
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Hinh 2. Anh huong ciia DAP dén téc dg chay NLRHH trén nén HTPB.
 Viéc thay thé mot phan DAP bang ferrocene (Mau M5) hoidc Fe203 (Mau Mé) van dam bao
yéu t6 cong nghé ché tao NLRHH, tuy nhién phuong an nay khong lam thay doi dang ké toc do
chéy ctia nhién li¢u ran hon hgop (Mau M5, M6, bang 2).
Bing 2. Két qua anh huong ciia xiic tac dén toc dé chay NLRHH.

A o en MAu thi nghi¢ém
TT Tén chi tiéu M1 M2 M3 M4 M5 M6
1 Do dan trai (Kp) 0,6 0,7 0,9 0,3 0,5 0,5

2 Do xuyén kim (X101 mm) 295 300 340 260 290 295

g  TocdochdyGapsuatd0 19, 475 995 170 212 216
tai Uso (MmM/s)

3.3. Anh huéng ciia phu gia dong rin dén téc do chay cia NLRHH

Dé tang kha ndng dong rén va co tinh cia NLRHH, mot sd c’()ng’bé [8], nguoi ta thuong dua
vao trong thanh phan phu gia déng ran DBTDL ty 1& 1+2% chat két dinh. Két qua ché thir cho
thay, viéc dua phu gia DBTDL anh huong khong nho dén tinh chat cong ngh¢ cua nhién li¢u, dong
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thoi anh huong dén tdc do chay ctia mau thi nghiém (tir 22,5 mm/s mau M3 xubng 17,0 mm/s miu
M4). Téc d6 chay cua nhién lidu ran hdn hop phu thudc nhiéu vao d6 dong déu cac thanh phan
trong nhién liéu, két qua cua viéc giam tdc do chay trong cac mau nhién liéu chua DBTDL c6 thé
duoc giai thich do thanh phan nay 1am ting téc d6 dong ran trong nhién liu, la nguyén nhan gay
ra sy khong dong déu cac ciu tir va tinh chét cong ngh¢ cua hd nhién liéu. Viéc lya chon ty 18
DBTDL va phuong phéap dua vao hd nhién liéu can tiép tuc cin nghién ctru dé dat dwoc mac nhién
lidu co tinh chat cong nghé 6n dinh.
3.4. Anh hudng ciia kich thwéce hat AP dén tinh chit cong nghé va toc dd chay NLRHH

Dé danh gia anh huong ctia kich thudc hat AP dén toc d6 chay NLRHH, nhom nghién ciru da
tién hanh tao mau trong phong thi nghiém, st dung 3 loai AP kich thudc nho: AP mac D, AP mac
PA7, AP si€u min. Phu gia aerosil (0,05% theo khéi lugng AP) duogc dua vao trong thanh phén AP
nham han ché sy két dinh cac hat AP vdi nhau. Aerosil trong mot s6 trudng hop duge sir dung
trong vai trd chat xuc tac chay va lam giam san phdm pha rin trong qua trinh chay cia NLRHH
[9, 10]. Kich thuéc ciia cac mau AP nay duoc mo ta & bang 3.

Bing 3. Thanh phan va tinh chdt ciia mau AP.

MAiu AP MAu AP MAu AP

I Thong so mac D PA7 siéu min
1 Dién tich bé mat riéng trung binh (m?/g) - 0,72 3,85
2 Kich thudc hat trung binh (um) 200 9-10 4,2

Bing 4. Anh huong cia kich thuée AP dén tinh chat céng nghé va toc dé chday NLRHH.
A 2 gen MAu thi nghiém

TT Tén chi tiéu M3 M7 M8

1 Do dan trai (Kp) 0,9 0,8 0,6

2 D6 xuyén kim (X101 mm) 340 320 300

3 Toc d6 chay ¢ ap suat 40 tai 225 17.2 12,0

Ugo (Mm/s)

Kich thuée hat AP anh hudng nhiéu dén toc d6 chay cua nhién li€u, tuy nhién, dé tao hinh duoc
mAu nhién liéu theo cong nghé duc rot tw do doi hoi yéu cau cao vé viée dam bao yéu t cong nghé
[1,2,7,9-11]. D6 dan trai khong nhé hon 0,3 va do xuyén kim khong nhé hon 280x10 mm. Két
qué kiém tra tinh chit cong nghé va tdc d6 chay duoc trinh bay & bang 4.

Trong nghién cru nay, nhém tac gid lya chon ty 1€ khéi lugng AP hat nho/hat to lan luot 1a
36/64. Pay la ty 1& nam trong dai AP hat nhd/hat to 30/70-40/60 nham dat dwoc tinh chét lwu bién
va mat do tot nhat [12]. Két qua thir nghiém cac mac AP cho thdy, theo chiéu ting cta kich thudc
hat AP, toc do chdy ¢ ap suat 40 at cia NLRHH giam xuéng 1 rét (tr 22,5 mm/s mau M3 giam
Xuong 17,2 mm/s mau M7). Diéu nay co thé duoc giai thich rang, khi tang kich thudce cia cac hat
AP, téc do phan huy AP giam xudng dan dén su giam nhanh cua téc do chay [7, 13]. Viée dong
thoi giam xtc tic chay va ting kich thudc hat AP (Mau M8) ciing 1am giam déng ké tdc do chay
ctia NLRHH trén nén HTPB. Nhu vay, kich thu6c hat AP anh huong dang ké dén toc do chay cta
cac mau NLRHH, két qua nghién ctru c6 y nghia quan trong trong viée diéu chinh toc do chay cta
NLRHH trén co so chit chay két dinh HTPB.

3.5. Anh hwéng ciia thoi gian héa rin t6i co tinh miu NLRHH

Trén co s6 két qua nghién ciru muc 3.1 va 3.2 bai bao lya chon Mau M3 phuc vu danh gia kha
ning dong ran va co tinh cia NLRHH (MAu M3 c6 tinh chat cong nghé va toc do chay cao). Mau
M3 duoc sdy héa rin & nhiét d6 60 °C trong thoi gian 68 ngay.

Két qua kiém tra mot s tinh chét co 1y ciia mau nhién liéu trinh bay trong bang 5.
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Bing 5. Anh hudng cia thoi gian héa ran dén co tinh ciia NLRHH.

TT Thong sb Thoi gian héa rin

6 ngay 7 ngay 8 ngay
1 Do cung, don vi theo thang Shore A 78 81 82
2 Do bén nén, MPa 2,22 2,65 2,67
3 Do bién dang, % 37,0 44,4 42,9
4 Matdo, glem3 1,75 1,75 1,75

Két qua kiém tra do cting va d6 bén nén cho thy, ¢ nhiét d6 60 °C, mau nhién liéu hoa rin
hoan toan trong thoi gian 7 ngay va co tinh khong giam khi sdy thém 24 gio. Viée ting thoi gian
dong rén 1én 01 ngay khong 1am thay d6i nhiu tinh chit co hoc ctia nhién liéu trén co s& chit chay
két dinh HTPB. D¢ bién dang ctia nhién liéu trén co so HTPB tuong ddi cao, phu hop véi dinh
huéng cong nghé duc lién thoi nhién lidu hdn hop véi vo dong co [14].

4. KET LUAN

D3 thiét 1ap cac don thanh phin NLRHH trén nén HTPB, nghién ciru anh hudng cia mot s yéu
t6 dén toc d6 chay va tinh chat cong nghé nhu: anh huong kich thudc hat AP va mot sb xtc tac chay,
chat dong ran. Xac 1ap thoi gian dong ran mau NLRHH trén co s¢ HTPB ¢ nhiét d6 60 °C la 7 ngay
(mAu M3). NLRHH trén co sé HTPB (mau M3) c6 tinh chit cong nghé tét (d6 dan trai 0,9, do xuyén
kim 340 x10" mm), déc trung niang luong, tdc do chay, co tinh tuong ddi tot, dinh hudng cong nghé
dtic rot tu do cho ché tao céc loai dong co duc lién. Két qua nghién ctru budc déu 14 co so khoa hoc
quan trong phuc vu nghién ctru tinh chat cia NLRHH trén co s& HTPB, két qua cac thong sb xa
thuat, nang lugng dugc bd sung vao nguén dit liéu du vao cho thiét ké dong co vat thé bay phuc vu
muc dich quan sy va dan sy, dap img yéu cau nhiém vy trong tinh hinh méi.
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ABSTRACT

Study on the influence of some factors on the combustion rate and technological properties
of composite solid fuels based on hydroxyl-terminalted polybutadiene

The paper presents the results of research on the influence of some factors on the burn
rate and technological properties of composite solid rocket fuels (CSRPs) based on
hydroxyl-terminalted polybutadiene (HTPB). The initial step to determine the curing time
of CSRPs sample based on HTPB at 60 °C to be 7 days. CSRPs based on HTPB have burning
rates at pressure from 40 at to 22.5 mm/s, have good technological properties (spreading
rate up to 0.9, penetration rate up to 340 x10* mm) with mechanical properties, oriented
for use in manufacturing all types of cast engines.

Keywords: CSRP; HTPB; Burn rate; Technological properties.
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