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PHAN TiCH TiNH CHAT HOA, LY VA LAP PHUONG AN CHUNG
CAT NHIEN LIEU CUA QUA PAN KH-35E THEO GOST 10227-86

Lé Quang Tuin, Nguyén Vin Canh’, Nguyén Viét Hung

Tém tit: 02 logi nhién liéu sir dung cho dong co hanh trinh cua qua dan Kh - 35E
la TC-1 va PT thuoc loai nhién liéu co nguo”‘n gé,c dau mé. Mdc du duoc tinh ché va
s dung cac loai phu gia da chirc nang aé ndng cao do bén va tuéi tho cua nhién liéu
nhung do thoi gian san xudt da lau nén cdc loai nhién liéu nay can dwoc khao sdt do
dac cdc tinh chdt ky thudt, nham dam bdo an toan va tinh ndng ky chién thudt ciia qua
dan tén lita (theo khuyén cdo cia nha san xudt, tuéi tho nhién lidu trong dan tén lira
Kh-35E la 8 nam). Do dé, viéc nghién ciru khdo sdt va phdn tich danh gid chat lrong
nhién ligu dong co hanh trinh cua tén lva Kh-35E theo tiéu chuan GOST 10227-86 tai
Qudn chiing Hai quén 16 nhdp 2000 va 2009 la can thiét. Tir két qua phan tich d6 sé
dé xudt phwong dn phuc hoi nham kéo dai thoi han sir dung hodc bdt budc phdi thay

thé nhién liéu dong co tuabin phan lyc P95TM cia qua dan Kh-35E.
T khoa: Qua dan tén ltra Kh-35E, Nhién li¢u phan lyc, Nhién li¢u TC-1, Nhién liéu PT, GOST 10227-86.

1. MO PAU

Pan Kh-35E dugc thiét ké nham tiéu diét muc tiéu 1a cac tau, thuyén hoat dong
trén bién co trong luong téi 5000 tan. bong co tuabin phan lyc P95TM dugc su
dung 1am dong co hanh trinh cia qua dan Kh-35E [1]. Nhién liéu phan lyc cho
dong co tuabin doi hoi cac yéu cau nghiém ngit vé chit luong, cung cap cho dong
co hoat dong toi wu, kinh té, an toan [2]. Nhimg phim chit quan trong nhit cta
nhién liéu phan lyc c6 lién quan dén kha nang bay hoi, nhiét chay, luu tinh, do bén
hoé hoc [3]. Pong co hanh trinh cua dan tén Itra Kh-35E dang stir dung 02 loai nhién
liéu gdm: nhién liéu TC-1 d6i v6i dan nhap nim 2000 va nhién liéu PT dbi véi dan
nhap niam 2009. Do thoi gian san xuit di lau (trén 10 nim) nén can nghién ciru
thay thé. Dé thyc hién c6 hiu qua muc tiéu nay can phan tich cac chi tiéu k¥ thuat
ctia nhién liéu TC-1 va PT theo tiéu chudn GOST 10227-86 [4]; X4y dung phuong
phap nghién ctru danh gid mot sé chi tiéu sir dung thyuc té ciia nhién lidéu TC-1 va
PT dé dua ra kha ning tiép tuc str dung hodc dé xuit phwong an xur 1y tai sinh, thay
thé cic san pham cung loai twong duong trén thé gidi va dé xuat phuong an phuc
héi nham kéo dai thoi han st dung hodc bét budc thay thé nhién liéu dong co
tuabin P95TM cua qua dan Kh-35E.

2. THUC NGHIEM
2.1. Thiét bi, dung cu dé iy miu va chung cit

- Dung cu: Binh dinh mtec, pipet, phéu thiy tinh, thung dung miu bing kim
loai, nhiét k& 0+300°C, can k¥ thuét va can phan tich c6 d6 chinh xac 107 (gam).

- Thiét bi chung cat: Sir dung thiét bi chung cit tu dong Auto distillation tester,

Model: NDI440, Normalab cua Phéap dugc ché tao theo tiéu chuan ASTM D86. Tai
Khoa Héa, Pai hoc Khoa hoc Ty nhién, PHQGHN.
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2.2. Phuwong phép liy méu

Phuong an 1dy mau theo TCVN 6777: 2007, quy dinh qui trinh iy mau dai dién
bang phuong phap thu cong cho cic san pham dau mo dang 16ng c6 ap suat hoi
nho hon 101 kPa (14,7 psi) & diéu kién thuong, tit ca cac budc can thiét dé lay
dugc mot miu dai dién cho chat chira trong bét ky vat chira, cac mau thir dai dién
c6 thé lay tir day dé phan tich. Muc dich cua viéc 1ay miu tha cong 1a dé c6 duge
mot luong nhé (mau cuc bd) san phém tor vung da chon trong vat chira va dai dién
cho ving san pham do.

2.3. Chung cét dé ché tao nhién liéu PT

* Nguyén liéu: c6 3 ngudn nguyén liéu cha yéu c6 thé s dung dé chung cit tao
nhién liéu PT va cac phu gia:

- Nhién liéu TC-1; nhién liéu PT 2009; dau thd;

- Str dung loai phu gia da chirc ning: Stadis 450 13 phu gia cai thién d6 dan dién
nhap ctia Nga, phu gia 1am giam trj s6 I 6t (T) trén co s ionol...

* Chuwng cit dé ché tao nhién ligu PT trong phong thi nghiém
- Chuan bi ngudn nguyén liéu dau vao;

- Chung cét ¢ diéu kién: Nhiét d6 chung cat 135 dén 280 °C; B¢ chinh xé4c nhiét
do: 0,05°C; Toc dod chung cit: 2 -9 ml/phut; DS chinh xéc thé tich do dugc tai 6ng
dong 0,02ml; Nhiét d6 bdn ngung tu: 0 dén 60°C.

- Bao quan san pham nhién liéu tao thanh;
- Kiém tra mau san pham theo tiéu chuan GOST 10227-86.

2.4. Cac phwong phap phan tich, do dac

Xac dinh khoi lugng riéng & 20°C cua nhién liéu theo GOST 3900-85; Xac
dinh thanh phﬁn chung cét ctia nhién liéu theo GOST 2177-99; D6 nhdt dong
hoc cua nhién liéu theo GOST 33-2000; Chiéu cao ngon Itra khong khoi cua
nhién liéu theo GOST 4338-74; Do axit theo GOST 5985-79; Tri s I6t theo
GOST 2070-82; Nhi¢t dd chdop chay cbe kin cua nhién liéu theo GOST 6356-
75; Nhiét do két tinh cta nhién liéu theo GOST 5066-56; Do 6n dinh 6 xi hoa
nhiét & 150°C theo GOST 11802-88 va & 260°C theo TCVN 7487; Xac dinh
ham lugng nhya thuc té cta nhién liéu theo GOST 1567-97; Xac dinh ham
lugng hydrocacbon thom cta nhién li¢u theo GOST 6994-74; Xéac dinh ham
lugng Iwu huynh tong cia nhién liéu theo TCVN 7760, Xac dinh axit, bazo tan
trong nudc cua nhién liéu theo GOST 6307-75; Thir nghiém in mon miéng
déng theo GOST 6321-69; Xac dinh ham lugng tro ctia nhién li¢u theo GOST
1461-75; Po d6 dan dién theo ASTM D 2624-09; Xac dinh nhiét tri ctia nhién
liéu theo D 240-09; X4c dinh ham lugng naphtalen theo TCVN 7989; Tri sb
tach nudc theo TCVN 7272-2010.
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3.KET QUA VA THAO LUAN
3.1. Két qua phén tich do dac miu nhién liéu TC-1 va PT 16 nhap 2000 va
2009 cia Quéan ching Hai quan
Bing 1. Phén tich mdu nhién ligu TC-1 16 nhdp 2000 (Phiéu két qud phan tich so:
1606239, do Vién Ky thudt Xang dau quan doi, ngay phan tich xong: 11/7/2016).

TT Chi tiéu phan tich Phuong phiap | Két | Theo
phén tich qua | GOST
10227-86
1 |Khbi lugng riéng & 20°C, kg/m’ GOST 3900-85 | 789,3 >780
Thanh phan chung cat, °C: GOST 2177-99
Diém s6i dau 144,5 | <150
+10% 163,5 | <165
2 +50% 180,5 | <195
+90% 209 <230
+ 98% 240,5 | <250
3 |Dd nhét dong hoc & 20°C, ¢St GOST 3320-00 | 1,39 >1,30
4 |Chiéu cao ngon lira khong khoi, mm | GOST 4338-74 27 >25
5 [P axit, mgKOH/100ml GOST 5985-79 | 0,257 | <0,70
6 |Trisb106t, gl,/100g GOST 2070-82 | 1,39 <25
7 |Nhiét d6 chdp chay coc kin, °C GOST 6356-75 39 >28
8 |Nhiét do két tinh, °C GOST 5066-56 | <-60 | <-60
9 |Po6 6n dinh oxi héa nhiét & 150°C| GOST 11802-88 | 26,6 <18
trong Sh, lugng can mg/100ml
10 |Ham lugng nhya thuc té, mg/100ml | GOST 1567-97 0,2 <3
11 |Ham lugng hydrocacbon thom, %kl | GOST 6994-74 | 10,6 <22
12 |Ham luong luu huynh tong, %kl TCVN 7760 | 0,025 <0,2
13 |Ham lugng luu huynh mercaptan, %kl | GOST 6975-74 10,0004 | <0,003
14 | Axit, bazo tan trong nudc GOST 6307-75 0 0
15 | Thi nghiém an mon miéng dong &| GOST 6321-69 | Hop |Hop cach
100°C, 3h cach
16 |Ham lugng tro, %kl GOST 1461-75 | 0,004 | <0,003
17 |P6 dan dién & 20°C, pS/m ASTM D2624-09| 34 <60
18 |Nhiét tri, kJ/kg ASTM D240-09 | 46756 | >43120
19 |Ham lugng naphtalen, %TT TCVN 7989 1,45 <2,00
20 | Tri s6 tach nudc TCVN 7272 99 <100

Qua két qua kiém tra, phan tich nhién li¢u TC-1 16 nhap 2000 nhén thdy c6 cac
chi tiéu khong dat chi tiéu yéu cau so vdi tiéu chuan san pham nhién liéu TC-1:
GOST 10227-86 (ti€u chuan GOST 10227-86 la ti€u chuan cho 05 loai nhién liéu
trong d6 c6 nhién liéu TC-1 va nhién liéu PT), cu thé:

- Ham luong tro, %Kkl: 0,004 cao hon so véi gidi han tiéu chuan cho phép (gidi
han cho phég la 0,003%kl theo ti€u chuan san pham nhién li¢u TC-1: GOST
10227-86), diéu nay ching t6 nhién liéu da bi oxi hoa theo thoi gian.

-bo 6n dinh oxi hoa nhiét ¢ 150°C trong 5h, lugng can mg/100ml: 26,6 cao hon
nhiéu so v6i ti€u chuan cho phép (< 18 mg/100ml, theo GOST 10227-86), diéu nay
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chimg t6 nhién liéu bi oxi hoa manh khi tang nhiét d6 1én 150°C. Theo khuyén céo
ctiia nha san xuat doi voi loai nhién liéu ¢6 do 6n dinh oxi hoa kém thi kha nang
gdy mat an toan la rat cao [5].
Bing 2. Phan tich mdu nhién liéu PT 16 nhéap 2009 (Phiéu két qua phan tich sé:
1606240, do Vién Ky thudt Xang dau quadn doi, ngay phdan tich xong: 11/7/2016).

TT Chi tiéu phan tich Phwong phap | Két Theo
phén tich qua GOST
10227-86
1 |Khdi luong riéng & 20°C, kg/m’ GOST 3900-85 | 786,9 >T775
Thanh phan chung cét, °C: GOST 2177-99
Diém soi dau 1475 | >135
+ 10% 161 <175
2 +50% 179 <225
+90% 208,5 <270
+ 98% 235 <280
3 |P0 nhét dong hoc & 20°C, ¢St GOST 3320-00 | 1,35 >1,25
4 |Chiéu cao ngon lira khong khoi, mm | GOST 4338-74 28 >25
5 |Pg axit, mgKOH/100ml GOST 5985-79 | 0,12 0,2-0,7
6 |Triso I6t, gl,/100g GOST 2070-82 | 0,99 <0,5
7 |Nhiét d6 chép chay coc kin, °C GOST 6356-75 38 >28
8 |Nhiét do két tinh, °C GOST 5066-56 | <-60 <-55
9 |Po 6n dinh oxi hoa nhiét & 150°C| GOST 11802- | 27.8 <6
trong 5h, lugng cdn mg/100ml 88
10 |Ham luwong nhya thyc t&, mg/100ml | GOST 1567-97 | 0.4 <4
11 |Ham lugng hydrocacbon thom, %kl | GOST 6994-74 | 9,22 <22
12 |Ham lugng luu huynh tong, %kl TCVN 7760 0,016 <0,1
13 |Ham lugng luu huynh mercaptan,| GOST 6975-74 | 0,0005 | <0,001
%okl
14 | Axit, bazo tan trong nudc GOST 6307-75 0 0
15 | Thi nghiém dn mon miéng dong &| GOST 6321-69 | Hop | Hop cach
100°C, 3h cach
16 |Ham lugng tro, %kl GOST 1461-75 | 0,007 | <0,003
17 | D6 dan dién & 20°C, pS/m ASTM D2624- 19 <600
09
18 [Nhiét tri, kJ/kg ASTM D240-09| 46338 | >43120
19 |Ham lugng naphtalen, %TT TCVN 7989 0,87 <2,00
D6 6n dinh oxi héa nhiét & 260°C,| TCVN 7487
20 |trong 2,5 gio
a- Chénh léch 4p suit qua mang loc, 0 <10
mmHg
b- Mitc cin 6ng 4 <2
21 | Tri 0 tach nudce TCVN 7272 96 <100

Qua két qua kiém tra, phan tich nhién li¢u PT 16 nhap 2009 nhan thy c6 céc chi
tiéu khong dat chi ti€u yéu cau so vé1 GOST 10227-86, cu thé:
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- Trj s6 1 6t, gl,/100g mAu nhién liéu: 0,99 cao hon so véi ti€u chuan cho phép
(< 0,5 gl/100g theo GOST 10227-86), ching to ham lugng noi doi trong nhién
liéu c6 kha nang s€ khong dam bao cho thiét bi hoat dong;

- Ham luong tro, %kl: 0,007 cao hon so véi gidi han ti€u chuan cho phép
(0,003%Kkl theo GOST 10227-86), cung g10ng nhu nhién liéu TC-1 16 nhap 2000
nhién liéu da bi oxi héa theo thoi gian, xut hién cac tap chat trong qua trinh van
chuyén, sir dung va bao quan;

- B6 6n dinh oxi héa nhiét & 150°C trong 5h, lugng cin mg/100ml: 27,8 cao hon
nhiéu so véi tiéu chuén cho phép (< 6 mg/100ml theo GOST 10227-86). Nhu vay,
theo khuyén cdo cua nha san xuat d6i voi loai nhién liéu c6 do 6n dinh oxi hoa kém
thi kha ning gy méat an toan 14 rat cao.

Nhu vay, ¢6 thé so bo két luan: ca hai 16 nhién liéu TC-1 va PT nhép 2000 va
2009 khong dat y€u cau so voi tiéu chuan GOST 10227-86. Viéc su dung 2 16
nhién li¢u nay c6 kha nang 16n gady mat an toan cho thiét bi bay, nhat 1a doi véi qua
dan tén Itra Kh-35E.

3.2. Két qua thir nghiém chung cét lai nhién liéu PT 16 nhap 2009

Nhién liéu PT 1(} nhédp 2009 nham khoi phuc lai nhién liéu‘ PT 16 nhép 200’9.
Nhién liéu duge b6 sung phu gia T vGi khoi lugng 2%kl, diéu kién chung cat:
nhi¢t do chung cat: 130 dén 280°C; Ap suat chung cat: 800 mgHg; Thé tich chung
cat: 500ml/1 mé; Thoi gian chung cat: khoang 5 dén 6 gio.

Thiét bi chung cat PTN Khoa Héa, PHKHTN-DHQGHN, chuong trinh dugc
giam sat ty dong. K&t qua kiém tra, phan tich mot so chi tiéu co ban:

Bing 3. Chi tiéu phan tich mau cat lai tir nhién liéu PT 16 nhdp 2009.

TT Chi tiéu phan tich Phwong phap Két
phén tich qua
Thanh phan chung ct, °C: GOST 2177-99
Diém s6i dau 132,5
+10% 165
1 +50% 182
+90% 2475
+98% 256
2 | Tris616t, gl,/100g GOST 2070-82 | 0,48
D6 6n dinh oxi hoa nhiét & 150°C trong 5h GOST 11802-88
3 | - Ham lugng can, mg/100ml 14,2
- Ham lugng nhya hoa tan, mg/100ml 3
4 | D6 dan dién & 20°C, pS/m ASTM D2624-09 8

Két qua cho thiy, khi b sung phu gia T véi khéi lugng 2%kl va 2ml/l chat cai
thién d6 dan dién Stadis 450 da cho tri s6 I 6t giam con 0,48 gI,/100g (dat gii han
cho phép < 0,5 gI,/100g, theo GOST 10227-86). Tuy nhién, d6 6n dinh oxi héa
nhiét & 150°C trong 5h, lugng cédn van cao, dat 14,2 mg/100ml so vdéi ti€u chuén
cho phép (< 6 mg/100ml theo GOST 10227-86). Cac tinh chét qua khao sat cling
khong thay doi nhleu Nhu vy, khi chung cét lai nhién liéu PT 16 nhap 2009 van
chua dam bao yéu cau theo tiéu chuan.
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3.3. Lap phwong 4n chung cit dé ché tao nhién liéu PT
3.3.1. Chung cat dé ché tao nhién liéu PT tai Nha mdy Loc dau Dung Qudt

Ngudn nguyén liéu: dau thd Ardp xé ut; Xic tac: nguén xuc tac hién dang st
dung hang ngay tai Nha may; Nhi¢t do chung cat: 30 dén 280°C; Thiét bi chung
cat: thiét bi chung cat mé phong dat tai PTN ciia Nha may Loc dau Dung Quat.

Qua trinh chung cét cir 70 lit ddu thé thu dwoc khoang 1 lit dung dich, sau d6
ct phéan doan trén thiét bi TBP tir 123 dén 260°C. Sau khi kiém tra, phan tich san
pham thu dugc, thiy rang qua 25 chi tiéu héa, 1y ctia nhién liéu theo GOST 10227-
86 thi da dat duoc 24 chi tiéu trong gidi han cho phép. Tuy nhién, c6 mdt chi tiéu
chua dat trong gidi han do 1a tri s6 16t: 0,7 gl»/100g, cao hon so véi tiéu chuén cho
phép (< 0,5 gl,/100g theo GOST 10227-86).

3.3.2. Chung cat dé ché tao nhién liéu PT tai Khoa Héa, PHKHTN, DHQGHN

Dé cai thién mot sb chi tiéu khong dat so véi tiéu chuan GOST 10227-86 cia
nhién liéu PT, nhom tac gia da chung cit dé ché tao nhién liéu PT tir ngudn nguyén
liéu 12 TC-1 nhap nam 2015, chat lwong TC-1 duoc kiém tra dau vao theo tiéu
chuan GOST 10227-86. Trong d6, co ban cac chi tiéu déu twong duwong véi nhién
liéu PT, tuy nhién co tri s6 I 6t (1,1 gl,/100g), cao hon so gii han cho phép cia
nhién liéu PT (< 0,5 gl,/100g); phan doan chung cit rong hon. Do d6, nhém tac gia
da chung cit trong PTN tai Khoa Hoa, PHKHTN, PHQGHN trén thiét bi tu dong
cua Anh, v6i phan doan chung cat dua theo nhiét do s6i dau va cudi cua nhién liéu
PT, ddng thoi bd sung phu gia nham lam giam tri s 1 6t, két qua cu thé:
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Ham Irong phu gia, g/1000ml
Hinh 1. Gid tri tri s6 I ot giam khi tang ham lwong phu gia T.

Khi chua thém phu gia T thi tri s6 1 6t do duoc: 1,39 gl»/100g, voi ham lugng
phu gia khoang 1g trong 1000ml TC-1 dung chung cat dé ché tao nhién liéu PT da
cho tri s6 I 6t 0,8 gl,/100g, tiép tuc ting ham lwong chat phu gia toi 1,5 g va 2g
trong 1000ml TC-1, thi tri s6 I 6t giam con khoang 0,8 gl2/100g va 0,2 gl»/100g.
Gia tri toi vu ‘cho ham luong phu gia dat khoang 2,5g trong 1000ml nhién liéu TC-
1 s& cho tri s6 I 6t thap nhat (0,18 gl/ IOOg) Piéu nay chung to, c6 thé cai thién tri
sO I 6t ciia nhién liéu TC-1 dé dat duoc gia tri triso I bt cua nhién liéu PT theo tiéu
chuin GOST 10227-86, diy la co s& dé hudng téi chung cat nhién liéu TC-1 dé
ché tao nhién li¢u PT.

4. KET LUAN

- D2 phan tich do dac mau nhién liéu TC-1 va PT 16 nhap 2000 va 2009, thay
rang 16 nhap 2000 c6 nhiéu chi tiéu hoa, Iy khong dam bao chit luong nén can
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duoc thay thé. Lo nhép 2009 ciing twong ty c6 mot s6 chi ti€u hoa, ly vuot qua gisi
han cho phép nhu trj s6 I 6t, ham luong tap chat, mau séc;

- Chu'ng’cat dé khoi phuc lai then liéu PT 16 nhap 2009. Tuy nhién, chua dat
duoc mot so chi tiéu theo tiéu chuan GOST 10227-86.

- ba 1ap phuong an ché tao nhién liéu PT tir dau tho (tai PTN ctia Nha may Loc
dau Dung Quat) va tir TC-1 (tai Khoa Hoa, PHKHTN, PHQGHN). Pi danh gia,
phan tich cic san phdm chung ct dugc va khang dinh c6 kha ning ché tao nhién
liéu PT theo dung tiéu chuan GOST 10227-86.
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ABSTRACT

ANALYZING THE CHEMICAL AND PHYSICAL AND PLANNING TO
DISTILLATE FOR KH-35E ROCKET FUEL BASED ON GOST 10227-86

02 types of fuel from mineral oil used for the Kh-35E rocket motor is TC-1
fuel and PT fuel which were refined and used of multi-functional additives to
enhance the durability and longevity of fuel. However, the time of production
was too long that the technical characteristics of this fuel need to be
investigated and measure in order to ensure safety and tactical specifications
of rocket modul (as recommended by the manufacturer, life expectancy in the
projectile rocket fuel Kh-35E is 8 years). Therefore, the analysis and
assessment of motor fuel quality cruise missile Kh-35E based on GOST
10227-86 in the Navy imported in 2000 and 2009 are necessary. From the
analysis, the restoration plans to extend the shelf life required to replace or
fuel of jet turbine engine P95TM of Kh-35E rocket modul are proposed.

Keyword: Kh-35E rocket modul, Rocket fuel, TC-1 fuel, PT fuel, GOST 10227-86.
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