Nghién ciru khoa hoc cong nghé
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Tém tit: Bai bdo trinh bay mot so két qud nghién cieu tong hop hop chat Trans-1,4,5,8-
tetranitroso-1,4,5,8- tetraazadecalin ([{-2) dé sir dung lam phu gia ning lwong trong
thuéc phéng. Két qua nghién civu cho thay, khi sit dung cdc thanh phan véi ty 1é khoi
luong glyoxal/etylen diamin/natri nitrit/axit axetic/axit nitric 145/ 205/ 310/4,5/ 1890,
phan ung duoc thuc hién theo hai giai doan, nhiét do tién hanh phdn wng giai doan thir
nhat dwoc cé dinh tai 55+2 °C, giai doan thir hai dwoc thie hién ¢ 10+ 14 °C, thoi gian
tién hanh phdn iing giai doan dau la 5 gio, nong do axit nitric= 30% cho hiéu sudt thu lén
dén 71,18% va san pham sau tong hop, tinh ché dat yéu cau dé sir dung trong ché tao
thuéc phéng AIL-23511 cho dan 125 mm.

Tw khoa: 11-2; Trans-TAD; TNAD; EDA.
1. PAT VAN PE

-2 dugc dung lam phu gia nang lugng, sir dung trong liéu phéng phéo binh AIII-235IT véi
ham luong dén 27% [1] dung trong dan phdo ¢& nong 125 mm xuyén vuot tdc bén trén xe tang
T90S. N6 ¢6 wu diém 1a dé tao c& hat nho ¢ 5 um thuan tién cho qua trinh dong nhét hoa thude
phong. Ngoai ra, no khong tan trong nitroglyxerin 12 dung méi hoa déo dung trong thudc phéng,
vi vay, dam bao do 6n dinh luu bién ciia thudc phéng. Co nhidu cach tong hop nhung cach khong
tach Trans-TAD cho tha‘iy dam bao hiéu suit téng hop cao, diéu kién phan ung thuan tién, dé
dang thuc hién & quy mo pilot va quy md cdng nghiép [2].

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. P6i twong nghién ciru
Déi tugng nghién ciru 1a hop chét I1-2 va diéu kién tong hop dé dat hiéu suét cao.
2.2. Thiét bi, dung cu

Bo thié§ bi phan Ung cua hang IKA gdém mot binh phan Gng hai vo bang thép khong gi
SUS316, noi véi hé thong gia nhiét va lam mat d€ di€u chinh nhiét do.

Hinh 1. Bg thiét bi phan iing IKA ding tong hop hop chdt 11-2.
2.3. Hoa chit chii yéu
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Céac hoa chat duoc sir dung trong nghién ciru gébm: Glyoxal dung dich 40% trong nudc;
Etylen diamin 99%; natri nitrit 99%, axit axetic 99,5%; axit nitric 65%.
2.4. Phwong phap nghién ciru
2.4.1. Phuong phdp tong hop 1]-2

Phan tng tong hop L1-2 [4, 3]:

Giai doan 1: Biéu ché trans-TAD.
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Giai doan 2: Nitroso hoa trans—TAD tao 11-2.
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Cac budc thuc hién:

Giai doan 1:

Buéde 1: Hoa tan mudi natri nitrit trong nuée tao dung dich NaNO; 25% trong nuéc trong
binh phan tmg; )

Buérc 2: Chuén bi EDA 98% cép vao binh phan mg;

Budre 3: Khudy tron hai loai trén trong binh khoang 10 phut;

Buére 4: Cap dung dich glyoxal 40% trong nudc (da cho vao d6 axit axetic tao moi truong);

Buwére 5: Dua nhiét d binh phan ng 1€n 55 °C va duy tri trong 5 gio.

Giai doan 2: N )

Budre 6: Lam ngudi hon hop phan ting dén 10 °C;

Buére 7: Chuén bi axit nitric 30 dén 40%; o .

Bude 8: Cap axit nitric va duy tri nhiét d§ phan ung 10-15 °C. Sau khi cap het axit cat on
nhiét, duy tri 5 phtt sau khi cap.

2.4.2. Phuong phdp tinh ché 1]-2

Nguyén tic: San phém thu dugc sau khi phan ng qua céng doan loc chan khong con chira
lugng nho axit va cac chat khong bén (de€ phan huy va tan trong nude nong). Viée loai bo axit va
cac chat khong bén duoc thuc hién trong nude noéng 6 95 °C.

Phuong phap tién hanh: Cho san phim thu duoc sau khi tong hop vao nude cét hai 1an, tién
hanh khudy va gia nhiét , duy tri nhiét d¢ 95 °C trong 5 phut, sau do, tién hanh loc chén khong
roi lai tién hanh 1ap lai cac budc trén 4 lan.

3. KET QUA VA THAO LUAN
3.1. Nghién ctru dnh huéng lrgng etylen diamin dén hi¢u suit tong hop

Etylen diamin (EDA) 1a chét co ban tham gia vao phan ung tao 1I-2. Két qua su phu thudce

hiéu suét L[-2 vao ty 1& mol EDA trén 1 mol glyoxal (145 g dung dich) khi str dung s6 mol axit

axetic 0,075/ 1 mol glyoxal, tong s6 mol axit nitric 1a 9 mol, nong do axit nitric st dung 14 30%
(téng khéi luong axit nitric 1a 1890 g) dugc trinh bay trong bang 1.

Bing 1. Su phu thudc ciia hiéu sudt L]-2 vdo ty 1é mol EDA/ glyoxal.

Ty I¢ mol EDA/ glyoxal 2,5 2,7 2,9 3,1 3,2 3,4

Hiéu suat, % 58,7 | 64,3 67,81 70,7 71,18 71,20
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Tir bang 1 cho thiy, khi ting dan s6 mol EDA tir 2,5 tr¢ 1én, hiéu suat thu I]-2 ting dan,
nhung khi 6 mol tang trén 3,25 thi hi¢u sudt phan ing khong ting ty 1& v6i su ting s6 mol EDA
ma gan nhu dat t6i da va khong thay d6i, khi do, luong glyoxal da tham gia tao trans-TAD & mirc
t6i da. Didu nay c6 thé dugc giai thich nhu sau: mic du theo phuong trinh phan ung ty 1€ mol
hop thte gitta EDA va Glyoxal 1a 2:1 nhung do chi 1a phan tng chinh mong muodn, ngoai phan
g trén ra con phan tng phu khéc tao thanh cic san pham phu ngung tu giira 1 phén tir glyoxal
voi 1, 3 va 4 phan tr EDA, ngoai ra con phan tng dihydrat héa glyoxal trong moi trudng chira
nuée do ban tinh hoat dong manh cia glyoxal vi trong ciu tao c6 anh hudng qua lai gitra hai
nhom cacbonyl ¢ vi tri 1,2 [5]. Do do, EDA vira tham gia phan tng tao Tran-TAD dong thoi
tham gia tao moi truong dé phan tmg chinh thuan lgi hon.

Tir cAc sb lidu bang 1 ta xay dung dugc dd thi biéu dién mbi lién hé hiéu suat I1-2 vao s6 mol
etylendiamin hinh 2.
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Hinh 2. Su phu thudc cua hiéu sudt I]-2 vao s6 mol etylengdiamin.

Nhu vay, lugng etylen diamin sir dung cho mé 1 mol glyoxal 14 3,25 mol 1a t6i wu.
3.2. Nghién ctru dnh huéng ciia nong dd axit nitric dén hiéu suit tong hop I1-2

Két qua sy phy thugc hi¢u sut thu L[-2 vao néng d9 axit nitric khi str dung s6 mol axit axetic
0,075/ Imol glyoxal, tong s6 mol axit nitric 1a 9 mol dugc thé hién trong bang 2 va biéu dien
bang d6 thi trén hinh 3.

Bing 2. Sy phu thuéc hiéu sudt tong hop LI-2 vao nong do axit nitric.

Nong d6 axit, % 28 30 35 40 45
Hiéu suat, % 70,22 71,18 70,72 69,16 67,24
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Hinh 3. Su phu thudc cua hiéu sudt 1[-2 vao n5ng do axit nitric.

Ta théy hiéu suit cao nhat dat dugc 1a 71,18 khi n(‘Bng do axit nitric 1a 30%. Khi giam néng do
dudi 30%, hodc tang nong do trén 30% hi€u suat giam xudng dan, di€u nay la hgp ly vi axit
nitric tham gia vao phan tng nitroso hoa (theo co ché electrophin) ¢ giai doan 2 véi vai tro tao
moi truong pH phu hgp dé hinh thanh tac nhan phan ng 1a ion nitrozoni NO* theo cac phan ting
duéi day [5].

NaNO; — Na* + NOy»
NO; + H+ < HNO;
HNO; + H* « H,O + NO*
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Khi ting néng d6 axit nitric tir 28% dén 30%, luong tac nhan NO* hinh thanh tang, thuan lgi
cho phan ung hinh thanh II-2, nhung khi ting nong d¢ axit nitric trén 30% dén 45%, mac du
lugng tac nhan tang, lugng L1-2 tdng nhung do 11-2 kém bén trong mdi trudng axit nitric du ndng
dd cao, de bi oxi hoa bai axit nitric du nén hi€u suat phan ung tong the gidm di ro rét.

Vi vay, nong d6 axit nitric 30% la phii hgp véi diéu kién thuc té thi nghiém, cho hiéu suat thu
I1-2 cao nhat.

3.3. Nghién ctru anh hwéng ciia lwgng axit axetic dén hi¢u suét tong hop I1-2

Axit axetic ¢o tac dung xuc tac cho phan ung ngung tu glyoxal véi etylendiamin, do tao mdi
truong pH phu hop dé glyoxal phan li thanh phan tr va hoat héa do electrophin cua glyoxal. Két
qua sy phu thudc hiéu suat thu I1-2 vao lugng axit axetic dugc trinh bay trong bang 3. Do thi
biéu dién sy moi lién h¢ hiéu suat 11-2 vao lugng axit axetic hinh 4.

Bdng 3. Sy phu thudc hiéu sudt thu 1[-2 vao luong axit axetic.

Luong axit axetic, mol (g) | 0,05 (3) | 0,06 (3,6) | 0,075 (4,5) | 0,09 (5,4) | 0,1 (6) | 0,12 (7,2)

Hiéu suat, % 67,7 69,3 71,18 70,7 68,5 65,7
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Hinh 4. S phu thudc cia hiéu sudt 1]-2 vao lwong axit axetic.

Tir s6 liéu bang 3 va d6 thi hinh 4 ta nhan thiy: Khi tang luong axit axetic 1én cao hon 0,09
mol, moi trudng phan tmg téng tinh axit (pH <11) s6 phén tur glyoxal dugc hoat hoa tang 1én,
nhung etylen diamin hau nhu bi proton hoa hét tao thanh H3sN*-CyH4-NH3* gdy can trd phan tng
gilta glyoxal va etylendiamin, nén hiéu suat giam manh; Nguoc lai, khi giam luong axit axetic
xuong dudi 0,06 mol, glyoxal dugc hoat héa kém hon, chil yéu ton tai & dang bén gom ba phan
tir glyoxal va 2 phan ti nudc va glyoxal phan tir nén phan ing gitra glyoxal va etylendiamin tao
trans-TAD cling bi giam manh dan dén hi€u suat thu I1-2 cling giam [5].

Nhu vay, ta xac dinh dugc lugng axit axetic tot nhat cho mé 1 mol g glyoxal 1a 0,075 mol.
3.4. Pic diém ciia san phim tong hop I1-2

San pham tong hop c6 dang hat min mau tréng kich thudc hat ¢& 5 pm.

(a) (b)
Hinh 5. a) Sdn p{chm -2 sau khi tp”hg hop va tinh ché bang nude nong;
b) San pham 1]-2 sau khi ket tinh lia bang dung moi DMF.
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Hinh 5a 14 hinh anh san pham sau khi tong hop va tinh ché quan sat qua kinh hién vi dién tir
Leica DMS-1000 do phong dai 80 lan, hinh 5b |4 san pham sau khi tong hop, tinh ché va két tinh
lai trong dung moi dimetylfomamit (DMF) c6 dang mau vang sang. San pham -2 téng hop
dugc tién hanh siy kho, do nhiét d6 nong chay, do nhay nd trén bua Kast va tién hanh tron
nitromass loai AITL[-235I1 va do nhiét lugng chay. Két qua do nhiét d6 nong chay 210,0 °C (kém
phan huy), nhiét lugng chay cua nitromass AITL[-2351T tron tir 11-2 1a 884,7 cal/g; d0 nhay nd
cua I1-2 la 96%.

4. KET LUAN

Tir cac két qua nghién ctru anh huong cua ty 1¢ gitra cac tac nhan phan tng dén hiéu suat tong
hop LI-2 cho thay, khi tong hop 11-2 véi mé 1 mol glyoxal (145 g dung dich) véi cac diéu kién
ban d4u: nhiét do tién hanh phan tmg giai doan 1 1a 55+2 °C; thoi gian luu giai doan 114 5 gio;
lwong EDA 205 g; lugng natri nitrit 310 g; lugng axit axetic 4,4 g; luong axit nitric 1890 g (nong
do axit nitric 30%) cho hiu suét thu L[-2 cao nhat khoang 71%. San pham téng hop LI-2 cua
nhom tac gia cho thay trién vong co thé sir dung 1am phu gia ning luong ché tao thudc phong
dung cho dan 125 mm xuyén vuot toc ban trén xe ting T90S.
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ABSTRACT

RESEARCH ON THE SYNTHESIS OF 11-2 COMPOUND
BY NON-SEPARATING TRANS-TAD METHOD

In this paper, some results of research on synthesizing Trans-1,4,5,8-tetranitroso-
1,4,5,8- tetraazadecalin (I]-2) to use as an energy additive in propellant are presented.
Research results show that when using reactants with mass ratio glyoxal/EDA/sodium
nitrite/acetic acid/nitric acid 145/205/310/4,5/1890, the synthesis is carried out in two
stages, the temperature of the first stage reaction is fixed at 55+2 °C, the second stage is
fixed at 1044 °C, and the time of the first stage is 5 o'clock, the nitric acid concentration is
30% gives the yield up to 71.18% and the product after synthesis and purification meets
the requirements for use in preparing propellants used in artillery.

Keywords: II-2; Trans-TAD; TNAD; EDA.
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