Nghién ctru khoa hoc c6ng nghé

NGHIEN Cl’U QUY TRINH CHE TAO CHAT CHAY QUAN SU’ TPA
VUONG VAN TRUONG, PHAM DUY NAM, NGUYEN TRONG DAN, NGUYEN VAN LUONG

I. MO DAU

Tir nhitng nam 1960 - 1970, quan ddi nudc ngoai da phat trién hdn hop chay
¢6 thanh phan chinh 13 trietyl nhém (TEA) dugc lam dic bang polyisobutylen (PIB).
Hon hop nay con dugc goi 1a chét ty chdy dugc lam dic (thickened pyrophoric
agent-viét tat 1a TPA). Hon hop chay nay c6 d6 nhdt 200.000 + 50.000 cSt & 40°C,
duoc phan tan thanh cac hat tuong ddi 16m khi dan cham muc tiéu, c6 kha nang bam
dinh t5t va tu bung chay khi tiép xtic v6i khong khi, tao ra cac dam chay co6 buc xa
nhiét dat cuong do 1 - 2 cal/cm?/s v6i nhiét d6 dao dong 760 + 1200°C [7].

TEA c6 thé duoc tong hop bang nhiéu phuong phap khac nhau [3,4,5,6],
nhung hai phuong phap sau la dang cha y nhat:

- Phuong phép tong hop truc tiép:
Phuong phap nay duogc Ziegler thuc hién theo phuong trinh phan Gng:
2Al+ 3H; + 6C,Hy — 2A1(C,Hs)s

Hién nay, phuong phap nay dang duoc st dung phd bién dé tong hop TEA
trong cong nghiép cho hiéu suit cao, san xuat qui mé 16n, gia thanh ré. Tuy nhién
tong hop theo phuong phap nay doi hoi thiét bi phan ting & ap suat cao va cac thiét
bi phu trg di kém phtc tap ma diéu kién hién nay chua dap ung dugc.

- Phuong phép tong hop tir etyl bromua véi hop kim Al-Mg:

Karl Ziegler da dung hop kim Al-Mg d& phan mg véi etyl bromua tao TEA
trong khi quyén tro theo phuong trinh:

6C2H5BI‘ + Mg3A12 —> 3MgBI‘2 + 2A1(C2H5)3

Theo phuwong phap nay, TEA dugc tong hop tir hop kim Al-Mg va etyl
bromua. Hop kim dugc dua vao phan tng ¢ dang bot min, voi xuc tac I, phan ing
ban dau ¢ nhiét d6 phong trong maéi truong tro (khi Argon hodc Nito). Bang phuong
phép nay c6 thé cho hiéu suat khoang 75+80%, san pham thudng chtra tap chit 1a
hop chét ctia brom, ham luong brom trong san pham cudi cuing khoang 7+15%. Dé
loai hét brom phai dung natri hodc magié kim loai dé khir.

Tir céc dir kién phén tich trén chiing toi da chon phuong phap tong hop TEA tir
etyl bromua va hgp kim Al-Mg dé€ nghién ctru tong hop TEA.

TEA ngoai myc dich sir dung 1am chat chay trong quan su thi con duoc dung
lam xuc tac trong tong hop polime, tong hop cac ancol cao phan tir va ¢ mot sd tmg
dung dic biét khac. Do vay viéc nghién ciru tong hop TEA va nghién ctru ché tao
TPA tir TEA 14 can thiét, c6 y nghia thyc tién cao.
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II. THUC NGHIEM

Phan tng tong hop TEA tir etyl bromua va hop kim Al-Mg 1a phan tng di thé.
Ngoai san pham ciia phan ing 1a TEA ¢ dang long, phan tng con sinh ra mét lugng
MgBr, rat 16n & trang thai ran gdy kho khan cho viéc khudy tron. Do d6, dé phan
mg duoc triét dé chung t6i da tién hanh phan ng theo 2 giai doan: Giai doan mot
diéu ché hén hop etyl nhém bromua (HH), giai doan 2 1a khir hoa HH thanh TEA.

2.1. Tong hop chit trung gian etyl nhém bromua (HH)

Can 288 g hop kim Al-Mg (75% Al, 25% Mg), dong 150 ml etylbromua, cho
cac hoa chat vao binh cau 3 lit 4 ¢, dat 1én bép dién. Lip may khuay co, sinh han
lam lanh bang nudc d4, nhiét ké, phéu nho giot (phéu can bang ap suat). Thém g I
vao binh phan tmg, tro hoa toan bo hé phan tmg bang khi argon.

Piéu chinh may khudy & tdc d6 400 - 500 vong/phut, sau khoang 10 - 15 phut
phan tmg khoi mao bat dau. Thém tir tir 740 ml etylbromua vao binh phan tng tir
phéu nho giot, diéu chinh tdc d6 nho giot etylbromua sao cho nhiét do phan tng
ludn duy tri & khoang nhi¢t do khao sat.

Sau khi thém hét etylbromua (mat khoang 3h), duy tri phan mg ¢ nhiét d6 nay
thém khoang 1h nita. Thdo nudc lam mat sinh han, thém tir tir 92 g (4 mol) Na kim
loai sao cho phan mg ludn dugc gilt & nhiét do 140 - 160°C trong khoang 2,5h, sau
do duy tri phan tng ¢ nhiét d6 nay thém khoang 1h nira. Cét thu san phdm bing bom
chan khong & ap sut 5 - 10 mmHg, hiéu suat 65% (470 gam).

2.2. Khir h6a hén hgp HH thanh TEA

Can 1200 g hon hgp HH vao binh cau 3 lit 4 c6 nham 29, dat trén bép dién.
Lap sinh han, may khudy co, nhiét ké, bo phan thém chit ran Na, toan bo hé phan
{mg duoc tro hoa bang khi argon. Gia nhiét va duy tri nhiét d6 & 140 - 160°C, diéu
chinh téc d6 khudy & 400 - 500 vong/phut.

Thém tir tir 114 g Na vao hén hop phan mg sao cho nhiét d6 phan tmg duoc
duy tri trong khoang nhiét do trén, (thoi gian thém Na khoang 2h), néu nhiét d6 tang
cao trén 160°C can phai ding quat dé lam mat. Khi thém hét Na duy tri phan ng &
nhiét d6 nay trong khoang 1h ntra. Thay hé ct chéan khong, cat thu san pham bang
bom chan khong dau & ap suat 5 - 10 mmHg, hiéu suat 81% (690 gam).

2.3. Diéu ché TPA

Can 1500 g TEA vao binh cau 3 lit 4 ¢6 da dugc tro hod bang khi argon, lap
sinh han, nhiét k¢, may khuay co.

Thém 90 g PIB (PIB duoc cat nho véi kich thudc mdi ghiéu nhod hon 0,5 cm)
vao binh, bat may khudy ¢ toc d6 250 - 350 vong/phut, bat bép dun va duy tri nhiét
do IOQ + 5°C. Duy tri di’éu kién ve tc”)g: do khuéy va nhiét d0 cho dén khi cac hat PIB
tan hét (khong nhin thay hat PIB bang mat thuong) trong khoang 10h, thu dugc
dung dich dong thé PIB trong TEA.

III. KET QUA VA THAO LUAN

3.1 Két qua khao sat miu TPA trong dan chay
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Pé 1am co sé cho viéc nghién ctru ché thir TPA bing cong nghé trong nudc,

cac chi tiéu cuia TPA trong dan chay do nudc ngoai san xuat di duoc khao sat. Két
qua dugc gidi thi¢u trong bang 1.

Béng 1. Chi tiéu k¥ thuat cia mau TPA trong dan chay do nuéc ngoai san xuét

TT Tén chi tiéu Pon vi tinh Két qua
1 | Dang san pham Dang l6ng trong
Do nhdt dung dich TPA 20% v/iv
2 trong o-diclobenzen ¢ 30 °C eSt 19,18
3 | Khoi lugng riéng ¢ 20 °C g/ml 0,8344
4 | Nhiét d6 chay 16n nhat °C 1200
5 | Nhiét lugng chay Kcal/g 12,74
6 | Ham lugng nhom % 20,71
7 | Ham lugng chat lam dac % 5,7

3.2 Tong hop TEA
3.2.1. Téng hop chit trung gian HH
Chung t6i d tién hanh khao sat phan tmg diéu ché HH bang cach cho hop kim

Al-Mg ti 1€ 75/25, kich thudc hat 100+200 mesh. Sau d6 d6 sir dung Na va Mg kim
loai lam tac nhan khur giai doan 1 dé khao sat diéu ki¢n phan tng. Két qua dugc cho
trong bang 2.

Béng 2. Két qua khao st diéu kién tong hop chét trung gian HH

Nguyén |Nhiét dd phéan |[Thoi gian| Khoi lwgng D (g/ml) Ham luong|Hiéu suat
liéu urng, (°C) (h) [sdn pham (g) Br (%) (%)
1 10 376 1,220 48,1 75,2
2 160 - 170 15 309 1,180 46,8 63,7
M, 3 20 192 1,137 40,8 45,1
4 10 309 1,159 45,9 65,0
5 180 - 190 15 241 1,133 40,2 57,3
6 20 168 1,123 38,9 40,9
1 10 371 1,145 42,3 69,5
2 160 - 170 15 268 1,136 40,7 62,9
M, 3 20 188 1,103 37,2 47,2
4 10 265 1,128 39,6 63,6
5 180 - 190 15 224 1,119 38,5 55,1
6 20 154 1,055 36,1 39,5
1 3,5 316 1,031 34,7 83,4
2 100 - 120 4,5 289 0,998 31,1 81,1
N, 3 5,5 276 0,980 29,7 79,3
4 3,5 300 1,011 32,5 82,5
5 140 - 160 4,5 278 0,974 29,2 80,6
6 5,5 269 9,65 28,9 78,4
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Trong do:
- M, 1a Mg kim loai kich thudc hat 40 + 90 mesh
- M; 1a Mg kim loai kich thudc hat 100 ~ 200 mesh
- N, 1 natri kim loai dugc cit nhé kich thude mdi chiéu nhé hon 0,5 cm
Két quéa bang 2 cho thiy voi Na kim loai, nhiét do phan tmg 140 + 160°C thoi
gian phan tng 4,5 gio cho hi¢u suat cao va ham lugng brom la thap nhat.
3.2.2. Khir héa hén hop HH thanh TEA
D¢ thu dugc TEA v6i do tinh khiét cao hon ching t6i da dung Na kim loai dé
khu Br con lai trong san pham ¢ giai doan trén. Chung t61 da tién hanh khao sat ti 16
mol Na/Br dé tim ra ti 1€ thich hgp nhat. Két qua khao sat dugc dua ra trong bang 3.

Bang 3. Két qua khao sat ti 16 Na/Br diéu ché TEA

TT Ti 1€ mol Khoi l}r(_rng Ham lwgng | Ham lwong | Hiéu suit
Na/Br san pham (g) Br (%) nhém (%) (%)
1 1,00/1,00 440 10,5 21,6 91,3
2 1,05/1,00 382 4,2 22,5 85,7
3 1,075/1,00 356 1,6 22,9 82,4
4 1,10/1,00 345 0,0 23,2 81,2
5 1,15/1,00 327 0,0 233 76,8

Tir s6 liéu khao sat bang trén ta thay rang khi ti 16 Na/Br nho hon 1,1 san pham
cudi cing van con mot lugng nhét dinh Br chua bi khir. Khi ti 16 Na/Br >1,1 Br di bi
khir hét, nhung khi ti 16 Na/Br cang 16n hiéu suit cang giam vi Na du ¢ phan tng
phu sau [5]:

3Na + 4A1(C2H5)3 —> 3NaA1(C2H5)4 + Al
Ti 16 Na/Br bang 1,1 1a thich hop nhat, dam bao khtr hét Br va cho hiéu suét kha.
3.3. Quy trinh ché tao hén hop chit tw chay TPA

Theo cac tai liéu tham khao va két qua phén tich chit chiy TPA trong dan
chay cua My, thi trong hdn hop TPA c6 khoang 5+6% chat lam dic PIB
(polyisobutylen). Chung toi chon loai PIB ¢6 khéi luong phén tir trung binh nim
trong khoang khoang 1.000.000+7.000.000 dé¢ khao sat ham lugng ciing nhu diéu
kién ché tao hdn hop TPA. Cac két qua khao sat dugc gidi thiéu trong bang 4.
Theo két qua bang 4, mau sé 4 v6i PIB chiém 6 phan khéi luong c6 do nhét tuong
duong voi do nhét xac dinh dugc ddi voi mau TPA tiéu chuan. Do d6 co thé két
luan v&i ti 18 6 phan khdi lugng PIB cho 100 phan khéi lugng TEA va cac diéu
kién nhu trén la thich hop dé ché tao hdn hop chay TPA.
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Bang 4. Két qua khao sat ham lugng chéat lam dic

TT Phan khoi | Phan khoi | D@ nhét cia dung dich 20%
lwgng PIB | lwgng TEA | v/v trong o-diclobenzen (cSt)
1 2 100 -
2 3 100 -
3 5 100 13,432
4 6 100 19,610
5 7 100 25,951

3.4. Két qua phan tich va thir nghiém thwc té sain phim TPA

Két qua do céc chi tidu k§ thudt cua TPA duogc gidi thiéu trong bang 5. Vé co
ban TPA diéu ché dugc dat cac chi tiéu san pham ciia nudc ngoai san XUAt.

Bang 5. Két qua do céc chi tiéu k¥ thuat TPA

Tén chi tiéu chit luong l?o’n San Pham cua San P ham
: vi do nudc ngoai ché tao
q Dang long, nhét Dang long, nhét
1. Dang san pham cao, tr khong mau | cao, tir khong mau
dén mau trang nhat | dén mau xam nhat
2. Khéi lugng riéng g/ml 0,83 0,83
3. Ham lugng nhom % 20,71 20,04
4. Bo nhoét dung dich TPA
20% v/v trong o-diclobenzen eSt 19,18 19,80
5. Nhiét do chay 16n nhat °C 1200 1116
6. Nhiét lugng chay Kcal/g 12,74 12,15

Pi tién hanh thir nghiém tinh ning TPA trong dan chay va ciing thu duoc két
qua tot.

IV. KET LUAN

1. ba xay dung dugc cong nghé ché tao TEA va TPA phu hop véi diéu kién vé
nguyén liéu, thiét bi hién c6.

2. San pham TPA thu dugc c6 thé sir dung thay thé san phdm ctia nudc ngoai.
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SUMMARY

STUDY ON PROCESS OF MANUFACTURING THICKENED
PYROPHORIC AGENT USING ON FIRE WEAPONS

In the paper, the results of the preparation of a thickened pyrophoric agent

(TPA) based on triethyl aluminium (TEA) are presented. The conditions affecting
the process of synthesis of triethyl aluminium and preparation of TPA from TEA
such as temperature, concentration of agents, stirring velocity are studied. The
obtained TPA has the maximum fire temperature and fire heat of 1116°C and
12.15 Kcal/g, respectively.

Tir khoa: Synthesis of triethyl aluminium (TEA), thickened pyrophoric agent (TPA)
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