Nghién ctru khoa hoc c6ng nghé
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1. MO PAU

Dietyl ferrocen (DEF) hay 1,1-DEF c6 tén khoa hoc 1a bis (ethyl
xiclopentadienyl) iron, 1a chét 1ong nhét mau nau do dam, mui campho manh, diém
s0i & ap suét thuong 1a 284°C, khdi luong riéng 1,18 g/ml & 25°C va 1a chét bén nhiét
[3]. Ung dung quan trong nhit cia DEF la phu gia sir dung lam xtc tac chay trong
nhién liéu tén ltra, né c6 kha nang lam ting toc do chay dén 100%, vira déng vai tro
nhu chét két dinh va hoa déo gitip cai thién diéu kién cong nghé gia cong [2, 6].

Do DEF chu yéu dugc sir dung cho muc dich quan sy, nén sb luong cong trinh
cong bd vé quy trinh téng hop DEF 1a khong nhiéu. Trong d6 déng ké nhét 1a sang ché
cua tac gia Kolesnikov S. [7]. Trong cong trinh ndy tic gia va cong sy da tong hop
tryc tiép DEF tir monoxiclopentadien (MCPD) theo mdt quy trinh gdm hai budc,
truée hét monoxiclopentadien duge alkyl hoa bang etyl bromua trong sy c6 mit ctia
KOH, sau d6 san pham duoc cho phan tmg véi mudi sit (I) clorua tetrahydrat. Tuy
nhién, quy trinh ndy ¢6 nhuoc diém 1a san pham DEF c6 d¢ tinh khiét chua cao [1].
Cung theo tai liéu [1], da xay dung duoc quy trinh téng hop DEF tir chit dau
dixiclopentadien (DCPD), di qua ba giai doan bao gbdm crackmg DCPD dé thu dugc
MCPD, tong hop etyl xiclopentadien tr MCPD va giai doan chuyén hoa etyl
xiclopentadien dé thu dwoc DEF. San pham DEF tong hop theo quy trinh nay dat chat
luong TY 6-02-593-86. Tuy nhién do chit trung gian etyl xiclopentadien 1a khéng bén
dé bi dime va polime hoa nén hiéu sut va chét luong san pham thuong khong on
dinh, nhét 1a khi tong hop véi lugng 16n dén 500 g/mé. Trong bai bao nay da gidi
thiéu mot quy trinh khéc tong hop DEF khic phuc nhuoc diém ciia quy trinh trong [1].

2. THU'C NGHIEM

i Phé IR do trén may FT-IR Impact-410, Ph6 NMR ghi trén may Bruker AC-500,
Pho MS do trén may LC-MSD-Trap-SL. Sac ky khi dugc do trén may HP G1530A.
biém chay dugc do trén may BamStead Electrothermal BI 9100.

2.1. Nhiét phén dixiclopentadien (DCPD) dé diéu ché monoxiclopentadien
(MCPD)

Pong 100 ml DCPD vio binh ciu 2 ¢b dung tich 250 ml, 1ip b dung cu cat
phan doan c6 6n nhiét bang nudc noéng & nhiét do 50°C, trong d6 sinh han ngung
dugc 1am lanh bang nudc da 0 = 5°C. Binh htng san pham duoc lam lanh bang da
mudi -10 + -5°C. Tién hanh nhiét phan & nhiét do s6i cua hdn hop, thu san pham &
phan doan c6 nhiét do s6i 41 + 42°C, sau thoi gian khoang 3 gio nhiét phan thu dugc
80 g MCPD, hiéu suét 90,0%.

Phé MS (m/z): 66 (M)
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Phé 'H-NMR (500 MHz, DMSO-dg, 8 (ppm)): 2,96 (2H, m, H,); 6,47 (2H, m,
Hz,s); 6,56 (2H, m, H3’4).

Phé P C-NMR (125MHz, DMSO-ds, 8. (ppm)): 41,3 (1C, Cy), 132,1 (2C, Co+
Cs), 133,2 (2C, C3 + Cy).

2.2. Quy trinh téng hgp ferrocen

Cho 1300 ml dimethyl sulfoside (DMSO) véao binh cau 3 c6 thé tich 4 lit, dat
trén bép khudy tir, Iap phéu nho giot (phéu can bang ap suat), duong khi tro argon va
nhiét ké. Cho vao binh 80 g (1,21 mol) MCPD va 71 g KOH (1,21 mol) da dugc hoa
tan trong 80 ml H,O, bat khudy tir va duy tri phan Gmg & nhiét d6 27 + 2°C trong
khoang 60 phut. Sau d6 nho giot tir tir dung dich gém 120 g FeCl,.4H,0 (0,605 mol)
trong 160 ml H,O vao hdn hop, sao cho nhiét do phan tng luén duy tri trong khoang
27 + 2°C, dung dich chuyén déan tir dung dich trong sudt mau do dam sang hdn hop
mau vang cam (mau két tua ferrocen). Sau khi nho giot xong tiép tuc khudy va duy
tri phan ¢mg & nhiét d6 trén thém 30 phut nita. Trung hoa hdn hop bang 800 ml dung
dich HC1 4% dén pH = 3. Loc, rira bang nudc, sdy kho ¢ nhiét do 75°C, thu duogc 96 g
ferrocen. Hiéu suit 85,2%, san pham c6 nhiét do nong chay 172 = 173°C (tai liéu
tham khdo [5] nhiét 36 nong chay 172°C)

IR (KBr, v (cm™)): 3100 (C-H,,),1663 (C=0), 1634, 1452 (C=C); 'H-NMR
(500 MHz, DMSO-de, 8y (ppm)): 3,33 (s, 10 H); *C-NMR (125MHz, DMSO-ds, 8.
(ppm)): 67,7 (s, 10C).

2.3. Tong hop diacetyl ferrocen (DAF)

Lay binh cau 3 c6 thé tich 2 lit, 1ip phéu nho giot, duong khi tro argon va nhiét
ké, dit trén bép khudy tir. Cho vao binh 183 g (1,376 mol) AlCI; khan va 400 ml
CH,Cl,, khudy nhe. Nho tir tir 61 ml (0,635 mol) anhydrit axetic. Sau d6 nho giot tir
ttr dung dich gom 80 g (0,43 mol) ferrocen dugc hoa tan 400 ml CH,Cl, vao. Sau khi
két thiic qua trinh nho giot duy tri nhiét d6 phan tng & 32 + 2°C, tién trinh phan tng
dugc theo dbi bang sic ky ban mong (SKBM) trong hé n-hexan/axeton ty 18 3/1. Sau
khi phan mg két thic, cho hdn hop vao cdc chira khoang 0,5 kg nude da, chiét lay
phan hitu co, rira bang dung dich NaHCO; 5% (50 ml x 3 1an) va bang nudc lanh
(100 ml x 3 1an). Cit loai dung moi CH,Cl, bang may cét quay dé thu duoc DAF thé.

DAF tho duogc hoa tan trong dung dich hdn hop nudc/axeton (ty 1& nudc/axeton
vé thé tich 3/1) & nhiét d6 70°C. Loc néng, dé DAF két tinh ¢ nhiét do phong trong
bong tdi. Loc, rira bang hdn hop dung méi nudc/axeton. Siy DAF & nhiét d6 75°C
sau 5 gio thu duoc 73 g DAF tinh khiét c¢6 nhiét d6 nong chay 123 + 124°C (tai liéu
tham khao [9] nhiét &6 nong chay 123 + 124°C), hiéu suit 62,9% tinh theo ferrocen.

IR (KBr, v (cm™)): 3086 (C-H,,),2930 (C-H,y), 1658 (C=0), 1455 (C=C); 'H-
NMR (500 MHz, DMSO-ds, 85 (ppm)): 2,29 (s, 3H, Hy); 4,60 (s, 2H, H, + Hs); 4,80
(s, 2H, Hs + Hy); “C-NMR (125MHz, DMSO-ds, 8. (ppm)): 27,3 (C7); 70,7 (C3 +
C4); 73,4 (C,+ Cs); 80,5 (C1); 200,3 (Co).
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2.4. Tong hop dietyl ferrocen (DEF)

Dit binh cau 3 ¢ thé tich 2 lit trén bép khudy tir. Cho vao binh 81g (0,3 mol)
DAF va 1500 ml tetrahydrofuran (THF). Bat may khudy dé DAF hoa tan hoan toan
trong THF. Thém vao dung dich 91 g (2,4 mol) natri bohydrua va khuay nhe. Tiép
theo thém tir tir 80 g (0,6 mol) bot nhéom clorua khan bang phéu thém chét rin
chuyén dyung cho dén khi dung dich bat dau chuyén sang mau vang. Phan tmg duoc
theo ddi bang sic ky ban mong trong hé n-hexan/axeton ty 18 3/1. Sau khi phan tng
két thiic, trung hoa hdn hop phan tng bang dung dich HCI 5% dén pH = 3, sau d6
dung dich duoc chiét véi CH,Cl, (100 ml x 3 1an). Dich chiét CH,Cl, duoc rira bang
nude va lam kho bang Na,SO, khan, cét loai dung moéi CH,Cl, bang may cat quay
thu duoc 73 g san pham DEF tho.

Cho khoang 100 g san pham DEF thé tir quy trinh trén vao binh cau 2 ¢6 dung
tich 250 ml, tién hanh cat thu san phélm & nhiét d6 125 + 126°C va ap suét 7 mBar
thu dugc 55,4 g DEF tinh khiét, hiéu suét 76,3%.

IR (KBr, v (cm™)): 3095 (C-H.,,), 2967, 2875 (C-H,y;), 1634, 1452 (C=C),
MS(m/z): M" = 242,0. '"H-NMR (500 MHz, DMSO), &y (ppm): 1,12 (6H, t, J=7,5,
H7); 2,30(4H, q, J=7,5, He); 3,99 (8H, m, Hy345), "C-NMR (125MHz, DMSO), 3.
(ppm): 14,68 (s, 2C, C7); 21,54(s, 2C, Ce); 67,24 (s, 4C, Ca5); 67,61 (s, 4C, Csa);
90,3 (s, 2C, Cy).

3. KET QUA VA THAO LUAN

Do DEF chu yéu duoc st dung cho myc dich quan sy nén sé lwong cong trinh
cong bd vé quy trinh tong hop hop chat nay 1a khong nhidu. Két hop céc tai liéu
tham khdo, tac gia da dé xuét quy trinh tong hop DEF gdm 4 giai doan theo so dd
phan ung sau:

(e}
I
C
% Cracking @ FeCl, ? acetylation ? ™ reduction Q/\
| — = L=
DCPD MCPD Fc DAF 5 DEF

Hinh 1. So d6 tong hop dietyl ferrocen

3.1. Qua trinh nhiét phan dixiclopentadien (DCPD)

Monoxiclopentadien (MCPD) c6 thé thu dwoc bang cach thuc hién dong thoi
phan ng cracking nhiét DCPD thanh monome va cét thu san pham nay. Vi san
pham nay dé bi dime (¢ nhiét 4o phong 8% xiclopentadien bi dime hoa sau 4 gio va
50% bi dime hoa sau 24 gi®), nén trong qua trinh nhi¢t phan binh hung phai duoc
1am lanh bén ngoai bang d4 mudi. San pham phai duoc sir dung ngay hodc bao quan
& nhiét do thap. Pa nghién ciru mot sé diéu kién bao quan MCPD, két qua duoc
trinh bay trong bang 1.
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Bang 1. Két qua bao quan MCPD & mot s6 diéu kién

cnt am e . o . ...| % dime trong
TT Nhiét do bao quan ("C) Thoi gian (gio) i 2
san pham

1 <-10 (ngan da) 24 9,6

2 <+10 (ngan mat) 24 30,0

3 Nhiét do thuong 12 443

4 Trong dung moéi iso-octan ndng do o 0.81
20% vé thé tich va ¢ nhiét do < +10 ’

5 Trong dung moi etyl axetat ndng do 24 0.79
20% ve thé tich va ¢ nhiét do <+10 ’

Trong dung méi n-hexan ndng do
6 | 20% vé thé tich va & nhiét do < +10 24 0.84

Tir két qua trén cho thay viéc bao quan MCPD 1a khong kha thi ngay ca &
nhiét d6 dudi -10°C, diéu nay da duoc cac tai liéu tham khao khang dinh, vi du [4]
khuyén cdo MCPD méi cracking phai dugc sir dung trong vong 2 + 3 gid hodc phai
bao quan & nhiét d6 -78°C. Bao quan bang cach pha lodng trong dung méi & nhiét do
dudi 10°C két qua tt hon, tuy nhién no cling gdy kho khan cho phan tng tiép theo
(chuyén hoa MCPD thanh ferrocen) va tén kem. Do do, dé dam bao MCPD khong
bj dime hoa trong qua trinh bao quan, s& tién hanh chuyén hoa MCPD thanh
ferrocen ngay sau cong doan cracking DCPD.

3.2. Téng hop ferrocen

Thuec chét qua trinh téng hop ferrocen tir MCPD xay ra theo hai giai doan, giai
doan dau 13 phan tmg thuin nghlch tao mudi kali xiclopentadienua, glal doan tlep
theo 1a tao thanh ferrocen khi mudi nay phan tmg véi FeCl,. Trong d6 giai doan dau
1a giai doan quyét dinh téc do phan tmg, chat ddu MCPD ciing rat d& bj polime hod
néu phan tmg thuc hién & nhiét d6 cao va trong thoi gian dai. D3 tién hanh khao sat
thoi gian va nhiét d6 ddi véi giai doan nay, két qua dugc trinh bay trong bang 2 va
bang 3 dudi day.

Bang 2. Anh huéng cua nhiét do phan tng dén hiéu suit thu ferrocen

T Nhiét do Thoi gian San pham Hiéu suat
phan tng (°C) phan @ng (phiat) | ferrocen (g) (%)
1 172 60 81 74,6
2 22+2 60 88 82,1
3 27+2 60 96 85,2
4 32+2 60 88 79,0
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Bang 3. Anh hudng ciia thoi gian phan tng dén hiéu suat thu ferrocen

TT | Nhiét do phan tng (°C) | Thoi gian phan Gng (phit) | Hiéu suat (%)
1 27+2 30 78,5
2 27+2 60 85,2
3 27 +2 90 85,0
4 27+2 120 83,0

Két qua ¢ bang 2 va bang 3 cho thiy khi thuc hién phan ng & nhiét do 27 + 2°C
va thoi gian 60 phit s& cho hiéu suat t6t nhat.

3.3. Téng hop diaxetyl ferrocen (DAF) tir ferrocen

Trong quy trinh tong hop DAF [9], tac gia Nhesmayanov A.N. di sir dung chat
xuc tac la AlCI; khan, tac nhan axetyl hoa 1a axetyl clorua (CH;COCI), day la tac
nhan d& hat am dé chuyén hoa thanh axit axetic, axit clohydric nén trugc khi st
dung thuong phai tinh ché véi tributylamine, sau d6 cét thu axetyl clorua tinh khiét.
Vi vay tac gia da chon tac nhan axetyl hoa 1 anhydrid axetic, chét xtc tac dugc lwa
chon 13 nhém clorua khan. Phan tmg duoc tién hanh & 32 + 2°C, va tién trinh phan
mg kiém soat bang SKBM. Ty 1&é mol céc chat tham gia phan tng va xtc tac thich
hop cho phan g nay 14 ferrocen:anhydrid axetic:AlCl; bang 1:1,5:3,2.

3.4. Khir hoa diaxetyl ferrocen (DAF) thanh dietyl ferrocen (DEF)

DEF dugc tong hop tir DAF bang cich khir hda nhom xeton thanh nhom -CH,.
Theo [10, 11, 12] thi phuong phap thong dung nhat 1a st dung khi H, véi xuc tac
Ni-Raney va phan tmg thuc hién trong diéu kién ap suat cao 60 + 80 atm. Tuy nhién,
hién nay cac phong thi nghiém trong nudc chua dép Gmg dugc cac didu kién nay.

Ciing theo céc tai liéu [11, 12], DEF c6 thé dugc tong hop bang cach khir hoa
DAF trong moi truong dung moi hiru co, dung moi dugc str dung 1a dimethoxyethan
(CH30CH,CH,OCH3) khan v6i tdc nhan khur 1a NaBH4 va xtic tac 1a AlICI; khan.
Hai yéu t6 anh huong dén hiéu suit va do chon loc cta phan tng 1a ty 1& mol cua
NaBH, véi chat ddu DAF va lugng xuc tac AICI; khan dugce stir dung. Theo tai liéu
[10], tac gia Nhesmayanov A.N. da dung ty 1&6 mol NaBH4/DAF 1a 8/1 dé thu dugc
DEF vd&i hiéu suat 92%. Trong nghién ctru ndy, da str dung dung moi thong dung va
ré hon 1a tetrahydrofuran (THF) dé thay cho dung méi dimethoxyethan.

D3 tién hanh khao sat ty 1¢ tdc nhan NaBH4 va xtic tac AICl; khan anh huong
dén hiéu suit phan tng, st dung SKBM véi hé dung méi n-hexan/axeton ty 18 3/1 dé
theo ddi tién trinh phan tmg. Két qua cho thiy ty 1é mol cac chat tham gia phan tmg
NpAr/MNaera/Malcrs 13 1/8/2 13 thich hop nhat dé thyuc hién phan tmg khir hoa DAF.
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Pé thu dugc san pham DEF tinh khiét dat chat lugng TY 6-02-593-86 [8], san
pham DEF th sau khi cét loai dung méi phai duoc tinh ché. Tac gia Phorost va cong su
[10] da tinh ché DEF bang chung cat DEF tho ¢ nhiét do 125°C va ap suat 5 mmHg,
san pham thu duoc c6 khdi lugng riéng 1,18 g/ml, chiét suat 1,5800 = 1,5805 va co
d6 tinh khiét > 99,9% theo sic ky khi. Tac gia ciing sir dung chung cit trén dé tinh
ché san pham.

3 o

Hinh 2. Cong thtrc cdu tao cua DEF

San pham DEF da duge khang dinh cau trac bang cac phuong phap phd IR,
NMR, MS va d¢ tinh khiét dat trén 98,5% theo sac ky khi (hinh 3, 4).

DEF-DMSO-1H

¥ @pazs

353 Mee Wos M Mo

Hinh 3. Ph6 'H-NMR ctia DEF Hinh 4. Sic d6 sdc ky khi méu DEF
San pham da dugc phan tich va dat cac yéu cau cua TY 6-02-593-86, két qua
duoc trinh bay ¢ bang 4 dudi day.

Bang 4. Két qua phan tich chat lugng san pham

. en Mikc chat lwong can dat P
TT Chi ti€u theo TY 6-&)25;593-8 6' Thuec te dat dugce
.- Chat 16ng nhét Chat 1ong nhét

1 |Dang ngoai N A
mau nau do mau nau do

2 |Chiét suat  20°C 1,5785 + 1,5810 1,5789

3 |Tap chat co hoc, % <0,05 0,001

4 |[Ham luong sat, % 22 + 24 23,04

Ferrocen va cac dan xuat

5 alkyl, % <15 0,39

6 |Ham am, % <0,05 0,0092

7 |Piém chép chay cde ho, °C 125 + 140 135
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4. KET LUAN
Pi xdy dung dugc quy trinh tong hop va tinh ché DEF quy mé phong thi

nghiém (50 g/mé), di qua 4 giai doan v&i hiéu suét toan bd quy trinh tong hop va

tinh ché dat 36,2%. Céu tric san pham DEF va cac chat trung gian di dugc khing
dinh béng cac phuong phap phé hién dai nhu IR, "H-NMR, 13C-NMR, MS va dd
tinh khiét ctia san pham dugc xac dinh bang phuong phép sic ky khi (GC-MS).
San pham DEF ciing da dugc kiém tra va dat yéu cau chét lugng theo tiéu chuan
TY6-02-593-86.
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SUMMARY
A STUDY ON SYNTHESIS PROCESS OF DIETHYL FERROCENE

Diethyl ferrocene is an important additive used in solid missile fuel. It is not
only an excellent catalyst, but also a good binder and plasticizer in producing solid
missile fuel. This paper presents some results in synthesizing diethyl ferrocene. Its
structure and purity were confirmed by IR, 'H-, >C-NMR, MS spectra and GC-MS.
Its quality was tested and met all requirements of the standard TY 6-02-593-86.

T khoa: Diethyl ferrocene, diacethyl ferrocene, ferrocene.
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