Nghién ciru khoa hoc cong nghé

NGHIEN CUU TONG HQP, XAC PINH CAU TRUC VA KHA NANG
UNG DUNG CUA 4,4'-AZOBIS(4-CYANOVALERIC ACID)

Chu Chién Hﬁ’u*, Pham Xuan Thao

Tém tit: Bai bdo trinh bay mét so két qud nghién civu dé tong hop 4,4-azobis(4-
cyanovaleric acid) (ACVA) trong moi_truong nudc, su dung xuc tac natri
vonframat. Két qua nghién ciru chi ra rang, khi sir dung ty 1é mol cia cdc cdu tir
tham gia phan ung la: Axit levulinic: NaCN: hydrazin hydrat: Na;WO, = 0,15 :
0,15: 0,075: 0,0015; phan ung duoc thuc hién theo 2 giai doan. giai doan dau tién
hanh & nhiét @6 25+30°C trong thoi gian 4 gio, giai doan hai tién hanh ¢ nhiét d¢
0°C+5°C trong thoi gian 2 gio trong moi truong pH= 1 sé thu duoc ACVA vdi hiéu
sudt lén dén 89,57% va dg tinh khiét dat 98,7%.

Tir khéa: Chit khoi méao gdc ty do; Hop chit azo; 4,4-azobis(4- cyanovaleric acid).
1. MO PAU

Cao su butadien acrylonitril c6 chita nhom cacboxyl dau mach va chira 10% ‘nhom
acrylonitril (BAC-10) dugc dung lam chat két dinh trong ché tao thoi thudc phong ran hdn
hop ciia mot sb loai tén lira. BAC-10 dugc tring hop tir 2 nguyén liéu dau chinh 1a : 1,3-
butadien, acrylonitril va dung 4,4-azobis(4 cyanovaleric acid) (ACVA) lam chit khoi mao,
dong thoi cling dong vai tro 1a chit tao ra cdc nhom chic cacboxyl dau mach cia
copolyme tao thanh [1]. P4y chinh la dac diém quan trong nhét tao ra tinh chét ndi troi cua
chat két dinh BAC-10 so v6i cac chat két dinh khac di duogc sir dung dé ché tao nhién liéu
tén lira ran hon hop. Tuy nhién, 4,4-azobis(4 cyanovaleric acid) (ACVA) la loai hoa chét
khong c6 san & thi truong trong nudc, rat kho nhap khau. Trong nudce chua cd don vi nao
nghién ctru san xuét loai hoa chat nay. Do d6, van dé nghién ciru tong hop chét khoi mao
4,4-azobis(4 cyanovaleric acid) 1a c6 y nghia khoa hoc va thuc tién cao.

Ngudi ta st dung mot vai phuong phép dé tong hop ACVA [2]. Hau hét cac phuong
phap déu st dung nguyén liéu diu 1a axit 4-oxopentanoic hodc natri oxopentanoat, axit
xyanhidric hodc mudi cia nd, hydrazin hydrat hodc hydrazin sulfat... cac phan tng c6 thé
dugc tién hanh trong méi truong nude hoic hon hop nudc-axeton [2],[3]. Béng viéc st
dung cac hé oxy hoa khac nhau, cac chat xac tién khac nhau c6 thé thu dugc san phdm
cling nhu hi¢u sudt phan tmg khéc nhau. Céac cong bb trén thé gi6i dén thoi diém nay cho
thdy cac phan 16n cac phuong phap tong hép ACVA déu sir dung khi Clo lam chat oxy
hoa [2],[3],[4]. Khi clo du sau qua trinh tong hop ACVA géy anh hudng xau dén moi
truong, ton kém chi phi xtr Iy va tiém 4n nhiéu nguy hiém cho nguoi san xut.

CHs 4h CH; CH;
C—CH,-CH,-COOH + H;N-NH; +NaCN ——— NaOOC-CH, CHZC NH-NH- C CH, CH,COONa
25-30°C CN CN

CH; CH,

NaBr, H,O, HCI (pH= 1) | |
> HOOC—CHZ—CH2—$—N:N—?—CHZ—CHZ—COOH

Na,WO0,_t°=0-5°C
CN CN

Loc, tinh ché

Bai bao nay trinh bay mot sé két qua nghién clru tong hop ACVA trong mdi truong
nude s dung xuc tac Na,WO,. Phan ing tong hop ACV A xay ra theo hai giai doan chinh:

Giai doan déu tién hanh ¢ nhiét d6 25+30°C trong thoi gian 4 gio. 6] _giai doan nay xay
ra hai phan tng lién tiép nhau: axit 4-oxopentanoic tac dung v6i mudi xyanua natri va
hydrazin hydrat tao thanh san phdm trung gian dang hydrazo.
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Giai doan hai 1 oxi héa san pham trung gian hydrazo dé tao thanh ACVA. Giai doan
nay 1a giai doan quan trong nhat anh hudng dén tdc do va chét lugng cia ACVA tao thanh.
Cac yéu té chinh anh huéng dén phan tmg & giai doan hai nay bao gom: d6 pH, nhiét do,
thoi gian phan (rng va dic biét 1a ty 1€ xac tac va day cling la nhiing ndi dung nghién ctru
chinh ctia bai bao nay.

2. THUC NGHIEM
2.1. Héa chit thi nghiém

Céc hoa chit duoc sir dung trong nghién ciru la:

- Axit levunilic CsHgO3 98%, Merck;

- Natri cynua NaCN 96%, Merck;

- Natri tungstat Na, WO,.2H,0 96%, England;

- Hydrazine hydrate H4N, 50 — 60%, Sigma Aldrich;

- Natri bromua NaBr 99%, Merck;

- Axit clohydric HCI 36 — 38%, Merck;

- Nude cat 2 lan.

2.2. Thiét bi

- May khudy tir gia nhiét IKA C-MAG HS-7

- Can dién tir: AAA250LE (Thuy S¥), d6 chinh xac 107 g.

- Binh céu 3 ¢d, dung tich 500 ml.

- Thiét bi phan tich ph6 hong ngoai Bruker Tensor II

- May séc ky 1ong cao ap HPLC Agilent 1100
2.3 Téng hgp ACVA bing xac tac Na,WO, trong méi trueomg nwée
a/ Quy trinh tong hop ACVA

Trong binh cau c6 canh khudy, sinh han hoi luu, binh nhé giot va nhiét ké, tién hanh
nap 70ml nudc cit, 4g (0,075 mol) hydrazine hydrat 55% va 7,3g (0,15 mol) NaCN &
nhiét do phong. Sau d6 nho tir tr vao hdn hop phan tmg 17,8g (0,15 mol) axit 4-
oxopentanoic 99% va giit 4 tiéng & nhiét d6 25+30°C. Sau d6 hé phan tmg duoc duy tri &
cac nhiét do: 0°C+5°C; 10°C; 20°C; 30°C; 40 °C. Thém Na;WO4.2H0 theo ty 1¢ % mol
tuong tmg (0; 0,5; 1,0; 1,5; 2,0; 3,0 ) so v6i axit levulinic. Tiép tuc axit hoa hon horp phan
mg bang HCI dén cac gia tri pH = (5,4,3,2,1). Thém 1,6g (0,015 mol) NaBr rdi tiép tuc
nho giot tir tr 20ml H,O,, gilr phan ing ¢ cac nhiét d¢ khao sat trong vong (2; 3; 5; 10; 20)
gi0 ¢ giai doan 2 sau khi dé thém xuc tac va chat oxy héa. Sau khi két thiic phan mg, dudi
khi du bang suc khi Argon. Hon hop c6 mau vang nhat, chét ran dugc loc tach, tinh ché
sdy kho dén khéi luong khong ddi, thu duge bot mau tring mau tring. Can xac dinh khéi
luong san pham tao thanh va hiéu suat ciia phan Gmg.

b/ Phuwong phdp tinh ché san pham ACVA

Chét ran thu duoc sau phan tng dugc rira b.'?mg nudc cat da lam lanh dén nhiét do 5-
10°C tir 3-5 lan, sau d6 hoa tan trong dung dich nuéc kiém lodng (NaOH 10%). Khi toan
b6 chit rin da tan hét, thém luong dung dich HCI vao dung dich vira hoa tan cho dén khi
bat dAu xudt hién két toa trg lai, tiép tuc khuéy trong vong 30 phut. Két tia duge dem loc
rira véi nudce cat 3-5 lan. Lap lai qua trinh hoa tan va lam két tia nhu trén, chét ran thu
dugc dem siy & ap suét thip -0,1 MPa & nhiét d6 30-40°C dén khéi lugng khong dbi.

3. KET QUA VA THAO LUAN
3.1. Anh hudng ciia do pH dén thoi gian va hiéu suit phan wng tong hop ACVA

Dé nghién ctru anh hudng ctiia pH dén hiéu suat phan tng, da tién hanh thi nghiém xac
dinh hi€u suat phan Ung thuc hién tai cac gia tri pH khéac nhau tir 5 dén 1 trong diéu kién
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phan ung dugce thuc hién ¢ khoang nhiét dd 0°C+5°C; ty 1€ mol cta cac cAu tir tham gia
phan tung la: Axit levulinic: NaCN: hydrazin hydrat: Na,WO, = 0,15 : 0,15: 0,075:
0,0015. Két qua thu dugc thé hién trén bang 1 cho thdy, khi méi truong phan tng co
pH=3+5 ACVA khong dugc tao thanh trong thoi gian 20 gid ké tir khi bd sung xtc tac va
chat oxy hoéa. Khi pH =2 thoi gian xut hién két tia 1a 3 gid sau khi bo sung xtic tac va
chit oxy hoa, hiéu suat 83,52%, d6i voi pH < 1 thoi gian hinh thanh két tia sau 1 gio va
hiéu suat cao nhit dat 89,57%.

Bing 1. Anh huong cia dp pH dén hiéu sudt va thoi gian phan img.

Thi pH hé phan Thoi gian bit diu Hiéu suit
nghiém g xuit hién két tia (gio) (%)

M1 pH=5 sau 20 gio két tiia khong tao thanh 0

M2 pH=4 sau 20 gio két tiia khong tao thanh 0

M3 pH=3 sau 20 gio két tiia khong tao thanh 0

M4 pH=2 3 83,52

M5 pH<1 1 89,57

Trong giai doan 2 cua phan ng dién ra qua trinh oxy hoa khu, trong d6 H,O, dong vai
tro 1a chat oxy hoa, san pham trung gian dong vai tro chat khi.
H2()2+2H+ +2e 2 2H20
Theo phuong trinh Nernst vé thé oxy hoéa khur [5]:

RT
E=E, +23 (loga ):E0—2,3?.pH (1)
Trong do:
E:Thé oxy hoakhw, V.
Eq: The OXy hoéa khir tiéu chuan, V
F: hang s0 Faraday
Tai nhiét d6 25°C:

E=E(-0,0592.pH (2)

Tir cong thire (2) cho thiy rang, :[hé oxy hoa khtr phu thude vao pH, khi pH cang gidm
thi E cang tang, tinh oxy hda ctia chat oxy hda cang manh.

Nhu vay, doi v6i phan (g tong hop ACVA cén gié tri pH di nho dé qud trinh oxy hoa
san pham trung gian dugc dién ra, dong thoi khi pH cang nho thi qua trinh oxy hoa dién ra
nhanh va manh. Két qua phan tmg phu hop véi cong thuce (2), khi pH=1 thoi gian phan
ung nhanh hon, hi€u suat cao hon so v6i pH=2.

3.2. Anh hudng ciia ham hrong chit xiic tac dén hiéu suit phan ing

Trong cung mot didu kién vé ty 18 mol cac chit tham gia phan ung, & cung mot diéu
kién nhiét d6 (0°C+5°C) va thoi gian qua trinh oxy héa 2 gio, voi pH=1, ty 1¢ chat xuc tac
tham gia phan ng khac nhau dnh hudéng khac nhau dén hi¢u suat phan tng nhu trinh bay
0 bang 2.

Theo két qua bang 2 cho thdy, mau ‘M8 véi ty 1 mol Na,WO, bang 1% so v6i axit
levulinic cho hi¢u suat phan Gmg cao nhat 88,52%. Khi ty 1€ mol Na,WO, nho6 hon 1% so
vOi axit levulinic, c6 thé chwa du tac dong dén chat oxy hoa, lam qua trinh oxy hoa dién ra
cham nén hiéu suit phan ng thap, va thé hién rd rét khi qua trinh oxy hoa khong co sy
tham gia cuia Na,WO, hiéu sudt phan tng chi dat 6,38%. Co ché tic dong cua chat xuc tac
duogc thé hién nhu hinh 1.
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Bing 2. Anh hudéng ciia ham lwong chdt xic tée dén hiéu sudt phan iing.

) hydrazin axit Na; WO/ Khéi Higu
Thi NaCN .. axit . X
n hydrat levulinic . . luwgng san suat
nghiém | (mol) (mol) (mol) levulinic him (g) (%)
(% mol) P 8 °
M6 0,15 0,075 0,15 0,0 1,34 6,38
M7 0,15 0,075 0,15 0,5 7,23 34,43
M8 0,15 0,075 0,15 1,0 18,59 88,52
M9 0,15 0,075 0,15 1,5 18,14 86,38
MI10 0,15 0,075 0,15 2,0 15,45 73,57
Ml11 0,15 0,075 0,15 3,0 13,8 65,71
H,0, H0 HO O Ho O Sub
Na,WO g O\\\L']/O L 0\\”/\
o T \/‘5\O
o) . o) \
PN
H H Sub [ox]

Hinh 1. Co ché hoat déng ciia xiic tdc Na;WO, trong qua trinh oxy héa[6,7].
Nguoc lai, khi ting ty 1€ mol Na,WO, 16n hon 1,5% so voi axit levulinic thi giy ra
hién tuo*pg tuong tac gitra Na,WO, v6i H,O,, NaBr nhanh hon va manh mé hon lam giam
nhanh nong dd cua cac chat oxy hda, dan dén giam lugng ACVA tao thanh. Quan sat hién
tuong phan tmg cho thdy, cang ting luong xuc tic Na,WO, ( thi nghiém M10, M11) thi
16p bot trang n6i trén mat dung dich phan (mg cang day, qua trinh oxy hoa dién ra manh va
s1’nh ra nhleu’bot khi. Nhu vay, dé qua trinh oxy hoa dat hiéu ~suat cao nhét thi ty 1é mol
toi uu cda chat xuc tac Na,WO, 1a 1% so voi axit levulinic (mau M8).
3.3. Anh huéng ciia nhiét do dén hiéu suit phan Gng
Diéu kién nghién ctru anh huéng cta nhiét d6 dén hiéu sudt phan tng dugc trinh bay &
bang 3
Bing 3. Anh huong ciia nhiét @6 dén hiéu sudt phan vmg.

Thi | NacN | hydrazin | axit e ge | KRB0 psu sudt

nghiém | (mol) hydrat levulinic (°.C) : lu’(_)’xng san '(% )
(mol) (mol) pham (g)

M12 0,15 0,075 0,15 0-5 18,78 89,43
M13 0,15 0,075 0,15 10 18,21 86,714
M14 0,15 0,075 0,15 20 12,54 59,71
M15 0,15 0,075 0,15 30 1,62 7,714
M16 0,15 0,075 0,15 40 0 0

Két qua cho thiy tai giai doan 2 cua phan tmg khi ting nhiét do trén 5°C, hiéu suét
phan mg giam. Nguyén nhan c6 thé 1a do phan tng & giai doan 2 1a phén Gmg to6a nhiét
manh trong khi ACVA lai khéng bén & moi truong nhiét d6 cao va co chét oxy hoa manh.
Chinh vi vy ma khi ting nhiét d6 thi hiéu suat phan tng c6 xu huéng giam va néu dua
nhiét d6 phan tng lén 40°C thi ACVA khong duoc tao thanh. Két qua thi nghiém hoan
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toan phu hop vo1 phwong trinh Nernst (1), khi nhiét d6 tang thi thé oxy hoa khir giam, dan
dén qua trinh oxy hoa hydrazo dién ra khong manh, khong hoan toan lam hiéu suét phan
tng giam. Khoang nhiét d6 thich hop nhat cho phan g nay la tir 0°C+5°C.
3.4. Anh hudng ciia thoi gian phan éng dén hiéu suit phan ing

Bing 4. Anh hudng ciia thoi gian dén hiéu sudt phdn vmg.

Thi NaCN hydrazin axi.t . ThO’l gian ql’ui Khéi, Hiéu suit

nghiém | (mol) hydrat | levulinic | trinh o.)fy hoa lu’(.)’:ng san '(% )
(mol) | (mol) (gid) phim (g)

M17 0,15 0,075 0,15 2 18,56 88,38
M18 0,15 0,075 0,15 3 18,34 87,33
MI19 0,15 0,075 0,15 4 18,49 88,04
M20 0,15 0,075 0,15 10 18,12 86,29
M21 0,15 0,075 0,15 20 18,22 86,76

Trong phan tng tong hgp ACVA sau khi bé sung Na,WO,, NaBr va H,0, vao hé phan
tmg, sau khoang 1 gio két tua tring xuat hién. O thi nghiém M17, san pham phan tng
duoc lgc rira sau 1 gio ké tir khi két tia tring xut hién (thoi gian qua trinh oxy hoéa 1a 2
gi0). O cac phan ung tiép theo Kkeéo dai qua trinh oxy hda Ién 3 gio, 4 gi0, 10 gio va 20 gio
cho thiy hiéu suét phan ung gan nhu khong dbi. Nhu vay, d01 voi thoi gian qua trinh oxy
hoa 2 gid phan tng du ¢ ACVA duoc tao thanh voi hiéu suit cao nhat.

3.5. So sanh két qua phan tich IR va HPLC giira ACVA tong hop dwoc véi miu
ACVA do nwéc ngodi sian xuét

o
BRUKER -
<) g
1
=\ E 5 §| = g ; 3
L 1 N \'Iz‘
Hinh 2. Phé IR mau ACVA-VH.MS.
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Hinh 3. Phé IR mau ACVA MO (mdu chudn Sigma-Aldrich).
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Hinh 4. Két qua phén tich HPLC ciia Mau ACVA-VH.MS.
So sanh pho hong ngoai cia mdu ACVA-VH.MS8 cia d¢ tai (hinh 2) va ctia mau
ACVA-Sigma- Aldrich (Hinh 3) cho thay chung gan nhu trung hop hoan toan
v6i nhau. Cu thé, trén ca hai phé déu xuét hién phé dac trung cua nhom CN tai 2244
cm™’, nhom C=0 tai 1713 cm™, nhém CH; tai 1419 cm™, nhém CHj tai 1381 cm™.
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Hinh 5. Két qud phan tich HPLC ciia Mau ACVA-MO (mdu chudn Sigma-Aldrich).

Két qua phéan tich HPLC cho thidy mau thoi gian luu cia mdu ACVA-VH.MS8 cua dé
tai twong dwong voi thoi gian luu cia mau ACVA- Sigma-Aldrich. Két qua phan tich
HPLC cho thiy miu ACVA-VH.MS8 dat d6 tinh khiét tiéu chudn (98,73%).

Céc két qua phan tich IR va HPLC chimg to ACVA do d¢ tai tong hop dugc trong moi
truong nudc str dung xtc tic Na,WO, dat dugc chat lugng twong duong san pham cung
loai do nudc ngoai san xuét.

4. KET LUAN
- Hiéu suét phan ung tong hop chat khoi mao ACVA phy thudc nhiéu vao diéu kién
phéan ung: do pH, ham lugng chat xtic tac, nhiét d6 va thoi gian phan Gng. Véi dieu kién
phan tng pH <I, ty 16 mol Na,WO, so vdi a xit levulic 1a 1%, v6i nhiét d§ giai doan oxy
hoa 0°C-5°C trong tong thoi gian 6 gio s€ thu dugc ACVA véi hiéu suat 1én tGi 89,57%.
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- Két qua phén tich phd héng ngoai va HPLC cho phep khang dinh san pham ACVA
do dé tai tong hop dugc dat chat lugng twong duong mau ACVA cia hang Sigma- Aldrich
va dat d9 tinh khiet 1én tdi 98,7%.
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ABSTRACT

SYNTHESIS OF 4,4'-AZOBIS (4-CYANOVALERIC ACID) IN WATER BY
SODIUM TUNGSTAT CATALYST.

This paper presents some research results for the synthesis of 4,4-azobis (4-
cyanovaleric acid) (ACVA) in water, using sodium tungstate catalyst. Research
results show that when using the molar ratio of the reagents. levulenic acid: NaCN:
hydrazine hydrate: Na,WO, = 0.15: 0.15: 0.075: 0.0015; The reaction was carried
out in two stages: The first stage was conducted at 25+30°C for 4 hours, the second
phase was carried out at 0°C + 5°C for 2 hours in pH = 1. The ACVA product
obtained with 89.57% yeild and 98.7% purity.

Keywords: Free radical initiator; Azo compound; 4,4-azobis (4-cyanovaleric acid).
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