TONG HGP HUU CO PIEN HOA



l. Giéi thiéu chung
- Hién nay ¢6 hang chuc nghin phan trng tdng hop hiru co dwoc
thwe hién bang phwong phap dién héa.
-San lwong chat hiru co rat khac nhau:

- cac chat s/x vél SL 1én thwérng don gidn, phan t&r lwong
thap, da s6 dwoc s/x bang cracking dau mo (xuc tac pha khi,
cbng nghé dng ndng,...) — cdng nghé on dinh va ré tién.

- nhirtng chat HC SL thap thwéng c6 phan ti Ién, phie tap,
nhiéu nhém chire, chuyén dung — la sp cua chudl nhiéu pw
nol tiép nhau — vai tro cua dién hoa.

- Trong Lab moi p&r HC c6 kém sw trao dél & déu c6 thé thuc
hién bang pp dién hoa,
- Trwce tiép va gian tiép.

- C6 nhiéu cach thirc dé dén sp, chon Iwa cdng nghé, nguyén
liéu dau,... tuy theo tinh kinh té va yéu cau cua sp.



Uu diém

- phd réng cac p&r oxy héa va khir cé thé thuc hién

- Nhiéu ta4c nhan oxy hoa hay khir dung trong téng hop HC ban
than dwoc s/x = pp dién hoa : Na, K, Zn, Cl,, Cr,0,2, S,047, ...

- Néu xét riéng céng doan plr oxyhda—khtr thi & 1a tac nhan
oxyhéa—khtr ré tién nhat, linh hoat va san cé, cé thé s/x dién
= nhiéu pp: nhiét (dau, khi, than), hat nhan (ré), mat trol, giod,
thay dién...

- Khéc vél da sb pir oxyhéa—khtr HC = pp héa hoc, p& d/cwc an
toan hon: chay, nb, doc hai ...

- Co6 tinh chon loc, san pham tinh khiét hon so v&1 pp héa hoc
thong thuong.

- dé dang diéu khién theo y mudn



Nhwoc diém

Dung mai :

Chat dién giai phu

Hé dung méi/chat dién ly: gid thanh, x ly, ....

Po bén (tudl tho) cla vat liéu dién cwc, vach ngan... trong hé
dung moi/chat dién ly.



Panh gia 1 ptr dién téng hop HC

- Nguyén liéu dau: san co? , gia ?

- Nang suét (d6 chuyén chét) cho sp mong mudn (dac biét khi NL
dau dat)

- Dang va lwong sp phu - gidm dd tinh khiét cta sp chinh.

- Chi phi tach sp tinh khiét ra khél mt dién phan.

- Dong cwc dal — lién quan SL, néng dé (d6 hoa tan) chat hoat
dién, dk chuyén chat,....

- Tiéu thu dién nang : khéng dang ké.

- Phan &ng trén dién cwe doi: ly twéng 1a thu dwoc sp trén cé 2
d/c — rat kho khan (cung luc can dk thich hop cho ca 2 p; khé
khan céch ly sp,...) — ptr trén dién cwe déi khéng gédy hai cho
pw chinh.

-Tinh bén héa hoc va dién hoa cia méi trwdng dién ly, cac cau
thanh...



Vay tal sao THHCBPH chwa pt sau rong???

qua trinh phtrc tap, va pt d/cwe chila 1 giai doan

phu thudc nhiéu théng sb

gi®¢i han cua chuyén gia

thwong chi dwoc quan tdm khi cac pp hda hoc cb dién da
dau hang



Céac théng s6 anh hwéng den dé chon loc cua sp

> Thé dién cwc (tuy thé d/c chi anh hwéng dén sp thu dwoc trén
d/c).

Vat liéu d/cuc

Dung mdi va chat dién giai nén: mang tinh théa hiép
Nong do chat hoat dién, c6 thé hé nhi twong.

pH, céc chat phu gia, sp phu, sp trén d/cwc doi, sp trung gian,...

T°,p, ...

v VYV V VYV V V

Ché d6 chuyén chat (iy), thiét ké bé, . ..



~ ; 1:anod
2:catod
3:dwong di cia chat dign ly
4: duomg ra cia chit dign Iy

Binh dién phin dong chay hinh V

N L

l:anod

] Z:catod
3: dwong di ciia chat dién ly
4:dwomg ra cila chit dién Iy

L]

Pilote a anode solublgfDF ; site des® 3

Renardiéres (77 Moret-sur-Loing)



Acetoin Butanone 'BA BASF

Acetylenedicarboxylic Acid 1,4-Butynediol BASF

Adipoin Dimethyl Acetal Cyclohexanone t h won g BASF

Adiponitrile Acrylonitrile I h , Monsanto (Solutia), BASF, Asahi Chemical
4-Aminomethylpyridine 4-Cyanopyridine m a oa Reilly Tar

Anthraquinone Anthracene L. B. Holliday, ECRC

Azobenzene Nitrobenzene ?

Bleached Montan Wax Raw Montan Wax Hoechst

Calcium Gluconate Glucose Sandoz, India

Calcium lactobionate Lactose Sandoz, India

S-Carbomethoxymethylcysteine
L-Cysteine
Diacetone-2-ketogulonic Acid
Dialdehyde Starch
1,4-Dihydronaphthalene
2,5-Dimethoxy-2,5-dihydrofuran
2,5-Dimethoxy-2,5-dihydrofuryl-1-ethanol
Dimethylsebacate

Gluconic Acid
Hexafluoropropyleneoxide
m-Hydroxybenzyl Alcohol
Mucic Acid

Perfluorinated hydrocarbons
Phthalide + t-Butylbenzaldehyde Acetal
p-Methoxybenzaldehyde
Polysilanes
p-t-Butylbenzaldehyde

Salicylic Aldeyde

Succinic Acid
3,4,5-Trimethoxybenzaldehyde
3,4,5-Trimethoxytolyl Alcohol

Cysteine + Chloroacetic Acid
L-Cystine
Diacetone-L-sorbose
Starch

Naphthalene

Furan
Furfuryl-1-ethanol
Monomethyladipate
Glucose
Hexafluoropropylene
m-Hydroxybenzoic Acid
Galacturonic Acid

Alkyl substrates
Dimethyl Phthalate + t-Butyltoluene
p-Methoxytoluene
Chlorosilanes
p-t-Butyltoluene
o-Hydroxybenzoic Acid
Maleic Acid
3.4,5-Trimethoxytoluene
3,4,5-Trimethoxytoluene

Spain

Several
Hoffman-LaRoche
India, Others
Hoechst

BASF

Otsuka

Asahi Chemical
Sandoz, India
Hoechst

Otsuka

EDF

3M, Bayer, Hoechst
BASF

BASF

Osaka Gas
BASF, Givaudan
India

CERCI, India
Otsuka Chemical
Otsuka Chemical



— O

1-Acetoxynaphthalene
Acetylenedicarboxylic Acid
2-Aminobenzyl Alcohol
Anthraquinone

Arabinose
1,2,3,4-Butanetetracarboxylic Acid
Ceftibuten

3,6-Dichloropicolinic Acid
Ditolyliodonium Salts

Ethylene Glycol

Glyoxylic Acid
Hydroxymethylbenzoic Acid
Monochloroacetic Acid
Nitrobenzene
5-Nitronaphthoquinone

Partially Fluorinated Hydrocarbons
Pinacol

Propiolic Acid

Propylene Oxide

Substituted Benzaldehydes

Naphthalene
2-Butyne-1,4-diol
Anthranilic Acid
Naphthalene, Butadiene
Gluconate

Dimethyl Maleate

Cephalosporin C

3,4,5,6-tetrachloro-picolinic Acid

p-lodotoluene, Toluene
Formaldehyde

Oxalic Acid

Dimethyl Terephthalate
Tri- and dichloroacetic Acid
p-Aminophenol
1-Nitronaphthalene
Alkanes and Alkenes
Acetone

Propargyl Alcohol
Propylene

Substituted Toluenes

BASF

BASF

BASF

Hydro Quebec

Electrosynthesis Co.

Monsanto

Electrosynthesis Co., Schering Plough
Dow

Eastman Chemical, Electrosynthesis Co.
Electrosynthesis Co.
Rhone Poulenc, Steetley
Hoechst

Hoechst

India, Monsanto

Hydro Quebec

Phillips Petroleum

BASF, Diamond Shamrock
BASF

Kellog, Shell

Hydro Quebec, W.R. Grace
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Yéu cau doi véi Dung méi

v'Hoa tan tot chat phan &ng va chat dién giai nén
v'Hoa tan tdt sdn pham cud phan ng. Tuy nhién, d6i khi san
pham khong hoa tan hodc két taa trén dién cwce lai cé i hon.

v' Hang so dién méi ~ 10 = 80 : cho chat nén phan ly va dung
dich dan dién

v' Dung méi va chat dién gidi nén phai tro véi tac chat va san
pham.

v'Dung méi va chat dién gidi nén phai hodc khdng tham gia qua
trinh oxi hoa khtr trén dién cuc.

v’ Tach dé dang san pham cla qué trinh dién héa.

v Ap suét hoi bao hoa phai thap tai nhiét dd phan &ng dé tranh
tdn hao dung dich.



Dung méi cang it nhét cang tot.
Dung méi cang it ddc tinh cang tot
Dung moéi thwd'ng dung: dung moi phi proton va dung moi proton

- Dung méi phi proton yéu nhw: DMF, acetonitril, TMU (tetra
metilua), THF, DMFOQO.

- Dm proton: 1,1,1,3,3,3—-hexafloropropan—2—-ol CF,CHOHCH,

Dung méi anh hwédng dén ddng hoc phan rng dién cwc qua
dd nhét , va kich thwde vo solvat cua tiéu phan hoat dién.
Sw thay déi dung méi c6 thé thay déi déng hoc ctia phan
trng hdéa hoc kem theo.



Dung méi cé thé tham gia phan &ng do: cé thé 1a chat cho hay
nhan cac phan t khac nhau

Td: p& oxi héa N,N diphenylbenzidin (Ar(NH),) trong acetonitril
tién hanh theo 2 giai doan, mdi giai doan cho 1 &

@NNHO (N, N’ diphenylbenzidin)

-e T +. -e 2+

Ar(NH)o o Ar(NH)2 Ar(NH)2 - Ar(NH)2

Nhuwng trong DMSO (CH,),SO (kiéem hon) thi oxi héa theo co
ché ECE (Pién hoa—hda hoc—dién hoa) do cdé mat proton cula
radical — cation trung gian

-e + + HT

AF(NH)2 > AF(NH)2 AI’(NH)2 > AF(NH)N

] 1
Ar(NH)IN ——  Ar(NH)N



Il. Cac qua trinh dién cuc khi dién phan chat
hiu co

II.1. Phan Gng khir 6 catod

II.1.1 Phan uing khu lién két boi

Hydro héa cac lién k&t bdi bang cach chuyén truc tiép dién
th dén cac lién két boi hay gian ti€p bang pp dién xuc tac.

- Pp dién xuc tac: dau tién khi thoat hidro (mt axit: catod Pt,
Pd hoat hoa; mt kiém : Ni), sau do hidro hda xuc tac céac lién
két boi.

- Pp kh{ noi doi truc tiép: hinh thanh radical anion, radical
anion phan Ung héa hoc proton hdéa tao thanh radical.
Radical nay tiép tuc tham gia phan Ung dién hoa tao anion
roi ti€p tuc proton héa tao dan xuét hidro.



_C=C-_ +2H+,+26 _HC=CH - +2H+,+25

~ CH,- CH, -
Dién cuc: xop (Pt hay Pd);
Néu c6 noi doi hoat héa — dé tao thanh hydrodimer

+ =5
tHLE 2 CcH,- cHX X: nhém nhén &

H,C = CHX

Tuy dk dién phan, sain pham khac nhau:
+ 2H*, + 2¢€

»  2CH,-CH,X (A)

+ 2H*, + 2¢€, + 2H,C=CHX

2 CH, - CH,X » XCH,CH,CH,CH,X (B)

2H*, + 28, H,C=CHX
+ +2¢€, + nH, > XCHZCHZ((EHCHz)n-ZCHZCHZX

X (©)

Du proton, it olefine — (A)
bu olefine — (B)

Thiéu chét cho proton — (C)



I1.1.2. Phan Gng kh{ cta hgp chat nito.

NO, NO
O 2o s +Hy0
Nitrobenzen Nitrosobenzen
NO NHOH
©/ r2e walll > +H20
Nitrosobenzen Phenylhydroxylamin
NHOH NH
+ H,O
126 42t ——>

Phenylhydroxylamin Anilin



Kh{ nitrobenzen trong méi trudng kiém & thé dién cuc —0.98 V; néu
hién dién o_naptol va hydroxylamin — 4_(phenyl_azo)_1_ naptol.

NO, NHOH
©/ Lde L2H 5 ©/ + Hy0

Nitrobenzen Phenylhydroxylamin

N—N
NO
©/ +NH,OH + ., OO
OH OH
Nitrosobenzen Naptol 4 ( Phenyl_azo)_1_Napto

1 trong cac Sp phu (benzidin) c6 kha nang gay ung thw



khd imin va imin ester

= ‘ CH=—NCgHs % "2H,_ CH,NHCgHs
g

Benzalanilin Benzylanilin

Catod : kim loai ¢6 qua thé hydro cao nhu Pb, Hg.

NH

CHCT SN CHCHAH,  + CH,OH
O_C2H5

Etyl acetiimid Etylamin

Moi truong H,SO, 2 N va duy tri nhi¢t do 0°C.



Khd amid va imid.

\\IH —+4e -
c et

| \
0] O
Phthalimid Phthalimidin

Khir nhom nitrile:

+4e

St

Isoindolin

RC=N + 4H = RCH,NH,



11.1.3. Phan Ung khu cua ester
Cac hdp chat thom eter va alcol thu dudc khi ester tham
gia qua trinh khu dién hda hoc.

ol CHy— 0— CyHs
OCH
25 4 4H+ 3 n HQO

Etyl benzoat Etyl benzyl eter

CHT O_ C2H5 CH2 —_— OH
©/ LHO  H + CoHs0H

Etyl benzyl eter Benzylic



CH3ﬁ—CH2‘(‘3—OC2H5 >
O 0

etyl acetoacetat : catod Pb, dd dién ly H,SO, va rugu

Khw nhom acid sulfo vong thom

H+, 28
RSO, “—  RH + SOz

C4H9



Tach halogen trén catod

28, 2H* 28, 2H" 25, 2H"
CClLCOOH ~> CHCI,COOH "> CH,CICOOR" > CH,COCH
: - Cl

Kiém soat thé, cé thé dirng p& & giai doan bat ky
Murc do dé bi khiv:
Rl > RBr > RCI > RF



1.1.4. PHAN UNG KHU CARBONYL

Nhom carbonyl cua cac hgp chat hitu co andehit, xeton, axit 1a
nhitng nhém c6 cuc va ¢6 kha ning phan cuc, nén dé bi 4nh

hudng cua dién truGng:

R,C——0 <> R.C'—0O

Nhirng hdp chit cé cong thitc phan t& gin gidng nhau: kha ning bi
khtt gidm dan nhu sau:

andehit > xeton > axit



Nhiing tinh chdt cdn thiét dé khi axit cacboxylic thanh andehit :

- Nhém cacbonyl phai dugc hoat héa bdi nhém hit electron manbh.
- Nhém cacbonyl phdi 1a nhém dé khit nhit trong phan t(.

- Andehit tao thanh phdi dudc bdo vé chong lai sy khit sdu hon
bing cdch tao ra mot dan xuit khong bi kht nhu hydrat hoic
hemiaxetat hodc nhitng hgp chat cong khic.



Tong hgp Sorbitol, xitronellol va andehit salixylic biing phuong
phap dién hoa
a) Tong hgp sorbitol

CHO
H--OH H——0H HO——H
_ - H OH H——OH
HoH H.OH _HO——H H.OH, oo
HO+H H——OH
H-t OH H——OH O
CH,OH CHOH CHOH

Dang vong o Dang mach hé Dang vong P



Ty 1€ sorbitol tiéu thu:

v’ s/x vitamin 24%,

v m§ pham, kem ddnh ring 21%,

v’ thyc pham 15%,

v’ chat hoat dong bé mit va keo din 20%,
v' dugc pham 9%,

v’ giay da, dét va ciac nganh khic 11%.



CH,OH—(CHOH),—CHO + 28 + 2 H* — CH,OH—(CHOH),—CH,OH

Glucose Sorbitol

Dung dich di¢én phén : glucoza, Na,SO,
Hiéu suat phan wng 91,76 %
Piéu kién toi vu :
+ Catod va anod : Pb
+ ¢6 mang ngian gom xop.
+ Nhiét do 40°C
+pHS
+ [glucoza] =1,6 M
+i.=8 A/ dm?.



b) Téng hgp xitronellol

Xitronellol 12 hgp chat tectpenoit, c6 trong tinh dau clia mot sd

loa1 thuc vat.

H;C
_~C—CH,—CH,—CH,—CH—CH,—CH,0H
H,C—
CH;
hodc
H;C
C=CH—CH,—CH,—CH—CH,—CH,0OH
H;C

CH;

San pham cta pt khir Xitronellal

Xitronellal bi khtt truc ti€p trén catod trong khodng thé tir —1,62 V
dén — 2,00 V (SCE).



CH, CH,
CHO T2 7 2HY CH,OH

H;C CH; H;C CH

Xitronellal Xitronellol

Xitronellal khong tan trong nudc nén phan ti€n hanh trong hé nhii
tuong hitu cd - nudc.

Dd dién ly nuéc gom: Li,SO,, Bu,NI (tetrabutylamoniiodua).
Piéu kién téi vu:
+ Catod va anod biang Pb ; Mat @6 dong catot : 20 A/dm?
+ [(C,H,),NI] =0,17 M; pH 5,0 ; Ty 1€ tinh dau/dd dién ly = 25%.
+ Hiéu suit 94,78% ; do tinh khi€t cia sdn pham : 94,71%.



c) Tong hop andehit salixylic

Andehit salixylic 1a chit diu trong tdng hdp cdc chit quan
trong (Td Cumarin(I) diing trong huong li€u thudc 14, phu gia, 1am
béng, trong cdng nghiép ma ..., tong hop bang ptr ngung tu Perkin):

OH
\

Q . (CH;CO),0 CHaCODONa @
O \o

CHO

andehit salixylic Cumarin

Andehit salixylic woc téng hgp bang ptr ién khit axit salixylic :

OH OH
. ,e + oHT + H,0
CHO

COOH

Axit salixylic andehit salixylic



Axit salixylic bi kht¥ truc ti€p trén catod trong khodng thé tir —1.57 V
d&€n —1.80 V (SCE)

Dd dién phan : OHC,H,COOH, NaHCO,, Na,SO,, H,SO,, H,BO,

Piéu kién toi vu:

+ Nong do HOC,H,COOH 0,35 M.
+i.=25A/dm?

+pH 5,5

+ [H,BO,] 0,90 M.

+t0=259C

Hiéu suat 53.58%.



I1.2. Phan Gng oxyhéa 6 anod
Glasstone va Hicking : vai trd ctia goc tu do hydroxyl

oxidation
2:0H “Z—> 2o ——> HO;

HO + 120,



11.2.1 Phan Gng oxi hdéa cac hydrocarbon no

a) Oxi héa truc tiép : c6 thé nhuong 1 hay 2 dién tir cho anod; sau
do tac dung voi1 Nu hay baz

+40H.- 48 | (o oy _+20H. - 28
-3 H,0 - H,0

C.H,CH,

» C,H,COOH

b) Oxi hda gian tiép :
Thém chét van chuyén oxy (cation da hoa tri)



b) Oxi héa gidn tiép
OH =OH* + ¢
C,H, + OH* = *C,H,0H
Radical tao thanh lai ti€p tuc chuyé€n héa, sdn phadm cudi cling clia su
ox1 hoa etylen la CO, va H,O va pu tong quat la:
C,H, + 16 OH =2 CO> + 16 H,O + 12 &
Cac hydrocarbon c6 2, 3 nguyén tit C hoat ddng dién héa tot nhat.
Vd pu oxi hoa hidrocarbon no thanh axit tuong tng trong dung dich

sulfat c6 midt K,Cr,O,, Pt hay crom sulfat:

C.H, ., +60H -6e =C_H, COOH +4H,0

Hiéu sudt 70%; hi¢u sudt dong thap hon véi CH,COOH, C,H,COOH,
CH,(CH,),,COOH (axit palmitic), CH,(CH,),;COOH (axit stearic).
Trudng hdp hidrocarbon vong no nhu cyclohexan trén di€n cuc PbO,
s& bi oxi hda thanh cyclohexanol khong bén va ti€p tuc bi oxi héa.



I1.2.1.Phan Ung oxi héa muéi axit

2CH3C00" = 200, + CoHg = ’e

2CH3COOH + 0O —> CoHg + 2C0, -+ H->0

Pir Kolbe: d/c Pt, Ir tét. N&u dung Pd, Au, Ni, Fe - hiéu
suéat tao hydrocacbon gidm dang ké.

Két qua thu dugc toi uu :
+ Dién cuc Pt hon héng & nhiét do dudi 50°C.
+ Mat d6 dong anod : 0,25 A/cm?.



P& Kolbe 12 pir tbng hop dién hda hivu co dau tién va dén
nay van dwoc ap dung thuce tién.

Trong mot s6 diéu kién, radical c6 thé dwoc oxyhoa tiép dén
lon carbenium ion

RCOO —e— R + CO; — 1/2 R-R + CO;,

R°"— ¢ — R"(+Nu ) — R-Nu

- Mét hwédng mé rdng mai cua pl Kolbe la crosscoupling
reaction trong dé hai carboxylat dwoc oxyhda dong thdi. San
pham c6 thé gom cé dimers va cross-coupled.Néu st dung
carboxylate ré tién hon véi lwong dw |&i thi tu dwoe chd yéu 13 sp
cross-coupled. P& nay dwoc sir dung dé tbng hop cac
pheromones (cross-coupled Kolbe reaction).

- Diéu ché cac hop chat peroxide hiru co ...



- Radicals hinh thanh trong p& Kolbe ciing c6 thé twong tac voi
olefins — dimerize hoac oxidized thanh carbenium ion — pw v&i
nucleophile hoac cho proton — alkene: str dung cho phan wng
dong vong dé tao thanh nhém trifluormethyl group trong nhiéu hop
chat

Qué trinh oxy héa tiép dén ion carbenium dan t&i cac phan ing
acetoxylation, methoxylation or acetamidation, tuy theo dung
mo&i str dung






Pién phan gian tiep

Phan (rng dién cuwc 1a cda chat trung gian (mediator)
Sau dé mediator trao dél & v&l tac chat trong dd
Mediator v6 co: phirc KL chuyén tiép, ...

Mediator hiru co’ bat dau tr 1970s: vong thom (khiy), ...

A+¢e < A

A"+ RX - A+ R + X

A~ + R* - AR" (ghép cap)
A+ R*—> A + R (R* b1 khtr)

Tao cac lop mang MPCs, SAMs,... kich thwéc nano: dung
co dinh enzymes, biosensors,....



11.2.2. Phan Ung oxi héa clia hgp chat thom

2e + 2Py
—
MeCN, NaClO4

Antracen 9,10_dipyridin_9,10_dihydroantracel

Antracen bi oxi hdoa G thé dién cuc 0,9 V theo co ché:
- Nhudng electron thanh cation.

- Tac dung véi dung moi chat than hach.



11.2.2. Metoxyl héa furan : 100 tdn/ndm (Chau Au)

- OCH3
7N 24 >H3CO>©<
H O H

Furan 2,5 dimetoxi furan

dd NaBr/CH,OH
mat dé dong 0,15 A/cm?



111. Qui trinh s&n xuat
Adiponitrile

Nylon 66 dwoc s/x = plr trung ngwng acid adipic va
hexamethylenediamine. Riéng My > triéu tan/nam.
Adiponitrile 1a nguyén liéu trung gian dé s/x ca acid adipic
va hexamethylenediamine.

Hién nay adiponitrile chti yéu dung dé s/x
hexamethylenediamine vi acid adipic cé thé s/x bang pp
khac ré hon



NH,
(CHZ)6<

Hydrogenation NHZ |
Hexametylendiamin
condense

2 CH,CH,CN

hydrolisis
COOH

(CH2>4<

COOH
Acid adipic

Nylon 66

Nylon 66: (—HN(CH,);NH-CO- (CH,),CO-),



ADIPONITRILE

Nhiét d6 s6i 295°C
Nhiét d6 néng chay 1°C

Ti khoi 0,97
Tan trong nudGc trung binh
Tan trong alcol, cloroform tot

Ap suat hai bdo hoa (20°C) 0,3 Pa
Gigi han n6 1,7 — 4,9%



Adiponitrile s/x = pp dién hoa twr acrylonitrile. (> 400,000
tan/nam)
Acrylonitrile thu dwoc = plr oxy-amine hoa propylene trong pha
Khi

CH==CHCH3 + 0, + NH; X! 5 CH,CHCN

Propylen Acrylonitril
CH,CH,CN
2CH—CHCN + 2HO + &8 —> + 20H
H,CH,CN
Acrylonitril Adiponitril

- Phan &ng hydro-dimer hda trén catod
- co ché kha phure tap



Co ché phan tng

Dau tién acrylonitrile (AN) két hgp 2 dién ti va 1 ion H+
CH,=CHCN + H* + 2¢¢ —» -CH,CH,CN
Anion tao thanh ptr véi phan ti AN thd hai

CH,=CHCN + -CH,CH,CN — NCCH(CH,),CN
Anion dimer tac dung vGi H* tao thanh adiponitrile (ADN)
NCCHCH,CH,CH,CN + H* —  NC(CH,),CN



Mot s6 phan ung khac diéu ché adiponitrile:
Oxy hoa bang HNO, :

HNO,
@ SYCH,CH,COOH), Y% (CH,CH,CN),
Catalyst

Phan trng kho kiém soét

Hoac di tw buten
H HCN

CH,=CHCH,CH, 'X—/t>2 CH,=CHCHCH, —»  (CH,CH,CN),

Phan trng xay ra trong pha khi, nguyén liéu dat hon,...



Qui trinh Monsanto (1959)

- Dwa trén quan sat cua Nga: CH,CHCN pw v&i K(Hg) cho 60% ADN
- Thr nghiém : khtr dd nwéc CH,CHCN c6 chira mudl Na, K chi cho
propionitrile CH,CH,CN

- Néu dung dd trung hoa cé chira mudl RN thi tao thanh ADN

Cac dk thuan lol cho tao thanh ADN (> 90%):

- nong dé CH,CHCN va R,N cang cao cang tét. Khi [CH,CHCN] <
5% thi tao thanh CH,CH,CN.

- catod c6 qua thé hydro Ién (vi thé khir cia CH,CHCN = - 1,8 V).
- Vai tro cua R,N 1 hap phu 1&n bé mat dién cuc, tao 1 Iép mdng ky,
nwdc — ngan can p khtr nude.

- Can kiém soat phan &ng can than: pH, dac biét 1 16p dd gan d/cuc



M&i truéng acid cho sdn pham chinh Ia propionitrile
+ € _+€
CH,=CHCN — [CH,CHCN] i CH,CH,CN

Mdi truéng baz cho mét s6 san pham phu

) H20 i
OH ]

2CH,=CHCN » HOCH,>CHCN » HOCH,CH,CN + OH
OH_ CH2=CHCN O/CHQCHCN

HOCH,CH-CN i 4 ]
Aup. “h,0 > OCH,CH,CN > CH,GHON

H,O CH,CH,CN i

S - o T * 4 OH

CH,CH,CN

Gitr pH 6n dinh khé khan vi trong gt dimer héa sinh ra OH-



Hai dwong phan tng c6 thé tao ra adiponitril Ia :

20 CHCN

e 3%

CH,=CHCN———> | CHy>= CHCN 2C CHzCN>
2

Q\O&O (Lm :
% s

CHZCHCN
CHZCHCN

< Trimer va polymer cé thé theo phan &ng phu sau :

(|3H2CHCN CH,CH,CN
] CH,=CHCN CH,CHCN 2H,0
<HQC——CHCN> , (heC 2 . CH,CHCN
2 CH,CHCN  _20H CH,CH,CN

< Nhirng phan trng nay dwoc xuc tac béi ion hydroxid.



Nhiing yéu cau chung

= NoOng do acrylonitrile, tetraalkilammonium
cang cao cang tot

= Tranh OH- tap trung ¢ catod.



Pién phan cé mang ngan (cong nghé cii Monsanto-1964)

- Dd catolit : gébm 40%

0.7cm mang ngan thdm thau cation

R tetraetyla[ninoetylsulfat + 28"’/0
2 / nwdc, phan con lai la tac chat va
e N san pham. ‘
/m : K> - Catod Pb (1, cao), can loal Ni.
o ? hion N ez - Nhirng hop chat hivu co trong dd
? IR § catolit s& phan huy néu & bén
A anod — can mang ngan: cho
Ally T cation di qua.
T % HS0, = P& anod: chon p& don gidn nhat
e — pl thodt khi oxy
fac-craon) 16%) = Dd anolit : H,SO,
;20(28%) = Anod: PbOZ-AgO: Ag lam giém
08, % No Va tang d6 khang &n mon cua

anod.



Tranh ptr phu can dong chay catolit nhanh
— D06 chuyén héa thap : 0,2%

— Tach san phdm, bd sung va tuan hoan catolit

’
2
3
4

Lam lanh: tdch ADN + AN khél QS
Rira dong nwéc nguwoc : tach hoan toan QS
Cot mam ray : tach AND va AN

)
)
)
) Chwng cat ADN



Qui trinh Monsanto

MO, ANFADNHQS )
AN
i AN
BE chita | o
dd anod Be chira

Cot trich

Cot trich

May trich AN

QSHH,0 QS*HH,0

AN - acrilonitrile; AND- adiponitrile; QS — mudl RN

ADN



Vao nhirtng nam 60 14 CN tién tién, hon han pp hda hoc

Mét phan xwéng khoang 16 stacks, 1 stack gom 24 bé
dphan — céng suat ~ 14 — 15.000 tan / nam.

Riéng phan dp: 6700 kWh/tan.

Nhwoc diém:

Tiéu thu nang lwgng Ién:

. d6 dan dién caa catolit kém (it nwéce, nhiéu HC)

« Khoang céch gitra 2 dcwc I&n (7 mm) va khong thé giam
hon.

« mang ngan (R).

E., =3V,U,,, =12V — 75% NL dung dé khac phuc R

Thiét ké bé phtrc tap

Qua trinh tach sp phire tap va tén kém



PHAT TRIEN

1970s, Nhat (Asahi): van dung catod Pb, mang ngén; Nhwng:

= Catolit nhd twong = dd bao hoa AN (7%) + 12% etyltributylammonium
bisulfat

= Tach sp dé dang: ADN + AN trong pha HC; QS trong pha nuwéc
= Catolit co tinh acid
" tang x — Ups giam

= Sp phu cha yéu |4 propionitrile



DAy chuyén dién phan c6 mang ngiin - Asahi Nhat Ban

AN, PN
H,0 AN
0, AN
A\ 4
VLV f \
3
-4 \A/ A \\r HZO
PN
{LO Phan d& hoi
N —
1 12
9 0 13
) L
8
L ADN
e
14

AN acrylonitryl
ADN: adipodinitryl
PN propionitryl

T Oligome

I-Thung dién phan;

2—-Binh chtra anolit; 3 - Binh chtra
catolit

4 — Tach pha hitu co

5,9 — Binh phan tich AND va AN;

6 - Cot chung AN

7 - Cot chung thanh phan dé boc hoi
cua 1op nudc

8 - Thié‘g bi lérp sach catolit ;10 -
Thiét bi boc hoi

1T - Cot tach oligome

12 - Cot dudi thanh phan bay hoi
khoi ADN

13 - Cot tach Adiponitrile khoi phan
nhe

14 — Binh chtra oligome



Bé khéng mang ngan

Nhirng c6 gang dau tién: P& Anod hy sinh

Anod: PbO, , ptr cua isopropanol

(CH,),CH-OH - 2& — (CH,),CH=0 + 2 H*

Dé xay ra hon so vol pir oxyhoa ctia AN va QS; gilp
on dinh pH (trung hoa OH- sinh ra & catod).

HS dong: 70%

BASF (Duc):

= Dd dién ly: AN (55%), isopropanol (28%, vira |a chat khir cuc
anod, vra la déng dung moi), nwéc 16%, R N (1%).

= Binh dp : bipolar capillary gap cell ~ 0,2 mm. B/cuwc C

= SL ADN > 90%; aceton c6 thé tai st dung: khir v&l xUc tac vé
iIsopropanol



Nga :

= Catod C, anod Fe;O, — ngan can oxyh6a ADN, thém HPBM

= Dddly : nhd twong AN/H,O; dém phosphat trong H,O0;
(C,H5),N(OH),,

= Uu: giam tiéu thu NL 50%

= Nhwoe: tinh &n mon yéu; duy tri nhiét dé thap (< t° phong).

Phillips :

Khéng can chat khir cwee anod, néng dé R,N thap (0,03%)
= Catod : Pb; Anod : thép; ptr anod — thoat khi O,

= Dd dién ly : bao hoa AN (6%) trong nwdc (dém phosphat)

= SL AND > 90%; sp phu: propionitrile va trimer; khéng c6 pw
hoa hoc do OH-



Cong nghé mél cua Monsanto (cudl nhirng nam 70)

Khong mang ngan

= Dd dly: nhd twong AN (7% - bao hoa) trong dém phosphat (15%
Na,HPO,); R;N* 0,4% [C,H:(C,Hg),N(CH,)N(C,Hg),CoH:]

= (C,Hy), dwoc diéu ché tr NH,(CH,);NH, (sptg cua AND — Nylon 66)

= P& anod: thoat khi oxy

= DPién cuwc kép: thép carbon; mat catod ma Cd; gap 2 mm

= V/d &n mon (t6n kém va nguy hiém!)

Gial quyét:

« chat trc ché &n mon borax (2%) & EDTA (0,5%) — gidm 95% &n mon.

- EDTA c6 vai trd & ca catod: tao phirc — giam két tha KL, gidm thoat
khi hydro

= Toc d6 chay: 1-2 m/s, tuan hoan, tach pha hiru co.
Pha HC: 55% AND + 45% AN
= R4t ré va tién lgl, > 200.000 tAn/nam



Dién phan khong mang ngan Monsanto méi

16p Cadimi
2mm

<> .
_ Tam thép
cacbon

L6p nhii twong g6m CH,=CHCN/(CH,CH,CN),
va nu6c chta NaHPO4 (15%)
C,H5(C4Ho)N"(C4Ho),CoHs (0-4%)
Na,EDTA (0-5%)
Borax 2%



So d6 san xuiat ADN bé dién phan khong mang ngin

TetrametylamlnoK PO, AN AN V€ 3

“Hes g Gl

‘ 10 12

_/
v l‘ \T N
8 vé §

L

: j/ ve 1 . \f 15
oligome
ADN \l/

1-3: thing dinh muc; 4: bé dién phan; 5,14: thiét bi lam lanh; 6,8: cot hap thu
7: thiét bi phan tach pha; 9,11: Cot tinh luyén; 10: Thung chtra dang phi AN-nudc
12: Binh chira propionitryl; 13: Binh lang; 15: Binh chira ADN

N
4—

Yy Vo




Su khac biét gitra hai loai binh dién phan

Cd mang ngan

Khéng cé mang ngan

Catod: Pb

Anod: PbO,-AgO

Catolit: 40%
tetraethylammonium
ethylsulfat, 28% nudc, chat
nén va san pham

Dd anod: H,SO, (5%)

Catod: Cd

Anod: thép cacbon

Dd: Na,HPO,(15%),
CZHS(C4H9)2N+(C4H9)2C2H,
Na,EDTA(0-5%), Borax 2%,
hon hgp tac chat va san
pham.




Hiéu suat phu thudc vao vat liéu lam catod

Trong ciing diéu kién dién phan thi hiéu suat cta san pham theo

vat licu lam catod nhu sau:

Vat liéu catod Graphit

Cd

Pb

Hg

Ni

Hiéu suat ADN % | 99,6

95,4

88

86,4

81

* Hiéu suat san pham tot nhat khi vat liéu catod c6 qu4 thé hidro

cao nhu chi, graphit, cadimi.

* Hién nay thuong dung Cd vi cho hiéu suat on dinh trong thoi

gian van hanh lau dai




So sanh hai cong nghé Monsanto

C6 mang ngan

Khéng mang ngan

% adiponitrile 92 88
Gap gitra d/cwc, cm 0,7 0,18
Po dan dién, Q.cm 38 (catolit) 12
Toc dd chay, m/s 2 1-1,5
Mat d6 dong, A/lcm? 0,45 0,20
Phan bo thé, V:
E 2,9 2,9
> n 1,22 0,87
IR4q 6,24 0,47
iRméng 1,69 -
Téng hiéu thé binh 11,65 3,84
Tiéu thu nang lweng, 6700 2500

kWh/tan




