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xUc tac cao, va c6 thé kiém soat theo mong mudn d6 chon loc cua aldehyt mach c6 nhanh

sinh ra.
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Linh vire ky thuit dwoc dé cap

Sang ché d& cap dén ché phim xic tac cho phan tng hydroformyl hoa va quy
trinh hydroformyl héa st dung ché phdm xuc tac ndy, va cu thé hon, sang ché dé cép
dn ché phim xuc tac chira chét xdc tac kim loai chuyén tiép va phdi tir phosphin don
cang cho hop chét trén co s& olefin, va quy trinh hydroformyl st dung ché phim xtic

tac nay.
Tinh trang k§ thuat cta sang ché

Phan tmg hydroformyl hoéa sinh ra aldehyt mach thing va mach cé nhénh c6
nhiéu hon olefin mét nguyén tir cacbon bing phan g ctia cacbon monooxit (CO) va
hydro (Hz) ma thudong duoc goi 1a khi tdng hop véi sur cé mit clia chat xtc tac co kim

ddng nhét va phdi tir duge phat hién ra 1an dau tién béi Otto Roelen & Dirc ndm 1938.

Théng thuong, phan img hydroformyl héa da dugc biét dén 13 phan tmg oxo, 12
phan tng rit quan trong trong cong nghi€p xét vé& phan mg xdc tic hé dong nht.
Ngay nay, khoang 9.600.000 tAn adhehyt (bao gém din xuét rugu) dugc sin xuét ra
béng quy trinh oxo trén toan thé gi6i (SRI report, September 2006, 682. 7000 trang 7).

Céc loai aldehyt khac nhau dugc san xuét ra bing phan tmg oxo dugc oxy héa
thanh axit carboxylic hoic dugc hydro héa thanh rugu. Hon nita, ciing c6 thé bién dbi
aldehyt thanh axit hodc rugu c6 mach alkyl dai thong qua su ngung tu aldol va sau d6
1a sy oxy hoa hoac khir. Cu thé, rugu hydro hoa ctia aldehyt, ma thu dugc b%ng phéan
g oxo, duge goi 1a rugu oxo. Rugu oxo duge st dung rong rdi trong cong nghiép
lam dung moi, chét phu gia, cac loai nguyén li€u thd khac nhau cta chit 1am mém déo,

hodc chét boi tron tdng hop.

D3 bibt ring chit xtic tic hop chit cacbonyl kim loai ¢6 hoat tinh xtc tac cho
phan Ung hydroformyl, va hau hét tip trung vao coban (Co) rodi (Rh). D chon loc,
hoat tinh va d6 én dinh N/I (ty 16 cta cac chit ddng phan mach thing véi mach nhanh)

clia c4c aldehyt thay ddi theo loai phdi tir sir dung va diéu kién thyc hién phan tmg.
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Cho dén nay, quy trinh oxo 4p sut thip trén co sé rodi (quy trinh LPO - low-
pressure 0xo0) d3 dugc sir dung trong it nhét 70% nha mdy oxo trén toan thé giéi nho
hidu sult cao, san lugng san phdm thong thudng cao, va diéu kién phan ng ém diu
mic dii ¢6 cac nhuoc diém do chét xic tic dit tidn va mat hoat tinh chat xtc téc do
nhiém doc.

Kim loai trung tdm cua kim loai oxo ¢6 thé dugc sir dung 13 kim loai chuyén
tiép, nhu iridi (Ir), ruteni (Ru), osimi (Os), platin (Pt), paladi (Pd), sit (Fe), hodc niken
(Ni). V& kim loai chuyén tiép, dd biét dugc thir tw hoat tinh xdc tac 1a Rh >> Co > Ir,
Ru > Os > Pt>Pd>Fe > Ni.

Pt va Rh 14 kim loai chuyén tiép nhém 8 chit yéu di dugc st dung trong quy
trinh oxo, vi du, HCo(CO)s, HCo(CO)3PBus va HRh(CO)(PR3)s. Pt va Ru 1a cac d6i
tugng chinh dugc quan tdm trong ly thuyét. Do d6, Co dugc st dung trong nghién ciru
Iy thuyét, va hién nay hau hét céc quy trinh oxo trong cdng nghiép déu sir dung rodi va

coban, c6 thé bao gom mdt vi du dien hinh.

Vi du vé phdi tir sir dung trong quy trinh oxo bao gdm (PR3, R 1a CsHs, hodc n-
C4Hy), phosphin oxit (O=P(C¢Hs)3) va phosphit. Trong trudng hop st dung rodi lam
kim loai trung tAm, d4 biét ring hiu nhu khéng c6 mit phdi tir ma c6 hoat tinh xtic tac
va d6 4n dinh t8t hon so véi triphenylphosphin (TPP). Do d6, trong hdu hét cac quy
trinh oxo, kim loai rodi (Rh) dugc st dung lam chét xtc tac va TPP duogc st dung lam
phbi tir. Hon nita, d ting tinh 6n dinh ciia h¢ xtc téc, phdi tir TPP dugc st dung véi

luong chidm it nhdt 100 dwong lugng cta chét xtic tac.

Do gié tri ctia din xuét aldehyt mach thing thudng cao trong s6 céc aldehyt 12
san phim ctia phan tng oxo, nhiéu nghién ctru d3 dugc thyc hién dé nang cao ty 1€ cua
aldehyt mach thing so v&i chét xtc tac. Tuy nhién, gln ddy, c4c san phdm thu duoc
bing cach sir dung aldehyt mach c6 nhénh lam nguyén liéu tho thay vi aldehyt mach
thing, vi du, axit isobutyric, neopentyl glycol (NPG), 2,2,4-trimetyl-1,3-pentandiol,
axit isovaleric va chit twong tw da duoc phat trién, do d6 gia ting viéc st dung aldehyt
mach c6 nhanh. Do d9, cé nhu ciu phét trién k¥ thuat san xuét aldehyt mach c6 nhanh
cAn thiét trén thi trudng bang cach kiém soat 6 chon loc N/I mong mudn trong khi c6

hoat tinh xtic tic va db dn dinh tuyét voi, ciing véi viée giam lugng phdi tir.
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Ban chit ky thuét ciia sing ché

Séng ché dugc thuc hién khi xem xét céc vén dé trong linh vuc lién quan &
trén, va do d6 tic gia sang ché da nhén ra rang khi phéi tir phosphin don cang duoc sir
dung trong phan tmg hydroformyl héa olefin cing mdt lic, hoat tinh xuc tac va do 6n
dinh 1 tuyét véi, phdi tir duoc str dung véi lugng duoc giam bét, va cé thé kiém soat

duoc @6 chon loc aldehyt mach c6 nhanh.

Do d6, muc dich ctia sang ché dé d& xut ché pham xuc tac chira chit xuc tac
kim loai chuyén tiép va phdi tir phosphin don cang, va quy trinh hydroformyl héa st
dung ché phim xtc tac ndy, trong d6 ché phim xc tac ¢6 thé lam ting d6 bn dinh xtc
tac, lam giam luong phéi tlr, thé hién hoat tinh xtic tic cao, va cling mot lic cling lam

ting do chon loc cua aldehyt mach c6 nhanh san xuét ra.

Do d6, sang ché @ xuét ché phdm xtc tic cho phan tmg hydroformyl hoa chira
phéi tir phosphin don cang duoc thé hién bing cong thirc 1 sau ddy; va chat xic téc

kim loai chuyén tiép dugc thé hién bing cong thirc 2 sau day:

<Codng thue 1>

i .- A2

trong d6 mdi R, R2 va R3 'déc 14p véi nhau 1a nhom alkyl ¢6 tir 1 dén 3 nguyén

tr cacbon; hodc nhom alkoxy cé tir 1 dén 5 nguyén tir cacbon.
<Cong thuc 2>
MLYHxLAy(L?)z

trong d6 M 1a nhém bét ky duge chon tlt coban (Co), rodi (Rh) va iridi (Ir),
mdi LI, L? va L3 doc 14p v6i nhau duoc chon tir nhém bao gbm hydro, CO,

xyclooctadien, norbornen, clo, triphenylphosphin hogc axetylaxetonato,
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mdi X, y va z ddc 1ap v6i nhau c6 gia tr tir 0 dén 5, x, y va z khong c6 gid tri 0

cung mdt luc.
Hon nita, sang ché d& xudt quy trinh hydroformyl héa hop chét trén co s&
olefin, bao gdm phan {mg ctia hop chét dua trén co c& olefin, va khi cacbon monooxit
va hydro tbng hop véi su c6 mit cia ché phﬁm xuc tac theo sang ché dé sinh ra

aldehyt.
Sau ddy, sang ché s& dugc mo ta chi tiét hon.
M@ ta chi tiét sang ché
Séang ché d& cap dén ché pham xtic tac cho phan ting hydroformyl héa chira (a)

phbi tir phosphin don cang dugc thé hién bing cong thire 1 sau ddy; va (b) chét xtc tac

kim loai chuyén tiép dwoc thé hién bang cong thic 2 sau day:

<Cong thuc 1>

trong d6 mdi Ri, Rz va R3 doc 14p v6i nhau 1a nhém alkyl ¢ tir 1 dén 3 nguyén
tir cacbon; hodc nhém alkoxy c6 tir 1 dén 5 nguyén tir cacbon.

Sang ché loai trir viéc mdi R1, Rz, va Rs doc 1dp v6i nhau duge thé bang bat ky
nhém nao duge chon tir nhém bao gdm nhém nitro (-NO2), nhém flo (-F), nhom clo (-
Cl), nhém brom (Br), va nhém silyl (-SiR, trong dé R duoc chon tir nguyén tir hydro,
nhém alkyl hodc nhém alkoxy); hodc toan bd tir Ry dén R3 déu 1a nguyén tir hydro lam
phdi tir phosphin don cang.

<Cong thuc 2>

MYy (L )z
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trong d6 M 1a nhém bét ky duogc chon tir coban (Co), rodi (Rh) va iridi (Ir),
mdi L!, L2 va L3 doc 1dp v6i nhau duge chon tir nhom bao gbm hydro, CO,

xyclooctadien, norbornen, clo, triphenylphosphin hodc axetylaxetonato,

mdi x, y va z doc 14p véi nhau c6 gid tri tir 0 dén 5, X, y va z khong c6 gid tri 0 cling

mot lac.

Ché phim xtic tac cho phan tmg hydroformyl héa chita hop chét phosphin don
cang duoc thé hién bang cong thirc 1 & trén 1am phdi tir theo sang ché c6 cic dic diém
k¥ thuat @& c6 thé thu dugc do dn dinh xtc tic ning cao va hoat tinh xic tic cao, va ¢d
thé kiém soat duoc sy chon loc aldehyt mach ¢6 nhanh san xuét ra theo nhu mong

mubn.

MOi phén tir thé ctia ché phdm xtc tac cho phan mg hydroformyl héa s& duge
mo t4 chi tiét.
(a) phéi tir phosphin don cang

Tét hon ché phim xuc tic chira phdi tir phosphin don cang dugc thé hién bang
cong thirc 1 & trén. Phéi tir phosphin don cang dugc sir dung lién tuc trong quy trinh
thu hdi aldehyt ctia quy trinh hydroformyl héa lién tuc. Do d6, mdt phdi tir mong
mudn duge lya chon khi xem xét d6 chon loc aldehyt mach c6 nhdnh mong mubn va
duoc phun vao trong 16 phan tng. Do d6, d& dang st dung cac phdi tir & trén trong

thuc tién.

Nh ché phim xtic téc theo séng ché va quy trinh hydroformyl héa sir dung ché
phim xtc tac ndy, st dung dugc mot minh phdi tir phosphin don cang trong phan g
hydroformyl hoa olefin dé thu dugc d6 dn dinh xtc tac nang cao, hoat tinh xuc tac cao
va giam duoc lugng phéi tir cung véi kiém soat duoc d6 chon loc aldehyt mach c6

nhanh sinh ra mét cach ddng mong muodn.

Tt hon phéi tir phosphin don cang dugc th8 hién bang cong thic 1 & trén 1a
mdt hodc nhiéu nhém duoc chon tir nhém bao gdm tri-p-tolylphosphin (TPTP), tri-p-
etylphenylphosphin (TPEtPP), tris-p-metoxyphenyl phosphin (TMPP) va tri-p-
isopropoxyphenyl phosphin (TIPPP). T6t hon, phdi tir phoslhine don cang 1a mot hogic
nhidu chit duoc chon tit nhém bao gdm tri-p-tollylphosphin (TPTP) dugc thé hién
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bing cong thirc 4 sau day, va tris-p-metoxyphenyl phosphin (TMPP) dugc thé hién

béng cong thic 5 sau diy:

<Cong thuc 4>

1eWos

<Cong thuc 5>

MeO ~~ om
) P e

OMe

Ham luong phdi tir phosphin don cang dugce thé hién bang cong thic 1 & trén
t6t hon nim trong khoang tir 5 dén 100 mol, va t6t hon ndm trong khoang tir 10 dén 50
mol, dwa trén 1 mol kim loai trung tim ciia chét xdc tac kim loai chuyén tiép dugc thé
hién bing cong thirc 2 & trén. Theo do, khi ham lugng nay nho hon 5 mol dya trén 1
mol kim loai trung tAm ctia chét xtc tic kim loai chuyén tiép, c6 vén d& vé kha ning
phan tmg kém cta chét xtic tic. Khi him luong ndy 16n hon 100 mol, ¢6 van d& vé toc

b phan tmg bi gidm do lugng phdi tir dit tién thira.

Tt hon, ham lwong phéi tir phosphin don cang dugce thé hién bing cbng thirc 1
nim trong khoang tir 1,5 dén 4,0% khéi lvong dua trén téng khéi luong ché phim xtc
tac. Theo d6, khi ham lugng ndy nhé hon 1,5% khéi lugng dya trén tbng khéi luong
cua ché phim xic tic, c6 vin dé vé @6 n dinh xtc tac. Néu ham lugng ndy 16n hon
4,0% khéi lugng, do thira Iuong phéi tir dét tién st dung ma khong ¢6 thém bat ky loi

ich nao, cé van dé vé su ting chi phi.
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Tét hon, ham lugng ndy nim trong khoang tir 1,5 dén 3,0% khéi lugng dwa
trén tdng khdi luong ctia ché phim xtc tac do hoat tinh xuc tac c6 thé duoc t6i da hoa

va cling c6 thé ning cao d¢ chon loc N/I.

Cu thé, trong trudng hop sit dung tri-p-tollylphosphin (TPTP) duge thé hién
bing cong thitc 4 & trén 1am phéi tir, ham lugng chit nay t5t hon nim trong khoang tir
2,0 dén 3,0% khéi luong dya trén téng khéi luong cua ché phém xuc tac, va d6 chon
loc aldehyt mach c6 nhanh, va trong trudng hop st dung tris-p-metoxyphenyl
phosphin (TMPP) dugc thé hién béng cong thirc 5 & trén, ham lugng chit nay t6t hon
nim trong khoang tir 1,5 dn 2,1% khdi luong dya trén tdng khdi lugng cia ché phim

xuc tac, dé toi da hda do on dinh xtc tac, hoat tinh xuc tac.

Tét hon, phdi tir phosphin don cang 1& hdn hop cua tri-p-tollylphosphin (TPTP)
duoc thé hién bing cong thiic 4, va tris-p-metoxyphenyl phosphin (TMPP) dugc thé

hién bing cong thic 5.

Trong truong hop st dung chit don cang 13 hdn hgp cua tri-p-tollylphosphin
(TPTP) dugc thd hién bing cong thirc 4 & trén va tris-p-metoxyphenyl phosphin
(TMPP) duoc thé hién bing cong thic 5 & trén, ¢6 thé thay dbi ham lugng ctia TPTP
t5t hon nim trong khoang tir 1 dén 2% khéi lugng va ham luong cia TMPP t5t hon
ndm trong khoang tir 0,5 dén 1,0% khdi lwong dua trén tdng khéi luong ché phim xtic

tac theo dd 6n dinh xdc tac va d6 chon loc N/L
(b) Chét xtc tac kim loai chuyén tiép

V& chét xtc tac kim loai chuyén tiép dwoc thé hién bang cong thirc 2 & trén, c6
céc truong hop khi L!1a CO, 1?14 axetylaxetonato, v x, vd y lan luot c6 gié tri 13 2 va
1, (z ¢6 gié tri 0), khi L' 14 CO, 1?13 axetylaxetonato, L? 1 triphenylphosphin, va x, y
va z ddu c6 gi4 tri 1, va khi L!1a CO, L2 14 hydro, L? 14 triphenylphosphin, mdi x, y va

z d6c lap véinhaula 1, 1 va 3.

T&t hon, chét xtic tac kim loai chuyén tiép dugc thé hién béng cong thirc 2 &
trén 12 mot hodc nhiu chit duoc chon tir nhém bao gém cobancacbonyl [Co2(CO)s],
axetylaxetonatodicacbonylrodi [Rh(AcAc)(CO):],
axetylaxetonatocacbonyltriphenylphosphinrodi [Rh(AcAc)(CO)(TPP), ROPAC],
hydridocacbonyltri(triphenylphosphin)rodi [HRh(CO)(TPP)s],
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axetylaxetonatodicacbonyliridi [Ir(AcAc)(CO)], va
hydridocacbonyltri(triphenylphosphin)iridi [HIr(CO)(TPP)s].

T8t hon, chét xtc tac kim loai chuyén tiép duoc chon tir
axetylaxetonatodicacbonylrodi [Rh(AcAc)(CO).] va/hodc
axetylaxetonatocacbonyltriphenylphosphinrodi [Rh(AcAc)(CO)(TPP), ROPAC].

Trong trudng hop L trong chét xic tac kim loai chuyén tiép dugc thé hién bing
cong thirc 2 & trén 1a triphenyphosphin, n6é dugc thé bang cong thirc 4 hodc cong thic
5 1am phdi tir c6 kha ning tiép can dién tir tuyét voi vao kim loai sau khi duge bd sung
vao 10 phan tng, dé khong gy ra bit ky anh hudng bat loi ndo cho phan ung va céc
phdi tir dugc sir dung lién tuc trong sudt quy trinh thu hdi aldehyt ctia quy trinh
hydroformyl héa lién tuc.

Tt hon, v& ham luong chét xuc tac kim loai chuyén tiép & trén duoc thé hién
bing cong thirc 2 & trén, ham lugng kim loai trung tdm nim trong khoang tir 10 dén
1000 ppm (parts per million: phén tridu) dua trén khdi lwong hoic thé tich ché phdm
xtic tic. Tt hon, ham lwong nay nim trong khoang tir 50 dén 500 ppm. Trong trudng
hop ham lugng cta kim loai chuyén tiép nhé hon 10 ppm, do tbc d6 phan tmg
hydroformyl hoéa chdm, nén khéng mong mudn ham lugng nay trong thuc tién. Trong
trudng hop ham luong kim loai chuyén tiép 16n hon 1000 ppm, do kim loai chuyén
tiép nay dét tién, nén chi phi ting cao va khong thu dugc hiéu qua tuyét voi v& mit tbc

do phan Ung.

Hon nita, sang ché dé& cip dén quy trinh hydroformyl héa hop chét trén co s&
olefin, bao gdm phan tmg ctia hop chét dua trén co cd olefin, va khi cacbon monooxit
va hydro tdng hop véi su c6 mit cia ché phidm xuc tac theo sang ché d sinh ra

aldehyt.

Céc thanh phin va ham lugng cu thé ctia ché phidm xuc tac da duoc & cap o
trén. Ché phim xuc tac c6 thé dugc san xuét ra bang céch hoa tan céc thanh phin ¢
trén trong dung moi.

Trong quy trinh hydroformyl héa & trén, vi du vé dung moi & trén cb thé bao

gébm mdt hoic nhidu hop chét dugc chon tir nhém bao gdm cac aldehyt bao gdm

propan aldehyt, butyl aldehyt, pentyl aldehyt, va valer aldehyt; cac keton bao gbm
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axeton, metyl etyl keton, metyl isobutyl keton, axetophenon, va xyclohexanon; cac
rugu bao gém etanol, pentanol, octanol, va texanol; cac hop chét thom bao gém
benzen, toluen, va xylen; cic hop chét thom halogen héa bao gdm ortho-diclobenzen;
céc ete bao gdm tetrahydrofuran, dimetoxyetan, va dioxan; cdc parafin halogen héa
bao gdm metylen clorua; va cc paraffin hydrocacbon bao gdm nhu heptan. Tét hon,

c6 thé str dung aldehyt sinh ra tir phan tmg hydroformyl héa.

Trong quy trinh hydroformyl héa & trén, t5t hon hop chét trén co s& olefin &
trén 13 hop chit dugc thé hién bing cong thirc 3 sau day:

<Cong thuc 3>

Ra’ RS

trong d6 mdi R4 va Rs ddc 14p v6i nhau dugc chon tir nhém bao gém hydro,
nhém alkyl c6 tir 1 dén 20 nguyén tir cacbon, nhém flo (-F), nhém clo (-Cl), nhém
brom (-Br), nhém triflometyl (-CF3) va nhém aryl cc") tir 0 dén 5 nhém phan tir thé va
tir 6 dén 20 nguyén tir cacbon, va phan tir thé nay 1 nhém nitro (-NO2), flo (-F), clo (-
Cl), brom (-Br), nhém metyl, nhom etyl, nhém propyl hodc nhém butyl khi nhém aryl

dugc thé.

Cu thé, hop chét trén co s& olefin dugc thé hién b'img cong thirc 3 ¢co thé 1a mot
hodc nhiéu hop chit duoc chon tir nhém bao gém eten, propen, 1-buten, 1-penten, 1-

hexen, 1-octen, va styren.

Trong quy trinh hydroformyl héa & trén, ty 18 thanh phén ctia cacbon monooxit
v6i hydro (CO:Hz) ma 14 khi tdng hop c¢6 thé thay ddi, tot hon trong khoang tir 5:95
dén 70:30, t5t hon tir khoang 40:60 dén 60:40, va t&t nhét tir khoang 50:50 dén 40:60.
Trong trudng hop ty 1€ mol ndy nhd hon 5:95 hodc 16n hon 70:30, do khi khéng phan
{mg trong phén tmg quéa nhiéu & trong 16 phan tmg, c6 nguy co lam gidm kha ning

phan trng ctia chat xuc téc.

Trong quy trinh hydroformyl héa, c6 thé bao gdm céc didu kién phan tmg khac

d3 biét trong linh vyc nay ngoai trir ché phdm xtdic tac.

-10-
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Vi duy, trong quy trinh hydroformyl hoa & trén, quy trinh hydroformyl héa dugc
thyc hién & nhiét do phan tng nim trong khoang tir khoang 20 dén 180°C, tdt hon tir
khoang 50 dén 150 °C, va t6t nhét tir khoang 75 dén 125 °C. Trong trudng hop nhiét do
phan tmg nhé hon 20°C, c¢6 vin dé & chd khéng tién hanh duoc phan tmg hydroformyl
héa. Trong truong hop nhiét d§ phan tng 16n hon 180 °C, cé van d& lam giam hoat

tinh xuc tac, @6 6n dinh xtc tac bi anh hudng nhiéu.

Trong quy trinh hydroformyl héa & trén, quy trinh hydroformyl héa duogc thuc
hién & 4p sudt phan tmg ndm trong khoéng tir khoang 1 dén 70000KPa, tdt hon tir
khoang 100 dén 30.000KPar, va t6t nhét tir khoang 500 dén 3000KPa. Trong trudng
hop 4p sudt phan Ung nhd hon 100KPa, do khong thyc hién dugc phan Ung
hydroformyl héa, 4p sudt niy khong duoc mong mudn trong thuc tién. Trong trudng
hop 4p sudt phan tmg 16n hon 70000KPa, do phai sir dung 16 phan img dit tién do
nguy co nd trong quy trinh nay hydroformyl héa lai khong c6 wu diém v& @6 hoat dong

cu thé, 4p suét nay khong duoc mong mudn trong thuc tién cong nghiép.

Phén tmg cta quy trinh hydroformyl héa & trén c6 thé dugc thé hién bang
phuong trinh phéan tng 1 sau day:

<Phuong trinh phan tmg 1>

R1 R2 0 0
lim. [ J I n
M(LD)x(L2)y(L3)z + EE] CO/H2  HC N CH

B

(Chét xtic tic kim
loai chuyén tiép)

.
R3 R4 R5 R4 R5 R4 RS

Nhu thé hién trong phwong trinh phan tng 1, dau tién, chit xic tic kim loai
chuyén tiép va phéi tir dugc hoa tan trong dung mdi nhu benzen, toluen, etanol,
pentanol, octanol, hexanol, butylaldehyt, va pentylaldehyt dé diéu ché hdn hop dung

dich chét xtc tic va phdi tir.

Sau d6, hop chét dya trén olefin 3, va khi tdng hop 4 chira cacbon monoxit va
hydro dwoc phun vao 16 phan tng cling v&i hdn hop dung dich chita chit xtc tac va

phdi tir, duoc khudy manh, gia nhiét va nén dé thuc hién phan tmg hydroformyl héa.
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Hiéu qua c6 lgi cla sang che

Nho ché phdm xtc tac theo sang ché va quy trinh hydroformyl héa st dung ché
phdm xic tac ndy, st dung dugc mdt minh phdi tir phosphin don cang trong phén Ung
hydroformyl hoéa olefin dé thu dugc d6 6n dinh xtic téc ning cao, hoat tinh xic tic cao
va giam dugc lugng phéi tir cung voi kiém soat dugc d6 chon loc aldehyt mach c6

nhanh sinh ra ra m¢t cach ddng mong mudn.

Phdi tir phosphin don cang dugc sir dung lién tuc trong quy trinh thu hdi
aldehyt cia quy trinh hydroformyl hoéa lién tuc. Do d6, phdi tir mong mubn dugc lya
chon theo d6 lya chon aldehyt mach c6 nhanh mong mudn va dugc phun vao 10 phan

tng. Do d6, d& dang sir dung céc phdi tir & trén trong thyc té.
Sau ddy, sang ché s& duoc mé ta chi tiét hon trong cac vi du va vi du so sénh.
Vi du thwe hién sing ché

Tuy nhién, sang ché c6 thé duoc thé hién ¢ nhiéu dang khac nhau va s& khong
'bi gi6i han & cdc vi du dua ra trong sang ché. Hon nita, cac vi dy nay dugc de xuat dé
ban mo ta dugc tron ven va hoan thién va truyén dat dugc day du co s& clia sang che

cho ngudi ¢ hidu biét trung binh vé linh vuc k¥ thuat nay.

Céc vi du tr 1 dén 9: Phan ung hydroformyl héa propen st dung chit xtc téc
axetylaxetonatocacbonyltriphenylphosphinrodi (Rh(AcAc)(CO)(TPP), ROPAC), va
hop chit phosphin don cang

Hoa tan 0,0957g (0,194 mmol) ROPAC 14 chét xtc téc, tri-para-tollylphosphin
(TPTP), tri-para-etylphenylphosphin (TPEtPP), tris-para-metoxyphenyl phosphin
(TMPP) hoic tri-para-isoprophoxyphenyl phosphin (TIPPP) 1a hop chét phosphin don
cang trong dung moi butylaldehyt theo cdc ham lugng thé hién trong bang 1 dé tong
khéi luong ctia dung dich 13 100g, va sau d6 bd sung vao 10 hip c6 tong thé tich 1a
600ml. Phun propen (olefin):CO:Hz vao dung dich phan tmg & trén, va thuc hién phan
tng trong thoi gian 1 gid trong khi duy tri 4p sut trong 16 phan ing & 86KPa va thuc
hién khudy tron & nhiét d6 90°C.
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Loai cht xuc tac va phdi tir cho phéan tmg & trén, ty 16 khdi luong ctia phdi tir
trong ché phém xtc tac, dd chon loc N/I, va hoat tinh xtc tac duoc thé hién chi tiét

trong bang 1.
CacvidulOvall

Ngoai ra, hoa tan 0,0501g (0,198mmol) Rh(AcAc)(CO): la chét xtc tac, ri-
para-tollylphosphin ~ (TPTP), tri-para-etylphenylphosphin (TPEtPP), tris-para-
metoxyphenyl phosphin (TMPP) hoéc tri-para-isoprophoxyphenyl phosphin (TIPPP)
13 hop chét phosphin don cang trong dung moi butylaldehyt theo cac ham luong thé
hién trong bang 1 d& téng khdi luong ctia dung dich 13 100g, va sau d6 bd sung vao 10

hép c6 téng thé tich 13 600 ml.

Phun propen (olefin):CO:H> vao dung dich phan tng ¢ trén, va thuc hién phan
{mg trong thoi gian 1 gio trong khi duy tri 4p sudt trong 16 phan ting & 800KPa va thuc
hién khudy tron & nhiét d6 90°C.

Loai chét xtic téc va phdi tir cho phéan tng & trén, ty 18 khdi lwong ciia phéi tir
trong ché phim xuctéc, do chon loc N/I, va hoat tinh xuc téc dwgc thé hién chi tiét

trong bang 1.
Xéc dinh tinh chét vat 1y

*D¢ chon loc N/I: 13 gid tri ctia phép chia lugng bytylaldehyt mach thing sinh
ra tir phan ng chia cho lugng bytylaldehyt mach c6 nhanh. Thu dugc cac ham luong
ctia mdi aldehyt bing phép phan tich sic ky khi (gas-chromatography: GC).

*Hoat tinh xuc tic: 1 gid tri ctia phép chia téng lugng aldehyt sinh ra trong
phan tmg chia cho phén tir luong ca butyl aldehyt, ndng d6 chat xtic tic st dung, va

thoi gian phan tmg. Pon vi ctia hoat tinh xtc tac 14 mol(BAL)/mol(Rh)/gio.

*Thir nghiém 180 hoéa: phun khi tdng hop (CO:Hz) ¢6 ty 1é mol 13 1:1 vao dung dich
phan tmg, duy tri phan tng & 4p sudt 1 MPa (10 bar) va khudy & nhiét 6 120°C. Danh
gi4 bat ky su thay dbi ndo trong quy trinh phan tmg.

Céc vi du so sanh tir 1 dén 8: Phan tmg hydroformyl héa propen bang cach sir dung
chit xuc tac axetylaxetonatocacbonyltriphenylphoSphinrodi (Rh(AcAc)(CO)(TPP),
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ROPAC), hop chit triphenylphosphin, tri-p-tollylphosphin (TPTP), tris-p-
metoxylphenylphosphin ~ (TMPP), tri(p-clophenyl)phosphin ~ (TCPP), tri-o-
tollylphosphin (TOTP)

St dung TPP, TPP va TPTP, TPP va TMPP, TCPP, TOTP la hop chat
triphenylphosphin 1am phéi tir dé thuc hién thir nghiém hoat tinh xtic tic bing céch st
dung cung cac phuong phap nhu trong cdc vi du tir 1 dén 11 theo nhu thé hién trong

bang sau ddy, va két qua cling dugc thé hién trong bang 1 sau day.

Bang 1
) Hoat tinh xtc Thoi gian ldo hoa
4 Ph,c“?i tr (% tac moi N/
khéi luong) | (kgmol(BAL)/ | B chon loc | Méi 23‘5 5 39
mol(Rh)/gio) g | g
Vidusosanh 1 | TPP (6) 0,403 9,5 0,403 | 0,209 | 0,193
Vidusosanh2 | TPP (3) 0,572 8,3 0,572 | 0,209 | 0,177
Vidu 1 TPTP (4) 0,407 5,1 0,407 | 0,275 | 0,243
Vidu?2 TPTP (3) 0,484 4,2 0,484 | 0,306 | 0,266
Vidu3 TPTP (2) 0,606 3,5 0,606 | 0,322 | 0,282
Vidu 4 TPEtPP (2) | 0,530 3,3 0,530 {0,318 | 0,280
Vidu5 TMPP (2,1) | 0,435 3,0 0,435 | 0,236 | 0,233
Vidu 6 TMPP (1,8) | 0,463 2,7 0,463 | 0,241 | 0,238
Vidu7 TMPP (1,5) | 0,504 2,5 0,504 | 0,302 | 0,262
Vidu 8 TIPPP (1,5) | 0,423 2,4 0,423 | 0,244 | 0,242
TPTP (1,5)
Vidu9 + 0,488 3,3 0,488 | 0,303 | 0,254
TMPP (0,8)
Vi du 10 TPTP (2,5) |0,541 3,6 0,541 | 0,342 | 0,290
Vidu 11 TMPP (1,8) | 0,457 2,6 0,457 | 0,249 | 0,241
TPP (3) +
Vidu so sanh 3 TPTIE ()1,5) 0,398 7,6 0,398 | 0,208 | 0,190
TPP (3) +
Vidu so sanh 4 TMP; )(0,9) 0,428 7,3 0,428 | 0,197 | 0,188
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Vidusosanh 5 | TPTP (0,5) |1,562 33 1,562 | 0,476 | 0,203
Vidusosanh 6 | TPTP (6) 0,274 6,8 0,274 | 0,180 | 0,164
Vidusosanh 7 | TCPP (6) 0,525 12,9 0,525 | 0,225 | 0,159
Vidusosanh 8 | TOTP (6) 0,826 1,4 0,826 | 0,001 | 0,000

So véi céc vidu tir 1 dén 11 va cac vi du so sanh tir 1 @ 8 & trén, hoat tinh xuc
tac 1a tuyét voi khi so sanh véi truong hop chi sir dung phéi tir triphenylphosphin 1am
phdi tir dudi cling didu kién, va trudng hop sir dung phéi tir triphenylphosphin va phéi

tir phosphin don cang cung moét luc.

Hon nita, c6 thé théy ré'tng d6 chon loc N/I ¢c6 thé dugc nang cao, va co thé sir
dung ché phdm nay trong sudt quy trinh oxo trong thuc tién nhd do dn dinh coa ché
phim hiu nhu twong ty véi triphenylphosphin ¢6 dwong lugng 120 dua trén Rh (vi du
so sanh 1).

Trong luc dd, trong trudng hop ham lugng phéi tir phosphin don cang nim
trong khoang tir 1,5 dén 4% khéi lugng dua trén tong khdi lugng ché phim xuc tic, va
t5t hon ndm trong khoang tir 1,5 dén 3% khéi luong, t6t hon dé xuét hoat tinh xtc tac
t61 da cing v&i @ chon loc N/I dugc ning cao. Hon nita, c6 thé thdy trudng hop
khong c6 tir 1 dén 3 phin tir thé va cac nguyén tir cacbon & vi tri para thé hién cac két

qua mong muon.
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YEU CAUBAO HQ
1. Ché phdm xtic tac cho phan ting hydroformyl héa chira:

(2) mot hodc nhidu phdi tir phosphin, trong d6 mét hogc nhiéu phdi tir phosphin nay

bao gdm mét hozc nhidu phéi tir phosphin don cang c6 cong thic 1 sau day; va

(b) mdt hodc nhidu chét xuc tic kim loai chuyén tiép:

R1 R2

R3
cong thuc 1

trong d6 mdi Ri, Rz va R3 ddc 1ap 1a nhém alkyl c6 1 dén 3 nguyén tir cacbon hoic

nhém alkoxy ¢6 1 dén 5 nguyén tir cacbon,

trong d6 lugng mot hodc nhiéu phdi tir phosphin ndm trong khoang tir 0,8 dén 2,3%

khoi lugng dua trén tong khoi lugng ctia ché pham xuc tac, va

trong d6 ché phém xuc tac ndy tao ra theo cach cd chon loc luwgng aldehyt mach thing

so v&i lugng iso-aldehyt theo ty 16 nim trong khoang tir 2,4 dén 3,5.

2. Ché phim xuc tac theo diém 1, trong d6 mét hoic nhiéu chit xtc tac kim loai

chuyén tiép (b) c6 cong thirc 2 sau day:
M(LHx(LA)y(L3)z

cong thirc 2
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trong d6 M duoc chon tir nhém gdm coban (Co), rodi (Rh) va iridi (Ir), mdi L', L? va
L3 doc 1ap 1a nhém bét ky dugc chon tir nhém gém hydro, CO, xyclo-octadien,

norbornen, clo, triphenylphosphin va axetylaxetonato, va
mdi x, y va z doc lap bing 0 dén 5, va x, y va z khong ddng thoi bang 0.

3. Ché phim xtic téc theo diém 1, trong &6 mot hodc nhiéu phéi tir phosphin don cang
12 mot hodic nhiéu phdi tir duge chon tir nhém gbm tri-p-tolylphosphin (TPTP), tri-p-
etylphenylphosphin (TPEtPP), tris-p-metoxyphenyl phosphin (TMPP) va tri-p-
isopropoxyphenyl phosphin (TIPPP). '

4. Ché phdm xuc tc theo diém 1, trong d6 mét hogc nhiéu phdi tir phosphin don cang
14 mét hogic nhidu phéi tir duoc chon tir nhém gdm tri-p-tolylphosphin (TPTP) ¢6 cong
thtrc 4 sau ddy, va tris-p-metoxyphenyl phosphin (TMPP) c¢6 cong thitc 5 sau déy:

LT

cong thurc 4

MeO OMe

OMe

cOng thirc 5.
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5. Ché phdm xtc tac theo didm 1, trong d6 ham luong mot hoic nhiéu phéi tir
phosphin don cang ndm trong khoang tir 5 d&n 100 mol dya trén 1 mol kim loai trung

tAm cta chat xtc tac kim loai chuyén tiép.

6. Ché phim xic tic theo diém 4, trong 36 mdt hodc nhiéu phéi tir phosphin don cang
13 tri-p-tolylphosphin (TPTP) c6 cong thirc 4, va lugng tri-p-tolylphosphin (TPTP) c6

mat 1a 2,0% khéi luong dua trén téng khdi lugng cua ché phém xuc tac.

7. Ché phim xic tic theo diém 4, trong d6 mot hodc nhiéu phdi tir phosphin don cang
1a tris-p-metoxyphenyl phosphin (TMPP) c¢6 cong thic 5, va luong tris-p-
metoxyphenyl phosphin (TMPP) c6 mit nim trong khoang tir 1,5 dén 2,1% khdi lwong

dua trén tong khoi lugng cua ché pham xuc tac.

8. Ché phim xtc tac theo didm 4, trong d6 mot hoic nhiéu phdi tir phosphin don cang
14 hon hop ctia tri-p-tolylphosphin (TPTP) ¢6 cong thirc 4 va tris-p-metoxyphenyl
phosphin (TMPP) c6 cong thitc 5, va lugng tri-p-tolylphosphin (TPTP) ¢6 mit nim
trong khoang tir 1 dén 2% khéi lugng va lugng tris-p-metoxyphenyl phosphin (TMPP)
c6 mit nm trong khoang tir 0,5 dn 1,0% khdi lugng dya trén téng khdi hrong ctia

cheé pham xuc téc.

9. Ché phém xtic tac theo diém 2, trong d6 mot hodc nhiéu chét xuc tac kim loai
chuyén tiép 14 mét hozic nhiéu chit duoc chon tir nhém gém
axetylaxetonatodicarbonylrodi (Rh(AcAc)(CO)2),
axetylaxetonatocarbonyltriphenylphosphinrodi (Rh(AcAc)(CO)(TPP)), va

- hydridocarbonyltri(triphenylphosphin)rodi (HRh(CO)(TPP)3).

10. Ché phdm xuc téc theo diém 2, trong d6 ham lugng kim loai trung tAm ctia mot
hodc nhidu chit xtc tac kim loai chuyén tiép ndm trong khoang tir 10 dén 1000 ppm
dua trén khdi lwong hodc thé tich ciia ché phdm xc tac.

11. Quy trinh hydroformyl héa hop chét trén co s& olefin bao gdm budc cho hgp chét
trén co s& olefin ndy phan ing & nhiét d6 ndm trong khoang tir 20 dén 180°C véi khi
tdng hop gém cacbon monoxit va hydro véi sy c6 mat cua ché phim xuic tac theo diém

1 d tao ra cac aldehyt.

12. Quy trinh hydroformyl hoa theo didm 11, trong d6 hop chét trén co s olefin 1a
hop chét ¢ cong thirc 3 sau day:
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/ o ‘
R4 R5

cong thic 3
trong @6 mbi Re va Rs doc 14p 1 nhém bit ky duge chon tir nhém gdm hydro, nhém
alkyl c6 1 dén 20 nguyén tir cacbon, nhém flo (-F), nhém clo (-Cl), nhém brom (-Br),
nhém triflometyl (-CF3) va nhém aryl ¢6 0 dén 5 phén tir thé va 6 dén 20 nguyén tir
cacbon, trong d6 phdn tir thé 13 nitro (-NO2), flo (-F), clo (-Cl), brom (-Br), nhém

metyl, nhom etyl, nhoém propyl hodc nhém butyl.

13. Quy trinh hydroformyl héa theo diém 11, trong d6 hop chét trén co sé olefin 13
mot hodc nhiéu hop chét duge chon tir nhém gém eten, propen, 1-buten, 1-penten, 1-

hexen, 1-octen va styren.

14. Quy trinh hydroformyl hoa theo diém 11, trong d6 ty 1& mol cacbon monoxit so véi
hydro (CO:Hs) ctia khi tdng hop nim trong khoang tir 5:95 dén 70:30.
15. Quy trinh hydroformyl hda theo diém 11, trong d6 budc phan tmg dugc thyuc hién

& 4p sut ndm trong khoang tir 0,1 dén 70 MPa (tir 1 dén 700 bar).

16. Quy trinh hydroformyl héa theo diém 11, trong d6 ché phdm xtc téc dugc hoa tan
trong mot hodc nhiéu dung méi duge chon tir nhém gdm propan aldehyt, butyl aldehyt,
pentyl aldehyt, valer aldehyt, axeton, metyl etyl keton, metyl isobutyl keton,
axetophenon, xyclohexanon, etanol, pentanol, octanol, texanol, benzen, toluen, xylen,

ortho-diclobenzen, tetrahydrofuran, dimetoxyetan, dioxan, metylen clorua, va heptan.

17. Ché pham xtc tic cho phan tmg hydroformyl héa bao gbm: (a) mdt hodc nhiéu
phéi tir phosphin don cang c6 cong thirc 1 sau day;

(b) chét xtc tac kim loai chuyén tiép; va

(¢) mot hodc nhiéu dung moi:
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R3
cong thue 1

trong d6 mdi Ry, Rz va R3 doc 1ap 1a nhém alkyl ¢6 1 dén 3 nguyén tir cacbon hogc

nhém alkoxy c6 1 dén 5 nguyén tir cacbon,

trong d6 lugng mot hodc nhiéu phdi tir phosphin don cang nim trong khoang tir 0,8

dén 2,3% khéi lugng dua trén tng khdi lwong ctia ché phdm xtc tac, va

trong d6 ché phim xc tic ndy tao ra theo céch c6 chon loc lugng aldehyt mach thing

so v6i luong iso-aldehyt theo ty 1€ nim trong khoéng tir 2,4 dén 3,5.
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