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Abstract

This study presented the synthesis of ZSM-5 zeolite particles and their application for styrene oxide rearrangement
reaction. This catalyst showed the high catalytic efficiency for liquid phase rearrangement of styrene oxide. The
influences of reaction conditions such as solvent, reaction time, catalyst loading and tempreature on efficiency of
styrene oxide rearrangement were also investigated. Moreover, it was remarkable that the high catalytic activity
observed over ZSM-5 zeolite catalyst (conversion over 94 % after 2hrs reaction) was accompanied by the achievement
of high selectivities, typically above 80 %, towards desired products with commercial applications. ZSM-5 zeolite also
exhibited high efficiency in separation, recycling with long lifetime and no significant loss of catalytic activity.
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1. MO PAU

Zeolit 12 mot loai vat liéu vo co dugc tim thay
trong tu nhién ching dugc ng dung rong rai trong
nhiéu linh vyc khoa hoc ciing nhu cong nghiép voi
vai tro chinh 1a chét xuc tac, chat hip phu va trao doi
ion. Chiing con dugc sir dung dé tach va lam sach
khi, tach ion phong xa tir cac chat thai phong xa va
dic biét 1a xuc tac cho nhiéu qua trinh chuyén hoé
hydrocacbon [1, 2]. Chinh nho nhitng dic tinh noi
troi cua né so véi cac loai xac tac khac nhu: bé mat
riéng 16n, c6 thé diéu chinh duoc luc axit va nong do
tam axit, cau tric tinh thé xdp véi kich thuéc mao
quan dong déu phu hop véi nhiéu loai phan tir co
kich c& tir 5-12 A va kha ning bién tinh tét. Do d6
zeolit dugc danh gia 1a loai xtic tac c6 do bén, hoat
tinh va chon loc cao. Trong do, zeolit ZSM-5 la mot
trong nhitng xuc tac higu qua trong tong hop hiru co
cling nhu 14 chat hap phu trao ddi ion quan trong
nho 6 kich thudc hat dong déu, bé mit riéng 16n,
kha ning hap phu va trao d6i cation cao, do chon loc
cao va hoat tinh xtc tac tét [3, 4].

Phan (ng sip xép lai epoxit 1a phan (ng quan
trong va c6 tinh thwong mai cao boi vi n6 dua ra cac
hop chét trung gian c6 ich trong cdng nghiép hoa
hoc. Nhiéu san pham tao thanh tir phan tng nay la
nguyén liéu rat c6 y nghia cho cac qué trinh tdng
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hop céc hop chét hitu co phuc tap dé tao ra nudc
hoa, huong liéu thuc phim va duoc pham.... Do d6
phan &ng sap xép lai epoxit da va dang duoc cac nha
khoa hoc trén thé giéi quan tdm nghién ctu [5-7].
Pay 1a phan &g c6 thé duoc tién hanh bang cach sir
dung ca xtc tac dong thé va di thé. Viéc sir dung xtc
tac dong thé ddi mat vai mot s6 kho khin nhu 1a that
thoat xuc tac sau phan tng, sy an mon va doc t6. Vi
vay di c6 nhidu nghién cru nham giai quyét cac van
dé kho khan trén bang cach sir dung xuc tac di thé.
Trong cac loai xic tac di thé thi zeolit, mot sb oxit
va mudi sunphat ciia kim loai 1a nhiing loai xuc tac
thuong hay duoc st dung. Nhu di biét qué trinh sip
xép lai epoxit c6 rat nhiéu huéng xay ra cho ta cac
san pham khéc nhau. Tuy nhién, trong nhiing nam
gan day, vat liéu zeolit thu hut duoc sy chi y cua céc
nha khoa hoc nho hé thong cac 16 xdp dong déu s&
gitp cho d& dang kiém soét su phan bd san pham,
lam giam dugc cac phan tng phu xay ra. San pham
thu dwoc chi yéu khi st dung zeolit lam xuc tac
thuong 1a andehit, mot hop chat trung gian quan
trong trong cdng nghiép hoa hoc [7, 8].

Chinh vi vay, zeolit ZSM-5 da dugc lya chon
nghién cau tng dung cho phan @ng siap xép lai
styren oxit dé tng hop andehit voi mong muédn thu
dugc san pham muc tiéu voi hiéu qua cao nhét.


http://hoahocngaynay.com/vi/nghien-cuu-giang-day/hoa-hoc-quanh-ta.html
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2. THUC NGHIEM

2.1. Vat liéu va hda chit

Hoa chat dung trong thi nghiém Ia héa chét tinh
khiét PA cuaa Sigma-Aldrich va Trung Quéc (TQ):
Tetraetylocthosilica—TEOS (Sigma), tetra propyl
ammoni — TPAOH (Sigma), KOH, NaAlO, (Sigma),
styren oxit (Sigma), toluen, axeton, CH,Cl,, etyl ete
va NH,CI (Trung Qudc).

2.2. Tong hep zeolit ZSM-5

Zeolit ZSM-5 duoc tong hop theo phuong phap
duoc trinh bay trong tai li¢u [4]. NaAlO, dugc hoa
tan vao nuoc cat da khur ion dé thu duoc dung dich
trong sudt, sau d6 dugc bd sung TPAOH va KOH.
Dung dich nay dugc khudy trén may khudy tir trong
vong 1h cho dén khi hoa tan hoan toan. Tiép dén bo
sung TEOS vao dung dich vira thu nhan dé dugc mot
dung dich dong nhit c6 ti 16 mol Ia:
TEOS/TPAOH/NaAIO,/KOH/H,0=8/1,05/0,1/0,85/6
4/500. Dung dich nay dwoc khudy lién tyc trén may
khudy tir & nhiét do phong khoang thoi gian nhat
dinh. Sau d6 chuyén hon hop thu dugc vao autoclave
c6 thé tich 1 lit dong chat va dat trong 10 nung & nhiét
do 175 °C trong khoang thai gian 24 gio. Sau khi két
thic phan ung san phim 1a cac hat chit rin kich
thudc micro hodc nano duogc tach ra bang may li tam
va rira nhiéu 1an bang nudc cat. Tiép do, cac hat zeolit
ZSM-5 duoc siy khd ¢ 100 °C.

Vit lieu zeolit Na-ZSM-5 thu duoc cé ty sb
Si/Al = 72, duoc tién hanh trao doi ion véi dung
dich NH,CI 1N theo ty I¢ ran: long = 1:10 (g/ml)
trong 6 gio. Sau d6 mau duoc rira sach, siy khd mau
& 100 °C, nung trong khdng khi 4 gio ¢ 550 °C. Qua
trinh trao d6i va nung duoc Iap lai 3 lan nham
chuyén d6i téi da zeolit & dang Na* vé dang H".

2.3. Panh gia hoat tinh xUc tac zeolit ZSM-5 cho
phan trng sap xep lai epoxit dé tong hop andehit

Vit liéu zeolit ZSM-5 duoc tng dung lam xdc
tac cho phan ng sap xép lai epoxit. Phan ng sap
xép lai epoxit dé tong hop andehit sir dung x(c tac
zeolit ZSM-5 duoc tién hanh cy thé nhu sau: Can 3g
styren oxit (tinh khiét dung cho phan tng) cho vao
binh cau 3 c6. Can 0,09 g xc tac zeolit ZSM-5 (3 %
so Vvéi luong styren oxit) cho vao binh cau 3 co.
Pong lugng dung mdi 15 ml ciing cho vao minh ciu
3 ¢b. Sau d6 1p binh cau véi sinh han hdi luu. Dat
binh cau 3 cb trén may khudy tir ra nhiét. Mot b cua
binh cau 3 cb dat nhiét ké va dat nhiét do cho may
khudy tir sao cho hdn hop phan tng cé nhiét d6 la 50
°C. Dat phan tng trong khoang thoi gian 120 phat

54

Phan Huy Hoang va cgng su

thi dimng phan tng. Sau d6 1iy hdn hop phan tng
quay ly tdm va tac xuc tac ngoai hon hop. Hon hop
thu duoc mang di cat quay chan khdng & nhiét do 50
°C dé thu dugc san pham.

2.4. Cac phwong phap phan tich

Zeolit tong hop duoc duoc phan tich phd XRD
bang bang may MX Labo st dung hé bic xa CuK,
(40 kV, 20 mA) véi toc do quét 1,0 min™ trong goc
quét 10-70 (26).

Hon hop phan tng va san pham cuaa phan Gng
sap xép lai styren oxit cd st dung xuc tac zeolit
ZSM-5 duoc lay ra tai cac thoi diém khéc nhau, tch
loai xtic tic va dem di phan tich phd cong huong tir
hat nhan ‘H-NMR. Phd cong huong tir hat nhan
dugc do trén may Bruker AM 500 FT-NMR
Spectrometer, Vién Héa hoc, Vién Han lam Khoa
hoc va Cong nghé Viét Nam véi TMS la chéat chuan
noi. Hiéu suat chuyén hoa cua styren oxit dugc xac
dinh bang phé NMR dua trén su bién mit caa chat
tham gia phan mg ban dau (styren oxit) va san pham
tao thanh.

3. KET QUA VA THAO LUAN
3.1. Téng hop zeolit ZSM-5
Zeolit ZSM-5 dugc tong hop theo phuong phap

thay nhi€t, duoc phan tich pho XRD (hinh 1) va
SEM, TEM (hinh 2) dé x4c dinh cAu truc.
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Hinh 1: Ph XRD cua zeolit ZSM-5 tong hop duoc

Tur phdé XRD cua vat liéu zeolit ZSM-5 téng hop
dugc ¢ nhiét do 175 °C voi thoi gian 24 gio trong
hinh 1 nhan thy, ph6 ciia san pham zeolit ZSM-5
thu dugc (phé mau den) tring khép véi phd zeolit
ZSM-5 chuan lay tir ngan hang phé XRD (phé mau
do). Chung to rang san pham zeolit thu dugc chinh
la zeolit ZSM-5. Bén canh d6, vt liéu zeolit ZSM-5
thu nhan duoc c6 do két tinh cao (da két tinh gan
nhu hoan toan) va thé hién rd nét o hinh trén véi cac
pic c6 goc 20 = 22-25 dic trung cho tinh thé ZSM-5.

w
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Hinh 2: (A) Anh SEM va (B) TEM cua hat x(c tac
zeolit ZSM-5

Quan sat anh SEM cua mau vat liéu ZSM-5
trong hinh 2, ta thiy hat zeolit ZSM-5 hinh thanh
déu dan véi kich thuéc hat kha dong déu khoang
200 dén 250 nm. Bén canh do, hinh dang cac hat vat
licu dong nhat va co hinh dang dic trung cua zeolit
ZSM-5.

Tir anh TEM cua san pham, nhan thay san pham
zeolit thu duoc c6 do két tinh cao, su sip xép mao
quan trat ty, dong déu va c6 kich thude twong tu nhu
hat vat liéu thu dugc 6 anh SEM.

3.2. Nghién ciu wng dung zeolit ZSM-5 lam Xxuc
tac cho phan @ng sap xép lai epoxit dé tong hop
andehit

3.2.1. Nghién cuu dnh huong cua dung moi

Trong phan wng téng hop hitu co, dung méi co
anh huong quan trong dén hiéu qua caa phan &ng, cu
thé 13 c6 anh huong dén hiéu suat chuyén héa chat
tham gia phan tng va do chon loc. Dung méi duoc
st dung véi muc dich 1a hoa tan cac tic nhan phan
g, tao diéu kién thuan loi cho phan ng xay ra
bang cach ting kha niang gip gd, tiép xuc gitta cac
tac nhan va giira tdc nhan véi xuc tac. Do do, da tién
hanh nghién ctu su anh huong caa dung méi cho
phan @ng sap xép lai styren epoxit. Trong qué trinh
thuc nghiém, da su dung cac dung moi: toluen,
axeton, CH,Cl,, ete va metanol dong thoi ¢ dinh
nhitng diéu kién phan tng khéc, cu thé 1a:

- Nhiét do phan tng: 40 °C

- Mirc dung xuc tac zeolit ZSM-5: 3 %

- Thoi gian phan tng: 90 phut

- Thay d6i dung méi: axeton, toluen, ete,
diclometan va metanol.

Két qua duogc thé hién trong db thi hinh 3.

Nhin vao d thi trén cho thay véi dung méi sir
dung la metanol cho hiéu suat chuyén hoa styren
oxit thap nhat trong c4c loai dung méi st dung voi
d6 chuyén hda 1a 44,8 % va do chon loc & muc trung
binh 1a 80,8 %. Diéu nay c6 thé duoc giai thich la do
c6 sy lién két hydro giira cc tam axit cia xdc tac
zeolit véi metanol, lam giam luc axit cua xdc tac va
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giam hoat tinh xdc tac. Khi sir dung dung moi la
toluen thi 6 chuyén héa tac nhan phan ang 13 khong
cao chi 50,8 %, cao hon mdt it so voi dung moi
methanol. Tuy nhién do chon loc san pham muc tiéu
phenylacetaldehyde khi sir dung toluene lai rat cao,
cao nhat trong cac loai dung méi (82 %). Po chon
loc khi str dung toluen 1a cao nhat c6 thé 1a do su
gidng nhau vé ciu trdc cua dung mdi toluen va tac
nhan phan &ng styren oxit ciing nhur san pham muyc
tiéu phenylaxetaldehyt [7]. Khi st dung CH,CI, va
diethyl ete lam dung moi cho phan tng thi cho do
chuyén hoa cua phan tmg twong dbi cao, tuong ting
14 90,0 % va 88,5 %, cao hon han so véi 2 dung mdi
trude. Do chon loc phan ung khi st dung CH,Cl, va
diethyl ete twong ng la 80,2 % va 80,4 %. Nhu vay
Vvé6i 2 dung moi nay thi cho hiéu suat phan tmg ciing
nhu d6 chon loc tuong ddi cao. Sau 90 phdt phan
tng, styren oxit di chuyén hda gan hét. Vai dung
mdi 1a axeton thi cho hiéu suat chuyén hda Ia cao
nhat 91,1 %, véi do chon loc ciing twong ddi cao la
80,8 %. Diéu nay chung to ring dung moi c6 anh
huong quan trong dén hiéu qua cua phan tng. Tuy
nhién ciing c¢6 thé thdy rang, su chénh léch vé do
chon loc phan tng gitta cac dung mdi sir dung la
khong cao. Bén canh do, khi st dung dung méi la
aceton thi phan ¢ng sap xép lai styren oxit vira cd
hiéu suat cua phan ung cao vira cd do chon loc (tao
thanh phenylaxetaldehyt) cao. Pa chon axeton lam
dung mdi thich hop cho phan wng sap xép lai styren
oxit nay.
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Hinh 3: Anh huong cua dung mdi Ién
hiéu suat chuyén hoa

toluen

3.2.2. Anh hirong cia nhiét dg phan img

Theo ly thuyét nhiét dong hoa hoc, nhiét do la
mot trong nhitng yéu t6 quan trong anh huéng dén
hiéu qua caa phan ng héa hoc. Vi thé da tién hanh
nghién ciru nham tim ra nhiét d thich hop cho phan
ng sap xép lai styren oxit dé tong hop andehit. D&
tién hanh thi nghiém bang cach thay ddi nhiét do
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trong khoan 30-70 °C, ddng thoi ¢ dinh nhiing diéu
kién khéc, cu thé 1a;

- Dung moi: axeton

- Thoi gian phan tng: 90 phut

- Muc dung xdc tac zeolit ZSM-5: 3 %

- Thay d6i nhiét do: 30, 40, 50 va 70 °C.

Két qua duoc thé hién trong do thi hinh 4.
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Tur két qua thu duoc trong d6 thi hinh 4 cho thay
dbi véi cung diéu kién phan wng thi khi nhiét do
thay doi cho hiéu suat phan wng khac nhau. C6 thé
thdy nhiét d6 c6 anh huong tich cuc ddi véi hiéu
suat cua phan tng. Khi ting nhiét do phan tng tir 30
dén 50 °C thi do chuyén hda ting, nhung khi ting
nhiét o phan tng thém nita va 1én dén 70 °C thi do
chuyén héa lai giam. Piéu nay cé thé giai thich la
khi tang nhiét do, kha nang khuéch tan cling nhu sO
va cham hiéu qua giita cac phan tir chat phan tng
véi nhau va véi cac tam hoat dong trén xic tac la
tang, phan tng di duoc cip thém mot phan ning
luong hoat hoa dé cd thé dién ra d& dang hon [7].
Bén canh d6, voi dung mbi la axeton va xdc tac
zeolit ZSM-5 & nhiét do 50 °C cho do chuyén hoa
styren oxit I6n nhat. C6 thé du doan rang, kha ning
khuyéch tan ciing nhu sé va cham hiéu qua gitra cac
phan tir chat phan ng vai nhau va véi cac tam hoat
dong trén xdc tac o diéu kién nhiét o nay 1a lon
nhat. Bén canh do6, anh huong cua nhiét d6 dén do
chon loc caa phan tng 1a khong nhiéu. Do chon loc
& cac nhiét do 30, 40, 50 va 70 °C tuong ung la 80,2;
80,8; 80,5 va 81 %. Qua d6 ta c6 thé thay rang nhiét
d6 thich hop cho phan &g chuyén hoé styren oxit
thanh andehit 1a 50 °C. Nhiét d6 thich hop nay duoc
lyra chon cho cac nghién cuu tiép theo.

3.2.3. Anh huong cua thei gian phan #ng

D¢ danh gia dnh huong cua thoi gian doi voi
phan tng sap xép lai styren oxit dé tong hop andehit,
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da tién hanh phan ng véi su thay doi thoi gian va
¢d dinh nhiing diéu kién khéc, cu thé Ia:

- Dung moi: axeton

- Nhiét do: 50 °C

- Mtrc dung xdc tac zeolit ZSM-5: 3 %

- Thay d6i thoi gian phan @ng: 30, 60, 90 va
120 phiit.

Két qua duoc thé hién trong do thi hinh 5.
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Hinh 5: Anh huong cua thoi gian véi higu suét
chuyén hoéa cua phan ttng

Tai cung diéu kién phan ung nhu nhiét do, mac
dung xdc tac va dung méi phan ung thi do chuyén
hoa cua phan tng tang khi kéo dai theo thoi gian
phan &ng. Sau thoi gian 30 phat do chuyén héa cua
phan tng la 87,5 %, & khoang thoi gian la 60 phat
thi do chuyén hoéa ting 1én 1a 90,4 %, ¢ thoi gian la
90 phat thi d6 chuyén hda tiép tuc ting 1a 92,9 %,
sau 120 phat phan @ng thi dd chuyén héa la cao
nhat 94,2 %, lic nay phan ung dién ra gan nhu hoan
toan, styren oxit gan nhu chuyén hoa hét thanh cac
san pham. Tuong ty V4i trudng hop nhiét do thi thoi
gian phan tng khéng c6 anh huong nhiéu dén do
chon loc cua phan tng. D6 chon loc khoang 80,0,
81,0, 80,8 va 80,6 % ¢ cac thoi gian phan ng la 30,
60, 90 va 120 phut. Do d6, da chon thoi gian thich
hop cho phan g la 120 phat, thoi gian nay dugc su
dung cho céc nghién ciu tiép theo.

3.2.4. Anh hueng cua mirc duing xGc tac

Trong phan ung téng hop hitu co, xtic tac c6 vai
tro rat ‘Quan trong thic day phan @ng dién ra nhanh
hon, toc do phan tng cao va nhanh chéng thu nhan
dugc san pham muc tiéu vai hiéu suit cao. Vi thé da
nghién ctu anh huéng cia mic dung xic tac dén
hiéu suat phan tng sap xép lai styren oxit dé tong
hop andehit. D4 tién hanh nghién ctu tai 4 muc
dung xdc tac khac nhau va cé dinh nhirng diéu kién
phan tng khac, cu thé Ia:

- Dung moi: axeton
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- Nhiét do: 50 °C

- Thoi gian phan tng: 120 phut

- Thay d6i mtrc dung xuc tac zeolit ZSM-5: 0, 1,
3 va 5% so vai lugng tac nhan styren.

Két qua duoc thé hién trong bang 1.

Bang 1: Anh hudng cua miac ding xuc tac
vai hiéu suat chuyén hoa

Ham lugng xUc tac (%) | Do chuyén hoa (%)
0 16,8
1 85,6
3 94,2
5 93,1

Tir két qua thu duoc trong bang 1 ta nhan thay,
khi khong str dung xuc tac zeolit ZSM-5 (0 %) thi
hiéu suat chuyén hoa cua phan tng 1a kha thap véi
16,8 %. Khi c6 mat xdc tdc (mac du chi voi muic
ding 1a 1 %) thi ¢ chuyén hoa da ting 1én 1o rét la
85,6 %. Nhu vay co thé thay, xdc tac cé vai tro cuc
ky quan trong trong viéc thuc day phan ung xay ra
Vi tée do cao. Viéc sir dung xUc tac zeolit ZSM-5
cho phan &ng nay 1a thich hop va can thiét, xtc tac
da thé hién hoat tinh xdc tac cao trong phan tng sip
xép lai epoxit. Tang muc dung xUc tac 1én 3 % thi do
chuyén hoa tang, va khi nay do chuyén héa thu duoc
la cao nhat véi 94,2 %. Tuy nhién, khi ting muc sir
dung xdc tac 1én cao hon nita (5 %) thi do chuyén
héa lai c6 xu huéng giam nhe xubng thanh 93,1 %.
Do d6, da chon muac dung xdc tac zeolit ZSM-5
thich hop cho phan ung sap xép lai epoxit 1a 3 %.

3.2.5. Nghién c:zu thu héi va tai siz dung xUc tac

Trong cé&c qua trinh hdéa hoc sur dung xUc tac,
viéc thu hdi va tai sa dung xGc tac 1a mét trong
nhiing van dé rat quan trong, quyét dinh hiéu qua va
tinh kha thi ang dung caa ching. Vi thé da nghién
ctu thu hoi va tai st dung xdc tac bang céch tién
hanh voi phan ng tai diéu kién thich hop da duoc
lwa chon & trén, cu thé 1a;

- Dung mdi: axeton

_ Nhiét do: 50°C

- Mirc dung xuc tac zeolit ZSM-5: 3 %

- Thoi gian phan tng: 120 phat

Két qua dugc thé hién trong bang 2.

Tir két qua thu dugc trong bang 2 nhan thay hiéu
qua str dung xuc tac zeolit ZSM-5 khi tai sir dung la
khé& cao, sau 5 lan tai st dung hiéu suat caa phan
g van cao 1a 84,3 %, chi giam di mot it so véi lan
sir dung dau tién. Tuy nhién, khi tai sir dung xudc tac
zeolit ZSM-5 cang nhiéu lan thi hiéu suit chuyén
hoa cang giam. Sau lan tai sir dung thir nhat thi hiéu
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suit chuyén hoa cua phan wng giam so véi lan sir
dung dau tién nhung van kha cao 1a 91,8 %. Tiép tuc
tai st dung lan 2 thi hiéu suat chuyén héa giam
xudng 90,5 %. Chimng to xuc tac zeolit ZSM-5 ¢
tudi tho xUc tac cao, sau khi thu hoéi van khong bi
méat hoat tinh xdc tac va van cé hiéu qua cao trong
cac lan tai sir dung tiép theo. C6 thé 1a do xuc tac
zeolit ZSM-5 ¢6 @6 axit manh, dién tich bé mat 16n
va hé thong 16 x6p dong déu véi kich thudc 16n hon
phén tr cua styren oxit [6]. Do d6 trong qua trinh
phan ung, cic tac nhan phan tng dé dang duoc van
chuyén nhu 1én bé mat va vao trong hé thdng 15 xop
cua xtc tac dé tiép can cac tam xuc tac. Bong thoi
cac san pham tao thanh ciing d& dang dugc van
chuyén ra ngoai méi truong phan wng, khdng tao can
than bit kin hé thong 15 xp cua xdc tac. Vi thé hoat
tinh xdc tac sau phan tng van twong ddi cao mac du
cO giam mot it so v6i ban dau. Pay chinh 13 mot
trong nhitng wu diém cua xdc tac di thé vi c6 kha
nang thu hoi va téi sir dung.

Bang 2: Anh hudng cua xdc tac tai sir dung véi
hiéu suat chuyén héa

Lan tai sir dung Hiéu suat (%)
1 91,8
2 90,5
3 88,7
4 87,0
5 84,3
4. KET LUAN

1. Pa téng hop thanh céng zeolit ZSM-5 bang
phuong phap thuy nhiét. Vat liéu xuc tac thu duoc
c¢6 d6 tinh thé cao, kich thuéc hat dong déu va hoat
tinh xdc tac tét véi do chon loc cao.

2. Xuc tac zeolit ZSM-5 da dugc ung dung thanh
cdng cho phan tng sip xép lai styren oxit dé thu
nhan phenylaxetaldehyt. Zeolit ZSM-5 da thé hién
c6 hoat tinh xuc tac cao, dd chon loc cao (trén 80 %)
trong phan g nay ciing nhu ¢6 hiéu qua cao trong
viéc thu hoi va tai sir dung.

3. P4 nghién ctru anh huong cua cac diéu kién
phan (ng nhu: dung méi, nhiét do, thoi gian va mirc
ding xtic tac dén hiéu suat chuyén hoa ciia phan ng
dé tim ra théng s6 cong nghé thich hop nhat. Da dua
ra dugc qui trinh phan ung sap xép lai styren epoxit
dé thu nhan andehit véi diéu kién cong thich hop Ia:

- Dung mai thich hgp la axeton

- Nhiét do phan ang: 50 °C

- Muc dung xdc tac zeolit ZSM-5: 3 % (S0 vai
luong styren oxit).
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- Thoi gian phan tng: 120 phdt.
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