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Abstract

The catalysts used in the pyrolysis process of polystyrene were produced from natural mordenite by ion exchange
method and impregnation in the molybdate salt solution. The IR results showed that the band absorption at 3613 cm™
assigned to OH— stretching vibration (corresponding Lewis acid site) of MoOs/mordenite catalyst was stronger than that
of mordenite catalyst. The GC-MS results indicated that the liquid pyrolyzates were mainly styrene and benzene
derivatives. In case of using the mordenite catalyst, the percentage of styrene was 57.08 % which was higher around
1.79 % than the case of using MoOs/mordenite catalyst. However, presence of MoOs; in the catalyst made the properties
of the liquid pyrolyzates change such as the percentage of benzene (3-nitropropyl) and benzene,1,1'-(3-methyl-1-
propen) increasing upto 10.83 % and 5.52 %, respectively. The total amount of the compounds having 8 carbons in the
liquid pyrolyzates was 62.47 % in case of using MoOs/mordenite catalyst, which was higher 4.05 % than in case of
using mordenite catalyst. The GC-MS results indicated that the gas pyrolyzates were 40 % H,, 10 % CH,, 21 % (C,Hy,,
C,Hs) and 25 % (C3Hg, C3Hg) in case of using MoOs/mordenite catalyst and were 68 %H, and around 31 % (C,Hy,,

C,Hs) when using another one.
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1. MO PAU

Sy phét trién caa cac nganh san xuat vat liéu tur
nhya di gop phan tang truong kinh té x& hoi, nhung
lai gay ap luc cho qué trinh xu ly 6 nhiém moi
truong do nhya phé thai. Cac phuong phap xt 1y, tai
ché nhya thai théng thuong bao gom: (1) Phuong
phép cracking nhiét, cracking nhiét xic tac nham
chuyén hoéa cac polyme thanh cac monome ban dau
hoac thanh cac nhién liéu long hoac khi; (2) Phuong
phép khi héa nham chuyén héa nhya thanh pha khi
nhu CO, H, & nhiét do cao tir 1200-1500 °C trong
diéu kién c6 mat cua oxi; (3) Phuong phap hydro
héa nham hinh thanh c4c san phim bé&o hoa cao,
tranh dugc sy hinh thanh olefin trong san pham long
[1-3]. Trong cac phuong phap nay, cracking nhiét
xuc tac duoc quan tam nghién ctu boi nhimg uu
diém vé cdng nghé, diéu kién thuc hién phan tng,
chi phi van hanh hé thdng va gia tri ciia san pham.
Dé ché tao chat x(c tAc cho qua trinh cracking nhiét
xUc tac, zeolit thuong duoc st dung lam vat liéu

ngudn nho nhitng dic tinh wu viét nhu: d6 bén nhiét
cao, dién tich bé mat 16n, cu trdc xop, ¢ thé tao
cac tam axit trén bé mat.... Tinh axit cua zeolit xuét
phét tir kha ning trao d6i ion. Néu ion bu 1a Na* thi
zeolit khong c6 tinh axit, nhung khi Na* trao ddi voi
ion H" hoic bang cac cation kim loai da hoa tri thi
trén zeolit hinh thanh cac tam axit Bronsted hoac
tdm Lewis [4]. Mordenit tu nhién la mot loai zeolit,
co ty I¢ Si/Al = 4. Trong mordenit ton tai nhiéu kénh
ndi, d6 xép tuong dbi cao, do dé nd thu:(mg duoc st
dung vai vai tro ray phan tir trong qua trinh tach cac
hdn hop khi, long, vai tro chat xuc tac, hay chét
mang cia xuc tac ludng chirc niang [5] cho nhiéu
phan @ng trong cong nghiép loc- hda dau nhu phan
ung ankyl hoa, reforming, cracking,
hydrocracking.... Bai bao nay trinh bay két qua
nghién ctu tong hop xdc tac tir vat liéu nguon
Mordenite tng dung cho qué trinh nhiét phan xuc
tac nhya polystyren (PS), la thanh phan chinh cta da
s6 cac hop nhya dung thyc pham, thu hoi dong san
pham nhién liéu léng, khi.
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2. THUC NGHIEM

Nguyén lidu duoc st dung dé tong hop chat xuc
tac bao géom: mordenit tu nhién (Indonesia), amoni
para molybdat, amoni nitrat (J & K Scientific Ltd.,
China, P. A). Mordenite dugc ngdm trong dung dich
NH,NO; noéng d6 0,1 M & 80 °C trong 4 gio dé trao
d6i Na* bang NH,". Qua trinh ngam va loc rin duogc
lap lai 3 lan. Phan ran dwoc siy dén khdi luong
khong ddi ¢ 105 °C, sau do tiép xu ly bing dung
dich (NH4)sM0;0,, ndng d6 0,1 M vai ti 1¢ da duoc
tinh toan. HANn hop déo duoc tao vién va nung dén
500 °C, 1 tai nhiét do nay trong 5 gio, thu duoc vién
xuc tdc MoOs/Mordenite. Ngoai ra, mot luong
mordenite sau khi dwoc x&r Iy bing dung dich
NH;NO; 0,1 M ciing duoc tao vién va nung u ¢ 500

N2

Coétnhiétphan

Baran
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°C trong 5 gio.

Céc phuong phap phan tich dugc st dung dé xac
dinh dic trung ciia chat xuc tac bao gdm: Nhidu xa
tia X (XRD, ADVANCE A8-Bruker-Model 2006 va
MULTIFLEX, Rigaku) sir dung buc xa CuK, budc
song 0,15418 nm, goc quét 20 20-60° x4c dinh thanh
phan pha; phuong phap quang phd hong ngoai (IR,
Bruker Equinox 55) xac dinh ban chit cac lién két
clia cac nhom céu truc, déng thoi xac dinh sy ton tai
cua cac tam axit.

Thi nghiém nhiét phan X(c tac nhya PS (so do 1)
duoc tién hanh trong diéu kién:

- Khéi lugng ban dau ctia nhya: 50 g

- Khéi lugng chit xdc tac: 2 g

- Nhiét do cot nhiét phan va cot xuc tac: 400 °C

- Luu lugng dong khi tro (N): 100 ml/phut.

Catxictac

San phamkhi

So do 1: So db thiét bi qua trinh nhiét phan xdc tac nhua PS

3. KET QUA VA THAO LUAN

Két qua phan tich ICP cua khoang mordenit ban
dau duogc trinh bay ¢ bang 1, véi ty Ié Si/Al tinh
duoc la 4,67.

Két qua phan tich XRD cuia cac mau mordenit va
MoOs/mordenit dugc trinh bay ¢ hinh 1a, két qua
phan tich EDX ciia mau MoOs/mordenit dugc trinh
bay ¢ hinh 1b.

Hinh la cho thdy ca hai gian d6 XRD cua
khoang mordenit (sau khi trao d6i ion véi NH,") va
chét xuc td&c MoOs/mordenit déu xuat hién cac vach

Nag[(AlO,)s(Si0,)4,].24H,0, tai cac vi tri co6 goc 26:
9,8; 20,95; 22,25; 25,63; 27,87; 30,89 (dir liéu tur
Handbook: Collection of Simulated XRD Powder
Patterns for Zeolites). VVé mit ly thuyét, sy phan hay
(NH4)6M07024 dén 500 °C sé thu du’Q’C MOOg, tuy
nhién gian ¢6 XRD caa mau MoOg/mordenit khong
ghi nhan dugc sy xuit hién cua pha tinh thé MoOs,
didu nay c6 nguyén nhan dugc dy doan 1a do ti 1&
khdi lwong MoOs trén chiat mang Mordenite thap
duéi 5%, hodc la MoO; vo dinh hinh da duoc hinh
thanh (sy ton tai cia nguyén t5 Mo trong mau
MoOj/mordenit dwoc ghi nhan trén két qua EDX,

nhiu xa dic trung cta pha mordenit, hinh 1b).
Bang 1: Thanh phan héa hoc ciia khoang mordenit
Phan tram khéi lugng (%)
S|02 A|203 Fe203 CaO MgO Nazo Kzo T|02 MnOZ P205 Hzo
66,29 12,16 1,44 4,48 1,14 3,17 2,92 0,16 0,05 0,08 1,52
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Téng hop xdc tac tir vat liéu nguon mordenit...
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Hinh 1: (a) Gian d XRD cua cac r~n§1u mordenit va MoOs/mordenit
(b) Pho EDX ctia mau MoOs/mordenit

Phd IR ctia cac mau mordenit va MoOs/mordenit
duogc trinh bay ¢ hinh 2.

Hinh 2 cho thay ca 2 mau déu c6 cac tin hiéu pic
trdi rong tir vang 460 cm™ dén 3700 cm™. Van hap
thu manh c6 tan s trong ving 420-500 cm™ duoc
quy két cho dao dong bién dang cua cac lién két T-O
trong tir dién TO, (T 1a Si hodc Al). Van hap thu c6
tan sb trong vung 500-650 cm™ dic trung cho dao
dong cua cac don vi cau tric thir cdp vong 5-1
(D5R). Van hap thu c6 tan sb trong ving 650-950
cm™ dic trung cho cac dao dong hoa tri ddi xung
cua T-O-T bén trong va bén ngoai tr dién TO,. Van
hip thu c6 tan sé trong ving 950-1220 cm™ dic
trung cho cac dao dong hoa tri bat déi xting cua céc
lién két ngoai tir dién TO,. Céc van hap thu c6 tan s6
1639, 3453 cm™ dic trung cho dao dong hoa tri cua
nhom O-H trong nudc hap thu. Dic biét, su xuat
hién cua van hap thu c6 tin s6 3613 cm™ dic trung

cho dao dong héa tri cia nhom O-H ciu trac, duoc
xem 14 tdm axit Lewis gop phan tao ra hoat tinh xdc
tac cua mordenit. Nhin chung, céc van hap thu cd tan
sb trong ving 420-950 cm™ cua ca 2 mau xuat hién
tai cac vj tri co tan s6 xap xi nhau. Van hip thu cé
tan s trong ving 950-1220 cm™ dic trung cho cac
dao dong hoé tri bat dbi xing cua cac lién két ngoai
te dien TO, cuia cac mau mordenit va
MoOj/mordenit ting nhe tir 1064 cm™ lén 1072
cm™. Diéu nay phan anh qua trinh trao d6i ion H va
tam mudi ciia Mo 1&n mordenit da lam thay d6i ham
luong nhém trong vat liéu, gian tiép thay doi ti Ié
Si/Al va do @6 lam thay ddi dic tinh cua vat liéu.
Ngoai ra, cuong do cia van hap thu co tan sé 3613
cm™ dic trung cho dao dong héa tri cia nhém O-H
ciu trac, duoc xem la tdm axit Bronsted cua mau
MoOs/mordenit 16n hon so vdi mau mordenit.
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Két qua phan tich GC-MS cua miu san pham
long thu dugc tu cAc qua trinh nhiét phén xdc tac
nhua PS duoc trinh bay ¢ bang 2.

Bang 2 cho thay, san pham cua qua trinh nhiét
phan nhwa PS chu yéu 14 styren va cac dan xuit cua
benzen. Tuy nhién, ti phan cua c4c chét trong san
pham long thu duoc 1a khéc nhau khi str dung cac
chat xuc tac khac nhau. Trong trudng hop khdng co
MoOs, ham luong styren trong san pham long la
57,08 % cao hon 1,79 % so vdi truong hop c6
MoOs. Tuy nhién, su c6 mat caa MoOs lam ting ti
phan c4c dan xuat thé, nhu 1a sy xuat hién cac hop
chat benzen, (3-nitropropyl)-(10,83 %), benzen,
1,1-(3-metyl-1-propen (5,52 %). Tu bang 2, ti 1€
(%) cua céc hop chit hiru co c6 sé cacbon tir 7 dén
15 duoc thdng ké va trinh bay ¢ hinh 3. Nhu vay,
mic du ti 18 styren (C8) trong san pham long khi su
dung chét xc tac khong chita MoOs 1a 57,08 % cao
hon, nhung tong phan tram cac hop chét hiru co c6

Nguyén Th; Trdc Linh va céng sur

8C khi sir dung xUc td&c MoOgs/Mordenit dat dén
62,47 %, cao hon 4,05 % so vdi truong hop sir dung
xtc tac mordenit; va do do, ti phan cua céc hop chat
c6 hai vong benzen (C15) khi su dung xuc tac
MoOs/Mordenit giam. Thong thuong, cadc qua trinh
cracking nhiét xdc tac nhya thai nham thu hdi san
pham nhién li¢u. Tuy nhién, vé mat Iy thuyét cua
qué trinh nhiét phan nhya polystyren ciing nhu két
qua phan tich GC-MS cho thiy san pham long thu
duoc chtra cac hop phan c6 mirc do doc hai cao. Do
d6, néu sir dung san pham long nay cho muc dich
nhién liéu thi can dugc xem xét. Tuy nhién, két qua
nghién ctru ciing chi ra rang, sy c6 mit cua tung loai
chat xuc tac trong truong hop ndy co uu the trong
viéc chon loc va dinh hudng san pham cudi cung.
Phan khong ngung 1a hdn hop khi, duoc thu hdi
trong sudt qua trinh phan tmg va ciing duoc phan
tich GC-MS, c6 két qua duoc trinh bay ¢ hinh 4.

Bang 2: Két qua phan tich GC-MS san pham long tir qua trinh nhiét phan xuc tac nhya PS

X(c téc mordenit | Xc thc MoOs/mordenit

Thanh phan héa hoc ctia san pham long Ti 18 (%)

Toluen 2,49 2,80
Etylbenzen 1,34 2,38
Styren 57,08 55,29
Benzandehit 0,16 3
Alpha-metylstyren 5,55 4,74
Etilen,1,1-diphenyl 0,16 0
Bibenzyl 0,13 1,01
Etyl o-tolyl axetat - 0,61
Benzen,1,1'-(1,3-propandiy)bis- 7,43 5,60
1-Benzyl-1,2,3-triazol 2,62 -
Quinoxalin,2-metyl-3-pheny|- 0,25 3
Benzen,(1-etyl-2-propenyl)- 0,43 -
Benzen, dietenyl- 0,07 0,37
1,5-Diphenyl pirazol 0,16 -
Furan, 2,5-diphenyl- 0,04 -
Quinolin, 3-metyl- 0,06 -
2-Anthracenamin - 0,56
Benzen, 1, 1'-(3-metyl-1-propen ... - 2,99
Benzen, (3-nitropropyl)- - 10,83
Benzen, 1, 1'-(1,2-dimetyl-1,2- ... - 0,59
1,1'-Biphenyl,(1-metylethenyl)- - 1,49
Phenanthren,4,5-dimetyl- - 0,75
Benzen,1,1'-(3-metyl-1-propen ... - 5,52
Benzen, -1 pentenyl- - 0,29
Quinoxalin,2-metyl-3-phenyl- - 0,61
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Hinh 4: Ham luong cac hop chat c6
trong san pham khi

Hinh 4 cho thdy, khi st dung chat xlc tac
mordenit, san pham khi chiém wu thé 1a hidro, dat
dén 68 %, va hau nhu phan khi con lai 1a C2. Trong
khi d6, khi c6 mat MoOs, cac hop phan cua san
pham khi thay dbi, trong d6 hidro chiém 40 %, C1
10 %, C2 21 % va C3 25 %. Cac san pham khi nay
hoan toan c6 thé dap ung duoc nhu ciu sir dung lam
khi nhién liéu.

4. KET LUAN
Khoang mordenit ty nhién, co ty 1€ Si/Al la 4,67,

da dugc xir 1y trong cic dung dich mubi amoni
nitrat, amoni para molybdat thu dugc vat liéu xuc tac

Lién h¢: Nguyén Thi Trdc Linh

Tong hop xUc tac tir vat liéu nguon mordenit...

st dung cho qua trinh nhi€t phan xtc tdc nhya PS.
Céc chat xuc tac trén co so mordenit déu c6 thanh
phan pha chinh la mordenit
Nag[(AlO,)g(Si0,)42].24H,0. Két qua phan tich IR
cho thay cudng d6 cta van hip thy cé tan s6 3613
cm? dic trung cho dao dong hoda tri cuia nhom O-H
cdu trac, dugc xem la tAm axit Lewis cia mau
MoOj/mordenit 16n hon so v&i miu mordenit. Két
qua phan tich GC-MS ctia san pham 1ong cho thiy
tong phan trim cac hop chat hitu co c¢6 8C khi st
dung xuc tdc MoOs/mordenit dat dén 62,47 %, cao
hon 4,05 % so véi treong hop s dung Xxdc tac
mordenit; ddng thoi, ti phan caa cac hop chat c6 C15
khi str dung xuc tdc MoOsy/Mordenit giam. Két qua
phan tich GC-MS cua san pham khi trong hai truong
hop st dung xdc tdc mordenit va MoOs/mordenit
cho thay tly thudc vao chat xuc tac, cac hop phan
trong san pham khi thay déi. Cac san pham khi déu
dap ng duoc nhu ciu st dung 1am khi nhién liéu.
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